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— — JJIEKTpUUECKOro mojst 38

— pabotsr 133

— pa3HOCTH MOTEHIIUAIOB 53

— cunbl cBeta 139

— —Toka 31, 105, 305

— conpotusieHus 111

— 4acToThI 369

— BJIEKTPUYECKOTO HAMpsHKEHUS 53

— 3JIeKTpUYECKON eMKocTu 31

EmkocTth akkymynsitopa 176

— anektpuyeckas 77—79, 85, 88, 383

— — yenuHeHHoro tena 79, 80

Keneso 344, 345, 351, 353, 355— 359,
454

3akon Awmrmepa 304

— Jlxxoynsa — Jlenua 130, 132

— Kynona.28, 30, 33, 37, 38, 88

— Oma 110—112, 126, 199, 207,208,
219, 235, 331, 332, 445

— — U1 3aMKHYTO# 1ienu 179

— coxpaneHus 3Hepruu 49, 163, 188,
328, 445

— ®apanes Bropoit 146—148

— — nepsbii 145, 146, 148, 150, 157

— 3JIEKTPOMArHUTHOM MHIYKIHH 325,
330

3anuparonuii cion 249—251

3apsin

3emnu 67

— KOHieHcaropa 76

— 00BbeMHBIH 235

— npoOHbIi 37

— MPOCTPAHCTBEHHBIHN 232, 235

— TOYCYHBIHN 28

— aneMeHTapHbii 19, 153

3apsabl MHAYUUPOBaHHbIE 24, 25< 212,
335

— HaBeJeHHEIE 24

— noasipu3anuonueie 89, 90, 91

— cBa3aHHBIC 91

3emisa 59, 64, 80, 216, 265, 266

3emHOM UHAYKTOp 334

— mar"etusm 298, 300

W3omnsarop 12

Nunyxrusnocts 377; 378, 381—383,
391

— coJsieronna 378

Nunykrop 410—413



NunykunonHas neys, 338

Wunykuusa marautHas 275—277, 286,
289, 345, 354

— snektpomarauTHas 118, 320, 335,
361, 378

— sneKTpocTaTuueckas 24, 46, 270

HNuxnunatop 298

Hown 19, 100, 105, 110, 149—153, 155,
166, 194, 214, 244

HNonwnzamnus raza 205

Wonnas nasuna 211

Honocdepa 80

Ucrtounuk 3.1.c. 118, 161, 253

— 3JIEKTPUYECKOro Toka 96, 142

Kananossie myun 230, 231

Kannena 139, 220

Kapnanos nmoasec 297

Karuon 150, 153

Karonx 144, 150, 164, 232, 235

— HaKaJICHHbBIN 236

— XOnoOHkIN 236

Katonnoe magenue nmorennuana 223

— TEMHOe€ npocTpaHcTBo 222, 230

Karogusie nmyun 224, 225—230, 264,
292,314

KBapuesas namna 221 , Kenorpon 233,
408

Kwuosart 133

Kunosarr-uac 133

Knerka ®apanes 71

Komnnexrop 415, 442, 443

Kowmmnac 294, 299

Komnaynn-reneparop 427

Komnayna-asurarens 445

Konnencarop 76—78, 80, 91, 97, 213,
379, 383, 392, 395, 407

— TMEPEeMEHHOU eMKOCTH &2

— nockuit 76, 83, 88

— TEXHUYECKUH 87

KonrakTHas snektpocBapka 134

Konrakrasie xonbia 410—412

Konuentpanus snextponos 240

Kopona 214

Kopotkoe 3ambikanue 140, 175, 180,
181

Kosprutusnas cuna 356, 357, 359

Koaddunment momrHoctu 395, 396,
400, 439

— Tpancdopmarmu 399

K.m.z. reneparopa 452

— — — nBurarend 452

— — — TepmorsemenTa 189, 190

— — — tpanchopmaropa 400, 401

— — — ¢oToanementa 253

Kpemnnii 251, 252

Kpurnueckas remneparypa 118

Kpyrtunsnasie Becwl Kynona 29, 281

Kynon 31, 77

Jlamna razopaszpsianas 222

— JByxajiekTpoanas 232, 250, 405

— JTHEBHOTO cBeTa 222

— HakaymBaHug 138—140

— —Jloapirnua 138

— HeoHoBas 224

— ManbyuKoBas 236

— TpexanexkTpoaHas 233—235, 252

— 3neKTpoHHas 232, 233, 235

Jletimenckas O0anka 81, 162, 212

JImanyu marauTHoro nosst 280, 281,
283, 284, 286

— 3JIeKTpruyecKoro nois 43, 45, 55—
57,59

Marnero 412

MaruauromeTp AMHAMHYECKUN 282

— cratuyeckui 281

Marsur ecTecTBEHHBIH 254

— UCKYCCTBEHHBIN 255—257

— noaocoBoii 286, 288

— IOCTOSHHEIN 256, 258, 351, 356,
357,412,453

— 3J1eMeHTapHbIi 271

MaruaurtHas anoManus 299

— Oyp# 300, 319

— 3ammra 351—353

— muHa 295

— ock 3emiu 295

— nocrtostHHag 290, 305, 345, 378



— pa3Beaka 300

— crpenka 258, 267, 310

— 9KpaHupoBKa 352

MarnutHoe Bo3mymienue 00

— nerictBue Toka 101 —103

— HakjoHenue 297, 298

— Hacelenue 355, 357, 455

— cknoHeHue 297—299

— ycnokoenue 339

MarnutHbie KapThl 281

— IOJIFOCH! 3eMiu 295

— cuiel 260, 261, 302, 303

MarnuTHsIiii ructepesuc 356, 359, 360

— 3apsg 269, 272, 273

— Mepuauas 296

— MoMeHT 276—278, 353, 354

— motok 325, 337, 342, 354, 362, 363

Marnutoctpuknus 274

Menn 146, 164, 359

MexnyHnapoaHasi cucreMa eauuui 31

Mertamn 20, 103, 111, 150, 162, 163,
166, 189, 194, 219, 239, 240

Muxkpoamnep 105

Mukpoamnepmerp 105

Muxkpodapan 77

Munnuamnep 105

Monexyna 88

— IunojibHas 89

Mounus 93, 134, 212, 213, 216, 260,
326

Moun 148, 152

MomHocTh nepeMeHHOro Toka 394,
395, 396

— noaHasx 396

— aneKkTpuueckoro Toka 132, 337, 445

Hamaranuennocts 354—356

— ocrtarouHas 356, 357, 359, 424

Hamaranuupanue 272

— BpeMeHHoe 255, 256

— ocraroyHoe 255, 256

Hanpsokenue nuneiinoe 429—431

— Mexdaznoe 429

— noTepsiHHOe 124

— npobos 210, 211

— CUHycouJaabHoe 365

— (paznoe 429, 430

— anektpudeckoe 52—54, 94, 97, 98,
110, 125

HanpskeHHOCTh MarHUTHOTO TOJIS
289—291, 345, 354

— anektpuyeckoro mois 37, 38, 40, 57,
58, 275

HezaBrcuMocTh IEHCTBUS MarHUTHBIX
roJieit 279

— — JJIEKTPUUYECKHX ToseH 39

HeiitpanbsHas 30Ha MmarauTa 257

Huxenun 137

Huxpowm 135, 137

Hocurenu 3apsga 100, 105, 106, 110,
111, 240

— — HEOCHOBHEBIE 247

— — OCHOBHEBIE 247

— Toka 240

Ornu cBsToro Oabpma 216

Om 111

Ommerp 113

Omnpit ['anbBanu 162

— Maupgensmrama u [lananexcu 195

— Puxkke 194

— Poynanna — DiixenBanbia 292

— CroneroBa 353

— Tonmena u Crroapra 195

— Dapanes 348

OmneiT Opcrena 262

Ocuumnorpad 366

— karonHbe 237, 367

— netiieBou 366, 371, 389

— nuierioBsIil 366

— 3JIeKTpOHHOIIy4YeBO# 237, 367, 368

OTKJIOHSAIONINE MIACTUHEI 237

[Tapa cun 275

[Tapamarnetuk 346—348, 351, 353,
354, 358, 359

[lepuon nepemenHoro Toka 368, 369

[lepmainoii 358

[letns rucrepesuca 356, 357

[Mukodapan 77

IInamennEbIl 30HA 66, 67



[1moTHOCTH 3apsiga MOBEpXHOCTHAS 75

p-n-niepexon 248, 250, 251

[ToxsmxHOCTH 3apsiga 240

IMogremuas cuima marguta 456

[Tone rpaButanmonxoe 49

— KOHcepBaTUBHOE 49

— Mmar"utHoe 261, 262, 273—275, 283,
301, 376, 395

— — Bpamaronieecs 434, 436

— — 3emin 275, 282, 294, 295, 298,
300, 319

— — onHopoaHoe 275, 289, 309

— anektpuueckoe 36, 41, 49, 68, 96,
106, 283, 376

— — 3emin 67

— — onHOpoaHoe 43, 69

— stanorHoe 290

[TonoxurenbHas HopManb 277

IMonoxurensHbIi ¢T0a0 222, 230

[TonynpoBonnuk 14, 189, 190, 199,
239, 240

— NBIPOYHBI 246, 247

— n-tuna 246—248

— p-tuna 246—248

— CMeEIIaHHOoTo Tuia 246

— 3JIEKTPOHHBIN 239, 245, 247

[TonynpoBOAHUKOBEIN (POTOITEMEHT
253

[Tomroc 164

ITomrocer maramTa 257, 258, 287

[Monspuzanus nusnexrpuka 90, 272,
336

— MoJeKyJibl 90

— snekrpoaos 170, 172, 361

[onsapuoe cusinue 318, 319

[TocTostnnas ABoraapo 148, 152,317

— Dapanes 147, 148, 152

IMTorenuuman Berxoma 200

— aJIeKTpruyeckoro mois 57, 58, 60

[ToTenmomerp 125

[ToTepu B xenese 399

[ToTOK MarHUTHOW MHIYKUIUU 325

[IpaBuno O0ypaBuuka 284, 285, 307

— BoneTeI 162, 163, 187

— neBoti pyku 303, 304, 313, 442

— Jlenna 326, 328—330, 334, 338,
339,351,364,365,391,400,444

— npaBoro BUHTa 276

[Ipenoxpanutens miaskuit 140—142

— npoOouHsIii 141

[TpuGops! MmarauTORIEKTpUYEecKHe 373

— 3JIEKTpOMarHuTHoie 373

[Ipo6oii nuanextpuka 41

— ucKpoBoii raza 209, 211, 213

[IpoBoaumocTs abipouHas 245—248

— nonHag 100, 149, 155, 207

— cmemannag 100, 246

— snektponHas 100, 231, 239, 246—
248

[IpoBonnuk 12, 14, 40, 41, 45, 59, 75

— BToporo poxa 102, 163, 164

— nepsoro poaa 102, 162—164, 187,
188

[IpoHuniaemocts quanekTpudeckas 86,
88, 156

— — abcomoTHas 86

— marautHag 290, 341, 344—347, 349,
353, 357—359, 378

Pa6ota Beixoma 200—202, 231

— poHm3auuu 211

— 3JIeKTpruYecKoro Toka 131

PasHoBecue nunamuueckoe 243

— TIOABMKHOE 243

Paznenenue 3apsinos 23, 96

PasnocTs noreHinanos 52—54, 56, 58,
60, 62, 94, 98

Pa3psn nyrosoii 218, 219, 408

— uckpoBoit 209

— KOpoHHbI 213, 216

— Tnerommit 221—223, 230

Panmonanu3oBanHas 3amuck popmyi 31

Pesucrop 114, 142, 235

PexomOunarus nonos 205

Pene 458, 459

Pentrenosckoe uznyuenue 206

Peocrar 122, 123, 137,217

— myckoBoit 438, 446, 447

Potop 410, 411, 413, 435



— KOpPOTKO3aMKHYThII 435, 436

PryTtHas nyra 221

Camounnykuus 374, 375, 378, 395

CeepxmnpoBoaumocts 102, 117, 118,
199

Csepxrekyuects 119

Cnsur a3 389, 391—394, 396

Cerka 233—235

Cuna Jlopenna 313—317, 319, 335,
336, 350

—Ttoka 99, 104, 110, 157

CunoBble THHUU 42

Cunbl rpaBUTalIMOHHBIE 49

— croponnue 90, 99, 118

Cumenc 113

— Ha meTp 114

Cxonpxenne 438

CrnosxeHue nepeMeHHBIX HalpsKEeHUN
388

— — ToKOB 384

Coenunenue 38e3mom 429—432, 436,
437, 440

— MCTOYHUKOB TOKa napasuiensaoe 184

— — — mociaenoBarenbHoe 183

— — — cmemanHoe 187

— KOHJICHCAaTOpPOB NapajljienbHOe 82—
84

— — mocJiiegoBareibHoe 83, 84

— MPOBOJHUKOB NapasienabHoe 121,
131

— — nocienosareinbpHoe 120, 131

— TpeyroiabHukoM 430—432, 436, 437,
440

Conenounp 266, 267, 286, 288, 289, 306,
307, 309, 310, 343, 453

Comnne 218,319

Comnporusnenne 310, 115, 199, 274

— axtuBHOe 383, 384, 391, 392, 394,
396

— BHyTpenHee 172, 175, 178, 179

— eMKocTHOEe 382—384, 391, 393—

396
— unayktuBHoe 382—384, 391, 392,
394—396

— nonHoe 382, 384, 391

— peaktuBHOe 383, 391

— ynensHoe 113, 114

Cmnas ['eliciepa 359

Cpenusist nmHa cCBOOOJHOTO TIpobera
199, 230

Cranunois 81, 87

Cratop 410, 411, 414, 435, 436

Cueruuk ['eiirepa — Mronepa 216

—3apsHKEeHHBIX yacTull 71

Tenesunenue 237, 238

Temnepatyphblif ko3huireHT
conpotusnenus 116, 117

Teopus Amnepa 273

— Mar”etusma 350

— (eppomarneruzma 358

TennoBoe aevicrBue Toka 101—103,
134

Tepmucrop 242

Tepmobarapes 192

Tepmometp conportunenus 116, 242

Tepmomnapa 188, 191

Tepmonenenranus 193

Tepmoconporusienue 242

Tepmocronbux 192, 242

Tepmoanexktpuyeckuii paguometp 192,
193

— 1ok 188

Tepmooanexktpuuectso 187

TepmoanexktpoaBmxkyas cuna 187,
188, 452

TepmoanexktponHas smuccus 203, 232

Tepmoanement 188, 190, 247, 248, 332,
361

Tecna 277, 334

Tox Buxpeoit 337, 338

— uHaykuonasid 118, 320, 322—
324,331, 332,337, 338

— Haceienus 207, 208, 2315 232

— HeycTaHoBuBIIHiics 104

— napa3uTHbiii 170

— nepeMeHHbIN 361

— noctosiHHbIN 104, 361

— npsamoii 361, 406



— — nyJbcupyronui 416

— pa3psiasbii 176

— CHUHYCOUJaIbHBIN 365, 369, 373,
374,383,384, 414

— cranuoHapHsIii 104

— tpexdaznbit 427, 428, 431, 433, 434

— ycranoBuBImiics 104

— 3JIEMEHTapHbIi 272, 273

Toxu ®dyko 337—339, 357, 399, 414,
419, 451

Touka Kropu 358, 359

Tpan3zucrop 252

Tpancdopmarop 357, 397, 399—401,
404, 406

— noBeInaromui 397, 398

— moHmxaromuii 397—399

Tpuon 233, 236

VYrons 111, 116, 144, 162, 173

Vnapnas nonusanus 211, 212, 223

VYnasTpassyk 274

Yceunurens HanpskeHUs 235

— MOJYIPOBOJHUKOBBIN 252

— Toka 235

VYckopurenu 3apsKeHHBIX yacTul 457

®daza 370, 371, 428

®apan 31, 77

— Ha MmeTp 31

®eppomarnetuku 346, 347, 351, 353—
355, 357—359

®expanp 135

Ouibtp 407

®oTOonpoBOAUMOCTD 243

dotordpdexr 27, 195

— BHeIIHUM 243

— BHYTpeHHHUI 243

Xumuueckui skBuBaneHT 147, 148

Xumuuaeckoe nericteue Toka 102

Xomnocto#t xoa Tpancopmatopa 397,
399

Hununap Papanes 48, 74, 225

Hunk 146, 164—167, 172, 173

Yacrora 369, 371

— KpyroBas 369

— [UKiInJyeckas 369

[lITencenpHas pozetka 141, 142

[Mynt 128, 129

[letkn 362, 410—412, 415, 416, 420

OKBUITOTEHIIMAJIFHAS JTUHUS 55, 56

— MOBEepxXHOCTh 55—57, 59, 62

Onekrpuzanus 19, 46

— TpeHueMm 22

— uepe3 BiusHUe 24, 90

Dnekrpuueckas ayra 217, 219, 220

— uckpa 209, 210°

— MamuHa 357

— meub 135

— muTKa 135

— nocrtosHHag 31, 83, 290

— npoBoaumocTs 113, 241

— — ynenwHas 114, 239, 240

— npoBojka 142, 143

— cxema 143

— sHeprus 401, 402

Onekrpuueckue kaptsl 43, 44, 58, 281

DnekTpuyeckuit BeHTWb 233, 250, 261,
405

—3apsag 11,17, 19

— 30HI 66-68

— motop 330

— 1ok 13, 40, 59, 94, 95, 98, 100, 101,
103, 261, 317

— mym 67

Dnektpuyeckoe ocenieHue 138

OnexrpuuecTtsBo 260

Onektpon 144, 164, 167

Onekrpoasurarens 428, 452

— acUHXpOHHbIN 437, 438

— MOCTOSHHOTO TOKa 441

— C BpAIAIOIIUMCS] MAaTHUTHBIM TTOJIEM
433,435, 443, 451

— cepuecHbIl 445

— €O cMeIIaHHBIM BO30YkaeHueM 445

— € apaJuIeIbHBIM BO30YKIEHUEM
445, 446, 448, 451

— — TIOCJICIOBATCIbHBIM
BO30ykneHueM 445, 449—451

— Tpexda3ublit 433

— WIYHTOBBIN 445, 447, 448



DnekTpoaBuxkymas cuiia 96—100, 332,
361

— —unaykuuu 118, 332—334, 336,
337,362, 364

— — nepeMeHHas 361

— — noysapuzanuu 171, 172, 174

— — camouHaykiuu 376, 378, 382,
391, 407

Onektponus 102, 144, 150, 155, 157,
158

Onexrpoaut 102, 110, 111, 116, 144,
148—152, 155, 156, 166, 167,
199, 207, 219, 314

DneKTpoauTHYecKas auccoruanus 155,
156, 208

OnexkrpomarHut 412, 453—455, 457

— ropukoo0pasHblii 456

OnexrpoMeramryprus 158, 159

Onekrpomerp 60—63, 68, 78, 183

OnektpoH 19, 103, 105, 110, 194—196,
229, 230, 232, 239, 246, 276, 337,
319

—, 3apsia 317

OnekTpoH, macca 317, 318

DneKTpoHarpeBareinbHble TPUOOPHI
136, 137

OnekTpoHBOIBT 201

OnexTpoHHas nmymka 236

— teopus 20, 25, 194, 197

— smuccus 219

DnekTpoHHoyueBas TpyOka 236, 237

OJeKTpoHHBIE, MPUOOPHI 232

DNeKTpOoHHBIH ra3z 197

—1y4 237, 313

OnekTpoHsl npoBogumoctu 20, 240

— cBoboansie 20, 25, 100, 194, 195,
197, 199, 200, 240, 241, 245, 247

DNEeKTPONPOBOTHOCTH Ta3a
HecamocTtostensHas 205, 207, 219

— — camocrosarenbHas 205, 208, 209

Onexrpocsapka 399

Onektpockorn 10, 60, 63, 79, 225

DnekTpocTaTuueckas 3amura 73, 352

Onexrpodunstp 214, 215

DNEKTPOXUMHUECKUI SKBUBAJICHT
146—148

Onement Bectona 165

— BoueTel 164, 166, 167, 170

— BTOpUYHBIN 174

— rajbBaHuueckui 23, 162, 164, 165,
169, 178, 180, 332, 361, 452

— Jlanwans 164, 165, 167, 169, 174

— Jlexnanme 173

— —cyxou 173

— HOpMaJsbHbIN 165, 170

— Ilnanté 174

DOneMeHTapHble yactuusl 19, 215

OnemeHTapHbI MarHuT 271—273

DOHeprus noHnzauuu 241

— KoHaeHcartopa 91—93

— Mar"uTHoro mojsg 376

— aneKkTpuyeckoro moist 91, 376

OranoH HanpskeHus 165

Dddexr IMenpThe 452, 453

D¢ dexTuBHOE 3HAUEHUE TOKA 372

Axops 410, 411, 416, 419, 456

— OapabanHoro Ttumna 416, 417, 420

— KOPOTKO3aMKHYThIH 420

SAnTaps 14, 259



M3 NPEAUCIIOBUSA K MEPBOMY M3[OAHMIO

Hacrosmuit BTopoii ToM «2/1eMeHTapHOTO yuedHuKa (hU3HKH»
COZEP2KUT YUeHHE OO SJIEKTPUUECKHX M MATHUTHBIX SBJEHUIX.
B Hero ne BOLLIM BOHPOCH 3JEKTPOMATHHUTHBIX KoseBauHi u
BOJIH, 160 I10 3aJJyMaHHOH HamM CXEMe STH BOIPOCH! CBs3aHHI ¢
O6mIMM YUEHHEM O KojiefaHusiX M BOJIHAX H COCTAaBJSIOT COJEp-
JKaHue TPeThero TOMa BMECTE C BOIPOCAMH aKYCTHUKH U ONTHKI,

Ofmas ycTaHOBKA, pyKOBOJAMBLIASA HAMHU lIPH COCTABJAEHHH
5TOTO TOMa, OTpaxkeHa B IPEIMCJIOBHH K IepBomy Tomy. Mmes
B BHAY, 4TO MAaTEpPHa/ 3TOTO TOMAa H3YUaeTCsl B JIECATOM KJacce
cpejHell LIKOJBI, Mbl DacCUHTHIBAIM Ha Gosiee BLICOKHI ypOBEHb
pas3BuTUs yuamiuxcs, MaTemMaTHUECKIIe BBIKIAJKHY U B 5TOM TOME
3aHHUMAIOT OYEHb MaJlO MECTa M IOUTH LENHUKOM COCDEeJOTOYEHE
B MeJIKOM Lupudre. ’

B cocraBnennu storo Toma npuxumasn yuactue C. I, Ka-
JIAIHHUKOB.

Mocksa, uions 1949 1, I'p. Jandcbepe



Fnasa |. DNEKTPHUMECKUE 3APAALI

§ 1. 3nekTpuueckoe B3aumozeiicTose. IloiBecuM Ha 1UENKOBOH
HHUTU JIETKUA TpY3uK, Hampumep OymMaxuywoo ruibay. IloTpeu
0 IIeJKOBYI0 MaTepPHIO CTEKJSHHVIO NaJOYKy H IIOJHEceM ee
K TPY3HKY. MBI YBHJUM, UTO THJb3a CHAYa/la NPUTSHETCS K Ma-
JIOUKE, HO 3aTeM, II0C/Ie CONPHKOCHOBEHHS CO CTEKJIOM, OT Hero
orTosKHercd (puc. 1). IIpHKoCHemcs Terepb TOM Ke HATEPTOH
[1aJ104YKOH K Jpyrod Takod Ke rujb3e, ybepeMm CTeKJO H INPH-
61M3UM ruaIb3bL APYT K Apyry. OHH OTTOMKHYTCS APYT OT APY-
ra (puc. 2).

e

M
i £
[ |
|
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1
mgw
 soammnen: g
—  s—
Puc. 1. BymaxHasi rusb3a Puc. 2. [Ise nojpelueHHble Ha wieJ-
OTTaJKHBAETCS OT 3apsiJHB- KOBHIX HHTAX GyMaKHblEe THJIb3BI, 3a-
med ee CTeK/JISTHHOH mna- psi>KeHHble OT CTEKJSTHHOH MaJIOuKH,
JIQUKH OTTaJIKHBAIOTCS APYT OT Apyra: mg—

CHJIA TsXKeCTH, NeHCTBYIOIAA Ha THIb-

3y, F — sjextpuueckass cHiaa, N —

CHJa, ypaBHOBEIUHBAIOAA CHJIY Ha-
THAXKEHHST HHTH

Jo cOIpHKOCHOBEHHA € HATEPTOH CTEKASHHOH I[aJOYKOH
MOJBEIICHHbIE TPY3HKH MOX NEHCTBHEM CHJIBEI TSXKECTH H CHJIBL
HATSAMKEHHS HUTH OKAa3bIBAJHCh B PABHOBECHH B BepPTHKANbHOM
nonoxkeHud. Tenepb UX MOJMOXKeHHe paBHOBecHA HHOe. Cieno-
BaTeJqbHO, KPOME yiKe YIOMSAHYTBIX CHJ, Ha TPY3HKH JeHcT-
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BYIOT elue KaKie-TO CHJbl. DTH CUJIBl OTJIHUHBL OT CHJI THAXKECTH,
OT CHJI, BO3HHKAIOWIHX NPH AeOpMalHH Tes, OT CHJ TPEHUS U
JIPYTHX CHJ, U3YYaBLIMXCA HAMH B MexaHHKe. B TOJIBKO 4TO
OINMUCAHHBIX MPOCTBIX OIBITaX Mbl BCTPEUAEMCS C NPOSiBJIeHHeM
CHMJI, KOTOpble MOJYYUJIH HAa3BaHUE JACKMPUHCCKUX.

Tena, KoTopble MAEHCTBYIOT Ha OKPYKAIOI[He IpeIMeThl
SJIEKTPUUECKUMH CUJIaMH, MBI Ha3blBaeM HadJeKTPH30BaHHBIMHU
WM 3apSKEHHBIMH U TOBODHM, UTO Ha THX TeJaX HaXoaTcs
3JIeKTPHUYEeCKUe 3apsifibl.

B onucaHHBIX ONBITAX MBI 3apSKaJH CTEKJIO NOCPeJCTBOM
TpeHus o 1weak. Mbl MOryid Gbl, OJHAKO, BMECTO CTeKJ/a BbI-
6patbh Cypryd, 360HUT, MJICKCH-
rjac, siHTapb ¥ 3aMeHUTb wieJ-
KOBYI0O MaTepHio KOxKeH, pesu-
HOH W JpPyTruM# INpeiMeTaMH.
OnelT nokasoiBaer, 4TO IIO-
CPeiCTBOM TpPEHHs MOXKHO 3a-
pAIUTL JI060e Teso.

Ha siBnenuu 3aeKTpHYecKoO-
ro OTTAJKHBAHUA 3aDsKeHHBIX
Puc. 3. Mpocroli smextpockom 1o OCHOBAHO YCTPONCTBO 3JIeK-
a) ofwuk BHi; 6) yenosHoe H3og- 1 POCKONA — npuGopa Ans oG-

paxeHHe HApYKUBAHUA  JIeKTPUUECKUX

3apagoB. OH COCTOUT U3 MeTal-

JINYECKOTO CTepKHs, K KOTOPOMY M0JiBellleH BeCbMa TOHKHUI ajlio-

| MUHMeBBIH UM OyMaXHBIHA JUCTOK WJH 1BA JIMCTKA (pHUC. 3, a).

'Crepkedb yKpelJieH MPU NOMOIIH 90OHUTOBON WJM SHTAPHOH

NpO6KU BHYTPH CTEKAAHHONH GaHKH, NpeloXpaHstoiiell JUCTKU

OT JABH2KeHUs Bosjpyxa. Ha puc. 3, 6 jaHO ycioBHOe H3o6pa-

JKEHUE 3JIEKTPOCKONA, KOTOPHIM MBI U OyJeM NOJL30BaThCA B
JajbHeleM.

KocneMcs CTep:KHSA JIeKTPOCKONA 3apsAKeHHBIM TeJOM, Ha-
IpUMep HaTepTOH CTEKJISAHHON Nanodkoil. JIMCTKU OTTOMKHYTCA
OT CTEPXKHS H OTKJIOHATCA Ha HeKOTOpHH yrona. Eciu Tenepb
YHAJTUTh NTaJoUuKy, TO JIUCTKU OCTAHYTCSI OTKJOHEHHBIMH, a 3TO
3HAUUT, YTO NPU CONPUKOCHOBEHUM C 3apSIKEHHBIM TEJIOM Ha
CTep:KEHb U JIUCTKH 3JeKTPOCKONa IepPeXOJUT HeKOTOPHIH
3apsim.

3apsaguM 3JeKTPOCKOI NpPH NOMOILU CTEKJISHHON NaNOUKH,
3aMeTHUM OTKJIOHEHHe JIUCTKOB, KOCHEMCs 3JeKTPOCKONa eille
pa3 JpyruM MeCcTOM 3apsiKeHHOrO CTeKJsa U omnsATb yGepeM INa-
J04Ky. ‘OTkJIoHeHHe JucTKOB YyBenudutcs. Ilocae Tperbero
Kacanusl oHo 6yjetT elne 6oJbiie H, T. . Mbl BUAUM, UTO 3J€KT-
pUUYECKHe CHJBI, 06YCJIOBAHBAIOMIHE OTKJIOHEHHE JIUCTKOB, MO-
ryt 6bITb ¥ GOsbllle U MeHbllle, & CJAel0BATENbHO, U 3apsj HA
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3JEKTPOCKOIIEe MOKET GBITb Gosblle HJH MeHbure. Taxum o6pa-
30M, MOKHO TOBOPHTL O 3apsijie, HaXoAflleMcs Ha TOM HJIH
HHOM TeJie, B HalleM [IPHMEpe — Ha 3JIEKTPOCKONe, KaK O He-
KOTOpO# KOJINYECTBEHHOH Mepe, XapaKTepH3Yyollel onpeneseH-
Hble TPHPOJHBIE SBJIEHHS.

§ 2. MpoeoanuKY ¥ HUMINEKTPHKU. MBl BHAEAH B NpeZblIyIIHX
OTbITAX, 4TO, IIPUKACACh 3apSKEeHHBIM TeJOM K HEe3apsiiKeH-
HBIM DIpe/MeTaM, MBI coOGLlaeM HM 3VIeKTpHYeCKHH 3apaf. Mu

Puc. 4. Tlepemenienne sapsiioB 1O Pa3JHYHBEIM TeslaM: @) JEKTPHUECKHE

8apafibl JErKo NepeMelIalOTCs MO MeTaJJIHYeCKOH MpOBOJIOKE; NPH COeNH-

HEHHH 3JEKTPOCKONOB NPOBOJOKOH B3apfi JIEBOTO 3JEKTPOCKONA YMEHb<

nlaeTcs, a NPaBOTO yBeNHUHBaeTcA; 6) S/aeKTPHYeCKHe sapdajbl He NpoOXos

JAT 1O [IeNKOBOH HHTH; NPH COeXHHeHHH 5JEKTPOCKONOB IIEJKOBOM

HHTBIO JIeBLI 3J€KTPOCKON COXpaHser 3apsai, a NpaBblil OcTaeTcs He-
8ap AxEHHBIM
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NOJIb30BaJIHCh 3THM, KOTAA 3apsikanu 3JjekTpockon. Taknm
06pasom, 3JeKTPHUECKHe 3apAlbl MOTYT NepeXOJHTh C OJHOTO
TeJla Ha JAPYTOe.

AjleKTpHUECKHe 3apAALl MOTYT TaKxKe H MNEPeMellaTbCs No
teny. Tak, HanpHMep, KOTJa Mbl 3apsxKaJii 3JIEKTPOCKON, Ml
KacaJuch CTEKJSIHHOH Najioukoll BepXHero KOHLA MeTasljiHdec-
KOTO CTepKHsI, TeM He MeHee H HHXKHHH KOHell CTePKHS H JIHCT-
KM, TPHKpENJIEHHEIE K 5TOMY KOHIY, OKasbIBAJHMCh 3apsiKeH-
HBIMH; a 3TO 3HAUMT, UTO 3apsiJbl NepeMelllaIHCh BIOMb CTEPKHS.

Onnaxo nepemeliieHue 3apsA0B O Pa3JHYHBIM TeaaM NpPOHUC-
XOIMT no-pa3HoMy. PaccMOTpHM C/IenyIOIHA ONBIT: PAcnoJo-
KUM Ha HEKOTODOM DAacCTOSIHHH JPYT OT ApYyra IBa 3JEeKTPO-
CKOMa, 3apsiiuM OJMH M3 HHUX H COEUHHM CTEPXKHH 3JIEKTPO-
CKOMOB KYCKOM Me[HOH NpOBOJIOKH, nepxa MNOCJeNHIOI MNpPH
NOMOLIM JBYX INEJKOBBIX HHTeH (pHC. 4, a). OTKJIOHEHHE JIHCT-

" KOB 2apST:KeHHOTO 3JIEKTPOCKONA HeMeIJIEHHO YMeHBUIHTCs, H

OJHOBPEMEHHO C 3THM JIHCTKH BTOPOTO 3JIeKTDPOCKONA OTKJIO-
_HATCA, O6HApyXHBasi NOABJEHHE 3apAna. DJeKTpHUecKHe 3a-
pAlBl JIETKO NepeMelllaoTesl BIOJb MeNHOH NPOBOJIOKH.

[ToBTOpHM Teneph 3TOT ONEHIT, HO HCHOJIb3YEM BMECTO MeHOH
NPOBOJIOKH IEJKOBYIO HHTH (pHc. 4, 6). I1pit 5TOM KOHUBI HHTH
MOXKHO JlepKaTh HENOCPEACTBEHHO B pyKax. Mbl YBHAMM, UTO
B 3TOM cJy4Yae 3apsKeHHBIH 3JeKTpockon 6yjeT AOJTOcoxpa-
HATb HEH3MEHHBIM CBOH 3apsj, a BTOpPOH 3JeKTpockon Gyner
OCTaBaThCsl MO-NPEXKHEMY He3apsKeHHBIM. DJeKTPHUeCKHe 3a-
psIbl He MOTYT NepeMellaTbcsl MO IeJKOBOH HHUTH. [Ipomens
TOT Ke ONBIT ¢ OOLIKHOBEHHOH (Gesioil GyMaXKHO#) HHTKOH, MBI
NOJIYYHM NPOMEKYTOUHBIN pe3yJbTaT: 3apaj 6yeT NepexonThb
C ONHOTO 3JIGKTPOCKONA Ha JAPYroil, HO OYeHb MeLJIEHHO *).

BeinecTtBa, 10 KOTOPEIM 3JIEKTPHUECKHE 3apsi/bl JETKO nepe-
MelllaloTCsl, MBI HasblBaeM npogodnuxamu. BeectBa, He o6ia-
Jalolliie STHM CBOMCTBOM, HAa3bIBAlOTCA Oudsexmpuramu (Wi
H30A8Mopany), -

XopomuMH NPOBOAHHKAMH SIBJSIOTCS BCe MeTaslibl, BOJHBIE
pacTBODEI COJIell H KHCJIOT H MHOTHe JpYTHe BeliecTBa. Xopoiel
NPOBOAMMOCTBIO 06JIaJal0T TaK¥Ke pacKajleHHble Tashbl: eclH
NPHUOJU3UTE K 3apsKEHHOMY SJIeKTPOCKONY IJiaM# CBEuH, TO
BO3JYX BOKPYT 3JIEKTPOCKONA JejaeTcsl NMPOBOASLLMM, 3apsj
C 3JIEKTPOCKONA TNePeXOAMT Ha OKpYKaloljHe Tela H JUCTKH
6plcTpo cnazjaioT (pHC. D),

*) Ecnu BMecTo Geltoll HHTKH B3siTh YepHYIo, TO 3apsj 6yneT nepexo-
JOMTB C OQHOTO 3JeKTPOcKona Ha Apyroif ropasgo GeicTpee, NMOTOMY YTO yep-
Hasi KpacKa, KOTOpOH okpallena HHTKa, CaMa siBJIsieTCs! BellleCTBOM, B KO-
TOpOM 3apsif, NepeMelllaeTcsl ROBOJIBHO JIeTKo.
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TTpoBOJHHKOM, XOTA H HE OUeHb XOPOUINM, ABJAAETCA TAKKe
ye/s0Beyeckoe Ten0. ECIH TNPHKOCHYTBCA K - 3apsMKEHHOMY
3/JIeKTPOCKONY, OH Pa3psAXKaeTcs U ero JHCTKH onajaT, Mul ro-
BODHM IIDH 3TOM, YTO 3apsj 2JeKTPOCKONa Yepe3 Hallle TeJo,
110J1 H CTEHbl KOMHATBI <yXOAHT B 3eMJIO»,
B § 27 Mb pasbepem nompoGHee, uTo INpH
3TOM NPOHCXOMMT.

ITpuMepaMH XOpOWIHX JH3JIEKTPHKOB
ABJATCA fHTapb, tdapdop, crekno, 360-
HHT, pe3dHa, IledK M Tasbl NPH KOMHAT-
HBIX TemneparypaXx. OTMeTHM, YTO MHO-
Tde TBepjable JHIJIEKTPHKH, HarpHMep
CTeKJ/10, XOpOIIO H30JHPYIOT TOJBKO B CY-
XOM BO3JyXe H A&NAI0TCA MJOXHMH JH3JIeK-

TpHKaMHI,lyeCJIH ﬂBJIa)KHOCTb Bi()snyxleln BeJeIH- Puc. 5. JIucrxn
- 3JeKTpocKona ObiCT-
Ka. JTO OOBACHAETCA TEM, YTO BO BIAXKHOM po chafaloT [pH
BO3LyXe Ha NOBEPXHOCTH AHAJIEKTPHKOB IOJHECEHHH K €ro
MOKeT 06pa3oBaThCs MPOBOAAMIAA MJIeHKa — CTEPHKHO IIaMeHH
BOJEl. UCTOPOXKHBIM HATPEBAHHEM 3TY IJI€H-
KY MOXHO yAAMHTh, NOCJAE Yero H3OJHpYIOmAadA CrocoGHOCTD
CHOBA BOCCTAHABJAHBAETCA.

Korga B KakoM-1HGO Tejie NPOHCXOMMT IepeMellleHHe 3aps-
JIOB, MbI TOBOPHM, UTO B 3TOM TeJjle HMEETCA TEKTPHUEeCKHH TOK.
Tak, Hanpumep, OpH COEJHHEHHH 3JIEKTPOCKONOB B MeIHOH
IpoBOJIOKe (PHC. 4, @) BO3HHKAET KPATKOBPEMEHHBIH 3JEKTpH-
YeCKHH TOK, KOTOPHIH NPHHIHNHANIBHO HHUEM He OTJAHYaeTcs OT
TOKA B OCBETHTE/BbHOH CEeTH HJH B TpaMBaHHOM MDOBOJE.

B coBpeMeHHBIX IIPHMEHEHHAX 3JIEKTPHUECTBA H NIPOBOJHH-
K{ H JM3JEKTPHKH HTPAIOT OTPOMHYIO poJib. MeraniHdeckHe
NpOBOJA JIHHHH 3JIEKTpOIlepenaud MNpeACTaB/IAIOT COGOH Te
«KaHaJbl», 110 KOTOPHIM MbI 3aCTaBJsieM ABHTaTbes 3apsajasl. [Ipu
5TOM BaXXHO, YTOGHEI B MeCTax KpenJeHHs NPOBOJOB 3apAibl He
YXOJHJIH C IIPOBOJOB B OKpY2Kaioue npeamersl. [Toatomy npo-
BOJA BCerja paclojiaraloTcsi Ha CrellHaJbHBIX H30JHP YIOMHUX
KPEIJIEHHAX — «H30J1ATOpax», 6e3 KOTODHIX COBpeMEeHHble JIH-
HHH 3JIeKTponepefaud ObliH Obl HEBO3MOXKHEL.

§ 3. Pa3sjesieHue Tes HA MPOBOJHHUKA M JH3NEKTPUKA. MBI roBO-
DHJIH, 4TO CTEKJIO HE MPOBOAHT 3jekTpHuecTBa. OJHAKO 3TO
yTBEpIKJIEHHE Helb3sl MOHHMAaTh Ge30roBOpPOYHO. TilaTenbHOe
HabJI0IeHHe NOKAa3BIBAET, YTO Uepe3 CTEeKO0, PABHO KaK H depe3
BCAKHI APYTOH JHAJIEKTPHK, MOTYT IIDOXOAHTD 3JIEKTPHUECKHE
sapsas. OnHAKO IPH OXHHX H TeX e YC/JOBHAX 4epe3 Teja,
HMEHyeMble AMJIEeKTPHKAMH, NPOXOJHT 3a TOT e CPOK He-
CPABHEHHO MEHbIIHI 3JMeKTPHUeCKHH 3apsj, YeM uepes NpOBOJ-
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HHKY TeX e pa3MepoB H ¢opMbl. Korza Mel roopnw, 4To Ka-
KOe-In60 BelleCTBO ABASAETCA AHIEKTPHKOM, TO 3TO SHAUHUT
TOJMLKO, 4YTO- NpH JaHHLIX €ro INpHMEHEHHSX Mbl MOXKeM
npenefpeub NPOXOJSIINMH Yepe3 HEro 3sapsiiaMu.

Taxk, HanpuMep, 4epe3 SHTApHYIO MPOOKY 3JEKTPOCKONa,
HECMOTPS Ha TO YTO AHTApb ABJAAETCA HAMJIYUIIHM H3 H3BeCT-
HBIX JH3JEKTPUKOB, BCE XKe MPOXOAHT HEKOTOPOe KOJHYECTBO
snextpuuecTBa. OJHAKO 3apsj, NpOIIeNIUHI Yepe3 NpPoOKy 3a
BpeMsl SKCIIePHMEHTa, Bcera ObIBaeT HHYTOXKHO MaJs IO CPaB-
HEHHIO C MOJIHBIM 3apAJ0M 3JEKTPOCKONa, M I03TOMY SIHTaph
ABJsIeTCA MOAXOAAMUM JAHJIEKTPUKOM JJA 3JeKTPOCKOna.
CosceM He TO Habmwjanoch Gbl B 3JEKTPOCKOINE € H30/AALHEH
u3 dapdopa. B 3TOM cayuae 3apsipl, yTeKamomue yepe3 dapdo-
poByi0 NpOOKY 3a Bpem OmbITa, ObLIH 6Ll CpaBHUMBL C 3apsi-
JOM 3JIeKTPOCKONA, H Mbl YBHAeAH Obl, UTO JIUCTKH 3JEKTPO-
CKOMa 3aMeTHO oiajaioT. Paphop ABAsETCA HELOCTATOYHBIM
IUSJEKTPHKOM 1151 3THX Uedseft. OnHaxo TOT xe dapdop oxa-
8LIBAETCS NPEKPACHBbIM MaTepHaNOM [/ TeXHHUYECKHX H30Jd-
TOpOB, TaK KakK 3apsijl, NpOXOAAMHMH Yepe3 TaKoH H30JATOD 3a
HEKOTOpHIH NpPOMEXYTOK BpEMEHH, HHUTOXKHO MaJ IO CpaBHe-
HHIO C OTpPOMHBIMH 3apsiaMH, NPOTEKAIOMIMMH uYepe3 IPOBOJA
3a TO e BpeMsi. Mbl BHAMM, UTO pasdenexie HQA NPOBOOHUKY
u Quanekmpury yca081o, V1 MOKeT Jaxe OKa3aThCs, UTO OJHO H
TO K€ BELECTBO B OJHHX CaydYafAX MOJIKHO paccMaTpHBaThes
Kak JM3JeRTPHK, a B JPYTHX CJyYadX — Kak IpOBOJ-
HHK.

JIo cpaBHUTEJNLHO HeJaBHETO BpeMeHH B 3JEKTPOTEXHHKE
NPHMEHAJHCh [IOYTH HCKJIIOUHTENLHO JH60 METasJbl, N0 KOTO-
pbIM 3apA] pacnpocTpansiercsl Ypes3BbluadiHO Jierko, Jubo Iu-
3/JeKTPHKH C OUYE€Hb BLICOKHMH H30JHDYIOIHMH CBOHCTBAMH —
Takue, Kak Qapdop, crekno, 360HHT, AHTApb U T. m. V3 mMeTan-
JIOB H3TOTOBJAIOTCA [POBOJAA, H3 JAHIJEKTPHKOB — OIOPH,
OpeloTBpalaloniie yTeuky 3apsija ¢ NpoBojoB. Ilonaensiommee
6GOJILIIHHCTBO BEIECTB NPHPOABI He MNPHHAIJIEXHT, OJHAaKO,
HH K TOH, HH K Jpyro#l Tpynme; 5TH BELIECTBA SABJAITCA TaK
Ha3bIBaeMbIMH 704YNPOSOOHUKAMY, T. €. TI0O CBOMM CBOHCTBAM
8aHHMAIOT NIPOMEXYTOUHOE MOJIOXKEHHE MEXJIY OUYeHb XOpOIIH-
MH [POBOJHHMKAMH H O4YeHb XOpOILIMMM IH3JeKTpHKamu. OHH
MaJIo NIPHTOJHBI IO3TOMV H /IS M3TOTOBJIEHHS NPOBOJOB H A
usogupyomux onop. OXHAKO B NOCAENHHE AECATHETHS OGHa-
PY¥EeH H H3YUeH Psifi COBEpIIEHHO OCOBLIX CBOHACTB MOMYMPOBO-
HHKOB, UYTO OTKDBLIO BO3MOXKHOCTb Upe3BLIUANHO BaXHbIX H
MHOrooGelldiomuX MpUMeHeHHH HX B DAas/HUHBIX 0O6JacTaX

HayKH U TexHukH. [Togpo6uee 06 3THX CBOHCTBaX MOMYIPOBOM-

HHKOB 6yneT ckasaHo B ra. 1X. .
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Hsonmupyiomue cBoficTBa DellecTBa 3aBHCAT TaKkKe OT €ro
COCTOSIHHSA H MOTYT CHJIBHO U3MeHATbcsA., Ha puc. 6 uzobpaxken
OIIBIT, MOKA3blBAIOLIKHA, YTO CTEKJO COBEpIIEHHO YTpauHBaer
H3OJIHPYIOLIHe CBOHCTBA IIPH BHICOKOH Temnepatype. Paspexem
OJHH H3 IPOBOJOB, HAYIIUX K 3JEKTPHUECKOH JIaMIOuYKe, H,
CYHCTHB H3OJALHIO, NPHKPYTHM 06pa30BaBIIHeCAd KOHIEB! K CTeK~
JAHHOH manouke. IlpH BK/IOYEHHH TOKA JaMIIOUKa He CBETHT-
cf, TaK KakK IPH KOMHATHOH TeMmIlepaType CTEK/JO ABAAETCS
JOCTaTOYHO XOPOLUHM JU3JEKTPHKOM. EC/H, OIHAKO, CHJBHO

Puc. 6. Ilpu pasorpesaHHH CTCKJO CTAHOBHTCSA NPOBOAHHKOM H JaMmoyka
HayHHaeT CBETHTHCH

HarpeTb CTEKJAAHHYIO NAJOYKY IPH INOMOLIH TOPeNKH, JamIoy-
Ka HayHHAaeT CBETHTLCA; C/eJ0BaTe/bHO, Yepe3 HarpeTylo CTeK-
JAHHYIO NAJMO0YKY TOK NpoXofuT. IIpH 3TOM MOXHO HaOMIOIATh
e ORHO fAABJEHHE. DJIEKTPHUYECKHH TOK, IMPOXOAS Yepes CTeK-
JAHHYIO NAJOYKy, CaM HarpeBaeT ee, MPHTOM TeM 3HAUHTEJNb-
Hee, yeM cuJbHee TOK. [103TOMY ecsu B3ATh JIAMOOUKY JAOCTa-
TOYHO MOIIHYIO, T. €. TaKylo, YTO Uepe3 Hee MOXKeT NPOXOAHTH
CHJIBHBIA 3JIEKTPHYECKHHA TOK, TO 3TOT TOK GYJAET CHJBHO paso-
rpeBaTh nasouky. I'opeaky MoxHO Oyjner y6paTh, a CTEKJO
ocTaHeTCs TOPSYHM H XOPOLIO NPOBOJALIHM; HarpeBaHHe CTeK-
Jla BCe BpeMs YBeJNHUYMBAETCS, H B KOHIIE KOHIOB CTEKJIO pac-
NJIaBHTCA.

§ 4. TMonoxkuTenbHble W OTPHUATENbHBIE 3apsiibl. 3apALHM
NpH OMOIIW CTEK/ISHHOH Ia/lOYKH, NOTepTOH O MmeNK, JerKylo
. THJIB3Y, NOJBELIeHHYIO HA IIeAKOBOH HHTH, H NOJHECeM K Hed
KYCOK Cypryya, 3aps:KeHHOTO TpeHHeM O mepcThb. I'mabsa 6y-
JeT NPHUTATHBATBCA K cypryuy (puc. 7). Onpako Mbl BHAENH
(§ 1), uto 3Ta e moABerIeHHAsA THJb3A OTTAJKHBAETCA OT 3a-
PAIMBLIETO ee CTeK/Ja. DTO IOKasblBaeT, YTO 3apAfpl, BO3HH-
KaloIlHe Ha CTEKJe W Cypryde, pasjuyaloTc IO KayecTBY.

15



Cneayiolinii ONHT MOKasblBaeT 3TO ellle HAIJsJHEee. 33pﬂ:
JM JBa OJUHAKOBEIX 3JIEKTPOCKONA NPH MOMOIUH CTeKJISAHHOH
NaJIOUKH H COEJHHUM HX CTePXKHH MEeTaJJIHuecKOH [1POBOJIOKOH,
JepKa MOCJEJHIO 3a H30JHpYloUylo pyuky. Ecan anektpo-
CKOMBI BIOJHE OJMHAKOBEI, TO MOCTE COeAHHEHHS OTKJIOHEHHS
HX JIUCTKOB JENAaloTCs PABHBIMH, YKashblBasi 3THM Ha To, 4YTO
noJsiHbIf 3apsj pacnpefiesieTcsl NOPOBHY MexK1y OGOHMH 3JIeKT-
pocKonmamH, 3apsiiiM Telepb OJHH H3 3JIEKTPOCKONOB MpH M0-
MOUIM CTeKJia, a JApYro#i — NpPH MOMOLIH Cypry4a, H NPHTOM

- + — fan -2y NN
+
Cypeyy
L n sa
: i i
Puc, 7. Bymaxnas ruibsa, 3a- Puc. 8. Jpa OXMHAKOBBIX S5JeK-
psDKeHHasl OT CTeKJa, NpUTArH- TPOCKOMA, 3apsDKeHHble pasHo -
BaeTcA K  HasJeKTPH30BaHHOMY HMEHHLIMH 3apsifaMH W COeRHHEH-
cypryuy HHle [POBOAHUKOM, Pa3psiKaloT-

csl; paBHHle Da3HOMMEHHble 3apsi-
LBl TIPH COeIMHEHWH He JAlOT HH-
Kakoro 3apsija

TaK, 4TOObI OTKJIOHEHHS WX JIUCTKOB CTAaJH OJHHAKOBEI, H OMSTh
coeauuuM ux (puc. 8). O6a aneKTpockona OKaxKyTCsl He3apsi-
JKeHHBIMH, a 3HAYHT, 3apAJbl CTEK/Ia H 3apsfsl Cypryua, B3siTHE
B PaBHHIX KOJWYECTBaX, HeHTpPalH3yIOT, HJIH KOMIIEHCHPYIOT,
Apyr Apyra.

Ecau 6Bl B 3THX ONBITaX MBl HCIIOJTL30BAaJH JPYTHE 3apsiXKeH-
Hble Tesia, TO HALIH Gbl, YTO YacTh H3 HUX JeHCTBYeT Kak 3apsi-
JKEHHOe CTEKJIO, T. €. OHH OTTaJKHUBAIOTCA OT 3apsif0B CcTeK/J1a
H NMPHUTATHBAIOTCA K 3apsjaM Cypryda, a 4acTb — Kak 3apsi-
JKEHHBEIH Cypryd, T. €. OHH OPHTATHBAIOTCA K 3apsijlaM CTeKJa
H OTTaJKHBAlOTCA OT 3apsifoB cypryua. HecmoTps Ha obunne
PAa3JHYHBEIX BelWecTB B NMPHUPOJLe, CYLLECTBYET TOJbKO JABa pas-
HEIX pOJa 3JIeKTPUYECKHX 3apfJioB.

Mg1 BHAMM, YTO 3apsijibl CTEKJA H CYPTydYa MOTYT KOMIEHCH-
poBaThb JpyT Apyra. Ho BeinunHaMm, KOTOpHIe NIPH CJIOKEHHH
YMEHbIIAIOT APYT APYTa, NPUHSTO NPHIUCHBATL Pa3HLIe 3HAKH.
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TMo3TOMYy YC/IOBHJIHCH TPHIHCHIBATD H JIEKTPHYECKUM 3apAlaM
3HaKH, pasjendad 3apsaabl H& TNOJIOXKHUTE/IbHBIE H OTPHUATENb~
Hee (puc. 8).

IToroxmcumensro SAPANCEHHBIMIL HA3LIBAIOM MeEAa, KOomopble
deticmeyiom Ha Opyeaue 3apaxcerHbie meaa MaK xe, KaK CmeKao,
HAINCKMPUBOBAHHOE MPEHUEM O LUENK. Ompuqame/tbuo 3apPAHCEH-
HbLMIL HQB6BAI0M MEAQ, KOMOpPbe OeliCmayrom max se, KaK cyp-
2y4, HAMCKMPU30BAHHbIE mpeHuem 0 wepcmsy. K3 onbITOB,
ONUCAHHBIX Bbllle, CHAEAYET, UTO OOHOUMEHHbIE 3apsadsl OMMmaA-
KUBQIOMCSL, PASHOUMEHHbIE — RPUMAZUEAOMCs ).

? 4.1, K snexTpocKony, 3apsKeHHOMY NPH NOMOILH CYpPTry4HOl NMaJjoy-
KH, TIPHKAacaloTcsl 3apfKeHHbIM cTekaoM. Kak H3MeHHTCS OTKJOHe-
HHE JIHCTKOB?

4.2, TIpH HaTHPaHHH O IIeJK JaTYHIOro CTCPKIs, 3aXKaToro B PYKe,
Noc/ieJHHI He 3JeKTpHayercs. EclH, 0HaKO, MPOH3BECTH 3TOT OTBIT,
JI30JIHPOBAB CTepXKeHb OT PYKH, HampHMep OGEpHYB ero B pe3HHY,
Ha HeM BO3HHKHYT 3apsfbi. OGbAcHHTe pas/HyHe pe3yJbTaToB B
3THX JABYX OMbITax.

4.3. KakuM ofpa3oM, HMesi TOJ PyKaMH TOPelKYy, MOXKHO YIaJHTb
3JeKTPHYECKHe 3apsjbl C AH3/IeKTPHKa, HaTIpHMep ¢ HasJeKTPH3OBaH-
HOH CTEeKJISTHHOH MaJIOuKH?

4.4. CranbTe Ha JepeBAHHYIO JOCKY, TOJOXKEHHYIO Ha YeTHpe H30-
JIHPYIOUHe TIOACTAaEKH, HATIPHMep Ha KpellKHe CTeKJSHHBbIE CTaKaHH,
BO3bMHTE B PYKY KYCOK MeXa H HaUHHTe OHTb MeXOM IO JePeBsHHOMY
cToay. Baur ToBapHiy MOXeT H3BJeYb M3 BallleTO TeJla HCKPY, NOAHECsS
K HeMy pyky. OGBACHHTe, UTO TMPH 3TOM HPOHCXOIHT.

4.5, Kak JoKa3aTh Ha ONHTE, YTO /K NPH TPEHHH O CTEKJO 3JeKT-
PH3YeTCs W NPHTOM OTPHLATENbHO?

§ 5. Yto npoucxoanT npu anaeKTpr3auuu? J[o cHX mop Mbl He
HHTEPECOBANHUCEH TEM, UTO TPOHCXOAHT C TENOM, KOTJa MBI CO3-
JaeM Ha HeM 3JeKTpuueckue 3apsabl, Ceilyac MBI pacCMOTPHM
3To nojpobGHee.

[pex e Bcero moxKaxem, YTO NMPH TEKTPHIAUUH 3dPAKAIOT-
cA oba Tena. [Ing 3TOro yKpenuM Ha XOPOIIO H30JHPYIOMMX
pyYkax JBe NJACTHHKH: 3G0HHTOBYIO H JIepPeBSHHYIO, TOKpHI-
TYIO CYKHOM. [Ins 6ojee TOYHOTO CYXIEHHS O 3apsije I/JacTH-
HOK MBI GYyJIeM He MPOCTO KAacaThCsl HMH CTEDPIKHS 3JEKTPOCKO-
na, a NpeJBAPHTENIbHO YKPENHUM Ha 3JIEKTPOCKONE MeTa/THyec-
Kuli cTakaH (puc. 9), B § 31 Mbl yBHAMM, YTO €C/IH BHECTH 3a-
pAXKEHHOE TEI0 BHYTPh 3aMKHYTOH NPOBOJSIIEH MOMOCTH, Jaxe
He Kacafich TeJIOM ee CTEeHOK, TO Ha BHelIHeH NOBepXHOCTH
TNOMOCTH TNMOSABAAETCS 3apsifl, B TOYHOCTH DaBHBIH BHECEHHOMY

*) BoiGop HasBaHWUs «IOJOXHTeNbHHA® /Sl 3apAI0B, BOSHHKAIOUHX
Ha CTeKJe, H «OTPHUATENbHBIHY IS 33apHl0B Ha Cypryue COBepLICHHO
CJ1y 4aeH.

17



BHYTpb 3apsaay. IIpubsanxenHo 370 OyneT BepHO H AJS MOJO-
CTH C HEOOJBLIHM OTBEPCTHEM, HAHnpPUMep AJIS Y3KOTrO BhICOKOrO
crakaua.

IomecTuM Kax1y1o B3 N1aCTHHOK B CTaKaH. JIEKTPOCKOI HE
TNOKa3blBaeT OTKAOHEHHsS JIMCTKOB; 3TO J0Ka3blBaeT, 4To obe
IJIACTHHKH BHauajle He 3apsKeHbl. 3areM IOTPeM MJACTHHKH
Ipyr o Jpyra u OyJeM CHOBAa BHOCUTb HX NIODO3Hb B CTaKaH.
IIpn BHeceHMH KaxIOH IIACTHHKH 3JEKTPOCKON OGHAPYMKUT
60/IBLIOe OTKJIOHEHHE JIHCTKOB, YKA3HEAIIee, YTO NPH TPEHUH
3apsAAINCh Kak 300HUT, TaK B CYKHO.

Buecem ofe noTepTele Apyr O Apyra IVIACTHHKH B CTaKaH
3JIEKTPOCKONA OJHOBPEMEHHO. DJIEeKTPOCKON He OyJeT NOKasbl-

/ BaThb HUKAKOIO OTK/JIOHEHHS JIHCT-

-

KoB. Ecau, oaHako, ylanuTh Ka-
KYI0-1160 M3 NJIaCTHHOK, OCTaBUB
BTOPYI0O BHYTPH CTakaHa, 3JeKT-
pOCKON INOKaxeT O60JbIoe OT-
KJOHEHHe, YyKa3blBawlliee, 4TO
Kaxjass U3 IJIACTHHOK MO-NpexK-
HeMy CHJIBHO 3apsxeHa. To 06-
CTOATEAbCTBO, YTO IIPH MOMeIle-
HHM B CTakaH oO0eHxX 3apsKeH-
HBIX IJIACTHHOK 3JIEKTPOCKON He
ofHapyKUBaeT 3apsaja, 03Hauaer,
4TO 3apsjkl MJIACTHHOK B TOYHOC-
TH PAaBHEl MO MOAYJIO, HO HpPOTH-
BONOJIOXKHE [0 3HAKy, TaK 4TO
cymma 3apados 06eux NAACMUHOK
7 ) ;t’onocxze JACKMPUBAYUY PABHA Y-
Pt D ey Snor awal onar wason
mnactinka | # nokpuras cyk- HA MBICAB, YTO HH TOJONHTETb-
HOM JlepeBsiHHA# MJACTHHKA HbIC, HH OTpHUATCJbHBIC 3apdlbl
2, 3aps:KeHHbie [POTHBOIO- He Co3JaBaJjlMCh IPpH TPECHHH; OHH
g;};‘i‘;? 3;‘;”22“?“ ;‘: noﬁa‘ OLIIN B Kax/J0H H3 HAUIKWX TJ1ACTH-
6 Upu yratemus onson ws HOK YHe JO OIBITA, HO B PABHEIX
MJIAcTHHOK JHCTKH 3fAekTpo- KOJHUECTBAX H NO3TOMY HE MOIVIH
CKONa OTKJOHAIOTCA OBITh 06HAPYXKEeHbl. DJIEKTPHIANHUS
CBOJKTCS K TOMY, YTO MOJIOKUTE/ b~
Hble H OTPHHATe/ bHEIE 3APAALL KAKHM-TO 00Pa3oM pasje/siores,
TaK 4TO HAa OJHOH MJACTHHKE (CYKHO) OKashbiBaeTcs H3OHITOK
NOJIOXKUTEJNBHBIX 3apsJ0B, a Ha APYrofl (360HHT) — Tako# xe
H30BITOK OTPHIIATENBHEIX 3apsaioB. 1103ToMy, XOTA Kaxnaas u3
IVIACTHHOK 3apsh:KeHa, o0Ilasi cyMMa IOJOXKHTENbHBIX H OTpH-
HaTe/NbHEIX 3apsJOB MO-NPeXHEMY paBHa HYJIO.

18

o

PR L

I
At

|
{




B nanpuefilinx ryiaBax Mbl MOKaxeM, UTO TNPEJCTABJICHHE
00 aJIeKTpH3alHH KaK O pasjesleHHH 3apsiioB JeHCTBHTENBHO
0pAaBHIbHO. MBI YBHAMM, YTO Ompuyameavubili 3apsij CBA3aH
¢ MeJbUAflIUMI HaCTHIAMH BeIeCTBA, HA3bIBAEMBIMH 94eKMpPo-
Hamu. 3apsaabl BCeX 3/J1€KTPOHOB OJHHAKOBBI M PABHEI 110 MOAY-
JIO TaK HAa3bIBAEMOMY JACMEHMAPHOMY 3apAlYy € — HaMMeHb-
leMy 3apsify, CyllecTBylolileMy B npupoje *). Macca saekTpo-
Ha oyeHb MaJia M cocTapasieT npubausutenasuo 1/2000 pomo Mac-
CHl BOJOPORHOTO artoma. [103TOMy MOXKHO NpHIATh TeNy HJIH OT=
HSITh OT HErO OYeHb GOXRBIIOE UHCJIO 3JEKTPOHOB 6e3 3aMeTHOTO
H3MEHEHHS eT0 MacChl,

B nacrosiiee Bpemsl TaKxKe H3BECTHO, UTO B COCTAB JOOOTO
aTcMa BXOJHT OTIpelesIEHHOE HHCJIO 37eKTpOHOB., Takofi aToMm
B €CTECTBEHHOM COCTOSTHHH He SIBNAETCS 3apsiKeHHBIM, TaK Kak

w O %)
Puc, 10. ¥YcnosHas cxema: @) HeHTpasnbpHOrO atoma; 6) IMOJOXKHTEILHOLO
HOHa, 6) OTPHUATEILHOIO HOHa

BHYTPH HEro HMEeTCsl ellle U TOJOXKHTENBHO 3apsiKeHHas
4acThb — aTOMHOE 511po, TpelCTaBIsolee OCHOBY BCSIKOroO aTo-
Ma. Ilpu 3TOM CymMMa OTpHLATENLHBIX 3aPS/I0B BCEX 3J€KTPOHOB
N0 MOJLYJIO B TOUHOCTH PaBHA HOJIOXHTEILHOMY 3apsiay sApa
(puc. 10, a). .

Ecnu, oxnako, TeM HJIH HHBIM CIIGCOGOM MBI VIATHM H3 aTO-
Ma OJHH HJIH HECKOJBKO 3JIEKTPOHOB, TO y 4aTOMa OKayKeTcs
H30BITOK TOJIOXKHUTEJNBHOTO 3apsija; APYTHMI CJI0BaMH, OH 6YAeT
3apsKEH TOJOXKHTENbHO, ATOM B TAKOM COCTOSIHHHM HA43bIBaeT-
cs1 noaogcumensHom uonom (puc. 10, 6). TouHo TaK ke, ecJH
K aTOMY OPHCOEIHHATCS H3OBITOUHBIE SJEKTPOHBI, MBI T10J1yYHM
OTDHUATEIBHO 3apsKEHHBIH aToM HIH OMpUlyamenvHsill UOH
(puc. 10, 6). ITpoyecc arexmpusayuu npedcmasasem co6oti ne-
perecenue ¢ 00H020 meAa Ha Opye0e IAEKMPOHO8 UAU UOHOE.
fcro, uTo mpH aMekTpH3aUMH JMOGOTO Tena Ha JPYTOM Tele
IOJIKEH BCerJla BO3HHKHYTH 3apsiji, PABHEI{l 00 MOAYJIO H TPO-
THBONOJIOKHBIH 10 3HAKY 3apsjy, BO3HHKIIEMY Ha MepBOM
Teje. MMmeHHO 3TO MBI M HaOM0JajJd B ONHCAHHBIX OTEBITAX.

*) DnemeHTapHHIM 3apAA e sBAfercss yHAaMeHTaNbHOH (H3MuecKolt
nocrosunofi. (IIpumeu, ped.)
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§ 6. dnekTponHas Teopusi. Teopusi, OBbACHAIOUIAA 3JEKTPH-
YecKHe CBOHCTBA Tea HAMHUHEM B HHX 5JIEKTPOHOB M HMX JBH-
MEHHeM, HOCHT Ha3BaHHE ‘31eKMPOHHOL meopuu. DTa Teopus
QYeHb [IPOCTO ¥ HAIVIAAHO OOBSACHSAET MHOTHE 3JIeKTPHUECKHE
SIB/IEHHA, U [O3TOMY NPH H3YUEHHH 3JEKTPHUYECTBA [eneco0l-
pPasHO C €aMoro Ke HauyajJa BBECTH 3JEKTPOHHLIE NpeacTaBiIe-
HusA. PasGepeM ¢ 3Toil TOUKH 3pEHHS HEKOTOPbIE ONBITHI, ONH-
CaHHble BbILIE,

B § 2 bl BUAEIH, YTO Yepe3 MeTasIbl U ApYyTHe NPOBOAHHKH
3apsiApl MOTYT JIETKO IEpeXOAHTb C OJHOTO Tela Ha ApYToe.
DTO 3HAYHT, YTO B IIPOBOJHHKAX 3JEKTPHUECKHE YACTHIbI MOTYT
cBoGoano nepemeniatbes. M ofpaTHo: Beskoe Teslo, B KOTOPOM
3JMeKTPHUECKHe HaCTHUBI MOTYT JIETKO NepeMelliaTses, AOJXKHO
oKasaTbcsl XopouuMm npoBoauukoM. HaoGopor, u3 toro haxra,
4TO CTEKJO IIJIOXO NPOBOJUT 3JEKTPHUECTBO, MBI MOXeM 3a-
KJIOYUTDb, YTO BHYTPH CTeKJa (M APYTHX AH3JEKTPHKOB) Iepe-
MElleHHe S5JeKTPHYeCKHUX UACTHIL OT OAHOIO MecTa K ApYromy
BecbMa 3aTpyAHeHo. B Xopolio npoBonsumiHX pacTBopax, Ha-
NpUMep B pacTBOpax [OBApeHHOH COJMH, JIETKO IepeMelialnTcs
KaK I0J/IOKHTeJIbHbIe, TAK H OTPHIIATeJbHble HOHBL, B Meranmax
XK€ HOHBI Nepe/IBUraThbCs HE MOTYT, H €AMHCTBEHHBIMH IMepeHoC-
YHKaMH 3apsia B MeTa/L1ax SBISIOTCS 3AeKMpPoHsl. DTH SJEKT-
POHBI, CBOBOJHO MepeMellalouiHecss 10 MEeTaday, HasbIBaloT
CBOGOOHDIMIL ALKMPOHAME UITH JAEKMPOHAMI NPOBOOUMOCTU.

Korja mbl 3apsixaeM Kakoe-aH60 Telo, TO Mbl CO3JaeM Ha
HeM 100 HeJl0CTaTOK, JTHG0 H3OLITOK 3JIEKTPOHOB 0 CPABHEHHIO
C HX HOpPMaJbHBIM YHMCJIOM, IIPH KOTOPOM TE€JI0 He 3apsxKeHo.
IIpu 3TOM 3/I€KTPOHBI 3aUMCMEYIOMER Y KAKOTO-THGO APYToro
Tela ual YOaASOMCS U3 Tela, HO OTHIOAb HE YHULIMONCAOMCS
u He cosbaromes 6nogp. Takum o6pasoM, sABIEHHe 3apAAKH U
paspsiAKH TeJ CBOJUTCA K IepepacnpefeNeHHI0 3JIeKTPOHOB
6e3 H3MeHeHHA oOUIero YHCaa HX.

Mubr 3HaeM, YTO NIPH COEJHHEHHH 3apsXKeHHOTO MPOBOAHHMKA
C He3apsKeH:IbIM 3apsaj pacnpefensercsa MeXAy o0OUMH Teja-
MH. C 3JIeKTPOHHOH TOYKH 3pEHHS 3TO NPOHCXOJUT CJAEAYIOLUIHM
o6pasoM. Ecau mnepBoe TelnO 3apsKeHO OTPHLATEAbHO, TO
3JEKTPOHBI N0 AeACTBHEM B3aHMHOTO OTTATKHBAHHSA MepPeXo-
JAT Ha BTOpOe Teso. Eciiu e neppoe Teso 3apsiaKeHo MOMOKH-
TeJIbHO, TO OHO NPHUTSTHBAET K cefe 3JeKTPOHbI BTOPOTO TeJja,
B oGoux cayuasax 3apsaj 6yJeT yMeHbIIATLCA HAa MEpPBOM Tejle
H YBeJIHYHBATbCA HA BTOPOM JO TeX NOP, MOKA BHOBb HE HACTY-
NUT paBHOBECHE,

Haxkonern, Mbr Buenu (§ 4), 4To MOJIOXKHTEJIbHEIE H OTPHIA-
TEJIbHbIE 3apsAbl KOMIEHCHPYIOT APYT APYTa, TaK 4TO, COefH-
HASl paBHEE [0 MOJYJIEO Da3HOHMEHHbIE 3apsibl, MbI MOJAYYaeM
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otcyTcTBHe 3apAja. C 3MeKTPOHHONH TOUKH 3PEHHS 3TO OYEBHJ~
HO: COEJHHAA 1Ba MPOBOJHHKA, B OXHOM H3 KOTODBIX He XBa-
TAeT CTOJbKHX e DJIEKTPOHOB, CKOJBKO HX COJEPXKHTCH B H3-
GLITKE B APYTOM, Mbl HOJYYHM HOPMAAbHOE YHUCJIO JIEKTPOHOB
B KaXK/JIOM H3 MpPOBOJHHKOB, T. €. KaXKIBIH H3 NPOBOJHHKOB
OKaxeTcsl He3apsKeHHbIM. [lOSIBIIEHHE MOJIOKHUTENbHBIX H OT-
pHLATENbHBIX 3apANOB NPH JEKTPH3ALHH Tel TPEHHeM Ipef-
cTaB/isieT Gosies CJAOXKHBIE TpOLECC, B JeTalAaX elle He BIIOJNHe
BbISICHEHHBIH; HO H B TOM CJiyuae JeJo CBOIMTCA HMEHHO K
pasdesensuto 3apsaoB, a He K 00pa30BaHHIO HX.

§ 7. Anextpuzauusa TpeHHeM. OCHOBHOM NpPHUHHOH SABJEHHS,
KOTOPO€E Mbl HA3BIBAaeM «3JIEKTPH3ALHA TPeHHEM», SABJISETCH TO,
4TO NPH TECHOM CONPHKOCHOBEHHH JABYX Pa3/IHYHBIX TeJ 4acThb
3JIEKTPOHOB NEpeXOAUT C OJHOrO TeJa Ha apyroe (puc. 11).
B pe3ysabTare 5TOTO Ha MOBEPXHOCTH IEPBOTO TeJa OKa3hlBaeT-
cf NOJNIOXKHTEJbHBIH 3apAd (HeLOCTATOK 3JEKTDOHOB), a Ha NO-
BEPXHOCTH BTOPOTO Teja — OTPHUATENbHBIH 3apsAl (HM30BITOK

ot

N + + + + + + +
EEE N
AN AN
Puc. 11, BosHHKHOBEHHE Puc. 12. Ilocne pasppuraHus
JIBOHHOTO 3JIEKTPHIECKOTO CJ10s1 TeJl KaXJ0e U3 HHX OKa3hlBaeT-
OPH TECHOM COIPHKOCHOBEHHH csl 3apAKeHHBM

IBYX Da3/IMYHEX Tell

3/1eKTpoHOB). CMellieHne 3JMeKTPOHOB NIPH 3TOM OYeHb MaJlo,
OHO GBIBAET MOPAJKA MEXATOMHBIX pacCcTOSHUH (~1071 M) *),
[losToMy BO3HHKIIHMH HA TpaHMIE ABYX TeJl TaK Ha3blBaeMbIH
080linodl arexmpuneckod caoidl HUYeM He HNpOABAseT cebsd BO
BHeIHeM mnpocTpancTtBe. Ho ecau Tela pas3fBHHYTb, TO Ha
Kam IOM U3 HHX OKaXeTcsd 3apsiji TOTO HJIH HHOTO 3HaKa (puc. 12).
B aToM MBI H y6exaaeMcsl, BHOCS Kax]oe H3 3THX TeJl B CTAKaH
aJekTpockona (puc. 9). )

ToBopA O «TeCHOM CONPHKOCHOBEHHH» JBYX TEJ, Mbl MMeJH
B BHIY Taroe cOJIHkKeHHEe HX, TIPH KOTOPOM PacCTOSTHHE MEXKIY
YACTHIAMH Pa3HbIX TeJ CTAHOBHTCA NPHMEPHO TAKHM Ke, Kak
paccTosiHHe MeXAy ATOMaMH HJIH MOJIEKYJaMH OJHOTO H TOTO
Ke Tena. To/IbKO NPH 3THX YCIOBHAX BO3MOXKEH ¢3aXBaT» OJHHM

*) 3HaKR ~ nepejl UMC/JAOM O3HauaeT «nopsiikar, ([Tpumed, ped.)
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TQJIOM 3JIEKTPOHOB APYrOro Tejla U BO3HHUKHOBEHHE JBOHHOTO
anertpuyeckoro caod. Ho Tesa, ¢ KOTOPEIMH MBI HMeeM J1eJo,
HUKOIZa He OHIBAIOT RALANbHO NafknMu. [TosToMy aase Toraa,
KOTja Mbl MpUXKuMaeMm 1Ba Tela BIVIOTHYIO ADYT K ApyTy, AeH-
CTBHTE/IbHO TECHOE CONPHKOCHOBEHHE X B YKA33aHHOM CMBIC/IE
C/I0Ba HMEeT MEeCTO He Ha BceH MOBEPXHOCTH Tell, d TOJNbKO B
OTZeJbHBIX HeOOALIHX yyacTKax. Koraa mbi Tpem Tesna ApYyr
0 Apyra, Mbl YBEIWUHBAEM YUCAO TaKuX y4acTKOB TeCHOrO CO-
HNPHKOCHOBEHHS, B KOTODHIX NMPOHCXOAHT 3JIEKTPH3alUA, U TEM
camniM yBeNyYHpaeM OOWHH 3apsAXx, KOTOPBIH OKaxkeTcd Ha
Ka»<J10M M3 Tes, KOrja Mbl MX pa3iBHHeM. TOJbKO B 3TOM H
3aK/II09aeTCA POJTb TPEHH . «DNeKTPpU3alia TPEHHeM» — 3TO Ha-
3BaHHe, HMEIOLIEe TOMLKO HCTOPHUECKOe NPOHCROKICHHE.

d)

) 8)
Puc. 13. Daekrpusanus BoAsl M MapadHHOBOrO MWAapuKa, MOrpy:KeHHOro
B Hee

«

B TOM, 4TO AeJI0 OGCTOHT UMEHHO TaK H YTO BO3HHKHOBEHHE
3JeKTPUYECKHX 3aPSAA0B NIPU TECHOM CONPHKOCHOBEHHH pas/iny-
HBIX TeJI IPOHCXOJHUT H TOTJa, KOrJla TPEHHS MeX 1y ITUMHU TeJla-
MH B OOLIYHOM CMEICJIe CTOBA HeT, Hac yb6eK1aeT OILT, H306pa-
JKeHHBIH Ha puc. 13. BosbMem 1Ba 3/7eKTPOCKONA H YKPENHM
Ha CTEPFKHE KaXKIOTo M3 HHX BBICOKHH MeTalNuyecKHil cTakKad,
Kak Ha pHC. 9. B OInH U3 9THX CTaKaHOB HaJbeM AHCTHJ/JIHDPO-
BaHHYIO BOAY W MOTPY3HM B Hee IapHK u3 mapaduua, ykpen-
JIEHHBIH Ha uaosupyiowedl pyuke (puc. 13, @). BeiHYB aT0T WIa-
PHK H3 BOJBI, Mbl YBHAMM, YTO JIHCTKH 3JIeKTPOCKONa pa3ofi-
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aytest (puc. 13, 6 cipaBa). OnbIT yaaeTcs He3aBHCHMO OT TOTO,
AOTPY3HM MBI HIAPHK B BOLY Ha MaJIYIO H/IH Ha GOMBIIYIO IMyOHHY
1 OyleM JH Mbl BBLIHHMAaTbh €0 H3 BOXbl MeAJICHHO HJIH OBICT-
pO. DTO NOKa3blBaeT, YTO 3apsjbl pasfdesiaioTcs HpH CONPUKOC-
HOBEHHH IHNapHKa H KHAKOCTH H YTO TpeHHe, KakK TaKOBOE,
3lleChb POJM He urpaer. IlepeHecsl IapHK BO BTODOIl cTaKkaH
(puc. 13, 6 cieBa), Mbl YBHAHM, YTO JINCTKH BTOPOLO 3JIEKTPO-
CKOTla pacxoAsATcs, T. €. WapHK NpHobpea 3JeKTpHYecKHI 3a-
psiL IPH CORPHKOCHOBeHHH ¢ BOJOH. CoelHHHM Tellepb 5/1eKTPO-
CKOIIbI IPOBOJMIOKOH (puc. 13, 8); JHCTKH O60HX 3JeKTPOCKONOB
OMNajaoT, il 3TO HOKa3bIBaeT, YTO 3aps k], IPHOGPETEHHAIe BOJOH
H I1apHKOM, PABHBI 110 MOLYJ/IIO H NPOTHBOIOJOXKHBI 10 3HAKY.

Paspenenste 3apsiioB H BO3HHKHOBEHHE IBOHHOTO 3JEKTDH-
YeCcKOTO CJI051 HMeeT MECTO TPH CONPHKOCHOBEHHH JIOGHIX ABYX
pasMUHLIX TeNI: IH3JEeKTPHKOB HJH IPOBOJHHKOB, TBepIbIX
Tes, XKHAKOCTeH WM rasoB. Mel yBHAHM Janbile (§ 76), Kakoe
3HayeHHe HMeeT 3TOT PaKT /77 OOBACHEHUS pPSJa BaXKHBIX 5B~
JIEHHH, B TOM YHCIe JeHCTBHS TajdbBaHHYECKHX 3JIEMEHTOB,
[louemy ke, onuchiBas SIBJA€HHS 3JEKTPH3AIHH TPEHHUEM, MbI
Bcerja Gpasid Ui ONbITA TOJIBKO XOPOHIHE JUIJIEKTPUKH —
SHTapb, CTEKJO, WeNK, 360HHT H T. n.? [lpuynna storo 3a-
KJHOYAeTCs] B TOM, YTO B JIH3JIEKTPHKAX 3apAJ OCTaeTcs TaM, [ie
OH BO3HHK, H HE MOXKeT Yepe3 BCIO MMOBEDPXHOCThb Teda nepelTH
Ha JPYTHE CONPHKACAIOIIHECS C JAHHBIM TEJIOM [pPEeAMETHI.
Brnpouem, 0040 U3 HaTHpaeMbIX TeX MOIJIO Gbl GbITb H KYCKOM
MeTan1a, yKpelJieHHBIM Ha H3oJHpyiomel pyuke. OfHako Haw
ONBIT SJEKTPH3ALUH TPEeHHeM He yjascs OHl, ecad Obl 062 TPY-
muecss JApyr o JApyra Teqda OblAH MeTasJiaMHd, Aaxe ecitu o6a
5TH Teja OBUIM H30jHpOBaHbl. IIpuunHa 3akmrouaercss B TOM,
YTO Mbl MPAaKTHUECKH HE MOXKEM OTJEJNUTb HalllH Tela OfHO OT
JpyToOTo cpasy #o ecell ROBepXHOCTH. Benencreie Hensbex oM
HX 1IePOXOBATOCTH B MOMEHT OTPBIBA Beeria GyayT OCTaBaTbCs
KaKue-TO TMOCJeJHHe TOYKH CONPHKOCHOBEHHS, H TaK Kak
3JIEKTPOHBI CBOOOJHO JABHXKYTCS Uepe3 MeTala, TO uepe3 STH
«MOCTHKH» B HNOC/JeIHHH MOMEHT Bce H3OBITOUHBIE 3JIEKTPOHBI
TepeTeKyT C'OJHOr0 KycKa MeTassia Ha ApyFoH, u 06a oHH OKa-
JKYTCS He3apsiKEeHHBIMH.

2 7.1. TloueMy HpH pacHeCHIBaHHH CYXHX BOJIOC IITaCTMacCOBHIM rpeG-

. HEM BOJIOCH! ¢TI WIHNAIOT» K TPEOHIO (IIPH 5TOM HHOTTA CHBILIKO JIETKOe
MOTPeCKHBAKHE, a B TEeMHOTe YJaeTcsi Hab/IIoJaTh H MalJleHbKue HC-
KOpKH, TPOCKaKHBaIOLIHE MEXIY BOJIOCAMH H IpeCHeM)?
7.2, TlpmxMHTe K TemJIoH KadeJbHOH NewH JIHCT 6yMaru H MOTpHTe
€ro JIaJloHsIMH, JIHCT NPHCTaHeT K HOBEPXHOCTI NeyH. TIpH OTpriBaKUH
CJIBIIER TPeCcK, H B TEMHOTe BHJHBI HCKPHI MexJy 6yMaroif H meusbio.
O6wnsacuure sipnerde. IloueMy ONBIT OGHIYHO He yJlaeTcs ¢ XOJOAHOH,
HeTomTeHHOH meyblo? OGpaTHTe BHHMaKHe Ha ckasaHHoe B § 2.
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§ 8. dnexTpH3auus uepes BAMAHME. «DJICKTPH3ALHS TPEHHEM»
He SIBJISETCS eIHHCTBEHHBIM CHOCO6OM OTHEJIEHHS JIEKTPOHOB
OT MOJIQXXHTENbHBIX HOHOB. MBI DacCMOTPUM B 3TOM H CleLYiO-
weMm naparpagax gsa APYTHX MeTOAa pasjeseHHsi 3apsiioB H
HOJIyUeHHs ‘Ha TeJlaX 3apAja TOTO HJIH HHOTO 3HaKa.
IloBTOpHM CHOBa OMBIT 3apPAAKH 3JEKTPOCKONA, OMHCAHHBIMH
B § 1, u 6yleM BHHMATeJbHO CJIEAUTD 3a TeM, B KAKOH HMEHHO
MOMEHT JIUCTKH 3JIEKTPOCKOMNa
m HAauHHAIOT pacxogutbes. Mel
NS F— YBHAUM, UYTO 3TO NPOHCXOJMT
a e b’A K elle 10 TOro, KaK 3apsiKEeHHOE
TEJI0 KOCHETCS CTEPKHSA Mpubo-
pa. 210 NOKasplBaer, 4To . MpPO-
BOJHHK 3apsKaeTcss He TOJBbKO
NPH KOHTAKTe C 3apsKEHHBIM
-1  TeJOM, HO H B TOM c/Iydae, KOT-
ve. 14 o _ Jla OHO HaXOJUTCs Ha HEKOTO-
Puc. 4o Tl puGnneni s poy paccrommmn. Ueeneayeu
Kax a H b OTKACHAIOTCH, YTO yKa- noapoCHee 3TO sBJEHHE.
3biBaeT Ha TiOSIBZieHHE 3apsfioB B ITogsecum Ha H30/IMpOBaH-
“;(TI ;‘XBTC;';*;f{’;X “5,03}?»“;“@-0?}?;3 HOM MPOBOJHUKE JIETKHE JTHCTKH
HAIOTCH, C/eJOBATENBHO, 3apsia Gymaru (puc. 14). Ecan BHa-
B 5THX TOUKAX HeT Jajie MPOBOJAHHK He 3apsiXeH,
JIUCTKH OYAYT B HEOTKJIOHEH-
HOM noJaoxeHud. [Ipubansum
TEMepb K NPOBOAHHKY H30JHPOBAHHBIH MeTasJIMYecKuii iap,
CHJIBHO 3apsiKeHHBIH, HanpuMep, NPH MOMOUIH CTeK/ISHHOH
najiouky. Mel YBHAMM, YTO JIHCTKH, MOJBelleHHble y KOHLOB
Tesld, B TOUKAX @ U b, OTKJOHSAIOTCS, XOTs 3aps2KeHHOE TesO H
He Kacaercs MpoBojAHHMKA. [IpOBOJHHK 3apAaWJCA 4epe3 BAHA-
HHe, OTUETO W Camo sIBJIeHHEe MOJYUYMJIO HAa3BaHHE «3JIEKTPH3a-
LIHs1 Yepes BJMSIHHE» WK «3JIeKTPHUeCKass HHAYKUHUA». 3apsH,
MOJIyUEHHblE [IOCPEACTBOM 3JIEKTPUUYECKOH HHAYKUMH, Hasbl-
BAlOT HaBeJSHHBIMH HJH HHAYLUHPOBAHHBIMH. JIMCTKH, nOjBe-
ILEHHBIE Y CepeHHBI TeJa, B TOUKaX a’ U b’, He OTKJIOHSIOTCS.
3HauuT, HHAYUHPOBaHHbIE 3apsiAbl BOSHHKAIOT TOJbKO Ha KOH-
nax Tesia, a CepeliHa €ro 0cTaeTcA HEeHTpasIbHOH, HJIH He3apsi-
xenHoll. TlogHocsl K JIHCTKaM, MOJABEUIEHHBIM B TOUKax a H b,
Ha3JIeKTPH30BAHHYIO CTEKJISHHYIO NaJoukKy, JIETKO yOeauTbes,
4TO JIHCTKH B TOUKE b OT Hee OTTAJIKHBAIOTCS, a JIHCTKH B TOUKE
Q NPUTATHBAIOTCSA. DTO 3HAYUT, Y4TO HA YJaJE€HHOM KOHLE Mpo-
BOJHHMKA BO3HHKAeT 3apsj TOTo e 3HaKa, 4TO M Ha 1lape, a Ha
6/1M3JIeXKalHX YacTsX BOSHUKAIOT 3apsibl APYTOro 3Haka. ¥ aa-
AHMB 3apSDKEHHBIA 11ap, MBI YBHJUM, YTO JIHCTKH ONYCTATCS.
“SIB/eHHe MpOTEKaeT COBEPUIEHHO aHaJOrHuYHhIM o0pasoM, eciH
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NIOBTOPUTh OMBIT, 3apSAAMB [HAp OTPRIATEIbHO (HanpuMmep, MpH
HOMOIIIM Cypryua).

C TOYKH 3peHHs IJEKTPOHHOH TEOPHUH 3TH ABJEHUA JIETKO
OGBSACHSIOTCS CYIIleCTBOBAHHEM B HPOBOJHUKE CBOGOIHBIX 3JI€KT-
poHoB. Ilpu nojHeceHUH K NPOBOJHHUKY MNOJIOMUTEJIBHOIO 3a-
psiia 3JeKTPOHE! K HEMY NMpPHTATHBAIOTCA H HAKANJIHBAIOTCA Ha
OmmkaiilieM KoHue mpoBoAHUKa, Ha HeM oka3biBaeTcsl HEKOTO-
PO€e YHCJIO «M3OLITOUHBIX» 3JIEKTPOHOB, U 3Ta 4aCTh NPOBOJHUKA
3apsikaercsi oTpuuatesnbHo. Ha ynanenHom Kosne obpasyercs
HEJOCTAaTOK JIEKTPOHOB H, CJIEI0BaTeNbHO, U3OBITOK MOJIO0XKU-
TeJIbHBIX HOHOB: 3/eCh MNOSBASIETCH HOJOXKUTEABHBIA 3apsif.

[IpH mojHeceHl K NPOBOJHUKY OTPHLATEJNBHO 3apAKEHHO-
I'0 TeJsa 3JIeKTPOHBl HAaKaM/JUBalOTCA Ha yJaJeHHOM KOHLE, a Ha
6/MKHEM KOHLE HOJIy4aeTcsl U36bITOK MOJIOXKHTEIbHBIX HOHOB.
[Tocne ynanenus sapsijia, BBI3BIBAICLIEIO MepeMellicHHEe 3JEKT-
POHOB, OHHM BHOBb pachpefe/siloTcd HO NPOBOJAHHKY, TaK 4TO
BCE YUYaCTKH €I0 OKa3blBAIOTCA MO-APEXHEMY He2apsA KeHHBIMH.

[lepemelitenue 3apa10B MO HPOBOJHHKY M HX HAKOIIEHHE
Ha KOHIAX ero 6yAyT NpoJoJKaThesl JJO TeX Hop, H0Ka BO3aed-
CTBUE H30LITOYHBIX 3apsAA0B, 00pa30BaBLIMXCA HA KOHLAX HpPO-
EOJHHKA, He YPAaBHOBECHT Te
UCXOJAllle H3 Liapa JeKTpU-
yeCKHe CHJIb, MO BJAUSHHEM KO-
TOPBIX HPOUCXOIHUT epepacnpe- a a
JesieHue 3ekTponos. OTCyTCT-
BHe 3apsA/ay cepefHHEl Teaa no-
Ka3BIBaeT, 4TO 3Jiech YPpaBHOBe-
LIeHbI CHJIBI, HCXOJAIIHE U3 11a-
pa, U CUJBL, C KOTOPBIMH JeHCT-
BYIOT Ha CBOOOJIHbIE 3JIEKTPOHBI
H§6bITO‘{HbIe 33%;1;11)1 HeaKCl))HHB- buc, 15. Jlucriu B toukax a, a,

) b, b ocTaloTCA OTKJOHEHHBIMH H
myuecsd y KOHLOB NPOBOJHHKA. mocne yAaleHHs 3apsi’KeHHOro

WUHpyuupoBaHHEIE  3apsjbl wapa
MOXKHO O6GOCOOHTL Ha COOTBET-

CTBYIOIIHX YacTAX NPOBOAHHMKA, €C/IH B HPUCYTCTBHH 3apsiKeH-
HOTO Tesa pa3fieiTh NPOBOJHHUK Ha 4acTH. Takoll ONHIT H306-
paxeH Ha puc. 15, B 3TOM ciyuae cMecTHUBIIHECS 3JIEKTPOHEI
y¥e He MOTYT BEDHYThCA OOparTHO MOC/Ae yAaleHUs 3apsidKeH-
HOTO 1iapa, TaK Kak MexJy O0O6eUMH 4acTAMH MpOBOAHHKA Ha-
XOIMTCA JU3JIEKTPHK (BO31yX). M3OHITOuHBIE 3JIEKTPOHBI pac-
npefensiioTcs 10 Bced J1eBOH YacTH; HEJOCTaTOK 3JIEKTPOHOB
B TOYKE b YacTHYHO MOMOJHAETCA M3 06JACTH TOYKH b’, Tak
. 4TO KaxJasd 4acTb MPOBOJAHMKA OKAa3bBIBaeTCA 3apsiKeHHOM:
JieBasi — 3apsJoM, 110 3HaKy NPOTHUBOMOJIOKHLIM 3apsLy luapa,
npasas — 3apAj0M, OJHOMMEHHHIM C 3apsaaoM Liapa. Pacxo-
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ISTCS He TOJBKO JICTKH B TOYKax a W b, HO W OCTaBaBlIecs
npex e HeMOJABHKHbIMH JIMCTKH B TOYkax a’ u b’.

DTuM OOGCTOSITEJILCTBOM YacTO IOJNb3VIOTCS HA [PAaKTHKe
JJISL 3apsiiKK IPOBOAHMKOB. ISt TOTO YTOOB! 3THM Crioco6oM
3apSJUTh SJEKTPOCKON, Mbl MOXeM NPHOMHSHTb K HeMy 3aps-
KEeHHYI0 NMaloyKy Cyprydya (HeCYHIyI0 OTpPHUATENbHBIH 3apsin)
H KOCHYTbCH CTEPIKHS 3JIEKTpOCKOona NajbueM. [Ipy 31oM He-
KOTOpOe YHCJIO 3/JEKTPOHOB MOJ BJHSAHHEM OTTAJKHBAHHA OT
CypryYa yijer yepes Haule TeJO B 3eMJII0, a HA CTePiKHe U HA
JHUCTKaX 3JIEKTPOCKONa 00pa3yeTcst HEKOTOPLl HeJOCTaTOK
3/MEKTPOHOB. Ecau Temepb, NpenBapHTeNbHO OTHAB Iasel,
yOparb CypryyHyio Naaouky, 3JeKTPOCKON OKaXKeTCs 3apsizkeH-
HbIM H NPHTOM NOJOXUTeNbHbIM 3apsaoM (puc. 16). B stom

o -
Yaeyy Cypegy =
149} i)} )]

Puc. 16. Pasnuunne cTafyH 3apaixy Teja Yepes BIHSHHE: ) NPUGIMKAS
K INApHKY 3JeKTPOCKONa OTPHUATEJbHO 3aPSKEHHBIH CYPIyY, MBI BHI3HI-
BaeM Ha CTepXKHe 3JIeKTPOCKONA NOJOMKHTeJNbHHHI 3aDPHA, a Ha ero Jucr-
Kax — OTpHUaTesbHuI 3a2pAj; 6) He ybupasg cypryda c OTpHUATeNbHRIM
3apsloM, IpHKacaeMcs DYKOH K [MapUKy 3JeKTPOCKONA ¥ OTBOAUM 4YacThb
OTPHUATEJILHOTO 3apfAJa 50eKTPOCKONa Yepe3 CBoe TeldO B 3eMJI0; JHUCTKH
5JeKTPOCKONA CHajaloT; 6) yO6pas majen, a 3areM yGpaB Cypryd, Mu oc-
TapJifieM Ha 5/JIeKTPOCKONe TOJBKO HOJOMKHUTe/bHBIN 3apAJ, KOTOPHH pace
npefessgeTcsl MeXAY LapHKOM M JHCTKaMH 3Je€KTPOCKONA

+ )

Puc. 17. Onpejellentie 3HaKa HEU3BECTHO-
ro 3apaja. llpy npubaukenud OJHOUMEH-
HOI'O 3apsja JHCTKH 3JeKTPOCKONa OTKJIO-
HaloTCs cemie  Oogee; TIPH  NPHOIHEKEHUH
pasHOUMEHHOTO 2apsaja OHM CNAJAoT
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OlbITe POJIb BTOPON YacTH NPOBOAHIIKA HIPaeT Halle TeJo,
coeHHeHHoe ¢ 3emuefl.

OTMeTHM, YTO, IOJbL3YsCh SBIEHUEM HHAYKUHH, MOXHO
omnpejenuTh 3HAaK 3apsaja ajgekTpockona. IIpubansum x sjexT-
POCKOIly TeJIO C 3apsiJ0M H3BECTHOI'O 3HaKa, HalpHMep CTek-
JISHHYIO 1alo4Ky. HetpyaHo cooOpasHTh, KaKOB 3HaK 3apsja
3j1eKTpocKona, HabJioiasi, YBeJHYHBAeTCa HJIH YMEHbIAeTC:
IpH 3TOM OTKJOHEHHe JHCTKOB (puc. 17).

2 8.1. O6ndcHute cnocol onpelereHHs 3HAKa 3apsja 3/7eKTpOcKona,
H H3o6paxeHHB Ha pHc. 17.
8.2. DIeKTpPOCKON 3ap AxKaeTcs yepes BIHAHHE NPH NOMOIIH CTEKASH-
Hofi mamouku. Kak 6yayT nepeMematbCsi NPH 3TOM 3JEKTPOHBI?
8.3. K mapuky 3apsixeHHOTO 3JeKTPOCKONa NMOAHOCAT, He Kacafch
ero, Hezapsi:KeHHOe MeTaJJTHYecKOe Teao. Kak H3MeHHTCS OTKIOHeHUe
JAHCTKOB? O6BACHHTE 3TO fBJEHHE.
8.4. K nmomoxuTenbHO 3apsAXKeHHOMY 3JeKTPOCKOMY MOAHOCAT TeJIo,
3apsKeHHoe oTpHuaTenbHO. [To Mepe MpHGTHKeHU s Tesla OTKJIOHeHHE
JTUCTKOB 3JIeKTPOCKONA MOCTeNeHHO YMeHbIIaeTcs H crajaet A0 HyJs.
Ilpu JanbrefieM NpUGIHKEHHH Tesa, OAHAKO, OTK/JIOHEHHE BHOBb
nosBAaseTcs. YTo MPU 3TOM NPOHCXOJUT?
8.5. TIpu mopHeceHHH PYKH K 3apAXKeHHOMY TPY3HKY, HOJBELIEHHOMY
Ha LeNKOBOf HUTH, OH NPHTATHBaeTcs K pyKe. Ilouemy 3710 mpoHc-
XOJHT?

§ 9. dnexrpusanus nox aeiicTevem ceeta. PoTONIEKTPUIECKHU I
adexr. IlpoBOAHHKH MOTYT 3apsKarbcfl TaKXKe IMOA AeHCT-
BHEM cBeTa. SIBleHHe 3aK/IOUYAETCS B TOM,. YTO [OJ ACHCTBHEM
CBeTa 3JIeKTPOHBl MOTYT BBELIETeTh H3 IIPOBOJHHKA B OKPYHKaio-
Llee IMPOCTPAHCTBO, GlarOfapsi 4YeMy INPOBOJHYK. 3apsiKaeTcs
MOJIOAKHTEJIbHO. DTO ABNEHHE MOJYYHIIO Ha3BaHHe (Pomosiekin-
puueckoz2o agpexma unn. ghomoadppexma.

Ha puc. 18 u3o6paxen onuT, KOTOPHIE B- NpocTefituefl hopme nogsoger
OGHApPYKUTE U Haémouan BO3HHKHOBEHHE Ha NPABOLHHKAX 3JIEKTPHYECKOrO
sapsaja nop JeficTeHeM cBeTa. YKPEIHM Ha CTepIKHE 31eKTPOCKONa XOPOIIO

=1

Puc. 18. Omut no Ha6mopenuio: do-
TOBJIEKTP HUeCKQro sddekra. JIeKTpHU-
YeCKas Ayra OCBellaeT OTPHUATeJBHO
3apsUKEHHYIO0 MeTa/NIHYecKyw IJac-
THHKY, YKPeNJeHHYIO Ha 3JeKTPOCKO-
e, Iloa BiIHsHHeM CBeTa 3JeKTPOHEI
BBIPBIBAIOTCA H3 IWIACTHHKH, OTpHIla-
TeJbHEIH 3apsA 3JeKTPOCKONa YMeHb-
mIaercss M JHCTKH €ro CrajamoT
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OYHINEHHYIO OT OKHCJIOB METaJJIHYeCKYIo (Myyllte BCeTO UHHKOBYIO) IIaCTHH-
KY H 3a3DAHM SJIEKTPOCKON OTPHUATENbHO. ECan ero Hsoasuus RocTaToOuHO
XO0poIa, TO H3GHTOUHEIE SJEeKTPOHE 6YAYT XOPOWIO YAEPKUBATbCA Ha SJI€K~
TPOCKOIE H €ro JHCTKH OYyAYT LOJITO OCTaBATbCH B OTKJIOHEHHOM IMOJIOKEHHH,

Bynem Temeps ocBemaTh UHHKOBYIO IJIaCTHHKY AYT'OBOH JIaMIIOH NpoeK-~
UHOHHOTO (oHap . JIHCTKH HEMENJIEHHO ONafyT, a 3TO 3HAUHT, YTO LHHKOBas
NJIaCTHHKA TepsieT IPH 3TOM CBOM M3GHITOUHHIE 3JIEKTPOHH. DTH 3JIeKTPOHH
nox feliCTBHEM CBeTa BLHIDHIBAIOTCH H3 MeTaJJa H, OTTaJKHBaeMhe OTpPHUa-
TeJIbHO 3apsiKeHHOH IJIaCTHHKOH, pa3JeTaloTcs B OKpPyJKalolee NpOCTpaH-
€TBO. 3apsIuM Tenepb ILIACTHHKY IOJOMKHTEIbHO H NOnpoGyeM mpogenatsb
TOT e ONHT. Mu HajiieM, 4TO B 3TOM c/yuae OCBeleHHE He BHI3HBAeT HH-
KaKOro JeUCTBUS, H JIHCTKH 3JEKTPOCKONA OCTAlTCH B OTKJIOHEHHOM HOJIO-
KenHH. OcBOGOXKIAIONHECS SJEKTPOHK Tellepb He MOT'YT NOKHHYTb NJaCTHH~
KY, TaK KaK OHH YIePKHBAIOTCSH CHJIbHHM NPHTAMKEHHEM K IIOJIOXKHTETbHOMY
sapsny. ITonoxuTeNbHEe e 3apsiiHl NMOA AefiCTBHEM CBeTa He OCBOGOMKMa-
IOTCH H3 MeTaJJa.

ITOT pe3yJbTaT NMOKA3HBaAeT, YTO NOJOKUTENbHEE H OTPHUATeTbHbE 3a-
PSB! CBSI3aHH C MeTAJVIOM C PasJIMyHON npouHocTbio. Tlox geficTBHeM cBeTa
MOTYT OCBOGOKAATHCS TOJBKO OTPHUATETbHEE 3apsiibl — SJEKTDOHbI.

Ecsn npogenaTe ONHT C He3apsXKeHHOH IVIaCTHHKOM, TO 3aMETHOrO OT-
KJIOHEHHS JIHCTKOB OOHIYHOTO 3JIEKTPOCKONa He HaGumiofaercsi. OpnHako,
NPHMEHHB JOCTaTOYHO YYBCTBHTEJNbHHIH 3JEKTPOCKON, MH OGHADYKHM, YTO
Ha IVIacTHHKe NOJX AeHCTBHEM CBeTa BO3HHKAeT HeGOJbILOH NMONOKHTEIbHEH
3apsif, CKOpPO JOCTHTalouii cBoero npegesaa. HeTpyaHo NoHATE, noueMy
3apsifika NJIACTHHKH NOX MAeHCTBHEM cBeTa IpHOCTaHaBJMBaercsi. Ilocae
TOro Kak HeKOTOpOe YHCJIO 3JeKTPOHOB IIOKHHET IJIACTHHKY H OHa 3apsauTcs
MOJIOKHTENbHO, faJjibHeHlllee yjajleHHE 3JEKTDOHOB B OKpy¥Kamwollee Ipo-
CTPAHCTBO CAe1aeTCs HeBO3MOMKHBIM, KaK 6hIJI0 06bsicHeHo Briue. B Tome 11
fiBJleHHe oToaheKTa GymeT u3yyeHo noppobHee. IToka e orpaHHYHMCSH
yIOMHHAHHEM, YTO H STOT CNOCO6 3apsiiKH TeJs NpeAcTaBJseT cofoi TakkKe
pasaeseHHe 3JIeKTPOHOB H IOJOMKHTEJNbHHX 3aPS0B, KOTOPHE CyIecTBOBa-~
JH B TeJle H JO OCBElEHHH.

§ 10. 3akon Kysiona. 115 GoJiee riy6OKOro NOHHMaHHS 3J€K-
TPUYECKHX SIBJeHHH HeOGXOIUMO MO3HAKOMHTLCA € KOJHYeCT-
BEHHbIM 3aKOHOM B3aHMOJEHCTBHSI 3IJeKTPHUECKHX 3apsaJoB,
T. €. BBIICHHTb, KaK 3aBHCHT CHJIa, AeHCTRYIOULaf MeXay 3aps-
JKEHHBIMH TeJIaMH, OT 3apsJI0B HAa HHX H OT PacCTOSTHHS MeXAy
HHMH,

BaaumogeficTBie 3apsiiKeHHBIX Tesd BbIpakaeTcst OCOOEHHO
_TIPOCTO, eC/IH HX Pa3Mepbl BeCbMa MaJjbi 110 CPaBHEHHIO C pac-
CTOSIHHEM MexKay HHMH. Takue 3apsi:KeHHble Tedla Mbl OyjeM
HasblBaTh mouedroimy 3apsdamu. TIpHOIHIKEHHO TOUeuHbIE 3a-
pAgsl MOXKHO MOJYYHTb Ha OMNbITe, 3apsikast AOCTATOYHO Ma-
JIeHbKHe Tesla, HanpHMep IapHKH.

3aKoH B3aMMOJEHCTBHS JBYX TOUEUHHIX 3apsfoB Obl1 ycTa-
HOBJIEH Ha onbiTe B 1785 r. dpanunysckum dusukom [lapiaem
Kyaouom (1736—1806). Ycrpoficteo npubopa, ¢ KOoTopeiM Ky-
JIOH TIPOM3BeJi CBOH OMBbITHI, NOKa3aHo Ha pHc. 19, a. Ha ovens
TOHKOH ynpyroit HUTH I nofiBellled 3a cepeHHY JIETKHH X0poLIo
H3OJTMPYIOMHU CTepKeHb 2, HMEIOMHUNA Ha OJHOM KOHIle ApOBO-
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pAmpd mwapuk 3, a Ha JApyrom AUCK 4, cayxauuil NpoTHBOBe-
COM M YCIOKOHTENeM. Bepxuuil KOHell HHTH 3aKpeIlleH Ha
BpallaIleiics rojoske npubopa, Yroa I1oBopoTa KOTopoﬁ
MOXHO TOYHO H3MepATb. BHYTpH npuéopa uMeercs BTOpOH
TaKO# e WApHK 5, YKpereH-
HbIH Ha H30JHpYIOIeH HOXKKe 6.
YKa3aHHble YacTH 3aKJIIOYeHbl
B OOJblION CTEKJISHHBIH IH-
JIMHAD, TpeIoXpaHsIomui crep-
JKeHb OT JBHXKEHHS BO3AyXa.
Ha nosepxuocTn uMIHHApa Ha-
HeceHa IIKasla, TMO3BOJNAKIANA
ONpEeNETUTh PACCTOAHHE MEXAY
mapuKaMi 3 W 5 NpH pasauu-
HBIX HX TOJOKEHHAX.

l'onoBka npudopa noxasa-
Ha OTgeabHO Ha puc. 19, 6.
B npenBapHTe/bHBIX ONLITAX
TOYHO OInpezenfeTcs Bpallawo-
mui momenT (cM. Tom I), me-
OOXOJMMBIR AJid 3aKDyYHUBaHHSA
HUTH Ha OlpeleleHHbIH yroJ,
3HaA JAJHHY CTEPKHA, MOXKHO
BBIYUCJIHTD H CHJY, IPH/IOXKeH-
Hy0 K WapHKy J, KOTopad
. o0ycJIOBNHBAaeT TakKo# ke Bpa- Puc. 19. Kpyrmabupe Bech Ky-
LIAIOMUH MOMEHT. JIOHA: a)‘oﬁmm‘é BHI; 0) TOJOBKa

Csow onetel cam KyJ1oH onu- npnse%%?{,me)Sgggzgnggxmggsxﬂa-
CbiBaeT CJelylomHuM o6pasom:
«3apsKaloT MaJleHbKHH NPOBOAHMK, KOTOPHIH [MpejcTaBJsier
co00H He YTO MHOe, KaK OOBIKHOBEHHYIO OyJaBKY € 60JbIIOH
rOJIOBKOH, BOTKHYTYIO B NANOYKy cyprydya, Aty OyaaBKY BJBH-
raloT B OTBEPCTHe mpubopa W MPHUBOJAT B COMPHKOCHOBEHHE
C OJiIHMUM IIADHKOM, KOTOPBIH B CBOIO OYepesib KacaeTcs Apyroro
mwapuka. Ilocie ypanenusa OynaBku 06a miapyka uMelOT OJH-
HAKOBbIe 3apfbl H OTTATKHBAIOTCA HAa HEKOTOPOE DacCTOSIHHE,
KOTOpOe H3MepflOT, OTMeYasd COOTBETCTBYMIlee JAeJeHHe IIKa-
Jbl. Bpamas 3aTem ykasaTenb rOJOBKH B HAampaBjleHHH CTpeJ-
KH, 3aKPYYHBAOT HHThb IIOJBeca W 3aMeyaloT Te DAacCTOsHHA,
JI0 KOTODHIX COJIMXKAIOTCA LIAPHKH [P DAasHBIX yIyIaXx 3aKpy-
uyBaHus HUTH. CpaBHHMBafl 3aTeM pasJIHUHble 3HAYEHHS CHJIBI
KpyueHHsl C COOTBETCTBYIOIUIMMH UM PACCTOSHHAMH MEXAY Ia-

PHKaMH, NOJNYYaloT 32KOH OTTaJKHBaHHs».

[Mocryras nono6ubiM o6pasomM, KyJion pelius nepByio 4acThb

3ajlaud: OH Halles] 3aKOH, ONpeJeNAIOUH 3aBHCHMOCTb CHJIBI
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3JIEKTPUYECKOTO B3alMOJEHCTBHA OT PACCTOSIHHS MEXIy TeJa-
MH. OKas3ajsoch, YTO CUAQ OMMAARUBAHUS O8YX MAAeHbKUX 00-
HOUMEHHO 3aPAICEHHbIX WAPUKO8 00pamHo 1pOROPYUOHAILHA
Keadpamy paccmosHus mexcOy yenmpamu oboux uiapuros *),
Ecaun o603nauuTh vepes I cuny OTTATKHMBAHUSA, Yepe3 ¥ — pac-
CTOSTHIE MEK Iy LIaPUKaMHi, TO STOT Pe3yJIbTaT MOXKHO 3alHCaTh
MaTeMaTHyecku Tak: Foevl/r? (3HAK oo 0803HayaeT «Impomop-
nHoHaNbHO»). TouHO TaxHe Ke pPesyJabTAThl GLUIH MOJYYEHBI
IUI1 pa3BOHMEHHBIX 3apsiJoB, TOJIBKO B 3TOM cJyyae Halmio-
HAeTCsl MPHUTSIKEHHE,

Tpynuee GbLJIO BBISICHUTb, KAKUM 0Gpa3om BJHSIOT Ha CHIY
B3aUMOJEHCTBUS 3apsjibl, NOTOMY Y4TO He GbLIO crocofa HX H3-
Mepenusa., MoxkHO Gbl/IO, OXHAKO, MOCTYIUTD TaK: COOOLUTD 1A=
pHKAM OJHOHMEHHbIE 3apsiibl §; U g, (I0Ka HEU3BECTHBIE), YCTa-
HOBUTb 00a IIapuKa Ha ONpPeJeJeHHOM pPACcCTOSHHH ¥ M3MEPHTD
yIoJl 3aKpYUYUBaHHS HUTH, 3aTeM KOCHYTLCSI, CKaKeM, NepBOTro
IIapHKa TaKUM K€ TPETbHM IIapHKOM H yJaJuTh ero. [lpu co-
IPHKOCHOBEHHH OJHHAKOBBIX LIAPHUKOB 3aps} PACHpeIeIHTCA
MEXIy HHUMH NMOPOBHY, TaK YTO HA IIapHKe, KOTOPOTO KOCHY-
JUCh, OcTaHeTcs 3apsan ¢,/2. Tenepb Gyjer nabawaaThest B3au-
MOJeiCTBHE 3apAloB ¢i/2 U q,. IlocTymasi TakuM ofpasom H
Janblie, MOXKHO ObLTO JIeNHTb 3apsibl J0O0TO0 H3 IIAPUKOB H
H3MEPSATb COOTBETCTBYIOLIHE CHJIBI B3aUMOICHCTBUS.

Tlono6uble onbiTH nmphkBean Kyiona x ycTaHOBJAeHHI cJe-
JYIomero 3axoHa.

Cuna 63aumodeticmeus 08yx modedHblx 3apadoe HanpasieHa
80046 npamoll aAuHuL, coedunsiowel 3apaobt, PIMO NPONOPULO-
HaabHa npoudsederuio 060ux 3apados u obpamuo nPonoPyuUo-
HQAbHA KBAOpAMmYy PACCMOSAHUS MeNoy HUMU.

O6o3nauas d4epe3d & Ko3ddUIHEHT TPONOPUHOHATIBHOCTH,
MOXKHO ‘3amucaTb 3axkoH KyJona *#):

a9
F=£Fk —lr{- . (10.1)
3axkon Kynona -apamoruuen To GopMe 3aKOHY BCEMUPHOTO Tsl-

roTenus (cM. ToMm 1), Ilpu 5TOM POJb Macc HTPalOT JEKTPHU-
UeCKHe 3apsijH.

*) Ykasannbiii 3axon 6u ewe B 1771 r. yeranosseH anTJHHCKUM H-
sukoM I'enpu Kasenamwenm (1731—1810) MeHee npsiMuMU, Ho GoJice TOYHBIMH
ONLITAMH,

**) B TakoM BHjie 3akoH KyJioHa BRIpaXK2€eT CHITY B3aHMOJEHCTBHSA MeXX-
Iy HBYMS TOYeYHHIME 3apsiflaMM B BakyyMe. ECJIH jke HpOCTPaHCTBO MEXAY
3apsjaMy 3alloJHeHO KaKUM-THEO AM3JeKTPHKOM, HalpHMep CIHPTOM HJIH
KepocHHOM, To B ¢opMyJe (10.1) nossasiercs ellle BesiHUHHA, saBucAIlasi
OT NpHpofnl AHanerTpHKa. K aToMy Boupocy met BepHemcs B § 36.
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§ 11. Enunnua sapsga. B MeKAyHapoOIHOH cHCTEMe eJHHHIL
usnyeckux BequunH (CH) ennnuued 3apsfla CAYKHT KYYAOH
(Ki1). 9ra emuunna sBasercs nponsBoHoH. OCHOBHOH enl-
gultefi B CH spasiercsi eAuHuuUa CcHIbl TOKa — amnep (A)
(§ 42).

3apad, pasHelti o0HoMYy Kyaony, onpedeadtom Kax 3apad,
npoxodawiuil 3a o0ny cexyndy deped nonepeuroe cetexue nposoo-
HUKQ, 110 KOMOPoMY medern NOCALOAHAbLL MoK cuabl 00uH asnep.
B COOTBEeTCTBHH C 3TUM KYJOH Ha3blBAIOT TaKxkKe amImep-ce-
kyuio# (A -c).

OIBITHBIM MYTEM YCTAHOBJEHO, YTO B CJIydYae, €CJH SapHIIbI
BBIDAXKATh B KYJIOHAX, PACCTOSHHE B METpax, a CHIY B HBIOTO-
HaX, KO03(p(uIHeHT NPONOPHHOHAMBHOCTH & B popMysae (10.1)
okasblBzercst paBHbM 9100 H -m?/Ku:

F=9.10° 12, (11.1)

OT1ciofa caenyeT, 4TO OJMH KYJOH — 3TO TakOH 3apsij, Ko-
TOPBIA B BakyyMe JeHCTBYeT Ha DABHBIA eMy 3apsij, YAaJeH-
HBIl Ha paccTosiHHe OJMH MeTp, ¢ CHJo# 9-10° HBIOTOHOB.
J1s Toro uto6bt H3GABHTBCS OT MHOMKHTeNs 41 B HanboJ/ee
YHIOTPeOUTENBHBIX B 3JeKTPOTeXHHKe fopMyaax, KoaddHIHeHT
NPONOPLUHOHATBHOCTH 3alHCHIBAIOT B BUJe k=1/4me,:

— 1 D192 (11.2)

4ne, r?

CoOTBETCTBEHHO BHIOH3MEHSIOTCS W ApyTHe dopMyJst. [Tono6-
Has 3anuch (opMyJl Ha3blBAETCS. PalHOHaJN30BAHHOM.

BennunHy e, Ha3HIBAIOT 3JIEKTPHYeCKoi mocTosHHOH. M3
cpaBHeHus Qopmyx (11.1) u (11.2) cnenyer, urto

4'—:"—:9 10° H. MZ/KJIZ,

OTKYyJa

=i 9 309100 K@ M%) = 0,885- 10~ Ka¥/(H-m2). (11.3)

Brocneactsuu (§ 34) BBISICHHTCS, UTO €IMHHIA, B KOTOPOH Bhl-
pakeHa BeJIHUYHHA €, MOXeT ObITb Ha3BaHa «papajg Ha MeTp»,
rae papan (D) — equHuna anekTpuYeckoil eMkocTH. CiegoBa-
TeJTbHO, MOXKHO HaHH(laTb, 4TO

®/m=0,885-10"11 ®/m, (11.4)

S =1 9 109
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11.1. C kaxoil cuJof TPUTATHBAIOTCH JBa Da3HOHMMEHHBIX 3apsfa,
paBupix 1 MKKJ Kaxqinii, noMeniennsie Ha pacctoanuy 0,3 M IpyT ot
Jpyra?

11,2, By3HHOBHIH IIAPHK, NOJABELICHHLIH HA IUETKOBOR HHTH, HMeeT
zapan 10 aKn. B6nuau Hero, Ha Tolt #e BLicOTe, UOABelIEH APYTOit
3apfXMeHHb WapHK, HeCy Ui TaKoH Xe 3apsn (puc. 20). B pesyis.
TaTe B3AHMHOTO OTTAJKHBAHHMA WAPHKH DacXONATCA Ha PAcCTOSTHHe

; 70cM ‘ )

— . ——
Puc. 20. K ynpaxHenuio 11,2

10 cM. Ha kakoit yro/i OTKJIOHSIOTCS LapHKH OT BepTHKaAu? Macca
KaxJioro mwapHxa pasHa 0,1 T. :

11.3. [IBa OJMHAKOBLIX OY3MHOBLIX lIAPHKa ObLIM MOJBEHICHBI Ha
OJHOM KpIOYKe H 3apsixeHni, Ilocsie 3Toro oHH 0xaaaquch OTKJOHEH-
HBIMH OT BEPTHKAJH Ha yroJ, paBHutil 5,7°, Jyinua nurteft paBHa 1 M,
Macca XaxJoro 3 wapHkoB paBHa | r. Kakoil 3apsajx HaxoAHTCH Ha
KaxJIoM wapuke?

11.4. 3apag snextpona paeen 1,60.10—19 K. BooGpa3sum, YTO OT
KaxJoH MOJIeKYJb BOJbI, COJepKamleHCsi B OAHOM JIHTPe, OTOPBAHO
N0 OIHOMY 3JIeKTPOHY H 3aTeM BCe 3JEKTPOHB! yJajleHEl OT HOHOB Ha
PACCTOSTHHE, PABHOE DACCTOSHHIO MEXJY UOJICaMU 3eMaH, T. e. Ha
12 800 kM. C Kaxofi CHJIO/l NPUTATHBANKCh Gbi 3TH 3apain? Hanom-
HHM, YTO YHCJIO MOJIEKYJ B MOJe paBHo 6,02 -10%3,

11.5. AToM BOJIOpOJa COCTOHT H3 MONOKUTEILHOrO 51/lpa, BOKPYT KOTO-
poro.spaiiaercst ojiuH 3JeKTPoH. C KaKoi 4acToToH JoMKeH BPamaTh-
C# 3JeKTPOH BOKDPYT fAJpa, YTOGH! He yracThb Ha PO, eCJIH ero opGH-
Ta — OKpPYXHOCcTb paauyca 3-10-1¥ mP Macca »aekTpoHa paBha
0,91-10-30 xr.



Nnasa Il. INEKTPHMYECKOE NONE

§ 12. HeficTEMe ajeKTPMYECKOrO 3apsia Ha OKpyXaloliue Tea.
3akoH Ky/oHa MoKasbiBaeT, UTO CHJIA 3JEKTPHUECKOTO B3aHMO-
JeHCTBUS TNPOSABAAETCH TOJBKO MEXKIY ABYMS 3apsiKeHHBIMM
tenamu. Heficteurenbro, ecaud B Qopmyte (10.1) nonoxuts
g»=0, 10 ¥ F=0 npu mo6GoM 3HaueHHH ¢;. MBI 3HaeM, O/IHAKO,
UTO 3apsiKeHHOe Telo (HanpuMmep, HarepTas Iajgoyka Cypryua)
CIIOCOOHO MpPHUTATHBATH HEHAJMEKTPH30BAHHBIE TeAd, HanpH-
Mep Kycouku Oymard (puc. 2!) uaM MeTaJTHYeCKOH (DOJIbIH.

HacauuM 6yMaxkHyH HIH METAJJIMYECKYIO CTPENKY Ha OCT-
pHe, YKpelJleHHOe Ha H3OJUPYIOUled MNOJCTABKE TaK, UYTOOBI
CTpesKa Jerko MOIJa Bpaumatbes Ha ocTpue. Ecu BOAU3H Ta-
KOH CTpeJIKH NMOMECTHTb 3apsKEHHOE TeNO, TO OHA HEMENIEHHO

Cypayy A

Puc. 21. Ilpursaxenue He- Puc. 22. 3apsaxeHHoe Te-
3apsiKeHHbIX KyCOYKOB Oy- J0 JeficTByeT Ha He3aps-
Mary K 3apsXKeHHOMY Cyp- KeHHYI0 CTpeJKy H3 Me-

ryuy Taala WAH H3 Gymary, mo-

BOpAuMBas ee

NOBePHeTCs Tak, YTO Och ee HyaeT HalpabjaeHa K 3apsizKeHHOMY
teny (puc. 22). IloBepHyB cTpesKy PyKOH H BHOBb OTIIYyCTHB,
Mbl OOHapysKHM, YTO OHA CHOBa BO3BpAIllAeTCA B IIpEXKHee
nojoxene. KaKoll KOHell CTpPeNIKH OKaKeTcsi oOpalleHHbIM
K 3apAeHHOMY TeJqy — JAeJO CJyyasi, HO HHKOrja cTpeska He
OcTaHaBJHBaeTCs TaK, YTOGBL OCh ee€ COCTaBHJa 3aMETHBIH Yroa .
¢ HalpaBJleHHeM Ha 3apsiKeHHOe TeJo. -
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J1s ofbsicHeHMS 3THX B3auMoJeficTBHil MEXIy 3apsiKeH-
HbIMH H He3apsi:KEHHbIMH TeJaMH HYXHO BCIIOMHHTb sIBJ€HHE
uaaykund (§ 8) 1 3axon Kynona (§ 10). Bee tena (kycouku
6ymarH, CTpeaKH) BOMH3H 3apAKEHHOTO Te/la HCIbITBIBAIOT
3JeKTPH3ALHIO Yepe3 BAHAHHE (HHAYKIHIO), B pe3y.abTare Ko-
TOpO#l HMEIOLHecs B 3THX TeJaX 3apsjpl nepepacnpeensioTes
Tax, YTO B O/IHOIi YACTH Tes1a HAKAaI/JIHBAIOTCS H30OLITOYHblE 3ap -
Ibl OHOTO 3HAKa, a B JApYyrofl — apyroro (puc. 23 u 24).

Cypeyd
/%

Puc. 23. O6bsicHeHHe NPHUTAXKeHHSA Puc. 24. O6nsacHende fefict-
3apsIKEHHBIM CYPrydoM He3apsi- BH 3apSKEHHOTO TeJa Ha
HKEeHHbIX KYyCOUKOB Gymaru He3apsKeHHYIO CTPENKY

[Ipn stoM 6uxe K BAHAOUIEMY 3apsKEHHOMY TeNly OKa3bi-
BAlOTCA 3apAibl, 3HAK KOTODBbIX MPOTHBOMOMOMKEH 3HAKY €ro
3apsJa; ONHOUMEHHbIE Xe 3apsiabl CKAMIHBAIOTCSl B U3GHITKE Ha
oTAaNeHHOM KOHie. B3aumojeficTBHe 3apsija Tesla ¢ HHAYIH-
POBaHHBLIMH (HaBeAEHHDbIMH) 3apsAJaMH MPOUCXOJHT 110 3aKOHY
Kynona. [ToatoMy Kamx/oe Te10 ¢ HHAYLHPOBAHHLIMH 3apsilaMH
OJHOBPEMEHHO H NMPHUTATHBACTCSA H OTTATKHBAETCs 3apsisKeHHbIM
tesioM. HO oTTa/NKnBaHHe, HMeioLlee MECTO MEXAY 3apsiaaMH,
HaXOAALIMMHCS Ha OOJblIeM paccTOsAHHU, cialee, yeMm IPHTS-
xenue. B pesynbraTe «HeszapsizKeHHble» Tesla MOBOPAYHBAKOTCS
H MPHUTATHBAIOTCA 3apsIKEHHBIM TeIOM, KaK 3T0 H Hafmojaercs
Ha OMbITe,

2 12.1. TlofuecuTe 3apmKeHHYI0 NaN0YKY N0OOYepeHO; K KYCOUKY Ba-
° Thl, JeXHalleMy Ha CTeKJAAHHOH IJACTHHKE, H K TAKOMY Xe€ KyCOuKy
BaThl, TOJOXEeHHOMY Ha JepeBAHHLIH cTOJ. [lodeMy KYCOUKH BaTel
NPHTATHBAIOTCA K NNAJOYKe BO BTOPOM CaYyuae CHAkLHee, 4eM B HepBOM?

OGpaTtHTe BHHMaliHe Ha TO, YTO LEPEBO ropasfio JyulIHH HPOBOJHUK,
YeM CTEKJIO.

§ 13. HousrHe 06 3nekTputeckom noe. JlefcTBUe 3ap AXKEHHOT 0
Tesla Ha OKPYKaiouiue Tesa NposiBJAseTcs B BH/E CHJI MPUTSKe-
HHS H OTTA/JKHBAHHA, CTPeMsLIHXCA NOBOPAYHBATh H IepeMe-
IWATh 3TH Tela NO OTHOWNEHHIO K 3apa:KeHHOMY Teny. Mul Ha-
6moanl NposiB/eHHe STHX CHJ B OMbITaX, OMHCAHHBIX B Npepl-
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Ayuwnx naparpajax. HMx moxHo Ha6MoaaTh Takke C NOMOLIbIO
MOYUYHTEABHOTO ONBITA, KOTOPBIH MBI Ceffdac OmMIeM.

Hanbem B neGonbunyio cTeK/IsHHYIO KioBety (puc. 25) Ka-
KOH-1100 XKHJKUI NU3NEKTPHK (HanpiMep, Macnio), K KOTOPOMY
NOJMEILaH NOPOWIOK € KPYMHHKAaMH YAMHEeHHOH ¢opmel *).
B kioBeTy nomectuM, Hamnpu-
Mep, JiBe MeTasauyecKue mnJsaacs
THHKH, H COEJHHUM HX C 3JeK-
TPHUYECKOHl MaIIHHOH, nNo3Bo-
Asiioulefl  HenpepelBHO pasje-
JAAThb NOJOXHUTENbHBIE H OTpH-
gaTeqbtble  3apsabl.  YTcOB!
yao610 6BLIO CAEIMTH 3a MO-
BeJleHHeM B3BelUeHHBIX B Mac-
Jde KPYIHUHOK, CHOpOeLHpyeM
n3obpaenne BCeH KapTHHEI
Ha 3KpaH HJAH NPOCTO OTGpO-
CHM TeHb KIOBETHl Ha MOTOJOK
(puc. 25). [Ipu sapsake mnaac-
THHOK MOXHO BHJETb, 4TO OT-
JenbHBle KPYMHHKH, pacroo-

Pac. 25. Cxema-3RcrepHMeHTaNAb-

< HOH YCTaHCBKH “ARE  TNOJAYUYEHUSH
JKCHHBIC BHAYANE COBEPWICHHO o AP e o
Geciopsiiouno, HaYMHAIOT NePE- 7 _ giopera, comepwaman  Kac-

MellaTbCsl ¥ NOBOPAYHBATBHCA H
B KOHle KOHLOB YCTaHaB/HBA-
10Tcs B BHJE LeENOYeK, TAHY-
IIHXCS OT OJHOTO 3/€KTPOja K
gpyromy. Ha puc. 26 npuse-
JeHO U300pakerte pacrnofoxe-
HHSl KPYIMHOK MeXIy JIBYyMf

TOPOROE MACJ0 € KPHCTAaMIUKaMU
XHHHHAa, 2 — TPOBOIHHKH, Coe-
JHHEHHEIE C 3JEKTPHYECKOr Ma-
[IHHON H CO3RAIOULHE ITIEKTPHYeCs
Koe Tonie, & — UCTOYHHK CBeTa,
4 — 3KpaH, Ha KoTopeld DTpoenH-
pyercss TeHb OT KPHCTANIHKOB

napan/ienbHBIMH METALIHYECKHMH 11aCTHHKAMH, a Ha puc. 27—
MeXIYy JABYMs MeTallJIHUeCKHMH LIapHKaMH.

B 3toM onblte Kawias KpyNHHKa noiofHa MajeHbKO#
ctpedke. He6onbinye pasmepbl KPYNHHOK fO3BOASIOT Da3Me-
CTHTb MX OJHOBPEMEHHO BO MHOTHX TOYKax cpelsl # Gnaroja-
psl 3TOMY OGHAPYKHUTB, YTO ACHCTBHE 3apAXKEHHOTO Tejda Mpo-
SIBJASIETCS] BO BCEX TOYKAX NPOCTPAHCTBA, OKPYKAIOUICTO 3apsij.
Takum ofpasoM, MOXKHO CYAUTb O CYILeCTBOBAHHM S/EKTPH-
YeCcKOro 3apfila B KakKoM-HuOynb MecTe MO AEHCTBHAM, MpPO-
U3BOJHMEIM HM B PA3lHUHBIX TOYKAX OKPYXKaioWero mnpo-
CTpaHCTBA. :

B saBucumocTs OT 3apsifa v GOpMHI 3apsiXKeHHOTO Tena aei-
CTBHE er0 B Pa3/i{uHBIX TOYKaX HPOCTPaHCTBa GyJeT pasany-

*) Yno6Ho NpHMEHATE B3EECh KPHCTAMIHKOB CEPHOKHCIONO XHHHHA
HAM MaHHOH KPYyDH B KaCTODOBOM MacJae,
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HeiM, [lostoMy 1/ monHOR XapaKTepHCTHKH 3apfAja Hajo
3HaTh, KaKoe [efcTBHe OH MPOH3BOAWT BO BCEBO3MOMHHEIX TOY-
KaX OKDYKalwUlero npocTPaHCTBA, HJH, KaK TOBOPAT, HAJ0
3HATh 3JeKTPHYECKOe NoJe, KOTOpOe BO3HHKaeT BOKpYr 3apf-
nda. Takum ofpasoM, no-
HATHEM  «3JIeKTpPHUeCcKoe
nojge» Mol ofo3pavaeMm
RPOCMPAHCBo, 6 KOMmo-
POM npossasomes deticm-
BUA  3MEKMPUHECKo20 30-
pada.
Prc. 26. P - Ecnn  uMeercs  He
Hc. . Pacliof1o0XXeHHe KDPYHMHHOK MeX- _
Ry cIJ.B)’MH napaJsJeJbHEIMH P;1).7,121@[“11(311\1”, lolglI: H, Ia) aléicoioogll:g}?miip ﬂB
BBPF{)KeHHbIMH pa3HOHMeHHO 4
pasAHYHBIX MecTax, TO
B 060l TOYKe OKpy-
JKaUIero NpocTpaHcTBa
IPOSIBUTCS  COBMECTHOE
JefCTBHe 3THX 3apsloB,
3JIEKTPHYECKOE Nose, CO-
3]laBaeMOe BCeMH 3THMH
3apsajamMH.
3aMeTHM, 4TO B Hayale
U3y4eHHsI 3JeKTpHUYeCTBa
4acTO BO3HHKaeT CTpeM-
JeHHe <«OOBSICHHTDbY 3J1eK-
TPpHYECKOe noJie, T. €,
CBECTH €ro K KaKHM-1H60
Puc. 27. Pacnonomenne KpynHHoK mex- ~ HHPIM,  YIKe H3YUEHHBbIM

QAy HABYMs MeTaliHYeCKHMH wapukami,  FIBJICHHSM, noJ06HO TOMY
3ApSAKEHHBMH Pa3HOUMEHHO Ka¥ TenaoBbie ¢dBJIEeHUdA
Mbl CBOIMM K Gecnops-
JOYHOMY ABHMKEHHIO ATOMOB H MOJeKysa. OJIHaKO MHOTOYHC/IEH-
Hble NONBITKH NOJOGHOTO poia B 06JACTH 3JIEKTPHUYECTBA HEH3-
MEeHHO OKaHYHBaJHCh Heyjgadell. [losTomy cienxyer cuntarth,
4TO 3JIEKTPHYECKOE NOJEe eCcTh CaMmoCTOosiTeNbHasd (PH3HYecKad
peanbHOCTD, He CBOAAILASCST HH K TEIJIOBBIM, HH K MeXaHHYe-
CKHM sIBJIeHHSIM. DJIEKTPHUYECKHE ABAEHHS NPeAcTaBaAnT coGOH
HOBBIH KJacc siBJAeHHH NPHPOALI, C KOTOPBIMH MBI 3HAKOMHMCH
Ha ONbITe, H JanbHeHllas Halla 3ajada JOJIXKHA COCTOATDb B H3Y-
YeHHH CBOHCTB 3JIEKTPHYECKOTO NOJAS H €ro 3aKOHOB.

i
RS

: ‘L‘I‘l}h«*
“l‘lll:

§ 14. Hanpaxeusocts sjektpuueckoro noas. Pucynku § 13
JAOT JHIUb O0IYI0 KadeCTBEHHYK KAPTHHY 3JIEKTPHUECKOTO
noast. Jasf KoAH4eCTBeHHON XapaKTepHCTHKH 3J1eKTPHYEeCKOro
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1107151 MBI MOTJTH OBl HCNOJIB30BATh JM060e U3 NPOU3BOJUMBIX UM
nedicTBHA. Tak, Hanpumep, NOJ BJIMSIHHEM 3JEKTPHYECKOTO HO-
Jisl 3aMETHO H3MEHSIIOTCST ONTHYECKHEe CBOHCTBA HEKOTOPHIX Be-
XECTB. DTO CBOHCTBO 3JEKTPHUYECKOTO HOJS MOXHO OBIO GbI
HPHUMEHHTb WJIs1 KOJHYECTBeHHOH oueHkH noss. OOGbYHO, Of-
HAKO, AJIs 5TOH LIeJIH MOJb3YIOTCH MeXaHHYeCKUMH JefCTBHIMH
noJs Ha 3apsiKeHHBIE TeJsa.

[IpencraBum ceGe, 4TO 3JIEKTPHUYECKOE MOJIE CO3JAHO HEKO-
TOPBIM 3apsIIOM ¢; BHECEM B HEro «IPOGHBEIH 3apsly» ¢, U H3Me-
pUM JeHCTBYIOULYI0O Ha HEro culy F. DTO MOXHO CJHejaTh,

+Q

Puc. 28. Hccaeopante a1eKTpHYeCKOTo NoJS NPOOGHBIM 3apsiioM. Hanps-
JKEeHHOCTb 10Js y6uiBaeT € paccTOsHUEM

HaHOCs, Hanpumep, «<npoOHbIH 3apsAa» HA JeTKUH [IapUK, MO/Be-
meHHBIA HA MeqKOBOH HUTH (puc. 28), U U3Mepss yroJ OTKJIO-
HeHus wapuka. [lo 3akony KyJiona sTa cu/la NpoONopIuoHatb-
Ha NPOOGHOMY 3apsAY o. ¥ BeIUYHBASA 3TOT 3apAAB 2, 3 U BoOG-
e n pa3, Mbl OyJem HaOMOIATh yBeJAHUYeHHe CHJIBL B 2, 3 WJIH
n pas. ITostoMy oTHowweHue F/q, yXe He 3aBUCUT OT NPOGHOro
3apsijia ¢y U XapaKTepH3yeT TOMLKO 3JIeKTPHUECKOoe NoJje B TOMH
TOUKe, TJe HaXOIuTcs MpoOHH 3apsia. To e HMeeT MecTO H B
J000M JIPYTOM 3JIEKTPHUYECKOM IoJIe, a He TOIbKO B IOJIE 3apsi-
JKEHHOTO Iapa.
OtHowenune F/q,, YUCJIEHHO DAaBHOE CUJIe, JAeHCTBYyOLIEf
Ha eIMHHYHHIHA 3apsj, NPHHUMAIOT 32 KOJIMYECTBEHHYIO MEpY
NOJIST U Ha3BIBAIOT HanpAderHocmoio noas. TakuM xe o6pasoM
OyleT XapaKTepH30BaThCS H N0Je, CO3TaHHOE HE OJHUM KaKHM-
Jaubo 3apsagoM ¢, a JmoGOH COBOKYMHOCTBIO 3apsijoB. Hrak,
HANPAKNCEHHOCIIL AEKMPUUECKO20 NOASL 8 OAHHOU mouke npochi-
pancmea ecmes omHoweHue cuant, Oeticmayrowell Ha 3apad, no-
MewenHolll 6 amy mouky, k 3apady. CiiefoBaTebHoO, HaNpsKeH-
HOCTb TOJISI YHC/IEHHO PaBHA CUJIe, AEHCTBYIOLIEH HA €IMHUY-
HBIA 3apsm.
Eciu 0603HaYuTh HANPSIXKEHHOCTD IOJIS1 B HEKOTOPOH TOUKe
depes £, 3apsj, Haxopsiliuiica B 3TOH TOUKE, Yepe3 § H CHIY,
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JNefCTBYIONLYIO Ha 3apsn, depe3 F, To

E=Flq, (14.1)
OTKy A
F=Eq. (14.2)

Harnpf:KeHHOCTb, paBHaaA eIMHHIE, €CcTb HANPAKEHHOCTD
TAKOTO I10JIS1, B KOTOPOM Ha eAHHHYHHIHA 3apaa AeHCTBYeT cua,
paBHas eaunule. Hanpuvep, B CH sa edunuyy nanpaxcernrocmu
APUHLMQIOM HANPAMCEHHOCMb NOAA, 8 KOMOPos HA 3apAd, pas-
Hollh 00HOMY KYAOHY, Oelicmeyem cuaq, pagHas 00HOMY HbIOMO-
Hy. DTy eAHHHLY HashBaloT goabmom Ha memp (B/m) (§ 23).

Mrr onpefenuJii  HalpAXEHHOCTb 3JEKTPHUECKOTO [0
Kak (H3HYECKYIO BeJHUYMHY, YHC/JIEHHO PAaBHYIO cHJe, aeicT-
BYIOIleH Ha eAHHHYHbIH 3apaj. OJHaKo BCfiKaa cuaa onpefe-
JISIeTCs He TOJIBbKO CBOMM UHCJIOBBIM 3HadyeHHeM (MOAYJeM), HO
1 HanpaBdenueM. IlosTomy asd moOJIHOI XapaKTePHCTHKH
HaIIPSIXKEHHOCTH [I0JIS HAJ0 yKasaTb TaK:Ke M ee HallpaBJeHHe.
3a HanpasaeHue HANPINEHHOCIIL NOAS NPUHUMAIOM HANpasie-
Hue cunvt, Oeiicmeyroweil Ha noaoscumenrvroii sapsd. Hanpsa-
JKEHHOCTb [10J11 B HEKOTOPO}l TOYKe MOXKHO H306pasuTh rpadu-
YeCKH B BH/e HalpaBJeHHOTO OTpPe3Ka, HCXOAAUIETO H3 JAaHHOH
TOYKH, MOJOOHO TOMy Kak 3TO JAeNaeTcd [PH H300paxKeHHH
CHJIBI H APYTHX BEKTOPHBIX BEJIHUYHH.

2 14.1. Ha majenrkoM waphke Haxoautces 3apsh 10 sKa. Uemy pasna

H HanpKeHHOCTh 110415 Ha paccrogunun 0,1 M OT ueHTpa mapuka?
14.2. Buuucante HanpamxeHHOCTh MNOJA, CO343BaeMOr0 3apsiOM
5 Ko na paccrosnuy | KM OT Hero.

14.3. B sgekTpuueckoM nose panpsukessoctd 300 KB/M HaxomHTcs
sapax 10 aKu. Kagas cuna gefictsyer Ha 3TOT 3apsan?

§ 15. Cnoxenve moseii. Eciu sjexTpHueckoe roJe cO31aHO
OJIHMM TOUEYHBIM 3apfAJOM ¢, TO HAMpPAMKEHHOCTb 3TOTO [OJA B
Kakofi-n1u0o TOuke, OTCTOAHie Ha PacCTOAHHM r OT 3apfza,
paBHa, coryiacHo 3axony KyJsoHa,
! g
E= Tz, 78 (15.1)
M HampasJeHa BAOJMb [PSAMOH, COeAuHSIOMLed 3apsai ¢ 3ToH
ToukoA. TaxkuM 006pasoM, HaNpPSKEHHOCTb MOJI TOYEUHOTO
. 3apAjaa U3MeHAETCA N0 Mepe yaajJeHHsa OT 3apfja 06paTHO [po-
MOPLHOHANBHO KBajpaTy paccrosiHuf. [Ipu moJoxutensHoMm
3apAje ¢ noJe HaNnparJeHO BAOJb pajuyca OT 3apsifa, npd OT-
pHLATENbHOM ¢ — BJOJAb PafiHyCa [0 HANPABIEHHIO K 3apsay
(puc. 29).
TlocmMorpum Tenmepb, ueMy paBHA HaNpFAKEHHOCTb [0JA,
BbI3BAHHOTO ABYMsI TOUEYHBIMH 3apAjaMil ¢; U §,. IlycTs E; —
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HANPAXKEHHOCTb NOJI B HEKOTOPO# TouKe @ (puc. 30), Bhi3BaH-
pas 3apfanoM ¢ (Korja 3apsj ¢, ylajeH), a E; — HanpsikeH-
HOCTb B TOH 2Ke TOUKe, BbI3BaHHAf 3apsiOM ¢, (KOTHA yaajien
3apf¢;). OTH BeJHUHHbI onpefeasiorcs dopmylioH (15.1). Onsit

VA
+ fy"*’

/ E ,’I
N pee; +‘K 7
rz\\ ! 7
\ql r \\ q/
+80 2 o
1§ ()] d

Prc. 29. HanpsKeHHOCTh IOJIA TOUEYHOTO 3apsija B PA3HHX TOUKAX IIPO=
CTPAHCTBA: @) HANPMEHHOCTb TOJIS [OJOMKHTENBHOTO 3apsifa; 6) Hampsie
JKEHHOCTb TOJIST OTPHLLATENILHOTO 3apsja

NOKAa3blBAET, YTO TPH COBMECTHOM JeHCTBHH OGOMX 3apsijioB
HanpsKeHHOCTh N0/ B TOYKE & MOXeT OhiTh HalifleHa MO mpa-
BHJIY Napaie/orpaMma: eCjd U3 TOYKH ¢ OTJIOXKHTb OTPe3KH,
H306paxalolte N0 MOAYJO H IO HANPABAEHHIO HANPSKEHHO-
ctH E; v E,, ¥ Ha 3TUX OTPE3KAax, KakK Ha CTOPOHAX, MOCTPOHTh
napaienorpaMM, TO HampsixKeHHocTb £ pe3yJbTHPYIONEro
noJig o MOB,yJ'[XO H Hanpasﬂe-
HHIO NPEeACTaBUTCS JUAaTOHAJIBEG
3TOr0 napaJsuienorpamsa. fIpa-
BUAO CAOHCEHUA HANPANCEHHOC-
meil noaed aHAA02UMHO 1PABULY
caoocerus cua 8 mexanure, Tax
e Kak U B MeXaHHKe, Hpume-
HUMOCTH INpaBHJa napafeno-
rpaMma03HauaeTHE3ABHCHMOCTD
JefcTBHA 3JIEKTPHUECKHX NoJel g /’ RN g
(00 NpHHLMIE He3aBHCHMOCTH "’+ 3_\‘2
AeHiCTBHS CHIl CM. B Tome 1). Puc. 30. HanpmxeHHocTs mnoas
[TocsiepoBaTesIbHO IPHMeEHsA IBYX TOUEUHHIX 3apAAOB

NpaBHJIO  Napajjenorpamma,

MOXKHO BBIYHCJHTDL HANPAXKEHHOCTh [OJIS HE TOJABKO JBYX, HO
H KaKoro YroJHO YHCJa TOYeUHbIX 3apfjoB.

[Togo6uriM e 06pa3oM MOXKHO BBIYHCJAWTb W HANPAMEHHOCTL I10JA,
CO3/|aHHOTO GOMNBIIEM TPOTAKEHHEIM 3ap sIKEHHBM TesioM. [ljis 9T0r0 HyKHO
MBICJIEHHO Pa3GUTh 3TO TEJI0 Ha MaJble YaCTH H KaKAyIo 4acTb NPHHATD 3a TO-
YeyHH # 3apAk, a 3aTeM CJOXHTDb 110 NMpPaBHJay NapaJjJesorpaMMa CO3faHHbie
THMH YaCTAMH 3apaja Halps:KeHHocTH. Ilpu 3TOM, OfHaKO, BHIYHCJIEHHS
MOTyT 0Ka3aThCl OYeHb CJIOKHLIMH,
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HanoMHuM, uTO ¢ Hanpae/eHHbIMH BEJIMYMHAMH, CKJaibl-
BAIOIUMHUCS TIO NPaBMJIYy Napaj/jerorpamma, Mbl yXe BCTpe-
yaJuCh B ToMe I (cusa, CKOpOCTb, YCKOpeHHe H T. A.). Msl Ha-
3BaJM MX BeKTOpPaMH. MBI BUIHM, UTO HANPANCEHHOCHLL SAEKM-
PUYECK020 NOAS ECMb BEKMmop. ‘

15.1. Kakaa cHna jefictByeT Ha NOJOXHTeNBHHH 3apsan 30 =K,

? HaXOAsu(MACS HAa paccTOSHHH 15 ¢M 0T OTpHIATeJBHOrO 3apsija
—40 uKJ1 H Ha paccTosiHHE 10 cM 0T NONOXKUTeAbHOrO 3apaaa 20 HKa?
PaccTosiHHe MeX1y BTODHM H TpeTbHM 3apsanamH pasHo 20 cm. Ilpu
pellieHHH 3ajayH BOCNOJB3YHTeCh LHPKYJaeM H JHHeHKOH.

§ 16. JaekTpHueckoe noje B JUIACKTPUKAX U B NPCBOAHUKAX.
Camo cofoil pasymeeTcsl, UTO 3JeKTDHUYECKOE I0JIe MOXKeT Cy-
11eCTBOBATh He TONbKO B BAKYyMe, HO U BHYTDH BellecTBa, HGO
3JIEKTPHYECKHE CUJIBl MOTYT JeHCTBOBaTh H BHYTDH Pa3/IMYHBIX
Tes. Ilpu 3TOM, OAHAKO, HajgO0 HMeTb B BHAY CYLIECTBEHHOE
pasindue Mexy NPOBOJHMKAMM M JH3JeKTpHKamu. B nposog-
HHUKE HUMeIOTCA 3JeKTpHUYecKHe 3apAjn, CBOGOJHO IlepeMeniaio-
iHecsd moj JeHCTBHEM 3JeKTPHYeCKHX CHJ. B JH3JeKTpHKe Ke
JIBUKEHHE 3apAJOB NOJ JeHCTBHeM 3JeKTPHYECKHX CHJI IIPOHC-
XOJUTh He MOxkeT. [lostoMy, ec/iH B NPOBOJHHKE BO3HHKJIO
3JIeKTpHYECKOe 10Je, TO CBOGOJAHbIE 3apsibl IPOBOJHUKA MPH-
JyT B JBH:KeHHe IOJ AeliCTBHeM 3TOrO [0/, T. €. Yepe3 Npo-
BOJHHK OYJeT HIATH 3AEKMpuuecKull mox.

B ra. IIl mbel 03HaKOMHMCA C YCJOBHAIMH NOJJEPKAHHS
JUTUTEIBHOTO 3J1eKTPHYECKOTO TOKa B NPOBOAHHKe. Ho B omui-
Tax C 3apAAKOH OTAeNbHHIX IIPOBOJHMKOB MBI He Habuiogaem
JUINTEbHOTO TOKa, T. €. 3apAjbl Ha MNPOBOJHHKe MOC/]e HeKo-
TODBIX INlepeMellieHHi NIPUXOJAAT B COCTOSIHUE paBHOBecHs. Pas-
HOBecHe OyJeT JOCTHTHYTO, KOTJa 3apfifbl paclupeiesitcs Mo
IIPOBOJHMKY TakuM 06pa3om, 4ToObl CO37aBaeMOe UMH BHYTDH
NIPOBOAHHMKA 3JIEKTPHYECKOe IIOJe KaK pa3 KOMIIEHCHPOBAO
BHellHee II0Jie, Bbi3Bapllee IlepeMelieHHe 3apsajoB. Iloka Ta-
Kas KOMIIeHCalMsl He HacTymuJa, 3JeKTPHYeCKHe 3apsijbl,
6sarojaps HMX NOJBHKHOCTH B INPOBOJAHHKe, OyAyT NpoOaOJ-
kKaTb JaBHxkeHHe. Taxkum o6pa3oMm, IpH pasHosecuu 3apados
HANPSAJCEHHOCMb  INEKITIPULECKO20 HOASL 8 NPOBOOHUKE PABHA
HY/Aw0, T. €. 3JIeKTpUUYecKOe MOJie B NPOBOJHHKE OTCYTCTBYeT,

B auns/iekTpuxe HaqMuHe 3/E€KTPHYECKOTO MOJA He NpPenst-
CTBYeT PABHOBecHIO 3apsAjoB. Cuna, AeHCTBYIOIAS HA 3apsibl
B JHM3JIEKTPHKe CO CTOPOHb! 3JIEKTPHYECKOTO MOJs, YpaBHOBe-
HIHBAeTCs BHYTPHUMOJEKYJNAPHBIMH CHJIAMH,  VeDPXHBAIOUIHMH
3apsajbl B NpefejaX MOJIEKYJ/Bl JH3JEKTPHKA, TaK UYTO B JH-
3JIeKTPHKe BO3MOXKHO DaBHOBeCHE 3apsJ0B, HECMOTPA Ha HaJH-
Yhe 3/1eKTpryecKoro no/is. KoHeuHo, Kak Mbl ykKe YKasblBajH
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B § 3, pasjeneHHe Tesl Ha NPOBOJHHUKH H JHIJIEKTPHKH YCIOBHO.
Ilpu pocraTouyHO GOMBINOH HAMDPAMKEHHOCTH IMOAS H B JHIJIEKT-
pHKe BO3MOXKHO 3aMeTHOe MepeMellleHHe 3apsijioB, Belylilee K
npoGoto anasnekTpHka. OfHAKO NpH OCLIENpPHHATOM pasjese-
HHH TeJl Ha NMPOBOAHHKH M AHSJIEKTPHKH MBI MOMKEM CKa3aThb,-
YTO B CJ1y4Yae DPAaBHOBECHs 3apAJO0B 3JMeKTPHUYECKOe M0Jie BHYT-
pH MpPOBOIHHKAa (HanmpHMep, MeTalja) OTCYTCTBYET, a 3JeK-
TPHYeCKOe NoJie B JH3JNEKTPHKe (Hanpﬂmep, B CTeK/e) MOXKeT
CYILLeCTBOBATD.

§ 17. I'padmueckoe nsoGpameHde noneil. CylleCcTBYeT OueHb
YAOOHBIH croco0 HAIVIsIAHOTO OMHMCAHHA SJEKTPHYECKOTO NOJsl.
ITOT cnocod CBOANTCS K NOCTPOEHHIO CETH JIMHHH, NPH NOMOIIH
KOTOpOH H306parKaloT MOAYJb H Hamnpabe/eHHe HalnpsiKeHHOCTH
[I0J51 B PAa3/JHYHHX TOYKAX MPOCTPAHCTBA.

Bribepem B 3/MeKTPHUECKOM IOJIe KaKyIO-THGO TOUKY a
(puc. 31, a) n npoBefieM U3 Hee HEGOMBLION MPSIMOJIHHERHBIH OT-
-pe3ok ab Tak, 4ToOBl €ro Ha-
TIpaBJeHHe COBNAallo ¢ Halpae-
JIEHHEM 10151 B TOUKe @. 3aTeM
H3 KaKOH-HHUOYIb TOUKH b 3TOTO d
OTpe3Ka MpoBefeM OTpe3ok be, o %

HarnpasJ/JdeHHe KOTOPOro CcoBma- 0.)0 -0 o

JdaeT ¢ HamnpasJ/JieHHeM I[0J5 B Ny
TOYKe b, u T. . MBl moayunmm 8 tg/

JIOMAaHyI0 JIHHHIO, KOTOpas Mo-

KasblpaeT, Kakoe HalpaBleHHE  pyc. 31. q) Jiowaras AuHHs, moO-
HMeeT [10J1e B TOUKAaX a, b, Cyo s KasplBalouiass HalpaBJ/ieHHe [O0JIsg
3TOH JIHHHH. TOJMBKO B HeThlpeX TouKax. 0) Jlo-

HOCTpoeHHaH TaKUM 06pa- MaHag JIHHHA, NOKa3biBaloiliasi Ha-
TNpaBJeHHe M0Jifg B LUECTH TOUKax.
30M JIOMaHasl He BIOMHE TOYHO ) Jlumms, NoKasmiBaowas Ha-
OHpene/asieT HanpabBJde€HHe II0JIS1  mnpasJjeHHe noJfd BO BCeX TOUKaXx.
BO BCeX TOUKAax. ﬂeﬁCTBHTeJIb- U_ITpHXOBaH JIHHHAA [OKa3biBaeT
HO, OTpeSOK ab TOYHO Hanpa- HarpapJ/eHHe I0J5 B TOUKe 0
BJI€H BJOJb NOJS JUUb B TOUKE
a (10 NOCTPOEHHIO); HO B KaKOH-MHOO APYroH TOYKeE 3TOrO XKe
OTpe3Ka IoJe MOXKET HMETh y2Ke HECKOJNbKO JpYyroe Hampasae-
HHe. 3TO nocTpoeHHe OyJ1eT, OQHAKO, TeM TOYHee lepelaBaTh
HanpasjeHHe Mossl, Yyem GJuxKe APYT K APYTY BLIOpaHHBIE TOY-
xu. Ha puc. 31, 6 Hanpasienne noJjs H300paxKaeTcs He s
yeTHIpex, a AJIs UIeCTH TOYeK,; H KapTHHa 6osee TouHa. H3obpa-
JKeHHe HarpaB/leHHsl NOJsl CHeNaeTcsl BIOJNHEe TOYHLIM, KOF1a
TOUKH H3J0Ma GyIYT HeorpaHuyeHHO camxartbes. Ilpu stom
JOMaHasl [MepeXOAHT B HEKOTOPYI IJIaBHYK KpHBYy©O ad
(puc. 31, ). HanpapneHne KacaTe/IbHOH K 3TOH JIHHHH B KaxK-
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JIOH TOUYKe COBMAjdeT C HamlpaB/ieHHeM HalpPSIMEHHOCTH ToJs
B 370} TouKe. [T03TOMY ee OOBIYHO HA3LIBAIOT AunUell dAeKmpu-
yeckoeo noas *). Takum o6pasoM, 6CAKASL MBICAEHHO nposeder-
HAs 8 noAe AURUR, HANPABACHUE KACAMEAbHOU K KOmopod 6
A060L mouKe ee COBNAOQEIM ¢ HANPABAEHUEM HANPANCEHHOCTU
noAf 8 3MOL MOYKe, RHA3bIBACHICA AURUEL INCKIMPULECKO20 NOASL.

M3 1ByX NpOTHUBOMOJIOKHBIX HampaBJeHHH, onpeje/seMblX
KacaTeJbHOI, MBI YCJIOBUMCS! BcerJia BEIGUpPATh TO HanpasJeHue,
KOTOpOe COBMajaeT C Hampap/aeHHeM CHJIBl, AefcTBylouledl Ha
NOJIOKUTENbHBIA 3apag **), u GyaeM OTMeUaThb 3TO HampasJe-
‘HHe Ha YepTexke CTpeJKaMH.

Puc. 32. JIMHHUH TONA TOYEYHOFO Puc. 33. JluHug ross paBHOMeEp-
NOJIOKUTE/IBHOrO 3apsia HO 3apfXKEeHHOTO 1uapa

Boob6ule rosopsi, JUHHH 3JEKTPHYECKOTO TMOJS SIBJASIIOTCS
kpuBbIMU. OHaKo MOTYT OLITH U NpsiIMble JHHHU. [Ipumepamu
3JIeKTPHYECKOTO TIOJISl, OTHUCHIBAEMOTO MPSIMBIMH JHUHUAMHU, SIB-
JsieTcsi 1noJe TOYeuHOTo 3apsja, yJdaJeHHOTO OT APYTHX 3aps-
J0B (puc. 32), U noJe PABHOMEPHO 3apsKEHHOTO L1apa, TaKKe
yAaJEHHOTO OT APYTUX 3apsiKeHHBIX Tes (puc. 33).

Ilpn noMowmu JHHHHA 3JeKTPUYECKOTO TIOMST MOXKHO He TOJIb-
KO H300paxaTh Hanpabs/eHUe NoJsl, HO U XapaKTepH30BaTh MO-
JIyJb HanpsiXKeHHOCTH MoJjsl. PacCMOTPUM ONfiTh moJie OJHOTO
TOYeyHOTO 3apsja (puc. 34). JIMHUY ITOTO TMOJS NPEACTABJSIOT
co60ll paguanbHble MpsAMBle, PACXOJAULHeCs OT 3apsiia BO BCe
cTopoHbl. V3 MecTa naxoxmeHUs 3apsiia g, KaK U3 LeHTpa, Mo-
cTpouM psj cep. Uepes Kakayo H3 HUX NMPOXOAST BCE JIMHUU
T10JIs1, TNpOBeJieHHble HaMU. TaK Kak TJomaib 3THX cdep yBe-
JUYUBAETCS MPOMOPUUHOHANBHO KBaapaTy paguyca, T. €. KBaj-
paTy paccTOSIHUSl A0 3apsijia, TO YHCJO JUHUH, MPOXOISUMX

*) Junuu s0eKmputeck020 noAA Ha3BIBAIOT TAKIKE AUHUAMU HATL PAKCEH -
HOCILU 3AEKMPUHECK020 NOASL WIH auxusmu sexmopa E (CTapbifi TepMHH —
cunoevle auruu). ({Ipumes. ped.)

**) To ecTb C Hanpap/eHHEM HanpsuKeHHOCTH Nods. ([Ipumed. ped.)
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yepe3 eJUHHIYY IJIOLIAJH MOBEPXHOCTH chep, yMeHbIaeTcs Kak
KBaJpar paccTosigHa 10 3apsajia. C Apyroil CTOPOHH, MBI 3HaeM,
YTO TaK e yMeHbIaeTcsl H HAaMpfAXKeHHOCTb 3JEKTPHYECKOTO
noasi, TlosTomy B HalileM NpuMepe Mol moxceM cyoumb O Ha-
NPAJNCCHHOCMLL ROASL N0 YUCAY AUHUL N0Af, npoxo0awux 1epes
e0UHUMHYIO NAOWAOKY, NEPREeHOUKYAAPHYID K IMUM AUHUAM,

Ecnn 661 3apaj g Obi1 B2AT B £ pa3 GOJbIINM, TO H Hanps-
JKEHHOCTH MOJsT BO BCeX TOYKAX BO3pocsa Okl B # pa3. [TosTomy,
yTOOLl U B 3TOM CJAydae MOXKHO
GBLTO CY/IUTh O HaNpsI2KEHHOCTH
NoJa 1o IycroTe JUHHH noaf,
YCJOBUMCA NPOBOAHTL H3 3a-
pAaAa TeM OOJbile JIHHHH, yeM
gourbiue 3apsajn. [Ipn Takom cno-
cobe H300paxkeHHsa rycrora JH-
HUH NOJA MOMET CITYKHTb JJif
KOJIHYECTBEHHOTO OMHCAHUSA
HalpAKEeHHOCTH MNoJas. Mel co-
XPaHHM 3TOT CIOCOS H306paxke-
HHS ¥ B TOM Cjayyae, KOrja Io-
Je 06pa30BaHO He OJHHM eJH-
HHYHBIM 3aPSJ10M, a HMeeT 5oJee
CJIOKHBIH XapakTep. :

Camo  COGOH ~ pasyMeeTCd, pyue 34, Chepst, mposeleHubie
YTO YHCJIO0 JHHUH, KOTOPOE MbI BOKPYT TOJOXHTEALHOTO TOYEY~
OpOBeJeM uepe3 eAMBMIY MO- HOro sapaga ¢. Ha kampoii u3
BerHOCTH ili§;! H306pa}KeHHﬂ HHUX HOKa3al;faniI;HHHqHaﬂ HJ0-
[0/ JAHHOH HanpsKeHHOCTH,
3aBHCHT OT Halllero NPOH3BOJIa,
Heo6xoa1M0 ToJIBKO, YTOOR! IpH H300p aXkeBHH pa3HbIX ofJacTell
OJIHOTO U TOTO 7K€ MOJs HJH IPH H300pa*KeHHH “HEeCKOJbKHX
CpaBHHBAeMbIX MeXAy Cc060#l nosefl Obl1a COXpaHeHa TycTOTa
JHHHA, NpHHATAA A H300paxkeHHA MOJS, HANPAXKEHHOCTh
KOTOPOTO paBHA eJMHHLE.

Ha ueprexkax (Hanpumep, Ha pHC. 35) MOXHO H306paxKaTh
He pacnpejesieHne JTUEHHA MoJas B NPOCTPAHCTBe, 4 JIHIUbL Cede-
HHe KapTHHBI 3TOr0 pacnpefeneHus MJIOCKOCTHIO YepTexa, YTo
[IO3BOJIHT MOJYYHTh TAK HA3BIBAEMBIE «JIEKTPHUECKHE Kap-
Tel», Takue KapTHl JAIOT HAIJIAJHOE NPEACTABAEHHE O TOM, KaK
pacnpejensercs JaHHOe NoJe B mpocTpaHcTse. Tam, rie Ha-
IPSAXEHHOCTh MOJA BeTHKa, JHEHH NPOBOJATCA TyCTO, TaM,
rje noJse cjaaboe, rycrota JHHHH HeBeJaukKa,

Ilone, nanpsorcerHocms KOmMopo2o 60 8cex MOYKax 00HQ (i
ma sice ¢ no MOOYAIO L MO HANPABAEHUIO, HAS6IBAeMCA 00HOPOO-
HbiM. JIHHUM OJHOPOJHOTO MOJA MPeiCTaBAsoT cofoil mapas-
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JenbHele mpsimble. Ha ueprTexkax "ONHOPOJAHOE MOJe TaKkKe
NIpeACTABUTCH PAJAOM NapaneJbHHIX M PABHOOTCTOAIIMX Npsi-
MBIX, NPOXOJSIKX TEM Tylle, YeM CHJIbHee H300parkaeMoe HMH
nose (puc. 35).

OTMeTHM, YTO LeNOUKH, o6pasyemble KPYNIHHKAMH B OMbITE
§ 13, umeloT Ty ke GOpMY, UTO M JHHHUH NI0JS. ITO €CTECTBEHHO,

o 1]

Puc. 35. JIuHHH mosisi MexJy Da3HOHMEHHO 3apSKeHHBIMH IWIACTHHAMH .,

HanpsikeHHocTe MOJiA: @) HaHMeHbMUas — CYCTOTA JIHHUHA [OAA MUAHH-

MalbHa; 6) CpelHAd — TIYCTOTA JIMHHH NOJA CpPefHAd; 68) HaHGOAbIUAA —
TrycroTa JIHHUH MOJIA MaKCHMaJjibHa

TaK KakK Kaxklas YAJIHHEHHas KPYIHMHKa pacloJjaraercs Mo
HalpaBJIeHHIO HaNpSXKEHHOCTH MOJIS1 B COOTBETCTBYIOMWEH TOUKE.
Ilostomy puc. 26 u 27 nono6Hbl KApTaMm JIHHHUII JEKTPHIECKOTO
NOJIA MeXAy NapalielbHBIMH IJIACTHHAMH H BO3Je ABYX 3a-
psiKeHHBIX mapoB. Hcnons3ys Tesna pasianuHOi GOPMBl, MOKHO
C NOMOILBIO TAKHX OIBITOB JIETKO HAWTH KapTHHH paclpefene-
HHS JIHHHMH 3JIEKTPHYECKOro IOoJs JJIs PasJHUHBIX IOJefl.

§ 18. OcHoBHble 0COGEHHOCTH 3neKTpuyecKux Kaprt. IIpm mo-
CTPOEHHH 3JIeKTPHYeCKHX KapT HYXHO HMeTb B BHAYy CJe-
Ayiotee.

I. Tak KaK 3/eKTpHUecKOe II0JIe CYILIECTBYeT BO BCeX TOU-
Kax IIPOCTPAHCTBAa, TO 4epe3 aobyio MO4KY NpOCMpPaHcmea
" gcee0a. MONCHO NPOBECHIL AUHUIO NOASA.

2. Tlpu 3ajnanHOM pacmpefie/ieHHH 3JEKTPHYECKHX 3apsoB
HANPAKEHHOCTb 3JIEKTPUUECKOTO NOJST B JOOOH TOuKe Oyger
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COBEPILEHHO ONpefie/leHHOH KaK N0 MOAYJ/IO, TaK H IO Hanpae-
JIeHHI0. DTO 3HAUHT, YTO Yepe3 KAXKIAYIO TOUKY NOJMA MOMKHO
[POBECTH JIMHHIO M0/ TOJIBKO BIIOJIHE ONPe/IeIeHHOTO Halpas-
JIEHHS, T. €. BCero QAHy JHHHIO. JIpyrumu cioBamu, Aunuu
SAEKMPUHECKO020 NOASL HE Nepecexaromcs.

3. Ilepeceuenue MUHUA MO MOXKET HMETb MECTO TOJIBKO Y
TOYEYHOTO 3apsAja (pucC. 32): H3 NOJOMKHMTENBHOTO 3apAja Jd-
HHH HUCXORAT (HAuaso JUHHA MoJd), y OTPHLATEJbHOTrO 3apsja
JIHHUH CXOAATCA (KOHel JIHHUE nons). Junuu ssexmpueckozo
noas Huale He 06pLIBaromcs, Kpome Kax Ha 3apadax; OHH Hampae-
JIEHB! OT MOJIOKHTEJNBHBIX 3aps/A0B K OTPHUATEJNbHBIM H NPOXO-
JISIT CKBO3b JUIIEKTPUKH,

4. Tak Kak NpH paBHOBECHU 3apsI0B 3JEKTpHUECKOe MOoje
BHYTPH TPOBOJHHUKOB OTCYTCTBYET, TO 6HYMpPU HNPOBOOHUKO8
Hem AUHUL dAeKmputeckoeo noas. JIMHHM 1O He NPOXOAAT
BHYTDb NPOBOJIHHKOB, HO HAUYHHAIOTC M KOHYAIOTCA HA UX IO-
BepXHOCTH. Tak Kak HadajoM M KOHIOM JIHHHH NOJS ABJIAT-
cfi 3JIeKTpHUYECKHe 3apfJpl, TO Ha NOBEDXHOCTH NPOBOJHHKA,
OTKyJa HAUHHAIOTCS JIMHMH II0JIS, Paclo/araroTcs INOJOXKH-
TeJbHBIE 3apsjbl, @ HAa NOBEpXHOCTAX, TJe KOHYAIOTCA JHHHH
noJid, JeXaT OTpHUAaTe]bHbie 3apsAjbl.

5. Jlunuu asexmpuueckoeo noas Hanpasiexvt NepreHouxy-
AAPHO K noeepxrocmu nposodHuxa. JlefcTBUTENbHO, JIHHHH
1o yKas3blBalOT HalpaB/JeHHe CHJ, JeHCTBYIOIHMX Ha 3aps/.
Eciu 6bf OHH GblIM HAK/JIOHEHBI K IOBEPXHOCTH NPOBOJHHKA,
TO Ha NOBEPXHOCTH CHJA HMeja Obl COCTaBJSIOLLYIO, HallpaB-
JIEHHYIO BJIOJb MOBEPXHOCTH NpoBojaHuka. [lox meficTBueM 3ToH
COCTABJAONIEH 3/JeKTPHYECKOH CHJBI NMPOUCXOAMIO Obl Tepe-
MellleHHe 3apsJoB BIOJb NOBEPXHOCTH. PaBrOBecHe 3apsnoB
BO3MOXHO JIHLIb B TOM CJydYae, KOTJa JIMHHMH NOJA Hanpasie-
HbI NEPMEeHIHKYAAPHO K MOBEPXHOCTH NPOBOJHHKA.

§ 19. [IpumeHenre MeTORA JUHUHA TI0ASI K 3aa4yam JeKTPOCTa-
THKH. [losb3ysick H3/0XeHHbBIMH mpaBujaamu (§ 18), MbI Mo-
JKeM C TIOMOIUBIO JIMHUH N0/ peliaTh MHOTOUHC/IEHHbIE 33/]aUH
snekTpocTaThKH. [IpoBemeM OT KaJOro 3apsja Takoe UUCIO
JIUHUH, 4TOOBI I'YCTOTA X BBIpaXKaia YHCASHHO HaNPAXKEHHOCTh
noss (§17). Tak kak ¢ yBesiH4eHHeM 3apsia HANPAXKEHHOCTD 10~
JIS1 BO3pacTaeT NPONOpLUHOHATBHO 3apsLy, TO YHCAO JHHUH, HC-
XOJANHX OT 3apfja, AOMKHO ObIThb TaKiKe MPONOPLHOHANBHO
3apsijy; MO3TOMY OT PaBHBIX 3apsIOB Mbl IIPOBOJHUM OJHO ¥ TO
XKe yhcsao auuuit nots. Ho JuHuY moJas, HaYUHAACh HA NOJO0-
XKHUTEJbHBIX 3apfiaX, OKAaHYHBAIOTCS HA OTpUIATeNbHBIX. Ta-
KUM 006pasoM, y BceX JIMHUH, HAYHHAIOMMXCA Ha NOJNOXKHUTENb-
BLIX 3apajax, Ha KOHUaxX OyyT OTpHIaTeJbHLIE 3apsjbl, NpH-
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ueM o6uinil OTpHUATEbHBIH 3apaj GyaeT paBeH oflieMy noOJO-
KHUTENbHOMY 3apsay. DTO 3aK/IOUEHHE BMOJHE COOTBETCTBYET
Habmonenuio (§ 5), UTO 3JEKTPHU3alUg BCEIAa €CTh pa3feNeHHe
PaBHBIX TOJIOXHUTENbHBIX H OTPULATENbHBIX 3apHJO0B.
[Ipocneaum ¢ NOMOWBIO KAPTHHBL JIUHUH NOJS SBJACHHE HH-
AyKiuH. Boo6pasum 3/eKTpHUECKHH 3apAL ¢, Hanpumep MOJIO-
KHTEJNbHLIH, TOMelleHHbH BHYTPb 3aMKHYTOH MeTaJJH4eCKOH

Pnc. 36. SBnende MHAYKUMH B 3aMKHYTOH NOJIOCTH: &) Ha BHyTpehHeit
NOBEPXHOCTH HHAYLHPYETCHA 3apAA —¢g, Ha BHeEIWHeHd NOBEPXHOCTH — 3a-
PRl g; 6) 33apaA ¢ U 3apAA ~¢q, HHAYLHPOBAHHEI! Ha BHYTPeHHeH nosepx-
HOCTH, HEATPa/iM30BaMbl; Ha BHelHel HOBEPXHOCTH OCTajics 3apal ¢

nosoctd (puc. 36, a). Ha ofpaurenHoll K 3apsify ¢ MOBEPXHO-
CTH MOJIOCTH MHIAYLIUPYETCH 3apsiji NPOTHBOMNOJIOKHIOIO 3HAKA;
a Tak Kak BCe JIMHHH NOJIf, HAUHHAIouIHecs Ha 3apsije ¢, 0K~
Hbl KOHUYATbCH Ha BHYTpeHHe{l MOBEPXHOCTH MOJMOCTH (HGO JH-
HUH TOJIS He MPOXOAST CKBO3b NMPOBOAHHK), TO HHJYIHPOBAH-
HBUH 3apAJ —¢ AOJKe: YHCJAEHHO PABHATHCA WHIYIHPYIOWemMy
sapsay q. Ha Breimeidl moBepXHOCTH METAJIIHYECKOH 06ONOUKH
(wacTbiO KOTODPOH SBJASETCH M CTEPIKeHb 3JIEKTPOCKONa C JIHCT-
KaMi) pacnpefensercs NOJOXUTENbHBIH UHAYIHPOBAHHHE 3a-
PS4, YHMCIEHHO PaBHBIl OTPUIATENbHOMY, HHAYIHPOBAHHOMY
Ha BHYTPEHHEH MOBEPXHOCTH, M, CJ€I0BATENbHO, DABHHIH BHe-
CeHHOMY 3apany ¢. Ecau eHecennhift 3apsi g NPHBECTH B CO-
IPUKOCHOBEHHE C BHYTpeHHell MOBEPXHOCTLIO NOJOCTH, HA KO-
TOPOH HHAYLHPOBAH 3apsii —¢, TO 3TH JBa PABHEIX MO0 MOJYMO
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{ NPOTHBONOJIOXKHBIX N0 3HaKy 3apsjia B3aHMHO HeliTpasu-
3yIOTCSl H Ha BHEUWHeH NOBEDXHOCTH MOJOCTH OCTaHETCS 3apsif
g (puc. 36, 6).

Taxum 06pasom JieTKo OGBsACHAETCA TO, YTO NIPH BBeAeHHH
3apsijia BHYTPb MeTajJHYecKOH MOJIOCTH MBI NOJHOCTBIO Iepe-
aeM 3TOT 3apsiaofonouke, B TO ke BpeMsa CTaHOBATCS MORSAT-
HBEIMH ONBITB! {§ ), KOrjga Mbl MCIOJB30BANIH MOJOCTb, COEIH-
HEHHYIO C 3JIGKTPOCKOMOM, /s TOrO, YTOOH! NPOBEpUTH pa-
BEHCTBO ABYX MPOTHBOMOJOMKHBIX [0 3HAKY 3apsji0B, 00pasyio-
WiMXes ODH TPEHHUU,
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Puc. 37. flBnehne HEIyKIHH B He3aMKHYTOH MOJIOCTH: @) 9acTsk JHHHN 10JSA,
HAYWHX OT 3apsja ¢, He NOTajaeT Ha BHYTPEHRIO MOBEPXHOCTb; HHIyLH-
poBaHHbifl HA Hel 2apAj —q MeHblle 3apdAja ¢; HAa BHellHeH MOBEPXHOCTH
BO3HHUKaeT 3apsj ¢; 0) MOMOCTh HACTOJNBKO TWy0OKa K y3Ka, YTC Ha BHyT-
pennefl NOBepXHOCTH ee: HHAyUMpyeTCd 3apaf —¢; a Ha BHelliHefl — 3a-

panq

Ecan 6pl mosocth, B KOTOPYIO BHeceH 3apsif ¢, Obula He
BOJIHE 3aMKHYyTa (pHC. 37, @), TO YaCTb JHHUE [OJsI, UCXOAs-
IHX OT 3apsja g, Morya Obl BBIATH 4yepe3 OTBEPCTHE MOJIOCTH U
3aKOHYMTBbCA Ha APYTHX TesnaX. Takum ob6pasoM, Ha BHYTpEH-
Hed MOBEPXHOCTH MOJIOCTH KOHYAIUCh OBl He BCe JIMHHH, MCXO-
AsiliHe OT 3apsjaa ¢, T. €. HHAYLHPOBAHHBIN Ha 3TOH NOBEPXHO-
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CTH OTpHUATesbHBI} 3apaA —g" 6bl1 6bl O MOAYJ/IO MEHbILE ¢,
Takas He3aMKHYTast TMOJNOCTb He ABJAETCS BIOJNHE COBEpILEH-
HuiM npuGopom i onkiToB § 5. Ho ecnn oTeepctHe mosoct
HeBeMHKO W yJajJeHO OT MecTa pacnoJIOXeHHs 3apaja g, To
NpaKTHYeCKH BCe JIHHHH KOHYAIOTCS Ha BHYTPeHHeH NoBepX-
HOCTH IOJIOCTH H €€ MOMXHO paccMaTpHBaTb KaK 3aMKHYTYIO
(y3kufi ¥ ryGOKUH DMJIUHAD, HasblBaeMbil yuaundpom Dapa-
des, puc. 37, 6).

9 19.1. HauepTuTe JHHHH SJIEKTPHYECKOTO HOJSA TOYEUHOTO OTpHUA-
. TeJIBHOTO 3apAfia ¥ YKaXKUTe UX HamnpaBJeHHe.
19.2. Yemy paBHa HanpsKeHHOCTb NMOJS BHYTPH paBHOMepHO 3apf-
KeHHOH chepbl?
19.3. Uemy paBHa HanpsKeHHOCTb NOJIST B HEHTPe PaBHOMEPHO 3apf-
JKEHHOTO TNPOBOJOYHOTO KOJbUA, HMeloulero GopMy OKpPYXKHOCTHP
19.4. )Kenasm 3HaTh, HaXOAATCA JH JHHHH 3JIeKTpoNepefayH IO
HanpsKeHHeM, HHOTZA HaBemHBAIOT Ha NPOBONA Jierkue GymarkHbie
($raXkKd, KOTOprIe NPH BKIOYEHRH JKHHHH NMOBOPAYHBAIOTCA Ha HEKO-
Topeiit yroa. Ilouemy sTo npouncxomur?
19.5. HauepTute KapTHHBI JHHUN 3JI€KTPHYECKOTO NMOJA, BO3HHKAIO-
[eTO B ONBITaX, H300paKeHHHX Ha pHc. 36, B cayuae, ecld NOJNOCTh
Oula TpelBapHTENbHO 3apsiXkeHa MOJOXHTENbHO H B Hee BHOCHTCH:
a) MOJIOKHTeJbHBIH 3apan ¢; 6) oTpuuaTenbRhIll 3apan q.

§ 20. Pa6ora npu nepeMenieHHH 3apsAfa B 9NEKTPHUECKOM NOJe,
Ha Besikuit 3apsij, Haxomsmuica B 3JEKTPHYECKOM MoJje, Aefi-
CTBYeT CHJIa, H MO3TOMY NpH ABHMKEHUH 3apsjia B MoJjie COBep-
11aeTcs onpefeieHHas paboTa. dTa paboTa 3aBUCHUT OT Hanps-
JKEHHOCTH TOJISf B pasHbIX TOYKax H OT nepeMeleHHs 3apsaja.
Ho ecau 3apad onuceigaem 3amskHymylo Kpusyto, m. e. 803épa-
waemca 8 UCX00HOe NOAOXMCeHUe, MO COBEPLIAeMAn NPU IMOM
paboma pasHa Hyao, Kak Obl HU ObLIO CJI0XKHO MOJIEe H TO
Kagofl 6bl MPHXOTIHBOH KpUBOH HH MPOUCXOAMJIO JBHIKeHHe
3apsaja.

DTO BaXKHOE CBOICTBO 3JEKTPHYECKOTO IOJS HYKHO He-
CKOJIbKO MOSICHHTb. JIjI1  3TOr0 pacCMOTPHM CHauaja JBU¥Ke-
HHe Tesa B moJie CHJbL TakecTd. PaGora, Kak Mbl 3HaeM (CM.
tom 1), paBHa npoH3BeNEHHIO CHJILL Ha NepeMellieHie H Ha KOCH-
gyc ymia Mexxay Humu: A=Fs cos a. Ecau 3TOT yros octphiil
(@<<90°), To paGoTa mNONIOXKHTENbHA, €C/AH e YroJ TYIo#
(@>90°), To paGora oTpuuarejqbHa, B nepBoM caydae Ml
nosyyaeM paGoTy 3a cyeT AEHCTBHS CHJBI [/, BO BTOPOM —
3aTpauynBaeM paboTy Ha npeojosenue 3ToH cuJkl. IlpeacraBum
cefe, YTO B NOJie 3€MHOTO NMPHTAXKEHHH, T. €, B NPOCTPAHCTBE
BOJIH3H 3eMHOMN NOBEPXHOCTH, TJe AeficTByeT TIpaBHTallHOHHast
cHJla TIPUTSXEHHS K 3emye, nepeMeniaercsl Kakoe-HHOYIb
TeJ1o.
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Mu npennmosiaraeM, YTO HPH 3TOM MEPEMEUIEHHH HeT Tpe-
HUSA, TaK YTO TeNO He HCHBLITHIBAET H3MEHEHHH COCTOSTHHS, KO-
TOPBIE MOTYT CONPOBOMXKAATLCH H3MEHEHHSMH €0 BHYTpeHHeH
3HepTHH: TeJIO He HarpesaeTcsi, He pacnajlaeTcsi Ha 4acTH, He
H3MEHFAeT CBOEro arperaTHOTO COCTOSIHHS,, He HCIBITHIBAET
IJIACTHYECKOH JeopMaiun H T. A. B TakoM ciydae BcsiKOe
nepeMelleHHe TeJla B MOJIe CHJIBI TSKECTH MOMKET CONPOBOK JATh-
¢ JIKLIE H3MEHEHHEM IMOTEHUHAJbHOH M KHHETHYECKOH 3Hep-
rud. Ecjiu TeJo OnycKaeTcst, TO MOTEHUHANbHAS 3HEPTHS CHC-
TeMbl 3eMJIst — Tell0 YMEHbIIAeTCsl, a KMHETHYECKas SHepTUs
TeJla COOTBETCTBEHHO yBEJNHUYHBAETCH; HA00OPOT, NMPH Noxbeme
Tesla TNPOHCXOJHT BO3pAcTaHHE TMOTEHLUHAJIbHON 3HEPTHH M

. ONHOBDEMEHHO YMeHbIeHHe KHHeTHYecko# sHeprum. [lpn
3TOM NOAHASL MEXAHUHECKAA Hepeus, T. €. CyMMa MOTEHHHAb-
HOH M KHHEeTHYecKOH, ocmaemcs nocmoarnod (eM. Tom I).
Kak 6bl HH ObUI C/IOXKEH NyTb Tela B NOJE CHJIBI TAXKECTH
(no’beM M OMyCKaHHe N0 BePTHKAJLHOH, HAK/JIOHHOA MJIH KpH-
BOJIMHEAHOH TPaeKTOPHH, NePeiBHKEHHE N0 TOPH3OHTAIBLHOMY
HalNpaBJIeHHIO), HO €CJHM B KOHLe KOHIIOB TeJO NMPHXONHT B
HCXOJHYIO TOYKY, T. €. OINUCHIBAET 3aMKHYTHIH NyThb, TO CHCTe-
Ma 3eMm/s — TeJ0 BO3BPALIAETCS B HCXOAHOE TMOJIOXKEHHE H
HMEET TY Ke CaMyIo SHepTHIO, KaKoil OHa objajana A0 Hadaja
nepeMelleHns Tela, JTO 03HAYaeT, YTO CYMMa IMOJIOXKHTENb-
HBIX DabOT, COBEPIUEHNBIX CHJIOH TSKECTH NPH ONYCKaHHH Te-
Jla, paBHa M0 MOAYJ/IO CyMMe OTPHLATENBHBIX pafoT, COBep-
IIEHHBIX CHJIOH TAXKECTH HA.ydyacTKax WyTH, COOTBETCTBYIO-
IHX noabeMy Tesa. [losTomy anrefpauveckas cymma Beex
paboT, coBepLIAeMbIX CHJIOH TSHKECTH Ha OTHETbHBIX yYacTKaX
OYTH, T. €. N0AHAA paboma Ha 3aMKHYMOM Nymu, PAsHA HYMO.

M3 H3/I0:KEHHOTO SICHO, YTO HAll BRIBOJ CHPABELIHB JHIID
B TOM CJyYae, eCJH B NpOUecce y4yacTBoBana JHUDL CHJIA TH-
KECTH M OTCYTCTBOBaJa CHJIa TPEHHS W BCEBO3MOMKHELIE JIDYTHE
CHJIBI, MOIyIIHe BBI3BATb yYKas3aHHEIE Bbllle H3MEHEHHS BHYT-
penrei sHeprun. Takum o6pa3oM, CHJLI T'PABHTALHOHHOIO
noJs, B OTJHYHE OT MHOTHX JDYTHX CHJI, HalpHMep CHJ Tpe-
HHSI, OOJAaJaloT CBOACTBOM, KOTOpOe MBI MOXKeM c(hopmyJn-
poBaTb TaK: paboma, Cosepuiaemas epasumayUoOHHbIMU CUAAMY
npu Nepemetienty meaa no 3aMKHYMOMY nYymu, PasHa HYyo.
Hetpyauo BHIEeTh, YTO 3TO CBOHCTBO TI'DABHTAUHOHHBIX CHJI
AIBJISETCS] BBIDAXKEHHEM 3aKOHAa COXpaHeHHs (KOHCepBALHH)
TIOJTHON MeXaHHYeCKOol 3HepruH. B cBAsH ¢ 3TUM CHJIOBHIE
T0JI1, KOTOphie O6JajaloT YKa3aHHBIM CBOHCTBOM, HasbIBAlOT
KOHCePBAMUBHLIMU.

ITono6Ho TpaBHTAHHOHHOMY IIOJIIO, 3JAEKMPUHECKOE T10AE,
€030a8aemoe NOKOSIUMUCS INCKMPUMECKUMY SApAdamu, maKdce
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asasemesn koucepsamugneim. Korja B Hem nepemeligercs 3a-
psiA, TO Ha TeX ydacTKaX NyTH, IJie HanpapJeHle Nepevele-
HHS COCTABJSIeT C HanpaB/leHHEM CHJIBLI OCTPBIi yroJ (HanpH-
Mep, B TOYKe a Ha puc. 38), pabora, coepluaemast CHAAMH
noJsi, NMoJioKHTeJabHa. HanpoTus, Tam, rjge Hanpas/eHHe Ie-
PENENIEHHsI COCTAB/SET C HAaNPABJEHHEM CHJBl TYNOH yroa
(B Touxe b), pafoTa cuJ INEKTPUUECKOTO NMOJST OTpHLATEIbHA.
Korma sapsaj, npoiias no 3amx-
HYTOMY NyTH, BEPHETCA B HCXOJ-
HYIO TOYKY, NoJHas paboTa 3/eK-
TPHYECKHX CHJ HA 3TOM [YTH,
npejcTapasionas coboll aaredpau-
YeCKYI0 CYMMY TIOJIO?KHTENbHBIX
paboT Ha OJHHUX y4YacTKax U OT-
pHUATeJbHBIX HA JPYTHX, DaBHA
HYJTIO.

7

Crporoe Maremaruueckoe JoKa3a-
TEJBCTBO KOHCEPBATHBHOCTH 3JIEKTPHUEC-
KOro moJjisi B ofLieM cJayuae JOBOJNbHO
CJOKHO, H Mhl OTPaHHYNMSA MOTOMY 10~
Ka3aTe/JIbCTBOM 3TOIO CBOHACTBA NOAS A4
npocTefiliero cay4asi — I10J1s, co3jaBae-
MOTO OJLHHM TOYEUHBIM 3apsaAoM.

Ilycte B asexTpuueckoM node He-
MOJBHXKHOTO TO4EYHOTO 3apsiia § JApy-
roi 3apsj Gy ABUMKETCS BAOAL IIPOU3BOb-
HOH 3aMKHyTOH Kpusoili [—2—3—4—
6—6—1 (puc. 38) u nocse 06x01a BAOIL
KPHBOH BO3BpAIAeTCS B HCXOAHYIO TO4Y-
ky {. Jas nojcuera cosepinaeMofi npu
39TOM paGOTHl MpPOBEAEeM MBICJAEHHO PSII
cdep ¢ IEHTPOM B 3apsijie g, KOTOpHe pa-
300b10T BeCh NYTb 3apfAAa §g Ha MaJibie OT-
pesKu, H PacCMOTPHM JBa OoTpe3ka [, H /,,
Jexautue MexJay OJHHMH H TeMH Xe cte-
pamn (mexkay Toukamu 2 u 3, 5 u 6). Ec/u 0Tpesku [y U Iy JOCTATOYHO M,
TO MOXHO CUHTAaTh, YTO cHJa, JAeficTBylomas Ha 3apff §,, BO BCeX TOUYKAX
KaXJO0r0 H3 OTPe3KOB NOcTosHHA. Tak Kak o6a OTpeska HaXoisTcs Ha
paBHBIX DACCTOSIHHAX OT 3apsfa g, TO, COIVIACHO 3aKOoHy KyJioHa, CHhl
B3aHMOJleHCTBHA 3aPSAJ0B. Ha OGOHX OTpe3Kax OAMHAKOBH MO MOAYJI0, HA
OT/HYAlOTCS HaflpaBJeHHeM, 06pa3ysl pasHMe YIJAB & H Oy ¢ Halpas-
JieHHeM Iepemellenusi. Hakonel, npH. 10CTaTOUHOH MAJNOCTH. /i u [ 3TH
OTPE3KH MOMHO cuuTaTh NpsaMoJuHedutimu. ITosTomy pa6ora A,s, cosep-
macMast 9/JeKTPHYECKHMH CHJIAMH Ha nyTH 2—3, 6yJ1eT p2aBHA NPOH3BEACHHIO
CHJIbL Ha MePeMCUleHHe H Ha KOCHHYC YIVla MeX]IY HaNpaBJEeHHAMH CHJIbI
H TNepeMeienns, T. e,

Puc. 38. K nokasaTensciBy

HE3aBHCHMOCTY  patoThl  CHJ

3J1eKTPHUECKOr0 NoJs OT (op-
MBI MYTH

Ass==Fl; cos 0.
Touno TaK ke pabora Ayy, coBepwaemas na nyTa 5—6, paBHa
Agg=Flycos g,
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Ho cos atg==cos (1 80°—f)=—cos f, Tax uto A qa==~—FI, cos f§. Kpome Toro,
M3 uepTeXa BHAHO, UTO
[y cos ay==1Iy cos f=d,

rie d — paccTOsIHHE MeX[y cdepaMK, 3aKTOUAIOMAMH OTPe3KH / W I,
ITo3TOMY MH HAXOAHM, UTO
Apy=—~ Ase

T. €. 4TO ajlreGpanyeckas cyMma paloT Ha oTpeakax 2—3 u 5—6 pasHa HymO.
Takoit xKe pe3y1bTaT Mbl NOAYUHM H /15 1060 APYTOH napH CONTBETCTBYIO-
HWIHX OTPE3KOB NMYTH, 3aKJIOYeHHHX MeXAYy Apyramu cpepamu. [ostomy u
nosHas pa6oTta Npu GGXOfe MO 3aMKHYTOMY KOHTYDY, paBHaf CymMMe paGoT
Ha OTAe/JbHLX OTpe3KaX, TOxe GyneT paBHA HYJIO.

Mu nonyuusnu pesyanTaT AJA Cyyasi JEKTPHUECKOTO MNMOJSI OAHOIO
ToyeyHoro sapsina. OH oxasbIBaeTcsl cNpaBeAJHBLIM /ST JIOGOro 3/71eKTpPOCTa-
THYECKOrO NOJIsi, T.e. MOJS, CO3JaHHOIO HeNMOABHXHEIMH 3aDSAaMH, Tak
Kak noJse, cogjlaBaeMoe JiioObIM pacnpejieleHHEM 3apsija, MOMXKHO CBECTH K
NOJIIO COBOKYTHOCTH TOYEYHEIX 3apsii0B.

Hrak, & aasexmpuueckom nose paboma npu nepemeujerui
3apada no 3amMKHymomy KOHIMYpY eceeda pasHa Hyao ™).

Tak kak patora na nytu I—2—3—4—5—6—1 paBua HyJuo,
TO, CleaoBaTenbyo, padora ua nyti [—2—3—4 paBHa 1no mo-
JyJTio ¥ IPOTHBONOJIOXKHA IO 3HAKY- paboTe Ha NyTH 4—H—6—1.,
Ho paGora npu nepemellieHHH 3apsja Ha nyTd 4—5—6—I
paBHa NO MOAYJ/IO H [POTHBONOJOMKHA MO 3HAKy paboTe Hpi
flepeMelllegHdd TOTO e 3apsija BO BCTPEYHOM HANpPABJEHHH,
T. e. no nyTd [—6—5—4. Orciona caenyer, 4to padora Ha
nytH [—2—3—4 (puc. 38) umeer TOT 2Ke MOAYJ/b H 3HAK, YTO
u pa6ora Ha nytH I—6—>5—4. Tak Kak BEIGpaHHBL KPHBOJi-
HeHHBbIH KOHTYD COBEpIUEHHO NPOU3BOJIEH, TO MOJyYEeHHBIH pe-
3yJbTAT MOMXKHO BHIPA3WTL €llle U Tak: pafoma, Cosepuiaemas
AEKMPUHECKUMU CUAAMU NPU  nepesewjeHuy 3apada mencdy
08YMA MOHKAMU 6 IAEKMPUYECKOM NOAE, HE 3a8uUCUm Om Gopmb
nymu.- Ona onpedessiemcs mMOAGKO NOAOJNCEHUEM HAUAAGHOL U
KOHewrot mouex nymu.

20.1. YKaXHTe IO BOZMOXKHOCTH GO/bIle UePT CXOACTBA H Pa3HUHA
° MeXAY SJEKTPHYECKUM H TPaBHTALHOHHLIM NOJAMH.

§ 21. PasHocTh NOTeHUHAN0B (2MEKTPHYECKOE HANpsKeHHe).
BuiGepeM B 3neKTpuuyeckoM MOJe, HANDHMEpP B MOJe MeXIy
MOJIOKUTENIBHO  3aPSIKEHHOH IJIACTHHKOH M OTPHIATENbHO
3apsiXKEHHBIM UIADHKOM, JBe Kakue-iuGo TOukKH I U 2 (puc.
39) u mepeneceM MOJIOXKUTENbHBIH 3apsj, ¢ MO MPOH3BOJBHOMY
nytu I—38—2 u3 touku I B Touky 2. Mul yxke 3naem (§ 20),
uyro pafora, copepiiaeMasi 3JeKTPHYECKHMH CHJIaMH IPH JBH-

*) 310 yTBepKJeHHe CIPABeJJHBO TOJLKO A5 3JEKTPOCTATHUECKOro
10151, T. €. TIOJST, CO3/aBAEMOr0 CHCTeMOH HelOABHKHEIX 3apafos. ([lpumeq,
ped.)
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EHHH 3apsija, He 3aBHCHT OT (OPMBL MyTH, NO KOTOPOMY Ie-
peMemmaerca 3apsaf. [lostomy pa6ora Ha nyTH [—3—2 6yger
Takas jKe, KaK H Ha nyTH I—4—2, # BooOlle Ha J1OO0M NyTH,
npoBefieHHOM Mex 1y Toukamu I u 2. Tak kak cuna, aeACcTBYyIO-
1as Ha 3apsAi ¢, NpONOPUHOHaJIbHA 3TOMY 3apsny (§ 14), To
u pa6oTa Ha KaX[OM OTpe3Ke NyTH, a CJIef0BaTeJbHO, H MOJ-
Haf pa6ora A GyAyT Tak:Ke NPONOPIHOH&AbHBI ¢. IlosTomy

Puc. 39. K noHsTHIO pa3HOCTH NOTEHLHANIOB

IJIf 3aJaHHOTO MOJA OTHOuleHke A/q A Bcex 3apAjoB GyzeT
HMEeTb OJHO H TO e 3HaueHHe H, CJeN0BATEeNbHO, MOXKET Cly-
JKHTb XapaKTePHCTHKOH MoJisg. DTa BeJHYHHA HIPaeT BaXKHYIO
posib B (pH3HKe H 3JEKTPOTeXHHKe; OHa MOJYYH/IA Ha3BaHHE
PABHOCMU  SAEKMPUHECKUX NOMEHYUAA06 UAL  SACKIMPUHECKO20
nanpsocenun *) Mexnpy toukamn I n 2. Taxkum o6pasom,
pasHocmy  NOMeHyuanos (Uau 3AeKmpuxecKoe HAnpsjcerue)
mexcdy mouxkamu 1 u 2 ecmb omrowenue pabomol, KOmMopyto
cosepuiarom  AeKmputeckue cubl npu nepemeueHuu 3apsoa
u3 moukuy 1 6 mouxy 2, Kk amomy 3apady.

- Ecan 0603HaunTh yepes Uy, JEKTPHUSCKYIO Pa3HOCTD MO-
TeHIHaA0B MeXay Toukamu I u 2, To pabora, copepulaeMas
3/IeKTPHYECKHMH CHJIaMH NPH Nepexofie 3apsiia ¢ U3 TOYKH [
B TOYKY 2, Bripagutcs (GopmyJsioH

A=qU,,. (211
U pa6ora A, u 3apsax g B ¢opmyJe (21.1) moryT GuiTh Kak

MOJIOKHUTENBHEIMH, TaK H OTpHuartenbHeiMH. [losTomy pas-
HOCTb noTenuuanop Uy, sIBJAfeTcA anre6paH4yeckod BeHYH-

*) CnefiyeT OCTEPEraThcsi CMEIIEHHA MOHATH HAMpSKEHHOCTH Io-
A5, T. €. CHAM, feficTByOmel Ha ¢AMHHUHBIA 3apsjl, U HANPSKEHHA MEXAY
NIAHHBEIMH TOYKaMU, paBHoro paGoTe NMPH NepeMelleHMH eAUHHYHOTO 3apsja
MeXJy 9TUMH TOYKaMH,
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poit. OHa moJIOKUTENbHA, eC/M CHJB MOJI COBEpPUIAlOT HajA
NOJIOXKHTENbHEIM 3apsiioM NpPH MEepeXoje ero H3 TOYKH [ B
TOYKY 2 MOJIOMHTENbHYIO PaGoTy (MIM HaJl OTPHLATENbHLIM
3apsiJioM — OTpHLATeNbHYyl0 paboty). PasHocTb moTeHLHa-
goB U;, oTpHuaTe/bHa, €CAH TpH. MEpeXoje MOJOKRHTENBHOTO
3apfja M3 TOYKH | B TOUKY 2 CHJIbE NOJISi COBEPILAIOT HAj HHM
OTpHUATENbHYIO paloTy (MJH HaJ OTPHUATEJNbHBIM 3apsjoM ~—
TMOJIOKHUTENBHYIO pafoTy).

M3 dopmyaet (21.1) crenyer, 4TO MOAYJb H 3HAK PA3HOCTH
noteHunatoB U;, COBMajaloT ¢ MoAyJeM H 3HAaKOM paGoTHI,
COBEpUIaeMON CHJIAMH MMOJSL Haj €JHHHUHBIM MOJIOXKHUTETbHBIM
3apAgOM OpH TepeMelleHHH ero M3 Todkd I B TO4KYy 2. Oue-

BHJHO, 4TO
U;=—U,. (21.2)

B CH ennnnna pa3sHOCTH MOTEHIHAJNOB MOJYYHJIA Ha3BaHHe
soaem (B). Cornacho (21.1), 00un soapm ecmb maxas pasrocms
nomenyuaros (Uil maxoe HAnPANerue) mMexcoy 08YMA MoUKami,
npu Komopoi nepemeuignue mMexcoy smumu mOYKAMU NOAONCU-
MmeAbHoeo 3apada, pagHozo O00HOMY KYAOHY, CONposoxcoaemcs
cosepuieHUeM HOAO HUM CUAGMU IAEKMPULECKO20 NOAS pabomet,
pasHoil 00HOMY Oxcoyro:

-1B=1Hx/1 Ka.

U3 ompenesieHHss pa3HOCTH MOTEHLHAJOB clenyeT (puc. 39)
Uy=U;+Us Upy=U,,—Ug,=U,4+ Uy (21.3)

IlpuMeHsisi 3TH COOTHOUIEHHMS, HYJKHO BHHUMAaTeJNbHO CJENHTDb
3a sHakamH. Ecan, nanpumep, Uyy=+410 B, a Us,=—15 B,
T0 Uyp=—bB. Ecan Uy,=+45 B, a Ugy=--7 B, 10 Uyy=
=12B ur o

W3 ckasaHHOro BHiLle SICHO, 4TO (PU3HYECKHH CMBIC] HMeeT
TOJIBKO DasHOCTb MOTEHUMAJOB (MM HAMNpSKEHHE) MeXILy
JBYMSI KaKHUMH-JII60 TOUKAMH B 3JIeKTPHUECKOM ToJe, TaK Kak
paoTa 1o nmepeHoCy 3apsfa B IoJe OnpefeseHa TOJAbKO TOTAa,
Korja 3aflaHbl ¥ Hauajlo M KOHell 3TOro myTH mepeHoca. [Tosto-
My, KOTja Mbl TOBOpPUM OO 3JIEKTPHYECKOM HAlNpSKEHHH, TO
BCEr[a HMeeM B BHAY ABe TOUKH, MeXKIY KOTOPBIMH CYLIECTBY-
eT 3T0 HampsikeHue. Kozda no wexomopoil nebpexcrocmu peuu
2060pAM O HANPANCEHUU UL NOMEHYUAIE 6 00HOU Kaxol-aubo
mouKe, mo eceeda  noOpPa3yMeeaiont PA3HOCML NOMEHYUAN08
MexncOy amotl mourol u xaxot-mo Opyeod, evlbpPaHHOL 3apaHee.

WHor#a ycJI0BHO NPHMHCBHIBAIOT KaKOH-THGO TOUKe moJs,
OT KOTOPOH OTCUMTHIBAIOT PA3HOCTH MOTEHIMAJNOB U BCEX
APYTHX TOYEK, MOTEHUMaJs, paBHHH HYJIO, a KaXIod Apyro#
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TOUKe MOJA NPHIHCHBAIOT MOTEHI(HA, PABHBIH PasHOCTH MO-
TEHIHAJOB IIOJA MexIy AAHHOH TOUKOH H «HyJeBo#». Takoe
P HMHChIBAaHUE KaXKIO0H TOYKe [10/17 ONpPeJe]EeHHOrO «IIoTeHHa-
Jla» UMeeT COBEPIUEHHO YCJAOBHBIE XapakTep. OHO anaioruy-
HO TOMY VCJAOBHIO, KOTOPBIM HOJB3YIOTCA TeQNe3HCThl NpH
HUBeJHPOBKE MECTHOCTH, NPHIHCHIBasi KaXKjOH TOYKE HA 3eM-
HOH TOBEDXHOCTH ONpeJieleHHYI0 «BbICOTY» H pasymes MOpDH
3TOM €ro BBICOTY Haj YPOBHEM MOPs, KOTOPHIH HPOH3BOJBHO
npuHKMaeTcs 3a HYJb A5 OTCYeTa BBHICOT. Mu MOIVIH Oul, OJ-
HaKO, ¢ TAKHM € YCIeXOM OTCYHTHIBATb BCE€ BbICOTHI HE OT
ypOBHA MOpA, a OT Jo60H HHOH TOUKH, HalpHMeD OT BOCTOY-
HOUl BepUIHHBI OabGpyca. Y POBHIO MOpS COOTBETCTBOBajia Obl
IpH 3TOM BBICOTA, paBHass —5,4 KM, a BBICOTHI BCEX NYHKTOB
Ha 3eM/e YMEHbBIIHIHCh Ghl Ha CTOJIBKO XKe, HO 3TO He HMeNO Obl
HHKAKOTO 3HayeHud, ubo peasbHOe (PH3HYECKOE 3HAUEHUE HMe-
€T TOJMIbKO DasHOCTb BRICOT ABYX TOUEK, KOTOpas, KOHEUHO,
ocTaeTca NpexHed.

Touno Tak »Ke, BhIGpaB j18 OTCYeTa pa3HOCTeH NOTEHIHA-
JIOB HHYIO «HYJEBYIO» TOUKY, Mbl NOJAYYHAH Obl AJ15 TOUKH,
3HadeHHe MOTEeHIHada KOTOpOH paHee NPHHHMANOCh PABHBIM
HYJHO, KaKkoe-TO HHOe 3HaueHHe, ckaxeM +100 B (uau —30 B).
Bce 3naueHns <«noTeHUHaja» B OT/JETbHBIX TOYKAaX MOJA yBe-
- muurgIHCch 66l Toxke Ha 100 B (wnn ymesbminauck #a 30 B), HO
3TO He HMeJsIO Obl HHKAaKOro 3HayeHHs, HOO Pa3HOCTb NMOTEHIHa-
JIOB MeXJy JoObIMH TOYKaMH OcTajsach Obl mpexHefl, a, Kak
Mbl NOJYEPKHBAJH BhIllie, peajbHbili HU3HYeCKHH CMBICT HMEEeT
TOJIbKO Pa3HOCTb NOTEHIHANOB (MJH HaNpAXKEHHe) MeXy JBY-
Msl TOYKaMi. 7

Koneuno, yao6cTBo u3MepeHHsa TpelyeT, UYTOOB! MOTeHIHA
u30paHHON TOYKH BO BCe BpeMa H3MeDeHHs OCTaBajiCs HeH3-
MeHHBIM; HHade OTCYUHTaHHBIE OT 3TOH TOYKH 3HAYEHHA NOTEH-
UHanoB APYTHX TOYeK nojsi ObIM Ohl HeCpaBHHMBI MEXKIY CO-
601, 4TO KpaliHe 3aTPyAHH/IO Obl MOJB30BAHHE 3THM CHOCOGOM
XapaxkTepuCTHKH nonad. [lonoxeHHe 6blI0 6B CTOML e He-
YJIOOHBIM, KaK INOJIO¥EHHE Te0Je3HCTa, KOTOPHH NPH HHBEIH-
pOBKe NPHHAJ OBl 32 HYJIb BRICOTHI BHICOTY JBHXKYIIErocs BO3-
JyLIHOrO mapa.

§ 22. IxkeunoreHUHaNLHBE moBepxHOcTH. Ilofo6HO TOMY Kak
Mbl rpadHyecKH H300paxiaeM JHHHAMH HaNpsKEHHOCTb 3j1eK-
TPUYECKOrO NOJsSA, MOXKHO H306pa3sHTb H Pa3HOCTb MOTEHIHA-
JIOB (HampsxXeHue).

Boo6pasum NOBEPXHOCTD, WIst JMOGOH Naph TOYeK KOTOPOi
PasHOCTh NOTEHLHAJIOB paBHA HYJ, Takas NOBePXHOCTb Ha-
3BIBAETCA  SKBUNOMEHYUANLHOL 70BEPXHOCTIBIO HJIH  NIOBepX-
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HOCTBIO paBHOTO mMOTeHUHana. llepecekasicb ¢ mMIOCKOCTbIO
yepTexka, 3Ta NOBEPXHOCTH O06GPa3yeT HEKOTOPYIO JIMHHIO —
SKBHIOTeHNHANbHYIO JHHHI0. CorsacHo PopmyJe (21.1), npu ne-
peMenleHUH 3apsiia BJOJb TAaKOH TOBEPXHOCTH (MM JIMHHH)
pabora 3JIeKTpHYECKHX CHJ DaBHA HYJ/0. DTO MOXeT OblTb
TOJBKO B TOoM CJyuyae, eCId HanpaBjeHHe MepeMelieHHsl BCe
BpeMsi TNepPHEHRMKYJsIPHO K JeficTBymoWel cuie, a 3HaAYHT,
KBUNOMEHYUANBHAR NOBEPXHOCTIL 8 MODOLL MmouKe nepileHOuKy-
AAPHA K aunuam noas, Y o6paTHo, BCAKasi MOBePXHOCTDb, mep-
NEHJIUKYJ/IsipHas B JIOOOH TOUKE K JIMHHUAM M0Jsl, €CTh 3KBH-
NOTeHI[ManbHaa TOBEPXHOCTb, TAK KaK HepeMelleHHe 3apsja
BJOJb 3TOH TIOBEPXHOCTH BCJ/eACTBHE MNeplIeHAHKYIsPHOCTH
CHJIBI M TepemelleHHs He OyJeT CONPOBOXKAATBHCH pPaboToi
371eKTPHUECKHX CHII.

Ha uepreke Mel H306paKkaeM He 3IKBHIOTEHLHAIbHLIE MO-
BEDXHOCTH, & JIMHIb MX CeYeHHe TJIOCKOCTBIO uepTexka, T. €.
9KBHNOTEHIHa/NbHble JHHHM. C HX NOMOWBIO MBI I0OJyYaeM
HaIJIsHOe TpeACTaBJEHHE O TOM, KaK H3MeHseTCs pasHoOCTb
NOTEHIHANO0B B AaHHOM fosne. Mx yno6HO 4epTHTh TakuMm 06-
pasom, 4ToCEl pasHOCTb TMOTEHIHaNOB JJs JMOOLIX ABYX COCel-
HHX JuHui Gbliia ofiga U Ta xe, Hanpumep 1 B. laa toro yto-
Obl 3Ty pasHOCTb NOTEHIHAJIOB [10Ka3aTh Ha UepTere, Mbl Bhbl-

|
|
1
i
I
T
¥

Puc. 40. Kapra 3KBHNOTEHUMAJbHBIX I[I0OBEPXHOCTEH TOYEUHOrO 3apffa:
a) 3apaj MOJOMKMTeNbHHIE; 6) 3apAj OTPHNATEJbHBIH

GepeM TPOHM3BOJBHYIO SKBHIOTEHIHANBHYIO JHHHIO, OTMETHM
ee 1udpoit 0 u O6yneM NPOCTAB/IATH BO3JIe BCEX OCTANbHHIX LHG-
pel 1, 2, 3 u T. 4., yKa3wBawlliie Pa3HOCTb TNOTEHLHAJNOB B
BOJIbTaX MeX]Jy TOYKAMH [AHHOH 3KBUIOTEHUHAJNbHOH JIHHHH
H JIMHHH, BRIOpaHHO} Ham# 3a HYJeByw. Ilpu sTom BHIGOP HY-
JIeBOH JIMHHH (HYJIeBOH TNOBEPXHOCTHY COBEpIIEHHO IPOH3BO-
JIeH, TaK KakK (U3H4YeCKHH CMbICJ HMEET TOJIbKO PasHOCTh MO-
TeHIHAJIOB /sl JBYX Kakux-au6o noBepxmoctell (§ 21), a ata
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PasHOCTb, OYEBHJHO, HE 3aBHCHT OT BHIOOPA HYJEBOH MOBEpX-
HOCTH. o
PaccMOTpHM B KauecTBe IPHMepa MOJie -TOUEYHOLO II0JIO-
JKHTeJbHOTO 3apsajga. B 3ToM cilydae JHHHH MoJs — pajHalb-
Hble MPSAMbIE, H NO3TOMY 3KBHIIOTEHUHA/IbHBIE TOBEPXHOCTH —
KOHLEHTPHYECKHe cephbl, KOTOPble B KaXKAOH TOYKe IeplneHIH-
KYJADHBI K JIHHHAM 0OJASl. OKBUNOTEHIHANbHblE JIHHHH —
KOHIEHTPHYECKHE OKPYKHOCTH, H300paxkeHHble Ha puc. 40, a.
[Ipu mocTpoeHHH 3TOro YepTeKa 3a HYJEBYIO JIHHHIO Oblia
BblOpaHa NMPOH3BOJIbHAS OKDYXKHOCTb H 3aTeM NOCTPOEHHl OK-
PY>KHOCTH C Pa3HOCTbIO NOTEHIHANOB (OTHOCHTEIbHO HYyJeBOH
OKpyxHoctH) 1, 2, 3 u 1. A. BoabT. Ha puc, 40, 6 noka3ausl
[OCTPOEHHBIE TaKHM O00pa3oM 3KBHNOTEHLHAJNbHEIE JIHHHH
TOYEUHOTO OTPHLATEJbHOTO 3apsja.

§ 23. B ueM cMbica BBeeHHSI Pa3HOCTH norteHudanos? B § 21
MBI BBEIH HOBYIO BEeJIHUYKHY — Pa3HOCTb NOTeHumanoB. [
4ero 2Ke CJAYXKHT 3Ta BeIHYHHA H B UYeM 3aKJouaetcs <e
noJIb3a?
3Has pa3HOCTh NOTEHIHMAJIOB ISl BCeX TOYEK MOJA, T. €.
HMesi TpadUK 3KBUIIOTEHIHANbHbIX IIOBEPXHOCTEH, MOXKHO
M MMM M IPOCTO ONpPENEJHTb H HAanps-
JKEHHOCTb 3TOTO noad. JleficTBu-
TeMbHO, nycets 1,2, 3,4, 5
(puc.41) — 3KBUNOTEHUIHAJbHBIE
nosepxHoctH. OHH B Kaxioi
TOYKe NMepNeHAHKYJ/IADHLL K Jil-
HuaM noas (§ 22), u nostomy,
npoyepuuBas JuHuH LM, nep-
NEHIUKYJ/ADHbIE K 3KBHIIOTEH-
[IHAJbHBIM TOBEPXHOCTAM, MBI
A A A Cpa3y HaXOAHM JIHHHH JAHHOTO
Puc. 41. Moctpoenue nunmit nons ~ 1O/A, T. €. ONPEACTHM arpas-
[0 5KBHIOTeHUHaJbHLIM noBepx- JIEHHE IIOJA B KaXJOH TOUKE.
HocTAM I—5 YKazaHHoe Ha pHc. 41 Hampas-
JieHHe JHHUHA LM coOTBEeTCTBY-
€T CJy4alo, KOrja IIpH Nepexoje OT MOBEPXHOCTH I K 1oBepx-
HOCTH 2 H T. A. NOTeHUHa]a yObiBaeT *),
Jas Toro 4toObl HaHTH HaNpPAXKEHHOCTb NOJsA B TOUYKE 4,
Jexaiiei Ha IKBHNOTEHUHANBHON MOBepXHOCTH I—I, nepene-

*) KoneyHo, puc. 41 miockHil, Tak YTo, cOGCTBEHHO I'OBOPS, Mb! H300.
pa)kaeM Ha HeM JIHWIb OKBHIOTellllHabHEIE JIHHHH H JIHKHA TOJS, JeXamue
B [JOCKOCTH YepTexa. [l NoJNHOH XapaKTepHCTHKH #JeRTPHYECKOro Io-
JS B MpPOCTPaHCTBe HajAo On10 Ghl CTPOHTL MpPOCTPAHCTBEHHYIO MOJENb,
uTO, K COXaJeHHIO, CIHLIKOM 3aTPYAHHTENbHO.
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CeM MBICJIEHHO MOJIOXKHTENbHBIE 3apsi ¢ H3 TOUKH @ BAOJb JIH-
HEH TIOJIS1 B COCEJIHIOI TOUKY b, JIEKAIYI0 Ha SKBHIIOTEHIIH a/lb-
Ho#l nosepxHocTH 2—2. [lycTb pasHOCTb MOTEHLHANOB MEXKY
noBepxuocTaMd I u 2 paBHa U, a aiauHa oTpe3Ka ab (1. e.
paccTosinde MeXAy STHMH noBepxHocTaMH) paBHa l. Torma
pabota, copepiiaeMast 3JeKTPHUYECKHMH CHJIaMH NPH 3TOM Ie-
pemellennd, coryacuo ¢opmyse (21.1), paera qU;,. C apyroi#
CTOpOHBI, 3Ta e paboTa paBHa NPOU3BeJeHHIO CHJILL F Ha nepe-
Meliense [, T. e. papHa Fl, Tak KaK Hanpas/eHue nepeMeiie-
HHA M HalpaBJieHHe CUJIBl B 3TOM CJydae Bce BpeMsi COBIAJAIOT.
Ho, cornacHo gopmyse (14.1), F=qE. IlosToMy HCcKOMasi pa-
6oTa ecTb

gEl=qU,,,
OTCIoa

E=Yn

12 (23.1)

Ec/ay Hampsi:KeHHOCTb NOJA B PA3HbIX TOYKAX OTpe3Ka | pasiiMuHa, TO
dopMmyaa (23.1) onpeensieT cpeOHION HONPANCEHHOCMb TOJsS Ha OTpeske [,
JIn4 moJydeHHsT HCTHHHOR HaMpsXeHHOCTH B JaHHOH TOYKe HAAO BHIGHpaTh
{ OCTaTOYHO MAJIRIM.

Benusuna U,,/! npencrasisier coGofl pa3HOCTb MNOTEHIHa-
JIOB M&XJY KOHLAMH JIHHHH MO, NPUXOAAIAACT Ha EAUHHILY
JUIHHBE JIMHHH 110/, WIH, KaK ellle IPHHATO TOBOPHTD, HaNps-
JKEHHE Ha eIHHUIY AJHMHBI JHHHH NMOJjsA. Mbl BHAHM, 4TO Ha-
NPANCEHHOCMb 8 KAKOM-AUOO Mecme hoAsl PaBHA HANDANCEHUIO
HQ eOUHUYY OAUHbL AUHUW NOAS.

C Apyrofi CTOPOHBI, CJIH SKBHIOTEHIIHANbHLIE NIOBEPXHOCTH
npouepuens! uepe3 1 B, To B ¢opmyne (23.1) U,,=1B u E=
= 1 B/I, 7. e. HanpsiKeHHOCTb N0OJIST 0GPATHO NPONOPIHOHANLHA
PACCTOSIHHIO MEXK]Y COCeAHHMH 3KBHIIOTeHIMaJbHBIMH MOBEpPX-
HOCTAMH. JIpYTHMH CJIOBAMHU, 4eM MECHEe PACIOAONCCHBL IKBUNO-
MeHYUAALHbIE nosepxHOCTU, mem D0AbUIe HANPANCEHHOCTL NOAS
8 danHom mecme.

Wz ¢opmyasr (23.1) cnepyer, uto A NOJSA, HaNpPSXKeH-
HOCTb KOTOPOIO paBHAa eAWHHIE, HANPAMEHHEe Ha eIUHHIE
JUIMHBL PABHO efHHIEe. B cOOTBETCTBHH ¢ 3THUM efMHHIA Ha-
OpSIZKEHHOCTH 3JeKTpudeckoro noas B CH nosyuuna HasBa-
nue eoaem Ha memp (B/m).

Mo BuzuM, 4TO, 3Haf pasHOCTb IOTEHUHANIOB MEXKAY JIIO-
ObiMU ABYMS TOUKaMH NoJs (MM, KaK HHOIAA FOBOPAT, 3Has
pacnpenesieHie NOTeHIMana MOJAS), Mbl MOXKEM ONpPENENHUTDb
B Ka)XJ108 TOYKE IIOJIA M HaNPSAKEHHOCTh 3JEKTPHYECKOTrO M0JI,
T. e. HafiTH cuJsIBl, JeficTBYIOIiHE HA 3apslbl B 3TOM MOJE.
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23.1. lse mapaniennHule IJIOCKHe MJIACTHHBHI, HaXOAsLIHecs Ha pac-
crosiHii 10 cM ADYT OT Apyra, 3apsKeHbl 10 PA3HOCTH NMOTEHILHAOB
1000 B. Kakas cHna 6yfier geficTBOBaTh Ha 3apsaj, pasHuii 0,1 MKu,
NOMeLlle HHBIA MEXIY NJIaCTHHAMH?

23.2. OnHIT NOKA3LIBACT, UTO y NOBEPXHOCTH 3eM/IH HMeeTCS SJEKTPH-
yecKOe MnoJe, HanpaplleHHoe K 3eMile, HanpsAMeHHOCTh KOTOPOTO
paBHa okoqo 130 B/mM. Kakas cHa BeficTBYeT Ha NONOMKHTeNbLHBIA HOH
BOAopoja BOMH3KM 3eMIH H KyJa 3Ta CHla Hanpaeleua? Bo ckojbko
pa3s oHa foJiblie CHILI TAXKeCTH, AeficTBYloweA Ha HOH? Macca aToma
Bogopoja pasHa 1,67.10-%7 xr, 3apan snexTpoHa paseH 1,60X
X 10~3% Ka. )

=)

CornacHo ¢opmyae (21.1),
A= qu"

rie A — paborta, coBepiaemast HaJ 3apsiioM ¢ IpPH €ro nepe-
MellleHHH W3 TouKd I B Touky 2. Eciu 3apsaza nosoxutenes,
TO 3HaK A coBnagaer co 3HakoM Uj,. PaGora A Gymer noso-
JKHUTE/NbHA, eC/H CHaa, AeHCTBYOLas Ha 3apsj, HarpasjeHa
TaK 2Ke, KaK IlepeMellieHHe, T. €. OT TOUKH I K TOuke 2.
B cayyae mosoXKHTENBHOTO 3apsifia § TAKOE Ke HalpabjieHHe
OyaeT HMeTb W HamnpsiKeHHOCTb noas. C apyro#i croponsl, Uy,
OyZeT TNOJOXKHUTENbHA, €CAH IOTeHIHaJ B TOYKe 2 MeHblle,
ueM B Touke I. OTcioja 3aKaouaeM, YTO HaIpPsiKEHHOCTb IEK-
TPUUECKOTO II0JIS1 HanpaBjeHa B CTOPOHY YOLIBAHUSA [OTeH-
uuana. [Tostomy none 6yjaer cTpEeMHTbCS INE€PEMECTHTDL [OJIO-
JKUTEMbHBIH 3apsj B CTOPOHY yObIBAaHHS NOTEHLHANa, 4 OTPH-
HarteqLHbIH 3apsa— B CTOPOHY BO3paCTaHHs NOTeHIHaJa.

Taxum 06pa3oM, NpH IOMOILH Pa3HOCTH IOTEHLHANOB MOXK-
HO 0XapaKTepH30BaTb 3JIeKTPHUYECKOe MoJle TaK 2Ke MOJIHO, Kak
H [IpPH NOMOIH HanpsiKeHHOCTH. I'paduK 3KBHIOTEHIHANbHBIX
JHHHH MpeACTaBaseT COOOH TaKylo Ke «3JeKTpHYecKylo Kap-
TY», K&K U IpaduK JUHHH 105, 3Hasg OJUH H3 3THX IpadHKoB,
MOXKHO, COIJIACHO CKa3anHoMmy B § 22, Ge3 TpyJa NOCTPOHTD
apyro# rpapuk. OTHOCHTENbHO TYCTOTH MDOBEJCHHS 3KBH-
[OTeHIIHAJbHBIX [OBEPXHOCTEH MOXKHO NOBTOPHTb TO XKe caMoe,
uTO CcKa3aHo B § 17 OTHOCHTENbHO I'YCTOTB! JUHUH nons. Ecan
H3BeCTHO pacnpefieieHHe INOTEHIHANOB B 10Je, TO MOXKHO
OoueHb ¥IPOCTO pa3pelliaTh Ba)kHBE 3ajayd, OTHOCALIHeCd K
3JIeKTPHYECKOMY TOMI0. BO MHOMHMX cayuasx pellieHHe TaKuX
3a7a4 C [OMOIIBIO pacnpeleneHdss NOTEHIHAN0B Ipolle, YeM
C NOMOWLBIO JIHHUA [OJA.

B § 25 Mbl yBHAuM TaKiKe, 9TO Pa3HOCTb NOTEHLHANOB rO-
pa3io Jerdie H3MEpHUTb Ha OMbITe, YeM HANPAAKEHHOCTb IO,
ITostoMy omucaHue noss NpPH TNOMOIUHM DPA3HOCTH IIOTEHLHa-
JIOB — QUEHb BAXKHBIH W TOJIE3HBIH METOZA. :
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§ 24. YcnoBust paBHOBeCHSl 3apAJOB B NPOBOAHHMKAX. PaccMor-
pUM YCJOBHSl PABHOBECHS 3apAJ0OB B NPOBOJHHKE, BOCHOJb-
30BaBLUHCh NOHATHEM PasHOCTH noTeHuuanos. Kak yxke yka-
3piBanioch B § 16, mpu paBHOBeCHM 3apsifioB HANPSAKEHHOCThb
noJsi B NPOBOJHHKE NOJKHA PABHATBCA HYJO (T. €. SJEKTPH-
4ecKOe IIoJie B IPOBOJHHKE OTCYTCTBYeT), HO Ha OCHOBaHMH
(23.1) 370 03HAuaeT, UTO PASHOCHL MOMEHLUAA08 MeHOY A0~
ObiMU MOUKAMU NPOBOOHUKA PABHA HYAt0. DTO OTHOCHTCS TaK-
’Ke H KO BCeM TO4KaM NOBepxHocTH nposojuika. CnenoBa-
TeJIbHO, rO8ePXHOCMY  NpPo6od-
HUKA ABAACMCA KGUAOMEHYU-
QAAbHOU N0BEPXHOCMBIO.

Tak xak JuHHH DoOJA Dep-
NeHABKYJIAPHEL KO BCEM 3KBH-
NOTEHIHANbHBIM NOBEPXHOCTAM
(§ 22), To oM nepneHAHKYMAAD-
Hbl K NIOBEPXHOCTH IIPOBOJIIH- .
Kd — BBIBOJI, KOTOPHIH MbI yxKe  Puc. 42. K ofbsicHeHHIO BO3HHK-
nony4usu B § 18, HOBEHHSI JABHXKEHHS 3a2psjoB IPH

ECJIH MBI ¥MeeM JBa HU30JH- HaJH4YHH pasHOCTH INOTEeHIHAJIOB
pOBaHHBIX NpoBomHHKa I u 2 :
(puc. 42), TO NOBEPXHOCTb KaXKJAOTO H3 HHUX JOJXKHA OBITh 3K-
BUIIOTEHI[MANbHOH noBepxHocThio. Ho Mmexpy noBepxHocTA-
MH 3THX ABYX IPOBOJHHKOB MOXKET CYLLECTBOBaTb Pa3HOCTb
noTeHnHasoB. UT0 Npou30ilaeT, €CAH 3TH JBA NPOBOIHHKA CO-
eIMHHTb MeTaJNIHYeckol NMpOBOJIOKOH? MexXay KOHUAMH 3Toi
NpOBOJIOKH Gy/eT CYIlecTBOBaTb PAsHOCTb NOTEHLUHAJIOB, paB-
Has pPAasHOCTH MNOTeHHMAaNoB NpoBOJIHHKOB. CrenoBatesnbHo,
BJIOJIb NPOBOJOKH GyneT neficTBOBaTbL 3JEKTPUUECKOE ToJIe, H
nosToMy B Hell HauHeTcsl ABHXKeHHe CBOGOAHBIX 3JIEKTPOHOB,
nepexolAlIHX B CTOPOHY Bo3dpacTanus notenunana (§ 23),
160 3MeKTPOHbl HMEIOT OTPHIATENbHBIN 3apsai. BmecTe ¢ 5THM
JBHKEHUEM HAYHETCH M NepeMelieHHe 3JeKTPOHOB N0 NPOBOJ-
Hukam I ¥ 2, B pe3y/ibTaTe KOTOPOTO MMEBIIAsCA BHadasle pas-
HOCTb NOTEHIHAJIOB MEXAY NPOBOXHUKAMH GyJeT YMeHbllaTb-
csl. JIBuiKeHHe JIEKTPOHOB, T. €. JEKTPUUeCKHi TOK B NPOBOJ-
HUKaX H B COeNHHAWILEH HX NPOBOJIOKe, GYIeT NPOAO/IKATLCS
JO TeX Nop, NNOKA PasHOCTB NOTEHIHAJIOB MEXAY BCEMH TOUKa-
MH 3THX NPOBOJHHKOB HE CTaHET PABHOM HYJIIO M NOBEPXHOCTH
060MX NPOBOIHUKOB M HPOBOJIOKW MEXKAY HHMH He CAeNarTCs
OJHOH 5KBHIOTEHLHANbHON NOBEPXHOCTHIO,

Hamw semnoff map B HeaoM sBiseTcs® NpoBofHHKoM. [lo-
TOMY TNOBEDXHOCTb 3eMJIH eCTh TaKiKe SKBHIOTEHI[HabHast
noBepxHOcThb. [IpH NOCTPOEHHH SKBUIOTEHUUANBHEIX IIOBEPX-
HOCTeH HepeJKO BBIOMDAIOT B KAueCTBE HYJIEBOIl SKBHIIOTEH-
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IHANbHYIO NOBEPXHOCTD, COBNAAAIOLLYI0 C NMOBEPXHOCTHIO 3eM-
JI, H MHOTJA TOBOPAT BMECTO «Pa3HOCTb MOTEHIHAJIOBY NPOCTO
«oTeHIHaM» B JaHHOH Touke. IIpH 3TOM HMEIOT B BUAY TY pas-
HOCTB MOTEHIIHAJIOB, KOTOpas CYIIECTBYET MEXAY 3TOH TOYKOM
M KaKoN-1H60 TOYKOH noBepXHOCTH 3emun. Kak yixe GbuIo
pasbACHEHO B § 22, BbI6op NOBepPXHOCTH 3eMJIH B KauecTBe HY-
JIEBOH 3KBHNOTEHIHANBHON MOBEPXHOCTH ABJAAETCH YCJIOBHBIM.
2 24.1. HavepTHTe np HOMN3NTEILHEIR BHI SKBHIOTEHI[HAAbHLIX TOBEPX-
) HoCTel M JIMHHE [0JISI BO3Je NOJOXKHTeJbHOTO TOUSYHOTO 3apsu‘[a o=
MeleHHOro Hafg 3eMHOH NOBEPXHOCTBIO.
24.2, HaqepTHTe NpHOM3NTENbHBIN Bl 5KBUIIOTEHIHAJIBHEIX [TOBEPX-
Hoctell ¥ JHHHH [10JIsT, BO3HHKAIOUIETO MEXK Y 3apAXKEHHBIM METaMJIH- -~
HECKHM LIapoM H CT€HaMHM KOMHAaTHI. "
24.3. HNameuutca au SJEKTpHYECKoe IoJie, Co3JaBaeMoe 3apsiioM,
€CJIH 3TOT 3apsll OKPYXKHTb TOHKOH He3apsKeHHOH MeTaJljiHuecKoH
NOBEPXHOCTEBIO, cosnanalomeﬁ C OI[HOﬁ H3 3KBHIIOTeHIIMAJBHEIX IO«
BepXHOCTeH P

§ 25. 3nexktpometp. IlocMoTpuM Tenepb, KaKUM 06PA30M MOXK-
HO M3MEepPHTh Ha ONBITE PasHOCTb MoTeHIHMa 0B, g atoro pac-
cMOTpHuM mpuGop, u3o6paxenHulit Ha puc. 43. OH npexcrasis-
€T co6o¥ He YTO HHOe, KaK OCLIYHBIH 3JIEKTPOCKON C JIHCTKaMH,
KOTOpHIH, ONHAKO, MMeeT MeTa/IMYeCKHH KOPNyC M u3MepH-
TeasHylo mKany. CoefuHuMm Kopnyc aToro npubopa ¢ 3emnell

‘ a / )
Puc. 43. DnexTpoMeTp: a) ob6wmil BHI, K — 3aKHuM LA NPHCOeAHNEHHSA

NpOBOJA, COEAMHAIOMIEr0 MeTaJiMYeCKHil xopmyc ¢ 3emiedl; 6) ychlosHoe
H3o6paxkeHne

U KOCHEMCHl ero CTepXHA KaKHM-IHOO 3apsKEeHHBIM TeJoM.
ITpu 3TOM yacTh 3apaaa nepefijieT Ha cTepKeHb W JHCTKH pa-
30MAyTCA HA HeKOTOpHH yroj. OT 4ero 3aBHCHT OTKJIOHEHHE
JIUCTKOB?

I[Ipu 3apsaKe JTHCTKOB BHYTPH NPHGOPa BO3HHKAET 3/IEKTPH-
YecKoe noJie. JIMHHM 3TOTO MOJisi NOKasapkl Ha puc. 44 wrpH-
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XOBBIMH JIUHHAIMH, & €rO SKBUIOTEHIHa/bHbIe NOBEPXHOCTH -—
CIJIOIHBIMH JHHHAMH. [TOBEPXHOCTD MeTaJVIMYECKOTrO Kopnyca
ecTb SKBUNOTEHIHAabHAsl noBepXHOCTb (§ 24); TO ke OTHO-
CHTCS K MOBEPXHOCTY CTEPXKHSA H JHCTKOB; HO, KOHEYHO, 3TO ——
JIBe Ppas3/jyuHble SKBUNOTEHUMANTbHble TNOBEPXHOCTH, MEXIY
KOTOPEIMH MMEEeTCSl HEKOTOpasi PasHOCTb MOTEHLHaJOB, CO-
OTBETCTBYIOI[aA MO0 BHYTPU npubopa. Mexay HUMH pasme-
A0TCA APYrHe 3KBHNOTEHIMa/lbHble moBepxxoctd. Ha puc.
44 MBI IPOYEPTHIIH HX YePe3 OXHO H TO ¥Ke UHCJIO JIMHMA noJs.

Puc, 44. DaekTpHyecKoe MOJe BHYTPH 3JEKTPOCKONA C MeTaJIHYeCKHM
KoprycoM: @) TpH GOJMbIIOH PA3HOCTH TMOTEHIHAJIOB MeXAy JHCTKAMH
H KoprycoM; 6) NPH MaJoOH Pa3HOCTH IIOTeHIHAJAO0B MeXAY HHMH

IMosToMy 4YHC/IO H306paXKEHHBIX Ha YepTexxe SKBHIOTEHLHAJIb-
HBIX NOBEPXHOCTEHl 3aBHCHT OT PA3HOCTH MOTEHLIHANTOB MEXIY
JHCTKaMH M KopnycoM. Ecau 3Ta pa3sHOCTb NOTEHIMAJNOB Be-
JIHKa, TO SKBHMNOTEHIHANbHblE NOBEPXHOCTH PAaCIOJOXKEHH!
oueHb TyCTO, H NOSTOMY INajeHHe NOTEHIHajJa Ha EJUHHLIY
JJIMHEL 3HAUHTENIbHO; CJEAOBATeNIbHO, COrVIacHO § 23, Hanps-
JKEHHOCTb IOJISI BOKPYI JIMCTKOB TOXKe BeauKa. Ecau, HaoGo-
POT, PasHOCTb NOTEHUHAJNOB MEXJY JIMCTKAMH H KOPNyCOM Ma-
Ja, TO najeHHe NOTeHIHa/Ma HEBEJAHKO H HamnpsKEHHOCTb NOJs
BO3JI€ JIUCTKOB MaJa.

OTKJIOHEHHE JIHCTKOB 3aBUCHT OT NeHCTBYIOUlel Ha HUX CH-
Jibl, T. €. B KOHEYHOM CUETE OT HaNpS3KEHHOCTH 3/IEKTPHUECKOTO
noss Bosjne HUX. UeM OoJbllie pasHOCTb MNOTEHLHANOB, TeM
6oviblile HANPSMXKEHHOCTb NMOJIS BO3Je JIMCTKOB, TeM GOJIblIE U
UX oTKJjoHeHue. Co3jaBasi OZHY H Ty Ke Pa3HOCTb MOTEHIHa-
JIOB MEXJY JIHCTKaMH H KOpNycoM, Mbi OyaeM Hal/lofaTb H
OJHHAKOBblE OTKJOHEHHf JIMHCTKOB. Mbl BMJHMM, YTO OTKJOHe-
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HHE JIHCTKOB B.JAHHOM NpHGOpE 3aBHCHT OT Pa3HOCTH MOTEHIHA~
JIOB MEXIY HUMH H KopmycoM nmpu6opa. Cra6aus npubop mika-
701, MBI MOXKEM MO OTKJIOHEHHIO JIHCTKOB CYIHTb O PasHOCTH
MOTEHLHAMNOB.

[TpuGopel 1/1s1 H3MePeHHs] PAa3HOCTH .MOTEHIMAJOB HAa3bl-
Baiotcsl aaexmpomempamu. Ha puc. 45 mokasan ojuH M3 TH-
OB 3MeKTpoMeTpa. Ero MOXKHO NpOrpaiyHpoBath, T. €. Onpe-
JIeIMTb, KAaKOH PA3HOCTH NOTEHLHAJOB, BBIDAXKEHHOH B BOJIb-
Tax, COOTBETCTBYIOT DAa3JHYHHIE YIVIBI OTKJOHEHHS JHCTKOB,
H TOTJa M0 OTKJOHEHHIO JJUCTKOB MOXHO CPa3y e OMNPelesUTh

3Ty PA3HOCTb I[OTEHUHAJIOB,
BLIpaXKEHHYIO B BoJbTax. M3
CKa3aHHOTO CJexyer, uTo
aaeKmpoMemp 6ce20a usmepsa-
em pAasHOCHL  NOMEeHyUaA0s8
Mewy €20 AUCHKAMU U KOD-

nycom.

a5 Toro 4ro6H npH mno-

" MOIIM 3JIEKTPOMETpa = H3Me-
. PHTb PA3HOCTb NOTEHUHAJIOB
Puc. 45. HaMepeHHe pasHOCTH NOTEH- MEXTY KaKHMH~-THOO0 JBYMA
Lll/{uaJIOB MeXy TPOBOIHHKOM H 3eM- NPOBOAHHKAMH, HANpHMep
JieH Tpu HOMB(::%“ i'gzgg;) merpa (mep- NpOBOMHHKOM H  3ewiel
(puc. 45), HYKHO CTepKeHb

(IMCTKH) 3/EKTPOMETPA COEJUHHTb C 3THM [POBOJHHKOM,
a ero Kopnyc — c¢ 3ewueii. Uepes odenb KOpPOTKOe BpeMms
CTep:eHb S/eKTPOMeTpa OKaXKeTCA MPH TOM XKe IOTeHLHa-
Jie, UTO U COEfHHEHHKH ¢
HHM TIPOBOJHHK, 4 NOTEH-
Ian  Kophyca 3JeKTpo-
MeTpa CpaBHsieTcs C IIO-
TeHIHanoM 3eman (§ 27).
Taxum ofpasom, NMokasa-
HHMS 3JEKTpOMeTpa JaiyT
PasHOCTE  MOTEHLHAJIOB
MeK]Y TPOBOJIHHKOM H
Semieii. 1lepememas Ko-

TPOBOJIO b

Puc. 46. HamepenHe pasHOCTH .NOTEH- H?u‘ POBOJIOKH, BEAYILEA

UKaNoB Mexky nposoNEKoM M 3emnefi K SJCKTPOMETDY, NO IO-

OPH TIOMOLLY 9JieKTPoMeTpa (BTOpofl cmo-  BEPXHOCTH INPOBOJHHKA,

co6) MOKHO yOefHTLCA, YTO

OTKJIOHEHHEe JINCTKOB CO-

BEepIUEHHO He MeHseTcs, T. €. 4TO, corjacHo § 24, moBepx-

HOCTb TIDOBOJHHKA SABJsieTC 3SKBHMOTEHUHANBHOH MOBepX-
HOCTBIO, Kakylo OH CJI0XKHYI0 GopMy OHA HU HMerna.
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MOXKHO, KOHEUHO, MOCTynaTh HA0GODPOT: COEIHHHTH ¢ 3eM-
Jefl cTepKeHb JIEKTPOMETPa, a KOPTYC ero, TMATeJbHO H30JIH-
poBaB (Hanpumep, MOCTABMB HAa KYCOK napaduHa), COSIHHHUTD
C H3y4YaeMbIM NPOBOAHHKOM (puc. 46).

[Tokasanus smekTpoOMETpa U B ITOM Cydae JalOT PA3HOCTb
[OTEHIIHAJIOB MEXJY ero CTepXKHeM H KOpPNycoM, a cJej0Ba-
TeJbHO, PA3HOCTh MOTEHIHAJIOB MEXAY MPOBOJHHKOM H 3eM-
Jefl. :

§ 26. B uem pazanune MeKay 3JeKTPOMETPOM H 3/EKTPOCKONoM?
YpanuB ueTaNNMHUeCKH# KOPNYC 3JIeKTPOMeTpa HJIH 3aMEHUB
€r0 CTEeKJSAHHBIM KOJINAKOM, Mbl MOJYUYHM MPOCTOH 3JEKTPO-
ckon (§ 1). Ilpu >TOM JHHUH SJEKTPHUECKOrO MOJA, HCXOMs-
Imue OT 3apsaoB, GyAyT, NPOXOAS 4epe3 CTeK]10, OKaHUHMBATh-
¢S Ha OKPYXKalOIKX NpeaMeTax, H poab Kopryca OyfyT UTpaTh

Puc. 47, OnelT ¢ 3apMKeHHbIM /1eKTPOCKONOM: @) JIHHHH 3JIEKTP HYeCKOro

NOJA BOKPYT 3apAXKeHHOTO 3JEKTPOCKOTNA B 3aKPHITOM LOMelleHHH; 6) TpH

3a3eMJIeHHH 3JeKTPOCKONa 3JeKTpHUYeCKOo2 TloJle BOKPYT Hero Hcdesaert.
Jn7 HaTJIAJHOCTH CTeKJIAHHBIA 6aJVIOH 3JeKTPOCKONa He H300parkeH

CTEHBI M [OTOJOK KOMHATHI, T€JIO SKCIepHMeHTaTopa W T. 0.
(puc. 47). B 3ToM cayuae pacnosioxeHue SKBHNOTEHIHATbHbIX
[OBEPXHOCTe!l BOKPYT JIHCTKOB, a 3HA4YUT, H 3JEKTPHUECKOe
nosie 6yyT 3aBHCETb OT NOJNOXKEHUA STHX NPEAMETOB H NpH O~
HOH H TOM e Pa3sHOCTH IOTEHUHMANTOB MQryT ObITh BecbMa pas-
JuUHEMH. OTKJIOHeRHe JHCTKOB Oy IeT 3aBHCEThb OT CaydaiiHoro
pPacCrOIOXKEHHA OKPYKAWIKX Teld, U [09TOMY 3JIEKTPOCKON
He IPUTOJleH AJI TOYHOTO. CYXK/JEHHS O Pa3HOCTH MOTEHUHAJIOB.
JKecTkuit (He wMeHsomuA QOPMBI) MeTalNIMUYeCKUll Kopmyc
ABJIAETCA NPHHIHUNHANBHO HEOOX0MUMOI 4aCThIO 3JeKTPOMETPA,
OTJIHYaloLieH ero OT 3J1eKTPOCKOMNa.

26.1. [Tpu nonHeceHRH K 3apAKEHHOMY 3JIeKTPOCKONY He3ap AXKeHHOTO
. CTEK/Ia OTKJOHEeHHe JIHCTKOB yMeHbiaeTcsi. O6bACHHTE 970s
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Mol BUIHM, UTO OTKJIOHEHHE JIHCTKOB JIEKTPOCKONA B CYIl-
HOCTH 3aBHCHT, TaK e KaK H Yy 3JIeKTPOMETpa, OT Pa3HOCTH
NOTEHIHAJIOB (MEXAY JIMCTKAMH H OKPYXKAIOIHAMH HX MOpel-
MmetaMi). Mexay TeM BO BCeX NMPeIbIIYIIMX ONbITaX Mbl YHOT-
pebasiin 3JeKTPOCKON s CyXJeHHA o 3apsjge. OJHAKO B
3TOM HET HHKaKOTO NPOTHBOPEYMsi, TAaK KaK VKa3aHHas pas-
HOCTb MOTEHIIMANOB 3aBUCHT OT 3apsiJia, COOBIIEHHOTO JIHCTKAaM.
Uem 6oJbile 3TOT 3apsj, TeM 6oJblle OyJeT U pasHOCTb NOTEH-
[[HAJOB MEXJY JHCTKAMH H OKPYXKAWIUMH NPOBOIHHKAMH,
TEM CHJIbHee pa3oHayTcs JIUCTKH. 1103TOMY, NepeBoAs Ha 3JeK-
TPOCKON 3apsij ¢ KaKOro-aubo Tesla, HampuMep MNOMeIlasg 3TO
TeJI0O B METAJJIHUECKUH CTAaKaH, CKPENJIEHHBIH ¢ 3JeKTPOCKO-
noM (puc. 9), Mbl MOXKeM MO OTKJIOHEHHIO JIMCTKOB CYJIHTb O
3apsjge 3Toro Teda. To XKe camoe, OYeBHJHO, OTHOCHTCA H K
snekTpoMerpy. Kaxablll JaHHBIH 3JI€KTPOMETP MOMKHO Iporpa-
JyHpOBaTb He TOJNbKO HA4 Pa3HOCTb MOTEHIMAJOB, HO U Ha 3a-
psil, BHIpa’KEHHbIH B KyJIOHAX.

§ 27. Coenunenue c 3emneil. Mb1 yxe 3uaem (§ 1), uto npu co-
eIHHEeHUH ¢ 3eM/Iell CTePXKHA 3apsKEHHOrO 3JEeKTPOcKona OH
MOJIHOCTBIO pa3psAKaeTcs H ero JIMCTKH onajarT. To ke camoe
NPOUCXOJUT U C JIIOObIM HHBIM NPOBOJAMIUM TEJIOM: JJIST TOTO"
4TOGBl €0 MOXKHO OBLIO 3apSIUTb, OHO 06S3aTETbHO JOJIKHO
ObITb H30JHPOBAHO OT 3eMJIH, U, HA00OPOT, MOC/HEe COEUHEHHs
3apsKEHHOTO MPOBOJHHKA ¢ 3emsiell BOKPYT HEro MepecTaT
HabG1oaaThesl BCAKHE 3JeKTpUUuecKHe NeHCTBHA, T. €. TelI0
CTaHOBUTCA He3apskeHHbM. Cefiuac Mbl MOKeM pasobpatb
nojApobHee, YTO NPH 3TOM NPOHCXOIHT.

B § 26 MBI BHZEH, UTO Y 3JEKTPOCKONA POJIb KOpHyca Hr-
palT OKpYKAaloliHe NpPeIMeTh, OObIYHO 3a3EMJIEHHBIE: CTEHHI,
NOTOJIOK U T. . (puc. 47, a). 210 3HaUUT, YTO JIHHHHU NOJS, Gepy-
IHe HAYaJO y 3apSIKEHHBIX JIHCTKOB 3JEKTPOCKOMNA, 3aKaH-
UHBAlOTCA Ha NPOBOJHHKAX, HaXOJAIIUXCS HenojaleKky or
HETO M COeIMHeHHbIX ¢ 3emief. [IpH coefHHEHHH AEKTPOCKO-
na ¢ 3em/edl MeXJLy HHUMH NPOHCXOJHUT NEpEMelleHHe 3apsioB
JIO. TeX NOp, NMOKa PasHOCTb MOTEHIHANOB MEXKAY JUCTKAMH H
3emnei, a c/ieoBaTeNbHO, U JIOGHIM H3 OKPYKAIOMIUX 3a3eM-
JIEHHBIX TeJ, He clejaercsl pasuoil Hymo. IIpu atoM ucuesaer
H 3JIeKTPHYeCKOe InoOJie, NOJHUMABUlee JHCTKH (puc. 47, 6),
H OHH ONajamT. TO XKe NPOUCXOJUT U DU 3a3eMJICHHH IJIEKTPO-
MeTpa, KOpmyc KOTOPOro.coeinHeH ¢ 3emsell (puc. 45). Ecau
Xe KOpIyc H304HPOBaH (puc. 46), To coennHenue ¢ 3emiei
CTePIKHA 3JIEKTPOMeTpa He 00sA3aTeIbHO BeJeT K CHajaHuio
JIICTKOB.
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COBeleIeHHO TO xKe npoucxonm‘ H IpH 333€MJIeHHH Jao6oro
Tesa. MBI CYJIHM O 3apsifie Tela MO TeM 3JIeKTPHYECKUM JieH-
CTBHSIM, KOTOPBkIE OHO BBbI3LIBAET (Hanpﬂmep, o 3JIEKTpHYE-
CKOMY TNPHTSIXKEHHIO WJIH OTTaJKHBAHHIO), T. €. MO TOMY SJ€K-
TPHUYECKOMY IOJIIO, KOTOpO€- CYIleCTBYET BOKpPYT TeJa. HpH
COeIHHEHHH 3apAXKEeHHOIO NPOBOAHHKA ¢ 3emieil mepecTainT
HaG/IOAaTbCsl BCAKHE 3JeKTPHUYeCKHe JAeHCTBHA, TaK Kak pas-
HOCTh IIOTE€HUHAJ/JOB MEXKAY TeJIOM H. 3emJeil cTaHOBHTCA paB-
HOH HYJIIO, H, CJeoBaTeNbHO, B HYJb obpallaercs ¥ Hamps-
JKE€HHOCTb OKpPYyZKarllero. I'IQJIH. Hmenuno 310 HC'IESHOB&‘HHQ
noJisi Mbl H HME€EM B BHAY, KOI'Ja TOBOPHM O TOM, UTO TeJO pas-
psiauaock, CaM 2Ke SJeKTPHUECKH# 3apsijl IPH 3TOM, KOHEYHO,
He HCYe3aeT, a TOJNbKO nepepacnpeiensieTcss MEXAYy TeEJIOM H
3eMaeil.

2 27.1. CoeMHEM CTepIKeHb 5JeKTPOMETpa H €0 KOpIyc KYCKOM Me/IHOR
H NPOBOJIOKH, H30JHpPYeM ero oT 3eMJIH, NOCTaBHB Ha CTeKJSHHYIO NJa-
CTHHKY, H CTaHeM 3apsXXaTh 5/1eKTPOMETp, NPHKACAACh K HEMY CHIb-
HO Had/IeKTpHIOBaHHON a6oamoaoﬁ nasoukofi. OTKJIOHATCA JIH ero
JIHCTKH?
27.2, Jlns TOro yto6bl pa3pAAMTE 3JEKTPOCKON, OGHIYHO nocraroqﬂo
KOCHYThCsl €ro naibueM (pHc. 47). ByneT JH NpOHCXOAHTE TO XKe Ca-
Moe, €CJIH NOGTHIOCTH OT 5J€KTPOCKONA HAXOHTCS H3ONHPOBAHHOE OT
3eman 3apsiKeHHOe TeJOo?
27.3. ViaMeHHTCS JH NOKa3aHHe 3JEKTPOMeTPa B OMNKITe, H306paKeH.
HOM Ha pHc. 45, ec/iH, H30JHPOBAB 3J€KTPOMETP OT 3eMJIH, COeJHHHTh
C TPOBOJIHHKOM €ro Kopnyc, a ¢ 3emJeil — CTepXKeHb C JTHCTKaMH?

g@q a@q Eé@qo g
’—:.—-I/a) '::C o) = & '

Puc. 48. K ynpaxsenHio 27.4

27.4. HauepTHTe KapTHHY JIHHH{ NOJA JJs clyyaes, H30GparkeHHHIX

Ha pHc. 48, KOra NoJOXHTe/IbHBIA 3apsAl BHeCEH B 3a3eMJIeHHbIH Me-

TaJVIHYeCKHH SIIHK. Bce Tena BHYTPH fiiHKa SIBJIAIOTCA NPOBOAHH.
- KaMA,
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§ 28. HMawvepenne pasHOCTH NMOTEHLHAJIOB B BO3AyXe. JEKTPH-
yeckuii 30HA, [/ H3MePEHHs PA3HOCTH MOTEHUHAIOB MEXILY
KaKHM-HHOY/Ib H30/HPOBAHHbIM METa/VIHYECKHM NPOBOJAHUKOM
H 3emJiell JOCTATOYHO NMPHCOEAHHUTb CTEPKEHb SJEKTPOMETpA
MeTa/VIMYeCKOH MPOBOJOKOH K NPOBOJHHUKY, a KOpmyc — K
3emne. Tlocne Takoro npHCOSNHHEHHA JIMCTKH SMEKTPOMETpA
OPHHHMAIOT TOT K€ MOTeHLHaJs, YTO H NPOBOJHHK, HGO B-Me-
TaJljlaX HMeIOTCS1 CBOGOJHEIE 3JEKTPOHRI, KOTOphle 6YAYT Nepe-
MelllaTbCsl, I0Ka Pa3sHOCTb MOTEHUHANOB MEKLY CTep:KHEM
3JIEKTPOMETPa W MPOBOIHHKOM HE CJeaeTcs paBHOH HYJIO.
Takum o6pa3oM, 3JEKTpPOMETP, NMOKa3biBalOUHA PasHOCTb MO-
TEHUHAJIOB MEX]Y CTePXKHEM U KOPIyCOM, OJHOBPEMeHHO 6yleT
NOKa3blBaTb PAa3HOCTb NOTEHLHAJIOB Mexmy H3y4yaeMblM Npo-
BOJHHUKOM H 3emJeil.

Tpynnee o6CTOHT 1e/10, €C/IH HAM HaJ0 U3MEPHUThb Pa3HOCTb
NOTEHLHAJNOB MeXy KaKOH-1u60 TOUKOH B BO3ayXxe M 3emieil.
IoxBoas oT cTepKHsA JEKTPOMeTPA MPOBOJOKY K STOH TOUKe,
MHl ellle He OGecneynM yPaBHHBAHHA NOTEHUHANA MEXIY 3THM
y4acTKOM BO3JlyXa M CTeP:KHeM, HOO B BO3LyXxe, B OOBIYHBIX
yCJI0BUAX, HET CBOOOJHBEIX 3apANOB, KOTOPEIE IePeMellaNHCh
6bl noj neficTBUEM MOJIA [0 TeX MOP, MOKa PasHOCTb MOTEHUHA-
JIOB MMy HCC/elyeMbIM YYacTKOM BO3IyXa W [POBOJIOKOIM,
Belylllell K 9JeKTPOMETPY, He cTaHeT paBHOH uyJso, [lis To-
ro uto6bl OOeCneYHTb TaKOe BblpaBHHBAHHe, HAN0 CHAGIUThb
COOTBETCTBYIOIIHH Y4acTOK BO3AyXa CBOGOXHbIMH 3apajaMH,
T. €. MPeBPaTHTb €r0 B MPOBOIHHUK, DTOr0 MOXHO JOCTHTHYTh
pasauYHBIMH C€NnOcO6aMH, HampHMep OpH MOMOIUM MJIAMEHH.

’ BHYyTpH nnameHH Bcerja uMe-

o eTCsl 3HaYMTeJbHOE YHCJO MOo-

: JIOXXHTEJbHBIX H OTpHLATE/b-
HbIX HOHOB, KOTOPblé H C€O0G-
IAI0T BO3YXY, COMPHKACAaIolle-
Mycsl C MJaMeHeM, Heo6XOmH-
_ MBle cBoficTBa MpOBOJHHKA. Ec-
JIH NJaMsi HeBeJHKO, TO C ero
NOMOIIbI0 Mbl CHAGIHM HOHAMH
HeGOJBINOH Yy4acTOK BO3JyXa
B TOM MeCTe, T/le MOMELIEHO
. _ njaams. ;
Puc. 49. Hnameﬂﬂyﬁ 30HN Beons KOHell NpPOBOJIOKH,
HAymed OT CTEP:KHA 3JeKTpo-
MeTpa, B MajleHbKOe MJaMA, MBI N0Jly4yaeM BOSMOXKHOCTb ypaB-
HHBaTb Pa3HOCTb MOTEHLHAJTIOB MEX]Y CTEPHHEM 3JIEKTPOMeT-
pa ¥ TeM YYacTKOM BO3J1yXa, KyJa MHl NomemaeM mjams. Ta-
KM 06pa3oM, Mbl MOXeM H3MEPHTb DasHOCTb MOTEHHHAJNOB
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MEXKIYy COOTBETCTBYIOIHM YYacTKOM BO3ayxa H 3emueii. ITo-
Melias NJaMs B pa3Hbie TOYKH, MbI MOXEM «NPOILynaTh» pac-
TNOJIOXEHHEe SKBHIOTEHLIHANbHHX TOBEPXIOCTell B BO3AyXe H
- BooGue O6CIen0BaTh Bee pacnpejie/ieHHe NOTeHIHada B 3JAeK-
TPHYECKOM noJie B Bo3ayXxe. ITosaTomy Takoe ycTpoiicTBo moay-
YUJIO Ha3BaHHE IERTPHYECKOro INyNa HJM 30HAa (MJIAMEHHBIA
30HJ, puc. 49). OHo HPOKO NpHMeHAETCA NPH OGCAeI0BaHHH
3JIEKTPHYECKOI0 NOJsi B BO3AYyXe, HaJ MOBEPXHOCTBIO 3eMJH.

2 28.1. Yro Gyser H3MepAThL 3JI€KTPOMETP, €CJH el0 JIHCTKH COeIHHHThL

. METaJHUECKO! NPOBOJIOKON ¢ NJaMeHeM OJHOM CBEUH, a KOpUye,
TIpefBapHTENbHO H30JAHPOBAB OT 3eMJIH, COeZHHHTH MPOBOJOKOH €
TIaMeHeM JpyTofi CBEUH?

§ 29. dnexTpuueckoe nose 3eman. OTHIT MOKa3biBa€T, UTO SJAEKTPOMETD,
COeHHEHHH € 30HIOM, JaeT 3aMeTHOE OTKJIOHEHHe JaXe H B TOM CJyuae;
KOTJa NOGJIH3O0CTH HET CTelHaJbHo 3apaxeHHRX Ted. [lpu 3ToM oTKJoHEeHHe
2JIEKTPOMETPA TeM 60Jibllle, YeM BhIIIE TOUKA Haj NOBEPXHOCTHIO 3eMJH. DTo
3HAYHT, YTO MEXIY Pa3JHUYRKIMH TOYKaMH aTMOC(hephl, HaXOAAIHMHCH Ha
" pa3sHol BRICOTe, HMeeTcs Pa3sHOCTL NOTEHIHAJOB, T. €. OKOJIO 3eMHOH noBepx-
HOCTH CYINECTBYET 37eKTpHuecKoe moJje. Miamenenne notenunana ¢ Beicotolf
pasJHYHO B P33HOE BPEMA rofa H A1 PasHbIX MECTHCCTeH H HMeeT B cpej-
HeM BOJIH3H 3eMHOR TOBEPXHOCTH 3Ha-
uenne oKouo 130 B/m. Io mepe moge-
eMa Haj 3eMJefi noJe 570 GHICTPO OCJa-
6eBaeT, H yXe Ha BricoTe | KM Hamps-
JKEHHOCTL €ro0. paBHa ToabKO 40 B/m,
a Ha Bricote 10 KM OHO CTaHOBHTCSH
HHYTOXKHO CJAa6hIM. 3HAK 3TOTO H3Me-
HEHHS COOTBETCTBYET OTPHLATEILHOMY
3apany 3eMan. TakuM o06pa3oM, MhI
BCe BpeMsi XHBeM H pabOTaeM B 3a-
METHOM 3JIEKTPHUeCKOM ToJde (cM. ym-
paxHenue 29.1).

OKcNepHMEHTaJbHOE HCCAeRO0Ba~
HHE 3TOr0 NOJs H COOTBETCTBYIOUIHE
pacuerhl TOKas3hBalOT, 4TO 3eMas B
1eJ0M o6JagaeT OTPHLATENLHBIM 3a-
PAZOM, CpeliHee 3HaueHHe KOTOPOTO
OLEHHBACTCH B TOAMH/IMHOHA KYJO-  Pyc, 50, DKBHNOTEHIHAIbHbE N0
HOB. OTOT 3apsi TIOAAEPKHBAETCA  pepxHOCTH (CILVIOWINHE JIHHHH) H
TIPHG/IH3HTENLHO HEH3MEHHRIM 6Jaro-  guupu moas (wTpHXOBHe JIHHHH)
Aaps pARy TmpoueccoB B aTMOchePe  zapgwenHoro mapa, yAaNeHHOTO

JH M BHE ee (B MHPOBOM TPO-  or jnyrux TpeAMeTOB. BHYTpH
CTPAHCTBE), KOTOHE elie Aa/eKO He  yaha Kak H BHYTPH J0BOro npo-

TIOJHOCTEIO BLIAACHEHH. . BOJAHHKa, NOJA HET
EcrecTBeHHO BO3HHKaeT BOMNpOC:
€CJIH Ha TIOBEPXHOCTH 3eMJIH TIOCTOS H- -

HO HaxoAHTCA OTlelaTeJIbHHi’l 3apsai, TO I'le PacnoJOXKECHLE COOTBETCTBYIO~
mHe TNOJIOXKHTEJALHRIE sapﬂ)m? I‘ue HA4YHHAKOTCH T¢ JHHHEH SACKTPHUECKQOro
NI0A15, KOTOpHE OKaHIMBAIOTCH Ha 3eMHOIl NoBepxHOCTH? HeTpyaHO BHAeTh,
UYTO 3TH TOJIOKHTEJNbHLIE 3apAfhl HE MOTYT HaXOAHTHLCHA me—xmﬁy;u: O4Y€Hb
JlasIeKo OT 3eMJIH, HanpuMep Ha JIyHe, 3Be3jax HJH MiaHetax. Ecau 6w 310
6110 TaK, TO TOAe BOJHIH 3eMAH HMeNO Ohl Tako# Xe BHA, KaK noje H30-
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JIHPOBAHHOrO Mmapa-Ha pHc. 50. HanpsKeHHOCTL STOro noJisa yOuBaJja Obt
06paTHO NMPONOPLHOHAALHO KBaJpaTy PacCTOSAHHA OT HeHTpPa 3eMJH (a He
ot 3eMHoli moBepxHoctH). Ho paauye 3emsn paBen npumepno 6400 kM, H
MO3TOMY M3MeHeHHe PacCTOAHMA OT leHTpa 3eMJIH Ha HEeCKOJbKO KHJIOMeT-
POB HJIH HECKOJIBKO JIECATKOB KHJIOMETPOB MOTJIO GHl JIMIIb HHYTOXKHO Masio
H3MEHHThb HanpsixkeHHOCTb Nojisi. ONEIT 3Ke IMOKA3hIBAaeT, KAK MKl OTMedasi
BRIUIE, YTO HANPAKEHHOCTh SJAEKTPHUECKOrO Mo 3eMJIH OdYeHb GRICTPO Na-
JAaeT Mo Mepe yaaJeHus OT Hee, D10 YKasHBaeT Ha TO, 9TO MOJIOKHTEIbHEIA
8apsjf, COOTBETCTBYIOUIMA OTPHUUATENBHOMY 3apany 3eMJIH; HaXORUTCS
TJe-TO HA He OYeHb GOJILIIOH BEICOT® HAJ NMOBepXHOCThIO 3eMJH. [lleficTBH-
TeJbHO, OhlJ OCGHAPYXKeH HA BEICOTE HECKOJBKHX JeCATKOB KHJOMETPOB Haja
Semsefl CJAOH MOMOMHTENBLHO 3apsMEHHRX (MOHH3OBAHHHIX) MOJIEKY.JI.
O6beMHRIA OJMOKHTENBHEN 3apsl 9TOTO «06JaKas 3apsAfOB KOMIEHCHPYeT
OoTpHUATENbHER 3apsax 3emiuu, JIHHHH 8€MHOrO SJEKTPHUECKOro MOJA HAYT
OT 9TOrO CJIOSl K NMOBEPXHOCTH 3eMJIH,

2 29.1, Tak Kak uoJe BOJNH3A 3eMJIA HMee? HAMPSKeHHOCTb OKOJO
H 130 B/M, TO MeXAy TOUKAaMH, B KOTOPbIX HaXOXSATCS roJIOBa H HOTH
KaXIOTo H3 Hac; JOJDKHO ObUIO Gl OpITh HanpsiKeHHe cepime 200 B.
[Touemy e Mol He OWIymaeM 3TOrO NOJSs, TOTAAa KaK NPHKOCHO-
BeHHe K MOJocaM GaTapeH HJIH CeTH 6 HanpsiKeHHeM 220 B BecbMa
60JIe3HEHHO H JlaiKe MOXKeT OHITb OIacHO?
29,2, MiamepenHs ¢ 3JeKTpHUECKHM 30HAOM MOKAa3bIBAIOT, 4YTO MPHpa-
eHA® MOTEHIHAMA ¢ BRICOTOH ¥ MOBepX HOCTH 3eMJIIt PaBHO B CPefHeM
100 B/m. CunTas, 910 5TO MoJIe BRI3BAHO 3apAA0M 3eMJ/IH, BRIYHCAHTE
3apsf, HaXOJsI(MHCH HAa 3eMHOM [Iape, CUHTAs PajHyc 3eMJIH pas-
HEIM 6400 kM. ‘ ‘

§ 30. Mpocreiiiune anekTpuyeckue nons. [lomeman anexTpu-
YeCKHH 30HA B pa3/MYHBE TOYKH NOJA, MOXKHO H3YYHTb HA
OMBITE 3JEKTPUYECKOe MNoJyie, OGYCJOBIEHHOE 3apAKeHHHIMH
TeJlaMH JI060H  QopMbl. PaccMOTPHM HeCKOJBKO MPOCTBIX
NpHMEPOB.

1. 3apsocennoui wap, yoarennsii om Opyaux npedmemos.
Ecou map A0CTaTo4HO yjajeH OT APYTHX NpeaMeToB (HanpH-
Mep, YKpeIlUleH Ha BHICOKOH H30JIHPYIOLel HOXKe WM NOABe-
IleH Ha AJMHHOH HUTH), TO 3JIEKTPOMETP B OMBITE, H30GPaXKEH-
HOM Ha puc, 49, JaeT OJHM H Te XKe INOKAa3aHHsA, KOTJA 30H]
HaXOJHTCA B TOYKAaX, OJMHAKOBO VJaJeHHBIX OT LeHTpa
mwapa. DT0 3HAUMT, YTO SKBHIOTEHIHAJbHHE NOBEPXHOCTH B
3TOM CJiydae UMeIOT BuJ KOHueHTpudeckux- chep. Ilepensuras
30HJ BOJb pajdyca 1apa, Mbl HaXOJuM, HA060pOT, HauboJee
OLICTPOE H3MEHEeHHe NOTeHIHaAa, DT0 MOKA3bIBAET, YTO MH JBH-
KeMCfl BAOJb JIMHHH N0/, DKBHIOTEHIHANbHEIE MOBEPXHOCTH
H JIMHHH NOJISi BOKPYT 3apsiKEHHOTO IIapa H306paKeHbl Ha
puc. 50. OrMeTuM, YTO ¢ NPHGIHAKEHUEM K APYTHM MpeAMeTaM,
HampHMeP K CTeHaM KOMHATbl, 3KBHINOTeHUHaJbHbIE MOBEpPX-
HOCTH MePecTaloT ObiTh cepaMy M MPHHHMAIOT 60Jee CI0KHYIO
dopmy. Opnnako, Kak mokaswiBaeT puc. 50, BaTH OT 3THX
NpeAMeTOB, BOJIM3M Iapa, H SKBHNOTEHLHaJbHbE MOBEPXHOC-
TH ¥ JINHUH NOJIS MMEIOT TOT Xe BHJ, YTO U AJIA TOYEYHOro 3a-
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pAna, noMelneHHOro B weHTpe mapa (puc. 40). Sapsaocennoul
wap, yoarennvid om Opyeux npedmermos, co3ddem eokpye cebs
maroe e noae, xKax ecau Goi ezo 3apad Ovir cocpedomover 8
yenmpe.

2. I1aockue napaarsessvrvie naacmunsl, Ha puc. 51 usoGpa-
*KEeHbl 3KBHIIOTEHIHANbHblE MOBEPXHOCTH H JIHHHH MOJSI MeX-
Ay ABYMA IJIOCKMMH MapajiielbHbIMH IJIaCTHHAMH, 3apsiKeH-
HBIMH JI0 HEKOTOPO# Pa3HOCTH MOTEHLHAJIOB APYT OTHOCHTE/b-
HO Apyra. Mel BHAHM, UTO 3KBHIOTEHIHAJbHbIE MOBEPXHOCTH

N
Bal

~ Puc. 51. OkBunoTeHuHaNbHEE NOBEPXHOCTH (CIVIOMIHEIE JHHHM) M JIHHHH
noJsi (WTPHXOBbE JHHMH) MeXJAy JBYMS NapaljeJbHAMH IUIaCTHHAMH,
3apSKEHHHIMH TP OTHBOMOJOMXKHO

HMEIOT AOBOJIBHO CJIOXKHYI0 dopmy. OnHAaKO MEXAY MJIAacTHHA-
MH 9KBMIOTEHIHAJbHble MOBEPXHOCTH MOUTH He OTJIHYAITCA
OT IUIOCKOCTeH, Mapasie/bHbIX MOBEPXHOCTH ILIACTHH, a JIH-
HHH NOJS — OT HapaJ/i/ie/IbHbIX MexXnay cofoH NpsMBIX, mep-
NeHAMKYJAPHBIX K mjacTHHaM, Ecau pasmepsl IJIacTHH BeJH-
KH N0 CPABHEHHUIO C PACCTOSTHHEM MEXIY HUMH, TO MEXIY IJac-
THHAMH (32 HCKJIOUeHHeM obsacTell BOJIH3H KpaeB IJIACTHH)
[0/ OKA3bIBAETCH OJHOPOAHBIM, T. €. HANpPSKEHHOCTb B pas-
HBIX TOYKAaX OIHA H Ta Xe MO MOAyJo H HamnpasjeHuio (§ 17).

Mzer 3Haem (§ 23), uTO Hamps:KeHHOCTb NOJA paBHA Haje-
HHIO HAMpsDKEHHS Ha elHHHLEe AJIHHBI JHHHA nond. [Toatomy,
ecqH OOO3HAYHTL pACCTOSIHHE MeXAy I[UIaCTHHAMH 4Yepes d,
a pa3HOCTb MOTEHIHANOB MEXNY HHMH yepes U, TO HampAxeH-
HOCTb MOJIS MEXJY MIaCTHHAMH

U |
E=-. (30.1)

30.1. MexJy ropH3oHTaJbLHO pacloJOKEeHHBIMH TIaCTHHaMH KOHJeH:
caTopa, 3apsDKEHHOTO J0 pasHOCTH HoTeHudanaos 600 B, BHcHT Ka-
MeJbKa PTYTH, Hecyinasi HeKOTODHIH 3apsj M yAeDXKHBAaeMasi CHIaMH
3JIeKTPOCTATHYECKOTO Noast, Hafiaute sToT 3apsif. Paccrosnue mexay
naacTUHaMH pasHo 0,5 eM, Macca Kanenbku pasHa 3,8-10~3 kr.

)
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3. Koakcuansisie yuaundpor, PaccmoTpuM B 3ak/oyeHHe
SJEKTpHUEeCKOe MOJIe, BOSHHKAOLIEe MeXy NBYMs KOaKCHalb-
HbIMH (MMEIOLUHMH OOILYI0 OCb) LUM/IHHAPAMH, 3apsiKeHHBIMH 10
HEKOTOPO# Pa3HOCTH MOTeHUHaJoB- (puc. 52, a). B atom ciyuae
SKBHIIOTEHIMAAbHbIE [TOBEPXHOCTH B CpelHeH 4acCTH, He CJIHII-
KOM OJIH3KO K KpasM LMJIHHAPOB, HMEIOT TaKXKe BHJ KOaKCH-
albHBIX LHJHHAPOB, a CBEPXY H CHH3Yy 3TH LMJIMHAPHI 3aMbl-
KaIOTCS KYMOJOOGPa3HbIMH «KpHIIIKaMH» (pHc. 52, 6).

I —

e
/I,l’ A

Puc. 52. DksHNOTeHUHAJbHBlE NMOBEPXHOCTH (CIVIOMIHBIE JUHHH) M JHHHH

nodst (WTPHXOBBE JHHHH) MeXAy JABYMA KOAKCHAJBHBIMH LHIAHHIDAMH,

3apaAXeHEIMH NIPOTHBONOJNOKHO: - @) CeUeHHe NJIOCKOCThIO, nepleHfHKY-

JNAPHOI K OCH LMIHHEAPOB; 6) ceveHHe NJOCKOCTbIO, Npoxojidliefi Uepes och
v ‘ LUHIHHADOB

B ceueHHH NIOCKOCTBIO, MPOXOJALIEH yepe3 OCh LHJIHHAPOB,
5KBHIIOTEHLIHAJbHble IOBEPXHOCTH JAIOT JIMHHHM, HalOMHHAIO-
IHe MO (opMe SKBHIOTEHLUHAJbHEIE JHHHH MEXAYy ABYMs
miacthHaMu (puc. 51). B cpenHell 4acTH UMAMHApaA, BIAaH OT
Kpaep, STH JIHHHH HMMEIOT BH], NPAMBIX, MNapajjeNbHBIX OCH
IMIHHAPOB., OfHAKO, B OTVIHYHE OT CJy4ash OJHOPOAHOLO MOJIs
MeXJy NJIacTHHAaMH, 3JeCb SKBHIOTEHIHAJbHbE NMpSMBIE YKe
He SBASIIOTCS PAaBHOOTCTOSIIIMMK APYT OT Apyra; OHH CTYLIAIOTCS
BOJIM3H BHYTPEHHEro LWJIMHAPA H DAacIIOJNIOKeHbl BCe pexe H
pexe 1Mo Mepe NPHOIHMKEHHS K BHEIUHEMY LHJIHHADPY. DTO 10-
Ka3blBaeT, YTO B PaJHaJbHOM HalpaBJIEHHH I0J€ HEOJHOPO]-
HO: OHO CHMJIbHEE BCEro y BHYTPEHHEro IMJIMHJPA H NOCTeleH-
HO ocsaGeBaeT MO Mepe yJaJeHHs OT Hero. DTO BHJIHO H M3
puc. 52, a. B ceueHHH MIOCKOCTBIO YepTexxa, NeplneHAuKYJIsip-
HOHM K OCH LIMJIMHAPA, SKBHIOTEHIHANbHbIE NOBEPXHOCTH JAIOT
S5KBHNOTEHIHAJNbHEIE JIHHHH B BHJE KOHLEHTDHYECKHX OKPY2i-
Hocrefi. JIMHHH 1nons, KOTOpble MepHNEeHIUKYJSIPHEI KO BCeM
SKBHIOTEHUHANbHHM [OBEPXHOCTAM, IMPEICTaBASIOT COGOI
npsiMbie, HaNpapJeHHblE 0 paaMycaM LHJIHHAPOB, Mul BHIHMM,
YyTO TIycTOTa JIMHHHH 2TOro mnoisi HauGoablias Y TMOBEpX-
HOCTH BHYTPEHHero IHJHHIPA, a HaHMeHbluas — Yy IOBepX-
HOCTH  BHEIUHET0 LMAHHADPA, a 3HAYHT, H HANPSKEHHOCTD M0JI5
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JOCTHIaeT HauGO/IbIero 3HAYEHHS Y BHYTPEHHEro LHJIHHIPaA
U INOCTENEeHHO yMeHbIIaeTcsl C yJaJeHHeM OT ero.ocH. JTa He-
OJIHOPOJHOCTb TeM O6oJibllle, YeM MeHblie AHAMETp BHYTpeH-
HEr0 UWJIMHAPA NO CPABHEHHIO C BHELUHHM.

Takum 06pa3oMm, OKOJIO TOHKOH HHTH MOXHO CO3JAThb 3JIeK-
TpHYeCKoe MoJie OYeHb GOJIBLIOH HaNpsIKEHHOCTH. DTO Ke 6y aer
Habmoparbcs U Boase ocTpus. ITosie BOMH3W HUTH H3MEHHTCS
HE3HAUHTEIbHO, €cJIH H3MeHATb pa3Mephl BHEIHEero LWJIHHApa
HWJIH jaxe MeHATb ero ¢opMmy. B uyacTHOCTH, pOJIb BHeLIHEro
UHJIHHAPA MOTYT HMIpaTth CTeHbl KOMHAThl, BOJIH3H HHTH 1moge
OyJeT uMeTb TakoH Ke BHJ, KaK IoJe, H306pakeHHOe Ha
puc. 52. HHTb M -OCTpHE YacTO HCMOJIB3YIOT A CO3AAHHS B
HEKOTOPOM MecTe T0Jisi GOJbIIOH HanpsXKeHHOCTH (HanprMep,
B TaK Ha3blBaeMblX CUETUHKAX 3apfXKeHHbIX YacTHL).

2 30.2. HauepTHTe KaPTHHY JHHHE 5JTeKTPHUECKOTO [0 MEXKAY ,!I.B’yMH
L napaJJieTbHBIMH “IJIACTHHAMH, 3apAKeHHbIMH PaBHBIMH H IPOTHBO-
IOJIOXKHBIMH 10 3HAKy 3apAJaMH, eCJH PacCTOAHHE MeXKIy IJacTHHA«
MH: a) MaJo; 6) BeJHKO NTO CPABHEHHIO C HX pasMepaMy.
30.3. Ha'{epTHTe KapTHHY JTHHHH 3JeKTPHYeCKOro 110/, eCJTH MeXKAY

Sapﬂ’KeHHbIMH NJIaCTUHAMH MNOMENIEH MeTaJJHYyeCKHH LIapHK HJIH
TeJ0 HHOMH CpOpri .

§ 31. Pacnpenenenue 3apajoB B nposoaHuke. Kaetka dapajes.
MbI BHe/TH, YTO MOBEP XHOCTb NMPOBOAHHKA, KaK HEHTPATbHOTO,
TaK H 3apskKEeHHOTO, ABJIAETCS SKBHIIOTEHUHATbHOH NOBepX-
HOcThiO (§ 24) ¥ BHYTPH NPOBOAHMKA HANPSAMKEHHOCTb MOJSA
paBua uHymo (§ 16) *). To xKe OTHOCHTCSI H K NOJIOMY NDOBOJ-
HHKY: TIOBEDPXHOCTb €r0 €eCTb IIOBEPXHOCTb 3KBHIIOTEHLHA/b-
Has ¥ TMoJie- BHYTPH MOJIOCTH PaBHO HYJIO, KakK Obl CHJIBHO HH
Obl1 3apsizKeH NPOBOAHHK, €CJH, KOHEUHO, BHYTPH NOJOCTH
HeT H30JIHPOBAHHBIX OT NPOBOAHHKA 3apsIKEHHBIX TeJl.
DTOT BBIBOJ ObLI HAIAAHO NPOAEMOHCTPHPOBAH &HIVIUH-
ckuM ¢H3ukoM Mafikaom @Dapaneem (1791—1861), oboratHs-
IIHM HAyKy PSAOM KpPYNHeHIHX OTKpHITHH. ET0 OmbIT cocTosn
B cienywowmeM. boablias nepeBsiHHas KieTka Oblla OKJIeeHa
JIHCTAMH CTaHHOJS (OJOBSIHHOH Gymarofl), H301MpPOBaHa OT
3eM/IH ¥ CWIBHO 3apsKeHa NPH TMOMOILH 3J1eKTPHYECKOH Ma-
myHel. B kieTKy nomewancs cam @apageil ¢ OueHb YYBCTBH-
TeJIbHBIM 3JIeKTpOCcKonoM, HeeMoTps Ha To, uTO ¢ BHeUIHEH 1mo-
BEPXHOCTH KJIETKH NPH NPHOJIHKEHHH K Hel Tell, COeJMHEHHbIX
¢ 3emJieil, BblJIETATH HCKPHI, YKa3biBas 3THM Ha OOJIbIIYIO. pas-
HOCTb TMOTEHUHANIOB MEXAY KJeTKOH H 3emiiel, 3JeKTPOCKOIN
BHYTPH KJIETKH He NOKa3biBaJl HUKaKOTO OTKIOHEeHHs (pHuc. 53)

*) 3710 cNPABEJIHBO TOJBKO B CJIyUae PAaBHOBECHS 3apAfoB Ha Ipo-
Bommxe. (pumeu. ped.)
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Bujonsmenenne 3TOro OMbITAa MoKa3aHo Ha puc. 54. Ecau
cleJaTh U3 MeTaJJIHUECKOH CeTKH 3aMKHYTYIO MOJIOCTb M IpH-
BECHTDb JIMCTOYKH OyMard ¢ BHyTpeHHeH U BHeLUHeH CTOPOH IO-
JIOCTH, TO OGHApPYXHM, UYTO OTKJOHSIOTCS. JIHIfb HapyXHble

\ |

/ &

o=
7

]
T2 )
K 3nexmpuseckol u/
MAWUHE [— 1

Puc. 54. Bugonsmenenue onurta ®a-  Puc. 55. HceneioBanue pachpe-
pajes. Merannnyeckas KJeTKa 3apsi-  JleleHHsl 3apsiia B IPOBOAHHKe [
®eHa, JIHcToukH OyMarH CHapyXH [pH NOMOIH NPOGHOR mMacTHH-
OTKJIOHAIOTCA, yKaswBas Ha HalWuke KM 2. BHYTpH moslocTH NpoBOXHH-
8apsaja Ha BHeIUHHX IIOBEPXHOCTAX Ka 3apsja HeT

CTeH KJeTKH, BHyTpH KJeTKH 3apsja

HeT, JINCTOYKH GymarH He OTKJIOHfA-

10TCA

JUCTOUKH, DTO [OKAa3bIBaeT, YTO SJIEKTPHYECKOE MoJe Cylue-
CTBYyeT TOJNIbKO B [IPOCTPAHCTBE Me>k11y KJIeTKOMH H OKpYXKarolu--
MH ee mnpeaMeTaMH, T. €. CHAPYXXH KJIeTKH; BHYTPH XKe KJIETKH
noJjie OTCYTCTBYET. -
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Tlpu 3apsiake J060ro NMPOBOJHHKA 3apsiibl pacnpesensior-
¢ B HEM TakK, 4TO 3JeKTPHUYECKOe 10Jie BHYTPH HETO HCUEe3aerT,
H Pa3HOCTb NOTEHIHANTOB MeXIy JIOObIMH TOUKaMH OGpaliaet-
¢l B HyJb. [TocMOTPHM, KaKHM 0O6pasoM AJisi 3TOrO JOJIMKHBI
pPAa3MeCTHTbCS 3apsijbl.

3apsaguM NOJbIH NPOBOJHHK, HANPHUMED MOMBLIH H3OJHDO-
BaHHBIA wwap I (puc. 55), uMmelowui HeGOMBILIOE OTBEPCTHE.
BospMeM MasleHbKYI0 METATIHYeCKYIO IUIaCTHHKY 2, YKpen-
JEHHYI0O Ha H30JHpYIOUeH pyuKe (KIIPOGHYIO MJIaCTHHKY»),
KOCHEMCS el0 KaKOro-a1H60 MecTa BHEIIHeH NMOBEPXHOCTH liapa
H 3aTeM NMpPHBefieM B CONPUKOCHOBEHHE C 3/JIeKTPOCKONOM. JIucT-
KH 3J1eKTPOCKONA pas3oiJyTcs Ha HEKOTODHH yroj, yKasbiBas
5THM, 4TO NpOGHAA IIACTHHKA NPH CONPHKOCHOBEHHH C 1LIAPOM
3apaauaack. Ecu Mbl, 0asaKo, KOcHeMCs NTPOGHO# NJIaCTHHKOH
BHYTDEHHEH TOBEPXHOCTH Illiapa, TO MJacTHHKa OyJerT ocra-
BaTbCA He3apsXKEHHOH, KakK Gbl CHIbHO HH OblLJ 3apsXKeH luap.
TlouepnHyTb 3apsAjpl MOMXKHO. TOJBKO C BHEIUHEH IIOBEPXHOCTH
OPOBOJHHKA, a C BHYTPEHHeHl 3TO OKasblBaeTCst HEBO3MOXK-
HbIM. Bosee Toro, ecaim Mpl npejBapHTeNbHO 3apsAaHM NpoG-
HYIO IJTaCTHHKY H KOCHEMCS el0 BHYTpeHHeH NOBepXHOCTH Npo-
BOJIHHKA, TO BeChb 3aps/]| NepeljeT Ha 3TOT NPOBOJHHK. DTO NMpO-
HCXOJUT HE3aBHCHMO OT TOro, KakoH 3apsj yXe HMeJcd Ha
npoBogHuKe. B § 19 MBI noapo6HO pas3bsiCHHIH 3TO SIBJIEHHE.
Hrak, & cocmosnuu pagrogecus-3apadst pacnpedeasiomea moas-
KO HQ @HewHell noeepxuocmu npoeodnuxa. KoHeuHo, ecyiH Obl
Mbl TIOBTOPHJIH C MOJBIM IPOBOAHHKOM ONKLIT, H300paKeHHbIH
Ha puc. 4D, Kacascb NPOBOJHHKA KOHLOM IPOBOJIOKH, Beny-
meH K 3JeKTPOMeTPY, TO y6equaHCch Obl, 4TO BCSl NMOBEPXHOCTD
IIPOBOJIHHKA, KaK BHEIIHAS, TaK H BHYTDEHHsA, eCTb NOBEDPX-
HOCTb OJIHOTO NOTEHUHaNa: pacrpejie/leHHe 3apAJ0B MO BHeIU-
Hefl NIOBEPXHOCTH NPOBOMHHKA €CTh Pe3ynabTaT ACHCTBHSA 3JeK-
Tpuueckoro noas. ToJabKo Torja, Korja Becb 3apsj nepeiper
Ha [I0BEPXHOCTb NPOBOJHHKA, YCTAHOBHTCS DaBHOBECHE, T. €.
BHYTPH TNPOBOAHHKA HANpPSIKEHHOCTb NOJS CjelaeTcss paBHOH
HYJIIO H BCE TOUKH NMPOBOJHHKA (BHEIUHSASA NMOBEPXHOCTb, BHYT-
PEeHHSIST MOBEPXHOCTb H TOUKH B TOJIE MeTajna) 6yAyT HMETb
OJIHH H TOT XK€ MOTEHIHAJ.

Takum oGpa3om, npoBoAAllas NOBEPXHOCTb BIOJHE 3aum-
maeT 06,1aCTh, KOTOPYIO OHAa OKPY»XKaeT, OT JeHCTBHA 3/JeKTPH-
UeCKOTO II0JIf, CO3JAHHOIO 3apsAjaMH, DPacMOJOXEHHBIMH Ha
3TOH IOBEPXHOCTH HJIH BHe ee. JIHHHH BHeUIHEero Moas OKaHYH-
BAIOTCSl Ha 3TOH NMOBEPXHOCTH, B MPOBOAALIEM CJI0€ OHH He MO-
TYT NPOXOJHTb, M BHYTPEHHAA TIIOJOCTb OKasblBaeTcsl CBO-
Goano#t ot moJas. Ilostomy TakHue MeTaaJHUeCKHe NOBEPXHOC-
TH Ha3bIBAalOTCS 3JIEKTPOCTaTHUECKUMH sauutamH. HMurepecto
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OTMETHTB, YTO zxa)xe. NMOBEPXHOCTh, CHAEJIAHHAA H3 MeTaJIJIH-‘
YeCKO#t CeTKH, MOXKeT CIYXHTh 3all.lHTOﬁ, €CJI¥ TOJIbKO CeTKa
JOCTATOYHO TFYyCTa. ' -

31.1, B neHTpe [OJOro H30JHPOBAaHHOTO MeTaJIJIHUECKOro apa HaXxo-
? aures 3apsj. OTKIOHUTCS JIK 3apsiXKeHHbIA IPY3HK, NojsellleH LA Ha
HIEAKOBOH HUTH H NoMeleHHuf BHe mapa? PasGepuTe noapabHo, UTO
npH 3ToM npoHcxofuT. Urto 6yfeT, ecd wap 3asemiaeH?
31.2. [ToueMy MOpOXOBbE CKJAABL /IS 3aUIMTB! OT yAapa MOJIHHE OK-
PYKaloT CO Bcex CTOPOH 3a3eMJIEHHOf MeTasliindeckoit ceTKoi? [love-
My BBeJleHHbie B TaKoe 3JaHHe BOJONPOBOAHbIE TPYOH AOMKHb ObITb
TaK¥Ke XOpOMIO 3a3eMJIEeHbI? : ’

Tem 06CTOATENBLCTBOM, YTO 3apfAAbl pacnpeliesisioTCss Ha
BHEIUHe!l MOBEPXHOCTH IPOBOJHMKA, YaCTO MOJB3YIOTCA Ha
npaktuke, Korja »eyaroT NMOJHOCTBIO NMEPEHECTH 3apsil KaKo-
ro-HuGyAb TMPOBOXHHMKA® HA 3JIEKTPOCKON (WJIH 3JIEKTPOMETD),
TO K 3JIEKTPOCKONY NpPHCOSAUHSIOT N0 BO3MOXKHOCTH 3aMKHY.-
TYIO MeTa/NIHYECKYIO MOJOCTh M BROJAT 3apAKeHHBIH NPOBOA-
HUK BHYTPb 3T0il mosiocTu. [IpOBOJHHK NMOMHOCTHIO paspsKa-
eTCsl, W BeCb €ro "3apsif MepexoJHT Ha 3JeKTpocKon. ITO
npucnocofyenue B 4decThb Dapages Ha-
3bIBAIOT «(hapajeeBbIM LUJIHHAPOM», TaK
KaK Ha NpaKTHKe 3Ta MOJNOCTb 4allle
BCETO BHIMOJIHAETCA B BHAE MeTalslHi-
4eCKOro HUJAUHApA. MBI yxe mNOJbB30-
BaJUCh 3TUM CBOHCTBOM ¢hapajeena
, HUJIMHApa (CTakama) B OmblTe, H306pa-
JKEHHOM Ha pHC. 9, U NoApOGHO pazb-
‘L T J scHuu ero B-§ 19.

Ban-ge-I'paad mnpeyioXua HCIOMb30BRATL
4 cpoiicTsa dapajeeBa LMJIHHAPA AJs mHOJyde-
® HHs OYeHb BHICOKHX Hanpsukenuil, [Ipunmun
= -JefiCTBHS €ro reHepaTopa NOKa3aH HA PHC. 56.
Puc. 56, [IpuHUKnD yer-  BeckoneuHas JieHTa / M3 KaKOro-HHGYIb H3OJH-
poiicTBa reHepaTopa  PYIOIIEro MaTepHaJsa, HalpUMep LIEJKa, JBHKeT-
Ban-ge-I'paada Cs NpH TIOMOLIM MOTOPa Ha JBYX POJIHKax H
_ OJHHM CBOMM ‘KOHIOM 3aXOJHT BHYTPb MOJOTO,
H3OJHPOBAHHOTO_OT 3eMJIH MeTaJVIHYecKoro wapa 2. Bue wapa Jenra npa
TIOMOI{Y KHCTOUKH 3 3apsKaeTcs KaKUM-JTHGO HCTOMHHKOM, HanpHMep 6ara-
peet HJIH 3JIGKTPHUECKOH MaunHON 4, N0 HanpsxeHusa 30—50 KB ornocu-
TeJILHO 3eMJTH, ec/IH BTOPOH moviioc 6atapel HJIM MallHHE 3a3eMJeH. BuyTpu
wapa 2 3apsAMeHHbe YYACTKH JIEHTH KacaloTCsA KHCTOUKH 5§ ¥ TIQIHOCTHIO OT-
JlaloT 1Wapy cBOii 3apgj, KOTOpHIT cellyac e nepepacnpeesneTes 10 BHelI-
Hefl TOBepXHOCTH apa. Buarojaps 3TOMy HHYTO He MpenMATCTBYET Hempes
PHBHOMY Nlepenocy sapspa Ha map. HanpsxeHue Mexay wapom 2 # 3em-
Jiell HeMPEPLIBHO yBeJIHuHBaeTcsl, TaKUM 06pasoM MOMHO NMOJYYHTh HANPs-
XeHHe B HECKOJbKO MRJTHOHOB BOJIBT. [Tono6Hble MalMHE TIPHMEHANH B
ONMHTaX NO pacuielVIeHnI0 8TOMHHX fAep,
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? 31.3. Mor 6pt onucannuifi Buie reHeparop Ban-ge-Ipaaja pa6o-

TaTb, €CIH Okl miap ero GBI CAeJaH W3 H30JHPYIOUEr0o MaTepHania

HJIH ecH Obl TPAHCMOpTEpHAA JIeHTa B HeM Oblia npoBoAsulelt (me-
TaJlJTHYeCcKoii)?

§ 32. IlosepxHocTHa# nAOTHOCTH 3apsaga. Hccaenyem Te-
nepb Ha ONbiTe, KaKUM 06pa3oM pacnpefieisiioTCs 3apsjbl Ha
BHeLUHeH MOBepXHOCTH NMPOBOAHHKA. JlJIsi STOrO. MBI BOCHOJIB-
syeMcsd mno-npexkHemy npoGHoH maacTHHKoH, OHa Jo/MKHA
GbITh THGKOH HJIM HACTOJBKO Masof, 4ToObl NPH CONPHKOCHO-
BEHHH € TNPOBOJHHKOM ee MOXHO OBLIO pacCMaTpHBAaTh Kak
yacTbh NOBEPXHOCTH NMPOBOJHHKA. B 5TOM ciyyae Ha Hee mepeii-
JeT 3apfAj, NPUXOAAIIMICA HA YacTb NMOBEPXHOCTH, COBNAJaio-
el ¢ miacTHHKO#, OTHOLIEHHE 2TOTO 3apsAjia K MIOWaaH, Ko-
TOPYIO OH 3aHHMAeT, ONpefessieT KOMHUECTBO 3JeKTPHUeCTBa,
NPUXOAALIEECS HA eJUHHIY TMOBEPXHOCTH B HC(JeIyeMOM Mec-
T€, DTy BeJUYNHY HAa3BIBAIOT HOBEPXHOCMHOL NAOMHOCTbIO
sapada B JaHHoM MecTte, llepeHocs mMJacTHHKY B Gapajees
UHJIHHAD 3JEKTPOMeTpa, Mbi ’
CMOXKeM MO OTKJIOHEHHIO JIMCT-
KOB CYJHTb O MOBEPXHOCTHOH
IVIOTHOCTH 3apfja.

Kacasicb npo6Hoii miacTHH-
KOH pas/IHYHBIX TOYeK 3apsiXkeH- Puc. 57, Pacnpererenre mnosepx-
HOTO Liapa, NOKHO YOeuocn, | METIOh moticen sapnie 1o
uTo ﬂOBeprOCanaﬂ nAOMHOCMb JIH /i1 HarTAAHOCTH HpeFl’ICTa.BHTb
sapsada Ha wiape 00HA U MA HE  cebe, 4TO NPOBOAHHK OKPYHEH
680 6cex mecmax. 3apﬂ11 pac-  cj1oeM, TOIUIHHA KOTOpPOro Mpo-
npejennerca 10 seel o-  foMIOATIE | ronp ool
BEPXHOCTH WAPa PABHOMEPHO. (g purv HooOpaKeNtas &Tpﬂ_

Jssa  npOBORHHKOB. Gogee XOBOH JIHHHEH
CJIOXKHOH GOPMBI pacnpe/iefieHne
NJIOTHOCTH 3apaja Gosee CIOXKHO. 3apsxas nposommk H306-
paxeHnHblfi Ha pHC. 57, W KacaAcb NpPOGHOH IIACTHHKOH ero
GOKOBOH MOBEPXHOCTH '@, BOFHYTOH yacTH & H o61acTH, OKaHYH-
BAIOLIEHCA OCTPHEM ¢, Mbl HaljieM, YTO N0BEPXHOCMHASL NAOHL-
HOCHb 3apada Y NPOGOOHUKA NPOU3EOALHOL GOPMBL PA3AUMHA
04l PA3HBIX YHACIMKOS nosepxHoCmiL, Haumenviee 3snauenue
OHQ uMeenm . HA B0SHYMOL NogepxHOCmuU, HAUboAblUiee — HA
svicmynarouux ocmpuax. HanovrHaem ewe pas, 4To XOTS MO-
BEPXHOCTb TAKOTO NPOBOJHHKA ABJAAETCH 5KBHIOTEHIHAIbHOH
(§ 24), nnotHOCTH pacHpefie/IeHHOTO 3apfAja Ha HeM MOXKeT
ObIThb BecbMa HepaBHOMEDHA.

§ 33. Koupencaropwm. BoabMeM JBe 130/1HpOBAHHLE MeTaJLIH-
yeckue maactiubl I H 2 (puc, 58), pacnosioeHHble HA HEKOTO-
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POM PacCTOSIHHH APYT OT ApYra, H 3apsiiHM HX PaBHBIMH Pa3HO-
MMEHHBIMH 3apfijJaMH. JTO MOXHO ClesaThb Pa3HbIMH crocofa-
Mu. Hampumep, MOXKHO NDHCOEIMHHIb MJIACTHHBI K MOJIGCaM
aJleKTpHyeckoi MaluHbl, Ha oy H3 [VIACTHH NPH 3TOM MepeH-
JeT HeKOTOphIH OTPHLATeJBbHBIH 3apsf, T. €. NOOABHTCA HEKO-
TOpOe H3GBITOUHOE YHCJIO 3JIEKTPOHOB, a Ha JPYroHi MOABHTCA
PaBHBIH eMy IO MOAYJIO MOJIOXHTeJIbHHH 8apsf, T. €. COOT-
BETCTRYIOLIEe UHCIO 3JIEKTPOHOB OYJeT YJaJeHO H3 [VIACTHHBL.

K anexmpuyeckod
MaAWuUHe

o) . g}

Puc. 58. Onpit no H3yueHHIO 3aBHCHMOCTH €MKOCTH KOHIEHCAaTopa OT pac-

CTOSIHHA MEXAY €ro NJIACTHHaMH: a) OpH CABHTAHHH ILIACTHH €MKOCThb

KOHJIeHCATOpa YBEJHUHBAETCHA; JIHCTKHM 3SJAeKTPOMeTpa CNaJalT, XOoTd
3apsj OCTaeTcsl NMpeXHHM; 6) cXeMa OINbITa

MoXHO MOCTYMHTb HHAYe: ONHY U3 IJIACTUH COEJHHHTDb ¢ 3eM-
Jeil (HampuMep, COEAHHHTb ee MeTa/JIHUeCKOH MpPOBOJIOKOH ¢
BOJOMPOBOJHBIM KPaHOM), a K JApYyrofl miacTHHe NPHKOCHYTh-
cA 3apsAXeHHBIM TesioM. Ilpu 3TOM BesencTBHe -HHAYKUHH (§ 8)
Ha 3a3eMJIeHHOH MJIaCTHHE TaKXe MOSBHTCA 3apsil, paBHBIH
3apsly Ha ApYyro# IJlacTHHe, HO IPOTHBOMOJIOXKHBIH MO 3HAaKY.

Ilpu JmoboM crocofe 3apsAnKu IJIACTHH BCE NPOHCXOOHUT
TaK, Kak ecju Obl HEKOTOpBIH 3apsAj ObLI NepeHeceH ¢ OAHOM
IJIaCTHHBI Ha Jpyryio. CucreMa IBYX Pa3sHOHMEHHO 3apsiXKeH-
ABIX [POBOJHHKOB HA3BIBAETCH KOHOeHcamiopom, a 3apsf,
KOTODBIH HaJ0 MepeHeCTH ¢ OJHOro MPOBOAHHKAa Ha ApYroil,
4TOOBI 3apAIHTL OJMH M3 HHUX OTPHLATENBHO, a APYro#l mMoJo-
KHTeJbHO, HashiBaeTcs 3apadom KonOencamopa. B uacTHOCTH,
IVIOCKHM KUHIEHC2TOPOM Ha3sbIBAeTCs KOHJeHcaTop, cocToslui
H3 JBYX NApaJJIeJIbHBIX IIJIACTHH, PAacCTOSTHHE MEX1y KOTO-
PBIMH MaJIO [0 CPaBHEHHIO C pa3MepaMH IJIACTHH,
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" Pa3HOCTb MOTEHUHA/IOB MeX 1y IJIaCTHHAMH KOHIEHCATOpa,
KOHEUHO, 3aBUCHT OT 3apaja KouleHcaropa. [IpHcoeInHuR Kk
naactuuaM I u 2 KoHjJeHcatopa 3JeKTPOMeTp § H yBelHUHBasi
3apsj KOHJEHCATOpa MOBTOPDHOH 3apAJdKo#, Mml HafifieM; 4TO
[IOKa3aHHsA 3JeKTpoMeTpa TeM 0oJblue, 4yeM OOJMbIIHE 3apsj
MBI cooflliaeM KoujaeHcatopy. Msmepss sapsapg g (sanpumep,
no Merony, uanoxenHomy B § 10) U pasHOCTB NoOTeHLHANOB
U (nampumep, ¢ NMOMOIIBIO 3JIEKTPOMETPA), Mbl yGelHMCH HA -
OIbITE, YTO PA3HOCTb MOTEHLHaNOB U MexIy MIacTHHAMH mpsi-
MO NpOMOPLHOHANBHA 3apsAAy ¢, HaXOJAILIEMyCsd HA KaKjoH
H3 HHX, H II03TOMY 3aBHCHMOCTE MEXKJY 3THMH BeJTHYHHAMH
MoxeT ObiTh MpejcTaBaeHa GopmyJoi

g=CU. (33.1)

3necs C — koaHIHEHT, XapAKTEPH3YIOIHH KOHIRHCATOP.
Herpynuo BuzeTh, Kakoi (H3HYECKHH CMBICJ HMEET 3TOT KO3(-
¢unuent. Ecau bl nmojGepem TakoH 3apsaj g, YTOOBI MeXAIy
IJIACTHHAMH KOHJEHCATOPA BO3HHK/A DAa3HOCTb MOTEHIHAJIOB,
paBHas elHHHLe, To H3 Qopmyusl (33.1) monyuum C=gq. Ta-
- KHM ofpasoM, BeauuHHa C onpefensieT TOT 3apsj, KOTOpBIA
Heo6X0ouM, 4TOGHl 3apAAUTH KOHJEHCATOpP IO pPAa3HOCTH II0-
- TeHUHaJoB, paBHOH exuunuune. [lostromy koadduument C no--
CHT HA3BaHHE NEKMPUMECKOL eMKOCMIL KOHJIEHCATOPA HJTH 1IPOC-
TO ero emxocmu, OTCIO[a CHAELYeT, UTO EMKOCTMb KOHOEHCAMOopa
ecmb OMHOWIeHUe 3apada KoHOencamopa K mot pasHocmu no-
meHyuaL08, Komopyo amom 3apad coobujaem KoxOeHcamopys
=L, (33.2)
B CH exunHLIa eMKOCTH HOCHT B uecTb Papajies Ha3BaHHE
papad (®). Emrocmero, pasnoti 00HoMYy hapady, obiadaem -~
maroli KOHOeHCamop, Mex0y NAQCIMURAMI KOMOPO2O B03HUKAEM
PA3HOCMb NOMEHYUAA08, PABHAR 00HOMY 60AbMY, NPpU 3apade
HQ Kaowool u3 NAGCIMUH, PABHOM OOHOMY KYAOHY:

1 ®=1 Kal B. (33.3)

Jl1s npakTHYeCKHX Nesell 3Ta €IWHHLA CAHIIKOM BeJNHKa,
H Ha MpaKTHKe OObIYHO MPHMeHsI0Tcs 0osee MeslKHe elHHHIB!
eMKOCTH — MHKpodapan (MK®), paBHBIH OJHOH MHJLTHOHHOM
Joge dapana, u mikodapag (nd), paBHbI OJHOH MHJIIHOHHON

Jose MHKpogapasa. Takum o6pasom,

| ©=108 mg® =102 n®, | MkP=10"° P,
I p® =10"% Mk® =10""% @,

33.1. Konznencarop emkoctd 0,001 mx 3apﬂx<eﬂ JI0 PAa3HOCTH TNOTEH-
. nHanos | kB. Kakofi sapsif HaXOZHTCA Ha KaKIOH H3 ero IVIaCTHH?
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I[TpocToil ONBIT NOKAa3bIBAET, YTO €MKOCTh KOHJAEHCATOpa 3a-
BHCHT OT (G)OPMB!, Pa3MepOB H B3aHMHOTO pacloJIOXKeHHs COC-
TaBJSIOUHX €ro TeNl; B YaCTHOCTH, €MKOCTh IIJIOCKOIO KOHJEH-
catopa .3aBHCHT OT PACCTOSIHHAI MEXAY ero NjacTHHaMH H OT
HX MJIOWAJH. 3apsilMM CHOBa NPH NOMOLIY HHLYKIHH HIH €
. TMOMOWIBIO 3JEKTPHYECKOH MaIUHMHBI IJIOCKHIT - KOHJIEHCaTop,
H306paxKeHHbIl Ha pHC. 58, a 3aTeM, OTCOEAHIIMB €ro OT.MaluH-
HEI, CTAHEM H3MEHATb PACCTOSIHHE MEXJY NJIacTHHAMH, pasjiBH-
raag ¥ casuras ux. EcJi mIacTHHE JOCTaTOYHO XOPOLIO H3OJH-
POBaHEl OT OKPYXKAIOLWHX TeJ, TO HMEIOUWHHACA Ha HHX 3apsi,
OUeBHMIHO, He MOMKeT H3MeHHTbcA. OJHAKO COeIHMHEHHHH ¢
[JIACTMHAMH 3JIEKTPOMETP MOKa3blBaeT, 4YTO PasHOCTL IOTEH-
IIHaJIOB MeXKJIY MJ1aCTHHAaMH He OyIeT OCTaBaThCsl HEH3MEeHHOH.
Ecau Mbl pa3iBHHeM MJIACTMHHL, TO 3JIEKTPOMETP IMOKAKET,
YTO Pa3HOCTb MOTEHIHAJOB MEXKAY IJacTHHAMH BO3pUCId.
CoraacHo ¢opmyJe (33.1), 370 03Ha4YaeT, UTO €MKOCTb KON JeH-
caTopa. yMeHbIIWIach. BOCCTaHOBHB IpexHee paccTosiHHe
MexLy MJ1acTHHaMH, MH BHOBL NOJYYHM TpeXHee NMOKa3aHue
3/MIEKTPOMETPA H, CJIENOBATEJIbHO, NPerKHee 3HaueHHe eMKOCTH.

MEeHLIUHB pacCcTOsHHE MexAy TJMacTHHaMH, MBI yGennmcd,
YTO PA3HOCTb MOTEHLHAJIO0B MeXNY IJIaCTHHAMH YMEHBIUHJIAch,
T. €. €MKOCTb KOHJEHCATOpa yBeJHUYHJach. BMeCTo TOro uTo6hl
OTAAJIATDL IVIACTHHHL APYT OT APYrd, MBI MOMKEM CABUHYTb OIHY
H3 HHX B CTOPOHY, YMeHBIIHB 3THM IJIOLLAXb NJIACTHH, pacro-
JIOKEHHBIX JAPYT NpOTHB jpyra. Mel yBHAHM, YTO NpH ITOM
" 3JIEKTPOMETP TOXe TOKa3blBaeT yBeJHYeHHE Pa3sHOCTH MOTEH-
LIHaJMOB, T. €. YMEHblIEHHe eMKOCTH.

OnucaHHble ONBITHI $ICHO MOKAsbIBAlOT, MTO eMKOCHb Xa-
pakmepusyem He OmOeAbHYIO NAACMURY, . cucmemy obeux
NAQEMUR 8 UX 830UMHOM DACNOAOMEHUL N0 OMHOWeHUw Opye
K Opyey. TloaTomy, roBopsl 06 3JIeKTPHYECKOH EMKOCTH, MbI BCEr-
Ja HMeeM B BHAY €MKOCTb CHCTEMBI H3 IBYX TeJ, MEXAY KOTO-
pPLIMH YCTaHOBHJAach Pa3HOCTb MNOTEHIHaNOB. [lOHSATHO, UTO
3TO CBA3AHO ¢ TeM obcroATesnbCTBOM (§ 21), uTo (H3HUeCKHiT
CMBIC/T HMEET TOJbKO PasHOCTb MNOTEHLHANOB MEXAY ABYMs
TOYUKaMH (B YacCTHOCTH, MEXKIY ABYMs NMPOBOJAHHKAMH; B HallleM
caydae MeX1y IBYMsl NJACTHHAMH, COCTABJSAIOLIMMH TJIOCKHH
KOHJEHCaTop).

DeKTPOMETP TaKXKe NPeiCcTaBiseT COGOH KOHIEHCATOp;
OIHHM H3 NPOBOJHHKOB €ro fIBJseTcsl CTep:KeHb C JIHCTKAMH,
a BTOPBLIM — Kopnyc. EMKOCTb 3/1€eKTpOMeTpa 3aBHCHT OT pas-
MepOB H B3aHMHOT0O PacnosioxKeHHs ero yactel. Tak Kak B a/1ek-
TpPOMeTpe 3TH YacTH 3aKPEMJIEHH B HEH3MEHHOM IOJIOXKEHHH,
TO eMKOCTb JaHHOTO 3JIeKTpoMeTpa 6yleT BMOJIHE OmNpejeseH-
HOH (HeQO/IbIUMM H3MEHEHHEM €MKOCTH, CBA3aHHBIM G Nepeme-
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uieHHeM JIHCTKOB, MOXHO INpeHe0peub, €CJH JINCTKH JOCTa-
TOYHO yJafleHbl OT Koprnyca). FiMeHHO mO3TOMY MBI M MOXKeM
NOJIb30BATbCA  3JAeKTPOMETPOM JLIA H3MepPeHHS HMEIOLLerocs
ua -HeM 3apsaga (§ 25). PacxoxpeHHe JHCTKOB 3JeKTPOMETpa
omnpeje/sieTcs NOJeM MexIYy HHMH H KopmycoM npubopa, T. €.
pasHocThio nmotenuuanos U mexay 3TuMH Tenami. Ho, cormac-
HO (opMyate (33.1), 3apsan saekrpomerpa ¢ pased CU, rae C —
. MKOCTh SJIEKTPOMETpa, ABMAOWAACH LA JaHHOIO npuéopa
IOCTOSTHHOM,

TaxnuM 06pa3oM, MO PACXOXKAEHHIO JHCTKOB MOXKHO CYJIHTb
H 0 3apsje saekTpoMerpa. Mbl MOXKeM NPOrpaiyHpoBaTh IpH-
Gop nuGO B eNHHHUAX PA3HOCTH NMOTEHUHANOB (BOJIBTAX), JIHOO
B eUIHHIAX 3apsAfa (KyJOHax).

B ciyyae s;meKTpocKona, y KOTOPOTO HET MEeTalHu4ecKoro
KOpIyca, CTep:eHb H JIHCTKH SBJAAIOTCA OJHHM IPOBOJHH-
KOM, a BTOPBIM CJAYXAaT €TeHbl H JIPYTHe OKpYIKaiollHe npei-
,MeTbl, B YaCTHOCTH TeJI0 3KCIEPHMEeHTaTopa, coobLiaolleecs
C TOBEPXHOCTbIO 3eMJH., 3apsj, NOMelleHHbIH Ha 3/eKTpo-
CKOMe, OMpefe/sieT PasHOCTb MOTEHLHAJNOB MEXIY CTEPXKHEM
3MEKTPOCKONa M STHMH OKpPYXKAIOWHMMH Telamd. Pasnenus
3apsijl Ha 3Ty Pa3HOCTb IOTEHUHANOB, MOJYYHM €MKOCTb KOH-
JIEHCATOpa, COCTABJIEHHOTO CTEPXKHEM JIEKTPOCKONA H OKpYKa-
IOIIHMH TeJaMH, MJIM, KaK MHOTJA TOBOPSAT, MKOCTh 3JEKTPO-
CKOMa MO OTHOLIEHHIO K OKpyXKawliuM TenaM. Ho emkocts 3Ta
yxke He OyIeT NOCTOSHHOH, KaK B cJaydae 3JIeKTpoMmeTpa, a
GyneT 3aBHCETb OT CAYYaHHOTO PaCIOJIOXKEHHS OKPYKAIGLUHX
3JIEKTPOCKON Tel. MeHsii MX IOJIOXKEeHHe M0 OTHOLIEHHIO K
3JMIEKTPOCKONY (HAaNpHMep, 3IKCIEPHMEHTATOp MOXKEeT MpPUOJIH-
JKATbCA HJIH YJANATBCS OT SJEKTPOCKoNa), Mbl GyIeM MeHATb
€MKOCTb CHCTEMBI, YTO MNPOSIBUTCS B H3MEHEHHH MNOKA3aHHS
anexTpockona (§ 26).

KoueuHo, To e camoe OTHOCHTCSA K JIIOGOMY TeNy: €eMKOCTb
€ro [0 OTHOMIEHHIO K OKPYKAIOIIHM Te1aM, B YaCTHOCTH IO
OTHOLUEHHIO K 3em/le H COeJIHHEHHbIM C HElo CTeHaM MoMellle-
HHSI M NPEIMETaM, 3aBHCUT OT pAaclOJIOKeHHs Tesa IO OTHO-
HIEHHI0 K 3THM IpeaMeTaMm H, BooGlie roBOps, MeHSeTcs NpH
nepemeinendu Tena. Ho eciin okpyxawilne npeimeTbl JOCTa-
TOYHO YJaleHbl, TO HEeGOJbIIHE H3MEHEHHs pAacCTOAHHA OT
JIAHHOTO Tela [0 STHX NPeIMEeTOB NPAaKTHYeCKH He H3MEHAIT
ero eMKOCTH. B TakoM ciydae TeJO MOXKHO HA3BATh yeIHHEH-
HbIM. DJIEKTPHYECKYIO €MKOCTB CHCTeMb! (KOHAEHCATOpa), Coc-
Tosiefi H3 YeNHHEHHOTrO Tesla M APYTHX NOCTATOYHO YHAasieH-
HBIX [pEIMETOoB, 4YacTo /s KPAaTKOCTH peYH HAa3bIBAIOT
IPOCTO 3JEKTPHYECKOH eMKOCThIO YyeauHeHHOro Tesa. OHa
3aBHCHT TOJIbKO OT (JOpMBI H pa3MepoB AaHHOro Teqa. B gact-
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HOCTH, €MKOCTb Y€JHHEHHOTO 11apa 3aBHCHT TOJIbKO OT ero pa-
nuyca R M, Kak NOKasHBAlOT PacyeThl H H3MEPEeHHsl, Bbpaxa-

erca (opMyJIoH
C= 4neOR_9 10,,R= 1,11.10-1°R, (33.3)

[lIap pamuyca 1 cm obaamaer emkocthio C=1,11:10"1? b=
=1,11 nd.

B TOM ciyuae, KOrjZa MH HMEEM HECKOJBLKO 3apSi2KEHHRIX TeJl, H3OJH-
POBAHHHIX JAPYT OT APYyTra, BONPOC O eMKOCTH CTAHOBHTCSA TOPas3fio CJIOXKHee
H JJIs onpejfesieHus ee HeqoCTaTOuHO npoctoil hopMyn (33.1). Mur He 6yneM
paccMaTpuBaTh 3TOT Bonpoc. [IpakTutecku nodru BCerna NPHXOJUTCH HMETb
JIes10 C IByMs NPOBOXHHKAMH, PaclOJQXKEHHRMH OUeHb 6JIH3KO IPYT K APYTY,
H [I03TOMY Ha HX B3aHMHYIO eMKOCTD He BJIHAIET PaCONIOKEHHE JPYTHX 6outee
yAaJeHHEHX IIPOBOIXHHKOB,

Ecau 6m 3eMas npeicTaBisja cOGOH YeIHHEHHHH NPOBOLHHK, TO,
© TaK KaK ee MOXHO CUHTaTh WapoM paguyca 6400 KM, ee sJeKTpHuecKas eM-
KOCTh paBHAJach 6bl npubauantensHo 700 Mxd, OnHaKo, KaK MH BHAETH
B § 29, sneKTpuuecKoe nosie 3eMJH NOKa3hBaeT, 4TO BOJH3H [OBEPXHOCTH
3eman; Ha paccrosHud 100—200 kM oT Hee (B HoHOChEpE), PaCHIONOKCHBI
5JIEKTPHUECKHE -3apsAhl, KOTOPhle COBMECTHO ¢ eMJeHl 06pasyloT KOHIEH-
cartop, eMKocTb KoToporo pas B 30—50 GoJiblue yKa3aHHOrO 3HAaYeHHs H J10-
cruraer 20 000—30 000 Mk®, T. e. HeCKOJMBKHX COTHIX apaza.

- ll

2 33.2. Kak H3MepHTb pa3sHOCTb MOTeHUHAJOB ABYX [POBOJHHKOB, Ha-

. [pUMep JABYX H3OJHDOBAHHHIX 3apSXEHHHX MeTaJJNHYeCKHX L1apoB?
VYkaxHTe HeOOXOIHMEIH VISl 5TOrO NPHOGOD H HAaYepTHTE CXeMY 5THX
H3MepeHHH.

33.3. [louemy He yOHBaeT TOKOM NTHIY, CaflNyOCs Ha OIMH H3 IIpO-
BOJIOB BBICOKOTO HampsnxeHHA? [ITHDY M noBepxHOCTB 3emun pac-
cMaTpHBaHTe KakK . OOKJaJAKH KOHAeHCAaTopa OYeHb MaJIoH eMKOCTH
(MaJlaf NOBepXHOCTb NTHLE, OGOJbIIOE PACCTOSIHHe JO 3eMJH).

§ 34 Pa3snnynble THIIBI KOHAEHCATOPOB. MBI BHIEIH B npeeiay-
mmeM naparpade, 4TO, 3apsikas JoGoH H3OJIHpOBaHHbIH npo-
BOJHHK, Mbl OJHOBPEMEHHO CO3JaeM NpPOTHBONOJOXHEIH 3apsij
Ha OKPYXKAaWIUHX IPOBOJHHKAX, COeJUHEHHBIX ¢ 3eMiell H
06pasylol{iX BMeCTe C 3THM TeloM KOoHJeHcaTop. OmHako eM-
KOCTb TaKOro KoHJeHcartopa Mana. UTo6bl noayuuThb GOJBLIYIO
€MKOCTb, HEOOXOIHMO B35Thb NPOBOJHHKH B BHJE MeTa/Hue-
CKHX IJIaCTHH, BO3MOXKHO O/IH3KO PacloJIOAKeHHBIX APYT K IPYyTy
(Tak HasblBaeMble OOGKJIaJKH KOHIeHcaTopa). MBI BHIENH, YTO
€MKOCTb IIJIOCKOTO KOHJEHCATOpa OpsAMO INPONOPHHOHAIbHA
IJIoIany O6KJafoK H 06paTHO NPONOPHHOHAABHA PACCTOSHHIO
Mexay HHMH. IToatoMy npu 6osbiIOf NOBEPXHOCTH OGKJALOK
H IPH TOHKOM CJIOe JUIJEeKTPHKA MeXIy HHMH €MKOCTb KOH-
JeHcaTopa OYeHb BEJIHKA, H Ha HEM MOXHO HaKONHTb («CTyc-
THTb») 3HAUHTe/bHble 3apsibl JaXKe NPH HeGOJAbIIOM HalpskKe-
Hud, Otclofia NPOHCXOMUT M HA3BaHHE «KOHAeHcaTop» (0T Ja-
THHCKOTO CJIOBa condensare — CTyIaTh).
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Ha puc: 59, a nsobpaxeH camblii CTApWHHBIH TUN KOHJEH-
caropa — aeilenckan 6anKka. DT0 HA3BaHHE CBA3AHO C TOPOJIOM
Jlefinenom (I'ostanaus), rae BnepBble GBI CO3/aH B cepeluHe
XVIII Beka xongencatop Takoro tina. OH npeicTaBaseT cO-
6oii CTeK/NsAHHYI0 0aHKY, OKJEEHHYIO BHYTPM M CHapyXH CTa-

HuoJseM *). Coe/luHenHe ¢ BHYT-
‘peHHell OOK/IaJKOH oOcyIlecT-
BJIsIeTCS MeTaJJIHYeCKHUM CTepXK-
HeM, yKpelJeHHbIM BHYTPH OaH-
ku (puc. 59, 6). Il1a rtoro 4ro-
Obl 3apsAIuTh JeHJeHCKYy OaH-
Ky, ee Jep»KaT B pPyKe 3a BHell-
"HIOIO OOKJIaJKy (3THMM Ocyile-
CTBJSETCS COelHHEHHE ¢ 3eM-
Jell) ¥ IpHKacaloTcs CTepKHeM
K KaKOMY-JH00 3apAXKeHHOMY
TesNy, JIy4dille BCEro K OJHOMY
U3 MOJIIOCOB 3JIEKTPUUECKOH Ma-
IHHE,  EMKOCTh  JiefeHCKO#
04HKH CpelHHX pa3MepOB cOc-
taBaser okoio 1000 nd.
2 34.1. a5 3apsiikH JelieHCKOH
° 6aHKM OOBIYHO COEXMHSIOT €e
BHELIHIOD OOKJIAXKYy ¢ 3emieit
(nepxar GaHKY B DyKax) H Ka-
caloTcsl ee BHYTpeHHeH 0O6-

KIagkol (cTepXHeM) OJHOTO
H3 TNOJIOCOB  5JIeKTpHYeCcKOH

¢
f
|
N
i
§
|
|
=

Lt |

2 o)

Puc. 59. JlelineHckas 6aHka: a) 06-

M BHI; 6) cxeMma ycTpolicrsa, J

H 2 — cTaHHOJeBble OOCKJajKH,

8 — CTEKJSIHHHH cTakaH, 4 — Me-

TaJUIHYeCKHH CTepXeHb, § — yH-

pPyTHe MeTaIIHIeCKHe MOMOCKH JJIsT
KOHTaKTa

MallMHE. MOXHO JIH TaK e CHJBHO Sapﬂll}{Tb 6aHKy, ecJH, Ha-
060poT, fepXKaTb B PYKE ee CTePKeHb, a KOCHYTbCH MOJIOCA MaLIHHBL
BHelIHeH OOKJaAkoi? UYUTO NpOHM3OHIET, ecJH 3apMKEHHYIO TaKHM
06pa3oM GaHKY NOCTABHTb Ha CTOJP -

34.2. MOXHO JIM 3apsIAHTh JeHIEHCKYIO OaHKY, COEMHSIS OHY H3 ee
OCKJIaJOK C MOJIOCOM 9JIEKTPHYECKOH MALIMHB, HO OCTABHB BTOPYIO
0OKJIaIKy H30JHPOBAaHHOH OT 3eMIu?

34.3. CoeRHHHB BHEIIHIOI OOKMaJKY 3apsKeHHOH JelJeHCKoH 6aHKH
¢ 3eMJell U KOCHYBLIMCH NaJiblieM ee BHyTpeHHeH OOKJaAKH, MBl YyB-
CTBYeM CHJIbHLIH 3J1eKTpHYecKHi yaap. Ilouemy sToro He mpoHCXORHT,
eCJIH MBl KOCHeMCsl BHYTpeHHell OOKJIaJKH, CTOS Ha H3OJHPYIOmeH
ckamefike? UesmoBeuecKoe TeJIo Ha H3OJMHDYIOHEl CKaMeHKe H OBepX-
HOCTb 3eMJIH paccMaTpHBalTe KakK OOKJaJKH KOHAeHcaTopa, MpHcoe-
JAHHSIeMOTO NMapaiieJbHO OaHKe; YUTHTe, YTO €MKOCTb 9TOTO KOHJEH-
caTopa 3HAUHTEJbHO MeHblle eMKOCTH GaHKH.

Jl1s yBeJquyeHHs] €MKOCTH KOHJEHCATODPHI COENUHAOT B Ga-
taped. Ha puc. 60 nso6paxena Oarapesd H3 4YeThIpex JeHaeH-
ckuX 6aHOK. Bce BHeulHHe M Bce BHYTpeHHHE OOKJALKH COe-

) *) CraHHOJIb —TOHKO PacKaTaHHBIH JIMCT O/IOBa (OT JIATHHCKOTO. CJIOBA
stanum — 0/10BO, OTCIOa XUMHYECKHH CHMBOJI 0JI0Ba Sn).
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Puc, 60. Datapes u3 ueTwlpex Puc. 61. Kongencatop nepemer:-
NnefdleHCKHX GaHOK: | — CTepKeHb HOH eMKOCTH COCTOHT H3 JBYX
Ans 3apsAKH BHYTPEHHHX OGKJAa- - H30JJHPOBAHBBIX CHCTEM MEeTalLlt-
HOK, 2 — CTepikenb JJs ‘3a3eM- YeCKHX [JTAaCTHH | H 2, KOToptie

JIeHHS BHELIHHX OO0KJAaJ0K - BXOAAT APYT B Jpyra UpH Bpa-

. UIEHHH PYKOSITKH

JHHEHbl MeX1y CO00#, u mosToMy GaTapelo MOXKHO paccMmatpH-
BaTb Kak OJHH G0MBLLOM KOHJIEHCATOP, Y KOTOpPOro NJOWAinL
06K/afloOK paBHa cyMMe miowaned oOKIajOK OTAeAbHHIX Ga-
HOK. EMKoCTb GaTapen mpH TAKOM COeIMHeHHH (OHO Ha3blBaeT-
cd Mapa/ieibHBIM COEJHHEHHEeM) PaBHA CyMMe eMKOCTeH OT-
' IeNbHHIX KOHJEHCaTOpPOB.

Ha puc. 61 noka3an KOHAeHCATOD MepeMeHHOH eMKOCTH,
LIHPOKO ynoTpebaswomuiica B paadorexsuke, OH COCTOMT 3
JBYX H30JIHPOBAHHBIX CHCTEM MeTa/JJIHUeCKHX MJIACTHH, KOTO-
pble BXOJAT JpYr B JApyra npH BpalleHHH pYKOATKH. Bjsura-
HHE Y BbLJBHTaHHE OJHOH CHCTEMBI MJIACTHH B APYTYIO H3MeHs-
10T eMKOCTh KoHjeHcatopa (§ 33). B

BO/BbIHHCTBO TEXHHYECKHX KOHJeHCaTopoB npn6nmxaerca
No THIY K MJOCKOMY KOHJEHCaTopy, T. €. B OCHOBe CBOefi
npejAcTaBAseT ABe pas3fenieHHble HEGOJBIIHM 3a30pOM NHapan-
JieJIbHbE NIIOCKHE NIOBEPXHOCTH (0OKIaiK1), HAa KOTOPBIX cocpe-

' IOTOUEHbl paBHble 3apsiAsl NPOTHBOMOJOMHBIX 3HAKOB, DJeK-
TpHYeCcKass eMKOCTb IJIOCKONO KOHJIEHCATOPA CpPaBHHTENIbHO
NPOCTO BHIpaXKaeTcsl uepe3 pasMepbl ero uactell, Bbimomxum
OmbIT, H300paxceHHbli Ha puc. 58, npuyeM OyJeM NPHMEHATDH
npuGophl, NPOrpaiyHpoBaHHble TaK, YTO OHH MO3BOJIAT H3Me-
pATb H 3apsi, coolliaeMbii KOHAEHCATOPY, H BO3HHMKAIOIRYIO
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pasHOCTh roTeHUnanoB. Mamensis nuollaib S MIaCTHH U pac-
CTOSIHME MeXJy WHMH d, MBI yOeauMmcsi B TOM, UTO eMKOCMHlb
NA0CK020 KOHOeHcamopa :

S i S : '

K dopmyae (34.1) MOXkHO GbLIO NPHATH H IyTeM TeOopeTH-
yeckHx pacuetoB. Kak nmpu M3MEPeHHAX, TaK H [IPH pacueTax
TIpenoaaraercs, YTo KOHAGHCATOP MJIOCKHH, T. €. UTO paccTof-
HHe d OYeHb MaJO TO CPABHEHHIO ¢ JHHEHHBIMH pasMepamu
[JIaCTHH, M B 3a30pe MeXAy NJIaCTHHAMH HaxXOJHMTCA BO3AYX
(TouHee cnes0Bano Obl TpeANIONArarh, YTO M BO3LYX OTCYTCT-

BYyeT).
B cootBeTcTBHU € hOpMYOH (34.1)
’ C{Pld[m]
A T

OTKy/[a CAelyeT, UTO € MOXKeT ObITb BblpaxeHa B (hapajax Ha
metp (D/m)-(§ 11).

§ 35. MapannenbHOe ¥ NOC/IEN0BATE/NbHOE COEMHEHHe KOH/eH-
caropos. IToMHMO-TI0Ka3aHHOTO Ha puc. 60 u 61, a Takxe Ha
puc. 62, a napansenbHOTO COEJMHEeHHs KOHJEHCATOPOB, MPH
KOTOPOM COEJMHEHBI MeJy cOG0H BCe NONOMHTENbHbIE H BCE
oTpHIaTeNbHBle OOKJIaJKH, HHOT/A COENMHSIOT KOHJEHCATOpbl
noc/lel0BaTeqbHO, T. €. TaK, YTOOBl OTpHLATeNbHas O0KjajKa

° _L i 1

K ovemowsury | B by & Uz 0Oy
. .Gapasa A = .
. . K ucmoyHiky
© sapada
7 )] : &
Puc. 62. CoeanelMe KoHIeHCAaTOpos: @) NapalfienbHoe; 6) Tocrenosa-
TeJdbHOE .

nepBOro KOHJeHcatopa Obl1a COeJMHEHA ¢ TIOJIOKHTENBHOA
06Knaikoli BTOPOTO, OTpHIATeNbHas OOKJIajKka BTOpPOro —
¢ TOJIOKHMTENbHOH OGKIaJAKOH TpeThero H T. A. (puc. 62, 6).

B cayuae napaniesbHOTO COEIMHEHHs] BCe KOHJIEHCATOpHI
3apsKaloTCs A0 ONHOH H Tolt Xe pasHocTH noTeHuuanos U,
HO 3apsifBl HA HHX MOTYT ObITb PA3NHYHEIMH. ECaH eMKOCTH HX
passul Cq, C,, ..., C,, TO COOTBETCTBYMOMIUE sapsjpl “GyIyT

g,=C,U, 7,=CU, .., q,=C,U.
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OGwiuii 3apsin Ha BCeX KOHJAEHCATopax
g=q+ ¢+ .. +¢,=0C+C,+...+C) U,

H, CJ€e10BaTeJbHO, €MKOCTh BCeH CHCTeMb! KOHJICHCATOPOB

=& =C,+Cy+...+C, (35.1)

Urak, emrxocme epynnet napaiieibHo COeOUHEHHbIX KOHOCH~
camopoe pasHa cymme emxocmed omoeabHblx KOHOEHCAMOPOs.

B cayuae nocsenoBaTenbHO COeAHHEHHBIX KOHJIEHCATODOB
(puc. 62, 6) oIMHAKOBI 3apAAB Ha BeeX KoHAeHcatopax. [leii-
CTBHTeNIbHO, €C/JAH MBI IIOMECTHM, HalpHMEp, 3apfAj] ¢ Ha Je-
BYIO OOKJaJKy NepBOr0 KOHJEHCATOPa, TO BC/AEJICTBHE HHIYK-
OHH Ha NpaBo¥ ero o6kjaajke BOSHHKHET 3apaj —¢, a Ha JIeBOH
ofK/aajKe BTOPOro KOHJeHcaTopa — 3apan -+q *). Hannuue
3TOTO 3apsJa Ha JeBOH OOKJafKe BTOPOTO KOHJIEHCATOPA ONAThb-
TaKH BCJIEJCTBHE HHAYKIHH cO3[aeT HAa NPaBoOH ero obKjaaike
3apAl —q, a Ha JeBol oOKk/nalKe TPeTbero KOHJAeHCaTopa —
3apal +q u T. 1. Takum 06pasoM, 3apsj1 KaxJI0To H3 MOCAEN0-
BaTeJIbHO COEJHHEHHBIX KOHJEHCATOPOB paBeH ¢. Hampsxkenue
®e Ha KakKJIOM H3 3THX KOHJEHCATOPOB ONpEAeNsieTcsl eM-
KOCTBIO,_€OOTBETCTBYIOWLEr0 Komxex-xcaTopa:

q q
UI_CI’ U,= oo U_C

rae C; — eMKOCTb OJHOrO KonjeHcaropa. CyMMapHOe Hampsi-
XKeHHe MeXJAy KpaHHuUMH (CBOOOJHBIMH) OOGK/JagKaMH Bcel
Ipynmsl KOHJEHCAaTOPOB

U=UitUpt o+ U, =g (gt o+ ).

CrnenoBateIbHO, EMKOCTb Beefl cHCTeMbl KOHAEHCAaTOPOB

_a
| C=7
OIIpefie/IsIeTCs! BBIPAKEHHEM
1 U 1 1 1
=7 -—ctgt-te- (35.2)

*) KoHeuHo, Halie paccy/JeHHe OCTaeTcs NMPABHJILHBLIM JJISi KOHJEH-
CaTopoB BCeX BHJIOB, KaK IVIQCKHX, TaK H He IVIOCKHX. B moGom koHjeHca-
Tope BCe MOJE COCPe/lOTOUEHO MeXAy ero oOKnajKaM# (HalpHMEpP, MeX1y
IByMsi OOKJIaflkaMH IHIHHARHYECKOro KoHAeHcaTopa). [TosTomy sapsj, HH-
AyIHpOBaHHBIAl Ha BTOpO# OCKJIajKe, Beerja paBeH MO MOAYJIO H NPOTHBO-
NOJIOKEH Mo 8HAKY 3apsfy, NOMELEHHOMY Ha NepBYIO OOKJIaLKy.
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M3 370l popMyJIBI BUJHO, 4TO eMKOCMb 2pynnbl NOCAeC08GMenb-
HO COEOUHEHHBIX KOHOEHCamopos 6ce20a MeHbuie eMKOCTU Kadc-
0020 U3 aMux KOHOEHCAMOpPo8 6 OMmOeabHOCMLL,

2 35.1. YeThpe 0IHHAKOBHIX KOHJEHCATOPA COEJUHEHH B OJHOM CIyUae
H napaJijelibHO, B JPYroM — MNOCJAeJ0BaTebHO. B KakoM ciyyae em-
KOCTb 3TOH TpPYNNH KOHAeHcaTopos GoJblile H BO CKOJILKO pas?

35.2. JIBa roujeHcatopa eMKocTH 2 H 1 MK®D coelHHeHH nocse0Ba-
TEeJIBHO H TIPHCOeJHHEHH K moJsiocaM GaTapeH ¢ HampsiKendem 120 B.
KakoBo HanpsiKeHHe MeXAy OGKJaJKaMH IePBOFO H MeX1y OGKJIal-
KaMH BTOPOTO KOHJeHCaTopar .

35.3. Karoil 3aps] Hy®HO cooOMHTL GaTapee H3 JABYX JeHJeHCKHX
6aHok eMkocTH 0,0005 1 0,001 MK®, cOeHHEHHEIX NTapas/ieJbHO, YTo-
6bl 3apsauThL ee fo Hanpspkenns 10 kB?

35.4. Konpencatop, 3apsixeHHbH A0 Hanpsixenusa 100 B, coeanns-
€TCSl ¢ KOHJIEHCATOPOM TaKoH e eMKOCTH, HO 3apsixeHHEM Jo 200 B,
NapasaesbHo (T €. MOJOXKHTeNbHAsA OGKIaflka — C IOJOXKHTeIbHOH,
OTpHUIaTeNbHAS — ¢ OTpHuaTeabHOf). Kakoe ycTaHOBHTCA Hampsike-
HHe MexJy OOK/IafKaMH?

35.5. JIBa 3apsxeHHBIX METAJHYECKHX LIapa OJHHAKOBOTO AHAaMeTPa
npHBoAsATCs B conpHKocHOBeHHe. ONHH U3 apoB — monsii. [Topos-
HY JIIf pacrpefensiTcst 3apsifibl Ha 06OHX mapax?

'§ 36. Juanektpuueckass mpOHMLAEMOCTb. EMKOCTb KOHIeHea-
TOpa 3aBHCHMT, KaK [OKa3blBaeT OINBIT, He TOIbKO OT pasMepa, -
(OpMBI H B3aMMHOIO PACIOJIOKEHHS COCTABJASIOLUIHX €ro Mmpo-
BOJHHKOB, HO TaKxe H OT CBOHCTB JH3/JEKTPHKA, 3aMOJHAIO-
IIEr0 [POCTPAHCTBO MEXJy STHMH NPOBOJHMKaMH. Biusnue

oIz

|4

Puc. 63. EmxocTh kompfencaTopa yBeJMUMBaeTCsi NPH BABIFaHHH 3SGOHH-
TOBOH TNJACTHHKH MeXKJy ero ofKJajixaMH. JIMCTKH 37eKTPOMETpa Crajalor,
XOTH 3apAA OCTAETCH TPEXHHM

JH3JIEKTPHKA MOXKHO YCTAaHOBHTb MNPH IOMOLIH CJIEAYIOLLEro
onbiTa. 3apAJMM INIOCKHH KOHJEHCATOP M 3aMeTHM IOKasa-
HHS 5JIEKTPOMETPd, H3MEPAIOLIEro HanpsKeHHe Ha KOHJEHca--
Tope. BJBHHEM 3aTeM B KOHJEHCATOp He3apsiKEHHYIO 3GOHH-
TOBYKO IIMaCTHHKY (puc. 63). Mbl yBMAMM, 4YTO pasHOCTBb
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NOTEHIHAJOB. MeXKAY OOK/IaJKaMH 3aMeTHO yMeHblHTcsA. Ecau
yaanuth  360HHT, TO TIOKA3aHHS 3JEKTPOMETpa MAeNalTcs
HPEXHHMH, DTO [10Ka3bIBaeT, YTO NpPH 3aMeHe BO3AyXa 3GOHH-
TOM €MKOCTb KOHJEHCATOpa yBequuuBaetcs, B3sp BMecTo 560-
HUTA KaKOH-HHOY[b HHOH JM3IEeKTPHK, Mbl IONYYHM CXOAHBIH
pe3ysbTaT, HO TONIbKO H3MeHeHHe eMKOCTH KOHJeHcaTopa 6y aeT
uueiM. Ecnu €, — eMKocTb KOHJEHCATopa, MEXKAY O6KIafKaMH
KOTOpOT® HAaXOJUTCA BaKyyM, a C — eMKOCTb TOTO ¥Ke KOHJEH-
- caTopa, Korja BCe IPOCTPAHCTBO MEXAY OOKJaJKaMH 3anoJ-
HeHO, 6e3 BO3AYIUHBIX 3a30pOB, KaKHM-THO0 IUINEKTPHKOM,
T0 eMKocTh C oKamercsl B € pa3 Gosblie emkoctu C, Tle € 3a-
BUCHT JIHLIb OT NPUPOABI AU3JeKTpHKA., TakuMm o6pasoM, MOXK-

HO HamucaTh ,
C=¢C,. (36.1)

Benuuuna € nHaspiBaeTCs1 omuocumenvrold dQuasexmpuuec-
Kol RPOHUYAEMOCMBIO WIH TNPOCTO OUIAEKMPUUECKOU NpOHU-
Uaesocmeo Cpelibl, KOTOpPOH 3aNONHEHO NPOCTPAHCTBO MEXKAY
obkiafkaMu KoujeHcaTopa *). B Ta6a. | npuBeseHs! 3HaueHHsI
JM3JIEKTPHYECKOH IPOHHUIIAEMOCTH HEKOTOPBIX BEIIECTB.

Ta6auuma 1. duanektpHueckas
" NPOHHLAEMOCTH HEKOTOPLIX BeulecTs

Bemectso e
Boaa (uxcras) 81
Boaayx 1,0006
Ksapn 4,5
Kepamnka (paadoTexuuyeckas) Io 80
TMapaduu 2,3
Cmiona 6—8
CrerJo 47
D60HHT. 3
-SluTapp 2,8

Cka3aHHOe CIpaBefTHBO He TOJNbKO sl IJIOCKOTO KOHJIEH-
caropa, HO U ANsl KOHJeHcaTopa moboH (opMbl: 3aMeHss BO3-
IyX Kakum-1u60 JWU3JNEKTPHKOM,; Mbl YBEIHYHBAaeM €EMKOCTb
KOHJIeHCcaTopa B €& pas.

*) HHorna ropopar o6 aGCOMIOTHOH AM3JIEKTPHUCKOH NPOHHIAEMOCTH
g5, TIOA KOTOPOfi O/l pasyMeBalOT NPOH3BECHHE OTHOCHTENLHORA JH3JIEKTPH-
gecKolt NPOHHILIAEMOCTH Hd 3/IeKTPHUECKYIO NOCTOSIHHYIO: &,==geg;. OnHaKo
9Ta BeJHUHHA (H3HUECKOTO CMBICJIA He HMEET, H MHI ee paccMaTpHBaTh He
Gynem. ([Ipumes. ped.) .
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Crporo ropopsi, eMROCTb KOHAEHCATOpa YBEJIUUUBAETCHA B £ P33 TOJbKO
B TOM CJiyuae, eCJIM BCE JIHHHH MOJIS, HAYIIHE OT ORHOH OOKJalXH K ApYroi,
MPOXOXAT B JAHHOM HMJIEKTpHKe. DTO GymeT, HaNpUMep, ¥ KOHAEHCATOpa,
KOTOphiH HEJHKOM NOTPYXKeH B KaKOH-JIHO0 KHUAKHA AHSJNEKTPHK, HAJHTHH
B Gompmolt cocyn. ORHAKO eCcsH pacCcTOsSHHE MeXAYy OOKJIajKaMH MaJo Mo
CPaBHEHHIO C HX pasMe€paMH, TO MOXKHO CUHTATh, YTO ZOCTATOYHO 3aNOJTHHTEL
TOJILKO TPOCTPAHCTBO MeXAY OOKJafKaMH, TaK KaK MMEHHO 3JeCh TNPaKTH-
UE€CKH COCPEROTQUEHO JICKTPHUECKOE TTOJIe KOH,l{eHcaTOPa. Ta}(, JJI51 TIJIOCKOT O
Kox—meHcaTopa JAOCTAaTOYHO 3aNOJHHTb HAHSJEKTPHKOM JIHIUb NpOCTPaHCTBO
‘MeXRY IJIaCTHHaMH. .

Tlomemas MexxAy O6KJIaAKaMH BellleCTBO ¢ GOMIBIIOH JH3JIEK~
TPHYECKOH NPOHHLAEMOCTbIO, MOXKHO CHJIbHO YBEJHYHTbL €M~
KOCTb  KOHJeHcaTopa. OTHM
NONb3YIOTC Ha TNPaKTHKe, H
OOGLIYHO B KayecTBe AUINIEKTPH-
Ka 15 KOHjeHcaTopa BhHIGHPa-
10T He BO3AyX, a CTeKJO, nmapa-
(HH, CJIOAY H APYTHe BellecT-
Ba. Ha puc. 64 nokasaH TexHH-
YeCKHI KOHJIGHCATOP, Y KOT®PO-
ro IHM3JIEKTPHKOM CJIYXKHT Npo-
NHTaHHAA NapajuHoM OGymaK-
Haa JeHTa. Ero oOK/jaajgkamH

W
SBJIAIOTCS CTAHHOJIEBEIE *) JHC- / 7 i
Thl, TIpHKAThbie. ¢ 06EHX CTOPOH 1
K napaduHHPOBaHHOH O6yMare. J a2 4

EMKocTb TakKHX KOHAEHCATO- . .
A a Puc. 64. TexHHueCKHH TJIOCKHi

POB HEPENKO JOCTHTaeT Hec-
KoMbKHX MHAKpodapax. Tak,
HanpHMep, PaauoMOOHTEAbCKUH
KOHJIeHCATOp pPasMepoM CO CIlH-
YeyHylo KOPOOKY HMEeT eMKOCThb
2 MKO.

ITousiTHO, 4YTO AJIS1 H3TOTOB-
JIeHHs1 KOHJAEHCAaTopa NPHIOAHbI
TOJIbKO JH3JEKTPHKH C OYeHb
XOPOLWHMH H30JIHP YIOIHMH
cBoficTBaMH. B mpoTHBHOM
cIyuae 3apsajapl GYAYT yTeKaThb

KOHAEHCATOp: a) B COOPaHHOM BH-
Je; 6) B HaCTHUHO pa3obpaHHOM
Bule: I H [’ — cTaHHOJIeBLIE JIEH-

" Thl, MEXAY KOTOPHIMH IIPOJIOXE-

HbH  JIeHTEl TapauHHpoBaHHOK
TOHKoli Oymard 2. Bce JeHTH
BMeCTe CKJIaJbIBAIOTCd «TapMOLI-
KOH» M BKJIaAHIBAIOTCA B MeTal-
JHIEeCKYI0O KOpo6Ky. K KoHuam
JeHT | H I’ npunaMBaroTCs KOH-
TaKTel 3 1 8’ /g BK/IOUEHHs KOH-
JleHCaTopa B CXEMY

yepe3 Au3JeKTpHK. [loaTomy

BOJA, HECMOTPSl Ha ee GOJBbLIYI JHIJIEKTPHUYECKYIO . NPOHH-
1laeMOCTb, COBCEM He I'OJHTCA JJIA H3TOTOBJIEHHH KOHJEHCATO-
POB, HOO TOJIBKO HCKJ/IIOUHTEJNbHO TIIATEJNbHO OUMIEHHAsA BO-
Aa fABJAETCA AOCTATOYHO XOPOJUMM JH3JEKTPHKOM.

*) CMm. cHocky Ha c¢. 81. B coBpeMeHHOH TexHHKe OOCBIMHO BMeCTO
TOHKHX JIHCTOB 0JIOBA NPHUMEHSIOT JIMCTH aMIOMHHHS HJIH IpPyTHX MeTalljIoB.
OpBako B CHJTy TPHBHIYKH H 3TH JHCTE HePeLKO Ha3bIBAIOT CTaHHOJIEM.
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Ecau npocTpaHCTBO MexkAY OOK/IalKaMH IJIOCKOTO KOHJIEH-
caTopa 3anoJIHeHO CPeJOH C IH3/IeKTPHUECKOH NPOHHIAEMOCThIO
e, T0 opmysa (34.1) 111 IWIOCKOTO KOHJEHcAaTOpa NPHHHMAaeT

BHJ

C==esoé}. | (36.2)

To 06CTOATEeNBCTBO, UTO €MKOCTh KOHJAEHCATOpa 3aBHCHT OT
OKpyKawlleld cpelbl, YKasblBaeT, 4TO 3JeKTPHUYECKOe MoJje
BHYTpPH JAHSJIEKTPHKOB H3MeHslercsl. MBI Bujeau, YTO IIpH 3a-
NOJNHEHHH KOHJEHCATOPA AMAMIEKTPHKOM C JH3JEeKTpHUeCKO
TIDOHHIAEMOCTBIO & EMKOCTh YBEJHUHBAETCSl B £ pas. ITO 3Ha-
YHT, 4TO HPH TeX Ke CAMBIX 3apajax Ha OOKJajKax pasHOCThb
NOTEHLHAJIOB MeK/1y HUMH yMeHblIaercs B & pa3. Ho pasHOCTB
MOTEHLHAJIOB M HANPAXKEHHOCTb NOJIS CBI3aHBI MEXLy CO0OH
cootHoeHueM (30.1). [TosTOMy yMeHblLIEHHe Pa3HOCTH MOTEH-
HHAJIOB O3HAUYAET, UTO HANPANCEHHOCM® NOAR 8 KOHOeHcamope
npu e2o 3anoHenuu OusseKmpurom Oeaaemcs mexolie 8 e pas.
B 3T0M H COCTOHT NpHYHHA yBeNHUEHHS €MKOCTH KOHJIEHCATopa.

Ecnu 0603HaunTh yepes E, HaNPAKEHHOCTb MOJsA, CO3JaH-
HOTO A/006iMU 3aPAXKEHHBIMH TE&JIAMH B HEKOTOPO# TOYKe B
BaKyyMe, a uepe3 E HampsKEeHHOCTb HOJSL B 3TOH e TOUKe
B TOM CJyyae, KOTJAa NPH TeX e 3apsiaXx BCe NMPOCTPAHCTBO
3aNOJIHEHO JH3JIEKTPHKOM C-JH31eKTPHUECKOH NPOHHLAEMOCTHIO
g, TO

E=D, (36.3)

Ecnu jpa TOUEUHBIX 3apsjia HaXOAATCA B JHIJIEKTPHKE, TO
HaNpsi>KEHHOCTh MOJISI KaXKJOro H3 3apsjioB B TOUKe, TJIEe Ha-
XOJMHUTCA ApYyroH 3apsij, yMeHbIIAeTCs TaKxke B & pa3 H, CIeIo-
BaTeJbHO, CHJA, JeHCTBYyoUlas HAa Kax/IblH H3 3apsjoB, B €
pa3 MeHble, YeM B BakyyMme. OTcroja 3ak/ouaeM, 4TO 3aKOH
Kynouna (10.1) pasi TodeuHelx 3apAjJ0B, NOMENIEHHBIX B HH-
3JeKTpHKe, HMeeT BHJ *)

L gz (36.4)

4ne[, er?

§ 37. Touemy 3JeKTPHueckoe moje ocnabasercd BHYTPH JAM3JAEKTPuKa?
Noaspusauua AuINeKTpHKA. UTOOH NOHSATH, IOYEMYy NOJ€ BHYTPH IHIJIEK-
TPHKa MeHbllUe, YeM B BaKyyMme, HYKHO yueCTb, YTO BCE Tesa TMOCTPOEHH M3
ATOMOB Y MOJIeKYJ. ATOMBI U MOJIEKYJIH B CBOIO OYepellb COCTOAT H3 MNOJIO-
KHUTEJBHEX ¥ OTPHUATENbHRIX 3apsAL0B (aTOMHHEIX SiIep M 9JIEKTPOHOB), Tak
4YTO BCAKHAAMINEKTPHK TPEACTABIAET COGOH co6pax—me 6om>moro qhcia sa-
pSiMEHHHX YacTHIL.

*) 3To CNMpape]HBO TOJBKO LIS KUIKHX M Fa30006pasHbIX AHSJIEKTPH-
Kos. (fIpumeu. ped.)
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B MoJeKyJsax 3TH NOJOXUTeJbHHE H OTPHLATEJNbHbIE 3apsijkli HEPEIKO
pacnoJIoXkKeHH TaK, YTO OfHA NOJIOBHHA MOJIEKYJbl HMeeT 110 NMPEUMYLIeCTBY
NOJIOXKUTENIBHEIE 3apRa, a jApyras — OTpHLaTesdbHu. Takas MoJeKyJa,
rpy6o roBopsi, iMeeT BHJ, TAJTOYKH HJIH CTPEJIKH C NIPOTHBOMOJOMKHO 3ap sKeH-
HEIMH KOHUaMH (puc. 65). TakdHe MOJIeKyJIH 4acTO Ha3HBaIOT JHIOJSAMH
(IBy XMOJIIOCHUKAMH, OT TPeYecKoro cJjoBa «aH» — nBa). [TonoxuTe bHbIH
M OTPHLATeJbHHH 3apsfEl B KaXIOH MOJIeKyJse ONMHAKOBH, H MOITOMY JIO-
6ast MOJIeKYyJia B LIeJIOM He 3apsikKeHa.
Onnako NpH TNOMemeHUH JHIIOJNbHBIX + + - —
MOJIEKYJl B 3JIeKTPHUeCKOe IoJie Ha + -

Kaxaylo MoJsekyay Gymyr xeficTBo- + o+ - 7

BaTb CHJIH, CTPEMSIIHECT YCTaHOBHTD

ee 1o HamNpapBJeHHI0 JHHUH MoJs. Puc. 65. Monesp AMMOJIBHOH MO-
B ecTeCTBEHHOM COCTOSHHH, T. €. JIEKYJIbl JH3JIeKTPHKA

B OTCYTCTBHE BHENIHEro MoJs, MoJe-
KyJIbl BEWeCTBA OPHEHTHPOBAHEI COBEPIIEHHO XaoTHyecKH. B moGolt uacT
JIU3JIEKTPHKA 6YAYT HaXOAUTHCH OAHHAKOBHIE NOJIOXHTENbHEIE H OTPHILATEN b~
HHe 3apsiibl B CaMOM XaOTHYeCKOM pacnosioxkeHuu (puc. 66, a), u mostomy
pesyJbTHpYIOuee AeACTBHE 3TUX 3apanoB 6yZeT papHO Hyawo. Korga Mul
noMelnaeM JU3JEKTPHK C IHTMOJBLHEIMH MOJIEKYJIaMH B 3JIEKTPHYeCKOe MoJe,

. R
N Y DY : - g9
o 00 =0y P g +}
E_»
R,= =% cm & s +
b2 (==
| Z =Ly SV
AN VP RPN 1 +
| em ey o=, o= Tem, +f=
I i +g7 -q' +g'-q
Puc. 66. Tlonspusauus ausiex- Puc. 67. Tose Ep, co3/1aH-
TpHKa B 3JeKTPHYECKOM TMoJe: Hoe NMOJIIP H3aLHOHHEIMH 3a- -
@) sJIeKTPHYEeCKOe ToJIe OTCYTCTBY - psanamMu —+g u —g', Han-
eT; §) sJIeKTpHYecKoe TIoJle cJa- paBJieHO INPOTHBOMOJIOXKHO
60e; 6) 3TeKTPHYECKOE TOJIe CHJTb= nomo E,, koropoe coszna-
HOe. YCJIOBHO TOJIOXKHTENIbHO 3a- HO 3sapsjaMu -+q ¥ —q Ha
psXeHHbI KOHell Junoas o0603- o0KJIaZKax KOHIeHcaTopa

HayeH IITPHXOBKOH

TO NOX AEHCTBHEM CHJ NOAS, CTPEMSUIUXCS NOBEPHYTb JHUTIONH, MOJIEKYJIb!
NOBOPAYHBAIOTCH TaK, YTOOBl HX 3JEKTPHYECKHE OCH YCTaHOBHJIHCH MO BO3-
MOXHOCTH IO JIHHHAM noJs. I'oBopsi «Mo BOSMOXHOCTH», Mbl HMeeM B BHJIY
caenyoutee. [eficTBie 3JeKTPHYECKOTO NOJS CTPEMHTCA YCTaHOBHTbH yIe-
PAAOYEHHOE PACNOJIOKEHHe MOJIEKYJ, BEICTPOUTD HX LeMoyKaMH, KaK MOKa-
3aHO Ha puc. 66, 6 u 6.

C npyroit cTOPOHH, TemI0BOe ABHXKeHHe MOJIeKyJ (cM. ToM I) cTpemuTes
BCe BpeMsl PAacCTPOMTD 3Ty YNOPALOUYEHHOCTb H BOCCTAHOBHTbL XaOTHYECKOE,
GecriopsiiOTHOe PacNoJIOXKeHHe MOJIeKyJI, OKa3aHHoe Ha pHuc. 66, a. Bopnba
MEXJIy 3THMH TPOTHBOMOJIOKHO HanpabBJeHHBIMH (aKTOpaMu, H3 KOTODHIX
NepBH 3aBUCHT OT HaNpPSKEHHOCTH NMOJS H MHIHBUAYAJbHBIX CBONMCTB JaH-
HOTrO BeleCTBa, a BTOPOH OnpepeJsieTcsi TeMIeparypoi, NPUBOAHT K TOMY,
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YTO B NOJIE JaHHON HANpPSKEHHOCTH. HEe BCE, a JIHIIbL GOJbINAs HIM MeHbLIast
4acTh MOJIEK yJ1 PacrojiaraeTcs CBOHMH OCSAMH GJH3KO K HaNpPaBJ/IeHHIO NOJS.

CsleiCTBHEM 3TOrO YNOPSAOUEHHS B PACIOJOKEHHH MOJEKYJ SIBJASETCS
'TO, 4TO Ha MOBEPXHOCTH JM3JIEKTPHKA 00Pa3yloTCs paBHHE TO MOAYJMO, HO
NPOTHBOMOJIOXKHEIE 110 3HAKy 9JEKTPHYECKHe 3apsijn. DTH 3apsinl TeMm
Goablue, yeM Gojee yHOPSAOUEHO paCnosoxenne Mosekya. Ha puc, 66, e
sapsi] Ha FpaHHLax AH3JeKTpHKa Goablle, yeM Ha puc. 66, 6. [IH3/1eKTpHK
npHo6peTaeT «3/1eKTPHYeCKHE NOJIOCKH HJH, KaK MPHHATO FOBOPHTh, MOJS-
pHayertcs. Tlpuunna ocnabieHns: noast B AH3eKTPHKE H 3aKJIOYAeTCH B IO~
JISpH3alHH TNOCJeIHero. )

HeficTBHTeNbHO, NPeNCTaBHM cebe NJIOCKHI KOHJEHCATOp, 3aNOMNHeHHNIl
JAH3JEKTPHKOM (pHe. 67), npHueM Ha J1eBOH OOKJajKe HMeeTCs NOJIOXKHTeNb-
HHH 3apsij, a Ha NpaBoOii — OTpHUATeNbHbIH. TaK KaK OfHOHUMEHHKEIEe 3ap ALl
OTTAJKHBAIOTCSH, a4 Pa3HOMMEeHHKle NPHTATHBAIOTCS, TO, OYEBHAHO, Y JeBOi
(MONI0OXKHTENBLHON) OOKJaiKH BO3HMKAeT Ha MOBEDXHOCTH JM3JEKTPHKA OT-
pHLATeNbHBIH NMOJASAPH3aUHOHHKEI 3apsl, a y- PaBod OGKJaJKH — INOJOXH-
TeAbHbIA. TakuM 06pasoy, nose E,, cosiaBaeMoe NOJSPH3aLHOHHEIMH 3a-
pslaMH, HaNpaBJeHO NPOTHBOMNOJOXKHO nomio E;, cosnaBaeMOoMy 3apsilamH
Ha OOKJajJKax, H NMoToMy ocsabaseT ero, PesyabTupyiomee nose B AH9/€K-
TPHKe OKa3hiBaeTCSl MeHblle, 4eM B OTCYTCTBHE AM3JEKTPHKa,

Mu paccMaTpHBaH 0 CHX NOP TOJALKO JeHCTBHE MO/ HA AH3JNEKTPHEK,
NpOAB/AIOLIEECS B NMOBOPOTe MOJEKY. M YINOPSJAOYEHHH MX OpHEHTALHH.
Kpowme atoro geficTeis noJsi, B HEKOTOPHX BELIECTBAX BO3MOXKHO H CMeile-
HHe 3apa]0B B npejesax KamJOH MOJEKYJH HJH, KaK TOBOPAT, NOJADH-
3auMs KaXAoH OTAenbHOH MOJeKyabl. 310 JeHcTBHe NoOas eue 6oJee
yBeJIHYHBaeT IOJSPH3alHOHHHE 3apfaan!,. BOSHHKAOUIHE HAa INOBEPXHOCTH
JKH3JIeKTPHKA, H, CIeX0BaTe.TbHO, NPHBOIHT K eme 60JbileMy OCaabJeHHIO
pe3yILTHPYIOMIero noJad,
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Puc. 68. TIpu pasfefleHHH TOJSPH30OBAHHOIO JM9/JIEKTPHKA Ha JBe YaCTH
Ha TIOBEPXHOCTH KaX([lOH H3 HHX BO3HHMKAIOT MOJSPH3ALHOHHEE 3apsibl
NPOTHBONONOKHLIX 3HaKoB. [loNspH3alUMsl IM3JEKTPHKA: a) NO pasjene-
) : aus; 6) nocre pa3jiedeHHs

Tlonsipusauns AH3JEKTPHKOB HAlOMHHAeT coGOH 37éKTPH3aLMIo Yepes
BaHsiHHe (§ 8). OaHako MeXJy STHMH SIBJEHHSMH CYWIECTBYET H pas/IHuHe,
Mur BuenH, 4TO 3/1€KTpH3aLMsI NPOBOJHHKOB NOCPEACTBOM BJHSAHHA OGBSC~
HAETCH NePEMEIeHHEM CBOGOJHHX 3JEKTPOHOB, KOTOPHE B.INPOBOAHHKAX
MOT'YT NepejBHraThCsl MO BeeMy o6beMy NpOBOAHHKA. Pasnenuuss B saek-
TPHYECKOM TIOJlIe NPOBOJAHKK Ha JBe YacTH, ME MOXKEM OTAEeNHTb HHAYLHpPO-
BaHHKle 3aPAJBI, H 06e NOIOBHHEI IPOBOJHHKA OCTAHYTCS 3ap AXKEHHEIMH JaxKe
nocsie yCTpaHeHHs TN0Jsl, BH3BaBLIErO 3TH 3apAJkl. B NMPOTHBOMOJIOXHOCTD
3TOMY, BHYTPH IH3JeKTPHKA 3/eKTpuueckKHe 3apsagsl He MOTYT CBOGORHO
TlepeMeMATbCS, a MOTYT-.TOJNBKO CMelllaTbCsl B Npefesax CBOeH MOJeKyJIH,
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Tlostomy, ecau pa3feHTh MOJADU3OBAHHHR AHINIEKTPHK B 3JEKTPHUECKOM
fosie Ha JBe YaCTH, TO KaXAaf uacTb 6YJeT COCTOATh NO-NPEeXHEMY H3 He3a-
PSXKEHHBIX B IEJIOM MOJIEKYJI, H MOJHHI ee 3ap ] ToXe GyJeT PaBeH HYJQ.
Ha noBepxHocTH Kaxkpol u3 uacrte#f 3apsanl, onHaKo, 6yAYT, H NPHTOM Ha
OJIHOM KOHLe MOJOXHTeNLHbeY a Ha JPYroM — OTpHUaTebHHe (puc. 68).
'BTO M NOHATHO, TaK KaK K KaXJ0fi YaCTH MOXHO MPHUMEHHTD T€ ¥Ke pPacCyx-"
JIeHHS, YTO U JJ1f LeJOro Kycka ausjeKTpuka. IIpu ycTpaHeHHHM BHeIIHero
noJs 3apAAK BHYTPH MOJEKYJ Mo AeHCTBHEM TENJIOBOrO ABHXKEHHA BO3Bpa-
LIAIOTCSl B HCXOJHOE HEeyNOpsAOUeHHOE DAacloJIOKeHHe, H NOJAPH3ALHOf-
Hble 3ap AAH HCUe3aloT. Mbl BHAMM, YTO MOJIADU3ALMOHHKHE 3aPAIH, B OTJIH-
4ie OT HHAYUHPOBAHHKX, HE MOT'YT GHTh OTAENEHH APYT oT Apyra. Ilostomy
NMOJISIPH3AlMOHHBIC 3aPsAAbl YacTO HAa3biBAIOTCH elle CBS3aHHBIMH 3apAfaMi.

§ 38. JHeprua 3apsiKeHHbIX TeJd. IHEPrus JEKTPHYECKOro Mos.
s Toro uyTo6bl 3apSAAUTL KOHAEHCATOP, T. €. CO3[AaTh HEKOTO-
PYiO pa3HOCTb NOTEHUMANOB MEKAY ABYMS TesqaMi — OOGKJaj-
KaMH KOHJEHCATOpa, HYXKHO 3aTPaTHTb HEKOTOpPYyio pabory.
DTO cBsI3aHO C TeM, YTO MPOLECC 3aPSAAKH Tesd, KaK MBI TOBO-
punu B § 5, 0O3HauaeT Bcerja pasfeleHue 3apsiioB, T. €. CO3.a-
HHE Ha OJIHOM Tese u30bITKAa 3apsi0B OJHOTO 3HAKa, a HA Jpy-
roM Tene — apyroro 3Haka. IIpu sTom npuxojutcs npeojose-
BaTb . CHJIbI TPHUTSNKEHHA APYT K APYLY MOJOMKUTENBHBIX 1
OTpHUATE/NBHBIX 3apAfoOB, T. €. 3aTpauuBaTh padory. Korza
KOHJEHCATOp pa3paxKaercs, T. €. PaHee pasje/eHHBIe 3apspl
BOCCOEJIUHSIIOTCA, TO TaKyio Ke pabOoTy COBepIIalT 3JIeKTpH-
YyecKHe CHJIBI. TakuM o0pa3oM, 3apsieHHBIH KOHAeHCATOp 06-
Jlajaer 3arnacoM MOTeHUHaNbHONH SHEPIUH, PaBHBIM TOH padoTe,
KOTOpasl Gbia 3aTpaueHa Ha €ro 3apsiKy.

kS
Puc. 69. Ilpu pasjiBHraHHH Ha pacCTOsIHHe 7
d nJMacTHH IJIOCKOrO KOHIeHCaTtopa ¢ 3apd-
JaMH ¢ H —¢, HaOpsSXKEHHOCThb NOJH B ‘u E
KoTopoM pasHa E, 3arpaunBaercsi paforta
A=Eqd/2 =3

Mkl MOXKeM BBIPA3UTh 3TH (DakTH HHaue. 3apsxKasi KOHAEH-
caTop, MBI CO3aeM B HeM 3JIEKTpUUeCKOe I0oJe; NPH paspaike
KOHJEHCATOpa 3TO I0JIe HcYe3aeT. JaipaveHHas HamMH pafoTa
noLyia Ha co3jaHue noJss, a paboTa, coBepliaeMasi IpH pas-
pSAKe KOHAEHCATOPa, MOJYUYaeTcsl 3a CUET HCUE3HOBEHHUS 3TOTrO
nosisi. MOKHO CKa3aTh, CJIE[JOBATENBHO, UTO 6CAKOe noie 00-
Aa0aem  HeKomopbim 3anacom NOMEHYUANbHOL 3HEpeUU, 0C60-
BoxcOae Mol NPU UCHESHOBEHUL MO0 NOASL.

Ilas Haubosee MPOCTOrO cayuas MIOCKOFO KoHAeHcaTopa (puc. 69) sty
pa60'1'y HeTPYAHO BHIUHC/HTE. HO TéX nop, fneoxka paccmmmed MEXNY Ia-

CTHHAMH MaJO 110 CPaBHEHHIO C pa3MepaMH IVIACTHH, HaNMpAMXKeHHOCTDb 10/
E B nnockoM KOHAeHcaTope He 3aBHCHT OT paccrosiHus d, efictBuTensHo,
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B TJIOCKOM KOHJEHCATOpe TIOJe ORHOPOLHO H ero HanpsikenHoets E=U/d.
Ho pasnocts notenuuas’os Mex1y IJactyHaMu KoHaencatopa U=g/C, a
eMKocTh C=gyS/d (npernojaraeM, 4TO MEXAY IacTHHAMH — BaKyyM,
S — niomanr naactun), Takum obpasowm,

=9 (38.1)

T. €. PH NOCTOSIHHKIX ¢ U S HanpsKeHHOCTh noas E He 3aBUCHT OT d, TaK
KaK npd H3MeHeHuH d usMeHsiercsi Takxke U.

Cusa, ¢ KOTOpO# NPHTATHBAIOTCS APYT K APYTY ABE IPOTHBONOJOXKHO
3apsKeHHBle NJACTHHH KOHJAEHCATOpa, 3aBHCHT OT 3apfila § Ha KaxJoif
H3 IVIaCTHH H OT HanpsikeHHocTd noJs E, Tak Kak npu usmeHeHuH d He H3-
MeHSIIOTCSl HA ¢, HH E, TO HeM3MeHHOH oOcTaercs H CHJa npuTskenus F,
IMostomy pabioTa, KOTOPYIO HYXKHO S8aTPaTHTh, YTOGH Pa3gBHUHYThH NIACTHHE
OT HYJEBOrO PACCTOAHUS MeXAy HuUMH 10 paccrosnus d, pasHa A=Fd.
Ho pasasuxxeHde NJacTUH 0O3HauaeT 3ap iKYy KOHAEHCaTOpa, y KOTOpOro pac-
‘CTOSIHHE MEXJAY NJ1acTHHaMu paBHO d. Ile#cTBHTeNBbHO, KOTAa paccTosiHHe
MeX1y NJACTHHAMH PaBHO HYJIO, T. €. NJIACTHHH CJOXEHH BMecTe, TO HX
3apsLH -}-g 4 —¢ 06pa3yioT KOMNEHCHPOBaHHBIH XBOMHON CJIOf, H CHCTEMa
He 3apsikena. Panbie (§ 7) M y>Ke nogpo6HO pacCMaTpHBaJIH NOSIBJEHHE
3JeKTPHYECKHX 3apsiJ0B Ha ABYX TesJaX KaK pa3iBuHKeHse ABOHHOrO cJ0s
3JIEKTPHUECKHX 3apsILOB.

- 3anacanepruy W, KoToprM 06J1a12eT 3apsi2KeHHBIH KOHIEHCAaTOp, PaBeH
pa6ore A=Fd, koropas OmJa saTpaueHa Ha ero sapsuky: W=A. Yrobu
BBIUHCJHTH 3TY paboTy, HaM ocTaeTcst TOJABKO onpeneuts cuay F. [las atoro
BOCMOJIb3yeMCs HanpsKeHHOCThbio noas E B KoHpeHcaTope. MoxHO paccma-
TpuBath E KaK peayJbTHpylomyio ABYX PaBHHIX HamnpsukenHocted Ej u
E,, 13 KOTOpHX OfHa O6YCJIOBJEHa NOJOXKHTEILHEIM 3aPsAOM g Ha opHO#
nJacTuHe (Ha BepxHefl nJacTuHe), a APyrasi — OTPHLATEJILHEM 3apsloM
—¢@ Ha apyro#i (nuxkue#l) naactune (puc. 69). SlcHo, uTO 06€ 3TH HamNpsXKeH-
HOCTH HalNpaBJieHH B OAHY W TY e CTOPOHY, TaK uto E=FE;-}-E,. Tak Kak
E;=E, (noToMy uT0 06€ IJIACTHHE KOHIEHCATOpa M HX 3aPslbi CHMMETPHU-
HH), T0 E;=FE,=E/2. Cuna B3auMOpe#CTBHS MeXLy IJacTHHaMH F —
3TO CHJIA, C KOTOPOH moJjie HanpsKEeHHOCTH Ey; BHI3BaHHOE 3apsiaoM -1-¢
Ha BepPXHell mJjacTHHe, neHCTBYeT Ha 3apsil —¢ HHXHeH NJACTHHH H TAAHET
ero sBepx. Ho, ¢ xpyrofi croporn, F paBHO cHJe, C KOTOPOH moje Ha-
NpsiXKeHHOCTH £,, BRI3BaHHOe 3apPSIiOM —¢ Ha HHXKHell njiacTuye, feficTByer
Ha 3apsil -}-¢ BepXHefl MIACTHHH M TsHET ee KHH3Y,

Takum .06pa3om,

5 ,
F=Eyg=Exq=-F, (38.2)
T. €, )
We=A=— Fd=£2‘i d, (38.3)
a TaK Kak
U
E=,
TO
U
W'—T . (38.9)
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BcrnoMuuB, 4TO 8apax KoHzeHcaTopa ¢=CU, MB MOXeM mnepemucatb 3Ty
OpMYJly TaKke B BHJIE
Gopmyy e
=—-
Ecnu B dopmyaax (38.4) u (38.5) sapsaa Bupaxarb B KyJOHaX, Pa3HOCTh
NMOTEHUHKAJIOB B BOJbLTAX, 8 EMKOCTh B (hapanax, TO 3Heprus 6yIeT BEIpaXKeHa
B pxoyasix. dopmysa (38.5) maer BO3MOXKHOCTb MOHSATH, NMOYEMy NPH pas-
pale JelfifeHCKOH GaHKH HJIH 6aTapeH H3 HeCKOJbKHX 6aHOK, obsaxaiouiefl
CPaBHHTEebHO 6OJIBIIOH eMKOCTBIO, HCKPa moJyuaercs 6oJiee MOIIHOH, npo-
H3BOZHMT GOJlee CHJbHBII 3BYK M Gosbluee (H3HOJOTHYECKOe HelficTBHe,
49eM MpH paspsiie KOHZEHCATOPa MaJOH eMKOCTH NDH TOM XK€ HaNmpAXKeHHH.
Barapes wuMeeT GoJbuiMAi sanac SHepruH, ueM oxHa Oadka. MouHHA
npexcTaBJsieT cob60¥ paspsl KOHIeHCaTopa, «06KJIaIKaMH» KOTOPOro sBJIs-
10Tcs JH60 nBa O6JaKa, JMHG0 06JaKO H nmoBepXHocTb 3emaH. EMKocTb Ta-
KOro KOHZeHCaTopa CPaBHHTEJIbHO HeBeJIHKa, HO 3anac 3HepTrHH B MOJIHHH J10-
BOJIbHO 3HAUYHTEJIbHBIH, MOTOMY 4TO HampspDKeHHe Ha 9TOM KOHIZeHcaTope
OCTHraeT MHJUTHapiaa BosibT (107 B),

(38.5)



naea lll. NOCTOSHHBIA SNMEKTPUUECKMA TOK

§ 39. dAeKTPUUCCKHI TOK W 2JeKTPOABHKYwWAs cuia. 113 pap-
HOBeCHsl 3apsiJioB Ha NMpPOBOJHHKE HEOOXOAHMO, KaK Mbl 3HaeM,
yTOGbl Pa3HOCTb NMOTEHIHANOB MEXTY JIOOBIMH TOYKAMH IIpO-
BOJHHKA paBHANach HyJo. Ecau 3TO yc/QBHe HapyIeHO, TO
paBHOBeCHE He MOXKET HMeTb MeCTa, B NMPOBOJHHKE IPOHCXO-
JUT nepeMellleHHe 3apsioB, KOTOpOe HA3bIBaeTC 3JEKTpHYec-
KHM TOKOM. TakuMm o6pasoM, /s NOJAYYeHHS TOKA JOCTATOYHO
€03JiaTh Pa3HOCTh NMOTEHIHAIOB (HAIpSXKEeHHE) MEXKILY KAKHMH-~
Ju60 TOYKAMH NPOBOAHHKA.

OcylnecTBHM 3TH yCJIOBHA B CJeRyIOLIeM NPOCTOM OIHITE,
NOHATHOM H3 CXeMEl, NoxkasanHoH Ha puc. 70. Jleas nosioBuHa
cxeMbl H300paxkaeT S/MeKTPHUECKYIO  MALIHHY,. CO3JaI0ilyIo

Puc. 70. OnuIT A5 BRISICHEHHS TIOHATHH O TOKe H 3. .. ¢.: K — KOHJeH-
catop, JI — namnouka KapmaHHoro ¢onapsa, I’ — ranbBanomerp, IM —
3JleKTpHYecKasd MaluHMHa, 3 — ajeKTpomerp, K2 — Kiwod

Pa3sHOCThb OTEHIHAJIOB Mexx Iy o0KJaankaMu A u B KoHaencaTopa
eMKOcTH C; 3JeKTpOMeTp TIO3BOJIsIeT OOHAPYKHTh H Jame H3-
MepAThb 3Ty Pa3HOCTh NoTeHlHansoB. Ha npaBoit nosoBuue cxe-
MBI TIOKA3aHO, KaK OCYIIECTBAAETCA COENAHHEHHEe IBYX OOKJa-
JOK KOHJEHcaTopa C TOMOIIbIO NPOBOAHHKA, COCTOSAINETO H3
COEIUHHTEbHBIX MNPOBOAOB M JaMnodkd. Jljas TOro uro6bi
creNaTh HaIVISAHBEIMH NPOLECC CO3JAHHA HAaNpSKEeHHA MEeXIy
OoOK/afiKaMH KOHJIEHCATOpPA H TIPOLECC COeNMHEeHHA OOKIANOK
[IPOBOAHNHKOM, MBI [IOMECTHJIH B cXeMy Kuod. IToBepHYB ero
BJIeBO, MBI 3apsAXKaeM KOHJEHCATop (co3JaeM HanpsKeHHE MeX-
Iy ero oO6K/JaiKaMH); NOBEPHYB €ro BIPaBO — OCYILIECTBJsieM
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coelMHeHUe OGKJANOK C MPOBOJXHHKOM. 3acCTaBUM Bpallathes
3/JIeKTPUYECKYIO MallUHY (pPYKOH HJIM MOTOPYHKOM) M IOCTa-
BHM KJIi0Y BJ1eBO. KOHZIEHCaTOp HAaYHET 3apAxKaTkCsd, H JIeKTpPO-
MeTp INOKaXeT BO3HHKAIOWee MEXIy OOKJafKaMH Hampsxke--
uue; Ilepe6pocum ko4 BnpaBo. JlaMnouyka Ha MrHOBeHHe
BCNBIXHET, a JIMCTKH 3JIeKTpOMeTpa ONalyT, YyKa3blBas, 4TO
HanpsAXKeHHe MexXAy OOKJafKaMH KOHJeHcaTopa yhajio JO
HYJd, T, €, M0Je B KOHJEHcaTOpe HC4e3s10. BHOBL NoBopauuBas
KJI0Y BJIEBO, MBI [IOBTODHM 3apAJKY KOHJEHCATOpa, a Iepe-
KIajplBasi KJI04 ONATh BIMPABO — BHOBb 6y)1eM Ha6/0AaTh
BCMLIIKY JaMMOYKH, U T. 4. -

UTO NpOUCXOJUT B 3TOM OMNBITE? Sapmxaﬂ ¢ MOMOMIBIO 3JIeK-
TPHYECKOH MallliHBl KOHJIEHCAaTOp, Mbl INPOU3BOJM/IM pa3fene-
HHe JeKTpHYeCKHX 3apsiioB. Ha ofHOM nogioce MallUHBI, Ha-
npuMep a, H, CJ1eJ0BaTeNbHO, Ha COeUHEHHOH ¢ HUM OOK/IajiKe
A nosBaanca W3GBITOK 3/eKTPOHOB, Ha JApPYTroM mogwce b
(1 o6KJajike B) — COOTBETCTBYIOUIHH HEJOCTATOK 3JEKTPOHOB.
Mexny mnomocamMu (a ciaefOBaTe/lbHO, H MeXAy OOK/IaJiKaMu
KOHJIEHCATOpa) BO3HHUKJ/O HalpsiXKeHHe (Pa3HOCTb MOTeHLHa-
“JIOB), JJA 4Yero, Kak Mbl 3HaeM, TpeOyeTcsl 3aTpaTHTh paboTy
(§ 38). B omucbisaemoM ombite 3Ty paGoTy NPOH3BOAMIH MYCKY-
JBL PYKH HJIH MOTOp'{HK BpauLaomie MamuHy. Korna nposog-
HUK NpHCoefuHseTcd K O6KJAajKaM, Ha KOHIIaX ero UMeeTCs pas-
HOCTb MOTEHUHAJIOB, H B NPOBOJHHKE BO3HHKAET JBHXEHHE 3a-
PAJIOB: 3JEKTPOHH! OT ‘MeCTa, Iie OHH UMelOTCA B U3GBITKe (A),
HNOTEKYT K MeCTy, Ijie HX HejocTtaeT (B). 3apan Ha o6kjajKax
GLICTPO YMeHblilaeTcs, HanpsixkeHHe MeXAy HUMU MajaeT, MoJe
B KOHJIEHCaTope HCYe3aeT, a B [IPOBOJIHHKE MIPOHUCXOIHUT IBUIKe-
HHe 3apAfoB (3JeKTpUYecKHil TOK), KOTOpPOe H MNpOsBJASeTCS
B HaKaJle J1aMno4ku. Paspsji KOHIeHCaTOpa U IpOTeKaHue ToKa
3aHUMAIOT Majyilo JOMI0 CeKyHAnl. UTo6Hl chenaTh siBjieHHe
Goslee AJHTEJNBHBIM, HAJ0 MHOIOKPATHO MOBTOPATH €ro, GBICT-
po NepekMankuBas KJ/IO4 U3 JIEBOIO B MPaBoe MOJIOXKEHHe H 00-
paTHo, T. e. TO 3apsiKas, TO pa3pfixaa KOHJEHCaTop, '

KonpeHcaTop MBI BB&JIHM TOJBKO AJIf TOTO, YTOOH ¢ NOJHOH
SCHOCTBIO BHIAEJNHTH JBe CTOPOHH Mpollecca, O06YCAOBIHBAO-
1Iero 3JIeKTPHYECKHH TOK: a) CO3/JaHRe H NOAep>KHBaHUE Halpsi-
JKeHusa -(Pa3HOCTM MOTEHIMANOB) MEXAY IBYMS KaKMMH-JTHGO-
ToukaMH; 6) co3janue NMpPOBOAAIIEH WenH, M0 KOTOPOH MpOHC-
XOOHT MepeHoc 3apAloB MeXAY 3THMH TOYKaMH.

BTopas nomoBHHa npollecca OCYIIECTBASAETCS MHpPOCTO €
MOMOLIBIO KJII0Ya, 3aMBIKalOLIEr0 pa3OpBaHHYIO Lenb, [lepBas
B HalleM cJydyae obecrieyuBasiach paGoToll 3JeKTpHUYecKoH Ma-
HIHHBI, pasjensiomiell 3apsan. KonpeHcaTop Xe CAYXKHJ JYIf
HaIMIAAHOIO pasJefieHHA BCEro CJIOXKHOIO Ipollecca Ha Jpe
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CTajiH, NOCJENOBATENbHO IPOTeKalollie OfHa 3a Apyroii. Jis
CYLLeCTBa eJ1a 3TH Be NOCJef0BaTebHbIE CTAHH COBEPLIEHHO
He HeoGXOJuMH: ofe CTOPOHH Npollecca MOFYT HATH OJHOBpe-
MEHHO H HenpephiBHO, H, TAKHM o0pasoM, pOJIb KOHJAEHCcaTopa
YHCTO WJIIIOCTpaTHBHAA. MoxHO 0COHATHCH §e3 Hero, Hemnocpel:-
CTBEHHO COEJIHHHB TOYKH ¢ H d, T. €. OCYILECTBHB 3aMKHYTYIO
Ienb OT OJHOIO NOJMIOCA MallHHBI K ApYyroMy. B Takoii menu
BO Bce BpeMs paOTH MallUHHBI HAET HENpPEpbIBHBIH 3JIEKTPH-
4YeCKHH TOK, H0O, HeCMOTPs Ha HeNpepBLIBHBIH .Nepexoj SJeK-
TPOHOB OT @ 4epe3 NpOBOJA H HHTb JIAMNOYKH K b, pasHoCTb
NOTEHITHAJIOB MeXLy b M a BCce BpeMs BOCCTAHABIHBARTCH
Gaaronaps pabore mamuubl, [IpaBna, ofbl4Has 3J1eKTPOCTATH-
ueckasl MallHHA He MOrJIa Obl NOJNEpXKHBATh JaMNOUYKY B CBe-
TAILeMCA COCTOSSHHH. MamMHa paszenser 3a eIHHHLY BpeMe-
HH JIMIIb HeGOJbIIKEe KOJHYECTBA 3JIEKTPHYECTBA, TaK UYTO
MOLLHOCTb ee, AOCTATOYHAA JYId NHTAHHA OTIENBHBHIX, JOBO/Ib-
HO YacThiX BCHBILEK, HecnocoOHA NOLAEPKHBATH HeNpephlB-
HbIH HaKaJ JaMnodkd. Jlns perHcTpalHH HeNnpephIBHOIO Cla-
60oro ToKa NpHULIOCH OB HCNOJIB30BaTh 0OJiee YYBCTBHTEJb-
HBIH yKasatenb (HanmpuMep, rajbBaHOMeTp). Hrak, B sTOoM
' ONBITE CYLIECTBEHHO HEOOXOLHMBIMH SIBJISIIOTCS SJIEKTpHUECKas
MallHHA H NPOBOJHHK, COEJHHSAIOUIHH ee MNOJIOCH.,

W3 pasobpanHOro npuMepa Mbl BHIHM, YTO 041 noddepxca-
HUS 6 yenu nposoOHUKO8 HENpepbiBHO20 MOKQ Heobxo0uMmo,
urmobet 6 amotl yenu pabomaro KaKoe-mo Ycnpoucmeo, 6 Komopom
6ce BpeMA  NPOUCXOOAM NPOYECchl, OCYUECmBASOuUe - pasdese-
HUe 3AeKmpuueckux 3apa006 H TeM CaMblM NOJJEPKHBAIOLLHE
Hanpsi>KeHHe B LlenH, DTO YCTPOHCTBO HA3BIBAIOT UCHOYHU-
KOM WJIH 28HeparopoM 3AeKMPUYEcKo20 MIOKQ, a JEHCTBYIONUIHE
B HeM NpHYHHBI, OOYCJHOBIMBAlOILHE pa3jesleHHe 3apsijioB,
NOJIYUHJIH HA3BAHUE CHOPOHHUX CUA.

CTOpOHHHE CHJIBI, T. €. CHJb! He3JIEKTPOCTATHYECKOrO HPo-
HCXOXKJIEHHS, JeHCTBYIOT JIMIUL BHYTPH HCTOYHHKA TOKa. Pas-
JeJiAsl 3apsjibl, 3TH CHJbl CO3Jal0T Pa3HOCTb INOTEHIHATOB
MexXKJy KOHIIAMH OCTAJbHOH HacTH LlenH. B 3710 wacTH japHKe-
HHe 3apAJoB OOYCJIOBJIEHO 3JIEKTPHUECKHM MOJeM, BO3HHKAIO-
HIHM B NPOBOJHHKE BCJEJICTBHE PA3HOCTH NOTEHLHATIOB MEXIY
€ro KOHIIaMH. : ' '

[Tpu nepemelieHHH 3JIGKTPHYECKOTrO 3apsja IO 3aMKHY-
moti uenu pabora, coBeplllaeMasi 3JE€KTPOCTATHUECKHMH CHJIa-
mH, paeha Hy/mo (§ 20). CrenoBaTenbHo, cymmapHas paGoTa
gcex CHJI, ASHCTBYIOUIMX -HA 3apAJ] NpPH TakOM NepPeMelIeHHH,
paBHa paGoTe JHIE cmoponrux CHI. [losTomy 3neKTposBH-
KYel CHIOH & HCTOYHHKA TOKAa Ha3blBAaeTCs OTHOIIEHHE
pagoTsl A, NpoH3BeJeHHOH CTOPDOHHHMH CHJIaMH NPH NepeMe-
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IEHHH TIOJIOXKHTENbHOrO 3apsila ¢ IO 3aMKHYTOMY KOHTypy
TOKa, K 3TOMy 3apsany: ’

A .
e=2. | (39.1)

Cnenyer uMeTb B BUAY, YTO Ha3BaHHE «3JIEKTPOIBHXKYLIAs CH-
Ja» (3. L. C.) Henb3sl NOHUMAarTh B OYKBaJbHOM CMBICJeE, IIO-
CKOJIbKYy €e Da3MepPHOCTb OT/JHYaeTCsl OT Pa3MEPHOCTH CHJIbI
uan paGotbl. i3 cpaBuenus gopmya (21.1) u (39.1) caenyer,
yTo 3, I. C. & BbIpa)kaeTcss B BoJbTax. Jus Toro utoGhbl -ele
GoJslee AICHO NPEACTABUTbL BeCh pa3bupaeMblii BONPOC, BOCHOJMb-
3yeMcsl aHaJIOTHeHl MeXIY 3JMeKTPHYECKHM TOKOM M TeueHHeM
BOABI 10 TPYOGe.

Xopomo H3BeCTHO, YTO AJfA NOAIEPKAHHSA TEUeHHS BOJBI
B TpyOe, HECMOTPs Ha TOpMO3silllee AeHCTBHE TPeHHHA, Heol-
XOIMMO CO3JaTh MeXKJYy TOYKAaMH TPYOBl HEKOTOPYI Pa3sHOCTD *
JaBJeHuH. DTa pa3HOCTb JaBJeHHil U ABHXKeT Boay. B Bogo-
IIPOBOJE, HANMpHUMep, 3Ta PasHOCTb AABJEHHS CO3JaeTcd C Io-
MOLIbIO BOAOHANOPHOH GaliHy, YPOBEHb BOAHI B KOTOPOH BhIlle,
yeM Jo0asi TOUKa BOAONpPOBOJHOH ceTH. PasHocTb ypoBHefi
. (ann Hamop) BIOJIHE 3KBHBAJEHTHA Pa3HOCTH MOTEHLHANOB
(HampsIXKEHHIO) JIEKTPHYECKOH lIeNH, a HamoJHeHHBIH BOJOH
6ak Ha BeplIMHe OaliHu UTPaeT PoJb 3apPAKEHHOTO KOHJEHCa-
TOpa B-pa3obpaHHOM Hamu npumepe, M monobHo ToMy Kak mpu
2JIEKTPHYECKOM TOKe KOHJEHCATOp paspsikaeTci H Ppa3HOCTb
MOTEHIHAJIOB NaflaeT, CTPEMACh K HYJIO, TaK H 6aK NMOCTENEeHHO
OINOPOXKHAETCS, a4 PA3HOCTh YPOBHEH CTpeMUTCS K HYJIO, U BO-
JIFIHO#i TOK IpeKpallaeTcsi, MOAOGHO 9JIEKTPHUECKOMY. DileK-
TPHUYECKHH TOK OyJeTr Oojee MM MEHEe KPaTKOBpEMEHHbIM, B
3aBHCHMOCTH OT €MKOCTH KOHJEHCAaTopa M CHJIbl TOKa; COBep-
IIEHHO TaK Xe BOJAHOH TOK INpeKpaTHTCA TeM OBICTpee, ueM
MeHbllIe eMKOCTb §aKa U 4yeM Gosblie pacxof Bofbl. M Tak ke
KaK JJIf TNOJJEP)KaHusl HENPEPBIBHOIO 3JIEKTPHYECKOTO TOKa
Obl10 Heo6X0oouMO 0GeCredHTh KaKoe-TO YCTPOHCTBO (TeHepa-
TOp), SIBASIOEEC HCTOUHHKOM «3JIEKTPOABHKYHIEH (3JIEKTpPO-
pasfenuTesqbHOH) CHJBl» (B HallleM cJaydae 3JeKTpHuecKas
MallxHa), Tak U A1 HenpepblBHOH pabGOThl BOAONPOBOJAA He-
06XOIHUMO HMeTb YCTPONCTBO, HarHeTaTeJbHBI# Hacoc, KOTO-
PHIl MOJJEPKUBAET HYXXHYIO Pa3sHOCTb yPOBHell, HeCMOTps Ha
HenpepLIBHOE TedeHHe BOABI, U SBJAAETCA HCTOYHHKOM «BOJO-
IBUXYIell (TOYHee, BOJONOJHHMAIOIIEH) CUJIBIY,

H 3peck ponb BojoHanopHOro 6aka cOBEpIIEHHO BCIIOMOTa-~
TenbHasi., MoxHO Obuio Obl oGecreyutb paGoTy BOAONPOBOIA
Ge3 6aka ¢ MOMOIbID HarHeTaiowero Hacoca. OfHAaKoO BBHIY
HepaBHOMEPHOCTH NOTpeG/IeHHs] BOJABl B BOJAONPOBOAE TEXHH-

4 DpemeHTapHHE YUeOHHK dHSHKH, T. 1] ' ; 97



YeCKH yJ0GHee HMeThb ¢3anac Hamopa» € NMOMOLILbIO BHICOKO pac-
TOJIO}KEHHOTO BMECTHTEJIBHOTO Gaka, myckasi Hacoc B XOJ, MHIIb
BpeMA OT BpPeMeHH.

He ocraHaBnHBasicb Ha PacCMOTPEHUH NPAKTHUECKH MNPH-
MEHSIEMbIX TE€HEePaTOpPOB, MbI OMHIIEM NOKAa NMPOCTOH OMNBIT, Ha-
[VISIAHO NMOKA3bIBAIOLIHH NPOLECC BOHHKHOBEHHS 3. M. C.

Bo3bMeM BBLICOKHH CTaKaH C JHCTH/NVIHPOBAHHOH BOJOH H
BBEJeM B HEro JBa MeTA/VIHYeCKHX 3JeKTpoja I H 2, coefH-
HEHHLIX JPYT C JApyroM NpPOBOAAMH Yepe3 YyBCTBHTE/BHBI
npu6op s H3MepeHHs TOKa — rajbBaHoMeTp (puc. 71). Te-
neps GyaeM 6pocaTh B BOAY OAHH 3a APYTHM HeGOJbIIHE CTeK-
JsHHBIE WIAPDHKH. MBI YBHAHM, 4TO BCE BpeMsl, MOKa IIAPHKH

S CrmeraHnbng
Wapyry

]
\\\\\un[cm/,,, ”

Puc. 71. Tenepatop Toka (POAb CTOPOHHHX CHA HIPAaeT CHIA TAXECTH)

B CTaKaHe NajaioT, NpU6op OOHAPYXKHBAET 3JIEKTPHIECKHH TOK,
npoteKamowii B npopojax. Herpyauo nousaThb, 9T0 31€Ch Ipo-
HcxoauT. IIpH conpHKOCHOBEHHH C BOJOH CTEK/ASHHEIE IIAPHKH
3apsiKalOTCA OTPHLATENBHO, a YacThb MOJEKYJ BOAH IPHOGpe-
TaeT NOJNIOKHTENBbHLIA 3apsf (cp. puc. 13). Hlon Bausinuem cu-
JIbI TAMKECTH OTPHLATENBHO 3apsiXKeHHble LIADHKH NajaioT Ha
MeTa/NIHYeCKYIO IIACTHHKY 2 H 3apsXKaloT ee OTPHUATENBHO,
a TOJIOKHTEJbHBE HOHH BOABI, NOJHHMASCH BBEPX, 3apsKaOT
nJIacTHHKY I 1oJIOXKHTeNbHO. B pe3y/bTaTe MeXIY IIACTHH-
KamH I u 2 BO3HHMKaeT PasHOCTb MOTEHUMAIOB (HANpPsKEHHe)
H co3jlaeTcs 3JIEKTPHYeCKoe MoJe, Noj HeHCTBHEM KOTOPOTO
B NPOBOJlaX NPOHCXOJHT MepeMellleHne 3JIeKTpOHOB or 2x 1,

T. €. /IeKTPHYECKHH TOK, '

%
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Takum 06pa3oM, 3TOT IPOCTOH NPHGODP MpelCTaRIfeT coBok
- FeHepaTop SJIEKTPHYECKOTO TOKA, B KOTOPOM POJb CTOPOHHHX
CHJI HTPaeT CHJA TAMKECTH, NepeMellaoinas OTPHIATENLHO 3a-
pAXeHHble 1IApHKH BHH3, K IJIaCTHHKe 2, HeCMOTPS Ha TO YTO
B3aHMHOE NpPHTAXKeHHEe MOJOXKUTENbHEIX H OTPHIATEIbHLIX 3a-
PAZOB CTPEMHTCS BOCHPENsATCTBOBATb HX YIaleHHIO APYT OT
apyra. IlpeononeBast 3T0 NpHTSXKEHHe, CHJIA THAXKECTH pasje-
JIfleT 3apsbl H TeM caMbIM 00yC/IOBMHBAeT BOSHHKHOBEHHe Ha-
OpsiaKeHHs MeXAy myiacTHHKamu I u 2.

Pasobpannblii ONMBIT TIO3BOJIIET HAaM YSACHHTb ellle OXHO
oyeHb Ba)KHOe ob6cToATeNbcTBO, Eciau OH KUAKOCTb, B KOTO-
pyio Mbl 6pocaeM IIapHKH, 6bl1a HIeadbHBIM IHAJIEKTPHKOM *),
TO, Pa3sopBaB lLienb MeXIy NJacTHHKaMH | H 2 H MOJKJIIOYUB
KOHIIbI MPOBOJOB K CTEPKHIO M KOPNYyCY 3JIeKTPOMeTpa, Mul
MOTJIH OBl MPSIMO H3MEPHTb HANpSKEHHEe MEXAY SJeKTPOJIaMH
I ¥ 2, KoTopOe Mo Mepe NMajeHHS IIAPHKOB H HAKOIVIEHHS 3a-
PAII0B Ha 3JIeKTPOJaxX Bce BpeMsl Bo3pacTano Obl. Jlo KakHX mop
npoposmKancs 66 3TOT MpoLEecC HAKOIVIeHHS 3apsloB H Hapa-
CTaHUA HanpsXKeHHs MEXLY sekTpoiamu? OueBHAHO, UTO IO
Mepe pocTa 3apsja H YCHJIEHHS MOJs MEXIY 3JIeKTpPOJaMH Bce
6oJiee BO3PACTAIOT CHJIBL 3JEKTPHUECKOTO NOJA, NPENATCTBYIO-
HHe nafeHulo WapukoB, Ecau 6bl XKuIKOCTb OblAa HAeanb-
HbIM JHSMEKTPHKOM, TO B KOHIle KOHLIOB CHJIB 3JeKTPHYeCKOro
noJis ypaBHOBeCHJH Obl CHJIY TSXKeCTH, NMajJieHHe LIApHKOB H
HapacTaHHe Pa3sHOCTH MOTEHIHATIOB MEXIY 3JIEKTPOJaMH HpeK-
paTujuch Obl. Mbl BHIMM, TakHM 06pa3oM, YTO Pa3HOCTb MO-
TEHI[HA/IOB Ha 3a)KHMaX PA3OMKHYTOTO TeHepatopa (B AaHHOM
cJydae TeHepaTopoM fIBASIETCS CTaKaH C MajalomUMH IapHKa-
MH) BO3pacTaeT JI0 TeX Nop, MOKa CO3j]laBaeMble €0 3JeKTpH-
YeCKHe CHJIBL HE YPABHOBECST CTOPOHHHE CHJILI, DTO HMEET MECTo
H B CJiyyae /o6oro Jpyroro resepaTopa 3JeKTPHUeCKOro TOKa.
ITosToMy B Kasecmse mepoi asekmpodsuscyyel cuase, Oeticmay-
Houeld 8 seHepamope, CAe0yem NPUHAMSb My PA3HOCIL NOMeH-
4uanro8, KOmopas co30aemci e HA 3AMUMAX PABOMKHYMOZ0
2enepamopa.

Heo6xoxumo I'IO,I[‘IepKHyTb YTO 3. X. C. reHepaTopa Huaae-
pAeTcs pasHOCTbIO HOTEHIHAJIOB Ha €ro 3aXHMax NpH ycJo-
BHH, UYTO llenb pa3oMKHyTa. EcaH HCTOYHHK TOKa MOCBLIAaeT
B KaKylo-JHG0 Lenb TOK, TO HanmpsXeHHe Ha 3/MeKTpojax 3a-
BHCHT OT CHJIbI 3TOTO TOKAa H OHO TeM MeHbllle, YeM 60 bllle CHJIa
ToKa. ITosToMy ONMH H TOT Ke MCTOYHHK, B 3aBHCHMOCTH OT

*) JIMCTHIAHPOBaHHAS BOAA He ABJSETCS XOPOLIHM JH3JEKTPHKOM AJf
stolt enu. CrepxeHb H KOPNyC 3JeKTPOMeTpa OKa3biBAIOTCH COEAHHEHHLI-
MH NpPOBOAAUHM (XOTd H cnabo) cToaboM BOAEI, H MeXAY HHMH He CMOXeT
YCTaHOBHTBCH Pa3HOCTb IOTEHIHAJOB,
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CHJIE OTGHPAeMOTO TOKa, MOXeT 06/1ajaTh Pas/HUHBLIM Hamps-
JKeHHeM Ha 3JeKTpofaX. MakcuMasnbHOe H3 3THX HanmpsXKeHHH,
CyIIecTBYIOLee NPH Pa3sOMKHYTOH ILlelH, H NMOKa3ulBaet 3. M. C.
HCTOYHHKA. )

CKa3aHHOe COXPaHSET CMBIC/I H B MEXaHHYECKOH aHaJIOTHH.
TIpeanonokuM, 4TO BOJONPOBOJHASA CeThb OTK/KYeHa, H CIpO-
cHM cebsl, 0 KaKOTO YpOBHA HAcOC MOXKeT HaKaunBaTh BOAY B
Gammo? OueBHAHO, 3TO OyeT NMPOHCXOAHTHL AO TeX nop, NMoKa
CHJIBl faBJieHHA cTosi6a BoAbl B GauiHe, NPOTHBOAEHCTBYIOLIHE
pa6ore Hacoca, He YPABHOBeCAT CHJY, ¢ KOTOPOH Hacoc TOHHT
Boay. TakuM o6pasoM, BhicoTa CTO/I6a BOAbI HJIH, TOYHee, AaB-
JeHHe 3Toro cronaba NPH OTKIIOYEHHOM BOJONMPOBOJE sBIAET-
¢ Mepoli «BOJONOABEMHOH CHJBI Hacoca. EciH e BOmonpo-
BOJHAA CeTb BKJIOYEHa, T. €. NPOHCXOJHT He TOJbKO IPHTOK
BOALl B GaiHio, HO M ee OTTOK, TO YPOBeHb BOJBI H AaBJIeHHE
Bcera GyLyT HHXe, 4eM NPH OTKJIIOYEHHOM BOJONPOBOJE.

§ 40. MpU3HAKH 9JEKTPHYECKOr0 TOKA. DJEKTPHUECKHH TOK,
KaK Mbl TOBOPHJIH BHILIE, €CTh MpOIlecc JABHKeHHSA 3apsJ0B B Te-
Jie, M&KJY y4YacTKaMH KOTOpPOTO CO3[jaHa pa3HOCTb MOTEeHIHa-
JoB. OnHaKo NpHpoOJa «<HOCHTeNeH 3apAa», T. €. TeX 3apfxeH-
HBIX YaCTHIl, JABH)XXEHHE KQTOpPbIX COCTaB/seT 3JeKTpHYeCKH#
TOK, B Pa3HBIX C/y4asX MOXeT OBLITb COBEpIIEHHO pa3J/HYHa.
Han6onee NpocTBIM M HalJAAHBIM ABJSETCH TOT caydaif, Korja
9THMH HOCHTEJNSMH ABJAIOTCS NPOCTO HeOOJbIINE 3apsiKeHHbLie
KPYNHHKH BeULeCTBa, HaNpPHMEpP CTEK/ISHHBIE INADHKH B ONBITE,
H306p akeHHOM Ha pHC. 71. Ho taKue cayuay oueHb pelKH H He
THOHYHB! JJIA ABJEHNA 3JeKTPHYecKoro Toka. B mopasmasioniem
GOJBIIMHCTBE C/ydyaeB NPOXOKIACHHA TOKa Yepe3 pa3fIHYHBIE
TeNa Hocumeasmu 3apsda seasomcs Aubo uoHs! seuwjecrnsa (mo-
JIOXKHTENbHO HJH OTDHIATE/IbHO 3apAMEHHBIE MOJEKYJbl HIH
aToMBl), 4460 c80000Hbte arekmporsl. B nepBoM caydae roBopsr,
YTO BEILECTBO O6JIaaeT UOHHOL NposoOUMOCHIbIO HIIH YTO MeXa-
HH3M TIPOBOJHMMOCTH fABJAETCA UoHHtM. Bo BTOpoM ciyyae ro-
BOpAT 06 daexmponnol nposodumocmu. HaBecTHHl m ciiyyan
cmewianHod TIPOBOJMMOCTH, KOrJa HOCHTEJNSIMH 3apsja fB-
JIATCA K HOHBl H 3JIEKTPOHBI OJHOBPEMEHHO.

Bo Bcex cayuadx AeKTPOHHOR M HMOHHOH TPOBOJAMMOCTH
niepeMellieHHe OTAENbHBIX VIeKTPHYECKH 3apfAXKEHHBIX YacCTHII
HeNocpeACTBEeHHO He HaGmoaaercsi. OJHAKO STeKTPHUECKHHA TOK
BHI3BEIBaeT DA3JIHUHBIE SBJEHH#A, KOTODble He HMEIOT MecTa TpH
MIOKOSALIHXCA 3apAfaX, H MO 3THM CONMYTCTBYIOIIMM SBJEHHAM
HJIM IpH3HAaKaM TOKa MOXKHO BCerja onpeeTHTh HaJTHUHE TOKa.
ITosHakOMHMCA C STHMH ABJIEHHAMH.,
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CoeHHM 'C HCTOYHHKOM TOKa NpHOODB!, H306pakeHHbIe Ha
puc. 72, lIpu 3aMbiKaHHH Kiodelt GYAyT HPOHCXOINTD CJAEAYIO-
HHe sIBJEHHS.

1. Hutb naMnoukn packajsiercsi H HauHHaeT CBETHTbCH
(puc. 72, a). 3TO 3HAYHT, YTO TOK BBHI3bIBAET HarpeBauHe Tpo-
BOJHHKA, 110 KOTOPOMY OH NPOXOJHT, T. €. SAeKMpuecKuL mox
npoussodum menaoeoe Oelitmeue. OTMETHM, YTO B 3TOM OMNLITE
HarpeBaercsl He TOJbKO HHTb, HO H BCe OCTaJbHbIE IPOBOJHHKH,
TOJIBKO MeHee 3aMETHO.

Puc. 72. Pasnnunble aeficTBHA TOKa: @) CBETHTCA 3JeKTpHUeCKasd JaMIou-

Ka HaKaluBaHus; 6) MNoBOpauhBaeTCsl MepHeHAHKY/ASAPHO K INPOBOAY €

TOKOM MarHHTHas CTpeJiKa; 6) BHZEJSIOTCS BOAOPOA ¥ KHCJIOPOR H3 MOJKHC-
JIeHHOH BOJRhI, HalHTOH B U-06pasHBlll CTeK/ASHHHHA cocyrn

2. MarsuTHas CTpeJKa OTKJOHSETCS OT NepPBOHAYaNbHOTO
nosoxenus (puc. 72, 6) u ocraercsl OTKJIOHEHHOH J0 TeX Mop,
IOKa KJIOY 3aMKHYT. JsexmpuuecKutll moxk npousgodum mae-
HumHoe Oeticmsue.

- 3. Ha merananueckux snektpoaax I u 2 (puc. 72, @) Bbijie-
JISIFOTCS Tasbi, KOTOPbie NOAHHMAIOTCA B BHJE Ny3HPbKOB H Ha-
KaIJIHBAalOTCA B BepxHel wacTH 0o6eHx mosoBHH U-o6pasHoro
cocyja, 3amloJIHEHHOro mnojakucaeHHol Bojoi. Mccaenys atu
rasbl, MOXXHO Y6€UTbCS, YTO Ha 3JIEKTPOJie, COEJHHEHHOM C N0~
JIOXKHTEbHEIM TOJIIOCOM 3JIEMEHTa, BbLAeNseTcsl KHCIopoj, a
Ha 3JIeKTpOje, COEJMHEHHOM C OTPHIATE/NbHBIM IOJIOCOM,~—
BOJIOpOA. Bhimyckas yepe3 KpaHbl 06a rasa B pe3HHOBYiO Tpy6-
KY M IOTPYKas ee KOHEll B MbLIbHYIO BOJy, MOXHO HalOJHHTb
cMecbio 3THX rasoB, TaK Ha3bIBaeMbIM I'DeMYYHM rasoM, Mbl/b-
Hble ny3bipu. [Ipn nomHeceHHH CHHYKH NY3LIPH B3PHIBAKOTCAH.
Mbl BHAMM, YTO NPH NMPOXOXKAEHHH 3/IEKTPHYECKOTO TOKa yepes
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MOAKHCIEHHYIO BOJY FAPOHCXOJHT Pa3/ie/ieHHe €€ Ha COCTaBHbe
YaCTH. DAeKMmpuHecKuLl mox npoussodum xumudeckoe dedcmaue.
OnbIT NoKaskIBaeT, YTO XMMHUECKOe JeHcTBHE TOKa Halbiio-
naeTcs He BO BCEX NMPOBOJHHKaX. DeKTPHUECKHH TOK B MeETaJ-
Jlax He BbI3HIBAeT HHKaKHX XHMHUYeCKHX H3MeHeHHH. Hao6oport,
B pacTBOPAaX—~CEPHOH KHCJOThHI, MOBAPEHHOM COJH, CEJIHTPhI H
BO MHOTHX JPYTHX BEILECTBaX TOK BLI3BIBAET BbIJAE/TEHHE COCTAB-
HBIX yacrte. [103TOMY NMPHHATO JeNHTh Bce IPOBOJHHKH HA JBe
TPYNIBL: NPOBOOHUKL nepsozo poda, B KOTOPBIX 3JEKTPHYECKHH
TOK He BbI3bIBaeT XMMHUYECKHX JAeHCTBHHA (K HUM OTHOCATCH BCe
METaJlJIbl, a TAKXKe YTOJMb), H nPOGOOHLUKLL 8MOPO20 poda, KOTOpbIe
0oy AEACTBHEM 3JIEKTPHUECKOTO TOKa PasAesIfAloTcs Ha coctap-
Hble yacTH. [IpOBOIHHKH BTOPOTO POA@ HA3bIBAIOT EIIE SAEKMPO-
AuUMAMU, & CaMO SsIBJIEHHE pasJIOXKEHHS BEIeCTBA TOKOM —
aaexmpoau3om (OT TPEMECKOTO CJIOBA &JIHO» — Pasfara).

K
S

Puc. 73. JlelicTene 5/1eKTPHYECKOTO TOKA Ha MATHHTHYIO CTpeJKy He 3a-
BHCHT OT CBOHCTB NMPOBOJHHKa, MO KOTOPOMY TedeT TOK. TOK, CO3/aBaeMulil
GaTapeeil raJbBaHAYECKUX 5JeMEHTOB b, NMpH 3aMKHyTOM KJwoye Ka TNpo-
XOIHT 4Yepe3 TBepAbIH (TMporoJioKa J), XMAKu#t (pacTBOp TpOBOASINES
KHIKOCTH 2) H rasoobpasHuft (Tpy6ka ¢ paspexeHHHIM ra3oM J) NpOBOX-
HHKH, BHI3BIBAafi OKOJIO KaXJOro H3 HHX OTKJIOHEHHEe MaTHHTHON CTpeJKH.
Crpesika ycTaHaB/HBaeTCS NepNeHIHKYJSPHO K NPOBOJHHKY

Harpepanue NpPOBOAHHKOB NIPH NPOXOXKIEHHH Yepe3 HHX
JIAHHOTO TOKa MOXKeT ObIThb 604blie HIH MeHble B 3aBHCHMOCTH
OT CBOHCTB NIPOBOJHHKA. B HaleM onbiTe HUTh JJAMIOYKH CHJIb-
HO HakKaauBaercs (cebilre 1500°C), a mpyrue nposoja Toil xe
Uend HarpeBalOTCs 4YTh 3ameTHbiM 06pasoM. Hekoropble Be-
eCTBa (HampHMep, CBHHEL) MOXKHO NMPHBECTH B TAKOE COCTOS-
HUe (TMOJIYYHBILEEe HA3BaHHE CEEPXNPOB0OALEe0), TIPU KOTOPOM .
OHH NPaKTHYECKH COBCEM He HarpeBaloTcsi TokoM (§ 49). Ta-
KuM 006pasom, M TeIJIOBOe, AEHCTBHE TOKA NPOABISETCS B 3a-
sucumocmu om C8olicme npPosoGHUKA..

Maznumnoe xe neficTBHe TOKa NpoOsiBAsieTCs BCETfa, HE3a-
BHCHMO OT CBOHCTB NMPOBOJHHKOB; MarHUTHasl CTPeJKa, NOCTaB-
JIEHHAs! MapalieNbHO ¢ ao0btiu npoBoauukom (puc. 73), mo
KOTOPOMY HJAET TOK ONpPEREJEeHHOH CUJEI, BCErJa HCIbITHIBAET
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OTKJ/IOHEHHE HEe3aBHCHMO OT CBOHCTB MpPOBOJHHKa *). IToatomy
MarHHTHOe [eHCTBHe TOKa CJelyeT paccMaTpuBaTh Kak HauGo-
Jlee XapakrTepHoe MposiBjendHe TokKa. Otmeuas 3to, Papageft
rosopus: «Her neficTBus, Gollee XxapaKTepHOro jJst 3/J€KTPH-
YeCKOro TOKa». :

§ 41. Hanpasnenue Toka. BepHeMcsi K ombiTy, H306paKeHHOMY
Ha puc. 72, HO MPHCOEHHUM KOHLBI POBOJIOB, HAYLIHX K I'eHe-
paTopy TOKa, TaKHM 0Gpa3oM, YTOORI NPOBOA, COEIMHSBUIMACH
paHee C MOJIOXKHTEJbHBIM TOMIOCOM, OKA3ajCAd COEJUHEHHBIM C
OTPHUATEbHBIM, H HA0G60POT. MEI YBHIMM, YTO TOJILKO /MEnA080e
JieicTBHe TOKa (Haka/MBaHHE JAMIIOYKH) OCTaeTcs 6e3 uame-
Henut. MaruuTHas e cTpejgKa OTKJ/OHsercs, HO B dpyeyro
CTOPOHY; KHCJIOPOJ|, BBIZeJfieTCs Ha TOM W3 JIEKTPOJOB, Ha
KOTOpOM paHee BBLIEJSJCA BOJAOPOA, W T. A. [lostomy pis
XapaKTepHCTHKH TOKAa HYXHO yKa3aTb, K KaKOMy H3 MOJIOCOB
reHepaTopa TOKa MpHCOeHHeH Kaxui npoBoA. Bmecto storo,
OZHAKO, I'OBOPAT O HANPABAEHUU IMOKA, TPUYEM COBEPLIEHHO
NPOU3BOALHO RDUHUMAIONT, YMO MOK 60 6HEWIHel yenu 2eHepa-
mopa Hanpagaen Om NOAONCUMEAbHO20 €20 NOAIOCA K Ompuya-
meaviomy. [losToMy, KOTia TOBOPST, YTO B MPOBOXHHKE HJET
TOK OT TOYKH @ K TOUKe b, TO 3TO 3HAYHT, YTO TOYKA @ COeHHEHA
C MOJIOXKUTEJNBHBIM IOJIIOCOM I'eHepaTopa, a4 b — ¢ oTpHLATeNb-
HBIM, T. €. Pa3HOCTb MOTEHLHANOB TOYEK @ H b MOJNOXKHTeNbHA.
MHaye MOXKHO CKa3aTb, YTO 3G HANPABAEHUE MOKA YCAOBHO
NPUHUMAEMC. MO HanpasaeHue, 8 Komopom 0eu2asuce Ost nod
Oeticmauem- pasHoCmu NOMEHKUAA08 NOAOKCUMEAbHbEe 3apPA0bL.
Ho 510 BOBCe He 03HauaeT, YTo BCerja H BO BCeX MPOBOAHHKAX
JIBHXKYTCSI HMEHHO MOJIOXKHUTEJbHBIE 3apAnbl, Hanporus, B o-
HHUX CJy4asix B OPOBOJHHKe (DaKTHYECKH JBHXKYTCA TOJBKO OT-
pullaTesibHBIE 3apsiipl, B JPYTHX e HMeeT MeCTO JBHKeHHe
3apsjioB 00OMX 3HAKOB B MPOTHBOMOJOXKHBIX HaNpaB/leHHAX.
B uacrnoctu, MBI yike ynomuHaiau (§ 6), uyro B BaxHeHUIHX
MPOBOJHHKAX — MeTajlJlaX — MOTYT IepeMellaTbCcst  TOJMBKO
3JIeKTPOHEI, HeCylllHe OTpHLATeNbHBIH 3apsaj. [IpH 3amblkaHuu
3/IeMEHTa METa/UIMYeCKOH TIPOBOJIOKOH 3/eKTpHYecKoe moJe
JIBH3KET 3JIEKTPOHBI B CTOPOHY BO3pacTanus moTenuunana (§ 21),
T. e, OT OTPULATEJbHOTO MOJMIOCA K MOMOXKHTeAbHOMY. MBI BH-
MM, 4TO 32 HAampae/eHHe TOKa MPUHATO HampabJ/ieHHe, TPOTH-
BOIOJIOKHOE JBHXKEHHIO 3J71eKTpoHOB. CleflyeT MPH3HATH TAKOe
omnpejesieHWe HAmpaB/JeHHS TOKA JOBOJBHO HeyJlauHbiM. OHO

*)- TIpd NOCT2aHOBKe ONLIT2 B KayecTBe Ia3006pa3HOr0 NpPOBORHHKA
YROGHO B3fATh NP SIMYI0 MeJHIHHCKYIO PTYTHYI JaMny. Heo6xonumo ToJAbLKO
32WUTHTL 3pUTeJell OT EpefHOro AefCTBUS YJALTPaQUOIETOBOrO H3JAYUYCHAA
STOW NaMNEl NpY NOMOWH HafeToH Ha Hee €TEeKJIAHHOH TPYOKH,
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6uIIO ceNado B Te BpeMeHa, KOrja NpeAcTaBleHHe 06 3JIeKT-
POHax M HX CBOACTBAX ellle He GbLIO BBEIEHO M NPHPOJA HOCHTe-
Jefl 3apsifa B MeTaqnax Ohula ellle HEM3BECTHA.

§ 42. Cuna Toka. O HaMHYUM TOKA MBI MOXKEM CYAHTH 110 Ji060-
My U3 fABJeHHH, onucaHHbX B § 40. Jlas xoauuecmsennot xe
XapaKTePUCTHKH TOKA BBOJMTCA MOHATHE cuabt moka. Cunoli
MOKA 8 NPOBOOHUKE HABLIBAION (DUBUMECKYIO BEAUHUNY, DPABHYI0
KOAU4ECmSY 3NEKMPUHECea, Npoxodawemy Hepes cewerue npo-
800HuKa 3a edunuyy epemeru. TakuMm obpas3oM, ecH 3a Bpems
{ yepe3 ceyeHHe NMPOBOAHHKA NMPOXOAUT KOJHYECTBO JEKTPH-
YecTBa, PaBHOE ¢, TO CHJIa TOKa

q
1=, (42.1)

Bo us6exxanue HeAOpasyMeHHH NOJYEpKHEM elie pas, 4TO
nepeHOCH 3apfjia ~¢ B ONHOM HanpaBJeHUH MU 3apafa —q
B NPOTHBOMNOJMIOXHOM HaNpaBJeHHH ¢ TOYKH 3DEHHA omnpefele-
HHUS CHJIBI TOKA COBEPHIEHHO TOXJecTBeHHH. [loatoMy B dopmy-
Je (42.1) mog 3apsAAOM g Mbl pazyMeeM CyMMY TeX 3apfilioB, KO-
Tophle GuIM (paKTHUECKH NePeHeCEHb! MOJOXKHTEIbHO 3apsxKeH-
HEIMH HOCHTeJAMH 3apsAja B HaNpPaBJICHHH, YCJOBHO NMPUHATOM
HaMM 3a HanpaBJeHHE TOKA, W OTPHUIATEJbHHIMH HOCHTEIAMH
B IPOTHBOIOJIOXHOM - HanpaBJeHHH. TOK, CHJIa M HanpaBJeHHe
KOTOPOrO He M3MEHAIOTCA ¢ TeYeHHeM BpeMeHH, HasHBaioT no-
CIMOAHHBIM MOKOM. ,

[Ipex e Bcero BO3HHMKAaeT BONPOC, MOCTOAHHA JIH CHIA TOKA
BO 6cex cedeHuax NMPOBOAHHKA., ECIM 3TO HUMeeT MecTo, TO, Clle-
JOBaTeJNEBHO, JEKTPHUeCKHEe 3apAfsl IPOXOMAT Yepe3 IPOBOA-
HHUK, HE HAKanAusasncy: yepes Joboe ceueHye MPOBOAHUKA B OJHH
H Te JKe MPOMEXKYTKH BPEMEHH MPOXOAMT OJHO H TO e KOJH-
9eCcTBO 3/IeKTpHYecTBa. Takol TOK Ha3bIBAETCA YCMAHOBUBLUUMCA
(crannonapueiM). OmbIT MOKasbIBaeT, YTO IS YCTAHOBJEHHS!
TOKA JOCTATOYHO OueHb KOPOTKOrO IPOMEXKYTKa BpeMeHH.
ITosTomy..B cnyuae mOCTOSIHHOrO TOKA MHL BCerja UMeeM Jeno
C yCTAaHOBUBIUIMMCH TOKOM. EcC/M TOK He IOCTOfIHEH, a u3Me-
HAET C TeUECHHEM BPEMEHH CBOIO CHJY HJIH JaXe CBOe HanpasJe-
HHe, TO MpPH GBICTPOM H3MEHEHHH TOKa MOXeT HabmiofaTbcs H
HEYCTaHOBUBUIMHACA TOK, T. € B PA3HLIX Cedenusax NPOBOJA B
00UH U Mo 9ce MOMeHM MOXeT HabMoAaThCA TOK Pa3HOH CHJIHL.
UYeMm AsuHHEe MPOBOJ, TEM BepPOATHEE, YTO IPH NepeMEHHOM TOKe
MOXKET c03JaThcA TaKoe noaoxenue. B panbrefiieM Ml Gylem
BCErJa HMeTh e0 C YCTaHOBMBLIMMCS TOKOM, TaK 4YTO JJIs1 -
Onpejie/ieHHsT CUJBL TOKA MOXHO H3MEPHTb ee B 2:000M MecTe
NPOBOJHHKA,
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Equuuna cuibl TOKa HaseiBaercs amnepom (A) B uectb ppan-
ny3ckoro $usuka Angpe Mapu Amnepa (1775—1836). Onpene-
JeHde amnepa 6yzer gauo B § 133. INpumensitores. u 60see Med-
KHe eIUHHLE: Mussuamnep (MA), paBHBIfl OLHOH TRICAYHOH JoJe
aMnepa, H muxpoamnep (MKA), paBHBIH OHOA MUJUIHOHHOM J07e
aMmnepa.

3Has cuay Toka [/ B KaKOM-JHG0 nposommxe H BpeMs {,
B TeueHHe KOTOPOrO MPOXOAMJ] TOK, MOXKHO HalTH 3apsj ¢,
npoiueAuIHii Yepes NpoBOAHHK 3a 3To BpeMsi, CorsacHo popmy.e
(42.1), on paseH

g=It. ] (42.2)
42.1. 3apsaj ogsoro ajektpora pased 1,60.10-1 Ku. Ckosbko
H 3JIEKTPOHOE [POXOJHUT B | ¢ Yepea moliepeuHoe cedeHHe NPOBOJNOKH,

0 KOTOpoH TedeT ToK 1 AP .

§ 43. «CkopocTb 3NEKTPHIECKOTO TOKA» M CKOPOCTb ABHKEHMSA
HocuTenell 3apsima. IlpencraBuM ceGe OueHb MJHHHYIO LieNb
TOKa, Hanpumep TeserpadHylo JHHHIO MeKAy ABYMs F'OPOLaMH,
OTCTOfILIUMH OJMH OT Apyroro, ckaxem, Ha 1000 kM. Tiarens-
HbIE ONBITHL MIOKA3BIBAIOT, YTO AEHCTBUS TOKA BO BTOPOM Topoje
HauyHyT NPOABJATBCA, T. €. 3JEKTPOHbl B HAXOISILIHXCS Tam
NPOBOJAHHKAX HAYHYT ABHTAThCH, NMPHMEDPHO uepes 1/300 ce-
KYH/BI TIOCJe TOTO, KaK HayandCh HX JABHMKEHHE [0 NPOBOAAM
B NIEPBOM TOpoJe. Yacro FOBOPAT HE OYEHb CTPOrO, HO OYeHb
Har/IAHO, UTO TOK PACNpPOCTPAHAETCS 0 MPOBOJAM CO CKO-
poctsio 300 000 km/c.

D10, OJHAKO, He O3HAUAET, YTO JBHIKEHHE HOCHTeNell 3apsiia
B NPOBOIHHKE MPOHCXOJUT C 3TOH orpOMHoﬁ‘"cxopocrblo Tak
YTO 3JIEKTPOH HJIH HOH, HaXOJHMBIUMHACS B HallleM NpHMepe B
nepsoM ropoze, uepes 1/300 CEKYHJIBl JOCTHTHET BTOPOTO.
. BoBce Her. JIBuxkeHHe HOCHTeJefl B NpPOBOJHHKE TNPOHCXONHUT -
HOYTH BCETJa OYeHb MEMJIEHHO, CO CKOPOCTBIO HECKOJIbKO MHJ-
JIUMETPOB B CEKYHJY, a UacTO H ellie MeHblleH. Mbl BHIUM, Cile-
JIOBAaTe/NbHO, YTO HYKHO TIIATeJBHO Pa3iqyaTbh H He CMeLIH-
BaTh MOHSTHSA «CKOPOCTE TOKa» H «CKOPOCTDb ‘JIBHKEHHS HOCH-
TenaeH sapsajgar.

Uro6el pazobpaTbcs B TOM, YTO, COOCTBEHHO, Mbl HMeeM B
BULY, TOBOPS O «CKOPOCTH TOKa», BEpHEMCSl CHOBAa K OMNBITY
C NepHOJHYECKOH 3apsAIKOH U pa3pslKoH KoHJeHcaTopa, H300-
paxeHHOMy Ha puc. 70, HO mpexacTaBuM cefe, YTO NPOBOJA B
npaBofl 4acTH 3TOTO PHCYHKAa, uUepe3 KOTOpble paspsiikaercs
KOHJEHCATOp, OYeHb JJIMHHBI, TaK YTO JaMIOYKa HJH Npubop
AN oGHAapyKeHHs TOKa HaxXOJATCS, CKaxeM, Ha PacCTOSIHHH
B ThICSIYy KHJIOMETPOB OT KOHJeHcaTopa. B ToT MOMeHT, KOraa
MbI CTaBHM KJIIOY BpaBO, HauHHAeTCs JABHIKEHHE JAEKTPOHOB
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B y4acTKax MPOBOJOB, MPHJEralomHX K KOHJAeHCaTopy. DiaeKT-
POHBI HaYMHAIOT CTeKaTb C OTpHULATeNbHOH obknagku A; oi-
HOBpEMEHHO, BCJIeJCTBHE HHAYKLHH, AOJIKEH yMeHblIaTbCsl H
MIOJIOKHTENIbHEIH 3apsal Ha o6KaagKe B, T. e. 3/leKTPOHR AO/IK-
HEl IpUTeKaTh K OCKJajake B H3 cOCeIHHX Y4YacTKOB MpOBOAA:
3apsj Ha OOK/MaJKaX W PasHOCTb NOTEHLHA/NOB MEXAY HUMH Ha-
YHHAET YMeHbIIaThCA, .

Ho nepeMeuieHune 3/eKTPOHOB, MpOHCIIEfllee B YyyacTKax
MPOBOJIOB, HEMOCPEJCTBEHHO NMPUMBIKAIMUX K OGK/IafKaM KOH-
JeHcaTopa, NMPHBOAUT K MOSIBNEHHIO N0GaBOYHHIX 3/1EKTPOHOB
(B yuacTke OKos10 A) UM K YMeHBIIEHHIO HX YHCHa (B yyacTKe
okono B). 2ro nepepacnpedesenue 3SNEKTPOHOB H3MeHseT
3JIEKTPHYECKOe MOJle B COCeOHUX YuacmKkax Lefu, U TaM TaKxKe
HauyHHaeTcs1 JBUXKEeHHe 3JIeKTPOHOB. YKasaHHHIH mpollecc 3a-
XBaTHIBAaeT BCE HOBBHIE U HOEble YYacTKH LemH, W KOrja, HaKo-
Hell, JBHXKeHHe 3JIEKTPOHOB HaYHeTCsi B BOJIOCKE YJaJIeHHOH
J1aMIIOYKH, OHO NMPOABUTCS1 B HaKaNHBaHUH BOJIOCKA. (BCIBILI-
Ke). TIoHsITHO, YTO COBEpIIEHHO AHAJOTHYHBLIE SIBJEHHS HMEIOT
MeCTO H NPH BKJIOUEHHH 206020 2eHepamopa moxd.

Takum o6pasoM, HauaBlleeci B OJHOM MeCTe [BHIKeHUe
3apsiJioB Yepe3 H3MeHEHHe SJeKTPUUYECKOTO MOJs pacrpocTpa-
HsieTcs no Bcell uenn. OmHU 3a ApyrUMH Bce Gonee yIaleHHHE
HOCHTeJIH 3apsja BOBJIEKAKTCA B 3TO JBHIKEHHE, H 3Ta nepeaa-
ua JeficTBUA OT OJHUX 3apAJ0B K APYTHM H MPOHCXOJHT C Or-
pomuoil ckopoctbio (okoso 300 000 kM/c). MHaue moxHO CKa-
3aTh, UTO 3JEKTPHYECKOe JelcTBHE MepeJaeTcs: OT OJHOH TOYKH
fleny K JAPYro# ¢ 3To# CKOPOCTBiO WJH UTO C 3TOH CKOPOCTBIO
pacmpocTpaHsieTcsl BAONb NPOBOJOB H3MEHEHHE 3J1eKTPHUYECKO-
TO MOJs, BO3HHKIlEE B KAaKOM-HUGYAb MeCTe HemH.

Taxum 06pa3oM, ma cKopocmy, KOMOopYo Mbl OAL KPArmKoCm
HA3biBOEM (CKOPOCIbIO MOKAY,— 50 CKOPOCHLY - pachpocmpare-

" HUSL 80046 NPOBOOHUKA UBMEHEHUL JACKIMPUMECKOZ0 NOAS, A Of-
HI00b He CKopoctb 0BUNCEHUS 68 HeM Hocumeaell 3apsoa.

IlosichuM ckasaHHOe MexaHu4eckolt aHanoruedl. Ilpexcra-
BUM ceGe, YTO 1Ba ropoja COEIHHEHH He(dTEMPOBOAOM H YTO
B OJIHOM H3 3THX TOPOJOB HauyaJ paboTaTb HacOC, MOBHILIAMWIHH
B 3TOM MecTe JiaBJleHHe He(TH. DTO MOBHIIEHHOE JaBjeHue Gy-
JEeT PAacApOCTPAHATHCS MO KHUAKOCTH B TpyOe ¢ GoJIbLIOH CKo-
POCTbIO — OKOJIO KHJIOMETpa B ceKyHAY. Takum oGpa3oM, ue-
pe3 CeKyHIy HayHyT ABHTaTbCA YaCTHLH Ha PacCTOSIHHH, CKa-
xeM, 1 KM oT Hacoca, 4yepe3 JBe CEKYHIBI — Ha PacCTOSHHH
2 KM, Yepe3 MMHYTYy — Ha pacctossHud 60 kM u T. 1. Cmycrs
 MpPHMEPHO YeTBEPTh Yaca HaYHeT BHITeKaTb H3 TPYGhl HedThb
B0 BTOpPOM ropoge. Ho japu:keHHe caMHx uacTHL HedTH MpOHC-
XOJUT 3HAYHUTENIbHO MeJJIeHHEe, H MOXKeT MPOHUTH HEeCKOJbKO
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CYTOK, NOKa KakKue-HHOYZb OnpejefieHHble YacTHLIH HedTH
JOHAYT OT nepBoro ropoia A0 Broporo. Bo3ppaiasach K 3/eKT-
PHUECKOMY TOKY, MbI HOJIKHBI CKa3aTb, YTO «CKOPOCTb TOKa»
(CKOPOCTb pacnpoCTPpaHEHHsT 3JeKTPUUECKOTO T0/Is1) aHAJIOTHY-~
' Ha CKODOCTH DacnpoCTpaHeHHA HaBJIeHHs MO He(TenpOBOAY,
a «CKOPOCTb HOCHTeJeH» aHaJOrH4Ha CKOPOCTH IBUXKEHHs ua-
CTHIl caMOH He(TH.

§ 44. TaneBaHemeTp. B 3aBHCHMOCTH OT CHJIBI TOKa AefCTBHSA
ero NMposIBASAIOTCA B Pa3IUUHON cTenenu. [losToMy mia u3Mepe-
HUSl TOKa MOXKHO HCIOJIb30BaThb J06oe feHcTBUHE ero; U "XHMH-
yecKoe, H TelJIOBOe, H MarHUTHOe. I1puGophl, npeaHasHadyeHHbIE
IJIs H3MEPEHHS CHJIBI TOKa, HOCAT Ha3BaHHE 2aA66AHOMEMpPOs.

Puc. 74. ycrponcnao TeII0BOro aMmepMeTpa: a) TaKa uepes amnepwe'rp
HeT; 6) TOK uepe3 aMIepPMeTp €CcTb

Mbl onumen noka Haubosee MpOCTOH THI rajJbBaHOMETPA,
OCHOBAHHOIO Ha TENJIOBOM JeHCTBUH TOKa (puc, 74). Ou cozep-
JKHT TOHKYIO TPOBOJIOKY I, 3aKpeIJIeHHYI0 Ha KOHLIAX, depe3
KOTODYIO NpPONyCKaloT H3MepsAembli TOK. K ee cepeiune mnpu-
KpemnJieH KOHel, NPOYHOH TOHKOA HHUTH &, OGepHYTOH BOKpYT
ocu crpenkd O U cKpenvieHHOH APYIrUMM KOHIOM C PacTAHYTOH
npyxuuoii. Ilox nefictBueM TOKa NpoBOJIOKa | HarpeBaeTcs W
yAanuusercs. IIpy 3TOM HUTb, OTTATHBaeMasi NPYKHHOM, IOBO-
pauMBaeT CTpPenKy Ha HEKOTODHH yroJ, 3aBUCAIIMA OT YyAJIH-
HEHHs1 NPOBOJIOKH, T. €. OT cHJH ToKa. Ha mxane raabsamno--
MeTpa TPOCTAaBISIOT LUGPHl, HENOCPEACTBEHHO YKa3HIBaIOIHe
culy ToKa B dmnepax (MM AoAAX ammepa). B stoM ciyvae
raJlbBaHOMETP Ha3bIBaeTCs munepzuempom (COOTBETCTBEHHO MUA-
AUGHMNEPMEMPON). :

L5 H3MEpEeHUs TOKA TalbBAHOMETD H/IH aMIepMeTp HYXHO
BKJIIOUMTH TaKHM 06pa3oM, YTOObl Uepe3 Hero MpOLIeJ ITOJHEIH
TOK menu. Jlj1a sToro csefyeT pasopBaTh B-KaKoM-HOO MecTe
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nenb ¥ 06pa30BaBILHecs KOHIB! OJKIIOUHTD K 3aXKHMaM aMmiep-
MeTpa, T. €. BKJIOYHTb aMIepMeTp B LeNb r10CAe008GMEAbHO
(puc. 75). Tak Kak MBI H3MEpsAEM YCTAHOBUBILHICA TOK, TO Ge3-
pa3quyHO, B KaKOM MeCTe ILelH BKJIIOYeH aMIepMerp.

a .

! \R
7 A

1
t ,,U/?

-
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1\\\“\xn'

a) - o)

Puc. 75. HisMepenue NpH NOMOHmIM aMmnepMeTpa TOKa, NPOXOASHIETO ueped
JIaMNIOYKY: @) OOLMii BHA YCTaHOBKH; 5 — GaTapes rajibBaHHYeCKHX 3Jie-
meHToB, JI — jamnouka, A — amnepMerp; 6) cxema OmEITa

§ 45. Pacnpepenerie HanpsuKeHHs! B NMPOBOJHUKE C TOKOM. Mbl
BHzesH (§ 24), yTo B CJyuae DaBHOBEeCHA 3apAJ0B HaNpsKEeHHe
Mexy JIOGRMH TOYKaMu TPOBOJHHKA paBHO HyJo. HaoGopor,
€CJIH TI0 MPOBOZHUKY TeueT TOK, TO MEXKAY Pa3iHUHBIMH TOUKaMH
NPOBOJHHKA JIOJIKHO. CYLIeCTBOBATb HanpsixeHue. Mccnenyem
pacrnpeieieHHe HAaNpsKeHWs B IPOBOJHHKE C TOKOM.

Puc. 76. PacnpeliesieHHe Hanpsike-

HHS B JePeBSHHOM CTep)KHe ab, Nno

KOTOpOMY HZeT TOK. IIpHcoemuuss

3JIEKTPOMETP K TOYKaM @ H ¢ CTEpK-

HA, MOXKHO yOeIMTbCA, YTO Hanps-

XKeHHe TeM Oougblie, ueM Oauke K
TOUKe b B3ATa TOUKa ¢

ITpHKPYTHUM K KOHLIaM JepPeBSHHOT'O H30JHPOBAaHHOTO CTEPXK-
Ha (B TOYKax a 4 b, puc. 76) npOBOJIOKH H COEAHHHUM HX C IO~
JiocaMu pa6oTaiouleli snekTpuueckoil Mamuubl. Tak Kak Jepe-
BO fIBJIIETCA [IPOBOLHHUKOM, XOTA M IIJIOXHM, TO B CTeDKHe BO3-
HHKaeT TOK. (DTOT TOK HACTOJIbLKO ¢j1a6, YyTO €ro MOXHO O6Ha-
PYXHTb H H3MEPUTb, TOJIbKO IPHMEHS1 YYBCTBHTEJIbHBIH Calb-
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BaHomeTp.) IlpucoefMHHB JIHCTKH M KOpHyC 3JeKTpomeTpa K
KaKHUM-TH60 JBYM TOYKaM CTepPXKHS @ H C, Mbl OOHAPYKHM, 4TO
MeXJy HHMH CYLIeCTBYeT HeKOTOpoe Hampsixende. Hampsixke-
HHe 3TO TeM GoJbllle, YeM janblie APYr OT Jpyra OTCTOAT BAOJb
CTEPXHsl CpaBHHBaeMble TOYKH, H JOCTHraeT HaHOGO/IbILEro
3HAYEHHS MeXIy KPaWHHMH TOYKAMH CTEePXKHS.

To xe camoe MOXXHO MOKa3aTb, MOJAb3YSICh BMECTO 3/1€KTPH-
YeCKOH MAallHHBL FaJbBaHHYECKUMH 3/JEMEHTaMH H CO3jaBast
TOK He B JIeDeBSIHHOM CTepKHe, a B MeTa/lJIHYeCKOM MPOBOJHHKE.
Jnst 9TOr0 MOXKHO B3SITb KYCOK 2Ke/JIe3HOH MPOBOJIOKH H 3aM-
KHYTb ee Ha 6aTapeio H3 HECKOJIbKHX 3JIeMEHTOB, COeJHHEHHBIX
nocnenoBatebHo. Tok B mpoBosioke 6yJieT HAMHOIO CHJbHeEe,
yeM B JIEPEBSIHHOM CTepXkKHe, H el0 MOXKHO JIEFKO H3MepHTh,
BBeJIs TIOC/IeI0BaTe/IbHO B Lienb amnepmeTp. OnHAKO Hampsixe-
HHe MeXAy Pa3AMYHBIMH TOYKAaMH IPOBOJIOKH GyJeT B 3TOM
ombiTe HEBEIHKO, H LIS ero H3MepeHHs] HYXKHO MPHMEHHTb
BMeCcTO OGBIYHOTO [IKOJBHOIO 3JeKTpoMmeTpa Gosee YyBCTBH-
TesbHBIH PHGOP. M B 3TOM ombiTe MBI HafiieM, YTO MeXAy pas-
JIMYHBIMH TOYKaMH MPOBOJIOKH CYLIEeCTBYeT HampsixKeHUHe, KOTO-
poe mOCTHraeT HAHGOMBILETrO 3HAYEHHS] MeXKAY KOHLAMH Mpo-
BOJIOKH. [Ipu Raauuuu 8 nposoOHUKE SAeKMPUHECKo20 MOKa
MeHOY KOHYAMU 2106020 €20 YHacmKa CYuecmseyem 3aeKmputec-
Koe Hanpsxcenue.

Puc. 77, PacnipesieieHHe JaBjieHHs 3KHAKOCTH B TPyGKe aHaJIOTHUHO mMaje-
HHIO 9JEKTPHUYECKOrO HaMpsKeHHS B LENH

Cy1ecTBOBaHHE Da3HOCTH TMOTEHHHATOB MeXAy TOYKaMH
TMPOBOJHHUKA C TOKOM COBEPLIEHHO aHAJOTHYHO CYLLECTBOBAHHIO
Pa3HOCTH JaBJieHHH B CTPye XKHUAKOCTH MPH ee TeYeHHH C Tpe-
HHeM 1o Tpy6aM, C KOTOPHIM MbI MO3HAKOMHJIHCH B Tome I.
STO CXOACTBO MOXKHO MpPOCTEAHTh Ha MpHGOpe, H306paKeHHOM
Ha pHc. 77 U mousitHoM 6e3 jpanabHeHIIMX mnosicHeHHHA. Eciu
3aKPHITh KOHEL TFOPH30HTaJbHOA TPYGKH KpaHOM, TO TOKa
XKHUJKOCTH He GyfieT, MpH 5TOM BO BceX MaHoMmertpax I, 2, . . .
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MHIKOCTb YCTAaHABIMBAETCA HAa OJHOW M TOH e BEIcoTe (0G0~
3HaYeHHO! IUTPHX-NYHKTHPHOH JIHHHeH), T, €. MeX1y pasiHy-
HBIMH TOYKaMH TPYGKHM HET PasHOCTH MaBJeHHH, TOYHO TakK
e, KaK MeXIy TOYKaMH NMPOBOJHHKA, IO KOTOPOMY He TedeT
TOK, HET PA3HOCTH mnOTeHLHasoB. IIpH OTKpHIBAHHH KpaHA
BO3HHKaeT 6oJjiee MM MeHee CHJIbHBIH TOK XHIKOCTH, H YPOBHH
MAaHOMETDPOB pacroJiaraloTcsl 10 HAaKJ/JIOHHOH JIMHHH, yKasnlBad
Ha TajeHHe NaBJE€HHsA BIOJNb TPYOKH.. '

§ 46. 3akon Oma. I1a oCHOBAaHHH ONBITOB, ONHCAHHHIX B MPEHL- -
IyllieM naparpage, MOXHO YCTAHOBHTb BaXXHbIH 3aKOH, HOcfl-
mufl HasBaHHe 3axona Oma B 4ecTb HeMeLKOTo (Pu3uka [eopra
Oma (1787—1854). HMsmepsa oJHOBpeMeHHO HAmNpsi’KeHHe Ha
KOHLaX KaKOTro-JHG0 yyacTKa MPOBOJHHKA H CHJY TOKA, HAY-
Mero Yepe3 MPOBOJHHK, MBI yOexXnaemcs, UTO cuaa saeKkmpu-
4ecK020 MOKA 8 KAKOM-AUBO yuacmKe NPOBOOHUKQ NpPONOpYUo-
HQAbHA HANDANCEHUWIO MexnOYy KOHyUamu 6oi6PaHH020 Y4acmxa.

IpencraBuB KO3GHLUHEHT NPONOPUHOHANBHOCTH . MEKAY
cusoit toka I u nanpsikenvem U B BHIe 1/R, MOXHO HanucaTb

sakoH OMa B BHIE _
U o~

Uem Gosbite R, TeM MeHbIlle CHJIa TOKA MPH OJIHOM H TOM JKe
HanpsKEeHHH MeXIy KOHIaMH nmpoBoiHHKa. [lostomy BelnunHa
R nonyynna HasBaHHE S4EKMPUHECKO20 CONPOMUBAEHUsS TIPO- -
BOMHHKA HJIH TPOCTO CONPOMUBAEHUS. DTO CONPOTHBJIEHHE 3a~
BHCHT OT CBOHCTB NMpPOBOJHHKA. 3aKOHY OMa MOXKHO MpHaTh
BHJ

U=IR. - (46.2)

dopmynsl (46.1) u (46.2) nokaskIBaloT, YTO NMPH 3aJaHHOM
HanpskeHuH U Ha KOHIAX MPOBOJHHKOB C DAas3/HYHBHIMH CO-
TIPOTUBJEHHAMH R cuaq npoxo0aijezo moxa mem MeHbue, 4em
boavwe conpomusrerue. Takum 06pasoM, yBelHUYEeHHE COMpO-
THBJIEHHA NPOBOJHHKA O3HauaeT yBeJHUEHHE TOMeX, KOTophbie
HCIBITHIBAIOT HOCHTENH 3JIeKTPHUYECKHX 3apfAlioB B CBOEM JIBH-
JKeHHH 110 IPOBOJHHUKY INOJ AeHCTBHEM MNPHJIOXKEHHOIO Harmps-
JKEeHHA. ‘ . : .

HerpynHo npencraButh cefe Te mpolLiecchl, KOTOpHE
06yCJIOBJIMBAIOT 3TH MOMeXH. B MeTa/NIHYeCKOM MNpOBOAHHKE
JBHXKCHHE 3apANOB €CTh JBHAKCHHE S/1EKTPOHOB MEXKAY T0JIO-
XHUTE/IBHBIMH HOHAMHM, KOTOpHIE MOJIyYaloTCsi B pe3yabTare
OTneNIeHHs 3THX 3JIeKTPOHOB IIPOBOJMMOCTH OT AaTOMOB, CO-
CTaBNAOWMX MeTalI. B anekrponmutax — 310 ZBHXKEHHE MOJO-
- JKHTEJBbHBIX H OTPHUATEJbHBIX HOHOB HAaBCTpeuy IPYT APyry,
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NPOUCXOAslee CPeAM HEHOHH30BAHHBIX MOJIEKYJT pacTBOpa.
EcTecTBEeHHO CUHTATh, UTO yAopAdoueHHoe IBHKEHHE 3apsKeH-
HBIX YaCTHL, NpeAcTaBdsIonee cO60H TOK H NTPOUCXOMAIIee CPen
MHOTOYHC/IEHHBIX YacTHL, He NPHHHMAIONIMX Yyd4acTUs B 3TOM
YNOpAZOYCHHOM IBHXKEHHH, a JIMIUb COBEPUIAIOMMX XaoTHYec-
KOe TeIIOBOe «TONTaHHe Ha MecTe», COMPOBOXKIAETCA MHOTO-
YHCJEHHBIMH CTOJIKHOBEHHSIMH HOCHTENeH 3apsifioB ¢ APYTHMH
YacTHUAMU. STU CTONKHOBEHHS, 3aTPYAHAIIIME NepeMenenye
3apsAXKeHHBIX YacTHL IO NMPOBOAHHKY, U SABJIAIOTCA NPHUYHHOM
conpomugaerus TPOBOJHHKOB NPOXOXKJEHHUIO TOKA.

MoxHO npenBHAeTb H3 3THX cOOGpa)KeHHH, 4TO COMPOTHB-
JIeHHe 3aBHCHT OT T€OMETPHYECKHX Pa3MepoB IPOBOAHHKA, T. €.
OT €ro JUIHHBI M CeueHHs, PaBHO KaK OT ero cocraBa H CTpoe-
HHA, ONpeJeNSIONMX YacTOTy CTOJKHOBEHMH HOcHTeNell 3aps-
JOB C OKpYXKalomHMH yYacTHuamH, He MCK/IIOUEHO U BJAHSIHME
TeMIepaTypsl POBOJHHKA, NMOCKOAbKY 6GoJiee HIH MeHee OXHB-
JIEHHOE TeIIOBOe JBHKEHHE qacmu MOXeT cKa3aThbcs Ha YHcie
CTOJTKHOBEHHH.

B CH edunuyeli conpomusrenus A8asemcs CONPOMueieHue
Marxozo nPosoOHUKA, NO KOMOPOMY MeHem moK, PagHoiti 00HOMY
amnepy, ecau Ha KOHYax e20 nolOepacusame HanpsoKerue, pag-
HOe 0OHOMY 60AbMyYy. DTa €AHHHLA CONMPOTHBJIEHHS Ha3blBaercs
omom (OM). Ecau Buipasute B ¢dopmyne (46.1) manpsxkenue
B BOJIbTaX, a CONPOTHBJIEHHE B OMaxX, TO CHJIA TOKA NMOJYUHTCS
B aMIiepax.

3akon Oma, npefcTaBAsOWHUA ONUH H3 BaKHeHUWIHX 3aKOHOB 3JIE€KTpH-
YecKOro TOKa, MMEET CMBICJ TOJBLKO TOrAa, Korja otpowernde U k [, Has-
BaHHOE -HaMH COMNpPOTHBJEHHEM, CCTb NOCTOAHHafA NN NAaHHOrO NPOBOINHHKA
BEJMHYHHA. ﬂ.pyrHMH CJIOBaMH, 3aKOH Oma CIIPABEIJIUB I/ TaKHX NPOBOA-
HHKOB, Y KOTOpbIX CONPOTHBJEHHE HE€ 3aBUCHT OT MNPHJOXKEHHOIO HalpAxKe-
HHSl H CHJN TOKa, K 3TOMY THNY NPOBOAHHKOB OTHOCSTCA Memaarudeckue
nposodriuku, yeons u snexmpoaumst. Ho conpoTHBieHHe Ia30B, CHEJaHHBIX
NpOBOASAIMMH (HaNPHUMeP, HOHH3OBAHHBIX HArPEBOM), 3aBUCHT OT QPHIO-
KEHHOro HanpsiKeHus, H NOTOMY IJif ra3oB 3aKOH OmMa HeCnpaBeJHB (ECJIH
TOJILKO He Orpann4uBaThCA HeGOJMBIIHMH HanpsAXeHHSAMH, KOTOPLIE €Ie He

CKa3biBAIOTCS HA CONPOTHUBJIEHHH HOHH30BaHHOTrO rasa). CymecTBYIOT H ApY-
THE NpPOBOASiLIUE MAaTEPUANEl, K KOTODHM 3aKOH OMa HenpHMEHHM.

2 46.1. ConpoTHBNIEHHE YeJIOBEYECKOTO TeJla PaBHO HECKOJLKHM IecsiT-
. KaM ThicsiY oM (OHO Pa3HuHO ANA pasHuiX HHABUAYYMOB). TIpHHHMas
9T0 conporuBaenue paBabiM 36 000 OM, BhIYHCIHTE TOK, NP OXOMALLHH
yepe3 YesJOBEKa, CJIH OH KacaeTcsl Py KaMH OCBETHTeIbHEIX NPOBOJOB,
Haxopsuuxcsl noj HanpsikenueM 220 B. ITpedocmepescerue, Taxoit
TOK MOXeT GHITb CMepTeJbHhM, [03TOMY HaJI0 ocTeperaTbcsl MPHKO-
CHOBEHHS K 06HaXXeHHBIM NIPOBOAAM.

§ 47. Conportneienme nposopos. B npenwnymeM naparpade
6EIO YKa3aHO, YTO 3JIEKTPHYECKOe COMPOTHBIEHHE /sl Pa3HbIX
TIPOBOJIHHKOB Pa3/IHYHO H MOXKET 3aBHCeTb KaK OT MaTepuana,
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H3 . KOTOPOTO CJieNIaHbl TNPOBOAHHKH, TaK H OT HX Da3MepoB.
B naabneiilleM Mbl 6yjeM paccMaTpHBaTb «IHHEHHbIE» NPOBOJ-
HHKH, T. €, TakHe, nonepeuHble pa3Mepbl KOTOPHIX MaJbl MO
CPaBHEHHIO ¢ HX NLIHHOH. K TaKOBLIM OTHOCATCS! PHMeHsIEMble
B TeXHHKe IpOBOJa (nposo.noxn) H IIHHB! (LJHHHBE Y3KHE
IJIACTHHEL).

UeccnenyeM, Kak 3aBHCHT CONPOTHBJEHHE INPOBOAA OT €ro
pasamepoB. 1S u3MepeHHSI CONPOTHBJEHHS MOXHO BOCIONb-
3oBaTbesl 3akoHOM Oma. Mamepup nanpsikenne U Mex[y KOH-
IIaMH TIPOBOJA H CHJIy HAYILEro 4epe3 Hero TOKa /, MOXHO Bbl-
YHCJHUTD conpomB.neHHe R u3 cooTHOUEHHS

R_-. ' (47.1)

PaccMOTpHM HECKONIBKO NMPOCTHIX CJyyaes.
OnHOpOAHBIH TNpOBOJ NOCTOSIHHOTO CedeHHs (pHc. 78).
Ilpy nOMOIIM [OCTATOYHO HYYBCTBHTENLHOTO 3JIEKTPOMETpa
(§ 25) u3amepuM HanpsiKeHHe MeXJAY KaKHMH-HHOYAb IByMs

Puc, 78. Cxema onmbTa, IOKa3hl- Puc. 79. Cxema onniTa, nmoKasbl-

BalOIEro, YTO CONPOTHBJEHHE Ofi-
HOPOJHOr0 NMPOBOJA MNOCTOAHHOTO
CeueHHs INPONOPLHOHAJABLHO €ro
JJHHe: ab — OIHOPOIHHIH mpo-
BOJ, ¢ — NPOMEXYTOUHasg TOUKa
Ha HeM, b — GaTapesa ra’amBaHH-
YECKHX 9JleMeHToB, A — aMmep-
metp, & — aJleKTpoMerp

BaIOIEro, YTO CONPOTHRJEHHE MPO-
BOJIOB H3 OJHMHAaKOBOrO MaTepHa-
Ja H OJHHaKOBOH JJMHH, HO pa3-
JHYHOTO CeYeHHS o6paTHO Npo-
NOPIIHOHAJNBHO IVIOMAJH NoNepey-
HOro ceueHusi: ab, bc u cd — npo-
Bpoja, B — 6aTapex rajJlbBaHHYec-
KHX 3JIeMeHTOB, A — amIlepMeTp,

8 — anexTpOMeTp

To4KaMmHu (Hanpumep, ¢ u b). Cuna Toka / B poBoje MOBCIOAY
onHa H Ta xe. [Tonb3ysch cooTHOeHHeM (47.1), HafieM conpo-
. THBJIEHHE PA3/IHYHBIX OTPE3KOB NpoBoja. TaKHe H3MepeHHs To-
Ka3bIBAIOT, UTO COMpomusierue ompesxa o0HOPoOHozo npoeoda
AOCMOAHHOR0 CEHeHUs. NPAMO NPONOPYUOHAAbHO €20 daune 1.

2. TIpoBOJHHK COCTaB/IeH H3 MpPOBOJOB OJHHAKOBOTO MaTe-
pHala KW OAHHAKOBOH AJMHH, HO pasxozo cedeHHs (pHC. 79).
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HsMepuM HanpsiKeHHs MeXJy TouKamuH a U b, bu ¢, ¢ u d,
COOTBETCTBYIOIIHMH OTpPEe3KaM paBHOH AJMHBI, H BBIYHC/IHM
COIPOTHBJIEHHA STHX OTpe3KoB R;, Ry u R, ¢ nomombio dop-
myJabl (47.1). Hafipem, uro conpomusaenue ompesxos nposoda
odurakoeotl 0aurbL 06PAMHO NPONOPYUOHANLHO NAOUAOU eeo
nonepesroeo cewerus S. A

3. EcsiH B OHCAHHOM OMBITE HCIIOJIb30BATh NPOBOJA OJHHA-
KOBOTO CEUEHHs] M OJMHAKOBOH IJIHHBLI, HO CHeNaHHbIE H3 pas-
HbIX Mamepuaarog, HapUMep MEAHYI0 M XKelesHywo (puc. 80),

Puc. 80. Cxema onpTa, MOKasHIBAKOINETO, YTO

CONpPOTHBJIEHHe NPOBOAOB OAWHAKOBOH JAJHHBI

M OJHHAKOBOTO CEUeHHT, HO H3 pasHHIX Mare-

pHaJioB, 3aBHCHT OT MaTepHaja NpoBoja: ab,

bc u cd — nposoga, 5 — Gatapes rajpBaHH-

YeCKHX 3JeMeHTOB, A — ammepMetrp, I —
3JEeKTPOMeTD

TO OKa)eTcs, YTO CONPOTHBJ/EHHE MEAHOH NPOBOJOKH ropasio
MeHblIe, HEXeNH Xene3noH. Conpomusaerue npososOKu 3asu-
cum makse om ee mamepuaid.

Tonyuennsle pe3yJbTaThl MOMXKHO BblpaSHTb crepytomeit

, tpopmy.non .

3mecb R — conmpoTHB/EeHHe npoBoja, [ — ero AJduHa, S —
IJIOIa/lb [ONEPEUHOro CeYeHHs, a P — Ko3(duiHeHT nponop-
IIMOHAJNbHOCTH, 3aBHCAIIMH OT poja MmarepHana. Bernunna p
HaskiBaeTcsl yleabHolM conpomusieruem matepuana. OHO pPaBHO
CONPOTHBJIEHHIO IUJIHHApPA H3 JaHHOIO BEIIECTHEA, HMEIOILEro
IJIHHY, PaBHYIO eJHHHIE, H IVIOHI3[b MONEPEYHOTO CEYEHHH,
PaBHYIO €JHHHIE. ‘

B CHU eaunuuel yaeqbHOrO CONPOTHUBJEHHS SIBJAAETCA OM-
semp (Om-+m). Tlpu p=1 Om'M un.nnﬂnpmecxnﬁ IIPOBOJHUK
¢ mJIomajpio. ceuyeHHa S==1 m? u pnuHOi /=1 M HMeeT comnpo-
THBJeHHe R=1 Om,

Benuunna, o6paTHas COHpOTHBJIeHHlO, Ha3bIBAETCS] JAEKM-
puseckot npoeoaumocmbro. Epnnuna nposogumoctn B CH B
JecThb HEMeLKoro (pM3nKa M 3/JeKTpOTeXHHKa -DpHCcTa BepHepa
Cumenca (1816—1892) HocuT HasBanue cumenc (Cm). Ilposo-
AuMOCTbIO, paBHO# 10 CM, ob6nanaeT DPOBOJHHK C §JIEKTpHYeC-

1
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KuM conpotupienuem 0,1 OM HpOBO}.IHMOCTblO 0,1 Cu — npo-
BOAHHK C CONPOTHBJIEHHEM 10 Ou o . a1

‘Besnnunna o, o6paTHas yIeNTbHOMY CONPOTHBJEHHIO P, Ha-
8bIBaeTCS yae/zbnou nposodumocmpro; ] ~

, o=—. (413
, P ,

YJ.IeJIbHaH IPOBOJHMOCTD nsmepﬂe'rcn B eIMHHIAX, HA3LIBAEMBIX
cumenc na memp (Cm/m), :

B Tabn. 2 npuBenensl 3HaueHHs yIeTbHOTO COHpOTHBJIeHHﬂ
p B OM-MeTpax Iy HEeKOTOPhIX MarepHa/soB. Bropoii croaben
TabIHIbl JAeT BLIpaXKEHHOE B OMax Ha MeTP CONpOTHBAeHHe R
€IMHHLBI LJHHBI POBOJA PH AHAMETPe OIHH MHJIHMETp. Tpe-
THH cTosE6el TabaAHIEl COAEPKUT 3HAUEHHA YASNbHON NpoBOAM-
MOCTH O, BbIpa)K€HHbIe B CHMEHCaX Ha MeTp.

Ta6auna 2. Yielhnoe cONPOTHBICHHe H CBR3aHHbie C HHM BEJHYHHLI
AJA HeKoTopux Bemects mpu 0 °C)

Belecreo p, Om:M R, Om/m [ o=1/p, CMm/m
Cepe6po (XHMHYECKH YHCTOE) 1,47-10-8 0,0187 | 6,8.107
Meib (XMMHYECKH 4YHCTas) 1,55.10-8 | 0,0197 6,45-107
Mejp (TexHHYecKas) 1,7.10—8 0,0216 | 5,9.107
AnoMuHRE 2,5.10-8 | 0,0318 4,0.107
Bosedpam - {5,3.10-8 0,0673 1,9.107
‘Tlnaruna 9,8.10-8 0,125 1,0.107
YKe/e30 - (XHMHUECKH YHCTOE) 9,60.10—8 0,122 1,04.107
Xeneso (Texuuyeckoe) . 12-10-8 0,153 8,3-108
CeuHer, 20.10-8 0,254 5,0.109
Hukeaun (cniae Cu,; Ni u Mn) 40-10—8 0,51 2,5.108
Mauranud (cnias Cu, Ni u Mn) | 43.10-8 0,55 2,3.108
KoHcranran (criiae Cu n Ni) 50.10-8 0,63 2,0.108
PryTtn 94,1.10—8 — 1,06-108
Huxpowm (cnstaB Ni u Cr) 110.10-8 1,4 9,1.10%
10%-ubi it pacrsop cepHoit Kuc- | 0,026 — 38
JOTH -
10%-ub1it pacteop noeapenno# | 0,083 - 12
COJTH !
109%-upi#t pacteop - MemHoro ky- | 0,315 —_ 3,17
nopoca : »
JlpeBecHHa _ ) 108 — 10-¢
Mpamop 5.107 — | 2-10-8
KBapn niaejeHblf ’ 5.1018 —_ 2.10-17

YcTpoicTBO, CrienHaNbHO TpefHa3HAYeHHOe JMIA CO3JaHus
CONpPOTHB/IEHHA B /MCKTPHYECKOH LeNnu, Ha3bIBAeTCs pesucmo-
pon. -
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2 47.1. Qemy paBHO conpomanenue 1 M MenHON NpOBONOKH JHameTpa
.. 0,15 mm?
47 2. Kagas MJMHa HUKeJNMHOBOH NpPOBOJIOKH AHamerpa 0,05 MM mo-

Tpe6yeTcss AN HITOTOR/JEHHA KATYIIKH, HMelowWel CONPOTHBIeHHe -

108 Om?

§ 48. 3aBHCHMOCTb CONPOTHBJEHHSI OT TemmepaTypnl. ONHT B
COOTBETCTBHH C OGUIHMH COOGpakeHHsAMH § 46 mokaseiBaeT, YTO
CONpPOTHBJIEHHE NPOBOJHHKA 3aBHCHT TaKXe H OT €ro memne-
pamyper.

HamoTaeM B BHjie CIHPAJIH HECKOJILKO METPOB TOHKOM (IHa-
metpa 0,1—0,2 mM) Kene3HoHl NPOBOOKH I M BK/IOYHM ee
B lenb, cofepKaulyro 6aTapelo ralbBaHHYECKHX 3/1eMeHTOB 2

L N
1\\\\\\“"]"' I'l/,f
i

2 F
Puc. 8). ONuT, NOKA3HBAMWHKA 3aBHCHMOCTL CONPOTHBIEHHS NPOBOJIOKR
oT TemnepaTypu. IIpH HarpeBaHHH CONPOTHBJEHHEe NPOBOJOKH VBEJHYH-

BaeTca: I — NPOBOJNOKa, 2 — GaTapess rajbBaHHYeCKHX 9JI€MeHTOB, 3 —
, .aMnepMerp

u amnepmetp § (puc. 81). COHpOTHBJIeHHe 3T0i IPOBOJIOKH MoK~
Gepem TakHM, YToGbl ADH KOMHATHOH TeMniepaType CTPesiKa am-

nepMeTpa OTKJOHAJNACh MOYTH Ha BCIO IIKaJdy. OTMeTHB NOKa-

3aHHSt aMmrepMeTpa, CHJAbHO HarpeeM APOBOJIOKY NPH MOMOHIM
FOpeNKH., MBI YBHIMM, YTO 1O Mepe HarpeBanusi TOK B LENH
yMeHBIIAeTCst, a SHAYHT, CONPOTHBJIEHHE APOBOJIOKH NPH HA-
TPEBAHHH YBeJHYHBaeTcsi. TaKoli pesysbraT nosy4yaercsi He
" TOJIBKO C KeJe30M, HO H CO BCeMH JDPYTHMH MeTaJ/JIaMH.
Ilpu nosvuwenuu memnepamyps: CoNpoOMuUGACHUE MEMAAA08
yeeaudusaemcs. ¥ HEKOTOPBIX METa//IOB 3TO YBeTHUYEHHE 3Ha-
YHTEJbHO: Y YHCTBIX MeTa/JIOB TIpH HarpeBanuH Ha 100 °C
oHo pnocruraer 40—50 %; y cmiaBoB OHO .OGBIYHO GbiBaet
Menblie. ECTb ciensanbHbie CI/aBbl, Y KOTOPBIX COMPOTHBIIEHHE
HOYTH HE MeHSIeTCsl NpH MNOBRIIIEHHH TEMIepaTypH; TAKOBHI,
HanpHMep, KOHCTaHTaH (OT JaTHHCKOTO cJjoBa constans -
NOCTOSIHHEIE) H ManTaHHH. KoHcTanTan yhoTpeOsieTcs  mian
H3TOTOBJIEHHsI HEKOTOPHIX H3MEPHTEBHEIX NPHOOPYB,

: ' ‘318
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HHaye MeHsieTcsi PH HarpeBaHHH COMPOTHBJIEHHE JIEKTPO-
auToB. [TOBTODHM ONMHCAHHLIA OMHIT, HO BBEJEM B IENb BMECTO
JeJIe3HOH TPOBOJIOKH KakoH-HMGYab 3JeKTPOaHT (puc. 82).
Mbl yBHAMM, YTO MOKa3aHHs amiepmeTpa NpPH HarpeBaHHH
3JIEKTPOJINTA BCe BpeMs yBeJNWYHBAIOTCH, a& 3HAUHT, CONPOMuUs-
NeHUL 3AEKMPOAUMO8 NPU NOBbIUEHUU MeMNepamypsl ymero-
waemcs. OTMETHM, YTO CONPOTHBJEHHE YIVIA H HEKOTOPHIX ApY-
THX MaTepHaJIOB ,TaKe YMeHbIUAeTcsi NMPH HarpeBaHHH.

=== N Q
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Puc. 82. OnwiT, MOKa3bIBaIOLUIHH 3aBHCHMOCTL CONPOTHBJIEHHS HIEKTPOJIHTA

oT TeMmnepartypul. [IpH- HarpeBaHHH "CONPOTHBJEHHE 3JEKTPOJIHTA YMEHb-

waetcs: I — JIeKTPOJHT, 2 — OaTapes TrajJbBaHHYECKHX 3JIeMEHTOB,
3 — ammepmeTp

3aBHCHMOCTL CONMPOTHBJIEHHA . METAJVIOB OT TEMIEpaTyphl
_MCNONIb3yeTcs IJIsi YCTPOHCTBa mepmomempos - conpomusae-
Hus. B npocreiilieM BHAE 3TO — HaMOTaHHaA Ha CJIOAAHYIO
MJIACTHHKY TOHKas MJaTHHOBas NpoBoJoKa (puc. 83), conpoTus-
JIEHHEe KOTOPO# MpH Pas3iHYHBIX TeMIepatypax XOpOIIO H3BeCT-
HO. TepmomeTp COMPOTHB/IEHHA NOMELIAIOT BHYTPL Tesa, TeM-
neparypy KOTOPOTO KeJIaloT H3-
MepHTb (HampHMmep, B Ieub),
a KOHLBI OOMOTKH BKJIOYAIOT B
nens. Mamepas conpotueienue
OGMOTKH, MOXHO ONpEeIeIHTD
Temnepatypy. Taxkue TepMomer-
pbl 4aCTO NPHMEHSIOTCA /1A H3-
MEepEeHH OYeHb BLICOKHX H OUYEHb
HHU3KHX TeMIeparyp, npH KOTo-
) pHIX PTYTHBIE TepPMOMETpHI YyiKe
Puc. 83. TepmomeTp cOMpOTHBJIe- HenlglﬂmeHHMH'
U pHpalleHHe CONpPOTHBIE-
’ HHA IPOBOAHHKA NIPH €ro Harpe-
BaHHu Ha 1 C «pasfiesleHHOe Ha NepBOHaYaJdbHOE COMPOTHBIIE-
HHe, Ha3LIBAeTCA MEMNEPAMYPHLIM KOShdULuenmom conpomug-
Aenus 1 06BIYHO 0B03HAYaETCs GYKBOH o, B006m,e ToBOPH, TeM-
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nepaTypHbif KoS(pdHUHEHT CONPOTHB/EHHSI CaM S3aBHCHT OT
TemnepaTypbl. BelHuHHa @ HMeeT OJHO 3HayeHHe, Hanpnmep,
ecau Mul 6ynieM noBuimIath Temneparypy ot 20 po 21 °C, u apy-
roe npu noseilieHHH TemmepaTyphl oT 200 po 201 °C. Ho Bo
MHOTHX c/1y4asix H3MeHeHHe & B JI0BOJIbHO IHPOKOM HHTepBaJe
TeMNepaTyp HE3HAYHTEJbHO, H MOXHO IOJb30BaThCA CPENHHM
3HaueHHeM O, B 5TOM HHTepBane. EC/n conpoTHBIeHHe MPOBOA-
HHKa [0pH TervmepaType t, paBHO R,, a NpH TemmepaType ¢
paBHO R;, TO cpelHee 3HaueHue

_Ry—Ry 1 . ,
acp--R_o—-?:To' (48.1)
OG6biuHO B KauecTBe Ry NPHHHMAIOT CONPOTHB/IEHHE NIPH TeMIIe-
parype 0 °C.
Ta6auma 3. Cpennee 3HadeHHe TeMmnepaTypHoro KosddHiHenTta

CONPOTHB/IEHHA HEKOTOPLIX TNPOBOAHHKOB
(s nuTepsase or 0 o 100 °C)

Bemecerso | %epr 107 *K™T! Bemectso Cgpr 1077 K-
JKeneso 6,6 PryTe 0,88
Boabdpam 4,8 Hukeaun 0,30
Menn 4,3 Huxpom 0,13
Cepe6po : 4,1 Koncrantan ' 0,04
Tlnatnua 3,9 MasranuH 0,02

B Ta6n. 3 npuBeseHbl 3HAYEHHA O, LIS HEKOTOPHIX NpO-
BOIHHKOB.

2 48.1, TlpH BK/IIOUEHHH 5JEKTPHUeCKOH JIaMNOYKH CHJA TOKA B LelH B

H nepBhli MOMEHT OTJIMYAeTCA OT CHJIKl TOKA, KOTOPLIfi TeueT noc/e Toro,
KaK JlaMnoyka HayHeT cBeTHTbCH. KaK H3MeHsieTcd TOK B [enH C
YTO/IbHON J1aMNIOUKOR M JIaMNOYKON, HMEIOeR MeTA/IHYECKYIO HHTh
HaKallMBaHRSA?
48.2, ConpoTHB/IeHHe BLKAIOUEHHOR 5/1eKTPHUECKOH JIaMIIOYKH HaKa-
JINBaHHA ¢ BoJbdpaMoBoli HHTLIO paBHo 60 OM. TIpH noanoM Hakane
CONPOTHBJEHHe JIaMNOYKH Bospactaer no 636 OM. KaxoBa Temnepa-
Typa HakaleHHOH HHTH? BOCHOJlb3YHTECb Taba. 3.
48.3. ConpoTHBJIeHHe 5JeKTPHUECKOH NeYH ¢ HHKeJIHHOBOM 06MOTKO
B HeHarpeToM cocTossHHH paBHO 10 OM. KakoBo 6yaeT conpoTHBJIEHHe
aToll NedH, Korja o6MoTKa ee HarpeeTcsa Ao 700 °C? Bocnoabsyiitech
Taba. 3

-§ 49. CepxnpoBOAHMOCTS. Hpu O4eHb HUBKUX meMnepamypax
Ha6o/aeTcsl yIHBHTENbHOE ‘AB/EeHHe: HAYHHAA C HEKOTOPOH
«KPHUTHYECKOH» TEeMIIePaTYPhl CORPOMUBACHUE MHO2UX Memaa-
2108 8HE3ANHO, CKAYKOM, nadaem 00 HYAs, DTO ABJEHHE NOTYUHIO
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Ha3BaHHe CBepXIpOBOAMMOCTH. KpuTHUecKas TeMnepatypa,
IIPH KOTOpPOH HacTynaeT CBEePXNPOBOAHMOCTb, Pa3jiHYHa y pas-
HEIX METaJIOB, HO Y BCeX O/lH3Ka K aGCOMIOTHOMY HYJIO (CM.
Tom ); Tak, HanpHUMep, Y CBHHIA OHA papHa 7,3 K (T. e. okos0
—266 °C), y prytH 4,12 K (okono —269 °C). o
ComnpoTHBJ/IeHHEe METAVIOB B CBEPXHPOBOASALLEM COCTOSTHHH
IIPaKTHYECKH PaBHO HYy. 0. UTO 3T0 03Hauaer? Mu 3HaeM, yTo
JUIsl TIOJepKaHusT TOKA B OOBIYHBIX MeTasnax, T. €. IPH HaJH-
YHH CONpPOTHBJIEHHS, HeOOXOAUMO Bce Bpems HeHCTBOBAaTh Ha
" 5JIEKTPOHBI 371€KTPHYECKOH HJIH CTOpPOHHEH cHJIOH, ofecneuH-
Balollefi HX JBHXXEHHE, HeCMOTPSl Ha MNpENsTCTBYIOUHE eMy
CHJIKI, BbI3bIBaeMble CTOJKHOBEHHSIMH 3JIEKTPOHOB € aTOMaMH
merania. Heo6xonumas cHia, AeficTByOmasi Ha 3JEKTPOHH,
o6ecreyHBaeTcsl € HOMOIUIBIO BKJIOYEHHS B IleNb HCTOYHHKA
3JIEKTPOABHXYILeH CHJIBI, KaK 3TO yKe ObIIO OAPOGHO pasbsic-
neno (§ 39). Mtak, HeoGXOMHMBIM YCJIOBHEM NOJIEPKAHHS TOKA
B IIeNH HPOBOJHHKOB C CONDOTHBIEHHEM SABJSETCA JeHCTBHe
B IlenH 3. A. ¢. Kak ToNbKO mpeKpaiaercsi AeficTBHE 3. 1. C.,
TaK NPAKTHYECKH MTHOBEHHO HpeKpaIlaercs H TOK.
Xopowel HMIOCTpanHell CKa3aHHOTO MOMKET CJYKHTb SIB-
JieHHe ‘3neKkTpoMaruuTHo# HHAyKuuu (ra. XV). IlpeacraBum
.cefe DPOBOMIOYHOE KOJBLO, [OMEIIEHHOE B MariHTHOE IHOJeE.
Tlpu BHIK/IIOYEHHH MaCHHTHOTO HOJS (HarnpHMep, NpH GbICTPOM
yJaNeHHH MAarHHTa) B KOJble BO3HHKAeT HHIAYKIHOHHBIR TOK.
Onuako TOK 3TOT OKa3hiBaeTCsl KPaTKOBpeMeHHBIM, HGO 3. . C.
HHAYKUHH JeACTBYET TOJMbKO B MOMEHT BHIKJIIOYEHHS MAarauT-
HOIO IOJIs, a C NpeKpaileHHeM JeHCTBHSA 3. A. C. NpeKpaiaer-
Cs H TOK B HPOBOJHHKE C CONPOTHBJIEHHEM.
Ho ecnu MbI HMeeM Jei0 CO CBEPXIIPOBOLHHKOM, CONPOTHBIIE-
HHE KOTOPOTO paBHO HYJIIO, TO B HEM HET CHJI, HPeNsTCTBYIOMHX
JIBHIKEHHIO 3J€KTPOHOB. IlosTOMy a/1S1 MOAAEpKaHHSA TOKa B
CBEpXMNPOBOAHHKE HET HAaJOGHOCTH B 3JIEKTPHYECKOM HOJIe,
a CJIelOBaTeNbHO, HE HYXKHO HOJJIEPXKHBATh HAa KOHIAX Ka-
JIOro yyactka NpOBOAHHKA Pa3HOCTb NOTEHLHAJIOB, H NO3TOMY
CTAHOBHTCSl H3JHIIHHM H HCTOYHHK 3. . ¢. TOK, BO3HHKMIHH
B CBEPXIIPOBOJIHHKE, MOXKET COXPaHATBCS HEOTPAHHYEHHO JOJITO
H TocJIe peKpaileHHust AeHCTBHA 3. A. ¢. JeficTBUTENbHO, TaKoe
sIBJleHHe yjanoch Habmoaath. Jss 3TOH Lejin Gl oCyllecTs-
JIEH ONMHCAHHRIH Bhillle OMBIT BO3OYKAEHH T HHAYKIHOHHOTO TOKA.
TosbKo Ha 3TOT pa3 Ko/bLO ObLIO CAENAHO H3 CBHHIOBOH HpoO-
BOJIOKH, OXJIaXJeHHOfl JO CBEpXIPOBOJSAILETO COCTOSTHHS.
IIpu BBIKJIIOYEHHH MaCHHTHOTO MOJIST HA MTHOBEHHe BOSHHKAana
3. 1. ¢. HHAYKIHH. OJHaKO BhI3BaHHBIH €0 TOK He NPEKPaTHJICS
" [IOC/Ie HCUe3HOBEHHS 3. 4. C., A IPOJOIKAN JNHTENbHO CYIIeCT-
BoBaTh, B ozHOM H3 OMNBITOB TaKOro poja HHAepaaHICKHH (H3UK
" -



Xetixe Kamepanur-Onuec (1853—1926) wabmonan nocie Bw-
K/OYEHHSI MarHHTHOTO TOJISt TOK, AJIMBLIMACS B TeueHHE NOYTH
yeThIpeXx CyTOK! KOHeuHO, BCe 3TO '‘BpeMsi CBHHIIOBOE KOJIBLO
TNOJIEPKHBAJIOCh IPH TeMriepatype okoso 7 K, T. e. ocTaBaloch
B CBEPXIPOBOASILEM COCTOSTHHH *). ‘

. ‘U pas 970r0 3aMeuaTesILHOrO CJayyas MOJHOCTBLIO COXPAHAETCS MeXaHH-

- yecKasl aHaJOTHSA C ABJEHHEM TeyeHHS KHAKOCTH 1o Tpy6aM. Teyenue 06H%-
HOH JKHJKOCTH CBfI3aHO C HaJIAYHEM COINPOTHBJEHHS, OGYCJIOBJEHHOTO BA3~
KOCTBIO (BHYTPEHHHM TpeHHeM) JKuakocTH (cM. Tom I). Jua nomaepxanus
TOKa XKHAKOCTH HeO6XOJHMO O6eCNeYHTb COOTBETCTBYIOIUNYIO Pa3HOCTb Jap-
JIeHH MeX]y KOHIaMH JIIo60ro yuacTKa CTPYH, & CJie]0BaTeJIbHO, BKJIOYHTD
B llellb HCTOYHHK ¢BOJOABHKYHMIEN CHIIbI» (HACOC); CHIIEI, OGYC/IOBJIEHHEIE ST
PasHOCTbIO JaBJeHHHA, H NOAAEPKHUBAIOT TOK, HECMOTPSA Ha NPOTHBOAEACTE e
CHJI TPeHHSA. -

Ho ecou MH MCTOJIB3yeM XKHAKOCTb, BSI3KOCTh KOTOPOH NpPaKTHYECKH
paBHa HyJ/HO, TO AJS NOALEPKAHHS TEUeHHS TaKOH KHIKOCTH HeT Heob6Xxa-
JHMOCTH B Da3HOCTH JaBJIeHHH, a CJIeJOBaTe/IbHO, H B «BOJOABHIKYILEN CH-
ge». Takas XHIAKOCTL 6e3 BASKOCTH B KOJBLEBOA TPyGe, MPHUBEJEHHAS B
JIBHXK€HHe MTHOBEHHBIM TOJIYKOM, 6YJ€T NpOAO/KaTh Teub HEOTPaHHYEHHQ
JIOJITO, XOTS JiaBJeHHe BO BCEX TOUKaX TPYOul 6yjeT OJHHAKOBLIM. DTO He~
TPYAHO NOHATb, H6O, €C/AH TPeHHE OTCYTCTBYET, AJIS NOAAEPHKAHHS PaBHO-
MEPHOTO JIBHIKeHHS He HYXKHa BHEIIHAN CHJa. TaKuM 06pa3oM, TeueHHe XKHE~
KOCTH 6€3 BSI3KOCTH BIIOJIHE 3HAJIOTHYHO SJIEKTPHUECKOMY TOKY B CBEpPXIpo-
BoaHHKax. Ilogo6Hylo KHAKOCTb YAaJoch peasH30BaTh. Kak o6Hapyxsa
II. J1. Kanuna, BA3KOCTb JKHAKOTO TeJIHs, OXJIaXIEHHOrO J0 TEMIepaTyprt
uuxe 2,12 K (1. e. —271 °C), ucueaaiome Masna, 1o ananoruu co ceepxnpo-
BOAAIIHMH METa/VIaMH TeJIHH B TaKOM COCTOAHHH NOJYYHJ Ha3BaH#e
CBepXTeKyuero,

A

- § 50, IlocaenoBaresibHOE M NapaiiefibHOE COeIHHEHHe TPOBOZ-
HAKOB. Ha npakTuke 3/1eKTpHYeCKHe LeNH HHKOTAA He COCTOST
H3 OJHOPOAHBIX NPOBOJIOB NOCTOSIHHOTO- CEYEHHHA, a NpeJCTag-
JISIIOT cO60ff COBOKYMHOCTb Pa3/IHYHBIX NMPOBOJIHHKOB, OMpeje-
JIEHHBIM 06pa3oM COEIMHEHHBIX MexAy cobofi. Kakum nyTem

. Puc. 84. CxeMa H3MepeHHS CHJIBI TOKa b LIeIH,
TAe CONpOTHRIEHHA R; H R, coelHHeHH
N0C/e/IOBATENBHO

t-{=(D—
MOXKHO HalTH CONPOTHBJIEHHE CJIOXHOMH ILierNH, eCTH H3BECTHO
'CONpPOTHBJIEHHE OTAENbHBIX IPOBOAHHKOB, €€ COCTaBJIAIOIIHX?

PacemoTpuM ciyyaift  ABYX IPOBOSHHKOB, BKJIOUEHHBEX
B llenb nocjenoBatenbro (puc. 84). IlycTh cONpoTHBJIEHHA OT-
JENbHBIX MPOBOAHHKOB paBHel R; U R,. Cuna 170Ka I B 0Gokx
NPOBOAHHKAX, KOHeuHO, oaxHakOBa (§ 42). Opuako Hanpsixe-

*) B '1956—1959 rr. T. Kosnnus HaGmofal OTCYTCTBHe YMeHblleHuS
TOKa B CBEpXIpPOBOAALIEM KOJblle B TeueHHe JBYX C MoJiopHHON Jet. (/Tpu-
Med. peo.) : . ) ;
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g U; u U, Me)xay KOHIAMH KaXJIOr0 H3 NMPOBOJAHHKOB pas-
auunel. Ha ocuoBanuu 3akona OMa uMeeM - :

__ U,=IR, U,=IR,
OSTOM
i g=Ft 50.1
R, (50.1)

ITpu nocaedosamenrvrom coeauueuuu Hanpascerue Ha Ka¥coom

U3 NPOBOCHUKOS NPONOPYUOHAABHO €20 CONPOMUBACHUIO.
[lonnoe nanpskenne U Mex[y HadajoM mepBoro MpoBOJ-

HHKAa H KOHIIOM BTOPOTO PaBHO CyMMe 3THX HanpsikeHHH. [lo-

3TOMY
: U=U1~+U§=1RI+1R2=1(R1'+R2)-

Ecan 0603Ha4HTh uepe3 R CONMpPOTHBIIEHHE BCEro yuacTKa LienH,
COCTOSILIEro H3 COMpOTHBJAEHHH R; u R, To mo 3akony OMa

U=IR.

U3 cpaBHeHHSI [BYX NOCJEIHHX q)opmy.n JIETKO Ha#TH, qTo_
R‘=R1+Rg-

[NpousBoas MOJOGHEE pacCyXKACHHA WA TPeX, YeThIpeX H,
BOOGIIE, 72 MPOBOJHHKOB, MBI NOJIYYHM, OYEBHIHO, CJELYIOMIHM

pesyJIbTar: : :
R=R;+Ry+...4+R,.  (50.2)

ConpoTHBJEHHE YYacTKa lleMH, COCTABJIEHHOrO H3 MOIENo-
BaTEJABHO COEJHHEHHBIX NMPOBOJHHKOB, PAaBHO CYMME COMPOTHB-
JIEHHH OT[e/bHBIX mpoBofHHKOB. Himm kopoTko: npu nocaedo-
8aMen6HOM coeauueuuu NPOoBOOHUKO8 UX CONPOMUBAEHUA CKAG-
Oosaromes.

Ry

1

L SURSRENN |
t1a Ry b Piuc. 85. CxeMa H3MEpPEHHS CHJIEl TOKA B [IeNH,
e B TAE COPOTHBJCHHS Ry u R,y coepHHeHb- na-

panieabHO

e
PaccMOTpHM Tenepb COeJHHEHHE ABYX MPOBOJHHKOB C CO-
NpOTHBJEHHSIMH R; H R,, H306paxkenHoe Ha puc. 85. Taxkoe
coelMHEHHE Ha3bIBaeTCs NapaJsllesbHbIM. [IpOBOJHHKH BKJIO-
yeHb! B 18nb 6aTapen. OG03HAYHM CHITY TOKa, HAYIIEro MO LelH,
KOTOPYIO MBI H3MepsieM aMnepMeTpoM, depe3 /. Tok 3ToT, BXoas
B Ipynny NpOBOAHMKOB R; M R, pasBeTsisiercst Ha [iBa, BOOG-
Ine ropops, He paBHBIX ToKa Iy u I, CymMma 3THX TOKOB Iy U I,
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paBHa cule Toka I (§ 42): ,
. I=1+1, ° 0 (50.3)
CooTHoIeHNe CHJ TOKOB [ H I, 3aBUCUT OT CONPOTHBIICHHI

Riu R,..ﬂeﬁcmme.nbuo, Ha OCHOBaHHM 3aKoHa OMa Hanpsixke-
HHE Ha KOHIAX INEepPBOro TpPOBOJHHKA

Ul =/ R 1
4 Ha KOHLAX BTOpPOro INpOBOJAHHKA
U,=IR,.

Ho oGe 3TH BeMYHHBI PaBHBI APYT APYTY, TaK KaK KaXjas U3
HUX ecTb HaNpsKeHHE MeXAy ONHHMM H TeMH e TOYKaMu a
H b. Vrag, U,;=U,, T. e. ,

Ii _R;

LR, : (504)
ITpu naparnersrom coedureruy Cubl moKo8 6 omdessHox npo-
BO0HUKAX O0GPAMHO NPONOPYUOHAALHLL UX CONPOMUBACHUAM.

HOnsi HaxoXIeHHA MOJIHOTO CONPOTHBJIEHMS Yy4yacTKa ab

BOCMOJIb3yemca cootHoumeHueM (50.3):

u, u 1,1
I=htl=g+r=U(g+g;)-

Ecau '0603HaunTh yepes R moJHOE CONMPOTHBJIEHHE yyacTKa ab,
T0 mo 3akony Oma ’

L ' U
I= '
CpaBnupas zpe nocjeauue GOPMYyJbl, HAXOAHM
, ' 1 | P D
_ AR TRy ,
Ecnu napamienbHO COGIMHEHBI HEe 1Ba, a TPH, ueThIpe H,

BooGliie, 71 MPOBOAHKKOB, TO NMOAOGHBIM Xe 0GPa3oM MOMKHO INO-
JYUYHTb COOTHOLIEHHE

1 1 1 1

r=rtrt - +r- 605

2 50.1. Cymectsyer cienyomui cno~ £,

H co6 rpaduuecKoro pacyera compo-
THBJIEHHS JBYX MapaJJjielIbHO Coe-
JMHEHHHX NPOBONHMKOB: €M H3 i !
Hexoms%oﬁ TOYKH a mnpsmolt ab @ al &
“{puc. BOCCTaBHTb MepHeHaH-
KyJsp ac), L/THHA KOTGPOTO 8 HeKo- Prc. 86. K ynpaxuenuio 50.1 -
TOpOM MacluTaGe paBHa CONPOTHB-

- JIeHHIO OiHOTO MpoBOAHMKA Ry, a Ha Apyrofl (NpOM3BOJLHON) TOYKH

b BOCCTaBHTb NepeHAUKYNAP bd AJAMBE R, TO paccrosiuve ef ot
TOYKH NepeceucHusl ¢ NpsaMbiX ad u ¢b fo npamoll ab 6yAer paBHO
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CONPOTHBIEHHIO R 060HX NMapannellbHO COeAHHEHHHX NMPOBOXHHKOBS
R= Rle "

Ri+R,"

JIoKaxHre 9710.

50.2. B kBaprHpe BK/IOYEHH ABE JAMIOYKH ¢ conpoTHaIeHHeM 120 OM

KaxJast H 9JleKTPOMJIHTKa ¢ conporuaiaeHHeM 30 OM. Kakoso _obutee

conpoTHaJieHHe ceTH? Kakolt TOK pacxojyeTcs Ha MUTaHHe 9TOH CETH,

eCJIM HanpsikeHHe B cetH papHo 220 B? HauepTure cxeMy BRJIOYEHHS.

ConporHeiieHUeM NPOBOAOB NpeHeGPErHTeO,

§ 51. Peocrath. ITonb3ysck NpaBHJIaMH, H3J0XEHHHMH B § 50,
MBI MOXeM MEHSTb "CONPOTHBJICHHE LEIH, NPHCOefuHAsA K Held
TNOCJIe/I0BaTe/IbHO HJIH . Apa/VIeIbHO J00aBOYHbIe PE3HCTOPHI.
JIns 3TOf LeNH YacTO NMPHMEHAIOT CrelHaNbHble MPHGOPH —

OO T ®

a)

PHc. '87. PuiyaxcHull peocTaT: @) onHﬁ BHI; 6) ycaoBHOe H306pa)KeHHe,
0—5 — KOHIBl CEKLUHMH CONMpOTUBJIECHHUS

peocTaThl, NpeACTaBasolHe COG0H PE3HCTOPBE, COMPOTHBJIEHHE
KOTOPHIX MOXHO H3MEHATD. Ha puc. 87 n3o0paxeénbl cxeMa H
BHELIHHH BMJ pbluaxkHOro peoctrata. OH mpeicTap/sieT co00H
pAl COEAMHEHHBIX MEXJAY COGOH NMPOBOJOYHBIX CMHpated, H3-
FOTOBJISIEMBIX H3 CIIJIaBOB C BHICOKHM Y Ie/IbHBIM COTNIPOTHRJIEHHEM
(HHXPOM, KOHCTaHTaH, peoTaHl H Jp.). Mecra coeiHHeHHs CITHpa-
Jief OJ(BeIeHbI K MeTa/INTHYeCKHM KOHTaKTam 0, 1, 2, . . ., QKO-
TOpPBIM TlepeMelnaercs KOHel MOABHKHOMD METalJHYeCKOro phi-
uara, Jlepecrap/isia pbluar Ha pasHble KOHTAKTH, MOXHO BBO-
JUTh B Ilenb §oc/enoBaTenbHO Gosblliee HIAH MEHbIIee YHCIO
crupasneil H 3THM H3MEHATHb CONPOTHBJIEHHE IIEIH,
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Jna Gonee MAAaBHOTO H3MEHEHHS CONPOTHBAEHHS CAyXat
peocTaThl O CKOVIb3sllMM KOHTakToM (puc. 88). Ilepememnas
* IBHIKOK, MOIKHO BKJIIOYATH B LeNb 6O/bIIYI0 HIH MEHBIIYIO Y4CTh
o6MOTKH peocTara.
Ipu nmpumeHeHHM peocTaTa Hajo -o6paliaThb BHHMaHHE Ha
TO, uTOGbl OH He HarpeBaJsICs CJAMIIKOM CHJbHO. JlonycTumo Ha-
rpeBanne He Gosee yeM o 70—80 °C, a OObIYHO CTpemATCsA K
TOMY, 4YTOOhl HarpeBaHHe GhIIO 3HAYHTeNbHO HHXKe. Ilsis Toro
YTOGbI PeocTaT He CJHIIKOM HarpeBaJcs, HeoGXOJHMO, C OfHOM

Puc. 88. Peoctat co CKOJb3SMHM
KOHTaKTOM: a) ofuwuii BHA, 6) cxeMa
pKtoyenng, O6MOTKa peoctara / Ha-
BHTa Ha -(apdopoBblk UHUAHHAP 2.
CroMb3siHii KOHTaKT 3 coelmHser
NpPOM3BOJBHYI0 TOYKY OOGMOTKH CO
cTepxHeM 4 # 3axkuMaMu 5 6. ap-
¢oposuft LATHEADP peocTata 2 yKpen-
JIeH Ha MeTal/iMuecKHX meKax 7. Ha
HHX e YKpel/leH cTepxeHb 4 (Ha
H30JIMPYIOMUX NPOKJAJKax B MeCTax
8axuMoB & H 6). KoHIB 0BMOTKH peo-
.cTata BHIBEJEHbI K 3aumaM 8 u 9.

CTOPOHBI, €I0 XOPOLIO OXJIaXKAaTh, a C APYTrof#, 3a60THTbCSA, YTO-
Obl B peocTarTe He BbIIEAANOCH CITHIIKOM MHOTO Tenvia. TIpH chitb-
HBbIX TOKaX MOSTOMY NPHMEHSIIOT PeocTaThl H3 TOJCTOH MPOBO-
A0KH. JI18 JTyYInero oxJax AeHHS OKPYIKAIOLIHM BO3yXOM peo-
CTaThl HHKOT/IAa He HABHBAIOT B HECKOJbKO cioeB. Hepeako mis
CHJIbHBIX TOKOB NIPHMEHSIOT PEOCTaThl, NPOBOJIOKA KOTODHIX,
_CBHTafl B COMpajb, HAaTAHyTa HAa paMKe M, CJEIOBATeNbHO,
. XOPOLLIO OXJIaXKJaeTcsl BO3yXoM co Bcex cropor: MHoraa c stoi
1eJIbIO TIPUMEHAIOT HE KPYTJIYIO [IPOBOJIOKY, a MJIOCKYIO JIGHTY,
KOTOpas MpPH TOH 3e MJIoWA/H CeueHHA HMeeT GOMbILYIO IOBEPX-
'HOCTb COMPUKOCHOBEHHA € ‘BOSAYXOM H NOSTOMY JIyullle OXJIax-
JiaeTcs., : '

§ 52. Pacnpeneiiense nanpsikenust B uenu. «Ilotepu» B nposo-
Aax. Bcsikas uenb cOCTOMT OGBIYHO M3 KAKHX-1HGO NPHGOPOB
(wanpumMep, JlaMrnoyex HaKaNHBaHHs, HarpeBaTebHLIX PHGO-
POB, 3JEKTPOJIHTHYECKHX BaHH H T.- ;[) H NOJBOJAUIMX NPOBO-
JIOB, DTH NpPHOOpEl M TpoBoja OGIANAOT COMPOTHBJIEHHEM.
Iostomy MeXxay KOHLIaMH .JIOGOTO yuyacTKa UENH, KOTGpbIH
HPEACTaBJIAIT 3TH NPHGOPH HIIH MPOBOAA, HMEeTCH Hanpse-
Hue.
| Ecan B uenu HjeT TOK / H CONPOTHBJEHUS NOCAENOBATENbHO
COEfIHHEHHBIX Y4acTKOB Lenu paBHH Ry, R, R, . . ., T0 MeXay
KOHUAMH KaXJ0or0o y9acTKa HMEIQTCS COOTBETCTBEHHO HanpsKe-

13



_H-HH Ui, Us, Us,. .., onpeneisiemsie no ¢opmyae (46.2):
Ui=R11,; U2=R21’ U§=R31, sae

Cymma 3THX HanpsiKeHHH npejcTaBasieT coGoil mosHoe Hanps-
xenue U, NpHIOKeHHOe K KOHLAM BCed uenu:

U=U;4+U,4+U,+...=RJI+RJI+RI+...

TakuM o6pasom, pacnpefieJieHHe HaNPSKEHHs] MeX]y OTleNb-
HBIMH TOCJIEJOBATEJBHO COEJMHEHHRIMH YYacTKaMH LENH 3aBH-
CHT TOJIbKO OT COOTHOLUEHHS] COMPOTHUBJEHHH 3THX YYacTKOB!

UptUgtUgio o o =R 2R, R, ...

Ilycts, Hampumep, TeHepaTOp 3JEKTPOCTAHLHMH CO3JaeT Ha
BBOZaX, T. €. Ha KOHLAX NMPOBOJOB, BBEJEHHHX B KBAPTHPY, Ha-
npsikenne U (o6biyHo U=220 B). OT BBOJOB NMpOBOJa BElyT K
namnouke. IlycTb conmpoTHBIEHHe MPOBOJIOB PABHO 7, CONPOTHB-
JleHHe JIaMIOYKH paBHO R, a CHJa TOKa, HAaKa/HBalOLIEro JaMm-
nouky, paBHa /. B.takoM ciyyae HanpsixkeHue, Iipuxozsieecs
Ha namnouky, U,=IR, a HanpsiKeHHe, NPHXOAsALIEECs Ha
noxsojsmue mposoja, Ug,=Ir. Tak Kak Hanpsxenue
U=U,+Uy, 10 Uyj=U—U,,. Hpyrumn cnoBamu, 4eM 6o/b-
e Hanpskerue U, NPUXOJsleecs Ha NPOBOJA, TeM MeHbllee
HanpsiXKeHHe ocTaeTcsl Ha Jomo JaMnouk, Tlostomy Hanpsixke-
HHe Ha MpPOBOJaxX HasbiBaeTcsl NoTepsiHHbIM. OHO TeM Godblue,
yeM GoJbllie COMPOTHBIEHHE NMPOBOJOB U YeM Gombllie TOK, HAY-
WHHA 0O JNHHHH. _

Uto6H HanpsiKeHHe, NOTePSHHOE B JIHHHM, He MPeBRILIAJO
JomycTuMOro mpefena, ckaxeM U’, cOnmpoTHB/IeHHE JHHHHM He
JIO/IXKHO NpeBbiliath Beauuunsl r'=U'/l', rne U’ — ponycru-
mas notepsi, a I’ — cuna toka, Uem Gosblie TOK B JIHHHH, TeM
MeHbllie JOMKHO GHTh ee CONPOTHBIEHHE, a 3HAYUT, TeM TOJe -
JIOJIZKHH GBITH NMPOBOAA., DTUM OGBSCHAETCA, UTO JJIf TIPOBOJAKH
ceTefi pas/MUYHOrO Ha3HaueHHsl NMPHMEHSIOTCS Pas3JHYHblE MpO-
BOJIHMKH: AJS 3JEKTPHYECKHX 3BOHKOB M TenedoHOB (caabhie
TOKH) BIOJHE MPHTOAHBI TOHKHE NMPOBOJA, HMeIOIIHe JHAMETp
HECKOJIBKO JIeCATHIX JioJiell MUJJIHMETpPA, a JJif MPOMEILIEHHHIX
ceTell, MHTAIOWNX KPYMHHE 3JeKTPOMOTODPHI (CHJIBHLIE TOKH),
HeoGXOMMBl MeJHble WHHBL U KaGeln ¢ ceueHHeM, PaBHBIM He-
CKOJIbKHM ' KBajipaTHhIM caHTHMeTpaM. Oco6eHHO BEJMKH MOTYT
OLITh MOTEPH B OUEHb JJIMHHKIX JHHHAX, HANPUMEP B JHHHAX
3JIeKTponepesauyn OT THIAPOCTAHUMHA K OTIeNbHHM pafioHaM.

? 62.1. Jina HOpMaJbLHOTO CBeYeHHS aBTOMOGHIBHOHN JAMIOUKHK HampA-
meHue Ha RoANax ee HUTH JOMKHO paBHATHCA 12 B. CKOMBKO TaKux
JIaMTIOYeK HYXKHO B3ATH M KAX HX HYKHO COSAHHHMTb /1A DMTaHUA OT
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HCTOUHHMKA TOKa, Hmelomiero Hampsukeuue 120 B? HauepTure cxemy
COeHHEHHS JIaMIIOYeK. ,

52.2. B ocBeTHTeAbHY!0 CeTh ¢ HanmpsuKeHHeM 220 B Bk/oueHH J1aM-
nouka, HMesowLas conpotunientie 400 Oy, H aMnepMeTp, HaMepAIOMHM
TOK, TeKyHIHH Yepes JaMnouky. YeMy paBHO HampseHHe Ha KOHIax
HHTH JaMNOYKH? CONpOTHBJeHHe aMNepMeTPa H COeZHHHTEJNbHBIX
npoBOfoB paBHO 5 OM. .
52.3. B oceTHTeIbHYI0 CeThb ¢ HanpskeHHeM 220 B BK/IIOUEHB! 3/1€KT-
pHUeCKas Neyka H JaMIouKka HaKaJlIHBaHHA, COefHHeHHBIe MOCJIeHO-
BaTelbHo. ConpoTHeMeHHe NeukH paBHO 20 OM, compoTHBJIeHHe
JAaMnouxkH pasHo 240 OM. Kakoe HanpspkeHue OylleT Ha Deuke H
Kakoe Ha JaMnouke? HauepTHTe cxeMy BKJIOUEHHS.

52.4, Jlna ocpeiieHHS HOBOIOZHHX €JIOK B Ipoja)Ke MMeEIOTCH IHp-
JSHEB H3 HECKOJIbKHX MNOCJIef0BaTeNbHO COEJHHEHHBIX MalleHbKHX
JIaMIOYeK, Kakfias H3 KOTOPHIX pacCUHTaHa Ha HanpspKeHHe 6 HJIH
8 B. CKo/MBKO 6-BOABTOBBIX H 8-BOJIBTOBHIX JaMMNOYEK HYXKHO B3fThb
IJIS THPJASHIB, PacCYHTaHHORK Ha HanpsxeHHe 220 B? Ecan ofHa Ha
JIaMToYeK THPJAHEb NeperopHt, GYIYT JH ropeTh ocTa/dbHbie? Yto
"HY>KHO cfielaTh B 9TOM CJIydae, 4TOObl HCNpaBHTh MHPJAHAY? [lToyemy
B HHCTPYKIHH K NOJb30OBaHHIO THPJSHAAMH CKa3aHo, YTO STHM CIO-
cO60M Hesb3sl ITOYHHHTH THPJAHAY, €CJIH neperopeso GoJbile Tpex-
YeThIpex JIaMIoueK'

52.5. PeocTaT co CKOJIB3SIIHM KOHTAKTOM HHOTHA YNOTpeGasloT Kak
NOTEHIHOMETP (ZeauTeNb HanpskeHHs). KoHuwl o6MoTkH (pHc. 88)
- IPHCOEIMHSIOT K HCTOYHHKY HaNPsXKeHHHA, a B ;adoqeﬁ LenH MOJb-
3YIOTCS HampsDKeHHeM MeXRy 3axXHMaMH 8 u 5. O6bACHHTe CMBIC
TaKoro BK/IOYeHHs npHOGopa. Hafigure HampsikeHHe MexIy STHMH
3aXKHMaMH NpH HanpsXeHHH B ceTH 220 B, ecH aBHXKOK pacmoJio-
JKeH: a) nocpefiHHe 0GMOTKH; 6) GJIHKe K 3aXKHMY 8 Ha PacCTOSHHH OT
Hero, paBHoM 0,1 LIHHEI peocTaTa; B) G/IHXe K 3aXKHMY 9, Ha paccTos-
HHH OT Hero, paBHoM 0,2 HJAHHBEI peocrara. O6MOTKAa HaBHTa paBHO-
MepHoO. : ‘

52.6. JlnuHa MeIHLIX NPOBOJOB JHHHH 3JIeKTpONiepelauH, COeLHHSIO-
Hiefl 3JeKTPOCTAHIHIO C KBAPTHPOH, paBHa 2 KM, a MX CeueHHe PABHO
15 mM2. UYeMy paBHO HanpsiKeHHe Ha JlaMIIOYKax B 3TOH KBapTHpe
NOCJle BKJIOUEHHS 3/JeKTPHUeCKOTO YTIOra, NOTpeGJIsIoNero ToK 3 A,
eC/IH JO ero BKJIOUEHHS OHO Obu1o paBHO 220 B?

52.7. Jln1HHa MefHEIX MPOBOJZOB JIHHHH 3JIeKTpoNepefiau paBHa 1 KM,
a Hx ceuenHe pasHo 10 MM?. Hafizute HanpsiKeHHe, TepsieMOe B JiH~
HHH, eCJIH TOK B Hefi paBeH 5 A. ’

52.8. [Todemy NpH BKJIIOYeHHH B KBapTHpe KaKHX-HHOYIp NpHGOpPOB,
notpebasiomHx 60/bIOA TOK (HaIPHMep yTiOra), TropsiHe JaMIOYKH
BHE3aITHO YMEHBINAIOT CBOI0 fPKOCTh? O6paTHTe BHHMAHHE, UTO 0CO-
‘6eHHO BeJIHKO yMeHbIIeHHe SIPKOCTH B TNepBblii MOMEHT; 3aTeM sp-
KOCTb HeCKOJIbKO BO3DacTaeT, XOTS H OCTaeTci MeHbIle, YeM JO
BKJIOUeHHs yTiora, O6bACHHTe SBJIEHHe.

52.9. YMeHbllleHHe APKOCTH ropsimiefl JaMNOYKH MOXHO HaGmoAaTh,
€CJIH BKJIOYHTb Tle-HHOYAb B KBapTHpe OUeHb CHJIBHYIO JIAMIOUKY,
NOTPe6/SIONLYIO TOK, PaBHEIA HeCKOJbKHM aMniepam. Y1 B aTom citydae

HabJogaercs 0c060 pe3Koe yMeHblleHHe SPKOCTH B NepBhIl MOMEHT,
Ecu B3ATE B KadyecTBe BTOPOA JaMINOYKH CTapHHHYIO JIaMIOYKY C
YrOJIbHEIM BOJIOCKOM BMECTO METaJJIHIecKoro, T0 0co60 pe3Kkoro cna-
Ja SAPKOCTH B NepBLHII MOMEHT NpH 3TOM He HaGmiofaercs. [Touemy?

§ 53. Boabtmerp. [Ipu moMomy raibBaHOMETPa MOXKHO .H3Me-
puTh HE TOMLKO CHIY TOKA, HO H HanpsKeHHe, H6O, COTIacHO
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3akoHy Oma, 5TH BeJHIMHH TPOMOPUUOHANBHBI APYP APYTY.
Ecan JBe BeJHYHHB NPOMOPUMOHAJNBHEL JPYT JAPYry, To ofe
OHH MOTYT GBITb U3ME€PEHEl NPH NOMOMIH OJHOTO M TOTQ 3Ke TpH-
Gopa, mIKady KOTOPOrO Hajl0 TOJBKO MPOrpagyHpoBaTh COOT-
BeTCTBYIOIMM o6pa3oM. Tak, manmprumep, CUETYHK B TaKCH .OT-
MepsieT NMPOHJeHHOe PacCTOsIHHE, H er0 MOXHO NpOrpamyHpo-
BaTh B KujloMeTpax. Ho Tak Kak mJiata 3a npoesj| HCUHCJIsieTcs
NpPONOPUHOHANBHO PACCTOSHHIO, TO IUKaJNy CYETYHKA CJIefyeT
NMpOrpajynpoBaTh HENMOCPENCTBEHHO B pYyG6JfAX M~ KomeHKax
TaK, 4ToObl OHa cpa3y IOKa3hBaja CTOMMOCTb npoesfia. TouHO
TaK JKe M LIKaJly rajJbBaHOMETPa MOXHO NPOTrpaayHpoBaTh Tak,
yTOGE OTCYHTHIBATE MO Hel HENoCcpeNcTBeHHO JHGO CHIY TOKA
(B amMnepax), MPOTEKalOIEro MO rajbBaHOMeTPY, JAHGO Hamps-
JKeHHe (B BOJBTAaX) MEXIy 3aXKHMaMH raibBaHoMerpa. I'anbpa-
HOMETp, TPaJyHpPOBAHHEIM HA CHNY TOKAa, Ha3bIBAKOT, KaK yXKe
FOBODHJIOCH, aMnepMeTpOM, a TPajyMpOBaHHHEIA Ha HampsiKe-
HH€e — BOJBLTMETPOM.

JleACTBUTENILHO, €CJH 4Yepe3 TajlbBAHOMETP TeyeT TOK [,
TO MeXJy BXOJOM H BBIXOZOM W3 FaJlbBaHOMETPA, T. €. MEXIy
€r0 3aXHUMaMH, JIO/MKHO CYHIeCTBOBATh HEKOTOPOe HanpsiKeHHue
U. TlycThb Tak Ha3biBaeéMOe ¢BHYTPEHHee» CONpPOTHBIIEHHE afb-
BaHOMeTpPa, T. €. COIPOTHBIEHHE TeX yacTel ero, Mo KOTOPHM
HJeT TOK, paBHsAercs R. ([lnA MarHNTHEX Tra’lbBaHOMETPOB
3TO — CONpPOTHBJEHHE PaMKH H TOABOJSAILKWX TPOBOAOB, NIA
TENJOBOrO — CONPOTHBJIEHHE HarpeBaiollefics HHTH U TOABO-
JAIAX IPOBOJOB, H T. 1.) CornacHo 3akony Oma, umeem U=
== IR. TakuM 06pa3oM, KaXIOMY 3HAaYEHHIO CHJIBI TOKa | mis

_JaHHOTO TaJbBaHOMeTPa (T. €. HMEOmErc OmNpefiesieHHOE CO-
- TIPOTHBJIEHHE R) COOTBETCTBYeT ONpeje/eHHOe 3HaueHHe Ha-
npsixenua U Mexny ero saxumamu. ITostomy npotuB coot-
BETCTBYIOILEr0O MOMOXKEHHA CTPeJIKH MOXHO HamHCaTh HIH CHIY |

Puc. 89. UTo6 HaMepHTh HampsikeHHe Ha JaM-

NOYKe, HYXEO NPHCOEAMEATL BOJBTMETP INlapaj-

NensHO JamnouKe: U — HanpfKeHHe HCTOYHHKa
TOKa, M H f — 3aXHMH

Toka I, unu Hanpsixkenue U, T. e. mMporpajyupoBaTh mpu6op
~KaK amnepMeTp HJIH BOJbTMETP.

- TTonp3aysick mporpanynpOBaHHBIM BOJBTMETPOM, MOMKHO H3-
MepHTb Pa3HOCTDb NOTEHLUAIOB MEXIY MOOKIMH TOUKaMH KaKoi-
60 uenu. ITycrb, Hanpumep, TpebyeTcs ONPENETHTE PASHOCTD
' NOTeHNHAJIOB M@Ky BBOJAMH, BelyIuMH K KOHIAM HHUTH JlaM-
'NIO9KHM, KOTOpas HaKanusaetcsi KaKAM-JIM00 HCTOUHHKOM TOKa.
L - - :
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TpucoeuunM BBOIK JAMIOUKM K SaXKHMaM /M W n BOJbTMETpa,
KakK NO0K23aHo Ha puc. 89, T. e. MOAKJIIOUHM BOJILTMETD MapaJ-
JeAbHO JaMrnoyKe. TOK OT ucTouHHKa OyneT Temepb pa3BeTB-
AATHCA, H YacTh €ro MoAxet, Kak U NMpexIe, Yepe3 JaMnouky,
a yacThb — yepe3 BosbT™eTp. [10 MoKa3aHusM BOILTMETPA MOXK-
HO CYyJHTb O Pa3HOCTH NOTEHUHAJIOB ME&XAY TOYKaMH m U n,
a CJel0BaTeJbHO, U MEXNYy BBOAAMH, BelyWIMMH K HHTH JiaM-
MOYKH, KOTOpHIe Mbl NMPHCOEIHHHIH K TOYKAM M U n, -

[TonuepxueM emme pas, YTO AJ/15 HIMEPEHHS CHJILI TOKA B Liend,
T. €. V15 HCHOJB30BaHUA raJibBAHOMETPA B KaYeCTBe aMmepMeT-
pa, ero HyHo BKJIIOYaThb B LieMb NOCJEA0BATENbHO, YTOOH rajb-
BaHOMETp CJY2KHJ ONHHM H3 YYacCTKOB NPOCTOH Hepa3BeTBJIEH-
HoH uenu (§ 44), T. e. YTOGH Yepe3 raJbBAHOMETP MPOTEKAT TOK
TaKOH Ke CHJBI, KaK H uepe3 Jo6ylo IPYTylo YacTh 3TOH lLEMH.
Jna usMepeHHsl ke HanpsiKeHHS (Pa3HOCTH MNOTEHUHAJOB)
MEXKy TOUKaMH M M A UeNH, T. e, A1 HCNOJAb30BaHHSA TajibBa-
HOMeTpa B KayecTBe BOJILTMETPA, €ro. HYXKHO MOJAK/oYaTh na-
pasJIe/IbHO K TOYKAM M U f, T. €. TaK, YTOOKI MexXAy 3aKHMaMH
€ro’ GLlJI0 TakOe Ke HampsiKeHHe, KaK U MeXAy TOYKaMH m
Hn.

? + 53.1. MoxHO 1H BMECTO BOJILTMETPA IOJB3OBATHLCH IJEKTPOMETPOM
IJ1S1 H3MepeHHsI Hanp AXXeHHs? Ec.vm MOKHO, TO KaK HY2KHO ero BKJMo-
4aTh H KaK rpafyHpoBaTh?

§ 54. KakuM J0mKHO GbiTh CONPOTABAEHHE BOJLTMETPA H aMIep-
meTpa? Beakufi BoanTMerp ‘BKJIOYaeTcsl MapaniienbHO TOMY
YUacTKy UM, HanpsuKeHHe Ha KOTOPOM MbI XOTHM H3MepHTh
(puc. 89), H MO3TOMY HA HErO OTBETBJAETCA HEKOTOPHH TOK OT
OCHOBHOH UenH. IIpu ero BK/IOYEHHH H TOK H HANpsiXKeHHE B
OCHOBHOH IIeMH HECKOJIbKO HM3MEHAIOTCS, TaK KaK Temepb
MBI MMEeM YXKe JPYTyio lenb MPOBOJHHKOB, COCTOAMIYIO H3
NpeXXHHX NPOBOAHHKOB H BOMbTMeTpa. IIpucoenunus, HampH-
Mep, BOJILTMETD C COMPOTHB/IEHHEM R, Mapa/ie/lbHO IaMNouKe,
CONMPOTHB/IEHHE KOTOPOH paBHO R,l, MBI HanneM no gopmy.e
(50.5) ux 06mee conpoTHBiaeHue R: -

_ RyRy R4
R~ ~ TP R G4h

UYem GoJblile CONPOTHRIEHHE BOJLTMETPa R, M0 CPABHEHHIO
C COMPOTUBJICHHEM JIaMIIOYKH R;, TeM MeHblle OT/IHYaeTcs 00-
mee HX CONpOTHRIeHHe R OT R, H TeM MeHblle HCKaXKeHHeE,
BHOCHMOE@ BOJILTMETPOM. MBI BHIHM, UTO 60abmimemp O0A%CEH
umems Goavwioe conpomussenue. Has 3T0r0 M0C/eN0BaTebHO
C ero M3MepUTENbHOR 4acThio (PaMKOH, HarpeBaloeHCs HUTDIO
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M T. /.) HepeKO BKJIOYAIOT JIONOJHHTEIbHEIN Pe3HCTOp, HMelo-
WHH CONPOTHBJEHHE HECKONBKO Thicad oM {(puc. 90).

B npoTHBOMONOXKHOCTb BOJBTMETPY, aMnepmeTp Bceraa
BKJIIOYAIOT B lienb nocstepnoBatenbHo (§ 44). Ecan CONpPOTHBJIE-
HHE aMnepmeTpa paBHO R,, a CONpOTHBJNEHHe LEnH PaBHO

R,, TO NpH BKJIOYEHHH aMmepMeTpa CO-

——Ef.‘]-—@—- NPOTHBJIEHHE LENH CTAHOBHTCA PaBHBIM

) __ — a
Puc. 90. K Boabt- R _Ru+Ra~Ru (1 +R_) . (54-2)
MeTpy NpHCOGNHHS- u
€rcsl NOCAEAOBATENL-  Jlng TOro YTOOBI aMnepMeTp He H3MeHsJI
HO [OONOJHHTEJBHOE 6
COPOTHBJIEHHE & 3aMeTHO. OOIero CONPOTHBJEHHA LEIH,
COGCTBEHHOE ero CONpOTHBJIEHHe, KaK CJle-
ayeT u3 GopMyJH (54.2), A0MKHO GBHITb MajbM MO CPaBHEHHIO
¢ conporuBieHueM . uenu. Ilostomy amnepmempor derarom ¢
O4EHb MAMBIM CONpOMuBAEHuem (HECKOIBKO AeCATHIX WIH COTBIX
RoJel OMa).

2 64.1. Conportupienue aMmnepMerpa pasHo 0,1 OM. Uemy pasHO Ha-
H npsiKeHHe Ha aMIlepMeTpe, eC/IH OH IlOKasbiBaeT- CHJY ToKa 10 AP
54.2, ConpotHbJjenHe BoabT™MeTpa paBHo 12 XOM. Kakoif Tok npoxo-
JHT Yepe3 BOJIbTMETD, ec/IH OH NOKa3biBaeT Hanpspkenne 120 B?
54.3. BonbT™eTp co wkamoft 0—120 B uMeer conpotupienue 12 xOM.
Kaxoe CONpOTHBIEHHE H KAKHM CNIOCOGOM HYKHO NOAKJIOUHTD K STOMY
BOJILTMETPY, YTOGH! HM MOXHO OLIJIO H3MePAThL HanpsixeHue 1o 240 B?
Haueptute cxemy BKMouUeHHs. H3MEHHTCA JIH UyBCTBHTEABHOCTDb
BOJILTMETpa B NMpefbiAymed 3alave, eciH YKa3aHHOe CONpOTHBJIEHHE
BKJIOYHTL Napajlie/IbHO BOJABTMETPY?
54.4. BoabTMeTp, NPHCOEAHHEHHHH K ropsilel JaMnouke HAKaIHBA-
Hus, noxasupaeT 220 B, a amnepMerp, H3MmepsouME CHJY TOKA B
Jaamnouxe,— 0,5 A. ‘-Iemy paBHO cOnpoTHBJIeHHe Jtamnodku? Hadvep-
'THTe CXeMy BK/IOUEHHSl BOALTMETPAa M aMNepMeTpa.
§ 55. llynTuposaHHe H3MEPHTEIbHBIX nPHGOpoB. BaxubiM
HpHMepOM NpHMEHEHHA HOCJIeJ.IOBaTeJleOI‘O H napaJjeJbHOro
COeAHHEHHUA TNIPOBOAOB ABJAIOTCA pa3HY-
Hbl€ CXeMEI BKJ/IIOUEHH A 3JIEKTPOUIMEPHTEN b-
N ] j_. HBX npuGopoB. JlonycTHM, YTO -yMMeeTcH
i . HeKOTOpHIH amnepMmeTp, PacCYHTAHHEI Ha
——-—@-——- MakKCHMaJbHHHA TOK I .., 4 TpeOyeTcsd H3-
o MepuTb Gésbyl0 cHJy TOKa. B stom cay-
Puc, 91. Cxema myn- - Hae napaleJbHO K aMnepMeTpy npHcoe-
THpOBaHH(i)lG aMnep- AHHAIOT MaJoe€ COnpoTHBJEHHe r, 10 KO-
MeTpa N0GaBOUHBIM [y
MBI CONDOTHBIE- TOpPOMY HanpaBuTcA GOJbmIas YacTh TOKa
HHeM - (puc. 91). Ero HaswBalOT OGHLIYHO IUYH-
- ToM (OT aHIJMACKoro caoBa shunt — go6a-
BOYHHI NyTb). OG03HAYHM CONPOTHBIEHHE
amMnepmerpa tlepga R, v nyetb R B n pas Gosbuie r, T. €.
R/r=n. Ilycts, Ranee, cwiel TOKa B HeNH, aMnepMe'rpe HB
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myHTe paBHbI COOTBETCTBEHHO l I, u I, Toraa, corjacho

¢opmy.ie (0. 4),

;—a=$='n~, HJIH lm=~lf,n. -
[Monuutit Tox I B wenu papen o
I=I,+1,=1,+1,n=1,(n+1),
HIH -
{ .
=14 (55.1)

TaKHM o6pa3oM, cusa ToKa B ammepmerpe I, B n-+1 pa3
MeHblile CHJIbL TOKA / B IJ1aBHOH LienH, CJIeLlOBaTeJIbHO, 6s1aro-
Japs LIYHTY MBl MOXKeM H3MEePHTb ¢ MMOMOLILBIO Halllero MpHOopa
TOKH, B n+1 pa3 6o/bllide, 4eM Te, Ha KOTOPHIE OH PaCCYHTAH,

Ilpu atom, onHako, mpuHGop perdcTpupyer Tosibko 1/(n--1)
4acTb H3MepAeMOro TOKa, T. €. UYBCTBHUTENbHOCTb €r0 YMeHb-
meHa B n-+1 pa3. Llena xaxaoro nesneHUs ammepmeTpa Npu
3TOM yBenuuuBaercs B n-+1 pa3. Ecau, nanpumep, 6e3 myHTa
ONpefie/IeHHOe OTKJIOHEHHE CTPEJNKH aMIepMeTpa COOTBETCTBO-
BalO CHJe ToKa 1 A W CONMpOTHBJIEHHe LIYHTa B YEThIPe pasa
MeHbllle COI‘IpOTHBJIeHHH ammepmeTpa, TO NpPH HalWYHH LIYHTA
TO K€ OTKJIOHEHHE COOTBETCTBYeT CHJE TOKAa B IEMH, PaBHOM
yxe 5 A. OGbIYHO MOAGHPAIOT LIYHTEI TAK, YTOOLI lieHa ACJeHHS
yBenuyuBanace B 10, 100, 1000 pa3. dss 3Toro conpoTHBIEHHE
LIYHTa JOKHO cocTaBastb 1/9, 1/99, 1/999 ot conporuBaeHHs
amnepmerpa. BooOile, ecau Mbl XOTHM YMEHBUIHTb UYBCTBH-
TeNbHOCTb NPHGOPa B 7 pa3, TO MBI JOJIKHBI B3ATH WIYHT C CO-
HOPOTHBJIEHHEM

r= ey (55.2)

Hapannensﬂoe [IPHCOEAHHEHHE IIYHTA K H3MEPHTEJbHOMY

IpHOOPY C Lie/blo H3MEHEHHA ero- quCTBuTeJIbHOCTu HAa3bIBAIOT
myHTHpOBaHHeM.

? 55.1. l'IpH MOMOIH aMnepMeTpa, PacCYHTAHHOrO Ha H3MepeHHe MaK.

CHMasbHOH CH/Ibl Toka 10 A # #Melomero conporuaene 0,1 OM, xe-

J1aloT H3MepATh TokH 0 100 A, Kaxoe conpoTHsienHe J0/MKeH HMeTb
LIYHT?

5 DnemenTapHLA yqeﬁﬂﬁk dusaxu, v 11



F'naealV. TENNOBOE AEACTBME TOKA

§ 56. Harpesanue Tokom. 3akon dxoyas — Jlenua. Hccnenys
Ha ONbITeé HarpeBaHHe MPOBOJHHKOB TOKOM, PYCCKHH (H3HK
IAmunnt Xpucrtuanosuy Jlenn (1804—1865) u anramiickuil pu-
3uk JIxeiimc Jxoyab (1818—1889) ycranoBuiu, 4YT0 KoAukecH-
60 _menaomel, 6bl0eAsUOieecss 8 NPOBOOHUKE NPU NPOXOKCOEHUU
Hepe3s He20 JSAEKMPUHECKO20 MOKA, NPAMO NPOROPYUOHAALHO
conpormusaesuio R nposoduuxa, keadpamy cuast moxa I u gpe-
MeHu |, 6 mewexue Komopoeo noQOepacusaemcs MoK 8 nposod-
HuKe. DTOT 3aKOH, HOCSIIHH Ha3BaHHe
3axona Tocoyan — Jlenya, MOXKHO BEIpa-
3UTh CJefyioled ¢opmyaoi

Q=R1I, . (56.1)

re Q — BBIle/IUBLIeECs KOJUUECTBO Tell-
JOTBl B JKOYJAX, R — compoTtubie-
HUe B oMax, I — cusia ToKa B ammepax,
! —BpeMs B CeKyHJdX. R
Hamepenns, npuBOAsllHe K 3aKo-
Hy Jxoyas — JleHlla, MOXHO BBIIOJ-
HHUTb, IOMECTHB B Kasopumetp (puc. 92)
TPOBOAHHK C H3BECTHBIM COTMPOTHUBACHH-
Pnc. 92, Kaopusierp eM R u npomnyckas uepe3 Hero TOK 'or-
L% Tposepkn sakona PEAGIEHHOH CHIBI | B Teuenne M3BecT-
Ixoyas — Jlenna Horo BpeMmen {. KosnyecTBo BBIjEJsIO-
uLeiics IpH 3TOM TEIJIOTH  Ompesenum,
COCTABHB ypaBHEHHe TEeIIOBOro 6ajianca, KaK 3TO NPUHSTO TPH
KaJIopUMeTpHuecKux uaMepenusix (cM.Ttom I). I[Ipoussonst ombr-
TBI IPH Pa3/IMYHBIX 3HauYeHHsAX R, I U £, moJayuuM 3aBHCHUMOCTD,
BEID2XKEHHYIO 3aKoHOM Jxoyns — JIeHua Honvsyscnb sako-
HoM OMa, Mbl MOyKeM BBIDA3HTb CHJTY TOKa [ Yepe3 HampsikeHHe
U na KoHLlax NPOBOJHHKA H:ero COTPOTHBJIEHHE R. Tloxcras-
asis Beipaxenue I=U/R B topmyay (56.1), nainem

e

Uz
Q=7 1. | (56.2)
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@opmyanl (56.1) u (656.2) NO3BOMAIOT PaCCUHTATh KOJIHIECTBO
TEIIOTHI, BhIAE/AIONIeeCs B OTHENbHEIX NPOBOAHHKAX, COENH-
HEHHbIX Hoc/jefoBaTeIbHO H mapainenbHo. [Ipu mocaenosa-
TeJIbHOM COeJHHEHHH BO BCEX NPOBOAHHKAX TeyeT TOK OJHOH
u Toit ke cuin (§ 50). IlosToMy nJ1s1 cpaBHEHHA KOJMHYeCTB
TEIVIOTH!, BHIJESAIOMHXCS B OTAGNbHEIX NPOBOAHHKAX, YH06-
Hee (popMy.na (66.1). Ona nokasnlBaeT, uTo npu nociedosamens-
HOM COeOUHEHUU HECKOAbKUX npoeoauuxoe 8 kaxcOom evidesnemcsn
KOAUMECMBO MENAOMbL, NPONOPYUOHALbHOE CORPOMUBAEHUIO NPO-
‘00Huka. IIpu napanjeJbHOM COeIHHEHHH TOK B MPOBOAHHKAX
pas/iMueH, HO HamNpsiKEeHHe Ha HX KOHIAxX (B TOUKaX pa3BeTBJe-
HHSI) HMeeT OZHO M TO Ke 3HavetnHe (§ 50). [lostomy B 3TOM CaIY-~
‘yae yaoGHee nosib3oBaThes Gopmydaoh (56.2). Ona mokaseiBaer,
YTO npU NAPAAIEALHOM COEOUHEHUU 8 KaxncOom nposodHuKe
8610e2eMCs KOAUMECNBO MENAOMmbL, o6pamuo nponopquona/zbuoe
CONPOMUBACHUIO npoeoauuxa

§ 57. PaboTta, coBsepmaemasi aJekTpudeckuM TokoM. IIpu mpo-
XOX/JECHHH 3JEKTPHUECKOTO TOKA depe3 Iienb MOI'YT, KaK Mbl BH-
"~ mend B § 40, npoH3BOAMTBECA pa3fuuHble AeiicTBHs, Kpome Ha-
rpeBaHHsT IPOBOAHHKOB, MOTYT HMETb MECTO XHMHUECKHE H3Me-
HeHHS B HUX (B IPOBOAHHKAX BTOPOTO POZA), a TaKKe MepeMme-
LIeHHsI MATHHTHOH CTPeNKH *); HPH TaKOM TE€PeMelieHHH Mar-
HHTa 3JIEKTPHUYECKHH TOK COBepLIaeT MeXaHHUYecKylo pabory.

B omuitax koyasa u JleHla TOK NPOXOAMJ 4Yepe3 HeMmoJI-
BHXKHbIE MeTalndecKde NPOBOXHUKH. [103TOMYy enMHCTBEHHBIM
pe3ysbTaToM paGoThl TOKa ObLIO HarpeBaHHE 3THX NPOBOIHH-
KOB, M, CJEIOBaTeJNbHO, TIO 3aKOHY COXDaHEHHs SHEPTHH BCs
pabora, coBeplueHHAs TOKOM, IIpeBpaiulanach B TEILIOTY.

HeTpyaHo BbluHCIHTL paboTy, COBepLIaeMylo 3JIEKTpPHYeC-
KHMH CHJIaMH TIPH TIPOXOXJEHHU TOKAa Yepe3 y4aCTOK LEelH.
Ec/n HanpsixkenHe (pasHOCTb NOTEHLHA/IOB) HA KOHLAX y4acTKa
paBro U [B], To npu nmepeHoce 3apsina 1 Kn cosepaercsi pa-
Gota, uncienno pasuast U [I1x] (§ 21), a npu nepeHoce 3apsiaa
q— pa60Ta B ¢ pa3 66abiuas, 1. e. pasHas qU [[1xk]. Ecau 3a-
psx g GyneT mepeHeceH NpH NPOXOXKIeHHH Toka | B TedeHHe
BpemeHH £, T. e. ¢=If, To cosepwutcst paora A=UTIt. Urak,
pabora, coBeplLIeHHas TOKOM,

‘ A=UIL. | (57.1)

B pacémaTpHBaeMoM Cilyyae Besi 3Ta paoTa NEPEXOAHT B Tel-
Jory, T. e. A=Q. Caenosatensro, Q=UI{, u B cuny 3akona

*) Wan papHOUeHHOro eft MPOBOJHHKA, MO KOTOPOMY TedeT TOK (§ 115)
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Oma (U=RI) nveem o
' - Q=RI.

TakuM 06pa3oM, Mel nonyuHsn 3akod Jxxoynas — Jlenua Teo-
pEeTHUECKHM IyTeM, BHUHCHHB PaGOTy 3JeKTPHUECKOro TOKa.

Ewe pa3 ofpauiaeM BHHMaHHe Ha TO, YTO paboma moxka nos-
HOCMbIO NEPEXOOUI 8 MENAOMY MOALKO 8 CAYyHae HenoOBUNCHbIX
nposodHuKos nepeoeo poda. Ecin npoXoaAwuil TOK, KpoMe Ha-
TpeBaHHsi, COBepllaeT MeXaHHYecKyio paboTy (moTOp), TO pa-
Gora, copepuiennas Tokom (A=UT{), nHLb yacTHYHO Nepexo-
JUT B TEIJIOTY Q, YacTHYHO JKe pacXOoJyeTCs Ha COBepILeHHe
BHelined paGoTe (Morop). B atux cnyuaax A Gosnbuie Q, H
cBsisb Mexxy U, R u I Belpaxaetcs GoJiee CJI0XHO, UeM B CIY-~
Yae HENOJBHXXHBIX METa/UIHYeCKHX NMPOBOJOB (Hajlo, HaNpHMep,
VUHTHIBATh BJIHAHHE 3JIEKTPOMArHHTHOH WHAYKIHH B JABHXY-
uHxca npoeojax, ria. XV), npuuem BeqHuHHa R cocraBaser
JHIIL YacTh Beell Benmunue!l U. TakuMm o6pasom, topmyna Q=
= RI*, Bupaxaomasn 3akon JIxoynsa — Jlenua, npuroana ans
BLIUHCJIEHHS] KOJIHUECTBA TENJIOTHI, BbIJEIEHHOTO TOKOM, BO
Bcex cayuanx. [Ipumenenne xe Bolpaxenua A=~UIt, nawomero
pa6oTy TOKa, Jis ONEHKH BEEJMIOUIeHCA B NTPOBOJAX TEMIOTH
BO3MOXHO TOJIbKO B TeX CJydasX, KOrja Bes 3ta pabora mepe-
XOJHT B TEIJIOTY, T. €. KOIJa Ha pacCMaTPHBAaEMOM YyYacTKe
llenH JPOHCXOJUT HarpeBaHHe, HO HEe PabGOTalOT MOTOPHI H HE
HAYT HHBlE NPOLECCH, CONPOBOX/AIOLIHecA COBepilleHHeM pa-
60TEL. ‘

§ 58. MowHOCTD VIEKTPHYECKOro TOKa. 3HasA pabory, coBep-
11aeMYIO TOKOM 33 HEKOTOpbIfi NMPOMEXYTOK BpEMEHH, MOXHO
paccYuTaTh H MOIIHOCTb TOKa, NOJA KOTODOH, TaK Ke KakK H B
MexaHHKe, NOHHMAIOT paboTy, COBepLIaeMylo 3a €JHHHILY Bpe-
menn. M3 ¢opmyasnr A=UTt, onpepensouel pa6oTy nocTosu-
HOTO TOKa, CJeJyeT, UTO MOLIHOCTbH €ro

p=24-ul (58.1)

‘TakuM 06pa3soM, MOULHOCME HOCHIONAHHOE0 MOKA HA A06oM
YHOCMKE yenu 8biPANCaemcs Npou3e0eHUem Cuibl MOKA HQ
HANpAMceHue Mex 0y KOHUAMU YHACHKA.

Hepesiko roBopsT O MOLIHOCTH 2JEKTPHUYECKOTO TOKa, MO-
TpebssieMONl M3 CeTH, 3KeJlafg 3THM BBIPA3HTb MbIC/b, YTO NIPH
HOMOIIH 3JEKTPHUECKOTO TOKA (¢3a CUET TOKay) coBepmaeTcsi
paGora MOTOPOB, HarpepaloTcs MJIHTKH H T, A. B cooTBercTBHH
¢ 3THM Ha npubopax HepeJko 0603HAYaeTCd HX MOUIHOCTD, T. €, .
MOIHOCTDb TOKa, He0OX0MMas /Ui HOPMaJIbHOTO AEHCTBHS STHX
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npu6opoB. Tak, nanpumep, 220-BosbTOBafi 3/eKTPOIMJIMTKA -
mourHocTH 500 BT ecTh minTKa, A/A HOpMa/AbHOH paGOTLl KOTO-
poft Tpebyercsa ToK OKOJIO 2,3-A npu Hanpsukennn 220 B (rax
kaK 2,3 A-220 B ~500 Br). '

Ecnn B opmyiie (58.1) ToK BhlpaxkeH B amnepax, a Hanps-
’eHHe B BOJIbTaX, TO MOUIHOCTb NMOJNYYHTCA B IKOYJISAX B Ce-
KyHny (Hx/c), 1. e. B sammax (Bt) (cm. Tom I). Ha npakrtuke
yHoTpeO/AIoT Takxe Gojiee KPYMHYIO eIMHHLY MOLIHOCTH
kuroeamm: 1-kBr=1000 Br. Takum oGpasom, odun eamm
eCmb MOUHOCHIL,, Gol0EAAEMAR MOKOM 00UR amnep 8 npogodxuxe,
MeHOY KOHYAMU KOMOpPo2o noddepacusaemcs Hanpaxcerue odun
eoabm. B 3/1eKTPOTeXHHKe NMpHMeHAETCS eIHWHWUA paGoTel, Ha-
spiBaemasi kuaogamm-vacom (KBT.4); OZMH KHJIOBATT-yac pa-
BeH pa6oTe, COBepliIaeMoil TOKOM MOILHOCTH OAHH KHJIOBATT B Te-
uyeHHe OJHOTO 4Yaca. HeTpyauo cocuurats, urto 1 KBT.u==
=3 600 000 ix. B KHioBaTT-4acax OGBIYHO BHIPAMAIOT SHEp-

' ' THIO, Ha KOTOPYIO 3/1IEKTPOCTaHLHH NOJAIOT c4YeTa NOTpeGUTeIIM

aNeKTposHepTHH. KoHeuHO, Takoil eauuuuell paGOTBI MOXKHO
NI0/Ib30BATLCA He TOJNIBKO B 3JIeKTPOTeXHHKe, HO H JUIfl OLleHKH
* paGoTbl JI060H MalHHBEI, HAaNpHMEP NapOXOIHOTO HJIH aBTOMO-
GUJILHOTO JABHTaTesN .

2 58,1, Kakoe KoMHYeCTBO TeIIOTH BBIAEAsIET 25-BaTTHAs SJEKTPHYe-
H CKasl JIaMIIOYKa 33 CeKYHZAy?
58.2. lleHa OXHOrO KHJIOBATT-9aca 3/eKTPHYECKOH SHePTHH paBHa

" 4 xon. Bo uro 06X0AHTCA OXHH Yac FOpeHHS 9JAeKTPHYeCKOR JIaMmoy.
Ky, norpebasionteit Tok 0,2 A npu Hanpsxenuu 220 B?

58.3. Ompefie/iuTe CONPOTHBJEHHE 9JIeKTP HUECKOH JaMIOYKH, PacCyH-
TaHHOH Ha HanpsuKenHe 220 B u norpeGasiomeit mounocts 25 Br.
58.4. JIBe ssekrpuueckHe 220.B0JILTOBbIE JIAMIIOUKH PacxXOLYIOT COOT-
BercTBeHHO MolHocTb 15 n 100 B, Kakas u3 namnouex morpe6aser

" Gosbwinil TOK? Y Kako#l U3 JaMnouek Goabiie conmporHsiende? Omn.
pefiesinTe A1 KaxIoH JJaMIIOYKH CHJY TOKa H CONMpOTHBJeHHe (Koria
HHTb JaMIIOYKH HaKaJeHa).

58.5. Jns ocBeliieHHs KBapTHpPbI TpeGyercd TOK 5 A nmpH Hampsixe-
Huu-220 B, Kakasa MoniHoCcTh NPH 9TOM pacxolyercs?

" 58.6. O6bsicuuTe, MOYEMY NPOBOJA, NOABOASLIHE TOK K 9JeKTPHUECKOM
JlamMIoYKe, IPAKTHYECKH He HarpPeBalOTCs, B TO BPeMs KaK HHTb JaM.
MOUKH packansercs Kobena?

58,7. Ueperywudeca KyCKH MeLHOH, XeJIe3HOH H HHKeJAMHOBOR Npo-
BOJIOKH OJJHHAKOBOTO JHAMeTpa CHastHel MeXJy COO0H Ha CTHIK H BKJIIO-
YeHbl B LleNb ToKa. KaKue npoBosioku GyAyT HarpeBaThCs CHJbHeeP
Kakune u3 9THX TNPOBOJIOK OYAyT HarpeBaThCS CHJIbHee, €C/IH OHH
BKJIIOYeHH MNapasiebHO?
58.8. M0oXHO /11 BKJIIOYHTB B ceThb ¢ HanpsKenneM 220 B nocnenosa-
TeJBHO JIBE JIAMIBl OfHIIaKOBOH MOLIHOCTH, paccuHTaHHble Ha 110 B?
Mo2KHO /1M TaK e BKAOUYHTD ABe 110-BOBLTOBE 2 JaMIbl pa3HOH MoLIL-
HocTH, Hanpumep 25 1 100 Bt? Kakoso Gyner npu sToM HamnpsxeHHe
Ha KaXJOH U3 JIaMII H YTO NMPOH30HAET?
58.9. /15 ocBelieHHA HoBorojHe# exu ot cetd 220 B xotar HCIO/b-
80BaTh TUPAAHAN MaJleHbKH XJaMrioyek, PaCCUHTAHHKIE HA HaTpsxe-
) . 133



uue 110 B, BK/MouUdB HX NOCAEAOBATeNbHO. MOXHO M cliestaTh 3TO,
€cJM: a) THPJsAHAbB OAMHAKOBH; 6) OfHa THPAAHAA cOCTaBJeHa U3
6-BOJILTOBLIX, @ APYTas U3 8-BOJILTOBLIX JlaMNOYeK OZHHAKOBOH MOII-
HOCTH; B) THPJIAHAB COCTaBJIEHH H3 6- K 8.BOJILTOBBIX JlaMnoyek pas-
JIMYHO}I MOLIHOCTH, MOZOOpaHHBIX TaK, YTOGhl OOwias MOMHOCTb, NO-
rJIolaeMas KaxaoH U3 THpJsHA, Oblsia ofHofl U Toll Xe? .

58.10, MoJaHUs — STO 3/eKTPUUECKHil TOK, NPOXOAAWUil B TeyeHHe
npumepHo 0,001 ¢ Mexay AByMa obGaakaMH WM obrakoM H 3emiefi.
Pa3HocTh NMOTEHIHAJIOB Ha KOHILAX 3THX Tesl JOCTHTraeT MH/IHapAa
BOJIT, a CHJ1a TOKa B cpeiHeM paBHa 20 xA. IMoacuuTaiiTe, BO 9TO
obouniach Gul 0fHa MOJIHUA 110 lleHe 4 Kom, 3a 1 KBT-u. YauThiBas, 910
B cpeiHeM Ha mosepxHocTb 3emaH majaeT 100 moanuil B cekynay,
nopcyHuTafiTe o6muil 3anac sHepTHH, HAYMUA Ha BO3HHKHOBeHHe MOJ-
HHU#t 3a TOA.

58.11. Bo cko/IbKO pa3 moBLIIIeHHe TeMNepaTyPsl NpH MPOXOXKAEHHH
SJEKTPHYECKOTO TOKAa IO XKeJe3HHM NPoBOAaM Govibllle, 4eM MO MeX-
HBIM TOTO e CedeHHs], eC/IH Yepe3 HUX NPOXOAMT TOK OAHHAaKOBOH CH-
Jb? PaccMoTpuTe cyuali, KOT4a NPOBOAA XOPOLIO H30JHPOBaHBI, TaK
YTO TENJIOOTAaYell HX MOXHO NpeHeOpeub, a8 TOK CPaBHUTENBHO HeBe-
JIUK H NPOXOLHUT B TeUeHHe KOPOTKOTO BpeMeHH, Tak 4To 06a npoBoja
HarpesaioTcs ¢1a60 ¥ UX TeMIEPaTYPHLIMH KO3(hdHUHeHTaMH cOnpo-
THBJIEHHS U TEIUVIOEMKOCTAMH TaKKe MOXHO Nperebpeub. ¥ IelbHble
TEIIOEMKOCTH MegH M xxesesa papbl 0,40 u 0,46 kJ[x/(kr-K), ux
nJloTHocTH pasEH 8,9:10° u 7,9.103 xr/m®. Bocnonbayiitech: Takxe
Ta6a, 2 (§ 47).

§ 59. Konrakrtuasm csapka., TemjoBoe IeficTBHe TOKa urpaer
6oJIbIIYIO POJIb B COBpEMEHHOI TeXHHKe. PacCMOTPHM HEKOTOphIE
BaXKHble MPUMephl ero NpHMeHEeHHH.

~.

Puc, 93. KonrakTHasa cBapka: [ -
TOJICTaf MeAHas MJIacTHHA, 2 — Med-
HbIfl 3a0CTPEHHBIA CTepXKeHb GOJbLIO-
ro nonepeyHoro ceuyeHus, 3 H 4 —
cBapHBaeMEle JeTaJsd (HanpHmep, jABe
HHKeJleBEle IIacTHHBI, CJerKa 3a-
KaTble MeXJY MeIHHMH 3J1eKTPOAaMH)

EcaH _conpoTHBiIeHHe Kaxkoro-iH60 ydyacTKa lenH 3HauH-
TeJIbHO GOJIbllleé COMPOTHBJIEHHS BCEX OCTAJIbHBIX Y4acTKOB, TO
3J1€Ch BHIIENAETCA NMPAKTHUECKH Bce JUKOYAeBO Terso. Taxo
cayuaii OCYLIeCTBASETCA B J1aMIOYKAaX HAaKaJHBaHHA H B Harpe-
BaTeJAbHLIX TPHOGOpaxX, COMPOTHBJIEHHE KOTOPLHIX 3HAYHTEJbHO
GoJiblile, YeM CONMPOTHBJEHHE TOABOJAMIHX NPOBOJOB, TakuMm
Xe pachpenesieHHeM CONMPOTHBJEHHH MOJNb3YIOTCA NMPH Taxk Ha-
. 3L/BaeMO}l KOHTAKTHOH 3JeKTpocBapKe, MpPHMeHAEMOH 1Jis
MeTaJJIOB CO 8HAYHTEIbHBIM YJAE/bHBIM CONMPOTHBJICHHEM (HH-
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KeJb, TaHTan, MonuGiaeH u 1p.). Cxema Takof CBapKH M306pa-
sKeHa Ha puc. 93. B aToM ciayuae Bce COMPOTHBIEHHE YuacTKa
npakTHYeCKH COCPeJOTOUYEHO B MeCTe KOHTAKTA CBADHBAEMBIX
JeTaneii: BO-NepBLIX, MaTepHal 3THX JeTaJjell uMeeT GoJblioe
yIeJbHOe CONPOTHBJIEHHE, H, BO-BTOPBIX, MECTO CONMPHKOCHOBE-
HHAl (KOHTAKT) mpeAcTaBJseT GOJbLIOE CONPOTHBJEHHE, HGO
KacaHhe BCerAa MNPOHCXOIMT B OTHOCHTENBHO HeGOJbIIHX
yuacTKax (OTHeNbHBIX TOuKax) nobepxHocTd. Ilpn GoJblumx
TOKaxX (COTHH W THICAYH ammnep) JeTalH pacKajasioTcs Jobena
H CBApPHBAIOTCA, B TO BPEMsI KaK MeJHbIE 3JeKTpOJpl HOUTH He
HarpeBawTes.

59.1, MOXHO JIH NIDH NOMOIIH KOHTaKTHON CBApPKH CBapHTh MeIHbIE
. HJIH cepe6psiHnle JeTajHP

§ 60. dnekTpHUECKHe HarpeBaTebHbIe NPHOOPLI. IIEKTPHUECKHE
neyd. Ha puc. 94 uzofpakena snekTpuueckas MJHTKa, LIHPO-
KO ynoTpefasiomasicss B joMauiHeM obuxofe. IlauTka coctout
H3 OTHEYNMOPHOH KepaMHYeCKOH IJIACTHHBI C KaHaJOM, B KOTO-
PHIH MOMelleHa HarpeBaiowias cnupanb. [locnefnsas nemaercs

1
Puc. 94. dnekTprueckas NMnnrka Prc. 95, Jlabopatopnas Tpy6uaras
’ MJaTHHEOBAA TNe4b LA  NOJYYeHHA
teMnepatypst 4o 1300 °C (B paspese)

H3 MaTepHana ¢ GOJIbIIHM YAENbHLIM CONPOTHBJIEHHEM H BBLICO-
KOl TemmepaTrypoll mJap/eHHns, oOblUHO H3 HHXPOMa HJH dex-
pans *). KoHusl cniupaiu OOABeAEHb! K LITENCeIbHEIM KOHTAaK-
_TaM, KOTOpPbl€ NPH MOMOIIH IIHYPA BKJIOYAIOT B OCBETHTEIbHYIO
1eMnb. :
s co3faHus BHICOKHX TeMAepaTyp CJIY»KaT JIeKTPHUECKH
neud. Ha puc. 95 nokasano ycTpoHCTBO 1a60paTOPHON TPYO-
yaTof nyaTHHOBOH neun. Papdoposas Tpybka I obMOTaHa nJa-

*) Huxpom — criiaB HHKels H Xpoma. Qexpajb — CIVIaB XeJseaa,
XpoMma H aJIOMHHHS, HJIH XPOMOHHKeJeBas CTajb. JTH CIVIABH OTHYAIOTCA
TeM, YTO HX YJAeAbHOe CONPOTHBJIEHHE BEJHKO H NOYTH He 3aBHCHT OT TeM-
epatyps. Kpome Toro, STH cI/iaBH MaAO OKHCJAAIOTCA IPH BHICOKHX TeM-
neparypax.
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. 1
THHOBOM NPOBOJIOKOR HJIH eHTON 2; IPOBOJIOKA MOKPHITA CHOEM
orHeynopHo# Macchl 3 (KaoJHH C KaKUM-THGO CBA3YIOIMM Be~
ecTBOM) H YKpelvleHa BHYTPH HIMPOKOTrO MeTaIHYeCKOro
KOXyxa 4. Bce NpoCTPaHCTBO MEKIY KOMYXOM K ¢appopoBoit
TPy6O#i 3anoJHEHO A Jyumled TENJOBOH H30AALMH KaKHM-
o HHOYAb MaTepuanoM 5 ¢ Manoi
7/0§ TeNNONPOBOAHOCTLIO, baronaps, -
d YyeMy NOTOK TelJia OT JICHTh! Ha-
ApaBAseTcs TJ1aBHEIM 06Pa30M K
1 TpyOKe I, BHyTPH KOTODOI NpH
, . © 3aKpHITHIX KpHIUKax 6 noay-
Puc. 96. K ynpaxuenuio 60.4 . uaercsa temneparypa ao 1300 °C,.
ITpuMeHass BMeCTO IJIATHHHI
Gonee TyronjaBKue MeTalIbl (Hanpumep, MONHGAeH), B neyax
TAKOIO THUNA YAAeTCs NOBHICHTH Temnepatypy 10 2560° C.

60.1. ConpoTHB/leHHe OOMOTKH 3JIeKTPHYECKOTO qaﬁHHKa, pacCHH-~
H TaHHOro Ha 220 B, paBno 90 OM. CkoJbKO BpeMeHH noTpeGyeTcs Aas
" HarpesaHus B HeM 500 r Boant ot 10 g0 100° C, ecsin mostoBHHa Beeit
TeIJIOTHl YXOAHT BCJEACTBHE TellJIOMepelayH B OKpyXKaiouwee MPOCT-
PancTBO?
60.2, deKTpUYeCKHH YTIOT, pacCUHTaHHLA Ha HanpsxkeHue 220 B,
norpebaser ToK 2 A, Bo cKombko o6xofuTes wac pabote yTiora no
ueHe 4 kom. 3a 1 kBt-u?
60.3. ConmpoTuBJeHHe 3JeKTPHYeCKOTO yTiora, paboraiouero or oc-
BETHTEeJBHOH CeTH ¢ HanpsxkeHueM 220 B, pasno 120 Om. Kakoe Kouu-
4ee€TBO TellJIOThI BHJeJserTcs B yTiore 3a 1 c?
60.4. Iliutky wmowmnoctH 800 BT, paccuuTaHHYIO Ha HanpsKeHHe
220 B, Bkuiovaior B ceTb ¢ HanpseHHeM 110 B. Kakyio MouHocts
IJIHTKa GyjeT MOIJIOWATh NPH 3TOM H3 ceTH? Dyjler JH OHa MHOIVIO-
IaTh HOPMaJbHyI0 MowHOCTb (800 BT), ecain pasienuTh ee cmupanib
Ha JiBe paBHble 4aCTH H BKJIIOYHTb HX B CeThb NMapaslilesibHO, KaK NOKa-
5aHOo Ha pHc. 96? Kakylo MOUIHOCTBL OyJleT NMOTPe6asATh 3Ta IVIMTKa,
€CJIH pasfesINTh CIHpaJb Ha TaKHe YacTH, 4TOObl COMPOTHBJIEHHE .
OJHOH H3 HHX, CKaxeM ab, COCTaBJIIO TpeTh O6ero CONPOTHRIIEHHS
_Bceli cHpaJu  ad?
60.5. BriuucauTe MOIIHOCTB, pacxojyeMylo B Bamel KBapTHpe,
KOTJa BKJIOYeHH BCe 3JIeKTPHYeCKHe JIaMIOYKH W 3JeKTpHUYecKue
NpHOOpPE, U H3PaCXOLOBAHHYIO 3JEKTPHYECKYIO 3HEePTHIO, eCJH STH
NPHEOPHI OCTABAMHCh BKIIOUEHHBIMH B TeeHHe TPeX 4acoB.

§ 61. TlonwsiTHe 0 pacueTe HarpesaTeJbHLIX NPHGopoB. 1 HOpMasbHOI
paboThl JI06OTO 3JIeKTPOHATPeBaTeJbHOTO NMpHOOpa ero o6MOTKa JJ.o.mKHa
GHITh NPaBHJIBHO PAacCyHTaHa.

PaccMoTpuM, ueM onpefensieTcs TeMIepaTtypa, KOTOPYIO NpHHHMAaeT
NPOBOJIOKA NOJ jeficTBHEM TOKa. BHjessiouieecs [1KO0yJeBO TeIUIO He OCTa-
eTcs BHYTPH NPOBOJIOKH, 8 YXONHT BCJEICTBHE TeMJIOMepeayvu (Telonpo-
BOAHOCTH, KOHBEKIIHH U H3JydeHHs) Hepe3 MOBEPXHOCTb NMPOBOJOKH. Ko-
JM9eCTBO TEMJOTH, yllefillee BCIEACTBHE TellJIONEpPesayH, TeM GOJblue; yeM
6oJibllle PAa3HOCTb TEMIlePaTyp MPOBONOKH W OKPYIKaiouieH CPefbl H veM Jyy-
e OTBOAHT TEIUIO OKpYyXKatomiasa cpesa. [ToaTomy mnocsie BKJIOYEHHS TOKa
TeMIepatypa NPOBOTOKH TOCTENEHHO NOBHIIAETCH, TOKA 4epe3 HeKOoTOpoe
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JAOCTATOUHO JIOJI0E BpeMsl He CHesaeTcsi NOCTOAHHON, 8 HMEHHO TaKoft, uTo
KOJIHYECTBO TILIOTH, BHIEJSIOLLEECS B NPOBOJIOKE, B TOYHOCTH PABHO KOJH-
YeCTBY TEIVIOTH, YXONlsilleMy BCJIENCTBHe Tellonepenadn. UeMm xyxe npo-
BOJMT TEIJIO OKpyXKalowas cpeia, TeM BHILIE 3Ta OKOHYaTeJbHad TeMmepa-
Typa, H, Ha060pOT, YeM JyulIe Cpefla IPOBONHT TEILIO H YeM Jyullie HEeT OX~
JaXieHne, TeM 6oJlee HH3KYIO TeMIepaTypy NpHHMMAaeT IpPOBOJIOKA -HOA
BeHCTBHEM JIaHHOFO TOKa. MHI BHIHM, UTO MeMnepamypa nposoAoKu npu
Oastom more mem eviie, deM Ayduie ee Men08as usoaayus. Ilostomy crapa-
I0TCA KaK MOXHO Jydullle H30JHPOBAaTh HarpeBaTeJbHH NPHOGOp cO BCeX
CTOPOH, Kpome TOH, Ifie A0MKHA OhITb HCNIOAb30BAHA BLHICOKAS TeMIeparypa
HATPEeBaTeJbHOTO 9JIEMEHTA.

UeM MeHblle AHaMeTp NPOBOJOKH, TeM GOJbLIE CONPOTHBJIEHHE €NHHH~

- 1ibl €e JUIHHBI H, CJIE0BATENILHO, TeM GOJbIIe N0 3aKony JKoyas — Jlenia

.

(56.1) KOMMueCTBO TEIJIOTHI, BhILEJsiEMOE JaHHBIM TOKOM HA €IHHHIE AJHHBI
npoBOJIoKU. C APYrofl CTOPOHBI, ueM TOHbLLIE TIPOBOJIOKZ, TeM MeHble ee
NOBEPXHOCTb H TeM MeHbllie Telonepenaua. [losroMy memnepamypa npo-
60A0KU NpU OQHHOM MOKe mem Gbliue, Hem MeHbuwe ee duamemp.

UTo6b HarpepaTeJbHas OOMOTKAa He paspyluajach cJIHIUKOM GLICTpO,
ee paGouasi TeMIepaTypa He JOJ2KHa MpEBLILIATH ONpENeJeHHOTo 3HAueHH ,
3aBHCSALIErO OT MarepHaja NMPOBOJOKH. DTO 3HAYMT, uTO IJsS MPOBOJOKH
JaHHOH TOMWMHBI U3 JAHHOrO MaTepHaJsa CYLleCTBYeT HEeKOTOpHIH IpefeJb-
HEll TOK, Bhillle KOTOPOro MpOBOJIOKAa HauHHaeT OLICTPO paspyliatbcs. Hs

Ta6auuna 4. MakcumaabHas JonycTHMAas HarpysKka oGMOTKH
B -8JIeKTpOHarpeBaTeJbHLIX NpHGOPAaX H peocTaTax

ConpoTHBJEHHE MaxkcHMaabHasa
Marepuan Auamerp, MM eHHHLE AJHHE, AonycTHMas
M/M i Harpyska, A
Huxpom (a;ektpo- 0,3 15 -2
HarpeBareJbHEe : 0,5 5,5 4,5
npuGOpHI)
Huxkeaun (peoctarhy) 0,2 13,0 1,5
0,6 1,41 6,0
1,0 0,51 10,0
1,5 0,23 23,0

CKa3aHHOTO CJIEYeT, YTO 3TOT TOK («MaKCHMaJbHasi HArPY3Ka») 3aBHCHT TaK-~
e U OT TeNJIOBOH H30JSIIIUHU U CHJIA er0 3HaYHTeJbHO 60JIbllIe 1J151 MPOBOJIOKH,
Haxopsuelics B BO3AyXe U, CAEAOBAaTEJbHO, XOPOIIO OXJaxaamoumeiics 6Ja-
rofaps KOHBEKIMH, YeM JJsi MPOBOJOKH, 3aKJAIOYeHHOH, HanpuMmep, B ac-
Gect. B Ta6a. 4 npuBeieHbl HeKOTOpble UHCJOBHIE LaHHbIE, NAIOMIHE MaKCH-
MaJIbHYIO IOMyCTHMYIO Harpy3Ky JIJIsi HEXPOMa B OCLIYHBIX 3JI€KTPOHArpeBa-
TeJbHRHIX Npu6Gopax U A HHKeJuHa B peoctartax.[IpenenbHas Harpyska B
peocraTax, yKa3aHHas Ha npubope, onpepe/sieTcss JONYyCTHMOH TeMmepary -
POH, BRIl KOTOPOH BO3RHKaeT NOXAapHasi ONacCHOCTL.

61.1. V saekrpuueckoli meuku, norpebassuielt 0,5 kBT npu nanps-
. eHuu 220 B, Tpebyercsi CMeHUTL Neperopenuyio o6MoTKy. [Toabay-

sich Ta6J1. 4, onpejeJuTe, KaKyio JUIMHY HHXPOMOBOH IPOBOJOKH cJe-.

JyeT B3ATb Jylsl STOTrO, eCH KHaMeTp NPOBOJOKU paseH 0,5 mM.
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§ 62. Jlamnm nakaaupanusi, CaMbIM BaXXHbIM NpHMEHEHHEM
- HarpeBaTesbHOro JefCTBHA TOKA ABJIAETCA 3JIEKTPHUeCKOe Oc-
BellleHHe. JIeKTpHYeCKOoe OcBellleHHe Obl10 H306peTeHO B
1872 r. pYyCCKHM 3JIeKTPOTEXHHKOM H H3o6peraTeneM Ausek-
canzipom Hukonaesuuem Jloppiruueim (1847—1923). On ykpe-
MHJ MeXJY TOJCTHIMH MEeIHBIMH IPOBOJIOKAMH YIOJIBHBIA CTep-
eHeK H 3aK/IIOUHJ ero BMecTe C KOHLAMH IPOBOJIOK BHYTpb
3aKpHITOrO CTekJAHHOro 6a/miona (puc. 97). I'lpu nponyckanuu
TOKa CTepKeHeK pacKaisycA W JaBas cBeT. JIOABITHHBLIM ObLTH
cleslaHbl TaKxKe NONMBITKH OTKauMBaTb BO3AyX H3 GaJ/IOHa,
XOTS HMEBLIHEeCH B €ro pacrnopsiXeHHH HacocH GbIM BecbMa
HeCOBepLUEHHHI,

B 1879 r. amepukanckui uaobperaTesb ToMmac 3pucoH
(1847—1931) noctpous GoJsiee COBepLIEHHYIO JaMily HaKaJIH-
BaHHs, 3aMeHHB yTOJbHBIA cTepXereK o0y riieHHOH 6aMOyKOBOH
HHTBIO M YJYyYIIMB TeXHHKY OTKauKH.

N | [ | S—
~7 N2

Puc. 97. JlaMna Hakanusauusi Jlogn-  Puc. 98. CoBpemeHHasi naMna Ha-
ruHa; [ H 2 — BBOAB, 3 — yroab- KaJuBaHHA: [ — BoJbdpamosas
HHH CTep:KeHeK HHTb, 2 — MeTa/UIHYeCKHE BBOJHI,
3 — cTeKJsiHHast HOXKa, 4 — Tpy6-
Ka JJg OTKayKH BO3fyxa H3 6aJ-
JIOHa JlaMIbl, 5 — THJb3a BOKOJSA

JlaMibl, 6 — KOHTaKT

-

B 1890 r. JloapiruupiM 6blia H306peTeHa JaMna HaKajuBa-
HHS C MeTaJJIHuecKoii (BOIbhpPaMOBOH) HHTHIO.

“Uem Bhlllle TeMIlepaTypa HUTH, TeM GoJblias 4acTb H3iy-
uyaeMoil ef0 3HepTHH OTAaeTcs B BHAe cBeTa. OpHAKO B HEPBBLIX
JlaMnax HaKaJMBaHMA TeMIlepaTypa HMTH -He MOIJIa GHITh BBILIE
1500—1600 °C, 1 nosroMy JaMnbi HaKaJlHBaHHA XOTA H Ipef-
CTaBJIAIM OFPOMHBIH [al Bliepel 110 CPABHEHHIO C NPEXHHMH
KEPOCHHOBLIMH H APYTHMH JlaMnamHu, HO ObJIH MaJO 3KOHOMHY-

rd -
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HBl: OHH HOTpebnsaan oxoso 6 BT Ha Kaxaywo Kaujeny *) chibt
cseTa. [J1s NOBbILIEHHA SKOHOMHYHOCTH TPeGOBaMOCh H3bICKATD
HOBble MATEPHAIL A1 HHTH, KOTOpbIe MO3BOJIH/H GBI NOBBICHTD
ee Temneparypy. B uacrosiuiee BpeMs TeXHHKa H3TOTOBJIEHHS
TOHKHX OJTHOPOJHBbIX HHTeH H3 BoJbpaMa (Temmeparypa nuaas-
aenus 3370° C) ouenb BBICOKA, H COBPEMEHHbIE JIAMIB HAKAJIH-
BaHHA HMEOT BOb(pPaMOBbIE HUTH.

- B 1913 r. amepukanckuii ¢pusuk u xumuxk Mpsuu Jleurmiop
(1881—1957) npemnoxKHI HAMOMHATb Ga/VIOHBI JIaMN HHepT-
HBIM Ta30M (aproHoMm), MPHCYTCTBHE KOTOPOTO 3amelIsieT HC-
napenHe HHTH. Kpome Toro, JIeHIMOp NpeIJIOKHI CBEPTHIBATD
HUTb B BHJEe CHpatu, 6aarojapa ueMy 3HAYHTENBHO yMeHb-
maeTcsd OTAa4a TeMJOThl NPH CONPHKOCHOBEHHH C Ta30M, HanoJ-
HAWOLIHM 6aJlJIOH, H, CJleJIOBaTeNbHO, NOBLIIAETCA TeMIepaTypa
HuTH. [IpuMeHenne BosbGpaMOBBHIX CrHpasiell H MHEPTHBIX ra-
30B MO3BOJINJIO TOBBICHTb TeMmepatypy Hakada go 2400 °C
H 3THM CHH3HTb Pacxoj SHEprHH B MOLIHBIX Jamnax jgo 0,6 Bt
Ha KaHJeay. ‘ _ ’

Ha puc. 98 noxasano ycTpoicTBO COBpeMeHHOH JiaMIibl Ha-
KanuBaHus. OHa COZEpPKHT COHPAJbHYIO BOJb(MPAMOBYIO HHTbH
1, IpHKJENAaHHYI0 K KOHIlAM MeTalJIHYeCKHX BBOOB 2. Bpojnl
BHASIHBI B CTEK/SHHYIO HOXKKY JiaMnbl 3, BHYTPH KOTOpOiil mpo-
XOJAT NPOBOJIOKH, NOJABOAsAUIHEe TOK K cnHpanu. Hasa Ttoro
uTo6bl NPH HarpeBaHHH MNPOBOJOK CTEKJO He PacTpecKasoch,
NPOBOJIOKH, HIYyIIHEe BHYTPH CTeKJ/a, NeNaloT H3 MeTaljoB ¢
TAKHM Ke TeMIepaTypHbIM KOa(pdHIHEHTOM pacliHpeHHs, Kak
H y cTekJa. 1as OTKauKH BO3JyXa CJAYKHT HeGosbiuast Tpy6Ka
4, Koropas nocJe yjaleHHs BO3AyXa 3amauBaercs.

Jais BKIIOUeHHs JaMibl ee CHA0XKalOT METANIHYECKHM [OKO-
JieM, yKpellleHHbIM Ha GansoHe. LlOKOJb COCTOHT H3 MeTaslJH-
ueCKOH THJb3BI 5, HMelollel BUHTOBOH Xeyno6, H H3OJHPOBAH-
HOT'O OT Hee KOHTaKTa 6, K KOTOPbIM NPHNAHBAIOTCA MPOBOJA
OT HHTH Hakana. BKioueHHe B Lenb OCYIIECTBASETCA BBEPThHI-
BaHHMEM IOKOJISl JlaMNbl B crenHasbHblil natpoH. IIpu BBepTH-
BaHHH LOKOJSA JO CONMPHKOCHOEEHHS €ro BRIBOAA CO LITHHTOM
NaTpoHa KOHIBI CMHPATH HAaKajia OKasblBAlOTCH COeJHHEHHBIMH
C NPOBONAMH OCBETHTEJNbHOIl CETH.

§ 63. Koportkoe sambikanue. IlnaBkue npepoxpanutenun. Cuiaa
TOKa B KaKOM-JHOO yuacTKe UeNH ONpefelsercd MO 3aKOHY
OMa . CONpPOTHBJEHHEM Y4YacTKa M HaNpsKeHHEM MeEXJY €ero
Kouuamu. [IpH 3a/aHHOM HanpsiKEHHH OHA TEM MeHblile, YeM.

*) KaHgesna — eJHHHLIA CHJH cBeTa — OIHAa. M3 OCHOBHHIX €JIHHHIL
CU. (flpumes. ped.) - -
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6OMbile COMPOTHBEHHE AAHHOTO ydacTka. TaK, Hanpumep,
COMPOTHBJIEHHE OCHYHBIX JIaMNOYeK HaKaJHBaHHS CPaBHM-~
TEJIHO BEJHKO (COTHH OM), H NMOSTOMY CHJIA TOKA B HHX MOJY-
qaeTcA MaslOA (lIeCKO/IbKO JeCATHIX AOJel ammepa).

Ecsin coeHHUTD NPOBOJA OMUMO JIaMIIOYKH, TO MOJYYUTCH
y4acTOK G OYeHb MaJIiM CONPOTHBJAEHHEM H TOK MOXKET Cle-
J1aTbCsl BecbMa GoJsblIHM. 'OBODAT, 9TO B 3TOM C/y4ae HMeeT
MECTO KOPOTKOe 3ambiKanHe, KOPOTKHM 3aMblKaHHEM Ha3HIBaIOT
BOoOOLIle BCAKOEe 3aMblKaHue MCTOUYHHKA TOKA Ha OYEHb Majioe
conpoTubienHe, PasBupaiomuecs NPH KOPOTKOM 3aMblKaHHH
Gosbline TOKH Ype3BLIYAHHO OMacHbl H3-32 PACKAJIHBAHHA
NpOBOJAOB, a TakXe KpaiiHe BPeIHbI AT HCTOYHHKA TOKa.

Pua. 99. IlpH KOpOTKOM 3aMbIKaHHH MCJAMBIM CTepKHeMm J NJAaBKHi Ipe-
JoXpaHuTesb 2 pacijapiserc H PasMblKaeT Lellb

Pua, 100. <ITpoSounnifis mpemoxpasutens: I — gapdoposas <ipobkay,
2 — JjerxonsapKas NpoBOJIOKa, 3 — MAaTPOH NpeJOXPaHMTe/Is

Jasi npepoxpaHeHHs! MPOBOAOB OT KOPOTKOTO 3aMBIKAHMS
CyXAaT IJIaBKHE TMPEJOXPAHHTENH., 2TO — TOHKHE Me[HEble
NPOBOJIOYKH, HJIH, €llle Jydise, MPOBOJOYKH H3 JIETKOMIABKOTO
MeTasiy1a (HalmpHMep, CBHHIA), BBOJAHUMBIE TNOCJAENOBATENbHO B
uenb TOKa M paccyuTaHHble TaKuM 06pa3oM, 4ToObl OHH MJla-
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BHJIUCh TIDH CHJIe TOKA, NpeBHILAIOUel TO 3HAYEHHe, HA KOTO-
poe JaHHad uenb paccuutaHa, Ha puc. 99 nokasano peficteue
npenoxpanureseii. [IpH saMbIKaHWM TPOBOJOB 3JIEKTPHYECKOH
JIAMIIOYKH KYCKOM TOJICTOH MeHOH NpoBOJMOKH I (KOPOTKOE 3a-
MBIKaHHE) NpeloXpaHHTeNb 2 MTHOBEHHO IUIABHTCA H IleNb pas-
MBIKaeTcH. -
YcTpoiictBO  HaH6O/Mee  yNOTPeGHTENbHOTO «npodoqﬂoro»
npenoxpaﬂme.nﬂ nokasaHo Ha puc. 100. Ero naspanue npomuc-
" XoZuT OT (papdopoBoii «npo6Ku» I, BAYTPH KOTOPOH noMmelniaert-
¢4 JIeTKOMIaBKasA NpOBOJIOKA 2. Hpo6xa TI00GHO WOKOJIO J1aM-
TNOYKH, BBHHYHBAeTCs B NATPOH NpeIoXpaHuTeas 8 H Tocje

Puc. 101, IlltencenbHast po3eTka ¢ npeloxpalHTelleM: @) BHJ CBepXy pac-

KPHITOH IITENCe/IbHOI PO3eTKH; 6) BHA CO CTODOHBI CTEHhI; 6) KpHILIKA;

1 —THe3jla Jas BWIKH, 2 — MJIaBKHH NpelloXpaHHTeNb, 3 — OTBEpCTHA

AN WYPYNOB, NPHKPEIVIAICHIHX WITENCENbHYIO PO3CTKY K CTeHe, 4 —INpH-
crnoco6leHHe U 3aKpeljieHHs KPhLILKH

KaXXJ0TO' KOPOTKOTO 3aMblKaHHA 3aMeHfAeTcA HoBoH, OO6bIYHO
NPeIOXPAHHTENH HJIH TPYNNBI NpeoXPaHUTelell CTaBATCA NpH
BBOJE TOKa B JIoOMa H, KpOMe TOTo, NPH BBOJAE B KaXAYI0 KBap-
THPY; HePeJIKO NPeJIOXPaHHTeNSAMH CHaOXeHhl H OTAeJbHhIe
IuTencesH. YCTPOHCTBO LITENCENbHOIO MNpEROXPAaHHTeJA Mo-
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Kasano Ha puc. 101. IlpenoxpanuTtelb OTAGMLHOTO LITENcels
JIOJIXKeH TJIaBHThCS NpH ToKe 3—5 A, npefoxpaHuTe/Nb B KBap-
THpe—1npu TOKe 15—20 A, a mpejoxpanuTenb B JOMe — IpPH
3HAUHTENbHO GOJBIIMX TOKaX, B HECKOJBKO COT aMIlep.

§ 64. daexkrpuueckasn nposoika. Ha puc. 102 nokasano yerpoii-
CTBO KOMHATHOH 3JeKTpHueckoil MpoBoiku. TOK cO -cTaHUMH
[OJIBOJIUTCSA 10 HAPYZKHBIM MPO-

2 BOJiaM, KOTOPBHIE BXONAT 3aTeM
O uepe3 (papdoposble NPOXOAHLIE
PE= s i BTysAKU | B nomelueHue. [Jdaiee

3 TOK NPOXOJHUT Yepe3 mpeAoxpa-
HHTENX 2 W 3aTeM TonajaeT K
MecTaM TOTpebJeHHs: J1aMIIoy-
Ke 3, CHaGXXEeHHOH BBIK/IIOUATE-
JeM 4, ¥ ITeNncemno 5 ¢ NoAKJIOo-
YeHHOH K HeMy 3JeKTpoHarpe-
BaTeJIbHOH miauTKo# 6. Ilas To-
ro uToObl JIAMIIOUKA Y lITeNce/b
MOIJIH  paboTaTh He3aBUCHMO
JpyT OT Jpyra, OHU COeNMHSIOT-
.cAl mapaJsJenbHo..

Hy:xHo uMeTb B BHAY, 4TO
CYLLEeCTBYIOT JeTaslbHO pa3pabo-
TaHHbIE IPABHJIA, KOTOPLIX 065~
Puc, 102. SmextpuuecKas npo- 3aTeNIbHO JOJIKHBI TPHJEPIKH-

BOJIKA B KOMHATE BaThCsl BCE JIHLA, OCYILECTBIAIO-

IHe 3/71eKTPHUYECKYIO IPOBOAKY

M lepellesbIBaioniye ee, STH NPABUJIA ONPENEsIOT CeUeHHE H
THI POBOJNOB, KOTOpBbIE NO/KHBI NMPHMEHSITbCS B Pa3/JIHUHBIX
cly4yasX, PacrojioKeHHe M30JHPYIOHX POJIHKOB, HA KOTOPBIX

H e DI
. Ik
7 ®¢ e
v ¥ Y o -

v 0

DOO® -~ ==
*) 8) w

Puc. 103. YcnopHele 0603HaueHHS Ha SJEKTPHYECKHX CXeMaX! @) BHIKJIG-

Yareslb IpocTodl; 6) iuTencelJbHasd PO3eTKa; §) Jamma; ¢) IJaBkHi Mpero-

XpaHHTeNb; §) CoeflHHeHHe H OTBETBJEHHe IPOBOLOB; €) PE3HCTOP H IIOTEHIHO-

MeTp; 9) TaJbBaHOMETP, aMIepMeTp, BOJLTMETDP, BaTTMerp; 3) Garapes

aKKyMyJATODOB -HJH TallbBaHHYeCKHX 5JeMeHTOB IOCTOSIHHOIO TOKa;
) HCTOYHHK MOCTOSIHHOTO TOKa
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KpensTcs NMPoBOJa, cnocobkl H3OJMSIMH NPOBOAOB MpPH MPOXOje
yepe3 CTeHbl, crioco0bl COEIMHEHHS H PA3BETBJIEHHS NPOBOJOB
H T. II. Upe3BblYaiiHO BaXKHO TIATENBHO COGJIOAATh STH [IPABH-

Jla, IOTOMY YTO IPOBOJKA, BHI-
[IOJIHCHHAS HE IO IIPaBHJaM, Jer-
KO MOXET CTaTb NPHYHHOH mI0-
Kapa. :

CoellHeHHe NIPOBOJIOB B 3JI€K-~
TPHYECKHX CeTsiX, a TaKkKe CIo-
COOHI BKJIOMEHHSI B HHUX pasJHy-
HBIX IPHOOPOB H MallIHH rpadudec-
KH H300paXKaloT Ha CIlelHaJbHbIX
yepTexax — JIEKTPHUECKHX CXe-
Max., Takue cxembl ObLJIH HCIOJIb-
30BaHBl YK€ M paHblle, B NpeJp-
nymux naparpapax. Ilpu stom
IJIfl pasHBIX JieTasied CeTH IpHMe-
HSIIOT CTaHJAPTHHE O0O3HaUeHMd,
o0pasibl KOTOpPHIX HPHBEIEHBI HA

l cpnasne |
o)

IR
7

(]

Puc. 104, CxemaTHueckoe

H300paXeHHe 3JEeKTpHUecKo#l

NPOBOJAKH, TOKa3aHHOA Ha
puc. 102

pxe. 103, Ha‘puc. 104 mo-

Kas3aH MPOCTOH NpPHMEP 3JIEKTPHUECKOH CXEMBI.

2 64.1. HavepruTe CXeMy aJleKTpHYecKOH NMPOBOAKH B Balliefi KOMHare,
¢ . 64.2. Haueprure cXeMy BKJIOYeHHSI B OCBETHTENbLHYIO CeTh C Hamps.
xeHuem 220 B Ttpex namnouek, H3 KOTOpbIX OfHa TpeOyeT AJS HOp-
ManbHOTO Hakana 220 B, a nse apyrue — no 110 B kaxnas.
64.3. HauepTure CxeMy BKJIOYEHHSI IBYX IuTemnceseil H AByX Npeno-
XpaHHTeNell Tak, YTOGHl NPH KOPOTKOM 3aMbIKaHHH B KaKOM-u6o
H3 TelNcenefl BTOpOH He BLIGbIBAN H3 CTPOA,



Fnasa V. NPOXOMAEHUE DNEKTPUYECKOIO TOKA
YEPE3 IJIEKTPOJIMTLI

§ 65. Mepeuit 3akon Papanen. B § 40 Mbl BHIeNH, YTO NIPH NIPO-
XOXKJIEHHH TOKa 4Yepe3 HEKOTOpbie PacTBOPHI, HANpHUMED uYepes3
pacTBOp CepHOH KHCJIOTHI, MPOHCXOMUT pas/ioXKeHHe BOJABI Ha
COCTaBHblE YacTH — BOJOPOJ, H KHCJOPOJ, BLLAEISIOWHECT HA
IJIaCTHHAX, COeIMHEHHLIX COOTBETCTBEHHO C OTPHLATENbHLIM H
TNOJIOKHTENBHBIM TOMocaMH Garaper. Takoro poma pacTBopH,
passiaraiolHecss XHMHUECKH TIPH NPOXOXK/EHHH Yepe3 HHX TOKa,
Mbl GyjeM Ha3bBaTb 3tekmporumamu, a caM Ipouecc pas-
JIOXKEHHS BellleCTBa SJIEKTPHYECKHM TOKOM — 3AEKMIPOAUIOM.
[lanee Mbl OGyneM HasbiBaTh  NPOBOJHHKH, MOTPYXeHHble B
3JIEKTPOJIUT AN MOJBe/leHHsl K HeMY TOKa, 3JeKTPOoJaMH: I0JIO-
KHUTEJNbHBIA 3JIeKTPON — aHodoM, a OTPHLATENbHBIH — Kamo-
dom ).

Hpouyxm pasJyIoXeHHS JIEKTPOJINTA, HalNpHMep BOAOPOL
H KHCJIOPOZ B OnbiTe, ONHCAHHOM B § 40, BLIIEASIOTCA HA 3J1eKT-
pojax Bce Bpemsi, IOKa HAET TOK. Maccy BbIIeJINBIIIErocs Be-
ecTBa MOXHO H3MepHTh. Ecian momo6patTb Takol pactsop,
IIPH KOTOPOM BBIJIEJISTIONLeeCs] BEWeCTBO OCElaeT B BUJIe TBEPAOTO
ocajika Ha 3JIEKTpPOJe, TO 3Ty MacCy MOXHO H3MepHTb 6e3 3a-
TpyzaHeHu#.- Tak, ecin nponyckarb TOK Yepes pacTBOP MeJHOTO
kynopoca (CuSO,), To Ha Karoje ocelaeT Melb. DTO fIBIEHHe
JIerKo HalMoJaTh, eclM CHeath KaTol, Hampumep, H3. YIVIf;
Ha 4YepHOH NOBEPXHOCTH YIJI SCHO 3aMeTeH KpaCHOBATHIH
. CJIOH BbllesUBIIEHCS Mend. B3BelllnBas KaToOX [0 M NOC/e OMNbi-
T4, MOXKHO TOYHO OINpEeNEeJIUTh MacCy OCajHBLIErocsl MeTaia.

H3mMepeHHs nokasbiBaiOT, YTO Macca BellleCTBa, Bblje/HBILe-
rocsl Ha 3JeKTPOJAAaxX, 3aBHCHT OT CHJIBE TOKa M BPEMeHH 3JIeKT-
poan3a. 3amblkasi UelNb Ha pasHble IPOMEXKYTKH BpeMEHH,
MOXKHO yGenuThCsi B TOM, YTO Macca BhIAEJHRILETOCs BelliecTBa

*) OT rpeuecKkHx cJIOB «aHa» —— BBEPX, ¢KaTay — BHH3, «0JOCH — MNYTh,
«BBepx» K «BHH3» BBeJeHnl DapafieeM, He cOBCeM YAayHO, ANA 0G03HAYEHHS
NPOTHBOMNOJIOKHOCTH HaNpaBJ/eHHH, B KOTOPRIX JABHXYTCS YaCTHIbI, Bbi/e/s-
IoUlHecs Ha aHOZE H KaTofe.
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NPONOPIIHOHATbHA BpeMeHH NPOXO03K AeHH s ToKa. [lj1st Toro utobet
yCTAaHOBUTb, KaK OHA 3aBHCHT.OT CHJIBI TOKAa, MOCTYMHM CJe-
nytomuM obpasoM. M3roToBHM HECKOMIbBKO COBEpIIEHHO OJHHA-
KOBbBIX 3JIeKTPOJHTHYECKHX BAHH H COCTABHM H3 HHX Lielb, KaK
nokasaHo Ha puc. 105, a. Tak kaxk npouecc yCTAHOBHBIIHFICH
. (§ 42), To uepe3 Baunnl I u Il APOXOAUT TOK OAHOK H TOH HKe

cuiibl, Takofl e TOK APOXOAHT H yepe3 oGe BaHHBI | M 2 BMe-
CTe, a TaK KaK 3TH BAHHBI OJHHAKOBEI, TO OYEBHJHO, YTO TOKH

Puc, 105, CxeMa onmbiTa MO YCTAHOB/JEHHIO 3aBHCHMOCTH MAcChl BblieJewa
HOTO TOKOM BeLUECTBa OT CHJIbI TOKa: @) TOK Mex Ay paHHamH | M II pacnpe-
JeNsIeTCsl MEXAY ABYMSl OAMHAKOBLIMH BaHHAaMu I H 2; §) TOK MeXAy BaH-
Hamu | W I] pacnpenensieTcss MexAy Tpems OJAHHAKOBHIMH BaHHamH I, 2 1 8

yepe3 BaHHBI | H 2 paBHBI APYT APYTY H, CJIEAOBATENbHO, KaXK-
JblH U3 HUX paBeH MOJIOBHHE TOKa, MAYILEro uepe3 BaHHy | wiu
1I. TouHO TaK ke, MOMECTHB B Pa3BETBJICHWH TPH OJMHAKOBBIE
BalHbl (puc. 105, 6), Mbl Mmosy4yHMm CrOco6 MPOMYCTHTHL 4Yepes
KaX Iyl H3 9THX BaHH TOK, BTPOE€ MEHBIUMH TOKa, HAYIIEro Ye-
pe3 BanHy I win 11, u 1. 1. Mi3mepsis Maccy BeuiecTBa (Hanpumep,
MeJH MJH cepefpa), BbIACJIHBUIErOCH HA KAaTOJAX KaxKJoH H3
3THX BaHH, Mbl yOJHMCs1, YTO MacChl BEIECTBA, BHIICTHBIUETOCS
BBaHHaX | U 2 (win I, 2 1 3 H T. 1.), paBHBI MeXKay cOGOH H Co-
CTaBJIAOT NOJIOBHHY (MJIH TPeTb H T. A.) Macchl BellleCTBa, Bble-
auluerocst B BanHe | man I, Takum o6pa3oM, ONBIT MOKAa3bl-
BaeT, YTO Macca BBbIJEJIMBLIErOCH BelleCTBA APONOPIIHOHAJbHA -
CHJIE TOKa. -

Hrak, Macca BBIAEJNHUBLIEroCs BelleCTBAa NPONOPIHOHANbHA
U CHJIe TOKa H BPEMEHH 3JIEKTPOJIH3a, T, €. HX NPOH3BEIEHHIO,
Ho 310 npouspepenue, corsiacuo dopmyne (42.1), paBHo 3a-*
paly, NmpoueawiemMy 4yepe3 JEKTPOJHT, Mbl BHIUM, YTO macca
Geujecmeaq, 6bI0eAUBUIE20CE HA  51eKmpode, NPOnOpUUOHAAbHA
3apady, Ul KOAUHECMBY JAeKMPUYecmea, npouieduemy depes
aaexmpoium, DTOT BasKHBIH 3aKOH OblI yCTaHOBJIEH BHepBble
‘DapajeeM H HOCHT Ha3BaHHE nepeoeo 3axona Papades.
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Ecin m — Macca BblienuBluerocs Bemecrsa, [ — cuia
TOKa, ¢ -— BpeMsl 3JIEKTPOJIH3a, a ¢ — MNOJHBIH 3apsij, Npo-
IIeIuMi yepe3 BaHHY 3a BpeMs [, TO NepBulft 3akoH (Papanes
MOXKHO 3anHCarb TaK:

m=Kq=KIt, (65.1)

riae K — KO3(pHUHEHT NPONOPLUHOHATBHOCTH, Tonaras B dop-
myJe (65.1) 3apsan g=1 Kua, Mbl noayuuMm, uto KodhHLHEHT
K paBen macce BewectBa, BhpejsieMoro 3apsiaoM 1 Ka, nan
MHAaYe — Macce BelllecTsa, Bblesdsemoro tTokom 1 A 3a 1 c.

Hccnenosanns Qapanes noxkasanau, yto BenwugHa K dAB-
JsAeTcsl XapaKTepHOH /s Kamkaoro BelllecTBa. Tak, Hampumep,
TNpH 3J1eKTPOJIH3e pacTBopa Jsnuca (a30THOKHCJOTO cepebpa,
AgNQ,) 1 Kn Boimensier 1,1180 Mr cepe6pa; TOYHO CTONBKO XKe
cepebpa Buigenser | Kia npu saextponuse Jmo6oi cepeOGpsAaHON
coJiH, HanpHMep xJopucroro cepebpa (AgCl) u't. 1, Ilpu anexr-
poJiH3e COMM APYTOro MeTasl/a Macca BhLAEIHBILErocs BellleCTBa
6yner uHOH. BennunHa K Ha3bIBAeTCH 34eKMPOXUMUHECKUM SK-
ausanenmom NaHHOTO BellleCTBa. TaKHUM 06pasoM, 34eKmpoxumii~
HeCKUM IKBUBAAEHMOM BELUECMBA HASbIBACMCS MACCA Moo 8e-
wecmen, 6bideAnemMas NPpU 3AeKMPoAU3e OOHUM KYAOHOM Npo=
MeKuieeo 4epes pacmeop AeKmputiecmaa.

Ta6auma 5. IaekTpoxHMUuecKui
SKBHBANEHT HEKOTOPHX BellecTB

Beiectso K, 10—¢ xr/Kn
Cepebpo (Ag) 1,118
Bozopog (H) 0,010453
Meas (Cu) 0,3294

0,6588
Hunk (Zn) 0,3388

B Ta6a. 5 npuBeneHbl 3HaYeHHS 3JeKTPOXHMHYECKOTO SKBH-
BajleHTa [yl HeKOTOPHIX BelllecTB.

§ 66. Bropoii 3akon Papagesa. 13 tabs. 5 Mbl BHAMM, YTO 3J€K-
TPOXHMHYeCKHEe S5KBHBAJIEHTHI PA3/IHYHbBIX BEIECTB CyLIECTBEHHO
LOTJIHYHEL OZIUH OT Apyroro. OT KaKHX ke CBOHCTB BelllecTBa 3a-
BHCHT €ro 3J1IeKTPOXHMHUYECKUHl SKBHBAJEHT?

OtBeT Ha 3TOT BONpOC HAeT CJIelyHOLHMH BaxKHBIH 3aKOH,
TaKXKe YCTAHOBJCHHLIA PapaneeM Ha omnbITe (6mMopod 3aKoH
Dapaldes): 3MCKMPOXUMULECKUE IKOUBAAECHIMbL PABAULHbIX Ge-
LYeCme NPONOPYUOHAAbHbE UX MOAAPHLIM maccam U obpamHo
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NPONOPYUORANLHOL YUCAAM, 6bIPANCAIOWUM UX XUMUMECKYID 80~
fAeHmuocmes *).

JJas yACHeHHA 3STOro 3aKOHa pPacCMOTPHM KOHKPETHBIM
npumep., Mounsippasi Mmacca cepefpa papna 0,1079 kr/moub,
ero BaJleHTHOCTb — 1. MoJssipHass Macca [HHKa paBHa
0,0654 xr/monb, ero BaneHTHOCTb — 2. IloatoMy mo BropoMy
- sakoHy (apajes 3/JeKTPOXHMHUYeCKHe 3KBHBAJEHTHl cepefpa
H IMHKaA JOMKHBI OTHOCHTBCS, KakK

1
0, l079 0,0654 9,0654 _ 3 30,

Corsiacuo Tabn. 5, 3KCnepUMEHTAJIbHbIE 3HAYEHHS 3JIEKTPOXH-
MHYeCKHX 3KBHBa/eHTOB paBHbl 1,118 -10-¢ kr/Ka nnsi cepebpa
u 0,3388.10~% gr/Kan mi1s UMHKa; HX OTHOIIEHHE DaBHO
1,118/0,3388=3,30, uTo coryiacyercsi co BTOpbIM 3aKoHOM Da-
pagest.

Ecnu 0603naunTh mo-npexuemy uepes K [kr/Kal amekrpo-
XHMHYEeCKHE SKBUBaJIeHT BeliecTBa, uepes M [rr/mosb] —
ero MOJISIPHYIO Maccy, a uepe3 # — BaJleHTHOCTh (n=1, 2,...),
TO BTOpoH 3aKoH dapajes MOXHO 3amucaTb B BHJE

K_lM

3aech uepes 1/F o6osnaueH KodhhHIHEHT MPONOPLHOHAIBHO-
CTH, KOTOpHIH SIBAsIeTCS YHHUBepCalNbHO! MNOCTOSHHOH, T. e.
HMeeT OJMHAKOBOe 3HaueHHe s BcexX BelnecTB. Benuuuna F
HasbiBaeTcsl nocmoannod Papades. Ee 3nauenne, HalJeHHOe
BKCIEpHMEHTANBLHO, PABHO

F =96 484 Kn/monb.

HeKoTopHe 5JeMeHTH B pasHHX COefHHEHHAX 06JajaloT pa3JuyHOH
BaJlenTHOCThIO. TaK, HanpuMep, Melb OJIHOBAJICHTHA B xgopucroft menu{CuCl),
3akucu mead (Cy O) H elte B HEKOTOPHIX COJIAX, H MeJlb JBYXBAJIEHTHA B XJIOp-
uoit menu (CuCl f okucu Menu (CuO), Mmenrom kynopoce (CuSO,) u eure B He-
KOTOpHX coegunenusix. IIpu 3jeKTposu3e B pacTBope C OJHOBAJEHTHOMH
menblo sapan 1 Ko Bceria Bupensier 0,6588 mr menu. Ilpu anektponuze
JKe B pacTBOpe C JByXBaJeHTHOR Menblo 3apsan 1 Ku Bnnenser Bcerna Basoe
MeHbue mMend, UMeHHo 0,3294 mr. Kak Mu BupuMm, Menb UMéeT 1Ba 3HAYeHHUA
3JIGKTP OXHMUYECKOT0 3KBUBaJeHTa (TabJa. 5),

(66.1)

OTHOUJeHHe MOJIﬂpHOﬁ Macchl Kakoro-jaufo BellleCTBa K ero
"BaJIeHTHOCTH M/n Ha3BIBAIOT XUMUHECKUM IKBUBAACHITIOM JAHHO-

*) HanomHHaeM, 4TO BaJeHTHOCTh JI060T0 aTOMa ONpefieJifieTcs] YHCIOM
aTOMOB BOZOPOJa, KOTopoe CNoCOGHO COeAUHATHCA € JaHHBIM aTOMOM HJIH KO-
TOpOe MOKeT GbITh 3aMellleHO JaHHbIM aToMOM. Tak, HanpuMep, XJIOp U cepel-
po ( coenurenusax HCl, AgCl) onHoBaseHTHBI; UMHK HIH KHCJIOPOA (B Coe-
nunenusx ZnO, Hy0) asyxsanenths u T. 4. BajentHOCTL BOjOpOna mo on-
pelleJIeHHI0 BRIpAXKAETCS HHCIIOM 1.
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ro BellecTBa. DTO OTHOLIEHHe NOKAa3bIBaeT, KakKasi Macca JaH-
HOTO BelecTBa Heo6XxoiuMa AJISl 3aMellleHHs OJHOTO MOJSA BO-
JOpOZA B XHMHYECKHX COeJHHEHHAX *). Y OJHOBAJIEHTHHIX
BEIleCTB XHMHYECKHH 3KBHBAJIEHT'YHCJIEHHO PaBeH MOJIsPHOH
Macce. [Tosb3ysach 3THM NOHATHEM, MOXKHO BHIPA3HTb BTOPOIH
3akoH apafen cJenyloluM 06pasOM: JAeKMPOXUMULECKUE
SKGUBANCHMbL BELYECE NPONOPYUOHANOHOL . UX XUMUHECKUM IKEU~
6aNeHMAM. _

O6benunus dopmynel (65.1) u (66.1), MOXHO BHIpa3HTDb
o6a 3akoHa ®apanes B BHIe OAHOH (HOpPMYJIBI:

1 M *
m=p—4q, (66.2)

Tlie m — Macca BellleCTBa, BBIAEAAIOIErocs (TpH MpOXO0XKAEHHH
yepe3 3JIEKTPOJIHT KOJIHYECTBA 3JEKTPHUYecTBa ¢. DT1a dopmy.a
uMmeeT npocToli ¢u3HueckHil cmbica. [lonoxum B Hell m=
= M/n, T. e. BO3bMEM Maccy OJHOTO XHMHYECKOTO 3KBHBaJIEHTA
JaHHOrO BelllecTBa. Toraa nosyunM F==¢. DTo 3HAUHT, YTO MO-
crosinHasi Qapasies F unc/ieHHO paBHa 3apAAy ¢, KOTOpPHIH Heol-
XOJMMO NpPONYCTHTDb Yepe3 Jio00H 3JIeKTPOJIHT, YTOGH! BLAEIHTD
Ha 3JIEKTPOLAX BelleCTBO B KOJHYECTBE, PABHOM OJHOMY XHMH-
YeCKOMY SKBHBAJEHTY. :

2 66.1. Kakum ofpasoM, OnNycTHB ABa NPOBOXA OT TrajbBaHHYECKOTO
. 3J1eMeHTa B CTaKaH C BOROH, MOXMHO Y3HaTb, CYLLECTBYET JIH MEXAY
HHMH HanpspkeHHe? Bopa, e nopeeprayras cnenuaabHOR TiaTen-
HOH OYHCTKe, BCerfa COLEPIKHT pacTBOPHI. PA3JHYHBIX COJed H
ABJISIETCSA NPOBOJHHKOM, ’
66,2, as Toro utofel ONpefie/NThb, KaKOA H3 M0JIOCOB HCTOYHHKA
TOKa NOJIOKHTEJNbHBI, a KakoH OTpHIaTelbHBIA, OMycKaloT NpoBOAa,
COeIMHEHHEIE C NOJIIOCAMH, B CTaKaH ¢ BOROM M HaGII0faloT, BO3Je Ka-
KOTO M3 NpOBOAOB BhbifieJsieTcss Goablle rasa, Kak no aTHM jaHHBIM
onpefiesIUTh, KakKol H3 MOJIOCOB OTpHIATeNbHRIH?
66.3. Hafigure 37eKTpOXHMHUYECKHe 3KBHBaJIeHTh CBHHIlA, HaTpHS H
aJioMHHHS. CKOJIbKO KaXXAOTO M3 3THX BellecTB MOMKeT GLiTh BhIfie-
JileHo TOKoM 5 A B npojomxenue 10 4?
66,4. 3Hasn, uTO 3/eKTPOXHMHUECKHIl 3KBHBAJEHT BOJOPOAAa paBeH
1,045-10~8 kr/KJ1, BRIYHCAHTE 971€KTPOX MMHUECKHH 3KBHBAJEHT XJI0-
pa. BaseHTHOCTH XJiopa paBHa 1, OTHOCHTeJbHbIe aTOMHBIE MacCChl
XJopa W Bojopoja pasHu 35,45 u 1,008. ,

§ 67. Hounasa nposoaumocth SaekTpoautos. Cam (akr pas-
JIOXKEHHS 3JIEKTPOJHTOB MpPH MPOXOXKJAEHHH Uepe3 HHX TOKa
' MOKA3bIBa€T, UYTO B HHX JABHXKEHHe 3aps/0B COMpPOBOXK/IaeTcs
IBHXK€HHeM aTOMOB HJIH TPYIN aTOMOB, CBfI3aHHHIX APYT C Jpy-
rom (nanpumep, SO,, NO; U T. 0.); 3TH aTOMbI HJIH aTOMHLIe

*) HanoMHHM, 4TO MOJieM Ha3biBaeTCs KOJHYECTBO BEINECTBA, B KOTOPOM
COEPMMHUTCH HHCJIO aTOMOB HJIM MOJIEKYJ, paBHOe ITOCTOSHHON ABoOrajpo
N 4 =6,02.10%8 mons=% (cM. ToM I), ‘
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TpyIObl NPeACTaBAAT cOB0H YacTH MOJIECKYJBl PacTBOPEHHOIO
BelllecTBa. ECTECTBEHHO NMPEANOJIOKHUTh, YTO 3aPAKEHB HMEHHO
3TH YaCTH MOJIEKYJbl B PACTBOPE H 4TO OHH AIBJSAIOTCA HOCHTe-
JIAAMH 3JIEKTPHYECKOro 3apsafia. Mx nepemertenue nox Aeficteuem
CHJI 3JIEKTPHUYECKOTO NOJIA M HpeAcTaBafeT cOGOH aJeKTpHYec-
KU TOK, HAYIUHH 4epe3 3JIeKTPOJIHT.

Bulno o6Hapy:eHO, 4YTO NpPH NPOXOXKAEHHH TOKa Yepes
3JIEKTPOJIUT BblfesieHHEe BEIleCTBA NPOHCXOAUT Ha OBOMX 3JIeKT-
poaax. ITo XuMHYeCKOMY COCTaBY 3TO pa3Hble YaCTH MOJEKYJIbL
_pactBopeHHOro Beiectsa. 10 KOJHYECTBY, €C/IH H3MePATH €ro
B XMMHYECKHX SKBHBA/NE€HTaX, OHH paBHbL. S3HAKHU 3apﬂ1105 Y HHX,
OYeBHAHO, NMPOTHBONOMOKHBL.

Mer rosopunu yxe (§ 5), 4TO 3apsArKeHHble aTOMBI HAa3bIBAIOT-
csl HoHamH. Fo Ke Ha3BaHHE HOCAT 3apfAKeHHbIE MOJIEKYJILI HITH
HX YacTH. Mel MOXeM, C/lefoBaTeNbHO, cKa3aTb, UTO npogodu-
MOCHIb  JNEKMPOAUMO8 ABAREMCA UOHHOU, M. e. 06ycaosreHa
OBudCeHUeM 8 HUX NOAOICUMENLHbIX U OMPULAMEAbHIX UOHOS,
KOTOphle 00pa3yloTcAd M3 HeHTpaNbHOM MOJIEKYJIW NyTeM pac-
naja ee Ha ABe YacTH, 3apsAxeHHble paBHLIMH H [IPOTHBONOJIOHK-
HBIMH 3apsfaMu. MOJIeKYJbl pacTBOPEHHOIO BelllecTBa, KOTO-
pble OO pacTBOpeHHA OBIIH 3JeKTpHUYECKH HeHTpasbHbl, IpH

s

K

Puc, 106. IIpoBogHMOCTb 3J€KTPOMHTA 3aBHCHT OT HaNHUHSA NOJOMKHTENb-

HpIX H OTPHLATEJbHBIX HOHOB (KPYXKKH CO 3HAKaMH «~|-» HJIH «<—3): a) Lerb

Pa3oMKHyTa, TOKa HeT; §) UeNb 3aMKHYTa, 4epe3 3JeKTPOJIHT HIeT HOHHbIH
TOK

pacTBOPEHHH pacnajaloTCA Ha HOJNOXKHTe/bHble H OTPHIlATENb-
_Hble HOHHI, CNOCOGHBIE MepeMelllaThCl HE3aBUCHMO [pYr OT
Apyra.

© OTH npencTaBneHus HAMOCTpHpyloTea puc. 106, Kpyxkamu
MEXIY 3JIEKTPOAAMH CO 3HAUKaMH «1» H «—» CXeMaTHYeCKH
H306paxeHbl MMOJIOKUTENbHEIE H OTPUIATENbHEIE HOHBI PaCcTBO-
penHoro Beitectsa. [Toka mMexny anektpojamu A u K He co3na-
HO 1oJie, HOHBI 3TH COBEPLIAIT TOJbKO GecropsfouHOe TEIJIo-
BOEC JIBUXKEHHe, KaK H BCe OCTaJbHble MOJEKYJbI pacTBOpa
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(puc. 106, a). B kamaom HampaBleHHH 3a €JJHHHLIY BpeMeHH
NpOTeKaeT OJIMHAKOBBIN MOJIOXKHUTE/NBHBIA H OTpHLATEIbHBIH 3a-
pAl, T. €. HeT SJeKTPHYeCKOro TOKa — IPEeHMYIeCTBEHHOTO
flepenoca 3apsifia B ONpefleleHHOM HanpabieHHH. [Ipn maso-
KEHHH Pa3HOCTH IOTEHIHAJNOB Ha 3JeKTpoasl A u K, xorna
BHYTPH 3JIEKTPOJIHTa BO3HHKAeT 3JIeKTPHYECKOe IoJie, Ha 3TO
GecriopAI0UHOE JIBHKEHHE HAKIANBIBAETCS YNOPAJOYEHHOE JIBH-
KeHHEe B NPOTHBOINOJIOXKHBE CTOPOHBI HOHOB Pa3fIHUHBIX 3Ha-
KOB: OTpHUATE/IbHbIX — K aHOAY A, NOJOXKHTENbHBIX — K Ka-
tony K (puc. 106, 6).

IIpH CONPHKOCHOBEHHH -C KaTOAOM IOJIOXHTEJbHbIE HOHBI
NOJYYalT HEJOCTAIOUIHEe HM 3JIEeKTPOHBI H BBIIEJAIOTCA B BHIE
HeHTpa/NbHBIX aTOMOB, a B3aMeH 3JEKTPOHOB, HeATpaJH30BaB-
HIHX HOHBI, HOBBIE 3JIEKTPOHBI NEPEXOAAT OT GaTapeH K Karofy.
TouHO Tak ke OTpHIATE/bHBIE HOHBI TPH CONPHKOCHOBEHHH
C aHOJIOM OTJIAIOT €My CBOH H30LITOYHLIE 3JIEKTPOHLI, IpeBpa-
Wasch B HeATpa/ibHbIE aTOMBI; 5JIEKTPOHBI K€ YXONAT 10 MeTal-
JIMYECKHM MpoBojiam B 6arapeto. TakuM o6pa3oM, TOK B 3JIeKT-
posnTe OGYC/IOB/EH IBHXKYIIHMHACS HOHAMH; Ha 3JeKTPOJax Ke
INPOHCXOAUT HeATpasu3allisl HOHOB H BbIAEJNEHHe HX B BHJE .
HeHTpaJbHBIX aTOMOB (MM MoJjekyn). Urtak, asexmpuuecxuti
MoK 6 9aeKmpoaumax npedcmagasem cobot deusicenuie nOAOdHCU-
MEALHLIX 1 OMPUYAMEALHbIX UOHO8.

Takoe npeacTaBnenne 06 3JieKTPOJIH3E NOJKPEIVIAETCS MHO-
rouncieHHbIME (akTamu, C 3TOH TOYKH 3peHHs NepBHIH 3aKOH
Qapagness (§65) monyuaer mnpoctoe obbscHeHHe. Kaxnusiit
OCa}JIAIOUIHACA Ha 37EKTPOJie HOH NePeHOCHT ¢ cOGOH HeKoTo-
phIil 3JIeKTpHYECKHH 3apsii. DTO 3HAYHT, YTO IOJHBIA 3apsf,
HepeHeCeHHbIH BCEMH HOHAMH, JIOJIKeH GbITh NpPOMOpPLIHOHAMEH

' MOJIHOMY YHCJY HOHOB, OCEBWIHX Ha 3JeKTpojax, T. €. Macce
BbIJeJICHHOTO BellecTBa. A 5TO H ecTb NepBuId 3aKoH Dapajes.
Taxk xe ecTecTBeHHO H IPOCTO OGBACHSAETCHA C STOH TOYKH 3pe-
HHS H BTOpOH 3akoH Dapajes, JalOUIHH BO3MOXXHOCTb BbIYHC-
JINTh 3JIeKTPHYEeCKHH 3apfj], CBA3aHHBIH C KaXIbIM HOHOM
(§ 69).

OTMeTHM, 4TO Ha3BaHHe «HOH» BBeleHO PapajeeM (OT rpe-
YeCKOTO CJIOBa «HOH» — Hiywiui). Houbl, 3apskeHHble mojio-
XHTeJIbHO H BblAeJsAIOWIMECT Ha Karoje, Papajeli naspan xa-
MUOHAMU, HOHBI, BBIICJAIOUINECS Ha aHOJe,— QHUOHAML.

OnbiT MOKasaJ, YTO BOAOPOJ H MeTaJlJIbl BCer/la BLAEMSIOTCH
Ha KaToJe; 5TO 3HAYHT, YTO B 3JIeKTPOJIHTAX BOJAOPOL H METAJLJIbI
06pasyioT MOJOXHTe/bHble HOHHI.

67.1. Ilpn mpoxoxJgHHH BJCKTPHYECKOTO ToKa Yepes SIEKTPONHTHL
. oHH Harpesaiorcsi. Mcxoas M3 npepcrasieHHH 06 HOHHOM npoaozm.
MOCTH, OOBSCHHTE 370,
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67.2. TToueMy npoBOJa OCBETHTENBLHON CeTH HelpeMeHHO HMEIOT peaH-
HOBYI0 060JIOUKY, a IIpOBOAA, NpejHasHaUeHHule AIA ChiPhIX NOMelne-
HHH, KpOMe TOro, OBIBAIOT IIPOCMOJIEHBI CHapyXH?

67.3. Tlouemy ropaspo onacHee GpaThCsi 3a 9JeKTPHYECKHe NPOBOAA
MOKDHIMH DYKaMH, YeM CyXHMH?P :

§ 68. JipnKeHHe HOHOB B 2JIEKTPONMTAX. JIBHXKEHHE HOHOB B
3JIEKTPOJIMTAX B HEKOTOPHIX CIydyasiXx MOxeT OhIThb IOKAa3aHO
BeCcbMa HarJIsIHO.
[TponuTaeM JHCTOK ¢HABTPOBaJbHOH GyMarH pacTBOPOM
3JIEKTPOJIHTa (CepHOKHCIOro HaTpa, Na,SO,) u ¢eHondranenna
+

5 ’ (=

Puc. 107. OmnbiT, NOKa3piBalOWIHi ABHXeHHe HOHOB. JIHCTOK (PHJIBTPOBAJb-
HOBi Gymaru NpOMHTaH paCTBOPOM 3/MeKTpOJHTAa H ¢eHoNbTaseHHa, ab —
HHTKa, CMOYeHHasl pacTBOPOM 3JeKTpOJHTa

M IOMECTHM Ha CTEK/IsSHHYIO IIacTHHKY (puc. 107). ITonepex
OyMaTH NOJOXHM OCLIKHOBEHHYIO O€IYyl0 HHTKY, CMOYEHHYIO
pactBopom exkoro Hatpa (NaOH). Bymara mox HHTKOH
OKpDaCHTCSl B MaJ/JHHOBBHI IBeT Gjarojaps B3aHMOLEHCTBHIO
uonop ruzapokcusa (OH) u3 NaOH c¢ denongranennom. 3arem
NPHXKMEM K KpasM JIHCTKa NPOBOJIOYHBIE SJMEKTPOAbI, NMPHCOe-
JIHHEHHble K TaTbBaHHYECKOMY
3JIEMEHTY, H BK/MIOYHM TOK. Ho-
Hbl THAPOKCHJ/IA H3 €KOTO HaT-
pa HauHyT ABHTaTbCs K aHOAY,
OKpaiuMBas OyMary B Ma/JuHO- Pruc. 108. K ynpaxuenuio 68.1
Boifi 1per. Ilo ckopocTH nepe-~ '
MellleHHs1 MAJHHOBOTO Kpasi MOXHO CyHTb O CpelHeH CKOPOCTH
JBHXKEHHSI HOHOB IO/ BJIHSIHHEM 3/IeKTPHUECKOTO NOJSI BHYTPH
anekTposiuTa. ONbIT OKa3biBaeT, YTO 3Ta CKOPOCTb MPONOPIHO-
HaJbHA HanpsKeHHOCTH MNOJs BHYTPH 3jeKrponuTta. IIpH 3a-
JIAHHOM IOJIe 9Ta CKOPOCTb JJ/ISl Pa3HbIX HOHOB HECKOMIBKO pas-
JauuyHa. Ho B ofleM OHa HeBeJHKA H JyI1sl OCBIYHO IPHMEHSIO-
IHXCsA mojiell H3MepsieTCsl COTBIMH H /laXKe THICSYHBIMH JIOJISIMH
CAHTHMETPa B CEKYHAY. ,

68.1. Ilna onpefesleHHs 3HaKa IOJIOCOB HCTOYHHKA YNOTpeGIAOT

. IIOJIIOCOHCKATE/TH®, TIpeACTaB/solLHe COGOH HeGOMbIWYIO CTEKATHHYIO
aMIyJy ¢ AByMs BBe[leHHBHIMH B Hee npoBoJiokaMu (puc. 108). Amnyna
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@ANOJHAETCH PacTBOPOM NOBAPEHHOR COJH ¢ RoGaBlEHHHIM K HeMY
deHondTaNeHHOM, KpacHeloUM NOA ReficrBueM menoud. Ha kakoM
H3 NoJI0coB GYJIeT NOABMATHCA KpacHas OKpacKap

§ 69. SuemenTapHbifi anekTpHueckwi 3apan. M3 cdopmynsr
(66.2), ob6veaunsouieil o6a 3akona Papages, caenyer, 4To
€C/IH 8apAJ ¢ YMCJEHHO paBeH -NOCTOAHHOH Papagena F, To
Macca m paBHa M/n, T. e, TIpU NPOXOXKIEHHH 4Yepe3 IJEKTPO-
JUT 3apsaja, pasHoro 96 484 Kua, Bugensercs M/n{xr]
Jwoboro BelecTBa, T. €. l/n Moms storo BeulectBa. Mmaue
rOBOpP#, AJA BHIJIEJIEHHSA OJHOTO MOJIS BellleCTBa yepe3 3JeKTpo-
JIUT JOJIKeH NpoTeyb 3apsj ¢, yucaenHo pasuwiit nF [Kal, Ta-
'KMM 06pa3oM, NpH BbIJEJIEHHH MOJA OJHOBAJIEHTHOTO BellleCTBa
(1,008 r Bomopona, 22,99 r narpus, 107,87 r cepebpa u 1. 1.)
yepe3 3JEKTPOJIHT TNPOXOAHT 3apii, YHCAEHHO pPaBHHf F==
=06 484 Ki1; pu BrijlesieHHH MOl IBYXBaJIEHTHOTO BELECTBA
(16,00 r xucmopona, 65,38 r uwnka, 63,55 r Meau H T. 1.) yepes
3NIEKTPOJNHT TPOXOJHT 3apfj, YHCJIEHHO paBHbIH 2F =
=2.96 484 Kn=192 968 K, u 1. 1.

Ho Mb1 3HaeM, 4To B OJHOM MoOJe /IOGOTO BeleCTBa copep-
JKUTCS OJIHO H TO K€ YHCJIO aTOMOB, PaBHOE NOCTOAHHOH ABO-
raapo N,=6,02-10?% mMonbp~*. Takum o6pa3oM, KaxIbliL HOH
OJIHOBA/IGHTHOTO BEINECTBa, BHICIAIOUMHACA Ha 3JIEKTPOJe,
HeceT Ha cebe 3apaf

. F 96 484 -

e=m=wzl,60'lo 19 KJI. (69.1)
Ipu Bbmenenuu Ka)KJ0ro aToMa JIBYXBaJIeHTHOTO BellleCTBa
yepe3 3JMEKTPOJAUT npoxoaut 3apan 2F/N,=3,20.10-% Ku,
BlBoe GObwMi, H T. A, BooGllle NpH BbiJieJeHHH Kaxa0ro
aToMa n~BaJleHTHOTO BellleCTBa Yepes S/IEKTPONHT NIEPEHOCHTCA
3apan nF/N ,=ne [Knl.

Mul BuaMM, uYTO 3apsAibl, NepeHOCHMHIE NPH 3JEKTPONH3E
C_KaX]blM HOHOM, TPeACTaBJAIT COGOH 1esble KpaTHbie HEKO-
TOPOTC MHHHMAJBbHOTO KOJMYECTBA 3JIEKTPHYECTBA, PaBHOTO
1,60-10~1* K. Jlio6oii OJHOBAJIEHTHBI HOH (MOH KaJjud, ce-
pe6pa u T. J.) NePEeHOCUT OIHH TakoH 3apaja. Jlio6o#i AByXBa-
JIEHTHBIH HOH (MOH LMHKA, PTYTH H T. J.) MEPEHOCHT ABa TaKHX
3apsja. Huxoraa ne BeTpeyaloTcsA NPH 3JEKTPOJH3E CAyYa,
Koraa Gbl ¢ HOHOM NePeHOCH/ICA 3apsl, COlepKalluil IpoGHYI0
yactb OT 1,60-10~%* Ka. Hemeuxnti pu3uk u ¢usnonor I'epman
Fenabmrosby (1821—1894), o6paTuBLIMi BHHMAaHHE Ha 3TO
caeacTBHe M3 3akoHa Papages, clesnana OTCIOla 3aKJ/IOYEHHE,
YTO yKa3aHHOE KOJHYeCTBO 3jekTpHyectBa 1,60:107% Ka
NpPEACTaBasAeT CO00H HaHMeHblUee KONHYECTBO S/EKTPHYECTBa,

 CyllecTByiowee B NPHPOAE; STOT MHHHMaJIbem ‘3apsAA NOMYYHN
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Ha3BaHue .Memenmapnoeo sapada. OpHOBaNEHTHLIE &HHOHHI
(HOHBI XJ10pa, HOJi@ U T. JI.) HECYT Ha ce6e OJMH OTPHLATENbHbIM
3JeMeHTapHLIN 3apsj, ORHOBAJEHTHhle KaTHOHbI (HOHH BOJO-
pona, HaTpHuf, Kajus, cepebpa H T. A.) — OJHH NOJOXUTENb-
HhIH 3JeMeHTapHbH 3apsj, AByXBaJeHTHble AHHOHBI — JBA
OTPHIATeNbHHIX 3/IeMEHTApHLIX 3apsAja, JBYXBaJeHTHbIe KaTHO-
Hbl — JIBA TOJIOXKHTEIBHBIX 3J€MEHTAPHHIX 3apiga U T, 1.

. Takum o6pasoM, B SIBJEHHSX 3JEKTPOJNH3a HCCIENOBATENH
BIepBEle CTOJIKHYJIHCh C NPOSIBJAEHHAMH JHCKPETHOH (IIpephl-
BHCTOH) NPHPOJEI SJIEKTPHYECTBA (§5) 1 cymenn onpejenHTh
3/eMeHTapHEIH aiekTpuueckui 3apsap. I[loaxe Oblin O6Hapy-
JKEHBl H JPYTHe SIBJeHHS, B KOTOPLIX NPOSABJAETCA JHCKPeTHas
NPHPOJA JEKTPHUYECTBA, H OBLIH HaHJeHbl Jpyrue CIocobbl H3-
MepeHHs 3JeMEHTapHOIO OTPHIATENBbHOIO 3apsja,— 3apja
31eKTpoHa. Bee 3TH u3Mepenus nanu aJjs 3apaja 37aeKTPOHA
TO K€ 3HaueHHe, KaKOe Mbl NOJYUHJH TOJBKO UYTO H3 3aKOHA
®apaness. 10 ABNAETCA JYUIUHM NONTBEPKJEHHEM NPABHIb-
HOCTH TOTO HOHHOTO MeXaHHM3Ma TNpPOXOXJEHHSA TOKa uYepes
3JIEKTPOJIHTEI, KOTOPBIH MBI oﬁpncosa.rm B IpeJblfylleM napa-
rpage.

VOHE! NPHHSTO 0603HAYATh 3HAKAMH «--» HJIH «—» OKOJIO
COOTBETCTBYIOLIMX (opMyJs (OGEIYHO cmpaBa BBepxy). Hmuciao
3HAaKOB ¢-» WIM «—» PaBHO BAJIEHTHOCTH HOHa (HampHMep,
HOHBl Meau ObBaioT Cut uan Cu?*, MOHH XJOpa — TOJBKO
Cl~,.u 1, a).

§ 70. TlepBHYHBIE H BTOPHYHBIE NMPOLIECCH NMPH 9MEKTPoJH3e. F3 namoxeH-
HOTO Bhilllé TIPEACTABJEHHS 06 HOHHOK NPOBOJKMOCTH 3JEKTPOJHTOB BhITEKa-
€T, YTO TePBHYHHM PesyJIbTaTOM 5JEKTPOJH3a SBJSETCS BhIEJICHHE Ha
3JIKTPOJlaX COCTAaBHBIX 4acTeli MOJIEKyJbl pacTBopexHoro semiectsa. Ox-
HaKO (DaKTHYECKH Mbl YacTO O6Hapy:KuHBaeM Ha ONHOM HJH Ha OGOHX 3J€K-
TPOZaX He Te aTOMB! HJH aTOMHHIE TPYININH, KOTOPHE NepeMelajuch B pacT-
BOpe H NePBOHAYaJbHO BHEISJIHCh Ha 3JEKTPOiaX, a ApYTHe, OCBOGOXKIa-~
IOIHeCs NPU BTOPHYHBIX XHMHUYECKHX PeaKUusX, B KOTOpbie BCTYNAKT OC-
BOGOJIMBLIMECS] NEPBHYHBE aTOMBEI M Ipynnbi. Hanpumep, NpH ajeKTpoJu3e
pactBOpa MepHoro Kynopoca (CuSO,) Ha Kartopie BHeJseTcsl, KaK MBI T'OBO-
PuJM, Meb, Ha aHOLe e Mbl OGHapyXuBaeM BhijeJeHue He rpynnm SO,,
a xucaopoga. OnHoBpeMeHHO HabJiofaeTcss 06pa3oBanue B PaCTBOpe CepHOR
kucjaoth (H,50,). 3to o6bacHseTes TeM, uto rpynna SO, HeyCTORUKBA; Bhi-
JleJIMBUIHCh W3 PacTBOpa, OHA ceffuac XKe BCTYNaeT B peaKlHIO ¢ BOJOH No
Y PaBHEHHUIO

2H20 + 2504 = 2H2504 +702.

Kncaopon shijensiercs B Bijle NY3HIPLKOB ra3a, a CepHast KHCJOTa OCTaeTcs
B pacTrBope.

AHaJIOrHuHbie BTOPHUHbE PeaKIWK HMEIOT MeCTO W NPH 3JEKTPOJH3e
APYrux coJiell B KHCJIOT, MBI BHIend, HanpuMep, Y4TO NpH 3JEKTPoJu3e cla-
Goro pacrteopa CepHOH KHCJOTHI Ha 3JEKTPOAaX -BhIGJAAIOTCS BOAOPOL H
Rncaopog, Ho 3107 oKoRYaTe/IbHBIA pe3yJbTaT ABJAeTCs, KakK H B pa3oGpan-
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HOM Bhillle IPUMepe, CJAEACTBUEM OCAOXKHAIOIMX SJEKTPOJIHS BTOPHYHHX XH-
MHYECKHX peaklHil, HaJaraiomuxcs Ha npoctoil nepBHuHH# npouecc. Cuha-
yaJla Ha Katofe BHAEJseTcs B BUje Ny3bIpbKOB rasa BOJOPOJ, a Ha aHoje —
rpynna 8O;. 3ta rpynna cefiyac e BCTynaeT ¢ BOIOH B peaKLHIO 1O Hamy-
CaHHOMY BhILLIE Y PAaBHEHHUIO, U B Pe3YJIbTaTe MOJIEKYJIA CePHOM KHCJAOTH CHOBA
BOCCTAaHABJHBAETCS, a HA aHOJE BhIJeNsieTcs KHCJIOPOJ, BXOAsHMI B COCTaB
Bojin. BHewHe npouecc nporekaer Tak, YTO KOJHYECTBO CepHQH KHCIOTH B
pacTBOpe OCTaeTCs HEMSMEHHHM, a KOJIM4eCTBO BOAH YGhiBaer. [Toaromy B
3TOM cAlyyae, KaK M NPH 3JeKTPOJIH3e MHOTHX APYTHX KHCJIOT H OCHOBaHHI,
4acTO TOBOPSAT O PAasJIOXEHHH BOAK 3JEKTPHYECKHM TOKOM WJIH 06 3JeKTpo-
JiM3e BOAH. 3TO Ha3BaHHe He cOBCeM TOYHO. OHO NpPaBHJILHO NEpefaeT OKOH-
YaTeNbHEIH PE3yJIbTAT, HO 3aTEMHSET PasJIHuHe MeXIY TeM NePBHYHLIM IIpo-
LleccOM, KOTOPBIi HemoCcpeICTBEHHO CBA3aH C HPOXOXIEHHEM TOKa uyepes
3JIEKTPOJIUT, H BTOPUYHBIMH XUMHYECKHMMH DeaKUHsIMH MeXIYy NPORYKTaMH
9TOrO NEPBUYHOTO Mpollecca.
Paasnuuue MeXAy nepBHYHBIMH U BTOPUYHHIMH IIPOLECCaMH NPH 3/IeKTPO-
JIH3e MOXKHO IIOKa3aTh Ha CAelYIolieM onuTe, ByneM npousBoauTs 3/eKTpO-
- nus pacTBopa mnoBapenHoit comn (NaCl),
—-—@-— B37B B KaUeCTBe 3JeKTPOJ0B, HalpuMep, Mex-
] Hele IVTacTHHKH. Ha Katoge MH 6yneM Ha-
GJ110/1aTh BhiJle/IeHHe BOIOPOa K 0Gpa3oBaHie
eqkoro Hatpa (NaOH), a na anoge — obpa-
soBanue xJopucroil Megu (CuCl), T. e. coe-
4 JHHeHUA XJopa c MeTaJuloM aHoaa. Herpyn-
*==— HO II0Ka3aTb, OJHaKO, YTO BCe 5TH HPOAYK-
TH SBJAAIOTCS pe3yJbTaTOM BTOPHYHBEIX pe-
aKIMil, B KOTOPhIe BCTYNAIOT BHIJENHBLIHECS
Ha 3JEeKTPOAAaX YacTH MOJIEKYJIh XJOPUCTOTO
HaTpa: Hatpuil Ha KaToje M XJOp Ha aHo-

Paembop
NaCl \

el
H Hrobbl y6equThCsl B TOM, YTO I€PBHYHBIM
HpolleccoM fBJIsSeTcSl HMEHHO BEHIeJeHHe Ha
Puc. 109, Dn1eKTpoaH3 pac-  3JeKTPOax HaTPUA M XJOpa, HOBTOPHM
TBOpa noBapeHHOH conH. Ha  3ToT onmT, B3iB B KauyecTBe aHOAA YTOJdb-
aHOJle  BblleNfieTCsl XJOp,  HHIii CTep:KeHeK, a B KadecTBe KaToja — CJIoH
Ha KaTole — HarpHil KUOKOR pTyTH, HaJHUTOH Ha JHO coOCyAa
g (puc. 109). OcpoGoxpalomufica Ha aHOge
XJIOp He PearHpyeT C yIJleM H BhJeJseTCs B BUJe y3bIpbKOB rasa. Ha karo-
Jie e BHpenaserca Hatpui. [TpaBna, HenmocpeaCcTBeHHO MBl 3TOrO HATpPHs 3a-
METHTb He MOXKeM, [IOTOMY 4TO BEHIIe/JIHBLIMECS] HA NOBEPXHOCTH PTYTH aro-
MHl ero ceffyac e npocayuBalotes (AUdGYHAUPYIOT) B TOMLY XUAKON PTYTH.
OfHaKo 06HapyKHUTh UX HeTpyAHO. JloCTaTOYHO Moc/ie IPOXOXKAeHHS TOKa B
TeyeHHe HEKOTOPOTO BPeMeEH NeperoHATh PTYTh MJIH, elne Ipome, o6JauTh .
ee ropsivefl Bogo#t. Harpuit BeTynaer npu 5ToM ¢ BofoH B XUMHIECKYIO peak-
M0 110 ypPaBHEHHIO

2Na4-2H,0 = 2NaOH 4-H,,

TlyseipbKH BOAODOfA BHAEISIOTCS Ha NOBEDXHOCTH PTYTH, a €AKMA HaTp
(NaOH) pactBopsiercs B Boze, cooblnas ei IeJOYHHe CBOHCTBa: KpacHas
JJakMycoBasi- 6yMaxKKa, NOTPYXeHHas B 5Ty BOAY, OKpalIMBaeTCs B CHHMH
nset. TakuM 00pasoM, BhIOpaB HajJeXamuM 00pa3oM 3JeKTPOIH, MBI Ha-
6aonaeM BHEJeHHE Ha HMX NEepPBHYHHX NPOAYKTOB 3JIEKTPOJH3a: HATpHA
U XJopa.

BaXHO OTMETHTb, OJHAKO, UTO HE3ABUCUMO OM MO20, 6HiBeARIOMLR AU
Ha 9AeKmpoOax nepeudrbie nPOOYKMbL HACKMPOIUIA UAU NPOOYRMbL 6MOpUY-
noix peakyuti, saxonst Papades 6ceeda coxpansrom cury, Hanpumep, gna shi-
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JleJIeHHA OJHOTO MOJIAl BOAOPOAa TpeGyeTcs HMPOXOXKAECHHE Yepe3 SJAEKTPOJHT
3apsana 96 484 K1 He3aBHCHMO OT TOrO, ABASAETCA JIH STOT BOXOPOA NMepBHY-
HhIM TPOAYKTOM, KaK NpPH SJEKTpoJu3e ceproil KHCIOTH (H,50,), win npo-
ZIYKTOM BTOPHYHOM PeaKllHH, KaK NpH 5J1eKTpoJHae noBapeHHof conu (NaCl).
2TO CTAHOBUTCH COBEPUIEHHO NMOHATHHM, €CJM ME BCIOMHHM, UTO KaXKAhIMH
aToM Kakoro-HuGynb BelnecTBa, BBIAEAAIOIMHCA Ha SJEKTpOAax, BCTymas
B JaJbHeiilnHe XHMHYECKHe peaKIlHH, MOXKET 3aMeHuTb cobo#i Jaub6o oaun
aTOM HJIH TPYNIY TOH XKe BaJeHTHOCTH, JTHGO HECKOJIbKO aTOMOB, 06imas CyM-
Ma BaJICHTHOCTEH KOTOPRX paBHa €ro BaJIeHTHOCTH.

§ 71. dneKTpOAHTHYECKAs AHCCONMANMA. MbI BHAMM, UTO npe-
cTaBjenHe 06 HOHHOH NPOBOAHMOCTH AeHCTBHTENILHO XOPOLIO H
NpOCTO OOBSICHSIET sIBNeHHe dJeKTponu3a. OTKyAa ke GepyTcs
HOHBI BHYTPH 3JIEKTDOJNHTA, €CH LAO PACTBOPEHHST MOJEKYJIBI
PACTBOPEHHOTO BellleCTBa OBIH B EJOM He 3apsiKeHbI? Bo3uu-
KAlOT JIE 3TH HOHBI NOJ JAefCTBHEM NPHJIOKEHHOTO 3JIEKTpHUE-
CKOTO TOJIS1 HJTH 3Ke OHH HMEIOTCSI BHYTPH 3JIEKTPOJIHTA C CAMOLO
Hauasa, ellle /O 3aMbIKAHHS LENH?

Hecso:knble ONBITBI H  pacCYXKAEHHS [OKAa3bIBAlOT, UYTO
pasjienenue MOJEKYJ Ha 3apsiKeHHbIe HOHBI He CBSI3aHO ¢ Ha-
Juuuem ToKa. IlefcTBHTENBbHO, eclH OBl MOJIEKYJbl pasphiBa-
JIHCh BHELIHHM JIEKTPHUECKHM I10JIeM, TO AOJKHA Oblja GbI Cy-
IeCTBOBATh HEKOTOpAsi MHHHMAJbHAsl HANPSXKEHHOCTb NOJS B
3JIEKTPOJIHTE, HeOOXOAUMAZd /s HauaJjia 3JeKTPOH3a H 3aBHCS-
masi OT NpPOYHOCTH MoJeKyJ. OINBIT Ke NOKasHBAaeT, YTO 3TO
HE TaK H UTO 3JeKTPOJH3 HauHHAeTCS NpPH JIoGOM, CKOJb YrOfi-
HO MaJIoM Ilojsie. DTO MOXHO NPOBEPHUTh, HalpHMep, TPOBOS
3JIEKTPOIH3 MEIHOTO KYNopoca NPH MeAHbIX 3JeKTpOjAaxX, Kor-
Ja HeT  HCKaXKalollero BJIHSHHS TOJASIPH3alHH SJEeKTPOJOB
(§ 77), Kakoe 6biBaeT, HAIpUMEP, NIPH JEKTPOIH3E NOAKHCIEH-
Hoft Bogel. Ilomo6HOro poja OMBITH MOKAa3LIBAIOT, YTO HOHBI
BO3HHKAIOT He NOJ AeHCTBHEM TOKa, a 06pasyloTcsl B NIpoIecce
pactBopenns BellectBa. O6pasoBaHHe HOHOB NPH PACTBOPEHHH
HOCHT Ha3BaHHE SAEKMPOAUMUMECKOU Ouccoyuayuu.

PactBopeHHe He Bcerja CONPOBOXKIAeTcsl AHCCOLHAlHel
Ha HOHBI, a NOSTOMY H He BCE PACTBOPH! NPOBOJAT IJIEKTPH-
yeckKHH TOK, CJIEAYIOUHA ONKIT HAIVISIAHO TOKAa3bIBAET TaKoe
pasnuune. .

CoefHHHM [OCNTENOBATENbHO € JIEKTPHUECKOH JaMIOUKOH
COCYA, COfepXallufi AHCTHIJTHPOBAHHYIO BOAY H ABAa METaJJH-
YeCKHX 3JEKTPoJa, H BK/IIOUHM HX B OCBETHTEJILHYIO CETb.
Jlamnmouka cBeTHTbcsl He OyjeT, TaK KaK AHCTH/JHpPOBaHHas
BOJd [PAKTHYECKH He sIBJsIeTCS] NPOBOAHHKOM: B HeH pacTBO-
peHo JHHIb HHYTOXKHOE KOJHUECTBO NpHMeCeH, a CaMH MoJe-
KYJbl BOJBI OUYTH HEAHCCONHHPOBAHEI, BpocHM Tenepb B BOAY
wenoTky caxapa. PactBop no-npexxuemy O6yjeT OcTaBaThes
HENPOBOJALIHM, 3HAYHT, MOJNEKYJbl CaXapa INPH PacTBOPEHHH
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He nHcconuupyiot. Ho eci BMecTo caXapa pacTBODHTB B BoJXe
HIENOTKY MOBAaPEHHOH COJH HJIM HECKOJbKO Kareib COJAHON
KHCJIOTBE, TO JIaMNOYKa HauMHaeT cBeTHThea (puc. 110): Bog-
HBINl PacTBOD COJIM NPOBOJHMT 3JEKTPHUECTBO, a CJIEJOBATENILHO,

Puc. 110. Boxunit pacTBop KHCTOTH HJIH COJMH NMPOBOJHT 3JeKTPHuecKHil
TOK

B HeM MPOHUCXOAMT 3JEKTPOJIUTHYECKas auccounaumsi. Ko-
HEUHO, B 3TOM OIbITe JIAMMOUYKa CJAYKHT TOJBKO HHAMKATOPOM
TOKa M MOXKeT ObITh 3aMeHeHa KaKUM-HHOYZAb H3MepUTeJbHBIM
npu6opom. .

TpencraBnenue 06. 37eKTPOHTHYECKOH JHCCOUMALMH, COMNpPOBOXKAAIO-
mefl pacrBopenue, BBesl wBeACKHH ¢u3uK W xumuk CBaHTe Appenuyc
(1859—1927). Appenuyc cienyomuM o6pa3oM OGBLACHHJ pasJHuHe MeMxIy.
3JIEKTPOJIHTAMH H He3JeKTPOJHTaMH, PaBHO KaK H TO OGCTOSTENBCTBO, YTO
MMEHHO BOJHBIE PACTBOPHI OCOGEHHO -XOPOLIO MPOBOAAT 3JEKTPHUECTBO.
K uncsny 2/1eKTpOJHTOB OTHOCATCS BEilleCTBa, MOJNEKYJIhI KOTOPHIX MOCTpoe-
HBl U3 TMOJIOXKHTETbHO H OTPHULATEJbHO 3apsKeHHHX aTOMOB, ClepiKHBae-
MHX CHJIaMH 9JeKTpu4ecKoro B3auMopeiicTBusA. OfHAaKO CHJa B3aHMOgeMHCT-
BHS MeXIY IBYMs 3apsilaMd B Cpeje ¢ AH3JIeKTPHUeCKOH MPOHHLIAEMOCTBIO B,
corJlacHo popmyJe (36.4), ymenbuaerca B € pa3. IlostoMy B pacTBOpHTeJE C
GOMbIION JU3JIEKTPHYECKOH MPOHMIAeMOCThIO (y Bomel £=8]) cuJuI, cuep-
JKHBAIOIHE HOHBI B MOJIEKYJE, 3HAYHTENbHO YMeHbUIAlOTCs. MoJeKyJn H3
Takux c¢J1a60 CBA3aHHWX HOHOB MOj . AeHCTBHEM HeNpepHIBHRIX TEMJOBHX
coypapeHu# «pa3GHBAIOTCS» Ha 3apsKEHHHIE YaCTH — HOHHI, T, €, HCMBITHI~
BAIOT 3JEKTPOJUTHUECKYIO JHCCOLUALHIO. ’ ]

71.1. TloueMy BOKpYFT 5J¢KTpOJIHTa, HampuMep BOKPYT pacTBOpa mo-
? BapeHHOi COJIH, HeT 3JeKTPHUYECKOrO NOJIsl M OH MpeJCTaBJIsieTCsl HaM
- He3apsi)KeHHbIM, XOTS BHYTPH HEerO HMEIOTCS 8apsixKeHHBIe HOHBI?
71.2, Touemy Bce pasHOHMeHHuIe HOHBI B 3JIeKTPOJIHTe He COBHpaoTCs
noJ JeHcTBHEM B3aUMHOTO TIPHTSIKEHHS] B HEHTPaJbHEe MOJEKYJn?
Yro momieprkHBaeT Bce BPeMs HOHH3aLUIO BHYTPH 3JEKTpOJaHTA?
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§ 72. TpapynmpoBka amMnepMeTPOB MPH TNMOMOWULH SAEKTPONH3A.
fBJlenHe 3J1EKTPOJaH3a JaeT YAOOHBIR crnoco6 H3MepeHHA 3a-
psija, NpolleAllero Yyepe3 HEKOTOPHIH yuacTok nenu. Has sro-
' TO JIOCTAaTOYHO BKJ/IIOYHTHL B 3TOT YYaCTOK 3J1€KTPONHTHUECKYIO
BaHHY, HanpuMmep cepeGPsHYIO, ¥ H3MEPHTb MacCy Bbijle/MB-
Hmierocs Ha 3JIeKTpojax BellecTBa. UacTHOe OT JejieHHA MacCH
ocajlka Ha ero 3JeKTPOXHMHUYeCKHH 3KBHBasleHT GyJeT paBHO
3apsany, NpollelleMy Yepe3 YYacTOK HelH.

Jas onpenejeHHs CHJIBL TOKa B IeNH JOCTaTOYHO Ompeje-
JHTh MacCy OCajKa.Ha 3JeKTPOAaX H BpeMs, B TeueHHe KOTO-
poro atoT ocafiok ofpaszomancs. Ecau Tok ocraBasmcs 3a 3To
BpeMsl HEH3MEHHEIM, TO YacTHOe OT JieJIeHHsl MacChl OCajlka Ha
BpeMA. M Ha 3€KTPOXMMHUECKHH SKBHMBajeHT JacT CHJY TOKa
B leMH. ‘

Takum 06pa3oM, nepshii 3aKOH Dapajesi NO3BOJSIET CBECTH
H3MEPEHHA TOKA K H3MEDEHHIO MACChl H BDEMEHH, T. €. K OYeHb
NPOCTHIM H Ype3BBIYaHHO TOYHBIM ONEpaLHAM.

Koneuno, npoitie Bcero Gbwio Gbl 32 €MHHLY KOJHUECTBA
3JIeKTpHUeCTBA (M 3a COOTBETCTBEHHYIO €IHHHIY CHJBI TOKa)
NPHHATb TaKO€ KOJNHYECTBO, KOTOPOEe BHIJENsIeT NPH 3JeKTpo-
JH3e eQUHHIY Macchl Kakoro-1H6o BeilecTBa, Hanpumep 1 T,
unn 1. mr cepebpa *). Ho Mbl yXe ycJ0BHAMCH 3a eIMHHLY
3JIeKTPHUECKOTO 3apsjfia TNPHHHMATh KYJOH; MO3TOMY MOTpe-
GoBaJIMCh OYeHb TIATENbHEIE H CJAO0XKHBIE ONBITH 110 YCTaHOBJE-
HHIO 3JIEKTPOXUMHUECKHX 3KBHBAJIEHTOB, C NOMOIIbIO KOTOPHIX
MBI MOXKEM H3MePAThb NyTeM 3/JeKTPOaH3a 3aps] B yKe BeIGpaH-
HBIX €JMHHLAX, KYyJOHAaX, a CHJY TOKAa — B aMmIepax.

[lonb3ysicb yCTaHOBJIEHHBIMH 3HAUEHHAMH 3JIEKTPOXHMH-
YeCKHX 3KBHBAJIEHTOB, MOXKHO OU€Hb TOYHO TPafyHPOBaATh am-
nepMeTprl (TaJlbBAaHOMETPRI) JoGoro ycrpolicrea. s aToro
JOCTATOUYHO COEJUHHUTDH NOCAEJOBATENBHO 3JEKTPOJHTHUECKYIO
BaHHY M aMmnepMmeTp, NPONycKaTh B TeUE€HHE H3BECTHOI'O Bpe-
MeHH HEH3MEHHHIH TOK (0 YeM MOXXHO CYJUTb NO TNMOCTOSHCTBY
nokasanuil amnepMmerpa), a 3aTteM ONpPEJENHTbh B3BElIHBAHHEM
Maccy BBUIEJMBIIEToCS BellleCTBa. 3HAsi ero 3MeKTPOXHMHUe-
CKHH 3KBHBAJIEHT, MOKHO BBIYHCJAHTbL KOJHUECTBO NPOILEIIETO
3JIEKTPHUECTBA B KYJIOHAX H, Pas3fieMB TNOCJAE/HEE HA BpeMs
onbiTa f, HaliTH TOK B amnepax. KoHeuHo, Ha NpakTHKe yKa-
3aHHBIM CNOCOGOM NOMB3YIOTCA JIMIIb A TPAJAyHPOBKH 3Ta-
JIOHHBIX amnepmeTpoB. MMesl TakHe TaTeJbHO NPOTPajyHpPO-

*) dapapedt npeataran s aGCOJIOTHHIX - H3MePeHHH 3JIeKTpHUeCTRa
NPHHATH 332 MHHHIY TO KOJHYECTBO 3/IEKTPHUECTBA, KOTOPOE NPH 3JEKTPO-
JIu3€ BOABI BBIAEJSET B NPHOOpE VIS SJIEKTPOIH3A OIHY COTYIO KYGHYECKOro
JiofiMa rpeMyyero rasa. 310 KOJHYECTBO 3JEKTPHUYECTBA B NIEPECUETE Ha COB-
peMeHHbie €AHHHNIL TPHOJIH3HTebHO pasHo 0,7 K,
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BaHHble AMNIEPMETPLI, MOXHO, BK/IIOUHB HX MOCJAEAOBATENBHO C
HCC/Ie[lyeMbIM aMIIEPMETPOM, NPOTPANYHPOBAThL STOT MOCJEN-
HHH, DIeKTPOTUTHYECKHH Xe Coco6 BCerja MoxeT GBITh MU~
MEeHeH VISl KOHTPOJIS IOKa3aHHi STaJIOHHOTO aMniepMeTpa, eciIt
BO3HHKaET COMHEHHe B €r0 HCIPAaBHOCTH.

§ 73. Texnnueckne NpHMEHEHHS SMEKTPOJIH3A. SIBIEHHE /€K~
TPO/IM3a HAXOJHT ceGe MHOTOYHMC/IEHHblE TEXHHYECKHE MPHMe-
HeHMUsl. .

1. Snexmporumuneckuii memod nosyuenus wucmolx meman-
208. XOPOLIHM TIPHMEPOM SIBIISIETCS SACKMPONUMUHECKOE OUK~
(lleHHe HIH paduHMpOBaHMe Meiu. Mejmbie PyABI cOpepar
CEPHHCTBIE COCJHHEHHS MEIH, ee OKHCJBI, a TaKke H NpPHMECH
nocTOpOHHHX MeTamoB (Ni, Pb, 8b, As, Bi u ap.). [Tonyuen-
Hasg HENOCPEJCTBEHHO H3 PYAH Melb, COAEpXauias MPHMeECH,
OTVIHBAeTCsi B BHJie TJIACTHH H TIOMeIlaeTcs B KayecTBE aHOJA
B pactBop CuSO,. Ilop6upas onpefenennoe HanpsikeHHe Ha
anekrpoaax Banuol (0,20—0,25 B), MoXHO N06UTBCS, YTOGH! Ha
KaTOJle BBIAEJIANACh TOJILKO MeTra/yiiyecKasi Meib. IIpH 3TOM
NOCTOPOHHHE NPHMECH JIHGO NepexXoiAT B pactsop (6e3 Bbijie-
JIEHHsl Ha KaTroje), JIH6O BBINAJAIOT HA JHO BAHHBI B BHJE OCA-
Ka («aHOAHBIl LIIaK»). .

LI 70777 e VILTI0L02002770 077

Puc, 111, Tlomyuenne MeTalIHYeCKOrO a/IIOMHHHS 3/JEKTPOTH3OM paciliap-
fleHHEX GOKCHTOB, CONEPXKaUIHX OKHCh AJMIOMHHHA: I — YroJibHele aHOMEI,
2 — AHO H CTeHKH YTOJbHOM BaHHBI, CJyKalllHe KaTOAOM

OJIEKTPOJIHTHYECKOE H3BJICYEHHE META/IIOB MOXeT IIPOHCXO-
JHMTb HE TOJBKO H3 BOJHHIX PacTBOPOB, HO TAKXKe H M3 pacmJa-
BOB 3THX BellleCTB, KOTOPbie H B TBEPJAOM COCTOSIHHH 06pa3oBa-
HEl u3 HouoB (manpumep, NaCl); npu mJaaBieEHH HX HOHBI
NPHOGPETAT HEOGXOJMMYIO - IOABHXHOCTb., DJIEKTPOJIH3 pac-
IJIaBOB JIGKHT B OCHOBE IpOLiECcca OFPOMHOI TeXHHYeCKOH
BaXHOCTH (pHC, 111} — nosmyyenus MERAIIHYECKOTO AJIOMHHHS

158



H3 GOKCHTOB, colepKallux oKuch amomunna (Al,0;). Tak Kak
IpPH 3THX TpoLeccaX NPHMEHSOT oueHb GOJbIIHE TOKH, TO BhI-
Jeasomascsa, cornacHo 3akony Jlxkoynas — Jlenna, rtensora
OKa3blBaeTcsl IOCTATOUHOH JJIA TIOJNEPXKAHHS BelllecTBa B pac-
NJIaBJEHHOM COCTOSIHHH.

[TonyueHHe MerasJIOB MyTeM 3JEKTpoJH3a (3/1eKTpoMerasn-
JIYPTHsl) HTPAeT B COBPEMEHHOH [[BETHOH METa/JIYPTHH HCKJIO-
UHTEJILHO BAXHYIO POJb. B Hacrosiee BpeMs Bechb aJIIOMHHHH
Jo6bIBaeTCA 3JMEKTPONHTHYeCKH. Js1 fo6bIBAHHA AJMIOMHHHSA
CTPOSIT TMTAHTCKHE TNpEANpHATHA. DHeprus, 3aTpauHBaeMas
HA 3JIEKTPOMETA/LTYPTHIO BO BCeM MHpPE, HCUHCJSETCS MHJJIHAD-
JaMH KHJIOBaTT-4acOB B TOJ.

2 73.1. KakoBa MOWIHOCTb TOKa, NPH NMOMOIIHM KOTOPOTO MOXKHO MOJY-
° yuTh 150 Kr amoMmHauA B cyTkH? KakoBa Heo6xoJHMasi IOBEPXHOCTD
SJleKTPOIIOB? SJICKTPOJIHTH'-ICCKOC NoJiyuyenye aJIloOMHHUA BeleTCA IIpH

HanpsXKeHHH OKoJIo 5 B ¥ mlortHocTH TOKa okoso 40 A/M2, Tlotepu
cocraBJsioT OKoslo 5 % Bcedl 3aTpadyeHHON 3HepTHH.

2. I'aavearocmeeus. HOCpeJlCTBOM EKTPONIH3a MOXKHO IO~
KPBITh MeTaJJIHUeCKHE TIPEIMETEL CJIOEM JPYroro mMeraJJa. Sror
MpouecC HASBIBAETCA eaAb8aAHO-

: + -
cmeeueti. Ocofoe TeXHHUECKOE m
3HaYeHHe HMEIOT [IpH 3TOM
3JIEKTPOJIHTHUECKHE TIOKPLITHS ~—
TPYJHO OKHCJISIEMBIMH MeTaJlj1a- <=l ;r_l
MH, B YacTHOCTH — HHKeJIHPO- :

2

BanHe H XPOMHpOBaHHe, a Tak- .
Ke cepeOpeHHE H 30JI0UeHHE, _ / _
YacTO MpHMEHSeMHE JIs mpe- < _ =m @
JIOXPAHEHHS] METaJVIOB OT pas- s :
pylleHHs Ha Bo3ayxe (OT Kop- 5 7 >
posuu). '

JIs1  TOJYYEHHS HYKHBIX Puc. 112, JnekTponsTHyecKOe HH-
KeJlHpoBaHHe: | — HHKeJIeBbie aHO-

MOKPBITHA MPEAMET TIATENBHO 1y 2 _ puenupyeMsii npenMer,
OUHIIAIOT MeXaHHUeCKH, o06e3- CJyXKallHil KaToioM
XKHPHBAIOT H TIOMELIAIOT KaK Ka- :

TOA B 3JeKTPOJHTHYECKYI0 BaHHY, COJepXallylo COJlb TOro
MeTa/l1a, KOTODBIM KeJaloT TOKphTh mnpeaMeT. Ha pue. 112
H3006paxKeHa 3JIEKTPOJHTHYeCKas BAHHA JJIl HHKENHPOBAHHA.
B kauyecrBe a/meKTposiTa ynoTpelb/sIOT Pas/HYHHE PACTBODH -
cosell uukend. s Gosee paBHOMEPHOTO MOKPHITHS TOJIE3HO
NPHMEHATH JiBe IVIaCTHHBL B KauecTBe aHOJA, NoMellas Tpea-
MeT MeXJy HHMH. :

] 73.2. Ilp# a/eKTpPOMHTHYECKOM HHKeJHDOBAHHU OOWIYHO ymorpefns-
‘e IOT TOK IVIOTHOCTH OKOJ0 40 A/M2. CKOJILKO BpeMeHH HYXKHO BECTH
8JEKTPOJIH3, YTOOH MOJYUYHTB CJOH HuKeas Toamyuna 0,02 Mm? Iior-
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HOCTh HuKesAst paBHa 8,8+103 kr/m®. 3HaueHne 2JeKTPOXMMHUYECKOTO
SKBMBAJICHTA HHKeJA, HeOGXOLHMOE AJIA PelleHUs, BHYHCAUTE CaAMH,
NpHHAMAR BO BHHMaliKe, YTO HHKeJIb ABYXBAJGHTEH W OTHOCHTENBHA 7
aTomHas Macca ero pasHa 58,70.

73.3. Hafinure Maccy cepHOKHCJIOIO HHKeJA, KOTOPBI JOJKeH GbiTe
H3DacXO0BaH A/l HHKeJHPOBAHWA MOBEPXHOCTH, MMeoLled MIOHIAfL |
50 cm?, ecam TOMHHA TNOKPHITHA HuKeleM JOJKHA OBITh paBHa
0,02 mm. CkonbKO BpeMeHH HYMHO NPOBOXHTb HHKEIHRPOBaHue MpH
nioTHocTH Toka 30 A/mM%P

3. Tarvsanonsacmuka. TlocpedCTBOM 3JEKTPONH3a MOKHO
HE TOJbKO TIOKPHITH MPEAMETH! CI0eM TOTO HJIH HHOTO MeTasna,
HO U U3TOTOBUTH MX penbedHble METaNMHYeCKHe KOMUU (HanpH-
Mep, MOHeT, Meaasel  T. m.). DToT npouecc ObLn1 HU300peTeH
pycCKuM QU3MKOM M 37eKTpoTexHHKoM Bopucom CemeHOBHUeM
Ako6u (1801 — 1874) B COPOKOBBIX TOfax NPOILIOLO BEKa M
HasblBaeTca eaavearonracmuxod . [l uarotopnenus pesanedHo
KONHU C TNpeiMeTa CHayana JAeNalT CJAENOK U3 Kakoro-jubo
IJIACTHYHOTO MaTepHaja, HanpuMep M3 BOCKa. IJTOT CJIeNOK
JeMAI0T 3MeKTPONPOBOAHBIM, IOKPHIBAA €r0 rpaduToM, H Norpy-
AT B 3JIeKTPOJNUTHUECKYIO BaHHY B KauecTBe KaToja, [AeHa .
HeM M OCaK/MaeTCsl CJOH MeTaslia HYXHOH TOJINUHEL

FanbBaHON/IaCTHKA HAXOJAMT Ba’KHOe NPHMEHEHHe B THIO-
rpadckom fene, B mpouecce 3JeKTPOTHNHH. B 3TOM npouecce
CHAYAJTa U3TOTOBAAIOT OGBIUHBIA HAOOP TEKCTa U CHUMAIOT C HETO
CJIENOK M3 BOCKA MJM I1acTMacchl. Tlocne mOKpHITHS crenka
rpahuTOM HA HeM OCAKIAIT B SJEKTPONUTHYECKOH BaHHe TOM-
CTbIl CJOH Meau M Uil NPUJAHHA NPOYHOCTH CJIOK MeAH KO-
MO 3aJTMBAIOT C 3aHell CTOPOMEI «THIOTPa(pCKUM MeTaLIoM» *),
TTonyuennas penvedHass xomus HaGopa ynorpebnsieTcss 3aTeM
AJIs1 mevaTaHHsa, '

*) «Tunorpapckuit Merai» — JNETKON/aBKufl CNiaB Ha  OCHOBe
CBHHIA,



nasa VIi. XMMUYECKME M TEMNOBLIE
TEHEPATOPbI TOKA

§ 74. Bsepenne. OtkpoitHe Boastwl. B ra. III mbl nokasann,
YTO HeNpephLIBHBIA 3JIEKTPHYECKHH TOK MOXET MOJJePXKHBAaTb-
¢l B LeNH NPOBOJHHKOB C COMPOTHBJIEHHEM TOJNBLKO NPH YC/0-
BHH, UYTO B LieNH AeACTBYeT KaKoH-1H60 reHepaTop, ABJAIOLIH-
¢l HCTOYHHKOM 3. A. C. [IpH NpOXOoxKJeHHH TOKa B LK Hempe-
PBIBHO Bblje/fieTcsl SHepPTHA, HanmpHMep B BHAe Tensa, Harpe-
BAIOLIETO NPOBOJA; SHEPTHA 5Ta JOCTABJAETCS T'eHepPaTOPOM B
pe3ysbTaTe TeX HJIH HHBIX NPOHCXOJALIMX B HeM NPOLECCOB,
KOTOpBle MOTYT OLITh BechbMa Pa3HO0GDa3Hbl; B COOTBETCTBHH C
9THM BeCbMa pPa3sHOOGpPa3HbIMH “MOTYT OLITb H TeHepaTopbI
3. X. ¢. B § 39 Mbl Hcnonb3oBallH B KayecTBe reHepaTopa 3JeK-
TPHYECKYI0 MallHHYy, pabGoTaloLlyl0 3a CueT 3HePTHH Bpallalo-
L[ero ee ApHratens (HampuMep, MYCKYJbHOH SHEpTHH). Ml
yKe YKa3bIBa/ld, YTO KOJNIHYECTBA JIEKTPHYECTBa, pasjelfeMble
TakoH MaulMHOH 3a OAHY CeKYyHAy, BeCbMa HE3HAYHTeJbHBI, H
MO3TOMY TaKasi MallHHA He MOXKeT O6eCMeuHTb MOAJepIKaHHe
TOKa CKOJIbKO-HHO6Y[Ab 3HAYHTENbHOH CHJBL.

IlepBbiM reHepaTopoM 5. A. C., OTKPBIBLIHM BO3MOXHOCTb
IIHPOKOIO H3yYeHHS H NPAKTHYECKOro MCMOJNL30BaHHA SJIEKT-
pPHYECKOT'O TOKA, fIBUJICA FaJbBaHHYeCKHH 3JeMEeHT, B KOTOPOM
SHeprHsa, BbljenfleMas B LleNH TOKa, MOJyyaercs 3a CueT Hep-
THH, ocBoGoxjamwuleficd NpH XUMHYECKHX peaKLHfX, CONpo-
BOXJAIOUINX paboOTy 3JeMeHTa.

Takoii xuMHuYeCKHii reHepaToOp BriepBble NOCTPOUN HTANbAH~
ckuil ¢u3nk Aneccauapo Bosbra (1745—1827). Bonabra. ycra-
HOBHJI, YTO Da3sjie/leHHe SJIeKTPHUYECKHX 3apfsion (BO3HHKHO-
BeHHe 3. A. C.) NPOHCXOJHT NPH COMPHKOCHOBEHHH Pa3JHYHEIX
NPOBOJHHKOB, B pe3y/blaTe Yero Ha rpaHHIe CONPHKOCHOBe-
HHSl Ha OJQHOM H3 MeTa/lJIOB CKalIHBAalOTCA OTPHIATeNbHbIE 3a3-
psimbl (M3GBITOK 3/1€KTPOHOB), a-Ha APYTOM — MOJIOXKHTE]bHbIE
(HEeoCTaTOK 3JIEKTPOHOB),

TansoBanugeckuil sJeMeHT NOAYUYHS CBOE Ha3BAHHE N0 MMEHH HMTAJIbH~
CKOro Bpada ¥ aHaroma Jlyamku Fanvpaua (1737—1798), onuTal KOTOPOrO
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JaJH TOJYOK K HccenoBaunaM BoabTh, anbBan# 06HapyXHJ, YTO CBEXKe-
npenapupoBaHHas JSTYledbs Janka, MOJBEUICHHAS HA MEIHOM KPIOKe K
XeJle3HOH nNepeKkJajuHe, coKpamasiach BCSIKMH pas, KOrJa OHa Kacanaach
xeneza (puc. 113). Tak Kak B 9TH BpeMeHa yiKe GBJIO H3BECTHO, YTO Ipe-
NapHPOBAKHAR J1aNKa JATyUIKH COKpalaeTcsl IPH NpPONyCKaHHH uepe3 Hee
3JIEKTPHYeCKOrO paspsia (Hampumep;
paspsina JefileHcKoli  GaHkH), TO
TanbBand npaBuJbHO NpHNHCAJ Ha-
GarofaBlileeCst HM sIBJIeHHe JefCTBHIO
paspsjaa, HO OH OWHGOYHO mojiarad,
YTO 3JIEKTPHYECKHE 3apsiikl BhIpaba-
THBAKTCS BCISACTBHE KAKHX-TO JKH3~
HEHHBIX MNPONECCOB B JanKe Jaryui-
ku. Boabra, nocraBuB GH3HUECKHE
ONEITH, YCTAHOBHJ, YTO SIBJIEHHE CBA-
33HO ¢ HaJIHYHEM JIBYX Pa3NHUYHBIX Me-
TaJJIOB (Melb KPIOYKA H KeJIe30 nepe-
KJaJuHuk), CONPHKACAIOMIUXCS C 3J1eK-
TPOJHTAMH. (KHAKOCTHIO B JACYUIEYb-
el JlanKe H cJioeM BJard, MOKPRIBAiO-
el B OGBIYHBIX YCJIOBHSIX BCE MeTal-
Puc. 113. Onun u3 oneiro Iadb- - jpuecpkpe NpeIMeTH), H 9TO JAry-

BauH. [losicHHUHEIC HEDBBI JAIYMI=  yneqpg janka Mrpada JHmb podb
KH COeJMHEHEl C JIATYHHBIM KPIOY-  yyperpyrenpnoro npuGopa, o6Hapy-
KoM 1, KOTOPHIH BHCHT Ha XKe/e3-  wypaoniero paguume TOKa,

HoM crepXHe 2, Ecau Myckyam

JanoK JSCYUIKH COEMMHHTL CO
cTepKHEM 2 NOCDeICTBOM Kele3- § 75. Npasuno Bosbrol. Tasib-

HON WHAJOYKH 3, To. OHH pesko BAHHHECKHH 3jeMEHT. SIBaenue,
COKpaIAIOTCst ycTaHoBjeHHOe [ajbBann W
Bonbroii,— pa3neneHue 3aps-
IOB, T. €. BO3HHKHOBEHHe 3, [I. C. Ha paHuLe COMPUKOCHOBEHHS
pPa3JUYHEIX NPOBOJHHUKOB,— OBLIO HCIOJNb30BAHO ISl TOCT-
poeHHsl rajbBaHHYecKOro 3JjeMeHTa. OfHaKO, KaK BbISICHHJ]
Bousbra, Heflb3s MOMYyYUTb FajbBaHUYECKHH SJEMEHT, eclu co-
CTaBHUTb 3aMKHYTYIO Lellb H3 OIHHX TOJbKO IPOBOJHUKOB mep-
BOro poja (yroJb H MeTaJJbl), KOTOpPble He NpeTepreBaioT HH-
KaKHX XMMHYeCKHX H3MeHeHUl mpu npoxoxjeHud toka (§ 40).
DTo moKasbplBaeT CJeLYIOIHUH OMBIT.

IIpukpyTuM K KOHLAM Keje3HOH IPOBOJOKH NO KYCKY
MeJHOH NpPOBOJOKH U CBOGOLHblE MeIHble KOHLH NpHCOeIH-
HHM K YYBCTBUTEJBHOMY ranbBaHoMeTpy (puc. 114). Mul nojy-
YHM 3aMKHYTYIO lienb, COCTOSIILYIO H3 eJle3HOH, IBYX MeIHBIX
NPOBOJIOK M TIPOBOJIOKH (B BHJAE HUTH WJM KATYyILIKH), Tpei--
cTaBasollell co60ifl OCHOBHYIO YacTb rajJbBaHOMeTpa. Takum
06pa3oM, 5Ta lelb COCTOHUT LEIHKOM U3 MEeTaJOB (IPOBOIHH-
KOB Nepporo poga). B 3tux ycnoBusX jgaxe BecbMa 4YBCTBH-
TeJIbHBIH Ta/bBaHOMETP He O6HApYKUBaeT ToKa. Toka He OyzeT
M B TOM cJIy4ae, ec/lH BMECTO Ke/Je3HOH IPOBOJOKH Mbl BO3b-
MEM IIHHKOBYIO HJIH €ellle KaKyio-THGO0 HHYIO, eC/IU BMECTO CKPY-.
YMBaHHUsA Mbl CMasieM JBa NPOBOJAHHKA, T. €. BBEIEM CJIOH Tpe-:
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TBETO MeTajlJla — OJI0Ba, HJIH cOCTaBHM Oojlee CJO0KHYIO LEIb,
coJiepKalllyIo He JBa Pa3HbIX MeTaJslJia, a TPH, YeTHpe H Boobwle
Ja60e HX YHCA0, ITO 3HAUMT, UTO 8 Yenu, cocmosuweld us npo-
11380A6HOR0 HUCAQ 10ObIX Memaanos, 3. 0. . pasHa Hyao (1pa-
BHJIO BoabTh).

IlpaBuso BosbThl CTOHT B NIyGOKOH CBSI3H C TeM 0GCTOSI-
TeJBLCTBOM, YTO MeTasJbl (IPOBOJAHHKH TEPBOTO POJia) He uchbt-
MbLeaON  XUMUMECKUX UBMEHEeHUU Nnpu npoxoxclenuu moka
(§ 40). Ecun 661 npaBuiio BosbTel He ¢06/M01a/10Ch, TO MBI MOTVIH
Obl YCTPOHTD L€Nb, B KOTOPOH TOK IUeJ Obl B TEUEHHE IJIHTEIb-
HOI'O BpeMEHH H coBepiuan Obl pasHooOpasHyl pabory, Ha-
npuMep BpawaJsa Oul MOTOp, 6e3
yMEHbUIEHHSl 3alaca 3SHEpPTHH
stofi uenu. JlefcTBUHTENBHO,
BHYTPEHHSS 3HEPTHSA TaKOH le-
OH He MOXeT YMeHbIIAThCH,
u60 BellecTBa, €€ COCTABJAN-
mue (MeTaNIbl), He H3MEHSIOT-
csi. Ho ecnH BHYTpeHHAS 3HEp-
[HSl LIeOH He YMEHbINAeTCs H K
LEMH He MOJBOJMUTCH H3BHE Tell-
JIO, TO MO 3aKOHY COXpaHEHHS
SHEPTHH HE MOXET M COBEp- o . 14 g 3aMKHYTO# LienH, co-
WwaThesi paGoTa, T. €. B HEMH HE  crapmentiof ToabKO Ha NPOBOJIHHU-
MOXET = NOJNCPXKHBATBCA [JIH-  KoB nepBOro pojia, TOK He BO3HH-
TeJIbHBIH TOK. KaeT: @ ¥ b — chad JBYX Meral-

-Herpyaso nousAts, novemy 7108
B 3aMKHYTOH LENH H3 PasJuy-

HBIX MPOBOJHHKOB ME€PBOTO pOJa HE HJIET TOK, T. €. 3. 1. C.
paBHa HyJ/IO, XOTH Ha TPAHHIAX COMNPHKOCHOBEHHS OTAENIbHEIX
OPOBOAHHKOB BO3HHKaeT, KaK Mbl YKasblBaJH, 3. 4. ¢. B Ta-
KOH LlenH €CTb HEeCKOJILKO MECT CONMPHKOCHOBEHHS Pas/HYHEIX
MeTaJJIOB, MO KpaiHed Mepe JBa HJH Goabwe (puc. 115),
CrnenoBareslbHO, B HEMH BO3HHKAeT HECKOJBKO PAa3JHYHBIX
3. 1. C,, OTJIHYAIUHXCA elle H MO HalpaBlIeHHIO (3HaKY),
Tak yro obwas (pesyJbTHpywIas) 3. A, ¢. paBHa ajre6pau-
4ecKOH CyMMe BCeX OTAEMbHBIX 3. [, €. ITOCKOMBKY OmHIT moKa-
3BIBAET, .YTO B TAaKOH HEMH HET TOKa (YTO MOXKHO HpPEABHIAETH
Ha OCHOBAHHH 3aKOHA COXPAHEHHSI IHEPTHH), TO, CJAEIOBATEb-
HO, aaecebpauueckas cymma ecex 3. 0.cC. 8 3amkHymou yenu,
cocmagaeHHoOd U3 nposodHuKo8 nepeozo poda, pasHa HYAo.
Onnako fiBJIeHHE MEHSIETCS, eC/IH XOTs Obl OJHH H3 YYacTKOB
LeNnH OKas3blBaeTcsi NPOBOJHHKOM BTOPOTO pojaa. HM3menenue
XHMHYECKOTO COCTaBa 3TOTO MpPOBOJHHKA MPH HPOXOXKISHHH
TOKAa MOXKeT ObIThb Haya/JoOM psila XHMHUECKHX HpeBpalleHHH,
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B pe3yJbTaTe KOTOPHIX BHYTPEeHHAA (XHMHYecKas) SHepruf
TeJI, COCTABASIOIHX LeNb, OyJeT YMeHbINATLCS, H 34 CUET 3TOH
9HEpPIHH MOXKET [OJIepKUBATBCA TOK B HenH. JleficTBHTENBHO,
BoabTa, norpy3us MeAHYyl0 H LUHHKOBYIO NJIAaCTHHBEI B PacTBOP
CEPHOH KHCJIOTHI, OCYLIECTBHJI NEPBbIH rajibBaHHYeCKHH 3Je-
MEHT, H MOHBbIHE Ha3hiBaeMblH dsemenmom Boavmer (puc. 116).
"CoelHHAsT KaKHM-JHG0 TIPOBOJHHKOM, HanpHMep MeTasliHye-
CKOH NpPOBOJIOKOH, MEIHYIO H UHHKOBYIO IJIACTHHBI. (3/1EKTPO-
Jb1) - 3neMedTa BoabThl, Mul no-
JYYHM B ITOH 3aMKHYTOH LenH.
3JIEKTPHYECKHH TOK.
. DneMeHT BOMBTEI COAEPKHT

/ “.
BC€ HEOOXOAHMBIE AJS JHOGOTro .
’ %
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AT é
== é =]
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@ ~ Pacmbop Hy50,
Puc. 115, llenn, cocrapjeHHbie Puc. 116, daement Bosbth. llens,
H3 HECKOJBKHX TPOBOJHHKOB Nep- ~ B KOTOPOH Jipa Pa3fiMYHLIX Meras-
BOTO poja: @) KOHTaKT IByX pa3- Ja (Melb H IHHK) COIpHKacaloT-
JIMYHEIX TIPOBOJHHKOB; 6) KOHTAaKT ¢ ¢ 3JeKTpoJaHTOM (pacTBopoM
Tpex pa3/IMYHHX ITPOBOAHHKOB CEPHOM KHCJIOTHI)

ralbBaHHYECKOTO 3JleMEHTa YacTH: JBa Pas/HYHEIX NPOBOA-
HHMKA NepBOro poja (UHHK H MeAb), CONPHKACAIOMMECA C Mpo-
BOJAHHUKOM BTOPOro pojia (pacTBOp cepHOil KucaoTh). Ho npak-
THYECKH 10O NPHYHHAM, KOTOphle GYAYT BHIACHEHHI B § 77, 3TOT
aJeMeHT Hey00eH, Tak Kak 3. JI. C. ero, BHayaje paBHas 1,1 B,
npu paGote ameMeHTa GhicTpo napaer. [losToMy Ha npaxTHke
yalle NPHMEHSIOT APYTHEe 3JEMEeHTBl, OTJIHYalonmHecs OT 3J1e-
MeHTa BoJbThl HHEIM TIOZGOpPOM NPOBOAHHKOB NEPBOTO H BTO-
poro poja.

IlnacTHHBEI raJbBaHHYECKOTO 3J1E€MEHTa, MEXIY KOTOPhIMH
BO3HHKAET pAa3HOCTb MOTEHUHAJIOB, Ha3bIBAIOTCA MOJIOCAMH
(uau snekTpoiamu). ToT nmomoc, ¥ KOTOPOro MOTEHLHAJ BhILE,
Ha3bIBAETCS MOJIOKHTENLHBIM (MM aHOZOM), APYTOH — OTpH-
naTenabHbIM (KatogoM). B anemente BoabThl nosnoxuTeNbHBIM
HOJIIOCOM CJYXKHT MEAb. ‘ " _

Yacto ynorpebasercs sasemenrmt  [arnueassn, NOJOXKUTENL-
HHM 3JICKTPOJOM KOTOPOrQ SIBJASIETCS Mefb, NOIPYXKEHHAs B
MeAHBIH KYIIOpPOC, a OTPHLATENbHbIM — IHHK, MNOTPYKEeHHbIH
B IHHKOBBIH KyNOPOC HJIH CePHYIO KHCJOTY. B 00blYHOH KOHCT-
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pykuud (puc. 117) s/1eKTPOAH NOMEWAIOTCS B CTEKJSHHBII
cocyn I, UMHKOBBIH 3/eKTpoA 4 OKpy»eH pacTBopoM ZnSQ,,
a MelHbifi-sjaektpos 2 okpyxeH pactBopoM CuSO,. UToGm
npenoXPaHUTbh PacTBOPREI OT OLICTPOrO CMeILHBaHHS, OHH pas-
JigJIeHBl MOPHCTOH MeperopoAkoil 3 3 HeOGOMCKEHHOH TIVIHHEI.
Takoe ycrpolictBo, oGbsicHenHOe HHxe. (§ 78), obecneunBaer
AJHTENbHOE paBHOMepHOe AeHCTBHe 3JeMeHTa [laHMens B or-
JAuYHe OT 3jeMeHTa BouabThl; 3. A. ¢, snementa Jlanuens pas-
za 1,09 B.

@,

',

7 2 3 & .

Puec. 117, 3nemenr Jdaudens: cleBa — OTAeJbIHE €r0 4acTH; CHpaBa —
B co6paHHOM BHJE

B § 77 mel yBuauM, 4yTO B GOJIBILHHCTBE TajbBAHHYECKHX
3JIEMEHTOB MMpPH AJHTEJIbHOM HX HCMOJb30BAHHH BO3HHKAIOT
BTOPHYHBIE NPOLECCHl, M3MEHSIOLHEe NABAeMOe 3THMH 3JeMeH-
TaMH HampsikenHe., OIHAKO HEKOTOpble TaJbBaHHYECKHe
3/IeMeHThb! OTJIHYAIOTCS HCKJ/IIOUHTENbHBIM NOCTOSIHCTBOM Hampsi-
JKeHHS M MOSTOMY HAXOAAT LIMPOKOEe NpHMeHEHHe NpH 3JeKT-
pHYECKHX M3MepeHHSX B KaueCTBe 3TajoHa Hanps:keHus. Ciy-
XKalllie JJIsi 3TOTO 3JeMEHThI H3TOTOBJSIIOTCS MO TOYHBIM,
YCTAHOBJIGHHBIM: MEXAYHAPOJAHBIMH COTVIAIEHHSIMH PelelTaM,
ONpefeNsollEM XHMHUECKHH COCTaB H KOHHEHTPAIHIO HX 3JIeX~
TpoauTOB. OHH HA3BHIBAIOTCSl HOPMAJILHBIMH 3JeMeHTaMH. B Hac-
TOsilee BpeMsl vyalle BCero = ynoTpeb/sieTcsi HOPMAaJsbHBIIH
snemeHnT Bectona, paromuit npu 18°C nanpsikenne 1,0187 B.

3aMeTHM, YTO 3. A. C. TOTO MJH HHOTO TraJbBaHHYECKOTO
3/leMeHTa OlpeaensieTcsl TOJbKO NOAGOPOM METa/JIOB H 3JIeKT-
' POJUTOB M COBepLIEHHO He 3aBHCHT OT ILIOMIAJH SJEKTPOJOB,
CONPHKACAIOLIHXCA ¢ 3JeKTPOJMHTOM. [IpHUMHBI 3TOTO CTaHYT
BIOJHE SICHB, KOrAa Mbl pa3bepeM Ipomecc BO3HHKHOBEHHS
8. I C. B 3JIeMeHTe,

§ 76. Kak BO3HMKAIOT 3. J. C. H TOK B ralbBaHH4ECKOM JIeMEeHTE?

JIerKO 3aMeTHTb, UTO OJHH H3 3JMEKTPOJOB TaJbBAHHUECKOTO
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snieMeHTa (OGBIYHO LMHKOBBIA) IIOCTeNeHHO H3HalIMBaeTes
(pacTBOpsieTcsl), eCJH 3JeMEHT JaeT B TeueHHe AJIHTeJIbHOTO
BpeMeHH 3J1eKTpudueckuil Tok. ITo3TOMY MOXKHO npegnosarars,
uTO BOSHHKHOBEHHE 3. X. C. TaJbBaHHUYECKOTO 3jieMeHTa CTOHT
B CBfI3H C NIPOLECCOM PACTBOPEHHUS
MmeTasaa, JeHcTBUTenbHO, HCCIR-
JoBaHHe O0HapyXHBaeT, uUTO NpH
NOTrpYy KeHHH MeTalla B Pa3BeleH-
HYIO KHCJIOTY HauHHaeTCs Npouecc
ero pacteopenus. [1pu stom, ogna-
KO, B PacTBOp Nepexo AT ie Hel-
TpajbHble aTOMBI MeTa/ia, a ero
NOJIOXKHUTENbHBIE HOHBI, H30BITOY-
- HBI€ JKe 3JIeKTPOHKI OCTalTCA B Me-
Puc, 118. DBosHukHOBeHHe Tajljle M 3apsXKalOT ero OTpHLa-
3. A C-Meméy UHHKOM H PACT-  resipyo  (pHC. 118).
BOpOM CEPHOM KHCAOTH On@HaKO 3TOT MPOLEeCC PacTBo-
: peHHsl OueHb CKOPO NPHOCTaHAB-
JMBaerTcsi, M60 NO Mepe YBeIHUYEHHS KOHUEHTPalMH HOHOB
B pacTBope HauMHaeT Bce GOJIbINYIO POJIb UTPaTh. O6paTHBLIA
NPOLECC: HOHBI, OKPYXKalllMe 3JIEKTPOJ, B CBOEM TEIJIOBOM
JIBHXEHHH HaJeTaroT Ha JIEKTPOJ H BBIIEJAIOTCA Ha HEM, HEHT-
panu3yach H3OBITOUHBIMH 3JEKTPOHAMH, OCTAIIUMHCA B Me-
Ta/ile, Bckope ycTaHaBlMBaeTCsl paBHOBeCHE: UHMCIO HOHOB,
nepexoJfllHX B pacTBOP 3a HEKOTOpPOe BpeMs, CTaHOBHUTCA
PaBHEIM YHCJY HOHOB, OCaXKJAIOIIHXCA H3 pacTBOpa 3a TO XKe
BpeMsi, DTOMY PaBHOBECHOMY COCTOSIHHIO COOTBETCTBYET Olpe-
JeJIeHHas Pa3sHOCTh NOTEHHHAJOB MeXAY METa/ljIoOM H pacTBO-
poM, XapakTepHasi I NPUPOXABI MeTajsla H PAaCTBOPHTEJ,
Bosuukatomas pasHoCcTh NOTEHIHAIOB, KOHEUHO, HE 3aBHCHT
OT pasMepoB IOTPYXeHHOH YacTH MeTa/j1a, HO0 YKasaHHOE
paBHOBeCHe YCTaHABAHBAeTCA Y KaXKI0Td yuacTKa NOBEPXHOCTH,
COTpHKAcaiollerocsi ¢ pacTBOPOM.
3aMeTHM, UTO INpPH CONPHKOCHOBEHHH C SJEKTPOJTHTAMY -
GOJIBIIMHCTBO MeTa/IOB 3apsKaeTcsl OTpHLaTeNbuo. B aie-
MeHTe BoJsibThI, HalpuMep, H Melb H LHHK N€PeXOIAT B PaCTBOP
B BHJe MOJOXKHTEJNBHBIX HOHOB H 00a 3JeKTPoJa 3apsiKaloTcs
orpuuaresbio. Ho H36BITOK OTPHIATENBHOIO 3apsiia H COOT-
BETCTBEHHO Pa3HOCTb MOTEHLUHANO0B MeXAY KHCJIOTOH H MeIbio
MeHbllle, YeM MeXJAYy KHCJI0TOH ¥ LuHKoM. [lostomy mjis Toro
4TO0BI HCHO/IB30BATH 06Pa30BABIIYIOCSA Pa3HOCTb NOTEHUHAIOB
MeXIy MeTaJJIOM H pacTBOpHTeJeM, Mbl JIOJKHBI TIOTPY3HTh
B PacTBOpPHTENb ellle OJHH 3JEKTPOJ H3 JAPYroro marepuasna,
JIeHCTBHTENBHO, €CIH B CEePHYI0 KHCAOTY HOTPY3HTb JiBa
HHHKOBHIX S/IEKTPOAa, TO NMOTEHHHaJ KaxkJIoro H3 HHX Oyaer
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Ha OJHY H TY XKe BeJIHUHHY HH2Ke NOTEHIlHa/a pacTBOpa, a cJje-
JIOBaTeJIbHO, MeXJAY OOGOHMH LHHKOBBIMH 3JIEKTPOJaMH pas-
HOCTb NOTEHIHA/OB OKAXeTcsl pPaBHOH HYmo H npubop He 6y-
JIeT 1eficTBOBATb B KauecTBe rasbBaHHUeCKOro aseMeHta. Ho
ec/IH BTOPOH 3JIeKTPOJ, CAle/laH H3 JApYyroro matepuana, TO pas-
HOCTh MOTEHIHANIOB MEXAYy HHM H pactBopoM OVJeT HHOM,
yeM JI/IS IepBOTo U3 3/1eKTPoJoB. CJeIoBaTe/IbHO, MEXAY ABYMA
pasJHYHBIMH 3JIEKTPOAAMH OOHapYXXHBaeTcs PasHOCTb MOTEH-
[HAJIOB, 3aBHCALLAA KaK OT NMPHPOALI PACTBOPHUTENA, TaK H OT
NPHPOAB OGOUX 3JIEKTPOIOB. ,

Hanpumep, B ciyyae ssnementa BoJbThl (IHHK — cepHast
KHCJI0Ta — MeJfib) Pa3HOCTb MOTEHIIHAJOB MEXAY KHCJIOTOH H
[IHHKOM, TaK e KaK H MeXJY KHCJOTOH H Mefbl, OTPHIa-
TeNbHA. MHBIMH CI0BaMH, ecjld MbI GYJeM OTCYHTHIBATBL BCe
Pa3HOCTH NOTEHIHAJIOB OT YPOBHA KHCJOTHI, OTEHIIHAN KOTO-
poO#i MBI NpHMeM 3a HYJIb, TO MIOTEHLHAN MeH Oy aeT paBeH —Uy,
a noreHudan uuuka —U,, npuueM mo moapymo —U, Gosb-
me —U; na 1,1 B. TakuM oGpasoM, MeXJy MeIbl0 H IIHHKOM
OKaMeTCA PasHocTh moTeHuuanoB (—U,)—(—U,)=U,—U,=
==1,1 B. [Tox jaelicTBHEM 3TOH pPa3sHOCTH NOTEHIHAJOB 3JEKT-
POHEL OYAYT MepeXoAuTh N0 NMPOBOJIOKE C IIHHKOBOH MJIACTHHEI,
rjJe HX H30bITOK OOJIbllle, HA MeJ-
HYIO, rJle HX H30BITOK MEHBIIE.
(YcaoBHOe HanpaBJeHHE TOKA, KO-
neuno, obparuoe: or Cu(+4) K
Zn(—).) Mb! BHIHM Tenepb, moue-
MY 3. A. C. 3JIeMeHTa He 3aBHCHT
OT NJIOILA/H 3JIEKTPOJIOB: OHA NpPeJ-
craBifeT cofoH pasHOCTb Hampf-
JKEHHH, BO3HHKAIOWMUX HAa TpaHH-
X MEX/Y 3JEKTPOJIUTOM U 3JIeK-
TPOJaMH, a KaKJI0e H3 ITHX Ham-
pAXKEHHH 3aBHCHT TOJBKO OT MpPH-
PO/l :Me}u{TPOJIOB H OT XapakTepd Puc. 119. Cxemaruueckoe #306-
B32HMOJEHCTBHS MEXLY HHMH H  [awenme ApwmeHHA 3apsios
SJIEKTPOJIHTOM. B 3aMKHYTOM ra/JlbBaHHUECKOM

PaccmoTpHM Temepbp Ha TpH- anemente anuess
Mepe oasemeHta Jlanuens, Kak
TIPOHCXOAUT ABHMKEHHE 3apAJ0B B lieNH 3aMKHYTOrO rajbBaHH-
4eCKOI'0 3/J1eMEHTa H KaKHUM 00pa3oM NOJIepKHBAETCA 3TO JBH-
JKeHHe 3apfloB, T. €. IeKTpHUecKHH TOK. Jljf fICHOCTH 3.je-
MmeHT Jlanuens H3oGpaxen sna puc. 119 B ¢xemaTuueckom BHIE
(mBa cocyna, uaoGpaxenHnle Ha puc. 117, 3ameneHsl AByMsl Ka-
MepaMH, JIeBOH H TpaBoH, pa3jie/eHHHMH NOPHUCTOH nepero-
pozxoi). B npaBofi KaMepe HaXOAUTCs LMHKOBBIH 3/1EKTPOA B
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pacTBope LHHKOBOH coau (ZnSO,), a B 1eBOA — MeAHBIR EKT-
poa B pacteope MenHo# comn (CuSO,). Korna anement pasomx-
HYT, MEXY KaXKAbIM 3J€KTPOJOM H OKPYXKaIOIHM €ro 3JeKTpo-
JIHTOM YCTaHABJIHBAeTCA TaKaf PAa3HOCTb MOTEHLUHMaJOB, NpPH
KOTOPOH HMEeT MeCTO pPaBHOBECHe, T. €. OJHO H TO e UYHCJIO
HOHOB NEPeXOJUT 3a eIUHHIYy BpeMeHH M3 3JeKTpOJHTa Ha
3JIEKTPOJ H 06paTHO. MeTassibl He pacTBOPAIOTCA H HE OCENaloT;
KOHLEHTpPAalHsl pacTBOPOB He MEHSeTCs.

TTocMoTpuM Tenepb, YTO NPOH30HIET, KOTZA MBI COEAMHHM
3/eKTPOAB MeTalNuecKoll TIPOBOJOKOH, KaK MOKa3aHo Ha
puc. 119. Tak kKak MexIy MeIHHIM M IIMHKOBBIM 3J€KTPOJAaMH
CYIEeCTBYET, KaK MBI BUJEAH, HEKOTOpas PA3HOCTb MOTeHLHa-
JIOB, TO BO BHeliHel LleNy 31eKTPOHBI HAUYHYT YXOJHTb OT 3JeKT-
poza ¢ 6onee HU3KUM NOTEHLMANOM (LHHKOBOTO) K.3JEKTpoly @
GoJiee BEICOKUM noreHUuamoMm (MenHomy). Ilpu stoM pasHOBe-
CHEe MEX]Y 3JEKTPOJOM H OKDYKAlOmIUM €ero 3/JeKTPOAUTOM
B o6enx KaMmepax Hapymaerci. B npaBoii Kamepe LHHK CTa-
HOBHTCA HEIOCTATOUHO OTPULATENBHEIM (YACTh 3€KTPOHOB C He-
ro yuuwia); B JIeBOH KaMepe Melb CTAHOBHTCA CJAHLIKOM OTpUIA-
TeJBbHON (CloJla NPHLIIH JMIIHKE 3JeKTpoHEl). Benencteue s1o-
ro B mpaBofi KaMepe LMHK HauHeT pacTBOPATBCS; B PacTBOP
GylyT NepexoiuThb NONOJHUTENbHBIE WOHH Zn?*, a Ha UHHKe
6yIyT OCTAaBaTbCR 3JEKTPOHEI, BOCCTAHABJIUBAIOLIIHE €0 3a-
pan. B neBoil kamepe, HaoGopoT, HoHbl Cu?* 6ynyT HefTpanu-
30BaThCA Ha 3/JEKTPOJIe H3OBITOUHEIMH 3JIEKTPOHAMH U OCaXK|aTh-
cA Ha HeM B BUJe HellTpalbHBIX aTOMOB. Takum obpasoM, B
pesy/abTaTe PacTBOPEHUS LMHKA KW OCaxJIEeHUA Meld PasHOCTb
NOTEHLHANOB MEeXKIYy 3THMH 3JeKTpojaMH OyJeT Bce BpeMsl
COXPaHATbH NOCTOSIHHOE 3HAueHHe, U B Lend OyIeT WATH M-
TeJIbHHIH TOK INOCTOAHHOW CHJIBL. )

Mbl BUIHM, YTO B ONKCAHHOM Ipoliecce B NpaBoil KaMepe
JOJMHBI ObLTM Obl HaKanAWBaTbCA W3OBITOUHBIE HOHBI Zn2t,
a B JeBoi — u3bbiTouHble HOHBI SO} ™. Ho 3TH npoTHBONONOXHO
3apsKeHHble YacTHIR NPUTATHBAIOT APYT Jpyra, H TaK Kak
neperopoiKa Mexiay Kamepamu HopucTas, TO Houel SO;~ npo-
CauuBalOTCA yepe3 Hee U3 JIeBOH KaMephl B N1PABYIO, K KOHLEHT-
pauua ZpSO, B npaBoil Kamepe Bo3pacTaeT. B JeBoii KaMmepe,
Hao6opoT, BeejcTBue yxona HoHOB Cu?* K Meiu U HoHos SO~
B NpaBylo Kamepy Kouuentpauusa CuSO, B pacTBope y6riBaeT.
TloHaTHO, 4TO ecM Gbl aAeMeHT paboTal B 3THX YCJIOBUAX O~
CTAaToOYHO JIONTO, TO KOHUeHTpauus ZnSO, B npasoil Kamepe
JOCTHIJIa Obl HacChlleHHs M M3 pacTBopa Hayaau Gbl BHINANATh
kprctamael ZnSO,, a B neBoit KaMepe KoHueHTpauus CuSO;,
ctazna Obl HacTOMIbKO MaJioi, 4TO 3. J. C. 5/71eMeHTa ynaza Gbl 10
HYJISl, H 3J1eMEHT He MOT Onl Jlanbilie paGoTath.. [ToaToMy, 4Tobu
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ofecrieyHTb AJIHTeNbHYIO paboTy 3/7eMeHTa, BBOAAT B PacTBOP.
sanac kpHucraanoB CuSO,, KOTopble MOCTENEHHO PacTBOPAIOTEs
H TOAAEPKHBAIOT - paCTBOP B COCTOAHHH HAchiuieHHA. B co-
- cyae (puc. 119) usbbitounsie Kpucradael CuSO, u ZnSO, Jse-
JKaT MPOCTO Ha JHe (He H300paXKeHbl).

Mel BHIUM, TakHM 06pasoM, 4To, B TO BpeMsl Kak BO BHelll-
Hell lenH TaJbBAHHYECKOTO 3JIeMeHTa (B MPOBOJAX) ABHXK YTCS
5MEKTPOHbI OT MecTa ¢ (oJiee HH3KHM IMOTEHLHAIOM K MeCcTy
¢ Goslee BBICOKHM, T. €. OT LHHKOBOTO 3JIEKTPOJA K MeIHOMY,
B 3JIeKTPOJIMTe [BHXKYTCS HOHBI: OTpHLATeJNbHble (QHHOHBI
SO3~) oT Melld K UMHKY H NOJIOMKHTeJIbHble (KaTHOHbI Cul+ H
Zn**) or uuHKa K Meau. Takum o6pa3oMm moJjiep:KUBaercs He-
NpepbIBHbIH KPYrOBOPOT 3apfAJIOB KAaK BHe 3jIeMeHTa MO Mpo-
BOLaM, COCTAaBJAIOIHM BHELUHIOW LeNb, TaK H BHYTPH 3J1eMeH-
T4, yepe3 3JeKTponuT. HanpapieHue ABHKEHHS 3JEKTPOHOB H
KaTHOHOB B c/yuae 3JeMeHTa [lanHens mokasaHo Ha puc. 119
CXeMaTHYECKH MajleHbKHMH cTpejikamH. COryIacHO YCJIOBHOMY
'0003HAYEHHIO HampasieHHs Toka (§ 41), Bce 3TH NMOTOKH 3apsi-
IIOB 06pa3yioT OGIMH TOK, LUHPKYJHPYIOWHUE MO LemH B Ha:
NpaBleHHH OT MeJH K IHHKY.

Taxk e B OCHOBHOM NPOHCXOJHT IpoLlecc BO3HHKHOBEHHS
3. A. C. H TOKa H B JAPYTHX TaJIbBAHHYECKHX 3JIeMEHTaX, XOT
YacTo STOT OCHOBHOH TIPOLIECC OCJOXKHAETCS BTOPHUHBIMH pe-
AKIUAMH, MPOUCXOAAIHMH Ha 3JIeKTPOjax.

HCTOUHHKOM 3HEPTHH 3JeKTPHYECKOTO TOKa SIBJSETCH 3HEPTH#, BhI-
JeJISI0IAACT IPH XHMHYECKHX PeaKUHsX MeXAY 3JEeKTPOAAMH H 3JeKTPOJIH-
TaMH, CBA3aHHHIX C NPOXOXKJAeHHeM TOKa, B siemente JlanHeas, KaK Mmul
BHJIeJIH, TAKHX peakuHil aBe: pacTBOpeHHe LIHHKa H NpeBpaileHHe €ro B
ZnSQO,, ¢ opHOM CTOPOHH, H BEHeNeHHe MeaH H3 pactBopa CuSQy, c aApyro#
ctopoHH. IlepBasi H3 3THX peakuuil ugeT ¢ BHaesJeHHeM 5HeprHH. Ecau ee
NPOBECTH B KaJOPHMETPE, TO MOXKHO ONPEAEJHTb, YTO NPH PAcCTBOPEHHH Of-
HOTO MOJS UHHKA BLIJEJSETCS KOJHYECTBO TEMJOTH, paBHoe 4,4.10% [Ix,
Hanpotus, peakiwis BheJeHHS MeIH — 3TO peakuus, Tpedylowas NPHTO-
Xa 3Hepruu usBHe, Ha BHJEJeHHE OJHOTO MOJS MEAH HYXKHO 3aTpPaTHThb
sHepruio 2,34 .10° dx. PasHocTs 3Heprud, ocBoGoxpaiowefics NpH pacTso-
PEHHH NHHKa, H SHEPTHH, NOrJI0IAeMOl NPH BHJEJEHHH MEIH, paBua (4,4—
—2,34)+10% 1:x=2,06 105 {3x. D10 H ecTb TOT 3anac 3HEPTHH, KOTOPHI MO-
XeT JaTh 3JIeMEHT NIPH PaCTBOPEHHH OJHOT O MOJIi UMHKA H COOTBETCTBEHHO
BLIeIEHHH OJHOTO MOJISE MeIH.

Orcioga HETPYAHO PAcCCYHTATh TEOPeTHYECKH, KaKoBa JO/NKHA OHITh
9. &. c. snementa Hanuensi. ITonoxuM, uTo TOK, OT6HpaeMHil OT 3JeMeHTa,
HacTOJbKO MaJl, 4tO Hanpsokenne U MexJy €rc saKHMaMH NPaKTHYECKH
paBHO ero 3. A. c. Mul sHaem (§ 57), uto paGota A, cosepiuaeMasi TOKOM,
paBHa 3apsAy ¢, NPOTeKuleMy B LeNH, YMHOXEHHOMY Ha HanpsnxkeHue U,
Ho npu BuizeneHnn Ha 3AeKTPOAE OZHOTO MOJS JBYXBAJAeHTHOR MeJH uepes
uenb nporekaer 3apsia ¢=2-96 484 K. Crano 6uth, paGora, copepaemas
TOKOM, paBHa 2-96 484-U [Mx]~1,93-10° U [[1k]. 3ra pa6ora, oueBnano,
Jio.'mma GeiTh paBHa SHEPTHH, ocnoGoxmalomeuc;{ B pesy/IbTaTe XUMHYECKHX '
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peaknumil, NPOHCXONAIAX B 3jeMente, TakuM ofpasaM,
1,93. 105U [dx] = 2,06. 108 J1x,
OTKYZAA -
‘ U=1,07B.
TonyueHHOe HaM¥ 3HaueHue odeHb 6/M3KO K HcTHHHOMY (1,09 B),

OQueBHIHO, YTO pacTBOpEHHE 3JeKTpoja (IlMHKa) POHCXO-
JT TOJIbKO TOTJAAa, KOTJAa OT TaJbBaHHYECKOTO 3jieMeHTa 6epyT
TOK; B HepaboTaiouleM (Pa3OMKHYTOM) 3JIeMEHTe JeKTpoJ He .

JIOJI3KEH pacTBOpAThCA, IlpakTH-

zn Ly YecKH, OJHAKo, TaKoe pacTBope-

HHe HMeeT MecTo. [IpHUHHA JIeXHUT
’ B TOM, YTO UHHK OOBIYHO COJEp-
JKHT HEKOTOphle BKJIOYEHHS JpY-
THX MeTajJIOB, KOTOphlE COIpPH-
KacamTCsi ¢ pPacTBOPHTENIEM H HT-

=9 palT poJb BTOPOTQ 3JIEKTPOAA.

—]

—-1 Takum o6pa3oM, 3arps3HeHHb#
~ 7| UHHK, ONYWEHHBIl B KHCJOTY,
—| mpexcraBaser caM no cebe rajib-
- - BaHHYECKHH 3/1eMEHT H [IPHTOM KO-
T ") pOTKO 3aMKHYTBIHl H, C/leJl0BaTeb-
Puc. 120. Bosnuxuopenye nma- HO» pa60Taxoumi'{. Bnaroaapﬂ 9THM
PA3HTHLIX TOKOB B TaJbBaHH- «[MapasHTHBIM» TOKaM (pHC. 120)
4ECKOM 5JIeMeHTe MOXET [POHCXOIHTb pacTBOpe-
HHE LHHKOBOTO 3JIEKTPOjJa, KOrja
OCHOBHOH TaJIbBAHHYECKHH 3/JeMeHT pa3OMKHYT H He pa6o-
taer, Urobbl H3bexKaTh 3TOTO, HAJO NMPHMEHATb OYeHb YHCTHIE
MeTaJ/lIbl, KaK, HalmpHMep, B HOPMAJbHBIX» TajbBaHHYECKHX
3j1eMeHTaX, HJIH JelaTb LHHKOBBIA 3/1€KTPOJ MOJbEeMHEIM,
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76.1, CKO/MBKO IHHKA pPAacTBOPHTCA NOj JAeHCTBHEM TOKAa B 3Je-
. meHTe Jlauuens, ecay oH Nockiiaet TOK cHiu 0,5 A B Teuenue 5 Muu?
- DIeKTPOXHMHUYECKHil SKBHBaJeHT IMHKa paser 0,3388:10-6 kr/Ka.

§ 77. Noaspusauns anekTposoB., [IpH 3aMblKaHHH 3JemeHTa
BoabTh ‘Ha BHEILHIOKO Liellb, COAEpPXAULyl0 aMIepMerp, JIETKO
3aMETHTb, YTO MOKAa3aHHsA aMIepMeTpa He OCTaloTCA IOCTOSIH-
HBIMH, a HellpepbiBHO . IeJAIOTCA BCe MeHblle H MeHblle. Yepes
HECKOJIBKO MHHYT I[I0C/1e 3aMblKaHHA CHJIA TOKa Majaer B He-
CKOMbKO pa3. Takum o6Gpa3oM, sjeMeHT BojibThl OKa3biBaeTcs
HEMPHTOJHBLIM JJISl IOJydYeHHsS MOCTOSIHHOTO TOKa. B uem e
3aKJII0YaeTcsl IPHYHHA YMEHBILEHHS TOKa?

OTtBer Ha 3TOT BONMpOC MBI HAXOJHM B. CJELYIOIIEM OILITS,
OnycTHM B MOAKHCAEHHYIO BOAY /B3 OJHHAKOBHIX 3JEKTpOja,
HalnpuMep TJIATHHOBBIX WJIH yroJbHHIX (pHC. 121, @), H npu-
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COeMMHMM HX K .amnepMeTpy. AMmepMeTp He NMOKaXeT HHKaKo-
ro TOKa, UTO H HEyJMBHTENbHO, TAaK KaK MBI YK€ 3HaeM, 9To
MEXJY ABYMA OJMHAKOBEIMH 3JIEKTPOJAMH (YTOJb =~ YTOJIb)
JiaX<e B pACTBOpE /IEKTPOJIHTA He BO3HHKAET PA3HOCTH OTEHIHA-~
7108, OTCOeMHUM Tenepb 3TH YrOJIbHbIE 3JEKTPOALI OT ammep-
MeTpa H MOJK/IOUHM MX K TaJbBaHHYECKOMY 3JIEMEHTY HJIH Ka-
'KOMY-HUOY/b MHOMY TreHepatopy Toka. Cpasy e HauHeTcd

0
\\E\un Wil fﬂ

'&\\\\?\\lln u“/“

!

I~ 5

| |

)

Puc. 121. a) B nonxuciennyio BOLy OnylneHb JBa OJAMHAKOBLIX BJEKT-
pofa, Toka B uend HeT. 6) Ilocle Toro Kak B uemd OuJl mpoOmymeH TOK,
Mex ]y 3JeKTPoJaMH BO3HHKAeT 3, . €. NOJAPH3ALHH

3JIeKTPOJIU3 CEPHOH KHCJOTHI, H Ha OJIHOM H3 3JIEKTPOAOB By-
ZieT BbiIeIATHCS BOOPOJ, @ HA JPYFOM — KHCJIOPOJ, NOJyyao-
wHics Ipd BTOPHYHOM PeaKUMH MeXAY BHIAEASIOUIHMHCS TPYI~
nama SO, W BOAOH:

250, + 2H,0 = 2H,50, + O,

Ecau OTK/OYHTD 3/1EeKTPOJBI OT 3/1eMeHTa, TO OHH OCTaloTCA M0-
KPBITHIMH MY3bIPbKaM# COOTBETCTBYIOWIHX Ta3oB .
[TpucoenuuuM Temepb 3J€KTPOAB CHOBA K AaMmepMeTpy
(puc. 121, 6). B 3Tom ciyuae B LenH MOSB/IAETCS 3aMETHSI i
TOK, TeKYIWii OT «KHCJIODOJHOTO» 3/EKTPOJAa K «BOJAOPOAHO-
Mym «BOJIOPOJHBIH» 9/EKTPOJ, HIpaeT poJb O'rpnuaTeJIbHoro
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noJitoca. BOSHHMKIIMA TOK, OJHAKO, GBICTPO ociaaleBaer; Of-
HOBPEMEHHO C STHM HCUe3aeT H a3 Ha 3JeKTPOJaxX, M KOoria
nponajaloT hoc/lefHHe CJAeIBl rasa, TO MpeKpalaercsa u TOK.

QOO6BsACHEHHE 3TOr0 ONbITA 3aKJ/IOYaercss B TOM, YTO IOC/e
9JIEKTPOJIH3a 00a JIEKTPOJA JHeNalTCAd HEOJHHAKOBBIMH! OJHH
H3 HHX [OKDBIBAeTCH CJIOeM KHCJIOpoja, a APyrodl — BOJOpO-
na. TlosToMy H noTeHuHa/ bl OGOHX 3JEKTPOJOB OTHOCHTEILHO
pacTBOpa TOXKe CTAHOBATCH Pa3/IHYHBIMH, H MeXAY HHMH BO3-
HHKaeT pa3HOCTb NMOTEHUHA/IOB, TaK UTO YroJbHBlE JIEKTPOJB
JienaoTcs NoA00HBIMH MOJIOCaM a/JibBaHHYECKOro 3jieMeHTa, [1o
3TOH NMPHYHHE ONHCAHHOE SBJIEHHE MOJYYHJIO Ha3BaHHe MOJIsAPH-
3aUKH, a BO3HHKAIOWAs MPH STOM 3. A. C.— 3. A, C. NOJAPH-
3aIlHH.

Tenepb HeTPYAHO NOHSITH, NMOYeMy 3jieMeHT BoJibThl 06Ja-
JlaeT MJIOXHMH KauecTBaMH. Mbl 3HaeM (§ 76), uTO BHYTpH 3J1e-
MeHTa TaKKe TeueT TOK, PHYEM MOJIOKHUTEIbHbIE HOHBI, B YacT-
HOCTH HMOHBl BOJOPOJA, NEpeMellaloTCs OT OTPHLATEIBHOro
nomoca (UHHKa) K mojioxuTesbHoMy (Memu). [lostomy wa no-
JIOXKHTE/IBHOM I10JIIOCE BBIIENSAETCS BOJOPOJ H BO3HHKAET J0-
MOJMHMTENbHAS 3. A. C. NMOMSPH3aLHH, CTPEMAILAscCHd BbI3BAThb
TOK MNpPOTHBOMOJIOXKHOIO Hampap/ienus. [losBrenne 3. 1. c.
MOJISIPH3alHH U €CTh OCHOBHAsl TNPHYHHa OCJabJeHHS TOXa.

~ Or™eTHM, 4TO BbIJE/NIEHHE [a30B Ha 3JEKTPOAAX Hexelarenb-
HO ellle H Mo Apyroi npuuuHe. ['a3bl, BBIIEAHBIIHECS HA 3JEKT-
pojax, He MpOBOJAT 3/eKTpHuecTBa. [losToMy .mosiBieHHe HA
3JIEKTPOJIaX NMy3bIPbKOB :Fa3a yMeHbIIaeT NMOBEPXHOCTb CONMpPH-
KOCHOBEHHSI METa/lJIa H (3JEKTPOJIUTA H, CJAeJOBaTeNbHO, yBe-
JINUHBAET BHYTPEHHEE CONPOTHBJCHHE JAEMEHTA H 3THM TaKkKe
cnocoOCcTByeT ocJal/IeHHI0 TOKa.

Y3 ckasaHHOro ciaefyer, 4To NOJISIpH3alHA B rajJbBaHHYe-
_CKHX 3JIeMEHTaxX BecbMa HexenartejbHa. [103TOMy mpH KoHCT-

PYHPOBaHHH Tra/JbBaHHYECKHX 3J1EeMEHTOB Bcerja craparorcs
CO3JaTh AENOJIIPH3ALHIO, T. €, TaKHe MPOLECChl, KOTOphIe, IO
BO3MOKHOCTH, YCTPAHHJH Obl IOJISIPH3ALHIO.

77.1, Yayuimures Ju KauecTBO 3JeMedTa BOJBTH, eclM YAAAATh BO-

. IOPOJ € TOJNOXKTENLHOTO 37eKTPOAA MeXaHHUYeckKH, HaNpumep bee
BPEMs NPOTHPAs MeAHYI IJIACTHHY JKECTKOH WIeTOYKOH?

§ 78. Jlenonapusauus B raibBaHHYeCKUX ajieMeHTaX. OCHOBHBIM
MaTepHaJoM AJs OTPHUATENBHBIX 3JIEKTPOIOB B COBPEMEHHHIX
3JIeMeHTaX siBAgercsl UHHK, [IpH 3TOM: 3JeKTpONHT NOAGHpAIOT
TaKHM 06pa3oM, 4TOGHl MepexojsiiHe B PaCTBOP MOJONKHTEb-
Hble HOHBI IHHKA, COSJHHSISCh C HMEIOIHMHCS TaM OTPHIATE/ b=
HBIMH HOHAMH 3JIEKTPOJIMTA, JiaBajH C NOCJEIHHMH PacTBOPH-
MO@ coejunenHe Oe3 BblieneHHA rasa. Tak, ﬂanpnmep, €CJIH
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SJIEKTPOJIHTOM siBasieTcsi pacteop H,SO,, TO npu pacteopennu
nuHKa obpasyercsi pacrBopuMas coib ZnSO,. TakuM o6pasom,
3ajaya JAenoJsipU3alHH CBOAHTCA TOJBKO K YCTPaHEHHIO BOJQ- .
poaa Ha MOJIOKHTE/IbHOM 3JIeKTpoe. )

- B nHacrosimee BpeMsi MPHMEHSIIOT HCK/IQUHTENbHO XHMHYeC-
Kylo JaenoJisipH3anHio. Ee CYHIHOCTb 3aKJIlo4aeTcsi B TOM, 4YTO
B 3JIEMEHT BBOJAT KaKOH-THOO CHJIbHBIH OKHCJHTENh, KOTOPHIH
. BCTYMaeT B XHMHYECKYI0 peaKUHIO C BOJOPOJOM, BHLIESIIO-
MHUMCS Y IOJIOXKHTEJIBHOTO 3JIeKTpOoJa, H 3THM NpeloTBpa-
1aeT ero BhljieJIEeHHE B I‘&SOO6P63HOM COCTOSTHHH.

PaccMOTPHM HEKOTOPhI€ NPHMEPH JENMOJAPH3AlMH B  3JIEMEHTaX.
Ha puc. 122 nokazano ycTpofAcTBO raJbBaHHYecKOro 3jementa Jlekaanume,
Ero 3JexTpofaMu ABAMIOTCA YroabHEA cTepiens (C) H LMHKOBRIH LHAMHAD
(Zn), a 51eKTPOJHTOM CJAYXKHT BOAHKH DAcTBOp HamaThps (XJOPHCTOrO
ammonns, NH,C)). B kauecte neno/sspH3aTopa B 3TOM 3JEMEHTE yNOTpe6-

JI0T nepekuch Maprantia (MnQOy). [lna nenossapusalii yroypbHuE CTEPIKEH b
NOMEIAIOT BHYTPH XOJIEBOTO MeIlKa, KOTOPHHA HaGHBAIOT H3MeJbYeHHO#

Puc. 122. Onement Jlek- Puc, 123. Cyxoit snement
JlaHie Jleknanme

NepeKHChio Mapranlla, CMEMAHHOH AJd JyYmeR NpOBOXMMOCTH C IPadHTOM.
Brigensomuitcs npu paboTte 371eMeHTa BOJAOPOJ BCTYNaeT B PEAKLHIO ¢ je-
TNOJIAPH3aTOPOM MO ypPaBHEHHIO

MnO, -} 2H = MnO-+ H,0,

B pe3yJbTaTe Yero BOLOPOA OKHC/AETCA KHC/OPOAOM AeNo/ApH3aTopa, obpa-
3ys BOLY, H B razoo6pa3HOM COCTOSIHHH He BRjesseTcs; 3JemenT Jleknanine
naet 8, 1. ¢, okojo 1,4 B,

Ha puc. 123 noka3aHo ycTPORCTBO TaK HA3WBAEMOTO 4CYXOro» 3JeMeH-
Ta, MMEIOINETO OOIHDHKE NPHMeHeHHs. DT0 — 3JeMeHT JleKsjaHIne, B KO-
TOPOM BMECTO JKHJIKOI'O 5J1€KTPOJINTA HCNOJL30BAaHA KpaXMaJHCTas Macca 1
KOHCHCTEHUHH TYCTOro KijeficTepa, cojepxamas Hamathlpb. CBepxy sie-
MEHT SaJIHBAETCH CJI0eM CMOJN 2, npensaTCTBYIONMM BHINAZEHHIO MacCH NpH
ONPOKRLIBAHHH SJIEMEHTA H NPEJOXPAHSAIOWHM €@ OT GHICTPOro BHICHXAHHS,
YroabHmi} 9AeKTpoa 3 HMEET BUJ CTepIKEHbKa, a HHHKOBUH sjekTpoa 4 obpa-
syer kopnyc saeMenta, [logo0num o6pagoM ycTpoenn Gatapeku fAs Kap-
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MaHHHX ¢onapefl: OHH CofepIKaT /Ba HJIH TPH MaJIeHbKHX CYXHX SJIEMEHTa,
COEAMHEHHHX TNOCJAE]0BATeNbHO, v

Ouenb XOpOWIO yCTpaHeHa NONApH3auMsA B 3Jemente Jamwmens (§ 75).
IMpy paGore sJeMenta y KaToa (Zn) MpOHCXOAMT oBpasoBaHHe PaCTBOPH-
moro ZnSQOj, a Ha anoze (Cu) Braeisdercsa MeTa/ulHuecKasd Melb. TakuM o6 -
pasoM, NMOBEPXHOCTH METAJIHYECKHX 3JIEKTPOJOB OCTAETCS UHCTOH, M HOJA-
pH3alKs He BO3HHKaeT.

B nocnesnee BpeMs C YCNEXOM HCNOJB3YeTCHA TaK HAaSKIBAEMHIH BOSAYII-
. Huft enoaspu3aTop, NMPH KOTOPOM JIS1 OKHCJIEHHS BOJOPOAA HCNOJL3YeTCH
KHCJIOPOJl BO3/yXa, MOABOAMMAEIA K aHOZY NPH NOMOIUH CNElHaJBHOIO yCT-
poficTsa,

§ 79. AkkymyaaTopol. SlBieHHe mMOJIAPH3ALMM, BpEJHOE B
raJlbBaHHYeCKHX 3JleMeHTaX, HaXOJIUT, OJHAKO, H IOJIe3HOe
npumenenne, B 1895 r. IlnanTé nokasaj, uro 3. A. ¢, nonsApu-
34lHH MOKHO. HCIIOJIb30BATh JJIA HPAKTHUECKOTO MOJIYUEHHS
3JIEKTPHYECKOTrO TOKA, OH MOCTPOHJI 5JIEMEHT ¢ JIBYMS CBHHIIO-
BBbIMH 3JIEKTPOJIAMH, MOTPYIKEHHBLIMH B PAcTBOP CEPHOH KHCJIO-
Thl. DJIEMEHT B TAKOM BHJe He 00J1azaeT elle 3. A. C., TaK KAk
06a ero 3J1eKTpojia OJJuHaKoBbl, ECJIH, 0JIHAaKO, uepe3 TaKoH aJle-
MEHT NPOIyCKaTh H3BECTHOE BPEMsi TOK, TO HA €ro 3JEeKTPojAax
BBLIENIAIOTCA MPOAYKTH 3/IeKTPOJH3a, KOTOpble BCTYNAlOT B
XHMHYECKYI0 peaKLHio ¢ 3JekTpojamu. bJjarogaps sromy
3JIEKTPOJB! OKAasHBAIOTCS DPAa3HYHBIMH II0 XHMHYECKOMY CO-
CTaBy, H NOABJAETCA ONpeleseHHas 3, J. C.— HMEHHO, 3. I, C.
HoJIsIpH3alHH, paBHAs NpuOMH3UTEJIbHO 2 B, DnemeHt B TakoM
COCTOSIHHH SIBJISIETCS] YK€ caM HCTOYHHKOM TOKa H NpPH 3aMbl-
KaHAH Ha Kakyio-JHOO Uenb MOXET CO3/laBaTh B HeHl B Teye-
HHe HEKOTOPOTO BPEMeHH 3/IeKTpuuecKHH TOK. Takum o6pasom,
JUISl MOsABJIEHHA 3. A. C, B 3jeMente [liaHTe 4epe3 Hero Heol-
XOJIUMO NPONYCKATb B TeUeHHE HM3BECTHOTO BPEMEHH TOK OT
MIOCTOPOHHET0 HCTOYHHKA, DTOT MPOUECC HasblBaeTcsi 3apsj-
KOH 3jleMeHTa.

Dnement [lnanTte U eMy moJoOHbIe, HCMOJB3YIOUIHE SIBJICHHE
HOJISIPHU3ALHH, HA3BIBAIOTCA BTOPHUHBIMH 3JIEMEHTAMH HJIH
AKKYMYAAmMopamy, TaK KaK B HHX MOXHO 3anacaTb (aKKyMmy-
JIHpoBaTh) 3HeprHio. Ilocsie H3PaCcX0OBAHUA 3HEPTHH aKKyMy-~
JIATOPA €r0 MOKHO BHOBb 3apAJUTh NPONYCKAHHEM TOKA H HO-
BTOPATh 3TOT IIPOIECC MHOTO pas,

C sHepreTHuecKoH TOYKH 3peHHs JeJo OOCTOHT Tak., PeakuuH, npore-
Kalolmue B aKKyMyJdaTOpPe NPH ero 3apsijxe H JeJajolide NepPBOHAYAJIbLHO
OfIHHAKOBbIE SJIEKTPOXE XHMHUYECKH Da3/IHYHHIMH, fBJIIOTCA pPeakUHAMH,
KOTOpble MOTYT OCYIIECTBJIATLCH JIHHIL NPH NPHTOKE SHEPTHH H3BHE. DTy
SHEPTHIO JOCTaBJAET IeHepaTOp, NMPH NOMOLIH KOTOPOTO MHI 3acTaBJsgeM
HOHHl MEPEMEINATHECA B PAaCcTBOPE H BHIENATHCH HA COOTBETCTBYIOIHMX 3JEK-
Tpopax., Hanpotus, npH paspsjke aKKyMyJsaTopa B HeM NPOHCXOAAT pe-
aKUHH, HAYIHe C BHEJEHHEM SHEPrHH. STH PeakUHH M ABJIIOTCA HCTOY-
HUKOM 3, X. C. akxyMmynasaropa. Takum o6pasom, npH 3apsiKe aKKyMyJs-
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_TOPa NMPOHCXOAHMT NpeBpameHHe SJeKTPHUECKON SHEPTHH B CKPHTYIO XHMH-
YyeCKYIO SHEPTHIO, a NpH ero paspsike — oOpaTHHH NepeXxoi XHMHYECKOH
9HEPTHH B SHEPIHIO 3JEKTPHUECKOTO TOKa.

YCTpolCTBO COBPEMEHHOIO CBHHIOBOTO aKKyMyJsaTopa Ho-
Ka3aHo Ha puc. 124. OH COCTOMT M3 psiia NOJOXKHUTEIbHEIX H
OTPHLATeNbHBIX NJACTHH, HAXOJAIKXCA B GaHKe ¢ BOIHBIM
pactBopoM (15--20%) cepunoft xucjotel. Bee nojoxuTens-
Hble NJIAaCTHHB COEJHHEHBl MeXIy COoGOH, TaK e Kak H Bce
oTpHullaTe/bHBle, 61arofaps ueMy B HeGOJBUIOM COCYAe MOXKHO
HMeTb GOJBIIYIO MJOWAND 3J1eKTPOJIOB, PA3/eNeHHBIX TOHKHM
C/IOEM 3JIEKTPOJHTA, T. €. HMETh 3/IEMEHT C UPE3BHUYAHO MaJIbIM
BHYTPEHHHM CONpPOTHBJEHHEM *),

OrpuuatenbHble NAaCTHHBL COCTOAT H3 YHCTOTO MeTad/M-
YeCKOro CBHHIIA, MOBEPXHOCTb KOTOPOrO -C/efaHa MeJaKOmo-

' pHCTOH s yBenHuYeHHs AekicT-
Bylomlel nomiaM ' 3JeKTPOJOB
(ry6uateifi cBuHew). ITonoxk-
TeJIbHBIE VIACTHHE HMeloT GoJtee
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Puc. 124. Csunuoseiff akkymy- Puc. 125. TloaoxHTe bHaa naace
JSTOp THHa CBHHIOBOTO aKKyMyJaaTopa

CNOXKHOE CTpOeHHe, NoKa3anHoe Ha puc. 125. IIpu ux usroroe-
JeHHH CHaYasa OTIHBAIOT (MM LITAMNYIOT) paMy H3 CBHHLA,
cHa6KeHHYI0O MHOTHMH suefiKaMH Hanojo0He NMUEeJHHEIX COTOB,
H B HHX BIPECCOBHIBAIOT CHELHANbHYIO Maccy, COCTOSALLYIO H3
OKHCJIOB CBHHLA H CBSI3YIOWLHX BellleCTB.

*) BeaeAcTBHEe MasioCTH BHYTPEHHETO. CONPOTHBJEHHA aKKyMyJATopa
KOpOTKoe 3aMuiKan e ero (§ 63) BblapBaeT oueHb GoJbILO# TOK, Kpaithe Bpes.-
HBIH JJIs aKKyMyJaaTopa, .
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B HesapsKeHHOM COCTOSIHHH 0fa 3MEKTPOLA-IOKPHITH C/I0EM CEPHOKAC
jaro ceunua (PbSO,). Ilpu sapanke uonn SO~ nepememarotes K OfHOMY
5JeKTPOAY M TPEBPAILAIOT €r0 B NEPEKHCh CBUHHA TIO YPaBHEHHIO

PbSO, + S0, +2H;0 = PbO, -+ 2H,SO,,

a nour H¥% BOCCTaHABIMBAIOT BTOPO#H S/EKTPON B METANTHUCCKHI CBHHELL 1O
yPaBHEHUIO

PbSO,+2H = Pb - H,S0,.

Coenunenne PbO, cranoButcs anogoM, a Pb — katopom 3apsxkenHoro ak-
kymyaaropa. Ilpu paspanke Tok no BuewHefi wenu uaer ot PbO, k Pb, a
BHYTPH aKKyMyJIATOPA HOHK SO§"uH+ IBHKYTCH B HallpaBJeHHAX, O6paT-
HHIX HX JIBHIKEHHIO TPH 3apfjKe, H PeaKIMH HA JEKTPOAaX MPOTEKAKT B
o6paTHOM HampaBJdeHdu. Bo BrosHe paspskeHHOM aKKyMyJsaTope 06a Jek-
Tpopa omAThL cocTosny 661 U3 PbSOy. B paGounx ycaoBusax He NOBOXAT aK-
KYMYJITOP O ITOJTHOH Pa3pALKY H BHOBS 3aPSIKAIOT €10, KOT/a HAMpAKEHHE
Ha 3JeKTpojgax manaer npumepno xo 1,8 B. CpexesapsakenHbi#i CBHHUOBHIH
aKKyMyJATOp UMeeT Hanpsxenue okono 2,7 B, Ho npu paspsaake 31o Ha-
np sKeHue GLICTPO MafaeT 10 2 B u 3aTeM 10400 ocTaetca noctoauubM., Iocre
AJMTEIbHOH Pa3PAAKH HAMPSKEHHE AKKYMYJATOpa BHOBb HAuMHAET Ma-
J1aTh; Pa3paiKy ero cne,uyeT IPEKpaTHTD, Koma HanpsxKeHHe yraaer 1o
»

TMomumo CBHHIIOBEIX axxymy.nmopon CYIUECTBYIOT U JApyrue. B Hacroa-
wiee BpeMs WHPOKO Y IIOTPeGIAIOTCA XKee30HHKeeBble aKKYMYJIATOPH («uie~
JIOYHEIe» aKKYMYJIATOPB). ¥ HUX 3JEKTPOAaMH ABJAIOTCS KeJe30 U HUKeIb,
a 97eKTposuToM — 20%-Hbiit pactBop enkoil weaoun (KOH uau NaOH).
B 3apameHHOM COCTOAHHUH HUKEJNEBHE IVIACTHHH NOKPHITH CJI0EM OKHCH
uukeas (NigOg) ¥ cayXKaT NOJOKHTEJbHRIM [OJIOCOM, a METa/JIuuecKoe
KeJe30 ~— OTPHUUATENbHEM; 9. I. C. 3THX AKKYMYJAATOPOB paBHa |,4—
1,1 B. JKenesonuke/eBsle aKKyMyJATOPH XapaKTePU3YIOTCH 6OMBUIOH ye-
TOMYMBOCTHIO | MeXaHHUECKHE COTPsCEHHs M HeGPexOCTh B yXO/€e, MOrywas
BLI3LIBATD BpEJHEIE XUMHYECKHE PeaKluH, AJs 3THX 3JAeMEeHTOB ropasio Me-
HEe ONAaCHH, YeM I/ CBHHLOBHIX.

Pas/inuHble aKKYMYJIATOPbl XapaKTePH3IYIOTCH MaKCHMaJlb-
HbIM KOJIMYECTBOM 3JIEKTPUYECTBA, KOTOPOE MOXKHO MOJSYYHTh
OT HHX Ge3 HOBOH 3apsiiKH. DTO KOJIMUECTBO 3JIEKTPHYECTBA .
NPHHATO BBIpaXKaTh B amnep-vyacax (A.4) U HA3bIBATb eMKOCThIO
akkymysiAaTopa. Tak, Hanpumep, nepeHOCHBle AKKYMYJIATOPHI,
npHMeHsIOMWHeca AJs aBToMoOH/Iel, HMeIOT OOBIYHO eMKOCTh
40 A-4. D10 3HAYHT, YTO OHM MOTYT [aBaTh TOK | A B TeueHue
40 4 unu Tok 2 A B Tevenne 20 4 u T. 1. [Ipu 3TOM, KOHEUHO, pas-
pSIAHbIA TOK He JOJ2KeH MpPEeBbIAaTh HEKOTOPOH MaKCHMAJbHOM
cwJibl (AJ11 CBHHLIOBOIO aKKymyssitopa npubausutensHo 1 A
Ha KaXJblfl KBaApaTHLIH JEUMETP M0BEPXHOCTH NOJIOXKHUTENb-
HBIX HJIACTHH), TaK KaK B IPOTHBHOM CJy4ae NJIaCTHHBI GRICTPO
paspymatorcsi. Uem Gosibiiie n/01a b MJIACTHH AKKYMYJASTOPA,
TeM GOsibLe TPOAYKTOB 3JIEKTPOIN3a MOXKeT ORITh YAEPHKAHO HA
flJIaCTHHAX, & 3HAYHT, H TeM GOJILLINH 3ap A MOXKHO TOJNYUHUTS
OT aKKyMYJISITOPA TIPH paspsijike, T. €. TeM GosiblUE €0 eMKOCTb, -
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? 79.1. Batapes aKKyMyJaaTopos eMxocTd 20 A4 muTaeT JAaMIouky,
. notpebasiomyn ToK 0,25 A. CKOJIBKO BpeMeHH MOMXET IopeThb JiaM-
10uKa Ge3 HOBOMH 3apAAKH 8KKyMYJATOPOB?

AKKyMyJIITOpEI HTPAIOT B COBPEMEHHOH 3JIEKTPOTEXHHKE
BAaXHYI0 pOJb. Tak, HampHMep, HAa 3JIEKTPHYECKHX CTAHUMAX
¢ HEepaBHOMEPHOH HATPY3KOH 4acTO yCTAHABJAHBAIOT, KPOME Te-
HEepaTOpOB MOCTOSIHHOIO TOKA, elile H GaTaped akKyMyJIsiTOPOB
(Oydepuble akkymyssitopel). [Ipu MaJiofi HArpy3ke CTaHUHH
YacTb SHEPTHH, BbIpabaTblBaeMOH TeHEpATOpaMH, pacxojyercs
HA 3apfJKy aKKyMYJIATOPOB, a B MepHOAbl 6OJIbWIOA HATPY3KH
9TH AKKYMYJIATOPHl MHTAIOT CeTb Napa/llelbHO C TreHepaTo-
paMH. DJIeKTPOCTAHIHH, HCMOJb3YIOLUIHE SHEPTHIO BeTpa, BCer-
Jia ObIBAIOT CHAOKEHBL aKKYMYJIATOPAaMH, KOTOPbIE 3ap s al0TCA
B Te MepHO/Ibl, KOTa HMEETCA BETep, a 3aTeM Y2Ke PacXoyioT 3a-
MACEHHYIO 3HePTHIO MO Mepe HAaLOOHOCTH H HE3aBHCHMO OT Me-
TEOPOJIOTHYECKHX YCJIOBHH. _

AKKYMyJISTOPbl UIMPOKO TPHMEHSIIOT HA BCEX IOJBOJHBIX
cynax (Kpome MOJABOIHBIX CYJOB C aTOMHbIM JpHrarenem). [Tpu
HAJBOJMOM IVIABAHHH AKKYMYJ/SITOPBI 3apsKalOTC OT reHepa-
TOpa MOCTOSIHHOTO TOKA, 4 IPH MOTPYKEHHH TOJ, BOLY Bce
MeXaHH3Mbl NMPHUBOJATCH B IBHXEHHE HCKJ/IOYHTENbHO OT aKKY-
MYJATOPOB, AKKYMYJIATOPBI C YCHEXOM NMPHMEHSIOTCS B 3JIEKT-
pHYECKHX T'DY30BBIX TeNeikKaX, TaK Ha3blBAEMBIX JIEKTPOKa-
pax, KOTOpble JOJIKHBI PaGOTAaTb KOPOTKHE MPOMEXYTKH Bpe-
MEHH H JieJlaTh 4YacTble OCTAHOBKH H HAa KOTOPBIX ITO3TOMY
. HEBEITOJIHA YCTAHOBKA JIBHTaTe/el BHYTPEHHETO CTOPAHHSA, He-
MpephIBHO MOIVIOMIAIOLUIHX TOMJIHBO; B aBTOMOGHJAX (3aXKUTAHHE
B MOTOpAXx, OCBelIEeHHE); /151 MHTAHHUSA PYAHHYHBIX JaMIl H eLie
BO MHOTHX BaXHbIX NPOMBILIJIEHHBIX MAalIHHAX H Npubopax.
OuéHb WIHPOKO PpacnpoCTPaHeHbl AKKYMYJATOpHl B Jabopa-
TOPHOU NPAKTHKE, TAE OHH SBJSIOTCH XOPOMIHMH HCTOUHHKAMH
MOCTOSIHHOTO TOKA, 4 TAKXKe B PaJHOTEXHHKe.

HecmoTps Ha GosiblLiHe MPeHMYILECTBa aKKyMYJ/ITOPOB, KO-
TOPbl€ BO MHOTHX C/yuasiX BHITECHHJIH TaJbBaHHYECKHE 3JIeMeH-
Thbl, IOCJEJHHE BCE elle HMEIOT PSJ BaHbIX INPHMEHEHHI:
B KayecTBe 3T4/JOHOB HAanpskeHHS (HOPMAJIbHbIE 3JIEMEHTHI,
§ 75), nn1A nuTaHHA PaJHONPHEMHHKOB, KAPMaHHBIX (oHapei,
MHKPOKAJNbKYJ/ISITOPOB H T. 1.

§ 80. 3axon Oma gag 3amMkHyToOl uenu. B § 46 Mbl MO3HAKOMH-
JIHEh ¢ 3akoHoM OMa /151 y4acTKa IlelmH, MO3BOJISIOMHM BEIYHC-
. JIUTh TOK, €CJIH H3BECTHO COMPOTHB/EHHE y4acTKa H HANpPsiKe-
Hye Ha ero koHNax. OueHb 4aCTo, OJHAKO, NPHXOAHTCS pe-
1UaTh  3aja4yd, B. KOTOPHIX HaNpsiKeHHE HAa KOHUAX YYacTKa'
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IIeNH He 3aJaHO0, HO 3aTO H3BECTHB! CONPOTHBJIEHHS BceX YacTel
HenH H 3. A. C. MCTOYHHKA, NMHTAIOWEro lenb. Kak HaHTH B
9TOM cJydae CHJY TOKa?

PaccMOTPHM BCIO 3aMKHYTYIO 3JIeKTPHUYECKYIO Lielb, BKJO-
4as M MCTOYHHK TOKA, H BLISICHHM Ha OIbITE, OT Yero 3aBHCHT
TOK B ITOH LenH. 3aMKHEM HCTOYHHK TQKa, Harmpumep sJe-
MeHT Jlanuens (§75), Ha BHEUIHIOID ILEeNb, COAEPKAULYIO
aMnepMeTp H peocrtaT, H OyleM mNepeMellaTb XBHKOK peo-
CTaTa, MEHsisl TEM CaMBIM CONPOTHBJIEHHE BHEUIHEH nenu. Mol
06HapyXKHM, YTO C YMeHbIIEHHEM CONPOTHBJ/IEHHS BHEIIHEH HellH
TOK OyAeT yBeJHUHBATBCS.

YCTaHOBHM TeNepb peocTaT TakK, 4TOOBI CONPOTHBJEHHE
BHEIIHe} LeNH GblI0 HE3HAUHTE/IbHEIM, H GyJleM H3MEHSATDb IIy-

- OMHY NOTPYXEHHS IIMHKOBOH NJIACTHHBI
i ' 3nemMeHTa. TOK 6yJeT yBeIHUHBATLCS 110
Mepe HOTPYXKEHHsl HJaCcTHHEL
LA moHMMaHMsS 3TOrO pe3yJbTaTta
T BCIIOMHHM, UTO Hamnpsi)KeHHEe Ha Pa30OMK-
R HYTOM 3J€MeHTe, T. €, €ro 3, A, C., Co-
BEpIIEHHO HE 3aBHCHT OT reoMeTpHyec-
Pue, 126. Hamepenue KuX pa3MepoB H (OpMBI 3/1eMenTa (§ 76).
TOKa B WeMH INpH HS-  (CpenopareibHO, HPH H3MEHEHHH IJyGH-
MeHeHHH BHYTpPeHHero .
conpoTHBaeHHs aneven- HPI NOTPYXCHHS ILIACTHHBI 3. A, C. MC-
Cra TOYHHKa He MeHsieTcs. B ueM ke npnunHa
: n3MeHenusi Toka? B § 76 MbI BUAesH, uTO
TOK HJET KaK I10 BHEUIHEH 1eNnH, TaK H BHYTPH Hctounika. Ho cam
HCTOUHHK NPEJCTaBsIET TOXKE ONPENENEHHOE CONPOTHBRIEHHE TO-
KY. DTO CONPOTHBJIEHHE HOCHT Ha3BaHHE BHYMPEHHE20 CONnpo-
mueaeHus UCTOYHHKA, B rasbBaHHYECKHX 3J€MEHTaX OHO CJa-
raercsi H3 CONPOTHBJIEHHS €r0 3/1eKTPOJOB H IJIaBHHIM 06pa3oM
H3 CONMPOTHUBJEHHS cToNba 3MeKTpoJauTa MeXAy HuMH. Ilorpy-
)Kasl IMHKOBYIO IJIaCTHHY Ha Pas/iMyHyio IMyOHHY, MBI H3Me-
HSIeM CeYeHHe 3TOro CT0JA6a H BMeCTe ¢ HHM BHYTPEHHee COINpo-
THBJIEHHE 3JeMeHTa. MBI BHJHM, 4TO CHJIA TOKA 3aBHCHT TakK-
JKe OT BHYTPEHHETO CONPOTHBJEHHS HCTOYHHKA TOKa.
floanyro yenv MOXKCHO paccmMampueams KoK nocaedosament-
HOE CoeQuHerUe CONPOMUBACHUS BHELIHEL Yenu U 6HYMpPeHHe20
conpomugaenus ucmounurxa moxa. ['lonnoe conpoTHsieHHe Lenu
npeacTasasieT co6ofl cyMMy BHYTPEHHEIO CONPOTHBJIEHHS HC-
TOUHMKA M CONPOTHBJIEHHS BHEUIHeH IenH, 3aMEHHM 3JIeMEHT
KaKMM-JHG0 JPYTHM, HMEIOIHM TaKOe Ke BHYTpPEHHee COINpo-
THBJIEHHE, HO APYTYIO 3. 1. C. Mal oﬁuapymuM, YTO TOK IIPH
3TOM H3MEHHTCH.

Taxum o6pasoM, TOK B uerm 3aBHCHT OT 3, Ji. C. HCTOUHHKA H

OT MOJIHOTO CONPOTHBJEHHH LelH,
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KonuyecTBeHHBII 3aKOH, CBA3LIBAIOIHHA 3TH BeJHYHHHI,
npencrapasger 3akoH OMa I 3aMKHYTOM LENH: MoK 6 yenu,
cofepacauielil UCMOMHUK MOKQ, NPAMO RponopyuoHares 3. d. c.
UCMOYHUKA U 06PAMHO NPONOPLUOHAACH ROAHOMY CONPOMUBAE-
HU Yenu, ’

Ecan 0603HaquTb 3. A.C. HCTOUHHKa wuepes &, €ro
BHYTPEHHEE COMNPOTHBJEHHE - Yepe3 r, CONPOTHBJEHHE BHELI-
Hed 1enn depes R, a Tok uepes I, To sakon OMma npexcra-
BHTCA cJaenytoweli ¢opmynon:

g ~

I === pd : (80.1)
Mel BHIMM, YTO TOK, KOTOPHIfi cnocoGeH AaTh HCTOYHHK, 3a-
BHCHT He TOJIBKO OT 3. J. C. HCTOYHHKA W CONMPOTHBJIEHHS BHELI-
Hell 1leH, HO eliie # OT BHYTPeHHero conporueiaeHns. CKasan-
HOe OTHOCHTCHl, KOHEYHO, He TOJbKO K TlallbBaHHYECKHM
3JieMeHTaM, HO H K JIIO6bIM HCTOUHHKAM TOKa, HallpUMep K aKKy-

MyJISITOpPaM HWJH TeHepaTopaM MOCTOSIHHOIO TOKa.

§ 81. Hanpsixkenue Ha 3amHMax HCTOYHHKA ToKa H 9. A. ¢, Is-
MepeHHs MOKa3hBAlOT, YTO HanpsAxeHHE Ha 3aXKHMaX MCTOY-
HHKa TOKa, 3aMKHYTOrO Ha BHELIHIOIO LleNlb, 3aBHCHT OT CHJIB
OTGHpaeMoro ToKa (OT «HArpy3KH») H H3MeHsAeTCA C H3MeHe-
HueM mocaepuero. Ionbsysch 3akonom Owma, Mbl Moxem celi-
yac pasofpaTb 3TOT BONMPOC TOYHee.

Hs ¢opmyasr (80.1) umeem

&=IR+Ir, (81.1)

rfle R — cOmpoTHB/JeHHe BHelIHell LenH, a r — BHYTPeHHee
COMpPOTHBJEHHEe HCTOYHHMKA., Ho K BHelHell LenH MbI BIpaBe
npuMeHHTDb 3aKoH Oma A/A yyacTKa Lenu:

IR=U., (81.2)

3peck U — Hanps:keHue BO BHeUIHefl LeNH, T, €. PasHOCTb
NOTeHLHAJIOB HA 3aXKuMaX HCTOYHHKA. OHO MOXeT GbITh BHIpa-
eHo Ha ocHoBanum (81.1), (81.2) crenyromeit dopmyaofi:

U=§—Ir. (81.3)

Meul BuzuMm, uto npu samxnymod yenu nanpscerue U Ha
3amMcumax UCmounuKa moxka écezda menvtie 3.° 0. ¢. & . Hanpasice-
nue U 3asucum om cuabt moka I u moabko 8 npedeavrom cayuae
pasomkrymoti yenu, koeda cusra moka I=0, nanpsowerue Ha
saxmcumax pasHo 3.0, c.

YMeHbUIeHHe HAUPAXKEHHA HA 3aXHMaX HMCTOYHHKA TIpH
HaJIMYHH ToKa [ Jlerko HabAomaTh Ha onbite, s 3TOro HyXHO
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3aMKHYTb KaKou-Jmﬁo rajJbBaHHYECKHH - SNieMeHT Ha peocTaT
H MOAKJIOUATH K 3a)KHMaM 9JeMeHTa BOJbTMeTp (puc. 127).
[Nepemelntas ABHMKOK peocTaTa, MOXHO BHJEThb, UTO YeM MEHb-
iie COMPOTHBJIEHHE BHEIUHeH LemH, T.e. yeM GoJibiue TOK, TEM
MeHbIlle HampsXKeHHe Ha 3aXHMaX ucrounnka. Ecan compo-
THBJIEHHE BHEWIHEH HEMH CeNaTh OYeHb MaJbIM M0 CPABHEHHIO
C BHYTPEHHHM CONpPOTHB/JEHHEM HCTOUHHKA (<BBHIBECTH» peo-
CTaT), T. €. ClieaTh <KOPOTKOE 3aMbIKaHHE», TO HanpsXeHHe
Ha 32XHMaxX JENaeTcs PaBHBIM HYJIO.

Puc. 127. C yMeHblIeHHeM COTNPOTHBJEHHsl BHEIUHEH WHeNH HanpsxeHHe

Ha 8a)XXHMaxX HCTOYHHKAa TOKa yMeHhIUaeTcs: @) cXeMa onuTa; 6) o6ulHi

BHJL 3KCNEPHMEHTaJbHOH YCTaHOBKH, | — HCTOYHHK TOKa, 2 — peocrar,
3 — amnepmetp, 4 — BOJLTMETP

UYrto e KacaeTca TOKa, TO OH NPH KOPOTKOM 3aMbIKaHHH
JOCTHTA€T CBOEr0 MaKCHMaJlbHOro 3navenusa [, Cuna 3to-
ro «ToKa KOPOTKOrO 3aMblKaHHS» Mosyyaerca H3 3akoHa Oma
(80.1), ecnn B ueM monoxuths R==0 (T. e. nmpenebpeus conpo-
THBJIEHHEM R 1No CpaBHEHHIO C r):

L =S (81.9)
Or1cioga BHAHO, UTO TOK KOPOTKOTO 3aMBIKAHHA 3aBHCHT He
TOJBLKO OT 3. . C., HO TaKXe H OT BHYTPEHHEro CONPOTHBJIEHHSA
ucTouHnKa. [lo3TOMy KOpOTKOe 3aMbIKaHHe MNpeJCTaBJseT
Pa3IHUHYIO OMacHOCTb JJISi pa3sHBIX HCTOUHHKOB TOKa,

KopoTkne 3aMbIKaHHA raJbBaHHYECKOTO 3JeMeHTa CpaBHH-
TeJIbHO 6e3BpeiHbl, TaK KaK NPH HeGOJBIIOH 3, X, C. 3JeMeH-
TOB HX BHYTpEHHee CONPOTHBJEHHE BeJHKO, H NO3TOMY TOKH
KOPOTKOT'O 3aMbiKaHHf Majbl. Takne TOKH He MOryT BHI3BaTh
Cepbe3HLIE€ pa3spyIleHHsl, H MO3TOMY K H30/fLHH MPOBOJOB B
LeNfAX, MHTAaeMBIX 3JeMEHTaMH (3BOHKH, TeledoHH H T. IL),
He MpexbaBAAIOT 0c060 BHICOKMX . TpeGoBaHHi. HHoe neno cu-
JIOBHI@ HJIH QCBETHTEJbHbIC HENH, NHTaeMble MOMHBLIMH - TeHe-
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paropamu. Ilpu sHauntensuolt 3. x.c. (100 u Gomee BoabT)
BHYTPEHHEE CONPOTHBJEHHEe 3THX HCTOYHMKOB HHYTOXHO Ma-
JIO, H TO3TOMY TOK KOPOTKOTO 3aMBIKAHHMA MOMET AOCTHTHYTb
OTpoMHO#i cuJibl. B 3TOM ciyyae KOpPOTKOe 3aMblKaHHe MOXKeT
TIPHBECTH K PaCiliaBJieHHIO MPOBOJOB, BHI3BATH MOXap H T. A.
ITosTOMy K YCTPOHCTBY H H3OJAIMH TaKHX lenell npexbsBf-
10T CTPOTHE TeXHHYeCKHe TpeGOBaHMA, KOTOPLie HH B KoeM CJIy-
yae Hejb3f Hapymarb 6e3 PHCKa BbI3BaTh ONacHbie mocies-
ctBusi. Taxue Lenu BCerAa CHaAGKAOTCA MNPeAOXPaHHTENAMH
(§ 63) ¥ npuTOM HepeAKO B PaA3NHMYHBIX MecTax: OOIUH mpe-
JOXpaHuTeNb (IPU TJIaBHOM BBOJIE), TPYIIOBHE H IITENCe/b-
Hble TMpefOXpaHHUTE/IH. .

2 81.1. Buyrpennee compotusienue 3nemeHta Ianuens ¢ 3.4.c. 1,1 B
H pasHo 0,5 OM. Bbruuciute TOK KOPOTKOTO 3aMbIKaHHS 3TOrQ 3Je-
MEHTa.

81.2. dnemeHT U3 npefbiAywed 3afauM 3aMKHYT Ha COTMpPOTHBJICHHe
0,6 Om. UeMy paBHO HampsiKeHHe Ha 3a)KUMax JeMeHTa?

81.3. D.4.c. reHepaTopa MOCTOSIHHOTO ToKa paBHa 220 B, a BHyTpeH.
Hee conpoTubieHKE pasHo 0,02 Om. KaKo# Tok BO3HMKaeT MIPH KOPOTa
KOM 3aMbIKaHuu?

Puc. 128. K ynpaxuenuio 81.6

81.4, I'Ipu h3MepeHHH 3.4.C. HCTOYHUKOB TPU TOMOMM BOJLTMETpA
Mbl BCETa OMYCKAEM HEKOTOPYIO OTPelIHOCTb, TaK KAK Yepes BOJIBT-
MeTp TedeT HEKOTOPHIl, XOTs M OuYeHb MaJjbiH, TOK, H MO3TOMY MCTOY-
HHUK, CTPOTO TOBOpPS, HEe Pa30MKHYT, a 3aMKHYT Ha BOJIbTMetp. ITycTs
BHyTpEHHEe CONpPOTHBJIeHHUe 3JMeMeHTa paBHo | OM, ero 3.A.c. paBHa
1,8 B, a conporusienue BoabTMeTpa pasHo 179 Om, Kakyio norpeur
.HOCTb TIDH U3MepeHHH 3.1.C. MBI HOMycKaeM?
81.5. MOXHO JTH TOYHO M3MEpPHTh 3,A.C, PH MOMOWIH anexrpomerpa“
Kak Hy»KHO NPHUCOCAHHHTD JMEKTPOMETD K SJIeMEHTy AN U3MepeHHA
€ro 3.4.C.P

= 81.6.: aMeHsieTcs - TM. TOKa3aHue 3JeKTPOMETPA; COeJHHEHHOrO .C.
raJbBAHHYECKHM 3JIEMEHTOM, €C/IH MapafelbHO ¢ HHUM BKJOYHTH



KOHJIEHCATOp, Kak IQKa3aHo Ha pHc. 128? Byner nH HMeTh 3HadeHHe
€MKOCTb KOHJieHcaTopa?

81.7. D.1.c. HEKOTOPOTO 37IEMEHTa H3MEPSIOT NPH THOMOLIH 3JEKTPO-
MeTpa ¢ KOHJeHcaTtopoM (puc. 129, a). DneKTpoMeTp, OTCOCAHHEHHBIH
OT 3JIeMeHTa, IocJie CHATHA JHcKa nokaseiBaer 500 B (puc. 129, 6).
TlpH 3TOM H3BECTHO, UTO €MKOCTh KOHJEHCaTopa NPH yJaJeHHH JHcKa
yMenbiuaercsi 8 250 pa3. YeMy paBHO HamnpsixeHHe 3JieMeHTa?

. o)
Pre. 129. K ynpaxueunio 81.7

§ 82. Coenunenue HCTOUHHKOB TOKa., OueHb YacTO HCTOUHHKH
TOKa COEAMHSIIOT MeXAy co00H ANl COBMECTHOIO NHTAHHA IEMHH.
- CocraBuM lienb raJbBaHHUYECKHX JEMEHTOB TakK, YTOOH 1O-
JIOJKHTEJIBHBIA TIOMIOC KaXKJAOTO MPEeABbIAYULEro 3JeMeHTa coe-
JMHSAJCS ¢ OTPHLLATENBHBIM HOJIOCOM nocaenyoutero (puc. 130).

Zn Cu Zn Cu in Cu -

Pue, 130. IlocnenosaTelnHoe coeliHHEHHe TalbBaHHUECKHX 3JEMEHTOB

Ecnu nenb cocramieHa, HanpuMep, H3 3JeMeHTOB BOJBTH, TO
MeJHbIH 3JEeKTPOJ KaXAOro 3JeMeHTa HMeeT IOTeHLHa] Ha
1,1 B Bbille, YeM LMHKOBEI MEKTPOJ, TOTO ke 3jaeMenrta. Mén-
HBIH M L[MHKOBBIH 3/1IEKTPOJBI ABYX COCEJHHX 3JIEMEHTOB COEJH~
HEHbl TIPOBOJHMKOM H, CJIEOBaTeIbHO, HMEIOT OJMHAKOBHI
noTextHan. [TosToMy pasHOCTb IOTEHIHAJIOB MEXKAY MEABIO BTO-
poro 3JieMeHTa ¥ UHHKoM nepporo Oyxer yxe 1,1+1,1=2.2 B,
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u T. A. EC/IH Bcero HMeercsi. f1 3/1EMEHTOB, TO HANPSXKEHHE MeX-
QY KpaifHHMH aJeKTpojamH OyJeT B # pa3 GoJblle, 4eM Y. o~
HOro 3jeMeHTa. CoefliHEeHNe 3JIEMEHTOB, NPH KOTOPOM HOJOMXKH-
TEJIbHKIH FOMIOC KaXKA0r0 NPEARIAYIIEro aJIeMeHTa COeHHsAeTCS
C OTPHIATEJIbHBIM TOJMIOCOM MOCJEAYIOUEro, HA3bIBAETCA 70-
cAed06amenbHbIM, @ IPYNNa COeJHHEHHBIX 3JIEMEHTOB — GaTa-
peefl 3/1eMEHTOB. :

Takum 06pasoM, NpH nocaedosarmesbHom coedurneruu 3. d. c.
Gamapeu pasHa cymme 3. 0.C. OMOCAbHbIX UCMOYHUKOB, CO-
cmasastouux 6amapeto. IT0 BepHO, KOHEYHO, H B TOM cJyuae,
KOr[a OTJEJbHble HCTOUHHKH HMEIOT PasJjHuHble 3. 1. C. -

Besenctsue 3TOro CBOMCTBA raJbBaHHYECKHE 3JIEMEHTHI
BecbMa YyJOGHBI /I BOCIPOH3BEJEHHS DAa3JHYHBIX HaNpske-
uuil, Tag, HanmpuMep, AIs HOJNyYeHHs HampsikewHsa 1,1 B
JOCTATOYHO IMOTPY3HTh B PAacTBOP CEPHOH KHCJOTH MEJHYIO
H HMHKOBYIO IIAacTHHBL. [l mosydeHHs OOJBLIMX HaNpsxKe-
HHE MOXKHO COEJIMHHTb JEMEHTHI MOC/A€0BATEJIbHO. DTHM 06~
CTOSITE/IbCTBOM IMOJIb3YIOTCS HAa NPAaKTHKE VI TPajyHPOBKH
3JIEKTPOMETPOB: NPHCOEAHHAS K 3JEKTPOMETPY pPa3jHuHOe
YHCJIO NOC/E0BATENbHO - COEJHHEHHBIX 3JIEMEHTOB, MBI MOXeM
HENOCPEJICTBEHHO ONpEeleNUTh, KAKOMY HANPSXKEHHIO B BOJb-
TaX COOTBETCTBYIOT Pa3jiHUHbIe OTKJIOHEHHSl ero JIHCTKOB,

Puc. 131. Jlpa raieBaHHyecKHX sJieMeHTa COeJHHEHH CHAaBCTpeYy Jpyr
ApYry»: a) Uellb Pa3oMKHyTa; 0) Liellb 3aMKHYTa Ha JaMIIOYKY

Ip noc/enoBaTe/IbHOM CO€IHHEHHH NPOBOJHHKOB HX CO-
NPOTHB/IEHHS CRAaabBaioTcs (§ 50). IToatoMy W enympennee
conpomusgienue bamapeu U3 NOCAe008AMEALHO COCOUHEHHbLX
LCMOYHUKO8 DABHO CYMME BHYMPEHHUX CONPOMUBACHUL omOeas-
HOIX  UCIOMHUKOS, :

Hao6opor, coenHHsAs 0fHOHMEHHBIE HOJIOCH IBYX 3/JIEMEHTOB
OJIMHAKOBOrO THNA (BK/IOYEHHEe <«HABCTpeuy JAPYr JApyry»,
puc. 131, @), MBI HE MOJTYUaeM MEXKAY KPaHHHMH NOJJIOCAMH HH-
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KaKoro Hanpsienusi. EC/IH e Mbl BKJIIOYHM «HaBCTPeuy APYT.
JPYTY» 3JI€MEHTB! C PA3/IHYHBIMH 3. A. C., TO HANPSXKEHHE MeX-
Ay "KpalHHUMH NOJIOCaMH OyJeT PaBHO PAa3HOCTH 3. . . 060-
HX 3JIeMEHTOB, NPHYEM MOJIOXHTEJbHBIM MOJIOCOM Takoli . 6a-
Tapen OyJeT MOJOXHUTEIbHBIH TNOJMIOC 3JeMeHTa ¢ Goubliel
3. Jl. ¢. 3To oCcTaeTcs cnpaBel/IHBLIM H B TOM CJ1y4ae, eCJH pas-
Mepbl '00OHX 3JIEMEHTOB KaK YTOJHO Da3/IHyYHBl, TaK KaK Ha-
NpsiKeHHe TalbBAHUYECKHX 3J1eMeH-

TOB COBEpPLIEHHO He 3aBHCHT OT HX
- J_,. J__ pasMepoB; OHO ONpefeaseTCs! TOIbKO:
-3 T 7 MarepHaJioM IJIACTHH H NpHMeHseMOH
T T XKujakoctbio (§ 76).
+ Ecan Mbl coelHHHM MPOBOJHHKOM

Prc. 132. Tapansessnoe ABA CBOGOAHBIX OJHOHMEHHbIX LOJIIO-
Ccoe/lHHeHNe HCTOUHHKOB Ca  3JIEMEHTOB, CO€JAHHEHHBbIX «Ha-
" ToKa BCTpeuy ApYT apyrys (puc. 131, 6), To
B 00pa3oBaBIUeHCsT 3aMKHYTOH LenH
TOKa He OyJeT, ec/H 3. 1. c. 060HX IJIEMEHTOB PaBHBI, TaK KaK
B 3TOM CJy4ae pe3y/bTHpyioWlas 3. A. C., paBHAasi Pa3HOCTH
o0eHX 3, I. C. OTA@JbHbIX 3/1€eMeHTOB, paBHa HyJ0. Ecau xe
3. I. €. 3THX.3/IeMeHTOB Pa3JIHYHKEI, TO Pe3yJbTHPYIOWLAs 3. 1. C.
He paBHA HYJIO, X B UenH 6yJeT HATH TOK. HICTOUHHKOM 3TOTO
“ToKa OyJeT 3JeMeHT ¢ GoJblilell 3. A. C., 4 JJIeMEHT ¢ MeHbllel
3. A. ¢. OyJleT nmpeicTaBasTh COOOH JJisi HEro MPOCTO HArpys-
Ky (3/71eKTPOJIHTHYECKYIO BaHHY).

CoeauHHM Telepb MeX1y cOOOH Bce MOJIOXKHTENbHblE H BCe

OTPHLATE/bHBIE MOJIOChI JBYX MJH HECKOJbKHX 3JE€MEHTOB

MJIH. HHBIX HCTOUHHKOB TOKa H NPHCOEJHHHM BHELIHIOK- Lienb

(Harpysxky) K oOIUIHM 3a)KHMaM COCTABJIEHHOH TakuM 06pasoM
GatapeH djeMeHToB (puc. 132). Takoe coelMHeHHe HCTOYHHKOB
TOKA [/ COBMECTHOTO MUTAHHSA OJHOH H TOH JXe LeNnH Ha3biBa-
10T NAPaAANENbHBIM,

Ecan Bce mapaJjisieqIbHO cOeliHEHHbBIE 3J1eMEHTH HMEOT OJlH-
HaKOBBbI€ 3. J. C., TO TaKOBa Xe GyJeT H 3. L. C. Bcell 6arapeH,
Ecan ke 3TH 3J1eMeHTHl HMEIOT pasJIHYHBle 3. A. C., TO 3, 1. C.
f6aTaper paBHa HauOGOJBINEH H3 3. A. C. NapaJlleJbHO COexH-
HEHHBIX 3JIeMEHTOB.

Mexy 3THMH JIByMsi CTy4YasiMH eCTb, OJHAKO, CYHIeCTBeH-
Hoe pasauuHe. EcaH 3. 1. ¢. BCeX 3JIeMEHTOB OJUHAKOBHI, TO
NpH Pa3sOMKHYTOH BHeWHeHl LeNH TOK uepes. lieNb, COCTOSLYIO
TOJBKO H3-3JIeMEHTOB, HATH He OyJAeT, H HH OAHH H3 ITHX 37e-
MEHTOB He OyjeT pacxofi0BaThCst. Ecin xe 3. 1. c. uX pa3mny-
HbI, TO H MPH Pa30MKHYTOM BHelIHeHl uenu Gosiee CHJbHbIE 3/~ -
Memu ,6YAyT nochlIaTh TOK Yepe3.6oJlee c1a0ble H H3HAINMBATD-
ca. TIpu pabote Takoil GaTapes Ha BHEIIHIOK HeNb TaKMe YacTb
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TOKa OT 6oJiee CHJILHLIX 3J€MEHTOB OyJieT OTBETBIATLCA H HATH
uepes Gosee cirabbie. TO HEBHITOAHO, H TIOTOMY HA MpPaKTHKe
Beerd COENHHAIOT NapaVIeIbHO TOJBKO JIEMEHTH € OJIMHAKO-
Bo#l 3. A. C.

ConpoTHB/IeHHE NapajIeNbHO COeIHHAEMbIX IEMEHTOB MO-
JKeT GbiTh OJHHAKOBHIM HJM pasnHuHbiM, Ofimee cOnpoTHBIE-
HHe 6aTapeH, KOTOPOe Mbl MOXKeM BBIUHCIHTb 00 GopMyse is
onpeeieHHs Napa//ieNbHO COeJIHHEHHbIX CONPOTHBIAEHHH, Beer-
Jla MeHbllle, YeM COMpPOTHBJIEHHE KaXJOro H3 3JEeMEeHTOB-B OT-
JeNIbHOCTH. B 4acTHOCTH, BHYTpeHHee CONpPOTHBJIeHHe Gara-
PEH H3 1 JIEMEHTOB C OJMHAKOBBIM BHYTPEHHHM CONpPOTHBIE-
HHEM B n pa3 MeHblle, YeM CONPOTHBJIEHHE OTAGNBHOrO 3Je-
MeHTa. : , :

2 82.1. Uemy: paBHO HanpshkeHHe Ha Kpainux mnomocax Garaped,
. COCTABJEHHON W3 NeCATH NOCJeNOBaTeJIbHO COeAHHEHHHX 3JieMeHTOB
JlexJaHuwe? ’

82,2, «BonbToB cTOG cOBMPAIOT TaK: Ha MENHYIO MJIACTHHKY HaKJja-
JBIBAIOT CMOYEHHOe B paCTBope CepHOH KHCJIOTHE CYKHO, Ha CYKHO

il L

Puc. 133, K ynpax- Puc. 134. K ynpax-
’ Henuio 82.4 HeHnuio 82.5

DOMeLIAIOT IHHKOBYIO NJIaCTHHKY, 3aTeM ONATh MeJHYIO, CyKHO, LLHH-
KOBYIO TIACTHHKY H T. Ji. YeMy PaBHO HanpsikeHue MeXX]y KpaitHHMu
IAaCTHHKAMH BOJbTOBA CToJ6a, coflepxauiero 50 Metinx H 50 LHH-
KOBHIX MJIaCTHHOK?. .

82.3. Anement BonbThl M s7eMeHT JleKJaHIe coelMHeHb «HABCTpeuy
IpYT ApYTy» (ManpuMep, OTPHUATENbHHA NOMOC ORHOrO 3JeMeHTa
COefiHHEeH ¢ OTPHIlATeJlbHLIM

nomocoM Apyroro). Uemy pas- ! —o ~
HO HalpsxeHHe MexAy Kpaki- .__L ._J_ _l
HUMH HoJocaMH 3Toll 6atapeu? b - b b
82.4, [lpa COBEPLIEHHO- OJHHA- T + +

KOBWX TajbBaHWYECKHX oJle- 7 T s e
MeHTa 3aMKHYTH APyl Ha Jpy-

Ta, KaK NOKa3aHo Ha puc. 133.. - e

EcTb JH B 3TOH llenid Tok? He- X a ¥ a +F

MYy DPaBHO HanpsKeHHe Ha 3a- T T

XHMax KaXJOTO M3 3JieMeH- g —0 +
ToB? Kak H3MEHHTCA OTBeT, Pyc, 135, K ynpaxuenno 82.19
ecliM HJIeMEeHTH HMelOT Oj\HHa- .
' XoBHle 3.1.C., HO pa3Hble BHYT-
peHHHe CONMPOTHBJIEHHA? ,J.vm pelieHun BOCTIOIL3yRTeCH opmyoi
(81.3). ConpoTHBiieRHeM COeIMHHTEJILHBX NPOBOJOB NpexebpernTe.
- IlpopeprTe ST0T PesyAbTAT Ha ONLITE: : pe
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82.5. IIna sjieMeHTa ¢ OAHHAKOBBIMH 9.1.C. COeAHHEHH! OJHOHMEHHRIMU
nosocaMu («HaBCcTPeuy APYT APYTy»), @ HX CBOGOZHEIE TOJIIOCH (TOXKE
OJIHOHMEeHHbIE) 3aMKHYTH Ha BHelliHiolo uens (pHc. 134). Ecrb yiu B
sTo# Liend TOK? UeMy paBHO HampsieHHe Ha 3a)KHMaX KaXJOro H3
3JIEMEHTOB?

82.6, DnemeHT [auHens ¢ BHyTpeHHHM conpoTHpieunem 0,390 Om
3aMBIKalOT Ha BHeEUIHIOI0 LleNb, HMEIOULYIO CONDPOTHBJEHHE 07 Om.
Bu4HCINTE CHITy TOKa B LielH.

82.7. I'evepaTop MOCTOSAHHOTO TOKA, PasBHBaloUIMii HanpsAxeHHe 120 B
Ha Pa30MKHYTHIX 3a)xuMax, nmutaeT 100 mapaJsesibHO COeAHHEHHbIX
OJHHBAKOBBIX JIAMIIOYEK HAKAJHBAHHA C CONPOTHBIeHHeM 60 OM Kax-
Aasi, BHyTpeHHee conpoTHB/IeHHe reHepatopa pasHo 0,05 Owm, a conpo-
THBJICHHE TOJBOAAIIHX IIpoBojoB pasHo 0,1 OM. BuuHciaHTe cuily
TOKa B TPOBOAAX.

82.8. Hanps:kenHe, H3MePeHHOe Ha 323KHMaX Pa3OMKHYTOIO 3JleMeH-
Ta, paBHo 1,8 B, a npH 3aMbIKauHH 3TOrO 5JleMeHTa Ha CONPOTHBJIEHHe
I OmM B uend Bo3HHKaeT ToK | A. Uemy paBHO BHyTpeHHee CONPOTHB-
JIEHHE 3JleMEeHTa?

82.9. Hexoropbifi saemeHT, 6yAyYH 3aMKHYT Ha CONpOTHB.IeHHe
4,5 Om, paer B uenH Tok 0,2 A, a GyAyuH 3aMKHYT Ha CONpOTHB-
Jenne 10 OM,— 1ok 0,1 A. BoiuHciHTe 3.4.C. 5/IeMEHTa H €r0 BHYT~
peHHee CONpPOTHBJIEHHE.

82.10. HanpskenHe MexAy TOJIOCAMH Pa3OMKHYTOH 3JeKTPHYeCKOH
MatHHe! paBHo 10 KB. Opnako npH 3aMbIKaHHH MallIHHBI Ha [ajIbBa-
HOMeTp mocsleJHHH# noKasbiBaeT TOK Bcero 0,1 MA. Uemy pasno
BHyTPeHHee CONMpPOTHBJeHHe MamHHbI? CONPOTHBJIEHHEM TraJbBaHO-
MeTpa MOXKHO TpeHeGpeyb, TaK KaK OHO 3HAUHTeJbHO MeHbile
BHYTPEHHEro COTNPOTHBJIEHHS MALUHHbI,

82.11. pa saementa [lanuens, HMeromre 3.4.c. 1,1 B kaxawifi, coe-
JMHeHbl mapasJenbHo. Uemy paBHa 5.4.c. TakoH GaTapeH?

82.12. IIsiTh 3/1eMeHTOB, ¢ BHYTEHHHM CONPOTHBJIeHHeM | OM y Kax-
JOr0, COeAHHEHHl MOCAeAoBaTe]pH0. UeMy paBHO BHyTpeHHee CONpo-
THBJIeHHe GaTapeu?

82.13. TpH sJieMeHTa, ¢ BHYTPeHHHM conpoTHBJIeHHeM 1,5 OM y Kax-
Ioro, coefHHeHb! NapajiedsHo. Haliiute BHyTpelHee CONPOTHBIEHME
6aTaped.

82.14. [Ipa sseMenTa, KaxAabi#i U3 KOTOpbiXx o6najaer s.n.c. 1,1 B u
BHYTPeHHHM conpoTHBJeHHeM 1 OM, coefHHeHB! MOCJIEA0BATENbHO H
3aMKHYTBl Ha BHeELIHIOI0 LieNs ¢ conpoTHsieHHeM 2,4 Om. Kakxosa
CHJIAa TOKa B LleNH? .
82.15. Tpu snemenTa, umerome 5.4.¢. 1,1 B H BHyTpetHee cONPOTHB-
sende 0,5 OM KaxAbif, cCOefHHEHB! Napa/JleIbHO H NMHTAIOT JaMIoY-
Ky, COTMpOTHBJIeHue KoTopod paBHo 0,6 Om. Kakoii Tok npoxoaur
uepes JaMIOYKy?

82.16. Cyxas Oarapeiika LA KapMaHHOTO ()OHaps COAEDPKHT TPH
MaJIeHbKHX 3JleMeHTa JleKsaHie, COeJHHEHHBIX MOCTeA0BATeNbHO.
Jlamnouka xapmaunoro ¢onaps tpeGyer HanpsikeHHs 3,5 B H Geper
ToK 0,2 A. BhiuHC/IHTe BHYTPeHHee COTPOTHBJIeHHe Gatapefiku, 3Has,
4TO NPH 3aMbIKAHHH €e Ha JIaMIIOUKY MOcJefHssl TOPHT ¢ HOPMaJbHBIM
HakaJoM. : T

82.17. JIpa OQHHAKOBBIX aKKyMYJSTOpa COeJHHSIOTCS MapaJljielbHo.
Kak H3MeHsi0TCA 5.1.c., BHyTpeHHee CONPOTHBJEHHe H eMKOCTh?
82.18. lpa 0OAMHAKOBRIX aKKyMyJATopa COEAHHAIOTCA MOCIeA0Ba-
Te.'le;). ‘Kak HaMensiorces 3.x.c., BnyTpennee COTIPOTHBJICHHE H M-
KOCTb :



82.19. Ha puc. 135 u306paxeHO TaK Ha3kHBaeMoOe CMeIIaHHOe COelH-
HeHHE ILECTH TaJbBaHHYeCKHX 3JeMentos. IlosHasi .6arTapest npen-
cTapJseT co60f TPH NapalsesbHO coelMHeHHbie Gatapen 1, 11, 111,
KaXKJlasi H3 KOTOPBIX COJIePKHT JBa 8JIeMeHTa, COeHHEHHbIX: [IOCTeN0-
BaTeJbHO. KaKoBH 5.1.c. H CONPOTHBJIeHHe 5TOH 6aTapeH, ecld Als
KaXJIOTO 9/leMeHTa B OTANbHOCTH 3.4.c. paBHa 1,1 B, a conporupJe.
HHe pasHo 1,5 Om? ‘

§ 83. TepmoasemenThi. BepHeMcsi CHOBA K pacCMOTPEHHIO LlenH,
COCTaBJIEHHOH M3 OJHHX TOJIbKO NPOBOJHHKOB NEPBOrO POAa.
Mui Bujenn B § 75, uUTO 3JIeKTPHUECKHH TOK B TAKOH IeNH He
BO3HHKaeT, T. €. CyMMa BceX 3. . C., BOBHHKAIOLIMX HA Ipa-
HHIAX CONPHKOCHOBEHHS PA3JIHYHBIX NPOBOJIHHKOB, PABHA HY-
o (ripaBu1o Bo/bThl). ITO BepHO, OHAKO, TONLKO B TOM CAY-
Yae, eclM BCe cnaM (MeCTa COeJHHEHHs! NPOBOJHHKOB) HAaXo-
JATCS TIPH OJHOH H TOH e TeMneparype. ITooxeHHe cTaHeT
COBEPILIEHHO MHbIM, €CJIM Mbi HAaTPeeM KaKOH-HHOY/b H3 CliaeB,
nojHecs K HeMy ropenky (puc. 136). B stom cayuae raansa-
HOMETp MOKAas3hlBaeT HAaJHYHE B LeNH 3JEKTPHUECKOTO TOKd,
NPOTEKAIOLIEro BCe BpeMsi, MOKa CYLIECTBYET PasHOCTb TeMile-
paTyp Mexjy cuasiMH a H b. Eciy nepeMecTHTh ropesky Taxk,
uyToGhl HarpeBaJcst clai b, a cnaif @ ocraBajacsl XOJOMHEIM, TO
6yeT, KaK H npexje, HabJI0AaTbCS TOK, HO IIPOTHBONOIOMKHOTO
HanpapJleHHsl. DTH ONBITHI IOKA3bIBAIOT, 4TO 3. J. C., BO3HHKAIO-
I[asi Ha TPaHHLE COPHKOCHOBE-
HHsl JBYX MeTajJIoB, cama 3a-
BHCHT OT TeMIeparypul, B rops-
yeM MecTe coeJIHHeHHs! OHa 60J1b-
e, ueM B xoJoxHoM. [Toatomy,
€C/IH MECTa COeIHHEHHS! HaXo-
JSITCSl TIPH PAa3HBIX TeMIepary-
pax, TO cyMmMa BceX JeHCT-
BYIOIIHX B HHX 3. [. C. Y2Ke He
paBHAa HYJIIO ¥ B LieNH BO3HHKa-
€T - HeKOTopasi pe3yJbTHPYIO-
as 3. }1; ¢ HO)J,}J,epZKHBaIO- Puc. 136. llenb, cocrosiumiasi H3
asi B HEH JJIHTEIBHBIH 3JI€K-  jyeqesnoro M ABYX MeIHHX TIpo-
TqueCKHH TOK. BOJOB H rajbBaHOMETpa: @ H b—
Taxum o6pasoM, B LelH, coc- crnaH

TaBJEHHOA H3 pPa3/HUHBIX = Me- -

TaJlJIOB, MeCTa CIaeB KOTOPHIX HAXOJATCH NPH HEOJAHHAKOBHIX
TeMreparypax, AeHCTBYET 3. 1. C., Ha3bIBAeMasl MEepPMOIAEKIT PO~
Osusicywyeis curol (Tepmo-3, 1. ¢.). OnHcanxoe siBieHHe OBLIO
oTKpeTo B 1821 r. Hemenkum ¢usukoM Tomacom Horannom
3eefekom (1770 —1831) u moayyusno Has3BaHHE TePMOJIEKTPH-
YecTBa, @8 BCAKYH KOMOMHAUMIO Pa3HOPOJHBLIX NPOBOJAHHKOB
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fiepBOro poja, o6pasylomHx 3aMKHy'ryw uenb Hasusalm' mep—
MOIAEMEHMOM.

Pdcnonarasi 6oJee llyBCTBHTEJlebIM rajlbBaHOMETPOM, Mbl
MOXKeM OGHAPYXKHTb 3aMeTHHI TOK TPH MeHbLIEH Pa3HOCTH TeM-
nepatyp cnaes @ # b. [ocTaTOYHO MOMECTHTL OJMH U3 ClaeB B
FOpSIYIO BOJy MJIH Jlaxe r‘IpOCTo 3axarb ero B Hajablax, oc-
TaBHB BTOPOH MPH KOMHATHOH TemmepaType, 4TOOLI BOSHHK TOK
B nemd. Eciu 064 cnasi IOMeCTHTb B BOAY OJHOH M TOH e TeM-
fepaTypbl, TO TeMIepaTypa cClaeB CPaBHSETCS H TOK IMpeK-
parutcsi. Ecou Tenepb, ocrapasisi cnail b B ropsiveil Bojie, Bbl~
HYTb crail @ U OXJIaJUTh €ro, TO B LENH ONSITh MOSBUTCS TOK,
HAYWHA B 06paTHOM HampaB/ieHHH, TOUHO TaK Ke TEePMO3JMEKT-
pHYecKHil TOK BO3HHKaeT B TOM CJydae, €CJH OJHH H3 CllaeB
HAXOJUTCS NP KOMHATHOH TeMHepaType a apyroi mpu Gosee
HH3KOH, HalmpHMep B TBePJAOH yrJiekuesore (cyxoit jen). Ta-
KHM 00pasoMm, HelOCpeACTBEHHas NPHYHHA BOSHHKHOBEHHS
TEpMO-3. M. C. €CTb pPasHOCTb TemmepaTtyp o6oux cmaeB. [Ipu
TOM TeMIepaTypa TeX Y4YacTKOB IemH, KOTOPble COCTOAT H3
OJHOPOJHOTO MO COCTaBy MaTepHasa, He MrpaeT MPaKTHYECKH
HHKaKoH poau. Eciu TeMnepatypa OGOHX CNaeB O/JMHAKOBA,
TO W MOJHAsl TePMO-3. [l. C. B LENH PapBHA HYJIO HE3aBHCHMO
OT TOrO, HaXOJATCA JiH 06a cnaf MPH OYeHb BBLICOKOH TeMmmepa-
Type WJH [PH OYyeHb HU3KOH.

Ta6nauua 6. Tepmo-3. . c. HauGonee ynoTpeGHTeNbHBIX Tepmonap, mB

m;s:g;gpg;;gf‘oc o | 100 | 200 | 300 | 400 | 500 | 600 | 700

Meﬂb—KOHCTauéaH 0 (4,3 9,3{14,9120,9{ — | — —
[NsiaTusa — miaTHHOPO- 0 10,6411, 44 2,31} 3,2514,2215,23} 6,27
nuii

OnuT MNO0Ka3blBA€T, 4YTO TEPMO-3. JA. C. TEPMOIIEMEHTOB,
BOOOLIE FOBOPS, HEBEJTHKA H MPUOJIH3UTENBHO IPOIOPLHOHA/b-
Ha Pa3sHOCTH TeMmeparyp craeB. B Ta6n. 6 gaHbl Tepmo-3. 1. C.
/151 ABYX TepMONap: Melb — KOHCTAaHTaH H MIaTHHA — [UIaTH-
nopomu#l (crvtas: 90% mnatuust u 10% pomm) IIPH TeMmepary-
pe xomopsoro cmasi 0°C, ’

CyulecTBOBaHHE TEPMO-3. . C. H TOKA B IlelH NPOBOJHHKOB
HepBOrO0 poja INPH HAJMYHM PAa3HOCTH TeMIepaTyp B JBYX
TOYKaX IeMH He CTOMT, KOHEYHO, B INPOTHBOPEUHH C_3aKOHOM
COXpaHEeHHs IHEPTHH. IIJm MOJUAEPAKAHHS PASHOCTH TeMllepa-
Typ B IefH, MO KOTOPOH HAET TOK, HeOOXOAMMO K HeH MOABo-
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" BHTb TEINJO, 3a cqe'r 3TOTO TeIJia H COBEpLIacTCsa paGO'ra B TE€p-
MO3JIEKTPHUYECKOH LeNH, T -

TaKum 06pasoM, TePMO3IEMEHT NPEACTaBseT coBof TenIOBYIO MaulHHY,
npeo6pasyIollylo TEIIOBYIO SHEPIHIO B SHEPTHIO 3JeKTPHUECKOro Toka, TI'o-
psunii cnait HrpaeT poOJib, aHAJNOTHUHYI0 KOTJIy HJIM HarpeBaTello NapOBOi
MallUHHE, a XOJIOAHHH claH Hrpaer poJb oxJagurens (cM. Tom I). Ecam x
TOpstueMy chnailo, HaxofsiuieMycst NpH TepMOJHHaMHuecKoil Temnepatype Ty,
MB! NIOJIBOAHM KOJIHYECTBO TEMJIOTH (4, TO YacThb ITOH Temaotn Q, nepeiizer
K XOJIOHHOMY Cnalo, HaxojsiieMycs npu Temnepatrype T, a pasHocTh
Q; — Q, npeobpasyercs B snepruio Toka. K. 1. 1. TepMosneMenta, T. e, goas
NOABOAHMOTO Tel1a, NpeofpasyeMas B SJeKTPHUYECKYIO SHEPTHIO, €CThb

p="—

Q

Mmu 3naeM (cm. Tom 1), 4To N5 TeNNIOBO MalUHHEL B CAMOM JIyyLueM cJy-
yae (ecsH Ol He GhIJIO HUKAKHX NOTePb) K. M. J. MOT 6H HMETb 3HAUYEHHE

Ti—T
Nmax = ""_17-1_"2 . ) 83.2)

Boo6uwe xe N< Npay. 3T0 BEPHO H A/ TEPMOIIEMEHTOB,

§ 84. TepmoaneMeHTHl B KaueCTBe reHepaTOpoB. MHI BHIE/H B
npeaLAylieM naparpage, 4TO TEPMO3JIEMEHT NPEACTaBJASAET CO-
6oil TenJIOBOH reHepaTop 3JE€KTPHYECKOTO TOKa, T. €, Npu6op, B
KOTOPOM 4acTb Tella, HarpeBaloLero ropsiudil cnai, npespa-
11aeTcs B 3JE€KTPHYECKYIO SHEPTHIO; OCTaJbHAA YacThb TEIJa OT-
JaeTcs XOJIONHBIM CIlaeM B OKpYy:Kawolnylo cpeny. Onnako Beaen-
cTBHe O6OJbIIOH TEIVIONPOBOJHOCTH METajlJIOB TEmIo, mepe-
XOAsIee MyTeM TENJIONPOBOJHOCTH OT rOpAYero cnas K XoJof-
HOMY, 3HAUHTENBHO OOJibille, YeM TEMJO, NpEBpamaeMoe B
3JIEKTPHYECKYIO 3HepTHio, K TOMy Ke H3 3J1eKTPHYECKOH 3HEp-
THH, CO3/1aBaeMOH TEPMO3JIEeMEHTOM, HeKOTopasi JoJsi NpeBpa-
_IaeTcs B CAMOM TEpPMO3JIEMEHTE B TEILIO H HE MOXKET ObiTh HC-
nosnb3oBana, O6YC/OB/IeHHBE STHMH NMPHYUHAMH 3aTpPaThi Tel-
J1a HACTOJbKO BEITHKH, YTO K. 1. 1. TEPMO3JEMEHTOB H3 MeETaJl-
JHYECKHX NPOBOAHMKOB He npesbiwiaer 0,5 %, Toraa xak ans
HJeaJbHOH TeNnJOBOH MalUHHB MHE JAOJIXKHHI ObliH 6bI 1O ¢oOp-
myJae (83.2) oxujaTb mNpit PAa3HOCTH TeMIepaTyp, paBHOM
300 °C, k. n. a. okosio 50 %. [lostomy MerassiHyecKue TepMo-
3JIEMEHTHI COBEPILIEHHO HENMPUIOJHE B KauecTBe TEXHHYECKHX
TeHepPaTopPOB TOKa.

OnHako TepMmo-3, A. C. MOTYT BO3HHKAaTb TaKke B Lensx,
COJiepKAaIlHX MECTa CONPHKOCHOBEHHSA METAJLROB C HEKOTOpPHI-
MH CIEIHaJbHO H3TOTOBJIEHHBIMH IOJYNPOBOAHHKaMH. [IpH
HAJIHYHH DPa3HOCTH TEMINEPATyp MeXAy TAKHMH CHasiMH BO3-
HHKaeT TepMo-3. 4. C., KOTOpasi ‘B JECATKH pa3 TIPeBHILAET:
TEPMO-3. A. C, UHCTO METANIMYECKHX TEPMO3JIEMEHTOB H “NO-
‘ 189
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cruraer 0,1 B ma 100 °C paswoctH Temneparyp. Bmecre ¢ Tem

' BCJIe[CTBHe MaJjloH TeNJIONPOBOAHOCTH MOJYNPOBOJAHHKOB CO-
OTHOLLEHHE MEXAY KOJIHYECTBOM TEIIOTHI, npéBpamaeMOH B
3JIeKTPHYECKYIO 3HePTHIO, H KOJHYeCTBOM TEIUIOTHI, TepseMOH
NyTeM TeIVIONPOBOXHOCTH H BBLAENSIEMOH TOKOM, CTAHOBHTCS
ropasio Gosnee GaaronpusaTHeiM. K. 1. 1. noaynpoBogHHKOBHIX
TEPMO3/1eMeHTOB focTHTaeT 15 % H MoKeT GHITH ellie MOBHILIEH.
[TonynpoBOAHHKOBBIE TEPMO3JIEMEHTBI NMO3BOJSIOT yiKe peafb-
HO ITIOCTaBHTb BONPOC O CO3JAHHH JOCTATOYHO 3KOHOMHYHBIX
TeXHHYECKHX TeIVIOBBIX FeHepaTOPOB TOKA, B KOTOPHIX Telo-
Basg 3JHEePrHS HEMOCPENCTBEHHO IpeBpalaeTcsi B 3JIeKTpHUe-
CKYIO.

Jn1s cpaBHEHHS MOXHO yKaaaTb 4TO B MapOBO3aX TOIVIHBO
HCTOJIb3YeTCs € K. M. A. oT 4 10 8 %, a B mapoBbIX MaluHHAaX
MaJlOd MOIIHOCTH K. Il. 1. paBeH 10 %. Bmpouem, B Jyyuux
TEeNJVIOBbIX 3JIEKTPOCTAHIMAX K. nm. A. gocturaer 30 %, a B
IBHTATeNAX BHYTPEHHErO CrOpaHus, pabOTAIOLIMX Ha BBICO-
KOKa4eCTBEHHOM XKHJIKOM TOIJIHBe, OH AoXOoAuT a0 40—50 %.

Puc. 137. Cxema ycrpoiicTBa NOJYIpOBOKHHKO-
BOI'0 TepMOdJIeMeHTa: J H 2 — NOJyIpOBOJIHUKO-
BLIE CTEPXKHH DASHBHIX THINOB, J-— COEJHHH-
TeJIbHBIA MeTaJJIM4eCKHA MOCTHK, NOJOrpeBae-
MBIl BHEIHHM MCTOYHMKOM Temua, R — conpo-
A TuBNeHHe BHemlHefl uenH, B KoTopoll ucrosb-
3yerca  9JeKTpHYeCKas  SHeprus. BHewH:As
Uenb NPHCOEXHHAETC K XOJOAHBIM KOHIAM
crepxHell 1 M 2, OoxJaXkaeMBIM BO3KYyXOM HJIH
npoToYHOH BoxOk

T -—>[\
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M3ayuenue cBOHCTB MOJYNPOBOAHHKOB IIOKAa3al0, UYTO CY-
IeCTBYIOT MOJYNPOBOJAHUKH ABYX Pa3JHYHBIX THNOB. B omHuX
TOK B TopfAdeM CIae HJET OT MeTajJa K MOJYNPOBOAHHKY, B
IPYTHX — OT MOJYNPOBOJHHKA K MeTajny. [109ToMy BEIFOJHO
CTPOUTh TOJYNPOBOJHHKOBEIE TEPMO3JIEMEHTHl TaK, KaK IOKa-
3an0 Ha puc. 137. Ilpu atom Tepmo-3. A. C., CO3[aBaeMble Ha
KOHTAKTaX KaXkJIOr0 H3 NOJYNPOBOJAHHKOB C METa/lsIOM, CKJja-
IpiBaloTcs. CoefHHAS TOC/AeNOBATEIbHO HYXKHOe YHCJIO TaKHX
TePMO3JIeMEHTOB, MOMKHO MOJNYYHTb GaTapelo ¢ IOCTATOYHO BhI-
COKOH TepMO-3. 1. C.

§ 85. H3amepenHe TemnepaTypbl ¢ NOMOIIbIO Tepmoa.nemeﬂ’foa.
CaMbiM BaXKHBIM IPHMEHEHHEM MeTalJIHYeCKHX TepMO3JieMeH-
TOB ABJASACTCA HX HCIIOJNbL30BAaHHE /151 H3MEPEHHA TeMIepaTypel.
Ecan OIHH H3 CllaeB TEepPMO3JIEMEHTA MNOAACDKHBATDL IIPH He-
H3MeHHOH TeMIlepaType, HanpuMep fIpH KOMHATHOH HJH, B
ciydae Goslee TOUHBIX HU3MepeHHH, NPH TeMMepaType Talollero
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JbJa, TO TEPMO-3. A. C. 3JIeMeHTa Oy eT 3aBHCETh HCKIIOYHTENb-
' HO OT TeMIlepaTyphl BTOPOro cnas. Ecjiu Takol TepMO3JeMeHT
NporpajyHpoBarth, T.e. OIPEIEIHTb TOYHYIO 3aBHCHMOCTb
TepMO-3. J. C. OT Pa3HOCTH TeMIllepaTyp ClaeB, TO, H3Mepsis
TEpMO-3. [l. C., Pa3BHBAIOILYIOCA B JIEMEHTe, MOXKHO TOYHO Ofl~
pe/ieIHTH TeMnepaTypy TeJa, KOTOPOTO KacaeTcs BTOPOH cnail.
Ha puc. 138 riokasaHo ycTPOHCTBO TeXHHYECKOTO TepMosJIe—
MeHTa (mepmonapet).

Puc. 138. TexuHueckasi TepMonapa, ynorpeGaseMas AJsl H3MepeHHS TeM-
nepaTyphl TONOYHBIX ra3oB. Cnall H3 NJIaTHHOBOH IPOBOJIOKH H NPOBOJIOKH
H3 NJ1aTHHOPOAHS IIOMellaeTcsl B 30HY BLICOKOH TeMIepaTyphl («ropsuuii
cnafi»). Jina npepoTBpaileHHs XHMHYECKOro AeHCTBHSI TOPAYHX ras3os Ha
TepMmonapy cnad 3samumeH ¢apdoposoit Tpy6koil I. CBoGoAHbIE KOHIBI
NPOBOJIOK NOABEAEHH K 3aXXHMaM 2 H 3, KOTOphie NPHCOeAHHIOTCH K ralb-
BaHOMeTpPY, NporpajyHpoBaHHOMY B rpapaycax llenncus

TepMonaps! i H3MepeHHS TeMnepaTypsl o6MajaloT nepef,
OOBIYHEIMH TepMOMeTpaMH OOJIbIUHMH NpeHMylecTBaMH, [lpu
HOMOLIH TepMONAp MOXKHO H3MEPHTb BeCbMa BHICOKHE TeMIlepa-
Typel (10 2000 °C u jaxe Bblitie), NPH KOTOPbIX IPHMEHEHHE
JKHJIKOCTHBIX™ TEPMOMETPOB HeBO3MOXKHO. TOuHO Tak Xe Tep-
MOIMaphl MOXKHO C YCIIEXOM NPHMEHATb H [Jis OYeHb HH3KHX
TeMIIEpaTyp, HpPY KOTOPHIX BCE H3BECTHHIE TEPMOMETPHUYECKHe
JKHAKOCTH 3amep3aioT, C TepMOmapaMH MOXKHO HOJYYHTb BeCh-
Ma BBICOKYIO TOYHOCTb H3MEpPEHHsl TeMIepatyp, OHpelesisieMyio
TOYHOCTBIO H3MEPEHHSI TEPMO-3. A. C. H HAMHOTO IIPeBhILLA0-
HIYI0 TOYHOCTb KHIKOCTHBIX. TEPMOMETPOB.

OueHb CyLIECTBEHHO TO, YTO TepMONaphl ropasno GhicTpee
peaTHPYIOT Ha H3MeHeHHs TeMNeparypnl. I'poMajHOe 3HaueHHe
B TEXHHYECKHX YCTAHOBKaX HMeeT H TO OOCTOATENBbCTBO, YTO
TEepMONaphl JAlOT BO3MOXKHOCTD H3MepeHHS TeMmepaTtyp Ha
3HAYHTEJNbHBIX paccrosiHuAX. ['anbBaHOMeTp MOXKeT ORITB yc-
TAHOBJIEH JaXKe HA PAcCTOSIHHH HECKOJIbKHX KHJIOMETPOB OT
TepMoasieMenTa. [T09ToMy TepMOMaps! BEChMa YacTO NMPHMEHSI0T-
CSl B TEXHHYECKHX KOHTPOJIbHO-H3MEPHTENbHBIX NMPHOOPAx H aB-
TOMaTaXx (CaMONHLIYLIIHX TeDPMOMeTpax, MOXKapHBIX CHIHAJH3a-
TOpPax H T. I..), 4 TAKKEe M NMPH HAYUHHX HcchenoBaHusAX. Oco-
Oblil HayYHBIH HHTEPeC NpeCTaB/sieT IPHUMEHEHHEe TepMOIap MPH
H3MEPEHHH OYeHb MajblX pasHOcTell Temmepatyp. [IpuMeHss
YYBCTBHTeJIbHbIE YCTPOACTBA [ijil H3MepeHHS MaJiOi Da3HOCTH
HOTEHIHAJIOB, Mbl MOKEM C NMOMOILILbIO TEPMONAp H3MEPHTb pas-
HOCTH TeMIepaTyp BHJOTb KO MHJVIHOHHHIX JOJIeH KeJbBHHaA,
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Bnarogapsa 3ro#t BBICOKOM UYBCTBHTENbHOCTH TaKHe YCT-
poiictBa MOTYT OBITh HCIOJIB30BaHEl /Il H3MEePeHHA HHTEHCHB-
HOCTH PA3JIMYHBIX BHJIOB BHJUMOIO HJIH HEBHIHMOTO H3Jy4e-
_ HHA 110 POH3BOJUMOMY HM TEIJIOBOMY JAeHCTBHIO (HarpeBaHHIO).
HanpaBasia u3AyueHHe Ha OIHH H3 CIlaeB TepMOMNAapHl, MBL BH3O-
BeM eT0 HarpeBaHue, TeM GOJbllIee, YeM HHTEHCHBHEE H3J/TyYeHHe.
M3mepsis BO3HHKAIOLLYIO Pa3HOCTb TeMIepaTtyp, Mbl MOXeM cJe-
JIaTh 3aK/oueHHe o6 HHTEeHCHBHOCTH H3JyUYeHHs.

Kak mubl yxe ykasbiain (rabi. 6), Tepmo-3. A. C., paspH-
Barowasics B OTAENbHOM TepMO3jieMeHTe, oueHb Mana, [losto-
My IJ9 nosyyendsi Gosee 3HAYHTEJNbHBIX TepMO-3, . C. OT-
JeJibHble TePMO3JIEMEHTHl YacTO COEIMHSIOT B TepMoGarapeH.
Cxema ycrpoiictBa TepMoGatapen n3o0paxkeHa Ha puc. 139.
CTepXHH MJIH NPOBOJIOKH H3 JABYX Da3/IMYHBIX METa/lJIoB 3a-
LITPHXOBAHB! pas3ninunHo. Bce cnan @ moanepXHBAOTCs NpH Of-
HOH TeMmmnepartype, a BCe ClaH
b — npu ppyroii. OrtaenbHble
TEPMO3JIEMEHTEL  OKAa3bIBAIOTCS
COeJIUHEHHBIMH TOC/IeJ0BaTeb-
10, H TIO3TOMY TepMO-3. 1, c. 6a-
TapeH H3 1 3JIEMEHTOB B 1 Pa3
6oMbllle, YeM Yy OJHOTO TepMo-
Puc. 139. Cxema TepmoGatapen  /IEMEHTA.

Takue Trepmobarapen npume-
A HSIOTCA [VIaBHBIM 00pa3oM 11
H3MepeHH$1 HHTEHCHBHOCTH KaKoro-HHGY Ib BHIAUMOI'O HJH HEBH-
JHMOTO H3JIyYeHHS MO NMPOH3BOJMMOMY HM HarpeBaHHIo. ¥YNo-
Tpebasouuecs I 3TOTO TEePMO3NEKTPHYECKHE DafuOMeTPHI
HIH TEPMOCTOJIOHKH COJepXKaT MaseHbKYI0 TepMobarapeiiKy,
yacth crnaeB KOTOpOH, HampHMep Bce YeTHble cnau, obpauleHa
B CTOPOHY H3/Iy4YeHHs, a Bce HeyeTHble HaXOAATCA C 3anHei
CTOpOHHI IpHGOPa H He NOABEPTaTCA AeACTBHIO H3nydeHus. [a-
Jamoliee Ha OTKPHITHIE CMaH M3JydYeHHe HAarpeBaeT HX, H TeMmIe-
parypa 3allHLIEHHBIX M He3alHUIEeHHBIX crnaeB OKasblBaeTcs
pas/u4YHOH, OTHeTO B rajbBaHOMETpe, NPHCOeJHHEHHOM K Tep-
MOCTOJIGHKY, BO3HHKaeT TepMOTOK. UYBCTBHTENBHOCTb TaKUX
npu6opos MoxeT ObITh Cle/1aHa, BecbMa BBICOKOH, HanmpHMep
MOXKHO OGHAPYXXHTb TEIJIOBOe H3JyuyeHHe YeJOBedecKOro Tena
(puc. 140).

Takum o6pa3om, UyBCTBHTE/NbHBIE TepMONapbl MOTYT CJy-
JKHTb 4151 OOHAPYXEHHS Jaxe He OUeHb CHJIbHO Harperthix Tel,
HAXOJAIIHXCA Ha HEKOTOPOM — HHOTJA JOBOJIBHO 3HAYHTENb-
HOM — paccTosiHiH OT HalOuomatens. Takue npuHGOPH HMeOT
HE TOJIbKO OYeHb BaMHBIE YHCTO HAYYHBIE NPHUMEHEHHA, HO K
JIeXKaT B OCHOBE NPHMEHFIOM{MXCH HA NPAKTHKE METOOB TaK-
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Puc. 140. TepmoanexTpuueckuii paguomerp. TemoBoe HanydeHHe (OT

PYKH) NajaeT Ha TepMoGaTapeliKy [; BO3HHKaWOWHA TepMOTOK OTKJOHSeET

3epKaJblie YYBCTBHTEJBHOTO raJbBaHoMeTpa 2 1 3aHYHK OT JaMIbl 3, OT-
paXeHHBIH 3epkaJblleM Ha WKaJay 4, H3MeHseT CBOe NOJIOXKEHHe

HasblBaeMOH TepMoOmnesneHranuH, T. e. ODHapyKeHHA Ha pac-
CTOSIHHH (HANPHMep, C CaMOJIEeTOB) IOPOJOB, 3aBOJOB, NAapPOX0-
JOB H T, II. 10 HX TENJIOBOMY H3JAYy4YeHHIO.

2 85.1. Onux U3 cnaeB KOTeJbHOH Tepmonaps! (T1aTHHA — MJIaTHHOPO-

. Iuil) noMeuleH B Iedb, a APYroH cnmail HaxoAWTCA NPl TeMIepaType
0°C. I'anbBaHOMeTpP, COEIHHEHHHIH ¢ TepMmornapoH, NMOKasHBaeT TOK
5,75.10-% A. KakoBa TemnepaTypa neyH, ec/ii CONPOTHBAeHHE TepMO-
napel paBHO 10 Om, a conpoTuBJeHHe TaJbBAHOMETPA, BKJIOYAA COe-
JIHHATeJbHBE NpoBOAa, paBHo 90 OM? Bocnonesyfitech Taba. 6.



Ffnasa V. MPOXOXOEHME DNEKTPAUECKOIO TOKA
YEPE3 METAJINBI

§ 86. JneKTpOHHAA MPOBOIMMOCTD MeTawioB. lIpOXOKIeHHe
TOKa Yepe3 MeTaJJbl (MPOBOAHUKY [EPBOro poja) He COMPOBOXK-
jaetca xumyueckum uameHeHdeM ux (§ 40). 3t1o obGcrosTenbCT-
GO 3acTaBifeT NIpefnojararb, 4TO aTOMbl MeTaslla mpH Ipo-
XOXKIEHHH TOKA He MepeMertaloTcst OT OAHOTO y4acTka IMPOBOJ-
LHHKa K JAPYroMy. 2T0 MpPeINoJiOKeHHe OblJI0 MOJITBEpPKAEHO
onslTaMd Hemenkoro duzuka Kapsaa Buxkropa Oayapaa Puk-
re (1845—1915). Pukke cocraBuJ Lenb, B KOTOPYIO BXOJUIU
TPH TECHO MPHMKATHIX JAPYr K APYrYy TOpLUAMM LHJMHAPA, U3
KOTOPEIX JIBA KpaHHHX OBLIM MejHBlE, a CPEIHHH aJiOMHHHe-
pplfl, Hepe3 3TH UHJHHAPLEL IPONYCKAICA IEKTPHUYECKHI TOK
B TeyeHHe BeCcbMa IJAHTEJbHOIO BpeMeHH (6oablite rojsz), Tax
uyTO OOllee KOJHYECTBO MPOTEKIIEro 3JieKTPHUSCTBA JOCTHIVIO
orpomuolt BeanuuHb! (cBaie 3 000 000 Kn). Tipouspoas sarem
TWATeJTbHBI aHAIH3 MeCTa CONPUKOCHOBEHHS] MeOU H aflo-
MUHHA, PHKKe He MOr OOHAPYKHTb CJEIOB NPOHUKHOBEHHS
ojioro mMerajJa B gpyrofl. Takum o6pa3oM, NpH NPOXOKJEHHH
TOKA Yepe3 MeTallJIbl aTOMBI MeTaJljla He IepeMellialoTcesl BMecTe
C TOKOM.

Iakuy xe 06pa3oM MPOUCXOAUT MEPEHOC 3apsi0B IIPH MPo-
XOX{CHHU TOKa 4Yepe3 MeTasJ?

CornacHo npeactaB/eHHsIM 3J1eKTPOHHON TeOpUH, KOTOPBIMI
Mbl HEOJHOKPATHO MOJb30BAJHCh, OTPHUATENDbHbIE H MOJOKU-
TesibHble 3apsJbl, BXOJsIIe B COCTAB KAXKAOI'0 aTtoMa, CyLIecT-
BEHHO OTVIUYAlOTCsl APYr oT apyra. [TonoxuTenburiil 3apsij cBs-
3aH C CAMHUM aToMOM H B OOBIYHBIX YCJIOBHSIX HEOTAENIHM OT
OCHOBHOI! 4acTH aroMa (ero ajapa). OTpuuaTesNbHbe XKe 3apsi-
Jibl — 3JIEKTPOHEL, 06/1aAa0lIKe ONpeieseHHbIM 3apsiIoM H Mac-
coit, nouty B 2000 pa3 Menbluell Macckl camMoro Jierkoro aroma —
BO,10P0/Ia, CPaBHHTENBHO JIErKO MOTI'YT OBITH OT/IE/E€HE OT aTOMa;
atoM, NOTepABIIMHA 3/1eKTPOH, o0pa3yeT NOJOXKHUTENbHO 3aps-
KeHHbI HOH. B Meransax Bcerga ecTb 3HaYUTENIbHOE HHCIO
«CBOJOAHEIX», OTJAENUBLIMXCSI OT ATOMOB 3J1EKTPOHOB, KOTOpHIE
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GJTYKJAFOT [0 MeTaly, Mepexolist OT OLHOTO HOHA K APyToMy.
DTH 3JeKTPOHH NOJ JefCTBHEM 3JeKTPHUECKOTO NOAf Jerko
nepeMeljaloTcsl N0 MeTanay. MOHBI Ke COCTaBAAIOT OCTOB Me-
Tanaa, o6padya ero KpHCTANJIHYECKYIO peileTKy (cM. ToMm I).

OnmuM H3 1nanbGonee yGenuTelbHBIX fIBJeHHH, OGHADYKH-
BAIOUIUX PasIHuHe MeXKIy IOJOKHTENbHBIM H OTpHLATENbHBIM
3JEKTPHYECKHME 3apgJaMH B MeTa/lle, ABJAAEeTCA YNOMAHYThIH
B § 9 dortosaekTpudeckuil 3dhekT, NOKas3LIBAIOWHH, YTO 3JeKT-
POHBEI CPABHUTENbHO JIEFKO MOTYT ObITb BbIPBAaHBI U3 METAJa,
TOTHA KaK NOJIOKHUTe&Hble 3apsilbl KPENKO CBA3aHbl € Be-
[eCTBOM Merasna. Tak KakK MpH NPOXOXKIEHHH TOKa aTOMEIl, a
CJIeJIOBATeJIbHO, H CBSI3aHHble C HHMH TIOJIOMKHUTENbHbIE 3apsiibl
He TepeMelatoTcs 1o NPOBOJHKKY, TO NepeHOCUHKAMH 3JIeKTPH-
4eCcTBA B MeTaslJle CJIeIyeT CUKTaTh CBOGOIHBIE 3JeKTPOHBI.
HenocpencTBeHHbIM  TNOATBepIKIEHHEM 3THX MpeicTaB/eHui
SIBULJINCh BAXKHbIE ONLITHI, BHIIOJIHEHHble BrepBhie B 1912 r.
JI. M. Mannenvmtamom n H. JI. Tlananekcu *), Ho He onyG-
JHKOBaHHEle HMH. HeTnipe roja cnycta (1916 r.) P. U. Toamen
n T. JI. Crioapt ony6adKOBagH pe3y abTaThl CBOHX OIBITOB,
OKa3aBIIHXCA aHAMOTHYHBIMM onblTaM Mangessmtama u [la-
naJjeKcH.

[lpy mocTaHOBKe 3THX ONBITOB HCXOAWJAM U3 CAeAyIOLeH
MbICAIH. Ecan B Metasse ecth cBOGOAHble 3apsijbl, ofaajaio-
llie Maccoil, TO OHM JOJXKHbl TOAYHHSITECSA 3aKOHY HHEPLHH
(eM. Tom 1), Brletpo aBuxkyuiuiicst, HAnprMep, cJIeBa HANpaBo
NPOBOJHHK TNpeACTaBasieT o600 COBOKYMNHOCTb ABHXKYHIHXCH
B STOM HamnpaBJeHHH aTOMOB MeTa/1a, KOTOphble YBJIEKaloT
BMecTe ¢ €060l u cBoGoaHble 3apaanl. Koraa Takofl npoBOAHHK
BHE3aHO OCTAHABJIMBAETCS, TO OCTAHABAUBAIOTCA BXOAAILIHE B
€ro COCTaB aTOMbl; CBOAOIHBIE JKe 3aDANL 1O HHEPLUH JOJMHHbI
NPOJOMIKATL JIBHIKEHHE CJeBa HanpaBo, MOKAa pasiHuYHble Mo-
Mexu {(coyjaapeHusl C OCTAHOBHBIHUMHCS aTOMaMH) He OCTAHOBAT
ux. [Ipoucxogsmee siBaeHHe NOJOCHO TOMY, YTO Halumiogaercs
NpH BHE3anHO# OCTaHOBKE Tpampas, KOTJAa «CBOOOAHLIe», HE
NPUKpPEIJIEHHble K BaTOHY NpeAMEeTHl H JIIOAH N0 HHEPUHH He-
KOTOpOe BpeMs NPOJIOJKAIOT JIBHIATbCA BIEPeXd.

Takum ofipasoM, KpaTkoe Bpems IocJe OCTaHOBKH IPOBOJ-
HHKa CBOGOJHHE 3apsiibl B HEM JOJIKHBI JABHTaTbCS B OIHY
cropony. Ho nBukenne 3apsioB B ONpeNeJNEHHYIO CTOPOHY
€CTb 3JeKTpuuecKHii ToK. CllefoBaTeNbHO, €C/IH HAIlH PacCyK-
JeHUA CNpaBelJiMBbl, TO TNOCJE€ BHE3aMHOH OCTAHOBKH NMPOBOJ-
HHKa HAJO OXMJATh IOSABJAEHHS B HEM KPAaTKOBPEMEHHOTO TO-
Ka. -‘HampapjeHne 3Toro TokKa MO3BOJMHT CYIHTb O 3HaKe TeX

*) Jleonur Hcaakopiy Manpensiram (1879—1944) u Hukona#t Imut-
preeuu [lananekcu (1880-—1947) — coBerckne GH3HKH, aKajeMHKH.
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3aps0B, KOTOpHIe JBUTAJHCh [0 HHEPIIHH; €CJIH C/1eBa Hanpaso
6yayT ABUTAaTbCSl NOJIOXKHTETbHbIE 3apsbl, TO OOHAapYXKHTCH
TOK, HampaBJeHHBIH CJeBa HaNpaBo; €CJIH XKe B 3TOM HanpasJ/e-
yuy OyAyT JABHTaTbCA OTPHLATE/IbHBIE 3apsipl, TO AOJLKeEll
HabJ0JaThCA TOK, UMetolui Ha-
npaB/eHHe CripaBa HaneBo. Bos-
HHKaIOWHKA TOK 3aBHCHT OT 3a-
pPALOB U CMOCOBHOCTH HX HOCH-
TeJqel GoJsiee HJIH MeHee JOJITo
COXpaHATb [0 HHEPUHH CBOe
JBHXeHHe, HeCMOTPA Ha ToMe-
XH, T. €. OT HX Macchl. Takum
o6pasoM, 3TOT ONBIT He TOJBKO
NO3BOJIfIeT TPOEEPHTL TNPeArno-
JIOXKEHHe O CVIIeCTBOBAHHH B
MeTaJsle CBOGOIHBIX 3apfjloB,
HO U ONpefeNuTh CaMH 3api-
Jbl, UX 3HAK M MacCy UX HOCH-
Tesell (TouHee, OTHOLLUeHHe 3a-
pAja K macce e/m).
Puc. 141. Hcenenosakne npEposst B npaxruueckoM oCyImecTs-
SMeKTpHIeCKOTO TOKA B Merannax ~ JIGHHH OTBITA OKasanoch Gosee
YAOGHBIM HCNONB30BATh He MO-
CTynaTtejbHOe, a BpaljaTe/bHoe
JBUXKeHHe NpoBOAHHKA. CXeMa Takoro onbiTa NpHUBeJeHa Ha
puc. 141. Ha kartyuixke, B KOTOpPYIO BJeJaHBl JiBeé H30JHPO-
BaHHBIe ApPYT OT jpyra noidyocd OO, ykpenJeHa NpoBoJioyHas
cnupansd [, KoHusl cnupanu npunasibel K o6edM TOJOBHHAM
OCH M TDH IOMOILIH CKOJB3SALIHX KOHTAaKTOB 2 (IIETOK») NpH-
COeJHHEHBl K YYBCTBHTEJbHOMY rajbBaHoMmerpy J. Karyuika
NPUBOJHJIACh B OBICTPOE BpallleHHEe H 3aTeM BHE3aNHO TOPMO3H-
aach. OnbIT AeACTBHTENIbHO O6HAPYKHUJI, YTO NIPH 3TOM B ralb-
BaHOMeTpe BO3HHKaN 3JeKTpuuecKuil Ttox *). Hanpapnenue
3TOro TOKa NOKasaJjo, 4YTO MO HHePIHH ABHXKYTCS OTPULATENb-
Hble 3apaAabl. Mamepus 3apsj, nepeHOCHMBIA 3THM KpaTKOBpe-
MEHHBIM TOKOM, MOXHO OblIO HalTH OTHOLIeHHe CBOGOMNOro
3apsija K Macce ero nocutens. OTHOIIeHHE 3TO 0Ka3anoch
paBHbIM e/m=1,8-1011 Ka/Kr, yTo XOpOWO coBNajaeT co 3Ha-
UeHHeM TaKOro OTHOLIeHHA JJIfl 3JEeKTPOHOB, ONpejcseHHbIM
JPYTHMH cnocoBaMH.

*) TpyAHOCTH OCYMIECTBJIERHS 3TOrO OMNBITA COCTOSIT B HEOGXONHMOCTH
yCTPaHHTh NOCTOPOHHHE 1P HUKHHBI BO3NHKHOBEHHS TOKOB IPYTOrO NPOHCX O -
IeHHs, HaCTOJbKO CHJBHBIX, YTO OHH CNOCOGHBI 3aMaCKHPOBATb OXKHJaeMbl

sdpeKT.
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Mrak, onsITE NMOKAa3bIBAlOT, YTO B MeTa/iaX HMEKTCS CBO-
(0JHble JIEKTPOHBI. DTH ONBITBHI ABJSAIOTCA OJHHM H3 HauboJee
BaXKHBIX TOATBEPXKJAEHHH 3JIEKTPOHHOH TEOPHH METaJJIOB.
Daexmpuneckull mox ¢ memaarrax npedcmagasem coboti ynopa-
Oouernoe 0suscenue cB0600HbIX 3AEKMPOHOE (B OTIIHUHE OT HX
Gecrop sIIOUHOTO TETVIOBOTO JBHXKEHHS, BCErJA HMEIOUIErocsi B
MPOBOJIHHKE).

2 86.1. MeTaninueckufi HesapsKeHHHl IHCK NPHBOJHTCA B OLICTpOe
. BpanleHHe H, TAKHM 06Pa30M, CTAHOBHTCH «IeHTPHPYTOH /14 3JeKTpo-
HoB». Mexxay uenTpoM O u nepudepHell THCKa BOSHHKaET Pa3HOCTb IO
TeHlHaJ0B (pHC. 142; [ — MHCK, 2 — KOHTAKTHI,
3 — anektpoMerp). Kakos 6yjer 3Hak 3Tol pas-
HOCTH? . 2
86.2. Tlo cepeGpsiHOH TpOBOJIOKE ¢ CeueHHeM 7 O,
1 MM® DPOXOMHT TOK cHJB | A. BuluHcauTe cpel-
HIOI0 CKOPOCTb YIIOPSIJOUeHHOT O JBHKEHHS 3JIeK-
TPOHOB B 3TOH TPOBOJIOKe, MoJaras, YTO Kax-
AL aToM cepeGpa jaeT OfHH CBOGOXHBIH 3JeK-
TpoH. [lnotsocTs cepebpa pasHa 10,5103 Kr/m3,
€r0 OTHOCHTeJbHas aToMHas Macca pasHa 108. I
Tocrosinnas Asoragpo N 4=6,02-10% Moab—2, “
86.3. CKOJIBKO 3JIEKTPOHOB JOJKHO NPOXOJHTD
Yepe3 IOTepeyHOe ceueHHe NPOBOJA eXKeCeKyH-
HO, YTOGBl B NPOBOJE LIeJ TOK 2 A? 3apsn sJeK-
TpoHa paseH 1,60-10-% Ki.

Puc. 142. K yn-
paxHeHHIO 86.1

§ 87. Crpoenne metamio, Kak cBoGoJHbIE 3JIEKTPOHDB, BXOAS-
[iHe B COCTAB MeTasllla, TAaK H e€ro HOHbI HaXOJATCs B Helpe-
PBIBHOM GeCropsiIOYHOM ABHXKEHHH (cM. ToM I). DHeprusi aTo-
o IBHXKEHHS H PEICTaBJsIeT COO0il BHY TPEHHIOIO SHEPTHIO Tea.
JIBH)KEHHe HOHOB, 06pa3yOMHX KPHCTALIHUECKYIO pELUETKY,
COCTOHT JIMIIb B KOJEOaHHAX OKOJO CBOHX HOJOXEHHH paB-
HoBecHsl. CBOOOIHBIE )K€ 3JEKTPOHBI MOTYT HepeMelmaTbCs
no BceMy oOneMy MeTaJa.

Ecan BHYTPH MeTasljla HeT 3JIeKTPHYECKOTo HOJsl, TO IBH-
JKeHHe 3JIEKTPOHOB COBEPIUEHHO XaOTHYHO; B KaXIblH MOMEHT
CKOPOCTH DAa3/IHUYHBIX JEKTPOHOB PA3JIHYHBI H HMEIOT BCEBO3-
MOXKHbIe Hanpasiennsi (pHc. 143, a). DneKTPOHBl B 3TOM CMBIC-
Je nojoGubl OOBIMHOMY Ta3dy, H IOITOMY HX 4acTO HAa3biBaroT
3JIEKTPOHHBIM rasoM. Takoe TemjoBoe IBHXeHHE HE BBI3OBET,
OYEBHJIHO, HHKAKOIO TOKA, TaK KaK BCJEJACTBHE NOJHOH Xao-
THYHOCTH B KaXKIOM HanpaB/JeHHH OyJeT ABHTATbCS CTOJIBKO
JKe 3JIEKTPOHOB, CKOJNBbKO-H B IPOTHBOIOJIOXKHOM, H IO3TOMY
CyMMapHbIi 3apsil, NepeHOCHMbIl dYepe3 /0Oyl IO AIKY
BHYTpPH MeTasnna, OyleT paBeH HYJIO.

Heno, onHaxko, H3MEHHTCS, €CIH Mbl NPHJIOKHM K KOHLAM
MPOBOJHHKA DAa3HOCTb MNOTEHLHAJIOB, T. €. CO3JaJHM BHYTDH
MeTajuia 3JeKTpHYecKOe noge. IlycThb HanpsieHHOCThb MOJIS
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paBHa E. Torza ma KaxIpt¥i M3 3JIeKTPOHOB JeficTByer cHia
¢E (e — sapsj 371eKTPOHA), HalpaBJeHHAs BCJIEACTBHE OTPH-
DAaTeIbHOCTH 3apsijida 3JeKTPOHOB NPOTHBOIOJNOXKHO TOJMKO,
Buarojapsi 3TOMy 3JIeKTPOHBI IOJYYaT JONOJHHTENbHBIE CKO-
pocTH, lalpaBleHHble B oAHy cTopouy (puc. 143, 6). Tenepb
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Puc. 143, a) B oTcyTcTBHe 3;eKTPHUYECKOrO IMOJS CKOPOCTH 3JEKTPOHOB
B MeTajljle HanpasJeHs! XaoTHieckKH. 6) [IpH HaNHUYHH 3/IeKTPHYECKOTO

LoJisl B Merasljle CKOPOCTH BCex 3JIEKTPOHOB TOJAYYAlOT TpHpAlleHHs, KO-
TOpLIE Hanpas/eHnl MPOTHBONOJIOMKHO HANpKeHHOCTH Tioas E

yKe JBHXKEHUE 3J2KTPOHOB He OyJeT BMOJHE XAOTHYHLIM: Ha-
pany ¢ OecnopsfOYHHM TenJIOBBIM [BHKEHUeM 3/JIeKTPOHHbIH
raz OyJeT nepemeniatbecsl KaK 1Le0e, H I03TOMY BO3HHUKHET
3JMeKTpHYecKUH TOK. Bripaxkasich o6pa3HO, MOXKHO CKa3aTh,
YTO TOK B MeTa/lJaxX MpeJicTaBlsieT co00f «3/IeKTPOHHBIA Be-
Tep», BBI3BAHHBIA BHELIHHUM IOJIEM.

§ 88. Mpuyuna anexTPHYECKOTO CONPOTUBACHUA. Temeph Mol
MOXeM NOHATb, NOYyeMy MeTa/JIbl OKa3bIBAIOT CONPOTHBIeHHE
3/JeKTPUYECKOMY TOKY, T. €. HO4YeMy AJda HOJNep:KaHUs JJIH-
TeJbHOTO TOKA HYXKHO ECe BpeMsA MNOJANePKUBATh PAasHOCTDb
NIOTEHIHAJOB Ha KOHUAX MeTa/lJM4eCcKOTO NPOBOAHHKA. Ecau
Obl 3JIEKTPOHbI HE HCMBITHIBAAN HHKAKHX [OMEX B CBOEM J3H-
JKeHHH, TO, OYAYy4Yd HpHUBeJEHBl B YIICPAI0YEHHOE JBHIKEH!E,
OHH JABUraJuch OBl 1O HHEPUHH, 023 AelICTBUA SJIEKTPUIECKOro
nosis, HeorpanmueHnHo Jgoiaro. OAHAKO B JAeHCTBHTEIBHOCTH
371eKTPOHBl HCHBITHIBAIOT cOoyjapenusa ¢ uoHamu. [lpu stom
3/71eKTPOHBI, O0/ajaBllxe nepel cOyJapeHHeM HEKOTOpOH CKo-
POCTBIO YNOPSAJOUYEHHOTO [BIXKEHHA, HocJe coyaapeHus OyayT
OTCKAKMBAThb B IHPOU3BOJIbHBIX, CJAyYaHHBIX HaNpas/eHHUSX,
H yHopsIoueHHOe ABXXKEHHE 3JIEKTPOHOB (M2KTPHYECKUH TOK)
OyneT mpeBpalarecsi B OecrnopsiioyHoe (TElJIOBOE) JBHKe-
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HHe: MMocJe YCTpaHeHHsl 3/J1eKTPHYECKOro Mojisl TOK OueHb CKoO-
po HcuesHeT. il Toro utoGbl MOJNYUHTbL JUIHTEIbHBIH TOK,
HY2KHO TMOCJe KaxKJAOTO COYJapeHHsi BHOBb H BHOBb THATh
3JIEKTPOHBI B ONPENe/eHHOM HampaBJjeHHH, a ISl 9TOr0 HyX-
HO, uTOOBI Ha 3JIEKTPOHBI BCe BpeMs jeficTBoBaja cuJja, T. €.
uToOBl BHYTPH MeTasja GblIO 3JIEKTPHUECKOe MOJE.

Hem GOsbluasi pasHOCTb NMOTEHUHANOB NOAAEPIKHBAETCS Ha
KOHUAaX MeTalJIHUeCKOro NPOBOJHNMKA, TeM CHJIbHee BHYTpI
HETO 3JIeKTpHYeckoe mnoJie, TeM OOJblie TOK B MPOBOAHHKE.
Pacuer, KOTOpDOro Mbl He INpPHBOIMM, IIOKa3biBaeT, UTO pas-
HOCTb NOTEHUHAJI0B ¥ CHJIA TOKA JOJIKHBI OBITH CTPOTO Mpo-
NOPUHOHANBHBI APYT APYTY (3akoH Owma).

JBurasch nop AeHCTBHEM 3JIEKTPHUECKOTO NOJSA, IEKTPO-
Hbl NPUOOPETAIOT HEKOTOPYIO KHHETHYeCKyio 3dHepruio. llpu
COyJZapeHusX 3Ta SHEPrusl 4YacTHYHO MNepefaeTcsl HOHaM pe-
UIeTKH, OTYero OHH NMPHXOIAT B 0oJiee MHTEHCHUBHOE TENJIOEve
nBkende, Takum o6pasoM, NPU HaJHUYUH TOKA BCE BpeMs Mpo-
UCXOJHAT Nepexof SHeprHH yMopfAAOYeHHOTO ABHIKEHHS 3JIeXKT-
pPOHOB (TOK2) B 3SHEPrHI0 XAOTHUYECKOIO JABHXKEHHS HOHOB H
3JIeKTPOHOB, KoTopast nmpejacTanisieT co00H BHYTPEHHIOIO 3HCP-
THIO TeJ1a; a 3TO 3HAUYHUT, YTO BHYTPEHHSS SHEPTHS MeTasln1a yee-
JyuHBaetcs, 2TuM OOBSCHSAETCS BbIJETeHHEe AXKOYJeBa TerJa.

PestoMupysi, MOXKHO CKa3aTb, YTO HPUHUHQA 3AEKMPUHECKO-
20 COMPOMUBACHUS, BAKAOHALMCA 6 MOM, 4MO AEKMPOHBL NPU
ceoeM OBUINCCHULL LCNbIMBIBAOM COYOaperus € LOHAMU MEMAIAq.
STy coyjapenHs NMPOM3BOAAT Takofl Ke pesyabTaT, Kak H
JelicTBHe HEKOTOpPOH MNOCTOSIHHOH CHJbl TpeHusi, crpemsuiefics
TOPMO3HTb [BHKEHHE 3JIEKTPOHOB.

Paangune B MPOBOLHMOCTH Pa3HbIX MeTa/10B 00yC/OBIEHO
HEKOTOPLIMH Pa3JuudsiMM B 4YucTe CBOOOLHBIX 3JEeKTPOLOB
B eliHHIe oObeMa MeTajlla H B YCJOBHAX JBHXKEHIS 3JeKT-
POHOB, YTO CBOAMTCHA K PasJHUHIO B cpelHell JuHe cBOGOXHO-
ro mpofera, T. e, 1yTH, 1IPOXOAHMOrO B CPelHEM IEKTDOHOM
Mexkay JABYyMS COyIapeHHsSMH ¢ HOHaMH MeTaana. OfHaKo 3TH
pasjMudsl He OYeHb 3HAUHTEJbHBl, BCIACTBHE UEero NMpPOBOJH-
MOCTb OJIHHX MeTa/VIOB OTJIHuaercs, KaKk NokasbiBaeT Tabma. 2
(§ 47), oT NpOBOAKMOCTH APYTHX BCEro JIHMIb B HECKONbKO Je-
CATKOB pas; B TO Ke BpeMsl NMPOBOAHMOCTb JarKe XYAIIHX H3
MeTa/UIHYeCKHX MPOBOJHHKOB B COTHH ThICAY pa3 GoJibilie Mpo-
BOJHUMOCTH XOPOLIMX JIEKTPOJIHTOB H B MWJLIMApAB pas Ipe-
BOCXOJHT MPOBOAMMOCTL MOJYNPOBOAHHKOB,

fIBenne ceepxnpoBoauMocTH (§ 49) o3nauaeT, 4TO B MeTal-
Jle BO3HHMKJIH YCJIOBHA, IPH KOTOPBIX 3JIEKTPOHB He HCMbIThHIBA-
IOT COMPOTHBJIEHHsI CBOeMY ABuxKeHuio. [lostomy Aas noazep-
JKaHHs JUTHTENBHOTO TOKA B CBEPXMPOBOJHUKE HE HYXKHO Hasld-
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yHA pAasHOCTH NOTEHLHAI0B. JLOCTaTOUHO KaKUM-THGO TOTYKOM
IIPHBECTH 3JMeKTPOHBl B JBHXKEHHE, M TOTJa TOK B CBepX-
npoBojJHHKe OyJeT CylecTBOBaTb M I0C/Je YCTPaHeHHA pas-
HOCTH noTeHlxanos. O6 3TOM ONBITE MBl YKe roBopusu B § 49.

§ 89. PaGora shixona. B § 87 mMul rosopusnt 0 ToM, uTo cBOGOA-
Hble 3JEKTPOHbl HAXOASTCA BHYTPH MeTajljla B HENpepblBHOM
TerioBoM JBi:keHuu. OAHAKO, HECMOTPS HAa 3TO,” OHHM He pas-
JIETAIOTCA W3 MeTaMaa. JTO CBHIAETENbCTBYET O TOM, UTO €CThb
KaKie-TO CUJbl, IIPENATCTBYHOIllMe HX BbLIETY, T. € 4YTO HA
3JIEKTPOHBI, CTpemsluecad BLIATH 3a MOBEPXHOCTb MeTaslla, B
MOBEPXHOCTHOM CJIoe JACHCTBYET 3JEeKTpHYECKOe NoJe, HanpaB-
JIEHHOE OT MEeTa/lia HapyXy (3/JeKTPOHbI OTPULATENbHbI). ITO
3HAUYHUT, 4TO NPH MPOXOKAEHHH 3JEKTPOHA uyepe3 MOBEepPXHOCT-
HBIA CJ0H MeTansa Cusbl, AEHCTBYIOLIHE Ha 3JEKTPOH B 3TOM
CJI0e, COBepLIAlT OTpHIATeabHylo pabtoty —A (3aeck A4>0),
a CJIel0BATebHO, MEXKIY TOUKAaMH BHYTPH MeTaljJa H CHapy-
JKH HMEETCS HeKOTOpas pasHOoCTb NOTeHUHAJOB ¢, Ha3blBaeMas
NOMEHYUANOM 8bIX004.

M3 ckasannoro ciaenyer, 4To AJ yAaJeHHS 2JeKTPOHA H3
MeTaslyia B BaKyyM HYKHO COBEPUIHTbL NPOTHUB CHJI, AEHCTBYIO-
LIHX B [IOBEPXHOCTHOM CJIO€, MOJIOKHUTENbHYIO paboTy A, Ha-
3bIBaeMylo pabomotil otxoda. Dta BeJHUHHA 3aBHCHT OT NPHPO-
Jbl MeTasia.

Mexay paGoToil BbIXOJAa M TOTEHIHANIOM BHIXOAA HMEETCS
OUYEBIIIHOE COOTHOLLUEHHE

A=egp, (89.1)
Tie e — 3apsiji 3JeKTpoHa (TouHee, aGCOMIOTHOE 3HAueHHe 3a-
pAja 3JeKTPOHA, paBHOe 3JIeMEeHTapHOMY 3apsay). Ilostomy
paboTy BbIXoja OOBIYHO 3aNHCHIBAIOT B BHIE €.

PaGoTy eq NpOTHB CHJ B IIOBEPXHOCTHOM CJIO€ 3JEKTPOH
MOXeT COBEepUINTB 3a CueT 3anaca KuHeTHuecKoll suepruu. Ec-
JH KHHETHYeCKas 3Heprus MeHblie paboTbl BBIXOJAA, OH He
CMOXKeT NIPOHHUKHYTb uepe3 MOBEPXHOCTHBIH CJIOH ¥ OCTaHercs
BHYTPH MeTassa. TakuMm ofpa3oM, YCJIOBHe, IIPH KOTOPOM
9JIEKTPOH MOKeT BblIeTeTb M3 MeTajjla, HUMeeT BUJ

mu?

> ep. (89.2)

3aecb m — Mmacca 3JEKTPOHA, U, — HOpMaJbHas (NepreHu-
KyAApHas K 0BEPXHOCTH) COCTABJSAIOAS €T0 CKOPOCTH, e —
pabora BHX0Ja.

[lpu KoMHaTHO# Temnepartype cpelHfsl SHEPTHSI TEJIOBOTO
JIBUMKEHHA 3JIEKTPOHOB B METaJl/Ie B HECKOJIBKO JAECSITKOB a3
MeHblIe paboThl BbIXOAa; MOITOMY NPAKTHYECKH BCE 3JEKTPO-

200



HbI YIePXKHBAIOTCA TIOJIEM, HMEIOIHMCS B T0BEPXIOCTHCM CJioe,
BHYTPH MeTaJa. '

Pabory BbixoZa OObMHO H3MEPAINT He B JMIKOYJIAX, a
B aaexmpotsosemax (3B). O0un arexmponsorsm ecme paboma,
cosepuiaeman curamnu noas Had 3apadom, PasHelM 3apAdy siex-
mpoHa (T. e, Haj 3J1eMEHTaPHbLIM 3apsjoM e), npu npoxoxcde-
HUW UM DA3HOCMU NOMEHIUAA08 00UH 6046M:

13B=1,60.10"% Ka-1B=1,60-10"1 [Tk,  (89.3)

2 89.1, Pafora Brixoga mis BoabbpaMa (Merania, HPHUMEHSEMOrO AJs

° H3TOTOBJIEHHSI HHTH 3JeKTPOHHOH JaMnbl) pasHa 4,53 s5B. Hafigute
HaHMeHBIIYI0 CKOPOCTh, NPH KOTOPOH BO3MOXKEH BLINET 3JEKTPOHA
H3 3TOr0 MeTaJJla Hapyxy. Macca sjektpoHa pasHa 0,91.10—3¢ gr,
3apsifl ero pased 1,60-10—1% Ka. O6bsicHute, nouemy 1 aB pasen
1,60.10=1° k.

§ 90. UcnyckaHne aeKTPOHOB HAKAJNEHHBIMH TeJaMH. Temso-
BOe JIBHXKEHHe 3JIEKTPOHOB B MeTajle HMeeT OecrnopsigOYHbii
Xapakrtep, TaK YTO CKOPOCTH OTHENbHBLIX 37€KTPOHOB MOTYT
3HAYUTEJNbHO OTJIHYATbCA APYT OT Apyra, mogobHO TOMY KakK
3TO HMeeT MeCTO JyIf MOJIeKYyJ rasa (cM. ToM ). 210 3Hauur,
q9TO BHYTPH MeTajsia BCerjia HalgeTcst HeKOTOpoe YHCJAO ObicT-
PbIX 3JIEKTPOHOB, CMOCOGHBIX MPOPBAThCA CKBO3b MOBEPXHOCT.
MHbIMH ctoBaMH, eC/IM NpPHHATAsA HAMM KapTHHA CTPOEHHA Me-
TaJJla BepHa, TO AOMKHO TPOHCXOMUTb «HClapeHHe» 3JIEKTPO-
HOB, MOJOOHOE HCIapeHHIO XKHIKOCTeH.

OzHako TMpH KOMHATHLIX TeMnepartypax yc/ioBue (89.2) Bbi-
MOJIHAETCA TOJNIbKO ISl HHYTOXKHOH OOJH 3JEKTPOHOB MeTaJ-
JIa, H HCTapeHHe JeKTPOHOB HACTOJbKO cJabo, uTo ero ofHa-
PYKHTb HEBO3MOXKHO, [1e10 H3MeHHTCHA, e/ HarpeTh METaJI 10
OYeHb BbICOKOH Temmepatypbl (1500—2000 °C), B stom cay-
yae TENJIOBble CKOPOCTH YBEIHYHBAIOTCHA, UHC/IO BBLIETAIOLMIHX
3JIEKTPOHOB BO3PacTaeT, H HCMNapeHue HX MOXHO JIeFKO Ha-
6mozath Ha onblte. [y MOZOOHOTO ONBITA MOMKET CJYXKHTb
aamna JI (puc. 144), cozep:xamias, KpoMe HMTH Hakana K
(sanpumep, BosbhpaMoBOL), ellle JOMOMHHTENbHBI 3JeKTpoL A .
Bosayx M3 Jlammbl TIATENbHO BHIKA4aH, YTOOLl HE OCJIOKHATH
SIBJIEHHA y4acTHEM HOHOB Bo3jyxa. Jlamma coeguHeHa c Garta-
peefl 5; H ranpBanoMeTpoM I Tak, YTO OTPHUATENbHBIA MOJIGC
6aTaped cOeIHMHEH C HHTBIO HakaJja.

[Ipu Xo/M0zHOH HHUTH raJbBaHOMETP He MOKa3bIBAET TOKa,
TaK Kak MexJy KaToIOM H aHOJOM HeT HM HOHOB, HH 3J1€KTPO-
HOB, KOTOpble MOTJIH Gbl NMepeHOCHTh 3apsAnwl. Ecau, ogHako,
HAKaJUTh HHThb NIpPH TOMOIIM BCIlOMOraresibHOH OartapeH b,
H TOCTeNeHHO YBeJHYHBATL TOK HaKana, TO NMPH Oe/loM KaJleHHH
HHUTH B LieNH NoABJAercs TOK, ITOT TOK o0pa3yeTcs Hcrnapsio-
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HIEMHCS M3 HHTH 3JIEKTPOHAMH, KOTOpHIE NOJ AefiCTBHEM nMpH-
JIOKEHHOTO 2JIeKTPHUECKOro TOJ ABHKYTCA OT HuTH K K
snektpoay A. UHCIO 3/€KTPOHOB, HMCNYCKAeMBIX C E€AHHHILEL
MOBEPXHOCTH DaCKaJeHHOTO KAaToAa, OueHb CHJIBHO 3aBHCHT
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Pue. 144, Ha6mogeHue BLIXOJA 3JeKTPOHOB M3 MeTasJoB: a) oGmHMi BHA

YCTANOBKH; 6) cxema onbita: JI — Jamna, K — BoabgpamoBasi HHTb, A —

JONONHKHTENbHBIR 30eKTPO), B — akKymyantopuas OGaTtapes Jas cosja-

HHAl HalpsKeHHs MeXHy ajdekTpoiamH A n K, b, — GaTtapes JIs Haka-

JHBaHHfA BOJb(ppamoBOil HHMTH, [ — raabBaHoMeTp, P — peocTar Jis
PETYHPOBaKKA HaKaia HHUTH

OT ero TeMIeparypbl H OT MaTepHasa, 3 KOTOPOTo OH CIelaH
(pabora Bboixona). Ilosromy HaGnwojgaeMuii TOK O4YeHb 6bICTpO
BO3pAacTaeT C MOBbILIEHHEM TeMIepaTypbl HHUTH.

Ecau npucoemuuts nosocel 6atapen b5; Tak, YTOGHl HATD
0KazaJlach COCAMHEHHOH C MNOJIOXHTEJbHBIM TIOJIIOCOM, TO TOKA
B lenu He 6yjer, Kak Obl CHJIbHO MHl HH HarpeBas HATb.
DTO MNPOUCXOAUT MNOTOMY, YTO 3JEeKTPHYeCKoe IoJie Telnepb
CTPEMHTCA JBMTATb 3JIEKTPOHbL OT A K K M [03TOMY BO3Bpa-
I1aeT HCNapUBIIHeCA 3/JeKTPOHb 06pPaTHO B HMTb HAKaja. 2TOT
ONBIT JOKAa3bIBaeT TaKXKe, YTO H3 METAJJIOB HCNAPSAIOTCS TOJb-
KO OTpHHATeJIbHble 3JIEKTPOHBI, HO He [OJIOMHUTEJIbHBIE HOHH,
KOTOpBIE MPOYHO CBA3aHBI B KPHCTANJIHUECKOH peuleTKe Me-
tansia (cp. §9).
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Onnxcaunoe spJjenHe, HOCSILEE Ha3BaHue MEPMOIACKINPOH-
Hott amuccuu, nauwio cebe pasHoOOpasHbie H BaXKHble IMPH-
MEHEeHHSI.

2 60.1. Ec/4 MeKly HaKaJICHHOH HUTHIO H aHOAOM 9JIeKTPOHHOM JIaMIIbl

® TIPHJIOKHTbL 60JIbIIOe HanpsAxeHHe (HECKOJIBLKO ThicAY BOJBT) Tak,
yTOOH TOTEHIHaM HHTH ObLT OTPHLATEJIEH, TO aHOA CHIBHO pacKald-
eTCsl U MOXeT jame pacmiaBHThes. QOBACHHTE, NMOYeMY 3TO TPOHC-
X0auT?
90.2. Dyner siu ranbBaHOMETP TNOKasplBaTh TOK B IEMNH, cofepiKaulei
JBe 3/ICKTPOHHBIE JIaMIhl, BKJIOUYEHHhIE HAaBCTPeUy APYT APYry, Kak
TIoKa3aHo Ha pHc. 145? HaueptuTe cxeMy BKJIOYeHHS JaMIl, NPH KO«
TOPOIi raJibBaHOMeTp OOHADYIKHT TOK.

l—--{!‘:—" . .
Puc. 145, K ynpaxHe- Puc. 146. K ynpaxknennio 90.4
nuo 90.2

90.3. C KakoH CKOpPOCTbIO JOCTHFHYT aHOja 3J€KTPOHHOHA JIaMIbl
3JIEKTPOHBI, HCTIAPMBLIMECS C HAaKaJeHHOrO KaToJa U ABHKYyIiHecs K
anofy Toj AeficTBHEM NPHJIOMKEHHOIO MEXAY aHOJOM H KaTOXOM Ha-
npsixenus 200 B? Jautste 06 3/1eKTpoHe BO3bMHTe U3 3afaun 89.1.
90.4. HakJeliTe Ha OOBIYHYIO OCBETHTEJNbHYIO JIaMIy TNOJOCKY 0J10-
BSIHHOM 6yMaru U NPHCOeAHHHTE ee K 3JIeKTpocKony (puc. 146), 3apa.
JIHTE 2/IeKTPOCKON MOJIOKHTEJbHO H BKJIIOUHTE TOK B Jiamne. [ToBTopH.
Te ONBLIT, 3aPSAUB JMEKTPOCKON OTpHuatebHOo. UeM o6bACHHTB, UTO
B TIEPBOM Caydae NPH BKJIOUEHHUH TOKa JHCTKH 2JIeKTPOCKONa cllajia-
IOT, @ BO BTOPOM HET?



I nasa Viil. NTPOXOMAEHKUE DNEKTPUYECKOTO TOKA
YEPE3 TA3b!

§ 91. CamocTrosiTenbHas ¥ HeCaMOCTOATeNbHAs NPOBOAMMOCTL
rasos. B ecTecTBeHHOM COCTOSIHMH rasbl He MPOBOJIAT 3JEKTPH-
4eCKOTO TOKa, T. e. AIBJAIOTCA JU3JeKTpuKamu. B sTom Jerko
yOeAHTLCA C NOMOWbIO NPOCTOTO ONbiTa, H300PaKEHHOTO Ha
puc. 147, KOTOpbIi MOKa3blBaeT, YTO JAaKe YYBCTBHUTEJNbHbIH
raabBaHOMeTp He OCHApyXHBaeT TOKa, €CJH Lenb INpepBaHa
BO3AYHIHBIM NPOMEXYTKOM. MH mO/sb3yeMmcsl 3THM BCAKHH pas,

5
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PHc. 147. Tasw B ecTecTBeHHOM COCTOSHMM He SIBJSIOTCA NPOBOJHHKaMH:
] — rasoBbii 1pOMEXYTOK, 2 -— aKKyMmyJsatopHas Oatapes, 3§ — Trafb-
BaHOMETP

KOTJla »KeJlaeM IpepBaTb WAV TOK: BbIK/IIOYas PyOUJIbHHK
HJ/M NOBOpPauHBas BBHIK/IIOYATeIb, Mbl T€M CaMbIM CO3JaeM BO3-
NYUIHbIA NPOMEXYTOK Mexay AByMs TodKamu uenu. H3osu-
pylouihe cBOfcTBA rasa oOBSICHAIOTCS TeM, YTO aTOMbl H MoJe-
KYJIBl Ta30B B €CTECTBEHHOM COCTOAHHH SABJSAIOTCA HeHTpasb-
HBIMH, He3apfKeHHbIMH, HacTHuaMH. [losToMy B O6LIYHBIX
YCJIOBHAIX B I'a3e MOYTH HeT CBOGONHBIX HOCHTeNeH 3apsja, ABH-
JKeHHe KOTOPBhIX MOTJIO 6Bl CO3JaTh 3J1eKTPHUYECKU{l TOK.
Orcioaa AcHo, uTo, 4719 TOTO YTOGHL! cAesaaTh ra3 HpPOBOAsI-
MM, HYXKHO TeM WJIH HHHEM CocoGOM BHECTH B HEr0 WJIH cO-
3JaTb B HeM CBOOOAHLIE HOCHTeJIH 3apsja — 3apskeHHble yac-
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THIEL, [IpH 9TOM BOSMOJKHEL [Ba c/1yyasi: JHGO 3TH 3apsKEeHHbIE
aCTHLLI CO3JAl0TCA JIeHCTBHEM KaKoro-HHOY/b BHEILHEro (ak-
TOpa WM BBOJATCA B ra3 M3BHe, JIM60 OHM CO3Jal0TCA B rase
JeHCTBHEM C€aMOro 3JIeKTPHYECKOTO MOoJs, CYLIeCTBYIOULEro
MeXJY 3J1eKTpojaMH. B mepBoM ciyyae mpoOBOJMMOCTB rasa
HasbIBAETCA HECAMOCMOAMEAbHOL, BO BTOPOM — CQMOCHIOAMEAb-
Hotl.

§ 92. HecamocrosiTennHada nposoguMocTb rasa. [Ipocrefiimii
ONBIT, WJIIOCTPUPYIOUINH BO3HHKHOBEHHE HECaMOCTOATEeNbHOM
IIPOBOIMMOCTH 'a30B, MOXKET ObITh OCYULECTB/IEH C NTOMOILBIO YC-
TaHOBKH, H300pa)keHHOH Ha puc. 147, xoTopasd MOKasbIBaeT,
YTO B OOBIYHBIX YCJIOBHUSX r'a3bl He IPOBOAAT TOKA: HECMOTPS Ha
NPHJIOKEHHOE HalpsKeHHe, TaJlbBAHOMETD B [ENH MOKa3bl-
BaeT OTCYTCTBHE TOKa.

Harpeem Tenepb ras B nmpoMeKyTke [ O OU€Hb BBICOKOM
TEMIEPaTypsl, BHECH B HETO 3aXKKEHHYIO FOpenKy (puc. 148, a).
lanbBaHOMETP TOTHYAC Ke YKamKeT NosBjieHHe Toka. CjeloBa-
TeJIbHO, NPH BHICOKOR TeMmmepaType MOJIEKYJbl rasa yxe He
ABJMAIOTCA He3apsKeHHBIMH, a N0 KpaHHed Mepe HeKoTopas
HX JI0J1f1 PacnazaeTcs Ha MOJIOKHTENbHBIE ¥ OTPHIATENbHEIE Yac-
TH, T. €. B rase nosiBJs0TCA HOHBL, [Ipouecc 06pa3oBaHHs HOHOB
B KaxoM-IH60 ra3e Ha3blBaOT woxudayuel 3Toro rasa. B onu-
CAaHHOM OINBIT€ HOHH3aLHUA fABJAETCA CJAEICTBHEM Harpesa-
HHS rasa.

Ecau HampaBuThb B ra3soBbll OPOMEXYTOK CTPYIO BO3ZyXa
OT MaJIeHbKOH BO3IYXOLYBKH M Ha MYTH CTPYH, BHE NPOMEKYT-
Ka, NOMECTHTb HOHHU3YyWLIee nyama (puc. 148, 6), To ranbBaHo-
METp I1OKa3bIBaeT HEKOTOPHIfl TOK. DTO 3HAYHT, UYTO HOHBI, BO3-
HHUKUINE B IJIaMeHH, He HCYe3al0T MTHOBEHHO, a NepeMellanTes
BMecTe ¢ razoM. OJHAKO NPH YBEJHUYEHHH DPACCTOSHHA MEXKIY
n/aMeHeM M Ta30BEIM INPOMEXKYTKOM TOK IIOCTENEHHO OcJabe-
BaeT H INIPH PACMNOJIOMEHHH IJIaMeéHH B HEeCKOJBKHX CAHTHMET-
pax mpakTHYECKH Hcye3aeT BOBCe. DTO MOKA3bIBAET, YTO MOCJE
YCTPaHEHHsl NPHYHHE!, BbISBIBAIOLLEH HOHH3ALMIO, YHCJIO HOHOB
B rase ObICTPO yMeHbIIAETCs U Yepe3 KOPOTKOe BpeMsl ra3 OnsiTh
IpeBpallaeTcs B AU3JIEKTPHK.

HcuesHoBeHHE HOHOB B rase OOBSCHAETCA TEM, YTO Pa3HO-
HMEHHO 3apsKEHHbIE MOHBI CTpeMsTcs cOMH3NTBbCA 0] BJHA-
HUEM CHJIBl 3JIEKTPHUECKOTO MPHTSAMXKEHHS M NOPH BCTpeye
BHOBb BOCCOEIHHAOTCA B HEHTPanbHYI0 MOJeKyay. Takoi npo-
necc HOCHT Ha3BaHHe pexombunayuu MOHOB. BenenctBue pe-
KOMGHHAIIMH OJHAXK[bl CO3JaHHAas IPOBOJHMOCTb ra3a He CO-
Xpausercs, a Mg NOJYYeHHS JJIHTENBHOTO ToKa HeOGX0AHMO,
uyToGHl B Ta3e HEeNPePLIBHO MPOUCXOAM/IA HOHH3aLHA.
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Harpepanue rasa J0 BHICOKOH TeMnepaTypHl He SIBJSETCH
€JIMUCTBEHHBIM CIIOCO60M HOHU3AIMK MOJIEKYJI HJIH aTOMOB Tasa.
HefiTpasbable aTOMBI HJIM MOJIEKYJIbI Fa3a MOTYT MOHM30BATb-
cd, T. e, npuoOpeTaTh 3JIeKTPHYECKHH 3apsj, Takke W IIOJ
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Puc. 148. a) a3, HoHH30BaHHLIH TlaMeHeM, NPOBOAHT 3JACKTPHYECTBO.
6) Ecnn Bo3ayx, HOHH3OBaHHBIN TJjlanereMm, NMPOXOAHT A0 IIAaCTHH He-
Gonbince paccTosiHKe, FadbBatoMeTpP NOKashipaeT Hajduuie TOKa, | — ra-
30BBIIl TIPOMEKYTOK, 2 — akKKyMyJaaTopHas Odrtapes,, 3 -— rajJbBaHOMETP

BO3JleliCTBHEM PAAa Jpyrux (akTopoB, BaKHeHIIMM H3 KO-
TOPbIX SIBJAETCH PEHTTEHOBCKOE H3JyueHue.

O6biuHO TIpOllecC HOHM3ALMM COCTOMT B OTPHIBE OT MOJ€-
KyJBl 3JIeKTPpOHa, OJarojaps 4eMy OHA CTAHOBHUTCH TOJIOXH-
TeJBHBIM HOHOM. OcBCGOMMBILUIICS 3JIEKTPOH CaM CTAHOBHUTCS
CBOOOJHLIM HOCUTeNeM OTpullaTesbHOro 3apsajga. OaHako BO
MHOFHX CJIy4YasiX 3J1€KTPOH «IIPHJIMIIAET K KaKOH-HUGY b HEHT-
panbHOH MOJIEKYJie, KOTOpas, TakuMm o06pa3oM, CTAaHOBMTCH OT-
PHLIATENILHO 3apAMKEHHBIM HOHOM. Hepelko W noJoKHTeNbHEIE
H OTpHIlaTesIbHLI€ HOHEI IIPEJCTABASIOT cOG0H He €JMHMYHbie
HOHH30BaHHBIE MOJIEKYJbl, a FPYNIL MOJIEKYJ, NPHJIHNIIMX
K OTPHIATeJLHOMY HJIH HOJOXKHTeNbHOMY HoHy. buaaroaaps
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3TOMY, XOTA 3apAJ KaXJIOro HOHAa paBeH ONIIOMY, ABYM, Peiko
fosblleMy YHCJIY 37eMeHTapHbIX 3apsijioB, MacChl HX MOryT
3HAYHTEJIbHO OTIHYATLCA OT MAacC OTAESNbHBIX ATOMOB MJIH MO-
JIEKYJI; 3THM T'a30Bble HOHbL CYIIECTBEHHO OTIHYAlOTCSl OT HOHOB
JIEKTPOJIHTOB, NPEJCTABAAIOIHX BCErJla, KaK Mbl BHJAIH, aTo-
MBI HJIH OlpefieJieHHble TPYNIBl aToMoB. B cuity sT0r0 pasJu-
YHs IIPH HOHHOH IIPOBOJHMOCTH Ta30B He HMEIOT MECTa -3aKOHBL
Qapagesn, cTOIb XapakTepHble LIS NPOBOJHMOCTH 3JeKTPOJIH-
TOB.

Bropoe, TakKe Ouedb Ba)<HOe, OTVIHUHE HOHHOH IIPOBOJH-
MOCTIl Ta30B OT HOHHOH NPOBOJHMOCTH 3JIEKTPOJIHTOB COCTOHT
B TOM, YTO JJIs rasoB He coluropaercad 3akod Oma. Mamepas
CHJIy TOKa /, IpoTeKaloLero yepes ra3oBblii IPOMEXKYTOK, H Ha-
npsaxeHde U Ha ero rpaHuuax (3/eKTpojax), Mbl Halijem, uTo
sapucuMocth / or U (Tak Ha3blBaeMas BOJIbTamIlepHasd Xxa-
PAaKTepPHCTHKA) HMeeT JOBOIbHO CJOMKHBIA XapaxTep. B To Bpe-
M KaK I OPOBOJHHKOB, NONUHHAWIMHKXCA 3aKoHy Owma
(B TOM YHCJIe H JIJIs 3J1eKTPOJTHTOB), BOJIbTaMIepHas Xapakre-
PHCTHKA HMeeT BHJ| HAK/JOHHOH OpSIMOH, MMOKasplBaiolieil mpo-
[IOPLHOHAJBHOCTb MeX 1y BenHunHamu [ u U, pis rasos,. B 3a-
BHCHMOCTH OT XapaKrepa pa3pfjia, oHa HMeeT pPa3Ho00pasHyio
dopuy.

B 4acTHOCTH, B ciyyae HeCamMOCTOSTEJNbHOH I1POBOJHMOC-
TH, H300pakeHHOM Ha pHc. 148, nosydaercsa rpadux, noxa-
3aHHpl Ha puc. 149, Tonbko npH HeGOJBILHX 3HAYEHHAX
U rpadux HmeeT BHL npsmo#, T. e. 3akod Oma npubau-
JKEHHO COXpaHneT cuay; ¢ poctoM U KpuBas 3arubaercd H,
pavyHHasg ¢ HEKOTOPOro HanpsKeHHS — OObIYHO HECKOJbKHX
JeCATKOB BOJILT,— IEPeXOdiT
B TOPU3OHTAIbHYIO HPAMYIO.
JTO 03Hauaer, 4YTo, HauyuHasag ¢ 70
HEKOTOPOTO HAampsiAenHs, TOK
COXpaHseT MOCTOSIHHOE 3Haue- 5
HHe, HEeCMOTPSl Ha YyBeJH4eHHe
Hanps:KeHHs. JTO NOCTOSHHOe, I I 1 1
lie 34BHCALLEE OT HampsKenHsd g 100 200 390 400 0.8
3HaueHHe CHJibl TOKa HaspiBaroT Prc. 149, Tox Hacwmenus npu
1TIOKOM HaCblLL{eHuﬂ. HecaMOCTOHTe.‘lsHOaH A NMpOBOAHMO"

Herpyzno mnossiTb CMBICI cre ras
[OJIyYeHHbIX pe3y.bTaToB. BHa-
yajie ¢ POCTOM HampsiKeHHs! yBeJIHYHBAeTCs YHCIO HOHOB, IIPO-
XO4sdUX 34 €IHHULY BPEMEHH Yepe3 ceueHHe Dpaspsaaa, T. e,
yeeauuuaercd ToK [, H60 Houbl B 6oJee CHJIbHOM NOJE JBH-
KyTest ¢ Gonbiueli ckopocTbio, OfHAKO, KaK Obl GEHICTPO HH JBH-~
rajlich HOMBI, YHCJIO HX, NPOXOJslIee Yepe3 3TO CedeHHe 3a
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eIMHHILy BPEMEHH, HE MOXeT ObiTh Gosiblle, yeM ofliee YHCIO
HOHOB, CO3/laBaeMBbIX B pa3psifie B €NUHHUIy BpEMEHH BHELIHHM
vOHH3YIOIHM hakTopoM. Ecin, HanpHMep, ropeska cosfaer 3a
I ¢ MHJITHOH Nap HOHOB, KaXIBIH H3 KOTOPBIX HMeeT 3apsj
1,60.10=2* Ky, To MakcHManbHEIH 3apsf, NpoxoAsuuf yepes
ras 3a 1 ¢, T. €, MakcHMa/bHBIHl TOK, paBeH 10¢-1,60-10-10=
=1,60-10= Kn/c=1,60-10"18 A, D10 H e€cTb 3HAUEHHE TOKa
HACHIIEHHS B JaHHOM caydae, Ecau 6b1 HOHH3YIOWHH (hakTOp
GBLT CHJIBHEE, T. €. co3aaBaj Gl B | ¢ Gonblie HOHOB, TO H 3Ha-
yeHHe TOKAa HachllleHHs Gulio Gbl Gosbiie, ONHAKO H B 3TOM CJIy-
yae npefiebHAsA CHJIA TOKA onpelensaach Obl 1efiCTBHEM HOHH-
3yiouiero aktopa, a He HampsixeHHeM, T. €. HMeJa0 OBl MecTo
HacblleHHe. TOMbKO B TOM CJIyuae, KOTla HOHH3YIOULHH dakTop
HaCTOJIbKO CHJIEH, 4TO Jae NPH GOMBbIIHX HATpPSIXKEHHSAX JJIeKT-
pHUeCKOe NoJjie He YCNeBaeT YBOAHThL Bce 0Opasylollliecs HOHH,
M MBI He GyfeM HMeETb HacHllle-
HHS. 3TO H HMEET MECTO B 3JIEKT-
poJiHTe, TAe BCAEACTBHE 3JEKT-
Mooded  POMUTHUECKOH JHCCOLHANMH
(§ 71) ckopoctb ofpa3oBaHHA
TUK HOCEIUERIS HOHOB Ype3BbIUafHO BeJHKA.
TlosToMy A5 371€KTPOJHTOB Mbl
y BCETJla HMEEM JIHHIb HayalbHYIO
4acTb KpHBOH, H306paxeHHOH
Puc. 150, BonbraMnepHas xapak- pHa pHC. 149, 1. e. A1 HHX CO-
TEPHCTHKA NpH Nepexolie OT He-' 6J1}0IlaeTCﬂ 3aKo4 OMa *)
€aMoCTORTeNBHOTO PaspAla K cd- OnnbITe! NOKA3bIBAIOT, OJHA-
MOCTOATE/IbHOMY ’
KO, UTO €CJIH NOC/i€ JOCTHKEeHHS
TOKAa HACHILEHHS B rase NPOJO/MIXKATbH 3HAUHTENbHO MOBHILATH
HanpsiKeHHe, TO XOJ BOJbTaMNepHOH XapaKTepHCTHKH, mpef-
cTaBleHHOH Ha pHc. 149, BHesamHo mapyuwaerca. Ilpu go-
CTaTOYHO O6O/MBbLIOM HANpPSXKEHHH TOK DPE3KO BO3pacTaer
(puc. 150).

CKayoK TOKa NOKa3blBaeT, YTO YHCJIO HOHOB Cpa3y pe3Ko
Bo3pocso. IIpHUHHOHN 3TOro ABAAETCS CaMO 3JMEKTPHUYECKOE 110-
Jie: OHO cOO0O6MIaeT HEKOTOPHIM HOHAM CTOJb GOMBILIHE CKOPOCTH,
T. €. CTOJb GOJBIIYIO IHEPTHIO, UTO NPH COYAAPEHHSIX TAKHX
HOHOB C HeHTpaJbHBIMH MOJIEKYJAMHU TOC/AeJHHe Pa3GHBaloTCs
Ha HOHBl. OOllee YHCJIO HOHOB TENEPhb ONpeAeNnsieTcss He HOHH-
3y1olHM (paKTOpoM, a AeHCTBHEM CaMOro NoJsi, KOTOPOE MOXKeT
€am0 NOLJEPIKHBATb HEOGXOJMMYIO HOHH3AIHIO: NMPOBOAMMOCTD
H3 HecaMOCTOSATeNbHOH CTaHOBHTCSH camocTosaTeabHoH. Omnu-

i

i
I

*) [Ipu ouenb GOJBIIMX HANPSKEHHSIX B 9JEKTPOJHTAX YAaloch Ha-
fmojaTh HeOoJLIIKE OTCTYNJIEHHS OT 3aKoHa Oma,
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CanHOe siBJIeHHe BHE3aMHOr0 BO3HHKHOBEHHS CaMOCTOATENbHOI
IPOBOJHMOCTH, HMeollee XapakTep npo6os ra3oBOTO IIpOMe-
KYTKa, — He eJHHCTBEHHas, XOTR H BecbMa BaxHas, ¢opMa
BO3HHKHOBEHHsl CaMOCTOSITeIbHOH nposoguMocTH, K omuca-
HUIO Pa3/IMYHBIX CJYyuaeB CAMOCTOATENbHOH NPOBOAHMOCTH TIa-
30B MBI cefiuac H nepeiueM.

§ 93. Hckposoit paspsa. Ilpucoesunum mapoBble 3J€KTPOABI K
Gatapee KOHJeHCATOPOB (pHc. 151) H HauHeM 3apAIKy KOHJEH-
CaToOpOB NpH TNOMOLIU 3JeKTpuuecKoi MawuHbl. ITo Mepe 3apan-
KH KOHJIEHCATOPOB OyJeT VyBeJHUYHBATbCA pPA3HOCTh IIO-
TEHUHANOB MEXIY SJIeKTPOJaMH, a CJeIOBaTeNbHO, OyueT

K onexmpuyeckol
MIUIUHE

Puc. 151. Eciin BanpsXeHHOCTb MOJS B BO3JyXe JOCTHraeT NpHOIHM3H-
TebHO 3 MB/M, TO HacTymaer ssieKTpHYecKH#l MpoGoii rasa M BO3HHKaeT
3JleKTpHYeCKasl H2Kpa

yBEJHUHBATbCA H HANPSXKEHHOCTb MoJa B rase. IToka Hanps-
’KEHHOCTb NOJI1 HEBEJNHKa, B rase HeNMb3s 3aMeTHTb HHKAKHX
n3MeHeHHH, OIHAKO NPH AOCTATOUHO OOJMBIIOH HANPSAXKEHHOCTH
noast (okosmo 3 MB/M) MexJy 3MeKTPOJaMH MOSBJSETCA 3JeK-
TPHYECKAasl HCKPA, HMEIOLash BHJ fPKO CBETAILErocs H3BHJIHC-
TOrO0 KaHana, CoeluHApmero oba asaektpopa. a3 B6aH3H
HCKPBI HarpeBaeTcsi 0 BhICOKOH TeMINepaTyphl H BHE3aNMHO pac-
IIHPAGTCH, OTYETO BO3HHKAIOT 3BYKOBBIE BOJIHBI, H MbI CJIBIIIHM
XapakTepHblii TpecK. KOHJeHCaTophl B 3TOH YCTAaHOBKe cy-
IECTBYIOT AA TOro, 4TOOBI clefaTh HCKpy Oosee MOLIHOH.

OmnucanHas (opMa rasoBOro paspsiia HOCHT Ha3BaHHE
ucKkpoeoeo paspsda WM HCKpoBoro mpoGost rasa. Ilpu mactyn-
JIEHHH HCKPOBOTO pa3spsilia ras BHE3aNHO, CKAYKOM, YTpauHBa-
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€T CBOH JAH3JEeKTPHYeCKHe CBOHCTBA H CTAHOBHTCH XODOMWIHM
NpOBOAHHKOM. HanpskeHHOCTb 1moJs, NPH KOTOPOH HAacTymnaer
HCKPOBOH MPOGOH rasa, MMEET Pa3/IMYHOE 3HAUEHHE Y DAa3HbIX
Fa30B H 3aBHCHT OT MX COCTOSIHHA (JaBJEHHS, TEMIEDATYPHI).

[lpu 3aasHOM HANPSKEHHU MEXKIY 3JIEKTPOjaMH Hamnpsi-
KEHHOCTDb [OJIl TEeM MEHbIle, YeM Jasblle HAXOAATCHA 3J1eKTPO-
Ipl Apyr ot apyra. ITosromy, 4eMm GoJiblile PAcCTOSIHHE MEXIY
3JeKTPoAaMH, TeM OoJibluee HalpsXKEHHE MKy HUMH HEoOXO-
AUNO Il HACTYIJIEHHS HCKPOBOro mpofos rasza. D10 Hampsi-
EHHE HA3LIBASTCsl HANpAKceHuem npobos.

3Has, KaKX 3aBHCHT HampsKeHHe MPoGOf OT PACCTOSHHA MEXAy 3JeK-
TPOZAMH KaKOH-1u60 onpeleleHHOH $ODMbI, MOXHO H3MEDHTb HEH3BeCT-
HOe HamnpsXeHHe MO MAaKCHMaJbHOH
AnnHe uckpe. Ha srom ocroBano ycr-
POHCTBO HCKPOBOTO BOJBTMETPA (pPHC.
152), ynoGHoro anst TpyGofi OUEHKH
foMbLINX HanpaXKeHHH (uampumep,
B pPENTT@HOBCKHX ycTaHoBKax). OH
COCTOHT U3 ABYX METa/LIHYECKHX H30-
JMPOBaHHBIX LIAPOB, OAHH K3 KOTOPHIX
MOJKeT I1aBHO MepemewaToesl. [apar
NPUCOENHHSIOT K HCTOUHHKY, Hampsi-
¥eHHe KOTOPOrO 3KeJaloT H3MEepUTh, H
cBIHKAIOT HX JO TeX MOp, MOKa He BO-
3HHKHET uckKpa. Mamepsia paccrosune
MEXJy LlapaM#d H COOTBeICTBYIOLIEe
HanpsiXKeHHe, NPH KOTOPOM HPOHCXOJHT NPOGOH, COCTABJSIOT ClellHaAbHble
TaOJInIE], TPH TOMOUIH KOTOPHIX 3aTeM Ofpele/fioT HanpsisKeHHe IO JJTHHE
HCKpH. B xayecTBe mpuMepa ykameM, uto mpu paccrosnuyu 0,5 oM Mexay
wapamy anaserpa 5 cM HanpsxkeHue npobos papho 17,5 kB, a npu paccrosi-
HHK 5 oM — okoao 100 kB.

Puc. 152, Uckposoii Boabtmerp

Bosunguosenlie mnpoos 06bsACHsETCA CJAEAYIOmNM ofpa-
30M. B rase Bceria ecrtb HEKOTODOE HHCJAO HOHOB U 3JEKTPO-
HOB, BO3HHKAIOIIHX OT caydafinblx npuunH. OObHO, OAHAKO,
UHC/JAO HX HACTOJIbKO Maso, UTO Ta3 NpaKkTHYeCKH He MPOBOIMUT
sjaekTplidectsa. [Ipy cpaBHHTeqbHO He6OAbLINX 3HAYCHHAX
HanpaKeHHOCTH MO0Jisl, ¢ KaKKHMH Mbl BCTpEYaeMCsl IPH H3-
yUeHllI HecaMoCTOSTEeIbHOH MPOBOJMMOCTH Ta3oB, COYJAapeHHs
HOHOZ, JBHXKYIIHUXCHA B JIEKTPHYECKOM IoJe, C HeHTpasbHbI-
MII MOJIEKYJIAMH rasa MPOUCXOIAT TaK Xe, kak coyJapeHHs yi-
pyrux wapop. [IpH KaKooM coylapeHHH ABHXKYILaAcs 4acTy-
A nepejaetr mnokosmedcs yacTb CBOEH KHHETHUECKOIl 3Hep-
riH, ¥ o6e HacTHLE! MOC/AEe COYJapeHHts passeralorcs, HO HHKa-
KHX BHYTPEHHHX H3MeHeHHH B HHX He NPOHCXOMUT. OnpHaKO
OpH JOCTATOYHOH HANpPSXKEHHOCTH NOJA KHHETHHecKasd sHep-
rig, HAKOIVIEHHAsl HOHOM B MPOMEXYTKE MEXKIYy ABYMA COyJa-
peHsiMH, MOXKET CAeJaThcs A0CTATOYHOH, 4TOObl HOHH30BAaThb
HeATPaJbHYI0 MOJIEKYJy NP coyaapeHHH. B pesynbrate 06-
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pasyeTcd HOBBHI OTPHIATERABHBI 3AEKTPOH H MOAOKHTENBHO
3apsi2KeHHbI 0CTaTOK — HOH. Takofi npouecc HOHI3AUHH HA3b-
BaKOT yOapHot uorusayueri, a Ty paboTy, KOTOPYIO HYXKHO 3a-
TpatuTb, 4TOCLI IPOH3BECTH OTPLIBAHHE 3J€KTPOHA OT atoMa,—

~
Puc. 153. CpoGoiHH 3JeKTPOH P
I opu COyJapeHHH ¢ HeHTpafb- - T
HOH MOJeKyJOH pacIllensseT ee
Ha 3JeXTpoH 2 ¥ cBoGOAHHH noJso-
KHTeNbHbIT HOH. OneKTpoHH [ H +
2 npHu JajbHeflIeM COyJapeHHH ¢ -
HefiTPaJbHEIMH MOJIeKyJlavMH CHOBa
pacllen/IgiOT HX Ha 3JeKTPOHHL 3
" 41 cBOGOAHLIE TOJOXHTEAbHbIE - +
HOHHI, K T. J.
\/ ./

pabomotl uorusayuu. Pabota MOHH3AHH 3aBHCHT OT CTPOEHHS
atoMa H MO3TOMY pasjHuHa [/ Pa3HbIX asoB.
O6pasoBaBilinecsi 10j BJHSIHHEM YJApHOH HOHH3alHH
3/IEKTPOHH H HOHbl YBEIHUHBAIOT YHCJIO 3aPSiLOB B rase, NpH-
4eM B CBOIO OUeDeb OHH NMPHXOAST B JBHXKEHHE MOJ AeHCTBHEM
3JIEKTPHUYECKOTO TOJSI H MOTYT IPOH3BECTH YAAPHYIO HOHH3a-

Puc. 154. JlaBuHOOGpasHoe pa3s-
MHOXeHHE MOJOXKHTeNBHEIX HOHOB
W 35JeKTPOHOB IIPH COYJAapeHHH -
NOJIOKHTEJbHEIX HOHOB C HeHT-
PaJbHBEIMH MOJEKYyJ2MH

- +

./ \J

LIHI0 HOBBIX aTOMOB. TaKHM 00pa3oM, 3TOT MPOLECC «YCHJH-
BaeT cam cel6si», H HOHH3alHUsl B rade OLICTPO AOCTHIaeT OUeHb
6oJbliiof BesIHUHHBLI. Bce siB/leHHe BIOJHE aHANOTHUYHO CHEX-
Hoil JaBHHe B ropax, LJs 3apOXIAeHHs KOTOpoil GbiBaeT 10-
CTATOUHO HHYTOXKHOTO KOMKa cHera. IlostomMy M ommcanubiii
nporiecc 6bl1 HazBaH uoxAHol aasurnolf (puc. 153 u 154). Obpa-
30BaHHe HOHHOH JIABHHBI M €CTb IPOLECC HCKPOBOIO Npodost,
a TO MHHHMAalbHOe HAaNpsXKeHHe, NpPH KOTOPOM BO3HHKAET
HOHHAasl JlaBHHA, eCTb HanpskeHHe npobosi. Mo BHAMM, 4TO
NpU UCKPOSOM npoboe NPUHLAG UOHU3AYUL 2430 3AKAIONACHICS 8
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paspyuienu aimoMos W MOAEKYA NPU COYOApeHusx € WOHAMU
(yOapraa uonusayus) *).

2 93.1. M3BecTho, uTo YeM MeHbule Aap/eHHe Tasa (NpH HeH3MEHHO

. TemnepaTtype), TeM MeHbllee UHCIO aTOMOB COJepIKHTCSl B eJHHHIE
ofbema rasa # TeM GOMBIIHH NYTh CBOGOAHO NPOJIETAIOT aTOMBE MEXKLY
ABYMS NOCAEAOBATEJIbHEIMH COYIapeHHAMH. YUHThBag 3TO, coobpa-
3HTe, KaK OyNeT HaMeHATHCA (YBENHUHBATHCS MJAH YMeHBIIAThCS)
HanpsKeHHe Mpofos Ta30BOro NpOMeXKYTKA NPH YMEHbLIEeHHH AaBJe-
HUs rasa.

§ 94. Moanus. Kpacusoe u HeGesonacHoe SIBJIEHHE NPHPOALI — MOAHUSL —
npexcrasJ/sieT co60l HCKPOBOH paspsax B atmocdepe.

¥ke B cepepune X VIII peka o6paTuJiu BHUMAaHHE HA BHELIHEE CXOACTEO
MOJIHHM C 3JeKTpHuecKOH HCKpofi. BriCKaswBaioch NpeANOJOKEHHE, UTO
rpo3oshie c6naka HecyT B cefe GOMbIIHE 3JMEKTPHUECKHE 3apP ARl H YTO MOJ-~
HHA ecTh I'MTaHTCKasi HCKpa, HHYeM, KPOMe pa3MepoB, He OTJHYAoWascs
OT HCKPH MeXAY WlapaMH 3JeKTpuueckKoH Mawmnuel, Ha 310 ykasniBaJ, Ha-
npHMep, pyccKHH GU3HK H XuMHK Muxana Bacuaveernu Jlomonocos (1711—
1765), napany ¢ APYTHMH HaYYHBIMH BONPOCAaMd 3aHHMaplIHiics atMocdep-
HBIM 3JIEKTPHUYECTBOM.

3ro 6mao qoKasano Ha onmite (B 1752—1753 rr.) M. B. JlomonocoBeM
H aMepHKaHCKUM accaefosaredeM Ppankaunom (1706—1790), paborasmmu-
MH OIHOBDEMEGHHO H He3aBHCHMO APYT OT Apyra.

JIOMOHOCOB NOCTPOHJ <«TPOMOBYIO MAalIHHY» — KOHIEHCATOp, HAaxo-
IuBiHiicAd B €ro J1a6opaToOpHH H 3apsKaBIIMKCA aTMOCGEPHBIM 3JeKTpHue-
CTBOM MNOCCPEACTBOM NIPOBOXA, KOHell KOTOPOro GhLT BLIBEAEH H3 MOMELIEHH S
H MOJHAT Ha REICOKOM IuecTe. Bo BpeMst rpo3nl H3 KOHAEHCATOPA MOXKHO GBIIO
PYKOH H3BJeKaTb HCKpHI.

@dpaHKAHI BO BPEMsI I'PO3kI NYCTHJ HA GeueBKe aMest, KOTOPhiH Ghij1 CHa6~-
JKEH JKeJTe3HRIM OCTPHEM; K HHXKHeMYy KOHIY GeueBKH ORI NPHBS3aH ABep-
HO# Kooy, Koraa 6Geuepka HaMOK/a H ciesajach NPOBOXHHKOM 3JEKTpPHue-
CKOro toka, @®paHK/IHH CMOT H3BJeYb H3 KJIOUA 3JeKTPHUeCKHe HCKpHI, 33~
pAAuThH JelifeHCKHe 6aHKH M NpOxe]aTb APYTHe ONMHEITHI, IPOH3BOLMMEE C
9/IEKTPHYECKOH MalIHHOH **),

Takum o6pasom, 6rI0 MOKa3aHO, 4TO TPO3OBHIE 06/aKa AeHCTBHTENBHO
CHJIBHO 34DSKEHHl 3JeKTPHUECTBOM.

Pashne uwactd rpozoBoro 06/aKa HeCcyT 3apsiihl Pas/HYHHIX 3HAKOB,
Yame Bcero HHXKHAA 4acTh objaka (o6pameHHas K JeMJe) GmBaer 3aps-
JKEHa OTPHUATENBHO, a BepXHAS — MOJOXHTeNbHO. [losTomy, ecau napsa
o61aka cOIHKAOTCS PA3HOUMEHHO 3aPSIKEHHRIMH YacCTAMH, TO MEXIY HHMH
npocKakuBaeT MosHHs. OIHAaKO rPO30BOH paspsii MOMKeT NPOH3OHTH H HHaye.
Tlpoxons Haxp 3emaeli, rpo3oBoe 06/1aKO cO3JaeT HA €€ MOBEDXHOCTH GOJb~
IIHe MHAYLHPOBAHHBlE 3apsAiH, H NOITOMY 06JAKO H NOBEPXHOCTb JeMJH

*) Tlpouecc BOSHHKHOBEHHA HCKPOBOTO pa3psja CBs3aH ¢ 06pa3oBaHHeM
TaK Ha3biBaeMbiX cmpumepos H 6oJee CAOXKeEH, YeM ONUCAHO 31eCh, OJHAKO
H3JI0KeHHe JeTaJlell AB/eHHsA NPoBos BLIXOAUT 32 PaMKH 3ToH KHHTH. (ITpu-
med. ped.)

**) ClelyeT OTMeTHTb, YTO TaKHe ONKITHI Ype3BHIYAHHO ONACHH, Tak
KaK MOJHHSI MOXKET YIapHTb B 3MeH, H NpH 9TOM GOJbIUHe 3apPsAbl NPOHLYT
Yepes TeJlO 3KCMepHMeHTaTopa B 3eMiio. B HCTOpHH (H3MKH GRIIH TaKHe -
yaJbHble clyuaH. Tak noru6, Hanpumep, B 1753 r. B Ilerep6ypre I'. B. Pux-
MaH, paborasmtii BMecte ¢ M. B, JloMoHOCOBEIM,
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0o6pasyioT ABe OOKJMagku GOJBUIOrO KOHAeHCATOpa. Pa3HOCTb MOTEHLHAJIOB
Mexay 06aKoM H 3emJieli IOCTHIaeT OTPOMHBIX 3HAaUeHHH, H3MEPSIeMEIX COT-
HAMH MMJJIHOHOB BOJBT, H B BO3JyX€ BO3HHKaeT CHJbHOE 3JEKTPHYecKoe
noJie. ECTH Hanpsi?KeHHOCTb 3TOTO NOJS Ae1aeTcsl JOCTaTOYHO GOMbIUOH, TO
MOXKeT NPOH3OHTH NPOGOM, T. e. MOJHHA, yaapswwas B 3emmo. [Ipu 3TOM
MOJIHHS HHOTJa NOpaxKaer JoAeld H BhI3KIBaeT NOXKapHh.

CorylacHO MHOTOYHCJIEHHRIM HCCJIEOBAHUSIM, TIPOH3BEJEHHBIM Haj, MOJ-
HHeH, HCKPOBOH pa3psii B MOJIHHH XapaKTepH3yeTcs CAEeAYIOLHMH NnpuMep-
HRIMH YHCJIAMH:

Hanpsixenue Mexxay o6J1akoM H 3emieit 105 B
CuJia TOKa B MOJIHHH 10 A
TIpoaoKHTETBbHOCTE MOJTHHH 10-%¢
Jliuamerp cBeTsuierocst KanaJja 10—20 cM

T'pomM, BozHuKalOMHUH IOC/Ee MOMTHHH, HMEET TAKOEe JKe TPOHCXOXKIEHHE,
KaK H TPeCK NMpPH TPOCKaKHBaHHH Ja6opaTopHOH HCKpH. FIMeHHO, BO3ZYyX
BHYTPH Kakhajla MOJHHH CHJIbHO Da3OrpeBaeTcsi M PacLUHpseTCsi, OTYero
H BO3HHKAIOT 3BYKOBHIE BOJHE. DTH BOJHHI, OTPa)asuch OT 06JIaKOB, Iop
H T. Tl., 4aCTO CO3JAIOT LJIHTEJILHOE 3X0 — IPOMOBBIE PaCKAaTHI.

§ 95. Kopounnlit pazpsaj. Bo3HHMKHOBEHHE WOHHOH JIABUHBI He
BCErjJa NPUBOJUT K MCKPe, a MOXKeT BbI3BAaThb U paspsl APyroro
THIA — KOPOHHOIL paspso.

HatsineM Ha IBYX BLICOKHX H3OJIUPYIOILUX NOACTABKAX Me-
TaJJIHUECKYI0 TNPOBOJIOKY ab, UMEIOILYI0 IHAMETP HECKOJBKO

Qb

K anexmpuyeckot
MRUIUHE

05
8302
\\\\\- j /’u/

Puc, 155, TlonyuenHe KopoHHOro paspsaa

LEeCATHIX MHJIIUMETPa, U COEIUHUM €e ¢ OTPUIATe/NbHbIM MNO-
JIIOCOM TeHepaTopa, JaloIlero HanpsXKeHHe HEeCKOJbKO ThiCAY
BOJILT, HANIPUMED XOPOIUeH 3JeKTPHUECKOH MauHel (puc. 155),
Bropoit nosoc renepatopa orseneM K 3emie. [loayuures cpoe-
06pasHbIl KOHAEHCAaTOp, OOKMaAKaMH KOTOPOro ABJSAIOTCA
TIPOBOJIOKA U CTEHbl KOMHATHI, KOTOpble, KOHEYHO, COOBNIAITCA
¢ 3emued.

[Tosie B 3TOM KOH[JEHCATOpe BeCbMa HEOAHOPOAHO, U Hanps-
JKeHHOCTb ero BOH3U TOHKOH TNPOBOJIOKH ouYeHb Benxka (§ 30).
[Tosblias NOCTENEHHO HaNpsiKeHUe U HabMoAasa 3a NPOBONOKOH
B TEMHOTE, MOXXHO 3aMeTHTh, YTO NPH H3BECTHOM HamnpsxKe-
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HHHM BO3Je IPOBOJIOKH MNOABJSAETCH caafoe cBeueHHe («KOPO-
Ha»), OXBATBLIBAOLIEE CO BCeX CTOPOH INPOBOJIOKY; OHO CCIpPO-
BOXK/JAETCA UIHOAUEM 3BYKOM H JIETKHM [OTpecKIBAHHEM.
Ecnu MexXAy NpoBOJOKOH H HCTOYHHKOM BKJIIOUEH UyBCTBHTE/ b~
HBIH TaJbBaHOMETP, TO C MOABJEHHEM CBEUEeHHS IaJbBaHOMETD
NIOKa3bIBAET 3aMETHEBIH TOK, HAYIUHH OT TeHepaTtopa Io IIpo-
BOAAM K IIPOBOJIOKE H OT Hee 110 BO3AYyXY KOMHATEl K CTeHaM,
COEJMHEHHBIM ¢ JPYTHM NOJIIOCOM TeHepaTopa. ToK B Bosayxe
MexX]Jy INIPOBOJIOKOH M CTeHaMH IEePEHOCHTCH HOHaMH, o6paso-
BaBUIMMHCS B BO3AyXe O/arofaps yjaapHoOH HOHH3alHH. Takum
06pa3oM, CBeUeHHe BO3JyXa H NOABJIEHHE TOKA YKa3blBAIOT HA
CHJIBHYIO HOHH3aLHIO BO3AyXa MOA JeHCTBHEM IJEKTPHUYECKOTO
noJs.

KopouHblli paspsji MOXeT BO3HUKHYThH HE TOJBKO BOIHM3H
NPOBOJIOKH, HO H Y OCTPHA H BOOOILE BOJIH3H JIOGBIX 3J1€KTPO-
JOB, BO3Jie KOTOPBIX 006pasyeTcs OUeHb CHJIBHOE HEOAHOPOJHOE
nose (§ 30).

? 95.1, OnbT NMoKasbiBaeT, YTO Hesb3sl 3apsikKaTh GeCKOHEUHO KaKoe-
JIH6O TeJIO H YTO, NOCJIe TOrO KaK 3apsj Ha Tejle JOCTHIaeT HeKOTOPOro
MaKCHMAJbHOTO 3Ha4yeHHs, 3aBHCAWLETO OT pa3mepa H GbopMbl Tesa
H CBOHCTB OKpYyXKalolleH cpeipbl, AajbHeHllero yBeJHYeHHs 3apsja
JoGHTbCA HeBO3MOXKHO. O6BACHHTE 3TO,
95.2. Ilovemy y 5AeKTpHYeCKHX MalUMH H 3JIeKTPOCKOIOB IpOBOAS-
e YaCTH He HMEIOT OCTPHIX YIJVIOB, a BCerJa 3aKaHUYUBAIOTCA METdJ-
JIHYeCKHMH IIapHKaMU?
95.3. [lna CHSITHSI 3apAJOB C AHCKA 3JeKTPHYeCKOH MALUMHBI BO3JI¢
HEro NOMEMIAlOT MeTaJIIHUeCKYIO IrpeGeHKy ¢ OCTpUAMH. 3ap siKeHHbie
Yy4aCTKU JMCKa, NMpOXOAs MUMO rpeGeHKH, OTAAiOT el CBOH 3apsai,
XOTSl OCTPHSI H RHUCK He compHKacalorcsi. [ToueMy 5TO mpoHcxogut?

§ 96, Tipuwmenenus HopoHnoro paspapa. 1. Irexkmpuueckas ouucmxa 2a308
(91exmpogpurompnr). Cocyn, HaNOJAHEHHBIH JbIMOM, BHE34NHO J€JI4€TCS CO-
BepLIeHHO MPO3PayHhIM, eC/K BHECTH B HEro OCTPhle MeTaJIHYeCKHEe 3JeK-
TPOJBl, COENMHEHHBIE C 3JIeKTPUyeckoi MawuHol, Ha puc. 156 nmokasaHo Bu-
JlOH3MeHeHHe 9TOro 3((pheKTHOro onuTa. BHYTPH cTeKJIAHHON TPYGKH coaep-
HKATCA ABA 3JeKTPOjAa: META/VIHYeCKHH LMJAMHAD H HATAHYTast MO ero ocu
TOHKas MeTaJJHuecKas NPOBOJIOKA (WAPUK HATATMBACT HPOBOJOKY). ek~
TPOABI TPHCOENHHEHH K 3/eKTpHYeCKOH Malnhe. Eciu npopysaTh vepes
TPYOGRY CTPYIO AbiMa (MJIH NBLIH) H NPUBECTH B AeHcTBHE MAlLMHY, TO, KaK
TOJIbKO HANPAMNKEHHE CHeJ4eTcsl AOCTATOYHBIM ]/ 06pasOBaHHUs KOPOHHI,
BRIXOASIIasl CTPYSl BO3JyXa CT4HEeT COBEPLUEHHO YHCTOR H MNpo3pavyHoH, H
BCE TBep/bie H KHJKHE YACTHILI, COAeprKaliecs B rase, GYAyT OCAXAATHCH
Ha 3JeKTPOoaax.

O6bacHenne onbiTa 3aKIouaeTcs B clepyiomem. Kak TOAbKO y nposo-
JIOKH 3aiKuraeTcsi KOPOHA, BO3AYX BHYTPH TPYGKH CHJBHO HOHH3YeTcd.
TasoBuie nonbl, COYAAPAACH C YaCTHUAMH MBLIM, KIPHJAHNAIOT K NMOCAEIHHEM
H 3apAKaloT HX. Tak KakK BEYTPH TPYOKH JeficTBYeT CHJIbHOE 3JIeKTpH1IeCKOoe
noJje, TO 3apsAKeHHble YAaCTHIbI ABHKYTCH NOJ AeHCTBHEM MNOJA X 3JeKTpO-
nas, rae u oceparot. OnucaHHOe sBJeHHe HAXOAMT ceGe B HaCTOsIEe BpeMs
TeXHHYECKOe MNPHMEHEHHEe AJIl OUHCTKH NPOMBILJIEHHHX Ta3oB B BOJbHIHX
ofbeMax OT TBEPABIX H XKHAKHX Ipumeced.
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2. Cuemuuru saemenmapubix wacrmuy. Koponun#t paspsa aexut B oc-
HOBE RefiCTBUS YPe3BHUYANHO BaXKHHX (H3HUeCKHX NpUOOPOB — TaK Hasbi-
BaeMBIX CUETUMKOB 3JIeMEHTapHBIX . UaCTHL( (3JIEKTPOHOB, a TaKie JAPYruX
SJ1eMeHTapHHX YaCTHI|, KOTOPHe 06Da3yloTCss NPH PalHOAKTHBHHIX NpeBpa-
meHusix). OpuH U3 THNOB cueTunka (cuerunk [efirepa — MioJutepa) noka-
3aH Ha puc. 157. OH cOCTOMT M3 HeGOJIBIIOTO METaTHYECKOTO UMJAMHAPAE,
CHa0XEHHOTO OKOLIKOM, 3aKPHITHIM (0Jb-
TOH, H TOHKOH MeTa/UIHuecKOi NpOBOJIO-
KH, HaTAHYTOH MO OCH LWJIHHApA H H30-
JIMPOBaHHOH OT Hero. CueTuMK BKJIOYa-
IOT B Lielb, CONEPXKAaIYyI0 HCTOYHHK TO-
Ka, HallpAzKeHHe KOTOPOro paBHO HECKO.Tb-
KHM THICIYaM BOJIT. Hanpsikeune BbI-
GUpaloT TakuM, YTOOLI OHO 6LIJIO TOJIBKO
HEMHOTO MeHbllle «KDHTHUYECKOIO», T. €.
HeOOXOOHMOrO IJis 3aXKHTaHHA KO[OH-
HOro pa3psifia BHYTpH cuerunka. Ilpu no-
MafaHHH B CYeTUHK OBICTPO JIBHMXKYIHIET O-
Csl 3J1eKTPOHA MOCJENHHH HOHH3YeT MO-
JIEKyJbl Ta3a BHYTPH CUETYMKa, OTYErO
HanpsikeHue, HeOOXOAUMOe /151 3aXKUTra-

%
I "
- T2
I C;{
— R /’\\
1 ]
Puc. 156. Ilpocrefunit BHR Puc. 157, Cxema ycTpoiicTsa cuer-
3JeKTpopHAbTpA uypka [Iefirepa — Mioanepa Aas

3/1eMEeHTaPHBIX HacTHIY

HHsT KOPOHH, HECKOJIbKO MNOHMXaeTcs. B cuerunke BO3HuMKaer paspsif, a
B IleNH NOABJSIETCs c/abhH KpaTKOBpEMEHHHIH TOK.

BosHukaromui B cueTynKe TOK HaCcTOALKO cs1af, UTO OGLIYHLIM TaJibBa-
HOMETPOM €ero O6HapyXHTb TPyAHO. OQHAKO €ro MOXHO CHEeJaThb BIOJHE
3aMETHHM, €CJIH B Iiellb BBECTH O4YeHb GOJIBILOE CONPOTHBJeHHE R M napaJ-
JIEJILHO K HeMy MpHCOEJHHHTL YYBCTBHTeNbHH 3JjekTpoMerp (puc. 157).
Ilpy BO3HHKHOBEHHH B Ienmd TOKa / Ha KOHLaX COMPOTHBJIEHHSI CO3JaeTcst
nanpsxkenue U, paBuoe o 3akoHy Oma [R. Ecyu BbIGpaTh CONpOTHBJIEHHE
R ouenb GOJBLIIHM (MHOTO MHJIJIMOHOB OM), OJHAKO 3HAUMTENbHO MEHBLUHM
CONpPOTHBJIEHH ST CAMOTrO 3JeKTPOMeTpa, TO Jake OueHb CJaChH TOK BEI3OBET
3ameTHoe HanpsuKeHye. [ToaToMy npH KaXoM Nonagaruy GHCTPOrO SAEKTpO-
Ha BHYTPb CHY€TUHKA JIMCTKH 3JIeKTpoMeTpa OyZyT HaBaTbh OTKJIOHeHMe.

Iogo6HEE CUETYHKH MO3BOJSIOT DErHCTPHPOBATb HE TOJLKO GLICTPHIE
9JIEKTPOHH, HO H BOOOIE JIOGHe 3apsiKeHHble, OHCTDO ABHIKYIIHECH Ya-
CTHLH, CNOCOGHHE NMPOH3BOAUTL HOHH3alHIO Tasa nmyTeM coymapenuii. Cop-
pPeMeHHHE CYeTUHKH JIeTKO O6HAapY’KHBAIOT INOMaJlaHHe B HUX JaXKe OLHOH
YaCTHILLl H NO3ROJSIOT NO3TOMY C NOJNHOH HOCTOBEPHOCTDIO H OUEHb 6oTbILOH
HaTJAOHOCTbIO YOEIHTLCS, UTO B NPHPOJie AeHCTBHTENBLHO CYILIECTBYIOT 3Jie-
MeHTapHEE 3apsKeHHbIe YaCTHIA,
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§ 97. I'pomoorsoa. TloacuuTaHo, UTO B aTMocdepe BCero 3eMHOro Iapa
NPOHCXOJHT OAHOBPEMeHHO 0K0.10 1800 rpos, KOTOpHIE alOT B CPERHEM OKOJIO
100 Mosnnuil B cekynay. H XOTs BepOATHOCTL nopakeHHs MOJHHEH KaKOro-
JHGO OTAENBHOrO UeJOBEKa HHUYTOXKHO MaJja, TeM He MeHee MOJHHH NpPHUYH-
HAIOT HeMaJso Bpefa. [OCTaTOUHO yKa3aThk, UTO B HACTOsIIee BPeMs OKOJO
MOJIOBUHE BCeX aBapHil B KPYNMHHIX JHHHAX 3JeKTPONepeiaud BLI3HBAKTCS
2y 2 ) MOJIHHUSIMH. I'Iousromy 3almuTa OT MOJHHH TNpex-
k:'\‘) \\li:if“;’\ CTaBJIseT COGOH BaXKHYIO 3ajauy.
MRS JlomonocoB u ®dpaugann (§ 94) He TOMBKO
. OOBSCHHJH 3JEKTPAYECKYIO NPHPOAY MOJHHH,
HO M YKa3adH, KaK MOXHO [OCTPOHTL epoMo-
0mgod, 3allUINAIOIHA 30aHHA OT yjapa MOJ-
uud. I'pomMooTBOA mpeAcTaBJsier COGOH  AJHH-
HYI NPOBOJIOKY, BEPXHHUII KOHELl KOTOPOii 3a0CT-
psieTcsl W YKpenJsiercsl BRI CaMOH BHCOKOM
TOYKH 3aliuuiaeMoro 3fanus (puc. 158). Hux-
HH{ KOHell NPOBOJOKY XOpOIIO 3a3eMJsiorT,
JJIs1 4ero OOB[YHO ero NPUNAHBaloT K MeTa/llH-
YeCKOMY JIMCTY, a JIMCT 3aKallbiBalOT B 3eMJIi0
Ha ypoBHe IOANOUBEHHLIX BOA, Bo Bpems rposn
Ha 3eMJIe NOSIBJSIIOTCS GOJbIIHE HHAYLUHPOBaH-
Hble 3apsifikl H y NOBEPXHOCTH 3eMJH BO3HH-
KaeT CHJILHOE 3JeKTpuuecKoe noJse. Hanpsxen-
HOCIb NMOJIST OCOGEHHO BeJHKa BO3Je OCTPHX
NPOBOJHHKOB, H IIO3TOMY Ha KOHIE IPOMOOTBO<
Jla 3a:KHraeTcst KOPOHHHH paspsn. Bceaencrsue
3TOT0 HUAYLUHPOBAaHHHE 3apSAn HE MOryT Ha-
KaIUIMBaThCsl Ha 3XAHKH H MOJIHHH He NPOHCXO-
JHT. B Tex e cayuasx, KoOrga MOJHHS Bce Xe
BO3HHKaeT {a TaKHe CJAyuad OYeHb pefKH), Oua
yAapseT B POMOOTBOA H 3apsALl YXOAAT B 3eMJ10, He NPHUHHIS pPa3py-
1eHH .

B nexoropnix cayuasix KOPOHHEIA Pa3psif ¢ TPOMOOTBOZA OhiBaer Ha-
CTOJILKO CHJIBHBIM, YTO Y OCTPHSI BOBHHKAET sICHO BHAMMOe CBeuenHe, Takoe
CBeYeHHe HHOrJa NOSBJAETCS H BO3Je ADPYTHX 3aOCTPEHHHX NpeIMeTOB, Ha~
npuMep Ha KOHIAX KOpaGeJbHRIX MauT, OCTPBIX BeplIMHAX AEPEBLEB W T. I,
370 sBseHUe GHIIO 3aMeueHO elle HeCKOILKO BEKOB TOMY Ha3af («OCHH CBSI-
TOro dJibMas) H BHIEIBAJO CyeBepHLIH yiKac MoOpeliaBaTeseil, He NOHHMAaB-
{IHX HCTHHHOH ero CyIIHOCTH.

Cilenyer OTMETHTB, YTO FPOMOOTBOX TOJIBKO TOTJa BhLIMOJHIET CBOE Ha-
3HayeHHe, ecJH OH XOpOlIO‘3a3eMJIeH, TaK KaK TOJbKO B 3TOM CJyuae HHAY-
[HPOBaHUEeE 3PN C MOBEPXHOCTH 3eMJIH U 31aHHH MOTYT CTeKaThb B BO3AYX.

beamEREETAENS

l]“[l‘ll[l,’“\

Puc "158. I.“.p OMOOTBOX

97.1. IToueMy BO BpeMA Ipo3nt HeOOXORHMO COEAHHATh ¢ 3emiIeH aH-
. TeHHY pajHONpHeMHHKA?

§ 98. Jaekrpuueckan ayra. B 1802 r. pycckuit usuk Bacunui
Baagumuposuu lletpos (1761-—1834) ycTanoBwa, 4TO ec/H
NPHCOEIHHHTh K MNoJocaM GoJblUoH 3JIeKTPHYeCKOH GartapeH
JIBa KycOUKa [PEBECHOTO YIVIA H, NPHBEAS YIVIH B CONPHKOC-
HOBeHHe, cJerka HX pasJBHHYTb, TO MeXIY KOHUAaMH YyrJefi
o6pasyeTcsi sIpKOe nJiamsi, a CaMH KOHUBL yIVIeH pacKassiorcs
no0ena, HCNycKas OCJIENHTe/IbHBIA CBeT (9aexmpuseckasn 0yea).
310 sIBJEHHe ceMb JIeT CNyCTS He3aBHCHMO HaGJIioAaJ aHIVIHIl-
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CKHl xuMuk I'. JI3BH, KOTOPBIH npenoxua B yecTb A. BoJbTh
Has3BaTbh 3Ty IYI'Y «BOJLTOBO»,

Ha puc. 159 usobpaxkeH npocrefimmuii cnoco6 NoayyenHs
3JIEKTpHUeCKOH 1yrH. B perysupyrouem wratuse 3akpensieHbt
JBa yIjis, B KauecTBe KOTOPBLIX Jyuille 6paTh He OOBIMHBIH
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Pue. 159. Yeranoeka 415 NOJYYeHHA 5JeKTPHYECKOH JAyTH: [ B 2 — yroJb-
HBlE  5JEKTPOJBI

JpeBeCHBIH yroJb, a cHelHalbHO H3rOTOBJsEMBIE CTEPIKHH,
nojyuaemble npeccoBaHHeM cMecH rpaduTa, CaxXH H CBA3Y-
IOIHX BelecTB (AyroBble YIvH). VICTOUHHKOM TOKa MOXKeT
CJIYKHTh OCBETHTEIbHAst ceTb. UTO6h B MOMEHT COEIHHEHUS
yrjefi He TNOJYYMJIOCh KODOTKOTO 3aMbIKaHHsi, I[0CJeI0Ba-
TeJIbHO C AYI'OH cJelyeT BKJIOYHTb peocTat.

OO6BIMHO OCBETHTENLHASA CEeTh MHTAETCA TOKOM NePeMeHHOro
ganpasJjenusi. Jlyra, ogHako, FOPUT yCTOHYHBee, €CJIH uepes3
Hee IPONYCKAaiOT TOK IOCTOSIHHOTO Hampas/eHHsl, TaK 4TO
OJHH H3 ee JEKTPOJIOB sBJSAETCS BCe BpPeMsl INMOJIOKHTEJNbHBIM
(anon), a npyrofi orpuuarenbubiM (karton). Pororpadus Ha-
KaJeHHBIX 3JeKTPOJOB TaKoH NyrH mnpHBeieHa Ha puc. 160.
Mexy 3lekTpolaMH HaXOLHTCA CTOAO pacKajJeHHOro rasa,
XOpoIlo NPOBOAALIETO 3JeKTpHuecTBO. B  OObIMHBIX Ayrax
3TOT CTOJO HCIlyCKaeT 3HAYHTENbHO MeHbIUe CBeTa, HeXesH
packajieHHble YTIJIH, H MO3TOMY Ha doTorpajguu He BHJEH.
ITosoKuTeNbHEIE yIo/b, HMesl GoJiee BBLICOKYIO TeMmIeparypy,
cropaet ObicTpee OTpHlaTeJabHOro. Bcesenctsue cUJABHOH BO3-
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TOHKH YIJIS1 Ha HeM ofpasyeTcs YyraybjeHHe -— [OJOXKHTENb=
HbIH Kparep, sIBIAIOMHACA CaMmoi ropsiyell 4acTbio 3JeKTpPO-
noB. Temneparypa Kparepa B BO3JyXe IPH aTMOC()eDHOM IaB-
JIeHHH J0XoauT 1o 4000 °C.
98.1. B nyrombix J1aMnax ynorpeGasiioT cretuadbibie peryJsaToper —
e YacoOBble MEXaHHZMBI, C6JIH)K3}0L[1H€ C OJ\MHAaKOBOH CKOPOCTBIO ofa
YIiia 10 Mepe HX cropanus. O,ILHaKO TOJILIHHA TNOJOKHUTENRbIIOTO

yriaa pceria CbiBaeT Gosblle, uYeM OTPHUATENABHOTO. [louemy
TaK JenaaloT?

[yra MOKeT ropeTb M MeXAY MeTaJVIHYeCKHMH 3.1€KT-
poaamu (keneso, Meab H T. 1.).IIpu 3TOM 3/1€KTPOIbl muIaBsITCS
H GbICTPO HCIIapAIOTCs, Ha YTO Pacxo-
Jyercd mHoro Tenda. [lostomy tem-
nepatypa KpaTepa MeTaJJIHUeCKOTO
3JIEKTPO/Jid OOBIYHO HHKE, YeM YIo.b-
Horo (2000—2500 °C).

3acTaBnsis TOPeTh NYTy MeXAy
VTOJIbHGIMH 3JIEKTPOJAMH B CKaTOM
rase (oxos10 20 at™), yjaaaoch J0ge-
CTH TeMIIEePaTYpPy INOJOKHUTENBHOTO
Kpatepa no 5200 °C, T.e, 10 TeMm-
nepatypbol  nopepxuHoctH  CoJuua.
Ilpu 3tom mabBmopanoch maapjenue
yraa. Eme 6osee BbICOKOH Temie-
patypofi ofnajaer cronab razos H
NapoB, uepe3 KOTOPHIH HJeT 3JeK-
TPUUECKUH  paspsil. Duepruynas
GombapIHPOBKAa 5THX Tras0B H na-
pOB 3JIeKTPOHAMH H HOHAMH, IOJ-
TOHfIEMBIMH  3JIEKTPHYECKHM  II0JieM
AyTH, NOBOJMT TeMIEPaTypy Tra3oB
B cTonbe jpo 6000—7000 °C. Ilo-
3TOMY B cTONI6Ee AYTH IOYTH BCE M3-
BECTHble BeUleCTBA IJIABATCH M 0Of-
Puc. 160.  Suektpons paulaloTcsi B I1ap, M AeNaloTCH  BO3-
STEKTpUYECKOR AYrH (O~  MOMHEIMH =~ MHOTHE  XHMHUCCKHe

Torpais) peaKkuuH, KOTOpble He HIyT IpH

Cojlee HM3KHX TemrepaTypax. He-

TPYAHO, HalpHMeEP, PACIJIaBHTb B IJIAMEHH AYTH TYTOIJI2BKHe
(hapdopoBble NAaJOYKH.

Has nopzepxanua LYToBOTO Paspsia HYXHO HeGOMbLuoe
HalnpsiXeHHe: Jyra XOpOWO TOPDHT INPH HAanpsKeHHMH Ha ee
anektpopax 40—45 B. Tok B Ayre J0BOJbHO 3HauUHTeseq.
Tak, nanpumep, naxe B HeGOJBLIOH Ayre, B OIbiTe, H306pa-
JKeHHOM Ha puc. 159, HueT Tok okoso 5 A, a B Goabluux Ny~
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rax, ynorpeb/siOmNXcs B IPOMBIUIIEHHOCTH, TOK JOCTHTaeT
COTeH ammep. DTO MOKa3blBaeT, YTO CONPOTHBJEHHE AyTH He-
BEJIHKO; CJeJ0BATeNbHO, H CBETANIHHCA Tra3oBeIi CTON6 XO-
pOIIO MPOBOAHT 3ACKTPHUECKHH TOK.

? 98.2. Ilyrosas namna TpeGyeT Tok 300 A npu HanpsukeHHH Ha yIJISX
60 B. Kaxroe osuuecTBO TENJIOTH BHAeNseTCs B' Takofi ayre aa
1 mun? Yemy pasHO CONpOTHBJEHHE TaKo#l Ayru?

Takasi cH/IbHAs HOHH3AaIMs Ta3a BO3MOXKHA TOJBKO Gia-
rogaps ToMy, YTO Karoj AyTH HCIYCKAaeT OueHb MHOTO 3JIEKT-
POHOB, KOTOpBle CBOHMH Y/JapaMH HOHH3VIOT I'a3 B Pa3psiIHOM
npoctpaHctBe. CuJIbHAs JEKTPOHHAs 3MHCCHA € KaToja
of6ecreuHBaeTCs TeM, YTO KaToJ AYTH caM HaKaJleH 10 OYeHb
BBICOKOH TemmepaTypbl (ot 2200 go 3500 °C B 3aBUCHMOCTH
ot MaTepHana). Korja asis 3asKurauusi IyTH MBI BHawaJe MpH-
BOJAHM YIVIH B CONPHKOCHOBEHHE, TO B MecCTe KOHTAaKTa, 00-
JajaiolueM O4eHb GOJBIHM CONPOTHBJIEHHEM, BBIIEISAETCA
IOYTH BCe JPKOYJIEBO TElUIO NPOXOJALLEr0 4epe3 YIVIH TOKa
(§ 59). ITosToMy KOHLB! yIvIell CHIBHO PAa30TPEBAIOTCSH, H 3TOTO
JOCTaTOuYHO A/ TOTO, YTOGHl IPH HX Da3[JBHXKEHHH MEXAY
HUMH BCHBIXHYJA Ayra. B pasnpHefinieM KaTox IOyrH moxjep-
JKUBAeTCl B HAKaJeHHOM COCTOSIHHH CaMHM TOKOM, HpOXOjis-
muM 4epe3 Ayry. lsiaBHyio ponb B 3TOM HrpaeT Gombapiu-
pOBKa KaToja MNajaloUHMH Ha Hero MOJOKHTeJbHbIMH HOHAMH.

BosibTamnepHast XxapakTepHCTHKAa AYTH, T. €. 3aBHCHMOCTDb
MeK1y CHJIOH TOKa B AyTe / W HampfXKeHHEM MEXK/IY ee 3JeKT-
ponamu U, HOCHT COBepUIeHHO CBoeoGpa3Helii Xapaxrtep. Mo
CHX HOP MBI BCTpeyalduch ¢ jAByma (popMaMH TaxOH 3aBHCH-
MOCTH: B MeTaJllIaXx H 3JIEeKTPOJHTAaxX TOK BO3PAacTaeT MpOMop-
LIMOHAJIBHO HANpsiKeHHio (3akoH OMma), MPH HECaMOCTOSITe/b-
HOIl HPOBOJIMOCTH Ta30B TOK CHadasla BO3PACTaeT C YBeJH-
UeHHEM HANpsSKeHHA, a 3aTeM JOCTHraeT HACHILEHHS H . OT
HATMDSIXKEHUS] He 3aBHCHT. B JyrosoM paspsje NpH YBesH-
UeHIM TOKA HANpAMKeHHe Ha 3aXKHMax AYTd YMeHbLuaeTcs.
ToropsT, uTo Ayra uMeeT Majalomyio BOJIbTaMIEPHYIO Xapak-
TEepHCTHKY.

Takum obpa3dom, B ciyuae AYTOBOTO paspsiid yBeJHUenHe
TOK2 NPHBOAHT K YMEHbIIEHHIO CONPOTHBJEHHA JIyroBOTO
NpOMEKYTKA H YMEHBIUEHHIO HampsuKeHHs Ha HeMm. MueHnHo
nosToMy, AN TOrO 4YToGbl Ayra ropeia yCTOHYMBO, HEOGXO-
IHMO BKJIOUATh MOCJAENOBaTeNbHO C Hell peocraT (puc. 159)
Wil JpPYroe TaK HasblBaeMOe OassIacTHOE CONPOTHBJIEHHE.

§ ¢9. lpHmeneHus JayreBere paspspa. BcJiencTsHe BHICOKO
TeMIiepaTyphl 3JeKTPOABl AYTH HCHOYCKAlOT OCJeNHTENbHBIA

219



cBeT *), W MO3TOMY 3JeKTPHYecKasl [yra sBJseTCS OJHHM H3
AYYIIHX MCTOYHHKOB cBeTa. Ona mNOTpebsseT Bcero OKOJIO
0,3 BT Ha Kanpeny H fABJAA€TC 3HAUHUTEIbHO GoJiee IKOHO-
MHYHOH, HeXeJH HaWJyullHe JaMibl HaKaJHBaHHf. DJIeKT-
pHUecKas Ayra BrepBble. ObLTa MCIONbL30BaHA [IJs1 OCBELIEeHHS
B 1875 r. pycckuM HHXeHepoM-H3006peTaresem [laBmom Hu-
KosaeBHueM S6moukoBbiM (1847—1894) u nosyunsa Ha3BaHHe
«PYCCKOT'O CBeTa» HJIH «CEBEpHOr'0 CBeTas.

XoTsl B IWMPOKOH NpaKTHKe AyrOBble JIaMIIBl B HAacTOfllee
BpeMsl [OYTH MOJHOCTBIO BBITECHEHB! JaMllaMH HaKaJHBaHHS
(§ 62), TeM He MeHee B psje caydaeB, rae TpeOyloTCA OueHb
MOILHBIE H SIPKHE HCTOUHHKH CBe1a, HalpHMep B IPOXKEKTOpax,
IIpH KHHOCbEMKe W T. I., IyrOBblie JIaMIIbl PHMEHSIOTCS OYeHb
9acTo.

DyleKTpHYecKas Ayra IPHMEHsIeTCs JJIs CBAPKH MeTallH-
4eCKHX Jerajsell (AyroBasi 3jeKTPOCBapka). Bo3MOXHOCTb
TaKOTO MNPHMeHeHHMs AyrH Oblia Takxke ykasaHa B. B. Iler-
POBLIM M BIepBbIe pa3paloTaHa PYCCKHMH H300peTaTensiMH
H. H. Benapaocoum (1885 r.) u H. I'. Caassanosriv (1890 r.).
CBapuBaeMble JIETATH CJAYKAT IOJOXKHTENBHBIM 3/1EKTPOIOM;
Kacasach HX yIJIeM, COeIHHEHHBIM C OTPHIATENIBHBIM IOJIOCOM
HCTOUHHKA TOKa, IOJydYaloT MeXAY TeJaMH H YIVIeM Iyry,

5 nnabamyo Metawi. [lpu atom
ﬁj/ ?—j—-—- JHLO CBapliHKa, a B ocoben-
1 = HOCTH TIJ1433, JOKHO OBITD 3a-
T~ KPBITO TOJICTHIM CTEKJIOM, TaK
Kak B NPOTHBHOM cJiyuae He-
BHAHMO€, TaK Ha3bIBaeMoe YJIbT-
2 9 pagHoseTOBOR H3JYUeHHe,
N AN OGHJIBHO HCIIYCKaeMmoe Ayrofi,
R BBI3bIBaeT TsAXenoe 3aboJieBa-
HHe I71a3 H KOxH. CTeKJo XKe
He INpoNycKaeT yJabTpaduone-
Puc. 161. Jyroeas naasuapHag  TOBO€ H3JYUYEHHE.
neub: I — 3JeKTPOAM, 2 — pac- B macTosimee BpeMs aseKT-
) § — 701" pyueckylo AYTy WIHPOKO NpH-
MeHSIIOT TaKXe B I[POMBILIJIeH-
HBIX 3JIeKTponedax. B MHpoBoi
NPOMBIIIIEHHOCTH OK0J0 90 % MHCTPpYMeHTaJqbHOH CTajqH H
IIOYTH BCe ClelHajbHble CTalH BBIJIABJASIOTCS B 3JEKTPHYe-
CKHX neyax. MHOTHe M3 T4KHX Nedell IOCTPOEHBI 10 THNY Ay-
rosuix (puc. 161).

*} Cpeuenne cronba IyrH ciaabee, TaK KaK Hajgyuaiomas CNocoGHOCT
rasa Manaa.,
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Bonbuioft uHTepec npexacrapsaser PTyTHAs Ayra, ropsuas
B KBapueBOoH TpyOKe, TaK Ha3biBaemass KBapleBasd Jamma.
B atofi mamne KyroBo#l pa3psn NMPOHCXOAUT He B BO3JyXe, a B
aTMocepe PTYTHOTO mapa, AIS1 Yero B JiaMily BBOJAT He-
OosblIOe KOJMUYECTBO PTYTH, a BO3AyX OTKauyupaioT. CBer
PTYTHOH AYTH 4Ype3BbYalHO OOTAT HEBHAHMBIMH YJALTpaduO-
JIETOBBLIMH JIyuamu, OOJaJalolIUMH CHJBHBIM XHMHYECKHM H
¢usnonoruyeckuM gedcreueM. YUTOObI MOXKHO OBUIO HCHOML-
30BaTh 3TO H3JTYyYeHHe, JaMny [OENalT He H3 CTeKa, KoTopoe
CUJILHO [OIJIOILAeT yJAbTpaHONETOBOE HU3JNYUeHHe, a H3
MJIaBJIEHOTO KBapia. PTyTHble JaMIbl IIHPOKO MOPHMEHSIOT
OpH JIeUeHHH Pa3HooOpasHbIX (osie3Hell («HUCKYyCCTBEHHOE rop-
HOe COJIHIE»), a TaKiKe MpH HayUYHbIX HCCJAeJOBaHHUAX Kak
CHUJIbHBIH HCTOYHHK yJbTpPaduOSETOBOrO H3JjayueHus. Cper
PTYTHOH J1aMmbl TaKxKe 4pe3BblYalHO BpeJleH AJs IJas.

§ 100. Taerouiuti paspsaa. Kpome HCKDPEI, KOPOHB! H IYTH, CYILE-
CTBYET ellle OHa (opMa CaMCCTOATENBHOTO pa3pAja B razax —
TaK Ha3blBaeMblfl Taelowuil paspAx. Oas nonyueHus 3Toro
THOa paspsajga yaoCHO HCHONb30BaTb CTEKASHHYIHD TPYOKY
JJIHHBL OKOJIO MOJAYMETPa, COAEPIKALLYI0 [Ba MeTaJJIHUeCKHX
anekTpoja (puc. 162). IlpucoensiHUM 3/1€KTPOABI K HCTOYHUKY

-— 41200010277, P
e
200177,
R A i st s S5,

Pruc. 162. Taewownit paspsi

MNOCTOSIHHOTO TOKa C HampsiK€HHEM B HeCKOJbKO THICAY BOJILT
(roauTcs 3JeKTpHYecKassh MalluHa) U 6yJeM MNOCTelleHHO OT-
KauuBaTb H3 TPyOKH Bo3xyx. Ilpu armochepnom aaBieHuu
raz BHYTPH TPYOKH OCTAaercsl TEMHBIM, TAK KaK HPHJIOKEHHOe
HampsiKeHHe B HEeCKONbKO THICAY BOJbLT HENOCTATOUHO JJis
TOro, 4TOObl MPOOUTHL IJMHHHBIA Ta30Bblil mpoMexyToK. OnHaKo
KOTJa JaBJieHHe a3a QOCTAaTOYHO MOHHU3WUTCS, B TPyOKe BCIbI-
XuBaeT cpeTsiuiicss pa3psia. OH MMeeT BHA TOHKOIO LIHypa
(B BO3ayXxe -—— MaJHHOBOTO 1BeTa, B JPYrHX rasax — APYTHX
I[BETOB), coeAuHsOUlero o6a sJaekTpoja. B arom cocrosiHuu
rasoBblfl CTOJO XOpOILUO MPOBOAUT 3JIEKTPHUECTBO.

Ilpu panbHefllell OTKayKe CBETSILIMUCS WIHYD pa3MbiBa-
€TCsl H pacllupseTcs, H CBeYeHHe 3arOJNHAeT HOUTH BCIO TPYOKY.
Ilpu naBjeHHH rasa B HeCKOJBLKO JeCsTbIX MHJJIUMETpA PTyT-
HOTo cTosifa pa3psii HMeeT THMNHUHBIA BHJ, YCJOBHO H300pa-
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*KeHHBIl Ha pnc. 162, PasjaHyaoT ciaefyiollye ABe IJaBHbIE
yacTH paspsjia *): a) HecBeTAULYIOCS YacThb, NPHJETrAOLLYI0
K Karoay, MOJYYHBINYIO HA3BAHHE MEMH020 KAMOOHO20 npo-
cmparcmea; 6) cBersimuiicss cToa6 Fasa, 3amoJHSIOUIHE BCIO
OCTaJbHYI0 YacThb TPYOKHU, BILIOTH J0O CAMOTO aHOJA, H HOCSUIHH
Ha3BaHHE NOACKUMErbHO20 crmoaba. Flpu monxonsimleMm JAaB-
JIEHHH TIONOXKHTETbHBI cTOMO MOMET pacnajaThcsl Ha OTJeqb-
Hble CJIOHM, pa3jiefieHHbe TEMHBLIMH [POMEXYTKAMH, TaK Ha3bl-
BaeMHe Cmpamst.

Onucannas ¢opma paspsia Ha3HIBAETCH MACHOUUM PA3-
padoa. [Toutn Bech cBeT, HCOYCKAEMBIH IPH paspajie, HCXOMUT
U3 MOJOXKHTEALHOro crosba. Ilpu 3TomM LBeT cBeueHHs 3a-
BHCHT OT poOJa Trasa.

B Hacrosimee Bpemsi TPYOKH C TJIEIHM PaspsiioM HaXo-
JAT MNPaKTHYECKOe IPHMEeHeHHEe KaK MCTOYHHKH CBeTa — raso-
paspsaauble Jamnbl. s neteft ocBelleHUS C YCIIEXOM IIpHMe-
HAIOTCA TasopaspsiiHble JaMIbl, B KOTOPBIX paspsii HpOHC-
XOJHT B Napax PTYTH, IpHYeM BpejHOe AJA IJ1a3 yJAbTpaduo-
JIETOBOE H3JIyYEHHEe MOTJOMmAeTCs caoeM (hochopeciHpyOLEro
BEIlleCTBa, MOKPBIBAIOMIETO H3HYTPH CTEHKH JaMnbl. Pocdopec-
UHpYyIOLlee BEUIECTBO HAUHHAET CBETHTBCH BHJUMBIM CBETOM,
KOTOpHIl  1004BJAAETCT K COOCTBEHHOMY CBEUEHHIO M[apoB
pPTYTH, AaBasl B pe3yJbTaTe cBeT, OJH3KHH MO XapakTtepy K
JHEBHOMY CBeTy (ra3opaspsiiHble JaMIbl JHEBHOTO CBeTa).
Takue JaMmbl He TOMBKO JAOT NPHSITHOE «ECTEeCTBEHHOE» OC-
BellleHHe, HO H 3HAYHTEJbHO (B TPH-YETHIpe Pa3a) SKOHOMHYHee
JaMIIOYeK HaKaJHBaHHS,

Fazopaspsapsuele mamnbl NPHMEHSIOTCS TaK:kKe AJs JAeKopa-
THBHBEIX Uesdell. B 3THX ciayyagx MM [OPHAAIOT O4YepTaHHf
OyKB, pasJu4HBIX QUTYp H T. A. H HAMGJHSIOT Ta30M C KpacH-
BbIM [BETOM CBeUeHHS (HAIPHMEP, HEOHOM, MAIOIHM SIPKOe
OpaHKeBO-KpPacHOe CBEUEHHE, HJIH AapTOHOM C CHHEBAaTO-
3eJeHBIM CBEYEHIIEM).

§ 101. Yro npoHCXOaHT npH Taeomem paspsae? [Ipm Tuelomem paspsge ras
XOpOIIO NPOBOAHT 3JIEKTPHYECTBO, 3HAYHT, B rade BCe BPeMs NOJJep:KHBa-
eTcsl cHALHast WOHH3auus. [Ipu 3TOM B OTJIHuHE OT LYTOBOrO paspsija KaTox
BCe BpeMs ocTaeTcst XonaonHbiM. ITouemy e B 3TOM cilyyae NpOHCXOAUT
00HJIbHOe 06pa3oBaHHe HOHOB?

[Nagenne mnoTeHuMasNa HAM HaNpsiKeHHe Ha eNHHHIE NIHHE (T. €,
AU/A} rasoporo cronba B TIeouleM Pa3psiTe PasJHUHO B Pa3HBIX 4acTsX
paspsiga. Ecau Bnasith no gnauHe TpyOKH PAN NJIATHHOBHIX POBOJOUEK, TO,
NPHCOENHHSAS 3JEKTPOMETP K Pa3/IHYHEIM NpOBOJIOYKaM (pHc. 163), MOXHO
H3MepATh HanpsikeHHe [/ MeXay Pas3/HYHEIMH TOYKAMH paspsiga, B yacT-

*) Mb He yrmoMHHaeM o psifie AeTanell B CTPOGHHH paspsifia, HMeIOLHX
BTOpOCTelleHHOe, 3HaueHHe, .
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HOCTH Mexay J6oit Toukofl ctosnba u KatogoMm. OTKIaluBass Ha rpaduke
[0 OCH OpJAMHAT 3TO HamNpsedHe, a M0 ocH aGCUHCC paccTosiHue [ paccMa-
TPUBAEMOH TOUKH OT KaTo4a, MH MOJYYHM KDHBYIO, H3006paMKEHHYIO Ha
puc. 163 BBepxy. Ml BHAMM, 4TO IOYTH BCE NajleHHe NOTeHIlHaNa NPHXOIUT-
Csl Ha TeMHOE IPOCTPAKCTBO. Pa3HOCTL MOTEHIHA/IOB, CYLIECTBYIOULYIO MEXKAY
KaTofo: H Gauxalurell K HeMy TPaHHUEH TEMHOTO NMPOCTPAHCTEA, HA3HB al0T
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Puc. 163. Pacnpenenenre noteHuHasta B TJaewmeM padpsjge: U — namps-
JMeHEE MeXKAY AaHHOH TOUKOR paspsija H KaTofoMm, [ -— pacCTosiHHe OT
KaTojia BAOAbL TPYOKit

ramodssin naderuen nomeryuanra. ORO H3Mep ICTCA COTHAMH, a B HEKOTOPEIX
CIy4asix M ThICAYaMH BOJALT. OnpiT NOKA3biBAET, YTO HAMHYHe KaTOLHOTO Na~
JICHU ST ABJISIETCS CAMBIM BaXKHbIM MPH3HAKOM TJIEICULero paspsja; 6es Kartog-
HOI'O MafleHust TCOMUll paspsijl He MOMKET CYILeCTBGBATS.

3tayeHHe KaTOLHOTO MajeHHsl 3aKJIOYaeTCsl B TOM, YTO NOJIOXKHTETIb=
HEle MCHbI, NpOSeras 5Ty OOJBLIIYI0 PA3HOCTh NOTEHLHAIOB, IPHOCpETaloT
GOJIBLIYIO CKOPOCTb. TaKk KaK KarejHOe MNajieHHe COCPEOTOYEHO B TOHKOM
cJ0e rasa, TO 3fleCh IOYTH He NPOUCXOAUT COYAapeHuii HOHOB C aTOMaMH
rasa, u IO3TOMY, MPOXOAsl uepe3 06JIaCTb KATOAHOTO MajeHus, HOHH HPu-
0GpeTAIOT oueHb GOJIBIIYIC KHHETHYECKYIo dhepruio. Beliencteue 51oro npu
COyJapedtH ¢ KATOAOM OHH BbIGHBAIOT H3 HETO HEKOTOPOE YHCJIO 3JeKTPOHOE,
KOTOpLIE HAYHHAIOT ABUraThcsl K anopy. Tlpoxonsi yepes Temmoe mpocTpat-
CTBO, JIEKTPOHH B CBOIO Ouepeb YCKOPAIOTCS KaTOAHBIM NMajeHHEM MOTeHs
lliasla ¥ NpH COyapeHusX ¢ aToMaMu rasza B 60JIee yaJieHKol YacTH paspsia
(B MOMOKHTEIBLHOM CTOIGE) NP OH3BOAST HOHH3ALKIO yaapoM. BosuuKalomue
NpPU 5TOM MOJIOXKHTETLHEIE HOHEl OMSTH YCKOPSKITCS KATOAHBIM NaleHueM U
BhIGHBAIOT U3 KATOAA HOBLIE 3JEKTPOHKE! U T. 1. TakuM 06pason, MPOHCXOUT
06pasoBaHue Bce HOBEIX H HOBHIX HOHOB, H Pa3psj NPOAOMAaercs A0 TeX NCp,
MOKa Ha 3JIeKTPOfaX MOAAePKHBACTCS HEODXOAHMOE Hanp sixkeHue. Mbl BUALM,
UTO NPUHUKAMU UOHU3AYUL 2030 8 MAeouem pPAa3pace SeASOMCA yoapHAaR
LOHUBAYUA U 860UBAHUE IACKMIPOHO8 U3 Kaim00Q NOAOKHCIUIMENbHVIMIL LOHAM!.

W3 cKa3anHOro cJIefyer, YTO ueM MpOYHee CBS3aHEl 3JIEKTPOHE B Me-
Tagane KaToja, TeM OOMbIUYI0 SHEPrHio JOJIHKHBl NPHOOPECTH MOJIOKHTENb=
Hble HOHLl JJ1f1 MX BWOHDaiHs, & 3HAYUT, U TeM GOJbluee KaTofHOe MajieHne
Jonxiio 6uTh B pagpage. [loaToMy KaToanoe MajeHHe MOTeHLHAada 3aBUCHT
oT MaTepHasia kKatoja. ONuT MOKa3blBaeT, 4TO OHO 3aBHCHT ellle H OT pPoja
rasa. [TopBupast cootBercTBYIOWHM 06pa3oM MaTepHasJ Katoja H ra3 B pas-
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PALHOM TpyGKe, MOXHO CHeJaTb KaTOJHOE NajfeHHe odeHb MaianM. Ha
puc. 164 nokasana HeoHOBast JJaMNa TJIEIOWIErO pa3psia. DIEKTPOIaMH CJIy-
KT JTHCTOUKH Kevse3a [ ¥ 2, NOKPHITbIE C/I0EM 6apH s, U3 KOTOPOrO IEKTPOHE!
BHGHBAKOTCs1 0COGEHHO Jlerko. B 3T0M cayuae KaTonHoe najenne paBHO BCEro
68 B, u Mo3TOMY JlaMna 3a)HTaeTcs yXe
NPH BKJIIOYEHHH B FOPOACKYIO OCBETHTENb-
Hyio ceTb. EciM TOK ceTH nepemenuuil,
TO POJIb KaTONa BHIIOJHSAIOT MONepeMeH-
HO Juctoukd I u 2.

§ 102. Katognbie ayuu. C ymeHblue-
HHEM KOJIHUECTBa rasa B TpyOKe Ka-
TOAHOE TEMHOe NPOCTPAHCTBO YBe-

z
{ !r@r&lﬂ(
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Puc. 164. Heonopas samna Puc. 165. KatomHwie Jyun 3afiepxuBa-
I0TCSl MeTa/VTHYecKoH MJIacTHHKOH, 6po-
cas «TeHb» Ha CTeHKY TPYOKH

JHYHBAETCS, a MOJIOKUTEIbHBIH CTOM0 AenaeTcs Kopoue u Omnej-
nee. [1pu nanbHeiilieM NOHKHKEHHH AaBJIeHHs cBeueHHe rasa elie
GoJiee ymeHbluaeTcsi H mosiBAsiercst c/afoe CBeueHHe CTeKJa
BOaH3H Katoja. Korga nasnenue napaet o 0,001 mm pr. crT.,
CBEUGHHMe Trasa MNpPaKTHUYeCKH TIpeKpauiaetcs, a MOYTH BCSH
NOBEPXHOCTb CTEKJa CBEeTHUTCS APKUM (0OBbIYHO 3esIeHbIM)
cseroM. llpu panbuefimell OTKauke Bo3nyXa ochaaleBaer H
3eJIeHOe CBeUeHHe CTeKJa, M, HauyWHas ¢ JaBiaeHdii 104—
10~% MM pT. CT., BCSIKOe CBEUEHHE HCUe3aeT, pa3psij mpe-
kpauaercst. OT4ero ke NOSBJSCTCS 3e1eHOe CBeYeHHe CTeK/a?

Ecau cpenarb anoj y paspsiHod TPyOKH B BHJe Kakoii-
au6o ¢urypst (puc. 165), To Ha cTeHKax TPyOKH HoJyyaercs
TeHeBoe H306paKeHHe TOH (PHTYDBLI, COBEDLIEHHO TaKoe IKe,
KakK ecqu Obl HA MecTe KaTona 6b HeGOTbIIOH HCTOYHHK CBeTa.
DTO NOKashIBaeT, Y4TO CBeUeHHEe CTeKJa BbI3BIBAETCS OCOOBLIMH
JyyYyaMH, HCXOJSLIHMH M3 KaToJa; OHH 3aJepPXHUBaioTCs Me-
TaJVIHYeCKOH TNJIACTHHKOH aHoja, H TMO03TOMY MOSBJISETCS
TeHeBOe H300paKeHHe NOC/AeNHEro. JTH Jy4d TOJYYHJIH Ha-
3BaHHE KAMOOHbIX AyHed.

Karoanbie Jyud BHI3BLIBAIOT CBEUEHHE HEe TOJDBKO CTeKa,
HO H JPYruX BeuwecTB. [Ipn 3TOM pasHble BellecTBa CBETHATCS
pasmuYHbIM IBeToM. Tak, HanpuMep, MeJ HCOYCKaeT CBeueHHe
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KPAacHOBATOTO I(BETA, CEPHHCTBI IHHK — CBET/IO-3€/ICHOTO,
H T. 1. DT0 cBeMeHHE MOXKHO HaG/ojaTh, HanpuMep, NoMelas
MexX1y KarooM M aHOJOM pPaspsiiHOi TPYOKH KyCOUKH pas-
JIMMHBIX MUHepaJsioB (puc. 166). [losTomy, x0T camMH KaToAHHE
JIyYU H HEBHAMMBI, HX IPHCYTCTBHE MOXHO Jerko o6Ha-
PYKUTb MO CBEYEHHIO Tes, GomGapaupye-
MHIX KA4TOIHBIMH JTyYaMH. Hoprmaﬂ no-
BEPXHOCTh KAKHX-THOO NPEIMETOB Bellle-
CTBaMH, CBeTSALIKMHCA TOX JAeHCTBHeM
KaroJHbIX JydeH, Mbl OJTYYaeM JIOMHHeC-
HUpyIoLIHe 5KPaHbl (OT JIaTHHCKOrO CJI0Ba

Puc, 166. Tputop Puc. 167, Tlpsmonunelinmfi ciaen nyuxa
IJ15t HaGMIONEHHSI CBe- KaTOAHBIX Jyuyel, BEIpe3aHHBLIX LIEIbI0 Ha
ueHHs NOJ JeficTBH- JIIOMHHECIHDYIOLIEM SKpaHe

€M KaTOJHBIX Jyuef

lumen — cBert), BecbMa y10GHBIe AJs1 HAaGMIOAEHHS Hajl KaTol-
HBIMH Jy4YaMH. PacnosoxHB TaKo# 3KpaH BJoab TpyGKH,
1oJl HeGOMBIIHM YIJIOM K €e OCH, Mbl MOXKEM JIETKO NPOCAEIUTD
Hanpas/€HHe KaTOAHHX JyuyeH BHYTPH TPyOku. i yno6-
cTBa HaOMIOfeHHs mnepel JJIOMUHECHHPYIOUIUM 35KPaHOM O-
MellLaeTcsl WHpMa C JJTHHHOH ILENblo, C NMOMOIBI KOTOPOH H3
KaTOJHOTO MNyuYKa BHIpe3aeTcd YacTb, OCTABJAAMOIIAfA Ha JIo-
MHHECHHPYIOIEM SKpaHe Y3Kuil spKHH caen (puc. 167),

§ 103. Mpupona kaToxumx ayueit. OTBer Ha Bonpoc O NMpHpoje
KAaTOJHBIX Jy4ell JAIOT ONBITHL MO HCCAEJOBAHHIO HX CBOHCTB.
Baxxneliuine pe3y/nbTaThl 3THX ONBITOB CJEAYIOUIHE,

1. Kamodnewe ayuu necym ompuyamensnsild 3apad. HauGo-
JIee HENOCPEACTBEHHHIM [10Ka3aTeJIbCTBOM 3STOTO MOJIOKEHHS
SIBUJICH ONHT, H300pa:KeHHBIA Ha puc. 168, Ha nytH KaTogHHX
Jyuell moMellleH NOJHIH 3aeKTpoi (dapajgeeB nuaunip, § 31),
COEJIMHEHHBIl C YYBCTBHTEJNbHBIM 3JeKTpockonom. [lomanas
BHYTPb IMJ/JTHHJPA, KaTOJHbE JIYUH MepejaloT Bech CBOH 3apsan
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anektpockony. Mccnegosanus 3Haka atoro 3apaga (§ 7) no-
KasaJH, YTO KaTOAHbIe JIyUH HeCyT OTpPHLATeNbHBIA 3apaj.

2. KamoOnsie ayuu 6vi1emarom 8 HANPagAeHul, nepnenou-
KYAADHOM K NOBEPXHOCMU Kamoda, U  pacnpocmpanmomes

+

Puc, 168. KatolHtle J1yuH NMepeHOCAT OTPHUATENLHBIH 3apfl

npamorunedno (puc. 169). IlosToMy ec/aH KaTop HMeeT BUA
yactd ceprl, TO KaTOJHble JYYH, JIeTA [0 pajuycaM 3Tol
cthepnt, cofupaiotca («pOKyCHPYIOTCA») B LEHTPe STOH cephl
(puc. 169, 6). Ilomewasa B 3Ty MecTa JIIOMHHECHUDPYIOUIHH

o

Puc. 169. KatonHble Jy4H pacnpocTpaHAIOTCA BAOJb NPAMBIX JIHHHH, nep-

MeHRHKYJAPHHX X NOBEPXHOCTH Katoda. Mx HanpapjieHHe He 3aBHCHT OT

NOJOMKEHHA aHOAA: @) NAOCKMH KaTol AaeT NYyYOK NapasflesibHbIX Jyuei;
6) BOrHYThf chepHueCKHH KaTOL «POKYCHPYeT» KaTOAHbe Jy4YH

3KPaH, MOXHO BHAETb Ha HeM MOABJIEHHE SIPKOTO MATHLILIKA.
[NosoxKeHHe 3TOro MNATHBILKA COBEPLIEHHO HE 3aBHCHUT OT
(hopMBl H NMOJOKEHHS aHOAA B TPYOKe.

OnuchiBaeMoe CBOIICTBO KATOAHKIX Jyuell OGLACHAETCS XapaKkTepoM
5J1eKTPHUECKOTO 1OJIsi B pa3pagHoi TpyOke. Hannume Karoguoro nagenuns
noteHuxana (§ 101) ykasbiBaeT, 4TO B HENOCPEACTBEHHOH GJIH3OCTH K KATOLy
9JIEKTPHYSCKOE MOJIe O4YeHb CHJILHO, 8 B OCTANbHOH 4acTH TPYGKH ropaszo
ci1abee. ITosToMy Ha KaTOLHBIE JIyYH, KOTOphIe ABJSKTCA 3aPAMKEHHBIMH Ya-
CTHIRAMHM, AfiICTBYIOT BOJIH3H KaTOJA O4YeHb GOJIbillHe CHJIBI, HanpaBJeHHbie
no SHHHAM noas. Ho JIHHHH 3JeKTPHYeCKoro noJs B6JH3H KaTojla MepreH-
JUKYJAPHE K MOBEPXHOCTH Kartoja (KaK M BCSKOro NpOBOAHHKA, § 18), He-
3aBHCHMO OT TOrO, KaKyIo (OpMy HMeeT aHOJ M IJe OH pacnoJsoxeH. Krak,
BGJH3Y KaTOAa KATOJHbIE J1Y YUH HAUYHHAKT JBHIaThCH MO HANPaBJEHHIO, Nep-
NeHAUKYJISIPHOMY K KaTOAy, I NpuoGpeTaioT MOYTH BCIO CBOID OTPOMiYI0
CKOPOCTb B HEIOCPeACTBeHHOH Giy3ocTi K Karony. Jasibrefiiiee Jpuxenine

226



NPOHCXOLHT NPAKTHUECKH NPAMOJMHERHO, NO MHEPUHH, TaK KaK CHJM, Jefi-
CTBYIOIME HA KATONHLIE JIYUH, BHAJM OT KaTOJa HE3HAUYMTEJbHH, BRAJH OT
KaTOfa 3JeKTPHUECKOe TNoJe cJaabo.

M3 onucanHnx HabarofeHHit caelyeT, 4TO KaTORHHIE JY4H ABHKYTCH,
NOJUYHHAACH 3aKOHAM MEXaHHKH; CJEeLOBaTeNbHO, OHH O6NafaloT OIpeeeH-
HOH Macco#.

3. Kamodnsie wacmuyot obaradarom maccodi. 10 Hemocpen-
CTBEHHO OOHaApyxHBaeTcsl B CJelywollleM 3(deKTHOM onbiTe.
Ha nytn xatomubix sydefi yKpen/sieTcsl Ha OCH Jerkas Bep-
TyWKa, TaK 4TO KaTOJHble AYYH YRapsioT B €e AonacTu (pHuc.
170). Beprymka npuxomuT BO, BpalleHWe, NOKa3blBas, 4TO
KaTOJIHble 4acCTHIbl NepejaioT el CBOH
UMNYJBC MY (M — mMacca, a U — CKO-
POCTb YaCTHIIH).

4. bombapdupys meaq u noeaowance
umu, KamooHsle AY4u 6bI3bIGAIOM  Hazpe-
eanue smux mea, Ecaum BHYTpH - pas-
pPsARHOH TpyOKH B LIeHTpe cepHUecKOro

Puc. 170. Beprymka Bpamaercs BCJaeACT- Puc. 171. Harpesanne
BHMe TNepelaud KpLUIBILIKY HMNyJabca Gom- noj ZeficTBHeM Kartof-
6apaupylOUHX ero KaTOZHBIX HacTHIL ueix Ayueft. [TnaTnnosas
¢donbra HakajleHa 1o cBe-

YeHH

KAaToja [OMEeCTHTb TOHKYIO IVIaTHHOBYIO oabry (pHc.
171), ToO OHa CHJILHO HaKaJseTCsl U MOXKeT PacnjaBHTbLCH.
M3 nomo6HBIX ONBITOB C/eNyeT, YTO KaTOAHble Jyuu obJaja-
I0T KHHETHYeCKOH 3Hepruefi, KOTOPYi0 OHM mepenaioT Gombap-
JIUPYeMbIM HMH TeslaM. DTO HeTPYAHO Obl10 npejsBuHieTh, HGO
KaTOJIHbie YaCTHLBI UMEIOT MAcCy /1 W JeTAT CO 3HAYHTEeJbHOH
cCKopocThio v. CyefloBaTeJNbHO, KaxJasi KaTofHad 4YacTHIa
LIOMKHa o6aanaTh KHHeTHUecKkoHd SHeprued muv?/2; ee oHa OT-
JlaeT Tesly, B KOTOPOe yJapsieT. 3a CuYeT 3TOH 3HepruH KaTof-
Hble JY4YH BbISHIB2IOT H CBeuenHe JIOMHHECLHDPYIOUIEro 3KpaHa;
OHH MOTYT TaKxe [1eHCTEOBaTb Ha (OTOrpaduueckyio IJja-
CTHHKY H BbI3blBaTb HEKOTOpble XHMHUECKHe peaKlMH.
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103.1. Tlpu mosyuyeHHH KAaTOAHBIX Jyuel K 3JEeKTPoAaM PaspaiHOR
Tpy6KH NpuIoxKeHo HanpsmkeHnye 30 KB. Buluucaute MakKCHMabHYIO
CKOPOCTh 3JIEKTPOHOB B KaTOAHOM NyuKe, 3apsj 3/JeKTpOHA DaBeH
1,60-10—1® Ku, a ero Mmacca — 0,91 -10—30 kr,

103.2. K paspsaHol TpyOKe ¢ TOPAYHM KaTOAOM NPHJIOXKEHO Hamps-
KeHue 50 KB, a TOK uepe3 TpyOKy paBeH 10 MA. Kakoe Ko.auuecTBO
TeNJIOTH BbiJesAeTcA Ha aHoje 3a 1 c?

5. KamoOrete ayau OMKAOHAIOMCS JAEKIMPUHECKUM NOAEM.
Takoe neficTBHE 3JEKTPHUYECKOrQ MOJIA HA KaTOAHBIE JY4YH He-
TPYAHO NpeiBHAETb, HGO HaM HM3BECTHO, YTO KaTOIHBIE JYYH
HECYT 3JIeKTpHuecKHuil 3apsl. COOTBETCTBYOLIHE ONBITH YAOGHO
POU3BOANTE ¢ npubopom, u3o0pameHHbBM Ha puc. 172, Anon
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Puc. 172. OTK/noHeHHe KAaTOAHBIX Jydeld B aJeKTPHYeCKOM IOJle

B BHMJe NJAACTHHKM I ¢ Ma/leHbKHM OTBEPCTHEM DPacroJoxeH
npotuB Katoga 2, Ha apyrom koHue TpyOKH HaXOAUTCH JIIO-
MUHecuMpylomHil 3Kkpan. Mexay I v 2 cos3naercs Goabluoe
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Puc. 173. Caen katopHoro nyua (cBeT/ibte KPYXKKH) CMemiaerc noj Jeti-

CTBHEM MarHHTHOTO NOJSA (TeMHble Kpy:xKKH). CeBepHulii MOIOC MarHura

NOAHECeH K JY4y, HanpaBJeHHOMY Ha HaGMiojaTesisi: @) Jyd OTKJOHAeTCH
BJIEBO; 0) JMyd OTKIOHAETCH BBEPX

Hanpsenue. M3 notoka KaToAHBIX Jyyell OTBEPCTHE B aHOAE
BBIpe3aeT Y3KHH NMYYOK, cJel KOTOPOro JaeT Ha JIKOMIHECIH-
pyrollleM 3KpaHe sfpKoe NATHBILKO §. Ha cBoeM nyTH Kartoj-
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Hble JIUH TPOXOISIT MexAy IJacTHHamu 8 H 4. Eciu mexny
3 ¥ 4 co3laThb 3JEKTPHYECKOE II0JIe, HanpapJeHHOE OT 3 K 4,
TO KaTOJAHble JIYYH OTKJOHSITCSl TOJ JeHCTBHEM 5TOro IOJSI H
CBeTJIOe NSTHBINIKO CMeCTHTCA B TOYKY 6. Hampasienue cme-
LleHHsl YKa3blBaeT, YTO KaTOJHBE YACTHUBI OTKJIOHAIOTCS MPO-
THB HaNpaBJeHHs TOJs, U STO NOATBEPXKJAET, UTO OHH HeCyT
OTPHUATENbHBIN 3apsij.

6. Kamodnoie ayuu omxaonsromes maznumom. Jasi usyue-
HHSI 3TOTO sBJEHHS MOXXHO BOCIOJIb30BaTbCsl TPYOKOH, H306-
paxkeHHOH Ha puc. 172, TlogHocs K Y3KOMY NYy4KY KaTOAHBIX
Jyueidl MarHHT, MOXKHO OOHapYXKHTb CMelIeHHE CJela KaToj-
HbIX Jyuefi Ha 3kpaHe (puc. 173). Ilpu sToM, ecnu ceBepHLIN
NOJIOC MarHHTa INOJHeCeH CBepXy (MM CHH3Y), KaTOHAHHe
JYUH OTKJOHSAIOTCS BJAeBO (uau Bhpaso). [Ipu nonHeceHHH
CEBEPHOT'O MOJIIOCa MaCHHUTA CNpaBa (MM CJIeBa) OTKJOHEHHE
INPOHCXOJNT BBepX (WM BHH3). Ecaum npHOMMKaTh I0XKHBIH
NOJIIOC MAarHHTa, TO HampaBJeHHE OTKJOHEHHs MeHseTcs Ha
obpaTHOe. 1 5TH ONBITHI BNOJMHE OOBACHSAIOTCSA TeM, YTO KaTol-
Hble JIy4H MpPeACTaBasA0T co0OH IOTOK OTpHUATENIbHBIX 3a-
pAIOB, JeTAUHUX BRonb TpYOkH. Takoll motok 3apsioB npen-
cTaBasieT cCOOOH 3/eKTpHYeCKHH TOK, a TOK H MarHHT, Kak
H3BeCTHO, JeHcTBYIOT Apyr Ha JApyra (§ 40). Ilonpobuee 06
5ToM 6yJieT CKa3aHo B Il. X.

JIasi NEMOHCTPAnMH OTKJIOHEHHS! KaTOJAHHIX JydeHdl MarHd-
TOM y106HO HCIOJb30BaTh NPHOOP, H306paxKeHHbIH Ha pHC. 167,

llens +
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Prc. 174. OTKNOHEHHe KAaTOXHHX Jyuyedl B MarnHTHOM noje. Katozumit

JAYY, NPOWeEAWHH CKBO3b LIeAb, OTKJOHAETCA TNOAHECEHHHIM K HeMy

MarHMTOM. BuIeH HCKpMBJeHHLIH cJel Jyda Ha CBETAIEMCA BSKpaHe,
YCTaHOBJEHHOM BHYTPH TPyOKH

[Ipu mogHeceHHH MarHuTa cJjel KaTOJHOTO MyYKa Ha NPONO/b-
HOM 3KpaHe CHJIbHO u3rubaercsi (puc. 174).

Bce onmucaHHbIE ONBITHI B MM NMOZOCHHE, B YacTHOCTH TOY-
Hble ONBITHI aHIyHiickoro ¢usuka axoseda lxxona Tomcona
(1856—1940), mokasanu, 4YTO KamoOHble Ay4U — SMO NOMOK
Obicmpo semsawux om Kamo0a K GHOOY 34eKMPOHO6.
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Tenepp HeTpyAHO NOHSITH, MNMOYEMY BO3HHKAIOT KaTOJHbIC
Jy4n B paspsauoi Tpybke. B § 101 Ml rosopuss, 4TO B TI€-
IOlleM paspsfe NOJOXWUTENbHLIE MOHHE Trasa YyCTpemJsiorcs
K KaToly M BHGHBAIOT M3 HEro sjekTpoubl. Tak Kak ras B
Tpy6Ke paspexeH, TO 3TH S5JEKTPOHH YCIEBAlOT INpOJETeTh
HEeKOTODBIH NYThb, NPexjie YeM HCOBITAIOT COyJapeHHe ¢ MoJe-
KyJaMH rasa. JTHM OGDBACHAETCA CYIECTBOBAHHE KaTOJHOIO
TEMHOrO IIpOCTpPaHCTBa. Ecau B Tpybke MHOTO rasa, TO KaToi-
Hble JIY4YH HA HEKOTOPOM pacCTOSHHH OT KAaToja YycCHeBaioT
HCIBITATh COY/JapeHHe: B rase BO3HHKAeT CBedeHHe (IIOJIOXKH-
Teqabunli c1os16). TloHnkas naBiaeHne, Mbl yBeJHYHBAEM AJTHHY
CBOGOLHOrO Inpobera 3JEKTPOHOB, OTYero KAaToJHOe TeMHOoe
NPOCTPAHCTBO YBEJHYHBAGTCS, a NOJOXKUTENbHOE CBeYyeHHe
cokpamaerca. lIpn pasnenusix okosmo 0,001 mm pT. cr. 3Ha-
YHTe/IbHASl YaCTh 3JEKTPOHOB OKAa3biBaeTcsl B COCTOSIHHH NpOH-
TH Becb OYyThb JI0 CTEHOK 6e3 COyJapeHHH; TeMHOe NpOCTPaH-
CTBO 3aNOJIHSET BCIO JJIHHY TPYOKH M OJHOBPEMEHHO C 3THM
MBEL 3aMedaeM pas/IHyHble NPOABAEHHS KaTOAHBIX JyueH: Jio-
MHHECLEHLHIO CTeK/d, €T HaTpeBaHue H T. A. TakuMm obpasoM,
NPUMLAHA  BO3HUKHOBEHUS = KAMOOHBIX Ay4ell 3aKAHaemcs 8
cuabHot  Gombapouposke Kamoda NORONCUMEALHBIMU LOHAMU,
KOmoposle 8bi6USAKOM U3 MEMAANA KAMOOQ 3AEKNPOHOL.

M3 ckasaHHOro cjeiyer, yto AJd NOJYYeHHS KaTOJHBIX
Jaydell B TPpyOKe MNO/MAKHO COZNEPXKATbCA HEKOTOpOe, XOTd H
MaJioe, KOJIHYecTBO rasa. Ilostomy, ecnu CJAHUIKOM CHJBHO
OTKauaTh paspsaAHyto Tpy6Ky, He OyAyT BOSHHKATb HH IOJIO-
JKHTeJIbHBle HOHbI, HH KaTOJHBIE JIYUH, W CUJIbHO pPa3peXKeHHbIH
raz OyfeT XOPOUIHM JAH3JIEKTPHKOM,

JIpurasicb Mexjy KaTOIOM H aHOJOM, 3JIEKTPOHBI YCKO-
pAIOTC  3JIeKTPHYECKHM NoJeM H NpHOGpeTalT OrpoMuble
CKOPOCTH. JTH CKOPOCTH IIPH OYeHb CHJBHBIX MOJAX MOTYT
mocturath 10° KM/c n Gosblue, NpUGIHKASACH B CNEUHANBHO
TIOCTPOEHHBIX YCKODHTeNAX K CKopoctH cBera (3-10% m/c).

§ 104. Kananossie ayun. B § 101 mb1 yKkaszanu, 4to B T/IEOLIEM
paspsijle KaroJ TNOABepraercsd HenpephlBHOH GomOapaHpOBKe
MOJIOHTENbHBIMH HOHaMH, DTO MOXHO J0KasaTb Ha OIIbITe,
ecJIH cJes1aTh B KaToje pa3paaHoit Tpy6KH oteepcTHs (puc. 175),

YacTb NOJIOXKHTEJNBHBIX HOHOB GyJeT npoJjeraTb Yepes OT-
BepPCTHA, H Mbl YBHJHM B TeMHOTe c1abo cBeTslieecsl H3JIyue-
HHe, HCXOJfllee H3 THX OTBEPCTHH H pacOpOCTPAHSIOLIEECs
B 32KaTOJAHOH 4acTH TPyOKH. DTO H3JyueHMe, COCTOsIIee U3
TOJIOXKHTENbHBIX HOHOB ra3a, NOJNYYHJIO HA3BAHHE KAHAA086IX
(nn  mosiOXHMTENbHEIX) ayuel. MccienosanHe cBOHCTB 3THX
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Puc. 175. Tlonyuende KaHa-
JIOBLEIX Jyuedl. Mexxay anolom
H KaTOJOM - JIETKOe CBeYEHHE
rasa. B saxaromHoll uactu Ha-
6niofa10TCs  OTHeJ/bHEE NYUYKH
TIOJIOKHTENBHBIX HOHOB

JAyuell (OTKJIOHEHHSI B SJEKTPHUECKOM M MAarHMTHOM MNOJSIX,
3apsiia Jyuell U T. X.) NOATBEPIKAAET, YTO 3TO AEHCTBHTENBHO
NOJMOXKHUTEJIbHBIE HOHEI BelEETB, COAEpKALIHXCS B pr6xe.
104.1, TlydyoK KaTORHLIX Jydeldl U Ny4YoK KaHaJoBbiX Jyuelt mponyc-
° KaloTca MeXAy OOKJajkaMH TJIOCKOIO 3apAXXeHHOrO KoHIeHcaTopa.

OnunakoBo Ju 6ynyT BecTH ceGs 06a NMyuKa, ecIH CKODOCTH Hx OJ1H-~
HaxORbI?

§ 105. 3nexTpoHHAsA DPOBOEKMMOCTD B BhicOKOM Bakyyme. Korma
ras B TpyOKe pa3speXeH B JOCTATOUHOI CTeNEHH, NPOBOIMMOCTh
MOeT, Kak Mbl BHiean (§ 102), nopnepxupBaTbcsi 3a cueT
5/JI€KTPOHOB, BBIIEMSIOUIMXCA M3 Karoja (KaTOIHbIE JY4H).
IlpaBna, B yc/ioBHSIX, ONHCAHHBIX B NpeABAVIIEM naparpage,
B TpyOKe NOJKHHI TaKKe INPHCYTCTBOBATb B HEKOTOPOM KOJIH-
YeCTBE M HOHBI, B WACTHOCTH IIOJIOXKUTENbHEIE, HOO 34EKMPOHbL
oceoboocdaiomes u3 Kamoda 6aqzodaps Gombapouposke Kamoda
NOAONHCUMEABHOIMIL UOHAMIL.

MoxHO, onHako, Kak MbBl 3HaeM, 00GeCeUHTb JOCTATOYHOE
HCNYCKaHHe 3JIEKTPOHOB, NPHMEHHB CHJALHO HarpeTbll KaTox
(§ 90). B rtaxkoMm cayyae MOXKHO OCYIIECTBHTb NPOXOXKIEHHE
3JIEKTPHUYECKOTO TOKa Yepe3 COCYJH C TAKHM BBICOKHM BaKyy-
MOM, MNpPH KOTOPOM DOJib HOHOB IPaKTHYECKH CBOIHTCS K
HYJIO H BeCchb TOK MEPEHOCHTCST 3JME€KTPOHAMH, HCNYCKaembIMH
HArpeTbiM KaToZoM. IloCKOMBKY B 5THX YCHAOBHSX MOJOXKH-
TeJbHble HOHbl NPAKTHYECKU OTCYTCTBYIOT, KAaTOJ He HCIBITH-
BaeT O60MOapIHPOBKH HOHAMM, H JJis1 NOAJEPKAHHS €ro B
HArpeTOM COCTOSiHUH, HEeOOXOIMMOM JIJIsl HCNYyCKaHH$ SJEKT-
POHOB, KaToJi LOMKEeH HeNpepblBHO MOAOTPEBATLCS, HalpHUMep
C MOMOILBIO TOKAa, NPONYCKAeMOTO uepe3 Hero OT BCIOMOTra-
' TeNbHOT@ MCTauUHHKa (6arapes Hakana). ClenoBatesbHO, Ipo-
BOJMMOCTb B OIHCbIBAEMHIX NpPuOOPAX sIBJAsSETCS HECaMoCTosI-
TenbHOH. B COOTBeTCTBHMM C 5THM BOJbTaMnepHas XapakTe-
PHCTHKA B 5THX C/ydafaX HMeeT BHA KDHBOIl, NOXOGHOH H300-
paxeHHofl Ha puc. 149. Cusia TOKa HaCHILEHHsT ONpeleaseTca
YHCJOM 3/eKTPOHOB, HCIyCKaeMblX KaTOAOM B €IMHHLY Bpe-
MeHH, T. €. 3aBHcuT (§ 90) or TeMneparypsl KaTojia, ero mjio-
wagy ¥ MarepHana (paboTHl BHIXOJA).

Ecau xe nanpsizkeHHe He JOCTHIVIO 3HAUeHHS! HACBILUEHHS,
TO He BCe /JIEKTPOHbI, HCHYUIEHHbIE KAaTOAOM B €JAHHHLY Bpe-
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MEHH, YCIIeBAIOT JOCTHTHYTb 3a 3TO BpeMs aHOJa H COCTABHTDb
ToK. UYacTb 3JIeKTPOHOB OCTaeTCA B IPOCTPAHCTBE MEXAY
KaToJOM H aHOJAOM, 06pasys MPOCTPAHCTBEHHbIi OTPHIATENb-
Hulfi 3apAj], KOTOpbIH B BHJAE OTPHLATENbHO 3apfAKeHHOro
obsiaka CKamJHBaeTcs Mepej KaToAOM H ocaab/sfieT CBOHM IPH-
CYTCTBHEM 3JIEKTPHYECKOe MoJie aHOAA. DJIeKTPOHHl, Hempe-
PbIBHO HCOYCKaeMble KaTOJOM, YacTHYHO OTOpackBaroTCs
3THM 006JaKOoM 06GpaTHO K KaToAdy H He JOXOAAT QO aHoja:
yCTaHaBJIHBaeTcd TOK Oosiee cJaGblil, 4eM TOK HAachIILEHHA.
HTak, KaKAOMy 3HAYeHHIO HAalpfXKeHHA MeXIy KaToiOM H
AHOJIOM COOTBETCTBYeT CBOSl IJIOTHOCTb 3JIEKTPOHHOTO 06JaKa
H CBOA cHJia ToKa. TakuM 06pas3oM, HOJYYalOTCH BCE TOYKH
BOJIbTaMIEPHOH XapakTepHCTHKH (puc. 149), HauHHasa oOT
I=0 u g0 ToKa HacblmleHds. JIHIIb NPH AOCTATOYHO GOJBLIOM
HaNpsi)KEHHH BCE JIEKTPOHBI, BBIILIEJUIHE H3 KaToja, HOCTH-
raloT aHoJa, 3JeKTPOHHOe 06JaKO MOJIHOCTBIO pacceHBaercd,
H CHJa TOKa NpHoGpeTaeT CBOe MaKCHMaJjbHOe 3HadeHHE —
3HayeHiHe TOKa HachILeHHA.

§ 106. OSuekTpoHHpie Jamnbl. SIBJIEHHE TePMO3JIEKTPOHHOH
3MHCCHH H OGYCJIOBJIEHHBI HM 3JIEKTPOHHBIH TOK 4epe3 Ba-
KyyM JIeXKaT B OCHOBe yCTpOficTBa OdeHb O6OJIBLIOTO 4YHC/A
pa3sHOOOpa3HbIX  3/eKTPOH-
HBIX NpHOOPOB, HaMIENUIHX
.cebe 4ype3BbIYaHHO BaXKHbie
NPHMEHEHHA B TeXHHKE H B
6bITY . MBI OCTaHOBHMCS TOJIB-
KO Ha JBYX HaH0oJiee Bax-
+ HbIX THNAaX 3THX APHOGOPOB:
3JIEKTPOHHOH Jamne (paAHo-
JlaMIle) H 3JIeKTPOHHOJIyYe-

BOH TpyOKe.
¥YcTpolicTBo npocreiiiei
- 3JIeKTPOHHOH JIaMMOHL [IOKa-
3aHO Ha pHc. 176. B wmeit
3 HMeeTCs pacKaJleHHas BoJIbg-
pamoBast HUTb 1, ABJSAW-
' afacsad HCTOYHHKOM 3JIEKT-
POHOB (Kartofd), H MeTa/lIH-
YeCKHH muAuHAp 2 (aHom),
OKpyxawwHi kKarog, O6a
Puc. 176. a) HdsyxsnekrpoaHas jaam- 3JIEKTPOJA NNOMeUleHHl B CTeK-

na (anon): I — Katof (HaxaseHHad B i
H4TB), & — anon (uHJIHHJJ.p), 3 — JIAHHBIH HJIH MeTaJJIHYeCKHH
CTeKJIAHHbI GassoH. 6) YciosHOe Gamion J, BO3AYX H3 KO-

u306paxeHue AHoza . TOPOro THLATeJbHO OTKadaH.
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Takaa ABYX3JEKTPOAHAA JiaMIla Has3bIBAETCH  6aKYYMHOIM
duodom.

Ecnu MBl BKJIIOYHM 3Ty JlaMny B Uenb (ataped HJAH IpYy-
roro HCTOYHHKA TOKa TaK, YTOObI aHojx ee Obl1 COeJHHEH C
IOJIOKHTEJbHBIM IMOMIOCOM HCTOYHHKA, a KaToj — ¢ OTpHlAa-
TeJbHBIM (puc. 177, @), H HaxaluM KaToJ NPH MOMOIUH BCIIO-
MorarteJbHOro HcrouyHHka (6arapen Hakana b)), To ucnapsio-
IHecs H3 HHTH 3JeKTPOHBI OYIyT JieTeTb K aHOAy, H uepe3

PHc. 177. a) Tok npoxoanT ue-
pe3 JHOA, KOTAa aHOA COejiH-
HeH C NOJOXKHTeNbHHM MNOJI0-
coMm Gataped b, a kKaTol— C
oTpHuaTtesabHuM. 6) Tok ne
HNPOXONHT Yepe3 JHOA, KOTAa
€T0 aHOJA COefHHeH ¢ OTpHUa-
TeJbHHM MNOJIcCOM GaTapeH, a
KaTof — € NOJOXHTeNbHBIM.
by — GaTapess Hakala HHTH

uenb nofijer ToK. Ecjad Ke Mbl MePeKJIOUHM INPOBOAa Tak,
yTOObl MHHYC HCTOYHHKA OblJ COEJIHHEH C aHOAOM JIaMIBIl, a
wIoc — ¢ ee kartopoM (puc. 177, 6), TO Hcmapsomuecs H3
KaToja 3JeKTPOHbl OyayT oOTOpachiBaThcsl moJieM OGpartHo
Ha KaTol, H TOKa B llenH He Oymer. Takum obpasom, Oduod
obaadaem mem ceolicmeom, HMO OH APONYCKAem MOK 8 OOHOM
HAnApasAeHuw u He npony-
cKaem e2o 8 06pamHoOM Ha-
npagaenuu, Tarkoro poga 7w
yCTPOHCTBa, NPOMYyCKaro-
[He TOK TOJIbKO B OAHOM
HanpagJ/eHHH, Ha3bIBaOT- 5
¢ 3JeKTPHUECKHMH 8€H= ~
muaamt. OHH MHPOKO o |
NPHMEHSIOTeS  AJIsT  BhI-
NpsAMJIEHHST MepeMeHHOro
TOKa, T. e. Il HpeBpa-
LIEHHS €ro B IOCTOSHHBIN
ToK (§ 166). Baxyymuele
JHOIBI, CHELHAJBHO MpH=
cnocobJieHHble 11T 3TOH
lesIH, HasblBalOTCH B TeX- L
HHKE KEHOMPpOHAMLU.
DJIeKTPOHHBIE  JIAMITBI a)
fosiee  CJOOMHOIO THNa, Pnc. 178. a) TpexanektpojHas namna:

Hamenwne ceGe LIHPOKOE 1 — KaToA (HaKaJsleHHasi HHTb), 2 — aHoJ,
(nwinnap), 3 — ceTka (pedkasi CIHpan).
NpHMEHEHHe B paauoTex- 6) YcaosHoe H3obpaxeHHe TPHOAA
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HHKe, aBTOMaTHKe M psje APYrux orpaciel TeXHHKH, COieCp-
KaT, NOMHMO HaKaJeHHOro Katoja (HCTOYHHKA 3JEKTPOHOB)
¥ cobupalolero 3TH 3JeKTPOHHl aHOJA, elle TPeTHH JNOMOJHH-
TeJIbHLEIA 3/7IEKTPOJ B BHJe CETKH, NOMellaeMaH Mexy KaToaoM
u anogoMm, OGLIYHO cCeTKa ObIBaeT € OuYeHb KPYNHLIMH  siyefl-
KaMH; HATpUMep, ee JeJaloT B BUJe penxkol cnupaiH (puc. 178).

OcHoBHaa ujeda, Ha KOTOPOH OCHOBAaHQ NpHMeHeHHEe TaKHX
JlaMI, 3aKJiouaercs B caefylomeM. BKimouuM Jamny B Ienb
6atapen b,, Kak nokasaHo Ha puc. 179, u 6ylem HaKaaUBaTb
KaToJl ¢ NOMOIUbIO BcromoratedabHo#t Gatapen 5, (6aTapen

[
B

PR _ 7

Puc. 179. Hanpsxenve mMeKay Puc. 180. Boasramnepuas
KaToAOM M CceTKOl H3MeHHeT Xap4KTEePHCTHKA  TPEX3JEKT-
CHJIy aHOJHOTO TOKa POLHOH JIaMTlbl

Hakaja). Bk/ioyeHHBIH B lieb M3MepHUTeNbHbIH npubop noka-
JKEeT, 4TO B Llend ujJeT aHoiubli Tok [,. IlogkmouuM Tenepb
K KaToJly JiaMmbl M CeTKe ellle OfHy 6aTapelo 5., HanpsxeHue
KOTOPOH MOXKeM NpPOU3BOJNILHO MeHATh, U GyJeM ¢ ee IOMOIlbIO
H3MeHATh Pa3HOCTb NoTeHuManoB U, Mexay KaToaOM H ceT-
KOi. MBI YBHIMM, 4TO NpPH 3TOM H3MEHSETCA U CHJa AHOIHOTO
ToKa. TakuMm 06pa3oM, Mbl MOJNYUYAEM B0SMONCHOCME YNPABASIL
MOKOM 8 QHOOHOU Yenu AaMnbl, UBMEHsS PASHOCIL NOMEHYLA-
406 medc0y -ee KQmooos u cemxoii. B 3TOM ¥ 3aKmouaeTcs Bax-
Helllias OCOGEHHOCTb 3JeKTPOHHBIX JaMIl.

KpuBas, mnsobpaxaiouias 3aBUCHMOCTb aHOJHOTO TOKa
Jamnul [, OT ee ceTounoro HanpsixkeHus U,, HOCHT HasBaHue
BOJIbTaMIEpHOH XapakTepUCTHKH JiaMnbl. THNOHYHAA Xapak-
TEPHCTHKA TPEeX3JeKTpoAHOH JaMnbl IoKasaHa Ha puc. 180.
Kax BHIHO M3 3TOIO pHCYHKa, KOCJa CeTKa HAaXOJUTCH NpH
HOJIOXKHTENLHOM IOTEHIHANE IO OTHOLUEHHIO K KaTOAy, T. €.
Coe/uHeHa C NOJOXKUTENTbHEIM MNOJTIOCOM OaTapeH, TO YBeJH-
YeHHe CeTOYHOro LanpsikeHua U, NPHUBOAMT K YBEJAMYEHHIO
2HOJHOTO TOKa J0 TeX NOp, NoKa 3TOT TOK He JOCTHCHET Ha-
cbimleHHs. EcaH XKe Mbl clleraeM CeTKY OTPHIATENbHOH 1o
OTHOILEHHIO K KaTOLYy, TO NpPH yBeJH4eHHH aGCOMIOTHOrO 2Ha-
YEHHA CEeTOYHOrO HAmpsXKeHHS aHOJAHBIE TOK OyheT Najars,
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NOKa TNPH HEKOTOPOM OTPHUATEJbHOM MOTEHUHANe Ha CeTKe
JlaMHa He OKa)KeTcsl 3amepTod, T. e. TOK B aHOJAHOH LeNH He
00paTUTCS B HYJb.

Hetpyauo nmousaTb npuuuHy 3THX spienuil. Korma cerka
3apsKeHa MONOKHTENbHO OTHOCHTENBHO KaTojga, OHAa NPHTS-
THBaeT K cebe 3/1eKTPOHbI H3 061aKa 06beMHOro 3apsifia BGIH3H
Karoja; NpH 3TOM 3HaUMTeNbHAas YaCTb 3JeKTPOHOB IIpoJie-
‘TaeT MeXJAY BHTKAMH CeTKH W TNOMajaeT Ha aHOA, YCHJIMBAad
aHoaHbpl TOK. Takum oGpa3oM, CrMocOGCTBYS paccachblBaHHIO
0o0beMHOr0 3apafia, NHOAOHCUIMEAbHO 3APAXCEHHAS CEMKA  YGe-
auuueaem anoOusil mox. HaoGopoT, ompuyamesbHo 3apasieH:-
HAA CMKA YMeHbuaem aHo0HbiE mox, TOTOMY 4TO OTOpachiBaer
HA3a]| IEeKTPOHBl, T. €. YBeAHUHBaeT OObeMHbIH 3apai BOMU3H
Kartoga. Tak KakK ceTka pachojioxeHa ropasjo O/auxKe K Ka-
TOAY, YEM dHOJ, TO ysKe MaJjule H3MeHEHHsl Pa3HOCTH MOTeH-
UHaNOB MeXAy HEH H KaTOfOM OYeHb CHJIBHO OTDAXKAlTCA Ha
00beMHOM 3apsAje H CHJABHO BJIHAKT Ha CHJIY aHOJHOTO TOKA.
B OOBIYHBIX 3/€KTPOHHBIX JaMIax H3MeHeHHe CeTOYHOI'O Ha-
npsixenus Ha 1 B MeHsler aHOJHBIA TOK Ha HECKOJBbKO MHJIJIH-
ammep. s Toro yto6bl AOCTHYbL TAKOTO e H3MEHeHHH TOKd
MyTeM H3MeHeHHsl AHOJHOIO HampsKeHHs, 3TO HanpsKeHHe
HYXKHO Ob1o Obl H3MEHHTb ropasio GoJiblie — Ha HeCKOJIbKO
JECATKOB BOJIbT,

OnHHM 13 BaKHEHHIMX NPHMEHEHHH 3/J1eKTPOHHHX J1aMN fABJAseTCA MpH-=

MeHeHHe MX B KadecTBe ycuautenedl cjabhix TOKOB W Hanpsixkenuil. [Tosc-
HUMM Ha MPOCTOM IpuMepe, Kak 3To ocyuiectsisercsa. IlpeacraBum cebe, 4to

MEXJy CETKOM H KaToAOM JaMIH
/ A \ Q
O/
faf Rﬁlll;ﬁ Urarz
5 A
-4

BKJIIOYEH Pe3ucTOp ¢ OdeHb 60.b-
Puc. 181. Cxema BKJIIOUeHHA Tpex-

LIMM COIIPOTHB/AEHHeM R, CKaxeM
1 MOwm {puc. 181). Tpexopsauwmi

3/1eKTPOAHON JaMIEl KaK YCHIHTeaA
TOK2 H HanpsXKeHHs

- ygpes 3TO CONPOTHBJEHHE OUYeHb
cnabwil TOK i, ckaxem 1 MKA, co-
374CT Ha 3TOM CONPOTUBJEHHH MO A}
3akoHy OMa Hanpskenne U .=iR..
B nameM mpumepe 3TO ‘HallpfKe-
nue pasHo 1 B. Ho npu takom u3-
MEHEHHH CETOYHOrO HAMPsKEHHS
AHOJHHI# TOK MeHseTcA Ha 2——3 MA,
Crasto 6bITh, H3MEHEHHE TOKa Yepes
CeTOYHOe COMpOTHBAeHHE Ha 1 MKA
BLIBKIBAET H3MEeHEHHe aHOJHOTO TOKa, B HECKOALKO THICAY Pa3 6oabinee, Mu
YCHJIMBaeM, TaKHM 06pa3omM, epBOHa4aabHLIH O9eHb cIa0HH TOK B HECKOJb-
KO THICAY Pas, AOCTaBJAS HEOOXOAHMYIO SHEPrHio 3a cUeT aHOAHOI 6aTapeH.

Ecan B aHOHYIO 1leNb MLl BKJIOYHM HEKOTOPOE€ «HAarpy3OyHOe» COmpo-
THBJEHHE Ry,rp, cKaxem 10 KOM, TO H3MeHerHE€ aHOAHOrO TOKa na 2—
—3 MA BLI30BeT NpHpal(eHHe HampsAXKEeHHS Ha 3TOM CONPOTHBJAEHHH
20—30 B. MHEMH cCJOBaMH, H3MEHeHWe CeTOYHOro Hampsikenus Ha | B
H3MEHAET HANpFKEHHE MEKAY TOouKaMH @ H § «Harpy3o4HOro» CONpPOTHBJE-
uus Ha 20—30 B. Mul ocyurecTBHAH TaKHM 00pasoM YCiJaeHHe MepBOHa-
4a/LHOrO OUE€Hb MaJMOr0 HANpPSKEHHA,
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Jlamnel ¢ TpeMmsl 3JEKTPOJAMH — KaTOAOM, dHOJIOM H
CeTKOl1,— 1NoJo6Hble H306paKeHHOH Ha puc. 178, HocAT Ha-
3BaHne mpuofos. B coBpeMeHHON TeXHHKe LIHPOKO NPHMEHs-
1oTc U 6ojiee CJOXKHBIE JIaMIbl ¢ ABYMs, TpPeMs H OOJIBbLIHM
yHcIoM CceTOK. [IpOMBIIIEHHOCTh BBIMYCKAaeT B HacTosAllee
BpeMs Ui pas3HbIX LeJefl MHOTO AeCATKOB THIOB JIAMIT CaMBIX
pPasHbIX pasMepoB, HauHHAs OT TaK Ha3blBAeMbIX «IaJbYHKO-
BBIX» JIAMIT TOJIIIHHOA C MH3HHEL H JJIHHOH HeCKOJbKO CaH-
THMETPOB H KOHYAas JaMIaMH BhIllle YeJOBEYECKOr0 pOCTa.
B Manbix namnax, ynotpeGasiomuXxcsd, HanpHMep, B DPajHO-
NPHEMHHKAX, aHOJHBIH TOK paBeH HECKOJbKHM MHJIIHaMIIe-
paM, B MOIIHBIX JIaMIIaX OH JOCTHTaeT MHOTHX JECATKOB aMIiep.

106.1. Tlouemy Kartoj S5JeKTPOHHOH JaMIbl OLICTPO paspyruaercs,

. ecJId JlaMIla IVIOXO OTKauaHa M B Heil ecTh HeOOJbIIOE KOJHUECTBO
rasa?

§ 107. dnektponHoayyeBas Tpy6ka. STOT BaxKHbI MpHGOP (pHC.
182) no BHelwrnemy BHAYy M YCTPOHCTBY OYeHb INOXOX Ha Ty
TPYOKY, C TNOMOILIBIO KOTOPOH MbI H3yYanH HAeHCTBHE 3JEKT-
PHYECKOTO H MaTHHTHOTO MOJiel Ha KaToJHbie JyuH (pHC. 172).

Srpar

BrermpoHell Y

1t

/i
g 4

Puc. 182. Cxema ycrpofictBa sJeKTpPOHHOJNY4YeBOH TpPyGKM

CyliecTBeHHOE OTVIHYHE 3aKJIOYaeTcs JHIIb B TOM, YTO paHblle
Mbl HMeJH B TPyOKe XOJOAHBIH KaTOfA, HCNYCKaBLUHH 3JEKT-
pOHBI B pe3yJbTaTe HOHHOH OoMGapIHpOBKH. Tenepb ke
HCTOYHHKOM 3JIEKTPOHOB ABJfAETCA TIOMellleHHas B Y3KOM
KOHLE TPYOKH 31eKmpoHHAA NywKa, COCTOALLASA H3 HaKajleH-
HOTO KaToJa /, SMHTTHPYIOIIETO SJEKTPOHBI, H aHOAd 2, HMe-
IOUEer0 BHJA JAHCKa C HeGOJBIIMM OTBEPCTHEM JAHamerpa |-——
3 MM. MeXJy KaToJOM H aHOAOM CO3Jal0T PA3HOCTb NOTeHIHa-
JIOB OT HECKOJBKHX COT [0 HeCKOJbKHX THICAY BOJBT, TaK
YTO B TNPOCTPAHCTBE MEXKAY KarOAOM H aHOJOM CYUIECTBYET
CHJILHOE 3JIEKTpHYeCKOe ToJle, pasTOHAWILee BbLIETAlOMIHE
13 KarojJa 3JeKTPOHbI JO OueHb GoJblIOH cKopocTH. Kartof
HAaXOOUTCA BHYTPH METAJJIHYECKOTO HUJHHIPA, Ha KOTOPbIH
TaKXe TMOJAeTCs TNOJNOXKHTEJNbHOE (OTHOCHTEJNbHO KaTofia) Ha-
Npsi2KeHHe, HECKOJIBKO MeHblllee, YeM HamnpsiKeHHe Ha aHOJe.
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banarojaps coBvecTHOMY AEHCTBHIO 3TOTO HHJIHHAPA H aHOja
[IOUTH BCe 3AEKTPOHBI coGHpaioTcs (QOKYCHPYIOTCHA) HA OT-
BEPCTHH daHOAA H BLIXOAAT H3 HETO B BHJAE TOHKOrO Ny4yKa —
SAEKMPOHHO20 Ayda. B TOM MecTe, TIe 3TOT Ny4YoK YAapfercs
06 3KpaH — MOKPLITOE CBETALIHMCA COCTABOM [HO KOJOH,—
BO3HHKaeT sipKasd CBeTALLAfACS TOYKa.

Ha cBoem nyTH X 3KpaHy 3/1eKTPOHHBIH JY4 HPOXOAHMT
MeXJy ABYMA NapaMH MeTaJJIHYeCKHX INacTHH 8 H 4. Ecau
NoAaTh HEKOTOpOe Hanpsi:KeHHe HA NepPBYIO NMapy IJIACTHH, TO
nojle KOHJeHcaTopa 3 OyJeT OTKJIOHATH NPOJIeTaioliHe 4epes
Hero 3JeKTPOHBL B CTOPOHY IOJOXKHTENBHO 3apsKEeHHOH
IVIaCTHHbI, H CBETJIOE NMATHO HAa 3KpaHe CMECTHTCS MO TOpPH-
30HTAJIH BJIEBO HJIH BIpaBo. TOYHO Tak e, eC/TH HaNPsKEHHE
Oy JeT TN0JaHO Ha BTOPYIO Napy MJIACTHH 4, TO JIy4 OTKJIOHHTCS
B CTOPOHY MNOJOXKHTEJNbHOH IIaCTHHEI H CBeTALIAACS TOYKa
Ha 3KpaHe CMECTHTCS 110 BepTHKAaJH BBEPX HJIH BHH3.

Takum o6pasom, No cMellleHHIO CBeTVIOH TOYKH Ha dKpaHe
Mbl MOXKeM CYAHTb O HANDPSXKEeHHH, HAJOKEHHOM Ha COOTBET-
CTBYIOLHE OTKJIOHSAWIIHE MacTHHBL. Haubosee BaxHO mpH
3TOM TO, 4TO BCJIEACTBHE HHYTOXKHO MasIOfl HHEPUHH 3JIEKT-
POHOB 3JIEKTPOHHBIH JIyd 4pe3Bbl4afiHO OBICTPO pearHpyer
Ha BCSKOe M3MeHeHHEe HalpsikeHHsl Ha IJacTHHax. [loatomy
¢ MOMOUIbIO 3JEKTPOHHOJIYYEBOH TPYOKH MOXKHO CJEJHTb 3a
NpoLeccaMt, B KOTOPBIX INPOHCXOJAT 4pe3BhbiUaiiHo OGhICTpLie
H3MEHEHHs 3JIEKTPHUECKHX HanpsikeHHH H ToKoB, OcoGeHHO
YacTO TAaKoro poja 3aJauH BO3HHKAIOT B DafHOTEXHHKe, Tie
[IPHXOAUTCA HMeTb JAeJO C TOKAMH H HaNpsXKeHHAMH, MEHA-
IOLMMHCA MHOTO MHJLJIHOHOB (H Jaze JAECATKOB MHJIJIHOHOB)
pa3 B CeKyHAy.

DnexTpoHHOMyueBass Tpy6Ka, CHabxkeHHas COOTBETCTBYIO-
IIHMH TPHCNOCOOJIEHUAMH AJS H3Yy4YeHHs TaKHX ObICTponepe-
MEHHbIX TOKOB H HanpsixeHHH, ofpasyeT npuGop, KOTOPbIH
MOJIYYHJT HA3BAHHE 3AEKMPOHHOAY4EL6020 (HJIH KAaTOZHOTO) oC-
yuaroepaga. ITOT NPHOGOD SABASAETCA OJAHHM H3 BaXKHEHIIHX
CPEACTB HCCJIEAOBAaHHA He TOJLKO B DaJHOTEXHHKe, HO H B
HesIoM DPsAjle APYTHX oTpaciedl HayKH H TeXHHKH. C KaxabIM
ToJ0M OH BCE IIHPE BHEAPAETCH B NPAKTHKY PabOThl HCC/IEAO~
BaTeNIbCKHX H 3aBOJACKHX J1a60paTOpHA.

Jpyrofi 4pesBblMafHO BaKHOH 006J1aCTbiO PHMEHEHHS
3JIEKTPOHHOJYYEBLIX TPYOOK fABJAETCH rmeaesuderue. DeKT-
poHHOJIy4eBasi TpyGKa fABJsSeTCA HEOOXOAHMOH H BaxKHeHIlel
qacTbio TeseBH3opa *). HaknaapiBasd Ha MJIacTHHBI COOTBET-

*) B Tesepuzopax O6bIYHO MPHMEHSIOT TPYOKY He C 9/1eKTPHUECKHM, a ¢
MarEMTHLIM yTpaB/icHBeM 3JIeKTPOHHbIM aydoM. ([Ipumed. ped.)

237



CTBYIOLlee HanpsKeHHe, 3acTaB]AKT Jyd ¢ OOMBILOH CKOpO-
CTBIO 3alITPUXOBBIBATb Becb 3KPaH pAAOM NapaliebHHX
JuHHi (cTpok). Ecnum W 0Dpu 3TOM fIpKOCTb CBeTsllleHcs
TO4KH, ONpeesisieMasi KHHETHYECKOH 3HeprHel 3JeKTPOHOB,
oCTaBajlach BCe BpeMsl NOCTOAHHOH, TO Mbl YBHJIeaH OH BeChb
3KpaH paBHoMepHo cBetsimuMca. Ho npuxogsmue k npuem-
HHKY TeJeBH30pa CHIHaMH, [OCbLIaeMmble Nepejamolliedi Tese-
BHU3HOHHOH cTaHunHed, TO YBeJMYHBAWT, TO YMEHbILAWT YyC-
Kopsilolllee 3JIEKTPOHH HANpsiKeHHe B COOTBETCTBHH € SIPKO-
CTBIO TOH HJH HHOA TOYKH NepelaBaeMOro H300parKeHHA.
TlosaToMy H cBeTsliMecsi TOYKH Ha 3SKpaHe nOJydaloTcs TO
GoJiee, TO MeHee SIPKHMH, H HX COBOKYNHOCTb, BOCOPHHHUMa-
emasl HalldM TIJ1a30M, BOCIPOH3BOJIMT INepelaBaemoe lsobpa-
KeHHe.

9 107.1. SaekTpoHHas NymXa, NpUMeHsieMas B TeJieBH3HOHHBIX TPYO-

H KaxX ] NOJyYeHHS! KaTOAHBIX Jyyell, COCTOHT H3 HAKATeHHOIO KaTo-
Jia H PaciloNOXKeHHOro BOJIM3H HErO aHOAA ¢ LEeHTPaJbHLIM OTBEPCTH-
€M, depe3 KOTOpOe NpoOJeTaeT INOTOK 3JeKTPOHOB. Kak H3menHT-
¢Sl CKOPOCTb 3JIEKTPOHOB, eC/il Halpsi:KeHHe MeXJy KaToZoM M aHo-
noM H3Menutcs or 700 mo 1000 B? Kakosa 6yzer 3Ta CKOpoCTb
B oboux cayuyasfx? 3apan sJeKTpoHa pased [,60.10-1% Ku, ero
macca — 0,91.10-3% xr.
107.2. B orkauaHHON TPyOKe ABHXKETCS NYYOK SJIeKTpOHOB BbIJIETEB-
IWHX H3 3/71eKTPOHHOMN NYLIKH, HaNpsDKeHHe B KOTOPO MeXIy KaTOLOM
H aHogoM pasHo 800 B. HenocpencTBeHHO nepejl CBETAUUMCS 9Kpa-
HOM, Ha KOTOpHIH NONajalT 3JeKTPOHH, PacHOIOXKeH INIOCKUH KOH-
JleHCaTop, BAOJL OCH KOTOPOro, NOCpeHHe MEXIY [LI&CTHHAMH, NIPO-
JIeTaloT 3JeKTpoHbl. JIJMHa [JacTHH KOHAeHcaTopa pasha 8 cmM, pac-
CTOSTHHE MeXJY INIaCTHHaMH PaBHO 2 €M, HalpsiKeHHe HA NJACTHHAX
paBro 50 B. HacKoAbKO CMECTHTCS CJleX 3J1eKTPOHOB Ha 9KpaHe M b
Kakyio cTopoHy? Ecau B TpyOKe NPHCYTCTBYIOT HOHB BOLOpOZa (MO~
JIEKYJASIPHOrO), OLHOKPATHO 3apsiKeHHble, KaK MOJOXUTeNbHElE, TaK
H OTpHLATedbHhte, TO KaK OHH OyAYT BeCTH celsl B 5THX YCAOBHAX?
HacKoJbKO M B KaKYI0 CTOPOHY CMECTSATCS HX CJielbl Ha 3KpaHe?
3ajauy pemuTe cHayaJa B oblleM BHIe.



' nasalX. NPOXOMAEHME IDINEKTPHUUECKOIO TOKA
YEPE3 NMONYNPOBOLRHMUKM

§ 108. Npuposa SMEKTPHUYECKOTO TOKA B IOJYNPOBOAHHKAX.
B § 2 MBI roBopu/ad yxKe O TOM, 4TO NMoAaBaAwulee GOJIbLUNHH-
CTBO BEUIECTB He NPUHALIEKHUT HH K YHCIY TaKMX XOpOUIHX
JU3NEeKTPUKOB, KaK fIHTApb, KBapl uJu (papdop, HH K YHCIAY
TaKUX XOpOIIHX NPOBOAHHUKOB TOKa, KaK MeTaMIsl, a 3aHUMaeT
NPOMEXKYTOUHOE MNOJOKEHHE Me:KIAy TeMH U Jpyrumu. Hx
Ha3BIBAT NOAYNPOBOOHUKAMU, ¥ JeNbHble NPOBOAUMOCTH pas-
JIMYHBIX TeJ MOFYT HMeTb O4eHb CHJBHO OTVIHYaloUHecs 3Ha-
yeHusi. Xopouide IUJEKTPHKH HMEIOT HHYTOXKHYK IIPOBOIH-
MocTh: oT 10~% go 10718 CM/M; mpOBOAMMOCTb METaLJIOB, Ha-
ofopoT, odenb Benuka: ot 108 no 10 Cm/m (rabn. 2). Ioay-
IPOBOJHUKH 1O CBOell IPOBOAUMOCTH JIeXKaT B HHTepBaJje Mex-
Ly STHMH KpaHHUMH IpelesiaMH.

OcoOblfi Hay4HBIl U TeXHHYECKUH HHTepec NpeACTaBJAAIT
TaK HasblBaeMble 3JIEKTPOHHbIE NONYNpoBOJHUKH. Kak u B
MeTalsIaX, DPOXOXKAEeHHe 3JeKTPHYeCKOTo TOKa 4epe3 TaKHe
MOJYIIPOBOJHHKH HE BBI3EIBAET HHKAaKUX XHMHYECKHX H3Me-
HEHUH B HHX; C/JIel0BaTelbHO, Mbl NO/IKHBI CAeNaTh BbIBOJ,
YTO U B HHX CBOGOAHBIMH HOCHTEIAMH 3apfAja SABJATCA
3/J1eKTPOHBI, a He HOHBL. MHBIMH cA0oBaMH, NPOBOAUMOCTb 3THX
NOJYTNPOBOIHHKOB, KaK H MeTaJlJIOB, ABIAETCA 3JeKTPOHHOM.
OxHakKo Yyxe OTrpOMHOE KOJHMYECTBEHHOE pasiHuyde Mexny -
YIAeIbHBIMH MPOBOAMMOCTAMH YKassiBaeT Ha TO, YTO CYIUIeCT-
BYKOT BecbMa IyGOKHe KaueCTBeHHble Pa3jH9HA B YC/IOBHAX
NPOXOXKIEHHA JEKTPHYECKOrO TOKa depe3 MeFa/Ibl H uepes
NONYNPOBOARUKH. PAX Ipyrux ocoGeHHOCTEA B 3JEKTpHue-
CKHX CBOHACTBaX TOJYNPOBOAHHKOB TaKxe YKasblBaeT Ha
CylleCTBEHHble Pa3H4Hs MeKIy MeXaHH3MOM IPOBOIUMOCTH
MeTa/JIOB H MOJYNPOBOAHHKOB,

Y ZenbHas NPOBOJUMOCTb O €CTh TOK, NPOXONAIHH depe3
elMHHYHOe CceyeHHe MNOJA JeHCTBHEM 3JIEKTPUYECKOro IoJf,
HanpsizkeHHOCTb Kotoporo pasna ! B/m. Tok sror Oyler Tem
Gosbuie, yem GoJbIIe CKOPOCTh u, mpuobpeTaeMas ‘B 3TOM MoJje
HOCHTEIAMY 3apfAJoB, U 4YeM Oosblle KOHIEHTDALHMSA HOCHTe-
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Jell 3apsjoB 7, T. €. YHCJO HX B efdHHIe o6beMa. B Kuakux
M TBEpAbIX TeJaX H HepaspeXKeHHbIX ra3ax BCJEACTBHE «Tpe-
HHs», MCIBITBIBAEMOTO JBUXYIMMMHCA 3apsiiaMH, CKODOCTb
HX NPOMOPIHOHAJbHA HANPAMKEHHOCTH Noas. B 3tux cayuasx
CKOPOCTb 4, COOTBETCTBYIOIYIO HampsKeHHOCTH noas 1 B/m,
11a3bIBAIOT 1008UICHOCMbIO 3apada.

Ecnu 3apsags ABUXKYTCA BJOJMb IOJA CO CKOPOCTHIO U,
TO B €IMHHIY BpeMeHH uepe3 eIHHHYHOE CeueHHe MpPOHAYT
BCE 3apsiibl, HaXOAsIHecsi Ha DPacCTOAHHH U HJH MeHblIeM
ot 3toro ceuenus (puc. 183). 3apaasl 3TH 3anOTHAIOT O6BEM U

L u [M3], u yucao ux paeno nu. Ilepe-
{ HOCHMBIH HMH uepe3 eIHHHYHOE
3 ceueHHe B €IUHHIY BDEMEHH 3a-
pAL paBeH nuq, Tie ¢ — 3apaf
HocuTenst Toka. Cliel0BaTeIbHO,

: 0=nuq. (108.1)
Puc. 183. K BBIBOAY COOTHO-
LeHHs 0==nugq Paznyude B  MNPOBOJHMOCTH

METaNJIOB W  MOJYNPOBOJIHHKOB
CBfI3aHO C OTPOMHBIM pasjMuHeM B KOHIEHTPAaIHH .HOCHTEJeH
ToKa. VlaMepeHus nokasanau, uto B | M3 MeTaqIoB HMeeTcA
1022—10%° 37eKTPOHOB, T. €. Ha KaXblii aTOM MeTaJia MPHX0-
JIUTCA NPUMEPHO MO OJHOMY CBOGOIHOMY 3JeKTpoHy. B momy-
IIPOBOJHHKAX e KOHIEHTpaUusi 3JEKTPOHOB NDPOBOJIMMOCTH
BO MHOTO ThICAY H Ja)e MUJJHOHOB Pa3 MeHbllle,

Crenyiolilee Ba)KHOe pa3JiHyHe B 3JEKTPHYECKHX CBOM-
CTBaX METaNJIOB ¥ MONYNPOBOJHMKOB 3aKMOYaeTcsi B Xapax-
Tepe 3aBHCHMOCTH NPOBOJMMOCTH 3THX BellleCTB OT TeMmepa-
Typhi. Mbl 3HaeM (§ 48), uTO NMpH MOBBLIILEHHH TEMIEPaTyphl
CONPOTHBJIEHHE MeTaJJOB pacTeT, T. €. NPOBOJUMOCTb HX
yMeHblIaeTcsl; MPOBOAMMOCTb K€ MOJYNPOBOJHMKOB NPH MO-
BBIIEHHH TeMmmepaTypbl pacTeT. [TOJBHXKHOCTB 3JIEKTPOHOB
B MeTaJJaX YMEHbllaeTcsl NDH HarpeBaHHH, 4 B MOJYIPOBOJ-
HHKaX OHa, B 3aBHCHMOCTH OT TOlO, KakeoH TeMIepaTypHLIH
HHTEpBaJ DacCMaTPUBAETCH, MOXKET KaK yMEeHbUIaThCA, TaK H
BO3pacTaTb C TeMmnepaTypoH.

ToT dakT, 4TO B MONYNPOBOAHMKAX, HECMOTPs Ha yMeHb-
IIeHHe MOABHAKHOCTH, NOPOBOJUMOCTL INPH MNOBLILIEHHH TeM-
NepaTypbl PACTET, CBUAETENLCTBYET O TOM, UTO ApU HOGbILLEHUL
memnepamypol 8 NOAYRPOBOOHUKAX npoucxodum o4eHs Ovicm-
poe gospacmarue wucaa ce00O0OHbIX JAEKMPOHO8, W BIHANNE
9TOTO (paKTOpa MEePecUHBAET BJANSHHE YMEHbLIEHUS MOABHIK-
HocTH. Ilpu ouenb Hu3KOH Temmeparype (B6au3u O K) B mo-
JYNPOBOAHHKAX MMeeTcsl HUYTOXKHO Masloe YUCJIO CBOGOIHBIX
3JIEKTPOHOB, W NO3TOMY OHH SIBJSIOTCA MOYTH COBEPLUEHHBIMH
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IH3JeKTPHKAaMH; POBOJUMOCTb HX Ype3BbiUaliHo HH3Ka. C BO3-
pacTaHHeM TeMIepaTyphl YHCJIO CBOGOAHBIX 3JIEKTPOHOB PE3KO
BO3pacTaeT, H IpPH JOCTAaTOYHO BLICOKOH TeMmmepaTtype MOJY-
IIPOBOJIHHKH MOTYT HMETb MPOBOJHMOCTD, NPHOIHMKAIOULYIOCS
K [POBOJHMOCTH MeETAJJIOB.

Ora cHJbHas 3aBHCHMOCTb YHCJA CBOGOIHBIX 3/1€KTPOHOB
OT TEMIIepPaTyphl ABJAETCH CAMOH XapakTepPHOH 0COGEHHOCTHIO
NOJYIPOBOLHHKOB, Pe3KO OTIHYALEH HX OT MeransoB, B
KOTOPBIX YHCJIO CBOOONHBIX 39JIEKTPOHOB OT TeMIepaTyphl He
3aBHcHT. OHa yKasbiBaeT Ha TO, YTO B NOJYNPOBOAHHKAX, /15
TOTO YTOOHI IEePEeBeCTH JEKTPOH H3 «CBSI3aHHOTO» COCTOSHHSA,
B KOTOPOM OH He MOXeT NepeXOIHTb OT aToMa K aToMy, B
«cBOGOJHOE» COCTOSIHHE, B KOTOPOM OH JIETKO MepeMelriaercs
1o Teay, HeoOXOIHMO COOOIUMTL 3TOMY 3JEKTPOHY HEKOTOPLIH
3anac sneprun W. Dra Besnunna W, HasbiBaeMas suepeueti
uoHusayuy, I pPa3HbIX BelleCTB pasjHuHa, HO B oOIieM
HMeeT 3HAYeHHs OT HECKOJNbKHX JeCATbIX 3JEeKTPOHBOJbLTA
IO HECKOJbKHX 3JIEKTPOHBOJLT. IlpH OOBIMHBIX TeMmeparty-
pax CpelHfAs 3HEPTHA TEIVIOBOTO JBHXKEHHSI MHOTO MeHblle
3TOH BeJHYHHBI, HO, KaK Mbl 3HaeM (cM. ToM 1), HekoTOpble
YacTHLBI (B YacCTHOCTH, HEKOTOpDble 3JEKTPOHBI) HMEIOT CKO-
POCTH H 3SHEpPTHH 3HAYHTeNbHO OOJibllHe, YeM cpeflHee 3Ha-
uyeHne. OrmnpelleneHHasl, OUeHb HeGosbIIasi JOJS 2JIEKTPOHOB
HMeeT JOCTaTOYHLIH 3arnac HepPTHH, 4ToObl MepeHTH H3 «CBSA-
3aHHOTO» COCTOSIHHA B «CBOGOAHOE». DTH 3JEKTPOHHI M 00ycC-
JIOBJTHBAIOT BO3MOXKHOCTb IPOXOXIEHHA 3JEKTPHYECKOTO TOKa
yepe3 MOJYNPOBOAHHK Jaxe NPH KOMHATHOH TeMmepartype.

C NOBBILIEHHEM TeMIePaTypbl YHCJIO CBOGOIHLIX JIEKTPO-
HOB O4YeHbL ObICTpo BO3pacTaer. Tak, HalnpHMep, €CJAH 3Hep-
rusi, HeoOxojuMas 1/s OCBOOOMKIEHHA 3JeKTpoHa, W=1 3B,
TO NpPH KOMHATHOH TeMIepaType IPHMEPHO TOJBLKO OJHH
a/JieKTpoH Ha 10'* aTomMoB OyleT HMeTb 3amac TelsIOBOH 3Hep-
THH, JOCTAaTOYHHH [/ ero ocBoOoxIeHHs. KoHIeHTpalus
cBOOOZIHLIX 2JE€KTPOHOB OyJeT oueHb Maja (okosao 1016 m~3),
HO BCe XKe JOCTaToYyHa JIJIs CO3JaHHsl H3MEPHMEIX 3JIeKTpHYe-
cKkHX TOKOB. Ho ecu mMbl monH3HM Temmepatypy mo —80 °C,
TO - YHCJO CBOOOJHBIX 3JIEKTPOHOB YMEHBIIHTCH IPHOJIH3H-
-TeqbHO B 500 MHJIJIMOHOB pas, H TeJNO NpPaKTHYeCKH Oyner
NpeACTaBJATh cOOOH AH3JEeKTPHK. HanpoTus, NpH MOBLILIEHHH
temrepatypst 1o 200 °C 4HC/IO CBOGOAHBIX 3JEKTPOHOB BO3-
pacreT B 20 TbicAY pa3, a NPH MOBBIUEHHH TeMIeEpaTypbl 10
800 °C — B 500 MmuHOHOB pa3. IIpOBOZHMOCTL Tesa IIPH
atoM OyfieT ObICTPO BO3pacTaTb, HecMOTPsl Ha NPOTHBOJEH-
CTBYIOIlee 3TOMY BO3PACTAHHIO YMeHblIeHHe IIOJABHXKHOCTH
CBOOGOJHBIX 3JEKTPOHOB.
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TakuMm 06pa3oM, OCHOBHO® H NPHHUHHOHAJAbHOE PasJjHuHe
MEXJy MOJYNPOBOJHHKAMH H METa/IaMH 3aK/IQUaeTcd B TOM,
YTO B NOAYRPOBOOHUKAX, AR mo2o ¥mober nepesecmu 3AeKMpoH
U3 CBABAHHORO COCHMOAHUA 8 C80000H0e, HYNHO CoobuumE eMYy
nexomopyto 0obasounyrw 3repeuio, a B MeTa/ulaX yxke HpPH
caMoi HH3KOH TeMmIeparype HMeeTcsl GOJIbLIOE UHCJO CBOGOA-
HbIX 3JIeKTPOHOB. CHJIBL MOJIEKYJ/JIIDHOIO B3aHMOJAEHCTBHA B
MeTa/JJIaX caMH 1o cebe OKasbiBalOTCH JOCTATOUHBIMH JJIfl
TOro, uTOOB OCBOGONMTH YacTb 3J€KTPOHOB. ’

Ouenp GhICTPOe BO3PACTaHHE YHCJa CBOGOAHEIX 3JIEKTPOHOB B mOAY-
NPOBOAHHKAX TNPH NOBHIUEHHH HUX TeMIEpaTypbl IMPHBOLHT K TOMY, YTO H3-
MeHeHHe CONPOTUBJIEHHS NOJYNPOBOLHUKOB C TemnepaTypoil B 10—20 pas
Gouiblite, ueM y MeTaaaoB. ConpoTHB/leHHe META/JIOB H3MeHAETCs B CpejHeM
na 0,3 % npu uaMeHenuu TemnepaTypu Ha 1 °C; y noJiyIpPOBOLHHKOB Xe IO-
BhHIIUEHHE TeMnepaTypu Ha 1 °C MOKeT H3MenHTh NMPOBOAMMOCTL Ha 3—
—69%, a nosuiueHHe Temnepatypus Ha 100 °C —B 50 pas.

IlonynpoBOAHUKH, NMPHUCNOCOO/EHHBE AJAA MCINONb30BAHMS HX OUYEHb
60/bIIOrO TeMNepaTypPHOro KO3((HIHeHTa CONPOTUBJEHHA, NOJYYHIH B
TeXHHKe HaaBaHHe mepmoconpomusrenuli (uiu tepmucTopos). Tepmoconpo-
TUBJIEHUS HAXONAT MHOIO OYeHb BAXKHBIX H BCe PACIUHPIOUHXCHA IpHMe-
HeHHil B CaMhIX pa3sHOEO6Pa3HbIX O0JIACTHAX TeXHHKHU: JJIsi aBTOMATHKH H Te-
JIeMeXaHUKH, a TaKie B KauecTBe OUeHb TOUHRIX H YYBCTBHTEJ/LHHIX TEPMO-
METPOB.

TepMOMeTpH COMPOTHBJEHHA, HJIH, KAK HX HA3HIBAIOT, 6OJOMETpH *),
NPUMEHAJNHCh B J1a60OpPaTOpHOH NMPAKTHKe YXe JAaBHO, HO PaHtIle OHH H3-
TOTOBJISLIUCh H3 METaJ/LIOB, H 3TO GbIVIO CBSI3aHO C PANAOM TPYAHOCTedl, orpa-
HHYHBABIUIHX 00JIaCTh HX NpuMeHenud. BosomeTpul NpuXoAUIOCH JenaTh U3
JUIMHHOH TOHKOH NpOBOJOKH, 4TOOH ofliee HX CONPOTHBJEHHE OLLIO A0CTa-
TOYHO BEJAMKO IO CPaBHEHHIO C CONPOTHBJAEHHEM TIOABOAALUIUX NPOBOJAOB.
Kpowme Toro, uamMeHeHHe CONPOTUBJECHHA METaJJIOB OYeHb MaJIo, H H3MepeHue
TEMIIEpaTypH C NOMOILbO METAJJIHUeCKHX GOJOMETPOB TPe(GOBaJsO UPe3Bbl-
YafiHO TOYHOrO H3MepeHus CONPOTUBJeHMIH. OT ITHX HeROCTATKOB C¢BOGOA-
HEl T10/1y [IPOBOJHHKOBLIE GOJIOMETPHI, WK TepMoconpoThsienua. Mx ynens-
HOE CONPOTHUBJIEHHE HACTO/bKO BeJHKO, 4TO 60JOMETP MOXKET HMEeTh Pa3Mephl
B HECKOJIbKO MHJIIUMETPOB HJIH JaXKe HeCKOJbKO JecATHIX Aogell MULIHMeT-
pa. Iipu Takux Ma/nX pasMepax TepMOCONPOTHBJIEHHE UPe3Bhiuaiino GhCcTpo
NPHHHMAET TeMIIEPATYPy OKpPYKawIuel CPeibl, YTO MO3BOJsSAET H3MEPATH
TeMNlePaTypy HeGOJbIUKX HPEAMeTOB (HanpuMep, JHCTbeB DaCTeHHH HJM
OTAEILHBX YUaCTKOB 4eJOBeUeCKOH KOMM).

UyBCTBUTENBHOCTD COBPEeMEHHEIX TePMOCOTIPOTHBJIEHHHA HACTOJBLKO Be-
JIMKa, UTO C HX IIOMOIHbIO MOXKHO OBHAPYKUBATh U H3MePATh H3MEHEHH 1 TeM-
MepaTyphl Ha OfHY MHJIHOHHYIO IOJIO. KeJbBHHA. DTO JaJO BOSMOXKHOCTH
NPHMEHATH UX B COBPEMEHHHX NPHOOpaX. AAA H3MEPEHHA HHTEHCHBHOCTH
OueHpb cJa60oro M3Jy4eHus BMeCTO TePMQCTOIGHKOB (§ 85).

B Tex cayuasnx, KoTophie Mbl PacCMaTpPHBAJIH Bbille, J0-
6aBoyHast Heprud, HeobXomuMas I OCBOGOXKIEHHA 3J/eKT-
poHa, coofmajach eMy 3a CYeT TeIIOBOrO JBHXKEHHS, T. e.

*} Bosiomerpom HaseiBaeTcs NpHOGOp AJMA H3MepellMsl MOLUIHOCTH NOTOKa
H3JyuyeHHd, AeHCTBHC KOTOPOrO OCHOBAHO H& H3MEHEHHH 3JeKTPHUYECKOro
CONPOTHBJIEHHS YyBCTBHTEILHOTO 3/1eMeHTa TPH ero HarpeBanuu. ([1pume,

ped.)
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3a cueT sanaca BHyTpenHel sHepruu Tena. Ho sta sueprus
MOXKeT NepeflaBaThbCA 3JEKTPOHAM H NP TNOIVIOUIEHHH TesoM
cBeTOBOH 3HepruH. CONPOTHBJEHHE TAKHX MOJYNPOBOXHHKOB
NpH AeHCTBHH HAa HHUX CBeTa 3HAUMTENbHO YMeHbILaeTcs. JTO
ABJIeHHEe TIOJYUHJIO Ha3BaHHE Homonposodumocmu WIH BHYT-
penHero (oTo3JeKTpHUeCKOro 3(dgekra *). IlpuGopel, oc-
HOBaHHBIE HA 3TOM SfBJEHHH, B TOCIENHEe BpeMs BCe ILUHpe
HCMONB3YIOTC B TeXHHKe 1151 Letell CHTHANM3alUH W aBTo-
MaTHEH.

Mbt Brijeau, 4TO B TOJAYNPOBOAHHKAX JIHMb OYeHb HeBoJb-
masi g0 BceX 3JIEKTPOHOB HAXOAHTCA B CBOGOOHOM COCTOS-
HHH M YHYacTBYeT B CO3JaHHH 3JeKTpHueckoro toka. Ho me
cneiyeT AyMarth, OYATO MOCTOAHHO OJHH H Te XKe 3JeKTPOHHI
HaxXoAsTC B CBOGOJHOM COCTOSIHHH, a4 BCe OCTa/JbHHE — B
cB3anHoM. HanpoTuB, B monynpoBojHHKe Bce BpeMs HAYT
JBa TPOTHBOMOJOXKHBEIX mponecca. C OJHOH CTOPOHBI, HJET
npolecc OCBOOOKAEHHS SAEKTPOHOB 3a CcYeT BHYTpeHHeH MJu
CBeTOBOH 3HEPTHH; C APYroH CTOPOHBI, HAeT Mpolecc 3axBara
0CBOGOXKIEHHBIX 3JIEKTPOHOB, T. €. BOCCOEIHMHEHHST HX C TeMm
HJAH HMHBIM M3 OCTABIIMXCS B IOJYNPOBOIHMKE HOHOB — aTo-
MOB, MOTePSABILUMX CBOH 3JeKTPOH. B cpeiHeM KaxIblH OCBO-
60X JeHHBIA 3JEKTPOH ocTaeTcsd CBOGOJAHBIM JHIIL OYEHb KO-
potkoe Bpems — oT 1072 10 1078 ¢ (oT OAHOH THICAUHOH J0
ofHOH cTOoMHJIHOHHOH cekynabl). IlocTossHHO —HekoTopas
JON1s1 3JeKTPOHOB OKa3sblBaeTcsl CBOOOAHOH, HO COCTaB 3THX
CBOGOAHBIX 3JIEKTPOHOB BCe BpeMsS H3MEHAETCS: OXHH 3JIeKT-
pPOHBI MepPexoisiT M3 .CBSI3AHHOIO COCTOSIHHSA B CBOGoJHOe,
ApyTHe — H3 CBOGOJHOIO B CBS3aHHOe. PaBHOBecHe Mexay
CBSI3aHHBIMH H CBOGOAHBIMH JEKTPOHAMH fABASETCH TNOABHXK-
HbIM, HJTH AHHAMHYECKHM.

§ 109. Xpsxenue 3/ieKTPOHOB B noaynpopogukax. [loaynposon-
HHKH C 9JIEKTPOHHOM M AbIpOuUHOH NMpoBOABMOCThIO. B. mpenbi-
JyuieM naparpage Me BHIENHR, YTO B NOJNYNPOBOAHHKAX, Kak
1 B MeTanaax, 3leKTPHUECKHH TOK OCYUIeCTB/sSeTCH IBHKEeHHeM
27eKTpoHoB. OaHAKO YC/JIOBHSA H XapakTeD ABHXKEHHA 3JeKT-
POHOB B TOJYRPOBOAHHKAX  OTJAHYAOTCA CYLLECTBEHHBIMU
0cOGeHHCCTAME, H 3TO -OOYCJOBJHBAeT CBOeOOpa3Hble 3JIeKT-
pHYecKue CBOHCTBA MOJYIIPOBOJAHHKOB.

*) Croeo «BHYTpeHHHl» B 5TOM HasBaHHH NoAYepKHBaeT TOT QaKT, 410
OCBOﬁO)KJlaeMbIe CBETOM 3JIEKTDOHL! H€ BHIJIET4IOT 33 IpaHHUbl TeJa, KakK B
SIBJIEHHH HCLYCKaHHS 3JIEKTPOHOB OCBELi€HHBEIM METAJJJIOM, KOTOPO€ Ha3hl-
BAlOT «BHELIHHM» (OTOsJeKTpHuecKuM SPdertom (§9), a ocTalorcss BHYTpH
TeJa H TOJBKO H3MEHSIOT ero NMPOBOJAHMOCTE.
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B MerassaXx KOHLEHTPalUHs CBOOGOAHBIX 3JEKTPOHOB OUeHb
BeJHKa, TaK 4TO OOJbluasi 4acTh ATOMOB OKa3blBaeTCA HOHH-
30BAHHOM; MPAKTHYECKH BCS NPOBOAMMOCTb MeTasioB OObsC-
HsleTCsl NOBeleHHeM <CBOGOIHBIX 3JEKTPOHOB», Kak 00 3TOM
ropopusiock B . VII. B moaynpoBoIHMKax ke, e KOH-
LeHTPaUusd CBOGOJHBIX 3JEKTPOHOB 3HAUHTEJIBHO MeHblle,
HY>KHO YUHTBIBaTh, HapsLy C ABHKEHHEM B 3JEKTPHUECKOM
noje 3THX CBOOOZHBIX 3JIEKTPOHOB, M JPYroi mpolecc, KO-
TOPBIH MOKET HIPaTh He MEHBIUYIO POJb B HX MPOBOIHMOCTH.:

CpaBHHTeJNbHO HEMHOTOUHCJ/IEHHbIE JIEKTPOHDL, CIe/aBIIHECSH
CcBOGONHBIMH, OTOPBAJHCH OT HEKOTOPBIX aTOMOB MOJYIpPO-
BOJHHKa, KOTOpDble, TakKHM 00pPa3oM, MPEBPATHJHCE B HOHBI.
Kaxkaplii M3 TakKHX HOHOB OKPYXKeH OOJBbIUIHM YHCJIOM HeHT-
pajbHBIX aTOMOB. HeliTpanbHble aTOMBbl, HaXOXsliHecss B He-
NOCPEeNCTBeHHON OAM30CTH K HOHY, MOTYT JIETKO OTJABaTh
eMy CBOH 3J1eKTPOH, Iejasl HOH HeHTpajbHBIM, HO CaMH Mpe-
Bpawasach B HOHBI. TakuM 06pa3oM, 3TOT OOMeH 3JIeKTPOHAMH
NPHBOAUT K TOMY, YTO MeCTO MOJOXKHTEJIbHOrO HOHA B MOJY-
NPOBOLHHKE MeHseTcs, T.e. JeJ0 OOCTOMUT Tak, Kak OyaTo
nepeMeCcTHJICS MOJNOXKHUTeNbHBIH 3apsan. Mitak, Hapagy c nepe-
MellleHHeM CBOGOANBIX 3JIEKTPOHOB, B IOJYNPOBOIHHKE MOMKET
NPOHCXONUTL MPOLecC, HMeIOWHH XapakTep MepeMelleHust
NOJIOXKHUTEIBHBIX 3apsiI0B.

[Toka B moaynpoBOJHHKe He OeHCTBYeT BHELIHEe IEKT-
pHUecKoe moJe, 00a 3TH NpOLECCa HMeIOT XaoTHYeCKHH Xa-
pakTep, TaK YTO B CPelHeM KaXKIOMY 3JIEKTDOHY, CMELIeHHOMY
B OJNHOM HaMpaBJIeHHH, COOTBETCTBYET IepeMelieHHe 3JeKT-
poHa B NPOTHBOMNOJOKHOM HaNpPaBJeHHH; TO K€ NMPOHCXOIHUT
U C MepeMelleHHeM IOJOXKHTEAbHO 3apsxeHHbIX MecT, Ho
NPH HaJOXKeHHH Mojs oba mpolecca MOJMYYaroT MPeHMYLIeCT-
BEeHHOe Hampab/eHHe: CBOGOLHbIE 3JIEKTPOHbI IBHXKYTCS B
HeKOTOPOM H36bITKe MPOTHB MOJSA, a M0J0XKHTENbHbIE MECTA —
B HEKOTOPOM H30bITKe Mo mogio. O6a 3TH NMpeuMyllecTBeHHbIe
nepeMellleHHa JaloT TOK OJHOTO HanpasieHus (M0 MOJIO), H
pesyAbTHpYOIAs MPOBOAUMOCTb OOYCIOBAHBAETCA 0OOHMYU
NPOLECCAMH.

Puc. 184 uamocTpupyer ONHCAHHBIM mnpouecc. Ecau Mbl
npeictaBuM cefe LEMOYKY aTOMOB MOJYMPOBOAHHKA, B OLHOM
MecTe KOTOpOH 006pa3oBasCs MOJOXKHTeJNbHBIH HOH I, TO TNOx
leHCTBHEM CHa nosisl 6yJeT NMPOHCXOIMTH MEPEeHOC NIeKTPOHA
ot atoMa 2 K HOHy [, 3ateM OT aroMa 3 K HOHY 2, OT aToMa 4
K HOHY 3 H T. 1., a pe3yJbratoM OyIeT MepeMelleHHe 0JO-
JKHTEJIbHOTO 3apAKEHHOTO MeCTa B 0OpaTHOM HalpabJjeHHH.

Takum 006pasoM, B noaynposoduuKe umeent mecmo i O0eu-
aHeeHUe CB0O0OHBIX INCKMPOHO8 NPOMUB FOASL U NEPeHOC UX Om
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HeLMpPaibHBIX QMOMO8 K UOHAM, PABHOCUAbLHBIUL OBUNCEHUIO
NOAOHCUMEAbHO20 3aPA0A N0 HANPABACHUIO NOAS.

To MecTo nOJNYNpOBOJAHHKA, TA€ BMeECTO HeHTPaJbHOro
aToMa HMeeTcs MOJOXHTENbHBII HOH, Ha3bIBAlOT ObPKOU H

Puc. 184. I'py6as Molenn «abl- +
pouHOll» TIPOBOJHMOCTH B TIONY-
NPOBOJHHKAX: CBETHAHE KPYXK- 7 VA e =
KM — HefiTpasibHble ATOMH, TeM-
HbIl KDYXOK — TOJOKHTENbHbIH O w O O O
voH. CTpeNKaMH YKa3aHO Hampae- +
NleHHe TOCHeJOBATENbHEIX Tepe-
XOJOB 3JIEKTPOHOB OT HeHTpasib-
HBIX aTOMOB K HOHaM. MecTo mo- 7 2 2 £ 9 6
JOMHTENBHOTO 3apfila TepeMe- O O w O O
uaetcs B OGPATHOM HamnpabJie- +

HHH — MO TIOJIIO

é 2 3 & 7 Oﬁ
00 L
rOBOPAT, YTO TOK B NPOBOJAHMKE OCYLIECTBJIAETCA YACTHYHO
JIBUXKEHHeM CBOGOAHBIX 3JIEKTPOHOB NPOTHB IOJA H YaCTHYHO
JBHXKEeHHeM JBIpoK 1o noso. HyXHO TOIbKO NOMHHTH NpR
3TOM, YTO (haKTHYECKH BCelJa HMEET MECTO TOJNBKO ABHXKEHHE
3JIEKTPOHOB, HO JBHXKEHHE CB3aHHBIX 3JEKTPOHOB OT aTOMOR
K MOHAM NMpPUBOJUT K TAKOMY pe3yJbTaTy, Kak OyATO ABHXKYTCH
NOJIOXKHTE/IBHO 3apsKeHHble JbIPKH. BeTpedasich ¢ ABIpKOH,
CBOGOAHBIH JIEKTPOH MOXET BOCCOEAHHHUTBHCA C MOJIOXHTEJb-
HpiM HOHOM. Ilpu 3TOM CBOGOAHEBIA SJIEKTPOH M JBIpKa HcUe-
3al0T. DTOT NpOHECC Ha3HBAIOT PEKOMOUHauHEH.

B ujeanpHO YHCTOM MOJYNPOBOJAHHKE 6e3 BCAKHX YyxKe-
POAHBIX MpuUMeceH KamJAOMYy OCBOOOXAEHHOMY TEIVIOBHIM JIBH-
JKEHHEM MM CBETOM 3JIEKTPOHY COOTBETCTBOBAJIO OBl 0Gpa3o-
BaHHMe OJHOH HBIPKH, T. €. YHC/JIO YYaCTBYIOIIUX B CO3JaHUH
TOKa 3JIEKTPOHOB H ABIPOK GbIO Obl OJHHAKOBO.

OnHako Takue HJealbHO YHCTbIe MNOJNYNPOBOAHUKH B NpH-
polle He BCTDPEYAIOTCs, 4 H3TOTOBHTb HX HCKYCCTBEHHO He-
ofblyalino TpyAHO. Marefimide cJefbl TNpHMecell KOPEHHBIM
06pa3oM MeHSIOT CBOHCTBA TOJYNPOBOAHHKOB. B  oamux
clyyasx BIHMAHHe NpUMeceli NPOSIBASETCS B TOM, YTO «IbIpOU-
HbIH» MEXaHU3M INPOBOJUMOCTH CTAHOBHTCH NpPAKTHYECKH He-
BO3MOXKHBIM, H TOK B TMOJYNPOBOJAHHKE OCYIIECTBJISAETCH
TOJIBKO JBHXKEHHEM CBOOOJHBIX 3JEeKTPOHOB. TaKHe moJy-
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TIPCBOAHHKH HAa3bIBAIOTCA 3JIEKTPOHHLIMH TOJIYIIPOBOXHHKAMH
WY NOJYNPOBOJHHKAMH A-THNA (OT JIATMHCKOrO CJIOBAa nega-
{ivus — oTpHUaTenbHuIA). B Ipyrux ciayuasix HeBO3MOXKHHIM
CTAHOBHTCSH - ABHXXEHHE CBOOOJHBIX -3JIEKTPOHOB, H TOK OCYLle-
CTE/NAETCA TOJNBKO ABHXKEHHEM ABIPOK. IDTH IOJYIPOBOAHHKH
1a3plBAIOTCS  ABIPOYHEIMH TOMYNPOBOAHHKAMH HJH MOJyNpo-
EOZHHMKAMYM p-THRa (OT JIaTHHCKOrO CJoBa positivus — no-
JIOJKHTeJbHbIH).

Hapsaay c¢ nojaynpoBoJHHKaMH p- H n-THNA, MOTYT GhITh,
pPa3yMeeTcs, U NOMYNPOBOJAHHKH CMEIIAHHOIO THMA, B KOTOPHIX
3aMETHYIO POJIb HIPaeT H 3/JeKTPOHHAs H JbIpO4YHast MpOBO-
JHMOCTh, B 4acTHOCTH, CMEIIaHHY MNPOBOAHMOCTb MbI HMEEM
B pPACCMOTPEHHOM Bbille CecrnpuMECHOM MOJYNPOBOJHHKE.

YeM 06bACHAETCA 3TO Pa3/IHuKe, Mbl [TOKaXeM Ha MpHMepe BaXKHeHulero
C TOUYKH 3peHdsl TeXHHYECKHX NMPHMeHeHHH NOJYNPOBOJHHKA — TepMaHHs.
FepmaHul — XHMHYECKHH 3J1eMEHT C MOPAAKOBBIM HOMepOM 32 H aTOMHOH
maceoit 72,59, B nepuoanuecKod cHCTeMe 3JIeMEHTOB OH HAXONHTCA B YeT-
BEPTOM CTOJGLE H, KaK BCe 3JEMEHTHl 3TOH IPyNmbl, ABJAAETCA UYeThIpex-
B2JEHTHHIM, T, €, 06J1ajaeT YeTHPbMs CBA3AMH (BajlEeHTHBIMH 3J€KTPOHAMH),

(r4) 2 ) 4 (22 (111 (vt
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900 %‘ @
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Puc. 185. Cxema CTpoeHHﬁ KpHCTa.’lJla repmaﬂuﬁ. KPY XKH C umppou «-{-4»-—
aTCMbl TepMaHHS, KPYXKKH ¢ LH(ppamu «-|-5» H ¢ 3» — BHeJpeHHBIe B rep-
MaHHH aTOMBI NSATHBAJEHTHOIO MBIIbAKA W TPeXBaJleHTHOrO HHJHA

MO3BOJSIOWUME €MY COEJHHATbCS ¢ ApYruMu oJjementamu. Ha puc. 185
YCI0BHO H306PaXeHO CTPOeHHE KPHCTala repManus. KpyxkH ¢ nudpamu
«+-4» u306paxaloT OTAeJIbHbEIE aTOMBl FepMaHHus, KaX/bli H3 KOTOPHIX CBS~
3aH C YETHIPBLMS CBOMMH COCENSIMH MAapHLIMH CBASAMH (IBOMHLIE JHHHH Ha
puc. - 185). 31a cBs3b cO3gaeTcid B3aHMOLEHCTBHEM OAHOIO H3 ‘BaJIGHTHRIX
3JIeKTPOHOB JAHHOrO aTOMa C OJHHM H3 BaJIEHTHRIX 3JIEKTPOHOB €ro cocesa.
Ecau nox geficTBHeM TeNJIOBOTO ABHXKeHHS HJH MOIJIOWEHHOTO CBeTa B Ka-
KOM-HHOYAb MeCcTe KPHCTala (TOuKa a Ha puc. 185) npousoiaer OTphIB /1K~
TPOHA, TO TaM BO3HHKAeT He3aHsSITOe MeCTO (AbIPKa), a OTOPBaHHLIH 3J1eKTPOH
CT2HOBHTCS ¢BOGOAHbIM. ONHCaHHOe Bhille NepeMelileHHe 3JIeKTPOHOB H [bl-
POK NOA JAeHCTBHEM CHJ MOJsi 00YCJOBJAHBAET, KaK IOBOPST, COOCTBEHHYIO
NpPOBOAHMOCTb epMaHHsA. YHCI0 ‘HX OTHOCHTEJbHO HEBEJIHKO. IBIPOK H
5JIeKTPOHOB NPH KOMHATHOH Temnepatype umeerci 2,5-10Y B 1 Mm%, Torna
KaK 4Hcs10 aToMoB B | M® repmaius paeHo 4,2-10%,
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Flpencrasum cebe Teneps, UTO B repMaHHH UMeeTcs He(OJkIIaA NPUMECH
KaKOro-HuGyAb MATHBAJIEHTHOIO 3JeMeHTa, CKaxeM MHIIbAKa, T. €. 4TO
HeGosbIIas 10151 aTOMOB repMaHusf B KPHCTalJ1e 3aMelleHa aTOMaMH MBI bsi~
Ka (Touka b Ha puc. 185). ¥ MuIbsiKa HMeeTCst NATH BaJIeHTHHIX 3J1€KTPOHOB,
ofeCreudBaOIWKUX €ro CBA3y C APYTHMH aTOMaMu. Korna aToM MHIIbAKA 3a-
MEILAET aTOM [ePMaHHM, TO YeThPe U3 3THX 3JIEKTPOHOB 00Pa3yIOT MPOUHKLIE
CBfI3H C. YeTHPbMS COCEHHMH aTOMaMH leDMaHHf, a MATHE OKAa3hBaeTcs
CBfAI3aHHBIM OuYeHb cJlabo H jaXe NMPH KOMHATHOM TeMmepaType OueHb JIeTKO
CTAHOBUTCH CBOGOJHELIM 34 CYET SHEPTHH. TeIVIOBOrO ABHKEHUA. TakuM obpa-
30M, MMOYTH KamKInH BBEJEHHLH B repMaHHH aTOM MHIIbfiIKa CO3[aeT OLHH
JIMIUHHH CBOGOAHBIH 3JEKTPOH. HHCJIO XKe JBPOK IPH 3TOM B€ yBeJHYHBa-
€7cs, [I0TOMY YTO OCTaBLIMACHA HOH MHIIbAKA MPOYHO CBA3aH C YETHIPEMSA CBO-
HMH COCEIMH IBOHHBIMH CBfI3fIMU M IepeXO], 3JeKTPOHOB OT COCEAHHX Hell-
TPaJbHHX aTOMOB K HOHY MHIIIbsIKA HEBO3MOXKeH. Ec/H Jake KOJIHYECTBO
BBEJICHHOr0 MHIIbSIKa OudeHb MaJso, HampuMep COCTAaBJAET TOJABKO ONHY
MHJJHOHHYIO NOJIO YHCJA aTOMOB IepMaHHs#, TO 3Ta NMpuMech jacT B I
0K0J10 1022 NONMOJHUTENLHBX 3/€KTPOHOB, T. €. MpuMepHO B 1000 pa3s Gosu-
Ilie, YeM HX HMEJIOCh B UMCTOM FepPMaHUH, HO He YBEJHUYUT YHCJa JNPOK. B Ta-
KOM IOJYyPOBOABHKE CBOGONHEIE 3J€KTPOHH HABJSAIOTCA OCHOBHHIMH, T. €.
NpeAcTaB/JeHHRMH B GOJBIIHHCTBE HOCUTENSIMH 3apfja, a AMPKH — HEOCHOB-
HHIMH, T. €. NPeACTaBJeHHEIMH B MeHbIIHHCTBe. MHEIMH C/loBamH, TepMankii
C MPUMECEIO (faXe OuYeHb MaJIOH) MBILIbSIKA CTAHOBUTCH 3JeKTPOHHRIM IIpO-
BOJXHHKOM (n-THNA).

IpencraBum cebe Temepn, YTO MH BBeIH B TE€PMAaHHH NMPHMECH KaKOro-
HHOYAL TPEXBAJEHTHOrO 3JIeMEHTa, HalpuMep HEAus (TOYKa ¢ Ha puc. 185).
Tak Kax y uHIuS HMEETCSI BCEro TPU BaJseHTHHX 3JeKTPOHa, TO OH 6yAeT
NPOYHO CBsI3aH TOJNBKO ¢ TPeMs COCEJHUMH aTOMaMH repMaHus, a yeTBeprast
CBA3b OyneT He3amosHeHa. [IpH 3THX ycJaOBUAX KaKOH-HUOYAb 3JEKTPOH
COCEeJIHEr0 aTOMa MOJKET JIErko OTOPBATECS OT CBOETO aTOMa H 3aMOJIHUTL 3Ty
CBSAI3b, a COOTBETCTBYIOUIMI aTOM NPEBPATHTCH B HOH (ABIPKY), CBA3AHHHIH C
COCEIHHMH aTOMaMH TOJIbKO TpeMsi CBSI3sIMH. ATOM HHIHS NPH 5TOM OKaXeTCsH
3apsKeHBHM OTPHUATeNbHO. Ilocse 3TOro 3/1eKTPOH KaKOro-HHGYAb cocei-
HEro aToMa MOKeT OTOPBATHCHA M 3aNMOJHHTb HELOCTAMOULYI0 CBS3b Y HOHZ,
a caM 3TOT aTOM IPEBPATHTCS B MOJOXKUTENbHEH HOH H T. A. Takum obpasom,
MeCTO, IJie¢ HaXOIHTCA MOJOKUTE/IbHK 3apal, OyAeT nepemMentaTeCs N0 KPH-
cTanay. B noJse 370 nepemeiieHue ARPOK HOCHT HanlpaBJeHHBEIl XapaKrep,
NPOHCXOJUT MPEHMYIIECTBEHKO MO HAMpaBJEHHIO MOJS, T. €. CO3JaeT 3JeK-
TPHueckHH TOX. MH BHJUM, YTO BBeJleHUe B TepMaHHll NPHMeCH HELHSA yBe-
JIHYHBAeT YHCJO JABIPOK, He YBeJUYUBAfA YHCJIA CBOOOLHEBIX 3JeKTPOHOB. Ta-
KOH MQJIYHIPOBOZHUK SBJIAETCA JHIPOYHKIM NMOJYNPOBOIHHKOM (p-THNa), T. €.
B HeM JHIPKH fIBJAIOTCA OCHOBHHIMH HOCHUTE/ISIMHU 3apsia, 4 3JeKTPOHE — He-
OCHOBHBIMH.

PasobpaHHuIi HaMH MpiUMep TepMaHHs C NMPHMECAMH MEIUBAKA H HH-
JHAl fABJAsETCH OTHOCHTENbHO- MPOCTHIM. Ha npakTHKe NPHXOIMTCA BCTpe-
yaThCH H ¢ 6oJee CJOMHBIMU CJOydasiMU BJHSHHS NMpPuMeced Ha 3JIeKTPHue-
CKHe CBOHCTBA NOJYNPOBOAHUKOB. Ho BO BCSIKOM Cayuae 5TOT NpHMep. noKa-
3HIBaeT, KaKuM 00pa3soM Jaxe HHYTOMKHHE CJeIbl NMPHMeced MOTYT KOpeH-
HBIM 06pa3oM H3MEHSATb 3JIeKTPUYeCKHe CBOHCTBA MOJNYNMPOBOLHUKOB H Me-
XaHH3M MPOXOMKJEHHS Yepe3 HHUX TOKAa. DTO CO3JAaeT MHOrO TPYAHOCTeH B
paboTe ¢ MOJYyNPOBORHHKAMH, HO 3TO Xe 00eCMeYHBAeT H BO3MOMHOCTH MO-
JIYueHHs MOJYNPOBOIHHKOB.C Pa3sHOOOPa3HEIMH CROHCTBAMH, JAIOLIHMH BO3-
MOXHOCTb MPHMEHNTh HX. JJI5 pellleHHs] OueHb BaXKHHX M Pa3HOOGPa3sHBIX
TeXHHYECKHX 3aJad.

Pasauune Mexpy 5MeKTPOHHOH W' IBIPOYHOH MPOBOAUMOCTbIO MOJYHPO-
BOJHHKOB MO3BOJHJO OOBSCHUTb PAL (aKTOB, KOTOpPhle PaHbLIe Ka3aJHCh
3arajouHtiMy. B § 84, HampuMep, roBopsi O HOJYNPOBOAHHKOBHIX TepPMO-
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9JIeMeHTax, Mhl yKa3aJ/d, YTO B OAHHX CJy4YasX TOK B TOPSYeM Cllae TeyeT
OT MeTaJlJla K MOJy MPOBOAHHKY, a B APYTHX CJy4asX — OT MOJNYIIPOBOAHHKA
K MeTalay. Teneph Mbi MOMeM TOHATDL, B 4eM 37ech Aeto. B asektponnom
HOJY IPOBOJHHKE CKOPOCTb 3JEKTPOHOB B TopsyeM KOHIe GoJbllle, 4eM B
xoJionHoM. [1osTomy 3/1eKTPOHK NMPOCaYHBAIOTCS HJH, KaK FOBOPAT, AH(HYH-
JHPYIOT OT TOpsSyero KOHLA K XOJIOAHOMY IO TeX IIOp, IOKa CO3alomeecst
BCJIEJCTBHE TAaKOTO mepepachpefieJieHHs] 3apAJ0B 3JEKTPHYECKOoe moJe He
OCTAHOBHT 3TOT NOTOK AMGYHAHPYIOWHX 3JeKTpoHOB., Korna takoe pas-
HOBECHE YCTAHOBHTCH, TO TOPAYHI KOHeIL, MOTep ABILHH 3JIeKTPOHbBI, OKakKeTcs
3apAKEHHRIM MOJOXKHTEJIbHO, A XOJOAHHH KOHeIl, MOJYYHBIHHHA H3IOLITOK
9JEKTPOHOB, 3apAAHTCS OTPHLATeIbHO. MHRIMH c/10BaMH, MeXAY TOpAYHM
H XOJIOAHbIM KOHLAMH BO3HHKAeT HEKOTOpas MOJOKHTEJNbHAsl pasHOCTh
MOTEHIHAJIOB.

B nabipounoM moJymnpoBOAHHKe, Ha000pOT, AUPDYHAHPYIOT OT ropsiyero
KOHIIA K X0J10AHOMY abipKH. ['opAynil Komell sapskaeTcsi OTPHILATENbHO, a
XOJIOAHKH — MOJIOXKHTENbHO. 3HAaK PAa3HOCTH IMOTEHIIHAJIOB MEXKAY TopAyYHM
H XOJIOJHWM KOHLaMH OGPaTHHIH.

§ 110. MonynpoBoaHHKOBbIE BLINPAMUTENH. B Mectax KoHTak-
Ta MEXAY IBYMs NOJYNPOBOJHHKAMH C PAa3HbIM MeXaHH3MOM
IIPOBOJHMOCTH ~— JBIPOYHBIM M 3JIEKTPOHHBIM — Habs0gaeTcs
pAL 3aMeuaTeNbHbIX siBAeHHH. OKa3sblBaeTcf, YTO MECTO KOH-
TAKTA TAKUX NOJYNPOBOAHHKOB 06najaer BecbMa pPasJHYHOH
INPOBOJUMOCTBIO B 3aBHCHMOCTH OT TOTO, OYIET JIH 3JIeKTPH-
yecKOe I10Jie HampaBleHO OT P-NOJYNPOBOAHHKA K A-MOJY-
NPOBOAHHKY HJAH Haobopor. Ecad, HampuMep, NPHBECTH B
conpHKocHOBeHHe 3akuch Mead (Cu,O), HMeLLYIo ABIPOYHYIO
NpPOBOJMMOCTb, H AByoKHCb THTaHa (TiO,), HMeOYIO 3/1eKT-
POHHYIO MPOBOJMMOCTb, TO NPH OJHOM H TOM XKe Hampsike-
HHH TOK B HaIpaBJeHHH OT 3aKMCH Meld K [IBYOKHCH THTaHa
6yper B 10 000 pas cunbHee, YeM B OGpPATHOM HaNpaBJeHHH,

Yrtofel NOHATH NPUYHHY ITHX SBAEHHH, HYXHO paso-
OpaTtbCsi B Mpolleccax, NPOUCXOMSLIMX Ha TaK HAa3bIBAEMBIX
p — n-mepexojax, T.e. Ha TPaHUIle COIPHKOCHOBEHHS bl-
POUHBIX W 3JEKTPOHHBIX TNOJYNPOBOJAHHKOB. B 3JeKTPOHHOM
NPOBOJHHKE OCHOBHBLIMH HOCHTEISIMH TOKa SIBJSIOTCS CBOJOJ-
HbIE 3JEKTPOHBI, UHCJIO KOTOPBIX ropaszgo GoJibllle, YeM YHCIO
IBIpOK. B JpIpOYHOM NPOBOAHHKE, HA0G0POT, YHCAO JBIPOK
ropa3go Gosblue, YeM YHCIO CBOOOJHBIX 3JeKTPOHOB. Korga
Mbl NPHBOAMM 3TH [Ba BelleCTBA B COMPHKOCHOBEHHE, TO
371eKTPOHE HauMHaOT IU(GGYHIMPOBATH H3 N-NOMYNPOBOA-
HHKa, TJe MX KOHIEHTPAIs Bblllie, B pP-NOJYIPOBOIAHHK, e
HX HMeeTcs MeHblie, NOJOOHO TOMY KaK aTOMbI PACTBOPEHHOTO
BellecTsa AUMPOYHAUPYIOT H3 KPENKOro pacTBopa B Caalbii,
€CJH NPHBECTH PAacTBOPHl B CONPHKOCHOBeHHe. TOUHO Tak Ke
H 1O TeM e MNPHYHHAM ABIPKU O6yayT audpdyHAHpOBATL H3
AbIDOYHOIO MOJYTPOBOIHHKA B 3JeKTPOHHBIH. B pesyawrare
3TOrO MOTPAHMYHBIA CJI0H OGOHX NOMYNPOBOAHHKOB OGedHs-
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eTCS OCHOBHBIMH HOCHTENSIMH, T. €. Ha TPAaHHUE CO3JaeTcst
TaK Ha3blBAaeMblll 3aNHpaioLlMil CJ0H, CONPOTHBIEHHE KOTO-
pOro 3HAUHTEAbHO GOJIBIUE, YeM CONPOTHBIEHHe BCeH TOMIM
0GOMX MNOJNYNPOBOAHHKOB. PaKTHYeCKH HMEHHO COMNPOTHBJIE-
HHeM 3TOTO 3aNHpaloLIEro CA0s H onpejenseTcs CONPOTHB-
JileHHe BCero TeJa.

EcTecTBEHHO BO3KHKAaeT BOMpPOC: 10 Kakux mop Oyger
NPOHCXOMUTb YXOA ABIPOK H3 p-NONYNPOBOJHHKA B N-NONY-
NPOBOJAHHK H YXOA 3JEKTPOHOB B OOPATHOM HaNpaB/eHHH?
OTBeTHTb Ha 3TOT BONPOC HeTPYAHO. Tak Kak H3 ABIPOYHOTO
NONYNPOBOARHKA YXOAAT NOJOXHTENbHbIE 3apsiibl, a NpHTe-
KaloT B Hero 3JeKTPOHBI, TO BOMH3H TPaHHUbI 3TOT MOAYMNPO-
BOZHHK 3apsKaeTcs oTpuilaTenbHo. TOUHO TaK Xe NOorpaHHYHbli
CJOH  37€KTPOHHOTO MOJYNMPOBOJAHHKA 3apsiKaercs IMOJo-
JKHTEJIDHO, T4K KaK CloAa MpPHTEKaloT ABIPKH, a OTCloAd YXO-
AAT 31eKTponbl, TakuM o6pasom, BONM3H IPAHHIbI BOSHHKAET
JBOMHOM 3/IeKTPHUUYeCKHH CJOH, B KOTOPOM IOJie Hanpap/eHO
OT 3/JeKTPOHHOTO MNOJYNPOBOAHHKA K JbIPOYHOMY, T. €. NpO-
THBOAEHCTBYeT AM(bdY3HH 3/€KTPOHOB H IHPOK (none E Ha
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Puc. 186. BosHHKHOBEHHe 3alHpaIOLIEro CJAOS Ha rpaHuue n-noJynpoBoj-
HHKa H p-NOJYNpoBOAHMKa: E — mofe, DNpensaTcTaylomee AHDY3HH
3/IEKTPOHOB H JBIPOK

puc. 186). Koraa 3to mone A0CTHrHET TaKoi HamNpsKEHHO-
CTH, YTO €ro AeHCTBHE YPABHOBECHT CTpeMJeHHe CBOOCOAHBIX
3JeKTPOHOB H ABPOK AHGDYHAHPOBATb B «UyxHe» 00/acCTH,
GyleT JAOCTHTHYTO DaBHOBecHe, H janbHeiiuas aupdysua -
npeKkpaTuTes. :
[peacraBum ceGe Temepb, YTO Mbl NPHCOEAMHHH Iza-
CTHHKY K 0arapee TaK, 4TO 3JIEKTPOHHBIH NPOBOAHHK COEAHHEH
¢ MHHYCOM 6aTapeH, a AbIPOUHBIA — c numocom (puc. 187, a).
BHeutHee moje, KOTOPOe COCPEAOTOUEHO MNPEHMYLIECTBEHHO B
3anupampollleM CJoe, HMelollleM HauGoJbliee CONPOTHB/IEHHE,
GyleT HANPABJEHO OT JBIPOYHOTO MOMYNPOBOJAHHKA K 3J/EKT-
ponHoMy. JIBIpKM H 3JeKTPOHB GyAyT ABHraTbCa K IPaHHUE,
HABCTpe4y ApYT APYTy; BCTpeuasch, OHH MOTYT PeKOMOH-
HHpOBaTb, a Ha TO MeCTO OyAyT MPHXOAHTbH M3 3/EKTPOAOB
HOBble CBOGOAHBIE 3MEKTPOHBI U ALIPKH H T. A. ConpoTus.e-
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HHe cJ10s1 OyJeT CPaBHUTEJNbHO HEBEJUKO H TOK B 3TOM MpO-
NYCKHOM HanpasJeHHu Oyper GosbiiuM. Eciu e Mbl npu-
CoeUHUM TIOC OaTaped K 3JeKTPOHHOMY NPOBOJHHUKY, a
MHHYC K ABIDOYHOMY, TO BHeILIHee 1oJjie Oy aeT ABUTaTh 3JEKTPO-
Hbl M JAbIPKH OT TPaHlLbl B MPOTHBOIOJOXKHbIE CTOPOHH! (PHC.
187, 6), sanupatouiuii cjoil 6yieT paciiupsiTbCst, U CONPOTHBIE-
HHUe TesJa pe3KOo Bo3pacTer. \

O1® Q| @~
e — —r-

) - I+ 5 -
Puc. 187. ﬂBmerne CBOGOBEIX a.nemponoa (KpYKKH CO 3HAKOM «—b»)

H JBpOK (KPYMKH CO 3HALOM «4») NpH NPOXOXKIeHHH TOKa uepes p — n-
nepexol: a) NpolycKHoe BKAKHYeHHe; 0) 3anupaiolice BKJOUeHHe

B macrosiiiee Bpemsl BHIACHHJIOCH, YTO UMEHHO 3THM MeXa-
HM3MOM OOYCJIOBTEHO CHUJIbHOe BBINpPsIMJsIOLLee JeHCTBUe TaKk
Has3blBdE€MBbIX MeEJHO-3aKHCHBIX (KYTIPOKCHBIX) H  CeJIEHOBBIX
epinpanumeseti, pa3paGoTaHHBIX YHUCTO SMIIUPHYECKHUM IyTeM,
6e3 SICHOTO NOHUMAHHSI NPOHCXOJSILIMX B HHX (H3MUeCKHX
nporeccoB. MeqHO-3aKUCHBIH BHINPSAMUTENb NPEICTABJISAET CO-
60l MeIHYIO MJIACTHHKY, Ha KOTOPOH NpPH TeMIepaType CBbIIIE
1000 °C uapawmBaercst cioit 3akucu Meau (Cu,0); sarem npu
temneparype okoso 600 °C 3TOT c/IoH HachllldeTcsl KHCJAOPOJOM
1 6blcTpO oxJampaercsi. [locsie 3TOro pacTBOPSIOT KUCJIOTOH
o6pa3oBaBIIKicS Ha NMOBEPXHOCTH 3aKHCH CJOH OKHCH Mend
(CuO) u HaHOCAT Ha 3aKHUCh CJIOH MeTaslJTHYeCKOH MEIH.

EcJi4 NPHTOTOBJIEHHYIO TaKHUM 06pasoM INJIACTHHKY BKJIO-
uuTh B Henb Gartaped (puc. 188), To okasblBaercsi, 4TO npH
TAKOM HanpaBJ/eHHM TOKA4, KOTAd OH MAET OT 3aKHCH MeAH K
MeJHOH NJIacTHUHKE, TOK OYeHb GOJBILON, T. €. CONPOTHRIEHHE
IVTACTHHKHU OYeHb Maso. EciH Ke MOMeHsITh. MEeCTaMH MOJIIOCKHE
faTaped, T. e. 34CTaBUTb TOK HATH OT MeLHOH ILTACTUHKM K
3aKHCH MeJH, TO CUJIA TOKa CTAHET B THICAYH Pa3 MeHbIlle, B
3TOM HaNpaBAEHHUU [UIACTUHKA HMEET CONPOTHUBJIEHHE B Thl-
csiun pa3 Gosbuiee. TakuM 06pa3oM, MI&CTHHKA NPeACTaBJAsIET
co00M 3JeKTPHUECKHt BEHTH/b, NOJOGHHIA ABYX3JEKTPOJHOH
aamne (§ 106): oHa npomyckaeT TOK B OJHOM HAanpaepJeHKH
U MOYTH He NPONYCKaer erq B o0paTHOM HanpassieHuu. [1pu-
YyMHAa sIBJEHUS 3aKJIeYaeTcsl B TOM, YTO Ha OCHOBHOM MEJHOM
3JIEKTPOAE UMEETCH. CJIOH 3aKHUCH MeJH, COAepKamuil npumecH
MeJH U APYTHX METaJJIOB; 3TOT CJOH SBJISAETCS 3J€KTPOHHBIM
HoTynpoBOAHUKOM. Fo BHemHui cioll 3axucH, 0oBOTalleHHEL
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KICJIOPOJOM, SIBISICTCH ABIPOYHBIM MOJYNpPOBOIHHKOM. Takum
ofpasoM, B TOJIIE 3aKHCH MeAH HMeeTcsi p — A-NePexof,
T. €. CYWEeCTByeT TIpaHulla MeXAy MNOJyNPOBOAHHKAMH p-
H A-Tuna. 3[1ech ¥ BO3HHKaeT 3amupaiomiuii caofi, o6ycIoB/u-
BaloIHH OJHOCTOPOHHIOIO MPOBOJAUMOCTD.

Takumu e cBOMCTBaMH 00/1aJaeT CEJIEHOBHIH BHINPSMH-
Tesqb, OH MpeicTaBisieT CO00H HaHECEHHBIH Ha HHKeJIHPOBAH-
HYIO KETEe3HYIO MJIaCTHHKY CJOH cesleHa, MOBePX KOTOPOro
HAHOCHTCSE BTOpOW 3/eKTPOJ H3 CIJiaBa KaAMMs, OJ0Ba H

1

e

T

0

X

X

2

o

SR

=

®
o e

10)
Puc. 188. Uepes MeAHO-3aKHCHBIA BLUIPSIMHTENL NPOXOAMT CHJIBHHIH TOK
NpH BKJIOYEHHH IO CXeMe @) H OdeHb CJalblii NIPH BKJIOYEHHH 1o cXeMe 6):

1 — 3axuch meau, oforauleHHast KHCIOPOAOM, 2 — HaNblIeHHas Meflb, 3 —
3aKHCh Me[H, 4 — Melb
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BucmyTa. [locsie I/IMTe/IbHOrO MporpeBa H NMPOINYCKaHHS TOKA
TakKas CHCTeMa Toxe TIpHobperaeT CBOHCTBO OAHOCTOPOHHEM
MPOBOAMMOCTU. B CeTeHOBBIX BBHIMPSAMHTENSX 3aIHpatomiHil
ciofl ofpasyeTcsi Tak:ke Ha TPaHHlie MeXAY celeHoM (Ibipoy-
HbIM MONYNPOBOJAHMKOM) M CeNEHHUCTHIM KajgMHeM, KOTOPHIH
BO3HHKaeT B npouecce o6pabOTKM NNACTHH H HMeEET 3JeK-
TPOHHBI# MeXaHH3M NpPOBOJIHMOCTH.

B HacTosiliee Bpemsl mHPOKOE PacHpoCTpaHeHHe B TeXHHKe, OCO6eHH O
B pafHOTeXHHKe, NOJYYHJH NOJYNPOBOAHHKOBHE BHINPSIMHTEIH H3 repMa-
HUA, KPEMHHS H APYTHX NOXYyNPOBOAHHKOB. MBI BUAETH B NpebIAYleM napa-
Tpadge, YT XapaKTep MPOBOLHMOCTH repMaHH 1 ' MOXKHO H3MEHSTh, BBOAS B He-
TO HeGOMBIIOe YHC/IO TMPHMECHRX aTOMOB TOrO Hau gpyroro pona. Ecau, Ha-
NpHMep, HAa ONHOH H3 NOBepXHOCTell repMaHHsA C 3JAEKTPOHHOH MPOBOAH-
MOCTLIO PacIVIaBHTh HeGOMBIIOH KyCOK HHAHA, TO TOHKHH NOBEDXHOCTHRUH
CJI0H, B KOTOPHI{i MPOHHKHYT Ha HEKOTOPYio TJYGUHY AaTOMB HHAMS, CTaHeT
JALIPOYHBIM TIOJYNPOROAHHKOM H B TOJLLE FepMaHHs CO3JacTcs p — rn-nepe-
XOfl, KOTOpHIf ByaeT HMeTh BRINP AMJIsIIONLee CBOHACTBO (O HOCTOPOHHIOD MpPO-
sojumocts). Ha pue. 189 mokasano ycTPOHCTBO ORHOrO M3 THIOB TAKHX
repMaHHeBhIX BRINPSIMUTeNel, a Ha pue. 190 — ero BosbTaMnepHas Xapak-
TEPHUCTHKA, T. €. KPHBasi, H306paxKaloulasi 3aBHCHMOCTb CHJIBI TOKa depe3
BLINPAMHTENL OT NPUIOKEHHOrO K HeMy HanpsKeHus, Mel BHIAM H3 3TOR
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4 7 Puc. 189. TepMaHHeBLIii BLITPAMH-

y Tesb: a) o6 KA BHA; 6) ceueHne, —
repMaHHeBasl NVIaCTHHKA, 2 — BOJIb(-
paMoBa#l NpYy:KHHKa ¢ OCTpHEM, 3 —
KepaMuueCKHi LHguHApD, 4 — Jja-
TYHHBIE JlepiKaTe/lH; 8) YCJIOBHOe
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Puc. 190. BoJabTaMmnepHas XapaKTepHCTHKa TepMaHHEBOT'O BBINDAMHTeJA

KPHBOi, YTO B MPONYCKHOM HAampaB/ieHHH TOK paBed 1 A yixe npn Hamps-
xeHud 0,75 B, 1. e. compoTuBieHue TepMaHHf OueHb Majo. B samupaio-
IIEM XKe HanpaB/JeHHH TOK OueHb Mas (0kouo 0,056 MA) H MpaKTHUeCKH He
3aBHCHT OT HaNpPSXKeHHs BIVIOTH A0 Hanpsikenus okoso 400 B, korna Ha-
cTynaer npoGoit *).

H3 repMannd, KpeMHES H ADYTHX MOJYNPOBOJHHKOB C p— n-Tiepexo-
JlaMH B HacToOsliliee BPEMS H3TOTOBJISIOT TaK¥e H MOJYIPOBOJAHHKOBHE yCH-

*) Ha nonoMHTeJbHOM H OTPHUATENBHOM yUYacTKax KOODAHHATHBIX
oceit Macwtabbl pasnHuHbl. ([Tpumed. ped.)
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JIHTENH (Mpan3ucniopst), KOTOPhIE 3aMEHSIOT TPEX3JIEKTPOIHYIO YCHAHTE b~
HYI0 3JEKTPOHHYI0 namny. Takue npuGOpel BO MHOTHX CIy4YasiX HMeIOT
GoMblIMe NpeHMYINECTBA IO CPABHEHHMIO C BaKYYMHBIMH 3/IEKTPOHHBIMH
JaMnaMH, TaK Kak OHM 00JafialoT ropasgo MeHbLUMMH pa3MepaMH, HMeioT
3HAYHTENbHO GOMBIUHE CPOK CNYXKObl M TPeGYIOT MeHblUeil MOMHOCTH NHTa-
HHSl, YeM 3JeKTPOHHBIE JAMIILL,

§ 111, HoaynposoaHuKoBbIe hoTOINTEMEHTBl. EC/IH B KakOM-HH-
OyIb NOMYNPOBOAHHKOBOM BBINPAMHTE/E, HAalDHMED MeIHO-
3aKHCHOM, CEJIGHOBOM HJIH KPEMHHEBOM, CIeJ1aTh BHEIIHHH 3/1ek-
TPOJ HACTOJIBKO TOHKHM, UTOGE! OH OBl pO3paueH i CBeTa,
TO NPH OCBEUIEHHH NOJYNPOBOZHHKA B LiellH, B KOTOPYIO OH
BKJIIOUEH, BO3HHKaeT 3JeKTpHUeckKHH ToK (puc. 191). Taxum

Az
>

—t

7y}

Puc. 191. Ilpu JeficTBHM cBeTa Ha NOJYNPOBOAHHUKOBHIH (JOTO3NMEMEHT B
HelH BO3HHKaeT TOK: a) oOIUH BHA YCTaHOBKH; 6) cxeMa OIkITa

06pa3oM, B 3THX CIy4asX CBeT fABJASETCA HCTOUHHKOM 3. . C.,
T. €. NAQCMUHKA nOAYnpo8oOHUKa npedcmasasem cobold ee-
HEpamop 3AEKMpPUHecKoeo MoKa, 8 KOMOPOM Cemoéas aHepeus
npeobpasyemcs 8 3AKMPUHECKYIO.

IIpH CHJIBHOM OCBELIEHHH [OJyNPOBOZHHKOBbIE (HOTO3IE-
MEHTEI MOT'YT aBaTb HOBOJIbHO 3HAYHTEJbHYIO 3. A. C. (20 | B)
H JOBOJMIbLHO Oosbiiol Tok. K. m. A. JAydlIHX (OTO3J7eMEHTOB
npepbiiaer 20 %. IlosTomMy cTasa peanbHOH BO3MOXKHOCTB
HX HCIIOJB30BAHHA B KauecTBe JMAOCTAaTOYHO SKOHOMHYHBIX
HCTOUHHKOB TOKAa. DTH HCTOUHHKH Ha3bIBAIOT COJIHEUHBIMH 6aTa-
pesMH, TaK KaK HX MOXHO HCIOJb30BaThb AJIA NPSMOTO Ipe-
06pa3oBaHHA 3HepTHH H3JaydeHHs CoJHLA B 3JEKTPHUECKYIO.
KpeMuHeBble cosHeuHBle GaTapeH HCHOABL3YIOTCSA, B HaCTHOC-
TH, AJS ofecleueHHs SHepTHeH HCKYCCTBEHHBIX CIYTHHKOB
3eMsIH H KOCMHUecKHX Kopabuel. [TonynpoBogHHKOBblE PoOTO-
3J1eMEHThI LIHPOKO NPHMEHSAIOTCS TaKKe /1S H3MePeHHS] HHTeH-
CHBHOCTH CBeTa H 1J4 LesJeH aBTOMATHKH, CHTHAJH3aUHH U
TeJleynpaBJIeHHs.



fnasa X dCHOBHbIE MATHUTHbBIE ABREHMA

§ 112. EcrecTBenHble M HMCKycCTBeHHble Marnuthl. [Ipexne
ueM YrayOJsiTb Halud 3HAHMS O MAaTHUTHBIX SBJIEHHAX, Ha-
NOMHHM HEKOTOpPble H3BeCTHble (DaKTHL

I. B npupozse BcTpeyaiwoTCs HEKOTOpHIE >Keje3Hble DY,
obsajaioniye crnoco0HOCTBIO NPUTSTHBaTL K cebe Haxons-

Puc. 192. EctecTernsifl MarHHT: a) MaTHHTHasi pyja NPHTSTHBaeT K cele
JKeJe3HbIe ONIMJKH; ) MarHHTHast PyJa, MOJBeIIeHHAas HAa HHTH, YCT4HaB-
JiBaeTcsi onpefiesleHHbIM 06pasoM — C cesepa Ha 1o (N —S)

nigecs: noGaH3ocTH HeGONMbHIHE JKeJe3Hble NpeiMeThl, HamnpH-
Mep JKeJe3Hble OMUIKH HIH TBo3au (puc. 192, a). Ecau kycox
TakoH pyJbl MOJBECHTb HA HHTH, OH YCTAHOBHTCSl MO AJHHe

Puc. 193. JKenesnniit
FBO3Ab, [OJHECEHHRH K
MaruuTy, caM HaMarHH4H-
BaeTCsi H [PHTSTHBAaET K
cebGe KeJe3Hble ONUJKH

B HampaBJeHHM C ceBepa Ha IoT
(puc. 192, 6). Kycku Takoil pynbl
Ha3LIBAIOTCSl €CTeCTBEHHbIMH MarHH-
TamH.

2. Kycok xenesa uiad cranu, Ha-
xonsuidiics BOJH3H MarHuTa, Ccam
HaMarHuuuBaeTcs, T.e. NpHoOpeTaeT
crocoOHOCTh NPUTSATrHBaTb K cebe
JpyrHe Keje3Hble NPeAMEThHl (PHC.
193). MaruuTHble cBOHCTBa 3TOro
KycKa KeJjesa MJH CTalH MpOsIB-

JSIIOTCSl TeM CHJbHee, YeM GsuKe OH HAaXONHTCS K MarHuTy.
OcofBeHHO CHABLHO HaMarHHYHBaHHE B TOM CJydae, KOIza
Keae30 NPUTAHYTO K MAarHUTy BIUIOTHYIO.
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3. Tocne ypaneHHss MarHuta HaMaCHUTHBIUHHACA TNOJA ero
JeHCTBHEM KyCOK XKele3a HJH CTalH TepsieT 3HAUHTEJILHYIO
4acThb CBOMX MarHMTHBIX CBOMCTB, HO BeCe e ocTaercs B 060Jb-
el MM MeHblled Mepe HamarHuueHHbiM. OH npeBpallaercs,
- TakUM 00pa3oM, B HCKYCCTBEHHLIH MarCHHUT, 06J1ajaiolui
BCEMH TeMH e CBOHCTBaMH, YTO MU MAaCHHUT eCTeCTBEHHBIH.
B 3T0M MOXXHO YyO6EAHTLCSA NPH NOMOLIH TaKOro NMPOCTOro OIbITa.
Ha puc. 194, a cranbHoit 6pycox I, NPUTAHYTHH K KOHLY
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Puc. 194. HamarnuunpaHHe KeJe3HbIX MNpPEAMETOB BO3PACTAeT IO Mepe

TIpHOJIMIKEHHA KX K MACHHTY: @) 6pycoK I, NPUTAHYTHIA K MarLuTy BIAOT-

HYI0, HAMaTHHYHBAETCA HACTOJBKO CHJILHO, HTO YAEpXKHBAET BCIO LENOYKY

2—5; 6) MarHWT OTOJABHRYT oT OpycKa /, HaMarHH4YHBaHHe 0CIa6J0 H Le-
noYyka pacnaJjach

MarHuTa, CcaM HaMaTHUTHJICA HAaCTOJBKO CHJBHO, 4TO Yjep-
JKHBaeT TPY3, COCTOSILIMH H3 HEeCKOJIbKHX TaKHX XXe OPYCKOB
2—5. B cBoW ouepedb KaXAHH H3 3THX GPYCKOB YAEPXKHBaeT
CHJlaMU MarHHTHOTO NPUTAXKEHUA BCe OPYCKH, DPacnosoXeH-
Hble Huke ero. Takum ofpasom, BCA Lenoyka BHCHUT, YJIep-
JKHBasACh CHJIAMH MAarHHTHOTO TPHTAXKEHHA, KOTOpble ypas-
HOBELHBAOT CHJBl TAXKECTH, AeHcTBYyWUIHe Ha OpyckH. Ecau
MBI HEMHOT'O OTOJBHHEM MarHHT, NPHAEPKUBad NajlblaMH BepX-
HUH OpyCoOK, TO Ienouka paccelnercs: O6PYCKH pasMarHHMuu-
BalOTCA HACTOJIBKO, YTO KaXKABIH H3 HHX yXKe He B COCTOSHHH
yaepxaTh HHAHHe 6pycku (puc. 194, 6). OgHako Kaxkibli M3
OpYCKOB COXpaHM/] H3BeCTHYIO [OJIO HamarHH4YHBauHA. [o-
CTaTOUYHO BHECTH KaKOH-HHOYAb H3 3THX OPYCKOB B eJe€3HHIE
ONHJIKH, H MHl YBHAHM, YTO OHH NPHCTAHYT K €ro KOHILaM.

To HamarHHuuBaHHe, KOTOPOe HMEJO MeCTO, KOrja Kycok

. JeJe3a HaxoiuacA BOJH3H MarHiTa, HasblBalOT BPEMEHHLIM

HaMarHHYHBaHHeM, B OTJIHYHE OT NOCTOAHHOIO, HMJIH OCTaTOu-
HOTo, HaMarHHYHBaHHsA, KOTOPOe COXPaHAETCA H nocle yja-
JieHHA MarHuTa.

OnbITEl TaKOro Poja NOKA3LIBAIOT, YTO OCTAaTOYHOE Hamar-
HHUYBaHHe, BOOClLlE TFOBOPA, 3HAUUTEALHO MeHblle BPeMEH-
HOTO; y MATKOIO Keje3a OHO COCTaBJseT JIHILL HeGOJBIIYIO
JAOJI0 €ro.
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4. Kak BpeMmenHoe, TaK W OCTaTOYHOe HaMarHHYHBaHHE
pasiuuHBl [JIs1 Pa3HBIX COPTOB »eje3a M cTaau. Bpemennoe
HAMATHUYHBAHHE MSTKOrO, OTOXKIXKEHHOTO Xeje3a 3HayH-
TeJbHO CHJbLHEE, YeM HEOTOX:KEHHOIO »KeJe3a HJIH CTalH.
HanpoTuB, ocTaToyHOe HaMarHHYHBAaHHME CTajH, OcOGEHHO
HEKOTOPHIX CHEeUHANbHLEIX COPTOB €e, HalPHMEp COJepXKallux
fipumech Kobasbra, 3HAYHTENLHO OCoJbile, YeM OCTATOYHOE
HaMaTHHYHBAHHE MATKOro xene3a. TakuM 0o6pasoM, ec/H Mbl
BO3bMEM JiBa OJMHAKOBBIX OpyCKa — OJMH H3 MATKOTO 2Ke-
Jes3a, APYrod M3 CTadH — M NOMECTHM HX BOJH3H OJHOTO
H TOro ke MAarHuTa, TO XeJe3Hbld OpyCOK HaMarHWYHBAeTCs
3HAYHTEJbHO CHJbHEE, YyeM cTajbHoi. Ho Korma Mbl MaruuT
y6epeM, TO »XeJe3Hbll OPYCOK PasMarHUTHTCS MOYTH MOJHO-
CThbi0, @ CTaJbHOH COXPAHHT 3aMETHYIO JOJIO CBOEr0 Hamar-
HHYyHpaHust. B pesysnbrate cTagbHOH 6pYCOK IpeBpaTHTCA
B 3HAYUTEJLHO 60J1€e CHJIBHBIA NOCTOSHHBIA MArHUT, YeM XKe-
aeayniii. [ToaTOMy nocTosiHHblE HCKYCCTBEHHBIE MATHHTBI BCETa
H3rOTaBJMBAIOT M3 CHENHaNbHLBIX COPTOB CTajdH, & HE H3
xKejesa. .

5. McKyccTBenHble MAarHHTBI, NOMy4YaeMble MyTeM NPOCTOro
pa3mellieHds] Kycka CTald BOJM3H MAarHuTa HJIH NPHKOCHO-
BeHHeM €ro K MarHHTy, JOBOJIbHO cjabel. Dosee cumbibie
MArHUTH NOJYYaloTcs, €CJH HaTHPaTb CTAJIbHYIO MNOJOCY
MATHHTOM B OAHOM HanpabjenHd. OnHAKO H B 3TOM cayyae
MBI BCerja NoJyyaeM MarHut GoJee cJaabblfi, 4eM TOT, NpH
[IOMOLIIH KOTOPOTO MNpPOM3BOAMJIOCL HaMarHH4YuBaHHe. Bes-
KOro poja yJaphl H BCTPAXUBaHHE BO BpPeMsl HaMarHWYHBa-
HUst GJaronpusITCTBYIOT emy. HanpoTHB, COTpsiceHHsi TOTO-
BOro HOCTOSIHHOTO MarHHTa, a TaKXe pe3KHe H3MEHEHHfl €ro
TeMrepaTypbl CIOCOGCTBYIOT pasMarHHYUBaHHIO,

OCTaTOYHOE HAMAarHWUHBaHHE 3aBHCHT HEe TOJBKO OT MaTepHaja, HO H
OT (opMbl HaMarHHYHBAeMOro Teja. CPaBHHTEJLHO KOPOTKHE M TOJCThIE
GpPYCKH H3 MATKOrO eJe3a, KaK Mhl TOBODHJIM, pa3sMalHHYHBAIOTCS IOCJE
yAaJeHHs] MaCHHTA NOYTH NOJHOCTBIO. HO ecsli M3 TOro e xesesa Mbl NPH-
TOTOBHM NPOBOJIOKY, AJHHa KOTOpoii B 300—500 pas Goaplre ee gjuaMmerpa,
TO 3Ta NPOBOJIOKA, He CBePHYTas B OYXTY WJH KJAYGOK, B 3HAUHTENbHO 60b-
WeH CTeNeHH COXPaHSeT CBOe HAMATHHYHMBAHHE.

2 112.1. BepTHKaJlbHBIH MarHUT NPUTATHBAeT K cefe XKeJe3HBIH Lya-
° PHK, NOMelLleHHBIH Ha TAKOM pacCTOSIHHH OT MarHuTa, YTO 5TO IPH-
_ TAXKeHHe YPaBHOBELUNBAET CHJIY TAXKECTH, JAeACTBYIOUYIO Ha WIAPHK,
TaK YTO OH MOMXET BHCETb B BO3AyXe Ge3 onopel. ¥YcroHulBhM Oyler
STO PaBHOBECHe WIH HeycToHunBeIM? Kyla Gyfer gHrartbes WapHK,
€C/IH MRl YYTb-UYThb NOJHHMEM HJIH OIYCTHM €r0 H3 NOJIOXEHHS PaB-
HOBeCcHA?

112.2. )Kenesnpifi KyGHK, JMexamuii Ha IJIaAKOM CTeKJe, NpHTATHBA-
eTCsl K MarHHTY, TOXe JIeXallleMy Ha 3TOM CTekjde. KYBHK CKOIbauT
no cTexJy. Kak o JBHKeTCsi: paBHOMepHO, PABHOYCKOPEHEO HIIH €O

BCE BO3PacTaloHM YCKOpEHHEeMP
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§ 113. Momocsl marHuTa U ‘ero HeHTpaJbHas 30Ha. ITocMOTpHM,
OJIHHAKOBHl JIH MAarHHTHBIE CBOHCTBA €CTECTBEHHOTO HJIH HC-
_KYCCTBEHHOTO MarHHTa B PasHBIX TOYKaX €ro’ NOBEPXHOCTH,
BosbMeM >Kese3HBIHl IIADHK, YKDPeNJeHHbIH Ha OJHOM KOHIE
cn1abofi cnHpanbHOH NPyXKHHKH. [IpHKOcHeMcs STHM inapHKOM
K KakOMy-HHOYJb MeCTy MarHHMTa, a 3ateM OyjeM OTpHIBATb
IIapHK, pacTArHBas MNPYXKHHKY (pHc. 195). Pacrsixe-
HHe NPYXKHHKH B MOMEHT OTpBbI-

Ba WIapHKa JaeT HaM Haraj-

d HOe mpejcTaBleHHe O TOH CH-

Je, KOoTopasi HeoGXojuMa, YTOObI

— g o
L v
Puc. 195.Y cepeaunr Mariuta Puc. 196. YKeseaHble ONHIKH pH-
CHJla NPHTSKeHHs Majla, y KOH- cTaor B BHIe «GOpOABI» K KOH-
0B ero — peanka, O6 sTom IaM MaTHHTa H He NpHCTAalOT K
MOXHO CYJIHTb MO pacrsxe- ero cepefiuHe

HHIO NPYXHHH B MOMEHT OT-
PHIBA XEJNEe3HOTO IapHKa OT
MarHHTa

NpeojoseTh NPUTSMEHHe MIapHKa K JIaHHOMY MecTy Mar-
uHHTa. OKa3piBaeTcsi, 4TO B OJIHHX TOYKAaX — y KOHIOB Mar-
HHTa,— A Toro. yTobbl OTOpPBaThb IIAPHK, TpebyeTcs Jo-
BOJIBHO 3HAYHTEeJNbHOE YCHJIHe, a B APYIHX TOUKax — y cepe-
JUHbl MarHHTa — IIaPHK INOYTH He NPHTATHBaeTCs K HEMY. -
[To sTOH ke NpHUHHE, €CMH NOTPY3HTb MATHHT B XKeJle3Hble
ONHJIKH H 3aTeM BBIHYTb €0, Mbl yBHJHM, YTO ONHJKH INpH-
CTaIOT B BHJIE TYCTOH «60OpO/bi» K KOHIIAM MarHHTa H He NpPH-
CTalOT K ero cepeiune (puc. 196).

Te uacT NOBEPXHOCTH MATHHTA, B KOTOPBHIX NPHTSKEHHE
JKEJIe3HBIX TPEIMETOB NPOABJAETCS 3aMeTHhIM 06pa3oM, Ha-
3BIBAIOT NOAIOCAMU MAarHHTa, a Ta 4acTb NOBEPXHOCTH Mar-
HHT4, B KOTOPOH CHJBbI MNPHTSKEHHS He OOHapY:KHBalOTCA
HJH OUeHb cJabbl, HA3bIBAETCH HeUmpaabrol 30H0U MarHHuTa.

OGBIUHO HCKYCCTBEHHBIM MAaTHHTAM NPHAAIOT BHJ MOJO-
cbl — OpSAMOH  MIH mojakoBooGpasuo#t - (puc. 197). Takue
MaTHHTH MOYTH BCETJld HMEIOT JiBa MOJIOCA Ha KOHILAX MOJOCH
H HeHTpaNbHYIO 30HY MeXAYy HHMH. MOXKHO, OJHAaKO, Hamar-
HUTHTb KYCOK CTaJH TaK, YToObl OH HMen He 2, a 4, 6, . ..
NOMIOCOB, pa3jie/leHHbIX HeHTpanbHBIMH 30HamH. Ho, 4To
0CcOGEHHO BayKHO OTMETHTb, HHKOTJA He YyJaeTcs HNOJYYHThb
MarHHT C HEUeTHbIM YHCJIOM IMOJICOB. B uacTHOCTH, HEBO3-
MOXKHO MNOJYYHTb MarHHT C OJHHM IOJIIOCOM.

9 OnemenTaphufi yueOHHK GH3HKH, T. 1T 257



CooTHoOllIeHHe MeXIY pasMepaMH. MNOJIIOCHHX obsacTell
M HeHATpasbHOK 30HBI 3aBHCHT OT (POPMHI. MATHHTA.

Ec/in H3roTOBHTb MarHuT B BHJE OYeHb IJHHHOTO H TOH-
KOI'O CTepKHS, TO MOJIOCHBe OOJIaCTH €ro CBOASATCA INOYTH K

a a7
Puc. 197. O6brunbie GOPME! MOCTOSHHBLIX NMOJIOCOBEIX MATHUTOB: @) MpsiMas;
0) moixoBoo6pasHas. [IpH XpaHeHHH KOHIEI MaTHHTA COEJMHAIOT Keje3-
HBIM GDYCKOM (fiKOpeM), YTOCH NpPefOXpaHUTb MArHHTHI OT pa3MaTHHYH-
BaHUf :

TOYKAM, JIeXKAllUM Yy KOHIOB MarHHTa, & BCA OCTaJbHasA IO-
BEPXHOCTb INpeicTaBisier CcO00H HeHTpalbHYKO 30Hy. Ilo-
JOOHbIH yJMIMHEHHBIH MATHHT MOXHO HAa3BaTb MATHHTHOM
cTpeskoit. Hacto MarHHTHOH CTpeJiKe NPHAAKT BHA BHITSHY-
Toro pom6a (puc. 198). Eciin Takyio CTpPeJIKY NOABECHTb WJIH

Puc. 198. MaruuTHele CTPeNKH B BHJE BHITAHYTOrO poM6a! CJeBa — MOJ-
BellleHHas1 HA HUTH, clipaBa — yKpelJeHHast Ha OCTpHe

YKPenuTh Ha OCTPHe TaK, 4YToObl OHA MOIJIAa CBOGOIHO Bpa-
maThCsl, TO OHA BCETJAa YCTaHABJAMUBAETCHA TaK, YTOOLI OJHH H3
ee MoJocoB Gril obpallleH K ceBepy, a APYroff K ioTy; TOYHO
TaK e OPHEHTHPYeTcsl M JIOOOH MarHHT, NOJBEWICHHBIA Ha
TOHKOMH, Jierko 3akpyuuBatouieica HuTH. Tot mosmoc MarHHTa,
KOTOPHIH MOBOPaYHBAETCS K CEBEPY, Ha3blBAKOT Ce6epHLLM
NOJIIOCOM, a APYTOH MNOJIIOC — NCHOIM. :
MaruuTHble CTPeNKH OCOGEHHO YIOOHBI ANS 06HapyKeHHA
MaTHHTHBIX CBOHCTB €CTECTBEHHOIO HJIH HCKYCCTBEHHOTO Mar-
Huta. IIpubiMKas K CTpesKe MarHHT, Mbl YBHAHM, 4YTO ee
CeBEPHBIl IMOJMIOC NDHTATHBAGTCA K IMKHOMY IOJIOCY  Mar-
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HHTa H OTTAJKHBAETCA OT CeBepHOro (M HaofOpoT), TaK YTo
MaTHHTHas CTPeJIKa MOJ, AeHCTBHeM MarHHTa HOBOPAUUEACMCS
Ha cBoell ocH. Crnoco6HOCTb MarHHTa MOBOpauyuBaTh H .MPHUTHA-
THBaTh JKeJie3Hble Tela CBOAMTCH K TaKHM ke JeHCTBHAM:
APHOHXKEHHe MalHHTa K JKeJle3y MpPEXIe Bcero HamarHH-
YHBaeT XKese30, T, e. ofpawiaer ero B caalblit MarHHT, KOTO-
peIfl MOBOpauMBaeTCsi HAIUMM MarHHTOM “H MpPUTATHBaeTCH
K HeMy. ,

C noMompbio MaTHUTHOH CTPENIKH MOXKHO'JIETKO Pa3iHYHTD,
HMeeM JIH MBI JIeJI0 C HeHaMarHHYEHHBHIM KYCKOM 2Kese3a HJH
¢ MarauToM. [logHOCA K KOHILY CTPEJKH -MarHHT, Mbl BBISOBEM
HJH MPHTSKEHHE HJIH OTTalKHBaHHE B 3aBHCHMOCTH OT TOTO,
COMMAKAIOTCH JIH OJHOHMEHHBIE HJH Pa3HOHMEHHBIE IOJIOCH
CTPeNIKH H HCCIefyeMOro MarHHTa. [Ipu MOfHECeHHH Xe K
KOHILy CTPeNKH KeJe3a MBI BCeTJa OOHAPYKHM MPHTAXKEHHE;
OnuxallMi K MOMIOCY CTPEJIKH KOHeI Xesesa Bcerjga Hamar-
HHYHBaeTcs MNPOTHBOINOJIOXKHO 3TOMY [OJIOCY; BTOpOH, yJa-
JICHHBIH KOHEI| XeJe3HOTO KyckKa HaMarHHYHBaeTcs, KOHEUHO,
OPOTHBOMOJIOKHO OJNHXKHEMY KOHIY, T. €. OLHOHMEHHO ¢ pac-
CMaTpHBaeMbiM MOJIOCOM CTPeJIKH, HO €ro B3aHMOJEeHCTBHe CO
cTpesikof OyjeT ropasno ciaabee, U MBl OGHapyXHM TOJBKO
B3aHMOJeHCTBHE Pa3HOMMEHHBIX MOJIOCOB, T. €. NPHTSIXKEHHE
CTPEeJIKH K Keje3y.

? 113.1. Umeercs cTanbHas cnuna, Kak ysHaTh, HamarHuueHa JIM OHa,
He HOJb3YSCh HHYEM, KPOMe 3TOH CIHILE?

113.2, Hmerotcs ABa cTaabHHIX 6pycKa, M3 KOTOPHX TOJIBKO OJHH

HaMaraudeH. Kaxk ysHatb, kaKo#l HMeHHO 6DPycoK HaMarHuueH, He
HOJIb3YsICb HHYeM, KPOMe STHX GpYCKOB?

§ H4. MaruiTtHoe zeficTBHe siieKTpHueckoro rtoka. [Ipocrefi-
IIHe 3JIEKTPHYECKHE H MarHHTHBIE SIBJI€HHS! H3BECTHBI JIOAAM
C OYEHb JaBHHX BPEMeH.

IMo-BuauMoMy, yxke 3a 600 JeT 1O H. 3. TPEKH 3HAMH, UTO
MaTHHT NIPUTSATHBaeT K cefe es1e30, a HaTepTHI sAHTapL —
JIETKHE NpeAMeTH, Bpoje CONBMHHOK H T. n. OaHaKo pasnuuue
MEXJY 3JEKTPHUECKHMH H MArHHTHBIMH NMPHTAMEHHAMH OBLIO
elle He SICHO; T€ H APYTHE CYHTANHCh SIBJEHHSMH OZHOH NpH-

pPOAkI.

UerKoe pasrpaHHyeHHe 3THX SBJEHHH — 3acjyra aHrJMACKOro Bpada
H ecTecTBOHCHHTATENIs Y HaAbsMa [uabbepra (15644—1603), kotopuit B 1600 r.
BHIOYCTHA B CBeT KHArY 1OJ HasBaHHeM «O MarHHTe; MalHHTHHIX
Tenax u GoJbmIOM MarHute-—3emie»., C 3TOH KHuUI'H, COGCTBEHHO, H HAYH-
HaeTcs HOJIMHHO HAYYHOE HayueHue JEKTPHIECKHX H MAarHHTHHX sBJe-
Huil, Cnabbept onucan B CBOefisKHUT e BCe CBOHCTBA MATHHTOB, KOTOPHIE B €10
SN0XY OLIJIY H3BEeCTHH, 2 TaKiKe H3JIOXKHJ Pe3yJbTaTH COOCTBEHHHIX OYeHb
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BaXXHHX OmbTOB. OH yKasan Ha Sl CYIECTBEHHKX PasIHiHi MEXKIY S/1eK-
TPHIECKUMH H MaTHHTHHIMH NPHTSKEHHAMH H BBEJ CJIOBO 3JIEKTPHYECTBOY.

Xors nmocnae I'nab6epra pasinuue MeXAy MEKTPHYECKHMH W MaTHHT-
HLIMH ABJEHHSIMH ORLJIO y3Ke JJIS BCeX HeOCIOPHMO 5ICHO, TEM He MeHee Psifl
(aKTOB YKa3HBaJ Ha TO, YTO NIPH BCeM CBOEM Pa3JIHUHH 3TH SIBJCHHS KaKuM-
To 06pa3oM TeCHO M HEPa3pHIBHO CBSI3aHH JAPYT ¢ apyrom. HauGosee 6po-
CaIOIUMHUCA ‘B TJa3a GblIM (baKTEl HaMarHUYHBAHHSA >KeJEe3HHX MpeJMeTOR
H IEepPeMarHMYHBAaHUSA MAarHUTHRIX CTPEJOK HOJ BJAHSHHEM MOJHuH. B cpoelt
pa6ote «I'poM u Moauus» ¢panmysckufi ¢pusuk omunuk Ppancya Apard
(1786—1853) onuchiBaeT, HanpuMep, Takod cayudai. «B uione 1681 r. ko-
pa6ab «Koposesa», HaxonuBHIMHCS B COTHE MHJb OT fepera, B OTKPHITOM
Mope, GHJ NOpa)KeH MOJIHHeH, KOTOpaS NPHYHHHJ/A 3HAYHTENbHbIE [IOBPEX-
JleHHA B MayTax, napycax u Ip. Korjpa e HacTylHJa HOYb, TO 11O HOJIOXe-
HHIO 3B€3J] BLISCHMJOCH, YTO M3 TPeX KOMIAcoB, MMEBUINXCS Ha Kopabie,
JlBa, BMECTO TOTO yTOGH YKa3blBaTb Ha ceBep, CTaJH yKa3blBaThb Ha IOT, a
TpeTHl CTaJ yKa3wBaTh Ha 3amaj». Apard OmuCHIBaeT TaKXe Caydal, KOraa
MOJIHHS, YAapuBilasi B JOM, CHJIbHO HaMarHUTHJA B HeM CTaJbHHE HOXH,
BHJIKH M JpYyTHe NpeMeTHl.

‘B mayane XVIII Beka ObIO yXKe YCTaHOBJEHO, YTO MOJI-
HUS, MO CYTH Jena, NpeicTaBasieT COOOH CHJBHBIH 3/eKTpH-
YeCKHH TOK, HIYIIHH uepe3 BO3AyX; MO3TOMy (akThl Bpoje
ONHCaHHBIX Bbllle MOIVIH TNOJACKa3aTh MbICAb, YTO BCSIKHH
3/IeKTPHUECKHH TOK 006sajJaeT KaKHMH-TO MAarHHTHBIMH CBOH-
crBaMd. OJHAaKO OGHApPYXHTb Ha OIBITE 3TH CBOHCTBA TOKA
H H3yYHTb HX yJajoch TOIbkO B 1820 r. uaTCKOMy (PH3HKY
lFancy Xpucruany Ipcreny (1777—1851).

OcHoBHOH onHT JpcTefa H3o6paxkeH Ha puc. 199. Han
HEMOJBHXXHKIM MpPOBOJAOM I, Pacno/OXKeHHbBIM BJIOJb MEPHIH-
aHa, T..€. B HampaBJieHHH ceBep — IOT, MO/BellleHa Ha TOHKOH
HHTH MarHuTHas crpeaka 2 (puc. 199, a). Crpenka, kKak us-
BECTHO, YCTAHABJIMBAETCH TaKKe NPHOIH3HTEIBHO IO JHHHH
cepep — IOT, H MO3TOMY OHa pacnoJaraercsi NPHMEPHO ma-
panienbHO TnpoBoay. HO Kak TOMBKO MBI 3aMKHEM KJ/KOU H
MyCTHM TOK 110 POBOAY /, MBI YBHIHM, YTO MarHHTHAA CTPeKa
IOBOPaYHBAETCH, CTPEMACh YCTAHOBHTBCSA MOA MPSIMBLIM YIJIOM
K HeMmy, T. €. B ILIOCKOCTH, MNEPNeHAHKY/SPHOH K IPOBOLY
(puc. 199, 6). 3ror (byHuameHTaanbm ONBIT [OKAa3bIBaET,
YTO B IPOCTPAHCTBE, OKPYXKailleM NPOBOJHHK C TOKOM, jeH-
CTBYIOT CHJIBI, BBIBIBAIONIHE [BHXXE€HHE MAaTHHTHOH CTDEJKH,
T. €. CHJH, NOAOGHBEIE TeM, KOTOpble AEHCTBYIOT BOJH3H ec- °
TECTBEHHBIX H HCKYCCTBEHHBIX MAarHHTOB. TaKHe CHJIH Mbl
GyneM HasbiBATb MASHWMHOLMU CUAQMU, TAK e KaK Mbl Hasbl-
BaeM CHJIbl, JeHCTBYIOIIHE Ha 3JIEKTPHUECKHE 3apsiibi, 3JIEKT-
pPHYECKHMH. '

B ra. Il MH BBelH NOHATHE 3JEKTPHYECKOTO MOJS A -
0603HaYeHHs! TOro 0coBOTO COCTOSHHSI IPOCTPAHCTBA, KOTOPOE.
nposipasiercsi B JeHCTBHSIX, 3J€KTPHUECKHX CHJ. TOYHO Tak
e Mbl OyJeM Ha3blBaTb MASHUMHGIM NOAEM TO COCTOSIHUE -
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IPoCTpPaHCTBa, KOTOPOe JaeT O cefe 3HATh AeHCTBHEM MAaruut-
HbIx cua, Takum ob6pasoM, onuT Dpcrefa AOKa3bIBaeT, YTO
8 NPOCMPAHCIGE, OKPYNCAIOLUEM IACKMPUHECKUL MOK, 803HU-
Karom MG2HUMHbE CUAbl, M. e. CO30Gemcs MasHumHoe noe.

[NepBriii BOmpoc, KOTOpPHIA MOCTaBMJ nepen coGoll dpcren
nocae TOro, Kak OH cienall CBOE 3aMmeuaTeNbHOe OTKphITHE,
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Puc. 199. OnmT 3pcTefa ¢ MarHHTHOR CTpenKoiH, oOGHapyXHBawomHui cy-

IeCTBOBAHHE MATHHTHOTO NOJA TOKa: / — NpPOBOJ, 2 — MarHHTHas CTpeJ-

Ka, TNOoJBellleHHAsA NapanjeJbHO NPoBOLY, 3 — OaTapes raJbBaHHYECKHX
3J€MeHTOB, 4 — peocTraT, 5 — KJoY

6blT TAaKOB: BJMseT JIM BelleCTBO NPOBOJA Ha Co3JaBaeMoe
TOKOM MarHHTHOe nosae? «CoefHHHTENbHBIA NPOBOJ,— MHIUET
dpcTes,— MOXKET COCTOATb H3 HECKOJbKHX NPOBOJOK HJH
MeTa/sIHuecKuX moJgoc. Tlpupona Meranna He MeHsleT pe3y.Jib-
Tata, pasBe TOJNbKO, NOXKaJdyH, B OTHOLIEHHH BEJIHYHHBI *).

*) PasHbie MeTaJJInl HMEIOT pasdHoe conpoTHBaenHe. [TosTomy npu mpu.
CoeJHHEeHHH HX K OAHOH H Toll Xe GaTapee, KaK 9To jenal 3PcTell, CHIa TOKA
6blJ1a pa3aHYHa, a MOTOMY ObWIO PA3JHYHO H MarHHTHOe JeHCTBHE 3TOrO TO-
Ka.~-Hazo noMHHTB, 4TO 3PCTe/, NPOH3BOJNJ CBOH ONKITHI PaHee, YeM ObLT yc-
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C -0JIHHAKOBHIM PE3YJBTATOM MHI IOJb30BATHCH [IPOBOJIOKAMH
H3 IUIaTHHEI, 30J10Ta, cepefpa, JATyHH H »Keje3a, a TakKe .
OJIOBSHHBIMH H CBHHIIOBRIMH NOAYCaMH H PTYTbIO».

Bce CBOH ONBITHL JpcTel NMPOBOJHJA C MeTajJaMH, T. e.
¢ NPOBOJHHKAMH, B KOTODHIX NPOBOAHMOCTb, KaK MHl Telepb
3HaeM, HMeeT 3JEKTPOHHHIH Xxapaktep. Herpynmo, onmako,
OCYLILECTBHTh OINBIT JpcTela, 3aMEeHHB MeTaJJHYeCKHH NPOBOL
TPYGKOH ¢ 3JIeKTPOJNHTOM HJIH TPyOKOH, B KOTOpOM - mpOHC-
XOIHT pa3psij B rase. TakHe ONBITHI Ml yxKe onHcajH B § 40
(puc. 73) H BHAENH, YTO XOTA B 3THX CJAYyYasX 3JIEKTPHUECKHH
TOK OOYCJIOBJIEH . ABHXKeHHEM TMOJIOKHTEJNbHEIX H OTPHUATe/Ib-
HBIX HOHOB, HO HeHCTBHe er0 Ha MAaTHHTHYIO CTP&JKY TO XKe,
YTO H B CJAy4yae TOKa B MeTaJJIHYecKOM NpoBoinHKe. KakoBba
6bl HH Obljla NIPHpOJA NPOBOAHHKA, IO KOTOPOMY TedeT TOK,
BOKDYT NPOBOJHHKAa Bcel[a CO3JaeTcsi MarHHTHOe moJe, IOJ
WIHSHHEM KOTOpOro CTpeJKa NOBOpauyHBaeTcs, CTPeMsCh CTaTh
NepHneHJUKYJSAPHO K HANpPABJEHHIO TOKa.

- Taxum o6pa3oM, Mbl MOXeM YTBePXKIaTb: GOKpY2 6CAKO20
moka 603nuKaem mazrumnoe nose. O6 3TOM BaxKHeHIIeM CBOH-
CTBe 3JIEKTPHUECKOro ToKa Mbl yKe ynomHHanau (§ 40), korza
TOBODHJIH INOZpOGHee O -APYTHX ero JeHCTBHAX — TelIOBOM
H XHMHYECKOM.

W3 Tpex CBOHCTB H/H INpPOABJEHHH 3JeKTDHUECKOrO TOKa
HanboJiee XapaKTepHbIM SIBISAETCA HMEHHO CO3JaHHe MarHHT-
HOTO nojisi. X HMHUeCKHe NeHCTBHSI TOKa B OJHHX NPOBOIHH-
KaX — 3JIEKTPOJHTaX — HMEIT MecTo, B JAPYIHX — Meral-
Jax — OTCYTCTBYIOT. BhljensieMoe TOKOM Tem1o MoOxKeT OhITh
_TIPH OJHOM H TOM 2Ke TOKe 60JIbille HJIH M@HbIle B 3aBHCHMOCTH
OT CONPOTHBJEHHA NPOBOJHHKA. B cBepXnpoBogHHKax BO3-
MOXKHO JaxKe NPOXOXJeHHe TOKa 6e3 BbleleHus Temaa (§ 49).
Ho maznumnoe nose — HeomOeaumbiti cnymuuK 6CAK020 ALK~
pusecko2o moxka. OHO He 3aBHCHT HH OT KakKHX CllellHaJIbHBIX
CBOHCTB TOr0 HJIH HHOTO NPOBOJHHKA H OMNpelessieTcs JIHIIb
CHWJIOH H HanpaB/eHHeM ToKa. DOJIBHIHHCTBO TeXHHYECKHX
NpHMeHeHHH 3JeKTPHYeCTBa TaKikKe CBA3aHO C HAJHYHEM Mar-
HHTHOTO NOJIA TOKa.

§ 115. MarunTHbie AEHCTBMS TOKOB H NMOCTOSHHLIX MArHHTOB,
OTkpbITHe DpcTesa BhI3BaJO HeOObIYaHHBIH HHTEpeC H MOCTY-
JKHJAO HayaJoM psifia 8aMeyaTesbHbIX HCC/AENOBaHHH, MO-
Ka3aBIIHX TOMXJAECTBEHHOCTb MAarHHTHRIX JeHCTBHH TOKOB H

TaHOBJIeH 3aKOH OMa ¥ GHLJIO BHISCHEHO NMOHATHE O CONMPOTHBJIEHHH TPOBOJ-
HHKOB M €r0 3aBHMCHMOCTH OT MaTeDHaJja. |
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TMOCTOSHHBIX MarHuToB. Ha HEKOTOpBIX M3 3THX ﬂBJlemm MBI
'OCTAHOBMMCSI HEMHOTO MOjipoGHee.

1. B ommrte 3pcrena M BHAEAH, 4TO TOK JeHCTBYET .Ha
marHuT. CymectByeT Ju ofpaTHoe JeficTBHe MarHuta Ha
NPOBOJHHK C TOKOM?

[TonoxkuM Ha CTOM HEMOJBHIKHBIA MOJIOCOBOH MATHHT,
a HaJ, HUM NOJABECHM NapaJsiieqbHO €My MPOBOJHHMK Ha THOKHX
MeTaJlIMYeCKUX IIHYypaX, MOABOAALIMX K HEMY TOK H JAIOlIMX
€My BMecTe ¢ TeM BO3MOXKHOCTb MoBopaunBaThed (puc. 200, a).

K oamapez ‘ K gamapee

Q

Puc. 200. Oneit, o6paTHu# oneiTy JpcTesa: @) TOK BHKJWYEH; 6) NMpH

BKJIOUCHHHK TOKa NPOBOXHHK I CTPEMHTCS YCTAHOBHThCA MepNeHAHKYJIAPHO
K MarHuty 2

Kaxk ToJBbKO MBI BKJIIOUHM TOK, IPOBOAHHK I MOBEpPHETCS, CTpe-
MSACb YCTAHOBHTbCS NEPHEHJHKYJASPHO K Maruuty 2 (pHc.
200, 06).

Jpyrofi BapuaHT 3TOro € ombiTa mokasaH Ha puc. 201,
I'u6kuii npoBoAHHK [ nojaBellieH psiAOM ¢ HaMarHHYeHHEIM
crepxkuem 2 (puc. 201, a). Korja mo npoBogHHKY HJIET TOK,
TO Ha KaXJbl# yyacTOK IHOKOro NMPOBOJAHHMKA JEHCTBYET CHJIA,
CTPEMSIIIIASCS YCTAHOBHTB 3TOT YYacTOK mNepHeHIHKYJSPHO
K Marguty. [log neficTBHEM 3THX CHJ NPH BKJIIOYEHHH TOKa
NpOBOAHHK OOBHBagTCs BOKpYr Maruura (puc. 201, 6). U3
9TOTO OMEITa $ICHO, UTO Ma2HuUm Oelicmeyem HQA NPOSOOHUK €
MmoKom, NpHYeM OGHAPYIKHBAETCA, YTO MarHHT JAEHCTBYeT Ha
KaXKJblfl y4aCTOK NMPOBOAHHKA C TOKOM.

Eie oJuH ONBIT, B KOTOPOM TaKiKe l'lpOﬂBJIﬂ}OTCﬂ 3TH CHJIHL,
usobpaxen Ha puc. 202. PamKka 1, cuenaHHasg H3 HeCKOJNBKHX
-BHTKOB MpPOBOJIOKH, CBOGOJHO NOABELIEHA MEXY MOJIOCAMH
HenojBHKHOTO MarHurta 2 (puc. 202, a). K Heli MoxeT GHTh
NOJBENICH TOK Yepe3 3aXuMHl 3. [locle BKMIOYEHHS ToKa
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paMKa yCTaHaB/IHBACTCA NEDUCHIMKYIAPHO K JIHHHH, CoeMlH-
HAomel momockl maruuta (puc. 202, 6). Takoe. ycTpoficTBO
M3 MarHHTa H PaMKH HCNOJb3YyeTCs B TaJbBaHOMETPax st
H3MepeHHs NocTosinHOro Toka (§ 135).

Onucannblit B § 103 OmBIT OTKJIOHEHHS KaTOIHOIO nyqa
MarHHTOM eCTb TaKxe MpOsABJIeHHe IeHCTBHA MarHHTA Ha TOK,

\\o‘f s
‘l{ﬂ \\g.r"\\l«\

aQ

Puc. 20!1. Onbit, o6paTHBI# onbITy DpcTesia: @) TOK BBIKJIIOYeH; 6) MPH BKJIO-
YeHHH TOKa NMpPOBOJAHHK I OOBHBAaeTCst BOKPYF MarHHTa 2

060 MYYOK KaTOIHbIX Jy4yeH NpeicTaBJafeT co6on 3JIeKTpUuie-
CKHH TOK.

2. Maraut o6najaer CHOCO6HOCTb}O HaMalHHYHBATb XKe-
JIe30 H MpHUTATHBaTh ero K cebe. O6magaer JH Takoil xe cro-
COGHOCTbIO 3JeKTpuueckuit Tok? Eme B 1820 r. Apard same-
THJ, YTO €CJH IOrPy3UTb.NPOBOJA, O KOTOPOMY HIET JAOCTa-
TOYHO GOJIBIIOH TOK, B }KeJe3Hble OMMJIKH, TO YaCTHIb XKeJe3a
NpHCTAlOT K HEMYy Tak ke, Kak K Maraury. IIpoBox o6pacraer

_rycToil «6oponoi» H3 OMHJOK. ECJH BBIKJIOYHTb TOK, OIHJKH
ceflyac ke oTmajaioT. MarTepnan MPOBOJAHHKA Ge3pasJiHueH.,
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QO6bIYHO MONb3YIOTCA MeAHBIM MPOBOAOM. JIJd TOTrO UTOOK TOK
- He TPOXOAMJ 4epe3 ONMHJIKH, NMPOBOJ cjefyeT 6path B U3OJIH-
pymowei o6moTke. [Ipn GOJBLIOM TOKe MOXKHO Jaxe He Mo-
TPy»aTh MPOBOJ B OMWJKH, a TOJNBKO NPHOIU3HTEL €ro K HHM.

i bamapee K oamapes
7/] - g

Puc. 202. TlpH BX/IOYEeHHH TOKa PamKa | YCTaHAB/HBaeTcs NepleHAHKY-
JSAPHO K JIHHHH, COeJHHSIOIIEN MOJIOCH MAarHHTa 2: a) TOK BBIKJIOYEH;
6) TOX BKJIOUEH

Hemuoro mosxe Aparé u AMnep Hauuwid ¢mocof CHJABHO
HaMarHMYHBATh XeJle30 U CTajlb NPH MOMOMIH 3JIEKTPUUECKOTO
ToKa. OHH HaMaThIBaJH NPOBOJ B BHAE CIHPAIH H3 GOJBIIOTO
YHCJIA BUTKOB H BHYTPb TAKOH KAaTYUIKH NOMEMANH CTANLHYIO
uray. [lo aToli cnHpanu OHM NPOMYyCKaIH CHJbHHIN 3JIEKTPH-
4eCKHH TOK, a 3aTeM BBIHUMAJM HIVIY, KOTOpas OKashiBaJach
CMJIBHO HamaruuueHHoi. Ha oaHOM KoHibe ee ObT CeBepHBIH
HoJiuc, Ha JApyromM — wxubiii. Ilpu mepemene wampab/eHHS
TOKa TOJIIOCHI MEHSJIHCh MeCTaMH. ‘

3. MaruuTtHas crTpesnka, Morymas cBo6OAHO BpallaThes
BOKPYI' BePTHKAa/NbHOH OCH, yCTaHaBJAMBAaercsl, KaK H3BECTHO,
B ONpeleNeHHOM HampaB/leHHH — NPUOGIH3UTENBHO C ceBepa
Ha tor. OpuentupyeT saH 3emasi TaKXKe H 3IIEKTPHUECKHE
ToRM? B TOM ke 1820 r. AMnep o6HApYXKHJI U OpPHEHTHDYIOLIEe
BIAHsHHE 3eM/IH Ha BHTOK C 3JIEKTPHUECKHM TOKOM.

- TIpuGop Ammepa cOCTOSIT M3 TNPOBOJOYHOTO BHTKA I B
topMe MOYTH 3aMKHYTOTO KOJbHa aHamerpa okoso 40 cMm uiu
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KBajpaTHOH paMku (pHc. 203, @); KOHUBI BHTKAa HaXOAATCA
TOYHO OJHH TOJ, APYTHM Ha HeOOJBILIOM PacCTOSIHHH APYL OT
Apyra. K HHM NIpHKpeIyIeHH [Ba CTaJbHBEIX OCTPHA 2, ONYIIEH-
"HLIX B- YAlEYKH C PTYTBIO, K KOTOPBIM -NPHCOEHHHEHE! MpO-
BOJHHMKH, HAyLIlHe OT Gataped. DBJsarojaps Takomy ycTpoH-
CTBY BHTOK MOT CBOGOJHO BpallaThCsl HA OCTPHAX, H NPH 3TOM

A gamapee K oamapes
a 2
Puc. 203. Tpu6op Amnepa njs ofHapyKeHHdA JeficTBHA MarHHTHOTO moJs
3eMJH Ha BHMTOK C TOKOM: ) CBOGOAHO NOJBElLIEHHbIH BHTOK YCTaHABJH-
BaeTcs Tak, 4ToObl IUNIOCKOCTh ero Obiia NepleHJHKYJAApHA K MepHAMaRY;
6) BHTOK 3aMeHeH KaTyIUKOH ' ‘

JBHXKEHHH LIENMb TOKA He IpephiBajsachk. BMecTo 3TOro MOXHO,
- KOHEYHO, MPOCTO MOJBECHTb PaMKy HJIH COJIEHOHJ, Ha THOKHX
MeTaJJIHYeCKHX IIHYpax, Kak B oneite Ha puc, 202. [lpm
3aMBIKAHHH TOKA BHTOK NMPHXOLHJ B. JBHXXEHHE H IIJIOCKOCTBb
€ro yCTaHaBJHBajach UNPHOIH3HTETbHO B HANpPaBJEHHH ¢
samaja Ha BOCTOK. Taxkum obpasoM, MeHCTBHE MAaTHHTHOTO
nosisi 3eMJIM Ha BUTOK C TOKOM TaKOe K€, KaK H Ha MarHHTHYIO
CTPeNKY, OCb KOTOpOH NepmeHAHKYJASPHA K IJIOCKOCTH BHTKA.

Oco6enHo ynoO6HO HaOMIOAAaTb OPHEHTHPYIOLlee AeHCTBHe
3eMJIH Ha BHTOK C TOKOM, ecju B nmpubope Ammepa moJiBecHThb
He OJHMH BHTOK, a KaTyIIKy, HJH, KaK T[OBOPAT, COJIEHOHJ,
coctosiuil H3 OOJMBIIOTO YHCAA TaKHX BHTKOB (puc. 203, 6).

4. AMmnep yCTAaHOBHJI TaKXe HOBOE H YPe3BbIYaHHO BamHOE
ABJIEHHE — B3aHMOJEHCTBHe MEXJAY JBYMSA TNPOBOJHHKAMH,
0 KOTOPbIM HAET TOK. EC/IH MBI PaCIIOIOXHM, HallPUMEpP, ABe
AJHHHBIE THOKHE MPOBOJIOKH MNapasJeibHO APYT APYTYy, TO
OPH BKJIOYEHHH B HHX TOKa 3TH NpPOBOJIOKH GynyT ApYyr OT
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Puc. 204. o) [IBa napanzeibHHX IHpo-
BOJHHKA OTTa/KHBAIOTCH JApPYr OT Apy-
ra, eciH 10 HHM NPOXOJAAT TOKH B IpoO-
THBOIOJIOXHLIX HalpaBJeHHsAX. 6) Hpa
napajajelbHEX NPOBOJHHKA NPHTArHBA«
IoTcsl ApYT K JAPYry, eclu IO HHM Ipo-
XOJAT TOKH B OJHHAaKOBOM HampasJe-
HHH. IIITPHXOBRIMH JHHHAMH IOKa3aHO
noJloxenHe 060HX NPOBOJIOB IIPH OTCYTCT-

BHH TOKa B HHUX

V@

AN

LY

a

mi N w—

g

g

"PHuc. 208, g) ConeHoup ] 3axpelieH HellOIBHXHO, COJNEHOHL 2 NoJiBelNeH
HAa THOKOM INpOBOJHHKe; IIpH BKJIOYEHHH TOKa CONEHOHA 2 INOBOpavH-
Baercs TaK, uToOnl HanpapjeHHs TOKa B coleHoWAax I W 2 ObilH oiHHa-
KOBEI, NIDHTATHBaeTCs K COJeHOHAy | W HajeBaeTcs Ha nero. 6) IIpH nepe-
MeHe HanpaBJeHHst TOKA B OJHOM H3 COJICHOMJOB COJIEHOMA 2 CJeTaeT C

coseHoHja I, noBopayHBaeTcs Ha I80° 1 cHoBa HaZleBaeTcst Ha HEro
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Jpyra OTTAIKHBATbCHA, €CH TOKH B HHX MPOTHBONOMNOXNHbI
no Hanpasaenuio (puc. 204, a); HanpPoTHB, NPOBOJMIOKH OyIyT
JPYT K JAPYTY NPHTATHBATbCS, €C/H TOKH B HHX HMEIOT OJH-
HakoBoe Hanpasienue (puc. 204, 6). [IpH)KeHHS NPOBOAHH-
KOB, BbI3BIBaeMble B3aHMOJEHCTBHEM MeXJYy HHMH, MOTYT
GbITh BeCbMa pa3sHOOOPa3Hbl B 3aBHCHMOCTH OT ()OPMBbI IPOBOJA-
HHKOB, HX B3aHMHOTO PACNOJIOKEHHS H YCJIOBHH 3aKpeIvIeHHs .
OnbIT, WUIOCTPHPYIOIMH XapakTep B3aHMOJEHCTBHS MEXIY
JBYMsl COJICHOHJAMH C TOKOM, H306paxen Ha puc. 205. Cie-
JIyeT o6paTHTh BHHMaHHe Ha TO, 4YTO JBHKEHHs — MOBOPOTHI,
OPHTS2KEHHS] H OTTAJKHBAHHS — JABYX COJIGHOHJOB HOCAT
TAKOH Ke XapakTep, KaK W JBHXKeHHs ABYX HaMarHHYeHHBIX
6pyCKOB (MaCHHTHBIX CTPENIOK). MBI BHIHM, 4TO NO 8CeM CEOUM
MA2HUNHBIM CBOUCMEAM COACHOUD ¢ MOKOM N0000eH MAZHUMHOW
cmpeaxe. '
M3 3THX ONBITOB MOXKHO 3aKJ/IOYHTb, YTO MA2HUMIHOE
Jedicmaue  MA2HUMOB  6NOAHE MONCOECHBEHHO  MAZHUMHOMY
delicmeuto moKo8 npu coomeemcmayiouem nodbope Mmoka U
gopmer  nPoBOOHUKA. ;

2 115.1. CTasibHas clHia [OMelleHa BHY TPH ABY X HOCTaBJIeHHHYX PAJOM
. H CcOeJIHHEeHHBbIX TNOC/IEfOBaTeJbHO KaTyUleK H HaMarHWYHBaercs TO-
KOM, TNIPOXOJALIKM IO 3THM KaTylKaM. Kakoso OyJleT pacnosoxeHHe

Puc. 206. K-ynpam{eﬂmo 115.1

NOJCOB H HeﬂTpaJIbeIX 30H Ha CIIHIle B TOM cnyqae, KOrjla TOKH B
ofeMx KaTywKax HampasJieHs! ONMHAaKOBO (pHc. 206, @) H Korfa oHH
HanpasJeHsl TPOTHBONONOXKHO (puc. 206, 6)?

§ 116. IporcxoxaeHHe MACHUTHOTO NOJS NOCTOSHHBIX MarHH-
T0B. OnbiT Kysiona. Kak BO3HHKaeT MarHHTHOE MoJe MOCTOsH-
HbIx MarHuToB? KakoBbl Te ¢(H3HUECKHe MpPOHecchl, KOTOpPBIE
NpeBpallaloT NPOCTOH HeHaMarHW4YeHHbli GpPYCOK CTalH B
MATHHT? DTH OCHOBHBlE BONPOCHI HE MepecTalnT NPHBIEKAaTb
K cefe BHHMaHHe HCCIEIOBATEJeH,
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Korpa usyueHne MarHuTHLIX SIBJAEHHH TONBKO HauHMHAa-
JIOCh, BHHMaHHe HcclefoBatellell OCOGEHHO MpPHBJEK K cefe
¢daKT CyIeCTBOBAHHS B HaMarHUYEHHBLIX 6PycKax NOMIOCOB,
B KOTOPHIX MarHHTHbE CBOHCTBA BHIPaXKEHBI O0COGEHHO CHJBHO.
IIpn stoM Gpocanoch B riasa, 4to 06a MoMOCa MarHuta pas-
JIMYHBL, TaK 9TO KaKALIA NOJIOC OZHOrO MarHUTa NPHTATHBAET
K cefe OQUH H3 TOJIOCOB JAPYrOro M OTTAalKHBAeT €ro BTOPOM
nomoc. [Ina obbsicHeHHs 3THX siBReHHH ewle I'uab6epr Bbl-
CKasa/l MpeanolioXkeHHe, YTO NONOOGHO 3MEKTPHUECKUM 3aps-
JaM B NpHPOJE CYLUIECTBYIOT M «MAarHUTHBIE 3apifb» — Ce-
BEeDHBIH M IOXHBIH, B3aHMOJEHCTBYIOULHE JpYr C JpYrom,

314 npeAcTanieHus OhlM B 3HAaYMTEIbHOH Mepe passuTh KysoHoM.
C noMOHIbiO KPYTHABHRIX BECcOB, OnucaiHuX B § 10, KyoH nccnenosan ssan-
MOJie/icTBHE ABYX AJHHHBIX H TOHKHX MarHHTOB. KyJIOH OKa3aJ, 4TO MOXKHO
XapaKTePH30BaTb KaXAhH NOJIOC ONpEefeNeHHRIM «KOAUHECMBOM MAZHEemu3-
M, HITH CMAZHUMHbIM 3aPACOMY , IPHUEM 3aKOH B3ayMOAEACTBHA MarHHTHRIX
MOJIIOCOB TaKOH JKe, KaK 3aKOH B3aHMOJeHACTBHS 3JeKTpHYECKHX 3apsio0B
(§ 10): 0sa 0dHOuMennbix nosroca ommarkucaromes dpye om Opyea, a Osa pas-
HOUMEHRBIX noAtoca npumsazusaomes 0pyez K Opyey ¢ cusod, Komopas npamo
NPONOPUUOHANGHA SMAZHUMHbIM 3apAOAMY, COCPEOONIONEHHbIM 8 3MUX NOAI0-
€ax, u 00pamHO NPONOPYUOHAAbHA KBAOPAMY pPACCMOAHUR MENGY HUMU.
Takum 00pa3oM, eclH OfHH M3 NOJIOCOB XaPAKTEPH3YeTCS ¢MarHUTHHIM 3a-
pazom» M, a apyrofi «eMarHHTHBIM 3apSAOM» M H €CJH PacCTOSHHE MEXAY
NOJIIOCaMH eCTb 7, TO CHJIa B3aHMOZEHCTBHSA MeXKAYy NOJIOCaMH

Mm )
F=k-72—, (116.1)

. TAe k — Ko3(dHUHEHT NPONOPUHOHANLHOCTH, 3aBHCAIHA OT BhGOpa elH-
HHIL
Ha ocHoBe onutoB KyJsioHa 3a Mepy HamnpsiXKEHHOCTH MarHHTHOTO HOJS

6hiJa NPHHATA CHJA, C KOTOPOH MarHHTHOe moje AeficTByeT Ha MalHHTHHIA
3apaAjA, paBHuf efnHHie. EcJH Ha MarHHTHHE NOMIOC, COpepXawui eMar-
HHTHBIA 3apaf» m, AeHcTByeT ciua F, TO HaNPsIKEHHOCTL NMOJMA

F

H=—.
m

HanpsKeHHOCTH NOJS NPHIHEHBAJOCh HalpaBj€HHe, COBIAfalomiee C Ha-
NpaBJIeHHEM CHJbI, AeHCTBYIOLiefl Ha CeBepHEI MOJIOC MarHHTa.

Cam KynoH ofpaTun BHUMaHHe Ha Ype3BblYaHHO CyllecT-
BEHHOE H INyGOKoe pasNuuHe MeXAy 3JEeKTPHUeCKHMH H Mmar-
HUTHBIMH SIBJIEHHAMH. DTO pasjuuHe 3aK/JI04aeTcs B TOM, 4TO
MBI MOXEM pasielHTh 3JeKTpPHUecKHe 3apslibl H MNOJy4YHTb
Te10 C H3OBITKOM TOJNOXHTENBLHOTO HMAW OTPHIATEeNbLHOTO
anextpuuectBa (§ 5), HO Mbl HuKax He moscem pasdesums 6
mene cesepHbILLl U HOJMCHOIL MAZHeMU3M U NOAYHUMb Meao ¢

00Hum moavko nomocom. Bonee roro: oba mnomoca J0GOro

[ .
Maruuta npeacTaBAAlOT C060H‘ paBHLI€ «KOJH4YeCTBa Marhe-
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TH3Md», TaK 4TO MH He MOXeM HMeTb TeI0, CofiepXailee B
H36LITRe CEBEPHBIH HJIH IOXKHHIHA MarHeTH3M.

YToGH MOSCHHTL 3TO pas/iHyve, HANOMHHM OMBIT 3JEKTPO- -
cratHyeckofi MHAYKuuH (§ 8) u mompo6GyeM mpopenartb aHaNO~
rHYHBIA omeiT ¢ MaruutoM. Ha pue. 207 cieBa n3o6paxeH
OMBIT 3JIEKTPH3ALHH TEJA IyTeM 3JEKTPOCTATHUeCKOH HHIYK-
IlMH, & CIpaBa — aHaJOTHYHEIH OMBbIT HAMAarHHYHBAHHS Yepe3
HHIYKUHIO (BAHsiHHe). Korja MBI IOZHOCHM K. 3apSXKEHHOMY

o] - .
N -

S Puc. 207. ConocraBjeHHe Dpolecca 3/EKTPH<
' H 3allHH KycKa MeTalla NyTeM 3JeKTpocTatuyes

N

cTanbHOTO OpycKa IIOA BJHAHHEM MalHHTA
(cnipapa)-

23

- 4 cKOfi MHIyKUHH (cleBa) H HaMalHHUMBAHHA

w O

+

g i
(nanpuMep, TOJOKHTENbHO) Tely 1 KYcOK Meraqna 2, TO Ha
O/IMKHEM KOHIle ero BO3HHKAaeT OTPHUATEJNbHBIH 3apsi, a Ha
MPOTHBOMOJIOXKHOM KOHIIE — MOJIOXKHTeNbHbIH. TOYHO Tak Xe,
KOTJia MEI MOJHOCHM K TOJIOCY (CKaXKeM, CeBEPHOMY) MarHura 8
cTasNbHOH GpycoK 4, TO Ha GJIM:KHEM KOHIle 6pycKa BO3HHKAeT
IOXKHHH, a Ha JaJbHeM — CeBeDHBbIH MarHHTHBLIA MOJIOC.
Jlo cux mop aHajsorus nosanas, Ho panbine siBneHnss mpore-
KalOT COBEPIIEHHO Pa3/HYHO: e€CJH Ml Pasfie/uM Ha3JIeKTpH-
30BaHHBIA KycOK Mera/yla 2 Ha 4acTH H pasiBHHEM HX, TO
ONHA YacTb OKAXKeTCs Ha3JeKTPH30BAaHHOH OTPHUATENLHO,
T. €. GyJeT HMeTb H3GHITOK OTPHIATENLHOrO 3apsna, Apyras -
OKAaMKeTCs Has3/JeKTPH30BAHHOH IOJOKHTEJNLHO; €CTH KE MBI
pasielMM Ha 4YacTH HAaMarHWTHBIUHHACH CTaJbHOH GpPYCOK,
TO JIETKO y6efuMcs B TOM, YTO KaKJas H3 3THX MHOJIOBHHOK
npezcrapiaser cO6G0H MarHAT C ABYMSA TOJIOCAMH, PacloyoKeH-
HEIMH TaK, KakK nokasaHo Ha puc, 207. Mbl mMOXeM pasjJOMHThH
KaXIyi0 H3 TOJOBHHOK ONATL Ha ABE YacTH H IMPOJOMXKATH
STOT IIPOLECC CKOJbL YIOLHO JOJITO; KaXKALH MajeHbKuft 06-
JIOMOK MarHuTa OYZeT npeicTaBasaTh CO60H MarHHT ¢ ABYMSA

- IOJHOCAMH,
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Pa3adeaums noatocst, m. e. NOAYHUME MEAO € OOHUM MIONLKO
NOAIOCOM, HEBO3MONCHO HH STHM TNyTeM, HH KakuM OHI TO HM
.GBLTO HHBIM. M3 HEBO3MOXHOCTH pa3leNuTh CEBEPHBIH M I0XK-
Hbllf MarHeTH3M B Tene KyJsoH sak/mouus1, 4TO STH IBa BHA2
MaTHHTHBIX 3apsiiOB HEPA3PBIBHO CBfI3aHBl JPYr ¢ JPYroM B
KaXKIOH 3/7eMeHTapHOH 4acTHLE HaMarHHYMBAIOLIErOCs Bellle-
ctBa. MHeMH ciioBamu, 6BLTO MPH3HAHO, YTO Kaxkaas HEeGOJb-
mas 4acTHLUA TaKOr0 BellecTBA — aTOM, MOJIEKYJNa HJIH He-
6oJiblllasi TPYNNa aTrOMOB HJIH MOJIEKYJ — INPeNCTaBASIeT CO-
6ol HeuTO BpPOJe MaJIeHbKOTO MarHHTa ¢ IBYMs NOJIOCAMH Ha
KoHuax. Takum myrem KysoH mpuines K oueHb BaXHOH TH-
1oTese O CyIIEeCTBOBAHHH 3/1eMEHTaPHBIX MAarHHTOB C Hepa3phiB-
HO CBfI3aHHBIMH IOJIIOCAMH..

Kak ke HyXHO npeicTaBasTh cefe ¢ 3TOH TOUKH 3pEHHS
npouecc HaMarHHYHBaHHS kese3a? HyXXHO cuHTaTh, 4TO H B
HeHaMaTHHYeHHOM OpycKe »kelie3a yXe CYUIECTBYIOT OMHCaH-
HbI€ Bblllle 3JeMeHTapHble MarHHTHI, HO BCE OHH PAcrosIOXeHbl

A VA Y Y VA YA
A A v
; 3 mp%% | = e
Q) J)

Puc. 208. Tlpouecc HaMarHUYHBaHUA C TOYKH SPeHUs rHmoresst KyJoua:

@) XaoTHYECKOe pacrHpejesqeHHe S/JeMeHTAaPHRX MarHHTOB B HeHaMarHH-.

UeHHOM iKeJsle3e; 0) yNOpANOYEHHOE HX PaclosioXXeHHe B HaMaTHHYEHHOM
¥KeJlese, MOMELIEHHOM B MarHHTHOe MoJe

GecnopsiiouHO  (XaoTHueckH)., MarHHTHKH 6e3 BCAKOIO MO-
psiiKa pacnoJsiaralorcsi N0 BCEM BO3SMOXKHBIM HampaBJIeHHSAM,
OpHYeM B K&XJOM HanpaBJeHHH [OPUMEDHO CTONBKO e Mar-
HHTHKOB ODHEHTHPOBAHO CBOHM CE€BepHHIM MNOJMIOCOM B OJHY
CTOPOHY, CKOJBKO H ‘B MNPOTHBONMOJOXKHYH (puc. 208, a).
‘VIMeHHO Mo3TOMY JHeHCTBHSI BCEX STHX 3JIeMeHTapPHBIX MarHH-
TOB B3aHMHO YDaBHOBEIIHBAIOTCS, H OPYCOK XeJe3a B LeJOM
npeicTaBasiercss HeHamMarHHueHHBIM. Koria ke Mbl nomeinjaeM
3T0T 6DYCOK Kese3a B MAaCHHTHOe MoJie, HampHMep NOJHOCHM
€r0 K MAarHHTY HJIH NOMellaeM BHYTPb KaTyLIKH C SJEKTpH-
HYeCKHM TOKOM, TO MarHHTHOE IOJie 3aCTaBJsieT 3JeMeHTapHEBIe
MAarHHTH MOBEPHYTHCS H BHICTPOHTBCST LEMOYKaMH, KaK Mo~
KasaHo Ha puc. 208, 6. Ilpu 3TOM JAeHACTBHe MPOTHBONOJOXK-
HBIX MOJIOCOB BHYTPH MarHHTa B3aHMHO YHHUTOXA€TCs, a Ha
KOHHAaX OpycKa BO3HHKAIOT MarHdTHHE NOMOCH. TakuM 06-
PasoM, ramaenudueanue mera npedcmagasem cobod ynopado-
erue opueumauuu €20 INEMEHMAPHBIX MASHLIMO8 N00 GAUAHUEM
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BHELLHE20 MABHUMHOE0 NOAf, T. €. Npolecc, BO MHOIOM aHa-
JIOTHYHBIH MpoUeccy MONAPH3ALUUH JUITEKTPHKOB - (§ 37).

§ 117. I'nnotesa Amnepa 06 -2JeMEHTApPHBIX NIEKTPHUECKHX
tToKax. OTKpbITHSA DpcTesia u AMIepa NpHUBETH K HOBOMY H foJiee
r1yCGOKOMY NPEACTABJEHHIO O NPHPOJE MarHHTHHIX SIBJICHHH,
Onupasce Ha YCTAHOBNEHHYIO B 3THX ONBITAX TOXAECTBEHHOCTD
MAarHHTHBIX JeHCTBHH MATrHHTOB H COOTBETCTBYIOIIHM 00PasoM
NOAOGPaHHLIX TOKOB, AMIep PEelIHTENIbHO OTKasajcs OT npei-
CTaBJIEHHS O CYLUIECTBOBAHHH B MPHPOAE OCOOBIX MATHHTHBIX
3apsagoB. C TOUKM 3peHHs AMnepa, s4eMEeHmAapHotii MazHum —
amo Kpyeoeoll mox, yupkyaupyouwul suympu nHeborvuol 4a-
cmuybl gewjecmsa: amomqa, moaekyaer uau epynner ux. llpu

-
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Puc. 209. YrnopsijoueHHOe DACTONOKEHHE aMIEPOBHIX TOKOB B HaMarHH-
YeHHOM KeJle3e, NOMEIIEHHOM B MalHHTHOM TnoJe

HAMArHHYMBAHHM GOJIbIIAS HJIH MeHbLIAsg YaCThb TAKHX TOKOB
YCTaHABJIHBAETCA MNapasyeNbHO APYT JpPYTY, KAk MOKa3aHO
Ha pHc. 209 (amnepoBH TOKH).

Mu1 Bugenu B § 115, uto MO CBOHM MATHHTHBIM CBOHCTBaM
KPYToBOH TOK BHOJIHE NOJOGEH KOPOTKOMY MArHHTy, OCbh KO-
TOPOro NepHeHAHKYJJAAPHA K MJIOCKOCTH TOKA. Ilosromy H306-
paxeHHas ycJoBHO Ha puc. 209 cucreMa OPHEHTHPOBAHHBIX
MOJIEKYJIAPHBIX TOKOB COBEPLIEHHO pABHOCHJBHA IENOYKaM
3JIeMEeHTapHLIX MAaTHUTHKOB B runorese KyJona.

Takum obGpasoM, Teopua AMnepa chenland HeHYXKHbM J0-
AOylUeHHe O CYLU[eCTBOBAHWH OCOCBIX MATHHTHHX 3apsiioB,
M03BOJIMB OGBACHHThL BCE MATHHTHBHIE SABJEHHA [PH IOMOILH
3JIeMeHTapHEIX 3JeKTPHUecKHX TOKOB. JlanbHeiimee Gosee
r1y6oKOoe H3yYeHHe CBOHCTB HAMArHHYHBAIOWIHXCA TEJM MOKa-
34710 He TOJBKO, YTO 2UNOme3qa MAsHUMHbIX 3apsdoe uau 3ae-
MEHMAPHOIX MOSHUMUKOS USAULIHS, HO YTO OHA HEBEPHA U He
MOKeT OHTBL COTIACOBAHA C HEKOTOPHLIMH 3KCHEPHMEHTANbHEIMH
¢akTaMH. MBI mo3xke MO3HAKOMHMCA ¢ 3THMH (aktamu (§ 147).
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C TOUKM 3PeHHs TeOpHH AMIepa CTallOBHTCS COBEPLIEHHO
NOHSITHOH HEOTNEIMMOCTh JDYT OT APYTa CEBEPHEIX M IOMKHBIX
NOJIIOCOB, O KOTOPOH Mbl FOBODHJIH B NpelbIAyIIeM naparpade.:

. Kaxauiit anemenTapHbId MarHUT IpeacTaBiasieT cofoif KpyroBoH
BHTOK TOKAa. Mpl BHZEJH YK€, YTO OJHa CTOPOHA ITOrO BHTKA
COOTBETCTBYET CEBEPHOMY, APYras — I0XKHOMY nosiocy. VimeH-
HO NIOSTOMY HeJb3sl OTACIHTH APYT OT APYra CeBepHEIH H I0XK-
HBIH NOJIOCH, KaK HEAb3s1 OTAEIHTH OJHY C’I‘OpOHy nnocxocm
OT JApPYroit.

Takum oGpaszom, MBI NPHUIH K CJEAYIOMIEMY OCHOBHOMY
pesyJabTary.

Huraxux maenumnsix 3apsdos ne cywecmeyem. KaoOeud
QMOM  BELUECNBA MOJCHO PACCMQIMPUBQIML 8 OMHOWEHUU e20
MOZHUMHBIX  CBOLiCM8 Kak Kpyeosol mok. Maenumroe noae
HAMA2HUYEHHO20 MeAQ CAG2QeMCA U3 MAZHUMHbIX NOoAell 3Mux
KpYyeosbix MoKos,

B nenamaenuuenHoM mene 8ce sneMEHMQpHble MOKU Pac-
NOA0JICEHbL XAOMUHECKU, U NOIMOMY Mbl HE HAOAOONEM 80 GHeul~
HeM NPOCMPAHCIBE HUKAKO20 MAZHUMHO020 NOAS.

TIpoyecc HamaerURUBAHUSA MEAQ BAKAIOHQEMCS 8 MOM, 4mo
no0 BAUAHUEM BHEULHE20 MASHUMHO20 HOASL €20 3/eMEHMApHbe
moKu 6 Ooabuiell UAU MeHblieli CmeneHu HCMOHABAUBAIOMCA
napaaseabno opye Opyey u co30arom pesyrbmupyouee MazHum-
Hoe no:e.

3HayeHue TeOpUH AMIepa He BbI3bIBAJIO cOMHeHHs, OQHaKo npeacrapie-
HHA AMIepa O CYIECTBOBAHHUH 3JIeMEHTAPHEIX TOKOB, HENMpPEPHBHO LHPKY-
JIMPYIOUIHX BHYTDH YacCTHLl BellecTB, OblIH Ype3BbidaitHO CMeJIbl U HeOGbIYHE
s ero BpemeHH. JlanbHejiluee pa3BUTHe HayKu cleslaJio STH npejcTaBJe-
HHs €CTECTBEHHLIM CJIeACTBHeM cosjanHOll B XX Beke Teopuu atoMa. AToM
NpeAcTaBJseT cOOOH CHCTEMY H3 LEHTPaJbHOIO MNOJIOKHTENbHO 3apsiXKeH-
HOr'O siApa M SJEKTPOHOB, 06pamalomuXcs OKOJIO Hero, noflo6HO TOMY Kak
1v1aHersl ofpamatorest BOKpYr Cosnua. J{BHKeHHE 3/I€KTPOHOB NpPeACTaB/s-
eT CO60H KpyroBbie TOKH, UIMPKYJIHPYIOIHE BHYTPH aTOMOB. ¥ AaJI0Ch Jaxe
OCYLIECTBHTb CIellHaJbHbe ONBITHI, MOKAa3bIBAIOLHE, YTO HaMarHWYMBaHHe
TeJl CONPOBOMKJAETCSI OPMEHTHPOBKOH oOcell 3THX KPYTOBBIX TOKOB, CTPEMS-
IIUXCS PAcMOJIOXHTBLCS NapalJesbHO.

Taxkue HaraaHbe NPEACTaBJIEHHS O CTPOGHHH aTOMOB SIBJISIIOTCS CJIMLI-
KOM IpyGBIMY M NTOTOMY HETOYHBIMH, OJHAKO OHH B OOL{HMX 4epTaX MPaBHJb-,
HO NepejaloT CYWHOCTb Jena,



Fnaea Xl. MATHUTHOE NONE -~ R

§ 118. MaruuTHOe noJie M €ro NposiBJeHUsl. MarHM THast MHAYK-
uus. IIpoctpaHcTBO BGIM3H MarHHTa HJIH MPOBOZHHKA C TOKOM
HaxOZHTCS1 B OCOGOM COCTOSIHHH, KOTOpOe MbI OOO3HAYHJIH
HasBaHHeM «MarHuTHoe nones (§ 114). Haspanue BeIpakaer
MREICJIb, YTO B 3TOM NPOCTPAHCTBE MPOSIBJASIIOTCH MEXaHHYECKHE
CHJIBI, JeHCTBYIOUIHE HA JpYyrHe MAarHHTHL HJIH INPOBOJHHUKH
¢ tokoM. OfHAaKO 5TH JeHCTBHA He SABJAIOTCS €IWHCTBEHHHIM
NposIBJIEHHEM MarHHTHoro nons. MOXHO ykasarth eme Goib-
moe YHCAO APYTHX (DH3HYECKHX fABJAEHUH, B KOTOPHIX CKasbl-
Baercsl BAHsHHe moas. Tak, Hanpumep, noj AeHCTBHEM Mar-
HHTHOrO MNOJSI HW3MEHSEeTCA 3JEKTPHUYECKOE COMNPOTHBJEHHE
pasHYHBIX MeTaMJIOB; HEKOTOpble Tesa, NOMellleHHble B Mar-
HHTHOe MOJNe, M3MEHSIOT CBOH pasMepH, u T. A.

Haﬂdonee CHJIbBHOE BJIMSAHHE okasbmae'r MATHATHOE MOJIe Ha 3JIEKTPH-
9eCKOe CONpOTHBRJIECHHE BHCMYTa, YTO MO3BOJHJIO H3TOTOBHTH BP[CMyTOBb!ﬂ
«isMepuTensb noas». HsMeHeHue pasMepoB nox AeHCTBHEM MAarHHTHOTO NOJS
Gosaplie BCEro NpoABJIAETCA Yy TeJ, KOTOpBI€ CAEJIaHbl H3 CHJIBHO HaMarHu- .
YHBAIOLIAXCA BEUIecTB (XKeJle30, HHKeNb, KOGAaJbT); 3TO SBJEHHE, HMeHye-
MOoe MaI‘HPITOCTpPIKlIPIeﬁ, HOJIy‘{PIJIO BaXHble¢ TeXHHYECKHE NpHMEHEHH

€ ero nOMOMUIBI0 BO3GYXKAAOT OYeHb OBICTPEIE KOMEGAHHSA JKEJNEe3HHRIX CTep-
MEHbKOB, c.ny)xaumx HCTOUHHKOM O4YeHb KODOTKHX 3BYKOBLIX BOJIH (YJbT- .

PasByK).

Korna pmefictBHe MarEHTHOrO NoJsi B pa3HBIX €ro TOYKax
NposABJAAETCS B PAa3JHUYHON CTENeHH, MEI FOBOPHM, YTO moJe
B 3THX TOYKax pasanyHo. A yCTaHOBJEHHS KOJHUECTBEH-
HOA Mepbl MAaTHHTHOIO MOJsi MEl MOTJIH Obl HCNOJNB30BAaTh JItO-
6oe ero -nposiBieHHe. [IpakTHYeCKH OKasbIBaeTcst HauGoJIee
YAOGHBIM XapaKTepH30BaTb NOJe€ TEMH MEXaHUUECKHMH CH-
JaMH, C KOTODBIMH OHO [IeffCTBYeT Ha MarHMThl H MPOBOA-
HHKH C TOKOM.

B § 115 Gbl10 BEIACHEHO, 4YTO MammHoe noJjie OKasbIBaeT
Ha MATHHTHYIO CTPeJNKY HJIH BHTOK C TOKOM OpPHEHTHpYIOllee
JAEHCTBHE, CTPEMACh YCTAHOBHTH CTPEJAKY HJH HOpManlb (T. e,
NepneHAHKYAAP), K IUVIOCKOCTH BHTKA B ONpeJie/IeHHOM Ha-
npaBieHHH. DTO Hanpab/jeHHe NPHHHMAaeTcsi 34 HampaBleHHe
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MarHHTHoro monsi. &Y MAarHHTHOrO oSl 3eMJAH 3THM Harpas-
JIEHHEM SBJISieTCSl HamnpapBJeHHe C ceBepa Ha IoT,

B tome 1 6blIO -NOKAa3aHO, YTO BpalleHHE TeNa BHI3bIBA-
ercsl IeHCTBHEM MmoOmeHnma cua (MBI GyieM HasmBaTh ero 6pa-
warowum  momermonm). OcOOeHHO HArNALHLIM JAeNaeTcs I110- -
HSITHE Bpalllalollero MOMEHTa B C/yyae mapel cua (puc. 210).
"Ecau kaxnaa us cun F=1H, a me- 0
yo /=1 M, TO BpalaroWHi MOMEHT .

paBeH ) _ i
, M=Fl=1H-m ' 4

OnmbIT nokaskiBaeT, YTO BpaIlalOIIHH '
MOMeHT M mnponopUHOHAaNeH CHHYCY

yraa @ MexAy HarnpaB/eHHeM IoJis F 0
H Hanpap/ieHHeM MaTHHTHOH CTPeNKH v
(unun HOpManmu K BHTKY). Crnenoba- f}:‘; AQ,,IB'FIMO%%I/T “aP:’
Te/IbHO, BPAAIOHA MOMEHT M MaK-  gounvr koropofi mapa v
CHMAJIEH, Korja a=n/2, H o6pama- BEI3HIBA€T BpalleHHe
erc B HYJb, ecqH a=0 HJIH =.

Ilono6HO TOMY KaK 3JIEKTPHUECKOE MOJie XapaKTepH3yercs
C IOMOWIBIO BeKTOpHOH BesHYHHBI E, KoTtopas HasbIBaeTcs
nanpsmcennocmero noas (§ 14), anAd XxapakTepHCTHKH MarHHT-
HOTO IMOJA BBOJAT BEKTOPHYIO® BEJIHUHHY B, KOTOpyiO 110
'HCTODHYECKHM [PHYHHAM HAa3BallH MAZHUMHAOU uHOyKyuell
nojis (NpaBuJibHee ObL1O OBl MO aHasorud ¢ E Ha3Bath 3Ty
BEJIHYHHY HaNpsiKEHHOCTBIO MarHHTHOTO I10Jf1).

3a HanpaBJeHHe- BeKTOpa. B NpuHHMaercs HalpabJieHHE,
B KOTOPOM YCTAaHAaBJHBAETCA MATHHTHas CTPeNKa HJIH HOp-
MaJb K BHTKY C TOKOM. MoJy/nb MarHHTHOH HHAYKUHH OI-
pelesiseTcs 10 MaKCHMaJbHOMY BpalLalolleMy MOMEHTY M,
(nabmronaromeMycsi NpH =mn/2; cM. BHILE), AeHCTBYIOWEMY
Ha CTPENKY HJIH BHTOK. B cayyae, Korna MarHHTHasi HHAYK-
uus B BO Bcex TOYKax OAHHAKOBA II0 MOAYJIO M HalpapJie-
HHIO, IIOJe HasbiBaercsi 00HopoOnewm (cp. § 17).

Ecau B oxHOpoAHOE MAarHHTHOE IOJIE NOMEIATH H3rOTOB- .
JIEHHEIE H3 OYEHb TOHKOH MPOBOJIOKH pas/HuHblE MO pasMe-
paM H (opMe 3aMKHYThl€ MPOBOAHHKH (IIJIOCKHE KOHTYDHI)
C TOKOM H H3MepATh AEHCTBYIOWIHI Ha HHX MaKCHMaJbHEIH
Bpawaomui MoMeHt My,,, TO OGHApPYXKHBAeICs, YTO 3TOT
MOMEHT: a) NpornopuHOHadeH cuie Toka | B KOHType; 6) mpo-
MOPLUHOHAJEH IVIOWAAH KOHTYpa S; B) Wi KOHTYPOB C OJH-
HAKOBOH IVIOIIaAbI0O S He 3aBHCHT OT (hOpMEI KOHTYpa (T. e,
OJHHAKOB JJfl KPYTOBBIX, KBAJPAaTHHIX, TPEYTOJBHBEIX H BO-
'ofllle KOHTYPOB Ji060H HenpaBHJbHOH ¢opMmbl). TakuMm o6-
pasoM, MaKCHMaJbHBIH BpAallalOWIHA MOMEHT -OKa3bIBaeTrcs
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nponopuHOHAJIbHEIM, BEJIHUHHE )
h = ]S, (118.1)

KOTOpasi HasblBaeTcs MQRHUMHOLM MOMéHmOM KOHTYpa ¢
TOKOM.

YKasaHHbIe 3aBHCHMOCTH NO3BOJSIOT B3ATh B KayecTBe
XapaKTepHCTHKH MOIyJs BeKTopa B 3HaueHHe Bpalaouiero
momeHnTa M, ,,, HAEHCTBYIOUIEr0 HA KOHTYP € MAarHUTHBIM
MOMEHTOM D, - PaBHEIM eanHuue. C/1eA0BaTebHO, MOXKHO
Hamucarb, 4To

B= ’“", (118.2)

Prm :

rae M., — MakcHMalbHBIH BpalAOMIMHA MOMEHT, JeHCT-
BYIOUIHH B JAHHOM MOJE€ Ha KOHTYP C MAarHHTHBIM MOMEHTOM
Pm. Ecau nosle HeoRHOPOAHO, TO I/1s1 ONpefeNeHHs] YHC/JIOBOTO
3HaueHHs B B HEKOTOPOM TOUKe HYXKHO NMOMECTHTh B Hee KOH-
Typ pasMepoB, MaJbiX MO CPABHEHHIO C pacCTOSHHSIMH, Ha KO-
TOPHIX TIOJI€ 3aMETHO MEHSeTCH, H ONPeleJNHTb JeHCTBYIOMHI
‘HA Hero BPAUIAIOMIMA MOMEHT M .y

§ 119. MaruuTHblit MOMeHT, EQMHHUA MarHHTHOR HHIYKUMH.
B npeapiayieM naparpage OBIIO BHIICHEHO, 4TO JeHCTBHE
MArHUTHOTO MOJIl HAa NJIOCKHH KOHTYP C TOKOM omnpe/ensiercs
MATHHTHBIM MOMEHTOM KOHTYPa P, PaBHBIM HPOH3BENEHHIO
cuabl Toka [ B KOHType Ha nuomaidb KOHTYpa S : p,=IS
{cm. dopmyay (118,1)).

Exnuuueil MarHuTHOro MOMEHTa fABJsAETCH amnep-memp 8
xeadpame (A-m?). UrtobH naThb npejacTaBieHHe of 3TOH enu-
HMIIE, YKa)KeM, 4TO NpPH cHJe TOKa ! A MarHMTHBIM MOMeH-
ToM, paBHmM | A-.M% o6aagaer prroson KOHTYp palmyca
0,564 M (-0 5642—1) JUGO KBaJpPaTHBIH KOHTYDP CO CTOPOHOH
kBajapata, pasHo#l 1 M. Ilpu cusie Toka 10 A MarHuTHBIM MoO-
meHTOM | A-M? o6aamaer Kpyrosodl KoHTYp paauyca 0,178 M
(7-0,1782=0,1) u T. A.

DNeKTPOH, ABHXKYUHiHCA ¢ 60JbLIOH CKOPOCTBIO MO KPYI'OBOH OpGHTe,
9KBHBaJIEHTeH KPYTOBOMY TOKY, CHJI2 KOTOPOI'O PaBHA NMPOH3BEJEHHIO 3aps-
Jla 3JIeKTPOHA ¢ Ha YacTOTy A BPalleHHs 3JeKTPOHa No opbute: /=¢n. Ecan
pajuyc OpGHTH PaBeH r, a CKOPOCThb 3JEKTPOHA — U, TO A==0/27r H, CJef0-
BaTeJNbHO, [=ev/2nr, MaruutHsI MOMEHT, COOTBeTCTByxomHﬁ 3TOMY TOKY,

ey evr

e =
P, 2mnr 5

. MarHuTHeIi MOMEHT ~ ABJIIeTC BEKTOPHOH BeJHYHHOH,
HanpapJIeHHOH MO HOpMaJ/iu K KOHTYpy. M3 AByX BO3MOXHEIX
HanmpapsJ/JieHHH HOPMaJH BhHIOHpaeTcs TO, KOTOpOe- CBS3&HO C
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HalpaBJeHHEM TOKAa B KOHTYDPE HPABUAOM RPABO20 BUHMA
(puc. 211). BpaueHue BHHTA ¢ NpaBoil Hape3koH B Hampas-
JIEHHH, COBNAJalolleM ¢ HamnpaB/leHHeM TOKa B KOHTYpe,
BbI3bIBA€T NPOJOJbHOE TNepeMellleHHe BHHTA B HanpapJeHHH 1.
BribpaHHass TakuM 06pa3oM HOpPMaJb HasblBaeTcd NOAONCU-
meavrod. HanpasneHae BeKTO-
pa pm, TNpHHUMAaercsd COBHaja-
I0LIUM C HanpapBJeHHeM M0JI0-
JKUTEJNIbHOR HOpMaJIH 1.

Tenepb Mbl MOXKeM YTOUHHTD
omnpejie/ieHye HaNpaBJeHus Mar-
HHTHOH HHIyKIHH B.', Sa ua- Puc. 211. BpameHde roJoBkH
npapjeHHE MATHUTHOH HHIAYK-  puyra s Hanpasnennu ToKa [ Bh-
uua B NMPUHUMAETCA HAamnpaB-  3niBaeT NepeMelieHHe . BHHTA B
JIeHHe, B KOTOPOM YCTaHaBJH- HanpaBJIeHHH BEKTOpa 1
Baercs MOJ JeHCTBHEM MOJSA
NOJIOXKUTENbHA HOPMAJb K KOHTYPY C TOKOM, T. €. HanpaB-
JIeHHe, B KOTOPOM YCTaHABJIHBAETCH BEKTOP Pr.

Eﬂ,mmua MaruuTHOH HHAYKUuH B CH HaselBaeTcs mecaq
(Ta1) B uecthb cepGekoro yueHoro Hukouer Tecanl (1856—1943).
Odun mecaa. paser maeHumol UHOYKyUU OOHOPOOH020 Maz-
HUMHO20 FlOAsL, 8 KOMOPOM HQ NAOCKULL KOHMYP C MOKOM,  UMe-
ol maznumAbLl Momenm 00uH amnep-memp e Keadpame,
dedicmeyem MAKCUMAAbHOLL 8PAUAIOUWUIL MOMEHM, pPagrbLil 00-
HOMY HOIOMOH-MEMPY.

Hs ¢opmyasr (118.2) caenyer, uto

P =B

119.1. Kpyropoit KOHTYp pajiuyca 5 CM, [10 KOTOPOMY TeUeT TOK CHJIbi
0,01 A, ucnuThiBaer B OIHOPOIHOM MarHHTHOM II0Jle MaKCHMaJbHBii
Bpauwaomui moMeHT, paBHbiil 2-10~% H-M. KakoBa MaruuTHas MH-
LYKILHS 3TOTO NOJA?

119.2. Kakoii Bpamalomuii MOMEHT JeHiCTByeT Ha TOT e KOHTYD,
eCJIH HOPMallb K KOHTYPY 06pa3yeT ¢ HampaBieHHeM nosis yroa 30°?
119.3. Hafinute MarHUTHLIA MOMEHT TOKA, CO3JaBAEMOTO 3JIEKTPOHOM,
JBHKYIIHMCS 10 KpYTroBoit opGure paauyca 0,529.10~10 m co ckopo-
crbio 2,19-10% M/c. 3apan saekTpona papsen 1,60-10-1 Ko,

o)

§ 120. HU3MepeHne MarHMUTHOH WHIYKUMM TOJiE C IIOMOILbIO
MarHuTHO#M crpeaku. [lJIs1 u3MepeHHS MATHHTHOH HHIYKIIHH
MOXHO HCIIOJIb30BaTb MACHHTHYIO CTPEJKY, INOJ KOTOPOH
Mbl OyJieM NOApasyMeBaTh IJIMHHYIO TOHKYIO HaMarHHYeHHYIO
CTaJbHYlo cnuuy. EcaH NozBecHTh Takylo CTPeJKY 3a cepe-
JUHY HA YNpyrod HUTH, TO CTpPesaKa GyJeT YyCTaHABJIHBATHCA
(npH  He3aKpY4eHHOH HHTH) CBOHM CEBEPHBIM NOMOCOM B
HanpapJeHHHd NoJfA. YCTAHOBHB 3aTeM IyTeM 3aKpyYHBAHHS
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HHTH CTPeJIKY INePIeHAHKYJAPHO . K HampapJeHHIO [10J,
MOXHO MO YIVIY 3aKPYUHBAHHS ONPEJEJNHTb 3HAUEHHE MAKCH-
MaJIbHOrO Bpamlamouero Momedta M,,,,. Ecau 6H MBI 3Ha-
JIH MATHHTHbIH MOMEHT CTPeJKH Py, TO, pasgeauB M,,, Ha
Pm, MO¥HO OblIO Opl Ha#TH 1O GopMmyJe (118.2) 3HaueHue.B.

TpyaHocts 3akmouaeTcst B TOM, 4TO MACHHTHBI MOMEHT
CTPeNIKH He MOXeT GbiTb BLIYHCJIEH MOAOGHO TOMY, KaK BBI-
YHCJISIETCA MArHHTHBIH MOMEHT KOHTypa C TOKOM. MarHuTHbI
MOMEHT CTPEeJKH MOXHO HAaHTH TOJBKO 3KCIEpHMEHTANbHO.
JI1s 3TOro HyXHO NOMECTHTb CTPENKY B MOJ€ C H3BECTHOH
HHAYKIHe#l B 1 H3MepHTh MaKCHMaJIbHBIH BpaulalomHi MOMEHT
M.y, HeHcTBylOmHI Ha Hee B sToM mose. Torja, pasienus

max Ha B, HafizeM pg,. :

H3roTOBUB TaKyI0 9MQAOHHYIO CMPEesKy, MOKHO HCIIOIb-
30BaTh e€ AJs H3MePEeHHS MarHHTHOH HHAYKIHH B.

OnHaxo HSroTOBJAGHHE H XPAHEHHEe STAJOHHBIX CTPEIOK
- COMPSIKEHO-C GOJILIIHMH TPYAHOCTAMH, HO60 MarHHTHble CBOH-
CTBA CTPENKH 3aBHCAT OT MaTepHajla H MEHSIOTCS CO BpeMe-
HeM. IlostomMy npeamoyxtaior mocrymarth HHaue. OcyuiecTs-
JAIOT 3MANOHHOE MASHUMHOe noase, T. e, Mojie C HEH3MEHHOH
H 3apaHee 3aJJaHHOH MarHHTHOH HHAyKIHeH. 3Hasi CHJY TOKa
H pasMep H (OpMy KaTYyIIKH, MOXHO PAacCUHTAaTb MAarHHTHYIO
HHIYKIHIO TOJst, KOTOpoe BO30yXJaeTcs TaKOH KarymKoH
(§ 126). C marsuTHOH HMHAYKIHEH TaKOro 3TaJOHHOIO MOJS
MOXHO CDABHHTb MAarHHTHYIO HHAYKIHIO JIIOGOrO HHTEpecyio-
mero Hac noJs. [/1a cpaBHEHHst MOXHO MOJIb30BaThCA JIHOGOH
MarHHTHOH cTpesNKo#, H HeT HaJOGHOCTH 3HATh €€ MarHHTHBIH
MOMEHT.

JeficTBHTENIBHO, MYCTh. H3MEPEHHS] BpAalllaiolero MOMEHTA
RAMH s 3TaJOHHoOro moas’ B,.,, 3HaueHne M, .., a s
Hecaenyemoro modst B 3HaueHHe M.y M3MepeHusi mpous-
BelleHHl C OJHOH H TOH XK€ MArHHTHO# CTPEJIKOH, MAarHHTHBIH
MOMEHT KOTOPOH p, HeH3BecreH. Ha ocHoBaHHH - popMyJbl
(118.2) uMeem :

quax = mesram M;nax = me"

Orciosa ~
Mmax PpB
Mmax PnBaran’
UK

aranm!
T. €. HEH3BECTHBIH MAarHHTHBIH MOMEHT B OKOHYATeIbHBIH
pesyJbTaT He BXOJHT.
78 |



§ 121. CnoxeHwe MATHMTHBIX moJeil. MarHutHas WHAYKUHs
nossi XapaKTePH3yeTcs MOAYJEeM H Hampae/eHHeM. [lostomy
ee MOXHO H300paxkaThb B BHIE OTPe3Ka, HampabJeHHe KOTO-
"poro ykasblBaeT HampaB/eHHe MarHHTHOH HHAYKLUHMH, a [JMHA
Jaer B BbIGpaHHOM MaciuTaGe — Mo-
LyJb MAarHUTHON MHIYKIHH, - g
[TycTp KaxkHe-TO MarHHTBHI HJIH TOKH
cozjaior B Touke ( moJie ¢ MarHUTHOH
uHaykuued By (puc. 212). Honycrum
TeNepb, Y4TO Mbl YCTPAHHJH MAaTHHUTH 0
H TOKH, coO3jaBasliHe moje Bj, u 3a- '
MEHHJIH HX IPYTHMH MarHMTamH wuu - DHC. 212, Croxenne
MarHHTHBIX HHIY KUHH
TOKaMH, KOTOpPHE CO3JAIOT IIOJIE C —
MarHuTHo#i wHAykuHe# Bj;. IlocraBHM »
BONpOC: KakoBa OyZer MarHdTHas HHAYKUUA B  modas,
"€CJIH OZHOBPEMEHHO AEHCTBYIOT H HCTOUHHKH, OOGYCJOBJIHBAB-
1mHe nosie B;, H HCTOYHHKH, cos3jaBaBinHe noie B,? OmnbiT
MOKA3bIBAET, UTO B 3TOM CJyuae MOJydaercs IOJe, MATHHTHAS
HHAYKIHS B Koroporo Haobpaxaercsi JHArOHAJAbIO Mapas-
JleJlorpaMma, MOCTPOEHHOTO Ha oTpe3kax B; H Bs.
HOJIleeHHbIH pe3yJIbTaT [MOKa3blBAET, YTO MAeHUMHbLE
undyrkyuu nojell cKAAOLIGAIoOMCs NO NPABULY napaaseaozpanma.
D10 o3HAUAET Hedasucumocmey Jeticmeus mazHumubix noaeld *).
Tak e Kak H B. ciaydae aJjexrpuueckoro noas (§ 15), 3TH
ONLITHI JOKAa3bIBAOT, YTO MATHHTHAs HHAYKUHSA TOJSA €CTh
BEKTOPHAsl BEeJHUYHHA.

? 121.1. B HeKoTOpOH TOUKe CKJIAJLIBAIOTCS JBa MarHUTHHX IO OJ-
HO — BepTHKa/lbHOE, HallpaBJ/leHHoe cBepXy BHH3 H paBHoe 0,003 T,

Jpyroe — ropHaoHTa/bHOe, HallpaBJ/IeHHOe C BOCTOKA Ha 3amal W pas-
Hoe 0,004 Ta. Kak HanpasJ/leHo pe3yJbTHpYIOlliee NoJe U YeMy GyIer
paBHa ero MarHHWTHas HHIYKUHAP?
121.2. Halinure MarHHTHYIO HHAYKUHIO B TOUKe, B KOTOpPOH CyLIeCTRY-
IOT OQHOBPEMeHHO JBa IoJIsl: TepPBoe ¢ FOPH3OHTAIbHOR COCTABJSIONIeH
(c BocToka Ha 3amap), pasHo# 0,005 Tu1, ¥ BepTHKaMLHOM COCTABMAIO-
welt (cHusy Beepx), pasHo#t 0,004 Ta, u BTOpOe ¢ rOpH3OHTAMBHON
cocTaBJIsomel (¢ BOCTOKA Ha 3anap), pasHoi 0,006 Tu, ¥ BepTHKab-
Holt cocraBasiowelt (ceepxy BHH3), paBHol 0,001 Tu. Pewnte sapauy
C IIOMOUIBIO BBIUHC/JIEHHH H TpadHuecKH.
121.3. PewnTe TY Xe 3ajauy ¢ TeM OTJIHYHEM, UTO FOpPH30OHTa/lbHas
COCTaBJIAIOUIAS BTOPOTO IOJIS HalpasJeHa He ¢ BOCTOKA Ha 3anlaf, a
€ ceBepa Ha Ior.
121.4. MaruuTHasl HHAYKuHus notsa paeHa 0,01 Tu. HanpaBneuue ee
obpasyer yroa 30° ¢ BepTHKaJblo. Passoxure 3Ty HHIYKUHIO Ha
IBE COCTABJAKUIME:! BEPTHKATbHYIO- H TODH3OHTAJIbHYIO, H BHIYHC-
JIHTe 3HaueHHe KaXIOH H3 HHX.

3‘) CM. CHOCKY Ha c, 351, o
- . : . 779



§ 122. Jiunnu maruutHoro moasi. B § 17 Mbl MO3HAaKOMMIIHCH
¢ OueHb YHOGHBIM U HATVISIAHBIM CTIOCOGOM rpacuueckoro H3o6-
DaXKEHHST 3MEKTPHUECKOTO MOJIA MPH MOMOMM JIMHHH 3/eKT-
, PHUYECKOTO MOJfA. DTOT XKe NpH-
€M MBI MOXeM IDHMEHATb H K
MAarHUTHOMY MOJIIO.

Kaxk u B cayuae 3JeKTpHUEC-
KOTO TI0JIsi, Mol OYydem HA3bI601ME
AUHUAMU MOSHUMHO020 ROAS AU*
Huy, npogedeHHbie MaK, Hmo
KacameabHole K HUM 8 Kaneool
: mouKe YKasbiearon Hanpasierue
Puc. 213. -Ioctpoenne JHHMA  popg 6 amodi mouke (puc. 213).

MArHUTHOrO MnoJs
MHpIMY CJIOBAMH, €CJIH Mbl IIPe/-
cTaBuM cebe, YTO B KaKOH-HUOYAb TOUKe MAaTHUTHOrO mo-
AsL HAaXOOUTCH CBOGOAHAS MaJeHbKAas MarHUTHas CTPeJIKa,
TO MOJ JNeHCTBHEM I10/Ii OHA PACIIOJOXKHTCA 110 HanpaBJeHHIO

o s

a)
Prc. 214. KapTvupl JuHHH MaCHATHLIX TOJEH, TOJyYEHHbie TPU MOMOLLH
JeJle3HBIX OMHJIOK: @) MarHWTHOe ToJie BOKPYT TMpPOBOAHHKA, MO KOTOPOMY
WIeT SJeKTPHUeCKHi TOK; 6) MAarHWTHoe roJe NOAKOBOOOPa3HOro MarHuta

KacaTeJbHO K JIMHHY TIOJIAl B 3TOH TOUKE, IPHYEM ee CeBepHBIi
KOHEll YK&KEeT HaM HampapJeHue JMHHH MAarHHTHOTO IOJIA.

CyillecTByeT OUeHb NPOCTOH CIIOCOG MOJMYYEHHS KapTuy
JIMHMA PAsJMUHBIX MAarHMTHbIX mnonell. OH aHaJOrMYeH crio-
0By, KOTODbIM Mbl TOJTy4aH KaPTHHBI JIMHUH 3JIEKTPHYECKHX
noseit (§ 17). TlonoxkuM Ha MarHUT JIUCT IJIAAKOTO KapToHa
WIM KYCOK CTeKJa, HAChieM Ha 3TOT KaPTOH WJH CTEKJIO
HEMHOTO JKeJIe3HbIX ONHJIOK M CJlerka BCTPSXHEM €ro, 4toGhl
06JIErYMTh ABUIKEHHE OTAEBHBIX YacTHIl STHX OMMIOK. Onuiku
pacroJioxkarcsi B BUJe IeNoueK. OTH LENOYKH H IOKasbiBAOT
dopMy JIMHHE TIOJIS. JleHCTBUTEbHO, B 10Je MarHHTa Kax/Abi
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KycoueK- )KeJle3a HaMarHHYuBaeTcsl, [IPeBpaulaercs B MasieHb-
KYIO MarHUTHYIO CTPEJKY M YCTAHABJIHBAETCS MO HANPaBJ/IEHHIO
MarHMTHOH HHAYKUHM MO B COOTBeTcTByollel Ttouke. Ha
puc. 214 u3o6paxkeHbl MOJyYeHHBIE TAKUM CITOCOOOM KapTHHBI
JHHHH [OJNsT B DPa3/IMYHBIX MAarHUTHBIX OONAX. MBI BHIHM,
KaKoe siICHOe KauyecTBEHHOE IpeJicTaBJeHHe O MarHHTHOM [10Jie
JaoT 3TH KapTuHb. COBepIIEHHO TAK XKe, KaK H JJIs JeKT-
PHYECKOro MNoJd, Mbl MOXKeM NPH MOMOIUM JIHHHH MOJs H300-
paxartb He TOJNLKO HampaBjleHHe MAarHHTHOTO [MOJisl, HO H
XapaKTepH30BaTh MOAYJb MarHUTHOH MHAYKuuH mosst. s
3TOr0 TaKXe YCJIOBHMCA YepTHTh JIMHHH MNOJs C TaKUM pac-
4yeToM, YTOOBl HX TYCTOTA, T. € YHCJIO JIMHHH, NPOXOAALLMX
yepe3 eIMHHIY ILIOWAAH, AaBajla MOJY/b MarHHTHOH .HHIYK-
IIMH MarHUTHOrO noJs. TakuM obpa3oM, Mbl GyJeM Mosny4arhb
«MarHMTHbIE KapThbl», CHOCO0 MOCTPOEHHsT H ynoTpeb/eHHs
KOTOPBIX aHAJIOTHYeH «3JIeKTPHUeCKHM KapTtam» (§ 18). Oxnako
no CBOEMY BHJAY MAarHUTHbIE KapThl OYAYT OTJIHYATLCA OT JIEKT-
puyeckux Kapr. I'maBHoe OT/MYMe MAarHMTHOrO MOJsl TO, YTO
JIMHHY €T0 BCErJa OKa3bIBAIOTCS 3aMKHYTHIMH, KaK 3TO BHAHO
3 puc. 214. :

§ 123. l‘lpudopu s usmepeuuu 'MATHHTHOR MHAYKUHH. C DOMOLIbIO MAr-
HHUTHOM CTPeJKH, MOJBELIEHHOR Ha ynpyrofl HHTH, MH MOXeM, KaK yKa3hl-
pajoce B § 120, cpaBHHBaTe MarHuTHYyIO m—myxumo pasiHuHEIX mOJeH.
C 3TOit KesTbi0 MOXKHO HCIIOJb30BaTh KPYTHJbHEIE BeChl, NOAOGHHE KPYTHJb=
HeiM Becam KyJsoHa (§ 10), roqoBKa KOTOPHIX CHaGXena JleIeHHSIMH  AJTA
OTCYeTa yIJa 3aKPYUHBAHHS HHTH, a MOJIOMKEHHE KOHIOB CTPEJKH OTCUMThI-
BaeTCsi MO JeNeHHsIM Ha 3awuTHOM nuauHape. Taxofi npuGop MoxkHO Ha-
3BaTh MarHHTOMeTpOM. [lonBelleHHass Ha ynpyro#t HHuTH CTpeaKa, B OTJIHYHE
OT CBOGONHOM CTPeNKH, GyJeT HaXONUTLCSA B PABHOBECHH JIHIUL TOTAA, KOTAa
BpamamWKi MOMEHT, co3laBaeMLlit MoJieM, DaBeH H NPOTHBONOJIOXeH Bpa-
1aloleMy MOMEHTY, CO3JaBaeMOMy 3aKpYyueHHO# HUTLIO. Ecau cTpesika pac-
NOJOXKeHa BAOJIb MarHHTHOTrO noJs (2=0), T. e. M=0, TO H HHTb He NOJXK-
Ha GLITb 3aKpyueHa (HyJieBOe MOJIOXKEeHHE), 3aKPYTHB HHTb Ha GOJIbIIHA HJIH
MeHbLUHH YroJ, MOXKHO JOGHTLCS DaBHOBECHS CTPeJIKH NpH JIo60oi opHeHTa-
tud. [lo yray 3akpyunBaHHS HHTH ONpeNe/ISiiOT NPH MOMOLIH pacueTa HJH
NpefBapuTe/bHOR TpafyHPOBKH (cM. ToM I) Bpawamomuil MOMEHT HHTH, a
cJ1el0BaTeIbHO, H Bpamaxoumﬁ MOMeHT HOJA. Takum 06pasoM, MOXKHO
onpejleuTb MAKCHMAaJbHLI BpAmAOWKHit MOMEHT nojas Mpay, KOTOpHIi
coorpercrByer @=90°, T, e, NOJOKEHHIO, IPH KOTOPOM HanpaBJieHHe CTpes-
KH nepnel—muxympl—[o K HanpaBJeHHIO MarHHTHOTQ MOJIA.

Flono6HLIft cTaTHueCKHH MAarHHTOMETP MNOCTPOHTb HETPYAHO, HO IMpH-
6opul 3TOr0 poja He OG/IAfalOT JOCTATOYHOH YYBCTBHTENBLHOCTbIO H TOY-
HocTbio. [lo3TOMY BO MHOTHX CJIYYasix NMpPeATOYHTAIOT H3MEPATH JeHcTBylo~
LKA Ha CTPeNKY BpallalolH H MOMEHT U3 HaGJIOAHH It HaJl KauaHHAMM CTpeJl-
KH. MarHHTHas CTpesiKa, OTKJOHeHHasl W3 NOJIOXKEHHS] pPABHOBECHS B Mar-
HHTHOM TOJe, NpexJe 4eM BEPHYTbCS B ITO INOJIOKEHHE, COBeplLiaeT He-
CKOJIbKO KOJIeGaHHH OKOJO Hero, Mojo6HO TOMY KakK KauaeTcs BhIBeIeHHbIH
H3 TOJIOKEeHHsT DaBHOBeCHS MaATHHK. EcJH CTpesKa JOBOJLHO MacCHBHA
H HCIHITEIBAa€T MaJjioe TPeHHe, TO OHa MOXKET COBEPLUIHTL MHOTO KoyieGaHHI,
Npexene uem ocTaHoBuTcs, T1O3TOMY MOXKHO TOYHO H3MEpPHTb MEPHOJN KOJe-
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Gauufl, T, e, Bpems, 3a KOTOpOe COBepIIAeTCs MOAHOe KodeBamue, OT Kpaif-
Hero IOJOXKEHHS JO BO3BPalleHHA K HeMY ke, Pacuer Takoro koneGauus
[IOKa3biBaeT, YTO NEPHOJ €ro .TeM MeHbille, YeM Goibllle BpaliaroLHi

Puc. 215. BucmyToBas cIHpanb 1A HSMePeHHS MATHHTHOH HHIYKIHH

MOMEHT, ¢ KOTOPLIM MOJe AeHCTBYeT Ha CTPeJKy, T. €, 4eM GoJsbllle Mar-
HATHaf MHAYKUHg mois. Takum o6pa3oM, cpaBHHBasl MePHOAR KoJeGaHHA
OZlHOHM H TOH 3e CTPEJKH B Pa3JHUHHIX MOJAX, MBl MOXEM HaJIeXHO CpaBHH-
BaTb 3HaYeHHA MarHHTHON HHAYKIMH PasJIHUHEIX noneil. Takne puHammue-

CKHE MarHHTOMETDH C YyCIeXoM

,I?/f\?a MPHMEHSIOTCST NPH H3MEPEHKH Mar-

f,B I HUTHOR HHAYKUHH cJabbix noJgedt,
9 Hamnpupep MarHHTHOrO roJs 3eM-

; JIH.

1,65 ’ v TTomMumo 3THX croco6Gos, oOc-
HOBaHHBIX Ha H3MepEHHH Bpalaro-
- _ Ier0 MOMeHTa, C KOTOPhIM IOJIe
14} JiefCTBYeT Ha MaTHHTHYIO CTPEJIKY,
4 MOKHO ITOJ/Tb30BATECA AJA H3Mepe-
= v HHSA MarHHTHOH HHAYKUHH MOJA

: Pa3JHYHBIMH JDYTHMH ABJEHUAMH;
%2} B KOTODHX MNMpOSBJIAETCA JeHCTBHE
L, MarguTHoro noasa (§ 118). Yacro,
10 7 . BI,T/" HaanMg%, MOJb3YI0TCA ;1.1;;1 3TOH
s eJIH CBOACTBOM BHCMYTA H. ATb
7 0% 08 142 L4 it cMy MEHAT

CBOE 3JIEKTPHYECKOE COMNpPOTHBJE-
Puc. 216. 3aBuCHMOCTb 3JIEKTpHYe- HHE IIO[ JeHCTBHEM MAarHHTHOTO
CKOTO CONpOTHBIAeHHS R BucMyTa or  mosd. M BHcMyTOBOH NpoOBOsOKH
MarRHTHOH MHAYKUHH B. ComnpoTHB  H3TOTOBJAIOT IUIOCKYI0 CIHpafb
JeHHe R, BHCMyTa BHe nosa npuHa-  (puc. 215) u noMemaroT ee B HC-
TO 3a eUHHLY caenyemoe mecto mnoas. Hsmepus
COMpOTHBJIEHHE CIIHpaJH B [OJe
H BHE €ro, Mbl IT0 H3MEHEHHIO COMPOTHBJEHHA 3aKJIOUaeM O MAarHHTHOH .
HHAYKUHH o1, KoHeuHo, BUCMYTOBasl CHpaJb 0/KHA GbiTh 3apaHee Mpo-
TpajiyHpOBaHa, T. €. JOMKHO CbiTb ONpejieJeHO, KaK H3MEHAeTcs ee CO-
nNpOTHBJEHHE, KOTJla OHa IOMelaeTcs B MaTHHTHEIE MOJIS C yXKe H3BeCTHOH
uuayKuued. [IpuMep TaKo# rpaaynpoBouHO KPHBOH NMpHBeEAEH Ha pHc. 216,
Bncmyrosaﬁ CMupanb NPUTOfHA 1S U3MEPeHHS CHJbHBHIX MoJjell, HanpuMep
noJefl 37eKTPOMAarHHTOB, HHAYKLIHA KOTOPHIX B THICAYH pas NPeBOCXOHT
HHAYKUHIO MaCHHTHOTO NOJS 3eMJH.

2 123.1. [Toabasysch puc. 216, onpefieTuTe MaTHUTHYIO HHAYKIHIO N0,
H B KOTOPOM CONpPOTHBJIEHHe BHCMYTOBOH cIHpasH paBHo 26 OM,. eciTH
BHe M0JIS1 COMPOTHBJ/IEHHe ee paBHAJoch 20 OwMm,



Fnasa Xi. MATHUTHBIE NOns
DNEKTPUYECKMX TOKOB

§ 124. MarnuTHoe moJe npsAMOJHHeHHOro MPOBOJHHKA H  KpY-
TOBOTO BHTKa ¢ TOKoM. IlpaBmio Gypasuuka. HarnsgHoe
npeicTaBjeHHe O XapakTepe MarHHTHOrO 0,151, BO3HHKAIOLIETO
BOKPYT KaKOro-THOO NPOBOZHHKA, IO KOTOPOMY HAET SJeKT-
pHYECKHH TOK, JAIOT KapTHHBI JIHHHH MarHuTHOro monas, mHo-
JyyaeMble Tak, Kak 3T0 GbIo omucaHo B § 122,

Ha puc. 214 u 217 usoGpaxkeHbl TaKue KapTHHBI JIHHHH,
HOJTyYeHHble C IIOMOUIBIO JK€JIe3HbIX OMHJIOK IJf NOJSA AJHH-
HOTO MPAMOJHHEAHOro npoBOJ-
HHKa H JJ18 10151 KPyrOBOro
BHTKa ¢ ToOKoM. PaccMatpubas
BHHMATEJIbHO 3TH  PHCYHKH,
MBI Ipexkie Bcero obpataeM
BHHMaHUE Ha TO, YTO AUHUU
MOSHUMHO20 NOAR UMEOM . 68Ul
3amkHymo aunull, 910 CBOM-
CTBO HX #ABJIfAeTCA  OOLIHM H
oueHb BAaXXHBIM. KakoBa 6Bl HH
Obina (bopma NPOBOLHHKOB, 110 Puc. 217. Kaptuna snuuufi mar-

KOTOPHIM HJAET TOK, JIHHHH
. HHUTHOrO IIOJIA KPYTOBOTO BHTKA
CO3/aBaeMOro MM MarHHTHOTO ¢ ToKOM

OIS BCerja 3aMKHYTHI CaMH
Ha cefsi, T. €. HE HMEIOT HH Hauaja, HH KoHma. B astom cy-
I[eCTBEHHOE OTJHYHE MAarHHTHOTO [OJISi OT 3JEeKTPHUECKOro,
JIHHHH KOTOpOro, Kak Mel BHAeqH B § 18, Bcerza HauumHaoTCs
Ha OJHHX 3apsjaXx H KOHYalOTCA Ha JAPYTHX. Mubr BHzenH,
HanpHMep, YTO JIHHHH 3JIeKTPHUECKOro [OJs 3aKaHUYHBAIOTCH
Ha TMOBEPXHOCTH METaNIMYECKOTO Tesla, KOTOpasi OKa3HBAaercs
3apsKEHHON, H BHYTPb MeTalJla 3/JeKTPHUEeCKOe [oJe He
npoHukaer, Ha6moneHHe e Haj MarHHTHLIM I[IOJI€EM MOKa3bl-
BaeT, HaoBOpoT, YTO JIHHHH €ro HHKOrja He OKAHUHBAIOTCS
Ha KakoH-HHOGYIb nOBepXHOCTH. Korja MarsuTHOe moje co-
31aeTcsl IIOCTOSIHHBIMH MAarHHTaMH, TO He TaK Jerko mnpoc/e-
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IHThb, YTO H B 3TOM CJIy4ae MarHHUTHOE I10Ji€ He OKaHYHBAGTCH
Ha MOBEPXHOCTH MAarHUTOB, a NPOHHKAEeT BHYTPb HX, HGO MEI
He MOXKEM HCINOJIb30BaTh JKeJIE3Hble ONHJIKH Vs HAGMIONEHHS
TOrO, 4TO JejlaeTcsl BHYTPH Kene3a. OfHAKO M B 3THX Cay-
yafx TilaTeJbHOE HCCIENOBAaHHE MOKA3blBAET, YTO MATHHTHOE
noJie NPOXOAMT CKBO3b eJIe30, H JIHHHH €ro 3aMbIKaloTCA
caMH Ha ce6s, T. €. SBJSIOTCS 3aMKHYTHIMH. :

DT0 BaXKHOE pasjiHyHe MEeXLY 3JIeKTPHYECKHMH H MAarHut-
HbIMH TIOJISIMH CBSI3aHO C Te€M, YTO B NPHPOAE CYILIECTBYIOT

Put. 218. Cpasb Mexay Hanpap/eHHeM TOKA B NPAMOJHHeliHOM Nposox-
HHKe M HalpaBjieHHeM JHHHH MarHHTHOrO TI0JISl, CO3AaBaeMOro STHM TOKOM:
@) TOK HanpasJieH CBEPXY BHH3; 6) TOK HANpPaBJIeH CHH3Y BBepX

BIIEKTPUUECKHe 3apsiikl U He CYLIeCTBYeT MAarHHTHBIX. [lo-
3TOMY JIHHHH 3JIEKTPHYECKOTro NOJIsl HAYT OT 3apsja K 3apsay,
Y. MATHHTHOI'O XKe TOJS HeT HH Hayaja HH KOHIA, H JIHHHH
€ro HMMeT 3aMKHYTHIH Xapakrtep.

Ecan B onbirax, AKX KapTHHBI MarHHTHOTO MOJIS TOKa,
3aMeHHTb OINHJIKH MaJIeHbKUMH MAarHHTHBIMH CTP€JIKAMH, TO
ceBepHBIE KOHIEBI HX YKAXKYT HanpabJjleHHe JIHHHH moJs, T. €.
Hanpasiienue nons (§ 122). Puc. 218 nokaswlBaer, yto npu
H3MEHEHHH HaNpaB/eHHs TOKa H3MeHseTcsl H HalpaplleHHe
MarHHTHOTO MoJisi, B3auMHYIO CBI3b MeXAY Halpas/ieHHeM
TOKA H HalpapBJieHHEM MOJsl, HM CO31aBaeMOro, JIErKO 3aroM-
HHUTb TIPH TIOMOLIM npasusq Oypaswuka (puc. 219).

Ecau ssunvusame 6ypasuux (npaseill eunm) mak, 4mobol
OH liea 1O HANPQBACHUIG MOKQA, MO HANPABACHUE GPALYeHIA
€20 pyuKu YKANCem HANpasieHue noas (Hanpaeserue aunutl
noas).

B Takoi ¢opme 310 npaBHIIO OCOGEHHO YAOOHO AJ1s1 ycTa-
HOBJIGHHSl HANpaBJIeHHA MOJs BOKPYr MJIHHHBIX [PSAMOJH-
HeHHBIX TIPOBOJAHHKOB. B ciyuae KOJBLEBOrO NPOBOJHHKA
TO. ¥K€ TPaBHJIO NPHMEHHMO K Ka)KIOMy yuacTky ero. Eme
ynoGuee A KOJbLEBBIX nposommxoa npaBuJIo GypaBuHKa
chopMyJiHpOBaTh TaK:

284 i



Ecau ssunuusame Gypasuux mar, 4mobst 04 wiea no Hanpas-
AeHuo noas (80046 AUHUL NOAR), MO HANPABAEHUE BPAUCHUA
€20 PYHKU YKQOKCEm HanpasieHue moxa.

Herpynno BHAetb, uTo 06€ (POPMYJHPOBKH mpaBHJIZ 6y—
paBYHKA COBEpIIEHHO PAaBHOUEHHbI H HX MOXHO OJHHAKOBO

» (cé—v)

C

1.1+

Puc. 219. K. npasuny Oypasuuka Puc. 220. K ynpamHeHmoi

124.2

NPHMEHATb K ONpele]eHHIO CBA3H MEXJ1Yy HanpaBJieHHeM
TOKa H HanpaB/leHHeM MarHHTHOH HHAYKUHH IO HPH JM060MH
¢opMe NPOBOIHHKOB.

?

124.1. YxaxHTe, Kakofi H3 NOJIOCOB MarHHTHOH CTPeJKH Ha pHC. 73
CeBepHHIfl M KaKoll I0XHbIf.

124.2. K BeplunHaMm a H b IPOBOJIOYHOTO Napasenorpamma (pHc. 220)
NOABefieHR NPOBOJA OT HCTOYHHKA TOKa. KakoBa MarHuTHast HHAYK-
IHs NoJs B leHTpe Napaijenorpamma O? Kak Gyjer Hanpasiena
MarHUTHas HHAYKLHA B TouKe O, ec/H BeTBb ach mapaiienorpamMma

¢ AN

9/6- T

d

Puc. 221. K ynpaxuenmo 124.3 Puc. 222. K ynpax-

HeHHIO 124.5

clenaTh U3 MelHOH NPOBOJIOKH, a BeTBb adb — M3 aMIOMHHHeBOH Mpo-
BOJIOKH TOTO e CeueHHs?

124.3. [IBa IJHHHBIX OpSAMOJHHeHHBIX NPOBOAHHKA ab H cd, He Je-
XKalMX B OJHOH IVIOCKOCTH, NepHeHAHKYASPHE APYr. K ApYyry
(puc. 221). Touka O nexHT nocepelMHe KpaTya#iero paccTOsHHS
MeXJy 3THMH NpAMEIMH — oTpe3ka ef. TOKH B mpoBOAHHKax ab
M ¢d paBHbl H HMMEIOT YKasaHHOe Ha pHCyHKe HanpabJjeHue. Hai-
IHTe rpadHyYecKH HanpasJeHHe BeKTopa B B Touke 0. YKaxHTe,
B KaKOH IUIOCKOCTH JeXHT 3TOT BeKtop. Kaxkofi yroa oﬁpasyeT OH C
NVIOCKOCThIO, npoxonﬂmeﬁ uepe3 ab u ef?
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124.4. Brunoasure To Xe NOCTPOHHE, WTO B 8ajaue 124.3, nepemenus
Ha ofpaTHOe: a) HanpaBJeHHe TOKA B POBOAHHKe ab; 6) HampaBJeHHe
TOKa B IPOBOJHHKe cd; B) HalpaBJeHHe TOKa B 060HX MPOBOAHHKAaX.
124.5. I'lo 1ByM KpYyTOBEIM BHTKaM —- BEPTHKaJbHOMY H T'OPH3OHTa-
JbHOMY HIYT TOKH OAHOH H ToH »xe cuanl (pHc. 222), Hanpaeienns

. HX yKa3aHH Ha pHcyHKe cTpesxkaMH. Hafiiure rpadudecku Hampab-
JeHHe BeKTopa B B ofweMm wentpe BHTKOB O. [Tog xakum yriom
6yJieT HaKJIOHEH STOT BEeKTOP K IVIOCKOCTH KaX{JOTO H3 KPYTOBHX BHT-
KoB? BuIlesHHTe TO JKe MOCTPOeHHE, H3MeHHB HalpaBJeHHe TOKa Ha
ofpaTHoe CHayala B BePTHKAJbHOM BHTKE, 3aTeM B T'OPH30HTAILHOM
H, HaKoHel, B o60ux.,

- ViaMepenHsa MarHHTHOH HHAYKIHH B Pa3HbIX TOUKaX MOJA
BOKPYT NPOBOAHHKA, MO KOTOPOMY HJET TOK, IOKasblBaloT,
UTO MOZHUMHKAS UHOYKYUs 8 KaxcdoLi mouKke 6cez0a nponopyuo-
HaabHa cuse moka 8 nposodHuxe, Ho mpH JaHHOH cHJIE TOKa
MarHMTHass HHAYKLUHA B Pas3jHUYHbIX TOUKAX OISl pas/HuHa
H Upe3BLIYAHHO CJIOKHO 3aBHCHT OT pa3MepoB H (JOpMBI Npo-
BOJHHKA, MO KOTOPOMY NpPOXOAHT TOK, Mbl orpaHHunMcs of-
HHM BaXXHBIM C/JYy4YaeM, KOTJa 3TH 3aBHCHMOCTH CPaBHHTEJNbHO
NpOCThl. ITO — MArHHTHOE IOJIE BHYTPH COJIEHOHJZA.

§ 125. MaruuTHoe mnoje coJeHoHna. JKBHBAJEHTHOCTb CoJie-
HOHIA H MOJIOCOBOTO MarHuTa. [IJIHHHYIO LHJIHHAPHYECKYIO
KaTyLIKY, COCTOSILYI0 H3 HEKOTOPOro YHC/JIa BHTKOB IPOBO-
JIOKH, HAMOTAHHOH MO BHHTOBOH JIHHHH, Ha3blBAlOT COJIEHOM-
JIOM. MarHuTHOE 1oJie, KOTOpPOE CO37laeTcsl MPOXOAALIHM uepe3
5TH BHTKH 3JIEKTPHUECKHM TOKOM, MOMHO MHPEICTaBHTH cee
KaK pe3yJbTaT CJIOXKEHHsS moJefl, CO3JaBAEMBIX OTAEJNLHHIMH,
pSEOM CTOSIHMH BHTKaMu TokKa. Ha puc. 223 mnoka-
3aHO, KaK H3MeHseTcss KapTHHA JIMHHH MarHHTHOTO NMOJs Mo
Mepe TOrO, Kak Mbl YBEeJHUMBAEM UYHCJIO BHTKOB KaTyIIKH.

Korza annHa KaTyiiKH 3HAUHTENBHO NPEBOCXOJHT €e AHa-
MEeTp, TO BHYTPH COJIEHOHJA JIHHHH NOJSI HMEIOT BHA MpPAMEIX,
napaseJIbHEIX €ro ocH (pHc. 223, &). D10 03Hauaer, YTO 60
8CeX MOMKAX SHYMPU COAHOUOQ MAZHUMHAA UHOYKYUs NnoAA
umeem O0OHO U MO e HANPABAEHUE: OHA NAPAAIeAbHA OCU CO-
serouda. TosbKO BGAHSH KOHIIOB COJIEHOHAA JIHHHH MAarHHT-
HOTO MoJI HCKpHBJsiorcsi. BHe coleHOHZa MAarHATHOE MoJe
NoJ06HO MOJIIO MOJOCOBOrO MarHuTta (puc. 224). JIuHuH nons
TSIHYTCS OT OJHOTO KOHIA COJMIEHOHJa K JIPYIOMYy, TaK e,
KaK B CJyuae IIOJIOCOBOTO MAarHHTa OHH TSIHYTCA OT OAHOro
KOHIla MariHMra K JpyroMy. opma JHHHH BHe COJIeHOHJA
TaKXe TOXJAecTBeHHa ¢opMe JIHHHA COOTBETCTBYIOIMIETO IO-
JIOCOBOTO MAarHHra. ‘ ‘

Msmepsisi KakuM-HMOYAb CIIOCOGOM MAarHHTHYIO HHAYKIIHIO
N0JIS1 BOKPYT COJIEHOHJA H BOKPYT MOJOCOBOTO MArHHTa, M
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MoxeM YGERHThCH, YTO HE TOMDBKO 10 oflieMy BHAY, HO H N0
pacrnpelesieHHI0O MardHTHOH HHIYKIMH [oJe BOKPYT INOVIOCO-
BOTO MAarHWTa TOXKIECTBEHHO C MAarhHTHBIM II0JIEM COJIEHOHJA
OpH COOTBETCTBYIOLIEM Da3Mepe €ro H COOTBETCTBYIOMieH cuJje

.

TOKa. Y COJIeHOMJa MOXKHO TaKike OOGHApyKHUTh HEHTPaJbHYIO

2 %1%
T
4

Puc. 223, KapToHbl JHHHA MarHHTHOrO MOJS COJEHOMAA, TNOJYUYeHHBIE
TIPH TIOMOMIH KeJsie3HbIX ONMHJIOK MPH PasNHYHOM THC/Te BUTKOB COJEHOMIA

S8OHY M IIOJIOCHl — CEBEPHHIH M IOXKHEIH, TaK YTO BHE COJie-
HOHWJA MATHUTHOE [OJIE HalpaBJ/eHO, KaK H Yy TOJOCOBOTO
MarHuTa, OT CEBEPHOro mnogwoca K loxHomy. CoseHoum, moj-
BEIIIEHHBIH HA HUTH, OPHEHTHPYETCS B MarHUTHOM IoJe 3eMJIH
TaK e, KaK W MOJIBellIeHHBIA M0JI0cOBOH Maruut. J[Ba coJie-
HOMJA MJIH COJIGHOMJ H MAarHHT B3aHMOAEHCTBYIOT MOZOGHO
DBYM MAarHuram, 4 T. 1.

Kaxytieecss pasiuuMe 3aKJ/JIOYaeTcs TOJBKO B TOM, 4YTO
COJIEHOMJ, He TOJLKO NPHTSATHBAEeT K cebe KeJesHble MIpen-
MeTbl, MarHMT WJH APYTOH COJNEHOME, HO U MOXKET BTAHYTH
HX BHYTpb cebsi. Ho 310 pasinune o6ycC/OBIMBAETCS TEM, YTO
BHYTPEHHOCTh COJIEHOMAA JOCTyllHa IS [POHHKHOBEHHA,
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TOrfla Kak BHYTPb XeJe3a NPOHHKHYTb Henb3d. CXOACTBO
CTAaHET OKOHYATE/NbHBIM, €CAH MBI 3aMONHHM BHYTPEHHOCTB
COJTEHOH/A YeM-HHOYAb TBEPABLIM, HANPHMED HABbEM COIEHOMI
Ha IepeBAHHbIi UMAHHAD. [lpHCyTCTBHE JepeBa BHYTpH €o-
JIEHOHJA NMPAKTHYECKH He H3MEHSET N0/ COJMEeHOHAA HH BHE

\.

Puc. 224, JIuHuM MaTHUTHOTO MOJS: Q) TI0JI0COBOTO MarHura; 6) AJIMHHOrO

coJseHonna. Konurl o6MOTKH BeayT Kk Gatapee, Ha PHCYHKe He TIOKa3aHHOH.

CrTpeskH yKaskBaloT HanpaBieHHe TOKa B OGMOTKe H HalpaBJleRHe Mar-
HHTHOrO IOJISI BHe H BHYTPH COJIeHOMZa

€ro, HH BHYTPH. JIHHMH MAarHHTHOrO MOJs MO-MPEXKHEMY He
HMEIOT HH Haya/la, HH KOHIA M MPOXOAAT CKBO3b AepeBAHHHIH
CepPACYHHK COJIEHOMJA, HampaBJssiCh BHE COJEHOHZA OT cCe-
BEPHOro MnoJioca K 10:KHOMY, a BHYTPH COJIGHOHJA OT H0KHOIO
noJoca K cepepHoMmy (puc. 224), :

2 125.1. ITpoBoa ¢ TOKOM HAaTAHYT cBepXy BHH3. Tak KaK OH OKA3aJCs

. CJHIIKOM AJIHHEH, B CPeAHeH YacTH ero H3OTHYJH JABYyMs BHTKAMH
(B ropH3oOHTANBKOH MI0cKoCTH). HavepTuTe IHHUH MarHHTHOrO noas,
€cH TOK HamnpapJeH cBepxy BHH3. O603HaybTe Ha YepTexe ceBepHEfl
H IO HBIH TIOMIOCH! IBYX BUTKOB. UTO NPOH30HET, €CH TepekMI0UnTE
TOK B IPOTHBOITOJIOXHOM HAIPABJEHUH?
125.2. B nekoTopelx mpu6opax (nampumep, B KaTYIIKaX COMpOTHB-
JIeHH}), COAepKalluX IMHHHHIH, HAMOTAHHBIA HA CTepieHb NMPOBOL,
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HeXKeJlaTeJIbHO NOSIBJeHHe MarHUTHOIO N10JI8 NPH NPOX0XKAEHHH TOKa.
B Takux npHOOpax YCTaHaBJHBAKOT TAK HA3bIBaeMYIO 6H¢Hﬂﬂpﬂy10
HaMOTKY: Ha CTepyKeHb HAMATBIBAIOT NMPOBOJ, CJOMeHHbiH BIBOe (Tax
uTo 06a KOHIIA MPOBOJA OKAa3biBAKOTCS
pstnoM). O6bsicHuTe cMbicT GHHIAD-
HOH HaMOTKH.

125.3. KakuMm KOHIOM — CeBepHbIM
HJIH IOXKHBIM — ofpaitieH K HalJamo-
JaTeJId COJMEHOMJ, eC/aIH, IJIis Ha
5TOT KOHell, HaGJaroJaTesNb BHJHT,
YTO TOK B COJIEHOMJe HMJET MO Ha-
NpaBJeHHIO YaCOBOH CTPEJaKH?

125.4. Kak OpHeHTHpyeTCcst COJIEHOH],
Ha TMONJaBKe, H300pa’KeHHOM  Ha
puc, 225?

§ 126. MarHuTHOEe TNoJie BHYTPH CO-
JeHonaa. HanpsikeHHocTh MarHuT-
Horo noas. Oco6wlii HHTEpec mnpen-
CTaBJIICT MarHHTHOE TM0Jie BHYTPH
COJICHOMJA, IUIHHA KOTOPOr'O 3HauH-
TeJIbHO TIPEBOCXOIHT €ero JIHaMmeTp.
BHYTpH TaKoro cojieHoHja MarHuTHasA'
HHIYKUHA HMEeT INOBCIOLY OOHO H TO Ke Hanpasneﬂue na-
pajjenbHOe OCH COJECHOMAA, H 3HAYHT, JHHHE N0OJAA napad-
JIeJIbHBl MEXKIY COGOH.

Hamepan xaxuM-HHGYAb CHOOCOGOM MArHHTHYIO HHIYKIIHIO
B pasHBbIX TOUKAaX BHYTPH COJIEHOMZA, MbL MOXeM yGeIHThCS B
TOM, 4TO €CJIH BUTKH COJIGHOHJA Paclojio¥eHbl PABHOMEPHO *),
mo UHOYKYUS MASHUMHO20 NOAS 6HYMPU COAEHOUOQ uMmeermn 60
8CeX MOHKQX He MOAbKO 00UHAK0B0E HAnpasaenue, HO U O0OUHA-
Kosoe 4ucnaoeoe anaverue. Witak, nose enympu OaurHo2o pasHo-
MEPHO HABUMO20 coreHouda 00Hopodro. B nanbHefilieMm, ropops
0 ToJie BHYTPH COJIEHOWZA, MB! Bcerga 6yieM UMeThb B BHAY IO-
JLOGHBbIE «IJHHHbIC» PaBHOMEPHBIC COJMIEHOHIB! U He OyleM o6pa-
IiaTh BHHMaHHS Ha OTCTYIJIEHHSI OT ONHOPOLHOCTH MOJS B
obaactax, GIH3KHX K KOHLAaM COJIEHOWZA.

ITogoGHble W3MepeHHS, BBINOJTHEHHBIE C Pa3HBIMH COJICHOH-
JlaMH TIPH Pa3JIHYHOH CHJIe TOKA B HHX, NOKa3aJlH, UTO MA2H UM~
Has uHOYKYUs noas 6HYmpu OAUHHO20 COAEHOUOQ RPONOPYLO-
Hanrera cude moxa I u qucay sumxos, npuxo0suxcs Ha eQuruyy
Oaunpt coserouda, T.-e. BenmuuHe n=N/I, rme N — noJaHoe
YHCJIO EBHTKOB COJMIeHOHIRA, [ — ero njuHa. TakuM ofpasoM,

Y

B=ypgnl, | , (126.1)

Puc. 225. K ynpaxHeHHi0
125.4

*} To ecTb Ha eAMHHUY AJHHE coneuouna BCIORY npnxonm'cx “ORHO H
TO e UHCIO BHTKOB.
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rae’ po — Kosqxapuuuem OPONOPLHHOHAALHOCTH, Haauaaemuﬁ‘
Mazrumnold nocmosnnoll (cp. ¢ saempnqecxoﬁ ITOCTOSTHHOH &,
§ 11). Uncnosoe 3HaueHHe MarHHTHOH MOCTOSHHOI

“po= 4w 1077 Ta-w/A.

Bnoeneacteu (§ 157) BbisicHHTCS, 4TO- €AHHHIE, B KOTOpOH
BBIpAXKEHa BEJIMYHHA o, MOXKET ObITh HAa3BaHA «TEHPH Ha MeTp»,
rae reupu (Fu) — enuuuna wHAyKTHRHOCTH. Clel0BaTeNbHO,
MOXHO HAamMcarb, YTO -

to = 47+ 10=7 Tr/m. . (126.9)

B cuny cBoelt mpocToTH mojie CONEHOHAA HCIONB3YETCs B Ka-
YeCTBE STAJOHHOTO INOJSA.. ’

Jna XapakTepHCTHKH MarHHTHOTO MOJfA, KPOME MarHHTHOH
HHAYKUHH B, HCHOJNb3YIOT TaKKe BEKTOpHYIO Beanunuy H,
Ha3bIBaEMYIO HQNPANCEHHOCHI60 MArHHTHOro moss. B cayuae
nonsi B BaKyyMe BelHuMHb B v H mpocto. mponopuyoHasbHbL

ApYT ApYTY!
B=yH, (126.3).

TaK 4YTO BBeJeHHe BeJHYHHB H He BHOCHT HHUEro HOBOTO,
Onnako B ciyuae noJs B-BewecTBe cBfisb B ¢ H uMeer BHJ

B=pp,H, (126.4)

rle p — Ge3pasMepHas XapakTePHCTHKA BellleCTBA, HasblBae-
Masi OMHOCUMEAbHOL MAHUMHOL NPOHUYAEMOCHIBI0 HIH TIPOCTO
MmazHumnod nporlyaemocmeio Bemwectsa. [Ipu pacemorpennn
MarHUTHBIX MOJIEH B BellleCTBE, HANPHMEP B Kese3e, BETHUHHA
H okazpiBaercsi nosesHoil. I[lonpoGHee 06 5TOM HJIET peyb B -
§ 144,

U3 popmya (126.1) u (126.3) crenyer, 4to B cJIydae, KOrjaa
COJICHOM]| HaXOJMTCS B BakKyyMe, HaNpsKeHHOCTb MarHHTHOIO

nonas ‘
H=nl, (126.5)

T. €., KaK TOBOPAT, DaBHA 4LLAY AMNEP-BUMKOB HA Memp.

C momoilbio H3MepeHH#i MarHUTHOR MHAYKLHY [OMs, co3ja-
BAEMOTO TOKOM, TEKYILHM 10 OYeHb LIHHHOMY TOHKOMY MpSMO-
JMHEHHOMY MPOBOAHHMKY, OBUIO YCT&HOBJIEHO, YTO

- B 1 )

- B= T ~ (126.6)
rae / — cua ToKa B POBOJAHHKE, 7 — PACCTOSIHHE OT MPOBOJ-
HHKa. '

Cornacuo dopmyse (126.3) HanpsKeHHOCTb NOJIS, CO3Ja-
BaEMOro nPAMOJIHHEHHEIM [POBOJHHKOM, HaXONAILHMCSH B
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BaKyyMme, paBHa
1

=____

. (126.7)

B COOTBETCTBHH C dopmy.Jtoit (126.7) enunnua HaHpH)KeHHOCTH
MarHHTHOTO NOJSI HOCHT HasBaHHe amnep Ha memp (Alm).
00un amnep Ha memp ecmb HANDANCEHHOCTS MOZHUMHO20 NOASR
HA PacCMOsHUU 00HO20 MEMPA OMm MOHKOZ0 NPAMOAUHETHOO
" BECKOHEMHO OAUHHO20 NPOBOOHUKA, NO KOMOPOMY mMedem. moK
curoll 2 amnep.

2 126.1. MarnuTHas HHIYKUHSA N0Js BHYTPH colleHouna pasHa 0,03 Ta.
. Kakoit cH/IBI TOK TPOXOHT B COJIEHOH/E, €CTH JTHHA ero pasHa 30 M,
a YHCJIO BHTKOB paBHo 1207
126.2. Kak H3MeHHTCI MarHHTHAsA HHAYKIHS 1IOJIS BHYTPH COMEHOHA
H3 TpeAbIAylIel 3afiauH, ecHH COJEHOHA PacTsHYTb Ao 40 cM HJIH
cxarb ero 1o 10 cm? Yro NpoH30HIeT, eC/IH CIOKHTL COMIEHOH T TOTO-
JlaM TaK, 4YToObl BHTKH OJHON ero NMOJIOBHHBI JIEIVIH MeXJYy BHTKaMH
BTOPOii TIOIOBHHEI?
126.3. Tlo coseHOHAY ‘ATHEBL 20 CM, COCTOAMEMY H3 60 BUTKOB IHa-
MeTpa 15 cM, Hfer ToK. UTo MPOH30HET ¢ MarHHTHLIM NOJIEM BHYTpH
COJIEHOHJIA, €CJIH YMeHBIIHTL THaMeTP ero BHTKOB JIO 5 CM, COXpaHHB
NPEXHIOI JUIHHY COJIEHOHJA H HCIOJNb30BAB TOT Ke CaMblil KyCOK
npoeoja? Kakum cHoco60M MOXKHO IOJNYYHTh NPEXHIO MACHHT-
HYI0 HHAYKUHIO TOJISl, COXPaHHB HeH3MeHHBIMH IHHY H JHaMerp
BHTKOB COJIEHOHAAP ] )
126.4. BHyTpH coJleHOHAa J/IHHBI 8 cM, coctosiulero H3 40 BHTKOB,
PacrosioxeH APYrofl COMEHOHN ¢ YHC/IOM BHTKOB Ha | CM JUIHHEI COJle-
HoHJa, paBHLIM 10. Hepes 06a co/leHOHJA NPOXOAHT OAHHAKOBRIH TOK
2 A. KakoBa MarHHWTHAasl HHIYKUHS NOJISA BHYTPH OGOHX COJIEHOHJOB,
€CJIH ceBepHLIe KOHUbI HX OOpalleHbl: a) B OJIHY CTOPOHY; 6) B IPOTH-
BOIIOJIOXKHbIE CTOPOHBIP
126.5. ViMetoTca Tpu cosieHoHza AyHHBL 30 cM, 5 oM u 24 cM ¢ YHCIOM
BuTKOB 1500, 1000 H 600 coorsercTBeHHO. Ilo mepBoMy COJEHOMAY
uzeT 10K 1 A. Kakie TOKH JOMKHEL HITH 110 BTOPOMY H TpeTbeMy CO-
JieHoHIaM, YTO6bl MarHHUTHAsE MHAYKUHSI BHYTPH BCeX TPeX COJIeHOH-
JoB OblTa ONHOH H TOf KeP
126.6. Bolunc/iuTe MarHUTHYIO HHAYKUHIO HOJS B KaXJIOM H3 COJe-
HoHJOB 3afayH 126.5.
126.7. B conenoupie aauspr 10 cM HyXHO no.nytnm, MarHHTHOE 1oJie
C HampsXeRHoCTH0, pasHOll 5000 A/m. ITpn sToM TOK B CconmeHoune
IomkeH OmTb paped D A. M3 cKoAbKHX BHTKOB JOJKEH COCTOATh
COJIEHOHA? :
126.8. Kakopa MarHHTHas HHAYKUHA NOJS BHYTPH COJEHOUAA, I/IHHA
KOToporo pasHa 20 cM, a MOJIHOe YHCJIO BHTKOB paBHo 500, mpH Toke
0,1 A? Kak H3MeHMTCS MarHHTHas MHOYKIUHS, €CIH COJeHOHA Oylgr
pacTsiHyT 1o 50 cM, a TOK yMeHblueH Jo 10 MA?

§ 127. Mamn’moe noje ABHXKYIHxca sapsgoe. B § 114 M
NOJYEPKHUBA/IH, YTO MarHATHOE HOJe CO3AARTCH HOBGHIM TOKOM,
KaxkoB Obl HH ORI MEXaHH3M IPOBORMMOCTH B TOM HJIH APYTOM
.yacTHOM caydae. C Apyrofi CTOPOHBI, Mbl 3HaeM, YTO BCAKHHA TOK
NpejCTap/isger CO0OH ABHMKEHHE OTAENbHLIX S/IEKTPHYEOKH
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3apSIMKEHHBIX YaCTHII — 3JIEKTPOHOB HJiH HOHOB. COBOKYITHOCTD
3THX JaHHBIX [03BOJIS€T YTBEPKAATb, UYTO MASHUMHOE noAse
co30aemcs 620200ap s OBUINEHUIO 3AP ANCEHHBIX HACMUY — SNEKN1-
pPOHO8 LU UOoHOG. VIHBIMU C/IOBaMH, KaXaas ABHIKYIAACS 3apsi-
JKEHHAs YacTHHA CO3JaeT CBOE MarHHTHOE MoJie, M HabJogae-
MOe HaMM MOJIE TOKA €CThb Pe3YJbTAT CJOMKEHUsS MarHHTHBIX
noJieit, co31aBaeMBIX OTAEJIbHBIMH JBHMKYLIHMMCS YaCTHIAMH.

B uactHOCTH, MOTOK 3/1EKTPOHOB B 3J€KTPOHHO/YU€EBOH HJIH
B paspsanHoil Tpy6Ke (Karopuele JiyuH, §§ 102 u 103) no/mxen
CO371aBath BOKPYT ce6st MaruuTHoe noJie. Mol yxxe Buzenu (§103),
YTO KaTOAHbIEe JIYUH OTKJIOHAIOTCA MAarHHTOM NOZOOHO TOKY.
Ho ecsim MarHuT OTKJIOHSIET KaToOAHBlE JyYH, TO H, o6parHo,

/3
s<lnm~.w S‘JIE’
o2

Puc. 226. a) Onut Poyaanna — diixesanbja. 6) Cxema sKCrnepUMeHTAab-
HOH yCTaHOBKH

KaTOJHBIE JIYUH IOKHB! OTKJIOHATD JIEFKYIO MarHHTHYIO CTpeJi-
Ky, T. €. CO34aBaTb BOKPYrI ceGs MarHMTHOe moJje, JlelcTBu-
TEeJIbHO, MarHHUTHOE MoJie KaTOAHBIX Jyuel GbLIO OGHapyMeHo
HEMOCPEeACTBEHHBIMH ONBbITaMH. DBIIH OCYIECTBJIEHBI TaKkKe
ONBITE, OOHAPYXXHBIIHE BOSHHKHOBEHHE MAarHUTHOTO MOJIsI NPH
CaMOM TIPOCTOM IlepeMellleHHH 3apAJ0B,— MPH LOCTATOYHO
OBICTPOM IBHXKEHHMH 3aDSKEHHOrO Tesia OOBIYHBIX PasMepoB’
(omurter T'. Poynanaa u A. A. DiixeHBasbaa.)

Omnir Poynanza u DitxeHpanpia cocTOnT B cnenyiomem, [1o xpyrosomy
NPOBOJIOYHOMY BHTKY NMPOXOAMT TOK. IIpn 3TOM, Kak Mbl 3HaeM, BO3HHKaeT
MarHHTHOE I[OJIE, KOTOPOE MOXKHO OGHADYXKHTb MO OTKJIOHEHHIO MarHHTHOM
CTpeJIKH, NOABELICHHOR Ha HHTH BOAN3M BHTKa. CXeMaTHYHO OMLIT H306pa-
JeH Ha pHc. 226, g, Txe BBePXY cJieBa BUTOK NOKa3aH B ILIOCKOCTH “epTea,
2 MarHHTHAA CTPeJIKA — NepHNeHANKYIAPHO K 3TOH NMIOCKOCTH; BBEPXY Cnpa-
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Ba TOT e BHTOK H30GDpaXeH MepheHAMKYJsAPHO K FJIOCKOCTH uepTexa, a
CTpeJIKa JIEXKHT B 5TOH MJIOCKOCTH. BHH3Y WITpHXOBOH JmHKeR NOKa3aHa Tpa-
eKTOpHA 3apsja, ABHKYLIErocs MO- OKPYKHOCTH. OTKJIOHeHHe MarHHTHOH
CTPEJIKH, BbI3BAHHOE ITHM JBHXKEHHEM, TaKOe e, KaK NpH MPOTeKaHHH TOKa
N0 BHTKY NPOBOJIOKH, ’

OnHT 3TOT OcylecTBJAseTCs TaK, Kak MokKasaHo Ha puc. 226, 6. Mul
HMeeM APOBOJIOUHOE KOJMBLO HJH CIVIOMHON AHCK / HA XOPOWIO H30JHPOBaH-
HoOit ocu, Kosbio (MM AuCK) 3apsizKaeTcss H MOKeT ¢ GOMBIIOH CKOPOCTbIO
BpawaTLCst BOKPYr ocu. Hajx HuM TomellaeTcs MaruuTHas cTpeika 2,
3aUHIIEHHA OT BHEIIHHX SJEKTPHUYECKHX BO3AEHCTBHH METa/ITHUECKHM |
¢yTaspoM. Ha HHTH, Ha KOTOpOH MNOJABEIleHa CTPeJKa, YKPEMJIEHO Ma-
JeHbKoe 3epKaJblie §; C MOMOLLLIO 3PHTEJbHOH TPyObl H 3TOrO 3epKaJblia
MOXKHO Yepes OKoweuko 4 HabJiofaTb 3a OTKJIOHEHHSAMH CTpeJKH. ORHT
MOKa3at, YTO IpH BpallleHHH AHCKA CTpeJKa OTKJOHAETCS COBEpPIIEHHO
TaK e, KaK €cJH Obl 10 MPOBOJOYHOMY KOJbIY IPOXOAMJ 3JIeKTpHYe-
CKHH TOK COOTBETCTBYIOLEH CHJILI H HampaBieHHs. [IpH H3MeHeHHH Ha-
npaBJeHHs BpallleHHs JMCKa MJH 3HaKa 3apsAja Ha HeM OTKJOHeHHe
CTPeJIKH TaKxe H3MeHseTcs Ha OGpaTHOe,

DTH ONBITH JOKA3BIBAIOT, UTO OBUNMCYUIEECS 3AD AHCEHHOE ME0
co30aem 6oxpye cebs MUEHUIMHOE NOAE COBEPUIEHHO MaKoe e,
KaK o0bttinbill srexmpudeckuti mox, OHH TOATBEPXKAAIOT, TAKHM
o6pasoM, NpeAnoyioXeHHe, uTo Hab/iofaeMoe HAMH MarHHTHOe
ojie TOKA eCTb pe3yJbTAT HaJOXKeHHS1 MArHHTHBIX MoJeH,
CO3/laBaeMbIX OTAeNbHBIMH JBHXYIHMHCS 3apsXeHHHMH 4Ya-
CTHLAMH — 3JIEKTPOHAMH HJH HOHAaMH.



Fnasa Xll. MATHATHOE NONE 3EMIMN

§ 128. MarautHoe nose 3eman. B§ 112 mbi roBopu/H o ToM,
YTO HOJBEIEHHAS HA HHTH WJIH, YKPEIVIEHHAsA Ha OCTPHe Mar-
HHTHAs CTP&JKa YCTAHABJHBaeTcsi B KaXJOH TOUKe BOJIH3H
3eMHOHl IOBEPXHOCTH OIpele/eHHbIM 00pa3oM — MpPHOMH3H-
TeJIbHO B HAllpABJIEHHH C CeBepa Ha IOr. JTOT OCHOBHOH (haxT
03HAUAET, UTO CYUIECMBYeN MASHUMHOe hose 3emau.

H3yueHHe MarHHTHOroO mosia 3eMJIH HMeeT Ype3BBIYaHHO
BaXKHOE€ NPAKTHYECKOe H HayyHoe 3HAueHHe. C JaBHHX BpeMeH
H3BeCTeH Kommac, NpHOOp, B KOTOPOM HCIIOJIb3YETCS MAarHHT-
HOe oJie 3eMJIH H KOTODBIH J1aeT BO3MOXKHOCTH OPHEHTHpPOBATh-
Cl OTHOCHTEJILHO CTPAH CBETa.
OGbIMHBIA  NOXOAHBIH  KOMITAC
H3obpaxkeH Ha pHc. 227,

B coBpemenHoM Kopa6ie-
BOKIEHHH H CAMOJIETOBOXK \CHHH

Puc. 227. Komnac " Puc. 298, JIMHHH MACHHTHOIO
noJst 3eMJIH

MAarHHTHBIH KOMIIAC Y2Ke He SIBJISIETCA eJUHCTBEHHBIM CPEICTBOM
OpHEHTALHH H oOlpeles]eHHA Kypca Kopab/si HJH caMoJera.
Has 3THX nenell cyllecTBYIOT H Jpyrue npuGopsi. OnHako
MArHHTHBIH KOMIIAC OTHIOAbL He IOTEPSJI CBOEro 3HaueHHd.
OH ocTaeTcsi M TelNepb BaXKHBIM NMPHGOPOM IS LUTYPMAHOB,
W MarHHTHBIMH KOMIACAMH ITO CErOfHAINHHH NeHb CHAGXKaroTcs
BCe KOpabJii U caMoJeTsl, KoMIiac INHPOKO TIpPHMEHSeTCS TaKkKe
reoJIOraMH, OXOTHHKAMH H OyTelleCTBEHHHKaMH. =
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Hanunune MarHutHOro mojit 3eMJsiH NO3BOJSAET OCYUIECTBHTh
TaKXKe psif IPYTHX BaKHbIX HccsenoBaHuh, M3 HMX MBI oOco-
GeHHO OTMETHM METOAbI TIOHCKOB H H3yUYeHHS MECTOPOXIEHHH
xKeJesa. . o

Xox JHHHH 3eMHOTO MarHMTHOTO IOJIST CXEMATHYECKH H300-
paxKeH Ha pHe. 228, H3 KOTOPOTO BHJHO, 9TO 3eMHOE MarHHTHOE
TI0JIe HMeeT TakoH BHA, KaK OYJATO 3eMHOH Wiap npejcTaBJsieT
cO60OH MarHMT C OCbl0, HanpaBJeHHOH NPHOIHSHTEJbHO C
ceBepa Ha 10T. B ceBepHOM NOJYIIAPHH BCE JIHHHH MarHHTHOTO
NOJIsi CXOASITCA B TOYKe, JexaumeHd Ha 75°50° ceB. mIMPOTHE H
96° 3am. JO/TOTHI. 3Ta TOYKA HA3LIBAETCS IOKHBIM MarHHTHbIM
noJiiocoM 3emisin *). B 10KHOM TNOJIYHIApPHH TOYKA CXOXKJIEHHS
JIHHHH MarHHTHOro noJjifi JiexkHT Ha 70°10° 10KH. LIMPOTH H
150°45’ BOCT, JOJITOTBI; OHA HA3LIBAETCH CEBEPHLIM MATHHTHLIM
noJtocoM 3emnid, HyxHO 3aMeTHTb, YTO TOYKH CXOMK[EHHS JIH-
HHH 3eMHOr0 MarHHTHOTO TIOJIfl JiesKaT He Ha caMOH NMOBepXHO-
c¢TH 3eMJH, a moj HeH, MarsHHuTHble NOJIOCH! 3€MJIH, KaK Mbl
BHIHM, He COBHNAJAlOT ¢ ee reorpaHYeCKHMH NOJIOCAMH.
MaruuTtHast och 3eMJsiH, T. €. NpsMasi, Npoxojsuias yepe3 oba
MarHHTHbIX no/ioca 3eMJIH, He MPOXOJHT uepe3 ee LEHTpP H,

. TakKHM 06pas3oM, He SBJSIETCH 3€MHLIM JHAMETPOM.

2 128.1., ¥YKe oueHb naBHO, ¢ XVI BeKa, H3BeCTHO, UTO BepPTHKAJbHO

. CTOSIILINE XKeMe3H e OKOHHHE PellleTKH ¢ TeyeHHeM BpeMeHH HaMarHH-
ynBatorcsl. OGbsACHHTe 3TO fiBMeHHe. Kakoli BHIBOJ MOXHO cle/1aTh H3
Hero OTHOCHTEJNIbHO HANpaBJieHHss MaTHHTHOH WHIYKIHH 3eMHOrO
MarHHTHOTO NMoJsA? Ha KaKoM KOHIle BepTHKAIBLHOTO NIPYTa — BePXHeM
HJIH HHXXHEM — BO3HHKaeT CeBeDHHIN MOJIOC H Ha KaKOM — IOXKHHI/?
128.2. B KuHHre OfHOTO H3 MepBEIX HCcJAefoBaTesMell 3eMHOrO MarHe-
TH3aMa ['uanGepra onHcaH cieaywoomuii oneiT, EcaH OHTB MOJOTKOM
Mo KeJe3HOfl MoJioce, PacllOJIOMeHHON ¢ ceBepa Ha IoT, TO MoJoca
HaMaruuTtHTcs., OGBACHHTe 3TO ABJIeHHe, Y KaxKHTe, Kak GyAyT pac-
MOJIOMEHEI CeBePHEIH H-I0MHBIH ITOJMIOCH Ha HaMarHUTHBIIEHACH TaKHM
opasoM noJoce,
128.3. CaMonpou3BOJIbHOE HaMalHHYHBAHHE KeJe3HHX NPeJMeTOB B
MaCHUTHOM NoJle 3eMifu GRLIO HCIONIB30BaHO JJIS YCTPOHCTBA MarHHT-
HEIX MHH, KOTOpPHE YCTaHAaBJIHBAIOTCSL Ha HeKOTOpoH TIMyGHHe Iog
NOBEPXHOCTHIO BOALL H B3PHBAIOTCH NPH NPOXOKIAEHHH Hall HHMH Ko-
-pa6asi. MexaHH3M, 3aCTaBJAIOLIHH MHHY BCIIBIBATD H B3phIBAThCH,
MPHUXOAUT B JHefiCTBHe, KOTJAa MarHHTHasl CTpeJKa, Bpallalolascs
BOKpPYT FOPH3OHTAJbHOH OCH, NOBOpadYHBaeTCs I10Ji BAHSHHeM MarHHT-
HOTO MOJA NMPOXOASIIEro Haj, MHHOH KeJe3HOTo Kopallsi, KOTOpHifi
BCerJa OKashBaeTCsl CaMONpPOH3BOJLHO HAMATHHYeHHHM (MOA0GHO
KeJIesHbIM pemeTKaM B 3afade 128.1). [Ias 60pp6rl ¢ MATHUTHBEIMH MH-
HaMH NPHMEHAIOT JBa cmocofa: MarHHTHOe TpajeHHe 3THX MHH H
HeHTpaJIH3alHI0O MAaTHHTHOTO NoJA Kopabuas.

*) BrnpoueMm, NonoXeHHe MarHHTHBIX I10J1I0COB 3eMJIH CO BpEMeHeM
MeJJIeHHO - H3MeHsAeTCA,
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MepBmit cnoco6 3aKmouaerca B TOM, YTO caMoJieT, JAeTsmHi
HH3KO Hajl IOBEPXHOCTRIO MOPSI, NPOHOCHT Hajl 3THM yYaCTKOM MOJBe-
nieHHWA K HeMy Ha Tpocax CHJbHbIH MarauT. MHorga BMecTOo 3TOTO
OIyCKalOT Ha TIOBePXHOCTh BOAB! Ha TNOIJIaBKax KaGesb B BHIE KOJb-
Ila H MpONyCKaloT [0 STOMy KoJbly ToK. [log BaHsgHHeM noJs
MAaCHHTA HJIH TOKAa MeXaHH3MBl BCeX-MHH NPHXONAT B JIeHCTBHE, H MH- -
HH B3DHIBAIOTCSA, He NMPHYHHAS Bpela.

Bropoii croco6 COCTOHT B TOM, YTO Ha KOpabJle YKpeIAIoT NeTyIH

H3 H30JIHPOBaHHOIO NIPOBOJA M 10 HHM NPOINYCKAIOT TOKH C TaKHM pac-
YeTOM, YTOOGBI MarHHTHOE NOJie 5THX TOKOB OBLTO DAaBHO H NPOTHBOMO-
JIOXKHO ToJIo Kopabas (nocTosHHOro Maruura). O6a moss, CKIagbl-
BasiCh, YHHYTOXKAIOT APYT APYyTra, H KOpabib CBOGOLHO NMPOXOIUT Hal
MarHHTHOH MHHOMH, He MPHBOAA B JeHCTBHe ee MeXaHH3Ma. Y KaxHuTe,
KaK Jo/KeH ObiThb HampaBjeH TOK B IeTJle, eCJIH OHa pacnoJoxkeHa
TOPH30HTAJBHO: 10 HallpaBJeHHIO YaCOBOH CTPeJIKH HJIH NPOTHB Hee,
€CJTH CMOTpeTh Ha NanyGy KopaGus cBepxy? MmeeT Jin 3HaueHHe Ha-
npasJieHHe TOKa B KabeJie [IDH TepBOM cnocobe? ’
128.4. Ha ofHy M3 YamreK BeCOB NOCTaBJIEH BePTHKAJbHO JKeJe3HHH
CTEpXKeHb, M0CJ]e YeTo BeChi Yy paBHOBellehbl. B KaKyw CTOpOHY Hapy-
IIHTCA PaBHOBeCHe BeCOB, €CTH Mbl HaMaTHHTHM 3TOT CTepIKeHb Tak,
4TOOW CeBepHHIH MOJIOC ero ObLT BHH3Y?
128.5. Ilpu noaroroBKe noseroB Ha CeBepHHIH NMOJIOC MHOTO BHHMa-
HHA yJledsieTcs 0GeCneyeHHIO OPHEHTallHH caMoJeTa BOJIH3H [0JI0Ca,
TaK KaK TaM OOBIKHOBeHHble MaTHHTHBlE KOMNachkl paGOTaloT OueHb
IJI0XO H NPAKTHYeCKH HenpHrogHel. [loueMy 3TO Tak?

§ 129. dneMenTH 3eMHOTO MarHeTH3Ma. 14K KaK MarHHTHbBIE H
reorpaguyeckne NOMOCE 3eMJH He COBMAJalOT, TO MarHHTHas
CTPeJIKa YKa3blBaeT HalPaB/eHHe CEBEP — 10T TOJNLKO NPHOJIH-

N /-

Puc. 229. TlofoxeHHe MarHHTHOH CTpe/NKH OTHOCHTeJbHO CTPaH CBeTa:
@) B MeCTaxX ¢ BOCTOYHHIM MaTCHHTHHIM CKJOHeHHeM; 0) B MecTax ¢ 3amaf-
HBIM MAarHHTHBIM CKJOHEHHEeM

3uTeNbHO. [110CKOCTD, B KOTOPOH YCTaHAB/IHBAETCS MAarHHTHAS
CTpeJIKa, HA3BIBAIOT NAOCKOCMbI0 MASHUMHO20 MepuduaHa NaH-
HOrO MeCTa, a IpPAMYIO, II0 KOTOPOH 3Ta IJIOCKOCTb Iepece-
Kaercsi ¢ TOPH3OHTANBHON IVIOCKOCTBIO, HA3bIBAIOT MO2HUMHbIM
Mepuluarom, Yrol MEXLY HaNpapJeHMsIMH MarHHTHOTO H
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reorpagHuecKoro MEPHIHAHOB HAa3bBAIOT MAZHUMHBIM CKAO-
Henuem, ero NPHHATO o603HauaTh rpedeckoil 6yksod ¢. Mar-
HHUTHOE CKJIOHEHHE H3MEHSIeTCS OT MECTa K MeCTy Ha 3eMHOM
mape. A : ~

MaruuTHoe CKIOHEHHE HA3BIBAlOT 3aNaJHbIM HJIH BOCTOUHBIM
B 3aBHCHMOCTH oT Toro, kK 3anany (W) nam k Boctoky (0) ot
IJIOCKOCTH reorpauueckoro MepHIHaHA OTKJIOHSIETCSI CeBep-
HBIH MoVIioc MarHHTHOH cTpenku (pHe. 229). lllkana namepenus
ckJoHenuss — or 0 mo 180°. UYacto BOCTOYHOE CKJIOHEHHE
OTMEUAloT 3HAKOM «-+», a 3amajiHoe 3HAKOM ¢—».

M3 puc. 228 BHAHO, YTO JIHHHH 3€MHOTO MarHHTHOrO MoJs,
BOOGILE TOBOPS, He NApAaJJeJNbHbI MOBEPXHOCTH 3eMau. 310
03HAYAeT, YTO MaCHHTHasi HHAYKIHSA NOJs 3eMIH He JIEKHT B
IVIOCKOCTH TOPH30HTa J@HHOTO MecTa, a o0pasyer ¢ STOH
IVIOCKOCTBIO HEKOTOPHIH Yrosl. STOT yrojl HA3LIBAETCS MASHUM-

= HbIM HaKAOHEeHUuem. MarHHTHOe HakJIo-
- HeHHe 4YacTo OGO03HaualT OYKBOH i.
B pasHbix Mecrtax 3eMJH MarHMTHOe
HAaKJIOHEHHE DAa3JTHUHO. :

Puc. 230. MaruutHas  Puc. 231, PasnoxeHHe MarHUTHOH HHAYKUHH
CTpPeflKa, YKpeIJIeHHast  3eMHOTO MAarHUTHOTO INQJsS Ha TOPH3OHTaMb-
B KapJaHOBOM TNojBece, HYI0O M BePTHKaJbHYIO COCTABJAIOLIHE
YyCTaHaBJIMBaeTCs 1O Ha- ~

NpaBJeHAI0 MarHUTHOH

HHIYKIHH 3eMHOTO Mar-

’ HHTHOTO TOJISA

OueHb SICHOE MpPEACTABJIEHHE O HanpaBjeHHH MAar"HHTHOH
MHIYKIHH 36MHOrO MarHHTHOIO MOJIsSl B JaHHOH TOYKE MOXHO
NOJYYHTh, YKPENHB MATHHTHYIO CTPEJIKY TaK, 4TOGhl OHA MOTJIa
CBOGO/IHO BPAILATHCSI H BOKPYT BEPTHKAJbHOH M BOKPYT TOPH-
30HTAJBbHOH OCH. DTO MOMXKHO OCYLECTBHTb, HanpHMep, C
NOMOLIBI0 TOJBeca (TaK Ha3bBAEMOro KapJaHOBa nojiBeca),
nokasanHoro Ha puc. 230. Crpeska yCTaHaB/IHBAEeTCsl NPH 5TOM
1O Hanpap/JeHHI) MAarHHTHOH HHJYKHMH [0, '
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MarHHTHOe CKJIOHeHHe H MarHHTHOe HaKJoHenHe (YIVIHI @
H i) IOJIHOCTBbIO ONPeENAIOT HanpaBJeHHe MarHHTHOH HHIYK-
1IHH 3€MHOIO MarHMTHOrO NOJs B AaHHOM Mecre. Ocraercs edie

ONpeleNHTh YHCIOBOE 3HaueHHe 3TOH BeNHUHHHL. IlycTh mo-
ckocth P Ha puc. 231 npeicraBiser cO60H MJIOCKOCTb MarHHT-

HOTO' MEpH/IMaHA AAaHHOTO MecTa. JleXalllylo B 3TOH MJIOCKOCTH
MATHHTHYIO HHAYKUHIO 36MHOIO MarHHTHOrO oA B Mel MOXxeM
pasNOKUTh Ha JBE COCTABJAMIIHE: TODH3OHTAbHYIO B, H
BepTHKaAbHYI0 B,. 3Has yroa i (HaKJOHEHMEe) H OJAHy H3
COCTABJSIOUHX, Mbl MOXKEM JIEFKO BBIYHCJIHTH APYTYIO COCTaB-
JIIOWLYIO HJIH caM Bektop B,
Ecan, nanpumep, HaMm n3pecten
MOZYJIb TODH30HTAIbHOH COCTaB~
asowel B, To H3 OpAMOYro/b-
HOI'O TPEYroJbHHKA HaXOHUM
Br R BB = BI‘ tg i_

cos i

" Ha npakTHke oOKasklBaercs
HaHboJiee YAOGHBIM HeNOCpe/l-
CTBEHHO H3MepsATb HMEHHO Io-
PH3OHTAJbHYIO COCTaBJSIOULYIO
3eMHOI0, MarHHTHoro noJs. [To-
3TOMY dYallle BCEr0 MarHHTHYIO
HHAYKLUHIO 3TOTO MOJAA B TOM
HJTH HHOM MecTe 3eMJIH XapaKTe-
PH3YIOT MOAYJIEM ee FOPH30H-
i TaJbHOH COCTaBJsAOWeH.

Puc. 232. K ynpamsennio 129.2 Takum o6pasoM, TpPH BesH-
UHHBL: CKAOHEHUe, HAKAOHEHUE L
HUCA0608 3HAYEHUE 20PUBOHMAAbHOL COCIABARIOWEN NOAHOCMbIO

xapakmepusyrom Mma2HumHoe  noje 3emau 8 Oarnrom mecme.

) 3tH TPH BeJ'IHqH-Hbl Ha3bpIBAKT 3/JIeMEHTAMH 3€MHOI0 MarHuTHOrO
noJif.

129.1. YroJ HaKJIOHeHHs MarHHTHOM cTpesKH pasen 60°. Ecau K ee
. BepXHeMy KOHIly NpHKpenHTb M'MpBKY Macchl 0,1 r, To cTpeska ycra-
HoBuTest nog yraoM 30° k ropusonty. KaKyro rHpeRY HyXKHO NpHKpe-

NHTh K BepXHeMy KOHIY 5TOH CTpedKH, 9TOGEI CTpeJKa CTada ropu- .

30HTaJbHO?

129.2. Ha puc. 232 usobpaxeH uxKAuHQmMOP, WIH 6Yccorb HAKAOHe-
Hutl,— Apu6op, cayamuit 11 H3MepeHHst MATHHTHOTO HaKJIOHEeHHs,
On npepcrap/isier cOGOH MarHHTHYIO CTPENKY, YKpeIVIeHHYKO Ha ro-
PH30HTaNIbHOM .OCH H CHaGXeHHYI0 BepTHKAJAbHHM pasfeeHHbM Kpy-
roM AJst OTcHeTa YIVIOB HakJoHenHs. CTpesiKa Bcerja Bpaiiaercst B
IUIOCKOCTH 9TOTO KPYTa,-HO caMa 9Ta JALIOCKOCTh MOXKeT HOBOpauH-
BaThCsl BQKPYT BepTHKAIBHON ocH. [IpH naMepeHHH HaK/JAOHEHUS KPyT
yCTaHABMHBATCA B IIOCKOCTH MaCHHTHOrO MepPHAHaHa.
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IMokaxkure, 910, €CIH KPYr HHKJHHATOPa YCTaHOBAEH B IJIO-
CKOCTH MATHHTHOTO MePHIHAHA, TO CTPeJKa YCTaHOBHTCA MOX YIVIOM
K MIOCKOCTH FOPH3OHTA, PABHHIM HAKJOHEHHIO 3eMHOTO MAarHHTHOTO
noJst B ZaHHOM Mecte, Kak OyfeT H3MEHSATHCS STOT YIoJ, €CJH MEL
OyleM NOBOpPaYHBATL KPYr HHKJIHHATOPA BOKPYT BEPTHKAJIBLHON OCHP
le’ aK YCTaHOBHTCS CTPeJiKa, KOIZa INIOCKQCTb Kpyra HHKJIHHaTOpa
-6yZeT DepneHAHKYJspHa K INIOCKOCTH MarHHTHOrO MepHOHaHa?
129.3. Kak Gyner BeCTH ce6si KOMIACHAs CTPeNIKa, NOMelUeHHast Haj
OIHHM HS 3eMHBIX MarHHTHhIX mowocos? Kax Gyzer BECTH Ce6s TaM
CTPeJIKa HaKJIOHEHHS?

TouHOe 3HAHHMe BeJHUHH, XapaKTeDH3YIOWHX 3eMHOE Mar-
HHTHOE moJle, IJIs1 BO3MOXKHO O6OJbLIEro YHCjJAa NYHKTOB Ha
3emJsie HMeeT upe3BbIYaiiHO BaXKHoe 3HaueHHe, SIcHO, HampH-
Mep, 4TO, JJifi TOro yrtobbl LUTypMaH KopabJs H/AH caMmoJera
MOl MOJb30BATLCA MAarHHTHBIM KOMIIACOM, OH JOJ/IXKEH B KaX-
JOH TOUKe CBOEro MyTH 3HATh MarHHTHOe CKJ/OHeHHe. Benab
KOMIAC yKashlBaeT eMy Hanpap/eHHe MarHHTHOrO MepHAHaHa,
a Jyis onpejesieHHH Kypca KopabJasi OoH lIOJI)KeH 3HaTh Hanpas-
JIeHHe reorpagHueckoro MepHAHAHA. :

CkJ/I0HeHHe JaeT eMy Ty NMONPABKY K MOKa3aHHAM KoMIaca,
KOTOpY!0 Heo6XOJUMO BHeCTH, YTOGBl HAalTH HCTHHHOE HAmpaB-
JieHHe ceBep — tor. ITosTOMYy ¢ cepeAHHBl MPOLIOrO BeKa BO
MHOTHX CTpaHax BeleTcsi CHCTeMaTHUYeCKoe H3yueHHe 3€MHOro
MarauTHoro nouss. Cebiie 50 crienuanbHbIX MarHUTHBIX obcep-
BATOpHi, pacnpejeseHHBIX 10 BCeMY 3eMHOMY Luapy, cHcTeMa- -
THYECKH, H30 AHA B AeHb, BEAyT MarHHTHbIe HaO/MIOJEHHS .

B Hacrosiee BpeMs Mbl HMeeM OGLUHDHbIE JaHHBIE O pac-
npejesieHHH 3JeMEHTOB 3€eMHOrO MarHetHaMa [0 3eMHOMY
mapy. JlaHHbIe 3TH [OKasbIBalOT, YTO 3JEMEHTHl 3eMHOro
MarHeTH3Mma -H3MEHSIIOTCA OT TOUKH K TOUKE 3aKOHOMEPHO H B
o6llleM ONpeleJsoTCs [WHPOTOA H JOJNTrOTOH JaHHOrO My HKTa.

§ 130. MaruuTHbIe AaHOMAJANM M MATHHTHASA Pa3BelKa MOJe3HbIX
HCKonaembix. Ha 3eMHOM lape BCTPeUYalOTCH MECTHOCTH, B KO-
TOPHIX MAarHHTHEIE 3JeMEHTbl H3MEHSIIOTCS OuYeHb De3KO H
HMEIOT 3HAUeHHS, CHJIBHO OTJHYAOIHECS OT COOTBETCTBYIOIHX
8HAUYeHHH B coceJJHHX MecTHOCTAX. TaxHe 06/1aCTH Ha3bIBAIOTCA
ob/acTAMH MardHHTHOH aHOMAJIHH, '
IlpuynHON MarHUTHOR aHOMaNHH B GOJBLIMHCTBE C/IyyaeB
SIBASIeTCS HaJHYHe I0Ji MOBEPXHOCTHIO 3eMsH GOJIBIIHX Macce
MarsiuTHOH »ese3Hoft pyabl. [ToaToMy H3yueHHe MarHHTHOH
aHOMa/MH MOXeT JaTh IleHHble yKa3aHHf O HAJHYHH H pac-
MOJTOKeHHH 3THX 3anexell. OnHoi K3 caMbiX GOJIBIIHX H XOpO-
IO H3YYeHHBIX MArHUTHBIX aHoManuil spasiercs Kypckas mar-
HHTHag aHOMaJsHs, HCCAeAOBaHHAs 1OJ PYKOBOACTBOM COEeT-
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ckoro ¢usuka Ilerpa IlerpoBnua Jlazapepa (1878—1942).
3nech GbIIM OOHApYKEHB! OTPOMHbIE 3AJIEXKH KEJe3HOH DYIHI.

HeranbHOoe H3yUeHHE MATHUTHOTO N10J1s1 3eMJIH NpeCTaBIsi-
er coGof MOILHOEe OpyIHe HCCJIENOBAHHS CKDBITHIX B Helpax
3emisin GorarcTB, MarHuTHast pafBeiKa fIBIAsieTCsl B HacTOsiLee -
BpeMsi OIHHM H3 OYeHb BaXKHHIX H IUHPOKO NDHMEHSIEMBIX
reohH3HYeCKHX METOJOB pa3BelKH [OJNe3HbIX HCKONaeMblX,

§ 131. H3meHeHHe 3/1eMEHTOB 3€MHOTO MArHEeTH3MA C TeueHHeM
BpemeHH. MaruutHeie GypH. DJIeMEHTH 3€MHOTO MarHeTH3Ma B
KaKIOH TOUKE 3eMHOroO Iapa ¢ TEYeHHeM BPeMeHH MelJ/IeHHO
H3MeHstoTcsl. B HeKOTOpBIX eBpoONelCKHX MarHMTHbIX oGecepBa-
TOpHSIX y2Ke HMelorcst HabmoneHus 3a 300—400 ser, 1 MOXHO
JIOBOJIbHO SICHO NpEJCTaBHTh cefe 3aKOH, N0 KOTOPOMY NPOHC-
XOISAT 5TH MeIJIEHHble, HJIH, KaK FOBOPAT, BEKOBblE H3MEHEHHsI
3eMHOTO MAarHHTHOTO [0JS.

OfHaKo, TOMHMO 3TOTO BEKOBOTO H3MEHEHHs! 3eMHOTO Mar-
HHTHOTO TIOJIsl, 3JIEMEHTbI 3eMHOTO MAaTHETH3MAa elle HeMHOro
H3MEHSIIOTCS TIEDHONHYECKH B TE€YeHHe CYTOK H B TeUeHHe roja,
OTH H3MEHeHHs, HOCsILHEe HAa3BaHHe cyTquoro 1 TO0BOTO X0/
3eMHOTO MAarHeTH3Ma, HEeBEJIHKH,

Bce 3TH nepHoHYeCKHE H3MEHEHHSI MATHHTHOTO 110JIsI IIPOHC-
XOISAT AOBOJNBHO Ny1aBHO, OIHAKO BpeMsl OT BpPEMeHH CJIyyaercs,
YTO MAarHHTHOe noje 3eMaIH cpa3y, B TeYeHHe HEeCKOJbKHX
yacoB, H3MeHSIeTCS] O4€Hb CHJIbHO. 3TO SIBJIEHHEe HOCHT Ha3BaHHe
mazHumnoll O6ypu’ WM MATHHTHOTO BO3MYylLUeHHsi, MaruumrHas
Gypst npoposikaercss OOChYHO OT 6 10 12 wvacoB, a 3arem
3JIEMEHTH! 3€MHOTO -MAarHeTH3Ma IOCTeNeHHO BO3BPAWLAIOTCS K
CBOHM HOpDMAJbHbIM 3HaueHHsIM. MarHHTHble GypH BO Bpems
PaABHOJEHCTBHH CJIYYalOTCA yallle, yeM B APYrHe BpeMeHa roja.

UHC/I0 H MHTEHCHBHOCTb MArHHTHBIX 6yPb B pasHble TOABI
pasnnyHel. [lepHogbl MakcMMyMmMa MarHHTEbIX 6ypb TOBTO-
psitorcsi ¢ npomexytkoM B 11,5 roma. Iocne xaxznoro takoro
nepHoja 4YHCJIO .6ypb [MOCTENEHHO YMEHBbIIZeTCsl, NOCTHTaer
MHHHMYMa H 3aTeM HaYHHaeT CHOBA MOBBILIATBHCH 10 MAKCHMY-
Ma. Psaj IpyrHx siBJeHHH: UMCJIO TOJSIPHBIX CHSTHHI, YHCJ0
COJTHEYHBIX MSATE€H, HEKOTOPhle SIBJIeHHS, CBARAHHBIE C PACIIPO-.
CTpPAHEHHEeM pAajHOBOJH H Jp., TaKXe HMEIOT NEePHOIHYHOCTH
8 11,5 roga. B Hacrosiuee BpeMsi MOXHO CYHTAThb YCTaHOBJEH-
HEIM, YTO 3TH COBNAJ€HHSl HE CAy4yaHHH, a yKasblBAalOT HA
BHYTPEHHIOIO CBsi3b yNOMHMHaeMmeix sipieHuii (§ 137).



Fnasa XIV. CUNbl, AEACTBYIOLLHME
B MATHUTHOM NONE HA NPOBOAHMKU C TOKOM

§ 132. Beepenue. B npeabigymux riaaBax Mbl NO3HAKOMHJIHCh
C Pa3HOOOPA3HBIMH 3JEKTPOMATHHTHBIMH sIBJIEHHSIMH. Dhin
paccMOTpPEHBl DA3IHYHbIE CJAYy4YaH B3aHMOAEHCTBYS MAarHHTOB
MeKIY cOOOH, JefiCTBHA TOKOB Ha MaTrHUTHI H MATHHTOB HA TOKH,
paBHO KaK H B3aHMOJeHcTBHA TOKOB. Bo Bcex 3THX cayyasx
JIEJIO CBOJHUTCS K BO3JEHCTBHIO MATHHTHOTO NOJSI, CO3ZaHHOTO
KaKUMH-TH00 MarHHTaMH H TOKAaMH, HAa NOMelLEHHEIE B 3TO
NoJie MATHUTH H TOKH. Ho MarHuTHEIE CBOHCTBA NMOCTOSIHHBIX
MarHUTOB TaK:XKe O0YyC/IOBIHBAIOTCA TOKAMH, HENPEPHIBHO IHP-
KYJIHPYIOUIHMH B YaCTHIAX, U3 KOTOPHIX MOCTPOEHO BELLECTBO
STHX MATHHTOB (MOJIEKYJ/SIDHBIE aMOepoBel TOKH). Takum
00pa3oM, B OCHOBE BCEX MATHHUTHHIX B3aUMOJAEHCTBHH JIEKHT
BO3JIeHCTBHE MATHHTHOTO noJiss Ha ToOKH, [lostomy GoJee
noApoGHOe pacCMOTPEHHE 3TOTO0 BONPOCca NpefcTaB/seT ray6o-
Kuil HayuHbId HHTepec. C JpPYroH CTOPOHEI, H OTPOMHOE YMCJIO
TEXHHYECKUX IPUMEHEHHH 35/JeKTPOMArHUTHLIX fBJIEHHH CBO-
JHTCA K BO3/J€HCTBHIO MAarHUTHOTO [OJI1 Ha NMPOBOJHHKH, IO
KOTOPEIM HJET TOK. B COOTBETCTBHH € 3THM MHI B HacToOsieH
IJ1aBe paccMOTPUM OoJsiee MOAPOOGHO CHJIBI, AEHCTBYIOLIHE B
MarHHTHOM IOJIE HAa NPOBOZHHKH C TOKOM.

§ 133. JleificTBMe MArHNTHOrO NOJISI HA NPAMOJMHEHHBIA NPOBOJ-
HMK ¢ ToxoM. [1paBuiio seBoit pyku. [IpoBoJHHKAM MOXKHO mpHu-
JlaTh TaKyio (opMy, PH KOTOPOH 6oJsiee OTYETIHBO BBIACHHTCSH
XapakTep BO3JE€HCTBHA MarHMTHOTO NOVIA HA OTAENbHBIE YHacT-
KH 1IenH, Mo KOTOpol TedeT TOK. BocmosbayeMcs MarHHTHRIM
NoJieM NOJKOBOOOPA3HOIO MAarHHTa MJIM 3JEKTPOMArHMra, . a
IeNb ¢ TOKOM COCTABHM TaK, YTOGHI TOJLKO OJHH NPAMOJHHEH-
HBIH y4yacTOK ee 0KasaJjcsl B CHJIbHOM NOJIe, OCTaJILHEIE XKe y4a-
CTKH LEeNH NPOXOAMJIH MO TeM YacTAM MPOCTPaHCTBA, T[Je Ha-
NPSAKEHHOCTh NOMA YPe3BRIMAHHO Masia H JeHCTBHEM IOJA Ha
3TH YYyacTKH LeNH MOXHO BroJHe npeHeOpeub (puC. 233).
[IpakTHueckH suIb OPSAMOJMHEHHBIH yuyacToK LenH ab Haxo-
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OUTCA 10 JeHCTBHEM 3HAYUTEJNBHOTO MOJSA, TaK 4YTO HabJIo-
AaEMBIe CHJIBI SIBJASIOTCS CHJIAMH, € KOTOprMH MarHUTHoOE noJje
JeHCTBYeT Ha mNpaMoiuHeliHbli ToK. UsMeHsisi Hampab/ieHue
TOXa B MPOBOJHHKe ab (Hampumep, ¢ MOMOLIBIO NepPeKJIoaTe1s)

Puc. 233, [elicTBHe MarHHTHOrO NOJIA Ha TNPAMOJHHelHHH NPOBONHHK
c. ToxkoM. CHJa F BbITaJKHBaeT NPOBOJHHK C TOKOM ab

H H3MeHfA7 HalpaBJieHHe MarHHTHOro NOJs (HampHMep, MOBO-
pauydBas MATHUT), MOXHO HCCIeIOBATh HampaBJieHHE AeHCT-
BylOLed cuabl (puc. 234) *). DTH OMBEITH MOKA3HIBAIOT, UTO
NPOBOJHHK ab OTKJIOHseTCA BIPaBO HJIH BJeBO (puc. 233) Hiu
CTPEMHTCA NEePEMECTHTBCA BBEPX HJIH BHH3 (pHc. 234, a u 6).
HakoHern, oka3biBaetcs, 4TO MoJie He OeHCTBYeT Ha NMPOBOLHHUK,
KOrjJa TOK B HEM TeYeT MNapasijelbHO HAaNpPAaBJeHHIO MOJA
(puc. 234, 6). BuimonHaa pasHooGpa3HBe OMBITEL TAKOTO POAA,
MOXHO clleaTh CJeayIolHH O6UHH BBIBOL.

Hanpasaenue cuant F, ¢ xomopoil mazrnumeuoe nose Oedcm-
syem Ha npamoauretinbLl nposodrux ¢ moxom I, eceeda nepnen-
OUKYAAPHO K NPOBOOHUKY U K HANDABAEHUID MAZHUMHOL UHOYK-
yuu B. Ha nposoOnuxu, pacnoroscerrHoe 8doab HanpasieHus
AURLUL #Q2HUMHO020 NoAs, hose He -Oeticmeyem.

Ilpu stom Tok 7, uHAyKIHA B W cuaa F Hanpab/eHbl Tak,
Kak I0Ka3aHo Ha puc. 235. [l 3anOMHHAHKUA 5TOrO B3aHMHOIO

*) Ha puc. 234 pia npocTOTH NOKa3aHo, YTO NPOBONHHK ab BHCHT Ha
NpyKHHKax (Ha JHHaMOMETpe), KOTODHIE PACTATHBAIOTCA HJH CXKHMAIOTCH
B 3aBHCHMOCTH OT TOrO, HaNpaBJeHa CHJIA :BHH3 HilH BBepX. YUToOH! yCTAHOB-

Ka 613 JOCTATOYHO UYBCTBHTEJNbHOH, HAJ0 NPOBOLHHK ab NMOJBECHThb K Dhl-
Yary 9yBCTBHTeJbHbIX BECOB H MPHMEHHTb CHJBHOE MarHHTHOE ToJe H 60/1b-
moﬂ TOK,
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pacno.no;xenua yAoGHO NO/IB30BATHCS npaeu/wu ae6ois pyrcu
(puc. 236).

Ecau pacnoaoxcume sesyro aadors max, 4mobot awnﬂuymbte
nanbybl YKAEAIU HANDAGIEHUE MOKA, O AUHUL MOZHUMHO020
NoAA 6nuBAAUCt 8 Aa00Hb, MO OMCMABAeHHObLE GOAbIIOL najsey
yKkaskem wnanpasieue cuabi, Oedcmeyiowetl Ha npPoBOOHUK.

iR v + —

a . a '
Puc. 234. Ilpu nepemeHe HampaBJeHHS TOKa H3MEHSETCH HamnpaBJeHHe
caabl F: NPOBOAHHK € TOKOM, KOTOPHIH BHITAJKHBAJICS H3 MarHHTHOTO
noJs (@), HaiHHAeT BTATHBATECA B Hero (6). Ec/u HanpapjeHHe TOKa Ta-
paJliIeIbHO JIWHHSIM MarHHTHOTO IIOJIS, TO OHO He JAe#iCTByeT Ha NPOBOAHHK
€ TOKOM (8)

Ecnu HanpaBsaeHHe MarHMTHOH HHIYKUMH B cocraBjiser
HEKOTOPLIH YroJ ¢ nanpaBjieHHeM TOKa I, TO /s onpeaeseHHs
CHJBI JeHCTBHS HQAS HA TOK HAJAO pas3oXKHUTb MATHHTHYIO
HHAyKUHIO B Ha JBe cocTaBjasoliue: By , napanieabHylo TOKY,

I B F
I
' B _F 8 B
. B { I
Faoy~ ... 0} & g

Puc. 235. PasnmuuHbie c/lydaH B3aWMHOTO DPacnoJIOXeHHs HaTpabJeHHH
MarHWTHOH HWHAYKUWH B W Toka [: F — cHJa, AeficTBylollasi Ha NPOBOX-
HHK C TOKOM

M B, nepneHIHKYJAAPHYIO. K HeMy (puc. 237). Jlumb 31a
HOC/IeAHsASl H OOYC/IOBJHBACT CHJY HEACTBUA MOJA, W IO OTHO-
IIEHHIO K HeH HAJO NPHUMEHATb NPABHJIO JEBOH PYyKH.

Eciu BbINONHATL H3MepeHHe MOAyas cHJEl F, noamsysch
NOKAa3aHUSAMH BECOB HJH AMHamomerpa (puc. 234, a u 6), 1o
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MOXKHO YCTAHOBHTD, YTO 3Ta CUAQ NPOROPYLOHANLHA CUuAe MOKA,
MacHumHol uHOYKyuy u Oauxe nposodnuka ab *). 1o coot-
HOILIEHHE HOCHT HasBaHHe 3axkoHa Amnepa. KoHeuHO, MonOGHbI-
MH OITLITAMH OHO MOKET GHITh IIPOBEPEHO JIHIIb OYeHb Ipy6o.
OnHako, moJb3yach HM JJs pac-
o yeTa CHJI, JEHCTBYIOUIMX Ha CI0XK-
el Hble INPOBOJHHKH B CaMBIX pas-
HOOOpAa3HBIX CJyYasx, H CPaBHH-

By
1]
i
1
I
13
i
I

Hanpabnexug moxa

Harpabnewue
OEUMEHUT
NpoGoOTHUKT A
Puc. 236. [IpaBuiio JeBOR pPYKH Puc. 237. PasioxeHHe MarHUT-
: HOR MHAyKuBE B Ha jse co-
CTaBJSIIONHE: BII , MapaJJenb-
Hylo TOKy, H B, nepneuis-
KYJsipHYIO K HeMy

Basl pe3yJsbTaThl PacyeTa C OIbITOM, MOXHO YOEIHThCS1 B Clipa-
BEeJJIMBOCTH 3TOI'0 34KOHA. ;

Ecnu MarHutHas uHAYKUMS paBHa B, cuia Toka pasHa /,
JUIMHa NPAMOJHHEHHOrO NPOBOJHHMKA C TOKOM paBHA [ H yroa
MEX]Yy BeKTOpoM B U NpOBOJHHKOM C TOKOM [ paBeH ¢, TO
3aKoH Ammepa BBIPAsHTCSl B BHIE COOTHOLIEHHs

F=Bllsing. (133.1)

N3 tpopmyaer (133.1) cnenyer, uto Koraa NpOBOLHHK Napasie-
JeH HHAYKUuuH B (1. e. ¢=0), 10 F=0, T. e. Ha NPOBOJHMKH,
napasiieNbHBle HanpapJ/eHHIo 10Jisl, NoJe He JeHCTBYeT, Kax
5TO W BHITEKAeT H3 OIbITOB, OMHCAHHBIX B 3TOM MHaparpage
(puc. 234, 6).

MEI yKe rOBOPHJIH O TOM, YTO ABa HapaJlie]bHBIX .ApAMO-
JIMHEAHBIX NPOBOJHMKA MPUTATHBAIOTCA APYT K JAPYT, €CJH 110
HHM MPOXOJAT OJMHAKOBO HANpaBJeHHHE TOKH, H OTTaJKWBa-
I0TCfl, €CJIM TOKH HampaBjeHbl HaBcTpedy ApYyTr Apyry (§ 115).
310 HeTPYJHO OOBSCHUTH, ECJAH YYECTb, UTO KaXKILIH MPOBOI-
HMK HaxOJMTCS B MarHHTHOM NOJIe, CO3JaBaeMOM TOKOM B
JPYTOM IIPOBOAHHKE, H BOCIIOJNb30BAThCS INpaBHJaMH Gypas-
YHKa M JIEBOH PYKH.

Yrto kacaercsi CHJIbI NMPHTSKEHHS (WJIH OTTAJNIKMBaHHS), TO
OHa MPOMNOPIHOHAILHA IPOU3BEIEHHIO CHJ TOKOB [ ¥ [, B

*). Ipeanonaraercst, 49T0 Ha NPOTSKEHHH BCEro TNPOBOAHKKA ab mone
HMeeT OIHY H Ty Xe MarHHTHYIO HHAYKIHIO B.
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TEPBOM H BTOPOM .NPOBOJAHHKAX H JJIHHE NPOBORHHKOB [ H
06pAaTHO NPONOPLHOHAJIbHA PAaCCTOAHHIO MEXAY NPOBOAHHKA-
MH r:

11,1
r

=
o

F= : (133.2)

o
4

TAe Mo — MATHWTHAS &1I0CTOSAHHAA (cM. dopmyay (126.2)).
[Toayuaerca 3TO NOTOMY, YTO HHAYKLHA MAarHuTHOrO nosas B;
TOKa /, Ha PACCTOSIHHH r OT NMEPBOr0 NPOBOJHHKA NPONOPLHO-
HaabHa I,/r, a cunia, AeHCTBYIOUIas Ha BTOPOH NPOBOAHHK
(annHEI {), B COOTBETCTBHH ¢ popmy ok (133.1), nponopuuoHans-
na Bil,l. ¥ron ¢ B AaHHOM cJaydae npaMmoi, T. . singp=1.
JIerko NOHATb, UTO TaKkasd e MO MOAYJIO CHJIa AeHCTBYeT
Ha NepBbIA NPOBOJHHK B MATHHTHOM IoJie TOKA /.

J1d cpaBHEHHA CHJ TOKOB H.YCTAHOBJIEHHSA €IHHHIbI CHJILI
TOK4 MOMHO, BOOOLLE rOBOPf, BOCHOJNBL3OBATLCH JIOOBIM  H3
PasUUHBIX JAEHCTBHA (NPOABJAEHHH) JEKTPHUECKOTO TOKA —
TenJioBeIM (§ 57), xuMHueckuM (§ 65) Hun marautHeM (ri1. XII).

B CH enuuuna cHibl TOKa amnep (04HA H3 OCHOBHBIX €llH-
HHI[ B 3TOH CHCTEME) ONpeAe/sfeTca NPH INOMOLUH CHJI B3aHMO-
JEHCTBHA MEXKAY NPOBOJHHKAMH, MO KOTOPHM TEKYT TOKH.
Jlns onpelejeHHa HCNoJab3yeTcss HMeHHO ¢opmyaa (133.2),
BBIpaxkaiolas CHJAY B3aHMOJEHCTBHA JBYX NapasUIeNbHEIX TO-
KOB: 00UH QMNep eCmb CUAQ HeUSMEHAOUES0CA MOKA, KOmopeLL,
npoxoda no 08YM NAPANACAOHOIM NP AMOAUHELHIM NPOSOOHUKAM
6CCKOHEHHOL OAUHBL U HUYMONCHO MAA020 KPY208020 CeueHus,
DACNOAONEHHOIM HA PACCMOAHUL 00H020 Mempa 00UH om Opy-
2020. 8 saxyyme, 8v136an Obt mexcOy SMuUMU NPOBOOHUKAMY CUAY,
pasryro 2-1077 noomona Ha xascOotli memp OAUHbL.

IlpakTH4eCKH TPYAHO. ¢ AOCTATOYHOH TOUHOCTHIO oOfecre-
YHTh YC/JAOBHA NPHMEHHMOCTH opMydan! (133.2) u usMepsaTh B
3THX yC/noBHAX cuay F. TlosToMy Ha mpakTHKe Vi yCTaHOB-
JICHHS 3TaJIOHa amnepa H AJIA KaJuOGPOBKH APYTHX NPHGOPOB,
NpeAHA3HAYEHHBIX AJ5 H3MeDEeHHA CHJBl TOK4, MNOJIb3YIOTCA
JpyrHM npHGOPOM — TaK Ha3blBAeMBIMH aMIep-BeCaMH. B HHX
NpH NOMOUIH TOYHBIX BECOB H3MEPAETCHA CHJA B3aHMOACHCTBHA
" IBYX KaTyllleK, [10 KOTOPBIM NPOXOAUT OJHH H TOT Xe TOK. Ilis
3THX YCJOBHH TOXKE MOXKHO BBIBECTH TOUHYIO QOPMY.JY, KOTO-
pasi, noao6Ho dopmyse (133.2), cBA3HBAET CHJIY NPUTAKEHHSA
KaTyllleKk C CHJIOH TOKd B HHX. L
2 133.1. TTIpoBOZHHK ab yKpeIUieH Ha OCTPHe TaK, 4TO OH MOXeT CBO-
° GonHo Bpaumathes BOKpYT ocH O (puc. 238). KoHuu nposoiHHka 3a-

THYTH H NOTPYXXEHH B KOJIblle0fp a3HhIe X eJIOOKH € pTYThiO, COeZiHHeH-
Hhle ¢ noJiocamu GaTaped. TakHm 06pa3omM, Yepe3 NPOBOXHHK NOCTO-

SIHHO NPOXOJMT TOK B ‘HaNpaBJieHHH cTpeakH /3. B ropusonTasibHOR
TJIOCKOCTH HAXOANTCA NPOBOAHHK ¢d, TI0 KOTOPOMY HJieT TOK B HalpaB-

-~



neHun cTpeki /4. Kak ycranoBHTCS MPOBOAHEK ab Moj JeficTBUeM
MarHHTHOrO IOJfl, CO3AaBaeMoOro TOKOM B IPOBOAHHKE cd?

‘ 133.2. Kax HanpabJjieHa cHJa, ¢ KOTOPOH MarHHTHOe IOJIe" 3eMIH
J.leﬁCTByeT-B CeBE€PHOM IToJIyILlIapHH Ha I‘OpH30HTaJIbHHﬁ MPOBOJHHK.C

——

e E2 =y

Puc. 238. K ympaxuenuro 133.1 °

a2t e

TOKOM, €CJ/IH 3TOT NPOBOAHHK: a) PacMoJIOXKeH B IVIOCKOCTH MarHHT-
HOTO MepHAHaHa H TOK HJeT C ceBepa Ha 1or; 6) ec/IH MPOBOAHHUK Ilep-
NeHAUKYJIspeH K IVIOCKOCTH MarHHTHOrO MepHAHaHa H TOK HIET C
'samajia Ha BOCTOK?

§ 134. JiefictBie MArHUTHOrO IIOJIf HA BUTOK WJHM COJCHOM]
¢ TokoM. B npenplnyiieM naparpa(pe Mbl PaccMOTpeTH JleficTBUE
O/l HAa UCKYCCTBEHHO BbIJEJIEHHBIH HpHMOJIHHeHHbIH Y4acTOK
npoBoaHHKa ¢ TokoM. Ho Tok, mporekatomuil no- npOBOAHHKY,

ol R ad npeicTaBaser coboi 3aM-
[llj KHYTYIO Lellb, H ReHcT-

7|7 al[e BHE MarHHTHOIO IOJIA HA
TOK BeCbMa  CJOXKHBIM

YA 06pasoM 3aBHCHT OT (op-

MBI IIPOBOXHHMKOB H OT HX
pacio/oXeHHsi B IIOJE.

2z pils Mgl orpanuuumMcs paccMoT-
« - - peHHEM CPaBHUTEJbHO

¥ 8 § TDOCTBIX,  HO BaMHBIX
cJAy4YaeB, KOTAa IPOBOJ-

p= 7) HUK [pEACTaBaAeT COGOH

Puc. 239. BuTok ¢ TokoM () # conenous ~OAHH BHTOK HJH COBO-
(6) n/1a npoBeneHHd HccdenoBalHul B Mar-  KYITHOCTD ITOCJE€AOBATENb
HHTHOM TloJle .- HO COeJUHEHHBLIX BHUTKOB
(conenoun), Jns wusyue-

HHs JefCTBHS MarHHTHOTO MOJsS HAa TAKOH BHTOK HJAH COJle-
HOHI yno6HO npuiarb npuéopam ¢GopMy, H30GDANKEHHYIO
Ha pHc. 239, rie nposoia ab u cd MOJBOJSIIINE TOK OT 6aTapen
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chenaHbl JUMHHBIMH H TOHKHMH, TaK YTO OHH OJHOBPEMEHHO
CJIYXAT. TMOXBeCaMH, JAIOIIMMH BO3SMOXKHOCTb . BHTKY JIETKO
NoBOpayHBAaThECS H mepeMelnatbes. [Tomelnas Takoil BUTOK WIIH
COJIEHOHJ, B MAarHMTHOe I0Jle, HallpUMEP B MaruuTHOe IIOJe
3eMyiH HJIA MEXZAY MOJIOCAMH MarHHTa HJIH 3JIEKTPOMATHHTA,
MBI MOXKEM H3yuaTb JeHCTBHE I0Js Ha BHUTOK (coneHoun). [Ipu
3TOM MOXHO mpeHefpeub JeHCTBHEM MOJA Ha I[OABOAALIHE
NpPOBOAA, €CJIH OHH PACHOJIOXKEHBI OUeHb TECHO IPYT K JAPYIY
HJIH, ellle Jyuile, OOBHBAlOT APYT -Apyra. [leACTBUTENbHO, MO
3THM IPOBOJAM TeKYT TOKH OJXHHAKOBOH CHJIbI H TPOTHBOMOJIOXK-
HOrO HampaBJIEHHS W OHH HAaXOJATCA B OJHOM H TOM e MoJe.
CnepoparenpHo (§ 133), Ha moaBojAlHe TPOBOZA JEHCTBYIOT
PaBHEIE U TPOTHBOIOJOXKHO HampaBJeHHBIE CHIIEl, TAK 4TO MOJ-
BEC . OCTaercsi B IOKOe.

Mul HeofHOKpaTHO obpallald BHHMaHHE Ha TO, YTO BHTOK,
IO KOTOPOMY T€YET TOK, IKBHUBAJIEHTEH KODOTKOMY MarHHTy,
HanpapJ/IeHHe KOTOPOro MePNeHAHKYJ/IAPHO K MJIOCKOCTH -BHTKA,
IpHUYEM CEBEPHBIH MOJIIOC 3TOrO0 MATHHUTA PAacloIOXKEH Ha TOH
CTOPOHE IVIOCKOCTH BHTKA, C KOTOPOH TOK KaMKeTrcsi LUPKYJIH-
. pyrowHuM NpPOTHB YacoBOH CTpenku (mpaBuo OypaBuuka,
§ 124; cm. rtakxe § 119), a 10XHBI Ha NPOTHBOMONIOXKHOH
cropoHe. CoOJIEHOMI K€ 35KBUBAJIEHTEH MAarHHUTy, JEXalleMy
BIOJB OcH cosenouaa. Ochb 3T0-
ro MarH{Ta COBMajder C OChIO
COJIEHOHJA, a PpacmoJoXeHHe
CEBEPHOTO H KOXKHOIO MOJIOCOB
onpeaensercsa npasuiaoM 6ypas-
YyHKa, TaK Xe KaK H B ciayyae
BUTKA. EcCTeCTBEeHHO m03TOMY,
YTO Ha TAKOH BUTOK HJIH COJIEHO-
HA ToJie JeHCTByeT, KaK HA
MarHuTHYI0 CTPEJKY, 4 HMEHHO:
OJHOPOAHOE IOJIE CO3/laeT Bpa-
LLAOIML K MOMEHT, CTpeMALIUHCA
MOBEPHYTH BUTOK HJIH COMTEHOUJ
Tak, yro0bl OCb €rO pacmoJio-
JKHJIach BAOJAb IOJS H HAnpas-
JIEHHE OT I0XHOrO IOJII0Ca BUTKA -
(coneHOHA) K CEBEDHOMY COB- 4 -4

nano C HaTpaBleHHeM MOMA Puc. 240. Ilonoxenue, KoTopge
TIPHHHMAIOT B MATHHTHOM Tioge

{puc. 240). B HeONHOPONHOM IO~ gyrox ¢ rokom (@) # coneHonz (6)
Jie K 3TOMY BpalliolleMy MO-

MEHTY TIPHCOEIMHAETCA CHMA, YBJACKAIOWlaA TOBEDHYBIIHHCH
BHTOK (COJIRHOMZ) B TOM HAaNPaBJCHHH, B K4KOM YBEJTHUH-
BaeTcs MarHuTHas WHIYKUHA MONAH.
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[Monb3ysch CBeIEHHUSAMH, NOTYyYeHHEIMH Hamu B § 133 otHO-
CHTeJIbHO JeHCTBHSl MAarHUTHOIO MOJS HA MPSAMOJMHEHHBINR
NPOBOIHMK C TOKOM, Mbl MOXKEM fiCHee MNpeICTaBHUTbL cebe
MPOMCXOXKIEHHe BPAIAIOIEr0 MOMEHTA H ' BJEKYINeH - CHJE,
KOTOpHEEe JEeHCTBYIOT Ha BHTOK C TOKOM B MAarHUTHOM IOJe.

. N\

Puc. 241. Pamka ¢ TOKOM B OZHODOJHOM I0JIe YCTAHABJIHBAETCA TAK, YTOGH
IJIOCKOCTh €€ Obl/la TepNeHAHKYJISIPHA K JHHHAM IOJS:
a) suj cGoxky; 6) BHL CBepxy

[Tycth BUTOK HMeeT NpsAMOYroabHYyI0 opmy (puc. 241) u pac-
TMOJIOXKEH B OJHOPOJHOM MOJIE TaK, UTO JBE €TI0 CTOPOHHI HapaJ-
JIeJIbHBL HAMpaBJIeHHIO NOJS1, a JABe NMEePNeHIHKYISPHE K HEMY.
Ha nepBbie aBe noJie He JelcTByeT (pHc. 234, 6), a Ha JBE BTOpbie
JefCTBYeT C pPaBHbIMH M MPOTHBOMNOJIOMHO HAanpaBJeHHBIMH

Y 'F4 fé

[P |
e — — — e (—
B -
R | I
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Puc. 242. Pamka ¢ TOKOM, CTosIltasi MepNeHAHKYJ/AAPHO K JHHHAM OLHOPOJA-

Horo moJsis, JelicTBylouiHe Ha Hee CHJIBI CTpeMSTCA JeOPMHpOBATh paMKy

(cXaTe MM PacTAHYTH ee), He BhI3BBAsA ee IMOCTYNaTeJbHOTO ABHKEHHS

KaK 1eJsioro: a) Buj c6oKy (MarHHTHOe TIOJle HANpPaBJeHO K HabMIOAAaTeso);
0) BHL CBepXy

cunamu F; u F;, notoMy uTo 06€ 3TH CTOPOHBI UMEIOT OJHHAKO-
BYIO LJHHY ! M 1O HHM TedeT TOK / OJIMHAKOBOH CHJIBI, HO
NPOTHBOMNOJNOXKHOIO HAMpPAaB/ICHUA (PHC. 241) Takum obpasom,
CHJIHl, ¢ KOTOPHIMH OZHOPOIHOE NoJe IeHCTBYEeT Ha BHTOK C TO-
KOM, COCTaBJISLOT Mapy CHJ, KOTOpasi M OGYC/IOBJIHMBAET Bpa-
IRAIOLIHH MOMEHT, NOBOPAYHBAIOWIMH BUTOK TaK, YTO MJAOCKOCThb
€r0 YCTaHAB/IHBAETCS TMEPNEHAHKY/ISAPHO K HanpaBJ/eHUIO N0,
308 '
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Ecan nose 001opodHo, TO STHM NOBOPOTOM H OrPaHHYHBAETCA
BO3JIcHCTBHE MO/, HOO B 3TOM NOJNOXKEHHH JeHCTBHE NOJS CBO-
JIHTCS K 4YeThlpeM HampaBJeHHBIM B pasHble CTOPOHBI CHJIaM
Fi, F, u F,, F,, xoropple He MOIyT HepeMellaTh BHTOK, a
TOJIbKO CTPEMSTCS ero- 1ehopMHPOBATh H YDPaBHOBEUIHBAIOTCS
YOPYTHMH CHJIAMH, BOSHHKAIOLIHMH NTPH Je(pOPMAlIHH 2KeCTKOTo
- BHTKa (pHc. 242). Ho ecsint nosie Heo0HOpoOHO H, ce0BaTe/bHO,

i

Puc. 243. q) Pamka, HaXofalllasgcsl B HEORHOPOJHOM Moe (BHA CBepXY).

JeficTBylomye Ha Hee CHILl BLI3LIBAIOT ABHXKEHHE DaMKH B 00JAacTb HaH-

Gosbliel MarHMTHOH HHAYKUHH noas. 6) CaoxeHue cun Fy u F,, pei-

CTBYIOILHX Ha OOKOBhie CTOPOHH paMKH. PabHofefictBylomas cuna F

CTPEMHTCA BTAHYTL PAMKy B 06/1acTb HavGOAblIeH MarHHTHOH HHAYKIHH
. nons

MarHuTHasi HHAYKUHA TOJS B Pa3HEIX MeCTax ero HMeer pas-
JIMYHOE HATPABJIEHHE (H MOLYJIb), TO PE3yJIbTaT GYNET HECKO/Ib-
Ko csoxkHee (puc. 243). Cuibl, feHCTBYIOLHE HA PasHBIE CTOPO-
Hbl NMOBEPHYBIIEroCsi BUTKA, TeNephb He PaBHBI H HaNpaBJi€Hbl
He B NPSIMO NPOTHBONOJIOXHBLIE CTOPOHHI, d. COCTABJSIOT HEKO-
TOpPHIH Yyros Mexkzy coGoft (puc. 243, a), u60 3TH CHJILL HepNEeH-
JHUKYJIADHEI K HalnpaB/JeHHIO MarHHTHOH MHAYyKUMH nojs. Hx
paBHOjeHCTBYIOUAast F HampaB/jeHa B CTOPOHY BO3pacTaHHS
MarHHTHOH HHAYKUMH (pHC. 243, 6) *).

Hawe paccmoTpeHHe Kacajoch NPSIMOYTOJBLHOTO BHTKA.
OHO coxpaHsieT CBOIO CHJIY H JUIf BHTKA /060 GOpME, TOMBKO
B 3TOM CJyyae pacuer 6oJiee CJIOXKeH, ¥ MBI €r0 He NDHBOIHM.

B cinyuae cojleHOMIA CKasaHHOe NPHMEHHMO K KaXKJIOMY
BUTKY. Bpauiaoiue MOMeHTH, AeliCTRYIOHE HA KaXKIbIH BUTOK
MECTKOTO COJIEHOH[A, CKJAABIBASICh, AAIOT Pe3yJIbTHPYIOUHMi

*) HanomuHaem, 4To NpH rpadHyecKoM H306paX<eHHH JHHHH MarHHT-
HOro moas YepTATcs rylle TaM, ke MarHHTHas BBAyKuHA Goabwe (§ 122).
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BpalllaloltHA MOMEHT, -NOBOPAYKBAIOIIUA Bech coneHout. Ilpu
HEOJHOPORHOM IOJIE CHJILI, BJAGKYLIHE KaKIbifl BUTOK B CTOPO-
HY BO3DACTaHHs MAaTHHTHON KHIYKIUH NOJIA, OKAXKYT TaKOe XKe
‘NeficTBHE H HA BeCh COJEHOMJ B IEJOM. 3TO PacCMOTpeHHe
oGBACHAET HAM, KaKHM 00pasoM JeHCTBHE NOJIA Ha KaXKpli 3/e-
MEHTAPHEIl aMIepoB TOK NPHBOAHT K MOBOPQTY BCeif MarHHT-
HOH CTpeNIKH H K €e YBJIeyeHHIO BAOJb NOJIS, eCIH OHO Heon-
HOPORHO. -
2 134.1. B ropusoHTalbHOH NJIOCKOCTH JIEKHT BUTOK., OXHOpPOZHOE
. MarHMTHOe TOJie HalpaBJICHO BepTHKAaJbHO CBepXY BHHU3 (pHc,-244).

Kak 6yayT HanpasJsieHbl CHJIbI, AefiCTBYIOLUIHe Ha BHTOK: a) ecsiM 10
HeMy NIDONYCTHTb TOK B HamnpaBJieHUH, YKasaHHOM CTpesikoil; 6) eciy

|B

‘i

k-4

it

Puc. 244, K ynpaxuenuio [34.1 Puc. 245, K ynpaxHenuio 134.3

TOK uZeT B obpaTHom Hanmpasienuu? Kakyo ¢opmy crpemuarcsa npu- -
HATb BUTOK, €CJIM OH CAesiaH M3 oueHb THOKOH NPOBOJOKH, B 0GOHX
caydanx? .
134.2. Ecay yepes NpOBOJIOYHYIO CIIHPAJL NPONYCKATh TOK, TO BHTKH
" ee TMPUTAFUBAIOTCA ADPYT K APYTY M CHHpaJb CTATHBaeTcAd N0 OCH.
OGnacHUTe 3TO sIBJIEHHE.
134.3. O6BACHUTE ONHT ¢ «TaHUyOWed OpPyKUHOMY, H306paKeHHOMH
Ha puc. 245. ToK NOABOANTCH K NPYKHHe uepe3 BePXHUA HeNOABHIK-
HEHl KoHer, / M uepe3 YameuKy ¢ PTYyTbio 2, B KOTOPYIO NOTpYKeH
HUKHUA KOHeLl NpyKHHKE. [Ipy BK/IIOYEHHH [TOKA NpyKHHA HauHHaeT
MepHOZHYeCKH CXHUMATbCl M DacTATHBATbCH, NPHUEM KOHell ee TO
BEIXOAHT 43 PTYTH, TO CHOBa BXOAHUT B Hee. KaKoft H3 H3BeCTHHEIX HaM
npu6opoB HamOMHHAET 5To ycTpoiicTBo? JIIs KaKoi e ero MOXHO
Guisio 6Bl UCTIONB30BATH? :
134.4. Kycok Kenesa, NOMeIeHHHH Nepel KaTyUIKOH, BTATMBAETCH
B Hee IPH BKJIOYeHHH TOKAa He3aBHCHMO OT HanpaBsJeHUs Toka. Ha
3TOM OCHOBAHO YCTPONCTBO aMIepMeTPOB H BOJILTMETPOB TaK HasHl-
BaeMOfl 9€KTPOMATHHTHOM CHCTeMbl, NPHMeHSeMBIX AJsi H3MepeHHs
nepeMeHHOTO TOKa M HanpsxeHHs (Ha puc. 246 AJA SICHOCTH KYyCOK
Menesa cHaGXeH cTPeJKOH M NOKasaHa mKana). O6pacHMTe 3TOT
oneit. [Ipamo Gal 2eJe30 B ABHKEHHE, eCHIH Gbl Mbl NOMECTHJIU €ro
BHYTDb KaTyIIKH, T. €. B 00/1acTb, Tle MaTHUTHOE NOJie OAHOPOJHO?
134.5. Ha puc. 247 u3obpameHa MoJestb «5JeKTPONYIIKH», NPeXcTaB-
asomas co60fi TOPU3OHTAaNbHO YKperUIeHHHH cojeHors I, HaMo-
TaHHLIA HA MERHYIO HJIH CTeKJISHHYIO TPYOKY. ¥ OBHOrO KOHIa ero
B2xXOAWTCs Xejteannifl ccuapaay (FBosae) 2. Ecnn Ha KopoTkoe BpeMs
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Puc. 247. K ynpaxsenmo 1345
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BKJIOYHTb JOCTAaTOYHO GOJBILOH TOK, TO CHApAJ BTSHETCH BHYTpPb CO-
JIEHOH/1a, TIPOJIETHT CKBO3b HETO H BHIJIETHT C JIOBOJEBHO 3HAYHTEIBHOR
CKOpocThio. B Kakoli MOMeHT HyXHO BHIKJIOYHTb TOK, YTOOBI CHapsil
BBLJIETEJ] M3 COJIeHOMJa ¢ HaHGoJbluell ckopocTbio? KakoBo Oyzer
JBHXEHHE CHapsa, €CJAH TOK OCTaHeTCs BKJIOYEHHEIM BCE BpeMs?

§ 135. TlanbBaHoMeTp, OCHOBAaHHBLIE HAa B3aHMONEHCTBHH
MArHHTHOTO NMOJA # TOKA. Tak Kak CUJIBI, AcHCTBYIOU[HE B Mar-
HUTHOM [OJIE HA TOK, MPOMNOPUUOHAJIBLHEI CHJIe TOK2, TO 3TO
JefictBHe yL06HO HCHOJMB30BaTh ANA U3MEDEHHA TOKA, T. €.
Zi1s1 TIOCTPOEHHS 3JIEKTPOH3MEPHUTENbHbIX NMPHOOPOB, HOCHLLIX
ofliee HasaHHe eaavsaromempos. Haubosee pacnpocTpaHeH-
! HBIMH $IBJISIIOTCS aJIbBAHOMETPHI C Bpa-
0 mawoleiicss Katylkol (pamkorh). Cxema
TaKoro rajJbBaHOMETDPA H306paXkeHa Ha
puc. 248. Jlerkada mJockasi KaTyllKa
(pamka) / 13 oueHb TOHKOH MeaHOH npo-
BOJIOKH BHCHUT Ha yNIPYTHX NOABECAX HJIH
S|  Bpamaercs Ha MOAWIHDHHKAX W yAep-
JKHBaeTCsl B TOJIOXEHUH pAaBHOBECHS
VOPYIHMH TOpYXHHKamM  (Harojobue
A «BOJIOCKA» KaPMaHHBIX 9acoB). TOK B Ka-
TYILKY MOABOAUTCH 4epe3 MOABECHl HJH
yepes OYeHb TOHKHE JIEHTOUKH U3 KaKoro-
aub0 MATrKOro Merasna (Hampumep, H3
cycanbHoro sosora). Karyuika nomerna-
eTCcs MexJy MOJIOCaMH MarHura 2 ta-
KUM 00pasoM, 4ToObl 0O JefcTBHEM
YOPYTHX KPemJieHHH B OTCYTCTBHE TOKa
IVIOCKOCTb ~ KAaTYWIKH  pacnojaranach -
BIOJb HampapjieHHs MArHUTHOIO MOJIS.
Puc. 248, Cxowa tams.  [IPHIPOXOXIEHHH TOKa MaTHHTHOE Mo/
patoMerpa ¢ ppawaio- [OBOPAYHBAET KATYIIKY 1O TeX mop,
welics  Karymkoli: / —  [NOKa BpaltalomiHH MOMEHT 1moJsi He
cB060AHO TNOABelleHHas  GyJeT YpaBHOBELUEH BPallalOHM MO-
KaTyllka H3 MHOTHX BHT-  yieyroM -~ 3akpydHBaloOLIerocs —[ojBeca
KOB TOHKOH H30JHPO-
pauHoR npooioky, 2—  HJIH YIPYTHX TPYxHHOK. [lporpanyn-
. MarHHT poBaB MpelBapUTeNbHO MpHOOp, T. e.
ompenenuB, Kakue yIJbl MOBOpPOTa Ka-
TYLIKH COOTBETCTBYIOT pPasHHIM TOKaM, Mbl MOJy4YaeM BO3-
MOXHOCTb 1O yIJIy MOBOPOTa CYyJUTh O CUJe TOKa B Karyll-
ke. [Iokasanusi mpuGopa OTCYMTHIBAIOT HA LIKaJe MO MOJI0XKe-
HHIO CTDEJIKH, MPHKPENVIEHHON K KaTyllKe, a B Goslee TyBCTBH-
TeJLHHX IPHGOPAX — C IOMOIIBIO CBETOBOIO 3aiHKa, OTGPACHI-.
BaeMOro [MpUKPENJIeHHBIM K paMKe JIETKHM 3epKaJjbleM Ha
YAaJCHHYIO IIKaIy,
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- YyBCTBHTEILHOCTL  TaJIbBAHOMETPOB TAKOTO THNA MOXKET
6LITL CAesaHa oueHb BLICOKOH, A0 107° M paxe 1071° A Ha
OfHO AesieHHe IIKasbl, OueHb 4yBCTBHTEbHbIE IaJbBAHOMETPLI
YAAeTCA TaKXKe OCYLECTBHTBb O NPHHUHNY puc. 234. I[Iposoa-
HHKOM ab CJIYKHT OYeHb TOHKas H.JIETKAas NPOBOJIOUKA, YAep-
JKHBaeMasi YNPYIMMH PacTsXKKaMH B MarHutHoM noge, [lpu -
NPOXOXKJAEHHH TOKA OHA CJIETKa CMeIlaeTcs Mo AeHCTBHEM CHJILL
F. CMeleHHe HUTH, 3aBUCAILEe OT CHJIBl TOKA, OTCUHTBLIBAIOT
NpH NOMOILH MHKPOCKONA ¢ HeGOJIbILHM yBeJHUEHHeM (Crpyn-
Holll 2ansearomemp).

§ 136. Cuna Jlopenua. B § 127 Mbl okasanu, uto madnumroe
fl04e 3AeKMPUYeCcKO20 MOKQ Ccaedyemt PACCMAMPUBAMSL KaK rnoae,
coadasaemoe Oeuscywumucs 3apadamu. DTa BaXKHAA MbICb,
BLICKA3aHHASl TO/IAHACKMM (H3HKOM XeHJPHKOM AHTOHOM
Jlopenuem (1853—1928), Obuia HOATBEPIKAEHA ONBLITAMH
A. A. DiixenBanpaa, B. K. Pentrena u apyrux. JlopeHny xe
NPHHALJEKHT H OGPATHLIH BBIBOA: CUAbL, C KOMOPbIMIL MACHUM-
Hoe nose deticmayem HA NPOBOOHUK C MOKOM, SBASIOMCS CUNAMU,
Oeticmayrougumu Ha 0suscyUiuecs 3apsadol (9AKMPOHbL WAL UOHBL) ,
Komopele U COCmasAsion” MoK, DTH CHJIBL Ha3LIBAIOT CUAAMU
Jloperya. Ho Tak Kak ABHXXYLHeCS 3apsifbl CTAJKHBAIOTCHA C

aTOMaMH BEIleCTBa, TO CHJIbI, AeHCTBYIO- B

LIHEe CO CTOPOHbLI MATHHTHOTO NOJA Ha ;
JBHIKYIIHECH 3apsabl, YBJEKAOT H Npo- ©

BOAHHK, B KOTOPOM 3TH 3apsibl AH- & g

KYTCH, T. € MO KOTOPOMY HPOXORHT

Tok. TakuMm oGpasoM, cuas: s3aumodeii-

cmeus mexcdy MOKOM U noseM, paccMoT- F

peHnble B OPebIAyMX maparpagax, .- g0 SnekTpon B
ceo0ames K cunram Jlopenya. Cyuiect- MATHHTHOM  110.16
BoBaHHe cuJ JlopeHna OTUETJIHBee BCe-

ro NPOSBJSAETCH B ONLITAX IO OTK/JIOHEHHIO 3JIEKTPOHHOIO
Jyya B MAarHHTHOM MoOJie, KOTOphie paccMoTpeHl B § 103. Itu
ONbITHEI HOKA3LIBAIOT, UTO cuaa Jlopenya, Oelicmeyroumasn Ha siex-
mpon e, CeUILYUUIICS 8 MAZHUMHOM noAe, NePReHOUKYAIPHA K
CKOpOCMUY 3aeKMPona 0 U Kk masHumuol unlyxkyuu B (puc. 249).
Hanpagrernue 310l cubl MOXeT GHITL ONpefie/IeHO MO npasusy
nesoli pyxu (§ 133), TONBKO HAfO y4ecTh, YTO HAaNpabJeHHE
JBHIKEHHS 3JIEKPPOHOB NPOMUBONOAONCHO HANPABJICHHIO 3JIEKT-
PHUYECKOTO TOKa, HGO 3JTEKTPOHLI HECYT OTPHUATEJNLHBIN 3apsij;
MO3TOMY -Najiblbl JIEBOH PYKH, YKAashLIBAIOU{He HanpaBJeHHe
TOKa, AOJIKHBl PacHoIaraThCA HAGCMpedy ABHIKEHHIO 3/JeKTPO-
HOB, : L
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Monym: cunn Jlopenua *) onpenenﬁerc;i ¢opMyJ10ﬁ (cpy
c (133.1)

F=evBsine, (136.1)

e e — 3apsj SJeKTPOHA, & — YIoJ MeXAy HanpaBJeHHIMH
BeKTOPOB ¥ H B (puc. 249). .

? 136.1. KakHe H3 KaTOAHHMX Jydell CHIbHee OTKJOHAIOTCA OAHHM H

TeM JXe MarHHTHHIM NoJeM: GoJsiee OblcTphie HIH Goslee MelJeHHbIE?

IpeanosaraeM, yro noje NPOTAMKEHHO, H Mbl MOXEM paccMaTpHBATh
3JEeKTPOHLI, He BEIIeTeBIIHe 3a ero Ipefelihl.

i 136.2. EcTb /1M pasHHIa B OTKJOHEHHH OJHHM H TeM K€ MarHHTHBIM

noseM HOHOB B HOHH30BaHHOM rase: a) NOJOMHTEJILHRX H OTpHIA-
TeJbHbIX; 6) 3apaKeHHEX O/HOKPaTHO, ABYKPATHO H 6osiee; B) HOHOB
¢ 60JIbIIOH H MaJIoi MOJIEKYJISIpHO# Maccoii?

136.3. ITy40K 3JIeKTpOHOB, HMEIOIHX OJHHAKOBYIO CKOPOCTh ¥, Mola-
JaeT B 06/aCTb OJHOPOAHOTO MarHMUTHOIO MOJS C HHAYKuHell B H
3jiech HCKpHBJsercs noj AefictBHeM cua Jloperna. Io kakoll KpuBoit
6yAyT ABHTaTbCs 3JEKTPOHE? M3MeHAercsa JIH NpH 3TOM MOAYJb CKO-
POCTH, ¢ KOTOpOH JBHTAJNHCb 3JeKTPOHHI?

136.4. B . ssiekTpoHHOMyYeBOH TpyOKe C MarHHTHBIM YTIPABJEHHEM
(npuMeHseMoli B TeJeBH30paX) NYYOK SJEKTPOHOB, Najdiol(HX Ha
cBeTsAUiMiics NOA UX yaapaMH 5KpaH, OTKJIOHSETCS OT NP IMOJHHEHAHO-
ro NyTH MarHHTHBIM NoJieM. Eciii nyyox Hanpas/ieH ropH3oHTaJBHO,
a MaTHHTHOe IloJle HanpaBJeHO CBepXy BHH3, TO KaK OTKJIOHAeTcA
Ny4OK 5JeKTPoHOB? Kak OTKJIOHAIOTCA NOJOMXHTeNbHbHE H OTpHlla.
TeJIbHble HOHH I'a3a, NPHCYTCTBYIOMHe B INI0OX0 OTKayaHHOH TpyGke?
136.5. Ha pHc. 173 nokasaHo, KaK cMemaeTcs NSITHO Ha 3KpaHe 3J1eKT-
pOHHOJNyYeBOH TPYOKH, ecM K Hell MOAHOCHTb MarHutr. IlpoBepbTe
NpPaBHJIBHOCTb 3TOTO PHCYHKA, NOJAbL3YSCh NPABHJIOM JIeBOH PYKH.

B onbitax ¢ KaTOAHBIMH JyuaMH 3JEKTPOHBl JBHKYTCH B
BaKyyMme, H IIO3TOMY OTKJOHEHHE X MATHHUTHEIM IIOJIEM SIBJISI-
ercsl NPsIMBIM M JIErKO Ha0/IONaeMbiM pe3yJbTATOM AeHCTBHA
cun Jlopenna. B cayuae e TOKOB B MPOBOJHHKaX (TBepabIX,
JKHIKMX M ra3006pasHEIX) CHJBl JIOpeHIa NpOsIBASIOTCS B
JeHCTBHM Ha MPOBOJHMK O/1aroiapsi B3aHMOLEHCTBHIO JBHXKY-
IIMXCS HOHOB M 3JIEKTPOHOB C 4TOMAaMH M MOJIEKYJaMH Mpo-
BoAHHKA. CylecTBOBAHME TAKOr0 B3aHMOJEHCTBHS — CBOEro
'POAa TPEHHS MEXNY 3apsIKEHHBIMH W He3apsiKeHHLIMH YacTH-
LaMH — HeTpYJHO OGHapYXHTb H IIOKasaTh Ha psje TIPOCTEIX
OTILITOB.

Ha puc. 250 mso6paxkeH cOCYZ, HamOMHEHHBIH paCTBopOM
KaKOoro-u60 3J1eKTPOJINTA; JBA 3J1E€KTPOAa — KOJbLO [ M CTep-
KeHb 2 — IpHUCOeIHHEHHl K MmoJiocam Gataped. TOK B 3JeKT-

*) Tounee, dopmyna (136.1) onpefieisieT TOABKO MATHHTHYIO YacThb CH-
Jabl JlopeHua. «[TonHas» cusa JlopeHia BKaroyaeT B ce6s, KpoMe 9TOH YacTH,
3/IEKTPHYECKYIO YacTb, paBnyo eE, rne E - HanpseHHOCTb 3JeKTpHue-
ckoro noas. ([pumed. ped.) .
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poaute uger ot / K 2, T. €. HOHBI JBHXKYTCS BAO/Ib PalHyCOB
cocyza. IlocraBum cocys Ha OZMH M3 NOMIOCOB MarHHTa, Ha-
npUMep HA CeBepPHBIA, TaK YTO MATHHTHOE [OJie HampaBJ/ieHOo
KBEpPXY, TIePHeHHKY/ISIPHO K HANPAaBJIEHHIO JIBHIKEHHST HOHOB.
Cuser JIopeHna erpemsTcs TNepeMeliatb MOHbI B Hanpap/eHHy
TOPH3OHTAJIbHOH CTPeNIKH MO OK-
PYXKHOCTAM MEPNeHIHKYIAPHO K
pazHycam cocyja. Met oGHapyXHUM,
YTO B 9TOM HANpaBJeHUU HAYHHAET
IBHIaThCsl BeCb PacTBOP, UTO YKa-
3bIBAeTCSl JIBHKEHHEM IIOMVIaBKa
¢ tuaxkom., Ecau H3MeHHTb Ha
ofpaTHoe HanpaBfeHHe TOKa B
3JIEKTPOJHTE HJIH HanpaB/eHHe
MarHHTHOIO 10JIs1, TO H3MEHHUTCS H
HampasJieHHe JBHKEHH i TONVIaBKa.

UTo6bl MOHATH CMEICJ 3TOrO
OMbITa, HAJO BCIOMHHTb, YTO HOHBI
COCTAaBJISIIOT JIHHIb MAJIYIO JOJIO OT
oflero yuc/aa MoJieKyJl pacTeopa. .
TonbKO JABUKYIIMECS HOHBI HAXO- Prc. 250. MoHbl, ABHKyIHECS
IATCA HeNOCPeACTBEHHO Moj Jef- - 1o pamdycam cocyza (mouo-
CTBHeM cuJl JIopeHIa; BCs XKe Mac-  KHTSJBHME OT aHOla ! x xa-

. S TOXY 2, OTpHuaTeJbHHEe — B
Ca HeATPaJIbHBIX MOJIEKYJI XKHAKO-  o6parvom Hampasierim), or-
CTH NPHXOIHT B KPYIOBO€ IABH2KE€-  KJIOHAIOTCA MATHHTHHIM I0JEM
Hue GnarogapsA  CTONKHOBEHHIO H YBJEKAOT 3a COGOM YaCTHUR
HOHOB C MoJeKysiami. Ham omprr  KHAxocTH. [Tonaasox ¢ daax-

KOM HauyHHaeT JABHTaTbcAd 110

JOKa3bIBAeT, C/IeIOBATe/bHO, He OKpYKAOCTH :
TOMbKO CYLLECTBOBAHHE CHJI, JeH- ‘
CTBYOUIMX Ha JBHXKYIIHeCS HOHBI CO CTOPOHBI MarHuT-
HOTrO M0JIfl, HO H CYIIeCTBOBAaHHE CHJ «TPEHHS» MEeXKLYy HOHAMH
H MOJIEKYJ/JIAMH 3KHJIKOCTH.

AHAJIOTHYHHIA OMNBIT, OGHADYXKHBAIOWMH «TPEHHE» MKy
3J/IEKTPOHAMH H aTOMaMH METa/lJ1a, MOXKHO OCYLIeCTBHTb, HAJIMB
B COCYZ, H306paxkeHHbIi Ha puc. 250, BMecTO 3JeKTpoOJHTA .
PTYTh.

Puc. 251 u3ofpaxaeT ONbIT, WIMOCTPHPYIOUIHA <TPeHHE»
MeXJy 3JeKTPOHAMH H aToOMaMH TBepOro Metaaia. Mexny
MOJMIOCAaMH  [IOAKOBOOGPA3HOro MarHyTa 2 MO)eT Bpallarbcs
MeIHbIA JHCK I, KDOMKA KOTOPOro MOTpy:KeHa B kKemol ¢
PTYThIO 3, CayKalluii J/1s 0JBe/ileHusl ToKa OT 6aTapeH K Kpom-
Ke Jucka. Bropolt nomoc Gataped COeIMHEH C OCblO JHCKA.
Eciu 3aMKayTh KMIOY, TO JHCK HauyHHaer Bpamartbesl. [lpu
H3MeHeHHH HalpasJjeHHs TOKAa WJIM HanpabJeHHs MATHHUTHOTO
0J1s1 HanpaB/ieHye BPallleHHsi H3MeHsieTcA Ha o6paTHoe, O6bsc-
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HEHHe fIBJEHHSA aHAJOTHYHO H3/I0XKEeHHOMY Bbilte, [lpu npo-
XOMIEHHH  TOKA 3/1eKTPOHBI ABHXYTCA BAOJb Pajuyca MEXAy
LEHTPOM JMHCKAa H TOYKOH CONPHUKOCHOBEHHS RHCKA C PTYThIO.
Cunbl JlopeHna cTpemsaTCsl OTKJIOHATb HX B NEPIEHAHKYJISD-
HOM HanpaB/leHHH. BCJecTsue «TpEHHS» MEXILY /IeKTPOHAMH

(

Puc. 251. D/1eKTpoHH, ABHXKYIIMecs MO pajHycaM IuMcKa I, OTKJIOHSIOTCS

MaTHHTHRIM MOJIEM MOJKOBOOOPa3HOrO MarHHTa 2 H MPHBOAAT JHCK BO
BpalleHHe

M aTOMaMH MeTaJjJa-BeCb QHMCK NPHXOAMT BO Bpamenue. Ha-
npapjeHde BpAalleHUs MOXHO YCTAHOBHTb, NOJb3YfACb NpaBH-
JIOM JIeBOH DYKH.

HanoMiHM 06 OMbITaX, BRIACHHUBLIMX NMPHPOAY 3JEKTPHUYECKOrO TOKa
B Meramiax (§ 86), B KOTOpHX TakXKe GLLIO OOHApYXKeHO B3aunmofeHCTBHe
MEXJ1Y YacTHI@MH MeTaJJia H CBOGOAHBIMH JEKTPOiiaMH B HeM, B uasecr-
HOM CMBICJIE CJIOB2 370 OMbIThl, 06paTHLIe IO OTHOWERHIO K OMHCAHHKIM 31eCh.
TaM 06HapyKUJIOCH yBJIeUeHHE 3JeKTPOHOB NPH JBHKEHHH BellecTBa B Le-
JIOM, 3/lech OGHapyIKHBaeTCs yBJeUYeHHe BElleCTBa NMH JBHKEHHH 3JIEKTPO-
HOB. HO H 37lechb H TaM ONLITH NMOKa3hiBAIOT CYHIECT3OEAHHE TOFO «TPELH»
MeX1y JeKTPOHAMH H BeLleCTBOM, KOTOPOe NO3BOJIAET C MOMOIIbIO CHJI J10=
peHla OOBIACHUTL AeHCTBHE MATHHTHOTO NOJS Ha NMPOBOJHUKM C TOKOM.

2 136.6. OnpezesnTe, B KaKOM HaMpaBJeHHH Bpallaercs JHCK Ha pHC.
. .

 Bcsl COBOKYNHOCTD ONHCAHHBIX OTBITOB Ja€T HEOMpOBEpXKH-
MO€ KaueCTBEHHOE MOATBEPIKAEHHE NPAaBHJIBHOCTH TOYKH 3De-
uusa Jlopenua. Ho cam Jlopesu nomen ganblie, TmaTesnbHO
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M3YUHB 3aKOHbI, ONpele/soue CHIblL, KOTOPhle JeHCTBYIOT Ha

. OTHeJbHBIE ABHXYIIMECS 3apsKeHHble YacTHIBI, OH IOKasads,
4TO BCE CHJIBI, AeHCTBYIOWUe B MarHUTHOM 110J1€ HA TPOBOJAHHKH
¢ TOKOM, MOTYT ObITb He TOJIbKO KaueCTBEHHO, HO H KOJIHYeCT-
BEHHO OObsCHEHH KaK pe3yJ/ibTaT AeHCTBHSA 10/ Ha OTAe/bHbIE
YaCTHIbI, ABHXEHHe KOTOPHIX B NPOBOZHHKE H €CTb 3JIEKTPH-
yeCKHH TOK.

YueT JIOpEHIEBBHIX CHJI NPHBOAUT K YPEe3BBHIYAHHO BaXKHBIM
3ak/aouennsaM. Tak, Hanpumep, H3MepsAs OTKJIOHEHHE 3JeKTpPO-
HOB B MarHMTHOM II0JIe, NPOHCXOAsILee O AeHcTBHeM cua Jlo-
peHLa, H OTKJIOHEHHE HX B 3JEKTPHYECKOM I[Oje, YAANOCh
onpeleIuTh Ype3BblYallHO BarKHYI0 XapPaKTEPUCTHKY 3/1eKTpo-
Ha — OTHOLIEHHE €ro 3JeKTPHYEeCKOro 3apsiia € K Macce /M.
Oxasanocb, YTO, KakuM Gpl MyTeM MBI HH HOJyYald WOTOK
CBOGOJHLIX 3JIEKTPOHOB — HCIYCKaHHEM H3 DacKaJleHHbIX Tel
(§ 90), unu B pesynbrare goroaddexra (§ 9), uin npu BEGHBa-
HuM ypaapamd uoHOB (§ 101),— mosyuvaromuecss 3J€KTPOHBI
BCETta XapaKTePU3YIOTCH OOHUM U meM Jite 3HaueHtem OTHOILE-
uusi e/m. TakuM o6pasoM, 3TH H3MePEHHs [JOKa3bIBaIOT, YTO
OPH 3THX ONbITaX BHJEJISIOTCA YaCTHUIBI — 3JEKTPOHbBl -—
OJHOH U TOH Xe NPHUPOIHI.

OtHolleHHe 3apsAja K Macce 3/eKTPOHa

e
—= 1,76- 10!t Ka/kr.

MoxkHO H3MepHTb H'3apsAf 5/1eKTPOHA U IPUTOM Pa3THYHbI-
MH criocoGamu. Bee oHu faroT A1s 3apsfa 3JeKTPOHA 3HAYeHHe

e=1,60-10"1 K.

Takum o6pasom, macca 3/eKTPOHA
m=0,91-10"3" kr,

Jasi Toro uTo6H Gosiee HATMISIAHO HPEJCTaBHTb cefe, Kak
MaJla Macca JeKTPOHa, YKaxeM, YTO OHa NPUOGIH3UTENbHO BO
CTOJIbKO K€ pa3 MeHbllle MacChl | T, BO CKOJIbKO pa3 mMacca 1 r
MeHbllle MacChl BCErO 3eMHOTO Ilapa.

HHTepecHO comocTaBHTh HaftleHHOe HAaMM 3HAYeHHE MacChi
3/1eKTPOHA C MACCOH aTOMa CaMOTro JIErKOro BelleCTBa -— BOJO-
poxa. B-ogHoM mosie Bopopopa, T. e. B 0,002016 kr ero, co-
depxutca 6,02:10% momekys (mocrosinHasg Aporajpo). Cie-
J0BaTesIbHO MOJIEKYJa BOZOPOJa HMeeT Maccy

0,002016 xr/moab

6,02- 1023M0A5-1—335 10 *TKT.
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Ho moaexyna sonopona H, cocrout us asyx aromos. [Tosromy
Macca aToMa BOJOPOJa B JBa pa3a MeHbuIE, T.e. paBHa 1,67-X
X 10721 kr, TakuM 06pa3om, mMacca 3neKTPOHA NPHOTHIHTEILHO
B 2000 pas (tounee, B 1836 pas) Membile MaccH aToMa CAMOTO
-JIETKOTO  BellleCTBA — BOJOPOJA.

§ 137. Cuaa Jlopenua v noaspuwe cugnua. Cuia JlopeHHa, BhIsHBaOINaf
OTK/IOHEHHE 3/IEKTPOHOB, NBHXKYIIHXCH B MaTHHTHLIX MOJAX, OT HX NepBOHa-
4a/ILHOTO MY TH, MPOSABJSAETCS BO MHOTHX SIBJIEHHSX HPHPOAL, KOTOPHIE TOMb-
KO C MOMOIIKIO ITHX CHJI M yAaeTcss o6bacHHTb, OfHO H3 caMhIX KPaCHBHIX H

Puc. 252. IMoasipHoe cusinHe (oxHA H3 ero ¢opm)

BEJHUECTBEHHHX ABJEHHHA TaKOro poja — 3TO noAApHble cuanur, B Mectax
3eMHOTO 11apa, PAcMOJOMKEHHHX B CPaBHHTENbHO BHICOKHX ‘LUKPOTaxX, npe-
HMYLIECTBEHHO 32 CEBEPHHM HJIH I0XKHKIM TOJSIPHLIM KPyTOM, BO BpeMs J0J-
TOl NOJIAPHOH HOYH YacTO HabJIOKAIOT Ha HeGe AB/IEHHe MOPa3HTENLHON Kpa~
COTH® Ha HeGe BAPYI' BCTIHIXHBaeT CBeueHHE pa3HooGpasHOH OKpacKH U dop-
mul. MiHOT @ 0HO HMeeT BHR OXHOPOXHOH AYTH, HEMOXBHIKHOH HJIH HYJIBCHPYIO-
el, HHOTAa KaK 6Bl COCTOHT H3 MHOXKECTBa- J1yueH PasHOH NJHHK, KOTOpLle
fepeMBAOTCS, CBHBAIOTCS B BHJE JIEHT HJIH JADanHPOBOK H T. M. (puc. 252).
LlBer 3TOr0 CBEUEHHA KEJITOBaTO-3€/eHHH, KpacHHMH, cepo-hHOJeTOBhHIH.
Bor B KaKHX CJIOBaX OMHCHIBAJ 3TO MpeKpacHOe siBJeHHE NMPHPOABI BEMHKUH
DYCCKMH YueHbi#l, MEICTHTENb 4 M03T M. B. JIOMOHOCOB, KOTOpEIf OBLI OXHHM
H3 TepBHIX HcC/IeloBaTesell TOTO sIBJEHHS! H OCTaBHJ HaM DSl HPeBOCXOJ-
HBIX 3aPHCOBOK €ro:

«Ho rue %, Hatypa, TBOH 3aKOH?

C TmOJHOUHHX CTpaH IpsAxeT 3apsl
He Coanue Jb cTaBHT Tam cBofl Tpou?
He abgHCTH J1b MeILYT OTHBb MOpS?
Ce XJaguefl mAaMeHb Hac TMOKpRJ!
Ce B HO4b Ha 3eMJI0 AeHb BCTYHHJ!»

Jlosnroe BpeMsi IPHPOAa H IPOHCXOXKIeHHe MOASAPHHX CHSAHHHA OCTaBa-
JHCh COBePLIEHHO 3arafOuHEIMH, H TOJbKO CPaBHHTENBHO HELAaBHO YAa/IOCh
MONOHTH K pelIeHHIo STOH 3aragkH. ‘

[Ipexnae Bcero yxanoch yCTaHOBHTH, Ha KaKOH BHICOTE BCIHXHBAIOT
- monsipHKe cHAHEA, [na 3roro ororpadupoBaiH OXHO M TO ¥e CHsHHe H3

318



4

ABYX TOYeK, QTCTOSILLHX OHA OT APYTOR Ha HeCKOJIbKO JeCATKOB KHJIOMETPOB.
Y10 sTuM oTOrpadusM yZa10Ch BLISICHHTD, YTO NOJISIPHEIE CHSTHHS BOSHHKAIOT
Ha BricoTe oT 80 g0 | KM Hazx 3emvielt, yamie Bcero Ha BrcoTe 0koJio 100 kM.
B nasnbHefimieM ORLIO BLISICHEHO, YTO NOJISIPHLIE CHUSIHMS NPeNCTaBJSIOT CO-
6oli cBeyeHHe pa3pexKeHHHIX ra3oB 3eMHON “aTMOCHEpHI, 10 HaBecTHOMN cTene-
%HISE)O}IHOQ C TeM CBeYeHHeM, KOTOpOe HaGJofaercsl B paapsAgHuX TPyOKax
( . . ‘ ,
- TlogMeyeHa OyeHb HHTepecHasi CBSI3b MeXKIY NOJSAPHHMH CHAHHSMH H
pAnoM apyrux sisneHufi. ITossspHEe CHSTHHS He BCerja NOSIBJISIIOTCS OfHHa-
KOBO yacto, B oauu rogw HX GhiBaeT MeHblue, B apyrue 6osbiue. Muoroser-
HHe HaGJofeHHS IOKa3a/J, YTO NepPHOAR MaKCHMAJbHOH Y4acTOTH NOJsp-
HEIX CHSHHMH PeryJiIsipHO OBTOPSOTCSA qepea_llLS roga. B Teuenue kaxjaoro
TaKOrO0 NPOMEXKYTKAa YHMCJIO. NOJAPHHX CHSHHH CHadajJa OT roga K rogy
yOuBaeT, a 3aTeM HauMHaeT Bo3pacTaThb, 4To6h uepe3 11,5 ropa chosa po-
CTHYb MaKCHMYMa.
" Ilpr HabmonenuH noBepxHoctH CoJIHLIA yKe JAaBHO OBIJIM 3aMedeHhl
Ha era AMCKe HenpPaBHUJILHON GOPMEL TEMHRIE NAMHKA, YACTO H3MEH SIOLIHe CBOM
BHJ H IOJIOKeHHe Ha coMHeuHoM AncKke. OKasaloch, YTO YHCJIO H ofmas o~
Waab 9THX NSATEH H3MEHSIIOTCS OT ['0ja K FOJy He CJYYaHHO, a NePHOAHYECKH,
¢ TeM e nepuonoM B 11,6 roga. Ilpu 9TOM B rogul MakCHMyMa COJHEYHKIX
NATeH HJIH, KaK FOBOPAT, B FOJhl MaKCHMaJbHOH COJHEYHOR AKTHBHOCTH,
JIOCTHFaeT MAKCHMYM4 H UHCJIO NMOJISPHRIX CHSIHHE, a IO MePe YMEHbIUEHH
4HCJIa NATeH 0CMabeBaloT H MoJsAPHEE cHsiHHS. Takolt e X0l uMeeT H YHC-
510 mazxumuoix Oype (§ 131), KoTopoe TakKXKe JOCTHIaeT MaKCHMyMa B TOABI
nanGoJibluei COMHEYHON aKTUBHOCTH. B caMmé fociennHe rognm yaamoch ¢ -
HECOMHEHHOCTBIO YCTAHOBHTb TaKOTO e XapaKTepa CBA3b MEeXAy COJIHed-
HOH aKTHBHOCTHIO (YHCJIOM ISITEH) M YCJIOBHSIMH PaclpOCTpaHeHHS. PajHo-
BOJIH B BepXHHX CJIOSIX aTMoctepHl. Bompoc npuoGpes, Takum o6pasoM, mo-
MHMO YHCTO HayYHOL'O HHTePeca, TAKKE H BaXKHOe NPAKTHUYECKOE 3HayeHHue,
Conocrapnsisi 3TH (QakTh, HOPBEXCKHH y4ennfi BupKejaux sbickasasn
npeanosoKeHue, uro nsaTEa Ha CoJiHle SIBJASIOTCS TeMH MeCTaMH, OTKYZa
C OrPOMHO¥ CKOPOCTBIO BHIGPACKBAIOTCS B OKPY2Kaloliee NPOCTPAHCTBO NOTO-
KH 3apsiXeHHHX 4YacTHL — 3jeKTpoHoB. Ilonmajgas B BepxuHe cjloH HaweH
aTMocthephl, OHM 3aCTaBJISIIOT CBETHTHCS COCTABJSIOLIHE €e raskl, NoRoGHO
TOMY KaK OHH .CBETHTCS IOJ BJHSIHHEM YJApOB 3JIEKTPOHOB B PaspAdHOM
Tpy6Ke. DTH Ke 3JIEKTPOHKW OKa3hIBAIOT BJIHAHHME Ha MaCHHTHOE NOjie 3eMJIH
M Ha YCJIOBHSI pacnpoCTPaHeHHs] PajHOBOJH BOJH3H 3eMHOH IOBEPXHOCTH.
Ho ecnu 3T0 Tak, TO NoueMy nOJsIpHbIE CHSHHS HaOJIOAAIOTCS TOJBKO
B BRICOKHX LUHPOTAX, T. €. B MECTHOCTAX, HE OYEHDb YRANEHHKX OT 3eMHEIX I10-
JmocoB? Bexpb cosHedHnie IyuH ocBewiaioT Belo 3emmo. Ha 3ToT Bompoc OTBe-
THJ Apyro# HopBexel, UlTepMmep. 3apsKeunhle YaCTHIR, HCHyCKaeMule
CosHLeM, MOAXOAS K 3eMJle, IONajaloT B 3eMHOe MarHHTHOe noje. 3jech
Ha HuxX pefictByer cuJa JIopeHla, OTKJ/IOHSIOWAS HX OT NEPBOHAYAJBHOTO
npsimoro nyTu. lllTepMep npousses CJIOKHhie MaTeMaTHYeCKHE BEIYHCJICHHS
H PacCUHTaN NYTH 3THX 3JeKTPOHOB B MarHUTHOM noJse 3emun. Ou nokasa,
Y10, AEHCTBHTENBHO, 38PSKEHHMIE YACTHIE, OTK/JIOHSEMEIE 3eMHEIM MaCHHT-
HEIM [OJIeM, MOTYT NONajaTh TOJAbLKO B IPUNOJAPHhie 06J1aCTH 3EMHOTO Lapa.
STa TeOpHs, OCHOBAHHAS Ha yueTe AeHCTBHSA CHJIN JIOpeHIIa, OTKJIOHSIO~
Litelt 3apsKeHHhIe YacTHIL, KOTOPhIE ABHKYTCS B MAarHUTHOM NOje 3eMJH,
X0pOowo corJiacyercsi ¢ 60JIbLIHM YHCIOM H3BECTHHIX H3 ONKiTa HAaKTOB H B~
JIIETCH B HacTosllee BPeMsi OOIIENPHHATOH, XOT B CaMOe NOCJeHee BpeMs
M BLISICHHJICA PSJ TPYAHOCTEH B KOJHYECTBEHHOM OOGLACHEHHH C 3TOH TOUKH
3peHus Bcefl COBOKYNHOCTH $IBJICHHH,



'naea XV.INEKTPOMATHUTHAS MHAYKUMS -

§ 138. YcnoBuaA BO3HHKHOBEHHSI HHAYKLHOHHOro Toka. Ha-
[IOMHHM HEKOTOpble NpPOCTEHILHe ONBbIThI, B KOTOPBIX Habaona-
eTCsl BOSHHKHOBEHHE 3JEKTPUUYECKOT'0 TOKA B Pe3yJbTaTe 3JIeKT-
POMAaTrHHTHOH HHIYKIHH.

OJHH U3 TakKux onelToB H3oGpaxkeH Ha puc. 2563. Ecau Ka-
TYLIKY, COCTOSILyl0 H3 GOJBLIOTO YHCJAA BHTKOB IIPOBOJIOKH,
OBICTPO HajJeBaTh Ha MAHHT HJIH CIeprUBaTh ¢ Hero (puc. 253, a),
TO B Hell BO3HHMKaeT KpaTKOBpeMEeHHBIH MHIYKIHOHHBIH TOK,
KOTOPBIHl MOXHO OOHapyKHUTh IO OTGPOCY CTPEAKH TajbBaHO-
MeTpa, COeIMHEHHOTO C KOHIlaMH KaTyIKu. To :Ke HMeeT MeCTo,
€CJIH MarTHUT OBICTPO BJBHUTAaThb B KAaTYyLIKY HJH BBIIEPTHBATb
u3 »ee (puc. 2563, 6). 3HaueHHe HMeeT, OUEBHIHO, TONBKO OMHO-
cumeavroe Osumcenue KATYIIKM M MarHUTHOTO nossi. TOk
MpeKpailaeTcs, KOTJA NPeKpailaeTcsl 3TO JBHXKEHHE,

PaccMOTpHM Tenepb HECKOMBKO NONONHHTENBHBIX ONBITOB,
KOTOpBle MO3BOJAT HaM B Gosee ofuweM BHIe cHOPMYTHPOBATH
YCJOBUSI BO3HHKHOBEHHS HHAYKLHOHHOTO TOKa.

Hepsas cepus oneimos: H3MeHeHHe MAaCHHTHOH HMHAYKUHH
nosisi, B KOTOPOM HaXOJHTCS MHAYKIMOHHBIH KOHTYp (Karyulka
UM pamKa).

Karymgka nomMellleHa B MarHUTHOe [OJIe, HalpuMep BHYTPb
coneHouza (puc. 254, @) MU MEXKJY MOJIOCAMH SJIEKTPOMATHHTA
(puc. 254, 6). YcraHOBUM KaTYIIKY TaK, YTOObl MJAOCKOCTb ee
BUTKQB Obl1a nepneniuxysapsa K JUHHAM MATHUTHOTO MOJS
COJIEHOM/IA HJIH 3/IEKTPOMATHUTA, ByneM usMeHsiTb MarHuTHYyIO
HHIYKUHIO 0OAs, OBICTPO H3MEHAA CHAYy TOKa B OGMOTKe (¢
NOMOLLLBIO peOCTaTa) H/IM NIPOCTO BBIK/IOHAs M BR/IOYAs TOK
(kiatoyom). [IpH Kaka0M M3MeHEHHMH MarHHTHOTO MOJIs CTPeJIKa
rajibBaHOMeTpa JaeT pe3kuil oT6pOC; 3TO YKa3blBaeT Ha BO3-
HHKHOBEHHE B LeNH KATYUIKH WHIYKIHOHHOTO 3JIeKTPHYECKOTO
toka. Ilpu ycuieHMH (UM BO3HHKHOBEHHH) MaTHHTHOTO
1osA BO3HMKHET TOK OJIHOTO HampasJjeHHsi, IIPH ero ocsaabJe-
HUH (WK HCcYe3HOBeHHH) — obparHoro. Ilposesaem Tenepb TOT
e ONHIT, YCTAHOBHB KAaTYLIKy TaK, YTOOHl INIOCKOCTb ee BHT-
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KOB ObiAa napasteasbna *) HalpaBAeHHI0 JHHHH MaTHHTHOIO
mosnst (puc. 255). OmnbiT  AacT OTPHUATENbHBIl pe3yJbTar:
KaK Obl MbI HH H3MEHSJIH MATHHTHYIO HHAYKUHIO [OJIsI, MBI He
o6HapyXuM B LeNH KaTyWKH HHAYKHHOHHOTO TOKa,

\\\\un]m,/,” VA

0
\Q\\\\?\uu] 1111/5,,”/0

Puc. 253. ITpu OTHOCHTeNbHOM TepeMelleHHHd KATYWIKH W MarHuTa B Ka-
TyilKe BO3HMKaeT HHIYKUMOHHBIH TOK: 4) KaTywiKa HaJeBaeTCsi Ha Mar-
HAT; 0) MarHWT BJBHTAETCA B KaTYWIKY

Bmopas cepus oneimos: u3MeHeHHe MOJOXEHHs KaTYIIKH,
Haxojsuelcss B HEH3MEHHOM MATHHTHOM I[OJIe.

[ToMecTuM KaTyLIKy BHYTPb COJIEHOH 1, I'Ié MATHHTHOE MOJ/ie
OHOPOAHO, H OyleM GbicTPO MOBOPAYHBATH €€ Ha HEKOTOPHIit

*) OuesHjHO, TAaKOH OMBIT MOXET. yJaThesl TOJMBKO B TOM ciy4ae, eciu
MaCHHTHOE TIOJIe Ha BCEM MPOTAXEHHH KATYIKH HMeeT OJHO H TO Xe Ha-
npasenre. OH CPAaBHHTE/LHO JI€TKO YJlaeTcs B noJe AMHHHOIO coneﬂomla
KOTOPOC OJHOPOAHO.

i1 Snemenrapumi yueGnux dusugy, 1. 11 321



yrosl BOKPYT OCH, MePNeHAUKYNsPHOH K HanpaBJleHH1O MOJs
{puc. 256). Ilpu BCHKOM TakoM MOBOPOTe rajJbBaHOMETP, COe-
JUHEHHBIA € KaTymkod, obHapy)KMBaeT HHAYKIUOHHBIH TOK,
HanpaB/leHHe KOTOPOr0 3aBUCHT OT HAYaJbHOrO MOJOKEHUS
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Puc. 254. B xaTyluKke BO3RHKaeT HHIYKIHOHHE TOK NPH H3MeHEHHH Mar-
HHTHOH HHAYKUHH, eCIH DJOCKOCT €e BHTKOB NepNeHIHKYJASApHa K JH-
HHAM MaTrWHTHOTO NOJIA: a) Karylika B NOJe COJeHOHAa; 6) KaTylika B

noJjie 3JeKTpOMarHura. MaruutHan HHAYKUHA H3MEHAECTCHA NpH 3aMblIKaHHH
H pasMbIKaHHH KJioua HJIH NPH H3MEHEHHH CHJAl TOKa B ILenH

KaTYIUKd U OT HanpasJeHusl BpaweHus. [Ipu nosHom oGopo-
Te KaTyuwku Ha 360° HanpaB/ieHHe WHAYKUHOHHOrO TOKAa H3Me-
HfleTCH IBaXKAbl: BCAKMH pa3, KOTAA KaTyllKa NPOXOIHT IOJO-
XeHHe, MPH KOTOPOM IVIOCKOCTb €e TeprieHAHKYAsPHA K Ha-

Puc. 255. Unpyknnonnnifi Tok He  Puc. 256. [pu BpauleHHu Kartyuu-

BO3HHKaeT, eCJH NJOCKOCTb BHT- KH B MArHHTHOM NoJie B Helt

KOB KaTyWIKH hNapaJileJbHa Jii- BO3HHKaeT HHAYKUHOHHBIA TOK
HHAIM MarHHTHOrO nOJs

npaBieHUI0 MarHUTHOro noJjs.. Koneuno, eciu Bpamarth Ka-
TYWIKY O4eHb OBICTPO, TO MHAYKUHOHHBIN TOK GyHeT TaK 4acTo
W3MEHATh CBOE HanpaB/eHHEe, YTO CTPejiKa OOGBIYHOrO rajbBa-

332

w®y



HOMeTpa He OyJeT ycreBaTh CJIe/0BaTh 3a STHMH lepeMeHaMH H
MOHanoOOHTCA HHOH, OoJlee «IOCJYLUIHBIHY TPHOOP.

Ecaun, onHako, nepemelllaTh KaTYIIKY TaK, YTOObl OHa He
NIOBOPaYHBa/ach OTHOCHTEIbHO HANpaB/eHHS NOJs, a JHIIb
nepemeltanach NapajJelbHO camoil ceGe B JioGOM HampasJe-
HHH BJIOJIb 1OJIs, MOMEPeK ero HJIH MOA KAaKUM-JIHGO YIJIOM K
HanpaB/IeHHIo MOJsl, TO HHAYKIHOHHBIH TOK BO3HHKATh He Oy-
ner. [lomuepkHeM eille pa3: OfBIT MO MEPEMEIUEHHIO KATYLIKH
MPOBOAHTCH B OXHOPOLHOM M0Je (HapHMep, BHYTPH JJIHHHOTO

+ + + PR | PR S
+ + + + + o+ HF o+
+ + + + 4+ + + +
4+ + 4+ o+ o+ + o+
+ + + + + + [+ + +
+ + + + 4+ + o+
T + 4 + o+ +
A S R I
a) a)

Puc. 257. B xaTywke BOo3HHKaeT HHAYKUHMOHHLIH TOK, eCJH H3MeHseTcs

MJIoWajb ee KOHTYpa, HaXOAflerocf B HeH3MEHHOM MarHHTHOM MoJe R

PACMOJIOKEHHOTO MepneHIUKYAAPHO K JIMHWUAM MarHHTHOTO moas (Mar-
HHUTHOe ~ MMOJle HampasJieHO OT Ha6JIofaTeds)

COJIEHOHJA HJH B MarHuTHOM noje 3emiu). Eciu nosne Heom-
HopoAHO (Hanpumep, BOJIH3Y MOJMIOCA MATHATA HJIH 3JIeKTpOMar-
HHTa), TO BCAKOE MepeMelieHHe KaTyILKH MOXKET COMPOBOXKAATh-
CA MOSIBJIEHHEM HHAYKIHOHHOIO TOKAa, 3a HCKJIIOYEHHEM OXHOTO
cayuasi: HMHAYKUHOHHEIH TOK He BO3HHKaeT, ecliM KaTylKa
ABHXKETCH! TaK, YTO IIOCKOCTb ee BCE BPeMs OCTaeTcsl mapai-
JleibHOH HampaeeHuto noas (T. e. CKBO3b KaTyme He mpoxo-
IAT JIMHHH MarCHUTHOIO MOJd ).

Tpemosa cepusa onbimos: H3MEHEeHHe IUIOMALH KOHTYDa,
Haxojsiueroci B HEH3MEHHOM MAaCHHTHOM [oJe.

[TomoOGHBIN ONMBIT MOXHO OCYLIECTBHTB MO CJexyiolled cxeme
(puc. 257). B MarHuTHOM MOJle, HampHMeP MEXKIY MNOJIOCAMH
GoJIBLIOrO 3JIEKTPOMArHHTa, MOMECTHM KOHTYD, CIeNaHHHEIH H3
ruGkoro mposoza. [lycrs nepBOHaqa.ano KOHTYP HMeJ popmy
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OKPYXHOCTH (pHc. 257, a). BHICTPHIM ABHXKEHHEM PYKH MOXHO
CTAHYTb KOHTYP B Y3KYyI0 MNETAI0, 3HAYHTEJbHO YMEHBUIHB
TakuM 00pa3oM OXBaThiBaeMylo HM miaowans (puc. 257, 6).
l'anpBaHOMETp MOKaXeT NPH 3TOM BO3HHKHOBEHHE HHJyKIHOH~
HOTO TOKa,

Eme ynobHee ocyulecTBjieHHE OMBITA ¢ H3MEHEHHEM [JIO-
majaH KOHTypa mo cXeme, H306paxkeHHOH Ha puc. 2568. B mar-
HUTHOM TNOJIe PACNOJIOXKeH KOHTYP abcd, ofiHa H3 CTOPOH KOTO-
poro (bc Ha puc. 258) cpenana mopsuxHoH. [lpH KampoMm ee

505
/ w\.\\\uulnu /m/a

930+

Puc. 258. Ilpu nsuxeHun crepsxuss bc M H3MEHEHHH BCJEICTBHE 5TOMO
I0MAaAH KOKTYpa abcd, HaXOAauleTroCss B MalHHTHOM TNoJde B, B KOHType
g BO3HHKaeT TOK.

MePe/IBHKEHHH TajlbBaHOMETP OGHADYXKHBAaeT BO3SHHKHOBEHHE
B KOHTYp€ HHJYKLHOHHOTO ToKa. I[IpH 3TOM NpH nepeiBHKeHHH
be BreBo (yBennuenne niomann abcd) HHAY KIHOHHBIA TOK HMeeT
OJIHO HamnpaBJ/IeHHe, a NPH MepeBUHIKeHUN bc BNparo (ymeHbile-
HHe maomaad abed) — npotuBononoxHoe, OJHAKO H B 3TOM
cJlyyae H3MEHEHHE IJIONLAH KOHTYPa He NaeT HHKAKOro HHAYK-
LIHOHHOTO TOKa, €CJH INIOCKOCTb KOHTYpa NapajiejbHa Ha-
[PaBJEHHI0 MAaCHUTHOTO MOJA.

Conocrasisia Bee ONMHCAHHblE ONBITH, MBI MOXeM cHOPMYJTH-
POBaTh yC/JIOBHS BOSHHKHOBEHHA HHAYKIHOHHOT'O TOKa B OflleH
¢opme. Bo Bcex paccCMOTpeHHBIX Clydasix MBl HMeJIH KOHTYP,
MOMEINEHHBIH B MarHHTHOE TOJIe, MPHYEM MJIOCKOCTb KOHTYpa
MOTJIa COCTaBJATE TOT HJIH HHOH YroJl ¢ HanpaBjIeHHeM Mar-
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HUTHOR MHIyKunH. OGO3HAYHM IVIOMIANb, OTPAHHUEHHYIO KOH-
TypoM, uepes S, MarHHTHYIO HHAYKUHIO 107151 Yepe3 B, a yron
MeX1y HanpaB/JCHHEM MarHHTHOH HHAYKUHH M IVIOCKOCTBIO
KOHTYpa uepe3 §. B TakoM ciydae cocrapasiolas MaI‘HHTHOH
HHIYKUHH, NePIEHAHKY/ISPHAS K MJIO-
CKOCTH 'KOHTypa, 6yner paBHa no Mmo-
. ymo (puc. 239)

B, =Bsing.

B g7

Ipoussenenne B, S mbi GyneM Ha3El-
BaTb NOMOKOM MO2HUMHOL UHOYKYuu *)
HJH, KOpOUe, MIZHUMHbIM  NOMOKOM
yepe3 KOHTYP; 3Ty BEHUHHY MHl OyleMm
o6o3Hauarb 6ykBoH (0. Takum o6pasom,

®=B,S=BSsing.. (138.1)

. Puc. 259. Paanoxenue
Bo Bcex Ge3 HCK/IIOUEHHSI PACCMOT-  MarHHTHOM HHAYKLMH B

PeHHBIX Ccay4yasAX MbI TEM HJAH HHBIM  Ha cocTaeisiowyio B,
¢noco6oM H3MEHSJIH MATHHTHBIH IOTOK  NepNeHAMKYJAApHYl K
@. B oxHHX cnyuasix’ Mbl OCYLIeCTBJs- [MOCKOCTH HHIyKIIHOH-

3 r o HOI'0O KOHTYpPa, M COCTaB-
JIH 3TO NyTEeM H3MEHCHHSA MAarHHTHOH JAOULYIO B”, napaJg-

HHAYKUHH B (pHC. 254); B ADYTHX CY*  jenuuyio sTol miocko-
yasgX H3MeHssCA yron ¢ (puc. 256); B cTH :
TpeTbuX — maowans S (puc. 257). B o6-
H[eM CJay4Yae, KOHEYHO, BO3MOXKHO OJIHOBPEMEHHOE H3MEHEHHE
BCEX 3THX BEJHYHH, ONPele/sIOU(HX MAaTHHTHBIH NOTOK depe3
KOHTYD. BHuMaTenbHOe paccMOTpeHue caMbiX pasHOOBpa3HBIX
HHJYKIHOHHBIX ONBITOB [OKAa3blBAeT, 4TO HHAYKUHOHHBIH TOK
BO3HHKAeT TOTAA W TOJNBKO TOT/a, KOT1a H3MeHs1eTCA MarHHTHBIH
notok (D; HHAYKUHOHHBIE TOK HHKOTJA He BO3HHKAET, €C/H
MarHHTHBIH noTOK O uepes JaHHBIA KOHTYpP OcTaercs HEH3MeH-
e, Mrak:

TTpu 8cakom u3MeHeHuU MASHUMHO20 NOMOKA 4epe3 rposo-
OAULULE KORMYD 8 3MOM KOHIMYPE B03HUKALIT 3AeKMPUHECKULL IMOK.

B atoM u saxsouaercss OJHH H3 BaKHEAIIHX 3aKOHOB NpH-
POABI — 3aKOH 3JEKTPOMATHHTHOH HHAYKIHH, OTKPBHITHIH Pa-
pageem B 1831 T,

*) Mul yka3pianu yxe (§§ 17 n 122), yto KapTHHY JHHHH MarHHTHOr'O
.TOJISI, KaK M NOJIA JeKTPHUECKOr0, MOXKHO YepTHTb TaK, YTOObI YHCIO JIH-
- HHH, NIpuxoisileecs Ha eIHHHNY IVIOW@AAX KOHTypa, GblI0 pasHO MOAY/IQ

COCTaBJSOWER IO, NepNeHAHKYMSAPHOH K IVIOCKOCTH KoHTypa. Takum
06pa30oM, MarHHTHBIH OTOK Hepe3 KOHTYD MOXHO HaIVIALHO NpEACTABJAThH
" cefe KaK ITOJIHOE YMC/IO JIHHHH NOJSA, NPOXOAAIMX Yepes MOoWalb KOHTypa.
Otciofa # APOHCXOAMT C/IOBO KITOTOKY, )
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138.1, Karymku I u II maxopstcs onHa BHyTpH Apyroft (puc. 260).
B uens nepsoil BrJIOYeHa 6atapes, B LieNb BTOPOH — rajibBaHOMET.
Ecan B nepByio KaTYHIKy BABHIaTh HWJIH BELABHIATh K3 Hee XKelle3Hall
CTepXeHb, TO raJbBaHOMeTpP OOHApYXKHT BOSHHKHOBEHHe BO BTOpPOR
KaTymKe HHRYKUHOHHOTO TOKa. OGBICHHTE STOT OMNKIT.

o)

+}'""i=—

Puc. 260. K ynpaxuennio 138.1

138.2, IlpoBosmoyHass paMKa Bpamaerca B OJIHOPOXHOM ~MaTHHT-
HOM 1oJe BOKpPYF OCH, MapaJjiile/lbHOH MarHHTHOH  HHAYKIHH.
Byner in B Hell BO3HHKATb HHRYKUHOHHHIH TOK?

138.3. BosnuKaeT JH 5.0.C. HHRIYKUHH Ha KOHIAxX CTaJbHOR OCH
aBTOMOOMJIS1 NPH ero ABHXeHHH? [IpH KaKOM HanpaBieHHH ABHXKe-
HHSI aBTOMOOWJIA 3Ta 9.1.C. HAHGOJBLIAA M MPH KAKOM HaHMeHb-
wasa? 3aBHCHT JH 3.A.C. HHAYKUHH OT CKOPOCTH aBTOMOGHJIA?
138.4, IllaccH aBTOMOGHJIA BMECTe C ABYMS OCSIMH COCTaBJIfET 3aMK-
HYTHH NPOBOAALLMA KOHTYP. MHAYUHDYeTcs JIH B HEM TOK HPH JBH-
XKeHHH aBToMOGHAA? KaK corsiacoBaTh OTBeT 5TOH 3ajlayM C peayJib-
TaTaMH 3ajaud 138.3?

138.5, TloueMy npH ylape MOJNHHH HHOrJa B HECKOJBKHX MeTpax
OT MecTa ymapa OOHapYXHBaJIHCh NOBPEeXACHHS UYBCTBHTEIbHBIX
9JIEKTPOH3MePHTEJbHEIX NPHOOpOB, a TaKXKe IJIABHJHCh IpeNoXpa-
HHTEJIN B OCBETHTeJbHOH .ceTH?

§ 139. Hanpasnenue uHayKuHoHHoro toka. [pasmiio Jlenua.
B onmitax, onucaHHBIX B npeipiayuleM naparpade, Mbl BHIAEH,
YTO B PA3JIMUHBIX €JIyYasix HanpaB/ieHHe HHAYKIHOHHOTO TOKa
MOXKET ObITb pasjMYHO: OTOPOC TajIbBAHOMETPA MNPOUCXOIHJI
WHOTJia B OAHY CTOPOHY, HHOTZa — B apyryio. Tenepr Mul
nocrapaemcs HaiiTu ofllee NpPaBH/IO, KOTOPHIM onpe,ueJmeTCﬂ
Hanpab/ieHHe HHAYKUHOHHOTO TOKa.

Js1s sToro npocieldM BHHMAaTelbHO 3a HanpaBneHueM TOKa
B KaKOM-HUOYIb MHAYKIMOHHOM ONLITe, HANDHUMED B ONbITE,
usobpaxeHHoM Ha puc. 254, a. CxeMa 3TOro onbiTa NoKasaHa
pa puc. 261, npuyem xaxzas u3 katywek 1 u 11 usoGpaxena s
BHJ€ OJHOTO BUTKa, a CTPeNkH I, H I,,, YKasblBalOT COOT-
BETCTBEHHO Hanpas/eHHe NEePBUYHOTO TOKAa B Karyiuke 1 u Ha-
npaBJieHHe MHAYKIUHOHHOrO TOKa B Karywke II.

‘Puc. 261, a oTHocHTCs K Cirydaro, KOria TOK I,,epB YCHITH~
‘Baercd, a puc. 261, 6 — x cayyalo, Korga oH ocsnabnsiercs.
MEI BUUM, YTO B NEPBOM CJ1yYae, T. €, NPH YCUJIEHHH MATHUT-
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HOrO MOJIf, H CJACNOBATEJILHO, MPH YBENHUYEHHH MACHHTHOTO
notoka, TOKH B KaTywikax | u Il umeor npotHsonosoxmbie
HamnpasJ/ieHHs; HANPOTHB, B CJy4ae, KOTa HHAYKLHSA MPOHCXO-
JHUT BCJICACTBHE OCJ1a0/€HHA MarHHTHOTO MO, T. €. MPH YMeHb-
LIEHHH MarHHTHOrO MOTOKa, 00a TOKa 1ne s U 1. HMeEOT
OJIMHAKOBbIC HAMpaBJieHHA. Wnaue Moo cxaaa'rb YTO KOrja
MPHYHHOA HHIAYKIHH ABJASETCA YCHJEeHHe MATHHTHOTO IIOTOKa,
NPOHH3BIBAIOLIErO MJIOLAAb KOHTYPA, TO BO3HHKAIOWHI HHIYK-
HHOHHBIH TOK HalpaBJieH TaK, 4TO OH ocJaGnasieT NepBoHaYab-
Hbl MarHHTHbIH NoToK. HanpoTtus, korja HHAYKUHA NPOHCXO-

) [nbpﬂ

//{epd

: a) a)

Puc 261, Cesi3b mMexay HanpaBfieHHeM MEPBHYHOrO TOKZ /peps, CO31al0-
Wero MarHuTHOE [0Jie, H HaNpaBJieHHEM WHIAYKIHOHHOIO TOKAa [yuu,l
‘a) NpH ycHJIeHHH MAartHHTHOTO noJs; 6) NpH ocjabieHHd MATHHTHOrO MOJis

JIHT BCJAEACTBHE OCJaabJIeHHSI MATHHTHOrO MOTdKa, MarHHTHOE
nojie WHAYKUHOHHOTO TOKa YCHJIMBAET MepBOHAYaNTbHbIH Mar-
HHTHBIH MOTOK.

Ioay4yeHHbIH HaMH pe3yJbTaT MOXHO CHOPMYNHPOBATH B
BHjle oOLlero mpasHJia: ,

HHoykyuonnsii mok éceeda uméem makoe HaANPasAeHue, npu
KOMOpoM e20 MA2HUMHOoE noae ymewouaem (Komnencupyem)
UBMEHEHILE MAZHUMHAHOZ0 NOMOKA, ABAAIOLLCECS NPULUHOL B03HUK-
HOBEHUA 3MO20 MOKA.

Jrto obuiee MpaBHJo cobitosaeTcsl BO BceX Ge3 HCKJIIOUEHHs
cayuanX HHAYKUHH. PaccMOTPHM, B YaCTHOCTH, CJydaH, Koria
HHJYKIlHS Bbi3biBaeTcsl MepemelieHHeM KOHTypDAa HJIH 4acTH ero
OTHOCHTEJbHO MAarHuTHOro mnoJds. Takol onmbIT H3o06paxeH
Ha puc. 253, a cXema ero mokasaHa Ha pHc. 262, npuuem cTpesku
Ha BHTKE YKa3blBalOT HalpasjieHHe TOKa, HHAYUHPYeMOro B
KaTYylKe MPH ee NPHOJHKEHHH K CEBEPHOMY MOJocy Maruura N
(puc. 262, a) uaH NpH ee yAaJdeHHH OT 3TOro mofoca (puc. 262,6).
Tlonb3ysach nmpaBuaoM OypaBunKka (§ 124), sierko ompenesinThb .
HampapJieHHe MaTHHTHOTO MONA HMHAYKUHOHHOTO TOKa H YyObe-
JHMTbCA, YTO OHO COOTBETCTBYET ccpopmynnposaHHomy BblILie
npaBuAy. ,
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O6paTuM Tenepb BHHMaHHe Ha TaKoil dakT. Koraa B Karyu-
Ke BO3HHKAeT HHAYKUHOHHEIH TOK, OHA CTAHOBHTCS 9KBHBAJEHT-
HOH MAarCHHTY, NOJOXeHHe CeBEPHOTO H K0XXHOTO TOJIOCOB KOTO-
POro MOXHO ONpejeaHTh No npaBuny 6ypaBuuka. Ha puc. 262
N0Ka3aHo, YTO B CJyuae g) HA BeDXHeM KOHUe KaTYIKH BO3-
HHKaeT ceBepHBI/ MOMoC, a B cayydae 6) — 0XkHbIA nosoc. K3
3TOTO PHCYHKa MBI BHAHM, YTO KOTA4 Mbl IPHOIHXKAEM K HHAYK-
IIHOHHOM KaTylIKe, CKaXXeM, CeBepHBIH nogwoc maruura N, To
Ha GaukafileM K HEMY KOHIIE KAaTyIUKH BO3HHKaeT TaKke ce-
BEDHBIH TOJIIOC, 4 KOrJa Mbl yJajsieM OT KaTYyLIKH CeBEePHBIA
5 \ 3 nomoc Mmaruuta N, 1o Ha Gamxaii-
1IeM KOHIE KaTYLIKH BO3HHKAeT 10K«
HH# momoc. Ho, Kak Mbl  3HaeM,
MarHMTHI, OOpalilleHHble APYT K ApY-
Ty OAHOMMEHHEIMH NOJIOCaMH, OT-
TANKUBAIOTCH, 4 Pa3HOHMEHHBIMH,—
nputaruBatotcd. [lostomy, Koraa uh-
e JYKUHS  TIPOMCXOJHT  BCJEACTBHE
NpuOIHKEHHS] MarHHTa K KaTYIUKE,
= TO CHJbl B3aHMOJAEHCTBHSA MEXAY
e — MarHUTOM H HHAYKLHOHHBIM TOKOM
— ¥ e OTTaJKHBAIOT MarHUT OT KaTyliKiu, a
Korja HWHAYKHUHSA TNPOHCXOAHT INpH
/ @1‘ ylaleHHH MarHuTa. oT KaTylUKH, TO
IO OHM NPUTATHBAIOTCA APYL K APYTY.
a o) Taxkum ob6pasom, a9 cJaydaeB, KOr-
Pnc. 262. Hanpabienne ja MHAYKIMSA TPOHCXOAUT BCIEACT-
MHAYKUHOHHOIO TOK3, BOS-  pye nBUKEHHS MAaCHHTa HJH BCEro
HHKaWwHiero B KOHTY pe€: N
4) npH npHGaHKeHHH K He- - HHAYKLHMOHHOTO KOHTYPa B IeJIOM,
MYy MarsHTa; 0) npH yjaie- Mbl MOXEM YCTaHOBHTDb CJelYIoUiee
HHH OT Hero MarHHTa ofllee NpaBuIo, NO CYUECTBY paB-
HOCHJbHOE NpaBHay, CGHOPMYJIHPO-
BAHHOMY  Bbillle, HO /sl 3THX cJayyaeB Gosee yjno6mnoe:
HudyryuornHeul mox écezda umeem maxoe HaAnpagaeHue, 4mo
é3aumodeticmeue €20 ¢ NEPEUIHbIM MAZHUMHbIM NOAEM NPOMUGO-
Oeticmaeyem momy OsuiceruUr0, 6Cae0cmeue Komopoeo npoucxodum
uHoyKyuA.
'3TO NpPaBHJIO HOCHT HAa3BaHHe npasuia Jleuqa ),
I'lpaBpmo Jlenua cTonT B TECHOH CBSI3H € 3aKOHOM COXPaHE€HH SHEPIHR.
B camom nene, mpenctaBum cefe, HanpHMep, YTO NPH NPHGJHIKEHHH CeBep-

HOTo noJoca MarHuTa N K COeHOHAY TOK B HeM HMeJI GHl HanpaBJeHHe, npo-
THBOMOJIOKHOE TOMY, KAKOro TpeSyeT npapuio Jlenua, T. e. uTo Ha GAHXKaM~

*) B ‘camoll ofwefi GopMyJHpOBKe NpaBHIO JIeHUd IVIACHT, YTO HH-
AYKUHOHHHH TOK BCerJia HaNpapleH TaK, 4ToObl NPOTHBOJeHCTBOBATH
NpHYKHe, ero Bu3npawowent, (Tpumeu.- ped.) . .
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IIeM K MarHHTY KOHLle COJIEHOHAA BO3HHKaM OW He CeBepHHIM, a I0XKHHH 1o~
aioc. B atoM cayuae MEMN(ly COJIEHOMAOM M MarHHTOM DOSHHKJH Okl He CHJIbI
OTTaNKHBaHHA, a CHJIK NPuTsAKeHHs. Maruut npopoaxan Gul camonpous-
BOJBHO H €O BCe 6OJBIIEA CKOPOCTBIO NMPHOAHKATBCSH K COJNEHOHAY, CO3Aa-
Bas B HeM Bce GOsblilie HHAYKLUOHHBIE TOKH H TEM CaMhiM ‘BCe GOflee yBe-
JIHYHBAsA CHJY, NPHTATHBAIOWYIO €ro K coJeHouny. Takum obpasom, Ges
BCAKOMH 3aTpaThl BHemHeR paGOTH MEl NMOJYUHJH 6, ¢ ONHOH CTOPOHLI, He-
NpepEIBHOE YCKOpeHHOE NBHXKEHHE MarHHTa K COJIEHOHNY, a C ApYrofi, Bce
Gosiee BO3pacTalOWHA TOK B COJNEHOHE, CIHOCOOHEIH NPOM3BOAHTH paboTy.
SICHO, 4TO 3TO HEBOSMOXKHO H 4TO HHAYKUHOHHBI TOK He MOXET HMeTb ApPY-
roro HanpasJieHHsi, YeM TO, KOTOpoe yKashBaeTcsi mpasuiom Jlenna. B Tom
¥e MOXHO yOelHThCA, pacCMaTPHBAs H APYTHE CJAyYaH HHAYKUHH.

Ha puc. 263 nokagan oueHb NpocTof H HAIVIAAHBIA OINMIT,
wmocTpupytomuii npasuio JleHua. AJ/OMHHHEBOE KOJBLO,
cayXKaulee HHAYKLHOHHOM KaTyIIKOH, IoaBelleHo BOJH3H
NOJIIOCOB  CHJIBHOI'O MAarHHTA HJIH 3JIEKTPOMAarHHTa, KOTOPBIH
MOXKHO TiepeABHraTh Mo pesibcy. OTOABHrass MarHHT OT KOJbla,
YBHAUM, YTO KOJbLO caelyeT 3a HuM. Hanporus, npuasuras
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Puc. 263. Hrmyxunozmaﬂ Karyui- Puc. 264. BpamenHe Mar-
Ka-B opme KosbLa TojselleHa HuTa | CcO3naeT Bpallalo-
MeXJAy IoJIoCaMH MarHHTa. Ecan meecs MarHHTHOe IIOJe,
MarHHT OTOABHTaTb OT KOJbLa, TO KOTOpoe NPHBOIHT BO Bpa«
KOJIbIO caelyeT 3a HuM. Ecau ueHHe Koaplo 2

MATHHT NPHIABHraTh K KOJABLY, TO
OHO 'YXOJHT OT MaruuTta

MArHHT K KoJbLly, OGHapyXHM, 9TO KOJBLO YXOJUT OT MarHu- .
ta. B ofonx cayyasx NpH ABHXEHHH MAaTHHTa H3MeHsercs
MATHUTHLIA NMOTOK CKBO3b KOJbLO, H B KOJble BO3HHKAET HH-
AykuuonHbifi ToK. Ilo mpasnay JleHua 3TOT TOK HanpabJjeH
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TaK, YTO B3aHMOJAEHCTBHE €ro ¢ flepeMelllaloHMCA MarHHTOM
TODMO3HT JBHXKEHHE MarHHTa; COTJVIACHO TPETbeMY 3aKOHY
Hbiotona (cm. Tom 1) CHALI MPOTHBOMEHACTBHA MNPHJONKEHH K
- KOJIBLLY H BHI3BIBAIOT €r0 MepeMelyeHud.

Ha puc. 264 uso6pakeH aHAJOTHYHBIH OMBIT, B KOTOPOM
npsiMoJinHeliHOe ABHXKEHHE 3aMeHeHO BpauieHHem. [lpu Bpa-
IeHuy Marauta | moje, ocTaBasCh MOCTOAHHBIM 110 MOZAYJIO,
BpalllaeTca BMecTe ¢ HUM. BeJjencTBHe 3TOMO MarHHTHBIA MOTOK -

~ uepes KoJIblO 2 Bce BpeMA W3-

MeHAETCA H B KOJIbLE HHAYLHDP Y-

erca Tok. Ilpumenss mpaBuso

- JleHlla H NpHHHMAs BO BHHMa-

] HHe TPeTHH 3aKoH HbioToHa, MEI

o JIETKO 1o#fMeM, YTO KOJbLO, N0-

+ MelleHHOe BO BpalLamtieecs

MaTHHTHOE T10JI€, MPUXOMHT BO

R alls BpalleHHe B Ty Xe CTOPOHY,
r—be—— B KaKyio Bpailaerca moJse.

Puc. 265. K ynpaxuenuio 139.1 Ha stort onbT HykHO 06pa-

THTb 0C060e BHHMaHHE, TAK KaK
oH o6JjieryaeTr NoHHMaHHe yCTPOHCTBA ORHOro H3 nHaubosee pac-
MPOCTPAHEHHBIX THIOB 3JEKTPHYECKHX MOTOpOB.

2 139.1. PafoMm pacnonioeHs! ABa AJHHHBIX NPOBOJAHHKA @ H b (pHc.
. 265); tepBoli M3 HUX COeJlHHeH C HMCTOYHIIKOM TOKa, BTOpOH — C
ranbBaHOMeTpoM. Eciu KakHM-HUOYAb CrIOCcOGOM, HallpHMep ¢ ITOMO-
Mbid PeocTaTa, UIMEHHTb CHJY TOKAa B NIePBOM IIPOBOJAHHKE, TO [aJb-
BaHOMeTp OGHapy»XHT BOSHHKHOBEHHE BO BTOPOM ITPOBOJAHHKE HHAYK-
HHOHHOrO TOKa. OGBsicHUTe 5TOT ONbIT. Kak NpoxoAsT B 3TOM cayuae
JIUHHH MarHUTHOTO NOJA M TFAe HaXORHTCH HHAYKIIHOHHBIH KOHTYp?
Kax HanpasJsieH HHIYKUHOHHLIY TOK DPH YCHJIEHHH H NPH Oc/aGieH HA
IePBHYHOrO TOKa?
139.2. [Ins MHAYKUIHOHHOrO ONbITa, M306paXeHHOro Ha pHc. 258,
ollpefieJiuTe, I10.1b3YACH IPaBHJIOM JleHIla H NpaBUJIOM JIeBOH pYKH,
HallpaBJieHHe HHIYKUHOHHOTO TOKa, [IpeANoJarasi, YTO MarHHTHoe
1oJie HanpasJieHO CHH3y BBepX, a IPOBOJAHHK JBHXKeTCS cJeBa Ha-
" npaBo. Kak HM2MeHHTCH HanpaBJieHHe HHAYKUHOHHOTO TOKa, €CJH
H3MeHHTb Ha O6GpaTHOE HarpaBJieHUe MaFHATHOTO IXOJIS HJIH HATIp aBJle-
HHe JBHXKeHHs NMpoBOAHUKa? [l HanpasJeHHs TOKAa B IPOBOAHHUKE
be chopmynupyifiTe aHaJOrHUYHOE «IPABHJIO [TPABOA PYKH».
139.3. poussoaurcs UHAYKUHOHHBIH ONBIT, H306pakeHHsIll Ha PHC.
260. 3HakH nosocos GaTapeH yka3aHel Ha pucyHke. Ornpejenure
HanpaBJieHHe TOKa B KaTywke II Npu BABHraHHH XeJleSHOTO cepiey-
*HHKa H IIPH BbIABUFaHHH ero H3 KatywkH I.

§ 140. OcHOBHOI# 3aKOH 3JeKTPOMarHMTHOH MHAYKUHH. OCHOB-
HOH 3aKOH 9JEeKTDOMATHUTHOH HHAYKUMH [VIACHUT, YTO HHAYK-
HHOHHLIA TOK BO3HHKaeT B MPOBOAALLEM KOHTYDe MPH BCAKOM
 H3MEHEHHH MATHHTHOTO TMOTOKa, MPOHH3BLIBAIOLIETO TIOBEPX-
HOCTb, OXBayeHHyI0 3THM KOHTypoM. OpHako, npoH3BOAA
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COBeplIeHHO OJHHAKOBOE M3MEHEHHE MATHWTHOTO NOTOKa B
Pa3IHYHBIX KOHTYPax, OTIHYAIOLIHXCA TOJbKO MaTepHAJIOM,
H3 KOTOPOTO CJieJlaHbl 3TH KOHTYPbI, MBI OGHAapYKHM, YTO B HHX
HHAYIHPYIOTCA TOKH pasJHYHOH cHJnl. Marotosum, manpumep,
ABe KaTylUKH, COBepPLIEHHO OJHHAKOBHIE 110 Pa3MepaM, ¢opme It
YUCJY BHTKOB, OJHY H3 MeJHOH NPOBOJIOKH, a APYTYIO H3 HH-
XPOMOBOH NPOBOJIOKH TOTO Xe CeUYeHHA H JJHHbI, H NMOMECTHM
HX B OJHO H TO Xe MarHuTHOe I0Je, HalpuMep BHYTPb AJIHMK-
HOTO COJICHOHAA, OAMHAKOBO OPHEHTHPOBaB KaTyLUKH MO
OTHOLUEHHIO K HanpasfieHHio noas. Beikiouas MaruuTHoe noie,
Mbl OOHApPYKHM B OGeHX KAaTYlUKaX HHIYKLHOHHHE TOKH, HO
CHJIA TOKAa B MeIHOH KaTyluke 6yleT B 70 pa3 Goablue, 4eM B

- HuxpomoBoH. [lpoBoas pasHooGpasHble ONBITH [OZOGHOTO

poZa, Mbl yGeauMcs, YTO UHOYKYUOHHBIE MoK mem Goabiue, Hem
MEHbUIE 3/zexmputtecxoe conpomuefzeuue xamytuxu, ecau ece
oCcmanbHsie yearosus onvima

I

61noaHe 00uHaKossl *). I
ST0 06CTOATENLCTBO TIPHBO-
JHT K MBICAH, YTO IPH HEU3MEH-
HBIX YCJOBUAX OMNbITAa B KaTyLU-
Ke HHEYLHpYeTcs OnpeaeJeHHad
3. A. €., a CHJla TOKa, BO3HHKa-
I0LIETO G/1aroRaps STOMY, onpe- Puc. 266. [lpn yselHueHHH €O
AessieTcsl 3aKOHOM OMa H no- NPOTHBJECHHSA HH}lyKuHOHHOﬁ LenH
9TOMY OKa3sblBaeTCA O6paTHO HHAYKUHOHHBIA TOK yMeHblIaeTcs
[pPOTNOPUHOHAJNBHON  DJEKTPH-  (NaMModYKa TOPHT MeHee $PKO).
YECKOMY CONPOTHBJEHHIO Lieiy, | — KATyKa ¢ MepRHUHEM TO-
o KoM, II — kaTymika ¢ HHAYKUH-
JHeficTBUTENbHO, HEeTPYAHO OHHbIM - TOKOM
OCYUIECTBUTb MPOCTOH  OIBIT,
NOKA3HIBAIOWMY, YTO 048 UHOYKYUOHHbIX mokos 3akorn Oma
coxpansem sHadedue. TIpUCOeMHHM KOHUB! KaTYIUKH, B KOTO-
po#i HHAyHMpYeTcsA TOK, K KaKOH-HHOYAb llefH, CONPOTHBJIEHHE
KOTOPOH MOXHO H3MEHATb, M BHIIOJHHM COOTBETCTBYIOLHE
H3Mepenns. BxiiouuM, nanpumep, karywky I (puc. 266) B
CeTb TOPOJCKOro MepeMeHHOr0 TOKa, KOTOPHH, KaK H3BeCTHO,
100 pa3 B ceKyHRy M3MeHSeT CBOe HanpabjeHHe H, ClelOoBa-
TenbHo, 100 pas B cekynay yMeHblUAeTCs 10 HyJsl U BHOBb JO-
CTHraeT MakKCHMaJIbHOro 3HaueHusi. Tak Kak TOK B KaTylike I,
a 3HAYHT, H €r0 MATHHTHOE /e HenpepLiBHO H3MeHATCH,
To B KaTyluke 11 GyzeT Bce BpeMs HHAYUHpOBaTbCA NepeMeHHas
3. A. C., HampaejeHHe KOTOPOH Tak:Ke OyJeT H3MeHATbCA.

i

*} Ilpeanosaraercsl, 4TO NPH H3MEPEHHSIX CHMH TOKAa MH MOXeM Tpe-
HeOpeub COMPOTHBJICHHEM usmepme.nbuoro npH6opa MO CPaBHEHHIO C CO-
npOTHBJ/IEHHEM KaTyu.IKH. )
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B nenp uWHAYKUHOHHOH Katywkd Il BkiouuM B KauecTBe
HHJIMKATOpa TOKA JIaMIIOUKY HAaKalHBaHHS H NOCJIEA0BATEIbHO
¢ Heil-peocraT., MHAYKUMOHHLIA TOK, NepeMeHHLIH MO cuie H
HaNpaBJIeHHIO, MPOXOAsl Yepe3 HUTL JaMNOuku, Oyjer_ee

HarpeBaTh H MOXeT JAOBECTH 10 ﬂpKOI‘O HaKaJja. He Mensas HH -

Karyllek, HH HX B3aUMHOIO PacroJIoXeHHs, YBeJHYHM CONpO-
THBJeHHe HHIYKIHOHHOH Lend B ABa-TPH pasa, NepeiBHTas
JBHXKOK peoctaTa. Mbl yBHAUM, YTO JIAMNOYKa GYAeT CBETHTHCA
3HAYHTeJbHO GoJsiee CJabblM, KPAaCHOBAaTbIM HAaKasoM, UTO yKa-
3biBaeT Ha YMeHbIeHHe TOKa, MAyIlero yepe3 Hee.
3aMeHHB JIaMIIOYKY TEIJIOBBIM amnepmeTpom (§ 44), Mbl

MOXeM H3MEePHTb CHJIY HHAYKLHOHHOTO TOKa; H3Mepsis, Kpome
“TOro, MOJIHOE COMpPOTHBJAEHHE BCeH LemH, Mbl YOeXMMCs B TOM,
4YTO H A1 HHAYKOHOHHBIX TOKOB CrpaBelluB 3akoH Oma
(§ 46): .

&

=&,

rre | — cusa ToKa, R — mosiHOe COMPOTHBJIEHHE LeMH, T. €.
CyMMa COMNPOTHBJIEHHSI HHAYKIHOHHOM KaTYIUKH H CONMpPOTHB-
JIeHHS] OCTAaNbHLIX YacTeHl 1lemH (peocTarta, JaMIOYKH, ammep-
meTpa H T. 1.), a uepes &; of03HaueHa 3. K. C. MHAYKIMH,
OCTaIOLIAsAC HEH3MEeHHOM INpPH H3MEHeHHH COMPOTHBJIEHHS
ey B HalIHX ONBITaXx.

C noHsATHEM 3. A. C. Mbl BCTPEUAJIMCh y2Ke paHbllie IpH pac-
CMOTPEeHHH BOMpoca 06 YCIOBHAX BO3HHKHOBEHHS M MOAAEpXKa-
HHS 3JeKTpHUecKoro Toka B nenu (§ 39). CylectBeHHOe pasiu-
Uie MeXy CJydyasiMH, PACCMOTPEHHBIMH paHee (V1. VI), u 5. 1. c.
HHAYKIHH 3aKJouaeTcsl B clelyiomeM. B ciaydae raarpbBanudue-
CKOTO 3JIEMEHTA, aKKYMYJIITOPA WJIH TePMO3JIEMEHTA Mbl MOTJIH
YCTAHOBHTb, YTO 3. A. C. BO3HHKaeT B OMNpeleJeHHbIX MecTax
IleMH TOKa, HMEHHO, B MOTPAHHYHOM .CJIOE MEXAY METaNIOM H

- 3JICKTPOJIMTOM HJIH B MECT€ KOHTAaKTa ABYX Pa3JHYHBIX MeTan-

JoB. B ciyuae xe HHAYKLHH 3. A. C. He COCPeOTOYEHA B TOM
HJIH HHOM YYacTKe HeNH, HO AefCTBYET BO BCeH MHAYKIMOHHOM
menu B LeJOM, T. €. BO BCeX TOYKAX LeNH, TAe H3MeHsercs
MOTOK MATHHUTHOH HMHAYKIHH.

B cayuae BHTKa, OXBATHIBAIOMIErO JHHHH MOAf, 3. A. C.
BO3HHKaeT BO BCEX TOYKAX BHTKA H MOXKeT ObITh MOJACUMTAHA
U1 BUTKA B IeJOM. B clyuae HeCKOJbKHX BHTKOB TO XK€
NPOUCXOJHT B KaXJIOM H3 HHX: 3. 0. C. KamyuiKu cKAa06i80emcs
u3 3. 0. c. OMOeAbHbIX BUMKOS.

§ 141, DaeKTPORBHKYIAN CHAA MHAYKUMM. MTak, MBI ycTaHo-
BHJIH, 4TO B Mpouecce HHAYKUHH BO36ykaeTcs 3. A. C. HHAYK-
MU, 61aroiaps 4eMy B MPOBOJHHKAX BO3HHKAET TOK, CHJIa KOTO-
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poro onpejenserca no 3akoHy OMa yepes3 3, A, C. HHAYKIHH H
CoOnpoTHBJIeHHe LenH. YeM xe onpenensiercs 3, A. C. HHAYKIHH?

Ecan npHCMOTpeTbCAA KO BCEM HHAYKUHOHHBIM OMNLITAM
(§ 137), 10 Jerko OGHAPYXHTb, YTO CHJA HHAYKLHOHHOI'O
TOKA B KOHTYpe, a CJIef0BaTe/bHO, U 3. 1. C. HHAYKIIHH, OKa3bi-
BAE€TCA1 Pa3/IHYHOH B 3aBHCHMOCTH OT TOTO, GBICTPO MJH Mel-
JIEHHO MBI TNPOH3BOJHM H3MeHEHHE MArHHTHOTO [OTOKa, SB-
Jsioleecs HeOOXOAUMBIM YCJIOBHEM BOSHHKHOBEHHS HHAYKLHH,
UeM MejseHHee NMPOHCXOIMT NPOLECC H3MEHEHHS MaTHHTHOTO
NIOTOKa, TeM MeHblle 3, . C. HHAYKUHH H TeM MeHblle HHAYK-
ITHOHHBIA TOK NPH 3aJaHHOM CONMPOTHBJEHHH LenH, TakuMm 06-
pPa3oM, OCYIUEeCTBJASl ONpejesleHHOe H3MeHeHHe MarHHTHOTO
NOTOKA 3a pasJIHYHOe BPeMsl, MBI OJIy4aeM pas3jHyHYIO 3. 1. C.
HHAYKUHH. EciH B MOMEHT #, MarHHTHbIH NMOTOK HMeN 3Haye-
Hue @,, a K MOMeHTY {; ero 3HauyeHde cTajo paBHbIM @, TO
3a BpeMsl Af=¢,—t, NTPOH30LLIO HIMEHEHHE MATHHTHOIO NIOTOKA
na AO=0,—@,. Ornomenne AD/A¢{ naer H3MeHeHHE MarHHT-
HOTO TNOTOKA B €IHHHIY BPEMEHH, T. €. NpeAcTaBasaeT coboH
CKOPOCMb . U3MeHeHUs. maeHumnozo nomoxka. Mamepenus, BhI-
TIOJIHEHHblE TIPH Pa3JIMYHBIX YCJIOBHAX OMuTa (B JIOOOM KOH-
Type, NpH J060M H3MEHEHHH 3HAYE€HHs1 MATHHTHOTO NOTOKAa H
T. 1.), TOKA3bIBAIOT, YTO 3. J. C. HHAYKLUHH 3aBHCHT TOJBLKO
OT CKOPOCTH H3MEHeHHsl MAaTHHTHOTO NMOTOKAa. A HMEHHO:

3. 0. ¢. unlyryuu &; nPoNopYUOHAALHA CKOPOCIU U3MEHE-
HUA MQZHUMHOZ0 NOMOKQ HeEpe3 NOBEPXHOCb, 02PQAHUHEHHYIO
ronmyponm, npuuyeM B CH koadriuuedT nponopuuoHalbHOCTH
paBeH €JHHHLE, TaK YTO

§i=%‘t£’.,‘ (141.1)

CaMo co6oil pasyMeeTcsl, 4TO €CJIH MATHHTHBIA NOTOK H3Me-
HSIETCSl C TeYeHHEM BpDEMeHH HePAaBHOMEDHO, TO OTHOILEHHE
A®d/A¢ raet cpejiHIO CKOPOCTh H3MEHEHHS1 MATHHTHOTO NOTOKA,
AHAJIOTHYHYIO CpPelHell CKOPOCTH IBHXKeHHA (cM. ToM I), H B
COOTBETCTBHH ¢ 3THM ¢opmyna (141.1) maeT BOSMOXKHOCTb BHI-

| WHCJIMTB CPEHIO 3. . C. WHAYKUHMH. Jla onpelelleHHs MIHO-
BEHHOTO 3HAuYeHHs 3. J. C. HHIYKLUHH B KaxIblH MOMEHT Bpe-
MEHH HYXKHO, TaK e KaK ITPH OnpejieleHHH CKOPOCTH HepaBHO-
MEPHOTO JBHXKEHHSl, pacCMaTPHBAaTb H3MeHeHHE MarHHTHOTIO
notoka AQ 3a CTOMb MaJIblii NPOMEXKYTOK BpeMeHH Af, 4TOGHI B
TeYeHHEe ITOr0 NPOMEXYTKA MOXHO ObJIO NMPH HAIIHX crnocobax
H3MEDEHHS] CYHTaTh H3MeHEeHHe MarHHTHOTO MOTOKAa PaBHOMep-
HbIM. B Takux ciyyasix ornomtenue AM/Af¢ Gyner xapakTepH-
30BaTh CKOPOCTb H3MEHEHHS] MarHWTHOTO MOTOKA JIsi JAHHOTO
MOMEHTAa, a BhIUHCJIEHHOE Ha OCHOBaHHH (opmyan (141.1)
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snauenne AD/A¢ GyjeT 3HaueHHeM 3. A. C. HHRYKIHH /1 3TOTO
MOMeHTa. Bce 3TH pacCyxJeHHSi B TOYHOCTH MOBTOPSOT pac-
CY2KJEHHS!, OTHOCAIIHECH K ONMPEJEIICHHIO MIHOBEHHOH H Cpell-
Hell CKOPDOCTH B MeXaHHKe,

B Hawmx paccy:KIneHHAX Mbl npe;monarann, 4TO HMeeM
JAEJI0 C KOHTYPOM, COCTOAILIMM TOJIBKO H3 ORHOTO BHTKa, T. €.
C KOHTYPOM, KOTOpbI#l OMH pa3 OXBaThIBaeT JHHUH Noas. B 06-
ieM ciyyae, KOIJla MHAYKIHOHHAA KaTyluka uMeer N OAHHa-
KOBbIX /BHTKOB, KaXJAbl H3 KOTOPBIX HCHBITbIBAET H3MEHEHHE
motoka AM, 3. . c. HHAYKUHH, O4eBHAHO, B N pa3s Godblue,
MOTOMY UYTO BHTKHM KATyLIKH COEMHHEHBI APYI C APYroM HocJe-
JAOBAaTeJIbHO M 3. R. C., BO3HHKAWIIHe B KaXKJOM H3 BHTKOB,
cKaaapBaioTcs, Takum o6pasom, 9. 0. ¢. UHOYKYULL, 803HUKAO-
was 6 kamywke uz N 6UmMKog, NPONOPYUOHANLHA - HUCAY BUM-
K08 U CKOPOCIUL USMEHEHUS MAZHUIMHO20 NOMOKA CK803b KacOoill
BUIMOK KamyuuKu:

AD
& =N+ (141.2)
B cnydae, ecnu BHTKH HEOJHHAKOBH, TAK YTO H3MEHEHHS MarHHTHOTO
NOTOKa 4Yepe3 OTAeabHNE BHUTKH paBin AD;, AD, Ad,, ..., cymMa
AD; - AD ;- ADg4. .. ecT>b NOJAHOE HIMEHEHHEe [IO0TOKA, I[IPOHH3K-

BaOIEr0 BCe BHTKH KaTyIUKH, T. €. H3MEHEHHe NMOTOKa dYepe3 KaTyIIKy B
enoM. . A. C. TaKOH KaTylIKH

. AD
Ei=8uténtént. =3 1+ At YA
rAe A(D=A(D1+A(D,+ACD3+...

A(Da AD
to=57

®opmyasr (141.1) 1 (141.2) paoT 3HaueHde 3. 4. C. HHAYK-
M. HT0 Ke KacaeTca HampaB/JeHHA 3. A. C. HHAYKUHH (Hanpas-
JIEHHS1 HHIYKIHOHHOTO TOKa), TO OHO ONpefefifieTcs MPaBUIOM
Jlenna (§ 139).
Enunnueit maruutnoro nmotoka B CH cayxur eebep (B6) —
Mo HMeHd HeMelKoro ¢usuka BuabrenbMa Dpyapma Bebepa
(1804—1891). Odun eebep npedcmasasem coboli nomok uepes
nogepxuocms, naowaldb KOmopow pasHa OOHOMY KeadpamHomy
Mempy, nepeceKaeMyto NeprneHOUKYAAPHOIMU K Hel AUHUAMU
00HOPOOHO20 NOAR C MaeHUmHOU UHOYKYULH, pasHOl 00HOMY
mecaa. Ilpu ckopocTH H3MeHeHHA MNOTOKa, paBHoét 1 B6/c,
B KOHType HHAylLHpyercs 3. 4. cC., paBHas 1B.
? 141.1. Ha pHc. 267 H306pakeH TakK Ha3biBaeMblll «3eMHOH HHAYKTOD».
1o KaTyluKa H3 GOJLIIOTO YHCJ/Ia BHTKOB NPOBOJIOKH, KOTOpas MOXET
OnTb NpHBeleHa B OHCTPoe BpauleHHe ROKPYT ocH 00, coBnaaawmei
C ee Bep‘mxanbﬂum'naame‘rpom. Hpu BpalleHH# 3TOH KATYWIKH B
MarHHTHOM noJjie 3eMJIH B HeH BOSHHKAeT HHIL}'K{J,HOHHI:Iﬁ SJEKTPHYEe-
ckith ToK. Pas6epure caienyioniue TPH cyyas: a)HHAYKTOP BpalaeTcs
OKoJio BepTHKa/ibHOR ocH 00; 6) oChb BpallleHHsI FOPH3OHTaNbHA H
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HanpaeJjieHa N0 MAaTHHTHOMY MeDHINaHy (c ceBepa Ha 10T); B) OCb BPa-
IeHHsl TOPH3OHTAJAbHA M HanpaBJeHa NepNeHINKYAAPHO K MarHHT. .
HOMY MepHAMany (¢ 3anaja Ha BocToK). Kakas cocrapasiomas sem.
HOT'O MaTRHTHOTO NOJisi 06YCJIOBANBAET HHAYKIMIO B KAX/IOM H3 3THX
cayuaeB? B kakoM cilydyae HHIYKUMOHHBIAA TOK NMPH NPOYHX PaBHHIX
ycJ0BHsIX Gyler HaHGOMBIIMM? EcaN HaKJOHeHWe B JaHHOM Mecre
3eman paBHO 70°, TO B KaKOM H3 CJlydaeB — a) WK 6) — HHAYy KIHOH-
HeH Tok 6yjer Goablue?

141.2. Karywka 3eMHOrO MHAYKTOpa colepxHT 500 BMTKOB, NJO-
Waab KaxJoro BUTKa pasHa 1200 cm®. Minnykrop Bpalwaercs ¢ yacro-
To# 20 06/c. 3Hasi, 4TO TOPH3OHTaAbHAs COCTABAANOWAA HHAYKLUHH
3eMHOTO NOJsi B JaHHOM MecTe
paBHa 5-.10—% Ta M uTO Hak/OHe-
HHWe paBHO 60°, BRIUMCAWTE LIS
KaXJoro M3 ciydaes, pa3oGpaH-
HBIX B Npefblnyutedl 3ajave, cpel-
Hee 3HayeHHe 3.1,C. MHAYKLHH H
MaKCHMaJIbHOe 3HaueHWe TNOTOKa
MaTHHTHOW HHIYKILHH Yepe3 OIHH
BHTOK KaTYIIKH,

141.3. B gatymke Ge3 xelle3HOro
cepJeYHHKa, HMelolel LIHHY 25 cM
N Jnamerp 10 cv M cojepxaiueh
1000 BHTKOB, TOK paBHOMEPHO
yBeJHunBaerci Ha 1 Asalc. Ha
9Ty KaTylWIKy HajeTa Jpyras Ka-
TymKa, cogepxawas 100 BHT-
KoB. Kakas s.1.c. 6ygeT HHLyuUH-
poBaThcs B Hell?

141.4. Karymka, cocrosiiuasi M3
100 BHTKOB NPOBOJOKH C palHy-
coM BHTKa | cM, nomelineHa Il\(de)l(lly
noJocamasektTpoMaruuTa. K oHLbl

ee NPHCOeAHHeHE! K H3MePHTeNbHO- Puc. 267. 151 ]y"pa)K,HEHHm
My npHGoOpy, KOTOpHIH nokasad, ’

YTO NPH BBHIHUMAHMK KaTYWIKH H3

MOMISL WK BBIKJIIOYEHHH 9JIEKTPOMATHHTA B KaTylKe NpOTeKaeT HH-
LyuHpoaHHmii 3apsp 6,28 MxKua, ConpoTHeieHHMe KaTYWIKH paB-
HO 50 OM, conpoTHBJIeHHe TanbBaHOMeTpa paBHO 1550 OM. Bhiunc-
JINTe MaTHHTHYI0 MHIYKLHIO B MEXKIYNOMIOCHOM NPOCTPaHCTBE JEKT-
poMarHura.

141.5. KaTywka, nMelomas conporusienne 1000 Om K cocroswas M3
100 BuTKOB ¢ MJowaneo 5 cm?, GhJla BHeCeHa B OJHODOAHOE NOJE
MEXIYNOMIOCHOTO NPOCTPAHCTBA. 9JIEKTPOMaTHHTA TaK, YTO JHHHUH
MaTHHTHOTO NOJA OKa3aJHCh NePNeHANKYAsSPHBIMH K TWIOCKOCTH BHT-
KoB KatywkH. [IpH 3T0M B Heli HHAyLHpoBaics 3apaf 2 MKkKa, Buiun-
CJINTE€ MaTHHTHYIO MHAYKUHIO B MEXKAYMNOJIOCHOM HPOCTPaHCTBE Mar-
HHTa.

141.6. Kako# sapsn GyZeT WHIYLMPOBaH B KaTyllKe Npebllylued
3ajayH, €CJH.Mbl TNOBEPHEM €e B MEXJYMNOMIOCHOM NpPOCTpaHCTBE
3JIEKTPOMATHHTA TaK, YTOGb NJIOCKOCTH €€ BHTKOB COCTaBMJIA YToJ
30° ¢ annnsmMy noas? .

§ 142, 3nexTpoMarHuTHAN NHAYKUAS W cuaa Jlopenua. Bosuukunosenne
5. JI. C. HHIYKIHKM B TenaX, ABHIKYIIMXCA B MaCHHTHOM 1IOJ€, MOXET GHTb
JErKO NOHATO ¢ TOYKH-3peHMst npépcTaBaennst o cuae Jlopenua (§ 136).
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Tpencrasum ce6e Kakoe-HH6YAb TeJI0, HANPHMeD CTepXKeHb ab, ABHXYmuHcA
D MarHuTHOM foJie ¢ unayKuueil B. Jlas npocToTh NpeinofoXHM, YTO Ha-
npapseHusl CTepXKHs ab, MaruuTHON HHAYKUHH B H CKOpPOCTH ABHXKeHHS P
E3aHMHO NepnengHKyAsipuw (puc. 268). JIBHXKeHHe CTepXKHS eCTb B TO XKe
BpeMsi [BHXXEHHe MNOJNOXKUTENbHHX H OTPHLATe/NbHBIX 3apPSN0B, BXONSIUHX
B COCTaB MQJIEKYJT 3TOFO cTepKHsA. W Te u JpyrHe ABHXYTCSA B OLHY CTOPOHY,
B CTOPOHY ABHKEHHS CaMOro ctepxkus ab. MaruuTHoe noJe jeficTByer Ha
3TH 3apsnvl, cornacuo § 136, cunoil Jlopenna, cTpeMsch NepeaBHraTb NoJo-
WHTeNbHbIE 3aPsbl B ONHY CTOPOHY, K KOHIY b, a OTpHLLATebHbIE B APYTYIO,
K KoHuy a. Takum obpasom, neificTsue cunbl Jlopenla NPHBOZHT K BO3HHK-
HOBEHHIO 3. J. C., KOTOPYIO MBI H Ha3blBaeM 3. . C. HHIYKUHH.

B cayuae nBukenns MeTalsHueckOro CTEpIKHs NOJOXHTEbHbIE HONBI,
COCTaBJSAIOUIHE OCTOB CTePXKHS, He MOryT MnepememaThCs BAOJAbL Hero, a
OTPHLATeIbHbIE 3apsAbl — NOABHXKHHE 3J€KTPOHH — OYayT CKalJIMBaThCA

il ’

RESRSRT

Puc. 268. K 06bsiCHEHHIO 3/1€KTPOMATHHTHON HHAYKUHH (IpH NOMOL{Y CUJBI
Jlopenna. MeXny TouKaMH @ H b CTepXXHSl HHAyUHpPyeTCH 3. J. C., Hallpas-
. JleHHas OT TOYKH b K TOuUKe @

B 436bITKe Y KOHLA @; KOHell b 6yeT XxapaKTepH30BaThCs HEJOCTATKOM 3J1eK-~
TpoHOB. Bo3nukmee Hanpsokenne U,p, u onpenensier cobolt 3. 4. C. HHAYK-
v, B cayuae gBHXKeHH# cTONGa 3J€KTPOJHTA NOJOXKHTENbLHLEE H OTpHLA-
TelbHbIe HOKBl HaKaNJHBAIOTCS MO AeficTBHeM cHJ JIopeHla Ha NPOTHBO-
NOJIOKHHX KOHUax cTonba. B ciyuae ke ABHXceHHs AH3JEKTPHKa pasjene-
HHe 3apAnoB noj jgelicTBHeM CHJBI JlopeHla NPHBOAHT K NOJASIPH3AUMH IH-
anexktprKa (§ 37). 3tu npexncraBneHHs 0coGeHHO YAOOHBI NPH HCCAEIOBAHHH
BO3HHKHOBEHHSI 3. J. C. HHAYKHHH B He3aMKHYTHX KOHTypax, HanpHmep
B CTepIKHe, NajarolleM B MarHHTHOM noJe 3emas.

Camo co6oii pasymeeTcs, uTo, NOJB3YACh NPaBHJAaMH Da3JIOKEHHS BeK-
TOpOB H YKasauueM (§ 136) orHoCHTeNbHO HanpapseHHS CHJW JlopeHlla, Mbl
Ge3 Tpyna pasGepeM H Te CayuyaH, KOFAa HanpaBJieHHe JBHXEHHS H Hanpas-
JleHHe NOJISl COCTAaBASIOT MeXAy CcOGOH HJH C HanpaB/eHHeM NPOBOIHHKA
YIJIRI, OTJHYHEIE OT NPAMOro. B 4acTHOCTH, KakK JIeTKO BHIETh, 3. A. C. HH-
OYKUHH paBHA HYJIO, eC/lu NPOBOJHHK JBHXKETCs NapaJieJbHO HanpapJfe-
HHIO NOJISA, T. €. YTOJ MeX]y HanpaBjeHHeM CKODOCTH 3apsijoB ¥ H Hanpas-
JleHueM HEIYKUHH MarHHTHOTO NoJs B paBeH HyJmo.

KoHeuHo, A/l HaTASALHOFO HCTOJNKOBAaHHSI BO3HHKHOBEHHS 3. 1. C.
HHAYKUHH HeNb3si NOJNb30BaTbCsl CHJIaMH Jlopenla B Tex cayuasix, Koraa
HHAYKUuST 06YC/OBJeHa H3MeHeHHeM noJisi B B HeNONBHIKHWX NpPOBOLHH-
kax. Ho B ciyuae HHAYKUHH B ABHXKYIIMXCA NpPOBOAHHKAX, KOTAa Cnocol
paccCMOTpeHHS ¢ NOMOLLLIO CHAH JIopeHlla NDUMEHHM, OH JaeT He TOJbKO
KayeCTBEHHYIO KapTHHY, HO H NPaBHJbHOE KOJHYeCTBEHHOE BhIpaKeHHe
9. . C. HHAYKUHH. ) :
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§ 143. HinayKnuonhbie TOKH B MACCHBHLIX NpoBOfHMKaxX. Toxn
®yko. Pacecmorpum emme pas npocrefiluuii ombIT HHAYKUHH TO-
Ka B BUTKe H3 POBOJA, MOMEILEeHHOM B H3MeHsIoleecss MarHHT-
Hoe moJie (pHc. 269, a). BUTOK 3TOT 3aMKHYT, NpHyYeM B LenH
HEeT TrajbBaHOMETPa, M0 OTKJOHEHHIO KOTOPOTO MBI MOTJIH
Obl CYyJUTh O HAJIHYHH B BUTKe HHJYKIHOHHOTO TOKAa. Mbl MO-
’KeM, OJHAaKo, OGHAPYKHTb 3TOT TOK MO TOMY HarpeBaHHIO,
KOTOPBIM COMPOBOXKJAETCA ero npoxoxieHue no Butky (§ 56).

T

Puc. 269. B npoBOAHHMKe, NOMeUIeHHOM B H3MeHsIOIleeCs MarHHTHOE
noJjie, BO3HHKaeT HHIYKUHOHHBIH TOK, Harpeparmomuii NpOBOIHHMK: a) cO-
NpOTHRJEHHE BHTKA H3 MPOBOJA BeJHKO, €TO HarpeBaHHe Mano; 0) conpo-
THBJIeHMe BHTKa H3 0OJlee TOJICTOrO {IPOBOJA MeHblue, €0 HarpeBaHHe
GoJsblle; 8) BHTOK 3aMeHeH MeTalJINYeCKoH MJIaCTHHKO# ¢ HeGOMbILHM OT-
BEePCTHEM [OcepelHHe, HarpeBaHHe €ro eule 6oJblle; 2) BHTOK 3aMeHeH
CIJIOWIHOA MeTa/UIHYecKof MJIacTHHKOI, B KOTOPOH BO3HHKAIOT HHAYK-
LIMOHHBIE TOKH, CHJIBHO HarpeBaiouiHe ee

Eciu MBI, cOXpaHAs OPeXHHe BHellHHe pa3Mepbl BHTKa, cle-
.JlaeM ero u3 6GoJiee TOJCTOTO NPOBOJA WJIM U3 METaJlTidecKoH
JIeHTHl (puc. 269, 6), To 3. A. C. HHAYKUHH &; OCTAHETCH MPex-
el (460 CKOPOCTH HM3MEHeHHUS MarHMTHOro motoka Ad/A{
oCTanach MpPexHeil), a CONMPOTHRJIEHHE BHTKA YMEHBILHTCH.
Benencrsue 3toro HHAYKUHOHHBIA TOK [ BospacTer. Tak Kak
MOILHOCTD, BbIAe/sIeMas B BUTKe B BH/E TeMJa, MPONOPLHOHAb-
na Ié;, 10, cllefloBaTe/IbHO, NPH YMEHBIIEHHH CONPOTHBJIEHHS
BUTKA HarpeBaHHE €ro YyBeJHYHTCS.
Ha puc. 269 nokasaHo HeCKOJIBKO TAKHX «BUTKOB» CO BCe
BO3pacTaiouell TONMUKHOM, mnocnefnnil npeacTaBiseT Coboil
IPOCTO CIVIOUIHYIO METAJIHYeCKYI0 MJIACTHHKY, NOMeIleRHYIO
B H3MeHAWleecs MarHUTHOe noJje. IToHATHO, YTO BMECTO TOH-
KOi N1ACTHHKYU MBI MOTJIH GBI B3ATb M TOJICTHIA KYCOK MeTaJla.
Kak u ciiepyer oxuiaTh, ONBIT NOKA3bIBaeT, 4TO TaKOH KYCOK
MeTaJjlla, MOMELICHHBIN B H3MeHSIoleecs MarHuTHOe IoJie, Ha-
rpeBaeTcs; HHOTJa 3TO HarpeBaHHe JOBOJBHO CHJIBHO. DTO yKa-
3bIBaeT Ha TO, YTO NPU UIMEHEHUU MAZHUMHO20 NOMOKA UHOYK-
-YUOHHbIE MOKW B03HUKAIOM U 8 MACCUBHLIX KYCKAX Memaana,
a4 He TOJIbKO B NPOBONOYHBIX KOHTYypax.
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3TH TOKH OOGBLIYHO HA3LIBAIOT BUXPESHIMU MOKAMLL WU Mmo-
Kamu Dyxd, 10 HMEHH OTKPHIBIIETO HX (PpaHIy3CKOro (H3HKa
Jleona dyxéd (1819—1868). Mx nanpasieHue u cula 3aBHCAT
OT (POPME! KYCKa MeTaJla, HaXOJAWeErocs B NOJe, OT Hanpas-
JIEHHS1 H3MEHSIOLErocsl MarHHTHOTO [IOTOKAa, OT CBOHCTB Ma-
TepHaJa, U3 KOTOPOTO ClesaH KYCOK, W, KOHEUHO, OT CKOpPOCTH
H3MEHEHHs MarHHTHOTO ToToKa. PacnpenesneHne BHXpeBHX
TOKOB B MeTaJljle, BOOGIIE TOBOP A, MOXKET GEITh OUEHb CJIOXKHBIM.,
B KycKax JoCTaTOUHO TOJCTHIX, T. €. MMEWWHX GoMbline
pa3Mmeprl B Hanpap/eHHH, TIEPNIEHAHKYJISPHOM K HamnpabBJeHHIO
HHAYKIMOHHOTO TOKa, BHXpeBHE TOKM BCJENCTBHE MajlOCTH
CONPOTHBNIEHHS MOTYT ObITb OueHb GOJBIIHMH H BLISHIBATb
OueHb 3HauMTeNLHOE HarpeBaHue. Ecjau, Hanpumep, mome-
CTHTL BHYTPb KaTYIIKH MacCHBHBIH MeTaslJIHuecKHil cepjeu-
HHK M TIPONMYCTHTb MO KaTyllKe NePEMEHHLIi TOK, KOTOpHIH
100 pas B cekyHAy H3MeHsieF CBOe HampaBJeHHE H CHAY, JO-
XOJlst 1O HYJIS1 H BHOBb YCHJIHBAafACb, TO ITOT CepAEUHHK Harpe-
€TCsl oueHb CUIbHO. HarpeBanue 3TO BLI3HIBaeTCA HHAYKIHOH-
HEIMH (BHXpEBBLIMH). TOKAaMH, BO3HHKAlOLIMMH BCJENCTBHE He-:
[IPEpPLIBHOTO H3MEHEHHS MATHUTHOTO TIOTOKA, NPOHH3LIBAIOIIETO
cepleuHHK. EcC/H 3Ke 3TOT CepAEUHHK CHeNaTb U3 OTAENbHBIX
TOHKHX. [IPOBOJIOK, U30JIMPOBaHHLIX APYT OT ApYTa CJIoeM Jaka
WJIH OKMCJIOB, TO COTPOTHBJIEHHE CepJeUHHKA B HaNpaBJeHHH,
nepneHAHKYASPHOM K €I0 OCH, T. €. COIPOTHBJEHHe IJIA BUXpe-
BLIX TOKOB, BO3pacTeT, H HarpeBaHHE€ 3HAUMTENLHO YMEHbLIHT-
cfl. OTHM TIPHEMOM — pa3jlie/IeHHEM CIIOUWHLIX KYCKOB eJe3a
Ha TOHKHE H30JIMPOBaHHLIE ADYT OT Apyra CJIOH — TMOCTOSHHO
[OJL3YIOTCS 'BO BCEX IJEKTPHUECKMX MAalIHHAX AJA yMeHblue-
HHA HArpeBaHHA WX WHAYKIHOHHBIMH TOKaMH, BO3HHKAIOLWHMH
B TI€DEMEHHOM MarHHTHOM Tiosie. C Ipyro#i CTOpOHbI, TOKH DPYKO
HHOTJA MCTIOJIB3VIOTCA B TaK Hasbl-

BaeMHIX HHIAYKIHOHHBIX Tmieuax MJJas

CHJILHOTO HarpeBaHUA WJIH Jaxe

" IVIaBJieHHA MeETaJJOB.

Puc. 270. KoneGanua nop-
BellleHHOH Ha HUTH MarHuT-
HOil cTpeJKH GHICTPO 3aTy-
XaloT, ecyd BOJIM3H CTpedi-
KH HaxoJMTCA MacCHBHbBIMH
KYyCOK MeTaJll/a

BuxpeBne TOKH, KaK M BCAKHE HHJIYK-
LHUOHHKE TOKHM, NOLYUHAIOTCA npaBuny Jlen-
1a, T. €. OHM HanpapJeHH TaK, 4YTO B3aUMO-
JIeHCTBHE UX C MepBHUYHHIM MATrHUTHHIM NO-
JeM TOPMO3AT TO ABUXKEHWE, HOTOPHIM Bbl-
3nBaercs WHAyKuMsa. Ilpocrefimii ommbit, ¢
NOMOIbI0O KOTOPOro MOXHO NPOBEPHTDb Npa-
Bu0 JleHlla. B nNpMMeHeHMH K BHXPEBHM
TOKaM, MNoOKasaH Ha pHc. 270, Marhur-
Hafd cTpeixka nojBeweHa Ha HuTH. IlpepocTaBnenHas camoi cebe, ona
YCTaHOBMTCA B NMOJIOKEHHM DABHOBECHS, T. €. 1O MArHUTHOMY MEDHAMaHY
ZAHHOTO MecTa (NMPUOJM3HTENbHO B HampapJeHHi cesep — tor). Ecum ed’*
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OTKJIOHHTb, TO OHa 6yJeT NOBOJLHO JOJTO KQIeBAaThes OKOJMO 3TOTO NMOJIOXKe-
Hua. Kak H KoseGaHHA MasATHHKA, KOJeGAHHS CTpeJKH GYAyT 3aTyXaTh
OueHb MEJVIEHHO, eC/IH TPeHHE B NOJBece JOCTATOYHO MaJo. IloMecTHM Te-
Itepb MOJA CTPEJIKOH, OYeHb GJIH3KO K Hell, MACCHBHYIO MEIHYIO MJIACTHHKY,
Mul yBHAHM, YTO IIDH 9TOM 3aTyXaHHE KOJMeGaHHE MATHHTA NPOHCXOIHT 3HA-
YHTeJIBHO GRICTpEe: MOC/]e OJHOTO HJIM JBYX KAYaHHH CTPEJKA YCTAHOBHTCH
B NOJIOXKEHHH paBHOBecHs. IIpHYHHA 3TOrO AcHA. TIpH JABHIXKEHHH MarHuTa B
IJIaCTHHKE HHIYUHPYIOTCA BHXPEBhe TOKH, B3aHMOJeHCTBHE KOTOPHIX C Mar-
HHTHEIM NOJIeM NO npaBuJy JIeHla TOPMO3HMT ABHKeHHEe MaruuTa. TOT 3a-
11aC KHHETHYeCKOMH SHePruM, KOTODPHIH MBI COOGIAJHM MATHHTY, TONKHYB €ro,
GLICTPO NpeBpAUlAeTCH BHXPEBRIMH TOKAMH BO BHYTDEHHIOK SHEPTHIO MJa-
CTHHKH, BRI3EIBAas e€e HarpepaHHe. Ilo06HOe eMarHHTHOE YCIOKOeHHe»
MPHMEHAETCS BO MHOTHX 3JIeKTPOH3MEDHTE/IbHHIX NPHGOpAX.
BaauMonieiicTee TokoB ®yKG ¢ MArHHTHO#M CTpeJKOH MOXHO HaGJIO-
AaTh H B CIENYIOLIEM BHIOH3MEHEHHH OIHCAHHOTO OnuTa. YIpHKpenHuM Mef-
HBIA JHCK K UEHTPOGEXHOH MAIUHHE H 3aCTABHM ero GHICTPO BpAILAThCH.
MarHuTHaR cTpenKa, BHCAWASN HaJ AMCKOM, NOBOpAaYMBAeTcs, CJeAysl 3a
JHCKOM, H 3aKpyuyHBaeT HHTb. M 3Jiech NpHYHHA AicHa: NDH JBHIKEHHH JHCKA
OTHOCUTEJISHO MATHHTA B HeM HHAYUHPYIOTCA TOKH QyKG, B3amMoielcTBHE
KOTOPBIX. C MATHHTOM CTPEMHTCS, NG NPABHJY JIeHlla, OCTAHOBHTD JBHIKEHHE
AHCKA HJIH, B CHJIY TPETbero 3aKOHa MeXaHHKH, YBJeub MATHHTHYIO CTPEJIKY .
He JH1IeHO HHTepeCa BCIOMHHTD, YTO ONMHCHIBAEMBIi ONBIT GBI OCYLLECTBJICH
Apar6 B Hauase XIX Beka, ere 10 OTKPHITHS 3JIEKTDOMATHHTHOR HHAYKUHH.
OnHAaKO OH OCTABAICA HENOHATHIM, MoKa Qapajedl, OTKPHB HHAYKUHMIO, HE
OOBACHHJ €r0 KaK OJHO H3 NPOSIBACHHH 3JIEKTDOMATHHTHOM HHJYKIMH.

143.1. Ecain B npocTpaHCTBe MeXy NOMIOCAMH CHITbHOTO 3JeKTpOMar-
. HHTA MOMECTHTb TOJICTOCTEHHB A MENHBIA LHAMHID, HATIOJIHEHHEIH BO-
ZoH, ¥ NpHBECTH ero B OHICTpOE BpaimleHHe, TO UHIHHAD HATpeeTCs
. HaCTOJIbKO, YTO BOAA GHLICTPO 3a-
KHMHT, OO6GBACHHTE 3TOT OMHIT. 3a
CYeT KaKoH 3HEpTHH NPOHCXOAHT
BarpeBaHHe UWIHHAPA H BOABI?
143.2. MaccuBHuI MeJHEIH MasfT-
HHK / Kayaercst BOKpYT ocH 00,
NPOXOAS HA CBOEM MYTH Yepe3 MexK-
NOJIIOCHOE NIPOCTPAHCTBO CHIBLHOTO
3JieKTpoMarsura 2 (puc. 271). Ipu
OTCYTCTBMH TOKa B OOMOTKax
9JeKTPOMAaTHHTA MasATHHK, BhIBe-
JeHHEIA H3 MOJIOXEHHS paBHOBe-
CHS, coBepIlaeT JAOBOJLHO MHOTO

= x
b

I

Puc, 271. K ynpakuenmo 143.2 Puc. 272. K ynpaxuenuo 143.3
kxi]




KosneGaHull, npexae ueM ocTaHOBUTCA. EclH XKe BKJIOYHTH TOK, TO
MasiTHHK, JoRAsS 10 MeXIOJIOCHOTO TMPOCTPaHCTBA, Pe3KO, Kak Gbl
TOJYKOM, TOPMO3UTCH M cpa3y ocTaHaBauBaercs. OGBACHUTE 3TO
ABJIeHHe,

143.3. TloueMy, ecaH 3aCTaBHTb MOHETY NajaTh uepe3 MeXINOJIOCHOe
NPOCTPAHCTRO CHJBLHOIO 3JEKTpoMarHuta (puc. 272), npu BK/OUEH-
HOM. TOKe B OOMOTKaX MOHeTa He majaeT ¢ OGbIYHOM CKOpOCTBIO, @
MeJl/IEHHO OfycKaeTcs, Kak Ol npo,uaa.nuaaﬂ% Llepes OYelb BA3KYIO
MHAKOCTh?

143.4. Ecnu nojecHTb Ha HUTH MeXAy no.mocaMH 9J1€KTp OMarHuTa
KYOHK, COMEHHMIH H3 OTAeHLHLIX H30JUPOBAHHBIX MeJHHIX JIACTKOB
(pHc. 273), 3aTeM 3TY HHTb 3aKPYTHTb M OTNYCTHTb, TO KyOHK HauHeT

7 . 2
2 1
5 8
a) gl

Puc. 273. K ynpaxHennwo 143.4

GricTpo Bpawarbesl BOKPYT BepTHKanbHO! ocH. [1pn BKMouennn Toka
B OOMOTKH 3/]€KTPOMarHHTAa 3TO BpauleHHe TOPMO3HTCH, MpHYeM
TOpMO3sillee HeHCTBHC 3HAYHTEJbHO CHJbHee TOrJa, KOria KyGHK
nojsewed 3a ywko / (puc. 273, a), ueM Torja, Korja OH MNofgeineH
3a yuwKo 2 (puc. 273, 6). O6bscHATe 3TH ONBITH. Y4THTE HanpasJe.
HH# HHIYKLHOHHEIX TOKOB (TOKOB DYKO6) M HaNpasJeHHC HURYKLHH
MaCHHTHOTO noJs B, NokasaHHoe Ha PHCYHKe.



'nasa XVI. MATHUTHLIE CBOWCTBA TEN i

§ 144. MaruuTHas NPOHHIAEMOCTh Mene3a. o CHX mop Mbl
paccMaTpPHBaNIH TOJIbKO MarHHTHOe MoJie B BaKyyMe HJIH, YTO
IIpaKTHYECKH MOYTH TO e camMoe, B Bo3jayxe. Tenepp Mbl
[IepeX0JHM K PacCMOTPEHHI0 MACHHTHOTO MMOJisi B Pa3/HYHBIX
BELIeCTBAX H B MePBYI0 oyepelb B XKeJe3e H CXOJHBIX C HHM
CHJIBHO HaMarHHYHBAOLIHXCA MaTepHanax.

PaccMoTpuM oneiT, cXxeMa KOTOPOTO MOKa3aHa Ha puc. 274,
Ha pnunupift conenonn 1 Hajera uuaykuwonnas karywka I,

a ' a)
Puc. 274. B nmageroft na conenons | KaTymke I1 npH saMblKanHH KJi04a

B LlENH COJEHOHJA HHIyHHpyeTcs TOK. MHIYKUHOHHHE TOK MeHblie B
OTCYTCTBHE XeJ1e3HOTO cepjledHHKa B coJieHoue (a), uem ¢ cepjiedHHKOM (6)

B leMb KOTOPOH BKJOUeH TaK Ha3blBaeMblil GalHCTHUECKHH
rajibBaHOMETP, T. €. TalbBaHOMETP ¢ OOABLIHM IEPHOIOM
Kose6auuil noapkHOA uacTH. OcO6eHHOCTb 3TOrO NpHGOpa
3aKJIoUaeTcsl B TOM, YTO IIPH NPOXOX/JEHHH Yepe3 Hero Hm-
NyJbCOB TOKAa, [JHTENBHOCTb KOTOPBIX 3HAUHTENbHO (IO
Kpafineit Mepe B 10 pa3) meHblue nepHoja KoJeGaHHI MO-
BIH2KHOH 4YacTH, MaKCHMaJbHOe OTKJOHeHHe (0T6pOC) INOJBHIK-
HOfi 4aCTH OT IIOVIOXKEHHH PaBHOBECHA OKAa3bIBAETCS HPOINOp-
_LIHOHA/NbHBIM 3apAfxy ¢, NpouwejlleMy uYepe3 TranabBaHOMETP.

Korza 4epes cosieHOHJ TeueT TOK ONpefleseHHOH CHJIBI,
CKBO3b KaTywky 1l npoOXOmHT onpeneNeHHblli MarHHTHBIH
norok @. IlpH BBIK/IIOUEHHH TOKA MAarHHTHBI NOTOK YMeHb-
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[MaeTca A0 HYJs, TaK YTO U3MEHeHHe MarHuTHoro noroka AD=
=®, T, e. PaBHO HAYaAbHOMY 3HAYEHHIO MAarHMTHOTO MOTOKA.
3T0 H3MeHeHHe [POMCXOJMT 33 HEKOTOPhIH MPOMEKYTOK
Bpemenu A¢. Tlpu stom B katymke Il unayuupyercs 3.4 c.,
cpe/Hee 3HaueHHe KOTOPOH
: AD O
(63[ = 'Z? = Xz- .

Ecaun conmporupieHde 1eny, B KOTOPYIO BKJIOYeHa Karyll-
Ka 1l (r.e. ofumee conpoTupJieHHe KaTYILKH, TaJbBaHOMETpa
H COeJIMHUTENbHBIX [TPOBOJIOB), PaBHO R, TO B TeueHHe BpeMeHH
At yepes ranbeaHomerp GyJleT Teub TOK, CpejHee 3HauyeHHe
KOTOpOro '

g=IAt=> (144.1y

KOTOPBIHi MOXHO ONpefiesuTh MO OTGPOCY CTPENKH TajibBaHO-
merpa (cM. ynpaxuenus 141.4 u 141.5). U3 ckasanuoro
BbITEKAEeT, 4TO, H3Mepass OTOpoC CTPeNKH OGaJUCTHYeCKOro
rajbBaHOMeTpa MNpPH BKJIOYEHHH TOKA B COJIEHOUJE, MOXKHO
onpejenaTh HadaJibHOe 3HAYeHHE MATHUTHOTO NHOTOKa (IOTOK
(@ nponopuHOHaNeH OTGPOCY CTPEKH).

[lponeniaeM omucaHHblfi ONBIT ABaxAbl. TOK B coJieHouse 1
B 000OHMX CIy4YasaXx YCTAaHOBHM OJIMHAKOBbIfi, HO BO BTOPOM
onbiTe BBeJeM [PEABAPUTEIBEHO B coseHouJ 1 2kene3Hslit
cepleuHuK (puc. 274, 6). Mbl o6Hapy:KuM, 4YTO BO BTOpPOM
onbiTe (IPH HaMHYHH CEPJEYHHKA) OTOPOC CTPENKH TrajbBa-
HOMeTpa, a CieloBaTeNbHO, W Haya/ibHOe 3HayeHHe MaTHUT-
Horo notoka (D oxka3piBaloTcsl ropasjao 66/iblIMMH, YeM B
MepBOM ONKITe (KOraa KeMe3Hbll CepIeYHHK OTCYTCTBYeT).
YroGr Ge3 Xene3HOro cepleuHukKa NONYYUTb Takoil Xke oOT-
6poc CTpelKy rajibBaHOMeTpa, Kak H MPH HaiH4YHU cepley-
HHUKA, HYXHO Gbylo Gbi BO MHOTO Das YCHJAHTb [epBHYHBIH
ToK B cosieHouge 1. Ho ycunenue nepBuYHOrO TOKa B COJIEHO-
ujae | o3Hauaer, YTO MH YBeJHYMBaeM HayalJbHOe 3HayeHHe
MarHMTHOrO MOTOKa BHYTPH 3TOrO CoOJIeHOWJa, a CJeloBa-
TENbHO, U CKBO3b KaTyuiky Il. Takum oGpasom, guecerue oe-
A€3HO20 CePOLYHUKA CUABHO YEEAUHUBAEM HAYAAbHOE 3HQHEHUE
mazrumHoeo nomoxa. [TOBTOpAs Hall ONHIT C CepleYyHHKaMH
pas/MHYHON TOJMIIMHBEL, ‘MH YyOeauMcH, HTO yBeJiHYeHHe Mar-
HUTHOTO TOTOKa GyheT TeM. Gojbille, 4eM OOJbllfaf 4acTb €o-
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JIEHOHAA samontHseTcsl KenmesoM., HauGosbiee yBemuuenue
HaGORAeTCs!, KOTAA BeChb COJIEHOMI 3aloJIHEH Kele3oM, T. e,
KOra OGMOTKAa IVIOTHO HABHTA Ha IKEJIE3HLIH CepleYHHK.
Crporo rosopst, MONHOE yBeAHYeHHE MaTHHTHOTO [1OTOKA
AOCTHTAETCS JIHIIL TOFAA, KOTAA BCE JIHHHH MarHHTHOTO MOJS

)
Puc. 275. Hanuude Kene3HoTo ceplevHuKa yBEJHYHBAET MaTHUTHHHA
TOTOK COJIeHOHHA: ‘@) HauGoJbliee yBelHYeHHe MATHUTHOTO MOTOKA NOCTH-
Taercsi B KonblieoGpasHoM ceplleyHnke; 6) 60ablioe yBendueHHe MATHHT-
HOTo MOTOKA MOJyYyaeTcs TakKMKe Yy JAJUHHOTO H TOHKOTO COJEHOMAA C Bbi-
CTynatolliMH KOHUaMu cepieyHHKa. [lepsuunan katymka [ B oboux cay-
HasAX NOJKHA IUIOTHO OGBHBATH cepAEYHUK

NPOXOLAT B BEIIECTBE CepledHHKA. ITO GhIBAeT, Hanpumep, y
COJMeHOMAa, NMJIOTHO HABHUTOrO HAa 3aMKHYTHIH B BHAE KOJbIA
cepeuHuK (puc. 275, a), ORHAKO, veC/IH COJEHOHA AOCTATOYHO
AJMHEH IO CPABHEHHIO CO CBOMMH MOMNEPeYHbIMH Pa3MepaMu
Y TIOTHO HABHT Ha AJIMHHBIA BRICTYNAMOIWHH CepAEYHUK, TO
HHAYKUHOHHAS KaTyllKa, TOMeLeHHAs! B CPefHeH 4acTH CO-
NeHouna (puc. 275, 6), GymeT NPOHM3BIBATLCA NpPaKTHYECKH
MOJHBIM MOTOKOM.

B 3TOM catyyae OTHOwIEHHe MATHHTHBIX MOTOKOB B COJIEHOM-
- lie, HAaBUTOM Ha CEPIEYHHK, U B TOM JKE CONEHOMZE 6e3 cep-
AEYHHKA 3aBHCHT TOJILKO OT MaTepHasa CepA€YHHKA, KOHEUHO,
IpH yCJTIOBHH, YTO HaYaJNbHEIA TOK' B OGMOTKE HMeeT OAHO H
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TO ¥e 3Hayenue, na pasHblX COPTOB Kese3a H CTajH 3TO
OTHOUIeHHe pa3nnyno. OG603Hauasa ero rpeueckod GyKBoil W
(M}O) Mbl MOXEM HallHCaTh:

O = p®,,

rie ® — maruuTHRIA 1OTOK B KaTyIlKe C CepAEYHHKOM, a
@, — MarHHTHBIH TOTOK B KaTylllKe 6e3 cepaeuyHHKa.

Be/HuHHY [, XapaKTepH3YIOLly}0 MarHHTHHe CBOHCTBA
)eJle3a, HCIOJNb30BAHHOO. MUl CEPJCYHHKA, Ha3HIBAIOT €ero
Moerumuol  nponuyaemocmoro *). Kaxk yxe yrnomuHamoch,

H3MepeHHs1 MOKa3blBaloT,
- UTO HaJHYHE KEeJIe3HOro
cepleuHHKa YyBeJIHYHBaeT
MarHHTHBIH TOTOK BeCchMa
3HaYHTEJNbHO, HHOTAA B
TBICSIYH pa3. MBI MOXeM,
CJIeXOBATENIbHO, CKa3aTh,
UTO MAZHUMHAA NPOHUYG-
eMOCTb  0iene3a  BecbMa
Prc. 276. Ilon pauanueM Marnurhoro 6¢A4KA H B HEKOTOPHIX
MOJfA COJIeHOHAA aMlepoBnl TOKH B ike-  CJaydasaX  MOXeET JOCTH-
JIe3HOM CcepleYHHKe ODHEHTHPYIOTCA Tak, ratb 3HAauyeHHAI HECKOJb-
YTO HarmnpapJieHHe HX COBIaJaeT C TO- KHX TbICAY.
oM B comenoune BospacTanHe MarsuT-
HOTrO [OTOKA IPH BBEEHHH
B COIEHOH ]| XKeJle3a HeprllHO MOHATh C TOUKH 3PEHHS NpeJCTaB-
JeHRH 06 aMIepOBBIX MONEKYJAApPHHIX ToKaxX. [log BaHsHHeM
MAaTHHTHOTO [10JI COJIEHOHAa amIlepOBbI TOKH B Xejie3e OpH-
€HTHPYIOTCS, CTPEMSACH CTaTh NapaJiiesbHO TOKaM GOMOTKH CO-
JgeHouaa (puc. 276). DtuM 0GBACHAETCS HaMarHHYHBaHHE Ke-
Je3a M YCHJEHHE MATHHTHOTO NOJIsi BO BHEILIHEM MPOCTPaHCTBE.
DTuM Ke O6BACHAETCS H YB&JIHYEeHHE MAarHHTHOIO [OTOKa
CKBO3b COJIEHOHJ MPH BBEIEHHH B HEro CEpJeYyHHKa: K Mar-
HHTHOMY TIOTOKY, CO3/aBaEMOMY TOKOM B OGMOTKE COJIEHOWAA,
NOGaBAAETC MAaTHHTHHEH OTOK, C03J4aBaeMbll COBOKYIIHOCTBIO
OPHEHTHPOBAaHHHIX aMIEPOBHIX TOKOB.

B onbiTe, H306paxenHoM Ha puc. 274, NOTOK yepe3 OAHH
BHTOK KaTywiku 11 pasen BS, rie B — MarHnTHaA HHAYKLHA
noJs B COJEHOHAe, a S — MJOmajb [10NepeyHOro CeueHHs
conenonza. Ilotox @, durypupyomuii B dopmyne (144.1),
paBen NBS (N — uncno BuTkoB Katywku II). Ortciona cie-
AyeT, uTo yBesnyeHue noroka @ B p pas o3Hayaer, 4TO Mar-
HHTHasl HHAYKUHA B B jKeJesHOM CepieuHHKe B U pas 6oJibiue,

*) CMm. TekcT, caepywowinit 3a gopmynoli (126.4). (Ilpumen. peﬁ.)
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YeM MarHHTHas HHAYKUHS B, (IpH TOM Ke TOKe B COJIEHOHZE)
B CJlydae, KOrJa BMecTO Kese3a GbL1 BakyyM. Takum o6pasoM,
SalnoJIHeHHe KeJle30M NPOCTPAHCTBA, B KOTOPOM ObLIO noJse ¢
HHIYyKUMel B,, yBeqHuuBaeT HHIYKIHIO NOJA B | pas:

B=yB,.. (144.2)

B § 126 Mbr oTMeuasu, 4TO Hapsily ¢ MarHMHTHOH HHAyK-
nHelt B, KoTopas siBasieTcsl OCHOBHOH cua060il *) XapakTepH-
CTHKOH MAFHHTHOTO MoJIsi, B HEKOTOPHIX C1YyYasfiX OKa3blBaeTCs
'NOJIE3HOH  6cnomozamenvras XapaxkTepucTuka H, cpasaHHasn
¢ B cootHomenueM (cM. Gopmyay (126.4))

B=pp H (144.3)

‘H HA3bIBaeMasl HANPANCEHHOCITbIO MATHHTHOTO NMOJA (HATIOMHHM,
4TO g — MaPHHTHAsi nNocTosiHHasi, cM. Qopmyay (126.2)).

B npuMeHeHHH K paccMaTpHBaeMOMy ONHEITY (opmyJa
(144.3) paer By=poH, (B OTCyTCTBHE CepleyHyKa, Koria p=1)
H B=pp.H (npu Hanuuuu cepneunuxa). Ilockonbxy B=pB,,
HMeeM :

wH =ppH,, win H=H,

Takum o06pa3oM, Hanps>KEHHOCTh MAFHHTHOTO TIONS He
3aBHCHUT OT TOFO, 3aMOJIHEeH COJIEHOMJ KaKHM-JTHO0 MaTepHa/oM
WIH HeT. B cayuae, Korga Bce NpPOCTPAHCTBO, B KOTOPOM
nojile OTJIMYHO OT HYJf, 3aNoJHEHO .OJHOPOJHBIM BelleCTBOM,
HANpPSIXKEHHOCTb MOJIsI He 3aBHCHT OT CBONCTB 3TOrO Belle-
cTBa **).

§ 145. MarHuTHas NpoOHULREMOCTb Pa3JHuHLIX BeinecTs. Be-

LIeCTBA MapaMarHuTHLE 1 AHAMArHUTHLIE. EC/IH B ONTHCAHHBIX
" Bbllle OMBITAX BMECTO CepleuHHKAa M3 Xesesa OpaTh cepied-
HHKH H3 JPyTUX MaTepHaJiOB, TO. TaKXe MOXHO OGHADYXUTb
H3MeHeHHe MaTHHTHOFO MOTOKAa. EcTecTBeHHee BCero xjaTh,
410 HauGoJee 3aMeTHBIH 3(peKT JanyT MaTepHaJnl, NOJOGHBIE
A0 CBOMM MArHHTHBIM CBOHCTBAM Kese3y, T. €. HHKelb, KO-
GaJbT M HEKOTOpble MaTHMTHble CIJaBbl. JleficTBHTENBHO,
NpH BBEeJEeHHH B KaTyWIKy cepledyHHKa H3 3THX MaTepPHaJOB

*} Unpyxunsa B Ha3uiBaeTcsl CHJIOBOH XapaKTePHCTHKOH MarHHUTHOTO
noJsl B CBsi3H C TeM, YT OHa ompefessieT cwily, AedCTBYIOIYIO HAa TOKH H
sapanu (cm. dopmyaw (133.1) n (136.1)). (I pumed. ped.)

**) [ToguepkHeM, YTO 3TO YTBEPKeHNE CPABEIIHUBO TOJILKO B TOM CJIY-
Yae, KOTJa 6ce MPOCTPAHCTBO, B KOTOPOM MOJIE OTJIHIHO OT HYJIsi, 3aMOJTHEHO
00HOpOOHbBIM BellleCTBOM. Ecau BelleCTBO HEONHOPOAHO WJAH 3aMOJHIET He
BC¢ MpPOCTPAHCTBO, B KOTOPOM HMeeTcsl NOJe, paBeHcTBO H=H; He BH.
noJHsieTcs, W, CJAeJOBaTeNbHO, HeJb3sl rOBOPWTL, 4To H He 3aBUCHT OT
CBOHCTB cpefibl, B KOTOPOH CO3/laH0 MaruuTHoe noje. (/1pumed. ped.)
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yBe/lHueHHe MAaCHHTHOTO MOTOKAa OKa3hiBaeTCs HOBOJBHO 3Ha-
yHTesibHEIM. MIHBEIMH cOBaMH, MOXKHO CKa3aTb, YTO MarHHTHAs
MPOHHIIAEMOCTh HX BEJIHKA; Yy HHKeJd, HanpuMep, |4 MOMET
JOCTHTaTh 3HaYeHHda 50, y KoGaiabta 100. Bee atu matepuanst
¢ GOJIbIIHMH 3HAYEHHAMH U OGBeJUHAT B OJHY Tpynny gep-
POMASHUMHbIX MATEPHAJIOB.

OxHaKO H BCe OCTaJbHbie <HEMAarHHUTHble» MartepHaliol
' TaKkyKe OKAa3bIBAIOT HEKOTOpPOe BJIHAHHE Ha MAarHHUTHHIH MOTOK,
XOTA BJHAHHE 3TO 3HAYHTEJBHO MEHbile, YeM Yy MaTepHa/oB
tdeppomaruuTHeiX. C. MOMOLILIO OYeHb TUIATEJbHBIX H3Mepe-
HHH MOXKHO 3TO H3MeHeHHe OGHAPYXHTb H OMNpeleNHuTh Mar-
HUTHYIO NPOHHIAEMOCTb PA3/JHYHBIX MaTtepHasoB. [Ipu 3ToM,
OJHAKO, HYKHO HMeTb B BHAY, YTO B OMNbITe, ONHCAHHOM BHIILIE,
Mbl CPAaBHHBAJH MATHHTHBIA NOTOK B KaTylIKe, MOJIOCTb KO-
TOpPOH 3aMoOJIHEHa »KeJe30M, C MOTOKOM B KaTyliKe, BHYTPH
_KOTOpo#t HMmeetcsl Bo3nyX. [loka peub mIa O TaKHX CHJIBHO
MATHHTHBEIX MaTrepHatax, KaK ele30, HHKeJAb, KOGaaAbT, 3TO
HE HMeJO 3HaueHHs, TaK KaK HajJHuHe BO3AyXa OYeHb MaJjo
BJIHAET HA MarHUTHBIA notok. Ho npu uccaenoBaHuu wmar-
HUTHBIX CBOHCTB JAPYTFHX BelliecTB, B YaCTHOCTH CaMOrO BO3-
AyXa, Mbl HOJIKHBLI, KOHEUHO, BECTH CPaBHEHHe C KaTyLIKOH,
BHYTPH KOTOpPOH BO3AyXa Her (BakyyM). Takum o6Gpasom, 3a
MACHUMHYIO NPOHUYAEMACTIL Ml NPUHUMALM OMHOWEHUE Ma2-
HUMHMbIX NOMOKO8 8 UCCAEOYeMOM 8elyecmse u 8 8aKyyme (p==
=0/dy). UupiMu c0BaMH, 3a eQuHuuy MBI APUHUMALM Mae-
HUMHYI0 Aporuyaemocme 048 saxyyma (ecau O=W0q, mo p=1).

V3mepeHHs MOKa3BIBAIOT, YTO MarHHTHAas# NPOHHIAEMOCTH
BCEX BEIHECTB OTIMYHA OT eJHHUUBI, XOTA B OOJBLIHHCTBE
ciyuaeB 3T0 OTJIHYHE OYeHb MaJio. Ho ocoGeHHO 3ameyaTesb-
HHM OKasbiBaeTcd TOT akKT, UTO Y OAHHUX BelLeCTB MAarHHTHas
MPOHHLIAEMOCTh | GOJIblE eAHHHIB], a Y APYTHX OHA MeHblie
€IMHHIbI, T. €. 3anoJHeHHe KaTymIKH OJHHMH BellecTBaMH
YBeJIHYMBAeT MATHHTHBI NOTOK, a 3anoJHeHHe KaTyLIKH
JIPYTHMH BellleCTBAMH YMeHbliaeT 3TOT MOTOK. [lepBble H3
3THX BEIECTB HAa3blBAOTCA napaMmazHumdsixy (p=>1), a BTO-
poie — Juamazrnumnusimy (p<<l). Kak nokaswiBaer Tabur. 7,
OTJIHYHE MNPOHMIAEMOCTH [ OT €IMHHUM KaK y NapaMarHur-
HbIX, TaK H Y AHAMArHUTHHIX BelIeCTB HeBeJHKAQ.

HyxHO 0cO6eHHO MONYEPKHYTb, YTO AJA NMapaMarHHTHBIX
H [JHAMATHHTHBIX TeJ MarHHTHAa#d TNPOHHLAEMOCTb [ He :3a-
BUCHT OT MAarHHTHOM HHAYKHHH BHeIHEro, HaMarHHYHBaio-
Iero moJisi, T. €. NMpejcraBiiseT coG0# NMOCTOAHHYIO BEIHYHHY,
XapaKTepH3YIOILYIo JaHHOe BemiecTBO. Kak Mbl yBHiuMm § 149,
3T0 He HMeeT Mecta IIdA Xeje3a H npymx CXOIHBIX C HHM
(¢eppoMarHHTHBIX) Tell.
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’
Ta6auuna 7. MaruuTHAS NPOHHLAEMOCTS
AMS HEKOTOPBIX NMAPAMATHHTHBLIX H AHAMATHHTHBLIX BEUlECTB

TlapaMarHuTHBlEe BeLleCTBa 1) JuamarHuTHme BemecTBa [
Asor (raszooGpasHniii) 1,000013 | Bogopox (rasoo6pas- 0,999937
Boanyx (razcoSpasubift) 1,000038 | e i)

Kucnopon (rasoo6pasumi) | 1,000017 || Bopa 0,999991
Kucsopon (KHIKHIH) 1,0034 | Crexao 0,999987
D6OHHT 1,000014 § Huux 0,999991
AnoMaHEH 1,000023 | Cepe6po 0, 999981
Boasppam 1,000175 } 3oxoro 0,999963
Ilnatuua 1,000253 || Meap 0,999912

BucmyT ] 0,999824

BnusnWe napaMarHHTHHIX H JHAMaTHHTHBIX BeLIECTB Ha
MAaTHUTHRIH TOTOK OOBSICHSETCA, TaK e KaK H BJHSHHE
BelecTB (eppOMarHHTHLIX, TeM, UTO K MAarHHTHOMY IOTOKY,
CO3JaBAEMOMY TOKOM B OGMOTKe KAaryIIKH, -[PHCOeIHHSIeTCS
NOTOK, MHCXOASIIHH H3 3JeMEeHTAapHbIX AaMIepOBBIX TOKOB.
[Napamazrnumnuie geiyecm-
80 YBEAUMUBAIOM MORHUM-~
Hblli HOMOK  Kamywku,
D10 yBelHYeHHe MOTOKA
MpH 3aMoJHEHHH KaTyll-
KH [apaMarHHTHBIM Be-
[LeCTBOM YKa3blBaeT Ha
TO, YTO H 8 napamaeHum-
HbLX Gewjecmeax nod Oeii- .
crmeuem gHeuiHe2o Macrhum-  Puc. 277. JnamarHuTHble BellecTBa
HO20 NOASL 3AEMEHMAPHLIE  BHYTPH KaTyILKH oc/1a6/1510T MarHHTHOE
mou. opuenmupyinca IO Soielo, Sioiripie roo
mak, 4mo HanpagaeHue Xy ® CONEHOHAE
ux cosnadaem c Hanpasne-
ruem moxa oomomru (puc. 276). HeGonbliioe oTIHUHE | OT efu-
HHIbl YKa3blBaeT JIUb HA TO, YTO B CJyvyae MapaMarHHT-
HbiX BelleCTB 3TOT J06ABOUHLIH MAaTHHTHBIH [OTOK OYEHb He-
BeJIHK, T. €. 4TO apAMAarHHTHbie BellecTBa HaMarHHYMBAIOTCA
OueHb cJjabo.

YMeHbllIeHHe MAaTHHTHOrO [OTOKA MPH 3aroJHeHHH Ka-
TYIIKH JHaMarHATHBIM BellleCTBOM O3HAaYaeT, UTO B 3TOM C/yuae
MAarHHTHHIH MOTOK OT 3/I€eMEHTAPHLIX aMIepPOBHIX TOKOB Ha-
npa.JieH - MPOTHBONOJIOXKHO MATHHTHOMY TMOTOKY KAaTYLIKH,
T. €. UTO 8 QUaMASHUMHBIX 8eujecmeax nod Oelicmeuem 8Heuineao
MAZHUMHO20 NOAS B03HUKOIOM 3IAEMEHMAPHbIE  MOKU, HANDAB-
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AeHHble NPOMUBON0A0KCHO moxam obmomxu (puc. 277). Manocts
OTKJIOHEHHH b OT eRMHHUBIH B3TOM CJy4ae yKasblBaeT HaTo,
YTO AOMOJHHTENbHBIH IOTOK 3THX 3JleMeHTapHBIX TOKOB HEBEJIHK.

§ 146. JpnxeHHe napaMarHHTHLIX M JHAMarHHTHLIX Ted B
marauTHOM noae. Onpithl Papages. IIputskenue xenesHsx
NpeAMETOB K MarHHuTaM fIBAfeTc HaH6ojee NPOCTHIM H Gpo-
caroUlMMCH B IJIasa NpOsiBJeHHeM MarHUTHOTO NOJMSt H HCTO-
PHYECKH MOCHYXKHJIO OCHOBOH BCErO0 Pa3sBHTHS YHYEHHSl O Mar-
HeTH3Me. OHO CBOJMTCA K BO3JEHCTBHIO MaCHHTHOTO NOJS Ha
OPHEHTHPOBAHHBIE MOJIEKY/ISApPHblE TOKH HaMaCHHTHBIIErocs
Kenesza., Tak ke, HO TOAbKO 3HAYMTEJNbHO cJjgabee J0JKHO
JeHCTBOBAaTb MAarHMTHOE MOJi€ M Ha MNapaMarHHTHble TeJia,

Puc. 278. a) IlpHn HaMarHMYHBAHHH NapaMaCHHTHOTO HJH deppumarsHT-
HOro Tesla Ha GJHXajiweM K MarHHTY KOHLE BO3HHKaeT NOJIOC, pa3HOHMEH-
HEIfl ¢ MOJIOCOM HAMaUHHYUBAIOIErO MAalHHTA; NapaMarHUTHOE TeJO I[pH-
TArHBaeTcss K MarHuty. 6) B rex Xe ycloBHsiX Ha GaIHMaMiieM K Maruury
KOHLE JHAMATHWTHOIO TeNla BOSHHKAaET NOJIOC OJHOMMEHHbIH; JAHaAMArHHT-
- HOE Te10 OTTaJKHBAETCA OT MAarHHTA

NOTOMY YTO, KaK Mbl MOIVIH CYyJuThb IO ONBITAM, ONHCAHHBIM
B NpelblAylleM naparpade, ¥ B MapaMarHATHBIX TelaX OpH-
eHTaLHsA 3JeMEeHTAPHBIX TOKOB MPOUCXOAHT TaK e, KaK B
(heppOMaTrHHTHBIX: MAaTHHTHBIH NOTOK 3JeMEeHTapHLIX TOKOB
yCHIHBaeT, XOTA H He3HAYHTeNbHO, MAaTHHTHBIH IOTOK OpH-
EHTHDYIOILEro MOJs H, C/lelOBaTeNbHO, NAPAMARHUMHbIE Mead
npumseusaromes K maznumy (puc. 278, a). :

B oTsnnune OT Ten mapaMarHHTHBIX, OUAMARHUMHbIE MEAQ
YMEHLIUAIOM  MA2HUMHLIL NOMOK KamywiKu. DTO O3HAaYaerT,
YTO B JHaMaTHHTHOM Tejle MOJA JAefCTBHEM BHEUIHErs [OJs
BO3HHMKAIOT 3JIéMeHTapHble TOKH TaKOTO HaNpaBJeHHS, HTO
HX MarHHTHOE MNoJie NPOTHBOMOJOXKHO HaNpaBJeHHI) BHeUl-
Hero marHuTHoro noJas. CrejfoBaTeNbHO, M JeHCTBHE BHeUl-
HEero MarHHTHOTO NOJiA - HA AMAMarHHTHble TeJla NPOTHBOIO-

348 -



JIOKHO [0 HanpaB/JeHHIO JAeHCTBHIO ero Ha Tena ¢Geppo- u
napaMarHHTHBlE, T. €. OQUAMAZHUMHbIE MEAG OMIMAAKUBAIOMCS
om MmaezHuma (puc. 278, 6). - .

Mzbi MOXKeM BHIPA3UTh 3TOT (PakT H HECKOJBKO nnave. Korza
Mbl MOJHOCHM K MArHHTY Kakoe-HHGYLb XKeJesHOe Tesno, TO
OHO HaMarHHYMBAETCSl TAaK, YTO Ha TOH CTOPOHeE ero, KoTOpast
ofpallleHa K MarHHTy, BO3HHKaeT [MOJIOC, PasHOMMEHHBIH ¢
MOJIIOCOM MarCHHTa; TO K€ HMeeT MecTO M B CJydyae napamar-
HHTHOTO Tesa (puc. 278, a). Hanporus, B cayyae muamar-
HUTHOTO Tejla Ha CTOpOHe, GJHKailllefl K MOJIOCY HaMarHH-
YHBAIOLIEr0 MAarHHTa, BOSHHKaeT IMOMIOC, ORHOHMMEHHBIH C
3THM NOMIOCOM Maruuta (puc. 278, 6). Puc. 276 u 277 nosc-
HSIOT, MoYeMy NapaMarHUTHBIE TeJa NPHUTATHBAIOTCA K Mar-
HHTY, a JHaMarHHTHbIE OTTAJKHBAIOTCA OT HErO.

HMMmenHo Takue JnelcTBHS W ObiM OGHapyxenbl Dapaneem.
B 1845 r., ncnonb3osas cuabHBIE 3JeKTpoMmarsut, ®apageit
YCTaHOBHJ CIIOCOGHOCTb 8c€x Tel HaMarHUYHBATBCA H OTKPLLI,
YTO OJHH TeJsa, IPUTSATHBAIOTCA K MarHUTy, a JpyrHe oTTaJ-
KHBaioTCs OT Hero. OH MNpemIOXKHA JJs1 IepBbiX Ha3BaHHE
napaMarHUTHBIX, 751 BTOPHLIX Ha3sBaHHWe IMAaMAarHUTHBIX. HH-
IOYKUIHOHHDbIE OMNBITBI C Mapa- H AHAMATHHTHBIMH TeJlaMH, MO-
JOGHble omucaHHbiM B § 144, GbL1H NMPOH3BeJEHbl 3HAYHTENBHO
no3:ke, KOrja MarHUTHble CBOHCTBA AMAMATHHTHBLIX M Mapa-
MATHHTHBIX Tes ObLIH y2Ke YCTAHOBJEHbl HA OCHOBAHHH HC-
ciegoBanuit ®apanes.

Ilo cusie NpUTSIKEHHS] HJH OTTAJKHBAHHS MOXHO CYIHMTb H KOJHMYECT-
BEHHO O cndcoGHOCTH Teaa HAMarHH4UBaTbCAA, T. €. MOXHO ONpEAeJHTh
MarHUTHYIO NPOHHIIAEMOCTL [ JUIST JaHHOTO BELIECTBA., JTOT METOL H3Mepe-
HHUA W, OCHOBAHHREIH Ha H3YUEHHH NPHTAMXKEHHA HJY OTTAJIKHBAHHA MaJI€Hb-
KOTO Te/Ia H3 JaHHOrO BEWIECTBA, TEOPETHUECKH 60Jiee CJIOKEH, YeM OMHCAH-
nelfl HamH B § 145 MeTON, OCHOBAHHEIH Ha H3MEPEHHH MaTHHTHOTO-NOTOKA.
Ho 3aro on ropasno YYBCTBHTEJLHEE H, KPOME TOT O, NPUTONI€H JJISl H3MEPEHU A
U B MaJIEHbKOM oﬁpas'mxe BELIECTBA, TOTJAa KakK AJIf HSMEPEHHA | N0 HHAYK-
HHOHHOMY C)'lOCOﬁy HY2KHO 3aNOJIHHTh H3YYa€MBIM BelIECTBOM BCIO MOJIOCTh
KaTyiWwkH. B Tex ciyuasx, Koraa ynaeTcs H3MEPHTb [ U TeM H JPYTHM CIO-
C060M, NOJy4alTcs CcorJacyloluecss pe3yJbTaThl.

2 146.1. Tlosmockl CHILHOTO 3JeKTpOMarHuTa Ha pHuc. 279 cpe3aHbl He-
H napaJ/ieJIbHO APYT ApYTY, TaK YTO BHH3Y DACCTOSHHe MeXKAY HHMH
3HAYMTEJLHO MeHbille, YeM HaBepxy. Mexay HHMH nojBeluHBaetcs
Ha HHTH LIADHK H3 Da3JHUYHBIX HCIIHITYeMBIX MaTepHasoB. BepxHHii
KOHell HHTH NMpHKPeIJIEH K CIHPaJbHOH NPYXKHHKE, PACTAKEHHE KO-
TOPOH MO3BOJISIET H3MEPHTDL CHJY, JeHCTBYIOLLYIO CO CTOPOHB MaTHHT-
HOTO MOJIA Ha IIADHK (NpYyXHHHble BeChl), OKasbiBaercsl, YTO €C/TH
IIapHK H3TOTOBJIEH U3 AJMIOMHHHS, BOJb()paMa HJIH IJIATHHH, TO 3Ta
CHNa HampaeJeHa BHH3 (NpyXHHKa pacTsAruBaercs), a B caydae
cepebpa, 30/10Ta, MelH HJIH BHCMyTa OHa HampaeJieHa BBepX (mpy-

- XKHHKa coxpamaeTCﬂ) OO6LACHHTE 5TOT ONHIT.
146.2. Ilpn HcciieloBaHHH MaCHHTHOM TNPOHHIAEMOCTH )KHJlKHX Be-
UiecTB YacToO MOCTYnawT TakK. XXHAKOCTb - HAJHBAIOT B KOJEHUATYIo

349



Puc. 279. K ynpaxHe- Puc. 280. K ynpaxrenuo 146.2
nuio  146.1

TPyOKY M OLHO H3 KOJIeH MOMeIAIOT MeXIy MOJICCAMH CHJBHOTO
snekTpomarHuTa (pHc. 280). KHAKOCTH B 3TOM KOJleHe NOZHHMAeTcA
WK ONlycKaeTcs B 3aBUCHMOCTH OT TOTO, ABJISIETCA JIH OHA Mapamar-
HHTHOf HJH gHaMarHHTHOA. OGBACHHTE 3TO ABJEHHE.

§ 147. MoaekyaapHan TeopHA MarHeTH3Ma. Teopus, OGBACHAIOWASA Pa3fiH-
Yyye B MaTHHTHRIX CBOACTBaX BeIeCTB Ha OCHOBE H3YYeHHA CTPOCHHA OT-
Je/bHBIX YaCTHIL STHX BelIECTB ~— HX aTOMOB HJH MOJEKYJ,— MOJy4uJa
Ha3BaHUE MOACKYARDHOL meopuy MazrHemu3ma. STa TEOPUA OUYeHb CJAOKHA M
BO MHOTOM ellle He 3aBepiieHa. [lostomy 3jech Ml He MOxeM pa3Gupath ee
CKOJILKO-HUGYAb MOAPOGHO. YKameM JIHiib HA OCHOBHBE MPHUYHHH Pas/-
YUA MeXAy CBOHCTBaMH MapaMarHUTHHIX W IHAMATHUTHRIX TeJl.

Kaxpgoe Tes0, H napaMarHUTHOE H AHAMATHUTHOE, MpeACTaBJAeTCH
HaM B [eJIOM HeHaMarHHYeHHhIM 10 TeX NOp, NOKa Ha Hero He geficTeyer
BHelLIHee MaTHHTHOe noJjie. Ho 06yc/10B/aHBaeTCA 3TO B Te/1aX NapaMarHUTHRX
H B TeJlaX JUAMaTHHUTHRIX Pa3HHIMH MPHYHHAMH. JIHAMarHHTHRIMU ABJAAIOTCA
TeJla, KamIafl YacTHIA KOTOPHIX — aTOM HJIH MOJIeKyJ/a,— HaxOffch Bie
MAarHHTHOTO NOJsA, He 06/1aJaeT MarHUTHHMH CBOfiCTBaMH. TOJIBKO BHewHee
MaTHHTHOE MOJIe MPeBpallaeT HX B 3JeMeHTapHHE MarHHTH (BhI3nBaet 3Je-
MeHTapHhe TOKH), OnpefesieHHHIM 06pa3oM HampasJjeHHne. Hanporus, ya-
CTHULI MapaMaTHUTHRIX BEILECTB YXKe caMH no cebe, eule 10 TOTO, KAK HA HUX
HagaJo JelCTBOBATb BHENIHEE I10Je, MPeACTaBJAIOT COGOH 3/AeMeHTapHLe
MaTHUTH (3J1eMEeHTapHhIE TOKH), 34eCh POJb BHEILHET0 MarHH THOTO NOJA CBO-
IUTCA K OnpefesleHHOH OpHeHTalMH, YNOpsIOYEHHIO PaclOJIOMEHHS ITHX
MarHuTHKoB. [ToKa nosie He HefiCTBOBaJIO, Bce OHH GRIJIM PacToJNOKeHh Gec-
NOPALOYHO, XaOTHYECKH, H BEILECTBO B [eJIOM NPelcTaB/s/]OCh HaM HeHa-
MaTHHYEHHHIM. B MarHHTHOM e MoJle STH 3JeMeHTapHhE MATHHTH BhICTPa-
HBaloTCA B GOJbIIeH HJIM MeHbLIell Mepe MapaJl/le/IbHEIMH LENOYKAMH, H Be-
IIeCTBO B [[eJIOM HaMarHHYHBaeTcsl. .

B yeM ke COCTOMT passiiuHe MeXAy CTPOSHHEM YacTHI JHAMaTHHTHBIX
M MapaMAarHUTHHX BeulecTs? B aromax Bcex T8/ ecTh GOJIbILOE YHCIO ABHKY-
WHXCA 3/eKTPOHOB. Kaxanil U3 HHX H MpelCTaBJfAeT coGoil aMnepos sJe-
MeHTapHhIii Kpyroso#t Toxk. HO B aTOMax QHAMAaTHHTHHIX BeIECTB /O BHece-
HHUS HX B MaTHHTHOE NOJle MarHHTHRIE JefiCTBHUSA ITHX OTHe/bHBIX TOKOB B3a-
HMHO KOMMEHCHPYIOT IPYT APYra, TaK YTO aTOM B LIeJIOM He AABJACTCA 3Je-
MEHTaPHKEIM MaTHUTOM. Korjga Ml BHOCHM TaKoOe BeliecTBO B MATHHTHOE 110Jle,
TO Ha Kaxianid IBHXKYWHHACA 9/1eKTPOH He#iCTBYeT cHJa JlopeHIa, U cOBO-
KynmHOe feficTBHe BCeX STUX CHJ, KaK MOKa3nBaeT pacyeT, HPUBOLHUT K TOMy,
YTO B aTOMe HMHAyIUpyeTcs ONpelefieHHHH TOK, T. e. aToM npHoGperaer
CBOIICTBA 3/IEMEHTAaPHOTO MariuTa. TaK KaK 3TH TOKH ABJAAIOTCA HHAYKIHOH-
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HEIMH, TO HanpapJieHHe HX, COTMacHO Mpapuay Jleuna, JOAXKHO GHTL Npo-
THBOMOJIOKHO HaNpaBJeHHIO TOKa B KaTyLiKe, CO3AAlOIIEro BHEIHee Mar-
HHTHOE T10Jie, T. €. MaTHHTHHI NOTOK OT 3THX TOKOB JIOJDKEH 0CJabasnTh
NOTOK BHELUHErO MOJS, W AHAMarHHTHOE TeJIO OTTaJKMBaeTcs OT MarHHTa.'

B aTOMax napaMarHHTHHX BeIeCTB MarHHTHhIE RAEACTBHS OTAEMBLHHX
3JIeKTPOHOB He MOJHOCTHIO KOMAEHCHPYIOT APYT Apyra, Tak YTO aTOM B lie-
JIOM H caM 1o ceGe SBISETCS eMeHTapHHM MarHKTOM. JieficTBHE BHEIUHEro
MaTHHTHOTO NOJIS YNIOPSIAOUHBAET PacMOJIOXKeHHEe 3THX 3JeMEHTapHhIX TOKOB,
NpHIeM TOKH OPHEHTHPYIOTCH TaK, YTO MX HanpaBJieHHe NPeHMYLIeCTBEHHO
COBMNajaeT ¢ HanpaBJeHHeM TOKa KaTYWKH, CO3JAIOLIEro BHEIHee MarHHT-
HOe noJsie. I105TOMY MarHHTHHE NMOTOK OT 3JieMEHTapHHX TOKOB B 3TOM CJy-
4ae yCHJIHBaeT NOTOK KaTyWKH, W NapaMarHHTHOE T&J10 NPHTATHBaeTcs K
MarHuTy.

Crporo roeopsi, AHaMarHeTHsM ecTb ofimiee CBOACTBO BCEX BelLECTB.
Bheiihee MarnutHoe noJje NPOM3BOAHT K HAa 4aTOMH NapaMarHHTHHIX Be-
UIECTB TaKOe e HHAYUMpYiomee feHCTBHe, KAK HAa aTOMbI AHAMArHHTHBIX
BelleCTB. Ho B NapaMarHuTHLIX BELIECTBAX 3TO neﬁcmne NepeKpuiBaeTcs
6oslee CHABLHEIM ODHEHTHPYIOINHM RefCTBHEM BHeLIHEr0 MarHATHOrO noJs,
KOTOpOe yIOpPsiAOuUHBaeT COGCTBEHHLE 3/eMeHTapHhie TOKH aTOMOB.

Mgy BHEHM, TaKuM 06pasoOM, 4TO AHaMAaTHETH3M ¥ NapaMarHeTHaM 006bsc-
HAIOTCS Pas/HUHSMH B CTPOEHMH CaMHX aTOMOB HJH MOJEKyJ BellecTBa.

§ 148. MaruurHas samura. Camo co6oil pasymeercs, 4TO Ha-
MarHuyuBaHue (eppOMarHUTHHIX, MapaMaTHUTHBIX H Jua-
MAaTHHTHBIX TeJ [POHCXOJHUT He
TOJbKO TOTAd, KOIja Mbl MO-
MelllaeM HX BHYTPb COJIEHOH]A,
HO H BOOOllEe BCeraa, Koraa
BelleCTBO [MOMelllaeTcs B Mar-
HUTHOe noJie. Bo Bcex 3Tux
cayyanaX K MarHuTHOMY IO-
JII0, KOTOpOE CYLeCTBOBAJIO A0
BHeCEeHHSl ‘B Hero BelllecTBa,
Jo6GaB/iseTcs MarHuTHoe MoJie,
06yCJIOBiEHHOe HaMarHU4HBa-
HHeM 3TOTO BellleCTBa, B pe3yJib-
TaTe 4Yero MarHHTHOe IoJe
uaMenserca. M3 ckasaHHOTroO B
npeiblaymyux naparpagax sc-  Puc. 281. HaMeHenne MarHHTHOrO
HO, qToO H8H60J'Iee CHJIbHbBIE NnoJsisl NpH BHECEHHH B Hero Kycka
H3MEHEHHS TOJIA MNPOUCXOAAT *Kelesa

npy . BHeCEHHH B Hero deppo-

MarHHTHHIX TeJ, B YacTHOCTH kese3a *). Mamenenne maruut-
HOTO MOJIA BOKPYI ¢epPPOMaTHUTHHIX TeéNM O4YeHb YJIOGHO Ha-
6mojaTh, NOMb3YACh KAPTHHOH JIMHHE mossi, NOJiydaemoi

*)} TlosTOMy BOMNpPOC O C/IOKEHHH NoJell MOCTOSTHHEIX MAaTHHTOB B Jieii-
CTBHTEALHOCTH He TaK NPOCT, KaK 6b10 H3/M0XKeHo B § 121; BHeceHHe BTOpOro
CHJIBHOTO MaTHMTa He TOJIbKO R0GaB/sieT ero noJje K NoJo NEpEOro MarHHTa,
HO H HCKaxkaeT 370 noJse. [Ipy cioxeRun noiedl TOKOB (B OTCYTCTBHE ¥ees-
HEfX"'Ce pZiedHRKOB) H3/OMeHHOe B § 121 He HYXXRaeTcs B OrOBOpKax.

\

351



Opd [OMOINIM kese3nbix onuiok. Ha puc. 281 usoBpaxkensl,
HanpuMep, H3MeHeHHs, HaOMIOJAlOUlHecs NPH BHECEHHH KY-
cKa xefle3a npAMOyroJibHOH (opmbl B MargHTHOE MoJe, KO-
TOpOe paublie ObIO OAHOPOAHBIM. Kak Buium, nose nepe-
CTaeT GbITb OJHOPOJHBIM M NPHOOpeTaeT CJOKHBIH XapakTep;
B OJHHX MeCTax OHO YCHJIHBaeTcs, B APYTLHUX -— ocsafJsercs.

2 148.1, Korga Ha cOBPeMEHHBIX CYLaX YCTAHABJHBAIOT H BHIBEPRIOT

° KOMMacH, TQ BBOAAT MOMPaBKH K MOKa3aHHAM KOMIaca, 3aBHCSLUIHE
OT QOpMBI H PacnoOJIOKEHHS uvacTefl CyJHA W OT MONOXKeHHA KoMNaca
Hs HeM. OBBACHHETe, NOYEMY 3TO HEOOXOAMMO. 3aBHCAT JIH TIONPABKH
OT cOpTa CTaJH, NMpHMeHeRHOlt MPH MocTposiKe Cy AHa? :
148.2. Ilouemy cyna, CHapsKaeMmble SKCMeJHIHAMU LIS HCCJIELOBA-
HHS MaTHHTHOTO MOJIS 3eMJIH, CTPOSIT He CTajbHbie, a JePeBsHHbIE H
IJIS1 CKPeIVIeHHs OOLIMBKH MpPHMEHSIOT MeLHble BHHTHI?

Ouenb HHTEpecHAa M HPAKTHUECKH BaXKHAa KapPTHHA, KOTO-
pas naGmojaercs NpH BHECEHHH B MarHWTHOE [oJle 3aMKHY-
TOTO XeJNe3HOTO COCyAa, HanpHMep noJsoro mapa. Kak BHAHO
u3 puc. 282, B pesy/bTate CJOXEHHS BHEUIHETO0 MATHHTHOIO
NoJIs ¢ MOJIeM HaMaTHHTHBILe-
rocsl Kese3a noJe BO BHYTpEH-
He#l o6sacTH apa TMOYTH Uc-
ye3aeT. ATUM MONB3YIOTCA A

prey

Y.

Puc. 282, lNoanth Kenesuwilt wap  Puc. 283, JIuuuu marmaTHoro nons
BHECEH B ONHOPOLHOE MAarHHTHOE  COCPEfOTOUEHH! B IKEJe3HOM KOJble,
nose BHECEHHOM B MarHHTHOe noJe '

CO3MaHHA MOQSHUMHOL 3auiumet WIH MAZHUMHOU 3KPAHUPOSKLL,
T. €. JJI4 3allHThl TeX WJIH HHBIX NpU6OPOB OT JEHCTBHS BHeiU-
HEro MarHHTHOTO noJfl. -

KaptuHa, KoTopyio Mbl Hab/oJaeM TPH CO3NAHHH MAarHHT-
HOM 3aluTHI, BHeIHe HANOMHHAeT CO3JaHHEe 3JIeKTPOCTaTHue-
CKOH 3aliuThl NPH NOMOIM NpoBofsAiiel ofosnoukd. OnHako
MEX1Yy STHMH SIBJEHHAMH eCTb IJy6OKO€ NpPHHIHNHAIBHOE
pasnnure. B ciayuyae 3/eKTPOCTAaTHYeCKOH 3alIMTBI MeTall-
JHIeCKHe CTeHKH MOTYE ObiTb CKOJb YIOLHO TOHKHMH. [lo-
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CTaTOYHO, HANpHMep, MOCePeGPHTH MOBEPXHOCTH CTEKASHHOIO
COCy/Aa, MOMEIIEHHOrO B 3JEKTpHUYeCKOe MoJie, 4TOGH BHYTPH
COCyJa He OKa3aJoch Mosfl, KOTOPOe OGPbIBAaeTCA Ha MOBepX-
HOCTH MeTasla. B ciyuae e MarHHTHOrO MOJfA TOHKHE XKe-
JIe3Hble CTeHKH He MABJAITCA 3alHTOH AJA BHYTPEHHEro
MPOCTPAHCTBA: MArHUTHBIE MOJIA MPOXOAAT CKBO3b 2KEJ1€e30,
H BHYTPH COCYyAA OKasblBaeTCsi HEKOTODoe MarHMTHOe MoJe.
JInb MPH JOCTATOYHO TOJICTBIX 2KE€J/Je3HbIX CTeHKaX ocnab-
JIeHHe MOJsi BHYTPH TMOJOCTH MOXKET CHeNaThCAd HACTOJNBKO
CHJIbHEIM, UTO MATHWTHAs 3allluTa NPHOGPETAeT MPAKTHUECKOe
'3HaueHHe, XOTA H B 3TOM. Clyuae Mojie BHYTPH HE YHHUYTO-
XKaercsi MojHocThio, M1 B 3TOM ciyuae ociabieHue nojis He
€CTb pe3yJbTaTt 06prBa €0 Ha MOBEPXHOCTH KeJse3a; JHHHH
MAarHUTHOTO MOJIfl OTHIOAb HE OGPBIBAKOTCA, HO MO-MPEKHEMY
OCTAOTCA 3aMKHYTBIMH, NPOXOASl CKBO3b kese3o. M3obpaxkasn
paduuecku pacnpejeseHHe JHHHA MarHUTHOrO MOJA B TOJILIE
XeJle3a H B MOJOCTH, [OJY4YHM KapTHHY (puc. 283), KoTopas
‘M [OKa3bIBaeT, 4TO ocaabjeHHe Mo BHYTPpHU [MOJIOCTH €CTb
pe3yabTar H3MeHeHHs HaNpaBJeHHs JIMHUH NnoJd, a He HuX
o0pbiBa.

§ 149. OcoGenHocTu (epPOMATHHTHLIX Ted. Bpocatowelica B
[/1a3a. OCOGEHHOCTbIO (DEPPOMATHHUTHBIX TesM ABJAAETCS  HX
CMOCOGHOCTb K CHJIbHOMY HAMarHHYHBAHHIO, BCJEACTBHE KO-
TOPOH MarHHTHaA MPOHHIIAEMOCTb 3THX ' Te&1 HMeeT OueHb
Gosbluie 3HaueHHs. Y Kesle3a, Hanpumep, MarHHTHaA MpPO-
HHIAEMOCTb |4 [JOCTHraeT 3HAauYeHHH, KOTOpble B THICAYH pas3
TIPEBOCXOAAT 3HAYEHHS [ Y NAPaMarHHTHBIX M JHAMArHHTHBIX
BellecTB. HamarununBaHue ()eppOMATHHTHBIX Tel GBUIO H3Y-
yeHo B onbiTax A. I'. CronetoBa v ApYrHX y4eHbIX. DTH OMBITH.
noxasa.rm, CBepX TOro, 4TO, B OTJIHYHE OT MAPAMArHHTHBIX

M JUAMATHHTHBIX BEILECTB, MA2HUMHASA NpoHUyaemocms dep-
‘DOMA2HUMHbLX BEWECMB CUALHO 3ABUCUM OM HANPANCeHHOCMU *)
MA2ZHUMHO20 NOAsS, TPH KOTOPOH MNPOH3BOAAT ee H3MepeHHe.
Tak, nanpumep, B caGbiX MONAX MAarHUTHas NPOHHIAEMOCTh
M Keje3a JOCTUrAeT 3HAYEHHIH WIeCTH ThbICAY, a4 B CHJBHHX
MoJMAX 3HAYEHHA | NaJAlOT A0 HECKONbKHUX COT H HHKE!

B §§ 118 u 119 ana xapakTepHCTHKH MarHHTHBIX CBOMCTB
KOHTYPOB C TOKOM 6bl/la BBeA€HA BEKTODHAA BeJHYHHA Py,
HasblBaeMas MAZHUMHBIM MOMEHMOM TOKa (cM. ¢opmyay -
(118.1)). MoJieKynsipHble TOKH TaKxke OOGJAJAIOT MACHHTHBIM

" *) ITockonbky H (B omidude or B) npH coGMofeH!H YC10BHY, YKa3aH-
HBIX B § 144, He 32BHCHT OT |4, ue.necooépasuo paccMaTpHBaTh 3aBHCHMOCTD &
or H (a ne or B).
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MoMeHTOM. ' Korja - BelllecTBO He HaMarHHW4eHO, MAarHUTHLIE
MOMEHTEI OTHAENLHEIX MOJIEKYJSPHLIX TOKOB OPHEHTHPOBAHbI
XaoTHUYecKH (6ecnopsiouno), BCMeACTBHE Yero MX BEKTOpHas
CyMMa paBHa HYJO, BelleCTBO B LEJOM MAaTHHTHRIM MOMEHTOM
He obJajaer.

Tlos jeficTBHEM BHEMHET0 MATHHTHOTO TOJAS MATHMTHHE
MOMEHTHI MOJIEKYJIIPHEIX TOKOB NPHOGPETAOT B GOJbluel WIH
MeHbllleH CTeNeHH MPeUMYHIECTBEHHYI0O OPHEHTalHi0 B Ha-
npaBieHHH noJs (B caydae ¢eppo- W NapamMarHeTHKOB) JIHEO
BO3HHMKAIOT MHAYKUHOHHBIE MOJIEKYJISIDHBIE TOKHM, MarHUTHHIE
MOMEHTHI KOTODHIX ODHEHTHPOBAHH MPOTHB MNOJSA (B clyyae’
. anamaruetukoB, § 147). B pesyabrate cymMMmapHEIl MarHHT-
HhlI MOMEHT MOJIEKYJNSPHEIX TOKOB CTAHOBHTCH OTJIHYHBLIM
OT HYJIA, ¥ TeJIO OKa3blBaeTCsi HaMalHMYeHHbIM. EcTecTBeHHO
B KauecTBe MEpbl HAMAaTHHYEHHOCTH BeUIECTBA NPHHATL CYM-
MAPHOLE MAZHUMHOUL MOMEHM MOACKYASADHbIX IMOKO8, 3AKA-
deHHbIX 8 eOuHuye o6Bema sewiecnsq. B COOTBETCTBHH € 3THM
BBOJMTCS BeKTOPHasl BeJIHUMHA J, Ha3blBaeMasi HaMazHu4eH-
HOCMBbI0 BEllleCTBA M ONpefie/iieMasi BhIpaXKeHHeM .

J= X pa, (149.1)
a0 ejHHHlke
o6vema
rie Pm — MaCHATHEIH MOMEHT OTAEILHOTO MOJIEKYJ/ISIPHOTO
TOKa.

. MoXHO mnOKa3aTh, YTO HaMarHH4YeHHOCTh J CBs3aHa ¢
MarHUTHOM uHAYKuueH B B BellecTBE H HAaNPSAXKEHHOCTHIO
maruuTHOro mnons M COOTHOlleHHeM, KOTOpOE HMeeT BHJ

=EE_H (149.2)
"C yuerom Toro, yto B=pp,H, noay4aercs Qopmysa
J=@p—hH. . (149.3)

3amenuMm B ¢opmyne (149.2) BeKTOpHl - HX MOLYJNAMH M
HanuileM MOJIyYMBlleecss COOTHOLIEHHWE B BHAE

B =y + pod = polo+pod = By + o/

(HanOMHHM, 4TO B paccMaTpHBaeMoMm ciaydae H=H,, a pofl,=
=By — MarudTHOH HWHAYKUHM NOJNSA COJIEHOHAA B OTCYTCT-
BHE BellecTBA). Tenepb yMHOXHM 3TO COOTHOIIEHHE Ha MJIO-
m.ap,b MONEPEUHOr0 CedeHHs1 coJieHouaa S:

BS =B,S +p,JS.

Hponsaeneune BS paBno @ — MArHUTHOMY TOTOKY 4epe3
ceueHHe 'coNeHOna;  B,S paBno Dy <~ MATHHTHOMY NOTOKY ‘B

354 , : . -



OTCYTCTBHe BellecTBa. (Jle0BATENbHO, MH IPHXOAHM K ¢op-
My.J1e ,

D=0, +pnIS=0,+2’, (149.4)

rae 4yepes @' 0603HaYeHO BBHIpAXKEHHE /S, KOTOPOE MOXKHO
paccMaTpHBaTh KaK J06aBOYHKIH MOTOK MAarHHTHOH MHLYKIHH,
CO3/laBaeMblH HaMarHHYeHHLIM BelLleCTBOM:

@' = p,JS. (149.5)

B ciyvae ¢eppoMarHHTHBIX H [apaMarHHTHbIX BEUIECTB ITOT
notok nonoxurened (D>D,), B ciayyae AHAMATHHTHBIX Be-
uiecTB — otpulatesen (O<<D,).

Takum 06pa3oM, HamMarHu4eHHOCTb J IPONOPLHOHAIbHA
J06aBOYHOMY IIOTOKY, KOTOPBI# CO34aeTcl HaMarHHYeHHBIM
BELeCTBOM.

Yurs, yro O@=pd,, u3 ¢opmysnl (149.4) serko mony4yuThb
COOTHOLLIEHHE

D" = pd S =(p—1) . (149.6)

HsyyeHne 3aBHCHMOCTH HaMarHHYEHHOCTH XXese3a H IpYy-
rux ¢eppOMAaTHHTHBIX MAaTepHa/IOB OT HAMpPSXKEHHOCTH BHeHI-
HEF0 MATHHTHOFO 1oJsi OOHapyXHBaer psj  0OcoGeHHOCTef
3THX BelLECTB, HMEIOLHX BaX-
HOe TpaKTHUECKOe 3HayeHHe,
BosbMeM KycOK HEeHaMarHHYeH-
HOTO )Kese3a, IOMeCTHM ero
B MarHHTHOe IoJie H GyjaeM U3- 4
MepsTh HAMarHHYEHHOCTb Xe- &
Je3a J, NOCTeNeHHO YBEeJHYH- Y
Basl. HalPAMEHHOCTb BHELIHErO i
MaruutHoro nonsa H. Hamaruu-
4eHHOCTb J BO3DACTaeT CHaYana Puc. 284. 3aBucuMocTs HaMarHu-

yeHHOCTH J oT HanpAXEHHOCTH
pesko, 3dreM BCe MEIJICHHEE M,  pyemnero maruurHoro moms H.
HaKOHell, TpH 3HayeHHAX H  Crpenkn ykaspiBaoT Hanpasie-
OKOJIO HECKOJNbKHX JIeCATKOB HHe Tpoltecca
THICAY aMiep Ha MeTP HaMarHH-
YEHHOCTb [epecTaeT BO3PAcTaTh: BCE 3JEMEHTaPHHIC TOKH yXKe
OPHEHTHPOBAHbI, XEJIE30 JHOCTHIVIO MAZHUMHOZ0 HACHUUEHUS.
I'paguuecku 3aBucumMocTh J OT H B ONHCHIBAEMOM OIbITE H306-
paxaercA KpuBoH Oa na puc. 284. T'opusonranbHasda 4YacThb
3TOH KpHUBOH BOJU3H TOYKM @ COOTBETCTBYET MariHMTHOMY
HaCHIT{eHHIO.

JocTurnyB HaChleHHS, HauHeM OCAaOJATL BHellHee Mar-
nuTtHoe nose. [Ipn ITOM HaMarHHYeHHOCTb Kede3a YMEHb-
laercs, HO yObiBaHME 3TO MJET MeJJeHHee, YeM paHbile ILI0
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ee Bo3pacTaHHe. 3aBHCHMOCTb MeXay J u H. B 3Tom ciyudae
n3o6paxkaeTca BeTBbIO KpuBOH ab na puc. 284. Mul Buanm,
TakuM 06pa3oM, MTO OLHOMY H TOMY Xe 3Hauenuio 1 mory?
COOTBETCTBOBATh Pa3JIMYHLIE 3HAYEHMA HaMaTHHYEHHOCTH (TOY-
KM X, X ¥ x” Ha puc. 284) B 3aBHCHMOCTH OT TOrO, NOAXOIHM
JH MBI K 3TOMY 3HaUYeHHIO CO CTOPOHBl MaJbIX MJIH CO €TO-
poHbl 60JbIIMX 3HaueHui H. HaMmardauuyeHHOCTb Kene3a 3a-
BHCHT, CTasI0 GbITb, HE TOJBLKO OT TOTO, B KAKOM NoJe JaHHbIH
KYCOK HaXOJMTCH, HO U OT Npeluifyiiel HCTOPUH 3TOTO KYCKa.
310 fABIEHUE NOJYUYMJIO HA3BAHUE MABHUMHMHO20 2uCmepesuca.

Korja BHelnHee MaTHHTHOE MOJI€ CTAHOBHUTCA DPaBHRIM
HYJII0, 2KeJe30 NpOoAOKaeT COXPAHSATb ‘HEKOTOPYIO 0Cmamou-
Hyto Hamazrusennocmes (§ 112), xoropas XapaKrepusyercs
orpesakoM Ob rpajpuka. B 3TOM M 3aK/M0YaeTCs MNPHUYHHA
TOTO, YTO W3 )Kesle3a HJIH CTallH MOMXHO H3TOTOBJIATH NOCTOSH-
HEi€ MAaTHHUTHI.

J19 panbHeiillero pasMarHUYMBaHHUA JKeJle3a HYXKHO NpH-
JIOXKUTb BHeELIHee¢ MarHUTHOEe MoJie, HaNpaBJe€HHOE B NPOTH-
BOMOJIOXKHYIO CTOPOHY. XOJ H3MEHeHHs HaMaTHHUEHHOCTH J
Npy BO3pACTaHWH HANPAMXKEHHOCTH f1 5TOro NMPOTHBOMOJOMKHO
HaNpaBJEHHOTO nNoJs u300paXkaeTcs BEeTBbIO KPuBoi  bed.
JIuiib KOrjia HanpsiKeHHOCThb 3TOTO NOJA JIOCTHTHET ONpeje-
JIEHHOTO 3HaUeHHs (B HallleM OMbITe 3HAUYEHHs, H300pazKaeMoro
otpeakoM Oc), xene30 GyjeT MOJHOCTBIO pa3MarHuueHo (Tou-
ka ¢). Takum o0pasom, HanpsiKEHHOCTb pa3MarHUYMBaIOHIETO
nons (orpesok Oc) siBnsgercd Mepodl TOTO, HACKOJBLKO MPOUYHO
yJepKUBaeTCs - COCTOSHHE HamMaTHUYMBaHUf Kene3a. Ee. Ha-
3bIBAIOT KOSpyumueHoll cuaol. 1Ipu yMeHbLIEHHH HanpsKeH-
HOCTH 10JIsi 06paTHOrO HanpaB/eHUs] W 3aT€M NPH BO3pacTa-
HAM HanpsiXEeHHOCTH MOJf MNEePpBOHAYAJBLHOIO HaNpaBJdeHHS
XOJ U3MEHEHHS HaMaTHMYEHHOCTH Keje3a u3o6paxkaercs BeT-
Bbi0 KpuBoit db’a.

Ilpy HOBOM NOBTODEHMH BCEr® LHKJA pasmamuanaHuﬂ,
nepeMarHMYMBaHH M TOBTOPHOTO HaMarHMYMBaHUS eles3a
B NepBOHAYalibHOM HANpPaBIeHHU Popma 3TOH KPUBOH MNOBTO-
psercs *). M3 puc. 284 Buano, uTO 3Ta KpHBas, H300paa-
joHlas XOJ 3aBHCHMOCTH HaMarHHYEHHOCTH Kejesa J OT Ha-
Npsi2KEHHOCTH BHelIHero nofs f1, umeer Buj nemin. Ee Ha-
3bIBAIOT nemaell aucmepeduca It JaHHOTO COPTA JKese3a WIH
ctanu. PopMa neTIv THCTepe3HCa SIBJAAETCA BaKHeHLuen .

*)-Bereb Oa mn306paxKaeT xojl HamMarHHYHBAHHS HCXOJHOTO HeHaMar-
HHUEHHOrO MaTepHaJa H He NOBTOpsieTcs NPH HOBTOPHBIX IHKAax. Jas Toro
4TOOB BHOBb BOCTNPOH3BeCTH BeTBb (@, HEOOXOJAHMMO NPHBECTH MaTepHal B ~
NepBOHAYaJbHOE HeHAMATHHUYEHHOE cocTofHHe. [lnsa 3Toro OCTATOUHO, Ha-
NpHMep, CHJABHO HaTpPeTh €ro.
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XapaKTePUCTHKOA MAarHMTHHX CBOMCTB TOFO MJAM HHOTO (ep-
POMAarHMTHOro MatepHana. B uwacTwocTH, 3Has ee, Mbl MOMeM'
ONPeJIe/IHTh TaKHE Ba)KHble XapAaKTEPHCTHKH 3TOro MaTepuasa,
KaK ero MarHHTHOe HacbllUeHHe, OCTAaTOYHYI0 HaMarHHYeH-
HOCTb H KO3DLUHTHBHYIO CHJIY, .

[Tpounecc HamarHHUMBaHHA BEILECTBA MOXHO XapaKTepH-
30BaTh HE TOJMILKO KpHBOH 3aBucuMoctH J oT H (puc. 284),
HO M KpuBOH 3aBHCHMoCTH B ot H. QObe 3aBHCHMOCTH 3aKO-
HOMEPHO cBa3aHnl Apyr c jpyrom. [lepBas H3 HHX HMeeT
Buj J= (u—1)H (cm. dop- 8,Tn
myay (149.3)), Bropas — &0
B=pu.H. Ha puc. 285 mo- 16
Ka3aHa 3aBHCHMOCTb B or 7
H pjs pasiauMuHBIX COpTOB 72| ‘
xesesa u craiu. [lo dopme . /{ ‘
5TOH meTH MoxHO BeGpaTh 48 /
MaTepHasl, KOTOPbIA HaHIYU- g 4L
1M 06pas’oM MOAXOAHT AJa 2
TO# MAM HHOH npakTHuec- U
KOH 3anaun. Tak, aas H3ro-_, 4
TOBJIEHHSl [OCTOAHHBLIX Mar-
HHTOB HeoOX0JAHM MaTepuan-(,8 -
¢ GosblIOH  KOIPUHTHBHOH _ p
CHJIOH (CTallb H OCOOEHHO 22
Crenral/bHple copra Kobasb- —1,6
TOBOH CTaJH); JJA 3JEKTPH- vy L
YECKHX MAllHH M OCOOEHHO hpnn —3p00 0 3000 dood
AAsL  TPaHCHOPMATOPOB BbI-  pyc, 985, Kpwsbie HavarsHuuBaius
FOAHBl MaT€pHa/bl C OYeHb  jna pasAWYHBIX COPTOB Xele3a U
MaJIof MJIOILAALIO MeTJH FH- Cran#: I — MATKOe xe/1e30,’ 2 — 3a-
CTePESHCa, H6O OHH, KakK KaJ/JieHHaa CTaJib, 3 — He3aKaJeHHas
OKa3bIBAeTCs, MeHblle BCEro crae
HarpeBaloTcsl MNpPH IepeMmar-

HHUMBAHHH *); JUIf HEKOTOPBIX ClelHa/JbHBX MPHOOPOB BaK-
Hbl MaTepHaJ/ibl, MATHHTHOE HachlleHHe KOTOPBIX JOCTHIaeTcs
NpH MaJsblX MOJAX, H T. A.

B orTnnune oT nmapaMarHeTHKOB M JHaMarHeTHKOB (§ 145)
y (eppoMarHeTHKOB MarHHTHasl MPOHHLAEMOCTb { HE OCTa-
eTCfl MOCTOAHHOH, .a 3aBHCHT OT HANpPAMEHHOCTH BHELIHEro
HaMar{HYyBawliero nojia f1. Dta 3aBHCHMOCTb [/l MArHHT-
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*) Peub MpeT He o TOM HarpeBaHHH NOJ AeficCTBHeM BHXPEBHX TOKOB
P®yKo, KOTOpOe HCMLITHBAIOT BCe METAJIB, MOMelieHHbIe B NepeMEeHHoe Mar-
HHTHOe MOJie, 8 O HarpeBaHHH (GeppPOMArHHTHBIX TeJi, OOYCJAOBJIEHHOM HMX
nepeMarHHYHBaHUEeM H CBA3aHHOM CO €BOeOOPa3HbIM BHYTPeHHHM TpeHHeM
B MepeMarHHYHBAIOUWIEMCH BELIECTBE, o
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HOTO criJaBa (MepMasos) W AJS MATKOTO Jese3a T0Ka3aHa
Ha puc. 286. Kak MBl BHAMM, MarHHTHas MPOHHILLAEMOCTh M
HMeeT MaJjible HauajbHble 3HaueHHs B ¢1albIX MOJSAX, 3aTeM
HapacTaeT A0 MaKCHMAJBHOTO 3HaueHHS H MpH JAajbHeHIueM
VBEJINUEHHH MO/ CHOBa YMEHEBIUAETCH.

BaXHO OTMeTHTb, 4YTO NpPH JOCTHXEHHH OnpeneeHHok
TeMnepaTypbl MarHuTHas IIPOHHIAeMOCTb (eppOMATHHTHBIX

)4

T

J0000

I 1 i
0 82 04 46 08 40

Puc. 286. 3asucumocts P o1 /f: I —y maruuTHOro cnjaea (mepmaniosn),
+2 — Yy MSATKOTO )Ke.'lesa

TeJ pe3KO MajaeT 10 3HaueHHsA, GJMBKOro K efuHHlle. ITa
TemrepaTypa, XapakTepHasi AJifl KaxKJOro (eppOMarHHUTHOIO
BelleCTBa, HOCUT Ha3BaHue mowxky Kropu no uMeHu ¢panuys-
ckoro ¢pusuka I[Tbepa Kiopu (1859—1906). Ilpu memnepamypax
evuue mouru Kiopu ece dheppomazrummbie meaa CaHOBAMCA
napamazHumnoimu. Y xeaesa touka Kiopu paBHa 767 °C,
y Hukeas — 360 °C, y koGanbra — okoso 1130 °C. ¥V Heko-
TOpbIX (heppOMaTrHUTHBIX CIJIaBOB TO4YKa KIOPH JIeXHT BOMH3H
0 °C '

2 149.1. Kaxo#fi M3 (eppOMarHHTHEIX MaTepHaJOB, NPHBEIEHHHX Ha
. pHc. 285, HanGojee NpHrofileR AJdsl NOCTOAHMEIX MarHMToB? Kaxkoi
H3 HHX HaufoJee GPHIOJieH JJIAl 9JIEKTPOMATHHTOB ¢ GLICTPOH pery-
JIHPOBKOH NOABLEMHOH CHJIBI? ‘
149.2. MOXHO JIH 5JeKTPOMArHHTHHIM KpaHOM nepeHocwrb pacxa-
. JIeHHHe CTajlbHble GOBAHKH?

§ 150. OCHOBbl Teopuu (eppomarHeTHsma. B oranume ot
MAMATHETH3MA, H NaDaMarHeTH3Ma, KOTOPblE ABJAIOTCS  CBOM-
*CTBaMH OTZEJBHBIX aTOMOB HJIH MOJIEKYJ BellecTBa, (eppo-
MarHUTHBlEe CBOMCTBA BelIECTBa OGBACHAIOTCA OCODEHHOCTAMH
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€ro0 KPHCTANIHYeCKOH CTPYKTYpPHI, ATOMBI ¥KeJle3a, ec/ii B3ATh
HX, HampHMep, B MapooBPa3HOM COCTOSIHHH, CaMH IO cebe
JHAMATHHTHBl WJH JHWb ¢1a60 TnapaMarHHTHH. Peppomaz-
Hemuam- ecmb  C80LCMBO Jwenesa 8 Mmeepdom - COCMOAHUU,
m. e. c60UCmeo _Kpucmanios seneaad.

B stom Hac yGempmaer pan ¢aktoB. [Ipexne Bcero Ha 3to
YKa3hlBaeT 3aBHCHMOCTb MAarHHTHBIX CBONCTB »ese3a H Jpy-
rHX (QeppOMarHHTHEIX MaTepHa/loOB OT 00paboTKH, H3MeHsAIOLeH
HX KDHCTa/lJIHYeCKOe CTpPOeHHe (3aKa/lKa, OTXHI). [lasee
OKasblBaeTcA, YTO H3 NapaMalHHTHBIX H JHaMarHHTHBIX Me-
TaJIJIOB MOMKHO H3rOTOBHTH CI1aBhl, OOJajlaioliue BbICOKHMH
(deppoMarHuTHeIMH cBolicTBaMu. TakoB, Hanpumep, CcIJIaB
Ieficnepa, moYTH He YyCTynawoUiHd NO CBOHM MAarHHTHBIM
CBOHCTBaM »Kesie3y, XOTSl OH COCTOHT H3 TakKuX C/JaboMarHuT-
HBIX MeTaJuIoB, Kak meab (60 %), mapranen (25 %) u anomu-
uuit (15 %). C napyrofi CTOpOHBI, HEKOTOPHIE CIaBbl H3 dep-
POMArHHTHBIX MaTepHaJOB, Hampumep- cryiaB 3 75 % xenesa
u 25 % HHKens, MOYTH He MarHWTHbL, HaKoHel, caMbiM Be-
CKHM TOATBepKJAeHHEM SABJAETCA TO, YTO MPH JOCTHKEHHH
ompejejeHHOH TeMnepatypbl (ToOukH KriopH) Bce deppoMarHur-
Hble BellecTBa TePAOT CBOH (peppOMarHHTHBIE CBOHCTBA.

@eppoMarHHTHBIE BeeCTBA OTVIHYAIQTCA OT MapaMarHHTHBIX He TOJbKO
BecbMa GO/IbIIHM 3HaYeHHeM MarHUTHOH MPOHHUAEMOCTH ) H ee 3aBHCHMO-
CTBIO OT HaNpPSXKEHHOCTH MOJf, HO H BecbMa CBOeOGpa3HON CBA3BI0 MeX1y
HAMarHHYEHHOCTbIO H HANpPAMEHHOCTbI0 HAMArgHYIHBAOmEro nojs. ra
0COGEHHOCTb HaXOLUT CBOE BbIpaXKEeHHe B SIBJEHHH THCTepPe3Hca CO BCEMH ero
CJACACTBHAMH: HaJHYHEM OCTATOYHOH HAMArHHYEHHOCTH H KOSPIMTHBHOI
CHJIBI.

B uem npuumHa rucrepesnca? Bua kpusnix Ha puc, 284 u 285 — pazau-
yHe MeXJLY XOJAOM HapacTaHHsl HaMarHaYuBaHHs (eppOMarHeTHKa MpH yBe-
JHYeHHH [1 W Xx0g0M ero pasMarHH4YMBaHHA NMpPH yMeHbllleHHH [ — mMoKa-
3bIBaeT, 4TO MPH M3MEHeHHH HaMarHHYeHHOCTH (eppoMarHeTHKa, T. €. MpPH
YBENHYEHHH HJ/H YMEHbWEHHH HAMpSXKEHHOCTH BHEWHEro moJs, OpHeHTa-~
1S H A€30PHEHTALLHSA S/IEMEHTAPHBIX MATHHTOB He Cpa3y CcJeAyerT 3a NoJeM, a
MPOHUCXOAHT C H3BECTHRIM OTCTaBaHHEM. ,

[Moapo6GHoe H3yueHHe MPOLECCOB HAMATHHYHBAHHA M Pa3MarHHYHBAHHS.
XeJle3a M APYrux ¢eppOMarHHTHBIX BeIleCTB MOKa3aJso, 4TO (eppoOMarHuT-
Hble CBOMACTBA BelIeCTBa OMPEAENSIOTCA He MarHHTHBIMH CBOACTBaMH OT-
JEJbHBIX ATOMOB HJ/IM MOJIEKYJI, KOTOpbie CaMi MO ce6e MapaMarHuTHH, a Ha-
MaTHHYHBAHHEM UEJBX 06JjacTefi, Ha3bBaeMbiX AOMEHAMH ¥),— HeGOJbIIH X
YY4CTKOB Bel(eCTBA, COAEPHALHX OYeHb GOJbUIOE YHCAO aTOMOB. Baaumo-
JefCTBHEe MarHHTHBIX MOMEHTOB OTAE/bHBIX aToMOB (eppoMarHeTHKa mpu-~
BOAHT K CO3AAHHIO YPe3BHIYAMHO CHJbHBIX BHYTPEHHHX MATHUTHBIX MoJei,
JedCTBYIOMHX B MNpeAedaxX Kaxuaofl TaKof 00/aCTH H BBLICTPAHBAIOMHUX B
npenesax 5Toi 06/1aCTH BCe aTOMHbIe MalHHTHKH MapaJjiiesibHO Apyr Apyry,
KaK MoKa3aHo Ha puc. 287. TakuM o6pa3oM, Jaxe B OTCYTCTBHE BHeEIIHEro
noJs (eppOMarHHTHOE BEIECTBO COCTOMT H3 pffa OTAeJbHHIX obJacred,
KaXpaasi H3 KOTODHIX CaMONMPOH3BOJIGHO HaMarHHuyeHa A0 HachimeHus. Ho

*) flosToMy BCA TEOPHA 4acCTO Ha3biBaeTcs «AOMEHHOHP.
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HanpaBAeHHe HaMalHHYEHHOCTH AMs PaSHHIX o6Gjaacrefl pa3fAuyHO, TaK YTO
BCAEACTBHE XAaOTHYHOCTH pacupefieNeHrsl 3TUX 06jacTefl ‘“Teo B LeNOM OKa-

3LIBAaeTCSl B OTCYTCTBHE BHELIHErO NOJISI HeHaMarHHYeHHHM.
Iop, BAMSAHHEM BHENIHErO MOMs TIPOHCXOLHMT MepecTpoiiKa W neperpyn-
nuposxa TaKHX 06aacTeli CaMONPOHIBOALHOTO HAMArHWYHBAHHS, B Peayib-
) TaTe KOTOPOH NOAY9aloT MpeHMYlne-

1 2 CTBO Te 00J1aCTH, HaMarHHYE€HHOCTb
f ’ * * f T o T T T ™™ KOTOPHIX NapaliiefibHa BHeUIHeMy no-
—= = —» —w — —= JII0, H BEUIECTBO B L|eJIOM OKa3biBaeTcsi

Vb M L o . . HAMATHHYEHHBIM. )
T ’ T * T o 9}1HH H3 NPHMEPOR TaKOH nepe-
cTpOitKH 06J1acTeli CaMONPOH3BOJILHOTO
T T f T T T -~ —» ~—= —» —— HaMaTHHYHBaHHSl TMOKa3aH Ha pHC.
e = o> = — — 287. 3pech ycJIOBHO H306paXKeHH ABe
f f } f f e —m > e _» _, CMeXHuE O6JacTH, HalpaBJEHHA Ha-

a) MaCHHYEHHOCTH KOTODHIX MepneHAnKy-
JspHEl APyr x Apyry. Ilpu Hanoxe-
HUH BHEWUIHErO IMOJISl YacTb aTOMOB 06-
P JlacTH 2, B KOTOpPOH HaMarHHYeHHOCTDb
neprneHAHKyJsipHa K MOJIO, Ha rpa-
HHLe ee ¢ 06JaCTbi0 [, B KOTOPOH Ha-
MarHHYeHHOCTh MNapaJjlileJbHa TOJIO,
NOBOPa4HMBAETCs, TaK UTO HanpaBJieHHE
HX MarHHTHOT'O MOMEHTAa CTaHOBHTCS
napajjeJbHbiM nomo. B pesyabrate
g6Js1acThb 1, HaMaTHHYeHHast Nap aJlyiellb-
HO BHeIIHEMY MOJIIO, pacluypsieTcs 3a
. cueT Tex ob6Jjactefl, B KOTOpPHIX Ha-
a) npaBJieHHe HaMarHHYeHHOCTH 06pa3sy-
er 0OJbiHe YIJK ¢ HanpaBJleHHeM
Puc. 287. CxeMa opHeHTallHH MO-  TNOJSl, H BO3HHKaeT INPEeHMYILecTBeH-
JIeKYJSIPHBLIX MATHUTOB B 0DJ1acTAAX ~ HOE HaMaTCHHYHBaHHe TeJla O Hanpas-
CaMONpOH3BOJLHOTO HaMaTHHYH-  JIEHHIO BHeWHero 1noss. B ouenb cuib-
BaHUsi | U 2: a) BHelllHee MaHUT-  HHIX BHELIHHUX MOJISIX BOSMOMCHREI H MO-
HOe TMoJie OTCyTcTBYyeT; ©6) MNoA-  BOPOTHI HANPaBJIEHH sl OPHEHTALHH BeeX
JeficTBHEM BHeIIHEr0 MaUHHTHOIO  aTOMOB B MpefeJax LeJol 06sacTH.
noas obnactd I U 2 mnepectpau- Tlpu cHATHH (YMeHblUeHHH) BHeLI-
. BalOTCs Her'0 NoJIsi MPOUCXOAHT O6paTHLIH mpo-
Hecc pacnajla H J€30DHeHTAallHH 3ThHX
o6JacTeli, T. €. pa3MarHHYHBaHHe TeJa.
BBuay 60/IbuIHX MO CPaBHEHHIO C aTOMaMH pasMepoB obJjacTell camo-
NPOH3BOJILHOIO HaMalHHUHBAaHHsSI KaK Npolecc OPHEHTalUH HX, TdK H 06-
paTHRIH mpolecC Ae30PHEHTAUHH MPOHCXOAAT C TOpasfo GOJbILIHMH 3aTPYA-
HEHHSIMH, YeM YCTAHOBJIEHHe ODHEHTalHH HJIH Je30DHEeHTAaLHH OTAeJbHEIX
MOJIEKYJ HJIH aTOMOB, UMEIOLIee MeCTO B NMapaMaTHHTHRIX W JHAaMarHUTHEIX-
TeJlaX. 3TUM H OOBSICHSETCS OTCTABAHHE HAMATHWUHBAHHS M Pa3MarnHuHBa-
HHsl OT H3MeHeHHsl BHEIIHErO Nnoas, T. €, THCTepe3Hc dhepPPOMArHHTHRIX TeJ,
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I n aea XVIl. NEPEMEHHbIA TOK

§ 151. IocToannas W nepeMeHHAs 3MEKTPOABHKYIMAA CHAA.
B reneparopax 3/eKTpHYeCKOrO TOKa, C KOTOPHIMH MBl 3Ha-
KOMHJIHCh 10 CHX [Op — 3JIEKTPOCTATHYECKHX MalIHHAX,
rajbBaHHdeckHX 3gaementax (§ 75), akkymyjasartopax (§ 79)
W TepMosnémentax (§ 83),— 3. 4. C. ¢ TeUeHHeM BPEMEHH He
MeHsJla CBOEr0 HalpapJ/IEHHS: [OJNOKHTEJbHEI  3JIEKTPOJ
BCErZia OcTaBajcCsl MOJIOXHTENbHBIM, OTPHLATENbHEIL — OTpH-
LlaTeJNbHbIM, H TOK BO BHellHel LieMH MOCTOSHHO LN B OJHOM
U TOM e HAalpaBJeHHH: OT [MOJOXHTEJbHOIO 3JIeKTPoJa. K
oTpuLaTeNbHOMY. Takol TOK Ha3bIBAIOT APAMbIM WIH MOCHIOSNH-
Hoim. J1o Tex mop, Noka He MNPOUCXOAWIO HHKAKHX BHYTPEHHHX
U3MEHEHHH B CaMOM TeHepaTope, T. €. OKa He CKa3blBaJlHCh,
Hanpumep, ABJEHHs MOJsPU3ALHUU 3/eKTPOJOB B rajbBaHHYe-
CKHX 3/1eMeHTaX, MJH He MeHAJach CKOPOCTb BpalleHHA
aJleKTpocTaTuqecxoﬁ MalUIMHBl, WIH He MeHsJach TeMrepaTypa
MEXJYy ChasMH TEPMO3/IEMEHTa, OCTaBajach MOCTOAHHOH H
3. . C., a cTano ObiTb, W HaNpsKeHHe Ha 3a)KuUMaXx TIeHepa-
TOpPa M CHJa TOKa B LIeMH. ,

Hanportus, B reHepaTtopax, YCTaHOBJEHHbIX Ha 3J1€KT-
POCTAHUHAX H JAIOUIHX TOK, KOTOPHIM MBI MOJb3yeMcA 1Jid
OCBelLIEHHs, NPHBEJEHHs B JAEHCTBHE 3JEKTPOABHraTeneH (MO-
TOPOB) M JAJs1 APYLHX LeseH, Bcerja BO3HHKAET NepeMerHasn
3. A. €., HENPEPHIBHO H3MEHFIOLIasi CBOE 3HAYE€HHE H MHOIO
pa3 B CEKYHJAY MeHsoulas cBoe HanpapjeHHe. C HEKOTOPLIMH
JIeTaNsIMH yCTPOHCTBA 3THX TeHEpaToOpOB Mbl MO3HAKOMHUMCH
B cJefytoulei rnape, HO /sl NOHHMaHHsA TOrO, KAKHM 00pasoM -
B HHX CO3JaeTcs MepeMeHHas 3. 1. C., HaM HeoOXOIHUMO yxKe
ceHuac BBIICHHTb OCHOBHOH MPHHLKN HX YCTPOWCTBa.

B coBpeMeHHOH TeXHHKe MPUMEHSIOTCA MOYTH HCKJ/IOYH-
TeJbHO HHAYKILHOHHBlE FeHepaTOphbl, T. €. MallHHbl, B KOTO-
pBIX 3. 1. C. BO3HHKaeT B pe3yJ/ibTaTe [poliecca JeKTpoMar-
HUTHOH uHAyKuHH, OCHOBHAaA cXema YCTPOHCTBA TakKoro re-
HepaTopa, Ha KOTOPOH BHJAHEI BCe MPHHLHIHAJIBHO BaXKHBIE
ero jeTajqH, flokasaHa Ha puc. 288. Mexay moJiocaMu CHIb-
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HOro Maruurta I, T. e, B MarHUTHOM [oJie, BpallaeTcs MNpPOBO-
JIOYHAs paMKa 2, KOHIbI KOTOPOH NpumnasHbl K KoJblaM 3 u 4,
BpALAOIUMCA BMECTE C PAMKOH; K 3THM KOJIbIAM NPUKH-
MAalOTCA OPYXKUHALME MJIACTHHKH 5 M 6 (Tak HasblBaeMble
. IeTKH), OT KOTOPHIX HJYT mposoja K BHewHed nemu. [lpu
BPAIleHHH pPAMKH ‘B MarHUTHOM 0OJI€é NPOHH3LIBAOIIHH ee

[\

5 0
\m\\i:/i,,/ﬁ

e e /4

& :
Puc. 288. Monens HHIYKIHOHHOFO FeHepaTopa

MarHUTHBIH NMOTOK BCe BpeMsi H3MEHSeTCA H, CJIeJOBaTelbHO,
B PaMKe BO3HHKA€T HHAYIHPOBAaHHAA 3. J. C. Takum o6pasom,
Jpolecc, MPOUCXOAAIIUH BO BCeX NMPOMBIILIEKHBIX TeHepaTopax
TOKa, 3TO — MOBTOPEHHE B MMTAHTCKHX MacluTabax OCHOBHOTO
HHAYKLHOHHOTO onbiTa Papajes, KOTOPbIH MBI paccMOTpenH
B § 138, * » '

Paccmotpum Tenepb moapoGuee, KakoBa 6yjleT BO3HHKAIO-
1as B paMKe MHAyLHPOBaHHaA 3. A. ¢. Ilaa npocrortsl 6yiem
CYHTATh MarHUTHOE MOJIe, B KOTOPOM BpalllaeTcsl paMKa,
OJHOPOJAHbIM. MarduTHBIE - NOTOK u4epe3 pamky D (§ 138)
€CTb NPOH3BeJeHHe MATHHTHOH MHAYKIHMH MOJS Ha MJIOILAajb
PAMKH H Ha CHHYC yIVIa ¢ MEXJAY MJIOCKOCTBIO PAMKH W Ha-
npaBjieHHeM MOJA;

O = BS sin ¢.

Ecau pamka Bpamjaercsi PaBHOMEPHO M COBeplIaeT MOJHBIA
oBopot 3a Bpema 7, TO 3a eJUHHLY BPeMEHH PaMKa MOBOpa-
yHpaeTcA Ha yroa 2m/T. [loatomy, ec/iu BPEMSl OTCYMTHIBATh
OT TOr0O MOMEHTAa, KOrJa paMKa CTOfVIa NapalJeibHO JIMHHAM
nojis, TO 3HaYeHHe YIAa @ B HEKOTOPLIH MOMEHT BpeMmeHH !
O6yaer pasHo ¢= (2n/T)t. Qﬁoanaqaﬂ YacTOTy BpAULCHUS
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PaMKH, T. €. YHCJIO ee 0GOPOTOB B €AHHHILY BPEMEHH, 6yKBO# v,
a yraosyio ckopoctd (cM. Tom I) GyKBO# ®, MOXHO HanHCaTh;

'  y=a 0=y =12
_T’ - _—_T.

Cranao OHITh,
¢ =of,

- TlogcTaBhB 3T0 BbpaXeHHe B (OPMYJIY AN MarHWTHOTO
I0TOKA, MBl YBHIMM, 4TO 3aKOH €ro M3MEHEHHA C TEYEHHEM
BPEMEHH HMeeT BHJ

@ = BSsinwt. (151.1)

I'paduk, u3oGpakaloHil 3aBHCHMOCTb MArHHTHOTO NOTOKa
uepe3s paMKy OT BpPEMEHH, NpeACTaBIAeT co00H CHHYCOHAY

AP
ST
= i
11
11
%h 1At ‘
[ K i i
e* At 7% T/2 8714 T
-
a
g
i i f
T4 72 3T« T
8

Puc. 289. T'padux n3meHeHHs ¢ TeyeHHeM BpeMeHH MIHOBEHHLIX 3HaueHu:
@) MarHuTHoOro notoka @; 6) MHIYLHPOBAHHOR 3. 1. C. & B onbiTe, M306-
paKeHHOM Ha PpHC.

(puc. 289, a). MarnuTHEIA NMOTOK MeHAET cBoft 3HaK nBa pasa

3a Kaxkiblil 06OpOT paMKH, obpaiwiasch B Hy/b B T€ MOMEHTHI,

. Korja OHa napa/jeibHa HanpaBeHHIo NosifA, H JOCTHIaA

MAKCHMATBHBIX 3HAaY€HHH (TOTO HJH MHOTO 3HAKa) B MOMEHTHI,
KOTAa OHa NEPUEHAHKYAAPHA K NOMO. e S
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WnpyuupoBaHHast B pamKe 3. . C. OMNpejeNsieTcs -He 3Ha-
YeHHEeM CaMOro MarHHTHOTO MOTOKAa, a CKOPOCTBIO ero usme-
‘HeHHsi, T. e. BeanuuHoii AD/At (§ 141). HerpyaHo BupeTb,
4TO M 3Ta BeJIHYHHA He OCTAeTCs MOCTOSIHHOH, a BCe BpeMs
u3MeHsieTcsl npu BpaieHud pamku. Ha puc. 289, a nokasanbl
H3MeHeHHs MarhuTHoro notoka Ad 3a oJHHaKOBble MNpoMe-
XMYTKH BpemeHH Al pns momenra f=0, korga ®=0, u A4
momeHTa {=T/4, korga @ uMeeT MaKCHMaJbHOe 3HaueHMe.
[lepBoe 3nauenne A®D ropasno GoJblie BTOpOro, M, CJeNOBa-
TeJbHO, MTHOBEHHOE 3HaueHHe HHAYLHPOBaHHOH 3. A.cC. B
MoMeHT {=0 HMmeeT MaKcHMaJbHOe 3HayeHHe, a [0 Mepe Bpa-
uleHHA paMKu yOblBaeT, HOCTHTasi HYJIEBOTO 3HAY€HUA K MO-
menty T/4.

[Ipu panbHefilleM noBopoTe PaMKH 3. J. C. MeHsleT cBOHl.
3nak. [e#cTBuTenbHo, no npaBuay JleHua (§ 139) unpyuu-
poBaHHasi 3. A. C. BCerja Hanpap/eHa TaK, 4TOObl MarHHTHOe
noJje CO3[aBaeMOro €0 TOKa TOPMO3HJIO MpOLEeCC, BhI3blBa-
oMl uuayKuuw. [losTomy B TedeHHe mnepBoil 4eTBEpTH Ime-
puoja, Korja MarHHTHBEII NMOTOK Yepe3 paMKy BO3pacTaer,
noJie HHAYKLUHOHHOrO TOKa JOJ/IXKHO 0C/al/siTh BHellHee MoJe,
a B TeyeHHe cJefyiollell 4eTBepTd Nepuoja, KOrja MarHHTHOe
nosie - yObIBaeT, OHO JOJIKHO YCHJAHBaTh 310 moJe. Ortcioja
ACHO, UTO B MOMEHTHI MPOXOXKJAEHHA 3. A. C. Uepe3 HYJb JOJMK-
HO MPOHCXOJUTb H3MEHeHHe ee 3HaKa. ’

Ha puc. 289, 6 rpaduuecku nokasaHa 3aBUCHMOCTb MIHO-
BeHHbIX 3HayeHHH HMHAyUMPOBAaHHOH 3. . C. OT BpEMEHH.
MoxHO nokasarb, YTO 3Ta KpHBafi, Kak U rpadHK MarHuTHOro
NoTOKa, MNpeicTaBaseT cCo60fl CHHYCOMIY, HO-TOJBKO CMelleH- -
HYIO Ha YeTBepPTb MEPHOJA MO OTHOLIEHHIO K CHHYCOHJE, n306-
paxatoriedf u3MeHEHHe MarHMTHOrO MOTOKa.

LleHCTBuTeJIbHo, AJSl MOMeHTa [ MOTOK ©®=BS sin wf, p1a MomeHTa

t4-At notok ®'= BS sin o (t4-Af). Crenosarelibio, 3a Bpemst At H3MeHeHHe
noTOKa

AD=Q@'—®=BS [sin @ ({ | Af) —sin 0f].

CorslacHO H3BeCTHOH TeopeMe TPHTOHOMETPHH 3TO BRIpaXKeHHE MOXHO npea-

CTaBHTb B BHJIe
ACD=2BScos[ (t+“ﬂ m“’“

Ecau Af ouens Maio, To sin (0Af/2)=wAt/2, a cos{o ({4 At/2)]=cos f,
Hrak, uameHeHHe NOTOKa 3a maJsoe BpeMsi Al

AD = BS(o cos wf-Al.

CrefoBatenbno, 3. 4. C., pasHaa —A®/Af, ecTs

&j=——r=— BSw cos of = BSw sin (cot,—g-) 5
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T. €. JefiCTBHTENbHO BhIPaXKaeTcs CHHYCOHAOH TOM JKe WaCTOTH, HO CABH-
HYTOH Ha T/2 (yeTBepTb mepHOma) *). '

Camo co6ofi pasymeercsi, 4TO MO TaKOMy e 3aKOHY CH-
HYCOHMJIbl H3MeHsIeTCS] H MTHOBEHHOe 3HAaueHHEe HaNpsIKeHHA U
Ha 3a)XHMaxX MALHHBl HJAH MeXAY ABYMSA JoObIMH TOYKaMH
ceTH. I'paduku H3MeHeHHs] 3TOH BeJHYHHBI HUMEIOT TaKOH Ke
BHJ, KaKk M NpHBeleHHble HAa pHC. 289 rpaduku uHHAYIHPO-
BaHHOM 3. 4. ¢, ToBOpAT, YTO TaKOrO poja KpHBEIE BOCHPOM3-
_ BOISAT «(popMy» NepeMeHHOTo HampsikeHHsA. TOK, BO3HHKaIOIUH

oA BJNIHSITHHEM NepeMeHHOI'o0 HaNpsXKeHHA, TaKxKe 6y1leT nepe- -

MEHHbIM, H «popMa» ero nogobHa «popMey HaNpPAMKEHHS.

He Tosbko B Haweil MonenH, HO M B MallMHAX, MPHMEH~
€MblX B 3/1eKTPOTeXHHKe, B NOAaBJasAIolleM GOJbLIHHCTBE CJAYy-
_4aeB HMeIOT AEJIO C HANPSXKEHHAMH H TOKaMH, KOTODble MOXKHO

CUHTATb CHHYCOHIANbHbLIMH. 3aKOH M3MEHEHHS MTHOBEHHHIX

3HaueHUH 3THX BeJIHYHH CO BpeMeHeM BblpaxkaeTcs GopMmysamH
u=U,sinet, i=1/,sinet, - (151.2)

npuyeM yepes Uy, U [, 0603HaYeHbl MaKCUMaNbHRIE 3HAYEHHA
HANpSXEHHA H TOKa, -

§ 152. OnbiTHoe Hccaenosanne GOpPMBEI NEePeMEHHOTO TOKa.
Ocupanorpad. B ToM, uro TOK, MosyyaeMmblli OT 3/1€KTPOCTaH-
uMi, spasercs AeHCTBHTENbHO INepPeMeHHHIM, T. €. MHOTO pa3
B CEeKYHJy MeHsleT CBOe HanpaBJieHHe, HeTPYIAHO yOeauThCs
¢ TOMOIIBIO-TaKOTO npocToro ombita. BraiouuM B ceTb 06biu-
HYIO 3JIEKTPHUECKYIO JIAMIIOYKY M OCTOPOXKHO MOJHECeM K Hefl
NMOCTOAAHHBIH MarHHT TaK, YTOObl HUTb JaMnoyki Oblia nep-
NEeHAHKYASAPHA K JHHHH €r0 MaTHHTHOTO Moasl. Mbl yBHAHM,
4TO NPH 3TOM HHTb JaMMOYKH DAaCIJbIBA€TCS B LIHPOKYIO
NOJOCKY. DTO NOKasblBaeT, YTO HUTb B IOJie MarHuta ObICTpO
KoJsie6JieTcsl, ‘OTKJIOHSSACh TO B OJAHY CTOPOHY, TO B JIPYTYIO.

Ho ™Mbl 3HaeM, 4TO B MOCTOSIHHOM MAaTHHTHOM IIOJIe TOK Ompe-

JIeJIEHHOTO HaNpaBleHHs OTKJOHsSeTCsl B oaHy cTopony. Cue-
JIOBaTEJIbHO, HAll ONLIT MOKa3blBaeT, 4YTO TOK B HHTH JaM=
IOYKH MeHsleT CBOE HalpaBJeHHe MHOrO pa3 B CeKyHAy.

310T NpocTOH OMbIT XOTA MOKasblBaeT -HaM, 4TO TOK B
CeTH — IepeMeHHbIll, HO He JaeT ellle BO3MOXHOCTH MpocJae-
IHTb 32 3aKOHOM H3MEHEHHS] MTHOBEHHHIX 3HAUeHHH CHJBI
TOKa, T. €. H3yuHTb ero ¢opmy. Ecau 6b B onbite Ha puc. 288
Mbl BpallaJH paMKy AOCTaTOYHO MeAJIeHHO, TO YBHIEJIH OHI,

*) B § 141 Bupaxenne a5 &; 6pi10 Hanucaho B BHae AD/Af. Onnako
Goslee CTPOTO, C YUYeTOM NpapHJa JleHua, - ero HYXHO 3aNHCHBATL B BHIE
 —A®/Af, ([Ipumed. ped.)
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YTO CTPEJIKA TaJbBaHOMETPAa BO BHeillHeH LelH DaMKH OTKJIO-
HAETCA TO B OJHY CTOPOHY, TO B Apyrywo. CJiefis 3a OTKJIOHe-
HUSIMH €r0 CTPEJIKH, Mbl MOIVIH Obl COCTaBHTH cebe HeKOTOpoe
ApeACTaB/IeHHe H O (opMe STOTO TOKa. Onnako TexHHUECKHH
nepeMeHHBIH TOK MeHSieT CBOe HalpaBJ/IEeHHE HACTOJBKO 4acTo,
uyTo OGBIYHBIE TaJbBAHOMETPH! YK€ He YCNeBaloT CJEIUTh 3a
ero M3MEHeHHSIMH, NMOTOMY YTO MOABHXHAA 4acTb HX (paMka)
o6/1alaeT CJaHUIKOM Gosbiiof uHepuueli. [lns usyuenus ¢GopMbl
TeXHHUECKOI'O NMePEeMEHHOI0 TOKA H TOKOB ellle GoJibilieH 4a-
CTOTHI HYJXHBI NPHGOPHL 6oJiee «IOC/HYINHBIe». Takue NpHOOPEHI,
npejHasHaueHHble A1 HCCASAOBAHHA OBICTPONEDEMEeHHBIX TO-
KOB H HanpsKeHHH, HA3LIBAIOTCA OCYUAA02PAGHAMU.
YcrpoficTBoO mpocToro ocuussorpada nokasano ua puc. 290.
ITo cymecTBy — 370 OGLMMHBIA 3€DPKaJbHLIH TrajJbBaHOMETD,
HO TOJBKO paMKa ero, MOBOPAYHBAWINASCA B MAarHHTHOM

W

-

—— N = 5

/ * )4

Puc,  290. YcrpofictBo netaesoro  Puc. 291. Cxema Habaofenus 3afiuu-

ocumaaorpada: / — netss ocuMa-  Ka, or6pachiBaeMOro 3epKaJblieM oC-

agorpada, ofrekaemas nepeMeH- nMJIorpada: I — HUCTOYHHK cBeTa,

HBIM TOKOM, 2 — 3epKaJsiblle, NPH- 2 — HampasJsoWas JAuH3a, 3 — 3ep-

KJIeeHHOe K INeT/e, NOBOpayuBalo-  KaJblle, 4 — Bpaliaowuics sepKasb-
weecss BOKpYr ocu 00 Hplit GapabaH, § — 3kpan

nojie, H 3epKaJjblie, C MOMOLIBI0O KOTOPOTO MBI CJEAMM 3a OT-
KJOHEHHSIMH DPaMKH, CAeflaHbl YDE3BBIUAHHO JErKHMMH. PaMka
ocuusiorpada 4acTo mnpeicTaBaser coGOH NMPOCTO METVIIO H3
OYeHb TOHKOH NPOBOJIOKH, MOJBELIEHHYI0 Ha YNpyrHX pac-
TAXKKaX B nosie Maruura *). Korma npomyckawor uepes 3ty
paMKy nepeMeHHbIA TOK, TO OHa, a BMecTe C HeH H 3epKaJjblie
HQUHHAIOT OBICTPO KOMEGATHCSA; OTPAXKEHHOE OT 3epKasbla
CBETOBOE MATHO («3aHYHK») GHLICTPO ABHXKETCA MO 3KPaHy TO
B OAHY CTOPOHY, TO B.ADYTYIO, BBINHCHIBAS Ha HeM NPAMYIO
JIHHHIO, MEePNeHAHKYJSADHYI0 K OCH BpallleHHs ~3epKaJjbiia.

*) Tlosromy TaKOA OCHHAZOTPad HOCHT HaaBaHHe . €NTACHOTO» HAHM
autefipoBoros, . : ‘
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Jas Toro utro6bl ¢ NMOMOLIBIO 3TOTO NpHGOpa MNOJMYYHTH
KPHBYI0, u306paxaioiyio ¢opMy ToKa, yu CBeTa, OTpaxKeHHLIH
OT 3epKaJiblla, HaNMpaBJ/IAIOT He NIPSAMO Ha 3KpaH, a 3acTaBJsOT
CHayaJla OTPa3UThCS OT 3epKaJjia, KOoTopoe ObICTPO Bpallaercs
BOKPYI OCH, COBNaZaiollell ¢ HanpaBJeHHEM JABHXKeHHs 3ai-
uyka. Bwmecto mnpoctoro Bpamamolerocs 3epkana ynoGHO
B3aTb GapabGaH c 3epKajbHRIMH TpaHaMH, Ojaronapsi yemy
JIy4 CBeTa HUMEET BO3MOXKHOCTb 3a BpeMs OAHOro obopora 6a-
pabaHa OTPa3HThCs MOOYEPENHO OT KaXKAOH H3 ero 3epKaib-
HuX rpaHeil. Takoe pacnosoxenne npuOOPOB NOKA3aHO Ha
pHc. 291. 3zmechb och 3epKalblla rOpH3OHTajdbHa, a GapabaH
Bpallaercs BOKPYr BepTHKaJbHOH (MepNeHIUKYJIAPHOH K
NJIOCKOCTH uepTexka) ocH. [loBOpOThI 3epKajiblua CMeLaT
noJjoXkKeHHe 3aifiuHKa Ha 3KpaHe BBEPX M BHH3, a BpalleHHe
fapaGaHa cMelaer €ro BJE€BO HJA¥ Bhpaso. $icHO, uto npu
CJIOXEHHH 3THX JBHXEHHWH 3aiuuK OyZer BHIMHUCHIBATL Ha
3KpaHe HeKOoTopylo KpuByw. Ilpu 3TOM cMeuieHHe 3aHuHKa
N0 BepPTHKaJXH HNPONOPLHOHAJILHO MIHOBEHHOMY 3HAUEHHIO
CHUJIBI TOKa uepe3 npHbop, a cMelieHHE ero Mo rOPHU3OHTAJH
NPONOPLHOHAJNBHO BpeMeHH, TaK Kak. 6apabaH Bpauaercs
paBHOMepHo. TakuM o6pasoM, noJyueHHass KpuBass u3ofpa-
Kaer QopMy nepeMeHHOro Toka. ONHT NOKAasbBaeT, 4TO AJfA
TEXHHYECKOTrO TOKAa 3Ta KpHUBas JAEHCTBUTEIbHO OUeHb GJIH3Ka
K cuHycouze. TaKoil ke BHJ HMEIOT H KpHBbIe, H30GpaXKalouiHe
(hopMy TEXHHUECKOIO MepPEMEHHOTO HamnpsKEeHHS.

OnucanHoe pacnoyoXeHHe NPHGOPOB NPHMEHSETC NPEHMYIECTBEHHO
B AE€MOHCTPAalUHOHHBIX ONWITax AJas TOro, yTOGR! HarJg4HO NOKasaTb Q)OpMy
NepeMEeHHoOro TOKa. Ha NpaKTHKE NPH HCCJACAOBAHUAX NepeMEHHOro TOKa
06b14HO GapabaH Jle1al0T UHJAHHAPHYECKHM H HaJleBaloT Ha Hero GOTOFpa-
thryecKyo 6yMary, Ha KOTOPOH Jy4 NPSAMO BHINHChIBaeT COOTBETCTBYIOILYIO
KPHBY1O.

Eme Gonee uMpoKoe pachpOCTpPaHeHWE MOJYYHJH B HacTOsllee BpeMs
TaK Ha3hiBaeMBbi€ SAeKMPOHHOAYYesbie ocyusrozpagut *), TnaBHOH wyacTbio
5THX NPHGOPOB ABARETCH yXKe 3HAKOMas HaM SJeKTPOHHOJyueBas TpyOKa
(puc. 182). Ha ropusontalibHue NJIaCTHHN TPYGKH NOJAaeTCs HanpsiKeHHe,
NPONOPUKOHAJILHOE HCCAeNyeMOMY TOKY. TaKHM 06pa3oM; OTKJIOHEHHE Jyda
No BEPTHKaJH HJH CMemeHHe no BEPTHKAJH APKOro NATHRIUIKA Ha 5KpaHe
TPYGKH B KaXX[blii MOMEHT BPEMEHH NPONOPUHOHANIbHO MTHOBEHHOMY 3Haye-
HHIO TOKa. Ha BepPTHKaJbHbi€ € NJACTHHR € NOMOLLLID CNEHaNbHOro ycr-
poﬁcraa nojarT HanpAXeiHe, KOTOpOe paBHOMEPHO HapacTaeT OT Hyad AG
HEeKOTOPOro MaKCHMaJlbHOrO 3HaY€HHA, 3aT€M O4YeHb Pe3KO, NPakKTHYECKH
«MTrHOBEHHO», najaeT A0 HYJ/fl, CHOBAa paBHOMEPHO HapacTaeT H T. H. d>.0pma
TAKOro «MHJI006pa3HOr0» HanpsKeHHs NokKasaHa Ha pHc. 292. Tlpn Hanoxe-
HHH TaKOro HanpsikeHHs NATHHIIKO Ha 9KpaHe ocuuasorpada ABHXercs
N0 rOPH30HTAJIH, 38TEM  «Cpazy» BO3BpalaeTcs B HCXOJHOE I]OJlO)KeHHe,
CHOBA:npoGeraeT TOT e TOPH3OHTANbHMH OTPESOK H T, A«

" *) WHorza 5TH npHOOPH Ha3EIBAIOT TAKKE KaTORHWMH ocunn.norpa.
(aMH, HO HasBaHHe 5TO yXKe ycTapeJlo H Jyulie HM He NOJNbIOBATECH,

T



OueBHIHO, YTO NPH ONHOBPEMEHHOM JEeHCTBHH HCC/IEIYeMOro Hampsxe-
HHS, HAJIOXKEHHOI'0 Ha T'OPH30HTaJbHbie RJACTHHH OcLmJJIorpada, H «nH-
J006pPa3HOI0» HANPHAMKEHHSA Ha €r'0 BEPTHKAJbHBIX MJacTHHAX CBETALIAACH
TOYUKa Ha 3KpaHe GyjleT BBIYEPUYHBATH KPHBYIO, Aaouryio Gopmy Hccnemye-
MO0 HANpAMXKEHHA HJH TOKa., JNeKTPOHHONY4eBOH ocuuaforpad ABASETCA

u : Puc, 292. «[Tunoo6pasHas» ¢opMa Ha-
Nps2KeHHA, HAKJIaJblBaeMOI'0 Ha BepTH-
KaJlbHble MJIaCTHHBI 3JIEKTPOHHOJYYeBOro -

4 OCUHJIorpaa AJIH OCYHIECTBJIEHHA pas-

BEPTKH HO OCU BPEMEHH

OIHHM H3 BaXKHEHIUHX CPEJCTB MCCJEJOBAHHSA NepeMeHHBIX TOKOB H Hanps-
xenuil, OH ype3BbIuaiiHO WUHPOKO NPHMEHHETCH B CaMbIX Pa3JIHYHBIX J1a60-
paTopHAX, a TaKxKe Ha PAAe NPEINpPHATHI. '

§ 153. Amnauryaa, uyactota u (haza CHHYCOMAAILHOTO mepe-
MeHHOTO TOKa K HanpsxeHus. PaccMOTPHM niofipoGHee KPHBY1O,
H300pa’kaloly0 3aBHCHMOCTb MTHOBEHHOTO . 3HaUEHHs! TeX-
HHYECKOTO MepeMeHHOro TOKa (HJAH HanpsKeHHs1) OT BPeMeHH
(puc. 293). Ilpexxpe Bcero obpauiaeT Ha ceGsi BHHMaHHE TOT

I

L‘a [~
A’ 1\| tb A, 1 H 1
ta {77 /T T 3T

% A4 )

Puc. 293. 3aBHCHMOCTb CHJIBI NepeMEHHOI0 TOKAa OT BpeMeHH

($aKt, 4TO 3TOT TOK (HJH HanpsikeHHe) H3MeHsieTcs NepHo-
IHYECKH, T. €. Ka)K/0e MTHOBEHHOe 3HayeHHe 3THX BeJIHYHH,
HanpuMep 3HaueHHe, COOTBETCTBYIOLLEE TOUKEe a (HJIH TOuKe b),
NOBTOpsAETCA 4Yepe3 OAHH-M TOT K€ MPOMEKYTOK BpEMeHH,
JpyraMu cnoBamu, cHia TOKa (HJH HanpsikeHHe) npoberaer
3a 3TOT NPOMEMKYTOK BpeMeHH Bce BO3MOXKHble 3HayeHHs,
BO3BPAalAfCh K HCXOJHOMY, T. €. COBepl1deT MOJHOe KoJe-
GaHHe. [Tpomescymor 8pemenu, 8 meHere Komopoeo CUAQ MOKQ
(uru Hanpsaacenue) cogepuiaem nOAHOE KOAEOARUE 1 NPUHUMAEM
npexcree no MoOYAI0 U 3HAKY MEHOSEHHOE 3HAHEHUe, HAIFBIBaemca
nepuodom nepemennozo moxa. Ero npuHATO 0603HayaTh OYK-
poit T. Hnas cereit CCCP u GonbuwinHCcTBa ApPYrux crpad T'=
=1/50 ¢, a TaK KakK H3MeHeHHe HaNpaBJeHHs TOKAa IPOHC-
XOJHT JBAa pasa B TeueHHE KaXKJOro I1epHOJa, TO TeXHHUYECKHH
TOK MeHsieT cBoe- HanpasneHue 100 pas B ceKyHAY.
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Maxrcumanbroe 3naueHUe, KOMOPOE MONCEM UMEmb fepemer-
Hotldl moK (Uuau Hanpawcenue) 8 mom UAL OpyeoM HAnPagieHud,
Hasweaemcsa amnaumyood amoi eeaudunsr, Ha puc. 293 am-
nautyAa Hsobpaxaercs orpeskamH AA’. AMOAMTYLY TOKOB
H HanpsiKeHuil ofosuayaior I, uau U, a MX MrHOBEHHbIe
3HayeHHss — i U u.

Uucno mnonHelx KojdeGaHHH (UHMKJIOB) CHHYCOHJAJbHOLO
TOKA HJIH HaNpsXKEHHs 34 eAHHHIY BPeMEeHH Has3blBaloT Ha-
cmomolf COOTBETCTBYIOLLeHl BENIHYHHBI H 0603HaAYalOT OYKBOH
v *). OueBuaHo,

veg, T=2. RGEERY

3a eAHHHLY YacTOTBl NPHHHMAIOT YacTOTY, PaBHYIO OXHOMY
KO/MeGaHHIO B CeKYHAy. DTy efuHHIy HasbBaioT eepyem (Iu)
no umenu Hemenkoro ¢usuka Ienpuxa Tepua (1857—1894).
Takum o6pasoM, TeXHHYEeCKUH NepeMeHHbIH TOK HMeeT 4acToTy
50 TIu.

BmecTo 4acToThl v BBOAAT TaK¥kKe BeIHYHHY 0=2nv=2r/T,
KOTOPYIO HAa3blBAIOT YUKAUYECKOU HAH KPY2080L Hacmomod
tToKka (HanpsixkeHus). OHa npeactabjsieT CoGOH YHCIO nOJ-
HbIX KoJeGaHull (UMKIOB) NAHHOH BETHYHHBI 3a 21 CEKYHIX.

IToxa MBEl uMeeM [eN0 TOJMBLKO € OZHHUM CHHYCOHJAAJbHEIM
repeMeHHbBIM TOKOM MJIH MePEMeHHbIM HamnpsikeHHeM, 4acToTa
H aMIVIHTyAa SBJASAIOTCH TOJHBIMH H HCYEPNBbIBAIOWIHMH  Xa-
PAKTEDHCTHKAMH 3THX BeJHYHH, [OTOMY 4TO HayaJbHbIH
MOMEHT OTCYeTa BPEMEHH Mbl MOXeM BHIGPATh MPOH3BOJILHO.
Ho koraa HaMm NpHXOAHMTCA COMOCTAaBJATh APYL € APYTOM [Be
HJIH HECKOJIbKO BeJHYHH TAKOro-poja, Mbl AOJMHbI YUHTHIBATh
H TOT (PAaKT, YTO OHH MOTYT-JOCTHIaTb MAaKCHMAaJLHOrO 3Ha-
YeHHA He B OJMH H TOT e MOMEHT BpeMeHH,

JBe kpuBble Ha puc. 294, a usoGpaxaioT ¢opmy - ABYX
CHHYCOHJA/MbHbIX MepeMeHHbIX TOKOB C OAHOH H TOi#t xe ya-
CTOTOH H aMMJIUTYAOH, HO KPHBble 5TH CMeLUeHb! no-ocH abc-
Huce (OCH BpeMeHH) Ha OTpPe30K, DABHBIA YeTBepTH. MepHOZA,
HauannHas TO4ka orcyera BpeMeHH BbiGpaHa Tak, 4TO AJs
HepBOH KPHBOH HyJieBble 3HAYEHHS JOCTHIAIOTCA B MOMEHTHI
0, 7/2,T, 3T/2 . . ., a amnnutyansle — B Momentnl 7/4, 3T/4,
5T/4 ... Bropas ke kpuBas npoxoum yepes HyJieBbie
sHayenus B Momentnl T/4, 37/4, 5T/4, ..., a uepes amnu-
TYAHble — B MOMEHTbI T/2, T, 31/2, ... :

*) ,OTMETHM, YTO MOHATHE HACTOTHl HMEeT CMBICA TOJBKO mm nepeMen.
HBIX nemmnn MEHSIOWAXCH 10O CHHchH}.\aﬂbHOMy 3aKOHY. Mt BepHemcx K
aToMy gompocy 8 Tome III.
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B NOZOGHHIX cJyyasXx FOBOPAT, YTO 3TH JBa TOKa (WJH
ABe JIPYrHe CHHYCOHJAJbHbHIE BeJTHYHHbI) CABHHYTRI JApYr
OTHOCHTEIbHO Jpyra no ase, HJIH, HHaye, YTO MEXAY HHMH
CyuecTBYeT HEKOTOPHIA CLBHT ¢as (unn pasHocTb (as), pas-
HbIi B JAHHOM NpHMepe yerBepTH nepHopa. Tak kak kpupas /

i 7/4

; I8 TI8
* ~
/ \\
/ \
21/t /3 ‘\\ )
Y AN T P R | t
7 7/4 ‘\\ 3714 7 7

’I
7/81T/8T
|t e |

Puc. 294. I'papuyeckoe H3o6paxeHHe NepPeMEHHBIX TOKOB OJUHaKoBOH ua-
CTOTH H AMIUIHTYJHhl, CMelteHHBIX, Mo (dase: @) iBa CHHYCOHAANbLHBIX TOKa,
cMeleHHbBle N0 a3e Ha YeTBepPTb NepHoAa; 6) TOKH, H300parKaeMbie KDHBLIMH
2 B 3, cMemeHn No (ase OTHOCHTENBHO KPHBOH / Ha OJHY BOCBMYIO 4acTh
nepHOZA
TPOXORHUT 4Yepe3 aMIIJIHTYy IHOE 3HayeHHe, TaK Ke KaK H uepes
Jo6oe APYyroe COOTBETCTBYiollee 3HaYeHHE, paHbIlie, HEM KDH-
pas 2, TO TOBOPST, YTO OHa ONepexkaeT KpuByio 2 mo Qase
WJH, HHaue, YTO KpHBas 2 orcraer no (ase OT KPHBOH 1.
2 153.1. Ha puc. 294, 6 xpuBsie 2 H § CABHHYTH OTHOCHTEABHO KPHBOi1
¢ - 1 no dase Ha omny BocbMylo nepHofia. Olpefie/HTe, Kakad H3 STHX.
KPHBbIX OTCTaeT no (ase oT kpreoill / H Kakaa onepexaer ee. Kakosa
pasHOCTs a3 MeXAy KpHBmMH 2 u 37 : -

. Bo - Bcex c/yuasx, KOF4a IPHXOAHTCH COMIOCTABJAATD -CH-
HYCOHAJIbHble - B&/IHYHHBI ‘HJIH. ' PaccMaTpHBaTh HX COBMECT-
Hoe AeHCTBHE (CKJIAZMBATH ‘WM ' IEPEMHOKATH; HX}; BORDOC O
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COOTHOWIEHHH (a3 MexAy ITUMH BeJHYHHAMH HMeeT OYeHb
BaxKHOoe 3HayeHde. TakuMm o6pa3oM, .B oflieM cjaydae, KOrAa
HMeeTCH HECKOJIBKO CHHYCOMJAJBbHBIX TOKOB HJY HalpsKe-
HHH, HYXHO XapaKTepH30BaTb KaXIuli W3 HUX TpPeMs BeJM-
YHHAMH: YacTOTOM, aMIVIUTYAOH H (pa3oil WiH, TOuHee, CHBH-
roM a3 Mexay AAHHBIM TOKOM (HJIM '
HaNpsXEHHEM) U KAKUM-HUGYAb ApY-

T'HM,  OTHOCHTEJBHO KOTOPOrO MBI pac-

cMaTpHBaeM CABUC (pa3 BCeX OCTaJb- s

HBIX.

CooTHolleHU A1 MexX Y (pazaMu pas- <?>——l - B
JIMYHBIX CHHYCOMAA/NBHBIX MEpPEMEH- ¢ T —
HBIX TOKOB OuYeHb yJO0HO HW3y4arh
IPH NOMOLIM [ETJIEBOr0 OCUHUJIJIOrpa-
tha, UMeIOLEro B OTVIHYME OT MpH-
6opa, omucanuHoro B § 152, He ommy,
@ /Be OTIEJIbHBIE PaMKH (NETVIH), MO- Puc. 295. [pyxmnerseBoit
MellieHHble B Oflilee MACHHTHOE MOJIe  ocuuanorpad AAs  OfHO-
(puc. 295). Passeptka GOpMBI OGOMX  BPEMEHHOR 3aNHCH  JIBY X
TOKOB, NMPOXOAAMIMX [0 3THM mer- [CPEMCHHBIX TOKOB, TpOXO-

AALULUx yepe3 neraH [ H 2
JISIM, TIO OCH BPEMEHH OCYIIeCTBJAET-
CA ONHHM M TeM Ke BPaljaloliUuMCs
6apafaHOM, T4K 4TO TOYKH [BYX MOJYYAIOIMXCA Ha 3KpaHe
KPHUBBHIX, paclo/IoKeHHBle IpYr Hajy [PYroM, H306pazaior
MIHOBEHHEIE 3HAU€HMS CPaBHUBAEMBIX TOKOB, COOTBETCTBYIO-
ye OAHOMY H TOMY K€ MOMEHTY BPEMEHH.

TouHoe MareMaTHUecKOe onpeseieHHe dasbl CHHYCOHAABHOI nepeMeH-
HOH BEJIHUHHLI (TOKa HJH Haﬂpﬂ)KeHHﬂ) TaKOBO. MrHOBeHHOE 3HaYeHHE ITOH
BeJIHUHHL B KaKOH-HHOYAb MOMEHT BpeMeHd [ oOnpenesserTcsi 3HaYeHHEM
BeJIHYHHB! ©f, crosiel Mo 3uakoM ¢yHKnud sin B dopmyse (151.2). Ecau
HauaJ/IbHbIfi MOMEHT OTCYeTa BPeMeHH BbIOpaH ye TakK, YTOOh MrHOBEHHOe
SHaueHHe TOKA NMPOXOJHJIO Yepe3 HyJs B Momentu (=0, T/2, T, ..., To,
BOOGite TOBOpsi, Apyroffi TOK 6yjeT NMPOXOAHTb Yepe3 HyJb B MOMEHTH!

t=¢, 4-T/2, 4T, .,., u 3aKOH €r0 HIMEHEHHS CO BpEMeHeM Gyjner
HMETb BHJ,

i=1ysino{t—t)=1,sin (©f—¢), (153.2)

rae GyKsoit ¢ o603Haueno npousseseune ¢’ a3oil ToKa (MM HaNpAKEHH)
B 00LieM CJlydyae Ha3bIBAIOT 3HAYEHHE BEJHYHHbI, CTOALIER 1101 3HAKOM BYHK-
unu. sin B popmysie (153.2), a ennunua @=wl'=2xn¢ /T onpeneasier pas-
HOCTb (a3 CpaBHHBAEMblX TOKOB (MJIH HanpspkeHuit). Ecan 3Ta Beslnunua
TIO/IOXKHTe/IbHA, TO NepPBLIft TOK omepexaer no ¢asze BTOPOH TOK, a €CJIH OHa
OTpHUATENIEHA, TO NIePBHI TOK OTCTaeT no gase of Broporo. Pasa HaMepsercs
B paaHaHax. ’

§ 154. Cuna nepeMeHHOro ToKAa. MBI BHJE/NH, 9TO MIHOBEHHOE
3HayeHHE HEPEMEHHOro TOKAa BCe BpeMsl H3IMeHseTcs, KoueG-
JIACh: MEKHY HYyJdeéM H MaKCHMajibHbIM 3HauewueMm, Tem He
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MeHe€ MBI XapaKkTepH3yeM CHJIy NepeMeHHOro TOKa, KaK U CHJy -
TOCTOSIHHOTO  TOKA, OMpEeleNeHHEIM UYHCIOM amnep. Mot ro-
BOPHM, HAanpHMep, YTO B OAHOH JIaMNOYKe HAET TOK, PaBHLIA
0,25A, a B apyro#i, 6osee MOWHONA,— TOK, pasubit 0,5 A,
u T. N. Kako# e cMbIC/T MBI BK/1abIBAEM B 3TO yTBepmueHHe?
YTo 03HAYaeT BBIPAXKEHHE «CHJA NEPEMEHHOTO TOKay?

MoxHO 6bl10 OBl XapaKTepu3OBaTh CHJY TNEPEMEHHOrO
TOKa ero amnautyiaof. IlpuHIMNMaNbHO 3TO BHNOJHE BO3-
MOXHO, HO NPaKTHYECKH OueHb HeyJOo6HO, NOTOMY YTO TPYAHO
NOCTPOUTb NPHOOpPBLI, HENOCPEACTBEHHO H3MEPSIOIIHE AMILJIH-
Tydy TNE€PEeMEHHOro TOKa. YHoOHee HCMONb30BAaTh AN Xa-
PAKTEPHUCTHKH TEPEMEHHOr0 TOKa KaKoe-HUOYAb CBOHCTBO
€ro, He 3aBHCAllee OT HampaBJeHHS TOKa. TakuM CBOHCTBOM
IBASIeTCA, Hampumep, CHOCOGHOCTb TOKA HAarpeBarb MPOBOI-
HHK, N0 KOTOPOMY OH NPOXOAMT. JTO HarpeBaHHe He 3aBHCHUT
0T HanpaeJeHHs TOKAa, OHO NPOU3BOJMTCS NMEPEMEHHBIM TOKOM
TIpH NPOXOXKIEHMH KaK B OJIHOM HamnpaBJieHHH, TaK M B 06-
paTHOM eMmy.

[IpencraBuM ce6e mnepeMeHHbIH TOK, NMPOXOASWHH MO He-
KOTOPOMY MHpPOBOIHHKY ¢ compoTtuBieHHeM R. B Teuenue. ce-
KyHAbl TOK BBbIAENfeT B NPOBOIHHKE ONpeleNeHHOe KOJHue-
CTBO TemnoThl, ckaxeMm Q. IlpomycTum uepes TOT ke npoBoA-
HHK TOCTOSIHHBIM TOK, MOAoOpaB CHJAY €ro Tak, 4To6bl OH
BLLAENNJ B NPOBOJHHKE €XeCeKYHIHO TO ke KOJHYECTBO Tell-
aotel Q. Tlo cBoemy Oedcmeuro o6a TOKa ‘PaBHbI; MO3TOMY
 cuJla TNOCTOSTHHOTO TOKa XapakTepH3YyeT oJedcmesyrouee 3Ha-
4eHue NePeMEeHHO020 MOoKA, KOTOpoe 0603HadaloT uepes [/ *),

Cuira nocmosHHo20 MoKQ, 6bI0eASI0Ue20 8 NPOBOOHUKE MO KHee
KOAUMECINBO MENAOMmbL, 4MO U OQHHbILL nepemenHbiil Mok, Ha-
3ubaemcs OeliCmeyiowium 3HAYEHUEM NEPEMEHHO20 MOKA.

M3 ckasanHoro cnenyer, uro, 3ameHHB B ¢opmynae (56.1)
CHJIY MOCTOSTHHOTO TOKa AeHCTBYOULNM 3HaueHueMm / mepemeH-
HOTO TOKa, Mbl MOXK€M BBIYHCJHTb KOJIHUECTBO TEIJIOTHI, BbIe-
JISIEMOE TEPEMEHHBIM TOKOM B MPOBOJHHKE:

Q=1IRt. " (154.1)

[TonuepkHeM elle pas, uto B 310l popmyne / obo3Hauaer Aei-
CTBYIOllEE 3HAUeHHEe MepeMeHHOro Toka. Koraa Mbl roeopum,
YTO MEPEMEHHbIH TOK paBeH, CKaxeM, 2 A, TO MBI XOTHM CKa-
3aTb, UTO TENJIOBOE AEeACTBHE 3TOr0 TOKA TaKOe Xe, Kak Tem-
JOBOE JefCTBHE MOCTOSIHHOTO TOKa cuJbl 2 A.

") Panbue neﬁcmylomee SHateHHe HagkIBaTIH «3pPeKTHBHEIM 3HavYe-
HHEeMD, (szmeu. ped.)

372



B c1yyae CHHYCOHJAJbHOTO TOKa ueHCTBylomee 3HayeHHe
TOKa BECbMa MNpoCTO CBfI3aHO C-aMIJIMTYIOH 31Ooro Toka. Co-
OTBETCTBYIOIM pacuer Ader, 4TO

[=1,/V2=0,707],. (i54-2))

Takum obpasoM, H3MepHB JelCTBYIOLlee 3HAUEHHE CHHY-
COMJAJNILHOrO TOK3, MOXHO BBIYHCJIHTB no ¢opmynae (154.2)
€ro aMIJIMTyLy.

2 154.1. B npoBoaHHUKe, uMetouieM conpotusaenye 50 Om, o KoTopoMy
. weJs nepeMeHHel TOK, 32 2,5 4 BhIZENHIOCH KOJHYECTBO TeIJIOTHI,
pasHoe 6 k[1x. KakoBo jeficTByiomee 3HaueHie TOKA H KaKOBa aMIl-
JIMTY]A TOKa?
154.2, B npoBoaHHKe, UMeloUeM cOnpoTupielde 10 OM, mepeMeHHbil
TOK BbiJeJifieT B CEKYHJY KOanuecTBO TemnoThi, paBHoe 1 kIIx. Ka- -
KOBO JeiiCTBYyIOllee 3HaUeHHe TOKa?
154.3. AMDJuTya CHHYCOMJaJbHOTO NMepeMeHHOTO TOKa paBHa 5 A.
KaxoBo ero jeiictByioimee 3HayeHHe?
154.4. [lefictByIouee 3HaYeHHe NepeMEHHOrO CHHYCOHAANBHOIO 'TOKA
paeHo 14,2 A. KakoBa aMniutyaa 3Toro Toka?

§ 155. AmnepmeTpbi M BOJLTMETPb nepemeHHOro Toka. Onu-
caHHble B § 135 aMnepMeTpnl H BOJIbBTMETPbl MarHHTO3JIEKTPH-
YeCKOil CHCTEMBl NPUIOAHBI TOJNBKO VIS HU3MEPEHHS] CHJIbl H
HanpsXKEHHA NOCTOSHHOrO TOKa. M3sMepaTh npu uX nomouu
nepeMeHHbIl TOK 3aTPYAHMTENIBHO, MOTOMY YTO NMPH KaXAOH
nepemMeHe HanpaBJieHHs] TOKa MeHseTcsl W HanpasJjieHHe Bpa-
HAIOIEr0 MOMEeHTa, MOBOPayMBAOILEr0 CTPeJKYy mnpuGopa,
To/sbKo cHaGAMB NpHOOP OueHb JIErKOH MOABHXKHOH CHCTEMOH,
MBI MOIVIH Gbl HCMIOJIB30BAaTh €ro AJs M3MepeHUH NepeMeHHOro
Toka, Tak, no cyuiectBy, ycTpoeH ocuuasorpad (§ 152).

['opasno ynoGHee 1/ M3MepeHHH nepeMEHHOro ToKa Apy-
rHEe THMBI H3MepHTE/bHBIX NPHOOPOB, B KOTOPHIX HanpaBJieHHe
OTKJIOHEHUS] CTPeJIKH He 3aBUCHT OT HAnpaB/eHHsl TOKa. JTH
NpUOOPEl M MNPHUMEHSIOTCS NPH HU3MEepeHHAX MepeMeHHOro
ToKa. K HMX uMCJay nNpHHAMIEXarT npexiae BCero TemJoBble
npHGopkl, onucaHusle B § 44. Y HUX NOBOPOT CTPEJKH BhI3bI-
BaeTrcs yNJHHEHMeM HHTH, KOTOpPas Harpepaercsl NPOXOASLIMM
no Heit TOKOM. DTO HarpeBaHWe He 3aBUCHT OT Hanpab/ieHHs
TOKa H M3 CaMoro onpeje/teHHsi JeACTBYIOUIEro 3HayeHHs
Toxa (§ 154} fICHO, YTO OTKJIOHEHHE CTPEJKH TaKOro npu6opa
NpH TPOXOKAEHHM Yepe3 HEro NepeMeHHOr0 TOKa H3aMepsieT
HMEHHO JeHCTBYIOllee 3HayeHHE 3ITOr0 TOKaA.

[TpumeHnsiioTcs npufopel M APYIHX CHCTEM, Hanpumep
3/IeKTPOMarHHTHHIE.

HMmena moGoit amnepMmerp, NPHIOAHBIA /s H3MEDPEHHA
NePEMeHHOT0 TOKa, MOMGHO NPEBPAaTHTh €ro B BOJBTMETP H
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H3MePATb HanpsikeHue nepeMeHHoro Toka. Jas sroro xo-
CTATOYHO CHabAMTL NPHOOP OGOJNLIWIAM AOGABOYHEIM CONpO-
THBJIEHHEM H Meperpaayxposarb ero Ha Boabtel (§ 53). Ha-
npsieHHe, H3MepAeMoe TakHM o00pasoM, Takie Ha3LIBAIOT
NeHCTBYIOIMM HanpsixeHHeM; ero ofo3Hauaior uepes U,

B cnyyae cuHyconzanbHOro TOKa AeHcTBylollee 3HaueHHe
Hanpskenus U cBfsaHO € aMIuTynoll Hanpsikenus U,
¢opmyJIoH, aHalorHyHoi ¢opmyne (154.2):

U=U,V2=0,707U,,. - (155.1)

§ 156. Camonnpyxuns. i noHMMaHHs pslla OUeHb BaXKHBIX
H CB0eO6PAa3HHIX IPOLECCOB, NPOHCXOAALIHX B HeNAX IMepeMeH-
HOTO TOKa, HYXXHO INpeXKJZe BCEro NO3HAKOMHTLCA € OCOBOH
¢opMoii npouecca HHAYKUHH, KOTOpas MNOJyYHJda Ha3BaHHeE
CaMOMH Iy KUHH,

BcnoMuuM ocHoBHOH HHAYKuMOHHBIE onuT. Katymka I
(puc. 254) cospaeT BHYTPH WHAYKUHOHHOH Katymku Il mar-
HUTHRIA noToK. [IpH BCAKOM M3MeHEHMH 3TOrO IOTOKAa B Ka-
tywike II BosHukaer HHJlyKUHOHHBIH TOK. Kak mur Bupenn
(§ 138), HHAYKUMOHHBIH TOK BO3HHK3aeT BO BCAKOM KOHTYDE,
BHYTPH KOTOpOro H3MeHsieTcss MarHHTHBIH motok. Ho n cama
Karymka | HaxoauTcs B TaKoM xe noaoxeHudH. CKBo3b ee
BUTKH TakKxe TPOXOAHT - MarHUTHBIH MNOTOK, OGYC/IOBJIHBA-
eMBIii MargHTHBIM IT10JIEM 3TOH xe camoll kaTywku I. [Tostomy
npH JM060M H3MEeHEHHH MAarHHTHOTO NOJIA, CO31aBAaEMOTO TOKOM
B 3TOH KaTylllKe, T. €. NpH Mo60OM H3MEHEHHH TOKA B KaTyllKe,
B HEH caMoll JOJ/KHBI BO3HHKaTb H HHAYUMPOBaHHAas 3. A. C.,
H HHAyKuHoHHuH TOK. Karywka I sBasiercs npu stoM oxHo-
BPEMEHHO H KaTyIIKOi, co3jalomed nosje, H KaTYIIKOH HH-
OYKUHOHHOH. MHAYKUHMIO B 3TOM cJyudae HashBAlOT CAMOUA-
dyryued.

O6HapyXHTb Ha ONKEITE CYLIECTBOBaHHE SABJEHHN CaMo-
HHIYKUMH HeTpyAHO. Bo3bMeM KaTylwKy ¢ HEeCKOJbKHMH
COTHSIMH BHTKOB, HaJE€TYI0 Ha 3aMKHYTHIH eJIe3HhH cepled-
HuK (puc. 296). K 3axuMaM KarylKH npHcoelHHeHa 6-BOJb-
ToBasf Jamnouka. KaTymky MOXHO ¢ moMOWbI Kiawoua MpH-
COENMHHTb K aKKyMmyastopy c¢ Hanpsi:kenieM 2 B. Takum
o6pa3oM, Korja KJiou 3aMKHYT, TO K aKKyMyJsTopY INpHCoe-
IHMHEHBI NapajiieJbHO Karyllka H jamnoyka. Koraa ke ximoy
Pas’OMKHYT, TO Mbl' HMEEM TOJBbKO OJHY 3aMKHYTYIO Lelb,
COCTOAYI0 M3 BHTKOB KaTyWKH H JIAMNOYKH. '

Tak kaK JlaMnouka paccuuTaHa Ha HanpsiKeHHe 3HauH-
Te/IbHO GoJIblee, YeM HaNnPAKEHHe, 1aBaemMoe aKKyMYJIATOPOM,
TO, MOKa KoY 3aMKHYT, ‘OHA. .TOPHT . OueHb C/1ab0,. TeMHO-
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KPacHbBIM HaKajloM. B MOMeHT e pasvbiKaHus KJo4a OHAZ HA'
MTHOBEHHE BCIBIXHBAeT SIPKHM OesibiM ceToM. [loueMy 3To
npoucxoaut? Ilocse pasMblKaHHs Kaioua TOK B KaTyILKe
YMEHBIIAETCH, T. €. MAarHUTHOe mose ocjabepaer. [IpH 3TOM
MIPOHCXONHUT MPOLECC CAMOHHAYKUMH, G6/1arofapsi KOTOPOMY
CO3MaercA KPAaTKOBPEMEHHAad, HO JOBOJBLHO 3HAYHTE/bHAs
1 3. I. €., MOA JeHCTBHEM KOTOpOil uepes
KaTyuiKy H JIaMIOYKy NPOTEKaeT B Te-
2 ueHHe OMEHb KOPOTKOTO BDPEMEHH 60J1b-
IWOA TOK, 3aCTaBJAIHA JIAMIOUKY

AIPKO BCHEIXHYTb.

1 10 Vv
\\\\\m ”"//,
3 “

i

© O

1 ‘ ’
e | e

Puc. 296. Ha6aiopenve Puc. 297. Hccnenosanne HanpasseHHs
AIBJIEHHS CAMOHHIY KILHH TOKa CaMOHHAYKLHH
1 — xatyuika, 2 — xe- '

JIe3HbIlt  CePIEeYHHK

s Toro utoGbl YCTaHOBHTH HAmpasJieHHe HHIYLHPOBAH-
HOrO B mpollecce CAMOHHAYKIHH TOKAa, 3aMEHHM B OIbITe,
H300paXkeHHOM Ha puc. 296, 1aMNouKy BoJbTMeTPOM (pHC. 297),
CTPe/IKa KOTOPOro OTKJIOHAETCA B OXHY CTOPOHY IPH MPOXOX-
- IeHHH TOKAa OJHOTO HAaMPaBJeHHs H B APYTYIO NPH MPOXOXK-
AeHHH TOKa NPOTHBONOJOKHOIO HanpasieHus *), [lycts,
HanpHMep, NPH 3aMKHYTOM KJiO4e, KOTAA TOK TeueT B KaTyIIKe
B Hanpas/ieHHH ab, a B BOJbTMeTpe — OT d K ¢, CTpesKa
BOJIbTMETPA OTKJIOHEHA BpaBo. [IpM pasMblKaHHH Kimoua
OGHAPYKHTCA, YTO CTPE/NKAa PE3KO 0TGpachiBaeTcs BJIEBO, T. €.
B BOJILTMETDE TOK T€4eT OT € K d, a C/IeI0BATENBHO, B KATYIIKE,
ofpasyioiell ¢ BOIBTMETPOM 3aMKHYTHIH KOHTYp abcda, TOk
[pPOAOJ/IKAET TeYb B HANpaBJeHHH ab,

*) Hpu noctaHOBKe ONWTA MONE3HO 3aTOPMOINTL CTPEKY. TaR, 4TOOH
Tpi ATUTEABHOM IIDOXOXJCHHH TOKA OHA He MOI/Ia OTKJIOHATHCA BIPABO, a
TIpH PasMuiKaHHH MOTAA CBOGOAHO Aa2BaTh OTGPOC Biesc. Mnave mencHo, He
TIPOACANKAET AIH CTPe/iKA CBOE [ABHIKEHHE BIPABO [0 HHEPUHH,
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Takum o6pasoMm, NpH pasMbIKaHHH KJIOYAa TOK B KATYUIKE
HCYe3aeT He Cpasy, a NPOJO/DKaeT HATH B NMpPEXKHEM Hanpas-
JIEHHH, "TIOCTENEHHO 0caabasasack. Tak Kak Koy pa3soMKHYT,
TO $ICHO, YTO 3TOT MPOAODKAIOWMHUICA TOK NOJJAEPKHBAETCA
3. I. ¢. caMouHaykuuu. To ke uMeno Gbl MecTo, ecau Gbl MH
BMECTO BLIKJIIOYEHHS TOKA MBITAJHCh €ro ocaabasiTh (Hanpumep,
yBETHYHBAs CONMpPOTHBJEHHe R): yMeHbLUEHHE TOKA NPOTEKAET -
6aarojgapss CaMOMHAYKLHH 3aMelJeHHO, HGO TOK CaMOMH-
IYKIHH Te4YeT B TOM € HanpaBJeHHH, KAK H NEepBUYHLIH TOK.
Hao6opor, npH yCUJEHHH NHTAILIErO0 TOKAa 3. A..C. CaMOMH-
IyKIMH GyleT HanpaejdeHa HABCTPeYY YBeJIHYHBAKOLIEMYCS
TOKY, 3aMel/isia ero HapacraHue. TakuM o6pasoM, B COIJIaCHH
¢ OOWMUM NpaBHJIOM, YyCTaHOBJAeHHHIM B § 139, TOK camouHu-
IYKUMH HanpaBjJeH TaK, YTO OH NPEnsiTCTBYeT H3MEHEHHIO
CHJILI TOKA, BbI3LIBAIOLUIEMY MPOLECC HIAYKLHH.

PaccMOTpHM Tenepn siBleHHE CAMOMHAYKUMH C HECKONBKO
uHoll Touku 3peHHsa. Orkyna Gepercsi 3Heprus, NOrioMiaeMas
JaMNOYKOH B MOMEHT ee BCHHIIKH H TNpeBpauiaeMasi B Heli B
Tenjo 4 cBer? Benb BCHHILIKA NPOHCXOAHT TOTAA, KOTAA KJAKOY
yxe pa3oMKHyT. Clel0oBaTesqLbHO, SHEPTHSA He MOXeT GpaThecs
OT aKKyMyJsTopa, BchOBILKAa JIaMNOYKH NPOHCXOIAHT MNpPH
HCUE3HOBEHHH TOKA B KAaTyILKe, T. €. NPH HCYE3HOBEHHH Mar-
HHTHOTO NOJAA 3TOH KaTyWKH. MBI NpHXOQHM, TaKHM 0Gpa3om,
'K 3aKJ/IOYeHHIO, YTO 3Hepru#A, NOrJollaeMas JNaMOOYKOH B
MOMEHT pa3MblKaHHSl TOKa, Obl1a paHblle 3amaceHa B BHIE
3HeprHd MarHuTHoro nosas. Korila Mbl noaxnioyanu KaTyuwKy
K aKKyMyJsiTOpy, Mbl CO3[aBaJH MarHHUTHOe MoJe, Ha 4YTO
TPaTUJCA OMNpeleJeHHbIH 3anac HepTHH, 3aUMCTBOBAHHBIA OT
akkymyJasTopa. Koraa Mmbl BEIK/IIOUaeM TOK, MarHHTHOe none
HCUe3aeT, W 3anaceHHas B HeM 3Heprust B npolecce CaMo-
UHAYKIHH [peBpallaeTcs B aHeprmo 3JIEKTPHYECKOI'O TOKA
B JIaMIOUKe,

2 156.1. IloueMy npH BKJIOYCHHH TOKa B OGMOTKe anex'rpomaruwra

. N0JIHas CHJa TOKa YCTaHaBJIMBaeTca He Cpasy? :
156.2, ITouemy npH GbICTPOM BBLIKJIIOUEHHH 3JIEKTPOMAar#HTa TOK Ha
MILHOBEHHe Pe3KO BO3pacTaer (MHOTZA B TAKOH Mepe, UTO MOXeT HpH-
YHHHTb BPel, H [0ITOMY BBIKJIOYAIOT TOK OOBIYHO [OCTENEHHO, BBOAA
peocrat)?

B § 38 MbI BHAENH, YTO 3JEKTPHUECKOe noJsie obsanaer 8a-
nacoM 3HeprdH, paBHbIM TOii pa6GoTe, KoTtopas O6klna 3aTpa-
yeHa Ha pasjleieHHe 3apsloB U CO3JaHHE 3TOrO MOJs.

OnHcanHble Bhillle SIBJEHHS CAMOMHAYKIMH HarJsAHO MO-
Ka3blBAIOT, YTO H MAZHUMHOE nose 06.4a0aem 3anacom sHepeul.
Sra 3HEprus 3aTpayHBaeTcs NPH CO3JAaHHH -MaTHHTHOTO MOJA,
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Ee MOXHO noayunth 06paTHO NPH HCUE3HOBEHHH MarHHTHOrO
noJss. ’

, 156.3. I1pu 3amMbiKaHHH TOKA OT OJHOTO HJIM HECKOJALKHX aKKyMyJs-

H TOPOB HCKPa He MOJYy4aeTcH, a NPH pasMbiKaHHM STOrO TOKA NOJyda-
ercsi. Ilouemy? Ycuautcs JM HCKDPa MPH PasMblKaHHM TOKa GoJbiedt
cuanl B uenu? Ilpy KakoM yCTpOHCTBe leNH MOXHO YBeJIHYHTL STOT

KT?

156.4. K 6Gatapec aKKyMYJATOPOB MPHCOEAHHEHH napaJlJleJleo JBe
nenu. OJHa COfePXKHT JIaMIIOYKH HAKAJHBaHHsA, APYyrasg — GOJAbLIION
saektpoMaruut. Cwmia TOKa B o6enx iuensax OfHa H Ta xe. Ilpu
pasMBIKaHHH KaKoH uenH 6yjer HabJaI0AaThCA 60Jee CHIbHAA HCKpa?
[Touemy? -

§ 157. HupyxktuBHOcThL KaTyiukd. Ilpu .camomnaykuuu, Kak
H TIpH BCAKOM npoliecce HHAYKIHH, UHOYYUPOBAHHAS B Ka-
TYWIKe 3.0, C. NPONOPYUOHAABHA CKOPOCIMU USMEHEHUS Mae-
HUMHOE0 ROMOKa vepe3 BHTKH KaTtywkH (§ 141). MaruuTHeii
’Ke NOTOK NMpPONOPIHOHANEH CHJEe TOKA B HEeNH,

Ecau B HekOTOpHIT MOMEHT #; CHJ1a TOKA B LENH paBHa i,

“TO MarHuTHHIfi notok ; 6yAeT nponopuHoHaneH i;, T. e.

, ®, = Li,, (157.1y

rze L — koshHuHMeHT NpONOPUHOHAILHOCTH, 3aBHCALIHH OT
YHCJa BUTKOB, Pa3MepoB H (POPMbI KaTYIIKH H, C/1€LOBaTeNLHO,
HUMEIOLIHE pas3/NHyHble 3HAYEHHs JAJIA Pas/IHYHBIX Karyllek.
[TycTh vepes HeGOMBLIOH NPOMEXYTOK BPEMEHH, K MOMEHTY fy,
CWJ1a TOKa B 1lenu CTala PaBHOH i, H, CleNOBaTeNbHO, B 3TOT
MOMEHT MAarHWTHBIH TOTOK ~

®,=Li, .

Takum obpasom, 3a BpeMs f{,—¢ MAarHHTHBIH NOTOK H3Me-
Huiaca Ha @,—@,=L (i,—i,). O603HauuB, Kak W TNpexje,
He6onbne pasHocTH ®,—®@y, i,—iy, {,—Ff COOTBETCTBEHHO
yepes AD®, Af, A¢, nafizem (§ 141) 3. 4. ¢. HHAYKUHH C TOMOULBIO
COOTHOLIEHHS

AD Al ' k :
@1=—H=LB. (1572)

Xapakrepusylolluii KaTylKy MHOXHTENb L HasbBaercs
unOyxkmusHocmbro kamywiky, Ecau KaTywka TakoBa, 4YTO NpH
usMeHeHHH TOKa Ha Ai=1 A B TeueHne Bpemenu Af=Ic B
LeNH BO3HHKaeT 3. A.cC. &;=1 B, TO HHAYKTHBHOCTL NMOAOG-
HOH KaTYLIKH TIPHHHMAIOT 32 €IHHHILY- KIsi  H3MEpeHHs WH-
LYKTHBHOCTH, 3Ta €JHHHLA NOJyYH/Ia HasBaHWe eeHpu (I'H)
B 4ecTh amepHkaHckoro ¢usuka Jkosedpa T'enpu (1797—
1878). TakuMm o6pas3oM, e€CAH H3MePATb HHAYKTHBHOCTb Ka-
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TYIUKM. B TeHDPH, TOK B aMnepax, a BpeMs.B CeKYHJaX, TO
3. A. C. CAMOMHAYKUHH BBIPA3HTCSI C MOMOIIbIO (HOPMYJIHE
(157.2) B Bonbrax. Ecau, Hanpumep, HHAYKTHBHOCTb KaTYIUKH
paBHa 5 ' H ToK B Helt H3MeHsietcst Ha 1 A 3a 0,02 ¢, Tocpen-
Hsisl MHAYRMPOBaHHAs 3. A. C.

6’{—5FH'W-—250 B.

PacyeTbl U 3KCHEPHMEHT AAOT, YTO HHAYKTHBHOCTb OUEHb
JVIMHHOH KAaTYIIKH (COJIeHOHAA) onpefensiercs (GopMyJoi

L=pp, 22, (157.3)

rae N — uHCIO BHTKOB, S — mjomanb ceueHus, [ — JJHHA
KaTYIIKH, W — OTHOCHTENbHAasi MarHHTHasd [POHHLAEMOCThb
cpenpl, 3anonHsiowed Katymky. TakuM o6pa3oMm, HHAYKTHB-
HOCTh KaTYWKH TeM GoJibllle, YeM GoJblle MJIOUIAb €€ ceye-
HHus, HOO 3TO0 YCJOBHE YBEJIHUYHBAET MArHHTHHH MOTOK uepes
KaTyIIKy NPH OJHOM H TOM e ToKe B Hed. Ecau BcraBuTh
B KaTYWKY odicesesnotii cepOeurur (§ 144), HHAYKTHBHOCTHL ee
CHJBHO BO3PACTaeT, - TAK KAaK OTHOCHTENbHAasl MAarHHTHas
NPOHHIIAEMOCThb JKeJ1e3a OYeHb BEJHKA.
B cooteerctBuu ¢ popmyaoi (157.3)
__L[Tuji[u]
"‘pNﬁs M3’

OTKYAa CJIELYET, YTO o MOXET ObiTb BHID@XKEHA B 2eHpU HA
memp (Cu/m) (§ 126). HanomuuM, uto p u N — Ge3pasmepHsie
BEJIHUHHBI, .

SIBneHHe MHAYKUHH, a CJAeJOBaTeJbHO, H CAMOHHAYKUHH MDPOHCXORHT
He TOJIbKO B KaTyuiKaX, HO H B POBOAHHKaX J060il (OPMBI, B TOM YHCJE H
B NPpAMOJHHEHHBIX NMPOBOAHHKAX. [TosToMy J060H MPOBOAHHK XapaKTepH-
3yeTcst Onpefle/IeHHbIM 3HaueHHeM HHAYKTHBHOCTH. OfHaKo AnA GOAbuIMH-
CTBa NMPOBOAHHKOB, He HMEIOUIHX (OPMBI KaTyiIKH, HHIYKTHBHOCTb HAaCTOJb~
KO MaJa, 4TO OOGLIYHO HA CAMOHHAYKUHIO B TAKHX NMPOBOAHHKAX MOXHO He
o0paniaTh BHHMAHHA. TOJbKO NPH OdYeHb GLICTPHIX H3MEHEHHAX TOKA, KOrja
otHomeHHe Ai/Af cTaHOBHTCA OYeHb GOMBIIHM, MPHXOAHTCA CUMTATLCA C
9. A.C. CaMOHHAYKUHH, BO3HHKaIOmleA Jaxke B TaKHX JHHERHBIX [pPOBOA-
HHKAax. i

2 157.1. KakoBa HHAYKTHBHOCTb. KaTyuiKH, B KOTOPOH HHAYUHDYyeTcs
. 9.A.c., pasHas 50 B, npu H3meHeHHH ToKa Ha 0,02 A 3a 0,01 c?
157.2. Kax yMeHbUuIHTh HHAYKTHBHOCTH KATYLIKH NPH YCAOBHH, 9TC
ee JUIMHA H NonepevyHoe ceueHHe OCTAHYTCS MEeH3MEeHHBIMM?
157.3. 3aBHCHT JIH HHAYKTHBHOCTb KAaTYIUKH C )xe.nesnum cepAeYHR-
KOM OT CHAD TOK3 B uei? :
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§ 158. Npoxoxaenue nepeMeHHOTO TOKA Yepe3 KOHAEHCATOpP M
KaTywKy ¢ Gouibiioii HHAYKTHBHOCTbIO. DHLICTpOe H3MeHenue
CHJIBI TOKA H €ro Hampas/leHHsi, XapakTepH3ylollee rnepemeH-
HH TOK, NPHBOOMT K DPSAAY BaHeHUIHX ocofeHHOCTeH, OT-
JHYAIIMHKX JeHCTBHE NepeMeHHOro TOKa OT TOKA NOCTOSHHOTO.
Hexoroprie H3 3THX OCOGEHHOCTEH OTYETVIHBO BBICTYNAIOT
NpH CIedyIOUHX OMbITaX.

1. [lpoxoscderue nepemenno2o mMoKa 4epes KowdeHncamop.
Ilycts B HauleM pacrnopsizKeHHH HMeercs ‘HCTOYHHK MOCTOsAH-
HOro ToKa ¢ Hanpsikehuem 12 B (akkymynsTtopnas Garapes)
H HCTOYHHK MNepPeMEeHHOro TOKa ¢ HanpspKeHHeM Takxe 12 B.
TlpHcoemMHHB K KaXXAOMY H3 3THX HCTOUHHKOB MAaJEeHbLKYIC
JaMNOYKy HAKaNHBaHHs, Mbl YBHIHM, 4YTO 00e JaMnouku
ropsaT OjMHaKoBO spko (puc. 298, a). Bxumounm renepr B

317/ aley
i, Rz

\\\h/,,
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Puc. 298. TlpoxomxjenHe NepeMEHHOrO TOKAa uepe3 KOHAEHCATOp: 4) AeM-

MOYKH, BKIKUYEHHWE B LeNb TOKA NMOCTOAHHOrO (CNpaBa) WK NepeMeHHDro

{cneBa), HaKalWBalOTCHA OJAWHaKOBO;, 6) NDH BKMIOYEHHH B Wellb KOHAEH-

catopa eMKOCTH C TNOCTOSIHHBI TOK Npexpalaercsi, NepeMeHHBH TOK MNpo-
JOJDKaeT HATH H HaxkalWBaTh JaMIIOUKY

‘UeNnb KaKk MNepBoH, TaK -H BTOPOH JIAMIIOYKH KOHZEHCATop
Gosbiof eMKOCTH (pHc. 298, 6). MuI o6Hapy»KHM, 4TO B CJyyae
NOCTOSIHHOTO TOKAa JIaMNOYKa He HaKalHBaeTC® BOBCE, a B
CJyyae nepeMeHHOro TOKa HAKaJl €e OCTaeTCs TOYTH TAaKHM 3Ke,
KaKk paubiue, OTCYTCTBHE HaKala B LENH NOCTOAHHOTO TOKa
JIETKO TIOHATb: MEXAY OOKJalKaMH KOHJeHcaTopa HMeeTcH
H30JHDPYIOH[ast NPOCaoHKa, TaK YTO lienb pasoMkHyrta. Hakan
e JIAMIIOYKH B LeNH NepeMEeHHOro TOKa KaMeTcs MOpasH-
TENbHBIM. :

OnHako ecqH BOyMaTbCA, TO B 3TOM HET HHYEro 3arajou-
Horo. Mbl HMeeM 3leCb TOJBKO HacTOe . IOBTOPEHHE XOPOuId
3HAKOMOTO HaM Tipouecca 3apsdKH H Pas3psikKH KoHleHca-
topa. Korza Ml npHcoeznnnsiem (puc. 299, a) kongzencarop ¥
HCTOYHHKY TOKa (TIOBEPHYB PpHIUAr . MepekJouartess HajeBo),
TO MO NpOBOAAM HIET TOK [0 TeX NOp, NOKa 3apsikl, HaKo-
NMUBUIHECS Ha OOKJaZKax KOHAEeHCATopa, .He CO3LajyT pas-

) 379



HOCTb IOTEHIHAaJOB, YPaBHOBEIIMBAICHIYIO HanpsiyeHHe ~He-
TOYHHKA. B KoHIeHcaTope nmpH 3TOM CO3JAeTCH /EKTPHUECKOE
nojie, B KOTOPOM CO€PENOTOYEH OnpeleNeHHbId 3anac 3HeprHM.
Koraa ke Mbl coefMHHM OGKJI3JAKH 3apAXKEHHOTO KOHJEHCa-
TOpa MNPOBOJAHHKOM, OTCOEIMHHB HCTOUHMK TOKA (NMOBEPHYB

L‘—E,Z. '
e=L2 \]
: 1
TN é H
[ A I 2
™77 ~
\\:
o) N 4

Puc. 299. Ilpu xaxpofi nepesapsiike KOHAEHCATOpPA JaMIOYKA BCILXH-

BAeT:. () 3aps/lka KOHJeHcaTopa (KJIIO4W — HaJIeBO) H ero paspsiika uepes

JaMnouyKy (KJI04 — Hanpaso); 6) 6bicTpast 3apsiika W paspsiika KOHJEH-

caTopa NpH NOBOPOTAX KJIO4A, JaMIOYKa BCNbIXHUBAET; 6) KOHAeHCaTop H
JaMIoyka B [eNH MNepeMeHHOrO TOKa

pHuar nepeknaiouaTe]s Hanpapo), 3apaA 6yler Mo HPOBOA-
HHUKY CTeKaTb ¢ OAHOH OOKJIaJKH Ha JAPYryI, U B MPOBOAHHKE,
BKJ/IOUAIOIEM JIAMIOUKY, HpPOHJeT KpAaTKOBPEMEHHBIH TOK.
[Tose B KOHAEHCATOpe HCUe3aeT, H 3amaceHHast B HeM 3Heprus
TPaTHTC HA HAKaJ JIaMIOYKH.

To, YTO nNPOHUCXOAUT NpH MNPOXONKAEHHH MNEepPeMeHHOro
TOKAa uepe3 KOHJEHCATOp, OueHb HAIJIAJHO MOSACHAET OMNBIT,”
u3ofpaxkeHHni Ha puc. 299, 6. IloBopauuBas pbluar mnepe-
K/mouaTeJii HappaBo, Mbl COeJAHHSieM KOH/JEHCATOP C HCTOY-
HHKOM TOKa, mpuueM oOKJajaka [ 3apsxaercd MOOXKHTENBHO,
a obkaagka 2 — orpuuarenbHo. [IpH  cpeaHeM HOJIOXKeHHH
nepekJIIoyaTeasd, KOTAa Lenb Pa3oMKHyTa, KOHJeHcaTtop pas-
psixaerca 4epes Jammnouky. [Ipu moBopoTe pyukH mepekJio-
yaresfl HaJeBO KOHAEHCATOD CHOBA 3apsKaeTcs, HO Ha 3TOT .
pa3 obkmaajka [ 3apsa:kaercA OTpHLATENbHO, a OOKJalka 2
NOJIOKHTEAbHO. JIBHras OGbLICTPO pbluar MnepekJiouatess TO
B OAHY CTOPOHY, TO B APYTYIO, Mbl YBHAHM, 4YTO NMpHU KaxJOH:
CMeHe KOHTAaKTa JaMnoyKa Ha MrHOBeHHe BCMBIXHBaeT, T. €.
yepe3 Hee HPOXOAMT KparkoBpeMeHHbIH TOK. Eciu npous-
BOAHTb MEPEKJIOYeHHs JOCTAaTOYHO OBICTPO, TO  BCMBILIKH
JIAMIIOYKH CJelVIOT HAacTOJbKO OBICTPO APYr 3a ApYrom, 4To
oHa O6yJeT roperhb HempepbiBHO; NMPH 3TOM uepe3 Hee Teuer
TOK, 4acTO MeHAIOWHHA cBoe HampaBAeHue. B - koHaeHcarope
NpH 3TOM BCe BpeMs OyJeT MeHATbCA 3JIEKTPHUECKOoe mHoJle:
OHO GYJeT-TO CO3/aBarhbCs, TO HCU€3aib, TO BHOBb CO3/1aBaThCA
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¢ o6paTHEIM HanpasJieHneM. To ke NPOHCXOAUT H TOTA, KOTA MBI
BKJIIOY2eM KOHJEHCATOp B 1lellb nepeMeHHOro Toka (pHc. 299,4).

2. IlpoxoxcOerue nepemennoe0 mMoxka Hepes KAMywKy ¢
6orbwiod undykmuerocmoro. BKIIOUHM B wens, H306pakeHHYIO
Ha puc. 298, 6, BMECTO KOHIEHCATOPA KaTyUIKy H3 MeLHOil
NPOBOJIOKH ¢ GOJIBUIHM YHCIOM BHTKOB, BHYTPb KOTOPHEIX
nomeieH Jkenesnbifi cepaeynuk (puc. 300). Takue xarymkn
06J121a10T, KaK H3BeCTHO, GOJIbUIOH HHAYKTHBHOCTHIO (§ 144).
ConpoTrHB/ieHHe Xe Takoill KaTyIIKH ‘NpPH TNOCTOSSHHOM TOKe

\N\J,/’l/
/I/,l‘\\\
e —o ., ©
Ie7) ' )

Puc. 300. JlaMnoukg BKAKOUeHa B IleNb NOCTORHHOTO (@) W NepeMeHHOro
(6) Toka. TlocnezoBaTenbHO C J1aMNOYKOH BKJIoueHa KaTymika. Ilpu no-
CTOSIHHOM TOKe JaMIIOYKa TOPHT APKO, LPH NepeMEeHHOM — TYCKJO

6yaeT HEBEJIHKO, TaK KaK OHa cAenaHa H3 JOBOJBLHO TOJNCTOMH
npoBOJIOKH. B cayuae nocrosHHOro toka (puc. 300, a) nam-
TNoYKa TOPHT SIPKO, B cJaydae »Ke MepeMeHHOro Toka (pHc.
300, 6) Hakana noytH He3ameTHO. ONBIT C NOCTOSHHBIM TOKOM
TNOHATEH: TaK Kak CONPOTHBJEHHe KaTYIIKH Mano, TO MNpH-
CYTCTBHE €€ NOYTH He H3MEHSeT TOKa, H JIaMNIoYKa ropuT sIpKo.
ITouemy ke kaTywka ocjabaser nepeMeHHEIH TOK? Bymem
NOCTENEHHO BBHITATHBATH H3 KATYWIKH XKeJae3HbI CepIeuyHHK.
Mbl o6HapyXHM, UYTO JIaMNOYK2 HaKaJHBaeTcs BCE CHJbLHee
H CHJbHee, T. €. YTO MO Mepe BLUIBIXKeHHsA CeplIeYHHKAa TOK
B Hend Bospacraer. [IpH nonHoOM ylaneHuH cepiedHHKa Ha-
KaJ JIavMnoOYyKH MOMeT JOfTH NOYTH A0 HOPMANLHOTO, ecJH
YHEJAO0 BHTKOB KaTyIKH He odyeHb GoJablioe. Ho BHIBHMKeHHe
CepleYyHHKa YMEHbIIAeT ' HHAYKTHBHOCTb KarywkKd. Takum
06p330M, MHl BHIHM, 4TO KaTylIka ¢ MalbIM CONPOTHBJEHHEM,
HO- ¢ GO/bWOR HHIYKTHBHOCTBIO, BKJIOUEHHaA B LeNb Nepe-
MEHHOI'O TOK3, MOXeT 3HaUHTeNbHO OCJaGHTb 3TOT TOK.
Bausinue Karymwku ¢ GoJblIOR HHAYKTHBHOCTHIO Ha mnepe-
MEHHBII TOK TaKXe JIerko oObsACHHTh. [lepeMeHHbIll TOK Npes-
cTaBasieT cofOH TOK, CHJa KOTOpPOro ObICTPO H3MeHsercd,
TO YBEJIHYHBAsCh,. TO yMeHblasich, llpH STHX H3MeHeHHsX
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B LENnH BO3HHKaeT 3. A, C. CAMOMHAYKIHMH, KOTOpas 3aBHCHT
or MHAyKTHBHOCTH uend. Hanpasienue aroii 3. . ¢c. (kak
Mul Bujeau B § 139) TakoBo, uTO ee JeHCTBHME MpPensTCTBYeT
M3MEHEeHHIO TOKa, T. €. yMeHbLIaeT aMIVIMTYAY TOKa, a CJIefo-
- BaTeJbHO, M ero jeilcrtByiollee 3Hauende. Iloka HHAYKTHB-
HOCTb NPOBOJOB MaJja, srta AoGaBouHasi 3. [, C. TOXKe Maja M
JeficTBHe ee NMPaKTHUeCKH He3aMerHo. Ho npu Hamuuuu Gonb-
ol MHAYKTHBHOCTH 3Ta 10GaBOYHAs 3. [. C. MOXET 3HauH-
TEJBHO BAMATL Ha CHJY MEepeMEeHHOro TOKa.

§ 159. 3axkoH Oma jgna nepemMeHHOro Toka. EMXOCTHOe H HH-
AYKTHBHOE conpoTuBJieHus. B § 46 MBI ycTaHOBMJIM OCHOBHOM
3aKOH MOCTOSIHHOrO TOka — 3akoH Oma /=U/R. ,

Cunra moxa I, npoxodauweeo no HeKomopomy yHacmiy yen,
nponopyLoHasena Hanpsxcenuro U mexcdy KoHyamu 3moeo
yuacmka, T. e, orHowenue U/l coxpaHser MNOCTOSHHOE 3Ha-
yeHHe (He 3aBHcHT OT U uam 7). DToT 3aKOH COXpaHsieT CHJIY
H I/s nepeMenHoro Toka. M B sToM ciyuae, ecqM Mbl Gynem
yBe/IMYHBATL HanpsxeHHe MeXJAy JBYMA TOYKAMH LeNd B
2, 3, 4, ... pasa, TO BO CTOJBKO XKe pa3 OyJer BospacraTthb
H TOK B IeIH. :

Kak u B ciiyuae nMocTosiHHOro Toka, oTHowenue U/ (rne U
u [ — JeficTBYIOIHe 3HaYeHHsl HanpsXKeHHS M TOKa) Mbi GyjieM
. Ha3blBaTb COMNPOTHBJEHHEM JAAaHHOIO YYacTKa IlenH, HO AN
OTJIMYMA OT CONPOTHBJIEHUS NPH MOCTOSHHOM TOKe MBI 6yjem
Ha3blBaThb €ro <«NOMHBIM CONPOTHBJIEHHEM» JAaHHOIO Y4YacCTKa
u oboanauarb 6ykBoi Z. TakuMm o6pasom, Z=U/I. 3anuiem
3akoH OMa Jas nepeMeHHOro TOKa B BHJE

U
=Y, (159.1)

npuuemM Z ecTb MOCTOSIHHAA VIl JaHHOH Lenu BeJMYMHA, He
* 3aBucsauas or / u U.

Mur BHJCIM B npefnyliieM naparpade, 4TO cHJia NMepemeH-
HOTO TOKa onpesiesisiercd NpH 3aJaHHOM HanpsiXKeHHH He TOJBKO
TeM CONpOTHBJEHHeM R, KOTOPbiM O6JiajiaeT JaHHas Lenb MpH
MOCTOSIHHOM TOKe, HO W Ha/IMUMeM B 3TOU IlenM KOHJAEHCATOPOB
WJH KaTylleK mHAykTuBHOCTH. [ToatroMy, BooGlue ropops, Be-
JMUHMHL R U Z pas/iuuHH, T. e, 00Ha u ma sice yens 6ydem umems
pPa3audnoe conpomusaerue OAfL NOCMOSAHHO20 U OAA nepemer-
HO20 MOKa. .

[TosicuuM ckasanHoe na npumepe. Eciiu Mbl BK/TIOGUHM KOHIeH-
caTop B lefb NOCTOSHHOTO TOKa, TO HeNb GyleT pa3oMKHYTa,
TOK B Heil 6y AeT paBeH HYJIO H, CJIel0BaTe/IbHO, CONPOTHBJIEHHE
9TOd Heny OPH ROCTOAHHOM TOKe GEeCKOHEeUHO BeAHKO: R=oo.



BraiounM Tenepb KoHjecaTOp eMKOCTH, CKaxeM, 10 Mx® mno-
CMeJJIOBATENIBHO C aMIePMETPOM B TOPOJCKYIO CETb' NepeMeH-
HOTr'0 TOKa ¢ yactotol v==50 'y 1 Hanpsxenuem 220 B. Amnep-
MeTp OOHApPYXKHT, YTO B lleMH INpPOTeKaeT MNepPeMeHHbIH TOK
0,69 A. CnenoBatenbHO, MOJNHOE CONPOTHBJIEHHE LEMH NepeMeH-
HOMy TOKy, OOyCJOBJIEHHOE B HalleM [pHMePe eMKOCThIO
KOHJEHCaTopa,

5 __220B
Z—-O—gg—A—SIQO

Jpyro# npumep. ITo/10KHM, YTO B L€Nb BKIIOYEHA KATyIIKa
u3 1000 BHTKOB MeznHOil npoBosOKH AuameTpa 0,4 MM, HaBHTHIX
Ha UUJIHHAPHYECKHH Kese3HBI cepaeyHHK nuameTpa 10 cMm
aaunel 50 cM. HMuaykTtuBHOCTb Takoi Katywkd L=2,5 Ih,
HeTpyaHO BBIYHCIHTD, YTO AJIHHA TPOBOJIOKH B OOMOTKE KaTyll-
KH paBHa 314 M H conpOTHB/JEHHe €e MPH MOCTOSHHOM TOKe
R=38 OM (tabn. 2, § 47). Ilostomy, ecnu Obl MBI BKJIIOUHJIH
3Ty KaTyilKy B CeTb IOCTOSIHHONO TOKa ¢ Hanpsikenuem 220 B,
TO TOK 4epe3 Hee Obl1 Obl paBeR /=220 B/38 Om=5,8 A. Ho
€CJIH Ty e KaTYWKY BKJIOYHTb NOCJAeJ0BATESbHO C aMriepMeT-
POM B lienlb NEPEMEHHOr0 TOKa € HamnpsiKeHHeM 220 B, To cusa
TOKa OKaxercsi paBHofi Bcero Jumib 0,279 A. Takum 06pa30M,
MOJTHOE CONPOTHBJEHHE KaTYIIKH MEPEeMEHHOMY TOKY C 4acro-
to#t 50 I'u 6yzer paBHO 0B -

Conporusnende R, KOTOpoe JaHHas lienb OKasblBaeT I10-
CTOSIHHOMY TOKY, HasbiBaeTcs axmuénois. CONPOTHBIIEHHE,
KOTOpO€ OKashIBaeT NepeMeHHOMY TOKY KOHAEHCAaTOp (eMKOCTb)
HJIH KaTyllKa (HHIYKTHBHOCTb), Ha3bIBAlOT pEAKNMUGHbIM —
COOTBETCTBEHHO EMKOCIMHbIM WIH UHOYKMUBHbIM H 0003HAYAIOT
Xc H XI.'

EMKOCTHOE CONPOTHRJIEHHE KOHIEHCATOPA TeM MeHbille, YeM
6oJibille €ro eMKOCTb H 4eM 6oJIbilie YacTOTa NePeMEHHOTO TOKa,
T. €. 4eM Kopode mnepHoi.. [efictBuTensHo, yeM Gosbie eM-
KOCTb KOHJEHCaTopa, TeM 6OablUHH 3/€KTPUYecKHi 3apaj Ha-
Kaf/JHBaeTCs Ha ero oOK/MajkaXx B mpouecce 3apAAKH, a YeM
‘Gosbllie YacToTa (MEHbLLE NEePHOA), TeM 3a GoJsiee KOPOTKOe Bpe-
‘M 3TOT 3apsj 6yLeT NPOXOAMTH MO MPOBOAAM, T. €. TeM GOJb-
Wi cpeannii Tok OyzAeT mponyckaTb KoHpecatop. Mrak, npu
yeeautenuu C u @ mok 6éo3pacmaem, a conpomusieHue ymenb-
waemcst.

Pacuet u onbiT NIOKA3bIBAIOT, YTO AJIs cunycomla.nbnoro me-
PeMEHHOro ToKa

Xemomu 0 (159.2)

'383



159.1. B cets nepemennoro Toka ¢ uactotoft 50 ['u sxoueH KongeH-
. carop emkoctH 20 Mmx®. Hanpsenue ceth paasHo 220 B. Kaxoit Tok
npofizer yepes KouieHcaTop?

HMHayKTHBHOE cOMpOTHBAEHHE KATYILKH, HanpoTHB, BO3-
pacTaeT ¢ YBeJHUEHHEM YacTOTH TOKA M HHAYKTHBHOCTH Ka-
TywkH. [eficTBHTEeNbHO, 3. A. C. CAMOMHAYKIHH, YMeHbLIAK0-
was Tox B uenu, pasHa LAi/Af. UeM Gosblue 4acToTa TOKA, TeM
6LiCTpee MPOUCXOAAT ero H3MeHeHHs, T. e. TeM Gosblue OTHO-
weHne Ai/Af. Takum 06pa3oM, ¢ pOCTOM YacTOTHI TOKA H HH-
LYKTHBHOCTH KAaTYWKH YBEJHYHBAaeTCs H HHAyNHpYyeMas B
Hell 3, A. C., CTpeMAasncsa NPOTHBOAEHCTBOBATh H3MEHEHHSAM
neppHuHOro noJs. Tok npH 3TOM yMeHbilaercs, T. e, CONpPO-
THBJEHHe IleMH NepeMeHHOMY TOKY BO3pacTaerT.

Pacyer  oneIT AaioT AMA CHHYCOHZAJBHOIO MepeMeHHOro
TOKa

X, =oL. (159.3)

2 159 2. Kako#t Tok npofifier yepes KaTywKy ¢ HHAYKTugHocteio 4 T'H,
@ EC/IH ee BKJIOYHTD B CeTh € Hampsixennem U=220 B u uacroroi v=
=50 I'u?

[Tonnoe conporusienne ueny Z nepeMEeHHOMY TOKY B Cay-
yae, KOTAa Lienb COAEPXKHT H AKTHBHOE COMPOTHBIEHHe R H
HHAYKTHBHOE CONpoOTHBJeHHe X; (HJIH eMKOCTHOe COMpOTHB-
JeHne X ¢ WIH H TO H JPyroe), COCTABASETCS H3 ITHX BeJHYHH,

' HO, BOOOIe rOBOPsA, OHO HE PABHO MPOCTOH CymMMe 3THX CO-
_mpotysaeHH# *).

"§ 160. CroxeHHe TOKOB MPH MAPANLAEALHOM BKJIOUCHUH COMpoO-
THBAEHHH B Uenb NepeMEHHOro TOKAa. BKJ/IOYHM B 1enb nepe-
MEHHOTO TOKa JBE Mapa/iiefbHble BETBH, COJAEPIKAIIHE aKTHB-
. Hble conpoThenenus R u R' u amnepmerpel Ay u A,, namepsio-
wpe Toku [, u I, B oTHX BetBAX (puc. 301). Tpernit amnepmetp
A u3MepsieT TOK B Hepa3peTB/eHHOH UenH. [TosoxuM cHayana,
uTo 06a conpotupienusi R’ v R’ npeacraBasawot coboil samMnoy-
KM HAKaJHBAHHA HJIH PEOCTaThbi, HHAYKTHBHBIM CONDOTHBJeE-
'HHEM KOTOPBIX MOXHO npeHeOpeyb NnO CPABHEHHIO C HX AKTHB-
HbiM conpoThBiaeHHeM (puc. 301, a). Toraa, Tak e Kak W B
cyyae MOCTOSIHHOTO TOKA, MbI yOeIHMCA B TOM, YTO MOKa3zapHe
‘amnepmeTpa A paBHO cyMMe MOKasaHHH amnepmeTpoB 4, u
A,, 1. e. I=I,-+1,. Ecaun conporusiennst R’ u R'' npencras-

*) TMonHoe conporHsiaenHe BuiuKCAseTc 1o Gopmy.e
| ’ 2=V XL =Xoh
(Mpures. ped.)
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ASI0T COGOR peoCTaThl, TO, U3MEHSS HX CONIPOTHBJEHHS, MBI
MOXeM KakK yroJHO H3MEHATb KaX/blil U3 TOKOB I, H [ 2, HO pa-
BeHcTBO /=], I, Bcerna 6yner coxpansthesi. To ke 6yner
HMETb MECTO H B TOM CJyyYae, €CJIM Mbl 3aMeHHM 06a peocTaTa
KOHJIeHCATOpaMH, T. €. €C/H 06a CONPOTHBAEHHS GYAYT eMKo-
CTHEIMH (pHc. 301, 6), HaH B TOM caiyyae, ecaH o6a CONPOTHBJIE-
HHA SBJAIOTCA HHAYKTHBHBIMH, T. €. PEOCTaThi 3aMeHeHbI Ka-
TYLWIKAMH C 3eNe3HbIM CEDIeYHHKOM, HHAYKTHBHOE COMNPOTHB-
JIEHHE KOTOPBIX HACTONLKO 6OJIbIUE aKTHBHOIO, YTO MOC/ENHHM
MOXHO npenebpeub (puc. 301, g). ., -

Puc. 301. Conpotusrenus Puc. 302. Conporusnenns

B MapaJlieibHIX BeTBAX B Napa/eNbHbIX  BeTBAX

UeNH ~ nepeMeHHOTO  TOKa T[lePeMEHHOr0 TOKA pasJiuy-

ONIMHAKOBBI 110 CBOEH npH- Hbl TIO CBOEH IpHpoje
pozne

Taxum obpasom, ecau conpomusienus napaasesvuslx gem-
6eil” 00uHakosst no ceoed npupode, mo mok g HepaasemsienHOL
yenu pasex cymme MmoKos 8 omoOesbHbIX emesx. 1o cripaBej-
JIHBO, KOHEYHO, H B TOM C/Iyyae, KOTJa HMEIOTCS He JBe BETBH,
a Japboe HX YHCJIO.

13 9pementaniut veeink buauxy = 11 R



3amenuM Tenepb B OAHOH u3 BeTBeH (puc. 302, a u 6) ak-
THBHOE COMpPOTHBJEHHE E€MKOCTHBIM (KOHAEHCATOPOM) HW/IHM HH-
AYKTHBHBIM (KaTyIIKOH ¢ GO/BIIOH HHAYKTHBHOCTBIO H MaJjbiM
aKTHBHBIM CONPOTHBJieHHeM). ONEIT J2€T B 3TOM CJIyuae pesyJib-
TaT, KaXylmuicsa Ha NMePBBIH B3LVIAJ CTPaHHBIM: TOK B Hepas-
BeTBJeHHON ueny / OKa3blBaeTes MEHbIIHM, YeM CyMMa TOKOB
B o6eunx BeTBsix: I<I,+1,. Ecnu, nanpumep, TOK B OJHOH BeT-
Bu paeen 3 A, a B ipyrod — 4 A, To aMnepmeTp B Hepa3BeTBIIEH-
HOM LIENK MOKaxkeT He TOK 7 A, Kak Mbt OXHIAMH Gbl, 2 TOJBKO
Tok 5 A, mmn 3 A, unu 2A uT. 1. Tok / 6yaeT MeHbllle CyMMBI TO-
KoB f; M [, M TOrja, KOrja CONpPOTHBJEHHE OJHOH BETBH €M-
KOCTHOE, a APYroil — uHayKTuBHoe (puc. 302, 8).

Takum o6pasoM, ecau COAPOMUBAEHUR RAPAANCAGHbIX G-
gell pasaudnsl no ceoel npupole, Mo MOK 8 HEPa38emMEAeHHOU
Henu MeHoule CYyMMbl MOK08 8 OMOCAbHbLX GEMEAX.

UTo6el pa3obpaThes B 3THX ABJEHHAX, 3aMEHHM B CXeMax
Ha puc. 301 u 302 amnepmeTphl ocum/LIOrPagaMH M 3anuiLeM
(opMy KDHBOH TOKAa B Ka)kAOH M3 MNapaje/bHbiX Berseil *).
OxkaseiBaeTcs, YTO TOKH Pa3HOH MPHPOIH B KaXKAOH H3 BeT-
BeH He COBMNAaJaroT no hase HU APYF ¢ APYroM, HH C TOKOM B He-
pasBeTBJEHHOA HeMH. B YacTHOCTH, MOK @ yenu ¢ aKmusHoIM
COnpoOmuBACHIEM onepexcaem no (pase Ha uemeepms nepuooa
MOK 8 yent ¢ EMKOCIHbIM CORPOMUBACHUEM U omcmaem no ¢ase
HA Hemeepms nepuoda om moKa 8 yenu ¢ UHOYKITIUBHbIM COnpo-
MUBAeHUeM. 4

B atom cayuae KpuBhe, H300parkaiomive GopMy TOKa B He-
pa3BeTBJAEHHOH UENMW H B KakO#-HWOYyOb H3 BeTBeH, pacnoo-
JKEHBl OTHOCHTENBHO APYT Jpyra Tak, Kak KpHBhle I W 2 Ha
puc. 204, B ofiem ke ciydae, B 3aBHCHMOCTH OT COOTHOIIEHHS
My aKTHBHBIM M €MKOCTHEIM (MJH WHJYKTHBHBIM) COMPOTHB-
JIEHHAMH KaJoll W3 BeTBeH, CABUT (a3 MeKAy TOKOM B 3TOH
BETBH W HEPA3BETBJIEHHbIM TOKOM MOJXKET HMETH Jio0oe 3Haue-
HHE OT HyJA N0 +n/2, CnefOBaTe/NbHO, NPU CMEUAHHOM CO-
RpomueaeHuU pA3HOCMb (a3 Mexdy MOKamu 8 naparieabHols
eemeax yenu moxcem umems aoboe 3Haderue MenOy. Hyiem U
+m.

310 Hecornajenwe (a3 TOKOB B MAapajiesibHBIX BeTBAX
C COMPOTHBJ/IEHHAMH, Pa3JHYHBIMH MO CBOEH Mpupoje, H ABIA-
eTcsi MPHYHHON TeX ABJEHHH, 0 KOTOPHIX GbUIO CKa3aHO B Ha-
yaje 3Toro naparpada. HelicTBuTeNbHO, 15 MFHOBEHHHIX 3Ha-
YeHHH TOKOB, T. €. 15l TEX 3HAUEHHH, KOTOPBIE 3TH TOKH MMEIOT
B OJHH H TOT XKe MOMEHT BpeMeHH, COGMOJaeTCs H3BECTHOE

*) B sTHX oOnNHTax oueHs YAOGHO TNOJMB30BATHCA OCUHJIIOrpagom
(§ 152) ¢ mBy™a merasmu €§ 153). Onsy H3 MeTess BKAIOYAIOT B IleNb ToKa f,
APYrylo — B LeNb OAHOrO H3 TOKOB [ wiu [,
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npapHJIo;
' i

f

iy
Ho nnsi aMmIHTYA (WM [CTBYIOMMX 3HAueHHH) STHX TOKOB
3TO NPABWJIO He COBJIIOaeTCH, OTOMY YTO Pe3yJ/LTAT CIOKEHHA
JBYX CHHYCOMJQJIbHBIX TOKOB WK HHBIX JBYX BEJIHYHH, H3MeE-
HAIOUHXCS [0 3aKOHY CHHYCa, 3aBHCHT OT Da3HOCTH (ha3 MeXK-
Jy CKJAJBIBAEMEIMH BEJIHYMHAMH. -

B camoM jelte, IPEANOI0NKHM /1A POCTOTH, YTO AMIIHTY bl
CK/ajpIBaeMbiX TOKOB OJMHAKOBEI, a PasHOCTh (a3 Mexny

; ~ p=0 -
ANV T
. ) \\\\ l“\l"" IZ //"~\\\ 17}
‘/1 lZ \\ ,/ \
T T\ 3T, + > ' a
+ AT 7 3 -t
/ T AN Z__lrf; 7T
- By g ¢
| 2 -ty
Q) ),
p=r/2 -

I=ViZ+/2

Puc. 303. CroxeHHe ABYX CHHYCOHAAJLHBIX NMepeMEHHHIX TOKOB. CrJaaasi-

paeMHe TOKH: @) coBmajant no dase (¢=0); 6) MpOTHBONOIOMHEL MO (hase,

T. €, CABHHYTHl BO BpeMeHH Ha NOJOBHHY nepxoja (Q=7m); 8) CABAHYTH BO
BpeMeHU Ha YeTBepTH TepHola (p=n/2

HEMH PaBHa HyJo. Torjga MrHOBEHHOe 3HAUCHHE CYMMBI ABYX
TOKOB GyJleT PABHO NIPOCTO Y ABOEHHOMY 3HAUEHHIO MTHOBCHHOTO
3HAUEHHS OJIHOTO U3 CKJaJblBaeMbIX TOKOB, T. €. $opMa pesyb-
THpyiouiero Toka OyJeT mpeiACTaBAATh coBOf CHHYCOHJY C TeM
e TepHojioM M (asoif, HO C YIBOEHHOH ammuty a0, Ecau
aMIIJIATY A CKJIa/IbiBAEMBIX TOKOB Pas/IHTHB (puc. 303, a), To
cyMMa HX NpeicTaBJaseT coBGOH CHHYCOHIY C aMIIMTYJOH, paB-
HOl cymMe aMIVIMTYX CKJ1aJIbIBA€MBIX TOKOB. 3TO MMeeT MeCTo,
KOrza pasmoctb (a3 Mexny CK/albiBaeMblMH TOKaMH DaBHa
HyJIIO, HanpHMep KOrJa COHPOTHBJIEHHA B obenx MapaJjenb-
HBIX BETBSIX OJIMHAKOBbI 1O CBOeH mpupoje.
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PaccmoTpuM Tenepb Apyrof kpafiHuil ciyyail, Korja ckna-
IbiBaeMble TOKH, HMesl paBHble aMILIMTYJAbl, [POTHBOIOJOXKHbBI
no dase, T. e. pa3HocTh (a3 MeXXAYy HHMH paBHa 7. B sToM cay-
yae MTHOBEHHble 3HAUYEHHS CKJIaJbIBAEMBIX TOKOB PaBHBI [0 MO-
JyJI0, HO NPOTHBOMNOJOXKHBI MO HanparieHHw. [loatomy ux
ajrebpanyeckas cymma OyZeT NOCTOSTHHO paBHa HyJHo. Takum
o6pa3oM, npH CABHIe (a3 Ha 7T MeKAy TOKaMH B 0OGeHX BETBAX,
HeCMOTPSl Ha HaJIM4He TOKOB B KaKJAOH H3 MapaJljiesbHLIX BeT-
Bell, B Hepa3BeTBJIEHHOH 1enH ToKa He OyneT. Eciin aMmimTy sl
000HX CMeIleHHbIX HA T TOKOB pAa3JIHUHBl, TO Mbl INOJY4YHM
pe3yNbTHPYIOUHHA TOK € TOH Ke 4acToTOoH, HO C aMIJIUTYHAOH,
PaBHOH pPa3HOCTH AMIUIHTYJA CKJIaJbIBaeMBIX TOKOB; Mo (ase
3TOT TOK COBNajaeT C TOKOM, HMeEIOUIUM GOJbLIYIO aMILVIHTY LY
(puc. 303, 0). Hpa’xmqecxn 9TOT CJly4ad HMeeT MecTO TOTAa,
KOrJia B OJHOH H3 BETBeH HMeeTCsl eMKOCTHOe, a B ApYroH — HH-
- AYKTHBHOE CONpPOTHBJIEHHE. .

B obuem cllyuae NpH CJIOXKeHHH. IBYX cnnyconna.nbnmx
TOKOB OJHOH M TOI K€ 4acTOTHl CO CABHIOM (a3 MBI MoJydaeM
BCErJa CHHYCOHJAJbHLIH TOK TOH 2Ke YacTOTHl C aMIJIMTYJAOH,
KOTOpasi B 3aBHCHMOCTH OT Pa3HOCTH (a3 ¢ HMeeT NPOMEKYTOY-
HOe 3HaYeHHe MEMXy PasHOCTbIO AMIUTHTY CKIIafblBAeMbIX TO-
KOB M HX cymMoi. [lis npumepa na puc. 303, ¢ nokasano rpa-
(H4ecKoe CJIOKEHHEe [BYX TOKOB C PasHOCThiO ¢as ¢=mx/2,
C noMOWIbI0 UMPKYJS JIeTKO yOeAUTBCS B TOM, UYTO Kaxkaas
OpAMHAaTa pe3yJbTHpPYIouleH KpHBOH { JAeHCTBHTENbHO MNpea-
cTapisieT Cco60H ajre6padueckyld CyMMy OpAHHAT KPHBBHIX
iy ¥ i, C OAHHAKOBOM abCUUCCOH, T. €. [JIS TOrO Ke MOMEHTa Bpe-~
"MEHH.

§ 161. CnoxeHne HANpPAKEHHH NPH 1OC]EJOBATEIBHOM COETH-
HEHHH COINPOTHBJCHHH B UENH MNEPEMEHHOTO ToKa. DB KJouHM
B llellb [EePEMEHHOr0 TOKa MOCJIEeAOBATE]bHO AKTHBHOE COMpO-
THBJEeHHe R W HHAYKTHBHOe CONPOTHBJEeHHe X; H NOJIKJIIOYHM .
napajijieJibHO Ka)kAOMY H3 HHX BOJILTMETP, H3MEPSIOUHI Ha-
NPSKEHHs] MEXAY KOHLAMH COOTBETCTBYIOIETO YYacTKa TEMH.
Boabtverp V; uamepsier nanpskenne U, MeXAy TouKaMH
a u b, a posbT™eTp V' — HanpsikeHne U,, MexJAy Toukamu
b u c. Tpetuii BonbT™MeTp V; HaMepsieT Hanpsikenne U,, Mexay
TOYKaMH a H ¢ (puc. 304).

OnbiT NOKa3bIBaeT, YTO B CIydae, Koraa o6a CONpOTHBIIEHHS
OJHHAKOBHI 10 CBOeH NpUPOJE, T. €. 06a ABJSAIOTCH aKTHBHRIMY,
HJIH HHAYKTHBHBIMH, MM €MKOCTHBIMH, TO, KaK H B CJyyae
MOCTOSAHHOTO TOKA, HaNpsXeHHe Ha BCEM Y4aCTKe ¢ PaBHO CyM-
Me HanpsDKeHHH Ha y4acTkax ab u be:

Uac - Uab+ ch'
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B ofumeM ke ciayyae, KoOrja CONMPOTHBJCHHS ~Pa3JHYHEL
no npupose (puc. 304), HanpsKeHHe Ha BCEM ydyacTKe ac BCer-
Jla MeHbllle CyMMbI HanpsiKeHHH Ha ydacTkax ab u be:

Upe < Ugy+ U, (161.1)

Ecan, HanpuMep, BKJIOYUHTDb B CeTb ¢ HanpsixkenueM 220 B no-
CJ/Ie/0BATENBHO JIAMIOYKY C aKTHBHBIM COMPOTHBJAeHHeM 60 Om
H KaTYIIKY ¢ MHIYKTHBHBIM CONMPOTHBJIeHHeM 80 OM, TO OKaXeT-
s, YTO HanpsiXKeHHe Ha JaMrouKe paBHo 125 B, a Hanpsixenue

Puc. 304, Cymma HanpsikeHH#l Ha
2KTHBHOM H HHLYKTHBHOM (HJIH eMKO- e Y
CTHOM) CONpPOTHBJEHHSIX He paBHa a ‘—R—‘ b ox ¢
HanpsiXeHHIO MEX1y KOHIaMH yuya- L
_CTKa [enH ac, colepxawero ofa
STH CONPOTHBJEHHA - \‘fy

Q NV O~

Ha Karyuike paBHO 166 B; cymMMa 3THX HanpskeHHH paBHa
U, +Uy.=291 B, xors UM—220 B.

[Ipuunna sToro B TOM Xe ciBuTe (pa3 MexLy Hal‘lpﬂ)KeHHHMH
U,, 1 U, xakoit Mbl HaGM0Na u MEXIY TOKaMH B Napajfiefb-
HbIX Berpax uenH (§ 160). elicTBHTENbHO, 3aMeHHB BOJIbTMET-
pol Vi u V, (puc. 304) ocuunnorpadamu, MOXHO yGeIHThCs
B TOM, uTo Hanpsxenusi U, u Uy, He coBnagaior mno ¢ase.
Ecnu nepBoe conmpoTHB/IEHHE AaKTHBHOE, a BTOPOE €MKOCTHOE,
To HanpsikeHue U, onepexaer mo ¢ase Hanpsikenne U, Ha
4eTBepPTh NepHOJa, a €CJH BTOPOe COMPOTHBJEHHE HHIYKTHB-
HOe, TO HanpskeHHe U, otcraer mo ase ot Hanmpsxkenusa U,,
Ha TakKyio ke BequuuHy. Kpubble, H3ob6paxkaiomue hopMmy
Hanpsikenu#t U,y u Uy, Gbliin Obl PACHOJIOXKEHK B 3TOM CJaydae
TaK e, KaK COOTBETCTBYIOLLHE KpHBble Ha DHC. 303, s.

Jis MrHOBeHHBIX 3HAaYeHHH HampsXeHUM Bcerja HMeer
. MECTO COOTHOLIEHHE ' :

= + Uy,

HO De3yJbTAT CJOMEHHA JIBYX CHHYCOHJAJbHBIX HaNpsKeHHH,
" T. e. aMIUIATYJa U (dasa pe3yJbTHDPYIOLWET0 HanpskeHus, 6y-
JIET 3aBHCETh OT PA3HOCTH (pa3 Mexiy CKJIa/BIBaeMbIMH Hampsi-
JKEeHHSIMH TaK Ke, KaK H B CJly4ae TOKOB.

§ 162. Casur das mMexpy TOKOM H Hanpsixkennem. [1ponenaem
-caenyowdil onbiT. BosbmeM onucanubii B § 153 ocummiorpad
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-C JBYMSA MHeT/IsIMH W BKJIOUMM ero B uenb Tak (puc. 305, a),
4TOGH neT/s I Gelia BK/IOYEHA B LENb NOCJAEJOBATEIbHO ¢ KOH-
JICHCATOPOM, a metnss 2 napanieNbHO 3TOMY ~KOHJAEHCATOpY.
QueBHJHO, UTO KPUBasi, Mojiyyaemasi OT metiu I, u3oGpaxaer
dopMy TOKa, NIPOXOJALIEro Yepe3 KOHJEHCATOpP, a OT neTiH 2

TIIWLIIN2
b

—-——=

-t

. : N/

Puc, 305. OnuiT no ofHapykenuio cipura ¢as MexAy TOKOM H Hanpsxes
HHEeM: CJeBa — CXeMa OMbiTa, CNpaBa — pPe3yJbTarThi

Jaet (opMy HampsiKeHHs MeXLY OOK/IajKaMH KOHJEHCaTopa
(Toukamu a u b), nmoToMy 4YTO B 3TOH meTye ocHmuanorpada Tox
B KaXJBlii MOMEHT BpeMeHH NPONOPUHOHAJEH HAMPSIKEHHIO,
OnwbiT NOKA3KIBAET, YTO B 3TOM C/Aydyae KPHBHIE TOKa H Hamps-
JEeHHs cMelleHbl o (hase, MPUUEM TOK onepexaer no dase Ha-
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NpsixKeHHe Ha YeTBepTb nepHoaa (Ha 7/2), Ecau 6l MBI 3ame-
HHJIM KOHJEHCATOP KaTYWKOH ¢ OOJbLION MHAYKTHBHOCTBIO
(puc. 305, 6), To oka3sanoch Gbl, 4TO TOK OTCTaeT fo Qase OT
HanpsixKeHHs Ha 4eTBePTh nepHoja (Ha 7/2). Haxomeu, Takum
e 06pa3oM MOKHO 6blI0 Obl NOKa3aTh, YTO B CIyyae aKTHBHOTO
_CONPOTHBJIEHHA HanpsXKeHHe H TOK COBMajaioT mno ¢ase (pHC.
305, @). , :

B ofmiem caydae, koeda yuacmok yenu codepacum se morb-
KO aKmusHoe, HO u peakmueHoe (EeMKOCMHOe, UHOYKMUBHOE
Uau. u mo u Opyeoe) conpomusreHue, HANPINeHUe MeNOy KoH-
yamy amo2o yHacmKa cO8UHYMO no (ase OMHOCUMENbHO MOKA,

" npusem cOsue gas rexmum 6 npedesrax om +a/2 do —n/2 u on-
pedeanemcs COOMHOUEHUEM MENCOY QKMUBHOIM U PeaKmUBHbIM
conpomugreruamy 0annozo yuacmra yenu*).

B 4em 3akmouaercs (u3HYecKas NPHYHHA HaG/i0AaeMOTO
CABHTa $a3 MEXLY TOKOM H HampsKeHHeM?

Ecni B 1enh He BXOAAT KOHIEHCATOPHl M KATYIIKH, T. €.
€MKOCTHBIM M HHAYKTHBHBIM CONPOTHBJEHHAMH LENH MOXKHO
npeHe6peyb MO CPaBHEHHIO ¢ AKTHBHLIM, TO TOK CJEAYeT 3a Ha-
NpsXKeHHeM, MPOXOAsA OLHOBPEMEHHO C HMM 4epe3 MaKCHMYMbI
H HyJieBble 3HAUYEHHs, KaK 3TO I0Ka3aHo Ha puc. 305, 6.

Ecan uens uMeeT 3aMeTHYIO HHAYKTHBHOCTb L, TO NMpH mpo-
XOX[IeHHH 110 Hefl epeMeHHOro TOKAa B LieNH BO3HHKaeT 3. I. C.
CaMOHMHAYKLHH. ITta 3. A. C. N0 NpaBHJy JleHa HaNIpaBJeHa TaK,
4TO OHA CTPEMHTCA NPEensATCTBOBATH TEM H3MEHEHHAM MarHHT-
HOTO noJia (a c/ef0BaTeJbHO, H H3MEHEHHSM TOKa, CO3/aloLiero
3TO MOJIE), KOTOPHIE BBIBBIBAIOT 3. J. ¢. HHAYKUMH. [Ipu HapacTa-
HHMH TOKa 3. J.. C. CAMOMHJYKIHH NPENATCTBYET 3TOMY Hapacra-
HHIO, H NOTOMY TOK Mo3Xe JOCTHraeT MakCHMyMma, 4eM B OT-
cyTtcTBHE caMOHHAYKUMH. [Ipn y6uiBaHHH TOKA 3. 1. C. CAMOHH-
LYKUHH CTPEMHTCS MOAJEPXKHBATb TOK H HyJeBble 3HaUeHHA-
TOKa GYAyT AOCTHTHYThHI B GoJiee NMO3IHHH MOMEHT, 4eM B OT-
CYTCTBHE CaMOHHAYKUMH. Takum o6pa3oM, NpH HalHYHH HH-
AYKTHBHOCTH TOK OTCTAeT IO (pa3e OT TOKA B OTCYTCTBHE HHIYK-
THBHOCTH, a CJIeJI0BAaTEJbHO, OTCTAeT MO (pa3e OT CBOEro Hanps-
HKEHHA.

EcAu aKTHBHBIM CONMPOTHBJIEHHEM LeNMH R MOXHO TpeHe-
Opeub MO CPaBHEHHIO C €€ HHAYKTHBHBIM CONMPOTHBJIEHHEM
X,=oL, TO OTCTaBaHHe TOKAa OT HANpSIKEHHS M0 BPEMEHH

*) Capur ¢a3 ¢ onpegensetcs ¢popmyJoft

Xp—Xc wl—1/0C
tg(P= LR C= R/ .

([Tpunses. ped.)
3



-paBuo T/4 (capur ¢a3 paseH n/2), T. €. MAKCHMYM U COBNaJaeT

¢ i=0, Kak 310 mokasaHo Ha puc. 305, 6. [elicTBUTENBHO, B
9TOM CJIyUae HanpsiKeHHe Ha aKTHBHOM COTIPOTHBJIeHHH Ri=0,
n6o R=0, u, cinenoBaTe/lbHO, Bce BHelllHee HamnpsiKeHHE U
ypaBHOBellMBaeTcs 3. 4. C. HHAYKIHH, KOTOpas MNPOTHBOIO-
Nn0XHa eMy no Hanpasienuio: u=L Ai/At. Takum o6pa3som,
MaKCUMyM u coBnazaetr ¢ MakcuMyMoM Ai/A¢, T. e, HacTynaer
B TOT MOMEHT, KOrja { u3MeHsiercsi OBICTpee Bcero, a 3To GhiBa-
er, Roraa i=0, HaoGopor, B MOMeHT, KOTAa { TIPOXORUT Yepes
MaKCHMaJlbHOe 3HaYeHHe, H3MeHeHHe TOKAa HauMeHbllee
(Ai/At=0), T. e. B 3TOT MOMeHT u=0. ‘

Ec/H aKTHBHOe COTPOTHBRJIEHHE UENMH R He HaCTOJABKO MaJo, uTOOK MM
MOXHO OblJI0 NpeHe6peyb, TO YaCThb BHEIUHErOo HanpsXKeHHS U NajaeT Ha co-
NPOTHBJIEHHH R, a ocTajibHasl yacTh yPaBHOBEIIHBaeTCA 3. J. C. CAMOHHIYK-~
unn: u= Ri--L Ai/At. B sToM ciiyyae MAKCHMYM § OTCTOHT OT MaKCHMYMa i
N0 BpeMeHN MeHblle, Yem Ha T/4 (cABHT a3 MeHbiLe 11/2), KaK 5T0 H306paXeHo

M

~

~
e e e e e i
i T Y |

1.

Puc. 306. Cueur a3 mexX]Iy TOKOM H HampsiXKeHHEM B LenH, couepxamef
aKTHBHOE MW HHIYKTHBHOE COMPOTHBJEHUSA

Ha puc. 306. Pacver nokaswBaer, YTO B 5TOM CJy4vae OTCTaBaHHe IO da3ze ¢
MOXeT GbiTb BEIYHCJIEHO NO (OpMyJie

X, oL
tep="g-=7" S ez

Tlpy R=0 umeem tg ¢=oco ,“ q>~;n/2, KaK 3TO OGBACHEHO BHille,

Ecayn nenb COCTOMT M3 KOHAEHCAaTOpa €MKOCTH C, a aKTHB-
HEIM COTIPOTHBJIEHHEM MOXKHO HpeHere‘Jb,,TO 06KaaKH KOH-
JeHcaTopa, NPpHCOeAHHEHHBIE K HCTOYHHKY 'TOKa' C Hamnpfxe-
HHEM U, 3apsiKaloTCs H MEXAY HHMH BO3HHKAET HalpsaXeHue
Uc. Hanpm}(e}me Ha KOHAEHCATOPE U, CJACAYET 3a HANIPpAXEHHEM
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MCTOYHHMKA TOKA U MPAKTHYECKH MTHOBEHHO *), T. €, JOCTHTaerT -
- MaKCHMyMa OJHOBPEMEHHO ¢ U H ofpauiaerci B HYyJb, KOrja
u=0. , ‘ .
3aBHUCHMOCTb MEXy TOKOM [ H HAMpPSXKEHHEM & B 3TOM CJ1y-
yae nokasaHa Ha puc. 307, a. Ha puc. 307, 6 ycnosuo n3obpa-
JKeH Mpoluecc repesapsiKd KOHAEHCATOpPa, CBA3AHHBIN C MOSB-
JIeHHeM MePeMEeHHOro TOKa B LEMNH.
Koraa konzencarop sapsxeH 10 MakciMyma (T. e. Uc, A _
CJIe/IOBATEJBHO, H 4 MMEIOT MAaKCHMAJIbHOE 3HayeHHe), TOK

s

00,06

Puc. 307. @) Ceur $as MexKy HanpsiKeHHeM H TOKOM B LIelTH C @eMKOCTHBIM
CONPOTHB/IEHHEM B OTCYTCTBHe - aKTHBHOro COMpOTHBieHMs. 6) ITpoiecc
Nepe3apsiAKH  KOHJEHCaTopa B lieNd NepeMEeHHOro TOKa

f=0 u Bcad 3HEPrHA LENH €CTh 3JEKTPUYECKAasd IHEPTHsA
3apsKEHHOTO KOHAeHcaTopa (Touka a Ha puc. 307, a). Ilpu
YMEHBUIEHHH HANPAKEHUA & KOHJEHCATOP HAYHHAET Pa3psAXKaThb-
¢Ad M B LeNH NofBJsIeTCA TOK; OH HampamleH OT OOKJaajiku [
K o6kJajke 2, T. e. HaBCTpeuy Hanpsxkeuuio u. IlosToMy Ha
puc. 307, a oH u306paxeH KaK OTPHLATENbHBI (TOUKH JexKar
HuKe ocd Bpemenu). K momeHTy Bpemenu (=T/4 KoHjeHca-
TOp NOJHOCTBIO paspsxeH (u-=0 u u=0), a  TOK AocTUraer
MAaKCHMAJIbHOTO 3HauyeHMs (TOYKa b); 3jeKTpuueckas 3Hep-
THS paBHa HYJIO, U BCA SHEPTHA CBOJAMTCA K SHEPTHH MarHHT-
HOro noJsis, co3flaBaemoro TokoM. llajee, HanpsikeHHe U Me-

*) Mu 3HaeM (§ 43), 94TO Hampsi>KeHHe pacnpocTpaHsieTcss BAOABL leNH
¢ orpomHoil ckopocteio ¢=3 108 M/c (ckopocTh cBeTa). Tax Kak AJHHA LenH
OT HCTOYHHKA. TOKA J0 OOKNaJOK KOHJeHCaTopa HeBe/HKa, TO HamnpsXkKeHHe
Ha OOKNafKaX & MOJKET OTCTaTh OT U TOJLKO Ha HWYTOXKHYIO AOJIO CeKYH-

. ABl, T. €, TIPAKTHYeCKH CJlelyeT 32 u Ge3 3amasauBanHs.,
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HAGT 8HAK, M TOK HauyMHaeT ocjiaGeBaThb, coXpaHsds TpexHee
Hanpasienue. Korga u (M u;) NOCTHTHET MaKCHMyMa, BCs
5HEeprus BHOBb CTAaHET JeKTpHYecKoH, H Tok =0 (rouka c).
B panvHefimieM u (U u;) HauHHaer yO6HIBaTh, KOHJEHCATOP
paspsiaeTcs, TOK HapacTaeT, HMes Temnepb Hamnpab/ieHHE OT
obkyaaaku 2 K obKjaanke I, T. e. MOJOXHTENbHOE, TOK J0OXO-
IHT J0 MaKCHMyMa B MOMEHT, kKorjga u=0 (Touka d) u T. 1.
U3 puc. 307, a BUAHO, UTO TOK paHblile, YeM HampsikKeHHE, 10-
CTHT'aeT MaKCHMyMa H MPOXOIHT 4yepe3 HyJb, T. €. TOK omepe-
JKaeT HampsixKeHHe no ¢ase.

Eciu aKTHBHEIM CONpPOTHBJEHHEM Hend R Heab3s nmpeneGpedb MO cpas-
HeHUIO ¢ eMKOCTHEIM X ¢==1/0C, TO TOK @nepeaer HanpsKeHUe MO BpeMe-

.. Y |

i T pE—

i’

Puc. 308. Casur a3 Mexpay TOKOM H HanpsiKeHHeM B flend, coaepialied
aKTHBHOE H €MKOCTHOE CONpPOTHBJIEHHS
: ~

HH Menbiue, Yem Ha T/4 (casur das menbine /2, puc. 308). aa atoro cay-
Yas, KaK NOKa3kIBaeT pacyer, CABHT (ba3 (p MOKeT ObiTh BHIYHCJIEH NO HOpMy.Jie
_ XC - I/Q)C .

IIpn R=0 nmeeM tg ¢= oo H ¢=m/2, KaK 3TO OGBACHEHO BHILE,

(162.2)

§ 163. MomtocTs nepementoro Toka. B § 58 Mel pasoGpasu
BOMPOC O MOIIHOCTH MOCTOSIHHOTO 3JIEKTPHYECKOro ToKa. Ml
BHJENH, YTO €CJIH HampsiKeHHe MeXAy KOHIAMH HEKOTOPOro
y4acTka lenu paBHO U, a CHJIa TOKa B 3TOM y4acTKe LIEMH pas-
Ha [, TO MOULHOCTDb, BbeJsieMasi TOKOM B 3TOM y4YacTKe LEMH,
paBHa o

P=1U=I'R, (163.1)
rie R — aKTHBHOE CONPOTHBJEHHE Y4YacTKa LerH.

B cilyyae mepeMEHHOro TOKa AeO0 OGCTOMT CJIOXKHEE, Tak
KaK cuJia MEepeMeHHOrOd TOoKa OMpefesieTcst He TOJAbKO aKTHB-
HBIM COMPOTHBJIEHHEM IleNH R, HO H e€e HHAYKTHBHBIM HJIH €M-
KOCTHBIM COIPOTHB/ICHHEM. )
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IpeacraBum cefe, nanpumep, u4TO KaKoH-HHOYAb Y4acTOK
Lend HMeeT TOJAbKO eMKOCTHOe CONpPOTHBJIEHHE, T. €. COJAePKHT
TOJIBKO KOHjeHcaTop. IIpouece npoxoxjeHnsl TGKa yepe3 KOH-
JleHcaTop, KakK Mbl BHaenH B § 158, mpeacraeaser coboit mpo-
LleCC MHOTOKPATHO NOBTOPAIOMIEHCA 3apAJKH H PaspAJKH 3TOTO
KOHJeHcatopa. B Teuenue TOH YeTBepTH mepHOAa, KOrja KOH-
JIeHCATOp 3apsizaeTcsl, HCTOUHHK PacXOAyeT HEKOTOPYIO 3Hep-
THIO, KOTOpas 3amacaeTcsi B KOHJeHCAaTOpe B BHJe SHePTHH ero
ajeKTpHyeckoro mnosd. Ho B caeayiollyio YeTBepTh NepHOjA
KOHJIeHCaTOp paspsKaeTcsa W OTA2eT o6paTHO B CeTb MPaKTH-
YeCKH BCIO 3amaceHHYi0 B HeM 3Hepruio. TakuM oGpasom, ecau
npeHebpeus OGBIYHO OYEHb MaJIBIMH NOTEPAMH 3HEPTHH Ha Ha-
rpeBaHHe AH3JEKTPHKA B KOHJEHCATODPE, TO ApoxoxOerue moxa
uepes KoHOeHCAMOP He CB8A3AHO C 6bl0eAeHUEM 8 HeMm MOUHOCTU,

To ke Gyjer uMeTh MeCTO ¥ TpPH NPOXOXKJEHHH TOKa Yepe3
KaTylIKy, CONPOTHBJEHHE KOTOPOH MOXKHO CUMTATh YHCTO HH-
JYKTHBHBIM. B Teuenne TOH ueTBepTH nepHoja, NOKa TOK Hapa-~
CTaeT, B KaTyLlKe CO3JaeTcd MarHHTHOE moJe, o6Jajaiollee
onpeflefieHHbIM 3anacoMm 3Heprud. Ha cosjanue 3toro mnoas
pacxojyeTcsl 3HepTHA HCTOYHHKA. HO B cielyiomyo 4eTBepTh
nepHoja, KOrja TOK YMeHblIaeTcsl, MATHHTHOe TIoJie HCYe3aer,
1 3anaceHHasl B HeM 3HepTHA B mpouecce CAMOHHAYKUHH BHOBb
BO3Bpaiaercss K HCTOYHHKY.

Mul BUJHMM, UYTO HQAuHUE eMKOCMHO20 UAW UHOYKMUBHO20
conpomugaenus yenu XOTs H OTpaXkaeTcA Ha CHJle TOKa B 3TOMH
UeNH, HO He C813aH0 ¢ pacxodom mowHocmu 8 Hetl. B KoHAeHca-
TOpax M KaTyLIKaXx ¢ HHAYKTHBHBIM CONPOTHBJEHHEM 3HeprHf
TO Gepercsl «B3aHMb» Yy MCTOYHHKA, TO CHOBA BO3BpallaeTcs
K HeMy, HO OHa He YXOJHT H3 llellH, He TPATHTCA Ha Harpema-
HHe NPOBOJIHHKOB (JXKOYyJeBO Temso, § 56) Han Ha coBeplieHHe
MeXaHHYecKOH paboThl W T. 1.

2 163.1. Yto6bl He OCRENASATh 3pHTeNell pe3SKHM JlepexoioM OT TeMHOTH
* K CBeTy, BO MHOTHX TeaTpaxX H KHHOTeaTpax CBeT NOcCJe OKOHUAaHHUA
neﬁcmmg HJH CeaHCa BKJIOYalOT HE Cpasy, a NOCTENeHHO. Jlamnu
CHayaJla HaUHHAIOT CBETHTbCS TYCKJILIM KpacHbIM CBETOM H pasropa-
I0TCSl MEJJIEHHO B TeUeHHe HECKOJBKHX CEKYHA. 3T0 MOXKHO OCYLIECT-

BHTH GO C MOMOIBIO peocTaTa, KGO ¢ MOMOLIBIO KaTYWIKH C Bhl-
JBHTaOHEMCS Kele3HbiM cepleyHHKOM. Kaxroil cnoco6.BrroaHee?

Takum o6pasom, NpH HAJAMUYHH B UEeNH HHAYKTHBHOTO H €M-
KOCTHOTO CONMPOTHBJIEHHH MOINHOCTb, (aKTHYECKH pacxojye-~
Mas B UelH, BCerAa MeHbiue, 4eM npousseienne /U, T. e, paBua

P =1IUM, (163.2)

Te A ecTb HeKOTOPHIH Ko3(dUIeHT, MeHbLIHHA eIWHHUEI, Ha-
3nlBaeMbill Koaghpuyuermom mowgHocmu IaHHOH yenu.
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Pacuer, KoToporo Mul l'IpHBO}lHTb He 6yzeM, NOKasKIBACT, YTO JAJS CHHY~
COHJIaNIbHBIX TOKOB STOT KOShpUUMEHT paBeH A==co0S ¢, Ilie¢ ¢ eCTb CABHI
a3 MexJy TOKOM B UenH H HanpsKeHHeM Mexay Kouuamu paccmarpnsaemo-
ro ee yqac-rxa Taxum 06pasom,

P=1U cos . - (163.3)

Hs dopmya (162.1) u (162.2) Buano, uto cABHT das ¢ MexAy Hanpske-
HHEM H TOKOM pacTeT MO Mepe yBeJHYEHHs] OTHOLIEHHS €MKOCTHOI'O MJIH HH-
JYKTHBHOI'O CONPOTHBJeHHS K akTuBHOMY. HO ¢ pocToM @ yMeHbLiaercs sHa-
ueHHe cos @. [losToMy Kospuyuenm mowprocmu npubopa, nompebasouieeo
nepemennbil MoK, mem MeHbuie, 4em BoabULe €20 eMKOCIIHOE WAl UHOYKMUuBHOe
conpomusaetitle no cpagHeriuro ¢ axmuenbim. On obpalaeTcs B HYJb AJS YHCTO
VHAYKTHBHOTO HJIH YHCTO eMKOCTHOTO CONpPOTHBJeHHs (9=1m/2, cos ¢p=0)
M paBeH eJHHHLE AJs YHCTO aKTHBHOrO (=0, cos p=1).

) Ml [O/XKHB B 3aKJIOYeHHe NMOXYEPKHYTb TO 4Ype3BhIaliHO BaXKHOe Ha-
POAHOXO03s1HCTBEHHOE 3HaueHHe, KOTOpoe uMeeT Gopnba 3a BceMepHOe yBe-
JHueHue KO3(hdHUHEeHTa MOUIHOCTH 3JIEKTPHYeCKHX uenell. Kaxnas sneKkTpu-
yecKaa MaliHHa (reHepaTop), YCTAHOBJIEHHAsl Ha CTaHUASX,- XapaKTepH3y-~
€TCSl CBOHM MNpeJie/IbHBIM «HOPMAaJIbHBIM» TOKOM /, IPH KOTOPOM HarpeBaHHe
MalI{Hb BCJELCTBHE NMOTepb B NPOBOLAX He IpPeBHILIaeT AOMYCTHMBIX pasMe-
POB, H CBOMM HOpPMaJiLHHM HanpsikeHuem U. [Npoussenenne /U uasbiBaetcst
NOJHOH MOIIHOCTBIO 5TOH MauiiHL. TaKyioo MOLHOCTL MalllHHa MOIMa Gbl
JeACTBHTENIbHO OTAABATh NOTPeGHTeNsAM, ecsid Obl ee HArpy3Ka GHJIa YMCTO
aKTHBHOMH, T. €. €CJIH Gb He GhlJIO CIBHTa (ha3 MeXIy TOKOM H HampsikKeHHeM
Ha 3aXuMax MawHHu. B sToM cayuae ¢=0 u cos =1, Ho ecsin B cetn nme-~
I0TCSl 3aMeTHHle eMKOCTHble HJIH HHIYKTHEHHIE CONMPOTHBJeHHS, O0YCIOBIH -~
BalollHe HEKOTOPBIH CABUT a3 P MeX1y TOKOM H HanpsKeHHeM, To cos P< 1
H MallyHa He MOXeT OTAarb B CeThb BCIO CBOK MNOJHYH0 MOMIHOCTb. IIpH
cos ¢=0,8, nanpuMep, Mawxna ¢ AoJHOH MowHocTbio 100 000 KBT MoxeT
(pakTHUecKH xaTb nmorpebuTeso Toabko 80 000 kB, .Sicuo, HackoabKo 310
yOHITOYHO 1J1s5 HAapORHOrO X03sficTBa B 1ieJIOM.

Hoar gaxnoro paGouero, TeXHHKa HJ¥ HHXeHepa, HMEIOLIEro JE0 C
YCTaHOBKaMH, MOTPeGASIOWHMH MHOTO 3JIeKTPHYeCKO SHepTrHH, 3a60THTLCSA
O BCeMepHOM MNOBHIIEHHH KO3(ppHUHEHTa MOILHOCTH B-TeX YCTaHOBKax, C
KOTOPBLIMH OH pa6oTaeT. .

B caenywuweil rnase, pas6upas Bonpoc o paGoTe SJeKTpompularenef,
MH YKaXeM HeKOTOpHe KOHKDeTHHe MepOMNPHATHS, KOTOpbie HYXHO HIJi
9TOTO NPOBOAHT.

§ t64. Tpauncdopmatopsl. [Ipy NpaKTHYECKOM HCIIOJB30BaHHH
SHEPTHH 3JeKTPHYECKOr0 TOKAa OYeHb YacTO BO3HHKaeT Heol-
XOJIHMOCTb HM3MeHATb HANpsiKeHHe, JaBaeMoe KaKHM-IHGO
reHepatopoM. B ofHHX ciydasix GbIBAIOT HYXKHBl HARPSKEHHs
B TBICSIYHM HJIH JaXKe COTHH ThICAY BOJIBT, B JPYTHX HeOOXOJHMBI
HaNPSXKEHHSA B HECKOJbKO BOJBT HJIH- HECKOJBKO JeCATKOB
BOAbT. OCYIIeCTBHTb TAKOIO pOJAA NpPeoGpa3’0BaHHA MOCTOSH-
HOTO HAaMpPSXXEHHSl OYeHb TPYAHO, MEXKAY TeM NEPeMEHHOE Ha-
npAsCeHUe MOXNCHO npeobpas3oéants — MOBHIMIATE HJIH TNOHH-
}aTh — BecbMa NPOCTO H nownu bez nomeps suepeuu. B atom
3aKJIIOYaeTcsl OJiHA H3 OCHOBHBIX MPHYHH TOTrO, YTO B TeXHHKE
NOJIb3YIOTCS B HOAABJIAOUIEM OOJMBIIHHCTBE CJAYYaeB HEpeMeH-
HEIM, a He MOCTOSIHHBIM TOKOM.
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[Tpu6opml, ¢ ,MOMOIIBIO KOTOPHIX NPOU3BOAMTCA NpeoGpa-
30BaHHEe HANpSKEHHsI MepeMeHHOrO0 TOKa, HOCAT HasBaHHe
mparcgopmamopoe. [Ipunnunuanbras cxeMa ycTpoiicTBa TpaHc-
¢opmaTopa nokasana Ha puc. 309. Bcesikuit Tpancgopmarop
HUMeeT KeJIe3HBIH cepJeuHHK, Ha KOTOPBLI HajeThl ABe KATYIU-
KH (00MOTKH). KOHLBI 0JHOH M3 3THX OGMOTOK NOJKJIIOYAIOTCS
K HCTOYHHKY [epeMeHHOr0 TOKa, HaPHMeP K FOPOJCKOH CETH,
¢ HanpsixkenueM Uy; Harpyska, T. e, Te NPUGOPH, KOTOPHIE MO~
Tpe611moT 3JIEKTPHUECKYIO 3HEPTHIO, MOAK/II0YAETCs K KOHLAM
BTOPOH OGMOTKH, Ha KOTODBIX CO3JA€TCsl NepeMEeHHOe Hanps-
xeHue U,, oinunoe ot Uy, OG-  fome
MOTKa, MOJK/MIOUeHHAsT K HCTOY- T~T
HUKY TOKa, Has3blBaeTcsi nep-
suunoll, a OGMOTKA, K KOTOPO#

NOJIKJIIOYeHa Harpy3ka,— 6mo- f—

puurod. Ecnn HampsixkeHHe HA - L] ]

NePBHYHOH OBMOTKe (Hanpsike- %+ 02

HHe HCTOYHHKa) 6oJjbile, YeM : H Tj

Ha BTOPHYHOH, T. e. U;>U,, - !

TO TpaHC(HOPMATOp Ha3bIBAETCS

nonuxcaiowum; ecan xe U, <<

< U,, T0 OH Ha3blBaeTCsA n06bI- 4 Hazpyska

WaotuUm. Puc. 309. Cxema ycrpoiicTa
Korjaa Mbl nogk/mouaeM Tpas- Tpch(popMaTopa.

cOpMaToOp K HCTOYHHKY Ie-
PEMEHHOrO TOKa, HalpuMep K FOpOACKO# ceTH, TO npoxolmumu
10 NepPBUYHOMH OGMOTKe nepeMeHHbIH TOK CO3/aeT mepeMeHHOe
MarHWTHOe IoJle, OJHA H3 JMHHH KOTOPOrO MOKasaHa IUTPH-
x0Bo# JinHueil Ha puc. 309. Tak kak o6e OOMOTKH HajeTbl Ha
OGLIHH KeJe3HbIH CePAEYHHK, TO MOYTH BCE JIHHHH 3TOrO MOJs
NpPOXOJAT Yepe3 oOMOTKH. HlHaue MOXKHO cKas3aTb, 4To 06e 06-
MOTKH MPOHH3HIBAIOTCS OJHHM H TeM e MarHHTHBIM IIOTOKOM.
[Tpu u3MeHeHHH 3TOrO MOTOKA B KaXKJOM BHTKe OOMOTOK, Kak
nepBHYHOH, TaK H BTOPHUHOH, HHAYLHpYyeTCA OJHA H Ta XKe
9. 1. ¢. €. [lonHas ke HHAyUMPOBaHHAs 3. 1. C. &, BO3HHKAIO-
Wwast B Kaxoil 0GMOTKe, paBHA NPOH3BEIEHHIO 3. 1. C. € HA
yucJa0 BUTKOB N B cOOTBeTCTBYlOIeH o6MoTKe. Eciv mepsuu-
Hasi oO6MOTKa umeeT N; BUTKOB, a BTOpHYHasi — N, BHTKOB,
TO MHAYIIHPOBAHHbE B HHX 3. J. C. PaBHbl COOTBETCTBEHHO & ;==
=eN, U &, —-sNz, T. €. o
- :
Gi_m - (164.1)
&2 :

IIpu Tak Ha3bIBaeMoM XOJIOCTOM Xofe TpaHcdopMareopa,
T. €. TOFJa, KOTJa K KOHllaM BFOPHYHOH OOMOTKH He HOJKJIO-
YeHA HHKAKasl HArpy3Ka H yepe3 Hee He ujet TOK, HaNpsKeHHe
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Ha KOHLAX BTOPHUYHOH OOMOTKH U, paBHO HMIYUHDPOBAHHOH
B He#l 3. 4. ¢. &, (§ 81). Uto xe kacaercs 3. I. ¢. &,, HHILY-~
UHPOBAHHOH B mMepBHYHOH OOMOTKe, TO OHa ma mpasuay Jlex-
na (§ 139) Bcerja HanpasieHa NPOTHBOMNOJIONKHO HNPHJIOKEH-
HOMY K He#l BHellHeMy HampsikeHH10 U; M IIpH XOJIOCTOM Xoje
HOYTH DABHA eMy.

-
TeticTRuTenbHO, MH BHAeAH (§ 162), YyTO HanpsKeHHe Ha ydacTKe LenH,
coiepXalieM aKTHBHOE CONPOTHBJIEHHE R H HHAYKTHBHOCTL L,

Al
Ur=RI+L 35

Ho npu xoj0cToM Xofie TpaHchopMaTopa ero HHAYKTHBHOCTL L HacTO/NBKO
BEJIHKA, YTO aKTHBHBIM CONPOTHBJIEHHEM R MOXHO npeHeOpeyb N0 CPaBHEHHIO
C HHAYKTHBHBIM, T. €, MOXKHO cuHTaTh R=0, I1pH atom

Al
, UlzLZT=¢S°1*.

TakuM 06pasoM, OMHOWEHUE HANPANCeHUW HQ 30HUMAX
06MOMOK Mparcgopmamopa npu X0A0CHIOM X00e npubAuIeHHO
(o2 13 12 15 paBHO OMHOWEHUIO UHOYHUPOBAH-

HoiX 8 Hux 3. 0. C.:

NERRNENRNEN Ui &1 M (1649

DTO OTHOLIEHHE HA3BIBAETCHA KOIGH-
puyuenmom mpancgopmayuy |
o6o3zHayaercs GykBoH K:

Ny Uy
==, (1643

Puc. 310. K ynpaxuenuio
164.2

Ecnu, Hanpumep, neppruyHas o6motka uMeer 2500 BHTKOB,
a BTOpHYHAs — 250 BHTKOB, TO KOS()pHLHEHT TPaHCGOPMALMH
paseH 10. [Toak/MOYHB NEPBHYHYIO OOMOTKY K HCTOYHHKY € Ha-
npsixkenuem U;=1000 B, MBI Ha BTOpHYHO# OGMOTKE MO/TY4YHM
nanpsikeine U,=100 B. Ecam 66l MH, HaoGopoT, HCHONB30-
BAJIM B KayecTBe NMePBHYHOH OOMOTKY ¢ MEHBLIHM YHCJIOM BHT-
KOB H NOJKJIIOYHJH €€ K HCTOYHHKY ¢ HanpsixeHnem U,=100 B,
TO KO3(pHiHeHT TpaHcopMaluu 6bI Obl paseH 0,1, H Ha KoH-
nax JApyro#i oGMOTKH MBI Oy YHJIH GbI HanpsikeHHe U3 =1000 B.
B nepBoM cayyae Haw TpanchopMarop paGoTaer KaK NOHMMKAIo-
iHH, BO BTOPOM — KaK MOBHIIAIOMIHH. ,
2 164.1, IleppuyHas Katymka TpaHcgopmatopa Hmeer 1000 BHTKOB..
[ Ha Tot xe cepIeUHHK HAJleThl YeThipe BTOPHUYHbIE KATYUIKH C YHCAAMH
suTKOB 250, 500, 1500 1 10 000. Kakoe HanpskeHHe 6yJeT Ha 3aXKH-
Max KaXJoH KaTyIUKH, ecH Ha NEPBHUHYIO Nofatb 220 B?
164.2, Ha puc. 310 naobpaxeH Tax HasbBaeMbifi aBTOTpaHChOpPMATOP.
3To KaTywiKa, HafieTasi Ha XeJae3Hbill CepleUHHK H HMeloHIas PAA OT-
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BOJIOB Uepe3 olpeflesleHHOe YHCI0 BHTKOB. [TycTh MexAy saxuMamm
1 u 2 Haxozures 100 BHTKOB, MexXy 2 H 3 — 200, Mexay 3 n 4 —
300 u mexay 4 1 5 — 400. K 3axkuMaM / H 3 nojaercs HanpsiKeHHe
220 B. Kakoe HanpsixeHHe OyfmeT Mexnuy saxumamu [ u 2, I u 4,
Iub,2u3,2u4,2ub,3u4,3u8,4u5?

PaccmoTpum nogpobHee, Kak paGoraer TpaHcopmartop. [Ipu xomoctom
XOJie, KOTZa TOKA B LielTH BTOPHUYHOH OGMOTKH HET H MOMHOCTL B Hell He pac~
XOLyeTcs, B LENH NepBHYHOH OOMOTKH AefCTBYeT HalpsiXKeHHe, PaBHOE pa3«
HOCTH MeX]Iy NPHJIOKEHHHM HanpsiKeHHeM ceTH U; W TpOTHBOMOJOXKHO
HaTPaBJEHHON HHIyUHPOBaHHOH 9. I.c. ;. Hanpsxenne U;—g; co-
3J1a€T B LeNH NEepBHYHOH OGMOTKH HEKOTOPHIH TOK XOJOCTOTO Xofa [y, Mol
HOCTb KOTOPOTO NpejcTaB/seT cofOH 6ecrnose3Hyi0 MOTepw: OHA PacXoxy-
eTcsl Ha HarpeBaHHe OOMOTKH NMPOXOASILIHM NO Hefl TOKOM (IIOTePH B MenH)
H Ha HarpeBaHHe CepJevHHKa, Bbl3niBaeMoe TOKaMH DyKG H ero MHOrOKpaT-
HBIM TIepeMarHHYHBaHHeM (noTepH B kesese). OHAKO TPH NPABHALHOM pac-
yeTe TPAHCPOPMATOPa STH MOTEPH HEBEJHKH, H TOK XOJOCTOrO X0Ja COCTaB-
JISeT JIHIIb HeCKOJIbKO NPOLIEHTOB OT TOKa B NePBHYHON OGMOTKE TIPH MOJHOH
Harpyake TPaHcpoOpMaTtopa, T. €. IIPH TOH HarpysKe, Ha KOTOPYIO OH pacCyu-~
TaH.

Korza Mul nmopkmmouaeM K BTOPHUHOA OGMOTKE HaTPY3Ky, B LElH ee HAET
TOK [, u BhHjeJasieTcss COOTBETCTBYIOWAsT MOWHOCTh, Hanpsxenne U, Ha
KOHIIaX BTOPHYHOH OOMOTKH yXe He OyjeT TOYHO PaBHO §,, a GyleT He-
CKOJIbKO MEeHbIIE, HO eCJIH HarPy3Ka He NPeBbIIAeT TOA HOPMEI, HAa KOTOPYIO
TpaHcOPMATOp PAcCUHTaH, TO 3TO YMeHbIIEHHE OueHb HE3HAUHTENbHO: OHO
cocrapaseT 2—3 % OT HanpsXKeHHS XOJocTOro xopa. [Ipu sTOM, OUEBHAHO,
JOJIXKeH BO3PACTH H TOK B TIePBHYHOH O6GMOTKe [y, H BMeCTe ¢ HHM MOLIHOCTb,
or6upaemast TpaHCHOpMaTOpOM H3 ceTH. UeM Goabme Harpyska BTOPHY-~
HOt OBMOTKH (TOK [,), TeM 60JIblie IOMKeH CTAHOBHTLCS H TOK [g.:

TpancpopmaTopbl PacCYHTHIBAIOTCA TaK, uTOOR! MPH HOP-
MaJbHOH HX Harpyske, KOrja TOKOM Xosoétoro xoia [, Mox-
HO npeHe6pedb Mo CPABHEHHIO C pabounm TokoM /, TOKH B mep-
BHYHOA H BTODHYHOH OOGMOTKaX GblIH NMPHOGAH3HTENbHO OGpar-
HO MNPONOPIHOHANBHEI COOTBET- ~
CTBYIOIIHM HANpsKEHAAM:

Dl (164.9)

Tostomy, ecnu Hanpsxenue Us
BO MHOT0.pas MeHbiue, yeM U, m
BO BTOpHYHOH menu takoro no- & b—2Alllll | | @l
HIPKalolero TpaHcdopMaropa -

MOXXHO NOJYYHTL OYeHb GOJIb-
WiHe TOKH. Takue TpaHchopma- Puc. 311. INoHwxaomui Tpanc-
TOPLI MPHMEHAIOTCA NPH 3AeKT-  POPMATOP, ﬂ;’(‘;;l‘;*éxoqe”b Goap-
pocsapke. Ha puc. 311 gna npu-

Mepa I0Ka3aH NOHHXKawIWHA TpaHcdopMaTop, BTOPHUHAR 06-
MOTKa KOTOPOTrO HMeer Bcero OAiuMH BHTOK. Hanpsxenue U,
35eCh OYeHb Maso, HO TOK BO BTOPHYHOH OOMOTKE HACTOJbLKO
BeJIMK, YTO OH HArpeBaer JO KPacHOFO KaJeHHR TOJNCTHH Mel-
HEIH cTepKeHb. ,
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' _164.3. Bo Bpoanoﬁ o6MoTKe fpax-xc«bopmampa Tok paseH 0,22 A,
. a HanpsKeHHe Ha 3aXkKHMax paBHO 2400 B. Kaxos Tok B nepantmoﬁ
00MOTKe, €C/H BXOJHOE HANPfXeHHe PaBHO 220 B?

Tok xosocToro xoza TpchcpopmaTopa I9, KaK MBI yIKe OTMeYaJiH, O4YeHb
MaJa. DTO 03HAYAeT, YTO CONPOTHBJIEHHE NEPBHYHON OOMOTKH OYeHb BENHKO.
3T0 conpoTHB/AeHHEe OOYCJIOBJEHO MOYTH MOJNHOCTbIO GOJBIIOA HHAYKTHB-
HOCTBIO NMEPBMYHOH OOMOTKH HEHArpyKeHHOro TpaHtdoepMaropa; ee aKTHB-
HEIM CONPOTHBJIEHHEM R MOXHO npeHeGpeib [0 CPABHEHHIO C HHAYKTHBHEIM
conporusiaendeM ©L. Korna Mu BKJTiouaeM Harpy3sky, TO epeMeHHBI# TOK [,
HNpOXofAWMA O BTOPHUYHOA OOMOTKE, CaM CO3]1aeT B cepaeYHHKe NepeMeHHO
MarHMTHOE MNOJIe H MHAYLUHDYET B MEPBHYHON OGMOTKe HEKOTOPYIO NOMOJIHH-
TeJAbHYIO 3. I. C., KOTOpas Mo npasuJy JIeHlla HanpaBJieHa NPOTUBONOJOXKHO
3. I. ¢. &1, T. € YMeHbLiaeT ee. TIpu 3TOM ZHeilcTBYyIOUlee B UENH NEPBHYHOM
06MOTKH HanpsxeHue U;—g'y BO3pacTaeT, a CTajo OhlTb, BO3DPACTAaET H
TOK uepe3 3Ty 0OMOTKy I.

MoxHO cKa3aTb, YTO AelicTBHE MAarHHTHOTO MO/ TOKAa BTOPHYHOH 06-
MOTKH [ yMeHbIllaeT HHAYKTHBHOE CONPOTHBJIEHHE NePBHYHON OOMOTKH,
YTO H MPHBOLHT K BO3PaCTaHHIO B HeH TOKa.

Mbl BHOMM, YTO HEHATPYXKEHHHEIH WJIH MaJO HarpyXKeHHhli Tpaﬂapop-
MaTop npejcTapJsfeT coG0il 1/ CeTH MOYTH YHCTO HHAYKTHBHOE COTNPOTHBJIe-
HHE, T, €. ero0 KO3(ppHUMEHT MOWHOCTH. (cOS ¢) odeHb MaJ. Ilo mepe Bo3pa-
CTaHHsl HArPy3KH KO3(ppHUIMEHT MOUHOCTH BO3pacTaeT H AJ1a TpaHcdopma-
TOpa, HATPYKEHHOTO HA TY MOLIHOCTb, HA KOTOPYIO OH PacCYHTaH, CTaHO-
BUTCA GJIH3KHM K enuHule: [losToMy B Uesax yJayumeHus obuero Kosddu-
IHEHTa MOUIHOCTH CETH-0YeHb BaXKHO PacNpefessiTh HarPy3Ky MO Pa3JIMUHbIM
TpaHc()OPMATOPaM TaK, YTOOK! OHH GBIJIH N0 BO3MOXKHOCTH MOJHOCTBIO HAarpy-
JEHBl, H He OCTABJATb- BKJIOUEHHHIX B NEPBHYHYIO CeTp TpaHCHOPMATOPOB
6e3 Harpy3KH WJIH C OYEHb MaJIOH HArpy3KoH.

Tpaucdopmarop npencrasaser cobod, Kak Mbl BUIHM, NpH-
60p, nepefalo Uil SHEPIHIO U3 LieMH NEPBHYHOH OGMOTKH B Liellb
‘BTODHYHOH. 3rta nepepaua
HEeU36eXKHO CBsI3aHa C HEKO-
TOPBIMH NOTEPSIMU -~— Pacxo-
JOM 3HEPrHH Ha Harpepa-

HU€e O6GMOTOK, Ha TOKH Py-
KO M Ha NepeMarHUyuBaHHe
xeqe3a. K. n.d. mpancgop-
MQMOPQ  HASLIBAOM  OMHO-
wenue - MowHocmuy, nompe6-
A8eMOd 6 yenu 8mMopudHol
00MOMKW, K MOWHOCHU, OM~
Puc. 312. TpchcbopmaTop s me- Oupaemod u3 cemu. Pas-
GombHx MouwHocted. [l cpaBHe- HOCTH MEXKAY ITHMH BeJTH-
HUA DAJOM TMOCTaBJIeHa CHOHYeYHad YUHaMHU HpeﬂCTaBﬂﬂeT COGOﬁ
KOpoGbKa
6ecriosiesHylo HOTEPIO.

st yMeHblleHHA NOTePh 3HEPI'MH HA HArpeBaHHe Cepiey-
HHKOB TOKaMH YRS HX H3TOTOBJAIOT H3 OTAEJIBHBIX TOHKUX
JIUCTKOB CTaJld, H30JMPOBAHHBIX APYr ot Apyra (§ 143), a min
YMEHbIEHHS NOTeph Ha HarpesaHHe CepAEYHUKA HPH ero nepe-
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MarHWYHBaHHH CEpAETHHKH H3TOTOBJAIOT U3 CrIeNHaNbHEIX COp-
TOB CTaMH, B KOTOpHX 5TH norepd Manul. bBaaroaaps stomy no-
Tepu 0GBLIYHO BeCbMa MaJlbl 10 CPABHEHHIO C MOILIHOCTBIO, Mpe-
oGpasyemoli B TpancopmaTopax, H K. I. I. tpanchopmMaTopoB
oueHb BbICOK. OH focTuraer 98—99 % Aias Gonbluux TpaHchop-
martopoB ‘H okosio 95 % nn1a Madsibx. o o

TpancpopmaTops 1J1s1  HeGOJIBIIHX MOMHOCTEH (AeCATKH
BarT), NPHMEHsIOIUMECS [VIaBHBIM 06pasoM B J1a60paTOpHAX
W Ui GHTOBLIX IeJel, MMEOT OYeHb HefOJbluMe pasMepbl
(pue. 312). Mowmnble xe TpaHcoOpPMaTophl, npeobpasyioLgxe

‘;:\@a\sk

23

a1

12

) ‘L:@'?}m-n 7

NS

[
T
" -
1L} [ - \"ﬂ:
. I'Iﬁlill'i‘i EIT} || |

Puc. 313. Mownblil TpaHCQOPMATOP C MAC/STHBIM . OXJIaXAeHHeM

COTHH M THICAYH KMJIOBATT, NpPEICTABIAIT colofi OrpomHbie
coopyxeHus. OGbIMHO MOIHbIE TPAHCHOPMATOPB! NOMELAIOTCA
B CTaNbHOH 6aK, 3aloJHEHHBIH crelnHajJbHHM MHHEpaIbHBIM
macJiom (puc. 313). Dto yayuluaer yca0BHs OXJ1akKIeHHsA TPaHC-
¢opmaropa, H, KpoMe TOTO, Macj0 HILPaeT BaXKHYW pO/b KakK
u30Aupylomi Marepuad. Konupl 06MOTOK TpaHcopMaTopa
BLIBONSATCS Uepe3 MPOXOAHbIE WM3O0SITOPBI, YKpelJeHHble Ha
BepxHe#l KpbiuKe 6aKa. ] ,

' TpaHcgopmarop a1 H3oGperer B 1876 r. IT. H. SI6nouko- .
BbIM, KOTOPBIH NPHMEHHJ €ro A/If TNHTAHHA CBOMX «CBEUEH»,
TpeGYIOLIHX PA3NHYHOTO HaNpPAXKEHH. ‘

§ 165. llenTpanu3osanHoe NPOM3BOACTBO H pacmpejeieHHe
aJleKTpHuecKoil oxepruu. B 70-X rogax npouwioro BeKa OBLIH
B OCHOBHOM paspaboTaHbi KOHCTPYKUHH T'eHepaToOpOB 3/1€KTPH-
YecKOro TOKa, C KOTOPhLIMH Mbl. Mo3Hakomumcs B ria. XVIII.
310 JaJ0 BOSMOKHOCTh MpeoOpas3oBblBaTh TEIVIOBYIO 3HEPTHIO
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NapoBLIX MAHIHH HJIH SHEPTHIO Najaiollell BOABI B 3JIEKTpPHYE-
CKYIO 3HepPrHI0 B Maciutabax, paHee HECJBIXAHHBLIX.

OnHako BO3MOXHOCTb MOJYUYEHHS 3JIEKTPHUECKOHR 3HEPTHH
B GOJIBIINX KOJIHYECTBAX cPAsy »Ke MOCTABHJ/IA NePejt TeXHHKOH
APYTYIO OUEHb BAXKHYIO H NPHHIHAHANLHO COBEPHIBHHO HOBYIO
3ajauy, HMEHHO 3aJauy TPAHCIOPTHPOBAHHS SHEPTHH, NEPeJaun
ee H3 OIHOro Mecrta B Apyroe., Jlo u306peTeHU sl 3/1eKTPHUECKHX
FEHepaToOpOB 5Ta 33Jaya He BO3HHKAJa, MOTOMY 4TO OHa ObLia
COBEepIIEHHO HepaspelHMOR. ‘B camoM Jejie, ec/in MBI HMeeM
BOJSIHOH MJIH BETPSIHOH [BHraTtesb HJH NapOBYIO MAalHHY, TO
Mbl MOXKEM INepelaTh ero MeXaHH4YeCKYI0 SHEPTHIO TOJNBKO CTaH-
KY, HaxojslleMycs B HeNOCPeACTBEHHOH GJH30CTH OT JBHra-
TeJs. JTa nepeflaua ¢ MOMOLIBIO BAJIOB, 3y6uarhix KoJec, pe-
MEHHBIX TPAHCMHCCHH H T. 1. CPABHHTENILHO JIETKO OCYIUECTBJIS-
€TCsl Ha PacCTOsiHHE J0 HECKOJbKHX NeCSiITKOB HJIH, B KpaiHeM
cJydae, cOTeH METPOB, HO Helb3si NMPEACTaBHTb cebe, uTOOBI
¢ TNOMOLIbIO TAKHX YCTPOHCTB MOXHO ObUIO NepelJaBaThb 3Hep-
THIO HA PAacCTOsiHHE HECKOMbKHX KHJIOMETPOB HJIH JECSITKOB
KHJIOMETPOB.

DHeprulo ke 3/1eKTPHYECKOTO TOKA MUXKHO NepelaBaTh MO
IPOBOJAM HA PACCTOSIHHE JO HECKOJIBKHX ThICSY KHJIOMETPOB,
TloaToMy, KaK TOJIBKO ObIJIH CO3aHbI- lIepBble YIOBJIETBOPHTEN b~
Hble MOJEJH 3JIEKTPHUECKHX TeHepaTopoB, Mepel TeXHHKOH
BO3HHKJIa Mpo6JjieMa LUEeHTPaIH30BAHHOIO NPOH3BOJACTBA 3HEP-
THH H ee Mepelayd MO NpPoBojaM Ha 6oJjbiuoe paccrosinue. Ta-
Kasi MOCTAHOBKA 33Ja4H — MPOH3BOACTBO SHEPTHH B OXHOM Me-
cTe H moTpeb/eHHe ee B APYroM — SIBJSIeTCS OJHOH H3 BaxKHEH-
IUHX NPHHIMIHATbHBIX OCOGEHHOCTEH 3SHEPTeTHKH, OCHOBAaH-
HOH Ha HCIOJb30BAaHHH HIEKTPHYECKOH 3HEPTHH.

Hoxasnstomas uacte noayuaemoln B CCCP anektprueckoH
SHEPTHH, sIBJSIOLIEHCS SHepreTHueckod 6a30f Bcell NpOMBILI-
JIEHHOCTH, TMPOHM3BOJUTCS HA 3JEKTPOCTAHUHAX, MOIHOCTL KO-
TOPLIX H3MepSETCsl COTHSMH THICSY H MHJUIHOHAMH KHJIOBATT.
CraHuMH 3TH pacrosaraiTcs JHO0 TaM, TAe HMeloTcst GoJbliHe
sanacel BOJHOH sHepruH (Ha Juenpe, Bosre, AHrape u Apyrux
NONHOBOJAHBIX peKax), JIM6O TaM, TAe €CThb GoJbliue 3anackl
ACWIEBOTO TOIVIMBA. [lellieBasi 3HEPrHs 3THX CTaHIMUHA pacnpe-
AeJsieTcA 10 NPOBOJHBIM CETSIM Ha OTPOMHbBIE PACCTOSIHHS H MO-
Tpe6G/IseTcs 1acTo B MECTaX, OTCTOALLHX OT CTAHIHH Ha COTHH
H ThICSiuH KHJIOMeTPOB. IIpH 3TOM 60JbIIIOE YACHO MOLLHBIX CTAH-
nHi 00BEINHSIOTCS B ONHY SHEPTETHUECKYIO CHCTEMY, HanpHMep
Mocsuepro, JIeHnHrpa,uSHepro YKp3Hepro H T. 1., H COBMECTHO
CHa6xaioT sHePrueil norpeGurenedl OrpoOMHOrO pailona. 3asep-
aTcs paGoThl MO OOBEHHEHHIO B SIHHYIO cncremy BCEX Kpyn-
HhIX asekTpocranmmi CCCP.
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ITpu TakuX yCJOBHAX COBEPLIEHHO HCKMOYHTENLHOE 3HAYE-
HHe NPHOGPETAeT 3ajaya BO3MOXKHOTO yMeHbILEeHHS OTepb B
npoBojax (§ 52). BaxHefiuum 1waroMm B pewienuH stolt pyHaa-.
MEHTaJIbHOH 3JIEKTPOTEXHHUECKOH 3a/auyH SIBHJIOCH BBISICHEHHE
BOIPOCA O BO3MOMKHOCTH 3HAYHTEJLHOTO YMEHbILEHHS NOTepPhb
NyTeM MOBLILICHHS HaNpPsKEHHSA, O] KOTOPLIM mepeiaeTcs TOK.
K 3ToMy BHIBOAY BhepBbie MPHILET PYCCKHH 3JeKTPOTEXHHK
J. A. JlaunnoB, ony6/aHKOBAaBIIHH COOTBETCTBYIOLEEe HCCIE-
JnoBaHHe B 1880 r. C TakuM Ke 3aKJIIOUYEHHEM BHICTYMHJ (paH-
uysckuil uccenenonarens JK, Jenpé, kortopoiit B 1882 r. ocyie-
CTBHJI TEpPBYIO Nepefayy 3JIeKTPOIHEPTHH 3HAYHTENLHON MOIL-
HOCTH MO TejerpadHsiM MpPOBOAAM HAa PAaCCTOsHHe 57 KM.

Jas nyuiwero yacuenus uied JlaunHosa u Jlempé paceMort-
pPHM YHCJIOBOH MpHUMep.

[Tonoxum, uto MBI HMeeM B OJHOM MECTE reHepaTop C MOIL-
HocThio 1000 kBT 1 nepenaem ero sHeprHio B Apyroe mecro. Cpas-
HHM MOTEPH, CBA3aHHbLIE C ee Tepefayell B ABYX Caydasx: Kor-
Ja HampsiKeHHe, AaBaeMoe reHepartopoM, paBHo 5 u 50 kB.
B nepsoM cayyae TOK, 1aBaeMblHl reHepaTtopoM, AO/KeH pas-
Hatbea 200 A (rak kak 5 kB-200 A=1000 kBr), Bo BTOpOM —
20 A (tax xak 50 kB-20 A=1000 xBr).

Ilycrs asis mepeaus C/IYXHT JIMHHA TPOBOJAOB, CONPOTHB-
Jienne koropoi paBHo 20 Om. Kakas sHeprusa Gyner ucTpayeHa
B 3THX NPOBOAAX HA Harpesanue? [lotepn momHOCTH Ha Harpe-
BaHue pasubl /2R[Bt]. CienoBaresbHO, B MEepBOM ciydyae 3TH
norepu cocrasisior 200%-20 Br=800 kBT, a Bo Bropom 20%X
% 20 Br=8 kBr. Hrak, Gecrnosie3Hsie NOTepH 3HEPTHH COCTaB-
Js0T B nepoM ciyuae 800 u3 1000 kB, T. e. nocturawor 80 %,
a BO BTOpoM — To1bKO 0,8 % . ¥YBennuns Hanpskenue B 10 pas,
MBI yMeHbHM GecrtosiesHuie motepu B 100 pas. B stom u 3ak/mo-
YyaeTcsi NPHYHHA TOTO, YTO B COBPEMEHHOH 3JIEKTPOTEXHHKE
3HEprHio, MONyYaeMyIo Ha 3JIeKTPOCTAHIHAX, CTPEMATCA mepe-
[1aBaTh B OTJaJIeHHble MECTa MOJ BO3MOXKHO GoJiee BHICOKHM Ha-
TIpAXKEHHEM. i

KoHeuHo, cHH3HTbL GecroJie3Hble NMOTEPH MOXKHO 6bl10 GH,
yMeHbImass R, T.e. conpoTHB/eHHe nposofoB. Ho ana storo
npHuIoch 66! HX JenaTh 6oJiee TOJCTHIMH, HOO LJTHHA TPOBOAOB
sajlaHa pacctosHueM J0 Mecra norpebieHus. [loHATHO, YTO
8HAaYHTeNbHOE YBeIHYEHHe CeyeHHs IPOBOJOB CBASAHO. C HX
yIAOpOXaHHeM H, CJeNOBaTe/NbHO, HexeaateabHo. HaoGopor,
OpHMeHeHHe BBICOKHX HaNpsiXKeHHH MO3BOJAET MOJIb30BATHCH
TOHKHMH TPOBOAaMY, T. €. MPOBOAAMH C GOJIBLIHM CONPOTHB-
JIeHHeM, HO 3aTO ropasio 6oJiee IelleBbIMH.

OJ.IH&KO CTPOHTb FeHepaTopbl ¢ HATPAMKEeHHeM COTHH ThICAY
BONLT KpafiHe 3ﬂpr}1HHTeJIbH0 XOTsl 6B MOTOMY, YTO H30/IANH A
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MAalHH He BbLAEPKUBaer TaKHX HanpsixkeHuii. Kpome roro, Henb-
851 CTOMb BHICOKHE HANpSIKEHHs HENOCPENCTBEHHO MOAABATH
notpebuteso.

-EMUHCTBEHHBIH BO3MOXKHHIH BEHIXOX SaK/IlOYyaeTcss B TOM,
YyTOORl Ha 3JEKTPHYECKOH CTAHUHH MNOBHILATL HanpsKEHHE,
JlaBaeMoe I'eHepaTopoM, NepeiaBaTh SHEPTHIO IO 3THM BBICO-
KHM Hanpsi>)KeHHEM B MeCTO NOTpebJeHHs H 3]leCh CHOBA NOHH-
KaTh Hanp¥XKeHHe JI0 HYXKHBIX npeaesoB. OCYIEeCTBHTE TaKoe
npeo6pa3oBaHHe HanpsKeHHH JJf NOCTOSTHHONO TOKa YpPE3Bbl-
yaiiHo TpyaHo. Hanpotus, Aj1s nepeMeHHOro TOKa Takoe Hpe-
o0pa3oBaHHe OCYLIECTBJASETCS € NOMOLLBIO TpaHchopmaropa
JIETKO H C O4YeHb MAJILIMH HOTEPSIMH 3HEPLHH. -

MoluHble 3/1€KTPHYECKHE CTAHUHH BHIPA6GATHIBAIOT SJEKTPH-
YeCKYI0O 3HeprHIO NpPH nepeMeHHOM HanpsixkenHH 6—20 kB u
yactore 50 I'u. Dra 3Heprus nojaercs B NOBLULAIOLIHE TPaHC-
¢dopMaTOpHl H MONMAajAeT B JHHHH NepejayH NOJ HanpsiKeHHeM
COTHH KHJIOBOJBT. [lo JHHHSAM nmepenayu 3Heprusi pacnpenessi-
eTcsl K MecTaM notpebJeHHsl. 3/1eCh TOK HPHHHMAETCS NpeXie
BCEro Ha IJIAaBHYIO NMOJACTAHIHIO, TAe ¢ NOMOLIBIO TpaHcopMa-
TOPOB HANpSI’KeHHe ero CHUxaeTcs o6blyHO 10 35 KB. Iloxstum

19K8

i

Cmangus® foBeonyarmul
IMPAHEGHOLMANIOnD

Puc. 314. Cxema nepejaus TOKa OT SJeKTPOCTaHIMH J0 NoTpeCuTenst H
pacnpefieieHHsl ero Mexjy nOTpeSHTeNsIMH

Hanpsi>KeHHeM TOK Nonajaer B NPoBoja palloHHON pacnpenenu-
TENLHOH CETH, COeRHHSIOLIEH TJIaBHYIO MOHHKAIOLLYIO MOACTaH-
IHIO CO CPABHHTENBHO OJH3KO PpacnoJOKEHHBIMH MeCTaMH
norpeGaenus. B KaXk1oM TakoM MecTe YCTAHABJIHBAIOTCS BTOPHY-
Hble TOHU K alOLIHe NOACTAHIHH, T. €. TPaHC(hOPMaTOPhl, CHHXKA0-
1 He HanpsikeHue 1o 3, 6 uin 10 kB. Orciona no npoBojaM Mect-
HOHM pacnpeieNUTeNbHOH CeTH TOK NonajderT B MHOIOYHCJIEHHLIE
TpaHc¢OpMaTOPHBIE NYHKTHI, HAXOASUIHECA HA OTAENbHHIX 3a-
BOJAX HJH OOCJAYXKHBAlOlLIHe HEeGOJbINYI0 IPYnny JOMOB, a
HHOIJIA H OAHH Gosbiuofl goM. TyT HampskKeHHe CHHXKaercs A0
127, 220 usan 380 B u nox 3THM HH3KHM HanpsiKeHHeM SHeprus
NOJABOAHTCS B OTAEJbHHE KBAPTHPHI, K CTAHKAM H T. . 70 TaK
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Ha3b!BaeMo#H BHyTpeHHeﬁ ceTH, Cxema TaKoro pacnpeneneHus
TOKa NMOKa3aHa Ha puc. 314.

B Hacrosiee BpeMA 3JeKTpHYECKas 3Hepruﬂ nepepaercs
NMOYTH HCKJIOYHTENBEHO B BUAE NepEMEHHOrO TOKa BbICOKOTO Ha-
npsikeHus. Pacuer nokashiBaer, oJHAKo, 4YTO nepejaya €€ B
BHJAE MOCTOSIHHOIO TOKA BBLICOKOIO HanpsixkeHHs Oulia 6bl ro-
paszo BLIMOJIHee, TaK KaK TpeboBaJsa Obl MPOBOJIOB ¢ CeYCHHEM,
a cyefloBaTesbHO, H Maccodt, B 1,5 pa3a MeHbIUHMH; NMPH AaJib-
HHX Iepejayax (Ha THICAYH KHJIOMETPOB) 3TO BeCbMa CYL{eCTBEH-
Ho. Hcnonb3oBaHHe MOCTOAHHOIO TOKA BMECTO NMEPEMEHHOTO
TOPMO3HTCSAl T€M, YTO AO CHX MOp He HalJeH cnocob MoJyueHH A
MOILIIHBIX MOCTOSAHHBIX TOKOB BBICOKOI'O HaNpsXKEHHUA H He Cylle-
CTBYET NMPOCTbIX NMPHEMOB TpaHCHOPMALHH HANpPSKEHHA IOCTO-
SIHHOTO TOKa. DT0 OJlHA H3 BaKHeHINHX 3a]ay, CTOALIHX Hepex
TeXHHKOH.

2 165.1. 3sextpoctanuus momHocTH 5000 kBT nepexaeT SHeprHio
L] no AByM MeIHBIM INpOBOJAAM 3aBOAy, HaXOAALEMYCs Ha PacCTOstHHH
25 kM. IloTepst B mpoBofiax AOMKHA cOCTaBHTL 2 % oT nepegaBaeMoi
MOHIHOCTH. PaccuuTaliTe ceuerHe npoBOJOB AJIst CJayuaeB, Korja
9HeprHUst NepeflaeTcst; a) noA HanpsixkeHueMm 50 xB; 6) nox Hanpsixe-

uuem 100 xB, KakoBa 6yzeT Macca NPoBOJOB B TOM H APYToM cJIydae?
InoTHOCTL MeAM paBHa 8,9-10% kr/m3.

§ 166. BuipsimiieHue HepeMEeHHOro TOKa. XOTs, KaK Mbl YXKe
YKasblBaJIH, B TEXHHKE HMPHMEHsETCS INPEHMYLUIECTBEHHO Mepe-
MeHHbIH TOK, OJHAKO B psJie ciiyuyaeB ObIBaeT HEOOXOAUMO HMETh
. MocTosIHHBIH TOK. TakoH TOK HeOOXOAHM, Hanpumep, AJas OHTA-
HUS DAJHMONPHEMHHX H DaJHONepelalOlIHX YCTPOHCTB, TeJe-
BH30POB, IJA 3apsiiKH aKKyMYJSATOPOB, AJIA IEKTPOJIHTHYE-
CKOTO NOJIYYeHHS METaJIIOB, 7V NPHBEAEHHA B JeHCTBHE JBH-
rarejell TpamBaeB, TPOJIEHOYCOB H 3JeKTPONOE30B *) H JJiA
MHOTHX JAPYTHX lejell. [TosTomy oueHb BaXKHOe TeXHHUYECKOe
3HAYeHHE HMEIoT ychoﬁCTBa MO3BOJIAIOIHE NPeBpALIaTh Ile-
peMeHHbIH TOK B MOCTOSAAHHBIH, HJIH, KAK MPHHATO I‘OBOpHTb BbI-
NpsAMJIATE €ro.

B ocHoBe neficTBHA BceX YCTPOHCTB TAKOro pola — evinpsa-
mumeneld — JEXKHT NPHMEHEHHe TaK Ha3blBAEMBIX 3dAeKmpuue-
cKux eenmuaeti, T. e. NPHOOPOB, KOTOpblE MPOMYCKAalOT TOK B
OJIHOM HaNpaBJICHHH H He NMPOIYCKAIOT €ro B MPOTHBONOIO0XKHOM
HanpapseHHH. C OJJHUM H3 TAKHX BEHTHJIEH Mbl yXKe 3HAKOMBI,
310 — JABYX3JEKTpOJHAsA  JiaMma C HaKaJeHHBIM KaTQloM
(§ 106). Ecaft MB BKJ/IIOYHM TAKYIO JIaMIy B CeTh HepPeMEHHOr0o
TOKa Nnoc/1e[0BaTe/1bHO C HATPY3KOH, JIs1 MHTAHHA KOTOPO# Ham

3

*) INpeumyinectBa NMOCTOAHHOTO TOKA IJA 3J1ex'rpo;mura're.r1eﬁ GYILYT
BHIAACHEHEl B clelyloilel IJaBe.
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HY>XeH NocToanHul Tok (puc. 315), To TOK 6yaer NMpoXomuThb
yepes 1enb TOJNBKO B TOT MOJYNEPHOL, KOT4a HaKajleHHAash HHThb
6yzer KaTOZOM, a XOJIOZHAafd IJIAaCTHHKA — aHogoM. B cienyio-
LU,HI':I noaynepuon, Korpa XoJiogHasi NJIaCTHHKa CHYXKHT Karo-
[OM, a pacKasieHHasi HHUTbh — aHOIOM,
TOK NPOXOJHTD He MOXeT, NOTOMY YTO
:'l* "HCITyCKaeMbleé HHTBLIO 3JIEKTPOHBI He

GyRyT NPHTATHBATLCA MOJEM K NJia-
CTHHKE, a, Haobopor, 6YLYT OTTal-
KHBaThcsl '06paTHO K HHTH. [TosTomy
TOK B Harpyake 6yJeT NPSAMBIM, T. €.
Puc. 315. Cxema oanoniony- ~HANPABJIEHHE €rO MEHATBLCS He Gyzner.
nepuopnore suinpamutens  PopMa Takoro nyJbcHpylollero nps-
: MOrO TOKa [IOKa3aHa Ha pHc. 316. Jra

CXeMa BBINPSAMJIEHHs MePeMEHHOI0 TOKA HOCHT Ha3BaHHE 00HO-
noaynepuooHot.

~ Urobwl cryianuth KOJIEGAHHS CHJIBI TOKA B lleNH, PHMEHSIOT
GoJsee CIOXKRYIO, 08yxnoaynepuodHyto, CXeMy BBINPAMJIEHHS,
NoKasaHHYy10 Ha puc. 317. 3nech ceTeBOe HanpsKeHHe NOLBOAAT

K cemu
an [«

1]
IO S ———
T

Hazpysxa

!

f.

|0 T2 T 372 27

Puc. 316. dopma Toka npu >011Hon0lenepH011H0M BLINPSMJICHUH

K NepBHYHONA 06MOTKe TpaHncdopMaTopa, a cepefHHy BTOPHYHOMH
OGMOTKH COeJHHSIOT C OTAENbHHM 32XUMOM. $ICHO, UTO B Te-
YeHHe ORHOTO MOJYNEePHOLa 3AXKHM @ HMEeT OTHOCHTEJILHO Cpel-
Hell TOUYKH b Gosiee BBICOKHII NOTEHIHAaA, T. €, SBJISETCS MO
OTHOLIEHHIO K Helf IUIIOCOM, a TOYKA ¢ — MHHYycoM. B Teuenne
Clenylollero noJaynepuoja, Hao6opoT, MJAIOCOM MO OTHOLIEHHIO
K cpennell TOuKe GyZeT TOYKAa ¢, a MHHYCOM — TOYKa 4. -
Kpaiiude ToukH TpancthopMaTropa a H ¢ NPHCOSAHHAIOT K
aHojgaM ABYX BHINPSAMHTEJNbHHX JIaMIl, KaTOJkl KOTOPEIX COelH-
HeHBl MeX1y cofoH ¥ HaKaJIHBAIOTCS OTAENbHOH Garapeed HJH
OTZebHON NoHMXKawlmel# o6MOTKOR Ha Tpancdopmarope. Ha-
rpysKa, Kak 3To BUZHO U3 puc. 317, BKJIOYaeTcst MEXAY cpenHeH
TOYKOH TpaHCcdOpMaTopa H KaTOAaMH OGEHX BRINP AMHTENbHBIX
snamn. B TeueHne TOro moJynepHona, KOrka TOYKA @ IOJIOXH-
TeJIbHA MO OTHOUIEHHIO K TOUKe b, a TOuUKa ¢ — OTpHllaTedb-
Ha, TOK NPOXOAHT TOJBKO Yepe3 nepBylo Jiamny, a Bropas 3a-
nepra, T. €. He MPCHYCKAaeT ToKa. B TeueHHe ciienyoinero nony-
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OEePHOJA JIAMITE MEeHSIIOTCSL POJISIMH: NepBasi JaMila 3anepTa,
TOK MPOXOAHT TOJMbKO Yepe3 BTopylo. Hanpap/ieHHs STHX TOKOB
oTMeueHb! Ha puc. 317 cTpenkamu. Mul BHAHM, 4TO 4yepe3 Ha-
TPY3KY TOK MPOXOAHT B TeueHHe OGOHX [MOJyNEPHOLOB B Of-
HOM H TOM Ke HanpabJeHHH. Popma 3TOro Toxa noxasaHa Ha
puc. 318 mTpuxoBO# JHHHeH.

ToaHegaoMamop
lepbuyras ariobuyHas
oOMOImKA ooOMOmMKa -
o\ o T
EI 4 & 1 1 'f
8 b1
<
x 2 i 1 ;s
L PRALL:
1% 2Ty
’ TS
Haranonan pioo
ooTMOmKa — LIV

Puc. 317. Cxema JBYXRONyREpPHOAHOTO BLIMPAMHTENS

YTo6hl eme 60/blNe CIVIaAHTb MyJbCAUHH BhIIPAMIEHHOTC
TOKa, NPHMEHAIOT TaK HasbiBaeMble @uaompor. lIpocTeiiinm
GUIbTPOM fIBJsIETCH KOHAEHCATOp AOCTATOYHO GOJIBIIOH €MKO-
CTH, BKJIIOUeHHbIH Mapa/lyienbHO Harpyske. STOT KOHIAeHcaTop,

N A A R T

Puc. 318. dopMa Toka NpH ABYXIOJYyNepHOAHOM BHINPAM/ICHHH

MOKa3aHHHIN ITPUXOBOH JHHHeH Ha pHc, 315, 3apaxaerca B
TOT NOJYNEPHOA, KOrja depe3 BbIPAMHTEAbHYIO Jiammy Mpo-
XOIHT TOK, H paspsikaeTcd 4epe3 MPHEMHHK SHEPTHH B Teye-
HHE CJefylollero noaynepHoia, NMOJJAepKHBAsS B HeM, TaKHM
o6pa3oM, TOK B TeUeHHe BCero Mmepuoia. .

Ewe Gonee coBepiieRHbIM fiBAsieTCS (QUABTP, COCTOANIHA U3
KaTyHWIKH C JKene3HbiM cepJeYHHKOM, obsajatoiiell GobIoH
HHIYKTHBHOCTbIO, H JABYX KOHAeHcaropoB. Karymka BxJioua-
ercA Moc/IefOBaTedbHO C NPHEMHHKOM 3HEPrHH, a KOHJeHca-
TOPH — MapasJeNbHO eMY: OQHH — Mepel KaTymkoi, Apyroi
nocse Hee (puc, 317). 3. 4. c. CaMOHHAYKLUHH B KaTyllKe NpPo-
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THBOJEHACTBYeT H3MeHeHHAM ToKa. OHa ocsabisieT eroBo BpeMmst
HapacTaHHA H NONJIeP:KHBaeT BO BpeMs y6hiBaHHA. Popma criaa-
JKEHHOrO TOKa NQKasaHa Ha puc. 318 cnaowHoOH JloMaHOH JH-
HHER.

JIByX3/1eKTpOfHble BaKyyMHEIE BBIIPSAMHTEJNbHBIE JIaMIIbl
C HaKaNeHHBIMH KaToflaMH HasbiBaloT kenompouamu (§ 106).
OHM 1ONYyYHJH OYEHBb IHHPOKOE PACIpPOCTPAHEHHE B PaIHO-
NPHEMHHKAX, TeJNeBH30paX # IPYrHX PalIHOYCTPOHCTBAX.

KeHoTtpoHb! MoOryT mponyckath uepe3 cefsl JMIIb CPaBHH-
TEJILHO cJiabble TOKH, JO HECKOJbKHX JECATKOB MHJLIHaMIep.
B Tex cayuasix, KOraa Hy»HO BBIIPAMJAATH GOMbILUE TOKH (10
50 A), BMeCcTO KEHOTPOHOB MPHMEHSIOT TAK Ha3blBaeMble 2a30-
mpore: (puc. 319). O1o ToXKe ABYX3JEKTPOIHAS JaMia C Haka-
JIEHHBIM KaroJOM M MeTaJJIHYeCKHM HJH YTOJBLHBIM aHOLOM,
HO B OTJIHYHE OT KEHOTPOHA, BHYTPH KOTOPOTO BO3AYX IO BO3-
MOXXHOCTH TOJIHOCTBIO OTKAauaH, KoJ6a rasoTpOHa 3anoJHeHa
nmapaMi PTYTH WJIH WHEDPTHBIM Ta3oM.
DNeKTPOHRE, BbLIeTaoIHe H3 HaKaJjeH-
HOro Karofa, Ha CBOeM IyTH K aHOLY
HOHH3YIOT MPH COYJAPEHHAX AaTOMEE

Puc. 319. Tasorpon: Puc. 320. ¥YcrpofictBo
a) BHeIHHH BHA; 6) “yc- ) PTYTHOrO BHLINPSAAMHTENAS
JIOBHOE 0003HayeHHe :

pryTH. [ToSBASIOUIMECS IPH 3TOM MONOXKHTENbHBIE HOHH CIIO-
CO6CTBYIOT YBEJNHUEHHIO 3MHCCHH C KaTojga, TakK 4TO TOK
yepes rasoTPOH MOXeT OHITh 3Haqmenbﬂo'6onbme uyeM ye-
pe3 KeHOTPOH.

Haxkonen, B Tex c.nyqaﬂx Korjga Tpefyercsi BBUIPSAMHTh
TOKH .0ueHb GOBIHX MowmHocTel (10 200 A npu Hanps:xeHuH
10 50 kB), B KawecTBe BeHTHJIEH NMPUMEHSIOT TaK Ha3bIBaeMble
pmymuoie goinpsamumery. Onu npencTapasior cofoit Gonblime
CTEKJISTHHBIE WJIH METaJJIHueCKHe Koa6hl (pHc. 320), B KOTOpHIX
MPOUCXOAHUT -AyrOBOH pa3psj B Napax PTYTH MEXKLY KaroioM
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1 (xmakas pTyTh) H rpadMTOBEIMH 3JeKTpoaaMH 2 H 3, BnasiH-
HbBIMH B GOKOBblEe OTPOCTKH. JlOMOJHHTENIbHBIE 3JEKTpObL 4
U 5 BKJIOUEHH B YCTPOHCTBO, ofecneunBaiouee pabory BHNps-
MHTeN NPH MasdbX Harpyskax. PTYTb B JIONOJHHTENILHOM OT-
POCTKe 6 CAYXHUT IJs 3aXKUTraHHus AyrH. Jlyra B Konbe MOXKeT
rOperTb TOJBKO TOTAA, KOIJa XHJAKafA PTYThb fABJISAETCA KaTo-
JoM. TIpu 3TOM Ha NOBEpXHOCTH PTYTH 06pasyercs APKO CBe-
TAlleeCAd NATHO, NpelcTaBJasiollee cO00H HarpeTblil y4acTok
prytH. C 3TOro ywacTka NpPOHCXOJMT YCHJIEHHOE HChapeHHe.
PTYTH, nape KOTOPOH NPH BBLICOKOM JAABJEHHH 3aNOJHSAIOT BCIO
KoJI6y. JTO XKe NATHO ABIAETCA H HCTOYHUKOM 3JEKTPOHOB,
KOTOPBIE ABHXYTCS MOA AEHCTBHEM 3JIEKTPHIECKOTO NOJA K TOMY
U3 3JeKTPoJoB 2 U 3, KOTODPhIl B JaHHOE BpeMs MOJOXKHTEJNEH.
N0 OTHOLIEHHIO K PTYTH W APYrOMY aHOAY.

Takoli BEINDAMHTEIb BKJIOUAETCA MO CXEMe ABYXMOJyle-
PHOJIHOTO BHIPAMJEHHA, H yra FOPHT B T€4EHHE OJHOro NoJay-
NepHOJa MEXKAY KaToioM I H aHOAOM 2, a B T€UEHHe APYToro —
Mexay karojoM I u aHoaoM 3. Ilpu 3TOM B Harpyske TOK HAET
BCE BpeMs B OJHOM H TOM K€ HanpapJyieHHH. TakHMH PTYTHBIMH
BBLINP AMUTENSAMH OGOPYAOBaHBI, B YaCTHOCTH, MOUYTH BCE NOJ-
CTaHIIUH, MHTAIOLIHE 3JEeKTPHUEeCKHe JKeJe3Hble JOPOTH, TpaM-
BaH H TPOJMJIEHGYCHI.

Hapsiay ¢ onucaHHEIMH 3J1eKTPOHHBIMH HJTH ra30pa3psalHbIMH
BHINDP AMHTENAMH B NocjejHee BpeMs MOJYYHJIH Gosee LIHpoKoe

Puc. 321. Ycnosnoe o603nauenne  TIOAYTIPOBOJHH-
KOBLIX SJIEKTPHUECKHX BeHTHJeH

pacnpocTpaHeHHe TBEPALIE HJH M0AYNpPOBOOHUKOBbIE bINPAMU-
meau, 0 KOTOPLIX Gbio ckasano B 1. 1X. Mx Bkiouaior B BhI-
NpSIMHUTENbHBIE YCTPOUCTBA MO TEM KE CXeMaM OJHO- H JBYXMO-
JIYIEPHOJHOTO BHINPAMJIEHHA, KaK Ta30TPOHBl HJIH KEHOTPOHHL.
Ha wueprexkax nonynpoBOAHHKOBEIE BEHTHJIH MPHHSATO
0603HauaTh YCJIOBHHIM 3HAKOM, H306paXkeHbIM Ha puc. 321. Ha-
npasJeHHe OCTPUA YKa3blBAeT HanpasJjeHHe NPONYCKAHHS TOKa.
HMHbiMu  ca0BaMu, ycTpoHCTBO, 06GO3HAauUEHHOE 3THM 3HAKOM,
NPOMYCKaeT TOK TOJBKO TOTAA, KOTJa 3JEKTPOJ, H3006paxKeH-
HEIH TPEYTOJBHHKOM, ABJIAETCA aHOJOM (IJIIOCOM), a SJEKTPOJ,
H306paxaeMHH IIACTHHKON,— KaToAOM (MUHYCOM).



Fnasa XVII. NEKTPUYECKHME MAUIMHGI:
TEHEPATOPDI, ABUFATENW, DJIEKTPOMATHHATHI

§ 167. I'eHepaTopul nepemenHoro Toka. B Hauase npeabiayliei
[VI4BBl MBI YK€ FOBOPHJIH O TOM, YTO B COBpeMEHHOH TeXHHKe
IIPUMEHAIOTCA MOYTH HCKJ/IOUHTENbHO HHIYKUHOHHEIE reHepa-
TOPBI JIEKTPHUECKOTO TOKA4, T. €. MAillMHBl, B KOTOPBIX 3. [. C.
BO3HHKAeT B pe3yJ/bTaTe NpoIlecca 3JeKTPOMArHHTHOH HHIYK-
U, [103TOMY CJI0BO «HHAYKIHOHHKEL» OOGBLIYHO ONYCKAIOT H To-
BOPAT NPOCTO 00 3JEKTPHUECKHX reHepaTopax, HMesd B BHAY
HMEHHO 5TH HHIYKLUHOHHElE r'eHepaTopHl.

B § 138 Mbl pasoGpanu npocTeHulylo MOAeNb HHIYKI[HOH-
HOro reHeparopa H NOKasaJH, 4TO 3. [. C., BO3HHKAIO1AA B Ka-
TYyLIKe, Bpallaiolleficsi B MArHHTHOM IOJe, ABJSETCA lepeMeH-
HOH; NOSTOMY IlepeMeHHBIM fBJAETCH H TOK, MOJydYaeMBlH OT
HHIYKLHOHHOTO TeHeparopa, eCIH He NPHHATh ClelHalbHBIX
Mep VI ero BHIIpAMJIEHHA, T. €. JJs NpeBpalleHHs ero B Mo-
CTOSIHHBIH, HJIH NpAMOH, TOK, He MEHAIOLIHH CBOEro HampabJje-
HHA. KoHeuHO, cOoBpeMeHHEIe TeXHHUECKHe reHepaTopHl, CTPosi-
IIMecH 4acTo Ha orpomuble MoixHocTH (n0 200—400 ThHICAY

' KHJIOBATT B OJXHON MallHHe), HeCpaBHEHHO CJIOXHee, 4eM Hala
mozens, Takas MallHHA CO BCEeMH JONMOJHHTENbHBIMH YCTDOMi-
CTBAMH JJIl KOHTPOJIA H PEryJHPOBaHUA ee pabOThl, 3alHTH ee
OT aBapHi, pacnpelefeHHs TOKAa MeXIy NOTPeOHTeNAMH H
T. . Impeacrasifaer coGOfl OYeHb CJOXKHOE TEXHHUECKOE COOpy-
kenHe (puc. 322). OxHako Bce OCHOBHBIE YACTH €€, IPHHIH-
NHAJMBLHO HeoOXoQuMBbIe 11 paboThl JIIO6Oro reHeparopa, Kax
6Bl cJ10eH OH HH OBblLJI, MOXKHO BBLIEGJHTb H Ha HalleH NPOCTOH
mouenu. TakuMH 4acTAMH ABJAIOTCA: a) UHOYKMOP —— MAarHHT
HJIH 3J€KTPOMArHHT, CO3JAOIIHA MarHHTHoe MNoJe; 6) axops —
00MOTKa, B KOTOPOH IpH M3MeHEHHH MAarHHTHOrO IIOTOKA BO3-
HHKaeT HHAYLHPOBAHHAA 3. A. C.; B) KOHMAKMHbIE KOAbYA H
CKO/Ib3SILIHE 10 HHM KOHTAKTHBIE [VIACTHHKH (WemKu), NpH mo-
MOIIH KOTOPBIX CHHMAaeTCs MJIHM MOABOAMTCH TOK K Bpallaioliel-
cf yacTH reHeparopa. Bpawaioliascs yactb Ha3elBAeTCsl pomo-
pox reHeparopa, a HelNOJBHXKHAA 4acTh €ro — CMAMmopoM.
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B naweil monenu 3. A. ¢. UHAYKLHH BO3HHKaJla MpH Bpa-
IEeHHH SIKOPSA B moJe HHAYKTOPA, T. €. "fAKopb GbUI POTOpOM,
a uHAyKTOp — craropoM. Ho, KoneuHo, MmoxHO, HaoGopoT,

BpallaTh HHAYKTOP, a IKOPb OCTABJATb HEMOABHXKHBIM. Takum -

06pa3oM, Kak poTop, TaK H CTATOP MOI'YT BHINONHATb POJb HH-
IYKTOpa UMM poab sikops. Y1 B ToM H B pyrom ciayuae poTop

»

//

NN \\\\\\
N

Puc. 322, Mownblii HHAYKILHOHHLIA reHepaTop

JIOJ2KeH ObITh cHabXeH KOHTAKTHBIMH KOJbLAMH H IIeTKaMH,
OCYIIECTB/SIOIUMH HeNpepbIBHEI KOHTAaKT BO BPCMA ero Bpa-
lenus. $lcHo, omHAaKo, YTO yAOOHee NMPOBOIUTb Yepe3 TaKHe
CKOJIb3fllIHe KOHTAKThbl CPaBHMTEJNbHO HeGOJbIIOH TOK, HeOG-
XOIMMBIH A/ HaMarHHYHUBaHHs HHAYKTOpa. TOK Xe, reHepH-
pyeMblii B sIKOpe GOJIbIIOrO TeHepPaTopa, JOCTUraeT OrpOMHOMH
CHJIbI, U 3TOT TOK yJoOHee CHUMaTb C HEMOJABHXHBIX KaTyliiek,
He TpeOyIOLUX CKOJb3fIIMX KOHTAaKTOB. [I03TOMY B MOLIHBIX
reHepaTopax NpeNnoOYHTAIOT B KayeCTBe SIKOPS HCMOJAb30BAaTh
CTaTop, a B KauecTBe HHAYKTOpPAa — POTOP. »

Jna Toro utobbl mosyyarb GOJbliIHE MAarHUTHBIE MOTOKH
yepe3 OOMOTKH SIKOpS, a CJAeNOBATeNbHO, H GOJblIHE M3MeHe-
HHUS 3THX TOTOKOB, IKOPb CHAGXKAIOT KeEJIE3HBIM CEePIEYHHKOM,
KOHIIBI KOTOPOT'O HMEIOT TaKyio GopMy, 9TOOH MEXKAY MOMIOCAMH
MarHHTa H CEpIEYHHKOM OCTABAJICA JHLb HeGOJbIION 3a30p,
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HeoGXONUMBbIf A5 BpameHus. B Kaiectse HHAYKTODA, COMialo-
IIEro MarHHTHOE M0JIe, B TEXHHYECKHX FeHepaTopax IOYTH Beer-
_ A NPHMeHSIOT a/ieKTpoMaruuthl (puc. 323). JIMwb B oYeHs pej-
KHX CJIy4asX, IpH KOHCTPYHPOBaHHH IeHePaTopOB MaJsof Moi-

Puc. 323. Karyuka, HaMoraHHas
~ Ha 3KeJIe3HHIl CepJeYHHK, Bpalla-
€Tcs1 B IoJie 9JeKTPOMarHHTa.
MarsuTHeIR NOTOK Yepes Katyi-
Ky: a) senuxk; 0) man. Ilpu Bpa-
IeHHUH KaTYIIKH MarHMTHRIH 1O-
TOK H3MeHsIeTcss U B Hel WHAY-
[LHpYeTCs MNepeMeH HuH TOK

HOCTH, NPHUMEHAIT B KayecTBe HHAYKTOPOB MOCTOSIHHBblE Mar-
HHTBI. ITO jenaercs, HAPHMep, B TaK HasbIBaeMblX Ma2HemMO —
HeGONbIINX FeHepaTopax, NMPHMEHSEMBbIX .B HEKOTOPBIX THIAX

Puc. 324. Cxema ycTpo#i-

cTBa reHeparopa: I — He-

MOABHMKHBIH  SIKOpb, 2 —

BpallaoLiHica  MHLYKTOP,

3 — KOHTaKTHhle KOJbla,

¢ — CKOMb3dLHe 110 HHM
LEeTKH

JBHrateneil BRyTPeHHEro cropanus JJif 3aXKHTFaHHs C TOMOLIBIO
HCKDBI ropiodeil cMeCcH B LHJIHHAPAX ABHIaTeJis.

Ha puc. 324 nokasaHa cxema, a Ha puc. 325 o6uwuii Buf re-
HepaTopa nepeMeHHOro TOKa C BPallaloulMMCsl HHAYKTOPOM H
HEMOABHXKHELIM sikopeM. Potop (HHAYKTOp) 3TOTO reHeparopa
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[OKa3aH oThaeabHo Ha puc. 326. Kak BuauM, aror poTtop npen-
cTapasier co00i LMAWHAP C BBHICTYITAMH, HAa KOTOpHIE HAJETh
karymxku. O6MOTKH Ha 3THX KaTyIUKaXx, MO KOTOPHIM ITPOXOAHT
NOCTOSHHBIH TOK, CO3JAIOIIUA MATRUTHOE T10J1e, COSJIMHEHR! TAK,
YTO HA OTAEIbHEIX BHICTYIIaX MblI HMeEM IOOUEPE/IHO CeBepHbIe
U IOXKHbIe MOJIOCH! 3JEKTPOMArHuToB (puc. 327). Uwucno nap
3THX -NOMIOCOB OOBIYHO JOBOJBHO
BesMKo: 4, 6, 8, ... enaerca 310
BOT H3 KAaKHX cOOOpaxKeHHH.

Puc. 325. O6uufi BuJ rene- Puc. 326. Potop (uHaykTOp) TeHepa-

paTopa MepeMeHHOro ToKa C TOpa NepeMeHHOTO TOKA C BHYTPeHHH-
BHYTPEHHHMH noaiocamu, Po- Mu noaiocamu. Ha Bany potopa cnpa-
TOp ABJASIETCSI MHAYKTOPOM, a Ba MOKa3aH POTOP BCIOMOraTeJbHOM

CTaToOp — SIKOpPEM MalUHHH, Jaiouleli NOCTOSHHLIA  TOK

AJs1 MHTAHHS HHAYKTOpa

Ecsiu Gbl MBI MMeJIM B HHAYKTOPE TOJMBLKO OARY napy HoJo-
COB, TO EePHOJl NIEPEMEHHOr0 TOKa COOTBETCTBOBAJ Obl BPEMEHH
OJIHOTO MOJHOro o6opota poropa. Takum oGpasom, A/is noTyde-
HHS mepeMeHHoro Toka c yactoroi 50 'y potop Jomien Obla Gbl
Bpamarbcs ¢ gacrotoli 50 o6o-

POTOB B CeKyHAY, HiaH 3000 o6o-
pPOTOB B MUHYTY, 4TO A5 GOJIb-
LIMX MAaUIUH He BCEerja TeXHuye-
CKH ocymectsuMo. IIpu Haau-
YHH e 60IBLIOre UhcsIa nap 1o-
JIIOCOB MepPUOJl TOKA COOTBETCT- f:}lcé:’ﬂ(; Epaxixal(oxg:lgc)ﬁ HHAYKTOp
BYeT BpeMeHH, HeoGXONHMOMY (CTa'rlz)p) p2, B oﬁpmo‘nl()e -KOT?)]](J(())I:'S
AJiga [IOBOpOTAa pPOTOpPAa Ha 4YacTh * HHAYLHpYeTCsl TOK
OKDYKHOCTH,  3aHUMAaeMyl0 OA-

HOA napo#i nomocoB. TakuM o6pa3oM, Hanmpumep, NpH Ha-
JHYHMM 6 nap MoJIoCcOB -JOCTaTOYHO Bpamlath POTOP € YACTO-
10i1 500 060pOTOB B MHHYTY, YTOGH MOJNYYHTE MEPEeMEHHHH TOK
¢ uvacroroil 50 I'm.
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? 167.1. Porop renepartopa nepemeHHOTo ToKa HMmeeT 12 map nomwocos
H Bpaulaetca ¢ yacroro#i 1500 o6oporos B Munyry. Kakosa uacrora
9JleKTpHYecKOro Toka? CKOJMIbKO pa3 B CeXyHAY STOT TOK MeHSeT

CBOe HampaBJieHHe?

TTosroMy Takue reHepartopsl OGHUHO NMPHBOMATCA B JBHIKE-
HH€ CPABHUTEJBbHO THXOXOJAHBIMH BOASIHHIMH TYPOHHAMH HJIH
JBHTaTedAsIMH BHyTpeHHero cropanus. Ilpu paGore xe ¢ napo-
BbIMH TypOMHaMH, BpailiaioliumMucs c¢ uactoroil 1500—3000 o6o-
POTOB B MHHYTY, NPHMeHAETCH HECKOJbKO HHAs KOHCTPYKIHA
poTopa (uHAaykTOpa). POTOpP He MMeeT BLICTYNOB, a NPeACTaB/IA-
eT coGo#l TJajKuil HMJIHHAD, Ha HapyXKHOH NOBEPXHOCTH KO-
TOpPOro B nasax yJoxeHa o6MoTrka. IIpu Gonblioit uacrore Bpa-
IleHHA 3TO BRHITOJHee, MOTOMY YTO BBLICTYINBLI Ha POTOpe co3/a-
10T BO3AYLUHble BUXPU M YBEJHUHBAIOT MeXaHHUYECKHE MOTEPH.

dopma NoOCHLIX HAKOHEUHHKOB Ha BRICTYNax pOTopa ciie-
HUAJBbHO PacCUUTHIBAETCS TaK, YTOOBI HWHAYLHPOBaHHAaA B 00-
MOTKE 3. . C. U3M€eHSJ1aCh CO BpeMeHeM M0 3aKOHY CHHYyca, T. €.
yToGEl (hOpMa HanpsKeHHsA M TOKA, NaBaeMOTO TeHepaTopoM,
6bl1a CHHYCOMAANTBHOH.

Cratop reHeparopa — ero HeNoJBHXKHAsA 4YacTb — Mpel-
cTaBasieT cob0i XKese3HOe KOJIbHO, B N1a3ax KOTOPOTO YJOXKeHbI

i

-~
T ————

Puc. 328. K ynpaxuenuio 167.2

o6MoTKH sKOps. [I1 yMeHbllleHHs norepb Ha TOKH Dyko
(§ 143) 310 KOJBLO AeNaeTcA He CIJIOMIHBIM, @ COCTOSIIUM M3
OT/eNbHBIX TOHKHX JIUCTOB JKeJe3a, M30JHPOBAHHBEIX JAPYr OT

Apyra.

2 167.2. Ha puc. 328 nokasan cxeMaTHYecKH paspes reseparopa, y

H KOTOPOTO M KaTyWKH BO36YXAeHHs | ¥ kxaTymkK¥ HHAYKuuoHHbie 11
HaMOTaHbl, KaK MOKA3aHO, HA CTaTope, a POTODP HMeeT BHJ 3yGUATOro
KoJieca H He HeceT HMKaKHX KaryileK. OOBsICHHTe, NOYeMy B STOM
caydae B Katywkax Il BO3HHKaeT HHAYKUHOHHBIH TOK?P

Af4 .
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§ 168. IenepaTopnl NOCTOSHHOFO TOKAa. MBI yXe yKasmiBaau
(§ 166), wr0 XOTA B TeXHHKE IPRMEHSIETCS TPEHMYILECTBEHHO e~
peMeHHBiH TOK, OIHAKO BO MHOTHX C/y4asiX GbiBaeT HEOOXORMM
H TOK NMOCTOSHHBIA, Takofi TOK MOXKHO MOJNY4HTB, JHGO NPecs-
pasysl NepeMeHHbill TOK, NMoJydYaeMblil oT OfIHX ceTeH, B NO-
CTOSIHHBIH € NMOMOHIBIO paccMOTpeHHBIX B § 166 BHIIPAMHTENb-
HbIX YCTPOHCTB, JIHOO HCOJb3Ys ClNERHANbHBIE 2eHepamopbl
nocmosarxroeo moxa. IlpuMeHeHne NOCTEHHX OKasblBaeTCs 4acTo
GoJlee BBITOMHBIM H YAOGHBIM.

I'eHepaTopnl NOCTOSTHHOrO TOKA NMPeNCTaB/sioT co60H 0ObIY-
Hhie HHAYKIHOHHbIE reHepaTophl, CHaGXKeHHEIe OCOOHIM TPHCTIO-
cOGJIeHHeM — TaK HasbIBAEMBIM KOAAEKMOPOM,— JAIOUUM BO3-

5

(=377

Pue. 329. Cxema renepatopa MOCTOSHHOTO TOKa: I — ROJYKOJBbIA KOJ-
NeKropa, 2 — Bpamiaiowniics #Kops (paMmKa), § — METKH JyId CbhbeMa HH-
NYKHHOHHOTO TOKa

MOXXHOCTb TIPEBPATHTh NEepeMeHHOe HalpsiKeHHe Ha 3aKHMax
(leTKax) MalHHEl B MOCTOSTHHOE,

[lpunwun yetpokicrBa Kossektopa sicen H3 puc. 329, Ha
KOTOpOM H300paykeHa cXema HpocTeiillieH MOJAeJqH reHepartopa
NOCTOSIHHOTO TOKA C KOJIJIEKTOPOM. ITa MOJeNb OTJIHYaeTcs OT
PaccMOTREHHOH Bhlllle MOJENH TeHepaTopa NepPeMeHHOTO TOoKa
(puc. 288) suuIb TeM, YTO 3Jech KOHLH fKOpS (OOMOTKH) coe-
JHHEHB! He C OTAEJbHBIMH KOTbLIAMY, & C ABYMS NOJNYKOJAbIIaMH 1,
pa3zesieHHBIMH H30JHPYIOUHM MaTEpPHANOM H HANETHIMH Ha 06-
INHH LWHIMHAD, KOTODHIH BpamiaeTesl Ha OJHOH OCH ¢ PaMKo# 2.
K BpamamomuMcs HOJYKOAbIaM NPHRKHMAIOTCA DPYMHHALLHE
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KOHTaKTHI (I0eTKH) 3, C NOMOIbIO KOTOPEIX HHAYKUHOHHBIH TOK
OTBOJAHTCS BO ‘BHewWHIOW ceTb. IIpu KaxkaoM nowyoGopote pam-
KM KOHLB! ee, MpHNAsgHHBIE K NONYKOJAbLAM, NEPEXOJAT C OJ-
HOH 1eTKH Ha ApyTyto. Ho Hanpas/ieHHe HHAYKIHOHHOTO TOKa
B PaMKe, KaK Obu10 pasbscHeHo B § 151, Toxe mensiercss npu
KaXxAoM nonayobopore pamku. [lostomy, eciu nepek/oueHHst
B KOJJIEKTOpe NPOUCXOAAT B Te e MOMEHTbl BPeMeHHM, KOrja
MeHfIeTCs HalpaB/ieHUe TOKAa B PaMKe, TO OJHA U3 LIETOK BCer-
Aa OyJneT ABNATbCA NOJOMUTENbHBIM TOJNIOCOM TeHepaTopa, a
JApyras — OTPHLATENbHbIM, T. €. BO BHelllHel lenu OyaeT UATH
TOK, He MEHAOWHUH CBOero HanpasaeHHs. MOXHO CKa3aTh, YTO
€ TNOMOWIBIO KOJIJIEKTOPA Mbl NPOU3BOLHM BuINPAMACHUE TIEpe-
MEHHOTO TOKa, MHAYLHPYeMOro B AIKOPE MAIlHHBI,

I'pabuk HanpsokeHMs Ha 3a)KUMaX TaKOrO TeHepaTopa,
AKOPb KOTOPOIO HMeeT OJHY PaMKy, a KOJNJEKTOP COCTOHUT H3
JBYX noJykoJein, usobpaxen Ha puc. 330. Kak BuauM, B 5TOM
cayyae HanpsKeHHe HA 3AXKHMaX TeHepaToOPa, XOTA M ABJAETCS
npsmoim, T. €. HE MEHsET CBOEr0 HANPABJEHHS, HO BCe BPeMA

u . . . .

7 7/2 T

Puc. 330. 3aBHCHMOCTb HaNpsiKeHMA Ha 3aXKHMax IeHepaTopa NOCTOsiH-
HOI'0O TOKa OT BpeMeHH

MeHsieTcsl OT HyJs O MaKCHMaJbHOTO 3HaveHHs. Takoe Ha-
NpsiKEeHHe H COOTBETCTBYIOUIUH €My TOK 4acTO HAa3bIBAKOT 1pf-
MM nyavcupyrowum TokoM., HeTpyaHo coobpasuth, 4uTO Ha-
OpsKEHHE HJIH TOK NPOXONAT BeChb LHKJ CBOMX H3MeHeHHH 3a
BpeMmsl OJHOTO NOJyNnepHoia NepeMeHHOH 3. A. c. B OOMOTKax
renepatopa. Muaue ropops, wacrora nyJabcauuil BABOe GoMbile
YacTOThl NEePEMEHHOTO TOKa.

UToObl CrIaAUTD 3TH NYJAbCALUU W caenath HanpsixKeHHe He
TOJILKO NPSIMBIM, HO H NOCTOSTHHBIM, SIKOPb I'eHepaTopa cOCTaB-
JAKT U3 GOJBIIOTO YHCIA OTAEJNBHBIX KaTyIUeK, WIH CeKUH,
CABHHYTHIX Ha ONpeJeJieHHBIH yToJ APYT OTHOCHTENbHO APYTa,
a KOJIJIEKTOP COCTABJSIIOT He H3 JBYX MOJYKOJEll, a U3 COOTBET-
CTBYIOWETO YHCJAA IIACTHH, Je€XaWUX Ha NOBEPXHOCTH -
JIMHJpa, Bpaiatolerocsi Ha o0uiem Basy ¢ AKkopeM. KoHLp! Kax-
JOH CeKIIHH SKOpA NPUNAUBAIOTCS K COOTBETCTBYIOUIEH nape
IJIaCTHH, Pa3feJeHHBIX H30JUPYIOUM MaTepuasoM. Taxoi
SIKOpb HasbIBaiOT siKopeM OapabaHHOro Ttuma (puc. 331).
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Ha puc. 332 nokasaH renepaTtop nocTosiHHOrO TOKa B pa3o-
OpaHHOM BHJE, @ Ha pHC. 333 — cXema ycTpolicTBa TaKoINo re-
HEepPaTopa C YeThbIPbMsl CEKUHSMH SIKOPS M ABYMS mnapamH MJja-
CTHH Ha Kossektope. OGWHMA BHJ reHepaTopa MNOCTOSHHOTO
Toka mapku I1H nokasaH Ha
puc. 334. leHepartopm 3TOro
THMA H3TOTOBJSIOTCS: HA MOML-
HocTH 0T 0,37 10 130 kBT U Ha .
Hanpsxenus 115,  115/160,
230/320 u 460 B mpu uactoTe
Bpautenusi poropa ot 970 go
2860 060poTOB B MHHYTY.

U3 puc. 332 u 333 Mbl BHAUM,
YTO, B OTVIHYHE OT TeHepaTOPOB
nepeMeHHOr'0 TOKa, B reHeparo-
pax MOCTOAHHONO TOKa Bpallla-

Puc. 331. flxopb 6apaGaHHOro TH-
olasnca 4acTb MALIHHBL — €€ py repepatopa nocTosHHOro ToKa: .

poTop — mpexncTapnsier COGOH [ — 6apaban, ma kotopoM pac-
SIKOPb MAaUIHHBI (6apaﬁaHHOI‘O NOJIOMKEHB! BHTKH YeThipex 006MO-

TOK, 2 — KOJNJIEKTOp, COCTOSILIHIK

THMAa), aHHAYKTOP OMELLEH B He - "5 fBYX map  hiacTHA

TUOABHXKHOH YaCTH MAalUHHbBI —
ee cratope. Cratop (cTaHHHA Te- 7
HepaTtopa) BBIMNOJHAETCA U3 JIMTOH CTalMH WM YYryHa, H Ha
BHYTPEHHEH €ro MOBEPXHOCTH YKPEIUISIOTCS BBICTYIMBI, HAa KO-
TOphle HajeBaloTCs OOMOTKH, CO3JAlolHe B MallHHE MarHHTHOe

Puc. 332. TeHepaTop NOCTOSHHOTO TOKa B PasoGpaHHOM BHAe: [ — cTa-
HHHa, 2 — SIKOpb, 3 — MOJHKNHHKOBHE LWHUTH, 4 — LIETKH ¢ LIETKOAep-
KaTensiMM, YKpelVieHHHe Ha TpaBepse, § — cepleUHHK NOMOCE

14 3nemenvapuni yueGHuk dusuky, T, 11 ) ’ i



none (pHc. 335, a). Ha puc. 333 -nokasana TOJNBKO OfHa mapa
nogiocoB N H S; Ha NpakTHKe OOLIYHO B CTATOPE PasMellaloT He-
CKOJILKO Map TaKHX NoaocoB. Bce HX OOMOTKH COEJHHAIOT

1 < R ‘
/l",N. (} \ n
’ \T Y- 0
& V- (7)) i) 3 Nlumarue undyrmopa
I3 \ \'I 4/(."),
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Puc. 333. Cxema reHepaTopa MOCTOSHHOTO TOKAa € YeTHIPEMS CEKHHSAMH
© GKOPSA H YeTHPbMA [IaCTHHAMH Ha KOJJeKTOpe

nocjaea0oBateJIibHO, H KOHIIK BHIBOJAT HA 3a)XHMBI 11 H 1, 4epe3

KOTOpHE B HHX MOJaeTcA TOK, CO3J Aol B MallHHe MarHHT-
HOe -noJie,

‘ = <
Puc. 334. Brewnnii BHJ reHepatopa NOCTOSHHOIO TOKa

Tar xaKk BHINpAMJEHHE NPOHCXOJHT JIHIIb HA KOJLIEKTO-
pe MailliHBI, a B KaXJOH CeKUMH HHAYLHpYeTCs NepeMeH-
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HHIA TOK, TO BO H30eXanHe CHIbHOTO HarpeBanus Tokamu Pyko
CEePAEYHHK SIKOPA JeNaloT He CIIOUIHLIM, a HaGupawoT U3 OT-
HENbHLIX CTaJbHLIX JHCTOB, Ha KPal0 KOTOPHIX BBULUTAMIOBbI-
BAalOTCA BbIEMKH JJI1 aKTHBHBIX IPOBOJHHKOB fIKOpHd, a B IJ,eHT-

: ()]
Puc. 335. [leranu renepatopa MOCTOSHHOTO TOKA: @) MOMIOCHHIN CepleYHHK
€ 0OMOTKOH BO3OYXAeHHS; 6) CTaJbHOH JIHCT AKOPSA C OTBEPCTHEM B LieHTpe

pe — OTBepCTHe IS BaJla co IHMOHKOH (puc. 335, 6). DTH JuCTH
H3O0JIHPYIOTCH APYT OT JApyra 6ymaroii Wi JIaKoM.

2 168.1. Tlouemy craTop reHepaTopa NepeMeHHOro TOKa coOHpaeTcs

H U3 OTAE/BHBIX CTaJbHEIX JUCTOB, 4 CTATOpP FeHepaTopa MOCTOSHHOLO
TOKa mnpefcTanaseT cob0Ofi MacCHBHYIO CTaJbHYO WM HYTYHHYIQ
OTJIMBKY?

CxeMy coelMHEHHs OTJAEJbHBIX CEKUHH OOMOTKH SIKOpS C
NJ1aCTHHAMH KOJIEKTOpAa MOXKHO YACHHTb cebe W3 puc. 333.
31ech KPYT ¢ Bblpe3aMH H30o0pakaeT 3aJHHI TOpel *KeJe3HOro
cepleYyHHKa, B Masax KOTOPOIO YJIOXKEHbl JJHHHbIE NPOBOJA
OTAe/IbHBIX ceKuuil, mapaanesnbHele ocH uuaunapa. [Tposoaa
3TH, OObIYHO HAa3hIBaEMble B 3JIEKTPOTEXHHKE aKTHBHBIMH,
TnepeHyMepOBaHbl Ha pHCYHKe uuppamu /—§8. Ha sagueii top-
LEBOM CTOPOHE AKOPfA STH NMPOBOAA COEJHHEHBI NONAPHO TaK
Ha3bIBAEMbIMH COEJHHHTEJbHBIMH [POBOJAMH, KOTOPHIE Ha pH-
CYHKe H306paKeHbl IUTPHXOBBLIMH JTHHHAMH H OTMe€dYeHB! GYyK-
BamH a, b, ¢, d. Kak BHAMM, Kax/ble /IBa aKTHBHEIX NMPOBOJA
W OJHMH COEeJHHMTEJbHBIH 06pasyIoT OT/JEJBHYIO PaMKy — CEK-
LHIO AKOPs, CBOGOJHBEIE KOHUBI KOTOPOH NpHNasiHbl K Imape
IIACTHH KOJIJIEKTOpa.

[TepByIo CeKuHIO COCTABJAAIOT aKTHBHbIE npoBoja I U 4 H
COCAMHUTE/IbHLIA NPOBOJ Q; KOHLE! ee NpHNasiHH K KOJJIEKTOp-
upiM niaactiHaM 1 u 11, K tofi ke naactune 11 npunasu cso-
60/IHBIl KOHEll aKTHBHOI'O NPOBOJA 3, KOTOPLIH BMeCTe ¢ aKTHB-
HBIM TIPOBOAOM. 6 M COCJHHHTENBHEIM NPOBOAOM b obpasyer
BTOPYIO CEKIHIO; CBOOOJHBIH KOHEU 3TOM CeKuMH NpHHasH K
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KoJuieKTOpHOH mJaacture I1I, M K ToOl Xe nyacTHHe nmpunasH
KOHel TpeTkell CEKIMH, COCTOALICH W3- AKTHBHEIX NMPOBOIOB &
H 8 ¥ COeIHHUTENLHOrO TPOBOAA €. JIpyroi cBOGOAHBIR KOHe:
TpeTbell CEeKIMH-NPUNAAH K KOJAIeKTOpHOH njactuHe 1V. Ha-
KOHEI, YeTBePTYI0 CeKIHIO COCTABJIAIOT aKTHBHBIE MPOBOAA 7 U
2 1 coeguHUTENbHEH NTPoBOA d. KOHUB 3TOH ceKuMH mpHnasHul
COOTBETCTBEHHO K KOJLIEKTOPHEIM muacTuHaMm IV u [.

- Mul BUAMM, TakuM 06PasoM, uTO Bce CeKHHH fikops Oapa-
GaHHOTO THOA COEAMHEHBl APYT € IPYTOM TakK, 4TO OHH O6Gpa-
3YIOT OJHY 3aMKHYTYIO 1ieib. TakoH SKOpPb HA3KLIBAIOT MO3TOMY
KOPOMKOSAMKHYMbLM

[Tnactunbl Kosiektopa I—IV u merkn P v Q nokasaHul
Ha puc. 333 B TOH ke NMJIOCKOCTH, HO HA CAMOM JeJie OHH, Tak
¥e KaK W NpoBOAa, COeNUHSIONIME WX C KOHIAMH CeKuui H
H306payKeHHble HA PUCYHKE CIUVIOMIHBIMH JIHHHSIMH, HAaXORATCA
HAa NPOTHBONOJIOKHOH CTOPOHE - HHJHHApPA.

Pa3a6epem noapobhee 5Ty CXeMY, YTOOH BHISIBHT OCHOBHblE NPHHIHIH-
aJIbHbhIe OCOGEHHOCTH KOHCTPYKUMH H paboTh sikopst 6apaGaKHOro THNA,

IlletkH P u Q mpu:KHMAIOTCSH K Nape NPOTHBONOJOXKHKX IVIaCTHH KOJ-
nekropa. Ha puc. 336, a uao6paxeH MOMEHT, KOT/la uleTKa P Kacaercsi mJja-

ctunbl I, a merka Q — maactuunl 111, HeTpynno BuzeTh, 4TO, BHHAS, Ha-
npuMep, H3 WETKH P, Mbl MOXKeM NpPHHATH K wleTKe Q No ABYM napaJielbHo

Ceryus 4 Cergua J

Puc. 336. CxeMa npHCoefHHeHHs! CeKUHH sIKOps K 1leTKaM B B2 MOMEHTa

BPEMEHH, OTCTOSIIIlHE HA 4eTBepPTb NMePHONAa: &) OHAa BETBb COACPKHT CeKIIUH

1w 2, a gpyrasi — ceKilHH 3 H 4; 6) INlepBasl BeTBb COJEPXKHT CEKI[HH

4 u 1, a BTOpasi — ceKuHH 2 H 3. Bo BHemHeH LenH (HarpysKe) TOK BCeTAa
Huer or P x Q

BKJIIOUEHHRIM MEXJYy HHMH BETBSIM: JIH6O 4Yepe3 ceKUHH | H 2, JuGo uepe3
ceklluy 4 ¥ 3, KaK 3TO CXeMaTHUeCKH NO0Ka3aHo Ha puc. 336, a. Uepes uert-
BepTb 060pOTa METKH OyayT Kacatecs miaactud I u IV, Ho omste Mexny
HHMH OKaXyTCsl JiBe NapaJljiejIbHbe BeTBH C CeKIHsMH 4 H I B ONHOH BeTBH
H 2 u 3 — B apyroii (puc. 336, 6). To ke 6yfeT HMeTb MECTO H B IPyTHE MO~
MENTHI  BPailleHAs sIKopsl. ’ -

TakuM 06pa3oM, KOPOTKO3aMKHYTasi lleNlb SIKOPsl B JI060H MOMEHT Bpe-
MEHHU pacnajaercsi MeX/y IeTKaMH Ha JBe MapaJiylesibHble BeTBH, B KaXayio
H3 KOTOPHIX IOC/e[OBATEJIbHO BKJIOYEHA NOJOBHHA CEKIMH SKOps.
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Ilpu BpaweHuH fIKOPS B NOJIE HHIYKTOPA B KamAofl CeKuuu HHLY UMpY-
ercsi nepeMeHHas 5. A. ¢. Hanpassenus TOKOB, MHAYUMPYEMuIX B HEKOTOPHI
MOMEHT BPEMEHH B-Pa3/IMUHLIX CEKLMAX, OTMEUeHH Ha puC. 336 CTpesKaMu.
Yepes moJIOBHHY INepHOZa Bce HAMPABJEHUS -HMHAYUMPOBAHHHIX 3. 1. C. M
TOKOB MU3MEHATCH Ha OOpaTHHE, HO TaK KaK B MOMEHT H3MeHEeHHUS UX 3HaKa
IIeTKU MEHSIIOTEA MeCTaMH, TO BO BHELIHEH Uenu TOK 6yJieT BCerjia UMeThb Ofi-
HO M TO e HampapJeHHe; l(eTKa P Bcerja fIBJIAETCH MOJOXHTeNbHLIM, a
merka Q — OTpHUATEIBHHIM MOJMIOCOM reHeparopa. Takum o6pasoM, KoJ-
JIEKTOD BLINPSMJISET NEPEMEHHYIO 9. X. C., BOSHUKAIOMLYIO B OTAEJBHBIX CEK~
UMAX AKODPH, . ]

U3 puc. 336 mul BUAMM, YTO 3. A. C., AeHCTBYIOUIME B 0GEUX BETBAIX, Ha
KOTOPhE pacmajiaercsi lemp sKOPs, HAMPaBJEHH HABCTPeuy» APYT APYTy.
TMosToMy, ecsiu Gul BO BHeInHell Uenu He GLJIO TOKa, T. €. K 3aXHMaM reHe-
paTopa He 6ulj1a Ghl MpucOoeuHeHAa HMKaKas HaLpysKa, To o6mas 3. 1. c.,
JeficTByIOIlas B KOPOTKO3aMKHYTO UeNM sKOpf, Oua Ol paBHa HYJIO,
T. e, TOKa B 3TOH uenmu He OuIO Ohl. [losoxeHue GBLIO Gl TaKuM Xe, Kak
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Puc, 337. a) B uenu, cocrapjeHHONl H3 JBYX BKJIOUEHHHIX «HaBCTPEUy»

9JIEMEHTOB, IPH OTCYTCTBHH HAarpy3KH TOKa HeT. 6) IIpM HalwWuuu HArpy3Ku

9JIeMeHTH COEJHMHEHBI 110 OTHOLIEHHIO K Helt hapasjensHo. ToK Harpysku
pasBeTBJAETCS U MOJOBHMHA €r0 MPOXOJHT 4Yepe3 KaX Iyl BETBb

NpU BKJIOUEHHM CHABCTPeuy» APYT APYTY ABYX TajJbBaHUYECKHX 3JIEMEHTOB
Ges BuewwHelt Harpy3ku (puc. 337, a). Ecyu XKe Mul IPHCOEIUHUM K STHM JABYM
gJeMeHTaM Harpysky (puc. 337, 6), TO mo OTHOLIeHHIO K BHeluHell cern 06a
9J/IeMEHTa OKaXKYTCs BKJIOUEHHHIMH MapaJjjiejbHO, T. €. HalpsKeHHe Ha 3a-
XuMax cetd (M u N) OyJleT paBHO HanpsKEHHIO Kax/oro saemeHta. To Xxe,
ouepHJHO, OyJIeT UMETh MECTO U B HallleM F'eHepaTope, eCJIM K €ro 3aXKuMaM
(M u N na puc. 333) Mul npHMcoeZHHUM KaKylo-HHOYAb Harpysky (Jamimul,
JBHLAaTeJ M U T, IL): HONPAXCEHUE HA 3axUMax 2enepamopa 6ydem pasHo Ha-
npAXceruro, co30aBaeMoMy 8 Kaxnool u3 08yx Napasresbrbix semseti, HA KOMO-
~poie  pacnadaemcs sKopL 2eHepamopa.
3, A. C., MHIYUMPOBaHHLIE B KaXJOf M3 3THX BerBell, CKJaJuIBAIOTCH
H3 3. . C. KaXJAOi U3 NOCJeJOBATEeJbHO COEJMHEHHHX CEeKLUHH, BXONSALIHX
B 3Ty BetBb. [loaTOMy merosenHoe srauenue pesyavmupyrowed 3. 0. ¢. 6ydem
DPABHO CYMME M2HOBEHHLIX 3Hauenut omdeabrbix 3. 0. ¢, Ho npu onpegenennu
(OpMEI Pe3yJIbTUPYIOIErO HaNpSMEHHS Ha 3aXHUMaX TeHePaTOpPa HYXHO
YUMTHIBATH JBa OOCTOSITesIbCTBA: a) 6Jarojaps HaJHYMIO KOJJIEKTOpa KaX-"
Jloe M3 CKJajJuBaeMulX HalpsDKeHUil BHIMPAMISAETCH, T. e. uMeeT (opmy,
H30o6paxaeMyl0 KpupuMd / uau 2 Ha puc. 338; 6) HanpsKeHds 3TH
CIBUHYTHl MO (ase Ha.uyeTBEPTh NMEPUOJA, TaK KaK CEKIMH, BXOAsfliHe B
Ka¥/ylo BeTBb, CMellfeHhl JPYT OTHOCHTeJBHO Jpyra Han/2. Kpusas 3 Ha
puc. 338, moJiyueHHasi myTeM CJIOMEHHS COOTBETCTBEHHEIX OPJAMHAT KPHBBIX
I u 2, u3o6paxaer (opMy HaNpSIKEHUS Ha 3aXuMax reHeparopa. Kak
BMJ(MM, NYJIBCALMH Ha 3TOH KPHUBOI HMEIOT Y/IBOGHHYIO HacTOTY H 3HAa-
YUTETBHO MeHblle, YeM MyJIbCAlUH B KaxAoH cekuuu. Hanpsukenue H. TOK B
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1eNH yKe He TOJbKO NpsMHE (He MeHsIOUHe HANpaBJeHH ), HO H MOYTH No-
CTOSIHHHIE.

YTtolu emre GoJee CraaiuTh NyJbCalHH H CIENaTb TOK NPaKTHYECKH
COBEpIIEHHO MOCTOAHHLIM, Ha NMPAKTHKe NMOMEINAIOT Ha SKOpe MAIUHEH He 4
OTHeJIbHHE CEeKLMH, a 3HAYHTEJIbHO GoJbluee Yucao Hx: 8, 16, 24, ... Takoe
Xe YHCJO pPaslebHLIX MJACTHH HMeeTCs Ha KOJLIeKTope. Cxemu COEHHEHHA
NpH STOM, xouequo 3HAYHTEJIBHO YCJIOXKHATCSH, HO NPHHIHNHAKBHO TaKOK
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Puc. 338. M3ameHeHHe co BpeMeneM HanpsikeHHs: | H 2 — B JBYX CEKLHAX

O6MOTKH, COeIHHEHHHIX C OJHOH M TOH Xe NApoH NJACTHH KOJJeKTopa,

d —-Ha 3axHMax reHepaTtopa. llITpuxosnle NpfaMbe — cpefiHHe 3HaYeHHS
COOTBETCTBYIOIMHX RanpsKeHHH

AKOPb HHYEM He OTJHYaeTCH OT OnucaHHOro. Bce cexunn ero o6pasyior onny
KOPOTKO3aMKHYTYIO LieNb, Pacnajaiomylocs 1O OTHOLIEHHIO K IeTKaM Ma-
UIHHH HA JBe NapaJlie/ibHLIe BETBH, B KaXJOH H3 KOTOPHIX AefCTBYIOT noce-
110BaTeJIbHO COEJHHEHHHE M CMemeHHbe o dase APYT OTHOCHTENBHO Apyra
3. 1. C. NOJOBHHHOTO uHcaa cekuuft. Ipu cnoxenHH 3THx 3. A. . moayua-
eTcsl MOYTH .MOCTOAHHASA 3. Ji. C. C OYeHb MaJbLIMH NyJbCALHAMH,

§ 169. I'enepaTopwi c He3aBHCHMMBbIM BO3GYXKICHHEM H C Camo-
B030yXueHHeM. MarHuTHOE noJe B TeHeparopax CO3Jaercs,
Kak Mbl roBopuau B § 167, sjieKTpoMarHutramu, yepe3 oOMOTKH
KOTOPHIX AOJ/IXKEH NPOXOJHTb MOCTOAHHBIA TOK. B reneparopax
nepeMeHHOTr0 TOKa TOK 151 OGMOTOK HHAYKTOPA NOJYYatoT JHG0
OT OTIEJbHOH aKKyMyJaTOpHOH O6atapeH, JHGO — 4dalle —
OT OTHEJbHOTO FeHepaTopa HOCTOSIHHOI'O TOKA, YKPEIIEHHOro
Ha OJHOM BaJy C LJIaBHEIM reHepatopoM (puc. 326). Takoro
polla reHepaTopbl, B KOTOPBIX TOK IJIsi CO3JaHHS MarHHTHOTO
nonsa Gepercss OT OTAEIbHOTO HCTOYHHKA, Ha3bBAIOTCS 2enepa-
mopamu ¢ He3asucumoim B030YxHCOeHUEM.

B reneparopax MeCTOSIHHOIO TOKa MOMHO HCHOJIB30BaTh
Vi CO3JaHHA MOCTOSHHOIO MAarHHTHOTO N0Jisl MOCTOAHHBINA
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TOK, BHIpaGaTHBaeMBIfi caMHM TreHeparopoM. Takoro THNA

FEHEPaTOPhl HA3BIBAIOT 22HEePamopamuc camososbyxcdernuem *).

CoemuHuTh Uenb WHIYKTOPa, lLeNb SKOPA M CeThb MOXHO

IBYMSAl Da3/HYHBEIMHM CIIOCOGAMH, KOTOPBIE CX€MaTHYECKH MOKa-
3aHBl Ha pUc. 339 u 340. |
Hndyrmeop
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_T Sawumps
uNGyrmopa

Sawcurmer =p +¢ —
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Puc. 339. Cxema coenuHeHHs MHAYKTOpa, IKOpPS M CeTH B IeHepaTtope €
nocJ/IeJ0BATe/IbHbIM BO36Y K AeHHEM

——
Omm =

F - K cemu

Rnyore
Puc. 340. Cxema coeflMHeHHS SKOpPHA, HHIYKTOpa H CeTH B IeHepaTope ¢

napanjeJbHeIM  BO3GyIKIeHHeM: = Rpep — PeryJHpOBOYHHIA peocTaT B
HelH MHAYKTOpPa, Rnpycx — MYCKOBOA peocTaT B LenH SKOPs

*) YcrapeBliee HazBaHHE STOTO eHePaTOpPa OUHAMO-MAUILHA,
p s



Ha puc. 339 uzobpaxeH Tak Ha3bIBaeMBbili 2eHepamop ¢ no-
caedosamenbrbim 6036YscOeruem, WM, KaK ero MHOTAA Hasbl--
BaIOT, CEPUECHbIL eeHepamop. 3}leCL uem: UHAYKTOpa, LeNb
SIKOpSI M CeThb COeAMHEHBI' MOCJEeJOBaTeNbHO, TaK UYTO BeCh
TOK, nn}lyunpoaalﬂﬂmﬁ npu paboTe reHeparopa B siKope, MNpo-
XOJUT NOCJAeLOBATENBHO Aepe3 HHAYKTOP H uepe3 ceTb. 10K

Yepe3 UHOYKMOP paseH MOKY 8 cemu.
' B reneparope ¢ napatsresvroin 8036yxcOerem, Ha3zbBaeMOM
TaKkxKe wynmoeoim eerepamopom (puc. 340), uenb sikops H
lenb MHAYKTOPa CORAMHEHDI NapaliesbHo, H K HHM NMPHCOSNH-
HeHa ceTb (Harpyska).

Takum o6pa3oM, TOK, BO3HHKAIOIUH B leNH SIKOPS, pas-
BETBJSIETCS: YacTb €TO MPOXOJUT Yepe3 ceTh, a Jpyras 4acThb
OTBeTBJIsIETCS] H NMPOXOAUT uepe3 OOMOTKH MHAYKTOpa, CO3ZAa-
Basi MArHUTHOe noJe, HeOOXOAMMOe Jisi PaboThl reHeparopa.
B stoM cayuae moKk @ unlyxkmope COCmMasAsiem Aullb 4acme —
06b14HO Heb0abLLYo — MOKA 8 Cemu.

2 169.1. TTo BHemHeMy EHAY JI€TKO CPa3y OTIMUUTL, HMeeM JH MM Jesio

. C CEepHECHBIM HJHM IIYHTOBHM IeHepaTopoM (MJAH ABHrartenem). B ce.
pHeCHBIX TeHepaTopax OGMOTKa BO3CYKAEHHA COCTOMT M3 OTHOCH®
TeJibHO HeGOJBLIOTO YHCAa BHTKOB TOJCTOH NPOBOJOKH; OOMOTKa e
IIYHTOBBIX TeHepaTOpOB fAeJaeTcsi M3 Gofee TOHKOH NPOBOMOKH, HO
COZEpKHT 3HAUHUTEJbHO OOJbllUee YHCAO BUTKOB, UeM 3TO OOBACHA-
erTca?
169.2. MoxHO M 3aNyCTHTh CePHeCHbIH -TeHepaTop 6e3 HarpyskH,
T. €. OTKJIIOYHB €I'0 OT ceTH? MOXKHO M TaKHM Ke 00pa3oM 3anyCTUTh

- [y HTOBBIH reHepaTop?

Ecnu 6bl NpH 3anycke TeHepaTopa ero 3JeKTPOMarHHUThI
OblK COBEPLIEHHO-PAa3MarHHYeHEl, T. €. He CO31aBajii HHKaKOoro
MATHUTHOTO NOJS, TO, OUEBUAHO, NPH- BPALLEHHH AKOPA B HEM
He BO3HMKana 6Bl WHAYUMPOBAHHAS 3. . C. H HEOTKYJa Obl1o
Obl B3SITHCA TOKY AJsl NHTaHUA 3nekTpoMarnutoB, Ho gakru-
YecKH CepJeUHHKH OJHH Pa3 HaMarHHYEHHBIX 3JEKTPOMATHHTOB
COXPaHAWT BCErja HeKOTOopoe, XOTs Obl U OueHb cnaboe ocra-
TOYHOe HaMmarHWuupaHue. TakuM o06pasoM, B TeHepaTope
BCErjia UMeeTCsi MAarHUTHOE NoJie, XOTS J0 Hauasa paboThl reme-
" paropa 3To moJsie oueHb c1abo. Kak TOABKO B 3TOM MoJie HauHeT
BpALATECS SIKODb, B HEM BO3HHKHET C1a0blH WHAYIMPOBaHHEIH
TOK. Ilpoxosisi mo 06MOTKaM 3/1eKTPOMAarHHTa, 3TOT TOK YCHJIH-
BaeT MarHHTHOe II0Jie, BO3PacTaHHe KOTOPOTO MPHBOJUT K
YCHJEHHIO HHAYIMPOBAHHOH 3. 4. ¢. M TOKa. Ilpu 3TOoM emme
Gosee ycuJauBaercs noje, eile GoJee BO3PACTAET HHAYLIHPO-
BaHHKIA TOK H T. X. Takum o06pa3oM, B NepBble MOMEHTHI HAMP S~
JeHHe Ha 3aXKuMaX TIeHeparopa OueHb Mano, HO OHO GBICTPO
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BO3pAacTaeT H JOCTHraeT POro 3Haye€HHs1, Ha KOTOpOe reHepaTrop
paccuutaH *).
2 169.3. Ha renepatopax 'NOCTOSTHHOrO TOKAa BCerAa YKasblBaeTcs,
. B KaKyl0 CTOpOHY HYXHO BpawmaTth HX porop. HHKorja He ciepyer
nyckaTb reHepatop B ofpatHylo cTopory. Ilouemy? Yrto npousod-
RET, eC/H Mbl IyCTHM TeHepaTop B OOPATHYIO CTOPOHY?
169.4. Yro cnepyer ciellaTh, €cIH CAyYalEO HHLYKTOP eHepaTopa
pasMarHHTHTCS H OH MpPH 3amycKe He GyJeT AasaTh HaNlpsXKeHHAP

DKcIuyaTalHOHHble CBOHCTBA Te€HepaTopoB € IOC/AeLOBa-
TeJBHBIM H NapaljelbHbIM BO3GYXKIEeHHEeM CYIeCTBEHHO pa3-
JHYHEL. B reHeparopax NepBOro THIA, €CIH Mbl OTKJIOYHM HX
oT BHeLUHeH CeTH, LleNnb SIKOPS H HHAYKTOPa OKAa3kBaeTCsl paso-
MKHYTOH, H TOK uepe3 HHX NPOXOAHTL He MOXET. . Tlostomy
He OyJeT HMeTb MecTa H ONMCAHHHH Bhllle MPOLECC CaMOBO3-
6y}KlleHHﬂ T. €. MOCTENEHHOro HapacraHusi 3. A. €., HHIYLH-
pyeMmoii B sIKOpe; C/IeLOBaTeNLHO, 2eHepamop ¢ nocaedosamens:
HouM 6036YJNcOeHUes HeAb3A 3anycmume 6xoaocmyro, m.e. 6e3
Hazpysxu. Ilo Mepe TOro, Kak Mbl YBEJIHUHBAeM 3Ty HArpy3sky,
T. €. YMeHBIIAeM CONPOTHBJEHHE BHEIIHell NemH H, CTao GbiTh,
yBeJIHUHBAEM TOK B Hell, B03pacTaeT H TOK B HHIYKTOpe,
paBHbIil TOKY B cetd. [[o TeX nmop, noKa Xesezo B HHIYKTOPE He
" JOCTHIVIO COCTOSIHHSI MAarHHTHOIO HaCHILeHHs1, 6YIeT COOTBeT-
CTBEHHO BO3DACTaTb H CO34aBAeMBIH HHIAYKTOPOM MATHHTHLIA
NOTOK, a BMecTe ¢ HHUM OYAyT BO3pacraTb H HHAyLHPyeMmasl B
sIKope 3. 1. C. H HanpshKeHHe Ha 3aXKUMaX reHeparopa. Korza
JKe JKej1e30 B HHIYKTOpe HAMArHHTHTCs O HaChIleHHs!, TO JaJb-
Helllllee yBelHuYeHHe TOKa B ero o6MOTKax OyIeT BHI3BIBATH
OYeHb Majioe BO3pacTaHHe MarHHTHOrO NOTOKa, KOTOpOe yiKe
He B COCTOSTHHH KOMIEHCHDOBAThL BO3PACTAIOUIYIO IOTEPIO
HanpspKeHHsT Ha O6GMOTRax skops. [lostomy HanpsokeHne Ha
3aXKHMax reHepaTopa HayHeT NajaTb; NPH KOPOTKOM 3aMbIKa-
HHH BHelHeH CeTH HanmpsiKeHHe ynajer IO HYyJsl, 4 TOK KOPOT-
KOro 3aMEIKaHUs1 GyJeT B HECKOJIBKO Pas3 NPEBOCXOIHTH HOP-
MaJIbHBIH TOK, Ha KOTOPBIH paccUHTaH reHepaTop.

Takum 006pa3oM, 3aBHCHMOCTb HAaNpsKEHHS! HAa 3aXKuMax
reHeparopa ¢ NnocJieJoBaTeJbHBIM BO30YKIECHHEM OT CHJIBI TOKa,
KOTOPBIH OH MOCBLIAeT BO BHEIIHIOIO Ce€Thb, HMEET BHJI, H300-
paxennblit Ha pHc. 341 (32 100 % nNpHHATH HOPMaJbHbIE 3Ha-
YeHHs] HanpsDKeHHsl Ha 3aXHMax leHepaTopa H CHJIbI TOKa B

*) Camo cobolt pasymeercs, 9TO B IeHepaTOpaXx ¢ NapaJUIeJbHbIM BO3-
Gy>XJeHHEM 3aXKHMbl SIKOPA M HHAYKTOpa JAO/KHbI OLITb COeIHHeHHl Tak,
4ToGhl NIPH BPALIEHHH fiKOPA B ONpeJle/IeHHOM Hanlpap/JeHHH HHIYIHPOBAH-
HHIH B HEM TOK YCHJIHBAJI, a He 0C/IaGJIs/ MMeEIoIeecs B TEHEPaTOpe OCTATOU-
HOe HaMaranuMBanue, Mnaue 3. 1. ., HHAyIHDyeMas B fAKope, Gyzer He BO3-
pacTaTh, a YMEHBWATLCH, CTPEMACh K HyJdIo,
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ceTH). Dr1a KpHBas, HashiBaeMas GHEWHEL XaPAKMepUCmuKoll
reHeparopa, NoKashiBaeT, YTO ¢ POCTOM Harpy3kH HanpsiKeHHe
CHayaJla KPyTO pacreT, AOCTHrasi HOPMaJbHOIO 3HAYEHHS MpH
HOPMaJILHOM TOKe, a 3aTeM CHajiaeT Jo HyJd. $cHo, uTO Takas
peakas 3aBHCHMOCTb HanpsiKeHHS] T€HEpPaTOpa OT CHJBI HO-
TPeGIIEMOro TOKa NPaKTHYECKH OUeHb HeynoGHa. [Toatomy re-
HepaTopsl ¢ HOC/NENOBATENbHBIM BO3GYIKJAEHHEM Ha MNPAKTHKe
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Puc. 341. BHeiunsis xapaKTepHCTHKa TeHepaTopa C TNOCJeNOBATENbHBIM
BO30yXK/eHHeM

B KauecTBe eHePaTOPOB NOCTOSHHOIO TOKA NPHMEHSIOTCS Upes-
BLIYAHHO pejKo.
BHeluHss XapaKTepHCTHKA reHepatopa ¢ HNapasesbHbM
BO3GYKACHHEM HMeeT COBepIeHHO HHOH BHA (puc. 342). Ilo
L o
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Puc. 342. BHemnsis xapaxrepHcTHKa reHepaTopa € NapaJieJbHBIM BO3-
Gy eHHeM

MeDPe TOrO KakK MBl YMEHbIIAeM COMPOTHBJEHHE CETH, T. €.
yBeJIHYHBaeM TOK B Hel, HanpsikeHHe HAa 3aXKHMaXx reHeparopa
najaer. Herpyaso nousth, uem 3o obycqopiero. Koraa ymenn-
flaeTcsl CONMPOTHBJIEHHE CeTH (pacTeT Harpyaka), To Bce GoJrbas
YacTh TOKa B SIKOPE OTBETBJAETCSA B CETh M BCE MeHbIIas —
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B HHAYKTOp, TaK KaK OTHOLIIEHHE CHJIBI TOKA B STHX Napajlelb-
HO O OTHOIUEHHIO K SAKOPIO BKJIOYEHHHIX NensX o6paTHo
NPONOPUHOHANbHO HX conpotuBieHusam (§ 50). I[lostomy c¢
pocTOM HarpyskH yMeHbIIAeTcs TOK B LeNH HHAYKTopa, a
c/leJIoBaTesbHO, H €r0 MarHHTHBIH MOTOK M HHAYLHpPOBaHHAs B
sikope 3. A. c. OnHako BHauaje, MNOKa XKelNe30 HHAYKTOpa
HAaXOJHTCA B COCTOSTHHH HacbILleHHA, 3TO NajieHHe NPOHCXOAHT
JIOBOJIbHO MELJIEHHO, H MPH H3MEeHEeHHH TOKa OT HYJf 10 HOp-
MaJbHOTO 3HaueHHs, NMPHHATOrO Ha pHcyHKe 3a 100 %, ne
npeebiinaer 10—15 % or HopMaJbHOrO 3HaYEHHs HaNpSAXEHHS,
Ha KoTopoe reneparop paccyutaH. Takum o6pasoM, B JOBOJBbHO
IUHPOKOM HHTepBaJe H3MeHeHHH Harpy3KH HanpsKeHHe reHe-
paTopa H3MeHseTcs O4YeHb MaJo.

Ecnu B reHeparope ¢ napannelbHbIM BO3GYXkJeHHEM MbI
6yneM eile GoJiblile YMEHbIIATh COMPOTHRBJIEHHE CETH, TO TOK
cHauana GyJeT mpoJo/Karhb pacTH, HECMOTPA Ha YMeHblleHHe
HanpsikKeHHs Ha 3aXHMax reneparopa. IIpm Hekortopoil Ha-
rpy3Ke, NpPHMEPHO BJBOEe MNpeBHILAILEH HOPMaJbHYIO, Ha
KOTOPYIO [€HeParop pPaccuHTaH, TOK JAOCTHIAeT MAKCHMANbHOTO
3HaueHns [, H NOTOM HayHHAaeT majatb, NOTOMY 4YTO, HOCJ]E
TOrO KaK JKeJe30 HHAYKTOPa BBIHAET H3 COCTOSHHS MAarHHTHOTO
HACBILIEHHS, NMajJieHHe HanpsMKeHHs, BbI3BAHHOE YMEHbIUEHHEM
TOKa B OGMOTKAax HHAYKTOpa, NMPOHCXOAHT OYeHb KDPYyTO, H
BJIHAAHHE 3TOr0 (JakTOpa MepecH/HBAeT BJHSAHHE YMeHbIUEeHHS
conporuBienua cetd. [IpH. KOPOTKOM 3aMBIKaHHH CETH TOK
ynajer A0 OTHOCHTeJNbHO HeGosbllioro 3Havyenna (/. , Ha
puc. 342), Tak yTo A1s reHepaTopa C Napa/JIeIbHBIM BO36Y K-
JIeHHEM KOpOTKOe 3aMblKaHHe He OMacHo.

Emte Gonbiuero nocTossHCTBA HANpsiXKEHHs NPH H3MEHEHHAX
CHJIBI TOKA B CETH MOXHO JOGHTbCS B [eHepaTopax C TaK Hasbl-
BaeMbIM CMEIllaHHBIM BO30YKJEeHHEM HJH KOMINayHJ-TeHepaTo-
pax. B sTHX reHeparopax Ha MOJIOCHHIX HAKOHEUHHKaX HHIYK-
TOpa uMeerca mno e o6MoTkH., OfHAa H3 HHX COelHHeHA C KO-
pPeM’ Mo cXeMe MOCJEJOBATENLHOIO COEJHHEHHs, a Jpyras —
0 CXeMe napajsieNbHOro coefnHeHHA. Tak Kak mpH yBeaH-
YeHHH Harpys3Kkd 3. 1. €., 0GYyCJOBJEHHasd NePBLIMH OGMOTKa-
MH, BO3pacTaeT, a 3. A. C,, CBA3aHHasg CO BTOPLIMH, majaer,
TO NPH HaJJEXKallleM pacuere MOXKHO OCYIIECTBHTb MOYTH HOJ-
HOE TOCTOSIHCTBO HANpsiKEHHs] Ha 3aXHMaX reHeparopa mpH
oueHb GOJNbIUHX H3MEHEHHSIX CHJbI TOKa B CETH.

§ 170. Tpexda3nmit ToK. B HacTosHiiee BpeMs BO BCeM MHpe
IOJIyunJia IuHpoyalilee pacnpoCTpaHEHHe Tak HasbiBaeMas
TpexdasHas CHCTeMa MepeMeHHOIO TOKad, H300pereHHas H
paspaGoTaHHas B KOHIEe NPOILJIOrO BeKa PYCCKHM 3JEKTPOTeX=
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uukoM - Muxauaom Ocunosuuem JonuBo-JJo6poBonbCKHM
(1862—1919). dra cucrema obecrneyHBaeT HauGoJee BBIFOJHBIE
YCTIOBHA MNepelauyd 3JeKTPHYECKOH BSHEPrHH MO NPOBOJAM H
N03BOJIAeT MOCTPOHTH MPOCTHIE MO YCTPOHCTBY H YAOOHBIE B
paboTe 3JIEeKTPOJABHIaTesH,

Tpexghasrnoll cucmemoti srekmpudeckux yenetl rasvigatom
cucmemy, cocmoswyto u3 mpex yenet, 8 Komopeix Oeticmayom
nepemenrbie 5. 0. c. 00H0l 1w Mol e wacmomsi, cOBUHYMbE NO
gaze dpye omuocumeasno dpyea na 1/3 nepuoaa (p=2n/3).
Kaxayio oTAenbHYIO Lenb TAKOH CHCTEMbl KOPOTKO HA3KIBAIOT
ee ¢pasod, a cucteMy TpeX CABHHYTHIX MO (hase nepeMeHHBIX
TOKOB B TaKHX UENAX HA3LIBAIOT NPOCTO MPex(hasrolm MOKOM.

[ToutH BCce reHepaTophl, yCTAHOBJIEHHBIE HA HAWHX snexmo-
CTaHUMAX, ABJIAIOTCA FEHEPATOpaMH Tpexq)asﬂoro TOKa.

8&13_2 & 8’{ $$

= C“LM
154 5 T3 /3 - $ %

Puc. 343. I'papuxm 3aBucumoct  Puc. 344. Tpu mapnl He3aBHCHMbIX
OT BpPeMEHHM 3. . C., HMHAyLHDO- TPOBOJLOB, NPHCOEJUHEHHBIX K TpeM
BaHHbIX B OOMOTKax AKOps reHe-  KOpSM TeHepaTtopa Tpexta3Horo To-

patopa Tpexda3sHOro Toka Ka, THTAI0T OCBETHTEJbHYIO CeThb

CYLIECTBY KaX/Jbll TakOH .reHepaTop npeiacTaBaser coGol
coeJHHeHHe B OJHOH MaIllHMHE TPeX reHepaTOpPOB NEePEMEHHOro
TOKa, CKOHCTPYHPOBAaHHBIX TAKHM O6Pa30M, YTO HHAYIHPOBAH-
Hble B HHX 3. [, C, CABHHYTHI IPYT OTHOCHTEJIBHO APYra Ha OfHY
TpeTh MepHoAd, KaK 3TO NOKAa3aHO Ha puc. 343. :

Kak. ocymectsisercs nofoGublii reHepaTtop, Jerko MOHATDH
H3 CXeMbl, H306paxkeHHOH Ha pHc. 344. 3nech HMelOTCA TPH
CaMOCTOATENbHBIX AKOPS, PACIOJNOXKEHHBIX HA CTATOPE MALUHHBI
w cMelleHHbIX Ha 1/3 okpyxuoctu (120°) Apyr OTHOCHTEIBHO
Apyra; B IeHTPe MalUMHBI Bpawaercs oGUIHH 1Jd° BCeX Tpex
Akopeli HHAYKTOp, H30OpaXKeHHBIH Ha cxeMe B BHJIE MOCTOSAH-
HOro Maruuta. B Kaxao#i Karymke HHAyuupyeTcs mnepeMeH-
Has 3..J..C. OAHOH H TOH 2Ke YacTOTBI,  HO MOMEHTH HPOXOX-
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AeHH# 3THX 3. Ji. C. Yepe3 Hy/b (HJH 4Yepe3 MAKCHMYM) B Kaxk-
Zoi U3 KaTywlek OKaXyTcs CABHHYTHIMH Ha 1/3 mepuoma npyr
OTHOCHTENILHO APYyra, W60 HHAYKTOP HOPOXOOHT MHMO KaXKioi
KaTyulkd Ha 1/3 nepuola nosxke, 4eM MHMO MOpefblayiief.
Kaxnas o6MoTka ‘TpexdazHoro reHepatopa sBjsieTcss ca-
MOCTOAITE/IbHBIM TeHepaTOPOM TOKA W HCTOYHHKOM 3JEKTpHye-
CKOH 3Hepruu. [lpucoennHHB npoBoja K KOHLAM KaXIOH W3
HHX, KaK 3TO NOKa3aHO Ha pHc. 344, MHI OTyyHJH Gl TPH Heaa-
BHCHMbI€ LeMH, KaXJasd U3 KOTOPBIX MOrvia Ol MHTAaTh SHepTrHei
T€ WJIH WHble NMPHEMHHUKH, HANPHMep 3JIeKTPHYECKHE JaMmbl,
B atom cayuae 15 nepenauu Bceit 3HEPTHH, KOTOPYIO MOIVIOLLa-
IOT NPHEMHHKH, TPeGOBajoCh Obl 1eCTh NPOBOAOB. MoxHO,
OIHAKO, TaK COeJHHHUTb MeX1y cO00H OOMOTKH reHeparopa
TPeX(pa3HOro TOKa, 4ToObl OGOMTHCH YETHIPEMS H JaXKe TpeMs
MpOBOJAMH, . T. €. 3HAYHTEHbHO CIKOHOMHTb NPOBOIKY.
ITepBbiii H3 ITHX CNOCOBOB, HA3LIBAEMEIl COeOUHerUeM 36e3-
~0ofi, CTAHOBHTCS MOHATHBIM M3 puc. 345. Bynem HasbBathb

Ty SlunedHsid npood ) ,
8 T - T i .
! §_Hunebol ® L v g
2_/71_70_5217____ _—YJ_—Y_—"_ A y a
©2 T ® Usp 0,

St —F T 2

npeBog i

"7 E 7

Sueunsrd npobod 3

Puec. 345, Yernipexnpososinast cHcTeMa TIPOBOJKH TIPH COeIHHEHHH OGMOTOK
TpexdasHoro renepaTopa 3Be3fioi. Harpysku (rpynmwt samm) I, II, IIX
nuTa0TCA GasHbLIMK Hallp AXKeHHAMH

3aXKuMel o6MoTok I, 2, 8 Hauanamu, a saxumm 1', 2, 3 —
KOHLAMH COOTBETCTBYIOIIHX ¢a3. CoelHHeHHe 3Be3NOH 3aKJIO-
JaeTcss B TOM, YTO Mbl COENHHAEM KOHIbI BCeX OOMOTOK B OLHY
TOUKY TeHepaTopa, KOTOPAas Ha3blBaeTcd HYJIEBUH TOYKOH HJIH
HeHTpaJ/Ibio, H COelHHSeM reHepaTop C MPHEMHHKAMH SHEpPTHIL
YeTHIPEM# MPOBOJAMH: TPeMs TaK Ha3bIBAEMBIMH  AUHELHOIMU
NPOBOAAMH, HAYLIMMH OT Hadasa-o6MOTOK 1, 2, 3, W Hyaegbim
HIH HeATPaZbHBIM MNPOBOZOM, HAYIHM OT HYJAEBOH TOYKH
reveparopa. Takas cHcTeMa NpPOBOAKH HAa3blBAETCH 4emiblpex-
B POBOOHOL. o

‘Hanpskenus Mexay HysneBoH TOUKOH M HayanoM KaKiofl
$aspl HA3HLIBAIOT (hasHemu HANPSKEHHSAMH, a HaNPsKEHUA
MeXJy HadanaMH O6GMOTOK, T. e. Toukamu I u 2,2 u 3,8u 1,
Ha3bIBAIOT AuHednbiML - WM Mexchasromy, DasHele Hanps-
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WeHH s 00bHO o603Havaior Uy, Uz, Us nan B obieM Buge Uy,
a JinHelHbie — Uy, Uss, Usy uau B o6wmem Bupe U,.

MoXKHO MOKa3aTh, YTO MEXKAY aMIVTHTYAMH HJIH n,eﬁcmylo-
IHMH 3HAYCHHAMH cpaaﬂblx M JIHHEHHBIX HanpsXKeHHH NpH
COelHHEHHH OOMOTOK reHepaTopa 3B€3110H cymecmye'r COOT-
HOLIIEHHE

U,=V3Uy~1,73U,;. . (170.1)

Takum o6pasom, HampuMep, ecin (asHOe HanpsikeHHe reHe-
paropa U¢—127 B, To npu coenuHeHHH OGMOTOK reHepatopa
sBesllofl snnHelinoe Hanpsukenne U,=220 B. Ecan Uy=220 B,
to U,=380 B.

Pacqe'r, KOTOPOTO Mbl NPHBOAHTb He GyJeM, ITOKasbIBaer,
YTO B CJlydae paBHOMEDHOH HarpysKH BceX Tpex (as rexepa-
TOpa, T. €. MPH NPHOJH3HTENLHO OJHHAKOBLIX TOKaxX B Kaw ol
H3 HHX, TOK B HYJIEBOM NPOBOJe paBeH HyJo. [Toatomy B 3TOM

) t 1 7
6] [©1
P Sr—
Qz
: ]
Pue. 346. TpexnpoBoiHas cHCTeMa NPOBOXKH NPH COeAHHEHHH OGMOTOK

reHepaTopa 3pesgoff. Harpyskn (rpynnet jsamn) I, II, III nuraores JiH-
HeHHBIMH HarnpfXeHHAMH

cJlyyae MOXKHO HYJIEBOH NPOBOJ YNPasAHHTL H NepelTH K elne
GoJlee 3KOHOMHOH mpexnposoOHol cHcTeMe, H306DaXKEHHOH
Ha pHuc. 346. Bce Harpyskw BKJIOYAIOTCH HOPH 3TOM MeXKIy
COOTBETCTBYIOIIMMH - NapaMH JHHEHHBIX IPOBOJOB.

IIpn HecHMMeTPHYHOH Harpyske TOK B HYJIEBOM IPOBOJE He
paBeH HYJI0, HO, BOOOLIE IFOBOPS, OH ciaalee, YUeM TOK B JHHeEH-
HBIX npoBojax. [Tostomy HyJsieBOH MPOBOJ MOXKET GLITH TOHBIIIE,
yeMm JuHefiHple. [Ipn akcrtyataumm TpexdasHoro ToKa cTpe-
MATCA cllelaTh HArpysky pasiaH4YHbIX (a3 0o BO3MOMKHOCTH
oquHakoBo#l. [losatomy, Hanpumep, NpPH YCTPOHCTBE OCBETH-
TeJILHOH ceTH GOJIbLIOrO A0MAa MPH YeThIPEXNMPOBOAHON CHCTEME
BBOJAT B KaXKIYI0 KBapTHPY HYJeBOH NPOBOX H OJAHH H3 JiH-
HEHHBIX C TAKHM PacyeToM, YTOOHI B CPeJHEM Ha KaXIylo ¢pasy
OpHXOJHIachk IPHMEPHO OJHHAKOBAasA Harpyska. [Ipm tpexmpo-
BOJHOH cHCTeMe BBOJSIT B OJHY IpYNNY MOMelleHHH nOpoBoja
1 u2, B apyryio 213, B Tperbio 8 1 I C TaKHM Ke PacueToM.

Jpyro#i cnoco6 coeauHeHHsi OGMOTOK reHeparopa, Takke
JONYCKAIOWHH TPEXNPOBOAHYIO = NPOBOAKY,— ITO coeQuHenue
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mpeyeorbHUKOM, H300paKeHHOe Ha pHC. 347. 31ech KoHen
KaXKJ0H OOMOTKHM COeJIMHEH C HayaJioM caenyioluell, Tak 4To
OHH 06pasyloT 3aMKHYTHIH TPeyroJibHHK, a JIMHEHHbIEe MPOBOaa
NPHCOEAHHEHE K BepIiHHAM 3TOrO TPeyroAbHHKAa —— ToukaMm 7,
2 u 3. Jlerko BHIETb, YTO NpPH COEGAHHEHHH TFPEYIOJAbHHKOM
AUHelHOoe Hanpaxtenue eeHepa- 7
mopa pasHo ezo ¢hasHomy Hanp a-
acenuro: U,=Uy. TakuM obpa-
30M, nepexatouerue 0OMOMOK
2enepamopa co 363061 HQ mpe-
YeONbHUK nPUBOOUM K CHUCEH LD
AUHEUH020  Hanpacenus 8
V'3=1,73 pasa. Coennnenue 3
TPpeyroIbHHKOM TaKKe [LOH“yCTH- Puc. 347. Cxema coegmnenus o6-
MO JHWb NPH 00UHAKOBOH IR yoroy tpexcpasroro reneparopa
NOYTH OLHHAKOBOH Haepy3Ke TPEYTOJAbHHKOM

¢as. MHade TOK B 3aMKHYTOM

KOHTYpe 0GMOTOK GyneT CJHIUKOM CHJIeH, 4TO ONacHo Ans re-
Hepartopa.

Ilpn npumeHeHnn Tpex¢dasHoOro Toka oTAeNbHble IPHEMHHKH
(HarpyskH), NHTaloWHeCsi OT OTAEAbHBIX nap NPOBOAOB, TaKXKe
MOryT ObITb COeIHHEHH JHGO 3B€3NoH, T. €. TaK, 4YTO OLHH
KOHEll HX NPHCOeIHHEH K OoflleH Touke, a OCTABILHECS TPH
. CBOOOAHBIX KOHIA NPHCOEIHHAIOTCA K JHHEHHBIM npoBoxam

€eTH, JHGO TPEYTOJbHHKOM, »
T. €. TdK, YTO BCe Harpy3KH
COeAHHSIOTCS nocJel0Ba-
TeJbHO H 06pasylor obluuii
KOHTYp, K Toukam I, 2, 8
KOTOpPOTO  NPHCOEAHHAIOTCS
JIHHefiHble NpOBOAA  CETH. ' 20
Ha puc. 348 nokasano coe- /unegwon ©
IMHEHHe Harpy3ok 3pesjoli /720697
NPH TPEXNPOBOLHON CHCTEME /0yt
. MPOBOIKH, a Ha puc. 349 —  npobod '
NPH YETBIPEXNMPOBOLHOH CH- ppc 348, Coegunenne HaIPY30K
CTeMe NPOBOAKH (B 3TOM CJY-  3pesgoit npw TPEXNPOBOJHON CHCTe«
yae -o6las TOYKa BCeX Ha- Me NpOBOAKHA

IPY30OK COeJHHSIeTCs G HY-

JeBblM 1npoeozoM). Ha puc. 350 mokasaHa cxeMa coenMHEHHsi
Harpy3ok TpeyTOJbHHKOM npn TPeXNpPOBOAHOM cHCTeMe Mpo-
BOIKH. '
. IlpakTHueckH 'BakHO HMMeTb B BHAY chienyiouiee. fHpu
COeOUHEHUL HAZPY3OK MPeyeorbHUKOM KaXcOan HAZpYaKa Haxo-
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Jumca nd0 AUHETHBIM HANDANCEHUEM, A NPU COLOUHEHUW 38e3-
ot — nod nanpacenuen, 6 V'3 pas menowun: Ina cayuas
YyeThEIPEXIIPOBOAHON CHCTeMRB! 3TO SicHO H3 pHC. 349, Ho To ke
HMEeT MeCTO B CJydae TPeXNMPOBOJAHOH CHcTeMbl (pHC. 348).
Mexay kaxJo# napol JHHEHHBbIX HaNpsKeHHH 3echb BKJOYe-

Hynelod npabal G ‘ 4 J

gty o

o060

Suredreld 2

706868

S B 3

10e6ed . :

‘ SR w1 NHRA

S 5

§4»®> 5 - 5 R
el digl dts:
3 R4 Bl-RH

Puc. 349. Coenunenue Harﬁyaox 3Be3fI0ofl IPH “eTHIPEXNPOBONHON CHCTEMe
NPOBOAKH

HBI [0C/1eJ0BATE/ILHO JIBE HATPY3KH, TOKH B KOTOPHIX CABHHYTHI
no ¢ase Ha 2n/3. Pacuer nmokaseiBaeT, YTO HanpsikeHHe Ha
Kax/IOH Harpyske paBHO COOTBETCTBYIOLIEMY JHHEHHOMY Hanpsi-
KeHHI0, Jenensomy Ha V3. '

TakuMm 006pa3oM, npu nepexaroueHul HA2PY30K €O 38e306i HA
MPeYe0NbHUK HANPANCEHUS KA Kacdod HazpysKe, a credoeament-

SAunedwoid noobed 1

=
)
&

&
- Puc. 350. CoenuHeHHe Harpysok
2 TPEYTONLHUKOM I[IPH TPEXNPOBOL-

HOH CHCTeMe NPOBOAKH

Tumeswerd | Heavyanal

negbod

Mumeinend
nooGod

HO, U MOK 8 Hel nogeltuaromecs 8 l/3=l,73 pasa. Ecnu, Hanpu-
Mep, JIHHEHHOe HanpsiKeHHe TPEeXIPOBOAHOH CETH PAaBHSAJIOCH
220 B, To npH coenHHeHHu 3Be3Niof (pHc. 348) HanpsukeHHe Ha
KaxXJ0H H3 Harpy3ox Gyjer paBHo 127 B, a npu BxmoueHun
TpeyronibHHkoM (puc. 350) Gyner pasHo 220 B,
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§ 171. Tpexdasusiit snekrpoasuratesn. M3 6o/bmoro uyucia
THAOB 3/IEKTPOABHUTATENEH MEPEMEHHOrO TOKAa, IMPHMEHS0-
HHXCA B COBPEMEHHOH 9JIEKTPOTEXHHKE, HaHGOJee LIHPOKO
pacmpoCTPaHEeHHEIM, YAOOHBIM H 3KOHOMHYHBIM ‘SIBJIAETCS ABH-
ratesb ¢ BpAlAOIIHMCS MAarHHTHBIM [OJIEM, OCHOBAHHEIH Ha
npUMeHeHHH Tpex(aszHOro TOKa.

Yro6bl MOHATL OCHOBHYIO HAEIO, JIEXKAlIYl0 B OCHOBE KOH-
CTPYKUHH 3THX JBHrateseid, BepHeMCS CHOBA K OMBITY, H306-
paxeHHOMY Ha puc. 264. Mbl BHAesH TaM,"YTO MeTaNIHYECKOE

t+=0,8,=0 t=T13,8,=0 t=2713, B;=0 ‘
- BL11 ﬂlﬁz’z ;. BLIT
i)

Puc. 351. TloayueHve Bpauialonierocsi MarHMTHOTO NOJA NPH CAOMEHHU

TPex CHHYCOMJAAJbHBIX Nojiel, HanpasJeHHBIX moj yrioM 120° zpyr oTHo-

CHTeJIBHO Jpyra H cMeleHHbIX 1o (ase Ha 21 3: @) pacrosioXeHUe KaTyileK,

CO3Ja0IUX Bpaujawouieecs noje; 6) rpapuk HM3MeHeHHS HHAYKUMR NOJei

CO BpEMeHeM; 6) Pe3yJIbTHpYOWAA HHAYKIMA B INOCTOSAHHA 10 MOAYJIO
¥ 3a 1/3 nepuosa nosopauupaercst Ha 1/3 OKpyXHOCTH

KOJIbIIO, [IOMEIEHHOe BO Bpalldiolileecss MAarHHTHOe foJe,
NPHXOAHT BO BpallleHHe B Ty e CTOPOHY, B KaKyl0 Bpallaercs
nose. IIpuunHOi 3T0r0 BpallleHHd ABJsETCA TO OGCTOATENBCTBO,
4TO MPH BPALIEHHH TOJS H3MEHsAeTCA MAarHHTHHIA MOTOK Hepe3
KOJIBLIO H MPH 3TOM B KOJIblle HHAYLIHPYIOTCA TOKH, Ha KOTOpHIE
noJie AeHCTBYET C yKe 3HAKOMBIMH Ham CHJaMH, CO3JAlOUIHMH

BpallalOIHA MOMEHT. ;
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Ipu Ay Tpexcpasﬂoro TOKa, T. €, CHCTEMBI Tpex TOKOB;
€ABHHYTBIX NO (hase APYT OTHOCHTENBHO Apyra Ha 2m/3 (Tpe'rb
NEpHOAa), OYeHb JIETKO MOJYYHTb Bpallalolleecsi MaCHHTHOE
none Ge3 MeXaHHYeCKOTO BPallleHHs MarHuta W 6e3 BCAKHX
JOTIOJIHHTENBHBIX yeTpoiicTB. Pue. 351, a nokassiBaer, Kak 310
ocyuiectiasercd. Mbl HMeeM 3lecb TPH HaJeThle -HA JKele3Hbie
CEPICYHHKH KATYWKH, PACNOJOXKeHHble APYT OTHOCHTEIbHO
apyra nox yraoMm 120°. Yepes kaxayio H3 3Tux _katymek npo-
XOIHT OIMH H3. TOROB CHCTEMBI, COCTaBJswoumel TpexdasHbii
TOK. B KaTymkax cosfaioTcd MarHuTHbIe NOJs, HanpabBJeHHs
KOTODBIX OTMeYeHbl cTpeakaMu B:, B,, B;. MaruutHas WHAyK-
IIHA Ke KaXKAOTO H3 3THX NoJiell H3MeHsIeTCs C TEYEeHHEM Bpe-
MEHH IO TOMY K€ CHHYCOHJAJbHOMY 3aKOHY, YTO H COOTBET-
crBytollHt Tok (puc. 351, 6). Takum oGpasoM, MarHHTHOE
noJjie B NPOCTPAHCTBE MeXKAY KAaTYLIKAMH NPeACTaBaseT coGol
pe3ynbTaT HANOMXEHHS TPeX NMepPeMeHHbIX MAarHHTHBIX NOJel,
KOTOpEIE, C OIHOA CTOPOHbI, HanpaBJIeHbl N0 YI/IOM 120° mpyr
OTHOCHTE/IbHO JAPYTd, a C IPYTOH CTOPOHBI, CMELIEHBI MO (haze
Ha 2n/3. MrHOBEHHOe 3HAYEHHE PEe3YJbTHPYIOUIEH MATHHTHOM
HHAYKUWH B npencraBaseT co6Off BEKTOPHYIO CYMMY Tpex
COCTABJSAOLIMX MoJell B JAaHHHIK MOMEHT BpeMEHH:

B=B,+ B,+ B,.

Ec/H MbI Tenepb CTaHeM HCKaTb, KAK H3MEHSIETCS CO BPeMeHeM
pe3yJbTHPYOIIAs MarHuTHAs HHAYKIUHA B, TO pacuer MOKasbl-
BAeT, YTO MO MOAYJIIO MATHHTHAS WHAYKIHS Pe3yJbTHPYIOMErO
noss He HaMeHsercss (B coxpansier NOCTOSIHHOe 3HAYeHHe), HO
HanpasJieHHe BeKTopa B paBHOMEPHO NMOBOPAaYMBAETCS, ONHCHI-
Basi TNOJHBI OGOpPOT 32 BpeMs OINHOTO MEPHOAA TOKA.

He Bxoas B noapoGHOCTH pacyera, NOSICHHM, KakuM ofpa-
30M CJOXKeHHe Tpex noneli Bi, B,, B; AaeT nocrosiHHOe NO
Mony.o Bpainatoineecs nosie. Ha puc. 351, 6 cTpenkamu otme-
yeHbl 3HAYEHHWS MACHUTHON HHIYKUHH TPeX nojel B MOMEHT
t=0, korna B,=0, B moment ¢=T/3, korna B,=0, u B MOMeHT
t=2T/3, korna B;=0, a Ha puc. 351, & BbIMOJHEHO CJIOXKEHHE
N0 NpaBuWJy napanienorpaMmva MarHHTHBIX HWHAYKUW# B;, Bj
H B; B 3TH TpH MOMEHTa, NpHYeM HanpaeJeHHs CTPeJOK B, H
Bs, Bi u B;, B; u B, coorserctBytor puc. 351, a. M
BHJIHM, YTO Pe3yJbTHPYIOUIAS MATHHTHAs HHAYKUHA B umeer
BO BCe TPH YKa3aHHBIX MOMEHTA OJHH H TOT XXe MOAYJb, HO
HarnpasJieHHe ee MOBOpaYuBaercs 3a KaX(lI}ﬂO TPETb NEpHOAA HA
ONHY TpPETb OKPYKHOCTH.

Ecar B Takoe Bpaumawouieecs NoJie NOMECTHTh METaJIxYe-
CKO€ KOJIbIO (HJIH, elle syUllle, KaTymIKy), TO B HeM OYAyT HH-
IYLHPOBATbCSl TOKH TaK XK€, Kak eC/H Ghl KOJbLO (KaTyIIKa).
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BpaUlasioch B HEMOABHXKHOM noJjie. BsauMopelicTBHE Mariur-
HOrO IOJIA C 3THMH TOKaMH M CO3JIaeT CHJLI, NPHBOJALIHE BO
BpalleHHE KOJbIO (KarymKy). B 3ToM 3akmowaercsi OCHOBHast
Hles TpexdasHoro ABMraTess C BpalLlAOLIUMCH M0JieM, BRep-
Bhie ocyutectBaeHHoro M, O. Ilo-
JMHBO-J106POBOSILCKUM.
¥YcTpofcTBO TaKoro ABHrare-
Jaa aAcHO H3 puc. 352. Ero He-

2e)e]
1 2 J
Puc. 352. Tpexdasunil gsuraress _ Puc. 353. Pacnosnoxenue 3a--
TlepeMeHHOTO TOKa B pa306paHHOM JKHMOB HA LIHTKE JBHTaTeJs
Buge: [ — cratop, 2 — porop,

& ~— NOMIUHITHHKOBLIE IIHTKH, 4 —

BEHTHJIATOPH, 5 — BEeHTWISAIHOH-
Hepl€ OTBEPCTHA

NOJBHXKHAA YacTh — CTaTOp — INPeACTaBaAeT CO6OH cofpaH-
HBIH H3 JIHCTOBOH CTa/IH LHJHHAD, HAa BHyTPEHHEH NIOBEPXHOCTH
KOTOPOTro HMeIOTCA Masbl, NapaJiiesabHble OCH UHJAHHApPA. B 31H
Nase YKJAJBIBAOTCA MPOBOJA, COeNHHAOLIHECA MEXAY CcoGoi
N0 TOPUOBBIM CTOPOHaM CTaTOpa TaK, 4TO OHM OGPasyioT TPH
NOBEPHYTHIE APYT OTHOCHTENBHO Aipyra Ha 120° kaTywmKu, o KoTto-
PBIX LIJIa Peyb B MpPeAbIAYILIEM
naparpacge. Havana stux kary-
mek I, 2, 8 v koHU ux 1,
2', 3" npUCOeIHHEHH K IIECTH
3aXKHMaM, HaXOJAIUMCA Ha
KU TKE, YKPeNJeHHOM Ha CTaHU-
He MatHHBl, PacnonoxeHue 3a-
KHMOB [0KazaHO Ha pHc. 353.
BHyTpH cratopa nomentaer- = >
CA Bpaulawlasaca 4acTb IBHra- Puc. 354. KopoTkozamMKHyTHil
Teil — €ro PoTop. JT0— TaK- POTOP TpexdasHoro - ABHraress
e HaGpaHHBIA H3 OTJENbHHIX
JIHCTOB CTaJIH UHJHHAD, YKpPENJIEeHHBIH Ha Baly, BMECTe C KO-
TOPHIM OH MOXET BpallaThCA B NOAWIHIHHKAX, HAXOAAUWKXCH B
GOKOBHIX LIHTKAaX (KpbmnKax) pasuratens. Ha kpasx srtoro
HHJIHHAPaA HMEIOTCS BEHTHJISIIHOHHbIE JIONAcTH, KOTOphle ApY
BpAllleHHH POTOPa CO3JAIOT B ABHraTe/]e CHIbHYIO CTPYIO BO3Y-
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Xa, oxJaxjawoulyio ero, Ha uuaunipHueckofi moBepXHOCTH

poTopa, B mnasax, napa/iieNbHBIX €ro OCH, PacnoJIOKeH Psf

OPOBOJIOB, COEMHEHHHIX KOJbLAMH Ha TOpHAX HHJIHHApA.

Takoli porop, H300pa)KeHHbIH OTAeJbHO Ha pHC. 354, HOCHT

Ha3BaHHe ¢KOPOTKO3aMKHYTOTO» (pmorua €r0 HasbIBaOT «GelTH-
’ Cemy

) —A : '

P77

[] m Apedoxparument

Bycunsrur

K cemu
‘ a
Puc. 355. BkioueHHe oGMOTOK cTatopa 3pesfiol: a) cxema BKJIIOUeHHS
Apnratesisi; 6) cOelAMHEHHE 3a)KHMOB Ha UINTKe. 3aXKHMbI 7, 2, 3 coenp-

HeH!:I «HaKOPOTKO‘> MeTaJMHYECKHMH WWHHaMR; K 3a*KHMaM I 2 3 npucoe-
JHHEHBI TpPOBOJA Tpexd}asHon CeTH .

4YbHM KoJiecoM»). OH NMPHXOAMT BO BpallleHHe, KOTrja B Npo-
CTPAHCTBe BHYTPH CTaTOpa BO3HHKAeT Bpallaiolleecd MarHHT-
Hoe moJe,

Bpawatoueecst moJsie cozfaercs TpexcazHol CHCTEMO TOKOB, -
NOABOJHMBIX K OOMOTKaM CTaTopa, KOTOpble MOTYT ObITh COe/H-
HeHbl Mex Ay coGoii su6Go 3Be3fot (puc. 355), JuGO TPEeyrodb-
HHKOM (puc. 356). B nepBom cayuae (§ 170) HanpmkenHe Ha
Kax0il o6MoTKe B /'3 pas MeHblie JIHHEHHOrO HANpsKeHs
CETH, a BO BTOPOM — pasho émy. Ecsii, Hanpumep, HanpsokeHHe
MeXJy Kaxaoli mapo#l mpoBofoB Tpex¢aszHoH ceTH (IHHeHHOe
HanpsxeHue) pasio 220 B, To npu coennHeHHH OOMOTOK Tpe-
YTOJBHHKOM KaXKAas W3 HHX HAXORUTCA MOJ HanpskKeHHeM
220 B,-a ecsin OHH coelMHEHbl 3Be30H, TO Kaxjasa 06MOTKa
HAXOAHTCA NOJ HampsmxkeHuem 127 B. '

Takum ofpasoM, ecaun OOMOTKH JBHTaTe/sl PacCUHTaHBI Ha
Hanpskenue 127 B, 1o aBurartenn mMoxer pa6oTaTth ¢ HOPMAJb-
HOM MOLIHOCTBIO KaK or cet 220 B npH coelHHeHHH ero o6Mo-
TOK 3Be3J10H, TaK H OT cetH 127 B npu coeinHeHHH er0 0OOMOTOK
tpeyroapuukoM. .Ha Tta6nnuke, npukpenieHHOH K CTaHHHe
KaXJOro JBHTATENsI, YKa3blBAOTCA MO3TOMY JBa HaNpsiKEHHS
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ceTd, NpH KOTOPHLIX HAHHBIH JABHratellb MOXer paborarb, Ha-
npumep 127/220 B unn 220/380 B. Ilpn BK/MOYEHHH B CeTb ¢
MEeHBLIHM JHHEHHHM HanpsiteHHeM OOMOTKHM [BHTAareNs coe-
IMHAIOT TPEYrOJLHHKOM, a IPH NHTaHHH OT cetTH ¢ OBoJee
" BBICOKHM HANpPSXKEHHEM HX COeIHHAIOT 3BE3ROMH. -
Bpamarwou i MOMEHT ABHraTeJsi CO3aeTcA CHJIAaMH B3aH-
MOJle#CTBHA MArHUTHOTO MOJISI H TOKOB, HHAYIHDYEMbIX HM B

Gemy

Bycu UK

] lpedoxpanument!

3 17 2

- 1. . B2 J
ool
3 /2 K cemu
4] g

Puc. 356. Bkaoyenne oGMOTOK cTaTopa TPeyTOJIBHHKOM: @) CXeMa BKJIO-

UYeHHs JBHraTe]s; §) coelHHeHHe 3aXKHMOB Ha WIHTKe. MeTaJsHuyecKuMH

LIMHAMY cOoefiuHensl 3axumbl [ ¥ 3", 2 u I', 31 2'; K 3axumam 1, 2, 3 npu-
CoeJIHHeHBb MPOBOJA Tpexq)aaﬂou ceTH

porope, a CHJIa 3THX TOKOB (MJH COOTBETCTBYIOLIAs 3. h. C.)
onpeaenseTcs OTHOCHTeNbHOH YacTOTOH BpallleHHsA NoAs Mo
OTHOIIEHHIO K POTOpPY, KOTOpHI caM BpalllaeTcsi B TY e CTO-
poHy, uto H noJe, Ilosromy, eciu 6bl porop Bpaitancs ¢ Toi
Je YacTOTOH, YTO H MoJie, TO HHKAKOrO OTHOCHTENBHOIO JBH-
JMEHHA HX He ObWIO Obl. Torna porop Haxofuics Gbt B MOKOe
OTHOCHTEJILHO NOJIA U B HEM He BO3HHKa/Na G HHKaKasd HHRY-
LHpOBaHHasA 3. . C., T. €. B porope He Obuio Gbl TOKA H He
MO/ Obl BO3HHKHYTb CHJIB, NPHBOASAILHE ero BO BpalleHHe.
Otciofa ACHO, YTO JBHraTelb OMNHCHLIBAEMOIO THIIA MOXeT
pa6oTath TONLKO MPH YacTOTe BPAWEHHA POTOPA, HECKOMbKO
OT/IHYAoLIeHCs OT YACTOTH BpAlleHHA MOJA, T. €. OT YAaCTOTH
ToKa. [losToMy Takue ABHrartesH B TeXHHKe NPHHSTO HA3bIBATh
«aCHHXPOHHBIMH» (OT I'DEYECKOTO CJIOBA CHHXPOHOC» — COBIA-
JAIOWHKA HJIH COIVIaCOBAHHKM. BO BpeMeHH, YacTHla «a» O3Ha-
YaeT - OTPHUIAHHUE).

Taxkum o6pasoM, ecqH moje Bpaiaercsi ¢ yactotoll N, a
POTOP — € 4acTOTOH n, TO BpaujeHue MO/ OTHOCHTEJIBLHO
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poTopa NPOHCXOAMT ¢ YacTotoil N—n, ¥ UMeHHO 3Tof 4acToTol’
onpeleasiloTC HHAYLHPYEMEIE B pOTOpe 3, A. C. H TOK.

, Beanunna S=(N—n)/N Ha3nBaeTcs B- TeXHHKE «CKOJIbxKeHHem». OHa
HrpaeT odeHb BAXKHYIO POAb BO BCEX Pacuerax. Oﬁulmo CKOJIbXKeHHE BRIpa~
XKaeTcAd B TPOLEHTAX. o

Koraa MBI BKJIIOUaeM B CeTb HeHarpy»KeHHHIH JBHIaTeNb, TO
B TepBbieé MOMEHTHl 7 PaBHO WJIH GJH3KO K HYJIO, 4acToTra
BpAllleHHs] TIOJISE OTHOCHTEJNBHO poTopa N—n BeJHKa H HHAY-
[HPOBaHHasA B POTOpeE 3. A, C. COOTBETCTBEHHO TaKXe BeJHKa —
oHa pa3 B 20 mpeBOCXOAHT Ty 3. A. C., KOTOPas BO3HHKAeT B
porope npHu paboTe ABHrartesnsi ¢ HOPMaJbHOH MOILHOCTEIO. Tok
B POTOpE NpH 3TOM TOXe 3HAYHTEJbHO NPEBOCXOJHMT HOPMAaJib-
HEIH. ﬂBHraTe.nb pasBHBaeT B MOMEHT NYyCKa JOBOJMBHO 3HAYH-
TeIbHbIH BPAILAOUIHA MOMEHT, H TAK KaK HHepLHs ero cpas-
HHTEJIPHO HEBE/HKA, TO 4acToTa BPAUleHHA poTopa GHICTPO
HapacTaeT W MOYTH CPAaBHHBAeTCH C YacTOTOH BpallleHHs NoJs,
TaK YTO OTHOCHTE/JbHAS 4acTOTa HX CTAHOBUTCS IMOYTH PaBHOH
HYJII0O H TOK B poTope GBICTpo cnaaaer. s ABuratesneil Masoi
H CpelHell MOLLHOCTH KPaTKOBPeMEHHas TNeperpys3ka HX TNpH
NyCKe He NPEACTABJsET ONAacHOCTH, TPH. 3aNyCKe XXe OYeHb
MOILLHBIX JBHratesell (JeCATKH H COTHH KHJIOBATT) NPHMEHSAIOTCS
crelHanbHble yCKOBbIE PEOCTATHl, OC/AabJsolMe TOK B 06MOT-
Ke; N0 Mepe AOCTHXXEHHS HOPMasbHOH 4acTOTHl BpallleHus po-
TOpa 3TH PeOCTaThl IOCTENEHHO BBIKJIIOYAIOT.

ITo mepe Toro kak Bospacraer Harpyska JBHrareis, 4a-
CTOTa BpallleHHs1 POTOPa HeCKOJIBKO YMeHbIIdeTcs, YacToTa Bpa-
LLeHHS M0JI OTHOCHTENBHO POTOPa BO3PACTAaEeT, H BMECTE C TeM
pacTyT TOK B POTOPe H pPa3BHBAaeMBIH JBHTaTejeM BpallalollHi
MoMeHT., ONHaKO JJig  H3MEHEHHS MOUIHOCTH JABHTaTtens oOT
HYJI 10 HOPMaJIbHOI'O 3HaYeHHs TpebyeTcs O4eHb HeGoJbLIOE
M3MEeHeHHe 4acTOThl BpallleHHsl poTopa, npuMepHo Ao 6 % ot Mak-
CHMa/JbHOIO 3HAauYeHHs. TakuM o6pasoM, GCURXPOHHbLE mpex-
ghasnetll Osuzamens COXpansem NOYMU NOCMOAHHYIO 4QCMOMY
BPALUEHUS POMOPA NPU O4EHb WIUPOKUX KOACOQHUAX HO2PY3KU.
PeryJHpoBaTh 3Ty 4acTOTy B NPHHLHIE BO3MOXHO, HO COOT-
BETCTBYIOLLHE YCTPOHCTBA CJOXKHEI H HESKOHOMHYHEI H MOTOMY .
Ha TPaKTHKe TPHMEHAIOTCA oueHb peako. Eciau Mamusb,
NPHBOJHMBIE B AeHCTBHe JABHrarejieM, TpPeOYIOT HHOH 4acTOTH
BpAallleHHs, 4eM 3TOT ABHTraTe]b AdeT, TO NPeAIIOYHTAIOT NpH-
MeHATb 3y0uaTble HJIH peMeHHbIe Nepelayt ¢ Pas/IHYHEIMH T1epe-
JaTOUHBIMH YHCJIaMH. '

Camo coboit pasymeercsi, YTO NMPH BO3PACTAHHH HATPY3KH
ABHTaTeNs, T. e. OTAaBaeMOH HM MeXaHHYECKOH MOHIHOCTH,
JIOJIKEH BO3PAcTath HE TOJIBKO TOK B POTOPe, HO H .TOK B CTa-
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TOpEe JUIA TOTO, YTOOHI ABHTATENb MOT MOIVIOWATE H3 CETH COOT-
BETCTBYIOMYIO 3JIEKTPHYECKYIO MOIIHOCTh. DTO OCYLIECTB/ISAETCA
aBTOMaTHYECKH BCJENCTBHE TOTO, YTO TOK B POTOPe TaKKe
CO3Jla€T B OKDYKalollleM MPOCTPaHCTBE CBOE MarHHTHOE TNOJIE,
Bo3JeHicTByOLlee HA OOMOTKH CTatopa H HHIyUHpYollee B HHX
HEKOTOPYIO 3. 1, ¢. CBA3b MeXJy MarHHTHEIM MOTOKOM pOTOpa
H CTaTopa, WJH, Kak TOBOPAT, «PeaKUHs AKOPsi», 0GYCJOBJIH-
BAET H3MEHEHHS TOKA B CTATOPE H OOGECNEUHBAET COIVIaCOBaHHE
3JIEKTPHYECKOH MOIIHOCTH, OTOHpaeMOH H3 CeTH, C MeXaHH-
YeCKOH MOIIHOCTHIO, OTAaBaemofl apurateseM. eraau sToro
npouecca JOBOJBHO CJAOXKHE,, H MBI B HHX BXOIHTb He OYJeM.

OueHb BaxKHO, OHAKO, NOMHHTB, UTO XOTH HEJOTPYKEHHBIH
JIBHTaTeJ]b H OTGHPAET OT CETH Takoe KOJHUYeCTBO 3HEPrHH, KO-
TOpOE COOTBETCTBYeT COBepliaeMoii uM pafore, HO NpPH HeJlo-
rpy3Ke ' ero, Korfia TOK B CTaTOpe NAajaer, 3TO O0YC/OBJIEHO
BO3PACTAHHEM HHIYKTHBHOTO CONPOTHBJEHHS CTaTopa, T. €.
yMeHblleHHeM ko3(p¢dHLHeHTa MomHocTH (§ 163), uTo mopTut
YCJIOBHSI 3KCIVIyaTalHH ceTH B LeiaoM. Eciu, Hanpumep, s
paboThl CTAaHKA JI0CTATOYHO MOIIHOCTH 3 KBT, a MBI ycTaHOBHM
Ha HeM MoTop 10 kBT, TO IaHHOe NpEANPHATHE MOYTH He TNOHe-
ceT yuiep6a — MOTOp BCe PaBHO BO3BMET TOJBKO TY MOUIHOCTb,
KoTopas tTpebyercs A/ ero paboThl, ILIIOC IOTEPH B CAMOM JIBH-
raresne *). Ho Takoit Helorpy:KeHHBIH MOTOp HMeeT GOJbLIOE
HHIYKTHBHOE CONDOTHBJEHHE H YMeHbIlaeT KO3(hpHUHEHT
molHOcTH ceTH. OH YGBITOMEH C TOUKH 3pEeHHS HapOAHOrO
xo3siicTBa B LesoM. UTOGbI CTHMYJIHpOBaTh GOPHGY 3a MOBbI-
eHHe KO3(pHIHEHTA MOILIHOCTH, OPTaHH3aLHH, OTHYCKAIOUIHe
HOTPeGHTENIAM 3JEKTPOSHEPTHIO, IPHMEHSIOT CHCTEMY LITPadoB
3a CJHLIKOM HH3KHH 10 CPABHEHHIO C YCTAHOBJIEHHOH HOPMOH
KO3((HLUHEHT MOMHOCTH H MOOLIPEeHHH 3a €ero MNOBHILIEHHE,

IlostoMy npu pa6ore ¢ ABHrarteJsiMH HeOOXOJUMO TBEPJO
coGnlofiaTh CJefyloliie INpaBuna:

1. Heobxodumo scez0a nodGupame Osuzamens maxoti mouy-
Hocmu, Kakyro gaxmuuecku mpebyem npusodumas um 8 Oeli-
cmeue MAUUAQ.

2. Ecau nazpyska deuzamens re docmueaem 40 % HOpMAab-
HOL, @ 0OMOMKU cIMAmopa 8KAOYEHBL MPEY20AbHUKOM, MO Leae-
cooépaauo nepexarouums ux Ha 36e3dy. IIpH 3ToM HanpsKeHHe

Ha OOMOTKax yMeHbLIAeTcsi B V3 pas, a HaMarHHYHBAIOULHH

*) Mowmnbiit MOTOp, paGoTalomwHil ¢ HeJOrPY3KOH, T. €. NPH MaJOM KO-
s(pHnHenTe MOIIHOCTH, 6epeT GOALIIHA TOK, YeM MOTOp, pacCYHTAHHBIA Ha
JaHHYIO MOIMHOCTb. A Tak Kak NOTepH Ha J7KOYJeBO TeITo (HarpeBaHHE Npo-
BOJAHHKOB TOKOM) PACTYT KaK KBaJpaT TOKa, TO. H GecnoJie3Hble NOTEPH MOIL-
HOCTH B HEJOTPYKEHHOM MOTOpe GoJbllle, YeM B MOTOpe, paboTalomieM NpH
HOPMAJ/IbHOA  MOLIHOCTH, - N

439



s
TOK — INOYTH B TPH pasa. B Ttex ciywasx, xorma takoe nepe-
KJII0YeHHe NPHXOJHTCSA NPOH3BOAHTL YacTo, ABHraTedb BKJIO-
4aloT B CeTh NPH MOMOIIH NEPEKHAHOrO PYOHJbHHKA IO CXEMe,
H306paxeHHOH Ha pHc. 357. B ofHOM mosioxKeHHH pyGHJIbHHKA
OGMOTKH BKJIIOYEHbl TPEYTOJbHHKOM, B’ JIPYroM — 3Be3fol.

I

7} 42
! Z Io To I
5 ] el
Pnc. 357. Cxema nepek/ioueHnst 00~ Prc. 358. CxeMa BKJWOUe-
MOTOK JABHraTteJsi C TpeyroJbHHKa HHsL Jisi H3MeHeHH Ha-
(nosoxkeHHe pyOHabHHKa I, I, 1) Ha npasJeHHs BpaUleHHs TpeX-
ape3fy (nonoxeHHe py6uabHHka II, thasHoro ABHrarens

11, 11)

Jaa toro urofbl H3MEHHTb HanpaBJieHHe BpAIlleHHA BaJja
JBUrareiss Ha o6paTHOe, HEOOXOAHMO TIOMEHATb MeCTaMH JBa
JHHEHHbIX TpOBOJAA, IPHCOEIHHEHHBIX K JBHraremio. 3TO
JIETKO OCYIIECTBHTH MPH MOMOIIH JBYXNOJIOCHOTO NepekJioya-
TeNIs, KaK nokasaHo Ha pHc. 358. IlepeBons nepeksiodaresb
u3 nosioxkenus 1—I B nosnoxkenne 11—I1I, Mbl MeHsieM HanpaB-
JIEHHEe BpAIeHHA MAarHHTHOrO NoJas H BMeCTe € TeM Hanpas-
JieHHe BpaleHUs BaJja JBHratens.

Mul BHJENH, YTO NMPH HaJIHMYHH B craTope JABHrarens Tpex
KaTyLIeK, CMEINEHHbIX JPYr OTHOCHTeJIbHO apyra Ha 120°
MATHUTHOE MoJie BPAlllaeTcsl ¢ YacTOTOH TOKAa, T. €. COBEpILAeT
OXHH o6opet 3a 1/50 yacTb cexyHAHl, iJH 3000 060pOTOB B MH-
HyTty. IloutH ¢ Takoit ke gactoroil 6yjer BpallarbCa H Baa
jaBurarensi. Bo MHOTHX cayuasaxX Takas 4acroTa BpallleHH:A
ABAsAeTcA upeaMepHO Gonbiiod. UToObl yMeHbIIHTHL €e, B CTa-
TOpe ABHTAarTeNs DasMemaroT He TPH KAarylKH, a LIeCTb HJIH
' ZBeHaAuaTh M COEIMHSIOT MX TaK, YTOObl ceBepHLIE H IOXKHbIE
noNlockl 1O OKPYXKHOCTH crartopa uepejoBasiuch. IIpH stoMm
noJie-HOBOPauHBaeTcsa 3a KaX/Ahli IePHOL TOKA TONLKO HA NOJIO-
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BHHY HJIH YeTBepTb 06opoTa, T. €. BaJ MAIHHH Bpallaercs ¢
yacroroit okono 1500 uau 7EQ o6opotoB B MHHYTY.

. Hakoner, ele oHO NpaKTHYECKH BaxkHOe 3ameuanue. [Ipu
TOBpeXAEHUH (Mpo6oe) H3OMALUHH CTAHHHBI H KOXKYXH 3JeKT-
PHYECKHX MaUIHH H TPaHCGOPMATOPOB OKasbIBAIOTCH IO Ha-
NpsXeHHeM OTHocHTenbHO 3eMiaH. [IpHKocHOBeHMe K 3THM
YaCTAM MAIUHH MOXKeT NPH TAKHX YCJAOBHAX GbITh OMACHBIM A/
mogeit. [a1s npenynpexIeHusi 3TOH ONACHOCTH caedyem npu
Hanpsocenusx ceoiue 150 B ommuocumensvro Semau sasemaame
CMAHUHBL 1 KONCYXU IAeKMPUHECKUX MAWUR U mpancgopmamo-
po6, T. €. HAJEKHO COEAHHATH HX METa/VIHYeCKHMH NpOoBOja-
MH HJIH CTepXHAMH ¢ 3eMyeli. DTO BBINONHAETCSH NO CMENHAIb-
HbIM TPABHJIaM, KOTOpble HeOOXOAHMO CTPOro cof6iofath BO
H36exkaHHe. HeCYaCTHHIX - CJAYYaeB.

§ 172, daekTpoABHraTe/ M NOCTOAHHOTO Toka. Bpamas reHe-
paTop TOCTOSHHOrO TOKA KAakKOH-HUGYIb BHelllHeH CHJOH,
MBI 3aTpAUYHBaEM ONpefie/IeHHYI0 MeXaHHYECKYIO MOMHOCTD P,,.,,
a B CeTH MOJYYaeM <COOTBETCTBYIOILYIO 3JIEKTPHUECKYIO MO~
Hocts P,;. Ilponenaem Ttenepr ¢ reHepaToOpoOM MOCTOSHHOTO

iy /
Prc. 359. BoannkHoBenMe
BpallalolLero MOMeHTa, Jefi-
CTBYIOLIETO Ha OOMOTKY ¢

TOKOM, HaXOASLIYIOCS B
MariiTHOM 1OJe

TOKa o6paTHbIf onbIT. [ToAKIOUHM K 3a)XKMMaM reHeparopa Ka-
KOH-HUOY/Ib BHEWHHH HCTOYHHK TOKAa, HANPHMEpP aKKyMyJis-
TOpHY!0 6aTapelo, H NMPOMYCTHM TOK OT 3TOTO HCTOYHHKA yepes
HHIYKTOD H KOPb reHepaTopa, COeRHHEHHble HOC/eN0BATEb-
HO WJIH napaniesbHo, Kak Ha puc. 339 u 340. Mur yBHAHM, 4TO
TOTYac Xe AKOPb reHepaTopa nmpHAeT BO BpauienHe, COeIHHHB
BaJ SIKOPA €O CTAHKOM, Mbl MOXEM TIDHBECTH B JABHXKEHHE H
crtaHoK. I'enepatop 6yzer Tenepb paGoTaTh KaK 3/eKTPHYECKHH
JBHrare]b. Teneps npeppalieHue SHEPTHU. TPOHCXOAUT B o6par-
HOM HamnpaBJIeHHH: MBI 3aTPaYUBAEM ONPELEJEHHYIO SEKTPH-
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YECKYIO MOILHOCTb Py, KOTOPYIO MBI 3aHMCTBYEM OT BHEIIHEro
HCTOYHHKA TOKA, H NpEBpalllaeM ee B COOTBETCTBYIOULYIO MeXa-
HHYECKYIO MOILHOCTB P,.,.

TTpoucxoiKJeHHe CHJI, CO3AAIOIHX neﬁcmyloumn Ha SIKOpb
3JIEKTPOJBHTaTeNls BpalllalolHii MOMEHT, MOHATH HETPYJHO.
Koraa Mbl mponycKaeM TOK uepe3 BUHTKH AKOP#, HaXoJflHecH B
MArHUTHOM MoOJle HHAYKTOpa, TO Ha HHX JeHCTBYIOT CHJIbI,
nepneHAHKY/NAPHbie K HamnpaBleHHIO TOKa H HANpaBJIEHHIO
HHJAYKUHH MarHMTHOrO MOJA; HamnpaBlieHHe 3THX CHJ MOXKeT
ObiTb ONpeNiesieHO MO MpaBuJy JeBod pyku (§ 133).

Ha puc. 359 nokasaHui cuJibi, JeHCTBYIOIHE HA OTAEJbHEBIE
APOBOJHHKH OOMOTKH (CEeKUHH) fKOPA B MOMEHT, KOrja Ivo-
CKOCTb 3TOH OGMOTKH DacHoJIOXKeHa moj] HEKOTOPHIM YIVIOM K
Hanpap/JeHHI0O MAarHHTHOrO noJs. JIerko BHIETb, UYTO CHJIB,
JeACTBYIOIIHE Ha MPOBOAHMKH be, ag u de, Jexallue B IVIO-
CKOCTH, NMepNeHAUKYJNAPHOA K OCH BpallleHHs, BceTla Hanpas-
JIeHb! MapaJvelbHo 3ToH ocH. I1o3ToMy OHH He cO3Jal0T Bpalmaio-
IEr0 MOMEHTa SKOpfl, a CTpPeMATcA JHWb JehopMHPOBATH
(cxkaTh HJIH PacTAHYTb) ero 06MOTKY. CHJIBI XKe, JHefiCTBYIoLIHe
Ha OpOBOJAHHUKH ab U cd, mapajsieibHble OCH BpauleHus, nep-
MEeHJHKYJSAPHBI K 3TOH OCH H CO3JAIOT BPAIlAIONIHi MOMEHT,
KOTOpHIHl H NpUBOJUT BO BpallleHHe Bad SKOPHA M CBSi3aHHbIE C
HHM Bajbl CTaHKOB, OCH TpamMBaeB H T. II.

JeficTBylomuii Ha fKOpb MeXaHHYeCKHii BpallalolHii Mo-
MEHT UMeeT HauOo/blllee 3HaUEHHe TOrAa, KOTJa COOTBETCTBYIO-
mas o6MOTKa JIEXKHT B IVIOCKOCTH, MapasliieJbHO HaNpaBReHHIO
margutHoro nonsf. ITo Mepe moBopoTa OGMOTKH 3TOT Bpaliaro-
M MOMEHT YMeHblIaeTcs U obpalaercs B Hy/b, Korja ooMoTKa
CTaHOBUTCS MEPHNEHAHKYAPHO K Hampas/eHuo nosas. B stom
MOJIOXKEHUH CHJIBI, JEHACTBYIOIIME HA MPOBOJAHHKU ab u cd,
JIeXKaT B OfHOH MJIOCKOCTH (IVIOCKOCTH OGMOTKH), TaK YTO OHH
HE CO3JIAlOT BPAIAIOLIEro MOMEHTa, a CTPeMATCA TONBKO Jedop-
MHpOBaTb OOMOTKY. [Ipu panbHeiitlieM mnoBOpoTe OOGMOTKH
3HaK Bpallalollero MOMEHTa MeEHseTcsl, T. e. OH HauHHaerT
JeHCTBOBATb B IMPOTHBOMOJIOKHYIO CTOpPOHY. [losTomy, eciu
6b! He OBIIO KOJJIEKTOpA, TO HampaBJeHHe BPalaloero MoMeH-
Ta MeHsJock Obl MOCJEe KaXAoro noJyooopora IKOpA, H AJH-
TeJibHOE BpalleHue O6bl10 Obt HeBO3MOKHO. HO, KaK Mbi BHJeNH,
KOJJIEKTOP KOMMYTHPYeT (U3MEHSeT) HamnpaBJeHHe TOKa .B
0o6MOTKaX KaK pa3 B Té MOMEHTHI, KOrjia oOMOTKa CTOHT mep-
NEeHAHKYJAPHO K JHHHAM moas. Baaropapsa sromy Bpataio-
IWHA MOMEHT COXpaHAET CBOE HalpapJeHHe H.AKOPb Bpailaercs
MOCTOSIHHO B OJIHY CTOPOHY.

Takum obpasom, kKoeda mawuHa pabomaem Kax eeHepamop
ROCMOAHHO20 MOKA, MO POAb KOAAEKMOPA 3AKAIO4AEMLCS 8 6bi-
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NPAMACHUU NEPeMEHH020 MOKaA, UHOYLUPYeMo20 8 ee oOMomxax,
a Koeda mawuna pabomaem Kax deuzamensb, Mo KOANEKMOp ma-
Kum 2ice 06pasosM <«GbINDAMASEMd SDULUAIOUUL MOMeHMm, m. e.
SACMABAALM MOUUUHY OAUMEAbHO 8PAUAMbLER 8 00HY CMOPOHY.

Hanpapnenue BpallleHHs] KOJJIEKTOPHOTO JBHraress - 3a-
BHCHT OT COOTHOILEHHS MeXIYy HanpaBJeHHeM MAarHMTHOTO
nosisi MHAYKTOpa H HanpaBJjeHHeM Toka B sikope. PasnuuHble
BO3MOXKHBIE 3iech cJyyad H306paxkeHH Ha puc. 360, u3 Koto-
poro BHJHO, 4TO, JJif TOro 4TOoObl H3MEHHTb HanpapJeHHe

Puc. 360. Hanpapnenve BpanienHs JBHTaTels . MOCTOSHHOTO TOKa B 3a-

BHCHMOCTH OT HalpasJieHnns MArHHTHOrO IOJA ¥ HanpasJeHHUA ona: KpyM-

KH € KPeCTHKOM — TOK HanpasJeH OT HaC, KPYMKH C TOUKOH — TOK Ha-
npasjeH K HaM

BpAIleHHs [BHraTesIs, HY>KHO H3MEeHHTh HalpapjleHHe TOKa
Aub0 8 AKope MallHHBI, Aubo 8 ee unOyxmope. Ecin xe M
OJHOBPEMEHHO H3MEHUM HamnpaBjieHHe 000uX TOKOB, HaNpHMep
NPHCOENHHHM TOT 3a’KHM MAallHHbI, KOTOPHIH paHbiue ObLT coe-
JHHEH C TOJOXKUTENbHBIM 3aXKHMOM CE€TH, K OTPHIIaTEIbHOMY H
Hao6opoT, TO MalinHa 6yLeT NPOJOJKATh BPalIAThCA B Npex-
HIOIO CTOPOHY.

M3 310oro sicHo, 4TO cHabKeHHbBIHl KOJIJIEKTOPOM 3JIEKTPOIBH-
ratesib NIOCTOSTHHOTO TOKAa MOKeT paboTaTh H OT CETH NEepPeMEH-
HOTO TOKa, NMOTOMY 4YTO NPH KaXX[O0M H3MEHEHHH HalpapJeHHS
ToKa 6yZeT OJHOBPEMEHHO H3MEHATbCH H HaNpapjieHHe TOKa M
B HHAYKTOpe H B siKOpe. OJHAKO TaKHe KOJJIEKTOPHbIE JBHTa-
TeJIH TIePEMEHHOTO TOKa NPHMEHSIIOTC CPaBHHUTEJNLHO PeiKO,
npeHMYILeCTBEHHO B BHJe JBuTaTeneil Manoil MouHocTH. B Tex-
HHKe 4allle BCero NPHMeHsIoTCs OnHcanHble B § 171 Tpexdas-
Hble 3JIEKTPOJBHTaTeJH C BPALIAIOUIHMCS TOJIEM.

2 172.1. Tlposeprte npaBuabHOCTL pHc. 360 THpH NomouM Npapuiaa
s - JIeBOHl pYKH. ; :

Cusel, JeHCTBYIOLIMEe B MaCHHTHOM [0Jie Ha TPOBOAHHKH
SIKOPS, NO KOTOPbIM HJET TOK, CYIIECTBYIOT H TOTAa, KOraa
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3TOT TOK BO3HMKaeT B pe3yJsbTaTte HHAYKIHH, T. €. MallHHA
paboTaeT Kaxk réHepaTtop, H TOrja, KOTZa 3TOT TOK MOCHIIaercs
BHELUHHM HCTOYHHKOM, T. €. MalllHHa paboTaeT Kak JBHIaTeb.

Korpa mawnHa pabotaeTt Kak reHepatop, 3TH CHJIbI [10 Npa-
Busy JleHua HampaB/ieHBl TaK, 4TOGbl CO31aBaeMblii HMH Bpa-
IIAIOIMA  MOMEHT TOPMO3HJ IpOLecC, BHISHIBAIOLIKHA Mosipie- -
HHe HHAYUHDOBAaHHOH 3. 1.C., T.e. OblJl MPOTHBOMNOJIOXEH
TOMY MOMEHTY, KOTOPHIH NPHBOJHMT reHepaTOp BO BpalleHHe.
Takum o6pa3om, B 5TOM cJayyae MNPHBOJSIIIHE TeHepaTop BO
BpallleHHe BHEIIHHe CHJIBI JOJKHBI [1PeOJl0N1eTh, Y PABHOBECHTh
Te CHJBI, KOTOpHE HeHCTBYIOT HAa SIKODb B MAarHHTHOM [OJIe.
[IoHATHO, YTO 3TH CHJBI TeM GoJblile, YeM GOJIbllle TOK B fKOpe,
T. €. 4eM GoJibllle 3JeKTPHYECKasi MOLLHOCTb, Motpebiasiemas B
CeTH, KOTOpYIO MHTaeT rexepatop. [lostoMy mo mepe Bo3pa-
CTaHHA 3JIeKTPHYeCKOH HAaTrPy3KH leHepaTtopa, T. e. OT/aBae-
MOH HM 3JIEKTPHYECKOH MOIIHOCTH P,,, BO3pacTaetT H MeXaHH-
yeckasi MOLIHOCTL P, ,,, KOTOPYIO HYKHO 3aTPaTHTb, 4TOGHI
noJiep:kaTth ero BpalleHHe C npexHel 9acToToil. B atoM Jerko
y6enuTbcs, ecaMH nonpoboBaTh BpalllaTh DOTOP TreHepaTtopa
ot pyku. [Ipn pabote renepatopa BxosocTyio (6e3 Harpy3ku)
HJIH TNPH OYeHb MaJIOH Harpy3ke HaM MPHXOJUTCA Jenath
JHLIb oYyeHb HeBGOJIbLIOe YCHIHe, YToObl Bpamath ero. Ho ecau
MBI . IOJKJIOYHM K TeHeparopy JaMIOoYKYy HAaKaJqHBAHHS MOLI-
HOCTBIO, cKaXkeM, 100 BT u nompobyem Bpamarth poTop reHe-
patropa Tak, 4ToObl 3Ta JaMnoyka ropeja HOPMaJbHbIM Haka-
JoM, To y6Genrumcs, 4To 3To odeHb TpyiHo. [lpuxomutcsa 3atpa-
yHBaTh 6OJbIIOE YCHJIHE, YTOObI MpeojoJieBaThb CHJBI, AeHCT-
BYIOIlHe B MaCHHTHOM MOJie HHAYKTOpDA HAa aKTHBHBHIE NPOBOJ-
HHUKH SIKOPSl, 4epe3 KOTOpbie Ternepb MPOXOJUT TOK OKoJo | A.
Takum o6pa3oM, no Mepe Bo3pacTaHHSl HarPy3KH reHepartopa,
T. €. OTJlaBaeMOfl HM D3JIeKTpHYeCcKOH MolHocTH P,,, BO3pa-
CTaeT M MOIVIoOu[aeMasi UM MeXaHHYyecKas MOLHOCTE P,
HeoGxoauMmasi AJ151 NOAAEPKAHHUSI [PeKHeH YacTOThl BpallleHHS
pOTOpa ‘H NPEXHEero HanpsiKeHHS B CETH.

TouHO TaK e, KOrja mallgHa paboTaeT B KayecTBe JBHIa-
Tesisl, IPH BO3PACTAHHH €e MeXaHHYeCKOH HAarpy3kH, T. €. IpH
yBeJIHYEHHH OT/aBaeMoH .el0 MeXaHH4YecKOH MomHocTH P,
JOJI2KHA COOTBETCTBEHHO BO3pacTarhb H  [OIJollaeMasl €0 U3
CEeTH 3JIeKTpHYecKas MOILHOCTb P,,, T. €. J0/KeH YBeJHYH-
BaThCSl TOK 4Yepe3 sikopb., B NMPaBHJIBLHOCTH 3TOTO Jerko yo6e-
JHTHCS, BKJKOYHB B llenb sikopsi amnepmerp. Koraa asurartenb
paboTaeT BXOJOCTYIO HJIH COBepilaeT oYeHb HeboJjblilyio pabo-
TY, TOK B Lle[IH AIKOPs1 OYeHb MaJ. Y BeJHYHM Tellepb Harpy3Kky

- SIKOPS, HalpHMep TOPMO3s ero Bajl HJH NPHCOEJHMHHB K JBHTa-
TeMo KakoH-HHOY[b CTaHOK. Mbl 3aMeTHM, 4YTQ NPH 3TOM TOK
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yepe3 SKOPb, H3MepsieMblli amMIepMeTpoM, aBTOMAaTHYECKH
YCHJIUTCSE 0 HEOOXOJANMOTO 3HAuyeHHsi, IPH -KOTOpOM OTOHpae-
Masi OT CEeTH 3JIeKTPHYEeCKasi MOLHOCTb paBHA 3aTpayHBaeMOM
JBHTaTesIeM IIOJIe3HOH MeXaHHYeCKOH MOUIHOCTH IJIIOC HEH3-
GexHble IOTEPH HAa HATPEBaHHE NIPOBOJHHKOB TOKOM (JKOYJI€BO
TeIJIO), HA TepeMarHHYHBaHHE XeJe3a B AKOPe H Ha TpeHHe B
ABH2KYUIHXCA YacTAX COeJHIIEHHOTO C Heit CTaHKa.

310 aBTOMaTHYeCKOe COTJacOBaHHE 5JeKTPHUYECKQH MOIIHOCTH C MexXa-
HHUYeCKOH HeH3GeXHO caelyeT H3 3aKOHa coxpaHenus sHepruH. Ho xak ono
npoucxonut? Daarojaps KaKoMy npoleccy yBeJHYHBaeTCs HAYLIHH yepes
AKOPb 3JEKTPHYECKHH TOK NPH YBeJHYEHHH MeXaHHYECKOH HarpPy3KH JBH-
rateasi? UTo6bl OTBETHTL Ha STGT BONPOC, HYIKHO HMETb B BHJY, YTO He3a-
BHCHMO OT TOro, paGoTaeT Jii MalliHAa KaK TeHePaToOp WJH KaK JBUTATENb,
B BUTKAX €€ IKOpSsl, BPaIllalOLIUXCsl B MATHUTHOM TOJle HHAYKTOpa, BO3HHKaeT
HHIYLUHPOBaAHHAsS 3. . C. &;,- HANpaBJeHHAas, COTJAacHO npaBHJay JleHua,
HNPOTHBONOJIOKHO HaNpsiXKeHHI0 BHEIWHEH ce€TH Upyem, K KOTOPOH MalllHHa
npucoepunena., Takum o6pasoM, B Lenu sIKOpst (DaKTHYECKH JeHCTBYeT Ha-
npsixenue, paBHoe pasHOCTH Uppew — &7, B 10 3akonty OMa TOK B sikope

Loy = Unuem"‘éai’ (172.1)

AK -

rae Ry — aKTHBHOE CONPOTHBJEHHE SKOPS.

Ecant Ugyenms >&i, TO SHEprus OTOHpaeTCs OT CETH, T. €. M3WMHA pa-
60TaeT KakK jBHratens, eclad ®e Uppen < &4, TO MalHHA OTHaeT SHEPTHIO
B CETh, T. €., paboTaerT Kak TrenepaTop. HHAyUHPOBaHHas 3. A.cC. & TeM

Gosbiie, yeM Goabuie yacToTa BpauleHHs sikops. [Toka narpyska asurareas
Maja, POTOP €ro Bpamiaercs GHCTPO, HHAYLHPOBaHHasd 9. A. ¢. & BeJnKa
noYTH paBHaUpyey M TOK B siKOpe oueHb cal. [lpu yBestHueHun mexaHuue-
CKOH HarpysKH JBHraTeJsl YacTOTa BPAIlleHHs POTOPa Y6hIBaeT, HHLYLHPO-
BaHHas 3. lI. C. ¢y yMeHblaeTcs H TOK /,, B sIKOpe BO3pacTaer,

§ 173. OcHoBHble paGouMe XapaKTePHCTHKH H OCOGEHHOCTH
“JBMTaTeJell NOCTOSHHOTO TOKA C NapalieAbHbIM H nocaeo-
BaTeJbHbIM BO30yxaenuem. Kak u B ciayuae reHepatopa, 06-
MOTKH HHAYKTOpa ¥ SIKOPS ABHTaTensl MOTYT GBITh COeJHHEeHB!
Jau60 nocyefoBateabHO (pUc. 339), 6o napanaentuo (puc. 340).
B nepBoM ciyuae [BHTaTeNb HA3BIBAWOT dgueamenem ¢ nocaedo-
samenvHbiM 8030YyHcOeHuem (M .cepuecHoiM Osueamenem), BO
BTOPOM — O8uzamenem . ¢ napairesvroin 6030yscderuen (MM
wyHmossim Odsueamenen). IlpuMmensiiorcsl Takxe deueamesu co
cMeiannbim 603oycdenuen (Komnaynd-0eueamen), B KOTOPHIX
yacTh OOMOTOK HHAYKTOpAa COEJHHEHA C SKOPEeM IIOC/el0Ba-
TeJBHO, a 4acTh MapaieabHo. Kaxapili U3 3THX THIIOB JBHIa-
TeJell HMeeT CBOH OCOGEHHOCTH, [EJAlOIIHE ero INpHMeHeHHe
1es1ecOO6pa3HEIM B OfHHX CAydYasX H HENeJeCOOGpasHHM B -
APYTHX.

1. Heueameau ¢ napasresvrowm 6036ysicderuem. CxeMa BKIIO-
YeHHsI. B CeTh [BHraTeJed 3TOTo THHa IOKa3aHa Ha puc. 361.
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Tax kax 3jecb LenH AKOPSA H HHAYKTOPA HE 3aBHCAT APYT OT
Ipyra, TO TOK B HHX MOXHO DeryJupoOBaTh He3aBHCHMO NpH
NOMOIIH OTAENbHBIX pEOCTaTOB, BKJIIOUEHHBLIX B 3TH IelH,
Peocrar R, BK/IIOYEHHbIH B LieNb sIKOPsl, HA3BIBAIOT IYCKO-
BBIM, a PeocTaT R,;, BKIIOYEHHBIH B Lienb HHAYKTOpPa,— pery-
JAHPOBOUHBIM. [Ipu nycke 6 xo0 dsucameas C NAPAALCAbHOIM

8030yacdenuem nyckosol peocmam doadcer OvimMo 00A3GMEALHO
N\

Lemy

Puc. 361. Cxema BKMIOYEHHS JABHrartens
C napaJJefdbHuM BO3CyxJeHnem. JlaTyH-
Hafi- Ayra I, 1O KOTOpO# JABHXKETCH
phlYar NYCKOBOIO peocTara, uepe3 3a-
XHM 2 IpHCOeAHHeHA K KOHIY DeryJHpo-
BOYHOTO peocTara, a depe3 3aXHM 3 —
K NyCKOBOMY peocTaTy. 3T0 Jesaercs
JAAA TOro, 4TOOB NMPH NEPeBOJE MyCKO-
BOFO peocTaTa Ha XOJMOCTOM KOHTaKT
4 ¥ BBLIKJIOYEHHH TOKA LeNb BO3OYX-
JeHHs1 He pasphiBafiach

HHGyxmop 'qpea

N

NOAHOCMbIO 8KAOMEH; TIO Mepe TOrO Kak JBHratesb Habupaer
YacTOTYy BpallEHHs, CONPOTHBJEHHE peocTata Ry, TNOCTe-
[EHHO YMEHbUIAIOT H MPH [OCTHXKEHHH HOPMAJbHOH YacTOThI
BpAllleHHsl 5TOT PEoCTaT BBIBOAHTCSA H3 IeNH NOJHOCTbio. [IBH-
rateJid ¢ napaJiienbHbIM BO30YKAeHHEM, OCOOEHHO 3HAYHTE/b-
HOH MOLLHOCTH, HH B KOEM Cjlydae HeJib3sl BKJ/IOYaTb 6e3 NyCcKo-
BOro peocraTa. TOYHO TaK e NPH BHIK/IIOYEHHH JABHIaTesd
cJleflyeT CHauaja TOCTENeHHO BBECTH peocTaT H JIHIb mocje
5TOT0 BBIK/IOUHTb PYOHJIBHHK, COEAUHAIOWMH JBHTraTelb .C
CeThio.,

Herpyauo mnouats cooOpaxeHHf, KOTOPLIMM BLI3BAHLI 3TH NpaBHJa
BKJIOYEHHS H BHKJIOYEHHS JBHTarenell. Mul Bugesn (cm. dopmyay (172.1)),
4TO TOK B SIKOpe .

_ Unﬂem‘—(gi
—_BRet Bt
K

lni(

rae Ugpem —HanPAMEHHE CeTH, a &'7—3. 4. C., HHAYUHPOBaHHAA B OOMOT-
Kax skops. B mepBuifi MOMenT, KOIa JBHraTeNb ele He yCIed PacKPyTHThb-
€8 'H HabpaTh AOCTATOYHYIO YACTOTY BpAIIEHHS, 3. 4. C. &§'; OYeHb Ma/Ja H TOK -
uepes SIKOpL MPHOIHKEHHO paBeH

l ___Uaﬂem
ayck = R.ux »
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ConpoTHBJieHHe SKOPS OOHYHO oueHb-Mado. OHO pacCUHTHBAETCs TaK;
4TOOW majieHHe HanpsxkeHHs Ha skope Ugu=/,xRyy He npesnano 5—
10 % ot HanpsieHHA CeTH, Ha KOTOPOe PacCwHTaH ABHraTteanb. [Tostomy mpH
OTCYTCTBHH ITyCKOBOT'O P€0CTaTa TOK B NepBhi€ CeKYHIH Mor 6u B 10—20 pa3
NMPEBHCHTb HOPMaJIbHHIA TOK, Ha KOTOPHI PaCCUHTAH JBHIaTeb IPH MOKHOMN
HarpysKe, a 970 JJIs HEro oueHb onacHo. IIpH BBeIeHHOM ke MyCKOBOM peo-
" cTaTe ¢ CONPOTHBJEHHEM Rpycy NYCKOBOH TOK uepe3 KOpb : »

U .
1 =_—-BMem 173.1
nyek Rﬁk + Rnycu ( 73 )

ComnpoTHB/eHHe IYCKOBOrO peocTaTa MOAGHPAIOT TakK, YTOGH ITYCKOBOH TOK
NpeBHIla] HOpMaJbHKHA He Goabuie ueM B 1,5—2 pasa.

TTosicHuM cKazaHHOe YHCAOBHM NpHMepoM. IToJoxuM, 4TO MH HMeeM
IBHrateab MommuoctH 1,2 KBT, paccunTanunifi Ha Hanpsikenue 120 B u
MMEIOIIH CONpOTHBJEHHE AKOPs Rg=1,2 OM. ToK uepes siKopb npH moxa-
HOH Harpyske !

I 1200 Br

nop =B 0

Ecnn 611 MBI BKJIIOYUHJIH 3TOT JBHTaTeNb B ceTh 6e3 IycKOBOTO peocTaTa
TO B Nepphe CeKyHAhl IMYyCKOBONH TOK uyepe3 SIKOPb HMeJ Ghl 3HaueHHE

120 B
Inyew =3 ou=100A,

B 10 pa3 npepmwaiomee HOpMaJbHHI paGounit TOK B fikope. Ecan ke mu
XOTHM, uTOGH ITyCKOBOM TOK NpeBhiIIal HOPMaJbHHI He 60JbIie, ueM B 2 pasa,
T. €. 6bia1 paped 20 A, To MW JO/IKHH 1OL0GPaTh IycKOBOE CONPOTHBJIEHHE
TaKHM, 4TOGH HMeJIO MECTO PaBEHCTBO
120 B

TIONT Rogen 20 M

OTKYIa Rpycu=4,8 OM,

fIcHo Takike, UTO OAf wiyHMOB020 OBUAMEAS O4eHb ONACHA
6He3anHAas €20 0CMAHOKA 0e3 BbIKAIOHeHUS, HANpUMED 6cAedcm-
aue pe3Koeo 03pACMAHUSL HAZPY3KW, TAK KaK NMPH 3TOM 3. ]. C.
&; najaer o HyJs H TOK B IKOPe BO3PacTaeT HacTOJbKO, YTO
H30LITOK BBLAEJASEMOTO B HEM JRKOYJIEBA Tell1a MOXKeT NPUBECTH
K PaciUIap/eHHI0 H3OJIALMHE HIH Ja)Ke CaMHX NPOBOJOB OGMOT-
KH (IBHTaTesIb <IEPEropaet»).

+ PerysupoBounblii peoctat R.,,, BKJIOUEHHHH B LleNb HH-
IYKTOpa, CJAYXKHT JJIf TOTO, 4TOGHI H3MEHSATh YaCTOTY BpaLleHH s
JBHTaTeNsl. YBeJHYHBAsA WK yMeHblIAasi CONPOTHBIEHHE LENH
HHAYKTOpa C NOMOLIBIO TOTO PeOCcTaTa, Mbl H3MEHSieM TOK B
" HellH HHAYKTOPA, a TeM CaMbiM H MarHuTHOe MoJe, B KOTOPOM
BpaumaeTcsi AKopb. MBI BHJIEJIH Bbillle, 4TO NPH 3aJaHHOH Ha-
Tpy3ke JBUTaTeJiA TOK B HEM AaBTOMAaTHUECKH YCTaHaBIHBa-
eTcA TaKoM, 4TOObl BO3HHKAIOLNMil BpalAoWUi MOMEHT ypas-
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HOBEIIHBAJ TOPMO3SIIMA BpallalomMHi MOMEHT, CO3[aBaeMblit
Harpy3koi JBurartejsi. 3710 OCyLIeCTBJseTcs 6a1arogaps ToMy,
YTO HHAYUMPOBAaHHas 3. [ C. JOCTUTaeT COOTBETCTBYIOLIETO
sgayenus. Ho WHJyUMPOBAHHAsA 3. I. C. ONpejeasercs, c
o;:mou CTOPOHbI, MarHMTHOH HHAYKLHeH, a ¢ APYroH,— uacro-
TOHl BpallleHHs1 SIKOpA.

Uem 6osblle MarHUTHBIH NMOTOK HHAYKTOpa, TeM MeHblile
Jo/KHa ObITb YacTOTa BpAlIEHMs ABUTaTe/sl, YTOObl MONYYHTD
onpeeieHHOe 3HayeHHe 3. A.C., M, HaobopoT, uem cJabee
MaCHUTHBIH NOTOK, TeM GoJblie }ILOJ'I}KHa 6bITb yacTOTa Bpallle-
gusi. IToatomy, masi Toro umobe: npu 3a0anHol Hazpysxe yee-
AUMUMb  HACMOMY BPAUEHUS  LULYHIMOB020 dsueamens, HYMCHO
ocaabume MazHumHbLL HOMoK 8 undykmope, m. e. esecmu Goab-
Liee conpomueaenue 8 yenb UHOYKmopa NpH TIOMOIIH PeryJaupo-
BoYyHOro peoctata. Hanpotus, umober ymenouwiums wacmomy
BPAUILHUS LYHMOBORD O08UAMEAS, HYNCHO YEEAURUMb MO2HUM-
HbUl NOMOK 8 UHOYKMmOpe, M. e. YMeHnbuiumes COnpomugaeHue 8
yenu undyxmopa, BHIBOAA PeryJHPOBOYHLIA peocTar.

C nomolbi pPery/iupoOBOYHOTO PeocTaTa MOXHO NIPH HOP-
MaJjbHOM HanpsiKeHHH H OTCYTCTBHH . HaTPy3KH YCTaHOBHTb
HOPMaJ/IbHYIO 4acTOTy BpauleHusi ABuratessi. Ilpu Bospactanuu
HarpysKH TOK B sIKOpe JOJKeH B0O3pacTaTh, a WHAYUUPOBaHHas
B HeM 3. A. C.— YMEHbIIATbCsl. DTO NPOHCXOAMT BCJEACTBHE
HEKOTOPOTO yMEHbIIeHHsl 4acTOTHl BpauleHus sfkops. Oamaxo
yMeHblileHHEe YacTOThl BpailleHHsi, OGYCJIOBJIEHHOe BO3pacTa-
HHEM Harpy3KH OT HYJS 0 HOPMa/JbHOH MOHOCTH ABMTraTeJs,
OOLIMHO OYeHb HE3HAYHMTEAbHO H He mpepbimaet 5—10 % or
HOPMaJIbHOH 4acTOTHl BPallleHHs1 JABUTaTeds. 370 06YC/I0B/IEHO
rJIaBHEIM O6Pa30oM TeM, YTO @ 08u2amensix C NAPaALEAbHbIM 603-
Gyncderuem moK 8 UHOYKMOPe He UBMEHAEMCS NPpU U3MeHeHuU
moka ¢ axope. Ecii 65l IpH U3MEHEHHSAX HAarPDY3KH MBI XOTeJH
NOAAEPKUBATD [PEXKHIOW YacTOTy BPalleHHs, TO 3TO MOXHO
6bL10 OblL OCYIIECTBHTb, HECKOJbKO H3MEHss C INOMOIIbIO pery-
JHPOBOYHOTO peoctata TOK B LeNHd HHAYKTOpA.

Takum 06pasoM, C 3KCIJyaTallUOHHOH TOYKH 3peHHs JABH-
rateJld TOCTOSIHHOTO TOKa C Napa/ljie/bHBIM BO30YyXKAEHHEM
(wyHTOBbIE ABHTaTeNH) XapaKTEPH3YIOTCA C/EMYIOWHMH ABYMs
CBOHCTBAMH: a) 4ACMOMA UX 8PAIEHUS NpU USMEHEHULU HA2PY3- -
KU ocmaemcs nowmu nocmosxAod; 0) wacmomy ux epauyerus
MONMCHO 8 LIUPOKUX NPedeaax UBMEHSMb C NOMOWPIO Decyaupo-
gounveo peocmama. 1losToMy Takde ABMTaTeJNd AOBOJBHO M-
POKO MPHMEHSIOTCS B MPOMBILLIEHHOCTH TaM, Tie ofe ykasaH-
HEle HX OCOOEHHOCTH MMEIOT 3HaUEeHHe, HapHMep Isl pHBele-
HHSl B JeliCTBHE TOKAPHBIX U APYTHX CTAaHKOB, YacTOTa Bpalne-
HHSl KOTOPbIX He JO/IXKHA CHJIDHO 3aBHCETb OT HAarpysKH.
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173.1. Ha puc. 362 noxasana cxema myHTOBOIO ABHraTesst @ Tak
HA3bIBAEMBIM KOMOHHEPOBAHHbBIM NYCKO-DEryJupOBOYHbLIM peocra-
Tom. PasGepuTech B 9TOfi cXxeMe H OGDBICHHTE, KAKYO PoOJb HIrpaioT
OTjeTbHbI€ YACTH 3TOrO PeocTaTa.

Puc. 362. K ynpaxHeHHIO 173.1

173.2. HyXHo nycTuTs B XOX WIYHTOBbI IBHraTe b, L1151 9TOro yansl
IIBa peocrtaTa. OJAHH H3 TOJCTOH NPOBOJIOKH C MaJBIM CONPOTHBJIEHH-
eM, Ipyrofi u3 TOHKOH NPOBOJMOKH C GOJbIIHM CONPOTHBACHHEM,
Kako#i H3 3THX PeocTaToB CJEIYET BKANTHTb KaK NyCKOBO# K Kakoft

Kak peryaupoBouHuntH? [louemy?

9. Hsueameau ¢ nociedosamesvuoim 6036ymnoenuem. Cxema
BKJIIOYEHHs B CeTb 3THX JABUTaTesnell mokasaHa Ha puc. 363.
31ech TOK AKOPH sIBJSIEeTCsl B TO 2Ke BpeMs H TOKOM HHIYKTOpa,

H IOTOMY NyCKOBOH peocTaT Rpycx
U3MeHsleT U TOK B sIKOpe, U TOK B
unayxktope. Ilpu xosmoctom Xoze uiH
OYeHb MaJblX Harpy3kax TOK B KO-
pe, KakK Mbl 3HaeM, J0JKeH ObiTb
OYeHb MaJ, T.e. UHIYUHPOBaHHad
3. 1. ¢ &; Jo/mKHa OBITb NOYTH
paBHa Hanpsixenuto cetd. Ho mpu
OYeHb Ma/OM TOKe Yepe3 fAKOpb H
HHIYKTOp caafo U noJie HHAYKTOpA.
IlostoMy npu Manoii Harpyske He-
o0xoguMasi 3. I. ¢. Moxer OblTb IO-
JiydeHa TOJIBKO 33 CYeT OYeHb GOJIE-
WoH YacTOTHl BpallleHUs! JBHTATe/s.
BcejiencrBue 3TOTO npU OYeHb Ma-
JbIX TOKax (Masnofl Harpyske) ua-

VA= etlid

Puc. 363. Cxema BKJIOUe-
HHS IBHTATEAS ¢ IOCaefo-
BaTeJbHHIM BO3GYXKAeHHEM

CTOTA BpauleHUs JABUTrATEJ ST C NOC/IEAOBATE/bHBIM BOSéyﬂ(ﬂ,e—
HUEeM CTaHOBHTCA HACTOJBKO 60JIbIlIOﬁ, 410 3TO MOXKET CTaTh
ONACHBIM C TOYKH 3peHUusa MeXaHUYeCcKOH IPOYHOCTH ABUTATE/IA.

15 DaemenTapHuf yueOHHK du3snKh, T. )]
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ToopAT, UTO ABHraTeNb HAET «BPa3HOCY. DTO HENOMYCTHMO, H
nostoMy daueament € nocaeD0BAMeENbHbIM 8030YHCOCHUEM HEAb3A
nyckams 8 x00 Ge3 Hazpysku wau ¢ a0l Haepyakol (Menbliei
20—25 % ot nopmasbno#t MomHoctH asuratens). [To stoil ke
npuYKHe He PeKOMeHIyeTcs COefMHATh 3TH ABHIaTeNl CO CTaH-
KaMmll HJH APYTHMH MallMHAMM pPEMEHHBIMH WJIH KaHaTHBIMH
nepejauyaMH, TaK Kak OGDEIB HJIH c/yd4aHHell cOpoc peMmHs
npuBeeT K «pasHocy» gsuratens. Takum obpasoM, & déueame-
AKX € NOCAeT08ameabHoLA B030YHOCHUEHM NPYU B03PACMAHUY HA-
2OYBKIL YBEAUNUBQIOMES MOK 8 AKOPE U MASHUMHOE NoAe UHOYK-
mopa; ROIMOMY HACMOIAA 8pawieHUs dsueamers pesxo nadaem,
Q pasgusseMpll UM BPAL{AIOULL  MOMEHNML  pe3Ko  803pa-
cmaem.

ITH cBoficTBa ABMraTtesiell ¢ MOC/aeROBaTeNbHBIM BO30OYyXle-
HHeM JesalT HX HauOonee yAOOHBLIMH AJf NPUMEHEHHA Ha
femb Tpancnopte (Tpamsan, Tposehoty-

Cbl, 3/eKTPONOe3xa) U B MOABEM-
HBIX ycTpoficTBax (KpaHax), Tak
KaK B 3THX Cay4adXx HeoOXoxumo
HMeTb B MOMEHT MyCKa 1pH OYeHb
Hdyrmop 60ab1I0H Harpyske OoJbuine Bpa-
Fsea  [maroipe MOMEHTBI IPH MasblX ya-
CTOTax BpalleHWsl, a [OPH MeHb-
IIHX Harpyskax (Ha HOpPMaJbHOM
X01y) MeHbIIHE MOMEHTBl U GOsb-

iligfe  4acToTH.
Puc. 364, Cxema BRIOYeHHS PerynupoBanne 4acToTbl Bpa-
peocrara AR Dpery.zupoBasus  IHeHHSl ABHratens ¢ nocjaesoBa-
HacToTbl BPAEHHA CEPHECHO:  renpypiM  BO3OYKACHIEM MPOH3-
ro Asurarent BOAUTCA OOBIYHO  PeryJupoBOY-
HBIM Pe0oCTaTOM, BKJ/IIOYEHHBIM, NapaaebHO OOMOTKaM HHIYK-
topa (puc. 364). Uem menblle cONpPOTHBIEHHE 3TOro peoctara,
tTeM Gosiblllasi 4acTb TOKAa fKOPSA OTBETBJsETCS B HEro U TeM
MeHBLIHH TOK HJeT uepes oOMOTKH HHAYyKTopa. Ho npu ywmenb-
WeHKH TOKA B HHAYKTOpEe 4acToTa BpAauleHHs JABUTATeNs BO3-
pacTaet, a UpH ero ymeJHyeHHH napaer., [1oatomy, B oTAHYHE
OT TOTO, YTO UMEJIO MECTO JUIAl IIYHTOBOIO ABUTATENsA, OAf Moeo
4UMOGHl YBeAUHUMG HACMOMY BPAEHUR CepUECH020 08U2AMEAR,
HYICHO YMEHBLUUMb CORPOMUBICHUE Hent UHOYKMopa, BLIBOLA
peryJIHpOBOYHBIN peoctart. [aa moezo umobor ymeroiume 4acmo-
My 8paLerus cepuecHoeo J8u2amens, HYNICHO Y8EAUMUNL CONpPO-
musaenue yeny urdykmopa, BBOESI PeryaupoBOYHHIN PeocTart.

? 173.3. ‘O6GbAcHuTe, NOYEMY CepHEcHBI JBHTaTesb HeJb3s TycKath
BXOJIOCTYIO WIH C Majofi HarpysKofl, a mYHTOBBIl MOXEHO,
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Ta6auua 8. HpermyiecTBa, HELOCTATKH K 0O8JACTH
npumenetus ABUraTedeil: PRIAHYHBIX THIOB

THn nBHraTens

OcHoBHME.
NpeHMyIecTBa

OcHoBHHE
HEeRUCTATKH

O6aacT: NTPUMEHeREs

Tpexpasuufl
ABHTaTeJb Iiepe-
MEHHOTO TOKa C

1. Cna6as saBu-
CHMOCTSL 4aCTOTRI
BpAIleHHs OT

1. TpyaHocTs
peryJHpoBaHH#A
9ACTOTH Bpalle-

CraHKH M MallHHbBI,
Tpefyolue IOCTO-
SIHCTBA  YaCTOTHI

BpPAIAIOIIHMCS | HATPYSKH HHA BpAIlleHHS TpH H3-

noJsem 2. IMpocrora 1 | 2. Mansif Bpa- | MEHEHHAX Harpyas-
SKOHOMHUHOCTb | IMAOIHH Mo- | KH, HO HE HyXKjaw-
KOHCTPYKILHH MEHT NPH IYCKe |uWHeC B peryJu-
3. TIpumeHeHHe POBKe YaCTOTH Bpa-
TpexdasHoro IIEHHA
TOKA

Hsurarens no-| 1. IMocroaucrso | Mansiff Bpawa- { CraHku H MalIHHE,

CTOSIHHOTO TOKA | UaCTOTH Bpalle- | oMU~ MOMeHT | TpeGyIOIiHe TIOCTO-
C MapaJyieslbHEIM | HHS TIpH  H3Me- | IPH NyCKe SIHCTBA  MaCTOTH
BO3GYXKJAeHHEM | HEHHAX Harpys- BpP&JIEHHS IIpH H3-
(wyHTOBHIH) KH MEHEHHSX Harpys-
2. BoaMoHOCTE |, KH H BO3MOXHOCTH
peryJiHpoBaHHsA PeryJAHPOBATL yac-
4acTOTHl Bp alle- TOTY BpalleHHs
HHA
Jeuratens no- | Bonomo#t Bpa- | CuibHas 3aBH- | TAroBnie ABHTaTeJH
CTOAHHOrO TOKA | WIAIOUMIE  MO- | CHMOCTb YacTOTHl | B TPaMBafiX M 5J¢K-
€ MOCTIefOBATENb- | MEHT TIPH NYCKe | BpRIUEHHS  OT [ TpoMoesjax, Kpa-
HBIM  BO3GYyxK7Ie- ;Harpyskx ‘HOBHE  ABHrafenn
HHEM : HT I

HbiH)

(cepuec- |

B sakmouenne conocTaBuMm B Buje Tafi. 8 OCHOBHHE mHpe-

HMYLIECTBA W HEJOCTAaTKH PasHYHBIX THIOB 3JIE€KTPOJABHTATE-
Jefi, PaCCMOTPEHHBIX HAMH B STOH IVIaBe, W OOJMACTH HX ImpHMe-
HeHHsl.

§ 174. KoaddunuenT nojle3HOTO NeHCTBHA TeHepaTopa H JBH-
rateas. B KaXIOM 3JeKTpHUECKOM TeHepaTope HJH JBHTaTeJe
NPOHCXOAAT HEKOTOphle GecroJie3Hble norepH 3Hepruu. OHu
CKJIA[pIBAIOTCA H3 NOTEPh Ha HarpeBaHHE NPOBOAOB MPOXONH-
LUMHA 110 HAM TOKamH (TIoTepH B MeJH), NoTepb Ha TOKH Pyrd
H Ha HarpeBaHHe CTaJIH CEpPAEYHHKOB IPH HX NepeMarHHYHBa-
HHH (IOTEpPH. B CTa/H) H NOTepb Ha Tpenue. Ilosromy, Korja
MailMHa pafeTaeT KaK FeHepaTop, TO OHA OTAaeT B CETb HECKQIIb-
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KO MEHbUIYIO 3JEKTPHUYECKYIO MCLIHOCTL P, ueMm Ta meXauu-
uecKas MOULHOCTD P,.,, KOTOpas 3aTpauHBaeTcs Ha €€ Bpalle-
aue. K. n. 0. eenepamopa HAa3018Q10M OnHOWeEHUE 0MOasaeMoll
INEKMPUUECKOLE MOWHOCIIU K 3AMPAtUBAeMot MexaHUUeCKOU
MoHoCHLL:

nrw:}f;a:x. (174.1)

Touno Tak e, Koria MalinHa paboTaeT Kax [ABHraTel]b,
TO OHA OTAAET HECKOJBKO MEHBIIVIO MEXaHHYeCKYI0 MOIIHOCTD,
yeM MOIJIOLIAaeMasi €0 H3 CeTH 3JIeKTPHUeCKas MOLIHOCTD.
K. n. 0. Osuzamensn naseiearon omuoulexue omoasaemol mexa-
HUMECKOL MOWMHOCIU K 3QMPAYUBAEMOL IAEKMPUHECKOL MOUf-
HOCIU

PMC
nzmnr=7)“—x' (174'2)

24a

[Torepu 3Hepruu B reHepaTtopax M JBHTaTeNIIX CPABHHTENbL-
HO MaJbl, H K. I. A. HX 6iaH30K K eaunuie (k 100 %).

§ 175. O6paTuMOCTD 3JIeKTPUUECKHX TeHEPATOPOB NOCTOSINKOrO Toka. B § 172
M B BHJEJH, UTO BCAKKI [EHEPaTOp MOCTOSIKHOTO TOKa MOXeT GhTh, KaK TOBO-
pAT, ofpaleH: ecjay €ro SKOPb BpamlaTh BHEIIHeH CHJIOH, TO MallHHA pa-
60TaeT KaK reHepaTop, T. €. HOCHIJIaeT TOK BO BHEIIHIOIO CeTh; HANPOTHB, eC/In
yepe3 Hee MOCLLIATL TOK OT BHEUIHel ceTH, TO MallHHa pabOTaeT KaK JBHUra-
Tedb, DTO CBOMCTBO OGPATHMOCTH fBJSETCS XapaKTepHOH OCOGEHHOCTHIO He
TONLKO HHAYKIMOHHLHIX TeHepaTOPOB, KOTOPble MBI paccMaTPHBa&M B 3Toil
r/aBe, a NPHCYlle H ADYTHM THNAaM IeHepaTOPOB, KOTOPLIE Mbl paccMaTpH-
BaJu paHblIe,

Ha puc, 365 Mb BuHAHM [BE 37I€KTPOCTaTHMYECKHE MALIMHH, [OJIOCH
KOTOPHIX MOMaPHO COefMHeHH NPpoBofamH. C JIeBoli MalHHbE CHAT NPHBOHOM
peMeHb JIA YMeHDbUIEHHsS TPeHHs u ofjerdyeHus ee BpaluleHus. Ecan npa-
BYIO MallHHy Bpamarb, HampHMep, OT PyKM, TO OHa 6yfeT paGoraTb Kak
reHepaTop, mpeBpamas MeXaHHYeCKyio PafoTy HalUIHX MYCKYJIOB B SHEPTHIO
3JIEKTPHUYECKOTO TOKAa. DTOT TOK, LPOXOJs Yepe3 JIEeBYIO MalUMHY, 3aCTaBHT
ee BpamaThCd, T.e€. paBoTaTb Kak jABHraTelb. 3j1ech OYJeT NIPOHCXOIHTD
ofpaTHOe NpeBpallleHle 3JEKTPHYECKON 3HEPTHH B MeXaHHYeCKyio paboty.

O6paTHMOCTbI0  00JaJAI0T M XHMHYECKHE HCTOUHHMKH TOKAa ~— TajbBa-
HHYECKHEe 3JeMeHThl. DTo fCHO OGHapyXuBaeTcs B ABJSHUAX HOJNAPU3A-
uun snementon (§77) m ocoGeHno B arkyMyastopax (§79). B § 79 wmm
yXKe OTMeuaJH, YTO MPH 3apsKe aKKYMYJATOPa 3JEKTPHUYECKas SHEePTHd B
HEM TNPEeBpaIlaeTCs B XHMHYECKYIO, a IPH PaspaAiKe — XUMHUECKad B 3JeK-
TPHYECK yiO.

Of6paTiMO TaKXe H fBJEHH® BOIHHKHOBEKHS TepMoO-3. 1. ¢. Korga
3a CUeT BHeIIHero HCTOUHHKA Temia Mhl NOAJEpXKHBaeM Da3loCTbh TeMMdepa-
Typ MeXIy ABYMS CHasMd TepMO3JeMeHTa, TO OH paboTaer KaK TemJoBas
MallliHa, Npeobpa3yiolas 9acTh TEMVIOBOTO NOTOKA B 3JIEKTPHUYECKYIO dHep-
ruto. Hanportus, ecin mbl GyjgeM NpOMycKaTb yepe3 TePMO3JEMEHT TOK OT
BHEIIHEr0 HCTOYHHKA, TO OJUH Chmafi ero O6yJeT OXJaXAaTbhCsl, a APYroff —
HarpeBaThCd, T. €. 33 CUET 3JIeKTPHYecKOl 3HepPTHH 6yJeT BO3HHKATh IOTOK
TeM/1a OT XOJOAHOrO CHasd K ropsuemy, JT0 #BJIEHHE Ha3bIBaeTCa a¢hshe Kmom
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Ileavmee mO MMeHH OTKpHIBLIETO ero yueHoro. Ilpu sToMm, ecan Mu Oy neM
NPONyCKaTh TOK B HANPaBJIEHHH, KOTOPOe AJI TEPMOTOKA COOTBETCTBOBAJIO
6br coryvaio, Koraa, ckaxeM, cniail a ropsiuee, ueM cnail b, To B cuay adexTa
TlenvThe cnait a yner oXaaxpaarhes, a cnal b Harpepathes,

Puc. 365. OCpaTuMocTb 3JIeKTpocTaTHUeCKHX MaiuMH., [lpaBas Mammuua
pabcraeT Kak reHepartop, JeBasf — Kak JBHTaTeNb

Aenenne IlenbThe B NMOAYNPOBOJHHKOBHX TEPMO3JEMEHTaX JaJlo
BO3MOXHOCTb NOCTPOHTb XOJOAMJILHHE MALIHHLI, KOTOpPHE N0 3KOHOMHY-
HOCTH He YCTYNAiOT HeKOTOPHIM THIAM NPHMEHAIOMMXCA HA NPaKTHKe KOM-
HaTHEIX XOJIONM/IbHHKOB.

§ 176. OdnexrpomaruuTel. XOpPOLIHE TIOCTOAHHBIE MAaTHHTH
HaxofAT cefe BaxHbIC HAY4Hble H TeXHHYECKHe NpPHMEHEHHS,
HanpuMep B 3JEKTPOM3MepHTe1bHBIX mnpHOopax. Ho cospa-
BaeMble HMH MNOJISI HE OYEHb CHJBHBI, XOTA B NOCJAENHEE BpeMs H
M3TOTOBJIAIOT CrelHa/bHbIe CIJIABbl, KOT0Pble MO3BOMSIOT MOy -
YaTb CHJIbHBIE MOCTOSTHHbIE MACHHTBI, XGPOLIO COXPaHSIOLIHE
CBOM MaCHHTHBIe CBOHCTBA., K UHC/Iy TakHX CIVIaBOB OTHO-
CHTCSI, HanpHMep, KobajbToBasd CTakb, COAEPXKAaIlas OKOJIO
50 % xenesa, okoso 30 % KofanbTa, a TAKKE HEKOTOPOE KOJIH-
yecTBO Bosibdpama, Xpoma H yrjaepoia. Kpome toro, 6o/blIHM
HeyJ0GCTBOM NMOCTOSIHHBI X MAaCHHTOB fBJASAETCA HEBO3SMOXKHOCTh
6BICTPO HM3MEHATb MACHHTHYIO HHAYKUHIO HX nojis. B atom
OTHOLUEHHH Popasfio YAoOHee MDUMEHEHHE COJEHOHJOB C TOKOM
(31eKTPOMArHHTOB), ITOJI€ KOTOPBIX MOXXHO JIEKO H3MEHSTD,
H3MEHsS CHJIy ToKa B OOMOTKe coJjeHouja. [losie conmeHoujia
MOKHO YBEJIHYHTD B COTHH H TBICAYH Das, MOMelas BHYTPb HEro
esne3uslil cepneundK. MIMEHHO Tak M yCTPOEHO GOJBLIKHCTBO
3JIEKTPOMATHHTOB, NPHMEHSEMBIX B TeXHHKE.

453



ITpocrefiinu# 3MeKTpOMArBUT KaXKIbIH JIETKO MOXET NPUIo-
ToBHTL cebe caMm. JlocTaTodHO HaMOTaTh Ha KaKOH-HuOYAb
WeJIe3HBI CcTepKeHb — 6OAT WM KYCOK KeNne3Horo mpyra —
HECKOBKO JIECAATKOB BHTKOB H3OIMPOBAHHOA MPOBOJOKH H

N
. ‘h Y
S
A =T
AL WY @
PHc. 366. ITpocrediuuit camofencHuiit aaekr-  Puc. 367. CamopensHbii
POMarHUT B BHAe CTePXKHA MOAKOBOOGPa3HbIA Mar-

HHT

NPUCOEUHHTD KOHUBI 3TOH OOMOTKH K HCTOUHHKY MOCTOSIHHOI'O
TOKa: aKKYMYJSITOPY HJIH TanbBaHHYeCKOH OaTapee (puc. 366)*).
Hepenko 37eKTpoMarHuTy NpHAAIOT MOAKOBOOOpasHYO (opmy
(puc. 367), OoJiee BLITOAHYIO AN YJEpIKaHHA TIpy3a.
Tlosie KATyIIKH C JKeNe3HbIM CePIeYHHKOM 3HAUHTEJbHO
CHJbHee, YeM I0JIe KaTyLIKH §e3 cep leyHHKa, IOTOMY UYTO XKeJle-
30 BHYTPH KATYLIKH CHJBHO HaMarHHYHBAeTCsl W IIOJe €ro
CK/MaApiBaeTcsl ¢ nmoseM KatywKH. OLHAKO NPUMEHEHUE Keses-
HBIX CepJIeUHHKOB B JEKTPOMAarHUTax A YCHJEHHs TOJA MO-
KeT O0Kas3aTbCsl MOJE3HIM TOMLKO JI0 H3BECTHOTO Mpefeda.
JelicTBuTENBHO, OE 3MEKTPOMArHHTA CKJAABIBACTCA U3 NOJs,
CO37aBaeMOro OOMOTKOH ¢ TOKOM, H TOJSl HaMarHHYeHHOTO
cep/ieYHuKa, TNpu4YeM npH HeOOMBIIHX TOKAaX 3TO MNOC/EAHee
8HAYHTEJBHO CHJIbHee, ueM nepBoe. [lpu yBeauueHHn TOKa B
o0MOTKE 06a 3TH TIOJA BO3pAcTaldT CHauaja B OJUHAKOBOH
CTeNeHH, a WMEHHO MNPOINOPUHOHAJLHO TOKY, TakK 4TO DOJb
cepJieUHHKa TPOJOJXKAET OCTaBaTbcsl pemiamwmell,  OxHako

*) JKesleso pexoMeniyerca NpelBapHTEJBHO OTHKeYb, T.e. HAKAJHTE
€r0 JOKpPAacHa, HallpHMep B MNeyKe, H 3aTeM JaTh eMy MeAJeHHO OCTulTh. [TpH.
COeJHHATE OOMOTKY K OGaTapee clrellyeT 4epes peocTaT CONPOTHUB/CHHeM
1—2 Om, yTo6nl He 6paTh OT GaTapeH CAMKOM COALIIUX TOKOB,
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InpH }laﬂbﬂeﬁLUEM YBeJAKUYEHHH TOKa B 06MOTKe HaMarHH4uBa-
HH€ XeJle3a HaYHHaeT 3aMednsaTbCd H XKeneso npu6J1mxaeTcH K
COCTOSIHHIO MAarHHTHOrO Hachulenua. Korja mpakThueckn Bce
Monexynﬂpm;le TOKH ODHEHTHPOBAHLI Napaie/ibHO, JaJbHell-
Hiee yBeAHUYEHHE TOKA OOMOTKH YK€ HHUETO He MOXeT JOGABUTD
K HaMATHHYHBAHUIO 2KeJje3a, TOTAAa Kak noJe 06MOTKH nponoJa-
JKaeT pPacTH NponoprHoHaNbHO TOKY. Ilpu GosblioM Toke B
06MOTKe (TOuyHee, KOTJa YHC/JAO aMOep-BHTKOB HA METpP HOCTH-
raeT sHaveHHH nopsajaka 10%) moje, co3faBaemoe CaMOH 06MOT-
KOﬁ, OKasplBaeTCd Tropa3fio CHJIbHEC NOJadA HAacCHILLEHHOTO Xe-
JIE3HOI'O CepJlieYHHKAa, TaK 4YTO CepAeUYHHK CTAHOBHTCHA fnpaxkTu-
YeCKH 6eCHOoJIe3HbIM H JIHIIb YC/I0KHACT KOHCTPYKIHIO 3JIEKTPO-
MarHHuTa. HOSTOMy caMmhble MOIIHbIe 3JE€KTPOMATHHTHI JeaioT
0e3 XKeJIe3HOTO CepJieUHHKa,

HerpyzHo BHIETb; uTO CO3ZaHHE BeCHMa MOIIHLIX JIEKTPOMATHHTOB
npeAcTaBasieT cOGOH OueHb CJIOKHYIO TEXHHUECKYIo 3ajauy. JleHcTBHTeb-
HO, 4TOObI MMEThb BO3MOXKHOCTb NPHMEHHTb GOJbIIME TOKH, HAAO HMETb 0f-
MOTKY H3 TOJICTOH NPOBOJIOKH, HHAUE OHA CHJILHO PA3OTPEeTCs H MOXKET Jaxe
pacnyaBuTbest. MlHOrna BMeCTO NMPOBOJIOKH NPHMEHSIOT MeHHE TpPYOKH, B
KOTODHIX IHPKYJHPYyeT CHJIbHAS CTPYS BOREl HJISI HHTEHCHBHOT'O OXJIaXKKe-
HHSl CTEeHOK TPYGOK, MO KOTOpHIM TeyeT 3JeKTpHueckHH Tok. Ho mpu o6-
MOTKe H3 TOJCTOH NPOBOJIOKM HJH TPYOKH HeJb3sl YJIOXKUTb MHOTO BUTKOB
Ha efMHUIe NJIUHH. [IpumeHeHHe Ke CPaBHUTEIbHO TOHKOH NPOBOJIOKH, Ofe-
CNeyHBalOMel 3HAYHTENbHOE YMCJIO BHTKOB Ha MeTD; He JaeT BO3MOXKHOCTH
NpHMeHATb GOJIbIIHE TOKH *).

QueHb OCTPOYMHLIY BHXOJ H3 3TOTO NOJOXKEHHS HAIUE] COBETCKHE (u-
auk [letp Jleonnpoeny Kanuua (1894—1984). Ou npomyckan uepes coje-
HOHJ TOKH OTPOMHOH CHJILI — HecfATKH THCSY aMmIep,— HO TOJbKO B Teue-
HHe KOPOTKOro BpeMenH, npumepko 0,01 ¢, 3a 310 Bpems 06MOTKa COTEHOHAR
He yclieBaJa 4pe3MePHO HaTpeThCs H NMOJYyHaJsHCh CHJIbHEIE, XOTS H KPaTKO~
BpeMeHHHE MarkuTHRE Noas. OfHaKo crelwabHEe NPHOOPH yCleBaldH pe-
THCTPHPOBAThL Pe3yJIbTATH ONHTOB, B KOTOPHX H3Y4aJoch BJIHSIHHE CO3Aa-
BaeMHX B COJIEHOHJE MOIIHEIX MarHHTHHIX ITOJEH Ha Pa3/HYHLIE BEILECTBA.

B 6oJbIIHHCTBE TeXHHYEeCKHX 3JIEKTPOMATHHTOB NPHMEHs-
10TCA OOMOTKH, Y KOTOPBIX YHCJO aMIep-BHTKOB Ha MeTp He
[IpeBLILIAET HECKOJAbKHX JECATKOB ThICAY, TdK YTO JJIs HX IH-
TaHHS MOXHO OTPAHHYHTBCA TOKOM B HECKOJbKO aMiep H
NPOBOJIOKOH yMepeHHOH ToaHHE. [Ipn HaMHYHH JKeJe3HOTO
cepJicYHHKa B TAKHX 3JIEKTPOMArHHTaX MOTYT OBITb MOJYYeHbE
JIOBOJIbHO CHJIbHblE MATHHTHbIE NMOJA (C HHAYKIHeH HECKOJIbKO
Tecaa).

§ 177. TipumeHeHne ieKTPOMATHMUTOB. DOJIBIIMHCTBO TEXHH-
YeCKHX TNpPHMEHEHHH MAaTHHTOB OCHOBLIBAETCS Ha HX CNOCOG-
HOCTH NPHTATHBATb H yJepXHBaTb »kejeauble npenMersl. M B

*) ‘BoJbloN Mporpecc B CO3JAHHH CHJIbHBIX MAHHTHBIX TOJTeH CBs
3aH ¢ HCHOJb30BaHHeM B OOMOTKaX WMATHHTOB CBEPXNPOBOJHHKOB, ¥TO
Aallo BO3MOXHOCTb NMDHMEHHTL OOJibIUHE TOKH.
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3THX NPHMEHEHHAX 3JeKTPOMATHHTBI HMEIOT OrPOMHBIE MpeH-
MyIleCTBa Mfepej] TMOCTOAHHBIMM MarHHTaMHd, HOO M3MeHEeHHe
CHJIBI TOKa B OOMOTKE 3JIeKTPOMATHUTA MO3BOMAAET GLICTPO H3ME-
HATb ero noAbeMHYIO cuay. Cuna, ¢ KOTOPOH MarsuT mnpu-
TATHBAeT JKeJje30, pe3ko yOHBaeT MO Mepe yBeJHUeHHs pac-
CTOSTHMSI MeXJ1Yy MarHMTOM M Kejesom. [Tostomy nss ompene-
JIGHHOCTH MOXBEeMHOH CHMJIOH MarHMTa YCJOBHJIHCH HAasbiBaTh
CHIIY, ¢ KOTOPOH MAarHMT YJAEPKHBAET 2KeJe30, PaclookKeHHOe
B HENOCPEACTBEHHOHl OJU30CTH K HeMy; APYTHMH CJOBamd,
noOBEMHAA CUAL MORHUMA PABHA MOL Cuie, KOMOpas Heobxo0u-
Ma, umobsl 0mopearmes om MASHUMA NPUNLAHYMSIL K HeMYy KYCoK
qUCM020 MASKO20 dHene3d.

Htolbl MOAYYHTH 3JEKTPOMACHUT C BO3MOXKHO GoJiblied
NOABEMHON CHMJION, HYXKHO YBeJHYUTH MJOWALb CONPHKOCHO-
BEHHS] MOJIIOCOB MarHWTa ¢ MPUTATHBAEMEIM KeJe3HbIM Mpej-
MeTOM (KOTOPBLIH HOCHT Ha3BaHHe AKOPA) U NOGUTLCA TOTO, YTO-
6Ll JIMHWM MATHUTHOTO HOJS NPOXOJMJIH TOJNbKO B Kenese,
T. €. YCTPAaHHTb BCAKHE BO3AYLUHble 3a30PhI MJIM ILEIH MEXIY
SIKOPEeM M MOJIIOCAMH MaTHHTA; AAS 3TOro Heo6XOAMMO XOpOLIO

Puc. 368. FopmkooCpasHbifl 571eKTPOMarHWT B pa3o0paHHOM BHie (@) H B
paspese (6): I — TeNO 57eKTPOMarHHTa, Ha BRICTYNl KOTOPOFO HaJeBaercs
o6MoTKa 2, 8 — 3aXUMH OOMOTKH, 4 — AKOpb

npuundoBaTh APYr K IPYry UX MOBEPXHOCTH. DTHUM TpeGoBa-
HUSIM XOpOILO YJIOBJETBOPSeT KOHCTPYKILHA TaK HAa3bIBaeMOro
roprkoo6pa3Horo Maruura, H3obpaxkeHHOro Ha puc. 368.
Takoll 3meKTPpOMarHHT, NUTaeMbll aKKyMyJasaTOpoM Hau Oara-
peeli OT kapmaHHOro ¢hoHapsi, ylepKuBaeT rpys maccol 80—
100 «r.

DneKTPOMArHuThl ¢ GoJblIOfl MOXbeMHOH CHMJIOH NPHMEHSA-
I0TCA B TeXHHKe JUIsl BecbMa pasjuuHbiX ueneil. Hanpuwmep,
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3JIEKTPOMATHUTHBI MOABEMHBIN KpaHn OpuMeHsercsd Ha meTad-
JIYPruYeCKHX H MeTas1006pabaTbiBalomliX 3aBOJAX sl Hepe-
HOCKH eJIe3HOTO JioMa M FOTOBBIX H3fesiuii. Ha metaminoo6pa-
0aTbIBAICLIUX 3aBOAAX YACTO NMPUMEHSIOT TAKXKe CTAHKH ¢ TaK
HAa3blBaeMbIMH MaTHUTHBIMH CTOJIAMH, Ha KOTOPLIX 06pabaThiBae-
MOe JKeJle3HOe MJIH CTaAbROe H3JeNue 3aKpemifeTcs NPUTHKe-
HHEM CHJIBHBIX 3JIEKTPOMATHHTOB. J1OCTAaTOYHO BKJIOYHTL TOK,
4TOOBl HAZEKHO 3aKPENHTb H3Jenne B JoOOM MONOXKEHHH Ha
CTOJIe; JOCTATOYHO BBIKJIOYHTH TOK, YTOOBI OCBOGOAUTHL €ro.
Ilpn otnenenuu MarduTHBIX MAaTepuaNioB OT HeMATHHTHBIX,
HanpuMep NPH OTIENEHHH KYCKOB KeJNEe3HOH pyipl OT nycTof
nopoasl (oGoramieHde py/bl), NPUMEHAWOT MarHUTHbE cenapa-
TOpPBI, B KOTOPHIX OYHIAeMBIA MaTepuaJll MPOXOJUT U4epe3 CHIb-
HOe MaTHHTHOe TNoJie 3JeKTPOMaTHHUTOB, BBITATHBAWOILEE H3
HEro BCe MATHUTHbIE YACTHLIBI.

B nocnepnune roapl MOLIHBIE 3JEKTPOMATHUTHI C OTPOMHOM
IUIOLIAAbI0 TOJIOCOB MOMYYUJH HOBble BaxKHBIE NPHUMEHEHHS
NPH  KOHCTPYHPOBAHHH YCKOpHUTeseH, T. €. CHelHaldbHbIX
YCTPOHCTB, B KOTODBIX 3JIEKTPUYECKU 3apsMKEHHbIE YaCTHLBl ~—
3JIEKTPOHBl M MPOTOHBI — Da3rOHAOTCA JO OTPOMHBIX CKOpO-
cTell, COOTBETCTBYIOLIMX 3HEPTHY, PABHOA COTHAM MUJIJIHOHOB
H MHJIJIMAp/1aM 3JeKTPOHBOJIBT. [TydKH TAKHX 4acTHI, JeTALUX
C OTPOMHO¥ CKOPOCTbI0, SABIAIOTCA OCHOBHBLIM CPEJCTBOM HCCJe-
JoBaHns atomHoro sapa (cM. Tom III). DnekTpoMarHurhl,

v 7 T 7oA

Fuc. 369. K ynpaxneruio 177.4

npUMensiioidecs B TAKMX YCTpOHCTBaX, MpPeACTaBsIOT coboi
TPaHAHO3HbIE COOPYIKEHIS.

Korma Hy:KHO MOJAYYHTb OYeHb CHJIbHOE MATHHTHOE MOJe,
X0T Obl H B HeGOJIbIIOM NPOCTPAHCTBE, NPHMEHSIOT 3JIEKTPO-
MAaTHHTBL C IIOJIOCHBIMH HAKOHEUHHKaMH B BHAE YCEUEHHbIX
KOHYCOB; TOrJa B HeGOMbIIOM NPOCTPAHCTEE MEXKAY HHMH MOM-
HO JIErKO TOJydYaTh HoJie C MarnuTHON uuuaykuueidl go 5 Tua.
Takue aJeKTPOMATHITHL HPHMEHSIIOTCS [PEHMYLIECTBEHHO B
(u3HIeCKuX Jab0paTOpHAX AJIS OILITOB € CHJAbHLIMH MarCHUT-
HBIMH [OJISIMH.

Lng cnennanbHbix enell CTpoaT 31eKTPOMAaTHUTHL H APYTHX
tnoos. BpauM, HaupuMep, GPUMeHSIOT MEKTPOMATHHTBH s
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YianeHud K3 IJaasa c.nyqa}"u-[o NOonaBlIHX B HEro KeJie3HhIX
OIIHJIOK.

2 177.1. KaK NOCTPOHMTE 9JIeKTpOMAarHHT, NOZBEMHYIO CHJYy KOTOPOIro

. +10XHO OeVIO Onl perynHpoBaTh?
177.2. YKaxHTe, KaKOBL OCOOEHHOCTH KOHCTPYKIHMH CHJIBHOIO
8/IeKTPOMarHHTa,

177.3. KaK nmocTpoHTh CHIbHLIA 3/1eKTPOMATHHT, ec/H KOHCTPYKTOPY
TOCTaBJEHO yCJIOBHE, YTOOH TOK B SJEKTPOMATHHTe OLIJT CPAaBHHTEIb-
HO MaJuM?

177.4. Kaxofi H3 5JeKTPOMarHHTOB, H300DaKeHHbIX Ha puc. 369,
¥MeeT 66bIIYIO NOKBEMHYIO CHAY, €CTH OHH CHETaHB M3 ONHHAKOBO-
ro xeje3a H HMeIOT OZHHAKOBOE UHCJIQ aMilep-BHTKOB?

§ 178. Pexe u ux npumenedna B TEXHHKe H aBTOMAaTHKe. DeK-
TPOMArHHTEl OUYEHb LIHPOKO NPUMEHAITCA B DPA3HOIO poja
yCTpOHCTBAxX AAA Nepejadd CHTHAJ0B C MOMOULBIO 3/1eKTpH-
'gecKOro Toxa. Tox, 3amblKaeMblil B OZHOM MeECTe, 3aCTaBJ/ser
3JIEKTPOMAarHHT, pAacloJIOKEHHBIH Ha JADYIOM KOHUe UenH,
NPUTAHYTb AAKOPb H 3THM NOJAATb TOT HJHM HHOH cHruaj. Ilpu-
Mepbl TaKHX NPOCTEHIIHX YCTPOHCTB (MOJIOTOYKOBEIH HpepH-
BaTesb, 3JeKTPHUECKHH 3BOHOK, NMPOCTOH Teserpag) obliensbe-
CTHEI. B coBpeMeHHOH TeXHHMKe IPHMEHAIOTCA H ropasjo 6osee
CJIOXKHHE YCTPOMCTBA 3TOrO THIA.
K wmeay ux npumnajanexar Tak HasbiBaeMble pese — npu-
. GOpH, KOTOpHE NpPH BKJIOWEHHH HJH BHIKJIIOUEHHH B HX LeNH
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{ T‘ —— )
[ ‘I:::::?f
el
Ypabrar- e
w[Zx oK :,,_\..—,/_ﬂ
X Hagoyare
- e o
denk paduyess maKd

Puc. 370. DieKTpOMarHHTHoe pelle

OUEHb MaJIOTO 37EeKTPHYECKOTO TOKA 3aMBIKAlOT WJH DasMu-
KaloT LeNb ¢ Iropas3fo GOMbUIMM TOKOM, NPHBOJALUIHM B ABHXKe-
HHEe KaKoB-u60 MOTOp HWJIH MeXaHH3M. Tunbl H KOHCTPYKIUHH
peJjie OYeHb Pa3HOOOpa3HEL
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Pene, cxeMa koroporo usobpaxena Ha puc. 370, yeTpoeHo i
cenyomuM 06pasoM. YOpaBAAOWHA TOK (Masslf) HPOXOJHT
no o6MoTKe 3JekTpoMarHuta /. JKemnesHbIll Cep/ieuHHK 3/eKT-
pPOMarHuTa MPUTATUBAET XeJe3HYI0 MIacTuHy 2—2’, 3aMblkast
B ToYKe 2 lemnb pabouero Toka (6osbuioro). Ilnactuna 2—2°
3aKperlieHa B TOUKe 2*, OKOJIO KOTOPOH OHa MOXKeT BpallaThCs,
U OTTHTHBaeTCA BBepPX MNpPYKUHOH 3, paspblBaiouied KOHTaKT

B TOUKe 2, KOI/la 3JeKTPOMATHHT He
paBotaer. [lpyxuHa 3aKpemJieHa Ha
nnactute 4.- Moxuo peryaupoBath
ee HaTAXKeHHe, OT KOTOPOTO 3aBHCHT,
IpH KaKOM HaHMeHblleM YIpPaBaAlo-
leM TOKe pelne MoxeT «cpabo-
TaTb.

YyBCTBUTENLHOCTL  COBPEMEHHBIX
pene oueHr Benuka. CyliecTByIOT
pesie, KoTopble «cpabaT:lBalOT», T. €.
Bo3/IeHCTBYIOT Ha pabouHil TOK, yxKe
OT yTPaBJAAMLILEIO TOKa B JeCATHTH-
CAYHble M JlaxKe CTOTBICAYHBbIE JOJH
amnepa. Takue pesne He MOTYT 3aMbl-
KaTb O4YeHb GOJBbIIHX TOKOB, H MOTOMY
HHOI/Ia MPUMEHAIOT HECKOJIBKO peie,
pabotalolux roce1oBateasHo. [ep-
Boe  pefe — O4eHb YYBCTBHTE/b-
Hoe — 3amblKaeT Tok or 0,1 10" 1 A
B LiellH BTOPOTO peJie, KOTOPOe YxKe

Yens
pageyseo mora

.

a

Ynpabrarowu
. _rn OK

Puc. 371. K ynpaxHeHHIO

BKJIOYaeT WJM BbIK/MIOYaeT pafoyuil TOK, HHOTAA OTPOMHOH

CHJIBI.
2 178.1. Ha puc. 371 u3ofpakeHa cXeMa TaK HA3LBAEMOIO pesie ¢
H RauaompmMcs  AKopem (I -— KesesHasa NJaCTHHa, 2 — NpYXKHHA).

PasfepyTech B TOM, KaK HeHCTBYET 3TO pesle, H OMMIUMTE [PHHLMIT
ero AeHcTBHSA. MOXKET JIH 3TO pesie NPHMEHAThCH H NPH MOCTOS HHOM
H NpH [epeMeHHOM YIpaBJsIoleM TOKe?



OTBETbl M PELLUEHMA K YIPAMHEHMUAM

4.1. Ecnn 3apsii, nepeluefliHil cO CTeKJa Ha 3JeKTPOCKOIl, He Mpephililaer
Mo MOAYJIO yABOEHHBIH NepBOHaYaJbHBIH 3apsij 3J1€KTPOCKOMNA, OTKJIOHEHHE
JIMCTKOB YMEHBLIHTCS; eClIH Ke 3apsij, TepellefIHii CO CTEK/A Ha 3J€KTPO-
CKOM, TPeB30HJeT N0 MOAYMK YABOSHHHIH NepBOHAYAJLHLIE 3apsif, OTKJO-
HeHHe JIHCTKOB BoapacTer. 4.2. JIaTyHHHIN CTepxieBb 3JeKTpU3yeTcs B 06O-
HX caydasx. OQHAKO ec/IM CTePKeHL KacaeTcs PyKH, TO BO3HMKamolHe Ha
HeM 3apsiisl YXOZAT Yepe3 Tell0 SKClepuMeHTaTopa. EciH Ke cTepXeHb
oCepHyTh B De3HHY (XOpOWHH AMICKTPHK), 3apSAbl OCTAIOTCS Ha CTepKue,
4.3. JlocTaTo4HO NpOBECTH 3apsKeHHHI AM3JeKTPUK CKBO3b DacKaleHHLIE
rassl BOJIM3H TOPEJKH: paCKasleHHble Taswl [POBOMST TOK, H MO3TOMY 3apsal
yfiner yepes ofi1aKo rasa M Teno sKkcnephmeHTtaropa. 4.4. [ipH tpeHuu mMexa
0 CTOJI Mex 3JeXTDH3yeTcs, H NMOSTOMY Ha Tesle KCHepHMEHTaTopa, AepiKalne-
ro Mex, Takxe MOSBJSIIOTCH 3JeKTpHYecKue 3apsianl. 4.5. [las storo pocra-
TOUHO NOJIOXKHTH LUK, NocIe TPeHHSA ero O CTEKIC, B CTaKaH 3JeKTpocKona
(puc. 9). 7.1 TloToMy, 410 M BOJIOCH M rpeGelib NPH TPEHUH APYT O APYT4 3JeK-
TpusyoTCs. 7.2. 1Ipkn HaTHpaHuM GyMard JiaJoHpl0 Ha OyMare BO3HHKAIOT
oJeKTpHUeCKKe 3apsfisl. OOHT noJyuaeTcsi TOJbKO C TeIJIOH, XOpOWO HpO-
CyleHHOH OymMarofl, Tak Kak TOJILKO B 3TOM CJIyUae OHA SIBJASETCS XOPOLIHM
ausaektpukoM. 8.1. TlpM rognecennd Ttesa K mapHKy 3JeKTPOCKONa Ha
CTeprKHe 3JeKTPOCKONa NOABJISIOTCS HHAVLUHPOBAHHEIE 3apsnl: Ha BHELIHEM
KOHIle TIPOTHBOTNOJIOKHOTO 3HaKa, Ha BHYTpEHHEM — TOTO e 3HaKa, uTo M
Ha Tenie. [TosToMy, eciu Ha ssieKTpockone GHJ CHAvaJa 3apsj TOTO e 3HaKa,
YTO M Ha TeJle, TO CyMMapHbfi 3apsl JHCTKOR (MepBOHadaJbHLlfi 3apsj
TVIIOC HHAYIHPOBAKHBI{T) YBEJHYHTCSI H OTKJIOHEHHe JIMCTKOB CTaNeT GoJb-
we. Ecnu 3apsp saekrpockona GHJ nPOTHBONOJMOX HOTO 3HaKa, OTKJIOHEHHe
JIUCTKOB yMeHbIHTCA. 8.2, Korza Mpl MOAHOCHM K 3J1€KTPOCKOMY MOJIOXH-
TeJIbHO 3apsKeHHYI0 CTeKJSHHYID NaJOUKy, SJEeKTPOHBI ABHKYICS OT BHY-
TpPeHHero KOHIla CTePKHS K BHemHeMy. Korjga, KocHyBUIHCH NpeABapHTeb-
HO IiapHKa NaJjbleM, Mbl yOupaeM CTeKASIHHYIO MaJOUKY, ABLIKENHe 3jeK-
TPOHOB MPOHCXOAMT B o0paTHoM HanpaesaeHHH. 8.3. OTK/IOHeHHe JHCTKOB
YMeHBLIHTCS, MOTOMY 4YTO 3apsif 3/7eKTPOCKONa BHI30BeT Ha OuuvXKafiimeM K
HeMy KOHIe MeTaJJIHYeCKOro Tela HHAYUHPOBAHHBIN 3aDsA NPOTHBONOJOK-
HOTO 3HaKa, KOTOphH GyjeT ymeHbllarh OTKJOReHHE JIHCTKOB (CM. ympax-
Henue 8.1). 8.4. Ilo Mepe npHGAHKEHHS] OTPHLATENLHOTO 3apsifia MHAYIH-
POBaHHbIIl OTPHLATEJbHEIH 3apsif Ha BHYTPEHHEM KOHIle CTEPIKHS H Ha JIUCT-
Kax yBeJauuyuBaercs. [1osToMy pesyJbTHPYIOWHil 3apsii JIMCTKOB, PaBHbIH
CyMMe MepBOHAYaJbHOrO MOJOKHTENHHOTO W yBeJHYMBAIOWIETOCH OTPHIIA-
TeJIbHOTO, CHayajla yMeHbIaeTcs, NPH HeKOTOPOM MOJIOKeHHH Tela ofpa-
IaeTCq B HyJb, a 3aTeM CTAHOBHTCA OTPHIlAaTeJbHBIM, T. €. JHCTKH TNepesa-
psxatorcsa. 8.5. [loToMy, 4TO Ha pyKe NOABJsETCS HHAYIHPOBaHHRIY 3apaf
TIPOTHBONOJIOXHOTO 3Haka. 11.1. 0,1 H. 11.2, 5,2°, 11.3. 66 Hl’(.rl.a 11.4. 1,6%

% 10° H. 11,5, Cuna npHTsKeHUA 3JeKTpOHA K AApY F::E‘I—e;%. 3ta cHa
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coapaer yckopehue a==o%/r==w?r (cM. Tou I). Crano 6uiTh, wacrora BpaueHus
3JeKTPOHA BOKPYT siipa JOJMKHA ObITh TAKOBA, YTOGH! YOBAETBOPSIOCH Pa-
2

e
BEHCTBO 7—— — =me%r, OTKYZa yIVIOBast CKOpocTh ®=3,1.10%® pan/c, a
1]

wacToTa BpameHHs n=/2n=14,9-10"* ¢, 12.1. B nepsoM cayae oxso-
HMeHHBIH HHIyiHPOBaHHBIA 3aps OCTaeTCsl Ha KyCOYKax BaThf H ocaabaser
CHNY TIPHTSIKEHHSI M€Ky 3apfioM MNaJOuKH H Pa3HOHMEHHBIM HHAYIHPO-
BaHHBIM 3apsioM. Bo BTopoMm ciyvae OJHOMMEHHBIH HEIYIHPOBAHHBIE 3apsif,
VXOJHT uepea CToJ H NPHTAMKCHHAE Moaydaercs Goee ciibHuM, 14.1. 9 kB/m.
14.2. 45 kB/m. 14.3. 3 mH. 15.1. 0,8 MH. 19.1. JIHHHE 3.7€KTPHUECKOr'0 MO
SIBJISIIOTCS] PajHalbHLIMH TP SIMBIMH, CXOASIHMHCS K TOYKE HaXOXJIeHHS OT-
puuareanHoro 3apaia (cp. puc. 32, OTHOCAWHACA K MOXOGHOMY CJydalo
IJIsT TIOJOXHTeAbHOro 3apana). 19.2. Hymo. 19.3. Hymo. 19.4. [Totomy, 4to
(aaxok, nogobHo Gyma:kHOR crpeke (§ 12) H BCIKOMY HHOMY YIJHHEHHOMY
TeJly, CTPeMHTCSI CTaTh BAOJAbL JHHHA moss. 20.1. CXolcTBo: a) B 3/eKTpHUe-
CKOoM ToJle (3akoH KysoHa) chsna B3aHMOJEHCTBHSI MeXIy TOUYEUHBIMH 3a-
pALaMH o0paTHO MPONOPLHOHANbHA KBalpaTy PAacCTOAHHS; NS JBYX TO-
YeUHBIX Mace CIPaBelJIHBO TO e caMoe (3aKoH HbioToHa); 6) 3T0 MPHBOXHT
K TOMY, 4TO paG0Ta Ha 3aMKHYTOM ITYTH H B TOM H B JpyIOM MoJjle Bcerja paBHa
HYJII0, T. €. 06a IO/ KOHCEPBAaTHBHL; B) H3 3TOr0 B CBOIO Ouepelb BLITEKAeT
KaK CJIeICTBHE, UTO H B 5JIeKTPHYECKOM T0Je, H B I'DaBHTAIlHOHHOM NoJle (ToJe
TSKECTH) CYLIeCTBYeT pa3HOCTh NOTEHIHadO0B. PasjHuHe: a) B 3/eKTpHUe-
CKOM T0Jle CYIECTBYIOT 3apsiibl ABYX Pa3/IHUHBIX 3HAKOB, B TO BPeMs Kan B
rpaBHTAlHOHHOM I0J1e OTPHIATEJNBHBIX Macc HeT; 6) 3TO NMPHBOIHT K PAAY
CJENCTBHI: HampHMep, TeJ0 MOMeT ObiTh 3JEeKTPHYeCKH HeHTpanbHo (He
3apSIKEHO), T, €. He BLI3BIBATb BOKPYT ce6s 3JAeKTPHUECKOro moJs; rpaBHTa-
LMOHHO HEHTPaJbHLIX TeJ He CYIIeCTByeT, BCAKOE MaTepHaIbHOR TelO BHI3bI-
BaeT BOKPYr cels Moje TSKECTH, T. €. NeHCTBYeT Ha OKPYXKAlomHe Tela.
23.1. 1 H.23.2, Cuna pasua 2,08-10-7 H u Hampapiena k 3emie. OHa B

f.

. —

Puc. 372, K ynpaxuenuio 24.1 PHc. 373. K ynpa)KHeHmo‘QA‘l;b

1,3-10° paa GoJblue CHIBI TSKECTH, AelfCTBYyiOWel Ha HOoH. 24.1. OHH IToKa-
8aHH Ha pHc. 372. B HemM CYIIECTBEHHO, 4TO MOBEpPXHOCTb MapHKa H MOBEPX -
HOCTb 3eMJH SBJAMI0TC IKBUMOTCHLHAJLHBIMH MOBEPXHOCTAMH, H MOTOMY
JIHHHH TIOJST NePTIeHIHKYAAPHB H K NMOBEPXHOCTH 3¢MJIH H K MOBEPXHOCTH
mwapuka. 24.2. Cu. puc. 373. 24.3. He uamenurcs. 26.1. CrekJo B 3/1€KTpH-
4eCKOM [OJIe 3aPXEeHHOTO 3JIeKTPOCKONa NOJSPH3YeTCs: Ha OaHKafIieM
K SJEKTPOCKONY KOHUE NOAB/IACTCS Pa3HOUMEHHBIH 3apsij, Ha yLaTeHHOM —
OIHOHMeHNL . BAK3KO PacmooKeHHbI K 3JIeKTPOCKONY Pa3HOHMEHHBbIH 3a-
pAR XeHCTBYeT Ha 3JEKTPOCKON CHJIbHEE H yMeHbINaeT pacXOXIeHHe ero
auctkoB. 27.1. Het. 27.2. HeT, Tak Kak Ha 3JeKTPOCKOIe oCTaHETCS Tellepb
HHIYUHPOBaHHBIA TeJoM 3apsj MPOTHBOMOJOXKHOro 3Haxa. 27.3. He uaMe-
HHTCs. 28.1. Pa3HOCTL NOTEHIIHATOB MEXKIY TeMH TO4YKaMH, B KOTOPHIX MOMe-
miedrr cBeuH. 29.1. Teno yesoBeKa — NPOBOLHHK, H MO3TOMY IOBEPXHOCTb
€ro B M0JIe IPH PABHOBECHH 3apSOB JOKHA OHITh SKBHIOTEHIHAJbHOH IO-
BEPXHOCTI0. MeX/y OTAeNbHBIME TOUKaMH ee (Fo/10BOH H HOTAMH) HE MOXET
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6bITL pa3HOCTH NOTeHRHANOB, [ToKa YesioBeKa B JaHHOM MecTe HeT, [oJie HMeeT
BHJ, TOKadaHHbIfi Ha pHc. 374, @, JIHHHH €rO HanpaBjieHH BEepPTHKaibHO
BHH3, a 3KBHMOTeHUHaJNbHble TNIOBEPXHOCTH NPENCTaB/sIOT cofofi NOpH3OH-
TalbHble IVIOCKOCTH. MeXny ToukaMH A H B JeHCTBHTe/NbHO CYIIECTBYeT
pasHocts noreHiHatoB 200 B. IlosiBjieHHe B 9TOM IpOCTpaHCTBE YeJOBEKa
HCKaxaeT IoJle, H OHO NIPHHHMaeT NPHMePHO TaKoH BHJ, KaK Ha pHc. 374, 6,
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Puc. 374. K ynpaxnenuio 29.1

B6an3H Tena YesloBeKa XOJL THHHH 9JIeKTPHYECKOrO MO/ H 3KBHIIOTEHI KA b-
HbIX TOBepXHocTeH H3MeHsieTcs, H OfiHa H3 3THX NOBePXHOCTEH COBIafiaeT ¢
‘TIOBEPXHOCTBIO Tesla Ye/OBEKa, TAK YTO HANpPSIXEHHe MeXJy TOUKaMu A H
B cTaHOBHTCS paBHBIM HYJII0. DTO NPOHCXOIHT BCJEICTEHE Iepepacnpesiele-
HHs 3apsJIOB B TeJle YeJOBeKa, HO 3TO NepeMellieHHe 3apsifios (3/I@KTPHUECKHHA
TOK) 4pe3Bbl¥aifiHO KPATKOBPEMEHHO H c/1260, TaK YTO Mbl He OILyLiaeM €ro.
Korza »xe MBI MpHKacaeMcsi K NOJOcaM GaTapeH HJH CeTH, TO PAaBHOBeCHA
BapAJOB HeT H Yepe3 Haiue TeJO JJIHTeJAbHO HAET TOK, AOCTaTOYHO CH/LHLIf,
uro0nl BbI3BATH H3BECTHLIE BCeM HeNpHATHble omywenus. 29.2. Oxono
4,5.10% Ka. 30.1. 3,1-:10-38 Ka. 31.1. ITogBeieHHbI# TPY3HK OTKJIOHHTCA,
Ha noeepxHOCTAX luapa BOSBHKHYT WHIYLHPOBAHHHE 3apAMH, PaBHule IO
MOJlYJIIO: Ha BHYTpEHHeil NIOBEPXHOCTH IIPOTHBOIOJIOXKHOIO 3HaKa, Ha BHEM-
Heli — TOrO e 3HaKa, UTO H 3apsy B NeHTpe. BHe mapa copoKynHoe neit-
CTBHe 3apsijia B LEHTPe H 3apsja Ha BHyTpeHHeli NOBEPXHOCTH paBHO Hy-
M0, HO OCTaHeTcs fleHCTBHe 3apsJa BHeIUHel MOBEPXHOCTH: 3TOT 3apsax Gyjer
JeHcTBOBATh TaK, Kak ecH 6bl OH GblJ COCPeIOTOUEH B HEHTpe, H NOITOMY Ha-
JIHYHe TI0JIOTO Iapa HHKaK He cKaxeTcss. Ec/H Ke wap 3a3emieH, TO 3aps-
JIOB Ha BHellIHe /i MOBEPXKOCTH He GyJieT, He 6yJET H NOJIS BHE l1apa H TPY3HK
He OTKJCHHTCA. 31,2, BHYTpH MeTan/HyeCKOH CeTKH (3aMKHYTas IOJOCTH)
SJIEKTPHYECKOe TI0Jle PaBHO HYJIO, H NOSTOMY HHIJie He MOXeT BOSHHKHYTb
sJIeKTpHUecKasl HCKpa. Ec/H, OfIHaKO, BHY TPH IIOJIOCTH HMEETCS He COeIHHEH-
Hasi ¢ He#i TpyGa, BHIXOHAMAsN 3a NpeJelibl IOJIOCTH, TO MeXAY TPYGOH H ceT-
KON MOXeT BOSHHKHYTb Pa3HOCTb NOTeHHHa0B (HalpHMep, BO BpeMsl I'pO3bl)
H NIPOCKOYHT 3/IeKTpHYecKast Hckpa. 31.3. Her, He mor 6kl B mepsoM cay-
Yae 3apsjibl, CHHMaeMble C JIEHTHl KHCTOUKOH 5, He llepexOfu/H Obl Ha BHeIl-
HIOIO MIOBEPXHOCTDb INapa, a ocTaBajHch 6bl Ha MecTe H JUIHTe/bHLIA NepeHoC
3apsfia C JeHTH Ha map Obl 66 HeBO3MOXeH. Bo BTOpPOM c/lyuae KHCTOYKA
3, JleHTa H NOBEPXHOCTH WIAPA NPeAcTaBIsAaH Ghl co60H OfHY KBHIIOTEHI U~
a/lbHY10 TIOBEPXHOCTb H bl OBl HeBO3MOXEH JUIHTE/bHBIf NepeXof 3apsja ¢
KHCTOYKH J Ha JeHTy. 33.1. 1 MxKa. 33.2. HanpHMep, NpH IOMOIIH 3/1eKTPO- '
MeTpa. [l $TOTG MOXHO, H30JHPOBAB KOPUYC 3/eKTPOMETPa, COENHHHTD '
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CTepXKeHb ¢ QAHHM H3 IIAPOB, & KOPNYC ¢ APYruM. 33.3. PasHoctys noten-
Li#a/10B MeXJy OTAC/NBHEIMH YaCTAMH TeJa NTHIb (ee JanKamu) 6ynlr mana
TIrHua BCS QBIKETCHA NOA BHICOKHM HanpsuKeHUeM. 34.1. Moxio 1 npHTOM
OIHHAaKO0BO. Bo/H nocsle STOro, JlepKa 8apKEHHYI0 6anKy aa cre'pmegb no-
CTaBHTb €€ Ha CToJ, To 6aHKa Da3pAMMTCHA 4EPE3 CTOJ H Hame Tefo, 1 MBEL
NOYYBCTBYeM COTpsiceHHe. 34.2. 3apsx Ha JelileHCKoll 6aHKe B sTom ’cﬂyqae
6yletT oueHb MaJ. Ha H301HpOBaHHOK ofKJIanke BOSHHKHYT BCJelc sne HH-
LYKLUHH 8apsilbl 060HX SHAKOB, OLHAKO HH CIHH H3 STHX 3aPSII0B ké cyomer
YHTH ¢ 06KJalKH; oHa OYAET NOSTOMY B LEJIOM He 3apsiKeHa u Jdefyenckas
6anka He 6yjeT KonjeHcatopoM. 34.3. Korja Mul KacaeMcst BHYTPelipel o6.
KJagKu OaHKH, CTOSl HA H30JHpYIOmeH cKaMeliKe, 6aHKA He Momel pasps-
JUThCS, TaK KaK Ha MYTH TOKa HMEETCsT JHIEKTPHK (CKaMelKa) H vepes yame
Teslo TOK He mpoxoaut. 35.1. B mepsoM, B 16 pas. 35.2. 40 B; 80 B, 35.3.
15 mxKa. 38.4. 150 B. 35.5. [loposny. 42.1. 6,2-10!8. 46.1. 6,1 MA_ 47.1.
0,02 Om. 47.2. 492 M. 48.1. Y JaMIIOUKH C METAIUYECKOH HHTHIO TOR yMeHb-
maeTcs N0 MEPE PACKaJTHBAHHSA HHTH, TaK KaK CONMPOTHB/ICHHUE METANIOR vBe-
JIHUHBAETCS C YBEJHUCHHEM TEMIEPATYPhl. ¥ YIoJALHOH JAMIOUKH IPOHCXOIHT
o6parkoe. 48.2. 2000 °C. 48.3. 12,1 Om. 50.1. TpeyroJbHUKY ach u feb

b
HO}lO6HbI, H NO3TOMY —g—:%, TOUHO TAK XKe H3 HO}LOGHH TPEYrOJbHHKOB abd
1
R af  ab—fb _ fb
K afe uMeeM R=d = @ 1— B Hcexarouas u3 060Hx ypaBueHHft
1 1
%, HAXOJUM = 7?1—1+ R;' uyTo H TpeGoBajoch jAoKasaTb. 50.2. 20 Owu;

11 A.52.1. Crrenyer coelHHHTB noc/JeloBaTesabHo 10 amnouek. 52.2. 217,3 B.
52.3. HanpsukeHHe Ha neuke pasHo 17 B, a Ha sammouke 203 B. [leuka
paborath He 6YJeT, JaMIouKa e GYJAeT HAKaJIHBATLCH MOYTH HOPMA/bHO.
52.4. HyxHo BaaTb 37 6-BoJbTOBBIX HIH 28 8-BoMbTOBLIX Jamnouek. Eenn
OfHA H3 JaMIIOUeK THPJSHJBI NEePErOpHT, TO OCTAJbLHEIE T'OpeTh He CYAYT.
Yro66l HCnpaBHTL THPJAAHLY, HYMXKHO BbIpE€3aTh NePeropeBLIYIO JaMNOUKY
H COEIMHHTbL APYI ¢ APYTOM OCTaBLIHECH CBOGOJHEIMM KOHUBI IPOBOJOB.
OO6HaxeHHEIE MeCTa NMPOBOAa CJefyeT 00s3aTedbHO 8aMOTaTh H3OJIAUHOHHON
JIEHTOH MM HajleTh Ha STO MeCTO TPYOGOUKY H3 H30JHPYIOLEro MaTepHasna.
Korza H3 THPJSIHJE BbIPe3aHO HECKOJBKO JIaMIIOUYeK, TO CONPOTUBJIEHHE OC~
TaBIUKXCS CTAHOBUTCS HACTOJbKO MaJBIM, 4 TOK 4epe3 HHX HACTONBKO 60JIb-
IMM, YTO OCTABLIHECS JIAMIIOYKH OUeHDb GBICTPO meperopartot. 52.5. a) 110 B;
6) 22 B; B) 167 B. 52.6. 218,2 B. 52.7. 8,5 B. 52.8. Bxutiouass npu6opsi, no-
Tpe6usioniie GOIbIIOA TOK, Mbl YBEJIHUMBAEM TOK B JIHHHM M NOABOASIIHMX
NpoBOjaX, 4 CJeJOBaTebHO, H YBEJIHUMBAEM NafleHHe HANPSKEHUA B HHUX
U==[r, npuxoisuieecsi Ha MNpPOBOJAa, OTYEr0 HANpsKEHHe HA JaMLoYKax
COOTBETCTBEHHO YMeHbl1aeTcs. SIPKOCTb JIaMIOUYeK IOCTENEHHO YBeJHYHBa-
€TCsl, TOTOMY YTO IO Mepe pa3orpeBaHHs yTIOTa €ro CONPOTHBJIEHHE YBeJIH-
YHBAETCS H NAaJeHue HANPSXKeHN s, BbI3BAHHOE €ro BKJIOUEHUEM, YMEHbIIAeT-
csi. 52.9. CompoTuB/ieHHe MeTa/lJIHYeCKOH HHTH BO3DPAacTaeT ¢ YBeJUUeHHEM
TEMIEPAaTyphl, CONPOTHBJEHHE YroIbHOH — nafaet. [TosToMy ABe JaMIOUKH,
MeTa/INUeCKast H YroJbHas, KOTOPbleé HMEIOT OJHHAKOBOE CONPOTHRJEHHE B
ropsiYeM COCTOSIHHH, 06/1aJal0T Pa3/JHYHLIM CONPOTHBJEHHEM B XOMOJHOM:
¥ MeTasJIHuecKOfl OHO MaJoe, y YroabHOH Gofblioe. ITHM H OGBACHAETCH
yKas3aHHOe paannude. 53.1. MoxHo. [IpoBoja, Mex1y KOTOPHIMH H3MEP SIIOT
HaNpsKEHHe, CJAelyeT NPHCOENHHHTb K SaKUMaM SJEKTPOMETPa, COEIHHEH-
HBIM C ero KOPNyCOM H C JHCTKaMH. I'DayHpOBaTb HYXKHO NO HECKOJIBLKHM
3apaHee H3BeCTHbIM HampsiKeHHsM. 54.1. 1 B. 54.2, 10 mMA. 54.3. 12 rOwM,
CONPOTHBJIGHHE HYXHO COEJHHHTb MNOCJAEeJOBATeIbHO € BOJIBLTMETPOM; He
HaMenutca. 54.4. 440 Om. 55.1. 1/90.Om. 58.1. 25 JIxk. 58.2. 0,176 xom.
B8.3. 1936 Om, 58.4. BoJibmnii Tok notpebisier mamnoyka MomuocTy 100 Br;
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GoJiplliee COTpPOTHBJIEHHE Y JaMNOYKH MOIIHOCTH 15 BT. ¥V 15-BaTrHOl Jam-
nouxu 3272 Om u 0,068 A; y 100-BarTHO#H Namnouku 484 Om u 0,45 A, 58.5.
1,1 kBr. 58.6. [lpu nocnefoBaTebHOM COEIHHEHHH MPOBOJHHKOB KOJHYe-
CTRBO TEIIOTH!, BbIAEJHBIIEECS B KAXKJIOM H3 HHX, MPONOPUHOHANBLHO COMNpPO-
THBJIEHHIO NPOBOAHHKA, CONpOTHBJIEHHE XKe NMPOBOJKH B COTHH Pa3 MeHblIe
COTPOTHBJEHUA Jamnoukd. 58.7. B mepBoM cayuae cuibHee OyLyT Harpe-
BaTbCSl HHKEJHHOBbIE NPOBOJIOKH, TaK KaK HX CONPOTHBJIEHHE (oJblle, YeM
MeJHbIX MPOBOJIOK; BO BTOPOM CJyuae CHJIbHee GyAYT HAarpeBaThCsl MeJHHE
NPOBOJIOKH, TaK KaK uepe3 HHX GyJeT uaru Gosee CHIbHAIH TOK. 58.8. JIaMmbl
OJHHAKOBOH MOINHOCTH, pAacCYHTaHHble Ha OJHO H TO 3Ke HaNpsiXKeHHe
(110 B), umeror oxuHakKoBoe conpoTHBienHe, [TosToMy NpH NOCIEI0BATENb-
HOM HMX BKJIIOYEHHH B ceTb ¢ HanpsikeHHeM 220 B HanpsikeHnue pacnpeie-
JIATCA Mex<]y HHMH MODOBHY, Ha Kax[oH Jamne Gyjer Hanpsikerue 110 B,
¥ OHH 6yAyT ropeTb HopMadbyo. EcH MoluocTH Jamn pasnnynsl, To 60Jee
MOIIHASl HMEeT MeHbllee CONPOTHBIeHHe. [IpH nocaexoBaTebHOM HX BKJIO-
YeHHH, KorJla ToK yepe3 obe JaMIb! OJHH H TOT Xe, HanpshkeHHe Ha Oosee
MOlHOH Jamne (U=/R) 6yJer MeHbule, YeM Ha npyroi. drta Jamna Oyler
ropeTh C HEAOKAJIOM, a MEHee MOILHAsA — C NepeKaloM. B Hamem npuMepe Ha-
NpsKeHHe Ha JaMie MOWHOCTH 25 BT 6yneT B 4 pasa 6oJiblle, ueM Hamp sKe-
HHe Ha Mamne MomHocTH 100 B, 1 coctaBuT 176 B. 31a 1amna sipKO BCIILIXHET
H OYeHb OBICTPO IIEPErOpHT, a JaMna MowHocTH 100 BT, Ha koTOpOii Hamps-
xenue 6yner pasuo 44 B, exBa packanutcs. 58.9. a) MoxHo; 6) HeJIb3s, THP-
JIIHJA H3 8-BOJBTOBBIX JaMIOYeK HMeeT MeHblllee YHCJIO JaMIodeK H MOTOMY
NPH OJHHAKOBOH MOIHOCTH KaXJOf JAMIOYKH HMEET MEeHhINYIO MOILLHOCTD,
4eM TUD.JIsAHLA H3 6-BOJbTOBBIX JAMIOUCK; IPH NOCASA0BATTEHOM BKJAIOYEHHH
oHa GyJeT roperb ¢ MepeKaNoM B GLICTPO BHIfieT W3 CTPaa {CM. VIPAXKHEHHE
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Puc, 375. K ynpaxue- Puc. 376. K ynpaxuenmo 64,3
Hu1 64.2

58.8); B) MoxkHo. 58.10. 222 py6. 20 xomn.; npubansuTennHo 1,7 -10'2 kBr.u,
58.11. B 6,9 pasa. 59.1. Henbas. 60.1. 12 mun. 60.2. 1,76 kon. 60.3. 403 JIx.
60.4. 200 Br; na, 6yger; 900 Bt. 61.1. 17,6 M. 64.2. Cm. puc. 375. 64.3.
Cwm. puc. 376..66.1. Eciu mMexIy npoBoJaMH eCTh HamnpsieHHe, B BOje Ha-
YHETCs SJEKTPOJIH3 H Ha MPOBOJaX GYAYT BBIIEIATLCS MY3biPbKH ra30B (KHC-
JIOpOJia ¥ BOAOpOJa). 66.2. Tak Kak NpH 3JeKTPOJNH3E BOAL OOBEM BhIENHB-
llerocs1 BOROPOJAA B ABa pa3a GoJbilie 06beMa BLICTHBIIETOCS KHCIOPOAa, TO
OTPHUATENbHDIM I0JI0COM GYJAET TOT, ¥ KOTOPOrO BhensieTcs GoJiblie rasa,
66.3. 3NMeKTPOXHMHUECKH] IKBHBa/leHT CBHHUA paBeH 1,074-10—¢ kr/Ki,
Hatpust — 0,238+10~7 xr/Ka, a amomunns — 0,933-10-7 xr/Ko1. Boigeant-
ca ceurua 0,1933 kr, marpus 0,0428 kr, amomuuss 0,0168 Kr. 66.4. dnex-
TPOXHMHYECKHH 9KBHBaJeHT xJopa paeeH 1,045.10~8.35,45/1,008=
=0,368:10~¢ xr/Ka. 67.1. Mex1y ABYMS OC/IEROBATENbHLIMHI CoylapeHHs-
MH HOHBI [JBHXKYTCA YCKOPDEHHO H NPHOGPETAlOT KHHETHUECKYIO SHEePTHIO.
Ilpu coyzapeHHsix e 5Ta KHHETHYeCKan SHEPTHS YNOPSIIOUEHHOTO ABHIKE-
HHs1 NEPEXOJHT B IHEPTHIO GECNOPSIAOUHOTO JBHIKEHHS, T. €. B Tem10. 67.2.
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[otoMy, 4TO BJara Ha MPOBOJAX BCETAa COAEPXKHT PacTBOPEHHBIE 37€KTDPO-
JHUTBl H BJsAeTCS NPOBOAHHKOM. 67.3. B./lara Ha pykax Bcerja COZepIXXHT
pactBop NaCl u apisierca siektpotuToM. IMosTomy oHa cosfiaeT ropasjo
JAYUIIMEA KOHTAKT MeXy MPOBOAAMH H KoXeil, deM o6bluHO GblBaeT NIPH CyXof
Koxe. 68.1. Ha otpuuareabrom noaoce. 71.1. [Totomy, 4to B KaxIoM oGbeMe
3JEKTPOJHTA HaXOAHTCH CTOJAbKO e NOJOXKHTeNbHHX 3apAfoB, CKOIbKO H
OTPHHATENbHBIX, TaK YTO B CPe/iHeM SJIEKTPOJIHUT He 3apsixeH. 71.2. Ternosoe
JBHMEHHE HOHOB H MoJekya. 73.1. 3,0 xBt; 15 M2 73.2, Oxomo 4 u, 73.3.
2,08 r; 0Kk0.10 2,7 4. 76.1. 0,051 r. 77. 1. YIy4IHTCH, €r0 NOIAPH3AUHUA YMEHb=
wHTtes. 79.1. 80 u. 81.1. 2,2 A, 81.2. 0,6 B. 81.3. 11 xA. 81.4. Hamepse-
Moe BOJIbTMeTpOM Hamnpsikerue Ha 0,01 B menbplie 9. &, c. 81.5. Tak Kak
9/71eKTPOMETp He GepeT Ha cebs TOK, TO HM MOXHO TOYHO M3MepHTh 3. A. C.
HCTOYHHKA; A/ 3TOr0 €ro Kopnyc cjaefyeT NPHCOeJHHUTb K OJHOMY H3 no-
JIIOCOB HCTOYHMKA, a CTEPKEHD C JHCTKaMH — K Apyromy. 81.6. MaMeHsercs;
ueM GoJIbllle eMKOCTh KOHJEHCATOPAa, TeM MeHbIle TOKa3aHUs 3JeKTpOMeTpa.
81.7. 2 B. 82.1. 14 B. 82.2. 55 B. 82.3. 0,3 B. 82.4. Tok B uenu ects. Ha-
ApsiAKeHHe Ha 3aXUMaX paBHO HyJO. [IpH pa3juuHbIX BHYTPEHHHX CONpO-
THBJIEHUSIX HanpsiXeHue He Oyjer paBHe Hyao. 82.5. Toka B uenu Her. Ha-
np siKeHHe Ha 3aXKUMax KaXJO0ro 3J1eMeHTa paBHO ero 3. 1. c. 82.6. 1 A. 82.7.
160 A. 82.8. 0,8 On. 82.9. 1,1 B; 1 Om. 82.10. 10% Om. 82.11. 1,1 B. 82.12.
5 Om. 82.13. 0,5 Om. 82.14. 0,5 A. 82.15. 1,4 A. 82.16. 1,07 Om. 82.17.
D. A. c. ocTaHeTcs Takof ke, KaK H y OAHOTO aKKyMmyJsitopa. BHyTpeHHee
COTNPOTHBJEHUE YMEHBIIHTCS B ABa pa3a. EMKoCcTh Gatapen OyzeT B aBa pasa
Gosibiie, Y4eM V OAHOrO aKKyMyasTopa. 82.18. 2. i.c. yBeqHuuTcs B JABa
pasa; BHYTpPeHHee CONPOTHBJISHHE TaKxkKe BO3DacTeT B jJBa pasa; eMKOCTb Ba-
Taped GyJeT Takas e, KaK y OJHOro akkymyJasaropa. 82.19. 2,2 B; 1 Om.
85.1. 650 °C. 86.1. INox geficTBHeM UEHTPOOEKHOM CHIIbI KOHUEHTPALU S 3JdeK-
TPOHOB Ha mepudepiii cregaetcs: 6oJabine HOpMalLHON; N03TOMY Kpad AMCKa
3apAASTCA OTPHUATETHIO, a LEHTP — MOJOXKHUTEIbHO. OTMETUM, 4TO 3TH
3apfAAbl HHYTOXKHO MaJsl M TNpaKTHYeCKOH POJH HrpaTh He MOryt. 86.2.
Oxoqo 0,1 Mym/c. 86.3. 1,25.101°, 89.1. 1,26.10% m/c. 80.1. DreKTpOHBI, ABH-
rasicb YCKOPeHHO MEXKIy KaTOAOM H aHOJOM, NPUOGPeTaoT KHHeTHUeCKYIo
9HEPTrUuIo, KOTOpas NepejaeTcs aHOAY H MEePEXOJUT B TeILIO NPU COYAapeHHH
2JI€KTPOHOB € alo;1oM. 90.2, He GyzeT, Tak Kak /151 HaJH4YUS TOKA HYKHO Obl-
J10 Gbl, 4TOGBL B OHOI U3 JTAMII 3A€KTPOHBI BBIXOANIH U3 XOJOJHOTO 3J1eKTPO-
za (aHoza), 4T0 HeBO3MOXKHO. 90.3. 8,4 -10% m/c. 90.4. [Ipy MOJICKUTENBHOM
3apsze oNoBsIHHOI GyMaru TepMOSJAEKTPOHbI IBHAKYTCA K CTEKISHNOH KoJibe
H 3apsXKaoT ee BHYTPEHHIOIO MOBEPXHOCTb OTPHIATENBHO, T. €. 3apsSioM
TP OTHBOIOJIOXKHOTO 3HAKA, OTUETO OTKJIOHEHUE JUCTKOB 31eKTPOCKONa yMeHb~
maercs. [lpy oTpuuartelbHOM 3apsfe OJOBSHHOf OGyMarH 3JeKTPOHBI He
f0NajaloT Ha CTeHKH KoJ6bl. 93.1. [1pu yMmeHbllenuH JaBJjeHHs rasa Hanps-
XKene TNPoBosi yMeHbIIaeTCs. 3TO NMPOUCXOIHT MOTOMY, UTO HPH GOJblLEM
cBoBoaIIoM mpobere HOHBI MOTYT NPHOOPECTH HEOOXOAHMYIO AJST HOHH3AUHH
KHHETHUECKYIO 3IHEPTUi0 MpH MeHbLIEH Hanps:KeHHOCTH 3JEeKTPHYECKOro
noas. 95.1. Tlpu JocraToyHO GOJMBINOH HampsKEHHOCTH 3J1eXTPHYECKOro
N0JIsT BOKPYT Tesla B OKpY:XKalOIeM AHIJIeKTpUKe (BO3AyXe) BO3HHKaeT pas-
pax (KOpPOHAa HJIH HCKPa) M BO3AYX TepHeT CBOH H30JHPYIOUHe CBOHCTBA.
95.2. Tlotomy, 4TO y OCTPHil Hamps:KEHHOCTb IOJS BedHKAa H objerdaercd
3aXkuraHue KOPOHHOro pa3psja. 95.3. Bosie ocTpuit 3axkuraetcs KopoHa H B
BO3JyXe NOABJSIIOTCS UOHE. PagHOnMeHHBE ¢ 3apsiaMM JMCKa HOHB! JBH-
KYTCA K AUCKY H YHHUTOXKAIOT €ro 3apsj, ONHOHMeHHble ABIMKYTCA K OCTPHIO
H 3apaxalor ero. 97.1. AHTeHHa sBJIAETCS IPOMOOTBOJOM, KOTOPHIH BO Bpe-
M TPO3bI JOKeH ObITh XOpolo 3a3eMieH. 98.1. IToToMy, 4TO Temmepartypa y
MOJIOXHTENbHOrO yria (KpaTepa) Bblille, YeM y OTPHUATEIbHOrO, H MO3TOMY
OH cropaet 6bictpee. 98.2, 1100 kI[x; 0,2 Om. 103.2. 1,0-108 m/c. 108.3.
500 [[xk. 104.1. KaranoBble 1yud U KaTOAHHE JyuH GYAYT OTKJIOHATBCA B
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NPOTHBOMOMOKHBIE CTOPOHB. Ec/u BpeMms npeGhiBaHHA MeX1y OOKJaIKaMu
XOHJeHcaTopa y 0GOUX Jyuelf OJUHAKOBO, TO KATOXHEE JYYH OTKJOHSIOTCA
cuabHee. 106, 1. Tsmxesble UOHB! I'a3a, NOA BAHSHHEM 3JEKTPHUECKOrO MOJS
nonazas Ha KaToj, paspymaior ero. 107.1. 1,6-107 u 1,9-107 m/c. 107.2.
Ha 0,5 cM, oTpuIaTebHHI HOH H 3JeKTPOH OTKJOHATCA OfHHAKOBO. 112.1.
PaBhoBecle 6yAeT HeyCTOKUUBBIM, MOTOMY 4TO NMpPH MajeilileM OTKJOHeHHH
OT 3TOTO NOJIOXEHHS BO3HUKHYT CHJIB, CTPeMsIL{HeCs 5TO OTKJOHeHHe YBe-
JuuMBaTh. Hampumep, €CJH MLl OTOABHHEM 4yTb-uyTh LIADHK KHH3Y, TO
CHJa TSKECTH OCTAHETCA MpexHell, a CHla MATHUTHOTO NPUTAMKEHUS YMEHb-
wuTcs. BO3HHKHET paBHOAEHCTBYIONAS, HANpaBJeHHAsl KHH3Y H 3aCTaB/fA-
f0lias WapuK Najgate. TOYHO TaK e JOCTATOUHO YYTh-UyTh OTOABHHYTh Marl-
HUT KBepXY, UTOOL! BO3HHKJa PaBHOIGHCTBYIOas CHJIBl TSIXKECTH H CHJAI
MarHMTHOTO NPHTSKEHUs, HANpaBJeHHAS BBepX H 3acTaBJsiomias LIApuK
NpUTATHBATECA K MarduTy. 112.2. JIpHxKeHHe OYJeT NPOHCXOJHThH CO BCE
BO3P ACTAIOLIMM YCKOpeHHeM, NTOTOMY UTO CHJA, AefCTBYIOLLAS HA KYGHK, BO3-
pacTaeT no Mepe ero NPUGIMKeHHs K MarHuty. 113.1. Pa3nomars ee Ha ABe
HACTH U NOCMOTPETh, GYAYT /1M NPUTITHBATBCS APYT K APYTY KOHILB! CIHIE.
113.2. CnoxuThb 3TH 6pycKu B BujJe 6ykBel T. EciH MarHuToM siBasietcs 6py-
COK, cBHpaleH b K IpyroMy CBO#M KOHIIOM, TO MPHTSXKeHHe 6y AT 3aMeTHO;

- . eC/IU e HaMarHuued gpyro# Gpycok,
QN } 51y i 8| 10 npuTmKeHus He GYXeT, MOTOMY 4YTO
BTOPOH 6pYCOK HAXOXUTCH Y €ro HeilT-
- . . paJabHOl 30HH. 115.1. B nepBoM cay-
FlEg 1 §is ] M  uae pacnonoxenue nmomocoB Gymer Ta-
Koe, KaK nokasaHo Ha puc. 377, a,
BO BTOPOM,—— KaK IOKa3aHO Ha pHC.
377, 6. Ha criune Bcerna GyayT yeThipe
noJioca, pasieseHHbIX TpeMsl HeATpaibHHIMH ofaactamu. 119.1. 0,25 Ta.
119.2. 1-10-% H-m. 119.8. 0,927-10~% A .M2, 121.1. MaruuThas UHIYKIHA
pesyJbTHPYIOLLEro NoJdsi GyleT JiexKaTb B BePTHKAJIbHOH IIOCKOCTH, Nep-
HmeHIHKYAspHOH K Mepuimany. OHa oBpasyeT ¢ BepTHKaabio yroa 53°8’,
TAaHreHc KOToporo paBel 4/3, MBayKnua pe3yJuTHpyiOWero nojis paBHA
0,005 Ta. 121.2. 0,01 14 Ta, 121.3. 0,0082 Ta. 121.4. 0,0087 Ta; 0,005 Ta.
123.1. 0,8 Ta. 124.1. Koren, o6paieHHb BEYTPb KOHTYpa,— CeBepHHI (BO
BCex Tpex c1yyasnx). 124.2. Ec/u Bce CTOPOHE NapaJfienorpaMMa OfHHAKOBHI,
TO MATHUTHAs HHAYKUHs B Touxe O pasHa HYJI0. Bo BTopoM cllydyae Marsnur-
Has MHIYKIESA B Touke O NepneHJUKYJIsIPHA K MIOCKOCTH NMapasielorpamva
H HanpaBJjeHa BBepX (K HaGaofaTeno). 124.3. Bekrop & B TouKe O JIeHKHT B
MJIOCKOCTH, NapajielbHOll obeuM NpaMbiM ab u ¢d, u o6pasyer yriaw 45°
€ NJOCKOCTSIMU, MPOXOMSLHMH deped ef W KaMaylo H3 npsaMelx ab u od.
124.5. BekTop B B LeHTP& BHTKOB JI€XKHT B IVIOCKOCTH, NMEPUECHAUKYIIPHON
X IJIOCKOCTAM OBOHX BHTKOB, U 06pa3yer ¢ STHMH IVIOCKOCTSAMH Yrin 457,
125.2, Ileayvalorcsi ABe OGMOTKH, PacloJOKeHHbie PSIA0M, TOKH B KOTOPHX
HanpapJeHbl IPOTHBONOJIOXKHO, MAarHHTHBIE 1015 3THX TOKOB B3aUMHO YHHY-
Toxawrca. 125.3. IOxuriM, 125.4. [pasbiii Konen 6y aer HanpaBJeH K ceepy.
126.1. 60 A, 126.2. MarHuTHas UHAYKIMSA cTaHeT pasuoil: 0,0225 Ta uiau
0,09 Tn. MarsuTHOe noJie cosleHoua YHUUTOXKHUTCA. 126.3. MaruuTHoe noJse
¥BeJUURTCH BTpoe. MOXKHO YMEHBIUHTL CHJY TOKa B COJIEHOUJE B TPU pasa.
126.4. a) 3,77 MTa; 6) 1,26 MTor. 126.5. 0,25 A; 2 A. 126.6. 6,28 mTua1. 126.7.
1000 ButkoB. 126.8, 0,314 MTa; yMesbiuuTcss B 25 pas. 128.1. Hamargu-
uMBaHUe BePTHKAJALHBIX NpPEIMETOB B MarHHUTHOM moJe 3eMIH JOKa3hBaerT,
4TO MarHHUTHAS HHAYKIHSA STOTO MOJS HMeeT Bep THKANbHYIO COCTABJSAOYIO,
T. e. He JIeXXHT B I'OPH3OHTaJbHOH NJIOCKOCTH. BHH3Y 6yleT BaXoXUTBCS Ce-
BEPHHIH NOJIOC, BBepXY — IOXKHHIE (B ceBepHoM mnoJaymapuu). 128.2. Ha
XOHIle MoJoce, o0pallleHHOM K CeBepy, BO3HMKHeT CeBepHBff NOJIOC, Ha
Apyrom Konne — [oxHpifi, 128,3, Kopebap nHamarynyuBaeICcs TakK, 4To BHHSY
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GyAeT ceBepHHN NOJIOC, a HaBepXy — K Hbll., Tak Kak nose Toka noaxHo
KOMIIEHCHPOBaTb MarHHTHOE 110J1e Kopal/if, TO OHO JOJIXKHO HMeTb NPOTHBO-
.TONIOXHOe HalpaBJeHHe, T. €. HaBepXy NO/MKeH HaXONHTbCA CeBePHHIf mo-
moc. Orciofia 3akJIK04aeM, YTO TOK B IleTJie JOJKEeH HMeTb HalpaBJieHHe, Npo-
THBOIIOJIOXKHOE HalpaBJeHHIO ABHXKEHHA 4YacoBOH CTPeJIKH (eCnH CMOTpeTh
cBepxy). Hanpapnenue ToKa He HMeeT 3HavenHs. 128.4. Yaika co crepx-
HeM OTKJIOHHTCA KHH3y. 128.5. BOnHsH nosoca Majia FOpPH3OHTaJbHas coO-
CTaBJASAIONAA 3¢MHOI'O MATHHTHOTO I0JIA1 H NOTOMY MaJl BpAlaOIHiA MOMEHT,
IeACTBYIOIHA Ha KoMnacHyio ctpeaky. 129.1. HyXHo NpPHKpenHTb THPBKY
Maccet 0,15 r. ¥xaszanue, Ilpu yrie Hakaona cTpesikd 30° Bpamaomui mo-
MeHT, co3llaBaeMLIii THPLKOH Macchl my=0,1 I, paseH (//2) cos 30° mg,
rae ! — nanHHa crpenkn. OH ypaBHOBEIIHBaeTCA BPAallaOHM MOMEHTOM,
06y CJIOB/IEHHEIM HosleM H paBHbIM Bp , sin 30°, TAe p,, — MardHTHEIH MOMEHT
CTPeJIKH (Yroa MexJy HanpaB/JeHHeM IOJIA H CTPEJKOH B 3TOM cayyae pa-
BeH 60°—30°=30°). Koraa ctpesiKa rOpH30HTATbHA, BPAIAIOIHE MOMEHT,
€03/1aBaeMBifl THPbKOH HEH3BECTHON Macchl my, paBeH (//2) myg. On ypasHo-
BEILMBAeTCs BpALAIOLIHM MOMEHTOM Bp,, sin 60°. Takum o6pazoy, noJyua-
10TCA B2 YPaBHEHHS -5- COS 30° mig = Bp,, sin 30°, -‘—é- msg=Bp,, sin 60°,
s sTHX ypaBrennii Jerko HafiTH HCKOMYIO Maccy m,. 129.2. Tak kak ctpen-
Ka HHRJHHaTOpa MOXeT BPalaThCsl TOJMBKO B IJIOCKOCTH €ro Kpyra, a Mar-
HHTHEIE CHJIEl JIEXKAT B INTOCKOCTH MarHHTHOTO MepHIHaHa, TO CTpPejKa Bcer-
Ia 6yneT ycTaHap/MBaTbcA NO HaNpaBJEHHI NPOEKIHH STHX CHJI Ha RJoc-
KOCTb KPyra HHKJ1HaTOpa. ¥ TOJ &, KOTOPHIH OHa o6pa3yer ¢ FOPH30HTaJb-
HOH NJIOCCKOCTBIO, ONpeNe/feTcs COOTHOIeH eM tg &= By/(By cos f), rae f—
yroJl NOBOpPOTa NJOCKOCTH HHKJHHATOpPa OTHOCHTEJBLHO NJOCKOCTH MariHr-
Horo MepHzHana. Orcioza BHIHNO, uTo NpH B=0 yrom a=/{. [1o Mepe yBeJH-
venns yriaa P yroa e ymensimaerca. Ilpu $=90° yron a=0, T. e. cTpenka
yCTaHaBJHBaeTcA BepTHKajibHO. 129.3. KomnachHas cTpeJka Ha T'OPHSOH-
TaJbHOH OCH 6yJeT HaXOXHTbCA B IOJIOXKEHHH 6e3pa3lHIHOrO PaBHOBECHS;
CTpeTKa HaKJOHeHHfl YCTaHOBHTCA BepTHKalbHo. 133.1. Ilposomnmk ab
YCTaHOBHTCA TaK, YTOOR OH Ol NapaslyielieH cd H TOK B HeM OB HanpasJieH
B TIPOTHBONOJIOXKHYIO CTOPOHY; IOJIOXKeHHe, NPH KOTOPOM HPOBOIHHK ab
napanJiesieH NPOBOAHHKY ¢d, HO TOKH B HHX HanpaBJieHH OIHHaKOBO, TaKXe
ABJIAETCA NOJIOKEHHeM DaBHOBECHA NPOBOJHHKA ab, HO paBHOBECHS Heyc-
tobiunBoro. 133.2. a) Chia HanpaBieHa OPH3OHTAJBHO ¢ 3anajia Ha BOCTOK;
6) cHJa HaKJOHeHa K TFOPH3OHTY noX yrioM 90° — i (mepneHAHKyJAspHa
K HanpaBJeHHIO MarHHTHOrO NoJA 3eMJH) H HanpasJeHa Bsepx. 134.1.
a) BHTOK npHMer QopMy OKPYXKHOCTH; 6) BHTOK COXMETCA K NPHMET BHJ
JBY X NapaJllie/IbHEIX CONPHKAcalolHXCA NpAMLIX. B caydae a) niomane ero
NpH JaHHOM [epHMeTpe MaKcHMalbHafd, B cAyuae 6) — MHHHMaJbHas.
134.2. Kaxjapifi BHTOK CNHpaJH aHaJOrHYeH HaMarHHYeHHOMY JIHCTKY; BCe
& TH JHCTKH ofpallieHs OfHOHMEHHEIMH NOJIOCaMH B OFHY CTOPOHY H LOTOMY
B3aHMHO npHTArHBaiorca. 134.3. [1pH BKJIIOUEHHH TOKa CTHPaJb CXKHMaeTcs,
KOHel| ee BHIXOJHT H3 YalleYKH C PTYTbIO H [enb pasmbikaerca. Beuep 3a
STHM NOJ ACHCTBHEM CHJI YRPYTOCTH CHHpalb cHOBA pacnpAM/IAETCA H Ko-
Hell ee, BXOJA B YallieYKy C PTYTbi0, ONIATL 3aMEIKaeT Lenb, H T, A. ¥ ¢TPOHCTBO
CXOJHO C MOJIOTOYKOBHIM IpephiBaTeJieM B MOINIO OH MPHMEHATHhCA AMA Tex
Xe ueneli. 134.4. JKese3o BTArupaerca BHYTPb KATYIIKH, NOTOMY 4TO OHO
HaMaCHHYHBaeTCA ee HoleM. B olHOpoZHOM NoJle Ha MarHHT JeACTBYeT TOMb-
KO BpamaiomHi MOMEHT; CHJEI, BEI3HIBAIOIIHE MNOCTynRaTeJbHOe IBHXKeHHe,
BOBHHMKAIOT TOJIbKO B HeoXHopoaHgM nofte (§ 134). IToatomy, ecH Ob1 Mbi Tio-
. MECTHJIH 3KeJ1e30 BHYTPb KaTYLUKH, e NoJe ORHOPOAHO, TO OHO He NPHILIO
6mt B gpHKeHHe, 134.5. TOK HYKHO BHKJIIOUHTb B MOMEHT, KOrla CHap Al IpH-
06pes MaKCHMABHYIO CKOPOCTD, T. €. TOT/A2, KOrZa OH HaXOAHTCA B 06/1acTH
OIHOPOXHOro MO, TAe CHIa, JeficTBYloman Ha Hero, paBHa HyJo. EC/IH Tok
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OCTaHETCsT BKJIIOUEHHBIM BCE BPeMsi, TO ¥ BTOPOTO KOHIIA KATYILIKH CHapsit No-
nager B 06/1aCTh, Le noJe c1abeeT; TaK Kak e HCTBYIOLIHE HA HETO CHJILE BCET-
Zia CTPeMATCSl BTSATHBATL €ro B 06sacTb HaHGOJBIIEH HHAYKUHH [OJSL, TO
3ech cHapsiA OyJeT TOPMO3HTbCST, CKOPOCTb €r0 00paTHTCS B HEKOTOPOH TOU-
Ke B HyJIb H 3aTeM OH HauHeT ABHrarbcg B 00paTHy1o cTopoHy. 136.1. BoJee
ObiCTpBie JEKTPOHB! OTKJIOHAIOTCS cHAbHee. 136.2. a) Monbt nosoxHTE D=
Hble H OTPHIATeJbHbie OTKJOHSIOTCS B NPOTHBONOJIOXHBIE CTOPOHH!; 6) HO-
Hbt C GO/IBIHM 3aPAAOM OTKJIOHSIIOTCSI CHJIbHee; B) HOHBE C GOJIBLION MOJIe-
KyJAPHOH MacCoH OTKJOHSIOTCS MeHbille. 136.3. DiekTpoHn! 6yayT ABH-
rarbCsl HO OKPYKHOCTH, NOTOMY 4TO JeHCTBYIOUlasi HA HHX CHJA, 4 3HAUMT,
H HX YCKOPeHHe B KaX{Ibili MOMEHT JBMIKEHHs NepneHAHKYJSDHE K CKODO-
ctH. CKOPOCTb NIPH 3TOM OCTAETCSI NOCTOSTHHOH N0 Moxy/1o (cu. tom I). 136.4.
Ecuu cMoTpeTh HaBCTpeuy NOTOKY 37€KTPOHOB, TO 3J€KTPOHbBE H OTPHILATENb-
Hbie HOHbf OTKJOHAIOTCS HaleBO OT HaGuiofaTesst, a NOJIOXKHTelbHble HO-
Hbf — Hanpaso. 136.6. [IpoTHB 4acoBOH CTpPeJIKH, ecli CMOTpeTb CO CTOpo-
Hut Oataped. 138.1. OnbiT 06BACHSIETCS TeM, YTO MATHHTHLIH OTOK CKBO3b
BUTKH Karywkx Il Bospacraer npu BIBHI4HHMH KeEJIE3HOrO CTEpPKHS B Ka-
TymKy | BclefcTBue HaMaTHUYMBAHHS JKese3a [OJeM 3TOH KaTYIIKH.
138.2, Her, He Gyzer, notoMy uto npu JIOGOM MOJOXKEHHH PAMKH JIMHHH
MarHHTHOTO MNOJIST Mapa/liielbHbl €e MJIOCKOCTH H MAUHHTHBIA MOTOK CKBO3b
paMKy paBeH HyJio. 138.3. HauGosbinasi 3. 4. c. BOSHHKAET NPH ABHXKEHHH
€ 3amnafa Ha BOCTOK W TeM 64ubiuasi, yeM GBLICTpee JBHIKETCSI aBTOMOOHJIb.
138.4. He unaynupyercst, NoToMy uTO Ha 0GeHX OCSIX BO3HHKAIOT 3. A. C.,
paBHbie 10 MOZYJIO H NPOTHBOMOJIOKIO Hanpasdenubte. 138.5. MaruutHoe
noJsie, CONPOBOXKAAIOIEE TOK MOJIHHH, HHAYLHPYeT B IPOBOJHHKAX CHJIbHBIE
HanpasJeHHbie TOKH. 139.1. KoJblieBbie JIHHHH MaCHHTHOrO NOJS TOKa B
NPOBOJHHKE ( MPOHH3BIBAIOT HHIYKUHOHHBIH KOHTYP, COCTOSIIMH H3 Mpo-
BOAHHKA b H NpPOBOJIOB, COEIMHSIOUMX €ro ¢ rajJbBaHOMeTpoM. IIpH yBesaH-
YeHHH TOKa B ITPOBOJHHKE @ TOK, HHAYUHPYEMHIH B NPOBOJHHKe b, Hampas-
JieH MPOTUBONOJIOXKHO NEePBUYHOMY TOKY, & NPH yMeHblIeHHH [EepPBHYHOTO
TOKa HHAYUHPOBAHHLIH TOK MMeeT TO Ke HarpaB/eHHe, UTO H NEPBHUHbI.
139.2, Tox GygmeT HanpapJ/eH M3 NIOCKOCTH uepTexa K Habmiomaremo. [Ipx
repeMeHe HanpaBJeHHs1 MaTHHTHOTO NoJsl WJIH HanpaBjeHHs JBHXCHHS
NPOBOJHHKA HanpamjieHue TOKa H3MmeHuTcsi Ha obparnoe. «IlpaBmao mpa-
BOfi pYKH» MOXHO cpOopMy/IMpoBath Tak: «ECJH NOJTOXKHTL NpPaBylO PYKY
Ha NPOBOAHHK TaK, uTOObI JIMHHH NOJST BXORHJH B JaJOHb, & OTCTABJIEHHBIH
GoJIbIIOH [aJiell YKa3keiBaJ HanpaBJeHHS IBHXKEHHS NPOBOAHHKA, TO yeThipe
BBLITAHYTHIX NaJblla YKaXKyT HanpaBJeHHe HHAYKUHOHHOro Tokar». 139.3.
IIpy BIBHraHHH cepleuHHKa TOK B KaTyiuke 11 HanpaBJen npOTHBONOJIOXKHO
Toky B Karywke 1. Ilpu ynamenuu cepjeuHnka o6a ToKa G6yayT HanpaBJeHb
opuHakoBo. 141.1. B ciryyae a) HHRyKIHst 06yC/JI0BJAeHa TOABLKO TOPH3OHTaIb-
HOH COCTaBJIfIOWEH 3eMHOTO [OJISI; B cayuae 6) TOJIbKO BePTHKAJbHOH CO-
craBJstiomed; B cIyuae B) BceM noJseM. HauGosbmnM 6yaeT HHAYKUHOHHbBIR
TOK B cayuae B). [Ipy Ha/oHeHHH, 60JblueM 45°, BepTHKAMbHAsI COCTaBJIA-
jouasi noJist 60JIblie FOPU3OHTAMbHOM, i TOK B cayuae 6) Oyner 6oJbie, ueM
B cyyae a). 141.2. a) 6.10~% B6, 0,24 B; 6) 1,04-10-° B6, 0,42 B; B) 1,2X
x10-% B6, 0,48 B. 141.3. 0,004 B. 141.4. 0,32 T1. 141.5. 0,08 Ta. 141.6.
2.10=% Ku. 143.1. HarpeBanue Boxb! Bui3BaHO Tokamud PyKO, BO3ZHHKAWOUIN-
Mi B CTEHKaX UHJIHHAPA NPH ero BPAUIEHMH B MaruuTHoM nose. [leficTeue
NOJIT HAa 3TH TOKH CTPEMHTCS TOPMO3HTb BpauleHue. IIpM HAIHUAH ROJST MbI
JOJIZKHBE FI09TOMY NPHJOMXHTb K HWIMHAPY OGOMBIINI BpallalouiMi MOMEHT,
T. €, 3aTPaTHTb GOJIBLIIYIO 3HEPTHIO, YeM B €ro OTCYTCTBue. JTa KOLOMHH-
TesibHasl SHEPTHS M PACXOLYeTcsl HA. HarpeBaHHe NLHJHHIApA H BOini. 143.2.
MasiTHUK TOPMO3HTCS CHIaMH, KOTOpble JeHCTBYIOT CO CTOPCHE MATHHTHOrO
noJsist Ha TOKH PyKO, HHAYLHPOBAHHLIE B MasITHHKE NPH €ro NPOXOXKIEHUH
yepes HEOAHOPOAHYIO obiacts noss. 143.3. MoHeTa TOPMO3BHTCS TeMH XKe

A68



CHJIAMH, UTO H MafTHHK B yNpaxXHeHuH 143.2. 143.4. Koraa Ky6HK nojsermes
3a ywko /, npocloiKH H3OJALHH MEXNY MeJHBIMU JHCTKAMH NDENATCTBY-
0T BOSHHKHOBEHHIO TOKOB DYKO, TOPMOSAIIMX BpameHue. Korja Ky6HK
nojiBelueH 3a YKo 2, TOKH QYKO, HANpABJEHHKE B BEDTHKAABHON TIOCKO-
CTH, MOTYT Teub GecpenatCTEeHHO. 146.1. ese30 u fpyrue ¢eppomaruur-
Hple MaTepHaJikl BCerjla BTATHBAIOTCS B Ty 06JacTb Noas, Ifie OHo Haubosee
cuabHo (§ 142). Tak e BeAyT ce6s, OUEBHJIHO, NapaMarHHTHLIE MaTepHaJikl,
Hanporus, pHamMarHuTHHE TeJa BLITAJKHBAIOTCS B 06/1acTh HaHGoJee ciia-
Goro nons. B Haiuem cayuae nosie cH/IbHee BHH3Y, IJie TIOJIOCH SEKTPOMAr-
HUuTa COJHIKeHbl, a cJjabee BBepXY. ITHM H OOBACHSAIOTCA ONHCAHHLIE siBJe-
Hug. 146.2, [lapamMariuTHas XUAKOCTb BTATHBaeTCA B 00MaCTb HauGonblieli
HHIYKIHH N0JAs, a JHaMaTHHTHasa — BbITAJAKHBaeTca H3 Hee. 148.1. Cranb-
HBle TIpe/IMETH Ha CyJ/IHe HCKaXKaloT MarHHTHoe moge 3emaH. Ilonpaeku 3a-
BHCAT OT MaCHHTHHIX cBOHCTB cTank. 148.2, OueHb TOYHLIM H3MepeHHAM
MarHHTHOTO MoJs 3eMJH Mewatu Obl, HECMOTDA Ha BBOJHMBIE TIONPABKH,
HCKaXKaiolliie BAHSUHMSA CTaJbHbIX H XEJe3HHX TPeJMETOB Ha cyje. 149.1.
JJ19 NOCTOSIHHBIX MarHuTOB HaHGOJee NDHrojHa 3aKanleHHas CTajb, A/
3J€KTPOMArHHTOB ¢ ObICTPOH DeryJHDPOBKOH — MATKOe Kese3o, 149.2.
Henbss, notoMy YTO IO Mepe HarpesaHus Kese3a (TPHOMHIKEHHS K TOUKe
Kiopn) ero MarHuTHas NpOEHIaeMOCTb yMeHbluaeTcs. Packanennas 6oJ-
BaHKa OUeHb ¢/1a00 HaMarHHUKBaeTCA H NOTOMY OueHb ¢JaGo NpHTATHBaeTca
saekTpomaradroM, 154.1. 0,06 A; 0,085 A, 154.2. 10 A. 154.3. 3,55 A.
154.4, 20 A. 156.1. Benencrare ero 6oabluod HHAYKTHBHOCTH, 156.2, To xe.
156.3. Ilpy BK/IIOYEHMH TOKa 5. A. C. CaMOHHIYKLHH HalpaBjéHa TNDOTHB
9. JI. C. U€NH, a NPH BHIKTIOUEHHH — B OfHY.CTOPOHY ¢ Hell. McKpa yBeauuH-
BaeTCAd TNPH pasMbBIKaHHH €oJlee CHJIBHOTO TOKa H TNPH HAJHUHH GOJbLLOH
HHAYKTHBHOCTH B Lienu. 156.4. Donee cHiabHasA #CKpa NOJydaeTcs NpH pas-
MLIKaHHH 3JIeKTPOMArHHTa, Y KOTOPOTO HHIYKTHBHOCTBL Oodblue. 157.1.
25 I'H. 157.2. YMeHBIUHTb YHCJIO BHTKOB HJIH RBIHYTb JKeJIe3HbIH CepJleuHHK.
157.3. 3asucut. 159.1. 1,38 A. 159.2. 0,175 A. 163.1. Cnoco6 ¢ cepieuHHKOM
BHITOJIHEE, TaK KaK YyBenHuuBaercs OGe3BaTTHOe CONPOTHBIeHHe, 164.1,
55 B; 110 B; 330 B; 2200 B. 164.2. U,,=73,3 B; U,;,=~440 B; U;=733,3 B;
Uys=146,7 B; U,;=366,7 B; Uys=660 B; Uj3,=220 B; Uz=F513,3 B;
U,5==293,3B.164.3. 2,4 A. 165.1. a) 85 mm?; 36,78 kr; 6) 21,25 MM?; 9,52 Kr.
167.1. Yacrora Toxa pasna 300 I't. Tok MeuseT Hanpas/JeHHe ABaXJH 3a
TIEPHOJI; YMCJIO TlePeMeH HalpaBJeHHsl B JaHHOM cJayuyae paBHo 600. 167.2.
Korpa sy6us potopa CTOST TpPOTHB 3y0OLOB CTAaTOpa, MarHUTHHIH NOTOK, cO-
slaBaeMbiil KATYIIKaMH Bo30yxJeHHs I H NpOHMSHIBAIOWHH HHIYKUHOHHEIE
KaTtylukd 11, Gosblie, yeM TOrjAa, Korja 3yOlbl DOTOpA OTXOAAT OT 3y0uoB
craropa. Takum o0pa3oM, NOTOK CKBO3b KaTylukH 11 npH BpalueHHH poropa
HeNpepLIBHO H3MEHSETCS, H 3TO fABJACTCA NPHUHHOH BOSHHKHOBEHHSl HH-
AYKIUHOHHOTO Toka. 168.1. [lotomy, uTO B cTaTOpe reHepaTopa nepeMeHHOro
TOKa HaXOJMHUTCSl SKOPb, B KOTOPOM HHJIYIHDYeTCA TlePeMeHHbIl TOK, a B
CTaTope TeHepaTopa NOCTOAHHOIO TOKa HAXOAHTCA HHAYKTOD, 1O OOMOTKaM
KOTOPOr'O TNPOXOIHT NOCTOAHHbIE TOK. 169.1. B cepHecHOM reHepaTope ue-
pe3 OOMOTKY BO30Y:KJeHHS NPOXOAHT oueHb Gojbluof TOK. [lostoMy oHH
JO/KHEL OBITh ClleJlaHbl U3 TOJICTOH TPOBOMOKH. BMmecTe ¢ Tem jpocTarouHas
MHJIYKIHA TOJl M MaCHUTHBIE TOTOK NOJYYaoTCA NDH OO/BIIOM TOKe yikKe
NpH HaJHYHH He3HaUNTeJbHOrO YHCJa BHTKOB., B LUYHTOBOM remepatope B
0OMOTKY BO30YJKJeHHsI OTBeTBJseTcs JHWb HeQoabluas jgonas Toka. Jas
NONyYeHHs JOCTATOYHOTO YHC/IAa aMNep-BHTKOB HYH(HO TpPH MaJioM TOKe
B3Tb MHOI'O BHTKOB, HO OOMOTKAa MOXeT OLIThb BHINIOJHeHa H3 TOHKOH HpoO-
BoNokH. 169.2. CepHecHhIl IeHepaTOp Hesb3si 3anycTHTh Oe3 Harpy3kH,
TaK KaK TPH 9TOM lellb 0OMOTOK BOSOyXJeHHA Pa3sOMKHyTa, Yepe3 HHMX He
Gy zieT TPOXOAHTb TOK H, CAEAOBaTENbHO, He OyjieT NIPOHCXOAHTL HapacTaHHe
MarHHTHOIO HOTOKa B reHepartope. [LIyHTOBLIH reHepaTOp MOXHO BKJIOYHTB
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6e3 HArpy3ku, HOTOMY 4TO HeNb AKOPA BCErAd 3aMKHYTa Ha OOMOTKH BO3-
6yxpuenns. 169.3. Ec/in nycTuTh reHepatop B 06GPaTHYIO CTOPOHY, TO HHAY-
NMPOBaHHLIH TOX GyJeT €O31aBaTb MAarHATHOE HOJIE, NPOTHBOIOJIOXKHOE OC~
TATOUHOMY HAMATHUYMBAHHIO HHAyKTOpa. MIHAYKTOp MpH 9TOM pasMariu-
THTCH, M IeHepatop He Gyaer paGoTaTb. 169.4. HyxHo na xopaTkoe Bpems
TPOMYCTHTH Yepe3 OGMOTKH BO3OYAIEHHA TOK OT MOCTOPOHHETO HCTOUHHKA
(6aTapen aKKyMyJIATOPOB), MO3a0OTHBIUHCH O TOM, YTOOBl 3TOT TOK HaMar-
HHYMBAJ HHIYKTOP B TOM AaNpaBJeHHH, KOTOPOe COOTBETCTBYET YKa3aHHOMY
HaNpaBJ/IeHUIO BpaileHHs rexepartopa. 173.1. Ilpn mycke ABHrareJs phlyar
peocrara HaxCAHTeA B KpaliHeM NMpaBoM noJoxeHHH. [Ipu 9TOM yuacTok pe-
0cTaTa Rpycx BBEIEH B LeENb SKOPS H AB/IAETCA I1YCKOBEIM CONPOTHBIIEHHEM;
IeMb e KATYUIKH BO30YKAEHHA 3aMKHYTa HAKOPOTKO Yepe3 MeTalIHueCKyo
noJsocky. [ToatoMmy, NOKa phryar peocTata HaxOJHTCS HA TOH MOJIOCKE, MO-
TOp BpallaeTcs ¢ HamMeHbllel yactotoli. [lepeBeas puluar peocrata HafleBo,
MBI CHAYa/12 BHIBOJMM CONMPOTHBJIEHHE Rpyck H3 UENH SKOPs, a 3aTeM HauH-
HaeM BBOJAHTb Bee GOJIBILYIO H GCABIIYIO AOJIO CONPOTHBAEHHA Rpep B Lelb
BO36YXKIeHHs. MaruuTHbId MOTOK OPH TOM yMeHbllaeTcs, a 4acToTa Bpa-
HeHHs gBHrartess BospactaeT. 173.2. Tak kak uepe3 06MOTKY BO30OYKAEHUS
IPOXOJHT TOJAbKO HefOJblIas JoJs TOKA, NMOCTYMAIOUero B JBHTaTe b, a
rJaBHast 4acTb ero MAET Yepe3 SAKOPb, TO B KauecTBe NMYCKOBOI'O HYKHO
B3fITb PeoCTaT H3 TOJCTOH NMPOBOJOKH C MaJblM CONPOTHBAEHHeM, 2 B Ka-
4ecTBe Pery/JTHPOBOYHOI'O — DPEOCTAT H3 TOHKOH IPOBOJIOKH C GOJBUIHM CO-
npotuBjenHen. 173.3. [Ipr nycke ABHratesss BXOJOCTYIO WJIH ¢ MaJoH Ha-
rpy3koll TOK B AKOpe OUeHbh MAT H HHAYIHPOBAHHAs B s IKOpe 3. A. C. HOYTH
paBHA HANPSIKEHHIO ceTH. B cepHecHOM ABUTaTese uepe3 OGMOTKH BO3GYHK-
JeHHSA NPOXOJHT TOK SAKOPSA; AJsA TOrO YTOOH! IPU TaKOM MAaJjioM TOKe B KO-
pe MorJa HHIYUHPOBaTbCA GoJbliast 3. A. C., ABHTATEb JOJKEH BPaIlaThCs
€ OYeHb GOJIBIION YacTOTOH, T. €. OH HIeT «BPasHOC». B ILIYHTOBOM ABHIaTe-
Jle 3TOTO He MOXKeT CAYYHTLCS , IOTOMY YTO 3eCh TOK B 06MOTKax BO3GYHKae-
HHSA ¥ MarHATHBIH NOTOK B JBHTaTej]e Majo 3aBHCAT OT TOKAa B AKOpE H He-
obxofumasi 3. 1. C. HHIYUHPYeTCs BCera IPH yMepeHHOil 4acToTe BpAIeHH s
asurareast. 177.1. JI#60 BKIIOUHTb peOCTaT HOC/IEI0BATENbHO C 3JE€KTpOMAr-
HHTOM, JTHOO H3TOTOBHTb BHABHMKHOH cepiedHHK. 177.3. Cienarsb 60Jbiloe
YHCAO BHTKOB H3 TOHKOH NpOBOJIOKH. 177.4. DJEKTPOMATHUT C MJIOCKHMH
HOMIOCHHMMH GairMakamu. 178.1. Moxer,



NPUNOMEHMA

1. ®PynnamenTanblbie hH3HYECKHE KOHCTAHTM

I“pasmau HOHHafl NOCToAHHAA

Yckopenue  cBoGOJHOTO  NajleHus

(HOpMabHOE)
CxopocTh cBeTa B DaKyyMe

MarunuTHasi TOCTONHHANA

DlleKTpHUeCcKas NOCTOSIHHAs
Macca nokos siekTpoHa
Macca nmokos npoToHa
DyeMeHTapHbli 3apsai

OrtHouenue 3apajia 31€KTPoHA K €ro
Macce

Mocroannas [lnanka
IMoctosHnas ABorafapo
TMNocroannaa BoabuMana
T'asoBas nocTosiHHAA
Hoctoannas @apajes

O6heM MOJsl HIEaJbHOTO rasa NpH
HOPMAJBHBIX YCJIOBHAX

(Po= 101325 Ia, Ty=273,15 K)

G=6,6720-10-11 H.m?/xr?
g==9,80665 M/c?

c=2,99792458. 10% m/c

Po=4m.10~7 TH/M=
=12,5663706144.10~7 Tn/u

£y =28,85418782.10~12 d/m
me=19,109534.10~31 gpr
mp==1,6726485.10—%" gr

e==1,6021892.10-1® Kna

e/m,=1,7588047.10* Kn/xr

h=16,626176.10-3 Ix.c
Nj =6,022045. 1028 Momn—¥
k=1,380662:10—2% Ix/K
R =28,31441 IOx/(Mons.K)
F=96,48456.10° Ka/Moan
Vo=22,41383.10—% M3/mMonn
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I1. MuoxuTend M NPHCTaBku ANA o5pa3oBaRHA JECATHUHBIX KPaTHBIX
H JCJbHBIX €RVHHL M MX HAMMEHOBAHHI

Ilpucranka TIpucraBxa
MHOXKH-

TeNb ~ Haumenosa- O6o3na- 4| MHOXHTeaB Haumenosa- Q603Ha-

HHe YyeHHe Hue YyeHHe
1018 3KCa 2 10-1 Zeur hit
1018 nera I1 10-2 caHTH ¢
1012 Tepa T 10-3 MHJLIH M
10° rura r 10-8 MHKDO MK
108 Mera M 10-? HAHO H
103 KWIO K 10-12 MHKO n
102 reKTo r 10-13 temro i}
10t JeKa na 10—-18 arTo a




NMPEAMETHLIM YKA3ATEND

Axkymyastop 174, 177, 332, 361

— Oybepunt 177

— Kesie3oHHKeJeBbIl 176

— cBuHOopHH 175, 176

— wesounoii 176

Amomunguit 159, 359

Awmnep 31, 105, 111, 133, 305

— Ha MmeTp 291

Awmnep-Becsr 305

Amnepmerp 107,
142, 157, 310

— MAarHHTO3JIEKTPHUECKON CHCTEMBL
373

— Temnosoit 107, 332

Amneponsl MoJIeKy/IsipHble TOKH 272,
273, 301, 310, 344, 347, 354

Awmnep-cekyHaa 31

Amnep-uac 176

Amnintyna 369, 387

Anwmon 150, 153

Anon 144, 150, 164, 232, 235, 236

Anoauniit Toxk 234, 235

At™mocheproe saekTpuuectso 212

Artom 19, 88, 194, 273

AromHuoe sapo 19, 457

108, 126—128,

371374,

Barapes axkymynstopos 142

~— raJlbBaHHYECKHX 3J1eMeHTOB 142,
173, 183—185

— KoHzeHcaropos 8l

— Hakana 231, 233, 234

Benuube koaeco 436

Budunapuas wnamotka 289

BoJsomerp 242

Byccons naxsionenuii 298

Baryymupiit guox 233
BanentHocts 147
Barr 133
Barrmerp 142

Be6ep 334

BekToper 40

Buemyr 274, 282

BuemyroBast cnupans 282

BuelHsng XapaKTepHCTHKA reHepa-
Topa 426

Bonopon 150

Boast 53, 77, 111, 133

— Ha wmerp 38, 57

BosnbramnepHas xapaKTepuCTHKa
207, 208, 219, 231, 234, 25I,
252

Boavtmerp 126, 127, 142, 310

— wuckposoft 210

Bpazslbxglomuﬁ MoMeHT 275, 276—278,

Briksouarens 142

Buinpsamurens 4 05

— rasopa3psaHuit 409

repMaHxeBblil 252

KynpokcHui 250 :

— MeqHo-3aKkuCcHHH 250, 251
NOAYNpoOBOAHUKOBHIH 248, 251,

253, 409 :

— pryrasii 408

— ceseHoBnlf 250, 251

— Teepabiii 409

BrinpsiMieHne mnepeMEHHOro TOKa
405, 416 :

— — — asyxnoaynepuopuoe 406,
407, 409

- — — opHomoJayneproaHoe 406

Tasorpon 408

[assl 204

TansBanomerp 107, 125—127, 142,
157, 264, 312, 313, 366

— GasmaucThyeckuil 341, 342

— 3epkanbHblil 366

— crpyuusi 313

Tanbsanonnacruxa 160

TanpBanocterust 159

leneparop Bau-ge-I'paada 74

— uHayKunonunfi 361, 410, 415

— nepeMenHoro Toka 410, 422

— MOcTOsHHOro Toka 415, 417—
419, 422, 441
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Ienepatop cepuecHnit 423

— C He33aBHCHMBIM BO30YXIEHHEM
422

— — napauieJbHBIM BO36YXKJeHH-

em 423, 425, 426

~— MNOCJELOBaTEJbHbBIM BO36YXK-

nenuem 423, 425, 426

— camoBo36yxzeHneM 423

Tpexdasnoro Toka 428

WYHTOBLIH 423

a.4.c. 161 .

— — — renzoBo#t 190

— — — xuMuyeckuii 161

sJqeKTpHueckuit 410

SJIeKTpHUYecKoro Toka 96, 99,

103, 106, 253, 361, 401

Piiirrn

Tepn 369

I'unoresa Awmmnepa 272

— Kyaouna 271, 272

I'posoBrie  ofnaka 212

I'pom 213

TpomoBas mawuna Jlomonocosa 212
I'pomootBon 216

JABoHHOH 3JaekTpHYeckHiA caol 21,
23, 249

JelicTBylomee 3HAaYeHHE IepeMeH-
HOTO HanmpsiKeHHs 374

— — — roka 372, 373, 387

Jennteny HanpsikeHus 12b

Henonsipusatop BosaywHbll 174

Henonspuzauua 172

— xuMHuueckas 173

Jaxoyaeso Tenyio 130, 134, 199, 219,
305, 439, 447

Jxoyas 130, 133

Juamarneruku 346—349, 351, 363,
354, 359

Junamo-MamnHa 423

Juon 232, 233

Junoas 89

Jusnertpuk 12—14, 23, 40, 41;
204, 239, 395 :

JoMennt 359 -

JlyroBas naaBuabHas neub 220

~— 3JeKTpocBapka 220

JNbipka 245—247

EnvHunma emroctd 31

— 3apsga 31

—— HHAYKTHBHocTH 290, 377
— MAarHHTHOrO MoMeHuTa 276
— — noTtoka 334
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Exununa MaruutHof mHAyKuan 277

— HanpsAXKeHHOCTH MaTHHTHOTO NO-
aa 291

— .— sJeKTpHYecKoro mnoas 38

~— pa6orn 133

-~ pa3sHOCTH MNOTeHuHanoB 53

— cuael cBera 139

— — roka 31, 105, 305

— conpotuBaenus 111

— ygactoThl 369

— 3JeKTPHYeCKOro HanmpsiKeHHs 53

— 3JeKTpHYecKoH eMKoctn 31

EMKocTh  akkymyasTopa 176

— sJeKTpHueckag 77—79, 85, 88,
383

— — yeluHenHoro Ttena 79, 80

JKeneso 344, 345, 351, 353, 355—
359, 454

8akon Amnepa 304

— JIxoyas — Jlenua 130, 132

— Kyaona. 28, 30, 33, 37, 38, 88

— Oma 110—112, 126, 199, 207,
208, 219, 235, 331; 332, 445

— — I 3aMKuyToH Uenu 179

— coxpaHeHHss 5Heprun 49, 163,
188, 328, 445

— ®apanes Bropol 146—148

—_ E7nepBb1ﬁ 145, 146, 148, 150,

— 5JIEKTPOMarHUTHOM
325, 330

Sanuparomuit caofi 249—251

apan 3eman 67

— KOHZeHcaTopa 76

— o6beMHHE 235

— npobublii 37

— npocTpaHcTBeHHHt 232, 235

— TOYeyHHH 28

— saeMeHTapHnfi 19, 153

3apsap HHAyUHpOBaHuhle 24, 25,
212, 335

— HaBelleHHble 24

— noJaspusanuonHse 89, 90, 91

— cBs3aHHble 91

3emns 59, 64, 80, 216, 265, 266

3eMmuoli unpyKTOop 334

— wmarseruaMm 298, 300

HHIYKUHMA

Uzonstop 12
Hﬂﬂé)éKTHBHOCTb 377, 378, 381—383;
1

— coJseHouza 378
Hunykrop 410—413
HuaykuuonHas nein 338



HUnpyxkuus MarautHas 275—277,
286, 289, 345, 354

— 3jeKTpoMarsutHas 18,
335, 361, 378

— aJ1eKTpocTaTHYeckas 24, 46, 270

Huxaurartop 298

Hon 19, 100, 105, 110, 149—153,
155, 166, 194, 214 244

Hounsanus rasa 205

Honnana maBuna 211

Honoctepa 80

Hcrounuk 3.x.c. 118, 161, 253

— 3JIeXTpHYeCKOro Toka 96, 142

320,

Kananossle ayun 230, 23!

Kanpena 139, 220

KapaanoB mnoxsec 297

Karuon 150, 153

Karon 144, 150, 164, 232, 235

— HakaJerHbllt 236

— XOJOxHBIH 236

Katonnoe nanenne noresunana 223

— TeMHoe mnpocrtpanctBo 222, 230

Karopuste nyun 224, 225—230, 264,
292, 314

Keapuesast namna 221

. Kenotpon 233, 408

Kusnosarr 133

Kunosarr-uac 133

Kaerka @apanes 71

Konsextop 415, 442, 443

Komnac 294, 299

Komnayuza-resepatop 427

Komnaynj-nsuratesnn 445

Kongencatop 76—78, 80, 91, 97,
213, 379, 383, 392, 395, 407

— nepemeHHOM eMKoctH 82

— mnaockuii 76, 83, 88

-— TeXHuueckuit 87

KoHTakTHast sqaexTpocBapka 134

KounrakTteeie goapma 410—412

Konnentpanus 3/exTpoHoB 240

Kopona 214

KopoTkoe 3ambikanue 140, 175, 180,
181

Kospuutupnaa cuna 356, 357, 359

Kosdduuuent momuoctn 395, 396,
400, 439

— rTpanchopMannu 399

K.nm.x reHeparopa 452

— — — nxBuratesia 452

-—— — -~ TepMo3Jementa 189, 190

— — — tparchopmaropa 400, 401

~— — — hoTo3seMenTa 253

Kpemuuit 251, 252

Kputnueckas Tempepatypa 118

KpytuabHue Becel Kysiona 29, 281
Kynow 31, 77

JlaMna rasopaspsitHas 222

— nByxaJexTpoiHas 232, 250, 405

— JIHeBHOTO cBera 222

HaKanuBaHus 138—140

— Jlogpirnna 138

HeoHOBas 224

nanbyHKoBast 236

TpexsJeKTpoAHas 233—235, 252

— 3JeKTpoHHass 232, 233, 235

Jlefinenckas Garka 81, 162, 212

Jlunun MarsuTHOTO noJsi 280, 281,
283, 284, 286

— 3JIeKTpHueckoro moas 43, 45,
55--57, 59

FLTLTT

Marnero 412

MarnutoMeTp JguHaMuuecku#t 282

— cratuyeckuit 281

MarauT ecrecTBeHHBIH 254

— HCKYCCTBeHHBIH 255—257

— mnoJocoBod 286, 288

— mnocrosiunbii 256, 258, 351, 356,
357, 412, 453

— 3JleMeHTapHE 271

Maruutaas anomanus 299

— 6yps 300, 319

— samuTta 351—353

muHa 295

ock 3emsn 295

— noctostuHaa 290, 305, 345, 378

— pasBenka 300

— crpesika 258, 267, 310

— 3KpaHupoBKa 352

Marnutioe Bosmymenue 00

— peficteue Toka 101—103

— HakJoHeHue 297, 298

— HacsuueHne 355, 357, 455

— ckJonenne 297—299

— ycnoxoenne 339

MarnuTHele KapTet 281

— mnoviocel 3emau 295

— cuant 260, 261, 302, 303

MaruuTHeit  rucrepesuc 356, 359,
360

— sapsan 269, 272, 273

— wmepugnan 296

— MoMmeHT 276-—278, 353, 354

— mnortok 325, 337, 342, 354, 362,
363

Maruutocrpuruusa 274

Mens 146, 164, 359

Mexmyaaponnas: CHCTEM3  eJIMHHIL
31
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Meraan 20, 103, 111, 150, 162, 163,
166, 189, 194, 219, 239, 240

Mukpoamnep 105

Mukpoamnepmerp 105

Mukpopapan 77

Munnnamnep 105

Mounekyna 88

— jaunoabHasa 89

Mounns 93, 134, 212, 213, 216, 260,

326
Mosb 148, 152
Mo HocTh NepeMeHHOTO ToKa 394,
395, 396
— noaHast 396
— 3JeKTpHyecKoro Toka 132, 337,
445

Hamaruuuensocts 354—356

— ocratounas 356, 357, 359, 424

HamarnuuuBanue 272

— BpeMeHHoe 255, 256

— ocratounoe 255, 256

Hanpsikenwe Jsuneiinoe 429-—431

— Mexasnoe 429

— morepsiHHOe 124

— mpeboss 210, 211

— cuHycouganbHoe 365

— daznoe 429, 430

— sJyieKTpuYeckoe 52—54, 94, 97,
98, 110, 125

HanpsyKeHHOCTh MarHHTHOrO MOJIs
289-—291, 345, 354

— szexTpuyeckoro noas 37, 38, 40,
57, 58, 275

HesapucuMocTs JNefCTBHS MarHuT-
HbIX nostelr 279

— — BJEKTPUYEeCKHX mnojeH 39

Hefitpanbuass 30Ha MarHuTta 257

Hukeann 137

Huxpom 135, 137

Hocurenu . 3apsga 100, 105, 106,
110, 111, 240 ‘

— — HeOCHOBHbnle 247

— — OCHOBHHE 247

— TOKa 240

Oruu cBsaTtoro dawpMa 216

Om 111

Om-merp 113

Onwt [anbBanu 162

— Manpeasiurama u IMananekcu 195
— Pukke 194

— Poynanga — diixenBanpia 292
— Cronerosa 353

— Tonmena u Crioapra 195

— ®Qapanea 348
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Onut pcrena 262

Ocuumatorpap 366

— Katopumii 237, 367

— mnemiesod 366, 371, 389

— maefigoBuil 366

— gggmponﬂonyqeaoﬁ 237, 367,

OTKJoHAIOIWHKE TIacTHHE 237

Mapa cun 275

INapamarnerux 346--348, 351, 353,
354, 358, 359

Ilepuon nepemennoro toka 368, 369

IepMannoit 358

Ilernss rucrepesuca 356, 357

Iukodapany 77

Inamenuelit soux 66, 67

HJI07T5HOCT|> 3apsia MOBEPXHOCTHAs

p—n-nepexox 248, 250, 251

INoapu:kuOCTL 3apsina 240

Ilogvemuas cuida Mareuta 456

Ilone rpaButauuonzoe 49

— KOHcepBaTHBHOe 49

— MarsuTHoe 261, 262, 273-—275,
283, 301; 376, 395

— — Bpamaiouteecst 434, 436

— — 3emyn 275, 282, 294, 295,
2908, 300, 319

— — ojHOpojHOe 275, 289, 309

— 3JeKTpuueckoe 36, 41, 49, 68,
96, 106, 283, 376

— — 3emsu 67

— — oxHopoxaHoe 43, 69

— srajsonHoe 290

IonoxurenvHaa Hopmain 277

TlonoxurenevHullt  cToi6 222, 230

Ilonynposoauuk 14, 189, 190, 199,
239, 240

— JIbIpouHBIH 246, 247

— n-THna 246—248

— p-tuna 246—248
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