JLJ].Jlanoay, E.M.Jludhuuy
IJEKTPOAUHAMHUKA CIIJIOUIHBIX CPE[

OI'JTABJIEHUE
IIpenncioBue KO BTOpOMY M3JaHUIO
[IpenucioBue K nepBoMy U3AaHUIO
Hexotopsie 0003HaueHUs
I'maBa I. DnexTpocrarrika IpOBOIHUKOB
§ 1. DnexTpocTaTuecKoe MoJje NPOBOJHUKOB
§ 2. DHeprus 3JeKTPOCTATUYECKOTO MOJISI TPOBOTHUKOB
§ 3. MeTozs! peleHus 3JeKTPOCTaTUIECKUX 3314
§ 4. [TpoBoasIMi ITUIICOUT
§ 5. Cunbl, aelicTByrOIIME HA IPOBOAHUK
I'naBa II. DnekTpocraTtrka JUAIEKTPUKOB
§ 6. DIEKTPOCTAaTUUECKOE MOJIE€ B JUAIEKTPUKAX
§ 7. lndnekTpuyeckast MpOHUIIAEMOCTh
§ 8. AunnexTpudecKuid 37IMIICOUT
§ 9. ImsniekTpuyeckast MpOHUIIAEMOCTh CMECH
§ 10. TepmoauHaMUUecKHe COOTHOIIEHUS AJIsl AUIIEKTPUKOB B DJIEKTPUUYECKOM
nose
§ 11. IlonHas cBoOOIHAS SHEPTHS TUIIEKTPUYECKOTO Tea
§ 12. DneKkTpoCTpUKIHS H30TPOITHBIX TUAIEKTPUKOB
§ 13. IunnexkTpudeckue cBONCTBA KPUCTAIIIOB
§ 14. TTo0XKUTETBHOCTh AUAIEKTPUUECKON BOCTIPUUMYUBOCTH
§ 15. DnekTpudecKkue CUIIbl B KUAKOM TUAIEKTPUKE
§ 16. DnexTpruyeckue CUIIbl B TBEPABIX TEJIAX
§ 17. ITpe302n€KTpUKH
§ 18. TepmoauHamMuUecKrie HEpaBEHCTBA
§ 19. CerneronsnekTpuku
§ 20. HecoOcTBEHHBIE CETHETOIIEKTPUKU
I'nagsa III. [TocTostHHBIN TOK
§ 21. I[110THOCTH TOKA U TPOBOJIUMOCTH
§ 22. Dddext Xomna
§ 23. KoHTakTHast pa3HOCTh MOTEHIUAJIOB
§ 24. 'anpBaHUYECKHUI DJIEMEHT
§ 25. DIeKTpOKanMILIIPHOCTh
§ 26. TepMOaIEKTPUUYECKHUE SIBJICHUS
§ 27. TepmoranbBaHOMarHUTHBIE SBJICHUS "
§ 28. Inddy3noHHO-2TIEKTPUUECKHE SIBICHUS
I'masa IV. IlocTositHHOE MarHUTHOE TOJIE
§ 29. IlocTosTHHOE MAarHUTHOE T0JIE
§ 30. MarauTHOE 110J1€ TOCTOSIHHBIX TOKOB
§ 31. TepmoanHaMHUUECKHE COOTHOLIEHHSI B MATHUTHOM I10J1€
§ 32. IlonHas cBOOOIHAS SHEPTUS] MarHETUKA

10
11
13
13
16
23
37
49
56
56
58
63
67
69

75

79

&3

89

91

97

102
112
117
126
129
129
134
137
140
142
143
148
150
154
154
158
166
168



§ 33. DHeprus cucTeMbl TOKOB

§ 34. CaMOUHAYKIUS TUHEUHBIX MPOBOJIHUKOB

§ 35. Cusbl B MAarHUTHOM T10JI€

§ 36. 'MpoMarHuTHBIE SIBICHUS

I'maBa V. ®deppoMaraeTusM 1 aHTUGEppOMarHeTH3M

§ 37, MarauTHasi CHMMETPHS KPHUCTAJUIOB

§ 38. MarnuTHsle Kjacchl U IPOCTPAHCTBEHHBIE TPYIIIIBI
§ 39. ®eppomarneTuk BOaM3HM Touku Kropu

§ 40. DHEprus MarHUTHOM aHU30TPOIINU

§ 41. KpuBast Hamarunuenus eppoMarHeTukoB

§ 42. MarautocTpukuus GeppoMarHeTHKOB

§ 43. IloBepXHOCTHOE HATSKEHUE JOMEHHOW CTEHKH

§ 44. [lomenHas cTpykTypa (heppoOMarHeTUKOB

§ 45. OMTHOTOMEHHBIC YaCTHIIHI

§ 46. OpueHTallIOHHBIE IEPEXOABI

§ 47. ®aykTyauuu B heppoMarHeTuke

§ 48. Antudeppomarneruk BOim3u Touku Kropu

§ 49. bukputrueckas Touka aHTU(deppoOMarHeTuka

§ 50. CnaOwlii heppoMarHeTusm

§ 51. IIbe3oMarHeTH3M U MarHuTO3IEKTpUIecKuil 3P PexT
§ 52. I'enukonganbpHas MarHUTHAs CTPYKTypa

I'maa VI. CBepXnpoBoAHMOCTh

§ 53. MarnuTHble CBOWCTBA CBEPXIIPOBOJHUKOB

§ 54. CBepXInpoBOASIINANA TOK

§ 55. Kputunueckoe nose

§ 56. IIpoMeXyTOUHOE COCTOSIHUE

§ 57. CTpykTypa NPpOMEKYTOUHOTO COCTOSIHUSA

I'nmaBa VII. KBazucranmoHapHoe 21€KTPOMarHuTHOE I10J1€
§ 58. YpaBHEHUs KBa3UCTALIMOHAPHOTO MOJIS

§ 59. I'nyOuHa NPOHUKHOBEHUS] MArHUTHOTO TOJISl B POBOAHUK

§ 60. Ckun->ddexr

§ 61. KommekcHOe cOnpoTUBIIEHHE

§ 62. EMKOCTB B IIENTH KBa3UCTAIMOHAPHOTO TOKA

§ 63. JIBukeHue NpoOBOJHUKA B MATHUTHOM I10J1€

§ 64. Bo30Oyx/ieHHE TOKa YCKOPEHHEM

I'maa VIII. MarautHas ruipoIMHaMUKa

§ 65. YpaBHEHHS ABWKEHUS KUJKOCTH B MATHUTHOM TIOJI€

§ 66. JluccunaTuBHbIE IPOLIECCH B MATHUTHOM TUPOJIMHAMUKE
§ 67. MarHUTOrHAPOMHAMUYECKOE TEUCHUE MEXKY MapaJIEIbHBIMU

IUIOCKOCTSIMU
§ 68, PaBHOBECHbIE KOHPUTYpaLTUU
§ 69. MarauToruipoinHaMU4eCKUE BOIHBI
§ 70. YcnoBus Ha pa3pbiBax
§ 71. TaHreHUMAIbHBIE U BpaILlATENbHbBIE PAa3PhIBBI

171
177
183
186
188
188
192
197
200
204
208
212
220
225
228
231
237
242
244
249
251
254
254
257
261
267
273
278
278
281
291
293
299
303
309
313
313
317
320

322
327
333
334



§ 72. Y napHble BOJIHBI

§ 73. YcnoBue 3BOMOLMOHHOCTH YIaPHBIX BOJIH

§ 74. TypOyneHTHOE AUHAMO

I'maBa IX. YpaBHEHUs 2I€KTPOMArHUTHBIX BOJIH

§ 75. YpaBHEeHUs MO B IUIJIEKTPUKAX B OTCYTCTBHE JUCIIEPCUN
§ 76. DnexkTpoarMHAMUKA IBHXKYIIMXCS TUAIEKTPUKOB

§ 77. ducnepcust AUAIEKTPUUYECKON TPOHUIIAEMOCTH

§ 78. JlmpnekTpuueckasi IPOHUIIAEMOCTD MPU OYE€Hb OOJIBIINX YaCTOTaX

§ 79. ducnepcus MarHUTHOM NPOHULIAEMOCTH

§ 80. DHeprus noJisd B IUCIIEPrUPYIOIIUX CpeIax

§ 81. TeHzop HanpsHKEHUH B JUCIIEPTUPYIOIINX Cpeaax

§ 82. AHanuTHYecKHe CBOMCTBA PYHKIMH E(W)

§ 83. Illnockas MOHOXpOMaTHYECKast BOJIHA

§ 84. ITpo3paunble cpesl

I'maa X. PacnpocTpanenue 31e€KTpOMarHuTHBIX BOJH

§ 85. 'eomeTpuueckas onTuka

§ 86. OTpakeHHe U MPETOMIICHHE BOJTH

§ 87. IloBepXHOCTHBIN UMIIEAAHC METAIIIIOB

§ 88. PacripocTpaHeHne BOJIH B HEOJHOPOAHOU cpefie

§ 89. IIpuHIMD B3aHMHOCTH

§ 90. DyeKTpoMarHuTHbIE KOe0aHus B MOJIBIX PE30HATOPAX

§ 91. PacnipocTpaHeHue 371€KTPOMarHUTHBIX BOJIH B BOJTHOBOAAX
§ 92. PaccesHue 31€KTPOMAarHUTHBIX BOJIH HA MaJIbIX YaCTHUIIAX
§ 93. IlornomeHue 31eKTPOMAarHUTHBIX BOJIH Ha MaJIbIX YacTULAX
§ 94. qudpaxuus Ha KIHHE

§ 95. ludpaxius Ha IIOCKOM dKpaHe

I'maBa XI. DnekTpoMarHuTHbIE BOJIHBI B aHU30TPOITHBIX Cpefax
§ 96. lunnexktpudeckas NpOHUIIAEMOCTh KPUCTAJUIOB

§ 97. Ilnockas BoIHA B aHU30TPOITHOM Cpesie

§ 98. Onrrnueckue cBOWCTBA OTHOOCHBIX KPUCTAIIJIOB

§ 99. JIByXOCHBIE KPUCTAILIIBI

§ 100. /IBoliHOE MPENOMIIEHHE B AIEKTPUUECKOM I10JIE

§ 101. Maraurtoontuyeckue 3pPpeKxTs

§ 102. luHaMOONTHYECKUE SIBICHUS

I'maBa XII. [IpocTpancTBeHHas AucnepcHs

§ 103. ITpocTpaHcTBEHHAs AUCTIEPCUs

§ 104. EcrecTBeHHas onTUYeCKask aKTUBHOCTh

§ 105. HpOCTpaHCTBCHHa}I AUCTICPCHUA B OIITUYCCKU HCAKTUBHBIX Cpeaax

§ 106. IlpocTpancTBeHHas qUCTIEpCHUs BOJIU3H JTMHUU TTOTJIONICHUS
I'masa XIII. HenuHueiinas ontuka

§ 107. TIpeobpa3oBanue 4acTOT B HETMHEHHBIX Cpeax

§ 108. Henuuelinas MpOHULIAEMOCTD

§ 109. CamodokycupoBka

§ 110. I'enepanust BTOpoii rapMOHUKHU

340
343
350
357
357
362
367
371
372
378
383
386
393
397
401
401
405
414
420
425
428
433
441
445
446
451
455
455
458
465
469
475
476
486
491
491
497
502
504
509
509
511
517
524



§ 111. CunpHble 21EKTPOMarHUTHBIE BOJIHBI 531

§ 112. BeiHyX/1eHHOe KOMOMHAIIMOHHOE paccessHue 535
I'maBa XIV. IlpoxosxaeHne ObICTPBIX YaCTHUI] Ye€PEe3 BELIECTBO 538
§ 113. Monu3annoHHbIe MOTEPH OBICTPHIX YACTHI] B BEIIECTBE. 538

HepensaruBucrckuil ciyqaii
§ 114. MoHu3zamoHHbIe OTEPU OBICTPBIX YACTHI] B BellecTBe. PenaruBucrckuit 545

ciay4an
§ 115. U3nyuenue Yepenkosa 553
§ 116. IlepexonHoe n3inyueHue 556
I'maBa XV. PaccesiHue 351€KTpOMAarHuTHBIX BOJIH 562
§ 117. O6mas Teopust paccestHus B U30TPOIHBIX Cpeaax 562
§ 118. IIpuHIMD KeTaTBHOTO PaBHOBECHS IIPU PACCESTHUU 570
§ 119. Paccesinue ¢ MaibIM U3MEHEHHUEM YaCTOThI 574
§ 120. PanteeBckoe paccestHue B ra3ax M »KUIKOCTSIX 582
§ 121. Kputnueckas onanecueHuus 589
§ 122. PaccesiHue B KUIKHX KpHUCTAIIaX 591
§ 123. Paccesinue B aMOp(HBIX TBEPBIX TEIAX 593
I'maBa XVI. [ludpakumst peHTreHOBBIX JIyuell B KpUCTaIax 597
§ 124. O6mas Teopust AMPPaKIUN PEHTTEHOBBIX JIy4yei 597
§ 125. MHTerpanbHas MHTEHCUBHOCTD 604
§ 126. luddysHoe TemioBoe paccessHue peHTTeHOBBIX JTyueit 607
§ 127. TemneparypHas 3aBUCUMOCTb C€UCHUS TUDPAKITHHI 610
[Ipunoxxenne. KpuBoarHeWHbIE KOOPIUHATHI 614
IIpenMeTHBIN yKa3aTenb 616

I[MPEAMETHBIN YKA3ATEJIb
OTOT yKa3aTrenb JONOIHIAET OIJIaBJICHNE KHUTH, HE MOBTOPsAs ero. B ykasaTeins
BKJIFOUYEHBI TEPMUHBI, [IOHATHS U 33J1a4U, HEIIOCPEICTBEHHO HE OTPaXKEHHBIE B

OTJIaBJICHUH.
AoGparama cuna 361, 386 Bproctepa yron 409
Annabatuyeckuii H”HBapuaHT 385 breicTpas ynapHas BosiHa 347
A3UMyTaJIbHBIE U MEPUAMOHAIBHbBIE Bexrop rupanuu 477, 497

TOKHM 325 — —, BBICOKOYACTOTHAas aCUMIITOTHKA
Anb(BeHOBCKask CKOpocTh 329 484
Anb(pBeHOBCKHE BOJIHBI 329 — ONTHYECKOW akTuBHOCTH 477
— —, norjouenue 332 — IloiiTunra B rupotrponHoii cpene 484
— pa3pbIBHI 336 — — B CpeJie C IPOCTPAaHCTBEHHOM
— —, pacuupenue 339 mucnepcuent 495, 496
bapnerra adppexr 186 BMopokeHHOCTh MATHUTHOTO TTOJIS
bunopmans 470 317,351
buo n Casapa 3akoH 161 Bonna Brirouenus 350
bupanuans 470 Bonnsl B kpyriiom BoHOBOIE 440
Bbperra — Bynbda ycnosue 601 — — IPSIMOYTOJIBHOM  BOJIHOBOJIE

bperra merozn 606 440



BonHbl 3n€KTpUYECKOTO U
MarHUTHOTO TUIMOB 421

————— B BOJIHOBOZE 434

Bpamarensnbiii - paspsiB 336

BpaieHne miockocTy Nosipu3anyu
BO Bpamaroniemcs tene 499

BreinyxneHHoe nsnyuenue 562, 572

BbiHyX/1eHHOE KOMOHMHAIIMOHHOE
paccesiaue 535, 573

BricoTa moiHATHS KUAKOCTU B
KOHJAeHcaTope 75

INaprmanna uumcmno 322

['unore3a maciTabHOM
WHBapUaHTHOCTHU 233, 244

['mpoMarHuTHblE KOA(PPHUIIMEHTHI
187

I'mporponnast cpena 477

I'ucrepesuc 205

I'nmaBHas BosiHa 436

I'maBHOE ceuenue 467

I'maBHBIE aMdnEKTpUuUecKHe ocu 459

I'myOuHa NPOHUKHOBEHUS B
CBEpXIPOBOJHUK 255, 282, 417

I'pannunbie ycnoBus JleoHTOBHUA
414

— —Ha TpaHulEe [HUAJIEKTPUKOB 58

—  ——— 1ToMeHOB 224

— ——— MardgetukoB 156, 157

— — — — CBEpXIIPOBOJIHUKA 256, 267

— — — JBUXKYIEHCA IpaHuLEe
JIuaneKTpuka 365, 533

— — 1pu oTpakeHuu csera 407

I'pynnoBas ckopocts 403

JIBOMiHOE KpYyroBO€ IIPEIIOMIICHUE
481

JIBoitHoi cioit 138, 142

JIByxocHbIe KpucTauibl 84

JIByxdoTobiHoe noriouienue 537

Jebas — Bannepa MaOXuTENH 612

— — IlIeppepa metoxn 606

Henonspusyroniee nose 66

Hedokycupytomas cpena 518

Jxoyns — Jlenna 3axon 130, 135

JI3simommHCcKoro nose 248

JumnonbHblil MOMeHT 35, 57

Jupexrop xuakoro kpuctayua 106,
592

JHucnepcuonnas popma munuu 587

Juccunanusi >HEpruv B

Hwusnexrpukax 379, 457

— — CHCTEMOM DJIEKTPOOB B
npoBojsen cpene 132

Hudpakuuonnoe msatHo 601

— — BOKpYT I'NITaBHOro Makcumyma 603

— — —nobouHoro Mmakcumyma 604

Hudpakus Ha

JlononHUTENBHOM dKpaHe 452

— — KpYIJIOM OTBepCcTHH 453

— — meau 452

Hwuonextpuku 13, 56

JsnexTpudeckasl BOCHPUMMYHUBOCTh
59

— nosisipu3anus 56

— MPOHULAEMOCTH 59

Jusnextpudeckuil TeHzop 83

JloMeHHas CTeHKa B KyOM4eCKOM
kpuctamie 216—219

— — — OJIHOOCHOM Kpuctamie 219

Homenst 206

— 3aMBIKaromme 221

—, 00J1aCTh CyIIECTBOBAHUS B
amuncouse 207

— cerHeroliekTpuueckue 121

Emkocts 17

— B3auMHas

JIByx mnpoBogHUKOB 21

— — — OWIMHIpPOB 32

— KoJblia 22

— KOHJIEHCATOpa € y4ETOM KPaeBbIX
s dexToB 36

— MPOBOJIAIIETO 11apa B aHU30TPOITHOM
cpene 87

— cepudeckoro cerMenTa 36

EcrecrBennas ruporponus 498

— OINTHYECKAsi aKTUBHOCTBH 498

— — —, CB3b ¢ cummeTpuen Tena 501

3apsij, MPOTEKAIOIIUNA MO KOJIBILY ITPH
ocTaHOBKe BpaiueHus 311



—, — — KOHTYpY pU U3MEHEHUHU
MarHuTHOTro nmotoka 308

W3myuenune numnois B cpene ¢ € u |, 427

— MPU JABWKEHUU YaCTHUIIBI B
paccenBaronieit cpeae 581

M3MeHeHne eMKOCTH KOHJIeHCaTopa
IIPY BHECEHUHU JUDIIEKTPHUUECKOIO
mapuka 82

— 3Haka BpemeHu 188

— 00BbeMa U pOpMBI IPOBOASIIETO
11apa BO BHEIIHEM Ioye 53

— — M 3JIeKTpoKajioprueckuit 3 dexr
JURIIEKTPUYECKOTO AJUIUIICOU 1A
BO BHelIHeM mouie §1

N3menenne oobeMa heppoMarHuTHOTO
AIUTUIICOU]IA BO BHELIHEM I10J1€
212

— TEIJIOEMKOCTH AUAJIEKTPUUECKON
IUTACTHHEI B T10JIe 81, 82

— (OpMBI  TUAIIEKTPUYECKOTO IIapa
B nose 102

Nmnenanc 294

Nunykiusa marautHas 154

— dJIeKTpHuueckas 57

WNuepunonnas obnacts 354

KBaznpynoybHbII1 MOMEHT 3apsKEHHOTO
amnconga 44

Keppa s dext 476

Kunernueckue koapounuents! 132

KombOunanmonHoe paccessauune 582

Komb6uHannonnsle 4actotsl 509

KommiekcHblil nmoTeHnuman 28

KoHnrakTHBIi pa3psiB 334

Kondopmuoe otobpaxenue 29

Korrona —Mytona ¢ dext 482

KoaddunreHnt B3auMHON HHAYKIIUN
173

— nenonsipuzauuun 43

— eMkoctu 17

— 3aTyXaHHUs N10JIsI B IPOBOJAIIEM
mape 289

— otpaxkenus 407

— — BOJIM3U yIJ1a MOJIHOTO OTPa’KEHUS
411

— — IUTACTUHKU 412

— — — c 6onbmuM e 413

— —TpH CKOJb3sieM mnajaeHun 411

— —, CBSI3b C [IOBEPXHOCTHBIM
nMmienascom 419

— mrornomieHusa 395

— pa3MarHu4uBaHus 66

— camMouHayKuuu 172

— — 7BoitHoro nposoza 181

— — 3aMKHyTOro nmposoga 179

— ———B MarHuTHO#N cpene 182

— — TOPOUAAIBHOTO cojeHouaa 182

— — HWIMHAPUYECKOIO COJIEHOM 1A
179, 182

— SKCTUHKIUHU 572

— DIIEKTPONPOBOAHOCTH 129

— BJIEKTPOCTATUYECKON MHAYKIUU 17

— — — YJAJIECHHBIX IPOBOJIHUKOB 22

Kpamepca —Kponura dopmysst 389,
390

Kputnueckue nHAEKCHI (ITOKa3aTeIH)
232,233,590, 591

Kpurnueckoe cocrossnue 117, 589

Kpyrosas ontuueckas oce 477

Kpsbuto nunum 583

Jlangay — Ilnavexa dopmyma 587

Jlay> meton 604

— ypaBHeHue 600

Jlerkas ocw, maockocTh 201

Jlemoka — Puru adpdexr 149

JIuneitnbie Toxku 161

MarauTtHas BOCOpUUMYHUBOCTH 156

— noJaspuzyemMocts 286, 445

— — IPOBOAAILErO HUINHIPA B
MarHuTHOM noiie 288

— — — 11apa B MarHUTHOM 11oJie 287

— pemetka bpass 196

— cTpyKTypa 188

MarsuTtHO€E noJje BOKpyr
BpAIAIOILIErocs B IEKTPUIECKOM
noje mapa 365

— — B [IOJIOCTH LIUJIMHAPUIECKOTO
npoBoHMKA 164

— — 3aMKHYTOro Toka 163



— — — — B aHU30TponHOMU cpene 165

— — KpYrOBOTI'0 3aMKHYTOI0 Toka 164

MaruuTHble KpUCTAIIINYECKHE
knaccel 190, 192

— MOBEpXHOCTH 323

— IPOCTPAHCTBEHHBIE Tpymbl 189

MarsuTHbII MOMEHT HEPAaBHOMEPHO
BpAILAOLIErocs MPOBOISIIETO
mapa 311

— — MPOBOJSIIETO 11apa,
BpAILAOLIErocsi B MArHUTHOM
noste 307

— — CcBEpXIpoBoJALIero Aucka 261

MarauTo3ByKOBbIE BOJIHBI 329

Maruurocrarnueckass 3Heprus 226

Maruauroctaruyeckue KoJjaebaHus
374

MarnuTtocTpukuus nuHenHas 249

Maruuroynpyras sHeprust 209

Makcgemna a¢dexr 488

MakcBeuI0BCKOE BpeMs pellaKCcalluu
588

Manpensimrama — bpuinnrooHa
nyoner 586, 593

Matpuna umnenanca 298

Mennennas ynapHas BosHa 347

Meton nzobpaxenuii 23

— uHBepcuu 25

— nopomkoB 606

Muxkpomaruetusm 225

MuHUMaIBHOCTh IUCCUTIAIIUU SHEPTUU
B IIpoBoAsIei cpene 133

MoOMeHT cuil, IeMCTBYIOIINX HA
aHU3O0TPOIHBIN AUAIEKTPUUECKUM
map 88

— —, — — JAMRJIEKTPUYECKUN
snumcony 66

Mbnin — Poy Teopema 510

Hakauka 380, 535

Haknonnoe npoxoxnenue 421

Hamaramuyennocts 155

— MOJIMKPUCTATNINYECKOTO
beppomarueruka 207

Hamnpasienne nerkoro HaMarHM4eHUs

201
HanpspkeHHOCTh MarHuTHOTO mosig 155
— DJIEKTpUYECKOTO 1moJjs 13
Henuneiinas BocnpuuMuuBOCTb 512
HenoxkanpHas cBs3p 491
HemaTtnueckue )xuaknue KpucTaibl

106, 591
HeobOrikHOBeHHas BonHa 467, 473
Hecmemennas nmuaus 583
HecopasmepHsbie cTpykTypsl 253
Hepncra addexr 149
HopmanbsHoe npoxoxxaenue 421
O6macte mpospaunHoctu 381, 397
OO6nacte CrIOHTaHHON

HaMarHnyeHHocTH 206
ObmenHoe B3aumozeiicteue 197
O060011eHHbIE BOCTIPUUMYUBOCTH 286,

455, 493
OObIkHOBEHHAas BoyiHA 466
OpnnHoocHblE KpUCTAILIBI 84
Owma 3akoH 129
— — B JBUXKYIIeMcs npoBoaHuke 303
Omncarepa npuniun 131
OnpokunpiBanue noapenietox 240
Ontnueckast och 465, 470
— — nyueit 470
— — cuHrynspHas 474
OnTtuueckn Oosee (MeHeEe)

IJ10THBIE cpenbl 410
OtpunarenbHble KpUCTAILIBI 466
[TapannensHble yaapHble BOJHBI 348
— — —, DBOJIIOIMOHHOCTE 349
[Tapamerpuueckoe ycunenune 530
[lenabThe apdext 147
[lepnennukynsapHas yaapHas BojiHa 342
ITnaa 324, 325
[Iupoanexrpuueckue Tena 85, 86
[lnazmennsiil mHyp 324
[Inockue BOJIHBI HEOIHOPOAHBIE

394
[I0THOCTH 3NEKTPUUYECKOTO TOKA

129, 158



IToBEpXHOCTHBIE BOJIHBI B
nbe303JeKTpuke 111

— — Ha I'PaHULE IUIIEKTPUKOB 425

— — — 3apsKEHHOM ITPOBOIALLEH
Kua- '

Koctu 54

IToBepxHOCTHBIM uMnenanc 284,
415

— — C YYETOM TEPMODJIEKTPUUECTBA
289

IToBEpXHOCTH BOJIHOBBIX BEKTOPOB
460

— nHJeKcoB 460

— nyueBas 461

— HopMmazeit 460

[Tokazarens npenomiienus 394, 395

ITone tockoe 27

— DJIEKTPOCTATUIECKOE BOJIM3U
KJIMHOBU/IHOTO Kpasi IPOBOJIHUKA
32

[Tone snexkTpocTaTuyeckoe BOIU3U
KOHHUYECKOTO OCTpHUS Ha
MIOBEPXHOCTU IPOBOAHMKA 32

— — — — yray6nenus 33

— — BHYTPHU aHU30TPOITHOU
IJJACTUHKH BO BHEIIHEM I0J€e 88

— — B [10JIOM JIU3JIEKTPUUECKOM
uuauHape 67

————— mape 67

— — — c(heprueckoii OJIOCTH B
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NMPEAUCJIOBHE KO BTOPOMY HU3JAHHIO

Ilns nepBoro u3faHusi 3TOT TOM OB HanucaH 25 Jer Hasaf.
EcrectBeHHO, 4TO TakoH 6OJBIICH CPOK NpUBEJa K HEOGXOJIHMOCTH
JOBOJbBHO 3HAYUTENBbHOH TnepepaGOTKH M [JOINOJHEHHS KHHMMU [/
HACTOSIILIETO, BTOPOrO, H3/JaHHS.

O160p maTepnana Obl pOU3BeJeH B CBOC BpeMst TaKuM o6pasoM,
4970 (paKTHUECKH OH (32 BecbMa HE3HAYHTENLHBIMH HCKJIOYEHHSIMH)
He ycTapeJ MW K HacTosilemy speMeHd. B 3ToH uactH npoussejieHbt
JUIIL CPAaBHUTRJIBHO HeOOJbliHe JONOJIHEHHA U YJYyUileHHs.

NorpefoBanocs, 0HAKO, CYHIECTBEHHOE JONOJIHEHHE KHUTH HOBBIM
MmatepuanoM. OCOOEHHO 3TO OTHOCHTCA K TEOPHMHM MATHUTHBIX CBOHCTB
BelleCcTBA M TEOPHH ONTHYECKHX SIBAEGHHH; MOOaBJIEHB HOBBIE TJIaBhl
O NPOCTPAHCTBEHHOH IHCHepCHH W O HeJUHeHHOH onTHKe.

JaBa 00 3JIeKTPOMaTHHTHBIX (DYKTYaUHAX UCKIIOUeHa, IOCKOAbKY
3TOT MarepHasd H3JI0XKeH Tenepb, B H3MEHEHHOM BUJE, B IPYroM TOMe
storo Kypca—Ttome IX.

Heouenumyio nomolps npd paGorte no nepepaGoTKe 3TOro, Kak H
ApYrux, TOMOB OKa3and 3aMeYaHusi HAWIMX TOBApHUWeH 1o Hayke —
CJMUIKOM MHOTHX, 4TOOBI BCeX 3JeChb MEPEUHC/IHTb; BCEM HM MBI
HckpenHe OsarofapHbl. Oco6eHHO MHOrO 3ameuaHuii OLUIO ClIE/TaHO
B. JI. Tuns6yprom, B. 9. 3eapnosuuem u B. I1. KpaiinoseiM, Ouenb
IHeHHA AJas1 Hac ObLIA BO3MOXKHOCTb IHOCTOSSHHOI'O OOCYXKIEHHS BO3-
HukaBuigx BonpocoB ¢ A. @. AuxpeennM, M. E. J[3siomwnHCKUM H
U. M. JInpuinnem. Ocobyio 6/arofapHOCTb MBI XOTHM BHIPA3HTh
C. U. Baiinwreiiny u P. B. To/ioBHHY 3a GOJbUIYIO NOMOMLb, OKa-
3aHHYIO UMM TpH nepepaboTKe I/1aBbl O MarHHTHOH PHIPOLMHAMUKE.

Hakoneu, mbl 61aropapust A. C. Boposuky-Pomanosy, B. U. T'pu-
ropbesy u M. U. KaranoBy, npouuTaBlIUM KHUT'Y B pYKONHCH U
CAEJABUIUM DPAX [TOJAE3HBIX 3aMedaHuH.

Hionn 1981 r. E. M. Jupwuy, J. I1. ITumaesckuii



NPEJUCJOBUE K NMEPBOMY U3JAHHIO

IIpensaraemnotii ToM «TeopeTnueckodl USUKH» MOCBALIEH TEOPHU
3JIeKTPOMArHUTHBIX NOJEell B MaTepUHaTbHBIX CcpellaXx H TEOPHH MaKpo-
CKOMHYECKHX JIEKTPUUECKHX H MATHUTHBIX CBOHCTB BemlecTBa. Cropa
OTHOCHTCSl, KAK 3TO MOXKHO BHJETb U3 OIVIaBJ/E€HHA, BeCbMa ILIUPOKUH
KpPYyr BONPOCOB.

Ilpu HanucaHUM 3TOH KHUTH MBI BCTPETHJIHCH CO 3HAUHTENbHBIMH
TPYJHOCTAMH, CBf3aHHB:MH C HEOOXOAMMOCTBIO KaKoro-To oT6opa H3
UMEIOIlerocsl OrpoOMHOIO MaTepHasa, a TaKxke ¢ TeM, UTO OOBIYHOe
U3JI03K€HHEe MHOTHX OTHOCSIIUXCS CIOfla BONPOCOB He 0B6JajaeT AOMXK-
HOH cTeneHbl0 (U3NYECKOH SICHOCTH, a 3a4acTyio JaxKe COJEPIKHT
olmuO6KH. Mpl oTjaeM cefe OT4UeT B TOM, 4TO U B IIpeAJjaraeMoM
H3JI02KEHHH MMEeTCs elle MHOTro fe(eKTOB, KOTOphle MBI PACCUHTLIBAEM
HCIIPaBUTh B JajbHefIlleM, B CJAEIYIOMHUX H3JaHHAX KHHIHU.

Mu G6nmaropapust npog. B. JI. I'mH3bypry, npounTaBlleMy KHHUTY
B PYKONHCH H CJeJaBlleMy psJ| NOJe3HHX 3amedaHuii. Mpl 67aro-
papusl takxke W. E. asyrommackomy u JI. Il. IlutaeBckomy 3a
60o/bIIYI0 NIOMOLLb, OKA3aHHYIO MMM [PH UTEHHH KOPPEKTYDHL.

MockBa, okrtsa6pb 1956 r. Jd. 4. Jlanoay, E. M. JIWIMIW{
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12 HEKOTOPBLIE OBO3HAUEHUS

Besje npHHATO MpaBH/IO CYMMHUPOBAHHS M0 ABaXJAbl MOBTOPSIO-
IIUMCST BEKTOPHBIM M TEH30PHBIM TPEeXMepHBIM (JMaTHHCKHE OYKBHI) H
JIBYMEPHBIM (rpedeckue OYKBBI) HHIEKCaM.

CerpiikM Ha naparpadbel H (OpMYJBl APYTHX TOMOB 3TOrO Kypca
cHabxeHbl puMcKHMU Uuppamu: | —«Mexanukar, 1973; 11—«Teopus
noas», 1973; 11l —«KpantoBasg Mmexanuka», 1974; 1V -—«KBantoBas
aJeKTpofuHamuka», 1980; V —«Crartuctuueckas ¢usuka, dYacTb 1»,
1976; VI—«Mexanuka crjiomasix cpefy, 1954; VII—«Teopusa ynpy-
roctu», 1965; IX —«Crarucruueckass ¢usuka, vacte 2», 1978;
X —«Dusnueckasd KuHeTHKa», 1979,



rmABA I

JIEKTPOCTATUKA NPOBOJHHUKOB

§ 1. daekTpocTaTHYecKoe MoJie MPOBOJHUKOB

TIpexmeT MakpOCKOMUUECKOH 3/JE€KTPOANHAMHKH COCTaBJseT H3Y-
YeHYe 3/1eKTPOMATHUTHHIX 1071ell B POCTPAHCTBE, 3alOJHEHHOM Belle-
cTBoM. Kak W Bcfikasi MaKpOCKONHMYeCcKast TeOpHs, 3JeKTPOIUHAMHKA
onepupyeT (U3HYECKHMH BeJIHYMHAMH, YCPEeJIHECHHBIMH MO «(pH3HYECKU
BecKOHEYHO MaJbiM» 3/eMeHTaM OfbeMa, He HHTepecysich MHKPOCKO-
MUYECKHMH KO/Me0AHHAMH 3THX BeJUYHH, CBSI3AaHHBIMH C MOJIEKYJsIp-
HBIM CTpOEHHeM BelllecTBa. 14K, BMECTO HCTHHHOTO «MHKPOCKOITH-
YeCKOT0» 3HAYEHHS HANPSKEHHOCTH SJIEKTPHUECKOTO Mo/15i € MBI Gyjem
paccMaTpuBaTh ee ycpejHeHHOe 3HayeHue, 0003HAUHB €ro Kak

e=E. (1,1)

OcHoBHBIE YpaBHEHUH 3JIEKTPOAHHAMHKH CIVIOMIHBIX CPeX IOJY-
YAIOTCH TOCPEICTBOM YCPeIHEHHS] YpaBHEHHH 3/JeKTPOMarHUTHOIO
noist B mycroTe. Tako#l mnepexoj, OT MHKPO- K MaKpPOCKOMHYECKHM
ypaBHeHHsIM Gbl1 BrepBhle npousbefeH Jlopenuyem (H. A. Lorentz,
1902).

Bua ypaBHeHHH MaKpPOCKONHUECKOH 5JeKTPOAHHAMHKHE M CMbICJ
BXOASUIHX B HUX BeJIMYMH CYLIECTBEHHO 3aBUCHT OT (QU3UYECKOH NpHU-
pPOABL MaTepHaJbHOH Cpeibl, a TaKXKe OT XapaKTepa H3MeHeHHWSl M0JIs
co BpemeHeM. [IosToMV mpeicTaB/asieTcsl palMOHANbLHBIM IPOH3BOIHTD
BBIBOJL M HCCJA€JOBaHHE 3THX YPaBHEHHH /Il Kaxioll KaTeropuu
(u3nuecKHX 06HEKTOB B OTAE/TbHOCTH.

Kak u3BecTHO, B OTHOILEHHH 3/EKTPHHYECKHX CBOHCTB BCe Tesa
JeJIITCS Ha JIB€ KATErOopHH—NpPOSOORUKU W OuU3AeKMpUKU, TpPHYEM
riepBLle OT/JHYAIOTCSI OT BTOPBHIX T€M, UTO BCAKOE 3JEKTPHUECKOE MoJie
BBI3BIBAET B HHX JBH:KeHHe 3apfAJ0B-—3JeKTPHYECKHH TOK?').

Mbl HauHeM ¢ HM3YYeHHA NOCTOSHHBIX 3/JEKTPHYECKUX MoJeH, co3-
JlaBaeMbIX 3apsXKeHHLIMH NPOBOAHUKAMH (34€KMpocmamuKra T1poBOJ-
HHKOB). M3 OCHOBHOro CBOHCTBA NPOBOJHHMKOB, NpeXAe BCEro, cJie-
AyeT, YTO B JIEKTPOCTATHHECKOM CJydae HalpsiKeHHQCTh 3JeKTPH-
YECKOr0 N0Jisi BHYTPH HUX JOJUKHA ObITh paBHOH Hymo. [eiict-
BUTEJLHO, OTJIWHYHAs OT HYJAsi HanpsikeHHocTb. E npuBena 6wl
K BO3HHKHOBEHHIO TOKa; MeXJy TeM paclpOoCTpaHEHHe TOKa B Mpo-

1) TIpoBoanHK Tpejnonaraeres sjaeck OAHODOAHHM (M0 CBOEMY COCTEBY, TeMre-
patype u T. 1.). B neoaHOpojHOM NDOBOAHMKE, KAK Mbl YBHAHUM B JaJjbHeillleM,
MOT'YT CYIIeCTBOBATh NOJIsi, He BBHI3HBAOULHE JABHXKEHUS 3apsLOB.



14 ’ 3NEKTPOCTATHKA TMPOBOJHHKOB [rn 1

BOJHHKE CBSI3aHO C AMCCHIIanMed 9SHEPTHH H [OTOMY HE MOXKET CaMmo
no cebe (0e3 BHEWIHHX MCTOUHMKOB 3HEPIHH) NOALEPKUBATLCH B CTd-
IUOHAPHOM COCTOSIHHH.

Orciona B cBOW oyepelb CJeAyeT, YTO BCE 3apsiJbl B NPOBOAHHKE
LOJKHBEL GHITb pacupejieieHH 10 €ro MOBEPXHOCTH: HaJW4He 3apsifiob
B ofbeMe NPOBOJHHMKA HEMpPeMeHHO INpHuBeao Obl K BO3HHKHOBEHHIO
3MIEKTPUUECKOrO NOJSL B HEM'); pacnpefeseHde »Ke 3apsijioB 10 I6-
BEPXHOCTH MOXET OBbITh OCYLIECTBJIEHO TakuM 00pa3oM, 4TolHl co37a-
BaeMble MMH BHYTPH IHpPOBOAHHKA NOJS B3aHMHO KOMIIEHCHPOBAJHCh.

Tem cambiM 3afasa  JIeKTPOCTATHKHM IPOBOAHHKOB CBOAUTCA
K OIpEeJeeHHIO 3JEKTPHUIECKOro M0J5 B NycTOTe, BHE [POBOJHHKOB,
H K OIpeleJeHHIO pacnpefeleHUs 3apsAloB HO NOBEPXHOCTH NPOBOA-
HUMKOB.

B Toukax, He C/JIMIUKOM GJH3KHX K MOBEPXHOCTH TeJa, cpejHee
nose E B nyctore dakTHYecKH COBIajaeT ¢ MCTHHHBIM MOJeM e. JTH
JB€ BEIUYHHBI OTJIHUAIOTCS APYT OT APYra JHlb B HENOCPEACTBEHHON
OJM30CTH K Tely, TjJe ellle CKashBaeTcsi BJAHSHHE HEPeryJspHBIX
MOJEKYJAspHEIX nogel. Ilocnennee ofctosTesnbcTBO, OJHAKO, HE OT-
paxaeTcs Ha BHJe YCPeIHeHHBIX ypaBHeHHH no/asA. TouHble MEKPOCKO-
MYeCKHe ypaBHeHHs Makcpessa B IyCTOTE TJ1aCHAT:

dive=0, (1,2)
1 6h
=9 1

rote . (1,3)
(h—MuKpocKonHYeCKasd HalpSXKeHHOCTb MarHuTHoro noJs). Ilo-
CKOJ/IbKY CpeAHee MATHHTHOE I10JIe NpeinoJaraercss OTCYyTCTBYIOLIUM,
To H npousBogHasg oh/0f oOpamaercss B pe3y/bTaTe YCPELHEHHS
B HyJdb, M MbBl HaxoAuM, YTO IIOCTOSIHHOE 3JEKTPUUECKOe MoJe
B [YyCTOTe YJAOBJIETBOpSeT OCHUHEIM ypABHEHHAM

divE=0, rotE=0, (1,4)

T. €. ABJACTCA NOTEHLUHWAJbHBIM I10JIEM C ITOTEHIHANOM ¢, CBA3AHHLIM
C HalpsAKEHHOCTbIO COOTHOLICHHEM

E=—gradeg (1,5)
U YJOBJETBOPSIOUIMM ypaBHeHHIO Jlamiaca
Ap=0. (1,6)

T'pannynele ycnoBus aas noist E Ha NOBEPXHOCTH HPOBOJHHKA
caefylor u3 camoro ypaBHeHus rot E=0, copaBegguBoro (kak u
ucxonuoe ypasHenue (1,3)) u BHe, W BHyTpU TesJa. BriGepeMm ock z
N0 HanpaBJ€HHMIO HOPMaJu N K NOBEPXHOCTH INIPOBOJHHKA B HEKO-
Topo#t ero touke. Komnonentra FE, mnojsi B HenocpeACTBEHHOH OJik-
30CTH K TMOBEDPXHOCTH TeJja MAOCTHUraeT OdYeHb OO/bIINX 3HaueHHH
(BBUAY HannWuudA 31€Ch KOHEUHOH PasHOCTH MOTEHUMAJOB HA OUYEHb

1) 310 sicHo BHAHO M3 MpHBeJeHHOro Huke ypasrenusa (1,8).
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MaJBIX PacCTOSHUAX). D10 6OJBILOE MOJE SBJSETCS CBOHCTBOM caMoi
MOBEPXHOCTH H 3aBHCHT OT ee (U3HUECKHUX CBOHACTB, HO He HMeer
OTHOIIEHHA K pacCMaTPHUBaeMON HaMH 3JEKTPOCTAaTHYeCKOH 3ajaue,
TaK Kak OBICTPO CnafiaeT y:Ke Ha pPacCTOSHHAX, CPaBHHUMBIX C aTOM-
HbIMH. CylecTBEHHO, OJIHAKO, 4YTO €CJAH II0BepXHOCTb OJHOPOJRHA,
npoussBofnbie 0F,/0x, OF,/0y BAOJDb NOBEPXHOCTH OCTAIOTCH KOHEU-
HBHIMH, HECMOTPSI Ha ofOpameHne camoro FE, B OCKOHEYHOCTb,
[Tosromy u3

dE, aEy

oy 5z =0

(rotE), =

cnenyer, uto 0E,/0z koneuHo. 10 3HAUUT, 4TO E, HENpephiBHO Ha
MOBEPXHOCTH (TaK Kak CKauok £, o3Hayan Obl 06pameHHe pou3-
BOoAHOA OE /0z B Geckoneurocts). To ke camoe orHocutes u X E,,
a HOCKOJIbe BHYTpU npoBoiHHKa Boobme E=0, To MH npuxo;mM
K BBIBOJY, YTO KacaTeJbHble KOMIOHEHTHl BHENIHEr0 MO/ Ha €ro
[OBEPXHOCTH JLOJIKHHE 06pallaTbCsi B HYJb:

E,=0. (1,7)

Taxum 06pa3oM, 3/1eKTPOCTATHYECKOe NOJe AOJKHO OBITh HOpPMaJib-
HBIM K MOBEPXHOCTH NPOBOJHHKA B KaxJoH ee Touke. Ilockoabky
E=—grad¢, TO 3TO 3HAYUT, YTO NOTEHLUHAN IOJAS JOJMKEH OBITb
IOCTOSIHHBIM BJIOJb BCEil MTOBEPXHOCTH KaXKAOTO JAHHOTO NPOBOJAHUKA,
JpyruMu cjOBaMH, [OBEPXHOCTb OJHODOJHOTO NPOBOJHHKA Mpel-
craBJiseT cOOOH 3KBUNOTEHLHANBbHYIO NOBEPXHOCTh 3IEKTPOCTATHUEC-
KOro HoJSf. ,

HopmanbHas e K NMOBEPXHOCTH KOMIIOHEHTa MO/ BecbMa IPOCTO
CBsI3aHAa C IVIOTHOCTBIO PACHPEJEJEHHOTO 110 [OBEPXHOCTH 3apsijia.
Ora cBA3b IOJAy4YaeTcsl U3 OOLIero 3JeKTPOJHHAMHYECKOrO ypABHEHHS
dive=4mp, KoTOpoe Hocse yCpelHEHUsl IPUHUMAET BUJ

div E = 4mp, (1,8)

rie o—cpelHas MJOTHOCTb 3apsAja. B uHTErpasbHOM BHIE 3TO
ypaBHEHHE 03HAYyaeT, KaK H3BECTHO, UTO MOTOK 3JEKTPHUECKOTro NOJS
uepe3 3aMKHYTYI0 NMOBEPXHOCTb paBeH MOJHOMY 3apsfy, Haxojsue-
MyCsi B OIpaHHYEHHOM 5TOH IIOBEPXHOCTbIO o0beMe (yYMHOKEHHOMY
Ha 4m). [IpuMeHHB 3Ty TeOopeMy K 3JeMeHTY 00beMa, 3aK/JIOUEHHOMY
MEXAYy JBYMA GeCKOHeuHO OJIM3KMMHM eJMHUYHLIMH IVIOWajKaMH,
NPUMBIKAIOIUMH € 06€HX CTOPOH K IOBEPXHOCTH NpPOBOJHMKA, W YUH-
THIBAsl, YTO HA BHyTpeHHel miowmagke E=0, naiinem, uro E,=14no,
rje ¢—IOBePXHOCTHas IVIOTHOCTb 3apsijia, T. €. 3apsll Ha eJuHHIe
OJIOLIAAH MOBEPXHOCTH MPOBOAHMKA. TakuMm o6pasoM, pacrnpejeaeHne
3apsAJOB N0 MOBEPXHOCTH MPOBOJHHMKA jaeTcs ¢opMy.oH
1 1 09

6=4—REn=_EW (1,9)
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(npowsBojHasi OT noTeHuuasa OepeTcsl B HampaB/eHHU BHeLIHeH
HOpPMaNH n K nosepXHocTH). Ilonmif 3apsj NpoOBOAHHKA

1 20

rie uHTerpan Gepercs N0 BCEH €ro MOBEPXHOCTH.

PacnpeziesieHne NOTEHUHAJAA BO BCAKOM 3JI€KTPOCTATHUECKOM MO/
o6Jafaer cIeyOUIUM 3aMeuaTeIbHbIM CBOHCTBOM: QYHKLHUS ¢ (X, ¥, 2)
MOXKET JOCTHI'aTh MAaKCHMaJbHOLO HJM MUHUMAJbHOIO 3HAuYeHHA
JIHLUIb HA TPaHulax o0JacTH Nojs. DTy TeopeMy MOXKHO CopMYJIH-
pOBaTh M Kak YTBEPXKAEHHE O HEBO3MOXKHOCTH YCTOHYUBOrO paBHO-
BecHsi BHECEHHOTO B MNoJie mpoOHOTO 3apsla €, Tak KaK HeT Takoil
TOUKH, B KOTOPOH OBl €ro MOTeHUHa bHas SHEPTHS e HMeaa MUHHMYM.

[lokasaTeqbCTBO TeopeMbl BecbMa npocrto. lonycTHm, Hanpumep,
4TO B HEKOTOpoH Touke A (He HaxoAsluefics Ha TpaHHLE TIOJs)
MOTeHIlHa/ HMeeT MaKCcUMyM. TOTZa MOXHO OKPYXKHTb TOUKY A TakoH
Majioff 3aMKHYTOH MOBEPXHOCTbIO, Ha KOTOPOH Be3je NPOH3BOAHAsA
no HopMmatu O¢/dn < 0. CjenoBaresbHO, W HHTerpajd IO 2TOH no-

BEPXHOCTH S?chfdf< 0. Ho B cuny ypasnenus Jlamnaca
0
H”{ df=SAcpdV==0,
B MpPOTUBOPEUHH C TPEJNOJTOKEHUEM.

§ 2. JHeprust 2/J1eKTPOCTATHYECKOTO MOJS NPOBOJHHKOB

BeluncuM noJHYyI0 3Hepruo U 3JeKTpPOCTaTHYECKOro NoJs 3apsi-
JKEHHBIX NPOBOJHHKOB 1):

1
‘lL=—gRSEZd% (2,1)

rie HHTerpaJ OepeTcss No BceMy o0beMY NpPOCTPAHCTBA BHE MPOBOJ-
HukoB. IlpeoGpasyem 3TOT UHTerpas CAEAYIOWHUM 06pPa3oM:

1 1 ¢ .. 1 .
%z—agﬁgrad(pdV=—8—n§ dlv(cpE)dV—}—gScp divE dV.

Bropoi#i unterpan ofpariaercs B HyJab B cuay (1,4), a nepBeri npe-
ofpasyercssi B HMHTerpasj IO OrpaHHYUBAIOWIUM M0JE HOBEPXHOCTAM
NpPOBOJHMKOB U N0 OeCKOHeYHO yAaseHHoR nosepxHoctd. Ho nocnen-
Hu# uHTerpan offpamtaercss B HyJb B CHJY JOCTaTOYHO GBICTPOroO
yObiBaHHsA 10J51 Ha 6ECKOHEYHOCTH (MpeNrnoJsaraercsi, YTo NpOoU3BOIb-
Hasl MOCTOsIHHAA B ¢ BeI6paHa TakuM ofpasoM, uto ¢ =0 Ha Gecko-

1) Kpagpar E? He coBnajaer co cpelHuM KBaAPaTOM e* HCTHHHOIO NMoAst BOGAH3H
NOBEPXHOCTH NPOBOJHHKA, A TaKxe W B ofbeme nociaeinero (rie E =0, no, pasy-
Meercs, e? # 0). Bouucass usterpan (2,1), MH TeM caMBIM OTBJEKAeMCs OT He
HHTEpecyoulell Hac 3jeCb BHYTPeHHEH 5HEPTHH NPOBOAHMKA KaK TAKOBOIO U OT
SHEPI#H CPOJCTBA 3apAJOB K €ro NOBEPXHOCTH.
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Heunoctu). HyMepys npoBoaHHKH MHJIEKCOM & M 0Go3Ha4¥asi MOCTOo-
fHHbIC 3HAUEHU: TMOTEHUMA a BAOAbL KaXKA0TO U3 HUX NOCPEACTBOM @,

noJy4IHuM 1)
U= 2, 0B o] =5 2o0u f Endl.

Haxonei, BBOASI NOJHBIE 3apsABl IPOBOJHHUKOB e, coriacHo (1,10),
NOJIyYdM OKOHYATENBHO BHIpAMEHUE

1
%:’fzeacpa’ (2’2)
a

AHAJOFHUHOE BBHIPAXKKEHHIO 1J51 SHEPrHH CHCTEMEl TOUEUHBIX 3apALOB.

3apsAbl U NOTEHUHAJHR [POBOJHHKOB HE MOTYT OBiTb 3aJaHbl
OJJHOBPEMEHHO TPOH3BOJIBHBIM OOpA30M; MEXJY HHUMH CYHWeCTByeT
onpejieneHHasl CBA3b. B cuy JIHHEHOCTH H OJHOPOAHOCTH ypaBHeHHH
noJisi B NYyCTOTE 3Ta CBSI3b TOXKe ROJMKHA ObITb JIMHEHHOH, T. e. BhHI-
paxaThCs COOTHOLICHHAMH BHAA

o= CasPos (2.3)

rae Beqanuuuwl C,,, C,, MMEOT pa3MepHOCTb JJHHBI H 3aBHCAT OT
(bOpMBI M B3aMMHOTO PACIIOJOMKEHHS NpPOBOAHUKOB. Bemuuunw C,,
HA3HIBAIOT Kosghpuyuenmamnu emxocmu, a Beanunnnl C,, (a=s=b) —
Koahguyuenmamy aekmpocmamuyeckoll uHOykyuu. B 4acTHOCTH,
eCJIH MMeeTCsl BCEro OLMH NpPOBOAHHK, TO e=Cgp, rje C-—eMKOCTb;
NOPSAAOK BEJAHYMHB EMKOCTH COBIAJlaeT € JUHEHHBIMH pas3MepaMu
tenia. QOOpaTHbIE BBEIPAXKEHHS HJIsl TIOTEHIHAJAOB dYepe3 3apsibl:

§p= ; Cases (2,4)

rae xosdhduunentol C;y COCTaBAAIOT MaTpuly, OOpPaTHYIO MaTpHLUE
koapunnentos C,. '

BoiuncinM u3Mesetive SHEPrHH CHCTEMBI NpPOBOLHHKOB TpH Gec-
KOHEYHO MaJOM H3MEHEeHHH WX 3apsiioB MJH NOTEHUHAJOB. Bapbupys
HCXOJHOE BhipaxkeHue (2,1), umeem

1
6%:ESE6E0!V.

DTo BhIpaXkeHUe MOKHO NpeofpasoBaTh Jajee AByMs SKBHBANEHTHBLIMH
crocobamu. IloacraBus E=—grad ¢ u umesa B BHAY, YTO Baﬁ)bupo-
BAHHOE 110JIe, KaK U HCXOJHOe, YIOBJeTBOpAeT ypasuenusM (1,4) (Tak

1y TIpu npeo6pasoBanuk OGHLEMHOTO HHTErpasa B HOBEPXHOCTHHIH 37€Ch H HUKE
H8l0 MMeTh B BHAY, YTo L, eCTb COCTaB/AAIONIAN NOJA 1O HAaNpaBJeHHIO HOPMaJiH,
BHEUIHeH No OTHOWIEHHIO K NPOBOLHHKY; 3TO HanpaBJeHHe NPOTHBOMOJOXKHO Ha-
NpPABJEHUIO HOPMAJH, BHEIUHEH MO OTHOIIEHHIO K 067acTH 0OBEMHOr0 HHTErpUpO-
B@HHUSN, T. € TNPOCTPAHCTBA BHE NPOBOJHHKOB. B €Bs13M C STHM fipn npeoGpaoBaHuy
HIMOHEH JHaK HHTerpana. ,
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yto div8E =0), numem

6%:—---—4-%Sgrad(p~SEdV=
- { div (@ 0B) &V == 3" 0,6 OE,,df,

UJU OKOHYaTe/JbHO

6% = 2 q)aﬁem ('9-'!5)

T. €. NOJiyyaeM H3MEHEHHE 3HEPIMH, BHIPAXKEHHOE uepe3 H3MEHeHUs
3apsAoB. DTOT pe3yJbTaT, BIPOUYEM, 3apaHee OueBHAEH Kak paora,
KOTOPYIO HEOOXOAMMO TIPOU3BECTH HaJ GECKOHEYHO MasbIMU 3apsi-
namu Oe,, 4TOObl NMEPEHECTH HX K 3afaHHBIM [POBOJHMKAM U3 Oec-
KOHEUHOCTH, TJie NMOTEeHIHaJ N0/ paBeH HyJIO.

C Jpyrofi CTOPOHBI, MOXKHO HAaIHCATh

1 1 . 1
acuzﬁmg E grad 8 dV = — g div (B S@)dV == 3" 8¢, § E,df,

HJIH
6%=2ea6q)a’ (2»6)

T. €. U3MEHEHWe 3HePTHH BBIPaKeHO Yepe3 M3MEHEHHsS MOTEHLHAJI0B
POBOJHHKOB.
®opmyant (2,5), (2,6) mokaspiBaioT, uTO, IH(PQEpeHLHpys 3HEp-
ruio 9 Mo BeJHYMHAM 3apAj0B, Mbl IIOJydaeM IOTEHLHAb IIPOBOJ-
HHMKOB, a NpOU3BOAHBIE OT 4/ 1O NOTeHUHalaM JaloT 3HAYEHHs 3a-
psOB:
o0U oY

=e

=P e = (2,7)

C npyroéi CTOPOHBI, NOTEHUHANEl H 3apAlbl SABJIAIOTCS JHHEHHBLIMH
¢ynguusMa apyr Apyra. C nomomsto (2,3) uMeeM
M __dey _ o~
09,09, 09y 0¥

a M3MEHHB NOPANOK AH(QepeHUHpPOBaHUsS, MBI NOAYyYHiaH Gbl C,p.
Orciojla BHAHO, 4YTO
Cab=cbu (2’8)

(u, ananoruuno, Czy=Cp;). DHeprua U MOXKeT OBITh NpejNCTaBJIeHA
B BHJe KBaApaTHYHOH (OPMBI NMOTEHIHAJOB HJIH 3apsiloB:

1 1
%:E-Ecab@a@b: -Q—ZC;bleaeb. (2,9)
a, b a, b

Jra KBajgpaTHyHas (opMa, KaK M HCXOJHOe Bbipaxenue (2,1),
JIOJIKHA OBITb CYIIECTBEHHO NOJOXKUTEIbHOH. M3 3TOro ycioBus Bos-
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HHUKAIOT OnpefieJieHHble HepaBeHCTBA, KOTOPLIM YROBJETBOPAIOT K03d-
¢unuentsl C,p. B uacTHOCTH, BCe KO3(GULUHEHTH €MKOCTH MOJOXKH-
TeJBHEL

C,.>0 (2,10)

(a Takxke u Cz3 > 0)1).
Hanportus, Bce KO3pOhHLUMNEHTH 3JAEKTPOCTATHUCCKOH MHAYKUUH
OTPULATE/bHBL:

Chp <0  (as=bh). (2,11)

310 06CTOSATENBLCTBO OUEBHJHO yXKe H3 CJIEAYIOMHUX NPOCTHIX coobpa-
xenuit, llpepcraBum cefe, 9To BCE MNPOBOJAHHKH, 32 HCKJ/IOUEHUEM
JIMLIb OAHOrO (@-r0), 3aseMJIeHbI, T. €. HX DOTCHLIHANB PaBHBI HYJIO.
Toraa 3apsii, WHAYUUPOBAHHEIH 3apAKEHHBIM (Q-M) NPOBOJHHKOM Ha
KaKOM-i00 NpOBOJHUKe b, paseH e,=C, ¢, 3HaK HHAYLHPOBAH-
HOTO 3apsifia NPOTHBONOJOXKEH 3HAKy HHAYLUHDYIOUEro NoTeHIHaNla,
a noroMy C,, < 0. B stoM MOXHO y0eiuTbCs, HCXOASI H3 TOFO, UYTO
MOTEHIKAN 3JEKTPOCTATHUECKOTO IIOJIST HE MOXKET JOCTHraTbh MaKCH-
MaJIbHOrO ¥ MHUHHMAJ/JbHOrO 3HaueHn#l BHe TPOBOJHHKOB. Ilycte, Ha-
npuMep, HNOTeHNHAJ] €IHHCTBEHHOTO HE3a3eMJIEHHOrO NPOBOJHHKA
¢, > 0. Torza nmorepuuan 6yjer NOJIOXKHTEJEH H BO BCceM IPOCTpaH-
cTBe, TaK uYToObl €r0 HaHMeHbllee 3HaueHne (HYJb) AOCTHraloch
TOMbKO Ha 3as3eM/IeHHbIX nNpoBOZHHKaX. OTclofa craeiyeT, YTO Ha
IIOBEPXHOCTH TOCJIEHUX HOPMaJbHasl IPOU3BO/IHAN HOTeHUHa a 0¢p/on
6YyJeT MOJOXKHUTENbHOH, a HX 3apsj coryacHo (1,10)—orpunarenbHeIM,

C nOMOIIbIO dHAJOTHUHBIX PACCYIKAEHUIH MOXKHO YOEIUThCS B TOM,
ato Cz2 > 0.

OHeprus 3/AeKTPOCTATHUECKOTO MNOJIS NPOBOJHUKOB 00JajaeT CBOfi-
CTBOM 3KCTPEMANIbHOCTH, UMEIOLIHM, NpaBJia, He CTOJNbKO (U3HUECKHUIT,
CKOJIBKO (popMasbHBIA XapakTep. Iljs BEIBOZA 3TOro CBOHCTBA Mpej-
craBuM cefe, UYTO pacrnpefieieHHe 3apsiioB B NPOBOJAHHKAX MOABEp-
raercsi GeCKOHEUHO MajOMy H3MEHEHHIO (OPH HEH3MEHHOM IOJHOM
3apsjie KaxJA0ro NPOBOJHHKA), B Pe3y/bTaTe KOTOPOrO 3apsjbl MOLYT
HONacTbh H BHYTPb IPOBOJHHUKOB; IIPH 3TOM MBI OTBJIEKAEMCS OT TOTO,
4TO B JAEHCTBUTEIbHOCTH TAKOE pacnpefieleHHe 3apsjioB He MOXKeT
OLITP CTalWOHAPHBIM., PacCMOTPHMM COOTBETICTBYIOIEe  H3MeHeHHe
uHTerpana

%:-é‘gg E2dV,

KOTOPBIi HAA0 TpEACTaBAATb cebe Tenepb PacmpOCTPAHEHHBIM 110
BCEMY TPOCTPaHCTBY, BK/OYasi 06beM CaMHX NPOBOJHHKOB (TaK Kak
nocje cMelilenusi 3apsiioB note E 6yner, BooOlie roBopsi, OTJHYHBIM

1) VkaxeM Takke, UYTO CpefH YCJIOBHH NOJIOKuTeJbHOCTH ¢hopMul (2,9) dury-
PHPYIOT B HepaBeHCTBA
Coalob > C2,.
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OT HYJf W BHYTPH NPOBOAHHKOB). ITuiem
U= — o ggradcp.al-: v =— S'div(cp 6E)dV—|—XIEScp div 8E dV.

[lepsriit mHTerpas, Oynyun npeofpa3oBaH B HHTerpaad mno Gecko-
HeYHO YJla/leHHOH NOBEPXHOCTH, Hcue3aeT. Bo BTopoM B cuiy ypas-

nenusi (1,8) umeem div8E =4ndp, Tak uro
69 = { g Spav.

Ho stor uHTerpan ofpamiaercda B HYJAb, €CIH (¢ COOTBETCTBYET
HCTHHHOMY S/JEKTPOCTATHYECKOMY I[I0J1I0: B 5TOM CJyuae BHYTPH KaX-

Jloro NpoBOAHMKA ¢ = const, a HHTerpaJjmn SéEdV no ux obmeMam

pPaBHREl HYJI, [OCKOJABKY NOJHBEIE 3apfAAbl NPOBOJHHKOB OCTAIOTCH
HEH3MEHHBIMH.

Taxum 06pa3oM, 3HePrusi HCTHHHOIO 3JEKTPOCTATHYECKOrO MO/
MHUHHMaJbHA ') MO CPABHEHHIO C 3Hepruell mnoJed, KoTopbie ObIIH Obl
CO3/laHbl BCAKHM JIPYTHM pacnpefiesleHHeM 3apsloB No obweMy Ipo-
BOAHHKOB ( meopema Tomcona).

M3 3rofi TeopeMmbl BRITEK3eT, B HU4CTHOCTH, TaKOe CJEACTBHE:
BBeJCHHE HE3apIKEHHOTO NPOBOAHHKA B I0Je 3aJaHHBIX 3apsjoB
(3apfKEHHLIX NPOBOAHHKOB) YMEHBLIAET TOJIHYIO 3HEPTHIO T0J.
s Toro uTo6el YOEeAHTRCS B 3TOM, AOGCTATOYHO CPABHHTL HEPTHIO
HCTHHHOTO NOJIf, KQTOPOE YCTAaHOBHUTCSA NOCJAE BBeAEHHS MNPOBOAHHKA,
¢ sHeprueil QUKTHBHOIOQ IOJS, COOTBETCTBYIOUIETO OTCYTCTBHIO HHAY-
[MPOBAHHLIX 3apAJOB Ha BBeJeHHOM MNposoAHHKe. [lepmas, Gyaydu
MHHHMaJIbHO BO3MOXKHOH, MeHblile BTOPOH, KOTOpas B TO Ke BpeMs
COBMAJ@eT ¢ HEPTHEH nepBOoHAYaJbHOTQ NMOJAA (TAK KaK INIpH OTCYT-
CTBHH WHAYUHPOBAHHBIX 3apAA0B MOJE «POHUK/AO» Ohl BRYTpb IpO-
BOJHHKA, HE M3MEHMBUINCR). DTOT pe3y/bTaT MOXKHO cHOPMYJIHPO-
BaThb M APYruM o0pasoM: He3apsiKeHHBIH IPOBOJAHHK, PAaCHOIOKEHHEIH
BAa/JH OT CHCTEMBl 3aJaHHBIX 3apsl0B, TPHUTATHBAETCA K HHM.

Haxkoneu, MOXHO NOKasaTh, YTO NPOBOAHHK (3apAXKCHHBIH HJH
He3apsKeHHRIH), BHECEHHBIH B 3/JIeKTPOCTaTHYECKOE [jose, BooOHle He
MOXKeT HaxOAWTBCA B yCTOHYMBOM DPABHOBECHH MOJ BJHSHHEM OJHHX
TOJMBKO 3/JAEKTPHYECKHX CHJI. DTO yTBepXkJAeHHe 0000IaeT yKasaHHYIO
B KOHIE Npejblayliero naparpaja aHaJOTHUYHYIO TeopeMy AIs TO-
YeYHOro 3apsiga H MOKeT BbITh NOJYYEHO NYTEM COBMECTHOTO MHpH-
MeHeHHs rnociaefHelt u Teopembl TOMCOHa; Mbl He CTaHeM NPUBOLHMTH
3/leCk CQOTBETCTBYIOUIMX pACCYKAEHHUI.

@opmyaa (2,9) yaoGHA AJsl BHIYHC/IEHHS aﬂepruu CHCTEMbl 1pPO-
BOJHHMKOB, HaXOAfIIUXCA HAa KOHEUHBIX PacCTOSIHMAX APYr OT Apyra.
Oco6oro paccMOTpeHHsI, OJHAaKO, TpebyeT 3IHEPrdUs He3apAKEeHHOro
NPOBOJHHKA, HaxOIALIErocs B OAHOPOAHOM BHellHeM mnoJje &, KOTo-

1) Mul He OyleM NPHBOJAMTH 3/leCh NPOCTHIX PAacCyKAeHull, NOKA3bIBAOLWIKX,
uTO peub MJIeT HMEHHO O MHHHMyMe, a He 06 3KCTpeMyMe BooGiie.
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poe MOXKHO NpEeACTaB/]ATh ceéfe CO3faHHBIM 3apsifaMH, HAXOAAMUMUCS
Ha OeckoneyHoctu. CorjsacHo (2,2) sta sHeprus pabBHa U=ep/2,
rie e—yjajeHHBIH 3apan, co3AapUUH TNoJde, a ¢— noTeHnuan
10JIs1, CO3JaBaeMOro paccMaTpUBaeMBIM IPOBOJAHHKOM B TOYKE Ha-
XOXJIeHUA 3apsafa e (W3, U HCKIUYeHa HEPrHd 3apsija e B ero cob-
CTBEHHOM Mo0Jie, KAK HE HMelon[ad OTHOIUEHHS K HHTepecylolleH Hac
3HepPTUH MPOBOJHHKA). 3apsj NPOBOJHHKA PABEH HYJII0, HO NOJ BAHA-
HHEM BHEIUHEero noJis NPOBOJAHMK NpuoGpeTaeT AMNOIbHLIA SJeKTpHYe-
CKH{l MOMEHT, KOTOpBHIf MbI O603HauuM uepe3 FP. IloteHuuaa noas
3JEKTPHUECKOr0 AMNOJNS Ha OOJBLIOM pAacCTOSHHH I OT HEro ecTh,
KaK H3BeCTHO, ¢=gPr/r®. Tlostomy

e
U=g5 Pr.

Ho —er/r® gBnserca B TO e BpeMsi HanpaXeHHOCTbIO G noJsi, Co-
3/aBaeMoro 3apsajom e. Takum ofpasom,

U=—1/,P6C. (2,12)

B cuay suHEAHOCTH BCeX ypaBHEHHH INOAS OYEBHAHO, YTO KOM-
IIOHEHTHI JHUMOJBHOIO MOMEHTA P ABJAITCA JHHEAHBIMH (YHKUIHSIMH
KOMIIOHEHT HanpsikeHHocTH . KoadhuuueHTh npornopuuOHaJbHOCTH
MeXLY P B G HMeIOT pasMepHOCTb KyGa JIHHEL U [03TOMY IpO-
NOPUHOHAMILHEL 00bEMY NPOBOJHHUKA: )

g)z'zvaik@k’ (2’13)

rie KoaQUIHEHTHl G, 3aBHCAT TOABKO OT ¢opMul Tena. Comokyn-
HOCTb BeJqUUYMH Vo, COCTaBASIET MEH30p NOAAPUIYemMOcmy Tejaa. TOT
TEH30p CHMMETPHUEH: O, ==0,; (LOKa3aTE/NbCTBO 3TOrO YTBePKAEHHUS
naHo B § 11). CooreerctBenHo, 3Heprug (2,12) npeacraBurca B BHAE

‘u=—1/2VCZ,-k@,~@}. (2,14)

Bapaun

1. Boipasuts B3aMMHY© eMKOCTb C cHCTeMbl H3 ABYX NPOBGAHHKOB (C 33ps-
AamMu +e) uepe3d koapduunentrr Cgp. )

Pemenue BaauMmuds eMKOCTs ABYX INPOBOJAHHKGB ORpeAe/IAETCA KAK K03d-
GbuLHeHT B COOTHOWeHHH e=C ((p,—@;), a HePrHa CHCTeMHl Bhpaxaeres yepe3 C
nocpeacTBom U= e%2C. Cpasuu ¢ (2,9), noayuum

1 Cy+2C; 3+ C
——C-1_.9C— ~1_. ZA T e-I137T 3z
C_Cll 203+ C3l= CiCa—C3,

2. Toueunnit 3apsaf e pacnosoXxeHn B Touke O BOJH3H CHCTEMbl 3a3eMJEHHLIX
NPOBOJHHKKOB H MHAYLHPYET Ha HUX 3apsiAb e,. Ecau Opl 3apsij e oteyrersoBad,
a O/IMH S NPOBOAHHKOB (4-H) WMes HoTeHUHAA @ (OCTAABHbIE NO-NpekleMy 3a-
SEMJIEHH), TO ROTeHUMa] Hois B Touke O 6bia On ¢;. Buipasuts sapain e,

uepes ¢, B @,
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Pewenne Ecu sapans e, Ha NPOBOAHHKAX COOOGLIAIOT UM HOTEHUHANH g,
a sapsfipl e/ —INOTEHUHATBl @/, TO u3 (2,3) cieayer, uTo

2 Pat, = 2 cpacab(%: Z Pl
a a, b a

ITpuMenuM 3TO COOTHOLIEHHE K JABYM COCTOSIHHSIM CHCTEMBI, COCTaBJICHHOH M3 BCeX
NPOBOJHMKOB H TOYEYHOro 3apsifia e (pacCMaTpHBas MOCJAEAHHH KaK Ipele/bHbIH
cIyYadl NPOBOAHUKA MAJIOro pasMepa). B oJHOM COCTOSTHHH HMMeeTCs 3apsif e, Tpo-
BOJHUKH HMEIOT 3apsiipl e, M mnoTeHnuandnl ¢,=0. B apyrom cocrosuuu sapsan
e==0, a o;MH H3 NPOBOAHHKOB HmeeT noTesuuan ¢, 7 0. Toraa moayunm
e, +eq¢, =0, oTKyla

eq=—€Q,/P,.

Tak, ecau 3apag e HaXOAUTCA HA PACCTOSHMH r OT LEHTPA 3a3eMJICHHOTO
NPOBOJSIIETO Iapa pajuyca a (r > a), T0 Qg=Q¢ a/r U 3api, HHAYUHPOBAHHHIA
Ha mape,

eq=—eajr.

B kauectse jpyroro mnpuMepa pacCMOTPUM 3apsii e, HaxoAAuiuiics MexAy
JBYMS 3a3eM/EHHBIMH KOHLEHTPHYeCKHMH cdepaMH paiuyCcoB a H b Ha paccros-
HuM 7 oT neaTpa (a < r < b). Ecau HapyxuHass chepa 3aseM/ieHa, a BHYTPEHHST
3apsiKeHa [0 MOTEHUHMana @, TO MOTEHUMAN HA PAcCTOAHMHM 7 paBeH

, L Yr—1b
o= T/a 175

ITosToMy 3apsif, HHIYLMPOBAHHHI Ha BHyTpeHHell chepe 3apaioM e, paBeH

. a(h—r)
=TTy

Anajsoruuso, 3apaj, WHAYUMPOBAHHEIL Ha BHewHed cdepe,

b(r—a)
=" lr—a
3. lea npoBonHHKa ¢ eMKocTaMH Cy; u Cp TOMeleHBl Ha pPacCTOSHHM 7 APYF
or Apyra, GOJbIIOM IO CpPaBHEHHW ¢ AX coGCTBeHHBIME pasmepamu. OnpefenuTb
ko3dpuunerTsr Cpp.
Pemenue Eciu NpoBoAHHK / Hecer 3apsii e, a NPOBOAHHK 2 He 3apsiKeH,
TO B TepPBOM HPHGAHIKeHHH @) =e,/C, (p=ey/r; NpH 3TOM MH HpeHeGperaem
U3MeHEHHeM [0/ BAOJb IPOBOAHHKA 2 H ero nojaspusalued. Takum obpaseM,
Cit=1/Cy, Cit=1/r u, ananormino, Cjl=1/Cs. Orciona ‘HaXomuM IS KO03(-

¢dunuentos Cgp ):

C,C. C,Cy C,C
Cii=Cy (l—l- ; 2), Crp=—"2, Cpe=0Co <1+~1—2)-

r? r r2

4. Onpefenuts evkocTs C KoJblia M3 TOHKOI'O HPOBOAA KPYrOBOTO ceUeHHA
(pamuyc koJabua b, paguyc cedeHHs npoeoia a; b > a).

PeweHHe. BBuay TOHKOCTH KoJblla moJjie BOJH3H ero MOBEPXHOCTH COBMa-
JlaeT ¢ TOJeM, KOTOpPOe CO3XaBajioCh Gbl TeM Ke 3apsiOM, pacipele/ieHHBIM [

1) Crenyroniue 4J€HH DasJIOXKEHHs HMeET B oflueM caydae nopspok (mo 1/r)
Ha 1 GoJjee BBICOKHMil, ueM BhINHCaHHBle. Ec/H, OJHAKO, OTCUHTBHIBATL r KaK pac-
CTOsIHMe MeX]y «LeHTpaM# 3apsajoB» o00MX Tea (Ijaa chep —MEXKJAYy HX T'€OMETpPH-
YeCKUMH LEHTPaMH), TO IOPAAOK CJEAYIOMHX 4JIeHOB GyjeT BHuUEe Ha 2.
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0CeBOll JUHHH KOJbUA (3TO ObI0 6Bl TOYHBIM LMsi NIPSIMOIO LHJIMHApA). IToaromy
NOTEHIHAJ CaMOro KoJiblia
e pdl

Yo P 7

TAe r— pacCTOgHHe OT JAAaHHOK TOUKM TNOBEPXHOCTH KOJBUA Jo saeMeHTa dl ero
oceBolil JIMHHH, 110 KOTOpOfl ITPOM3BOAMTCS MHTErpHpoBaHHe. Pasofbem HHTerpast na
IBe dacT IO ofmacTaM 7 < A ¥ r > A, rie A-—HEKOTOpoe pacCTositke, TaKoe,
uto a<€A<€b. Torla npu r < A MOXHO CUMTATh 'yHaCTOK KOMBLA TIPAMBIM U
NOTOMY

2A

dl . dl

S ——=S ————Q;ZIH—-.
r Vl2+az a
A>r -A

B ofaacta ke r > A MOXHO NpeHeOpeub TONMHHON NPOBOAA, T. €. CUHTATH r
MPOCTO pacCTOsIHHeM MEXAY ABYMs TOYKaMH OCeBoil JIMHHH KoJasla. Toraa

kij

dl bdp P

S 7—2S2bsin(cp/2)_-2ln e
r>A Do

rfe (—IeHTPaNbHLU YrOJ, Ha KOTOPLl ONHpaeTcs XOpAa £, a HHXKHUMA mpeges
HHTETPHPOBAHUS onpelensiercss U3 2bsin (py/2) =A, oTkyna @, ~ A/b. Ipu cio-
JKeHHU OGeHX YacTed HHTerpana BelMYdHa A BBINAJaeT, H OKONYATENbHO HOJyYaeM
IJis eMKOCTH Koabua C=e/(p, caefywoliee BhIpaKeHHe:

b

C= (8b/a)"

§ 3. MeToan! peuieHMsi 3ACKTPOCTATHYECKHX 3ajau

OGuiue Metoibl pemeHHs ypaBHeHHs Jlamigaca npu 3ajaHHBIX
TPAHUYHBIX YCJIOBUAX HA TeX HJIH HHBIX MOBEPXHOCTAX H3YYaOTCH B
COOTBETCTBYIOIIEM pasjese MareMaTHYecKof (DH3UKH, ¥ B Hally IeJab
He BXOAMT MOJHOE HX H3J0XKeHHe. Mpl OTPAHHYHMCS 3/€Ch JIHIIb
yKa3aHHeM HEeKOTOpHX Oosiee NPOCTHIX NPHEMOB ¥ DEUWEHWEM psifia
THIHYHBIX 33734, HMEIOIIHX CaMOCTOsITeIbHBIH HHTepec').

Meton w3aoGpaxeunil. OupeneseHve TOJA, CO30ABAEMOro TOUCH-
HbIM 3apsiOM e, PAacHoJOXKeHHLIM BHE INPOBOASINEH cpelbl, 3anoJ-
HSIOIEH MOMYAPOCTPAaHCTBO, SIBASETCA NPOCTEHINUM IPUMEPOM MpPH-
MeHeHHsl TaK Ha3bBaeMoro Meroja usobpameHud. Mnes storo merona
COCTOHUT B. NMOAGOpE TAKUX JIONOJHHTENbHEIX (PHKTHBHBIX TOYEUHBIX
3apsioB, KOTOpBle BMeCTe C JAHHBIME 3apslaMH co3jaBaju Ghl noJe,
JJI KOTOPOTO MOBEPXHOCTb 3aJAaHHOTO NPOBORHMKA COBMagana Obl
¢ OJHOH H3 SKBHUIIOTEHIHAJbHBIX TOBEPXHOCTEH 10/a. B nanHOM
clyuae 3TO JOCTHraeTcst BBefeHHeM (UKTHBHOrO 3zapsija e’ = —e,

1) Peinenne 3HAUMTENLHOTO uYscaa OGoJiee CHAOXKHEIX 3ajad MOXHO HAaHTH B
kuurax: Cmagm B. DnekrtpocraTka H 3JeKTpoguuammka. —M.: WJI, 1954
(Smythe W. R. Static and dynamic electricity.— McGraw-Hill, N. Y., 1950);
Tpunbepe I'. A. VsbpanHble BONPOCHI MATEeMATHYECKOH TEODHH 3JEKTPHUECKHX H
MarHuTHBEIX sBjesnii.— M.: Msg. AH CCCP, 1948,
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pacnofioMeHHoro B ToYKe, npeAcrasasiomen coBoit 3eprasbHOe OTpa-
JKEHHe TOYKH ¢ B TPAHUUYHON MJIOCKOCTH npoBojasuiefi cpextl. Iloten-
UMaJ TOoNsA 3apsiia € U ero «u3oGpamenns» ¢’ paBeH

o=c(7—7), (3,1)

TAe r U r'—pacCTOSTHUSI TOYKHM HabaiofieHust oT 3apsinoBe u e'. Ha
rpaHuuHoN MJIOCKOCTH r=r" M INOTeHNHA]T HMeeT HOCTOSHHOE 3Ha-
yegue ¢ =0, TaK YTO HeoOXOAHUMOE€ TIpaHUYHOE YCJOBHE JAeHCTBH-
TeJLHO BhlNosiHAETC M (3,1) maer pelleHHe NOCTaB/JACHHOW 3aiauH.
OtmeTHM, 4TO 3apsii e INPUTATHBAETCS K IPOBOAHUKY C CHJIOH
e*/(2a)? (cusa u30Opaskenus), a 3Hepruss B3aAUMOLCHCTBHS pPaBHA
— e*/4a.

Pacnpeneienue Ha rpaHu4HOH NJIOCKOCTH NOBEDPXHOCTHBIX 3apsi-
JIOB, MHIyHUPOBAHHBIX TOYEYHBIM 3apsiioM e, AaeTcs (PopMyJok

i o e a
0‘:_%—0_2 r:r'z—%ﬁ’ (3'2)

ri¢ a-—paccTosHHe OT 3apsjfa 10 NJIocKocTH. Jlerko yGeauTbesi B
TOM, HTO NMOJHBIA 34psiil Ha 5TOW IIOCKOCTH paBeH

Sdaff:——e,

KakK ¥ JOJXKHO OBITb.

O6wuii 3apsiji, HHIYIUPOBAHHLIH NOCTOPOHHHMMH 3apsijlaMH Ha
IIePBOHAYaJbHO HE 3apsKeHHOM H30JHPOBAHHOM TPOBOJAHHKE, pa-
3yMeercsi, ocTaercsl paBHEIM HyJto. [TostoMmy, ecau B jlaHHOM. ciiytae
npoBoaiias cpefa (B AeHCTBHTENBLHOCTH — POBOAHHMK GOJIBLIMX pas-
M€epoB) H30/IMPOBaHa, TO HAAO MPEACTaBJAATb cebe, YTO OAHOBPEMEHHO
C 34pANOM —e WHAVLHpYETCHA 3apal e, KOTOpH#l, OAHAKO, OyAy4u
pacnpejesieH N0 HOBEpXHOCTH OGOJIBILOTO Tesna, MMEeEeT HCUYe3alollyio
IIOTHOCTb.

Nanee, paccmotpuM GoJjiee C/IOKHYIO 3ajauy O IoJe, CO3]aBae-
MOM TOUEYHLIM 34pSIAOM €, HaXOAsIMMCS BOAU3M LIAPOBOrO IPOBOJA-
HUKa. [I1s pewieHHss 3TOH 3alaud BOCHOJMb3YEMCSl CJAEAYIOUIMM pe-
3YJBTAaTOM, KOTOPBIH JIEFKO IPOBEPUTb HENOCPEACTBEHHBIMH BBIYHC-
JEHHSAMH. TTorenuuan noJisi, co3jaBaeMoro AByMs TOUEUHBIMH 3apsiiaMu
en—e',

e e

Q=

r r

ofpaliaercss B HyJb Ha cepHueCKOl MOBEPXHOCTH pajuyca R, UeHTp
KOTOPOH JIeKHT Ha NPOJOJMKEHHH TpsMofl, COeZMHSIOUIEH TOUKH e
u ¢’, Ha paccrosiHuu [ w [’ oT arux Touek, npuuem I, ', R ynos-
JETBOPSAIOT paBeHCTBaM [/l' =(e/e’)?, R*=Il".

Tpeanonoxum chatada, aTo Waposofi NPOBOAHNK NOJJAEpKUBAETCS
npu TOCTosHHOM mNoTeHtuane ¢=0 (wap 3asemsen). Toraa mose,
CO3AaBaeMOR BHC WIapa TOYCUHWM 3aPSAOM €, HAXOQAAUUMCA Ha pac-
crosHuM [ or ueHTpa wape (B Touke A ma puc. 1), Gyner cosna-
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IaTh C IOJIeM, CO3AaBaeMbLIM CHCTeMOH JBYX SapHAAOB— A@HHLIM 3a-
pAIOM e ¥ (UKTHBHBIM 3apsjoM —¢’, TOMEUIEHHHIM BHYTpH Liapa
(Touka A’) Ha paccrosiHuMH [’ OT ero LeHTpa, NpHUEM

v I'=R?, e =eR/l. (3,3)
[Torenuuan sroro nodAd

@=e/r—eR/lr’ (3,4)
(cm. puc. 1). Ha noBepxHocTH Wapa HHAYUMDPYETCS IIPH 3TOM OTJIHY-

HEIl OT HYJS TNOJHBIA 3apsi, paBHBH —e’. DHeprusi B3aHMOIeHCT-
BHf 3apsiia C M1apoM paBHA

e’ e*R .
U=—gu—=—30—ry (3,5)
H 3apgj NpUTATHBAETC K WIapy ¢ CHJIOH
P 0U_ e2IR
=T a T T =Ry

Ecan xe nposoisman cdepa NOALEPKUBACTCA [IPH PaBHOM HYJIIO
' IOJIHOM 3apAje (M30/HPOBAHHBIA He3apsikeHHBIH 1uap), TO HajZo BBe-
CTH ellle OAMH (UKTUBHBIR 3apsj TAKUM 00pas3oM, YTOOH NOAHBIN
HHAYLUHPOBAHHEI Ha IIOBEPXHOCTH IMapa 3apsd 0Kasajicid pPaBHBIM
HYJIIO, NpHYEeM He JOKHO HapVIIAThCs NOCTOSIHCTRO MOTEHIHAJa Ha
9TOH TOBEPXHOCTH. ITO JOCTHTAETCA TOMELIeHHeM 3apsija e’
B UeHTp wmapa. [loTeHuuan uckoMore ,
HoJf ONpeAeAnTes Torjaa QopmyJion

e e e’
o= —y+ (3,6)

Dueprust B3auMoaedcTBuA B 3TOM CAaY- A
yae Gyzer
ee’ [ 1 1 "e?R3
%3’2‘<7_1—1')“—212(12—R2y -
(3,7) Puc. 1.

Haxonen, ecau sapsp e Haxoqurcss B cdepHuecKoil HOAOCTH B
npoBoasilefi cpeie (B Toyke A’, puc. 1), To Ho/Ae BHYTPH IOMOCTH
coBHajfiaeT ¢ HOJAEM, KOTOpoe CO3ZaBanoch O 3apEAOM € H ero
«asobpaxkenueM» B Todke A BHe chepbl (He3aBHCHMO OT TOro, 3a-
3eMJIeH TIPOBOAHUK MJH H3OJHPOBAH):

R
o=7—7- (3.8)

Meron, muBepcuu. CyllecTByeT NPOCTOH METOA, KOTOPHI B psiae
cJydaeB T03BOJSET II0 H3BECTHOMY peIUEHHIO OJHOH 9AEKTPOCTATH-
yecKoH 3afayd HaXOAWUTh pellieHde Jpyrod sazaun. OcHOBaHHEM
3TOTO MeTOJla $BJSEeTCS HHBapHAHTHOCTb YpaBHeHusa Jlamsiaca no
OTHOIIIEHHIO K OMpeJeJeHHOMY NPeofpa3oBaHHIO IepeMeHHEIX.
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B cdepruecknx koopiuHaTtax ypasHeHue Jlanmjgaca MMeET BHI
19 Jp 1

- = 2 5 P =

r? or (L ar> +r2 AQ(P 0,

rie nocpeacTsoM Ao o603HaueHa yrJIOBasi yacTh orneparopa Jlamnaca.

Jlerko yGeauTbcsi B TOM, YTO 3TO ypaBHEHHE COXpaHsieT CBOIO QOpPMY,

€C/Id BMECTO IEPEMEHHON 7 BBECTH HOBYIO IIEPEMEHHYIO r’ COIJIacHO

r=r (3,9

(npeobpasosanue unsepcuu) N OJAHOBPEMEHHO 3aMEHHTb HEH3BECTHYIO
(PYHKUHMIO @ COTJIACHO

r ’

3nece R-——HeKoTopas TOCTOSIHHAs ¢ Pa3MepPHOCTbIO AJIMHBI (paduyc
unsepcuu). TakuMm o6pasoM, ecau GyHKIUA ¢ (r) YLOBJIETBOPSET ypaB-
nenuto Jlanjaca, 10 QyHKIHA

W&U=§¢(%H) 3,11)

TOKE €CTb pellleHHe 5TOr0 ypaBHEHHS.

[IpennonoxuM, 4TO HAM HM3BECTHO pelieHue 3afadu of 3JexTpo-
CTATHYECKOM Ti0JIe, CO3/aBaeMOM HEKOTOPOH CHCTEMOH IIPOBOAHHKOB,
KOTOpble HAaXoAATCH [NPH OAHOM M TOM K€ TOoTeHUHaJde @,, W CH-
cTemoli ToueuHBIX 3apsajoB. lloTennuan ¢ (r) OGBHIYHO ONPEAEISIOT
TaK, 4ToOH! OH oOpauiascd B HYJb Ha GeCKOHEUHOCTH. 3AeCh, OXHAKO,
MBI onpepetuM ¢ (r) Tak, YTOOBl Ha GECKOHEUHOCTH 3Ta (pyHKUUs
CTPEMHJIACh K —(p,; TOTAA Ha npoBofHuKax p=0.

BeiacuuM Tenepb, Kakasi 3JeKTpocTaTHyeckas 3ajnaya Oyler pe-
martscsi npeobpasosannofi ¢ynkumess (3,11). Ilpexne Bcero, wme-
HAITCA (QUTYpHl BCeX MPOTSIXKEHHBIX TNPOBOAHMKOB H HX B3aUMHOE
pacnonoxenne, ['paHuyHOoe ycCJIOBHE T[OCTOSIHCTBA NOTeHLMANA Ha
HNOBEPXHOCTH MPOBOJHUKOB ABTOMATHYECKH BBIMOJIHSIETCS, TaK Kak
npu ¢=0 G6ynetT u ¢’ =0. Jlanee, MeHAIOTCA pacmoJOXKeHHE N Be-
JIMYMHBI BCEX TOYEYHBIX 3apsAAOB. 3apsij, HaxOAAWHHCA B TOYKE Iy,
NIEPEXOAUT B TOUKY ro=(R?/r2)r, u mnpnobperaer BeJUUHHY e’, KO-
TOPYIO MOXKHO OIpelesNHTh CcJaefyomuM obpasoM. llpuw r—r, no-
TeHUHaT ¢ (r) obpamaercss B GeCKOHEUHOCTb MO 3aKOHY ¢ =e/|dr]|,
rae 8r=r—r,. C japyrofi croponnl, AudpepeHIHPYST COOTHOLIEHHE
r=(R¥r'*)r’, Halizem, 4To abCo/MOTHblE 3HAUEHHS MaJBIX pasHocTel
8r u Or' =r’—r; cBsI3aHBI APYr C JAPYrOM COOTHOMIEHHEM

2 ___ R¢ ’\2
(6r) _7?(8r )2
[Tostomy npu r’ — r; GyHKUHA @' CTPeMHTCS K OECKOHEUHOCTH IO
3aKOHY

’

R e o
qJ*r(’)[&rl Ri&ry|?
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COOTBETCTBYIOLEMY 3apany
R
Hakownel, paccMoTpum ToBefeHHe (yHkuuu @' (r’) BO6AM3H Hauasa
koopaunat. Touke r’=0 coorseTcTByeT r—oco. Ho npu r—oo
dynxuust @ (r) crpeMutcst K —-@,. ITosromy mpu r’ — 0 dpynkuus ¢’
obpauiaeTcss B GECKOHEUHOCTh IO 3aKOHY

= R
=—=R

e.= =

. (3,12)

S%

P

OT0 3HAYUT, 4TO B Touke r' =0 HAXOZUTCH sapajg e,=— Rq,.

YxaxeM, KaK Npeo0pasyloTcs NP HHBEPCHU HEKOTOPHE IeoMeT-
puueckue ¢urypnol. CdepHueckas NMOBEpXHOCTb pajHyca a ¢ LEHTPOM
B TOUKE I, JlaeTcsl ypaBHEHHEM

(r—ry)? =a®.

[Tpouseenss HHBEPCUIO, TOJYYHM ypaBHEHHE

KOTOpO€ Tocjle YMHOXEHHS Ha r’'? U NeperpyninpOBKU YJEHOB MOKET
GBITh NpUBEAEHO K BHAY (r'—rg)?=a’?, rae
Rer aR?

Q al R o S (3’ 13)

’—-—-—
fo= a?—rg’ a2—r3| ~

Takum o6pa3oMm, MBI CHOBa MojiyyaeM cepy Apyroro pauuyca a’ u
¢ HeHTPOM B Touke ry. Eciu nepsonauasnbHas chepa npoxojusa uepes
HAYyaJo KOOPAUHAT (a=r,), T0o a’'=oc; B 3TOM cJayyae cdepa npe-
obpasyercsl B IIOCKOCTb, INEPNEHAMKYJADHYIO K HalpaBJeHuio r, H
OPOXOAALLYIO HA PACCTOSHMH

2 2
ri—a' = R* R

a-try 2a

OT Havasla KOOpJMHaT.

Meton xoH(opMHOro otobpaxenus. Ilosie, 3aBuCsIIEe TOJBKO OT
JIBYX I€KapTOBBIX KOOPJAUHAT (X, y), HA3bIBAIOT NA0CKUM. MOIHEIM Cpej-
CTBOM [isl PEIleHHs! MIJIOCKHUX 33124 3JI€KTPOCTATUKH ABJAETCA TEOpHsl
GYHKIUEA KOMILTEKCHOro nepemMerHoro. OCHOBaHHS IJIsl NIPUMEHEHHsI
3TOH TEOPHHU 3aKJIYAITCH B C/Ie]YIOLIEM.

DNeKTPOCTATHYECKOE 110JI€ B NYCTOTE yJOBJETBOPSET ABYM ypas-
gepusiM: rot E=0 u divE =0. IlepBoe H3 HHX INO03BOJISIET BBECTH
TIOTeHIHaN 1noas corsacHo E = — grad ¢. Bropoe ke ypapnenne noxa-
3BIBAET, UTO HAPSAY C @ MOXKHO BBECTH TaK¥Ke€ H «BEKTODPHHIH IOTeH-
uuan» nons A cornacto E=rotA. B mnockom cayyae Bekrop E
JIEXKHUT B IVIOCKOCTH Xy M 3aBUCHT TOJBKO OT 3THX JABYX KOOpJMHAT,
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COOTBETCTBEHHO, BeKTOp A MOKHO BHIOpaTb TakK, 4YTOOBl OH GhiJj
Be3/lie HampaBJieH NepIeHIHKYJASPHO K INJIOCKOCTH Xxy. Torma xommo-
HEeHTH HanpsiKeHHOCTH BBHIPAXKAIOTCS B BHJAE NPOH3BOIHHIX OT ¢ HJIH
A cornacho
0 dA 0 0A
E,=—2=22, E=—3=—22. (3,14)
oy y dy ox
Ho TakHe COOTHOLIEHUS MeXKAY NPOM3BOMHBIMH (yHKuud ¢ u A
¢ MaTeMaTHYeCKO!H TOUKH 3PeHHs] COBHALAIOT C U3BECTHBIMH YCJIOBHAMH
Kown —PuMaHa, BbpaXKalolUMH TOT (QAKT, YTO KOMIJIEKCHOE BhIpa-

KeHue
w=g—iA (3,15)

ABNSETCA  AHAMUTHUECKOH  (pyHKUMEH KOMIJIEKCHOIO  apryMeHTa
z=x-+iy. 910 3HAUUT, 9T0 (YHKUUA @ (Z) UMEET B KaxKAoH TOuke
OHpe/leIeHHYI0 MPOU3BOAHYIO, HE 3aBHCAILYIO OT HANpaBJeHUs, B KO-
TOpoM oHa Gepercsi. Tak, auddepeHUHpYS B HanpaBJeHHH OCH X,

HalAeM, 4TO
do _ dp . 94

T o e
HJIU
dw

& = E,+iE, (3,16)

OYHKIUS ©@ HA3LIBAETCS KOMNACKCHOIM NOMEHUUAIOM.
CHJIOBbIE JIMHHYM TOJS ONpelesiloTcsl ypaBHeHHEM
dx dy
E; E,°
Buipaxas E, u E, uepes nponspojHble OT A, Nepenuiuem 3To ypas-
HeHHEe B BH]E

dA 0A

otkyna A (x, y)=const. Takum o6pasoM, JIMHHH HOCTOSIHHBIX 3HA-
yeHUH MHHMOM yacTH OYHKUUH @ (2) NPEACTaBJsSIOT CO00H CHJIOBBIE
JuHuM noJs. JIMHUM Ke TOCTOSIHHEIX 3HAueHU# ee BellecTBeHHOH
YacTH SBAAIOTCS SKBUIIOTEHUHAJbHBIMH JHHMAMH. Bsaumuas optoro-
HaJbHOCTb 3THX JABYX CEMeHCTB JHHHH obecneyuBAeTCH YiKE HCXO/-
HBIMH COOTHOWIEHHAMH (3,14), cOrsnacHO KOTOPHIM

09 04 | 99 0A
Bx ox + 5 dy Oy

Kak semiecrsenHasi, Tak ¥ MHHMas 4acTH aHAMHTHYecKOH ¢yHK-
IHM @ (2) B paBHOH CTeneHHM YIOBJETBOPAIOT YypaBHeHuwo Jlansaca,
TlosToMy C TeM e ycrnexoM MOXKHO IpDHHSTL Im @ B KauecTBe NnoTeH-
uuana nons. CooTBeTCTBEHHO CHJIOBBIE JHHHHM OYAYT TOTAA NABAThCs
ypaBHeHHsMH Rew =const. Bmecto (3,15) 6yftem mnpu 3TOM HMerh

=0.
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IToToX HanpsKeHHOCTH 3JMEKTPHUYECKOTO NOJA 4yepe3 KaKoH-jau6o
OTPe30K 3KBUNOTEHIHANbHOH JIHHHH JaeTcst UHTErpajioM

op
SE,,dl: —Sa—ndl,

rie d/ ecTb 3JeMeHT SKBHIIOTEHNHANbHOH JIMHHH, a N-—Hanpas/eHue
HopManH Kk HeH. CorsacHo coortHolenusM (3,14) umeem OJ¢/dn =
= — 0A/0l, npuuem BbHIGOP 3HAKA INPEINOJATAET, UTO ECJIH CMOTPETh
B HanpasJeHHHU N, TO MOJNOKHUTENLHOE Hanpasaenue [ — aeso. [Tostomy

{E,ai— L di=A,—A,

rae A, 0 A,—3Hauenus A Ha o6OUX KOHIAx ofpe3ka. B uacTHo-
CTH, IOTOK 3J1€KTPUYECKOTO NOJIst uepe3 3aMKHYTHI{l KOHTYP paBed 4me,
rjie e—TOJHBIA 3apsill, OXBATBIBAEMbIH 3THM KOHTYPOM (OTHeCeHHBIH
K elHHHULIE JTHHBI IPOBOIHHKOB BROJIb ocH 2). Ilostomy

1
= A4, (3,17)

rae AA —usmenenne A npu 06Xojle 3aMKHYTOH 3KBHTIOTEHIHAILHON
JUHUHM B HampaBAeHHH IPOTHB 4acOBOH CTPENKH.

Ipocreiiium npuMepoM KOMIJIEKCHOTO NOTEHLIUA A fIBJAsETCA MHO-
TeHIHAT TOJsl 3apsiKEHHOH NpsiMOM HUTH (COBMajamulell ¢ oChlo 2).
HanpskenHocTh 3T0ro nogs paercst opMyJ/aMu

2e
Er :‘T N Ee == O,
rge r, O—noasipHLHIE KOOPAMHATHL B MJIOCKOCTH XY, 4 e—3apsil, enu-
HULBI JJHHBL HUTH. COOTBETCTBYIOLIUH KOMIIIEKCHBIR HOTeHIHaJ

=—2¢lnz-=-—2elnr—2ieo. 3,18)

Ecnu e 3apsnkeHHass HHTb IPOXOJMT He uepe3 HayaJO KOOpPIMHAT,
a uepe3 TOUKY (X, Yo), TO KOMIIJIEKCHBIA NOTEHLHAI

=—2e¢ln (z—2z,), (3,19)

TAE 2y =X+ {Ys-

C maremaTHUecKOH TOUKH 3peHHS (DYHKLUHOHAJIbHOE COOTHOLIEHHE
w=w (2) OCYIIECTBJSET KOHPOPMHOe Omobparcerue TIIOCKOCTH KOM-
TIJIGKCHOTO TiepeMEHHOro z HA MJOCKOCTh KOMILIEKCHOrO fnepeMmeH-
Horo w. Ilyctb C ecTb KOHTYP CEUEHHS MPOBOJHHMKA B IJIOCKOCTH XY,
a @,—NOTeHIMaJ 3TOro TPOBOAHHKA. V3 Bcero ckasaHHOro BhIIIE
SICHO, YTO 3a7a4a 00 OnpejeJeHHH NOJs, CO3AaBaeMOTO 3THM NPOBOA-
HHKOM, CBORMTCA K HaxOxJeHHI0 Takoii (GyHKUHHM ® (2), KOTopas
otobpaxana 6bl KOHTYp C B NJIOCKOCTH Z Ha JIHHHIO @W=¢,, Napaj--
JIeJIbHYI0 OCH OPJIMHAT B MJOCKOCTH @; TOT/|a BeUIeCTBeHHAas yacTh Re
JACT MOTEHUMAd paccMaTpPuBaeMoro mnojsi (ecau ke QyHKUHA @ (2)
oto6paxcaer KOHTYp C Ha JIMHHIO, Napa/JelbHYl OCH abcuuce, To
noTeHupan jaercs QyHkuued Imuw).
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3anaua o kaune. IIpuBelem 3mech AJisi CpaBOK (GOPMYJLI, Ompe-
ZIeNISIIONINE T10JIE, CO3[IaBAEMOE TOUEUHBIM 3apsfiOM €, PacliOOKEHHbIM
B TNPOCTPAHCTBE MEXJy JABYMS MepeceKalolUMUCs NPOBOJSIIHMH
nosynaockocTMH, IlycTh och 2 HHTHHIPHYECKOH CHCTEMBI KOOPAH-
Hat r, 0, z coBHajaeT c JHHHeR
Kpasi yrja, npuyeM yroa 6 orcuu-
TLIBAETCH OT OJHOH H3 €ro CTOPOH;
3apsg e NyCcTb HaXOAUTCA B TOUKe
® [ a, v, 0 (puc. 2). Yron pacrBopa o
MEXJY IJIOCKOCTAMHM MOXKeT ObITh
Kak MeHblle, TaKk H OoJblie 7w, B
Puc. 2. noc/IelHeM CAY4ae MBI HMEEeM JeJso
C 3apsjoM, paclONOXEeHHBHIM BHe

IIPOBOASIIETrO KJIHHA.

[otenuuan noua paerca dopmyJof

g

o

e S‘ sh (ng/e) sh (sl /) dg
T aV 2r ;

WL os 0=y al a4V | Yehf—chn
a o a o
(3,20)

C

of L r2-|- 22

2ar

, >0

Ha NOBEPXHOCTH NpPOBOAHMKA, T. €, npu 0=0, o, norenuuan ¢ =0
(H. M. Macdonald, 1895)1).

B uvactHocTH, npH o =27 TOJYy4aeTcs NPOBOASLIAA MOJYIJIOC-
KOCTb B TIOJe TOYedHOro 3apaja. B stom cuayuae usTerpan (3,20)
BBIUHC/ASIETCS B KOHEYHOM BHJE U JaeT

chn=

09—y 04y
eesnm | Larccos| 2\ L arecos —— 2
P a:zn—-n R Chl]_ R’ Chﬂ_ ’
2 2
(3,21)

R=[a%+ r*+42*—2ar cos (y—6)] "z,
R’ =[a®+rt* 4 22— 2ar cos (y+40)]'"-.

B npenene, xorjia ToukKa HaOgiofeHUs NOJA CTPEMHUTCA K TOUKE Ha-
XOXKJIeHHs 3apsaja e, noreHuwasa (3,21) npuHHMaeT BUJ

2—%'}‘@,» (P,:___e__<l+ﬂ'_v>. (3.22)

2na siny

TTepBEIfl W/eH eCTb YMCTO KYJOHOBCKHH NOTEHLHaN], obpalnaiwomuics
B OeckoHeuHocTs npH R -— 0, a ¢ —wu3MeHeHHe TNOTEHIHAala B
TOUKE HAaXOXJECHHMS 3apsila NoJA BJHAHHEM NIPOBOJLHHKA. JDHeprus

1) BuiBog 3TOl dopMysbl MOXKHO HaliTH B KHurax: Lameeun B. B., Tonme-
eun H. H. COopHHK 3afau mo siekrpopuuamuke.— M.: «Hayka», 1970, samauu
205, 206; Macdonald H. M. Electromagnetism.— Bell, London, 1934,
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B3aUMOJEHCTBUSA 3apsaja ¢ HpOBOﬂﬂmCﬁ NOJYHJIOCKOCTBIO €CTh
€!

%:%z—%(uﬂ—"). (3,23)

sin y

3agaum

1. OnpefienuTh noje BOKPYT IPOBOASAILIErO He3apsKEHHOro mapa (paguyca R),
HaXOJAUIErocsi BO BHEIIHEM OJHOPOJHOM 3JIeKTPHYECKOM noje (.

Pemenue. Ilumem noresnuan B BHIE @ =@, ¢, TAe §g=— (Hr —IOTeH-

IIHaJl BHEIUHeTO II0JsI, a ¢y — HCKOMOe H3MeHeHHe IIOTeHIIHaNa, BEI3bIBAeMOe IAPOM.
Beuly cumveTpud mapa GyHKLUHS @; MOMKET 3aBHCETL JUlIb OT OZHOTO TOCTOSIH-
Horo BekTopa (%. EXMHCTBeHHOE Takoe pellleHHe YpaBHeHHs Jlangaca, ofpaltaroueecst
B HyJb Ha GECKOHEUHOCTH, €CThb

1 Gr
¢y =— const- GV 7=const-—r—3

(Hauaso KOOpAHHAT BLIOupaeMm B LedTpe wapa). Ha mosepXHocTH mwapa ¢ JLOJ/IKHO
GLITk TIOCTOSHHEBIM; OTCIOfa HaxoAuMm const= R3, Tak uTo

¢=—Crcos 0 (1—%3-)

(8 —yron Mexny BekTOpamm (¢ u r). PacnpeneneHue 3apsloB IO NOBEPXHOCTH
nmapa jaercs dopmyaoH

nonHw 3apsaf e=~0.
JIMNOMbHLIH MOMEHT Iapa fipole BCero HaHTH NyTeM CPaBHEHHA Qj C NOTeH-
HHaJIOM r/r3 ToJs 3JeKTPHYECKOro AUNOJS; HaiAeM

P=R¢.

2. To xe ;14 GeCKOHEYHOTo IHJIHHAPA B IOTEpeYHOM OAHOPOJHOM ToJe.

Pemenne BpoauMm noasipHbie KOOPAHHATH B IJIOCKOCTH, TNepPleHIHK YA p-
HOH K OCH LHJIMHJpA. PellenHe AByMepHOrO ypaBHEeHHs JlamJaca, 3aBHCSAlLIEE TOJbKO
OT OJIHOrO TNOCTOSHHOIO BEKTOpa, €CTh

¢ =const. &V Inr=const « %l: .

CKA4bBas ¢ Qp= —r(¥ ¥ nojoxus const==R?, noay4um

2
¢=—@8rcos6 (l——%—) .
TMoBepXHOCTHAS TJIOTHOCTL 3apsfoB
Y
0—-——2—3{ cos 0.

Junoanusii MOMEHT 9P eMHMIB AJHHE NUJIHHAPA MOXHO HAHTH NYTEM CpaB-
HeHHT ¢ C NOTEHIHANOM JBYMEPHOTO JMNOJbHOro mojs. ITocaefnmii mmeeT BUA

2 v Inr=2;z)r,

TaK uro §P = ER?/2.
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8. QupelaiuTy Noke BOAHSH KAHHGBHAHOFO KPas HA MPOBOAHEKE.

Pewenne. BrGupaem mnoaspHble KoopAuHaTH r, O B IJIOCKOCTH, TNepHeH-
ARKYRSDHOA K Kpa:0 KJHHA, H ¢ HAYajoM B BepuiHHe abpasyeMoro uMm yraa O,
(puc. 3). Yroa O nycTh OPEYHTHBAETCH @F OJHONH- M3 CTOPOH KJIHMHA; OOJNAaCTH BHe
IPOBOJIHHKA COOTBETCTBYIOT 3HaueHHs 0<C 0= 2n—0, BOnusm xpas yria noten-
IIHAJl MOXKHO DA3JIOKHTH N0 CTeNeHAM 7, TPHYeM Hac HHTepecyeT nepBHi (mocue
TIQCTOSIKHOTO) YJIeH 3TOr0 PasJoXKeHWsd, cofepKaumii HanGojiee HHSKYIO CTefieHs r.
Peluennss jaBymepHOro ypaBHenHs Jlamjaca, NpONGpIHO-
Ham-Hple r®, cyTe r® cosn® u r”sinnb. Pewende ¢ nau-
MEHBLIIMM A, VJIOBJETBOPSIOUeE YC/OBHIO ¢ = const mnpu
0=0 1 0=28—8, (na NOBEPXIOCTH NPOBOAHMKA), €CTh

¢=const-rtsinn®, n=mn/2n—0,).

HanpawenuoeTe ROAR, COQGTRETCTREHHO, 38BHCUT OF 5 KaK

m-L Tlpn 0, <m (n< 1), caejopatelbHO, HANpIKEH-

HocTh obpamgeTcss BOJH3M Kpas yria B GeCKOHEYHOCTb.

Puc. 3. B uacrupcTd, M4 o¥eHs TOHKOrO KawHa (6, <€ 1, n = 1/,)

E pacTer npu yMeHbLeHHH r Kak +~ /% B6auan e Kpas

KARMOBHINGH BOPHYFOCTH HE BOBCPXHOCTH dpoRonuKA (B, >n, 7 > 1) nese crpe-

MHUTCST K HYJIO.

3naueHue consi MoXeT GHITh ONpefeJIeHO TOJMbKO W3 PEllleHnsT 3afauy IS BCero

no/iAd B uedoM. Tak, JJIs OYeHb TQHKOIQ KJMHA B TIOJIE TOYEYHOTO 3apsja e npe-
JeNbHLIR TepeXol K Malem 7 8 (3,2]) noarsepxaaer 3aKoH

= const- V?sin-g-,v

npHieM g _
...éf}i..a._ sin l
m (a?-}-22) 2"

CnoBa. «8EAU3Y KANHOBUAROIO KPafy O3HAUAIOT B 3TOM caydae ycrorue r&a, npu
BHINOJIHEHWH KOTOPOro MOXHO mpexeGpeub uieHoMm d%p/d2? B ypaBuenun Jlannaca.

4. OnpefienuTb none BGJH3K KOHUA TOHKOrO KOHHYECKOTO OCTDHSI Ha MOBEpX-
HOCTH NPOBOAHHKA.

Pemenue Brnbupaem ceppueckde KOOPAUHATHI C HAYANOM B BeplupHe M
¢ NoJMsSpHOR OCHIO BJOAL OCH KOHWUECKOTO OCTPHA. YToJl pacTBopa KOHyca MyCTh
Gyner gﬁo <1, Tak 9TO QBIACTY BHE GPOBOAHUKA COOTBETCTBYIOT 3HAUEHWS NOJSD-
Horo yriaa 8«5 0 << n. AnaJoruuno TOMY, K&K $TO Aesajochk B npeAbiayuiell 3agaue,
HUIeM pelneHue (AAd nepemenHofl yacTd noTeHUUaNs), CHMMETPUUHOE OTHOCHTENBHO

ocd KOHycd, B BHJe
e=r"f®) ‘ )

¢ HaHWMeHbIIHM BO3MOXHLIM n. YpaBHenue Jlapaaca

14/, 19 /. . dp ) _
™o (’ Tr) tsmoea0 0 58 )=0
riocJjie NMOACTAHOBKH 3TOrO BhIpaxKeHus naer

ﬁ%(sin_ﬂ%)—f—n n+1)f=0. Q)

YclioBHE TMOCTOSIHCTBA TOT2HIKAJAA HA TIGBEPXHOCTH OCTPHS O3HAYAET, UTO LOIKHO
6uiTh f(09)=0. -

Tipn maxem 8, mwew pomiense, chesas apeinolokense, ym n<&l, a f(6)
nmeetr Bux f—=const-{l 98], rae $€1 (apu 8,—+ 8, v. e. AA7 beCKOHEHHO
TOHKOTO OCTDHS, €CTECTBEHHO OXKHAATh, YTO @ CTPEMHTCS K HOCTOSIHHOH MOYTH BO
Bcell obaacTH BOKPYr ocTpus). JlAs ¢ NonyuaeN ypaBHeHHe

1 od/  dp) o
mﬁ(sme-‘—ﬁ)_—n. &)

const =
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Peurene, B KOTOpoM P He HMeeT ocofeHHoCTell B 06/1acTH BHE OCTPHS {B YaCTHO-
cTH, Apu O=m), ecTb

P (6)=2n1In sin%.

Tpu 8 ~ 0y <€ 1 pyuxuus P (6) nepecraer GwiTh Majoii. Tem He menee moay-
YeHHOE BBIPAXEHWE OCTaeTcsi MPHUMEHUMBIM, TAK Kak B 3ToH 06JacTH B CHAY Malio-
et O MOXHO BooOIle NpeHeGpeus BTOPHIM YjeHoM ypasHeHua (2). Jas onpenene-
HHSI TIOCTOSIHHOA n B nepBoM NpubayKeHHH HaZo NoTpefoBaTh o0palleHHd B HYJ/b
Halifennol Bhime GyHKUHM f=1--1 npu 0=0, Takum obpasom, Haiijem!)

" 1
21n 6,
HanpsxenuocTs TOJST HEOrPAHMUEHHO BO3pacTaeT Npu TNPHONHKEHHH K KOHIY
octpua Kak r—~%, T. e B OCHOBHOM Kak 1/r.
5. To Ke 1Js TOHKOTO KOHHYECKOro YryO/JeHHsT HA NOBEPXHOCTH NPOBOAHUKA.
Pemenue. OO6racti BHe TPOBOJHUKA Teleps COOTBETCTBYIOT 3HAUEHHS
0<< 00, Kar u B npemmiayumeli sagaue, umem ¢ B Buge (1), Bo Tenepn Gyger
73> 1. Ilockoasky 1o Beefl obiact noas Tenepn 0<€ 1, To ypasHeHHe (2) MOXHO
HaluCcaTb B BHIE

%%} (e %) 2.

dro—ypaBHenne Beccenst, u ero pewende, He HMeromiee ocobeHHocTeil B obaacTn
noast, «cth J, (n0). 3HaueHue n onpepensieTcss KaK HaUMEHBIIHH KOPEHL ypaBHe-
Husa Jo (n8,) =0, oTkyna

n=2,4/8,.

6. Onpenenuth SHEPrwi0 TPUTHIKCHHST SJACKTPHUCCKOrO AMNOAA K MIOCKOH
NOBEPXHOCTH ITPOBOJHHKA.

Pewed e BnGupaem och ¥ NeprzHAMKYJISPHO K NOBEPXHOCTH NPOBOZHHKA
M TPOXOJsilell Yepe3 TOYKY HAXOKAEHHS JAHNOJS;, BEKTuUp JAMIOALHOrO MomeHTa P
NYCTB JIEXKHT B YJOCKOCTH xy. «M3o6paxeHne» XUIONA HAXOJHICY B TOUKE — X

= ’ ’

H HMeeT JUIOJbHBIE MOMEHT Py=P,, Py= — Py Vickomas SHeprusi npHTIKe-
HAA BHYMCJAsETCA Kak SHePrs B3aHMOACHCTBHA JMIONS C €r0 «H306parKeHHeM»
U paBHA

1
U=—55 2P+ PY).

7. Onpeyenuts B3aUMHYIO €MKOCTh SAMHHUB JJIMHLI JBYX IMapalieJsHLIX Gec-
KOHEUHBIX IAIHHAPHIECKHX TPOBOAKHKOB (paZHycoB a H b, paccTOSIHHE MeXAy
ocamu c) 2y,

1) Bomee TouHas opmyna, n=1/(21n(2/0,)), comepxamas KospbULHEHT
B GOJIBHIOM JOTapH(Me, B JEHCTBHUTENBHOCTH He MOXKET GOHITh TOJYYeHA YKA3RHHBLIM
IPOCTHM MeTofoM. BoJsiee TOuHOE BHIMHC/IEHHE, OAHAKO, TO CAYYARHHIM NPHYHHAM
TPUBOAYMT MMEHHO K 3ToH dopmye.

%) AHajoruyHas sajaua Jis ABYX cdep He pemaercs B KOHEUHOM Buie. Pas-
HHUA CBSI3aHA C TeM, 4TO B NOJe JBYX 3aPSKeHHHX (PaBHBIMH H IIDOTHBOTIONON-
HBIMH 3apsjaMu) NAPANJETLHbIX HUTell BCe SKBHIOTEHHHAJbHBE TIOBEPXHOCTH
ABJIAIOTCS. KPYTOBHIMM LMWJIHHADAME, & B TIOJe JBYX TOUEYHBIX 3APAJ0B - € SKBHw
TNOTEHIKANLELE TOBEPXHOCTH HE SIBASIOTCA Chepam.
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Pemenne. Ilone, cospaBaeMoe oGouMH HUAHHAPAMH, COBNAjacT C moJjeM,
KOTOpOe c03%aBafoch Obl (B TMpOCTPAaHCTBE BHe HUJHHADOB) ABYMS 3apAXKEHMEIMH
HHTAMH, NPOXONALINMYM ‘epe3 COOTBETCTBYIOmUM OO6pasoM HNof0GpaHHbie TOMKH A
u A’ (pHc. 4). Hutn HecyT (Ha elMHHIE AJHHH) 3apsibi + €, DPaBHHE 3apafaM
UBJHHADOB, a8 TOUKH A ¥ A’ Xo/XHBI ObiTh pacnosioxeHsl Ha Junmu 00" Tak,
4T0Gbl IOBEPXHOCTH MUAKWHAPOB COBMAJAJM ¢ SKBUNOTEHNHAAbHLIMH TIOBEPXHOCTAMH.

-2 Jlas sroro paccrosihus OA u O'A’ ponx-
HHl YJOBJIETBOPATL COOTHOMICHHSM

0A.0A'=a2, O'A"-0'A=1b3,
T. €

dl (C —d2)= 02, d2 (C—dl) = b2.

Torma Ha KaXJOH H3 OKPYXKHOCTEH OTHO-
wenue r’/r paccroguuit ot Touex A . A’
[IOCTOSIHHO: HA OKpYyXHOCTH [

20"%=¢

0/4=df
04~c; ‘ r_a__a _d
Puc. 4. ' 0A" c—dy a
a Ha OKpYXHOCTH 2 r'/r==dy/b. COOTBETCTBEHHO, MOTEHLHANb LHWIHHAPOB:
_ ro_ dy . 12_ e cﬁd_,
Pr=—2¢ 1n7———2e ln—; , @g=2eln 5 P @1=2¢1n 2
Orciona HaxoluM A1 HCKOMOH B3auMHOH emrocTH C= e/(Ps—@1):
1 dydy c2—a%*— b
-6'—2 in —a—b———-2 Arch ——éar— .

B uacTHOCTH, A/ LMJHHAPA pajHyca @, HaXoldilerocss Ha DacCTOSHHH A > &
OT NPOBoJfiel NIOCKOCTH, Halo NOJOXHTE €= b --h U NepedTH K npexeny b — oo;

3TO Jaer

1 h
—C—-=:2 Arch; .

Ecnu pa moJniX UMJIHHAPA HAXOIATCA OAWH BHYTpH Apyroro (¢ < b—a), T0
moJie CHapyXH OTCYyTCTBYeT, a moJie B NPOCTPaHCTBE MeXAY UMIMHADAMH COBNa-
JaeT C noJieM, KOTOpOe Co3iaBajioch Obl IBY-

MA HHTAMH C 3apsjaMH -}e H — e, MPOXO-
IsamuMH yepes Touku A u A’ (puc. 5). Tem xe

C11eCOGOM NONYUNHM Pe3yaAbTaT: b}
I a4 bi— 0 :
"E’ =2 Arch -—W—— .
8. I'panuua npoBoAHMKA mpelcTaBjaseT a7 A A
cofoli HeOrpaHWYEHHYI IJIOCKOCTb € BHICTY- W=c

ToM B BHJe monylwapus. Haiitu pacnpeznene-
HHe 3apSJ0B Ha NMOBEPXHOCTH.
Pemeunne. B Halizesnom B 3agaue 1
noJie ¢ NOTEHIHAJAOM BHAA
R*‘) Puc. 5.

¢=const-z (1—&—\2{

IJI0CKOCTh 2=0 € BHCTYNOM 7=R SBJAETCA SKBHINOTEHIHAJILHON NOBEPXHOCTLIO
(za kotopoi @=0). IlosTomMy ona MoxeT OHTb M NOBEPXHOCTHIO ' NPOBOXHHKA,
a HanHcaHHasm ¢opMyJa onpefenseT  moJle BHe INpoBOAHHKA. Pacnpefenenue
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Saps/IoB HA MJIOCKOK YacTH NOBepXHOCTH Aaercs hopMyJofi

1 d¢ _ R3
O =TI 02 |y = (“Ts)

(Mbl TONIOKUAN const = — 470y, A€ 0,—NAOTHOCTb 3apsJOB BAAJH -OT BHICTYNA).
Ha nosepxHOCTH e BHCTyna

_ 1 o _ Z
= a or lrer OO R

9. OnpelenuTh JUNOJLHEIT MOMEHT TOHKOTO MPOBOASUIErO UHIMHAPHYECKOTO
crepxua (Anuub 2/, panmyca a; a<€ ) B anaekrpuueckom none €, napanrensHom
€ro OCH.

Pemenne. Ilycts T (2)— HHAYyNHPOBAHHBI Ha IOBEPXHOCTH CTEPKHSA 3apsl,
OTHECEHHBIl K e[MHHIE HJMHHBI; Z-—KOODAHHATA BJOJb OCH UHJIKHAPA, KOTOPYIO
6yZieM OTCYMTHIBATE OT €0 CepellMHbl. . YCJOBHE NOCTOAHCTBA TMOTeHIHana Ha MO-
BEPXHOCTH MPOBOJHHKA TJIACHT:

2 1
. 1 T(2)de dp__ T, g @]
— ety | S,——R—-—"’ R={(—apaatsn 3
0 —

(¢ —yroJ MeXAy NJIOCKOCTSIMH, TPOXOASIIHMH Yepe3 OCb LHJIHHJApA M Yepe3 TOUKH
Ha €ro NOBEPXHOCTH, PACCTOsIHHE MEXIY KOTOPHMH paBHO R). Pasobnem murerpan
Ha JiBe YacT¥, HanuCcaB B HeM TOXJecTBeHHO T (2} =1 (d)+[T (@")—7(2)]. Yunu-
TeIBaA, YTO /3>, H paccMarpHBasi TOUKH, He CAHIIKOM O/IM3KHE K KOHLAM CTEPXKHH,
uMeeM

25
T (2) dz’dp 7 (2) 222 . 4 (12—22%)
2n SS R T 2x In a? sin? (@/2) dp=7 (2) In a?

0

LS
<HCHOJIBSOBaHO H3BECTHOE -3HaueHHe S Insin @ dp=-—=a In 2>. B unrerpane, co-

0
ZepxaiieM pasHocTs T (2') —7T (z), MOXHO npeneGpeun uieHoM ¢ a? B R, TaK Kak

3TO He NOBJeYeT 3a cOOOH pacXoAMMOCTH HHTerpana. Taxum ofpasoMm,
l

4 (B—2% T(@)—71 () ,.,
@Z:T(Z) lﬂ——;—'l— 'S —l7-_—z,—d2 .

3aRHCHMOCTE T OT 2 B OCHOBHOM CBOIMTCS K TPONOPUIHOHAJILHOCTH 2; B 3TOM IIPH-
6JIHKEHHH CTOSILHE 31ech MHTerpaJ haer — 2t (2), H B pesyabTaTe NOJyyaeMm
- €z
. T(Z)= 2 2y /2 .
. In [4 (12 —2%)/a?] —2
OTo mBIpaKeHHe HENPHIOAHO BGJH3H KOHLOB CTEDXKHS, HO AJS BHUYHCIEHHS HCKO-
MOro JHMOJLHOrO MOMeHTa 3Ta 06JacTh 3HaueHHl 2 HecymectBeHHa. C mpuumTeit

HaMH 37eCb TOYHOCTBIO HMeEeM:
[

. 1 - i .
_ _ € g 2 22 B 1/4
P = lr(z) Zdz"_fs [z —rn (1 —l—2>]dz-(5, af [l+f(‘§—1“2)]
. 0
. (rne L=1n(2l/a)—1—Goaviuoe UHCIO), HIH, C TOHR Ke TOUHOCTHIO,

P L
S =3 @) — 71"
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10, OnpejeduTb eMKOCTL NOJ0ro CepHyecKoro MPOBOJISIIEr0 CerMeHTa.
Pewenwue Bnoepem navano xcopiuvar O B Kaxoii-1M60 TOuKe Kpasi Cer-
meHTa (puc. 6) W nponaseleMm npeoGpasopaume wuenepcun r=:{%r" (/—1inua
XOpJABl B IJIaBHOM ceuenuH cerMenTa). IIpu 3ToM cermMenT MepexoiuT B NOJYILIO-
CKOCTb (ITpHXOBas mpaAMam ua piic. 6), nepnesjukyaspwyo x painyey AO cer-
A MeHTa H NPOXOASILYIO uepe3 Touky B ero
Kpas; yroa y:==1—U0, rie 20 —yroa pacrso-

i pa ceTMeHTa.

5 _ Lean notenmuan cermesita, kecyuiero Ha
08=1 cefe eapsl ¢, TPHEAYTL 3a HY.Jdb, TO TpH

r—— o NOTCHLUAI NOJA CTPeMHTCH K

4
¢ _(P¢J+7 .

CooTBeTCTBCHHO, B TipeofpaszoBanHoil  3ajaue

g\_)C)\f—m' npu r’ —- 0 noteHUMad CTPEMUTCA K

7 s (pr__l(E - Zq"uﬁw €
Puc. 6. T r’ l
(mepBuiit  ulen  cooTBeTCTBYeT 3apmiy ¢ ==— [P, B lauade KOODPAUHAT).

C apyrofi croponsl, coraacrko (3,22) mveen

A I
L T <,\1 bson 0>

(MoTekLuan BOAN3H 3apsia ¢, HaXOIMLUErocs Ha paccTosnnyd [ oT Kpas npoBois-
el NOAYINIOCKOCTH € TOTCHIHAOM HY.Ib). Cpapius ofa BLIPAKENUS, MOJYUHM
ML MCKOMOH eMKOCTH £ == ¢, ¢, c*e,iy‘;myn Qopyyay:

! / A

\
C: \ *"—'H—g‘) ‘?(\n\)*e)

(R — pannyc cermexra).

I. OnpenenuTs CBA3AHHYIO C Kpaenbivik 3(eKTaudl 1ONPaBKy K 3Haderito
C=5/4nd pas eMKOCTH ILIOCKOTO Koiijencaropa (S—noulaib noBepXiloCTH 06-
KAagKkH, d— paccrosinue Mexky oSkaaikavu; d <<V S).

Pemwenune. Hamnune y o0K.1a10K CBOSOIHLIX KPAEGB HAPYLIAET PaBIOMEPHOCTD
pacripejesests 3apsioB Ha NHX. LIS onpejetends HCKOMOH TNONPABKH B NEPBOM
npubJHKelnnd paccMarpHBaeM TOUKH 00-

KJaJIoK, YAATeillible OT Kpas Ha paccros- 50:500/2
Hug ¥ Takue, uro d & x <<} S. Paccmar- el
PHRAS, LATpHMED, EEPXN0  OOKIAAKY

(C mOTEHNIHAJOM @=¢,.2; puc. 7, a) H
npeuetperas ee paccrosrneM 4,2 10 cpei-
Heil IMJIOCKOCTH (3KBHMOTeHIlH#ML1iasg  TO-
BepxHOCcTh @-=(), MBI DoJyuaeM 3afauy
¢ noJsie BOIM3H IParilpl ABYX yacTed mndoc-
KOCTH, MMEIONMX [agnulible NoTeHUHadsl  J) Sa=0
(puc. 7, 6). 3ra sanavya peuiasTCA 2JeMeH-

TapHo 1), H B pe3yabraTe A H3GLITOUHOI

(Mo CpaBHEHHIO C ¢ BIzJAH OT Kpas) IJ0T-

HOCTH 3apHJ0B NOJYyYaercs BbIpaA:-eHue

Puc. 7.

1) Cu. § 23; B dopmyae (23.2) pag morteHuHand HAZ0 TOJOKHTL B AAHHOM
cayuae Qgp = Qu/2, o=1t.
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‘TaK UTO MOJHBIH H3GHTOYHBIE 3apsn
VS
d

L .S‘ Ao dxz(&é In
8n2

{L —znuna nepuMeTpa oOKJaIKH); NPH BHIUKCIEHHH JOTapPHOMHEUECKH pacXoislle-
TOCS MHTErpasa B KauecTBe BEPXHETO H HI/KHETO NPEAE/IOB IMOJACTABJAAEM IDPaHIbL
obnactnd < x LY S.
Otciofla HaXOJHM eMKOCTb:
S o L n V'S
T 4ad ' 8x? d °
Bosnee TouHOe Bhluxcaeune (oTnpefenenne Koz(dHiMeHTa B aprymente JoTa-
pudma) TpefyeT NpHMeHCHHS 3HAYATEJNBHO OGOJEE CIOKHLIX METOIOB, NMPHYEM pe-

3y/AbTAT 34BUCHT OT (opMpl 00KA4noK. J[las Kpyrophix (paiuyca R) o6K./aIO0K
nofayyaercs

R* R 16aR

(Popnyara Kupxaoga).

§ 4. Iposonginuii 3aMHMCON]

3aznaua o6 omnpejeseHUH TIOJISI 3aPSKEHHOrO NPOBOJSLIErO 3JIHII-
COMAA M 3ajaua o0 SJUIHICOHIE BO BHELIHEM OJHOPOIHOM MoJje pe-
IHAOTCST ¢ MOMOUIbIO TAK HA3BIBAEMBIX JAAUNCOUOAAbHBIX KOOPIUHAT.

CBsi3b  3JJIMICOMAAIBHBIX KOODAHHAT C JEKapTOBBIMH Jaercd
ypaBHEHIEM

2

i YL Z 1 @>b>o) 4,1
az~|—u+b2+ 4u > ) 1)

D10 ypaBHeHHe, KYGHUECKOE OTHOCHTENBHO u, MMEET TPH PasJHYHBIX
BELECTBEHHBIX KOpHs (u=E, 1), ), JexXalux B CJIeLyIOIUX HHTEp-
Basax:

E> ot —og>—b, —bh>i>-an (4,2)

ITH TpU KOPHS U ABJSIOTCH JIIUINCOHAANBHEIME  KOOpJAUHATAMH
TOUKH X, y, 2. VX reomerpuueckuil CMBICJA SBCTBYeT H3 TOTrO, YTO
NOBEPXHOCTH TOCTOSHHBIX 3HaueHWH &, 1, { NPecTaBasioT co0of
COOTBETCTBEHHO 3//IMIICOU/B, OAHOMOJOCTHLIE HNEPGOIOUIBI H JIBYX-
TIOJIOCTHBIE THIePOOJIOM L, IPHYeM BCE OHH COPOKYCHBIL C 3JIIHIICOHAOM

2 2 g

LIepe3 KaXAyl TOYKY NPOCTpaHCTBA NMPOXORHT NO OAHOH MNOBepX-
HOCTH 3THX Tpex ceMmefcTs, fipnueM 3TH fHOBepxHoctH B3dumHo opTo-
roHajbHEl. PopMmyasl npeoOpa3oBaHUsl OT 3JIHICOHAANbHBIX KOOD-
IuHaT K JeKapTOBLIM MNOJYYaloTCs NyTeM COBMECTHOTO PEHIeHHA TPeX
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ypaBHeHu# THNa (4,1) u uMel0T BUR

(E+a®) (- a) (C+aY)] s
x= i[ T—a%) (C—a?) } ’
L TG by (- 6y s
v== | (4.4
L [<5+c2) (<) <c+cﬂ>]‘/2

@—c) *—2)

SneMeHT AJHHBL B 3/JMICOUAANbHEIX KOOpJAMHATaX HMeeT BHJ
d1? = B3dER + hidn® -+ hdg?,
h=YEDED o V—D0=8 , VE-DE—
2R§ * 2 2R'n 1) 3 2R
(4,5)
rje BBENEHO ofo3HayeHue

R, =V (u+a”) (w+b) (utcd), u=E ;L

CoorpeTcTBEHHO, ypaBHeHue Jlangaca B 3THX KOOpAHHATaX €CTb

_ 4 — 9 99
Ap=r—pe= 50D Ik 0 Rze (ReSE)+

+ (=8 Rz (Ruge )+ E—n Rz (R )] =0, 4.9)

Eeau nse us noayoce#t a, b, ¢ cTaHOBATCS PaBHBIMH, TO 3JLJIHII-
COMAAJbHAs CHCTEMA KOOPAMHAT BhIpOkAaercd. Ilycte a=b >c.
Torpza kyGuueckoe ypaBHenue (4,1)
BBIDOK/aeTCsl B KBaJpaTHOE:

p? 22 _
FratTera =D
92:x2+y2s (4a7)

C IBYMs KOPHSIMH, IpoGeraronumMy 3Ha-
yeHHd B MHTepBaJjax

E=—c, —cz=zn=—dad

KoopanHaTHbIe NOBEPXHOCTH MOCTOSIH-

Puc. 8. gBIX & W 1} mpeBpamaioTca COOTRETCT-

BEHHO B CO(OKYCHBIE CIIIOCHYTHIE 3/I-

JAHACOMJB! BpAINEHHST M OJHOMOICCTHBIE THIEPGOIOHALl BpAalleHHs

(puc. 8). B kauectBe TpeTheil KOODAMHATH! MOXKHO BEECTH MOJISPHLIH

yroal @ B IJOCKOCTH Xy (x=pcos@, y=psing). HUro xke Kacaer-

csl  JLTHICOMANBHOH KOODAMHATHL {, TO NpH a=2>b OHA BLHIPOXKIAET-

csl B IeCTOSIHHYI0 — a2. Ee cBSI3b € yIVIOM @ 3aKJiOuéHa B 3aKOHe,
10 KOTOPOMY { CcTpeMHTCsl K — %, KOrja b ctpeMuTcsa K a:

Yar:Esa
cos @ = ]/a—’;_—_”%, (4,8)
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B 4eM Jierko yOenutbes u3 (4,4) WJAH HEIOCPEACTBEHHO U3 ypaBHe-
uus (4,1). CBsisb KOOpAMHAT 2, P C KOOpPAHHaTaMu §, 1 JaeTcs Co-
raacHo (4,4) paBeHcTBaMu

(E-+c®) ()12 _ [(E+a%) (+a?)]r/e
z = [S——C_—az——] p= [“7‘:02——] . (49)

Koopauuatst &, M, @ HasbBalOT CHANCHYMBIMU CHepoudaroHbimu
KOOpAHHATAMH 1).

AnajornuHpiM 0o0pasoM, TNpH @ > b=¢ 3JIHNCOMAABHEIE KOOp-
JIMHATEl BHIPOXKAAIOTCS B TaK HasblBAEMBIC 6bimAHymole chepoudans-
Hole KoopjauHaTH. JIBe KoopauHATH § M { 3a1ai0TCST KODHSMH ypaB-
HeHHUsI

x* p* 2 __ 2 2 4.1
az-l-u_f_bz-!—u—l’ pr=y"+2% (4,10)
npuueM §>-—b%, —b? > >-—a®. IIOBepXHOCTH NMOCTOSHHBIX & H §
NPEACTABJSIOT COGOH  BBITAHYTHIE 3JJIHICOHIB H JBYXIOJOCTHEIE

runepGosionabl Bpauienus (puc. 9). Koop- JACS
IHHATA e 1) BLIPOMKJAAeTcs npH ¢ —b B al'»

NOCTOSIHHYIO — b? 1O 3aKOHY N /g
PR ~ e
b2 A
cosg = g, (1D e
: .
i I

rjae ¢—TIOMSIPHEH Yroa B MJIOCKOCTH Y2. 7 7
Ceasp koopauuar &, {-c¢ xoopjuHara- T 3
//
s

MH X, O NaeTcs opmynamu

e

(EF0% (§-Fb1)) Ve Puc. 9.
p= [ b2 — a2 . (4712)
B crnarocayroil cepounaspHoil cucteme (POKYChl KOODIAHMHATHEIX
MIOBEPXHOCTEH (3/IJIHIICOMOB H THIEPOOTOHI0B) JIEXKAT HAa OKPYKHOCTH
pamuyca V a*—c¢® B maockocTH xy (Ha puc. 8 AA’ ecTh mmameTp
3T0H OKpy:KHOCTH). IIpoBefeM MJIGCKOCTb, NPOXOJAILYIO Yepe3 HEKO-
Topyio Touky P # och z. OHa nepeceder (POKaNbHYIO OKPYKHOCTb
B ABYX TOUKAX; MYCTb 7y U r,— PACCTOAHUA OT 3THX TOYEK A0 TOYKH P.
Ecau p, 2—XoopauHaTsl TOYkd P, TO

n=@—Vae—0c)p+2, ri=(+Va—c)+2
CoeponnanpHble KOOPAHHATEL §, 7 BHIpa)KaloTcs depes r,, r, NO cJe-
JyonuM QopmyJiam:
ri+'ra\? ro—ri\?
§=(—2—2> —a “=(—2—) —a (4,13)
1) Mu npuHHMaeM 31eChb Takoe OfnpelesieHHe CHepPOHNAIbHBIX KOODAKHAT, NPH

KOTOPOM OHH SIBJSAIOTCA TPEACJIbIBIM CJHyYaeM SJIJIPIHCOHJlaJIbeIX B JATEpaType
TOJIL3YIOTESA H JADYTHMH ONpPENCJCHUSIMH, JErKo CBOAALIHNMHCA K HAlueMy.
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B BLITARYTOH Xe cieponanbHOll cucreMe (POKYyCaMH ABJSOTCA
JBe TOukH x= ) a®—Db® ma ocu x (toukn A, A’ na puc. 9). Ecau
ry, 73—PAacCTOAHHS GT 3THX (JOKYCOB A0 TOYKH P, TO

ri=p"+(x—Va—p), r=p+kx+V a0,

a chepoujaibHble KOODIAMHATH &, { BBIpAXKAIOTCH uepe3 ry, 7, IO
teM ke ¢opmynam (4,13) (c 3ameHofi 1 Ha ().

BepHemcst K 3ajaue O 1noJe 3apsieHHOTO 3JIJUICOHIA, I0oBepX-
HOCTh KOTOPOro 3ajaHa ypasHenueMm (4,3). B asiiunconjaibHbIX
KOOpJAHHATax 3TO— KOOpPAHHATHash noBepXHOCTH &= 0. IlosTomy sicHo,
UTO ecld HKCKaThb MOTeHUHad NMoasd B BHJAe (YHKLHUH TOJBKO OT &,
TO aBTOMaTHYeCKH OYAyT 3KBHIIOTCHUHAJbHBIMH BCE 3IJTHNCOHIANb-
Hble NOBepXHOCTH £ =const, B TOM UHCJe [OBEpXHOCTb IPOBOJHHKA.
Ypasuenue JlanJaca (4,6) cBoguTcs Torla K ypapHEHHIO

OTKYy A4

Bepxuufi mnpegesi HHTerpupoBauus BEIOpad TakuM o0pa3oM, YTOGH
ofecileylTh HCYE3HOBEHHe 10/ Ha GeckoneuHocTH. Ilocrosinnyio A
[pole BCETO ONpeleNUTb H3 YC/I0BHS, UTO HAa GOABIUMX PACCTOSHHAX
r TOJIEe JIOJXKHO CTPEMHTLCH K KYJOHOBCKOMY: ¢ = e/r, TjJe e—IoJ-
HBIE 3apsj NpoBoAHHKA. CTPEMJEHHIO 7 - 00 COOTBETCTBYET & — oo
npu »ToM r?=~ §, Kak 3To cieayer M3 ypaBueHus (4,1) c u=E¢.
C npyroii cTopousl, A5 Goablux & nveeM Re ~ E¥/2 u ¢ ~ 24/) E =
= 2A4/r. Orciopa 3ak/aodaeMm, uT0 24 =e, Tak UTO OKOHYATEJBHO
HOJyYUM

w0
e d&
o@)=5 (5. (4,14)

Y g

E. .
Crosimuii 37ech MHTErpaJ— 3//AHNTHYCCKHH nepeoro poxa. IMomepx-
HOCTH TIPOBOJHHKA COOTBETCTBYeT 3HaueHne E=0, nosTomy nid
E€MKOCTH 3JUIHNIICOHZAa HMEEeM

xo]»—-

-3 {5 (4,15)
§ ¢

PacnpeﬂeneHHe IJIOTHOCTH 34apsja IO NMOBEPXHOCTH 3JJHNCOHIA
onpene/aeTca HOpMaHbHOﬁ HpOI/I3BO;1HOf1 noTeHuHaJja

1 %
4 On

1 1 dop

o= (i d§)§=o=—43ﬁ7n_?'

0=
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C nomouplo ypaBHeHuil (4,4) Jerko yOenuTeCAd B TOM, 410 IpH §=0

22 g
At EtE T e
IlosTomy

e x? y? 22 \-1/2
T 4mabe < at + bt T ¢ > ) (4,16)

Jna nByxocHoro aanuncouga wuHrerpanaer (4,14) u (4,15) BrIpa-
HKaroTcs uepe3 aneMeHTapHble QyHKIUK. {15 BEITAHYTOIO 3//HICORA
(@ > b=c) notenuman noss naerca QOpMyJOH

o— Vaz S O V= (4,17)
a ero €MKOCTb
Var—b2
C= Arch (a/b) (4,18)

Has crniocHYTOro ke aasuincouja (a=»b > ¢) HMeeM

arctg I/a:‘—cc:’ C = _ﬁ_—c_z (4,19)

arccos (c/a)

¢= V 2_62
B uacrtHOCTM, A1 KpyrJoro ancka (a=b, ¢=0)
C=2a/n. (4,20)

Tlepefinem K 3agaue 0 He3apsKEHHOM MPOBOJALIEM 3JJIHICOUJE,
HaxXOAsIIEeMC BO BHEUIHEM OJHOPOJHOM 3JeKTpuueckoM nose €. Bes
orpaHnueHust oOIIHOCTH AOCTaTOYHO pacCMOTpPeThb BHellHee Tnoje &,
HalpaBJeHHOe BJOJAb OAHOH M3 Ocefl 2JIMNCcOoHAa. B npoTHBHOM ciy-
4de MOXKHO pPa3JOKHUTh & Ha TpH COCTAB/AIOILHE BAOJbL OCeH 3J//IHII-
COHJa W HCKaTb pe3yaAbTHPYIoUIEe 1oje  KakK CYNeprnosHiHio
noJiell, NOoJAyvyaroluxcd OT KaXKI0OH M3 3THUX COCTABJAWLINX B OTAEJb-
HOCTH.

TMorenunan oanopoiaHoro noas @, HamnpaBJeHHOTO BIOJAb OCH X
(ocb @ anauncoupa), B ANHNCOMAANBHEIX KOODAMHATAX MMEET BHJ

S P [(§+a2) (n+a? (Cera?)jl‘/z. ,21)

(bi_a‘l) (C‘Z —112)

TlpejicTaBuM norteHnuasa I0Js BHe 3J/UIHICOHJA B BHAE ©= ¢, ¢,
re ¢ onpejensieT HCKOMOE HCKaKeHHe BHEILHET0 1051 3/IARICOHA0M,

H GyleM HcKkath ¢’ B BHJE
(P':(POF (E) . 4,22)

B ¢ysxuup ¢’ 3aBucauie oT 1 M [ MHOKHTENH COBNajalof ¢ Ta-
KOBBIMH B (g Tako#fl BHj (YHKIHNH TO3BOJHT Y/OBJETBOPHTH Ipa-
HUYHOMY YyCJI0BHIO npH §=0 H NPOU3BOJIBHBLIX 1), { (Ha NOBEPXHOCTH
sanuncoua). Iloacrasus (4,22) B ypaBHenne Jlansmaca (4,6),
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MONYYUM A7 F(g) ypaBHeHHe

S+ I [Ry (B +a)]=0

OxnHo M3 peureHH#l 3Toro ypabHeHHs ecTb F=const, a apyroe umeer
BHJ

E)“AS (§+a2>R (3.23)

BepxHail mpefes MHTErpHpOBAHHSA BHIGpaH Tak, 4ToOn Ha OecKOHed-
HOCTH (§ — o00) noteHuuan ¢’ crpemuics K Hymwo. Crosmui 3jech
HHTerpaJ/— 3JJHITHYECKHH BTOPCIO poja.

Ha nosepxnoctu amurconga momxHO ObITh ¢ ==const. UtoOwl
3TO YCJOBHE MOFJIO BHINOJHATbeS npd §=0 U NpousBoJAbHBIX 1, E,
Hazfo nenoxuTh const =0. BuiGupas cooTBeTcTBYOIUM 0GpasoM Ko-
sppunverT A B F (E) (rak, utobel Gbiio F (0) = — 1), noayuuM OKOH-
YaTeJbHO CJAeLYIOlee BhHIpaxeHue Ui NOTEHUHaJa I0Js BOKPYT 3.-
JIMTICOUAA:

( ¢ ds © ds )
(P:(Poil"‘g (s_l_az)Rs/OS '\S+a2)Rs}}’ (4,24)

Hafizem BHZL norenuumajga ¢  Ha GOABLINX PACCTOSIHHAX r OT 3J-
guicornja. BoabmmM r cooTBeTCTBYIOT OoJbIUHe 3HAYEHHS KOOPJIH-
HaTel &, npuueM r? ~ §, Kak 3TO cjelyeT HeNOCPEeACTBEHHO M3 ypap-
Henusi (4,1). Hosromy .

ds _ 2
) (s+a2 Rs ~ ’2s5/2 —
H I NOTeHUHata ¢’ mosyyaeMm
’ _@-‘C vV
T a0

rie V =4nabc/3—o6beM sjHiconaa, a BeqHdyrHA A U aHAJOTHU-
Hbple uUrypHpylolue HuXKe BeJauuuHbl n'Y), n'® onpeneasiorcs ¢op-
MyJIaMH ,

w

abc (4 _ abc ds abc
e = e =%
(s+a*) R 2 d (s+b%) R (S—I—C)Rs

(4,25)

BLIpameHHe pioie: | (p', KaK H J0J2KHO 6]:1Tb, HMEEeT BHJ IIOTE€HOHAaJsga
eJas 3JCKTPUYECKOro JHIIOJIA:
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nmpu4emM JUTOAbHBIE MOMEHT 3JJIHIICOUAA

Vv
Pe=Crq—m - (4,26)
AHaNOrHYHBIMU BBIPAXKEHHSIMH OTPEJEISIOTCS AUMONbHBIE MOMEHTHI
npu nogsie &, HalpaB/JAeHHOM BIOJb OCH § HJH 2.

TMonoxkurenbHbie TOCTOSIHHBIE #1%), nY?) 1l 3aBUCAT TOJBKO OT
¢opMbl 3JIHIICONAA, HO HE OT e€ro o0beMa; OHH HAaspBAOTCA Kodgh-
puyuenmany denoaspusayuu ). Ecan He mpeppemartp BHIOOP oceH
KOOp IMHAT BJOJb OCeH sanuncouia, 1o ¢opmyay (4,26) Hago nu-
caTh B TEH30PHOM BHJE:

PP =6, (4,27)
Bemvunnnt 19, A%, n®) gBasioTCA TJIABHBIMH 3HAYEHUSMH CHMMET-
PHUHOTO TEH30pa BTOPOrO panra n;, CpaBHeHHe C oOIpeJe/eHHeM
(2,13) mokaswiBaeT, 4To o, =ny'/4m €cTb TEH30p NOAAPU3YyEMOCTH
IPOBOJSIIETO 3JITHICOH/A.

B of6umem ciayyae Npou3BOJIbLHEIX 3HAYeHHH a, b, ¢ H3 ompeje-
JeHHi n'*), nY, n'® caepyeT mpexje BCEro, 4TO

n® < < n'?, ectu a >b>c. (4,28)

Hanee, cioxup uuterpassl n'*', nW, n'® y Beejst B KayecTBe Iie-
peMeHHOH uHTerpupoBanus u = R3I, Halijgem

-]

S - p P L@ :a_;’_c % ,
(abc)?
OTKYJa
n® 44 n® =1, 4,29)
CyMma Tpex KO3QUUHEHTOB JeNO/ISpH3ANHH paBHA eJUHHUE (B TEH-
SOpHOM BHJE 3TO 3HA4uT, 4T0 n;; =1). [lockonbKy, c jApyroit cro-

POHEI, 3TH KO3((PHUIMEHTHl IOJOXKUTENbHbI, KaXKAbll H3 HHX HE MO-
JKeT MpeBHIIATL €IUHHLEL.
Has mapa (@ =b=c) u3 coobpaxeHUH CHMMETPHH $SICHO, YTO

N =nW =p@ =1/, 4,30)

s uuauepa (¢ ocbio BIOJB OCH X, @ — 00) HMeeM 2)
¥ =0, nY=n'=1/, 4,31)

1y 3ru ke xospdunHeHTH! QUrYpHPYIOT B 3ajadaX O JUIJEKTPHUECKOM 3J-
JINNICOHAe BO BHEWIHEM 3JICKTPHYECKOM T0Jle HJAH MarHHTHOM JWIHICOMAE B Mar-
HutHoM moJie (§ 8). TaGauuer ¥ rpaduku 3THX KO3hGULUHEHTOR JiA SJIHICOMIOB
BpalleHNs B JJIF TPEXOCHBIX 3/UIHIICOUAOB MOXKHO HaliTH B craTbsax: Stoner E. C. —
Phil. Mag., 1945, v. 36, p. 803; Osborn J. A.—Phys. Rev., 1945, v. 67, p. 351.

2) tu sHaueHHs A1 1apa M UMAHHAPA HAXONATCH, pasyMeercd, B COOTRETCT-
BHH C pe3yJabTaTaMH, MOJIyUeHHEIMU B 3afiauax 1 u 2 § 3.
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[TpegenbHOMY Ke ciIydaw @, b —» oo (1J0CKasi MJIACTHHKA) OTBEYAIOT
OYeBHAHbIC 3HAYEHUS

ns —. nW =0, n =1.

DamdnTryeckue HHTerpansl (4,25) Boipaxarorcs 4epes sAeMeHTap-
Hele (QYHKLHH I BCEX IIHICOMIOB Bpainenus. i BbITAHYTOrO
5JTHIICONAA BpalleHus (@ > b =c) ¢ sKcnentpucntetoM e=} 1—p%/a?
HMeeM

nx = !

), aW=n®=1/, (1—n®). 4,32)
Ecan aaaunconn 6mu30K K mapy (<€ 1), To npubIukeHHO

nx — 1/% 5 62, nw = pn@ = 1/3_{_ ]‘/15 e2, (4,33)
s COJIOCHYTOro e 3JWIHICcoHaa (a==b >¢):

e — li_ (e—arctg e), n¥=n» =1/ (1—n¥),  (4,34)

TIe e:VaQ,/cz—l. Eom e<£ 1, 10
nA =1/, 42 e nW =pW=1f 1/ 2, (4,35)

5

Sagaumu

1. HaiiTn nose sapssk€HHOrO MPOBOASNEIO KPYIVIOrO jucka (paiuyca a), BH-
pasuB €ro B UMAHHAPHYECKHMX KoopauuaraX. Haiith pacnpenenenne zapsajga Ha
JLICKe.

Peinenue. Pacnipefiesienue »apsifa noayuaeTes nyTeM fiepexoia B dopmviae

(4,16) k mpegeny c—» 0, z—0, npuuem oTnomenue z/c= ¥ 1— r¥a? {rae

z r?=x2-Ly?) B coorBercTBHH C (4,3). D10 jaer
e /7 2N 12
o =a (1—‘—’T> .
e 4na a®
/
P //[J INorennuas noJst Bo BceM NPOCTPAHCTBE Olipeje-
T~ aALTCS (4,19), B xotopoit nosnaraem ¢ =0 .1 BLipa-

7 >kaeM § uepes r u z ¢ iioMollblo ypaBHeHnus (4,1)

a & npu ¢=0, u=§, a=b:
?=3
ret 20a2 /s
Puc, 10, arcte r2t—a? | (P2 —a?) a2 2 | T

B6su3u Kpasi AMCKa BBOJAUM BMECTO ¢ M 2 KOOpAMHATH O 1 6 corsiacHO 2=p sin 0,
r=a—pcos 0 (p<a) (puc. 10) u HaxOmUM

e [m 2%
P (7‘— ‘l/%psin%)
B COTMlacuy ¢ ofwuM pesyJwTaroM 3afaun 3 § 3.

2. OnpefenuTh KBaApYHOJBHLIA 37eKTPHYECKH MOMEHT 3apsAXKEeHHOro 3JIHI-
couja.
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Pemenue TeH30p KBaAPVHOJILHOTO MOMENTA 3apSAKeHHOIO IPOBOAHHKA Ol
penensiercss Kax D, =e (3x;Xp~—r*0;;), rie e—cro noJnbif zapsai, a 4epTa O3Ha-
YaeT ycpeJHEHHE 10 3aKOHY

— 1
xixp = — 56 xixp0 df.

OueBMAHO, YTO OCH 3/LIHICOMAA SABJAIOTCS B TO 2KE BpeMs TVIABHBIMH OCSIMM TeH-
3opa D;p. BocnoabioBaswnch s o ¢opmynoil (4,16), a m1a 3/deMeHTa 1ioBepX-
HOCTH 3/LTHICOHAA BhIpazKeHHeM

dedy _ dxdy / N AR
4 = v, zjct Qa-l 7‘7*?)

(V—EEI{HI{‘{HLIH BEKTOP HOPMATIH K ITOBEPXHOCTH SJJHHCOH,"LS), MOJIVUHM

2

c
3

z“m-ﬁi——‘ ; l\ zdxdy=

(nurerpupoBanye no dx dy NPOM3ROIUTCH IBANKAL 0 IVIOWAAM CEUHMS BJJHII~
conlia IIOCKOCTBIO xy). Takum obpasox,

D (2a*—b*—c?), Dy, == (26> —a?—c?), D,y=a—r (2c2—a®—b2).

og] &

F__l?
xx*T{

<

3. Hafitn pacnpejetenne 2apsjiop Ha 1OBEPXHOCTH HE3APSIKEIHOr0 IPOBOAA-
IIEro 3/VIMICOH/A BO BHELHEM OJIHOPOHOM HO.eE.
Pewenue. Coriacno gopyyae {1,9) nnveem

{3/M1eMeHT JLTHNLI BJO.1b HANPABJICHUA HOPMATH X IOBEPXHOCTH 3WTHICOUIA €CThb
coraactio (4,5) h,dE). C nomowsio (4,24) u yuursigas, 4ro

1 ox X
Iy 0% ls=0 2%,

Vx'f 4
=0

NOJYYUM
<« Vg
=y, ——
o= 4antx) "
Tlpn npouzBOJIbHOM HADpaBJEHNH BHEHLIHEro Ff0JsT OTHOCHTENbHO ocell x, y, 2
3JIHIICORAA
1 . 1 TV e vy Vg
—_—— == AT S IR A £ O I Sy |
T ving Ca 4 [ nt Gard n Fy 1 G |-

4, To xe Ias HE3apAKEHHOTO KPYIJIOrO TJAOCKOrO Jucka (pajuyca a), pace
HOJIOMKEHHOTO Mapaiedsio ool 1). OnpeleIuTs AMNOALHLIH MOMEHT IHCKa.

PeweHn e PaccMarpuBaeM AUCK Kak lipejfed 5JJHICOMIA BpallleHHs TIpH
CTpeMJIEHUH NOAYOCH ¢ K HyJI0. Ilpu 3ToM xo3(hulHeHT Jenoasgpusalul BAOJb
3TOH ocH (ocb 2) cTpeMuTcs K 1, a BJIoJb OCell X M y—K HYJMIO 10 3aKOHY

e e

n(Z):I_._ n(x):n(}’) — —
2a da

] >

1y lns avcka, PacrosioKEHHOrO TePHEeHIUKYJIAPHO K MO0, Bompoc Geim Gl
TpHBMAJIEH; II0JE OCTAETCS OJAHOPOJHBIM BO BCeM TPOCTPAHCTBE, a Ha JBYX CTOPO-
Hax JUCKAa MHAYUMpYIOTCsa 3apsifst 0 = + (§/4m.
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crenyiomeMy u3 (4,34). KoMnoneHTa v, €IHHHUHOTO BEKTOpPZ HOPMAJNH K MOBepX-
HOCTH 3JJIHINCOHJA BpallieHHsi CTPEMHTCS K HYJIO N0 3aKOHY

- /224 4 _23. —1:2 )_c_c_2= xc 1_x2+y2 -1/2
£ g2 at ¢t a%z a2 a? ’
Tlo3TOMy HJIOTHOCTS 2apSANOB

6= —F_ = pcos @

(x) P ’

4Jm Y 2 pt

rie P, ¢—NOJApHBIE KOOPJAHHATH B IJIOCKOCTH JHCKA.
JlunosbHeli MOMEHT JHcKa onpejensiercst no Gopmysae (4,26) u pased
403

@ ®.

J 3n

OrMeTuM, uTO OH NPONOPLHOHATEH a3, a He «o0BeMy» Jucka a’c.

5. OnpefenuTb IOTenlHa/] NMOJSI BHE He3apsKEHHOTO MPOBOASMIErO MIIHICOHIA
BpalleHHs, PaclioJOXKEHHOrO CBOEH OChID CHMMETPHH NapajfelIbHO BHEUIHEMY OJHO-
POJHOMY TOJIIO. .

Pemenue. Jasg BuTAHYTOro ayuMncouga BpaueHus {(a > b=¢, nomre §
B HanmpaBJeHHM OCH X) MOJYYHM, BBIYMCIHB HHTerpan B dopmyte (4,24),

Sa2— p2 )

@:_@x<1f’th‘/ 2+% —V e |
S

’\ Vi)

KoopauHaTta § cBsizaHa C KOOpJAHHATAMH X H p= Viyitze HOCPEACTBOM

,_.92__ .[__.__)_c:__z 1
PFETATE
HpHYEM B NPOCTPaHCTBE BHe symumcompa 0= E<C
s cnpocHyToro saduncouia (a==>b > c¢) nose (, HampaB/JeHO BJOJb OCH Z.
B cBssu ¢ stuM B HHTerpanax B (4,24) Hajo 3aMeHHMTb S--a?Ha s-}-¢? H B3ATh
@o=—E&2z. B pesyabrtare noayuuM

f at— aF—c?

§+2 i A

]/ — 1 — arctg 1/c~ 1

npuueM KoopauHara & cBA3aHa ¢ KoopiuHaTamu z M p=} x24 y® mocpeacTsom

|
=-—Cz{l— l},

22

P’ —
ﬁ+§+ﬁ+§”

6. To XKe, eCTH OCb CHMMETDHH 3JJIMICOHJAa INEepNneHJUKY/IipHa K BHEILHeMY

0O,
PeweHnue. [as BHTIHYTOIO SJJMINCOHAZ (MoJe B HampaBleHHH OCH 2):

( VEta® 1 At hl/a—bz\
| e Vaz 5 §+ 2!
Q:—@Z{ 1—

& 1/ 1
b2 V T pt Arth -3 J
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JIJif CIIOCHYTOTO 3JTHINCOKAA (NMoJle B HAaNpaBJIeHHH OCH X):

: VTS
Vg el 1/§+c BT

P= .
_1_ @
\ V—lll——_()? arctg CZ a2

7. Opuopontoe mose (¥, HampaBJeHHOe BIOJAbL OCH 2 (B MOJYNDPOCTPAHCTBE
2 < 0), orpaHuueHO 3a3eMJIeHHOH [pPOBOASLIEH MIOCKOCTBI0 2 =0 ¢ KPYIJLIM OTBep-
ctueM. OnpeflenTh NoJe W pacnpeleseHHe 3apsiioB Ha NJIOCKOCTH.
Pewenne. IlnocKoCTh Xy ¢ KPYIVIBIM OTBEPCTHEM pajMyca @ C LEHTPOM
B Hayajle KOODAHHAT paccMarpuBaeM KaK IMpejedbHBI C/ay+ail oAHOMONOCTHOTO IH-
nepOosionjia BpauleHust
p?. 22
=
a—[nl [n]
npu || — 0. 31u mnep6ononmﬂ TpeICTaB/ISIOT coGoit ofHO H3 CeMeHCTB Koop-
JIHATHBIX TOBEPXHOCTEH COMOCHYTOH cdepoupaisHOfl cHCTeMBl KOOpAHHAT ¢ ¢ =0,
Jexaprosa xoopiunaTa z Bmpaxkaercs corsiacuo (4,9) uepes £ u 1 nocpeicTsoMm
z=VE[n|/a, npuuem Kopens VE nomken G6HT: B3AT €O 3HAKOM-- HJIH — COOT-
BETCTBEHHO B BepXHeM H HIKHeM NOJYNDOCTPAHCTBAX.
Hmem pewenne B Buge @ =—CGz F (§) u ana gynkuuu F (§) noayuaem

F (§) =const- SW const~<—]7ag—arctg V§>

(NOCTOAHNHYIO HHTErpHPOBAHUS NOJAraeM DABHOH HYJIO B COOTBETCTBHHC YCJOBHEM
@=0 npu z—»-+o0, T. e. nipu J E — -+ ). lpu stom arctg orpunateaskoro
aprymMeHTa Haj0 IOHHMaTk Kak

=x"+ 47,

a a

arctg ——l-/—g_zﬂ——arctg 'V_—g_ ,
a e kak—arctg (a/V E). B npoTHBHOM Cayuae MOTEHLHAN HCUBITHBAN Gbl Pa3phia
HenpepHIBHOCTH Ha nuockoctd orsepctus (§=0). IloctosHHBIE KO3(GHUKEHT BRI

6HpaeM Tak, YTOOb npH Z —»— 00 (T. €. IpH VE——w, arctg(a/]/g)——»n)
6e10 = — (2, ¥ OKOHUATEBHO MOJYYaeM

o=—C= [arctg E VLE—] =—(@K}L—T~' [VE arctg VE"I]

Ha npoBogsiueit nosepxHocetd =10 u noTeHumas, Kak U caeloBalo, obparniaercs
B HYJb.

"Ha Goawpmnx paccrosnnax r=") 22--p® or oTBepcTHS uMeeM L ~ 7% H NOTeH-
IHat (B BepXHeM IOJYNPOCTPAaHCTBe) NPHOGPeTaeT BHA

a? V—n =27
L T 3nr<i ’
T. €. NoJe —JHNOABHOIO THIA, COOTBETCTBYIOU(EE JHNOJLHOMY MOMEHTY P =
= (§a3/3n.

Hanpsixennocts nmois yGuiBaeT xak r~3, ¥ NOTOMY NOTOK [OJist yepe3d Gecko-
HEYHO YJajJeHHYIO NOBepXHOCTb (B NoJynpocTpaHctse z > 0) ofpamaercs B HYJb.
310 3HAUHMT, 4TO BCE CHJIOBBIE JHHHH, NPOXOASLIHE Yepe3 OTBEPCTHE, 3aMBIKAIOTCH
HO BepxHeHd CTOpOHe NMPOBOAsIIeH NJOCKOCTH.
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3]

PacnipefiesieHue 3apsl0B Ha IMPOBOAAULEfl IUIOCKOCTH BBIUHCHSIETCS CIEAYIOHIHM
1 do a g D 1
_ =1 6
4m°

oGpaso:
=F arctg —— 2
4n 0z |z2=0 Ax V—gaV'—n E g T = |

rle BepPXHHe H HIYKHHE 3HAKW OTHOCSTCA K BepXHed M HHXEel cropoHaM mJjo-
ckoctd. CordaacHo ¢opmyJie

o=

o~ 2
RN
cssmBaOwelt § ¢ p, z, #a nmiaockoetd z2=0 HMeeM VE=1+ Vo'—a Taxum
00pasoM, pachpejiesieHHe 3apsfoB Ha HHXKIEA CTOpOHE NpOoBOAAlled IJIOCKOCTH
Jaercst opmy.JIoi
S B4 a a
0= —C T—-arcsin '—T—/——‘— .
472 Vo=
IIpu p —> oo uricem 0 == — /4, Kax U Zo/KHO Obith. Ha mepxuell xe cropone

. a
————— —arcsin — },
Y

el
e = (“ G-2p dp= — T,
@

8

8. To e, ccu OTBepeTHE B NPOBOAANEH MJIOCKOCTH npeacrasasieT  cofoil
NpAMYIO ILeT5 WHPHHL 2b.
Pemewne. TLI0CKOCTL Xy €O LIeJs0 BIOTL OCH X paCcMaTpHBaeM Kak mpe-
JelbHbl caydall runeploanuyeckoro uuanuapa
? 22
inl inl
vr—=Inf Inl
opn (1] — 0. 31ti tHnepfoinueck,ie UMAHHIPDL NPEJACTABISIOT COB0H  0AHO M3
CeMEHCTB HICOHAANLHBIX KOODAHHATIAX NOBCPXHOCTEH npr @ — oo, ¢ — 0.

Jexapropa koopanuara z= V & | 1 1b.
Kak n B 3azaue 7, umeM peutenne B pugle ¢=—CzF (§) u agas  Qysknuu
F (§) noayuaem
dg

3/23/ 873
eryELe

F==const- Y

3aeck Ko3(hHUMENT M INOCTOSIHIAS HHTEPHPOBAHMS ONpENeNOTCS  YCAOBHSIMH
F=0 u F=1, coorReTcTBEHNC, NPH Z ~»--00 H Z ——0 (T. e. pH V R -
u VE £ +— ), U OKOHUATENLHO noJyuaem

0=C o [VETH =V EVTL
r}le MbI Tenepb NOoHHUMaeM KOPeHb V-g KaK TITOJOXKHTEJIbHYIO BeJIHUYWHY, & BepX-

HUH H HIOKHUI 3HAKH COOTBETCTBYIOT ofaactam z > 0w z < 0.
Ha 6onbumx PacCTOAHUSAX OT ieJH B BEPXHEM NCJAYIPOCTPAHCTBE HMEeM

§E =~ y?-+-2*=r? u norenuuan
Inl _ 0%
~C7 V 4r2”°

T. €. I0J€ ABYMEPHOro JHIOJLHOTO THIA C IHIOABHBLIM MOMenToM ($6%/8 Ha eim-
HHIY AAHHBL e (eM. Gopuyay B 3amaue 2 § 3).




§ 5] CHUJIbl, AENCTBYIOIIUE HA NMPOBOAHUK 49

Pacnpeje/ieHye 3apsiiOB Ha NMEOBOAfAILEH INJTOCKOCTH JAaercs GopMmyJol

gl [yl
ot ()

TToaHBH WHAYHMPOBAHHHI 3apsA) HAa BepXHEH CTOPOHE IIJIOCKOCTH (OTHECEHHbIH
K €AHHUIlE JJHHBL L(eJH) DaBeH
w

, b
e =2S0dy——($ m
b

B6au3u Kpas ILend B BHpamenud Aas @ (§, 1) MOXKHO noaoXHTh § -0 u

6
~ tn2
1 = —2bp sin 5

rie p, 6 —noasprbie KOODAMHATH B IJOCKOCTH yZ, OTCUHTHIBAEMbe OT Kpas LIQIH
(y=b-+pcos O, z=psin0). Toraa

ex=E V%)sing,

B COIVIACHH C Pe3yJanLTaToM safaud 3 § 3 aas cayuas 0, << 1.

§ 5. Cuabl, jeficTBylOllMe HA MPOBOAHHK

B siexkTpHYECKOM IOJe Ha TNOBEPXHOCTbL NPOBOZHHKA JEHCTBYIOT
CO CTOPOHEI TNOJS ONpejeseHHble CHJABL VX Jlerko BHIUHCAHTDL cile-
AyIOMUM 06pa3oM.

[InoTHOCTE MOTOKAa WUMMYJbCa B 3JEKTPHYECKOM M0Je B MYCTOTE
" ONpeJeisieTcsl H3BECTHBIM MAaKCBEJ/JOBCKMM TeH30POM HalpsiKeHUH !):

1 [E?
— 0= <7 aik'_EiEk> -
Cunia »xe, JeficTByiouas Ha 37eMeHT df NMOBEpXHOCTH Tesa, €CcTh He
4TO HHOe, KaK NOTOK «BTEKAIOIIEro» B HErO0 H3BHEe HMIyJbCa, T. €.
paBHa 0;,df,=0,1,df (3HaK u3MeHeH B CBSI3H C TeM, YTO BEKTOp
HOpPMaJIM n HanpaBJeH HApY:Ky OT TeJa, a He BHYTPb Hero). Benu-
YHHA O;,N, €CTb, caejosatenbHo, cuna F .., orHecenHas x 1 cm? mno-
LaIH NOBEPXHOCTH. YUHTHIBAS, YTO Y IIOBEPXHOCTH MeTaslja Hamps-
3KeHHOCTb E HMeeT TOJAbKO HOPMAaJbHYK COCTABJ/ISIOULYIO, IIOJYUMM
2
Foon=N%—, (5,1)

HJIH, BBOJS IOBEPXHOCTHYIO TWIOTHOCTh 3apsjOB O,
F, o = 2n0%n = 1/,0E.

Takum 06p330M, Ha IOBEPXHOCTH MNPOBOJHHKA ﬂeﬁCTBy}OT CHUJIBI «OT-
pHUIATEJILHOTO  JIaBJCHHS», HaNPAaBJCHHOTO IIO BHeLIHEH HOpMaJun
K TIOBEPXHOCTH U IO BE€JIHYHHE PAaBHOIO IIJIOTHOCTH 3HEPTHH IOJId.

1) Cm. 11 § 33. Tenzop HampsiKeHHH Gir NPUHATO OMpENESATH CO 3HAKOM,
O0OPATHBLIM TIO OTHOIIEHHK) K TEH30py IJIOTHOCTH IIOTOKA HMOyJbca. Takoe ompe-
JeJieHye NPUHATO U B JAPYTHX TOMaX 3Toro Kypea; aumb B II § 33 mo Hegocmotpy
06Go3HaueHHe Gk HCIOJB30BAHO C APYTUM 3HAKOM. )
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[Tonnas cuna F, neficTBylomass Ha IPOBOJHHK, NOJYYaeTCs MHTe-
TpHpoBaHueM CHJHL (9,1) 1O Bcefl ero NOBepXHOCTH '):

E?
F=¢¢ id (5,2)

O6bluHO, onHaKo, Gojee yAOOHO BBEIYHCASTH 3TY BEMHYHHY, COTJIACHO
ofluM TpaBuJaM MeXaHHKH, IyTeM aHddepentposanusa sHepruu U.
Wmenno, cuna, AeficTBy[Omasi Ha NPOBOJIHHK BJOJb KOOPJAMHATHOM
ocd ¢, ectb —07U/Jqg, rae NOX NPOH3BOJHOH HAJ0 NOHUMATh H3Me-
HeHHWe 3HeprHH INpH MapaiJeJbHOM CMeUleHWH JaHHOTO TeJa Kak
nesoro Bjaodb ocu g. Ilpm 3ToM sHeprus noakHA OHITh BhLIpaKeHa
yepe3 3apsiibl NPOBOJHUKOB (MCTOUHHKOB 10s), B AuddeperupoBa-
HYe TPOU3BOAUTCH IiPH NOCTOAHHBIX 3apsjax. OrMeuas 3T0 06€TOSA-
TeJbCTBO MHJAEKCOM ¢, HamuieM

(), e

AnaJsorH4HO, HIPOEKHHA Ha KaKy-J1u00 OCb HOJHOrO JAeHCTBYIOLErO
Ha IIPOBOJHHK MOMEHTa CHJ paBHa

k=~ (22). o

rge (p—yroj MOBOpOTa TesNa KaK LeJoro BOKPYT' NAHHON OCH.

Ecan ke 3Heprusl BLIpaXKeHA KakK (YHKUMS TOTEHUHAJOB, a He
3apsAJi0B NPOBOJHHUKOB, TO BOAPOC O BBIUMCJAEHHH C €e [OMOLLBIO CHJI
TpebyeT ocoforo paccMoTpeHHs. Ilesio B TOM, YTO I TOAJAEPKAHHS
y TpoBoAHHKA (UPH €ro InepeMelleHHH) TNOCTOSTHHOTO TOTeHIHaNa
Heo6X01UMO IpHGETHYTh K MOMOIIM NIOCTOPOHHUX Tes. MOXKHO, HanpH-
Mep, MOJlepXKUBATb JIOCTOAHHLIA NOTeHUHaJl NPOBOJAHHKA MYTeM coe-
JIUHEHUS] €ro ¢ JIPYTUM FAPOBOAHHKOM, OOMAAaIOlUM OuYeHb GOJIbLIOk
€MKOCTBIO («pe3epByap 3apsiioBs). 3apsiKasich 3apsiioM e,, MPOBOIHHK
OTHHM2€T €ro M3 pesepByapa, MOTEHIHAJ ¢, KOTOPOro NPH 3TOM He
MeHsleTcs BBUAY ero Oonbllofl eMKOCTH. MeHsercsi, 0AHAKO, 3HePrus
pesepByapa, yMeHbIIasich Ha €,@,. [IpM 3apsukeHdW Beell CHCTEMH
IPOBOJHUKOB 3apAJaMH e, SHEPIHsl COCQUHEHHLIX C HHMH pesepBya-
pOB H3MEHHTCA B CyMMe Ha — ,€,9,. B Bemnuuny xe 2 Bxomur
TOJBKO SHEPrHA PacCMaTpPUBAEMBIX NPOBOJHHUKOB, HO He 3HEPTHs
pesepByapoB. B 3ToM cMbicsie MOXKHO cKas3atb, uto U OTHOCHTCH
K 5HEepreTHYeCKH He3aMKHYTOH cucreMe. TakuMm 06pasoM, /IS CHCTEMEI
NPOBOJAHUKOB, NNOTEHIHAJB KOTOPHIX MNOJIEPKHBAIOTCS NOCTOSIHHBIMH,
poJIb MeXaHHUeCKoH sHeprum urpaer He U, a BeJUUHHA

U=U— De,p,. (5,5)

1) B panmoM ciyuae Mul mpuMeHsieM 3Ty QOPMyJy K IOBePXHOCTH, He COBIIa-
naouiel 6yKBasIbHO € MOBEPXHOCTBIO TeJa, a HECKOJIbKO CMELIeHHOH OTHOCHTEJbHO
Hee, UTOObl HCKIIIYUTL BJHAHHE CTPYKTYphl NOJAA BOAU3H MOBEPXHOCTH Tesa (Cp.
crp. 14—15).
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IoacraBus ciona (2,2), HaxoauMm, 4To U m U OTAUYAIOTCH TOJBKO
3HAKOM:

U=—Aa. (5,6)
Cuna F, monyuaetcs auddbepeHuHpoBaHHEM 9l 10 g NPH NOCTOSHHLIX
NOTEHLHAAX, T. €. B
oU oU
Fo=—(55 )= (5 ) .7)

Takum obpasoM, JefCTBYIONIME€ HA TPOBOJHHK CHJBLI MOXHO IIOJY-
4nuTh auddepeHnnpoBaHHeM U KakK IpH IHOCTOSHHBEIX 3apsajiax, Tak
M IpH TNOCTOSIHHBIX TNOTEHUMaJaX, ¢ TOH JHUIb pasHHUeH, yTo mpo-
M3BOJHVIO Hago Oparh B MepBOM C/lyuae CO 3HAKOM MHHYC, a BO
BTOPOM—CO 3HAKOM IIJIIOC.

DTOT ke pe3y/bTaT MOKHO OBIO OBl NOJYYHTD U GoJlee (opMashb-
HBIM MYyTeM, HCXOAs u3 IudepeHnHaJbHOTO TOXAECTBA

dU = 2 @ de,—F  dq, (5,8)

B KoTopoM 4l paccmaTpHBaeTcsi Kak (YHKUHS 3apsJOB NPOBOAHUKOB
H KOODJAMHATHI ¢; 3THM TOXKJECTBOM BbIpa)kaeTcs TOT (akT, YTO HPO-
H3BOAHbIe paBHBl 0U/de, = ¢,, 0U/0g=—F, Tlepexons K nepemeH-
HEIM (, BMECTO e,, MOJYYHM OTCIOJa

U =— e, do,—F,dg, (5,9)

OTKYyJa u caenyer (5,7).

B xouue § 2 6buta paccMOTPEHA 3HEPTrHUsd HpOBO}:LHHKa BO BHell-
HEM OJHOPOJHOM 3jIeKTpHyeckKoM moJe. IlosHas cuaa, geficTBymomas
Ha He3apsKeHHHH NPOBOJAHMK B OJHOPOAHOM II0Je, paBHA, pasy-
meetcsd, HyJio. Ho BeiparkeHHeM 3HepTHH (2,14) MOXKHO BOCMOJIB30-
BAaThCS JUIA ONpEeNeTeHHst CHJIbl, NeHCTBYIOIEA Ha NPOBOJAHHK B KBa-
3HOJHOPOAHOM MNoJe @, T.e. B NOJ€, MaJO MEHSIOWEMCS Ha NPOTS-
JKeHHH pa3MepoB Tejga. B TakoM mnoje B nepBoM mnpuHOJHMKEHHWH Bce
€Ie MOXKHO BBIUMCIHTb 3HEPTHIO mo dopmyde (2,14), a cuaa F onpe-
JEJNUTC Kak TpajiHeHT 3TOH SHEpPrHM:

F=—grad U =/,a,,V grad €,;E,. (5,10)

Yro xe Kacaercsa mnojaHoro Momenta cua K, To oH, BooOuie ro-
BOpsi, OTJIMUEH OT HyJd yXe H B OJHOPOJHOM BHeIHem mnose. [lo
obmuM npaBuaaM MexaHuku K MOXHO onpepesnTs, paccMarpuBas
0eCKOHEYHO MaJIblii BUPTYaJNbHBIA MOBODOT Tesa; H3MEHEHHE SHEPTHH
npH TakoM moBopore cBszaHo ¢ K nocpenctBom 86U = —K &, rae
8¢ —yron nosopora. [ToBopor Tena Ha yroa 8¢ B ONHOPOAHOM MoOJE
3KBHBAaJICHTEH MOBOPOTY INOJIA OTHOCHTENBHO Tesa Ha yroa — &,
HMamenenue nosist npu 51oM ectb 66 = —[8¢ - €], a u3MeHeHue sHepruu

bu =206 ——op |6 2],
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Ho 0U/06¢ = —@P, kak 3To BHIHO U3 cpaBHenus dopmya (2,13) u
(2,14). Iostomy 6U = —[HPE] 8¢, oTKyna

K =[], (5,11)

B COOTBETCTBHH C OOBIYHBIM BEIDAXKEHHEM, H3BECTHBIM M3 TEOPUH MOJS
B IIyCTOTE.

Ecnn monnple cuia M MOMEHT, JIEHCTByMOLIME HA NPOBOJHUK,
pPABHBL HYJIO, TO NMPOBOAHHK B II0JIE OCTAETCH HEMOJBHIKHBIM H Ha
NepBLifl 11l BHABUTAIOTCA 3(QPEKTH, CBSI3aHHbe ¢ AedOoPMIpPOBAHKEM
Tevia (Tak HaspiBaemas asekmpocmpuruyus). Caner (5,1), nefctByio-
[[I4€ Ha MOBEPXHOCTL NPOBOJAHHKA, NPHBOAIT K H3MEHEHHIO ero PopMbl
u ofbvema. [Ipu sTOM, BBHAY pacTATHBAIOILIErO XapakTepa CUJ, 00beM
tena yBenanuupaercd. Ilosnoe onpenenenue gedopmauun tpeGyer
pelleHUs] ypaBHeHHH TEOPHH YNPYIOCTH C 3aJaHHLIM DaclpejieseHueM
cun (5,1) Ha nosepxHOCTH Tesa. ECHH, OJHAKO, HHTEPECOBATHCS
TOJIBKO U3MeHenHeM o6beMa, TO 3ajaya MOXKeT OBITh penieHa BechMa
IPOCTO.

Ilns aTOrO HALO yueCTh, 4TO ecaH JedopMmalns ciaaba (Kak 310
(dAKTHUECKH HMeeT MecTO IIPH 3JIEKTPOCTPHKUHH), TO BJIHSAHHE H3-
MeHeHus QOpPMEI Ha H3MEHeHne oObeMa aBAsercs hheKToM BTOPOIro
nopsiaxa Masoctd. [TosToMy B nepBoM IIpHOJIMKEHHH H3MeHeHne ofbeMa
MOXHO pacCMaTpHBaTb KakK pe3yJbTaT ACPOpMHpPOBaHHs 0e3 H3Me-
Henusi GHOPMBI, T.e. Kak BCECTOPOHHee pacTsKeHue I0J[ BJIHSHUEM
HeKOTOporo 3dheKTHBHOIO H30BITOYHOrO jAaBiacHUsT AP, paBHOMEPHO
pacnpeeNeHHOro MO JOBEPXHOCTH Tesa W 3aMeHsiouero cofoit Tou-
Hoe pacnpefieserde corsacuo (5,1). OtHocHTepHOE U3MeHeH e oGbeMa
nosiyuaercst ymHoxkeHueM AP Ha KO3((HUHEHT BCECTOPOHHErO pac-
TAXeHUs Bemlectsa. /laienne AP ornpejensieTcs, cOrJIaCHO H3BECT-
HOH ¢opMyJIe, Kak IPOU3BOAHAd OT 3JEKTPHUYECKOH sHeprum Ttena U
no ero o6vemy: AP =-—0U/oV?).

Ilycts medopMupyolee MOJNE CO3JACTCA CaMHM  3ap SKEHHBIM
npoBoguukoM. Torpa sueprus U =e?*/2C u jaBienune

AP= 220 <i> .
20V\C
Ilpu 3amaHHOi ¢opMe TeNa ero eMKocTh (Kak BeIHYHHA, HMeolas
pa3MepHOCTb IJIMHBI) NPONODUMOHAAbLHA €ro JIHHEHHBIM pasMepam,
T. e. nponopuxoHaabHa V1/3. TlosToMy HaxoauM
e? e
AP:G_CV:'GV' (5,12)

Ecau xe He3apsxeHHBIH NPOBONHUK HAXOAUTCH B OJHOPOJHOM
BHellIHeM IoJe &, To ero sHeprusa jaercs dopmydoit (2,14). [Tostomy
B 3TOM CJjlydae pacTsArupaouiee aaBjeHue OymerT

AP =1/0,;,E,E,. (5,13)

1) Onpenenensass TakuM o6pasoM BesJHYHHA €CTb PacTaxedue, JAeHCTBYOMee

Ha TMOBEPXHOCTL CO CTOPOHBI CaMOro TeJja, HAAaBJCHHE XK€, lleﬁCTBleHlee J1a Hee
HW3BHE, IOJYyYaeTcs H3MEHEHHWEM 3HaKa.
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3agaum

1. Manenpkuil TPOBOJHHK C €MKOCTBIO ¢ (NMOpAAKA BEJHUHHBI €r0 Pa3MepOB)
HAaXOJKTCA HA PACCTOSHHH 7 OT LeHTpa c(eprvueCKOro NpPOBOJHHKA GOJBMIOro pa-
auyca a (@3> c). Paccrosirue r—a OT NPOBOAHHKA € A0 HOBEPXHOCTH IUapa mpea-
noJsiaraercsi GosbLIMM JIMIIB NO CPaBHEHHIO C ¢, HO He MO cpaBueHuwo ¢ a. O6a
NPOBOJHHMKA COEAMHEHH! APYT ¢ APYrOM TOHKHM IIPOBOJIOM, TaK YTO HAXOAATCS MpH
OJMHAKOBOM moTeHlnaje . OnpeflesTs CHJIY B3aHUMHOTO OTTAJKMBAHUA IPOBOJ-
HHKOB.

Pemenue. Beuay mazoct# npoBOIHUKA ¢ MOXKHO CUMTATb, YTO €0 TOTEH-
oMa’l CKJa/blBaeTcs M3 IIOTeHHMaJda a/r, KOTOPHl co3jaercss Ha DACCTOSHHM r
Gosniuoi cepoil, U COGCTBEHHOrO IOTEHIHAMA €/C, CO3]1ABAEMOTO 3apsiioM e, Ha-
XOJAIMCA Ha caMoM NpoBofuuke. OTciona HMeeM § = @a/7--¢/¢ nian e=cp (1 —a/r).
Hckomasi cuna BaauMmofeHcTBus F onpejessiercss Kak KyJOHOBCKAast CHJIA OTTAJKU-
BaHHA MEXKAY 3apsioM € IPOBOJHMKA ¢ M 3apsioM a¢ cleps:

2
F =159 (1_9_>

(370 BLIpaXKEHHE CHpaBeJlVINBO C TOYHOCTBIO 10 UjJeHOB GoJsiee BLICOKOTO NOPSIAKA
no ¢). dra cujJa MakCuMalbHa npu 7==3a/2 (rjge ona paBHa Fy,y =4cp?27a) u
yGpiBaeT B 00e CTOPOHBI OT 3TuH TOYKHU.

2. 3apseHublii NpOBOAMIUMI Wiap paspesaH nomesJaMm. OnpejiesuTs cuay,
¢ KOTopoH ofa nosywapHs OTTaJIKUBAIOTCS APYr OT Apyra'l).

Pemenne. IlpeacraBasem cefe noaymapus pasie1eHHBIMH GECKOHEUHO y3-
KOH WeJbl0 M onpefieisieM JEHCTBYIOMIY!O HA Kaxj0e M3 HUX CATY F IyTeM MHTe-
IPUPOBAHHS 1O HX HoBepXHocTH cuabl (£2%/8m) cos 8 (npoexkuus cuast (5,1) nma
HanpaBJeHHe, IepleHIHKyJAspHOe K IVIOCKOCTH paszjela noaywapuit). B wmenn
E==0, a na Hapy>KHOH noOBepxHOCTH £ =¢/a*, rie a—paguyc Luapa, a e—IioJ-
uplii 3aps| Ha geM. B pesyibrare mosayuHm

3. To e 119 He3apsKEHHOrO Wapa, HAXOMAMIErocsi BO BHELIHEM OJHGPOLHOM
noje (§, NepneHIMKYISPHOM K IJIOCKOCTH paspesa.

PemeH ne aHajJorudyHo npeawyiueil 3aftaue, ¢ ToOA pasHulel, YTO Ha TO-
BepxHocTh mapa E =3 cos O (cornacuo 3ajnave 1 § 3). Mckomas cuua

F="9/14a%E2.

4. OmpeglesiuTh H3MeHeHHe oGbeMa H H3MeHeHue (HOpMBI MPOBONSIIETO MIapa BO
BHEIIHEM OJHOPOAHOM JIEKTPUUCCKOM MOJIe.

PemeHnne. Hamenenue ofvema AV/V=AP/K, rie K—Moiyjb BCeCTOPCH-
Hero pacTsKEHHs BeluecTBa, a AP onpeienserca ¢opmyiofi (5,13). Has mapa
o =00 = 308;p/4n (@ u3 3aqaun 1 § 3), Tak w0

AV 362
V T 8K

B pesyawrare mebopManuu ap npeppauiaercs B BHITAHYTHIL 3JIuICOMA. [las
oripefie/ieHHsd 3KCHeHTPUCHTETA 5TOTO 3JIJHMICOHAA MOXKHO paccMaTpHBaTh jgedop-
MalHio KakK OJHODOAHYIO BJOJIb 06beMa Tesa JeOpMalHMio CABHI4, aHAJOTHYHO
TOMY, KaK JUIl H3MeHeHHs ofliero o6beMa Mbl PACCMATPUBAJIM OJAHOPOJHYIO Aedop-
MalMIo BCECTODOHHETO PAaCTsKeHHUS.

1) B sagauax 2 u 3 npexmosaraercsd, YTo 06a NOAYIIAPHS HAXOLATCH MpH
OJMHAKOEOM NOTEHIHaJe.
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Ycnopre paBHOBeCHST HehOpMHPOBAHHOTO Tela MOXKHO CHOPMYJTHPOBATH KaK
yC/IOBHE MHHMMAJLHOCTH CYMMBI 3JCKTPOCTaTHYECKOH H ynpyrofi sHepruu. Ilepsas
U3 HUX cornaco dopmyaam (2,12), (4,26) pasua

i 14 o . 3V s 3V a—b .,
Uag=— 8nn ¢ N—QG T n R %
rie R —IepBOHAYANBHEI DAjMYC 1Uapa, @ W b—TOJAYOCH 3JUTHICOHAA, 4
nol _da—b
~3 15 R

— koapdunuent Aenoaspusanuu (cM. (4,33)).

B cuay akcHalpHOW cuMMerpHH AedopMauuy (BOKPYN HAaINpaBJeHUS NOAT —
OCH X) OTMHYHBL OT EYJS JHlb KOMIOHEHTHl Uyy M Hyy=U,; TeH30pa Aedopma-
iud. ITOCKOJIBKY MBI PAaccMaTpHBAaeM paBHOBECHE MO OTHOLUEGHHIO K H3MEHEHHIO
OpMBI, MOXKHO CUHTaTb TP 3TOM OOBEM HeM3MEHHHIM, T.e. u;;=0. IloatoMy
ynpyryio sHepriio MOXHO LAlHCaTb B BHJe

1% 1%
Uynp= ) ”ikct'k:'g‘ (Oxx—0yy) (Unx—tyy),
Ife 0;—TeH3op ynpyrux Hanpskesuil (ecm. VII § 4). Mmeem
Oxx—0yy=— 2u (uxx“uyy)s

rfie {—MOAY/Ib CABHIA BEUECTBA, & Uyy— Uy, =(a—0b)/R. Iloatomy

2p (a—b)*
fuynp:-——s—k—z—v.

Munnmnsupysa cymmy Uypo-+Usy no a—b, noayunm

a—~b_ g9 "
R =W

5. Hajitn cBf3b Mexay yacToTOH W AJHHOH BOJHBI, pacmpocrpaHsoweica mo
3apsIKEHHOA IJIOCKOH MOBEPXHOCTH KMAKOTO NPOBOAHHKA (B moJe TsKecTH). IToay-
YiTh yCJAOBHe yerofiuusoctd sToft nosepxuocta (H. H. Ppenress, 193C).

Pewmenune. IlycTe BosiHA pacnpocTpaHsercss BAOAb OCH X, OChL 2 HalpaBJeHa
BEPTHKAJLHO BBEPX. BeprukaisHoe cMmeleHHe TOYEK IOBEPXHOCTH KHAKOCTH § =
=qexp [i (kx—w!)]. IIpu HeNMOJABHKHOH MNOBEPXHOCTH HANPSKEHHOCTh NOJS Hak
Hell E,=FE=4n0,, a ero moteHuuan ¢=-—4nc,z, 1ie O,— IOBePXHOCTHAN IJIOT-
HoCTh 3apsifoB. [loreHuman nmosas Hax KoyeGaomEeHCs NOBEPXHOCTHIO MUILEM B BHJE

Q= —4n0,2+ @), ;= const.ci(kx-0t) ¢-k2,

rie ¢p; — MaJas NonpasKa, YAOBJeTBOpsiomas ypaBHeHno Agy = 0 u obpamaromascs
B HyJb NpH 2 —o. Bloan caMofl NOBEPXHOCTH NPOBOAHHKA NOTEHLUKAJA ROJIKEH
HMeTh MOCTOSIHHOE 3HayeHHe, KOTOPOe NPHHUMAaeM 3a HyJb; OTCIORa

Q1 [z=0=14710(%.

CornacHo (5,1) 1ua 3apsiKeHHYID NOBEPXHOCTb KHIKOCTH JIeHCTBYET IOMOJHH"
TeJLHOE OTpUIaTeNbHOE JAaBJeHME, PaBHOE, C TOYHOCTHIO A0 UJIEHOB NEpBOIO NO"
pAfKa no ¢,

E* E: 2 2 2

=— ® o x 2n00+ ko =2n0¢ - 4nogkL.

8n 8n o+ ko1 z=0 ot ok
MocTosnuki uien 2o HeCyLeCTBeH (ero MOMKHO BKJ/IOYMTb B NMOCTOSIHHOE BHeLI-
Hee JaBJIEHHE).
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PaccMoTpenne ruApOAMHAMHYECKOTO JBHXKEHHS B BOJIHE BIOAHE AHAJOIHYHO
TEOPUH KanWAAApPHBIX BoaH (cM. VI § 61), orymuasce JHbL HalHuykeM yKas3aH-
HOro Bblllle JOTNOJMHHTEJNBbHOTO jasjenusd. Ha moBepxHOCTH XHIKOCTH IOMyuaeM
rpaHH4HOe YCJAOBHE

oo 0% 2
— — 0 = —4nogkl =0
PEL+P 57 |, T Te k=0,
rie o-—Ko03bdUUHEHT TOBEPXHOCTHOIO HATSXKEHHs, Q— [JOTHOCTh KHIKOCTH,
a M—notennuan ee ckeopocty; @ u § cBA3aHBI IAPYr ¢ APYroM e€lle H COOTHO-
LeHneM

L)
ot 0z

TloactaBHB B 3TH IBa COOTHOMIEHHS
{ =aqel kx-0b), D = Aei (kx—0f) p~ k2

2=0

(® yaosnersopsier ypaBHeHnio A®=0) u wHckMoOuUHB o U A, TIOJIYYHUM HCKOMYIO
CBSI3h MeXAy k U

wzz_ﬁ_(gp—4nagk—1—ock2). (1)

Jlag Toro 4ToOB! NOBEPXHOCTb KHAKOLTH Obla YCTOHUHMBOH, UacToTa @ JoaxKua
GbiTo BEUIECTBEHHOH IIDH BCeX 3Hauenusx k (B mpoTHBHOM ciydae OyIyT Cyuecr-
BOBATH KOMIJIEKCHBIE ® C OJIOKHTENLHOR MHHMOH 4acTbio U MHOXHTedb ¢~ (0f Gyrer
HEOrpaHUuYelHO BO3PACTaTh). ¥ CJAOBHE MNOJOKHTENBIIOCTH Npasoi croponnl (1) raa-

cut: (4mo5)? —4gpa < 0, otkyAa
4
oy < goo/dm?,
3TO U ecTh YCJOBHE YCTOHYHBOCTH.
6. HaiiTh ycsioBHe yCTOHYMBOCTH 3apsxeHHOH cdepuueckoli xanaun (Ray-

leigh, 1882).
Pemenue. Cymma 37eKTPOCTaTHUECKOH M IOBEPXHOCTHOH 3HEPrHH KaIl/H

e‘Z
%:-QT—I—GS,

rie o—Ko3h¢UIHEHT NOBEPXHOCTHOIO HATKEHHS XKHIAKOCTH, C—eMKOCTb KAIlJH,
S —nmjomane ee noBepxHocTd. HeycToHUHBOCTE BO3HHKAaeT (IPH YBeJIHYEHHH €) mo
OTHOIIEHHIO K BHITACMBAHHIO 11apa B 3JJHICOHJ H Olpele/siercss MOMEHTOM, KOrua
A cranoBuTCH YyObBamouleH (GYHKUHEH SKCUEHTPHCHTeTa (NpH 3alanHoM obbeme
kamuy). [HapooSpasnas ¢opma Bceria COOTBETCTBYET IKCTpemymy U; mHosTOMy
yCJIOBHE YCTOHYHBOCTH IVIACHT:
02U
da—0b)tja=b

rae a, b—noayocu sasmncouia, a Anddepennnposalne IPOU3BOIUTCSI NPH ab?=
= const. BocnoJib3oBapiice n3secTHOH (OPMYJOH AJS MOBEPXHOCTH JIIMIICOHAA-
u dopmyJolt (4,18) Ans ero eMKOCTH, MOJYYHM NOCJAE JOBOJBLHO JJIHHHOTO BLIYH-
cJAeHHus

>0,

e? < 16made.

Sto ycaoBHe ofecrieyHBaeT yCTOHUMBOCTb KallJM OTHOCHTEJILHO MaJHX Jedop
Mmanuii. OHO okaswBaercs Gosee caabbiM, YeM YCJIOBHE YCTOHYMBOCTH OTHOCH-
TeJbHO GOJIBIION JepopMainuy — JeJICHHsI Ha JBe OJHHAKOBBE YacTH (KaljiH C 3a-

1
psigaMi e/2 u pajuycamu a/2/?):
1

L9
e? < lﬁnat‘oc———W:O,SS- 16nada.



rnmTABA II

AJIEKTPOCTATHKA JUIJIEKTPHKOB

§ 6. JaexTpocTaTHYeCcKOe MOJE B JHIJNEKTPUKAX

Iepeiiziem Tenepp K H3YUEHHIO NOCTOSHHOIO 3JIEKTPHYECKOTO N0J7
B JpYrofl KaTeropHd MaTepuajbHBEIX Cpel-—B JH3JIEKTPHKAX.

OcHOBHOE CBOHCTBO AM3JEKTPHKOB 3aKJI0UaeTCH B HEBO3MOXKHOCTH
NPOTEKAHNS B HUX NOCTOSIHHOTO Toka. [lostomy, B oTsHuHe OT mpo-
BO/JHUKOB, HAMPAXKEHHOCTb IIOCTOAHHOTO 3J1€KTPUYECKOTo noJjsd B JAH-
9/7€KTPUKAX OTHIONb He JOJKHA OBbITb PaBHON HYJIIO, M Mbl JOJIKHEL
NOJIYYUTh YPABHEHHS, KOTOPBIMM 3TO MoJe oluchbiBaercsl. OxHO U3
HHUX TOJy4Yaercs NyTeM ycpelHeHUs ypasHeHus (1,3) H mo-npexHeMy
IJIaCHT:

rot E=:0. (6,1
Bropoe ke nosydaercs ycpeinenueM ypaBueHus dive=4mp:
div E = 4. (6,2)

IlpeanosouM, 4TO BHYTDb BelleCTBA AUJIEKTPUKA HE BHECEHO M3BHE
HHKAKHX TMOCTOPOHHHX 3apsijiOB; 9TO €CTh HanGoJee oObIYHLIA U Bax-
uplil caydall. Torna mnoanHbI 3apsn BO BceM OOBeME AH3JEKTPHKA
OCTaeTCsl PABHAIM HYJIIO H [IOCJe BHECEHHS €ro B 3JIEKTPHUYECKOEe 110JIe:

{pav—o.

3710 UHTErpPaIbHOE COOTHOIIEHHE, KOTOPOE AOMMKHO BBITOJIHATBCS AJS
Tena Jaw060H (QopMbI, O3HayaeT, UTO CPCAHAS IVIOTHOCTb 3apsiyiOB
MOKeT ObITh HalhcaHa B BHAE JHBEPre€HUHH HEKOTOPOTO BEKTOpa,
KOTOpPBIH MPHHATO 0003HauaTh Kak — P:

p=—divP, (6,3)

npuyeM BHe Tena P=0. [lelicTBHTeNbHO, HHTErpupys mno obbemy,
OIpDaHHYEeHHOMY [OBEDXHOCTHIO, OXBaTHIBAOLIEH TeJ0 H MpPOXOAslleh
Be3Jie BHe €ro, INoJayuuM

(gav——{divPav=—fPai—o.

Bennunna P Ha3wiBaeTCs BEKTOPOM JuUIAeKkmpueckot noaspusayu
(MM MpocTO noNApU3AlHY) Tesaa; JUJIEKTPHK, B KOotopoMm P oTsnuHO
OT HYJf, HasHBaWwT noaspusdosanHoir. Hapagy ¢ oObeMHOI MJoT-
Hoctbio (6,3), BexTop P onpefensieT Takxke ¥ NOBEPXHOCTHYIO TJIOT-
HOCTb O 3apAL0B, paclpeleeHHbIX 0 MOBEPXHOCTH MOJSPH30BAHHOTO
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AusjaekTpuka. Ecau npomnrerpupoBath ¢opmyay (6,3) no snemeHty
00beMa, 3aKJIOUEHHOMY MexJAy JABYMA OEeCKOHEUHO OJIH3KHMH ejlH-
HMYHBIMU ILTOL[AKAMH, DPHMBIKAIOWUMH ¢ 00eUX CTOPOH K MOBEpX-
HOCTH JH3JEKTPUKAa, ¥ Y4eCTb, UTO Ha HapyxkHOH maomajike P =0,
TO Mbl NOAY4HM (cp. BeIBOA dopmydsl (1,9)):

g=2P, 6,4)

rage P,—coctaBaswoomas BekTopa P no BHemHe#t HopMaau K TO-
BEPXHOCTH.

Hast BeisicHeHUs] (U3NUECKOrO CMBICJa CaMOM BesauuuHH P pac-
CMOTPUM TIOMHBIH JWTOJBHBII MOMEHT BCEeX BHYTPEHHHX 3apfAI0B
B JIH3JIEKTDHKE; B OTJHUHE OT IMOJHOTO 3apsla, 3Ta BeJHUMHA He
no/mkHa GbITh paBHOH Hymo. [lo onpepeseHHIO AWKOJLHOIO MOMEHTA
3TO eCTb HMHTErpan

1%

S ro dV.

TloactaBus p B Buje (6,3) U cHOBa KMHTErpHUDYHA NO OOGBEMY, BBIXO-
JALIeMy 3a Tpefepl Teqad, NoayduM

Sroav=—{rdivPay=— fraipy+§ Pr)rav.

Vurerpan no nmoBepXHCCTH Hcue3aeT, a Bo BTOpoM umeeM (Py)r=P,
TaK 4To

{rpav={Ppav. (6,5)

Taxum ofpa3oM, BEKTOD NOJAPH3AUKH NpeACTaBaAsieT colofl dunoie-
Houwi MOMeHm (WM, KaK TOBODAT, 9AeKMPUUECKUL MOMEHM) €IIHHUIbL

ofbeMa JHIJIEKTPHKA !).
NoncraBue (6,3) B (6,2), nonyyum BTOpPOE YypaBHEHHE 3/EKTPO-
CTATHYECKOro IO/l B BHJE

divD =0, (6,6)
rje BBE¢JeHA HOBAsA BEJHYHNHA D, onpeaeaseMast Kak
D —E -+ 4aP (6,7)

W HasbiBaeMasi gaexmpudeckol undykyued. Ypasuenue (6,6) 6nii1o
HOJIYUEHO MyTeM ycpefHeHHMsl MIOTHOCTH 3apsioB, BXOISMIINX B COCTAB
IU3AEKTPUKA. ECiHH e B AUIIEKTPUK BHECEHBI H3BHE NOCTOPOHHHE
[O OTHOIIEHWIO K €ro BeleCTBY 3apsifbl (MBI OyjAeM HasbBaThb HX
CMOpoHHumMY), TO K NpaBod uactu ypasHenus (6,6) HoixHA O6bITb
Jo6aBjieHa UX INIOTHOCTb:

div D =4mnp,,. (6,8)

1) Crenyer 3ameTuTh, YTO COOTHOLIeHHe (6,3) BHYTPH AHSJAEKTPHKA H YCJIOBHE
P =0 Bue ero camu mo cefe elle HE OMPeAeNSOT BeJHUMHY P 0JHO3HAYHBIM 00pa-
SoM; B 00/1aCTH BHYTPH JH3JIEKTDHKA MOXKHO Iphubasute K P J0ofofi BexTop BHAa
rot f. JIMie ycTanoB/leHHEe CBA3M C JUNOJNBHLIM MOMEHTOM OKOHYATeIpHO Ompe-
Ieaser P.
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Ha nosepxHocTH pasjesa IBYyX PasiHUHBIX JUMIECKTPUKOB JOJKHEL
BLITIOJIHATLCS ONpeNeeHHble rpaHuuhbie ycnoBus. OJHO ‘M3 3THX
yeaosufl sBagercs caeacrsheM ypaBHenHsl rot E=0. Eciu nosepx-
HOCTb pasjiesa OJHOPOAHA NO CBOMM (PH3HUECKHM CBOACTBaM '), TO
3TO ycJoBUe TPeOyeT HeNPEepHBHOCTH TAHTEHIHAAbHOA COCTaB/AIOMIER
HalUpAKEHHOCTH NOJsL:

E;=E, (699)

(cp. BuBOX yeaoBus (1,7)). Bropoe ke ycioBue ciefyer U3 ypas-
penusi divD =0 u Tpebyer HenpepuIBHOCTH HOPMaJbHOH K IOBEpX-
HOCTM COCTABJAAIOWEH HHAYKIUM:

D711:Dn2‘ (6’10)

JleficTBATENbHO, CKa4oK HOpMajibHOW coctaBasiomedt D, =D, osHa-
yas 6bl ofpaieHue npoussoaHoit 0D,/0z (a ¢ Heo u divD) B Gec-
KOHEUHOCTD.

Ha rpanunue mexay An3JeKTpUKOM ¥ npoBojHnkoMm E,=0, a yc-
JIOBHE JJISI HOPMaJIbHOH KOMIIOHEHTHI moayuaercss u3 (6,8):

E,=0, D,=4ac,, (6,11)

rge O..——IWIOTHOCTDb SapHILOB HA HOBEPXHOCTI/I [MPOBOJHHKA (Cp
(1,8—9)).

§ 7. JuasnekTpuyeckas MPOHHLAEMOCTh

Hast Toro urto6er ypaBHeHust (6,1) u (6,6) cocTaB/isiIH TOJHYIO
cHCTeMYy YpaBHEHHH, ONpeJesOUX 3IeKTPOCTaTHYECKOe MoJie, K HHM
HAJMO elfe NMPUCOSAMHHUTL COOTHOINGHHE, CBA3LIBAOLIee HHAYKUMO D
H HanpskeHHOCTb noss E. B orpoMHOM 6oJBINMHCTBE CJyd4aeB 3Ty
3aBHCHMOCTb MOXKHO CUHTaTb JiuHeHHOH. OHa COOTBETCTBYET HEepBBLIM
yieHam pasjoxenus D no crenensm E u cBA3aHa ¢ MaJsoCThIO BHeIU-
HHUX 3/JeKTPHYECKHMX MOJEH M0 CPaBHEHHIO C BHYTPEHHHMH MOJIEKY-
JIPHBIMHA TIOJAMH.

Jinselinaa 3aBucumocth D or E npuobperaer ocobeHHO npocToit
BHJ B BaXHefIleM c/yuyae H3OTPONHBIX JHU3JMEKTpHKOB. (OueBuuHO,
4TO B H3O0TPOMHOM JAH3JNEKTPHKe BektTopsl D u E JOMXKHBL HMETh
OJMHaKoBOe HanpasJjeHue. [TosroMmy HX JuHefinas 3aBHCHMOCTb CBO-
JUTCS K NPOCTOH NPONOPLHOHAJLHOCTH 2):

D=¢E. (7,1)

1) T. e. 1o cOCTABY COMPHKACAIOIUKUXCSA Tes, Temmepatype W T.n. Ecam 1u-
3JEKTPHK SBJACTCS KPHCTANJIOM, TO NMOBEPXHOCTh AOKHA OBITH KPHCTANIHYECKOH
NJIOCKOCTBIO.

2) Takas saBuCHMOCTb, Npemnojaraimias obpamerne D B Hyds onHoBpe-
meHHo ¢ E, cnpaeepsuBa, cTporo rosopf, JKiib B OJHOPOJHEIX IO CBOHM (H3H-
YeCKHM CBOHCTBaM (COCTaBY, TeMIeparype H T. I.) JU3JEKTPHKax. B HeoIHOPOJHBIX
Tesax D MOKeT HMeTh OT/IMYHBlE OT Hy/a 3HaveHus u npu E =0, onpesexsscs
NpH 3TOM TPaJHeHTaMH MEHSIOWMXCS BIOJb TeIa TePMOIAHHAMUYECKHX BEJHUMH.
OTH WieHH, OJHAKO, BeChMa MaJjul H MH GyJeM NeJb30BAThCHA B fajbHeHILIEM COOT-
HowenneM (7,1) B B HEORHOPOZHEIX TeJax.
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KosbhduuuentT & HasbiBaeTcsl OuIIEKMPUHECKOL  NPOHULACMOCIILGIO
BELIECTBA U ABJAACTCA (DYHKUHMEH ero TepMOJHHAMHYECKOTO COCTOSHHUS.

BmecTe ¢ HHAyKUMEH NPONOPUMOHAJbHA MO0 TAKXKe H NOJSIPH-
3a1ud:

e—1
P=xE = . E (7,2)
BeauynHa % Ha3pBaeTCs KO03(pPULIUEHTOM MOJSPU3YEMOCTH BEIeCTBa
(unu ero dussexmpuueckoti socnpuumdusocmsio). Huxe (§ 14) Gyner
[I0KAa3aHO, 4YTo JH3JIEKTpHUeCKas [POHHIAEMOCTb Bcerjga GoJblie
eIMHHUIBL;, TOJAPH3YeMOCTb, COOTBETCTBEHHO, BCEr/a NOJOXKUTE/IbHA.
[Monspusyemoctb paspexeHnofl cpefbl (ras) MOXKHO CUMTAThb NPONOP-
IlMOHAJbHOA ee TJIOTHOCTH.
I'panuusble ycaous (6,9) u (6,10) na nosepxHoctH paszgena AByX
M30TPONHBIX AMIIEKTPHKOB NPHHHMAIOT BUJ

Eiy=Epn, &E,=¢8FE,. (7,3)

Takum ofpasoM, HOpMaJbHAsl COCTABAAOILAS HANDPSKEHHOCTH 1105
HCOBITHIBAET CKAYOK, MEHAACh OOPATHO NPONOPUHOHANBHO AUIJEKTPH-
YECKUM MPOHHLUAEMOCTAM COOTBETCTBYIOIIUX CPEs.

B opnopoxHoMm puaiekTpHke e=const, U TOrAa M3 ypaBHEHUsS
div D=0 cnenyer, uro u divP=0. Beuny onpegenenus (6,3) s1o
3HAYUT, 4TO OOBEMHAs IJIOTHOCTb 3apsJ0B B TAaKOM Teje OTCYT-
cTBYeT (MOBEpPXHOCTHAsi ke MIoTHOCTh (6,4), BooOwe roBops, OT-
JIUUHA OT HyJs). HanpoTuB, eciuM Au3IEKTPHK HE OAHOPOJEH, TO
HMeeM OT/JIHYHYIO OT Hy/J OObEMHYIO IJIOTHOCTH

- . . e—1 D e—1 E
p=—d1VP:——'d1VmD:——ngad'—g—-:—m ve.

Ecnu BBecTH noTeHUMAN 3JeKTPHYECKoro nojast corsacHo E =
= —grad ¢, T0 ypaBHenue (6,1) YIOBJIETBOpSETCH ABTOMATHUECKH,
a ypaBHenue divD=diveE=0 naer

div (e Vo) =0. (7,4)

310 ypaBHeHHe MepeXOmUT B oOCHUHOe YpaBHenue Jlamnaca JuInb
B OJHOPOAHOH nu3AeKTpuueckod cpene. I'panuunbie yciaoBus (7,3)
MOXHO Ilepenucath B BHJE CASAVIOIIHX YCJAOBHH [/ MOTEHLHAJA:
17/ o,
Pr=05 & 5t =g, 2 (7,5)
(yc/10BHE HENPEPHIBHOCTH TAHT€HIHAIbHBIX MPOU3BOAHBIX MOTEHIMANA
5KBHUBAJEHTHO YCJOBHIO HENPEpPEIBHOCTU CAMOTG ¢).

B KycO4HO-OQHOPOAHOH NU3JIEKTPHUECKOH Ccpeie ypaBHeHue (7,4)
CBOIMTCSI B KaXIOM OJHOPOJAHOM YdacTKe K ypaBHenuio Jlamsaca
Ap=0, Tak YTO IUITEKTPUYECKHE IPOHHUAEMOCTH BXOIAT B pelue-
HHe 3aJaYd TOJbKO uyepe3 nocpeiacTBo ycjosu# (7,5). Ho stu yeno-
BUSI COJEpKAT JIMIb OTHOWIEHHE NUIEKTPHUYECKHX MPOHHUIAEMOCTEM
IBYX conpuKacawmuxca cpef. I[lostoMy, B uactHocTH, pelueHue
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3MEKTPOCTATHYECKON 3aJaud JJIs JH3JEKTPHUECKOro Tejla ¢ IPOHE -
IIAEMOCTBIO €,, OKPYKEHHOro Cpejloff ¢ NPOHHIIAEMOCTbIO &, CBOAHTCS
K TakoH xe 3ajjaue IJa Tesa C IIPOHHLAEMOCTBIO &,/€,, Haxojslle-
rocsi B NyCTOTe.

Paccmorpum BONpOC O TOM, Kak MEHSIOTCA MOJydYeHHDLIE B Mpelbl-
Aymux naparpadax  pesyJbTaThl I JIEKTPOCTATHYECKOro MOJR
IPOBOAHUKOB, €CJH IOCJEJHHE HaXOZATCA He B IyCTOTe, a IIOTpy-
JKEHBL B O{HOPOAHYIO H H3OTPOIMHYIO AH3JEKTPHUECKYIO cpeay. B oGonx
CTyuasix —pacnpeieseHHe IOTeHUHasa OMNHCBIBAETC YpaBHEHHEM
Ap=0 ¢ TpaHHYHBIM YCJOBHEM IOCTOSHCTBA ¢ HA IOBEPXHOCTH
NPOBOJIHNUKA, M BCE OTJIHYME 3aKJIOYaeTcs B TOM, YTO BMECTO CBA3H

E,=—0¢p/0n=4n0 c NOBepXHOCTHOH IJIOTHOCTHIO 3apsNOB Tenephb
Oy JeT:
9¢
D,=—¢e— =4no. (7,6)

Orcioga BUJAHO, UTO pELIeHHe 3aJa4d 0 HO0Je 3apSIKEHHOTO HNpo-
BOJHHKA B [YCTOTE NMEPEeXOJAUT B PEUICHHE TOH Xe 3afayd B JHIJCKT-
puueckoii cpeie nyteM (OpMaJbHOH 3aMeHBl NOTCHUHAJNOB U 3aPsI/0B:
aubo ¢ — e, e — e, aubo ¢ — ¢, e— ¢/e. [lpu 3aganuBIX 3apsanax
MPOBOJHUKOB MOTEHLMAA ¥ HANPAKEHHOCTb IIOJIg yOBIBAIOT B & pas
10 CPaBHEHHMIO € MX 3HAYEHHSIMH AJA IIOAf B MycTOTe; 3TO ocgaab.e-
HUe TOJisi MOXeT OBITh HarAsAHO HCTOJKOBAHO KaK pe3ynbTar
YACTHYHOH 3KPaHHPOBKHU 3apsijfa HPOBOJAHHKA NTOBEPXHOCTHBIMU 3apsi-
JaMH IPUJEramilero K HeMy NOoJspH30BAHHOIO AHM3JEKTprKa. Lcan
7K€ MOJIepXKHBAIOTCA MOCTOSIHHBIMH TOTEHLHAIBl NPOBOAHHKOB, TO
noJje OCTaeTCsd HEU3MEHHBIM, HO YBEJIHUYUBAIOTCH B €& pas 3apsiibl
NPOBOAHUKOB 1).

Haxkonen, OTMETHM, 4YTO B 3JEKTPOCTATHKE MOXKHO (OpMabHO
paccMarpuBaTh NPOBOJHUK (HE3aPAKeHHBIA) KaK Telo ¢ GECKOHEUHOH
JH3JEKTPHUECKOH MPOHUIAEMOCTbI0O—B TOM CMEIC/IC, UTO BJHSHHE,
OKa3bhlBAaeMOE UM Ha BHEIIHEEe 3JEKTPHYECKOe I10Je, TaKoe XKe, Kakoe
-OKa3bIBas OBl IMSJEKTPUK (TOMH ke GOpMbl) C & — 0o. IleACTRHTENbHO,
B CHJY KOHEYHOCTH TPAHMYHOTO YCJAOBHA AJds HHAyKUuu D oHa
JOMKHA OCTABATHCH KOoHeuHofl BHYTPH Teja ¥ NpH & — co; HO 3TO
03Hay4eT, 4To B TaKoM roJge 6yner E=0, B cooTBeTCTBHU CO CBOH-
CTBaMU TIPOBOAHHKA.

3agaumn

1. OnpejegnTh nose, CO3ZABASHOE TOUEUHBIM 3apHJOM €, PACHOJOKCHHBIM Ha2
PacCTOSIHHM h OT IJIOCKOH rpaHuubl pasfiesia IABYX PasJuuHDLIX JHIJIEKTPHUECKHX
cpen.

Pemenye Hasosem TOuKy, B KOTOpoif Haxolurcs 3apsg e B cpeje [,
Toukoll O, a ee 3eprajbHoe OTOGparieHHe HO APYIYIC CTOPOHY IJIOCKOCTH pasjena
(B cpere 2)—roukoii O’ (puc. 11). Byzem uckats foae B cpene / xak fioae, cospa-

1) Orciofia cienyet, B HacTHOCTH, WTO MPU 3arnoNHenun Koueucaropa In3ext-
PUKOM, €ro eMKOCThH yBeJHUHMBaeTCcsl B € pas.
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BaeMoe JBYMsI TOYEUHBIMH 3apAfaMH,— 3apafZoM e H (GUKTHBHHIM 3apajom e’
B Touke 0' (cp. meton H3oOpaxenuii, § 3):

’

e e
Pr=-—+

er ' oeyr’

’

rhe r, r’-—pacCTOSIHUSA TOUKH nabuonesns cooTpercTBerno or O u 0. [Tose xe
B cpelle 2 MileM B BHJE NOJd, CO31aBaeMOro (pUKTHBHBIM 3apAAoM ¢”, HaXOoAsulHMCS
B Touke O:

P2
Ha rpanuunofi n/10cKOCTH (r=r’) T0/UKHB BLIMOJHATLCS yeioBus (7,5), M3 Ko-
TOPBIX [OJIYYaeM ypaBHeHHS

' ’ ”

e--e e
e—e =g, ———=—;
€1 €y
oTcIoaa
& —&; 2e
el 2 e 2 (1)
€1 &y &1 &
Mpu ey — 0 umeen e’ ==—e, @g,=0, T. e. MBl BO3BpamaeMca K pe3y.sraty,

NOJIYUYeHHOMY B § 3 /Jf N0 TOUEUHOTO 3apsiia BOJIH3H NpoBOARAUIEH ILJIOCKOCTH.

Cuaa, Jefictsylomas Ha 3apsl e (cuaq w3o6pa-
weHuA), paBHA
Fe ee’ #(352 €1—8y |
- B — o Ly
@h)rer \2h) ei(ert8,) 7
F > 0 cooTBeTCTBYET OTTAJIKHMBAIIHIO,
2, To xe jaas OGeckoneuioff npsiMoli 3apsizKen- » wT
HOH HUTH, pAacno/IOKeHHOH NapasiensHO MJIOCKOCTH o g
pasjena Ha pacCTOAHHM i OT Hee. 0 0"
Pemeuue BnoJHe aHANOTAYHO PeLUeHHIO Hpe- 4 4
IbUiYILed 3agaud, ¢ Toil pasHulell, YUTO NOTEHLHAJIbI £ &,
nois B ofenx cpeiax: 7
2e 1 2¢’ in 2e" |
¢pp=——Inr——1Inr g = — nr
b1 e o v P € ’ Puc. 11

rae e, e, e"—3apsisl Ha euiNUe AJHHB HUTH U ee «u300pameuuid», a r, r'—
paccToANNA B NAOCKOCTH, NMepneriMKyasprofi x mutam. [as e, e, e’ noayyaiorcs
Te »Ke BoIpaxenus (1), a cuaa, jeiicTByiclias Ra eIUHULY AJIUHBI HUTH,
2ee’ e (ey—ey)
T 2he; ~ hey(g1-Fey)

3. Onpegeants no’de, cospasaemoe GeCKOHEUHOH NMpPSAMON 3apssKeHHOH HUTHIO,
pacroiokerHol (B cpele ¢ ANIJICKTPHYECKOH NPOHHLAEMOCTBIO €;) NapafiesIbHO
HHARHAPY (C €=g,) Paguyca @ Ba PAcCTOAHEA b (b > a) or ero ocul).

Pemenwne. [lone B cpene / GyxeM HCKATh KaK [10J€, KOTOPOE CO3AdBANOCH Ghl
B ONHOPOJHOM AH3JEKTPHUKE & peanbHOH 3apAXeHHOH HHTLIO (MpoXoisilefl uepes
touky O, puc. 12) ¢ sapsiom e Ha eauHHLe JJIHHB W JBYMS (UKTHBHBIMH
HHTAME C 3apsajamMu ¢ H —e', TPOXOIAINMH COOTBETCTBEHHO Yepes Touku A u O'.
Touka A pacnonoxena na paccrosisuu AOQ ==0%/b OT NeHTpa OKPYKHOCTH; TOFIa
JAS BCEX TOYEK OKPYIKHOCTH PacCTostHHSL r H r' COOTBETCTBEHHO o Touek O u A
HaxoHsaTcsl B IOCTOSIHHOM OTHOIMEHHWH r'/r=a/b, B pe3yabTiaTe Uero OKamercs

1) Axanornusag 3agaua o TOUeUHOM 3apsifle BOMH3H JUJAEKTPHUECKOH cdepi
He pelaeTcsi B KOHEUHOM BiJe.
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BO3MOKHEIM YJIOBJIETBOPHTb TPAHHUHBEIM YCTOBHSM Ha 310H okpyxHoctH. [lose xe
B cpee 2 GyfeM MCKaTh KaK foje, KOTOpOe cO3faBadd Oul B OAHOPOXHOH cpefie &g
(UKTHBHEIE 3apANbl ¢ HA HHTH, NIpoxoislueH yepes O.

T'pannunsle ycJaoBHA HA NOBEPXHOCTH pasjena yaAoGHO cdopmyanpoBars C 1o-
moniplo notednnana ¢ (E=-—grad ¢) u BexTopHOro mnoresuuaiga A (cp. § 3),
onpefiesierHoro H3 D =rot A (B coracuu ¢ ypasuenueM divD=0); B mI0CKOH
3ajade BeKTOp A HanpasJeH B10Jb OCH 2 (NEPNeHIHKY/SIpPHO K IIJIOCKOCTH pH-
CyHKa). YCJIOBHS HelpepHIBHOCTH KacaTeJbHEIX KOMIOHeHT E W HOpPMaJbHOH KOM-
noxeHTsl D 3KBHBAJEHTHH YCIOBHAM

P1=@s Ay=4,.
T nosst 3apsiKeHHOH HUTH MMeeM B IOJSAPHBHIX KOOpAWHarax r, 0:
¢=— (2e/e) Inr+{const, A =2e0-}const
(cp. (3,18)). TloaToMy rpaHuuYHBIE YCJIOBHS IJIacsT:

2 v
—(—elnr—e Inr4e lna):———zf— In r - const,
81 82

2[eB+e'8 —e (0-1-6)]=2¢"0

(o6o3Hayerne YIJI0B AaHO Ha pHc. 12; ucmoJab3oBaHo nogobue TpeyroasHukos 00'B
H BO'A. Orciopa &, (e+e') =ee”, e—e' =¢€", u g €', ¢’ cHoBa MOJyvalOTCs
Beipaxenns (1) uz 3agaun 1.

a0'=4

Puc. 12. Puc. 13.

Cusa, ZeHCTRyiOmasl Ha eIHHULY AJNHB 3aDPAXKEHHOH HUTH, napaaneabsa 00
H pasHa

F—eE—gfi’( 1 1N 2% (e —sy) d®
T 04 00'>_£1(81—|—-82)b(b2———(12)

€

(F > 0 cooTBeTcTByeT oTTalkHBaHuio). B mnpenene a, b~ o0, b—a—£ 310
BBIDaKeHHe MEPeXOJHT B pe3yJbTaT 3ajauu l.

4. To e, €caM HHTb NPOXOAHT BHYTPH LHJHHAPA € IMJIEKTPHUYECKOH mpo-
HHILAeMOCTbIO €5 (b < a).

Pewenue. [None B cpefle 2 MuleM Kax noJie peanbHoH HHTH e (Touka O
Ha puc. 13) u dukTHBHOA HHTH e’, npoxoismel yepe3 TOYKY A, PACIOJOKEHHYIO
Teneps BHe UHAHHApaA. Ilone e B cpede / mmeM Kak noje yaTell ¢ 3apagamu ¢”
H e—e¢", npoxoismux coorBerctBeHHo udeped O u O'. Tem xe cnocoboM, Kak H
B Npejbiaylleil 3ajaye, MOJYyYHM

[ €1 —8& ”__ 281
ef=—e —>, =t —.
e1--¢&5 e1t¢€s
HuTo oTTalKuBaercsi (NpH £, > &) OT NUJAUHLPA C CHJIOH
2ee’ 1 2e% (e5—gy) b

T Tep 04T & (81t eg) (@2—0%)
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5. TMokasaTk, 4TO TOTEHIHAN N0ASA ¢4 (rg), cO37laBaeMblii B TOUYKe rg TIPOH3-
BOJIbHOM HEOJHOPOLHOH AM3NEKTPHUECKONH CpEIbl TOUEUHBIM 3apSIOM €, Haxols-
IIHMCH B TOYKe I 4, pPaBeH NOTeHLHAl1y @p (r4), CO31aBaeMOMY B TOUKE I 4 TeM XKe
3apsoM, HaXoJIAWUMCS B TOYKE rp.

Pewenue. [loreHunanst ¢4 (r) 1 ¢p(r) yJIOBJETBOPAIOT ypaBHEHHAM

div (evpa) =—4ne 8 (r—ra), div (evep)=—4mne b (r—rp).

YMHOXHB NepBOe H3 HHX Ha (g, a BTOpPOe HAa Q4 M BHYTA INOYWIEHHO OAHO H3
Lpyroro, Halijem

div (ppevea) —div (paevpp) =—4me 8 (r—r ) ¢p (r) 476 S (r—rp) @4 ().

I/IHTEFPHPOBaHHe 3TOI0 PAaBeHCTBA IO BCEMY HpOCTpaHCTBy JAaer MCKOMOe COOTHO-
weHxe: @ 4(rg) =@ (ra)-

§ 8. NuanexkTpHuecKHil 3JIHNICOUA

TMonsipusanus AHIEKTPHUECKOTO 3JJIHICOUAA, TOMEIIEHHOTO BO
BHEILIHee OJHODOAHOE 3JeKTpuyeckoe IHoje, O01aJaeT HEKOTOPHIMH
CBOeOGPA3HBIMI O0COOEHHOCTSAMH, NPUIAIOIMUMY 3TOMY NPHMEPY OcOOBIf
HHTepec.

PaccMoTpuM npelBapHTeTbHO MPOCTOH YacTHBIH Cayyaf-— gu-
3JIeKTPUYECKUl Lap Bo BHemHeM nosne &. O603HAYUM €rO AHIIEKT-
PHYECKYI0 NpPOHHIAeMOCTh IOCPeACcTBOM &', a JU3/eKTPUYEeCKYIO
NPOHNLAEMOCTb BHEIIHEH cpeibl, B KOTOPYIO OH NOIPYyXKeH,— nocpe]-
crBoM £'9. Bribepem Hadano cdepHyecKoli CHCTEMbl KOODIMHAT B
LeHTpe wWapa {(noJspHbLIA yroJa 0 OTCUMTHIBAETCS OT HANpaBieHus @)
H OyJeM HCKaThb NOTEHLHaJX 10Js BHE IIapa B BUAE

r
P=—Cr+ A€ ;

MepPBHI 4ieH eCTb MOTEHIUAaJM NPHJIOKEHHOTO BHEUIHEro 1oJs, a BTO-
poil ujeH, obpaijaromuiics Ha 6ECKOHEYHOCTH B HYJb, JaeT HCKOMOe
H3MEeHeHHe MOTeHLHasNa, BH3bIBaeMOe IIapoM (cp. peuleHHe 3ajaud 1
§ 3). IloTenitnaa »xe nosst BHYTPH Llapa HIUEM B BUje

¢ = — BGr;

3T0 €CTb eJHHCTBEeHHas (QYHKUMSA, YAOBJETBOPSIOULas YpPaBHEHHIO
Jlanjaca, ocrarwiasicsi KOHEHHOH B LIEHTpe 1Iapa U 3aBHCAIASE TOJABKO
OT IOCTOSIHHOTO BeKTopa & —elHHCTBEHHOrO Nnapamerpa, BXOJASINEro
B JAHHYIO 3ajauy.

ITocrosinuble A u B onpejensiorc TPAaHUUHBIMH YCAOBHSAMH Ha
noBepxHocTH mapa. Ho yxe cpasy oTMeTuM, YTo noJe BHYTPH luapa
E¥) = B okasblBaeTCs OAHOPOAHBIM, OTJHYAIOUIMMCS OT TPHJIOMKEH-
HOTO noag & JHUIb CBOedl a6COJMIOTHOH BEJUYHHON.

I'pannyHOe yC/IOBHE HENPEpHIBHOCTH NOTEHIHANA A4er

; E(f)=(g~( __1’;5_)
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(R—panuyc 1wapa), a yc/oBHe HenpepbiBHOCTH HOPMasIbHOM COCTaB-
JHIOIed MHAYKUHH —

D@ — gle)E (1 + ‘Z_’::) .

Hckaouasa us 3TuX JBYX PaBeHCTB A, HOJYH4HM

1, (D(i) + 28(3)1-:([)) — glO)E (8, 1)
I, nofcTaBuB D =gWEW),
B0 =37 g (8,2)
2@ g) ’

AHaJOTHUHBIM CIIOCOOOM peliaeTcsl 33jada O JHU3JIEKTPUUECKOM
GECKOHEUHOM IHJIMH/pPE BO BHEIIHEM I10/1€, MEPHEHAHKYISPHOM K €ro
ocu (cp. 3apauy 2 § 3). Ilone BHyTpM umaunHapa, Kak H BHYTpH
mapa B TNpelblAylleM TNpHUMepe, OKashblBaeTcd OJHOPOAHBIM. OHO
VIOBJIETBOPSET COOTHOIHEHHIO

1/, (DW - e@ED) = @@, (8,3)
HuJau
EO =22 @, (8,4)
g f-gl@ ’

Cootrowenns (8,1) u (8,3), B Koropble AM3JEKTpHUECKast NPO-
HHUAEMOCTh &) mapa HJAM UMJIHHApPA He BXOAUT B SBHOM BHIE,
O0COOEHHO BaXKHBEl IOTOMY, 4YTO HX CIOPaBeJJUBOCTD He CBf3aHa
¢ JnuHefHo#l 3aBucuMocThio Mexay E u D BHyTpu Tena; oHH HMeOT
MeCTO HpH JIOGOM BHJE 3TOH 3aBUCHMOCTH (B TOM 4HCJe 75 aHU-
30TPONHBIX Tea). Takofi e Xapakrep HMMEIOT aHaJOTHYHBIE COOT-

HOLICHUA.
BV =6 (8.5)

JJas UUInHApa B NPOJOJbHOM I10J€, H
DW= gloE (8,6)

IS TJI0CKONapaNelbHOH IVIACTHHKH B [EPNEHJUKYASPHOM K Hed
noJe; TH PaBeHCTBA OUEBHJHBI M3 TDAHHUHBIX YC/JAOBHH.

CBOHCTBO cO3#aBaTb BHYTPU ce0st OXHOPOAHOE TNoje (OGYyAyuH
NOMeLIEHHEIM BO BHeIlIHee OJHODOJHOe I10J€) NpUCYLle, OKa3kIBAeTrcH,
BOOOLIE BCAKOMY 3/JHICOHIY C NPOH3BOJbHLIM COOTHOILEHHEM MOJY-
ocelt a, b, ¢. 3anavya o NOAAPU3ALUU JHSJIEKTPHUUECKOTO IJIHIICOUIA
pemaercs ¢ MOMOIIbIO /VTHICOUAANbHBIX KOOPJAMHAT, NOAOOHO TOMY,
Kak Obla pemieHa B § 4 aHaslorudHasd 3ajaua AJdd NPOBOASLIETO
3JIMICOUAA.

[oreHuman nosst BHE 3JIMNCOHAA WILIEM CHOBa B BHJe (4,22)
@, = @, F €) ¢ pynxuuesr F(E) n3 (4,23). B mnorennman xe noas
BHYTPH 3JJIHNCOMJA ¢; (PyHKUIMA TAaKoro BHAA BOATH HE MOXKET, Tak
KaKk OHa He YJOBJETBOPAET YCJOBHIO KOHEUHOCTH IOJIA BO BCEM
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o6BeMe BHYTpH siianncouja. [leficTBHTeNTbHO, PACCMOTPHM HOBEPX-
HOCTb &= —c?, NMpeICTaBAAOLYI0O COOOH YacTb IJIOCKOCTH XY, Orpa-
HAYEHHYIO 3JIJIMICOM C moJyocsiMu (a?—c?)'/s u (b%—c?)"/z, Jexamum
BHYTpH oGbema sasjuncoupa. Ilpu §-— —¢* unrterpan (4,23) Benmer
cebs Kak V E+ct. Hanpsixkennocts mnoss, T. €. TPajveHT IMOTeH-
uuajna, 6yjger Bectu cefs, ciefoBareqabHo, Kak (§4-¢%)~': u obpa-
imaercs B GeckoHeuHocTb npu &= —c2. Takum obpasom, A/1s noJsa
BHYTPH 3JLIMICOMAA NPUrofHo Juib peineHne F (E)=const, 1. e. ¢;
HaJl0 MCKaTb B BHJE

= Bg,.

MBI BHAMM, YTO TOTEHIMAN ; OTJIHYAETCs OT MOTeHUWasla OJHO-
POZHOTO NMOJsA @, TOJBKO NOCTOSHHBIM MHOXHTeJeM. Jlpyrumu cJo-
BaMH, 1oje BHYTPH 3JUIHNCOMAA OyNeT OLHOPOXHBIM.

Mbl He cTaiieM BHNUCHBATS 3nect GOpMYJHl 15 [OAS BHE 3JI-
auncouga. ONHOPOAHOE Ke NoJe BHYTPH JITUICOMAA MOXKHO HalTH
Ge3 (aKTHYECKOrO BHINMCHIBAHUS TPAHHUYHBIX YCJIOBHIl, BOCNIO/b30BAB-
IIHCh BMECTO 3TOI0 HEKOTOPHIMH YK€ H3BECTHBIMH HAM Pe3yJ/IbTaTdMH.

[peAnonoKUM CHayasa, 4TO 3JJIHNCOML HAXOIHTCSl B MyCTOTE
(e =1). Torna mexny Bektopamu E?', D), & (KoTOpbie BCe MMEIOT
OJINHAKOBOE HaMNpaBJieHHe —BJO/Ib OCH Xx) JIOJJKHA CYIIecTBOBATh
JUHeHHasi CBsA3hL BHJA

aEQ +-bDY =G,

rae xoahobuLueHTH @, b 3aBHCAT He OT JU3JIEKTPHYECKOH NpOHH-
maeMocT# &' 3/IHNCoNAa, a TOJAbKOo OT ero dopmel. Hannune takoft
CBSI3U cJiellyeT U3 BHJA TPAHHYHBIX YCJNOBHH, B u4eM Mbl Yyxe yGe-
JUJUCh BBHIlE HA NpHMepax Iiapa ¥ UMJIHHIpA.

Hans onpenenenus a u b 3aMeuaeM, YTO B TPHBHMAJbHOM YacTHOM
cayqae V=1 6bi10 66 npocto E =D =@; orciona a-+b=1. dpy-
TOM YK€ M3BEeCTHBIH HaM YaCTHHIA caydail-—NpOBONAIMA SJIHICOUS.
B npopoauuke EV =0, a unaykuusi D' He uMeer HenocpejicTBeH-
HOTO (hH3HUECKOro CMBIC/I4, HO MOXKET paccMaTpHBaThcsi Kak op-
Ma/JbHas BEJHYMHA, CBSI3aHHAsd € INOJHBIM JAKMOJAbHBIM MOMEHTOM
3JITANICONAA COOTHOUIEHHEM

D =47P =11 gp.

Cornacuo (4,26) npu aroMm Gyner
D}i’ — (gx/n(x)’

T. €. Koapdumment b=n", a noroMy a=1—n",

TaKP[M oﬁpasoM, MBI NPpUXOAHUM K COOTHOILUEHHIO

(1—n®) EP 4+ noD® =, 8,7
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HJIH .
EO=E,—4nnwp.." (8,8)
Benuuuny 4nn' P Ha3bBaOT 0enoaapusywouum nosem’t).

Taxue Xe cooTHoWeHHs (¢ Koapdbuuuentamu n), n'?)) cnpasen-
JIUBB! I MOJS BROJb ocell y U z. Kak u uactuble ¢popmyasl (8,1),
(8,3), oun crpaBefaMBHL NpH MoGOM BHAE 3aBHCHMOCTH Mexay E n
D BHYTPU 3JJUIICOUNA.

Jl1s Hanps:KeHHOCTH NOJs BHYTPH 3JMHNCOHZAA noxydum us (8,7),
‘oNIoKUB DP =gV EP:

Cx

E(,”.)z—————.———, (8;9)
1+ (e —1)n®
2 TOJMHBIA JUNOJBHBIA MOMEHT 3JUIMIICOHJA
1 . . b 1
Po=VP, =— (O —HVED=25_*"""_ __ (8,10
4 3 14 (0 —1)nm TF

Ecnu none & uMmeer COCTaBJIAIOLIHE 110 BCEM TPEM OCSAM, TO 110Je
BHYTPH SAJMUNCOHAA MO-TpeRKHeMy OYAET OJAHOPOJAHBIM, HO, BOOOLILE
rosops, He napasjenbHbiM . He npexpemiasi BHIGOp cHCTEMBL KOOp-
JHUHAT, MOKHO HamucaTh B oflleM ciayuae cooTHouienue (8,7) B BHIe

E®=n, (DY —EP)=G,. 8,11)

Ilepexox & c/ayvalo AM3JEKTPHUECKOH# NPOHHLIIAEMOCTH CpelHl,
oTyHOM oT 1, coBepiiaercsi npocTo nyTeMm 3ameHbl &' Ha &')/eld,
Ilpu stom dopmyna (8,7) npUHHMaeT BUJ

(1—nt) g@OED L aDP = e, ‘ (8,12)

D1a dopmyaa MOKeT OBITb NpPUMEHEeHa, B YaCTHOCTH, K NOMI0 BHYTPH
3JUIHIICOWAJNbHOTO OTBEPCTHS B HEOIPaHHYEHHOH JH3JIeKTPHYECKOH
cpese: AAs 3TOr0 HalO NOJOKHTL eV =1,

3apauu?

1. OrnpenesiuTh MOMEHT CHJI, JeACTBYIOILMX HA 3JJIMICOH] BpalleHHs B OJHO-
POZHOM 3JIEKTPHUECKOM MoJe.

Pemenue Cornacuo obmeli gopmyae (16,13) MomeHT cuJ, feficTByOmuX Ha
saamncout, paseH K =[9P], rie §? — nunodpHeil MOMeHT aJHrnconna. B aaaun-
COHJle BpaIlleHHs] BeKTOp 9P JeXHT B IJIOCKOCTH, NPOXOAsilleli uepe3 oCb CHMMETPHH
U HanpapjeHnue (6. MoMeHT Ke CHJI HanmpaBJeH MepneHJIUKYJISPHO K 3TOH MIOCKO-
CTH, a AAst ero afcomioTHON BeNMUYMHBI BHUNCAeHUe C nomolisio Popmysn (8,10)
APHBOJHT K Pe3yJpbTary

— 11— i
K= (e—1)?|1—3n|Vsin2a &2

8n(ne+1—n)[(l—n)et1+n] °

1) Ananornyubie GOpMYJIB CTIPABE/UTHBH JIJIs HAMArHHUHBAIOMEroCs AJLTHICON A
BO BHeUIHEM OXHODOAHOM MAarHHTHOM noje (cM. § 29). B s70il cBA3H KOs dHUMeHTH
n¥, nd ) n(2) HagBIBAT KOSPPUYUEHMaML PASMASHULILEANHUA.

%) B sajauax sroro maparpada NpeInoJaraeTcs, YTC 3JLIMICOHI HAaXOLHTCH
B IIyCTOTe.
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rne o.—yroJ MeXiy HanpasjeHueM (§ U OCbl0 CHMMETDHH JIJIMICOHAA, & 1—KO03p-
(HUHEHT NeNONAPHIANHK BIO0JAb 5TOH OCH (TaK YTO KOpOPUUHEHT NenojsipH3alHH
B TIePNEeHIUKYMSAPHBLIX K 3TOll OCH HanpaBJeHdsAX ecTb 1/, (1—n)). Moment cun
Hanpas/Jed TaK, YTO OH CTPEMHTCA IOBEPHYTb OCh CHMMETPUM BHITSHYTOrO (n < 1/3)
B CILICCHYTOTO (1 > !/3) 3JMJNHNCOKIOB B NOJIOXKEHHE, COOTBETCTBEHHO NAPANICAbHO
g NMePneHIuKYAAPHO K NOJ0.

JIAsi npoBoAsiuero 3JIUncouaa (8 — o) uMeeM

| 1—3n|
8an (1 —n)

2. usaeKTpudecKHH TOJBIH wap (AU3JEKTPUYECKAs NPOHHLAEMOCTh &, BHYT-
PeHHUH M BHEWHH# pPajuychl b W @) HAXOMUTCS B OJHOPO;HOM BHELIHEM 3JeKTPH-
yeckoMm nose (. Oupelenuts 1ojie B NOJOCTH Luapa.

Pemenue AHaJIOTHIHO TOMY, K3K OblJIO CleNaHO B TeKCTe [JAF CHJIOMIHOTO
liapa, HUieM TOTEHUHAN 1OJA B NYCTOTe CHapyXH Inapa (o6aacte /) 4 BHYTDH
nionocT (06saCTh 3) COOTBETCTBEHHO B BHIE

K= V§2 sin 2a.

¢y=—CG cosO (r—%) ,  @3=—BEGrcos9,

a NOTeHLHaN TMOJAA B AM3JeKTPHYECKOM cjoe (oGnactk 2) —B Buie
D
@y;=—CG cos 0 (’—72— R

rie A, B, C, D-nocrosHHble, Onpejelsioniecss W3 YCJAOBUA HENpepHBHOCTH ¢ H
€ 0@/0r ua rpaduuax /—2 u 2—3. Takum obpasom, none Ez;= B BHYTpU 1noJo-

CTH OKka3blBaeTcd O1HOPOIHEIM (rnose ke E, B mwapoBom ¢jioe HeoirHopoano). Bhi-
YHCJIeHHe TOCTOSIHHBIX NPUBOJHMT K pe3yJbTary:

9e
CET @I =217 Gy
3. To Xe 145 T0JOTO LWJIKHLPA B NONEPEYHOM OIHOPOAHOM Tosel),
PeireH e aHanorHuHo Npelbliyulell 3agade W TMPHBOAHMT K Pe3yJbTaTy:
4g
(e DE—(e—1)° (b/a)*

Ez=

§ 9. duanexTpuueckasl MPOHULAEMOCTL CMECH

Ecau BellecTBO TpEACTaBAsAET COB0H MEJKOJUCIEPCHYI0 CMECh
(3Mynbcus, nopomkoobpasHass cMech U T. I.), TO MOXKHO paccMal-
pHBaTh 3JEKTPUYECKOe [OoJe, YCPeIHEHHOoe N0 o0beMaM, GOMbIIHM TI0
CpaBHEHHIO ¢ MaciuTabavy HeojHopoaHocTel. I10 oTHOeHUIO K TakoMy
CpeaHeMy TOJIO CMech $BJseTcsl OAHOPOJHOH M H3OTPOIHOH cpexoi
W KaK TaKoBas MOMKET XapakTepH30BATbCS ONpeEjeNeHHBM S(pexTns-
HbIM 3HAYEHHEM [H3JIEKTPHYECKOH NPOHMLAEMOCTH, KOTOPOE Mbl 060-
3HAYUM &,,. Eciu E 1 D——-ycpezmeHbee yKa3aHHBIM 06pa3oM Harps-
JKEHHOCTb M HHIYKUHA [0JS, TO, HO OnpejesieHHuio

D =e¢,,E. 9,1

1) B nponosbHOM moJe oTBeT ovepnsien: Eg= (.
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Ecnn Bce yacTHmBl cMecH H3OTPONHEI, 8 PA3HOCTH MeXJYy HUX AU~
SVIEKTPUUYCCKUMH MMPOHHULAEMOCTSIMH MaJibl 110 CPABHEHHIO C CAMHMH &,
TO OKAa3bIBAETCS BO3MOXKHEIM BBIUHCJAHTb B OOLIEM BHJE €.y C TOU-
HOCTbIO [0 4J€HOB BTOpPOro noOpsijka N0 YKa3aHHLIM Pa3HOCTAM.

Hanumem mectHoe 3Hauenue HANPAXEHHOCTH MOJA B BHIE E=

= E+SE, a MecTHOE 3HAYEHHE JUINEKTPUYECKOH NpPOHHIAEMOCTH —
Kak e 0e, rie
T= S edV ©9,2)
noJyyaercst ycpenienuem no obbemy. Torza cpegnee sHauenne HHAYK-
IHH
D = (¢+8¢) (E-+OE) = ¢E 4 8¢ SE (9,3)
(rax kak, no ompenenenuio de u OE, uX cpejHne 3HaueHHS PaBHEI

Hy/o). B HyneBoM OpHGNHIKEHHH &, = €; NEPBBIH OTAHYHBIA OT HYyNA
nonpaBouHLI 4ieH GyJer, ecTeCTBEHHO, BTOPOro fopsijika no 8e, Kax
3T0 BUAHO U u3 (9,3).

U3 neycpenuentoro ypaHenus div D=0, ¢ TounocTbio 10 MaJabIX
YJI€HOB MEPBOTO MOPSAKA, HMEeM

div (e + e) (E 4+ 6E) =¢ div 6E +EV 82 =0. 9,4)

Ycpenuenne npoussegennsi 6e E B (9,3) npoBoauM B aBa 3Tana.
Ipexxne Bcero, ycpeiHsieM 1o OGbeMy HacTHIL OJHOTO M TOI'O Ke Be-
1leCTBa, T. €. NPHU 3aJlaHHOM 3HaueHHH Oe. YcpeaHeHHOe TakiM 06pa-
3om 3uauense OE Jserko nosyunte u3 ypasHenus (9,4). Hwmento,
BBUAY H30TPONHH CMECH B [eJIOM HMeeM ‘

0 s 0 = 0 o= 1 .. ==
aﬁEx =a-y6Ey =E 6E2=§d1v GE
Ecnu, ckaxeMm, BEKTOp E HanpaB/ieH no ocH X, TO U3 (9,4) umeem
‘ — 0 s = 0dbe
3856Ex=_’Ex 'a;' ’
OTKy1a
6Ex=—E—’iﬁs.
3e

BBHLY MpOU3BOIBHOCTH BBEIGOpA HANPaBJeHHA OCH X, 3TO PaBEHCTBO
MOXHO HAmuCaTh B BEKTOPHOM BHZE:

6E———————65
3e

Ymuoxue Ha 8¢ M NpoM3BesT OKOHYATENBHOE YCDENHEHHE IO BCEM
KOMIIOHEHTaM CMeCH, IOJIYUHM
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Haxkoneu, nojcrasus 310 BhIpaxkenue B (9,3) u cpaBHuB ¢ (9,1),
NOJYYHM HCKOMBIE pe3yJqbTar:

=g———(8¢e)2. A © (9,5)

Ora ¢opmyna MoxeT ObITb NpelncTaBieHa H B JAPYroM BHIe, eclH
3aMeTHTb, YTO C TOYHOCTBIO [0 Y/JIEHOB BTOPOro NOpSAIKa

e1/% = (e +8¢)1/> =€1/3<1 — ‘_55?) .
Oe

[Tostomy
ean’ =el/s, (9,6)

Takum o6pa3oM, MOXHO CKasaTb, YTO B paccMarpuBaeMoM npubaH-
JKEHUM OKa3plBaeTcsd aJUIUTHBHBIM KyOHUecKHH KOpeHb M3 €.

Ipyro#i npeaenbHsIl cayuall, AONYCKAaIOMHH TOYHOE paccMoTpe-
HHe, — IU3JACKTPHYECKasd NPOHMIAEMOCTb 3MYJBCHH C TPOH3BOJLHOH
pasHuuell MeXjy AUNIEKTPUUECKHMH TMPOHUIAEMOCTAMH Cpeibl (&)
U jgucrneprupoBaHHOH a3nl (g,), HO Manol KOHLIEHTpauueil rnocsel-
Hell; wuYacTHLBl JMCHeprupopaHHOH (ha3nl NpPEAnosararTcst chepH-
YECKHMH,

B unterpasne

= 3’ (D—e,E)dV =D—¢,E

NMOJBLIHTETPAJBHOE BBIpAXKEHHE OTJAHYHO OT HYJAA TOJBKO BHYTPH
yacTull 3MyJbcuu. [103TOMy OH NpONOpHHOHAJNEH OOBEMHONR KOHIIEH-
Tpauuu BSMYJbCHH ¢ H NPU €ro BBIYHCJEHUWUW MOMXKHO CUHTaTbh, UYTO
YacTHUbl 3MYJbCHH HAXOAATCA BO BHEIIHEM TII0J€, COBIAJAKOIIEM CO

cpenuum nosem E. BocrnosezoBaBlinchk s chepHYSCKHX  UACTHIL
dopmysoit (8,2), mosyuum A KO3(hdHIHEHTA NMPONOPLUHOHANLHOCTH

mexay D u E:

3 (e, —
sc,v,:sl—l—c(—::_—ég—‘o’l. 9,7)

Ora ¢opmynaa cnpaBeiuBa C TOYHOCTBIO IO Y/JEHOB NEPBOro NOpsiaKa
no ¢. [lpu 6nuskux €, u &, OHA COBHAjaeT (C TOYHOCTHIO 10 YJEHOB
NEePBOr0 NOPSIAKA MO ¢ U BTOPOrO—IO €,—&,) C pe3yJsabTaToM, Aa-
BaeMbiM IpH MajbiX ¢ ¢opmydoit (9,5).

§ 10. TepMoauHaMHUECKHE COOTHOUMIEHHMS AJisi AHIJCKTPHKOB
B 3JIeKTPHYECKOM I0Je

Bonpoc 06 u3MeHeHHH TepMOAMHAMHUUYECKHX CBOHCTB Giarozaps
HaNMMYHIO 3JAEKTPHUYECKOTO TOJs He BO3HHKAeT JJs TPOBOJHHKOB.
IMockonbky anekTpuyeckoe moJje BHYTPH HPOBOAHHKA OTCYTCTBYET,
TO BCe U3MEHEHHEe ero TEPMOJIMHAMHMUECKHX BEJIMUHH CBOZHUTCS IIPOCTO
K J106aB/IeHHIO 3HEPrHH CO3/1aBae€MOTr0O HM B OKPYIKAlOUeM NPOCTPaH-
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CTBE TNOJISi K €ro noJHo#l sHepruu'). DTa BeJHyHHA BOOOLLE He 3aBHU-
CHUT OT TePMOJHHAMUYECKOr0 COCTOSIHUS (B YACTHOCTH, OT TEMIIEPATYPbI)
Tena M 10TOMY, HanpHMep, HE CKa3blBaeTca Ha €ro SHTPOIHH.

Hanporus, Ha TepMOIMHAMHUECKHE CBOICTBA JHIJICKTPHKOB 3JEK-
TpUYECKOe MOJie, MPOHHKAsl BHYTPL TeJa, OKa3blBaeT IMyGOKOe BJHA-
Hue. JIas u3yueHMs 3TUX CBOMCTB, Npexkje BCero, onpeaenum padory,
NPOH3BOAHMYIO Hal TElJOU30JHPOBAHHBIM AH3JICKTPUKOM IIpH Oecko-
HEYHO MaJiOM H3MEHEHHM TOJs1 B HEM.

DneKTpHUeCKoe ToJe, B KOTOPOM HAXOJMTCA JAM3JICKTPHK, HaJ0
IpescTaBasATb cefe Kak Cco3j/jaBaeMoe HEKOTOPBIMM [OCTOPOHHHMU
3apsiKEHHBLIMH [IPOBOJHHMKAMH, a H3MEHeHHe MNOJMfA MOXHO TOTAa pac-
CMaTpUBaTh KaK pe3yJibTaT U3MEHEHHS 3apsAJ0B 1poBoAHMKOB ?). [Ipea-
TIOJIOXKHM A/ KPATKOCTH, YTO HMEeTCs BCero OJMH NPOBOJHUK C 3a-
pAAOM e ¥ moTeHnuasoM ¢. Padora, KOTOPYIO Hal0 NPOM3BECTH AJf
TOro, 4YToObl YBEJHYHTb €r0 3apfj Ha 0CCKOHEUHO MaJylo BeJHYHHY
de, paBHa

OR = ¢ de; (10,1)

3TO €CcTh MeXaHuyecKas pabora, NpOM3BOAMMAsl 33JJaHHBIM I1OJIEM HaJ
sapsiioM e, MepeHOCHMBIM U3 GECKOHEYHOCTH (Ije MOTeHIHaJs MoJs
paseH HYJIO) K NOBEDXHOCTH HPOBOLHHKA H NPOXOLSIIHM, CJeLOBa-
TeJHHO, Pa3HOCTh IOTEHUHANOB, paBHyWO ¢. IIpeoGpasyem SR K Buay,
BLIDA)XEHHOMY Uepe3 3HaueHHs N0JA B OKPYXKAWlleM INPOBOAHUK
NPOCTPAHCTBE, 3aII0JIHEHHOM JH3JIEKTPHKOM.

Ecau D,—mpoeKnusi BeKTOpa 3JeKTPHYECKOH HMHIYKIHH Ha Ha-
npasJeHHe HOPMaJH K MOBEPXHOCTH NPOBOAHHKA, BHEUIHEHd MO OTHO-
[IEHHIO K JM3JAeKTPHKY (M BHYTPEHHEH 10 OTHOIIEHWIO K IPOBOX-
HUKY), TO IOBEPXHOCTHAs NJOTHOCTb 3apsJO0B Ha [IPOBOJHHKE paBHA
— D, /4n, TaK 41O

—— & Dl =— = F D .

Hwmes B BUAY, 4TO IIOTCHUHAaJH ¢ NOCTOsIHEH BAOJIb BCEH IIOBEPXHOCTU
IIpOBOJHHUKAE, ITHIIEM

6R=cp66=——ﬁS(pGDdf=—7l%Sdiv((p6D)dV.

Tlocnennuit uHTErpan cnpasa 6GepeTcd no BceMy 00beMy BHE NPOBOJ-
Huka. JTOoCKOJIBKY BapbHpOBaHHOe Iose, Kak H IepBOHAYasbHOE,
VJOBJIETBOPSIET ypaBHeHHIO mods, To div 8D =0, Tak uro

div (¢ 6D) = ¢ div 8D - 6D grad ¢ = — E 8D.

1) Msl oTBJIeKaeMcs 371€Chb OT SHEPIHH CBSI3H 3apsla C BElIECTBOM NPOBOJIHHKA;
aTa sHeprua Oyjer paccMorpeHa B § 23.

%) OxoHuaTeNbHble BBIPAKEHMS, KOTOPHe OyIyT HAaMH TOJYYEHH, COIePKAT
TONBKO 3HAUeHHS TOJIS BHYTPH IHU3JEKTPHKA H NOTOMY He 3aBHCSIT OT [POHCXOXK-
AeHua Tosis. BBHAY 3TOro HaM He HYXKHO 0cO60 OroBapuBarh CJyuaH, KOIja IoJe
CO3/aeTC He 3apsKeHHBIMH TNPOBOAHHKAMH, &, HaNpHMeD, BHeCEeHHBIMU B CAMBIH
JU2JeKTPUK CTOPOHHHMH 3apsijaMH WM 2Ke ero IHPO3JeKTpuueckoid (cM. § 13)
HONApH3aIHeH,
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TaKHM O6pa3OM, noJiyuaem OKOHUAaTEeJbHO CﬂeﬂnyHIyI'O Ba)KHyIO
dopmyy:
6R = ( EO 4y (10,2)

A
TloauepxueM, YTO MHTErpupoBaHue B 3TOH ¢opmyae TNPOH3BOIUTCA
10 BCEMY IIOJIIO, B TOM 4HCJe M MO 00JacTH BaKyyMa, ecJau IU3JeK-
TpUUYECKas Cpeia 3aHVMaeT He BeCb OOBEM NpPOCTPAHCTBA BHE IIpO-
BOJHUKA.

Pa6ora, npou3BejeHHAas HaJl TENIOH30/JUPOBAHHBIM TeJNOM, €CThb
He UTO HHOE, KaK M3MEHEHHE 3HePTHHM Te/da INIPH IOCTOSHHOH ero
sutponuu. [lostomy Beipaxenne (10,2) momxno OBITL AOOaBiIeHO
K TEPMOJHHAMHUECKOMY COOTHOLUCHHIO, ONpEeAessiiomeMy GeCKOHEUHO
MaJsioe U3MeHEeHHe MOJHOH SHEeprHu Tesa, BKJ/oYawllell B celsl Takxke
U SHEPTHIO 3JeKTpudyeckoro noas. O603HAUUB 3Ty 3HEPrHIO NOCpen-
cTBOM U, uMeeM, CJeOBATEAbHO,

SU=T 6e¥’+%‘S‘E6DdV (10,3)

(T —Temneparypa, ¢ —sHTponus Tesa)!). COOTBETCTBEHHO AJIS IIOJ-
HOlt cBOGOAHOH 3Hepruy & = U—TF ?) nmeem

8F = —F 6T—|—%‘S‘E6de. (10,4)

AwnajioryuHbie TepMOAHHAMHUECKHE COOTHOILEHHS MOTYT OHThb Ha-
NHCAHbBE U A5 BEJHYHH, OTHOCAILUXCS K eAnHulle obbema Tena. Ilyets
U, S u p—BHYTpeHHAS SHEPTHS, SHTPONHSA H Macca eIMHHUBl 06BbeMa
Tenta. Kak H3BeCTHO, OOGBIUHOE TEpPMOJMHAMHYECKOE COOTHOILIEHHE
(B OTCyTCTBHE TOJS) A4S BHYTPEHHe!l 3HEPrUM B 3ajaHHOM OOBeMe
IJIACHT:

dU =T dS+¢ dp,

rge {—xuMmuueckuii norteHuwasa BemecTBa®). Tlpu nHamuuum mnoss
B JU3JNEKTPUKE cioja Jo/ukeH ObITb J00aB/eH 4JeH, B3ATHIE U3
noAbIHTerpaJbHoro BuipaxkeHus B (10,3):

dU =T dS+Ldp-+4=E dD. (10,5)

1) O6bem tesia mpexanonaraeres B (10,3— 4) mocrosHHbM. CaenyeT, OIHAKO,
HMeTb B BHJIY, 4TO B 3JIEKTPHUYECKOM TOJe TeJo CTAHOBUTCSH, BOOOLIe roBOps, He-
OJHOPOJHBIM, ¥ TOTOMY 00BEM HE XapaKkTepuayer erc COCTOSHHA.

2) D1y BeJHYHHY HMEET CMBICI pacCMaTpuBaTh JIMLIb NPH NOCTOSHHON BIOMb
TeJla TeMIeparype.

3) CM. V § 24. BMecTo TJIOTHOCTH MacChl Mbl TIOJIL30BaJfHCh TaM 4YHCJIOM 4Ya-
crun, N B eauuune obvema: p=Nm, rje m—mMacca MOJMEKyasl. X IMHUECKHH NOTEH-
uMan §, oTHeCeHHHIH K eJWHHIE MacCel, OTJIHYaeTCsi MHOMXHTEJIeM OT XHMHYECKOro
TIOTEHIlHAMa |L, OTRECEHHOro K OAHOH wacTuue: { =p/m.

Ofo3naueHde TJIOTHOCTH Macchl BelliecTBa Tofl ke GYKBOH O, U4TO W IJIOTHOCTB
3apANOB, He MOMXKET TDPHBECTH K HEODAa3yMEHHI0, TAK KaK 2TH BeJHUMHBl HHTJE
He 6yAyT (pUTYpPHDOBATH BMeCTe.
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Insa ceoGonnoit sHepruut F={U —TS eaununs ofbema AH3JEKTPHKA
MMeeM COOTBETCTBEHHO

dF = — SdT +{dp-+4-E dD. (10,6)

[TonyyeHnnble COOTHOLIEHUS NPEACTABAAIOT COOOH OCHOBY T€PMOJAMHA-
MHKH JH3JEKTPHKOB.

Mpl BuauM, uro Beauuusbl U u F sBASIOTCS TepPMOAHHAMHUYE-
- CKHMH .IIOTEHIHaJaMH COOTEBETCTBEHHO MO OTHOLIEHHIO K NepeMeHHbLIM
S, o, DuT,p, D. B uacTHOCTH, MOXKHO MOJNYYHTL HAaMPAKEHHOCTD
noJs nyTeM AugdepeHUHPOBAHUS 3THX MOTEHUHAJNOB IO KOMIOHEH-
TaMm BekTopa D:

oUu oF
E=4n <En‘,fs,p=4” (\5%9. (10,7)

CBoGozHas 3HEpTHA B 3TOM OTHOWeEHHH VyjAoOHee, TaK Kak ee aud-
dhepeHLUHPOBaHE JOJMKHO TPOH3BOAUTLCA NMPH NOCTOSHHOH TeMnepa--
Type, MEXJIy TeM Kak BHYTPEHHAS 3HEPTHs JOJKHA NIPH 3TOM OBITh
BhIpakeHa uepe3 MeHee yAOOHYIO BeIMUYMHY— SHTPOIHIO.

Hapsay ¢ U n F 1no/e3Ho BBeCTH TepPMOJUHAMHYECKHE IIOTEH-
1[1aJbl, B KOTOPBIX POJIb HE3aBHCHMBIX IEPEMEHHBIX HIPAOT KOMIIO-
HeHThl BekTopa E, a He D. TakoBbIMH fIBASIOTCS BEJHYHHBI

- ED s ED
UZU—'H, F:F—-E’ (10,8)

A1 AuddepeHIHaTOB KOTOPHIX HMeeM

dU =T dS 4 dp— 5= D dE,

- I (10,9
dF = —S8dT 4+ dp——E D dE.

Ortcrofa, B YacTHOCTH, HMeeM

U ' oF
D=—4n <-0—E—)S,p=_4n (W}T,p. (10,10)

OGpatim BHUMaHHEe Ha TO, YTO CBSI3b MEX]Y TePMOAHHAMUUECKHMH
BeJIMYMHAME, KOTOpPble MBI 0603HauyaeM GYKBaMH CO 3HAKOM ~ U 06e3
Hero, Kak pas COOTBETCTBYeT TOMH, KOTopasi yxke Oblia BBeJeHa B § O
JJIsT 3HEPTHH 3JEKTPOCTATHYECKOrO IO/ HPOBOJHHUKOB B IIYCTOTE.

HeficTBUTENbHO, HHTErpan SEDdV MOKHO Ipeofpas3oBaTh CoOBep-

IIEHHO aHAJOrMYHO TOMY, Kak Mbl 3TO jeJlalH B Hauase § 3, HCIOJb-
3ysl npu stoM ypaBHeHHe divD=0 B oGbemMe AM3JEKTPHKA H Trpa-
HHUHOe ycsoBue D,=4n0 Ha NOBEPXHOCTH NPOBOJHHKOB:

37 | EDaV =— o {'grad cp-DdV=—%I-;S‘(paD,,df=za:cpaea,

(10,11)
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[osTomy, Hampumep, /s BHyTpeHHell 3SHepTHH:

U=U— {22V =U— 3, 0,6, (10,12)

B COOTBETCTBHHU C onpesesenuem (5,5).

[MosesHo comocTaBHTh Takxe (GOPMYJIbl AJdA GECKOHEUHO MaJIblx
H3MEHEeHHH 3THX BeJIHYHH, BHIPAXKEHHBIX Yepe3 3apsiibl H HOTEHIIHATb]
IPOBOAHMKOB (MCTOUHHKOB noJst). Tak, ana Bapuauud cBoGOAHOH
3Hepruu (NpH 33aJaHHOH TeMIepaType) uMeeM

(0F )y =R =2 g 0, (10,13)

Jlns Bapuanuy xe & TOJYYHUM

(8F )z = (57 )r—8 X pue, = — Xe,80,. (10,14)

MoxHO cKasaTb, YTO BeJHYUHHE! 0€3 3HaKa ~ SABJISIOTCA TepMOAHU-
HaMUYeCKMMM [OTEHUHAJAMH [0 OTHOIIEHHIO K 3apsjaM IPOBOAHM-
KOB, @ BeIHYUHBI CO 3HAKOM ~ —TII0 OTHOIUEHHIO K UX HOTEHLHa/aM.

Kaxk M3BeCTHO H3 TepDMOJUHAMHKH, Pa3/HYHbE TepMOAMHAMHYECKHE
HoTeHLHaJbl 00J1aJal0T CBOACTBOM JOCTHTaTh B COCTOSIHUH TEIJIOBOTO
paBHOBeCHS. MHHHMyMa IO OTHOLUCHHIO K PAa3JIMUHBIM H3MEHEHUAM
cocrosinua Tena. Ilpu QopmyupoBaHUHM 3THUX YCJIOBHH pPaBHOBECHS
B 3JEKTPHUYECKOM I10Jie HEOGXOAHMO YKa3blBaTh, PaccMaTPHBAOTCH JIH
V3MEHeHHsl COCTOSIHMS NpU HEH3MEHHBIX 3apsfjaX HJIH [OTeHLHaTax

NPOBOJHUKOB — UCTOUHUKOB MNoJiA. Tak, o HWJIH ¢ HMEIOT B PpaBHOBE-
CHM MUHMMYM MO OTHOIIEHHIO K HU3MEHEHHUSIM COCTOSIHHUS, NIPOUCXOAS-
UM [pY MOCTOSIHHOM TeMIepaType H, COOTBETCTBEHHO, MOCTOAHHBIX

3apsajax WM NOTEHLMA aX NPOBOJAHHKOB (TO e camoe g U u U
CIIPaBeJJIMBO NPY NOCTOSIHHOH 3HTPONHH TeJsa).

Ecau B Tese MOTyT NPOHCXOAUTbL KaKue-JHO0 NPOUECCHl, He HMEIO-
Liye npsIMOrG OTHOLUEHHS K 3JeKTPUYECKOMY NOJI0 (Hanpumep, XUMH-
4ecKue peakilvH), To YCJOBHE PABHOBECHS 110 OTHOLICHHIO K 3ITHM
npoleccaM JaeTcsi MUHUMYMOM F NpH 3aJaHHBIX ILIOTHOCTH U TeMile-

parype Teja u uHaykuuu D B mem Jjubo munumymoMm F IpH nocTOSIH-
HBIX IJIOTHOCTH, TeMmIleparype M HanpsixkeHHocTH noJs E.

Ho cux mop MB! He Aejany HHKAKMX NPEANOJONKEHRHHI O 3aBUCH-
moctH D or E, Tak 4ro BCce NOJIyUYEHHBEIE TEPMOAMHAMHYECKHE COOT-
HOUIEHUs CIipaBelJIMBBI NpHU JI0GOM XapakTepe 3TOi 3aBHCHMOCTH.
IlpuMenum ux Ttenepb K H3OTPONHOMY AH3JAEKTPUKY C JIMHEHHOH 3a-
BucumocTblo D ==¢E. B 3TOM c/yuae HHTErpPUPOBAHUE COOTHOLICHMH
(10,5) u (10,6) naer

D2 D?
U=Us(S, p)+am s F=F(T. o)+, (10,15
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rae U, n F, oTHOCATCS K NU3JEKTPHKY B OTCYTCTBHE NoJsa. Taxkum
06pa3oM, B AAHHOM CJydae BesIMYHHA
D*  eF* ED
8ne” 81 8n

(10,16)

nNpeAcTaBaseT cofofi CBA3AHHOE C HaAAHUHEM IO HW3MEHEHUe BHYT-
peHHEdl 3HEprHH (NPH 3aJaHHBIX 3HAYEHHAX SHTPOIHMH H IJIOTHOCTH)
1M H3MEHeHHe CBOOONHOH 3Hepruu (IpM 3ajaHHBIX TemIeparype H
[JIOTHOCTH) €JHHHUEI 06beMa AUIJIEKTPHUECKOH CPEIH.

AHasloruynele BIpaxeHHsl 1A noreHuuasos U u F:

U=U,(S, p)—%, F=F,(T, p)—L

TR o (10,17)
Mpr Buaum, uto pasHoctu U—U, u U—U, oTAHYAIOTCA B 3TOM
clyuae TOALKO 3HAKOM, KaK 3TO MMEJNO MeCTO H JJsl SJeKTpHue-
ckoro mnoasd B nycrote (§ 5j. B mussexTpuueckoil cpeie, 0AHAKO,
Takoe TIPOCTOE COOTHOIIEHHE CHpaBeJJHBO TOJBKO TpH JMHEHHOH
cessu mexay D u E.

Bromuiuem Takxe i AadbHeHIIEX clpaBoK (POpMYJbl A1 IIOT-
HOCTH SHTpONMU S U A48 XUMHUYECKOTO TMOTEHUMANA BeulecTBa g,
caenyomue u3 (10,15):

S=~<%>O'D:SO(T, P)‘%‘%(—%—,—)p:SO(T, p)+§€;(‘§_78~‘>0,

(10,18)
t= (55 ) 7. o =5 =5 (57 ) - (10,19)

OGe 3Tu BeJUYHHLI OTVIMYHBI OT HYJIf, PasyMeercs, TOJbKO BHYTPH
JHJIERTPUKA.

ITosnas cBoGojHAst 3HEPrus nosyyaercs wHrerpuposanuem (10,15)
1o Bcemy npocrtpaHcTBy. Beuay (10,11) nmeem

* ED 1
F—Fo=| s d =3 s (10,20)

TTocsennee BpIpaxkenne GOpMadbHO COBNAjJaet ¢ (OpMYJIOH AJ1s 3Hep-
THH 3JI€KTPOCTATHYECKOI'O MOJS NPOBOAHHKOB B nycToTe. K 3TOMY Xe
pesyJbTaTy MOXKHO TIPHHTH M HENOCPEACTBEHHO, HCXOAs M3 Bapua-
wun O0F (10,13) mpu GeCKOHEYHO Ma/IOM HM3MEHCHHH 3apsiioB Ipo-
BOAHUKOB. B JnaHHOM cjayuae, npu Jaunefinoft cesisy D ¢ E, Bce
ypaBHEHHS NOJS U TPAHHYHBIE YCAOBHS K HUM TOXe JuHelHbl. [Toatomy
NOTEHIMAMb TPOBOJHMKOB JOJKHBL OBITb (Kak M AJsi NoJjs B Iyc-
TOTe) JHHeHAHBIMH (YHKIHAMH HX 3apAf0B, H WHTErpHpOBaHHE pa-
gencerBa (10,13) mpusoaut x (10,20). ’

TMoguepkueM, 4YTO B 3THX pPacCyKAEHHAX OTHIOAbL He Tpennosa-
rajock, 4YTO AH3JEKTPHUK 3aroJHseT BCe NPOCTPAHCTBO BHE NPOBOJA-
HUKOB. EcCau e mnocieiHee MMeeT MeCTO, TO MOXHO NOHTH elle
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Jajdblue W, WHCMOAb3YA H3JTOKeHHbIe B KOHUe § 7 pe3y/abTaThl,
yTBep:KAaTh caefyiowee. Ilpu 3afgaHHBIX 3apsijgax NMPOBOJHHKOB BBe-
JIeHHe JU3JeKTPHYECKOH cpelbl YMEHbIIaeT B & Da3 BMeCTe C IOTeH-
HHajJaM4d TPOBOJHHKOB TaKxkKe ¥ SHEPTHIO nojs (Mo CpaBHEHUIO CO
3HAUYEHHSIMH 3THX BeJHUHH AJs nojsi B mycrtore). Ecau ke nojnep-
JKUBAIOTCH MOCTOSHHBIMH TOTEHLHA/Ll IPOBOJAHUKOB, TO SHEPTHA NOJS
VBEJHUHBaeTCss B & pa3 (BMecTe C 3apfjiaMH MPOBOLHUKOB).

3agaua

Onpenenuts BLICOTY A NONHATHS YPOBHS JKHAKOCTH, BTATMBAeMOH B BepPTH-
KaJbHLIA TJIOCKHIl KOHJIEHCaTop.

Pemenne. Ilpn safaHHHIX noteHHHanax oOKJIAJOK KOHAEHCATOPA AOMKHA
6LITh MEHHUMAIRHON §, B KOTOPOH Hajo yuecTh TakKe M SHePruio pgh?/2 cronta
KHJKOCTH B 1QJIe TSKECTH. 3 3TOro ycJsIoBHS JIErKO NOJY4Yaercs

= E2,

§ 11. Hoanag cBoGOAHAS IHEPTHS JHMIJIEKTPUUECKOrO Tesa

ITonnas cBoGopnast sHeprus & (WM MOJMHAS BHYTPEHHAS 3HEp-
rua U), kKak ona Obuia ompeleseHa B TNpeAblylieM mnaparpade,
BKJIt04aeT B cels TaKKe W SHEPTUIO BHEHIHEero 3/7eKTpHYeCKOro noJs,
NOJAPU3YVIOLIETO JUJIEKTPUK; 3TO TO0Je MOMKHO NPeIACTaBJAATb cebe
Kak CO3]laBaeMoe OrpeejeHHOH COBOKYMHOCTBIO NPOBOJHUKOB C 3a-
JAHHBIMHM TOJHBIMH 3apslamMi Ha HHX. Hapsay c 3Toii BeHYHHON
J UMeeT CMBICT PAaCCMOTPETh NOJHYIO CBOOOLHYIO SHEPryllo, U3 KO-
TOPOH HCKJ/IlOUeHA SHeprusi 1oJjisl, KOTOPOe CYLIECTBOBAJO OBl BO BCEM
npocTpaHcTBe B oTcyTcTBHe Tesa. O603HAYMM HanpAXKeHHOCTb NO-
crepsHero nocpeacrsoM . Tora «nonHasg» B YKa3aHHOM CMbIC/IE
cBOOOAHASA 3HEPrus paBHA MHTErpany

S’(F_%) av, (1,1)

rae F-—nnotHoCTh cBoGoaHON sHepruu. MEel Gyaem 3neck 0603HaYaTh
3Ty BeJUYHHY TOI Xe OYykBO# & , KoTopoi B § 10 oGosHavancs

uHTETpaN S F dV. Crnenyer noauepkHYTb, UTO pa3Hila MeX1y 060HMH
onpene/jeHUSAMH & CBOAUTCSA K BEJNUYHHE, HEe 3aBHCALIEH OT TEPMO-
IVHAMHUECKOTO COCTOSHUS H CBOUCTB AHIEKTPUKA, H MOTOMY BOOOLIE
He OTPaaercsi Ha OCHOBHBEIX TEDPMOJMHAMHUYECKUX JuddepeHiinaib-
HEIX COOTHOIIEHHAX, KOTOpPHIE HMEIOT MeCTO JJIsl 3TOH BeJUYHHEL!).

Brlunciium u3MeHeHHe o B.pe3y/bTare GECKOHEYHO MaJoro us-
MEHEHHs T0JIf, NPOUCKOASIIEro IpH INOCTOAHHONH TeMnepatype u 0e3
HapyIIeHHs TePMOJMHAMHUECKOTO0 DaBHOBECUN CPEIbt.

1) Ormerum, uTo BbUHTaTh W3 F BeawunHy E£2/8n He uMeso 6B CMBICAA, TAK
Kak E ectb mose, yxe M3MeHEHHOe NPUCYTCTBHEM IHIJIEKTPHKA, H NOTOMY Das-
Hocte F—(E%/81) ornionb Heab3st Gblo GBI pacCMaTpuUBarb Kak INIOTHOCTb CBO-
GoaHOH 5HEPrHU AM3JIEKTDHKA KaK TaKOBOIO.
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[Tockonbky 8F = Tln' E 6D, To umeem
l e
63:55 (E 8D —@ 66) dV. .
310 BBIpAXKEHHE MOXKHO TOXKJIECTBEHHO nepenucatb B BUIAC
- 17 o\ See 1 " 1 )
8 =4 | (D—6) 86 dv+ﬁgﬁ (8D — 86) dV—«ES(D—E) 56 dv.

(11,2)

B mepsom wumTterpase numem 86 =-—grad 8¢, (¢,— noteHuual
nods &) u npeoGpasyemM ero 1o yacTsM:

{ grad 8¢, (D—@) dV:S(Sch D —6) df——gﬁcpﬂdiv(D—@‘c) i

Jlerko BujgeTh, uTO o6a HHTErpajda B NPaBoid 4YacTH paBeHCTBa obpa-
maores B Hydb. 1A o6beMHOro gHTerpasta 3To CJAelyeT Henocpej-
CTBEHHO u3 ypaBHenuH divD =0 u div& =0, KOTOPHIM yZIOBJETBO-
PSIIOT COOTBETCTBEHHO TiQJIe B AU3/IEKTpPHKe M 1noge B nyctote. [lepBeril
ke uHTerpa’ GepeTcss no MOBEPXHOCTH CO3XAIOLIMKX 11071€ TNPOBOAHH-
KOB ¥ 1o CeCcKOHEUHO ypajfeHHOH nopepxuocts. [locsaennult unterpan
ofpawaercd, Kak OOBIYHO, B HYJ/b, 4 Ha KaxJAOM H3 MPOBOJHHKOB
O¢, = const, Tak urto

§ 8¢, (D—6)di =8¢, § (D—) di.

Ho none €, 1o omnpepeseHuio, co3fgaeTcsi TeMH XK€ HCTOUHHKaMH,
yro 1 noje E ¢ unaykuuedl D (T. €. OIHUMHU M TE€MH K€ NPOBOA-
HHKaMHU C 33JaBHbIMH TOJHbIMU 3apsajgamu e Ha Hux). [lostomy ofa

HHTErpana fDn df u 95‘(;,, df paBHBI ofHOH M TO# e BenuunHe 4me,
4 HX DPas3sHOCTb paBHa HY.JIMO.

AHajoruyHEIM 0fpa3oM y6exnaeMcs B TOM, UTO DaBeH HYJIO H
BTOpOil useH B (11,2) (ans s1Oro noActamsisiem B HeM E=—grad ¢ 1
NIPOH3BOAHM TaKce ke rpeoOpaszoBaHHe). OKOHYATEJNBHO MOJyYaeTcs

8F =— 4 [ D—B)seav=—[Pocav. (11,3)

3ameuateJbHO, 4TO B 3TOM BBIPaXKEHHH HHTErpajg OepeTcst TOMBKO
no o0beMy, 3aHATOMY [AMINEKTPUUECKOH cpejod, TaK KakK BHe
Teqa P=0.

TlonuepkHeM, OxHAKO, YTO TOJBIHTErpadbHOE BLIpaxenue P OG
He MOXKeT OBITb HCTONKOBAaHO KaK Bapualusl «JIOTHOCTH» CBOOOJHOI
SHEpTHH TeJa, MOJOGHO TOMY, Kak 5TO GHLIO CAeJaHO B CBA3M ¢ dop-
myaamu (10,3), (10,4). Ilpexze Bcero, 3Ta «IJOTHOCTb» JLOJKHA CYy-
IIeCTBOBATL M BHE Teja, TaK KaK ero HajJHudHe HCKarKaeT MoJje
H B OKpPYXamlleM NPOCTpaHCTBe. $SICHO TakXke, YTO NJIOTHOCTb 3HEp-
THH B KaxJoH TO4YKe Tesa MOKET 3aBHCeTb JHlb OT peasibHO Cy-
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IIECTBYIOIETO B Hefl moJist, a He OT I10Jisl, KOTopoe MMeNoch OBl 31ech
B OTCYTCTBHE TeJa.
Ecau BHewixee noje & oAHOPOAHO, TO

5F = —8¢ | Pav = — g b6, (11,4)

rje §P — NOJHBIA 3JEKTPHUECKUH AWUNOJbHEIE MOMeHT Teqa. [TosTomy
TePMOJHHAMUYECKOE TOXJECTBO /15 CBODOJAHON SHEPTHH MOXKHO Ha-
nHcath B JaHHOM cJaydae Kak

dF =— & dT — &P d6. (11,5)

ITonHBIfl 2JeKTpUYECKHH MOMEHT TejJa MOXKHO, C/IeJOBaTeNbHO, NOaY-
UuTh NyTeM AuddepeHUHpoBaHUS TOJHOH CBOGOJHOH 3HEpPTHH:

ga:—(g@z)T. (11,6)

OtMeTuM, YTO NOCJAENHIO (OPMYJTY MOXKHO TOJYYHTH H HEMo-
CPEICTBEHHO M3 ofmiell CcTATHCTHYECKOH (hOpMyJibl

2-(5)

rae J7 —raMuJbTOHHAH Tejqa KaK CHCTEMBI COCTaBJASIIONIMX erc uac-
THL, a A-—Kakoil-1nubo rapaMeTp, XapakTepH3yIOLUH BHEIIHUE YCJIo-
BHSl, B KOTOpuIX Haxogutces teno (cm. V (11,4), (15,11)). Las tena,
HaXxoJsl[erocss BO BHEIIHeM OJHOPOAHOM Tnoje @, TraMHJIbTOHHAH
COAEPKHUT useH —@G@, rae HP-—onepatop AHIOJIBHOIO MOMEHTa,
i, BoIGpaB & B KauecTBe napaMeTpa A, MBI MOJYYHM HCKOMYIO ¢op-
MYJy.

Eciu D u E cBf3aHBl IpYyr C APYIOM JIHHEHHOH 3aBUCHMOCTBIO
D=¢E, TO aHaJOTrHUHBIM NyTEM MOXHO BBLIYHUC/IHTL B SIBHOM BHJE
He TosbKo Bapuauuio 8, Ho u camy F . Mmeewm

§—F,= [ B LA
STO Bblpa)KeHI/Ie TOXKIAECTBEHHO HEPBHHCbIBaeM B BUJIE
F— @To_—j (E + &) (D— G)dV——-—-S(»(D E)dV.

TlepBblfi ujieH B NpaBOH yacTH paBeHcTBa oOpalliaeTcd B HYJb, B YyeM
MOXHO ybenutscs, nonoxkus B HeM E 4@ = —grad (p+¢,) 1 npo-
U3Befs npeoOpa3oBaHHe, BIOJHE AHATOTHUHOE NPOU3BEJEHHOMY BHIIIIE.
ITosToMy mosydaem

F—F,(V, ) =— [ePav. (11,7)

B uacrtHOoCTH, B OJHOPOJAHOM BHEIIHEM I10J1€

F—Fo(V, T)=—"/C8. (11,8)
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ITocnenHee paBeHCTBO MOMKHO OBIIO OBl NMOJYUHTL H NyTEM He-
TIOCPeICTBEHHOrO HHTerpHpoBaHusa cooTHowenus (11,3), ecau 3ame-
THTb, YTO B CHJIy JIHHEHIHOCTH BCeX ypaBHeHUMH noas (npu D =¢eE)
37IeKTPHUECKHH MOMEHT P no/iKeH OHTh JHHeHHOH dyukuuei @.

JIMHeliHyI0 3aBHCHMOCTb MeXAy KOMIOHEHTAMH &P H ¢ MOXKHO
Hanucath B BHJE

Py =Va &, (11,9)

nogo0HO TOMY, Kak 3TO OBLIO CAeJaHO HaMH 1Sl NIPOBOAHUKOB (§ 2).
B oTsuyHe OT NPOBOJAHHKOB, OAHAKO, «IOJNSPHU3YEMOCTH» JHIJEKTPH-
YeCKOTrO TeJla 3aBHCHT He TOJIbKO OT ero opMbl, HO W OT ero Ju-
37IEKTPUUCCKON [OCTOAHHON. CHMMETPUYHOCTL TEH30pa o, (ynoms-
HyTas yxe B § 2) HemocpeiCTBEHHO cjenyeT u3 cootHowenus (11,6);
JIOCTaTOYHO 3aMETHTb, YTO BTOpast NPOH3BOLHAsA

2 .

& 0C; o6y
He 3aBUCHT OT fopsiika AubdepeHuHpOBaHus.

©®opmyna (11,7) eme Gosee ynpomaercs B BaXKHOM cJydae,

kKorza & O6au3Ko K 1, T. e. JAH3JeKTPHUeCKas BOCIPHHMYHBOCTh
w={(e—1)/4n Mana. B 3TOM ciyuae npu BBIUUCIECHUU SHEPTHYU MOXKHO
npenefpeus BBI3bIBAEMBIM HaJHYHEM TeJa HCKaXKeHHeM IoJis, T. €,
TIOJIOKHTh

P=#«E ~ «G.
Torna

3’——30=--2"-S(532dV, (11,10)

rje uHterpas Gepercs no obbemy Tesa. B oZHOpOAHOM moJe JAUMOJE-
HBIH MOMEHT P =VuE, a cBoboiHas 3Heprud

F—Fo=—20 6 (11,11)

B ofmem ciayuae NpoM3BOJLHOH 3aBHcuMocTH D or E npocrhie
dopmyasr (11,7) u (11,8) me wumetor mecra. i BoiuuciaeHus &
3nech MOKeT ObITh noJsesHoi#l ¢opmyna

7= —gin) v ={|F—Sx—gPe|ar, 1,12

BLIBOJL KOTOPOIl T0C/]€ NPOH3BEJIEHHBIX BHIE BHLIYHC/IECHHE OUeBHIEH,
IeficTBHTEIbHO, NOABIHTETpAJbHbIE BLIpaXKeHHS B 060HX HHTErpajtax
OTJHYAIOTCA Ha BENHYUHY

ED @P | (% 1 < )
—E——T_{_ST_‘—@-(D_(’)(E_*—@)’
nocne nNoACTaHOBKH E = -— V¢, G=—V¢p, U HHTErPHPOBAHHS NO
BCEMY IIPOCTPAHCTBY 3TO BhIpaxKeHWe ofpamiaercs B Hyab. OGparum
BHMMaHue Ha 1o, uTo B (11,12) (xak u B (11,7)) noxeiHTErpasbHOE
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BBIpaXKeHHe (BO BTOpPOM HMHTerpane) obpamiaercs B HYJb BHE TeJa
(rne P=0, F=FE?8n), Tak 4YTO HHTErpHPOBaHHE NPOU3BOAUTCA
TOJIBKO 10 ero ob6bemy.

3apgaua

IMosnyuute Gopmyay, samersiowyro (11,7), 1as Tena, maxoAsmierocss He B
IyCTOTe, @ B CPElE C AMJIEKTPHUECKOH MPOHUILAEMOCTHIO £€).

Pemenne. [ToBropsas mis 3Toro cjayyas npousBeleHHble B TeKcTe npeodpa-
30BaHMs, MOJYYUM

— 1 & (e
3—“‘30———87‘81 ¢ (D—c@E)dV.

§ 12. IneKTPOCTPHKLHMA H3OTPONMHBIX JUIJIEKTPHKOB

Jns TBepAOro MU3ITEKTPHKA B HIEKTPHUYECKOM [10J€ HeNb35 BBECTH
NOHATHE JaBJeHUS TaK, KaK 3T0 JesaeTcsl A75 H30TPOIMHOrO Tesa
B OTCYTCTBUE I10JIfl, [OTOMY YTO JAEHCTBYIOLIME B TAKOM JH3IJNEKTPUKE
cusinl (onu 6yayr onpenenehsl B §§ 15, 16) MeHsitoTcs BAOMb Tena
M aHU30TPOMHbI, JAaKe ecau Te10 camo 1o cefe H30TpONHO. TouHoe
onpenenenue AehopMalUN (34eKMPOCMPUKYUL) TAKOTO Tejaa Tpebyer
pelleHus CJ0XKHOH 3a1addl TEOpUH YNPYTOCTH.

Heso o6CcTOUT, OLHAKO, TOpPasfo MpoOIlle, €CJH Hac HHTEPECYeT
TOJbKO H3MEHEHHe MOJHOro ofbeMa Tena. Kak y:xe ObLIO yKa3aHO
B § 5, IIpu 3TOM MOXKHO cyuTaTh (OpMY Tesa HEM3MEHHOH, T. e. pac-
cMaTpuBaTh Ae(OpMailHld Kak DPABHOMEPHOE BCECTOPOHHee CXKATHE
HJIM pacTsKeHue.

Bynem npeneGperats AM3JEKTPUUECKUMH CBOACTBAMH BHellHel
cpelbl (Hanpumep, atMmocephl), B KOTOpPOH HAXOAMTCH paccMaTpH-
BaeMoe Teso, T. e. OyjeM CuuTaTth, uTo ee &= 1. Poab cpeab cBoO-
JUTCH TOJbKO K CO3J3HUI0 PABHOMEPHOIO JAaBjeHUs, NeHCTBYIOLIETO
HA [OBEPXHOCTb Tesa. VIMEHHO 3TO BHElIHee jaBJieHHE Mhbl OyieM
ofo3nauath HHxke TnocpeactBoM P. Ecau & —noanas cBoboanas
3HepTHst Tesa, TO COLVIACHO H3BECTHOMY TEpPMOJHMHAMHYECKOMY COOT-

HOILEHHIO
P=— (%_OCT;/—) T

U COOTBETCTBEHHO B BhIpaxkeHud Ans AuddepeHunana df L0MKeH
6bITh J06aBieH ujeH —PdV. Tak, B OQHOPOAHOM BHEILHEM I[0JIe
umMeem BMecTO (11,5)

dF =— & dT — P dV — gp dG.

BBeeM MOMHBIN TepMOAHHAMHUYECKHH IOTEHUHAJ TeJa COTJIAaCHO
OOBIYHOMY TEepMOAHHAMHUYECKOMY OIlpefie/IeHHuIO:

P=& + PV. (12,1)



80 AJEKTPOCTATHKA AN3JEKTPHUKOB lrJ. 1

IOns gudrpepennnana 3TOR BeJHUHHBI (B OJHOPOJHOM BHELIHEM II0Je)
HMeeM COOTHOLIEHHe

dp=—& dT +V dP — gP dG.. (12,2)

WaMeneHve TepMONMHAMHYECKHX BeJHYHH BO BHELIHEM 3JEKTpH-
4eCKOM [oJle SIBJsieTCsl OObIYHO OTHOCHTEJIBHO MaJoH BeJHYHHOH.
CornacHo Tteopeme o Maawix no0aBkax (cm. V (15,12)), masoe us-
MeHeHHe ¢BOGOAHOH 3HepTHH (npH 3afaHHblXx T u V) u majgoe usMme-
HeHHe TEepPMOAMHAMHYECKOro noTeHluana (npu 3agaHHelx T u P)
paBHbl apyr Apyry. [lostomy Hapsay ¢ (11,8) MoxHO Hanucatb
aHAa/JOTUYHOE COOTHOLIEHHE

gJ:g)o_l/z@e% (12,3)

IJIsl TePMOJHHAMHUYECKOrO MOTeHHHaAa Teaa BO BHELIHEM OJHOPOIHOM
note. 3jech (P, OTHOCHTCS K TeJAy B OTCYTCTBHE MOJSI LPH 3aiaH-
HeIX 3HauenHax P, T (B 1o Bpems kak &, B (11,8) ectb cBOGONHA
3Heprust Tejqa B OTCYTCTBMe NOJs NPU 3aJaHHBIX 3HadeHusax V u T).

Beipasus B $BHOM BHJIE 3aBHCHMOCTb JHIOJNBHOIO MOMEHTa OT
V u @ coraacho (11,9), nepemmmenm (12,3) B Buge

H=Py(P, T)—"/ Vo, 8,E,, (12,4)

npHYeM MOMNPaBOYHBLIA UJIEH JOJIKeH ObiTb BBIPAaKeH B (DYHKUHH OT
TeMIIepaTyphl U LABJIEHMS] COIJIACHO YpPaBHEHHIO COCTOSHHSI TeJa B OT-
cyTcTBHE noJst. Ita dopMyna 0COOEHHO YNPOILEETCS B Cayuae Majokh
JU3TEKTPHUECKOH BOCIPHUMUYHBOCTH BellleCTBa:

P=p, (P, T) =2 (12,5)

(cp. (11,11)).

Uckomoe usamenenue ofbema V —V, BO BHEIIHEM MoJe MOXKHO
NOJYYHTb TENepb HENOCPEACTBEHHO nyTeM auddepeniupoBanus @
no jgaBnenuo (npu moctosaHHbx T u €). Tak, us (12,5) naiizem

L@V e
V—Vo=—3 (S5%), 6 (12,6)

Ora BeJMuUMHA MOXKET OBIThb KaK MOJOXKHTEAbHOH, TaK U OTPHIATEb-
HOi (B MpPOTHBOIOJIOKHOCTL /E€KTPOCTPHKLUHH MPOBOJAHHKOB, OGbEM
KOTOPBIX B N0J€ BCerla BO3pacTaer).

AnanormuHeiM 06pa3oM MOXKHO BBIYHCIHTL TaKXke H KOJHUECTBO
Tensa Q, MorJoiiaeMoe B JAH3JEKTPUKE IPH H30TEPMHYECKOM BKJIO-
YeHUH BHELIHErO 3/JeKTPHUECKOrO TMoJis (IpHueM BHelHee JaBJeHHE
NOJJIePIKUBAETCA IIOCTOSHHBIM) 1),

1) Ecan ®e TeJO TeNJOH30JHPOBAHO, TO HANOXKEHHE NMOJS MpuUBefeT K H3Me-
HEHHIO TeMnepaTypul, paBHOMY AT =— Q/@p, Ille € p—TeNNOEMKOCTb Tea NpH
NOCTQAHHBOM AaBJICHHH,
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HuddepenuupoBante ¢ — g, no TeMmMneparype JacT H3MEHEHHE
3HTPONHM TeJa, a YMHOXKUB ero Ha T, MOJIyYHM HCKOMOE KOJHYECTBO
tenaa. Tak, u3 (12,5) noayvaercs

T [ 0(%V) -
Q=1 (—W—)P@ . (12,7)

[MTonoxuTe/ibHbIE 3HAYEHHA Q COOTBETCTBYIOT TNIOIJIOUWICHHIO TeEMJjaa.

3anauu

1. Ompefenutrb n3MeHeHHe o0beMa W 3JCKTPOKAMOPHUECKHH 3(pdexT Aas nH-
5/IEKTPUYECKOTO HLIMNCOHAA B ONHOPOAHOM 3JCKTPHYCCKOM NOJE, NapajliebHOM
OfHON H3 ero oced.

Peuienue. CoraacHo ¢OpMyJIaM (12,3) u (8,10) umeem

g—1
P = Po— 831 ne+1l—n 6=

Hast uaMeHenusa o0beMa Haxonum l'):

V—V, G2 g1 1 <0£
Vv 8n [ (ne+1—n) K (ne+1—n)? 79?) T] ’

a Aas 3JeKTpoKanopuueckoro sddexra:

TV(Y2 o (e—1) 1 de
= Ten [ne+1~n +(na+l—n)2 (\—dT)p:‘ ’

rae L _—L ("(l —KOSCI)CI)I/]] HEHT CXHMAEMOCTH Te€Jida, a a"—l—(—(—?’v—>
RTTVNGP)r ! P BE=TATT )b

K03ppAUMEHT TENAOBOrO PaCllMPeHHs.
B uacrHocTH, VIS MDJOCKOMapasJesbHOH TVIACTHHKY B MepleHAHKYJISPHOM
K He#l moje n=1, Tak uro

V—V, G*[e—1 _1_(_{2_8_

v _Sn[eK Tl 0P>7]’
 TVEE [a(e—1) 1 Je
Q=5 [—s +'a?<a—r)p]'

Jlns takoil Ke INIACTHHKM (MK JHOGOro UMJIHHADUUYECKOTO Teia) B MPOJOJLHOM
nore n=0 u

s ()] e [ren (3

2. Onpejenuth Pa3sHOCTh TEMAOEMKOCTH B IIOCKONApasielsHOl NMAACTHHKH
B MEpNEeHIUKYJISPHOM K Hell 1oje NMPH NMOCTOSHHOH PAa3HOCTH TOTEHIHAJNOB MeXIy
€e CTOpoHAMU U TEIIOeMKOCTH @ p NpH NMOCTOSIHHOM WMHJAYKIHH; B OCOMX CJIydasix
BHELIHeS JAB/JEHHE NOANEPKHBAECTCI NOCTOSHHBIM 2).

1) ITonoXuB & — 0o, NOAYYUM s U3MEHEHHs 00beMa HPOBOASUIEr0 3MJHM-
couna (V—V,)/V=E6%8nKn. [Ous wmapa n="1/3 4 Mbl BO3BPAAEMCH K Pe3yib-
tary 3agauu 4 § b.

2) € aBasiercs TEINIOEMKOCTHIO MVIACTHHKH, LOMEIEHHOH MexJ1y ofKJIalKaMHu
IJIOCKOFO KOHIEHCATOPA, BKJIOUEHHOTO B LENh C MOCTOSHHON 3. 4. c. B pagomkuy-
TOM K€ KOHJEHCATODe C NMOCTOAHHBIME 3apsi/ilaMH Ha OOK/I3JKaX NJIacTHHKa Oyfer
HMETb TENJOEeMKOCTb B p.
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Pemenue CoriacHo pesyabraraM 3ajaun 1 sHrponust NJAacTHHKH

1), e B (s k (3),]

€

HUnaykuys no/is BHYTPH IJIACTHHKH COBLiaaer ¢ BHewHuM noaeM: D = (. ITostomy
IJsl BLIUMC/IEHHS TelLIOeMKOCTH Ep Hafo AuddepeHuuposaTh o NpPH TOCTOSH-
HoM (§. PasHOCTE TOTEHNHANOB MeXJY CTOPOHAaMH HuiacTuHKH @= El=(l/e, rae
! —ronmyHa maacTuEkA. [lpw paBHOMEPHOM CXKATHH MM PACIUMPEHHH Tesia [ Me-

HSIETCS T1PONOPLHOHATBHO yi/s, TMostoMy 17151 BHIYMCJIEHHS] TENJOEMKOCTH %(D Halo

AnddeperIUpoBaTs f TIpH NOCTOSHHOM npoussesennu GV1/3/e. B pesyasrare
HaHjeM AJAS HCKOMOH pa3HOCTH:

Bo— G — TVE? 0 1 / e 1/ de a]
@ D—4ns[(€ OHS 0Tp]edTP3'

3. Onpegeauts 3J1eKTpoKalTopHuecKuil 3pPeKT B OJHOPOAHOM JAUIJEKTPHUKE,
HOJHBIA 00beM KOTOPOro MOJANep:KHBAETCS] NOCTOSIHHBLIM.

Pemenne. Crporo rosops, IPH HaJOXEHUH BHELIHET0 MOJS TNJLOTHOCTh
Tena MeHAercs (CTaHOBACh HEOAHOPOAHOH BROAL Teaa), AAMe eC/iH €ro NOJHLIH
06beM MoAepKUBaeTcs NOCTOSAHHBIM. OJHAKO NPH BEYHCJIEHHH HU3MEHEHHs NOJHOM
JHTPOMHH 3THM OOCTOSTEIBCTBOM MOXKHO NpeHeOpeyb M CYUTATh MJIOTHOCTb O MO-
CTOSIHHOH B KaxIo# Touke Tesa l).

CornacHo (10,18) noanas sHTpomus tena

/9
F=Folo: D45z (37, | B2V,

rie HMHTerpHpoBaHUe pacmpocrpaHsercs no o6wveMy Ttena. [loryomaemoe kouau-
4eCTBO TenJaa

n
Q=-L (31 ) E2dv.
8n \ dT /o
4. Onpereanrs pasHocts Bo—Ep (CM. 3azauy 2) npy TOCTOSHHOM TOJHOM
ofbeMe ITACTHHKH.

" Pewenue. [Ipu HensveHHom oOwerme (a NOTOMY M TOJUIHHE) NJIACTHHKU
JupdepeHIHPOBaHHe TPH NOCTOSIHHOI PA3HOCTH IOTEHUHATOB 3KBUBAJIEHTHO AHG-
(hepeHLUUPOBAHHUIO NPU TIOCTOSIHHON HanpsixkeHHOCTH E.

C noMmollkio nogayueHHOH B 3ajaue 3 GopMyJibl Jis SHTPONMH HaXOAHM

TVE? [/ 3 \2 TVE?2 / de \2
e T (5528 (3),
o

4ne

5. KonjeHcaTOp COCTOMT M3 ABYX [POBOJSMNX NOBepXHOCTEH, HAXOMAWHMXCS
Ha paccTosHHH AR JPyr OT Apyra, MaJoM 10 CPaBHEHHIO C pasMepamu OOKJIAJOK;
NPOCTPAHCTBO MeKAy OOCKJagKaMH 3allOJIHEHO BEL(eCTBOM C JH3JEKTPHYECKOH Npo-
HUIAEMOCTBIO &;. B KOHJeHcaTop BBOAMTCS 1wapHk papuyca a<€h ¢ JAH3JeKTpHUe-
CKO#l TPOHHLAEMOCTBIO €, OnpejennTh H3MEHEHHE €MKOCTH KOHJeHcatopa.

Pewenue. Ilycrs luapuk BBOAMTCS B KOHAEHCATOP TAK, YTO Pa3HOCTb NO-
TEHIHaNOB ¢ MexJy ero oOKJajkaMH ocTaeTcsd HenameHHOH. Poab cBoGonuoH

SHEPrHH TDPH TOCTOSHHBIX TOTEHUHAJaX NPOBOAHMKOB Hrpaer §. B orcyrcThue
wapuka §F =— Cy0?2, rae Cy—nepBoHayannHast eMKOCTb KOHJeHcaTopa. Beuny

o 4med \ 0T

1) Msmenenne nJjorhocru Op—BenuMyHHa BTOPOro nopsika mo nomo (~ E2%),
a CBsSI3aHHOE C HHM HM3MEHeHHe NOJHOH 35HTPONHH — ueTBepToro Hopsika. JeHcTsu-

0

ap
Terpaa Sﬁp dV =0 B cully HEH3MEHHOCTH ofmeli Macchl Tenaa.

TeNbHO, JHHEHHOe N0 Op H3MeHeHHe NONHOH HTPOUHH €CTh S(Sp dv, Ho umH-
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MajblX DAasMepoB I[NADHKA MOXHO CUHTATh, YTO OH BBOJAMTCS B OJHOPOJHOE MoJie
¢ HanpsikeHHocThlo 8 =@/h, a uameHenne F Mand. Masnoe H3MeHeHHe F NpH no-
CTOSIHHBIX TIOTEHIHaJaX paBHO MaJoMy H3MeHeHHIO & TNpH NOCTOSHHBIX 3apsijax
HCTOUHHKOB noJs. C momombio (opMydibl, HogyyeHHoit B 3agzaue § 11, u dop-
myaet (8,2) HaX0AMM
32
g-z_lcq)z__acp 81(82_81) ,

2 2h%  2g,--g,

OTKyZa HCKOMasi eMKOCThb

a@ 81 (e2—21)
€= CO+ 28+ €2

§ 13. JAusjekTpHUecKHe CBOMCTBAZ KPHCTAJIOB

B aHusoTponHON AM3/IeKTPHUYECKOH cpele (MOHOKDHCTaMN) JHHEH-
Hasl CBSI3b MeX]y HHAYKUYeH U HanpsKeHHOCTbIO 3JeKTPHUECKOTO
noJss uMeeT 6oJjee CAOXKHBIA BHJ, HE CBOASIMUICH K NPOCTOH mnpo-
TMOPILHOHAIbHOCTH.

HaubGonee ofmuit BuJA TAKOH 3aBHCHMOCTH AA€TCS BHIPAKEHUEM

D;=D;+¢&Ep, (13,1)

rie D,—noCTOSHHBIA BEKTOpP, a COBOKYIIHOCTb BENHYHH €;, COCTaB-
JFeT TEH30D BTOPOTO pAHTA—MeH30p OUIACKMPURECKOL NPOHULQ-
emocmu (Wiay, Kopoue, duasekmpuueckuil men3op). CBOGOAHEIA uJseH
D, B cootnomenun (13,1) cyulecTsyer, OfHAKO, HE BO BCAKOM KpH-
cranie. DoMBIIMHCTBO THNOB KpHcTasaorpaguyeckoil CHMMETPHH He
JOMYCKaeT CYIIeCTBOBAHHSA MOCTOSTHHOI'O BEKTOpa (CM. HUXKe), H TOTAA
HMeeM INpOCTo :
Di=8[kEk‘ (13,2)
Tensop e;, cUMMeTpHUeH:

8 = &y, (13,3)

YUro6bl y6GeauTbcst B 5TOM, JOCTATOYHO BOCIOJNb30BATbCA TEPMOAHU-
HaMuyeckuM coorHomennem (10,10) u 3ameruTh, 4TO BTOpas Ipo-
H3BOJHAasA

0F  oD;

— 4N SEoF, = 3, — Cik

He 3aBHCHT OT nopsaka AuddepeHLUpOBaHHS.
Ilns camoii BenmunHbl F umeeM (npwu Boinodnenxu (13,2)) BHI-

paxeHHe

_ &iEiEg

=F, 8n

(13,4)
CsoGonnas sueprus F paBHa

F=F4 LDt F+“kDD’=. (13,5)



84 SJIEKTPOCTATHKA JAU3JEKTPUKOB fra. it

Kak # BCcAKMI CHMMETPHUHEIH TEH30p BTOpOro paHra, TeH30p
€;, IyTeM Hajje:Kalllero Bbl0Opa 0Ced KOOpIHHAT MOXKeT ObiTb IpH-
BelleH K JAHaroHaibHOMY BHAY. B ofwem cayyae, ciaefoBaTesnbHO,
TEH30p €;, ONpefesseTcsl TpeMsl He3aBHCHMBIMH BeJHUYMHAMHU — TpeMs
IJaBHBIMU 3HaueHUsaMH &1 g®  ¢® Bce 3TM BeJUYHHBE! Bceria
6oJibille €IMHMLBI, NOAOGHO TOMY Kak € > 1 y H30TpOnHOro TeJa
(cMm. § 14).

B 3aBucumocTH OT TOH MM HUHOH CHMMETDPHM KPHCTaA/Ia 4HUCIO
pa3JHYHBIX TJIaBHBIX 3HaueHHH TeH30pa €;, MOXKeT OKasaTbhCcsl HU
MEHBIIUM Tpex.

B kpucraniax TPHKJIWHHOH, MOHOKJIMHHON ¥ pOMOHYECKOH CHCTEM
Bce TPHU TJIaBHBIX 3HAUYEHH# Pa3jMyHBl; 5TH KPHCTAJJIbl Ha3blBalOTCH
Osyxocuoinu®). Tlpn sTOM B KpHCTad1aX TPHUKJAHHHOH CHCTEMBI Ha-
npaBJeHUsl IJIaBHBIX OCeH TeH30pa &;, He CBs3aHbl OJHO3HAYHBIM
o6pa3oM ¢ KakuUMHU-INO0 KpHUcTa/norpadHueckiMy HAanpabJeHHsIMH.
B xpucrannax MOHOKJHUHHOH CHCTEMbI 3apaHee ONpPENeNCHHBIM $IBJISA-
€TCsl HanpapJeHHe OJHOH W3 IVIaBHBIX OCel-—OHA JOMXKHA COBNALATH
C OChI0 CUMMETDPHU BTOPOrO MOPSiAKA UM ObITh TEpPHEHAUKYASAPHON
K IIJIOCKOCTH- CHMMETPHH KpHcTalna. B kpucraniax e pombuuec-
KO CHCTEeMBl KpHCTaJJoTpaHyecKud OlpeJe]eHbl BCe TPH [JaBHbIE
OCH TEH30pa &

Hanee, B KpucTanIaX TeTparoHajJbHOH, POMOO3APUYECKOH H TeK-
caroHaJbHOH CHCTeM JBa M3 TpeX TJIaBHBIX 3HAY€HHH COBNAJAIOT,
T4K UYTO KMEIOTCS BCEro JB€ HE3aBUCHMbIC BEJHUHHB; TakKHe KpH-
CTaAJbl Ha3biBAIOT 00HOOCcHuiMu. OJHA U3 TJIaBHLIX OceH COBMajaer
Opd 3TOM C KpHCTa/LJIorpaduueckoil OCbI CUMMETPHUH YETBEpTOro,
TPeTbero W/H IeCTOro Mopsiika, a HampaBJeHHe ABYX APYTHX IJaB-
HEIX OCeH MOMKHO BLIGpATh NPOU3BOJbLHBEIM 06Pa3oM.

Haxkownen, B kpHcrajgjax KyGHUeCKofl CHCTeMBl BC€ TPH IJIABHBIX
3HAUEHUs] TEH30pa €;, OAMHAKOBBI, & HANDAaBJEHHA TJaBHBIX oced
IIPOM3BOMIBHBL. DTO 3HAYMT, YTO TEH30p ¢€;, MMeeT BHA &0,,, T. €.
onpenensieTcss OQHUM CKajsipoM e&. IIpyriMH cJl0BaMH, B OTHOLUEHHU
CBOMX JU3JEKTPHUECKHX CBOHCTB KPHCTAJ//Ibl KyGHUECKOH CHMMETPHH
He OTJHUYAalTCA OT U30TPONHBIX TeJI.

Bce 3TH JOBOJIBHO OueBHIAHBIE CBOMCTBA CHMMETPHH TEH30PA &4
CTaHOBSATCS OCOGEHHO HATJISIAHBIMU, €CJH BOCHOIb30BATHCSl H3BECTHBIM
M3 TEH30PHOW aJre6pbl MOHSITHEM MEeH30PH020 3Aauncouda, IJIHHA
noJiyocefl KOTOPOTO NPONOPLUHOHA/IbHA TJIABHBIM 3HAa4eHHSAM CHMMeT-
pHUHOrO TeH3opa BTOpOro paHra. CHMMETPHS 3JJHICOMIA JOJIKHA
COOTBETCTBOBATh NPH 3TOM CHMMETPHH KpucTajja. Tak, B OLHOOCHOM
KPHCTa/lJle TEH30PHBIE 3/JIMICOMJ BHIPOXKAAeTCS B 3/JIHIICOHZ Bpa-
IeHUS, NOJMHOCTBIO CHUMMETPHYHBIA OTHOCHTEJbHO TNPOAOJBHOH OCH;
Nnoj4epKHeM, YTo AJe (PU3HUYECKHX CBOMCTB KpHCTalna, Onpeness-
IOHIUXCA CHMMETPHYHBIM TEH30POM BTOPOrO paHra, HaJiuuHMe OCH
CHMMETDUH YXK€ TpPeTbero mHopsika 3KBHBAJECHTHO IOJHOH H30TPO-

1) 3o Ha3BaHHe CBH3aHO C ONTHYECKHMH CBOHCTBAMH KPHUCTAMIOB — M. §§ 98, 99.
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MUK B TJIOCKOCTH, TMEPUEHIHKYAAPHOH K 3TOH ocH. B kpHcTanax
KyGH4eCKOH CHMMETPUH TEH3OPHBIH 3JJHICOH] BHPOKAAETCH B chepy.

OcTaHoBHMCS TENEpPb HA OCOOEHHOCTAX AHANEKTPHYECKHX CBOHCTB
KPHCTA/NJIOB ¢ NOCTOSHHBIM uneHom D, B (13,1). Hauuune storo
4jJeHa O3HAYaeT, UTO JAHIEKTPUK CHOHTAHHO MOJADU3OBaH H B OT-
CYTCTBHE BHELIHETD 3JEKTPUYECKOro TOJsi, TakHe Tesa HashiBaloT
nupossekmpudeckumy. BennuuHa 3TOH CIOHTaHHOH TOJSPH3ALHH,
olHaKo, (aKTHYECKH BCerjga oOueHb Masja (10 CPABHEHHIO C MOJEKY-
JISIPHBIMH TIOJISIMH). DTO 0GCTOATENBCTBO CBSI3aHO € TeM, 4TO GoJbILHE
3nayenusi D, npuBoauan OBl K CYLIECTBOBAHHIO CHUJbHBIX IIOJEH
BHYTPH Tejd, YTO SHEPreTHYeCKH BECbMa HEBBIFOAHO U HOTOMY He
MOTJI0 GBI  COOTBETCTBOBATb TEPMOJUHAMUUECKOMY PaBHOBECHIO.
Manocts D, ofecneunBaeT B TO e BpeMd 3aKOHHOCTh pasjiokeHud
D no crenensam E, nepBbMH JBYMSI 4UJeHaMH KOTOPOI'O U SBJsIETCA
Bhipaxkenue (13,1).

TepmonuHamMuuecKkye BeJHUYHHBI NHPOJICKTPUUCCKOTO TeJaa Haxo-
JIUM, MHTETPHUPYS COOTHOILLEHHE

oF
—4n E =D, =Doi+8ikEk’

OTKY 2
F=F,—flife_Lpp,. (13,6)
CBofSosHasi sHeprud
IEE 1 _ ;
F= 1‘+—~—F A Sk ik =F,+ 5 & (D;—Dy;) (Dy—Dyy).

(13,7)

OtMmeTuM, uTo H3 F BHIMajaeT umeslniics B F wieH, JHHeHHBIH IO
£,

[Moanyo cBOGOLHYIO SHEPTHIO NHPO3JIEKTPHKA MOXKHO BHIYHCIHTD
no dopmyne (11,12), nogcrasus B nee (13,7) u (13,1). B orcyrctane
BHelHero noas, ¢ =0, nonyuyaercsl nOpocTOH pe3ysabTat:

5«':5“ (Fo— ED°>dV (13,8)

OTtmernM, 4TOo CBOGOJAHAsi 3HEPTHs THPOJEKTPHKA B OTCYTCTBHE
BHEILHEro noJjst 3aBucHT (BMecTe ¢ nojieM E) He TosabKO OT ero ofneMa,
HO U OT (JOPMHI.

Kak yxe 6bLJIO yKa3aHO, SIBJCHHE ITHPOIJIEKTPHUECTBA BO3MONKHO
He TIpH BCAKOH cHMMeTpuu Kpuctannaa. Ilockonbky npw Jo6om ripe-
o0pa3oBaHHU CHMMETPHH BCE CBOHMCTBA KPHUCTA//Ia AOJXKHBL OCTABATh-

" 1) Cnegyer OTMETHTB, YTO B 3TUX (OpMYJax Mbl B AeHCTBHTE/LHOCTH NpeHes-
peraeM nne3o3p@exToM (T. €. BAMSIHHEM BHYTPEHHHX HANPSKEHHH Ha 3JEKTpHUEC-
KHe cBoficTBa Tesa, cM. § 17). TTostoMy OHH, CTPOro TroBOpsi, NPHMEHHMbl JHUIb
B Cllyuae OAHOPOAHBIX 1O O0BeMY Tena NoJefl, KOTKA HANDPSIKEHHS B TeJle MOTYT
OTCYTCTBOBATh.
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CA HEU3MEHHBIMHM, TO $ICHO, HTO NHPO3JEKTPHUECKUM MOKET OHITb
JHUIIb TAaKOH KPHCTaMJI, B KOTOPOM CYILIECTBYET HamnpaBJ/eHHe, OCTa-
Iolleecs HEM3MEHHBIM (B TOM UHC/Ie He MeHsiolileecs Ha oGpaTHOe)
IpH BceX Mpeo6pasoBaHUSIX CHMMETPHM; B 3TOM HanpabBJEHHH H
6yIeT JiexaTb NOCTOSIHHEIA BeKTop Dy.

" DTOMY YCJOBHIO YJOBJETBOPAIOT JHIIb Te TPYHIbl CUMMETPHH,
KOTODHIE CKJA/BBAIOTCS H3 OJHOA OCH M NPOXOAAIIHMX uepe3 Hee
IJIOCKOCTeH CHMMETPHH. B uacTHoCTH, MUPO3/JIEKTPHUECKHMH 3aBEJOMO
He MOryT ObIThb KPHCTaJMJbI, 006ajfaioliie eHTpoM cuMMmeTpHHu. Ilepe-
YHCJIMM T€ U3 32-X KPHCTA/MIHYeCKHX KJaccoB, B KOTOPBIX CYyHIECT-
ByeT NMHPO3NEKTPUIECTBO:

TpHUKJMHHAaA cucreMa: G,

MoHOKauHHAas cuctema: C,, C,,

pombuueckas cuctema: C,,,

terparonaisHas cucrema: C,, C,,,

pomMGoanpuueckas cucrema: C,, C,,,

rekcaronajpHas cucrema: C;, Cg,.

Cpenu KyGHUECKHX KJIaCCOB THPO3JIEKTPHUECKHX, Pasymeercsi, BOOD-
me Her. B kpucramne kijacca C, HarpaB/eHHE NHPOJIEKTPUIECKOTO
BekTopa D, He CBsI3aHO ¢ KakUM-1ub0 KpUcCTaldlorpauuecku BhIZE-
JIEHHBIM HalpaBJeHHeM, a B Kpucrajie kjacca C, AOMKHO JeXKaTb
B IJICCKOCTH CUMMETPHUH. BO BCex ke OCTa/NbHLIX M3 Nepeurc/ieHHBIX
BHILIE KJ1acCOB HampaB/ieHue D, coBnagaer ¢ HanpasneHUEeM OCH
CHMMETPHH '),

Cnrenyer ykasaTb, 4TO B OJBIYHBIX YCJAOBHAX INMUPOIJAEKTPHUECKUE
KPHCTA/M/IbI HE UMEIOT TOJHOIO 3SJEKTPHUECKOr0 AUMNONbHOIO MOMEH-
Ta, XOTd NOJAPH3alHs B HMX M He paBHa Hymw. Jleno B TOM, dYTO
BHYTPHM CIDOHTAHHO NOJSIPH30BAHHOTO JUSJEKTPHKA HMEETCsl OTJIHY-
Has OT Hyas HanpsbkenHocts nojs E. Baaropaps Tomy, 4to dax-
TUUECKH ofpasel] o6bIUHO o0JafaeT HEKOTOPOH, XOTs W MaJjoH, HO
BCE K€ He paBHOH HYJI0 NPOBOAMMOCTHIO, HAJHYHE I10JS1 BHI3OBET
NOABJEHHE TOKA, KOTOPHIA Oyjler Teub [0 TexX TOp, Moka o6pasy-
I0IHeCs HA NOBEPXHOCTH Tesla CBOOOJAHBIC 3apsjibl He NMPHUBELYT K
VCUe3HOBEHHIO Noss B ofpasne. B ToMm ke HanpaBJeHHH [EHCTBYIOT
HOHBI, OCeJaioliHe HA MOBEPXHOCTb ofpasma u3 Bo3ayxa. Ha oneite
NHpO3JeKTpUUecKUe CBOHCTBAa HaOMOAAIOTCA INpH HarpeBaHHH Tesa,
KOrjJa BeJHUYMHA €ro CIOHTAHHOH MOJApPU3aLUN MeHHeTCs U oOHapy-
JKHBaeTCs 5TO M3MEHEeHHe.

1) ToBopst 05 YyC/IOBUSIX CHMMETPHH, MBI paccCMaTpHBaeM KPHCTAIHUECKYIO
cpely Kak HeOrpaHHUeHHY. Ll KOHeYHOro KpHCTalsna TOYHOe 3HAYeHHe ero
NOJHOrO JAMIOJBHOTO MOMEHTa MOMET 3aBHCeTh (B HOHHOM KpHCTajJje) OT TOro, no
KaKMM KpHCTAMJIHYeCKHM IJIOCKOCTAM IIPOXOAAT €ro TIpaHM —CONEPXKaT JH 35TH
NJOCKOCTH HOHbl OJHOIO 3HA4Ka WJH Ke OHH B3JeKTpHuecKH HefiTpadasHul. Ho B
paMKax MaxKpOCKONHMYeCKOH 3JeKTpPOAMHAaMUKH, TOAPAa3yMeBaloUlell ycpelHeHHe 1o
¢u3nveckd GeCKOHEYHO MaJbiM 06beMaM, eCTeCTBEHHO MOHHMAaTh Kak YCpeIHEeHHOe
TaKKe H NOJIOJKeHHe PpaHell OTHOCHTEJBHO KPHCTAJNIHYECKOH pereTkH. B pesyantare
TAaKoOro ycpenHeHus 3HaueHHe D, okaxerc paBHbIM HYJIO B JIHOGOM HENHPOIJEKTPH-
YeCKOM KOHEYHOM KpHCTa/ljie U He 3aBHCAUUM OT OrPaHKM —B NHPO3JEKTPHUECKOM.
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3apaumnu

1. OnpegeanTs mnoje, CO3faBaeMOe B NYCTOTE NHPO3NEKTPHYECKHM [IAPOM.
Peuwenwne. Buyrpn wapa nmeercs OJHOPOAHOE TOJE, B KOTOPOM HANpsieH-

HOCTb H HHAYKHHUS CBsidaHbl coorHoileHueM 2E =— D (xak ato caenyer u3 (8,1)
npd ¢ =0, T. e. B OTCYTCTBHEe BHeiiHero mnpuJjoxeruoro noJs). Iloicrasass B
(13,1), nonyuum ypaBuenue 2F;-€;4Ep=— Dy;. BoiGepeM ocH KOOpIHHAT BIOJbL

IVIaBHBIX Ocefl TeH3opa g;,. Torja HaljeMm H3 3TOr0 yPaBHeHHS

_ Di—E; 3Dy;

Dy; —
45 4 (2 4-eD) °

e’

Ei:— Pi

INose BHe Imapa ecTb NOJE 3JEKTPHUECKOTO JUIOJSA C 3JEKTPHYECKHM MOMCHTOM
$=PV.
2. OnpenesUTh 1OJME TOYEUHOTO 3apfAja B OJHOPOAHOH aHu30TponHOH cpepe ).
Pemwenwue. [Tose ToueuHoro 3apsiia onyceiBaetcst ypaBHenueM div D=4mne & (r)
(sapsin HaxopuTCs B Hayaje KoopAHHat). B anusorpondofi cpene D;=¢g;pEp=
=-—g;;, 0Q/Jxy; BEOHpas OCH X, Y, Z BAOJb IVIaBHBIX Ocell TE€H30pa E;f, NOJYYHM
JUisl OTeHLHaka ypaBHEHHe

2 2, 2
g %Hm g.y_(g+ e %T(QZ —dned ().

HyTeM BBEJICHUS HOBBIX MEPEMEHHBLIX COIJIaCHO

x=x' V@, y=y Ve, z=z )& )
0HO TPHUBOJHUTCH K BHAY
4re

. §

V_g(x)g(y)g(z)
KOTOpHI (ODMATbHO OTJAHMYAETCS OT ypaBHeHHS NS TOJST B IIYCTOTe JIHIUBL 3aMe-

o -1
HOl e Ha e =e [e9eWe@]™ /2, TTostomy

Alp= (),

e e X2 4 y? + 22 -
T T Y emgga | e e el2) )

B TeH30pHBIX 0603HaYeHHSIX, He MpeipellaiouliX BLIGOD CHCTEMbl KOOpJMHAT,

e
———,
VI e ek xixg
rze |&|—onpereanreas TeH30Pa £;p.

3. OnpejesuTh €MKOCTb NpOBOAAMIEro mapa (pagHyca @), NOrpyKeHHOro B
AHH3OTPOMHYID AHIJICKTPHYECKYIO Cpely.

Pewewnue Ilyrem npeoSpasosanust (1) ompenesenue nosd Iiapa ¢ 3apsijioM

e B aHU30TPONHOH cpele CBOAHICH K ONpeleseHHIo 110,18 B NYCTOTe, CO31aBaeMOro
3apsAIoM €', paclpejesieHHLIM MO NOBEPXHOCTH 3J/JHIICOMAA

BipXiXh =EN g2 ey 2 gz’ = g2,

BocnonbsoraBmucs Gopmyaolt (4,14) a1 noteHnuasa noJds 3JJIHICOHAA, IIO-
JIYUHM JJISl HCKOMOH eMKOCTH:

’

T | [(s+2) (s+07) (5+) | e

L%,

1) B sagayax 2—6 JudJeKkTpuuecKas aHH30TPONHAs cpeia NpeanoJaraercs
HEMHPOIJIEKTPHYECKOI1.
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4. OnpefenuTs noJe B NJOCKONAapalJeNbHOH aHH30TPONHOH NJacTHHKE, HAaXo-
Isulefcss BO BHELUIHeM OXHOPOAHOM noJe (§.

Pemenne. M3 ycr0oBHST HenpepblBHOCTH KacaTebHOH COCTaBJdAIOWEH Hanps-
JKEHHOCTH CJlefyeT, U4TO

E=@4 An,
rae E —HanpsHKeHHOCTb OAHOPOJHOrO MOJsSi BHYTPH MJaCTHHKH, N — eJHHMYHBIN
BeKTOp HOpMaJIH K ee nOBeprOCTH H A—HOCTO;IHHBH. HCCJI&}IHHH OHpeﬂeﬂHeTCﬂ
U3 YCJOBUS HENPEPHIBHOCTH HOPMaJbHOR KOMIOHEHTH HHAYKUHM: nD=n@E wiu
nigpEp=n;2;f8r+ Agjpning=GC;n;.
OrTcioza
A _ (Eir—=8i) G
& mMNm
B YACTHOCTH, €CJIH BHELIHEe I0JIe HalpaBJeHO IO HOPMAJAK K NJAaCTHHKE (OCb Z), TC
A=E (1 —82)/€z2-

ECJIH noJsae mapasjeJbHo NJIACTHHKE W HAanpasJeHO HO OCH X!

A= —Ge,le,,.

5. OmpelleNuT MOMEHT CHJI, AEHCTBYIOLHX HA aHH3OTPONHBIH AU3JeKTpHUCCKHI
urap, HaxosIL(HHAcA (B NycTOTe) BO BHeLIHEM OJZHOpoAHOM note (8.

Pewenune. Cormacio (8,2) uMeeM 17151 HanpsKeHHOCTH I[OJS BHYTPH Iuapa
3 ¢
2 el X
(u ananornuno s E,, E.), npuuem ocu x, y, z Bubpanp BLOTL TJIaBHBIX Ocel
TeH30pa €. OTClOlIa JJs1 KOMINOHEHT AHMIOJbHOTO MOMEHTa apa (paiuyca a)

elx) ]

4n
Pa=—g= CPe= g @G

KoMIIOHeHTa Ke JeHCTBYIOWEro Ha 11ap MOMEHTa CHJ

P e(x) gy
Ke=19€): =268 coro ey -

Ey=

" aHanoruuHo aast K, K
6. B HeorpaHWueHHOiI aHH3OTPONMHOH cpele HMeeTcs cdepudeckas MONOCTb.
Bripazuth nose B mesocTH Yepe3 oaHopopHoe noJe £(€) B cpelle BLasu OT IOJOCTH.
PeweHue IlpeoGpasosannem (1) 3amaun 2 ypaBHeHue IS HOTEHLHANA HOJS
B Cpene NpPHBOAHTCS K ypaBHeHHIo Jlansdaca Jns 1moisg B mycToTe. YpasHEHUE XKe
Ins TOTeHUMAaJa NOJAd B IIOJOCTH, HAINpOTHB, MpeBpaliaeTcsi B ypaBHEHHe JJd
NoTeHIKANa B cpefe ¢ JHIJIEKTPHUYECKMMU NpoHHHaeMocTsimu 1/e(¥)) 1/e( 1/ea),

Kpome Toro, map (paguyca a) npeBpauiaeTcss B JJIMOCOKJ C IOJYOCSIMH df Ve(x‘,
a/Ve», af Ve, Iycrs 18, aly, nl? — kosdduinenTsl JSNOISPU3ALUE TAKOTO
saauncoua (onpenensieMple 1no ¢opmyaam (4,25)). IlpuMeHsst K IOJIO 3TOFO AJUIHII-
couaa Qopmyay (8,7), nosydyuM COOTHOLUEHHE

dop)  pt) gold  Jgled

(1 —npo) 0 7 007 997

dx’ ' e gx 0x

(1 aHajorHuHBle—BJOJIb oOcelt y M 2'). Bosepailasc, K IPEXHHM KOOPAHHATAM,

HMeeM
.09 0 o —
_t eX) — _F g(x)
axl dx V- X V 3
TaK 4TO AJs noJid B IIOJIOCTH noJyvaeM OKOoHYaTeabHO

elx)

E(e)
T g — Gy (g0 —1) *

E(l)
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§ 14. ToNOKHTEABHOCTh AMIICKTPHUECKOA BOCTIPHUMUHBOCTH

Jlisi BHISICHEHMS] XapakTepa 3aBHUCHMOCTH TEePMOJHHAMHMYECKHX
BeJHYHH JAMJEKTPUKA B MOJE OT ero JAU3JEeKTPHYECKOH NpPOHHLA-
eMOCTH paccMoTpum GopMalbHYIO 3ajauy 00 H3MEHEHHH 3JeKTpH-
YeCKON YacTH IIOJHOH CBOGOJAHON 3HEPrUHM Teja NpH O6GecKOHEeYHO
MaJOM H3MEHEHHHU &.

Jast u30TponHOro (Ho He 0653aTSIbHO OAHOPOLHOIO) AH3JEKTPH-
Ka umeeM corjyacHo (10,20)

D2
F—Fo={ V.
JTE
an HU3MEHEHHH € HU3MEHACTCA TakKxXKe U WHAYKIHA I10J4. HOSTOMY
paccmaTpuBaeMasl BapHalus CBOOOLHOH 3HEPTHH DPaBHA
DéD

8F = D° seav.

[TepBblfl uneH B MpaBoO# YaCTH pPaBEHCTBA COBNAJAET C BBHIPAKEHHEM
(10,2) mns paGothl, coBepiiaeMoli npu GECKOHEUHO MalOM U3MEHEHHH
HCTOYHHKOB M0Js (3apsA0B NPOBOAHHKOB). Ho B faHHOM ciayuae Mbi
paccMaTpUBaeM H3MeHeHHe NOJs IPH HeH3MEHHBIX ero HCTOUHHKAX;
II03TOMY 3TOT 4JIeH o6pam,aerc;1 B HyJb, H Mbl [OJyYaem

8F = —S

E2
o d =——S68—8Rdv. (14,1)
- U3 sr1olt dopMyanl crlepyer, 4TO BCAKOE yBeJHUEHHE AHIJIEKTDH-
4ecKOH NPOHHUAeMOCTH cpelbl XOTs Obl B HEKOTOPOM e€e YyuacTke
(Tpy HEH3MEHHBIX HCTOYHHKAX MOJs), NPUBOANT K YMEHBLIIEHHIO ee
MoJIHON CBOGORHOH 3Heprud. B 4acTHOCTH, MOXKHO VTBEPXKJATb, 4TO
cBOGOAHASA SHEPTHsl BCeIJa YMEHDLIIAeTCs MpPH BHECEHHH B AHIJIEKT-
pUUECKYIO Cpely He3apsiKeHHBIX NPOBOJIHHMKOB, MOCKOJbLKY [OCJIE]-
HHe MOTYT PaccMaTPHBaTbCsA (B 3JIEKTPOCTATHKE) KaK Tela C Gecko-
HeyHO GOJbHLIOH &. JTo yTBepAKIAeHHEe O6GOOIIaeT BEICKA3aHHYIO B § 2
TeopeMy OO0 YMEHDLIIEHHH 3HEPTHH 3JEKTPOCTATHUYECKOIO MOJs B
MyCTOTE NPH BHECEHUH B HETO He3apsKeHHOTO NPOBOTHMKA.
[lonnasi cBoOogHad 3Heprus yMeHblUaeTCcsd M Korja Kako#-jau6o
3apAl TOAHOCHTCH K JHUIJEKTPUUECKOMY Tel1y H3 GeCKOHEUHOCTH
(4TO MOXKHO BOCIPHHHMATb KaK YBEJHUUYCHHE & B HEKOTOPOM OGbeMe
nojisi BOKPYr 3apsna). UTobel cleaTh OTCIOJA 3aKJIOYEHHE O TOM,
YTO BCAKHUH 3apsifl NPUTATHBAETCH K JU3JIEKTPUKY, HAj0 Obl10 OHI,
CTPOro roBops, A0KasaTb e€lie, YTO & He MOXKeT JOCTHUTHYTh MUHH-
MyMa HH [PH KaKOM KOHEYHOM DacCTOSHHH MEXAY 3apsijiioM H TeJIOM.
MBI He craHeM OCTAHABJIWBATbCH 3/€Ch HA J0KasaTeJbCTBE 3TOTO
YTBEPXKIEHHs, TeM GoJee, YTO TMOSBJIEHHE CHJI NPHTSIKEHHS MEXILY
3apANOM H JU3JEKTPUKOM MOXKHO pPAacCMaTpHBATh KaK JOBOJBHO
OYEBHIHBIA Pe3yJbTaT B3aUMOJEHCTBHA 3TOTO 3apsiia C AHNOJbHEIM
MOMEHTOM [OJISIPH3YEMOTO UM JHU3JIeKTPHKA.
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Henocpencreenno u3 dopmynan (14,1) MoxHO clenaTh 3akJmooue-
HHE O HanpaBJeHUU JBHKEHUS JH3JEKTPHUECKOro Teél1a B KBAa3HOLHO-
pPOJHOM MoJie, T. 