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N.B.CaBenbeB
Kypc o0meit ¢puznkn, Tom I11.
OIITUKA, ATOMHASA ®U3UKA, PUZUKA ATOMHOI'O SAIPA 1
9JIEMEHTAPHBIX UACTUIL]
['1aBHas 11€/1b KHUTH — MTO3HAKOMUTH CTYJEHTOB IIPEX/I€ BCETO C OCHOBHBIMU
uaessMu u Meroaamu ¢puszuku. Ocoboe BHUMaHuEe 00palleHO Ha Pa3bsICHEHHE CMbICTIA
(bu3MUECKUX 3aKOHOB M Ha CO3HATENIbHOE MPUMEHEeHNe uX. HecMOTpst Ha CpaBHUTETHHO

O6CCHC‘H/IB3.IOH.ICC IMOATOTOBKY, AOCTATOYHYIO JJIS YCIICIIIHOI'O YCBOCHUA B JalbHEHIIIEM
TeOpeTquCKOﬁ (bHSI/IKPI " Ipyrux (I)I/IBI/I‘-ICCKI/IX JAUCLHUIIINH,

[IpenucnoBue K TpeTbEMY U3JAHUIO 7

W3 npeaucnoBus k neppomy
U3JIaHUIO

YACTB I

OIITUKA

I'naBa 1. BBenenue

§ 1. OcHOBHBIE 3aKOHBI ONITUKHU
§ 2. Pa3BuTHe npeacraBiaeHuil o
IPUPOJIE CBETA

§ 3. [Tpunuun depma

§ 4. CkopocTb cBeTa

§ 5. CBeToBOI MOTOK

§ 6. DoToMETpUYECKUE BETUUNHBI
Y X €IUHUIIBI

§ 7. Doromerpus

I'nasa II. I'eomeTpuyeckas
ONTHKA

§ 8. OCHOBHBIE TOHATHUSA U
OIpeeIICHUs

§ 9. llenTprupoBaHHas ONTHYECKAS
cucrema

§ 10. CnoxxeHne ONTUYECKUX
CUCTEM

§ 11. Ilpenomnenue Ha
cheprueckoit TOBEpXHOCTH

§ 12. JIunza

§ 13. IlorpemHoCTH ONTUYECKUX
CUCTEM

§ 14. OnTrueckue npruOOpsI

§ 15. CBerocuna 0ObeKTHBA
I'nasa II1. Uurepdepenuus
cBeTa

8

19
21
23
23

33
34

34

37

47

51

58
62

64
69
72

OI'/TABJIEHUE

§ 16; CBeroBas BoiHA

§ 17. UntepdepeHins CBeTOBBIX
BOJIH

§ 18. CiocoObI HaOIIOICHUS
UHTEpEpEHIINH CBeTa

§ 19. UnTepdepeniys cBera npu
OTpPaXCHUH OT TOHKUX IUIACTUHOK
§ 20. Ilpumenenus
UHTEpEpEHIINH CBeTa

I'nasa IV. lu¢ppakuus ceera

§ 21. [Ipunuun [Mtolirenca —
Openens

§ 22. 3onbl Openens

§ 23. Iudpaxuus Openens ot
IPOCTEHIINX Mperpay

§ 24. Mudpaxus Opaynrodepa ot
1eI1

§ 25. udpakimonHas pemierka

§ 26. Iudpakius peHTTeHOBCKUX
ny4yen

§ 27. Pa3pemaroas cuia
00BEKTHBA

I'nasa V. llonsapusanus ceera
§ 28. EcTecTBeHHBIN 1
HOJIIPU30BAaHHBIN CBET

§ 29. Ionsapusanus npu
oTpaxxeHuu u IIpenomnenun

§ 30. [Tonsipu3zanus npu JBOHHOM
Jy4eTpeIOMIICHUH

§ 31. UnTepdepenius
NOJIIPU30BaHHBIX JIydeH.
DMnTHYecKas nospu3anus

72
78

88

90

99

103
108

108
114

128

134
144

152

155
155

159

164

170



§ 32. Kpucramumueckas IiacTUHKa
MEXy JIBYyMs MOJIIpU3aTOpaMU

§ 33. HckyccTBEHHOE JBOMHOE
Jy4eTpeIoOMIIEHHAE

§ 34. Bpamenue niaockoctu
NOJIIpU3aLnn

I'nasa VI. OnTuka IBHKYIIMXCA
Cpe/ ¥ TeOpHsi OTHOCUTEIbHOCTH
§ 35. OnbiT ®U30 U ONBIT
Maiikenbcona

§ 36. CnenmnanbHas Teopus
OTHOCHUTEIIBHOCTH

§ 37. IIpeoOpa3zoBanus JlopeHma
§ 38. CnencrtBus u3
npeoOpaszoBanuii JlopeHma

§ 39. UnrepBan

§ 40. Cnoxenue ckopocren

§ 41. Dddexr Honmiepa

§ 42. PensTuBUCTCKasl TUHAMUKA
I'nasa VII. Bzaumojaeiicreue
3J1eKTPOMATHUTHBIX BOJIH C
BeIEeCTBOM

§ 43. lucnepcus ceeta

§ 44. I'pynnoBast cKOpocThb

§ 45. DnemeHTapHas Teopus
JUCTIEpCUN

§ 46. [lornomenue ceera

§ 47. PaccesiHue cBeTa

§ 48. O¢ddext BaBunosa —
Yepenkona

I'nasa VIII. Temosoe
H3JIy4eHHe

§ 49. TennoBoe u3ny4eHue u
JIOMUHECLICHIIUS

§ 50. 3axkon Kupxroga

§ 51. 3akon Credana—bonbimana
Y 3aKOH BuHa

§ 52. ®opmyna Panes—/Ixunca
§ 53. ®opmyna Ilnanka

§ 54. Onruueckas NTUpPOMETPHUS
I'nasa IX. ®oToHbBI

§ 55. TopMO3HOE PEHTTE€HOBCKOE
U3ITy4CHHE

175

180

182

190

190

197

200
203

208
212
214
218
228

228
229
233

236
238
242

244

244

246
251

253
259
264
272
272

§ 56. ®oroapdekr 275

§ 57. OnbiT bore. @OTOHBI 281
§ 58. Odpexr Komnrona 285
YACTb I

ATOMHAS ®U3UKA

I'naBa X. bopoBckasi Teopus 290
aToma

§ 59. 3akoHOMepHOCTH B aTOMHBIX 290
CIIEKTpax

§ 60. Monenb atoma TomcoHna 293
§ 61. OnbITHI IO paccesiHUIO a- 295
4yacTull. SiepHast MOAENIb aTOMa

§ 62. Iloctynars! bopa. OnbIT 301

O®panka u ['epua

§ 63. DnemenTapHas OOpoBcKast 305
TEOpUsi BOAOPOJHOTO aTomMa

I'nasa XI. 308
KBanToBoMexann4yeckasi Teopus
BOJOPOJHOI0 aTOMa

§ 64. 'unoresa ne-bpoiins. 308
BonHoBBIE CBOMICTBA BELIECTBA

§ 65. Ypasuenue llIpenunrepa 310

§ 66. KBaHTOBOMEXaHHUECKOE 314
ONMCaHUE ABUKEHUS MUKPOYACTHUIL

§ 67. CpoiicTBa BOJHOBOM 320
¢bynkuu. KBantoBanue

§ 68. Yactuiia B 06CKOHEUHO 321

rITyOOKOH OZJHOMEpHOM

NOTEHLIMAJILHOU sIME.

[IpoxoxkaeHue yacTull uepes
NOTEHIMATIBHBIN Oapbep

§ 69. ATom Boopoa 330
I'naBa XII. MHoOro31eKTpoHHbIe 338
aTOMBI

§ 70. CnexTpsl METOUHBIX 338
METaJIOB

§ 71. HopmanbHbiit 53p ekt 344
3eemaHa

§ 72. MynbTUILIETHOCTD CIEKTPOB 347
Y CIIMH JJIEKTPOHA

§ 73. MomeHT umItyiibca B 354
KBAaHTOBON MEXaHUKE

§ 74. PesynpTupyrommii MomeHT 357



MHOT'03JIEKTPOHHOTO aTOMa
§ 75. AHOManbHbIH 3ddexT
3eeMaHa

360

§ 76. Pactipenenenue 31eKTpoHOB B 367

aTOME I10 SHEPreTUYECKUM
YPOBHSM

§ 77. Ilepnonnueckas cuctema
2JIEMEHTOB MeHieneeBa

§ 78. PEHTreHOBCKHUE CIIEKTPHI

§ 79. IlluprHa ceKTpagbHbIX
JIMHUAMN

§ 80. BolHy)XIeHHOE U3ITyYeHUE
I'nasa XIII. MoJsekyJibl U
KPHCTAJLIBI

§ 81. DHeprus Monexyisl

§ 82. MonekymnspHbIE CIIEKTPEI

§ 83. KomOuHanmoHHoe paccesHue
cBeTa

§ 84. TennoeMKOCTh KPUCTAIIIOB

§ 85. Dddexr Méccbayapa

§ 86 Jlazeprl. Henunelinas ontuka
YACTD III

OU3NKA ATOMHOI'O AAPA U
OJIEMEHTAPHBIX YACTHUIL]
I'naBa XIV. AtomHoe s11po

369

377
381

386
389

389
395
403

405

417
424

434

§ 87. CocraB 1 XapaKTepUCTHKA
aTOMHOTO s1pa

§ 88. Macca u 3HEprus cBs3u sapa
§ 89. Ilpupona sinepHbIX CHIT

§ 90. PangnoakTUBHOCTH

§ 91. SAnepHsble peakuu

§ 92. llenenue snep

§ 93. TepmosnepHble peakiuu
I'naBa XV. JiiemeHTapHbIE
YaCTHIbI

§ 94. Kocmuueckue yun

§ 95. MeToapl HAOMOACHUS
2JIEMEHTAPHBIX YACTHI]

§ 96. Knaccel anemMeHTapHbIX
YaCTHUIl U BUJbI B3aUMOJEHCTBUN
§ 97. YacTullbl U aHTUYACTHUIIBI

§ 98. M3oTonunueckuii CriuH

§ 98. CtpaHHbIe YaCTHIIBI

§ 100. HecoxpaHeHne 4YETHOCTH B
cJ1a0bIX B3aMMOJIEHCTBHSIX

§ 101. Heitpuno

§ 102. Cucremaruka
3JIEMEHTAPHBIX YACTHI]
[Ipunoxenue. I'onorpadpus
[IpenmeTHsIil yka3aTenb

NPEIMETHBINA YKA3ATEJIb

AbGeppanus csera 21, 191

— chepuueckas 62

— XpoMmaTtuueckas 63
AbGcomoTHas cuctema otcuera 191
AOconroTHO uepHoe Teno 248, 250
Anponsl 485

Axkomonarus 64

Anbpa-nyun 450

Anbda-pacnag 450
Anbpa-gactunsl 295

Amnanuzatop 175

Anaurnisanus nap 489, 492
AHTHHEHTpHUHO 435
AHTHHENTpOH 493

AHTUTIPOTOH 492

AnTtnyactunsr 492

Acturmarusm 63

ATtoMHas equHAIA Maccel 434
ATtomHBII HOMED 435

— ocTarok 343

bapuonnoe uncno 493
Bapuonnsrii 3apsig 486, 493
bapuons! 485

bapn 461

bera-myun 450
bera-pacnan 453
bunpuzma ®@penens 89
Bbozonst 486

bom0Oa aromuas 441, 467
— TepmosiiepHast 473
Bakyywm 488

BetBb akyctnueckas 415
— ontnyeckas 405, 415

434

438
441
443
457
463
472
476

476
478

482

487
408
499
503

509
512

518
522

B3aumogeiicTBue rpaBuTarimontoe 484



— oOmeHHOe 442, 446

BzaumopneiictBue cunbHoe 442, 483

— cnaboe 484

— JJIEKTpOMarHuTHoe 483

Bunnoctu dynakius 24

Buptyansnslie nporeccsl 446

— yacTHulsl 443

Buytpennss konBepcust 452

Bonna monoxpomaruueckas 23, 93, 236

Bonnosas ¢ynkuus 311, 314, 320

BoanoBoe uncio 283, 291

Bonnsl korepentssie 78, 81

Bocemepuunslii myTs 515

BpaiieHne miockocTy noaspu3auu
182

— — — MarHuTHoe 188

Bpewms abcomtotHoe 197

— B3aumozencTeus 483

— HM3HHU BO30YX/IEHHOT'O COCTOSIHUS
aTomoB 381

— — ——snep 418, 452

— — MeTacTabMIbHOro cocTostHUS 381

— coOcTBenHoe 207

Boipoxknenue 332

IMamma-nyun 450

I"apmonnuecknii ocumuistop 392

I'unepzapsg 501

I'unepon 486

['unoresa ne-bpoiing 308, 309, 312

— HOkags1 444

I'maBHOE ceuenue kpucramia 165

I'paBUTAaLIMOHHOE KpaCHOE CMELLIEHUE
422

I'paBuToHBI 484

I'panuna cepun 292

I'pynna Bosn 230, 236

JlaBienue cBera 283

JBoiinoe nyuenpenomiienue 161, 180

[Heitrepuit 436

Jetiton 442, 457

Henenue saep 441, 463

Hedext macc 440

Juarpamma Mo3znu 370

Huontpus 42

Hucnepcust anomanbHas 229, 236

— HopManpHas 229, 236

— cBera 63, 228

— —, 2JIEMEeHTapHas Teopus 233

CHEKTpaIbHOro Nnprbdopa
nuHelHas 141

— — — yriosas 140

Huctopcus 63

Judpakunonnas pemerka 134 u 1., 250

— — BorHyTas 143

— — oTpaxartenbHas 143

Judpakuus B mapasieabHbIX JTydax
108

— OT Kpas nosyruiockoctu 120

— — Kpyrioro aucka 118

—— — —otBeperus 114

— — menu 126, 128

— PEHTTeHOBCKUX Jyuei 144 u n.

—cBera 18, 106

— @paynrogepa 108

— Openens 108

— anekTpoHoB 309, 315

Muxpousm 165

JononaurensHele okpacku 178

Ennnuna pagnoaktuBHOCTH 457

e-3axBar 456

3akon bonbsumana 260, 388, 424

— bprocrepa 160, 161

— byrepa 237

— B3aUMHOCTH CBETOBBIX JIyueil 11

— B3aUMOCBSI3U MaccChl ¥ SHEPruu 226

— Hrononra u I1tu 406, 414

— Kupxroda 249

— JlambGepra 29

— Mamoca 157

— Mosznu 378

— HE3aBUCUMOCTH CBETOBBIX JIyueil 9,
431

— 00paTUMOCTH CBETOBBIX Jyueit 11

— oTpaxeHus ceera 9, 20

3aKoH rnoryuoueHus ceera 237

— npenomienus ceera 10, 20




— IPONOPIMOHAIBHOCTA MACCHI U
sHepruu 226

— OPSIMOJIMHEWHOT'O0 PacupoCTpaHEHUs
cBeta 9, 112

— paanoaKkTUBHOIO pacmaja 448

— Poanes 240

— cMmenieHus Buna 253, 264

— coxpaHeHHs 6apuoHHOTO 3apsiaa 493

— — KOMOMHHMPOBaHHOM yeTHOCTH 507

— — JIGNTOHHOTO 3apsaa 494

— — cTtpanHoctu 501

— —uetHoctu 505

— Credana—bonbumana 252, 263

— Crokca 404

— Cronerosa 277

— T3 Jle6as 413

3axoHbI coxpaHeHus 513

— dotorpdekra 275 u 1.

3aKpy4eHHOCTb yacTHIbl 507

3apsaoBasi HE3aBUCUMOCTbD SJEPHBIX
cun 442

3apsinoBoe comnpspkenue 494

— yucno 435

3epxana Openens 88

3epkaino chepuyeckoe 55

3onHas miactuka 114

3oubl @penens 108

3purensHas Tpyda 67

Nznyuenune BaBunoBa—Yepenkosa 243

— BBIHYXIeHHOE 386, 424

— HHayuupoBaHHoe 386

— paBHOBecHoOE 245, 264

— pe3onancHoe 417

— crioHTaHHoe 382, 386

— teMmeparypHoe 244

— TeruioBoe 244

N3o6aper 436

N3o06paxenue neicTBuTenbHOE 36

— mHUMOE 36

— oOpatHoe 39

— onTtuyueckoe 36

— npsimoe 39

— cTurmatuueckoe 36

— To4euHoe 36

N3omepsr 436, 452

N3oTtons! 436

N3otomnsl 436

WuBepcus komOuHMpoBaHHas 507

NuBepcus npoctpancTsa 504

WHuBepcHast HACEIEHHOCTh
JHEPreTUYECKUX YPOBHEN 425

Wurerpans @penens 122

HurtencuBHoOCTE cBeTa 73, 75

Wurepsan 208

WuTepdepeHiys B TOHKUX IUIaCTHHKAX
90 u 1.

— BOJH 79

— MOJISIPU30BaHHBIX Jdyden 170 u 1.

—cBera 18, 78 u 7.

Wntepdpepomerp Maiikenscona 100,
193

HcnyckarenpHas ciocoOHOCTH 246

HcTounuk cBeTa U30TPOMHBIN 26

— — KOCHHYCHBIH 29

— — naMmbepToBCKUi 29

— — TO4YEeYHbIN 26

(j.j)-cea3b 358

Kant nmonocer 396, 403

Kaon 485

Karonomtomunecuienmnus 244

KBasuuactuma 416

KBanTt geticreusa 260

—3ByKka 416

— sHepruu 251, 260

KBanToBO€ uncno azumyranbHoe 331,
332,367

— — BpauiarensHoe 394

— —rnaBHoe 305, 331, 332, 367

— — KkonebarenbHoe 392

— — marauTtHoe 331, 332, 345,367

— — NOJIHOTO MOMeHTa 351

— — crouHoBoe 349, 367

KsanTsl cBeta 278, 281, 301

KBapku 516

K-3axBar 456



K-me30nsb1 485

Korepentnocts 78, 81

— BpeMeHHas 81

— npocTpaHcTBeHHast 81

Komnmueapnoe coorseTcTBue 37

Konbua HeroTrona 98

Koma 63

Komnayng-sapo 458

KomnronoBckas nimHa BOJIHEI 289, 444

Koncranra B3aumopeiicteus 483

KopoTkoBonHOBast rpanuna
PEHTTEHOBCKOTO criekTpa 272, 275

KopnyckynspHo-BoJIHOBOM Tyanusm 18,
283, 308

Kocmuueckue nyun 476 u 1.

Koadbdunuent orpaxenus 77, 328

— moromenus 236, 237

— — OTpuULATENbHbIN 425

— ynaxkoBouHbIi 440

— DliHmTelHa 387

— 3KCTUHKIMU 240

KpaTtHocTb BbIpOXkeHNSA 332

Kpucrann nByocHslit 166

— OJHOOCHBIN 165

Kputnueckas macca 467

— onasiecueHuus 242

Kpyxkok HauMeHbIIero paccesHus 36

Kropu, enuHnna pannoakTuBHOCTH 457

Jlarpanyxa—I enpbMrosplia MHBApUAHT
57

Jlazep 387, 424 u 1.

Jlanne MmHOXUTENE 363, 364

JlentonHoe uncno 494

JlenronnsIit 3apsag 494

JlenToHs! 446, 485

JIuBHM 37€KTPOHHO-NIO3UTPOHHBIX MAp
476

JIunza 58

JlopenneBo cmenienue 347

— cokpaenue 205

JIyu 34, 169

— HEOOBIKHOBCHHEBIN 164, 168

— OOBIKHOBEHHBIH 164, 168

— NapaKkCUabHbIN 52

JIroke 27, 28

JIromen 26

Jlromunecuennus 244
JlromunOpopHEI 244

Marueron bopa 344, 350

— siiepHblii 434

MarauTtHbIi MOMEHT atoma 363
— — 3JIEKTpOHa OpOUTaIbHbIN 344
— — — coOcTBeHHbIH 350
Maszep 424

Macca mokos 223, 282

— penartuBucTCKas 223
Maccosoe uncio 435

Mesonnl 442, 445, 485
MexaHuuecKnii SKBUBAJIEHT CBeTa 27
Mukpouactuust 310, 316
Muposas nuaus 208

— Touka 208

MHorogpoToHHbIe nporeccs 432
Monens aroma BekTopHas 361
— — Pesepdopna 296

— — Tomcona 293

— — spaepHas 296, 301

Mowment umnynsca 333, 354 u n.
— MHepLUHU MoJeKyisl 394, 398
MynpTHIuieTHOCTh Tepma 360
MynbTumiersl 348

— 3apsgoBsie 496, 497, 514

— obOpaménnsie 377

— npaBuibHbIE 377

— yHUTapHbIE 514

MyrtHsle cpenbl 239

Mio-me3oH 207, 445

MrooH 445

Heiitpuno 455, 509

— MIOOHHO€ 512

— nponosibHOE 508

— 3JIEKTpOHHOE 512

Hetitpon 435

Henunelinoe orpaxxenue cseta 431
Hecoxpanenne yetnoctu 505
Hut 29



Hopwmanbnoe cmemenue 347, 361, 365

Hyxiion 434, 496

Ontuka BonHOBas 34, 72

— reoMmeTrpuueckas 34

— ny4eBas 34

— HenuHelHas 431

OnTuueckas nnuHa nytu 19, 82, 193

— ocb Kpuctamia 165, 183

— — cucTeMsl 36, 52

— pa3HOCTb X012 82

— cuna 42, 53, 55

— cucrema 36, 37

— — uaeanbHas 36

— — TejnecKonuueckas 67

— — LeHTpupoBaHHas 37

OnTnueckne rapMoHUKH 432

OnTryeckuil KBaHTOBBIN reHeparop 424

OmnsiT AtiBca 217

— bore 281

— BaBuiiosa 285

— By 506

— JIpBuccona u JIxepmepa 309

— Jlay», ®punpuxa n Kuunnunra 145

— Jlenepmana u llBapua 512

OmnbIT Maiikenscona 193 u 1.

— IMaynna u Pebxu 422

— Peszepdopaa 295

— Peiineca u Koysna 510

— duzo 191, 213

— ®panka u ['epua 302 u 1.

— IlItepna u I'epnaxa 333

OcgemeHHOCTD 27

OtHocuTensHOE oTBepeTHE 71

ITapa snekTpoHHO-nI03UTpOHHAs 489

Ilepexonb! BeIHY)KIEHHBIE 386

— MHIyUHUpOBaHHbIE 386

— cIoHTaHHbIe 382

Ilepuon nonypacnana 449

Ilepuoanueckas cuctema MeHaeneesa
369 u 1.

[In-me30H 445, 485

ITnon 445

[TupomeTpsl onTrueckue 264 u a.

ITnockoctu rnasHele 41

— KapauHanbHble 41, 43, 46

— y3710BbIE 46

— (hokanbHble 38

[Tnockocth Konebanuit 155

— nonsipuzanuu 155

ITnotHOCTH BepositHOCTH 284, 315. 337

— NIOTOKa dHepruu 23

— CBETOBOTO IOTOKA 75

— DHEpruu usinydeHus 253

[TornomarensHas cnocoOHOCTH 248

ITormomenue cBera 236 u 1.

— — muoropotroHHoe 432

— — pe3onaHcHoe 417, 420

ITorpemHoCTH ONTUYECKUX CUCTEM 62 1
.

[To3zutpon 455, 487, 489

ITo3utponuit 490

[Tokazarens npenomnenus 11, 14, 74,
236,431

— — abcomtoTHbIH 11

— — oTHOocuTenbHbIH 10, 11, 12

ITone untephepenuuu 83

ITonHOE BHYTpeHHEe oTpakeHue 13

ITosocs! Bpamarensubie 397

— KoJsiebaTenbHO-BpalaresibHbie 399

— paBHOro HakyoHa 95, 98

— paBHOM TommuHel 97, 98

— 3JeKTpOHHO-KonebarenbHbIe 400

[TonymmupyHa CieKTpaJbHOU JIMHUU
382

ITonspuzarop 156

[Nonspuzauus cera 18, 155 u 1.

— — Kpyrosas 158, 173

— — suunTudeckas 158, 173

[onspoun 165

[Topsiok uHTEpPEpEHIIMOHHOTO

MakcuMyma 92, 94

[TocTostnuas Bepae 189

— Bpaienus 183

— — yzenbHas 183

— nudpakunoHHOU pemetku 134

— Keppa 182



— Ilnanka 260, 275, 279, 305, 311, 333
— pacnana 449

— PunGepra 292, 306, 338, 379
— Credana—Dbonbpimana 252, 264
IToctynater bopa 301

ITpaBuna or6opa 400, 426

— Xynna 376

[TpaBuino or6opa ans j 354
———J397,401

———1334

———L1343

———m 346

———m; 366

———m; 366
———m, 366

———v393

[Ipeobpazosanus [Manunes 200, 203,
218

— Jlopenmna 203, 218

[Mpunnun Moiirenca 17, 106, 169

— TI'oitrenca — ®penens 106, 107,
108

— 3amnpera 368

— uckitoueHus 368

— oTHocutenbHocTH ["anunes 191

— — Diiamretina 197, 218

— Ilaynm 368, 369, 375

— TIOCTOSIHCTBA CKOPOCTH cBeTa 197,
200

— depma 19

— DKBUBAJICHTHOCTH 422

[TpomexyTrounoe sapo 458

[IpocTpanctBo abcomoTHoe 197

— n3o0pakeHuit 36

— npeaMeToB 36

— yeTbIpexmepHoe 208

[Tpotuii 436

[Ipoton 434, 493

[Ipsimble siaepHblie B3aumoaeincTBus 459

[Tyyok nyueit 34

— — acTUrMaTu4eckuit 35
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MPENUCNOBHUE K TPETBEMY H3JAHHIO

[Ipy nOAroToBKe K HACTOSIIEMY H3AAHHIO CAeJaH pax
H3MeHeHW# u nonoanenufl. 3aHoBo Hanucan § 42 «Peaatn-
BHCTCKast AMHaMHKa». CyllecTBeHHble J00aBJeHHs H H3Me-
HeHus clenannl B naparpadax 11, 16, 17, 32, 66, 68, 77 a 86.
HeGonbmue poGaBjaeHus W uU3MeHEHHs] CAETaHEl B HEKOTO-
PHIX ADYrux naparpadax.

[Tpy ccbinkax Ha mepBHIT M BTOPOM TOMa Kypca HMeeTcs
B BUAY UeTBEPTOE H3AaHHE HTHX TOMOB.

Boipaxaw 6aarofapHocts BCEM, KTO KpUTHYECKHMH 3a-
MEYaHHSIMH W COBeTaMH COAEeHCTBOBAJ YJYUIICHHIO KHHIH.

Oxrabps 1970 1, H. Caseaves



U3 NPEAUCJOBUA K NMEPBOMY U3JAHHUIO

Kypc o6welt ¢uaukn, KoTopolfi 3aBepiiaercsi 3THM TO-
MOM, HpefHa3HayaeTcs Npexie BCero JJfA CTYIEHTOB HHXKe-
HepHO-(HU3HUECKHX cHeuHadbHOCTel - BTy30B. Kypc BO3HMK
Kak HTOr MHoroseTHell paGoThl aBTOpa Ha Kadenpe oSliei
¢u3uky MOCKOBCKOTO HHXKeHePHO-(pH3HUECKOTO HHCTHTYTA.
ABTop nmocTosiHHO 0GIIANCS CO CTYAEHTaMH HE TOJNBKO uepe3
Oapbep JexTopckofi KadeApnl, HO ¥ Ha NPAKTHYECKUX 3aHA-
THSIX, KOHCY/bTAaNNAX, 3K3aMeHaX M 3auerax. Manoxenue
MHOTHX BOIPOCOB OTTAYHBAJOCh BO BpeMs 3THX BeCbMa ILIO-
JAOTBOPHBIX AJisi aBTOpa BCTpey. Boabllyio mnomoump B co3-
flaHHH Kypca oKa3aJd TakK:Ke KOJJETrH aBTopa no Kadenpe,
€ KOTOpbLIMU 00CYXKAAJIMCh IIOCTPOEHHE H METOJNHKA H3J0XKe-
HMsl OTAEJbHBIX pasfesnoB Kypca. Oco6o cleayer OTMETHTb
poib B CO3aHUN Kypca poueHtos kxaderpnt O. M. 3amum

n H. E. Hponosa.
H. Caseaves



YACTbH 1
OINTUKA

FTABA I
BBEJEHHE

§ 1. OcHoBHble 3aKOHbI ONTHKH

C naBnux BPEMEH H3BECTHBI UeThipe OCHOBHBIX 3aKOHA
ONTHYECKHX sABJAeHUi: 1) 3aKOH NPSMOTUHENHOTO pacnpo-
CTpaHeHHsl CBeTa; 2) 3aKOH HE3aBHCHMOCTH CBETOBBIX JIyUed;
3) 3aKOH OTpaxKeHHs CBeTa; 4) 3aKOH NPENOMJIECHHS CBETA.

B onnoponHo#l cpelle cBeT pacHpocTpaHsieTcsl TPSIMOJIH-
HellHO, DTO BbIT€KaeT M3 TOTO, UTO HEMPO3pauHble MPeIMeTHl
Mpu OCBeHIeHHH HX HCTOUHHKaMH MaJbiX pPa3MepoB AAIOT
TeHH C Pe3KO OYepueHHbLIMHU IpaHHIaMu. 3aKOH NPAMOJIHHeM-
HOTO pacnpoCTpaHEeHHs fABJIAETCS NPHOJMIKEHHBIM; IIPH NPo-
XOXK[eHHH CBeTa Yepe3 OueHb MaJjible OTBepCTHs HabJiona-
IOTCSl OTKJIOHEHHSI OT APSAMOJHHEHHOCTH, TeM GOJbline, 4eM
MeHbllle OTBepCTHE.

HesaBucHMocTb CBeTOBHIX Jyuelt 3aKJlOUaeTcid B TOM,
4YTO OHH MNpH nepeceyeHHH He BO3MYWLAIOT APYr ApYyra. Me.
peceyeHHs Jyuei He MeIAOT xamuomy H3 HUX paclmpocTpa-
HATbCS HE3aBUCHMO JAPYF oT apyral).

[Tpn npoxoxaeHuy cpera uepe3 rpaHULy [ABYX NMpo3pau-
HBIX BeILeCTB MajaloliUil Jyd pas3fensiercs Ha [ABAa — OTpa-
KeHHBII H npesomseHsbifi (puc. 1). Hanpasaenusa srux
Jiyuell onpeae/sioTcs 3aKOHAMH OTPaXKCHHUSA U NpeJOMJICHUS
cBerTa.

3aKkoH OTpa)eHHA CBeTa I[JIACHT, YTO OTPANCeHHbld Ay4
AEHUT 8 OOHOLE NAOCKOCTU ¢ NAOQIOUWUM AYUOM U HOPMANLIO,

) Hesaeucumocts c¢BeTOBHIX Jydefi HaG/AaeTcs JHLIL NpH He
CAUWKOM OOJbLIHX HHTEHCHBHOCTAX cBefa. IIpH HHTEHCHBHOCTAX, moay-
YaeMblX C NMOMOI(bIO Jia3epOB, HE3aBHCHMOCTb CBETOBLIX Jyuedl mepecract
cobaonatecst (cm. § 86).
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80CCTANHOBAEHHOL 8 TOUKe nadenus. Yeon oTpascenus pasen
yeay nadenusnl):
— =i, (1.1

3aKOH NpeNoMyieHUs cBeTa HOPMYJIHPYeTCs CeAYIOUHM
06pasoM: NpPeAOMAEHHbUL Ayd AEHUT 8 OOHOIU NAOCKOCTU
¢ RAOQIOWUM AYHOM U HOPMALLIO, BOCCTAHOBACHHOE 8 TOYKE

Hoomrs
l .
AN\ Ay ;
TP L4 POl Bewecmen 7
w4
Leyermen ? Gevermen 2,
seeemee 2
4 Lewemeo 7
Ly 74
I/ﬂi/]ﬂ/’///t’////é/zz
Puc. 1. Puc. z.

nadenus. OTHOWeRUE cuHYyCa Yeaa nadedus K cuUHYcy yaaq
NPeAoOMACHUS eCTb B8EAUYUHA NOCTOAHRHAA ors 0aHHblx 8e-
wecrs:
SiM &y
sin ia

= Ny (1.2)

Benuuubia ny Has3biBaeTcd OTHOCHTEJbHHM 0O-
KaszaTeJeM MNpeJOMJAEeHHs BTOPOro BeulecTBa HO
OTHOUICHHUIO K NEPBOMY 2).

ITorpysum B BelllecTBO / miaoCKoNapanfenbHYIO NJ1aCTHH-
Ky u3 BeniectBa 2 (puc. 2). Onmir paer, 4to Jaydy, Ipomes-
WIHf yepe3 NJIACTHHKY, OKA3bIBAETCH NapaJiesbHbiM 11a1ak0-
weMy ayuy. Hamumwem cooruomenne. (1.2) ana npenomie-
HUS Jy4a Ha 00euX NOBEPXHOCTAX MJACTHHKH:

. , . 4
sini s
- = flig, ‘.—‘.%‘= Ny (L.3)

sin iy sin )

') 3uak MuHYC OpH i{ O3HAuaeT, YTo Yrawl [, ¥ i OTCYHTHIBAIOTCA
B pasHble CTOPOHB! oT HopMani. IloppoGuee of 3TOM CM. B KOHUe napa-
rpada.

2) 3aMeTHM, uTO €CiH YCJAOBHO CUMTaTh AJS OTPaKeHHa njy = —I,
TO ypaBHeHHe (l .2) Gymer ONHCHIBATL H OTPaXKeHHe CBeTa.
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(anst BTOpO# NOBEpXHOCTH B 3aKoHe (1.2) B3AT NOKasaresb
NpEJIOMJIEHHsST IepBOTrO BelleCTBa M0 OTHOLIEHHIO KO BTOPOMY,
T. €. fg1).

M3 reoMeTpuueckKHX COOODaKeHMH i} =iy; YIJBl i B i]
OJHHAKOBbI, IOCKOJBKY JIy4 MocJe MPOXOXKAeHHs uepes fja-
CTHHKY OCTaJ/cA Mapa//elbHbM MPEXHeMY HallpaB/eHHIo.
[Tostomy, nepemHoxUB Bbipaxenus (1.3), moayuum, 4To

1
gy =n—- (1.4)

12

Orcioga BLITeKaeT 3akKoH o6paTumMocTH (HIU B3 a-
HMHOCTH) CBEeTOBB X Nyuel: ecau nascTpeuy ay4y,

Bewyyn
Dewermsg 7
Beyerrien 2
e < Lonyynt
7 Vit
rd
Puc. 3.

nperepnesuiemy pad orpascerutl u npesomaiexul, NYCTUTH
Opyeoli ay4, TO oK noiideT no TOMyY e nyru, 4TO U nepsbiil
(npamold) ay4, HO 8 OOPATHOM HANPABACHUU.

[Tokasarenp mnpesaoMJieHHsl BellecTsa [0 OTHOILEHHIO
K MycTOTe HasbiBaeTcsi a0COMIOTHH M NOKa3aTeleM
npeJoMaeHHs (HIM OPOCTO MNOKAa3aTeJJeM Npe-
JOMJEHHU ) [AHHOTO BellecTBa. BelecrBo ¢ O6/bIIHM
nokasaTeseM NpPEJOMJIEHHs] Ha3blBAeTCsi ONTHYECKH 60~
Jiee MJAOTHEBIM,

OrHocuTeMbHBI MOKa3aTe/Nb NPEJOMIeHHs IBYX BEIIECTB
iz CBfI3aH MPOCTbIM COOTHOLIEHHEM C HX ab6COMIOTHBIMH
NoKasaTeJsMH PeJOMJEHHs 7y U Hg. YTOOLI HaliTH 3TO COOT-
HOLUEHHe, PACCMOTPHM IIPOXOXKJEHHE Jyua yepe3 JBe CJ/o-
JKEHHBIE BMeCTe IIOCKONapaJulefbHbie IIACTHHKH, TOMe-
watomuecs: B nycrore (puc. 3). B a1oM cayyae ayy, npouea-
il Yyepes 06e MJIACTHHKH, TaK Ke KaK H B cjayuyae OXHOH

i1



WIAACTHHKH, Napajjesel Najaiomemy aydy, T.e. i’ =i. Ha-
mueM yeiopue (1.2) pnas Bcex “Tpex HPeJOMJSIOWIUX MO~
BepxHocred. [lpn srtom AJs TmepBOfl TMOBEPXHOCTH HYIKHO
B3ATb OTHOCHTEJbHBI [0Ka3aTesib TPeJOMIeHHs BellecTBa /
1o OTHOMIEHHIO K BaKyyMy, T. €. aOCOJIOTHBIH TOKasaTenb
TIpesIOMJIEHHs1 NEPBOTO BellleCTBa fy, a A TPeTbell moBepx-
HOCTH — OTHOCHTEJIbHEBIfl I0OKa3aTe/lb NpesIOMJISHHst BAKYyMa
IO OTHOILIEHHIO K BelllecTBY 2, KOTOpH# corstacuo (1.4) pa-
BeH 1/np, rioe nz— aGCcoMOTHBIA NOKasaTeb NpPeOMJCHHS
BTOpPOTO BelllecTBa. TakuM o6pasom,

I T4 g

sini sin i, sin i, 1
= n,

— —_ =1 =
sin i, sin fp 12 sin ¢’ ny

[epeMHOXNAB 3TH BHIpaXKeHHS H yuTs, yto i’ =i, i{=1i ¥
iy=1{,, TIpHAeM K COOTHOLICHHIO: Mifys/fz = 1, OTKYNA
143

ng= . (1.5)

n
Hrak, ornocureavnolll nokasaresv nperomaenusn 06yx
BewecTs pagen OTHOUeHUr0 ux abCOoAOTHBIX nokasareset]
npesoMaenus,
Hcnonbsosas cootHowenue (1.5), 3aKoHy npesnomJenus
(1.2) MoxKHO NpuAAThb CAELYIOMIUH BU:

nsiniy = nysini,. (1.8)

H3 aroit dopMyabl BUAHO, uTO MPH Nepexoje CBeTa H3
ontHueckn OoJiee MJIOTHOH Cpelbl B GNTHYECKH MeHee [JIOT-
Hy10 Jlyy yAaJjsieTcsi OT HOpMaJH K
. nNoBepxHOCTH (puc. 4). ¥Ypeauue-
(/7,>/7z)\:i 4 H¥e yrJa najeHds i; CONpoBo-
xkaaercsi Gonee GLICTPHIM DPOCTOM
Lpan 7 (% e VIja nepeJOMJeHHsl iz H 0 JOCTH-
iz JKEHHH YIJIOM iy 3HAUCHHA

& Inpexy == aresin n, (1.7

yroa i; CTaHOBHTCA paBHbIM /2.
Puc. 4. Bennunna (1.7) HasniBaercss npe-
A1eNbHB M YLJOM.

DHeprud, KOTOPYIO HeceT ¢ cobofi majgarouwui Jayd, pac-
NPefe/ineTcs MeXAy OTPaKeHHbM H NpeJioMJIeHHBIM Jyda-
mu. Ilo Mepe yBenuuenus yrsia najfieHHs MHTEHCHBHOCTb OT-
PaxKeHHOTO Jiy4a PacTeT, HHTEHCHBHOCTD XK€ NPEJOMJIEHHOTO
Jyua yObiBaer, oOpauiasach B HYAb NPH NPeAe/bHOM YTae.
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Ilpu yrnax majeHusi, 3aK/HOUEHHBIX B HPeNeNaX OT impex AO
/2, CBET BO BTOPYIO CPeAy He HPOHUKAaeT!), UHTEHCHBHOCTD
OTpaXEeHHOro Jyuya paBHa HHTEHCHBHOCTH NaJaloluero.
DTo fABJeHHE Ha3blBa€TCsi INOJHBIM BHYTPEHHHM
oTpaskeHHEM,

ITpumennM 3aKOH MPENOMJIEHHS AJAS1 PACCMOTPEHUSA NPO-
XOXKJEHHsS CBETA Yepes MPHU3My. ¥roa & MeXAy npeaoMisio-
LIUMH TpaHAMH NpU3Mbl (pHC. 5) Ha3bIBa€TCS M P e o MJA-
IOILHEM YTJOM, JHHHS TepeceyeHuss rpaHeit —npeJom-
JAAIMHEM pe6poM, a MJIOCKOCTb, MepleHAuKyspHas
K  npejomiasiiouiemy — pe6-
pPy,~~TJHaBHBEM CeUeHH-
eM 1npuamel. Ecan nagawouwmi
Jy4 JIeKHT B IVIaBHOM ceue-
HHH, BBIEIUUI H3 [PU3MbBI
Jyy Taxxke OyAeT HaxOAUThCSA
B 3TOM CeueHHH. Yron o Me-
XKAY HANpAaBJCHUAMH Nafalo-
Iero H BHILEALErc Jayuel
Ha3BIBAIOT YTrJOM OTKIJO-
HEeHHU.

YcioBHMCSA CUMTATH MOJO-
JKUTENAbHBIMH YIVIBI, OTCYMTHI- Puc. 5.

BaeMble OT HeKOTOpOro Ha-

NpaBJAcHHA (HampHMep, OT HOPMAJIH K NPEIOMJAIOUIEH mo-
BEPXHOCTH) 110 YacOBOH CTpeJiKe, a OTPULATENbHBIMH — yr-
JIbl, OTCYMTbIBAEMbie NPOTHB YacoBON cTpetku. [Ipa 3tom
YCJOBHH YTJbI I H i3 HA puc. 5 Oyayr orpuunatensubimu. Ha
PHCYHKE YKa3aHbl MOAYJH 3THX YIJIOB, T. €. IOJOXKHTeNbHbIe
BeJHUUHbL: (—i1) 4 (—iz). I3 pucynka BuzHO, uTO

e={(—i) = (=il + (s~ i) =iy~ i, — ({— i), } (1.8)
B=iy+(— i) =is— iy ’
O0beIHHHB 3TH BBIPAXKEHHS, NOAYUHM:
o=1i—i—70 (1.9)

O6o3nayuM TNoKa3aTejb NPEJIOMJIEHHS [IDH3MBI Yepe3 n,
a OKpyJKaioulell npuaMy cpexbl — yepe3 rg. CornacHo 3ako-
By npesomaenua (1.6)

ngsini, =nsiniy,, nsiniz=nysini, (1.10)

'} Tounee, cBeroBasi BOJHA NPOHHKAeT BO BTOPYID Cpeiy Ha pac-
CTofHHE MOPRAKa AJAWHBL BOJHH W 3aTeM go3Bpamiaerce ofpatuo.
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OTKVAA
» . n . .
ij = arcsin (72: sin 12) s

. . n o s . n . .
i, = arcsin (—’; sin 13) = arcsin [—n—o- sin (ip + ﬁ)] .

[ToxcTaBUB 3TH 3HaueHHs YIVIOB iy ¥ iy B popmyay (1.9),
TIONIYYHM YTOJI OTKJIOHEHHs JIyua, JieXallero B IJIaBHOM Ce-
YeHHH, KaK QYHKUHIO yria i

. n . . . n «
a = arcsin [;— sin (i, + ﬁ)] — arcsin (E sin 12) -9, (1.11)
0 .
Yroa oTk/ioneHns OyLeT MIHHMAJbHBIM NPH BHIIOJHEHHH

yCNoBUs
do . (n/no)cos(ip+®) (n/no) cos iy

dis V1-=[(ajny)sin(i;+8)2  V1—[(n/no)sin i)

Jlerko BHAETb, YTO 3TO YCJOBHE BBINOJNHAETCS B IBYX
cayuasax:

) o+t O=iy 2) h+8=—i,.

[Tockoabky & =+ 0, QuU3NUECKUT CMEICT HMeeT JHMUWbL BTO-
poe pellleHHe, COrJacHO KOTOpOMY

. ) . .
lg=_"2-, T. € lg=—13

[em. (1.8)] Orciona BoiTeKaeT, YTO YroJ OTKJOHEHHS o
MHHHMaJIeH IPH CHMMETPHYHOM OTHOCHTEJILHO TrpaHell Xole
ayueir B npusme. B stom cayuae Boipaxkenue (1.11) umeer
BH]L:
. fn . B
Omia = 2 arcsin (—sm —) — 9.
ny 2
W3 3TOro cOOTHOLIEHHS ,JIETKO HaHTH OTHOCHTEbHEI
noxasareab NPeJOMJCHHA IPUSMEI
rn_ sin [(® 4+ amin)/2] 1
ng sin (8/2) ) (1.12)
Taknm o06pa3oMm, nokasaTeNb NPeJOMIEHRST TNPU3MBL NO
OTHOIUEHHNI0 K OKpyxXalolllefl ee cpele MOxKeT GbITb oOIlpe-
Je/leH NyTeM H3MepeHHsI YIJOB & U Qmin.
PaccmorpuM ciyuaif, Korja IpeJoMJAsiOUIMA yroa O
ovenb Maa, OTmeTuMm, yto npH ¢ = 0 npH3Ma NpeBpalLaercs
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B MJIOCKONApaJJeNbHYIO [JIACTHHKY, KOTOpast He H3MeHser
Hanpasaenus jyua (o = 0). Pasjgoxum nepsoe ciaaraemoe
Boipaxenus: (1.11) B psg mo crenensim ¢, npenebperas wie-
HaMH BBICUIHX TOPSIAKOB MaJIOCTH:

(n/ngy) cos iy
V 1=[(n/no)sini,]?

arcsin [ﬁ sin (i2+ﬁ)] = arcsin (i sin i2)+
Ny 1o
Torpa ¢opmyaa (1:11) npunumaer BHA:

- (n/ng) cos iy — 8
V 1—1[(n/no) sin iy]? '

Corsacuo (1.10) (n/ng)sinis = sini,. [TosaTtoMy KOpeHb,
CTOSILMA B 3HAMEHAaTes e, MOXKHO 3aMEHHTb Uepe3 COS iy:

a=(i cosiy _ 1)0. (1.13)

Rg COS I

Ecan yrawl iy W iy He OuyeHb BeJHKH, MHOXKHTE/b
€08 iz/coSs {; MaJO OTJHYAETCS OT eIHHHILBI, TAK YTO AJS Bbl-
YHCJIEHHS yIJla OTKJOHEHHS MOMKHO I10J1b30BaThcst NPUOGJIH-
XKeHHofi ¢opmynoit:

n
a=(Z—1)o. (1.14)
fip

B ta6a. | npuBemeHn 3sHaueHUMs yria o Kak (YHKIHH
yraa iy aasa cayuas nfny = 1,6 1 ¢ = 10’. Bo Bropom cronb-
Le JaHbl 3HAYEHMS, IOJNyUYeHHBle Mo TouHoil dopmyae (1.11),

Tabauyga 1

@, BHIYHCJIeHHKIT 1o ¢op- o, BuugcAenusit no dop-
i My.Jie: i MyJe:
L1 (1.13) (L | am

1° 5 007 500~ 50° 10 077 107 04~
10° 508" 5 08" 60° 14 37”7 , 147307
20° - 57 33" 533" 70° 24’ 38" 24 11"
30° 621”7 6’ 20”7 80° 59’ 00”7 55 09"
40° 743" 7427

B TpPeTbeM CTOJIOIe — BhIUHCJEHHbIE 110 NPHOIHKEHHOH (op-
myae (1.13). [To dopmyne (1.14) B aTom ciyuae noaydaercs
o =95 Kak BugHO M3 TaOauubl, NpPH yIrjiax NageHus [y,
MeHbluHX 10° yros o MpakTHYECKH HE 3aBHCHT OT iy.
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§ 2. PasBute npeacraBieHui 0 npHpoje cBera

B konue XVII B. nmouTH ONHOBpPEMEHHO BO3HHKIH JIBe,
Kasajochb Obl, B3aMMOHCKJIOUYAOWMe Teopun cBera, Huwotou
OPENJIOXKHI TEOPHUIO HCTEUYEHHS, CONJIACHO KOTOPOH
cBer npeicTapiaseT coBeoil NMOTOK CBETOBBHIX YaCTHL (Kopmy-
CKyJ), JETSAWHX OT CBETALIEroCs: Tejia 110 NPSIMOJHHEHHBIM
TpaekTopuaM. I'lofireHc BHIABHHYJA BOJHOBYIO TEOpPHIO,
KOTOpas paccMaTpHBajla CBeT KaK YIPYIYIO BOJIHY, Pacnpo-
CTPaHAIOUWLYIOCH B MHPOBOM a¢Hpe. B TeueHHe cTa ¢ THUIHHM

JIeT KOpPIIYCKYJsipHAs Teopus
Un uMena ropasio OGoJbllie NpH-
BEPIKEHIIEB, YeM BOJHOBAsL
p gzmaxo B Hayane XIX B,
7 eHeNI0 YAAJOCh HA OCHOBe
7 % 4 rn Bogmosux npeAcTaBaAeHHH
Lpede 2 OGBLSICHUTL BCe H3BeCTHHIE B
TO BpeMs ONTHUYECKHE sBJe-
nusi. B pesynbrarte BOJHOBast
TeOpHs CBeTa IOJYyYHJa BCe-
o o obulee mpusHamue, & KOpMyc-
(A B KyJsipHasi Teopuss Oba 3a-
OblTa HOYTH Ha CTOJETHE.
Puc. 6, 3ameruM, 4to 00e TEeopuUu
IPHBOASIT K PAasjiHyHOH 3aBH-
CUMOCTH MexAYy NOoKa3lateleM MPeJOMJCHHUA H CKOPOCTHIO
cBera B BelecTBe. HplOTOH cuHTaJ, YTO MpejioMJIeHHe CBeTa
BbI3BAHO NEHCTBHEM Ha CBETOBBIE KOPHYCKYJH Ha TpaHuie
JABYX cpell CHJ, H3MEHAIOUHX HOPMaJbHYIO COCTABJSAIONLYIO
CKOpOCTH KOpTyckysl {puc. 6). M3 pucynka ciaemyer, uto

- e L e ]

iv

R i) . . v
sinij=—"%,  siniy= i

2

nOCKOJIbe- TAaHr€HUHadbHaa COCTaBAdl0INas CKOPOCTH

HE H3MEHACTCH (UH = 021), JOJ2XKHO BLINOJHATLCA COOTHO-
HICHHE:

sin il . Uy

siniy U1

B

ConocTaBuB 3TO BHIpa)KeHHe C 3aKOHOM MpeJOMJeHHs
(1.2), nonyuuM, 4TO M4y == Ux/vs. Ecau mpenomsienne npouc-
XOIUT Ha UpaHHIle BAKyyMa C BeIIECTBOM, TO ;3 paBeH abco-
JMOTHOMY I10Ka3aTesll0 NpPeJOMJEeHHs Nz BTOPOTO BellecTBa,
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a CKOpOCTb Uy paBHa CKOPOCTH CBeTa B mycToTe €. B 3TOM
ciiyyae, ofycKassHHAEKC 2 MpH n U U, HAXOAHM, UTO

n=—z—. 2.1)

BoauoBasi Teopusi NIPHBOAHT K OGPATHOMY COOTHOWEHHIO.
IToctpoum no npunnuny Iwirenca (cu. T. I, § 83) Boanooi
¢pout npesomienHoit BoaHbl (puc. 7). Ilyctb Ha mosepx-
HOCTb pasjiesia [ABYX -Cpel Majaer NJOCKasA BOJHA ¢ (PpoH-
Tom AA’. BosnoBo#i ¢poHT BO BTOPOi cpele MOMHO NOJaY-
YHTb, NPOBeJst orubaio-
HIYI0O BTOPDHYHBIX BOJIH,
HEHTPH KOTOPHX JeXKAaT
Ha TIOBepXHOCTH pasie-
na cpex. Ecan yroa na-
JIeHHs1 OTJINY€H OT HYJIA,
pasiuuHble = YYacTKH
BOJIHOBOrO ¢poHra AA’
JNOCTHTHYT HPEJOMJSIO-
uiel MOBEPXHOCTH He Oll-
HOBpeMeHHO. Iloatomy
BO30yXKJeHHe  BTOpPHUU- Pac. 7.

HOH BOJHBI B TOuKe A’

HayHeTCs paHbiiie, 4eM B TO4YKe B, Ha Bpemsa Af, HeoG-
X0AHMOe JJA Toro, 4roObl BOJIHA B TEpPBOH cpele Npo-
wiaa nyre AB = v,Af. Takum obpasoM, B MOMEHT, KOT/a
HauHeTcs BO30yXKAeHHe BTOPHYHOH BOJHBI C EHTPOM B TOY-
Ke B, BosHa ¢ LIeHTPOM B TOouKe A’ ycreer NMPOATH BO BTOPOi
cpene- nytb A’B’ = vsAf. Bo3byxiaeHne BTOPHYHOH BOJHBI
B Touke C, Mexaulell Kak pas mocepefuHe MexXAy TOUKaMH
B u A’,-nauHeTcs ¢ 3anasfbiBaHHeM HA BpeMsi A#/2, TaK uto
5Ta BOJHa ycreeT NMPOUTH BO BTOPOH cpelle NYTb, PABHBIA
vsAt/2. Orcrofa ciepyer, uTo PPOHT NpeNOMJICHHON BONHBL
OyIeT MJIOCKUM.

B usorponHoil cpeie JyyH nepneHAUKYASDHB K BOJHO-
BbIM TOBepxHOCTAM. Tloatomy yros AA’B -mexny npenom-
JS0eH NAOCKOETHI0 U (HPOHTOM Najaioluedl BOJHH paBeH
yray najgenus iy. Anajorunuso, yroa A’BB’ mexny npedom-
JSIOLIeA MOBEPXHOCTbIO U (POHTOM NpeJOMJEHHOH BOJHH
paBeH yray npejomJensis ip. F3 puc. 7 caenyer, 4ro

P vy At P vy Af
sm11=—§A—,-, Slﬂl2=‘—'i;‘.
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[Mogenus 3tH BhIpa)KeHUs APYr Ha Apyra, npuiem K ¢op-
MyJe
sin iy U
siniy vy °
Comnocrasaenne ¢ ¢opmynoir (1.2) maer, uro fg = v/vs.
Hakonen, nonarasi BMecTo cpeiabt I BaKyyM U OmycKaa HH-
JeKC 2 NIPU 1 B U, IOAYYHM COOTHOLUEHHE

n= %, (2.2)

ob6paTHOe COOTHOMEHHUIO (2.1) KOPNYCKY/IAPHOHA TEOPHH.

B 1851 r. ®yko u3MepHT CKOPOCTL CBETA B BOJE U MOJY-
yuJ 3HauyeHue, corsacymwileecs ¢ dopmyiaoi (2.2). Takum
ob6pasom 6110 MOJIYYEHO ellie OJHO HKCHEepHMEHTalbHOe J0-
Ka3aTeJbCTBO CNPAaBEAJIHBOCTH BOJHOBOH TEOPHH,

[TepBoHauanbHO CYHTAJIOCH, UTO CBET €CThb IONEpevyHan
BOJIHA, PACHpPOCTPAHSIONIAACA B THIOTETHYGCKOH yNpyroi
cpene, 6yATO Obl 3aMOJHAIOMIEH BCe MHPOBOE MPOCTPAHCTBO
W NoJyyMBINeH Ha3BaHue MuUpoBOro 3¢dupa. B 1864 r. Max-
CBeJJ1 CO3[ad 3JeKTPOMAarHUTHYIO TEOPHIO CBETa, COTIACHO
KOTOPOH CBET €CTh 3JeKTPOMATHHTHAsI BOJHA C LJMHHOH BOJ-
Hbl, 3aKqoyatoutefics B npegenax ot 0,40 o 0,75 mx1). Ta-
KHM 0o6pa3oM, Ha CMEHy YIPYTHM CBETOBBIM BOJHAM NpH-
IDJIH 3JEKTPOMATHUTHBIE BOJIHBL,

B konue XIX u B Hayade XX BB. pAJ HOBBIX ONBITHBHIX
(akTOB 3acTaBHJ BHOBb BEPHYTbCH K IPEACTABJICHHIO
06 0coGBIX CBEeTOBBIX 4acTHUaX —(oTOHAaX. Beuio yera-
HOBJIEHO, YTO CBET MMeeT ABONCTBEHHYIO NPHUPOAY, couerast
B cefe KaK BOJIHOBHIE CBOIICTBa, TaK H CBOHCTBA, IpHCyHlue
yacTHiaM. B opnux siBNeBHAX, TaKUX Kak HHTepdepeHuud,
audpakuua ¥ noaspH3auys, cBeT BeldeT cebA KakK BOJHA,
B Apyrux (doroaddexr, apdexkr KomntoHa, 0 KOTOPLIX peub
uger B ri. 1X)— Kak NoToK yactuy ((POTOHOB).

BrocJiencTBHY BBIACHHIOCH, YTO JBOHCTBEHHafd KOpHy-
CKY/IiDHO-BOJIHOBAsl NPHPOJA IPHCYLLA HE TOJMBLKO CBETY (u
9/1EKTPOMArHUTHBIM BOJHAM B0OOIle), HO H MeJab4aHIiuM
YaCTHIAM BellecTBa — 3/IeKTPOHAM, [POTOHAM, HEATpOHAM
HT. 0. (cM. § 64).

1) 1 mx (mugpon) =105 m = 103 wn,
18



§ 3. Npunuun Pepma

B oxHOponHOR cpene cBer pacnpocTpPaHsercs NpsaMOJH-
HeilHo. B HeonHOpoxHOM cpelle cBeTOBbIE JIYUH MCKPHBAAIOT-
ca. Ilyts, mo koropoMmy pacnpocTpaHsercsa CBeT B HeOAHO-
POAHOMN cpeAe, MOXKeT ObiTb Haliien C NMOMOULLbIO TIPHHIKIA,
YCTAHOBJEHHOrO (ppaHUyscKHM MareMatukoM Pepma B
1679 r. IMpunnun depma raacur,
UTO CBET pAcCnpOCTPAHAETCA HO Ta- 2
KoMy nytu, 0aa npoxoxcdeHus Ko-
TOpo2O emy Tpebyercs MUHUMAAb- a5
Hoe spems.

Hna npoxoxpaenusr yuactka my-
TH ds (pHC. 8) cBeTy Hy:KHO BpeMs
dt = ds/v, tie v— cKopocTh csera 7
B JIAaHHOH TOUKe Cpefbl. 3aMeHUB u Puc. 8.
depes ¢ U n no ¢opmyie (2.2),
nonyyum, 4ro dt = (1/c)nds. CnepoBatennHo, BpeMsa T, 3a-
TpauMBaeMoOe CBETOM Ha NPOXOXKAeHHe MYTH OT TOYKH I 1o
TOYKH 2, MOXKHO BBIUHC/IHUTE 1O (opmyJie

2
1
r=~fnds.
c
1

Cornacno npunnuny Pepma t f0MKHO GBITE. MUMHUMANb-
HbiM. TlockoabKy ¢ -— KOHCTaHTa, HOMKHA GHTH MHHHMa/bs
Ha Be/lMYHHA

2
L= {nds, (3.1)

1

KOTOPYIO Ha3blBal0T ONTHUYECKOH MAJAUHOH NyTH,
B oneoponHoOit cpege onTHUecKas AJMHA TYTH paBHa NPOH3-«
BEJeHHIO TeOMeTPHUYeCKOoH NJHMHBL. NYTH § Ha INOKas3are/b
npeJoOMJIeHUst cpelbl A:

L =ns. (3.2)

IMpunanun Pepma MoOXHO chHOpMYJUPOBATH CJHEAYIOUIHM
o6pasom: caer pacnpoCTPanaercs no TAKOMYy nyru, onTute-
cKQn OAUHQ KOTOPO2O muHumasbHal),

1) Tounee, onTHyeckas JMJAHEA TyTH JAONMHA ObITb 3KCTPeMasbha,
T. e. Au60 MHHMMaJjbHa, 1u60 MaKcHUManbHa, JHOO CTalHOHApHA — OJH-
HaKOBa JAJS BCeX BO3MOXKHBIX NyTeit. B nocneinem cayuae Bce NYTH
CBeTa MEeXJy HBYMSl TOUKaM¥ OKasbiBAlOTCA TAYTOXPOHHEIMHU (Tpe-
OyIOmuMH JJI5 CBOEr0 NPOXOXKACHHMA OLMHAKOBOTO BPeMEHH).
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3aKOHbl OTPAKEHHA H NPEJIOMJIEHHsS CBETa BBHITEKAIOT H3
npunuuna ®epma. IlycTs cBer nornajaer us TOYKH A B TOU-
Ky B, OTPa3uMBIIHCH OT MOBEPXHOCTH MN (puc. 9). Cpena,
B KOTOPOIl MPOXOMHT JY4, ORHOPoAHA. [TosTOMY MHHHMAJb-
HOCTh OINTHYECKON JJIMHBI MyTH CBOAMTCS K MHHHMAaJbHOCTH
ero TeOMeTpHUYeCKOl NJHHB, ['eomerpHueckas AJnHA NMPOH3-
BOJIbHO B3sTOro nytu pasia AQ'B = A’0’B - (BcioMoraTeds-
Hasi Touka A’ aBisietcs 3epKalbHbIM H306paxKeHWeM TOHYKH
A). U3 pucyHKa BHIHO, 4TO HaHMeHbIIeH IJuHOl o6Jazaer

A4

5/

~

4

Y
n
S
]

]
]
'
H {
: |
1 7
M ! 9 A
ZANIR I T L7
“d : 1 r -
N ! ) |
AN 1
AN ¢ 2, b et
NN ! f
SN} 1
AN !
N 4
A 8
Puc. 9. Puc. 10.

nyTh Jy4ya, OTPA3HUBUIEroCs B TOUKE O, AnRs KOTOPOro yrod
OTPaXKeHHs paBeH yIay Majenus. 3aMeTHM, UT0 UpU yxaJje-
aud Toukr O or rtoukn O reoMerpHueckas RauHa IMyTH He-
OrpaHHueHHO BO3PACTaeT, TAK UTO B AAHHOM C/yuae HMEETCH
TOALKO OJMH 3KCTPEMYM ~— MHHHUMYM.

Tenepb HaiAeM TOUKY, B KOTOPOH JOJKCH MPEJOMUTHCA
Jayd, pacnpoctpanssch oT A K B, utoGsl onrtuieckas AMHHA
nyTH Gbifia SKCTpeManbHa (pHC. 10). s npoH3BOJIBLHOTO
Jiyud ONTHYeCKas [JNHHA NMyTH PaBHA

L=ns +n,8,=nVE+e +n,Vai+b—xF.

UroGp HaliTH SKCTpeMa/ibHOe 3HAuenue, npoxupepen-
yupyem L mo x ¥ mpupaBHsieM NOJNYYEHHOE BbIDAMCHHUE

HyJ1I0:

dL nx ng (b—x) X _n b—x =0
= = T TS =~ =03 =v.
dx Va% + x2 Vai+ (- x)? Si- S2
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MHOXUTEAN NPH #y U Ny PABEbI COOTBETCTBEHHO Sin i H
sin i;. Takum 06pa3oM, Mhl IPUXOAHM K COOTHOLIEHHIO

n,sini; = ny sin iy,

BbIpaxarwliieMy 3aKOH HNpeqoMJCHHd.

§ 4. Cxopocts cBeTa

[MepBrie onpeaenenusa ckopoctd cpera ObIM  ocymie-
CTBJEHBI HA OCHOBAaHAM aCTPOHOMHYECKHX HaOJIIONEHHH.
B 1676 r. marckuii actpoHom Pémep ompejenns CKOpoCTb
cBeTa M3 HaOGJIOJEeHHH 3a 3aTMEHHAMHU
cnytaukos Onutepa. Ou nodyuua [as /’fg’yj;%{;’”"

4
¢ snayenne 215000 xa/cex. }

HBuxenne 3eman no opburte npuBo-
IHT K TOMY, 4TO BHAMMOE HOJIOXEHUE
3Be3]l Ha HeGecHol chepe usmeysiercss. - (<= Lozennns
J10 sBjieHHe, Ha3biBaeMoe abepp a-
uHeH cBerTa, HCMoAb3oBaa B 1727 r.
aHrJuickuii - actponom Bpensawn ans onpe-
Jle/leHHs CKOPOCTH CBeTa. !

[IpeanosoxumM, 4T0 Hamnpap/eHue Ha j
na0Ji0aeMyl0 B TeJIECKON 3Bes/fly mnep- !
NEHAUKYASAPHO K MWIOCKOCTH 3€MHOl Op- t

!
§
[

T

Outel. Torpa yron Mexiy HanpabjeHH-
€M Ha 3Be3Ly M BEKTOPOM CKOPOCTH
3emaun v Gyger B TeueHde BCero roxa '”;U‘ Oryomap

pasen m/2 (puc. 11). Hanpasum ocp —
TeJECKOITa TOYHO Ha 3Be3ny. 3a BpeMd T,

KoTOpoe Ttpebyercas creTy, 4TOObl NpPOfi- or

TH paccToslne OT OGBLEKTHBA N0 ORYMA-

pa, TeJeckol CMeCTHTCs BMecTe ¢ 3eM- Puc.
Jgeil B MepneHjUKyJIsPHOM K Jyuy -CBeTa
HanpasAeHHu HAa paccTosuue uv. B pesyavTate n3oGpaxe-
HHe 3Be3/lbl OKaXeTCs He B HEHTpe okyJapa. [laa Toro gro-
O M306pakeHHe NOJYYHJIOCH TOYHO B UEHTPe OKyaspa,
HYKHO NOBEPHYTb OCh TeJeCKONa B HaNpapleHHH BeKTOpa v
Ha yroJ o, TAHTEHC KOTOPOro, Kak BHAHO u3 puc. 11, yao-
BJIETBOPSIET YCJOBHIO

I1.

tga=—". (4.1)

Touno Tak e Najalome BePTHKAJAbHO Kamju Ao-
KA NPONETAT CKBO3b AJHHHYIO TPYGy, YCTAHOBJECHHYIO
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na JABHXKYIleficd TemexKe, JHIIb B TOM CJAydYae, ec/iH He-
MHOTO TOBEPHYTh OCh TPYOBl OT BEPTUKAJM B HATpPAaBJICHHH
ABMIKEHHS TeJIeXKKH.

Hrak, BuauMoe noJjoKeHHe 3Be3fbl OKa3blBaeTCsl CMe-
U(EHHBIM OTHOCHTEJBHO HCTHHHOrO Ha yroJ a. Bekrop cko-
poctH 3eMJin BCe BpeMs NOBOpauMBaeTcss B MMJIOCKOCTH Op-
oure. [losTromy ocp Teseckona TOxE MOBOpauMBaeTcs,
ONHCHLIBAf KOHYC BOKPYr HCTHHHOTO HampaBJAeHHA HA
ape3ny. COOTBETCTBEHHO BHAMMOe IOJOXKeHHe 3Be3dbl Ha
neGecHoil cdepe onuchbiBaeT OKPYXKHOCTb, YrJOBO# Aua-
MeTp KoTopoil paBed 2¢. Eciu HanpaBneHHe Ha 3Be3lLy
ofpa3yeT ¢ IJIOCKOCTBbIO 3eMHOil OpOHTHI YroJ, OTJIHYHBIH
OT NPAMOrO, BHAMMOE NOJOMKeHHe 3Be3[bl -ONUCHiBaeT 3J-
gmnc, Gosbliasi och KOTOPOTO HMMeeT YIVIOBOi pasMep 2a.
Jlna 3Be3jnl, Jexalllell B MJOCKOCTH OpOHTH, 3JUIHNC Bbl-
poMAaeTCs B NPAMYIO.

Hs acrponomuueckux HaGmogeHuit Bpaanu Hawesa, yTo
2a = 40”7,9. CooTBeTcTByMOIlee 3HAYECHHE €, NMOJYYEHHOE IO
dopmyase (4.1), oxaszanoch paBeHbiM 303 000 xu/cex.

B seMHEIX yCJIOBHSIX CKOPOCTh CBeTa BIepBble Oblla H3-
mepena dpannysckum usukom ®uso B 1849 r. Cxema onsi-
ta u3o6paxena Ha puc. 12. CBer or HCTOYHMKA S. najaan

Puc. 12

Ha NOJYNpo3paunoe 3epkano. OrpasuBlIHiCA OT 3epKasa
cBeT nonaaasn Ha Kpa#l ObICTPO Bpaumlamllerocs 3yo6yaToro
Jucka. Besakuit pas, Korza npoTHB CBETOBOTO MYYKA OKAa3H-
BaJlacb NpOPe3p MEeMAy 3y6namu, BO3HHKAJ CBETOBOH CHI-
Ha.u KOoTOpuifi Joxonua o sepkana M u orpaxanca obpat-

Ecau B MOMeHT, KOrza cBeT BO3Bpalllafcsi K JIHCKY,
m)onm Iyyka OKa3blBaJjach NpOpe3b, OTPaXKeHHBIH CHTHAJ
NPOXOAHJ YACTHYHO yepe3 MOJyNpo3payHoe 3epKajo H IO-
nafaa B raas mabmopatens. Ecau Ha O0yTH OTPa)KeHHOTO
curHajia OKasmbiBasics 3yben AMcKa, HabJoAaTelb cBeTa He
BUAEN,
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3a BpeMms t = 2//c, KOTOpPOE CBeT 3aTpaunBaj Ha NPOXO-
JKJeHHe NyTH A0 3epkaja M u obpaTHO, HUCK YcCHepal
NOBEPHYThCA HA yroa A@ = ot = 2lw/c, rie o — yraosas
CKOpOCTb BpalleHus1 aucka. [Ipy nocreneHHoM yBenHue-
BHH @ yron Ag Bospacrtan. Korjga OH jgocTuraj 3HaueHHs
(1/2) (2n/2) (z—uucno 3y6beB Ha AHCKe), HAGJOAANOCH
nepBoe 3arteMHeHHe. EMy cooTBercTBOBasa yrjaoBas CKo-
pPocTh ® = »y. BTOpOe saTeMHeHKe MOJAYYaJoch MPH TAKOH
CKOPOCTH © = (g, AJs1 KoTOpoit Ag = (3/2) (2n/2), Tperbe —
apu A¢ = (5/2) (2n/z), u t.4. ¥YcaoBue k-ro 3aTeMHEHHs
MOXKHO 3amHucaTh B BUIE

2"%_( 1>2n

: =\k—3) 7

ITo sTo#1 ¢opmyne, 3Has I, 2 H YIJIOBYIO CKOPOCTb @k,
npu KOTOPOH IoJyvaeTcss R-e 3aTeMHEHHe, MOXHO Ofpefe-
JIHTb CKOPOCTh cBeTa ¢. B onbite @u3o ! 6u1sio okono 8,6 K4t
s, ¢ noayunsock 3Hauenue 313 000 xu/cex.

B 1928 r. nna onpexnesiennst CKOpOCTH cBeTa ObLIH NpH-
meHeHbl auefikn Keppa (cm. § 33). C ux TiomMouibio MOXHO
OCYL1eCTBHTb NpepbIBaHHE CBETOBOrO MyuKa ¢ ropasjao 60Jb-
weil yacroroit (~ 107 cex™!), uem ¢ momombio 3ybBuartoro
AHCKa., DTO NO3BOJIHJIO IPOM3BECTH H3MePeHHs ¢ mpu [ no-
pALKa HeCKOJbKHX METpOB.

MaiikesbcOH npom3Bes HECKOJIbKO H3MEPEHHH CKOPOCTH
cBeTa MeTOAOM Bpaluaioumefics TpuH3Mbl. B onbiTax Mai-
KeJlbCOHa, ocyiiecTBaeHHEX B 1932 1., cBer pacnpocTpansi-
¢ B TpyOe AanHOH 1,6 KM, U3 KOTOPOH Ol OTKa4aH BO3AYX.

B Hacrosililee BpeMsi CKOpPOCTb CBeTa B nycrote NPHHH-
MaeTrcsl paBHOH

c=299792,5 £ 0,3 xufcex. (4.2)

§ 5. CeperoBoii notok

DlleKTpOMarHHTHass BOJHAa HeceT ¢ COGOA 3HEprHIO.
[lnoTHOCT NOTOKA 3HEpPrun naercs Bektopom [lofiHTHHTA
(em. 1. II, § 112). Beskas peanbHasi 3/1e€KTPOMarHHTHas
BOJIHA NpeAcTaBiaseT coboifi HaloXeHue KojeGaHuMA ¢ AJH-
HaMH BOJIH, 3aK/JIOCYEHHHIMH B HEKOTOPOM HHTepBaje Al.
ITOT MHTEpBa/] OCTAeTCsl KOHEYHbIM AaXe AJs MOHOXpoMa-
THYeCKOH (OJHOIBeTHOM) CBeTOBOI BOJHBL. B Gelom cpete
A) oxBaThiBaeT BeCb [JHANa30H BOCNPHHHMAaeMbX IN1a3oM
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9JIeKTDOMArHUTHBIX BOJH, T. €. npoctupaercsa ot 0,40 jo
0,75 ux.

Pacnpenenenue sueprud motpka [0 AJMHAM BOJH MOXK-
HO 0XapaKTepH30BaTh C NOMOILLIO (DYHKIHH pacnpeleseHns

() =G, G.1)

rae d®, — HOTOK HEPruM, NPUXOAAMMIICA HA JJIMHBL BOJH
OT A Ho A + dA.

i
4

ag , \

a4
RN

pr!

e S

v
qu q45 g qs 460 465 47 47% A

Puc. 13.

[Norok anepruu, nepeHOCHMbIH BOJHAMH, 3aK/IIOYEHHBIMH
B KOHEUHOM HHTepBade OT Ay KO Xz, MOXKeT ObITb MpejfcTa-
BJIEH cAelLyiolHM o0pasom:

Az
@, = | o(a)dr. (5.2)
Ay

JefictBue cBeTa Ha ria3 (CBeTOBOE OLIYIUEHHE) B CH.b-
HO¥ CTeleHH 3aBUCHT OT JJIHHBI BOJIHbLL DTO JErko NOHATH,
€CJIH y4yecTb, YTO JEKTPOMATHHTHbie BOJHBI C A, MeHblUeil
0,40 ux wu Goublueir 0,75 MK, COBCeM He BHI3BBAIOT 3PUTE/Ib-
Horo owmymeHusd. YyBCcTBHTEAbHOCTD CpeaHero HoOpManbHOro
4EJIOBEYECKOTO I/1a3a K H3NYUYCHHIO Pa3HOi AJIMHBI BOJHH
JaeTcsi Tak HasbiBaeMoit KpUBOH BHAHOCTH (puc. 13).
Ilo ropu3oHTa/ bHO# OCH OTJOKeHa AAHHA BOJHLL A, 0O Bep-
THKAABHOW OCH — PYyHKUHUSA BUAHOCTH V(M. Hano-
Jiee YyBCTBHTE/NEH TIJa3 K H3JYUeHHI0 C AJHHOH BOJHEL
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0,655 -mx1) (3ejeHas yacrb CHektpa). PYHKUHA BHAHOCTH
AJ5 3TO JJUHEL BOJIHBL NPUHATA paBHON eanuuue. [Tpu Tom
JKe OTOKE SHEPrHH OUeHHBaeMast 3pUTe/NbHO HHTEHCUBHOCTD
cBeTa AJg APYrUX JJMH BOJMH OKasniBaeTcs MeHblue, CooT-
BETCTBEHHO H QYHKUHA BHAHOCTH AJst 3THX AJIHH BOJH MEHb-
e eIMHULb. 3HaueHHs (QYHKUHM BHIHOCTH 0GpPaTHO Mpo-
NOPUHMOHAJbHE BEJHYHHAM 3SHEPTeTHYECKHX MOTOKOB, KOTO-
pbie BHI3BIBAIOT OJHHAKOBOE MO HMHTEHCHBHOCTH 3PHTE/bHOE
ollylLeHye:

V(A) _ (dDs),

V() (dDs)

Tak, nanpumep, V(1) = 0,5 o3Hauaer, 4TO AR [OAYYE-
HHY 3PHTENBHOIO OLUYIEeHHSl TAKOH e HHTEHCHBHOCTH €BET
IaHHOH AJHHBI BOJIHBL. JOJIXKEH HMETh SHEPTETHUECKYI0 MOIL-
HOCTE B JBa pasa  604bmIyio, 4eM CBeT, [Jf KOTOPOFo
V(i) = 1. BHe uHTepBaJa BHAHMBIX [IJHH BOJH (GYHKIHS
BHAHOCTH PaBHA HYJIO.

s xapakTepHCTHKM HHTEHCHBHOCTH CBeTa C YYeTOM
ero COCOGHOCTH BLI3BLIBATb 3PUTEJbHOE OLLYIIEeHHe BBOLUTCH
peqnudHa @, Ha3biBaeMasi CBETOBHBIM NOTOKoM. Jas
HHTepBala dA CBETOBOH NMOTOK OnpeiessieTcss Kak NpoH3Be-
JleHHe IOTOKa 3JHEpPrHH Ha COOTBETCTBYIOLlee 3HadyeHHe
(OVHKUMH BHEHOCTH:

d® =V (1) d,. (5.3)

BripasuB HOTOK 3Hepruu yepe3 (YHKUHIO pacnpejelne-
Hill 3HEPTrHH HO MAJAMHAM BOJH coryacHo dopmyne (5.1),
MOKHO HAIHCATh:

d® =V (1)@ (1) dA. (5.4)

[Tonubiil cBeTOBOl MOTOK paBeH

oo

= [ V() e@)dr (5.5)

0

Oynkuusg BugdoctH V(L)— Ge3pasmepHas BeJHYHHA.
CnenoBaTeabHO, pa3MepHOCTb CBETOBOTO MOTOKa COBHajaer
C pa3MepHOCTBIO [OTOKa OSHEPrHH. IDTO AaeT OCHOBaHHE
ONpeAe/HTh CBETOBOH MMOTOK KaK MOTOK AYUUCTOL 3Hepeuu,
OyenusaeMolli NO 3PUTEALHOMY OULYULeHLIO.

1y Hsurepecno 1o, uto B usaydenHn Coisua 3ta AAMHA BOABI npeg-
CrasaeHa ¢ HauGoAbluell HHTEHCHBHOCTHIO,
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§ 6. PoromeTpuuecKHe BEJAHYHHBI W KX CAHRHUHL

Cuna ceera. HaszoseM ToueunbM Takoli MCTOYHHK
CBETa, pasMepaMH KOTOPOro MOXHO npeHebpeus No cpaBHes
HHIO € pACCTOSIHHEM OT MecTa HabJofeHUsT N0 HCTOUHHKA,
B oxnoponnoii u H30TpONHO# cpele BOJAHE, H3MyyaeMas TO=
UEUHBIM HCTOUHUMKOM, Oyner ctepuueckoil. Haa xapaxrepu-
CTHKH TOYEYHBIX MCTOYHHKOB CBeTa HpHMeHsercd CHJIaA
cBeTa I, Kotopas omnpeieSsieTcs KaK IOTOK H3JyYEHHR
HCTOUYHHKA, NPUXONAIMHICA HA eAMHHILY TEJECHOTO Yrja:

dd
1= (6.1)

(d® — cBETOBO! TOTOK, M3JYyYaeMblii HCTOYHHKOM B Ipefe«
Jlax TejecHore yraa dQ).

B ofumeM cayuae cHja cBeTa 3aBHCHT OT HaNpaBJjeHUA:
I=1(8,¢) (O u ¢—nONAPHBIA U a3HMYTAJNbHLIH YIJbl B
cbepuueckoil cucreme koopaunar). Ecan I He 3aBUCHT OT Ha-
NpaBJeHus, UCTOYHHK CBETa HasblBaeTcq M3O0TPONMHBIM.
JJ15 B30TPONHOro HCTOYHHKZ

41

I=%

(6.2)
raie @ — NOJHBLI CBETOBOM NOTOK, H3JAydaeMbii HCTOYHHUKOM
TI0 BCEM HATIPABJCHHAM,

B cayyae npOTsHKEHHOTO WCTOYHHKA MOMKHO TOBODHUTD
0 cusie CBeTa 3JeMeHTa ero nosepxuoctu dS. Toraa nox dD
B opmyse (6.1) ciepyer nOHUMATh CBETOBOH NOTOK, H3JY-<
YaeMblil 37€MEHTOM NMOBEPXHOCTH dS B mpefenax TeJNecHOro
yraa dQ.

Eaununa cuanl cBeTa—cBeua (c8) sBasercs ORHON U3
OCHOBHBIX efunnu MexaynapoaHoir cucremsl exunuy, (CH).
Ee 3naueHne npuHUMaercss TakuM, utobbl sipkocTb (CM.
HHKe) T0JHOrO H3JyuaTensl NpU TeMnepaType 3aTBepieBa-
HHA IJaTHHBL Oblia paBHa 60 ¢s Ha 1 cu2 (TOCT 9867-61).
[Tox modHblM H3nyyYaTeseM NOHMMaeTcs YCTPOACTBO, 00Ja-
Aawoinee coiictBaMu abcomoTHO uepHoro teaa (cm. § 50).

CeeroBoit norok. Enunuiell CBeTOBOrO NMOTOKA fABJAETCH
fHioMeH (anm). OH paBeH CBETOBOMY HOTOKY, U3J1y4aeMOMY
H30TPONHEIM HCTOUHHKOM ¢ CHJIOH cBeTa B | ¢8 B mpegenax
TeJEeCHOr0 yryia B OJMH CTepaanaH:

1 am=1cs-1 crep. (6.3)
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OnbITHBIM NyTEM YCTAHOBJAEHO, 4TO CBETOBOMY MOTOKY

B 1 am, oOpasoBaHHOMY H3Jy4yeHHeM C [OJHHOA BOJIHBI

% = 0,555 mK, coorsercrByer notox sHeprum B 0,0016 sar.
Beanuuna

A=0,0016 ar/an (6.4)

HOCHT Ha3BaHHe MeXaHHYEeCKOr0 3KBHBAaJeHTAa
cBerTa.

CseroBoMy nOTOKY B | 4M, 00pa3soBaHHOMY H3JIyUEHHEM,
aast kKotoporo ¢yHkuusi BuaxocTH pasHa V(A), coorser-
crByeT notok sHepruu B A/V (L) sT.

OceemenHoctb. CTellenb OCBELIEHHOCTH HEKOTOPO# IMo-
BEPXHOCTH MajalollMM Ha Hee CBETOBLIM [OTOKOM XapakKre-
pH3yeTcsl BeJIMYMHOH
dQuyz

E=—as»

(6.5)
Ha3biBaeMOil oCBeleHHOCTbI0 (d®gayg— CBETOBON [10-
TOK, Najalouuil Ha 3JeMeHT noBepxHocTH dS).

Enunanueil ocBelleHHOCTH sBJsieTcss JAWKcC (1K), pas-
Hbill OCBeIleHHOCTH, CO34aBaeMoil NOToOKOM B 1 .M, paBHO-
MEepHO pacupefeseHHbIM IO [0-
BepxHocTH B | Mm%

1 ak=1an:1 M), (6.6)

Ocseuennocts E, cozgaBaemyio
TOYEYHBIM HCTOYHHKOM, MOXKHO Bbi-
pasurk uepes cuay csera [/, pac-
CTOSIHHE 7 OT NMOBEPXHOCTH IO HC-
TOYHHKA M YyroJl o MexAy Hop-
MaJ/bio K [OBEPXHOCTH N ¥ Hampas- Puc. 14.
JeHHeM Ha ucrounHk. Ha miomaaxy
dS (puc. 14) nagaer notok d®p; = I dQ, 3axaoUYeHHbIR
B npedesnax TejJecHoro yraa dQ, onupawuierocs Ha dS.
Yron dQ pasen dS cosafrt. Caegosatenbio, d®gay =
= [ dS cos a/r2. Pazgenus 3T0T NOTOK Ha dS, MOJyuuM:

E =T (6.7)

r?

Cserumoctb. TIpoTsukeHHBII HCTOYHHK CBeTa MOXKHO
0XapaKTepH30BaTh CBETUMOCTBIO R Ppa3iuyHbX ero

!} Paubine npumensiace Takxe eAHHHUA OcseltentocTy — G o T (¢P):
=1 am:1 cn?=10* ax.
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YYaCTKOB, NOJA KOTOpOH MOHHMMAaeTcs CBETOBOH# MOTOK, MHC-
NycKaeMbii eJUHWIICH TNOBEPXHOCTH HApYXy MO BCeM Ha-
npasieHuaM (B npenenax 3sxadenu#t ¢ or 0 go n/2; & —
yroj, ofpasyemull RaHHbLIM HANpaBJIeHHEM ¢ BHeLIHed
HOPMaJbio K NOBEPXHOCTH):
- d(bncn
R = s (6.8)
(d@ucn — NOTOK, HCIyCKaeMbll HAPYXKY 110 BCeM Hampasic-
HUFIM 3/1€MEHTOM MMOBEPXHOCTH dS HCTOUHHKA).

CBeTHMOCTD MOXKET BOSHMKHYTb 3a CYET OTPaKeHHs Mno-
BEPXHOCTBIO Najatouiero Ha Hee cpera. Toraa noa dDucq
B ¢opmyae (6.8) caeayer MOHHMATb MOTOK, OTPasKEeHHbI
5JIEMEHTOM NOBEPXHOCTH dS MO ,BCeM HalpaB/IEHHSM.

CpeTuMOCTb H3MepsieTCs B TeX 3Ke efHHHIaX, UTO H OocBe-
HIEHHOCTb —B JI0Kcax, (M dorTax).

Apkocth. CBeTHMOCTD XapaxTepusyer Hajyuenue (WsH
OTPaXKeHHe) -CBEeTa NaHHbLIM MECTOM NOBEPXHOCTH MO BCEM
nanpabsJjenuaM. [Ina xapaxkTepuCTHKH H3JyueHHst (OTpaKe-
HMA) CBeTa B 3aJaHHOM HaNpaBJEHHH CJAYXKHT APKOCTH
B. HanpapaenHe MOXHO 3aiath HONAPHLIM yriaom ¢ (or-
CYNTLIBAEMHIM OT BHEWIHeH HOpPMaJaH n K H3aydaioued mio-
magke AS) M asUMyTaJbHLIM YT-
jJoM @. SIpKOCTb ompefedsieTcst Kak
OTHOILEHHE CHJIBI CBETa 3JEMeHTap-
HOH 1oBepxHocTH AS B JHaHHOM.
HaNpaBJeHHA K NMPOEKUUH [JI0Mak-
ki AS Ba NJOCKOCTb, NeprneHiH-
KyJAPHYI0O K B35TOMYy HanpasJe-
HHIO. '

PaCCMOTpHM 3JeMeHTapHbIf Te-
necHbll yroa df2, onuparomuics
Ha cBeTslylocs mIomMaaKy AS u

Pue. 15. OPHeHTHPOBAHHbLIH B HaNpaBJieHHH

(9, @) (puc. 15). Cuna csera nuno-

magkn AS B KannoM HanpapjeHHH COTJIacHO OTpeAeeHHIO

(6.1) paBna / = d®/dQ, rae d® — cBeTOBOH NOTOK, pacnpo-

crpausioinuiics B npedenax yraa dQ. Ilpoekumein AS na

IJIOCKOCTD, MepNeHiNKYIApHYI0 K Hanpasjenuo (9, @) (ua

puc. 15 cien 3To# NJAOCKOCTH H306pa)KeH NyHKTHpoM), Oy-

rer AS cos?. CrnenoBatenbHO, SPKOCTb N[O ONpeAeseHHIO
paBHa

dao
B = d2AScos?® (6'9)
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B o6iuem cayuae sipKOCTb pasjuyHa AJs pa3HbIX Halpa-
pienuii: B = B(9, ¢). Kak H CBeTHMOCTb, SIPKOCTb MOXKeT
6BLITh UCMOAB30BaHA AJsi XapaKTEePUCTHKH [MOBEPXHOCTH, OT-
paxaiolllel majalolldii Ha Hee cBer.

Coraacuo ¢opmyne (6.9) morok, usjydaeMmbld niomap-
Ko#i AS B npejenax TesecHoro yria dQ mno HamnpasJ/eHHIO,
onpenensiemomMy 9 H ¢, paBeH

d® = B(®, ¢)dQAScos?. (6.10)

VlcTouHMKH, IpKOCTb KOTOPHIX OJMHAKOBAa MO BCeM Ha-
npasiaeHdsam (B = const), HaspiBaloTcs maM6epPTOBCKH-
MHu (DORUHHSOIHMUCA 3aKoHy JlamGepra) HJIH KOCH-
HYCHBIMH (HOTOK, NOCBIJIAeMEI{i 3MeMEeHTOM [10BEPXHOCTH
TaKOTO HCTOYHMKA, MpornopuHoHaier cos ¢). Crporo caenyer
3akoHy JlamGepra TONBKO aGCOMIOTHO YepHOE TEJIO.

CeeTumocTh R H sipkocTh B j1aMGepTOBCKOTO HCTOYHHKA
CBA3aHBl NPOCTHIM COOTHOlIeHueM. UToOGw HafiTH ero, noj-
craBuM B-(6.10) dQ = sin 0 d9® dop n npounrerpHpyem nomay-
YeHHOe BhIpax{eHHe 1o ¢ B npegenax ot 0 no 2n u no ¢ or
0 no 7/2, yursi, utro B = const. B pe3yabrate Mbl HailieMm
MOJIHBIA CBETOBOH MOTOK, HCKYCKaeMblif 3J€MEHTOM NOBepX-
rOcTH AS namMGepTOBCKOr0 HCTOYHHKA HApYXKy MO BCeM Ha-
OpaBJeHHsIM:

o2n 2

Myen = BAS [ dg | sin®cos ® dd =nBAS.
0

0

Pasgenus 3TOT NOTOK Ha AS, mOJyYHM CBETHMOCTb [CM.
(6.8)]. Takum o6pasom, mjst 1aMOEPTOBCKOTO HCTOUHHKA

R=rnB. (6.11)

EayBuLell APKOCTH CJYKHT CBeYa Ha KBaJAPaTHH
meTp (c8/m?), uau HUT (HT). SIPKOCTBIO B ONHH HHT 06-
JajaeT paBHOMEDHO CBeTSALAsiCs IJIOCKas MOBEPXHOCTb
B HalpaB/JeHHH HOPMaJu K Heli, eC/TM B 3TOM HanpasjeHuH
CHJ1a CBeTa OJHOr0 KBaZPaTHOTO MeTpa IOBEPXHOCTH PaBHA
OIHOU cBeyel).

) Pauplile npuMenssiach TaKKe eAHHUUA APKOCTH —CTuJaAb6 (¢6),
paBHbifi 1 c8:1 caM? Mexay CTHABGOM H HHTOM HMEETCA COOTHOLIGHHE:
1 ¢6 = 10* ur.
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§ 7. dPoromerpus

IIpuGopr,, npuMeHsieMble AJAA CPaBHEHHS MCTOYHAKOB
CBeTa HJM CBETOBBIX IIOTOKOB, HasuBaloTcst QOoTOMET-
pavu. PotoMeTpr NOAPa3NeJAOTCS HA BHU3yajbHBIE
(ocHOBaHHBle Ha TOKAa3aHHSX ™a3a) ¥ OO0HLEeKTUBHEHE
(ne TpebGyrouine yuacTHs raasa).

Busyaabnble (oTOMETPEl OCHOBAHBI Ha CNOCOGHOCTH rias
3a XOpOIIO YCTaHaBJIHBaTh PaBEHCTBO APKOCTEH ABYX CO-
npuKacampmuxcs nosepxHocrel. Haubosabuiee pacnpoctpa<
Henue moayuna ¢poromerp Jliommepa — Bpoaxyna (puc. 16).

Puc. 16.

OCHOBHBIM €ro 3/1€MEHTOM ABJAETCH KyOukK, oGpa3oBaHHLI
JABYMS -CJ0KEHHLIMH BMeCTe INPAMOYTOJbHEIMH CTEKJsTHHBI~
MH npu3Mamu. [paHp oAHOA H3 HHX couiHdoOBaHa Mo
KpasiM TakuM 00pa3oM, 4TO KacaHHe MeXAY MPH3MaMH OCY»
HIECTBJACTCA TOJIBKO B cpeJHel YacTH NOBepXHOCTEl Ha 9M-
JunTHieckoM ydactke ab. Ha 3TOM yuacTKe mpH3Mbt NpH«
HIJHPOBAHbl HACTOMBLKO XOPOLIO, YTO 06PA3YIOT ONTHUYECKHUI
KOHTaKT, T.€. BelyT ceGs M0oA0OHO CINIOUIHOMY Tpo3pat~
HoMYy Tesy. ClieioBaTedbHO, CBET NIPOXOJHT Yepes STOT KO«
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TaKT, He MperTepneBas HH OTPaXKeHHS, HH TNpeIOMJeHds.
[TpesenbHBIl yron AJMs cTekaa MeHbile 45°, 103TOMY BHe
06J1aCTH ONTHYECKOTO KOHTAKTa JyuH B 00eHx mpusmax mpe-
TEpIIeBAIOT MOJHOe BHYTPeHHee OTpa)KeHHe H B COCEIHION
[pU3My He NPOHUKAIOT.

CpaBHHBaeMble HCTOUHHKH cBeTa S; U Sy ycTaHaBJ/H-
BAIOTCA NO pasHble CTOPOHB OT Oesoll Hempo3dpauHoil mJia-
CTHHKHM P, KoTopas paccenBaer ynapiiuii Ha Hee CBeT AH{-
dy3Ho (paBHOMEPHO IO BceM Hampapienusm). Hactb pac-
CesIHHOTO CBeTa [ONajaeT Ha -OIUHAKOBBIE pacceHBaoLiye
maacTuHKE P; n Ps. Mexnay naacTMHKaMy IOCTaBJeH He-
npo3pauHblil, morJolaLui cBet skpad E. [Tostomy Ha nia-
CTHHKY P; momajgaer JHILIb CBET OT HCTOUHMKA S), Ha Iuia-
CTHHKY P — o1 HcTOYHHKA Sp. Otpaxennblie o1 Py u Py
MyykH cBeTa nomajgalT Ha Ky6uxk. Haywnit or kybuka
K JIHH3e NYYOK cBeTa 06pa3oBaH B CpefHell yacTH Jydamy,
HAYWUME OT P;, BO BHeLIHell yacTH — JyuyaMmy, UAYILHMH OT
P;. B peaysnbraTe noMelleHHEI 3a JHH30f I1a3 YBUAMT ABa
KOHUEHTPHYECKUX TO0JS CPABHEHHS, APKOCTH KOTOPHLIX NpO-
MOPHHOHANBHB OCBEIEHHOCTAM IJNACTHHOK Py 1 Pa.

[IpuoannakoBoit ¢ 06enX CTOPOH OCBEIEHHOCTH HJIACTHH«
KH P rpanuna Mexny noasMu cpaBHeHHs ucuezaeT. OauHa-
KOBOH OCBELIEHHOCTH MOXKHO JAOCTHIHYTb, Noidupas pac-
CTOSIHHAL ry M ry HCTOYHHKOB CBeTa OT miaactuhku P. Ecan
HCTOYHHKH MOKHO CUHTATh TOUEUHLIMH, TO PaBEHCTBY OCBE-

LIeHHOCTe! OyneT. COOTBETCTBOBATh YC/IOBHE [cM. dopMyay
(6.7)]:

H3 KOTOPOrO MO H3BECTHOH CHJIe CBeTa- 3TaJOHHOI'O HCTOY-
HMKA MOMHO HafiTH CHAY CBeTa HUCTOUHUKA, CPABHHBAEMOTO
C 3TaJIOHOM.

Bmecto HM3MEHEHHS] PACCTOSHMH OT HCTOYHHKOB MOXKHO
0c1abasATh NOTOK CBETa, MAYIIHA OT OXHOTO H3 HCTOUHHKOB,
B H3BeCTHOe uHCJ0 pasd. Had 3TOr0 MOXKHO BOCMNO/Ab30BaTh-
csl, HanpuMep, 0Opa3OBaHHLIM ABYMS KJAHHBAMH QHABTPOM
nepeMeHnoil ToNmuHbL (CM. puc. 16). Ouabtp nonxen GuTh
HeHTpaJbHBIM, T. €. B OJHHAKOBOH CTENEHH [IOTVIONATh CBET
pPasnuyHOfl AJHHB! BOJIHBL

PaBeHcTBO sipKOCTefl ycTaHap/EBaeTcs TJa3oM HOCTa-
TOYHO TOYHO TOJIBKO B TOM CJAyuae, ecjd oba MojAs cpas-
HEHUs| 'HMeIoT OJMHAKOBBIH IBeT. ¥YxKe 1pu HeboJbLIOM
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pasiMYHH 1BETOB CPaBHEHHE APKOCTEell CHJBHO 3aTPyAHSET-
Cd, a npu GOAbUIOM PA3AUUYMH HEJACTCH HEBO3MOMXHBIM.

OGvekTBHEE MeTOLbl (OTOMETPUH gHeaatcs Ha oro-
rpadnueckHe H 3jeKkTpuyeckue. Pororpaduueckue MeTOAH
OCHOBaHbl Ha TOM, YTO IOYepHeHHe (OTOUYBCTBUTEALHOrO
€701 B HIHPOKHX Npejenax NPONOPLUOHANBHO KOJHYECTBY
CBETOBOM SHEPTHH, NOMaBillei HA MJIACTHHKY (WJH ILUIEHKY)
3a ‘BpeMs SKCIHO3HLHH.

B snekrpuyecknx doToMerpax B KadecTBe [IPUEMHUKOB
CBETa NPHMeHAITCH GOoTo3JeMeHTH, oToyMuoXKuTenH, Po-
TOCONPOTHBJCHHUA, OOJOMETPLEl H TEpMO-
naphl.

Mpocreiimui ¢doroanekTpruecKuit
¢doromerp cocrout u3 QoTO3JEMeHTa H
CTPEJIOYHOTO TrajbBaHOMETPA, H3Mepslo-
LIEro BO3HHKAIOUWIHA NOX AefiCTBHEM CBe-
ta ¢ororok. lllkana rajbBaHOMETPa MO-
x)er ObITH Nporpagyuposana Henocpen-
CTBEHHO B JioKcax. Mwmewrca ¢orosie-
MeHThl, KpHBast YyBCTBHTEJBHOCTH KOTO-
P ‘PBIX K CBEeTY pPas3/HuHON [JHUHBL BOJIHbLI
f6a13Ka K KPHMBOH YYBCTBHTEJBHOCTH uYe-
JoBeueckoro riiasza. B QoTOyMHOXHTE-
asx (cm. 1. 11, § 87) BosHHKIIHH. MOJ

Puc. 17. IefictBueM cBera (POTOTOK noABepraercs

MHOTOKDATHOMY VCHJIEHHIO, B pesyiib-

TaTe Yero 4yBCTBUTENbHOCTH (POTOMETPA 3HAUHTENBHO I0-
BHIIIAETCS.

®dotoconpoTuBiIeHue NpeACcTaBaAsieT co60A NOJYNPOBOI-
HHK, HOCHTENH TOKa B KOTOPOM BO3HHKAlOT B Pe3yJbTate
BHYTpeHHero ¢orosdderra. DneKTpUYecKoe CONPOTHBIEHNE
TAKOrO NMOJYNPOBOAHHKA CHJBHO 3aBHCHT OT HHTEHCHBHOCTH
Najlaloniero Ha Hero cBeTa.

JeiicrBre GosioMeTpa OCHOBAaHO Ha H3MEHEHHH 3JIeKTpU-
yeckoro conporuienus toukoro (0,1—1 uk) cnoa meranna
(4 NOAYNpPOBOAHHMKA) TNpPW HarpeBaHHH, 0OYC/JOBICHHOM
NOTJIONIEHHEM 3THM CJAOEM Najaloliero Ha Hero H3JaydeHus.
Hast Gonee nmoJHOro NOrJOWEHHsT H3JAYYCHHS MNOBEPXHOCTD
YYBCTBHTEJIBHOTO 3JIEMEHTA TMOKPLIBAETCA YePHBIO,

Ha puc. 17 noxasan TepMOCTONOUK, NpHMEHsAeMbIH JJ1st
MaMepelHsi MHTEHCHBHOCTH H3nyueHHs. OH npeacTasJser co-
6oi1 TepmoBaTapelo, COCTaBAEHHYIO H3 HepeAYIOUHXCH Toll-
KHX NOJOCOK JIBYX pas/jHuHblx Merauios. [lonocki on-
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HOT'O MeTajJa Ha PHCYHKe SauepHEHb!, NpPyroro— ocraple-
Hbl He3auepHeHHBIMHM. CnaH, IpHUKpeNJIeHHHle K MAacCHBHO
paMKe, HMeIOT OJMHAKOBYIO C- Hell TeMmmeparypy. BHyTpeH-
HYe CIIaH 3auepHeHHl H NOJ HefCTBHEM NaJaioLlero HA HHX
u3nyyeHHs1 HarpeBaloTcst. ITo BosHHKalomedl npu 3TOM Tep-
MO-3. A. C. MOXKHO CyAHTb 00 HHTEHCHBHOCTH M3JydyeHHH.
JAna ysennueHHMs UYYBCTBHTEJbHOCTH TEPMOCTOJAOUK nome-
1WAIOT B 3BAKYHPOBaHHLIH 6asJIoOH.

OObekTuBHble (GOTOMETPB MO3BOJSAIOT H3MEPATb HHTEH=
CHBHOCTb H3JY4YeHHs 3a mpejle/laMH BHJIHMOM YacTH CIEKTPa.
Tax, poTonaacTHEKM H (POTO3NEMEHTH INPUMEHSAIOTCA AJd
omnpeNleJleHHsT HHTEHCHBHOCTH YJbTPadHOJETOBOTO H3Jyye«
Husi, GOJIOMETPBl . TEPMOCTOJOHKH — I HCCJAENOBAHUA
HHPPAKPACHOTO H3TYYEHHS.



FTABA I
FEOMETPHYECKASA ONTHKA

§ 8. OcHoBHbIE MOHATHS M ‘OnpeseeHHs

Mmuorue ontuyeckue SIBJIEHHS, B YAaCTHOCTH JeficTBHe
onTHYecKux npubOpOB, MOKHO paccMaTPHBATh, HCXOAS H3
TIPECTaBJAEHUA O CBETOBBIX JyuaxX. Pasjen ONTHKH, OCHOBBI-
BAIOIHANACSH HA 3TOM IPEACTABJCHUY, HA3HIBAGTCSE TeoMe-
TPHYECKOHA (MAM JyueBOWH) ONTHKOIML

B nsorponHoit cpeje NOA JydyaMH NOHHMAIOTCS JIHHHY,
HOPMaJIbHbIe K BOJIHOBBIM INOBepXHOCTAM. Bposb atux nu-
HHH pacnpocTpaHsieTcsi ceToBasi sHeprus. Ilpu mepeceye-
HHH Jy4d He BO3MYLUAoT APYTr Apyra. B omHoponuoit cpene
oun npamosuHeiinsl. Ha rparune pasmena ABYX cpel JyuH
IipereprneBaioT OTpaxkKerHe M MpenoM/eHue no 3akoHam (1.1)
u (1.2).

IIpepcraBneHus, reOMeTpUUECKONl ONTHKU CHPaBefJHBHI
JIMIOL B TOH CTeneHH, B KaKOil MOXKHO INpeHe6Gpeub sBJe-
HaAMH HHTepGepeHunH M AUdPaKUUH CBETOBBIX BOJH. -
¢pakuus ckaspiBaercsi TeM csaabee, yeM MeHblie JJHHA
posHul. JIo3TOMYy MOXHO CKa3arb, 4TO reoMeTpHyecKasi on-
THKAa fABJdeTCd IpeACcJbHBIM C/lyyaeM BOJHOBO{l OINTHKH,
COOTBETCTBYIOILHM HCUE3alollle MaJoHi NJHHE BOJHHI.

CoBokynHocTh Jyyeil obpasyer nyuok. Ecau ayun npu
CBOEM NPOJOJIKEHHH IIepPeceKaloTcsi B OJHOH TOUKe, MyuyoK
Ha3bBaeTcs FOMOUEHTpDPHUeCKH M. ['omMoueHTpuuecko-
My HNydyky Jiydedl CcoOOTBeTcTByeT cdepHueckass BOJHOBAaA
nosepxsocts. Ha puc. 18,4 nokasan cxozmmuﬁcn a
ma puc. 18, 6——pacx011ﬂmnuc;{ FOMOLEHTPHYECKHH . YYOK.
YactupiM cryyaem TOMOLEHTPHYECKOTO NyuKa ABAALTCA Ty
YOK napaiiesIbHBIX JIyuel; eMy COOTBeTCTBYET IIOCKas CBe-
FOBaf BOJIHA.
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PaccMoTpum He6GOMbIION yuacTOK BOJHOBO MOBEPXHOCTH

IBOSIKON KpHBH3HEI (pHc. 19). BosbMem HOpMaJjibHble ceves
pus AB u CD 3T0H NOBEPXHOCTH, COOTBETCTBYIOUIHE HaH-
GoJibiiell U HaNMeHblIel KpuBH3He, M3 reoMerpnn H3BECTHO,
YTO 3TH CeuyeHHss B3aHMHO
nepuneHAHKYASIpHBL  JIyuu,
nepleHIUKyNsApHEIE K ce-
uennio AB Gosbluelt Kpu-
BH3HBI, TIEPECEKyTCS B TOU- =2y 00 P&
ke Py Jlyuu, mepneHmuKy- -7
JspHble K OJU3KHM K ce-
vennio AB u mnapananenn-
HblM eMy ceuenusm A’'B’ u
A"”B”, nepecekyrca B TOM-
Kax Pl u P{, nexammx
npuGAU3HTENBHO HA OAHON Puc. 18,
npamoit ¢ Touxkoil Py. -Ana-
JOTHYHO, JYud, MepIeHIHKYfpHble K ceuennio CD wmenn-
el KPUBU3HBL M GAU3KUM K Hemy «ceuennsm A’A” u B'B”,
nepecekyrcs B Toukax Po, Psut PY, Jexaimiux Ha BPHOAH3U-
TeJbHO TNPAMOJHHEHHOM OTpesKe,

HTak, B cayuae, Korfia Oyuky Jyueil cOOTBEFCTBYET BOJ-
HOBast MOBEPXHOCTD JIBOSIKOfl KPHBH3HDLI, epeceueHie Jyued

IPOHCXOAHT He B OAHOII TOUKe, a B COBOKYMHOCTH TOUeEK,
pacroJioAeHHbIX Ha [IBYX B3aHMHO HEPIEeHIHKYASDHBIX Apsi-
MOJIHHefIHbIX OTpe3kaX. Takofl ny4oK Jayuyell HasbiBaercs
acrTHrMaTHuecKHU M. Paccrosnne MexAy OTpe3raMy
PiP{ u PP} HasbiBaoT aCTHUTMATHYECKOH paa-
nocrtbio. [1pn nepeceueHnn acTUrmMaTHYeCKOro IyYka o=
CKOCTBIO, IEPHEHAUKY/SIPHON K €ro OCH, MOJYUYAeTCa /NI~
THyeckoe ceuvenne ([ u /11 Ha puc. 19). B Touxax Py n P
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SJIMIIC NepeXORUT B npsmbie PIP] u PyP;. Onno u3 cewe-
wu# (/1 Ha puc. 19) — xpyrosoe; OHO Ha3HIBAETCHA KPY K-
KOM HauMeHbwero paccefdaHuda C yMeHblIeHHeM
acTHIMaTHUYECKOH PasHOCTH [JHHa otpeskos PiP{ u P3P}
H paguyc KPy»KKa HauMeHbLIero paccesiing yObBaloT.

Bcsikas ontHuecKas cucTeMa OCYLIECTBJfieT Ipeobpa3o-
BaHHe CBETOBBIX Ny4ykoB. Ec/iH ¢HcTeMa He Hapyliaer romMo-
LEHTPHYHOCTH MYYKOB, TO JIyud, BHiIeJliHe U3 TOuYKH P,
nepecekyrca ‘B oaHO# Touke P’. Jrta TOUKA MpeAcraBAsieT
coboit onTHueckoe H306paxeHue Touku P. Ecan
ao6ana Touka npeimera u3obpaxaercs B BUAe TOUKH, H300-
pa)keHue Ha3bIBAETCA TOYEYHBIM HIAM CTHIMATHYE-
CKHM.

Hzobpaxenne Ha3biBaeTcss @A CTBHTEJNbHB M, €CIH
CBETOBBIe JIyuH B Touke P’ HefiCTBHUTE/NBHO NepeceKaioTcs
‘(cm. puc. 18,a), u MHuUMBIM, ecau B P’ mnepecekamorcs
' NPOLOJIXKEHHs1 Jyuel, NpoBe/leHHble B HanpaBaeHud, obpat-
HOM pacmpocTpaHeHkio csera (cM. pHc. 18,6). HelicTBureh-
Hbie HM300parkeHnsi HeNOCPeACTBEHHO OCBellaI0T COOTBeT-
CTBEHHbIM  00pa30oM ' pacrnofOXeHHLH 3KpaH (Hampumep,
auct 6enoit 6ymarn). MuuMoe H306paKeHHe TakKoro ocse-
1UEeHHsI NPOMSBECTH He MOXET, HO NPH TIOMOLUIH ONTHYECKHX
npubopos  MHHMBIe H300paXKeHHR MOryT OLlTh Upeobpa-
30BaHbl B JeHCTBHTeJbHbIE; HampHMep, B HallleM TrJa3y
MHHMoe H300paxeHHe npeobpa3yerct B JeACTBHTEb-
1oe, OCBeHiauiee ONpefeAeHHbI YYacTOK ceruatoit 00o-
JIOYKH.

BenegerBre 06paTHMOCTH CBETOBBIX JIyUeil HCTOYHHK CBe-
Ta P 1 u3obpaxenne P’ MOryr noMeHsiTbC POJNAMH — TO-
YeyHbljl HCTOYHHK, NMOMeUleHHbfl B P/, 6yAeT HMeThb CBOe H30-
Opaxenue B P. Ilo 370l mpuyune P wu P’ naswiBalor
CONMPANXEHHLIMH TOdKAaAMHU,

Ontuueckast cucreMa, KOTOpas Jaer CTHrMaTHYECKOC
n3obpaxenne, reoMeTpHyeckH noJgob6HOe!) oToOpakKaeMoMy
npeamery, HasbiBaeTcd HAeanbHO#, C MOMOIUBIO TaKOIl
CUCTeMbl NPOCTPAHCTBEHHAS HENpPEePHIBHOCTL To4exk P oro-
fpaxaercst B BUAe IPOCTPAHCTBEHHOH HEIPEPBIBHOCTH TOYEK
P’. Tleppast HenpepbiBHOCTL  Ha3blBaeTCsi N POCTPaH-
CTBOM TNpeAMETOB, Bropai—HNpOCTPaHCTBOM

) Umelorcs B BHAY npeaMer M uaobpaxenne, nexauye B MI0CKO-
CTHX, UEPHCHAUKYASADHBIX K OCH CUCTEeMLL. Il.rm apeAMeToB, HMeOIUX
RPOTHAXKEHHOCTh BJOJb OCH, NOAOGHE mpeaMera H H300pameHds He co-
xpanstercn {cM, puc. 24).
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n3o6paxennii. B o6oux npocTpaHCTBAxX -TOUKH, TMpsAMBIS
H NMJOCKOCTH OJHO3HAYHO COOTBETCTBYIOT ApYr Apyry. Takoe
COOTHOIleHHe ABYX NPOCTPAHCTB HAa3blBAETCS B [EOMETPHH
KOJMJHHEapHBM COOTBETCTBHEM?).

§ 9. llenTpupoBaHHas oNTHYECKas CHCTeMa

OnrtHyeckas CHCTeMa TNpeAcTaBiasieT cO00f COBOKYNHOCTD
OTPaXKaloWHX ' 0 MPeJOMJAIOWHUX MOBepXHOCTEH, OTAENAIO-
HIHX APYT OT ApPYyra ONTHYECKH OLHOPOAHbIE cpeibl. OGLIUHO
9TH NOBEPXHOCTH OLIBAIOT c(EepHUECKHMH HAH MJIOCKHMH
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(nJ0CKOCTL MOXHO paccMaTpHuBaTh Kak cdepy GecKOHEUHO-
ro paauyca). Pexe npumensiorcs Gonee CJI0XKHBIE, HO HMEIO-
Hie OCb CHMMETDPHH ‘TIOBEPXHOCTH (3/JHNCOMA, runepGo-
JIOHJ, NapaboAOUA BpalleHusa u 1p.).

Onrtuyeckas cycrema, oOpasoBaHHas chepHUECKHMH
(B 4aCTHOCTH NVIOCKUMH) NOBEPXHOCTSAMH, Ha3biBaeTCH I € H-
TPHPOBAaHHOM, €CJIH LIEHTPHl BceX MOBEPXHOCTEH JexaT
Ha ORHOM NPAMON. 3Ty NpsAMYIO HA3hIBAOT ONTHYECKOH
OCDbI0 CHCTEMBL. '

Ha puc. 20 nokasann BHelUIHHE npeaOMJSIOIHE NOBEPX-
HOCTH H ONITHYECKas OCb HEKOTOpPOH HNAeanbHOH HEeHTPHPO-
BAHHOH onTHueckofi cucrembl, [lycrs Ha cuctemy nafaer
MYYoK Jyueil, napansienbHbplx onthueckofi och (puc. 20,.a).

1) Teopus upeaibnolt ontuveckol cucreMb Oblaa cospana Tayccom.
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ITH AyYH MOXKHO PACCMAaTPHBATL KaK MCXOAAUINE U3 TOUKH,
Jexalefl Ha ocH Ha OecKoHeuHo OGO/bIIOM DACCTOSIHHH OT
cucremsl. [lockoabky cucrema uaeaJbHa, NYyYOK Jyueil 10
BLIXOJle W3 Hee OCTaeTcs FOMOLEHTpHYecKHUM. B saBHCHMOCTH
OT KOHKPETHOr'O YCTPOMICTBA CHCTeMBl BblILUEXIHA Ny4YoK Oy-
ner aubo cxopsmiumcd (coIompbie ayuu), Aubo pacxois-
wHMcA  (NyHKTUpHBIe - Ayun), Jubo napa/ienbuelM (Uub-
pamu 1 u I, a takxe 2 u 2/ 0603HaueHH CONpSIAKEHHbIE
ayuu). Toyka F’, B KOTOpO# TiepeceKaloTcsl BEHILIEALIHE U3
CHCTEMHB! JIy4H, Ha3HBaeTcd 3a/JHHM HIH BTOpPpH M ¢ o-
Kycowm cuctemsl. M3 coofpakenuit cuMMerpuu fCHO, YTO
F’ newxur Ha ouruyeckoit ocu. Kaxk Bumwo u3 puc. 20, q,
dokye F’/ moxer HaxOAuThed Mo JIOGYIO CTOPOHY OT CH-
creMbl {B YaCTHOCTH, OH MOXET OKa3aTbCsl BHYTPH CH-
CTeMbl).

3apuuii Hokyc npexcrasisier COGOM TOUKY, COMPSIKEH-
HY10 ¢ 6eCKOHEeuHO yHaJNieHHOH TOYKOil B NPOCTPaHCTBe npej-
MEeTOB, JieXxallleil Ha ONTHYeCKOH ocH cucreMbl. BeckoHeuno
YAaJNeHHOH, NeprneHAMKY/IAPHOH K ONTHYECKOH OCH IJIoC-
KOCTH B NpPOCTPaHCTBe NpenMeToB OyIeT, OYeBHAHO, COOT-
BETCTBOBATh B NpPOCTPaHCTBe u3obpaykeHuit NepleHAHuKy-
JasApHas K ToH, ke ocu maockocts F'F’, npoxoasiuas uepes
dokyc F’. Dra naockocrh HasbiBaercs ¢oxaabnoi. [y-
YOK Hapa/uIeJdbHbIX Jyiel, 06pasyloliux ¢ ONTHYECKOH OChblo
q1060# yroJ, noc/e BbIXONAA L3 CUCTeMbt coOepercst B OJHOIl
U3 Touek naockocru £/, CaexoBarenbno, WaoOpakenue Gec-
KOHEUHO yAaJeHHOro npeamera OYACT JeXaTb B GOKaJbHOH
IJIOCKOCTH. )

B npocrpancTBe npeIMeTroB CyHIecTBYeT Jiexalias Ha
ontuyeckoi ocn .Touka F (puc. 20, 6), obmapawmas TeMm
CBOHCTBOM, YTO BBILEALUIKe K3 Hee (Ha pHCyHKe — CILIOWI-
HBlE) WM CXOZsAUHecsd B Hel (HYHKTHPHBEIE) JIYUH MHOC/E
NMPOXOMKAECHUS] Yepe3 CHCTEMY CTAHOBATCH NapaJlje/bHbIMH
ONTHYECKOH OcH. JTa .TOYKa Ha3blBaercd MepeLHHM HIH
nepBb.M Q.OKYCOM CHCTEMB, 2 MPOXOAAILASA Uepe3 Hee
[I0CKOCTh, NEpHeHAUKYJASPHAs K ONTHYeCKO#l ocH, Ha3bl-
paerci nepeguneft dokaabHo# nAockocThI0. Ona
conpsxeHa ¢ OeCKOHEUHO yIAJIeHHOH IJIOCKOCTBIO B IpO-
crpaucride usoGparkennit. Ilywox syueil, Bbliliefluux U3 Jio-
60i TOYKH (HOKaNLHOH . IJIOCKOCTH, TIIOCJHE | IIPOXOIKAECHHUST
4Yepesd CUCTEMY :nipeBpaliaeres :B. 1apalIeJbHBIl My40K, -06-
pPa3ylolMil C ONTHYECKOH OChiO YroJ, BOOOILe rOBOps, OT-
JHYHBIA OT-HyJS,
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PaccmorpuM [iBe conpsizKeHHBIE MJIOCKOCTH, NepNeHAHKY-
JIpHBIE K ONTHUYeCKOH oOcH cucrtembl. OrTpesaok npsmoil Y
(puc. 21), nmexamufl B OfHOA H3 3THX IWIOCKOCTell, Gyner
HMeTb CBOMM H300pasKeHHeM OTPE30K OpaMON y’, Jexa-
ImuH BO BTOPO# niockocTH. M3 oceBod cuMMeTpUH CHCTeMbE
BLITEKA€ET, YTO OTPe3Kd Yy U Yy’ HOJKHBL JexaTh B ONHOH,
NpoXoAsulel yepes ONTHUYECKYIO OCh N710CKOCTH (B mockocTH
pucynka). Ilpn stom nsobpaxenue y Moxer GbITh oGpa-
HieHo Jub0 B Ty XKe CTOPOHY, 4TO M npeamer y (puc. 21,a),
J1u60 B NMPOTHBOMOJOXKHYIO cTOpoHy (pHc. 21,0). B mepsoM
cayuyae n3oOpakeHne HA3LIBAeTCs M P sIM Bl M, BO BTOPOM —
o6partub M. OTpe3kH, OTKJAaJbIBaEMble OT ONTHYECKOH
OCH BBepX, CUHTAIOTCS TIOJOXKUTEeNbHLIMH, OTKAalblBacMbie

4 I“Z/ t7 /\\ |
yamiin v it

a) 7
Puc. 21.

BHH3 — oTpHuaTenbHbIMH. Ha pucyHKax ykaswiBaloTCst neit-
CTBHUTE/IbHBIE IJHHB OTPe3KOB, T. €. AJs OTPHIATeJbHBEIX OT-
Pe3KOB MOJOXKHTENbHbIE BeJUUuHb: (—y) u (—y').
OTHollelne JAUHEHHBIX Pa3MepoOB H300paKeHust U npel-
MeTa Ha3biBaeTcsl TMHEHHEIM HIH NONEepeuHsiM yBe-
dunueHueM OO603HauuB ero OGyKBOH $, MOXHC HalHCaTb:

=Y
p="- (9.1)

JlunefiHoe yBeiuueHne— ajrebpanueckas Beanyuna. OHo
NOJ0ZKUTENBLHO, €CH u300paeHue npsmMoe (3Haku y u Y
OJMHAKOBH), M OTPHUATEJNbHO, eclH H300paxeHne obpart-
#oe (3HaK Y TNPOTHBONOJONKeH 3HAKY Y).

Jokaxem, 4TO CyINEecTBYIOT [Be TaKue CONpSKEHHbIE
IJIOCKOCTH, KOTOPHIE . OTO0parKkaloT IPYr APYra ¢ YBeJauye-
HueM B = +1. Paccwlorpum ayd I, naymuil B POCTPaHCTBeE
NpeAMEeTOB Yepe3 MeperHHil- (poxyc F u nepecexalownit nep-
BYIO IIPEJIOMJSIOIYIO TOBEPXHOCTh B Touke A (puc. 22).
B npocrpancrBe n3obpaxenuit emy Gyler COOTBETCTBOBATH
napangebHbLlil ONTHYECKOH ocu Jayu I’, Beimenumuiy U3 Tod-
ki A’ nocnennefl npegomasiionlell nopepxuocrd. B 3aBucH-
MOCTH OT KOHKDPETHBIX CBOHCTB CHCTeMbl PacCTOSTHHE OT OCH
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10 ToYkH A’ MokeT 6bITh JHGO MeHbile (puc. 22, a), aunbo
Goabwe (puc. 22, 6), uem paccrosiiue Ao toukn A. Xox
Jy4a BHYTDH CHCTEMbl HacC He HHTepecyer.

Tenepr Bo3bMem B mpocTpaHCTBe NpeaMeTOB Jyd 2, Je-
XaWKUA Ha onmoit mpsmoit ¢ ayuom 1. Tlockonbky ayu 2
napaJjiesieH ONTHYECKOH OCH, B IPOCTPAHCTBE H306paKeH il
eMy GyAeT COOTBETCTBOBATH Jiyy 2/, uAyIUuil yepes 3aiHHil
dokyc F’. Vipeanbhasi onTHueckas CHCTeMa He Hapyllaert

H H
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Puc. 22

FOMOLEHTPHYHOCTH CBETOBHIX NyukoB. [Tostomy Jo6Gomy Jy-
4y 3, npoxoAflleMy uepes TOuKy P mepeceuenms Jayueli [
u 2, GyfeT COOTBeTCTBOBATH JAy4 3, HAYIIUI yepe3 TOUKy P’
nepeceyennsa Jgyueit I’ u 2° (B cayuae 6 nepecekaiorca He
CaMH JIyuH, a HX BOOOpaxKaeMble MPOJOJIKEHHS BHYTPH CH-
cremsl). Takum o6pasom, P u P’ oxasbiBaloTcsi CONpsKeH-
HBIMH Toukamu: TlpoBenmem uepes stm Toukm miaockoctu H
u H’, nepnenankynsipubie k ontuueckoit ocu. Orpesky HP,
JexamleMy B naockoctd H, coorBercTByer H3o6paxe-
nue H'P’, nexauee B miockoeru H’, npuuem usobpaenne
ABASETCH INPAMBIM - H HMEeT TakHe e paaMepH, Kax
u npenmer. ITockoabky nsobpaxenne, naBaeMoe HAeaILHOMN
ONTHYECKOH CHCTeMOH, MoAOGHO mpeaMeTy, TOYKa Q, aewa-
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as nocepeayune otpeska HP, otobpasutcs touxkoin Q’, ae-
yKauleit nocepepune orpeska ’P’. Amanornmuno, Touka R,
Jexalias Ha ABCIHOM [0 CpaBHEHHIO ¢ TOYKOH P paccrod-
HHH OT OCH, oToOpasuTcs Toykoi R’, jexallell Ha ABOHHOM
pacCTOSIHMM [0 CpaBHeHHUIO ¢ Toukol P’. Touku P u P’ Gbiiu
B3ATHI COBepLIEHHO MPOU3BoAbHO. [loaToMy MOXHO yTBepXK-
JaTb, 4TO JI060H IpeaMerT, Jexawuil B naockoctd H, orto-
6pasurcsa cucreMoil B mnockoctd H' ¢ yBeauuenneM, pas-
uoiM 4+ 1. Huaue rosops, ¢ Takum ysennueHuem orobpa-
JKAKOT APYr APYyra caMU IJOCKOCTH.

Inockocts H HaspiBaercs mepeaHel HAH MePBOH,
a maockocth H’—3aaHell wim BTOPOMH rJAaBHOR
NJAOCKOCTbIO ONTHYECKOH cHCTeMbl. TOYKH mnepecedeHus
3THX MJOCKOCTeH ¢ ONTHYeCKOil ocbio (HX 0603HAYalOT Tak-
Ke 6ykBamu H u H’) HasbiBaloT rMaBHBIMH TOYKaAMHU
cuctembt. Kak BuaHo u3 puc. 22, rjJaBHble MNJOCKOCTH
(1 TOYKH) MOryT HaXOAMThCSA KAaK BHE, TAK W BHYTPHU CHCTe-
mbl. MOXeT CJaydHTbCH, YTO OJAHA H3 IUIOCKOCTeH NPOXOAHT
BHYTPH, a ApYyras-— BHe cHcTeMbl. B03MOXHO, HaKoHew,
uro 06e IJIOCKOCTH GyAyT JexarTb BHEe CHCTEMbI MO OJHY
It Ty e CTOPOHY OT Hee.

®oxanbHble U [VIaBHble NJIOCKOCTH HA3LIBAIOTCS Ka P J H-
HaJAbHBIMH HJAOCKOCTSIMH ' ONTHYECKOH CHCTEMBL.
FiaBubple TOUKH M (POKYChi HA3BIBAIOTCS KAPAHHA b Hb-
MH TOYKaMH. PaccrossHue OT mepelHell rIaBHOA TOYKM
H no nepensero ¢okyca F npexacrabiasier coGoit nmepe -
nee POKyCcHOe paccTosiHHue [ cucreMbl. AHajoruy-
Ho, paccrosinge ot H’ no F/ spaserca sagHum Qoxyec-
HeiM pacctosinuem [’. Qokycuvie paccrosinus [ u f'—
anreGpauueckue BeanuHHBl. OHM TOMOXKHUTENbHL, €CAH JaH-
Hbll (POKyC JIeKHT COpaBa OT COOTBETCTBYIOLIeH. I1aBHO#M
TOYKH, U OTPHLIATE/]bHB B MPOTHBHOM cayuae. /Tak, HampH-
mep, AJAs1 CHCTeMbl, H306paxKeHHO# Ha pHC. 23, 3aaHee o-
KyCcHOe paccrosiive [ MOJIOXKHUTENbHO, a nepefHee GOKycHOe
paccrosnde [ orpuunarenpHo. Ha pucynke ykasaHa uCTHH-
Haa AauHa orpe3ka HF, T. e. N0J0XKHUTe/bHAS BEJHYHHA
(—f), pasuas monyaio f.

Huxe 6yner noxkasano [cm. dopmyny (11.16)], uro mex-
4y QOKYCHEIMH paccTOSHHAMH [ ¥ [’ LeHTPUPOBAHHOA ONTH-
4YecKOl cucreMbl, 06pa30BaHHON cpepUueCKUMH TP eJOMJIAIO-
LUUMH TIOBEPXHOCTSIMH, HMEETCH COOTHOLIEeHHe:

f= (9.2)
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TZe N — noKazaTeas NpenoMJEeHus Cpejbl, Haxoaaulelica ne-
pen ONTHYeCKOH CHCTeMOH, 7' -— noxasaTeib NpeaoMJACHUs
cpenst, Haxoasuteiica 3a cucremoil. U3 (9.2) BriTekaer, uro

” H M F
P 7 ”’
a.____ 4
y 2 7
— £ H H Fo
0 o
..y' _y:
A y P
5T N
=7 - £ ..Z”p 7’
-8 S
Puc. 23.

B cayyae, KOorja NOoKazaTead NpeJOMJeHHS cpel, Haxod-
nuxces no ofie CTOPOHB! ONTHYECKOH CHCTeMBbl, OJHHAKOBbI,
(oxycuple paccrannus [ u [/ OTAUYAIOTCS TOABKO 3HAKOM:

Fre=-—1 (9.3)

Beanuuna
=== (9.4)

Ha3biBaeTcs ONTHYECKOH cuaof cucremst. Hem Gonp-
we @, Tem MeHbule (DOKycHoe paccrosinue [’ H, caenoa-
TeJbHO, TeM CHJbHee NPeJOMJIAIOTCS JYy4H ONTHYECKOH CH-
cTeMoit.

Onruueckasi cuaa E3MepsieTcss B AHONTPHAX (0n).
Utofsl noayyuth @ B ILHONTPHAX, (OKYCHOEe pacCTOsHHR
B dopmyde (9.4) momkuo 6uiTh B3ATO B Merpax. Ilpu noJo-
KuteasHo# @ 3aaHee (POKycHOe paccTostHHe [’ TakXKe MOJO-
JKHTEIbHO; CJIEeAOBATENBHO, CHCTeMAa J1aeT AeHCTBHTEJbHOE
n3obpaxkenne OeCKOHEUHO VAAJeHHOH TOUYKH — fapalijenb-
HBII NyYOK Jydyefl mpeBpaiuiaercss B cXoAslufica. B srom
clyuae ONTHYeCKast CHCTeMa HasbiBaercss cobHpaTedb-
vnoll. Ilpu orpunarenpHoli @ usobpaxenne OeCKOHEUHO
VAaJeHHOR TOYKW GyaeT MHUMBIM — HapajjeibHuii IyvoK
Jdyueil mpeppalliaerca cucTeMoil B pacxoismuitcs. Takas cu-
cTeMa HOCHT Ha3BamKe pacceHBaiou e
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3ajmanue KapAMHAABHBIX NJIOCKOCTel (uJaH, 4TO TO Xe ca-
MOe, KapJAHWHAJBHBIX TOUeK) MOJHOCTbIO ONpelensieT CBOH-
cTBA ONTHUECKOH cHcTeMbl. B wacTHOCTH, 3HAf NONOKeHUE
KapJAHHAJBHBIX IIOCKOCTEH, MOMHO MOCTPOHTb ONTHYECKOE
nszobpaxenue, nasaemoe cucremoil. Bosbmem B -mpocTpaH-
ctBe mpenmeroB orpe3ok OP, nepneHAUKYJSIPHBII K ONTH-
yeckoft ocu cucremsl {puc. 23). IlonoxeHue storo orpesxa
MOXKHO 32aJaTh JUG0 PacCTOsIHHEM X, OTCUUTAHHBIM OT TOY-
xu F no toukn O, au6o paccrosuuem s or H po O. Bean-
yHHBI X H S, KaK H GOKycHble paccrosiuusi [ u [/, sBasiorcs
anre6panvYecKUMH (HA PUCYHKAX YKa3blBAIOTCA UX MOAYJH).

[IpoBenem us touku P sayu I, napase/bHBfl ONTHYECKOM
ocu. On mepeceuer miaockocts H B Touke A. B coorser-
CTBMM CO CBOMCTBAMHU [VIABHBIX ILVIOCKOCTEH COHPsIKEHHBIH
ayay I ayu I’ gonmKed NPOXOAWTh uepe3 COMPSKEHHYIO
¢ Toukolt A Touky A’ naockocru H’. Tak kak ayu I napai-
JeJieH OATHYECKOH OCH, CONMpsUKeHHbIH ¢ HUM ayy 17 nofizer
yepes sapuuil ¢oxyc F’. Tenepp nmposeaem us rtouku P
Jayd 2, npoxonsunil yepes nepennuil doxyc F. Ou nepece-
yer maockocts H B touke B. ConpsixenHert ¢ Hum Jjgyu 27
npofileT Yepe3 CONMpsKEHHYIO ¢ Toukoit B rtouky B’ mioc-
kocth H’ uw Gymer napanjiesibHBIM onrtaueckoll ocu. Tou-
Ka P’ nepeceuenust jyuest I’ u 2’ npeacrasiasier co6ofi 1306-
paxenue Toukn P. Jlerko BupueTh, urto usobpaxenue O'P’
otpeska OP [OmKHO ObITh NePNEHAUKYJSPHBIM K ONTHYE-
CKOH OCH.

[Monoxenue usobpaxkenus O'P’ MOKHO OXapaKTepHso-
Bath au6o paccrosavem x’ ot Touku F’ no touxku O/, aubo
paccrosueM s’ ot H’ po O’. Beanuunnl x" u s’ sBasioTcst
anre6panvyeckumu. B cayuae, msobpakeHHOM Ha puc. 23,
OHH TOJIOXKHUTENbHbIL.

Besnuuna x', onpenensionias nojsoxenne H3oGparkenus,
3aKOHOMEPHO CBsI3aHA C BeJWYHHON x, oupejensiomef no-
JoXKeHHe Hpeamera, H ¢ (QOKYyCHHIMH paccTosinusiMu f u [
Hast npaAMOyrosbHBIX TPEYrOJABHHKOB. ¢ O6LIeH BepUIHHOM B
Touke ¥ (puc. 23) MOXKHO HANKCAThb COOTHOLIEHHE!

75 == =F (9.5)
y f

AHaJIOTHYHO, AJisi TPEYroJbHUKOB: ¢ oOuledl. BepLIMHOH
B Touke F’ umeem

WZ——I/’-:?' (9.6)
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O6benunuB 06a COOTHOLIEHHS, MEAYYHM, uTO (—x)/(—f)=
= ['/x/, oTkyna
xx! == ff’. 9.7)

Buipakenne (9.7) HaswmiBaercss popmynoii HewoTto-
nal). [lpn Bumoanenun ycnosus (9.3) dopmyna Huiorona

HIPHHEMAET BHI:
xx' = — f2, (9.8)

Or dopMyarl, cBA3LIBaWOLIefi PAacCTOsHUA X B X Open-
MeTa H H306paKeHua OT (POKYCOB CHCTEMBI, JIerko nepeHtu
K opMyne, ycTaHaBANBalOULefi CBA3L MEXKAY PaCCTOSHHUSIMH
s u §' or raasHbix Touek. Kak caeayer u3 puc. 23, (—x) =
= (—S8)—(—f) (r.e.x=858—f), ¥ =5 — . INoncrasus
STH BBIpaXKeHHs Aaa x M x° B ¢opmyay (9.7) u npoussens
upeo6pa3oBaHus, NOJAYUHM: *

fof_
! (9.9)

Ilpn eoimonuenun yciaoeus (9.3) dopmyaa (9.9) ynpo-
maercs ciaenymmuM o6pasom:

;= (9.10)

Coornomenust (9.7) — (9.10) npencrasasior cofoir dop-
MYJIbl LLEHTPHPOBAHHOH ONTHUECKOH CHCTEMBL.

N3 puipaxennit (9.5) u (9.6) nonyuatores dopMyan ajs
JIHHEHHOTO .yBeJHueHNs, NaBaeMoro LeHTPHPOBAHHOM ONTH-
4ecKoH cHCTeMOR:

S A (9.11)

Kaxk cnenyer us (9.11), nuneiisoe ysennuenue He 3aBu-
CUT OT pa3Mepa mnpeaMera y. [Hosromy u3obGpaxkenue mio-
CKOTo NpeaMeTa, NepneHAHKYJIAPHOTO K OCH CHCTEMBI, Gyjer
emy nozo6no. Hanpotus, naoGpaxkeHHe NpeiMeTad, HMelO-
HIEro NPOTAXKEHHOCTh BJAOJb ONTHUYECKOH OCH, He GYHAET eMy
noxo6uo (puc. 24). dto BoiTeKaeT X0Td OB U3 3aBHCHMOCTH
JHHEHHOTO. YBeJHYeHHs OT. X.

1) PexkoMeriyeM umTaTeNl0 NPOM3BECTH NOCTPOeHHe M3006paxeHHs
H NpOBeCTH pacCyXjeHus, npubeiline k Hopmyrne (9.7), nmas cayuas,
KorAa npeamer OP pacrosiomen Mexay miaockocTamu F u H, a Takxke
AN MHOTO, YeM Ha pHc. 23, B3aWMHOrO PACNOJIOXKEHUS KapAMHAaJNbHBIX
MJIOCKOCTEH, Hanpumep, At nociejosarensioctd FHF'H' unn HFH'F,
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B onTtHke yacTo NPUXOZHTCH HMEThb JAeJO.cC H3o0paxe-
HHEM IIPOCTPAHCTBEHHBIX IPEAMETOB, OTAesbHble TOUKH KO-
TOPBIX JieaT Ha PasHbIX PACCTOSIHHAX X OT (OKaJbHOH
IJIOCKOCTH. [nist XapaKTepHCTHKH CBOHCTB CHCTEMbHl B 3TOM

VR ARV
-:Z'/ Ly Iz Z/ Z3 i

Puc. 24.

caydyae BBOAHMTCS B PacCMOTPeHHE MPOAOJbHOE yBe-
JHYeHUe o, HOKa3biBaloliee OTHOMIEHHe IJHHBI H3006pa-
»eHust dx’ K AaHMHe H306pajkaeMoro orpeska dx, pacnoso-
?KEHHOTO BHOJIb ONTHYECKOH OCH:
= X
o=—-. 9.12)
HudpdepennupoBanue cootHowenus (9.7) maer, uro x dx’ +
+ x"dx =0, otkyaza

=35 % (9.13)

[TpunsiB Bo BuuManue (9.11), Beipaxenne (9:13) MoxHo
npeo6pa3oBaTh CAEAYIOIUM 06pa3oM:

I i %’ FyY_ _ F
==L (- F) (- L=~ F& ©.14)

Coornoulenne (9.14) ycranaBaupaer cBsi3b MexKAy nome-
peuyHbIM B U MPOJOJBHBIM O YBEJIHUEHUSIMH.

IIpononbHoe yBelMUYEHHE XapaKTepU3yeT Pe3KOCTb H30-
GpaxKeHHsl APOCTPAHCTBEHHOTO 0GBbEKTAa Ha IJIOCKOM-3KpaHe
(Tax HasplBaeMylo TNy OHHY pe3ko H306paxKaeMOro mpo-
CTpaHCTBA).

Bo3bMeM ABa MpOM3BOJbLHLIX CONPsXKeHHBX ayua: [ u I
(puc. 25). OTHouleHHe TAHTEHCOB yIi0B 4 U U, 0OGpa3yeMbIx
CONpSIXKEHHBIMH JIyuaMH C- ONTHYECKOH OCbio, Ha3blBaercs
YyrJOBBIM YyBEJHUEHHUEM Y CHCTEMBI:

t 4
V=en (9.15)
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W3 pucyska Bugno, uro
tgw _ _tgw __ (=DA(=x) _ f+=x
tgu tg (— u) F+x f+x"

‘\):

3amenuB B cooTBercTBHH ¢ (9.7) x' uepes ff'[x (unu %
yepes ff’'/x’) u npoussens npeoGpasoBaHus, NOJYUYHM:
v=t=1. (9.16)
C yuerom (9.11) Bhipaxenne (9:16) moxxHo mpeo6paso-
BA4Thb CJAeAYIOIHM 00pasoM:

Y=f_:_l.(__x_)=_lL (9.17)

Hakonen, nepemuoxus Boipamenus (9.14) u (9.17),
HalileM COOTHONleHHe, yCTaHaBJUBalollee CBA3b MeXAY
BCEMH TpeMsl YBEJIHYEHUTMH:

ay =B. (9.18)

Conpsixennsie Touku N u N’, naa xotopuix y = + 1, sB-
asores, Kak u Toukn H, H/, F u F/, xapaunaibHpiMu T04-
KaMu cHctembl, OHH HA3LIBAIOTCH Y3JOBBIMHU TOYKAMH
Wi y3anamu. ConpsikeHHsle Jyd4H, NPOXOsiiue uepes

H H
7 i 7’
0 - V4 ”I
-r F -f P F’.Z"J ’
1
Puc. 25.

y3Jbl, NapajiegbHsl Mexay cobol (cm. ayun 2—2' n 8—3’
Ha puc. 26). TlepnenauxyjaapHbie K ONTHYECKOH OCH IL10-
CKOCTH, NPOXOAKLINE Yepes y3/ibl, Ha3LIBAKTCA Y3 OBLI MU
naockocTsMu. Takum o6pasoM, Bcero uMeercst TpH Ha-
pbl KapAHHAJbHBEIX TOUeK ((OKycHl, TJIaBHble TOUKH H Y3Jbl)
¥ TPU Napbl KapAHHAJBHBIX TJIOCKOCTEl LEeHTPUPOBAHHO
ONTHYECKOH CHCTEMBI.

Ilpupapusas egunnue Boipaxkenue (9.16), moayuum Mis
KOOPJHNHAT Y3J0B CaAcAyloUile 3HAUeHHs:

xy=1, x.=F (9.19)
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U3 puc. 26 Jerko BHAETb, 4TO MPH COG/IIONCHHH YC/IOBHA
(9.3) yasbt COBNAAAIOT C T/IABHBIMM TOUKAMU. B srom cay-
yae Jydy, HPOXOASIIEMy uepe3 NEPelHIO TJaBHYl TOd-
ky H, cooTBercTByeT NapajiebHbil eMy COTpFKEeHHbIH My,
ulyuiul Yepes 3aQHIOK raaBHyio Touky .

Y H
J'
K
I -
F N ) F’
7t 7
~ 1,7 N
_/' / ________ {n;
3// N\,
2
Puc. 26.
Y4 H
7 7 M A
J A ["l .
I d P
— S I V5
g Fv o\ =y
]I
Puc. 27.

CBOMCTBO Y3/J0BBIX TOYEK MOXKHO HCNOJb30BATh NPH IO+
crpoennn u3obpaxenus. Ha puc. 27, xpome syua 1, napaa-
JIEJIbHOTO OCH, W Jyda 2, HAyuiero uepes QOKyc, H300paxkeH
ayu 3, npoxoAsuiuil yepes nmepeqHuil ysen N. 3ror ayu ne-
pecekaer miaockocts H B Touke C. ConpsixeHHEbl ¢ 1yUoM 3
aye &’ MPOXOAMT uepes COMPSIKEHHYIO ¢ Toukoit C TOUKY c’
niaockocr H’. Kpome toro, ayy 3” 1o/Ken OPOXOAHTL Yepes
zaguuit yzen N’. Las nocrpoenns H300paxKeHHs LOCTATOUHO
B3siTh AIOGYIO napy us aydeit [, 2 u 3.

§ 10. CaoxeHde ONTHYECKHX CHCTEM

Fcan ape ueRTpHpOBAHHBE ONTHUECKHE CUCTEMBL pasMe-
CTHTb OAHY 3a ApYro# Tak, 4ToOB HX OCH €oBHajfalH, OHH
00pa3yloT €IUHYI0 LEHTPHPOBAHHYIO ONTHYECKYIO CHCTEMY.
Smasi paccrosiHMe MeXAy CHCTeMaMyM U [0J0XKeHHe HX
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KapAMHAJbHBIX MJOCKOCTeH, MOXHO HalTH NOJOXeHHe Kap-
JAMHAJBHBIX NJOCKOCTE! COCTABHOR CHCTEMBI.

Ha puc. 28 noxasafnl riaBHBle NJAOCKOCTH ¥ (OKyCH
ckaIagpiBaeMbix cucteM. O6Go3HaueHus, OTHOCAMIMECS K Mnep-
BOA CHCTeMe, cHaOXeHb! HHAEKCOM I, oTHocAllMecH KO BTO-
pofi cucteme — uHAeKCcOM 2. Paccrosinme oT 3aaHero ¢oxy-
ca F{ nepsoii cuctembl 10 Nepepnero ¢okyca Fa BTOpO# cH-
creMbl ofosHaueHo cumBogioM A. Korma Fp aexur chopasa

w7

Hy=H?)

Puc. 28.

or F{, A nonoXxuTenbHo, B-NPOTHBHOM cjyuae A oTpuIla-
teabHO. Coyuail, n306pakKeBublii Ha puc. 28, COOTBETCTBYET
nonoxurenbHoMy A. Paccroanue or 3anHeil rraBHOH IJ10-
ckoctd H| nepBoil cHCTeMBl Ji0 TepefHell TVIaBHOH IJIOCKO-
cri Hy Bropoit cuctembl o6o3HauuM uepe3 d. Beaumumna d
TakKe ajreGpamueckas; oHa Oyier OTPHUATENbHOH, eclH
naockocts Hy okaxkercs cnepa ot miockoctd Hi. Paccros-
nue A MOXHO BHIPA3uTh yepes d:

A=d—f{—(~f)=d~F+f (10.1)

Bosbmem ayu /, napaJIebHEIH ONTHYECKOH OCH. Buiiing
M3 NepBOHl cHCTeMbl, OH. NpPOIAET Yepes cpoxyc F1 u nona-
Ret po Bropylo cucremy. Eenu dokyen Fi # F2 He coBna-
aaiot (A % 0), ay4 no BbIXOJe H3 BTODOH CHCTEMBI Iepece-
4eT OCb B TOYKe F’, KOTOpas MO ONpEAEJEHRIO ABAAETCH 3ajl-
UM  QOKycOM cOCTaBHOH cHcTeMbl. Touka TepeceueHHs
nyua 1’ ¢ BooGpaxaeMbiM ApoAo/KenHeM Jyda I Gyaer Jje-
XaTh Ha 3ajHell TaBHOM mockocTH H’ cocTraBHOM cHCTEMBI.
310 caexyer W3 TOTO, YTO. TOUKA Ilepecevenus ayya I
¢ naockocTeio fI’ no/knHa HaXoAWTLEA HA TAKOM Xe pac-
CTOSIHUH OT OCH, KaK M TOYKa Tepecedenns ayva I ¢ mjoc-.
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xocetbio H (mosioxKenne NOCnefHe#d MJAOCKOCTH ROKa HE W3-
BECTHO, OHa H3006paxkeHa Ha puc. 28 mynkrupoM). Paccros-
nue H’F’ mpencraBaser coGoit 3anHee QOKyCHOE paccrosi-
nue [’ cocraBHO# cucreMbl. Jast cayuas, u306paXkeHHOro Ha
puc. 28, ¢okycHoe paccrosiHHe [’ .OTpPHIATENBHO, TaK UYTO
HCTHHHOE paccrosiHue MeXxay Toukamu H' u F’ pasno (—f').

Kaxavifi u3 ¢okycos F|, F|, F, u F} obpa3yer Haua/lo
CHCTeMBb QTcuera. KOoOpAMHATH B 3THX CHCTeMaX Mbl Oyaem
o6o3nayaTh COOTBETCTBEHHO X, X, X, U x; Psanom, B
cko6Kkax, 6yleM yKa3eBaTh 0G03HaYeHHe TOUKH, MJSi KOTO-
pofi HanHcaHa JaHHas KOOPAHHATA.

Koopaunara x;(F’) dokyca F’, oTcuntannas B cucreme

¢ HavanoM B TOuke Fj, cBsisaHa c xoopauuatoli X,(F})

[4 o
Toukd Fj, OTCUMTaHHOH B CHCTeMe C  Havalom B Fp (ans
N . ; -
paccMatpuBaemoro cayyas  X,(F))= —A), pepmynoi

9.7):
(= A) - XL (F))=[,f3,
OTKyZa )
x(F) = — 2. (10.2)

Jlns npsSMOyTrONbHBIN TPEYroJbHHKOB ¢ 0611lell BepHHHOH
B Touke F| MOXHO HalHCaTb COOTHOIIEHHE:

vy hf
—y  A+(=F) TA-F "
AHalOrMyHoO, RS- TPEYrOJLHHKOB C OOLIEll Bepm#uHON B
touke F/ umeeM:
Y - "f’ — ""fl — _fIA 10.4
-y hrnF) B-LRs (-1 (184

IpupaBrAB npasbie yactn coorHowenuit (10.3) u (10.4),
npuaeM X Qopmyne aas 3ajnHero QOKYyCHOro PpaccTOSHUA
CyMMapHOH CHCTEMBI:

(10.3)

e — ’iQ . (10.5)

Ipocneaus nyTh TNapaiienpbHOro OCH Jyda, HAYLIEro
cIipaBa HaljieBO M TPOXOAALIEro MOCAEI0BATEIbHO Yepe3 BTO-
Pyi0 M HEPBYIO CHCTEMBbl, JIEFKO NpHiTH K dopMmynam nis
nepeanero GOKyCHOro paccrosiHusi [ cyMMapHOH CHCTEMB H
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koopaunatl ¥;(F) nepeasero doxyca F, orcuuTaHHOH OT
Touku F.. [losropup paccymienns, npusefuine gac K pop-
myaam (10.2) u (10.5), MOKHO NONYIUTD:

h,
X (F) == (10.6)
f=lil (10.7)

Haftnem onruueckyio cuay cymmapuoit cucremb. Co-
riaacHo gopmyne (9.4)

== = ooy
f fifs
rAe n,— MoKasaTejb NPEJOMJIEHHS cDebl, HaxoAsuledcs

3a BTOPOH CHCTeMOit.
TlpeoGpasyem 510 BbIpaKeuuwe CASAYIOLIHM OOPa30OM;

Ho n/f{ npeacragaser coboit ontuueckyio cuay @y nepsoit
cucremsl, a n;/f] — onruueckyio cuny @» BTODOH CHCTEMEL
CraenoBaTensHo,
A
D= — ;;(DI(Dz- (10.8)

Buipasum B srtoit GopMyse A uepes d B COOTBETCTBHM
c (10.1):
d—fi+f,

n

fl fy

D= — q)(DQ'-—*(D(Dz“““‘(Dl(DZ-'—(D(DQ.

Yurs, uto f;/n——— I/CI)I,, a fyfn=—1/®,, nonyunm
D=0, + B, — L DD, (10.9)

Hanowmuuw, uro B 310 dopmyse d — pacerosinne Memxy
mnockoctamu H{ u Ha, n— nokasatess NpesOMJIEHHS Cpe-
Abl, HAXOIsIIECsi MEXAY CHCTEMaMH.

BHiynciuB ONTHYECKYIO €Uy CyMMAapHOH CHCTEMBI, MOX-
Ho no hopmynam

4
fr="g, f=—-% (10.10)

fcm. (9:4)] maiitu ee doxychuie paccTosAHHA.
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Yacto smecro Beauun (10.2) u (10.6) 6umBaer yno6-
Hee. MOJbL30BATLes paccroanusmu (Hy— H) u (Hi—H),
onpeessoIIUMA OJ0KeHHe TVIABHBIX TIOCKOCTel cyMMmap-
HOH CHCTEMBbI 10 OTHOUIEHWIO K I'JIABHBIM TJOCKOCTAM CKJa-
neiBaeMuix cucreM. Ma puc. 28 caenyer, uro

—(Hy= H)= = fy= %, (F)+],
(Hy— HY) =Ty + 2, (F) — .

Tloncrasus 3nauenns (10.6), (10.7), (10.2) u (10.5), no-
JAYUHM:

(=h+H) _hd

(H,— H)=
' A A (10.11)
4 — 1t 4 Id
(Hy— pry = 28T Af-.___”l):_fi\ .

Hs dopmyan (10..84) A = —n®/®,®2; kpoMe TOTO, [i=
= —m/®y, [, =n§/®2, Ilpousseas Takyio 3aMeHy B popMmy-
Jgax (10.11), Haiigem:

(=)= 5-d, |
b (10.12)
1

d. ]

’
(D]

I'4 7 g
(H—H)=~-—F

C nomoluplo opMys, NONYUEHHHX B 3TOM naparpade,
MOKHO RafiTH DOJIOXKeHHe KapAHHAJbHBIX TIOCKOCTEN CIOK-
HOl ONTHYECKOH CHCTEMbl, 0OP230BAHHOK JIOGBIM KoJHYe-
CTBOM COOCHHX UEHTPHDOBAHHBIX CHCTEM.

§ 11. Ipeaomaenne Ha chepuuecKoit HOBEPXHOCTH

CKOJIb YrOJIHO CJOXHYIO IEHTPHPOBAHHYIO ONTHYECKYIO
CHCTEMY MOKHO PACCMATPUBATH KakK CyMMYy IpOCTeHiuX
CHCTEeM, Kaxjas H3 KOTOPbIX 06paszoBaHa QAHOH MpejoM-
adomeit (uan orpaxkawluei) cohepuyeckol (B YaCTHOCTH,
naockoil) nosepxHocThio. Caenosatelbho, chepHUECKHE 110~
BEPXHOCTH pasfena JABYX ONTHYECKH OJHODOIHBIX Cpej
NPpeACTaBAsoT cO60fl Te 3JeMeHTHl, U3 KOTOPBIX CTPOHTCA
Jebas IeHTPHPOBaHHAsI CHCTEMA. PaccMOTpHM HpoXoxje-
HHe TOMOUEHTPUYECKOTO NyYKa Uepe3 Takyid NOBEpPXHOCTH.

Ha puc. 29 nsobpaxena npegoMasiollas NOBepPXHOCTb
panuyca R ¢ uenrpom B touke C. ITokasatenn npeaomJaeHus
cpel, Jexamux no obe CTOpOHLI IOBEPXHOCTH, PaBHH #
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u n’. [IpsiMylo, MPOXOASLLYIO Yepe3 TOUCUHbIH HCTOUHMK CBe-
Ta P u uentp kpususHbt C, HasoBeM 0CbI0 cucTeMbl. Tou-
kKa O nepeceyeHHs NOBEPXHOCTH C OCbI0 HA3BIBAETCHA Bep-
WHHOH mnpenomasiolleli moBepxHocTH. IlpuMem To4Ky O
3a Hayano orcuera. Koopaunarte npeamera P u nao6paxe-
Hua P’) orcuntbiBaembie oT Touku O, 0603HAYHM COOTBET-
CTBEHHO § H &,

BosbmMem B mpocTpaHCTBE NpeaMeTOB NPOH3BOJbBHbI
ayu 1, obpasywomyii ¢ ocslo yroa u. OH nagaer Ha npesoM-
JISIOULYI0 TIOBEPXHOCTL B TOuKe A noj yraom i (aas ayya I,
H300paxeHnHoro Ha puc. 29, yran u u i OTpHUATENbHbI),

o ’4 r
n ¢ -&'
7 7’

p -u Vi PINE .z a

s s
R

Puc. 29.

Conpsixennsiit ayuy 1 qya I’ 06pasyer ¢ HOpMabio yroa i’
U mepecekaer och B Touke P’, oTCTOAIe} OT BepuIMHH Ha
paccrosinue s”. HesaBucumocts s” 01 yraia 4, noa KoTophim
Hjaer jyy /, o3Haua/na Gbl, YTO UCXOMSIMH H3 TOUKH P ny-
YOK Jiyyell Nocie NpPeJOMJICHHS Ha cCepHYecKOl noBepx-
HOCTH oOcTajcs Obl romoneHTpHYeckHM. COOTBETCTBYIOUIHIl
pacueT MOKa3kIBACT, YTO ITO CHPABENJIHBO JHULIb s Jyyed,
06pasyIolmux ¢ ocblo HeGObILINE yraw 4. Takne JyyHe Hasbl-
BaloTCd NapaxcuanbHBI MU (npHoceBeiMu). s napax-
CHAJIBHBIX JIydell BCe yIiibl, 0603HaueHHbIE Ha puc. 29, Gynyr
ManbiMit. [103TOMy CHHYCHI M TaHreHCHI S5THX YIVIOB MOXKHO
CUHTATb PABHLIMM CAMHM YIJaMm.

Cornacno sakony npesomsenus (1.6) nsini = n’sin#,
3aMeHnus CHHYCHI yriaMH, NOJYYHM:

ni=n'i’. (11.1)
H3 tpeyronvruxos PAC u P’AC caenyer, uto
(=)=(—uw)y+9¢ umm i=u—yq,
(—i)=9—u um V=u —q.
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TMoncraBus 3Ty 3Hauenus { u i’ B popmyny (11.1), npunem
K COOTHOLICHHIO:

n(u—@)=n'(u — ¢). (11.2)

Jaa mapakcuadbHbX Jyuel aanHod orpeska OB Moxno
npenebpeuyp 1o cpaBHenHw ¢ (—s), s’ u R u cuurath
PB = (—s), BP’=s" uw BC=R. Torma, mojarasg yrabl
PaBHBIMH HX TaHTEHCaM, MOXHO HamHCaThb:

A h , h
(—u)=775’ T.&. u=-—; W =2, €P=%-(11-3)

3amenns B (11.2) yram ux snauenusamu (11.3), cokpa-
THB Ha h W npousBels Npeo6pasoBaHus, NOAYUUM HOPMYJLY:

Won_n-n_ g, (11.4)

Has Toro urobul 5Ta (popMyaa DaBasa NpaBHUIbHBIA pe-
3yJabTaT NPpH OGpAIleHHH MOBEPXHOCTH BHUMYKJIOCTLIO B JHO-
6y10 CTOPOHY, ¢ paHycoM KPHBH3HBE R HyXHO o6Gpamartbcs
KaK ¢ anre6paHyeckofi BeJTHYHHON: JJISl BBHITYKJOH NOBEpX-
nocT (ueHTp KpHBH3HBI C JexXHT cnpaBa oT BepiiiHn O)
CUNTATh €ro HOJOKHTEJNbHBIM, AJIS BOTHYTO# NOBEpXHOCTH
(€ nexur caera or O) — oTpHIaTeNbHLIM.

Beanunna

n—-n
=17 (11.5)

Ha3biBaeTcss ONTHUECKON CHJOH npenomadiouesl no-
pepxnocTH. OHa XapakTepusyeT NPENOMJSIOUIYIO croco6-
HocTh noBepxHoctH. M3 dopmynw (11.4) BuaHO, uro RpH
(YKCHPOBAHHOM DAacCTOSIHMH 10 MNpeAMeTa § pPacCTOSHHE
RO H300paxeHus §' TeM MeHblue (T. €. JYYH HPeEJOMJAIOTCS
TeM cHJbHee), yeM Goabie @,

U3 ypasrenns (11.4) caepyer, uro npu 3ajaHHuoMm S, ne-
32BHCHMO OT 3HAUEHHS X, TOJy4aeTcss ONHO H TO Xe 3Ha-
yeuue §. Takum 06pa3oM, i napakCHaNbHLIX Jdyuell FOMO-
HeHTPHYECKHH My4YOK B NepBOM NpHONIKEHHH oOcTaercd
nocje NpejoMAeHHsT Ha cdepuyecKOd IOBEPXHOCTH TOMO-
[EeHTPHYECKUM.

Hraxk, ontueckas cucreMa, o6paszoBanHas cepuyeckod
IHOBEPXHOCTBIO, JJAs NapakcHaJbHHIX Jydell  sBjasercH
vjeanbHOi. Pasmephl yuacTka noBepXHOCTH, Yepe3 KOTOph
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NPOXOAAT NMapaKCHaNbHbIE JYYH, MAJBI 0 CPABHEHHIO C pa-
AHYCOM KpPHBH3HBI HOBepXHOCTH R, BcaeacTBHe uero 3ToT
YHACTOK MOXKHO B TNEPBOM NPUOGIMIKEHHH CUHTATH TJIOCKHM.
TMyuox ayuedt, cxoaamuxca B Ji060H Touke P npenomasio-
wei nosepxuocru (puc. 30, a), npeobpasyercss B Ny4oK, Hc-
xoasuwuii u3 Touxkd P/, copnagamoueir ¢ Toukoii P. Caenosa-
TeJIbHO, ILIOCKOCTb, npoxoisuiast gepes Touky O, oroGpa-
Kaercss ¢ JMHeflHBIM yBeJuYeHueM, paBHbIM -+1, B BuIe
copnanawoulefi ¢ Helt nJjockocth. OTclofa BHITEKaeT, 4TO
rnasusle miockocte H v H' upenomasiiomiefi DOBepXHOCTH
COBMeELIeHB! Apyr ¢ APYrOM M NPOXOAAT uepe3 BepuuHy O

7
2 X V27 2 , , /
3 il 7
4 }?' 7’
’ /4
7’ u A
a 17 NN
a) g)
Puc. 30,

npeaomasnioweil nosepxuoctu. Takum 06pasom, KoOpAHHATHI
s u §', orcuntbiBaeMble oT Touku O, COBNAnaloT ¢ KOOPIH-
HaTaMu § ¥ S’, KOTOPBIMH Mbl NOJb30BaJMUCh B § 9.

Jlyuy 1, ugymeMy 4epes LEHTP KPUBH3HBI NOBepXHOCTH C
(puc. 30, 6), cooTBeTCTBYeT CONPSIKEHHBIH Jy4 I’ uaywmi
no Tomy »Ke HanpabJaenuio. CiregoBarespHo, y3anl N g N’
TaKXe COBMeIIeHb JPYyr ¢ APYrOM M COBHNAAAIOT C LEHTPOM
nosepxuoctu C.

Hafinem ¢okycHble paccTOSHUS HPEJOM/AIOLIEH MOBEPX-
noctu. IlpenMery, yaajenHomy #a GECKOHEHYHOCTH (§ = o0),
COOTBETCTBYeT H300paxenue, moMellaiouleecst B 3aaneM ¢Go-
Kyce F’, . e. oTcrosiee or touku H’ Ha paccrogHue § =
= f'. Tloacrasus aTu 3HaueHus s u & B ¢opmyay (11.4),
nMeeM:

u n n'—n __
F =R =%
OTKY A ; )
/="l R=1- (11.6)
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Ecnu npeamer nomectuth B nepennem dokyce F, 1. e. Ha
pacctosiunn S = [ oT Toukn H, To m306parkeHHe oxaxercs
Ha paccTosiiuu 8’ = oo:

n n_n-n__
=" 7= & %
OTKYZAa
f=——"—R=—=%. (117
Hs dpopmya (11.6) u (11.7) caenyer, uro
cp=-;‘,i=~ . (11.8)

Takum obpasom, BesnuuHa (11.5) coBmajgaer ¢ oOnTHUe-
CKOfl CHJIOH CHCTEMBI, onpenensieMoit dopmynon (9.4).

Pasjeans ypasueune (11.4) ua @ u npuuss Bo BHUMa-
nie (11.6) u (11.7), MoXHo HanucaTk:

i
?’-l"';"‘ I)

910 coBnajgaer ¢ GopMysod NEeHTPUPOBAHHOH ONTHUECKOH
cucrembl (9.9). Ecan nepe#itn x KoopIuHaraM npeamera x
¥ H306pakenusl x¥’, OTCUUTEIBaeMbIM OT (okycoB I u F’, no-
Jgyuutest aaa cdepuieckoil nosepxHoctu dopmyaa Huworoua
(9.7). Bce ocraabHbie (opMyJbl, nodyuenssle B § 9 pas
ILeHTPUPOBAHHOI ONTHUECKOH CHCTEeMb!, TAKIKe ClpaBe/lJiHBbE
LJs OAHON mpesoMasioulell NOBEPXHOCTH, €CJAH OrPaHHYH-
BaThCS PACCMOTPeHHEM MapakcHalbHBIX NYyuKoB Jy4ed,

OtmMetuM, uto, NOJIOXKUB B dopmyte (11.4) n'/n = —1,
T. e. n’ = —nl'), MBI NOJYYHM H3BeCTHyIO (opMyay cheph-
4ecKOTro 3epkaJna:
1,1 2
?+ s T R

INocrpoum usoGpaskenne QP» orpeska Q,P), naBaemoe
npesoMasiolell nosepxuocthio (puc. 31). Tlposesem wu3
TOUKH @) NPOH3BOJBELIH Jyu QA M CONpSKEHHBIA C HHM
ayd AQ.. Bcee syun GygeM cuMTaTh NMapakcHaJbHBIMH, TaK
UTO YIJABI I}, fp, —U; U Uz OYEHb MaJjbl. [103TOMY MOXHO CYH-
TaTb, YTO

h . — Y2
y ly=—7—

I, =
1= 2 52

’

1} Cm. cuocky Ha crp. 10.
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OTKyAA

L_us (11.9)
is Y2 S1° '
AHaJjioruuHo MOXKHO CYHTATb, YTO
—_— h —_—
U= Ty W= g
OTKYAa
S
PR (11.10)

Cornaco 3akony npeaomaenus (1.6) i = fais (Mbi
3aMeHHJIH CHHYCHl yraamu), T. €.
iy, _ ng »
PR (FLLLD)
3amenum B Qopmyne (11.9) orHowlenus i/is 1-S2/S1 MX
suasenusivu (11.11) u (11.10). B pesyabraTe noJyunTes
COOTHOLIEHHE!
n Y2 U2 !
KOTOpOMY MOMKHO NPHAATh C/eAYIOLUHA BHA:
Rollolfs == Nyt Y. (11.12)

Ecau 3a nepBoii mpejoMmasioleil MOBEPXHOCTLIO pacno-
JIOXKUTb BTOPYIO Tak, 4ToObl Q2Pp Cayxujio AJs Hee Mpejt-
MeTOM, TO BTopasi MOBEPXHOCTb 1acT H300parenue QsPs

A
2,
% ] 4
A ‘ “ 4z
1
,: ﬁw
e ) s, 5,
Puc, 31.

pasmepa ys. [1OBTOpHB paccyx/eHus, npuseiuine Hac K co-
orunotueruo (11.12), najiaem, uro

ngll3ys = Nollalfo,

Flie N3 — NoKasaTeNb MNpefoMJieHUsl CPeb, pacno/oXKeHHOH
3a BTOPOil NOBEPXHOCTBIO. K TOMY Xe pesy/bTary Mbl IpH-
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JleM, pacroyioXK¥B 32 BTOPOUl MPeIoMAsIolleli HOBEPXHOCTHIO
TPETBIO U T. A.

Takum o6pasoM, B ciyyae LEHTPHPOBAHHO{ CHCTEMH,
0o0pa30BaHHON COBOKYIHOCTBIO cepUUEeCKHX MOBepXHOCTeH,
pasfedsioOlivX OAHOPOJHble Cpelbi C MOKa3arelnfAMu mpe-
JOMJIEHHSA My, Mg, N3 U T. ., UMeET MeCTO COOTHOUIeHHUE:

Ryl Y, = Hollylfy = Nalialfs = . . . (11.13)

STo COOTHOLIeHYWe HOCHT Ha3BaHHe TeOpeMbl (HIH ycCJoO-
susn) Jlarpaasxa—Tlenbmronasua Camo Xe BHpa-
KeHue nuy HaspiBaeTcss HHBapuauntowm Jlarpawu-
®a—TleabMroanua.

Yeao uy, Uy ¥ T. 4. CyTb yrJbl, 06pasoBaHHbe € OChIO
CHCTEMB] NPOM3BOJbHBIMU €ONMPSIKEHHBLIMH JyYaMH,. NPOXO-
ASIUMY Yepe3 TOYKH Qi, B KOTOpPBIX npeaMer (B caydae Uy,
U3 U T. 1.) WIH COOTBETCTBYIOUlee H300paxKenue (B caydae
Uz, Uy M T. I.) TIepeceKaercs c OChIO CHcTeMbl. B uacTHocrh,
B KauecTse YIJIOB Ui, Us H T. 4. MOIKHO B3dTh HauOOJblIHE
yrael B TyYKax Jydei, mafaloulux Ha IoBepxHOcTh 1, 2
W T. 1., a B KauecTBe Us, Uy H T. A.— HauGOJbliHe YIJIH B
CompsXeHHblXx myukaXx. Torga 3TH yrisl GYAyT ONpeiedsTtsb
anepTypy (MakcuMaJabHOe pacKpbiTHe) COOTBETCTBYIOLIHX
nyykoB. MOXHO TaKXKe B3dTb TaKue Jyyd, 4yToGH A Ha
puc. 31 ©puio paeHo y: Torza yroa iy 6yier yriom, NMOx
KoTOpbiM npeamer QiPy BufieH ¢ PacCTOSIHHUS Sy, Uy — YIJIOM,
nof KoropbiM mpeamerT QPi-BuieH c pacCTOAHHSA Sz H T. K.

Ycnosue Jlarpauxa — IenpMroginlia nakJgajbiBaer or-
paHHYeHUs Ha mpeoGpa3oBaHHs CBETOBHIX IYyYKOB HpPH TO-
MOINH onTHUeCKHX cHcteM. OrpaHuuesHs BHITEKAWT MO Cy-
LIeCTBY M3 MPHHIHHA COXpAaHEHHS] CBETOBOro MoOTOKa (T. e.
U3 NpHUHOMNA coxpaHeHHs sHeprun). OcoGeHHO BENIHKO 3Ha-
YeHHe 3THX OTpaHHueHNH B QOTOMETPHUECKHX pacueTax.

O6patumca k puc. 23. U3 mogo6ust Tpeyroastiukos FHB
1 PAB BriTekaer cOOTHOLIECHHE:

=f _

-~y  y—y

7\ (11.14)

Auanoruuno M3 nogoGus tpeyronbuukos A'F'H’ w A’P'B’
cleflyeT COOTHOLIEHHe:

r_
= (11.15)
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Pasgeans (11.14) ua (11.15) n nponsBens HechoXdble mpe-
o6pa3oBanud, NOJYYHM:

I__¥s
I y s’
3amenum B coorBerctBuu ¢ (11.10) s/s’ ornoulennem u’f/u:
L _ vy
r uy °

Haxkouen, npunsis Bo BHHMaHue ycaosue (11.12), mpuaem
K COOTHOLLEHHIO!
f n

FET W (11.16)

#
3TUM COOTHOLIEHUEM Mbl yXKe TIOJb30BaJlHCh NMPH PaCCMOT-
peHHH LEeHTPHPOBaHHBIX cHcTeM [cMm. dopmyay (9.2)]
§ 12, Jlunsa

Jlunsa mpejcrasaser co6oil cHcTeMy ABYX chepHUECKHX
npeJoMJSIOWNX noBepxHocTelt (puc. 32). Ecanm paccros-
preM d MeXKJy HX BepllMHaMu npeHedpeub HeAb3d, NUB3Y

=7 p=ry
H G, 7 Fr
l -7 | ~H) GHY|
- ]

Puc. 32

HasbBaloT ToJacToMN. Jlunsa c mpeneOpeumo mansim d
HA3bIBAEeTCSl TOH K O H.

" Bcee BesmuMHBL, OTHOCHIIMECS K IEPBOH IOBEPXHOCTH,
cHabaum HHAekcoM 1, orHocAmMeca KO BTOPOH MoOBepX-
HocTH — unaekcoM 2. [lokasateib npesoMJenHst JuH3bl 060-
3HAYMM uyepe3 7, MOKa3aTedb NPEJOMJEHHS Cpeibl, OKpy-
JKawllied JUH3Y, — Yepes .
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Hafigem onrtnueckwe cHJB NPEJOMJ/SIOHINX NOBEPXHO-
creit. B coorsercreuu ¢ dopmyaoit (11.5)

’
. nl—nl f'L'—'l’lO
e
R, R
7
(I) . n2—-n2 . no—n
, = ==
- ‘Ry R,

Bocnoas3yemcst soiBegeHnbiME B § 10 dopmyaamu cio-
eHust cucrem. Tommuua nuu3el d coBnajaer ¢ paccros-
HHEM OT 3alHeHl rJaBHOH maockoctn F{ mepBoil nosepx-
HOCTH JI0 mepenneil raasHoi miuockoctu Hp BTOpOit nosepx-
Hocte. OnTuuecKkyio cuny nuu3bl Haligem no gopyyae (10.9):

(I)=q)l+®2—-:_(j‘)1¢’2=

_ h—ng + ng—n d (n—ny) (ng—n) _
Ry Ry n RiR,
n—ny (n—n)d—n(R, —R,)
n R1Rz -
Cornacuo (9.4) /= ni/® = no/®, [ = —n/® = —ny/D.
[Moacrasup cioga Buipakenue Aas @, noayyum:

f’= “;f= iy R\R,y (12 ])
n—ny (n—ng)d—n(R —R,) * )

Inapuble naockoctu Hi u-H{ coBmagaoTr ¢ BepuiH-
noft O; mepBoll MOBePXHOCTH, a miaockocty H; u Hi—c¢
sepiiunoit Op BrOpoil nosepxHoctH. [losatomy paccrosinue
(01— H) or BepwuHB NepBOH MOBEPXHOCTH OO MepelHel
1JIABHOH MJOCKOCTH JIMH3BI NpeAcTaBaser coboil paccroguue
(H;— H), xotopoe MOXKHO BbIYHCJAUTD 1O Popmyae (10.12):

(O—H)=(H~H)="2rg=" 22 g
Ananoruyno,
I4 ’.1‘, 1Y ny, ®
(Oz—H’)=(H§—H)=———ni_cﬁl—. =.__n°__®_'

—p =
(B paccmMaTpHBaeMoM ciyyae #, —r;z——no).
[ToacraBus suauenust @y, My u O, noayyum:

I‘LoR d )
O =) = Tm =Ry~ =y’ |
R | a2
(O _ H’)= HoKy
2 ' Ry~ Ry)—(n~no}d ~ }
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B cayuae TOHKOfl JHH3H PAcCTOAHHEM d MeXxAay Bepilu-
Hamu TpeoMasiomux nopepxuocreit O H O, MOXHO mpes
He6peub M CUMTATh STH BEpPUIHHB HAXOAAMMMUCH B oanof
TOYKE, KOTOPYIO HA3bIBAOT ONTHYECKHM NEHTPOM
ronKofi- auu3bl. Tlojoxue B GdopMyaax (12.2) d paBHbM
HYJII0, MOJYYHM, UTO OTPE3KH (01— H) u (02— H’) Takxe
paBubl Hyjlo. OTo 03HauaeT, 4To ob6e raaBHbie MJAOCKOCTH
TOHKOfl JIMH3bl NPOXOIAT Yepes ee ONTHUECKHHA LEHTP. Ecnu
[I0KA3aTeNH MpPEJOMICHHSI cpell, HaXOLRUHXCA 10 06e CTO-
POHBI JIHH3HI, OJHHAKOBHI, TO Y3Jbl COBNAAAIOT C INIaBHbIMH
TOYKaMH, T. €. NOMELIAIOTCsl TaKXe B ONTHUECKOM LEHTPE

7 =n=m
T =1 75 =7
DU gl 12
A P\B) g 25
S\
-5(=8;) S’(Szi)
Puc. 33.

aumssl. OTCIOKA BHTEKaeT, uTo Ji06oi Jyy, MAYIHA uepes
ONTHYECKMA NeHTp JHH3bl, He H3MeHseT CBOEro Hanpas-
JACHHS.

dopmyna (10.9) uMeer AJs TOHKOA JIHH3bl BHI:

O =0, + D, (12.3)

TakuM 06pa3oM, ONTHUECKAs CH/Ia TOHKOI - JIMH3H paBHA
anre6paMvyeckoil CyMMe. ONTHUECKHX CHJ NPEJOMJAIONIHX
NOBepXHOCTeH.
Buipaxenne (12.1) ynpoutaercsa anas TOHKO#l JIHH3bI CJle-
LyloutHM 06pa3oM:
7 SN S no RlRZ 12 4
f n—no Ro—Ry "’ (12.4)
Moacrasus B (9.9) snauenns (12.4) aas [’ u f, noayunm
u3BecTHY0 GopMysny TOHKOW JIHH3BL
1 1 n~—no ( 1 i )
P~ = " m . (12.5)
dopMysy TOHKOH JHMH3E MOXKHO MOJYYHTb HENOCPEn-
CTBeHHO, NyTeM I0C/Ie/I0BATENLHOTO IPHMEHEenHs COOTHOLIE
nusi (11.4) x: 06eHM- MpeJoMJIAIOMUM TIOBEPXHOCTIM. Bo3b-
MeM Ha OCH JHH3H cBeraulyiocs Touky P (pmc. 33). D1y
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TOYKY MOXHO paccMaTPHUBaTh Kak mpexmer Py, oroOpaxae-
MBIH nepsoﬁ NPeJOMJSIOLLEH YOBEPXHOCTHIO. quox Jyueit,
BHlICAWHA U3 Py, nocae mpesoMJ/eHus Ha nepBoOH nosepx-
HOCTH TIPEBPATHTCA B MYYOK C LUEHTPOM B TOUKe Pi. Ta-
Kum obpasom, Touka P siBasiercs Hsoépameﬂnem TOuKH P,
AaBaeMBIM NepBO npesomJsiiomieli nosepxHoctbio. Coraac-
Ho (11.4) paccrosnus s, u §] Touek P, u P| or BepuHHH

HOBerHOCTH 01 CBA3aHbl COOTHOIUEHHEM:
ﬂ‘r n, n? —-n n My n—ny

1
— T e HIH ——— = . 12.6
si s R, S| Sy Ry ( )

Ha BTOPYIO NPENOMJAIOLLYIO MOBEPXHOCTH NaAaeT roMo-
HEeHTPHUECKHiI TIly4OK ¢ LeHTpoM B Touke Pi. Crexosartesib-
HO, u3o0paxkenue P, paBaeMoe nepBOH NOBEPXHOCTEIO,
O/HOBPEMEHHO ABJsSeTcA NpeaAMeToM Pp nas BTOpOil MoBepx-
HoctH. [loche NpeNOMeHHS Ha BTOPOit TIOBEPXHOCTH - JIyUH
coGepyrca B Touke P Ilus paccrosiuuii S, H S, TOYeK

P, u Pj or sepmunb’ O; BTOPOH TNOBEPXHOCTH MOXKHO
B cooTBeTcTBUH ¢ (11.4) Hanucath:

’ ’

ny My fg—fy ng n fg—n

- — T e e Hjau — _—= — . (12.7)
S3 S Ry S35 R,

Caoxum COOTHOILIEHH5 (12.6) u (12.7). [lns TORKO{ /IHH~
3bl PAcCTOSIHMA S7.H S, MOXHO CYHTaTh COBMaJalOUIUMH.
[Tostomy cnaraembie #fs{ B (— nfs,) B cymme AaAyT Hyab
M MBI HOJIYYHM BbipakeHHe:

s nuuss Touka Py aBasiercss npeamerom P, a Touka
P3;— ero mso6paxenuem .P’. Paccrosinue s mpeamera P
OT JIHH3bl COBNAJaer ¢ §;, a paccrosHue s H3oOpaxceHus P’
coBmajaer ¢ S, 3aMeHHUB B NOJYYeHHOH HaMu (opmyne
s, Ha s W S; Ha $§ W Npou3Besst Mpeo6pPa3OBAHUSA, NPHIAEM
K hopmysae (12.5).

B saxsiouenne HanoMuuM, uto Ry u R;— anreGpauue-
CKHe BEJHYHMHBI [CM. TeKcr, cielyiomuii 3a HopMyJiol

(11.4)].
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§ 13. MorpemwHoCTH ONTHYECKUX CHCTEM

B § 1] Mm ycTaHOBHJH, YTO cepHUecKas MOPeJOMAAIO-
Ias TOBEPXHOCTh (& CNefOBATENBHO W UEHTPHPOBAHHAA CH-
¢reMa TakuX NOBepXHOCTeH) HaeT CTUrMaTHuecKoe H3o0pa«
JKeHHe TOJIbKO NPH MCIOJAb30BaHMU NMapaKCHaJbHBIX Jyued.
Takoe orpanuduedde NPHBOAHT K CHJIBHOMY COKPAlLEHHIO
pasMepoB H300parKaeMblX OUTHYECKOH CHCTEMOH [peIMeToB.
Kpome TOro, y3octb CBeTOBLIX MYUYKOB 0OYCJIOBJAHBaeT Ma-
VIO OCBELIECHHOCTb H300paKeHUs, TaK KaK CBETOBOH I10TOK
NpOMOPUHONAIeH TSJNECHOMY YIVY, B IpefejJax KOTOPOro OH
sak/ouaerca [em. Gopmyay (6.10)]. Tlo srum npuunnam na
IpaKTHKe TNPHXOAHTCA HCNONB30BATh IIHPOKHE CBETOBLIC
myuky, 06pasyiolide ¢ ONTHYECKON OCbIO CHCTEMbI 3HAUH-
TeJbHble YIVbl, B pesysabTaTe oTKaza oT NMapakCHa/bHOCTH
BO3HHKAIOT Pa3/HUHbIE HCKAXKEHHs H300paxenus. Takum 06-
pasoM, peanblible ONTHYECKHE CHCTeMbl 00,/1a4al0T abepp a-
LUAMH HAW norpelrHocTamMu. Hannune aGeppaunit
MOXKeT CYUIeCTBEHHO CHH3HTbh Ka4eCTBO ONTHYECKOro uzobpa-
MeHus, Napaemoro cucremoil. OJHaKo, NPHMEHsS COOTBET-
CTBYIOILHM 00pa3oM nogoGpanubie KOMOHHALNH JHHS, MOXK-
HO Jo6HUTbCA NPaKTHYECKH TIOJNIHOrO YCTPaHEeHHs aéeppaunn.

PaccmorpnM KpaTko OCHOBHble aGeppallHH ONTHUYECKHX
cHCTeM.

Cdepuueckan aGeppauua. Kpasi Jqun3bl CHAbHEE OTKJIO=
HSIOT JIy4UH, 4eM Tpebyerca JJs NPOXOKAEHUA HX uepes H30«
6paxkeHne, naBaeMOe CpeJHEeH YacTbio JMH3B (puc. 34).

THpaH

S— s

Puc. 34,

B pe3yabrate u3o0parxkeHue CBeTALIEHCH TOUKH HA 3KpaHe
noJyyaercsi B BHAE PacJBIBYATOrO MNATHA. DTOT BHA MO~
TPELIHOCTH ONTHYECKUX CHCTeM HaspiBaeTcss cdepuye-
ckoil abeppauneit. KomGunaupys nonoxuresbueie (co-
GupaTesibHble) M OTpHLATEIbHBIE (pacceHBAIOUIAE) JHH3DI,
HMeoHIHEe pasjuiHble NOKA3aTeNMH NPETOMJEHHS, YAAeTCsE
NOYTH HOJHOCTBIO YCTpPaHHTh cepHueckyro abeppanuio,
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Koma. V nuns, ucnpasneHublx Ha cdepuueckyio abep-
paLHio: A IWHPOKHX ITYYKOB, HCXOASIUHX OT TOUEUHOTO 00b-
€KTa, JleXalllero Ha ONTHMYeCKOil OCH CHCTeMbi, MOXeT CO-
¥pauutbca cPepuueckas abeppanus IJs KOCHIX ITYYKOB (HC-
XOASIHX 0T 00beKTa, JexKallero B CTopote or ocH). B stom
cyuae U3oOpakeHue cBeTHINEHCA TOUKH Ha IKpPaHe HMeeT
BHJ BBITSIHYTOrO HeCUMMeTpHuHOro nsTHa. Takas abeppa-
HsT HasbiBaeTesi K oM o #. CooTBeTcrByIOUlell KoMOUHanUel
MOJIOKUTEABHEIX M OTPHUATENBHBIX JAHH3 MOXHO YCTPAHUThL
H 3Ty abeppauuio.

Xpomaruyeckas adeppauus. [Toxasartenp npesoMyaeHus
3aBHCHT OT [JHHBl BOJIHBL. DTO fBJEHHE HasblBaeTcs I HcC-
nepcueir (em. § 43). lucnepcusi npuBOAHT K TOMY, UTO
taXKe napakcHasbHbie Jy4H pags-

HOTO LBeTa COOUPAIOTCS JIHH30I1

B pPa3JUYHBIX TOYKaX H H300pa-

JKeHHe OKa3biBaeTcst OKpalueH-

HbiM. PasHble copra  crekoJ

00/1afal0T HEOJAMHAKOBOH [HC-

nepcueit. ITostomy, KoMOuUHHPYs a) Y
MOJIOXKHTEJbHblE H OTPHIATENb-

Hble JIHH3bl, H3rOTOBJEHHblE H3 Puc. 35.
pasHBIX CTEKOJ, yJaeTcs ocylie-

CTBUTb aXPOMAaTHUYECKYIO (T. € HCAPABJICHHYIO Ha
XPOMATHYECKYI0 aBeppauuio) ONTHUECKYIO CUCTEMY.

CucreMa, UcnpaBieHHas Ha cpepuueckylo U XxpoMaTHye-
cKylo abeppaliy, HO He YCTPAHAOLIAs acTHrMaTH3M (cM.
HH2KE), Ha3bIBAETCS amJdaHaToM,

Acrarmarn3m. }3oGpaxenne ToyeyHoro oObeKTa B KO-
CBIX Jly4aX HMeeT BHJ [BYX B3aHMHO MepNeHAHKY/ISPHBIX
CMEILEHHbIX APYr OTHOCHTENIbHO APYra MPsAMOJIHHEHHbIX OT-
pes3KoB, T. e, ABJsieTcss acTHrMaTHyeckum (cm. § 8). Acrur-
MaTH3M YCTpaHsercs nyTeM noabopa pajnuycos KPUBU3HBL K
OTTHYECKHX CUJ NpesoM/IAIOUIIX HOBEPXHOCTEN.

Onruyeckyio CHCTEMY, MCIPaBJIEHHYIO KpoMme cidepHue-
cKOll U XxpoMaTHuecKoll aleppalMil TakXKe H Ha acTUTMa-
TH3M, HA3bIBAIOT aHACTHTMAaTOM,

Rucropena. [Iucropcue#l Ha3plBaeTCs HCKaMeHHe H3006-+
paKeHHs, BBI3BAHHOE HEOJWHAKOBOCTHIO HOHEPEYHOrO YBE-
JauueHust B npepdenax nosd spenus. Ha puc, 35 mpuseseno
u3o0parkeHne KBajapara, HCKaXKeHHOE BCHEACTBUE NHUCTOP-
cin. Ecap nunefinoe: yBeluyeHHe pacTeT ¢ PacCTOSIHHEM Y
OT OCH CHCTEMEl, RMEeT MeCTo HneAylKooGpasHasn
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aunctopcusa (puc. 35, a). Ilpu ymenblieHnun yBequdyeHus
HO Mepe YAaJleHMs OT OCH CHCTeMbl Habmonaerca 604K o-
e6pasHasgs guctopcus (puc 35, 6).

Jnst onROBpeMeHHOTO yCTpaHeHus Bcex abeppaumit Tpe-
Gyercs C03JaBaTh BecbMa CJOXHble OINTHUECKHE CHCTEMBI,
O6bIyHO- HAYT 1O APYrOMYy NYTH — YCTPAHSIOT HOJHOCTHIO
JAHIIb T€ HENOCTATKH, KOTOpbie OCOOEHHO BpEeNHBL HAS TeX
Heseit, RAS KOTOPLIX IpefHa3HavaeTcs ONTHYECKas CHCTeMa,
H MHPATCS C HEHOJNIHBIM YCTDaHEHHEM OCTaJbHHX Heae-
CTaTKOB.

§ 14. OntHyeckHe nNpHOOPH

PacemoTpuM KpaTKo JHIIb, HEKOTOPHie MPUGOPHI, BOOPY-
JKawimue raas3. ix HasHauensle 3aKA104a€TCad B TOM, YTOGHI
JaTbh Ha CeTYyaTKe TFJjasa yBeJHYeHHOe H306pakeHHe yja-

JieHHBIX WM GJH3KHX, HO Ma-

. JBIX TO pa3Mepam NpeaMeTos.
\rri\ m Puc. 36 nokasmBaer, uTo
U’ pasMepel: H300pakeBHsi Ha

S ceTyaTKe ONpeeNsATCH yr-

nOM @, TMOA KOTOPbIM BHAEH

Puc. 36. paccMarpHBaeMbill  NpelMerT.

HocTturaeMuiii 3a cuet npume-
HeHHs npubopa 3@ eKT XapakTepH3yeTcsl yBeJAHIEHHEM
ontHyeckoro npubopa I', onpenensieMbIM COOTHOIIEHHEM:

t ; 7
r=%, (14.1)
rie ¢’ ¥ @ — YIJbl, [OA KOTOPBIMHM NpeAMeT BHAEH uepes
npubop u Ge3 Hero.

Yroa ¢ pacTer ¢ yMeHbIIEHHEM DacCTOfiHHA S OT IJ/ia3a
Ko npeamera (puc. 36). INocpencTsom MbllIEUHOTO YCHIHS
(doKycHOe pacCcTOsiHHE T/Ia3a MOXeET MeHATbCS B JOBOJbLHO
IHPOKUX MNpejesax, npucnocabanBadch K PacCTOAHUIO 0
paccmatpuBaemoro npeamera. OJHAKO 3Ta CnocoGHOCTH
rlasa, HasbiBaeMass aKKOMOJJ aHuef, orpaHHueHa MHHH-
MaJIbHBIM paccrosigneM s mopsaaka 20 cu. Tem cambiM orpa-
HHYEHO H BO3pacTaHWe H3006paxKeHUs 3a cueT npubJHKEHHSN
rasa K paccMaTpuBaeMoMy npeamery. HasbHefiniee yBenn-
yeHHe H300paXKeHHA MoOXKeT OBITb JNOCTHTHYTO C MOMOLIBIO
JYNE #AM MUKPOCKOTA.

Jlyna. Ilpocreiimasn ayna npeacrasiaser co6oft NoMOXH-
TeJbHYI0 JIMH3Y ¢ HeGONbIIHM (OKYCHBIM paccrosHueM (6o-
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nee cJCKHBIE JyNBI COCTOST U3 HecKoabkux nanns). Pac-
cmarpusaemelit npeamer OP (puc. 37) pacnonaraercsa 3a
¢okycom F Ha neGonbILiOM paccTosiidu OT Hero. B atoM
cayuae noJyuaercst opaMoe ypenuuentoe uacGpaxenne O'P,
KOTOpoe paccmaTpuBaercs raasoM. llosoxenne aynol noA-
Gupaercs Tak, uToObl pPacCTOsIHHE OT H300paKeHws A0 FJa-
33 PABHAJNOCH PACCTOSHUIO HAUAYUMOTro spenust
lus, T. e. HaUMeHbIIEMY pac-
‘CTOAHMIO, HAa KOTOPOM Mpelt-
MET MOXKHO paccMaTpuBalb
6e3  yromaerus. as Hop-
ManabHOTO TIJla3a Iluw = 25 cu.
ITpn oueHke yBeauueHud,
1aBaeMOro JyIoH, Hy»KHO Hc-
XOJANTb M3 TOrO, 4TO NpH pac-
CMaTpYBaHUK  HEBOOPYXKell- ,
HBIM UJla30M NpeaMeT pacro- '
JaralT Ha paccTOsHUM Hau- Puc. 37.
Jayuutero 3penus. Caepona-
tearuo, tg @ = y/lu, roe y— pazmep npeamera. Anasaoruy-
Ho, tg ¢’ = y'[lys, ThHe y — pa3Mep nasaemoro Jynoit uso-
Gpaxenus. [ToxcTanus 3TH 3HaueHus tg¢ u tg ¢’ B dop-
myay (14.1), noayunm

=89 _ v _g (14.2)

T. e. I' paBHO NONepPeyHOMY yBeJHUEHHIO.

[Tpaktuueckn rnas pacnogarator BGan3H 3aaHero ¢o-
Kyca aynsl. H3a puc. 37 Buano, uro B 3TOM cayuae g ¢’ =
= y/f’. B3sB oTHolleHHe 3TOro Bbipaxenus K i€ ¢ = y/luw,
HalaeM, uTo

1‘=’—;,%. (14.3)

Takum ofpasoM, nyna ¢ QOKYCHBIM paccTOsHHEM, Ha-
npuMep, 5 ¢M Jaer NATHKPaTHOe yBejuueHue. HanGouabiiee
yBeJIHUEHHE, KOTOpPOE MOXKHO IOJY4HTh C NOMOLBIO JYMbI,
cocTaBJsteT npHumMepHo 25.

Muxpockon. JI1s noayuenus Go/bliux YyBeaHuyeHHH (A0
2600) mpumensercs mukpockon. OH COCTOHT 3 JABYX ONTH-
yeckix cucrem — o6bektusa (06) u okyasipa (Ok), pasze-
JICHHBIX 3HAYUTEJBHBIM [0 CPaBHEHHI0 ¢ HX (OKyCHBIMH
paccrosnuaMu npoMexytkoM (puc. 38). PacemarpuBaemslit
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npeamer OP nomeinaerca nepen mepBeiM (OKYcOM 0Gbek-
tuBa F; B HenocpeacTBeHHO#M Gusoctu ot Hero. OGbekTHB
JaeT yBeJHYeHHOe ofpaTHOe H30Gpaxenue mpegmera O'P’,
KOTOPOe PacCMaTPHBAETCS uepe3 OKYMAAp KaKk uepes Jyimy.
Cornacro dopmyae (9.11). nomepeunoe yBesanueHue, naBae-
MOe O00BEKTHBOM, PaBHO

B x] A
|= T F T
fi !

rie uepe3 A o603HaYeHO PACCTOSIHHE MeXJAYy 3afHHM (OKy-
com ob6bektuBa F{ u unepennum dokycoMm okyaspa Fp (uso-
6paxenue O'P’ HQuKHO pacnonararTbCsi B HEMOCPeNCTBEH-
HO#l GansocTn oT Qokyca okysasipa Fa, m03TOMY X| MOXHO

{;I xi ?’

Puc. 38.

nonoXHuTb paBHbIM A)., CrenosarenbHo, pasmep u3obpaxe-
‘HHst, AaBaeMoro o6beKTHBOM, 6yAeT paBeH
A
=Y =—yh=y5.

1

s ranrenca yria @, 104 KOTOPEIM BHIEH HpEAMeT
Yyepe3 MHKDOCKOI, NOJYYaeTcCs BhHpaKeHHe
4
r__ Y A
tgq’ ==Y
fa fifz
(cM. amajoruyHoe BbipaxKeHHe 1J8 Jaynwl), Pasgeaus sto
anavenue tg ¢’ Ha tg ¢ = y/ly, HaxOoUM

. (14.4)

Hs mnoayuenuoil ¢opMyasl BHAHO, 4TO JAJs MOJNYyYeHHA
GosibIIMX YBEHYEHHMH HYXKHO YMEHbLIATh (OKYCHbE pac-
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crosinus 06bekTHBA M okyaspa. Ilpakrtuueckn [ cocras-

aser Beauuuny nopaaka 1 mm, 5~ 10 mm, A ~ 100 s
Ilpn aTux 3HAUeyHSX NOJY4aeTCH

I= 2510 190 _ 9500.

Kazanocy 6vl, YyTO, yMeHbllasi (HOKYyCHble PacCTOSIHHA H
yBenuuuBast A, MOKHO HOCTHUTHYTHb CKOJb YrOZHO 60Jb-
wux I'. Onnako npenen yseslnHuenuio, 1aBaeMOMY MHKPOCKO-
NOM, KJaJeTcsi BOJIHOBO# mpupojoi ceera (cM. § 27).

3purenbHas Tpyda. [{ns paccMatpuBaHUSl YAaseHHBIX
TIpefiMeTOB NPHMEHSIOTCS 3pHUTebHble TPyGH. 3puUTeabHbIE
TPyOhl, npelHa3HavYeHHble /sl HabaoNeHdsi HebecHBIX CBe-
THJI, Ha3bIBAKTCA TeJeCKOlaMH.

3purenpHas Tpy6a cocrout us obbektHBa (06) u oky-
Jasipa (OIC) PacHOJIOKEHHBIX TaK, YTo 3a4HHH (PoKyc oObek-
tuBa F{ coBmajaer c rmepennuM (okycoM okyaspa Fa
(puc. 39). Iogo6Hble ONTHYECKHE CHCTEMbI HASBIBAIOTCS T e-
JeckonuHYecKHMH. J[lB HaBOAKH Ha pe3KOCTb pac-
CTOfIHHE MeXIy OODBEKTHBOM M OKYJAAPOM MOXET HEMHOTo
MEHSATBCA.

Hzobpaxenne O'P’ ynaneHHOro mpeaMera, J1aBaeMoe
O0OBEeKTHBOM, JIEXKHT MPAaKTHYECKH B_ 3agHed (okaJbHOM
nnockocTi o6beKTHBA. JTO H306parKeHHe pacCMaTpHBAETCS
uepes OKyJsAp Kak depes aymy. JliuHOA TPyObl MOXKHO mpe-
HeOpeub 10 CpaBHEHHIO C- paccTosiHdeM o npenmera. Ilo-
3TOMY MOXHO CYHTaTb, YTO HEBOOPYKEHHBIM I71a30M 1Ipef-
MeT GYyHeT BHIEH MOJ YIIOM @, TAHTEHC KOTOPOFO paBeH
—y/f’. TanreHc yria @', NOA KOTOPHIM MNpEAMET BHAEH.
B 3puTenbHyl® TPyOy, paBeH —yY /fz. CaenoBatennsHo, 4jst
YBeJIMUEHHs], JaBaeMOTO 3pUTEJbHOH TpyOoOH, noayuaercs
BHIpaXxeHHe , ,

., et |
tg o fg
K3 KOTCPOrO BHITEKAaeT, uTo I' paBHO OTHOWEHHIO (QOKYCHHX
paccrosintit 06'beKTHBA K OKyJspa.

Kak BunHo us puc. 39, apurtenbyas Tpy6Ga naer nepeseps
HYTOe H3006pazkeHHe paccMaTpuBaeMoro npeamera. Jlas te-
JIECKOTIOB 3TC HE HWMeeT 3HaueHuws. B Tpybax ke, mpejHa-
3HAUEHHHIX AN HaOJI0MeHHS 3eMHLIX OOBEKTOB, IS NOJY-
YeHus] NPAMOro H306pa<eHHf BBOAATCH JAONOJHHUTENbHBIE
060paunBaloliHe CHCTEMHL,
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Kpome TeneckonloB, B KOTOPBIX NPOHUCXOJAHT TOJNBKO Ope-
JIOMJICHHE CBETOBLIX JyueHl (Takue cHcTeMbl Ha3bIBAaIOTCS
ped@pakxkTOpaMHu), NPUMEHAIOTCH TaKIKe TEJIECKOTIb!, B KO-
TOPHIX POJib O0bEKTHBA BBHITNOJHSAET MapaboJnuecKkoe BOTHY-
Toe 3eprano. MaolOpaxkeuue, naBaeMoe 3epKaJjom, paccmar-
puBaercs uepes oxyasap. [logofGHble TemecKORLI HA3bIBAIOTCS

Puc. 39.

pedaextopamu. Brnepsme pedsexrop O6but mocTpoen
Hptoronom. Opno us NPENMYLIECTB  PedIeKTOpa  3aKJIO-
YaeTcs B OTCYTCTBHH XpoMaTHUeckofl abeppaluy.

OTqHYHBIMH ONTHYECKHUMHU KauecTBAMH B COUYETAHHUH C OT-
HOCHTEJIbHOH MPOCTOTOH H3TOTOBJEHHA 00JANaI0T M € H U C-
KOBBl € TeJqeCKONB, H306peTeHHble COBETCKMM ONTOTEX-
nuxom JI. JI. MakcCyToBLIM.
B 3tux Ttenecxomax (puc.
40) posb 0OBEKTHBA BHI-
NoJHAET cpepuueckoe
(BMecTo ropasmo = foJee
C/J0XKHOTO B H3TOTOBJEHHH
nmapaboanuyeckoro) . sepxa-
JIO B COYETAHHH C BBINYK-
JO-BOTHYTOH JuH30f  (Me-

Puc. 40. Huckom). Takasa nuH3a,

KaK W 3epKajo, SBISETCs

axpoMarHueckofi. 3amerHas cepuueckass abeppauus, npu-

cymas M cepHYecKOMY 3epKasay ¥ MEHHCKY, MMeeT Y HHUX

NPOTHBOTIONIOKHBIE 3HAKH, BCJAEACTBHE YEro MOYTH MOJ-
HOCTBIO YCTpaHsercsl.

Jlyuy, unyuwue o1 npenmera, Npoiias uepes mMeHuck M,
orpaxaiotes ot cdepuuyeckoro 3epkaja S; ¥ majnaioT Ha
aqIOMUHUPOBAHHBI] YUaCTOK MeHHCKa S, MpeacTaB/siouit
co6oil BrimykJaoe sepkano. OTpasuBlIHCh OT Sp, AYyUH Nona-
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nawtT B okyasp. [ToCKONbKY Jyud HECKOJBKO Pa3 NPOXOAAT
B npubope nyth TyAa u obpartHo, Tenseckornl MakcyTtosa
OTAMYAIOTCA TaK:Ke MaJbBIMH pasMepamy u BecoM. CHCTEMb
MakcyToBa IpHMEHAIOTCA A HaOMIoLeHus Kak HeOeCHbIX
CBETHJI, TaK U 3€MHBIX OGBEKTOB.

§ 15. Ceetocuaa ob6bexkTHBa

Ceetocusioit 06beKTHBa Ha3bIBAeTCsl BeJIMYMHA, XapakTe-
pusyiolllas OCBELEHHOCTb [aBaeMOro OOBEKTHBOM H306pa-
JKeHUs MpH 3aJaHHOH SIPKOCTH TNpelMeTa.

BHUMCIMM OCBELIEHHOCTb  H300pa)KeHHs, [aBaeMoro
00beKTHBOM (oTOANNapara Hjan npoekropa. byaem cunrars,
NTO 00BLEKTHB COCTOMT M3 OAHOH TOHKOH JauH3bl (puc. 41).

as dw 7 4w’ 45’
D\‘\QV
-z dl

-8 S’

Puc. 41.

[Tyctb npeamer u H3oOpaKeHHe JiexaT B NJIOCKOCTAX, Mep-
MEeHJHKYJISAPHEIX K ONTHYeCKOH ocH oObexkrtisa. [liomanaka
npeamera AS oTobpamaercs o6LeKTHBOM B BHAe MJIOLIAJLKH
AS’ wusoGpaxennsi. B coorserctBun ¢ dopmysnoit (6.10)
naowmanka AS nochiaaer yepe3 o0beKTHB NOTOK (cos & = 1)

AD =B Ao AS,

rie B — apKocTh MIOIIAJKH, Aw — TENeCHBIA YroJ, NOA KO-
TOPHIM BHAHA JHH3a (B cCJaydae CJAOKHOIO OOBEKTHBA -—
yroJ, NOA KOTOPHIM BHIEH TaK HasblBaeMbli BXOAHOW
3pauvoK OGBEKTHBA) M3 MECTa PACHOJOXKEeHUS MJIOLLAJKH
AS. Drtor yron HasblBaeTcss aNepPTYypPHBIM YTJOM
BXOJa.

U3 o6bekTuBa BHIIZET ocaableHHbI 3a cueT MOrJolile-
HHSl M OTpa{eHHH Ha NMPeJOMAIOUIMX MOBEPXHOCTAX MOTOK

AV =kAD =kB Ao AS,
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Tle k- XapakTepusywouinii ocnalsenune notoka kKosdgdu-
LUHEeHT, MeHbLIMi efHHULb DTOT TOTOK CO3Zaer OCBeuleH-
HOCTh H300paxenus
AD AS

ITockoabKy OTHOLIeHHe JHHeHHbIX pa3mepoB H3006paxe-
HAS ¥ TpeiMeTa paBHO TONEPeYHOMYy YyBeauuendio f,
AS’/AS = B2 3amenus B Bhipaxkenuu (9.11) x uepes s—f
(cM. puc. 23), MOXKHO HamUcCaTb

—_f I
f=—%= s—;f T<fis
Coranacno (9.9) 1 —f/s = ['[s’; caepoBaTenbHo,
[ s
p=—-v 7

Ecait nokasatesd npesioMyeHHs Mo ofe CTOPOHB 00bEK-
THBA OAMHAKOBH, [/ = —f [cM. dopmyay (9:3)] u

SI

§
Taxum o6pa3soym,

’ /2
=R =i (15.2)
rae s U $' — paccTosiHHA OT LEHTPa JHMH3bI RO NpeAaMeTa H
H3006paXKeHus,

Beenem B paccmoTpenue yroa Aw’, moji KOTOpHIM BHAHA
JIHH3a (B CJyvae CJOXHOIo OOBEKTHBA — YIOJ, NMOJ KOTO-
pHIM BHJEH TaK Ha3blBaeMblli BHIXOJHON 3pauyok o0b-
€KTUBa) M3 MeCTa pacrojioxeHus maomagka AS’. 2tor
yroa HasbiBaeTcs aOE€pPTYPHBIM YILJOM BHXOJRA.

BenencrBue manoctd yriaoB Ao U Ao’ BX MOXHO npen-
CTaBHTb CJEIYIOIHM 06pasoM:

D/2)? ’ D/2)?
A(D=——_ﬂ(32/ ) 1y A(J) =————~————ﬂ(s,/2)

. (15.3)

B astux BblpaxkeHusx D — nhamerp ompaBbl JHH3LI
(B cayuae cq0xKHOrO OOBEKTHBA — AMAMETP TaK HashiBae-
Mol nHedcrBywmoumell auadparmbo 06BbeKTHBaAa).
Hs ¢opmyn (15.3) BuTexkaer, yto §'%/s? = Aw/Aw’. Ilo-
9TOMYy OTHOWWeHH0 (15.2) MOXHO MpHAATh BHI:
AS’ Aw
AS = =5 (16.4)
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[ToacraBus mosyuamuieecss OTCIOAA 3HaueHUe OTHOLIEHUS
AS/AS’ B dpopmyay (15.1), noayunm:

E =kBAw'. (15.5)

B cnyuae ¢oroannapara paccrosHne s’ g0 u3o0paxe-
HHSl NpakTWiecKu paBHO oxkycHomy paccrosinuio f’. [MToato-
My Ao’ MoXHO nonoXkuTh paBHbiM nt(D/2)%/f2. Tloxcra-
HOBKA 3TOro 3Hauenus B (15.5) maer

E="kB (2,)2. (15.6)
4 )

Takum obpa3om, mpu, 3ajaHHOH spKOCTH npeamera B
OCBEILEHHOCTh H300paX<eHus, LaBaeMOro OOBEKTHBOM ¢o-
Toamnnapara, nponopiuonanbHa senuuune (D/f')2, kotopyio

' HA3BIBAOT TeOMEeTPHYECKOH CBEeTOCHUJAOH HJIH
NpocTo cBeTOCHAOH oObekTHRA. [lpousBenenue Kosg-
¢unuenta k Ha reOMETPHUECKYIO CBETOCHIY HA3bIBAIOT () H -
3uuyeckoit cBeTocH ol Bemuunna D/’ nasniBaercst
OTHOCHTEJNBbHBM oTBepcTHeM. Yacto crerocHmnok
06beKTHBA Ha3BLIBAIOT OTHoUieHHe D/f’, T.e. OTHOCHTE/bHOE
OoTBepcTHe 06BHEKTHBA.

B ciyuae npoekropa ¢OKYCHOMY PacCTOSIHHIO f MpakTH-
YeCKH PaBHO PacCcTOsiHHe § A0 npeamera. [1o3ToMy MOXKHO
noJNOXKUTh paBHBIM 1t (D/2)2/f2 yron Aw. Ilpencrasum (15.5)
B BHIE

-t p Ao

3amerns B coorsercTBHH ¢ (15.4) Aw’/Aw uepe3 1/f2
U TIOACTABHB 3HaueHHe Aw, MONYyUHM

¢ D\2 |
E=%1B (—f-) e (15.7)

CrnenoBaTenbHO, i B STOM CJyuae OCBEIUEHHOCTb M30-
GpaxKeHHs NPONOpUHOHANbHA cBeTocude obbektupa (D[f)?
(namomuuM, utro [=—f'). Kpome TOro, ocCBeUieHHOCTDb
006paTHO OPONMOPHIIOHAJNbHA KBajApaty JUHE[HOro yBeJHde-
HUsl, T.e. OOpaTHO NpONOPUHOHANBHA ILIOMAAH H306pa-
JKeHHud.



FITABA I
UHTEP®EPEHUHA CBETA

§ 16. CeeroBasi BOJHa

Ceer npeacrasaser coGofi ClI0XHOe sABJeHHE: B OAHHX
cryuyasXx OH BeZeT cels Kak 3JEKTDOMAarHuTHas BOJIHA,
B JPYTHX — KaK NOTOK 0co6uiXx yacTuil (¢oroHoB). B rua-
Bax [I[—VI wusnaraercs BOJAHOBafd ONTHKE T.&
KPYyr siBJE€HUH, B OCHOBE KOTODPBIX JEXHUT BOJHOBAA MHPH-
poaa csera. B ruasax VIII u IX paccmarpusaercsi COBO-
KYIIHOCTb fIBAEHHMH, OGYCJOBJAEHHBIX KOPHYCKYASIPHOH mpu-
poxoi ceera.

[lnockas saekTpoMarHUTHAs BOJHA, paclpoCTPaHAIo-
llasica, HallpMMep, BAOJIb OCH X, ONUCHIBAETCA YPaBHEHUSMH
[em. 1. 1, dpopmyasr (110.13)]:

E =E,, cos (of — kx + a), }
H = H,, cos(wf — kx + a).

3HaueHHe HauyauabHOR (asbl o onpenensercd BbGOpPoOM
Hauasn orcyera ¢ u x. [Ipu paccmorpeHun OJHO¥W BOJIHBI Ha-
yaja oTcueTa BpeMeHH H KOOpJAHHaThl OObIYHO BhIGHpAIOTCA
TaK, yTo0Bl ¢ crajda paBHo#i Hyaw. Ilpu coBmecTHOM pac-
CMOTPEHUM HECKOJbKHX BOJH CAeNaThb Tak, 4robbl 1js BCeX
HHX HauajbHble Gaspl 06PAaTHJNCH B HYJb, KaK NPaBHIO, HE
yaaercs.

B snexTpomMarHuTHOH BoJHe KOJe6JIOTCS ABa BEKTOpa -—
HANPAXKEHHOCTH 3JIEKTPHUYECKOTO W HANPTKEHHOCTH Mar-
HUTHOTO noJiedl. Kak noKaswiBaeTr onultT, (pH3MOJOTHUECKOE,
¢doroxumuyeckoe, (¢GOTO3NEKTPHUECKOE M JPYyrue peficTud
CBETA BBISHLIBAIOTCS KoJeBaHHSIMH 3/IeKTPHYECKOIO BEKTOPa.
B coorBeTcTBHH ¢ 3THM MBI OyleM B JajbHelllleM POBODHTD
0O CBETOBOM BEKTOpe, MNOJApasyMeBas HOJ HHM BeK-
TOP HanpPAXEHHOCTH 3JEKTpHuecKoro nois. O MarHEMTHOM
BEKTOpe CBETOBOH BOJIHBI MBI YNOMHHAThb MOYTH He OyaeM.
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OG6Go3HauuM MOAYJAb aMILTHTYAH CBETOBOTO BeKTOpa OYK-
poil A. 3akoH, N0 KOTOPOMY H3MEHSIeTC BO BPeMCHH U B
IPOCTPAHCTBE NPOSKUHsS CBETOBOrO BEKTODA,

Acos ((pt — ki +a), (16.2)

OyAeM Ha3biBaTh YPaBHEeHHEM CBETOBOH BOJHE,
a BeJMUHHY A—aMOJAUTYAOH CBETOBOH BOJHBL
Jivebl BOTH BHAMMOrO CBCTa 3aKJIOUEHH B Npeneaax:

Ay =0,40 - 0,75 mux. (16.3)

OTH 3HaueHHdA OTHOCATCS K CBETOBLIM BOJIHAM B BaKy-
yMme. B cpene ¢ nokasareseM mpeaoMJieHHst 71 JJIHHBL CBETO-
BbIX BOJIH OyAyT HBbIMH. B ciyuae xosne6aHuil 4acToTHl v
JAJMHA BOJHBI B BaKyyMme paBHa ko = ¢/v. B cpene, B KOTO-
poii ¢asoBas CKOPOCTb CBETOBOW BOJHLI paBHa v = Cfn,
IJMWHA BOJIHBI HMeeT 3HaueHHe A = v/v = ¢/va = h/n. Ta-
KHM o0pa3oM, [JMHa CBETOBOU BOJIHLI B Cpege ¢ NMOKasaTes
JieM MpeJIOMJIeHHs £ CBfAisaHa ¢ AJMHOH BOJHBI B BaKyyme
COOTHOWIEHHEM:

=20 (16.4)

n
YacToTel BHAMMDBIX CBETOBBIX BOJIH JeXat B Ipelesax:
v =1(0,75 - 0,40) - 10" 2ay. (16.5)

Yacrora M3MeHeHMH BeKTOpa INIOTHOCTH NOTOKa 3HEep-
THH, NepeHOCHMOH BOJIHOH, Oynet elle GoJblie (OHa paBHA
2v). Hu ruas, vy Kakoi-mu6o nHOH MNPUEMHHK CBETOBOH
3HEPrHH He MOXeT YCJelHTb 3a CTOJb YacTHIMH H3MeHe-
HHSIMH [IOTOKAa 9HEPIHH, BCJIEACTBHE YETO OHH PETHCTPHPYIOT
ycpenHeHHBII N0 BpeMeHH cBETORO# nortok. CpemHee N0 Bpe-
MeHH 3HaueHHe MJIOTHOCTH CBETOBOTO MOTOKa, T. €. CpeiHu#H
IO BPEMEHH CBETOBOH INOTOK 4Yepe3 eAHHHLY [OBepXHOCTH
NVIOWAAKH, NMEePNeHAUKYAsPHOA K HAMpaBJAeHHIO PacnpocT-
paHeHds] BOJIHBEI, HOCHT Ha3BaHHe HHTEHCHUBHOCTH
cseTa ] B naHHOH TOYKe HpocTpaHcTBal).

1) Ham npencraBasieTcss Takoe onpefedenie HHTEHCHBHOCTH cCBeTa
eINHCTBEHHO BO3MOXKHEIM. B pyKOROACTBAX TO ONTHKE, K COKAJEHHIO,
oOnYHG He J[AETCs 4YeTKOTo onpeleseHHs HHTEHCHBHOCTH CBeTa, XOTa
3TO MOHATHE MHOTOKPAaTHO B HHX HCNOMb3yeTcs. B dusnueckosm asuunu-
KJIOMeHuecKOM cnoBape (T. 2, cTp. 187) CKasailo, 4ro «HHTEHCHBHOCTh
cBeTa — 4acTo NPHMeHseMas KOJHYECTBEHHAs XapaKTepPHCTHKA CBeTa, He
MMelias TOUHOro onpenesenud». Ha nawm p3rasa Taxkoe M0J0XKeHle
Bemlefl COBepUIeHHO HempHeMJeMo. Besikas KoanyecTsennas XapakTepii-
CTHKa. A0JKHA ObITb CTPOTO OMnpejesieHa.
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QDasvBasg CKOPOCTh JEKTPOMArHHTHBIX BOJIH B BelleCTBE
U CBsizaHa CO CKOPOCTBIO 3TUX BOJIH B MYCTOTE C CJELYIOLHM
coornowenuem [cm. 1. 11, dopmyny (109.10)]:

c
Ven '
Conocrasue 370 Bhipaenue ¢ dopmynoi (2.2), nonayumnm,
YTO f10Ka3aTeab npesoMaeHus n = Vew. JHas Bcex u3Bect-
HbIX B Hacrosilliee BpeMs NPO3PAYHBEIX BeLIECTB MATHHTHASA

NPOHHLAEMOCTb | TNPAKTHYECKH paBHa enuHuue. [lostomy
MOXHO TOJOXHUTh
n=YVe. (16.6)

®opmyna (16.6) cg3piBaeT onTHYecKHe CBOHCTBa Belle-
CTBa C eTo aJiekTpuueckuMu cBoiictBamu. Ha nepsniit Barnsa
MoXKeT ToKasaThcs, uto 3Ta ¢dopmyna HesepHa. Hampumep,
aast goasl e = 81, a n = 1,33. Oxnako Hajxo HMeTb B BHIY,
YTO 3HavYeHHe ¢ = 81 noayueHo H3 BJAEKTPOCTATHUECKHX H3-
Mepenuil. B 6bicTpornepeMeHHbIX 3JeKTPHYECKUX NOJAX 3HA-
YeHHe £ NOJAYYAeTCH MHBIM, IPUUYeM OHO 3aBHCHUT OT 4aCTOTHI
KosieGaHul nojs. Stum oObsacHseTcs NHCIEPCHsl cBeTa, T. €.
34BUCHMOCTB NIOKA3aTens npejioMieHdss (WIH CKODOCTH CBe-
Ta) OT YactoTsl (Miu AJHHBE BosHbl). [ToacraHoBka B op-
Nyay (16.6) 3HaweHHqa €, MOJYYEHHOTO MJs COOTBETCTBYIO-
Ieft YaCTOTHI, MPUBOAHT K NMPABHABHOMY 3HAUYEHHUIO .

IlnoTHOCTL MOTOKA 3HEPrHH, MEePEHOCHMOH 3JeKTpoMar-
HHTHOJT -BOJIHOH, Aaercsi BektopoM [lofinturra S = [EH]
fem. 1. Il, dopmyay (112.3)]. Coraacno dopmyne (110.11)
BTOpOro toMa MoAayau aMmiautyn BektopoB E u H. B sjex-
TPOMAarHUTHOH BOJIHEe CBA3aHBl COOTHOIIEHHEM:

EpVeey=Hp Vimg ~ Hy Vg
(Mbr mosoxumu p =1). Orciona caepyer, 4To

H,n=]/e‘1/% Em=nEm1/§’o—.,

Fhie n— MOKasaTesb NpPEJOMJEHHS cpeiibl, B KOTOpOHl pac-
NPOCTPaHAETC 3/]eKTPOMATHHTHAs BOJMHA, TaKum o6pasom,
Hy, nponopunonanstio Enm u n:

H, oo nE,,. (16.7)

Cpenuee no BpeMeHU 3HaueHHe MORYJ/A Bektopa [loiin-

THHrA S nOponopuxodatvio EqnHn,. CaefoBaTenbHO, NPUHAB
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BO BHHMaHHe cooTnHoliende (16.7), MOXHO HamucaTb, 4TO
SoonE? =nA’

B coorserctsuu ¢ popmynoi (5.3) NAOTHOCTb CBETOBOrO
NOTOKA paBHA NJOTHOCTH NOTOKA IHEPFHH, YMHOXKEHHOH Ha
dyHRuHio BUAHOCTH.- CllefoBaTeNbHO, - HHTEHCHBHOCTb CBeTa
[ (paBHasi ycpelHeHHOH NO BpeMeHH NJIOTHOCTH CBETOBOTO
NOTOKa) NPONOpPUHOHAJAbHA S, T.e. MOKA3aTeNO NpeaoMaes
HUs cpeibl!) H KBaApaTy aMIJIHTY[Abl CBETORON BOJIHBIL:

ToonAr, (16.8)

PaccmorpuM noBeAeHHe CBeTOBOW BOJIHB Ha IpaHuue
pasfena ABYX ORHOPOAHLIX M M3OTPONHBLIX WYIPO3PAYHBIX
cpea. IlycTb BosHa pacnpocTpaHsercs HepBOHAYaAbHO B
cpene I ¢ nokasareieM InpesoMjeHHs ny. Jlas npocToTul
OydeM cudMTaTh, UTO FpaHHLa pasfena [JOCKas H Hampa~
BJIeHHE PAaCNPOCTPaHEHusl BOJHB NEPIEHAHKYJAAPHO K 3TOR
IocKoCTH. JIOCTHTHYB NOBEPXHOCTH pasjena; BOJHA Ya-
CTHUHO TpoiijieT B cpeny £ ¢ NOKa3aTesdeM NPeNOMJIEHHS fz,
YacTHYHO e OHA OTPAa3HTCH, B Pe3yJabTare uero BO3HHKHET
BOJIHA, PACHPOCTPAHAIONIAACA HaBCTpeyy [epBOHAYAAbHOM
(nanatouieft) Bostne. O603HAUNM CBETOBOH BEKTOpP NaJaI0-
el BOJIHBl B HENOCPeACTBEHHON GJHM30CTH K rpaHuue pas-
dena cumposom Ej, cBeToBO!, BeKTOp npoulepiliefl BOJIHBI —
cumBoaioM . E; M CcBETOBOH BEKTOpP OTPaKeHHOIl BOJIHBI —
cumsodom Ei (Bexkropnt E: u Ef Gepyrcsi, Kak H BeKTOp
E,, B nenocpencTseHHO#t OJH30CTH K TIpannue pasjnena
cpen). Bcaeacrsue OIHOPOAHOCTH ¥ W30TPOMHOCTH Cpex
BCE TPH BEKTODa JeXKaT B OXHON IJIOCKOCTH (nepneHauKy-
JSIpHOH K INOBEPXHOCTH pasiena cpea). B mnepsoit cpene
HMeeT MeCTO CYNepIo3uius najaouiell 1 oTpaXKeHHOH BOJH.,
Peaynbrpyolilee 9/IeKTPHYECKOE [10/1e  XapaKTepH3yercs
sektopom E;+ Ef. Bo BTOpOf#i cpele nose XapakTepusyercs
Bektopom E,. TaHreHuwanbHele cocrasdsiouine Bektopa E

1} IlponopuyuoHanibHOCTs MHTEHCHBHOCTH CBETa IOKa3aTelio HPeoMe
JleHHs] OOBIYHO YnycKaeTcs H3 BHAA M NpeAnonaraercs, yro /ov A2 dro
BIOJHE JONYCTHMO, TNOKA DPacCMaTpPHBAeTCs pACTIpOCTpaHeHHe CBeTa B
onHopoanofi cpefe. Oafako B cayyae npoXox[JeHHs cBeTa uepe3 rpas
HHUY pasjena ABYX Cped Bbipaenue I/f HHTEHCHBHOCTH, He YUHTLI«
Baiolliee MHOXHWTENb N, NPHBOAUT K HeCOXPaHEHWIQ CBETOBOTO IOTOKA,
IoapoGuee 06 ToM rOBOPUTCA B KOHUe AAHHOTO Raparpada.
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B o6eHX cpeixax AOMKHBI ObiTh oaunakoebimMu [em., 1. 1,
dopmyay (17.3)]:
taureHi. cocr. (E,+ El) = raurenu. coct. E, (16.9)

Iipumem HanpaBsenue Bekropa E; 32 ochb X U CripOeKTH-
pyeM BCe CBeTOBbie BEKTOPH Ha 3Ty OCb. B COOTBeTCTBHH
¢ ycaosuem (16.9) nosyuum:

Eix+ E'y = Eoy. (16.10)

[pu ykasannom BriGope ocu X npoekitis Eix MOJOKHTEIBHA
H paBHa Molymio Bekropa E,. 3naku AByX ApYrux npoexuuit
HaM HAaJJeXUT YCTaHOBUTb. ECNM 3HAK NpPOEKIMH OKaxeTcs
NOJMOKHUTEAbHEIM, 3TO OyZer 03HayaTb, YTO COOTBETCTBYIO-
uuik Bekrop E namnpasaen B Ty :Ke CTOPOHY, YTO M Ei, y,
CJeloBaTe/IbHO, KOJIe0aHHs B Najalollell BOJHE H B BOJHE,
Xapakrepusyemoil JaHHblM E, OPOMCXOAST Ha rpaHuile pas-
Jlejla B OQWHAKOBO# dhase. Ecan ke 3nak NpoeKUuN OKa-
JKeTCsl OTPUIATeNBbHBIM, 3T0 OyJZer 03HauaTh, YTO BEKTOPHI

u E; HanpaBieHb B NPOTHBONOJOMNKHBIE CTOPOHHI, TaK
YTO KOJeOaHUs B COOTBETCTBYIOLIHX BOJHAX MPOHCXOAST HA
rpaHuue pasiesa B npoTtuBodase.

DHeprus, KoTopylo Hecer ¢ co6oil majawoluas BoiHa, pac-
IpefensieTcss Ha TPaHULle pasfiena MeXJAy BOJIHOH, mpolien-
Ileil BO BTOPYIO CPeAy, U oTpaKkeHHoi BouHoi. IlioTHocTh
NOTOKA 3HepTHM, NepeHOCcHMOfl BOJHON, NPONOPUMOHAJbHA,
KaK Mbl yCTaHOBU/IM Bhinle {cM. dopmyay (16.8)], npousse-
nenuio nk2 CrenoBaTeNbHO, M3 3aKOHAa COXpaHEHHst 9Hep-
THH BHITEKAET ypaBHEHHe:

nE, =nEj, +nkE:. (16.11)

Hckmouns Ef, us ypasnenuit (16.10) u (16.11), moxuo
NpUATH K COOTHOLIEHHIO
E2 — QEleQX

2T T H (nofmy)

JleBasi wacrb 3TOro BbIpaxeHUs GoJsplue HYJs, MN03TOMY
JoJKHA ObITb MOJIOXKHTEMbHA U npaBas yactb. OTciona Bbi-
rexaer, 4to EyFae > 0. 3nauut, pektopel Ey u E, Bcerna
HMeIOT OJIMHAKGBOE HaNpaBJeHHe, T. €. KoseOaHusa B majaio-
el BOJIHE W B BOJIHe, Npolueduiell BO BTOPYIO cpeny, mpo-
HCXOISIT Ha TIpaHHLle pa3fena B OAMHaKOBOH dase— dasa
IIpU NPOXOMKIEHHH BOJHBI uepe3 3Ty TpaHHIY He nperepiie-
BaeT CKauyka.
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Hcewmouns us ypaBnenu#i (16.10) u (16.11) Ea, Jerxo

nonyunth ans Ef, ciaenyiollee sHauYeHHE:
, 1 —{ny/ny)

Elx—mmE]x- (16.12)
W3 atofi GopMyas BBITEKaeT, uto Npu ns < rn; 3Hak FEi,
copnagaer co 3HakoM L. DTo 03Hauaer, yto KoJebGaHUA
B najamplleil U OTpa*KeHHOH BOJHAX HPOHCXOAAT Ha IpPaHu-
ue pasjena B OZHHAKOBOH ¢hase -— dasza BoaHbI IIPH OTpa-
eHuu He uamensiercst. Ecau e n, > ny, to 3uak Ei; mpo-
THBOMOMOXKEH 3HaKy FEiy, KojaebaHus B najawumei #u
OTPaXKCHHOM BOJMHAX IIPOHCXOAAT Ha TpaHuUIte pasjeia
B npoTHBoGase — pasa BOJHBI IPU OTPaXKeHHU H3MEHAETCs
ckaykoM Ha 7. [lonyueHHBIl HaMH pe3yabraT cnpaBeAsHB
M NpPH HaKJOHHOM MNajJeHHH BOJHbBI Ha TpaHHLY pasfena
INBYX IIPO3PAuHLIX CPex.

Mtak, npu oTpakeHHU CBETOBOIH BOJIHLI OT TPAHUIBI pa3-
Lieqia cpelibl, ONTHYECKH MeHee NJIOTHOH, co cpemol, OnTHUe-
cku Gonee nnotHOH (npu ny; < ny), dasza xonebGaHH# CBeTO-
BOTG BEKTOpa NpeTepneBaeT uaMeHeHHe ma n. [Ipu orpaxe-
HUH OT TPaHHLbl pasfena cpeibl, ONTHYecKH GoJiee LJIOTHOM,
€O cpefol, ONTHYECKH MeHee MJIOTHOH (TipH fy > fz), TAKOTO
usmerHenuns Ppaspl He NPOUCXOAUT.

Buipaxenue (16.12) nospossier Haiith xo3Pdunuet
OTPaxKeHUA p CBETOBOH BOJIHLI (AJS CJyuas HOPMAJbLHOrO
najenda Ha TPaHHUY pasgena ABYX Tmpo3pauydblX cpe).
HeitcTBHTENBHO, 1O ONpeieNeHHI0

Ii ”'1191,2 ”IEC{

p:~—:

) SR
Iy niEy mEY,

riae |- MHTEHCHBHOCTH OTPAXKEHHOH BOJHB, a /i — HHTEH-
CHBHOCTb Nafalowleii BosiHbL. IloACTaHOBKa B 3TO Bbipaxe-
HHe oTHowenusi E/E\., noayuatooumerocs usz (16.12), npu-
BOJMT NOCJIe HEC/IOXKHBIX Npeofpa3oBaHuil K ¢Gopmyae:
(=LY 3
o=(2:71) 519
(7142 *= Mx/ny — noxasaTenb NpeJOMJAEHHsT BTOPOH CPeasl Mo
OTHOLIGHHIO K NepBoil).
Jna xosthduuruenta NpOHHKHOBEHHsI BOJHE T BO BTOPYIO
cpelly HOJyyaeTcsi BblpayKeHUe:

I,  mkE: nE 2 2 .
T:—-—i: 2 ;: ‘ ix =n12 . (lb.l4\)
I nEy nEj, npp+ 1
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Jlerko yGeAuThCA B TOM, UTO CyMMa Buipaxenuft (16.13)
u (16.14), kak ¥ poqxHO GbiTh, paBHA eiuHHue. Ecan 6ol
Mbl HPHHSJIM HHTEHCHBHOCTb NponopuHoHasbHOH L2 (e
yUYJIM MHOXHTeNb n), B BolpaxeHuu (16.14) orcytcrsoBas
Obl MHOXUTEMb My H CyMMa p -+t Obla OT/IMYHA OT elH-
HHUBL, 4TO O3HAuaj0 Gbl HeCOXpaHEHHEe CBETOBOTO TMOTOKA.

OrMeTnM, uTo 3aMeHa B gopmyJte (16.13) n;» Ha obpar-
HYI eMy BeJIHYHHY Bg = l/ny, He H3MeHsIeT 3HAUEHHS p.
CnepoBaTenibHo, KO3 dUUHEHT OTpaKeHWA MOBEPXHOCTH
pasfena ABYX [HaHHBIX cpel Aas oB6OMX HalpaBjeHuil pac-
IPOCTPAHEHHsT CBETA HMEEeT OAHHAKOBYIO BeJHUHHY.

[lokasarear npenomaenus ctekoa Oausok K 1,5. Tlog-
¢raBus B dopmyny (16.13) np = 1,5, noayuum p.==0,04.
Takum o6pa3om, Kaxkiasi MOBEPXHOCTb -CTeK/AHHON [a-
CTHHKH OTpaxaeT (IIpH NajfeHuH, OJH3KOM K HOPMa/JbHOMY)
oxon0 49 ynasillero Ha Hee CBETOBOTO NOTOKA.

§ 17. Uurepdepenuus cBeTOBLIX BOJIH

Ilycte nBe BOJIHBI OZHHAKOBOH 4acCTOThl, Hak/aAblBaaAcCh
APYr Ha Apyra, Bo30y:XAalOT B HEKOTOPOH TOYKe MpocTpaH-
CTBa KoJ/eGaHuAa OJHHAKOBOTO HalpaBjeHHS:

A, cos{ot + a)),
Ay cos (af + ay).

AMmiuryaa pe3y/bTHPYIOHIETO KoJeGaHHST B AaHHOM
TOUKe onpepensieTcs, Kak HuapecTHo [eM. 1. I, dopmyny
(69.2)], dopmy.oii:

A= A%+ A5+ 24,4, cos (a, — a,).

Ecnn passocts a3 az— ay B030YXKIaeMbIX BOJHAMH
Ko/eGaHuit ocTaeTcAd NOCTOAHHOW BO BPeMEHH, TO BOJIHBI
Ha3blBAIOTC KOTePeHTHH MH. VCTOUHHKHM TakHX BOJH
TaKXe HasblBAIOTCSI KOTE€DEeH THH MHU.

B caiyuae HEKOrepeHTHBIX BOJIH G = Oy HENPEPbIBHO H3-
MeHsieTcA, NPUHUMan C PAaBHOH BEPOSTHOCTbIO fio0Lie 3Ha-
YeHHs, BCJEJCTBHe Yero cpefHee IO BPeMEHH 3HayeHHe
cos (ag— oy) paBHO Hymo. B stoM cayuae

=T A

Orciofa, npuHAB BO BHHMdHUe cooTHomleHue (16.8), 3a-

KMoyaeM, UTO HHTeHCHBHOCTb, HabJjloflaeMasi NPH HaJoOXKe-
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HUH HEKOT'ePEHTHBIX BOJIH, paBHa CcyMmme HHTEHCHBHOCTEH,
CcO3aBaeMblX KaxKJAOH M3 BOJH B OTAENbHOCTH:

I[=1I+1 (17.1)

B cayuae KOTepeHTHBIX BOJH cOS (02— C4) HMEeT MOo-
CTOSSHHOE BO BpeMeHM (HO CBoe AJ5 KaxAOH TOYKH fpo-
CTPAHCTBA) 3HayeHMe, TAK 4TO

I=I+1,+2 VI, cos(o— ). (17.2)

B Tex Toukax npocTpaHcTBa, JJIs KOTOPbIX €0S (ot — o) >
>0, !/ Oyper. npesniwiate [{+ [2; B TOukax, AJst KO-
TOPBIX €0S{ate — aq) << 0, [ Oyner menbiue [+ [o. Takum
obpa3oM, NpH HaJOMKEHHMM KOrePEeHTHHIX CBETOBBIX BOJIH.
IPOHCXOAMT TepepacnpeneneHie CBeTOBOIO INGTOKa B IPO-
CTPAHCTBE, B Pe3yJabTaTe UeFO B ONHHMX MeCTaX BO3HHKAIOT
MAaKCHMYMbI, & B APYyTHX — MHHHMYMbl MHTEHCHBHOCTH. ITO
siBjieHHe HaswlBaerca MHTepdepeHuuen Boas. Oco-
6eHHO OTUETNHBO IIPOABJSAETCH MHTep(epeHUMsT B TOM CJIy-
yae, KOTJa HHTEHCHBHOCTb 0Genx uHTepepHpYIOINX BOJH
onuHakeBa: Iy = I, Torpa corpacyo (17.2) B MuHHMyMaX
I =0, B MmakcumyMmax ke | = 4], JIng neKorepeHTHbIX BOJH
OpH TOM Xe YCJIOBMM NOJyuaercs BCIOAY ORMHAKoBasl oCBe-
wentocts ./ = 2/ [em. dopmyay (17.1)].

W3 cxazanuoro® puiTekaer, 4To NPH OCBelieHHH KaKofi-
100 TOBEPXHOCTH HECKOJbKHMH HCTOUHHKAMH cBeTa (Ha-
npuMep, ABYM:s JaMNouykaMH) 'HOJKHA, Kasajoch Obi, Ha-
6aronateca uHrepdepeHLUOHHAas KapTHHA € XapaKTepHBIM
IS Hee yepeoBaHMEM MAaKCHMYMOB M. MHMAMYMOB HHTEH-
cuBHOCTH. OfIHAKO K3 MOBCEAHEBHOTO ONBITA H3BECTHO, 4TO
B YKa3aHHOM CJIyuae OCBEICHHOCTb IOBEPXHOCTH MOHOTOH-
HO yBpiBaer no Mepe yAaJleHHss OT HCTOYHHKOB CBeTa H HH-
KaKo# uHTepdepeHLMOHHON KapTHHBI He HalJwolaercs. D10
oODbACHNAETCA TeM, YTO ecTecTBeHHble MCTOUHHMKH CBeTa He
KorepeHTHEl. Vanyuenne cBersllerocs Tesa cJjaraercsa U3
BOJIH, HCIIyCKaeMbIX aToMaMH Teda. ManyueHue ormenbHoro
atoMma npojoxaercs okono 108 cex. 3a ato Bpems ycne-
Baer 0o6pa3oBaTbes MOCHENOBATEJILHOCTL TOPGOB U BNaJHH
(WM, XaK rOBOPAT, UYF BOJH) NPOTSMKEHHOCTBIO HPUMEPHO
3 m. «Iloracuys», aToM uepe3 HEKOTOpOe BPEeMs «BCIBIXH-
BaeT» pHOBb. OaHako (a3a HOBOTO Lyra BOJH HHKaK He
cBfi3ana c¢ ¢aszoil mnpeawvaymiero uyra. OnHoBpeMeHHO
«BCHObIXHBAET» 6OJbLIOE KOJAMYeCTBO atoMmoB. Bosbyxaae-
Mble HMH LYTH BOJIH, Hajarasch APYr Ha Apyra, o6pasyior
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HCIIYCKaeMyio TeJOM CBETOBYIO BOJMHY. B 3Tol BOJMe H3ay-
YyeHHe OAHON rPYNNEl aTOMOB uepe3 BpeMsa nopsaxa 1078 cex
CMeHseTCa H3JydeHHeM Apyrofi rpynnsl, npudem ¢asa pe-
3yABTHPYIOUIEl BOJIHBI NpeTepleBaet caydaiinble cKaukool-
pasuble H3MEHEHHd,

OOGcynuM moHsITHe KOTepeHTHocTH Gosee noapo6Ho. Cae-
TOBas BOJIHA, ONKMCLIBAeMast, HANpHMep, YpaBHCHHAMH:

Acos(of — kx +a) nan —'j—cos (of — kr +a)

¢ noctosiHHbIME A, © U «a, fABAserca abcrpakuycii. B peadb-
HOl cBeTOBOH BoJHe dasa o (a Takke A H o, HO Hac Gyner
HHTEepecoBaThb TOJBKO ¢) H3MeHsieTcs GecnopsiicuHbM 06-
pasoM ¢ TeueHHeM BDEMEHH, a TAKXKe NpPU NmepeMeIleRHH OT
OJLHOH TOUKH NPOCTPaHCTBA K APYro.

Paccmorpum cHavaja u3MeneHue (asbl o ¢ TeyeHHeM
BpeMenu f. BBegem BpemMsa KOTepeHTHOCTH 7, Olpe-
AENUB €ro Kak BpeMs, 3a KOTOpPOe cjyuaiiHoe M3MeHeHHe
~¢asbl nocTuraer 3HayeHUa ~ m..3a BpeMsa T KoJeOaHHe Kak
6 3a6biBaeT CBOI0 NepBOHAuaJdbHYI0 a3y H CTAHOBHTCA
HEKOTepeHTHBIM N0 OTHOLIEHUIO K caMoMy ceGe. M3 ckasan-
HOTO Bblllie 00 H3JyUYEeHHH eCcTeCTBEHHOI'O HMCTOUHHKA CBeTa
SICHO, UTO BpeMs KOTepPeHTHOCTH CBETOBOH BOJHB, HCIy-
CKaeMoH TakuM HCTOUHUKOM, ~ 1078 cex. Bpems korepent-
HOCTH Ha3blBalOT TaKke TNPOJOJJNKUTEJbHOCTBH!O
nyrasoJH 3a BpeMfl T BOJHA NPOXOAUT NYThb €T, KOTO-
pHifi npexacrasaser coGolt AJMHY Lyra (WMHOTAA 3Ty BeJil-
YHHY HasplBAIOT AJUHOA KorepeHTHocTH). Ha ngaune uyra
cayuaiinple H3MeHeHHs (aspl MAOCTHTAIOT BeJAHUHHBL ~ .
IMpu v ~ 1078 cex pnuHa uyra cocraBasieT ~ 3 M.

Tenepp paccMoTpuM u3MeHeHUus (a3bl NpH Nepexofe OT
OJHOIl TOYKH NMpOCTpPaHCTBAa K ApPyroil. B upeanpnoft naockoii
HIU cepUyecKoll BOJHe oo OAMHAKOBa BO BCEX TOYKAX MJO-
ckoctd x = const uau cdepwt r = const. DTU nAOCKoCTH U
cdepsl MBI B CBOe BpeMs Ha3BaJ/iH BOJHOBBIMH IIOBEPXHOCTS-
mH. B peaanHoil cBeTOBOIl BosHe (ha3a o NpH Mepexole OT
ONHOH TOYKH «BOJIHOBOH TNOBEPXHOCTU»!) K APYroil H3me-
HsieTcd GecnopsagounuiM o6Gpasom. Bsenem paccrosnne [,

1) Mgl B32/1H TePMHH «BOJHOBas NOBEPXHOCTb» B KABDLIYKH, NOTOMY
YTO B AAHHOM C/lyuyae NPUMEHHTEIbHO K maockoctaM Xx = const u cde-
paM r = const ero mMoxHO ynorpe6asaTb JauwWbL ycnesno. [fpn neonwna-
KOBOCTH (a3 B pasHbIX TOYKaX 3TH [IOCKOCTH H ceprr nepectaior OblTh
NOBEPXHOCTAMH OAHHAKOBOH (hasnl.
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NPH CMELeHHH H2 KOTODOE BiOJ/b «BOJHOBOH HOBCPXHOCTH»
cayyaiinge uaMeHenue ¢asbl ROCTHraeT 3HaveHdss ~m. Ko-
Je6aHuA B ABYX TOYKaX «BOJHOBOH MOBEPXHOCTH», OTCTOS~
IMHX APYr OT APYra Ha paccTosHue, MeHbllee /, 6yayT npH-
6/IM3HTENbHO KOTepeHTHLIMH. TakOro poaa KOrepeHTHOCTb
Ha3blBaeTcsl MPOCTpaHCTBeHHOH. Bce npocrpaHcTBO, 3aHH-
MaeMoe BOJHOH, MQXHO pa30uTh HA 4aCTH, B KamAol H3
KOTODHIX BOJIHA COXpaHsieT KorepeHTHOCTb., OObeM Takof
YacTH NPOCTPAHCTBA, Ha3piBaemblii 00beMOM Kore-
PEHTHOCTH, [0 NOPAAKY BeJAHUNHDI paBeH [pOU3Befe-
HHIO AJIMHBI Hyra Ha mJjoulajb Kpyra guamerpa [l

[TpocTpancTBeHHAsh  KOT€PEHTHOCTb  CBETOBONl  BOJIHHL
BOM3H TIOBEPXHOCTH H3JYUAWILETO ee HarpeToro Teaa
OrpaHHYHBaeTCs pa3MepoM [ BCero B HeCKOJBKO [JHH BOJH.
DTo BEI3BAHO TeM, YTO pa3HEie YYacTKH HarpeToro renia
H3J1y4yaloT He3aBHCHMO Apyra ot jpyra. Tlo mepe yaanenns
OT HCTOYHHMKA CTelleHb MNPOCTPAHCTBEHHON KOrepeHTHOCTH
Bospacraer. Manyuenne naszepa {cM. § 86) o6nanaer orpom-
HOY NPOCTPAHCTBEHHON KOrepeHTHOCTLIO. Y BLIXOZHOTO OT-
BEPCTHA Jasepa NPOCTPAHCTBEHHAS KOT'ePEHTHOCTb HalJio«
JlaeTcsl BO BCeM MONePeYyHOM CEUCHHH CBETOBOIO NyukKa.

KpaTko MOXHO CKa3aTb, YTO KOT€PEHTHOCTHIO Hasbl~
BaeTCsl COIJIACOBAaHHOe IpOTeKaHHe HEeCKOJbKHX KoJjeba-
TeNbHBIX HJIM BOJMHOBHIX npoueccoB. CornacoBaHHOCTb, 3a-
KJI0Yaollasca B TOM, YTO Pas3HOCTb (a3 ABYX KogaebaHuil
(02— oty) OCTaercst HEM3MEHHO! ¢ TEUeHHeM BpeMeHH B Jal-~
HOM TOYKEe NPOCTPAHCTBA, HA3LIBAETCHA BPEMeEHHON KOrepent-
HocTbio. CornacoBaHHOCTB, 3aKJioualouiascs B TOM, YTO
ocTaeTcd MOCTOSIHHOA pasHOCTL (a3 KoJdeGaHul, MPOHCXO-
JALMX B PasHBIX TOUKAaX <«BOJHOBOH NOBEPXHOCTH», HA3bLi«
BaeTCsl NPOCTPAHCTBEHHOH KOTePEHTHOCTHIO.

Boire Obii0 BLISICHEHO, UYTO eCTeCTBEHHble HCTOUHHKH
cBeTa Be KorepeHTHbl. KorepeHTHble CBeTOBbIE BOJIHLI MOXHO
MOJNYUHTh, pPa3flefiuB (C MOMOLULIO OTPaXKeHUH HJIU IpesIoM-
JIEHHI) BOJIHY, H3JyYaeMyl0 OXHHM HCTOUHHKOM, Ha [Be ya-
ctH. Ecsin 3acraBuTh 3TH ABE BOJHEI NPONTH pasHble ONTH=
yecKie NyTH, a IOTOM HaJOXKHTb WX APYT Ha jApyra, HaOJaio-
paercs uHTepdepenuus. PasrocTs onTHUecKuX AJAHH NyTeH,
NPOXOAHMbBIX HHTep(EpHPYIOLIUMH BOJHAMH, He JO0/XKHA
6biTh OYeHb GOJBLIOH, TaK KaK CKJaalwiBalouuecs kosaeba-
HHA JOJIKHBI NPUHAAAEKATH OKHOMY H TOMY K& Pe3y/bTd-
pylouiemMy nyry soad.. Ecan sta pasnHocTb Oyider nopsixka
3 m (cM. Bbille), HaJoXKaTcs KoJjeOaHHsi, COOTBETCTBYIOULKHE
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pasHbiM Hyram, U Pa3HOCTb a3 MeXIy HHMH OygeT Hempe-
PEIBHO MEHATbCS XaOTHYECKHUM 06paszoM.

[lycts pazmenenve Ha [BE KOTeDeHTHHIE BOJIHBI IIPOHC-
xoaut B Touke O (puc. 42). Jo touku P nepBasi BOJHA NPO-
XOJHT B Cpelle C NMoKasaTejeM NpeJoMJIeHHs Ny YT §j, BTO-
pas BOJIHA MPOXOAMT B CPefe C NOKaszaresneM INpeNOMJEHHSA
ny nyTh sp. Eciin B Touke O dasa KomeGaHus paBHa wf, TO
nepBad BOJHA BO30OYyANT
B Touke P xosneGaHue

Amosm(t—%),

a BTOpas BOJHA — KoJle-
fanne

Azcosm(t—%),

/

Puc. 42. FIe Uy=c¢/n U Uy=
= ¢/ny — ddsoBas  CKoO-
pOCTb TepBOi u BTOpo# BoJaHEL. CJllefoBaTe/bHO, Pa3HOCTh
(has KoneGanuii, BO30yXKAaeMbIX BOIHAMHU B Touke P, Oyzer
paBHa
ol 3V (g —
0= (D( 0, vl) c (n232 nlsl).
3amenuB ofc uyepes 2nv/c = 2nfhy (ho— AJAUHA BOJHbHI
B BaKyyMe), BHIDAXKEHHMIO AJsi pasHocTd a3 MOMXKHO IpH-
NaTh BHJ:

2
a:%m (17.3)
rge
A=n282—n181/= LQ'—LI (17.4)

— BEJANYMHA, paBHad PA3HOCTH ONTUYECKHX MJUH MPOXOAH-
MbiX BOoJMHamu nyteit [cm. dopmyny (3.2)] u nasmBaemas
ONTHYECKOH PAa3HOCTDHIO XOJa.

M3 ¢opmyam (17.3) BHAHO, Y4TO ecaM ONTHYecKas pas-
HOCTb XOJa A paBHa LeJIOMY YHCJY LJHH BOJIE B BaKyywme:

A=xkhy, (£=0,1,2 ..., (17.5)

TO PasHOCTL a3 § oxaspiBaercsl KpaTHOH 2m u xojebaHug,
fdo30yxaaemele B ToukKe P of6eumn BoaHamH, GYyAYT NMPOHC-
X0oauTh ¢ OnuHaKOBOH ¢asoir. CienoBarenbHo, YCJIoBHe
(17.5) ecTb yc/jioBHe MHTEP(PEpPEHUHOHHOIO MaKCHMyMa,
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Ecau A paBHa TOJIyNeIoOMYy YHCAY AJIMH BOJH B BaKyyMe:
A=+ (k+§) w (£=0,1,2..), (17.6)

T0 8§ = * (k2m + n), Tak uTo KOJeGaHus B TOUKe P Haxo-
nAaTes B npotuBodase. Takum o6pasom, ycaosue (17.6) ects
VCIOBHE MHTEPPEPEHUUOHHOIO MHHHMYMA.

Paccmorpum Be UMJNHHADHYECKHE KOTEpPEHTHBIE CBETO-
Bble BOJIHBI (pHc. 43), HCXopsilliMe U3 AeACTBHUTEJIbHBIX HJH
MHUMBIX UCTOYHHKOB Sy U Sy, HMEIOWHRX BUA HapalebHblX
CBETAIUXCS TOHKUX HHTell
aubo y3kinx Lieaed. OG-
jgacte OPQ, B X0TOPO# 3TH
BOJIHLI nepeKPhIBanTCe,
Ha3bIBAETCH TNOJAEM HH-
Trepdepenpuu Bo pcef
aToit obnactu wabmwogaert-
csl - UepefloBaHHE MeCT C
MAKCHMaJbHOH ¥  MHUHH-
MaJbHOH HHTEHCHBHOCTBIO
cpeta. Ecin B moJe uHTEp-
¢depeniuu BHECTH 3KpaH E,
TO Ha HeM OyIeT BHJHA
HHTephEepeHIHOHHAs  Kap-
THHa, KOTOpas B CJyuae Puc. 43.
LUUJIHHAPHUECKHX BOJIH
HMeeT BHI YePeIYIOMUXCH CBETJIbIX M TEMHBIX NPAMOJHHEN-
HBIX NoJ0C. BLIYHCANM WIHPHHY 3THX IIOJIOC B MpPeIIONoXKe-
HHUY, UTO 3KPaH NapajyeseH IJIOCKOCTH, NPOXOAAUIel yepe3
HeTOYHUKH Sy H S, [los0:keHHe ToukH Ha 3KpaHe OyleM Xa-
PaKTepU30BATb KOOPAHHATON X, OTCYMTHIBAEMON B Hampas-
JIEHUH, MepHeHAHKYAsIpHOM K JuHHAM Si U Sy (puc. 44).
Hayano orcuera BoiGepem B Touke O, OTHOCHTENbHO KOTO-
po#t S; u'S, pacnosoxeHnbl CUMMeTPHURO. VicTounuKM Oylem
CUHTaTh KOJeOMIOMKUMUCA B oluHakoBoi (ase. M3 puc. 44
clenyer, 4To

st=1[2+ (x—-—g—)2,
§2=[2+ (x—l——;)z,
OTKyAa
s3—si=(s,+ s))(s,— 5,)=2xd.
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Kak MBI BCKOpe YBHAHM, OJS TOJYYEHHT Pa3jIHUIHMON
unTepepeHHOHHON KapTHHBE PacCTOAHHE MeXAY HCTOu-
HUKaMH d JOJKHO ObiTb 3HAYHTENBHO MEHbIIe PaCCTOSHHSA
no sxpaHa L Paccrosnue x, B npemenax KoTtoporo o6pa-
3ytoTCAl HHTepePeHULOHHbIE TTOJNOCH], TaKXKe GbIBaeT 3HAUH-
TeNeHO MeHblle [ Tlpd 9THX YC/JIOBHAX MOMKHO MNOJIOXKHTbH
s2+ sy~ 2[. B cpeme c¢ moxasareseM mpesnomienus n = 1

2 8

D]

S
4z
e

S
7
g

Puc. 44.

PAsSHOCTb S — §; JaeT ONTHUeCKYyl pasHocTb xoxa A. Cie-
NTOBATeNbHO, MOXKHO HAaIHCaTh:

A=2T (17.7)

IMoncrasus 370 3nauenue A B ycaosue (17.5), moayuum,
Y70 MAKCHMMyMbl HHTEHCHBHOCTH OYAYyT HKaOJiofaTbCsl NpH
3HAYCHHAX X, PABHBIX

Ky = k{{xo (k=0, 1, 2, ...). (17.8)

[ToncranoBka suauenns (17.7) B ycaosue (17.6) gmaer
KOODAMHATBH MHHUMYMOB WHTCHCHBHOCTH:

P (k+";*)'(l;'7vo (k=0,1,2,...). (17.9)

HaszoBem wupuHoil uETepdepeHUUOHHON AO-
Aocb Ax paccTOsHHE MEXAY ABYMS COCEIHHMH MHHHUMY-
Mamu HHTeHcuBHocTH., U3 dopmyant (17.9) sniTexaer, uto
HIMPUHA [OJNOCDI

Ax =1 2. (17.10)
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Paccrogune MexXAy ABYMS COCElHHMH MaKCHMyMaMH
MHTCHCHBHOCTH Ha3biBAaeTcsi PacCCTOSHHEM MeXAY
pHTepdepeHUMOHABI MU NOoN0CcaMu, Vs Bupaxe-
Hust (17.8) caepyer, 4To paccTOsiHHE MeXJy MOJIOCAMH Tak-
ke ompefensiercs . dopmydoit (17.10). B coorBeTcTBHH ¢
otoi Gopmynoll paccTOsiHHE MeXAY [O0J0CaMH  pacTeT
C yMeHBUIEHHEM pDAacCTOSAHUS MeXAY Hcrounukamu d. [lpu
d, cpaBHHMOM ¢ [, paccTosiHHe MEXAY NMOJNocaMH ObLIO Gwl
TOrO e MHOpsifKa, YTO H Ag, T. €. COCTABHJIO Obl HECKOJIBKO
RecATHIX MHKpOHa. B 3TOoM csyyae oTaedbHBIE [OJOCHE
6ulap Obl coBepiieHHO HepadnuuuMel. Jaa Toro uto0b MH-
TepdhepeHIIMOHHAs KAPTHHA CTaJia OTUSTIUBOH, HEOGXOAUMO
BBHIOJHEHHE YIIOMHHABUIETOCs Bhillie yeaoBusi: d < [

Hlupuna uHTepdepeHIHOHEBIX MOJOC H  PaCCTOsIHHE
MEXJAy HUMH 3aBUCAT OT AJHHBI BOJMHBI L9, TOJBKO B L[EHTpE
KapTHHBI, Opy x = 0, COBNafyT MaKCUMYMBl BCeX AJHMH BOJH.
ITo Mepe yzajieHusi OT UEHTPaA KAPTHHB MAKCHMYMBl Pa3HBIX
HBETOB CMEILAaloTCsl JPYT OTHOCUTENbHO Apyra Bce GoJbHie
n GoJpllle. DTO NPUBOAUT K CMa3blBaHHIO UHTep(depeHUUOH-
HOll KapTyRB npu HalJoneHuu ee B Gesom ceere. B moHo-
© XpOMATHYECKOM CBETE YHCJO Pa3jHuMMBbIX M0JIOC HHTepde-
peHuMH 3aMeTHO Bo3pacraer. Crmpama Ha puc. 44 nokasaua
OJIYyHaIoIlasicd B MOHOXPOMAaTHYECKOM CBETE 3aBHCHMOCTH
HWHTEHCHBHOCTH cBeTa [ OT KOOPAWHATH X.

Hsmepup paccrosnue mexay nojgocamu Ax u 3uas ! u d,
moxHO no ¢opmyne (17.10) Boruncaute Ao. FIMeHHO M3 OMNbi-
TOB N0 HHTep¢EePeHIIHH CBETa BrepBble OBbIJIH ONpeleJieHbl
JJMHBl BOJIH-JJIS CBETOBBIX JIy4ell pasHOro 1Bera.

Jlaxke B MOHOXpOMAaTHYeCKOM CBeTe M300pa’KeHHbi Ha
puc. 44 XOx HHTeHCHBHOCTH OyAer HaOMOAAThCA JHUIb TPH
Hcuesawlle MaJol TOMIIMHe CBEeTSIILeHCS HHTH WJIH LIMDHHE
mwend. B ciyyae KOHeuHBIX pa3MepoB HCTOYHHKA CBeTa HH-
TepdepeHiMOHHAST KapTHHa CTaHOBHTCS MeHee pe3KOH H
Jlaxke MOXET HCUe3HYThb coBceM. DTO OOBLACHAETCA TEM, YTO
Ka¥jas TOYKa HCTOYHMKA [daeT Ha JKpaHe CROK HWHTEp-
(epeHUHOHHYI0 KapTHHY, KOTOpad MOXKeT He COBHajxarh
¢ KapTHHaMH OT APYTHX TOYEK.

Jlas oueHKH npeenbHEIX AONYCTUMBIX pPasMepoB HCTOY-
HHKa paccMOTpHUM HHTep(depeHLHOHHYIO cXeMy, H300parKeH-
HyI0 Ha pHC. 45, ¢, CBer, pacnpocTpaHsOIuics OT HCTOU-
HUKA JIMHEAHBIX DasMepoB b, pasjedsercsi COOTBETCTBYIO-
WHM yCTPORCTBOM (ﬂanpnmep, ONMCAHHBIMK B CJELYyIOEM
naparpage 6usepkanamMy uad GuUIPH3MOH H T.II.) HA ABA
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Myuka, KOTOpble, MepeKpLIBafAch, MHHTEPHEepPHPYIOT APYT
¢ apyrom. OT TOukH A HCTOYHHMKA B TOUKY 3KpaHa P npHKo-
AsT ayun I v 2, KoTOpple 06pa3yioT yrod 2u, Ha3blBaeMhil

Y
Sempoicrsg praderanyes
ceam #1 Cryma

)

g)
Puc. 45,

aneprypoit unrepdepenumu, O603HaUHM OTPE3KH, [POXOAH-
Mble nyuyamu [ ¥ 2 Ha ByTH K Touke P, 6ykeamu [; u lp. To-
raa pasHOCTb X0Ja AJIA 3THX JiyueH COCTABHT

Aﬂ=l2_ll' (17.11)

Ananoruyso, pa3HocTb XOAa AJs Jyuelt 3 u 4, ucxons-
mUx 43 TOYkH B, Oyaer paBHa

Ag=1l—1; (17.12
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rae I3 u I, — orpesxu, npoxoauMele Jyuyamu 3 u 4 Ha nyTd
K Touke P.

Ecau ofe pa3HoCTH XOKA OTAUYAIOTCH HE3HAYHTENABHO,
HHTep(depeHIHOHHBIE KapTHHBI, TOPOXIAaeMble Ha JKpaHe
ToukamMi A u B (a TakXe BCeMH NPOMEKYTOUHBIMH TOWKAa-
MH HCTOYHHKA), COBMAAYT H pe3ydbTHPYIOWIaf KapTHHA
okaxercsa peskolt. Ilpu 3ameTHoM OTJIHUMU A4 M Ap UHTEp-
(depesnyOHHAs KapTHHA Oyner pasmbiToil. B cayuae, korga
Aa—Ap =}, MaKCUMYMBl OT pPasHBIX YYacTKOB HCTOYHHKaA
3allOJHAT BeCh NMPOMEXYTOK MeXAY COCeIHHMH MAKCHMY-
MaMH, JaBaeMbIMH KpasMH HCTOUYHHKA, TaK 4TO 3KpaH Oy-
ZeT ocBellleH paBHOMepHo. VHTepdepeHUHOHHAS KapTHHA
Oyner elile XOPONIO PasjiMuUMa NpH YCJAOBHH, UTO

Ay — A< A2

Ha puc. 45,6 u3o6paxeno HajoXKeHve vATephepeHunon-
HBIX KapTHH, OJYYaloUlHXCA OT OT[e/bHBIX Y9acTKOB HCTOY-
HHKa B CJydYae, Korja PasHOCTb XOAa OT KpaeB HCTOYHHKA
cocrapasier A/2. BykBamu A nomeueHbl MaKCUMYMBI, NMOJAY-
yamoluecst ot kpasi A, 6ykBamn B — MaKCHMYMBbI, N0Jy4alo-
wuecs or Kpas B. B BepXHell YacTH pUCYHKa MOKa3aHa
(BechMa IPHOJH3HTENBHO) Pe3ybTHPYIOLLAst HHTEHCHBHOCTD.

IMoacrasass anavenus (17.11) u (17.12), sripaxKenuio
A4 — Ap MOXKHO MPUAATb BUA:

Ag— AB = (12“ ll) - (14*- 13) = (12"14) + (ls‘ ll)' (17.13)

[TpeacraBus ce6e BOMHY, HCXOAAILYIO H3 TOUKH P M pac-
NPOCTPaHSIOLLYIOCH Yepe3 BepXHee ILledo HHTepdepoMmeTpa,
Jerko coobpasuth, uro nytw AP u DP sapasiorcs Tayrto-
xpounbiMH (Toukn A u D JaéxaT Ha OAHON BOJHOBOH MO-
BePXHOCTH 3TOl BoJHb). [losTomy, mosaras ayun / u 8 na-
pajjieIbHBIMH, MOMHO HAIHCAThb:

Is—1,=BD=bsinu.
Auanoruuuo,
ly—1l,=AC=">bsinu.
Moncrasus sty 3Hauennsa B (17.13), Haxoaum, uto
Agj—Ap=2bsinu.
Takum o6pasoMm, yCJaOBHe, MHpH KOTOpOM uHTepepeH-
HHOHHA% KAPTHHA TOJYYaeTcsi OTUETNHBON, UMeeT B
2b sinu <AJ2; (17.14)
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He nasa Bcex unTepepenUHOHHBIX CXeM ayan I n 3, a
Taioke 2 u 4 napannenbhsl. OZHAKO M B cayuae Henapag-
JIEJAbHOCTH 3TUX JIYydell Da3HOCTh BeJMUHH A4 H Ap GuiBaer
nopsanka 2b sinu, rak uro ychosue (17.14) coxpanser csoe
sHauenue. M3 3Toro ycnoBus BeiTeKaer, yTo Yem GoJsblle
aneprypa uHTepdeperuun (T. e. yroa 2u), TeM MeHblie
LOnyCTHMbIE Da3Mepsl HCTOYHHKA.

§ 18. CnocoGut HaGaoaeHs uHTEPhEpeHUHH cBETA

Paccmotpum ABe KOHKpeTHble HHTepdepeHUHOHHbIE CXe-
Mbi, OAHA M3 KOTOPHIX HCHOJb3YyeT IAS pa3fe/ieHHs CBeTO-
BOH BOJIHBI Ha ABE€ YaCTH OTpakKeHHe, a Apyras — npeaom-
JeHue cBetal),

3epkasa ®penessn. JIBa maockux CONpHKACAIOMIHXCH
3epkana OM u ON pacnonaraloTcsi Tak, UTO HX OTpaxaio-
Line noBepxHocr o6pasyoT yrod, 6.au3kuit k 180° (puc. 46).

Puc. 46.

CooTBeTCTBEHHO Yroa o Ha puc. 46 oueHb Mad. IMapannens-
HO JHHHMH Qepecevenus sepkan O Ha PacCTOSHUH f OT Hee
NOMEIAETCsl NPAMOJNHHEAHBI HCTOUHHK cBeTa S (Hanmpumep,
y3Kaa CBeTsllancs uleqib). 3epkana OTGpachiBalOT HAa KpaH

'} Hagomunym, uro unrepgepupoaTs MOTyT ToMbKO KOMeGamis
O1KHAKOBOrO HaNpab/enus. B ONNCAHHBIX HHXKe, a TakXKe B JAPYrHX
HHTePEPEHUHONRBX NPHOOPAX HANPABJEHYA KoJAeGaHHA BO B3aNMOMeH-
CTBYIOWUX MyuaX NPakTHUECKH COBNAAAIOT,
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E nBe uniuHApHUUeCKHe KOrepeHTHbIE BOJHLI, PaCcmpocTpa-
HIOIHECA TaK, KaK ecJH Gbl OHH HMCXOQHJIH H3 MHHUMBIX
HeTouHMKOB Sy w1 Sp. Dxpan E; nperpaxpaaer cBeTy nyTh OT
HeroyHuka S K sxkpany E.

Jlyus OQ npencrasaser coGoit orpaxenue ayua SO or
sepkaia OM, ayu OP — orpaxkenue ayua SO oT sepkana
ON. Jlerko _cooﬁpasmb, 4TO yroJa mexay aysamu OP u OQ
pasen 2. Ilockonpky S u S; pacno/oKeHsl OTHOCHTENLHO
OM cummerpuuno,. Aauna orpeska OS; pasma OS, 1.e. r.
AHajoruuHble pacCy:KAeHHs NPHBOASAT K TOMY 3Ke peayJb-
taty &g orpeska OS,. Takum o6pasom, paccToanue MExAY
HCTOUHHKAaMH Sy H Sy paBHO

d=2rsina =~ 2ra.
U3 puc. 46 suitexaer, uto
a=rcosq =r.

ChnefoBareibHO,
l=r+0b,

rie b-—paccrosiHHe OT JnHMM Tepeceuenus 3epkajg O 1o
skpana E.

Moacrabus nalinennsie HamMu 3nauenus d u [ B gopmyay
(17.10), naiigem wupuuy wHTepdepeHUHOHHON T0J0CH:

r4-b
Ax = —5== ho. (18.1)

Oo6mactb nepekpuHITHA BOJMH PQ HMeeT NPOTAKEHHOCTh
2b tg @ = 2ba. Yucao nabiaopaeMblx HHTeP(dEPEHUHOHHBIX
nonoc N HaiieM, pasfejuB 3Ty JJHHY HA LIHPHHY HOJOCH
Ax. B pesynabraTte mosyuum:

4a2br

N= dolr +0)

(18.2)

Bunpuama ®peneas, MsroropsenHble H3 OAHOrO KycKa
cTeKNa JiBe TNPU3Mbl C MaJbIM NPEJOMJISIOUUM yriaom &
umeior obmee ocrHoBanue (puc. 47). TlapasanenvHo -sTomy
OCHOBAHMIO Ha DACCTOAHKM @ OT HEro pacrojaraertcs Np#-
MOJIMHEHHBIH HCTOUHHK cBera S. Yrog najcHus Jyduell Ha
OunpHaMy MaJl, BCJEACTBHE Uero BCe JYUH OTKJIOHAIOTCA
OumpuaMoll Ha ouMHakKoBHiT yrom o = (n—1)% [cMm. dop-
myay (1.14)]. B peayabrare 06GpasyioTcs jiBe KOrepeHTHLIE
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UHMAHHAPUUECKHE BOJIHBI, HCXOAfNIME M3 MHHMBIX HCTOUHH-
KoB Sy H Sp, Nexamux B 0gHOK miocKoctH ¢ S. PaccrosiHue

Puc. 47.

MEeXAY HCTOYHHKAMH PaBHO
d=2asina =~ 2aa=2a(n—1)0.
Paccrossye OT HCTOYHHKOB 10 3KpaHa:
l=a+b.

Lluprny unTepdePEeHIUOHHOM NONOCE HAXOXHM MO $op-
myae (17.10): '

a+b
AX'—’-mxo. (18.3)

O6nacTb mepekpuiTHst BOMH PQ HMeeT NpOTHKEHHOCTH:
2btga ~ 2ba=2b(n—1)0.
Yucesno HabaiofaeMbiX HOJOC

_ 4ab(n—1)29?
N=—G7vo (18.4)
§ 19. UnrtepdepeHuus cBera NpH OTPaXKeHHH

OT TOHKHX MJACTHHOK

[1pu nageHHu CBETOBOH BOJIHBI HAa TOHKYIO MPO3pauHYIO
MIACTHHKY HJIH IUIEHKY IPOHCXOMHMT OTPakeHHe OT 00eHx
IOBEPXHOCTE MJIaCTHHKH. B pesy/brate BO3HHKAIOT KOTe-
PEHTHBIE CBETOBbIE BOJIHBI, KOTOPBIE MOT'YT uHTepHepHpoBaTh.

[lycth Ha MPO3pauHylo MJIOCKOMAPaJlIeNbHYIO N/1aCTHH-
Ky Tafaer napajie/bHbili MYYOK CBeTa, MPelCTaB/eHHbIH
Ha pHc. 48 Tosbko ofHHM sydom. Ilmacrunka orGpackiBaer
DBEPX [Ba KOTEPEHTHBLIX NAapaj/ie]bHBIX MNyduKa CBeTd, U3
KOTOPBIX OAMH 00pasyercst 3a CueT OTPaKeHHs OT BepXHel
MOBEPXHOCTH IMJIACTHHKH, BTOPO¥ — BCJICACTBHE OTpaXKenus
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or nHxueil nosepxuoctd. Ilpn Bxole B nsactunky u npu
BblXOJe M3 Hee BTOPOH .MYy4OK NpeTeprneBaeT NpenoMicHUe.
KppMe 3THX ABYX Ny4yKOB IIaCTHHKa OTGPOCHT BBEpX Myy-
KH, BO3HMKaIOllHe B pe3y/jbTare TpeX-, NATH- H T. 1. KpaT-
HOTO OTpax{eHHs1 OT INoBepxHocTell nuaacTHHKH. OAHaKo
BBH/Y HX MaJjlOfl MHTEHCHBHOCTH Mbl 3TH NYyYKH NMPHHUMATb
Bo BHUManue He Oynem?). He Oyzem Takxke HuTepeco-
BaTbCsl NyYyKaMH, HPOMIEAWIHMH Yepe3 MAaCTHHKY.

[Mpoeenem! nepnenANKyJAspHYIO K JAydam I H 2 NJAOCKOCTD
AB. Ha nyTu ot 3T0ii mJ0OCKOCTH pasHOCTb a3 BOJH, Npen-
CTaBJIeHHHX JyuaMu I u 2, He
usmenserces, CueloBaTenbHoO,
ONTHYECKAs] Pa3HOCTb XOAa
aydefi 1 u 2 paBha

A=n52—31,

rae sy — ajauHa orpeska OA,
$3 — CyMMapHas HJIHHA OT-
peskos OC u CB, n — nokasa-
Teb NPeNOMJIEHHS NJACTHHKH,
ITokasatens npenoMieHusl OK-
pyxkatomielf naacTHHKY Cpeabt
nojaraeM paBHLIM ejHHHLE.

M3 puc. 48 caenyer, uto sz = 2b/cos iy, 5y = 2big iy sin i,
- (b — ronuna nnactunky). IloacraBuM STH 3HaueHHs B
BhIpa)KeHue puaa A:

2bn
cOS iy
IlpoxsBeas sameny sini; = nsiniz H yurs, 4t0 Sini; =
= | —cos?i,, nerxo npusecru (19.1) x Buay:
A=2bncos i, (19.2)
Ilpunsas Bo BHHMaHHe, YTO
ncosiy = Yn*—ntsin?i, = Y n?—sin?i,,
pPasHoCTb X0Aa A MGXKHO BBHIPasUTh 4epe3 yroa najieHus iy
A=2bVn?—sin%i,. (19.3)

1) Or nosepxHOCTH pa3sfefa HPO3PAUHBIX Cpel, OTPAXKAETCA HPI-
mepuo 5% mapamoitero ceeroBoro motoka. I[locse ABYX OTpaKeHHR Hi-
TEHCHBHOCTL Gyner pasua 0,05-0,06, uns 0,25% - uHTEeHCHBHOCTH mepBo-
HauadbHOro nyuka. Ilocne Tpex orpaxennii —0,05.0,05:0,05, nau
0,0125%, uTo cocTaBAsieT !/yo MATEHCHBHOCTH OAHOKPATHO OTPaMENHOTO
nyuxa,

— 2b tg iysin . (19.1)
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TIpu BouucieHuu pasHoctd a3 § Mexay KoneGaHHAMH
B Jyuax I u 2 Hy:XHO, KpOMe ONTHYECKOH pPas3HOCTH X0Za A,
yuectb eule onHO oGCcTosiTenscTBO. [IpH OTpa)KeHWH CBeTO-
BOH BOJIHBL OT TpaHUIBL! pasdfena cpelbl ONTHYECKH MeHee
MJIOTHOH €O Ccpefoi olTHuecKH Gojee MJIOTHOH (OTpaXKeHHe
B Touke O Ha puc. 48) dasa KoneBGaHHH CBETOBOTO BEKTOpA
{Bekropa E 3/eXTPOMATHHTHO! BOJHbBI) MpeTepreBaeT M3-
MeHeHMe Ha m. [1pu OTpaKeHUW OT TPAHHIBL pasjesia cpeibi
ONTHUeCKH O6oJiee NJOTHOH €O CpefOdl ONTHYECKH MeHee
naotHoii (orpaxkenue B Touke C) Taxoro nameHeHHd ¢asul
He mpoucxoaut. [To 3rtofi mpuunHe Mexay Jayuamu I u 2
BO3HHKaeT JONOJHHTEeNbHAs pasHocTb (a3, paBHasd . Ee
MOXKHO yuecTb, 10OaBUB K A (MJM BBHIYUTS U3 Hee) IOJOBHHY
AJIMHBI BOJHBI B BakyyMe. B pesyabrate nmosyuum:

A=2b ViF=sinq, . (19.4)

Ecnu na nytu nyukoB I n 2 moctaBHTh COOHPATENbHYIO
JIHH3Y, OHH COHAYTCH B ORHOH H3 To4YeK (HoKaJbHOH MJOC-
KOCTH JIMH3Bl B O6yIyT uHTepdepHpoBaTh. PeayabTaT HHTED-
(epeHUMH  3aBUCHT OT 3Hauenusi sesnunnsl (19.4). Tlpu
A = ko moayuatca MakcuMymbl, npu A= (k+ 1/2)h—
MHHHMYMbI HHTEHCHBHOCTH (R — LieJloe YHCJO JUGO HYJAb).
Taknum obpasom, yc10BHE MaKCHMyMa HHTEHCHBHOCTH HMeeT
BHA!

2b YV n? — sin?i (/e + > Age (19.5)

3nayenne k£ B 5TOM BbIpaKeHHH HA3LIBaeTcs NOPSiA-
KOM HHTep(pepeHINHOHHOTO MakKcuHMyMa. Bos-
MOKHBie JJIsi HaHHOH IJMacTHHKH (T.e. DpH 3afaHHLIX b u
n) 3HaueHHs k Jexart B npelenax:

(Rym=T-4)<e<(F2-3) (9.6

(BHXHHI npepen noaywaercs npu sini, =1, BepXHHil —
npu sin i, = 0).

ITpu ouennp maJjoit Beawuunne b ycaosuo (19.6) yaosaer-
BOPSIET TOJBKO OAHO 3HaueHue k& = 0. Hanmpumep, nomoxus
B (196) n =15, o =06 nx u b = 0,1 ux, noayuum:

— 0,052 < £ <0,100.

TIpu GoablIOH TOMLIMHE MJIACTHHKH MOXKeT HabJ0AaThCs
Oonblioe KOJMYECTBO MAKCHMYMOB BLICOKQro nopsiaxa. Tax,
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MONOXKUB B NpeAnAyLieM npumepe b papuoft | mm, npugem
K YCJOBHIO:

4472 < k <L 6020.

Taxkum oBpa3zom, ¢ POCTOM TOJMIIUHG! TIJIACTHHKY YBEJH-
uriBaeTcsl uMca0 HabuaogaeMblXx HHTep(EpPeHUHOHHBIX MaK-
CHMYMOB H HX NMODSIOK.

Besikast peanbHasi cBeToBasi BoqHa npelcraBiaseT coboi
najgoxenue BoaH Buxa (16.2) ¢ wacteramH, 3aKJIIOUEHHBIMH
B dHTepBaJse Aw, KOTOPOMY COOTBETCTBYeT HHTEDBaJ [JIHH
BosIH Ako. Jlayke y MOHOXPOMATHYECKOro (OAHOLBETHOIO)
CBETA UHTEepBaJ ANUH BOJH fABJSAETCS XOTSl H OUeHb MaJIbiM,
no koseuneiM. ITo 310# mpuunHe HHTepdepeHUHOHHbIE MaK-
CHMyMDB! MMEIOT KOHEUHYIO YIJIOBYIO IIHPUHY Al KGTOPYIO
MOXHO Haliti, npoancddeperuuposas (19.5) caesa mo iy,
a cnpasa no h. B pesysavrate nonysum

[—d’f—] (26 VP =i 1) | Ady = (k + ) Ao

OTKyJda yrJaosas HIHpuHa HHTepq)epeHHHOHHOFO MaKcuMyMa

Aiy = ! (k + g) Alg, (19.7)

d T
= {9pV n?—sin?
ar, (_bl n? —sin z,)

Tenepr Halizem yrioBoe paccrosiHHe Mex(Jy .COCeIHUMH
MaKCHMyMaMH (T. e, MEXAY MaKCUMyMaMu, JAJs KOTODbIX
3Hauenua kB orauvalores wa efuvnuuny). Osas storo mpoaud-
¢peperuupyem (19.5) caesa'mo ij, a cnpasa 1o £ (paccma-
TpuBas B KaKk HelpepLIBHO H3MEHAIOMM{cH napamerp):

d 5T ,
[Til— (26 Vin?—sin? z;)] 0i, = Ay Ok,

3uavedne §iy, COOTBETCTBYIOLICE HU3MEHRHHIO & Ha e.nu-
nuny (8k = 1), mpeacraBnaser co6ofl yraoBoe paccToAHHE
MeXKAY COCeAHHMH MaKCHMYMaMHU:

oi, = ‘ Do (19.8)

A (o VE—swIL
ar, 26V n2 " sin?1y)

Ecau yrioBas wWwupuHa MakcumyMa Al cTauer paBHOH
10 MOAYAK (WM TpeB30IJAET) YIJIOBOMY pacCTOSIIHIO Me-
XKAY COCeIHHMMH MakcuMmyMamyu Ol;, uaTepdepenuHonHas
KapTHHa T10/HOCTbIO cMaxkercs. [Toatomy Adas nabalofeHns
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uHERep(QEPEHUHH TIPH OTDaXKeRWH CBeTa OT NPO3PAYHHIX
NJIaCTHHOK HeOGXOAMMO BLUIOJHEHHe ycaosus: |Alf] <C
< |6i;]. TloacraBus snavenns (19.7) n (19.8) mas Ai, u
biy, noayunm:

(k +5) Adg<ho
HJIH

(# +§)<A‘T° (19.9)

Boime Mbl BHIAGHHJH, 4TO NMOPSAOK BO3HHKAIOUIHX Mak-
CUMYMOB BO3DAacTaeT ¢ YBeHHUEHHEM TOJLIMHB TJIACTHHKH.
Hs (19.9) BuiTekaer, yTo ueM 6oJjblile HHTEPBAJ AJUH BOJH
Alp, TeM’ MeHbII€ JOJKeH GHITH NOPALOK MAKCHMYMOB, T. €.
TeM MeHblle TOJIIHHA MJACTHHKH, IPH KOTOPOH MOXKeT Ha-
6aofaThea MHTEphEpEHIH.

Coraacao (19.5) k+1/2=2bV n®—sin?i, /AO. Tloacra-
BHB 3TO BhIpakeHHe B HepaseHctBo (19.9), moayuum mpe-
Jle/IbHYI0 TOJUIMHY TJIaCTHHKH, NPH KOTOPO# MOXHO Habio-
1aTh NHTEpGEPEHUHIO:

b L (19.10)
< 2M~°Vn"’—sin? iy ’ '
FO€ iy— yros, NnON KOTOPHIM JIYUH HAaZaloT Ha TMJACTHHKY.

Ilpu HaGmozenun B GenoM cBeTe HHTEpBan Al oOnpe-
Jensiercsi CHOCOGHOCTBIO IVia3a Pas3/iHuaTh "OTTEHKH CBeTa
OMN3KMX HAAHH BOJH. JIyuwW, oTAMyaloLIvecs MO AJHHe
BOJHEI MeHee ueM Ha 20 A, cpemmuit ryla3 BOCNPHHHMaeT
KaK MMeloliHe ORMHAKOBBIA IBer. [lostoMy mana oneHxu
YCJIOBHI, mpu KOTOpBIX MOXKeT HabJiofatbesi HHTepdepeH-
HUsE OT IJIACTHHOK B GesioM CBere, Ak ciefiyeT INOJOXHTB
paBHbiM 20 A, T. e. 21073 ux. [T0JIOXKHB, KpOME TOTO, Ao =
=05 ux, n=.15, iy =0 (HopManbHOe MNaJeHHe CBETA Ha
BNacTHHKY), HafimeM mno d¢opmyae (19.10), uro Ttommmua
NIaCTHHKH He HOJXKHa TNpeBbiiath npumepno 40 mx. Ilpu
Ha6AI0JeHHH B MOHOXDOMATHUECKOM CBere ¢ Al =14
TOJIIHHA NJAACTHHKH MOXeT jpocturatb 1 ma.

Monocu pasHoro HaxkgoHna. [TycTh ToHKasi myiocKonapaJ-
JesbHasg TAacTHHKa (puc. 49) ocBeliaerTcs pacCesiHHBIM
MOHOXPOMATHYECKHM CBETOM. PacmoJIOXKUM HapaliiellbHO
NJaCTHHKE TOJOXKHTENbHYI0 JHH3Y, B (QOKaXbHOM IJIOCKO-
CTH KOTOpPOH TOMeCTHM 3KpaH. B = paccesHHOM cCBere
MMEIOTCS JIYH CaMblXx Pa3HOO6pasHBIX Hampasienuit. Jlyun,
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napaJjnelbHble MJIOCKOCTH PHCYHKA H NajaloliHe Ha Iua-
CTHHKY TIOJ YIJIOM i], OCJHe OTpaxeHHs OT o6eHx noBepx-
HOCTeH MJAacTHHKH cobepyrcsl JuH30! B Touke P’ u co3na-
AYT B 3TOH TOUKE OCBEIlEeHHOCThb, BeJHYHHA KOTOpOH 3aBH-
CHT OT 3HAYEHHsI ONTHYeCKOW pasHoctu xoxa (19.3). Jlyum,
HAYLIYEe B IPYTUX HNJAOCKOCTSX, HO Najaolike Ha NJIACTHHKY
HOJ TeM e YIJoM ij, cCOGepyTcs JIHH30# B APYrHX TOYKax,
OTCTOSIIIHX OT HeHTpa 3kpaHa O Ha Takoe XKe pacCTOSHHE,
KakK u touka P’. OcBellleHHOCTb BO BCEX 3TUX TOYKax Oyner

£ P 0

Puc. 49.

oguHakoBa. TaxuM oGpasom, Jyud, najamolive Ha I1/a-
CTHHKY NOJ OJYHAKOBBIM YIJOM ij, COSHALYT HAa 3KpaHe CO-
BOKYNHOCTb OJHHAKOBO OCBEILIEHHBIX TOYEK, PacloJOKeH~
HBIX IO OKPYXKHOCTH ¢ UeHTpom B O. AHa/OTHYHO, JyuH,

nagamouie TOH HAPYrHM YIVIOM i, CO3LajyT Ha 3KpaHe
COBOKYIHOCTh OJHHAaKOBO (HO HHaye, MOCKOJBKY A HHaf)
OCBEIleHHbIX TOYEK, PACIIOJNOMKEHHBIX IO OKPYXKHOCTH ApY-
roro paguyca. B pesy/bTare.Ha 3KpaHe BO3HHKHET CHCTEMA
YePEeAYIOIHXCH CBETABIX W TEMHHIX KPYFOBHIX nojoc ¢ 00-
muM ueHrtpom B Touke O. Kaxpaa mosoca ofpasoBana
JydyaMH, NafamoliiMH HAa IJIACTHHKY IIOJ OJHMHAKOBBIM YT-
snom iy Tlostomy mosyyaiouiuecss B ONHCAHHBIX YCJOBHSX
HHTepdepeHUHOHHBIE NOJOCH HOCAT JHasBaHHe I OJOC
paBHOTO HakJoOHa. Ilpy HHOM pacnonoxKeHHH JIHH3H
OTHOCHTEJIbHO NJIACTHHKH (SKPaH BO BCeX CJyYasnX NOJKEH
COBIaJaTth ¢ QOKaNbHON IJIOCKOCTHIO NUH3H) Gopmd nogoe
paBHOra HakJoHa Oynger Apyroii.

Kaxpaa Touka uHTepihepeHUHOHHOH KapTHHBI O6YCJIOB-
JieHa JlyyaMH, o6pasyioUiMK 10 NPOXOXKAEHHs Uepes JHH3Y
napasjenapHpiit nyyox. ITosromy npu HaOMOLeHUH TOJIOC
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paBHOrO HaKAOHA JKPaH JAO/MKeH pacnosaratbcsl B GoKasdb-
HOIl NJOCKOCTH JHH3BI, T. €. Tak, KaK €ro pacrnogarair L/ist
nosyueHUs Ha HeM H300paKeHHs ORCKOHEUYHO YAAJEHHbIX
npeAMeTOB. B cOOTBETCTBHH ‘¢ 3THM TOBODSAT, UYTO JIHHKM
pPaBHOTO HakK/IOHA JOKaJH30BaHel B GeckoHeynocTH. PoJb
JUH3Bl MOMKET HIpaTh XPYCTaJHK, a 9KpaHa — CeTYartka
raasa. B atom caydae aas HabaioneHusl noJoc paBHOro Ha-
KJOHA a3 Jo/KeH ObiThb AKKOMOJHPOBAH Tak, Kak HpH
paccMaTPHBAHHU .OYeHb YAAJEHHBIX NPEAMETOB.
[osoxkenne MAaKCHMYMOB 3aBHCHT OT AJIMHBI BOJIHBI Ao
[em. dopmyay (19.5)]. Tlostomy B Genom cBere mnoJjy-
yaeTcsl COBOKYNHOCTb CMEIEHHBIX APYT OTHOCHTEJbHO Apyra
nonoc, 00pa3oBaHHLIX JyYaMH pa3HbIX 1BeTOB, U HHTep(de-
peHuMOnHaa KapTHHA NPHOOPeTaeT PalyKHYIO OKPAacKy.
Hosocer paBHOii TOMmMHbL. Bo3pMem nulacTUHKY B BUje
KJHHA ¢ yraoM npu Bepmuse & (puc. 50). [lyers ma nee
najaer napanreabHbfi nydox Jaydefl. M3 Bcex ayueir, ua

—

Puc. 50.

KoTOpble pasjeasiercss’ najairowmuit ayd O, paccMOTpHM
ayud 1 u 2, orpasuBuivecs OT BepXHefl H HIDKHEH NOBEpX-
HocTell naactuhku. Eciu cBecTH WX AMH30H B Touxke P, onn
Oyayr unrepdepuposate. Ilpum uebosbwiom U pas3HoOCTh
X0/la Jyuedl MOXHO C AOCTATOUHO! CTENeHbIO TOUHOCTH Bhi-
yncasith no Qopmysae (19.4), Geps B KauecTBe b TONUIMHY
NJaCTHHKH B MeCTe Najenus Ha mee Jjyua, Jlyun I’ u 2/,
obpa3oBaBiinecs 3a cuer Aeseuuss ayua O, ynasuiero
B APYrylo TOYKY IIACTHHKH, coGepyTres JUH30H B Touke P/,
PasHocTe Xofia 3THX Jydell onpeiesieTcsl TOMLMHHON b’
Ecin pacnofioXHTh 3Kpad Tak, ytoObl OH OblL1 compsi-
XeH ¢ NOBepPXHOCTLIO, Npoxoasileit yepe3 Touku Q, Q’, ...,
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HA HeM BO3HHKHET CHCTEMAa CBETJBIX H TEMHBIX [0JQC.
Kaxnaa u3 nosoc obpasyercsi 3a cueT OTPaXeHRi OT MecT
NJ4CTHHKY, MMEWUX OAHHAKOBYW TtoauuHy, I[lostomy
B J2HHOM Cayuae HHTepdepeHIHOHHbIE NOJIOCH HA3LIBAIOTCS
nNoA0CaMH pPaBHON TOJLWHHEL

[Tonocel paBHOH TOJIUHMHBL JIOKAJH30BaHbl BOJH3H naa-
CTHHKY — Haj Heil (puc. b1, a) nubo nox Heit (puc. 51, 6).
[Tpu HOpMasbHOM NajeHHH Nyyka Ha MJACTHHKY (CTpOro

Puc. 51,

TOBOPs, IIPU HODMAJbHOM NajeHHU Jy4yd 2 Ha HUMKHIOWO IMO-
BEPXHOCTh NJACTHHKH) MOJOCHl PaBHOH TOJLLIHHBI JIOK&JH-
30BaHbl HA BepXHell MOBEPXHOCTH MAACTHHKH!).

[1pu naGmogenuu B 6enOM TBere NOJOCH OYAYT OKpa-
HNIEHHBIMH, TaK YTO IIOBEPXHOCTb I[JIACTHHKH WM IJIEHKH
NpeACTaBlaseTcs HMelowel paayxkiyio okpacky. Takyio
OKPACKY HMEIOT, HanpuMep, PacIibiBLIHecs Ha [OBepXHOCTH

) YAHBHTEJIBbHO, YTO BO MHOTHX yueOHMKaX (GH3MKH HHTepdepemnuis
CBeTa MpH OTPaXKeHHH OT TOHKHX IIACTHHOK H3/Jaraercsl COBEPLIEH:HO
nenpaBuJbHO. B uacTHocTH, «l0Ka3miBaeTcs», YTO MOJOCH DaBHOH TOJ-
HIAHEL BO BCEX C/YHadx JOKA/IH30BaH.ul ba NOBEPXHOSTH niacTuHyu., [He-
NpaBU/IbLHOCTD 3aKJICUAeTCsl B TOM, YTO paccMmarpusaercs HETepdepenuus
He pasHbIX 4acTefi OKHOIO M TOro :Ke Jyda, a HutepdepeHuus vacrteil
JABYX pasHbIX Jyyell iagaiowiero nyuka, OueBnfgHO, 4TO, paccyxpas
TaKkuM cnocobom u Geps HajexamuM o6pa3oM BblOpaHHBIE JIYYH, MOXK-
HO «/I0Ka3aTb» JIOKaJH3aLHI0 KHTeP(epeHIHOHHOA KAPTHHEL B MIOGOM Ha-
nepes 3ajanioMm Mecte. C 0cOGEHHOR NPAMOTON BHICKA3aaCH MO 3ITOMY
nooay P. B. Iloas B ceoeit OnTure: «B 3TOM BONpOCE aBTOPH YueO-
HHKOB MNPEANOYHTAIOT MIyTOBaTh. 306pamas.. ToACToie KIHHbS H Ha-
KAOHHOE TNajieHue Jiyuell, OHH NBITAIOTCH, NOJB3YACh KAKUMHU-IHG0 (ann-
WKYBLIMY YepPTeXXaMH, NOKa3aTh, YTO TOUKH nepeceuenus unTepdepupyio-
HIMX Jyuedl Jexar Ha nosepxHocTH kauna» (P, B. IToas, Onruka #
arompas ¢usuxa, Hayka, 1966, ctp. 133).

4 H. B. Caseaves, T, 111 o7



BOJbl TOHKHE TIEHKH He(TH WJH MAc/aa, a TaKXKe MblbHbHE
nyienku. IiBeta nmoGexajocTi, BO3HHKAOLLYMe HA NOBEPXHO-
CTH CTaJbHBIX M3ZEJHH IpPH HX 3aKajke, ToxXe 00yCAOBAEHH]

untepdepennyefi OT MJIEHKH HPO3PAaYHbIX OKHCJIOB.
ONOCTaBWM [Ba PACCMOTPEHHBIX HaMH{ Cjyuasi HHTEp-
GbepeHUYH NIPH OTPaXKEHHH OT TOHKMX nJaeHok. Ilomocwl pas-
HOTO HAKJ/OHA MOJYYalTcs NpPH OCBELIeHHH MJACTHHKH MO-
crosuuol TonuuHel (d = const) paccesiHHHIM CBETOM, B KO-
TOPOM COAEPXKATCS JYUYH Pa3NUUHbIX HampaBJeHHH (iy H s
BapbUpyoT B OoJiee MM MeHee INHPOKHX Mpeflesiax).
JloKa/nu30oBaHbl NOJIOCH PABHOFO HAKJAOHA B GECKOHEUHOCTH.
Tlonocw paBHO! TOMUMHE Ha0MIOA4IOTCH NPH OCBeLleBHH
IVIACTHHKY HENOCTOSIHHOW ToMMHE (d MeHsieTcsl) mapad-
JeIBHEIM NyYKOoM cBeTa - (i; = const). Jlokanu3oBaHel no-
JIOCHl PAaBHOM TOJILMHE BOJM3W NIACTHHKH, NTPH HOPMaJib-
HOM TaJieHHHM — Ha IOBEPXHOCTY MJACTHHKHM. B peanbHbIX
YCIOBHSX, HanpHMep, NPH HAGIONEHHH DPafyXHBIX LBETOB
Ha MBUIbHOH WM Mac/JgHOH NJeH-
Ke, U3MeHsieTCsl KaK YyroJ NajeHus
ayde#i, Tak M TOJNIHUHA I[JICHKH.
B 3TtoMm cayuae nabaopalorcs Io-

P JIOCBl CMeILIaHHOTO THIA.

3amerumM, HTO . HHTep(epeHLHs
OT TOHKHX IJIEHOK MOXKeT Ha6Jio-
HaTbCAd HE TOJNBKO B OTPaKEHHOM,

HO M B TPOXOAsIleM CBeTe.
] Koabua Hbworona. Knagcnqe-
r ]  CKEM NpHMEpOM noJioc paBHol Toul-
IHHBl ABJAIOTCS Koabla HeloToHa.
Puc. 52. Onu Ha6/1104a10TCA IPH OTPAKEHAU
CBETa OT CONPHKACAIOUMXCA APYT
¢ Ipyrom nnocxonapannenbnon TOJICTOl CTEKJAHHOH mJia-
CTHHKH M IJIOCKO-BBIIYKJIOH JIMH3H C GOJIBIIMM PafHyCcoM
KpuBH3Hbl (pHucC. 52). Posb TOHKOH mJEHKH, OT IOBEPXHO-
¢Teli XOTOpO#  OTpaMaloTCs KOTepEHTHBIe BOJIHbI, Hrpaer
BOSIYIUHBIA 3a30p MeXIy NAACTHHKOH H JMH30# (Bcaex-
cTBHe OO/IBLIOH TOMIUMHBI MJIACTHHKH W JIMH3BI 3a CUeT OT-
paxkeHHH OT JpYruX MOBepPXHOCTEH HHTep(epeHINOHHbIE
HoJIOCH He BO3HHKaloT), [Ipun HOpMajbHOM majeHHM cBeTa
AQA0CH pPAaBHOH TOJIMMHBL HMEIOT BHJA KOHIEHTPHYECKHX
OKPYXKHOCTeH, NPH HAKJIOHHOM NajeHHu — sauauncos. Haii-
ReM paiuycel Kojell HbloToHa, mosyyarolimxcsl NpH mnane-
HHM CBeTa N0 HOPMaJH K TJacTHHKe, B aToM cayuae
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cosis =~ | W ONTHUECKasi PasHOCTb XOja paBHa ynBoeHHON
roauuue 3asopa [cm. dopmyay (19.2); rpexnonaraercs,
uto B 3asope n = 1]. Kax cienyer u3 pue. 52,

R2=(R—bP+r*~ R*—2Rb+r?, (19.11)

rie R — pagnmyc KDHBM3HBI JIMH3BI, 7 — PaguyC OKPYXKHO-
CTH, BCEM TOYKaM KOTOPOH COOTBETCTBYeT ONUHAKOBHIH 32+
sop b. Beuny masoctu b Mbl npeHeOpersu BennunHOH b2 HO
cpaBHeHHIO ¢ 2Rb.

B coorserctuu ¢ (19.11) b =r?2R. Urobn yuecTsb
BO3HHKAIOLIEE TPH OTPAXKEHHH OT IJIACTHHKH H3MEHeHHe
¢asnl Ha m, nymo npHu BhluMc/aAeHHH A K 2b = r?/R npu6a-
BUTb Ao/2. B pesynbraTe noayuntcs:

r? A
A=t (19.12y

B Toukax, misi KOTOpeIX A = kho = 2R (Ao/2), BO3HHKHYT
MaKCHMYyMbi; B TOYKaX, A KOTOPHIX A = (k4 '3)he =
= {2k + 1) (M/2), — MuHUMYMH HHTeHCHBHOCTH. O6a ycao-
BHSI MOXHO. OOBLEJHHHTb B OJHO:

7»0
2

NipuyYeM YeTHHIM 3HaYEHHSIM m GYAYT COOTBETCTBOBATL MaK-
CHMYMbI, a HE€YETHbIM — MHHUMYMbI HHTCHCHBHOCTH.

IlogcrapuB cioma Boipaxenue (19.12) nas A u paspe-
1IHB HOJyYallleecsl ypaBHEHHe OTHOCHTEJLHO 7, HalaeM
pafauychl CBETIBIX M TeMHBIX Kojel, HpioTona:

_1/’?’“’ ~1)  (m=1,23,...). (19.13)

YeTHHIM 7 COOTBETCTBYIOT PARMYCH CBETJILIX KoJell, He-
YeTHBIM Ml — PafgUyChl TEMHBIX KoOJell. 3HaueHHIO m = 1
cootBercTBYeT r =0, T. e. TOYKa. B MeCTe KacaHus ILia-
CTHHKH 4 JIHH3bl. B 3TO0#l Touke HaGMIOLAeTC MHHHMYM HH-
TEHCHBHOCTH, OOYCJIOBJICHHbIY H3MeHeHHeM (a3bl Ha & MpH
OTpaXXeHWH CBETOBOH BOJIHBI OT IJIACTHHKM.

A=m—+

§ 20. Mpumenennsn untTepdepenuuun cpera

SIsnenue HHTep(epeHUHH CBeTa HAXOAMT CaMble PazHo-
o6pasuble npuMenenus. OHO ucCmOAb3yeTCs, HANPUMEp, ANS
onpeje/ieHHss [MOKasareNed TIpeJOMJEHHl Ta3000pasHbIR
BEIECTB, JJ51. BecbMa TOYHOTO W3MepeHus [JJHH #
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YIJIOB, JUIST KOHTPOJsi KauecTBa 06palOTKH MOBepXHOCTEH
HT I

HMutepgepenuus npu oTpamkeHHH OT TOHKHX IIEHOK Jie-
JKHT B OCHOBE TAK Ha3blBA€MOTO NMPOCBETJAEHHSH OM-
TuKH. [lpoxoxieHne cBera uepe3 KaXXAYy0 TNPeJOMJSIO-
HLyI0 TOBEPXHOCTb JHH3Bl CONPOBOXKAAETCH OTpa’KeHHEM
npumepro 4% mnaparouwero ceera. B clI0XHBIX 00beKTHBAX
TakHe OTPaX{€HUs COBEPLIAIOTCS MHOTOKPAaTHO M CyMMap-
Hasi [OTepsl CBETOBOTO I[OTOKAa JOCTHraeT 3aMETHOH BeJH-
yuHBl. Kpome TOTO, OTpakeHHs OT NOBePXHOCTEH JIMH3 MpH-
BOASIT K BO3HHKHOBEHHIO OJHKOB. B NpocBeT/IeHHO!N onTHKe
A5 YCTPAHEHHS OTParkKeHHs CBeTa Ha KaXAylo CBOGOAHYIO
IIOBEPXHOCTb JIHH3L HAHOCHTCH TOHKAd IWIEHKA BelecTBa
€ NOKaszaTeseM MpPEJOMJEHHS HHBIM, UeM Yy JiHH3BL. ToJa-
IHHA TIJIEHKH noadupaercss Tak, UTOOB BOJHBL, OTpa)KeH-
Hbie OT ofeHX ee MOBEPXHOCTEl, Noramand Apyr Apyra.

woow Oco6eHHo  xXopomuil  pe-
3YJbTAT AOCTHTAETCH B TOM
cayvae, ecan [OKasaTedb
peJOMACHHA MJEHKH pa-
BEH KOPHIO KBajgpaTHOMY
U3 TNOKa3aTess Ipejone-
wust  quHsel.  Ilpu  sToM
yCJAOBUH HHTEHCHBHOCTH
06edx OTpayKEHHBLIX OT MO-
BEepXHOCTel MJEHKH BOJIH
OIHHAKOBA.

Hmeerca HECKOJIBbKO
pasHOBHAHOCTEH uurepde-
peHIHOHHBIX NPHGOpPOB, Ha-
3biBaeMbiXx HHTepdepo-
metrpamu. Ha puc 53

Puc. 53. n3obpaxkeHa cXema HHTep-
depomerpa Mafikenbcona.

IMyyor cBeTa OT HCTOYHMKA S MajgaeT Ha NOJAyNpo3pay-
HYI0 [J1aCTUHKY P;, NOKPHTYI TOHKHM cJloeM cepelpa
(3tor caohi mokazam Ha puc. 53 Toukamu). [losoBuHA
ynaBlUIero CBETOBOrO. My4YkKa OTpaxaercs MAACTHHKOH P,
B HanpapJeHWH Jyua I, MOJOBHHA NPOXOAHT CKBO3b MOJ/a-
CTHHKY M paclipocTpauserca B Hanpasjenuu ayda 2. Ilydok
I orpaxkaercs oT 3epkana M; m BosBpamaetca kK Pj, rae
OH [JeNMUTCS Ha JBa paBHLIX NO HHTEHCUBHOCTH OYuKa.
OauH H3 HHX NPOXOAHT CKBO3b NJACTHHKY U 00pasyer my-
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yok {’, BTOpPOH OTpazkaercsas B HaNpaBjeHHH K S; 3TOT ny-
4YOK Hac uHTepecoBarb Aanbuie He Oyaer. ITyuok 2, orpa-
3WBIIHCHL OT 3epKaJja M, TOXe BO3BpallaeTcs K IJACTHHKE
Py, rae oH flequTcsl Ha JABe YaCTH: OTPA3HBIIAHCA OT HoJy-
MpO3PAvyHOro c/0s NYYOoK 2/ W MNpomeAlinil CKBO3b CJ0i
NYUOK, KOTOPBIM MBI TaK:XKe HHTEPecoBaThCst OOJblie, He
Gynem.

[Tyuku cera I’ u 2’ KorepesHTHH 1 06Ja]a0T OAHHAKO-
Lol MHTEHCHBHOCTBIO. PesyabTat HHTepdepeHiud 3THX Oyd-
KOB 3aBHCHT OT ONTHUECKOIl pas3HOCTI HX Xofa OT mnJja-
cTHHKH Py no 3epkan M, u M, n obparso. Jlyu 2 npoxoaur
TOAIY NJAACTHHKM Pj; TPHIKIbl, Ay4Y [ -- TOJIbKO OAMH pas.
UroOul CKOMIEHCHPOBATb BO3HHUKAIOWIYIO 3a CUYeT 3TOro
pasaylo (BCJAEACTBHE JHCIEPCHH) [JAA PasJIHUHBIX JJIHH
BOJH OITHYECKYI0 pPas3HOCTh XOAa, Ha nyTtH Jayua [ cra-
BHTCA TOYHO Takas, Kak P, HO He mocepeGpeHHas mia-
ctuHka P, Tem camblM ypaBHHBaloTCcs nyTH aydued I u 2
B creknae. MHTepdepenrunonHas KaprHHa HalJ104aeTcs
¢ NOMOIUBK 3pHTeabHON TpyOul T.

Pasnocte xofa asyueil ynoOHO OUEHHBATbL, 3aMEHUB
MLICIEHHO 3epKajso My ero MHuMbIM H3o6pawkeHnem M)
B noJaynpospaudoii naactuuke Py Torma ayuw 17 u 2/
MOZKHO paceMaTpHBaTh KakK BO3HMKIIHME 3a CUeT OTParKeHus
0T MNpO3pavyHON MAACTHHKY, OTPAHHUEHHOH NJOCKOCTAMH
My u M5 C noMombio I0CTHPOBOUHBIX BHHTOB Wy MOMKHO
H3MEHSTb YIOJd MEXIY 3THMH NJOCKOCTSIMHM, B YaCTHOCTH HX
MOJKHO yCTaHaB/AUBaTbL CTPOTO Napaj/enbHo APYD ADYry.
Bpawasn mukpomerpuueckuil Budt W, MOXKHO nJaBHO Me-
pemellaTts 3epkajo M,, He H3MeHss ero HakjJoHa. TeM ca-
MbiM MOKHO MEHfITb TOJMIUHHY <«IJACTHHKW», B YaCTHOCTH
MOXKHO 3aCTaBHTBb njockoctd M, n M) nepeceubcst Apye
¢ ppyrom (puc. 53, 6).

Habmonaeman unrepdepeHUMOHHAs KapTHHA 3aBHCHT
OT IOCTHPOBKH 3epKaJ H OT Xapakrepa MNyuka cBeTa, Ha-
Raioulero Ha npubop. Ecan nagaownii mydok napadjedes,
a naockocTH M; u M$% oGpasyioT yrod, He paBHbli HYJIO,
TO B NO.J€ 3peHus npubopa HabAOAAOTCA NPAMOJHHeHHLIe
MOJOCH pPaBHOH TOJILMHBI, PACHOJOKEHHLIC [1apadeIbHo
JHHUU mepeceueHus miaockocteii A, u M5 B Gesom csete
BCe [0J0CHl, KpOMe pacloJaraioilefics o ynoMsHyTOH Jili-
HHH [epecedeHus NMOJOCH HYJeBOro nopsajka, OYAYT oOxkpa-
menupiMu. HyneBas nosoca Oyaer uepHoil, Tak Kak Jayu [
OTpaKaercsi OT MJIaCTHHKW Py cHapyxu, a Jayu 2—
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H3HYTpPH, YTO AaeT pasHoctb a3, paBuyw n. IJosocw B Ge-
JIOM -CBeTe HAGHOAAIOTCA JHIIbL [PH MaJofl TOJILHHE «Iaa-
cruaku» M M3 [cMm. dopmyay (19.10) wu caenyiowuii 3a
Hell TekcT]. B MoHOXpoMaTHuUeCKOM CBETe, COOTBETCTBYIO-
IieM KpacHoW JuHHH Kaamus, Maifikeabcon Habaopan
OTYET/NUBYI0 HHTep(EpEeHIHOHHYIO KAPTHHY INpPH PasHOCTH
xona nopsaka 500000 pauH BOMH (paccTosiHMe MeXAY
My v M} cocraBaser B S5TOM cjyuae npHOJIU3HTENTBHO
150 mm).

[Tpu cTporo mapannenbHOM pacliONOXKEeHUH IJIOCKOCTel
M; u M% u caerka pacxoisilleMcs Ny4ykKe cBeTa B noJje
3penHs npubopa HalaIOZAIOTCS NOJOCH PAaBHOTO HAKJOHA,
MMelolHe BHA KOHUEHTPHuecKHX Kodgeiu. [lpu Bpamenuu
MHKpOMeTpHYeCKOro BuHTa W, KO/MbLla yBENHUMBAIOTCS HJAH
yMeHbllaloTcs B guaMetpe. IIpu 3TOM B LieHTpe KapTHHBI
Ju60 BO3HMKAIOT HOBHIE KOJbLA, JHUGO YMeHbLIAIoLuecs
KOJIbLLZ "TCTATHBAIOTCS1 B TOYKY M 3aTeM HcyesdawT. Cmerie-
HHe KapTHHH Ha OJHY INOJIOCY COOTBETCTBYeT Iepemelle-
HHIO 3epkaja M, Ha IOJOBUHY IJHHB BOJHBL.

[lnacturka P, Moxer BpallaTbCsl BOKPYT OCH, NepieH-
JUKYJSDHOH K IJIOCKOCTH pHCYHKa. B HopmasbHoM. noJo-
’)KeHHH OHa CTporo napaJjeiapHa MHaacruike P [Tosopor
IVIACTHHKH TPHUBOAMT K CMEHLIeHHI0 HHTepdepeHUHOHHOM
KapTHHBL. DTO MO3BOJAET HCNOJb30BaTh NJIACTHHKY Pz B Ka-
yecTBE KOMIEHCAaTOpa BO3HHKalO<
WHX B HHTepdepomeTpe HeGOMbIINX
pasHocTell xoaa.

C noMOWibI0 ONHCAHHONO MpPH-
6opa MaiikenbcoH OCyLlecTBHUA B
1890—1895 rr. mepBoe cpaBHeHHe

Puc. 54, IJIMHBl BOJIHB KPacCHOH JIHHHUH Kaj-
MHfl ¢ AJIMHOH HOpPMaJbHOTO MeTpa.
Jlns atoft meau ObIAO H3rOTOBAEHO [EBATH CIeELHaJbHLIX
5TaJIOHOB AJHHEL. Kaxaplfi 3TafoH npeacrasasa cobofl ABa
napajsenbHelx sepkana A; u Az, yKpelnJeHHbBX Ha Meral-
JHuecKoM ocHoBanuu (puc. 54). Paccrossne mexnay nuao-
CKOCTSIMH 3epKas ONpeReqsano AJAUHY 3Tajona. [lepsuiii
3TaJOH HMea AjuHy, paBHyio' 0,39 mm. [lavna kaxuaoro
CeAYIOWEro 3TajOHa I[peBblilafa JJHHY DNPeibliyliero
HOYTH TOYHO B JABa pasa. [locnennufi, neBATLIH, 3TaJ/OH
umea pauny 100 mm.

Brauane onpemensinoch 4HCAO JJHH BOJIH, YKJajibiBa~

IOLIMXCA Ha JJIHHE IepBOrO 3TajoHa, DTaiAOH YCTaHaBJH-
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BaJics Ha HuTepdepoMerpe BMecTO 3epkana M; (puc. 55, a;
octadbHas cXeMa— KakK Ha puc. 53). PsajoM ¢ HHM noMe-
1iaJoch BCHOMOraTtennHoe 3epkano N. 1o 3epKaslo ycra-
HABNHBANOCh CTPOTO MapajjensHo mnaockoctn Mj. [lo-
3TOMY NpH OcBellleHHH NpUGOpPAa MOHOXPOMATHYECKHM CBe-
TOM, COOTBETCTBYIOIHM KpacHOH JUHUH KafMHu#A, B YacTH
nosst 3peHHs, o0pasoBaHHOH OTpaKeHHeM OT 3epkaja N,
Ha6/I01a1Ch NOJIOCH PaBHOTO HAKJOHA B BHJAe Kojen (je-
Bas HHXHAA “yacTb puc. 55, 6, Ha KoTopoM wu3006pa)keHa
KapTHHa, BHAHUMAsa B tpyly). ¥Yroha, o6pa3oBaHHbIl MJI0CKO-
cTsaMu 3epkaa Ay u Ay ¢ miaockocTbio M5, GblT cjerka or-
anuéH ot Hysasa. [lpu ocewiennu npubopa 6ebIM CBETOM’
il TepeceveHuy MJIOCKoCTH M5 ¢ OgHuM M3 3epkas 3TajJoHa
B TpyOe, HaBeleHHOH Ha
3TO 3epKajo, MoJayTasach
HyJieBasi YepHasi nosoca').
[lepsoHauanpHO  fIOC-
KOCTb M35  mpHBOAHNACDH
(myTeM mepemenieHHsa 3ep-
Kaaa M,) B Taxoe moJsoxe- My ==
HHe, 4TOOH! HYJeBas MO0Jo-
ca npHIliach Ha CepeluHy
sepkata A; (puc. 55,6, a) 8
npaBsasi HHXKHsISI YacTb HO- Puc. 55.
a5l 3penus). 3atem npudop
BMecTo Oesoro cBera OCBEeHlaACsd MOHOXPOMAaTHUECKHM,
Tpyba HaBOoAWJach Ha OECKOHEUHOCT:L H B JIeBOH HMK-
el dactTH mossi 3peHus (puc. 55, 6) Bo3uHMKalA CH-
creMa KoJell. MeAJieHHbIM BpalleHHeM MHKPOMETPHUYECKOIro
punta' W, (puc. 53) naockocts M’y cMelganach B Hamnpas-
Jenuu 3epkana A, Ilpu 9TOM KoJiblla CTATMBAJKCE K LEHTPY
1 ucuesanu. CmellesHe KapTHHbH Ha OAHY MOJIOCY COOTBET-
CTBOBAJI0 IlepeMellleHHI0 MJOCKOCTH M35 Ha HOJNOBHHY
JAMHHBL BOJHBL. B KOHLle KOHLOB JIOCKOCTh Mg NPHBOIH-
Jach B Takoe [OJIOXKEHHe, NIPH KOTOpoM B GesloM CBeTe Mo-
Jyuyajach uepHasl NOJOCA, COBMNAjAILas ¢ CepefHHON 3ep-
Kana A, (Mpu 9TOM B NPaBOM BePXHEM yIy NOJAH 3PeHHsd
nabaogaercs Takas KapwkMHa, Kakas usobpaxeHa B Mpa-
BOM HHMXKHEM YLy Ha puc. 55, 6). [lonosuHa cCOCUHTaHHOTO
K 9TOMY BpPeMEHH KOJIHYeCTBA KCUYE3HYBIUMX KoJel [asaJja

N =

) YroGet He DOBTOPATH pHe. 55,0 ABaxAb, Ha HeM H300paKeisl
# xoisna B sepxaje N, u nojoce B sepxane Ay B jelictBHTeqBHOCTH
5TH ABe KapTHHH HAOMIOAAIOTCS He OANOBPEMEHHO, a NoouepesHo.
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YHCAO AJMH BOJH, YKJAaABBABIIHXCS HA [JIHHE MEpPBOTO
3TasfoHa.

3ateM NpPOH3BOAMIOCH CPaBHEHHE [EPBBIX [IBYX 3TanlcC-
HOB. Jns1 9TOro OHM YCTAaHABJUBAJUCH PALOM BMECTO 3ep-
kana M, (puc. 56,a). Drasod 2 Obl yKpelJeH Hedo-
JIBMXKHO, 3TaJOR / yCcTaHABJAMBAJCS Ha calla3kaX, KOTOpHIe
MOTJIM MepeMelaThbCA BLOJb 5TajJoHa 2 ¢ NOMOLIbIO MHK-
poMerpuueckoro Buxta Wi [Tosme spenus pasmensercs Ha
YeThlpe YaCTH, KaXKAas M3 KOTODPHIX COOTBETCTBYET OLHOMY
us sepxaa A, 4,, By u B, (puc. 56, 6). Ilepememennem
sepkania My niockocte  Mj
COBMellaJjach ¢ 3epkajioM B
Tax, YToObl MPOTHB CepeAHHbI
3TOr0 3epKaja Mnojyyanach
HyJeBas uepHas noJoca. [lpu
HEeH3MEHHOM HOJIOKEeHHH
nnockoctn  Ms stanon I ycra-
HABJAUBAJCS TaK, 4TOoBbl Ta-
Kas Ke yepHas Mojoca BO3-

!m: mun!

= A HHKala H MNPOTHB CepPeNUHHl
45 sepxana A,. Ha6aonasuwascs
a) ) IipH 3TOM KapTHlla COOTBET-
Puc. 56. ctpyer puc. 56,6. B arom

ciIyyae sekana A, u By oxa-
3bIBAJNCh PAacHOJOXKEUHBIMH B OJHO# miaockocTH. [lanee
miockocTb M3 mpHBOAWIACE B COBMajeHue ¢ 3epraqoM A
(npu 3TOM NOJOCH HaGaOAAMNCh TONBKO B KBaxpate Ap Ha
puc. 56, 6), nocje yero 3tanon [ nepemewancs Tax, 4TO0h
C HOBBIM HOJOXKEeHHEeM IIOcKocTH M3 coBmano sepkano Ay
(B 3TOM ciyuae HyJeBad [OJOCa CHOBa IOJydaercs B ce-
penune kBaapara A; Ha puc. 56, 6, HO B kBajaparte B, nmo-
Joc yxe He Oynmer). Takum cmocoGoM 3TajnoH | nepeme-
LA7CA Ha PacCTOsiHME, B TOUHOCTH PaBHOe ero Agauue. 3a-
TE¢M' CHOBA NepEeMeIllaoch 3epKaslo My no tex mop, noxa
niockoctb M; He coBmager ¢ 3epkasom Az Ecam 6m
RIMHA [ sTasona 2 TOYHO B ABa pasa MpeBblllana MIHHY
Iy »sranona I, nysaesasi mojoca BO3HHKaJja OBl oHOBpe-
MEHHO B cepeauHax KBaapatos Ap u By OnHako B peAcTBH-
TeALHOCTH l» HeMHuoro ornuyanach ot 2[;. Tloatomy Hyae-
Basi noJjoca B B, npuxomuiach He Ha cepeluHY 3epKaJfa,
a Onla cMmemeHa B cropony. Omnpenenss, KakoMmMy YHCJay
NOJIOC COOTBETCTBYET 3TO CMEIeHHe, MOXKHO Oblio HafiTH
pPasHoOCTb MeXAY 2{y w s
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Tloro6uriM 06pasoM NPOM3BOIMIOCH TONAPHOE CpaBHE-
Hile Bcex 3TajoHoB. [loctegunfl pecATHCAHTMMETPOBHIA
3TajIOH COMOCTABASAJCA C HOpMaJbHBIM MeTpom (pabora
npoussoausace B Mexaynapogsom DBiopo mep u Becos
B CeBpe 6aus [lapuxa). Dranod nepemetiascs OmHCAati-
HblM Bbigle criocofom fecaTb pa3. CoBnajeHue 3epKaa 3Ta-
JIOHA CO INTPUXAMH HOPMAJBHOTO METPa YCTAHABJIHBAJIOCH
noa MuxkpockonoM, CorjiacHo noayyeHHbIM MaiikeabconoMm
pesyJipTaTaM Ha AJMHE HOPMAJAbHOLO MeTpa YK/AaAblBaeTcHd
1553 163,65 nauH BOJH KPAcCHO JIMHUYM KAaIMHS.

Mexaynapoanas cucrema exunun. (CH) ycranasiu-
BaeT, 4TO MeTp-—3TO MJHHA, pasBHas 1650763,73 naun
BOJIH B BaKyyMe M3/y4YeHHH, COOTBETCTBYIOLIETO Mepexomam
MeXKIY VDPOBHAMH 2po H Bds atoma
Kpunrtona-86 (cm. § 77 u npumeua- (e
HHe Ha cTp. 429).

B wmacrosilee BpeMmsi JAJHHBI -

BOJIH MHOTHX CHEKTPaJbHbIX JHUHH | berrrromns
H3BECTHBI ¢ OOJIBIION CTEleHbIo
toinocTH. llosTOoMy oTnmasa HeoG- Puc. 57.
X0¥MOCTb HENOCPEACTBEHHOTO cue-
Ta YHCJa JJAHH BOJIH, YKJI4AbIBAIOLIUXCS Ha JAHHOH IaMHe.
Ha puc. 57 uzobpaxeH Tak HasbipaeMbill ataaon Paé6-
pu-—Ilepo. On cocTOUT H3 ABYX CTEKJSIHHBIX MJIACTHHOK,
npuKATBIX K TOPHAM KpyrJac# TpyGe. IloBepxnocTH, oTMe-
yeHHBle TOUKAMH, TIOKPLITHL TOHKHM ¢j0eM cepeGpa. DT no-
BEPXHOCTH CTPOro napaJuienbssl Apyr Apyry. ITyukm moHo-
XPOMATHYECKOrO CBETa, OTPA3UBIIHECS OT M0CepeBpenHbX
HOBEPXHOCTeH, HHTeDPdEePHPYS, Nal0T KOJbLa PABHOTO HAKJIO-
na. Ecan, nuanpumep, AA9 ABYX IAJHH BOJH Ay U ) B lleHTpe
KapTHHEL 110J1yYaeTcst CBeTJIOE IMATHO, MOXKHO HampcaTh che-
Aywoine cootHomenus [em. dopmyay (19.5); iy HyxHO no-
JIOXKUTb PABHBIM HYJIO]:

9l = (/e1 + %) hy 2 = (IQ + %) hay (20.1)

rae [ — nauHa atanoHa, By U ks — ueable yHcaa, Ay H Ag—=
JJHHLI BOJH B CPejle, HAXOAsLelcsad BHYTPH 3TaJjoHA.

Ecnu BesuuuHbl [, Ay U Az U3BECTHH C AOCTATOYHOM CTe=
IEHBIO TOYHOCTH, NoA00p LeAbX Yhcea Ry U kp, YAOBJIETBO-
psiollHx cootHowenusim . (20.1), oka3biBaercs OAHO3HAY-
usiM. Onpenenns uucaa ky M ks, MOXHO BBIPAsUTb JAJHHY
9Ta/OHA B AJMHHAX BOJH Ay H Ag.



FrTABA IV
AUPPAKLIUA CBETA

§ 21. Ilpununn Iokrenca — ®penensn

Hubpaxuueli HasbiBaeTcs COBOKYNHOCTb SIBJIEHHII, Ha-
6onaeMbiX NPH PACIPOCTPAaHEHHH CBeTA B CPEJNE C PE3KUMH
HEOJHOPOJHOCTAMM H CBSI3aHHBIX C OTKJOHEHHSIMH OT 3a-
KOHOB reoMerpuueckoil ontuxku. Judpaxius, B wacTHOCTH,
NPUBOAUT K OrMGaHHIO CBETOBHIMH BOJHAMH NPENSTCTBHI
H TPOHUKHOBEHHIO CBETa B 00/1aCThb T€OMETPHUECKOH TEHM.
Ornfanye NpensTCTBHH 3BYKOBBIMM BOJHaMd (T. €. AH-
dbpakiusa 3BYKOBEIX BOJH) HabOJIOAAeTCS MOCTOSIHHO B OGHI-
nenno#l ku3uu, [nas Habmopenus AHPpaKUHH CBETOBbIX
BOJIH HeoOXOAMMO CO3JaHHe CIleHHaJbHBIX YCAOBHHA. 3TO
00yCJ0BJEHO TeM, YTO Macwitabol AudpakuvHd CHIBHO 3a-
BHUCAT OT COOTHOLIEHHA DA3MEPOB, APENATCTBUA H AJHHBI
BonHbl. Ilpn [AjuHe BOJHbLI, CPAaBHHMOM ¢ pa3aMepaMH Inpe-
nATCTBHA (4TO OOBIMHC HMEET MEeCTO AJSl 3BYKOBBIX BOJHY),
nudpaxius Bhlpa)KeHa OueHb CHJAbHO. B cayuae, ecan, kak
3TO HMeeT MeCTO MJf CBeTa, [AJHHA BOJHbl 3HAYMTE/AbHO
MeHbLIE pa3MepoB IPENATCTBHA, AHOGPaKUHUsS BbipaKeHa
ciabo u o6HapyXKHUBaeTCs ¢ TPYLOM.

SIBnenne pudpakuHH -BOJH MOXKET OBITb OOBACHEHO
¢ nomouiplo npuHunna lwofirenca (eMm. 1. I, § 83) Onnaxko
npunuun Tlofirenca He JaeT HAKAKHX yKasanuil o6 amnii-
TYAe, a CJeA0BaTeNbHO H 00 MHTEHCHBHOCTH BOJH, pacnpo-
CTPaHAIOUINXCA B Pas/H4YHEIX HanpaBleHusX. dtor Hejlo-
cratok Gpli ycrpaHen @peneaeM, KOTOPHH  JOHNOJHHI
ppunnun liofireHca npejcTaBacHHeM 06 HHTephepeHUHH
BTOPHYHBIX BOJIH. YueT aMnautyl H a3 BTOPHUHbIX BOJM
[iO3BOJISIET HAHTH aMIIUTYAY Pe3yJbTHPYIOULEH BOIHb B JiH0-
6oft Touke npoctpaHcTBa. C NMOMOLLbIO YCOREPIIEHCTBOBAH-
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11010 UM npuHuuna PpeHenio yaanoch AaThb YAOBJAETBODH-
TeqbHOe OObACHeHHe pfAjda ZUQPAKUUOHHBIX  sABJeHHH,
4 TaKikKe YCTPAHHTb OJHO H3 OCHOBHHIX 3aTPyAHEHHH BOJ-
HOBOH TeOpHH CBeTa — IIOKa3aTb, KAK COIJIACYeTcsl BOJHO-
Basg NpHpoAa C HaG/HOJAlOUIHMCA Ha ONbiTe NPAMOJHHEMH-
HLIM pacnpocTpaHeHHEM CBETd.

Tlycte S na puc. 58 npeacraensier coboli oany H3 BOJ-
HOBbIX MOBEPXHOCTeH CBeTd, PacnpOCTPAHAIOILETOCA OT Hes
KOTOPOTO  HCTOYHHKA. AMIJHTYyIA
CBETOBOro xoJieGaHHsl B TOuKe P, je-
kauiefl mepeJl 3TOH  MOBEPXHOCTHIO,
MOXeT ObiTh corsiacHo Ppenenwo nai-
JleHa M3 caelyiouinx coofpakenHi.
Kaxaplfi s/ieMEHT NOBEPXHOCTH CHY-
JKUT HCTOYHHKOM BTOPHUHOH cepH-
YCCKOH BOJIHBL, aMIJIHTYAa KOTOPO#H
[ PONOPUHOHAIbHA BeJHYUHE 3JEeMeH-
1a dS. Amnantyia cheprueckoil BoOJ-
Hbl  yOnlBaer ¢ -paccrostiitieM r OT
HCTOYHHKA 1o 3akony 1/r fem. 1. |, Puc. 58.
dopmyany (78.9)]. Cnenosarenbno, or
KaXI0rd yvactka dS BOJHOBOH MOBepXHOCTH B TOUKy P
NPUXOAHT KoJebanue

as dS

ds = K 2

B stom BeipakeHuH {wf 4 ap) — dasa KojeGanus B Me«
cTe pAacHofoXeHUs1 BOJHOBOH NOBEPXHOCTH S, & — BOJHO-
BOE HYHCJO, r— PaccTosifHe OT 3JeMeHTa NOBepXHOCTH dS
10 Toukn P. Bennuuna aqo onpenensiercs aMIJIATYHOR CBe-
TOBOrO KoseGaHus B TOM MecTe, rae Haxomutcsa dS. Koag-
¢uuueHT nponopuHonaabnoctH K @Ppenenbp cunran yGol-
BAIOIIMM TIPH YBeJIHYEHHH YIJ1a ¢ MexXAy HOpMaJblo n K dS
1 HappaBJeHueM oT dS K Touke P u obpauialomumcd
B HYJb NpH ¢ = m/2.

Pesynbtupyiollee koneGanne B TOuKe P npeacrasisier
coboii cynepnosnuuio koneGanuii (21.1), B3aTHIX Ans Beeft
BOJIHOBOH NOBEPXHOCTH S:

E= fK(q>) —‘;i,cos (0t = kr + ag) dS. (21.2)
S

cos (@t — kr + ap). (21.1)

dopmyay (21.2) moxHO paccMaTpHBaTb KaK aHaJHTH=
yeckoe BHipaxkenue npunuuna [ofireica — Openens,
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Buiuncsienua no gopmynte (21.2) npepcrasnswt coboil
B oflieMm ciyuae ype3BbluaiiHo TPYEHYH safauy. OaHako,
Kak noxasan ®PpeHenap, B cayuyasX, OTJHYAIOUIHXCA CHM-
MeTpHel, HAXOXJeHHe aMIIUTYAbl pPe3yJbTHPYIOUErO KO-
Ne6annsi MoxKeT OBbITb OCYILLECTBJAEHO NPOCTHIM ajarebpau-
YeCKHM HJH TEeOMETPUUYeCKHM CYMMHDOBAHHeM.

Pasznnualor gBa caydyas pupaxkiauu. Ecau HCTOUHHUK
cBeTa W Touka HabaoneHuss P pacrnofoeHel OT TMpensT-
CTBHS HACTOJBLKO JAJIEKO, UTO JIYUH, NajaloliHe HAa HpPemsit-
CTBHE, W JYYH, HAYLHEe B TOUKY P, 06pasyioT NMPakTHYECKU
napaJuesbhisie OY4KH, ToBOpAT o Aundgpakuuu Opayun-
rodpepa wim o AudpakuHuu B TapaJgJgeSbHBX

Puc. 59.

Ayuax. B npornrHOM cayvae rosopaT O ANGpaKUUH
®penens Hudpaxkuuio Opayurodepa MOXKHO HaGMO-
JlaTh, MOMECTHB 3a HCTOYHUKOM CBeta S M Tepel TOUKOil
nabJionenuss P 1o aupse Ttax, yrobu Touku S u P okxa3sa-
auck B (GOKAJbLHOA IJIOCKOCTH COOTBETCTBYIOLiEH JHMH3HL
(puc. 59).

§ 22. 3onn @penens

[Mpumennm npunuun [woiirenca — ®pedens AAs Haxo-
JKIEeHHsl aMIOJHTYAbl CBETOBOTO KoJaeGaHuf, Bo30y:KaaeMoro
B Touke P cdepuueckoil BOJAHON, pacnpocTpaHsaiolieics
B OIHOPOJHOIl cpele M3 TOUEYHOTO HCTOYHHKa S (puc. 60).
BosHoBass NMOBEpXHOCTb TakKoil BOJNHB CHMMETDHYHA OTHO-
ciiteJibHO nipaAmMoit SP. Bocnmosnb3osapiiuck 31HM, Dpenens
pasbus BOJHOBYIO NOBEPXHOCTb HAa KOJbLEBLIE 30HH, I0O-
CTPOEHHBIE TaK, UTO PAacCTOSHHS OT KpaeB KaXKIOil 30HLI
1O TOukH P orimuawtess nHa A/2 (3 — AJAMHA BOJHBI B TOM
cpele, B KOTOpOil pacnpocTpaHsierca BosiHa). Jlerko BH-
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JieTb, YTO paccTosHUE by, OT BHeUIHero Kpas m-H 30HBI 10

TOUKH P MOXHO NpeACTaBUTh CAeAYIOLUM obpasom:
A

b= b +m, (22.1)

rie b — paccrosiHue OT BeplUHHBI BOSHOBOH nosepxuoctu O

1o Touku P.

—

I—

7-57 sona
25 30na
55 sona

F-7 3002

Puc. 60.

KonebGanus, npuxossiiine B TOYKy P OT aHaJOrMuHbIX
TOYEK JIBYX COCeIHHX 30H (T. €. OT TOYEK, JieXallHX
y BHELIHHX KpaeB 30H, WJHK B cepeauHe 30H U T. 1.), OyAyT
HaxonuThcst B nporusodase, [lostomy W pesy/bTHpyioLiue

~.

4o
> 2

¥
A

§
>

]
\
F

A
\
\ g

Puc. 61.

KosebaHus, cO3/laBaeMble KaXKJIOfl H3 30H B HeAOM, GYAyT
AJA COCeJHHX 30H OTJMYaAThCA 1O ¢ase Ha m.
JLis OueHKM aMIVIUTYZA KoneGaHHH HYMXHO HAWTH MJIO-
IWanay 30H. BHelHAs rpaHuua m-i 30HBI BBIIEJsiET Ha BOJ-
HOBOH TNOBEPXHOCTH c(epHuecKHii CerMeHT BBICOTH fly
(puc. 61). O6o3HauuM MaoUIafb 3TOro cermMenta Sy Torga
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njaomaib m-ii 30HBI MOXKHO npeacTaBuTb B BHAE!
ASm = Sm - Sm—l,

rae Sm—1—naowans cdepuyeckoro cermeHTtd, Bbliesc-
MOTO BHelIHeH rpaHuued. (m—1)-H 30HLIL
Us puc. 61 caenyer, 4To

R s

(@ — paauyc BOJMHOBO# MOBEPXHOCTH, rp—— PALMyC BHeLI-
Hell rpaHuubl m-i 3oubl). Bo3eeast ckob6ku B KBajpar, no-
JAYYUM

2, =2ah,, — 2, = bmh+m? (3 — 20k, — 12, (22.2)

m,
OTKyJa
o+ mt ()
mh + m? |5
2(a+0b)

OrpanuuyuBafch pPacCMOTPEHHEM He CAHWKOM GOJbLIMX
m; MOXHO BBHAY MaJoCTH A npeneGpeub c/aaraeMblM, €oO-
nepxawum A2 B srtom npubasxkeHun

ho = bmh
m= 92(a+bd) °

IMnomaan c¢epudeckoro cerMenta pasHa S = 2aRh
(R — pamuyc cdepb, h— BeicoTa cermenra). Cuenoba-
TEJIbHO,

h,, = (22.3)

(22.4)

nab

ém = Qnahm = m mh,
a nJjoulaab M-y 30HHBL q)peHeJlﬂ
nabh
ASm‘:Sm'—Sm—l: u+b .

TTonyuennoe HaMH BbipaXK€eHHe He 3aBHCHT OT m. IJTO
03Ha4aeT, YTO NMPH HE CJAHHIKOM OGOJbIUMX M IJIOIAAH 30H
@Openensi NpUMEpPHO OJHHAKOBHIL.

[Mpoussenem oueHky pazgumycoB 3oH. CormacHo (22.2)
r2 =2ah, —h2. Tlpu ue cAHWIKOM GOJDBIUKX /1 BHICOTA CeT-
MeHTa hp < a, NO0ITOMY MOXHO CYHTaTh, 4TO r2 =2ah .
IMoxncrasus ciona snauenne (22.4) paa h,, naineMm paauyc
BHeLIHEH IPaHHILL M-H 30HBI (I)peHeJmf

rn=Y 2y m (22.5)
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Ecau nonoxuts a=5b6 =1 x u A =05 ux, T0 A1a pa-
nuyca nepBoft (LeHTPaJbHON) 30HHI NOJNYYaeTCsi 3HAUEHHeE:
ri =05 mm Pamguycsl mnocnemywilHXx 30H BO3pacraior
KakK Vm ,

Brinie Mpl HaIIH, YTO IJOHIaAH 30H DPpeHeas NPAMEPHO
oxunakosul. Paccrosinue by, oT 30HH 10 TOUKH P MeNJeHHO
pacrer ¢ m 1o JuHefiHOMY 3akony [cm. (22.1)]. Yroa ¢ me-
KLY HOPMasblo K 3JIEMEHTaM 30Hbl W HaflpaBleHHeM Ha
104Ky P TaxkKe pacTeT ¢ HOMePOM 30Hb m. Bce 3T0 npHBO-
T K TOMY, 4YTO aMILIHTyAa A,, xoneGanus, Bo3byxkIae-
MOTO M1-if 30HOH B TOYKe P, MOHOTOHHO yObLIBaeT ¢ pPOCTOM /M
{em. (21.1)]. Maxe npu oueHb GOJBINHX 77, KOTZa, KaK MO-
*KHO 3aKJIOUHTb M3 (22.3), nJjomans 30Hb HAYHHAET 3@METHO
pacte ¢ m, ybnBaHHe MHOXuTeass K(¢) nepepemuBaer
poct AS, (uanomnuMm, yro K(gp) cTpeMHTCa K HYJIO HpH
©-—n/2), Tak yro A, npoposxkaer yGuiBath. Takum oGpa-
30M, aMILUIMTYAB KosebaHuii, BO30yXXAaeMbX B TOUKe P,
soHamu @peHesnst, 06pasyrOT MOHOTOHHO yOBIBAKOILYIO ITOCE-
LOBaTEebHOCTD:

A>A> 43> oo S Ap S An> A1 > e

®asnl xoJse6aHui, BO3OYXKHAAEMbIX COCETHUMH 30HAMH,
ornnyarcs Ha m. Ilostomy amnauryra A pesyAbTHpPYIQ-
111ero CBETOBOrO KoseGaHus B TOUKe P MOXeT ObiThb HaliieHa
anreGpanyecku:’

A='A|—A2+A3_A4+ v (22.6)

B 310 BhipajkeHHe BCe aMIJWTYAM OT HEYETHHIX 30H BXOAAT
¢ OZHMM 3HAKOM, a OT YeTHHX 30H—cC JApyruM. 3anu-
uem (22.6) B BHIE:

=S (T A+ ) (- A+ R+ @)

BesiencrBHe MOHOTOHHOrO yOnBauHs A, MOXHO NpHOIH-
JKEHHO CUHTATh, YTO
An—1+ Ams
A= _m_._LE_L_l. .
Ilpn 3TOM yC/OBHH BHIpaXKeHHS, 3aKJIOUEHHble B KpPyribie
CKOOKH, OyXyT paBHb HyM0 H dopmyaa (22.7) ynpomaercs
cleayomuM o06pa3oM:
A
=-—2‘—. (22.8)
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TTosyyeHHnbll HaMK Pe3yJabTAT 03HAUYAET, YTO aMILINTYAA,
co3jaBaeMasi B HEKOTOPOW Touxe P chepHuecKol BOJHOBOMH
NOBEPXHOCTbIO, PaBHA MOJIOBHHE AMIJHUTYIbl, CO3/laBaeMoil
ONHOH JIMIIb [eHTpadbHOH 30HOA. MubIMu cioBamH, Rel-
CTBHE BCell BOJIHOBOMH NMOBEPXHOCTH 5KBHUBAJIEHTHO MOJOBHHE
JeficTBusi lUeHTpanbno#t 30HB. Ilo npousBeneHHofl BhllUe
OLeHKe LEHTpa/JbHasl 30HA HMeeT PasMepnl MOpAZKa HoJei
muaanmerpa. Clie/loBaTe/bHO, CBET OT TOYKH S K TOuKe P
pacnpocTpansieTca Kak Obl B Mpelejax OYeHb Y3KOro mpd-
MOTO KaHaJja, T. €. IPaKTHYeCKH NPAMOJNHEHHO.

Ecny Ha nyTH -BOJHB [OCTaBHTb HENPO3PAUHLIA 3KpaH
C OTBEPCTHEM, OCTaBJAAIOIIMM OTKDLITOH TOJBKO LEHTpasb-
Hylo 30Hy PpeHens, amnautyna B Touke P 6yner paBua 4,
T. €. B /1Ba pasa npes3oiifer amnauryny (22.8). Coorsert-
CTBEHHO HHTEHCHBHOCTb CB€Ta B TOUKe P GylIeT B 3TOM CJy-
'yae B uUeThIpe pas3a GoJablHe, 4eM NpH OT-
CYTCTBHH Nperpaj Mexzay Toukama S u# P.

Temepb pellnM 3azauy O pacopocTpa-
HEHHH CBeTa OT HCTOUHHKA S K Touke P me-
TOAOM Ipa@HYecKOro CJAOXeHHA aMMJIHTYA
PaszofbeM BOJHOBYIO NMOBEPXHOCTH Ha paB.-
Hble 10 NJIOINAJH KOJbIeBbie 30HEI, aHaJo-

Puc. 62. riunbie 3oHaM PpeHesiss, HO roOpasio MeHb-

uie no wupuue., KoseOaHue, co3zlaBaemoe
B TOuKe P KazKJ0H TaKoil 30KHOH, MOXKHO M306pasuTh B BHIE
BeKTOpa, AJHHA KOTOPOFO paBHa aMNJAHTYIde KoaeGauws,
a yrosa, o0pasyeMbli BEKTOPOM C HamnpaBJesHeM, MNpHH-
TLIM 3a HauaJgo orcueTa, JlaeT Hada/nbHyw (asy Ko/eOaHnHus
(cv. 1. I, § 68). KoseGaunue, coznasaemoe B8 P moGoit u3
TaKHX 30H, HMeeT NPHOJU3HTENLHO TaKylo Keé aMIHTYAY,
KaK ¥ KoJjeGaHue, cO3laBaeMoe TNpelillecTBYIOUle# 30HOM,
HO 6yJeT OoTcraBaTth OT Hero Mo (ase HA NPAKTHYECKH OAH-
HAKOBYIO /151 BCeX COCeNHUX 30H BesanuHHy. CreaoBaTesbHoO,
BEKTOPHAS AHarpaMma, NOJy4amliascs NpH CJIOKEeHHH KO-
neGanuil, BO3GYXKAAeMBIX OTHeNbHBIMH 30HAMH, UMEeT BH/J,
NOoKasaHHBI Ha puc. 62.

Ecan Obl BelMuMHA aMIUIHTYIbl NPU Nepexojie OT 30HbI
K 30He OCTapaJach CTPOrO NOCTOSHHOH, KOHEI MOCJeIHEro
B3 H3006pa*keHHBIX Ha puc. 62 BeKTOpoB coBnaj Obl ¢ Haua-
JIOM TepBOro BeKTOpa. B HelcTBHTENbHOCTH Be/JIMYHHA aMm-
JAUTY]BI, XOTSI B O4YeHb 1200, HO yOnIBaeT, BCACACTBHE YErO
BeKTODPH! 00pasyioT He 3aMKHYTYI0 GHIYDY, a JOMAHYy1O0 CnH-
pasieBHIHYIO JHHHIO. Ecin IHPUHY KOJbLLEBHIX 30H yCTpe-
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MHTb K HYJ0 (KOJHYecTBO ux GyJeT MpH 3TOM HeOrpaHuyen-
HO BO3pacTaTb), BEKTODHAasi AMarpamma MPUMET BHA CIiH-
panu, 3akpyuusatoweiicss Kk Touke C (puc. 63). ®asn KoJje-
6auusa B toukax O u I ornuuyarorcs Ha nt (GECKOHeuHO Ma-
Jble BEKTOpH, 00pa3yIolllMe CNHpanb, HANpaB/eHb B 3THX
TOYKAX B [POTHBONOJOMKHLEIE CTOPOHBEI).

CaepnoBatenbHo, yuactok crnupanug O — / 7
cootBeTcTBYyeT neproil 3one Ppenens. Bek-

TOp, NpOBelieHHHH M3 ToukHn O B TOUKy /

(puc. 64,a), uzobpaxaer kosaebaHue, BO3- ol
6yxnaemMoe B Touke P 370i 30HON. Anaso-

TUYHO, BEKTOp, NpPOBeJeHHLIl H3 TOUKH [ B

tTouky 2 (puc. 64, 0), nsobpaxkaer xoJeba- 27
nue, Bo3OyxKAaeMoe BTOpoll sonoit Ppene- g
aa. B cooTBercTBHH ¢ TeM, 4TO KoJebGaHus Puc. 63.

OT nepBoil U BTOPOH 30H HAXOLATCA B NPO-
tuBodase, pekropsl O u /2 Hanpas/eHbl B NPOTHBOMONOXK-
Hble CTOPOHBIL.

Kone6anne, BoaGy:kaaeMoe B Touke P Bcelt BOJIHOBO# no-
BePXHOCTbIO, H306pasutca sektopoM OC (puc. 64,8). U3

7 V4 7 7
; ’
E 27 ..E ;
) 9 8 2

Puc. 64

puc. 64 BHAHO, 4TO aMILIMTYAa B 3TOM cCJaydyae paBHa Mo-
JIOBHHE aMIJUTYJbl, co3naBaeMoli B P nepBoi 30HO0H. DTOT
pesyJbTaT Mbl NOJAYYHJAH paHee adreGpanueckn [cm. dop-
myay (22.8)]. 3amerum, uto koneGanne, BO30yKaaemoe
BHYTPeHHeH 1noJoBHHON mepBoil 30HE P peness, n306pasut-
cst Bexktopom OB (puc. 64,2). Takum o6pasom, noJosuHA
nefictBus nepsofl 3oubl Ppeneas e SKBUBANEHTIA AeHCTBHIO

ROJOBHHEI 30Hb. Bexktop OB B V2 pas GoJblie BEKTO-
pa OC. IlosTomy, mepexoAs K HHTEHCHBHOCTAM, MOXHO CKa-
3aTh, YTO HHTEHCHBHOCTb CBETA, CC3AaBaeMas HOJIOBHHOM
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nepBoii 30Hb PpeHesis, B IBa pasza NpPEBLILIACT HHTEHCHB-
HOCTb, CO37aBaeMyl0 BCEH BOJHOBOH NOBEPXHOCTHIO.

KoJse6aHud OT 4eTHHX M HedeTHHX 30H DpeHens Haxo-
IsiTcsl B npoTHBO()ase H, CJAEOBaTeJbHO, B3auMHO ocnaab-
Jfa10T Apyr Apyra. Eclin nocTaBHTL Ha NYTH CBETOBOM BOJIHEL
nJIacTHHKY, KOTopad Jliepekphisana Obl BCe YeTHHE HJH BCe
HeueTHhie 30HbI, TO aMIJIMTYAa KoseGaHHs B TOUKe P pesko
po3pacraer. Takas niactHHKa Ha3biBaercs 30HHOH. Ha
puc. 65 n3oOpakeHa 30HHAs IJACTHHKA, NepeKphiBaroias
yeTHBIE 30HB. 30HHAS NJacTHHKA BO
MHOTO pa3 YyBeJWYHBaeT HHTEHCHB-
HOCTb CBeTa B TOuKe P, nefictBys no-
no6HO cob6upatesnpHoi JsHH3e. Eite
Goabuiero sgdekra MOXKHO JOCTHT-
HyTb, HE NepexpuiBas 4YeTHule (UM
HeueTHble) 30HHI, a H3MeHAR a3y HX
KoJebanuit Ha ;. DTO MOXKHO OcCyle-
CTBUTb C MOMOUIbIO NPO3pavHoid mJja-
CTHHKH, TOJIHHA KOTOpPOH B MecTax,
COOTBETCTBYIOUIHX YETHHIM H Heyer-
HBIM 30HAM, OTJIHYAeTCsl HA HajAJjexKa-
muM o6pa3oM- TOJOGpPaHHYIO BeJH-
uuny. Takasd mnJjacTHHKa HaswiBaeTcsl (a3oBOH 30HHOH
nnactuHxkod. Ilo cpapHenno ¢ ofpluHON (WM AMILUIHTVA-
HO#) 30HHOM nyacTHUHKOM ()a3oBas naeT MONOMHHTENBHOE
yBeJWYeHHE aMIVIUTYALl B [Ba pa3a, a UHTEHCHBHOCTH CBe-
Ta — B ueThipe pasa.

Puc. 65.

§ 23. Nudppakuus €©peHens oT npocTeimiuxX nperpag

PaccmoTpenHble B npeAbiaylieM naparpade MeTomul aj-
1e6panyueckoro M rpauyeckoro CJIOXKeHHS aMIUIHTYJ I03-
BOJIIIOT PelINTb MPOCTeHIIHe 3ajayd Ha AHGPAKIHIO CBETA.

HDudpakuus or Kpyrjaoro orsepcrusi. [locraBum Ha
HyTH chepHYecKOH CBeTOBOH BOJHBI HENMPO3PauHbId 3KpaH
C BHIPE3aHHBHIM B HEM KDYIJIIM OTBEPCTHEM pajuyca fro.
PacnonoxuM skpaH Tax, YTOOb IePHeHAHKYJAD, ONyleH-
HBIH H3 HCTOYHHKA cBeTa S, NONask B LEHTP OTBEpCTHSH
(puc. 66, a). Ha npomo/mxeHnH 3TOr0O NEPNEHAUKYNSIPa BO3b-
meM Touky P. Ilpu pamuyce oTBepcTHs 7o, 3HAUMTENHHO
MEeHbIlleM, 4YeM YyKa3aHHble Ha puc. 66 Inaunel a u b, a
MCXKHO CYHTaTb DaBHOH pPacCCTOSIHHIO OT HCTOYHHKA S 10
nperpajpl, a b — pacCTOAHHIO OT nperpaisl 10 To4yku P, Eciu
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paccTonHus @ U b yaoBJeTBOpAIOT yeaoBuio [cM. (22.5)]

—1/a+b (23'1)

rae m-—ILejoe YHCJIO, TO OTBEpPCTHE OCTABHT OTKPHITHIMH
poBHO m nepBbiX 30H Ppevessi, MOCTPOEHHBIX MJisi TOUKH P.

7lpeepaca Inpan L 8
p”
———tp’
~r I T -
R S “ p
~ ~
b 2 2
) T~ 4
a) 4) 8
Puc. 66.

Paspemus (23.1) oTHOCHTENBHO M, NOJYYHM YHCIG OTKPHI~
teiX 300 Ppenens:

r3 (1 1)
m=T “‘;"I*‘—b— . (23.2)
B coorBercteuu ¢ (22.6) amnauryna kojneGaHHA B TOU-
ke P 6yner pasna:
A=A —Ay+A;— A+ ... A, (23.3)

B 5TOM BhipaxKeHHH ammiuTyaa A, Gepercs cO 3HAKOM IIIOC,
€C/IH M HeyeTHOe, H CO 3HAKOM MMHYC, €CJH /M YeTHOe.
Dopmyay (23.3) MoKHO 3anmHCaTh CAeAYOLHM 06pa3oM!

A=Lbp (- A+ )+
. +% (A"2 A )—l— ’42’" (m HeueTHOE),

! ‘(AmQ—a Am ot Am ’)_I_éﬁ;—*l - Am (m yeTHoE).

Kak Gplj0 ycTaHOBJIEHO B NpeAnifylileM naparpade, Bhl-
paMeHHs, 3aKJIIOUeHHLIE B KPYrJble CKOGKH, MOXKHO MOJO-
XKHUTh DaBHBIMH HYyMI0. AMIVIHTYIb! OT JABYX COCEAHHX 30H
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Mano otrinuaiores no senuunue. [Tosromy Am-1/2 — A, mo-
XKHO 3aMEeHHTh yepes —A /2. B pe3yibTate MOJYUUTCS:

- B (23.4)

T/le ONATb-TAKH 3HaK NJC Gepercs AJs HEUCTHBIX M H MH-
HYC ~— IJISl YeTHBIX.

IMpu mannix m BeqauduHa A,, mano orauuaercs ot A;.
CnenoBaTelbHO, NPH HEYETHHIX M AMIVIHTYZa B TOuke P
.6yner npubamxKeHHO paBHa A;, NPH UYETHBIX M — HYJIO.
ITOT pe3yabTaTr Jerko NOJY4YHTb € [OMOIIbIO BEKTOPHOM
JuarpaMMbl, H306paxkeHHOH Ha puc. 63. Ecan y6parp npe-
rpagy, aMniHTyAa B Touke P cramer paBHoi A;/2 [cm.
(22.8)}. Taxum o6pasoM, nperpajna. c OTBepCTHEM, OTKPHI-
BAIOWAM HeGO/JbLIOe HeueTHOE YMCJIO 30H, He TOJbKO He
ocnabnsieT cBeT B TOYKe P, HO, HAPOTHB, NPHBOJMT K yBe-
JIHYEHHIO aMIIHTY bl [IOYTH B ABA Pa3a, a HHTEHCHBHOCTH —
MOYTH B YeThHIpe pasa.

3amMeTHM, UTO NPU HEOTPAHUUEHHOM YBEJHUEHHH pa3Me-
pos orBepcTHst An, Gyner cTpeMHThCH K HyMo u (23.4) me-
pefiner B (22.8).

[TomecTm B TOUKy P NJOCKHH 3KpaH, napajiie/ibHblf
nperpajie ¢ orBepctieM (cM. pHc. 66). Bhoisichum xapakrep
JuppakUHOHHOH XapTHHB, Kotopas Oyjaer HaOM0AaThCHA
Ha 3TOM 3Kpase. BcnecTBre CHMMETPHH TIPErpajbl OTHOCH-
TeNbHO NpamMoft SP MHTEHCHBHOCTH CBeTa (T. €. OCBEllEeH-
HOCTb) B DPasHBIX TOUYKax 3kpaHa OylIeT 3aBHCETb TOJbKO,
OT pacCTOsIHUS r OT LeHTpa AU(pPAaKUHOHHOH KapTHHH, NO-
Meriaiowerocs B touke P. B caMoii 3TO# TOYKe HHTEHCHB-
HOCTb OYJeT JOCTHraTh MakCHMyMa HJH MHHHMyMa B 3aBH-
CHMOCTH OT TOTO, KaKHUM — YETHBIM HJIM HEUeTHRIM — OyJer
YHCJIO OTKPLITHIX 30H OpeHeas. ITycTs, nanpumep, 5T0 YHCIO
pasHo tpeM. Torna B meHTpe AHQPaKIHOHHOH KapTHHBI NO-
JYUYHTCS MAKCUMyM HHTeHCHBHOCTH. KapTuna 3zon @penens
Jiis Toukn P pana Ha puc. 67,a. Temepp cmectumcs 10
aKpaHy u3 Touku P B Touky P’. [Ipamass SP’ yxe He Gymer
OCbl0 cHMMeTpHH nperpadbl. OrpannueHHas KpasiMd OTBep-
CTHA KapTUHa 30H OpeHens 1js Toukd P’ umeer BUJA, 10-
KasaHHbl# Ha puc. 67,6. Kpas oTBepcTHSI 3aKpOIOT 4acThb
TpeTbell 30HBI, OJHOBPEMEHHO YAaCTHYHO OTKPOETCA YeTBep-
Tast 30Ha. B uTOre HHTEHCHBHOCTb CBETA YMEHBUIMTCS H IIPH
HEKOTOPOM TNOJIOKEHHH TOUKM P’ ctaHeT paBHO# HyJo. Ecau
CMEeCTHTbCA 110 3KpaHy B TOUKY P”, Kpas GTBEPCTUA 4aCTHYHO
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3aKPOIOT HE TOJbKO TPETbIO, HO ¥ BTOpylo 30Hy PpeHnens,
ONHOBPEMEHHO OTKPOETCS 4aCTHYHO U nATasi 30Ha (puc. 67,8).
B utore felcTBHE OTKPHITHIX YYaCTKOB HEYETHBIX 30H Hepe-
BECHT JEeHCTBHE OTKPBITEIX YYdCTKOB YeTHBIX 30H M HETel-

Pic. 67.

CHBHOCTb AOCTHIHET MakCHMyMa, npasjaa, 6ogee caadoro,
ueM MaKCHMyM, HaOmwopawomuiics B Touke P

Taxkum ofpasoM, nHpaKHHOHHAA KAPTHHA OT KPYILJaoro
OTBEPCTHS NPEACTaRJsIeT COS0I uepeoBaHHe CBeTVILIX H TeM-
HBHIX KOHIEHTPHUECKIX Kouel. B rnenrpe kaprtubsl 6yaet iu6o

Hesrrde 137

Puc. 68.

cBeTyioe (m HeueTHoe), JAuGO TeMHOe (M ueTHOE) MATHO
(puc. 68). Xon unrencusHocTH I ¢ paccrosinuen r OT HEHTPa
IndpakIHORHON KapTHHBI H306paKew Ha puc. 66,6 (aas
1IeYeTHOTO M) u Ha puc. 66,8 (mas wernoro m). [lpu mepe-
MelleHHH 3KPaHa mapaJjJenbHO camomy cebe BAOJbL mpa-
Mot SP kapTuubl, usoGpaennnie nHa puc. 68, 6yayr cme-
HATb APYr aApyra [coraacHo (23.2) npu uaMeHeHnun b sma-
YeHHe M CTRHOBHTCS TO HEUETHHIM, TO 4eTHBLIM].
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Ecnn orBepcTHe OTKPHIBAeT He Gojiee ORHOH 30HHl Ppe-
HeJslsl, HA 3KPaHe [MOJyYaeTcs pasMbITOe CBET/Oe MATHO; ue-
penoBaHHe CBETJABIX M TEMHBIX KOJEL, B 3TOM Clydyae He BO3-
HukKaeT. Eciu oTBepcTHe OTKpbiBaeT GOJIbLIOE YMCJIO 30H,
YepeflOBaHHE CBETJIBIX H TEMHBIX KoJiell HaGJlofaeTcs JHUIUb
B OueHb y3KOH 06JacTH Ha rpaHulle FeOMeTPHUECKOH TeHH;
BHYTPH 3TOl 06J1aCTH OCBEIEHHOCTH OKa3piBAeTCSl NMPaKTH-
YeCKH MOCTOSIHHOH.

Jdudpakuna or xpyraoro pucka. [loMecTuM Mexay TO«
YeuHblM HCTOUHMKOM cBeTa S # TOuKoHi HaGmwopenns P He-
npo3payHeifl Kpyrawiil AucK paauyca ro (puc. 69,a) Ttak,

Hempospaomnr P K
Kyl
ek Yz
= v ~———— -4 7
PRIt o 2 ¢
s ~
i
a = 6
a) 8
Puc. 69.

uyToObl OH 3aKpBIBaA m QepBbix 30H PpeHeas [m MoXKHO
Hailty no ¢opmynae (23.2)]. Torma amniuryaa cBeTOBOM
BOJIHL B TouKe P Gyaer paBna

A—Am+1 ’—A)n+2 | Am+3 see T
A + Am . Am |
=”‘T‘+(_2ﬂ..A 2‘”).}_“.

Tax Kax BbHIpaXKeHHfl, CTOsIIHE B CKOOKax, MOIKHO IOJO-
JHTh PABHBLIMH HYJIO, TMOJYyYaeM

A=tntL, (23.5)

BrlicuuM xapakrep AHGPAKIHOHHOM KapTHHBL, [0OAyYalo-
meiicsa Ha 9KpaHe, PaciloNOXKEHHOM B TOUKe P nepnenpuxy-
AapHo K JuHHM® SP. OueBHAHO, 4YTO HHTEHCHBHOCTb CBeTa
MOXET 3aBHCETb TOJbKO OT PAaCCTOAHHA r OT LEHTPAa Kap-
THHE P. TIpu HeGOJbIIOM YHCJE 3aKPLITHX 30H A;ny; MaJjo
orauuaerca or A;. [lostomy B Touke P HHTEHCHBHOCTbL Gy-
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IEeT MOYTH TaKas Ke, Kak NpU OTCYTCTBUH Nperpaisl MeXay

S u P [em. (22.8)]. Hnasa toukn P/, cMelleHHOH OTHOCH-
TeJbHO TOYKH P B Ji060M pazHa/ibHOM HalpaBJeHHH, JUCK
OyJleT nepekpuiBaTth 4actb (m 4 1)-i aonw dpenesas, ofHo-
BPEMEHHO OTKPOETCS YacThb /M-if 30HEL, DTO pHBeJeT K 0cnab-
JeHHIO HHTEHCHBHOCTH. [IpH HEKOTODOM NOJOXKeHHH TOUKA P’
HHTEHCHBHOCTb CTaHeT paBHOH HyJ0. ECJAH cMeCTHTHCSl H3
. HeHTpa AMQpPaKUMOHHOH KAapPTHHEI edle AaJjblle, JHCK fe-
peKpoeT AOMOJHHTENbHO 4acTb (m + 2)-# 30HBL, OJHOBpe-
MEHHO OTKpoeTcs uacte (m-—1)-i 30HHL. B pesyibTarte HH-
TEHCHBHOCTb BO3pacTeT H B TOY-
ke P” ROcTHTHET MakcuMmyMma.

Takum oOpazoMm, B cayyae
HENPO3PayHOro KpYraoro MMCKa
nndpakluoHHas KapTHHA HMeer
BHJA UYepelyIOLHXCsl KOHIEHTpPH--
YeCKHX CBRTJbIX H TEMHBIX KO-
Jeu. B nenspe KapTHHE NPH JI0-
60M (KaK YeTHOM, TaX H HeyerT-
HOM) m HoJydaercss CBeTaoR
nsitHo (puc. 70). 3aBucHMOCTL
MHTEHCHBHOCTH cBeTa [ OT pac-
CTOSIHHSL r OT IleHTPa KapTH- Pue. 70.
el H3obpaxena Ha puc. 69, 6.

Ecan HempospauHbll AHCK 3akpuiBaeT mHoro 3on ®pe-
HeJsld, uepefioBaHHe CBETJHIX H TeMHBIX KoJell HaGaoopaercs
JIHIIL B Y3KOf 06/aCTH Ha I'paHHIE TeOMeTPHYecKOl TeHH.
B-3atom ciyuae Apy < Ay u Beauunna (23.5) ouenn mana,
TAK YTO HHTEHCHBHOCTb CBeTa B 06JAacTH [eOMeTpHUEcKO
TEHH NPAKTHUECKH BCIOAy paBHa nysio. Ecan anck sakph-
BaeT JMiIb HEOOJbUIYI0 4acTh TepBoi 30Hb PpeHens, OH
COBCeM He 0TOpPachiBaeT TeHH — OCBEIEHHOCTb 3KpPAaHa BCIO-
JIy OCTaeTcs TaKoll e, KaK IpH OTCYTCTBHH Iperpan.

CBeTJI0e NATHBIIKO B LEHTPe TeHH, oTGpacuiBaeMoll Au-
CKOM, NOCJYXKHJIO NPHYKMHON HHUHLEHTA, IPOUCIIeAIIero Me-
xay Tlyacconom n ®penenem, [Tapumckas ArageMus nayk
npeasioxuaa AHGOPAKUHIO CBETAa B KayecTBe TeMbl Ha Ipe-
mHio 3a 1818 r. ¥crporrenn KoHkypca OblJIM. CTOPOHHHKAMH
KOPHYCKYJ/ISIPHOH TEOpHH CBeTAa H DPACCHHUTBHIBAJM, 4YTO KOH-
KypcHble paGoThl NpPHHeCYT OKOHYaTesbHYIO Nobely HX /TeO-
pan. OpHako Ha KOHKypc Golia npepcrasiaeHa @penenem
paGoTa, B KOTOPOH BCe H3BecTHbIe K TOMY BDEMEHH ONTH-
yeCKHe fBJIeHHA OOBSICHANHCH € BOJHOBOH TOYKE 2DEHHA.
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Paccmarpusas paGory ®pesens, I[Tyaccod, GbIBIIKA uieHOM
KOHKYPCHOH KOMHCCHH, 06paTHa BHHMAHWE HA TO, 4TO U3
teopu PpeHeds BHITEKAET <«HeNeMNbil» BLIBOJA: B HEHTpE
TeHH, OTOpackiBaeMoll HeGOJbIINM KPYTJIbIM AHCKOM, JOJXK-
HO HAXOAMTLCS CBeTJIoe NATHO. Aparo TyT XKe NpoH3BeN
ONmbIT H 0KAa3ajoCh, YTO TaKOe NSATHO AEHCTBHTEABLHO €CTb.
drto npunecio nobeiy u Bceoblilee NpHU3HAHHE BOJIHOBOM
TEOpPHU CBETA.

HOudpakuua or npAMOJKHHEHAHOr0 Kpas HOJYMJOCKOCTH.
TMoMecTHM Ha OyTH CBETOBOH BOJHBI (KOTOPYIO MBI 4 MPO-
cTOTHI OyJeM CUHMTaTh NJOCKOH) HEMPO3pauyHyio NoJymJo-
CKOCTH € TpAMONHHENHHBIM KpaeMm (puc. 71). Pacnonoxum

Tyrmcioems 3277 0 7 23 Bomoeas
R ————— < —
4 rimsemHOCIIIS

2

} z ,P 4

Puc. 71,

3Ty TOJYIJIOCKOCTb TaK, 4TOGL! OHA COBflajda C OAHOR H3
BOJIHOBLIX MOBEPXHOCTEH. 3a MOJYIIOCKOCTBIO NOCTABUM Ha
paccrosiiuy b nmapanneblniil efi 3KpaH, Ha KOTOPOM BO3b-
1eM TouKy P. PasoObem OTKPHITYIO UaCTb BOJNHOBON NOBEPX-
HOCTH Ha 30HbI, HMeIOLlNe BHJ OUYeHb Y3KHX NPAMOJIHHE-
HBIX TOJIOCOK, TapaJelbHHX Kpaiwo noaynacckocts. [lln-
puHy 30H BuibepeM Tak, UYTOOL OTCUHTaHHbIE B IJOCKOCTH
pHCYHKAa pAacCTOAHHsS OT ToukM P 10 KpaeB J1060# 30HLI
OTJAHYAANCHL HA OJHHAKOBYK Beanuuny A. Ilpu stom ycao-
BUH KoJ1eGaHHs, cO3jaBacMble B TOUKE P COCeAHHMH 30Ha-
MH, OyAyT OTAMYaTbea 1O (paze Ha NOCTOSHHYIO BEJNHUHHY.

3o0HaM, PacMOJOKEHHBIM CpaBa OT TOUKH P, npunuimem
nomepa 1, 2, 3 u T. 1., pacnosioxeHHbIM cleBa — HoMepa 1,
2, 3 u 1. A («<IUTPHXOBaHHBEIE®» H «HEIITPUXOBAHHBIES
30Hb). 30HBEl C HOMepaMmi m H m’ HMEIT OJHHAKOBYIO LUH-
PHHY U PACIOJOMKEHBl OTHOCHTEIbHO TOUKH P CHMMeTpHUHO.
[TosToMy cosmaBaeMble UMH B P x0J€6aHHsl COBNAfAIOT 10
amnauTyde u ¢ase. g BoicHeHHS 3aBHCHMOCTH aMIJIH-
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Ty[Bl OT HOMepa 30HB! /M oueHHM naowann son. Hs puc. 72
BH/JHO, UTO IIHPHHA NepBOH 30HBI paBHa

=V®FA? —0%= VWA + A ~ V2bA

(Bmencmne y3octd 30H A K b).
CymMapHas IIHpUHA NMEePBHIX M 30H

di+dy4 ... +d,=V b +mA?2—b2=V2bmA + mAZ.

[lpn He oueHb Goabwux m wicHOM m2A? 104 KopHEM
MOXKHO npeHeOpeus. Torna

di+dy+ ... +dy=V2mA=d, Vm.

Orciona .
dy =d, (1//71 —" ‘/I’il - 1)

Pacuer no stofi dopmyne naer, uro
diidyidyid,: ... .=1:0,41:0,32:0,27: ... (23.6)

B rakux e COOTHOWEHHAX HAXOAATCH H IJOLIAAH 30H.
CnepnoBaTesbHO, aMIIHTYyAa KosaebGaHHH, cO3jaBaeMbiX B
Touke P OT[e/bHBIMI 30HaMH, BHayane (ANs MEpELIX ‘30H)
yOnBaeT oueHb OLICTPO; 3aTeM 3TO .
VObLIBaHHe CTaHOBHTCA MejdenuwM. & @ 7 & 247
Ilo arolt npuynHe J0MaHas JHHHSA,
noJy4anIascs npH rpadHyeckom
Cl0XeHHH Kosebanuii, Boabyxaae-
MHX TPSMOAMHEHHBIMH  30HAMH,
HaeT cHayana O6oJiee MOJOTO, 4eM
B CJyyae KOJbLEBLIX 30H (naouia-
4 KOTOPHIX NpPH aHaJOTHYHOM HO-
CTPOEHHH [PHMEDHO paBHBI).
pic. 73 conocTaejiensl 06e BEKTOP-
Huie JAuMarpamMmel. B oboux cay- Puc. 72
yasnx OTCTaBaHHe N0 ¢ase KaxAoro o
cJAedyIOWEero kKoJefarus B3fiTO OJHO M TO ke, Beauuuna
aMIIATYAb AJs KOJAbUEBBIX 30d (pHc. 73, a) npuuAra no-
CTOSIHHOW, a A 1IPAMOJHMHEHHbIX 30H (puc. 73, 6) — yOu-
BaIoILeH B COOTBETCTBHH ¢ nponopuuelt (23.6). Mpaduxu na
puc. 73 aBasoTca NpubanKenHsiMH. [IpH TounOM moctpoe-
HHH FpaduKOB HEOOXOAMMO YYHTHIBATL 33BHCHMOCTh aM-
mautyapt ot r v @ [em. (21.1)] Onnaxo na ofiuem xapak-
Tepe KPHMBBHIX 3TO HE OTPA3HTCSL,
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Ha puc. 73,6 nokasaHsl TOJILKO KOJeGaHHS, BLI3BAHHBIE
30HaMH, JexalldMH copasa or ToYkH P. 3oHpt ¢ HOMe-
paMn m u m’ pacnoJioxKeHbl CHMMETPHYHO OTHOCHTEJBHO
Touxd P. [To3TOMy ecTecTBeHHO IPH MOCTPOECHHH AHATPAMMBL

Puc. 73.

BEKTODH, H306pakaioli¥e COOTBETCTBYIOLHE 3TUM 30HAM
Kose6aHusd, pacnosaratb CHMMETPHUHO OTHOCHTEJbHO Ha-
yana koopaunar O (puc. 74). Ec/in WwiHpHHY 30H YCTPEMHTD
K HYJIO, JoMaHas JHHUA, H300paXKeHHasa Ha puc. 74, mpe-
BPaTHTCA B MJABHYIO KPHBYIO (pHC. 70), KOTOpas Ha3bIBaeTcs
cnupaabio Kopsio. YpaBuenne cnupanu KopHio Moxer
O6bITh HalJCHO TEeOpeTHUECKH.
5.9 ¢ B napamerpnueckoil ¢opme

OHO HMeeT BHM:

v
2
§=fcosf-§—du,
0

(23.7)

g i’
n=J sin 5 du.
0

Boipaxenna  (23.7) Hasbl-

BAXOTCsA HHTerpajitaMu

Puc. 74. ®penensa Onu He GepyTcs

B 3JIeMEHTapHBIX (QYHKIHAX,

OIHAKO UMeloTCA TabJ/MIB], HO KOTOPbIM MOXHO HaXOJIHTD
3HAUEHUS MHTErPaJoOB AJ/1s pasHBIX 0.

Yto6bl MOHATH CMBICT apaMerpa v, CONOCTaBHM 6ecko-
HEYHO Y3KYI0 30HYy M BO36yxJaeMoe 3Toff 30HOH B TOouKe P
kone6anue dA. Bekrop dA coBnanaer ¢ y4acTKOM CHHpa/H,
OTBEUAKWILYM ONpele/ieHHOMY 3HAuYeHHIO NapaMeTpa v. IJT0
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3HauYCHHe U CBA3AHO ¢ paccrosuueM x’ or Touku P no mpo-
€KUY Ha 9KpaH M2aHHOH OeCKOHEUHO Y3KOH 30Ubl COOTHO-

HieHueM:
v=ux" ]/

(a — paccTosiHHE OT MCTOYHKKA CBeTa A0 MNOJYIJIOCKOCTH,
b — paccTosiHie OT MOJYMJIOCKOCTH A0 3KPaHa, A — JHHA
BOJIHBI).

T (a 5 (23.8)

- ﬁi; Q7L L_L- !
25
2 v

8

\
i 1 [/

&
5
\?

/]

a7 —
| 05
g8 47 46 ﬂyf/'j 02 47 0 g7 G2 43 g4 45 g6 97 48
7y Lg7 ¢
[/ 22
/ -2 g7
\\\ 72
[’/ _<</ -? > _ 0,-5
NS
T
] =27 971 1
Puc, 75.

B paccmaTpuBaeMOM HaMHU CJydae IVIOCKOH BOJIHBI @ == 00 U

2

0o=x'Y = . (23.9)

Uncna, orMeueHHLIe BJOJNb KPUBOH Ha pHc. 75, AaiOT 3HA-
YeHHs . Toqxﬂ Fy n Fy, K KOTOPHIM. aCHMIITOTHYECKH IIpH-
6nuxaercd KpHBas NPH CTPEMJIEHHH U K -00 H —oo0, Ha-
3blBalOTCst POKyCcaMy HAM moJaocaMu cnupann. Hx
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KOODAHHATHl PaBHBI:

i 1
5 N= + 5 AT TOUKH Fy,
1

=+
l ——
13 — 5 N=—- I8 TOUKH F,.

IlpaBuifi 3aBuTOK cnupanu (ysactok OF;) COOTBETCTBYET
30HaM, PAClIOJIOKEHHBIM ClIpaBa OT TOUKH P, JeBbld 3aBHTOK
(yuacrox F,0) — 30HaM, pacnonoKeHHbIM CJeBa OT TOUKH P.

I

0 72

n &

M
&} 6)
2 77)
Y] T e
N
G 4

2) 9

Puc. 76.

C nomowbio cnupann KopHio MOXHO HaliTH aMOJAHTYRY
CBETOBOro KojieGaHus AMAs TOYeK, HAXOAAUIUXCA Ha J06OM
paccTosuuu x ') or kpast reoMeTpHUeCKOl TeHH (cM. puc. 71).
st Touku P, nexaulefl Ha IrpaHHIe TeCMETPHUECKOH TeHH,
BCE MITPUXOBaHHBIE 30HBI OYAYT 3aKpuiTH. Kojaebanusm ot
HEWITPUXOBAHHLIX 30H €0OTBETCTBYET HPABLI 3aBHTOK CIH-
panu, CaefoBaTesbHO, pe3y/bTHpYIOLiee KojaeGaHHe H30-
6pa3uTCcst BEKTOPOM, HayaJo KOTOPOro Haxoxutcs B Touke O,

1) Jlerko coo6pasiTh, UTO KOOPAHHATA X W B3ATad /A KpadA nofy-
NJAOCKOCTH Benuuuna x’, ¢urypupyiomas B gopMyne (23.9), oTanuaiorcs
TOJBKO 3HAKOM,
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xonent — B Touke F; (puc. 76,0). Tpr cmemenns Touku P
B 00/1aCTb FeOMETPHYECKOH TEHH INOJYNJIOCKOCTb CTAHET 3a-
KpbiBaTh BCe OOJsblliee 4HCAO HEMTPHUXOBaHHLX 30H. [lo-
3TOMY Hauano pe3yJbTHPYIOUIEr0 BeKTOpa OyleT Iepeme-
1aThCAd MO NPaBOMY 3aBUTKY, NpHGARKAsCL K nogiocy Fi
(puc. 76,0). B pesyabrate aMnautyna koieGanus B Touke P
OyNeT MOHOTOHHO CTPEMMTBLCSH K HYJIO.

Ecau Touxa P cMeillaeTcsi OT T'PaHHIBI FeOMeTPHUYECKOH
TEHH BIPAaBO, B AONOJHEHHe K HELITPHXOBAHHEIM 30HAM OT-
KPBIBACTCST BCE BO3pacramllee YHCJIQ IUTPHXOBAHHBIX 30H.
TlosToMy Hauano pe3yJbTHPYIOUIETO BEKTOPA CKOJb3HT I10
JeBOMY 3aBHTKY CHHpa/Jyu B HampaBaeHHWu K momiocy Fa.
B pesyabTare aMnuryfa NPOXOAUT Uepe3 PSA MakKCHMYMOB
(mepBBIA M3 HHX paBeH AJuHe oTpeska MF, Ha puc. 76,8)
¥ MHUHHMYMOB (NepBHI M3 HHX paBeH [JHHe oTpeska NF,
Ha puc. 76, 2). IIpu MOJIHOCTBIO OTKPHITOR BOJIHOBO# OBEPX-
HOCTH aMIIUTYyZa paBHa AJuHe oTtpeska FoF; (puc. 76,0),
T. €. POBHO B [iBa pPasa NpeBHIIIAET aMIIMTYLy HA TpaHHUe
reoMeTpHueckoll TeHu (cM. puc. 76, a). COOTBETCTBEHHO HH-
TCHCHBHOCTb Ha TpaHHUIE I'eOMeTPHUECKOH TeHH COCTAaBJAET
/4 unrencusnoctu Iy, nmoayuatomefics Ha 3KpaHe B OTCYT-
cTBHe mperpaf. 3aBHCHMOCTh HHTEHCHBHOCTH cBera [ OT
paccTosiHusl x AaHa Ha puc. 77. V13 rpaduka BHAHO, YTO npH

Puc. 77.

nepexoje B 00/7aCTb TeOMEeTPHUECKOH TEHH HHTEHCHBHOCTD
H3MeHsIeTC He CKauKOM, @ MOCTEeNeHHO CTPEMHTCS K HYJIIO.
CrnpaBa OT rpaHHIlbl TeOMETPUYECKOH TEHU PACHOJIONKEH Psif
YepenyIOMHUXCS MAKCHMYMOB U MHHMMYMOB HHTE€HCHBHOCTH.
Maxkcumymbl MOJMYYAOTCA NPH 3HAYEHHSAX Mapamerpa u
(Ans Tovek, COBNAZAIOUMX € HAYaJOM Pe3yJbTHPYIOIIErO
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pexTopa), paBueix —1,22; —2,34; —3,08; —3,69 u r. 1. [To-
aoxuB b =1 m, A =05 mK, MOXKHO, NOACTaBHB B (Op-
Myay (23.9) npuBencHHbie 3HAUEHHs U, NOJYUHTh AJAA KO-
OpJIHHAT MAKCHMyMOB (CM. pHc. 77) cJejyiOUlHe BeJAUYHHbI:

Puc. 78.

x1=0,61 ma; xo = 1,17 ms; x3 = 1,54 mm; x4 =185 mm:...
Taxum 06pa3oM, MakCHMyMbl PacnojaraioTcs AOBONBHO I'y-
cto. Ilpu wmeHbwHx paccTosthmsax b MakCUMyMbi pacnoJa-
ratlorca eme ryme. C nomoumplo cnupaiax KopHio MOXHO
TaKXKe HafTH OTHOCHTEJHHYI) BEJHUHHY HHTEHCHBHOCTH B
MaKCHMyMaX H  MHHHMyMaX.
Lomuesag moseormorms  Jlna nepBOoro MaKCHMyMa MOJY-
w4 -~ - - e—— YaeTCA 3HaueHue 1,37 [, nnm
! nepsoro MunumMyma 0,78 /,.
! dotorpadus  AudpaxuuoH-
! HOH KapTHHBEI OT Kpasi MoJynjo-
! CKOCTH JaHa Ha puc. 78.
! Aubdpakuna or meaun. Bec-
! KOHEYHO [IJRHHYIO Wienb odpa-
4 3yior ABe ofpaluleHnnie B pas-
» Hble CTOPOHBl MOJYILIOCKOCTH,
Puc. 79. paccrosinie MeXJAy KpasMu KO-
TOPBIX PaBHO wHpHHe wienad. Tlo-
3TOMYy $iCHO, 4TO 3ajaua o audpaxuun PpeHens or eau
MoxeT OmThb pelleHa ¢ momoulpio cnupanan Kopuiwo. Bosano-
BYI0O MOBEPXHOCTb MajaloLiero CBETa, IJIOCKOCTb WEJIH H
3KpaH, Ha KOTOpoM HabJjofaercs AHQpaKIHOHHAS KapPTHHA,
GyneM CUHTaTh NapajlebHBIMH APYr apyry (puc. 79).
Jna touku P, Jexaieli TOYHO IPOTHUB CePelMHbl LUENH,
HayaJo M KOHEll BEKTOpa aMIJHTYAB OKa3biBAIOTCA B CHM-
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METPHUHBIX OTHOCHTEJIbHO Hauajla KOODAMHAT TOYKAX CIH-
paan (puc. 80). Ecin cmectutbess B TOUKy P/, Jexamryio
TPOTHB Kpasi I(eJH, HayaJo pe3y/bTHPYIOIIEro BEKTOpa ie-
pemectHTcss B cepeauny cnupanu O. Konen Bekropa mnepe-
MeCTHTCS [0 COHpaJH B HanpasJeHuu nojioca F,. Tlpu
yray6aesun B 006JacTk [e€O-

~ ”
METPHYECKOH TeHH KOHeW H 7
HAYaJo BEKTOpa AMIJIHTYAb! -
OyAyT CKOJb3UTb HO CNHpANH £ ) AP
H B KOHIle KOHIOB OKaXXyTcCst -,
B OamKalmux TOYKax cocel- i,

HHX BHTKOB KpuBOH (cM. Ha
puc. 80 BeKTOp, COOTBETCTBY10-
wuit toyke P”). HHTencus-
HOCTh CBETa NPH 9TOM Npax- £z
THYECKH CT&HET PaBHOH HYJIIO.

Tlpu -nanpuefimeMm cxoJibxe-

HHH [0 CIHpPaNy Hayajo M KO- Puc. 80.

HEelU BeKTOPa CHOBA OTOHAYT

JIPYT OT jipyra ¥ HHTEHCHBHOCTb Oyzmer pacTH. To xe camoe
GyZleT MPOHCXOAUTb NPH CMEIlEHHH M3 TOYKU P B npOTHBO-
[JOJIOXKHYIO CTOPOHY, TaK KaK INHGPaKUUOHHAS KaPTHHA IO
JKHA GbITb CHMMETPHYHCH OTHOCHTEJIbHO CEPeIMHbI LUEJIH.

=
.

e 4
Puc. 81,

Eciu MeHATL NIMPHHY LIEJH, CABUrAs MOJYIIOCKOCTH B
IIPOTHBOMOJIOKHEIE CTOPOHbI, HHTEHCHBHOCTH B Cpeaued
Touke P Gyjer nyJabcHpoBaTh, HMONEPEMEHHO IPOXOJs Uepes
MaxkcHMyMbl (puc. 81,a4) H OT/IHUHBIE OT HYJS MUHHMYMLI
(puc. 81, 6).

Wrtak, nudppakuuoHHas KapTHHA OT IUEJH NPeLCTABJSET
coboit 6o ceerayio (B ciryyae, H306paxeHHOM Ha pHuc, 81, a),
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Au60 OTHOCHTENBHO TeMHYI0 (B c/ayuyae, H306parKeHHOM Ha
puc. 81, 6) nentpaJbHyio noJaocy, no o6e CTOPOHE! KOTOPOH
pacnosaraloTcsi CHMMETPUUHEIE OTHOCHTE/bHO Hee Yepenyro-
ImMecss TeMHble W CBeTJbie MOJIOCH.

Ilpn 6oabluoil IWIHPHMHE IIeNH HAYaNO0 M KOHEL BEKTOpa
aMIIUTYOBl JeXaT Ha BHYTPEHHHX BHTKaX CHOMPanu BOJIH3H
noJiocos Fy u Fo. [103TOMY HHTEHCUBHOCTh CBeTa BHE 06Ja-
CTH TEOMETPHUECKON TeHH OyneT NpakTHUeCKH NOCTOsHHA.
TosbKO Ha rpaHHLlax reOMeTPUUECKOH TeHUW obGpasyeTcs CH-
cTeMa TyCTO pAaCHOJIOXKEHHBIX Y3KHX TEMHBIX H CBETJBIX
noJoc.

§ 24. Nndpakuus PpayHrodepa or uean

[TycTh Ha GecKoHEUHO AJHHHYIO!) IMesIb MafgaeT maockas
cserosas BogHa (puc. 82). Ilomectnm 3a miesnlo cofupa-
TeJbHYI0 JHH3Y, 8 B (POKAJLHOA MJAOCKOCTH JIMH3Bl — SKPaH.

ot z
2 att&zs/n;p
?.
-
I,'/\¢‘
e I
o i
Puc. 82.

BoanoBas nNOBEPXHOCTb Nalaiollell BOJIHbI, MJAOCKOCThb HIedH
H 3KpaH napanjenbHbl APYT ApPYTY.

PaszofbeM OTKPHITYIO 4YacTh BOJHOBOH NOBEPXHOCTH HA
napajjeibHble KpasM LIeJH 3JeMeHTapHbleé 30HLI IIHPH-
uoit dx. BropuuHble BOJHBI, NOCHIaeMble 30HAMH MOJ yr-
JIOM (@ K ONTHYECKOH OCH JIHMH3BL, COGEPYTCA B HEKOTOPOIl
toyke skpana P. Kaxnas anemenTaprHas 30Ha CO3xact B
touke P xoneGanue df [cm. popmyay (21.1)], koTopoe MOXKHO
u306pasuth ¢ nomoulpio Bektopa dA. Jluusa coGupaer B
¢oKaNIbHOH IJOCKOCTH IJOCKHe (a He cdepHUYecKHe) BOJI-
ubl. [losToMy MBOXHTeNb 1/r B BhHIpaXKeHHH AJA dE B cayvae

) TlpagTuyeckn pocratoyso, 9rofbl AJuia wend Opla BO MHOIO
pa3 Godarnlle, yeM ee IUIKHPHHA,
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mudpaxkunuy Ppayurodepa Gyaer orcyrcrBoBaTh. Orpann-
YHMBHINCL PACCMOTPEHUEM He CJANLIKOM OOnbIINX yIJOB @,
MOXKHO Koadpdunuent K B ¢opmyne (21.1) cuurats npu-
6/M3HTENbHO MOCTOSHHBIM. Torma aMniHTyna KoJeGaHus,
TIOCHLIAeMOTO 30HOU B MI06GYIO TOUKY 3KpaHa, 6yJeT 3aBUCeThb
TOJIbKO OT MJolaaud 30Hb. [lnomans npomopuHOHaibHA
mupune soust dx, Cnenosatennno, aMnautyna dA xoseba-
HuA dE, B036Gy:KIaeMOro 30HOH wWHpUHL dX B J06OH TOuKe
3Kpana, MoxeT GbiTh NpeACTaBJeHa B BHIE!

dA=Cdx,

rae C — ko3¢ unyeHT NpONOpPLHOHaNbHOCTH, He 3aBHCALINN
0T yrja g.

OGo3naurM anre6panvueckyo CyMMy aMmIUIHTYA KoJe6a-
nuf, NOCBLIAEMBIX B HEKOTOPYIO TOUKY SKpaHa BCEMH 30-
namH, uepes A, Ee Moxuo nafitu, npounrerpuposas dA
N0 BCell mupuHe wequ b:

A0=fdA = jdex=Cb.
0

Orciona C = Ay/b u, crenoBaresnbHoO,
dA =20 dy.

Tenepp onpegennm ¢Hasopbie COOTHOIUEHHS MEXAY OT-
nenpHbiMH KoseGanusimu df. ConocraBuM ¢aswl KosiebaHuil,
CO37aBaeMBbIX B TOuYKe P 3JeMeHTapHBIMH 30HAMH C KOOp-
annatamu 0 u x (puc. 82). Ontuueckue nytu OP u QP
tayroxpousnl. IlosTtoMy pasuocts ¢as mexny paccMmarpH-
BaeMbIMH KoJiebGanuamu obpasyeTcss Ha HYTH A, paBHOM
xsing. Ecan ¢asy xkojebaHHs, CO3[aBAEMOrO 3JeMeHTap-
HOfl 30HON, NpUMBIKAWUWEH K Jdepomy Kpaio meau (x = 0),
NOJNOXKKTL DaBHON ®f, To ¢aza xronebanusi, cO31aBaeMoOro
30HOH ¢ KOOpAHMHaATOH x, OYAET paBHa

A 21 .
mt—-ZnT—mt—szmq),

rae A - AJHHA BOJHEI B JaHHOH cpele.
Taxum o6Gpazom, KojebaHHe, CO3/laBaeMoe 3JEMEHTap-
HO# 30HOH C KOOPAHHATOH ¥ B ToUKe P, moJjioxenue KOTOpO#

5 M. B. Caseaves, 1. I 129



Ha 3KpaHe onpepenserca yraoMm ¢ (puc. 82), moxer GbTh
IPeACTaB/ICHO CJIEAYIOLHM 06pas3oM:

A 2 .
dg == cos (cot —Tn x sin (p) dx.
Pesyabtupyomee KoseOaHHe, co3faBaeMoe B TOuke P

BCEM OTKDHITEIM yYacTKOM BOJIHOBOH NOBEPXHOCTH, Hailaew,
HPOHHTErpUpoBaB dE Mo LIHpUHE HIEJH:

b
§=J‘%cos(mt—-%—?—xsinq>>dx=
G

= %"—(— ﬁ) [sin(mt—-—%—?—b sincp) —sinmt]=
= [Aoi%%}“b)g————;ig—(m] cos (mt -——;—b sin q)) 0.

Monyab BhIpaKeHHs, CTOSILIEr0 B KBaJPaTHLIX CKOOKax,
JaeT aMnautyny A, pe3yabTHpyOUlero KojeGanusi B TOY-
Ke P (moJioxenue KOTOPOi ompelenisieTcst yriaoM ¢):

— sin [(7t/A) b sin ]
‘ Ay (n/A) bsing * (24.1)

HOna Touku, Jexamlefi TPOTHB HeHTpa JuH3H, ¢ = 0.
[MoncranoBka sToro 3nauenHss B ¢opmynay (24.1) naer
Ay = Ap?). 10T pe3yabTaT MOKHO NOJYYHTL GoJsee npo-
ctoiv nyTteM. [lpu ¢ = 0 kosneGanus oT BCeX 3TeMEHTapHBIX
30H NpHXOAAT B TOUKy P B onuHaxkoBoii ¢ase. Ilostomy
aMIJIATYyLA pe3yJbTHPYIOULero KosjebaHus pasHa aJjarcOpau-
YeCKOH CyMMe aMIJIMTYJA CKJAaAblBaeMbIX KoJjebanuil.

[Ipu 3Hauenusix ¢, YIOBJETBOPAIIMHX YCJIOBHIO:
(n/A)b sin ¢ = xkn, 1. €. B cayuae, eciu

bsinp==xkr (k=1,2 3,...), (24.2)
ammintyia A ob6paulaercst B Hyab. Takum o6pasom, ycJao-

Bpue (24.2) onpegensier NoJiokKeHHe MHUHMMYMOB HHTEHCHB-
HOCTH.

') Mpl Bocnoib3oBasuck GopMyII0i:

. . . o= a
sma——51n[5=25xn;'—cos +ﬁ.
2 2
2) Hanomuum, uto lim(sinufu) =1 (npm Madblx # MOXio noJja-
u->0

ratb sinu = u).
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Yenosue (24.2) Jerko MOJAYUMTL W3 CJELYIOLIMX COOG-
paxennil. Ecim pasnocTs X04a A 0T KpaeB liejau paBHa
kA, OTKPBLITYIO YaCTb BOJIHOBOH NMOBEPXHOCTH MOMKHO Pas-
6uTb Ha 2k paBHBIX N0 LIHPHHE 30H, MPHYEM PA3HOCTb X0J4
OT KpaeB KaJIo# 30Hbl OyneT paBHa A/2 (cM. puc. 83, Bhi~
noJHeHHb! A5 B = 2). KoneGanus, noceliaeMbie B TOYKY
Habaonenuss P coOTBETCTBEOH-
HLIMH y4acTKaMu JBYyX CO-
CeHUX 30H (Hampumep, HoO-
MEUEHHBIMH KpecTHKaMH yuda-
cTRaMu 30H I H 2), HaxORATCSA
B nporusodase. [lTosToMmy Ko-
debaHusi OT KaxXAOH Tapn
COCEeXHHX 30H B3aMMHO MoOra-
mawT ApPYyr Apyra 4 pes3ydb-
THPYIOIAd aMIIIUTyJa B TOY- Pue. 8.
ke P pasHa mymo. [lpu A =
= *+(k+ 1)\ umcnao 30H GyleT HECUETHHIM, JeHCTBHE OI-
HOH M3 HHUX OKaXeTcs He KOMIEHCHPOBAHHLIM, TaK 4t0 Oy+
IeT HaGMIAaTbCs MAKCHMyM HHTEHCHBHOCTH.

MutencHBHOCTL CBeTa NPOMOPLUHOHANLHA KBajpary am-
nauryasl. CreoBaTesIbHO,

_; sin?[(m/A) b sin @]
lo=lo= e sinqr (24.3)

rae Iy — MHTEHCUBHOCTL CBeta B cepelHHe Au{pPaKIHOHHOH
KapTuHbl (OPOTHB UeHTpa JHH3b), [o-— HHTEHCHBHOCTDL
B TOYKe, MOJIOXKEHHE KOTOpOH omnpefensercs NaHHLIM 3Ha-
YeHHEM (.

M3 ¢opmyast (24.3) BuTekaer, uto I_¢ = I4. D10 03Ha~
yaer, 4T0 NUPPAKIHOHHAs KapTHHA CHMMETPHUHA OTHOCH-
TeJIbHO IEHTPA JHMH3B. 3aMETHM, YTO IPH CMEWEHHH LIeJH
napaJjjiespHO 3KpaHy (BAOMb OcH x Ha puc. 82) audpax-
IIMOHHAsl KapTHHa, HabmaofaeMas Ha 9KpaHe, OCTAeTcs He-
NOABHKHON (ee cepelHHa JIEXKUT NPOTHB LEHTPA JIHH3bI).
Hanporus, cMeuleHue JHH3BI TNpPH HEMOABMIKHOH LIEJIH
CONPOBOXK/2€eTCA TAKUM JKe CMellleHHeM KapTHHL Ha
3Kpane.

Tpaduk dyuxuun (24.3) usobpaxen Ha puc. 84, ITo ocn
a6ClIHCC OTJOXKEeHB 3HAUEHHs Sin ¢, IO OCH OPAHHAT — MH-
TeHcuBHOCTh [, KosanuecTBO MHHHMYMOB HHTEHCHBHOCTH
onpefensieTcsl OTHOLIEHHEM IUMPHHBI LieAH b M JAJHuHbI

5* 131



BoaHbl A. M3 ycaosua (24.2) sing = *kA/b. Moayas sing
He MoXeT npessoitTu eaununy. [loatomy kA/b << 1, otkyna

E< . (24.4)

[Mpu wupuse menn, Menblued JJIHHB BOJHBI, MUHHMYMBbI
BOOOIle He BO3HHKAIOT. B 3TOM ciyyae HHTEHCHBHOCTh CBETa
MOHOTOHHO CHaJaeT OT CePeJHHbl KapTUHHI K ee KpasiM.

%
/

_Zf __;]i g il_ 24 sing
Puc. 84.

3HaueHusi yrja @, OTBeyaiuiHe KpasMm LEeHTPabHOIo
MAaKCHMyMa, yAOBJIETBOPSAIOT ycaoBHIO [cM. (24.2)]: b sin =
= %A, orkyna ¢ = Zarcsin (A/b). CrnenoBarenbHo, yrio-
Basl IIHPHHA LEHTPAJLHOIO MaKCHMyMa paBHa

8¢ =2 arcsin . (24.5)

B cayuae, ecau b > A, sin (A/b) MOXKHO NMOJOXKHUTL paB-
HelM A/b. Torma ¢opmyna Ajas yrioBo# mWHPHHB LEHTPAJb-
HOrO MaKCHMyMa YOpPOIAeTcsl C/eAyIOmHM 06pasom:

Pemum 3amauy o audpaxkuun @Ppayurodepa or uenn
MeTOJOM TrpadHuecKoro CJOXKeHHA aMnauTyA. Pasofbem
OTKPBITYIO YacTh BOJHOBOH NOBEPXHOCTH Ha OAMHAKOBHIE
IO LIHPHHe OYeHb y3KHe 30HH. KosebGanue AA oT Kaxmo#
TaKo! 30HbB HMeeT OAMHAKOBYID aMIVIMTYLy H OTCTaeT OT
npeAsAyliero kKoJeGaHusl MO (paze HAa OJHY H Ty XKe BeJH-
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unHy §, 3aBHCALLYIO OT yria ¢, ONpeleasionlero Hamnpaslie-
nue na touky Ha6aogenua P. Ilpu ¢ = 0 passocts ¢as d
paBHa HYJIO U BEKTOpHAas IHArpaMma HMeeT BHJ, NMOKa3aH-
Hbll Ha puc. 85,a. AMnautyna pesyJbTHpylolero KoJjeba-
g Ay paBua ajre6paudecKod CyMMe aMIUIHTYJ CKJaalbl-
paeMblx KoseGanuil. Eciu passocts ¢a3 xonebanuii, COOT-
BETCTBYOLIUX KpafAM Hie-

an, papaa n (1. e. A= a

a) « -

= bsin¢ = A/2), BekTO-
pel  AA  pacnojaraorcs
BJOJIb NOJYOKPY2KHOCTH
(puc. 85,6) namnonr A,
CnenoBatenbHo, [Jis  pe-
3YJIbTHPYIOHIEH AMITHTY Abl
nosiyuaercsi snayenue; A =
= 2A¢/r. B cayuae, korna
A = bsin @ = A, KoneGauus
OT KpaeB LUeJH OTJHUAIOTCA
no c¢ase na 2mx. Coorser-
CTBYIOLLAsl BEKTOpHAs Aua-
rpaMma u3obpakeHa Ha
puc. 85,8, Bexrtopn AA Ay
pacnoJaramTcs Broab & Ed
OKDyKHOCTH AgunOll Ay
PesyabTupyiowmass aMmmiu- -
Ty4a paBHA HYJIO — HMeeT

MeCTO NEpBbII MHHHMYM.

IlepBuiit makcumMyM Habaio- g A=
naercss npu A = bsing =

= 34/2. B atoM cayuae Ko-

Je6aHus OT KpaeB LIeJH OT- Puc. 85.

JHYalTca no ¢ase Ha 3.

Crpos nocaenosatebHo BekTOps AA, MH oGoiiiemM noJaropa
pa3a okpyxHocTh nuamerpa A, = 244/3n (puc. 85, e). Takum
o6pa3oM, aMnauTtyjga A, nepBoro MakcHUMyMa COCTaBJjser
2/3n ot amnauTyAs A HyJ€BOrO MaKCHMyMa, a HHTECHCHB-
noctb [y = (2/3n)2ly =~ 0,045 [p. Apamoruuno MOXHO HailTH
M OTHOCHTEJIbHYIO HHTEHCHBHOCTb OCTaJbHBIX MaKCHMYMOB.
B HTore nousyyamTca CJjeLyIOLIHE COOTHOIUEHHS:

[RYRVAYRSNSETEN SYEL R L P
=1:0,045:0,016:0,008: ... (24.7)
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Takum o6pasoM, HeHTpaJbHLIA MAKCHMYM 3HAUHTENbHO Mpe-

BOCXOJUT IO HHTEHCHBHOCTH OCTaJIbHBlE MAaKCHMYMBLI; B HeM

COCPeIOTOUHBAETCS OCHOBHas

f'i" JOJIS CBETOBOrO HOTOKa, TIpo-
IIeAUIEero Yepe3 Liedb.

Ecnu mupuna wenu b suauu-
TeJIbHO MeHbIlle PACCTOSIHHA [ OT
mmean po akpaHa (puc. 86),
! quppakuus Dpayurodepa 6y-
JIeT HMeTb MeCTO H B OTCYTCT-
BHE JIHH3bI MEXKAY LIeJbl0 H 3K-
paHomM (mazjamouias Ha LeJb
BOJIHA JOJIKHA OBITh NJIOCKOM).
B stoM camywae Jy4d, HAyLlHe
B TOuky P ©@T KpaeB wieaH, Oy-

Puc. 86. AyT NPaKTHYECKH IapaJJelbHbl-

MH, TaK 4YTO BCe IIOJYy4YeHHbIEC

HAMH BbIlle Pe3y/bTaThl -OCTAIOTCH CHpABEAJHBLIMH. B ua-

CTHOCTH, GYAyT cnpaBeXIuBLIMH Qopmysibl (24.5) u (24.6)

JJIs OIMPHHBE LEHTPAJbHOIO MaKCHMyMa H COOTHOLIEHHE
(24.7) MeXIDy HHTEHCHBHOCTSIMH.

§ 25. JudpaxunonHas peuieTka

JudpaknuoHHO# pemleTKON Ha3biBaeTcsi COBOKYIHOCTDL
6OoJIBLIIOro 4YHCJa OAUHAKOBHIX, OTCTOALLUX ADPYr OT Apyra

A
gji‘@é:?&/ngo

et
o

o 7

Puc. 87.

Ha OJHO H TO e paccrosHue wmieseil (puc. 87). Paccros-
Hue d MeXAy cepelHHaMH COCEJHHMX llesell HA3bLIBAETCS
OOCTOSIHHO® HIM NePHOLOM pPELIETKH.

Pacnosoxum mnapaniesbHo pellieTKe COOGHPATENLHYIO
JINH3Y, B (POKa/JbHOH INJOCKOCTH KOTOPOH IOCTABHM 3KpaH.
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Buscuum xapakrep R pPaKIHOHHOH KapTHHB, [OAyuaio-
1eHics Ha 3KpaHe NIPH NAaAeHHHM HA pelleTKy INJOCKOil cBe-
TOBOH BOJHBI ([JI1 MPOCTOTEl OyJeM CUMTATb BOJHOBLIE TO-
BEPXHOCTH NapaJjJielbHBIMH IJIOCKOCTH peumleTku). Kaxpas
U3 Iejefl nacT Ha 5KpaHe KapTHHY, ONHCBIBaeMyio rpadu-
KOM, M306pakeHHBIM Ha puc. 84. Kapruunl OT Bcex 1esnei
MPHAYTCS Ha OJMHO M TO K& MeCTO 5KpaHa (He3aBHCHMO OT
[OJIOKEHHST HieNH, LEHTPAJbHBIN MaKCHMYM JIEKHT IPOTHB
ilenTpa JuHskl). Ecan 6er xoneGanus, NPUXOAALINE B TOU-
Ky P oT pasimyHBbIX Hiesiell, ObIIH HEKOrePeHTHEIMH, Pe3yJlb«
THpyoIas KapTeHa oT N wiesnell oTauuanace Gl OT Kap-
THHBI, CO3/dBAEMON ONHOY Iesibio, JIHIUL TeM, UTO BCE MH-
TEHCHBHOCTH Bo3poc.tu 6el B N pas. OpHako xojeGauusi oT
PAsIUUHLIX Lieslell ABAAXOTECS KOrepeHTHLIMH; MO3TOMYy IJd
HAXOXJeHHUs Pe3yJbTHPYIOLEH HHTEHCHBHOCTH HYXKHO HalTH
(a30Bble COOTHOMERUSA MEWAY ITHMH KOJeBanHAMHU.

PasobreM OTKpLiBaeMyio ILeJdsMH YacTbh BOJHOBOH IO+
BEPXHOCTH Ha OUeHBL Y3KHE Napasiie/bHble IEJAIM 30HBL
Bexrop amnautynsl koseGaHHA, CO3LaBaeMOro B Touke P,
sRpaHna i-i sopo#f, oGoswauynM AA;. Torxa BekTOp aMIiiH-
Tyl DPEIYNBTRPYIONIEro Kojgebanns MOXKHO HpPeACTABUTD
clenyomuM o6pasom:

= 3 AA= T A+ 3 AAH .+ 3 A=

1o BceM no 2:i¥ no N-it
e M me.rm menn ie sy

=A1+A2‘1" v +AN’

rie  A;— BeKTOp aMILIHTYXBI KosxebGaHUs, CO3KaBaeMOro
B Touke P i-i uleanlo. MOXWIH BCEeX 3THX BEKTODOB OJHHA-
KOBBL U 3aBHCAT OT yida ¢ [eM. dopmyry (24.1)] Kaxgn#
CHeRYIOUHE BeKTOP NOBEPHYT OTHOCHTEJbHO MNpelblAyulero
HA OJMH ¥ TOT e YrFoJ, paBHbl pasHocTH ¢a3 6 xoaeba-
1A, BO30YXKAae€MbIX COCEJIHMMH IHEeJNsMH.

Jaa nanpaB/ieHu#l, YAOBACTBOPSIOIHUX YCIOBHIO:

bsing=kih (k=12 3, ...), (25.1)

pce A; paBHBl HyJo [cM. Gopmyay (24.2)]. Tlostomy u am-
NJIUTYAA Pe3yAbTHPYIOLIEre KoyleOaHusi B COOTBETCTBYIOLER
10uKe sKpana Oyaer pasHa Hymo. Takum obGpasom, ycJjo-
e (25.1) MuHEMYMa [AJAf OJHOM IIesH SBAAETCA TaKiKe
yCJIOBHEM MHHHMYyMa A/ PelIeTKA.
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W3 puc. 87 BuaHo, 4TO Pas3HOCTb X0ja Jyuell OT cocel-
uux Ienefi pasHa A = dsin . CinenoBaTenbHo, Pa3HOCTDb
[
thas

A 2n .
6=2RT=TdSIﬂ(p,

rae A— IJiMHa BOJHB B JaHHOH cpele.
Jinst Tex uanpaBJaeHUHd, AMA KOTOPLIX & = +2rm, T. €.

dsing=xmk (m=0,1, 2, ...), (25.2)

KoJieGaHus OT OTAEJNbHHX UieJell B3aUMHO YCHJHBAIOT APYT
Apyra, BCJEACTBHE YCrO aMINIMTYAa KojeGauuii B COOTBET-
CTBYIOILleHl TOYKe KPaHa paBHA

Amax = NAq,, (253)

rae Ag— amnantyja KojeGauus, noCBLIaeMOro OJHOM
ILEJIBI0 TIOH YIJIOM @

®opmyna (25.2) onpenensier nOJNOKEHH MAKCHMyMOB
HHTEHCHBHOCTH, Ha3blBaeMbIX I'JaBHEB M H. UHcno m paer
TaK Ha3blBaeMblli NMOPANOK r/iaBHOro Makcumyma. Mak-
CHMYM HYJIEBOTO IOPSfKa TOJbKO OJHH, MakKCHMMYMOB Hep-
BOTO, BTOPOI'O M T. J. MOPAAKOB OniBaeT MO JBA.

Bossensi (25.3) B kBajpaT, NOAyUNM, 4TO HHTEHCHBHOCTD
[JIaBHEIX MAaKCHMYMOB [py,; NPONOPIHOHANbHA HHTEHCHBHO-
ctd [, co3maBaeMOll B HanpaBJeHHH ¢ OJHOI IIEJbIO:

Lnax = N?1,,. (25.4)

Kpome wmunuMyMmoB, onpenesseMeix YyciaoBuem (25.1),

B IPOMEXKYTKAX MEXAy COCeIHUMH [1aBibIMH MAKCHMYMaMH

ameercst o (N —1)-my N06aBOUHOMY MHHHMYMY. dTu MH-

HAMYMbl BO3HHKAIOT B TeX Hanpasneqnﬂx I7AsT KOTOPBIX

xoJe6anus OT OTHEJNbHHX Inesell B3aHMHO MOramainT APYr

apyra. Hanpapaennst 1o6aBOUHBIX MHHHMYMOB Ol pe/lessiioT-
Cfl YCJIOBHEM:

s

dsing= i——g—k

(25.5)

(=1,2,..., N=1, N+1, ..., 2NV—=1, 2N +1,...)
[£” npunumaeT Bce Leaouuc/aentible 3navyenus, kpome 0, N,
2N, , T. €. KpOMe TeX, NPH KOTOpHIX ychaosue (25.5) me-

pexonm B (25.2)1
JlokaxkeM CripaBeRJHBOCTb 3TOTO YCJAOBUA HA IpPHMepax
N =5 (N peuetHoe) u N =6 (N uernoe). Eciu N =5,
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onpefeanemas (25.5) pasHocts a3 A cocefHHMX uiened
paBHa

L (W=1,234,67,...)

Ha puc. 88 noxasaHo B3auMHoe pacnoJIOXKeHHe BEKTO-
pPOB aMIVIHTYAB KoJaeOGaHHU OT BeeX MSTH Liedefl, noJyuao-
meecsl NpU pa3ivuYHLiX k' (Hayajla BEKTOPOB COBMEU{CHBI

A, A; As
A, A A 4 A,
A, ~ A, J n
7
A4 Az AJ
As A, A,
ke1877 K=34873.. K4 974 ...

Puc. 88.

B ofHoi Touke). OueBHIHO, YTO BO BCeX H300DaXKEHHBLIX Ha
pHCYHKe cjlyuasix cyMMa BEKTOPOB paBHa HyJI0 (eclH Ha-
4aJo KaX[A0oro CJAeYIOUlero BeKTOpa NOMECTHTb B KOHeN
npelbiIyliero, OHn 06pasyloT 3aMKHYTyi0 (Hrypy -— nsitH-
yrosibuuk). Bekrtopuas nmarpamma aas N = 6 npuseiena

A, AA A A, As A,
4 g
A’ A;:Qz & A A
A, Ay A
Ry AA, L) A; LY
;(:;_ IR K224 M., K=3875.. K=4EI... =5 1 77...
Puc. 89,

Ha puc. 89. CymMmMa BEKTOPOB B 3TOM CJY4ae, KaK JIEFKO BH-
JeTb, TaK)Xe paBHA HYM0. AHAJOTMYHLIA pe3yabTaT MOJY-
yaercs NpH J060M uHc/te wenelt N.

Mexay JNONONHHTENbHBIMH MHHUMyMaM# pacliojlaraior-
csi cjalble BTOPHUHbBlE MaKCHMyMbl. UHCIO TakHX MakcH-
MYMOB, NpPHXOJsLleecsl Ha NPOMEXYTOK MEXAY COCeIHHMH
rJIaBHBIMH MakcHMymawmH, pasuo N — 2. CooTBeTCTByOIIHNA
pacyeT JaeT, YTO HHTEHCHBHOCTh BTOPUUHBIX MAKCHMYMOB He
npeBblliaer !/o;3 HHTEHCHBHOCTH GJIHKaHLIEro rJaBHOTO Mak-
cumMyma.
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Takum o6pasoM, AudpakuMOHHAS KapTHHA, NOJydYalo-
mascsa OT pellieTKH, HMeeT BUA, IOKa3aHHKH Ha pHc. 90 (pH-
CYHOK BbiMoJiHeH s N =4 u d/b = 3). Ilyukrupuasa kpu-
Bas, NPOXOJAulas uyepe3 BEePIIHHB IJIaBHBIX MAaKCHMYMOB,
11306pax<aeT HHTEHCHBHOCTb OT OJHOH LLeJH, YMHOXEeHHYIO
Ha N? [cm. dopmyay (25.4)). Ilpu B3siTOM Ha pHCYHKe OT-
HOLIEHHH NMepPHOJa PelleTKH K mupHHe mwenaun (d/b = 3) rnas-
Bble Makcumymnl 3-ro, 6-ro u T. I, NOPANKOB NPHXONATCS
Ha MHMHHMYyMbl MHTEHCHBHOCTH OT OAHOH IIeJH, BCIeACTBHE

-52 5& _,,l_zii. _ji .3_ ___ 7 j Za’ ": ‘,7 _5,2 6‘" sihe-
23) %) i i R G) 3)
Puc. 90,

Yero 3TM MaKCHMyMBl npomazaior. Boobute us ¢op-
mMyJa (25.1) u (25.2) BhITeKaeT, YTO TIJIaBHHIH MaKCHMyM
M-T0o TIOPsAJKA NPUAETCS HAa k- MMHUMYM OT OJHO# IueaH,
ecin OyNeT BLINOJHEHO paBeHCTBO: m/d = k/b, nan mfk =
= dfb. D10 BO3MOXKHO, eciu d/b paBHO OTHOLIEHHK ABYX
HeJbIX YMCeN r H S (paKTHYECKHH HHTepec NpencraBaser
cayda#, Korja 3T 4HCJa HeBeqaukn). Torxa ryaBHbIfi Mak-
CHUMYM 7-TO HOpPSiKa HAJOXKHTCS HAa S-0 MHHHMYM OT OAHOH
eJH, MaKCHMyM 2r-ro nopsijxa — Ha 2S-H MMHHMYM H T. 4.,
B pe3yJbTaTe Yero MakCUMyMH NOPSAKOB r, 2r, 3r u T. [.
6yLyT OTCYTCTBOBATb.

Konnuectso HaGaiofalolHXCss FAABHBIX MaKCHMYyMOB
ONnpeleNsieTcss OTHOILUEHHEM NepHOKa pelleTKH d K AJMHE
BOJIHBEI A. Moaysib sin ¢ He MOXeT IPeBHCHTb eiunuly. Ilo-
3TOMY H3 (25.2) BEHITEKaerT, 4To

d

m<—. (25.6)

Hajligem yryioBylo MIHPHHY HEeHTPaJbHOro (HYyJaeBOTO)
MakcuMmyma. [JosoxenHe NPHMBIKAIOWUX K HEMY JOMNOJHH-
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TeJbHBIX MHHUMYMOB onpefenasercss ycaosuem [cMm. (25.5)]:
dsing = *£A/N (puc. 90). CrezoBatenbHo, 5THM MHHHMY-
MaM COOTBETCTBYIOT 3HaueHHs ¢ = xarcsin(A/Nd), orkyna
yraosasi LIHPHHA MaKCHUMyMa

. A 2A
écpo =2 arcsmW ~ Nd (25'7)
(npu Goablinx N BeauuuHa A/Nd 3sHauuTesbHO MEHbILE €U~
HUIBL) .

[TosoxxeHHe MOMOJHUTEIBHBIX MHHHMYMOB, IPHMBIKAIO-
HMX K [JIaBHOMY MakKCHMYMY M-TO NOPSi/KA, ONpeAessieTcs
ycaosuem: dsing = (m * 1/N)A. Orcioga AJas yraoBod
[IEPHHB M-TO MAKCHMyMa IOJYy4YaeTCs BhIpaXKeHue:

0@, = arcsin m+—l— A arcsin (m——l— L3 (25.8)
Pen N)d N)d “

OGosnauus mifd = x, a A/Nd = Ax, dopmuyny (25.8)

MOJKHO 3anucaTb CJAeAYIOUIUM 00pas3om:

6@,, = arcsin (x + Ax) — arcsin (x — Ax). (25.9)

Ilpu Goabinom uucie weneir Ax = A/Nd Gynmer ouenb
Mano. Ilo3ToMy MOXKHO NOJOXKUTE arcsin (X = Ax) =~
~ arcsin x = (arcsin x)’Ax. TloacranoBka 3THX 3HaueHHUH
B ¢opmyay (25.9) naer Ana 0@, NpHOJHKEHHOE 3HAUEHHE:

2Ax 1 2
Vi VIi—mAdyE Nd® (25.10)

60, ~ 2 (arcsin x)/ Ax =

Ilppu m =0 31a dopmyna nepexomur B (25.7).

IMponssenenne Nd paer pauny nubpakUHOHHOH peer-
ku. CrnegoBaTesbHO, YIAOBas LIMPHHA IJIaBHBHIX MaKCHMYMOB
o6paTHO mnpomopHHOHaJbHA JJauHe pemerkd, C yBeamue-
HHEeM NOopsilKa MakcuMymMa m 8@m BO3pacraeT.

Ilonoxenne raaBHRX MakCHMYMOB 3aBHCHT OT [JIHHBI
posiHel A. Iloatomy mpu mpomyckaHHH uepe3 peuieTKy Oe-
JIOTO cBeTa BCEe MAaKCHMyMbl, KpOMe IL€HTPAJbHOTO, pasJo-
XKarcd B CHEKTP, (PHOJETOBLII KOHel, KOTOporo ofpaiieH
K HEHTPY AH(PaKUHUOHHONA KapTHHH, KpaCHbIH — Hapyxy. Ta«
KHM 06pa3oM, IudpakuyoHHAs peleTKa MOXeT OBITb HcC-
[M0Jb30BaHA KaK CIeKTpasbHblil mpubop. 3aMeTum, 4To B TO
BpeMsl KaK CTeKJsHHAd I[IPH3Ma CUJbHEE BCEro OTKJOHAET
¢HoneTOBLle Jyud, AUPPaKUHOHHAA pelleTKa, HanpoTHs,
CHJIbHEE OTKJOHseT KpacHble ayud. Ha pue. 91 mokasaHb
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CXeMaTHYeCKH CNEKTPHl PasHbiX MOPAAKOB, IaBaeMmbie pe-
1IeTKOH NpH NponycKaHun yepe3 Hee Gesoro cpera. B nentpe
JEeXHT Y3KHA MaKCHMyM HYJIeBOro HOpsiika; y Hero oxpa-
LIeHbl TOJBKO Kpasi [0@g 3aBHCHT OT A, cM. popmyay (25.7}].
[To 06e cTOPOHH OT LEHTPANBHOrO MaKCUMyMa pacioJoxkKe-
HBl KBa crmekTpa l-ro nopsjaka, 3ateMm ABa cliekTpa 2-ro 1o-
psika H T. A. [lonoxeHusi KpacHOro KOHLA CeKTpa Mm-ro

4 4 V/] l/:4 s

2 T N e T 2

? K o @ v Ke

Pue. 91.

nopaika n ¢uomeroBoro Kowua chexkrpa (m + 1)-ro mo-
pPAfiKa ONpeesIOTCs COOTHOWEHUSIMH:

. 076 . 0,40
Slnq)xp"_"mT: sin (PleOJ'l=(m+ I)T’

rie d Hy;xHO GpaTh B MHKpOHax. I[Ipu ycaoBuu, uto
0,76m > 0,40 (m + 1),

CNEeKTpsl M-ro0 # (m + 1)-ro HOPsSiIKOB YaCTHYHO NEPEKPLI-
Baiorcsa. M3 nepasenctBa nogyuaercsa m > !9/, Caenosa-
TeJbHO, YaCTHYHOe MepeKpbiBaHHe HauMHaeTcsd CO CIeKTPOB
2-ro u 3-ro nopsiakoB (cM. puc. 91, Ha KOTOpOM /ST HArAAMA-
HOCTH CNeKTPbl pa3HbiX NOPAJKOB CMeLIeHbl JPyr OTHOCH-
TEJbHO JPyra 1o BEPTHKAJH),

OcCHOBHBIMHM XapakTepHCTHKaMH J06Or0 CIEKTPaJbHOTO
npubopa SBJAAIOTCA ero AHCHepCUs upa3pemwapumas
cuaa. Jucnepcus onpenensier yriosoe uJaH JiHHEHHOe pac-
CTOSSHHE MEXKAY JABYMS CIEeKTPAaNbHAIMH JMHHSMH, OTJHUYEIO-
IHMHCS N0 JJIHHe BOJHH Ha 1 A. Paspewaoouiasn cuaa onpe-
neJsieT MHHHMaJsbHYIO Pa3HOCTb JAJMH BOJH OA, NPH KOTOPOH
JABe JHHUY BOCIIDHHHMAIOTCS Ha CIEKTPe pasiesibiio.

Yrnopoit aucHepcCHEil HasLBAeTCHo BeJHYKHHA:

D=2, (25.11)
rjae 8¢ — yrjoBoe paccTOofHHe MeXAY CHeKTPaJbHLIMH JH-
HHAMH, OTVIHYAIOIUMHUCA N0 RJiMiie BOJHH Ha OA.

Yro6er HafiTH YyTAOBYIO RHCHEpCHIO RAPpakuuoHHOH pe-

mwerky, npoauddepenuupyem ycaosne (25.2) ruasHoro
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MaKcHMyMa cjeBa o ¢, a capasa no A. Onyckasi 3naK Mu-
HyC, MOJYIHM:

dcos dp =mdl,
OTKYy/a

_ 09 m

B npenenax HeGosiniuinx yraos cos @ = 1 u

D~ (25.13)
d

H3 nosmyueHHOro BulpaKeHHs CAeAyer, YyTo yraosas HHc-
nepeusi 06paTHO NPONOPUHOHAJAbHA WepHOmy peiuetku d.
UeM Boblille MOPsAJOK CHEKT-
pa, Tem O6oJbluie [HCHEp-
CH9l.

Jluneiinoi AHC-
nepcued HasbiBalOT Be-
JIHYHHY: ¥

ol !
D.mm = Y

rae 8/ — quuefiHoe  pac-
€TOSIHHE Ha 3KpaHe HJH I { l ‘__
Ha (oTonJacTHHKe MeXAy e
CeKTPaAbHLIMH  JTHHHIMH, i
OTJIHYAIOIIUMHCS 110 JJIUHE Puc. 92.

BOJIHEI Ha OA.

U3 puc. 92 Buayo, uto npm HeGoNbwIHX ¢ HMmeeM O =
=~ '8¢, rae [’ — (oxycHoe paccTosiHue JHH3BI, cOGUpalOlleH
nudparupyomue Jayuu Ha akpaue. CaeaoBaresibho, JHHeH-
Hasl HCIIEPCHS MOXKeT OblTh BHpameHa yepe3 yrjaoBYHO JHC-

nepcuio D:
D yun = ilD-

Has nudpakuuonoil pewerkd (npu HeGOMBUIHX @)
D.nuu=f'%- (25.14)

BosmoxHOCTL paspemenns (T. e. pas3fefbHOTO BOC-
NpHATHR) ABYX OJH3KHX CHEKTPAJIbHBIX JHHHA 3aBHCHT He
TOJIBKO OT PACCTOSIHMST MEXKAY HUMH (KOTOpOe onpelensercs
puctepcHell npubopa), HO TaK¥Ke H OT HIHDHHBI CIEKTPasb-
Horo MakcuMmyma. Ha puc. 93 noxasana pesyabTHpyOLas
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HHTEHCUBHOCTL (CIJIOWIHBIE KPUBLIE), HaOawaalomascs npu
HAJOKEHUHN JBYX OJU3KHX MAKCHMYMOB (NyHKTHPHBIE KPH-
poie). B cayuae a oba MakcuMyMa BOCIPHHHMAIOTCH Kak
opMH. B cayuae 6 wMeXAy MakCUMyMamH JEXKHT MHHU-
mMyM. Corjaceo KpuTepuroo, mpeinoxeHHoMy Pareem, crek-
TpaJbHBle JHHHH CUYHTAIOTCS TOJHOCTBIO paspelleHHbIMY,
eclH cepeiMHA OJHOTO
MaKCHMYMa COBNajaer ¢
Kpaem zapyroro (puc. 93,
0). B atom cayuae mu-
HUMYM MeXJy JIMHUAMH
cocraraser oxono 80%
or Maxcumymos. Takoe
) B3aHMHOE Pacro/]oKeHnde
MaKCHMYMOB INOJyuaeT-
Puc. 93. CA TpUH  OMNpele/eHHOM
(nas pangoro npubopa)
sHavenun OA. Paspewamomeil cuaof crnexTpalbHoro
npubopa HaguiBaloT Oe3pasMepHYI BeJHUUHY

A
R=+- (25.15)

Haiigem paspelnaromyio cuny AndpakuHOHHONR peLleTKH.
[Tonoxenne cepeluHbl M-rO0 MaKCUMyMa [AJsi AJHHBI BOJ-
HBl A4 onpejensercs yeaoBHeM:

d sin Quax = M.
Kpas m-ro MmakcumyMa st JUIMHE BOJAHGE A2 PACHOJIONKEHH
oA yrixaMu, YAOBJICTBOPSIOUIHMH COOTHOMIEHHIO:

d sin @, = (m =+ —IH Age

Cepeanna MaxcumyMma Aas AJiuHbl Boagbl (A + OA) nanjo-
XKHUTCA HA KpAH MakCcUMyMa AJs LJIHHBI BOJHBL A B TOM Cay-
yae, ecIn

m (4 8) = (m + ) 0
oTKya

moh= 1.

Pemast 370 COOTHOIUIEHHEe OTHOCHTEIbHO A/8A, HaxomiuM
R=mN, (25.16)
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Hrak, paspewawmas cuna AuQpakUHOHHON peuleTKH
NPONOPLUMOHAJNbHA TOPAAKY CHEKTpa m W uucay uesneir N.

Ha puc. 94 comocraBiensl AH(PpPaKULHOHHbIE KapTHHBI,
noJyyalomuecst Aas ABYX CMEKTPaJbHBIX JHHUHE ¢ HOMOILBIO
pewlerok, orauuatomuxcs sHauenuamu D u R, Pemerxnu [/
u Il o6najgaor oguHakoBOH paspewawoineit cuaoil (y HuX
oanHakoBoe N), HO pa3aununofl pucnepcuefl (y peuletku / d
B JBa pasa 6o0Jibille, COOTBET-

CTBEHHO JHUCIEPCHSI B JBa 4 i ) 22
pasa MeHbIUe, UeM y PEeTKH [ : }
I1). Pewerku I/ u Il umeror ! !
ONMHAKOBYIO gHcmepcuio  (y ! 4
HHX OJHMHaKoBHEe d), HO pas-

A, i,

HyI0 paspemaomyo cuay (y
pewerkn [I] uucjao wWTpHUXOB 4/
N u paspemaiouias cuia R
B JBa pa3a MeHblle, 4eM Y

pewerkn 7). a p)
I 7 2
AudppakuvoHHbIE  pelueT- I
Ky GbIBaIOT mpospauusie U ot- A/ !
paxareabHsie. IIpospauHnie ! ,

pelIeTK: M3roTaB/AMBAIOTCA H3
CTEKJSIHHBIX HMJIH KBapLEBBHIX Puc. 94.
IJIACTHHOK, Ha MOBEPXHOCThb
KOTOPBIX € TNOMOLIBIO CHellHa/jibHOH MalIWHbLI HaHOCHTCA aJ-
MasHbBIM pe3LOM DfAJ HapaJsiesJbHeIx WTpuxoe. IIpomexyTr-
KH MeXJy LUTPHXaMH CIy:KaT LIedsaMHu.

OrpaxaresbHble pelIeTKH HAHOCATCS aJMa3HBIM Pe3LOM
Ha MOBEPXHOCThH METaJJIMUECKOro 3epKaJna. Teopus orpaxa-
TeJbHOH JUPPAKUMOHHOH pelieTKH HHUeM He OT/auuaercs OT
TeOpHH Npo3pauyHoil pemerkd. CBeT majgaer Ha oTpaKarenb-
Hyio peletrky HakjoHHO. Ilpu sToMm pellieTka ¢ nmeprojpoM d
HeHCTBYeT, KaK Npd HOPMAJBHOM majgeHUH cBeTa NeHCTBO-
Bajsa Obf pelieTka ¢ nepuojom dcosi, rge i-— yroa naje-
HHA. DTO mnO3BOJsier HAOJMIONATb CHEKTP NPH OTPaXKeHHH
cBeTa, HanpuMmep, OT HaTeOHHOH IJACTHHKH, UMeloUlel
BCETO HECKOJIbKO LUTPUXOB (KaHaBOX) Ha 1 mm, eciu pac-
NIOJIOXKHTb €€ TAK, YTOGbl yroJs najenusi Obu1 GJH30K K 7t/2.
Poynann u306pes BOTHYTYIO OTpa)KaTe/bHYIO pelleTKy, KO-
Topasg cama (Ge3 JuH3K) (GOKycHpyeT IHPaKIHOHHbBIE
CTEeKTPHL.

Jlyumine pemwerkn umeior Ro 1200 mTpuxoB Ha 1 mm
(d = 0,8 mux). U3 dpopmyan (25.6) ciemyer, 4TO CHEKTPHI
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2-r0 nopsiKka B BUAHMOM CBETE NP TAaKOM HepHOJe yKe He
nabatogatorcs. Ofllee YHCAO WTPHXOB y NOAOOHHIX pelle-
Tog Jocruraer 2-10° (mnuna mopanka 200 mm). Tlo dop-
myae (25.12) mana nepuona d = 1 mx (10t A) B cuexrpe l-ro
nopsiika (m = 1) noayuyaercs 3HaueHHe HMCINEPCHH, PaB-
goe 104 pad/A. Ilpmr dorycrom paccrosinvu nputopa /=2 x
JunefiHas aucnepcus cocrasiaser 0,2 um/A. Hlupuna Buin-
MOFO crextpa !-ro popanxa AOCTHTaeT B 3TOM cayuae 6ojee
700 ma.

§ 26. Nudpaxnus peHTTEHOBCKUX Jyvueil

ITycte nBe nudpakuuoHHEE pelieTKH MOCTABJAEHbl OAHA
3a Ipyrof Tax, 4TO HX WITPHXH B3aHMHO NepHeHIUKYAIPHHL,

eTK
22 12 42 12 22 Torza nepsast pelleTKa

w2 LIRS %°  (WTpHXH KOTOpPO#, CKa-
1 ' H H I xewm, BEPTHKAJbHBI)
=27 =17 a7 Ir 2’7  jact B rOpH30OHTAJIbHOM
Qe e O == O - — O — = ——0

i ] i ] "1 HanpapJeHnd pAL Max-

20 <10 00 70 g CHMYMOB,  TOJIOXEHH:
bm = —b- = =—Q~~=~-9—~~—0"  KOTOPLIX ONpeJe/AIOTCsH
' [ | ! I YCJOBHeM:

89— = ~—gm = ——0—~——0———0 d sing, = = mA

] —_—

Bo e G4e s g =012
Qe omr e —O e —— Qe — O — = — — O (261)
Puc. 95. Bropas pemerka (c
TOPH30HTAJNbHLIMH IUTPH-
XaMH) paso0beT KaxAui M3 06pasoBaBUIMXCS TakHM OO6-
pasoM NYYKOB HA pacHOJOXKeHHbBle 110 BePTHKAaJH MaxkCH-

MYMBI, IOJIOXEHHSA KOTOPHIX OHNpefesAloTcsl YCJIOBHEM:

dz sin Py = + mgA. (m2= O, 1, 2, . .). (26.2)

B urtore audpakunoHsas kapruHa Oyjger HMeTb BHI
NpaBUIbHO DPACHONOXKEHHBIX MATEH, KaJOMy H3 KOTOPHIX
COOTBETCTBYIOT JiBa NEJOYHCJHEHHBIX HHJAEKCA mM; H My
(puc. 95).

Tor ke pe3yabTaT HOJAYYHTCH, €CIH BMECTO JIBYX pas-
JeNbHbIX PelIeTOK B3AThb OAHY NPO3PAUHYIO MJACTHHKY € Ha-
HeCeHHBIMH Ha Hee ABYMA CHCTeMaMH B3aUMHO NepneHAHKY-
JAspHeIX WTpuxoB. Takasi maacTHHKa mnpefcrasiaseT co6oi
IBYMEPHYIO NEepPHORUYECKYIO CTPYKTYPY (0ObluHasi peLier-
Ka — OJHOMEpHYIO cTPyxTypy). Hsmepus yrant ¢ u ¢,
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Onpefenfioiue NONOMEHHe MAaKCHMyMOB, M 3Has JJIHHY
BOJIHBL A, MOXKHO HaiiTu mo ¢opmyaam (26.1) u (26.2) mne-
PHOABL CTPYKTYPH dy ¥ dy. Ecam HanpaB/ieHHs, B KOTOPHIX
CTPYKTypa nepuoiuuyHa (HampHMep, HampaBJieHus, NepleH-
JUKyAsApHBlEe K WITPHXaM pelleTok), o6pasyior yroa o, OT-
JIMUHBIE OT 7/2, AudpaklHOHbIE MAKCHMYMbl PacloNokKaTcs
He B BepUIMHAX NPAMOYrOJbHHKOB (Kak ua puc. 95), a B
BepLIHHAX NapaJJesorpaMMoB. B sToM cayuae no pudpax-
HHOHHON KapTHHE MOXKHO ONPEINENHTDb HE TOJNbKO NepHOIbl d)
H do, HO U yTOJA .

Hudpakuuonnyio kKapTHHY, aHAJOTHYHYIO H300paKeHHOH
Ha pHuc. 95, nator nw6ble AByMepHbie HepHOANUECKHe CTPYK-
TypHl, HanpuMep cHcreMa HeGOJBUIKX OTBepCTHH HJAH CH-
CT€Ma Henpo3pauHbIX MaJIeHbKHUX [IaPHKOB.

3aMeTUM, YTO AJs NoJyYeHus AHGPAKUHOHHOH KapTHHBI
HY2KHO, uTOGH MepHofL cTPYKTYphl d 6ula Goable A. B npo-
THBHOM cJjyuae ycaous (26.1) u (26.2) Moryr ObITb yAOB-
JIETBOPEHB! TOJILKO NpPH 3HAYEHHAX My W My, PaBHLIX HYJIO
(Mozy2b sin @ He JOJKEH NMPEBOCXOMHTb €IHHHLY).

Hudpakuus na6aogaercd rakxe Ha TPeXMepHbIX CTPYK-
Typax, T. €. HPOCTPAHCTBEHHHIX 0Gpa3oBaHHAX, 0GHAPYKH-
BaIOLUX NEepHOAMYHOCTb MO TPeM He JeXalllHM B OJHOMH
IVIOCKOCTH HanpaBaeHusaM. [1ogoOGHBIMH CTPYKTypaMH €B-
AAI0TCS BCe KpHcTasauveckde rtesna. OpHako nepHox HX
(~ 107 mK) cavmikoM Maa AJfA TOro, 4ToObl MOXHO GbLIO
nabawonarb AHGPakiH B BHIH-
MOM cBeTe. Ychaosue d > A BbI-
MOJHAETCS B CJydyae KPHUCTAJIOB
JIMWb [JI5 PEHTTeHOBCKHX JyueH.
Bnepsrie nudpakiuus peHTTeHOB-
CKHX Jyueil OT KpHucTa/JloB Hal-
mopanace B 1913 r. B onbiTe
Jlays, ®punpuxa u Kuunnuara
(Jlay> mipunajiexut uues, oc-
TaJbHLIM aBTOpaM — MpaKTHue-
CKOE OCYIUEeCTBJEHHE OMBITOB).

Haitnem ycaosus ob6pasosa- Puc. 96.
HHA JUQPAKIHOHHBIX MAaKCHMY-
MOB OT TpeXMepHOt cTpyKTyphl. [1poBeseM B HanpapjieHusx,
[0 KOTOPBIM CBOHCTBAa CTPYKTYPH OGHApYKHBalOT IEPHO-
JUYHOCTh, KOOpJHHATHHE OCH X, y U 2 (puc. 96). [Ipocrpan-
CTBEHHYIO CTPYKTYpPY MOXHO HPEACTABHTb KaK COBOKYI-
HOCTb NapaJsJle/bHBIX JAHHEHHLIX HEeNOYEK M3 CTPYKTYDPHBIX
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JIEMEHTOB, pAaclOJOXEHHBIX BAOAbL OXHOH M3 KOOPIH-
HaTHBIX ocell. PaccMoTpum JeficTBHe OTAeabHOH JHHEHHOH
UeNouKH, napaJjienbHol, HanpuMep, ocu x (puc. 97). Ilycrs
Ha Hee MajaeT NYy4YoK MapasaenbHblX nyded, o6pa3yiomux
€ OCbI0 X yros oo Kaxabll CTPYKTYpHBIH 3/IeMeHT sIBJIseTCS
HCTOYHHKOM BTOPHUHBIX BOJIH, PacupoOCTpaHSIOUIHXCS BO BCe
cTopoHbl 1), Mexny cocen-
HHMH HCTOYHHKaMH HMeeT-
¢l pasHocTh (a3 dp =
== 23‘5A0/7\,, rne Ao ==
=dicosan (di — mepuon
CTPYKTYpH BAOJb OCH X).
Kpome Toro, mMexnay BTO-
PHUHBIMH  BGJHAMH, pac-
IPOCTPAHAIOIMHUMACA B Ha-
npaeJjeHusx, 00pa3ylolux
Puc. 97. ¢ ocelo ¥ yroa o (Bce Ta-

KHe HalpaBjerusa Jexar

BIOJIb 06PAasyIoOLIHX KOHYCa, OCbI0 KOTOPOTO CJIYKHT OCb X),
BO3HHKaeT [OMNOJHHTe/bHAsl pasHocTh xoxa A = djcosa.
Kone6anus oT cOCeXHHX CTPYKTYPHBIX 3JeMEHTOB OyAyT
B3aHMHO YCH/JIHBATbCA A5 TeX HANpAaBJeHHH, AJA KOTOPBIX

di(cosa—cosay) ==xmA (m=0, 1,2, ...). (26.3)

Kaxaomy 3HaueHHIO f11; COOTBETCTBYeT CBOH KOHYC Ha-
NpaBJeHUH, BAOJb KOTODHIX TONYYAIOTCA MAKCHMYMbI Hi-
TEHCUBHOCTH OT OJHOH OTZeNbHO B3ATOH UeNOYKH, napal-
JeapHolt ocu x. Ock 3TOro KOHyCa COBH@faer ¢ OCbIO X.

YcnoBue MmakcumMyMa A5 UENOYKH, apaaeAbHOR OcH ¥,
HUMeeT BHI:

dy(cosp—rcosfy) == md (my;=0, 1, 2,...), (26.4)

riae ds — Mepuoj CTPYKTYPHL B HANIPABJIEHHH OCH Y, Po-— yrod
MexJy NajJalolluM OYYKOM 4 OCbio Yy, B - yroJ, obpasye-
MBI € OCbIO y HANPaBJEHUSAMH, BAOJL KOTOPHIX [IOJAYYAIOTCS
AudpaKIHOHHBle MaKCHMYMbL KaxaoMy 3HaueHuio My co-
OTBETCTBYeT KOHYC HalpaBJ/eHHH, OCh KOTOPOro coBHAZaer
C OCbIO J.

B .HanpaB/eHHAX, YIOBAETBOPAIOIINX OJHOBPEMEHHO yC-
aoBusiM (26.3) u (26.4), kone6anusa OT pasaHUHBIX TapaJ-

~ -

) Tloa neficTBHEM pEHTreHOBCKOrO H3/YUeHHs KamAblli aToM Kpi-
CTaANMYeCKOd pellleTKH CTAHOBUTCS HCTOYHMKOM cdiepHYecKuX BOJH TOR
Ke uacToThl, YTO M NMAZAIONlasd BOJHA,
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TeJbHBIX ocH X (JHOO OCH y) Liemouex, JexallWX B OJHOH
TJIOCKOCTH, NEPNEeHAUKYAAPHOA K OCH 2, B3aHMHO YCHJIH-
BalT Apyr Apyra !) u mnoaydaiorcsi 6ojiee MHTEHCHBHbIE
MaKCHMyMbl. YKa3aHHbIe HalpaBjeHHs JexaTt BAOJb JHHHHA
nepeceyenyus KOHYCOB HanpaBJeHHH, OIHH H3 KOTOPBIX
onpenessercss ycaosuem (26.3), sropoit — ycjosuem (26.4).

Haxkonen, pnsa uenouxu, napajiieibHoli OCH 2, Halpas-
JIeHHS] MAaKCHMYMOB ONpefeNsIOTCst YCI0BHEM:

ds(cosy —cosyg) = mgh  (my=0, 1, 2, ...), (26.5)

rae ds— MepUOX CTPYKTYpPH B HanpaB/ieHHH OCH 2, Yo—
yroq MeXAy RBafalolinM IIYYKOM M OCbIO 2, y— yroJ, obpa-
3yeMblil ¢ OCblO 2 HANpAaBJEHHAMU, BAOJb KOTOPBHIX MOJY-
YalTCA MaKCHMYyMbl HHTEHCHBHOCTH. Kak # B npeablayIIux
cayuasix, KaxuJAOMY 3HAUEHHIO M3 COOTBETCTBYET KOHYC Ha-
NpaBJieHuii, 0C¢bIO KOTOPOTO ABJASETCA OCh Z.

HaHpaBJCRHSAX, VAOBJCTBOPSIOMHUX OJHOBPEMEHHO
yeaoBuam (26.3), (26.4) n (26.5), xoaebaHud or Becex Na-
paJJebHbIX OCH X, JHOO OCH ¥, 1HOO OCH Z IENOYeK B3aHM-
Ho ycuauBaloT apyr aApyra?). CrezoBarebHO, HMMEHHO
B 3THX HaNpaBJAeHHAX NOJIy4aroTcs AH(PPaKIHOHHBIE MaKCH-
MYMbI OT NPOCTPAHCTBEHHOH CTPYKTYpH. Hanpasnenua aTux
M3KCHMYMOB JIeKaT Ha JIMHHAX IepeceveHHs TPex KOHYCOB,
OCH KOTOPBIX NapaJjijieibHbl KOOPJHHATHBIM OCSIM.

Haa ynoGetBa 06o3peHus 3anHiIcM BCe TPH ycaoBus
ellle pa3 BMecCTe:

d,{cosa — cosag) = = myh, |
dy(cosp —cosfy) = = muh, (m;=0,1, 2, ...). | (26.6)
dy(cosy — €os Yoy = = msh J

YpaBHenns (26.6) uocaAr nassanue dopmya Jlays.
Kaxnomy onpenensieMOMy 3THMH YpaBHEHHSIMH HampaBJe-
nuio (o, B, y) COOTBETCTBYIOT TPH LeJNOYHCJAEHHBIX HHIEKCA
my, My u ms. HanGonbilee 3HaueHne MOAYJSl Pa3HOCTH KO-
cunycoB papHo 2. ChenoBatenwno, ycaous (26.6) moryr
ObITh BBIIOJIHEHB TIPH OTJIMYHEIX OT HYJAs 3HAYEHHSIX HHJEK-

»

COB M JHUWIb B TOM CJiyyae, ecJi A He NpeBLIIIaeT 2d.

'} Vnaue rosopsi, B3aUMHO YCHAMBAKWOT APYr APYra Konae6aHusi OT
CTPYKTYPHBIX 3/I€MEHTOB, JeXAlIUX B OXHOH M TOH »Ke MJIOCKOCTH, Nep-
TeHIUKYASPHOR K OCH 2, M, ClejoBaTenblio, 0Gpasywllnx IBYMepHYIO
CTPYKTYDY.

2) HMAaue ropops, B3aHMHO YCHAWBAIOT IPYyr Apyra KogaeGaHnus ot
BCCX 3/J€MEHTOB, 00pasyIouiHx NPOCTPAUCTBEHHYIO CTPYKTYpY.
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Yrast o, B ¥ y ue ABASIOTCHA He3aBHCHMBIMH. B cayuae,
HanpuMmep, NPSAMOYrOAbHOH CHCTEMBI KOOPAHMHAT OHHM CBf-
3aHbl COOTHOUIEHHEM:

cos?a + cos? B+ cos?y = 1. (26.7)

Takum o6pa3oM, npu 3alaHBbIX o, Bo, Yo ¥ A YIJIB O,
B, v, onpenensiiouive HaNpaBJeHHA MaKCHMYMOB, MOTYT
ObITb HafileHB! NYTeM peHIeHHs CHCTEMbl U3 YEThIpex ypas-
Hufi. Ecin uucjio ypaBHeHMIT npeBplllaeT UYHCJIO HEH3Be-
CTHBIX, CHCTEMa YypaBHeHHH paspemiuMa TOJBKO TpH CcOO-
JIOEHUN ornpeleienHux ycnosuit'). B mamem cnyuae cu-
cTeMa OKa3LiBaeTcsl pasPelmiuMoH JHilb AJs HEKOTODBHIX,
BOOJIHE ONpefie/ieHHRX MJIHH BOJH (A MOMXHO paccMaTpH-
BaTb KakK YeTBEPTO€ HEM3BECTHOe, 3HAYEHHs KOTOpOro, mno-
JydalolliMecss M3 pelIeHHs CHCTEMBI, H JaioT Te JJHHB! BOJH,
JJIs KOTODBIX HaOmofail0Tca MakcnMyMul). KaxkaoMy Takomy
3HAUEHHIO A COOTBETCTBYET, BOOGLIE rOBOPA, TOJBLKO OIHH
maxcumyM. OAHAKO MOMKET MOJYUYHTHCS M HECKOJbKO CHM-
METPHYHO DPACIOJOXKEHHHX MaKCHMYMOB.

Ecny pnuua soaum sBasiercs GHUKCHPOBaHHON (MOHO-
XPOMATHUECKOE H3JIyUeHHe), CHCTeMY YypaBHEHH{I MOXKHO
CIeJaThb COBMECTHON, BADbHDYsS 3HAUeHHsl ap, Po H ¥, T. €.
HOBOpAYHBasi NMPOCTPAHCTBEHHYIO CTPYKTYPY OTHOCHTEJBHO
HanpaB/eHHs nafalomiero nyyxa.

IIpn paccMorpennu audpakuvu OF TpeXMepHOi CTPYK-
TYpH Mbl He Kacajuch BOOpoca O TOM, KakuM ofpasom
JyuH, HAYUIHE OT PA3JHYHBLIX CTPYKTYPHBIX 3JIEMEHTOB, CBO-
ASTCS B OLHY TOYKY 3kpaHa. B cayuae pudpaxuun, nabiaro-
AaeMol B BUAWMOM CBETe, 9TO, KaK MBl 3HaéM, AOCTHraeTcst
¢ MOMOUIBIO JIHH3H, B (OKAALHOH MAOCKOCTH KOTOpO# pac-
noJoXeH skpaH. Ilas peHTTeHOBCKHX Jydel OCYIIECTBHTH
JIMH3Y Hesb3sl, TAK Kak 110KasaTe/b [IPeIOMJCHHS 3THX Jy-
Yyelf BO BCex BelllecTBax MPaKTHUeCKH paBeH eauuuie. [lo-
3TOMY HHTep(epeHIua BTOPHYHBIX BOJH AOCTHrAeTCs NyTeM
MCIOJb30BAHUS BECHMA Y3KHX IyUYKOB Jyuell, KoTopbie H Ge3
JIMH3bI JAI0T Ha 3KpaHe (UAH (OTOMNACTHHKE) MATHA OYEHB
MasblX pasMeposB.

Pycckuit yuenwiyt 10, B. Bysnsd u anrauniickue Qu3HKH
Y. . u VY. Jl. Bparrn nokasanu ue3aBHCUMO APYT OT APYra,
4yTO pacuer AUOPAKUMOHHONH KapTHHB OT KPHCTANJIHYECKOR

') Toabko fnpu COGMOACHHH 3THX YCJOBHHA TPH KOHyYca MOLYT fepe-
CeubCs APYr ¢ APYTOM MO OAHOH JAHHUH.
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pelieTKd MOXKHO TPOBECTH TaKXe CARAYIOUIHM TMPOCTHIM
cnoco6om. [1poBenem uepe3 y3abl KPHCTaJLIK4YeCKOH peller-
KH TapaJejibHble PaBHOOTCTOSIIME MJOCKOCTH (puc. 98).
B nanbHeiilem mbl GyleM Ha3blBaTb HX aTOMHbLIMH CJIOSIMH.
Ecau nasawomas Ha KpUCTad1 BOJIHA MJOCKast, ornbatomiasn
BTOPHUHBIX BOJH, NOPOXKAAEMBIX aTOMaMH, JeXall¥MH B Ta-
KOM cJoe, TakKe OyAeT OpeACTaBAaATb cOOOH MI0CKOCTb.
Takum o6pasom, cymMMapHOe HeHCTBHE AaTOMOB, JexallHWx
B OJHOM CJ10€, MOZHO Npel-
CTaBHTb B BHJE IJIOCKOH
BOJHBI, OTpasuBilelcs OT
YCEIHHOH aToMaMH MOBepX-
HOCTH RO OOLIYHBIM 3aKO-
Ham otpaxkenus. [liockue
BTODHYHLIE BOJIHLI, OTpa-
3UBLINECH OT PAa3HbLIX aTOM-
HBIX CJIOEB, KOTepEHTHBI H
6yayr  uHTepdepHpOBaThH
Mex Ay coboi nogo6H0 BOJ-
HaM, MOCBLJIaeMblM B [HaH-
HOM HaNpaBJeHHH pasyHy-
HEIMH wWeasaMH AudpakuHonHo#l pemetrku. Ilpu srtom, Kax
H B c/yyae pellleTKH, BTOPHYHbIE BOJHBI OYAYT MPaKTHYECKH
noramaTth APYr Apyra BO BCeX HanpaBJdeHHAX, KPOMe Tex,
Ul KOTOPHIX PAa3HOCTb XONa MeXAy COCeIHHMH BOJIHAMH
sABafercss KpaTHoil A. M3 puc. 98 BMAHO, YTO pasHOCTh X044
IBYX BOJIH, OTPa3UBUIUXCSt OT COCEAHHX AaTOMHBIX CJIO€B,
paBHa 2dsin®, rie d - nepHoJ HAEHTHYHOCTH KpHCTa/lia
B HAlpaBJeHUH, NePHeHAUKYTISIPHOM K pPacCMaTPUBACMbIM
JI0SIM, O — yroJ, AOMOJHHTENbHbIl K YIJy NajeHus H Ha-
3BIBaEMbIH YLJOM CKOJbXeHHS nafaomux ayueit. Cie-
0BaTe/bHO, HAallpaBJjeHHs, B KOTOPbIX MOJydaloTcsa JH-
(pakUHOHHBEIE MAKCUMYMbl, ONPEEeJSIOTCH YCJAOBHEM:

2dsint=4m) (m=1, 2,...). (26.8)

Coorunomenne (26.8) HasbiBaercs ¢dopMynoit Byas-
da—bpsrra.

ATroMHble c/10M B KPHCTaJIIe MOMHO NPOBECTH MHOXKeCT-
Bom cmocobos (puc. 99). Kaxpaa cucrema cjoeB MOXKeT
2aTh IUQPaKUHOHHBII MAKCHMYM, eCad JJisg Hee OKaxercsd
BLINOJIHEHHBLIM yeaoBHe (26.8). Opnako 3aMeTHYIO HHTEH-
CHBHOCTb MMEIOT JIMIb Te MAaKCHMyMbl, KOTOpble NOJy-
YaloTcsA 3a CYeT OTPAaXKEHHH OT CJI0eB, AOCTaTOYHO FYCTO
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ycesiHHBIX atoMamu (Hampumep, or caoes I wuw [l wua
puc. 99).
3amerum, uTo pacuer mo ¢dopmynam Jlays u pacuer no
¢opmyae Byabdpa — Bpsrra npusopsr x cosnagaroumum pe-
3yJbTaTam,.
Jdudpakuus peHTTeHOBCKHX Jyyedl OT KPHCTAJJI0B Haxo-
AMT Ba OCHOBHBIX npumerenus. Ona wucHoabsyercs mJs
HCCIEIOBAHUS  CIIEKTPajbHO-

P ANy AN G r0 CcOCTaBa PEHTreHOBCKOro
;._;.__/._;.__.\_—-\~—-\—/ H3JyuYeHUs (peHTrenos-
el el MM, CKAafl CNEeKTPOCKOMHSA)
s vov o U IS H3YyYEHUS] CTPYKTYpb
7.{;.5_._..._—.—\\-.-‘\-.- KPHCTAI0B (PEHTreHOoCT-

Y Vo PYKTYpPHBH aHaaus).
ST e e e e/ Onpenenas HanpasJsieHUs

ceeet——t——e—mmem—%.\_, MaKcHUMyMOB, NOJYyUaIOLIMX-

v cs npu Jupaknuu Uccaemye-

Puc. 99, MOTO PEHTTeHOBCKOTrO H3Jyue-

HHA OT KPHCTa/JIOB C H3Be-

CTHOH CTPYKTYPOH, MOXKHO BBIUHCJAHTBL, HAapUMep, no Qop-

myne (26.8) mauuel BosH. IlepBoHauanbHO iast ompenede-

HHsl JJIMH BOJIH ObLJIH HCIIO/Mb30BaHbI KPHCTAJMILI KyOHYECKOM

CHCTEMLI, IPHYEM MEXKIJOCKOCTHBIE PACCTOSHHSA Onpeneds-
JIHCb M3 IJIOTHOCTH M MOJEKYJ/ISIPHOIO Beca KpHCTasa.

B meTozme cTpyKTypHOro axanusa, npenjoxeHHom Jlays,
MYYOK PEHTTeHOBCKOI0 HM3Jy4YeHHA CO CIJIOLIHBIM CIEKTPOM
HanmpaBJseTcs Ha HEMOABHMKHLIH MOHOKpHCTAMIL. Jaa Kax-
KON CHCTEMBl CJIOEB, JOCTATOYHO TYCTO YCEeSHHLIX aTOMaMH,
HaXOAMTCS B H3JyYeHUM JJMHA BOJHBL, NPH KOTOPOH Bbi-
nonusaercs yciaosue (26.8). Ilostomy Ha mnocraBmensoil 3a
KpHCcTa/dA0M OTOMNACTHHKe Nogyuaercs (nocie mnpossie-
HHf) COBOKYIHOCTh 4YepHBIX MATHHILEeK. B3auMHoe pacho-
JIOXKEHHEe TATHBIUIEK OTpaxKaeT CHMMeTpHI0O Kpucraana. Ilo
pPacCTOAHUSIM MeXIY MSITHBILIKAMH M MO0 WX HHTEHCUBHOCTH
ylaercs HalTH pa3MelleHHe aTOMOB B KpHCTalJe # pac-
crostuug MexAy HuMu. Ha puc. 100 npuBenena nsayarpamma
6epussa (MHHepaJa W3 TPYINB CHIHKATOB).

B Mmerome crpykrypHOro anasnusa, paspaboranHoM [e-
6aem u lllepepoM, HCnOBL3YIOTCA MOHOXPOMATHYECKOE PEHT-
TeHOBCKOEe H3/yueHHe M MOJHKPHCTaJJHuecKHe 00pasilbl.
HccnenyeMoe Bel{ecTBO H3MejbuaeTcsl B MOPOLIOK, U3 KO-
TOporo npeccyercsi oGpaser; B Bule npososouku. O6paser
yCTaHaBJAUBAETCA 1O OCH HMJAHHAPHYECKOH Kamephl, Ha 00-
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KOBYIO MOBEPXHOCTb KOTOPOI yxJaajbiBaercd (HOTONJIEHKA
(puc. 101). B orpoMHOM KosnuecTBe GecHOPSIOUHO OpHeH-
THPOBAHHbIX KpPHCTAJ/UIMKOB HAaNAeTCsl MHOXKeCTs0 TaKHX,

Puc. 100.

ISl KOTOPHIX OKajXKeTcsl BHIONHEHANM ycaopue (26.8), npu-
ueM AH(PParupoBaHHBIN Jyd OyAer /s pasHbiX KPHCTAJLIH-
KOD JIEeXKdThb BO BCEBO3MOKHEIX MJIOCKOCTSX. B pesyabrare

Puc. 101,

A9 KaXXA0H CHUCTeMBl aTOMHBIX CJ0eB M KaxKIoro M noJay-
YATCH He OJHO HanpapjacHHe MakciMyMma, a KOHYC Ha-
UpaBJIeHHﬁ, OCb KOTOPOro (CoBnajaer C HanpasJeHHEM
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napawoonlero myuka (puc. 101). [Moayuaiomascs #a niaeHke
Kaprupa (nefaerpamma) uMeeT BHJ, TOKA3AHHLII Ha
puc. 102. Kaxpas napa CHMMETPHYHO DACIIOIOKEHHBIX

Puc. 102.

MUHU{ COOTBETCTBYET OJHOMY H3 AH(PAKUHOHHBLIX MAKCHMy-
MOB, YyNOBJETBOPSIOIHX YCJAOBHIO (26.8) npu HEKOTOPOM
3HayeHHH m. PacmiudpoBKa peHTreHorpaMMbl MO3BOJSET
ONpPEeAeNHTb CTPYKTYPY KpHCTaMJa.

§ 27. Pa3spewaioman cuiaa oObeKTUBA

Kapruna, nosyvamomascs Ha skpane B caydae audpax-
unn Ppaynrodepa OT KPyrJoro oTBEPCTHS, UMEET BHJ LeH-
TPaJbHOrO CBETJIOTO MsATHA, OKPYXXEHHOrO uepeayioliMMHCA
TEMHBIMH U CBeTJILIMH KoablamH (puc. 103). CoorBercrByio-

KA pacyer Jgaer, uTo Hep-
l BHIH MHHHMYM HaXOJHTCS Ha
R — YIJOBOM PACCTOSHHH OT LEeHT-
l pa Au@pPaKIHOHHON KaPTHHLI,
l

paBHOM
Qmin = arcsin 1,22 2, (27.1)

rae D — guamerp otBepcrHs
71 [HanoMHHM, uYTO IS e
3T0 paccrosinue paBHO
arcsin(A/b)]. Eciu D> ), dop-
myay (27.1) wMoxHo ymnpo-
CTHTb CJEAYIOHUM 00pasom:

—— . A
SzE U jnd sy Quin = 1,227 (27.2)
Puc. 103, TNonasasiowasn 4acTh
(oxono 84%) ceeTtoBoOro mo-
TOKa, Ipolleflllero yepe3 OTBepCTHe, nonalaerT B obgaacTs
HEHTPANLHOTO CBETJOro mnsTHa. MHTeHCHBHOCTH TepBOro
MakcuMyMa cocrasJser Bcero 1,74%, a sroporo — 0,419% ot
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HHTEHCHBHOCTH WeHTPaJbHOr0 MakcHMyma. HMurercusHocTb
OCTaJIbHbIX MAaKCHMYyMOB ellle Menblie. IlosTomy B nepsom
MpuOAHKEeHnu JUPPAKIMOHHYIO KaPTHHY MOXHO CUMTATh
COCTOSIUEH M3 OJHOrO JIMIIb CBETJIOTO MATHA C YIVIOBHIM pa-
LHycoM, ompejedsieMblM ¢dopmysoit (27.2). DTo NATHO AB-
JifeTcsl Mo cyulectBy H300paKenneM OeCKOHEYHO VYAaJeH-
HOTO TOYEUHOrO0 HCTOYHHKA cBeTa (Ha OTBepcTHE Nanaer
I/10CKasi CBeTOBasi BOJIHA).

JnppaxunoHuast kapTHHa He 3aBHCHT OT PacCTOSTHUSA
MEXJAY OTBEDCTHEM M JMH30H. B uyacTHOCTH, oHA octaercsd
Takoil Xe W B cly4ae, KOrga Kpasi OTBePCTHSI COBMeLleHb
¢ kpasmu Jaunssl. OTciofa BhiTekaer, 4TO camas coBep-
UIeHHAA JIMH3a He MOXeT JaTk H/AeaJbHOTO ONTHYEeCKOro
n3o6paxennda. BeielcTBHE BOJMHOBOW NPUPOALI CBeTa HU30-
6paieHue TOUKH, KaBaeMOe JHH30H, HMEeT BHJ NSTHBILIKA,
npeacTaBjsiomero Cco00H  UeHTPANbHBIN MAKCUMYM  [H-
(pakUMOHHO! KapTHHBL YTJIOBOH pa3Mep 3TOro MATHBIIKA
YMEHbIIAETCsA ¢ POCTOM JAHaMeTpa Onpapbl auH3b D.

Ilpu oueHp MajOM YIrJIOBOM pACCTOSIHMM MeXIy IByMs
TOYKAMH HX M300pa’keHHs, IOoJgyualoluecss ¢ NOMOIIbIO Ka-
KOoro-1u60 ontuueckoro npuGopa, HasnoxKaTcs Ipyr la Apy-
ra m Aaayt onHo csersuleecss marHo. CiaemoBateibHO, 1Be
oueHp OJIM3KHE TOYKM He OyAyT BOCHPHHHMAThHCS APHOOpPOM
pasneJbHO MJH, KaK TOBOPAT, He OYAyT paspeliarTbes INpH-
Gopom. [Tostomy, kak 6bl Hu ObLIO BEJHKO 1[0 pa3Mepam
H306paKeHHe, Ha HeM He OyAyT BHIAHH COOTBETCTBYOUIME
neranu. Mumendo sro mu uMénaum B BMAy, KOrja NHCAIM B
§ 14, 4T0 Npefen yBeJHYEHHIO, 1ABAEMOMY MHKDOCKOIOM,
KJajeTcs BOAHOBOH NPUpoOAo cHera.

O603Haunm yepe3 O HauMeHbllee YIJIOBOE PacCTOSIHHE
MEXAY ABYMS TOUKAMH, IDH KOTOPOM OHH ellle paspellalTcs
onTHyeckuM npuGopoM. Besuuuna, obparnas Oy, Hasbl-
BaeTcsl paspemawueii cuaoi npubopa:

!
R = 6_\',3— .
Hafigem paspemaiomylo cujiy OGBeKTHBa 3PHTEJbHOH
TpyOBl WM (oToammapara Ajs caydasi, KOria paccMaTpH-
paloTca WM (oTorpadupyroTCs OueHb yAaJieHHBIE NpeaMe-
Toi. [IpH 9TOM ycaoBHM syum, uayulne B OOBbEKTHB OT KaXx-
JOf TOYKHM MpeAMeTa, MOXKHO CUMTATh MapaljlebHBIMH H
nonp3oBatbes dopmyaoh (27.2). Cornacuo xpurepuio Panes
ABe OMU3KHe TOYKM OYAYT elle paspelleHbl, ecay CcepeiuHa
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LLeHTpaJbHOro AHGDPAKUIOHHOTO MaKCHUMyMa [Jsi OIHOH
TOUKH COBIIaJeT ¢ KpaeM LEHTpa/JbHOro MakcumyMa (T. e.
NepBEIM MHHHMYMOM) AJs BTOpo# ToukH (cM. puc. 93,6,
KOTOPLIA IPHUMEHHM H K panuomy caydawo). Ms puc. 104 Buz-
HO, YTO 3TO NpPOH3OHJET, €CHH YIJOBOE PACCTOSHHE MexKIy
ToukaMu Y cKamxeTcd paBHBIM YrJOBOMY panguycy (27.2)
LeHTPaJbHOr0 MAKCUMY-
ma. CrenoBaresbHo,

A
op =122

R=1om 12%’ (27.4)

rae D — nuamerp ompa-
Puc. 104. BBl (HMJH BXOHHOTO 3pau-
Ka) OOBEKTHBA.
Kaxk cienyer us qopmysst (27.4), paspeliaoiias cujla
00beKTHBA TeM OGofblue, ueM: GQAbILE €ro AUAMET].
Huamerp 3pauxa raasa ngu HOpMaJdbHOM OCBELLEHHH CO-
crasjsier npuMmepuo 2. mu. Ilogerarue ato 3HaueHue B Gop-
mMyay (27.4) u B3as A = 0,5 mx = 0,5+ 10~% um, nosyuum:

611;—122@;}9——

=0,305- 1072 pad ~ 1".

Takum o6paszoM, MUHUMaWLHOE YIJOBOE pacCTOSHHE
MEXAY TOUYKAMH, NPH KQTOPOM IJia3 BOCHDHHUMAaeT HX elle
pasfesbHO, PaBHO ORHON YrieBOil MuHyTe. JII0GOMBITHO, YTO
paccTosiHHe MeXKAY COCeAHMMH CBETOUYBCTBHUTEJILHLIMH 3Je-
MEHTaMH CeTUaTKH TIJa2a CEOTEETCTBYET 3TOMY YIVIOBOMY
pPaccTosHuUIO.



FTTABAV
noJisPU3ALLHA CBETA

§ 28. EcrecrseHHBIl ¥ NONAPU3OBAHHBIA CBeET

OJIEKTPOMATHHUTHBIE BOJIHBI, KaK Mbl 3HaeM, [OMepevHbl
{eM. 1. II, § 110). Bmecre ¢ TeM cBeTOBbie BOJHBI OOBIUHO
He 0OHAapyXHBAIOT aCUMMETPUHM OTHOCHTEJbHO HalIpaBJEHHUs
pacnpoctparenus (ayya). 10 OGYC/IOBACHO TEM, 4TO B
€CTeCTBEHHOM CBeTe HMEIOTCsl KO-

Jgebauus, copepluaronirecs: B CaMbix 444
pasJIMYHBIX HampaBJ/leHUAX, epreH-

IUKyAsipHbeIX K Jayuy {(puc. 105).

B § 17 6um0 ykasaHo, YTo CBeTO-

Bas BOJIHA CJaraeTcsi H3 MHOXKe-

CTBA LYrOB BOJH, HCIYCKAeMbIX OT-

neJbHBIMH  atomMamu. [liockocts Puc. 105.
KoseGaHuil Aad KaxKJA0ro Lyra Oopu-

eHTHpOBaHA caydaiupiM o6pasom. [TosToMy B pesynbTHPYIO-
el Boade KoneGaHusi pa3/iMuHbIX HalpaB/AECHUH NPELCTaB-
JIeHbl ¢ PaBHOH BepOSTHOCTHIO.

B ecrecTBeHHOM cBere KoseGaHUA Pa3NUUHLIX HaNpaBsde-
HHH GeICTpO M GecnopsimiouHo cMersiior Apyr apyra. Cser,
B KOTOPOM HAMpaB/eHHS KOJAeOaHUH YHOpSZOUYeHb! KaKUM-
aun6o ofpasom, HasbiBaeTcsl HOJAspH3OBaHHB M. Ecan
KOoJie6aHUs CBETOBOTO BEKTOpPA HPOUCXOAAT TOJBKO B OJHOH
nnockocta (puc. 106), cBer Ha3blBalOT HJAOCKO- (HIH
OpPAMONHHEeHHO-) NIONAPHU30BaAHHBL M [liockocTs,
B KOTOPOH XoJgeG/aercss cBeTOBOI BeKTOp (T. €. BEKTOp Ha-
IPsKEHHOCTH 3JekTpuueckoro noss E), mbi OyaeMm Hasbl-
BaTh NJOCKOCThI0O Koaebaunui, Ilo mcropuyeckum
OpUYHHAM [OJOCKOCTbIO NONApH3aL UK Obla Ha-
3BaHa He IJIOCKOCTb, B KOTOpo#l KoJjeOnaerca sekrop E,
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a nepneHAuKyAsipHas K Hefl maockoctb. OnpefeneHuast Ta-
KUM 00pa3oM IJIOCKOCTb MOJisipH3alMH o6JlajaeT meHbliedl
HAIJISIIHOCTBIO, UeM NJIOCKOCTh Konebanuil. Tlostomy B nanb-
HejitleM  MB  TEPMUHOM
TInoenocs 0 Sy «NJIOCKOCTL  NOJsipU3auMm»
woneganld - 0/1b30BaTbCH He OyeM.
Eg. [Tnockononsipu3oBaHHbIN
| < IDICHIOT  cpeT MOXKHO NOJYYHTb W3
TS USaY LY
€CTECTBEHHOTO € HOMOILBIO
<z 1npu6OpPOB, Ha3biBaeMbIX 11 O-
gsipuzatopamun.  3TH
e npubopet  cBOBOZHO TIPO-
nyckamT KoJjebaHrsi, na-
Puc. 106. pannenbHbie NJIOCKOCTH, KO-
TOpyl0 Mbi Oyaem Hasbl-
BaTh NJOCKOCTbBIO NOJAPH3ATOPa, H TNOJHOCTBIO
3a/epKHUBAOT KoJeOaHud, NepleHIHKyAspHble K 3TOH MJO-
ckoctd. Koae6anue ammautyabnl A, coBepiualouieecs B
NJIOCKOCTH, O6pasymwoueid yrol ¢ ¢ fJ0CKOCTbIO TI0-
JsipH3aTOpa, MOXKHO Pa3/jioKHThL Ha JBa KoJebaHus ¢ amil-
autrygamu Ay =Acos¢ u AL =Asing (puc. 107; ayu

1O700KOCI75

[ rrrspLsIIOpe TTrochocms

TR DUITI00 \:

A

Puc. 107. Puc. 108.

nepnenjHKyAsiped K TIOCKOCTH pucyHKa). [lepBoe xone6a-
HHe npodger uyepes npubop, Bropoe 6yaer sagepxkano. Mu-
TE€HCHBHOCTh MpOIUeAlleli BOJHB IPONOPIHOHAALHA A2||=
== A2cos? @, T. e. paBHa [ cos?® @, rae !/ — HHTEHCHBHOCTD
Kose6ands ¢ amnautyaoi A. ClefpoBatenbHo, KoneOaHHe,
napajiie/lbHOe MJAOCKOCTH RNOJAsSIpH3aTopa, Hecer ¢ coloit
LOJII0 HHTEHCHBHOCTH, paBHYIO c0s? ¢. B ecrecrtBennom csere
BCe 3Ha4YCHHA ¢ paBHOBepoaTHLL IlosToMy noas ceera, mpo-
eAIero yepes NoJspusatop, OYAET paBHA CPEiHeMY 3HA-
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uyeHHIO c0s?@, T. e. /o, Tlpu Bpamenun noasipusaTopa BO-
KpYT HalpaBJ/JeHus eCTECTBEHHOTO Jy4a HHTEHCHBHOCTb NPO-
uiejillero CBeTa OCTaeTcs OZHOH M TOH Xe, H3MeHsEeTCs JHIIb
OpHEHTalld MJO0CKOCTH KoneGaHuit cBeTa, BBIXOASAINEro H3
npubopa.

Iycrs Ha nosasipu3aTop najaer MIOCKOMOJAPHU30BAHHDIN
cBeT amnauryant Ao u untencusuocty /o (puc. 108). Ckposb
npubop mpoijer cocrapasioLlas KojebaHHA ¢ aMIVIUTYAOH
A = Aqgcos @, rie ¢ — yroa MexIy MIOCKOCTbIO KoMeGanuil
najaollero CBeTa M IJIOCKOCTbio nosaspusaropa. Crnenosa-
TeJbHO, HHTEHCHUBHOCTb Npouiexiiero csera / onpenensiercs
BbIpaXeHueM:

I =1I,cos?q. (28.1)

Coornowenne (28.1) Hocur HasBannme 3akona Ma-
J10Ca.

ITocraBum Ha myTH ecrecTBeHHOro Jyya JBa NOJspH3a-
TOpa, MJIOCKOCTH KOTOpHIX 0o6pasywr yroa ¢. M3 mepsoro
NOJAPH3aTOPa BHIAET MJIOCKONOJISPHU3OBAHHBINA CBET, HHTEH-
CHBHOCTb KOTOPOro /o cOCTaBUT NOJOBHHY HHTEHCHBHOCTH
ectecTBeHHOro cBeTa lecr. CorsacHo 3akoHy MaJioca H3
BTOPOro NoJfpHusatopa BuifiAeT cBeT uureHcusHoctH [ cos? ¢,
Takum 06pa3oM, HHTEHCHBHOCTbL CBETa, NpOLUEfLIEro yepes
JABa moJsApu3aTopa, paBHa

I =5 locr " cOS2Q. (28.2)

MaxkcuMmanbHasi HHTEHCHBHOCTb, paBHaA !/alecr, MOJY-
yaercs npu ¢ =0 (moasipusatopel napanJenbus). [lpu
¢ = /2 UHTEHEHBHOCTb pABHA HYJIO — CKpELIEHHble NOJA-
pH3aTophl cBeTa He MPOMYCKAIOT.

Cger, B XOTODOM Kosie6anus OAHOrO HampaBjeHUsd mpe-
o6nafaloT Haj KoneOaHUAMH APYTHX HamnpabJeHHH, Ha3bl-
BA€TC1 YaCTHYHO NOJSIPH30BAaHHB M. Takoi cBeT
MOXHO paccMaTPHBaTh KaK CMECh €CTECTBEHHOrO Y IJOCKO-
fnojsipH3oBaHHoro, Ecix mpomycTHTh YacCTHYHO MOJAAPU30-
BaHHBIH CBET Uepe3 MOJsPH3aTOP, TO NMPHU BpailleHHH mpHbo-
pa BOKPYT HampaBJieHHs JIy4a HHTEHCHBHOCTb NpOiIeIlero
cBeTa GydeT M3MEHATbcsA B mpefeiax OT Imax A0 [min, NpH-
4YeM MepeXxoji OT OJHOTO W3 3THX 3HaueHuil X Apyromy Oyaer
COBEpIIAThCs NPH NOBOPOTE HA yroa ¢ = n/2 (3a OAHH NOJ-
HBIH TOBOPOT ABa pa3a OyAeT AOCTHraTbCsl MaKCHMaJbHOE
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W IBa pasa MHHHMaJ/bHOe 3HaueHHe WHTeHCHBHOCTH). CTe-
UeHblO NOJNSIPH3ANHKHN HALIBAIOT BHpaXKeHUe:

P = Jmax=lntn (28.3)

" Tmax + I

Jns naockcnonsspu3oBaHHoro cpeta /mm =0 u P =1;
JUTsE eCTeCTBEHHOr0 cBeTa Imax = fmin n P = 0.

PaccmoTtpuM IBe KOTepeHTHbIE [MAOCKOMOAAPH30BaHHbIE
CBETOBEIC BOJIHB!, MJOCKOCTH KOJAeOAHHE KOTOPHIX B3aUMHO
nepnenaukyaspHul. Ilycte koseGanus B OAHOH BOJHE CO-
BepuIatoTcs BHOJL ocH x (puc. 109), Bo BTOPO# — BAOJD
OcH y (OCH X H l JeKaT B TepIeH-
4 IMKYJASIPHOH K Jydy IIOCKOCTH).

[lpoexnuu  CcBETOBbIX  BEKTODOB
_______ E 3THX BOJH HAa COOTBETCTBYIOLLME
Q[ ) OCH H3MEHSIOTCS N0 3aKOHY:

E,= A, cosot
———— X 1 H
£s “ E, = A, cos (ot +a). } (28.4)

Beanunusl E, u E, npesacranna-
10T co0oH KOOpAMHATH KOHLA pe-
3yJbTHPYIOLLETO CBETOBOTO BEKTODA

Puc. 109. E (cm. puc. 109). U3z yuenus
) MeXaHHUECKUX KOJeOaHHsAX
(em. 1. I, § 71) mbl 3HaeM, yTO ABa B3aUMHO NepleHAYKY-
JAPHBIX TapMOHHYECKHX Ko/JeOaHWs OJUHAKOBOI UYacTOTHl
IPY CAOXKEHHH AAlOT B oOlileM cjayuae JABUKEHHe MO 3JJMI-
cy (B YacTHOCTH MOXKET MOJYUYHTHCS ABUXKeHHe [0 NPsSMOi
HJIH 10 OKPYXKHOCTH). AHAJIOTHYHO, TOYKA ¢ KOOpPAHMHATaMH
(28.4), 1. e, koueny Bektopa E, npuxkercs mo aaauncy. Cue-
J0BaTeNbH0, ABe KOTepEeHTHBIe MIOCKOMONEPH30BAHHbBIE CBe-
TOBbie BOJIHBI, TJIOCKOCTH KOJeGaHHH KOTOPHIX B3aHMHO
NepHeHANKYASPHL, NPH HAaJOXKEHHH EPYT Ha Apyra Haior
BOJIHY, B KOTOpOil cBeTOBOH BekTop (Bektop E) usMensiercs
€O BpeMeHneM Tak, 4TO KOHell ero ONHUCHIBaeT 3AJHINC. Takol
CBET HAa3blBAeTCA SJAJHITHYECKH NOAAPH3OBAH-
B ol M. Ilpu pasHocTi $as o, KpaTHOW =, IJJIMIC BHIPOXK-
Jaercd B OPSIMYIO H INOJYYaeTcsl ILIOCKOMOJIsipU3OBAHHBIH
ceer. Ilpu pasnoctu ¢as, paBHO# HeueTHOMy umcay /2,
PaBeHCTBE aMILIMTYZA CKJaAbIBAEMEBIX BOJH 3JJIMIC NpPEBpa-
nlaercss B OKPY»KHOCTb. B sTOM cayvuae moJyyaercs cCBeT,
NONSAPU3OBAaHHLIH HOKPYTY.
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3aMeTuM, UYTO YACTHYHO NOJAAPU30BAHHLIA M eCTecTBeH-
HbIAl CBET TaK:Ke MOXKHO NPEJCTaBHTb KakK HaJOXeHHe ABYX
NJIOCKOMOMSIPH30BAHHBIX BOJH C B3aHMHO TMePHEHAUKYIADP-
HBIMH IJIOCKOCTAMH KoJeOanuil, OZHAKO 3TH BOJHBI HE KO-
TepeHTHHI, 3HaueHHe o B (28.4) Bce BpeMs MeHseTCs, BCJIEA-
CTBHe Yero HalpaB/ieHUWe pe3yabrupyioulero Bexkropa E us-
meHsieTcs: OecnopsgouHelM obOpasoM. B cayyae ecrecTBen-
HOrO CBeTa aMIIMTYABI CKJIaZblBaeMblX BOJIH JOJKHBI GHITDH
OJHHAKOBHIMH, B CJydYae 4YacTHYHO MOJs-
PH30BAHHOrO CBeTa — Pa3HLIMH.

B 3aBucHMOCTH OT HampaBJeHHs Bpa-
nieHusi BekTopa E passanuaror npasyio u
JIeBYIO JIJIMITHUYECKYI0 H KPYTrOBYIO INOJS-
pusanuio. Ecan no OTHOMICHWIO K HaNpas-
JIEHHIO, TMPOTHBOIOJOXKHOMY HalpaBJ/eHHIO
ayqa, Bektop E Bpamaerca no uacoBoil
CTpeJIKe, TOJsPH3alUs Has3blBaeTcsa 1P a-
BOH, B NPOTHBHOM CJyyae —JeBOH.

[TycTh 3JMUNTHYECKH MNOJSIPU30BaHHbIH
CBeT majaer Ha nosasipuszarop. Ilpubop npo-
nyckaer cocrasasioumyio E; sextopa E mo
HanpaBJieHHI0 IJIOCKOCTH TOJsIpH3aTopa
(puc. 110). MakcumaabHOe 3HAUeHHEe 3TOH COCTaBJASAIOLLEH
jpocruraercst B Toukax I u 2. CilemoBaTesbHO, aMIIHTYAa
BbllleAlllero M3 mnpubopa IJIOCKONOJMSIPH3OBAHHOIO CBeTd
paBna janHe orpeska OI’, Bpamast noisipusatop BOKPYT
HanpaBJieHus Jaydya, mMbi GylaeM HabJaiozaTh M3MEHEHHs HH-
TEHCHBHOCTH B mpefenax OT /max (mosyualouleiicsi nmpH coB-
najeHUH MJACCKOCTH TNOoJsApU3aTopa ¢ OOAbLION TNOAYOCHIO
sanunca) A0 /min (monyyarouiefics npu COBNALEHHH MNJIOC-
KOCTH MOJSIPH3ATOpA ¢ MaJoil momyoceio aJiuica). Takoit
JKe XapakTep M3MeHEHHst HHTEHCHBHOCTH cBeTa IIPH Bpallie-
HHH NOJsIpH3aTopa MoJjydaercs B cjlydae YacTHYHO NOJAADH-
30BaHHOTO CBeTa. B ciyuae cBera, mossApu30BaHHOrO 1O KPy-
Iy, BpalieHde NOJspH3aTOp4 He CONPOBOXKAaerca (Kak H B
clyvyae ecTeCTBEHHOI0 cBeTa) H3MEHEHHUEM HMHTEHCHBHOCTH
cBeTa, npollejilero yepes npuéop.

Puc. 110.

§ 29. Hoasipusanus npu OTPaKEHUH U NMPENOMJICHUH

Ecau yron najaesus cBera Ha FpaHHIy pasfena ABYX AH-
3MAeKTPUKOB (HamprMep, Ha IOBEPXHOCTb CTEKJASHHOH IIa-
CTHHKH) He paBeH HYJ/I0, OTPaxeHHbIE H MNPeJOMJICHHbLIH
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JYUH OKa3blBalOTCSl YACTHYHO NoJaspusoBaunniMul). B or-
‘PaxKeHHOM Jyue npeob/afaior KojaebaHHA, HepHeHJUKYAAP-
Hble K IJIQCKOCTH Najexus (ua puc. 111 atu KoneGanus o6o-
3HaYeHBl TOYKaMH), B MpeJOMJEHHOM Jyde — KosacbaHus,
napaJJesbHbie TIOCKOCTH NajeHust (Ha pPHCYHKe OHH H30-
OpaxeHsl IBYCTODOHHHMH crpeikamu). Crenenp noJaspusa-
UMM 3aBUCUT OT yraa najenud. IIpu yrine napenus, ynobJje-
TBOPSAIOIIEM YCJOBHIO

tg iB=n12 (29.1)
(rae ni2 — nokasartesab NpeJOMJEHHS BTOPO# cpelbl OTHOCH-
TeJbHO NepBOi), OTpaKeHHbIH Y4 MOJHOCTHIO TI0JSPH30BAi
(OH COmepXKHT TOJBKO KoJebGanusi, TepHeHAMKYAsIPHBE K
MJIOCKOCTH najgenus). CreneHb NONsipH3allHy TPEIOMICHHOTO
Jyda NpH yrJie najeHusi, paBHOM [p, HOCTHraeT HaubGOJb-
II€T0 3HAUEHHs, OXHAKO 3TOT JIyY OCTaeTCsl INOJSAPH3OBAH-
HBIM TOJIBKO YaCTHUHO,

Coornomrende (29.1) wocHT HasBaiume 3akKoHa Bpio-
crepa. Yron ip HasbBalOT yrJaom bprocrepa uiau
yrioM nonHolfi noansapusanuu. Jlerko npoBepuTs,
YTO NpPH NaJeHHH cBeTa NoX yrjoM bBprocrepa oTpaxennblit
H MPeJOMJIeHHbIE JY4YH B3aHMHO NMEPIEHAUKYJ/ISPHEL.

Crenenb mosiApM3anuu OTPaXKEHHOTO H NPEJOMJIEHHOTO
Jydyefl Npu pas3iHYHBIX YIJiax NajeHHsd NOJydaeTcsl H3 pe-
IIeHHs ypaBHeHuH MaxkcBeasia ¢ yuerom ycsaopuil Ha rpa-
HHIIe AH3JMeKTPUKOB. K 4HC/Iy 3THX YCJAOBHI MpHHALNIEKAT:
PaBeHCTBO TaHTeHIHANbHBIX cocraBiasiowux sekropos Eu H
1o ofe CTOPOHH rpaHUUbl pasjena (C OLHOH CTOPOHBI HYKHO
6paTh CYMMY COOTBETCTBYIOHIMX BEKTOPOB [Js Najallefl H
OTPa’e€HHOH BOJIHBI, ¢ APYrofl — BEKTOp JUIA NpeJOMJIeHHOR
BOJIHBI) M PAaBEHCTBO HOPMAaJIbHBIX COCTABJSIOUIUX BEKTO-
poB Du B [cm. 1. 11, dopmyant (17.1), (17.3), (45.1) u (45.3)].
B pesynbrate nonyuarorcs cnenyfoume dhopmyab:

sin (i; — ig)
(4), = - (a0, iz
2
(AQ)_L = (AI)J_ Slsrlln(:f j_ols-;)l L
, tg (i1~ ia) (29.2)

(A‘)u = (A, tg (i + ig) ?

. 2sin iy cos i
(‘42)II =(Al)ll sin(i1+i2)2cos(ill—i2) ?

) Ilpn oTpaxeHHMM OT BPOBOAsNlEdl NOBepXHOCTH (Hanpumep, OT
TIOBEPXHOCTH METaJJia) HOAY4aeTCst JIUNTHYECKU NOJAsPH3OBAHHBIA CBET,
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roe (A1), (A, n (A, — amnauryna ') cocrapasiomeii
CBETOBOTO BEKTOPa, NEepPHEeHAHKYAAPHON K MJIOCKOCTH naje-
HH$l, COOTBETCTBEHHO B NaJalOLIEM, OTPAXKEHHOM H MpeOM-
JIEHHOM Jy4ax; (A;)", (Ai), u (A2)"—— aHaJIOTHUHBIC BEeJHUHHBI

IJ  COCTaBJSIONUX, HapallIeJbHBIX MJIOCKOCTH NafleHHs;
[y — yroJ nageHus, iy — yroJ npeioMJ/eHus.

Touno takue xKe GoOpMyJbl AN aMOJNUTYI CBETOBHIX KO-
nebanuil 6uliu noayuensl PpeHeseM Ha OCHOBE NpencTaB-
JIEHHsSI O CBeTe KakK 60 YUpYrHX BOJIHAX, pacnpocTpansaio-
wHxcs B 3¢upe. [lostomy coorHo-
meHua (29.2) uaswiBalor GOPpMy-
naMu Openeas.

Tperbsi u3 ¢opmyn (29.2) na-
eT, 4TO NpH i; + iz = n/2 (uTo coOT-

BeTCTBYeT yray bpioctepa) amniu-

Tyfa COCTaBJifIOIeH, napadjesb- !
‘HO TJIOCKOCTH MajeHHs, IJs oTpa-

JKEHHOTO Jiyua o6pauiaercs B HyJb.

Takam o6pa3oM, us ¢opmya Ppe-

HeJisl HEeNOCPeNCTBEHHO BbITeKaer

3axon BpiocTepa.

IMpn manabix yraax nNajieHus CH- Puc. 111
HyChl H Taureicol B Qopmyaax
(29.2) MOXHO 3aMeHHTb CAMHMH YIJIaMH, a4 ROCHHYCHl CYH-
taTh paBubiMd |. Kpome TOoro, B 3TOoM cjydYae MOXKHO
NONOXKATL ) = Agip (3TO CJedyeT H3 3aKOHA NPEJOMJICHHS
nocje 3aMeHsl CHHYCOB. yrinamu). B pesyasrate dopmyan
@peHess IS MaJblX YIJIOB NafeHHA NPHHHMAIOT BHA:

7 iy —1 _—.—-—l
()=~ (), 757t = — () 5

2 2
(A, =(A), 755 = (A) 557

) L _ (29.3)
(4D, = (A, 252 = (a), T2,

2i 2
(A2)“ = (Al)" _17:'_1272 = (Al)" np+1

BosBsena ypasuenuss (29.3) B kBagpar w YMHOXUB
TIONYVHBIIHECS 3HAUeHMss Ha TOKas3aTeb MNpeoOMAEHHs

1) Tounee— makcUManbLHOE 3HAYEHUE . ApoeKuud,  JHaK -MHHYC B
nepselt #3 dopMya oTpakaerT CYavoOK dazrl Pa. ® NPH OipaMcHHK OT
on¥uyeckyu Gonee nioTHOH cpeau- (cM. § 16).

6 H. B. Cascases, 1. 111 161



COOTBETCTBYIOIEN cpefibl, MOJYYUM OTHOLIEHHS MEXAY HH-
TEHCHBHOCTSIMH 1a/aI0Iero, OTPaKEHHQIO H PEJIOMAEHHOTO
Jyueil JJfl CAydas MaJilX YIJIOB Majenus [cm. dopmyay
(16.8)1. Hpu 3TOM, HaNlpHMep, HHTEHCHBHOCTb OTPaXEHHOTO
ceera I1 MOXHO BBIUHCHASITL KaK CyMMY HHTEHCHBHOCTE(l
o6enx cocrapasmomux ([1), # (I1),, Tak Kak 3TH cocTapisio-

IHe B eCTEeCTBEHHOM CBeTe He KOrepeHTHH [B cilyuae Heko-
T€PEHTHBIX BOJIH CKJIAIBIBAIOTCS He aMILIMTYAbl, & HHTEH-
cHBHOCTH, cM. popmyay (17.1)]. B urore moayuaercs:

’ na—11\2 1
5 Il(nm“i‘l) !

Iy=nyl, (7{1'22?1—)2 “)

Basip OTHOIWEHHe HHTEHCHBHOCTH OTPaXKeHHOro csera If
K MHTEHCHBHOCTH Hajaioniero csera [y, nosyuum Koaddu-

ILHEHT OTPAaXKEHHs P HAaHHOH MOBEPXHOCTH, B COOTBETCTBHU
c (294)

(29.4)

nlz—'l 2
p= (7557 (29.9)
[ep. ¢ dopmymoit (16.13)].

®usuueckas cyTh ABAEHHH, IPUBOAAUINX K MOJSIPH3ALHU
OTPAaKeHHOr'0' M NPEJOMJICHHOTO JYueH, 3aKA04aeTcs B cje-
nytouem. IlpeanonokuM Agd NPOCTOTH, YTO OTpaXkeHHe U
npenoMJeHue MPOUCXOAUT HA TpaHulle AHSJIEKTPHKA C BaKy-
ymom. [lagalomas cBeropasg BOJHA, HPOHHKHYB B JH3JEK-
TPHK, 3aCTABJSIET BXOASALIHE B COCTAB ATOMOB 3JleKTPUYecKue
3apAAbl COBepIIaTh BBHIHYXKAEHHEIE KoJseOauus. Konebiio-
IHecs 3apsaabl M3JIYYaloT 3/IEKTPOMATHHTHBIE BOJHBI (CM.
1. II, § 114), xoTopble Mbl Ha30BeM BTOPHUHBLIMH. BHe au-
3J€KTPUKa BTOPHYHBIE BOJHBI, Hajarasick Apyr Ha Jpyra,
L4I0T OTPaXKEHHYIO BOJIHY. BHYTpU AusJeKkTpHKA BTOPHUHbIE
BOJIHBI CKJIAIBIBAIOTCS ¢ Nafaolell (nepsuunoii) BonHoi. Pe-
3YJIBTUPYIOUAA MEePBHUHON H BTOPHUHOH BOJIH HAET IPEJOM-
JIEHHYIO BOJIHY. BeIHyXJeHHble KoseGaHHs 3apsAg0B cOBep-
mawrcs B Hanpas/ieHnu Bekropa E 310l pesyanTupyromei
BOJIHBL.

PaccMoTpuM onuH M3 3apANOB, H3JIYYAIOUIHX BTOPUUHYIO
Bosiny. Pasmoxum kojeGamne 3TOTO 3apsifa Ha JABa KoJje-
f6aHusi, OJHO M3 KOTOPBIX COBEpIIaeTcs B IJIOCKOCTH Iaje-
Hug (Ha puc. 112 3to xoneGanue H306pakeHO CIJIOUIHOM
IOBYCTOPOHHEH CTpenKoi), BTOpOe — B HaNpaBJCHHH, Iiep-
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HEHAUKYJSPHOM K 3TOH NJIOCKOCTH (OHO H306paeHo NMyHK-
THPHOH AByCTOpOHHeH crpesikoil). Kaxaomy u3 koaeGauuit
COOTBETCTBYET IJIOCKONOJ/IAPU30OBaHHASI BTOPHYHAS BOJHA.
Hsnyyenue KojeGiolierocsi 3apsia HMeeT HaNpaBJEHHBIN
xapakrep (cM. 1. 11, puc. 246). CunbHee Bcero sapsj usiy-
yaeT B HANpaBJeHHAX, NepNEeHIUKYNSPHBIX K HalpaBJeHHIO
KojeGanuil; B HaNpaB/JeHHH KojeOaHHH 3apsill He H3Jyuaer.
CniiolHbie ¥ MYHKTHPHBIE Jie-

nectku Ha puc. 112 usobpa- /esmnerpens
AT JuarpaMMbl Hampas- ey
JIGHHOCTH  COOTBETCTBYIOLIHX
koneGaunnil. M3 pucynxa BHA-
HO, YTO B HANpPaBJE€HHU OTpa-
JKEHHOTO Jiyua UHTEHCHBHOCTH
BOJIHB! C IJIOCKOCTBIO KoJjieGa-
HHli, NepHeHAUKYJSPHOH K
NJAOCKOCTH NMajeHHs (NYHKTHP-
HBI JIETIECTOK), HAMHOTO nipe-
BBHIIIAET HHTEHCHBHOCTH BOJ-
HBl, B KoTOpo#l BekTop E KO-
Jaebnercsi B NJOGKOCTH majes
Hug  (CMJIOLIHOH  JIENECTOK).
CrnenoBaTesbHO, B OTPaxKeH-
HOM Jlyye KoJeGaHHs, nepreH- Puc. 112
JIUKYJsIpHBEIE K MJOCKOCTH na-

nenus, npeobaazaiT Hax KoJAeGaHHAMH WHBIX Hampa,Je-
H{it — OTpaXKeHHsl#l Jy4 6yAeT uacTHUHO noJspu3oBad. [Ipu
najeHuy cBeta Noi yriaom bpiocrepa nanpaBienue Kojeba-
HMH sapsia, mapaJJenbHbIX IVIOCKOCTH NajeHus (Cruioul-
Has HABYCTOPOHHAS CTpeJKa), COBNajaeT ¢ HalpaBlieHHEM
OTPaxXKEeHHOFO JIyya, Tak 4YTO HHTEHCHBHOCTb H3JydYeHHs
BOJIHEI € COOTBETCTBYIOIUUM HaNpaBJeHHEM NOJSIpH3anuN
ofpauiaercss B HyJb— OTpPaxKeHHBIH Jyd OKa3blBaeTcs MOJ-
HOCTBIO NOJISIPA30BAHHLIM.

B ecrecTBeHHOM majalolleM Jiyue HHTEHCHBHOCTb KOJe-
GaHuii pas/JMUHBIX HaNpaB/jeHHH OJAHHAKOBA. DHEPTHA ITHUX
kKoJsieOanuii pacnpenesisieTcs MeXAYy OTpaxKeHHOH M NpeJoM-
aeHHofi BosHel. [losTomy, ecin B orpaxeHHoM Jayue Gyner
60Jibllle HHTEHCHBHOCTb KoJieGaHuil OJHOTO HanpaBJeHHs, TO
B CHJIy 32KOHA COXPaHEHHs SHEPTHH B NPEJOMJEHHOM Jyde
JoamkHa OvlThb GOJblle HHTEHCHBHOCTh KojeOaHHM#l Hpyroro
Hanpasjienus, OTciofga chaepyer, YTO HpeJOMJEHHHH Jyd
6yaer yacTHYHO MOJSIPH30BAH,
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Monapusanus NPOMCXOAUT TaKKe IPH PACCESHUH CBETA
Ha YacTHUAX, 3HAYUTEABHO MEHbIUHX IJHHL CBETOBOH BOJ-
Hbl. PaccenBaeMblil My4yox cBeTa BLI3BIBA€T B YaCTHHAX KO-
neGaHus 3aps/oB, HalpaBJeHHs KOTOPLIX JeXaT B IJIOoC-

KOCTH, TepleniuKyJispHoOH

Pocoewsaemr? y nyugy (puc. 113). Koae-
nyYIN

—> Gauns Bextopa E Bo BTO-

PHYHOH BOJIHE MpPOHCXOAAT

- B ILIOCKOCTH, NpoXoAsiileft

%’2’”&7 yepes HANpABJIEHHE KoJie-

&% 6aunuit 3apanos (cm.-T. I,

puc. 245). [losromy cser,

Hanpasrenie o .
Yo s e pacceHBaeMHIli  wacTHIA
MH B HanpasJeHHAX, Mep-

Pre. 113. NEHAHKYJASAPHBIX K NYUKY,

GyaeT MOJHOCTBIO MOJAPH-
soBan. B HanpapieHusx, o6pasyiolHX ¢ IYYKOM Yroi, OT-
AHYHBIA OT 7/2, paccedHHbI# CBeT MONAPH3OBAH TOJbKO Ya-
CTHYHO.

§ 30. Moasipusauus npu ABOKHOM JyuenpeJOMJAEHHH

Ilpu npoxoxieHnH cBeTa depe3 HEKOTOPbie KPHCTaJIbl
CBETOBOH Jyy pasfessercss Ha ABa Jydya. DTO sBJeHHe, TIO-
JyqHBiiee Ha3BaHHe ABOMHOTO JAyuelNpeaoMJaeHHUd,
6buto Habniogedo B 1670 r. dpasmom DBapronomusom pas
HCJAAHACKOro mnarta {pasHOBMA-
HOCTb  YIJIEKHCJOrO  KaJbluf,

CaCO; — kpHCTa/IBI  reKcaro- ""‘H‘""
HaJIbHOM cucTeMnl). Ilpm 1BOfI-
HOM JlyyenpeJoOMJeHHH OJHH H3 Ty g gt

Jydell yIOBAETBOPSET OGBIUHOMY
3aKOHY OPEJIOMJIEHHS H JIEXKHT B
OIHOM TJIOCKOETH C NajaiollHM
Jy4OM H HOpMaJiblo. IDTOT Jyd
Ha3hIBaeTcsd OGBIKHOBEHHBI M Puc. 114.

H o6o3HauaeTcsi Ha weprexax

6ykBoit 0. las apyroro syya, Ha3blBaeMOro He oG Bl K HO-
BeHHH M (ero npuHsaTo 0603HayaTh GYKBOH €), OTHOILHEHHE
sin iy/sin iy He ocTaercs MOCTOAHHBIM NPU H3MEHEHHH yria
najenns, [laxe mpH HOpMaJbHOM MaJeHHHM HEOGHKHOBEH-
Hbift Ayy, BOOGIE OBOPS, OTKJIOHAETCS OT NePBOHAYANLHOrO
Hanpasienus (puc. 114). Kpome TOro, HeoGHIKHOBEHHblil
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Ay4 HEe JAEXHT, KaK NpaBuJoO, B OJAHOM NJOCKOCTH C TMa-
LauUM  JIYYIOM M HOPMaJbl0 K [peJoMasollell no-
BEPXHOCTH.

SIBneHue NBOHHOrO JyyenpesioM/icHHs HaGaORaercs Aud
BCEX NPO3pauHblXx KPHCFAJIIOB, 32 HCKJIOUEHHEM IpHHajle-
Kalmux K Ky6uueckoil cucteMe. ¥ Tak HasblBaeMbIX O I H O-
O C H Bl X KPHCTA/JIOB UMeeTCs HalpaBJjeHne, BAONL KOTOPOro
OObIKHOBEHHEI U HeOObIKHOBEHHBIH JYUH PacipoCTPaHAIOTCH
He pa3Nesisicb H C ONHHAKOBOH CKOPOCTBIO. AT10 Hanpas-
JieHHe HasbiBaeTcss ONTHUYeCKOH OCbio KpPHCTAJIa.
Caenyer umeTh B BUIY, UTO ONTHYECKas OChb — 3TO He Npf-
Mas JIHHHS, NPOXoJAllas yepe3 KaKyio-TO TOUKY KpHCTaJaJa,
a onpejieneroe HanpasjJeHHe B kprcraaie. JlioGas npamas,
napajjienbHas AAHHOMY HaNpaBJeHHIO, fBJAAETCA OITHYe-
CKO#l OCBI0 KpHCTaJ/aa.

JIio6ast NaoCKOCTb, NPOXOAALIAs Yepe3 ONTHUECKYIO OCh,
Ha3nBaeTcs TIJMaBHHM CeYeHHeM HIM TFJAaBHOWN
MJAOCKOCTB 10 Kpucraana. OGbIuHO MONL3YIOTCA I1aBHEIM
ceyeHHeM, NPOXOAAMHUM UEpe3 CBETOBOM JyY.

HccnenoBanne o6bIKHOBEHHOTO M HEOOBIKHOBEHHOTO Jy-
uefl ¢ MOMOIIbIO, HANIPHMEP, CTEKJISHHOTO 3epKaja NOKa3hl-
BaeT, 4TO 06a Jiyya MOJHOCTHIO MOJISIPH3OBAHbLI BO B3aHMHO
neprieHANKYAADHBIX HanpaBieHHsX (cM. puc. 114). Ilao-
CKoCcTb KosieGaHuil OObIKHOBEHHOTO Jiyua fepneRAHKYAsApHA
K [VIaBHOMY CEYeHHI0 Kpucrasia. B HeOOGHKHOBEHHOM Jyue
KO/ie6aHus CBETOBOTO BEKTOPAa COBEPHIAIOTCA B MJOCKOCTH,
copnagawieli ¢ raasaniM ceuenueM. [lo BHXofe U3 KpH-
craana o6a Jyya OTMYAIOTCH APYT OT APyra TOJbKO Ha-
npaBjieHHeM NOJSIPH3aUHU, TAaK UTO HA3BAHHMA «OOBLIKHOBEH-
Hbllf» ¥ «HEOOBLIKHOBEHHbLIH» JIyd HMEIOT CMBICJH TOJBKO
BHYTPH KpHCTaJJja.

B HeKOTOpHIX KpHCTa/LJaX OIHH H3 Jyueft morsouiaercs
cuJbHEe Jpyroro. DTO fB/NEHHE HA3bIBaeTcsi A H X P OH 3-
MoM. BecbMa CHJAbHBIM AHXPOH3MOM B BHIMMHX Jyyax
o6nafa€T Kpuctana typmanuna, B Hem oOGHKHOBEeHHBbIfI /My4
NPaKTHYECKH TOJHOCTLI) MNOrJOUlAeTCH Ha Aaude 1| M,
Takum ke cBOficTBOM o6Jajgaer TOJ AP OHK A — UEATYO-
HAHAS MJEBKa, B KOTOPYIO BBefleHO 60Jibuioe KOJHYECTBO
ONHHAKORO OPHEHTHPOBAHHBIX KPHUCTAJIMKOB Ccyhabdara
AOZMCTOTO XMHHHA (B 3THX KpHCTaJJax OAMH 43 Jyyed no-
riomaercs Ha nytd npumepHo B 0,1 mam). Caeaosartenbso,
NoJApou], MOXeT OBITh HCIOJAb30BAH B Ka4ecTBE MNOJSpH-
saTtopa.
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BoJbiioe pacnpocTpaHeHye MOJYYHJ TOJSPHU3ATOP, Ha-
3piBaeMblii npuaMoil Hikoas (unum cokpauweHHo npo-
cro HukoJeM). OH mpeacraBasier coGOH MPU3MY H3 HC-
JaHAckoro mmara (puc. 115), paspesanHylo no AuaroHasu
M CKJIeeHHyI0O KaHaickum Oanb3amom?'). Ilokasarens
[peJoOMJeHHs KaHaJACKoro Oajb3ama fn JeXHT MeXAy Io-
Kaszartesgmu  [IpeJIOMJIEHHS1 M, U 7, OOBIKHOBEHHOTO H He-
OObIKHOBEHHOTO Jiyuell B Kpuctamie (n, >n>n,). Yroa

//\\Jg

N
~
~

it}

Puc. L15.

nafeHHs] OKa3biBaeTcsl TAKHM, YTO OOLIKHOBEHHBIN JyY mpe-
TepneBaeT Ha NpOCJOHKe Ganb3aMa NMOJHOE BHYTPEHHee OT-
paxKeHHe H OTKJOHSIETCS B CTOPOHY, HEOOGHIKHOBEHHBLIH Ke
Jy4 cBOGOAHO MPOXOAHUT Yepe3 3TY IPOCHAONAKY H BBIXOAHUT
H3 TPH3MBIL

[ToMHMO OAHOOCHBIX KPHUCTAJJIOB (TaKuX KaK HCJIaH[-
CKuil WIMaTt, TypMaJduH, KBapll) CYLLeCTBYIOT ABYOCHBH €
KpPHCTaJJbl (HampuMmep, CJIOAa, THIC), Y KOTOPHIX HMeeTcs
IBa HanpaBJeHUs, B KOTOPbIX CBET He pasjedsercss Ha
aBa Jayda. B Takux kpucramiax ofa jyya HeOOBIKHOBEH-
Hble — MOKa3aTeNH TpeJOMJIeHHs A HHX 3aBHCAT OT Ha-
IpaBjeHHss B KpHCTaJJle,

[ BoiiHoe JnyuenpesnomieHde oOBACHSETCH AaHH30TPONHeN
KpucrananaoB. B kpucTanniax HekyGHyecKOfi CHCTEMBl 3aBH-
CHMOCTb OT HalpaBjieHHs oGHAapYKHUBAaeT, B YaCTHOCTH, AH-
3/ieKTpUUeCcKast NPOHHLIAeMOCTh & B OXHOOCHBIX KpHCTals-
Jlax g B HalpaBJeHHH ONTHYECKOH OCH M B HaNpaBJCHHAX,
neprneHMKY/AAPHBIX K Hell, HMeeT pasjinyHble SHAYEHUA ¢

Heg,. B ADYTHX HalNpaBJ/JC€HHX €& HMEET IIPOMEXYTOUYHLbIe
sHaueHus, Ecaum 3HaueHus e nnasa pas3Hbix HaHpaBJIeHPIl‘;l

). KaHaackuM Ganp3amMOM -HasblBaeTcsi CMOJI0OGpasHoe BeUIeCTBO,
noGuiBaeMoe K3 KaHajckoil nuxtel. ITokasartesb mpenomsenus storo se-
mecTBa GAM30K K NOKA3ATENI0 NPEJOMJIEHUS CTEKJ/a, [03TOMY KaHaACKHIi
6anb3aM OPUMEHATCA AJsA CKJACUBaHHUA CTEKAAHHBIX 4acTed B ONTHue-
CKUX npHGopax.
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B OIHOOCHOM KpHCTaJJie H306paxaTh OTPe3KaMH, OTJIOXKEeH-
HbBIMH O 3THM HalpaB/JeHWSIM H3 HEKOTOPOH TOUYKH, TO
KOHIEL OTPE3KOB pacHo/oxKaTcsi [0 TOBEPXHOCTH 3JIHII-
COHJa BpaHleHus, OCb CHMMETPHH KOTOPOTO COBIafaeT
C ONTHYeCKOH ocCbi0 KpHcTasaaa. Ha

puc. 116 nokazaHo ceueHHe 3TOTO 3J- Gnmusecies ovs
JMTICOMAA TJIAaBHOH MJOCKOCTBIO KpH- p ez
cTaJjia. T

B § 16 Gnio mokaszano, 4TO

n=Ve

[eMm. dopmyay (16.6)]. CnenoBarens-
HO, W3 AHH3OTPONHU € BBHITEKAET, UTO
3JIEKTPOMArHHTHBIM BQJIHAM C Pa3JjHy-
HBIMH  HalpaBJeHUAMH  KoJeGaHHH
Bekropa E coOTBeTCTByIOT pasHble
3HaueHHd NOKAa3aTes NPeJOMJICHHS A. Puc. 116.
[ToaToMy CKOpOCTb CBETOBHIX BOJH B
KpHcTajne OyneT 3aBHCETb OT HalpaBJeHHs KoJebGaHui
cBeroBOro Bektopa E.
Brinie GulI0 yKa3aHo, YTO B OOLIKHOBEHHOM JIyue KoJe-
GaHHA CBETOBOTO BeKTOpa IPOUCXOAAT B HanpaBleHHH,
NEPNeHAHKYJASPHOM K INaBHOMY ce-
If%g%”gf% %% wenmio KpHcramna (ma pue. 117
3TH KoJebaHHus H306GpakeHbl TOUKA-
7 MH Ha COOTBETCTBYIOIHEM JIyue).
ITosTomy npu m06oM HanpaBJeHHH
J OGBLIKHOBEHHOTO Jiyua (Ha PHCYHKe
‘ yKasaHbl TpH HanpaBjeHus: I, 2 n
% 2 3) Bertop E oGpasyer ¢ ontuye-
CKOIf O€bI0 KPHCTaJNa NpPAMOi yroJ
o M CKOPOCTb CBETOBOH BOJHBI OyJIer
OJlHa W Ta Xe, paBHAas vo=c/]/aJ__
' HN3obpaxas ckopocTb OOGBLIKHOBEH-
HOro Jyua B BHJIE OTPe3KOB, OTJIO-
Puc. 117. JKeHHBIX IO pasHbIM HalpasJeHHu-
SIM, MBI HOJYUYUM C(epHUEcKyio I10-
eepxHocTb. Ha puc. 117 mokasano nepeceuenne 3TOil Io-
BEPXHOCTH C IIJIOCKOCTbIO yepTexa. Takas KapTHHaA, Kak
Ha pUCYyHKe, Habawonaercs B J1000OM IJIaBHOM CEYEHHH, T. €.
B 110008 IJIOCKOCTH, NPOXOAsllefi uyepe3 ONTHYECKYIO OCb
kpucranaa. Ilpexcrasum cebe, uro B Touke O xpHucranna

167



NOMEIAeTCA TOUYEUHBII HCTOUHHK cBera. Torma nocrtpoeH-
Hasi HaMH cepa OyAaer He 4YTO HHOE, KaxK BOJHOBas TO-
BePXHOCTb OOBIKHOBEHHBIX Jyuell B KpHUCTaJJe.

KoneGaHusi B HeOOLIKHOBEHHOM Jiyde. COBEpHIAIOTCA
B riaBHOM ceueHuH. [lostomy ans pasHbIX nyueft Hampas-
aAennsi KosieOGannfi Bektopa E (ma puc. 117 >tu nanpasne-
HH H306paxeHH JABYCTODOHHHMH CTpeadkaMH) 06pasyioT
C ONTHYeCKOA oOCbi0 pasHbie yriawl o. Hasg ayua I yroa

o = 71/2, BCNEACTBHE YEro CKOPOCTh PaBHA v —c/ Ve, Lo A

ayya 2 yron o =0 H CKOpOCTb paBHa v,= c/Va s

Jdyda 3 CKOPOCTb HMeeT NpPOMeXYyTOUHOe 3HayeHHe. TaKnM
o0pa3oM, BOJHOBasi NOBEPXHOCTh HEOOLIKHOBEHHBIX JIyueil
npeacTaBaser cobofi AJHNCOMA BpauleHHs. B Mecrax me-.
peceyeHHsI € ONITHUECKOH OCbIO KpMCTaJsia c@epa H 3JUIHII-
COHA CONpPHKACAIOTCA.

Besuunsa no, = ¢/v, Ha3biBaeTcs NOKa3aTeJeM
npejdoMaeHHs1 OGBIKHOBEHHOIO JYYa, BelHYHHA
n.=clv,—noKasareaem NpeNOMIEHHS H -
o6bKHOBEeHHOTro ayua. CrnefoBareibHo, NMOA N, MO/A-
pasyMeBaeTCs NOKa3aTedb NMpeaoMJieHus HeOGLIKHOBEHHOTO
Jyua JAJs HADpPAaBJEHHS pACHpPOCTPAHEHHS, NepPHEHIUKY-
JIAPHOTO K ONTHYECKOW OCH KpHCTaJLia.

_ Gnmitseeran
D RPN

‘\ll

onommenssen ﬂ/ww/pmé/w/o/zz
Puc. 118.

B 3aBHCHMOCTH OT TOTQ, KaKas H3 CKOPOCTefl, U, HJH U,
GoJibliie, pa3AMYAIOT MOJOXUTENbHBIE H OTPHLATE/bHBIE Of-
HoOCHble Kpuctamis (puc. 118). ¥V nNOJOXKHTENBHBIX KpH-
cTamioB v, < U, (370 O3HauaeT, uTo N, > Mo). ¥ OTPHLA-
TeJIbHBIX KPHCTAJIOB Ue > Uo(fe < No). Jlerko Samomuurts,
KaKHe KDHCTaJJabl Ha3BBAIOTCH NOJIOXHTEAbHBIMH, a KaKue
OTpHLaTeJbHLIMU. ¥ MOJOXHTENbHBX - KPHCTAJJIOB 3JJHI-
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COHJL CKOPOCTEH BBITAHYT MO BEPTHUKAJH, YTO COOTBETCTBYET

BEPTUKAALHOMY LUTPHXY B 3HaKe «+», y OTpularejbHbIX

KPHCTAMJI0B 3J/UIMNCOUA DACTAHYT IO TOPH3OHTAJMH, acco-

IHUPYACH C TOPH3OHTAJIbHOH YepPTON — 3HAKOM <«—».
3Has BHJ BOJHOBBIX MOBEPXHOCTeH, MOXHO C MOMOLIbIO

npunumna [lofireHca onpenefsaTb HanpaBaeHNs OGBIKHO-

BEHHOro ‘M HeOOLIKHOBEHHOTO Jyuedi B Kpucraane. Ha

puc. 119 mnocrpoenn BosHO- -

Bbi¢ MMOBEPXHOCTH OGLIKHOBEH- -

HOr0 M HeOObIKHOBEHHOrO Jy-

uel ¢ LeHTPOM B TOuKe 2, je-

MKaumed Ha NOBEPXHOCTH KpH- 2/
cranna. [locTpoeHHe BHINOJ-

HeHO [/ MOMEHTAa BpeMEeHH, \

KOrjia BOJIHOBOH (pOHT J0-
cruraer roukun I, Orubarwo- ,
HiHe BCEX -BTOPHUYHLIX BOJH AN
{BOJIHLI, HEHTPH KOTOPHIX. Jie-

XKaT B NPOMeXYTKe MEXAy-

toukamMn ! ®u 2, Ha pHCyHKe

He nOKaszaHwl) mias OBBIKHO- Puc. 119.
BEHHOTO ¥ HCOGBLIKHOBEHHOTO

Jydefl, OYEBHIHO, NPeACTaBAAIOT cOGof naockoct. [Ipe-
JIOMJIEHHBIH JIY4 O HJIH €, BHIXOAAWMA U3 TOUKH 2, IPOXOAHT
yepe3 TOUKY KacaHHA Orubamulieli ¢ COOTBETCTBYIOUIEH BOJI-
HOBOH NOBEPXHOCTHIO.

PaHee nOpuH pacCMOTPEHHH pacQpocTpPaHeHHs CBeTa
B H3OTPONHBIX Cpelax Mbl BCeTAa HabJalojpanH, YTO Hanpas-
JeHHe, B KOTOPOM pAaCIPOCTPAHsIeTCs] SHEpTUsi CBETOBOM
BOJHBI (T. e. Jy4), COBHAJAéT ¢ HOPMAJbl0 K BOAHOBOH
nosepxnoctd. Kaxk cnenyer u3 puc. 119, To KXe camoe Ha-
6nopaetca 451 o6bIKHOBEHHOTO Jiyda 0. OZHAKO -HeOObIKHO-
BEHHBIl Jyd e 3aMeTHO OTKJOHSETCH OT HOpPMalH K CO-
OTBETCTBYyWOUleH BOJHOBOM mHoBepxHocTH. TakuMm o6pasom,
B cJydae aHH30TPOIHBIX CpeJ MOHMATHE Jiyua HOMXKHO ObiTh
YTOUREHO: NOJ JyYOM CAeAyerT NOHHMAaTb HalpasJeHHe,
B KOTOPOM IEPEHOCHTCS CBETOBAs JHEPTHs.

Ha puc. 120 uszobGpakeHn! TpH ciydyass HOpMaJbHOTO Ma-
‘ACHHA CBeTa Ha IIOBEPXHOCTb KPHUCTaj/ia, OTIHYAOMHecs
HanpaBJieHMeM OITHYECKOH OCH KpHcrajia. B cayyae a
JY4YH O H e pacHpOCTPAHAIOTCA BJAOJbL ONTHYECKON OCH U
No3TOMY MAYT He pasgenssch. Puc. 120, 6 noxkasbiBaeT, 4T0
Jae NpH HOPMAaJIbHOM NajeHHH CBETA HA INPEJIOMISIOLULYO0
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TIOBEPXHOCTb HEOOBLIKHOBEHHBIN JIyY MOJXKET OTKJIOHHTLCH OT
HOpMaJH K 3TO moBepxsHoctu (cp. ¢ puc. 114). Ha
puc. 120, 8 onTHueckas OCb KpHCTajja napaliiejbHa mpe-
JOMAsIOILefl NMOBePXHOCTH. B aToM ciayuae npu Hopmanb-
HOM NaJeHHH CBETa -0ObIKHOBEHHLIH O M HEOOBIKHOBEHHHIR €
JYYHd MAYT MO OAHOMY M TOMY e HampabJeHHIO, HO OHH
pacnpocTpaHAoTCs ¢ PAa3HOM CKOPOCThbIO, BCJCACTBUE HEro

i y \\// @
04[1, ove oVe
2 4)
/IR,
a5 [t} I8
LN

17/ i/ ——

Puc. 120.

MeXIy HHUMH BO3HHKaeT BCe Bo3pacramooulas pasHocth ¢aa.
Xapakrep noaspusauuyd OGLIKHOBEHHOTO H HeOGbIKHOBEH-
HOTO Jiyue#t Ha puc. 120 He yxasan. OH TaxkoB Xe, KaK AAa
Jayuel, H300pax<eHHEIX Ha puc. 119,

§ 31. Unrepdepenuusa noasipu3oOBaHHBLIX Jyueit.
AaaunrTuyeckas MoJasipusanus

Ilpu HaJOXeHHH ABYX KOIeDEHTHHIX nayuell, NOJSPH30-
BaHHEIX BO B3aHMHO NepNeHIHKYJIAPHEIX HanpasJeHHudAX, HH-
Kakoil nATepdiepeHIIOHHON KapTHHEI, C XapaKTePHLIM JJist
Hee YyepelloBaHHEM MAKCHUMYyMOB H MHHMMYMOB HHTEHCHBHO-
cTH, He Habuaiomaercs. HMHTepdepenurs BO3SHHKAET TOJDBKO

170



B TOM CJayyae, ecqH KoJebGaBHf BO B3aHMOIEfACTBYIOIUX
Jy4yax CcOBepIIAKTCA BAOJNL OJHOTO M TOrO Ke HalpasbJje-
Hus. Hanpaeaenust kosne6aHufl -B ABYX JIyyax, MepBOHaUalb~
HO [OJIIPU3OBAHHHIX BO B3aHMHO MNEPNEHAHKYJNSIDHBIX Ha-
OpaBJeHHsIX, MOXKHO CBeCTH B OJHY IJIOCKOCTb, NPOMYCTHB
5TH JyuH 4Yepe3 NOJAPH3ALMOHHOE YCTPOHCTBO, YCTaHOB-
JIeHHOe TaK, 4YToObl ero MJOCKOCTh He cosllajana ¢ Iuio-
CKOCTBIO KOJleGaHH HUM OJHOTO U3 Jydvefl.

Paccmorpum, 4TO nosyyaercs npu HaJNOXKeHHH BbilIed-
IIHX U3 KPHCTALJIHYECKOH IJIACTHHKH OGBIKHOBEHHOTO M He-
o6blkHOBeHHOro Jyuedd. [Tpu HOpmajnbHOM NafeHHH CBera

/%
7
| 2
vV Znzomimnn Lmocrocms
neRSPUSETDR
> d - ez
2) )]

Pitc, 121,

HA Mapajijie/ibHYI0 ONTHYECKON OCH rpaHb KPHCTa/Ia O6LIK-
HOBEHHBII H HEOOGLIKHOBEHHBIl JIYYH PacHpOCTPAHSIOTCH He
pasjelsisich, HO C Pa3JH4YHOH CKOpocTbiO. B cBsizu ¢ arum
MeXAy HMMH BO3HHKAeT Pa3HOCTb XOXA

A=(n,—nd (3L.1)
HJAH pasHOCTh (a3

o Ite d
5=LX§L2n, (31.2)

rie d —nmyte, NPOHIEHHBIH JyYaMH B KPHCTadIe, Ag—
IJIHHA BOJIHBI B Bakyyme [cM. dopmyant (17.3) u (17.4)]
Takum o6pasom, ecsid HPONYCTUTH €CTECTBEHHBIH CBeT
yepe3 BBHIPE3AHHYIO TIapajiielbHO ONTHYECKOH OCH KpHU-
CTAIMUECKYI0O NJIacTHHKY Toamuust d (puc. 121, a), us
IVIACTHHKH BBIAAYT JBa T1IOJSPH30BAHHBIX BO B3aHMHO
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HepHeHAHKYASPHBIX MJIOCKOCTAX ayda I u 21), MeXAy KoTo-
priME GyJeT CyllecTBOBaTh pasnoctb ¢a3 (31.2). Ilocrapum
Ha NMyTH 3THX Jyueill Kakoi-HHOYIb NOJSIPH3ATOP, HApHMeEp
nonsipouf uau HEKoAb. Konebanus obGoux nyueft nocne
NPOXOXK/EHUS Yepe3 nossipusatop OyayT JexaTb B OJHOM
NJOCKOCTH. AMIVIATYAB HX OYAYT DPaBHBI COCTABAAIOWHM
aMnyuTyA ayuef I u 2 B HanpaBJleHHH IJIOCKOCTH flospu3a-
Topa (puc. 121, 6).

ITockonbky 06a Jiyua MoNyYeHH pasfesieHHEM CBeTa, Mo-
JYY4eHHOr0 OT OJIHOFO0 HCTOYHHMKA, OHH, Kasajaoch OHI,
HDOJKHBL HHTepdepHpoBaTh, W NPH TOJUMHE KpucTanana d
TAKOH, YTO BO3HHKAIOLLasg MEXJY Jy4yaMH pPasHOCTb XOAA
(31.1) pasHa, Hanpumep, Ao/2, HHTEHCHBHOCTb BbIXOASILLHX
W3 nonspu3aTopa Jy4el (MpH ONpeleeHHOH OPHEHTAalHH
IVIOCKOCTH MOJAPH3aTOpa) HOJKHA ObITb paBHAa HYJIO.

Onbit, OXHaKO, NOKa3biBaeT, 4TO, ecau Jayud I u 2 Bo3-
HHUKAlOT 3a CcuYeT NPOXOXAEHHs uepe3 KDHCTaJI eCTecTBeH-
HOIO CBeTa, OHM He JNalT MHTepdepeRuuH, T. €. He HAB-
JIAI0TCS KOrePeHTHHIMH. DT0 OOBACHAETCH BechbMa I[POCTO.
Xorsl OOLIKHOBEHHBII H HeOOLIKHOBEHHBIl JYUH NMOPOXAEHLI
OIBHM H TEM JKe HCTOYHHKOM CBeTa, OHH CORepKaT
B OCHOBHOM Koje0aHHs, NpHHajJexailue pa3HbIM Lyram
BOJMIH, HCMYCKaeMblX OTAEJbHBIMM aToMamu. Kone6Ganus,
COOTBETCTBYIOIIHE ORXHOMY .TakOMy HYTy BOJH, COBep-
IIAIOTCS B CNyYyallHO OPHEHTHPOBAHHON NiockocTH. B obbik-
HOBEHHOM Jyde KoJeBGanus 0OycCJOBJIEHbB NpeHMyUie-
CTBEHHO LYraMH, IJOCKOCTH KoJeGaHHA KOTOpBIX GJH3KH
K OZHOMY HalpaBJieHHI0O B NPOCTPAHCTBe, B HEOOBLIKHOBEH-
HOM Jly4de — LyraMH, IJOCKOCTH KoJeGaHHil KOTOpLIX
6MU3KH K JAPYroMy, NepHeHAHKYJISPHOMY K JIepBOMY Ha-
npasaen#io. IlocKoibKy OTA€NbHBIE NYTH HEKOrePEHTHb!,
BO3HHKAIOLlHE H3 eCTECTBEHHOTO CBeTa OOLIKHOBERHBI H He-
OObIKHOBEHHBIH Jy4H, a caefoBaTe]bHO H ayun I H 2, Tak-
JKe OKa3blBaloTCAd HEKOrePeHTHLIMH.

Hnaue o6CTOHT Hesio, eC/IH Ha KDHCTAJ/HYECKYl0 IJja-
CTHHKY, Hsoﬁpamennyno Ha puc. 121, nanaer niockonoas-
pH3OBaHHBIA cBeT. B 3TOM cayuae koneGaHHsi KaxJAOro
Hyra pasiaesiorcs MeXAy OOGLIKHOBEHHbIM H HeOOLIKHOBEH-
HLIM JlydaMH B ORHOM H TOf )Ke mponopuuu (3asucaulefi ot

1)"B gpuctanne Ayu ! Guil HeOGHIKHOBEHHHIM H MOT OHTbL 0603Ha-
uen Gyksofi e, ay4 2 Guist o6uikHOBeHHHM (0). ITo BHIXO#E U3 KpMCTalia
STH Jyud YTPaTHWIH RNPaBC Ha3HBATbCA OCLIKHOBEHHEIM H HeOGHLIKHO-
BEHHBIM.
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OPHEHTALIHH ONTHUECKON OCH MJAACTHHKH OTHOCHTEABHO NJ10-
CKOCTH KoJieGaHUH B NnajaloHieM Ayde), TaK YTo JyUH O H e,
a cjaefoBaTenbHO H Jyud I m 2, OKa3HBAlOTCS KOTEpEHT-
HBIMR.

B § 28 Guisio 1n0oKasaHo, YTO ABe KOrepeHTHbIE IIOCKO-
NO/IApM30BaHHbIe CBETOBHI€ BOJIHHM, MJIOCKOCTH KoJAe6auuil
KOTOPBIX B3aHMHO NepHeHAHKYJAAPHE!, NPH HAJOMKEHHH ApYT
Ha Apyra J1aioT, BoOOLe TOBOPS, SJJHITHYECKU IOJISIPH30-
BaHHHIH cBeT. B yacTHOM cJydYae MOXKeET NOJNY4YdAThbCA CBET,
MOJSI3UPOBAHHBIA IO KPYry, HJH ILIOCKOMNOJSPH3OBAHHBII
cBer. Kakas M3 3THX Tpex BO3-

MOIKHOCTEA HMeeT MeCTO, 3aBH- 7

CHT OT TOJILIHHH KpHUCTajJiAde- '

CKOH NJACTUHKH K TOKasartejed
NpeJOMJIeHHs] N, U N, a TaKKe
OT COOTHOUIEHHSl AMIUIUTYH Jy-
ueit 1 n 2.

BripesanHas  napaJJeJbHO
OIITHYECKON OCH NJACTHHKA, JAJAS
KoTOpO#t (fio — Re)d = Aof4, ma-
3niBaeTC MNJAaCTHHKOH B
4YeTBEPThb BOJHbBI, MNJIACTHH-
Ka, A KOTopo#t (n,—ng)d =
= Ag/2, Ha3bIBAaeTCS MJOACTHH-
KOH B NMOJBOJHB H T. A!).
[TponycTHM MJIOCKONOAAPH3OBaH~
HBIl CBeT yepe3 NJIACTHHKY B YeTBePTb BOJHBL (puc. 122).
Ecau pacno/ioXHThb NAACTHHKY TakK, YTOGB! YroJ @ Mexay
NJIOCKOCTBIO KOJeGaHuil P B majamouleM Jyue H OCbI0 IJia-
ctaHku O paBHsuics 45°, aMIVIATY/R OCOUX J1yuel, BbLeIIHX
H3 MJIACTHHKHU, GYAYT ONMHAKOBH (nNpelnoJiaraercd, uTo JiH-
xpousMa HeT). CHBHT 1o ¢a3e MeXAY KONeOAHUAMH B 3THX
ayyax cocraBut /2. ClefoBaTeNbHO, CBeT, BHULELIUHH U3
IJIACTHHKH, -OYAET NONSAPH30BaH Mo kpyry. Ilpu nHom 3ua-
YEHHH yIJa @ aMIIHTYAH BHINEAWHX M3 NJACTHHKH Jyyeil
6ynyT HeomuHakoBbiMU. I1o3TOMY NpH HaJjOXKeHUH 3TH JyuH
06pasyioT CBeT, IOASPH30BAHHHHA MO 3JJMICY, OAHA U3
oceilt KOTOpOTO COBHNAJAET MO HAMPABJIEHHIO ¢ OCBIO MjIa-
cruaku O. Tlpu @, pasuom 0 uam nf2, B niactuHxke Gyzer

Puc. 122.

4) Mnacruuka, aas xoropoft (m, —n.)d = (k + Yi)ho (R — ueioe
yucio), GyHeT OKa3biBaTh Takoe e HeACTBHe, KaK MJaCTHHKA B 4et-
BepTb BOJIHB, aHAJOTHYHO, INIACTHHKA, AAA KOTOpol (n, —n.)d =
= (k + '/2)h, Oyzmer neficTBOBATH KAK MNACTHHKA B MOJIBOJIHHL.
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PacnpoCcTpaHAThC TONBKO ORUMH Jyu (B IepBOM Cayyae —-
HEOOGLIKHOBEHHBI, BQO BTOPOM — OOBIKHOBEHHHH), TaK 4TO
Ha BHIXOJl¢ M3 IJIACTUHKH CBET OCTAHETCS IIJIOCKOIOJISIPH30-
BaHHBIM C ILIOCKOCTBIO KoseGanui, -coBmajgawuleii ¢ P.
~Ecan na nmyTd 3AJMIOTHYECKH NOJSPU3GBAHHOTO CBera
{uiM cBeTa, MONAPH30BAHHOTO IO KPYry) TOCTaBHTH MJja-
CTHMHKY B UeTBEPTb BOJHEI, pAaclOJIOXKHB ee ONTHYECKOH
OCbI0 BICJb OXHOH H3 TOJAyocell 3AJHICa, TO TakKas nJja-
CTHHKA BHECET [ONOJHHTENbHYI0O pasHOCTh (has, paBHYIO
n/2. B pesyabraTe pasHocTb (a3
p o A" IByX NJIOCKONOJSIPU3OBAHHBIX BOJIH,
Jawiux B CcyMMe SJUIUNTHYECKH
NOJSPU3OBAHHYI0 BOJHY, CTaHeT
paBHa 0 uiu.;, Tak uTo Cymepno-
3HIOUS1 5THX BOJH JAacT MNJOCKOIO-
JspusoBannyio Boany. Cienosa-
TeJbHO, HaajnexauuMm o6pasom Io-
BepHyTas INJacTHHKa B 4YeTBePTb
BOJIHBI INIPeBpallaeT 3JJHNTHYECCKU
NOJIIPH3OBAHHEIA CBET B IIJIOCKO-
E ) £ noaspu3osanueiii. Ha atom ocHO-
¢ Z0N ¢ BLIBAETCS METOH, ¢ NMOMOIIbIO KOTO-
r pOro  MOXHO OTJIHYUHTL  3JUJIHI-
Puc. 123. THYECKH MNOJSPU30OBaHHBIA CBeT OT
YaCTHYHO TOJSIPH30BAHHOTO ~ HJH
CBET, TNOJSPHU3OBaHHBIK MO KPYyry, OT €CTeCTBEHHOrO.
Hccnenyemuil cBer nponyckaercsi uepes HJIaCTHHKY B 4er-
BepTb BOJHBL M TNOMENIEHHBIH 3a HeH MOJApPU3aTOp.
Ecan uccnenyeMmmlit Jyw sBASETCA SJIRITHYECKH HOJAS-
PH3OBaHHBIM (HJIH IOJSIPH30BAHHBIM HO KPYry), TO, Bpa-
ujad INAACTHHKY H TOJAPH3ATOD BOKPYT HampaBJenusi
Jyya, ynaerca IOOGUTHCS MNOJHOTO 3aTeMHEHHs NOJS 3pe-
Hus. Ecnu Ke cBer 4BJsfercss YaCTHYHO TNOJSPU3OBAHHBIM
(unM ecTeCcTBEHHBIM), TO HHM TNPH KaKOM HOJIOXKEHHH ILia-
CTHHKH H TOJNSIPH3aTOPAa HEBO3MOXHO NOJYYHTh HOJHOrO
noramleHusi HCCJAEAYyeMOTo Jyua.

PaccmoTpuM  NpOXOXKAEHHe  NJIOCKONOJSPH3OBAHHOTO
CBeTa 4Yepe3 IJIACTHHKY B NoJBOJHLL -Kojebanue E B na-
papouieMm Jiyye, coBepiialonieecsl B IJIOCKOCTH P, BO3GyRuT
npH BXofie B Kpucrajan KosneGauve E, o6LIKHOBeHHOro Jiyua
u xojebanne E. HeoOHIKHOBeHHOTO Jyua (puc. 123). 3a
BpeMs TIPOXOXKIEHUsi uepe3 IJTACTHHKY pasHOCTb (a3
Mexay koneGanusimu E; u E, mamenutrca Ha m. Iloatomy
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Ha BHIXOAEe M3 IJIACTHHKH (a30BOe COOTHOIIEHHE MeXAY
OOBIKHOBEHHBIM M HEOOLIKHOBEHHBIM JydyaMH OyAeT COOT-
BETCTBOBATh B3aHMHOMY pacmoJjoxenuio sektopos E. u Ej
(Ha BXOAe B IIACTHHKY OHO COOTBETCTBOBAJI0 B3aHMHOMY
pacnosnoxennio Bekropos E, m E,). CrnenoBatenbHo, csert,
BHINIEAINNA M3 IJAACTHHKH, OYIeT NOJAsApH30BaH B IJIOCKO-
cta P’. Tlinockoer P u P’ pacnosoxenbl CHMMETPHYHO OT-
HOCHTEeNbHO onTHyeckoéi ocu miaactuHku O. Takum ob6pa-
30M, IJIACTHHKA B HOJBOJHBL I[I0BOPAu¥BaeT IIOCKOCTD
NpoIIeAIIeT0 Yepe3 Hee CBeTa Ha yroa 2¢, rie ¢ — yrod
MeXIYy NJIOCKOCTBID KoseGaHuil B najalomleMm Jyde H OCblo
MJIaCTHHKH.

Jlerko BHAETb, YTO ILIACTHHKA B ILeJ0e 4YHCJAO BOJH
OCTaBUT INPOIHEAWINHi Yepe3 Hee IJOCKONOJSIPH30BAHHLIA
ceer 6e3 H3MeHeHH.

§ 32. Kpucraaanueckass njacTiHka
MeXJy ABYMsl NMOJSIPH3ATOPaAMH

ITomectuM mexay nByMsa moasipuaaropamu P u P’ mia-
CTHHKY H3 OIHOOCHOrO KpHCTaslja, BBIPE3aHHYIO NapaJl-
JgenbHO onTuyeckod ocu O (puc. 124). s mnonsipusaropa P,

o
P V-4

\‘E\\\ /) //f"/,
7 | (/ r

174
Puc. 124,

BBIAleT [JIOCKONOJIADH3OBAHHBLIA CBeT HHTeHCHBHOCTH [.
[Tpofinst depe3 HJIACTHHKY, cBeT craHeT B ofuieM ciyyae
HONAPH30BaHHEIM Mo 3aauncy. Ilo Breixoze u3 mosasipusa-
Topa P’ cBer cHOBa Oyaer miaockonoJspusosanubiM!). Ero

!) Bropoit mo Xomy .iyda nonspusatop P’ HasblBalOT TaKKe aHa-
JIH32TOPOM,
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HHTEHCHBHOCTb [’ 3aBHCHT. OT B3aHMHOH OpHeHTauUuu. Njoc-
Kocrteit moasipusatopos P u P’ u ontHyeckol - oecH muia-
CTHHKH, a TakKxke OT pasHoctH ¢a3 8, npHoGperaemod
OOLIKHOBEHHEIM H HEOOWKHOBEHHLIM JyuaMy MpH TPOXO-
XKISHUH 4Yepe3 NJIACTHHKY.

Paccmorpum fBa uvactHmx ciayuas: a) o6a noaspusa-
Topa mapaanenbnsl (pHc. .125,a) u 6) nonsipusatopnl P
n P’ cxpeutenn (puc. 125, 6). O6Go3nauum yroja Mexny
nJ0cKocThio nossipusatopa P u oceio OO kpucrainnyeckoit
nnactuskn 6yksoil ¢. CBeroBoe kosebaHHe, BbiHleallice H3

£/ r4
I i

noasipusaropa P, usoGpasurcs Bekropom E, nexamum B
nnockoct P. Tlpn Bxoge B. mnactunky koneGanue E Bo3-
6yauT ABa KOAe0AHHR — MEPHEHAKKYAAPHOE K ONTHUYECKOH
ocH koJie6anne E, (OGbKHOBeHHHI Jy4) H napaJsienbHoe
ocu konebGanne E, (HeoGbikMOBeHHBIl ayu). DTy KoaeGanus
OYAyT KOrepeHTHLIMH; NPOXOXA uepe3 IJIACTHHKY, OHH HpH-
ob6petyT pasHocth ¢a3s §, KoTopasa onpelensiercd TOJIIUHOH
NJaCTUHKH H Pa3HOCTBIO flOKAsaTelell NperoMJeHHs A
OOBLIKHOBEHHOTO M HEOGHIKHOBEHHOTO Jjyueill. AMNJANTYIBI
3THX KoJeGaHull paBHW mpoekuusM Bekropa E ra coo~ser-
CTBYIOLIHe HANpaBJCHH:

E,=Esing, E.=Ecosq.

Yepes nonspusatop P’ mpodiiayr cocrassioliye Koseba-
uuit E, u E, no nanpaeaennio naockoctd P’. B nepsom cay-
yae (cM. pHc. 125, a) aMmAHTYAH STHX COCTaBJAIOMIPX
paBHBHL;

EQI =E,sing=E sin’ g, (32.1)
Eoy=Ecos @=E cos’g.
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Ecau nonoxuts ¢ = 45° (puc, 125 muinonuen B 3TOM
npeAnonoXennn), to ammauryas (32.1) 6yayr oauHako-
BbIMH H.paBHBIMH:

Eoy=Eey=+E. (32.2)

Kone6aunss Eo n E¢ 6ymyr murepdepupoBath. AMI-
autyna E| peaynbTupyiollero kone6aHusi cBsi3aHa C aMI-
JUTyAaMH HHTepbepHpyiOUHX KoAeOaHHH COOTHOUICHHEM:

L 2 ;o
Ey = Eoy+ Eey + 2E o E ey cos 6.

[MoxcraBre ciofga 3HaueHua ammantya (32.2), nonyuum:
Ef =+ E*+ 5 E*+ 2+ E*cosd =+ E*(1 + cosd) =
= 3 B2[1 +(1~2sin2 3)] = B2 cos? 3 ).

HurtencuBaoctu NpONOPUHOHAJILHN KBajJpaTaM COOTBET-
CTBYIOUIHX aAMIVIHTYI. HOSTOMY MOXHO HaNHCaTb, YTO

Ij=1Icos’y, (32.9)

rae 1-—HHT€HCPIBHOCTb cBeTa, npouieamiero 4epe3 nojs-

pusarop P, 1} — HHTEHCHBHOCTb TO BHXOLE CBETA M3 MOMS-
pu3aTopa P’ nosyyalouascsa NpH YCAOBHH, UTO NOJAApH3a--
Toput P 1 P napananeisHn, §— pa3uwocrp (a3, npHoOpe-
TaeMasi OGHLIKHOBEHHBIM M HeOGLIKHOBEHHHIM JyuaMu B
KPHCTaJIHUECKOH NJIaCTHHKe.

Bo Bropom ciyuae (puc. 125, 6) amnautynn Eoy n Egy,
nosyuaiomuecs no BLIXOJE H3 noaspnsatopa P’, 6yayt Ta.
KOfi XXe BeJHYHHBl, KakK ¥ aMuautyan (32.2). 10 ciaenyer
HENOCPEACTBEHHO H3 cpaBHeHust pHc. 125, ¢ u 6. Onmnaxko,
B OTJIH4HE OT IlepBoro cjyuyas, npoekuun BexktTopoB E, u E.
Ha HanpaBiaeude P’ uUMeOT pasHsi« 3uakyg. D70 O3Hauaer,
4yTO B JOMNO/NHEHHe K. pasnoctd ¢as §, Koropas mmenach
B NepBOM CJyuyae, BO3HHKAeT DONOJHHTEJbHO DPa3HOCTb
¢a3 n. CienoBaTesbHO, HHTEHCHEHOC™L Ha BHIXOJ€ M3 CH-
CTeMbl NPH CKPELIEHHBIX MOASPH3ATOPAX MOXKHO HaiiTH, 3a-
menuB B dopmyne (32.3) & na n + 8. B nrore noayinm:

I =1cos “;6 =Isin2—g-, (32.4)

1) Mu poecnoabsoBasHcs dopmyaeih: casd = 1 —2sin?(§/2).
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Us dopmyn (32.3) u (32.4) BoiTekaer, uTo mpU
0=2kn (£=0,1, 2,...) (32.5)

MHTEHCHBHOCTb Iﬁ Gyner paBHa I, a uuTeHcuBHOCTH [’
o6pauiaercs B Hyab. [Ipu 3HaueHHAX Ke

8=@Qk+1n (k=0, 1,2 ...) (32.6)

HHTEHCHBHOCTb /| CTAHOBHTCA DaBHOH HYJIIO, & MHTEHCHB-
HOCTb I, jmocturaer 3Havenus /.

PasnocTb nokasarteneit npeloMaeHuss fo — He 3aBHCHT OT
AJYHEL BOJHBI cBeTa Ao, Kpome Ttoro, Ay BXOZHMT Hemocpej-
cTBeHHo B Bhipaxkenue (31.2) mas o. Ilyctb cBer, nmagaio-
Ml Ha MoJsipH3aTop P, COCTOHT M3 H3JyuyeHHs JABYX AJHH
BOJMH M H Az TaKHX, YTO 8 A A YAOBJETBOPSET YCJIOBHIO
(32.5), a mas Ap—ycnoBuio (32.6). B stom cayvyae npu
napaJjjesbHbBIX HOJspU3aTOpax 4epe3 TMIACTHHKY M NMOAAPH-
3atop P’ npoiiger GecnpensiTCTBEHHO CBeT ¢ AJAMHOH BOJ-
HB! Ay W NMOJHOCTBIO Oyger 3ajepikaH cBeT ¢ AJHHOH# BOJ-
Hol Ag. [Ipu ckpeleHHBIX mosspusaropax npofifier Gecnpe-
HNATCTBEHHO CBET C AJHHOM BOJIHBI A2 H NOJHOCThIO OylHer
3alepKaH CBeT ¢ JAJAHHOH Boaubl A.. CaemoBaTenbHo, NpH
OJHOM pAacCHOJIOXKEHHH TOJNSPH3ATOPOB OKpacka INpollef-
IIETO uepe3 CHCTeMy cBeta OyAeT COOTBETCTBOBAThL AJMHE
BOJIHBI ‘A4, TIPH [APYTrOM pachoOJOXKEeHHU — JJHHE BOJIHBI As.
Takne ABe OKpacCKH HasblBalOTCA AOHOJMHUTeAbHbIMH. [lpn
BpallleHHH OJHOTO M3 HOJAPH3AaTOPOB OKpacKa HeNpepbiBHO
MeHAeTCH, Nepexoid 3a KaxKible ueTBepTb obopoTa OT Of-
HOTO JOMOJMHHTEJNBHOro 1BeTa K Apyromy. To Xe camoe Ha-
6/0faeTcs U NPU @, OTJAMYHOM OT /4 (HO He paBHOM O HIH
7/2), TONBLKO IiBeTa OKAa3HIBAMOTCA MeHee HACHIIEHHBIMH.

PasHocte ¢as 6 3aBUCHT OT TOJMILUHHI NAACTAHKM. [1o-
3TOMY, eC/IH ABOSIKONPEJOMIAIOIAs NPO3payHas MIacTHHKA,
NOMellleHHAs MeXJy TOJsSpH3aTOpaMH, UMeeT B PasHBIX Me-
CTax HEOJAMHAKOBYIO TOJMUIMHY, 3TH MecTa Ipu HabJofeHud
CO CTOPOHBI NoJsipu3atopa P’ 6yayT mpencraBisThess OKpa-
LIeHHBIMH B paaJuyHble usera. IlpH BpauieHHH noaApH3Aa-
topa P’ 3TH 1Bera U3MeHSIOTCS, IPHYEM KaXKAbli M3 I[BETOB
nepexofHT B AONOJHHUTENBHBI K Hemy pBer. IlosgcHum 3t0
caenymomum npumepom. Ha puc. 126, a uso6paxena nome-
LleHHasd MeXAy MNOoJAApH3aTOpaMu IVIACTHHKA, Yy KOTOpPOH
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HMKHAS NOJIOBHMHa Tojile Bepxuefi. [lycth cBer, npoxons-
nIMH Yepes IJIACTHHKY, COLEPXKHUT H3/yueHHEe TOJbKO IBYX
AJWH BOJAH: A B Ag. Ha puc. 126,6 nau «BU» CO CTOPOHBE
noasipusaropa P’. Tlo BHIXOZe H3 KPHCTAJIAYECKOH IJa-
CTHHKY KaxK[as W3 COCTaBJSIOMKX H3JyyeHHs Oyrer, BO-
ofie rosops, noaspusoBaHa no asuncy. Opuenrauus u
SKCIUEHTPHUCHTET 3JIJIHICOB JUIS AJHH BOJH M M Az, @ TaKkKe
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Puc. 126.

LISl PasHBIX NOJIOBMH IJIACTHHKY GYAYT pasiHuHbl [Hamom-
HHM, YTO OTHOILIEHHe NOJyocell W OpHeHTAalHA 3JJHICca OT-
HOCHTeJIbHO KOODAMHATHBIX OCelt 3aBHCAT OT pasHocTH ¢as
CKJajblBaeMEX B3aHMHO [NepHeHAUKYJISPHBIX KoJebGaHul
(em. 1. 1, § 71); B AaHHOM caydae KOODAHUHATHBIMH OCSIMH
CIYKAT ONTHYECKAasl OCb MJACTHHKH W NEpNeHJHKYJspHas
Kk Heft och). [Ipu ycranoBxke miockoctd mnossipusatopa P’
B mosioxKeHHe P| B H3Jyuyenuu, npoiuejuiem uepes P/, Gy-
Jer mpeo6jajaTh B BepxHe#l MOJOBHHe IJIACTHHKH [WIMHa
BOJIHHL A, B HuXHefi nojiopune — Az, [Toaromy ofe noso-
BHHH OyAyT MMeTh pasHyl okpacky. Ilpu ycraHoBKe noJisi-
pusatopa P’ B nonoxenue P okpacka BepxHeil MOJOBHHbL
OyIer onpelefsThCs U3JyUeHHEM C JJIMHOH BOJHH Az, HUX-
Hell TMOJIOBHHBI — H3JyUeHMEM C AJUHOH Boauu Ay Takum
o6pa3oM, npH MoBOpoTe moJsipuzaropa P’ na 90° o6e mouo-
BHHbBl TJIACTHHKH Kak Obl o6MeHHBaloTcsi okpackoli. Pasy-
meercd, Tak OyAer 06GCTOATh [es0 JHUIb IIPU ONpenesieH-
HOM COOTHOLIEHHH TOJNUIMH o6eux yacTed IJIACTHHKH.
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§ 33. Hckyccraennoe aAmofinoe ayuempeomMiieHue

HBoiioe nyyenpeiomlieHHe MOXKET BO3HHKATL B [1PO-
3payHbIX, H30TPOMHHIX TeNaX, a TaKXe B KPUCTaAMax KyOu-
YeCKOH CHUCTeMBbl NOA BJAMAHHEM pas3/IHUHBIX BO3I4eHCTBHM.
B uacrHocTH, 3TO IPOHCXOAUT PR MexaHHUYeCKUX AebopMma-
uusx tena. Mepoil BO3HHKaloHieH ONTHYECKON aHH30TPONHH
MOXKET CJYXHTb Pa3HOCTb MOKasaTened npeJoM/aeHHs OGbIK-
HOBEHHOro H HeOOLIKHOBeHHOro Jyuefl. OmblT NoOKa3biBaer,

9T0 3Ta Pa3HOCTb [PONOPUHO-

¥ P’ HaJbHA HANpPAXKCHHIO ¢ B JAaH-

HOf TOuKe Tena [T. e. CHJe, NpPH-

g XOASUEACS Ha eNHHHUIy MJIOa-
au; em. 1. I, popmyany (45.3)]:

n,— n, = ko, (33.1)

rae k— ko3pduuHeHT nponop-
UHOHAJABHOCTH, 3aBHCAIUHA OT
CBOMICTB BellleCTBA.

[Momectum cTexsHHYIO TLIAC-
THHKY Q MexAy CKpelleHHBIMH
noaspuszatopamu P u P’ (puc.
127). Tloxa crekno He geOpMUPOBAHO, TaKask CUCTEMA CBET
He mponyckaeT. Eciiu ke cTekno moasepruyTh aedopMmanuu
(Hanpumep, OJHOCTOPOHHEMY CXKATHIO), CBET Yepes CHCTEMY
HayHHAeT NPOXOAHTH, NPHYEM HabJiofaeMas B OPOILENILIHX
Jydyax KapTHHa Oyjer HCOeHm(peHa IBETHBLIMH I10JIOCAMH.
Kaxnas Takas 10J0C2 COOTBETCTBYeT OAHHAKOBO Aedopmu-
poBaHHHIM MecraM miacTHaku. ClefoBaTesJbHO, IO Xapak-
Tepy PacHOJOXKEHHS NMOJOC MOMHO CYIHTb O pacrpeleseHHH
HanpsKeHH! BHYTPH MJIACTHHKH.

Ha uckyccTBenHOM ABOAHOM JyuenpeAOMJIEHHH OCHOBbI-
BaeTcsi ONTHYECKHHA METOR HccaenoBaHust Hanpsxkenuit. Ma-
roTOBJIEHHAs M3 [PO3PAauyHOro H3OTPONHOrO Marepuasa (Ha-
npuMep, H3 UEVIYJAOHAA HJH IJIEKCHTJaca) MoOJesab Ka-
KOi-NH60 JAeTa/li HMAM KOHCTPYKUMH [OMELLAeTCsT  MEeXAY
CKpelLlleHHBIMH TIONsipH3aTopaMH. Mozess noaBepraercs geft-
CTBHIO HATPY30K, aHANOTHYHHX TeM, Kakue OYyJeT UCIIBLITHI-
BaTh caMo u3gende. HaGawonaemas npu 3ToM B NpOXoasineM
GesioM CBeTe KAapTHHA NO3BOJSET ONPEJeNHTb pacnpefese-
HHEe HanpsKeHui, a TaKKe CyAHTb 00 HX BeJHYHHe.

OcraTouHble HaupsKeHHs TaKxe NPHBOAAT K MCKYC-
CTBeHHOH onTHYeckod anu3orponuu. IlosTomy onruyeckuit
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MeToh TpHMeHdAeTc AJAA NPOBePKH CTEKNAHHBIX H3NEJNHH HA
OTCYTCTBHE B HUX BpeAHbIX HanpskeHuil. Taxkoii meros ot-
6paKOBKH fBJISieTCS O4YeHb YYBCTBUTENbHBIM.

B 1875 r. Kepp o6napyxui, 4T0 B XKHAKOCTAX (M B
aMop¢HBIX TBepAbiX TeJax) Mo BO3AeHCTBHEM 3JEKTPH-
YeCcKOro MoJii BO3HHKaeT JBOHHOe JydenpejoMjeHHe. IT0
sABJIeHHe NoNy4n/ao Ha3Baune 3G dekra Keppa. B1930r.
spdert Keppa 6bin HaGMIOfEH TaK®Ke U B rasax.

Ha puc. 128 nzoGpakena cxeMa yCTaHOBKM jaafd HabJio-
nenuns 3¢pdexra Keppa B XKHAKOCTAX. YCTaHOBKA COCTOHT

/0 )

\r

prm——
FTT T ey —_——n

/)1 m .

A

o/
Pue. 128.

u3 Aueiiky Keppa, moMeilleHHON MeX1y CKpelleHHbIMH mo-
aspuzatopamu P u P’. fluefixa Keppa npexcrasaser coGoit
repMeTHYHYI0O KIOBETY C JKMJKOCTbIO, B KOTOPYIO BBeJeHbI
nJacTHHL KoHJeHcaTopa. [Ipu nonave Ha nyacTHHH Hanps-
JKEHHS MeXAy HHMH BO3HHKaeT HPAKTHYECKH OJHOPOJHOE
ajeKkTpudeckoe nose. [loag ero ne#icTBHeM XHAKOCTb HpPH-
obperaeT CBO#CTBA OAHOOCHOI'O KpHUCTa/Jla C ONTHYECKOH
OCbl0, OPHEHTHPOBaHHOA BAOJbL noJs. PasHocTs nokasare-
JAell [peJOMJIEHHSt No U Ne NPONOPINOHANBHA KBaAPaTy Ha-
npsaxeHnoctH noas E:

ny,—n,=kE2, (33.2)

Ha nyta [ mexAy OGHIKHOBEHHHM H HEOGHLIKHOBEHHBLIM
JiyuaMH BO3HHKaeT Pa3HOCTb XOAa

A=(n,—~n,)l=FkIE?
HJH Pa3HocTb (a3

b=

)

ITocneanee BbipaxkeHHe NPHHATO 3aNHCHIBATL CJeAYyIO-
nipM o6pa3om:

6 =2nBIE?, (33.3)

181

—on Rk P2
2n=2n 7 lE?,



rae B — xapaKrepHasi [Jf1 BelllecTBa BEJIMYKHA, Ha3blBae-
masg nocrosHHol Keppa. TIlocrosannaa Keppa 3asu-
CHT OT TEMIepaTyphl BELLeCTBa W OT JJIHHBI BOJHH CBETA Ag.

B Bmipaxenusa (33.2) u (33.3) BxomMT KBazpar Ha-
npsikeHHoctH nodasa. TloatoMy 3Hak pasHoctH (n,— R.),
a TaK¥e pasHoCTH (a3 § He U3MEHSETCS IPH HU3MEHEHHH Ha-
ApaBJIeHus IOJSs.

W3 u3pecTHBIX KuAKOCTeH HanGonbliel nocrosinnon Kep-
pa oGaanaer uutpobensoa (CeHsNOg). Huas wero B =
=2,2-10"1 cu/e2 Tlpu | = 10 cm u E = 10000 8/cm no dop-
myae (33.3) nosnyuaetca st HuTpobensona 8 = 0,44n = nf2.

Addekr Keppa o6bsACHAETCS ONTHUECKOH aHH30TpoMHeit
MOJIeKYJl KHAKOCTH, T. €. pa3HYHON MOJAPU3YEMOCTBIO MO-
JieKyJ1 O pa3HBIM HampasjeHusaM. B orcyrcTBve mosst Mo-
JleKyJbl ODHEHTHPOBAHBI XaoTHYecKHM 06pa3oM, MO3TOMY
KHAKOCTb B IeJOoM He oGHapyxusaer anusorponuu. Ilog
AeficTBHeM I0JIs1 MOJieKyJbl NOBOPAYMBAIOTCH Tak, 4YTOOHI
B HanpaBJ/eHHH NOJsi ObBUIM OpPHEHTHPOBAHBI JUOO KX AH-
MOJLHblE 3JIEKTPUYECKHE MOMEHTHl (y HOJSPHBIX MOJIEKYJH),
aunbo HanpasJsieHusi HauGoJsblieil moaspusyeMocTd (y He-
AOJSPHBIX MoOJekyn). B peaynbrate KHAKGCTb CTAHOBHTCH
anusorponHoil. OpHeHTHpYOLIEMYy [AefCTBHIO HOJSL MNPOTH-
BUTCSl TEIJIOBOE IBMIKEHHE MOJIeKyJ. DTHM 00YyCJOBJIHBaET-
¢ Habnopamolleecss Ha OMNBITe YMeHbIIeHHe HOCTOSIHHOM
Keppa B ¢ noBhilleHHeM TeMIlepaTyphl.

BpeMs,, B TeueHHe KOTOpPOro YyCTaHaBJuBaercs (IpH
BKJIIOUEHHH [10J1) MM Hcye3aeT (NP BLIK/IIOUEHHH MOJIs)
OPEeHMYIIECTBEeHHAS ODHEHTalUs MOJEKYJ; COCTaBJsSeT OKO-
a0 1071° cex. Takum oGpasom, auefika Keppa, moMeirennas
MEXAY CKpelleHHbIMH NoJspH3aTtopamn (cM. puc. 128), mo-
KET CYXKHUTb NPAKTHUECKH 0e3biHEPLHOHHLIM CBETOBHIM 3a-
TBOpOoM. B oTcyTcTBUe HampsKeHHs Ha MJIACTHHAX KOHJEH-
caTtopa 3aTBop OyaeT 3akpbIT. [Ipy BKJIOUEHHH HaNpsKeHHUs
3aTBOpP HPONYCKaeT 3HAYUTENLHYIO YaCTh CBeTa, MajaioIiero
Ha nepBHll noaspusatop. B § 4 oTMeuanock, 4TO Takue 3a-
TBOPH! OBLIH UCIOJB30BAHBL /sl H3MEpPeHH:A CKOPOCTH CBeTa
B J1a6OpaTOPHBIX YCAOBHAX.

§ 34. BpameHue NIOCKOCTH MNOJASPHU3ALHKH

EcrectBennoe Bpamenne. [IpH NpoxoxKIeHHH IIOCKO-
MOJIAPM3OBAHHOIO CBeTa Yepe3 HeKOTOpHIE BelllecTBa Ha-
6s10JaeTcs BpalleHHe IJIOCKOCTH KoJeGaHHHl CBETOBOTO BeK-
TOpa WJH, KaK HOPHUHATO TOBOPHTb, BpallleHHe IJIOCKOCTH
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neagapu3anun. BemectBa, o6aagarmouive Takod CcrnocoGHO-
CTbIO, HA3HBAIOTCA OMTHMUYECKH aKTUBHH MU K ux
yHCJAy NpHHAJJAEXaT KpHUCTaJJHUecKHe Tejla (Hampumep,
KBapll, KHHOBAapb), YHCTBlE XHAKOCTH (CKHIHAAp, HUKOTHH)
M pacTBOpHl ONTHYECKH AKTHUBHLIX BEIECTB B HEAKTHBHHIX
pacTBOpUTeNsX (BOAHBIE PAaCTBOPBI caxapa, BHHHON KHCJIOTHI
u Jap.).

Kpucraminueckne BeliecTBa, HanpuMep KBapil, CHJIbHee
BCEr0 BPaIaloT IJIOCKOCTb MOJSpPH3allMH B CJayyae, KOrja
CBeT PAaclpoCTpaHsieTcss BAOJL ONTHYECKOH OCH KpHCTaJsiia.
¥Yroa nosopora ¢ NPONOPHHOHAJEH NYTH [, NpONAEHHOMY
Jy4OM B KpHCTaJJe:

¢o=al, (34.1)

KosddHuueHT ¢ Ha3bBAIOT HOCTOAHHON BpalleHHd.
Fe npHHATO BHIpaxaTb B YIVIOBHIX Ipaflycax Ha MHJJIHMETP.
[locTosnHas BpalleHHs 3aBHCHT OT AJIMHBL BOJIHBI (IHCHEp-
cus BpamaredbHoit cnocoGHoctH). Tak, Hanpumep, y Keap-
na Aaa xearslx ayde#t (Ao = 0,6890 mx) o = 21,7 epad/mm,
a s $uoseToBb% Jdyuell (ho=0,4047 nx) =489 epad/mm.

B pactBopax yroJ noBOpoTa IJIOCKOCTH MOJsPH3ALMH
NPONOpPUHOHAJIEH TIYTH Jyya B pacTBope !/ u KOHUEHTDAaLHH
AKTHBHOIO BelLIEeCTBa C:

¢ =[a]cl, (34.2)

rie [a] — BennunHa, HasbiBaeMas yAeJaAbHOH MOCTOSA H-
HOHK BpanieHHs.

B 3aBucuMOCTH OT HanpaBJeHHs BpalleHHsA IJIOCKOCTH
MOJIsIpH3allHH  ONTHYECKH AaKTHBHbLiE BelleCcTBa NOJAPas-
IeJIAIOTCT Ha fIpaBo- M JNeBoBpallawmue. Ecan
CMOTPeTh HaBcTpedy Jydy, TO B [paBOBpallialOLIHX Belie-
CTBaX IVIOCKOCTh HOJAPH3aUuH OyJeT NOBOPAYHBATHCHA MO
UACOBOH CTpejiKe, B JeBOBpAlllAIOI{MX — OPOTHB YacOBOH
ctpeiku. Takum o6pasoM, HanpaBJeHHe Jyua H HanpasJe-
HHe BpaljeHHs o0pa3ylor B NpaBOBPALAIOIIEM BEINECTBE
JIEBOBUHTOBYIO CHCTEMY, a B JIEBOBpAIaIoOllleM BellecTBe —
NpaBOBHHTOBYIO cHcreMy. Hanpapiaenue Bpauienusi (oTHo-
CHTENBbHO Jyua) He 3aBHCHT OT HanpasJeHHd Jyda B Of-
THYeCKH akTuBHOH . cpexe. Ilostomy, ecan, Hanpumep,
Jy4, OpOIUeAIIHH BAOJL ONTHYECKOH OCH depe3 KPHCTaJLI
KBaplla, OTPa3HThb 3€PKaJOM H 3acCTAaBHTh IPOHTH Yepes
KPHCTaJJa ellle pa3 B 06paTHOM HampaBJieHHH, TO BOCCTa-
HABJIHBAETCs NIePBOHAYAJILHOE HOJIOXKEHHEe MJIOCKOCTH HOJIf-
pH3auuy,
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Jlns o6bsAcHeHNsl BpallleHHst NAOCKOCTH MNOJSPH3AUMH
®penesib NPEANONOXKHN, YTO B ONTHYECKH AKTHBHHIX Belle-
CTBaX JIyuH, NOAPH30BaHHHE MO KPYry BHPABO H BJEBO,

PacnpoCcTpaHsIOTCH c
P pp HEOMHAKOBOH  CKOpO-
ctbio. [lnockononspuso-
BaHHBIH CBET MOKHO
NPeICTABUTL KaK cymep-
2 HO3HIHIO ABYX MOJAPH-
s, 30BaHHLIX IO  Kpyry
\ BOJIH, IPaBOH H JIeBOH, ¢
! OJHHAKOBLIMH YacTOTa-
/' MH H aMIJIATYRaMH.
\, / \ i 7 JleficTBUTe/IbHO, reoMeT-
Sl 1L N pnueckas cymma E cse-
1 1\ TOBHX BeKTOPOB Ey u Eg
2) o N0JI5PH30BAHHBIX 110 KPY-~
Ty BOJH B KaxXiwiii MO-
Puc. - 129. MeHT BpeMenu GyjerT Je-
)KaTb B ORHOH W TOi XKe
naockoctu P (puc. 129, a). Ecau ckopoctu pacnpocrpane-
HHA OOCHX BOJH OKaXKYTCS HEOJAHHAKOBBIMH, TO [IO Mepe npo-
XOX/EHHs yepes BelecTBO ONHH H3 BekTopos, E; uan E,,
OyAer OTCTaBaTb B CBOeM BpallleHHH 'OF APYroro Bektropa,
B pe3yJbTaTe Yero MJIOCKOCTb P/, B KOTOPOIl JIeXKHT pe3yiib-
‘rupyromair’ Bektop E, Gyner
NOBOPAYHBATLCS OTHOCHUTEJb- X
HO MEPBOHAYAJLHOH MNJIOCKO-
cru P (puc. 129,6).

Pasnuune B CKOpOCTAX r o7
CBETa C pa3HbIM HalnpaBjeHH- Z 2
eM KPYroBoif nosisipu3amiu oG- v Y
YCJOB/IMBAETCS aCHMMeTpHei
MOJEKYN, JAH6O acHMMeTpHu- Q 9
HBIM pasMelieHHEeM aTOMOB -B
kpuctanne. Ha puc. 130 npu- Puc. 130.

BeicH INpHMED acHMMeTpHY-

HOH MOJieKyJH. B neHTpe TeTpasapa noMeuiaercs aTom yrie-
pona, B BeplIMHAX — OTJIHYAIOIIMeCH APYF OT JApyra aTOMBI
WIH TPyNNHPOBKH aTOMOB (pafuKaninl), 0603naueHHble GyK-
samu X, ¥, Z u T. Ecan cMorperh Ha Terpasfp, usobpa-
xeHublt Ha puc. 130,a, Bpoas Hanpasaennss CX, 10 npH
06xone no yacosofl cTpeske OyleT HMeTb MECTO yepejacBa-
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nue ZYTZ, a npu o6xofe npoTHB 4acoBoit crpenku —ZTYZ.
To ke camoe Habawomaercs AJ1s JGOro U3 APYrux Hanpas-
aenuit: CY, CZ wu CT. Mojekyna, H3o0paxeHHasi Ha
puc. 130,6, siBiisieTcs 3epKaJbHBIM OTpaKeHHEM MOJIEKYJIHl,
noka3ansofi Ha puc. 130,a. Uepenosanne panukanos X, 7,
Z, T B MoJieKyJie 6 NpOTHBOMOJIOXKHO UX UepellOBAHHIO B MO-
nekyne a. Ilostomy, ecam, nampumep, BemiecTBo, 0Gpaso-
BaHHOe MOJIEKyJlaMH @, NpaBoORpallalollee, TO BeLIECTBO,
o6pa3oBaHHOe MOJieKyJaMH 6, GyXer JieBOBpaUlalOLIUM.

OxasbiBaeTcsi, YTO Bce ONTHYECKH AKTHBHBIE BellecTBa
CYIIeCTBYIOT B ABYX- PAa3HOBHJHOCTSX — NpaBOBpallaloLled
n Jsesoppamaiomed. Takum o00pasoM, cyiuecTBYioT npaso-
1l JIeBOBPAIAIOWMA KBApN, NPaBo- ¥ JIEBOBPAILAIOWMA ca-
Xap H 1. A MoJieKysbl HIAH KPHCTAJJIbl OJHOH Pa3HOBHUIHO-
CTH fIBJISIIOTCS 3€PKaJbHBIM OTpaXKEHHEM MOJIEKYJB HJIH
KPHCTAJJ0B Jpyrofi pasHOBHAHOCTH (B KpHCTajlorpaduu
IBe Takue (OpMH KPHCTANIOB HOCAT Ha3BaHWe 5HAHTHO-
Mopé¢aHb X). O6e pasSHOBUEHOCTH OTJIHYAIOTCS TOJBLKO
HanpaBJieHHeM. BpallleHHss NJOCKOCTH noJspusauuu. Ync-
JieHHOe 3HaYeHHe MOCTOSHHOM BpallieHHs y HHX OQJIHHAKOBO.

Ecau mexay AByMst CKpeILEHHbIMH NOJSIPA3AaTOPAMH NO-
MeCTHTb ONTHYeCKH aKTHBHOE BellecTBO (KPHCTaJ/1 KBapla
HJH TNpPO3payHyl0 KIOBETY C pacTBOPOM caxapa), TO mHoJe
3peHHs npocseriserca. UroGH cHOBa HOJYYHTH TEMHOTY,
HYXXHO NOBEPHYTb BTOPOH MNOJAPH3AaTOpP HA yroa ¢, onpe-
nensieMbiil BoipaxkenneM (34.1) uam (34.2). 3nas yrmeabuyio
[OCTOSIHHYIO Bpamlenus [o] AaHHOro BellecTBa W JJHHY [,
MOXKHO, H3MEPHB YFoJ [OBOpOTa ¢, Onpeleuth no dop-
MyJne (34.2) KOHIeHTpanui pacreopa c¢. Taxoil croco6
ompefesieH!A KOHHEHTPALHHM LIMPOKO NpHUMEHsieTcs B TNpo-
H3BOJICTBE PAas/HYHBIX BEIIECTB, B YACTHOCTH B Caxaposa--
peHHH (COOTBETCTBYIOWIMA npuHOOp HaspiBaeTcsl CaxapHu-
MeTpoM).

YcTaHOBKAa NOJisipH3aTopa Ha TEMHOTY He MOXKeT ObITb
ocyulecTBJAEHAa HOCTaTOYHO TouHO. [JoatoMy BMecTO 06BIU-
HOro MOJIApH3aTOpPa NPHMEHAIOTCA TAK HasblBaeMble 1O J Y-
TeHeBHE YCTPOHCTBA, € NOMOULIO KOTODLIX IIpPO-
U3BOJHTCA YCTaHOBKAa He Ha TEMHOTY, a Ha paBeHCTBO
OCBEILEHHOCTed JBYX HOJOBHH nons 3penus. ITpocrefimee
NoJIyTeHeBOe YCTPOHCTBO TIpeAcTaBjsier coOOH  coueTaHHe
JBYX PaCMOJIOXKEHHBX PAIOM APYT C APYroM NOJSIPU3ATOPOB,
nAOCKOCTH Kotopuix P’ u P’ o6pasylor HeGosbwofl (mo-
paRAka 5°) yroa (puc.-131). Ecan miaockocTs KoJebaHHH.
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llafaiolero CBeTa NepneHAHKYJApHA K GHCCEKTpPHCE 3TOro
yraa, 10 o6e NOIOBMHBI ONA 3peHHA GYIYT OCBElIeHB OJLH-
HakoBo. Ilpu MmaseiilneM noBopore mIOEKOCTH KoJieBammii
PaBEHCTBO OCBeUEHHOCTell cpasdy Hapymures. [71a3 ouenn
YYBCTBHTEJEH K HapyLIEHHAM pAaBEHCTBA OCBEIEHHOCTE
ABYX cocennux noneir. ITostomy c

pn P NOMOWLLIO  TMOJYTEHEBOrO  yCTPOR-

i CTBA MNOJIOKEHHE IJIOCKOCTH NOJs-
- PH3alUH MOXKeT ObiThb yCTaHOBJIEHO
e e € ropaszo GoJablieil TOYHOCTHIO, YeM

I IyTeM YCTAHOBKH INOJsIpH3aTOpa
-F ) Ss  Ha TEMHOTY.

E " E Ha puc. 132 uso6paxena cxema

M npocreiiiiero caxapumerpa. P —

OOHIMHBIA TOAApH3aTop, P’ — noay-

Puc. 131. TeHeBoe ycrpoiictBo, K — KioBeTa,

B KOTOPYIO HAJHMBAIOT HCCAEAYye-

Mblit pactBop. Ilonyrenesoe YCTPORACTBO YCTaHABJAHBAaeTCs

Ha PABEHCTBO OCBEIUCHHOCTEH OGEHX NOJOBHH NOJS 3peHUS

ABAXALl — 10 M NOC/e 3a/MHBKH DAcTBOpa B KIOBETY. Yrou

MEXKAY OGOHMH NOJIOKEHHAMH YCTPOHCTBA HaeT yron mo-

tOpoTa NJIOCKOCTH NoJspH3anuH pactsopoM. Ha onpage

NOJNYTEHEBOTO YCTPOMCTBA HAHOCHTCS WIKAJa, NPOTHB AeJe-

HHA KOTOpOH OTMeuaioTcs HENOCPeJCTBEHHO 3HAaYeHHS KOH-
LEHTPalHH.

H. A. ¥YMoB cosnan ouenp a3 dexTnril neMOHCTpaLHOH-
HEIH OMNBIT, OCHOBAHHHIA Ha BPALNEHHH IJIOCKOCTH .IOJISKH-
samuH (BUHT Y MoOBa). Hnnunapuyecknii creknsnnbit
cocyn pamuoi 0.5—1 u u ,
Anamerpom nopsiaka 10 cu P v
3aNOJIHACTCH ~ KOHUEHTpH- 1 #H
DOBaHHBIM pacTBOpOM ca-
XaPa H repMeTHYEeCKH 3aKy-
nopusaercsi. Ecanm  uepes
COCYl MNPONMyCTHTH BAOJL U
€ro OCH [IOCKOHOJISIPH3O- Puc. 132.

BaHHBIA GeJIbifA CBeT, TO IpH

HabmoaeHHH c6OKY KUAKOCTh ApeJCTaBJsieTca 3a0JHe HON
HABUTEIMH BOKDYT OCH COCYAa Paly’HO OKpAalleHHBIMH JieH-
TaMu (pHc. 133). ITpu Bpamenun nosnspusaropa P Best Kap-
THHA CMELIaeTCsl BAOJb OCH COCYAa.

HU106bl NMOHATH NPHYHHLI BOSHHKHOBCHHA BUHTA YmosBa,
PacCMOTPHM NPOXOXK/EHHE MNJIOCKONOJSPH3OBAHHOTO MOHO-
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XpPOMAaTHUECKOr0 CBeTa 4epes pacTBOp caxapa, 3ak/IoueH-
Hbifl B cocyle ¢ IIockumu creHkamu (puc. 134). Ilpu na-
6ogeHid c60Ky Mbl OyaeM BuleTh pacCesiHHBIH CBeT.
Ecau 6bl pacTBOp caxapa He BpallaJ IJIOCKOCTb IOJIIpH3a-
HMH, BbiHyXKIeHHble KosieOaHHA 3apsafoB, OOYCJOBJIEHHbLIE
INPOXOASILIMM HYepe3 pact-

BOp CBETOM, COBEDILIANHCE P
6bl B OJHO# NJOCKOCTH, CO- g
BIAfaoOIell ¢ MAOCKOCTBIO IL /// /// // // //) =
noasipusaropa P. Beaencr- .
BHE HaNpaBJieHHOCTH H3Jy-
yeHHs] 5J€KPHUECKOro [H-
noas (cm. T. II, puc. 246)
HHTEHCHBHOCTb  paccesiH-
HOTrO CBeTa MaKCHMaJ/bHa B HalpaBJeHHH, NeplneHIHKyJIap-
HOM K NJOCKOCTH P, 1 paBHa HYJ/II0 B HanpaBJieHHsX, JiexKa-
mHx B 3Tofi maockoctd. OnTHueckas akTHBHOCTbH Caxapa
NPHUBOJUT K TOMY, 4YTO HampaBJeHHe KoJieGaHHi noBOpa-
y¥BaeTCd NO Mepe MPOXOXKACHHS IMJIOCKOMOJSAPH3OBAHHOIO
cpeta uepe3 cocyA. Ilostomy B ofHHX MecTax KojeGa-
HHfl 3apsifioB COBEPUIAIOTCS B BEPTHKAJbHOM HarpabJe-
HUK npd HaGaiofenud c60OKy 3TH Mecra OYAYyT CBETJIBLIMH),
B IPYrHX MeCTax — B FODH30OHTA/bHOM HANpPaBIeHHH (3TH
mecra Gyayr temumimu). Takum o6pasoM, cOOKY XHAKOCTb

Puc. 133.

4 P
b NS e £ [ 4’_(\\\
7 X

N S T TN
B P AL AR 5
R - e
]ma.z' /=0 [/”ﬂ.l'
Puc. 134.

NpeACTaB/Isercs COCTOsILEH M3 uepefyIolIUXCs CBETJLIX H
TEMHHX CJIO€B, NMEPHEeHINKY/IAPHBIX K JYy4y CBeTa, uayliemy
yepes cocyll. Paccrosinne MexXay cOCe[IHUMH CBETVIBIMH (HJH
TEMHBLIMH) CJIOSIMH DaBHO TOMY INYTH, NPH NPOXOXKJECHHH
KOTOPOTO MJIGCKOCTb NOJIsIpU3aliiy noBopauuBaerca Ha 180°.
[Mpu nponmyckanuu GeOro cBeTa U3-3a JHCHEPCHM Bpalua-
TeJIbHOMH - CIOCOGHOCTH MAaKCHMyMbl HHTEHCHBHOCTH pacCesiH=
HOTO cBeTa MJIsl PasHBIX JJIMH BOJH NPHAYTCA Ha pasHbie
CeUeHHs cOcyla, TaK 4TO XKHIKOCTH OyAeT NpeACTaBIATbCS
pacmapiueiicst Ha Pajy’KHO OKpallleHHBIe CJIOH.

187



B umuaHHAPHYECKOM cOCYAe H3-32 NpeJIOMJIEHHS] pacce-
SUHBIX Jiydell NpH BHIXOJE H3 CTeKJla B BO3AyX !) OKpalueH-
Rble CJI0H OKashlBajOTCA HAKJIOHEHHHIMH OTHOCHTEJBHO OCH
cocyla, Aasast KapTHHY, u3o6paxennyno Ha puc. 133. Ha
puc. 135,6 xan nonepeunniii paspes cocyaa. Jlyum, nayuue
B [V1a3 Hab/i10jaTedsd OT BEPXHeH YacTH, OT CepelNMHBl H OT
HHXKHell 4acTH cocyla, o6osnauvenw I’, 2/ u 3. Cepenuna
cocyia OyneT KasaTbCsl TeMHOH B TOM CeYeHHH, I'ie KoJe-
6anusa 3apAJ0B HMEIOT HanpaBJieHHe, YKa3aHHOe ABYCTOPOH-
Hell crpenkoit 2 (ua puc. 135,a 310 ceuenne 0603Ha4EHO

ToXe nmHdpoir 2). Bepx-

HAA 4acTb coCyha 6yger

7" TeMHOM . B TOM CEUeHHH,

\ B KOTOpOM KoJefaHus

COBEpILIAIOTCA BAOJb Ha-

npapaenus I (ceuenue [

na puc. 135,a). Haxo-

V7 Hell, HHXHAA 4acTb CO-

cyna Oynaer TeMHOX B

Puc. 135. TOM CEUEHHH, B KOTOPOM

KoJjie6aHus 3apsfoB CO-

sepuIaloTcsi BAOJb HanpasJiennus 3 (ceuenne 3 na puc. 135,a).

Ceuenusi- [ u 3 JnexxaT CHMMETPHYHO OTHOCHTEJLHO cede-

nus 2. Toukn I, 2 1 3 BocnpuuuMalotca nabaionareseM Kak

HMeIOUIHe OJHHAKOBYI0O SIPKOCTb (B MOHOXPOMAaTHYECKOM
cBeTe) HJH ONHHAKOBYIO OKpacKy (B 6esioM cBeTe).

MarnntHoe BpameHue RJAOCKOCTH Hoaspusaumu. OnTu-
yeCKH HeaKTHBHBIE BellecTBa NpuHoOpeTaloT CNOCOGHOCTD
BpaljaTh IJOCKOCTb MOJsipH3aLUH NOJA ReHCTBHEM MarHHT-
HOro moJasi. D10 sB/JeHHe Obii0 obGHapyxeHo dapageem
(1846 r.) u nostoMmy HaspiBaerci UHOTAa 3P deKkTOM
G apanes. Ouno Habaiopaercs TOJbKO NpH pacnpocTpa-
HeHHH cBeTa BJOJb HanpaBJieHHs MAarHHTHOrO nojsa (Tou-
Hee — BAOJbL RanpasJenHsi HaMmarnuuenus). Ilosromy nas
Habuaonenus sddexkra Papajes B MOMIOCHHIX HAKOHEUHH-
Kax 35JeKTPOMAarHHTa MpOCBEpPJHBAIOT OTBEPCTHS, Yepe3 Ko-
TOpble MNpPOHYCKaeTcs Jyu cBera. HMccaeznyemoe BeulecTBo
noMeIaercss MeXAy MoJMiocaMu 3JeKTPOMarHuTa.

¥roan noBopoTa NJMOCKOCTH NOJSAPH3ALHH ¢ NPONOPLHO-
HaJled OyTH [, IpOXOAHMOMY CBETOM B BelleCTBe, H Hanps-

~
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Ll et . st
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') Ha rpanuue pacTBOpa €O CTEKIOM JAyY BPENOMARETCA He3HAUH-
TeJbHO (OTHOCATENBHBLIA NOKaszaTelb NpesoMienHs GAH30K K eaunune).
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KEHHOCTH MAarHdTHOrO nodst H  (TouHee — HAMATHHUEHHUIO
BeleCcTBa):
o=VIH. (34.3)

Kosdppuuuent V HasbiBaerca moctossiHHO# Beppae
HIH yLeJbHHM MAarHuTHHM Bpallehuew. [lo-
croanHas V, Kak H NMOCTOSIHHAA BpAaIleHUN @, 3aBHCHT OT
AJHHB BOJHEL

Hanpasnenue Bpalienus onpefessieTcsi MO OTHOLIEHHIO
K HanpaBJIeHUI0 MaTHHTHOrO toJs. /s MOM 0K KTeJIb-
H bl X BEIeCTB HANpaBJieHHe MOJs U HanpaBJeHHe BpalleHns
06pa3yioT NpaBOBHHTOBYIO CHCTEMY, JJs OTpPHIL ATeJb-
HBI X BellecTB — JIEBOBHHTOBYIO cucreMy. Ot HanpaBsJ/eHHus
Jyya 3HaK BpallleHust He 3aBHCHT. CllefoBaTe/bHO, €CJH,
OTpa3HB JyY 3epKaJOM, 3aCTaBUTb ero MPOHTH Yepe3 Ha-
MarsMyeHHOe BeILECTBO ellle pa3 B 06paTHOM HaNpaBJeHHH,
NOBOPOT NJOCKOCTH NMOJAPH3ALUM YJBOUTCH.

-‘MarnuTHOe BpailleHHe NJIOCKOCTH N0JspH3anuy o6yc/10B-
JIeHO BO3HUKAIOIIeH ToJ AEHCTBHEM MAarHHUTHOTO TOJS Hpe-
neccuefi 31eKTpoHHbIX op6ut (cm. T. II, § 52). B pesyas-
TaTe NPEecCHH 3JeKTPOHOB CKOPOCTb BOJIH C Da3JIHYHBIM
HampaBJieHHeM KPYTOBOH NOJSPH3alUMH CTAHOBHTCH HEOXH-
HAKOBOH, a 3T0, KaK Mbl BHIEJH, [PHUBOJIHT K BpallleHHIO
IJIOCKOCTH TIOJISIPH3ALHH.

Onrnueckd aKTHBHbIE BelleCTBA MOJ AeficTBHEM MAarHHT-
HOrO NOJS IPHOGPeTAIOT HOMNOJNHUTENLHYIO COCO0HOCTh Bpa-
1iaTh IIIOCKOCTb HOJISPH3aUNH, KOTOPAsS CKAaAblBAETCA C HX
€CTeCTBEHHOH CMOCOGHOCTHIO.



FJTABA VI

ONTHKA NBWKYLIUXCS CPELR
U TEOPHUS! OTHOCHUTEJIbHOCTH

§ 35. Onmt Pu3o 1 onbit MalikeabcoHa

Jlo cux mop Mbl DpeAmoJarajd, 4To MCTOYHHKH, NpHeM-
HHKH M JpyTHe T§Jla, OTHOCHTEJDBHO KOTOPHIX paccMaTpus
Ba/JOCb pacnpocTpaHeHHe CBeTa, HeNOJBHXKHH. EcTecTBeH-
HO 3aMHTepPecOBaTbCA BONPOCOM, KaK cKaxKeTcs Ha pac-
NpOCTPaHEHMH ‘CBeTa JABHXKEHHE, HanpuMep, HCTOUHHKA HJIH
OpueMHHKa CBeToBHIX BOJH. [IpH 3ToM BO3HHKaeT HeoGXxo-
IHMOCTb YKa3aTh, OTHOCHTEJNLHO Yero NPOUCXOIUT JIBHIKe-
Hue. B akyctuke (cm. T. I, § 86) MBI paccMorpesn ABmKe-
HYe HCTOYHHKA M NpHeMHHKA 3BYKOBBIX BOJIH OTHOCHTENbHO
cpelbl, B KOTOPOH 3TH BOJIHBEI PaclHpOCTpaHsioTcd. BrifcHu-
JIOCh, YTO TaKOe JBHXeHHe OKa3blBaeT BJHWSIHHE HA HpOTe-
KaHHe aKycTHYecKUx siBjleHHH (3¢ddekr Honmaepa) u, cae-
JOBaTe/bHO, MOXKeT OBITb OOGHApYIKeHO.

IlepBonavanpHo BOJHOBasA TEOPHsSl PACCMaTpHBaJda CBET
KaK YOpyrue BOJIHBI, pacinpocTpaHsIONIHECs B HEKOH cpene,
HOoJy4uBIlel Ha3BaHHe MHpoBoOro adupa. Ilocre BO3HMKHO-
BeHHs TeopHHM MakcBeanla Ha cMeHY ynpyromy adupy npu-
men 3¢up — HOCHTeNb 3J€KTPOMATHUTHBIX BOJH M TOJeH.
[Tox stum sdupom nompasyMmeBanack ocobas cpena, 3aloJ-
HIOIasl, KaK ¥ ee NpEIIIeCTBEHHUK yNpyru# sdup, Bce
MHPOBOE NPOCTPAHCTBO M NPOHU3bIBalOIlasl Bce Tena. Pas
s¢up mpeAcraBaasr coO0H HeKyIO cpely, MOXKHO ObLIO pac-
CUNTHIBATh OOHADYXKHUTH IBHXKEHHE TeJ, HallpHMep HCTOYHHU-
KOB MJIM MPHeMHHKOB CBE€Ta, 10 OTHOIUEHHIO K 3TOH cpefe.
B uacrmoctd, cieloBajJo OXUAATb CYIIECTBOBaHUS «3dup-
HOTO BeTpa», 00xyBalollero 3eMJi0 NpH ee JBHXKEHHH BO-
kpyr Connua.
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OGHapy:KeHHe [BHKEHHS TeJ OTHOCHTEeNbHO adupa NMpH-
BeJO OBl K MOSIBJIEHHIO abCOJIOTHOH CHCTEMBI OTCYeTa, MO
OTHOLIEHHI0 K KOTOPOH MOXHO ObLIO Obi paccMaTpHBATh
JIBUJKeHHe BCeX APYTHX cucreM. B mexasuge (cMm. T. I,
§ 17) MBI NO3HAKOMHJIHCH C NPHHIMIOM OTHOCHTEIbHOCTH
Fanunes, corjacHo KOTOPOMY Bce MeXaHHUYECKHe SBJIEHHS
IpOTEKAIOT B Pa3/JHYHBIX HHEpLUHAJbHbIX CHCTEMAaX OTCUeTa
oAMHAKOBLIM 0oOpaszom!). M3 aTOro yrBep:kAeHHs BLITeKaeT
HOJIHAs PABHONPABHOCTh B MeXaHHUECKOM OTHOIIEHHH BCex
WHEpUHaJbHBEIX cHcTeM oTcyera. O6HapyxeHHe sdupa che-
JaJjio 66l BO3MOXKHBIM BbijleieHHe (C MOMOILbIO ONTHYECKHX
siBjiennii) ocobeHHoli (cBsizaHHOM ¢ >dupom), IpeHMylle-
CTBEeHHO!, abCOJIOTHOH cHCTeMBl OTcyeTa. Torja ABHXKEHHE
OCTa/IbHbIX CHCTEM MOXHO OblIO OBl paccMaTpHBATH 1O OT-
HOILIEHHIO K 3TOi abCOMNIOTHOM cHCTeMe.

M3 ckasaHHOro BHITE€KaeT, YTO BBISICHEHWE BOMNpoca O
B3aUMOJAEHCTBHE MUPOBOTO 3hupa ¢ ABHKYIUUMHCA TesJaMH
umeno Goabiioe 3HayeHue. MoKHO OBLIO RONYCTUTbL TPH
RO3MOXKHOCTH: 1) 3(hHp coBeplieHHO He BO3MYyLLaeTcsl ABH-
JKYIUMHCS TeJaMu; 2) 3bhup yBJeKaeTcs [IBHAKYLHMHUCH
TeJaMH YacTHYHO, NpHoOperas CKOPOCTb, PaBHYIO av, TAe
U — CKOPOCTb TeJIa OTHOCHTE/NbHO abCOJIOTHOH CHCTEMBl OT-
cueTa, o — KOS(P(QUUUEHT YBJeUeHHs, MeHbIIHH eAFHMIL,
3) a¢up NOJHOCTBIO YBJEKaeTCs ABHXYUWHMHCA TeJaMH,
nanpumep 3emJiedl, 10L0GHO TOMY KakK TeJO IPU CBOeM ABH-
JKEHHH YBJIEKaeT fApHJerKallue K ero MNOBEPXHOCTH CJOH
rasa (c™. 1. I, § 60). OzHako Takasi BO3MOMKHOCTb OIIPO-
BEpraercs PsiIOM ONLITHHIX (PAKTOB, B UACTHOCTH CYLUECTBO-
BaHHeM fABJeHHs adeppanui csera. B § 4 Mbl BHZesH, UTO
H3MEHeHHe BHAHMOTO MOJIOXEHHs 3Be3A MoxeT Oblth 00b-
SICHEHO JBMXKEHHeM TeJeCKona OTHOCHTeJIBHO CHCTEMBbl OT-
cyera (cpexbl), B KOTOpOH paccMaTpHBaeTcss pacHpocTpa-
HEHHE CBETOBOH BOJHBL

Onpit Puszo. B 1851 r. ®uso, ¢ HeablO BHIICHEHHI BO+
npoca O TOM, yBJeKaeTcs /U 3(QUp ABHXKYIUHUMHCA TeJaMH,
ocyLiecTBUA cienyomnii onut. Ilapananenbuslit nyuok ceera
OT HCTOYHHKa S pasjaesicsi nocepeGpeHHON OJynpo3pad-
HOA njactHHKoM P Ha pBsa nyuxa, o0o3HaueHHBIX Hudpa-
MH I n 2 (puc. 136). 3a cuer orpaxKeHus oT 3epkan M,
My u M; nyuku, npoiiis B o0uleil CJI0XKHOCTH OAMHAKOBBIN

1) MIHbIMH cOBaMH, yDaBHEHHs MEXAHMKM WHBAPHAHTHH [0 OTHO~
HICHHIO K NPeoGpa3oBaHHI0O KOOPAHHAT M BpEMEHH OT OJHOH HHepUHAlb~
HOM CHCTEeMBI OTCHETa K APYIOM.
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myTb L, cuoBa monajaan Ha naactuEky P. Ilywoxk [ ua-
CTHYHO MPOXOAHJ yepe3 P, myuyoK 2 4acTHUHO OTpaxaJjcHd,
B pesy/ibTaTe Yero BOSHMKAJO JABa KOTeDeHTHHX nyuka I’
u 2’, Kotopble 1aBajiu B (OKANbHOM IJIOCKOCTH 3PHUTEJbHOH
Tpy6hl HHTEpdEPeHIMONHYI0O KapTHHY B BuAe mnoJoc. Ha

M" [ A ¥ [l <
7 L.u l faJ 7
2 : . f 2
.<637/7
d ral - : } A

Puc. 136.

nyTd nydkos / ¥ 2 ObiIH ycTaHOBJeHH ABe TpyObl, HO KO-
TOPLIM MOIJIa TPOMYCKaTbCs BOAA CO CKOPOCTbIO 4 B Ha-
npaBieHHH, NOKa3aHHOM cTpenkamu. Jlyd 2 pacmpocrpa-
Haiacsa B obenx TpyGax HABCTpeuy IBHKEHHIO BOAbI, JyY
1 — 1o TeyeHH1O.

Ipu HenoasH:xkHO#K BoAe myuxku I W 2 npoxoaar nyTe L
3a OJMHaKoOBoe BpeMsa. Eciu BoZa NpPH CBOeM [BHKEHHH
XoTs1 OBl YaCTHYHO yBJEKaeT 3pHp, TO NPH BKJIOUECHHH TOKA
BOAbI JYY 2, KOTOPLI pacnpocTpaHsieTcsl NMPOTHB TEYEHHS,
3aTPaTHT Ha NpoXompenue nytH L Oonvliee BpeMms, ueM
pacrpocrpaHsiouufica ‘no revennio ayd I. B pésyabrare
Mex/1y Jy4aMH BO3HMKHET HEKOTOpas Pa3HOCTb X0Ja H HH-
TepdepeHIHOHHAnA KapTHHA cMecTuTcsl. MuTepecylouan nac
pasHOCTb XO4a BO3HHKAeT JIMWIb Ha MYTH Jiyuedl, npoJeraiw-
nieM B Boje. DTOT NyTh umeer pauny 2/ OGo3naunm cko-
pOCTb CBeTa OTHOCHTENbHO 3¢upa B Bole Oyksoil v. Koraa
3¢up He yBJeKaeTcsi BOZON, CKOPOCTb CBeTa OTHOCHTENIbHO
ycTanoBKH Oyjer coBnajaTw ¢ 0. IIpeanonoxum, uto. BOA2
npu CBOEM IBHXKEHHH 4YacCTHUHO yBaeKaer adup, cooluas
cMy OTHOCHTEIbHO YCT2HOBKH CKOPOCTh o4 (4 — CKOPOCTD
BOAbl, o — KO3 dHIHEHT yBJeueHus), Toraa cKopocTh Cee-
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Ta OTHOCHTeJbHO YCTAHOBKH Anasg Jysa [ O6ypeT paBHa
v 4+ au, a gas nyua 2 pasHa v — ou. JIya I mpofiner nyth
2/ 3a Bpemsl ! =2l/(v+ au), nyu 2—3a BpeMs =
= 2[/(v — qu). Takum 06pa3oM, YUCJO MOJOC, HA KOTOpOE
CMEeCTHTCs MHTep(epeHUHOHHAs KapTHHa NpPH BKJIIOUYCHUH
TOKA BOJbI, COCTABUT !):
A,v__c(tz-—z‘,')__L( 2t o )__ 4clou
N= Ao T A \U—au vhan) Ao (vf—a2u?) ’

®uso obHapyxuJ, 4To HHTEp(hepEeHHOHHBIE NOJOCH JeH-
CTBHTe/IbHO cMemtalotcs. OnpeleseHHoe H3 BeJHUYHHBI CMe-
LleHHs 3HayeHne Ko3¢(dulUMeHTa YBJeYeHHs 0Ka3aJjoch pas-
HBIM

1
’(1.=1—'—;17, (351)

rlie 71 — NOKA43aTesb NPeJIOMJIEHHS] BOABI.

Taxuwm .ob6pasom, onnir Pu3o noxasaa, uro agup (ecan
OH CYLIEeCTBYeT) YBJeKaeTcsl [ABHXKYleficA BOAOH TOJbKO
YaCTHYHO.

Onpir Maiikeabcona. B 1881 r. Maiikenabcon ocyuiect-
BHJI 3HAMEHUTBIA ONKIT, C NOMOMIBIO KOTOPOTO OH paccud-
ThiBAJ OOHAapYMKHUThb ABHIKEHHe 3eMiH OTHOCHTENbHO 3dupa
(>¢upubtii Betep). B 1887 r. MaifikenbcOH TOBTOPHJ CBO#
ONBIT coBMecTHO ¢ Mopau na 60jee COBepUIEHHOM IpH-
Gope. ¥cranoska Mafikenbcona — Mopau nsobpakena ha
puc. 137. KupnuuHoe ocHOBaHHe NOANEPIKHBAJNO KOJIbLEBOM
UYTYHHBIH Ke06 ¢ pryThio. Ha pTYTH n/iaBaJ fepeBsHHbIH
TNONJ/IaBOK, MMEIOLIMI (OPMY HHXKHEH TNMOJOBHHbBI pa3pesaH-
HOro BAoJb O6y6auka. Ha monnasox ycranasiusaJgach Mac-
CHBHasl KBAajparHas KaMeHHasd nJjHTa. Takoe ycTpoficTBo
1103BOJISVIO OYeHDb MJABHO 6e3 TOJNYKOB NOBOPAaUHBATbL TJAUTY
BOKPYr BepTHKanpHOH ocH npubopa. Ha mnaute MorTEpO-
BaJsca uHTepepomerp Maiikeancona (cM. puc. 53), BHAO-
H3MeHeHHBIH Tak, 4to 00a Jyua, Hpexk/e 4YeM BepHYThbCH
K TOJYNpo3pavHoli I/JaTTHHKE, HECKOJBKO pa3 APOXOIUJIH
Ty4a H o6patHO NyTh, COBNAJAIOLIHA C JHATOHAMBIO MJIHTHL
CxeMa xona Jiyueli nokazaHa Ha puc. 138, O6osnauennd
Ha 5TOM pHCYHKe COOTBETCTBYIOT 0003HayeHHAM Ha pHC. D3.

B OnTuqecnyo BAHHY nYyTH nl MOXHO NPEACTAaBHTb CACLYIOUiM
ofpa3om: = (¢/v)l ='ct, rpe - BpeMs, 3aTpayHBaeMoe JYuOM HA
'npoxoxmeﬁne nytd ! B cpele c nokasateneM npejomsenus A. Toraa
BoifjakeHHe I/18  ONTHYECKOH  pasHOCTM XOoAa NpHHHMaeT  BHA:
A= nglg— nll\ = C(tz‘- t\).
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OnbT OCHOBLIBAJICS HA CHCAYIOLUX CcOOGpaxeHHsX.
IpeanonoxuM, uro miewo uureppepomerpa PM,y (puc. 139)
COBIafaeT C HalpaBJeHHeM [BHXKeHHA 3eMJH OTHOCHTE/b-
Ho 3¢upa. Torna Bpems, HeobxoauMoe ay4y I, urobu npoii-
TH NyTh N0 3epxana M; u oOpaTHo, OyHeT OTJHUYHO OT
BpeMeHM, HeoOXOAMMOTO MJs NPOXOXIeHH Nyt PMsP
ayuom 2. B pesyabtare, paxe
npyl  paBeHCTBe JUIMH 060uX
nJjeu, Mexnay Jjyuamu I u 2 os-
HMKHET HexkoTopasi pa3HoCTh XO-
Aa. Ecan nosepuyTts npubop Ha
90°, n/eus MOMEHSIOTCS MeCTaMH
1 Pa3HOCTb XOJa M3MEHHT 3HaK.
3TO I0/KHO NPHBECTH K CMellle-
HHIO HHTepdepPeHIIHOHHOA KapTH-
Hbl, BEeJHYHHY KOTOPOro, KakK Io-
KaskIBaloT COOTBETCTBYIOLLHE
pacyeTsl, BHOJIHE MOMKHO OblIO
6B 06HAPYIKHTE.

Uro6bl BBHIYUCAHTL OxKHpae- Puc. 139.

MOC CMellleHHe HHTeP(epeHIHOH-

HOW KapTHHbI, HaleM BpeMeHa IPOXOKAEHHUS COOTBeET-
CTBYIOLUMX nyTeil ayuaMu I u 2. Ecau adup He yBJiekaercs
3emJiell ¥ CKOpPOCTh CBETa OTHOCHTEeNLHO 3¢upa papHa ¢
(nokaszarenb TpeJqoOMJIeHHsI BO3/yXa [MpaKTHYeCKH ' pabeR
CAHHHLE), TO CKOPOCTh CBETA OTHOCHTeJbHO npubopa OyieTr
paBHa €-— v AJq HanpaBieuwusa PM, u ¢ + v ana Hanpas-
geHnst MoP. CneposatenbHo, BpeMs nJs Jyua 2 omnpele-
JIUTCA BLIpa)keHHeM:

i l 2le 2l 1 21
ty= l +c+v.= 2 = ~—(1+—) (35.2)

e—v c2—-v? ¢ 0?

(ckopocTb nBuxeHust 3emam no opbute pasHa 30 xm/cex;
nosromy v¥/¢? = 10-8 < 1),

[Tpexkne weM NpPHCTYIHTb K BBIYHCJACHHIO BpeMeHH {i,
pacCMOTPUM CHelyIOuui NpUMEp H3 MeXaHHKH. Ilycte Ka-
Tepy, KOTOPHII pa3BHBAET CKOPOCTb ¢ OTHOCHTENDBHO BOAHI,
TpelyeTcs nepeceyb peKy, TEKYLYIO CO CKOPOCTHIO U, B Ha-
HpaBJeHnl, TOYHO INepPNeHAMKYJIAPHOM K ee 6eperaM
(puc. 140). Has Toro yro6ul xaTep mepemelu(ancs B 3aJaH-
HOM HanpaBJIeHHH, €ro CKOpOCTh € OTHOCHTE/BHO-BOALI A0JI-
XHa ObiTh HampaB/leHa Tak, Kak [OKa3aHO Ha pHCYHKe.

7% 195



[TostoMy CKOpOCTb KaTepa OTHOCHTeNbHO Oeperos Gyxer
paBHa |c+ V= 1/? — v?2. TaxkoBa xe -Oyzner B onwbite Maii-
KeJbCOHA CKOPOCTb Jyua I oTHOCHTeabHO npuHbopa. Cieno-
BaTeJbHO, BpeMs Jis Jyua | paBHO
2( ol 1 2l
tl =

V?z:—oz‘=71/l = z—;(ug——:’:—)'.). (35.3)

s
Iloncrasus B Bbipamenue A = c(fs—1;) (CM. CHOCKY
Ha crp. 193) snauenusn (35.3) u (35.2) mnsa ¢ u t, moay-
YAM Ppa3HOCTh XxojAa Jayueld I u 2:
7 2 i 02 2
gz N=o1|(1 4L~ (145 %)|=1%
Ilpu nosopore npuGopa Ha 90° pas-
HOCTb X0/a u3MeHHT 3Hak. CienoBaresib-
HO, YHCJ0 HOJIOC, HA KOTOPOE CMEeCTHTCS
uHTepdepeHluOHHAaA KapTHHA, COCTABMT

2A 1 v?
AN=70—=27‘; ?2-. (354)

.

Puc. 140. Oauwa nieda [ (YuATbIBag MiOro-

KpaTHLle OTpaXKeHHs) cOCTapjasla Ha
ycranoske Malikenscona — Mopau 11 u. JIuBa BoJiHEL PH-
MEeHSBUIErocss WMHU cseta pasusgach 0,59 ux (0,59-1076 ).
IMoacranoska aTux 3nauennit B ¢opmyJay naer

N = 20 1078 = 0,37 &~ 0,4 10J0CHL.
0,59 10°

TlpuGop nosrossiz o6HApYKUTH cMelleHne nopsaxka 0,01
nojockl. OIHAKO HHKAKOro cMeilleHHs HHTepdEPeHIHOHHOI
KapTHHB! 0GHapyxeHo He O6b110. UTOOLI HCKJIOYHTL BO3MOXK-
HOCTb TOTO, YTO B MOMEHT H3MepeHHUIl AJOCKOCTh TOPH3OHTA
OKasaJjach IeplneHAuKYJ/IPHON K BEKTOPY OpOHTaNAbHON CKO-
‘pocTu 3eMJH, ONBIT MOBTOPSAJCH B Pa3JHYHOE BPeMs CYTOK.
Broc/neACcTBHH ONBIT MPOH3BOANJCA MHOTFOKPATHO B pasJyy-
HOe BpeMsi roja (3a rol -BeKTop OpOUTAJbHOH CKOPOCTH
3emin moBopauMBaercsl B IpocTpaHcTBe Ha 360°) u Heus-
MEHHO [aBaJ OTpHUaTe/NbHEle pe3yabraThl. OGHapyXKHTb
s¢upHbLIH BeTep He yZAaBaJjoch. MupoBoil apHup ocraBaJjcs
HEYJOBHMBIM.

') Mu  Bocmosmbsosamuck Gopmydami: Y1—x = 1—(1/2)x n
1/(1 —x) = 1 + x, cnpaBefJiMBbIMH JJs1 MalbIX X.
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B0 mpeAnpHHATO HECKOJbKO NONBITOK OGBSCHUTH OT-
pHUaTe/IbHBI pe3y/bTaT onbita MalkikenbcoHa, He OTKasbl-
Basicb OT THIOTe3nl O MHpoBOM 3¢upe. OpHako Bce :3TH
HONBITKH OKasajuch HecoctositesibHBIMH. HcuepnmniTatouiee
HeMpoTHBOPeunBoe OObsACHeHHe BceX ONBITHBIX (AaKTOB, B
TOM YHCJe W Pe3yJibTaTOB OnbiTa MailKesbcOHA, ObIIO AaHO
B 1905 r. DfinmrefinoM. Has storo DHHIITENHY MPHIIIOCH
KapAHHaJbHBIM 006pa3oM H3MEHHTb .CYLIECTBOBABIIHE JO
TOIO BpeMeHH IpeAcTdBJeHHA O NPOCTPAHCTBE M BPEMEHH.

§ 36. CneumasbHaa TeopHs OTHOCHTEJAbHOCTH

OfHITeH npUuIes K BLIBOLY, YTO MHPOBOTO 3¢Hupa, T. €.
oco60f cpeapl, KoTopas Moraa O6bl COYXKHTb aOCOJIOTHOH
CHCTEMOH OTcueTa, He cyulecTByeT. B COOTBETCTBHH C 3TYM
DUHIUTEHH PacMpOCTPaHUJ MeXaHUUECKHMH MPUHLHUI OTHOCH-
TenbHOCTH Tlajuiess Ha Bce Ge3 WCKAIOUEHHst (H3HUECKHE
sBaeHns. CorlacHo NPHHUHOY OTHOCHTEJNbLHOCTH
DhnwTeAHa 8ce 3aKOHbL NPUPOOLL UHBAPUAKTHBL 1O . OT-
HouleHuto K nepexody OT OOHOU "UHEPYUAAbHOL CUCTeMbL
orcuera K Opyzoti (B CCUHAJIbHON TEOPHH OTHOCHTENbHOCTH
paccMaTpHBaloTCs TOIBKO HHEpIHaAbHbIE CHCTEMbI OTCUETa).
Hanee JfiHmITellH NOCTYAHPOBAJl B COOTBETCTBHU C OMBIT-
HbIMH (aKTaMH, YTO CKOPOCTb C8eTA 8 NYCTOTe OOUHAKOSA
60 6CEX UHEPUUAABHLLX CUCTeMAX OTCHeTa M He 3asucur ofT
Jsuoerua UCTOUHUKOS U APDUEMHUKOS CBETQ.

IIpHHIMI OTHOCHTEJNBHOCTH ¥ NPUHIMI MOCTOSIHCTBA CKO-
poctn cBeTa 06pa3ylOT OCHOBY CHELHAJBHOH TEOPHH OTHO-
CHTEIbHOCTH, KOTOpasd npencrasdser coloit mo cyliecTBy
(H3HYECKYIO TEOPHIO MPOCTPAHCTBA H BPEMEHH.

_ B kaaccuueckoll ‘MexaHHKe HPOCTPAHCTBO M BpeMs pac-
CMaTpUBAJHCh HE3aBHCHMO APYT OT Apyra. HpioToH cuntad,
YTO CYHIECTBYIOT abCOJIIOTHOE MPOCTPAHCTBO H abCOJIOTHOE
BpeMs. AGCONIOTHOE NPOCTPAHCTBO OMPEAEIOCh UM Kak
6e30THOCUTENbHOE K YeMY-IH60 BHEIIHEMY BMeCTHJHLIE Be-
uieH, ocraloiieecsl- BCeraa OLMHAKOBBIM H HENOIBHAKHBIM.
O Bpemenn Hbioton nucana: «AGCOMIOTHOE, HCTHHHOE WJIH
MaTeMaTHYeCKoe BpeMs caMo no cefe H B CHJIy cBOEH BHYT-
peHHell TPHPOALI TeUeT paBHOMEPHO, OGE30THOCHTENLHO
K yeMy-iu00 BHemHeMy». B COOTBETCTBHH C 3THM CUHTANOCh
COBepUIRHHO OUeBHAHBIM, UYTO JABa COGHITHS, OJHOBpEMEH-
Hble B KaKoi-nu0o cHcTemMe oTcuera, GYyAyT OJHOBpEMEH-
HbIMH H BO BCceX OCTaJbHBIX CHCTeMax orcuera. OAHako
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Jlerko yOeAuTbCA B TOM, UTO NMOCJELHEe YTBEp:KJIeHHe HAXO-
AMTCSL B NMPOTHBOPEYUH C NPUHUHIOM MOCTOSTHCTBA CKOPO-
CTH CBeTa.

BosbMeM aBe HHepuHaJbHBE CHCTEMBI OTCUETa, KOTOPLIE
Mbl 06o3HauuM Oyksamu K u K’ (puc. 141). Iycrs cu-
creMa K’ nBHKeTCA OTHOCHTE/NBHO cHcTeMB K €O CKOpO-
cteio v. HampasuMm ocu X ¥ x” BIOJIb BekTOpa V; OCH Y H Y,
a Takxe 2 H 2’ NPENNOJOKHM MapalieibHBIMU APYT APYrY.
Paccmorpum B 00eHx cucTeMax OAMH U TOT XKe Ipolece,
3aKJIOYAIOMuUiica B UCIYCKAHWH TEJOM, HaXOAAMLHMCA B Ha-

vyane koopaunat O’ cucre-

4 Y’ Mbl K/, CBETOBOTO CHrHaJja
M JOCTHXXEHHH 3THM CHrHa-

V4 ' aom ten A u B, Hcrounnk
curnana u teqa A U B no-
KOSITC OTHOCHTEJbHO CH-
) A 8 crembt K’, npuuem u3sMme-

/ / & X' pennple B 3TOH CHUCTEME

z 27 paccrosinus O'A n O'B
onuunakosbl. Torga B cucre-
Puc. 141. me K’ curnan 6ygeT HOCTH-

ratb Ten A 1 B B oaun
M TOT € MOMEHT BpeMeHH (CKOPOCTb CBeTa BO BCeX Ha-
IpaBJeHUsAX OJUMHAKOBA M paBHa ¢). PaccMOTpHM TOT XKe
npouecc B cucteme orcuera K. OTHOCHTENbHO 3TOH CHCTEMH
CBeT TaKXke pAacHpOCTPaHsETCs MO BCeM HANPABJIEHHAM CO
ckopocTeio €. Teno A nBHiKeTcA HaBCTpedy Jydy CBETa,
Tesio B siyyy npuxogutcs norousth. Ilostomy Tema A Jiyu
IOCTHIHET paHblille, yuem Teja B. Takum o6pas3om, cOOLITHS,
KoTopele B cHcTeMe K’ OGblIM OJHOBPEMEHHLIMH, B CH-
creme K okrasmiBaioTCsi HeoxnoBpeMeHHbiMH. OTclofa BHITe-
KaeT, YTO BpeMs B Pa3HLIX CHCTeMAax TeueT HEeOJHHAKOBBIM
o6pasoMm.

OfinmTefiH 06paTuN BHHMaHHe Ha TO, UTO YTBEpMKAeHHE
06 OAHOBPEeMEHHOCTH ABYX COOBITHH, KakK M BCAKOe JIpYroe
(hH3UUeCKOe yTBEpIKJEHHE, HYKAAETCS B SKCIepHMeHTANbHOM
npoBepke. UtoGH onucath coOLITHE B HEKOTOPOH cHCTe-
Me OTcYeTa, HYXHO yKaszaTb, B KaKOM MecCTe H B Kakoe
BpeMs OHO NPOHUCXOZUT. JTa 3ajaud OKaxKercd OCYLIECTBHU-
MOI, ec/IH B KaX/O# TOUKe NIPOCTPAHCTBA MOMECTUTh METKY,
yKa3blBAOIYI0 KOOpAYHATHE,, a TaKxKe 4achl, 0 KOTOPBIM
MOKHO Obi10 OBl OTMETHTh MOMEHT BpEMEHH, B KOTOpHI
IIPOUCXOAHT cOOBITHE B JAHHOM MecTe. KoopAuHaTHbIE METKH
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MOKHO HAHECTH NyTeM INepek/JaJblBaHHA €IMHHUYHOTO Mac-
wraba. B KauecTBe yacoB MOXKHO B3AThb JA106yi0 cucTeMmy,
COBEpIIAIONIYIO TIePHOAHYECKH MOBTODSAIOIIHIACA Npolecc.
UroObl cpaBHHBATHL MOMEHTEI BpEMeHH, B KOTOpble IIPOHCXO-
AAT IBa COOBITHS B pasHBIX TOYKaxX NPOCTPAHCTBA, HYKHO
yOeluTbCcsl B TOM, UTO 4achl, Haxojsdllhecs B ITUX TOUKAX,
HAYT CHHXPOHHO.

CHHXPOHH3ALHMIO MOXHO, Ka3ajocb Obl, BBHITOJHHTb, HO-
MeCTHB yachl CHada/Ja psJOM, a 3aTeM, NOc/e CBepKH HX
NOKa3aHui, IepeHecTH 4dachl B COOTBETCTBYKLIHE TOUKH
npocrpascTa. OnHaKo TaxkoH crnoco0 HYKHO OTBEepPrHYTb,
TaK Kak Mbl He 3HAeM, KaK MOBJHAeT Ha XOJ YacoB HX
nepeHoc u3 onHoro Mecra B Apyroe. IloaroMy HyxHO cHa-
¥aJjla paccraBHTh Yachl 10 MeCTaM W JIHIIb 3aTeM IpOH3Be-
CTH CBepKy HX IOKa3aHHH. DTO .MOXKHO cHesnaTh, Mocbllas
OT OJHHX 4acoB K Apyrum cBeroBoii curHasa'!). IlycTe u3
Toukd A nocelnaercs B MOMEHT f; (OTCUMTAHHBIH MO yacam
B A) cBeToBO# cHrHa/, KOTOPHI OTpaykaeTcs OT 3epKaja,
NIOMeUleHHOro B Toyke B, u Bo3Bpaluaercsd B A B MOMEHT .
Yacel B B HYXHO CUMTaTh CHHXDOHHBIMH ¢ uyacaMu B A4,
ec/iM B MOMEHT JOXOXJAEHHS1 JO HHMX curhaja dacst B B
noKasniBaau Bpemsi f, pasuoe (f; + f2)/2. Taxyio cBepKy
HeoOXOMUMO NpOJeNnaTh [ BCEX YacoB, PaClOJOXKeHHBIX
B pas3Hblx Toukax cucremsl K. Co6uitis B A u B 0Oynyr
CUHTaThC OJAHOBPEMEHHBIMH B cHcTeMe K, eClH COOTBeT-
CTBYIOLIHE UM OTCYeTHl BpeMeHH 1o yacam B A u B cos-
nanyr.

AHaNorM4HO NPOM3BOIMTCA CHHXPOHM3AUMA BCeX 4YacoB
B cucreMe K’ M Ji060ft apyrofl MHepLHAJbHON CHCTEMe OT-
cuera. CKOpOCTb CBETOBOTO CHTHa/JIa, C NOMOIIbIY KOTOPOTO
OcylLIecTB/IfieTCd CHHXPOHH3AIHA, BO BCeX HHepIHaJbHHX
cHCTEMax OTCueTa OfHA H Ta >Ke. DTHM U 06yc/0oBJeH BHOOD
B XayecTBe CHIHaJla A/ CHHXPOHH3aUMH XOJAa 4acoB HMEH-
HO CBeTOBOro cHruaja. OxasbiBaercsi, YTO CKOPOCTb cBeTa
ABJseTcH TnpefesabHOH. Hukakoll curnan, HUKaxkoe BO3Aefi-
CTBME OJHOIO Tejia Ha [pyroe He MOIYT PacnpoCTpaHsAThes
CO CKOPOCTBIO, NPEBHIMIANEd CKOPOCTh cBeTa. ITHM H 00b-
SICHIETCHl ONMHAKOBOCTb CKOPOCTH CBeTa BO BCEX CHCTeMax
orcuera. COrJNIacCHO INPUHLHIYY OTHOCHTEJNBHOCTH 3aKOHHI
NPHUPOAB BO BCEX CHCTEMax JOMKHH Obl'Th OIMHAKOBHL TOT

iy IlpoBepka 4acoB [0 paifMOCHTHANAaM NpeAcTaBaseT cofofl mo cy-
IEeCTBY TaKyl) CHHXPOHHU3ALMIO.

199



({aKT, YTO CKOpOCTb CHFHA/Jla He MOXKET NpeBHIUATH Npe-
IeJbHOro 3HAYEHHd, eCTb TaKXe 3aKOH npuponsl. Tlostomy
SHaueHHe Npelile/lbHOH CKOPOCTH [OJIKHO OLITh OZMHAKOBO
BO BCEX CHCTeMax 0TCyeTa.

§ 37. MipeoGpasosanusa JlopeHua

O6paTtuMmcss CHOBa K PacCMOTPEHHIO ABYX HHEpHHaJb-
Hbix cucreM oTcyeta K u K’ (K’ aBuxercs oTHOCHTe bHO K
¢o ckopoctelo v). Hanpasum xoopAuHaTHHE OCH TakK, Kak
nokasaHo Ha puc. 141, Kakomy-in6o coBbITHIO COOTBET-
CTBYIOT B cucteMe K 3HaueHus KOOPAHMHAT M BpeMeHH, PaB-
HHE X, Yy, 2, {, B cucreMe K’ — X/, y’, 2/, /. B Roaccuueckoh
¢u3HKe CuNTaNOCh, YTO BpeMs B OOeHX cHCTeMaX TeyeT OAH-
HaKoBo, T. e. uta { = #’. Ecin- B MoMeHt { = {' = 0 Havaja
KoopAuHaT OGeHX CHCTeM COBMAajfaliid, TO TOrja MeXAy KO-
opavHaTaMH COOHTHA B O06eHX CHCTEMaX HMEIOTCH CJeRyHo-
Li¥¢ COOTHOLIEHHUS:

x=x"4vt"=x"+vut; )

y=y,
aez (37.1)
=t

CoBokynsocts ypaBuenuit (37.1) HOCHT Ha3BaHHe npe-
o6pasoBanuii 'anuaesnl). V3 HuX BoITEKAaeT 3aKOH
CJIOXEHUSI CKOPOCTell KNacCHUeCKOH MeXaHHKH:

u,= u; +o; ow,=u, u,= u,. (37.2)

Jlerko BHJeTh, YTO 3TOT 3aKOH HaXOAUTCH B IIPOTHBO-
peurH ¢ MNPHHOUIOM IOCTOSHCTBA CKOpocTH cBeTa. J[lei-
CTBHTENbHO, ecjaH B cHcreMe K’ cBeToBOil curhaJ pacnpo-
CTpaHfieTcst CO CKOPOCTBIO ¢ (4}, =¢), TO cornacHo (37.2)

B cHCTeMe K CKOPOCTb CHTHa/la OKaXKeTCSl PaBHOH Ur=C-+70,
7. €. npes3oijer ¢. OTciona BHTeKaeT, YT0 npeobpasoBaHHs
lanunes ROJMKHBI ObITh 3aMeHEHBl JAPYTUMH (QOpPMYJaMu.
OtH HOpMYyJIBt HETPYAHO HANTH.

3 0NHOPOBRHOCTH NMpPOCTPAHCTBA CJELYeT, 4uT0 (HPOPMYJILL
npeoOpasoBaHusa He JAOJKHbI H3MEHATbCA NPH NMEpeHoce Ha-
yajga KOOpPAHHAT (T. e. NMpH 3aMeHe X Ha X+ a H T. 1.).
STOMY YCJIOBHI0 MOTYT YAOBJIETBOPATb TOJbKO JIHHEHHbie

HCumo1. I, § 17,
200



npeo6pasosanns. I1pn ykazansom Ha puc. 141 BeiGope Ko-
ODAMHATHHIX Ocell MAOCKOcTh y = 0 coBmajaeT ¢ ILIOCKO-
cteio ¥ =0, a niockoeTs 2 =0—c maockocteio 2’ = 0.
Orcioga caepyer, 4To, HanpHMep, KOOPAHHATHL Y W Y’ MOryT
ObITh CBA3AHBI TOBKO COOTHOLIEHHEM BHAA

i 74
y=¢ey’.
B cuay nonxoii paBHompaBHocTH cucteM K u K’ ponxHo
Takxe coBJI0aTbCA COOTHOLIEHHE
Yy =ey

C-TeM XKe 3HayedHeM &, YTO H B nepsoM cayuae. [lepemmuo-
>kas 00a COOTHOLUEHHS, ONYYUM, uTo e2=1, oTkyna e==1.
3HaK IJI0C COOTBETCTBYET OAHHAKOBO HANIPABJEHHBIM OCAM Y-
H y’, 31aK MMHYC — IIPOTHBOIOJIOXKHO HamnpasieHHbM. Ha-
[IpaBHB OCH OJMHAKOBBIM 06pa3oM; HOJYUHM:

y=y. (37.3)
Takue e paccymxAeHHs NPHBOIAT K QopmyJe:
z=2. (37.4)

OO6paruMcst K HaxoxKAeHHIO npeoGpa3oBanuil a1a X U &
Hauano koopauHat cucrembl K uMeer Koopiaunaty x =0
B cucteme K un x' = —out’ B cucreme K’. CienosartesbHo,
npu obpaiwienun x’ 4+ vt B HyJab JdoJkHA oOpamarbcs B
HyJb H Koopaunara x. [lns storo jnuHefiHoe npeobpasoBa-
HHe JOJIKHO UMeTb BHA:

x=vy(x +vt). (37.5)

Ananornuso, HayaJo KoOpAHHAT cucTeMbl K’ umeeT Ko-
opaunary x’ =0 B cucteme K’ u x = vt B cucreme K, o1-
KyJa Clefyer, uto

x" =y (x — of). (37.6)

M3 nosnoro pasHonpasusa cucrem K u K’ Bhitexkaer, 4To
KO3 UIHEHT IIPONOPUHOHANBHOCTH B 000HX cayuasx AOJ-
»KeH ObITh OAMH H TOT e (Pas/iHUHBIA 3HAaK NIpH U B 3THX
¢dopmynax oOyc/oBJeH NPOTHBONOJOXKHBIM HamnpaBJieHHEM
JBUKEHHS] CHCTeM ADYT OTHOCHTEJNBHO ApYrd — ecdH CHCTe-
mMa K’ apmxkercst orHocuTenabHo K Bmpaso, To cucreMa K
IBHKETCS OTHOCHTeJIbHO K’ BJ/€BO).

dopmyna (37.5) nosBosfeTr NO H3BECTHHIM KOOPAH-
Hate X’ M Bpemenu #’ cobuiTusi B cucreme K’ ompenenauts
KOOpAHHATY X coOnitHsi B cucteMe K. Uro6n Halith Gopmynry
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A8 onpefleNieHHs BpeMeHH ! cOObITHA B cucTeMe K, HCKJio-
uuM ¥ U3 ypasHennil (37.5) u (37.6) n paspemnM noayuus-
lieecsl BEIpAXKeHHE OTHOCHTENLHO {. B pesyinTare nosyyum:
/
t=y[t'+"—(1 ——‘2—)]. (37.7)
v Y
Hna waxoxjenus1 kosdduiuHeRTa NPONOPIHOHANBHOCTH
Y UCMOJb3yeM NPHHUMI NOCTOSIHCTBA CKOpocTH ceera. [lpen-
NOJIOKHM, YTO B MOMeEHT BpeMmeHH { =1t =0 (B obeux cu-
CcTemMax BpeMs OTCUHTHIBAeTCS OT MOMEHTA, KOrja HX HAYala
KOOpPAMHAT COBHAJalOT) B HanpaBJeHHH OCH X NOCHJIAeTCs
CBETOBOH CHTHaJ, KOTOPLIH NPOH3BOAHMT BCHLIUIKY CBETa Ha
9KpaHe, HaXOAAIIEMCA B TOUKE € KOOPIAHHATOH X = d. IT0
coOLiTHe (BCHBIIIKA) ONHCLIBAETCA KOODAMHATAMH X = 4,
t=bn CHCTeMe Knx' =a,t=>0 8 cdacreme K', npuuem
a = cb, &’ = cb’, Tak uTO KOpAUHATH COGHITHA B oﬁenx cH-
CTeMax MOXKHO NpPeACTaBUTh B BHIE:

x=cb, t=b n x'=cb’, t'=b",
IMoacraBus stn sHauenus B gopmyan (37.5) u (37.6), no-
JAYUHM:

cb =y (cb’ +vb’) =y (c+ )V, } (37.:8)

b’ =vy(chb —vb)=vy(c—0)b.
INepeMHOXKHB 06a ypaBHeHHs, IPUAEM K COOTHOLIEHHIO:
= (- o)

-

_—.

Vi-%

TMoncranoska storo suavenus B (37.5) u (37.7) nact

OoKOHuaTesJbHble QopMydan a1 x u f. Jlo6aBuB K HHM (pop-
myan (37.3) u (37. 4) MOJIYYHM COBOKYIHOCTb YPaBHEHHI:

OTKyJa
(37.9)

X +vt’
VAT
y=y,
=2/, : (37.10)
V4 —x
== =
WA‘W
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[lo dopmynam (37.10) ocyuwiecTBisieTcas mepexoj OT KO-
OpIHHAT H BPEMEHH, OTCYHTAHHBLIX B cucteMe K’, K KOOpHHU-
nataM u Bpemenu B cucreme K (Kopoue, mepexoj OT CHCTe-
mol K’ x cucreme K). Ecan paspewuts ypasrenns (37.10)
OTHOCHTEJIBHO LITPUXOBAHMBIX BEJHUMH, MOJydaTcs (opmy-
7pl npeoBpasoBanHus AJA mepexofa oT cucremnl K K CH-
creme K’

x — vt
X = / =
|
v =y,
2 =z, (37.11)
v
ft———x
’ c?
ta—w.
e

Kak u cnenoBano oXHJaTb, YUMTHIBAsi NOJIHYIO PaBHO-
npasuocth cucrem K um K', dopmyam (37.11) oraumuarorcs
or ¢opmyn (37.10) TonbKO 3HakomM npu v. Dopmy.n
(37.10) u (37.11) HocsAT HasBaHMe mpeoGpas3oOBaHHUM
Jlopenua. Jlerko Buzers, uto B ciayyae v <K ¢ npeobpa-
soBaHus Jlopenua nepexoasaTr B npeoOpasoBanus anuies
(37.1). Takum oGpasom, npeobpasosanus lannies coxpa-
HAIIOT 3HA4YeHHe NJs CKOPOCTeH, Ma/jbiX MO CpPaBHEHHIO CO
ckopocteio cBera. [Ipu v > ¢ Buipaxkenusn (37.10) u (37.11)
s x, t, ¥’.m t/ cTaHOBATCS MHHMBIMH. DTO HaxXOJIHTCA B
COOTBETCTBHH C TEM, UTO [BHIKEHHE CO CKOPOCThIO, GOMbILIeH
CKOPOCTHM CBeTa B MyCTOTe, HeBO3MOXHO. Henp3s naxe
N0Jb30BATBCS CHCTEMOI OTCcueTa, [BHXKYLUEHCS €O CKO-
POCTbIO ¢, TaK KakK IIPH U = ¢ B 3HaAMeHaTe/s1X GopMyJ AJsd
X ¥ ! noayuaetcs HyJb.

§ 38. Caencrus u3 npeoGpasosanuii Jlopenua

U3 npeoGpazosaunii Jlopeniia BeiTeKaer psia HEOOBIUHBIX
C TOYKH 3PEHHs KJTACCHUECKOH MEeXaHHKH CJIeICTBHIL.

OaHOBPEeMEHHOCTb COGLITHIl B pa3sHbBIX CHCTEMax OTCUETA.
ITycts B cucteme K B TOUKax ¢ KOOpAHHATAMH X; M Xg MPO-
HCXOAAT OJHOBPEMEHHO JHBa COGBITHA B MOMEHT BPEMeHH
t, =1ty =b. Coraacio ¢opmyaam (37.11) B cucreme K’
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9THM COGBITHAM GYAYT COOTBETCTBOBATH KOOPAHHATHI

x;—vb
x : y  Xp=

i ) 2 2
v v
]/1_?; ]/1_-0_2

H MOMEHTH BPeMEHH

v
b=—=—x ——
’ c? ! b *2

h=—— b2

Vi-%

M3 nanucanHBIX (OPMYJ BHIHO, YTO B CAydYae, €CAH CO-
OuiTust B cHCTeMe K mpOMCXOZAT B OXHOM K TOM XKe Mecte
npocTpaHcTBa (X; = X), T0 OHM OyAyT. COBMajaTh B Npo-
CTPaHCTBEe (¥;= X3) M BO BpeMenu (I =1}) Takke m B CH-
creme K’. Ecan ke co6uiTus B cucreMe K MpOCTPaHCTBEHHO
pasobiennl (¥, ¥ x3), T0 B cucTeMe K’ OHH TaKKe OKaxyTcs
IPOCTPAHCTBEHHO pasobulenHniME (X] 7= x7), HO He OymyT
onnoBpemeHHHMH - (£] 5~ 1]). 3nak paswoctu f,—?] onpepe-
JISIETCSl 3HAKOM BHIpaxKeHHs v (X; — X3); CJleN0BaTe/bHO, B
passuix cucremax K’ (mpu pasuniX v) passocrs f)— ¢ Gy-
et pas/iduyHa Mo BeJHUYHHE W MOJKET OTVIHYaThCH MO 3HAKY.

DT0 03Hayaer, uTO B OX-

gV v HHX cHCTeMax coGeiThe [
fyner npenmecTBOBaTh

VY o coObITHIO 2, B APYTHX

‘ cHCTeMax, HaoGopoT, co-

’ : z; OuiTHe 2 Oyner mpepue-

CTBOBaTh cobnitHIO 1.

J/ & %2 Z &' 3aperTHM, 4TO CKA3aHHOE

z z OTHOCHTCS JIHIIL K CO-
GLITHSIM, MEXIY KOTOPbI-

Puc. 142. MH OTCYTCTBYET NPHYHH-

Hasi cBf3b. [lpuuHHHO
CBfi3aHHBle COGLITHA (HAnmpHMep, BHICTped H NONAJAHHE
nyJn B MHIUEHb) HH B OJHOH U3 CHCTeM OTCueFTa He OyAyT
OHOBPEeMeHHEIMH H BO BCEX CHCTeMax CoObiTHe, fABJAI-
meecss ApHuYHHOM, GyleT npejlllecTBOBaTh CREACTBHIO.  [lo-
ApoGHee 06 -31OoM OyJeT peub B ciaelyiolieM naparpade.
HOauua Tea B pasHuix cuctemax. Paccmorpum crepiens,
pacnosioXKeHHBIH BAOJb OCH X M NOKOSIIKICA OTHOCHTENLHO
cuctemnr orcyeta K (puc. 142). Jauna ero B 310 cHCTeMe
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paBHal,= X, — x{, TAe X M Xx,— He H3MEHSIOLHeCH CO BPe-
MeHeM !’ KOOpAHHAThl KOHIOB cTepKHs. OTHOCHTENLHO CH-
creMbl K crepienb ABIKETCH €O cKOpocTbio u. Jlas onpe-
JleJIeHUsl ero NJIMHLI B 5TOH CHCTeME HYXKHO OTMETHTb KOOp-
JHHATHl KOHLOB CTEPXKHS X; H X3 B OXHH H TOT XK€ MOMEHT
BpeMeHH f, =, = b. Ux pasuocts /= x;— x; gacr nauuy
cTep:KHs, HaMepennywo B cucreme K. Uto6r HafiTH COOTHO-
weHne Mexnay o u [, caenyer B3aTh TY H3 dopMysa npeob-
pasosanuil Jlopenna, Kotopasi coiepXut x’, ¥ # f, T. e. Hep-
By10 u3 $opmyn (37.11). CornacHo atoit dpopmyne

x;—vbh Xy — 0b
T L LA L
YA 1/1__”_
] c? c?
OTKyZa
’ ’ X9 — X1
X, — X / =
Vi

H/IN OKOHYATEJBHO
=) 1-%. (38.1)

Taxkum o6Gpasom, AJaHHA CTepXHs [, H3MepeHHAA B CUCTe-
Me, OTHOCHTEJNbHO KOTOPOH OH JBHIKETCs, OKa3blBaeTcs
MeHblle MJIHHB [y, H3MEPEHHOH B CHCTEME, OTHOCHTENLHO
KOTOpOH CTepKeHb NOKOHTCS.

Ecan crepxeHp AMHHHE [y = X9~ X; IOKOUTCA OTHOCH-
TeJbHO CHCTEMH K, TO JJIs1 OnpefeSeHHs ero JIVIUHEL B. CH-
creMe K’ HYXHO OTMETHTb KOODAHHATH KOHIOB X nx, B

OJMH H TOT XK€ MOMEHT BpeMenH I]=1{;="5b. PasnocTs l
= X, — X{ JaCT NJMHY CTepxXHs1 B chHcTeMe K’, OTHOCHTeJb-

HO KOTODOH . OH JBHIKETCH €O CKopocTbio v. Mcmosnp3oBas
nepsoe u3 ypasHenu#l (37.10), cHoBa mpumeMm K COOTHOIle-
Euio (38.1).

3ameTuM, YTO B HanpaBJeHHH Ocefl y H 2 pasMephi
CTEepPKHSI OJHHAKOBHI BO BCEX CHCTEMAax OTCUETa.

Hrax, y aBHKywmuXCs Teql pa3Mepnl HX B HaNnpaBJIeHHH
JBHIKEHHA coxKpawaimTca TeMm Oosblie, 4eM O60Jbllie CKO-
POCTb JIBHXKEHHs. DTO sIBJIEHHE HA3bIBACTCS JOPEHUEBH M
(nnm uUTIIKEPANbAOBLIM) COKP alleHHe M. JII06ONLITHO,
YTO BU3yasbHO (MW Ha ¢oTorpaduu) H3MeHeHue POPMLE
TeJ, Jaxe [NPH CPaBHHMBIX CO CKOPOCTBIO CBETA CKOPOCTAX,
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He MOxeT ObiTh o6Hapyxeno. Ilpuunna storo Becbma npo-
cra. Habmonas Busyanbno uin ¢ororpadupys xakoe-nu6o
T€J10, Mbl DETHCTPHPYEM HMIYJbLCH CBeTa OT Da3HHX yua-
CTKOB TeJsla, AOCTUTIIHE OJHOBPEMEHHO CETYATKH TJasa HJH
¢doronnacrunku. McemyckawoTes Xe 3TH UMNYJIbCH HEORHO-
BpemenHo. MMnyabcel 0T 6osiee ynaJeHHBIX y4acTKOB OblIH
HCHyILIeHH paHblle, ueM oT Gojee OMU3KHX yuacTKoB. Ta-
KHM 06pa3oM, €CJIM TeJIO JBHXKETCHd, Ha ceTdaTKe rjas3a Wix
Ha d¢ororpadun MOMyuaeTCsd HCKaKeHHOe u306paxeHHe
tena. CoOOTBeTCTBYIOLIMH pacueT TOKA3LIBAeT, 4TO CJel-
CTBHEM YKa3aHHOTO HCKaxKeHusi OyJeT YHHUTOXKeHHe JlopeH-
LeBa cOKpallleHusi!), Tak UTO TeJMa KaxKyTcd He HCKaXKeH-
HBIMH, a Juilb noBepHyThiMH. CrlenosaTenbHo, TeJ10 ChepH-
yeckoil GOpMBl Haxke Npud GOJbLIUX CKOPOCTAX ABHXKEHHS
6ylleT BOCIPHHHMATLCS BHU3YAJbHO Kak Telo chepHyeckoro
ouepTaHus.

JauredabHocTs coObITHH B pasHuix cuctemax. Ilycts B
TOUKE, HENOABHXXHOH OTHOCHUTeNbHO cHcTeMbl K’, mpoucxo-
IuT cobbiThe, pJsimeecs Bpema Al =t,—1t]. Hauaay co-

6pITHS COOTBETCTBYET B 3TOH CHCTEME KOOpAHHATA X[ = @ H
MOMEHT BpeMeHH 1], KOHIy COGHITHS — KOOpJMHATa X;=a

H MOoMeHT BpemenH 1. OtnocuTesbHO cHcTeMbl K ToOuxa,

E KOTODOH NPOHCXOAUT coGuiThe, mepeMemtaercs. CoraacHo
gopmynam (37.10) navany M XOHLY COOHITHSI COOTBET-
CTBYIOT B cucreme K:

14 ’
ti+'—c§a t2+—E;a
e b=,
1/1“72‘ ]/1—;?

t2“t1=

tl=

OTKyZa

Bens ofosHavenue fp — i = Af, MONyuEM:

-——ﬁ—v?—. (38.2)
1/‘ -

1) Ecau Gbt JopeHlieBa COKpalleHAS He 6buio, GLICTPO ABHIKYIHECS
Tesa AO/KHEL Oblid Obl NPeACTaBAATLCH BLITAHYTHIMH B HanpaBJeHHH
JNBHIKEHUS.
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B aroit dopmyne Afy— LIUTETBHOCTL COGLITHN, H3Me-
peHHast MO 4YacaM CHCTEMbI, JBHKYLIEHCH C TOH Ke CKO-
POCTBIO, YTO H TeJIO, B KOTOPOM MPOHCXOIHUT Hpouece (Teso
B 3TOH cHcTeMe mnokourcs). MHaue MOXKHO CKasaThb, , 4TO
Aty ompenenieHO MO yacaM, NBUXKYIIMMCS BMECTE C TeJOM.
ITpoMexyToK Af H3MepeH IO YacaM CHCTEMBI, OTHOCHTE/IbHO
KOTOpPOil TeJ0 [BHXKeTCs €O CKOpocThio v. MHaue MOXKHO
CKas3aTh, 4YTO Al ompegeseHo MO yacam, ABHXKYILHMCS OTHO-
CHTEJIbHO TeJIa CO CKOpocThio v. Kak caenyer us (38.2), npo-
MEXYTOK BpemeHH Aly, U3MepeHHbIl MO WacaM, HemoIBHXK-
HBEIM OTHOCHTEJNbLHO Tejia, OKA3bBAETCs MEHbIUE, YeM fpome-
JKYTOK BpeMeHM Af, m3MepeHHbl#i IO uwacam, ABUXKYLIAMCS
OTHOCHTEJILHO Te/:a.

PaccmartpuBas nmporekanue nponecca B cucteMe K, MO-
JKHO ONpeleduTb Af Kak IJHTEJIbHOCTb COGBLITHS, HU3MEpeH-
HYIO N0 HeMOJBM:KHBIM uacaMm, a Afp— Kaxk AJHTENBHOCTD,
H3MepeHHyI0 10 YacaM, ABHXKYIIHUMCS €O ckopocteio v. Co-
rnacHo (38.2) Afy < Atf, mo3TOMy MOXKHO CKa3aTh, YTO [BH-
XKYIIFecs yachl HAYT MeIJeHHee, ueM MOKOSIHIMeCs Yachi
(uMeeTcss B BHAY, YTO BO BCEM, KPOMe CKOPOCTH JBHMIKEHHUS,
4achl COBEPIIEHHO MIEHTHYHBI).

Bpems Afy, OTCUHTAaHHOE O 4aCaM, JBHIKYLINMCA BMeCTe
C TeJIOM, Ha3biBaercss COOCTBEHHB M BPeMEHE M 3TOrO
tena. Kak BugHo u3 (38.2), cobGcTBesHoe Bpems Bcerja
MeHbllle, YeM BpeMs, OTCUNTAHHOE MO uacaM, JBHKYLHMCA
OTHOCHTEJIbHO Tejia. MOMKHO NOKasartb, YTO COGCTBEHHOE
BpeM# eCTb WHBApHAHT (T. €. OJHHAKOBO BO BCEX CHCTEMAX
oTCyeTa).

CootHoweHne (38.2) nonayuuno HeNOCPEACTBEHHOE IKC-
fepuMEeHTAJbHOE NOATBepXKIeHHe, B cocTaBe KOCMHUYECKHX
gyueft (cM. § 94) uMeloTCS YACTHIL, UMEHYEMBle u*- H p-
ME30HaMH. JTH YaCTHIE HecTabWJpHbI — OHH pacrnagaiorcs
CaMOITPOHU3BOJIbHO HA MO3UTPOH (WM 3JEKTPOH) M ABa Heli-
tTpuro. CpenHee BpeMsl KM3HH [-ME30HOB, H3MEPEHHOe B
YCJIOBHSIX, KOTAA OHH HEMmoJBHXKHBL (MM IBHKYTCA C MaJoH
CKOPOCTBIO), cocrapjsier okojio 2-10-% cex. Kazanocs 63,
4TO, JAa¥Ke JIBHrasch CO CKOPOCTbIO CBeTAa, [L-ME30HBLI MOLYT
npoiiTH JUWb NyTh nopsiika 600 x. Ognako, Kax nokasl-
BAIOT HAOGJ/IONEHHs, W-Me30HE 00pas3ylTcs B KOCMHYECKHX
Jgyuyax Ha BpicoTe 20—30 K# K yCIeBalOT B 3HAUYNTEJIBHOM
KOJMYECTBE JOCTHIHYTb 3€MHON MOBEPXHOCTH. 3TO 00bsc-
HseTcst TeM, yto 21078 cex— cOGCTBeHHOE BpeMs XHU3HMU
M-ME30HA, T. €. BpeMs, H3MEpeHHOoe M0 yacaM, ABHXYIUMCSH
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BMecTe ¢ HUM. Bpems, oTcuHTaninoe 1Mo yacaMm 3KCHEpHMeH-
TaToOpa, CBA3aHHOrO ¢ 3emJell, OKas3uBaeTcsl ropasno 66/b-
wuM [cM. popmyay (38.2); v mesona 6auska kK c¢]. IToaromy
HET HHYEro YJAMBHTEJbHOrO B TOM, YTO 3TOT JKCICPHMEHTA-
tTop. HabmaionaetT npober Me3oHa, 3HAUMTENbHO OOJbIIN
600 4. OTmeTHM, YTO C MO3HMLMH HaGaIOZATeNs, JBHKYULe-
rocsi BMeCTe C Me30HQOM, P3eCTOsiHMe, mpoJieTaeMoe UM JHO
NOBEepXHOCTH 3eMJH, cokpamiaercs go 600 x [cm. dopmyray
(38.1)], TaKk uTO ME30H yCHEBaeT MpoJieTeTh 3TO PACCTOAHHE
3a 2:10-% cex.

§ 39. Hurepsan

Kaxoe-1160 cOGbITHE MOXHO 0XapaKTepH30BaTb MECTOM,
rjle oHO npousolo (KOOpAHHATAMH X, Y, 2), H BpeMeHeM I,
Korjga oHo mnpousoumo. TakuM of6pa3oM, COGLITHIO MOKHO
COMOCTaBHTb UeTHIpE uHCAA: X, Y, 2, {. Beemem BooGpaikae-
MOe YeThIpEXMepHOe HPOCTPAHCTBO, HA KOOPAMHATHRIX OCHX
KOTOpOro GyjeM OTKAaJbBaTh NPOCTPAHCTBEHHbIE KOOPAH-
HaThl ¥ Bpems. B 3ToMm mpocrpaHcTBe cOObITHE H306pasHTCA
TOUKOH, KOTOPYIO NMPHHATO Ha3bIBATH MHPOBOH TOUKOM.
Beskoir uactune (Ha)e HENONBMIKHON) COOTBETCTBYET B
B YeThpeXMeDHOM MNpOCTPaHCTBe HEKOTOpas JIMHHUSA, Hasbl-
BaeMad MHPOBOR aAuuHHel (A noxosulefics UaCTHIBI
OHA HMeeT BHJ NPAMOH JHHHHU, NapaienbHOl ocu f).

ITycrs opHO coGLiTHE HMEET KOODAMHATH Xy, Yi, 21, f,
Ipyroe COGHITHE — KOOPAMHATHL X2, Yo, Ra, fo. Benuunny

sp=V (=P =~ —(ga—y) — @—2z) (39.1)

Ha3LIBAIOT HHTEPBAJOM MEXJY COOTBETCTBYIOUIHMH €O~
OoitusiMu. Beena paccrosinne

Ly=V{tg— 52+ (o =y + (2 — 21

MeXIY TOUKaMH OOBIYHOTO TpeXMepHOro IPOCTPAHCTBA, B
KOTOpPHIX mpomsonnid ofa cobblTHA, H 0603HAUNB Pa3HOCTD
to— 1, uepes tjs, BhIpaXKeHUe JAJS HHTePBa/la MOXKHO 3alH-
caTh B BHE:

S12 = VCQtrf)g - 1%2. (392)

Jlerko y6enuTbcst B TOM, U4TO Be/IHYHHA HHTepBaja Me-
KAy ABYMA JaHHBIMH COGHITHSMH OKasbiBaeTcsi BO BeeX
HHEepHHAJbHRIX CHCTeMax ofHOH K Tofi xe. UTo0b ynpocTuTh
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BHIKJIAIKH, 3aNHileM KBajxpaT HHTEpBaJa B cucreme K B

BHJE
As?= A2 — Ax? — AP — A2,

rae Af =t — ), Ax =X— X, U T. L.
UntepBas Mexay TeMH Xe co6utasamu B cucreme K’
paBen

As” = 2 AV — Ax" — Ay" — A2, (39.3)
Cornacuo dopmynam (37.11)

v
A —— Ax
M =ESER Ay =By, A=z, A=
Vi-& V&

INoncrasus sTn 3naueHus B popmyay (39.3), nocne Heca0XK-
HBIX Npeo6pasoBaHHil NONYyUHM, uTO As'? = ¢2Af2 — Ax?—
— Ay? — A22, 1. . uro

As” = A,

Taxum o6Gpasom, uuteppax (39.1) sBJjsercs WHBapuHaH-
TOM MO OTHOIUEHHIO K NEPEeXOAY OT OAHOH HHepUHaJ bHOH CH-
cTeMbl oTcuera K Apyroit. B npexstayniem naparpade Mol
BUJeNH, UTO NPOMEXYTOK BpeMeHH fjp W paccrosiuue ljp He
ABISI0TCA HHBapuantaMu. ClenoBaTesibHO, Kaxjaoe H3 Cia-

: 2 — 22 _ ]2 -
raemeix, 06pasyiolnx BelHuuRy 3, =}, —[3,, n3menser

cA NP Hepexofie OT. ORHOH CHCTeMBI K JPYro#; cama xe
BEJHYHHA $3, OCTAeTCH HEH3MEHHOH.

[Tycte nepsoe coGuiTHe 3akJiouaercs B TOM, YTO ‘U3 TO4-
KH C KOODIAMHATaAMH Xi, Yi, 2} OTOPABJeH B -MOMEHT Bpe-
MeHH !; CBETOBOW CHrHaJ, a BTOPHIM COOGBITHEM SBJSETCS
IpPHEM 3TOrO CHTHAJa B TOUKE Xg, Y9, Z3 B MOMEHT BPEeMeHH fs.
Curnaf pacnpocTpansieTcss. CO CKOPOCTBIO C; C/IeIOBATEJ/IbHO,
paccrosiHue MeXIy TouKaMmH [y paBuo ¢l Orcioma cie-
LYeT, 4TO HHTEpPBaJ S;2 MEXKAY COOBITHAMH paBeH HYJIO
[em. (39.2)]. Ecau paccroguse /i MeXAy TOUKaMH, B KOTO-
PHIX MPOM3OIIH ABa COOBITHS, mpesbiiiaer ctyy (Lo > ctyg),
TO paccMaTpHBaeMble COOBLITHS HHKAaK He MOTYT OKasaTb
BJ/IHSIHME APYr Ha Apyra (He CyIiecTByeT BO3JeHCTBMH, pac-
NPOCTPAHSIOIUXCS CO CKOPOCThbIO, GoJjbliel uem C), T. €.
He MOryT GbiTb NPMYHHHO CBSI3aHHBIMH Apyr c apyrom. Has
(39.2) crnepyer, uto HHTEpBAX S;; B 3TOM cayuae Oymer
MHHMBIM. MHHMBle HMHTePBaJ/H Ha3bBalOTCH MPOCTD aH-
cTBeHHONO KOG HH MU CoGuTHA, pasje/icHHLE TAKHMH
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HHTepBajaMH, HH B KaKOfl CHCTEMe OTCUeTa He MOIYT OKa-
3aTbCs TIPOCTPAHCTBEHHO COBMeLUeHHBIMH. B camom gmene,
LISl IPOCTPAHCTBEHHOIO COBMEIIEHHs COOBITHII HeOGXOAUMO,
4yto6nl [;2 paBHAJOCH HyJio. Ho Torza momxopeHHoe Bhlpa-
KeHue B (39.2) craHeT HOJOXKHTENbHHIM, a HHTEPBaJ — Be-
LIeCTBeHHHIM. B cnay ke NHBApHAHTHOCTH HHTepBasia OH BO
BCEX CHCTeMaXx OTCUeTa HOJAXKEH 0CTABaThCd MHHMEIM. [last
COOLITHE, paszeseHHBIX NPOCTPAHCTBEHHONONOOHLIM HHTEp-
BAJIOM, BCerja MOXKHO HAHTH TaKyl0 CHCTEMY OTCYeTa, B KO-
TOPOH OHH IPOUCXOLAT OZHOBPeMeHHO (f12 = 0).
BeujecTBeHHEIe HHTepBaJbl HA3BBAIOTCA BpeMeHH-
nono6uu MH. Jlag Hux BHIOJHseTcS ycaoBHe: [z < ¢tz
CueoBatesbHO, COGHITHS, Pa3/efieHHble BpEMeHHNO00HbIMH
HHTepBa/JaMH, MOFYT OBITb MPHUYHHHO CBS3aHHBIMH IAPYL C
apyrom. JIns Takux COOBITHI

=-gf 2 X=Ct He CYIIecTBYeT CHCTEMBLI OT-

cyeTa, B KOTOPOH OHHM IPOHC-

2N A, xogunu  Obl  OAHOBPEMEHHO
ayayuee -

iy [pu ;2 = 0 noaxopeHHOE BHI-

oL paxenune B (39.2) craHOBHUTCH

OTpUHATEeJbHEIM, a  HHTep-

Abe. /i Abe, 2 Bal— MHHMBIM], 32TO HMeeTCA

yoarerHoe JOZIEHHOE CcHCTEMa OTCUeTa, B KOTOPOH

OHH TNPOUCXOAAT B OAHOH H

4 5 TOll e TOuKe NpPOCTPAHCTBA
e (he:-=0).

BosbMeM MHPOBYIO TOYKY

O HeKOTOPOro COGHITHA 34 Ha-
ya/0 OTcueTa BPeMeHH H KO-
Puc. 143. opaunar. [Iposenem B ueThl-
pexXMepHOM MpOCTpPAHCTBE ue-

pe3 3Ty TOUKY B3aHMHO NepIEHAUKYAspHbie OCH X, Y, 2, t1).
Ha puc. 143 B3sara nmiockocTs X, £, aas kotopoh y = 2 = 0.
JIBHIKeHHE YaCTHIbI CO CKOPOCTBIO ¢, IPOHCXOJSIIIEe B TPex-
MEpPHOM NPOCTPAHCTBE BIOJb OCH X, H306paBHTCH Ha pHc. 143
NPAMBIMH X = z=c¢f. CKOpOCTb HacTHIBI He MOXKeT MHpPeBbl-
cuth ¢. HosToMy MHDOBBIE JIMHHH BCEX YacCTHL, NPOXOIALIHX
NpH CBOEM IBHKEHHH uepe3 MHPOBYW TOuky O, GyayT Je-
2KaTb B mpejesax He3alITPHXOBaHHOH o6aactH. B ueTbpex-

AN ﬂﬂﬂl[/lfiﬂ/&’é’

1) B xByMepHOM mpOCTpaHCTBE (HAa MJIOCKOCTH) MOMKHO MPOBECTH
TONLKO [1B€ B3aHMHO MepNeHAUKY/sPHBIE OCH, B TPEXMepHOM — TpH, B
YeThIPeXMEPHOM — YeThIpe.
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MEpPHOM INPOCTPaHCTBE 3TOH 06JaCTH COOTBETCTBYET KOHYC,
ocbio KoToporo aaserca . O6pasyouiHe KoHyca lpencra-
BJISIIOT COBOH MHPOBLIE JHHHH CBETOBBIX cHrHasoB. [lostomy
€ro HasbiBAIOT CBETOBHIM KOHYCOM.

Jasa moGoit MupoBok Touku A, jgexaimell B o6aacTh, Ha-
3BaHHO# Ha puc. 143 aGconiotTHo OGyaymedr, c22—
— x2 > 0. CnefobaTesibHO, HHTEPBAJ Sp4 MEXKIY COGHLITHI-
mMa O u A BpeMeHHNOAOGHBIH, pHYeM B BHIGPAHHON HAMH
Ha pHuc. 143 cucreme orcuera f4 = o4 > 0. Ecan Gpartb cH-
CTeMBbl OTCUETa, CKOPOCTh KOTOPHIX U OTHOCHTENbHO Hamiefl
CHCTEMBl MEHSETCA HenpepnlBHO, OyleT HempepbiBHO H3Me-
HATBCS M TPOMEXKYTOK BpeMeHHM foal). OmgHako, Kak Mbt
3HaeM, HH B OJHOH M3 CHCTeM orcueTa fo4 He MOXET CTaTh
PaBHLIM HYJIO (ABa COOBITHS, [paszenenibie BpeMeHHII0106-
HBIM HHTEPBaJOM, HH B KaKOH CHCTeMe OTCYeTa He MOFYT
NPOUCXOANTE onHOBpeMenHo). CieloBaTesqbHO, He cyuie-
CTBYET B TAKHX CHCTEM OTCUYETa, B KOTOPHIX o4 < 0 (4T06H
CTaTh OTPHLATENAbHEIM, fo4 JAOMKEH NPH HENPEPHIBHOM H3Me-
HEHHMH U H3MeHuTbeCsl ckaukom). Takum o0GpasoM, BO BcCeX
cHCTeMax oTcueta cobuiTHe A Gyner MPOHCXOIHTH -NO3XKe
cobeuitust O. Hna mo6Goit Mmuposoit Touky B, aexatieii 8 a6-
CONITHO mnpowepwei obmactn, ¢%2—x2. Takxe
Goablue HyJsi, T.e. HHTepBaA Sop BpPEMEHHNOAOGHDIH,
onHako fg=1op<0. D10 3HAUMT, 4TO ¢po = —lop > 0.
Bo Bcex cucremax orcuera cofuitue B npepjulecTsyeT coObl-
taio O.

HOast mo6oro coGuituss C nam D, MupoBas Touka KOTO-
poro JexuT B a6GCOJIOTHO yAaJdeHHH X ofJjacrtax,
2?2 — x2 < 0. CaenoBartesibHO, MHTEPBaJbl So¢ H Sop HpO-
crpancTBenyonofobusie. B nio6oit cucreme oTcuera cOGLI-
it O ¥ C win O u D npoucXoAaT B pasHbIX TOYKax mpo-
crpancTBa. IlonsiTHe OZHOBPEMEHHOCTH AJsl 3THX COOBLITHH
SIBJISIETCS] OTHOCHTENbHBIM. B OJXHMX cHCTeMax OTCUeTa CO-
6uitie C (uan D) mpoHCXOAMT mo3xkKe, B APYrHX — panblie
coburtua O. Hakonel, uMeeTcs oilHa CHCTEMa OTCUETA, B KO-
Topoii cobbitne C (M o4Ha, B KoTOpoil cofmtue D) npomnc-
XOMHUT ONHOBpeMeHHO ¢ cobbitHeM O.

OueBunHO, YTO COGBITHA, O KOTOPLIX MAET peub B Hauase
npeawiayiiero naparpada (crp. 203—204), pasgenensr npo-
CTPAHCTBEHHONOJOGHEIM HHTEPBaJIOM,

1) VnBapuaHTeH TOJbKO HHTEPBA]d Soa, NPOMEXYTKH Xe BpeMeRH
M AJHHB He HHBapHaHTHEL
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§ 40. Cnoxenune cropocreii

PaccmoTpuMm ABHXKeHHe MaTepHaJbHOR TOUuKH B cucre-
Me K nosoxenuwe TOUKH ONpPERENSsieTCS B KaXK/JAblH MOMEHT
BPeMeHH { KOOpAMHATAMH X, Y, 2. BripaxeHus:

dx dy dz
Ux=grs W= g W=gp

npeicTaBAAT cOGOH NMPOeKIHA HA OCH X, Y, Z BEKTOpa CKO-
'POCTH TOUKH OTHOCHTesbHO cHcreMH K. B cucreme K’ mosio-
KeHue TOUKH XapaKTepH3yercsi KaXK[bli MOMEHT BpeMeHH
koopaunaTamu x’, y’, 2'. Tlpoekuuu na ocu x’, y’, 2’ Bek-
TOpa CKOPOCTH TOYKHM OTHOCHTeNbHO cucreMbr K’ onpene-
JSIOTCS BRPaKEHUSIMH:
dx’ dy’ dz
=gy Y=g W=

N3 dopmya (37.10) BuiTekaer, uTO

dx =

—"i—’!’-%‘— dy=dy, dz=de, di=—p"er.
Vi-& Vi-%

Pasnenys nepBele TPH PaBeHCTBA HA YETBEPTOE, NMOJTYUHM
dopmysnl npeo6pa3oBaHMsi CKOPOCTeH npu nepexoie OT
OZIHOMN CHCTEeMBI OTCUeTa K JpYroi:

I4
u,.+o
U= * vu’ ’
X
1+ e
’ v?
uy“/l.__\?.
ty= o, (40.1)
X
i+ e
’ v?
uz]/l——é?
=Tl
1+ C,’

B ciyuae, xorga v < ¢, coornomenns (40.1) nepexopsar
B QopMyJbl Ca0OXKeHHs ckopoctel (37.2) Kiaaccuueckod Me-
XaHHKH.
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Ecau Tes10 ABHKeTCH NapajiyiesibHO OCH X, €10 CKOPOCTb 4
OTHOCHTEJIbHO cHcTeMbl K COBazaer ¢ Uy, a CKOPOCTb 4’ OT-
HocuTeJbHO cucTeMbl K’ —c u). B 3TOM cayuae 3aKOH CHiO-
JKEHHSI CKOPOCTEll MMeeT BHJ:

W+o
K ’
4S5

U= . (40.2)

Ilycte ckopocts 4’ paBna ¢. Torza aas # noayuaertcs 1o
dopmyae (40.2) suauenue:

c+v
U=—-=2c,

cv
l+?

3TOT pe3ysnbTaT He SBJAETCA YIUBHTENbHLIM, TaK Kak B
ocHoBe NipeobpaszoBaunuil JlopeHua (a caenoBaresbHO U GOP-
MYJI CJIOXEHHs CKOPOCTeH) JIeXHT yTBepKIeHue, UTO CKO-
POCTB CBETA O/IHHAKOBA BO BCEX CHCTeMax orcuera. [Tosoxkus
B opmyse (40.2) u’ = v = ¢, NOAYYHM RJIS U TAKXKe 3Ha-
yeHHe, paBHoe ¢. TaxkuM o6pa3oM, eCu CKJafbiBaeMble CKO-
pocTH ¥’ ¥ U He NMPeBHILAIOT ¢, TO H Pe3yJbTHpYIOLlas CKO-
pPOCThb U4 HE MOXKET MPEBBICHTH C.

Jlerko yGenuTbcsi B TOM, YTO pesyabTart onnita Puso
(cm. § 35) oGbscHsIETCA PENATHBHCTCKHM 33KOHOM CJOXKe-
Husi ckopocredl. CasixkeM ¢ npubopom chctemy orcuera K,
a ¢ nBmKyuLeiics Bonoit — cucremy K’. Toraa nmox u’ HyxHO
HOJpasyMeBaTh CKOPOCTb CBETA OTHOCUTEJBHO BOJHI, P4B-
HYIO ¢/f, TIOA U — CKOPOCTb TeueHHst BoAbl (koropasi B § 35
6bi1a o6osnauena Gykeoit u). Corsactio (40.2) cxopoctb
CBeTa OTHOCHTENJbHO HpHOopa OyHer paBHA:

L4 —C~+v
n n

U= o v °
1+ — 14—
- ne ne

Ecnn v < ¢, nonyuenHoe BhIpa’KeHHe MOXHO NDeACTa-
BHTh CJELYIOWIHM 06pasoM:

—:;—+v ¢ v [ 1
- [ n ne n n
ne

(mbl mpere6Gperan unenom (v/n) (v/c)). Taxoi ke pe3ysb-
TaT JAaeT KAaccHueckas ¢opMmysaa CI0XeHHA CKopocTei
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B NPEANOI0KEeHHH, 4T0 Ko(QuuuenT ysaedenus adupa pa-
BeH (1 — 1/n?), T. e. sHaueHHio, nonyuennomy Puso.

Cnenyer o6paTHTb BHHMaHHE Ha TO, UTO OJHHAKOBa BO
BCeX CHCTEMaX OTCUeTa JHIUb CKOPOCTh CBeTa B BaKyyMe.
CxopocTb cBeTa B BellleCTBe PasJjHuYHA B PA3HBIX CHCTEMAX
orcyeta. 3HaUeHHE C/fI OHA HMEeT B CHCTEMe OTCYeTa, CBf-
3aHHOH €O CcpeoH, B KOTOPOH NPOUCXOAHT pacnpocTpaHeHne
cBeTa.

M3 ¢opmya (37.11) aerko moayyHTh BLIP@XKEHHS JJIst
ckopocreil B cucreme K’ uepes ckopoctu B cucreme K:

Uy—0

ul= X .

E I vy
o2

_wVi-%

’
u!/

l— Uu2x "t (40.3)
4
v2
u = uz-l/l __CT
2 [ — UUy y
02

At dopmyan orauuanTtcs ot ¢opmya (40.1) auimb 3HaKOM
nepen v. Taxoll pe3y/ibTaT, KOHEYHO, MOMKHO ObLIO Mpen-
BHJETL 3apaHee.

§ 41. dddekr Honnnepa

B akycruxke H3MeHeHHe yactoThl, 00yc/aoBIeHEOe b dek-
tom Jlonniepa, onpenensieTcs CKOpPOCTSIMH ABHXKEeHHS HCTOY-
HUKAa M NpHEMHHMKa 10 OTHOWIEHHIO K cpele, sIBJAOLIEHCA
HOCHTe/eM 3BYKOBLIX BOJIH [cM. T. I, dopmyay (86.3)) Hdas
CBeTOBHIX BOJIH Takxke cyiectByer addekt Homnaepa. Ox-
HAKO, MOCKOJIbKY 0COOOMN cpenbl, KOTOpast Cay:Kuaa Obl HO-
CHTe/IeM 3JIeKTPOMAarHHUTHBIX BOJIH, He CYLIECTBYET, AOMILIe-
POBCKOe CMeLleHHe YacCTOTHl CBETOBHIX BOJH ONpejenderca
TOJILKO OTHOCHUTEJNBHOH CKOPOCTbIO HCTOYHHKA M NMPHEMHHUKA.

CesKeM ¢ NpHEMHHKOM CBeTa HAuajo KOOpPAHHAT CH-
creMpl K, a C HCTOYHHKOM — HayaJO KOODPJAUHAT CHCTe-
Mol K’ (puc. 144). Ocu x u x’ HanpaBuM, Kak OOBIUHO,
BLOJIb BEKTOpPA CKOPOCTH Vv, ¢ KoTopo# cucrema K’ (1. e.
HCTOYHHK) JABHXKETCS OTHOCHTeJNbHO cucTeMsl K (T. e. mpu-
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e€MHHKA). YpaBHeHHe NJOCKON CBETOBOH BOJIHBI, HCIyCKae-
MOH HCTOYHHKOM MO HanpaB/eHHIO K INpHEMHHKY, Oymer
B cucreMe K’ nmeTb BHA ')

E(x,t)=A"cos [co’ (t' + xT,) —l—a’], 41.1)

re  — yacToTa BOJHH, (DUKCHDyeMast B CHCTEMe OTCYera,
CBAISAHHOHA C MCTOYHHKOM, T. €. YacTOTa, ¢ KOTOpoii Koseb-
JgeTcs uerounuK., UrtoObl He orpanuunBaTh OOUIHOCTH, MBI
JonyckaeM, 4To HauaJjbHas ¢asa o’ MoxeT ObITh OTJHYHA
or Hyas [cM. dopmyan (16.1) u caeayoumit 3a HBHMH
TekeT]. Mbl cHabmuau

iUTPUXaMu BCe BeJHYH- ¢ g

HHl, KpOMe ¢, KOTOpas

K i
OlNHAKOBA BO BCEX CH-
cTeMax oTcyera. v
Cornacio npuHIUNy Tpemn = 7
OTHOCHTEJILHOCTH  3aKO-
Hbl TIPHPOABI HMEIOT OMIH- Puc. 144.

HaKOBBIH BHJ BO BCeX
HHeplUHAJMbHEIX cHcTeMax orcueta. CiaenoBaTesbHO, B CHCTe-
Me K Bosina (41.1) onmuchiBaeTcst ypaBHEHHEM:

E(x, {)= A cos [m(t+j—)+a], (41.2)

rie @ —yacrora, GuKcupyemas B cucreMe orcuera K, T. e.
4acToTa, BOCIpUHEMAaeMas NPHEMHHKOM.

YpaBHeHHe BOJIHBI B cHcTeMe K MOXHO HOJIYYHTb H3
ypaBHenus (41.1), nepeitast or ¥" U ¢/ K x U { ¢ NOMOULBIO
npeobpasoeannit Jlopenua, 3amenns B (41.1) ¥ u ¢’ co-
raacso (37.11), nonyuum:

t—-izx — ot
E(x,{)=A’cos { &’ < 4 —= 4o |

02 02
]/1 -7 ¢ ]/1 -
HOCJIe}lHee BblIpaiKeHHe JIETKO IIPDUBECTH K BHAY:

14

] ——
E(x, {) = A’ cos co'————ﬁ———(t+—)ci)+a’ . (41.3)

Yy B puipaxennu Ans $a3sw B3NT 3HAK IAIOC, TAaK Kak BOJHA pacs
npocTpaHsercs B cropouy yOuisamus x [em. T, I, dopmyay (78.5)]
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Ypasuenne (41.3) onucoiBaer B cucteMe K Ty Xe BOJ-
HY, 4TO # ypaBaeHue (41.2). [1o3TOMy AO/MKHO BBIIOJIHATHCS
COOTHOLICHHe !):

o=@ -vz =@ ——v—.
—‘/-l—‘c—z : 1+"?c—

Ilepexoxs oT KpyroBo# 4acTOTHl @ K 0ObIUHOH v H 000-
3Hayas yacrory v’ B CHCTEME HCTOUHHKA Yepe3 Vo, MOJYdHUM:

v

1 ——
v=wl/ —. (41.4)
T+

CKOpocTb U HCTOUHHKA 10 OTHOLIEHHIO K IPHEMHHKY
eCTb BesqHyuHa aareOpanueckas. [IpH ynajeHuu HCTOUHHKA
v>0 u cornacHo (41.4) v < wo; Npu. NpHOIHKEHHH HCTOY-
HHKa K NpHeMHHKY v <0 H v > wa.

B cayuae, ecan v < ¢, dopmyay (41.4) MOXKHO npH-
GJIHKEHHO 3anmucaTth clefylouuM obpasom:

1—

L
c l v I v
1+ _3_ 2 ¢ 2 ¢

V=Y

8o =i bof

OTKy/la, OTPaHMYHBASICh WIEHAMH NOpPAIKa U/c, mojydaeM
v
v=v0(1 —?). (41.5)

U3 (41.5) moxno naliTH OTHOCHTe/NbHOE H3MEHeHHe Ya-
CTOTHL:

Ay

v

U
=— " (41.6)
rfle nod Av NOApa3yMeBaeTcs v — vq.

H3 Teopun OTHOCHTEJNBHOCTH CJeAyeT, UTO, KpOoMe pac-
CMOTpPeHHOro HaMH npoJoabHoro sdodekrta, AIa

') ConocraBnenne ypasHenufi (41.2) m (41.3) gmaer, uto o =.a’.
Crenosatencyo, nonoxus 8 (41.1) o’ =0, myxso B (41.2) cunrare
a = 0..910 ofbacHgeTCH OUeHb NpocTo: npeoGpasosanusa (37.11) mpeay-
CMaTPUBAIOT TaKoH Buibop Hauanma orcueta B cuctemax K u K', uro npu
X' =04 ¢ =0 sHadenun x H { TakKe 06pamaIOTCA B HY/Ib.
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CBETOBbIX BOJH JOJDKEH CYLIECTBOBATbL TaKke nofnepedy-
Helfi 3@ dperT Jonnuaepa. OxH 3akiniodyaerca B yMeHb-
L1eHHH BOCNPHHHMAaEMOH INPHEMHHUKOM dYacToThl, Habmio-
JAIOIIEMCST B TOM CJyuae, KOIJa BEKTOP OTHOCHTE/bHOH
CKODOCTH HampaBsjleH NepHeHIHKYJASPHO K, TIPAMOH, IpoXo-
Asilledl yepe3 NPHEMHHMK M HCTOYHHK !)_.(KkoTna, nampumep,
HCTOYHHK ABHIKETCS O OKPYXKHOCTH, B LEHFpe KOTOpOH Ha-
XOAMTCA NpHeMHHK). B 3TOM ciyuae uacrora ve B CHCTeMe
HCTOYHHMKA CBA3aHA ¢ YaCTOTOH v B cHCTeMe NPHEMHHKa CO-
OTHOILEHHEM:

e (] g2
v=v01/l—z—2%vo( —5—2-2—). (41.7)

OTHocHTe/IbHOE H3MEHEHHe YacTOThl OPH TONEPeyHOM

apdekre Jonnnaepa .

Av 1 1

-~ = 9oT (41.8)
NPONOpUHOHANbHO KBAaAPAaTy OTHOUIEHHS U[/c H, cJeloBa-
TeJIbHO, 3HAYHTEJNbHO MeHbIlle, YyeM INpH INPOAOJNBHOM 3¢-
(ekTe (IS KOTOPOTO OTHOCHTEJNbHOE H3MEHEHHe YacTOThi
OPONOPUMOHAMLHO IEepBOfl CTeNneHH v/c):

CyutectBoBanue nonepeusoro addekra Honnaepa Owino
JIOKa3aHO 3KcnepuMentanbHo Afiscom B 1938 r. B onmitax
AfiBca onpeieAssNoch M3MEHEHHE UYaCTOTHl H3JIYYeHHS aTo-
MOB BOJOPOZA B KanajoBbix ayuax (cm. 1. II, § 89). Cko-
poCTb aTOMOB cocTaBasiia mnpumepHo 2-10° m/cex. IDtH
OnbITHl NpeAcraBasioT coboli HenocpeXCTBeHHOE 3KCIepH-
MEHTaJ/JbHOEe MNQATBEPXKIEHHEe CHpaBelJHBOCTH npeobpaso-
BaHui JlopeHna.

B o6ueM coryuae BEKTOP OTHOCHTEJILHOH CKOPOCTH MOXK-
HO pas3J/oXHTb Ha JBe COCTaBJAIOLIHE, OJHA H3 KOTOPBIX
HampapJieHa napaJjJelbHO, a JApyras — nepneHauKyJaspHO
K Jayuy. IlepBasa cocraBisiioumiast oGyc/OBHT NPOLOJBHBIH,
BTOopan — nonepeunntdi sdgpexr Honnnepa.

IMpononsumit addexr [Honmnepa wucitonbdyercd A
onpeje/eHHs «paAvaJbHOH» CKOpPOCTH 3Be3n. lamepas or-
HOCHTeJIbHOEe CMellleHHe JMHHMA B CIOEKTpax 3Be3l, MOXKHO
no ¢opmyae (41.6) onpenenuts v.

TenJioBoe ABHKeHHE MOJEKYJ CBeTsAllerocs rasa InpH-
BOANT BeaejcTsue s¢dexra [Honmnepa K yWIHPeHHIO CHeK-
TpaJbHbIX JUHHA. VI3-332 XaO0THUHOCTH TENJIOBOrO JBUIKEHUS

') HanoMmuHM, 410 A/ 3BYKOBLIX BOJIH nonepeuHoro sddexra Hdonn-
Jepa He CyLieCTBYeT,
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BCE HalpaBJeHHs CKOPOCTeH MOJIEKYJbl OTHOCUTEJNBHO CIIEK-
tporpada paBROBepoATHH. [l03TOMYy B peTHCTPHPYeMOM
npubopoM H3JYYEHHM MNPHCYTCTBYIOT BCE HacTOTHI, 3aKJIO-
uyeHHble B HHTepBase 0T wvo(l—w/c) mo wo(l + v/c),

¥o — 4acToTa, usJyiaeMas MOJIEKylaMH, U -— CKOPOCTb Tell-
JoBOro jaBuikeHusi [cM. dopmyay (41.6)]. Takum o6pasom,
perucTpupyeMas IUHDHHA CINEKTpa/ibHOH JIHHAM COCTaBHT
2vou/c. Benuuuny

p=2v= (41.9)

Ha3BBAIOT JAONNJEPOBCKON IMUPDHHOH CHEKT-
pajdbHON JAHHHUHU!').

Ilo BenuuuHe NONNIEPOBCKOTO YILHpPEHUS CHEKTpasdbHBIX
JIMHHMA MOXHO CYAMTb O CKOPOCTH TEIJIOBOIO ABUXKEHHS MO-
JeKyJ, a CJAefOBaTeJlbHO M O TeMIeparype CcBeTsulerocs
rasa.

§ 42. PeasrueucTckas JAHHaAMHKa

N

IlpuHuyn oTHOCHTeAbHOCTH DIHIITEHHA yTBepKIaeT, 4To
BC€ 3aKOHBl IIPHPOAbl MHBAPHAHTHHl MO OTHOIIEHHIO K ne-
pexoAy OT ONHOH HHeplLMaJIbHOH CHCTEMBI OTCUeTa K ApY-
rofi. ¥YpaBHeHus HbioToHa, Kak Mbl 3HaeM, MHBAPHAHTHLI
Nno OTHOWIEHHIO K mnpecGpasopanuam [lamuaes (cMm. 1. [
§ 17). Oxnako serko y0eZuTLCS B TOM, YTO II0 OTHOIUEHHIO
K npeobpasosaHuaM JlopeHna 3TH YypaBHEHHd He HHBa-
puantubel. C 3TOH UeJabl0 PacCMOTPHM, KakK BHITAAAUT B
_vMHepuuanbhbix cucreMax K u K’ abcomoTtHO Heympyroe
(LleHTpa/ILHOE ~ CTOJKHOBEHHE JIBYX ONMHAKOBHIX LIAPOB
'l(puc. 145,a). Ilycrs cucrema K’ IBHKETCH OTHOCHTEJBHO
cucreMbl K co ckopocthio v. B cuctemMe K mapel ABHKYTCA
HaBcTpedy APYr JIPYTYy BIOJL OCH X € OIMHAKOBBIMH 0O
BeJIHYNHEe CKOPOCTSIMH, NPOEKUHH KOTOPHIX Ha OCb X PaBHBI:
Uxt == U U Uxg = —0. IIpu 3TUX yc/IOBHAX HoOcC/He CTOJKHOBE-
HUf wapbl B cucreMe K OYLYT TMOKOMTBCA: Uy = Uyg = 0.
TlonHBIN UMIYJIBC CHCTEMBl B J0 U TOCJE CTOJAKHOBEHHS pa-
BEH HYJI0 — B cHCTeMe K HMIYJbC COXpaHseTcs.

Tenepp paccMoTpUM TOT ke mnpomecc B cHcteme K.
BocnonbsosaBmuck itepsoit u3 dpopmya (40.3), Halinem nna
CKOpOCTeHl WapoB [0 CTONKHOBeHHs 3HaueHua ul, =0 u

1} Crporoe paccMotpenue TpefyeT yuyeTa paclpeleneHds MOJeKys
no cxkopoctam. Tlox v B (41.9) noppasymesaetchi HauGosiee BeposiTHaA
CKOPOCTb MOJCKYJL
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w,=—20/(1+0v%c?), a pna cxopocteli mapos ToCTe
CTOJIKHOBEHHsI 3HaueHHe u', = u), = — v. Ilosnaras, Kak 310

IeJlaeTcsi B HBIOTOHOBCKO!M MeXaHHKe, MaccCy IapoB HHBa-
DHAHTHOM, MOJYYMM JJIi CYMMAapHOTO HMIYJ/IbCa [0 CTOJIK-
HoBeHHs 3Hauenne —2mo/(l + v?/c?) u nocae cToJKHOBe-
HUA — gHaueHne —2mu. TaxuMm o6pa3oM, Hcxons U3
DPEACTABJIEHUN HBIOTOHOBCKOH MEXaHHKH, MBI IPHOIIH K
BeIBOAY, GyATO B cucreMe K’ mMmmnysnbe He coxpansercst. Onun

-2u
M v5?)

/4 7 2 z g 7 Z z
a)
4 p ¥ Ve
2 g
Pl i 5
b \ ‘\\ /D
L NS e
- N ’ l s
J i \\ Zz /) T| Z
\ ¥
7 E Ay 07
a
et
)
Puc. 145.

M3 OCHOBHBLIX 3aKOHOB MeXaHHKH — 3aKOH COXpaHeHHS HM-
myJibca — B HBIOTOHOBCKOH (hOPMYJIHDOBKE OKA3LIBAETCHA He
HHBAPHAHTHEIM.

VinBapnaHTHasi OTHOCHTeJNBHO Npeofpa3oBanuit Jiopenna
dopma ypaBHeHWH MeXaHHKH Oblla HalileHa DHUHIITEHHOM.
Paccyxkaenns OHHIOTEAHA CAHLIIKOM CJIOXKHBI AJS  TOTO,
uyTOGBl HX H3JlaraTh Ha CTpaHHLax yyeGHHKa obuieli QU3HKH.
ITostomy mbl BeiGepem apyroii myTte. [Ipexne Bcero 3ame-
THM, 4TO COXPaHeHHe CyMMapHOIO HMIyJbCa IIAapoB B CH-
creMe K’ MOXHO NOAYYMTb, €CJH JNONYCTHTb, UTO Macca
Iapa 3aBHCUT OT BEJHYHHBI €r0 CKOPOCTH. s BrIsicHeHuUst
BHAA 3TOH 3aBHCHMOCTH pPacCMOTDEHHOE HaMH Heympyroe
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CTOJIKHOBeHWe He TORUTCH, MOCKOJBKY NpPH TAakoM coyZrape-
HUH He COXDaHfieTCsl KUHETHYeCKas SHeprusi CHCTeMbl, uTO,
KaK Mbl YBHIMM HHXe, IDHBOJHT K HOHOJHHTEJBHOMY CBOe-
06pa3HOMy spdexry. Ilostomy wmu paccMoTpHM JpYroi
MBICJICHHBIA' 9KCIIEPUMEHT, TpelioxKenHbiit TosMeHOM,
PaccmorpuM abcoJIIOTHO yNpyroe COyAapeHHe ABYX OXLH-
HAaKOBLIX LIapoB, KOTOpoe B cHCTeMe K BBIMVIAAHT TaK, Kak
nokasano Ha puc. 145,6!). ITpoekuun Ha ocu cHcreMbl K
CKOpocTell WApOB L0 M TOCJe COyAapeHHs HMeloT 3Haue-
HM4, npuBefeHnbie B Tabu. 2. Jlerko Buzerh, uTO B CHCTe-

Ta6aunya 2

[=3
gﬂ:ﬁ ,U,O CTOJKHOBEH KA ﬂoc.rle CTOJIKHOBEHUA
@ R
21 - X
Sé I-fi map 2-fi map - map - 2-A wap
Uy a —~a a —a
K| a, b —-b —~b b
u| Va+er | Varor Va+b? Var+b?
—2a —2a
a? a?
ul, 0 I+ 0 +7
_ —2a _ — 2a
1+ a? T 1+a?
s P) F] 2
, by -5 —b]/l—“—2 x—— blfl——“?
K c? _c? et _
' @ at a?
Y| I+ -5 I+
S S X I N
1—a? I +a? 1 —a? 1+a?
o ¥ ViaZ+yr |y 1/ 1’ +y?
1 —a? 14 a? 1 —a? 1+ a?

1) OTMETHM, 4TQ XOTH CKOPOCTH IIADOB A0 M MOCHe CTOJKHOBEHHS
KONIHHeapHH, pacCMaTPHBAeMBIH . ylap ABJAETCA HELEHTPAJbHEIM.
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Me K umeeT MecTO coxpaHeHHe KaK UMOYJbca, TaK H Hep-
ruv (ykasaHHble B TpeTbell CTpOKe TabJHlbl BEJHYHHBI CKO-
pocTell 1apoB 4 A0 H NOCAE COyLapeHUs OJHHAKOBHI).

Tenepe paccMoTpuM TOT Ke npouecc B cucreme K’, nBu-
Xylielica oTHOocuTeapHO K CO cKOpocThbio v, paBHoil a. Pac-
yer no ¢opmyaaMm (40.3) naer nas npoexumit cxopocref
3HAYeHHR, MpHBeAeHHbIe BO. BTOpoil yacty Taba. 2. [as
VIIPOLUEHHA 3anucell IpuMeHeHb! 0603HaAUeHUSA:

v=b]/1——’c‘;—, o=, (42.1)

B nocnenneill cTpoke taGuuubl AaHbl BeJUUHHBI CKOpOCTeH
IapoB J0 U [ocie yaapa.

M3 tabna. 2 caenyer, YTO COCTaBAsAIONiasi CyMMapHOTO
HMIyJabca Mo ocH x' GylIeT OAMHAKOBAa A0 M TOCIe yjAapa
npH 1060 3aBHCHMOCTH M OT 4’ (BeJHYHHA CKOpocTh uf
JIA KaxkKAOro H3 HmapoB A0 M Iocide yJapa OZHA H Ta Xe,
NPOEKLHA CKOPOCTH Ha OCb X' Takke OfHAa M Ta Xke). Mna-
ye 00CTOMT Hesio ‘C_CcQCTaBJslollell MMOyJbca 1o ocH ¥’
B npeanosio:keHWW HHBAPWAHTHOCTH MAacChl JJist NPOEKIHH
CyMMapHOro HMNyJabca Ha OCb Y’ NMOJYYalOTCs 3HAUEHHA

Y -y \ _ 2mya?
m(1~a2+ )_

1+ a? 1—at
RO ylapa #
-y v _ __ 2mya?
m(l—a2+1+a2)_ 1—aot

nocje yaapa, [IocKOJbKY 5TH 3HAYEHHS HEOJAMHAKOBBI, MBI
APUXOJUM K HECOXPaHeHHIO HMMYJbCa,

HonyctuM, uto m = m{u’), u norpebyem coxpaHeHHS
NpOeKUWH CyMMapHOTO HMIyJbca Ha ocb y'. B pesyiabrare
MOJNyuUM cJjeayloliee (pYHKLUHOHAJBHOE ypaBHEHHE:

y v V4a2+v2') -y
m(l,—(z?)l—a"‘_*—m( 1+ a? 1+az
V4a2+v2) v

— Y - :
—"m(l——a?)l—a?-{—m( 1+ a2 1402 "

CokpaTHB Ha OTJAMYHBIH OT HyJs OOWIMI MHOXHTENb Y
H TnpuBels MOAOGHBIEe UJEHL!, NPHAEM K COOTHOIIEHHIO:

m( v ) 2 =m(Vm) 2 (42.2)

l—a?) 1—a? 1+ a? 1+a%°
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DTO COOTHOLIEGHHE [0JKHO BHITIOJHATHCSA NPH JIOOBIX 3naye-
BUSIX @ U b. B uacTHOCTH, OHO [AOJKHO BHINOJHSITHLCE H
npu b, paBHOM HyJ10. B atoM ciyuae cooTHoumieHHe (42.2)
nprHuMaer BuA [y ofpaliaercd B Hyab BMecTe ¢ b; cM.
dopmyanl (42.1)]:

2 { 2 2
m(O) =g =m (1) Trar (42.3)
IMoacraBus 3nauenue (42.1) ana «, nepennwem (42.3)

cleqylouuM obpasoM:

2a H+ Zj :
m [ = m(0) —-. (42.4)
o s

D10 coOTHOLIEHHEe CBA3BIBAET Maccy Liapa, ABHXKYILETOCH
€O CKOPOCTBIO

W=t (42.5)

¢ Maccoil nokosinerocs wapa mo = m(0).
[Nepenumenm paBenctso (42.5) caemyromum o6pasom:

a
w_ %
c az °*
1+
c2
Orciona \
u 2£ (l+%\
I+ ¢ =1+ @ a2’ ?
I+— 1+
a a\2
l—i—l 2? _(1—?)
¢ a? az
l+? 1+';2—
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OTKYZa

aZ / 2 *
-_— u
1 -2 'l 1__02_.

Moncrasus 10 3Hauenue B dopmyay (42.4) u sameHus
obo3HaueHne BeJHYMHBI CKOPOCTH 4’ Ha U, NpUAEM K OKOH-
yaTesbHOH Gopmyae:

m=—2>=m (42.6)

3necb mMy— MHBApHAHTHAA, T. €. OAHHAKOBadA BO BCeX MHep-
LMa/bHBIX cHCTeMax OTcYeTa, BeJHYHHA, HA3blBaeMas M ac-
cofl 1OKOSA JAHHOrO TeJa; m = m(v)—-macca TOTO Ke
Teaa, KOTOPOH OHO oGnanaeT ABHTAsiCb CO CKOPOCTDHIO 0.
BeidunRa m HasHBaeTcs penATHBUCTCKOA Mac-
cOi WJIW MpPOCTO Maccofl Tena.

Qopmyaa (42.6) HaM yxKe XOpOINO 3HAKOMA. HaHOMHnM
uyro ToMcoH B OnBITax MO ONpeje/eHHi0 yAEJAbHOIO 3apsinxa
3/7eKTPOHa Ha0J/I04a] H3MeHeHHe MNoJydyaeMLIX HM 3Haye-
HHIl e/m, NpOHCXO/JHBILIEe B TOUHOM COOTBETCTBUH C ¢op-
myJoit (42.6) [cm. 1. I, § 66].

Ymuoxus (42.6) Ha CKOpOCTb V, MOJNYYHM peNATHBHCT-
CKOe Bblpa:KeHHe NJIs1 MMIyJbca MaTepHaJbHOH TOUKH:

p=———, (42.7)
v?
Vi-%

ITpn v K ¢ Bhipaxenue (42.7) nepexoAuT B KJacCHUECKOE
BBIpA’KeHHe AJs1 UMIYJAbCA P = MgV, THe My — MOCTOSIHHAA
BesuiHa. AHaJNOTHYHO, Bce ApYrHe (GOPMYyJbl pesaTHBHCT-
CKOfl /IHHAMHKH NepexolsT IIPH CKOPOCTSIX, MHOFO MEHbLIHX
CKOPOCTH CBeTA B IYCTOTe, B (DOPMYJIBl KJIACCHUECKOH Me-
XaHHKH.

Onua u3 $opMyanpoBok BToporo saxkoua Helotona ria-
CHT, UTO [POHM3BOAHAA HMIYJbCAa MaTePHAJbHOH TOUKH IO
BpeMeHH paBHa JAelCTBymWUlell Ha Tesao cune [cm. T. I, dop-
myay (22.3)]. B rako# ¢opMyJipOBKe ypaBHeHHE BTOPOro
3aKOHa OKa3blBAeTCl HMHBADHAHTHLIM OTHOCHTE/bHO IpPe0G-
pasosanuil JlopeHua, eciad MO HMHYJIbCOM IOADA3YMEBATH
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BenuyHHy (42.7). CaenoBsaresnbHO, pesATHBHCTCKOE BbIpa-
JKeHHe BTOpOro 3akeHa HbioroHa HMeeT BHI:

d MoV
; l/“ﬁ'
rie f— pesyapTHpyloUasn cuJ, JefleTBytomiux Ha rteno. [pu
nepexoje OT OHOM CHCTEMBl OTCYeTa K Apyroi cuna f mpe-
oOpa3yercst no onpeleneHHHIM 3aKoHaM. PaccMorpenne
STHX 3aKOHOB BBLIXOJMT 32 pPaMKH Hallero Kypca.

HaiizeM pensTHBHCTCKOe BHIpa)KeHHe 115 SHEPTHH Ma-
TepHAJbHON TOYKM (/18 KpaTKocTH OyZeM HasbliBaTb ee
yacTHueli). DByZeM HCXOQMTb H3 YpaBHEHUS [ABHXKeHHSA
(42.8). YmHoxuM ero Ha vdl:

d mev o
c?

IIpaBas yacTe 3TOrO COOTHOWEHHA AaeT pabory dA, coeep-
1aeMylo Haj uacTHUelH 3a BpeMs df. M3 3akona coXpaHeHus
SHEPIHA cjeAyeT, yTo paborta, cosepmaeMas Haj yacTHued,
Jo/kHa OBITh paBHa NpHpaleHHIO 3Hepruu uyacTnun dE.
ITostomMy MOXHO HanHcaTb:

= d [ mv — mev
dE_dt (]/1 = )vdt—vd(l/_._.vT).
i l==

IlpeoGpa3syem mpaByio 4acTh TOTO BHIpaXKeHHsi, TIOMH#, 4TO
v2=v? g vdv =vdv:

v 1
dE=vi[ /”'_o_d‘_'vT_F’"°"(c:2“’;)i=
Vs

o2
2 [ ——
_ movdv moc*d ( c? \) d fgc?
v2\% v2\¥: . Cop?
(1—-5-2-) 2(15—02—) -2
I/IHTePpHPOBaHHe NOJAYUEHHOT'0O HAMH COOTHOIUECHHA JacT.

2
E =-———m—°c_..——_-2—+const.
v
l/‘“—ca“
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DiiHWTeAH NONOXKHJ KOHCTaHTy paBHofi Hyaw. Ilpn atom
YCJOBHH AJIf 3HEPTHH YAaCTHIH TO0JYYaeTcsl BhIpaskeHHe:

E=—C _ —me, (42.9)

rae m — peJsiTHBUCTCKAas Macca yacCTHILBI.
B cjayuae, Korjxa CKOpOCTb 4acTHUbI U = 0, SHeprud npu-

HUMAET 3HaUCHUC
Eo= myc®. (42.10)

Bennuuna (42.10) HOocHT HasBauMe 3HeDPrHH MOKO4
yacTHUbl. JTa 5SHeprHd, OUEBHAHO, TpeicTaBisieT coGok
BHYTPEHHIOK 9HEpPrHI0 YaCTUIE!, HE CBA3AHHYIO C JBHIKe-
HHEM YaCTHHBI KaK I[eJoro.

KuHeTHyecKyi0 Heprdio yacTuusl T eCcTecTBeHHO ompe-
Zenutb Kak pasnoctb E m E,. Tloacrasus snauennn (42.9)
H (42.10) sTuX BeJUUHH, [IOJYUHM:

] moc? )
T=E—Eo= "'—"—‘o——moc2 ==m0(:2 .

V& Vs
(42.11)

B cayuae manbix ckopocrefi (v < ¢) 3ty GopmMysry MOXKHO
npeo6Gpas3oBaTh CAeAYIOLIUM 06pa3oM:

1

~ mec? — 1\ =~ m.c? 1ot ) = meo?
T ~ mye l~moc(l+262 1) 18

Mbl DpUIIIIM K KJAaCCHYECKOMY BHIPAXKEHHIO /I KHHeTHYe-
CKOfi 3HepTuH uvacTHLbl. B 3TOM HeT HHUYEro yAHBUTENb-
HOTO — Bbillle y2Ke OTMeuaJjoch, YTO NPH CKOPOCTAX, MHOTO
MEHDILUHX CKODOCTH CBeTa, Bce (OPMYJb DPesiTHBHCTCKOM
MeXaHUKH NEePeXONAT B GOPMYJIbl KIACCHUECKOR MeXaHHKH.
Hckmiourns u3 ypasHennft (42.7) u (42.9) cropocth v
{ypapnenue (42.7) nyxHO B3Tb B CKaJsipHOM BHAE], no-
JYYUM BHIpa)XeHHe SHeprHH YacTHUBI Yepe3 HUMIYJbC p:

E=cVp*+mi* (42.12)

(kaaccuueckoe BhIpaxKenne umeer BuA: E = p?[2m}).
Gopmyant (42.9) n (42.10) cnpaBeAsiMBH HE TOJbLKO

IJil 3JIeMEHTapHOH YacCTHUbL, HO H AJA CJOXKHOTO Tena, €o-

CTOALIEr0 M3, MHOTMX vyacTdi, DHeprua E, nokosiuerocs

8 H. B. Caseases, 1. 111 225



Tena CONepPXKHT B cebe, MOMHMO SHEpPruil MOKOS BXOLAIIHNX
B ero cocTaB YacCTHIl, TAKXKe KHHETHUECKYIO 3HEPrHIO UacTHLU
(o6ycnoB/eHHYl0 WX [BHXKEeHHEM OTHOCHTEJ]bHO LEeHTpa
KHepUWH Te/1a) H 3HEPTUI0 MX B3aWMONEHCTBHS APYT ¢ ApY-
roM. B sHepruio nmokosi, Kak W B NOJHYIO 3Hepruio (42.9),
He BXOJHUT NOTeHUHAa bHAA SHEPrHsl Tesa BO BHELIHEM CHJIO-
BOM MoJIe.

W3 cooTHowenns (42.9) BoiTekaer, 4TO SHEPTHs U Macca
TeJia BCerJa NPONOPUHOHANbHB APYF ApYyry. Besikoe!) mua-
MeHeHHe 3Hepruu Tesna AE CONpOBOXKAAeTCH H3MeHeHHEM
Macchl Tela Am = AE/c? u, HaoGOpOT, BCAKOE H3MEHeHHE
Maccbl Am COHNPOBOXKAAETCS U3MEHeHHeM 3Hepruu AL =
= ¢2Am. DTo yTBepXKJcHHEe HOCHT HasBaHHe 3aKOHA
B3aHMOCBA3HM HJIH 3aKOHA NPONOPLHOHAJb-
HOCTH MaccChl M 3HeprHHu2).

OTMeTHM, YTO NIPONOPLHOHANBHOCTD MEXKAY PEISATUBHCT-
CKOH MAaccol H 5Hepruel NPUBOAMT K TOMY, YTO YyTBepKie-
HHEe O COXPaHeHHH CYMMAapHOH PeJATHUBHCTCKON Macchl ya-
CTHIL HOpelcTaBjsfer co00H CcKa3aHHOe WHLIMH CJOBaMH
yTBEepKAEHHe O COXpPAHEeHHH CYMMapHOH MOJHOH 3HeprHH.
B cBA3s ¢ 3THM B (H3HMKe He NPHHATO TOBOPHUTBH O 3dKOHE
COXpaHeHHs peJATHBHCTCKOH Macchl Kak 00 OTAenbHOM
3aKOHe. .

OOGpaTuMcsl CHOBa K HEYNPYroMy COYZapeHHIO JBYX Lia-
poB (puc.. 145,a). Ha neperlil B3rasaa MOXKET NMOKa2aThed,
YTO 3aNucaB 3aKOH COXpaHeHHs uMnyabca B cucreme K’
B BHIE

m (ug) uy=2m (w') u’ (42.13)

(rme uf= —2vf(1+0v%*c?), a u' = —v) u B3IB B KauecTBe
m(u’) ¢ysuuio (42.6), mbi noayuum ToxaectBo. OAHaKo
Hac JKJeT .pasouapoBaHue. B camom Hene, NoacTaBuB B
(42.13) dynxuuio m(4’) 1 COOTBETCTBYIOHHE 3HAYEHHA NPO-
€KLUH CKOPOCTel, MOJYIHM COOTHOMIEHHE:

my - 20 (

,‘/1_(20/(1-202/0.2))2 1+_%2_ =2 1/':%_—_;'

1) 3a uCKJIIOYeHHeM H3MeHEHUA MNOTEHLHAJbHON 3HEPTHH BO BHelI-
HeM IoJie CHIL

?) HUuorga rosopar 06 3KBUBAJEHTHOCTH MacChl H 3HEPTHH, NoApa-
3yMeBasi HOJ, 5THM HX B3dHMOCBA3b Y IPOIOPUHOHANBHOCTD JPYr APYTY.
OueBHIHO, YTO TEPMHH <«IPONOPLHOHANBHOCTb» NPABU/bHEE OTpaXKaer
CYHIECTBO JeVia, YeM TEPMHH «3KBHBaJEHTHOCTHY,
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KOTOpOE NocJe 3JeMEHTaPHbIX NpeoGpasoBanuil npHoGpeTaer
BHJ:
! 1

NS
e __2—2_

Takum o6pa3oM, HHKaKOro TOXAECTBA He MOJYYHJIOCH.
ITpuunHa Hauwell HeyJauu 3akJiouaercss B TOM, 4TO MEI 6e3
JIOJKHBIX Ha TO OCHOBaHHi ImoJiarany, 4to Macca noxos Mg
COCTABHOTO TeJa, BO3HHKAIOLLero 1nocJje ynapa Lapos, paBHa
VIBOEHHOH Macce MOKOsl KakJoro mapa B OTHeJbHOCTH.
B neficTBHTENBHOCTH BHYTPEHHf SHEPTUs COCTABHOIO TeJa
GoJblle CyMMbl BHYTPEHHHX 3HEpruil II1apoB Nepef yxapoMm
(yrap Heympyruii), a cnefoBaTelNbHO, H Macca nokos My
JIOJKHA OblTh GoJblie 2mg [cM. ¢popmyay (42.10)].

Ecnn He nenaTh 3apaHee HUKAKMX NPeANOJIOKEHHI OTHO-
cutensHo My, B mpaByio uacTb ypaBHerusi (42.14) HyxHO
BMecTO 2mp moacTtaButh Mo. Torza nocne mpeoGpasoBanuil
MBI IPHAEM K COOTHOILIEHHIQ:

2y

SV

3ametunm, uto dopmyna (42.15) caenyer HemocpencTBen-
HO M3 3aKOHA COXDAHEHHS 3Hepruu. B aToM MOXHO yOGe-
JIHUThCS, YMHOXKHB 00e yacTH (OpMYJibl Ha €2 M NpPHHAB BO
BHEMAaHHEe BhIpaxeHHe (42.9).

Wrak, nipd Heynpyrux coyjlapesusx Macca Iokos obpa-
3YIOIErocsi COCTABHOrO Tejia He paBHAa CYyMMe MacC MOKOS
coyaapsiiomuxca uvactun. Ilpm B3anMOZeHCTBHMAX YacTuly
cyMMapHasi Macca NOKOsl He coXpaHnsercs,




FJIABA VII

B3AUMOJEVCTBUE 3JIEKTPOMATHUTHBIX BOJIH
C BEILECTBOM

§ 43. Hucnepcus ceera

Iucnepcueil cBera HasblBalOTCcA sIBJEHHA, O06YCJAOBJAECH-
Hble 3aBHCHMOCTBIO MOKasaTeJss IPeJOMJEHHSI BelllecTBa OT
4acToThl (MJH [JMHB) CBETOBOH BOJHBL DTy 3aBHCHMOCTD
MOXKHO OXapaKTepu3oBaTh pyHKuuei

rae Ao — AJHMHA CBETOBOH BOJIHBI B BaKyyMe,

[lepBoe 3KcmepHMeHTallbHOE HCCJAeNOBaHHe AHCIEPCHH
csera Obio BHOJMHeHO HpioToHoMm B 1672 r. mo cmnoco6y
ApesioMAeHUA B CTEKJSHHOH NpH3Me.

Koo LA S 4 n
i/ HO N \_
@
M » Q%% ; ,
a) 7] 8) 7
Puc: 146,

Xapaktep AMCIEePCHH CTAHOBHTCA 0COGeHHO HaIVIIZHBIM,
€CJId NPUMEHHTb MeToJ cKpelleHHbIX npusm. [lepsas. {Bcho-
MOraTesibHAaf) CTEKJIAHHAS INpH3Ma DPa3BOpavYHBAeT NYUYOK
cBeTa BJAOJIb OXHOTO, HampaBJeHHst (CM. NYHKTHPHYIO IO-
aocy Ha puc. 146,au6). Bropas npHsMa, H3rOTOB/IEHHAs U3
HCCJEAYeMOro BellleCTBa, OTKJOHAET KaxAblfl ‘U3 Jyyell B

228



IPYyroM HanpaBJeHHH. DTO OTKJOHEeHHe OmpeleNsercH 3Ha-
ueHneM n(Ag) M MAHHOTO BelleCTBAa, TaK YTO MOJYyYalo-
Hlasicl Ha 3JKpaHe HUCKpHBJeHHas pajxyXHasi 1ojoca Ha-
IISAHO nepefaeT XOX NOKasaTeds NpPeJOMJEHHS ¢ AJMHHON
BOJTHBI Ag.

Ona Bcex NpO3payHbIX GeclBeTHLIX BElECTB PyHKuus
(43.1) nmmeeT B BHAMMON YacTH CHeKTpa BHJ, NOKa3aHHBIX
Ba pHc. 146,8. C yMmeHbllleHHeM MJHHB BOJIHB MOKa3aTelb
IpesOMJEHHs] YBEJHUYHBAETCS €O BCE BO3pacraiolled CKo-
pocrbio, Tax 4To BesnuuHa dn/d)e, HasbiBaeMas RHcnep-
cuell BelwecTBa, Takke YBEJHYABACTCA NO MORYJIIO
C yMeHbuleHHeM Ag. Takoll xapakrep AHCHOEPCHH.Ha3bIBAIOT
HopMaabHHM Puc. 146,a coorBercTByer ciiyyaio Hop-
MaJIbHOH AHCHEpPCHH,

3aBHCHMOCTb 7 OT Ag B 06JaCTH HOPMAaJbLHOH AHCHEPCHH
MOKeT OBbITb HpeﬂCTaBJIQHa npné.rlmxemxo dopmyoh:

n=a+—x + T (43.9)

rhe a, b, ¢, ...— nOCTOSIHHbIE, 3HAYEHHS KOTOPHIX AJIt KaX-
JIOPO BellecTBa ONpefessiioTcsl 3KcnepuMeHTasbHO. B Goup-
UWIMHCTBE CJAYyuaeB MOXHO OTDaHMYNThCH ABYMSt NepPBHIMH
yieHaMu ¢OpMYyJbl, NOJAras
b
n=a+ —.
2
?"D

B stom c¢ayuae AuClepcHs BeliecTBa H3MEHAETCA 10 3aKOHYy.
dn 2b

Ecan BelllecTBO mOIJIONIAeT YacThb Jyyel, B 06JacTH no-
rnouleHHss W BOJH3H OT Hee XOX JHCNepCcHH OOHapyXKHBaeT
anomanuio (puc. 146,6). Ha rHekoTopom yuactke Gojiee KO-
POTKHE BOJIHEI NPeJOMJAIOTCA MeHblle, deM OoJee AJIMH-
Anle. Taxoll XoJ 3aBHCHMOCTH N OT A¢ Ha3hIBaeTci aHO-
MaJdbHOH JHCHepCcHell.

§ 44. I'pynnoBas ckopocTsh
Bosna, onncuiBaeMas ypaBHeHHeM

£ = Acos (of — kx), (44.1)

npejcrasiseT colofi nocaeA0BaTeNbHOCTb TOP6OB H BIIAAHH,
uMelolylo GecKOHeYHbie NPOTAKEHHOCTb H  IJIHTENbHOCTD.
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B camom nene, ypasHenue (44.1) onpenender cmelueHue §
LU BCeX 3HaueHHN X M [, 3aKJMIOUEHHBIX B Tpegesax oT
—oo 0 +o0. ScHO, UTO ¢ MOMOUIBI TAKO{l BOJIHBI HeAb3d
nepefaTh HUKakKoro cursana. [as Toro ytoObl BOJHA MOT.ia
ObiThb HCHOJIb30BaHA AJA Mepefauy CHTHaAa, Ha Hell HYMKHO
cHenatTh <OTMETKy», CKaxeM, 060pBaTh ee Ha KaKOH-TO Mpo-
MexyToK BpemendH. OfHAKO B 3TOM ciyuae BOJHA YxkKe He
Oyzmer onuchiBaTbcs ypaBHeHHeM (44.1).

BosbmeM ¢ukcHpoBaHHOE 3HAaueHHe (dasbl BoAHBL (44.1):

of — kx = const,

HudpepeHuupoBatue 3TOro BoipameHus naet: o dt — kdx=
=0, OoTKyAa AJsi CKOPOCTH U = dx/dt, ¢ KoTopoil mepeme-
Lmiaercd JaHHOe 3HaveHnwe ¢a3bl B OPOCTPAHCTBe, MOJMY-
yaercsl 3HaueHHe:

v= (44.2)

Besuunua v, Kak Mbl 3HaeM, HasoBaercd $hasoBoil CKO-
POCTBIO BOJIHEL
B § 19 mpl yxke oTMeuanH, 4TO JaXKe CBET, ompeiessie-
Mblil KaK MOHOXDOMATHYeCKUl, npefcras/ser coboil HaJgo-
Meure BONH Buga (44.1) ¢ wvacroraMu, 3aKJIOYEHHBIMH
B uHTepBajde Awp. Cyneprno3uuHs BOJH, MaJo OTJIHYAIO-
HIMXCsl APYr OT Apyra o yactore (HJH [JHHE BOJIHE), Ha-
3piBaercsi rpynnofl Bo.aH., Bripaxkenue rpynnel BoJH
HMeeT BUJ!
0+ Ao/2
f A, cos (ot — b x) do. (44.3)

o—Aw/2

Cymmupyemple B (44.3) BOJHBI OTAHYAIOTCH APYTL OT
Ipyra mo A, a cieioBaTeqbHO H 10 & (R = 2m/)). B HekoTO-
pHl MOMEHT BpeMeHH { orauune N0 Qase CKAAAbIBAEMEBIX
BOJMIH B PAa3HbIX TOUKax (Aaa pasHbix x) OyAeT pasJHyHo.
B oxHHX TOuKax BOJIHBl YCHJHBaIOT ApYr Apyra OoJblie,
B JPYruX — MeHblle. B TOM MecTe, rjle BOJNHBI B HAHHBI
MOMeHT OoJiplie Bcero YCHJAHBAKOT JApyr Apyra, Oyaer Ha-
Oomogatbcad MakcHMyM HHTeHcHBHOCTH. C TeueHHeM BpeMeHU
3TOT MaKCUMyM mepeMelllaeTcsd B npocrpaHcrBe. CkasaHHOe
MOKHO HOSICHHTH HAa NpPHMepe CJOXKeHHA ABYX BOJH C pas-
auyHbiMH A (puc. 147). Oana u3 BoJIH u3oGpakeHa CHJOLI-
HOi1 JuHHeil, BTOpas — NYHKTHPHOH. MHTeHCHBHOCTL MakKcu-
MaJibHa B Touke A, rae da3pl 06eHX BOJIH B JaHHBIH MOMEHT
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cosnanator. B toukax B n C 006e BOJHBI HaXOMATCA B MpPO-
TuBo(ase, BCAEACTBHE Her0 HHTEHCHMBHOCTbL De3YJbTHPYIO-
el BOJHB MUHHMAaJIbHA.

Touky, B KoTopoll amnauTyAa (a caeloBaTe]bHO W HH-
TEHCHBHOCTb) TIpyMNbl BOJH HMeeT MaKCHMYM, HasblBalOT
LEHTPOM Tpynns BOJH Eciud Bce COCTaBaAIOIIHE
IPYANL BOJH PAacHAPOCTPAHAOTCA ¢ OAHHAKOBOH (ha3oBoi
CKODOCTBIO 0¥, TO OTHOCHTE/JbHOE PpaclnoJoXeHHe BOJH
ocraerca Bce Bpems HensMennniM. CiieoBaTesibHO, HEHTP

Puc. 147,

rpynnsl Takke OyneT mepemellatbCs B- NPOCTPAHCTBE €O
ckopocTbio v. Muaue o6erout feno, ecan HabaogaeTcss AUC-
nepcus, T. €. 3aBUCHMOCTb (pa30BOH CKOpPOCTH BOJIH OT ua-
crotel. B 3TOM criyuae ueHTp rpynnul BOJH TNepeMeliaercs

CO CKOpOCTbIO
do

dk?
HasbiBaeMoit TPYNNOBOA CKOPOCTHIO.
3amenus corgaacHo (44.2) o uepes vk, BHIpaxKeHue s
IpPYyNNOBCH CKOPOCTH MOXCHO npeﬂ,CTame B BHJE
d(vk)

u=—r +k

3ameHUM B 3TOM BbIpaKeHHH dv/dk uepe3 (dv/d)r) X
X (dr/dk). TTo onpenenenuio k& = 2n/h uiu A = 2nfk. Cie-
noparenbio dijdk = —2n/k? = —)\J/k, Tak w10 dv/dk =
= —(dv/d}\) (Mk). TloacraBup 3T0 3HaueHHe B QopMyay
L5 U, HOJTYyYUM:

U= (44.4)

dov
e (44.5)
OueBnano, uro BblpaxeHusd (44.4) wu (44.5) 3kBHBa-
JIEHTHBI.
JokaxeM npasuabHOCTh opMyanl (44.4) Ha mpumepe
JLBYX cjaraeMhblX BOJIH, ONHCLIBA€MBbIX YDPaBHEHHAMH

£, =acos(of — kx),
Ey=acos[(o+ Aw)f —(k+ Ak) x].

u=0v-—»>A
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JLias ynpolteHHs BBIK/JIAAOK Mbl MOJIOXHIM aMIHTYAH
oGeux BOJIH OJHHAKOBHIMU. DyleM npejnosaraTb BBIIOJ-
HouyMuca ycaosua: Ao K o; AR < k. Cnoxus ypabHe-
HUSI U npousBeis npeoOpas3oBanud 1o ¢GopmyJe A1 CyMMbI
KOCHHYCOB, NOJYYHM YyDaBHeHHE pe3YJbTHPYIOLLEH BOJHBL

E=E +E= [20 cos (—Af— t— %ﬁ x)] cos (0t — kx) (44.6)

(Bo BTOpPOM MHOXKHUTeJ e Mb nmperebperad Aw N0 CPaBHEHHIO,
¢ 20 u Ak 1o cpaBHeHHIO ¢ 2R).

MpuoxuTeNb, CTOSIIIMA B KBagpaTHBIX CKOOKax, H3Me-
HfeTed ¢ [ H X TOpPa3fo MejjleHHee, 4eM BTOPOil MHOXKH-
Tenb. lostoMy Bhipaxkenne (44.6) MoxHO paccMaTpuBaTh
KaK ypaBHeHHe IJIOCKON BOJIHBI, aMIJINTyJa KOTOPOH H3Me-
HAETCA MO 34KOHY ')

AMHJmTy,ua = [Za coS ( A; t— %k— x)]

MaxkcuMyMy aMmIHTYAbl COOTBETCTBYeT - (hasa, paBHas
Hy/mo (wan *mn, rae m— uejoe yuciao). CrenoBaresbHo,
KOODJAHHATA Xm LEHTPA [PYONbI BOJH B MOMEHT BpeMeHH [
onpefensieTcss U3 yCJOBHA:

A® ¢ Ak

2Ty
Orcioga anst rpynnoBoil cKOpocTH u = dX,,/di nosayuaercs
snauenne: u = Ao/Ak. Tlepeiina K muddepenunanam, noay-
yum dopmyiay (44.4).

M3 dopmyant (44.5) BuIHO, YTO B 3aBHCHMOCTH OT 3Ha-
Ka dv/d)\ rpynnoBas CKOpOCTb 4 MOXKET GbiTb KaK MeHblle,
Tak U Gosbile (a3oBoil CKOPOCTH U. B oTcyTcTBHe aucmep-
cun dv/dh = 0 ¥ rpynnoBasi CKOpOCTb COBIaJaer ¢ (ha3oBoilL.

MakcuMyM HHT@HCHBHOCTH TIPUXOAUTCA HA LUEHTP IPYNNEL
gosH. [lostoMy B Tex caywasix, KOria NOHATHE rpynnoBoi
CKOPOCTH HMEET CMLIC/, CKOPOCTb HEepPEeHOCca JHEPTHH BOJIHOM
paBHa rpynmnoBof cKOpOCTH.

[TonaTue rpynnoBofi CKOpPOCTH NPHMEHHMO TOJIBKO HpH
YC/IOBHH, 4TO NOIJIOLieHHe SHEPrHH BOJIHBI B AaHHOH cpeje
HeBeauko. [Ipn 3HauMTe/bHOM 3aTyXaHMH BOJIH MOHSTHE
FPYNNOBOH CKOPOCTH yTpauuBaeT CMbIcJ. Takoh cayvai
HMeeT MecTo B o6nacTd aHOMaJbHO# AucnepcHd. B atoir

Xm=0.

B Cp. ¢ 1. I, dopmynamu (70.1) n (70.2). 3asucumocts QyHkuun
(44.6) ot x npx dukcapoBanHoM ! H306pakaeTCs KpUBOI, aHANOrH4HON
Kpusoi na puc. 173,a B 1. L.
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006JacTH MOTJIOLIEHHE OYEHb BEJHKO H MOHATHE TIPynnoBOH
CKOPOCTH OKa3blBaeTCHd HENPHMEHHUMbBIM.

M3 ckasaHHoro B 3TOM naparpade SICHO, YTO BO BCeX
onHcaHHLIX B § 4 onbTax onpefensjach He ¢pazoBasn, a
rpynnosasi CKOPOCTb CBETOBHIX BOJH (HanOMHHM, 4YTO B
BaKyyMe 3TH CKOpPOCTH COBIAJZaioOT).

§ 45. JneMenTapHasa TeOPHS JAHCHEPCHH

Hucnepcus cBera MoxeT ObiTh 0OObsicHeHa Ha OCHOBe
5JMeKTPOMArHUTHOH TEOPHH H 3JEKTPOHHOH TEODHH Bemie-
crBa. Js 3TOTO HYKHO PACCMOTPETh MPOLECC B3aHMOAEH-
CTBHSI CBETa C BelllecTBOM. [iBHKeHHe 3JIEKTDOHOB B aTo-
Me DNOJUMHSIETCS 3aKOHOM KBAHTOBOH MeXaHukKH (cm. § 66).
B uacTHOCTH, TOHATHE TPAEKTODHH 3JEKTPOHZ B aroMe
Tepser BCAKHE cMbicn. OpHako, Kak nokxasaga Jlopenn,
s KauecTBEHHOTO MOHMMAaHHS MHOTHX ONTHYECKHX fABJe-
HHA JOCTATOYHO OrpaHUYMTHCA THNOTE30H O CYUIeCTBOBa-
HHH BHYTPH aTOMOB H MOJIEKYJ 3JEKTPOHOB, CBA3aHHBIX
KBaauynpyro. Bynyun BriBeleHbl H3 AOJIOKEHHS! PABHOBECHH,
TaKkHe 3JIEKTPOHBI HAYHYT KOJIeGaTbCs, NOCTENEHHO TepAd
sHeprioo KoJebaHusl Ha U3/yueHHe 3JeKTPOMATHHTHBIX BOJIH.
B peaysnbrate xosebaHusg OyAyT 3aTyXaOIHUMH. 3aTyXaHHe
MOKHO YUYecTb, BBelsl «CHJAY TPeHHA», NPONOPUHOHAJIbHYIO
CKOPOCTH.

[lpu npoxoxjgeHHH uepe3 BelleCTBO 3JEKTPOMArHHTHOMN
BOJMHBI Kax{[Abli 3/JeKTPOH OKasblBaeTcsi HOA AeHCTBHEM
3JEKTPHUYECKON CHJIBL, H3MEHSIOLIEHCH 10 3aKOHY:

f=eE,cos (ot +a), (45.1)

rje o - BeJUYUHA, ONpejenasieMas KOOPAHHATaMH JNaHHOIO
ajekTpoda, Eg-— aMnauryla HanpAXKeHHOCTH 3JeKTpHue-
CKOT'O I0JIS BOJIHBIL.

IMox BO3melicTBHEM 3TOH CHJB 3JEKTPOH HAUHHAET CO-
BepliaTh BbIHYXKJeHHble KoJeOaHHsA, aMIIUTYAA (rm) H
¢asa (@) KOTOPHIX onpefessoTcs GopMyJiamu:

r (eEo/m)
m™ N T o S 4a2. .2
-0’ +4
Viog -0+ 4 (45.2)
280
o=y
]

lcM. T. 1, dopmyast (75.7) u (75.8); we— coBcTBeHHan ya-
CTOTA 3JEKTPOHA, f — KOd(ULHEHT 3aTyXaHH:).
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Kone6aouniics saeKTpoH BO36YK1aeT BTOPUUHYIO BOJ-
HY, paclpoCTpaHsOUIYIOCH €O CKOPOCTbI0 ¢. BropHuHble
BOJIHBI, CKJaJbiBafACh C MNEPBHYHOH, 00pasyloT pe3ytbTH-
pytouryio Bonny. Pasbl BTOPHUHBLIX BOJIH OTJHYAKOTCH OT
¢a3el nmepBuunofl BoJHb [cM. (45.2)]. DTO NPUBOAHT K TOMY,
4TO pe3yJbTHPYIOLLasd BOJHA pAacnpoCTpaHseTcss B Bellle-
cTBe C (a30BOfl CKOPOCTBIO U, OTJHYHOH OT CKOPOCTH BOJH
B nycrote (thasobas CKOPOCTb NepBHUHON M BTOPHYHOH BOJH
B BeulecTBe paBHa ¢). Pa3sauuue Mexay v U ¢ OyAeT TeMm
0osiblie, ueM CHJbHee BBIHYXKJAEHHBle KojeOaHHA 3JeKTpo-
HOB (T. e. ueM OJiMxKe 4acTOTa BOJHB K Pe30HaHCHOH ya-
cTote sJekTponoB). OTcioja BeITEKaer cyllecTBOBaHHe 3a-
EHCHMOCTH U OT ©, T. €. AHCIEepCHH.

Yro6pl yOpOCTUTL BHIYHC/EHHS, 3aTyXaHHEM 3a CUET H3-
Jyuenus BHauaJje Oyxem npeHeOperatb. BrnocieacTBHH MBI
yuTeM 3aTyXaHHe, BHecsl B NoJyueHHbie (OPMYJB COOTBET-
crBylowine nonpasku. Ilosoxus B popmynax (45.2) p =0,
noJyuuM:

_(eBdm) o
m= ] 27 - V.
Oy — ©

Tarum o06pasoM, NpW OTCYTCTBHH 3aTyXaHHs 3JEKTPOH
6yner coBepiiaTh nof AeficrBueM cuawnl (45.1) kKosnebanue,
onucuiBaeMoe Gopmyaoii:

rt)= (ef of m) cos (of 4- ).

YuTg, YTo MIHOBeHHOE 3HAUEHHE HaNpsI)KEHHOCTH 3J1eKT-
- pHYECKOro MNOJS B NAHHON TOYKe BellecTBa paBHO E(f) =
= Egcos(w! + o), MIHOBEeHHOe 3HaueHHe CMelleHUS 3JIeK-
TPOHA H3 NOJOMXEeHHs PABHOBECHS MOXHO INpeJCTaBHTb B
BHIE:

r(t)= (e/m) E(z” .
- ®

B pesyabraTte cMmelleHus QJIeKTpOHOBI) H3 TOJIOXeHHH
pPaBHOBeCHs1 MoOJieKyJa [NpuoGpeTeT 3JeKTPHUECKHH AY-
nosbHel MoMment [cM. T. I, hopmyay (13.3)}:

p(t)= Y e (t)=(2 ;gi'_/_ﬁ;;g)fa)

¥} Macca spep BO MHOro pa3 6oJblile MacChl 3JIEKTPOHOB, TIO3TOMY
CMeILeHHSIME TOJOXKHTENbHEX 3aPAJ08 MOXHO npeHeGpeub,
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(cyMMHpOBaHHe NDOH3BOAMTCH MO BCEM 3JEKTPOHAM, BXO-
ISLUM B COCTAB MOJEKYJbl; HANpaBJeBUN cMelleHHi r;(f)
coBnajaior ¢ HanpabjeuneMm E(f), noatomy reomerpuue-
yeckoe CJIOKEHHe MOXKHO 3aMeHUTh airebpauueckum).

Ywmuoxus p(f) Ha uHCJIO MOJeKy.a B eiuHHle oOrema N,
HOJYUHM MTHOBEHHOE 3HAYEeHHe BeKTOpa IOoJspHU3aldu Be-
1[eCTBA:

\ e?/”% )

waNmn_chagzyﬁay (45.3)
HusnekTpuueckass TPOHHIAEMOCTD BelllecTBa 1O Onpefe-

nenenuo [em. 1. II, dopmyner (16.8) u (15.2)] pasua:

a=1+u=1+£%.

[MoncraBus cioga suauenue P/E u3z (45.3) u 3ameHHB cO-
raacHo (16.6) ¢ depes n? noayuum Gopmyay:

ﬂ~bw—z Vm. (45.4)

(DOL—(’)

[Ipu 3HayeHHAX YACTOTHI BOJIHBI ), 3aMETHO OTJIHYAIO-
LWHXCH OT BCeX COOCTBEHHBIX 4ACTOT o, CYMMa B (45.4)
Oyler Maja MO CPaBHEHHIO C eJuHHUeH, Tak yto n? = L.
B6ausu xaxaoit u3 co6-

CTBEHHBX YaCTOT (PyHK- 7% ]
-uusa (45.4) Ttepnur pas-
pbIB: TNIpH @ —* @g; OHA
ofpamaercst B + oo, €CJIH
®w <@g, H B —00, €CJIH 7
® > wg;. Taxkoe nosene-
nue QyHKUHHE 0O0YCJI0B-
JIEHO TeM, YTO MHI IpeHe-

Operau 3aTyXaHHeM g Py P wjv P
(ecnu mnosoxuts B =0,
TO Bhlpaxenue (45.2) Puc. 148.

JUIST  AMIJIATYABl  BBHIHY-
JKJIEeHHBIX KosieGaHHl oOpaulaeTcsa B o0 IIPH o = wo; Koraa f
OTJIHUHO OT HyJs, AMIJIMTYAAa [pPH BCeX 3HAUEHHUAX
OCTaeTcsi KOHEUHOH). YdeT 3aTyxaHHsi NPUBOJHT K 3a-
BHCUMOCTH n? OT o, NOKa3zawHo# Ha pHc. 148 [myHKTHpOM
nokasad xon ¢pysxuun (45.4)}

IMepefinst 0T 12 K 7 U OT @ K Ag, HOJAYUHM KPHBYIO, H30-
6paxenHyio Ha puC. 149 (maH JHWb y4yacTOK KPHBO#
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B 06s1acTH OIHOM M3 pe3oHaHCHBIX AnuH BoaH). [Tyukrupuas
KpuBas H3oOpaxkaer X0 KO3((UIHEHTA NOTIOLIEHHsS cBera
BelIeCTBOM (CM. cJeRyiowuH naparpad). Yyacrox 3—4
anasormyen KpHBOH, NpuBellcHHON Ra. puc. 146, 8. YuacTku
1--2 u -3—4 CcOOTBeTCTBYIOT HOpPMaJIbHOH AUCHEPCHH
(dn/dhy < 0). Ha yuactke 2—3 nucnepcus anomaJbHa
(dn/dhe > 0). B obnactu [—2 mnokasareip MpeNoMAeHAS
MeHblle eAHHHIb, CJeJOoBaTe]bHO, (a3oBasi CKOPOCTb BOJA~
HBl OpeBHIaeT €. T0 OOCTOATENILCTBO HE NPOTHBOPEUHT
TEOPHH OTHOCHTEJbHOCTH, OCHO-
7 BbIBAIOWIEHCS HA YTBEPIKICHHH,
YTO CKOPOCTb IepelayH CHruazxa
He HMOXeT NpeBhICHTb ¢. B mpe-
Iblayliem naparpade Mbi BhIfic-
HHJIH, YTO TNepefaTh CHIHaJad ¢
MNOMOILbIO HAEANBHO MOHOXPOMA-
THUECKOH BOJIHBL HEeBO3MOXKHO.
INepenaua xe snepruu (r.e. cur-
Haja) € NOMOLIBI He BIONHE
MOHOXpOMaTHYeCcKof BOJIHB!
Puc. 149. (rpynnst BoJiH) OcyliecTBASETCA
CO CKOpOCTbIO, paBHOH rpymnmno-
Bofi ckopoctu (44.5). B o6Gaactn wopMasnbHOH AucnepcHH
du/dh>0 (dn n dv umeror pasHbié 3Haku, a dnf[d\ < O0),
TaK 4TO, XOT# U >, TPyNNnoBas CKOPOCTb OKasbiBaerTcs
MeHbllle ¢. B o6sactH aHOMaJbHOH JHCNEPCHH NOHATHE
rpyMIoBOfi CKOPOCTH TepsieT cMbICA (NOTJOLIERHe OYeHb Be-
auko). [Mosromy BhuMcieHHOe no ¢dopmyne (44.5) suauve-
Hue 1 He OYZeT XxapaKTepH30BaTb CKOPOCTH Nepejayu 3Hep-
rud. CooTBeTcTBYIOIHA pacuer faeT H B 3Tol obaacta AJs
CKOpPOCTH Hepejlauu SHepruu 3HaueHHe, MeHbLIee C.

B 3akAloueHHe OTMETHM, YTO IIpH H3BECTHbIX JAONyHIe-
HHSAX, XOPOILIO ONPaBAbIBAIOIIKHXCA Ha ONbITe AJIN MHOTHX Be-
wects, 3 dopMmyanl (45.4) MoxeT ObiTh nosyueHa npubiau-
XKeHHas QopMyna (43.2).

§ 46. MNoraowenne ceera

Ilpu DpOXOXAEHUH 3NEKTPOMATHHTHOH BOJIHBI Yepe3 Be-
HIECTBO YacTb 3HEPrHH BOJIHBI 3aTpauuBaercd ha Bo30yxie-
HHe KoJie6aHMA 3/eKTPOHOB. YacTHYHO 3Ta 3HEpPrHs BHOBL
BO3BpalllaeTCsi H3JYYEHHIO B BHJe BTOPHUHBIX BOJH, BO30Y-
MAAEMHX 3JICKTPOHAMH; UYAaCTHUHO XXe OHAa NEePEeXOAHT B ApY-
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rue BUAbl SHEPruu (Hanpumep, B SHEPTHIO ABUNKEHHS aTO-
MOB, T. €. BO BHYTPeHHIOI0 3Hepruio BelectBa). Takum 06-
pa3oM, HHTEHCHBHOCTb CBeTa NPH MPOXOXKIEHHH Yepe3 Be-
HIeCTBO YMeHbllaeTcs — cBeT MOIVIOLaeTcsl B BelllecTBe. Bbi-
Hy)XJeHHble KoJeDaHUsi 3JIEKTPOHOB, a CJeJOBaTeNbHO H
NOrJIOIeHHe CBeTa, CTAHOBATCS OCOOEHHO HHTEHCHBHBIMH
Dpu PEe3OHAHCHOH yactoTe (CM. M300paKeHHYIO NYHKTHPOM
KPHBYIO NOIVIOMIeHHs Ha puc. 149).

OnbiT nOKaspiBaer, YTO H3MEHEHHe HHTEHCHBHOCTH CBETA
Ha NyTH dl ApONOpPLUHOHANBHO BeJHYHHE 3TOrO NMYTH U BeJH-
yHHe caMOf MHTEHCHBHOCTH:

dl = — xl dl. (46.1)

B 3TOM BBIpameHHH % — NOCTOSIHHAs, 3aBHcALlafd OT
CBOMCTB MOIVIOLIAIOILEFO BelllecTBAa M HaabiBaeMas Ko 93 ¢-
GUHHHEHTOM OOrJoOlleHHA 3HAK MHHYC NOCTABJIEH
noromy, uto d/ u dl umelor pasHble 3HaKH.

[lycts Ha Bxoze B NOIVIOLLAIOIIKE cJIOH (HA IpaHHLE HAH
B KaKOM-TO -MeécTe BHYTDH BelUecTBAa) HHTEHCHBHOCTb CBeTa
paBHa [,. Hafinem uHTeHCcHBHOCTB [ cBeTa, TNpOLIEALIETO
ciol BemecTea TOMWMHEBL [ Jlnsi- 3TOrO mpoMHTErpUpyem
BoipaxceHnue (46.1), MpeABapHTENbHO Pa3/e/IuB NepPeMeHHbIe:

I

1
‘—d11—=-—xj‘dl.
I 0

B pesyavrate noayuum: In/—Inly=—xl, oTkyxa
[=1Ie ™. (46.2)

Coorroluenne (46.2) Hocut HasBaHHe 3akoHa Byrepa.
CorsiacHo 3TOMy 3aKOHY WHTEHCHBHOCTb CBeTa yObiBaeT B
NOLJIOILAIOUEM BeleCTBe SKcIoHeHuHadbHO. Ilpu [ =1/x.
WHTEHCHBHOCTb [ OKasniBaeTcd B € pa3 MeHblue, ueM Jo.
Takum 06pa3oM, KO3 QHUIHeHT NOTTIOLIEHNA eCTh BeJIHYHHA,
oGpaTHas TOJIHHE CJI0f, NPH NPOXOXKAECHHH KOTOPOro WH-
TEHCHBHOCTb CBeTa yOBIBAeT B e pas.

Kosd¢puuuenr nor/ouieHHs 3aBUCHUT OT [JHHBL BOJIHBI
cBera A (MAM uacTOTHl ®). ¥ BelIecTBa, HaXOAsIerocs
B TAKOM COCTOSIHMH, YTO aTOMBbI HJIH MOJIEKYJbl MpakTHYe-
CKH He BO3AEHCTBYIOT APYr Ha Apyra (rasel ¥ napel Meral-
JIOB TIPH HEBBICOKOM AaBJEHHH), KO3 ()HUHEHT MOTJIOIEeHHA
g GONbHIHHCTBA AJHH BOJIH. OJIH30K K HYJIIO .H JIHIIb AJ4
OUEHb Y3KHX CNIeKTpaJbHbIX 06JacTelt (IUIMPHHOHA B HECKOJBKO
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COTHIX aHrcTpeMa) oOHapyXKUBaeT pe3kHe MaKCHMYMbl
(puc. 150). DTu MaKCHMyMBl COOTBETCTBYIOT DPE30HaHCHBIM
yacToTaM KosJeGaHui 3/JeKTPOHOB BHYTPH aToMoB. B cayuae
MHOTOATOMHEIX MOJIEKYJ OOHApYXKHUBAKOTCSA TAKXKe YaCTOTHI,
COOTBETCTBYIOIIHE KONeOaHUSAM aTOMOB BHYTDH MOJIEKYJI,
Tak Kak macchl -aTOMOB B JAECATKH ThICAY pas boJbllle Mac-
2l CBI 3JIeKTPOHA, MOJIEKYJsp-
i HHle YacTOThl OBIBAIOT Ha-
MHOFO MeHblle ATOMHBIX —
OHM monanawtT B UHPpa-
J KpacHylo o0jacTb CIeKTpa.
0 Teepavie Tena, KHIKO-
CTH ¥ Traspl IPH BRICOKHX
Puc. 150. LaBJeHUAX NaT LUHPOKHE
_ MOJNOCHl NOrAOLieHust (pHC,
151). Tlo mepe moBbiUIeHHSI HABJEHHS a30B MaKCHMYMbL
TIOTJIOLIeHMs], NEePBOHAYANbHO OueHb y3kue (cM. puc. 150),
Bce GoJlee PACIIUPSIOTCS, U NPH BLICOKHX AABJEHHAX CIEKTP
NOTJIOLIEHHs] ra3oB NpHO/IMXKAaeTcs K CIEKTpaM MHOrJole-
HHA XKUAKOCTe#d. 3T10T (GAKT ykKas3blBaeT Ha TO, 4TO pac-
HIMpEHHe [O0JIOC TOIJIOIIEHHs €ecTb
pe3yabTaT B3aHMOJeHCTBHA aTOMOB
IpYT C IPYrOM.

Meranasl npakTHYeCKH Henmpo-
3pauHBl AJ15 cBetra (% I HHX CO-
cTaBjfeT BeJHUMHY nNopsAlka le-
CATKOB THICAY OGPATHRIX CaHTHMeT-
pOB; AN CPaBHEHUS] yKaxKeM, UTO
o crekna x = 1072 cnl). 310 Puc. 15L
06yCJI0BJIEHO HaJUuMeM B MeTajiax
cBOGOIHBIX 3JIeKTpOHOB. Ilox nelicTBHEM 3J1€KTPHUECKOTO
110J11 CBETOBOMA BOJIHBI CBOGOJHBIE 3JEKTPOHH NPHXOLAT B
JBIKeHHe — B MeTajljle BO3HUKAIOT ObiCTpOlepeMeHHbIE TO-
KM, CONPOBOMXKJAIOHINECs BbIAeJIERHEM JieHI-1KOyJjeBa Teln-
aa. B peayabrare 3Heprys cBeTOBOH BOJHBEI GLICTPO yMeHb-
HIaeTcs, npeBpallasch BO BHYTPEHHIOID SHEPTUIO MeETaja.

X

§ 47. Pacceanue cBeta

C Kiaccuyeckoil TOYKH 3PEHH: NpOLEecC paccesiHus cBeTa
3aKJIIoYaeTcss B TOM, UTO CBET, NPOXOASIUUH Yepes BellecTBO,
Bo36yxpaer Konebauus 3JeKTpoHOB B aroMax. Koaebiio-
IiHecad 3JeKTPOHR CTAHOBATCA HCTOYHMKAMM BTOPHYHBIX
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BOJIH, PACNpOCTPaHAIOWMUXCA MO BCEM HaipaBJeHHAM. ITO
fiBJIeHHe, Kas3aJoch Obl, JOJIKHO IPH BceX YCJAOBHAX IPH-
BOJIHTL K pacceninuio cBera. OZHAKO BTOpUYHBIE BOJHBI AB-
JISIIOTCH KOTEPEHTHBIMH, TaK 4TO HeOOXOAHMO y4YecTb HX B3a-
HMHYIO HETep(epeHIHIO.

CootBeTcTByIOIMH pacyeT MNOKasbIBAeT, 4TO B CJyuyae
OJHOPOJHOH cpefbl BTOPHYHBIE BOJHBI MOJHOCTBIO T[acAT
Ipyr Ipyra BO BCeX HampaBJieHMAX, KpOMe HanpaBJeHHsA
pacrpocTpaHenusi nepsuunofl sonuel. IlostoMmy nmepepacupe-
JeJeHHe CBeTa Mo HaNpaBJeHWAM, T. €. paccesiHHe CBETa,
orcyrctByer. B HampaB/ieHHM NepBHYHOrO Jyua BTODHYHLIE
BOJIHbI, HHTepdepHpysA ¢ MepBHYHOH NpPOXOAsiHiell BOJIHOH,
06pasyIoT pesyJbrTHPYIOIYIO BOJIHY ¢ ()a30BOH CKOpPOCTHIO,
OTJIHYHOH OT ¢. 3THM, KaK MBl BHAGIM B MNpeAblIyIHHX
naparpagax, OOGBACHAIOTCA TpeJOMJeHHe H JUCHEPCHS
cBera.

Takum obpasoM, paccesiHue  CBeTa BO3HHKAeT TOJIbKO
B HeoaHOopoAaHOH cpede. CpeToBble BOJIHLL, AM(pparupys Ha
HEOJHOPONHOCTAX CPeAbl, JalT AN(PaKUHOHHYI KAPTHHY,
XapakTepU3yIoILylocs A0BOJBHO pPaBHOMEPHHIM pachpefese-
HHeM HMHTEHCHBHOCTH [0 BCeM HanpasJleHHsM. Takymo nu-
(paku{I0 HA MeJKHMX HEeOAHODOAHOCTSX HA3LIBAIOT pac-
cessHueM cBeTal).

Cpenbl ¢ IBHO BBIPaXKEHHOH ONTHYECKOH HEOJHOPOAHO-
CTbI0 HOCAT HasBaHHe MYTHH X cpel. K ux unciy npn-
HafdexaT: 1) OBIMBI, T. e. B3BeCH Meabuafiluux YacTHl B
raszax; 2) TyMaHBl— B3BeCH B rasax MeJpdafilluX KameJek
JKMIAKOCTH; 3) B3BeCH WJIM CycneH3HH, o6pasoBaHHBIE MJ1a-
BAIOWMMH B XKUAKOCTH TBeDIABIMH YacTHYKamH; 4) IMy/b-
CHH, T. €. B3BecH Meabyaflllux KanesJek OAHOH XKHAKOCTH
B ADYIOfi, He pacTBOpAOUIeH NepBYI0 (HPHMEpPOM 3MYJNbCHH
MOXKeT CJYXHTb MOJIOKO, IlpeicTaBadioulee cobofi B3Bechb
KaneJeK JXHpa B Bole); D) TBep/nie Tesa BpOAe NepjaMyT-
pa, OnaJjoB, MOJIOUHBLIX CTEKOA U T. A.

B pesysabrare paccesiHust cBera B OOKOBBIX HamlpasJe-
HUAX HMHTCHCHBHOCTh B HalpaBJeHHH pacipocTpaHeHus yGbi-
Baer OblcTpee, yeM B cjydyae OZHOTO JIHIIb MOIJIOLLEHHS.
[ToatoMy nna myTHOrO BellecTBa B Bbipawenuu (46.2), Ha-
paay ¢ Ko3QPULUHEHTOM HUCTHHHOTO NOIVIOLIEHUSE %, JOJKEH
CTOATH JA00aBOYHBIA KO3pdHLHeHT %', 00yCaAOB/ACHHBIH

1y Mnorma sto saBnenue naspisaior ARG Py3aued mwim apae-
Buem Tunpgansa,
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. paccesuem:
=+ 47.1)

BenuuynHa »’ HocUT Ha3BaHHe KOo3QPdHLUHEHTa IKc-
THIKI[HH.

Ecan pasmepbl HeoAHOPOJAHOCTeH MaJ/bl IO CPaBHEHHIO
¢ IJHHOI cBeTtoBOH BoJHH (He Gosee ~ 0,1A), HHTeHCHB-
HOCTb  paccesiiHOTO cBeTa-/ OKa3blBaeTcss NPONOPLUOHAJND-
HOIf YeTBEepPTON CTeNeHH YacCTOThl MM OGPaTHO NMPONOPIKO-
RaJIbHOH YeTBepPTOH CTENeHH JJIHHLI BOJIHBI:

Ivotoo— (47.2)

h‘ :

OTa 3aBHCHMOCTb HOCHT Ha3BaHHe 3aKoHa Panes.
Ee npoucxoxense nerko NMoHsITh, €CJIH yuecThb, 4TO COTJac-
HO 3JEKTPOMATHHTHON TEOPHH HMHTEHCHBHOCTb BTOPHUHBIX
BOJIH IPONOPUUOHAAbHA KBaJApaTy YCKOpPEeHHs H3Jyyalollero
anektpora [cm. 1. I, popmyay (114.5)]. JiBukenne anextpo-
Ha NOJ JeHCTBHEM CBETOBOH BOJIHBI NIPOMCXOAHT MO TapMo-
HHYECKOMY 3aKOHY: I = ', COS wf. B 3TOM ciryuae yckopeHHe
NPONOPUHOHANBHO ©?. C/leJ0BaTebHO, HHTEHCHBHOCTD H3JYy-
yeHHs OyneT MpOMOpUHOHAJBHA !

Ecan pasmepsl HeoJHODOJHOCTeH CpaBHHMBI ¢ JJIHHOM
BOJIHBI, 3JIEKTPOHH, HaxOAsLIHecs B Pas3/iHUHBIX MecTax He-
OIHOPOJIHOCTH, KOJIe6NIOTCA ¢ 3aMeTHbLIM CABHIOM IO (hase.
210 06CTOATENBCTBO YCAOKHSET $BJEHHE M IPHUBOAMT K
 HHBIM 33KOHOMEepPHOCTSiM. HMHTEHCHBHOCTb pAacCesiHHOTO CBe-
Ta CTAaHOBUTCS IPONOPIIHOHAJNBHOH BCEro JHIIbL KBajzpary
yacToTel (06paTHO NPONOPUMOHANBHOH KBaApaTy IJMHEL
BOJIHHI).

- Hanomuum, uto pacceAHHH CBeT $BJifeTCS YaCTHYHO
noaapu3oBanubIM (cM. § 29, puc. 113).

IlposiBsienue 3akonoMeproctH (47.2) nerko Habaomars,
nponyckas MNy4oK OGenoro cera uepe3 COCYA € MYTHOM
XKHuAKocTblo (pHe. 152). BesencTue paccesnus ciel nydka
B XHJAROCTH XOpOIIO BHAEH cGOKY, NpHYeM, TAaK KaK KOpOT-
KHe CBETQBLIE BOJIHBI PACCEHBAIOTCSl FOpasflo CHibHee [JIHH-
HBIX, STOT CJIe] peAcTaBasieTcs rony6osatsiM: [Ipomenmnii
yepe3 KHAKOCTb MYYOK OKasbiBaercs o0oralteHHbIM JJIHH-
HOBOJIHOBBIM H3JyuYeHHeM H o0pasyerT Ha 3xkpaHe E ne Ge-
70e, a KpacHoBato-xkeatoe nsTHo. Ilocrasus na Bxoge nyu-
Ka B COCYA MOJISIPH3ATODP, Mbl 06apYKUM, UTO HHTEHCHBHOCTH
paccesHHOTO CBeTa B Pa3JHYHbIX HanpaBJeHHAX, NepHeHH-
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KyJApHBIX K TIEPBHUHOMY AYUKY, HE onunaxopa. Hanpasaex-
HOCTH W3dyueHus Anmons (cM. T. II, puc. 246) npHBOAHT
K TOMY, 4TO B HanpaBjieHHAX, COBIALAIOLIMX € J1I0CKOCTBIO
koJaebannuii nEepBUHUHOIC HYUKa, URTEHCHBHOCTb PaccesHHOro
cBeTa NPAKTHYECKH paBHA HYAIO, B HANpaB/eHHAX Ke, nep-
NeHAMKYJSpHLIX K MJIOCKOCTH KoJeBaHnii, HHTEHCHBHOCTD
paccesiHHOTO CBETa MAKCHMaJbHa. [fosopaunpas MOJAApH3a-
TOp BOKPYT HAMpPABJACHHA MEPBUYHOIO nyyka, Mbl Oyaem
Ha6JiofaTh TOTIEPEMEHHOR YCHJICHHE H ocnabneHHe CBeTa,
pacceuBaiolleroci B AaHHOM HanpaBJeHnN.

Jlaxe TIIATENbHO OUMUICHHHE OT NOCTOPOHHHX npuMe-
cell W 3arps3HeHHH XMAKOCTH H Tashl, KOTOPbLIX Hesab3sd Ha-
3BATh MYTHBIMH GpelaMi, B HeKOTOpO#l CTeneHH pacceuBaroT

I=0
£ g S—— s B
’:3:-lif‘l'rlii /]
,j-‘-'-“'“ [REEXK] LJ
pd
! = maz

Puc. 152

cser. JI. V. MangenvmraM 5 M. CMOJIyXOBCKHH YCTaHO-
BHJIM, YTO TIPUYHHOMA MOSBJCHHSA ONTHUYECKHX HEOLHOPOAHO-
cTell SIBAAIOTCA B STOM cayuae uayKTyauuH IJIOTHOCTH (1. e
naGaiogaeMble B Npeeiax Maibx 00beMOB OTK/IOHEHHSH
[JIOTHOCTH OT €€ CPEeAHErc 3HaueHud). A1y QAYKTYalHH BH-
3anbl GecCOPALOYHHIM ABRAKEHHEM MOJIEKyJ BeillecTBa; No-
3TOMY OOYC/IOBACHHOE HMH paccesHHe CBeTa HasniBaercs
MOJeKYJfApPHbM.

MoJeKyAAPHEM paccesinHeM OGDBACHALTCA roay0oil I{BeT
ne6a. HernpepbiBHO BO3HHKalOme B aTMocdepe, BC/IEACTBHE
Gecniops IOUHOTO  MOJIEKYAAPHOTO ABHKCHHI, MecTa Cryle-
nus W paspexenus BO3AYXa paccewsaior COJIHEUHBI CBET.
TIpu 3TOM COTJIACHO 3aKOHY (47.2) ronyOvle N CHRHME JYUH
pacceuBaloTCs CHJIbHEE, WEM JKEATHE H KpacHeie, 00ycJa0B-
nupsas ronyboir user neba. Koraa Connine HaXOANTCS HU3KO
naj, TOPH3OHTOM, PacHPOCTPAHAIOMHECH - HenocpeiCTBEHHO
OT Hero Jyud OPOXOAAT GOABWYIO TOJILY paccensaiotieit
cpeinl, B peayJibrare 9ero OHH oKaskBaioTcsl 000ralieHHb-
Mu G6apEMH AnnHaMa Boau. Tlo srofi mpuunue pe6o Ha
3ape OKpaillHBaeTcd B KPacHLE TOHA.
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OcoGenno GnarofipusitHble yCAOBHA LA BO3HHKHOBEHHSA
3HAYHTeJbHBIX (JyKTyauuil NJAOTHOCTH HMeloTcs BOIH3HK
KPHUTHYECKOIO COCTOSIHHSI BELIeCTBa (B KPHUTHYECKON TOUKe
dpfdV =0; cm. 1. I, § 118). 3Bru dayxkryauud OpPHBOAAT
K CTOJIb HHTEHCHBHOMY PacCesiHHIO CBeTa, UTO «Ha MPOCBET»
CTEKJSIHHASL aMIlyjla C BellleCTBOM KaKeTCf COBEpLIeHHO
YepHOH (3TO siBJIeHHe Ha3blBaeTcd KPHTHYECKOH oma-
JecClUEeHIHeH).

§ 48. dddext BaBunona — Yepenkosa

B 1934 r. I1. A. Yepenkos, paGoTaBiiuii MO PYKOBOI-
crBom C. I. BasusioBa, ofHapyXHua ocoGblli BHJ CBEeYeHHS
KUAKOCTe mojx HneHcTBHeM y-Jydefi panud. Basujos Bbi-
cKasaJl NpaBUAbLHOe NPEANOoN0XKeHHe, YTO HCTOYHHKOM H3J1y-
YeHHA CJyKaT OblcTpble 3/EKTPOHH, CO3JaBaeMbie y-ay-
yamu. [losHoe Teoperuueckoe
00DbsACHEHHE 3TOrO SIBJIEHMs, TO-
JY4HBIIEro HaszBaHHe 2 pex-
Ta Basuaosa-—Yepenuo-
Ba, Owbio pano B 1937 .
H. E. Tammom u M. M. ®pan-
Kom 1),

CornacHO 3JeKTPOMArHUTHOMN
TEOpHU 3apAj, ABHXYyLIHHACA Ge3
YCKOPEHHs, He H3JydYaeT 3JeK-

Puc. 153. TPOMArsuTHEIX BogiH (cM. T. I,

§ 114). Omnaxo,” Kak moxasanau

Tamm u @pank, 3T0 ChnpaBelJHBO JHIIL B TOM CJyuae,

€CJIE CKOPOCTb 3apSKEHHON YacTHIbl U He npeBbuuaer da-

30BYI0 CKOPOCTb (/i 9JIeKTPOMATHUTHBIX BOJH B TOH

cpese, B KoTopoi ABMxkercs yactuua?). [lpm ycaoBuu, uto

CKOPOCTb 3apAXKEHHON 4YacTHULl © > ¢fn, faxe [BHrafach

paBHOMepHO, YacTtuma GyjeT H3JaydyaTbh 3JeKTPOMAarHHTHbie
BOJIHBI.

B WefCTBUTEBHOCTH H3Jyualolas yacTiua TepaeT Hep-
THIO, BCAGACTBUE Yero ABHIKETCA € OTPHUATE]bHBLIM YCKOpe-
nuéM. Ho 3T0 ycKopeHue fBJAseTcs He NPUHUMHON (KaK B

-
T e oyt o~

-~

1} B 1958 r. pat6ora Hepenxosa, Tamma # ®panka Obl1a OTMEYEHA
HoGenesckoit npemuei.

?) HanomHUM, 4TO COTJMIACHO TEOPHM OTHOCHTEJBHOCTH CKOPOCTH ya-
CTHHbl He MOMeT He TOJbKO NPEBBICHTb, HO M JOCTHUTHYTh 3HAUCHH,
paBHOrO CKOPOCTH CBeTa B NyCTOTE,
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cayuae v <c/n), a caeactBHeM u3ayuenusi. Ecau 6ol mo-
Tepsl SHePI'UHU 3a CYeT M3JyueHHsS BOCIOJHAJACh KaKuM-1160
cnoco6oM, TO 4acTHLa, ABHXKYILASACA PABHOMEPHO CO CKO-
pocTbio U > ¢/n, Bce paBHO Oblia OBl MCTOYHHKOM H3JYy-
YeHHsl.

B usnyvennn Basunosa — HepenkoBa npeo6iafaioT Ko-
pPOTKHE BOJIHBEI, IOSTOMY OHO HMeeT rony6yio okpacky. Ha-
uboJsiee XapakTepHBIM CBOHCTBOM 3TOrO H3Jy4YeHHs fABJASETCA
TO, 4YTO OHO HCOYCKaeTCsl He IO BCeM HanpaBJeHHAM,
a Juub BAOJMb 00pasyioliux KOHyca, OCb KOTOpOTo coBna-
JaeT ¢ HampaBJIeHHEM CKOpocTH dactuusl (puc. 153). ¥Yroa
O MexIy HalpapJIeHUAMU pacHpOCTpaHEHUs M3JAYUeHHA H
BEKTOPOM CKOPOCTH YaCTHIlbl OfpejesseTcs caefyolHM co-
OTHOILIERHEM: (/)

emn c
cos P =-—F—=——. (48.1)

DKcnepuMeHTalbHO Habaionanacs 3sddexr Basuiosa —
YepenkoBa #J1° 3JeKTPOHOB, ME30HOB M NPOTOHOB, NPH JBH-
JKEHHH WX B XKUJAKHX U TBEpHABIX cpelax.

S¢pdexkr BaBunosa — UepeHKoBa HaxoZuT Bce GoJiee
IIPOKOEe IPUMEHEHHe B SKCHEPHMEHTAJbHON  TeXHHKe.
B rtak HasbiBaeMbIX cueTuHKax YUepeHKoBa cBero-
Basi BCHBIIKA, MOpPOXKAAaeMas GbICTPOABHKYILIEHCS 3apAXKeH-
HOH 4YacTHllell, NpeBpalLaeTcs ¢ NOMOLIbI0 (OTOYMHOXH-
tenda!) B umnyJpc Toka. Ilas Toro uro6wi 3acTaBHTH cpabo-
TaTh TaKOH CUETYHK, JHEPTHS YaCTHUB! HOJKHA TPEBLICHTDh
[IOPOroBOe 3HAauYeHHe, ONpefesseMoe YCJIOBHEM: v = ¢/n.
[TosToMy YepeHKOBCKHE CYETUHKH MO3BOJAIOT He TOJNbKO pe-
FHCTPUPOBATH YACTHLbL, HO M CYAUTL 00 MX SHepTHH. ¥YJa-
ercd Jake ONpejeNuTb yroj ¢ MexAy HalpaBlieHHeM
BCHBIIKH W CKOPOCTb YacCTHIbl, YTO HaeT BO3MOXKHOCTb BBI-
ypcauTe no ¢dopmyde (48.1) ckopocTh (a 3HauuT H 3Hep-
FHIO) YaCTHUEL

) ®oroyMHOXKHTeNleM Ha3bLIBAIOT 3MEKTPOHHLIA YMHOXHTedb (CM.
1, I, crp. 320), nepsuit anekTpon Koroporo (Qorokarom) cmocobeH
HCIYCKaTh SJIEKTPOHEL NOJ AeHCTBHEM CBeTa,



TJIABA Vil
TENMJIOBOE H3AYYEHHE

§ 49. TennoBoe HiAyuYeHHE ¥ NIOMUHECLEHUMSA

Dueprus, pacxogyeMmas CBETAIMMCA TeJOM Ha H3Jyue-
HHE, MOXXeT NOMOJHATHECA U3 PA3NHUHHIX HCTOYHHMKOB. OKuc-
JAI0MUACA Ha BO3AyXe (ocop CBETHTCA 3a.CUST SHEPTUH,
BhifieIleMOH NPH XHUMHYeCKOM mnpeBpamieHunn. Takoll BuA
CBEUEHHS Ha3LIBaeTCs XeMHJAlOMHHecneHnueil. Cse-
yeHHe, BO3HUKAIOUIee NPH PasAHYHBIX BHAAX CAMOCTOATE]b-
HOTO ra3OBOr0 pa3psfa, HOCHT Ha3BaHHE 3NE€KTPOJIO-
mMuHecueHuuH CBeueHHe TBePJAHX TeJ, BHI3BAHHOE
GomOapAHPOBKOA HX 3JeKTpOHAMH, Ha3bpBalOT KAaTOLO-
gJoomMuHecHeHHefi. . Henyckanue TenoM u3IyyeHHs He-
KOTOPOH XapakTepHOH AAf Hero JUHAW BOJHLI A; MOXKHO Bbl-
3BaTh, 06Jyuas 3TO Tedo (HAH OOGNYYHB NpelBapPUTENLHO)
H3JyueHHeM JJIMHBl BOJIHBI A, MeHbulcH yeM A;. Taxue mpo-
Heccht OOBEAMHAIOTCA MO/ "‘Ha3BaHHeM GOTOJOMHHEC:
HeHouu!). <

CamBbIM  pacnpoCTpaHEeHHLIM SIBASETCS CBedeHHe Tell,
06YCJHOBJIEHHOE HX HarpeBaHHeM. JTOT BHJ CBEUCHHS HAazbl-
BaeTcs TENJOBHM (HAM TeMUEepPaTYPHLI M) H3AY-
yeHHde M. TemnynoBoe u3jaydeHne HMeer MeCTO IpH JHOOOM
TeMInepaType, OAHAKO NPH HEBHICOKHX TeMmIepaTypax Haay-
YatoTCa TPaKTHUECKH JHWL Jiauanue (HudpakpacHbie) sjiek-
TPOMATHHTHBIE BOJIHBL.

OxpyzKuM M3JNyyalolilee TeH0 HenpoHunaeMoll 060/0UKO
¢ HAeaJ bHO OTpakawuiell noBepxuocTbio (pHc. 154). Bosnayx

1) JliomuHecueHnyell HMa3WBaeTc H3Ayyeuue, H30bITOUHOEe Hafg Tell-
JIOBbLIM H3JIyUeHHeM Teja NPH AIRHOR Temneparype H HMeOmee AJH-
TEABHOCTh, 3HAYHTENBHO NPEBOCXOANUAYI0 NEPHOR H3AYYaeMblX BOJH.
JTioOMHHECLHDYIOLIHe ‘BEUleCTBa HA3NBAOTCA AIOMHHOGOpaMH,
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H3 oboaocuxu yaaiauM., OrpaxeHHOe oGCNOUKOR HajyuenHe,
ynaB Ha TeJO, NOFJIOTHTCS KM (UaCTHUHO HJIH MOJHOCTBIO).
CaenoBartesbHO, OyJeT NPOHCXOAHTh HeNpephIBHLIT oOMed
IHEPrUeil MeXAy TeJOM H 3aNOJHAMHM 060J04YKYy H3ayue-
nueM. Ecau pacnpefieieHne SHEPrHH MeXAY TEJAOM H H3Jy-
UeHHEM OCTAeTCsl HEM3MEHHBIM JUIsT KaXKJAOH JJIHHEI BOJIHHL,
COCTOSIHHE CHCTEeMBI TeJI0 — H3JyuyeHue GyneT paBHOBECHBIM.
OnblT MOKa3biBaeT, YTO €JHHCTBEHHBIM BHJAOM  H3JydeHHs,
KOTOPOE MOXeT HaXOAUTbCs B PABHOBECHH € H3Jy4arwlBMH
TeJaMH, SABJASIETCA TeIIoBOe H3Jaydyenne. Bce ocraibHbie
BHABI H3JIyYeHHST OKa3bIBAIOTCS HEpPaBHO-
BECHBIMH.

CnocoGHOCTh TENMJIOBOrO H3JY4eHHUSA
HaXONUTLCA B PaBHOBECHH C H3Jydalo-
HIAMH TesaMH OOYCJIOBJIEHA TeM, YTO ero
HHTEHCHBHOCTb BO3PacTaeT NPH NOBHile-
BHM TeMnepatyphl. Honyctum, uto pas-
HOBeCHEe MeEXJy TeJOM H H3JydeHHeM
(cMm. puc. 154) HapyweHo u Teno U3nay-
yaeT 3HeprHM GoJblie, YeM MNOTJOMIAET. Puc. 154.
Torpa BHYTpeHHsiA 3Heprus Te;na Gyner
y6biBaTh, YTO NPHBEJET K HOHHIKCHHIO TeMmepartypu. 310
B CBOIO ouepelZb OCYCJOBHT YMEHbLIEHHE KOJHYECTBA H3JMY-
yaeMoii rtesoM sHepruu. Temnepartypa Tema Gyner noOHH-
KaThCsl O TeX NOP, MOKAa KOJHUECTBO H3JNAYYAEMOH TE/IOM
3HEepPrHH He CTaHeT PAaBHHIM KOJIMYECTBY NOTJIOIaeMOH 3Hep-
run. Ecin paBHOBecHe HApyIUHTCs B APYTyld CTOPOHY, T. €.
KOJIMYECTBO H3/Jy4aeMOH 3HEPTHH OKa’KeTcsi MeHblie, ueM
NOrJoIaeMol, TeMIlepaTypa Tena Gyaer BO3pacTaTh A0 TeX
nop, NOKa CHOBa He yCTaHosHTCH paBHoBecHe. Takum ob6pa-
30M, HapylleHHe DABHOBECH B._CHCTEME TeJi0 — H3JyuyeHHe
BHI3biBAET BO3HHKHOBEHHE HPOLECCOB, BOCCTAHABJIHBAIOLIMX
paBHOBecHe.

Huaue 0GCTOMT Heno B ciydae JiQGOro M3 BHAOB JIOMH-
neciuennuu. [lokakeM 5T0 Ha NpHMepe XeMHJIOMHHECHEH-
pud. [Toka nporekaer o6yc/OBJIMBaIOIAs M3JyyeHHe XHMH-
yeckas peaklus, H3Jyuaiollee Teso Bce Gogbiue U GoJbiue
yAajsieTcs’ OT NepBoHauaabHOro cocrosinus. Ioraomenue
TeJOM H3JIy4eHHs He M3MEeHHT HaNnpaBJIeHHA PeakuuH, a . Ha-
o6Gopor npuBefeT X Gostee GLICTPOMY (BCJEACTBHE Harpepa-
HYSI) NPOTEKaHHIO peaKkuud#l B NEPBOHAYANBHOM Hampabje-
HUH. PapHOBecHe YCTAaHOBMTCH JHLIL TOFJA, KOrja 6yaer H3-
pPacxofioBaH Bech 3amac pearHpylolUUX BEILeCTB H CBeueHHe,
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006yCc/I0BNEHHOE XMMHYECKHMH MpPOLECCAMH, 3aMEHUICH Tel-
JIOBbIM H3JIyUeHHEM.

Hrax, u3 Bcex BHAOB H3JyYyeHHS PacCHOBECHBIM MOIKET
OHITb TOJIBKO TENJIOBOE H3JyueHHe. K paBHOBECHBIM €OCTOf-
HHIM H TpoueccaM NPUMEHHME! 3aKOHB TePMOAMHAMHKH.
CrnenoBaTtesbHO, U TEIJIOBOE H3JyYeHHE JAOJKHO IONYH-
HATbCS HEKOTODPHIM OOLIMM 3a4KOHOMEPHOCTAM, BBHITEKAIOIIHM
M3 NPHHUUNOB TepPMOJAHHAMHUKH., K paccMOTPEHHIO 3THX 3a-
KOHOMEPHOCTeHl MBI M mepeiieM.

§ 50. 3akou Kupxroda

Il xapaKTEepUCTHKH TENJIOBOrO M3JyYeHHs. Mbl OyaeM
NOJIb30BAaTbCA BEJHMUYHMHON IIOTOKA 3HEPrHH, H3MeEpsieMoll B
BaTTax (HAMOMHHM, YTO CBETOBOH MOTOK CBSI3aH C IOTOKOM
SHEpPruM yepe3 (GYHKIHIO BUIHOCTH, cM. § 5).

[Totok smepruu, HcnycKaeMbll eIHHHLEHl IOBEPXHOCTH
M3Jyualoero Tesa: 0 BCEM HanpasJjeHUsM (B mpeaenax
TeJIeCHOro yraa 2n), Ha3blBAOT 9HEPreTHYECKOH CBe-
THMOCTBIO Tena R, [cp. ¢ Besanuunon (6.8)]

Hsnyyenne cOCTOHMT M3 BOJIH Pa3/IMYHBIX 9ACTOT @ !) (HJx
aauH A), OGo3HaunM NMOTOK 3HEPTHH, HCIYCKAeMBIA €RMHH-
ueit MOBEPXHOCTH TeJla B HHTepBase 4acToT dw, yepes dR,
(uTo6B! He yCHOXKHATHL O0O3HaueHHH, MBI ONYCTHIM HHACKC
«3» npu R). [Ipu mMasoll Bennuune uHTepBaia do N0TOK dR,,
6yner nponopuvoHaJex do:

dR;=r,do. (50.1)

Benuunua r, Ha3nBaeTcss MCNycKaTeJdbHO# cno-
cobHOCTHL 0 Tesa. OnbIT NOKAa3bIBaeT, UTO HCIycKaTesb-
Hasi CIOCOGHOCTb CHJABHO 32BHCHT OT TeMIepaTypsl Teja.
Taxkum o6pa3oM, 7y €CTb (PYHKUHUA YACTOTH H TEMIEPaTyphHL.
COOTBETCTBEHHO M 2HepreTHueckas CBETHMOCTb SIBJISETCS
(pyHKIHEH TeMnepaTypsl.

3Has HMCOYCKATENbHYIO CIOCOOHOCTb, MOMXKHO BHLIUHC/HTH
SHEPreTHYeCKYI0 CBETHMOCTD:

Rop= [ dRyr = frmr do (50.2)
0

1) Bmecro oObiuHON 4acTOTl v YAOOHee NOMB30OBATHCA KPYromoi
4¥acToTofl W,
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(uToGHl TMONUEDPKHYTb, YTO SHEpPreTHYECKass CBETHMOCTb H
HCITYCKATeJMbHAs CNOCOGHOCTL 3aBUCAT OT TeMIEepaTypbl, Mbl
UX CHAGIHIH HHIEKCOM «T»).

Hanyuenre MOXHO XapaKTePH30BaThb BMECTO YacTOTH
JJHHOH BOJIHBI A. YuacTky cnekrpa dw OyIeT COOTBETCTBO-
BaTb HHTepBad AaHH BoaH dh. Onpelensiomiue OJHH H TOT
JKe yuacTOK BeJHYHHH dw H d)\ CB3aHBl NIPOCTHIM COOTHO-
LIeHNeM, BbITeKaoWUM 13 Gopmydn: A = ¢/v = 2nc/w. Jud-
(epeHnypoBanye 1aet:

2
dh=— 2 do= — 2 do. (50.3)

2mc

3HaKk MHHYC B 5TOM BLIPa)K€HHH HE HMeeT CYLIeCTBEHHO-
ro 3HaYeHHs, OH JIHIUb YKasblBaeT Ha TO, 4TO C BO3pacTa-
HHeM OJHOI M3 BeJHYHMH, @ HJH A, APYyras BeJHUYHHA YObi-
BaeT. [losaToMy 3HaK MMHYC B LajbHelllleM MbI He Oyxem
NHCATh.

Hons sHepreTnueckofl CBETHMOCTH, NpPHXOAAIMIASICST Ha
uHTepBaa diA, Moxer ObiTh mo. anamoruu ¢ (50.1) npeacra-

BJieHa B BHJE:
dR,, = ry, dA. (50.4)

Ecnu wuurepBanasl do u dA, BXOHfllWe B BbIpaKeHHd
(50.1) u (50.4), cBszaun coornowenuem (50.3), t. e. orHO-
CSITCSl K OJHOMY ¥ TOMY XKe Y4acTKy CHeKTPa, TO BEJHYHHBI
dR, u dR, HOMXHE COBNANAaTH:

rodo =r, di.

3ameHuB B nocaenHeMm paseHcTBe d) coraacuo (50.3), no--
JYUHM:

2 A?
r@dm=r,~ Z:: d(x)=rhm d(D,
OTKyZAa
2mne Al
f(o=fh"m—2‘=f;“—§ﬁz'. (505)

C nowmombio (50.5) MOKHO nepeHTH OT 7p K I, H Ha-
o6opoT.

[TycTh Ha s/eMeHTapHYIO NJAOIAAKY HMOBEPXHOCTH Tesa
najfaer NOTOK JyuHcTo# sHeprau dd,, o6yCHOBAEHHLIN 3JeK-
TPOMarHHTHBIMH BOJHAMH, YaCTOTa KOTODHIX 3aKJIOUeHa B
nnreppane do. Yactb 3Toro nortoka d®, GyIer noryouieHa
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Teniom. Bespasmepuas BennuuHa

a0,
tor =~ (D:) (50.6)

Ha3bBIBAGTCA HOTJOL(AaTEeJbHOH CHNOCOGHOCTDLIO
Teaa. Iloraowmarenbnas cnocoGHOCTh 3aBUCHUT OT TeMIlepa-
Typbl Tesa. Clef0BaTeAbHO, Qor €CTh DYHKIMA YACTOTH H
TeMOeparTyphl.

[lo onpenencHUI0 G,y HE MOXKET GbITh GOJbLIE €LMHHUIBL.
st Tena, NOJHOCTBIO TMOFJIOUIAIOLIETO yHaBIlee HA Hero Ha-
JdydeHHe BCeX uacToT, aur == 1. Takoe tenoc HasbBaOT
abconOTHO YepHB M Teao, nis
KOTOPOTO Qur == ar = consi, < 1, Hasb-
BaeTcsl ce P Bl M.

Mexay ucnyckateNbHON M NOrjolna-
TEJBHON CHOCOGHOCTBIO JI000ro TeJda
HMEeTCsl olipelesieHHasi CBfA3b. B 3aToM
MOXHO yOeIHTLCA, PAcCMOTPEB CJAEAYIO-
muil skcnepumedT. Ilycts BHYTPU 3a-
MKHYTOH O0OOJIOUKH, TIOALEpKUBaeMOM
HpH [OOCTOSAHHO# Temuepatype 7, nome-
eHbl Heckoabko Tesl (pHc. 165). [Tosocts
BHYTPH .0GOJOUKH 3BaKyHpOBaHa, TakK
4YTO TeJa MOrytT OoOMeHHBATbCH 3HeprHefl Mexay cololl u ¢
060JIOYKOH JNUlIb HYTeM HCIYCKAHWSA M MOTJIOLEHUS 3JeK-
TpoOMaruHuTHoIX BOJMH. ONBIT NOKA3LIBAET, YTO TaKas CHCTEMA
yepe3 HEKOTOpOe BpeMd NPUIET B COCTOSIHUE TEMJIOBOIO paB-
HOBeCHfl — BCe TesJa MPHMYT ONHYy H Ty Ke TeMIepartypy,
paBHyio Temnepartype o6oqouku T. B TakoM cocTosiHuu TeJo,
cOaagawulee Gogdblieil HCOYCKATeNbHOH CNOCOOHOCTBIO for,
TepsieT B HHHNY BPEMEHH C eJAHIb TOBEPXHOCTH 0oJblie
SHeprHH, ueM TeJo, obaanaioliee Menbllell r,r. ITockonbky
TeMmeparypa (a cJaeloBatesbHO W .3Heprus) TeJa He Me-
HAETCH, TO TEJO; HClycKaoliee GoJblile SHePruH, AOKHO H
6oJbllie MOTJIOIATL, T. e. o6aajzath 6Goapuiel aur. Takum
oGpa3om, yeM GoJsblie HCMYCKaTeNbHas CIOCOGHOCTb Teja
r,r, TéeM GOnblie H ero norJouareJbHasi ¢nocoOHOCTb Qur.
Orcioia BHITEKaeT COOTHOLIeHHE:

(rmr) __(rmT> _(rmT> —

_ - ST e ey

Sor /1 \%r /2 \%r /3

rae uugekeol 1, 2, 3 U 1. . OTHOCATCS K PA3HBIM TeJjaM.
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Kupxrod chopmynupoBan chenyomiufi 3aKoH: OTHOWe-
HUe UCNYCKATeAbHOU U noeaoujareabuod cnocobuocreid He
3asucurt ot apupodsl Tead, OHO ABARETCA GAR 8CeX TeA 00HOl
u roi ace (yHusepcarbuou) ynkyued wacrotot (OAurst
B04HDL) U Temneparypot.

oL —f(a, T). (50.7)
Y

CaMy BeJTHMHHBI For H Qgr, B3ATHIE OTAEABHO, MOTYT Me-
HSATHCSA YPE3BHIYANHO CHJALHO NPH flepexofie OT OJHOTO Tesa
K gpyromy. OTHOWWEHHe >Xe HX OKa3bBaeTcsl OJHHAKOBHIM
J1si BCeX Tesi. DTO 03HAyaeT, YTO TeJO, CHIbHee TOrJIOolIalo-
Llee Kakue-Au60 Jy4H, GyAeT 3TH AYYH CHJIbHEE H HCOYCKaTh
(He cnéayeT CMEWHBATL HCAyCcKauue Jayuell ¢ UX OTpaxe-
HUeM).

Ilns a6CoMOTHO YePHOTC TeAa MO OHpefeNeHHIo a,r = [,
Caenosarensuo, H3 dopmyan (50.7) BhTeKaer, uT0 7ryr ANA
Takoro tesna pasHa f(w, 7). Takum o6pa3om, yHHBepcaIbHas
¢yuritna Kupxreda f(w, T) ecTh He YTO HHOE, KAaK HCMYCKA-
TeJbHAash CNOCOGHOCTb abCOJIOTHO YEPHOTO Teja.

[Tpu TeopeTHuecKHX HCCAEAOBAHHUAX AAS XaPAKTEPHUCTHKH
CHI2KTPaJbHOro COCTaBa PABHOBECHOTO TEMJIOBOTO H3/1yyeHust
yno64ee noJib3oatbhes Qynkuuei yacrorsl — (o, T'). B ske-
repuMeHTaNbHEIX padorax yaoGHee nosnb3oBaThest GyHKIHEHR
Jauasl BoJiHsl — @ (A, T). O6e ¢ynxkuum cBfizaHsl Apyr ¢
ApyroM (Hopmynon

2

Flon V=229 N=5-0(, T),  (50.8)

anagornyHoil ¢opmyne (50.5). Cornacuo (50.8) nas Toro,
yT0GH N0 H3BeCTHOH QyHkuuH f(w, T) naitth ¢ (A, T), Hyx-
HO 3aMeHHTb B [(w, T) uacrory o 4epe3 2nc/A u nonyuus-
Ieecs BhIPaXKeHHE YMHOXKHTD Ha 2mc/A%:

o, T)=Z2F (55, 7). (50.9)

Has waxoxpenus f(o, T) no v3secruol (A, T') uyxuo
BOCIIOJIb30BATHECH COOTHOLICHHEM:

fle, T) =22 q>~(—"’"—”, T). (50.10)

o? o

AGCOMIOTHO YEPHBIX TeJ B MPHPOAE He CyllecTBYet. Caxa
WK NJIaTHHOBAR depHb HMEIOT NOTJOLLATEJbHYIO CROCOD-
HOCTh Qer, OJH3KYI0 K e€JHHHUE, JAHLIIL B OrPaHHYECHHOM
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HHTEpPBAaJe 4acToT; B AaJekod HHdpaxkpacHoi 06;1acTH UX 10-
rjomiaresbiass Cnoco6HOCTb 3aMETHO MeHbile eJHHHIHL
OnHaKoO MOXKHO CO3/aTh YCTPORCTBO, CKOJNb YIOZHO GJAH3KOE
110 CBOHM CBOHCTBaM K abCOaIOTHO uepHoMy Tenay. Taxoe
YCTPOHCTBO NpencTaBaseT coO0i NOYTH 3aMKHYTYIO MOJOCTD,
CHaGXKEHHYI0O MaauLM OTBepcTHeM (puc. 156). Hsayueune,
TIPOHHUKUIEE BHYTPb Uepe3 OTBEPCTHE, NpeXk e 4eM BbIHTH 06-
pPaTHO U3 OTBEPCTHHA, NpeTepneBaeT MHOTOKpATHBIE OTpaxe-
uus. Ilpn KaxAoM OTpaKeHHH YaCTh SHEPIHH NOTJIOILAETCH,
B pe3yJibTaTe 4ero NpakTHUECKH Bce Ha-
JyqenHe J10608l yacTOThl NOTJOILAET-
¢ rtakofi mosoctsio!). CorsacHo 3a-
kony Kupxroda ucryckarennnas cro-
COOHOCTL TaKOro YCTPOHCTBA OQYEeHb
6au3ka x f(w, T), npuuem T o3navaer
TeMNepaTypy CTEHOK NOJOCTH. Takum
00pa3oM, eciqu CTEHKH TNONOCTH IOj-
IepKUBaTh NPU HEKOTOPOI TeMIepaTy-
pe T, TO U3 OTBEPCTHA BHIXOAUT H3TYUe-
HHe, BeCbMa OJIM3KOe 110 ClIeKTPaJsbHO-
My COCTaBY K H3Jiy4eHHIO a6GCOJIOTHO YEepHOTO Teja NpH
Toil XKe Temneparype. Pasnaras s3To m3jyueHHe B CHEKTD C
NOMOILLIO AH(PAKIHOHHON pelieTKH U u3mepsas 60J40MeTpPOM
(ecm. § 7) HHTEHCHBHOCTb pPa3/IHUHBIX YYaCTKOB CHEKTpa,
MOXHO HafiTH KCHepHMeHTanbHo BUA PyHRUMM f(w, T) niu
¢ (A, T). Pe3yanTaThl TaKUX ONBITOB NPHUBEIEHH! HA puc. 157,
Pasnple KpuBble OTHOCATCS K pa3/iHUHBIM 3HAUEHUAM TeMre-
patypbt T aGcoaoTHo uepHoro Ttesa. Ilnomans, oxsareipae-
Masl KPHBOH, JaeT 3HEPreTHYECKYI0 CBEeTHMOCTh abCoJIOTHO
4epHOTO TeJa NPH COOTBETCTBYIOLLEH TeMmmepartype.

Kpusrie na puc. 157 oueHb NMOXOXM Ha KpHBHe pacrpe-
neJjieHHs MOJIeKyJl rasa mo ckopocram (cm. 1. I, puc. 240).
[IpaBma, ectb M CyuiecTBeHHOe OTJAHuUMe. B To Bpems Kak
KpHBble pacnpefesieHHs N0 CKOPOCTAM AJAS PasHbIX TeMile-
paTyp mepecexaioT ApYT Apyra (oXBaTbiBaeMble HMH MJ0ILA-
I# ONUHAKOBLI), KPUBLIE CIIEKTPAJNbHOTO paclpenesieHus uz-
JydyeHHs1 aGCOJIIOTHO UePHOro Teja JasA Gojiee HU3KHX TEM-
nepaTyp LEJHKOM JieXaT BHYTPH KPUBBIX, COOTBETCTBYIOLIHX
Gostee BRICOKHM TemIiepaTypaM (KaK MBI YBHUAHM B CJleAyl0-

1) Tlo Tofl e npuuMHE BHYTPEHHOCTb KOMHATH B SIDKHIl CONMMEUHBIT
leHb TNpPH pacCMaTpHBAHHM M3Ja/lil uepe3 OTKPLITOE OKHO KaXeTca
TEMHOH.
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mweM naparpade, njiouafb, OXBATHBAEMasd 5THMH KPUBLIMH,
IPONOPLUHOHAJIbHA YETBEPTOH CTemeHH TEeMIEepaTyphl).

M3 puc. 157 cneayet, 4To sHepreTHyeckast CBeTHMOCTb ab-
COJIIOTHO YEPHOro T€Jia CHJBHO BO3PacTaeT ¢ TeMreparypoil,

PAT)
amms
470" ’\\
‘?,‘ /ﬂ/ / \

7-707 | \\L\\ o—

\ 7790 %

/ 600K

a 7 V4 3 Amx
Puc. 157,

MakcuMyM  HcIoycKaTeNbHOIl  CMOCOGHOCTH ¢ yBejude-
HHEM TeMIepaTypsel CABHIaeTcsl B CTOpOHY Gosiee KOPOTKHX
BOJIH,

§ 51. 3akon Credpana — boabumana n 3akod Buna

TeopeTHyeckoe 00DLACHEHHE H3AyYeHHs abCOJIOTHO uep-
HOrO TeJa MMeJIO OFPOMHOe 3HauyeHHe B HCTOPHH (HHIHKH —
OHO NPHBENO K MOHATHIO KBAHTOB 3HEPTHUH.

Joaroe BpeMsl MHOTOUHCJ/IEHHBIE MONBITKH MOJYUHTD TEO-
peruueckn BuA QyHKuHH [(w,T) He naBaau obuiero pelue-
uug - 3agayd. Credan (1879), amanusupys sKcnepuMeH-
TajbHple JaHHBIE, NPHILEJ] K BBIBOAY, UTO SHepPreTHYecKas
CBETHMOCTb R, J1060r0 Tesa NpPONOPHHOHANbHA UYETBEPTOMH
crenend aGcomoTsoll Temneparypsl. OnHako nociaenylouiue
6oJiee TOUHbBIE H3MEPEHHS NOKa3aJsy OLIHOOYHOCTH €ro BhIBO-
nos. Boabnman (1884), ucxonsa u3 TepMOAMHAMHYECKHX CO-
o0pakeHui, MOJY4YHMJ TEOPETHUECKH IJIsI 3IHepreTHUYeCKOi
CBETHMOCTH a0COJIOTHO 4EPHOYO Tesa ciaelyiollee 3HAUYEHHE:

R:= [ Ho, T)do=0T", G1.1)
0
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rie o — MOCTOSIHHAR BeJaHuHHa, T — aGCoMOTHAA TeMmmepa-
typa. Takum o6pasom, 3akiicuenHe, Kk kotopomy Credan
Npulle] AJd HeYePHHIX Tet (¢ a0COJIOTHO YEPHBIMH TeJaMH
OH He 3KCHEPHMEHTHPOBAJ), OKa3a/J0Ch CHPaBelJHBLIM
JHILb AJ5 aGCONIOTHO YEPHHX TeJ.

Cootromtenne (51.1) . mexjpy sHepreTHyeckoil CBeTH-
MOCTBIO aGCOJIIOTHO HEPHOTO Tesia B ero aGCOMOTHOH TemIle-
parypoli ToJyiumso HhasBawne 3akena Crtedpanma—
Boabumana KoHcTanTy ¢ Ha3nBalOT NOCTOSAHHOIM
Crepana—DBoxabuman a. Ee skcnepumenrtanbroe 3ua-
YeHHE PaBHO:

0=>5,7-10"% ar/u’ - 2pad’. (51.2)
Bun (1893), Bocnoan3oBaBiinch, KpOMe TepMOINHAMUKH,

3JCKTPOMArHHTHOR Teopwed, nokasaj, 4Tto (yHKIHA CIeK-
TPAJbHOTO pacnpexefeHHs AOJKHA HMETb BHI:

fo, ) =o'F (). (51.3)

rae F — HeusBecTHas (YHKUHSA OTHOIWIEHHS! YACTOTHI K TeM-
neparype.

Coraacuo dopmyane (50.9) nas ¢pynxmun @(A, T) noay-
HaeTcsl BhiparKeHHe:

o, T)= 2% (2",°)3F( 2"“)=%¢(m, (51.4)

Az A AT

rae P (AT) — HensBectnas Qynkuua npoussepenns AT.

Cootnomenne (51.4) nosponser YCTHOBHThL 3aBHCHMOCTh
MEXAY AJHHON BOJHH Am, Ha KOTOPYI) HPHXOAMTCH MAKCH-
mMyM ¢yukuun @ (A, T), u Tempeparypoii. Ilpomuddepennu-
pyem (51.4) no A:

4 LTy (A1)~ 55 $(AT) =

1
=75 [ATY (AT) — 59 (AT)}.  (51.5)
Bripaxenue B KBagpaTHhIX CKOOKax nmpeacrasiaser coboilt
nekoropylo ¢ynxunio W(AT). Ilpn miaune Boann A, cOOT-

peTcTByIOmel MakcHMyMy ‘Gynkuuu ¢(A, T), BHpaxenue
(51.5) mosxkHO 06pamiaTHCS B HYJb!

de =t wa.n=o.
(d’v)r.=a A% ()
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[TocKOAbKY, KakK CJIEAYeT H3 . ONblTa, Ay T o0, NOJKHO
punoansithea yeaosue: W(h,T)=0. Peinenne nocaeanero
VpaBHEHHSI OTHOCHTEJbHO HEU3BECTHOTO A, T naer ans aToro
HEH3BECTHOTO HEKOTOPOE HYHCJIO0, KOTOpoe Mbl 0GO3HAUUM
oykeoll b. Takum o6pasoMm, moJydaercs COOTHOLIEHHE:

TA,=b, (61.6)

KOTOpOe HOCHT Ha3BaHHe 3aKOHa cMellenuss Buna.
JKCcnepHMeHTaNpHOEe 3HAUEHHE KOHCTaHTHI O paBHO:

b=2,90-107A . 2pad = 2,90 - 10> nx - 2pad. (51.7)

§ 52. ®opmyaa Panes — Jixkunca

Paseit n JlxuHC chejanyd NONBITKY OnpenesuTb Qyuk-
uno f(w, T), HCXOAST U3 TeOPeMBl KJAaCCHYECKOH CTATHCTHKH
O paBHOpACHpe/leleHHH HEPIUM N0 cTeneHaM cBoGoasl. Ony
IPeATNONOKHIN, YTO HA KaXJ0e 3JeKTPOMarHHTHOe KoJjefa-
HHe NPUXOZHTCH B CPelHEM 3HEPrus, PaBHasl ABYM IOJOBHH-
KaMm kT —ojHa NOJOBHHKA Ha 3JIEKTPHYECKYIO, BTOpAS —-
Ha MAarfHTHYIO SHEPIHIO BOJAHH (HAaHOMHHM, UTO MO KJacCCH-
YecKHUM IpPeJCTaBJEeHUAM Ha KakKAYI0 KojeGaTenbHYIO CTe-
newb cBo0Oibl TPUXOAHTCA B CPelHeM OSHeprusi, paBHas
JBYM noJgoeuukam RT).

PaccMoTpuM H3JyueHHe, HaXOAflleecss B PABHOBECHH C
peulecTBoM. s s1oro nmpexcraBum cefGe 3BaKyHPOBAHHYIO
NIOJOCTE, CTeHEH KOTOPOH NOLLEPXKUBAIOTCH TIPH NOCTOSHHOR
TemMneparype 7. B paBHOBeCHOM COCTOSIHHH 3HEprus uanayue-
Husl OyneT pacnpenedieHa B oGbeMe MOJIGCTH ¢ ONpejeseH-
poit naorgocthio 4 = u(T). CrnekrpajbHOe pacnpenejeHue
3TOfl SHEPrUH MOXKHO OXapaxkrtepusopath QyHkuwelt u(w,T),
onpezessieMoii venoBueM: du, = U(w, T)do, rae du, — noas
IJIOTHOCTH SHEPTHH, NPHXOAAILASACS Ha HHTEPBaa yacror do.
[MonHasi MJIOTHOCTH SHePrHH MOXeT GbITb HpeACTaB/aeHa B
BHJE!

00
(D)= | u(o, T)do. (52.1)

0

PaBHoBecHas IJIOTHOCTb dHeprun nanydenus u(T) sasu-
CHT TOJIbKO OT TeMIEpaTyphl H He 3aBHCHT -OT CBOHCTB CTe-
HOK TOJIOCTH. DTO CJefyeT H3 TePMOLHMHaMHYECKHX coofipa-
’KeHH#H. PaccMOTpHM JBe NOJIOCTH, CTEHKH KOTODHIX H3LOTO-
BJEHBl M3 DasHbIX MAaTEpPHaJOB M HMEIOT NepPBOHAYaNbHO
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OIVHAKOBYI0 Temmeparypy. JMonycTuMm, uTo pasHoBecHas
NJIOTHOCTh HEPTHH B 00eHX MOJOCTAX Pa3jiMuyHa H, CKaXeM,
u (T) > us(T). CoenyuM MOJOCTH C MOMOILbIO HEGOJBIIOTO
oreepcTHa (puc. 158) u Tem caMblM DO3BOJIHM CTEHKaMm 0O-
JnocTefl BCTYNHTh B TEMI00OMeH yepe3 H3nydeHue. Tak Kak
MO NPEIOI0KEHHIO ) > Uy, NOTOK 3HEPTHH H3 NMEPBOH ITO-
JIOCTH BO BTOPYIO HOJKeH GHITh 0OJblie, YeM MOTOK, TeKy-
IKHA BO BCTPEYHOM HampaB/ieHuH. B pesysabrate CTEHKH
BTOPOH NOJOCTH CTaHYT MOFJOHaThb 0OJbLIe SHEPrHH, yeM
H31yYaTh, M TeMIepaTypa HX HauHeT
nosuiuareca. CTeHkH e nepsofi Io-
JOCTH CTaHyT IIOIVIOUWIATh MeHblIe
SHEpPTHH, YeM H3JyyaTh, TAK YTO OHH
6ynyr oxaaxzaarbes. OpHako JBa
TeJqa C MNepBOHAYANbHO OJHHAKOBOI
TeMIepaTypoil He MOTYT BCJIEACTBHE
Teryioo6MeHa Apyr ¢ JpyroM npuobpe-
Puc. 158. CTH pasJHyHble TeMIepaTyphe — 3TO
3ampelleHO BTOPHIM HayajoM TepMO-
quHamukd. TlosTomy Halue fonyleHHe O HEOIUHAKOBOCTH U
H iy 1OMKHO OHITH NPH3HAHO HEepaBOMEpHHIM. BHIBOA 0 pa-
BeHctBe u;(T) u up(T) pacnpocrpansieTcss Ha KaxAyio CHEK-
TpaJibHyi0 cocTaBistomyo u(w, ).

HesaBucHMOCTb PaBHOBECHOTO H3Jy4YeHHs OT NPHPOJH
CTEHOK INOJIOCTH MOXKHO NOSICHHTH CJeAyIolMMH coolpaxe-
HUSAMU. AGCOJIOTHO YepHBHIE CTEHKH mnorjomans 6bl BCIO
ynaBIyio Ha HUX 3HeprHio M H HCIycKaau 6Bl TAKOH e Mo
BeJIMUNHEe TOTOK dHepriH @,. CTeHKM C MOrJolaTe]bHON
Cnoco6HOCTBIO @ NOrI0TAT Aoaw ad, ynasliero Ha HHX Mo-
toka @, H oTpasar norox, pasuuiil (I — a)®, Kpowme ToOro,
oHH u3ayyat notoxk a®, (paBHbil NMOrJIOMIEHHOMY MOTOKY).
B HTOre CTEHKH MOJOCTH BEPHYT H3JYUEHHIO IOTOK 3HEPTHH
O, = (1 —a)D, + a®,, Takoli Xe, KaKOil BO3BpallaNd Gkl
H3Jy4eHuio aGCOMIOTHO YepHble CTEHKH.

PaBnoBecHas MJOTHOCTb 3HEPrHH H3JIyUeHHS U CBA3aHa
C 9HEPreTHYECKOH CBETHMOCTBIO abCCIIOTHO YepHOro Tena

R, mnpocTHIM cOoOTHOLIEHHEM, KOTOPOEe MBI cefiiac BHIBEAEM.

B cayuae miockoit BOJIHBI (T. e. KOrja SHeprus nepexo-
CHTCSl BOJIHOM B OJHOM, onpeiensieMoM Bekropom k Hampa-
BJAEHHH) NJIOTHOCTb NOTOKA 3HepruM I moxer ObiTh mpef-
cTaB/ieHa KaK MMpOoU3BeleHHe NJIOTHOCTH 3HEPTHH # HA CKO-
pocts BostEb ¢: [ = cu [eMm. 1. I, dopmyny (82.8)]. Uepes
KaX/yI0 TOYKY BHYTDH IIOJOCTH NPOXOAUT OeCYHCIeHHOe KO-
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JHUECTBO BOJIH, HAMPAaBJIEHUsI KOTOPLIX PABHOMEPHO paclpe-
JeJleHs! B mApefeaax TesJecHoro yria 4a. Tlotok sHeprum
I = cu takxe pacnpefeseH paBHOMEPHO B IIpelesax 3TOrO
tesecHoro yraa. CheloBaTesibHO, B INpeAesax TejecHOro
yraa d Gyfer sak/ioueH NOTOK 3HEPrHH, MJIOTHOCTb KOTO-
poro papHa:

cu
dl = dQ.

BosbMeM Ha NOBEPXHOCTH NOJIOCTH 3JEMEHTapHylo IJIO-
maaky AS (puc. 159). Dta njomanka nocwIaeT B npefenax

aQ .\
v

TesecHoro yraa dQ = sin9ddde B
HanpasJeHHH, o0pasyoleM ¢ HOp-
MaJiblo yroJ &, MOTOK SHEPTHH:

dD,=dl -AS cos & =

N
N}

cit
=Fd§z «AScos¥ =

a8

(Jll
AS cos ¥sin®d0 do. Pre. 159.

[lo BceM HanpaBJeHHSAM, 3aK/JIOUECHHLIM B Mpefesnax Te-
JeCHOro yraa 2m, niolaaxa AS nocobinaeT NOTOK SHEPrHH:

2

O, = fdm._C”Asf amﬁanﬁdﬁfcw—w—uAS

Bumecre ¢ Tem notok @, AoaKeH GLITh TaKHM, KakoH H3-
syuann Gbl aGCOJIIOTHO 4YEPHBIE CTEHKH. Hocnemum JKe 1o-

TOK 1O OnpejedieHHio pPaBex RLAS. CaenoBarte/ibHO,
* ¢
R, = ju (52.2)

Cootroutenne (52.2) TOJXKHO BBIMOJHATHCS s KaXKJIOH
CHeKTpaabHOH cocTapasiomell u3nydyenus. OTciofa Bbite-
KaeT, 4TO

f(o, T) =+ u(o, 7). (52.3)

Paneit u JI>KHHC HCXOJHJH H3 TOTO, YTO PaBHOBECHOE H3-
JydeHHe B TOJOCTH NpeicTaBaseT cobofl CHCTeMy CTOAUHX
Bonu. Takpe npejcTasiesue onpaBAbLIBAETCA TEM, UTO 3aMe-
Ha NOrIOMAKIKX CTEHOK HOJO0CTH HALATbHO OTPaXaoIHMH
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CTeHKaMH He H3MeHsleT IJIOTHOCTH 3HEpPrHH PaBHOBECHOTO
H3nydeHnsi. BO3HHKHOBeHHE CTOSIYMX BOJIH BO3MOMKHO JIHUIbL
IIPH BBHINOJHEHHH OoNpefeseHHbX ycaouil (cm. 1. I, § 85).
Ilycth mosocTh HMeeT @OPMY NPSIMOYFOJIBLHOTO Tapasaeneni-
neaa cocroponamu a, b u ¢, CoBMecTum ¢ peGpamu napasnJie-
JellHAeJla KOOpAMHATHHIE OCH X, Y, 2 (puc. 160). ¥Ycnosue
BO3HHKHOBEHHSI CTOAYeH BOJIHBI BJOJb OCH X HUMeeT BHA:

= A, 9 = m kx HJH x = my a (52.4)
(ml=1’2’ "')’

rae ky — MOZLYJIb BOJHOBOTO BEKTOpA, COBHAXAIOMMI B JaH-
HOM cJlyuae ¢ NpOeKIHell BOJIHOBOTO BEKTOpa Ha OChb X. 3a-
y METHM, YTO IaHHAs CTOs-
T uyag BoMHa ofipa3oBaHa Ha-
. JIOXKeHueM HABYyX Oerymux
' BOJIH, AJS1 KOTOPHIX 3Haye-
i -
'

HUS K, OTJHUAWOTCH 3Ha-

koM. [MHas crosuux BoJH,

c.o T ""T27 7  YCTaHaBJHMBAIOLIKXCS BAOJD

e OCH Yy MJH OCH 2, IOJIKHBL

BLIIONIHATBLCA YCJIGBHS, aHA-

F4 gorxubsie  (52.4). Ecau

Puc. 160. BOJIHOBOH BekTop.k He cOB-

nmajaer ¢ HampaBjieHHeM HH

OIHOM - U3 KOOpAMHATHBLIX OCel, YCJOBHS, aHAJOTHYHbIE

(52.4), NOJIXKHBI BHHIOJHSITbCS OJHOBPEMEHHO [/ BCeX Tpex
npoekuuii Bekropa k:

n n n
kx=m1—a', ky‘:mz'g': kz=m3‘z:‘ (52.5)
(ml, my, Nz = 0, 1., 2, .. .).

B 3tOoM cayuae cTosiyasi BOJIHA ¢ JAHHHIM 3HAYeHHEM A
(t. e. k) npencrapaser co60H CyneprnosHUuI0 BOCbMH Oery-
HIMX BOJIH OJHHAKOBOM JJHHBI, HO Pa3jHYHEIX HanpaBJeHAH,
IS KOTOPHIX MPOEKIHH BOJIHOBOFO BEKTOPa PaBHBI:

(1) +ky, + -y, +Ek  (B) —Fky, —k,, +k;

(2) —ky, +khy, +hs  (6) —ky, +ky —ky;

() +ky —ky ks (7)) + R, —ky — kg

(4) +kx» +ky: "kz; (8) "_'kxa —ky! - kz'
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OznuakoBnlie O MOZYJI0 BeKTOph Kk, coOTBETCTBYyIOIUE
BOCbMH NPUBEAEHHBIM Bbillle KOMOHHALNAM YHCeN £y, By U &,
pacnojaralorTcst B pasublX oxTaHTax. Bektopw (1) u (8)
UMeIOT TPOTHBONOJIOKHbBIEe HalPaBJEHHA, TO Ke caMoe OTHO-
cutes K Bektopam (2) u (7), (3) u (6), a rakxke (4) u (5).
Bekrtope! (1) # (2) cuMMeTpHUYHD OTHOCHTEJNBHO KOOPIHHAT-
HO# NJIOCKOCTH Yz, BeKTOPphbi (1) M (3)— OTHOCHTENbLHO TIO-
CKOCTH XZ H T. [.

Kaxnas tpolika uucesa my, Mg U M3 ONpefesieT BO3MON-~
HOe 3HadeHHe BOJIHOBOTO UHCJA:

b= T S+ BT 4T

[4

[To onpenenenno k = 2n/k = o/c. CirenoBaresbHo, Kax-
IO TpOHKe umcea mp, My U My COOTBETCTBYET BO3IMOIKHOE
3HaUeHHe YacTOThHl CTOsiiel BOJ-
Hol o (HMJAM JJIHNBl BOJHBL 1).
OnpefeinM KOJHYECTBO BO3IMOK-
HBIX uyactoT dN,, nonaiawumux
B uHTepBan do. das 3Toro Bo3b-
MeM TIPAMOYTOJbHYIO CHCTEMY
KOODAHHAT C OCMH Ry, Ry, R,
(puc. 161). Takyw cucremy Ha-
3bIBAIOT KOOPAHHATHOH CHCTEMOH RN
B k-npoctpanctee. Kaxoii cros- >
uefl BOJNHe C JaHHbIM 3HAUEHHEM
k  Oyner coOTBETCTBOBATb ~ B/
k-npocTpaHcTBe TOUKA C KOOPIH-
HaTaMy, oNpejeiAeMbiMH YyCHAO-
pusamu  (52.5) (Touku pasme-
LAI0TCH B OKTaHTe C NMONOKHUTEAbHBIMH Ry, Ry, k). 1liot-
1- 5? abc

° abe A
(OﬁbeM HpﬂMoerﬂbHOFO HaPEHHGHGHHHERH C BEpMHHaMH,
NOMeHaoMHMHCS B COCEIHHX TOUKAX, paBeH Ak Ak Ak, =

i F19 T
=——-7-—Jc-; B Ipeje/ibl TAKOro napaJjjejaenunefa rmona-

HOCTb 3THX TOYE€K B k-HpOCTpaHCTBe paBHa

a
naaeT ofgHa Touka). KoauuecTBo BosH dNy, A% KOTOPBIX MO-
LyJb BOJHOBOTO BeKTOpa J€XKHT B npefeax or k go k-+dk,
PABHO KOJIHUECTBY TOUEK B '/3 00beMa 11apoBoro ¢Jod Toi-
muHb dk (cMm. pHuc. 161):

Ny =45 Lk =v L%

—Ar (52.6)

9 W. B. Capeanes, T. 111 257



(V—o6bem mnoaocru). [lpousseas B (52.6) 3ameny:
k = o/c, dk = dw/c, nafinem uncao sosn dN,, UacTOTHl KO-
TOPBHIX MONAJalT B HHTEPBAJ OT @ 10 ® + do:

2
ANy =V 220, (52.7)

Bronp 3alaHHOTO HanpaB/JeHHs MOTYT pacnpocTpaHAThb-
Csi [1Be 3JEeKTPOMArHHTHbIE BOJIHBI OJQMHAKOBOH 4acTOThI,
OT/IHYaloLHecs HanpaBJeHHeM NOJspH3aluuH (NoJspH30BaH-
Hble BO B3aHMHO IepIeHAUKY/IAPHBIX HanpasJ/ieHuax). YroOsl
yuecTb 3T0 0OCTOATENbCTBO, HYXKHO BolpaxKenue (52.7) ym-
HOXHTb Ha ABa. Hucao xonebanuit (52.7) nponopLHOHaNbHO
o6pvemy nonoctu V. [To3TOMy MOMHO FOBOPHTB O YHCJE KO-
JNebanuit dng,, NpUXOIAIIMXCA HAa eAHHHNY oObema NOJIOCTH.
Yura o6a HanpaB/eHUS MOJSAPH3ALMH, NOJTYUHM:

®’do
dng =22, (52.8)

Ymuoxus (52.8) Ha CpemHIOI SHEPrui0 OZHOrO KoJjeba«
HHsl, TOJYYHM NpPUXOAALLYIOCS Ha HHTepBaJ dacTor do
SHEPTHUIO H3JYUYeHHS, 3aKJAIOUYEHHYIO B ellHHHLE 00beMa, T. e.
u{w, T)dw. Hcxoms u3 3akoHa paBHOpacnpele/ieHHs SHep-
THH 00 creneHAM cBoGonbl, Pajefi u JkuHc npummcaau
KaxaoMy Konebauuio 3Hepruio, pasHyio kT (cM. Bbille).
B stom cayuae

u(o, INdo=kT dn,= kT do

3-‘2 3
HIH

(o, T) =9 AT, (52.9)

[Mepeitas ot u(w,T) k f(w,T) no dopmyne (52.3), no-
JYUHM:
(o, T)= 4::.2 ——kT. (52.10)
Beipaxense (52.10), pasHo xak u (52.9), HasbiBaercs
dopmynoit Panea— ] xuuca. 3aMeruM, yTo dyHK-
uusi (52.10) ynossersopser nosydeHHOMY BHHOM YC/OBHIO
(51.3).
dopmysna Panes — [Ixkunca yHOBJETBOPHTENIBHO COIVIA-
cyeTcs ¢ SKCIEPHMEHTAJIbHBIMH JaHHBIMHM JHUIL npH Gob-
XX JJMHAX BOJH, M pe3Ko pAacXoAHUTCS C ONbITOM IS
MaJelx AMHH BOAH (cM. pHuc. 162, Ha KoTOpOM CHJOMIHON
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JMHHeH Hn3obpaieHa SKClepHMeHTalbHas KpHBasd, NYHKTH-
pOM — KpHBas, MNOCTpoeHHast 0o ¢opmyie Pajes—
Hxunuca).

Mnrterpuponanue Bbipaxkedus (52.9) uaum - (52.10) nmo e
B mpelesax ot 0 mo oo naer Ais paBHOBECHOH IVIOTHOCTH
snepruu u(7) M nJas 3HepreTHUecKOl CBETHMOCTH Rs Oec-
KOHeYHO GoJsbluye 3HAUeRHs.. ITOT pe3yabTaT, NOJYUHBUIKA

vT \
1
»§ ]
v
N S~ Ly
§ sl x|‘ Pane-Lwca
N \
N \
NT \
N\ \
S \
2r Y
k \
\‘\
1 ..~

g r 2 3.4 5 & 7 8 Gi4m
Puc. 162,

Ha3BaHHe YyJabTpaduoaeTOBOH KaTacTpodm,
TaKXe HaxXOZMTCA B IIPOTHBOPEeYHH C OmbITOM. PaBHOBecue
MeXIY U3JyUYeHHEM M H3Jy4YalollHM TeJlOM YCTaHaBJHBaeT-
¢ NPH KOHeuHbIX 3HaueHnax u(T).

§ 53. ®opmyaa [lnanka

BuiBox dopmyan Paaess — J[xKuHca ¢ Kaaccuueckol Toy-
KH 3peHusl aBasiercst OesynpeunniM. IlostoMy pacxoxpaenue
3TOli OPMYJIBl C ONBITOM YKasblBaJO Ha CYILECTBOBaHHE
KaKHX-TO 3aKOHOMepHOCTeH, HeCOBMeCTHMBIX ¢ MpeJcTaRJe-
HHAMH KJACCHUECKOH CTaTHCTHUECKON (QU3HKH U 3JIeKTPOIH-
HaMHUKH.

B 1900 r. [lnauky ynpanock saiitn BuA pyukuun [(w, T),
B TOYHOCTH COOTBETCTBYIOLIMH ONBITHEIM AaHHMIM. JLJid 3T0TO0
€My NpHLIJIOCH ClesaTh IpellloNoXKenne, COBEPHICHHO UyXK-
J0€ KJaCcCHUeCKHM INpeACTaBJeHHAM, a HMeHHO AOMYCTHTh,
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UTO 3JIeKTPOMarHHTHOE H3JyueHHE HCMycKaeTcd B BHJE OT-
JiebHBIX MOPUMH 3HeprHH & (KBAaHTOB), BEJHYHHA KOTOPBIX
NpCHOPUHOHANbHE 4acTOTe H3JAYUEeHHS:

e = hg. (53.1)

Kosbduumuenr nponopuuoHaibHOCTH h  MOJY4YHA BHO-
cJeACTBAH Ha3BaHue noctodnuHol [Inaunkal). Onpe-
Je7eHHOe H3 ONbiTa 3HaueHHe PaBHO!

h=1,054- 10" O cex=1,064- 1077 spe - cex. (53.2)

B MexaHHKe ecTh HMelOLias pa3MepPHOCTb «3HEprus X
X BpeMfi» BeJHM4YHHA, KOTOpas HasblBaeTcss JeHCTBHUeEM,
Tlostomy nocrosinuyio [lnanka nHOrda HaselBalOT KB aH-
TOM AeACTBHS. 3aMeTuM, 4TO pa3sMepHOCTb £ coBna-
JlaeT ¢ pa3MEepPHOCTBIO MOMEHTa UMIyJbca.

Ecan nanyyenue ucnyckaercs nopunuami fie, To €ro siep-
THs &, HOJOKHA OLITb KPATHOA 3TOfi Be/HYHHe:

g,=nhe (n=0,1,2, ...) (63.3)

CorsacHo 3akony Bonbumana BeposiTHOCTH P, TOro, uTO
SHEPTHsl M3JYUeHHsI HMeeT BeNIHUHHY &, ONpefe/serTcs Bbl-
paxennem:

Pn — Ae— En/kT = Ae—nh(o/kT. (53.4)

HopMupoBouHHil MHOXHUTeNh A MOXKHO HalfTH, HCXOIA H3
yCJIOBHSI, 4TO CyMMa BceX Pp noskHa ObiTb paBHA e[MHHILE.
JeiicTBuTénsHo, cymma P, npeacrasaser coGolt BeposT-
HOCTb TOrO, YTO 3HeprHsl HMeeT OJHO H3 BO3MOXKHBIX AJIA
Hee 3HaueHui. Takoe coObiTHe SIBJISieTCA [JOCTOBEPHBIM H,
cJIef0BaTeNbHO, HMEET BepOATHOCTb, paBHYIO eAHHHHE.
Hrak,

00 oo

Y -
3 p=a 3 et =,
n=0 n=0

OTKYyZa
A=t

e—nfxm/kT

n=0

) Co6erBeHHo rosopsi, nocrosanuoi Ilnanka A nasbiBawT KodthdH-
HHEHT NPONOPUHOHANLHOCTH MEXAY & H uacToTofl, & = hv. [Tocroannas f
(7 nepeuepknyToe) ecTp nocrosnHas [lnanxka h, nenennas na 2m. Yuc-
JenHoe snayenHe nocrosHHofl [lianka pasno: A = 6,62 1073 do - cex =
= 6,62-10°% ape . cex.
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Toxncrasus naiinenHoe 3nauenne A B dopmyay (53.4), no-
JAYUHM:
o= HHO/RT
Pp=——.

o0
Z —nha/kT

Ilpennosoxum, 4TO0 Mbl HMeeM BO3MOXKHOCTb H3MEpPHTb
3HayeHHe 3HEepPrMH JaHHOH CHeKTpaJbHOH CcOCTaBJsloLLel
u3JyueHus B Jio6oit MoMeHnT BpemenH. Ilpoussenem uepe3
paBHble NPOMEXKYTKH BpeMeHH At ouenb GOJibILIOE YHCJIO
TakKux HaMmepeHud N. PasgenuB cyMMy HOJyYeHHBIX 3Haue-
HMH Ha udca0 u3MepeHHN N, Mbl HafileM cpefHee mo Bpe-
MeHH 3Hauenue 3Hepruu &. Ilpu ovenp GosbumioM N xosanye-
CTBO HM3MepeHHi N,, KOTOpble NaAyT pe3yibTaTr &n, OyZer
paBHo NP,. ITostomy

.s,=—N—i Noto = 3 NPog, = 3, Pue,  (53.5)
n=0 n=0

n=0

lep. ¢ 1. 1, ¢popmynoit (106.11)].
Takum o6pas3om, cpellHeé 3HaueHHE JHEPTHH H3JAyueHHA
4acTOTH  onpeje/sieTcd CJAeNyIOLIHM BBIpaXKeHUEeM:

00

Z nhwe = ViO/kT
fromy

0
. 53.6
i e—nh(o/kT ( )

Uro6ul npouspecTH BhUHCJAeHHs, 0603nauuM fw/kl = x
¥ JOMYCTHM, UTO BEeJHYMHA X MOXET H3MeHAThCH, NPHHH-
Mast HelpepbiBHBIH paj 3Hauenui. Torpa Beipa)keHue s e
MOZKHO 3anucaTb B BHJAE:

[y o]
E ne” ™ 0
_ =0 d o~
g=ho L = — ho——In E e=nx,  (53.7)
' —nx ’
\Oe prymry
n=

Bripaxenue, croslliee NOX 3HAKOM Jorapugma, npen-
craBasier co6oil cyMMy u4JeHOB OeCKOHEeYHOH reoMeTpHue-
CKOHl nporpeccHd ¢ NePBLIM YJ€HOM, PaBHLIM e€AHHHIE, H
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3HaMeHaTeJeM NporpeccuH, paBHbiM e~*. Tak Kak 3HaMeHa-
TeJb MeHblile eJHHHIE, Tporpeccus Oyxer yOwiBaiouwedl, u
IO H3BECTHOH M3 aJjrebphl dopmyJie

o0
1
E e M em ——— |
- 1—e™*

TToacrasuB 370 3HaueHHe cyMMbl B (53.7) M BHINOJHUB AHD-
(epeHUHPOBAHHE, NOJYUYHM:!

1

Haxkoner, sameduB X ero sHauenHeM ho/RT, HOJYYHM OKOH-
yaTe/abHOe BbipaxKeHHe [JIs CpelHeli SHepruH H3JyueHHs 4da-

CTOTH ®: .
- o

3ameTuM, yTO mpu f, crpeMsAlleMcsl K HYyJ, GopMyna
(53.8) nepexoXMT B KJaccyyeckoe BbipaKeHHe g = kT,
B sTOM MOXHO yGeauThcsi, noM0RUB e*ORT =~ | + fiw/kT,
YTO BbIIONHSIETCA TeM TouHee, yeM Menblue s, Takum obpa-
30M, ecjii Obl 3HeprHs MOIJa MPHHHUMATh HellpephIBHBIHA PAL
3HaueHuii, ee cpelHee 3HauyeHHe Obio- Obi paBHO RT.

3ameHuB B ¢opMyne Paness — [Ixxkunca kT BoipakeHueM
(53.8), nonyuum cdopmyay, Halinennyio Ilnankom:

flo,)=—2" 1 __ (53.9)

a2z MO |

drta ¢dopmysa, KaK yKe OTMeyasoch, TOYHO corjacyercs
C 3KCIlepHMeHTaJIbHBIMH JaHHBIMM BO BCeM HHTepBaJje da-
cror or 0 mo oo. OHa yZhoBierBopsier KpuTepHio BuHa
(51.3). Ipu ycnosuy, uto ho/RT < 1 (mMajble 4acToTH HJH
6oJibliide ANHHBI BOJIH), €"®AT MOXHO MNOJIOXKHTb PaBHBIM
npubamxenno 1+ ho/kT, B pe3yabrate uero ¢opmyaa
(53.9) nepexonur B ¢dopmyny Panes — lxkunca. Ito cie-
IAyeT TaKke HemOCPEACTBEHHO H3 TOro, YTO NMPH YKa3aHHOM
ycnoBun Beipaxenue (53.8) npuGaukenHo pasusercs kT.
OcymectBup npeoGpasobanyie mo ¢opmynae (50.9), mo-
JIYUHM: inthat 1
o0, T)= =73 SRR (53.10)
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Ha puc. 163 conocraBaernl rpadukn ¢ynxuuit (53.9)
u (53.10); nocrpoennbie Misl OZHOH H TOH Ke TeMiepaTyphl
(5000° K). Macmrabsl no ocu abcuuce aorapupmHuuecKHe
M BHIGpaHBI TaK, YTO CBs3aHHble COOTHOUIeHHEM A = 2nc/@
3HAYEHHA A H © COBMelleHu Apyr ¢ zpyrom. M3 pucynka
BHAHO, YTO YacTOTa ®m, COOTBETCTBYIOLiasl MaKCHMYMY
f(w,T), He coBnamaer ¢ 2nc¢/Am, TAE Am— AJHHA BOJIHB,
oTBeqawoulaa Makcumymy (A, T).

N
>

g7 gz 47 G816 47 4F Ao
588 g4 472 256 118 059 0205 ol en

Puc. 163.

Has anepremqecxoﬁ CBETHMOCTH abCOJIOTHO YepHOro
TeJa noJayyaeTcs BbIpaKeHHe:

oo

» ha? do
RS = f f((’): T) d(’) b f 4"7{,262 'e'hm_’,‘k“T _ l .
0 0

BBegem BMecto ® Oe3pasMepHyI0 NepeMEHHYI0 X =
= liow/kT. IlogcraHoska o = (kT/h)x, do = (kT/h)dx npe-
obpasyer ¢opmyay aas R, K BUAY:

R—_1 (kr)4j x3dx
> T Pt \ h eF—1"
0

Onpenenennbli HRTerpas B NOCJTEAHEM BbIpaXKEHHU MO-
»KeT 6uiTh BhIyHcaen. On paser m%/15 = 6,5. IloacraBus ero
3HaueHue, MbH npuaeMm K 3akoHy Credpana — Bouabumana:

" ﬂ2k4

R =WT4=GT4. (5311)
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[MoacraHoBKa B 3Ty (HOpMYJy UYHC/HEHHbIX 3HAUeHMH R,
¢ ¥ hi paer anas nocrosnHo#t CredaHa — Bosbumana Besu-
upny 5,6696 - 10— s1/mM%.2padt, ouens XOpOIUO COT/ACYIO-
HIYIOCS ¢ 9KCIIepHMEHTaJbHBIM 3HaueHueM (51.2).

B 3akmaioueHue HaleM 3HaueHHe MOCTOSIHHOI B 3aKoHe
cMeuteduss Buna (51.5). na asroro npoauddepenunpyem
¢ynkuuo (53:10) mo A u mpupaBHieM NOJyYHBUIEECH BbI-
paeHue HyJIO:

do (A, T) _ 4n’hc? [(2nhic/kTA) e¥HelRTN _ 5 (p2AclkTh _ )]
dn - KG (BQﬂfiC/kTK . 1)2

Y nosaerBopsiionine 3TOMy ypaBHeHHIO 3Hauenus A =0
H A = 00 COOTBETCTBYIOT MHHHMyMaMm ¢yHkuun ¢(hi, 7).
3HayeHne Am, OPH KOTOPOM (YHKUHS JOCTHIEeT MaKCH-
MyMma, obpaliaer B HYJb BHIpaXKeHHe, CTOsAIlEe B YHCIHTENIE
B KBaApaTHBIX ckoOkax. O6osnauns 2nfic/kTh,, = X, noay-
YUM ypaBHeHHe:

=0.

xe* =5 —-1)=0.

Pemenne!) 3TOro TpaHCUEHIEHTHOTO YpaBHEHHS Jaer
x = 4,965. CnepoBarennto, 2nhc/kTA,, = 4,965, oTKyna

2nilic
Tlm T 4,965k

—b. (53.12)

[ToacranoBKa uMcieHHBIX 3HaueHHil h, ¢ U k maer gas b
seanunny 2,90 10% mx - epad, coBnafamwiuyw ¢ KciepuMeH-
TaJbHLIM 3HaueHneM (51.7).

Takum obpasom, dopmyna [nanka gaer ucuepnblBaio-
ilee ONMHCaHHe PAaBHOBECHOIO TEIJIOBOTO H3JIyUEHHUA.

§ 54. Onruueckass nUPOMeETpHSA

B coortHomenus (53.10), (53.11) u (53.12) Bxoaut TeM-
neparypa Hajayuamulero tena. Ilosromy noboe U3 HHX MO-
KeT OBITb HCNOJb30BAHO M5 ONpeNesJeHHS TeMUepaTypLl
packaJjeHHBIX Test. CoOTBeTCTBYOlLIHE TPHBOPHI HA3KIBAIOTCS
onTHYecKHMH mupomMerTpamu OHH noApasiensior-
csl Ha TPH OCHOBHBle Ipynnbl: 1) pagHauHoHHBIE, 2) fApPKO-
CTHBIE U 3) LBETOBble HHPOMETPHI.

1} PeiueHne MOXHO HaHTH METOAOM NOCJAELOBATENbHLIX PHOIHIKE-
Hui. 3amedasi, uTto €5 > 1, MOXKHO B mepBOM NPHOJUKENHH 3AMNHCATH
ypaBHeHHe B BHJe: xe® — be* = 0, oTkyfa X = 5. Bropoe npuGnmxeine
MOJIYUuM U3 ypaBHeHHA: xe® —5(e>—1) =0, u . .
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Papuaunonusie nupomerpol. CxeMa paaHaUHOHHOrO MH-
poMerpa nokasaHa Ha puc. 164. Ilpubop HaBogurca Ha us-
Jyuatesb Tak, 4TOObl pe3koe H300pa)KeHUe H3AYUAROLLEH
HOBEPXHOCTH, AaBaemoe oObekTHBOM (6, MONHOCTBIO mepe-
KpeiBajJo mnpuemHuk wuaayuenuss [Ip. Kourposp 3a- stum
OcylecTBISieTCsT OpH nomoiud okyJaspa Oxk. B Kkauecrse
NpHeMHHKa OOBIYHO IpHMeHsieTCsl TepMOCTOIOHK — (CM.
puc. 17). ITo otknouenuo crped-

KH rajbBaHoMeTpa I” MOMKHO Cy-
JHTb O TeMIepaType H3JydaTe: e
as. Tlokaxewm, uTo 310 HeHCTBH-

TEAbHO TaK. ' Ox,
Kpome sHeprertHueckoit cae-

THUMOCTH R,, [/ XapakTepHCTH- Tp

KH H3JIy4alolero Tefa MOXKHO

BBECTH IHEPTETHUYECKY IO Puc. 164.

spKkocTb B, aHajoruumnyio

ApkoctH B, onpenensiemoit Boipaxenuem (6.9). Ouesuauo,
YTO COOTHOUIEHHS, CYLIECTBYIOIHE MEXIy CBETOBBIM IOTO-
koM @, ceetumocTbio R H spkocThio B (cMm. § 6), copasen-
JIMBBI JJIS BOTOKA 3Hepru (P, 3HepreTHYeCKOil CBETHMOCTH
R, u 3neprernueckoil sipkoctik B, B wacrtaocTH, coriacHo
(6.11) ana namGepToBCKOro M3Jjyuaress

Ry =nB,. (54.1)

Ilpuuse Bo BHuManue (53.11), nogyuum nanas 3Hepre-
THYeCKON SIPKOCTH alcoJIIOTHO 4YEpHOrO Tesa BbIparxKeHHe:

B = % T, (54.2)

B coorBerctBuu ¢ dopmysoi (6.10) norox suepriun Ad,,
H3Jy4yaeMblii cBeTAllelicAd maom@aakoii AS B mpenenax Te-
JdecHoro yria AQ no HampasJ/enuio, o6pasytouieMy yroa &
€ HOpMAJIbIo K IJIOLLajKe, paBeH

AD, = B,AQAS cos 8. (54.3)

[lycts AS” Ha puc. 165 — nuioinage npueMuuka, a AS —
Ta YacTh MOBEPXHOCTH H3JyuaTess, u3o06pakeHHe KOTOPOil
nepekpbiBaeT miowaaxy AS’. Toraa no onpejesieHHIO 110-
IlepeqHoro yBeJqHYeHHs  MOXKHO HalMcaThb, YTO

AS’

m = ﬁz. (54-4)
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Coraacuo ¢opmyae (9.11) B2 = f?/x?, rze {— dokycnoe
paccrosiHde 0GDbeKTHBa, X — paccTOfiHHe OT MNepejHero ¢o-
Kyca o6bexkTHBa J0 AS, NpPaKTHYECKH paBHOE PacCTOSHHIO
ot oObektuBa 10 AS. INToacraBus 3T0 3HaueHHe P2 B dop-
MyJay (54.4), nafizeMm, yTo

2
AS cos®=AS’ ’f‘— (54.5)

Tesecunlii yron AQ, noi KoTopbiM BHAeH OOBEKTHB M3

Ja060# Touku naowanky AS, paBen

AQ =22

4x2 ’

(54.6)

rae D — auamerp oObeKTHBA.

Tloacranoska a3Hauenuii (54.5) n (54.6) B Qopmyny

(54.3) nmaeT pus MOTOKAa 2HEPTHH, NAAJIOLIETO Ha IPHEMHHK,
Clleylolliee BBIpaXKeHHUe:

n (D

D, = B, (7

[cp. 310 BRIpaxkenue ¢ gopmynoi (15.6)]

Hs (54.7) Buavo, uTO eciaH H300pa)kKeHHe H3Jjyuartesd
MOJIHOCTBIO [iepeKpbiBaeT NPHEMHHK, NOTOK SHEPIHH, Naxalo-
LIMA Ha NpHeMHUK, OyneT, He3aBHCHMO OT pPACCTOfAHHA JO

)"’ AS’ (54.7)

Puc. 165.

uaayuatess (3TO paccToAHHe AOJXKHO ObITh BeJHKO 1O CpPaB-
HEHHIO ¢ (DOKYCHBIM paccTOsiHHEM OObeKTHBA NHPOMETpa),
OPONOPHHUOHANEH SHEPreTHUecKoll SIpKOCTH uanayuarens Ba.
Hocneansaa e and aGCOJNIOTHO 4EpPHOro Teja CBA3aHa ¢
TemMnoepaTypoil cooTHoleHHem (54.2).

B Haiuem pacdere Mbl npuHeOpersiu psnoM (akTOpOB:
TNOIJVIOLIEHHEM H3JYUeHHSt 'Ha NYTH K NPUEMHHKY, Tennoo0-
MEHOM NpHEMHHKAa C OCTaJbHBIMH uwacTAMu npubopa, He-
OAMHAKOBLIM ITIOTJIOLIEHHEM NPHEMHHKOM H3JyuYeHMs pasHbIX
yactor U 1. A JefictBHe BceX 3THX (DaKTOPOB TPYAHO
yuectb. [losaromy mpu6op rpaayupyior mo abcoJIOTHO yep-
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HOMY Telly, HAHOCSt TNPOTUB JeJieHHH IIKaJbl COOTBETCTBYIO-
e TeMIepaTyphi.

Jlns HeuepHOTO Tejla NMOKa3aHHA paJHalHOBHOIO NHPO-
MeTpa [aloT He HCTHHHYIO TeMmmepatypy 7, a To 3HaueHue
Temnepatypsl Tpax, NPH KOTOPOM SHepreTHueckas CBETH-

MOCTb aGCO/IIOTHO YepHOro Teda R, paBHa 3HepreTHYECKOH
cBeTHMOCTH R, HCCJIefyeMOro Tesia NMpH ero MUCTHHHOH TeM-
nepatype T:

R5 (Tpan) = R5 (T) (54.8)

[HanomuuM, uTo R, u B, cBssasbl cooTHolieHHeM (H4. l)]

Temneparypa Tpay; Ha3biBaercss pajgHaLUOHHOHM
Haiizem cBsi3b MeXIy paaHallHOHHON TeMIepaTypoil Heuep-
HOTo Teja Tpan U ero HcTHHHOM Temmnepatypoit 7. O6osHa-
YHM 4€pe3 @p OTHOLIEHHe HepreTHYecKUX CBeTHMOocTell AaH-

*
HOro tena R, H a6CoOMIOTHO uepHOro Tesa Ky, B3ATHIX AJA
OIHON M TOH Xe TemmepaTypbl. Tornza MOXHO HamHcaTb, UTO

R, (T) = a,R; (T).

IMoacrasus 310 3Hauenne B (54.8), moayuum:

R; (Tpaa) = aTR; (T)
Bripazus R, yepe3 TeMIEpaTypy COIJIACHO 3SaKOHY
(53.11), npuuemM K COOTHOIUEHHIO:
(JT;‘)aﬂ =a,cT", (54.9)
OTKyAa

T = Ty (54.10)

Vag

Tak Kak ar ANA HeuepHBIX Ted MeHblle €IHMHHIBI, HC-
THHHAs TeMmeparypa OoJblie pafnauxoHHOil. B cmpasou-
HHKAaX HMelTcs TaOJauilbl 3HaYeHHA arp A PasJHYHBIX H3-
Jaydateseil. Hanpumep, xia sosibdpamMa npH MCTHHHOH TeM-
nepatype 1500° K ar = 0,15, a npu 3000°K ar = 0,32; ans
HHKeJsi TP’ 1500° K ar = 0,06 u 1. n. Takum oGpasoM, npu
HCTHHHO# Temnepartype BoJbpama 3000°K paauauuonHbli
IHPOMETP TOKaXKeT TeMneparypy:

Tpan = Vay - T =Y0,32 . 3000 =0,75 - 3000 = 2250° K.
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SipkocTHele MUpoMerpul. HauGonbliee pacnpoctpanenne
MOJNYYHJI METOJ ONpedeseHHs TEMIEepaTyp, OCHOBBIBAIOUIHIA-
CA Ha CpaBHeHHH M3JyueHMs CBETSIIErocs Teja ¢ H3Jyue-
HHeM a0CoJIIOTHO YepHOro Teja Ha OIHOM M TOM XKe (QUKCH-
POBaHHOM Y3KOM yuacTke crnektpa AA. OOGbIYHO HCHOMADL-
3yercsl y4yacTOK, JeXallHil B OKpecTHOCTH A = 0,66 mx
(KpacHas wacTb cnekrpa). CXxeMa sipKOCTHOTO NHpPOMeTpa,
OOBIUHO HA3BIBAEMOTO NUPOMETPOM C HcUYe3alwuLen
HHUThlo, NMoKazaua Ha puc. 166. HMmewomas ¢opmy noay-

OKPYXUOCTH HHTb JIAMIOYKH
05 @ JI JmeXHT B MJOCKOCTH, nep-

AeHNKyAspHOlt K ocu npHbo-

2/ pa. O6bvektns 06 cosnaer B

7 9TOI 3Ke MJIOCKOCTH H3o6paxe-
HHE [OBEPXHOCTH HCCJenye-

mMoro  usayvareas.  Caero-
(¢uabtp @ npomyckaeTr K OKy-
aspy Ok nuLIb KPacCHble Jyun
¢ AIHHOM  BOJHB  BOJH3H
0,66 mx. Habnonas uepes oKy-
Jasip, nNoabupaiT ¢ MOMOMIbIO
peocraTta P Takol HaKaJ HHTH,
urobpl ee SIPKOCTL COBNaja
C fPKOCTbIO n300pakenus usayuares (B 3TOM Cjayuae HHTb
«HCue3aeT», T. €. CTAHOBMTCS HepaszMUHMOA Ha (oHe H30-
6paxenus). [lpeasapurennno npuGop rpafynpyloT no abceo-
JIIOTHO YEPHOMY Teay, HAHOCS TPOTHB AesJeHHH LIKaJjbl rajb-
BaHOMeTpPa COOTBETCTBYIOLHE 3HayeHHa TeMIepaTyphl.
J7s neueproro tena npubop AACT TO 3HAUEHHE TeMIle-
patypbt Tapy, IpH KOTOPOM sipKocTh B (A, Tapx) abcounor-
'HO uepHoro teja aas ) = 0,66 Mk paBHa SIpPKOCTH HccJe-
ryemoro tesna By(Ah,T) npu ucTuHHol Temnepatype T:

By (A, Tap) = B> (3, T). (54.11)

Puc. 166,

Coornowene B, = (1/a)R, uMeer MecTo AAA KaxKAoH
cnekTpanbHoil cocrasisiouieil. CiacroBarenbo,

!
39(7\'7 T)=’J{'r}\;r~
3aMeHuB rr B cooTBeTcTBHH ¢ (50.7), noayuum
1
By(a, T)=—apr@ A, T), (54.12)
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rje a,r— [NOrJoUlaTeNbHass CNOcOGHOCTD  H3JyYaiollero
Tesa.

[Mogcrasum B (54.11) 3nauemme (54.12) maa B,(A, T),
yuts, uto AnA abCOJIOTHO YepHOro Tesaa ayr == 1. B pesyib-
Tarte, COKpaiias Ha i, IpHAeM K COOTHOWeHHIO! @ (A, Trapx) =

= (A, T) uau
. Q (A, TﬂpK)

ar = ‘-W:)— y (54.13)
THe a,r— norjollartenbHasd COOCOGHOCTb  HCCJAENYeMOro
TeJa MPH UCTHHHON Temneparype T Ajs mpoxyckaeMmoil ce-
TOQUJABTPOM AJHHBI BOJHBL A.

[Toacrasue B (54.13) Bripaxenue (53.10) ana (A, T),

[OJIyUMM:
2TRE/RAT __

U1 = e .
TRCTRAT

(54.14)
OueHnm MOpANOK BeJHYHHBI NIOKA3aTesl CTeNeHH INIPH e,
npuHAB A == 0,66 mr, T ~ Tqpe ~ 3000° K:

onhc _ 2-3,14-1,05-107%.3.10°
AT 1,38-1072.066-107%.3.10°

=~ 7.

Tak kak €7 >> 1, equHUUEH B uKC/HTeJde H 3HaAMeHarene
Boipaxkednss (54.14) moxkuo nmpenebSpeus. Torna

Uy = e(2nhc/kk) (VT- I/TﬁpK) ,

OTKY/a

TﬂpK
I'=trwmdo ma, T (54.15)

s dopmyan (54.15) BuaHO, uTO HCTHHHAS TemMmepaTypa
T HeuepHbIX Tesl Bcerga GoJiblue SIPKOCTHOH TeMIIepaTypbi
Tape(In axr < 0).

3HaueHHst a,r s pasHHIX H3JyuyaTesell MOKHO HaHTH
B crnpaBouHMKax. Hanpumep, ans Boandppama npu T =
= 3000°K u A = 0,66 sx apr = 0,46. Buiunucaenus no ¢op-
myJe (54.15) npawor B 3TOM ciaydae AJsl SPKOCTHOR Temmepa-
Typbi 3HaueHHe Tapx = 2700° K (Kak GblI0 BLISICHEHO BBIILE,
paauanHOHHas TeMIepaTypa B 9ToM ciayuae paBHa 2250° K).

liseToBbie nupomerpnl. [Ins ceporo Tesa HCHycKaTesbs
Haf cnocoOHOCTH MOXKeT ObITb 3amucaHa B BHIE:

rar = ar@ (A, T), (54.16)
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rae ar = const. CnelnoBarenbHQ, MaKCHMyM HCOyCKaTeb-
HOH cIIOCOGHOCTH ceporo Tesa HpH-TeMiepatype 7 nmpuiercs
Ha Ty e JIJHMHY BOJHH Ay, YTO H ANA aOCOAIOTHO uep-
HOTO Tesla mpH Toil Ke Temmeparype. [lostomy, ecau onpe-
JeseHa Ay, TeMIepaTypa Ceporo Tesa MOxKeT OBITb BbIUHC-
Jeda no ¢opmyne (53.12). Hafimennasi tTakuM crnocobom
TeMmllepaTypa Ha3biBaeTcd HBeTOBOH. MakcMMyM B cliek-
Tpe uaayuenus CoaHila (X0 NPOXOKIEHUS HM3JYUEHHS yepes
atmMocepy 3eMJH) NPHXOAHTCA HA JJIHHY BOJHBY Am =
= 0,47 mx'). Iloacranoska B (53.12) ngaer ana UBeTOBOI
Temnepatypsl Connna sHaueHue:
L 109

o= b 290-10

i v A 6000° K.

Paanannonnas rtemneparypa CosHua noJydaercs pas-
Ho¥ npumepHo 5800°K. Manoe pasiuuHe MeXAY LBETOBOI
M paJMalHOHHON TeMNEpaTypol yKasbiBaeT Ha TO, YTO 110-
BepxHocTh CoJHLa Tmo cBOMM cBoHcTBaM Onn3ka K abco-
JIOTHO YEPHOMY TeJy.

BMmecTo wucciieloBaHHSi BCErO CHEKTPaJbHOIO paclpeje-
Jlenus, AJs onpefeseHHs TeMIepaTypbi Ceporo Tesa J0cTa-
TOYHO HaHTH OTHOUIEHHE ero HCOYCKATeJNbHBIX CIOCOGHOCTel
LJ151 ABYX IJHH BOJIH!

(A D)
£= (ke T)

HeiicrButenbho, cornacuo (54.16) E= @ (A, T) /g (e, 7).
Bocnonbaopapuinch BeipaxendeM (53.11), nosayunm:

)“2 5 e2m’zc/kT?\.z__l
E= (7»_1> ezn‘kc/km,_ 1

(54.17)

(54.18)

Ilo npousBeneHHoi#i Bbillle OLEHKe NPU A MOPSAKa He-
CKOJBKHX AecAThiX MukpoHa u T ~ 3000° K enunuues B uuc-
JuTeNe U 3HaMeHaTene BhipaxeHHs (H4.18) MOXHO BIOJHe
npeHebpeun. Jlorapuhmupys, nNpuAeM K COOTHOIICHHIO:

. xz nhic 1 1
Ing =5ln 7%+ 27 (72__%_),

OTKy/a
T - (2rchic/k) (/X — 1/A7)
us ! !n§—5 In (AZ/}"I) :

(54.19)

1) Tocne npoxoxJAeHUs H3JIYUeHHS uepe3 aTMOChepy MaKCHMyM
CMelllaeTcsi B CTOPOHY Gojiee ANJMHHBIX BOJH M NPHXOAHTCA NPHONH3H-
TensHo [a 0,55 mx (cMm. cHocky Ha cTp. 2D).
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Jlnsa aGcOMIOTHO YepHBIX H CepbiX TeJ BbIUHC/EHHAsA IO
tdopmyse (54.19) nBeToBasi TeMmepaTypa COBIIaJaer ¢ Hc-
THHHOM. JlJsi Tesl, He CJIMIIKOM CHJBHO OTJIHYAIOLIHMXCHA OT
cephbiX, I{BETOBAs TeMmepaTrypa oObIYHO GbiBaeT Bhlllle HCTHH-
Holl. JlaiA Tes, XapaKTep H3JIy4eHHS KOTOPHIX CHJIbHO OTJIH-
yaeTcsd OT H3JYyUeHHs CephlX TeJs, NOHATHE LBETOBOH TeM-
TiepaTypobl TepseT CMBICI.

OnuH M3 THNOB LBETOBBIX MHPOMETPOB IIpeACTaBJsieT
coboii B mpuHLKIe NpHGOpP, OTIHYAIOLLMACS OT H306paXkeH-
HOro Ha puc. 164 TeM, uto mepes 0GbEKTHBOM YCTaHOBJIEH
BpalwaIiyics AHCK C BMOHTHPOBAHHBIMH B HErO CHHHM
H KpacHBIM cBeTOo(HJAbTpaMH. B nenu npHeMHHKa MoJyyaer-
csl TOK NeEPHOAMYECKH H3MeHAIOLleHicss CHJBI, OTHOLUEHHe
MaKCHMyMOB H MHUHHMYMOB KOTOPOTO imax/imm TeM Oo.blile,
yeMm Goasblue §. CneunaldbHas 3JeKTpOHHas cxema npeobpa-
3yeT 3TOT TOK TaK, YTO MOKAa3aHusa npubopa, BKAOUEHHOTO
Ha BBIXOJle, OKa3bIBAIOTCH MPONOPLHOHAJBLHBIMH Imax/imin.
IlpuGop rpapyupyercss mo aGCONIIOTHO UEDHOMY TeJy.



FTABA IX
¢OTOHDLI

§ 55. TopMO3HOe pPEHTreHOBCKOE H3JydeHue

B npeapigyuieit rnaBe Mbl BHAeNH, UTO AJs OObACHEHUA
CBOMCTE TEMJIOBOI0 HM3JyYeHHA NPHILIOCH BBECTH NpPeAcTaB-
JeHHe 00 HCAYCKaHUH 3JEKTPOMArHHTHOTO H3JyYeHHst mop-
uamMu fio. KBantoBas npupoja uajydeHus NoATBepxAaeTcs
TaKKe CYHeCTBOBAHHEM KOPOTKOBOJHOBON [ paHHu-
I[Bl TODPMO3HOrO PEeHTIeHOB-
CKOI'0O CcreKTpa.

PentreHoBcKkHe Jy4H BO3-
HHKAT npH GoMmOapAHpOBKe
OBICTPBIMH 3JICKTPOHAMH TBEP-
nbix  Mmumlesed., CymecTByeT
JiBa BHJla PEHTreHOBCKHX TPY-
6OK—HOHHbBIe H 3J€eK-

Puc. 167. TPOHHBe. B HOHHBIX TPYyO-
kax (puc. 167) monmepxu-
Baercd T/elOWiHil Pa3psal NPHA HU3KOM AaBJeHHH ([OPAILKA
1073 mm pr. cr.). Karony tpy6ku K npupaercs BOrHyTas
(dopma, BCseACTBHE UEro BHIXOAsIIME M3 HEro KaTOLHbIE
ayud (em. 1. 11, § 89) doxycupyiorcst Ha Mmumesn Ax M3
raxeaoro metranaa (W, Cu, Pt u 1. n.)., D1y MulleHb Ha-
3bIBAIOT aHTHKAaTo oM. Urobsl coyiapeHHsi ¢ ocrar-
KaMH rasa He HpHBeJH K 3aMeTHOMY PacCEesiHMIO KaTOIHBIX
ayuefi, aHTHKaTox AKX npubamKalT K KaTody HAcTOJNbKO,
4TO OH nomnagaer B 004acTb KPYKCOBa TEMHOIO MPOCTpaH-
ctBa. Ilpu Takom pacnonorkenuu aHona paspsii racuer. [lo-
3TOMYy TpyOKy cHabGxkawT 0coObIM aHOAOM A, OTCTOAIUMM
OT KaToja Zajbllie, ueM aHTHKaToOA. [Lis cTekaHmsa sapsauon
C aHTHKAaTOJa OH COCAMHACTCS HAKOPOTKO C aHOAOM.
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B saekrtponnslx TpyOxax (puc. 168) cBoboanble 3A€KTpo-
HBl BO3HMKAIOT BCJEACTBHE TEPMO3JIEKTPOHHOH 3SMHCCHH €
HarpeBaeMoro TOKOM KaToxa (BoJb()paMOBOI CHHpasn).
Huaunap L cayxur Aass  QOKYCHPOBKH  3JIEKTPOHHOTO
nyuka: [Hasjenne rasa B TakHXx TpyGKax CcOCTaBAfeT
1075107 mm pt. c1. AnTHKaToX TpyOKH AK CAYyXKHMT ORHO-
BpeMeHHO H aHOJOM. DJeKTpPOHHble TPyOKH ropasio ycToH-
uhBee M npoule B 3Kcnayarauud. Ilo 3Toll npuuHHEe HOHHHIE
TPYOKH Tenepb NPHMEHSIOTCH
pelKo.

Houtn Bes sHeprus saek-
TPOHOB BblJeJsieTcd Ha aHTH-
KaTtoje B BHIe TenJsa (B H3JY-
YeHHE IpeBpallaeTcs JHIb
1—3% suepruu). Tosromy B Puc. 168.

MOUHHIX TPy6KaxX aHTHKATOX

NPUXOJIUTCST HHTEHCHBHO OXJaxaath. C 370il Henblo B Tenae
AaHTHKaTOJa JeJaloTcs KaHaJtbl, 10 KOTOPHIM UHPKYJHpYeET
OXJIa NAI0NIas KHAKOCTD (BOlIa HJIH Macjo).

Ecin Mexay KaTomoM M aHTHKAaTOLOM MPHJIOXKEHO Ha-
npsikenne U, 3jiekTponbl pasronsiorcsi 1o sHepruu eU. Ilo-
NaB B BEHIECTBO aHTHKATOMAA, 3JEKTPOHBl HCNBITHIBAIOT CHAb-
HOE TOPMOXKEHHE H CTAHOBSITCA UCTOYHHKOM 3J1eKTPOMAarHHT-
HbIX BOJIH. MHTEHCHBHOCTD H3J1yUeHHs paBua

[— o elw?
TV e 6act
[em. 1. 11, dopmyay (114.5)]

[pennonoxum, 4to YCKOpEHHe 3SJEKTpPOHAa W OCTaercs
NOCTOSIHHBIM 110 BEJIMUHHE B TEUEHHE BCEr0 BPEMEHH TOp-
MoxeHust . Toraa MHTEHCHMBHOCTL H3JYYeHHs] Takxe Oyner
NOCTOAHHON, W 3a BpeMs TOPMOMKEHHSI 3JEKTPOH H3JYYHT
3HEpruio:

p, ew’s B, el v
‘V = IT == T Ta a2 == - (AW Y
gg bme eo 6ne’r, T

Tlle Ug— HauadbHas CKOPOCTb 3JEKTPOHaA.

ITonyuenHblil pesyabTaT NOKa3blBaeT, UTO 3aMETHOE H3-
JyuyeHHe MOXeT Hab/104aTbcs JHLbL NpH Pe3KOM TOpMOKe-
Huu OblcTphiX ajdekTpoHoB. Ha penrtrenHosckue TpyOkH no-
llaercs Hanpsixenue mo 50 x3s. Ilpoliad Takyio pasHOCTb
NOTEHUHAJNO0B, 3JeKTPOH HpHoOpeTraer CKOpPOCTh NOpfAiKa
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0,4 c. OcoGenno Gosbliasi CKOPOCTb MOMKeET ObiTh cooblueHa
sJjekTpouam B Oeratpore (cM. T. I, § 104). Duepruu B
50 Mas coorBercrByer ckopocts, pasaas 0,99995 ¢. Hanpa-
BHB YCKODeHHHIH B GeTaTpomHe NYYOK 3JEKTPOHOB Ha TBep-
Ayl0 MHUIEHb, TONYYAlOT PEHTIeHOBCKHe JIy1d BechMa MaJoH
IJHHB BONHBL. YeM MeHbille JJHHA BOJHBH, TeM MeHbille MO-
raouialorcst Ayud B BelliecTBe. [losToMy peHTreHOBCKHE Jy-
YH, nonyyaeMbie Ha OeraTpoHe, obGnanaior ocobenno 60.b-
mefl TMpoHUKaWel Ccnoco6-
al 50 w& HOCTBIO.
ai Flpu nocratouso Gouabuoi
CKOPOCTH 3JIEKTPOHOB, KpOMe
TOPMO3HOTO naayue-
Huf (r.e H37IyyerHsa, oby-
CJIOBJIEHHOIO  TOPMOMKEHHEM
3/IeTPOHOB), BO30yxKAaercqd
TaKXe XapakTepHCTHHE-
CKOe u3JyueHHe (Bh3BaH-
Y=30x8 HOe BO30YXJAEHHEM BHYTpEH-
HHX 3JeKTPOHHbIX 000J04eK
aTOMOB aHTHKaToaa). JTO H3-
JyueHHe paccMaTpHBaeTca B
§ 78. Ceituac nac Gyzet HHTe-
pecoBaTts JHIBL TOPMO3HOE
naayuenue. CorjacHo xJaccu-
yecKol 3JeKTPOLHHAMHKe TIPH
TOPMOXEHHH 3JIEKTPOHA JOJ-
¥KHB BO3HHMKAaTh BOJIHH BCeX
AaHH — OT HYJaA Ao GeckoHeyHocTH. Hsiuna BOJHBL, Ha Ko-
TOPYIO NPHUXOAHTCA MAKCHMYM HHTEHCHBHOCTH H3Jy4eHHud,
AOJXKHA YMeHbIIAThCA N0 Mepe YBeNHUYeHHS CKOPOCTH 3JIEK-
TPOHOB, T. €. Hanpsaxenus Ha TpyOke U. Ha puc. 169 naunl
3KCNepPUMeHTaNbHbie KPHBble pacnpejelieHis HHTEHCHBHO-
CTH TOPMO3HOTO PEHTTeHOBCKOIO H3JyueHHs [0 JJIHHAM
BOJIH, NOJy4YeHHble A5 pa3Hbix 3uaveduil U. Kak Buano us
PHCYHKa, BBIBOJbI TEODHH B OCHOBHOM NOATBEPKIAAKOTCA Ha
ombite. OJIHAKO HMeeTCs OJHO NpPHHIMNHAJBHOE OTCTYIJIe-
HHe OT TpeboBaHMHA KJaccHuecKoi aiekrpoxunamukn. Omno
3aK/I04aeTcA B TOM, UTO KpHBble pacnpejesieHHsi HHTEHCHB-
HOCTH He MAYT K HayaJy KOOpPAHHAT, a OOpHIBAIOTCA MpH
KOHEYHRIX 3HAYEHHSX AJMHBI BOJHB Amyn. DKCIepHMEHTaJlb-
HO YCTAHOBJIEHO, YTO KOPOTKOBOJIHOBas TpaHHIa TOPMO3-
HOTO PEHTIeHOBCKOTO CNEKTPa Amp CBA32HA C YCKOPSAIOUIHM
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nanpsxens#eM U COOTHOIICHHEM:

Mutn =, (55.1)

rle Amin BbIPaXkeHa B aHrcrpemax, a U — B BoJbTax.

LeCTBOBaHHEe KOPOTKOBOJIHOBOH TPaHHUBl HEMOCpefd-
CTBEHHO BHITEKaeT M3 KBAHTOBOH MpPUPOABI H3ayuenus. [leii-
CTBHFE/IbHO, €C/IH H3JyyeHHe BO3HHKaeT 3a CUeT SHEPTHH,
TepsAEMOH 3JIEKTPOHOM NPH TOPMOXKEHHH, TO BEJHYHHA KBaH-
Ta fi® He MOXeT NpPEeBLICHTb 3HEPTHIO 3JeKTpoHa elU:

he < elU.

OTC!O}la noJgydaercs, 4TOo 4acToTa H3JYy4YeHHA He MOKET
IIPEBLICHTL 3HAYCHHA ®Wmax = eU/H, a cieloBaTeJbHO AJMHHA
BOJIHB! He MOXeT ObITb MeHblie 3HAUeHUs:

2ne _ (2nlic/e) (55.2)

Wmax U

Amin =

Takum 06pasom, Mbl APHUOLIA K IMOHPHYECKOMY COOT-
Howenuw (55.1). Haiigennoe us conocrasienusi (b5.1) u
(55.2) 3HaueHHe. i XOpOMIO COrJIacyercst CO 3HAUEHHSIMH,
onpefeseHHbIMH HHBIMH cioce6aMu. 13 Bcex MeToOB ompe-
lefeHust fi MeTOZ, OCHOBAHHHIM Ha M3MepPeHHH KOPOTKOBOJ-
HOBOH TI'DaHHIBI TOPMO3HOTO DPEHTIEHOBCKOTO CHEKTpa, CYH-
TaeTCs CaMblM TOUHBIM,

§ 56. ®oroadpdexr

QotornekTpuyeckuM b dekToM nan botTospPexToM
HasblBaeTcsl MCNyCKaHHe 3JEKTDOHOB BelleCTBOM NOA HAeH-
cTBHeM cBeTa. JTO siB/eHHe 6bL10 OTKpHITO B 1887 . I'. Tep-
1eM, KOTOpBII 3aMeTHJI, YTO MPOCKaKHBAHHE HCKPBI MeX1y
HMHKOBBIMHM IlIapHKaMn paspsjfiHHKa 3HauuTeJbHO oO6Jjer-
yaeTcs, eCIM OJHH W3 UIAPHKOB OCBETUTH YJbTpadHoJseTO-
BuiMH Jgyuamu. B 1888—1889 rr. A. I. Croneros noasepr
¢oTo3apdeKT TiLaTEIbHOMY HCCAECIOBAHHIO H YCTaHOBHJ
cleayiolie 3aKOHOMepHOCTH: 1) HcmycKaeMble noj AeHcT-
BHEM cBeTa 3apfillbl MMEIOT OTpULATeJbHBI 3HaK; 2) Ha-
nbouaplee AefiCTBHE OKAa3bIBAIOT YJbTpadHONETOBbIE JIYUH;
3) BeJIMUMHA HCNYLIEHHOTO TEJOM 3apslia NPONOpPUIHOHANbHA
MOTVIOWeHHOH MM cBeroBoft sHepruu. B 1898 r. Jlemapa u
ToMcoH, U3MepHB YZeJbHLIN 3apai HCIYCKaeMHX NOJL AeH-
CTBHeM CBeTa 4Y4acCTHI, YCTAHOBHJM, YTO 3TH YacCTHIbl $B-
JAI0TCA 3JeKTPOHaMH,
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Cxema CcOBpeMeHHOH YCTAHOBKH JIJsi HCCJ/eJOBAHAA
dotoadderra moxkazaHa Ha puc. 170. Cper nponukaer ue-
pe3 KBapueBoe OKOWIKO K8 B 3BaKyHpOBaHHbII 0aj/oH H
ocentaeT Karoj K, H3rOTOBJEHHBI H3 HCC/IEAYeMOro Ma-
TepHana. DAEKTPOHDI, HCRYIIEHHbIE BCJAEACTBHE (OTPIQdeK-
Ta, HepeMelnaloTcs HOA JellCTBHeM
3JEKTPHUECKOTO TOJs K auoldy A.
B pesyabrare B uenu mnpubopa
TeueT (POTOTOK, M3MepseMblil aJib-
BaHomeTpom I'. Hanpsxenue mex-
Iy 4HOIOM M KaTOAOM MOXKHO H3-
MEHATb C TOMOUIbK) NOTEHUHOME-
tpa /1.

Gorosdpdekr B CHABHOIU CTelle-
HU 3aBHCHT OT COCTOSIHHS OcBellae-
MO MOBEPXHOCTH (B 4aCTHOCTU OT
HAXOASLIHXCS HAa Hell OKHCJOB H

Puc. 170. afgcopOHpOBaHHLIX BellectB). Mua-
JuKeH paszpaboran npubop, NO3BO-
AAIAA YIaJ4aTh ¢ H3yuaeMoil TIOBEPXHOCTH, HaxoAsIeACs
B BBICOKOM BaKyyMme, NMOBEPXHOCTHYO mjeHKy. CyllecTBeH-
HOe YCOBePIIeHCTBOBAHHME METOAMKH HccjeJoBanus $HoToad-
(pekra 6nin0 ocywwecrsieno. [1. M. JIykupckum u C. C. [Tpu-
JieXKaesbiM, KOTOPbIE NpHMEHUJIH MeTOA cdepHYecKoro KOH-
HeHcatopa. AHOROM B HX
VCTaHOBKE CJYKHJH TNocepes-
peHHbIE CTEHKH CTEeKJIAHHOIO
chepuueckoro GaasnoHa. B
HenTtpe GaJjjoHa pasMelja’cs
KaToA B BHJe LIapHKa.

Ha puc. 171 usobpaxkena

BOJbT-aMIepHass XapaKTepH-
CTHKA, T. €. KpHBas, IMOKAa3bl-
BalOlLas 3aBUCHMOCTb §oOTO-
TOKa i OT HaNpAXKeHHs MeXJy Puc. 171
snektpogamMu U 1npu Heus-
MeHHOM noTtoxke cBera . M3 37Ol KpHBOI BHAHO, 4TO MpH
HEKOTOPOM, He OueHb GOJbIIOM HANpsxKeHHH (POTOTOK AO-
CTHTA€T HACHILIEHUS — BCE 3JEKTPOHBI, HCIYLIEHHblE KaTo-
jaoMm, nomajarT Ha asod. CjiefoBaTesibHO, CHJA TOKA Ha-
CHILIIEHHS [y ONMpeNeNAeTcs KOJHUeCTBOM 3JeKTPOHOB, HCHY-
CKaeMbiX KaTOJIOM B eJdHHUIY BpeMeHHM [OA AeficTBHEM
cBeTa,
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IMpu U =0 dorotok He ucuesaer. DTO CAYKUT CBHIE-
TeAbCTBOM TOTO, UTO 3JEKTPOHbl NMOKHAAIOT KaToJ CO CKO-
POCTBIO, OTJIHYHON OT HyJast. /s Toro ytoGbl GOTOTOK cTall
PaBHLIM HYJI0, HY:KHO TNPUJIOXKHTb 3ajJepXHBalollee
nanpaxenne U, (ero Ha3biBaIOT Takxe 3ajepXH-
‘BawIlHM noreHuuanom). [Ipy TakoM HanpsiKeHHH
HH OZHOMY H3 3JIEKTPOHOB, Aaxe obJajaiouieMy pH Bplaere
n3 Katola HauboJbIIUM 3HAUEHHeM CKOPOCTH Un, He ylaeT-
cf MpeojoJeTh 3ajepKHBalollee 10Je H AOCTHTHYThb aHOAA.
ITostoMy MoOxHO Hanucartk, 4TO

% mv? =el , (56.1)
rie m—macca 3jekrpoHa. Takum o6pa3oM, H3MEpHB 3a-
IepxxuBaloiiee HanpsxkeHHe Uy MOKHO OnpeleuTb MaKcH-
MaJbHOe 3HaueHHe CKOpOCTH (OTO-
9JIeKTPOHOB 1), %
Ilpn HensMeHHOM CHEKTPaJbHOM
€OCTaBe NAJlaloINeroc Ha KatTol Che-
Ta CHJA TOKa Hachllleuus (T.e. Ko-
JHYECTBO HCIYCKAEMBIX 3JEKTPO-
HOB} CTPOro NpoONoOpLHOHAJbIIA CBe- v
TOBOMY noTOKYy O: e

iyoo @, (56.2)

310 yTBepIKJEeHHEe HOCHT Ha3paHHe (

sakotna CroneToBa.
3anepwHBalolllee HaNpsKeHHe Puc. 172.

U; oT MHTEHCHBHOCTH cBeTa He 3a-

pucur. Tlposeas n3smepeHHsl Ha YNOMHHABLIEMCH Bbiille HpH-

6ope, MHAJNHKEH YCTaHOBMJ, YTO NpPH OCBeleHHH KAaTOAA

MOHOXpOMaTHYeCKuM cBeTOM U, H3MeHsieTcs ¢ UacTOTOA

CBeTa ¢ MO JHHEHHOMY 33KOHY:

Us=ao— q, (56.3)

rle @ H ¢ — KOHCTAHTH, NpPHYEM @ He 3aBHCHT OT Mare-
pnana karoaa. I'paduxk dynkuun (56.3) nanm Ha puc. 172,

Ymuoxue (56.3) Ha e n 3amenus elU, cornacHo (56.1),
HOJYYHM:

arctg u

(4

1
5 mvl = aew — eq. (56.4)

1) B caysae npepioxennodt Jlyknpeknm n TlpuaexaeBbiM opmil
3NEKTPOAOB KpuBaf B6aAM3H Us nper oyenb KPyTo, Uro NO3BOJSET OHpe-
pesmrte Uz ¢ Goabliieli TOYHOCTBIO.

277



M3 nocaeanero COOTHOHICHHS BBITEKaeT, 4To JJs TOro,
4TOGLl 3JIEKTPOHBl MOTJIM MOKHHYTb KaTOA TOL [eilcTBHEM
cBeTa (Asg TOrO, 4TOOBI Up ObLIA BELIECTBEHHOH), HEOOXO-
AHMO BLINOJIHEHHE YCJIOBHUS: Qw0 2> ¢ HIH

o=a=%, (56.5)

a

CoOTBETCTBEHHO /1A JJMHBEL BOJHBL noJiydaeTcst yCJaoBHe:

A< Ay = 2";" . (56.6)

YactoTa @y MM JAAHHA BOJHBI Ao Ha3biBaeTcs Kpac-
nHofi rpanunell porosdpdbexrta Ee mMokHO HallTH,
Ofpelle/IHB YacTOTy, NMPH KOTOPOH 3afepiKHBalolllee Hamps-
XKeHHe obpalaercs B HyJb (cM. pHc. 172),

‘3axoHpl (GoTo3ddeKTa NpoTHBOpeUaT NPeACTABJICHHAM
BOJIHOBOH Teopny cBera. COIIAacHO STHM IPEACTABJCHHSM,
NOA [eHCTBHEM 3/1eKTPOMATHHTHOH CBETOBOH BOJIHBI SJe€K-
TPOHB! BElECTBA JOJKHbLI COBEPLIATH BBIHYXIEHHbBIE KOJe-
OaHusl ¢ aMIJINTYZOH, NPONOPLHOHAJNBHO aMIJHTYyle BOJI-
Hel. TIpH pmocTaToOYHON HHTEHCHBHOCTH KoJieOaHUH CBA3b
3/JIeKTPOHA ¢ BEUIECTBOM MOxKeT ObiTb HapyllleHa M 3JeKTPO-
Hbl GylyT BLIIETAaThb HApYy:XKYy CO CKOPOCTBIO, BeJHUHHA KO-
TOpPOH JOJKHA 3aBHCETb OT aMINMIMTYJAbl NaJalouiero CBeTa
(1. e. or ero upTeHcuBHOCTH). B peficTBUTEIBHOCTH TaKoH
3aBHCHMOCTH HET — CKOPOCTh 3JIEKTPOHOB 3aBHCHUT TOJbKO
OT 4acTOThl NaJaIOLIero CBeTa.

Afinwreitn (1905) noxasand, uTO BCe 3aKOHOMEPHOCTH
dotosdderra Jerko oO6bACHAIOTCS, ecJH NPein0J0XKUTh, UTO
cgBeT MOTJIOIAaeTCs TAKAMU Ke HOpPUHSAMH o (KBaHTaMu),
KaKHMH OH, 1O mnpeanoJsoxexuio Ilnanka, nenyckaerca. Ilo
Mblcal DfHIITefiHa IHEPTUs], NMOJYYeHHAs 3JeKTPOHOM, HO-
CTaBJisleTcd eMy B BHJAe KBaHTa fiw, KOTOPHIH YCBauBaercd
UM UenHKOM. YacTh 3TO# sHepruu, paBHasi paloTe BbIXOJa
ep (cm. 1. 11, § 74), sarpauuBaercsa Ha To, YTOOHI JAEKTPOH
MOT NOKHHYTb TeJo. Ecau 3/1eKTpoH 0cBOGOXKAAETCH CBETOM
He y caMoOfl TOBEPXHOCTH, a Ha HEKOTOpOH rayOHHe, TO 4acCTb
sHepruH, pasHast W’, Moxer ObiTb MoTepsiHa BCJeXCTBHE
caydafiHBIX CTOJNIKHOBeHH# B BemlecTBe. OCTaTOK 3IHEPTHH
o6pa3yeT KHHETHUECKYIO 3Hepruio W 3JeKTpoHa, MOKHHYB-
itero BeulecTBo. Jueprusa W, Oyler MaKcHMavbHa, eCaH
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W’ =0. B atoM cayyae JAO/DKHO BBIIOJHATbCA COOTHOLIE-
nHe:

t
oh =5 mv? + eq, (56.7)

KOTOpOe HasbiBaeTcsl QopMynoll DiHm Telina. Jlerko
BHJeTL, YTO Bhipaxkenue (56.7) coBnajaeT ¢ SMIKPHUECKOH
¢dopmynoii (56.4), OTcioaa BHTeKaeT, YTO NOCAECNHUN uylieH
B (566.4) npeacraeaser coboii pabory Bhixona, a Ko3ddu-
LMeHT @ paBeH f/e. CiemoBaTeNbHO, ONpENeJHB TAaHTEHC
yrja HakJoHa npamoil na puc. 172, MOXKHO HalTH OTHoule-
HHe nocroanHo# - [lnanka h K 3jleMeHTapHOMY 3apsiiy e.
INosydenHoe Takum o6pasom sHaueHHe hi COBMAAaeT CO 3Ha-
YeHHUsIMH, HAHJECHHBIMH H3 CHEKTPaJbHOrO pachpefeaeHHst
PaBHOBECHOTO TENJOBOrO HM3/Jy4eHHS M H3 KOPOTKOBOJIHOBOH
rpaHALL TOPMO3HOTO PEeHTreHoBCKoro cmekrpa. OTpesok o,
oTcekaeMblfi npoRo/kenneM mnpsmoii Ha ocH U (cMm.
puc. 172), maer noTeHiHaJ BbIX0Aa AJs BeLIECTBAa, U3 KOTO-
poro caenas Katon.

Teopusi Ditnuitefina 0ObACHAET TaKXKe NPONOPUHOHANL-
HOCTb CHJIBl TOKA HACHILEHHA [ NafalieMy CBETOBOMY Mo-
ToKy . JeficTBHTEbHO, BEJIHYHHA CBETOBOrO IIOTOKAa orpe-
JeJsieTcsl 4dCAOM KBAHTOB CBETa, NajaloLHX Ha [OBepX-
HOCTh B €JUHHIY BpeMeHH. BMecTe ¢ TeM wyHcaA0 0CBOOONK-
AaeMblX 3JEeKTPOHOB JAOJIKHO ObITb NPONOPHHOHAABLHO
Yyycay NaAallNX KBAaHTOB. 3aMEeTHM, 4YTO, KaK HOKa3bl-
BaeT ONBIT, JHIIb MaJjafd 4acTb KBAHTOB nepelaer CBOI
Hepruio  (GOTONEKTpPOHAM. OJHeprus OCTajdbHbIX KBaH-
TOB 3aTpauMBaeTCsl HA HarpeBaHHWe BeILECTBA, NOIJOIAMIO-
Liero cBeT.

Kpome paccmorpeHHoro Hamu BHemHero ¢oread-
¢dexra (HasniBaeMoro OGHUHO npocTO GoTO3ddEeKTOM),
CyL1eCTBYeT TaKxke BHYTpPpeHHHH GoTO03pPexrT, Ha-
OaI0gaeMblii B AM3JEKTpUKax W nonaynpoBopsukax. On 3a-
KawouaeTca B OOyc/OBJEeHHOM [eACTBHEM CBeTa Inepepac-
npeje/eHuH 3JeKTPOHOB 10 YHEpreTHUeCKHM YpOBHAM. Ecan
SHepPrHsA KBaHTA h NPEBHIUAET LIHPHHY 3aNpelleHHOH 30HHI
(em. 1. 11, § 71), nornoTHBixil KBAHT 3JIEKTPOH NepeXOAuT
H3 BaJIeHTHOH 30HH B 30HY nposoaumoctu. B pesyabrarte
HosBASeTCH JONOJNHUTENbHAash Inapa HQcuTesled TOKA —
3JIEKTPOH H ABIPKA, YTO NpPOABJAAETCH B. YBeJHUYEHHH 3JleK-
TPONpPOBOAHOCTH BemlecTBa. Ecau B BellecTBe MMEIOTCS NpH-
MecH, nojJ, AeHCTBHEM cBeTa JAEKTPOHbl MOLYT HEPeXOLHTb

279



M3 BaJIeHTHOH 30HBI Ha YPOBHH IPHMECH WJH C HNPHMECHBIX
YPOBHEHl B 30HY MPOBOAHMOCTH. B nepBoM cJyuae BO3HH-
KaeT ALIPOYHAS, BO BTOPOM —- 3/ieKTPOHHaA GpOoTONpPOBO-
LUMOCTD,

Ha Bayrpeunem torosddekte OcHOBAHO IeHCTBHe Tak
HaspiBaeMbx GoToconporHBaeHu . Koanuecrso 06-
pasyiolluXca HOCHTesell TOKa TIPONOPUMOHANBLHO Najalo-
meMy cperoBoMy notokKy. [loatomy ¢oTOCONpPOTHBIIEHHS
npuUMeHsIoTcA AMAA uedeflt doromerpun. [lepspim moJsymnpo-
BOJHHKOM, HalleIyM NpPHMeHeHHe [Jsi 3THX uesed, Obui
cejed. B nocnenHee BpeMs [Js BHAMMOH 4YacTH CHEKTpa
cTamd IUHPOKO NMpUMeHATbes QoToconpotuBaenus u3 CdS.
doroconpoTuBeHHs H3 noJaynpoBodHHKoB PbS, PbSe, PbTe

#u InSb wucnoaesywores B Kaue-

© —a — @ CTBE JEeTeKTOPOB HH(ppaxpac-

- HOrO H3Jy4YeHMSs; OHH HAMHOIO

MPeBOCXOAAT  TePMO3JeKTpHUe-
CKHe 60JIOMETpHI.

B o6aactu . p— n-nepexona
(cm. 1. 11, § 78) uau ua rpauu-

p-n-nepexad Ile METajsa C MOJYyNpPOBOIHHKOM
MOXKeT HabJAaThesi BE HT H J b-
Puc. 173 HblH ¢oTtosdpdekr Oun 3a-

KJAI04aeTcsli B  BO3HHKHOBEHHH

noj HelCTBUEM CBeTa 3JeKTpo-
ABukyled cuanl (doro-3. A. ¢.). Ha puc. 173 nokasan xon
NOTEHIHANLHON SHEPTHH 3JIEKTPOHOB (CIJIOIIHAs KpHBas) H
AbipOoK (MyHKTHpHAsL KpHBas) B 06JiaCTH p — n-Tepexoaa
(cp. T II, puc. 173). HeocHoBHble 51 maHHO# 06GJacTH
HOCHTEJH (3JEeKTPOHH B p-o6jacth M IOBIPKH B £-006-
JAacTH), BO3HUKLIHE MOJ MAeHCTBHEM CBETA, NPOXOAAT ue-
pes nepexox. B pesyabratre B p-06sacTH HaKalIHBaeTCs
H3OGLITOUHBIA MOJOXHTENbHEE 3apsf, B H-06JaCTH — U3-
OLITOYHBIH OTPHIATENbHBIN 3apsA. ITO NPHBOIHT K BO3HHUK-
HOBEHHMIO NPHJIOKEHHOTO K NMepexoay HaNpsiKeHHH, KOTOpOe
H npeactaBiager coGofi (GOTO3MNEeKTPOABHKYILY O
CHNY.

Ecau p- n n-o6nactd Kpucrajna HOAKIIOUHTb K BHeEWI-
Hefi Harpyske, B Heéll Oyaer Teub TOK. [IpH He odeHb 60Jib-
LIMX OCBELIeHHOCTAX CHJa TOKa NPOINOpHHOHAJAbHA Najalo-
IleMy Ha KpHCTaJJI CBeTOBOMY MOTOKy. Ha 3tom ocHoBaHO
JAedcTBre (POTOI/MEKTpUUECKHX (OTOMETPOB, B UACTHOCTH,
npuMeHseMblx B (Qotorpaduu sKcrmoHomeTpos. Heckosbko
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AeCATKOB COEJHHEHHBIX I[IOCJAeNOBAaTeJbHO  KpPeMHHEBBIX
p — n-mepexonoB o06pasyior COJHeuHYIO GaTapel.
Takue Gatapeu HpHMEHAOTCH MJis NMHTaHUs pajuoanmnapa-
Typbl Ha KOCMHUYECKHX paKeTaX H CIYTHHKaxX 3eMJH.

§ 57. Onbit bore. ®Poronbl

Has oObsicHeHMs pachnpefeieHUs 3IHepPrHU B CIHEKTpe
PaBHOBECHOTO TEMJOBOrO H3JydeHHA JOCTAaTOYHO, Kak IIo-
Kazaa Ilnask, nonmycTuTh, YTO CBeT TOJBKO HCIYCKaeTcd
nopuuamu fiow. Jas obbscHerns ¢oTosddeKkra A0CTATOUHO
NPelNo/0XHTh, YTO CBeT IIOTJIOUIAeTCA TAKHMHU XKe NMOpUHS-
mu. Opsaxko DfiHWTefiH nomen 3HauMTeNAbHO Aanbiue. OH
BBLABHHYJI THNOTE3Y, YTO CBeT H paclpocTpaHfAeTcs B BHIE
JHCKPETHBIX YACTHL, HA3BaHHBLIX

nepBoHaYaJbHO CBETOBBIMH ,
KBaHTaMH. BrocneactBuu m?
STH YacTHIBI TNOJYYUIH HazBa- L @
HHe POTOHOB. WGW\» I
I'unotesd Diinwirefina Goisa g

MOATBEPXKAEHA PSIOM  OfBITOB,
Hau6oxnee HeroCcpeCTBEHHOE
NOATBepAAeHHe Nakd oNnuT Bo-
te. Toukan  Meranindeckas M - - M
tdonera @ (puc. 174) nomema-
jAacy MeXAy ABYyM$s rasopaspsij- 7
apimu cueryukamu Cd (em. t1. 11, l
§ 86). ®osbra ocBelanach ciaa-

Pice. 174,

OBIM TIYUKOM DEHTI€HOBCKHX Jy-
Yef, oA NefiCTBHEM KOTODHIX OHa
camMa CTAaHOBWJIACb MCTOYHHMKOM pPEHTreHOBCKHX Jyueil (310
fiBJieHHe Ha3biBaeTCs PEHTIEHOBCKOH  (iyopecueHUHued).
Benencrsie Masioll WHTEHCHBHOCTH - HEPBUUYHOTO Iy4Ka KO-
MHYECTBO KBAHTOB, MCIycKaeMbiX (oabrol, 6b/io HEBEJHKO.
I'lpu nomagaHuy B HErO PEHTIEHOBCKUX JyyeH CUETYUK Cpa-
G6aTeiBasl ¥ NPUBONHA B JeficTBHe ocoOulil MexanuaMm M, ne-
NaBIIHH OTMETKY Ha JBHXKyileHcs JeHTe JI. Ecnau Gol us-
JdyyaeMas HePTHs PACINPOCTPaHH/Iach PABHOMEPHO BO BCE
CTOPOHEI, KaK 3TO CJEIYeT W3 BOJHOBBIX HpEACTaBJEHHMI,
006a cueTuMKa JOJKHB OblIH 6Bl cpabaTbiBaTh OAHOBPEMEH-
HO H OTMEeTKd Ha JeHTe IIPHXOJHJMHCb OBl OJHA HDOTHB
apyrofi. B nefictBuTesnbrOCTH Ke HaOMOLaAAOCh COBepLieH-
HO GecropsiioyHoe pacloJioKeHHe OTMeTOK. ITO MOXKHO
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OOBACHHTL JIHIIL TEM, YTOG B OTJEJbHBIX -aKTaX HCOYCKaHHS
BO3HHKAIOT CBETOBLIC HACTHIE!, JeETAlLHEe TO B OLHOM, TO
B APYI'OM HanpaBJeHUH.

Hrak, 6bJI0 5KCIEPHMEHTaNbHO J0Ka3aHO CylecTBOBa-
HHe 0coOBIX CBETOBHIX YacTHL — doronoB. Poron obaazaer
SHepTHefl

onlic
e, (57.1)

onpesenseMoil TObKO €ro YacTOTOH @ HJM RJIHHOH BOJIHHI A.
IToacranoBka 3snaueHufi h H ¢ NPHBOAHT K (opmyJe:

12 390
===,
rie & BhHIpa){eHa B SJEKTPOH-BOJbTAX, @ A—B aHIrcTpe-
max ). Jaune Boauw A = 0,555 ux = 5550 A cooTBeTCTBYET
3Heprus -QorToHa & = 2,23 28. Has peHTreHOBCKUX Jydei
(h = 10~% - 8-102 A) sHeprusa ¢orToHa JeXHT B mpenenax
or 15 38 o ~ 100 Mas.

CoraacHo TeOpHM OTHOCHTENBHOCTH YacTHLHA € 3Hep-
rueii € o6nanaer Maccofi m = gfc? fcM. (42:9)] Iloacrasus
3HaueHue €, MOJNYYAM AJsi Maccsl (POTOHA BblparkKeHHe:

m=12. (57.3)

®oToH ecTb uacThua, JBMKYLLAsACA €O CKOPOCTBIO C.
MoncranoBka B hopmyay (42.6) suauenus v = ¢ obpaliaer
3HaMeHaTenb QOPMYJEI B HyJb. BMecTe ¢ TeM, KaK Mbl BH-
neau, macca ¢GOTOHa 1 KOHeyHa. DTO BO3MOXKHO TOJBKO
B TOM cllyyae, eclH Macca TNOKOf Mgy paBHa HyJwo. Takum
oGpasoM, GOoTOH — ocobeHHas 4acTHLA, CYLECTBEHHO OTJIH-
yalmanca OT TaKHX YacTHl, KakK 3JeKTpPOH, IIPOTOH H Hell-
TPOH, KOTOpble 06/1ajfaloT He paBHON HYJI0 Maccofl MOKos
¥ MOTYT HaxOLWTbCS B COCTOSIHMM NOKos. POTOH He MMeer
Macchl MOKOS W MOMKET CYLIECTBOBATh, TOJbLKO JIBHIAfiCh CO
CKOPOCTBIO C.

IMonoxus B popmyne (42.12) my = 0, noayuum: E = cp.
Orciona cnenyer, uto ¢oToH obaazaer UMIYJIbLCOM:

=t to 2l (57.4)

8=f)0)==

(57.2)

1} HMamenus nocjefune Ase LHMQPL,, MOXKHO NOJYYHTb JIErKO 3a1no-
Munaomywocs Gopmyay:
12 345

Y
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Yura, uT0 21t/A paBHO BOJHOBOMY YHCAY K, T. €. MOAYJIO
BOJIHOBOTO BekTOpa Kk, WMmyasc ¢OTOHA MOKHO 3amucaTh
B BEKTOPHOM BHAE:

p = hk. (57.5)

W3 Hanuuns y ¢oToHAa HMMOYJbca BBITEKAeT, YTO CBET,
najamouii Ha Kakoe-anbo TeJO, HOJKEH 0Kas3hBaTh Ha 3TO
Tes 10 JaBJ/leHHe, DaBHOe MMIYJbCY, coo0iaeMoMy GOTOHAMH
efiNHHIIE [IOBEPXHOCTH B efHHHIY BpeMeHH. [IycTb IIOTHOCTD
noroka ¢GoToHOB (uHuc/io QOTOHOB, NMAAAWIIUX HA €AHHHLY
[IOBEPXHOCTH B eIWHHMLY BpeMeHu) paBHa N. Ecau Bce do-
TOHBl TNIOIVIOLAIOTCS TeJOM, JHaBjieHHe paBHo P = pN =
= (e/c)N. Tlpn ycnosuu, uto Bce (OTOHBI OTPaAKAIOTCHA Te-
A0M B 0GpaTHOM HampaBJEHHH, AaBjeHUe OYAeT B ABa pasa
Gosbue: P = 2(e/c)N. Hakoneu, ecan oTpaxkaercs 0.
¢oToHOB, paBHAs % (% — KO3(D(pULHEHT OTpaXkKeHHS), H TO-
riomaerca g04s, paBHas (1 — x), 4Js KaBleHHA NOJYYHTCH
BbIpaxeHHue:

P=22xN+>(1—w)N=(1+x)=N.

[TnotHocTh moToKa (oTOHOB N MOMXKHO NpefCcTaBHTb Kak
npoM3BefieHue MJIOTHOCTH QOTOHOB # (T. e. KoanuuectBa ¢o-
TOHOB B eAHHHIEe 00BeMa) Ha HX CKOpOCTh ¢, T. e. N = nc.
Hanee, sameuyasn, uto NMpou3BeleHHe n& HaeT 3Heprur ¢o-
TOHOB, 3aKJIOUeHHbIX B eAHHHUUEe oObeMa, W (MJAOTHOCTDH
SHEPrHHu), MOKHO HANUCATDL:

P=(l+xn)w,

YTO COBHAfaeT C BHpaXeHHeM /8 AaBJeHud, NOJAYy4aro-
H{HMCSE H3 ‘3JIeKTpoMarunTHoi teopun [cM. 1. 11, dopmyny
(113.:2)}.

Mu paccmoTpenn psj ABJAEeHME, B KOTOPBIX CBET BeJer
ce6s Kak NOToK yacTHi; {¢doroHos). Onnako He Hano 3abui-
BaTh, YTO TAKHE fABJCHHA, KaK HHTepdepeHuuss W Audpak-
uus CBera, MOryT OblTh OOBACHEHBI TOJAbKO Ha OCHOBE BOJI-
HOBBIX npeicTaBiennit. Takum o0pasoM, cBer o6HapyxKuBaer
KOPNYCKYJAPHO-BOJNHOBOK Lyaausm (EBOHCT-
BEHHOCTb): B OJHHX SIBJEHHUSIX MPOABJAETCS: er0 BOAHOBaf
npupoia M OH BeAeT ceOs Kak 3JeKTPOMarHuTHas: BOJIHa,
B ADYI'HX SIBNEHMAX NPOABJRETCH: KOPNYCKYJAspHas NPHPOA2
cBeTa 4 OH BefierT ce6i Kak NoTok ¢oronoB. B § 64
Mbl  YBHAHM, YTO KOPHOYCKYJIADHO-BOJTHOBOK  Ayanu3Mm
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NpACYHL He TOJBLKO CBETOBLIM UaCTHIAM, HO H YaCTHIAM
BelllecTBa (37€KTPOHAM, NPOTOHAM, aToOMaM H T. [.).
BbificHHM, B KaKOM COOTHOLIEHHH HaXOJASTCS BOJHOBAs
W KOopnyckyJasapHasi KaptuHa. OTBeT Ha 3TOT BONPOC MOXKHO
[OJIYYHTb, PACcCMOTPeB ¢ 00eHX TOUEK 3peHHS OCBELIEHHOCTh
Kakoft-nu6o mosepxuocrd. Corsracio BOJHOBBIM NpefcTaBJe-
HHAIM OCBell{eHHOCTL B HEKOTOPOH TOUKe MOBEPXHOCTH IpPO-
OPLHOHAJAbHA KBaApaTy aMILUIMTYAbl CBETOBOl  BOJIHHI
C KOpHYCKyJsipHOH TOYKHM 3DEHHA OCBElLIeHHOCTh INpOHOP-
HHOHAJbHA TMJIOTHOCTH noTokKa ¢otonos. Cilef0BaTeNbHO,
MeXAy KBaApaToOM alIMTYIbi CBETOBOW BOJHBI H HJOTHO-
CTbIO TOTOKA (OTOHOB HMeeTcs NpsaMas NPONOPIHOHAAL-
HOCTb. HocurejeMm 3HepruM H HMIyJbca fBJsieTca (OTOH.
DHeprusi BHAEASETCH B TOH TOUKE MOBEPXHOCTH, B KOTOPYIO
nonagaet ¢ortod.  Kagpar amnauTynsl BOJHBL Onpejesser
BEPOSITHOCTH TOTO, uTO (JOTOH MoNajaerT B AAHHYIO TOUKY
nosepxHoctd. TouHee, BepOATHOCTH TOTO, ¥To ¢oOTOH Oyner
o6GHapyxeH B npelenax o6bema dV, sakaiouaroulero B cebe
paccMaTpHBaeMyK TOYKY MpPOCTPaHCTBA, OnpejelsieTcsl Bbl-

pameHHeM:
dp =yA2dV, (57.6)

rae Y — KO3(QpuuHeHT npomopuHoHaibHoCcTH, A — aMniH-
TyZla CBeTOBOH BOJIHB. Beanuuna

P .

v A (67.7)
HA3bIBAETCH NJAOTHOCTHIO BEPOSTHOCTH.

M3 cxasanHoro suitekaer, 4To pacnpejeneHHe (OTOHOB
10 NOBEPXHOCTH, Ha KOTOPYIO Majaer cBeT, JOJIKHO HMETb
craTHcTuueckuil xapaxkrep. Habmonaemasn #a onbite paBHO-
MepHOCTb OcBelleHHOCTH O0O0yc/a0BJeHa TeM, YTO OBHYAO
NJOTHOCTh NOTOKa (OTOHOB ObiBaeT oueHb OoJbmoiH. Tax,
HampHMep, NpH OCBEUIEHHOCTH, paBHoit 50 4Kk (Takas ocBe-
HIeHHOCTb Hy2kHA, YTOOBI IJ1aza He YTOMJAJAHCh OPH 4Te-
HuH), ¥ LauHe BOJHH 0,565 Mk Ha | cm? noBepxHOCTH na-
Jaer npuMepHo 2103 poTtoHQB B cekynay. OTHOCHTe/bHBIE
OTKJIOHEHHUSl CTATHCTHUECKHX BeJHYHH OT CpejHerc 3Haue-
HUS (HX HA3BIBAIOT OTHOCHTEJAbHBIMH (JYKTyanusiMu) o6-
PaTHO MNpPONOPIHOHAMbIB KODHIO KBaJApaTHOMY H3 uHcAa
yactul. [lo3TOMy 0OpH YKa3asHOH BeJMYHHE MOTOKA (OTO-
HOB (QayKTyauuu OYRYT HHYTOXKHB H [OBEPXHOCTb IMpen-
CTaBJifeTCs OCBeLieHHOH PaBHOMEPHO,
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®aykryauud cnabbix CBETOBBIX MOTOKOB Oblin 00Hapy-
sxennt C. M. BaBumoseiM u ero corpyanukamu. OHu ycraHo-
BUJH, uTO B 06sacry HauboJsbliell YYBCTBUTENBHOCTH (A =
= 0,555 mK) rJa3 HauHMHAET pearupoBaThk HA CBET NpH MO-
najandu ga 3pauok npumepHo 100 ¢oronor B cekyHay. Llpu
Taxkofi uHTeHcuBHOCTH BaBusop Habmopan QayKTyauuu
CBETOBOTO IOTOKA, HOCHUBILIHE OTYETJIMBO BbIpazKeHHBIH CTa-
THCTHYECKHI XapaKTep.

§ 58. Addekt Komnrona

OcoGeHHO OTYeTAHBO NPOSABJSIOTCH KOPMYCKYyJAApHbIE
CBOHCTBA CBeTa B sIBJEHHH, KOTOpPOE MHOJYUMJIO Ha3BaHHe
spdekrTa KomuroHa.
B 1923 r. A. Komnron, uccaeays
paccesinie PEeHTTEHOBCKHX Jyueil
pa3NHYHbLIMH BellleCTBAMH, O0HA-
PYXHJ, UYTO B . PACCESIHHBEIX JYy-
yax, Hapsay ¢ U3JyueHHeM mnep-
BOHAyaJIbHOM MJIMHBl BOJHBI A,
colepxkaTCca TaKxe Jyud 60Jb-
well anuuel BOJAHH A’. PasHoctb
AL = A — A oOKasanachb He3aBH-
callieit OT A M OT NPHUPOABl pac- Puc. 175.
CeHBaIOMIEro BeLiecTBa. JKCIe-
puMeHnTasbHO OBlJIa YCTAaHOBJEHA CJAeyioias 3aKoHOMep-
HOCTb:

AL =2y (1 — cos Q) = 2kosin2%,

(68.1)
rae ¢ — yroq, oGpasyeMeiit Hanpas/JeHHeM PacCcesiHHOro u3-
Jly4eHHs C HANPABJICHHEM [EPBHYHOLO My4Ka, Ao — MOCTOSH-
Has, paBHad 0,0242 A,

CxeMa onbiTa KoMOToHa nokasana Ha puc. 175. Boige-
JseMblil quagpparmamu [ y3Kui ny4oK MOHOXPOMATHYECKOro
(xapaxTepHCTHYECKOr0) PEHTTEHOBCKOrO M3JyUeHUs Hampas-
JsJicst Ha paccexBaiollee BelectBo PB. CnexrpaspHblil co-
CTaB paccefiHHOrO H3JY4eHHS HCCAENOBAJCS C MNOMOLLbIO
PEHTreHOBCKOTO crekrporpada, cocrofillero M3 KpHCTadaa
Kp w ponusaumonsoit kamepnl HK.

Ha puc. 176 npusenensl pesyabraThl HCcAe40BaHUA pac-
CeslHUSi MOHOXPOMATHYECKHX DEHTIeHOBCKHX Jyudell [IuuuA
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K.') moan6aena]l na rpadure. Kpusas a xapakrepHsyer
nepBHYHOE -H3yyeHHe. Ocrajbhble KPHBbIE OTHOCSTCA K pas-
HBIM yIJaM paccesHusa &, 3HAaueHHs KOTODHIX YKasaHb Ha
pucynke. Ilo ocu opauHAT OT/IOXKeHa WHTEHCHBHOCTb H3JY-
YeHHs, 1O OcH aObcCiHcc — BeJHYHHA, NPONOPUHOHANbHAN
JJIHHE BOJIHBL

Puc. 177 xapaxkrepusyer 3aBHCHMOCTb COOTHOUIEHHS HH-
TeHCHBHOCTeHl cMeuleHHOH M W HecmenieHHOH P KoMIoOHeHnT

Ko Mo

% ' s=97°
ﬁ) .

@ B=45° 2
s L2
{ atdot ! Lo ! I T Qe | . ! !
Puc. 176.

OT aTOMHOTO HOMEepa pacCeHBAIOLIEr0 BellecTBa. Bepxuss
KpHBasi B JIEBOM CTOJIOHe XapaKTepH3yeT NEpPBHUYHOE H3JY-
yenue (JHHHS K, cepebpa). [Ipu paccesannn BeliecTBaMu
¢ MajeiM aToMHBIM HoMepoMm (Li, Be, B) npakruuecku Bce
paccessHHOe H3JyyeHHe HMeeT CMellleHHYI0 IJIHHY BOJIHBL
ITo mepe yBennyenusi aTOMHOTO HOMepa Bce GOabliasi 4acThb
H3JyueHns paccéusBaercsl 6e3 H3MeHeHHs MJHHBI BOJIHBI.
Bce oco6ennoctn sddexra Komnrtona MoxuHo 06bsc-
HHTb, paccMaTpPHBasi pacceAHHe KaK INpolecc YIpyroro
CTOJIKHOBEHHS PEHTTGHOBCKHX (POTOHOB C NMPAKTHYECKH CBO-
GoanbiMu aaekTpoHaMH. CBOGOJAHBIMY -MOXHO CYHTATh HaH-

) Cm. § 78.
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Gosee c1abo cBsi3aHHEIE C aTOMaMH 3JIGKTDOHH!, 3Heprud
CBfAI3H KOTOPHIX 3HAYHTENbHO MEHEbLIE TOH IHEPTHH, KOTOPYIO
GOTOH MOXKeT MepeifaTh JEKTPOHY NpH COyAapeHHH '),
[Tycts Ha mepBoHaYaJbHO NMOKOALIMHCA CBOOOIHBIN 3JeK-
TPOH najgaer QOTOH C 3HeprHedl fiw H HMIyJabcoM fk. Duep-
rAsi 3JEKTPOHA HO CTOJKHOBEHMSI paBHA moc? (mg— Macca

KaAQ 5i
22-5-0.-0-0-0. 1 1 ] 0>
Li S
Be _\)/\,/ K
i 1 ' s -I 1 1 1 d‘o
8 U\/ Ca
L. L J 1 [] 1 ) L JD
A\ VN

L 1 ] 1 . i
- Na | J Fe
Mg } Ni

] l J. 1 D~ i
Al Cu

P M )7 M
Puc. 177.

NIoKOfl 3JeKTpoHa), uMmnyJbc pased Hymo. [loche cronkuo-
BeHHsl 3J1eKTpOoH Oyner obnanaTe SHeprueft mc? v UMIYyJb-
com mv [m u my cesidaubl cooTHowenueMm (42.6)]. -Dueprus
U MMOyJbC (OTOHA TaKXKe H3MEHATCS H CTAaHYT DasHBIMH
hw’ u BK’. W3 3aKOHOB COXpaHeHUS 3IHEPrHH H HMAYJIbCA

1) Ilpa ynpyrom coynapenns (OTOH He MOXET mepelath SJIEKTPOHY
(nau. kakofi-Tu6o Apyro#t uacTHiue) BCIO CBOIO Heprmio. Takoil mpouecc
lapyusan Obl 3aKOHL! COXPAHEHHA JHEPTHH W HMIyAbEa.
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BBLITEKAIOT ABa COOTHOUIEHHSI:
ho + myc® = ho' + me?,
hk = mv + hk’.
Pa3jesne nepBoe ¥3 ypaBHEHHii Ha ¢, MOXHO NPHUBECTH

€ro X BHAY:
me = mye + h(k — k')

(nanoMunM, yto @/c ecTh k). Bo3BeAeHHe 3TOro ypaBHEHHSA
B KBaapar AaerT:

(me) = (mgc)? + (hk)? + (hR')? — 2(hk) (k') + 2mych (k — k).
. (58.2)
W3 puc. 178 craenyer, uto
(mo)? = (hk)? + (hk’y? — 2 (hk) (hk’) cos O, (58.3)

rge O — yroa Mmexay Bextopamu k' M Kk, T. e. MeXay Ha-
npaBjenldeM  pacnpocTpaHeHHd
paccestHHOTO CBeTa W HampasbJe-
HYeM NepBHUHOTO TyYKa.

Buiutn ypabHenue (58.3) u3
(58.2), noayuum:
m? (¢? — v¥) =

= m2c> — 2°kk’ (1 — cos §) +

+ 2mych (k — k).

Pue. 178. Ilpntse Bo BHHEMaHHe COOT-
nowenue (42.6), Jerko yOe-
AuTbest B TOM, uto m?(c? — v?)= mc?. Takum 06pasom, Mbl

NPHXOLHM K PaBeHCTBY:
mye (B — k') = hkk’ (1 — cos9).

VYMHOKHM 3TO PaBeHCTBO Ha 27 M pasfesuM Ha kk'mgc:

2% 2n,  2nh (1 — cos 9).

4 k myc

Haxkonen, yurs, uro 2m/k = A, noayuum ¢opMyay:

M= == (1 _cos 9, (58.4)

gt

cOBMajalonlylo ¢ sMmnupuueckoil ¢opmyaoii (58.1), ecan
NOJOKHTL Ag = 2mh/mygc.
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Beanuuna

A=-T (58.5)

mye

Ha3biBaeTcsi KOMITOHOBCKON AJHHOI BOJHEB TOH
UaCTHILI, Macca My KOTopoil nmeercs B Bidy. [loacranoska
YHCAEHHBIX 3HaueHMIt B, mg H ¢ jJaeT A KOMIITOHOBCKOII
LJUHBI BOJIHBL 21eKTpOlia 3HaYeHHe

A=3,86-10"" ca=0,00386 A. (58.6)

YMHOXKHB .\ 27JeKTpoHa Ha 27, MOJYUYHM 115 Ly 3Haue-
nue 0,0242 A, coBnajgaiouiee ¢ IMIUPHYECKHM 3HAUEHHEM
Kozdunuenra B gopyyde (58.1).

Hpn paccesiunin (pOTOHOB 1A 3/71€KTPOHAX, CBA3bL KOTOPHIX
C aToMOM BeJHka, o0aen snepruell H HMOYJabCOM HPOHCXC-
LHT ¢ aTOMOM Kak pejbiM. Tak Kag macca aroMa HaMHOro
NPeBOCXOIHT MAaccy 32JeKTPOHa, KOMITOHOBCKOE CMEUleHHe
B 3TOM cCJyuae HMYTOKHO M A/ MpaKTHUECKH coBnajxaer
¢ A Ilo mMepe pocra "‘aTOMHOTO HOMeEpa yBeJaHUHBaeTCsH
OTHOCHTEJLHOE YHCI0 31EKTPOHOB € CHJBHOI CBA3blO, 4EM
H ofycaoBanpaercs -octalaeHne CMelieHHO JuHHH (cM.
puc. 177).

10 1. B. Casesses, 1. 111



YACTD 11
ATOMHASA ®H3UKA

TTABA X
BOPOBCKASl TEOPHUS ATOMA

§ 59. 3aKoHOMEepPHOCTY B ATOMHbIX CREKTpax

WsosupoBaHHble aToMbl B BHAE pPa3peXXeHHOIO rasa M/
napoB MeTaJsja HCIyCKAaioT CHeKTp, COCTOAIIMA H3 OTIHe/b-
HBIX CNEKTPaJbHbLIX JUHHH. B cOOTBETCTBHH C 3THM CHEKTp
HCOYCKAHHST AaToMOB HasbiBaeTcs JHHeHyaTe M. Ha

s
e e

i
e

Puc. 179.

puc. 179 nokasan cnekTp ucnmyckaHusd napos pryTH. Takoit
e XapakTep MMeOT M CIEKTpPhl APYrHX aTOMOB,

HM3ydyenne aTOMHBIX CHEKTPOB IOCIYXKHJO KJIOYOM K MO~
3HAHHIO CTpOeHHs aToMmoB. [Ipexpae Bcero ObLIO 3aMeueHo,
YTO JIHHUM B CIIGKTpax aTOMOB pacnoJsoxKeHbl He Gecnops-
A0UYHO, a OOBEAHHAIOTCA B IPYNNbl HJAH, KaK HX Ha3bIBAIOT,
cepuH JuHui OTdyerinBee BCero 310 0GHApYKUBAETCH
B crnekTpe mpocTeiiniero aroMa-— Bojopona. Ha puc. 180
NpejcTaBJeHa YacTb CHOeKTpa aToOMapHOro BOAOpOAa B BH-
AUMoit u Oau3KOfl yabTpaduoneToBoil obnacri. CHMBOJAMHU
H,, Hg, H, u Hy o6o3nauensl Bugumble JHHHH, Ho yKasbl-
BaeT rpanuny cepuu (cM. nHuxke). OuyeBUJHO, YTO JIHHHH
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pacnoJsaralporcss He OecnopsAZouHbIM ofpas3oMm, a B onpene-
JeHHOM nopsjike. PaccTosine MeXIY JMHHAMH 3aKOHOMep-
Ho yOblBaeT 10 Mepe nepexojna oT GoJiee AJHHHEIX BOJH X
6o/1ee KOPOTKHM,

Hlpefinapckuii ¢usnk Baabmep (1885) ycranosua, uro
JUINHBI BOJIH 3TOH cepuH JIHHHH BOJOpOAA MOryT OLITL TOY-
HO IIpeJCcTaBJeHbl (GOpMYJIOH:

n2
A=ho—s—7> (59.1)
riie Ao-— KOHCTaHTa, n — LleJ0e Y4KC0, NPHHHMaIollee 3HA-
yeuusn: 3, 4,5 0 1. A

B cnexTpOCKONHHU IpUHATO XapakTepH30BaTh CHEKTpasb-
Hble JIRHMH HE 4acToToH, a o0paTholi AJuHe BOJIHBI BeJH-
YHHOH

’ 1 « [=4

v ZTZER_C_’ (092)
KOTOPYI0 HAa3blBAlOT BOJMHOBBIM YHCJAOM (ue CMellil-
BaTh ¢ BOJIHOBBLIM uHcaoM B = 2n/Ah = w/c!). DT0 BRI3BaAHO
TeM, UTO AJHHA BOJHLI (a c/lefoBaTedbHO H BOJHOBOE YMC-
JI0) HM3MepseTCsi B HAacCTOsLlee BpeMs ¢ ropas3io GoJablued
TOUYHOCTBIO [00 3TOH TOUHOCTH MOXKHO CYIAUTh 11O NPHBELEH-
noMy Hixe 3Hauyenuio (59.4) koucrautnl R], 4ueM TOYHOCTE,
¢ KOTOpOil onpejesena cKopocTh cera c. IloTomy 3sHaue-
nue 4acToThl He MOXeT ObiThb CTOJb e TOYHBIM, KaK 3Ha-
yeHHE BOJIHOBOIQ 4HCIA.

Ecan npeo6pasoBath (59.1) B Bhipaxkenue AJA BOJHO-
BOFO uYHCAA, HOJyunTea gopmMyaa:

v/:R(Q—i—-L) (1=3,4,5,...),  (59.3)
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rae Gyksoli R o6o3HaueHa KOHCTaHTa, paBHAs 4/ho. DTy KOH-
CTafiTy HAa3blBAIOT B YeCTb MIBEACKOr0 CINEKTPOCKOMHCTA
noctossunoit Puabepra. Ouna papHa

R =109737,309 £ 0,012 ca~L, (59.4)

Mpl He cTaneM NPHAEGPXKHBATLCA CHEKTPOCKOMHUCCKHX
ofo3navenuli 1 OyaeM IJs XdpaKTEPHCTHKH CIEKTPabHbIX
JIHHH{ MOJB30BAaThes Kpyrosoil uactotofi . CooTsercTBeH-
HO nocrosinHo#l Punlepra abt 6yaeM HaseBaTh BeJHYHHY,
B 2rc pa3 60abmyio, ueM R B dopmydae (59.3). OBosnayatnb
3Ty BeJHUHHY MbI Oyaenm Toil ke Oykpoii R. CiaenoBaresib-
HO, HY)KHO HMeTb B BHJYy, UTO Be/JHMYyHHAa, Ha3uniBaeMas B
AanpHelileM noctosiHHoil Punbepra, uMeeT 3HaueHue

R =2,07 . 10" cex™! (59.5)

H npejactasisier cobofi, cTporo roBops, NPOH3BeldcHHE IO-
crosindoll Prjabepra na 2mc.

Taxiun obpazom, Qopmyay (59.3) mbl OyaeMm nucaTs
B BH/JE:

m=R(§~%) (n=3,4,5,...). (59.6)

n
®opmyna (59.6) [rak xe Kak u (59.3)] mnaswiBaercs
dopmuyaoil Banpmepa, a cooTBerCTBYIOWAs CepHUs
CHEeKTPaNbHbIX JHHHI BOAOPOAHOIO aTtoMa —cepHell
Banvmepa. [lanpeiflline HccaeRoBaHHs NOKa3anay, uto
B CHeKTpe BOJAOPOJAA HMeeTcAd elUle HEeCKOJIbKO CcepHil.
B yabTpaduoseToBofl yacTi crnekTpa HaxoauTes cepus Jlad-
Mana, OcTanplble cepHu JeXKaT B HHGpakpacHoii o0sacTH.
JInuun 3THX cepuil MOryT OHITb npejacTaB/eHbl B Bule (op-

MYJ, aHanoruyHbIXx (59.6):

cepnus Jlalimana o =R

(112~—2—> (n=2,3,4,...)
(.31__7:-2-) (n=4,5,6,...)
(.4‘7_%) (n=5,6,7,...)
cepuss Idynaa o= (L"L) (n=6,78,...).

cepusi Ilamena o=

R
cepust Bpskera @ =R
R

YacToTel Bcex JIHHHIL CiIleKTpa BOAOPOAHOTrO aToMa MOK-
HO NpeJCTaBUTb OAHOH (POopMYyHAON:

w=R(‘_Jﬁ, (59.7)

m? n?
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rie m umeer 3nauenue 1 mna cepuu Jlafimana, 2-— Aas
cepun Baapmepa u t. a. [lpm samanHoM m uyuciao n npH-
HHMAaeT BCe IeJOYHCNeHHble 3HAUEHUsA, HaumHas ¢ m + L.
Boipaxenue (59.7) HaspiBaioT 006006 eHHON dopMy-
A0l Banpwmep a.

Ilpn Bospacranud 7 wacTota JHWHHH B KaxAoll cepuu
CTPEMHTCH K TpeledbHOMY 3HaueHHI0 R/m?, KoTopoe Ha3bl-
Baercad rpaHuuell cepuu (Ha puc. 180 cumBosom He
OTMeueHa rpanHua cepun banbmepa).

Bo3bMewm psia 3Hauenuii Bolpaxkenus T (n)= R/n%:

R R R =
27 9z 3T o (098)

Yacrora Ja1060ii JUHHK chEKTpa BOJOpPOAA MOkKeT OHbiThb
npefcTaB/Jeda B BHJe PasHOCTH ABYX uucea psazxa (59.8).
DTH uHcda HA3bIBAOT CHeEeKTpaJbHB MU TepMaMu
uau npocro Tepmamul), Tak, Hanpumep, vacToTa Nepsoil
JuHuu cepun Banbmepa pasna T(2)— T(3), BTOpOll JHHHU
cepuu IMpyupa—TG)—T(7) u 1. 1.

M3yyenue crnekTpeB ApPYTHX aTOMOB TI0Ka3aJfo, 4TO ua-
CTOTHI JIMHHII B B 3TOM c/Jydae MOTYT OBITh NpeAcTaBJieHbl
B BHJe pa3HOCTel ABYX TepMOB:

o =T, (m) - T, (n). (59.9)

Opunako tepm 7T (n) oObluHO uMeeT 06oJee CJHOXKHDLIT BHI,
yeM 79 BOJAOPORHOTO aroMa. Kpome rtoro, mepsnlii M BTO-
poii uiennl ¢popMyanl (59.9) Gepyrcss M3 pasJHUHBLIX PAAOB
TEepPMOB.

§ 60. Moaens arcma TomcoHa

Inst oObsicHERHS XapaKrepa CIIeKTpa, HCIYCKaeMoro
H30JUpOBAHHBIM ATOMOM, CJe0BAJ0 TNPEANONOKUTh, 4UTO
3/1eKTPOH B H3JYydaiOlleM aToMe COBeplliderT rapMOHHYeCKHe
KoJebanusl M, c/IelOBaTeNbHO, YAEDPXKHBAeTCsl OKOJO TNOJOo-
JKeHHsl pABHOBECHS KBasuynpyroil cuioil Buia [ = —kr,
rae r— OTKJOHEHHE 3JIEKTPOHA OT TOJIOXKEHUS pPaBHOBECHA,
B 1903 r. ToMcoH npemjoXuJa MOAedb aToMa, COIJIAacHO
KOTOpOH aToM npejcrabnser co60l paBHOMEPHO 3aIlOJIHeH-
HYI0O TMOJOXKHTENbHBIM  3JIeKTpHYecTBOM  cepy, BHYTPHU

') B cnexTpoCKONMH TepMaMH Ha3blBAlOT uMC/a, B 27C pa3 Mellb-
miie. X pashHoct RalOT BOJNHOBBlE YMCAa V' CNEKTPadbHBIX JIHHHH,
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KOTOpOil HaxoauTcs 3Jekrpod (puc. 181). CymmapHbii no-
JIOXKHUTEeNbHBIH -3apaf cepsl paBeH 3apsifly 3JeKTPOHA, TaK
4TO aTOM B HEJOM HeHTpaJieH.

Hanpst:keHHOCTb MO/ BHYTPH PABHOMEPHO 3apsiXKEHHOH
cheprl onpeneasercA BbipaxKeHHeM !)

E(N=1sr (0<r<R)

rie e —3apsig chepnl, a R—ee pamuyc [em. 1. I, dop-

myay (8.12)]. CnenoBatenbHO, Ha 3J€KTPOH, HAXOASALIMHACS

Ha PACCTOSHHH r OT MOJIOXKeHHs paBHOBecHs (OT LeHTpa
cdepnl), OyAeT AelCTBOBATL CHJA!

f=(—)E=—5rr=—tr

B TakuX yc/aIOBUAX 3JEKTPOH, BbiBeJeH-
Hbifl Kakum-nu60 o0pa3oM H3 MOJ0XKEHHUs
paBHOBecus, OyAeT cOBepilaTb KogaeGaHus
C 4acToToH

Puc. 181. & e?

(e —3apan saeKkTpoHa, m — Macca 3JeKTpoHa, R — paauyc
atoma).
[ocreasum coOOTHOLIeHHEM MOXKHO BOCIOJb30BATbCA
ZJIsl OlleHKH pasMepos atoMa. Corsacuo (60.1)
e? \'%s
R= ( o2 ) :
Haune Boanbl A = 0,6 Mk =6-10"% cm (Bugumas 06-
JacTh CNEeKTpa) COOTBETCTBYRT o == 3-10!% cex-l, Cnenona-
TeJIbHO,

_( 4,62-10720

/s 8
0,91 - 10 -3 '10 )

HOJIY‘{GHHOG 3Ha4YCHHUE COBIaAaeT N0 MNOPAAKY BeAHYH-
Hbl ¢ Ta30KHHETHYECKHMH pasmepaMH aTOMOB, YTO MOIKHO
661710 6Bl paccMaTpuBaTh Kak NOATBEpP2KACHHE MOACAH Towm-
COHa. Om{axo B JdaJbHEHIIeM BBHISICHUJAACh HeCOCTOsITeJb-
HOCTb 3TOH MOJeJld, TaK YTO B HACTOsLLee BpeMsA OHa HMeEET
JIUUIb I/ICTOpI/IquKI/Iﬁ HHTEpeC KaK OJHO H3 3BEeHbEB B LEIH
pa3sBHTHSA npeﬂcmsnemlﬁ O CTPOECHUH aTOMOB.

) 3mech ¥ fajdbile B 3TOM TOME Mbl HOAB3YEMCH FayccOBOR cHcTre-
MOH eJUHHMIL.
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§ 61. OnbiTel N0 paccesHUI0 o-YacTHLL.
Anepuas mopeap aroma

Iist Toro 4toGel BHIICHUTL XapakTep pacnpeneseHus mno-
JIOKUTENPHBIX M OTPHULATEJbHBIX 3apsjJoB B artome, OBLIO
HeoOXO/IUMO HEMOCDPECTBEHHOE ONBITHOE <«30HAHPOBAaHHE»
BHyTpennux obJacreii atoma. Takoe 30HAHMpOBaHMe ocyle-
creuaun Pesepdopa u ero corpyAsHKH ¢ NOMOUIbIO ¢-4a-
CTHL, HaGaI101ad H3MeHeHHe HaNpaBJeHHsd HXx moJdera (pac-
cessHHe) I[pH MPOXOXKASHMH Yepe3 TOHKHE CJIOM BeilecTBa.

HanomuuM, 4To o-uacTHLaMu Ha3bIBAlOT YacTHUbI, Bbi-
OpacplBaeMble ¢ OTPOMHON CKOPOCTBIO HEKOTOPHIMH Bellle-
CTBAMHM MpH PaAHOAKTHBHOM pacnalle. B To Bpems, Korja
Peseptdopn npucrynman x cBOMM onbiTaM, GblJIO M3BECTHO,
YTO O-YaCTHIBI HMEIOT MOJIOKHTeNbHbIl 3apaAj, paBHBI
YABOGHHOMY 3JIEMEHTapHOMY 3a-
pARy, M 4TO TpH NOTepe 3ITOro TN
3apsga (OpH  NPHCOeIHHEHHH K [;%’
IBYX  3JIEKTPOHOB) o-4acTHIia £ ! /@, \
NpeBpallaeTcs B aTOM reJiud. % i b
CxopocThb, ¢ KOTODPOH o-4aCTHILHI | J;
BHIJIETAIOT M3 DPaAHOaKTHUBHOTO N /

.
A Y /'

BentecTea, GHlBaetT  nopaaka ~ -
109 cm/cex.

OnbT OCyLeCTBJAsIACA  CJie- Piic. 182.
nywomaM obpazom (puc. 182).
BuyTpu noJocTtH, cAenlaHHOH B KyCKe CBHHUA, NOMEILAJNOCh
pPalHOaKTHBHOE BelllecTBO P, ciy:KHBllee HCTOUHHKOM Q-4Ya-
ctull. Benencreue CHABHOTO TOPMOMKEHHUS B CBHHIE q-HACTHU-
bl MOIVIM BHIXOAHMTbL HAPYXKY JHIUL Yepe3 Y3KOe OTBEeDPCTHE.
Ha nyru nonydaBllerocsi TakKuMm cnocoGoM Y3KOro nyuxa
@-UacTHi[ pacnojiaranach TOHKas Merajnuueckas Qoab-
ra @. Ilpu npoxoxaeHHH uYepe3 (POJABIY G.-4aCTHLBl OTKJO=
HAJKCh OT IE€pPBOHAYAJbLHOTO HampaBJeHHA [BHKEHHS Ha
pasanuHble yraol ©. PaccesiHHble @-yacTHOBl YAapsAlHCh
06 sxpan E, NOKpHITEIl CEpHUCTBIM UHHKOM, H BbI3LIBAEMBIE
HMH cuuHTHAAAURH ) HaGaopanauch B Mukpockon M. Muk-
POCKON M 3KpaH MOXKHO OblIO BpallaTh BOKPYT OCH, NpO-
Xoaaulell yepes UEHTp pacceuBawolleli (PoabTH, H yCTaHaB-
JuBaTh TakuM obpasom nojp Jaio6nim yraom &. Becp npubop

1y CunnrunisiiHedi naspiBaercss BCUbIUKA CBETa, NPOH3BOLHMAaR 3a-
PAXKCHHBIMH YacTHLAMH NPH YyAape MX O BelWlecTBO, CROCOGHOe JICMH-
HECULUPOBATS.
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noMelllancst B OTKauauiiblfi KOM(YX, UTOObl YCTpaHHUTL TOP-
MOXKEHHe «-UaCTHIl 3a CYeT CTONKHOBEHHH C MOJeKyJdamu
BO3JyXa.

OKaszajocb, YTO HEKOTOPOE KOJIMYeCTBO @-4acTHL pac-
CeUBAETCs Ha oveHb Oosbiuue yrael (moutu go 180°). Ilpo-
aHaJM3UpOBaB pe3yabTaTel onwita, Pesepdopa npulien
K BBIBOJY, YTO CTOJb CH/IbHOE OTKJOHEHHE ¢.-4aCTHI[ BC3-
MOXKHO TOJBKO B TOM CJIyyae, €c/H BHYTPH aTOMa HMeeTcs
Upe3BbhlUafHO CHJbLHOE 3JEKTpHUecKoe MoJje, KOTOpoe C03-
Jaercsi 3apAfoOM, CBfi3aHHBIM ¢ OGOJBLIOH Maccoli H CKOH-
LEeHTPUPOBAHHBIM B OueHb MaJoM obbeme. OCHOBLIBAsCL Ha
3TOM BhIBOAe, Peseppopa npemnoxuia B 1911 r. snepuyio
moleab artoma. CorgaacHo npeanoaoxenuio Pesepgopia
aToM fpeAcTanjsier coOoH cucTemMy 3apsjios, B HEHTpE KO-
TOPOIl PAaCHOJIOKEHO TSAXKeN0e M0J0KUTENbHOE SAPO € 3a-
paroM Ze, uMmeioniee pasMephl, He npepniuatoiive 10712 ca,
a BOKPYT $1lipa pacronoxensl Z 3JeKTPOHOB, pacrpeaeet-
HBIX 110 BceMy o0beMy, 3anumaemMomy aromoM. [loutu scd
Macca atoMa cocpejoToueHa B sape.

HMcxons u3 rakux npeanoorkeHuii, Pesepdopa paspa-
60Tas KOJMUCCTBEHHYIO TEODHIO PACCessHUA o-UACTHI[ H Bbl-
BC1 (POpMYJY AAs pacipefe]cHHs PacCesHHbIX HACTHL M0
snauennam yriaa &. [lpu BoiBose dopmyant Pesepdopa pac-
cympan caepywoliaM o6paszoM. OTKIOHEHUS] o-4acTHIL 06-
yCJaOBTEHBl BO3AENCTBHEM HAa HHX CO CTOPOHBI ATOMMBIX
sep. 3aMeTHOrO OTK/JOHEHHS H3-34 B3aUMOJEHCTBHA ¢ 9Jiek-
TPOHAMM He MOXKeT ObiTh, NOCKOJbLKY Macca 3JeKTpoHa Ha
yeTbipe MOPAAKA MeHblIe Macchl o-uacTHubl. Korma ua-
CTHUA TpoJeraet BOJU3Y AApA, HA Hee JeficTBYeT KyaOHOB-
CKas CHJIa OTTaJKHBAIHA:

27Ze?
J=22 (61.1)

TpaexkTopHs yacTHlst B 3TOM cJjyyae NpeicTaBisier co-
Go#i runep6oay, acHMOTOTbI KOTOPOH 00pasyloT Mexay
coboit yroa & (puc. 183,a). droT yron xapakrepusyer or-
KJOHeHHe YacTHUB OT NepBOHAYAJBHOIO HampasJeuud.
Paccrosude b ot siapa A0 NepBOHAYAJILHOLO HalpasJenus
nojieTa ¢-4acTHLbl HAa3biBAeTCst HPHUEJJbHB M napa-
metpoM. Uem Oanzke nposeraer yacTulla OT siApa (uem
MeHblle b), TeM, eCTECTBEHHO, CUJIbHEe OHA OTKIOHACTCSH
(Tem OGonpuie ¥). Mexay seanumnamn b n & umeercs
IIPOCTOE COOTHOILUEHHEe, KOTOPOEe Mbi CEHYaC YCTAHOBUM.
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113 3axkoHa coxpaHeHUs SHepPruH C/AeAyer, 4To BAAAH OT
AApa BeJHYHHA HMIyJAbCa p paccesiHHoH vacTHubl Oyaer
TaKkoll ’Ke, KaK M BeJHUYMHA HMIyJAbca Po A0 PACCESHHS:
p = po. Cegosareanuo (cM. puc. 183,6), ans moxayas npu-
pauenns BeKTOpa HMIIY/Abca YACTHLDL, BO3HHKAIOLETO B pe-
3yJAbTaTe PACCesHHA, MOYKHO HAlHCATh BhIpAXKeRUe:

| Ap | = onsin%- = 2m,0 sin % , (61.2)

rae nt, — Macca o-qacTHHBL, ¥ -— CC HavYaJbHasa CROPOCTD.

Puc. 183,

C apyrofi cropoubl, coriacio BropoMy sakouy Helorona
|ap = [ f.dt, (61.3)

rae f, — npoexnusa cuapl (61.1) na nanpassennc sexTopa Ap
(cm. puc. 183,a), pasnas fcosy. Kak nuano us puc. 183, a
M 6, yrol § MOXHO 3aMeHHTb yepe3 MOMAPHBIH Yroa ¢ H
yroJ oTkJjoHeHHs Ot

W3 nocneanero coOOTHOHICHHS caenyer, yro

Ze?

. G\ 2 . ¢
)“n=fcosxp=fsm(\(p+7)= = sm(q>+—2—>.
IloncraBum 370 puipamenne B opayay (61.3), same-

HUB OJHOBpeMeHHO di uepe3 do/:
n—-0

IANZQZe?f sin (e +0/2)dg (61.4)

r’e
G
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BennuuHa m,r?¢p ecTb He UYTO HHOE, KaK MOMEHT HM-
nyjibca o-9acTHUbl M, B3ATHIH OTHOCHTENBHO pacceHBaio-
mero sapa. Cuna, JeficTByrolias Ha ®-YacTHiy, fBJASETCS
neurpajbrofl. [lostomy moment M ocraercss Bce Bpems no-
CTOSIHHBIM H PAaBHLBIM CBOEMY NEpPBOHAUAJbHOMY 3HAURHHIO
Mo = mgyub. Tlocae szamenwt r2) uepe3 vb uurterpan (61.4)
JIETKO BbIYHCASETCH:

-0
2Z¢?

f sin(qo +%) do=-—— 276 2 cos g
]

113 comnocraBJseHusi NOCAeAHer0 BhIpaxeHus ¢ HopMmy-
Jaoft (61.2) BriTeKaer, uToO

|Ap =

2mavsin-g——— 22 9 cos 2 0
oTKkyna'l
Y ) t O mgu? b 61.5
g5 =gz b (61.5)

PaccMoTpum cnoil paccerBaruiero BeliecTBa HacTOJbKO
TOHKHI1, YTOObl Kaxlas YacTHHa NPH NPOXOXKAEHHH yepes

HEero npoJertana BOJAM3H

TOJABLKO OLHOTO AAPA,T. €,
\‘\ yToObl KaxXjas vYacTHLA
)i TpeTepnepaJa TOJIBKO
|\ OIHOKpAaTHOE paccesinue.
:: Has roro uToGbLl HCIBL-
| TaTb paccesHue HA yrod,
)
i

;’,32//

X

b
2
\
%

|
|
I

JeXalilHil B mnpejenax

or ¥ no ¢+ do, uacru-

./ la JA0JXHA INpoJeTeTsh

Puc, 184. BOJH3M OJHOTO M3 siep

N0 TPAEKTODPHH, NPHLEb-

ublfl mapaMeTp KOTOPOfl 3akaloueH B Ipeledax o1 b Jo

b + db (puc. 184), npuuem d¥ u db, rak caeayer u3s (61.5),
CBSI32Hbl COOTHOLICHHEM:

1 dd _ m,0°

7
77
Y
/[
4

3HaK MHHYC B 9TOM BbIpaxKeHHH OOYCJOBJEH TeM, uTO
¢ ysesunuenunem b(db>0) yroa orkioHenHsa yCruBaer

) Tpupepenuptii Buizog dopmynn (61.5) npunaanexur H. E. Mpo-
20BY.
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(dd < 0). B manpHefilteM Hac O6ygeT HHTepecOBaThb JHIUb
abcosiornoe 3Hauenue db B GyHKuEH or O H dO, moTOMY
3HaK MHHYC Mbl He OyAeM yYHTBIBATh.

O06o03HauuM N701a7b NONEPEYHOTO CEYEHHs NyuKa o-ua-
ctul, OykBoii S. Toria xoJ/iHuecTBO aTOMOB pacceHBalolieil
¢onbry Ha NYTH NyYKa MOXKHO NpeACTaBUTL B BHIe nSd,
rie A — YHCJIO aTOMOB B efuHuile o6beMa, a d — ToJLIHHA
tdoabru. Ecau o-uactuusl pacnpenesensl PaBHOMEPHO HO
CEUEHHIO NYy4YKAa H YHCJIO MX OYeHb BeJAHKO (UTO HMeeT Me-
CTO Ha CaMOM jefe), TO OTHOCHTEJbHOe KOJHYeCTBO ¢-ua-
CTHL, TpoJeraoumx BOAH3H OZHOTO H3 ANep NO TPAeKTOPUH
¢ Mpuue/bHBIM napamerpoM OT b

no b+ db (u, cnenoBarelnbro, OT- 75
KJIOHSIOWHXCH B Ipenesax yIJoB
ot & 1o 9 + d9), 6yzner pasuo (cM.

puc. 185):

dNg _ nSd-2abdb @ @
N S -
—nd2xbdb.  (61.7) @ @

B stom Bbipamenuu dNy — uucio
YaCTHI, paccesinHblX B npejenax
yraos or ® no &+ dd, N—rnon- Pic. 185.
HOe YHCaA0 YacTuil B nmyuke. B ofo-
HX CJyyasax HOA YHCJIOM YacTHIL NMOApasyMeBaeTcsl NOTOK
YACTUI[ Yyepe3 COOTBeTCTBYIOULYIO MOBEPXHOCTb.
3amenus B ¢opmyse (61.7) b u db uepes & u d9
B cooTBercTBUM ¢ {61.5) u (61.6), monyuum:
Ny _ ( 27Ze? 1 o

fomctg 2 1
N mav'~’> ncg~2— sin? (9/2) 2 °

[Ipeobpasyem MHOXKHTEAM, cOfepiKailive yroa O:

ctg (8/2)  cos(8/2) sin (9/2)  sin®
sin? (8/2) sin (8/2) " 2sin* (6/2) °

C yuetoM 3TOro npeofpasoBaHus

dNg n ( 2Ze? )2 27 sin O d©
N mau? ] 4sint (8/2) °

Hakonen, 3ameuas, uro 2msin ¢ dd ectb TesecHbHl yroJ
dQ, B npefesax KOTOPOTro 3akKJIOUeHbl HalpaBjIeHud,
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CCOTBETCTBYIOILNE yraam oT & Ao O + d¥, MOKHO HamHcarh:

dNg
N

( Ze? \2 dQ
== nd )

mgu? ) sint{9/2) ° (61'8)
IMocaennee Bopamenne naswidaercs ¢Gopymyaoil Pe-
sepdopaga aas paccesHus g-uacrug. B 1913 r. corpya-
HukH Pesepdopaa npouspeau npoBepky 3Tofl Gopmydibl my-
TEM MoJAcuera CUMHTHAAAUMI, HabJiolaBulixcs 104 pas-
HblMH yraaMu U 32 OAHHAKOBBIC MPOMEKYTKH BpPEMEHH.
B ycaoBusx omwpita (cm. pue. 182) cuery uojasepraduchb
0,-4aCTHLDbl, 34KIIOUeHHble B Ipefesax OJHOTO H TOrO XKe
TENECHOTO Vraa (onpeAcisBlierocs IJIOWAAbIO 3kpanHa £ u
paccrosiHueM ero or (OJALTH), II03TOMY YHCJIO CLHUHTHJUIA-
i, HabJao1aBIiHXCcs N0/ PA3HBIMIL yrJaaMil, A0IKHO ObLIO
6bITh, B COOTBETCTBHY ¢ (popmyaoil Pesepdopaa, nponopiuo-
HaabHo 1/sin*(0/2). Drtor pesyapTat TEOPHUH XODPOLIO NMOL-
TEEPUJCS Ha OnbiTe. 3aBHCHMOCTb PACCESIHHS OT TOJLLHHB
(poaLTH U CKOPOCTH «-4aCTHL Takke oKazaJjacb B COOTBET-
cTBHH ¢ Qopayaoil (61.8).

CnpaBeJHBOCTL TEOPHH, HCXOASUIE H3 KYJOHOBCKOTO
B3aHMO/JEHCTBHA MEXKAY «a-uacTuilell H siApOM aToMma, CBH-
ZeTeJbCTBYET O TOM, 4TO Jaxke orbpackiBaerast B o0paTHOM
HalpapJeHHH o-4acTHIlA He NpOHHKaeT B ofJacTb HOJO-
JKUTENBHOIO 3apsiia atoMa (Kak Mbl BHIEJH NDH pPacCMOT-
penHn MojJeau aroMa TomcoHa, B3aHMOAEHCTBHEe B 3TOM
clyuae onpejleisaoch 6bi He 3akKoHOM 2Ze2(r®, a cooTBert-
CTBOBaJIO Obl 3akony 2Ze%r[R3). Bmecre ¢ TeM, JeTdinas
TOYHO [10 HANpPaBJEHHIO K SAApY o-uacTHa MHogounia Obl
K ero UeHTPY Ha paccTosiHie, KOTOpoe MOXKHO OlpefeuTh,
NPHPABHAB KHHETHUECKYIO SHEPruio o-UacTHIbl NOTEHHHANb-
HOHl 3Hepruu B3aNMOAEHCTBHS ¢-UACTHULI ¢ SAPOM B MO-
MEHT MOJHOI OCTAHOBKH YaCTHUDI

myv®  2Ze?
2 min

(fmin — MHHHMAJBHOE PAaceTOSIHHE MEXNKAY LeHTPaMu q-ua-
CTHIB U f4pa).

Honoxus Z = 10, v = 10° csfcex u my=4-1,66-10-2 =
= 6,6-10"2* ¢, noayuum

428 4-10-48-107%
v’ 6,6.107°%. 108

—12
Tl = ~ 1,610 " cm.
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Takum o6pasoM, pe3yaAbTATHl ONLITOB MO pacCesHHIo
@-YacTHIL CBUAETEAbCTBYIOT B MOJbL3Y sIACPHOH MOZENH aTo-
Ma, npeanoxensoli Pesepdopaom. Onuarxo sagepHas Mo-
Jedb 0Kasajiach B TMNPOTHBOPEUMHM C 3aKOHAMH  KJjaccHye-
CKOH MeXauukd H 3JexrpoanHamiku. [locKoabky cuctema
HEeMOJBHIKHEIX 23apsi/0B 1€ MOXeT
HAXOAUTbCS B YCTOWUHBOM COCTOf-
nuy, Pesepdopay nmpHiliIoce oTKa-
3aThCl  OT CTATHUCCKOH MOJeJH
atoMa H NpeanoJaokKHTb, UTO 3./eK-

TPOHBI JABHXKYTCS BOKPYT s14pa, OMNi- °

cuiBasi 3aMKkHyTBle Tpaektopuy. Ho

B 3TOM CJyuae AeKTPOH OyleT ABH-

raTeC € VCKOPEHHEM, B CBf3H

C 4eM, COINVIACHO KpacCHUYecKOi

3N1eKTPOJUHAMHKE, OH [OJKEH He- Pic. 186
NpepeIBHO H3JyyaTb 3JACKTpoMar-

HHUTHBle (cBeroBble) Bouubl. [lpoumecc M3MydeHHMT COMPOBO-
Kaerca norepell 2HEPIrHK, TaK UTO JEKTPOH JOJIKEH B KO-
HeYHoM cueTe ynacrte na siapo (puc. 186).

§ 62. Hocryaars bopa. Onwir ®panka u Tepua

B npeasiayiiem naparpage Obl10 BLISICHENO, UTO fAAEp-
Has MOJEJb aTOMa B COUETAHHH ¢ KJAACCHYECKOH MeXaHUKOH
M 3JeKTPOAUHAMHKOH OKazaJjach HeClnocoOHO OOBACHUTD
HH YCTOUHBOCTL aTtoma, HH XapaKTep aTOMHOTO cCiexKrTpa.
Boixoq w3 cospaBuierocst tynuka Obli Hafiged B 1913 T
aarckuM ¢usunkom Huabcom Bopowm, npasna, ueHoil BBeje-
HUS OpeafoJo:Kelnil, NPOTHROPEUALINX KaK KJIaCcCHYeCKOH
MeXaHuKe, TaK H KJjaccuueckoil asekrpogunsamuke. Hony-
weHust, caenanusle bopoMm, comeprkarcs B ABYX BBICKa3aH-
HBIX HM NIOCTYJIaTax.

I. 13 OeckoHeuHOro MHOKeCTBa IVIEKTPOHHBIX OpOHT,
BO3MOXKHLIX ¢ TOUKH 3pPEHHST KJaCCHUECKOIl MeXaHHKH, OCy-
IEeCTBASAIOTCA B AeHCTBHTENLHOCTH TOJBKO HEKOTOpHIE [IH-
cKpeTHble opOHTLI, YAOBJETBOPAIOUIIE ONpe/le/icHHBIM KBaH-
TOBBIM YCJOBHSAM. DJEKTPOH, HaXOALMICA HA OOHON H3
THX OpOUT, HECMOTpsA HA TO, UTO OH JABHMKCTCS ¢ YyCKOpe-
HHeM, He H3JydaeT JeKTPOMATHHTHBIX BOJIH (cBeTa),

2. HanyueHue wucnyckaercss HJAH NOIVIOLAaeTcsi B BHIE
CBETOBOIO0 KBAaHTa 3HEPTHM hw MPH Iepexoje JaeKTPoHa
U3 OJHOro CralioHapHOro. (yCTOHYUHBOrO)  COCTOSIHHA
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B Apyroe. BennuuHa CBeTOBOro KBaHTa PaBHA. Pa3HOCTH
SHEPrufl Tex CTAUMQHAPHBIX COCTCSHHHA, MEXIY KOTODHIMHU
COBepIIaeTcss KBaHTOBLIH CKaYOK 3JIeKTpOHA:

ho=FE,— E,_. (62.1)
Yacrora mafiyyaemoll nunun GyneT pabna:
o En _ Em
O=F "

Ecan npoH3BoJbHYIO aJAHTHBHYIO NOCTOSHEYIO B BHIpa-
KEHMH I 3Hepruu BoOparth Tak, 4rodnl E obpainanach
B HyJb TpH YJaJeHHH 3JeKTpoHa OT sjapa Ha OecKoHeu-
HOCTb, TO Bce E; 6yayT MeHblle HyJis (AJs yAaJieHUs! 3JeK-
TPOHA OT SApa HY)KHO COBEPUIHTb HOJIOXKHTEJbHYI0 pabory).
TonoxuteavabiMu we Oyayr sBeauuunn (—E;/h). C yue-
TOM 3ITOr0 08CTOATENBLCTRA

o= (=) (- %)

C apyroff ctopoHLl, KaK MH 3HaeM,
o=1T{m)—T(n),

rze T({)>0 (cm. § 59).

M3 cpaBHenus nocienHHX JABYX BLIpakeHuil cljelyer,
4TO TepM € TOWHOCTBLIO O MHoxuTeasi (—I/h) paBeH 3Hep-
THH COOTBETCTBYIOILHEro CTallHOHAPHOIO COCTOSIHHA aroma:

En

T{n)=— 5 (62.2)

CyulecTBoBaHHe JAWCKPETHBIX 3HEpPreTHUecKHX YpoOBHCil
atoMa NOATBEpHAaeTca ONEITAMHU, OCyllecTBJIeHHBIMH PpaH-
koM B Tepuem. Cxema HX YCT4HOBKH npuBejeHa Ha
puc. 187,a. B TpyOKe, 3anciHEHHOH mapaMH pPTYTH INOJ
ne0oNbUINM fAaBJeHHeM (~1 mm pr. CT.), UMEJHCh TpPH
anektpona: karox K, cetka C u anox A. 3JeKTpPOHbI, Bbl-
JieTaBillHe M3 KaToJa BCJeACTBHE TepPMO3JEKTPOHHOH 3MHC-
CHH, YCKOPSIJINCH PA3HOCTbIO NOTeHLHanoB U, npuieoxeHHol
MEXIXY KaToaoM M ceTKOH. DTy pasHoCTb TNOTEHLHaJoB
MOXHO OBLTO NJAaBHO MEHAThH C IIOMOIbIO noTenuuomerpa f1.
Mexny cerkoit W aHOJLOM CO3JaBajnoch cnaboe dJeKTPHYE-
croe noJie (pasHocTb noteHuuanos nopsika 0,5 8), Topmo-
3uBlLlee JBH:KeHHE 3JeKTPOHOB K aHoay. Ha puc. 187,60
NOKa3aHO H3MeHeHMe NOTEHLHAJbHOH 3HEPruH 3JIeKTPOHA
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Ep = —eq Mexay 3/1eKTpogaMy NPH PASAUYHBIX 3HAYCHHAX
HanpsiKeHHsl Mex/[1y KaToJOM H CeTKOi (¢ — moTeHiualk
B COOTBETCTBYIOIel TOUKE n0J).

£

5

YA

1
+
[}
1
1

&
AN

K
B
&)

o 4

X
Sk
X

7,
Puc. 187.

Onpeneasnach 3aBUCHMOCTb CUJIBl TOKA [ B [leNH aHOAA
(uamepaBwelica ransBanoMerpom [') ot Hanpsokerust U.
IlonyuenHnsie pe3ynbTaThl Npes-
crapienbl na puc. 188. Cuaa 1o-

Ka BHauajJe MOHOTOHHO BO3pa- /\
craer, JOCTHTA@eT MaKCHMyMa it
upg U =49 8, nocne wuero c / /‘
naaphefimiuMm  yBeauuenunem U

pesko najzaer, JOCTHraeT MMHH- '
MyMa H CHOBa HauHHaeT pacTH.
MakcuMyMBl CHJIBI TOKa NOBTO- U \Y
psnotesa npu U, pasnom 9.8 s, J
147 6 u 1. 1. 1).

Takoit x0X KpHBOfl ofbsicus- ¢ 49 98 H7 Ys
eTcst TeM, YTO BCJIEJACTBHe JHCK- Puc. 188,
PETHOCTH 3HEpreTHYECKHX YpPOB-

Hell aTOMbl MOTYT BOCHPHHUMATh JHEPTHIO TOJbKO oOllpeje-
JIEHHBIMH HOPLHAMH:

AE,=E,—E, audo AE,=E;—FE, u 1. 1,

rae Ey, Eq, Es, ...—3neprun l-ro, 2-ro, 3-ro u 1. A. CTa-
[LAOHAPHOTO COCTOAHUS.

!} TlpakTHueckH MaKCHMYMbI [OAYUAIOTCA NpW Hampsikenuax 4,1 a,
9,0 8, 139 8 u 1. K., uTO OBYC/AOBICHO HA/MHYHEM, HAXe NPU OTCYTCTBHH
H3BHE DPUKAAALIBAEMOrO HaNpsikKeHHs, KOHTAKTHOH DA3HOCTH NOTEH((HA~
JIOB MEXJY aseKTpoaamy nopsjka 0,8 a.
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Ilo Tex mop, MoKa 3Heprus 3JeKTpoHa Medblile AE,, co-
yAapeHHs MeXAy 3JeKTPOHOM H aTOMOM PTYTH HOCSAT ynpy-
TUH Xapakrep, NpHYeM, NOCKOJBKY Macca 3JeKTpOHa BO
MHOTO pa3 MeHbLIe MAacchl aroMa pPTYyTH, 3HePrus 3Jek-
TPOHa IHPH CTOJKHOBEHHAX HPAKTHUECKH He H3MeHseTcs.
HacTb 3/JeKTPOHOB 110n1afAaeT Ha CeTKy, OcTadbHble Ke, npo-
CKOYHB Yepe3 CeTKy, AOCTHraloT aHojxd, co3/JaBasi TOK B
uenu ragavBaHoMmerpa [. Uem Gosibuie CKOPOCTL, ¢ KOTOpOIl
9J€KTPOHBl JOCTHTAlOT ceTKn (deM Goaoule U), Tem Gob-
we OyleT HOJA 3J€KTPOHOB, NPOCKOUHBLINX Uepe3 CeTKy,
1 TeM, C/lefoBarejibHO, Gogablue Gyaer ciala ToKa |

Koria sneprusi, makan/juBaemasi 3JeKTPOHOM B HpOMe-
JKYTKe KaTO4 — ceTKa, MOCTHIaeT HJAH mpeBocXxogut AL,
CoyJapeHus nepecralT OBITH YIPYTHMH — 3JeKTPOHBI NpH
yaapax o6 aTtoMmbl nepefgaior uM sgepruio AE, u npogoa-
KaoT 3aTem ABUraTbhes ¢ MeHbmiefl ckopocroio. ITostomy
YHCJIO 9J€KTPOHOB, MOCTHIAIOUUIX alola, yMeHbliaercs. Ha-
npumep, npn U = 5,3 ¢ axexkrpon coobilaeT atoMy 3IHep-
ruio, cooTBeTcTBYIOMYIC 4,9 6 (uepsmil noteuunan Bo3Gy-
XKIAeHHA atoMa pPTYTH), M IPOAOJKaeT ABHIATLCS C SHep-
rueit 0,4 3s. Ecan paxke Taxoil 3JeKTPOH OKaMeTcs Mexy
CeTKOH H aHOJOM, OH He CMOMKEeT MpeofoJeTb 3alepiKiu-
Baloillee Hanpstkenne 0,5 6 u Oyner rosspauien obpaTio
Ha CETKY.

Arombl, moayuHBiUHe NpH COYAdpeHIH C 3JIeKTPOHaMH
sHepruio AE;, nepexoisT B Bo30yxiiJeHHOe COCTOsIHHE, K3
KOTOPOrO OHH CHIYyCTsl BecbMa KopoTkoe BpeMs (~ 1078 cex)
BO3BPallaloTCsl B OCHOBHOE COCTOsiiMe, H3Jydas CBeTOBOIl
kBant (Qorton) c uacroroil o = AE,/h.

Ilpn HanpsaKkenuu, npesmulatowes 9,8 8, 37eKTpPoH Ha
MYTH KaTOJ -— &HO; MOJKeT JBaxK]bl NpeTeprneTb Heynpyroe
COyAapeHHe ¢ aTOMaMH PTYTH, TepsAs HOPH 2TOM 3HEPruIo
9,8 8, BCJaEACTBHE Yero CHJIA TOKA | CHOBA HAUHET yMeHb-
warbest. [1py eiie GosiblieM Hanpsi:KeHHH BO3MOMKHbL TpeXe
KpaTHbBle Heynpyrse coyAapeHHd 3JeKTPOHOB C aTOMaMH,
4TO NPHUBOANT ¥ BO3HUKHOBEHUIO MakcumyMma npu U=14,7 s,
HT. A

Ilpn mocrarouHoM pas3peKeHHH MapoB PTYTH H COOTBET-
CTBYIOLIEll BelHYHHE YCKOPAICUIErOo HANDSMEHHS 3JEKTPOHbI
3a BpeMf JO CTOJKHOBEHHSI ¢ aTOMaMH MOTYT npuobperari
CKOpOCTb, JOCTATOYHYIO [JI MepeBcla aToMa B COCTOsIHHE
¢ snepruelt £3. B stom cayuae na xpuBoii [ = f(U) naGao-
JAal0Tcs MaKCUMyMBbl NpH HanpsKEHHSX, KPaTHLIX BTOPOMY
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noTeHuHany Bo3Oyx<AeHUs aToMa (Ana PTYTH 3TOT HOTEH-
uuan paseH 6,7 8), WU NIPH HaNpaAKeHHAX, PABHbLIX CYMMe
TIepBOTO M BTOPOro NOTEHUHAJIOB BO3OYKIeHHs 1 T. A

Takim obpasom, B onbitax ®@pauka u [epua Henocpea-
CTBEHHO OoOHapy:KuBaeTcs CyLleCTBOBaHME Y aToOMOB -
CKPETHBIX IHepreTHUYECKHX YDOBHeIL.

§ 63. dnemenrapuas OopoBcKas Teopud
BOAOPOJHOFO aroma

bop npenanosoxita, 4TO 13 BCEX BO3MOKHBIX OpPOHT
5JCKTPOHA OCYLLECTB.JISIOTCH TOJBKO Te, AJd8 KOTOPBIX MO-
MEHT HMAYJbCa PaBeH LeJ0MY KpaTHOMY nocrosuuoit [1aau-
Ka i1, nenennoi na 2.

mevr=nh (n=1,2 3, ... (63.1)

Uncao n HasbiBaercs TAABHBIM KBAHTOBB M Uic-
ao M. IlocrosuHast h umeer 3HaveHue (H3.2).

PaccMOTpUM 3J1eKTpOH, ABHIKYILHICS B 1I0Je ATOMHOTO
aapa ¢ 3apsagoMm Ze. Ilpn Z =1 Takas cucreMa COOTBer-
CTByeT aTOMy BOAOPOMNA, NMpH HHLIX Z— BOAOPOAONOI0E-
HOMY HOHY, T. €. aTOMy C NOPSAKOBLIM HOMEPOM Z, U3 KO-
TOpPOro yJAaJeHbl Bce 3.1€KTPOHBI, Kpoie oixoro. Coraacho
BTOPOMYy 3aKOHY lwloToHa npousseienHe Macchl 3JeKTpo-
Ha M, Ha €ro UEHTPOCTPeMHTEILHOe YycKopewue vX/r no.-
JKHO PABHATLCA KyJOHOBCKOH cHie:

" v?  Ze?
“r r?

. (63.2)
HMcekmouas v us (63.1) u (63.2), noayuaem, uto pajuyc
3JeKTPOHHBIX OPOMT B aTOMe MOKeT NPHHHMATL JHILb P
JUCKpEeTHBIX 3Ha4eHull:
Fo= o (n=1,2 3,...) (63.3)
n mple? T T n e :
Js nepBoii opOHTEl BOAOPOAHOTO aToMa (Z =1, n=1)
110J1yYaercs

Fr= ol = 0,529 A, (63.4)

T. €. BeaHwiHa 7DOpsAAKa TIa30KHHETHHECKHX DpasMepoB
aroMa.
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BHYTpeHHASt S3HEPTHA aTOMa claraercs H3 KHHETHHEeCKOH
SHEPrHH 9JIeKTpOHa (AAPO HEmOABHKHO) H 3IHEprHH B3aH-
MOJEHCTBHA 3/7IeKTPOHA ¢ AAPOM (NIOTEHIHAJbHOH 3HepruH):

_ mev? Ze?
E = -
Uz (63.2) caeayer, uto
mpu?  Ze?
2 T or
CaepnoBaTtesbHO,
Ze? Zet Ze?
E=r G =5

Haxkonen, yurs sHauenns r, jaBaembie (63.3), nosyunm fA0-
[F=, 3BOJIeHHble 3HAUGHHs BHYTPeHHeH 3Hepruu

o —— aroma:
£ mee* Z*
J En=——2€5—2—-~;‘§' (fl==1, 2, 3, ...). (635)
& Cxema HEPreTHUYECKHX ypOBHEﬁ, onpe-

nensembix (63.5), nana na puc. 189.

ITpu nepexoae atoma Bogoposa (Z = 1)
H3 COCTOSIHUSL 1 B COCTOSHME /17 HCIYCKAEeT-
¢l KBAHT

Lot (L)
bo = 2h? (112 m2)"

Yacrora HCIYLIEHHOTO CBeTa paBHA

meet 1 1
O= "o (7{2‘"71?)'
Taxum o6pasoM, MBI NpUliH K 0600-
weHHoit Qopmyne Banbmepa (59.7), mpu-

ueM JAJst nocrosiHnoil Puibepra noJyuaer-
csl 3HaueHue:

Puc. 189 R =T (63.6)
. 189, = 55 - )

Ecin NOACTaBHTL B 9TO BbipaXKeHHe 3HaueHHS BXOMASIUUX
B HEFO KOHCTaHT, MOJYy4aeTcsl BeJHYHHA, NOPa3HTeJbHO XO-
pOIIO COrJacylollancs ¢ JKCHePUMEHTaJbHLIM 3HAYEHHEM
noctoannoi PunGepra.

Hrak, coBnagense BBLIBOAOB TeopuH Bopa ¢ onbiTHbIMH
HNaHHBIMH /51 BOJOPOJdA He OCTEBJfAET KesiaTh JYYLIEro.
Teopus Bopa 6blia BecbMa KPyNMHbIM LIaroM B Pas3BUTHH
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Teopuu aroma..OHa ¢ TOAHON OTYETJUBOCTHIO IOKAa3ana
HENPUMEHHUMOCTL KJACCHYECKOH (H3MKH K BHYTPHATOMHBIM
siBJIEHUSM M TJIaBeHCTBYIOLlee 3HAuYeHHe KBAHTOBHIX 3aKO-
HOB B MHKpPOMHDE.

M3noxeHHas Bblle 3JieMeHTapHas teopus Oblia B Teye-
HHe [OCJHeAyIOUlero HAeCATHJACTHS MNOABEprHyra JAaJjbHell-
LleMy pa3BHTHIO H YTOUHEHHAM, C KOTOPBIMH MBI HE CTdHeM
3HAKOMHTbLCA, NOCKOJBKY B HacTofllee BpeMs Teopust Bopa
HUMeeT MNpPEHMYLLEeCTBEHHO HcTopHuecKoe 3sHauenue. [locie
NepBhIX YCIIeXOB TeOpPHH BCe sicHee AaBaniu cels 3HAThL ee
nejgoueTsl. OcoGeHHo TArOCTHOH Obia Heygauya BCeX MOMbi-
TOK IOCTPOCHHS TEOPHH ATOMA TeJUHA — OJHOTO U3 NpocTeil-
KX aTOMOB, HENOCPEACTBEHHO CJENYIOLero 3a aTOMOM
BOJOPOAA.

Camoli caaboii cropoHoil Teopuu bopa, oOycaoBubuiel
noc/esyioulie Heygauu, Oba ee BHYTPEHHSA JOruueckas
NPOTHBOPEUUBOCTL: OHA He Oblja HH MOCJAeJ0oBaTeNbHO KJac-
CHUeCKOH, HM MOC/eJ0BATEJNbHO KBAHTOBOH Teopuell. B Ha-
CTOsillee BpeMsl, MOCKe OTKPBITHA cBOeoOpa3HBIX BOJIHOBHIX
CBOfiCTB BelllecTBa, COBeplIeHHO fCHO, uTo TeopHa Dopa,
onupaiwotfiasicss Ha KJIacCHYeCKYI0 MeXaHHKY, Morja ObTh
TOJLKO NEepeXOAHBIM 3TalloOM Ha NMYTH K CO3AaHHIO NOCJ]eI0-
BaTe/IbHOIl TEOPHH aTOMHBIX SBJIEHHIL.



FTABA XI

KBAHTOBOMEXAHHWYECKAS TEOPUSA
BOAOPOINHOIO ATOMA

§ 64. I'unoresa pe-Bpofinsn. Boanosble cBOHCTBA BeulecTsa

Henocratoynocrs Teopuu DBopa caesana HeoOXOAMMbiM
KPUTHUYECKHI NMepecMOTP OCHOB KBAaHIOBOH Teopuu H nped-
CTaBJIeHUI O NpUPOJE 3JCMEHTapHBLIX YACTHUL (SJEKTDOHOB,
npotonoB u T. 1.). Bo3Hux Bompoc o0 TOM, HACKOJbKO
MCUEPNBIBAOMIMM  ABJASETCS  [PEACTAB/AEHHE  3JEKTPOHa
B BHIe MaJOH MexaHudcCKOH uYacTHIBl, Xapakrepusye-
MOH onpejefieHHbIMU KOOpIHHATAMH U Onpeje/elHoil cKo-
pPOCTBIO.

B pesydbTaTe yrayOgdedus HawlX 3HaHuil o NpHPOAE
CBeTa BLISICHMJOCH, YTO B OfITHYECKUX fABJEHHAX OOHapyKu-
paeTcsl cBoeoOpasupiil ayaausm {cm. § 57). Hapaay c ra-
- KHMH CBOfICTBAMH CBeTa, KOTOpble CaMBIM HeNocpPeACTBeH-
HBIM 06pa3oM CBHAETEeALCTBYIOT O €ro BOJHOBOI MpHpOAe
(untepdepenuns, AMdpakuna), HMeEOTCT H ApPyrue CBOMi-
CTBa, CTOJIb K€ HEeNOCPeACTBeHHO OO0HapyXKHBamUlHe ero
KOpNyCKYJAsApHYI0 npupody (dorosddekr, spaesne Komm-
TOHA).

B 1924 r. Jlyu ne-Bpoilib BbIABHHYJ CMeJyi0 THIOTE3Y,
4yTO AyaJiu3M He sBJsdeTcsi 0cO0eHHOCTBIO OXHHUX TOJBKO
ONTHUECKUX ABJEHHI, HO HMeeT YHHBepcaJbHOe 3HaueHue.
«B onruke, —nucaa OH,— B TeueHHe CTOJETHS CJHILIKOM
npereQperajiu KODHYCKYJASIpHBIM crnocoBoM paccMOTpeHus
10 CpaBHEHHIO C BOJHOBBIM,; Iie Ae€JajJach JH B TCOPUH Be-
uecTsa obparHas omubKa?»

Jonyckas, uTO YacTHLbl BelLecTBa HapsIAy ¢ KOPHYCKY-
JISPHBIMH CBOHCTBAMH HMEIOT TaKxKe H BOJNHOBHIE, Ae-Bpofiap
nepeHec Ha cJAy4afl vacTHIL BeLyecTBa Te Ke MpaBuia me-
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pexoza OT OJHOH KapTHHb K IAPYroR, Kakde CIpaBelJHBHI
B cayuae ceera. PoroH, Kak H3BecTHO [cM. dopamvanl (57.1)
u (57.4)], obnanaer sneprueii

E=ho
U HUMIOYJAbCOM

Ilo upee me-Bpoiins, ABnMeHHe 3JeKTPOHA HAUW KaKOM-
au00 JpYrofl 4acTHUbl CBA32HO C BOJHOBBIM HDOLECCOM,
JJIHHA BOJIHLI KOTOPOTO paBHa

2nh 2nh )
=T = (64.1)
a yacrora
E
0=+ {64.2)

['unotesa pe-Bpoitas Bckope Oblia GuiecTsiie TOATBEp-
dJeHa 3KchnepuMeHTalbHO. [3Buccon u Jlxkepmep obnapy-
MU, UTO TYYOK 3JEKTPOHOB, PacCeHBaIOIHMACA OT Kpu-
CTAJVINYECKOH NJacTHRKH, HaeT AHDPAKHUUOHHYIO KapTHHY.
ToMCOH W He3aBUCHMO OT Hero
TaprakoBCkHlt NOAYUHAH  JH- Eoma-
()pakIHOHHYIO KapTHHY IPH NPO- Comen TN
XOXIAEHHUH 3JEKTPOHHOTO TNyuka
uyepe3  MeTaqaHuecKkylo (OJbLTy.
OnbiT OCyLIECTBASMICA CJeAyIo-
wuM o6paszom (puc. 190). Tlyuok
9JIEKTPOHOB, YCKOPEHHBIX Ppas-
HOCTbIO TIOTEHLNAJO0B TOPSAAKa
HeCKOJNbKHX JeCcATKOB KHJ/IOBOJBT, Pic. 190.
HPOXOAHJI Uepe3 TOHKY!0 MeTalt-
auueckyo (osbry u nonagan una $oronaacTuhxy. IDiack-
TPOH LPH yAape o GOTONNACTHHKY OKAa3LIBAET HA Hee TaKoe
JKe peitctBue, Kak H QoroH. [lonyuennass TakuM cnocofom
sJeKTpoHorpaMma 3ojota (puc. 191,a) comocrasnena ¢
NOJAYYEHHOH B AHAMOrMYHLIX YCJAOBHAX PEHTTeHOrpaMMoil
amomuunst (puc. 191, 6). Cxoncrso ofeux kKapTHH HOpPask-
TEeJBbHO.

Ulteps n ero cOTpyAHHKH NOKa3aJjH, uTo AH(PAKIHOH-
Hble ABJeHHA OOHAPYKHUBAIOTCA TAKIKE Yy aTOMHBIX H MoOJe-
KyJspHBIX nyukoB. Bo Bcex mnepeuMcleHHBIX —cayuyasx
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ZudpakiUHOHHAS KAPTHHA COOTBETCTBYET HJIMHE BOJHBI, Ofpe-
AeasemMol cootHollenneMm (64.1).

W3 onucaHHLIX ONBITOB ¢ HECOMHEHHOCTBIO BbiTe-
KaeT, 4TO NYYOK MUKPOUACTHH ONpPeJeJeHHOH CKOpPOCTH H

Puc. 191.

wanpapjenus naer NUPPAKUHOHHYIO KapTHHY, MOAOGHYH
XapTHHe, TOJYHaeMOil OT NJIOCKOH BOJIHBL.

§ 65. Ypasuenue Hlpepuurepa

OGHapyskKeHHe BOJHOBBIX CBOHCTB MHKPOUacTui') ceu-
AETENbCTBOBAJIO O TOM, UTO KJacCHUECKasi MeXaHHKa He MO-
JKeT J[arb MPaBHUABHOTO ONHCAHHS [OBeleHHd NOROOHLIX
yactull. Bo3nukia 1eoOX0AHMOCTb CO34aTh MeXaHHKY MUKDO-
YyacTHL, KOTOpas yunThiBasa 6ul TakKe H HX BOJHOBBIC CBOIl-
crea. Hopasa mexanuxa, cosganuasi Ulpenunrepom, laiizen-
6eprom, Jupaxom u ApyruMy, NOJyYuIa HA3BAaHHe BOJH O-
BON HIM KBAHTOBON MeXaHHUKH,

OcHOBHEIM ypaBHeHHeM KBaHTOBOH MEXaHHKH siBJfeTCH
ypasuenre IHpeaunrepa. [logo6uo TOMY, KaK ypaBHEHHS
puHamukn Heiorona He MoryT ObiTb MOJYUYEHBI TEOpeTH-
YeCKH, a IPelACTaBasioT coboii ob6obienne BOIbIWIOTO YHCa
ONMLITHEIX (axkToB, ypasuenue [lIpenuurepa TakmKe Hesab3d

1y MukpouacTHUaMu Ha3bIBAIOT 3/eMeHTAPHLIE YACTHILL (3CKTPOHUI,
pOTOHBI, HEHTPOHLI H APYFHE HPOCTBIE HACTHUBI), a TaKMe CI0MHbIe
4acTHIB!, 00pa3opanible M3 3/AeMEHTAPHLIX 4YacTHll (MOJEKYJILl, aTOME,
AApPa aTOMOB 4 T, 1.).
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BHIBECTH H3 KaKHX-JHOO H3BECTHHIX paHee COOTHOIUEHHH.
Ero caepyer paccMaTpHBaTb Kak HCXONHOE OCHOBHOE Npeil-
NOJIOXKEHUe, CIPaBeJJHBOCTL KOTOPOro JA0Ka3blBaeTCs TeM
06CTOATENbCTBOM, YTO BCE BLITEKAIOUIHE H3 HEro CJeACTBHS
CaMBIM TOYUHBIM 06PasoOM COrJIACYIOTCH C OMNLITHBIMH (ak-
TaMH.

Cocrosinne MHKPOYaCTHIlLl ONUCHIBAGTCA B KBAHTOBON Me-
XaHHKe TaxK HasblBaeMO# BOJNHOBOH ¢y M KILHeIMH, KOTO-
py1o npuusato cboszrauath O6ykBoil W. Ona siBasierca yHK-
nuefl KOOpAMHAT Y BPEMEHH B MOXeT OLIThb HaHAeHAa NYyTeM
pelleHHst ypaBHedua:

h? .. 0¥

310 ypasHenne Ob1o ycrauoeaeno IHpenuurepom B
1926 r. u HasmiBaeTca ypasuennem Ulpenunurepa
co BpeMeHeM (HIM BpeMeHHHLM YypaBHEHHEM
Hpenuurepa). Beauuunnl, BXoagauiue B 310 ypasiieHile,
UMEIOT CJeNylollHe 3HAYeHU:A:

[ — MHHEMas eIHIHua;

h — nocrosinuas [lnauxa, genennas na 2z,

m — macca YacTHIIH; .

A — oneparop Jlannaca (A‘I’ =7 -+ %ylf,i-{—%)-

U — norenuuanblias 3HEPrus yacTHIbL.

Kax caenyer n3 ypabuenust (65.1), BIL BOJHOBOH ¢yHK-
puu ¥ onpepeasercs noreHumasbuoil sueprueit U, 1. e, B
KOHEUHOM CYeTe, XapaKTepOM TeX CH.J, KOTOpble AEHCTBYIOT
na vactuny. BooGuie roeopa, U ects QPyHKIUHA KOOPAUHAT H
epeMenH. [IJIsl cTallMOHAapHOro (He MEHSIIONIEIoCs CO BpeMe-
neM) cuaoporo noast U He 3aBHCHT ABHO OT BpeMeHH. B no-
chenieM cayuyae BosHoBast ¢pyHkuusa W pacnapaerca Ha ABa
MHOXKHTEJSE, OJJHH H3 KOTODBIX 3@BUCHT TOJALKO OT BPEMEHH,
ETOPON — TOJBKO OT KOOpAHHAT:

Wx, y, 2, )=e~ EWIY(x, y, 2) (65.2)

(L — nosas sHeprus 4acTuls).
B camom aene, noacrazoska ¢yuxuuu (65.2) B ypas-
LeHHE (65 1) naert:

Ave=i EDt 4 Upe=i B jh (__ i f_>¢ —i(Emt,

.Zm
Conpamaﬂ BCE UYJIEHLI 3TOrO ypaBuemm Ha 06111,}/111 MHOXKH-

#
teas ¢~ ™M 4 npoussens cooTmercTBYOIME NpeoBpasoBa-
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HUA, HOJNYyudM JHPdepeHuHalbiHOe ypaBHEHHE, ONpenesio-
uiee QYHKUHIO §:

2m
Ay + = 7z

(E=U)yp=0, {65.3)
Ecau dyuxnus U 3aBHCHT OT BpeMenH sIBHO, TO M pellelne
nocjaeHero ypaBHeHHs — yHKUUA P — GyfeT 3aBHCETH OT
BPeMCHH, UTO MPOTHBOPEUHT MpelnojoxKeunio (65.2).

Ypapuenue (65.3) waswiBaercs ypasuenuem Ilpe-
AMHTEpa AAA CTAUUOHAPHBIX COCTOANMUI (1an
ypasnenunemM Hipexguurepa 6Ge3 Bpemennu).
B masnsuefiiieM mMbl 6yJeM Ha3biBaTh ero MPOCTO ypaBLEHHEe!
penuurepa.

K ypasuenmnio Ulpeanurepa Moxuo npeiitad nyTes cic-
JywoIiuX paccy:KAeHui. M3 onpltoB no AMQPAKUUH MUK[O-
YacTHI] BHITEKAET, YTO MapasJebHLI NYuOK dactuy cfia-
JaeT CBOHCTBAMH MJOCKOI BOJIHBL, PACHPOCTPaiisliClLicy B
HANpaBJeHuH JABHXKEHHA 4vacTUIL. YpapieHue NIOCKei nod-
Hbl, PACOPOCTPAHSIOUIEHCH B HANpapjAeHUH OCH X, LUMEeT,
KaK M3BECTHO, BHI:

E(x, ty=acos (J) Q?n x}.

310 BLIpaXXeHHe 4acCTO NHLIYT B KOMIUICKCIOM BHLL:

£ (x, t)==ae_i(”z“2%'x), (65.4)

noApasymenasi, 4To HajA0 MNPHIHMaTh BO BHHMAalUe Beufe-
CTBEHHYI0 4acTb 3TOro swuipaxkenus [em. 1. I, ¢dopmy-
ay (79.9)].

CoraacHo runotese je-Bpoiiisa csofomHoMy ABHXKenuio
YaCTHIIbI COOTBETCTBYET I10CKas BOJHA C YacTOTOl @ =
= E/h u naunoil Boauel A = 2nk/p. 3amendas o u A B Bupa-
xKenuu (65.4) sHepruefl H HUMOYJALCOM YACTHULL, NOJY4UM
BOJIHOBYI0 (DYHKUHIO AJ151 CBOCOAHCH “aCTHIBI, XBHIKYLICHCS
B HampaBJeliHH OCH X:

14

W(x, )=ae (G - (65.5)

Yro6el nafitn augdepennnaisioe ypaBueHHe, KOTOPOMY
yaopiaersopser ¢yuruus (65.5), Bocmonb3yeMest COOTHOMUE-
uuem mexay E u p:

) _ ae_% (Ef=px)

E=P, (65.6)
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Iponuddepenuuposas ¢ynkuuio (65.5) oxuu pas mno f, a
BTOPOH pa3 JABax bl MO X, NOJY4YHM:

v iy
dt h v,
ﬂM ___i 21f_,__]_ 2\
ox* ( h p) V= B P v

M3 stux cootnomenufl Moo Bupasuts £ u p? yepes Qyux-
uuio ¥ M ee npou3BOJHDbIE:

h odr 1 .. V¥ |
E=—7 5w =t
v 1
p? /Z ('—)XZ IP‘

Moacrapnas nocaenuue Buipaxeuus B cooTuouienue (65.6),
nosyunM AH(QepennuanbHoe ypaBHeHHe:

h® 0% o OF

2m Ox* ! ot
Ecan nanpasJeiide BOJHBEI He COBNAajaer ¢ OCbio X (HJau
y, wan 2), aza xoJjebanHil OyJIeT 3aBHCETb OT BCEX KOOp-
amuar: X, y ¥ 2. MoKuo noxkasatb, 4To B 3TOM cayuae aud-
¢depenunalbHOE YPABHCHAE HMEET BHA!

___hi(d»"‘[’ Lo a~'1f)_ . OV
o2m \ Ox? oyt FY e TR

[Toayueunoe ypasnenue coBmajgaer ¢ ypasicuuem Ilpe-
aunrepa (65.1) ana cayuas U =0 (uactHua no ycaosH!o
csoboana). Tloacranosxka (65.2) B 3T0 ypaBrenHe (Takas
HOoACTAaHOBKA npaBoMepHa, Tak kak U =0, 1. e. ne sapucur
ot ¢) npuBosuT K ypasHenuto Ulpearirepa s cranponap-
HBIX COCTOAHUI:

Mp+ 2 Ep =0, (65.7)

10 ypaBHeHUe COBMAAAeT ¢ ypasuenuem (65.3) mas cayuan
U=0.

Takum o6pasom, Mol noayunau ypapuenue [Hpeauurcpa
Ads ceoGOAHO ABMKYLleHcs uvacTHubl. Teneps caeayer 06-
ob6uinTs ypaBHenne (65.7) Ha ciayuail yacTHIb, HBHKYILeHCSH
B [OTEHIHAJBHOM II0JI¢ CHMJI, KOrja moJauas asueprus E cia-
raeTcd M3 KHHeTHuecKkofi sueprun T H TOTEHLHAAbHON
suepran U.
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B cayuae csoGoanoil wactuumel noduas sHeprus E cos-
nanaer ¢ KuHetnuecko#l T, tak uro Benuuuny E B ypasue-
HHH (65.7) MOXKHO TpaxkTOBaTh JKGO KaK MOJAHYIO, JHEO KaK
KHHEeTHYeCKyI0 3Hepruio uactunel. O6o6uias ypaBHeHHe
(65.7) na cayuail ABHIKEHMsI UaCTHHLI B NOJE CHJ, HYXKHO
PeIHTb BONPOC O TOM, 4YTO CJAeAyeT NOApasyMeBaTh sl Ta-
KOHl 4acTHIB! NOJ BeJHUKHOH E: MOJHYIO WM TOJbKO KHHE-
THUECKYI0 3Hepruio. Ecau npuusites, uro £ — nosnasi aHep-
THA vacTHubl, oGo6IieHHOe ypaBHeHHe, ompejeqsioliee P,
4 3HayuT, U caMa v He Oyjer 3aBuceTb o1 BuAa Gyuruuu U,
T. €. OT X2PaKTepa CUJIOBOTO NnoJas. JTO, OUEBUIHO, HE MOXKET
COOTBETCTBOBATH JEHCTBHTEAbHOMY HOJOXKeHHIo Bemelt. [lo-
3TOMY cJelyeT NPH3HATH, UTO MPH HAJHYHH CHJ, JeHCTBYIO-
IIMX Ha uvacTHiy, BMecTo E B ypaBHenue (65.7) wHyxHO
EBECTH KHHETHYecKylo sHepruio uactuun I = E-— U. Tlpo-
U3BeJls TAKYIO 3aMeHY, Mbl MpHJeM K ypasHeHHi0 (65.3).

Uro6nl npegocrepedb UHTATEA OT MHOTJA BCTpeualolle-
rocst 2a6JyKAeHUs, 1e06X0IUMC elle pas MOAYEePKHYTb, 4TO
NpUBeJleHHblE HAMHM pPacCyKJASHMA He MOTyT paccMmaTtp-
BaTbcsl Kak BeiBoA ypasuenns Ilpeaunrepa. Mx memp—
HOSICHINTh, KaKUM 00Pa3oM MOKHO OblJio NPHATH K YyCTalOB-
JIeHHIO BUAa BOJAHOBOrO YpaBHeHHsl AjaA MUKpouacTuunl. Jo-
Ka2aTeJbCTBOM e npasuavuocTH ypasaenua Ulpenunrepa
MOXET CAYXKHTb JUUb COrJlacHe ¢ OMNBITOM TeX Pe3yJbTaToB,
KOTOpLIC NOJYHAIOTCs ¢ MOMOULBIO 3TOr0 YpaBHEHHS.

§ 66. KeantoBoMexaHHYecKoe ONKCaHie
JIBHXEHUSA MUKPOUACTHL

CoorHeouiedne MexAy BOJHOBOH dyukuued W u onuch-
EacMol ero yacTHlell aHaJOrMuUHO COOTHOINEHHIO MeXKAY CBe-
TOEOH BOJHO H ¢oToHOM. B § 87 MBLI YCcTaHOBHJH, YTO KBa-
JIpaT aMIINTYAbI CBETOBOMN BOJIHLI ONPelessieT BepOATHOCTb
nonananys (pOTOHA B COOTBETCTBYIOLIYIO TOUKY npocTpail-
ctea. TouyHO TaK 3Ke KBajapar MOAYJs ') BOJHOBOH QyHKIHH
JI51 KaKol-1160 TOUKH NMPOCTPaHCTBA, OYAy4YM YMHOXKeH Ha
BRAOUAIOIU B ce6s1 3Ty TOuxy aJeMeHT o6bveMa dV, onpe-
edisteT BeposiTHocTh 4P Toro, uto uwactuua 6yner oGHapy-
JeHa B npepenax ofbema dV:

dP =¥ P dV =WV 4V, (66.1)
'} BoauoBas (yHKRHRA K ee KBEajpaT fABJSIOTCH KOMIVIEKCHBIMM Be-

anuitiami. BepofiTHOCTb Ke MOMCT BLIPAXKaThCA TOALKO BeUECTBEUHLIM
YHCIOM,
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Takum o6pasom, ¢pusudeckuil cMbica Gyurunu ¥ 3akiao-
qaercsi B TOM, 4TO KBajApaTt ee MOAyJas JdeT MJIOTHOCTb Be-
POAITHOCTH (BEPOATHOCTb, OTHECEHHYIO K eAHHHUEe o0bema)
HaXOXJEHUS YacTHIbl B COOTBETCTBYIOLIEM MeCTe NpOCT-
paHcTBa.

Jas cranHOHAaPHBLIX COCTOSIHHI BOJIHOBASL (YHKIHS HMEET
BUx (65.2) u

P* o i (EfR) P fal® Lt
YY" = i (/R B . @ (EIH) L™ = qpnp”,

TaK YTO B 3TOM CJy4ae IJOTHOCTb BePOSITHOCTH paBHa yp*
H, CJ1eJOBATENLHO, OT BPEMEeHH He 3aBHCHT.

Mz ckasaHHOro BBITEKaeT, YTO KBAaHTOBAsA MeXaHHKa
HMEeT cTaTHCTHYecKH# XapakTep. Ona He NO3BOJsAET ONpe/e-
JIHTE MECTOHAXOXKJEHHE YaCTHLLI B MPOCTPAHCTBE HJHM Tpa-
eKTOPHIO, IO KOTOpoli ABm:kercsi uactuna. C MoMollbio BOJ-
HOBOH QYHKIHU MOK-
HO Jillb IpejacKa-
3aTh, C KaKO#l Bepo-
SITHOCTBIO ~ YacCTHLa
Moxer 6HITh 00HApy-
KeHa B passiuuHbIX
TOYKax NpoCTPaHCTBa.

S50 SRERTTPOH08

Ha nepBbiii B3rasi 1 a) & 8
MOXEeT I0Kas3athes,
YTO KBAaHTORAst Mexa- Puc. 192.

HUKA JaeT 3HAuH-
TeJLHO MeHee TOUYHOe U HCueplbiBaiolllee ONHCaHHe NBHIKE-
HHsl YACTHLBI, YeM KJ1aCCHYeCcKas MeXaHHKa, KoTopas onpe-
AEASeT «TOUHO® MECTONOJNOMKEHHE ¥ CKOPOCTb YaCTHIB B
Kamplii MoMeHT Bpemenu, OHAaKO B j€HCTBHTENLHOCTH 3T0
pe tak. KBauroBas MexaHuKa ropasfo rjydxe BCKpPLIBAeT
MCTHHHOE TOBefleHHe MIKpouacTHi, OHa JuUIb He Ompeje-
JsieT TOTO, Yero HeT Ha caMoM Aeqe. B npumeHesuu x mu-
KpOYacTHLAM TIOHATHS ONPEeAEJeHHOro MECTOHOJIOMXEHHA H
TPaeKTOPHH BOOOIE TepsiOT CMBICA. [IBHMKeHHe IO ompeite-
JIEHHOH TPAeKTODHH HECOBMECTHMO ¢ BOJIHOBBIMHU CBOHCTBa-
MH, YTO CTAHOBHUTCH COBEpIEHHO OYEeBHAHBIM, ecAd Npo-
4AHAJHU3UPOBATL CYLIECTBO ONLITOB MO AUGpaKIKH.
PacemMoTpuM AMQPAKUHKIO OT ABYX OJH3KO PACIOJIOKEH-
ubiXx orBepcthit (prc. 192). Bceaencrsue uHTepdepeHuuu
BOJIH, pacnpOCTPaHSIIOIIUXCSI OT OTBepcTHH, Au(paxiunou-
Hasl KapTHHA He Oy/JeT TOXAeCTBEHHA HAJIOXKEHHI IUQpax-
LIHOHHBIX KaPTHH, NOJyYaOLIKXCs OT KaXKA0r0 U3 OTBEPCTHH
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B OTHeABHOCTH (KkapTHua, moAyualowascs B cJaydae
puc. 192, a, He coBnajaer ¢ HaJOXEHHEM KAPTHH, NOJyYalo-
wHuxcs B cayuasx 6 u 8). CienosarenbHo, BEPOATHOCTb I10-
najaHust 3JeKTpoHa (MJAM KaKoH-1M6GO ApYroil MHKPOYACTH-
L) B pasjHYyHble TOUKHM 3KpaHa MPH NPOXOKAEHUH TyyKa
yepes o0a oTBepcTUs Taxke He OyAeT paBHa CyMMe BepoOAT-
nocTell AJs cayyaeB NPOXOXKAEHHS MYUYKa Yepe3 KaxKAOe U3
oTtBepcTuil B oTle bHOCTH. Otclofa Hen30eXHO CJeAyeT Bhl-
BOJ, UTO Ha XapakTep ABHIKEHHS] Ka:KLOFO 3JEeKTpPOHa OKa-
3biBAlOT BaHMaAHHe 00a oreepcTHsi. Takoil BLIBOJ He COBMe-
CTHM C Npejacrab/iendeM o Tpaexrtopusx. Ecan 6ul aexTpon
B KaXJblii MOMEHT BpeMeHH HaxoIW/ICAd B OIpefeseHHON
TOYKE NMPOCTPAHCTBA M. ABUraJcsl N0 TPACKTOPHH, OH NIPOXO-
Jua Opl uepes onpejeseHHOE OTBEPCTHE — NepBOe UAL BTO-
poe. flBJjenne e AH(paKkUUU JOKA3BIBAET, UYTO B NPOXOXKIe-
LHH KaX/I0ro 3JeKTpoHa yyacTByioT o6a OTBepCTHS — u Hep-
BOE, U BTOpOe.

He caenyer, onnako, npeictasisiTe AeJ0 TaK, YTO KaKasi-
TO 4acCTb 3JIeKTPOHA NPOXOAHT uYepe3 OAHO OTBEPCTHE, a
Jpyras uaeTb — yepe3 BTOPOE. IJJACKTPOH, Kak H Jpyrue
MHKpPOUaCTHLbI, Bcerja obHapy:KUBaeTCsi Kak LeJoe, ¢ NpH-
CYLIeH eMy Maccoil, 3apAJOM H APYIHMH XapaKTepHbIMU AJs
nero BesHuHHamMu. Takum 06pasoM, 3J€KTPOH, IPOTOH, aTOM-
1i0e AP0 NpeAcTaBaslioT coBOH “4acTuyvt ¢ BecbMa cBOe0l-
pasueiMu cBofictBamMu. OOGbluHbIl IAPHK, LaXKe ¥ OUeHb Ma-
JbIX pasMepoB (MaKpOCKONHUecKasl 4acTHLA), HEe MOXKeT
CJYXKHTh npoobpasoM MHKpouacTHuul. C yMeHblleHHeM pas-
MepPOB HAUHHAIOT NPOABJIATLCA KayeCTBEHHO HOBbIE CBOIi-
cTBa, He O6GHApYyKUBAIOWUECS] ¥ MAKpPOUYACTHIL.

B psane cayuaeB yTBep)kaeHHe OO0 OTCYTCTBHH TDPaeKTo-
pHll Y MHKDOUACTHL, Ka3a/10ch Obl, IPOTHBOPEUUT OINBITHBIM
dakraM. Tak, nanpumep, B kaMepe Buabcona nyTb, 10 KOTO-
pOMY ABHXKeTCA MHKpouacTuiia, oOHApy:KUBAETCHd B BHe
Y3KHX csae/loB {Tpekos), o0pa3oBaHNLIX KanesJdbKaMH TyMa-
Ha; JABHKEeHHe 3JIEKTPOHOB B 3JEKTPOHHOJAYueBOH TpyOke
IIPEBOCXO/HO PACCUHTBHIBAETCSA 10 KJACCHUECKHM 3aKOHaM,
M T. M. 3TO KaxKylieecs NPOTHBOPeUHe 0ODBACHACTCS TEM, YTO
IpH H3BECTHLIX YCJOBHSIX IIOHSITHSI TPAeKTOPHH H ompeje-
JIGHHOT'O MECTONOJOKEeHHSI OKa3blBAKTCA IIPUMEHHMBIMH K
MHKPOYACTHIAM, HO TOJbKO € HEKOTOPOH CTENEeHbIO TOY-
1OCTH.

[TosoxeHne 0Ka3wpIBAETCsl ONATH-TAKH TOUHO TaKHM, Kak
u B ontHke. Ecau pasamepnl nperpaj HAH OTBEPCTHH BeJHKH
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0 CPaBHEHHIO C MJIHHOH BOJIHBI, PaCnpoCTpaHeHHe CBETa
NPOUCXGAUT KaK Obl BJOJb ONpele]eHHbIX Jyuell (TPaeKkTo-
puil). Ilpu onpege/seHHBIX YCAOBHAX NOHATHS MOJOXKEHHS B
NPOCTPAHCTBE H TPAEKTOPHH OKa3blBAlOTCH MPHOJHKEHHO
NPUMEHUMBIMHE K JABHXEHHIO MHKDPOUAcTHL, NOZOOHO TOMY
KaK OKa3blBAeTcsl CHPaBeAVIMBBIM 3aKOH IIPSIMOJHHENHOro
pacrnpocTpaHenus CBeTa.

Crenenb TOYHOCTH, C KaKOil K YacTtuile MOKeT OblTb OPH-
MEHCHO IpeJCTaBJeHHEe 00 OnpeieleHHOM MOJOXKEHHH ee B
NPpOCTPancIBe, RaeTcsi COOTHOWIeHHEM uneomnpepe-
JdeHHOcTell, yecradosaennnM Tafizenbeprom. Cormacio
3TOMY COOTHOMICHHIO UYaCTHLA i€ MOXeT HMeTb OJZHOBpe-
MEUHO BHOJHE TOUHbIE =z
3Hauenus, Hanpumep, Ko- Sromiocms

ODIHHATBI X U COOTBET- 6’5770-‘7/77’”%”/”@'
cTByloniell 3Toil KOOp - 'y
;‘!Sze’ cocman‘moule;f A L § i

Mty Abca Py, IPHUCM HE . N
ONpPEeAENEHHOCTH B 3ua- “p §§
YCHHSAX  3THX  BeJHUHH r 28
Y ZOBJIETBOPAIOT ycio- N)
BHIO:

AxAp, > h. (66.2)

Takast 3anuchp o03na- Puc. 193,
yaer, UTo NpOH3BesieHie
HEOonpe/IciIeHHOCTeH KOOPAHHATH H COOTBETCTBYICILEro e
HMIOYJAbCa HE MOXeT ObIThb MeHblle BeJHuHHBLI nopsigka h.
HeM TOuHee OmpeXeJeHa OJlHA U3 BEJAHUHH, X HIH Py, TEM
foJibilie CTAIOBHTCA HeonpexpeseHHOCTs Apyrofl. Boszmoxkiint
COCTOSIHUS YACTHIB, MPH KOTOPHLIX OAHA M3 BEJNHUHH HMeEeT
BroJiHe TOUHOE 3HAaUEHHE, HO TOrja BTOpAst BeJAHUMHA GyHET
COBEpILIEHHO HEOlpefeNeHHO. .

CooTHowenusa, ananornupbie (66.2), cnpaBefunBL Ads
Jao00ll KOopAHHATE H COOTBETCTBYICUIEro eil HMIyabca, a
TaKk}e JJsT pPsAfAa APYCHX BeJHUUH, HANpPHMep, AJs B3STbIX
[ONapHO NPOEKUHA MOMEHTa HMIOVJIbCa 1A KOODAHHAT-
Hb!e OCH.

UtoOnl NOACHHTS COOTHOLIEHNE HEOTIpeAeaeHHocTell, pac-
cMoTpuM caenylomuil npumep. Jlag onpenencHust 10J0XKe-
HHs1 CBOGOJHO JeTsiliel MHUKPOYACTHUB I[IOCTABHM Ha ce
UYTH UeJdb LIHPHHOH AX, PACIOIOKEHHYIO MepHeHAHKYAap-
HO K HanpapJeHHio ABWXKedHsa uacruuwt (puc. 193). o
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FPOXOXKAEHHS YacTHUbLI yepe3 MLieNIb ee COCTABAAIONAS HM-
NyJabca p, NMEET TOYHOE 3HaueHHe, paBHOe HyJ10 (lleJb 1O
YCJIOBHIO [IeDIeHAHKYJSPHA K HMIYALCY), TaK 4T0 Apy = 0,
3870 KOOPIUIHATA X 4aCTHUbL SIBJAETCH COREPIISHHO Heompe-
JeJeHHOH. B MOMeHT NpOXOXKJAeHHs 4YacTHUBl yepe3 IHesb
noJsoKelHe Meusiercst. Bmecro nonuol HeonpeeieHHOCTH KO-
ODJHHATEl X TIOSBJSETCS HeolNpeleseHEOCTh AX, HO 3TO JO-
CTHraeTcs HeHoll yTpaThl OnpeleJeHHOCTH 3HaYeHus Py, Jlelt-
TBHTEJIbHO, BC/ICACTBHE AMDPAKIUH HMeeTcsl HeKOTopasl Be-
POATLOCTb TOTO, YTO 4a-
crHia 6yaer ABHrathea
B npejenax yraa 2¢, rae
(¢ — YTOJI, COOTBETCTBYIO-
KA neperoMy audpax-
LIHOHHOMY MUHUMYMY
(MaxcuMyMaMu BBICLIHX
Puc. 194. NOPANKOB MOXHO IIpe-
HeOGpeub, TOCKOJbKY HX
KHTEHCHBHOCTb MaJia 110 CPAaBHEHUIO C HHTEHCHBHOCTbIO LIEH-
TpaapHOro Makcumyma). Takum o6pasom, nosBJafercs He-
OnpeJeeHHOCTh:

<A

Ap, = psino.
B § 24 mpl Haway, 4TO Kpao LEHTpaJbHOrC AMQpPaKLH-
OHHOTO MakKCHMyMa (NepBOMY MHEHMYMY), HONY4aIOULerocs
OT LIeJH IHPHHOA AX, COOTBETCTBYET YroJ ¢, AJf KOTOPOro

sing = A
CaenoBaTtedbio,
A
Apx =p Ax !

OoTKyRa ¢ yuetoM (64.1) nosyuaercsi COOTHCUIERHE
Ax Ap, = ph=2nh,

coraacymwolileeca ¢ (66.2).

OneHuM HeonmpeaeseHHOCTb KOPAUHATE U HMHEYJAbca JAJS
3JeKTPOHA B 3JIeKTPOHHOMYuerol Tpy6ke. Ilyctn caen anex-
TPOHHOTG Iyuka Ha 3KpaHe HUMeeT pajlHyc r MNopsaiKa
102 cm, pauna TpyGru ! nopsaaka 10 cm {puc. 194). Torna
Ap./px ~ 1075 Mmnyabc 371eKTPOHA CBA3AH C YCKODPAIOULLHM
HanpsikenHem U ccoTHolieHuen:

p: _
om eU,
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otkyna p= V2meU . Tlpu nanpsxesun U ~ 10* 8 snep-
THa 3jeKkTpona papHa 104 s8 = 1,6.10-% spe. Ouennm senu-
YHHY HMIYJAbCa:

p=V2.091-1007.1,6.10°~5.107",

CrenoBatenbio, Apg = 5-10-18.10-% = 5.10-22, H, ua-
KOHEL, COrjacHo cootHollenuo (66.2):
h 1,05 10%7

Ax = — =" x2.1076 cu,
Apy 5.107%

[TonyueHHBlil pe3yabTaT CBHAETENLCTBYET O TOM, YTO
JABHXKEHHE 3/eKTPOHA B pacCMaTpHBaeMOM cJaydyae Oyuer
NPAaKTHYECKH HEOTJHUHMO OT JBH)KEeHHst 10 TPaeKTOpHH.

CooTHOILeHHE HeonpeneNeHNOCTel OTpaKaer NBOHCTBEH-
HYI0 KOPIYCKYJIsiDHO-BOJIHOBYIO HpHpoay MukpouacTun. Og-
HOrO 3TOr0 COOTHOMIEHHST AOCTATOWHO, MTOOLI TONYUYHTh Psij
BaXXHBIX pe3yJbTaToB. B yacTHocTH, OHO 1103BOJsET 00bsic-
HUTb TOT (DaKT, 4TO BJEKTPOH He HajaeT Ha sAAPO aToMma,
a TaKxKe OLCHHTb pa3Mephl NpocTeidllero aToMa H MHHHU-
MaJIbHYIO BO3MOKHYIO HEPrHIO 3J€KTPOHa B TAKOM aTOMe.

Ecnx Obl 9/1eKTPOH ynaga na TOYeuHoe 5O, ero KOOpiH-
HaThl M HMIYJAbC NPUHAJAH OuLl onpejescHuble (HYJeBHIE)
3HAUeHHs, YTO HECOBMECTHMO € INPHHIMNOM HeonpeseseH-
HOCTH. DTOT DPHHIHUN TpeOyeT, UTOGLI HEONpeJeNeHHOCTD
KOOPAHHATHl 3JeKTpoula Ar ¥ HeonpeleJeHHOCTh HMIMYJbca
Ap Obutu cBasanbl ycaoBHeM (66.2). ®opmanbHo 3Heprug
Gbia Gul MuHuMaabha opu r = 0 u p = 0. Tlostomy, Tipous-
BOJSl OLEHKY HauMeHbLIeH BO3MOXKHOH SHEPru#, HyXKHO NO-
N0XHUTb Ar = r 1 Ap =~ p. [loacrasus 311 snauenns s (66.2),
NOJYUHM COOTHOLIEHHE

rp="h (66.3)

(1A ompeneseHHOCTH BMECTO 3HaKa > MBI B35JIH 3HAK =),
DHeprus 3JeKTPOHA B aTOMe BOAOPOJA paBHA

3amenus corsiacuo (66.3) p uepes h/r, mOJAY4YHM, YTO

“ h? e?
2mr? r

. (66.4)
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Hafizem snaveune r, npu koropom E muunmaabia. I1po-
nuddepennnposas GpyHkuxio (66.4) o r v nNpHpPaBHSB Npo-
H3BOJHYIO HYJIO, NPHAEM K YpaBHEHHIO:

B, e?
~ im0,
OTKylHa CaeayerT, urto
h?
re=——. (66.5)

Tloayueniioe HaMH 3nauellde COBMaJaer ¢ pajgHycoM nepsoii
6OpOBCKOIl  OpOHTLI  BOAODPOANOrO atoMa [cM. (opmyay
(63.4)1.
DHEPruo OCHOBIOIO COCTOSIHHUS MOXIIO HailTH, nojcra-
BUB 3Hauenue (66.5) B popmyay (66.4):
Eo - 2 me® \? o met me?
=l = ( 72 ) SR T o

2m

Halineunoe 3uauetiiie Takzke coBnajaer ¢ sHepruefi nepeporo
6opoeckoro yposns 111 Z = 1 [cm. dopmyay (63.5)]

To 06cTOATEILCTBO, UTO MbI MOJYUHAH TOUHbLIE 3HAUEHHS
ron E, aBasierca, xoueuno, npocro ypaueit. [lpusenennsiii
11aMH pacyeT MOMKeT NpeTeHaoBarTh JHUIL HA TO, YTOOLI AaTh
OLLeHKY NOPpsiAKa Beauunuul r 1 L.

§ 67. Caoiictea soyHoBO#H dyHkunu. Ksanrosanue

3unauenne ypasueuusi Lpennnrepa panexo me ncuepnbl-
RaeTCsd TeM, UTO C €50 [IOMOLbIO MOXKHO HaliTH BepOATHOCTD
HANOXAeHHs YaCTHULI B PasjiHUYHBIX TOYKAX HPOCTPaHCTEA.
Hz 37010 vpapueuust M H3 YCJOBHH, Hajaraemblx lla BOJIO-
BYIO VHKIINO, HenocpeICTBEHHO BLITEKAIOT NPAaBHIa KBaH-
TOBAHHUS 3lEPrull

YroMmanytele VCI0BHA COCTOAT B TOM, UTO BOJLOBas
DVHKIS b B COOTBETCTBHH C €€ (PH3HUECKHM CMLICIOM J0J-
Kia OblTb 0J1H03HAUHOI, KOHEUHOH H HellpepblBHOH BO BCei
o0sacTH H3MelenHs IepeMeHMHEIX X, y u 2. B ypabnenne
Hlpeauurepa BXOZIT B KauecTBe napamerpa HOJgHas 3Hep-
rirst yacTtuunl £, B rteopnu anddepeHnmanpHbX ypaBHeHHI
JIOKa3bIBaeTCs, UTO YPAaBHEHHS 14aKOro BUAA, Kak ypasne-
nue IHlpeauurepa, HMeIOT pelleHHs, YLOBJAETBOPsIOULAe
chOpMYJIHPOBAHHBIM BbIlle YCAOBHAM (T. €. OJHO3BAaYHLIE,
KOHEUHbie H HenpepbiBHBIE), He NpH J0ObIX 3MayeHHAX na-
pamerpa £, a auub npu HEKOTOPHIX N3OPAHHBIX 3HAUEHHAX.

320



3tn n3bpaHHBIe 3HAUEHHA Ha3biBAlTCA COGCTBEHHH MH
3HAYEHHAMH NapaMerTpa, a COOTBETCTBYIOIHE HM pe-
WeHHs] YPaBHEHHA —COOCTBEeHHBMH (GYHKHHUAMH
3ajxaun.

Haxoxzaenne cOOCTBEHHBIX 3HAUeHHH M COGCTBEHHBIX
GYHKIRA, KaK OPaBHJIO, NPeICTaBJsIeT BeCbMa TPYAHYIO Ma-
TeMaTHuecKyio 3anauy. IlosTomy B manbhefiiieM Mbl GyzeMm
OrpaHM4yHBaThCA 0O6CYKJCHHEM Pe3yJbTaToB, N0JyYalonHXCs
npu permennu ypasuenuns Hlpenunrepa nas pasznuunsix cay-
4yaeB JBHXKEHHs, NOYTH He Kacasch UHCTO MaTeMaTHUeCKOM
CTOPOHBl COOTBETCTBYIOIIEH 3ajaud.

OTmeTHM, Y4TO BOJIHOBBIE (YHKIHMH JOJIZKHBI GbITh BCETHA
«HOPMHPOBAHBI» TakKuM 06pa3om, u4TOOHI

[ av =1. (67.1)

HnTerpupoBanie NpOH3BOIHTCA N0 Beell o6JgacTy H3Me-
HeHHS IepeMeHHHIX X, y # 2. Murterpan (67.1) npexacrasasier
€060l CYMMy BepOsSITHOCTell HAaXOXJAEHHA YacCTHUBl BO BCeX
BO3MOJKHEIX 3JeMeHTax o0beMa, T. €. BepOsATHOCTL o6HApy-
JKHTb YaCTHUY B KaKOM-JHGO MecTe NIPOCTpaHCTBa. DTa Be-
POATHOCTb €CThb BEPOSITHOCTL. AOCTOBEPHOro COOBLITHA H, CJ&-
IOBATENbHO, HOJKHA ObiTb paBHa efHHHIE.

§ 68. Yactuna B OeckoHeyHo rayGoKoii
O/1HOMEepHO#H NMOTeHUHAJbHOH AMe.
Mpoxoxpenue vactuy vyepes moTeHUHAJbHbIR Oapbep

HYacruna B NOTEHUHAJbHOH siMe. UTOoGH MOSICHHTHL CKa-
3aHHOe B npefblAylleM TNaparpade, pacCMOTPHM KOHKPeET-
HBIA NPHMep, AOCTAaTOYHO NPOCTOH AJs TOTO, UTOOGBH MOMXKHO
Obl10 pemintb ypasHenne llpexunrepa Gea Goapmworo Tpyna.

Hccnenyem noBeeHMe YacTHIBE B GeCKOHETHO T1yGOKOH
OJXHOMEpPHON mnoTenuuanpuoli sime. [lpexamonoxum, urto wa-
CTHIIA MOXET ABUTaThCsl TOJbKO BAOJbL ocH x. Ilycts ABH-
JKeHHe OTPaHMUeHO HeMpOHHIAeMBIMH IJISl YaCTHIBl CTEHKa-
MH: X = 0 u x = [. [loTenuuanbuas sxHepruss U uMeer B 9TOM
cayuae caenylomyil Bug (puc. 195,a): ona pasHa HyJio IpH
0 < x< [ no6pawaercs B 6eCKOHEUHOCTb npu ¥ < 0 u x > L.

[TockoAbKY (YHKIHS ) 3aBHCHT TOJBKO OT OJHON KOOP-
IHHATH X, ypaBuenue (65.3) 6yner umerb BHI!

d%p 2m _,_
dx? +“E2"(E—U)¢“’0' (681)

11 Y. B, Casenves, 1. III 321




3a npepesnl NMOTEHUMAJNbHOH SIMBI YacTHIlAa TONACTh He
moxer. [TosTomy BepoATHOCTL OGHAPYKHTH YaCTHLY, a CJe-
AOBaTeNbHO H QYHKIHA v, 32 NMpPeAeJaMH IMBI PaBHA HYJIIO,
Ilanee, U3 yC/IOBHS HeNpPEPHLIBHOCTH CJIEAYET, YTO ¢ HOMKHA
GbITh paBHA HYJIO W Ha I'PAHHIAX MBI, T. €. YTO

$(0)=0, }
P{)=0.
Beipaxkenus (68.2) u onpenensiior Te yCJIOBHA, KOTOPLIM

JIOMKHB! YJOBJIETBOPATL peilednst ypaBHenus (68.1), umero-
e pHU3HYECKHH CMBICIL.

(68.2)

/4
oo . n=3
(@) la'%) Ej
n=z2 Ez
0 . =z o
a 0)

Puc. 195,

B o6nacty, rae % He paBHA TOMXKAECTBEHHO HYJIO, YPaB-
nenne (68.1) mpunumaer caepywomuit Bug (U B aroil o6ia-
CTH paBHa HYJIO):

2 2
Y 22 Ep=0. (68.3)

Beens o6Gosnauenne 2mE/h? = w?, noJy4yuM ypaBHeHHE,
XOpOoLIQO HM3BECTHOE H3 TeOpUH KOJeOaHHMH:
V7 + 0% =0.

Pemlenyisi Takoro ypaBHEHHS, KaK H3BECTHO'), HMeloT
BHJ:
P (x) = asin(ox + o),

1) Cm. 7. 1, dopmyny (62.7). 3mecp ymobHee B3fiTb CUHYC BMECTO
KocuHyca.
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Yenosuam (68.2) MOXKHO YIOBJIETBODHTb COOTBETCTBYIO-
1muM BHIOOPOM MOCTOSIHHEIX ® U a. Ilpexae Bcero, u3 ycno-
Bus P (0) = 0 nmosmyuaem:

P(0)=asina=0,

OTKyZa CJefyeT, YTO ¢ HOJKHA ObiTh paBHa HyJmw. Ilanee,
JIOJI)KHO BHIMOJHATBCS YCIOBHE:

Y()=asinwl =0,
YTO BO3MOXKHO JIKLIbL B CJIydYae, eClH
ol=xnx (n=1,2 3,...) (68.4)

(n = 0 oTnajgaet, MOCKOJILKY IPH 3TOM Toayqaercs P =0 —
YaCTHHA HHTJe He HAXOJAHTCS).

s (68.4) BuiTekaer, uto peuienus ypabBHenus (68.3) 6y~
ILYT UMeTb QU3NYeCKHH CMBICI He IPH BCEX 3HAYEHHSIX IHep-
run E, a jqumb Npu 3HAYeHHAX, YAOBJAETBOPSIOLAX COOTHO-
LIEHHIO:

2
i m2=£ﬁ’-1—:-En=:’;—2n2 (n=], 2, 3, c--).

Taxkum o6pasomM, He npuberass HU K KakuM JONOJHHTE/b+
‘HBIM TIPEIMONIOKEHUAM (KaK 3TO NpHULIOCH chesaarts bopy),
MBI MOJYYHJIH KBAHTOBaHHE SHEPrHH YACTHUB! ¥ HAIIA COB-
CTBEHHBIE 3HAYeHHs] 3TOH SHepruu:

mh o . 3 5
En=—2an (I’L—l, 2, 3, ...). (68 )

CxemMa 3HepreTHYeCKHX ypOBHei#l u306paxena Ha
puc. 195, 6. IlpousBeneM OLEHKY PACCTOSIHHII MeXIy coOceji-
HHMH YDPOBHAMH [Jifi PA3AHYHBIX 3HAUEHHII Macchl YaCTHUMH
m ¥ WHPHHYL MBI /. Pa3HOCTh 9Hepruli ABYX COCeJHHUX YPOB-
Hel paBHa
n2h?
AE,=Eq 1 —E,= omiz

a2l
(2/1 + 1) =~ Wﬂ.
Ecnu B3sTh m ropsiika Macchl MOJeKyan (~10-2 &), a [
nopsaka 10 e (Monexkynbl rasa B COCyZe), MOJyyaercst

3,14%. 1,05% - 107 32
AE, = — 2 n=10""n ape.
" 1073, 10 p

Cronb TYCTO pacnosoXKeHHble 3HEPreTHYECKHe YDPOBHH
6yIyT NPaKTHYECKH BOCIPHHHMATLCA KaK CIVIOLIHOHA CIIEKTP
SHEPrHH, TaK UYTO XOTd KBAHTOBAaHHE 3HEPrHH B NPHHLHNE
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fyfeT UMeTh MeCTO, HO Ha XapakTepe IBUKEHHS MOJEKYJ
CKasbIBaTbCcsd He OygHer.

ABanoruuHblil pe3yabTaT NOJY4YaeTCs, ecaH B3siTb M IO-
psiaka maccol 3JekTpona (~ 10-%7 ¢) npu Tex e pazmepax
AMBl (CBOOOAHBIE IJIEKTPOHB B MeTaJsie). B stom cayuae

AE, ~ 107" spe ~ 107", se.

OnHako coBceM HHOH pe3yabTaT MOJyuyaeTcs At dJeK-
TPOHA, ecaH 06JacTb, B INpejesax KOTOPOH OH JABHIKETCH,
O6ymer nopsanka aToMHblx pasmepoB (~ 108 cm). B 310M

ciayuae
51421 052 =54
AE, 3,147+ 1,05° - 10

10—27 . 10—16

n~ 107" spe ~ 10%n sa.

OueBHaHO, UTO B 3TOM CJlyyae AHCKPETHOCTb HEPreTH-
YeCKHX YpOBHEH OyJeT NmposiBAATHCH BeCchMa 3aMeTHHIM 00-
pasom.

CoOcTBeHHBIMH  (DYHKIHSIMH, KAaK CJAELyeT H3 YCJIOBHA
(68.4), 6ynyt
nwx

-

P, (x)=asin

Jna naxoxaenus ko3phHUHEHTA @ BOCIOAB3YEMCS YCIO0-
BHeM HOPMHUPOBKH (67.1), KoTOpoe B fauHoM cayuae 3amH-
LIEeTCA CAeLYIOLHM 06pasoM:

i

. nitx
a? f smg——l— dx=1.
0

Ha KoHIax nmpomeKyTKa HHTerpUPOBAHHS NOALIHTErPabHAs
¢byHKUHs obpallaercs B HyJb. [losTOMy- 3HaYeHue HHTErpasa
MOXKHO NOJyYHTb, YMHOXKHB cpefuee snauenue sin?(nmnx/{)
(paBHOe, Kak u3BecTHO, 1/2) Ha AJauHY npoMexyTka [
B pesyabrare noayunrtes: a?(1/2)( =1, orkyna a= Y 2/I.
Takum o6pasom, coGCTBeHHBIE (DYHKUMH HMEOT BHA:

P
Yo (0)=) TsinTX  (a=1,2,3,..). (686)
I'padukn dyuxunii (68.6) nzobpakenn Ha pue. 196, a
Ha puc. 196,6 nana njoTHOCTh BEPOSITHOCTH OGHAPYKEHUSA
YAaCTHILI HA PA3JHYHBIX PACCTOSHHSIX OT CTEHOK SIMBl, pPaB-
Has Ppp*. Kak ciaenyer u3 rpaduios, 1acTHOA B COCTOSIHHH,
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HanpumMep, ¢ # = 2 He MOXeT GHITb OOHApyKeHa B cepelnne
SIMbl M BMeCTe C TeM OJMHAKOBO yacTo GhBaeT KaK B JIEBOH,
TaK ¥ B NPaBoil NoJoBHHe fMH. Takoe moBejenye YacTHIH,

4 24
=4 =4
7\
A4
=7 =7
\/
p=2 n=Z
=7 n=/
g i r 0 7z
a) 4/
Puc. 196,

OUEBHJIHO, HE COBMECTHMO C TPELCTaBJACHUEM O TPACKTOPHAX.
OTMeTHM, YTO COIVIACHO KJAacCHUeCKHM NpeNCTaB/JIeHHAM BCE
1OJIOKEHHA 4YaCTHIIEI B sIME€ DPaBHOBEDOSTHBI.
Mpoxoxnenne uyepes Gapbep. IlycTh uyacTulla, ABHXKY-
WAfCs C/1eBa HANpaBo, MajaeT Ha MOTEHNMaNbHbIH Gapbep

Veih Uiz)h
Uy
Fommd b £--1 : .:-
RN : §
! §
! ! -
g Y z g a b z
a) )
Puc. 197.

Buicothl Uy u mwmpuust [ (puc. 197,a). Tlo kiaccuyeckum
NPeACTABNEHUAM TOBEJEHHE YaCTHUL HMEeT CJeAYIouui
xapakrep. Ecau sHeprus yactiusl Gosblie BLICOTHE Gapbepa
(E > Uy), uactuua GeCOpenaTCTBEHHO TNPOXOAHT «Haa»
6apoepom (ma yuactke O0<Lx <!/ JHWb yMeHbUIaeTcH
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CKOPOCTh YacCTHUH, HO 3aTeM HPH X > [ CHOBa NMPHHUMAET
neppoHauajpHOe 3HadenHe). Ecnu xe E menbmie Uy (Kax
H306pakeHO Ha PHCYHKe), TO YaCcTHIA OTpaxkaercd oT Gaps-
epa H JeTHT B OGPaTHYIO CTOPOHY; CKBO3b Gapbep uacTHua
IPOHHKHYTb HE MOXKeT.

CobeprieHHO HMHaue BBLIMVISAMT NOBEJXEHHE YacCTHHBI CO-
IJIaCHO KBaHTOBOH MexaHuKe. Bo-nepsrix, naxe npu E > Uy
HMeeTCsl OTJIMYHAS OT HYJs BEPOSTHOCTH TOrO, YTO YaCTHLA
oTpasutcsi OT Oapbepa H NOJETHT B OGPaTHYIO CTOPOHY.
Bo-BTopnix, npu E < Uy umeercs oTJH4YHAsi OT HYJS BEpOSAT-
HOCTBb TOTrO; UTO YACTHIA NPOHHKHET «CKBO3b» Gapbep U OKa-
}KeTcsl B 06J1aCTH, rie x > [ Takoe, coBeplIeHHO HEBO3ZMOXK-
HOE ¢ KJIaCCHUECKOH TOYKH 3peHHs, NOBeJeHHe MHKPOYaCTH-
bl BHITEKAaeT HeNmocpeACTBEHHO U3 ypaBueuus Llpenunrepa.

Paccmorpum cayvait E < Uy. B stom cayuae ypasrenue
Hipenuurepa umeer Bua:

dx“’ + h2 "-|7=O

anst obaacrest I u Il u
d21|)
de + ﬁz (E UO)\p 0

s o6aactu I, npuuem E — Uy < 0.

Jlerro y6epurbesi (x0T Gbi MOACTAHOBKON), yTO OGliee
peiwenne ypapuenuss Llpenunrepa nns xaxjoit H3 Tpex
oGnacTeii uMeeT BHI:

P, = Aet%* + Be~i%* i obaactu I,
P, = AePs + Boe=B*  naa o6aacru 11, (68.7)
b3 = Azet%* 4 Bge—i% gaa obaacru II1,

npHYeM o H B ONpPeReJISIOTCH M3 BbIparkeHHM:

=T, gD

3aMeTHM, YTO pelleHHe BHJAA &'% COOTBETCTBYET BOJHE,
pacIpOCTpaHAIONIeHCsT B ‘HAaNpaBJeHHH OCH X, a pelleHue
BAA €~% — BOJIHE, pacnpocTpaHsiollelicas B HPOTUBOMO-
JIOXKHOM HarpasiieHHH. UToObl 3TO NOHATH, BCIOMHHMM, 4TO
o6biuHasi (3BYKOBasl, 5/JeKTPOMArHuTHas H T. 1.) IUIOCKadA
BOJIHA, PAaCOPOCTPAHAIIIAACS B HANpPaBIEHHH OCH X, HMeeT
BHJ, Los(mt—-kx), a BOJIHA, pacnpoCTpaHAioWascs B Ha-
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npapJjeHHH yORIBaHHA X, — BHA c0s(wf + kx) [cMm. 1. I, dop-
myasl (78.2) u (78.5)]. B § 65 Mb yCTaHOBHJIH, YTO BOJHO-
Bas QYHKUHA CBOGOAHOH uyacTHNbI, NBHXKYHlefica B Hampa-
BJEHHH OCH ¥, umeer Bui (65.5). Ecau or6pocuts B 310M
dhopMyJie BpeMeHHOH MHOXHTENb, TO IJst P TOJAYYHTCS 3HA-
uenye eiP/Mx, Jjia yacTHIbI, ABHXKYLIENCS B MPOTHBONOJOXK-
HOM HalpaBJeHHH, HYXHO, OYeBHAHO, B3ATh e—ip/h)x,

B o6nactu /1] umeercst TONbKO BOJIHA, IpoLIeaNIas Yyepes
6apbep H pachpocTpaHfOIascs cjaeBa Hanpaso. [Tostomy
koadhduuuent B, cienyer nosoXUTh paBHEIM HyJio, [lasa Ha-
XOXKJEHHUSA OCTaNbHBIX KO3()dHUUHEHTOB BOCNOAb3yeMCS YCJIO-
BHSIMH, KOTOPBIM HOJ:KHA YAOBJEeTBOPATL GyHKIMaA . His
Toro ytoful \ Obljla HenpepblBHA BO BCell 06/acTH M3MeHe-
HHf X OT —o0o0 JI0 -+ 00, AOJKHBl BHITOJHATBCH YCJIOBHS:
P1(0) = 2 (0) u P2({) = Ps(!). Hass Toro urobm ¢ OGnina
raajlkol, T. e. He HMMeNa H3JIOMOB, NOJIKHbI BBITOJHATHCH
yeaosust: P) (0) =4,(0) u () =v;(/). Hs stux ycmaosui
BEITEKAI0T COOTHOUIEHHS

A;+ By =4, + By,

A2eBl -+ Bge—m = A;;e“”,
iaA] — iaB‘ = pAQ - ﬁB2,
§A2esl — ﬂB2e—ﬁl = iaA3e"u.

Paspennm Bce ypaBHerm Ha A, u BBeleM 0603HAUYEHHSA:

_Bi. By, _ A
bi=B =2, =B =B,

(68.9)

a TaKkXe
n=L, (68.10)

Torna ypaBheHHs (68.9) mpumyt BRA:
1 + bl = a? +’b21
aebl + bye—Pl = azet®,
i — ib, = nay — nb,,
naseb — nbye—Bl = jaet,

(68.11)

OTHOIIEHHE KBaAPaTOB MOAYJNeH aMIJHTYA OTPaXKeHHOH
" Tazalomei BOMHB
[ By }?

R=ap=itf
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onpejensieT BePOATHOCTh OTPaKEHHSA UACTHLL! OT IMOTEHLH-
aJbHOrO 6apbepa ¥ MOXKeT ObITh Ha3BaHO KO3 G uIL ke H-
TOM OTpPaXeHHs.

OtHouleHHe KBajpaTOB MOAYJe# mpoiexumel u napato-
Hled BOJIHB

A 2
D={—A%=|a3|2 (68.12)

onpenenseT BEPOATHOCTb IPOXOXKAEHHUS UACTHLUH uYepes
6apbep M MOXKeT ObTb HasBAHO KO P G HIHEHTOM I p O-
XoXJAeHHa (WiH KOo2hpdHIMEeHTOM HPO3Padu-
HOCTH).

Hac 6yzer nHTepecoBaTb TOIbKO NPOXOKIAEHHE UYaACTHIL
gepes 6apbep, U MHl OrpaHHYMMCH HaxOXK/JeHHeM BeJH4YH-
oot D. TlpaBma, uaiims D, nerko uafitd R, [OCKOJBKY
9TH KO3(ppHUHEHTH CBA3aHB OYEBHIHBIM COOTHOLIEHHEM:
R+D=1

YMHOXHM nepBoe U3 ypaBHeHHM (68.11) na i u CiaoXHM
¢ TpeTbHM. B peayabTate noayuum:

2i=(n+i)ay,—(n—1i)b,. (68.13)

Tenepr yMHOXHM BTOpOe H3 ypaBHeHud (68.11) na i u BbI-
yreM ero u3 uerBeproro. [lomyuum:

(n=10)ebay,— (n+i)e=bb,=0. (68.14)

Pemas coBMecTHO ypasHenus (68.13) u (68.14), naiigem,
qTo

2= 2 (n+i)e P

2 (n+i)2 e_“q"—(n—-i)2 B’
Sl B

b, 2i(n—-i)e

(n+i)e B —(n-ifeb’
Hakonen, noxcrasuB HafileHHEIe HAMH 3HA4YeHHs dz H by BO
Bropoe 3 ypaBHenuil (68.11), noiyuum BripaxKeHue AJs Qs

4ni

= - —i(ll‘
(n+i)? =Bl (n—1)? o

a;
Beanunua
pl

06nIyHO ObiBaeT MHoro 6oabie efuHHubl. Ilostomy B 3HaMe-
HaTejie BhIpAXKEHHA 1A g3 CJaraeMblM, COJepKallMM MHO-
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®utenb e~Bl MOKHO mpeHeGpeus MO CPaBHEHHIO CO Clidrae-
MbIM, COJEpiKallHM MHOXKHTeb eBl (kxommaekcHble uucaa
n4iunn—i UMeT OAUHAKOBBLII MOAYJb). HTak, MOXKHO
TNIOJIOKHTh

CorsacHo (68.12) xBaapaTt MOAy/d 3TOH BEJHYHHEI JHaeT
BEPOSITHOCTb TIPOXOXKAEHHsT YACTHIBI Yepe3 NMOTeHIHANbHbIA

Oapbep. Yutd, uT0 |[n—1Ii|= Vn2 +1, monmyuum:

16n?
D= G2 e 0 2B
Ia3' (n2+1)2 e 1]
rae

[em. popmyay (68.8)].
Beipaxenne 16n%/(n? + 1)? umeer BenHuHHY NOPIAKE
eaununet '), TloaTroMy MOXKHO CuHMTaATh, UTO
2 SO ——
D~ o=t = 7 VImWmEIL (68.15)
Kak ciefyeT u3 noJyyeHHOTO HaMH BbIpPa’KeHHs, BEPOAT-
HOCTb IIPOXOXKJEHHS YaCTHLBL Yepe3 NOTeHIHAaNbHBI Gapbep
CUJIbHO 3aBHCHT OT LIMPHHBI Oapbepa [ u OT €ro mpeBsilie-
Hug Had E, 1. e. or Uy— E. Ecam npu Kakon-to ILIHpHHE
6apbepa kKo3(QpHIUEHT NpoXoxKaeHusa [ paBeH, HOMNYCTHM,
0,01, To mpu yBeJMYeHHH [UKPHUHE B JBa pasa [) cTaHeT paB-
#piM 0,012 = 0,0001, T.e. ymenbuwaerca B 100 pas. Tor ke
3 (exr B 5TOM Cjydae BbI3BaJO OBl BO3pacTaHue B ueThpe
pasa Beanunubn Uy — E. KosdpduuueHT npoxoxaeHns pe3ko
yMeHbIUAeTCs] IPH YBeJHUEHHH MacChl YacTHIBL M.
B cayuae moTtenunanbHoro 6apbepa NpOH3BOJILHON (op-
Mbl (cM., HanpuMep, pHc. 197,6) ¢opmyna (68.15) momxksa
ObiTh 3aMeHeHa GoJjee obieil GopMyJaoH:

b
LI [ ——
- fVQm(U—E) dx
(I

D~e @ , (68.16)
roe U= U(x).

1) @yxuua 16x/(x + 1)2 umeer npy x = 1 MakcuMyM™, paBHbii 4.
B unteppajie sHaueuuit x¥ or 0,07 xo 14 3HaueHus ¢yHKUUM JexaTr B
npepenax or ! mo 4.
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TIpn npeojonennn mnoTeHUHaJbHOTO Gapbepa vacTHIA
kKak Obl MPOXOAHT Yepe3 «TyHHeJb» B 3ToM Gapbepe (cwm.
3aluTpUXOBAHAYW ob6Jacth Ha puc. 197,6), B cBSI3H ¢ ueM
paccMOTpPeHHOe HaMH fBJCHHE YacTO HA3LIBAKOT TYHH € J b-
HHM 3¢ hekTOM.

C xkyaccuueckOifl TOUKH 3peHHs TYHHENbHbIH 3ddexT
npejacrapnusieTcl aGCypAHBIM, TaK Kak YacTHUA, «HAXOHsi-
ujascsa B TYHHeJIe», 0J/KHA 6blja 6b 06/1a1aTh OTPUIATEN b=
HOHM KHHeTHuecKo# sShepruedt (B Tynmene E < U). Oguaxko
TYHHEJb — SIBJeHHe CrelH(PHUECKH KBAHTOBOE, HE HMeIoLlee
aHaJora B KJaccHueckoif (pH3HWKe. B KBaHTOBOR xe Mexa-
HHKe JeJieHHe MOMHOH HHEeprHHM Ha KHHETHYECKYI0 U NOTEeH-
IHAJbHYIO0 He MMeeT CMEICHA, TaK Kak MPOTHBOPEUHT MNpPHH-
uyny Heonpepenenuoctd. eficTuTresbHo, TOT $akr, uto ya-
cTHua .06JajaeT onpejeJeHHOH KHHEeTHUECKOH sHeprueit T,
6blT Gbl paBHO3HAUEH TOMY, UTO UACTHLA HMeEET ONpejeseH-
HE WMOyasc p. AHAJOrHTHO TOT (AKT, UTO YACTHIIA HMEeT
onpeneeHHYIO TIOTEHUMANbHYI0 3Hepruio U, o3Hauana Obl,
YTO yacTHIla HAXOAUTCS B TOYHO 3aflaHHOM MeCTe {1poCTpaH-
ctBa. [TocKONBKY KOOpAHHATA ¥ MMNYJIbC YAaCTHHL HE MOTYT
OIHOBPEMEHHO HMeTh ONpejesieHHbIX 3HaUeHWH, He MOTyT
GbiTh OfHOBpeMenHo TouHo onpenenensl T u U. Takum 06-
pasoM, XOTd MNOJHAast 3HepPrus vacTHUn £ HMeer BmoJie
onpejesiedHOe 3HAYeHHe, OHA He MOXKeT ObITb NPejCTaBJeHa
B BHIE CyMMbl TOUHO onpefnenennnix sHepruit T u U. flcho,
YTO IPH TAKOH CHTYalWH 3aKJ04YeHHe 06 OTpHIaTeNbHOCTH T
B TYHHeJe CTaHOBUTCA OeCHOYBEHHLIM.

§ 69. Arom BOmOpONA

B atome BoOpoAa UAH BOI[OPOI[OIIOIIOGHOM HOHE NMOTCH-
IyajnbHad 3HEPTHA 3JEKTPOHA paBHA

Ze?

r

rne Ze—3apan sjapa, r— pacCTOAHHE MeXAY SAPOM H
3N€KTPOHOM.
Ypasuenue llpenunrepa (65.3) uMer B aTOM Clyuae BHR

Mg+ 2e (£ +Z=)p=o. (69.1)

ITockonbKy IoJie ABJSIETCS LEHTPAJbHO-CHMMETPHUHBIM,
YAOGHO BOENOJbL30BaThCS CHEpHYECKON CHCTEMOH KOOpPHH-
Har: r, @, ¢. IToncraBue B (69.1) Boipaxkenne omeparopa
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Pe

Jlannaca B cdepHuUeCKHX KOPAHHATAX, HOJYYHM ypaBHEHHE:

1 LS 1 3 o
T or (r2 or )+ resin @ 60 (Sm'0 )+
1 2 Ze?
ey W A (E—}——rf—)mp:O. (69.2)

MoxHo moxasaTb, 4To ypaBHenne (69.2) umeer Tpebye-
Mble (T. €. OJHO3HAUHbIE, KOHEUHbIE M HelpephiBHLIE) pelle-
HHA B CACLYIOLIMX cJaydasx: 1) npu JIOBLIX NOJOXKKHTENbHBIX
3Havyenuax E; 2) mpu AMCKpeTHBIX OTPHIIATEJbHBIX 3Haue-
HHSIX SHEPrHH, PABHBIX

4 2
En==22 2 (1=1,23, .. (69.3)

Cayuait E > 0.coOTBETCTBYET 3/J€KTPOHY, MPOJETAOIIEMY
BO/MM3M sAipa W YNAJNSOMEMYCS BHOBb Ha OECKOHEYHOCTb.
Cnyuafi E < 0 cOOTBETCTBYeT 3JE€KTPOHY, Haxonsllemycs B
npeaenax aroma. CpaBHenue (69.3) c¢ (63.5) nokassiBaert,
UTO KBAHTOBAs MeXaHMKa NPHBOIWUT K TAKHM JKe 3HAUEHHSIM
SHEPr¥H BOJOPOAHOTO aTOMa, KaKHe TOJy4yaJHCh H B TEOPHH
Bopa. Oxnako B KBaHTOBOH MexaHHKe 3TH 3HAYEHHS TOJY-
YalTCS JOTHYECKHM NyTeM H3 OCHOBHOIrO TPEANONOXKEHHS O
TOM, 4YTO JBHIKEHHE MHKPOUACTHI] ONTHCLIBAETCS ypaBHEHHEM
Hlpenunrepa. Bopy e s NOJyuYeHHS] TAKOTO pe3yJbTaTa
NPHIIIOCh BBOAHTh CHENHATbHbIe MONOJHHTEAbHEE NpeAlo-
JIOXKEHHSE.

CoGcTeentbie GyHKUHM ypaBHenna (69.2) comep:xat TpH
nesouncaennsx napamerpa. OQuM# M3 HUX COBNajaeT ¢ HO-
MEpPOM YPOBHSI SHEPrHH f, ABa NPYTHX NPHUHATO 0603HAUaTh
6ykBaMi [ W m. DTU UYHC/NA HA3LIBAIOTCH KBAHTOBLIM H:

n—rJaBHOe KBAHTOBOE YHCJIO,
l—aanMyTaanoe KBAaHTOBOE YHCJO,
m-—MAarHUTHOE KBAaHTOBOE YHCJO.

an JaHHOM n uyHCHa | u m MOTYT NpHHHMATb CJACAYIO0+
uiyge 3Ha4YeHHud:
l=0’ 1, 2y “s ey n-'"lf,

T. €. BCEro 1 PA3NHYHBIX 3HAUEHHH;
== —=I+1, ..., -1, 0, +1, ..., -1,

T. e. Bcero 2/ 4 | pasjanuHbBIX 3HaYeHH.

Takum o6pasom, Kaxnomy E, (kpome E;) cooTser-
CTBYET HECKOJbKO BOJIHOBBIX q)yﬂmmu Pnim, OTIHUAIOUIHXCA
3HauYeHHsMH KBAHTOBHX uuces ! B m, DTO O3Hayaer, 4To
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aTOM BOJOpOJA MOXKET HMeTb OJHO H TO Ke 3HAueHUe
9HEPTHH, HAXOJAACh B HECKOJIbKHX pPa3/IHUHBLIX COCTOSHHSX.
CocrosinBsl ¢ OBMHAKOBOII 3HepPrHell HaA3HIBAIOTCH B bl-
POXKIAECHHB MM, 8 UYHCJO PA3IHYHBIX COCTOSHUH C KakKHM-
Au60 3HAYEeHHEM SHEPrHH Has3blBaeTcss KPaTHOCTH KO B bi-
POX I eHHSs COOTBETCTBYIOILEr0 SHEPreTHUECKOrO YPOBHS.
KpaTtHocTb BHIpOXKJEHHS yPOBHEH BOJODPOAA JIETKO BHI-
YHCIHTb, HCXOJsI M3 BO3MOXKHBIX .3HaueHu#l nnig [ u m. Ka-
JKJIOMY M3 7 3HaueHHHi KBAHTOBOTO UHCJA [ COOTBETCTBYeT
2/ + 1 snauenuii xBaurosoro uucia m. CrenoBaTesbHO, YHC-
JIO Ppa3fHyHBIX COCTOf-
HHH, COOTBETCTBYIOIHX

Tabaunua 3
JAaHHOMY n, paBuo

Yposeus | Bonnopas 3uavenne
sHeprun | yHKuusa nl
Eg Ynim n 1 m 12:0 (2[ + 1) = 12,
Ey b1 0.0 ! 0 0 Takum o6pazom, Ka-
W2, 00 9 0 0 KA YpOBeHb 3HEPrUH
E Yo, 1, 1| 2 1 | -1 BOJOPOJAHOTG atoma
Y2, 1,0 | 2 1 0| wumeer BBIPOK I€HHE
Yo, 41| 2 | 1 |+ gparnoctn nl
(| ¥s.00 3 0 0 HHI %ogfggx-.mg rz:%?)iileli-
Pa, 1, -1 3 I —1 ’
a1, 0 3 1 0 CTBYIOUIHE TIEPBLIM TPEM
By, [, 41| 3 1| +1 SHEPTeTHYECKUM  YPOB-
E; Ps, 9, —2| 3 2 | -2 HAM.
&z o“ g g —(1) Kak Mp BLISICHHJH,
iz 41| 3 2 | +1 COCTOsIHHE 3JEeKTpOHA B
3,0, 42| 3 2 | +2 BOJOPOAHOM AaTOMe 3a-

BHCHT OT TpeX KBaHTO-
BHIX uHces #, [ W m, npu-
yeM 3HayeHHe TIJIaBHOTO KBAHTOBOrO UYHCJA 7. Onpenessier
SHEPTHI0 COCTOAHUS. ECTEeCTBEHHO IPeIIONO0XKHUTh, YTO U IBA
JPYrUX KBAHTOBHIX YMCJIA ONPEAENSIOT KaKHe-TO QH3HUYECKHE
BeJIMUHHEL. JlefiCTBHTENIbHO, B KBAHTOBON MeXaHHKe NOKa3bl-
BaeTCsA, UTO a3UMyTaJbHOE KBAHTOBOE YHCJO [ OmpexpensieT
BEJHUHHY MOMEHTa UMIyJ/JbCa 3JIEKTPOHA B aTOMeE, a Mar-
HHTHOE KBAQHTOBOE UHCJIO #1— BeJIHUMHY NPOEKIHH 3TOr0
MOMEHTA Ha 3aJaHHOe HampasJjienue B npocrpancrtse. Ilof
3ajiaHHbIM HanpasiaeHHeM (Mbi 6ynem ofo3HauaTbh ero GyK-
BOH 2) INOHHMAOT HalpaBJcHHe, BhIAeJNeHHOe (GU3HYECKH,
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nyreMm coO3JaHus, HanpuUMep MAarHUTHOrO HJAN 3JeKTpHUe-
CKOro mnoJis.
MowmeHT uMnyJanca M okaspiBaetcs paBHbIM:

M=hrVI({I+1). (69.4)

[Ipoekunsa MomeHnTa HMNyJbca Ha 3aAaHHOe Hamnpa.Je-
HHE paBHa:

M, = mbh. (69.5)

Coornowennsa (69.4) u (69.5) noxasbBaioT, YTO MOMEHT
HMIYJAbCa 3JEKTPOHA B aTOMe H INPOeKIHA 3TOr0 MOMEHTa
SIBJISIIOTCA, KAK W SHEPrHsl, KBAHTOBAHHBIMH BeJHUHHAMH ').
Iloctoaunyio H MOKHO paccMaTpPHBATE K&K €CTECTBEHHYIO
e[IHHHILy MOMEHTAa HUMIYJbCa.

Hrak, cocrosinus ¢ pa3iHUHBIMH 3HAUEHHSIMH a3HMYTab-
HOIO KBAHTOBOTO uucjAa [ OTIHYAIOTCS BEJHYHHOH MOMEHTA
umnyasca. B atomHoll ¢u3suKe npuMeHSIOTCST 3aHMCTBOBaH-
Hble U3 CIEKTPOCKONHH YCJIOBHEIE OBO3HAYeHHS COCTOSHHH
3JEKTPOHA C Pa3JHYHLIMH 3HAaUeHHSMH MOMEHTa HMMYJbCa.
SnexkTpoH, Haxomsiumiicsts B cocToaHud ¢ [ = 0, HasbBaloT
$-3JIEKTPOHOM (COOTBETCTBYIGI{ee COCTOSHHE — S-COCTOSHHU-
em), ¢ I =1— p-snekrpoHoM, ¢ [ = 2— d-37eKTpoHOM, C
[ = 3 —f-anekTpOHOM, 3aTeM HIYT g, A U T. A. yXKe no anda-
BHTY. 3HaueHHe IJaBHOrO KBAHTOBOTO YHC/Ia YKa3blBaercs
nepel yCcAOBHHIM o6Go3HauenueM KBaHTOBOro umncaa [ Ta-
KHM 00pa3oM, 3/1eKTPOH B cocTostHuH ¢ n =3 u [ = 1 060-
3HAYaeTcsi CUMBOJIOM 3p H T. 1.

IMockoabKky [ Bcerja MenbHie 71, BO3MOXKHBI CJAeLYIOLIHE
COCTOSIHHSI 9JIEKTPOHA:

ls,

2s, 2p,

3s, 3p, 3d,

4s, 4p, 4d, 4f
H T. I

1) Mukpouactdua (371eKTPOH, aToM H T. A.), HaXOAAWlascH B CO-
CTOSIHHM € OTJIHYHBLIM OT HYJ/id MOMEHTOM HMmysabca M, o6majaer Takxke
H Mar#HuTHHIM MoMentom M (cm. §§ 71, 72 u 75). HanpaBnenus M u
CBSI3aHbl MeXAy co0ofi (B ciyuae 3/eKTpoHa 5TH HAMpaBJ/eHHs NpPOTH-
ponosioxubl). ITosromy npoekuus W Ha .Gu3nyeckH BhidedeHHoe Na-
npasJeHne JOMNXKHA TaKXe KBaHTOBaTbcA. KBaHTOBaHHE NPOEKUHH Mac-
HUTHOTO MOMEHTA aTOMAa HeNnoCPeACTBeHHO OOGHAPYKHBAETCS B ONBITE
Ulrepua n Tepnaxa (cm. t. il, § 51).
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Cxemy ypoBHell SHepPrHH MOXHO OnJO 6 H306pasuTh
TaK, KaK 310 OuiJo caenano B § 63 (cm. puc. 189). Oanako
ropasjo yno6Hee MOJAb30BATBCA CXEMOH, NOKa3aHHOM Ha
puc. 198. Ha atofi cxeme oTpaxeHo (npaBaa, YacTHYHO)
BBIPOXKJEHHEe YDOBHefl; KpOMe TOro, OHa HMeeT elle psif Cy-
IIeCTBEHHBIX IPEHMYINECTB, KOTOpPHIE BCKOPEe CTaHYT oOve-
BUIHBIMH.

Mui 3HaeM, uTO HCHyCKaHnHe H MOIVIOIIEHHE CBeTa NPOMC-
XOIHMT NpH Mepexoiax 3JeKTPOHA C OXHOrO YPOBHS Ha ApY-
roii. B KBaHTOBOA MeXaHHKe NOKA3BIBAETCS, YTO BO3MOMKHLI
TOJILKO TaKHE NePeXOfsl, NPH KOTOPHIX KBAaHTOBOe YHCJIO [
H3MeHsIeTCq Ha eJMHHILY:

Al= % 1. (69.6)

Vcnosue, Bripaxkennoe coortsomennem (69.6), naswisaer-
cinpapuaom ot6o0pa. Cyuecrsopanue npasuia (69.6)
06yCl0OBNEHO TeM, UTO (POTOH obafaeT COBCTBEHHBIM MOMEH-
TOM UMOyJabca (cmuHOM')), paBHuIM mpuMepso fi (B masb-
HelilleM MLl YTOUHHM ero 3uayenwe). [lpm ucnyckanuu
(OTOH YHOCHT H3 aTOMa 3TOT MOMEHT, a TPH HOTJIOLLEHHH
NPHBHOCHT, TaK 4TO mpaBHiao or6opa (69.6) ecrs mpocrto
Cle/ICTBHe 3aKOHA COXPAaHEHHS MOMEHTAa HMMIyJbCa.

Ha puc. 198 nokasanbl nepexojpl, paspelleHHEe Mpa-
puioM. (69.6). IMombsyack yeaoBHBIMH OGO3HAYEHHSIMM CO-
CTOSIHHA 3JIEKTPOHA, NMEPeXOfbl, NPHBOASIINHE K BO3HHKHOBE-
HHIO cepun JlafiMana, MOXHO 3amucatb B BHJE:

np—>1ls (n=2,3,...)
cepun Banpmepa COOTBETCTBYIOT MepexOfbi:
ns—>2p und—>2p (n=3, 4,...),

AT I

Cocrosinne 1s sBASeTC OCHOBHHIM COCTOSIHHEM aToMa
Bozoposa. B 3TOM COCTOSIHMH aTOM 06JajfaeT MUHUMAaJbHOM
sHepruefi. Uto6bl mepeBecTH aToM H3 OCHOBHOTO COCTOSHHS
B BO36ykAeHHOe (T. €. B COCTOsiHHe ¢ GoJbluell sHeprueit),
eMy Heo6XORUMO COOGIINTh SHEpruio. IT0 MOXKeT 6bITb ocy-
IECTB/JEHO 33 CUET TEIIOBOTO COYAAPEHHS aTOMOB (1o 3TOH
NPHYHHE HATPEThie Tela CBeTSATCH — aTOMbl H3JyyalioT, BO3-
Bpallasch U3 BO3GYKAEHHOTO B OCHOBHOE COCTOfIHHe), HJIH

1) Cm. 1. 11, § 51,
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3a CYeT CTOJKHOBEHHS aTtoMa C JOCTATOUHO GBICTPHLIM JCK-
tponom (cMm. § 62), mnm, BakoHell, 3a CYeT MOIJIOLIEHHS
aroMoM (¢OTOHA.

®doTOH TpPU NOTJOLIEHHH €ro aTOMOM HCUe3aer, mepexa-
Basi aTOMY BCIO CBOIO 3Hepruio. AToM He MOXeT NOMIOTHTb
TOJNILKO 4acTh Qorona, n6o ¢GoOTOH, KaK U JEKTPOH, KaK H

RRYrZ
ﬂ:Z =0
Y A A A
RRYrz

O R .
g 2 4 & 8 0 12 M4 Er
/;7/57*/'2 ”:‘Z =2

g 2 4 & & 0 2 4 IEr
Puc. 199.

ApYrHe 3JeMeHTapHble YaCTHIH, ABAseTcs HemennMuiM. [lo-
5TOMY aTOM MOXKeT IOIVIOIATh TOJbKO Te ()OTOHbI, 3HEPrHs
KOTOPBIX B TOYHOCTH!) COOTBETCTBYeT PA3HOCTH 3HEPrHH
aByx ero ypoereit. [Tockombky norsomarpumii aToMm o6HYNO
HaXOMWTCH B OCHOBHOM COCTOSIHHH, CIEKTP MNOTJOINEHNHs
BOJOPOAHOTO aTOMa JOJIKEH COCTOTh K3 JIHHHH, COOTBET-
CTBYIOIMX Nepexonam

Is—>np (=2, 3,...).
DTOT pesyabTaT MOJHOCTLIO COTIACYETCS C ONMBITOM.

1) BepHee, ¢ TOUHOCTbIO A0 HeGOJBIION NOMpaBKH, KoTtopas OyAeT
BBefieHa § 79,
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Co6cTBeHHBIe QYHKUHHE S-COCTOSHHE (T. €. COCTOSTHHA C
[ = 0) oka3bIBaIOTCA He 3aBHCAMMUMH OT YrJoB 4 H ¢. 2TO
MOXKHO 3allHCaTh CJeAyIOUIHM 06pa3oM:

WYn, 0,0 = R, (r)~

BeposiTHOCTb HalTH 3JeKTPOH B TOHKOM ILAapOBOM CJIO€
pazuyca r v TOJMIIMHRE dr corsmacHo (66.1) paBua

dP,=¢" dV =R, (r) R, (r) 4nr® dr.

Buipaxenune RnRy4nr’ npeacrasgsier coGOH MJAOTHOCTb
BEPOSITHOCTH HAXOXKJAEHHS 3JIEKTpOHa Ha PaCcCTOSIHMU £ OT
sapa.

BonHoBble GyHKIHM A8 [, OTAMUHBIX OT HyJd, pacna-
JLal0TCSl Ha [BAa MHOXHTENA, OJHH H3 KOTOPBIX 3aBHCHT TOJIb-
KO OT r, a APYro#l — ToJibKO OT yrJoB O M ¢. Takum obpa-
30M, H B 3TOM CJydYae MOXKHO BBECTH MOHATHE IJIOTHOCTH
BEPOSITHOCTH HaXOXKAEHHS 3JEKTPOHA Ha pPaCCTOSHHH 7 OT
siapa, noppasymenas nox R(r) Ty dactb QyHKUHU 1, KOTO-
pas 3aBUCHT TOJILKO OT 7.

Ha puc. 199 npuBeneHsl NJIOTHOCTH BepoOATHOCTH AJiA
ciyvaeB: 1) n=1,1=0;2) n=2,l=1u3) n=3, =2
3a exununy macumraba LJsi OCH r TPHHAT pajHyC MepBoil
G6opoBckoit opb6uthl [cM. (63.4)]. Ha rpaduxax ormeuennl
pajHyChl COOTBETCTBYIOIIHX GOPOBCKHX OPOHT. Kak BHIAHO
H3 DHCYHKA, 3TH pajMychl COBNAjaloT ¢ Haubojee BeposT-
HbLIMH PacCTOSIHHSIMH 3JeKTpOHa OT afpa.



FJTABA XII
MHOTOJ3JIEKTPOHHBIE ATOMBI

§ 70. CnexTpbl MEeAOYHLIX METaJN/I0B

CrekTpBl HCIIYCKaHHsI aTOMOB ILEJNOYHBIX MeTasJoB, MO-
J06HO cneKTpy BOJOPOAa, COCTOAT H3 HECKOJbKHX CepHi
Junufi. Hanbosee HHTEHCHBHBIE W3 HHX MOJYUYMJH Ha3Ba-
Hufl: raaspafd, pesdkad, AHdPy3Hasas U OCHOB-
Hasa (uau cepud beprmana). ITu Ha3BaHHA HMEOT cae-
Iylolliee TNpoHCXOoxAeHue. [naBHas cepus Has3BaHa Takx
noromy, uto Habuwogaercd ¥ npu noraouwennn. Chenosa-
TeJbHO, OHA COOTBETCTBYET INepeXOaM aTOMa B OCHOBHOE
cocrosnne. Peskas m nuddysHas cepud COCTOAT COOTBET-
CTBEHHO M3 pe3KHX H pa3MbITHIX (auddysubix) nuuuit. Ce-
pus Beprmana 6b1a Ha3BaHa OCHOBHOH ((yHAaMeHTalb-
HO#) 3a CcBOe CXOJCTBO C CepPUAMH BOAOPOJA.

Euwe B Konue npoujioro crosietusi Puabepr ycraHOBuA
sMnApuyeckue GopMyJibl, O3BOJAIOLINE BHIYHCANTL YacTOTH
CepHi LIENOYHBIX METa10B. DTH (GOPMYJH A5 BCeX cepHil
CXOJHB! H HMEIOT BHA:

0)=0)°°-(—n'la—)2, (701)
Ifle ®o — YaCcTOTA, COOTBETCTByIOLlas rpaHuue cepuu, R —
nocrosiunaa Pup6epra (59.5), n— uenoe uncao, o — Apob-
HOe UHCJI0.

Takum 006pasom, 4acTOTHl JiMHHMH MOTYT ObITh NpeicTaB-
JeHbl KakK pa3HOCTH JABYX TePMOB: MNOCTOAHHOTO (W) H
nepeMeHHOro, HMewoulero Oojiee CIOXHBIH BHI, yeM Oafb-
MepoBcKuil TepM R/n?. KOHCTaHTH (e H 0 AJS Pa3JHYHBIX
cepuii umeloT, BooOlle roeops, pasHoe 3HauyeHue. Tak, Ha-
NpuMep, CHeKTPaJIbHBIE CePHH HATPHUA MOXKHO MPEACTABHTH
crepyrwuMuy GopmyJaMu.
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Peskas cepus:

R
o=3S, it o) (n=4,5,...)
(O6ykBa s aABIseTcsd HayaJbHOH OYKBOH HalMEHOBaHHA ce-
pun: sharp — peskuit).

Fnasnas cepus:

—p —__R_ -
o=P, T (n=3,4,...)
(principal — rnasuwiit).
Huddysnas cepus:
R
(D=D°°——(m)7 (n=3, 4,...)

(diffuse — pucddysneiit).
OcHoBHas cepus (cepusi Beprmana):

R
o=F, CENE (n=4,5,...)
(fundamental — ocHoBHOI1).

[Tpu yxasauHBIX !) 3HAUEHHAX YHCAA N KOHCTAHTHl B Ile-
pPeMeHHBIX TepMax HMelOT IJ/sl HATPUS 3HAYEHHS:

s= —1,35,

p=—0,87,
= —0,01,

f=0,00.

BeaencrBue paBeHCTBa KOHCTaHTH [ HYJIO IepeMeHHBIH
TepM B (opMmy/e AJA OCHOBHOH cepHH coBnagaer ¢ GaJb-
MEpPOBCKHM, 2 caMma CepHf, KaK yKe OTMeuajoch, ABJIAETCA
BOJ0POA0N0J00HOM.

Iaisi cOKpallleHHs YCJOBHANCH 3alHCHIBATb IepeMEeHHble
TepMbl, YKa3biBasi uucao n ¢ faobasjenuem 6yke S, P, D, F
COOTBETCTBEHHO [IJ1st KaxJoi cepun. Torma nepeMeHHBI
TepM pe3koil cepuu BMecto R/(n + §)? 6yner HMeTh BHA nS.

1) Mox#o 6uiio Gbl, RanpuMep, CYMTaTh, 4TO 7 B (opMmyae AIA
pe3Koii cepuM NpuHHMaeT 3HauenHs: 2, 3 M T. KA., a KOHCTaHTa § paBHa
+4-0,65. HacToTel JHHHH OT 3TOTO, OYEBMAHO, He HM3MEHW/IHCh 6bl. Duina
6ol Jymib HHOR HyMepalus TepMmoB. Buauane, Koraa paccMOTpeHHe OcTa-
BaJI0Ch YHCTO SMINUPHUECKHM, HYMEPaUHst TePMOB NPOH3BOAHJIACH HMEHNO
TakuMm -o6pasom. Onanako Mol GyfZeM NpHAEPXKHBATbC HyMepalHH, co-
rnacylwouieics ¢ TeopeTHuecKHM OOBACHEHHEM CXeMbl TepPMOB.
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[Mepenennblil TepM IVIABHOII CepHH 3anuliiercsl Kak nP, aud-
¢dysHoit — nD u, HaKkoHel, OCHOBHO! — nF.

[NepennceiBasi GopMy/abl ANs cepHil HATPHS C HCIOJb30-
BaHHEM COKpalleHHbix 00o03HaueHuii, yutreM Takxe TO 00-
CTOSITEJILCTBO, UTO, KaK ObIIO yCTaHOBJAEHO KCIEePHMEHTallb-
HO, TMOCTOSIHHBIA TepM TyaBHOM cepuH P OKasajcs cOBIa-
HAIOUIUM C TIepEeMeHHBIM TepMOM pe3koil cepuy AJd = 3
(P = 3S). [TocTosinnbie TepMbl So # Do OKaza/HCch OJHHA-
KOBHIMH M paBHLIMU MepPeMEHHOMY TepMy [I/aBHOH cepru
a1 =3 (Se = Do = 3P). IlocToAHHBII TepM OCHOBHOMH
cepin F. OKasa/jcs paBHbIM NepeMeHHOMY TepMy AH(Py3-
HoHl cepun Ia n =3 (Fe = 3D). Takum 006pa3omM, clekT-
pasibHble CepHH HATPHA MOTyT ObITb NpeicTaBjeHbl B clle-
LyioleM Buie:

Peskas cepusi: @ =3P —nS (n=4, 5, ...)
I'naswas cepusi: @ =3S —nP (n=3, 4, ...)
Huppysnas cepusi: 0 =3P —nD (n=3, 4, ...)
OcnoBnas cepusi: @ =3D —nF (n=4,5,...)

ME! npuwx K BecbMa CylLlecTBEHHOMY pe3yabraty. Bhi-
ACHHJIOCb, YTO JIMHHM BCEeX YeTblpeX CIEeKTPaJibHBIX CepHi
MOXKHO TOJYYHTH IyTeM KOMOHMHAUMH YeThHIpeX THNOB (pd-
aoB) TtepmoB: nS, nP, nD u nF [cp. ¢ dopmynoir (59.9)]

TepM C TOUHOCTbIO [0 TOCTOSIHHOTO MHOXKHTeJsi COBIa-
lfaeT C 3HeprHefl COOTBETCTBYIOILErO COCTOSHUA atoMa [CM.
dopuyay (62.2)]. CnemoBare/bHO, KaXKAOMY pPSLYy CIEKT-
paJibHBIX TepMOB JOJI)KEH COOTBETCTBOBATbL CBOH DAL HEP-
reTHYeCKHX ypOBHell. DMIHMpHuecKas cXeMa ypoBHell aTtoMa
HaTpus n3obpaxkeHa Ha puc. 200. Cxembl ypoBHe#l ApPYrHX
LIeJOUHBIX MET4JJIOB HMelOT TakKoil JKe XapakTep, Kak
Y HaTpHUSA.

Cxema yposueli Hatpusa (puc. 200) orauuaercss OT cxe-
Mbl- YDOBHEH BOAOPOAHOTO atoma (puc. 198) TeM, yTo aHa-
JIOTHYHBIE YPOBHH B PAa3JMUHBIX PsilaX JeXaT Ha HeomH-
HakoBo#i BbicoTe. HecmoTps Ha 3sT0 oOTiiHuue, 06e CXeMb
oGHapyXKUBAOT O6OJbIIOE CXOACTBO. IDTO CXOACTBO JaeT
OCHOBAHHE TPEANOJONKHTb, UTO COEKTPHl UIENOUHBIX MeTaj-
JIOB HCNYCKAlOTCA NpH fepexofax caMoro BHemgero (Tax
HA3bIBAEMOrO BAJE€HTHOTIO WIH ONTH Y€CKOT O} 3JeK-
TPOHA C OJHOTO YPOBHS Ha APYIOH.

Mz puc. 200 BHZHO, 4TO 3HEPrHA COCTOSTHHA OKAa3bl-
BaeTcd 3aBHCAllleH, KPOMe 4YHc/a N, TakXKe OT TOro, B Ka-
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KOA psAN momajaeT AAHHBIA TepM, T. €. OT HOMepa psja
TepmoB. FHa cxeme ypoBHeli aTomMa BojOpoOLa pas3/uuHbIe
PAABI TePMOB (C COBIAJAIOIIMMK O BLICOTE YPOBHAMH) OT-
JHYAIOTCA 3HAYEHMAMHM MOMEHTa HMIyJbca 3J€KTpOHa.
EcrectBeHHO NpPEeAnoO/IONKHTD, UTO Pas/HuYHbIE PSLB TEPMOB
HIEJOUHBIX MeTaJJIOB TaKikKe OTIHYaloTcd 3HAUCHHAMHA MO-
MeHTa MMIIyJbCa ONTHYeCKOro sJjektpoHa. [lockosbky
YPOBHH pas3/HUHBIX pPSIAOB B 3ITOM CJyyae He JeXaT Ha
OJMHAKOBOH BbicOTe, C/lelyeT NpPUHATb, UTO SHEPrHs OITH-
YeCKOro 3JIeKTPOHAa B aToMe IUeJOYHOro MeTaJja 3aBACHT
OT BeJIHUMHBI MOMEHTa HMIYJbca 3JEeKTPOHA (4ero Mbl He
nabJiogany ajs BoAOpona).

B OGonee c/0xHBIX, YeM BOJOpPOX, aToMax, HMMeEIOWHX
HECKO/IbKO 3JIeKTPOHOB, MOXKHO CYHTATh, YTO KaxK[bili M3
3/JIEKTPOHOB [BHXKETCSi B YCPeJHEHHOM IoJe $/ipa B OcTaljb-
HBIX 3JIEKTPOHOB. DTO™ NOJe YiKe He OyAeT KYJOHOBCKHM
(r. e. npomopuuonanbHuim "1/r?), HO o6Jiajaer UEHTpab-
HOH CcHMMeTpHeR (3aBHCHT TOJNBKO 0T r). B camom jneie,
B 3aBHCHMOCTH OT CTelleHH IIDOHHKHOBEHH#l 3JIeKTPOHA B
ray6b aroma 3apaj siipa OyAeT AA JAHHOTO 3JEKTPOHA
B Oonbllueil WJH MeHblUedl CTeNeHH 3KPaHHPOBATHCA APY-
THMH SJIEKTPOHAMH, TaK YTO 3(QEKTHBHbII 3apsi, BO3JEH-
CTBYIOUIMI Ha paccMaTpuBaeMbii 3J€KTPOH, He OyjeT Mmo-
CTOsAAHHBIM. BMecTe ¢ TeM, NOCKONbKY 3J€KTPOHBI ABHXKYTCSH
B aTOMe ¢ OrPOMHBIMH CKOPOCTSIMH, YCpeJHEHHOe 1o Bpe-
MeHH 110Jle MOXXHO CUHTaTb LEeHTPasibHO-CHMMEeTPHUHLIM.

Pemenne ypasuenus Wlpenunrepa (65.3) mas snekTpo-
Ha, JBHXKYLIErocs B LEHTPaJbHO-CHMMeTPHYHOM Hexﬁo-
HOBCKOM TNOJie, HaeT pe3y/bTaT, aHAJOTHYHLIH pe3ysnTary
a5t BOJAGPOJAHOTO aroMa, ¢ TeM OTJHUMEM, 4YTO 3HEpIeTH-
YeCcKHe YPOBHH 3aBHCAT He TOJNLKO OT KBAaHTOBOTO UHCAa A,
HO H OT KBaHTOBOIO uHeda. l:

E= Enl»
Y = Vnym.

Takum oOpasom, B 3TOM cjydae CHHMaeTcs BblpoxKie-
Hue no I Otinyne B 3HEeprHH MeXAY COCTOAHHAMH C pas-
Ju4YHBIMH [ ¥ OJMHAKOBHIMH 71 BOOOILE He TaK BeJHKO, KakK
MeXy COCTOSIHUSMH ¢ pasauunbiMH n. C yBeanueHueM I
3Heprus ypoBHell ¢ OAWHAKOBBIMH f BO3DacCTaer.

Uucna [ u m mno-npeXXHEMy ONpPeAesslOT MOMEHT HM-

yJibCa 3JIEKTPOHA H €ro [pOCKUHI0 Ha -3aJaHHOC Halpas-
JieHye.
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Mowmenrt HMIyJECAa aTOMa B LEJOM CJaraercs u3 MOMEH-
TOB BCEX 3JIEKTPOHOB, BXOAALUUX B COCTAB aTOMa. CJoxenne
MOMEHTOB HMIlyJbCa OCYIIECTBJAAETCSA MO KBAHTOBLIM 34KO-
HaMm, corjacsHo’ KOTODbLIM Be€JHYHHA pe3yabTHPYIOUIETO MO-
MeH1a M onpenessieTCa BbIpaXXE€HHEM:

M=tVL{L+T), } (70.2)
L=l1+l2, l]+l2_‘1, ooy ‘11—121’

rie I1 B ly—uncia, onpejessiioillHe. CKJafbiBaeMbie MO-
medTel My u My no dopmyne: M;=h Vl, ¢ +1).

Takum o6pasom, pesynbmpylomun MOMEHT MOXeT
uMerb 2{3+ 1 mwanm 2{, + 1 (HyXHO B3iTb MeHbIllee H3
IBYX [) pasHUHBLIX 3HAuEHHIL.

HceaegoBanus ONTHYECKHX CHEKTPOB HOHOB LHEJOYHHX
MeTa/VIOB TOKa3a/d, 4TO MOMEHT HMMy/JbCca aTOMHOro
ocratka (T. e. AApa H OCTaJbHbIX 3JEKTPOHOB, KpOMe
HauMeHce CBSI3aHHOTO 'ONTHYECKOrO 3JIEKTPOHA, YAaJfio-
1erocsi NpH HoHM3auuM) paseH Hydo. CJeL0OBaTeNbHO,
MOMEHT aTOMa LUEeJOYHOTO MeTaJsJia paBeH MOMEHTy ero
onTHYeCKOro sJdekTpoHa ¥ L aToma cosnafaer ¢ [ 31010
3/71eKTPOHaA.

[TockoabKy npu Bo30yKIEHHH aTOMa M MCIYCKAHHH CBe-
T4 OCTalbHble 3JEKTPOHbl He H3MEHSIOT CBOErO 3HepreTH-
UECKOTO COCTOAHHUS, CXeMy YpOBHeH aTtoMa MOXKHO CYHTAarb
TOXIECTBEHHOH CcXeMe YypOBHEeH ONTHYeCKOTO 3JeKTpoHa.
TakuM o6pasom, KBaHTOBasA MeXaHHKa OOBACHSAET Bce OCO-
6eHHOCTH npHBedeHHON Ha puc. 200 cxeMbl

Ha puc. 200 nokasaHbl nepexofbl MexXKAY YPOBHSAMH,
IPHBOASLEME K BO3HHKHOBEHHIO Pa3/IMUHBIX CEpHil. DTH Iie-
pexoibl HOIAUYHHSIOTCA HNeACTBYIOLleMY H B JaHHOM chiyyae
npaBHJAY 0TO6ODpa: BO3MOXKHBI JIMIIb TaKHe IIePEXOAH,
IpY KOTOPHIX MOMEHT aToMa H3MeHAercsi Ha eQUHHLY:

AL =+ 1. (70.3)

M3 Bcero cka3aHHOro BhIle CTAaHOBHTCA SCHBIM MpO-
HCXOXJeHHe CHUMBOJOB S, p, d H T. A DByayunm 3ammcrso-
BaHbl ¥3 HA3BaHHH CHeKTpaJbHEIX CEpHil, 3TH OyKBH NO-
CAYXKHAH BHaua/le IJis 0GO3HAUEHHS DSIOB TEPMOB, a 3a-
TeM OBLIM NepeHeceHbl Ha COCTOSTHUA C COOTBETCTBYIOIHMH
3naveHusiMu L umn L
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§ 71. Hopmaaountii apdext 3eemana

Ecin aToMbl, H3JyYaioliue CBeT, IOMECTHTb B MAarHHT-
HOe 1NoJie, TO JIMHHMH, HCIyCKaeMmble 3THMM aTOMaMH, pac-
INENJSIOTCA HAa HECKOJIbKO KOMIIOHEHT. DTO sBJieHHe ObIo
o6uapyKeHo TONJAHACKAM ¢uankom 3eemaHom B 1896 r,
npu HaOJIONCHHH CBEYEHHS I12apOB HAaTpHd M HOCHT €ro HMsl.
Pacinienienie BecbMa HeBeauko — npu H = 20 + 30 TeIcAY
IpcTes OHO JOCTHraeT JIHUIL HECKOJLKC MAecATHIX AoJed
aHrcrpema.

HanpawmBaercss = npeAnoJio:keHHe, YTO pacllellieHHe
auHull o6yCJOBJEHO pacllenjeHyeM MOJ [eHCTBHEM Mar-
HHTHOTO TNOJISl 3HepPreTHYeCKHX ypoBHeHl artoMa. [lpuuuny
TAaKOro paculellIeHHs Jerko TOHSATh, eCJH YuecTb, YTO Bpa-
mawonuilcs 0 opOHTe 3JeKTpPoH ob/1ajaer, HapsAy C Me-
XaHnyecknM ') MomenToM M, Tak)Ke W MAarHMTHbIM MOMEH-
TOM:

n= — (71.1)
[em. 1. 11, popmyay (51.3)]

Xots mpexacraBgaenue 06 opGurax, Kak ¥ BooOlie npej-
CTaBJjeHHe O TPAeKTOPHSX MHKDOUACTHI], ABJfAeTcA Hempa-
BHJBHBIM, coOTHOIIeHHe (71.l) ocraercs, Kak NOKasbiBaer
OMBIT, CIpaBelJIMBbIM.

Hseectro [cm. T. II, dopmyny (48.7)], uto MarHHTHBIfA
MOMeHT 00J1aJJaeT B MarHHTHOM [MOJie 3HepTHei:

U=—nH=-—~pHcosa=— Hug, (71.2)

rjie pg— NPOeKHHs MarHHTHOTO MOMEHTa Ha HampabJieHHe
noJist.

BbluncinM BeJHYHHY OpOMTAJBHOTO MarHHTHQrO MOMeH-
Ta 3JMEKTPOHA M BeJHUMHY HPOEKUUH MOMEHTa Ha Hampas-
sende nouns, TlogcraBum B coorHowenuwe (71.1) kBaHTOBO-
MeXaHuyeckoe Bbrpa)xeﬂne L1 MEXaHHYeCKOTO MOMEHTa:

2mpc

== 2me0 M=— 2/n hl/l(l—!' 1) = —P‘Bvl(l+ 1)
Bennuuna
bp= ———2m —=10,927 - 107" apejeayce (71.3)

Ha3blBA€TCA MArHeToOHOM Bopa.

') Tax Mbi &JIA KpaTKOCTH OyZeM Ha3blBaThb MOMEHT HMMNyJbca.
344



[lpoekunst MarHUTHOFO MOMEHTa HA HamnpaBjieHHe MOJs
paBHa:
e e
by 2mg¢ Mp 2 m K,
e M — MarHUTHOE KBaHTOBOE YHCJO.
Coraacho (71.2) atom mosayuyaer B MarHHTHOM MOJe JO-
6aBOUHYIO 3HEPTHIO:

AE=— Hpy=pgHm. o 2208 oo 7))
CliefoBaTeIbHO, 3HEPreTH- l ‘ [ =1
yecku#t ypomenb E,; paciuen- Ly bt
asercs Ha 2/ + 1 pasHOOT- [ .
CTOALIMX JAPYr OT Apyra Mofy- J J
 poBHe# (MaruuTHOE NOJe CHH- g=pZ0 __ ____ =0
MaeT BHIpOXJAEHHE HO m), B t)y~dty, &)y )+ Ay
CBA3H C UeM pPaCIHeNJsIioTCs M Les rmong & ronem
ClIeKTpPanbHble JHHHH.
Ha puc. 201 noxasamno pac- Puc. 201.

LienJeune ypoBHeA M CHek-

TpaJbHbIX JUHUA /9 Nepexofa Mexay cocTosauusamu ¢ | = 1
m =0 (ana P->S-nmepexona). B orcyrcrBHe noss Ha-
6a08aeTcsl OJHA JIMHHSA, 4acCTOTa KOTOPOi o0o3HaueHa wo.
Ilpu BR/IIOYEHHH [OJSA, KPOME JHHHH g, NOSBJSIOTCA IBe

- — =42
AR AN iyl

m=0
mn=-7

i

N m=-2
|

P

|

=2

' ]
Faoay
I v

¢ el

. M=+7
2=7 m=0
e e ,”7':-)

Gy~dey, iy WA,
b3 morg L e

Puc. 202.

pacnoJio’keHHble CHMMETPHYHO OTHOCHTE/]bHO Hee JIHHHH
C 9aCTOTaMH wp + Awo B @o— Awo.

Ha puc. 202 nana amajiornynas cxema anas 6oJiee CJOXK-
HOro cayyasi— Ajs nepexoga D -»P. Ha nepswifl B3rIag
MOKeT -1I0Ka3aThCsl, UTO NepBOHauajbHasg JHHHA J[AOJIXKHA

345



B 3TOM cJydYae pacliendThcs Ha ceMb KoMmmoHedT. OnHako
Ha caMOM jeJfle MOJy4YaeTcsi, Kak U B NpeABIAYILEM CJayyae,
JIMIIb TPH KOMIOHEHTHI: JIHHUA C YaCTOTOH ®o M [BE CHM-
METPHYHO pAacloJ0KeHHbie OTHOCHTEJNbHO Hee JHHHUH C 4a-
CTOTaMH o + Awg H ®o — Awg. ITO OOBSCHSAETCA TEM, UTO
JIJIsT MarHUTHOrO KBAaHTOBOTO YMCJIa M TaKXKe HMeercs
npaBHao oTO6Opa, CONIACHO KOTOPOMY BO3MOXKHBI
TOJILKO TaKHe Mepexoibl, NpH KOTOPbIX KBAHTOBOE YHCJIO M
JAu00 OCTaeTcs HeH3MeHHBIM, JIH0O H3MEHsieTCsl Ha eJHHHULY:

Am=0, +1, (71.49)

[Iponcxox/aeHHe 3TOTO MPaBHAA MOXKHO MOSICHHTDL cJe-
fytomum o6pasoMm. Ecau MexanuuecKHil MOMEHT 3JeKTpOHa
NPH H3NYYEHAH H3MEHSeTCs Ha ed-

———————H uuny!) (doton ynocur ¢ coboi

2 1 t MOMEHT, PaBHbili elMHHLe), TO H3-

7 MeHeHHe NPOEKIHH MOMEHTa He MO-
G w, G }KeT- ObiThb GOJbIle eIHHHILL.
wy~day wWy*tde, C yuerom npasuna (71.4) Bos-

MOJKHBI TOJIBKO TMepexoisl, yKa3aH-
Hele Ha puc. 202. B pesyasraTte no-

) O O Jy4aioTcs TPH KOMIOHEHTH ¢ ya-
CTOTaMH, YKa3aHHbIMH Bbiule, OnbiT

wy-day, ey+Aw), TOKA3bIBAET, YTO 3TH KOMIOHEHTHI
MOJISIPH30BaHbl. XapakTep moJIspH-

Puc. 203. 3alMH  3aBHCHT OT HampaBJeHUS

Habmogenua. Ilpu  rnonepeunom
HaOmoneHrd (T. e. TpH HaGJIONEHHH B HanpasJ/eHHH,
HepneHHKYJAspHOM K Bekropy H) cBeroBoil (3sexkTpHue-
CKHH) BEKTOp HeCMellleHHOHl KOMIIOHeHTH (ee Ha3bIBAIOT
T-KOMIOHEHTOH) KoJeG/leTcss B HANpaB/eHHH, Napalielb-
HoM Bektopy H, a B cMmeuleHHBIX 0-KOMIIOHEHTax —B Ha-
npaBnenud, mepnespukyaspiom k H (puc. 203,a). Ilpu
NPOJO/NBHOM HaGJIOJeHHH MOJYy4alTCsl TOJbKO [Be CMe-
HleHHBle KOMmoHeHTH. O6Ge NMOJISPH30BAHEI O KPYyry: cMe-
H{eHHast B CTOPOHY MEHBLIMX YacTOT — NPOTHB UYaCOBOH
CTPeJIKH, CMelIeHHash B CTOPOHY OO/IbINHX 4yacTOT — 110 ua-
coBoif cTpeake (puc. 203, 6).
[Tonyuaronieecs B paccMOTpeHHBIX CJAy4asiXx CMellleHHe
KOMIIOHEHT HasblBaercd HOPMAaJbHBIM HIM JOpEeH-

) Tounee, u3Mensiercs Ha eAMHRUY KBAHTOBOe uuCIO [, onpejeadio-
lee BeJHUHHY MOCXaHHYECKOTO MOMEHTa.
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I[eBH M ‘) cMemeHueM. Bennuuna HOpMAaNbLHOro CMe-
1lleHus, OYCBHAHO, paBHa:

_uBH_ eh H__ eH
Awy = B %mec B 2mec

(71.5)

OuenuM BeJHYHHY paclIeNJIeHH KOMIOHEHT A)A 1id
noJsi nopsaaka 104 spcren. ITockoabky A = 2nc/o,

2ne neH
| AR | =<5 Awp = =0 -

Yacrota ® AJAA BHIMMOTO CBeTa HMeeT MOPAAOK
31015 cex!. CaepoBaTenbHo,
_3,14-48-10710. 10t

—8 —
Ad = 091 - 10-—27_~9. 10307 = 0,2 - 10 cM 0,2 A.

OnucaHHBIM B 3TOM maparpage o6pasoM pacIlenJsoTcs
TOJBKO HEeMHOTHe CHeKTpajbHbie Jausuu. B OonblimHCTBE
cllydaep pacllenjiedsie HocuT OoJee CJAOXKHBIH Xapakrtep
(B 4acTHOCTH, YHCJI0 KOMIIOHEHT MOXKeT ObIThb GoJiblile Tpex)
H AN ero OODbsCHEHUS IPUXOLHUTCA TIPHBJEKATh JOIOJHHU-
TeJbHble coobpaxenus (cMm. § 75).

§ 72. MyabTHNAETHOCTh CNEKTPOB M CAMH 3JEKTPOHA

HccnenoBande cnekTpos LUEJOYHBIX MeTa/sioB HPH IO-
Mol npu6Gopos ¢ Gonbiloi pa3pemialoulell CHJIOH NoKasa-
JI0, UTO KaxKJasl JIMHHMSA 3THX CHEKTpOB sABJseTcs ABOHHOH
(ny6aer). Tak, HaupuMmep, XapakTepHas AJs HATpPHSA KeJ-
rasg JuHusa 3P —3S cocTOMT M3 ABYX JMHMH ¢ AJMHHAMH
BosH 5890 A u 5896 A. To ke OTHOCHTCS H K APYLHM JH-
HHAM TJIaBHOH CepHH, a TaKxe K JHHHAM ADYTHX cepHil.
B ra6a. 4 npuBeleHsl HeKoTopble Ay0Jerh HaTpua. B uer-
BepToM cTO/I0Ie yKa3aHB BOJIHOBBle uMcJAa JUHHH v/ [cM.
(59.2)]. B nocaepnem cronlue maHO pacuien/ieHHe KOMIO-
HeHT Jy6JieTOB (pa3HOCTh BOJHOBHIX YHCEdN).

Paciuennenune crieKrpalbHHX JHHHH, OueBHAHO, 00yCJoB-
JIEHO paciuel/ieHHeM 3Hepreruueckux yposHell. ITockouabky
paclien/ieHHe JWHMH INaBHOW cepud nP —3S pasauuno,
a Jajs JHHME pe3koi cepun nS—3FP omHO M TO XKe

1) Jlopenu, Hax Kaaccuyeckoe oObfcHeHHe HOpMajbHOre stdexta
3eeMaHa H BBLIYHCIHI BeJHYHHY HOpMaJsibHOro cmeuteHus. ObparTHTe BHH-
MaHHe Ha TO, 4TO A®g coBHajaer ¢ JapMopoBoil uacroTof [em. T. II,

dopmyny (52.1)1
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Ta6auna 4

Cepust Hepexon A A SO
Inapuas| 3P ->3S { gggg i; 8(1)8 } 17
» | ap>as {850  S0%0 ]| ©

> 5p>35 {3555 | Bo0o || 2
Peskas 4S8 - 3P { }} 2(8)3 g;% } 17
o s (2088 03|
o | e |3 50|

(cm. Tabu. 4), NPUXOAUTCS NPEATIONOKHTD, YTO YPOBHH S fB-
JSIOTCA ONMHOYHBIMH (CHHIVieTaM#), a ypoBHH P — nBoii-
HbIMH (AyOseTsbIME) (cM. puc. 204). JlanbHehmui anaaus
CIIeKTpa HaTpHA MOKa3aJ, uTo ypoBHH D u F Takxe aB-
JSIOTCA JBOHHBIMH.

CrpyKTypa cuekTpa, OTpaKamoliaa paclleleHde JHHAH
'Ha KOMIOHEHTHl, Ha3plBaeTcd TOHKOH CTPYKTYpPOW.
CroxHble JHHUH, COCTOSIIHE H3 HECKOJbKHX KOMIIOHEHT,
HOJYYHJIH Ha3BaHHue MYyJbTHOAeTOB. TOHKas CTIPyK-
Typa o6HapyxuBaercsl, KpoMe LIEJOYHBIX METa 0B, TaKKe
H y IpyruX 3/7eMeHTOB, MpPHYEM YHUCJIO KOMIIOHEHT B MYJb-
TUIJIeTE MOXeT ObITb paBHO ABYM (ILyOJerwl), TpeMm (TpH-
nJjetsl), ueteipeM (KBapTeThl), NATH (KBUHTETH) H T. A.
B uacTHOM cJyuae cIeKTpaJbHble JHHUH [aXe C y4yeToM
TOHKOH CTPYKTYPBl MOTYT OBITH OJHHOUHBLIMH (CHHIJIETHI).

IOns o6bsicHeHUST MYJAbTHOJIETHOH CTPYKTYPH CIIEKTPOB
H aHoMaJ/ibHOTO »ddekra 3eemana (cMm. § 75) [ayacmur n
IOnen6ex sbiaBuHyAx B 1925 . runoresy o TOM, UTO 3J€K-
TpoH o6jaajzaeT cOOCTBEHHLIM MOMeHTOM HMnyabca Ms, ne
CBA3aHHBLIM ¢ ABIXKEHHEM 3JeKTpPOHa B IIPOCTPaHCTBE. JTOT
cobcTBEHHBIH MOMeHT Obl/l Ha3BaH CTIUHOM.

[epBoHaya/bHO NMPEANOJIArajloch, UTO CIHH 00YCJOBJEH
BpallieHHeM 3JieKTpOHa BOKpYT cBoefl ocu. CornacHo 3THM
NpeNCTaBJEHHAM 3JeKTPOH YHoAoOJsics BOJNYKY HJH Be-
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pereny. Kcrartu, oTciofa mpoUCXOJUT M CaM TEPMUH <«CIHH»:
no-aurjuHcKH spin o3Hauaer «BepueHHe». OAHAKO OUeHb
CKOpO MNPHULIOCh OTKAa3aThCAd OT NOROOHBIX MOJAEJBHBIX
npeiacTaB/eHul, B YaCTHOCTH NO cjeAyiwolleli npuynHe. Bpa-
uaouniics 3apAKEeHHbl MapuK A0MKeH 06Aanath MarHuT-
HbIM MOMEHTOM, NpHYEM OTHOILIeHHE MaTHUTHOTO MOMEHTa
K MeXaHHYyecKOMY JOJIKHO uMeTb 3radenue [cM. (71.1)]:

L= Qn‘;c ) (72.1)

IleifictBuTesnpHO, OBLIO YCTAHOBJIEHO, 4TO 3JIEKTPOH, HA-
psaly ¢ coOCTBEHHBIM MeXaHHUeCKHM MOMeHTOM, obJjajaer
TakXe W cOOCTBEHHBIM MarHHTHBIM MOMeHTOM ws. OAHAKO
pAd ONBITHBIX (PAKTOB, B YACTHOCTH AHOMAaJAbHHHA 3(OeKT
3eemana, CBHAETENBCTBYET O TOM, UTO OTHOIIEHHEe COGCTBEH-
HbiX MAarguTHOTO M MeXaHHYeCKOIO MOMEHTOB B JBa pasa
Goablile, ueM Ui OpOUTATBHBIX MOMEHTOB!

e (72.2)

Mg MeC

Takum o6pasoM, npeicraBieHHe o0 3JeKTpoHe Kak
0 BpauawlieMcss LIapHKe O0OKa3aJoch HeCOCTOATENbHBIM.
Chul clefyeT CUMTaTb BHYTPEHHMM CBONCTBOM, NPHCYIUM
3/JeKTpOHY N0J00HO TOMY, KaK eMy NPHUCYLIH 3apsij M Macca.

[lpeanosoxenne o chuHe 3JeKTpoHa ObLIO NOATBEp-
KJeHO GOJIbIINM KOJUYECTBOM ONBITHHIX (HDaKTOB H JOJXKHO.
CUHTATBCH COBEPIIEHHO JoKasaHHelM. Okasanoch TaKxe,
YTO HaJHUHEe COMHA U BCe ero CBOHCTBAa aBTOMAaTHYECKH BHI-
TEKaloT U3 ycTaHOBJeHHOTo JlHpakoM ypaBHeHHs! KBAHTOBOM
MeXaHHKH, YAOBJETBOpAlIero Tpe6OBaHUAM TEOPHM OTHO-
cutesbHOCTH. TakKuM 00pa3oM, BHISICHUJIOCH, UTO CHHH -3J€eK-
TPOHA sABJsETCS CBOHCTBOM OJHOBDEMEHHO KBaHTOBLIM H
peATHBUCTCKUM. BB HacTosiilee BpeMs TaKxKe yCTaHOBJEHO,
YTO COHHOM 006JaJai0T U ApyrHe 3JeMeHTapHble HaCTHUBI
[POTOHBI, HEHTPOHBI, (GOTOHBL U AP.

Benuuuna coGcTBEHHOrO MOMEHTAa HMIYJibCa 3J€KTPOHA
onpejessiercss 1o OO6GLIMM 3aKOHAM KBAaHTOBOH MeXaHHUKH
[cm. dopmyny (69.4)] Tak Ha3HIBAEMBIM COHHOBR M
KBAaHTOBBM YHCJIOM S, PaBHbIM !y 1):

My=0Vs(s+1) =tV -3, =1k V3. (72.3)

') s nporoHa M HeATpPOHA § TakXKe PaBHO MOJOBUHe, AAd ¢o-
TOHA § PaBHO efHHHLE.
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Cocrasasiomasl MeXaHHYECKOTO MOMEHTa N0 3aJaHHOMY
HanpasJIeHHIO MOXKeT MPHHUMAarb KBAaHTOBaHHble 3HAYEHHSA,
OTJIHYAIOLIHeCs APYT OT apyra Ha h:

Mg=mah, rie my=+s=x1/5, (72.4)

Uro6nl HafiTH BeNUYHHY COOGCTBEHHOTO MAarHMTHOrO MO-
MeHTa 32JIeKTPOHa, YMHOXHM M, na ortnowenne (72.2) p,
K Mg

e

b PUSUR—
o M= ——”i—;; Vss+1) =
=2 Vs(s+1)=—ps V3. (72.5)

3rak MHHyC YKassiBaeT Ha TO, 4TO MeXxaHuueckuii M,
H MACHUTHBIH M; MOMEHTH 3JIEKTPOHA HamnpaBJieHBl B Npo-
THBOMOJIOKHEIE CTOPOHEL

IIpoekuusi coOCTBEHHOr0 MATHHTHOTO MOMEHT2 3JeK-
TpOHA Ha 3aJaHHOe HaNpaBJieHHe MOXET HMeThb CJefyio-
UiHe 3HaUYeHUS:

Pg= —

)=Fpg (72.6)

(MMHYC TIOJMy4aercs, ecau Mms= + !/, MJIIOC — eCcan m, =

TakuM o06pasoM, npoekuHs COGCTBEHHOTO MOMEHTa HM-
MyJbCa 3JeKTPOHA MOXKeT NPHHAMAaTh 3HaueHua -+'/ohi u

—1/o8, a coOCTBEHHOIrO MAarHHTHOTO MOMEHTa — 3HaUEHHS
+pp # —up. B pang dopmys, B 4acTHOCTH B BBIpa)KeHHe
st 9HEPTHH, BXOILST HE CaMH MOMEHTHI, 2 HX NPOEKIMH.
TloaToMy NPHUHATO TOBOPUTb, YTO COOCTBEHHELIT MeXaHWue-
CKHHl MOMeHT (CIUH) 3JIeKTpPOHa paBeH NOJOBHMHe (foApa-
aymeBaeTcs B eAuHMLAX h), a COGCTBEHHBII MaTHHUTHBIA MO-
MeHT paBeH oJHoMYy marserony Bopa.

PaccmoTpuM Temepb Ha TpHMepe aToMa HaTpHs, Kak
€YIIeCTBOBAHHE CIIHHA 3JEKTPOHA MOXKET OGBACHHTH MYJlb-
THIUIETHYIO CTPYKTYPYy cmekTpa. IToCKOJBKY MOMEHT aTOM-
HOTO OCTaTKa paBeH HYJI0O, MOMEHT aToMa HaTpust paBeH
MOMEHTY ONTHYECKOro 3JeKTpoHa. MOMeEHT Ke 3/€KTpoHa
Gyaer craraThesl M3 ABYX MOMeEHTOB: opGurtanssoro M, o6-
YCJIOBJIGHHOTO JBHXKEHHEM 3JIeKTPOHAa E aToMe, H CIHHO-
Boro M;, He CBA3aHHOTO ¢ JBHXXeHHeM 3JIeKTPOHa B NpoO-
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cTpaHcTBe. PesyabTHpylomasi 3THX ABYX MOMEHTOB Jaer
NOJIBLIl MOMEHT HMIyJIbCa ONTHUYECKOro 3jekrpoHa. Croxe-
Hue OpOHTANbHOTO H CNIMHOBOTO MGMEHTOB B IOJHLIH MO-
MEHT OCYLIECTBJSETCH MO TeM XKe KBAaHTOBBLIM 3aKOHAM, N0
KOTOPHIM CKJaJbiBaloTcss opOuTasibHble MOMEHTH PAa3HBIX
anexkTponos [cM. (70.2)]. Benuuuna mnossoro Momenta M;
onpenenneTcss KBAHTOBBIM YHCJIOM j:

M;=aVi(+1),
npHYEM j MOXKeET HMeTb 3HAYeHHA:
j=l+S, |l“S|,

rae [ H s COOTBETCTBEHHO a3MMyTaJbHOE M CIMHOBOE KBaH-
ToBble uHcaa. [Ipu [ =0 KBaHTOBOe UHC/O j HMEET TOJIbKO
OJHO 3HaueHHe: | = s = !/5. Ilpu [, oTIM4uHOM OT HyJs, BO3-
MOXHB! JiBa 3HaweHus: j=1[+ 1, u j=1—1/;, KoTOpHIE
COOTBETCTBYIOT ABYM BO3MOXXHBHIM B3aHMHBIM OPHEHTALHAM
MoMeHTOB M; u M;— «napa/iefbHOl» H «aHTHNApaJaeNb-
HOf» 1),

Tenepp yurem, uTo ¢ MeXaHHYECKHMH MOMEHTaMH CBS-
3aHbl MarHHTHEIC MOMEHTEI, KOTOphIE B3aUMOAEHCTBYIOT APYT
C ApyroM mofoGHO TOMY, KaK B3aHMOAEHCTBYIOT 1Ba TOKa
HJIH JiBe MarHUTHble CTPeJKH. DHeprusi 3TOT0 B3aHMOLefi-
cTBUfl  (HA3bIBAEMOTO CHUH-OPOHTANbBHHIM B3au-
MOJZeHRCTBHEM) B3aBUCHT OT B3aHMHOW OpHEHTAUHH
opbutanpHoro W coGcrBeHHOro MoMenTtoB. CilefOBaTesbHQ,
COCTOSTHHSI C Pa3/IHUHBIMM | JOJIKHB 0071afaTh pas3/HYHOH
3Heprueil.

Takum o6pasom, kaxawfi tepm paga P (I =1) pac-
[ienasieTcsi Ha JBa, COOTBETCTBYIOMHX [ =1fs u [=3;
Kaxapiil Tepm paga D (I =2) pacienaserci Ha TepMbl
cf=3u j="5 u1 g Kaxknomy repmy paga S ([ =0)
COOTBETCTBYET TOJbKO OZHO 3HaueHHe j = !/;; mosTomy Tep-
Mbl psiia S He pacllenssIoTcs.

Wrak, Kaxknmii psiZ TepMoB, KpoMe S, paclajaercs Ha
ABa psAla — CTPYKTypa TepMOB OKa3biBaercsl AyOJeTHONH
(nsofinoii). TepMsl npuesATo 0003HAYaTh CHMBOJAMH:

28'/2) 2P3/21 2P‘/z» 2D5/2: 2‘D’/z’ 21;‘7/27 2F‘/n e

') TepmHHBI «napanniefpHLii» U «aHTHNAPa/le/bHbI» B3ATH B Ka-
BLIYKH, NOCKOJbKY JBa CK/IajbIBaeMLIX MOMeHTa HHKOra He ObIBaloT
HanpaBJIeHHBIMH BAOJb. 0gHOi npsimoli. IloapoGHee 06 sToM cM. B cic-
Aywoulem naparpage.
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TlpaBnlil HHKHHI MHIEKC JaeT 3HaueHHe j. Bepxuuil Jse-
BHIfi MHIEKC YKa3blBAeT MYyJIbTHIIETHOCTh TepMOB. XoOTs
pax S siBasieTcsi OJMHOYHBIM, IIPH CHMBOJIE T€PMa CTABUTCS
Takx)e 2, yroObl IOKa3aTb, YTO 3TOT PAL NPHHANJENKHUT
K CHCTEeMe TEepMOB, B LeaoM AyOaeTHOM.

o- Sy L 2, Ty Ty oy
ST /4 g g 7=
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Puc. 205.

C yueTOM TOHKOH CTPYKTYpbl CXeMa TepMOB BHITJISAHT
6oJiee CJO0XKHO, O UeM JalOT NpelcTaBJeHue CXeMbl ypOBHell
garpusa (puc. 204) u uesus (puc. 205). CxeMy Ans HATpHSA
crelyer CPaBHHTb €O cXeMoH, H300paxeHHof Ha puc. 200.
ITockosbKy MyabTHIIETHOE pacluensenue TepmoB D u F past
HaTpuf oueHb MaJso, noayposud D u F, oTiHyalollyecs 3Ha-
YeHUAMH j, N300paxkeHbl Ha cXeMe caAHTHO. MyJsbTHn/IETHOE

12 H. B. Caseases, 1. 111 853



pacillenyieHHe y 1e3us 3HaYHTeJbHO GoJiblie, YeM y HaTpHA.
Ha cxeme nesus BUAHO, 4TO TOHKas CTPYKTypa Auddy3HO#
CepHH COCTOMT He H3 JBYX JIHHHH, a U3 Tpex:

52Dy, —> 6 2Py, ~ 36 127 A,

52D, —> 62Py, ~ 34 892 A,

52Dy, — 62Py;, ~ 30100 A,

BO3HHKHOBEHHE 3THX JHMHHH MOSICHEHO MOMOJHHTEIbHO
Ha puc. 206, HsoOpaxkeHHBII [NYHKTHPOM  IEPEXOj
2 52Dy, —> 6?Py, 3anpeuien npaBsuaoM 0TGo-

(A e e pa:
D,
%

Aj=0, +1. (72.7)

T
I

|

! B HuxHeft yacTu cxemn Ha puc. 206
{ [IOKAa3aHO, KaK BBIIVIAIHT CaM MYJbTH-
| nner. ToJmuEa JUHAI HA CXeMe HpHMe]-
| HO COOTBETCTBYeT MHTEHCHBHOCTH CIleK-
Y tpaapHnix suHuii. COBOKYMHOCTb IOJIY-
YaIOIMXCS JIMHUI BHIMIAIAT KaK AyOJer,
Yy KOTOPOTO OfHA M3 KOMIIOHEHT B CBOIO
oyepeAb OKaspiBaercsi ABoiHOH. Takas

Ve

2,
Py

T‘ rpynna JHHUHA Ha3biBaeTcd He TpunJie-
TOM, & CJUOXHBM leﬁJI'ETOM, TaK
Puc. 206. KaK OHAa BO3HHKAET B pE3yJAbTaTC KOM-

6uHauMH Ay6JeTHLIX TePMOB.
3aMeTHM B 3aKJIOYeHHe, UTO B CBfA3H C CYIIeCTBOBaHHEM
CIHHA ‘3JIEKTPOHA €CTeCTBEHHO BO3HHKAaeT BONPOC O TOM,
YTO M y BOAOPORHOro aroma ypoBHH ¢ [ > 0 JOKHBEI OHITh
NBOHHBIMH, a CIOEeKTpaJibHble JHHHH — NyOneTHbiMH. TOHKas
CTPYKTYpa BOJOPOAHOIO CIEKTpa HEeHCTBUTENbHO Obl1a 00-
HapyKeHa KCIEepPUMeHTaJIbHO.

§ 73. MomeHT uMAyabca B KBAHTOBOM MEXaHHKe

B To Bpems Kak MOMEHT uMOy/Jbca M u ero npoekuus
M, uMmelor 3Hauenus, onpenensieMele opmysnamu (69.4) u
(69.5), mBe ocTanabHbie npoekmuun momenta M, u M, oka-
3bIBAIOTCA COBEpLIEHHO. HeonpedeaeHHbIMHU ). C. M0L06GHBIM
noJIoXKeHHeM Mbl yXKe BeTpeyasuch B § 66 npu o6Cy:KIeHHH

) Hckaiouenne cocrasiasier cayyait M = 0, xorga Bce TPH NPOeKUUU
MOMEHTa. Ha OCH X, Y, 2 HMelOT ONpejle/leHHOe 3Ha4YeHHe, paBHOe HYO,
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KBaHTOBOMEXaHHUECKOTO ONHCaHHSA ABHXEHUA MHKPOYACTHH,.
CoraacHo cooTHomeHHIO (66.2) KoopiuHaTa W COCTaBJAfAI-
11as HMOyJbca TaKXe He MOTYT HMeTh OXHOBPEMEHHO Ompe-
JeJIeHHOTO 3HaYeHHH.

HeonpenenenHocTe ABYX HpPOEKIHH MOMEHTa NPHBOJMT
K TOMy, 4TO HalpaB/ieHHe MOMeHTa B NpPOCTPAHCTBE OKa-
3EIBAETCH TaK:Ke HeolpejeleHHHIM. H3BecTHO TOJIBKO, KaKoh
yrox ob6pasyer BekTop M c Hampasjienuem ocH 2. Orme-

THM TaKXe, 4TO HOCKOJbKY I < Vl (I + 1), nanbonspiias Be-
JIHUHHA [POEKIHH MOMEHTa BCEerla MEHbIIE BeJHUHHBI Ca-,
moro wMomeHta. CiiefoBaTeNbHO, Ha-

npaBjieHHe MOMEHTA He MOXKeT COBINa- z
JaTbh C BbieJleHHHIM B TPOCTPAHCTBE :
HanpasJieHHeM. 3JTO coryacyercs ¢
TeM OOCTOSATENbCTBOM, 4UTO Hanpasie-
HH€ MOMEHTa B IPOCTPAHCTBE SBJAET-
Csi HeONpeJeJeHHRIM,

Bcaencraue HeompeAe/eHHOCTH Ha-
npaBaeHusi Bekropa M B mpocTpaH-
cTBe Mbl H3Geraju A0 CHX HOP HOJb30-
BaTbCsl IpaduueckHM H306parkeHueM
momeHToB. OfHAKO rpadpuueckuii cno-
co6 CJIOXKEHHS BEKTOPOB OTJIHYAeTcH
- GosbILON  HAIVISIAHOCTbIO, M B psjie Puc. 207.
cayyaeB 11eneco06pa3HO0 UM BOCHOJb-
3oBatbca. Ilpy 3TOM BeAKkHA pa3 HEOOGXOAMMO INOMHHTDL
YCJOBHOCTb COOTBETCTBYIOUIMX rpadHuYeCKHX NOCTPOEHHI.

ITockoaeky M u M, uMeIOT onpeieseHHble 3HAUEHHH,
BeKTOp M MoXeT HMeTh HanpaBJeHHe ONHOH M3 obpasyio-
1lHX KOHYyca, H3o0paxeHHoro ga puc. 207, npuuem c paBHOH
BEPOSITHOCTBIO BeKTOP M Moxer ObiTh 0OHapyxeH B JH000M
NOJIOXKEHHH, COBNaAamilleM ¢ OZHOH M3 0Opa3yloOLIHX KO-
nyca. MoxHo npefacraBasTh cebe HeJo TaK, uTo BeKTop M
pABHOMEPHO BpallaeTca (IpellecCHPyeT) BOKPYr HampasJe-
HHS 2, COCTaBAfAfA C ITHM HanpapjJenueM yroa ¢, KOCHHYyC
KOTOPOro paBeH

M. m
cosP=—"2 = e, 73.1
M UL+ 1) ( )
Torza Bce HallpaBjenHs, XapaKkTepusyeMmble yriom @, Aeii-
CTBUTEAbHO OYNYT PaBHOBEPOSTHBHIMH.
Jns npeacraBieHusi o mpeuecchd Bekropa M BOKpyr
HanpaBJleHHs 2 HMeKTcsl elue B CJAeAylOliHe OCHOBaHHMA.
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BesienctBue TOro, 4to ¢ MeXaHHUECKHUM MOMEHTOM CBSI3aH
MarsuTHbIi MOMEHT, 3TH MOMEHTHI, HaXOJfAChb B MarHUTHOM
HoJie, JNOJXKHBI BecTH cebs moJ0oOHO THPOCKONY B [10JI€ 3eM-
goro taroteHus (cM. T. I, § 44). B camom gese, Ha Mar-
HHTHBIH MOMEHT B MAarHHTHOM MoOJie
HAe) (puc. 208) OelCTBYeT MOMEHT CHJI
p [pH] Jem. 1. II, dopmyay (48.4)].
Benencreue rupockonuueckoro addex-
Ta MOJ AeHCTBHEM 3TOTO MOMEHTA CHJI
MoMeHT M (a cienoBatedbHO M MO-
MeHT pu) OyIerT npeleccHpPOBaTh BO-
Kpyr HanpasJenus noss H, T.e. Bo-
KPyr 3aJlaHHOrO Hamnpas/eHHs B NpO-
crpancree. CKopocTh npelieccud 6yaer
TeM GoJibllie, 4eM GOJIbLIe MOMEHT CHJI
[pH], T.e. uem cuibHee BO3XefiCTBHE
nonast H Ha MOMEHT .
Puc. 208, Tenepp paccMOTpPHM  HEKOTOpHIE
BOLIPOCHI, CBfi3aHHbIE CO CJOXKEHHeM
MOMEHTOB B pe3yJabTHpywomuii moMeHT. Ilpexkie Bcero or-
MeTHM, YTO ABa MOMEHTa He MOrYT ObITb TOUHO MapaJsjiefb-
HBIMH MJH 4HTHOApa/UiefibHbIME  Apyr gpyry. [lefictsH-
TeNbHO, TaK Kak

Vi+L)h+L+ D)< M
<VL+ )+ ViLL+1),

nauGosbiiasi  BeJHYHHA  Pe3y bTHDYIOLILEH ':~
MeHble cymmbl Bequuun M; u Mg, B TO Bpe-
MS Kak IJs1 NapaJ/iesibHOCTH BeKTopoB My H
M; HeoBxoaumo, uToOn Mpax = My + Mo.
Hasee, NOCKOMbKY

Vlll—12|(|ll_l2|+1)>
>|IVLG+D - VLG+D |,

HaHMeHbllasl BeJUYMHA pe3yJbTHpYIoLleil GoJblie pasHOCTH
M; u M,. lna anTHRApAa//eIbHOCTH XKe Heo6X0AuMOo, 4TeO6bl
Mg = | My — M.

[To k/accHuecKHM NpeACTABAEHHSM JBa CKJAAbIBAEMbIX
BMeCTe MOMEHTa, B CHJy B3aHMOJEHCTBHS JAPYT C JAPYroM,
AOJIKHBl TpelecCHPOBaTh BOKPYI HaNpaBJEHHA pe3yJ/bTH-
pywowero MoMenTa (puc. 209).
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Ecau BosneiicrBoBaTh Ha MOMeHTH M; u M, MarHHTHBIM
noneM, OyayT HabJ01aTbCst pasHble BJEHHH B 3aBHCHMO-
CTH OT COOTHOIUEHHS MEXKAY B3aUMOIeilcTBHEM MOMEHTOB
Ipyr ¢ APYyIrOM W ¢ MarHHTHBIM noJem. PaccmoTpum jaBa
cayqada: 1) caadoe noJe — B3aUMOAEHCTBIEC MOMEHTOB ApyT
¢ ApyroM 0OoJbiue BO3AEHCTBHA HA KamIbli M3 HUX MarHut-
HOTG N0J4; 2) CHIBBOE 110Je — AeHCTBHE 0.1 Ha KaXKAbill H3
MOMEHTOB MPEBOCXOAHT B3aHMOJENCTBHE HX MeEKAYy . CO6OIL

B nepsom cayuae (puc. 210,a) MOMEHTH CKJajbBaloTCs
B pe3yJbTHPYIOUHA MOMeHT M, onpeiciisieMblil KBaHTORDLIM
qucaoM, L, U 3T0T MoO-

MEHT IPOEKTHpYeTCH H H
Ha wuanpasjende no- | . Medieniro

as. [pu stom npouc- ¢~ >

XOIAT ABa BHIA Mpe-

HeccHH: npeeccus
MoMeHTOB M; B M,
BOKDYTr HampaBJeHHus
M u npemeccus pe-
3YJAbTUPYIOUIETO BEK-
Topa M BOKpyr Ha-
npasaenus H. Cxko-
pOCTh NepBoOl npenec- Puc. 210,

cud  OyJeT ToOpa3no

foJblile, TAK KAaK B3aHMOJEHCTBHE MOMEHTOB MeXKAy Co6Oi
IIPeBOCXOANT BO3AEHCTBHE HA KaXKJAbIA M3 IHX MarHUTHOIO
noJs,

Bo BTopom cayuyae (puc. 210,6) noJe paspriBaeT cBf3b
Mex Ay MoMeHTaMH My u M; ¥ Kaxabll H3 HHX HpeLeccH-
pyeT BOKpYT HampasJeHUs NOJs He3aBHCHMO OT APYroro.
TlpoexTupoBaThcsl Ha HampaBsJeHHe moJaa BekTopsl My 1 My
6yLyT TOXKE KaXKAbiH B OTIEJbHOCTH.

Bce ckasaHHOe B 3TOM naparpade o mpelleccHd BeKTOpoB
MOMEHTOB CJeJyeT PacCMaTpPHBATL JIMIIb KaK KJ2CCHYECKYIO
AHaJIOTHIO, NMOSICHAKIMYIO CJI0XeHHe MOMEHTOB u o0pa3oBa-
HHE WX NpoeKuuil Ha 3aJaHHOe HalpabJeHHe.

boerpo

§ 74. Pe3yabTupyiollit MOMEHT MHOIO3JIEKTPOHHOIO artoMma

Kaxabiit a7eKTpoH B atoMe obiajnaer opOuTaJbHBIM MO-
MeHTOM uMmnyabca M; u coGerBeHsbiM MomentoM M Me-
XaHHYeCKHe MOMEHTHl CBA3aHbl C COOTBETCTBYIOLIUMH Mar-
HHTHBIMH MOMEHTAMH, BCJEICTBHE uero MexJay BceMu M,
H M; nmeercsi B3aUMOJAEHCTBHE.
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MomenTtet M; u M; cknafgpiBaoTcs B pe3yabTHPYOMuU#
mMoMeHT atoMa M;. Ilpu aToM BO3MOXKHBI ABa cayuyad.

1. MomMenTn M, B3aUMOAEHCTBYIOT MeXAy cO0OH CHJb-
Hee, 4eM ¢ M;, KOTopble B CBOIO OuYepelb CHJIbHeE CBsI3aHBI
ApYr ¢ npyrom, 4em ¢ M, Bcaencrsue atoro Bce M; ckaa-
JBIBAIOTCH B pesyabTHpyooLiylo My, a M, ckiaipBaloTcs
B Mg, a 3ateM yxe My u Mg naioT pe3yabTHpylouyo M,.
Tako#t BHA cBf3H BCTpeuaeTcd uyallle BCErO M Ha3blBaercd
cBA3blo Peccear—CayHngepca.

2. Kaxpnas nmapa M; u M; B3auMonelicTByeT MexAay
co6ofi cu/bHee, yeM ¢ APYrMMH M; u M, BcieicTBHe uero
obpasyiorca pesyabTHpyOIHe M; IJIa KaXXAOro 3JeKTPOHA
B OT[JeJNbHOCTH, KOTOpble 3areM yxe o0bepuHsawTca B M,
atoma. Tako#i BHA CcBsi3M, HasniBaeMH#t (j, j)-cBsi3blO, Ha-
OarofaeTcsl y TAXKeAbIX aTOMOB.

CaoxeHHe MOMEHTOB OCYIIECTBJASCTCH INO KBAHTOBBIM
sakonam [cM. (70.2)] IlosicHum cKasaHHOe HECKOJIBKHMH
IpHMepaMH,  OTHOCALUMMHCH K caydalo cBsisu Peccenb—
Caynzepca.

1. IBa opOuTaJBHEIX MOMEHTA, OlpelesseMbIXx YHCAaMH
li=2u [ =1, mMoryr GbIThb CJOXEHH TpeMA CHOCOGaMU U
MOTYT [JaTb pe3yJbTHPYIOLIMHl MOMEHT, COOTBETCTBYOUIHH

l2=l lg=7
L=3 &=
l/ =Z l/ =2 L;_Z Z/-l.

Puc. 211.

3HauyeHUsIM KBaHTOBoro uucaa L, pasaeiM 3, 2 u 1. ¥Yeaosno
TaKoe CJOXKeHHe MOXKHO H300pa3HTh BEKTOPHOH CXeMOil,
IpHBeJeHHOH Ha puc. 211.

2. Ilpu c/oXeHHH CO#HOBBIX MOMEHTOB M, KBaHTOBOe
YyucI0 S pesyJbTHUDYIOLIEro CIIHHOBOTO'!) MOMEHTa aTo-
Ma Mg MOXKeT ObITb HEJBIM MJIH NOJYUEJNbIM B 3aBHCHMOCTH
OT TOro, Kakum OyAeT YHCJIO 3/eKTPOHOB B aTOME — YETHBIM
AJIH HEYeTHBIM.

Ilpu ueTHOM uHc/e 3/eKTpOHOB N KBaHTOBOe uucI0 S
NPHHHMAaeT Bce ue/ble sHaueHHa ot N.Yy (Bce M, «mapas-

1} Kpanrosoe uucio S He cileAyer NmyTaTh C CHMBOJAOM TepMa S.
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JeJNbHBI» JApyr ApYry) Ko HyJas (Bce My momapHO KOMIeH-
cupytor apyr gpyra). Tak, nanpumep, mpu N =4
(puc. 212,a) S moxer umerhb 3Hauennsa 2, 1, 0.

Ilpn HeueTHoM N KBaHTOBOe 4HCJO S TNPHHHMAaeT BCe
noayuesanie sHayenusa ot N:1/, (Bce M, «riapajjenbHb»
Ipyr zpyry) mo !/ (Bce M, KpoMe OAHOrO, MONApHO KOM-
neHcupyor apyr zpyra). Hanpumep, npu N =5 Boamox-
HbiMH 3HaueHHAMH S 6yayt: 59, 3/s, /o (puc. 212,6).

B R P

(1) (M) ()

2 - {15:3/2 liw:’/z
) (N

3. Tlpy cnoxennun Mp u Mg kBanroBoe uucjao J pe-
3yJabTHpYyIOLIero MoMeHTa M; MoeT uUMeTb OAHO H3 CJjle-
AYIOLIHX 3HaueHuh:

J=L+S,L+S—1,...,|L—S|

CaepoBatensbno, J Gyler uenniM, ecin S — uejoe (T. e.
NpH YETHOM YHCJAe 3JEKTPOHOB. B aroMe), W INOJYILeJbIM,
ecan S —nodyuenoe (T. e. IPU HeYeTHOM YHCJE 3JeKTpo-
nos). Tak, nanpumep:

1) B cnyuae L =2, S = 1 Boamoxuble 3Hauenus J pas-
Hel 3, 2, 1, (puc. 213, a);

2) B caysae L =2, S =3 Bo3MoxXHble 3Hauennss J
paBHBl 7[s, /9, 39, /> (puc. 213, 6).

ODHeprus aroMa 3aBUCHT OT B3aHMHOH OpHEHTAaUHH MO-
MeHTOB M; (T. e. OoT KBaHTOBOroO. uncaa L), OT B3aWMHON
opueHTau¥u MoMmeHTOoB M, (0T KBaHTOBOrO uHcla S) u or
B3auUMHO# opuentauun My u Mg (or KBaHTOBOrO uHcaa J).
YenoBHO TEpM aTOMa 3aMHCHIBaeTCs CleAyIOIUM 06pasoM:

A (74.1)
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rae nox L moxpasymesaercs oaHa u3 Gyks S, P, D, F
H T. A, B 3aBHCHMOCTH OT 3HaueHus uucna L. Hampumep,
TEePMbl

%Py, 3Py, 9P,

OTHOCATCHA K COCTOSHHAM C OZMHAKOBHIMH L = 1, oauHako-
BbiMu S = 1, Ho pasnuudanimMu J, paBabiMu O, 1, 2.

Yucno 25 + 1 gaer MyJabTUN/IETHOCTb TepMa, T. €. YHCIO
HNOAypOBHeill 119 HaHHOrO 3HaueHusa L (Brmpouem, JHLIb

S=7 S=1
a) J=3 §=1
t=2|] ¢=: J=2 L=
J=17
=AN
§=% S=9
7] J=7 5=
L=2 L=
= =
L=2 7 =9 =1
Puc. 213.

B ciayuae, ecin S < L; korga S > L, uncno noAypoesHeil
posuo 2L + 1).

O6os3navennsmu tMna (74.1) Mbl yKe M0OJIb30BaJdHCh B
§ 72 npuMeHHTeNBHO K aTOMaM MIeJIOYHBIX MeTanxoB. Oa-
HaKo [IJd 3THX 3/€MeHTOB XapaKTepHO To, uTto S artoma,
COBIIaJas C S ONTHYECKOIo 3JeKTpoHa, paBHO ;. Tenepb xe
Mbl HO3HAKOMMJ/IHCh C CHMBOJIHYECKUMH 0O03HAUEHHAMH Tep-
MOB /15 JIOOBIX CJ/Iy4aeB.

§ 75. AnomaabHblii adipext 3eemana

Hopmaabueit sddexr 3eemana 3zakmiouaercs, Kak Mbl
yXXe 3HaeM, B TOM, 4TO IIpPH BO3/efCTBHU HA aTOM MarHHT-
HOTO HOJIi BMECTO OJHOH JIMHUH, H3Jy4aeMOHd aTOMOM B OT-
CYTCTBHe 11014, [IOJy4aeTcs TpH, NpUUeM BeJHUYHHA CMeLle-
HUAl 3THX JIHHUH APYT OTHOCHTEJbHO APYyra paBHa HOPMaJb-
HOMY CMenleHnio Awg [eM. (71.5)] OpHako, kKak nokasbiBaer
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OINLIT, TAKOE pacliemJieHHe MOJNyyaercs TOJbKO AAs JHHHI,
He MMEIOLUMX TOHKOH CTPYKTYpHl (AJiS1 CHHIJIETOB). ¥ JH-
Huii, 06JafamolHX TOHKOH CTPYKTYypOH, YMC/JIO0 KOMIIOHEHT
ObiBaeT GoJIbllle Tpex, a BeJHYHHA PACIIENIEHHs COCTABJSAET
pauuoHaabHYI0 Jpo0Gb OT HOPMAJbLHOTO CMeIUeHHS Awg:

Ao = AQO% ) (75.1)

rae r u g — neGoablune neasie uuciaa. Hanpumep, pacuien-
Jiedne XKeaToro Ay6/era Hatpusi BHIMVIIAUT TaK, KaK MoKa-
3anHo Ha pHc. 214. Takoe pacuienseHue crnekTpatbHbIX JiH-
HHi Ha3bIBAaeTCSI ano- A
MaabHBM 3dpdex- 56904 58964

ToM 3eeMaHnal),

Axomanbubift apdexr ., 2
3eemana HOJIH(B(cpr}o (Fyp~Sp) (> %Sp)
06 BSCHAETCA CYUIECTBO-
BaHHMEM CHHHA 3JIeKTpO-
Ha H YIBOEHHBIM OTHO-
1eHHeM coOCTBEHHBIX
MAarHuTHOTO W MeXaHuye-
CKOr0  MOMEHTOB [CM.
(72.1) n (72.2)}.

PaccMoTpHM BeKTOp- Prc. 214.
Hyi0 MOZeJb aToMa, H30-
O6paxenuyo Ha puc. 215. Tlpn HOCTPOEGHHH 3TOH CXeMBI
macuitTabbl BEGpaHbl Tak, 4To BekTope! My u p; n3obpa-
KalTcs OTpe3kaMu OAHHAKOBOH IJHHBEL. IIpH 3TOM yCh0-
BUH BEKTOP Mg M306pasdTCsi OTPE3KOM, B JBa pasa 60/b-
MM, YeM OTPe30K, n3o6paxKaoluit Bekrop Ms.

H3-3a «yABOGHHOT0 MarHeTH3Ma» CNHHA pe3Y/bTHPYIO-
LWHfi BEKTOP MarHHTHOTO MOMEHTa aToMa My He copmajaer
O "HANMPABJIEHHIO C Pesy]bTUPYIOLIUM BEKTOPOM MeXaHHue-
cKkoro MoMeHTa M;. BcseincTBHe B3auMOAEHCTBHS MexXIY
M, 1 M5 oHM mpeueccHpylOT BOKpYTI HampasJenus M;, Bo-
BJeKasi B 3Ty IpElecCHI0O H Pe3yJbTHDYIOUIHH BEKTOp Mar«
HYTHOrO MOMEHTa aToMa Mj.

B maruutHOM noJsie BekKTOp M, mpeneccupyeT BOKPYT Has
npasJieHHst NOJs, uMesi HEM3MEHHYIO NpdekUMIo Ha 3TO Ha-
npasJieHHe, PDABHYIO

Mg =hmy,

1) Auomasbnoii sddext 3eemana Ha3HBAOT TaKXKe CAOXKHLIM, a
HOPMAJbHHI 3QQEKT — MPOCTHIM.
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rle my — KBaHTOBOE YHCJO, KOTOPOE MOXKET NPHHUMATh 3HA-
yeuusi: —J, —J +1, ..., —1,0,+1, ..., J—1,J.

B cnd6om mone (T. €. B TaKOM noJe, AeHCTBHE KOTO-
pOro Ha P M ‘Mg 3HaAuUMTeNbHO cjabee B3amMoneficTBUSA
Mz C Mg) MPELECcCHs BEKTO-
poB My u Mg, a crenopa-
TEJAbHO, M BEKTOpa M; BO-
Kpyr  Hampasjienua My
coBepliaeTca € TOpasio
6onblleli CKOPOCTbIO, ueM
npeneccus M; BOKpyr Ha-
npasaenua H. [Toaromy Be-
JHYMHA COCTABASIOILEH WiH
MardMTHOTO MOMEHTa py 1o
Hanpasaenuto H 6yner Ta-
KOH, KaK ecad Obl OHa 6blia
o6pa3oBaHa 3HAuUeHHEM My,
yCpeJHeHHHIM DO Bpalle-
HUIO BOKPYT HanpaBJEHHs
M;. OGosHaunm 310 ycpel-
HEHHOE 3HAYEHHE CHMBOJIOM

ps. Jlerko co6pasuTh, 4TO

]ty HMeeT HanpaslieHue,
NIPOTHBONOJOXKHOE Hanpas-
Jennio Bexropa My, u, cae-
JoBaresbHo, o6pasyer ¢ H
yroa &t — 9, rie ¢ — yroJ Mex/Jay HanpaBJeHUsiMH BEKTOPOB
M; u H. Takum o6pasom,

Wy =R, cos(n—B8)=— i cos ¥,

rae py = |psl.
3Hauenue cos¥ MoxkHO HaiiTh no dopmyae (73.1), no-
JIOXHB B Hell [ =J u m = my;. B pe3aynbrare noayuum:

m

— e e
Wip = W ij M (752)
3 puc. 215 caenyer, uro
Py =y COS o+ pgcosp. (75.3)

Uro6ul clenaTh MeHee TPOMO3LKHMM JHajbHEHLlHe BbI-
KJAafkH, Boipaxenns puga Y X (X +1) mu Gynem obosna-
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yatb X* («X co sBesmouko#i»). Torma, nanpumep, J* Gyner
canauate VJ(J+1), a L*? 6yner pasnosnauno L(L+1).
[Tpumenus Takue 0003HAYeHHS,, BBIpAXKEHHAM MJs MarsHuT-
HbIX MOMEHTOB MOKHO HpHJAATh CHAENYIOUIUN BHA:

b= o M= 5 B VI HT) = sl }}(754)
Ms=mjc Mg=—8}S(S+1) =2uzS". ]

mec

[IpuMeHHB TeopeMy KOCHHYCOB K TPeyroJbHHKY C yI.ja-
mMd o u B (puc. 215), moayuum:

M%=M? + M5 —2M, M, cosa,
M2 =M%+ M5 —2M M, cosB,
OTKy a2

50 M;+Mj—Mg LY +1%~8" ]
COSO="""oM a1, CTATE
(75.5)
Mi+Mi—M}  SP4Ut—L”

COsp=—"gam, = T

[loacranoeka Boelpaxkenu#i (75.4) u (75.5) B dopmyay
(75.3) naer:

_ o L% — 8% S e Al
By =ppl” =5+ 258" g5

YTO MOZKHO IIpHBECTH K BHAY:

- . JP 48— 1% )
=gl (14 L=
Hy=pgl |1+ N

Hrak, ycpelHeHHBIH IO BpeMEHH MarHATHBII MOMEHT
aToMa OKa3blBaeTcs PaBHBIM:

iy =ppgl" =ppg VI{I+1), (75.6)
rie .
J({(J+t S(S+1)~L(L+1

Buipaxenue (75.7) HasblBaeTcsi MHOXHTeJaeM (Hau
baktopom) Jlanne. E¢mm S=0, 10 /=L ng=1,
ecia L=0, o/ =8Su g=2

B MaruuTHOM Mojle aToM npuobGperaeT JONOJHUTENBHYIO
3HeprHIo:

AE’——- - HJH = — MJHH-
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3HaueHUe pyg MOXKHO HafiTn no dopmyne (75.2), noa-
CTaBUB B Hee Bhipaxkenwe (75.6) mas ;. B pesysbrarte. no-

JY4HTCS:
AE =pggHmy,. (75.8)

Takum 06pa3oM, B MArHHTHOM [OJle KaXKAblH SHepreTH-
YyecKull yposedb pacuienisercd Ha 2/ 4- 1 paBHOOTCTOSIIMX
NOAYpOBHEfl, NpHYEM BeJHUHHA paclielIeHHs 3aBHCHT OT
MHOXHUTeJst Jlanme, 1. e. 0T KBauToBbLIX uncen L, § u J nan-
HOro ypOBHSAL.

Paccmorpum paciiensende Hatpuesoro ay6nera, obpa-
30BaHHOro nepexozamu 33Py,— 328y, u 3Py, = 328y, (oM.
puc. 204). Mnroxuresnp Jlanle HMeeT cJeAyIONIME 3HAYEHHS:

s repma 2Sy, (L =0, S =1/, J = 1/5)

Yor¥lo 41y —0-1

g=1+ 2+1/,.9/, =14+1=2
nas repma 2Py, (L=1,8 = 1y, J = 1)5)
1/,.8/, +1/,.3/ 1.9
R

anst repma 2Py, (L=1,8S =1y, ] =3[,),
8y 5, 11y 3y 1.2
et oy,

Ha puc. 216, a nokasano pacienyienie ypoBHeH H nepe-
x04bl Aas jauuuu 2Py, — 2Sy,. s yposHs 2Sy, npupaiienne
sueprun (75.8) paBuo

AE" =p Hg'm/,

rae g =2 =6/
Ons yposus 2Py, nonyuaercd
AE” =p Hg"m7,
rae g7 =2/,
CMelleHue JHHHI OTHOCHTENbHO NMepBOHAYAJLHOH ompe-
Jessercs CefyIOIHM BhipaXKeHneM:

AE” ~ AE’ noH
Ao = 7 — g (g//m;/ - g/m;) — A(Do(g”mj' _ glm;)

B ckoOkax, B paspblBax JHMHHH, H300pa)kaloiHx nepe-
XOIH MexXIy YPOBHSIMH Ha pHc. 216, npHBeleHH 3HaYeHHs
(g”m;'-g’m;) IS COOTBETCTBYIOIUMX CIEKTPAJbHBIX JH-

HHUH.
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M3 puc. 216, a caedyeT, 4TO NPH BKJIOUEHHH NOJA Mep-
BOHAua/bHAS JIMHHA OKa3biBaercs BOBCe OTCYTCTBYIOULEH.

g 7y
2 +% +%
2L e —— A ——— T2
” KN
%) | 1(+%)
. )
aj 1 by, -2)\ (4
]
[}
+ 3% ‘ ! + %
R LS
-i/f _
Wy
g 7y
+é,:f, + 3
By mooe 1
~% 1 ~ 7
1
| (-34) (-1} |(+9%)
o | frtyy !
(-%) | (+%)| (+%)
|
+ 4 : + b
5, —L— S S N S O
~-% -%
ty
Puc. 216.

Bmecto Hee TMOABJAAIOTCH YeThipe .JIHHHH, CMeIIEeHHs KOTO-
pbiX, BbIpaXeHHbE B eIMHHIAX HOPMANbHOTO CMELIEHH, CO-
cTaBagT; —*%s, —2[s, +2%3 U +*3, 4TO MOXKHO 3amucarb

CAEAYIOWHM 006pasoM:
Ao =Aag[= %5 =]
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Pacmenaenne aunun 2Py, — 25y, nosiciego Ha puc. 216, 6.
Ilpu paccMoTpennu 310#l cxeMbl clelyeT HMeTb B BHAY, YTO
IJI KBaHTOBOIO 4HCJa Mty MMegrcs npaBmio oTGopa:

Am;=0, 1

[cp. ¢ (71.4)]. M3 cxeMbl BBHITEKaeT, 4YTO AJs Mepexoia
Py, — 2Sy, TNepBOHAuaJbHas JHHAS NPH BK/IOUEHHH NOJA

(m +eny) m, s
> —_————— +7 +%
2}0‘;/2 P +7 V4 +7/2
Py, == b{-:’//) 9 7.7 -G+
=/, -7 7} _-//Z
-2 -7 -%
H w0
2 .
S
B +7 V/4 +
Sy /z=0 {- et s g
S=2% -7 ~-%
wy ey =204} wy fagy*doy)
ber o & nanen
Puc, 217,

TakKXe OTCYTCTBYCT. Cmetenus noJydyaloliuxcs IIECTH Jad-

HHB paBHHL:
Ao =Awgl £ s 3 x54])

B cuabHOM MarsuTHOM noJe cBA3p Mexay My n Mg
paspeiBaeTcs H OHH HaUHHAlOT NpelecCHPOBATh NOPO3Hb BO-
Kpyr Hanpasiexnns H u, ciiefoBare/ibHO, IPOEKTUPYIOTCS Ha
BanpasJieHHe NOJIst He3aBUCHMO APYT OT Apyra. B atom ciy-

yae
AE =pgHm; +2ugHmg =pzH (m, + 2my),

T. €. pacllel/ieHHe CTaHOBHTCA LeJbIM KPaTHBIM HOpMalb-
HOTO pacuuenyenus. s nepexooB HMEOT MeCTO IpaBuJa
orbopa:

Amp=0, =1, Amg=0.
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B pesyabTate nojydaeTcss HOPMAaJbHbI 3eeMaHOBCKHM
tpumier (puc. 217). Takoe siBieHne HasmBaercs 3 @ ¢ e K-
ToM Ilamena—baka. Drtor sdpdekr Habawonaercs,
KOrfa MarHHTHOe pacillell/leHHe JIHHHH CTaHOBHTCS GOJbIIe
MYJbTHIJIETHOTO PacilleNJieHHus,

§ 76. PacnpepeneHue SJAEKTPOHOR B arome
N0 3HEPreTHYECKAM YPOBHAM

Kaxapii 5/eKTpOH B aroMe IBHIKETCS B. HepBOM IIPH-
ONUXEHHH B LEHTPa/JbHO-CHMMETPHUHOM HEKYJIOHOBCKOM
noste. CocrosiHHe 3JIEKTpPOHA B 3TOM cJyuae ONpelelsieTcs
TpeMs KBAHTOBBIMH uYHcAaMH: n, [ 1 m, Qu3HuecKHi CMBIC]
KOTOpHIX OniJ1 BuisicheH B § 70. B ceasn ¢ CYLIeCTBOBAHHEM
CliMHA 3JIEKTPOHA K YKa3aHHBIM KBAHTOBBIM UYHCJaM HYXKHO
L0GaBHTL KBAHTOBOE UHCJIO Mg, KOTOPOE MOMKET NPHHMMATH
sHaueHus !/, u ompelensier COCTaBAAIOLIYIO CIHEA 1O 3a-
NaHHOMY HanpasJeHHIo. B najpHefilmieM 17 MarHHTHOrO
KBAaHTOBOTO 4Yrci1a MM GyzeM BMECTO /M NOJAb30BaThCHA.0060-
3HaYeHHeM 1, 4TOObl MOAYEPKHYTb TO OOCTOSATENBCTBO, UTO
5TO YHCJIO ONpeNelifeT COCTABJFIOMIYI0O OPGHTAIBHOIO MO-
MEHTa, BeJMYHHA KOTOPOro Jaefcs KBaHTOBBIM 4HCIOM [

Taxkum o6pa3oM, COCTOSIHHE KaX/JOr0 3/ieKTpOoHa B aTo-
Me XapaKTepu3yeTcd YeTHIPbMsA KBaHTOBBIMH UYHCJIaMH:

rJaBHEIM n(n=1,2 3,...),

asuMmytadapHeM [ ([=0, 1, 2, ..., n~1),

marauteeiM my (mp=—1, ..., -1, 0, +1, ..., +10),
CHHHOBHM  miy (my= +1s, — 1))

DHeprus COCTOAHHA 3aBUCHT B OCHOBHOM OT YHces n H [
KpoMe Toro, umeercs chabasi 3aBHCHMOCTb SHEPTHH OT 4H-
ceJl m; ¥ Mg, NOCKOJIbKY HX 3HAYEHUs CBSI3aHbl C B3aUMHOM
opreHTanuell MomenToB M; 1 M, OT KOTOpOH 3aBHCHT BeJH-
YHHA B3aUMOJEHCTBHA MeX/Ay OpOUTaJbHLIM K COGCTBEHHHIM
MarHHTHEIMM MOMEHTAMH 3JIeKTPOHa. 3a HEKOTOPHIMH HC-
KJIIOUEHHSIMH, 9HEPrUsi COCTOSIHHA CHJIbHEe BO3pacraer
C yBeJHUYeHHeM uHcha n, ueM ¢ yBeqauuenueM [. Tlostomy,
KaK NPaBHJO, COCTOsIHHE ¢ GOJbIIMM #.o6najaer, He3aBH-
CHMO OT 3HaueHHs [, Goabmiell sHepruef.

B HopMmaabHOM (HeBO30yKAEHHOM) COCTOSIHHM aToMa
3JIEKTPOHBI JOJNKHBI pacnoJiaratbCsl Ha CaMblX HH3KHX KO-
CTYNHBIX [Jsi HHX 3HepreTHueckux yposHax. Ilosromy,
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KasaJjoch Obl, B J1I060M aTOMe B HOPMaJbHOM COCTOSIHHH BCE
SJIEKTPOHBI JOJIKHBI HAXOAHTBCA B COCTOSAHHH ls (n =1,
I =0), a OCHOBHEIE TepMbI BCEX aTOMOB JOJIKHH ObiTb THNA
S-tepmoB (L = 0). Onwit, oaHaKo, MOKa3biBaeT, UTO 3TO He
TaK.
O6bscHenne HaOAIOZAeMBIX THIOB TEPMOB 3aK/1H04aercs
B cienyouieM. Corsacno OJHOMY H3 3aKOHOB KBaHTOBOM
MeXaHHKH, HaspiBaeMoMy nmpunuunom [layan!t), B oa-
HOM H TOM e aTtoMe (WM B KaKoH-IH0O KBAHTOBOH CH-
cTeMe) He MOXeT ObiTb JABYX 3JIEKTPOHOB, 00/1afaiominx
OIMHAKOBOH COBOKYMHOCTBIO Y€ThIpeX KBAHTOBBIX uHces: 7,
I, m; 1 m;. UupiMu cOBaMH, B OZHOM H TOM XK€ COCTOSIHHH
He MOI'YT HaXOJAHTbCHi OJHOBPEMEHHO ABa 3J/IEKTPOHA.

JlaHHOMY 7 COOTBeTCTBYIOT, KAK MBI yiKe 3HaeM, n? co-
CTOSIHMM, OTJNHuUAOILMXCH 3HavueHusMH [ u my (cm. § 69).
KeaHroBOe wuuc/IO m, MOXKET NPUHHMATL [JBAa 3HAYEHHUS:
=1/, TlosToMy B COCTOAHHSIX ¢ NAHHLIM 3HAUEHHEM R MO-
TYT HaXOZUThLCA B aToMe He GoJee 2n? 5/1eKTPOHOB:

fn=1 MOTYT HMMeTb 2 3JEKTPOHA,

n=2 MOTyT HMeTb 8 3/IeKTPOHOB,

n=3 moryr uMerb 18 3/eKTpOHOB,

n=4 MoOryr uMethb 32 3JeKTDOHa,

n=>5 Moryt uMeTh 50 3/IEKTPOHOB H T. H.

COBOKYNHOCTb 3JIEKTPOHOB, HMEIOLHX OJHHAKOBHIE N
u I, o6pasyer 0 60a04KYy. COBOKYNHOCTb 060JI0YEK C OAH-
HaKOBEIM 71 obpasyeT rpynny uid caoi, B coorser-
CTBHH C 3HAYEHHEM N ¢JIoAM AaioT 00603HAYEHHS, 3aHMCTBO-
BaHHbIE U3 CHEKTPOCKOMHU PEHTTeHOBCKUX Jydefi:

n 1234567...
Caoit KLMNOPQ ...

[Nogpazgenenue BO3MOXKHHIX COCTOSIHHA  3JIEKTPOHA
B aTOMe Ha OGOJIOUKH M CJIOH NMOKa3aHo B TabJ. 5, B KOTOPOit
BMECTO 0G03HAUeHHil My = !/ npuMeHeHE cUMBOJEL 1.
OGonouky, Kak ykasaHo B TaGuauue, MOryT 0603Hayarbcs
AByMms crnocobamu (Hanpumep, Ly aubo 2s).

Ilais moNMHOCTBIO 3amosiHeHHOA 0O6O0J0YKH XapaKTepHO
PaBEHCTBO HYJIO CyMMapHOro opOHTAJbHOTO H CIHHOBOTO

) DToT NpMBUMN HA3LIBAIOT TaKKe NPHHUHNOM 3anpeTta
BAH NPHHUKOOM HCKAOueHHd OH COPaBeqIHB He TOABKO AN
S/EKTPOHOB, HO H AN APYrHX 4acTHL C HOJYHEJbiM €IHHOM.
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Ta6anuma 5

Caoit| n ! "ﬁ Mg | Oboaouxa Caoi| n t | M Mms | O6onouka
kl1lol] ol N | Kas o of N | N ()
0'1 of N | Li2s) -1
1 oo N | Natp)
L2 ~1] 4 e
1] 0 ﬁ Ls (2p)
+1 -2/ N
—1
0‘ o A | M, 3s) 20 N3 (4d)
N1 4 +1
=1 4 +2
1 0l A | M (3p)
+1| ¢ -3
M| 3 -2
-2 ;4, -1
—'(1) 3 0 N 4f)
2 |, 1 M; (3d) Tl A
+2 +3) 1V

momenToB (L = 0; S = 0). Crenobatensno, MOMEHT KOAnye-
CTBa IBHIKeHHs Takoil 060Jouku pased Hyo (J =0.) ¥Yoe-
AuMcsl B 3TOM Ha npuMmepe 3d-oGonoukd. CnuHB Bcex je-
CSITH 3JIEKTPOHOB, BXOAAIIUX B 3Ty 000JIOUKY, IONApHO KOM-
HNEeHCHPYIOT ApYr Apyra, Bcaeictsue yero S = 0. KBanTtoBoe
YHCJIO MPOEKIUH Pe3yaAbTHPYIOLLero OpOUTAJbHOTO MOMEHTa
M, sToli 000/I04KH HA OCb 2 HMeeT eJUHCTBEHHOe 3Haue-
nue m; = > m,=0.CJaenosartenpuo, L Takixe paBHO HyAIO.
Takum oGpasowm, npu onpenenednn L u S atoma 3anoa-
HeHHble 06O0JIOUKM MOXKHO He NPHHHMAaTh BO BHHMaHHe.

§ 77. Nepuonnyeckas cHcTeMa 9JeMeHTOB Menneneesa

Mpunnun ITaynu naer oObscHeHne nepHoaHUecKOH Mo~
BTOPAEMOCTH cBoficTs aroMoB. [Ipocaenum mocTpoeHue me-
pHonuueckoil cHcTtemn 3aeMentoB J. WM. Men-
RedqeeBa. Haunmem ¢ aroma ¢ Z =1, umewilero OAuH
afieKTpoH. Kaxabiii mocaeaylowuit atom GylaeM Rnosayuarsb,
yBeJHYMBAfA 3apsi sApa NpeAbAyllero aroMa Ha eJHHHLY
H J00aBissi K HeMy OJHH: 3JA€KTPOH, KOTOPLI MH Oyiem
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noMewaTs B AOCTyNHOE eMy coryacHo npuxuuny Ilaymau co-
CTOAIHHE C HauMeHblIed 3HepTHed.

B artome Bozopoxa umeercss B OCHOBHOM COCTOSIHHH OJUH
1s 3/1eKTPOH ¢ npou3BOJbHOR OpuenTalueil cnyna, Ero kpaH-
ToBble umcaa: n=1, [ =0, m=0, ms;= +1, Coorser-
CTBEHHO OCHOBHOH TE€PM BOJOPOJHOTO aTOMa HMEET BHJ
28‘/2'

Ecau sapaa sifpa atoMa BOEOpORa YBEJNHMYHMTb Ha ‘efiH-
HALY 1 N00aBHTL K HEMY ellle ONHH 3JEKTPOH, HOAYUATCSH
atoM resusi. O0a 3/1eKTPOHA B 3TOM aTOMe MOTYT HAXOXHTb-
¢t B K-ca0e, HO ¢ aHTHIApa/lelIbHON OpHeHTauHell CIIHHOB.

Tak nasslBaemMas 3JeKTPOHHAA

2 4 KOnQHrypauus amMoMa MOXKeT
OblTb 3anHcaHa kak 1s? (aBa
25 ? 4% b ls-snexgpoxia).1 SOcHo(BIjibeOgep.
MoM Gyner o =0,8 =
AL

s 4 HHHSH =0,/ =0).
Wlveliilee!ls Ha arome renus 3akauuu-
A e 1o 1z BaeTca 3amondenue chos K.
Sip| "So S| "o | Pyl Tpernh anexTpoH aToma JAHTHA

MOXKET 3aMATh JHUIb YPOBEHb 2§
Pue, 218, (puc. 218). T[Monyuaercs 3JeK-
TPOHHaA KoHpurypauus 1s22s,
Ocnosroe cocrosinne xapakrepusyercst L =0, S = 1/,. ITo-
9TOMY OCHOBHBIM TePMOM, KaK H y Bojopojaa, 6yuer 2Sy,.
Tperuii 3NeKTPOH aTOMa JMTHsA, 3aHEUMas Gojiee BBICOKHII
PHEPreTHYeCKUA YPOBeHb, YeM OCTajibHble QBA 3JEKTPOHA,
OkasniBaercst canalee, yeM OHH, CBA3AHHBLIM C SAPOM aTOMa.
B pesyabrate oH onpesenser onTHYECKHE H XUMHUECKHE
CBOHCTBA aTtoMa.

Y uerBepTOro s/emenrta, GepULIHA, MNOJHOCTHIO 3armOJ-
Hsercst obosouka 2s. ¥V nocaeAylOMWUX LIECTH 3JeMEHTOB
(B, C, N, O, F u Ne) nponcxogur sanosinenue saeKTpo-
HaMd 0000YKH 2p, B De3yabTaTe 4Yero HEOH HMEeT HOJ-
HOCTBIO 3amoJ/iHeHHble clod K (AByM% anektposamu) n L
(BoceMblO  3JIeKTPOHAMH), O00Pa3yIOUKe YCTOHUHBYIO CH-
cTeMy, NOJOOHYIO cHCTeMe TPeJHs, yeM 0O6yCJ/OBAHBAIOTCH
cneun(ryuecKre cBOACTBA HHEPTHBIX I'a30B.

[Iponece 3acTpoliky 3/MeKTPOHHBIX 060/I0UEK Y 3/1eMEHTOB
NepPHOJMYECKOH CHCTEMB! HArJAAHO NpejcTaBjed B taba. 6.
OnunnafguaTeli 37eMeHT, HATpHil, HMeeT, KPOMe 3anOJHEeH-
Hbix cloeB K 0 L, onun 3/71eXTpoH B 060/10uKe 3, DieKTpos-
Hafd Konjurypanua uMeer BHA: 1522522p%3s. OcHOBHBIM
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repMoMm Gyger 2Sy,. DaexTpoH 3s cBs3aH ¢ Axpom ciaabee
APYrUX H ABJISETCHA BAJIEHTHBIM HJIM ONTHYECKHM 3JEKTPO-
HoM. B cBfi3H ¢ 3THM XHMMHYECKHe H ONTHYECKHe CBoficTBa
HaTpHsl NOJAO6GHB CBOHCTBAM JIHTHSI.

OcHoBHOe cOCTOSIHHEe ONTHYECKOrO 3JEeKTPOHAa B arome
HaTPHA XapaKTepU3yeTCs 3HaueHHeM rn = 3. DTHM H 00bsiC-
HfeTC TO OGCTOSITENbCTBO, YTO HAa CXeMe' YPOBHe#l aTtoMa
Hatpus - (cM. puc. 204) OCHOBHO# YpoBeHb IOMeuyeH LHG-
po#t 3. ITonyTHO OTMeTHM, 4TO aTOM LE3Us HMeeT B OCHOB-
HOM COCTOSIHMH 3JIEKTPOHHYIO KOH(DHIypalHIO

15%25%2p%35?3p83d %4524 p®4d1%5 525 p%6ss.

ChenoBaTesbHO, €r0 ONTHYECKHH 3/IEKTPOH HMEET B OCHOB-
HOM COCTOSIHUH # = 6. B COOTBETCTBHH € 3THM NOMEYEeHb
ypoBHH Ha puc. 205.

Y chefyOlIMX 3a HaTpUeM 3JI€MEeHTOB HOPMAJIBHO 3a-
RosHATCA obosouxkd 3s ¥ 3p. Obonouxka 3d npu AaHHOH
obulell KOHGHIypaUUH OKa3biBaeTCsl SHEPreTHYECKH Bhlllle
060/10YKH 45, B CBA3H C 4eM IIpH He3aBepLIeHHOM B LEI0M
3anosHeHun ciaos M- HaumHaercs 3anoaHenue caoa N. OGo-
A0uYKa 4p JeXKHUT yxKe Bbile, ueM 3d, Tak urto mnociae 4s 3a-
nosHsAeTcs o6oJiouka 3d.

C aHaNOrMYHBIMH OTCTYIJEHHSIMH OT OGBIUHON moc/eno-
BaTEJNLHOCTH, MOBTOPSAIOUIUMHUCH BPeMsi OT BpeMeHH, OCyllie-
CTBJAETCS 3aCTPOMKa SJeKTPOHHBIX YPOBHEH BCEX aTOMOB.
IIpn sTOM mepHOAHYECKH HOBTOPSIOTCH CXOJAHbIE 3JIEKTPOH-
Hbie KOHburypanuum (Hanpuamep, 1s, 2s, 3s u T. n.) cBepx
NOJIHOCTbIO 3alI0JIHEHHKIX 060JI0YeK HJH CJ0eB, ueM o6ycJo-
BJAMBAETCs TIepHOAHYECKas MOBTOPAEMOCTh XHMHYECKHX H
ONTHYECKUX CBONCTB aTOMOB.

Kak Buaio us taba. 6, sanosnenue o6040uku 4f, kotopaa
MOKeT COfepKaTh 14 3JeKTPOHOBy HAUMHACTCHA JIHLIbL HOC/E
T0ro, Kax TOJHOCTBIO 3anoJHsores obosouku 5s, 5p u 6s.
KsanToBOMexaHuueckuii pacuer NOKasbiBaeT, 4T0 B d- U
0COGEHHO B f-COCTOSIHMH 3JIEKTPOH HaxOJHUTcs ropasno Guu-
Xe K fAApy, 4eM B S- M p-cocrosiHHsax. CaemoBaTenbHO, 4f-
3J€KTPOHB! PaCHoaaraloTcsl BQ BHYTPeHHHX 00/aCTax atoMa.
[Tostomy y anementoB ¢ HoMepa 58 no 71, HaspiBaeMBIX pen-
KHMH 3eMJISIMH HJIH JIaHTaHUJaMM, BHEWHAs o060J04YKa
(6s?) okasbiBaeTcs OZMHAKOBOH. B cBsA3M ¢ 5THM JaHTaHH-
Ibl BecbMa GJIH3KH N0 CBOMM XMMHYECKHM CBOHCTBAM, KOTO-
pHE ONpPEenesIIOTCS BHEIUHUMYU (BaJCHTHHIMH) 3JIEKTPOHAMH.
AHaJIOrHYHYIO IPynny XUMUYECKH POJCTBEHHBIX SJEMEHTOB
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obpasylor akTHHEAB (aTOMHble HOMepa ¢ 90 mo 103), y ko-
TOPLIX 3anoJHseTcss 5f-060/0UKka NpH HEH3MEHHOH BHelIHel
o6Gosouke 752,

Hanoxennuie B § 74 npaBuja CJIOXKEHHsT MOMEHTOB MO-
3BOJISIIOT BHIYHCJANTL 3HAYeHHs KBaHTOBHIX uucea L, S u J,
BO3MOXHBIE MPH 3a0aHHOH 53JEKTPOHHOH KOH(HUIypauuH.
Tax, manpumep, npu KoHHrypanuu np? (1Ba 3JeKTPOHA
€ TNaBHBIM KBAHTOBLIM YHCJAOM n W [ =1) BO3MONKHBIMH
anavenusmu L 6ynyt 0, 1, 2 (L =1, [y =1), a kBauTOBOE
ypcao S Moxer uMeTb 3Hauendss 0 u 1 (s, = Yo, s2=1/2).
B cooTBerCcTBUH C 3THM, Ka3aJaocb Obl, P KOHQHUTYpauuu
np? BO3MOXKHH Tepmbr: 'S, 1P, 1D, 3§, 3P, 3D, Onguako mpu
YCTAHOBJEHHH BHJA TEPMOB, BO3MOXKHBIX IpH JAHHOH KOH-
(¢urypanyi 3KBUBAJEHTHHIX 3JEKTPOHOB (T. €. 3JEKTPOHOB
C OIMHAKOBLIMH 7 H [), HEOGXOLHMO CYHTATHCSA C MPHHIIH-
nom Ilaynu— pisi 3KBHBAJIEHTHBIX 3JIEKTPOHOB BO3MOXKHhl
JUIUb TAKHE TEPMBI, [ KOTOPHIX 3HAUeHHs X0Ta 6ul OAHOTO
KBAHTOBOrO 4HCJa (m; uiu mg) OGOMX 3JEKTPOHOB HE COB-
nagawot!). dtomy Tpe6OBaHHIO, OYEBHAHO, He YIOBJIETBO-
psieT, fanpumep, tepm 3D. IlefictBurenbno, L = 2 psnayaer,
YTO OpOHMTA/bHBIE MOMEHTbl 3JEKTPOHOB «NapajiesibHBY,
CJIe/IOBaTeJbHO, 3HaUeHUS M; Y 3THX 3JIeKTPOHOB GYIyT COB-
najaarb. AHanoruuHo S = | 03gavaer, YTO COHHH 3IEKTpPO-
HOB TaKXe «[apajjefbHbl», BCICACTBHE UEro COBMAAAIOT U
3maveHusi m, B HTOre BCe YeThipe KBaHTOBLIX uHchaa (n, [,
m; u ms) y 000HX 5J€KTPOHOB OKA3bIBAIOTCH ONHHAKOBLIMH,
yT0 IpoTHBOpeunT npuHuuny [laynu. Takum o6pasom, Tepm
3D B cucTeMe H3 ABYX 3KBHMBAJIEHFHEHIX 3JEKTPOHOB peatiH-
30BaTbCsl He MOXKET.

Uto6bl YCTaHOBHUTL BO3MOXKHBIE TEPMEI, COIJIacyloliHecs
¢ npunnunom Ilaynn, MCHOAB3YIOT CHAefyHOUIHMH NpHeM: B
croJ0nax TaGJHIL, IOMEYeHHBIX 3HAUEHHSMH M OTLEJbHQ
B3SITOTO 3JIEKTPOHA, IIPOCTABMASHOT B BHAE CTPEJOK 3HaUEHARA
mg (cTpeika BBepX 03Hauaer mg = +'/y, cTpelKa BHH3 —
mg = —1/; (cMm. Taba. 7, COCTaBJEHHYIO AJA [ABYyX 3KBHBa:
JIGHTHBIX p-3JeKTPoHOB). B Tabiume comep:xkarcs Bce HO-
nycTHMbie npuununom- [1ayju coueranus 3naueHuit n; ¥ m;
0GOHX 3JeKTPOHOB. B Tex cayuaax, xorfa obe CTpeJKH IO-
1afaoT B OJiuH cTonbel (3TO o3Hauaer, 4TO M) OGOUX 3JIEK-
TPOHOB OJIMHAKOBO), OHW HANPABIEHH B NPOTHBONOJOKHbLIE

1) Jlnst HeSKBHBAJIEHTHBIX 9JIEKTPOHOB, T. @, 3JeKTPOHOB, OTJIHYAl0-
muxca qu6o n, aubo I, 1uGo M TeM U XPYrHM, 3TO TpebGoBaHHe OTNAJAET.
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TaG6anua 7

my
Mp=Zm{Mg=Zmyg
+1 0 —1
N +2 0 A
0 4 +1 +1 B
4 ¥ +1 ] A
¥ 4 +1 B
¥ v +1 - B
0 A 0 +1 B
A { 0 A
¥ A 0 B
¥ ¥ 0 —1 B
N 0 0 C
4 A -1 +1 B
1 ¥ -1 0 A
¥ 4 -1 0 B
y ¥ -1 —1 B
N -2 0 A

CTOPOHLl (M MOJXKHH . ObITb pasHbiMy). B chaerywowmunx
croi6uax TaGJaHLUbl OPOCTABAEHE COOTBETCTBYIOLLHE HAHHO-
My COUeTaHHIO 3HaueHHA KBAHTOBHIX uucen M, m Mg, pas-
Hbie anrebpandeckofl cymme uucen m; u m; COBOKYIHOCTb
nonycTuMbX 3Hauenuit My u Mg no3BosseT yCTaHOBHTb JO-
nyctHMble coueranns 3Hauenuit L u S. Onna H3 TakKux coBO-
KynHocTeli, noMeyeHHass 6yksoit A B nociexHeM croabue
Tabauilbl, COOTBeTCTBYyeT coueranuw L =2, S=0, 1. e.
tepmy 'D, BTOpas COBOKYNHOCTb, MoMeueHHas Gyxsoit B, co-
orperctByeT L =1, S =1, 1. e. TepMy 3P H, HakoHell, COBO-
KYIHOCTb, noMeyeHHast 6yksoit C, cootserctdyer L =0, § =
=0, 1. e. Tepmy !S. Takum o6pasoM, U3 ykaszaHHbIX Bbillie
iweetd (GOPMaNbHO BO3MOXKHBIX TeDPMOB HE NpOTHBOpedyat
npuniuny [laynu tonsko Tpu: 1S, 3P, 'D, npuvem tepm 3P
ABJAETCA TPUNNETOM — OH MOAPA3AeAAeTC HA KOMIOHEHTHI:
8p,, 3P, 3P,. Bosuukaer BOMPOC, KaKo# M3 3THX TepMOB CO-
OTBETCTBYET OCHOBHOMY COCTOSIHHIO, T. €. COCTOAHHIO C HaH-
Mmeublueit sueprueit. OTBeT H& 3TOT BOHPOC AAOT JBa IMIH-
puueckux npaBuJa XyHAa.

1. U3 tepMoB, maBaeMblX 3KBHBAJEHTHBIMH 3JEKTPOHA-
MH, HauMeHbLIEH 3HEepPrHH COOTBETCTBYEeT TepM ¢ HanboJib-
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UMM BO3MOXKHBIM 3HauenHeM S (T. e. TepM c HauboJbluel
MYJbTHIVIETHOCTBIO) W C HAaHGOJBIIHM BO3MOXKHBIM TpH
TakoM S 3nauenuem L.

2. Myaptun/ersl, 06pa3oBaHHble S3KBUBAJEHTHEIMH 3JIeK-
TPOHAMH, SBJAAIOTCS NMPABUIbHBIMH (3TO 3HAUMT, 4TO C yBe-
JauyeHHeM J BospacTaeT 3Heprusi COCTOSIHHS), eCau 3anoJ-
HeHO He Gosee NoJOBUHBL 000JOUKH, H o6pallleHHbIME (C yBe-
auuenueM J sHeprusi yGuiBaeTr), ecJM 3anojHeHo GoJbuie
NOJIOBUHB 000J0UKH.

W3 BToporo npaBuia XyHZa cjeiyer, 4TO B ¢Jjydae, Ko-
riaa 3anojiHeHo He GoJiee IOJOBHHBI 0GOJIOUKH, HauMeHblIed
aneprueil 06aaaaer Komnoneuta Myaptuniera ¢ J =|L—S|,
B NPOTUBHOM ciyuae — kommoxenta ¢ J = L+ S

B paccMoTpenHOM HaMH* MpuMepe ABYX P-3JeKTPOHOB
HauMenbiledl sHepruell o6aagaer TepM P (y Hero HaH60.b-
uiee S), a u3, TpeX €ro KOMIOHEHT HAHUMEHbLIeH 3Hep-
rueii obaagaer 3Py, Tak Kaxk o0OoJoyKa 3amOJIHEHA  TOJNbLKO
Ha OAHY TpeTb (B p-060JIOUKE MOXKET HaXOAHTbCS 6 3jek-
TPOHOB).

OtmeruM, uTO pe3y/bTHPYIOLIHE MOMEHTBl 3al0JHEHHbIX
obGasouek paBHBl Hyaw, [lo3ToMy npu onpejenenHuu ¢ no-
Mollbi0 NpaBmaa XyHAa OCHOBHOIO TepMa. aToMa clejyet
paccMaTpHBaTh TOJBKO He3amnoJHeHHY o6ojiouky. Kondu-
rypauueil np? cBepx sanoJHeHHbX ofosouek 06.1afawoT yr-
aepox (C), kpemuuit (Si), repmanuii (Ge), ojoso (Sn)
u ceunely (Pb). ¥ BceX 3THX 37€MEHTOB OCHOBHDLIM SiBJiseT-
cs tepm 4Py (cM. taba. 6).

§ 78. PeHTreHoBCKHE CHEKTPL

OnTrueckne CreKTpbl BO3HMKAIOT NMpH nepexofax ciabee
BCETO CBAI3AHHOTO C sIADOM ONTHYECKOTO 3JeKTpOHa H3 BO3-
6y AeHHOTO COCTOSIHHAl B OCHOBHOe. Bo3ly:KieHue aTOMOB
MOXKeT MPOMCXOAUTb 3a cUeT COyAapeHHi MeXAy aToMam,
COYAapeHHH aTOMOB C 3/eKTPOHaMM HJIH 3a cyeT MOrJolle-
HHA POTOHOB.

[Mpu norjowenHy aTOMOM MOPUHH IHEPTHHU, LOCTATOYHOR
A BbIpbiBaHUS (MM BO3OYXKAEHHS) OJHOTO M3 BHYT-
peuHuX 3JeKTPOHOB, HCOYCKAaeTcsi XapaKTepHCTHUe-
CKOe€ DeHTTeHOBCKOe H3/ayyeHHe. CoOOTBETCTBYIOLAsl HOP-
LA SHeprud MOeT ObiTh ceo0LieHAa aToMy 3a CHeT yjapa
JOCTAaTOYHO OLICTPLIM 3MIEKTPOHOM HJ/H NMOTVIOLIEHUS PEHTre-
HOBCKOro ¢oToHa.
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B TO BpeMs KaK TOpPMO3HOe DEHTTEHOBCKOE H3JIyueHHe
He 3aBHCHT OT MaTepuaja aHTHKaToda M onpefelsercs
JHIIb 3Hepruedl GomMOapAMpYIOLINX aHTHKATOA 3JeKTPOHOB,
XapaKTepHCTHYeCKOe H3JyueHHe onpefedsercs IpHPOAOI
BellecTBa, U3 KOTOPOTO HAroToBJeH aHTHKaToxd. Lo Tex mop
NOKa SHeprusi 3JEKTPOHA HENOCTAaTOuHA AAsi BO3CyKAeHHS
XapaKTepHCTHYECKOTO H3JY4YeHHs, BO3HHKaeT TOJbKO TOD-
Mo3HOe usJjyuernue. Ilpu mocrarousoit smepruu OGomGapuu-
PYIOIIMX 3JeKTPOHOB Ha (oHe CHJACIIHOIO TOPMO3HOFO
CIEKTpa MOABJAIOTCH pPE3KHE JIMHHE XapaKTepUCTHYECKOTOo
CTeKTpa, IpUYeM HHTEHCHBHOCTb 3THX JIHHHMH BO MHOrO pas
NPEBOCXOIHT HHTEHCHUBHOCTD (hOHA.

PenTreHoBCcKHe CHEKTPBI OTAMYAIOTCA 3aMeTHOH MpOCTO-
to#f. OHH COCTOAT W3 HECKOJAbKHX cepuil, 0603HayaeMbiX
6yksamu K, L, M, N u O. Kaxnaas cepusi HaCYuTbIBaer
HeboJbLIOE YHCIO JHHME, 0D03HAYaeMbiXx B NOpAAKe yObl-
BaHHA JJHHBI BOJHB HHAEKcaMu: a, By, ... (Kg Kp, Ky, .. 5
Ly, Lg, Ly, ... u-T. ). CnekTpsl pa3HblXx 3IeMEHTOB HMEIOT
CXOJAHbIHl Xapakrep. Ilpu yBennueHud aTtoMHOrOo HOMepa Z
BeCh PEeHTI'eHOBCKHH CHEKTp JiHIIb CMelaercs B KOPOTKO-
BOJIHOBYIO 4acTb, He MeEHssl cBoelt cTPykTypml (puc. 219).
10 0O6DbACHAETCS TEM, UT0 PEHTTeHOBCKHE CMEeKTPH BO3HH-
KalOT NpH nepexofax 3JdeKTPOHOB BO BHYTPEHHHX YacCTAX
aTOMOB, KOTOpble (4acTH) MMEIOT CXOIHO€ CTPOeHHe.

CxeMa BO3HHKHOBEHHS PEHTTeHOBCKHX CIEKTPOB J[aHa
Ha puc. 220. BoaOyxIeHue aroMa COCTOHT B yAajeHHU OA-
HOTO M3 BHYTPEHHUX 3JeKTPOHOB. Ecin nox BaMsiHueM BHeLl-
Hero OBICTPOrO 3JeKTPOHA .MM PeHTreHDBCKOTO (POTOHA
BLIPBIBAETCAA OAHH M3 ABYX 3JeKTpoHoB K-cios, To ocBobo-
JLHUBLIEEC MeCTO MOXeT OBblTh 3aHATO JEKTPOHOM H3 Ka-
koro-anbo puewnero ciaos (L, M, N u 1. n.). Ilpn atom Bos-
Hukaer K-cepusi. AHaJOIMYHO BO3HMKAIOT M JpYyrie CepHH.
Cepuss K 006s3aTe/IbHO CONPOBOXA3€TCH OCTaJbHBIMH Ce-
PHAMH, TaK Kak.NpH HCIYCKaHMH ee JHHUA OCBOGOXKAAIOTCH
ypoBHH B caosix L, M u r. A, Koropule 6yAyT B CBOIO Oue-
pelb 3amOJHATbCA 3JEKTPOHaMH H3 0oJee BHICOKMX CJIOEB.

Mosau (1913) ycranoBU npocToil 3aKOH, CBA3LIBAIOILHII
YACTOTHl CHEKTPAJbHBIX JHHHE C ATOMHBIM HOMEPOM HCIy-
CKalOWero X 3/1eMeHTa:

Vo=C(Z-o). (78.1)

3akoH Mo3aH MOxHO cHOpPMYJHPOBATH CleAYIOLHM 06-
pa3oM: KOpeHb KBaApaTHbII M3 YacTOTHl fBJAETCHA JHHEH-
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HOH GYyHKuHEH aToMHOro HoMepa Z. KoHcramta o coxpa-
HACT CBOC 3HAUEGHME B NPeAENaX ONHOH U TOM Ke CepHH And
BCEX 3/IEMEHTOB, HO MEANETCHA NPU HepexQie 0T odual ce-
puu K Apyro#1. Ilo usmepenuam Mosan o = 1 aag K-cepun
uo=75 nna L-cepuu, Koncranra C umeer caoe 3HaYeHue
Al KaX10il JMHHH ONHHAKOBOE, OAHAKQ, LISl BCEX SJICMEH-
TOB. HackobKO TOYHO BLIMOJHSETCH 3aKOH Mosny, MOXHO
CyAuTb 0O  Juarpam-

M€, u306paxkeHHoll Ha ,_ 0 <
puc. 221 (ee nasmBalor = ” ]
p — R —
Anarpammo#t  Mosznu). s R}
y Y
M (e pp «§_—

29 As L 74 ﬂ/-wp//ﬂg \§
N &
91 Se ’ { YR

L -t N

- LU

35 8r 7 §

Hy N

37 Rb N

s %

78 Sr Hy Q%

47 Ny
75 Rh
[ /f b
i H-cepus
Puc. 219, Puc. 220.

3aBHCHMOCTb, yCTaHOBJeHHAs MO3JIH, M03BOJISAET M0 H3-
MepeHHOH AJIHHE BOJIHBI PEHTT€HOBCKUX JHUHUH TOYHO ycra-
HOBUTb aTOMHBI HOMEp IAHHOTO 3%eMeHTa, OHa cHirpaJga
60/IbIWYI0 POJIb HPH pasMelleHHH 3JeMEeHTOB B HepHOIUYe-
CKOH cHcTeMe.

Mossii fai mpocToe TeopeTHUECKOe 06bICHEHHE Halfen-
Horo um 3akoHa. OH yCTaHOBHJ, 4YTO HJA JIMHHU- K,
KoHcTauta C B dopmyse (78.1) umeer 3HaYeHHE, paBHOE
V34R, rme R— nocrosinnas Pun6epra. Cnenosartensno,
AN 3TOM NMHMM 3aBHCMMoCTb (78.1) MOXHO 3ammcaTh
B BHJe

0=R(Z~1} (- 5). (78.2)
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JIMHAS TakoiMl »Ke uacTOTHI MOJyuaercs MNpU Inepexole
2/JIeKTpOHA, HaxoAslerocs B noae 3apajaa (£ — l)e, ¢ ypoe-
HA n = 2 Ha ypoBeHp N =1,

Has apyrux aunufi dopmyne (78.1) MOxHO NpUAATH
BRA:

1 1
©=R(Z~ o) (—n? -~ —2), (78.3)

I

rile ¢ B npejenax OAHOH M TOH Ke cepHH TOCTOsHHA.
CMblcdl KOHCTAHTBI O JIETKO NOHATh: 2JIEKTDOHBI, COBEP-
WaloulHe Tepexof NpH HCHNYCKAaHMH DPEHTIeHOBCKHX JyHcH,

7

mf”/f / ]
80° %
/|
6107 \Y,
\x‘/
)

4-10° Y (L2

2-10° / e
1

/] 20 40 64 8 Z

N

Puc. 221.

HAXOJAATCS NOJ BO3JAEHCTBHEM AApA, TIPUTSNKEHHE KOTOPOro
HecKOJNLKO ocaalbseHo AENCTRHEM OCTaNbHBIX OKPYMKalOLHMX
ero 3JEeKTPOHOB. DTO TaK HasblBaeMoe 3KPaHHpyiolilee Jeh-
CTBHE M HaXOJHT CBOe BblpayKeHHe B HeOOXOQUMOCTH BHI-
yecTh W3 Z HEKOTOPYIO BEJNHUYHHY O.

Ha kaxkoi#i-160 3JeKTPOH OIZHOH M3 BHYTPEHHHX 000J10-
yex jaJibllle OTCTOSIIHE OT AApa 3JEKTDOHBI BO3JAEHCTBYIOT
cna6o, TaKk Kak cosjaBaeMoe HMH BHYTDH IIoJie B CpeJHeM
paBHO HYJI0 (10Js1 BHYTPH 3apAXKEHHOH CQepHuecKoH no-
BepxHocTH Her). [1o3TOMY BHYTpeHHHE 3JIEKTPOHBI HaXoO-
IATcA B OCHOBHOM JIHUIb TOJ BO3AeHCTBHEM HOJA siApa H
3J1eKTPOHOB, HaXOAdIMXCcA Oamke K Anpy. Takum oGpasom,
Monpaska o BHI3LIBAETCA HanuyneM 6oJee ryOOKHX SJeK-
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TPOHOB H CJ1aObIM BO3MYLUEHHEM CO CTOPOHBl OCTAJbHBIX
3JIeKTPOHOB.

dopmyna (78.1) asaserca ne Bnonase tounoil. Ona oc-
HOBaHa Ha JONYyLIeHUH, YTO I[OCTOSHHAA 3KPaHHPOBAHHS
ans o60HX TepMOB, BXOAAUINX B BhipaxeHne (78.3), umeer
onuHakoBoe 3HauyeHHe. Ha 'caMoM 3Ke Jese 3KpaHHpoBaHHe,
Hanpumep, aas K-tepma 6yner cnabee, ueM anas L-repma,
[MOTOMY UYTO 3JIeKTPOH, HaxoAsiuica B L-ofonouke, 3Kpa-
HupytoT 06a 31exkTpoHa K-060/M04YKH H, KpOME TOTO, YaCTHY-
HOE YYacTue B 3KPaHHDOBAaHHH MNPHHUMAIOT OCTajbHBIE
3JeKTpOHbl L-060/I0UKH, B TO BpeMsl KaK AJs 3JeKTpoHa
K-060/104KH 3KpaHHpPOBAaHUE OCYILECTB/SIETCS TOJBKO OJ-
HuM BTOpbiM K-dsiektpoHom. C y4eToM chenaHHbIX 3ameua-
uuit opmyay (78.3) caeayer nucarh B BUAE:

o=R {(Z 0,)? (2—0'2)2}.

2
I‘LI ny

[Ipubanxendocts ¢opmynnt (78.1) MOXKHO 3aMeTHTD
Ha rpaduke, nzobpaxensoM Ha puc. 221. Ilpu BHuMarenb-
HOM pAacCMOTpeHHH OOHapy:KUBAercs, YTO MOCTPOEHHBIA Ha
OcHOBe OMBITHLIX JaHHBIX rpaduk mis K-cepuu umeer ue
BOOJIHE MPSIMOJHHEHHBIN XapakTep.

§ 79. UlupuHa cnexTPaabHbLIX JNHUH

113 BO30OYy)KAEHHOrO COCTOSIHHA arOM MOXeT nepelTH
CNOHTAHHO (CaMONpPOH3BOJBHO) B Gojee HHM3KOE IHEepreTH-
yeckoe cOCTOsinue. Bpems, 3a KOTopoe YHCJIO aTOMOB, Ha-
XOASIMXCA B XAaHHOM BO30Yy:KAGHHOM COCTOSIHHH, YMeHb-
HiaeTc# B e pPa3, HA3LBaeTCs BPECMEHEM KHM3HU
B030YKJIEHHOTG COCTORIHUSA '), Bpems KU3HH BO3OYKAECHHBIX
cocTosiHMi aToMoB KmeeT nopaaok 108—1079 cex. Bpems
JKH3HH METacTabulbHbiX COCTOSIHHE MOXKET JOCTHraThb Aecs-
THIX AOJIeH CeKyHIbI.

Bo3MOXHOCTb CNOHTAHHLIX NepPeX0J0B yKa3blBaeT Ha ToO,
yTO0 BO3OYXK/JCHHbIE COCTOSIHUA HeJIb3sl pacCMaTpuBaTh Kak
CTpPOro CcTauMoHapHble. B COOTBETCTBHM. ¢ 3THM 3HEpPrUsi
p030YXKAEHHOTO COCTOSIHHSI He SBJAETCS TOYHO ONpefeleH-
HOH H BO30yKACHHBI 3lepreTHICCKH YpOBeHb HMMEET

Yy Onpepenennoe Tanum 06pasom BpeMst XKUSHU COBRALAET CO CPei-
HHM BpeMeHHM npeOblBaH¥s aTOMOB B BO30YKACHHOM COCTOSHHH.
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KoHeuyHyto wupuHy I' (puc. 222). B kBaHTOBOH MexaHHKe
AoKasblBaeTcs, UTO UIMPHHA YPOBHS OGpaTHO MPOMOpPIHO-
HaJbHa BPEMEHH XKH3HH T BO36YXKAEH-
HOTO COCTOSIHHS:

b
r==, (79.1)

OcHOBHOe COCTOAHHE aTOoMa CTa-
UHOHapHO (M3 HEro HeBO3IMOXKEH
CIIOHTaHHLIA Nepexol B JApyTHe CO-
croanusa). [lostomy 3HepPrHa OCHOB-
HOTO COCTOSIHHSA ABJSETCS OlpelesacH-
HOH BROJIHE TOYHO.

Puc. 222. BeneacTeue  xoHeuHOH  INMPHHB

BO30YIKIeHHEIX  YPOBHeA  aHeprus

HUCOYCKaeMHX aTtoMaMu (JOTOHOB HMeeT paszbpoc, ONHUCHI-

BaeMBlii KpuBOii, H3oOpamenHofi Ha puc. 222, CootBer-

CTBEHHO COEeKTpaJbHag Junua (puc. 223) obmazaeT KoHeY-
HOH IINpHHOMA !):

6w0=—1;—=—i. (79.2)

Bas v ~ 107® cex, nonyuum pas 8w 3HaueHHe NOPAX-
Ka 108 cex~!. VlnTepBan yacroT v CBA3AH C HHTEPBANIOM
JJIHH BOJIH -0 COOTHOLIEHHEM:

oh=22 60 =2 50 =250 (79.3)

e dw
(3HaK MHUHYC MBI ONYCTHJH). 7

Beipaxenua (79.2) u (79.3) , ’f e

JalOT TaK HAa3BIBaeMyld €CTeCT-
BEHHYI IMHPHHY CHOEKTPaJb- /27
ot sunuu. Hopacrasus B (79.3) }
A~D5000A u de ~ 10® cex-1, no- Py
NYYMM S €CTECTBEHHOH ILIMPUHBI
CHEKTPaJIbHON JIMHHHM 3HAYEHHE TO- Puc, 223.

padka 10-*A
TemioBoe JABHXKEHHE H3JMYYalOWIMX aTOMOB HPHBOAHMT
K IONOJIHHTE/bHOMY TaK Ha3blBaeMOMY A ONNJEPO BCKO-

') Iupuna coeKTpalbHofl JAuhiA 0@ oOnpesensieTcs KaK pasHOCTh
YacTOT, KOTOPHIM COOTBETCTBYeT HHTEHCHBHOCTb, PaBHafl [l10JIOBHHE HH-
TEHCHBHOCTH B Makcumyme. "B casu c sTum 8o HasmBaloT HHOrja
ROJAYWUDPHHOINK eneKTPajbHoh juHuK, Mu OyAeM NOAL30BATHCA Tep-
MHHOM «IIMDHHA JHHHH»,
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MY paclmiupeHUI0o cuekrpaldbHbix aunuit. [Tycts B Mo-
MEHT HchmycKaHus (oToHa aroM o6JafaeT HMIYJNbCOM Po
H . COOTBETCTBEHHO 3HEpPrHe#l TMOCTYNaTe/lbHOro JABHXKEHHUSA
p§/2m‘z (m, — macca aroma). Poton yHOCHT ¢ co6o#t HM-

nynaec bk, paBHbl no Moaymo fw/c [cM. (57.5)]. Iloatomy
UMNYJBC aTOMa H3MEHAeTCH H CTAQHOBHTCH paBHBIM P =
= po—hk. CrenoBatesbHO, H3MEHSIETCA M JHEPrHsl NOCTY-
naTeJsHOro JBHKeHus atoma. O6o3nauum uyepe3 ALh;, u3-
MeHeHHe BHYTpeHHedl SHEpPrHH aroMma, T. e. pasHOCTb
E,—En, rne E, u E,;— 3HaueHus SHEPTHU ypOBHEH, MexK-
Iy KOTOpPHIMH coBepiuaercs nepexod. Ha ocHoBanHu sakona
coxpaneHusi 3Hepruu AE,,, NOMKHO paBHATBHCH CyMME SHep-
ruu GOTOHA M H3MEHEHHS 3HEPTHH NOCTYNATEJbHOTO ABHXKE-
HHA H3JY4YaloLero atoMa:

(po—Bk)* b _ hop — Do
o2my, 2m, g

(k)"
2mgy

AE,, =ho+ (79.4)

-+

Viamenenne sHepruu- MOCTYNATEJLHOIO ABMMKEHHS aTOMa
MaJIo N0 CPABHEHHIO C 9Heprued dorona fiw. [Tostomy B mep-
BOM NpHOJIHIKEHHH MOXKHO CYUHTaTh, YTO AEn,="Flw, KaK MbI
H TOCTynand B NpPeIbAYIiHX naparpadax. 3ameHus fik ue-
pes hwo/c =~ AE,n/c u yuTs, 4TO po = mgv (Vv — CKOPOCTH
TEMJIOBOTO JBMXKEHHs aToMma), cnaraemoe pohk/m, B ¢op-
Myae (79.4) MOXKHO NpeACTABHTbL B BHAE:

bolik

Mg

= % AE 5, cOS @, (79.5)

rie ¢-—— yroj Mexny. po # fik, KOTOpBIH MOMKeT H3MeHATbCS
B npefenax ot 0 mo s
B tom ke npuOIHKEeHHH
(ik)> _ (Be)  (AEnm)
2mg  2mgac® T 2mgc?

.

Takum obpasom, dopmyne (79.4) MOxKHO mpHIaTh BHA!

(AEnm)?
2mqc?

AE = 10 — = AE,, cos @ + . (79.6)

Hafifem cpensee 3Hauenue 3Hepruu oTHaud, npuobpe-
TaeMoOH aTOMOM [pH HcHycKaHHH ¢otoHa. B oraenpHOM
aKTe H3JY4eHUA aTOM MOJyuaeT. SHepTHIO:

Eom=AE,,, — o,
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Coraacno (79.6) ara BesnunHa paBHA

(AEpm)? v
Eorn= Qm'::z_ - AE,,cos@.

Cpennee 3HayeHHe STOrO BLIDAXKEHHS PaBHO NHEepBOMY cha-
raeMomy (COS ¢ npHHHMaer ¢ paBHO{l BEePOATHOCTBIO BCe
snauenus: or —1 go <1, BesencTeye yero BTOpoe c¢jaarae-
MOe B CpellHeM PaBHO HYJIO).

Wrak, o6o3nauns cpelHIO 3HEPruio otgauu, npuobpe-
TAEMYIO 4TOMOM TIPHM MCHYCKaHHH (orona, 6yxsoil R, MOX-
HO HAIMCaTL: (AEL:

— - nm
R= Eo'rn _W' (797)

C yuerom (79.7) dopmyny (79.6) moxKHO 3anmucats cje-

AdywomuM obpasom:

AE,,, = ho — -tc’— AE,,cos@+ R.

Paspemus 3To ypaBHeHHE OTHOCHTEJbHO uacToTh ¢o-
TOHA ®, MOJIYYUM:

- Ab;i,,m 2 + ] AE,,,,, c0s @
Hakonen, BBeas o6o3HaueHHA:
o= 2rnm, (79.8)
Aog=", (79.9)
dop=22Am 92 o0, (79.10)
Mbl NIpHJEM K COOTHOLUEHUIO:
0 =@y — Aw, —}--;— 6wy cos @. (79.11)

B HCTOYHHKE ¥3JYyuYe€HHs, B KOTOPDOM BCe HallpaBJ/eHHA
TENJIOBOTO [BHXXEHHMS ATOMOB DPABHOBEPOSTHH, COS ¢ MNpH-
HuMaet Bce 3nauenus or —1 no +1. CaenosarenbHo, ua-
€TOTHl H3ayualolux $oronoB 6YAYT 3akA0UeHbl B Npefenax.
unrepsana dop. Takum obpasowm, BbIPAKEHHE (79.10) naer
AONIJIePOBCKYIO LIMPHHY ClEKTpasbHOM Junud. Hs (79.10)

1) Cp. ¢ popmynoh (41.9).
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clenyeT, YTO OTHOCHTe/NbHOE AONILIEPOBCKOE VIIUPEHHE HH-
Bl dwp/e® He 3aBHCHT oT wactotel n pasuo 2(v/c). Co-
raacio  (79.3) 8MA = dvw/o. Cpefnsis cKOpPOCTH aTOMOB
(c aromHeiM Becom ~ 100) mpu TeMmepaTtype mopsjka He-
CKOJIBKHX THICAY TIPajyCcoB COCTaBJsET NPHOGIH3HTENbHO
10® mfcex. B sTux yC/aOBHSX HONIIEPOBCKAS UIMPHHA CHEK-
TpaAbHON JuHuu 4as A = 5000 A 6yner paBna

Ohp =22 =255 5000 ~ 3. 10-2A,

3108

JeficteuTenbHaa WupHHA CHEKTPasbHOR JAuHHK d0 caa-
raerca H3 ecTecTBeHHOH WHMpHHH (79.2) u AonnaepoBcKoit
wupuus (79.10):

b0 = 60, + 80 p.

Cepennna NHHMM NPHXOAUTCA Ha YACTOTY 9— Awr
[eM. (79.11)]. Bennuuna o npeAcTasiaseT coboii Ty yacro-
Ty, KOTOPYI0 uMea Obl OTOH NpH YC/IOBHH, u4TO IHEprus
AEnm nonHocThIO nOWJIa Ha uaayuende. Iosnyuetine aToMom
MPU U3NYUYEHHH SHEPruy OTAa4YM R NPUBOANT K CMELISHWIO
CNeKTPaJbHOH JHHUH B CTOPOHY MEHBIUHMX .4actoT (T. e.
O60JbUINX IAJIHH BOJMH) Ha BeAMUHHY Aw@g, ONpeACAAEMYIO
dopmynoii (79.9). 3amenus B 310l opmyse R coraacHo
(79.7), nonyunm:

Aop =2 (79.12)
a

W3 sroro Beipaxcenus ciefyer, YTO OTHOCHTEJbHOE CMe-
HieH¥e YacTOTh Awgr/® O0Ka3blBaeTcs MPONOPLUHOHAJIbHBIM
yacToTe .

Ouenum Awgp aaa Bupumoro cpera (w ~ 3-10% cex™).
Maccy atoma nosoxuM pasuodt 10722 2 (atomublil Bec mno-
paaka 100). ITo dopmyne (79.12)

1,05 1027 . 9. 10%
2-10-%2.9- [0%

Aoy = ~5. 10% cex™!,

oTKy2a Aas Alp mosnyuaerca snHaueHde nopsaka 107 A, xo-
TOPBIM BIIOJIHE MOXKHO peHe6peys.

3aMeruM, uTO HPHU Horsoutenun atroMoMm ¢orona hw um-
nyasc ¢ortona bk cooburaercs atromy, BCJAEACTBHE HYETO aTOM
TNPHXOAHT B IOCTYNATeNbHOE [BHXKEHHe. IJHEPrus 3TOro
JABUNKEHHs] MoxerT ObiTh onpenejeHa no dopmyae (79.7).

13 W. B. Caseaves, 1. {11 385



CnexoBarenbHO, A1 TOro 4ToGH BHI3BATh B aTOMe NEPEXOH
En— Ep, GoToH HOMKeH 00JiagaTh HEpPTHei:

0" = AE,,+ R,

a yacrora ¢oToHa AOMXHA OHTb paBHa © = wo + Awr,
rae Aor onpepedsierca dopmyqaoi (79.9).

Taxum o6pasoM, crnekrpajbnad JHHAA, cepelliHA KOTO-
pofi JieXUT B CHEeKTPe MCNYCKaHMsl [aHHOro aroMa mpH
4acToTe wo— Awr, B CHEKTpe NOIVIOLIEHHS TOro Xe aToMa
6ymeT wuMerb uactory wo + Awg. s BuguMoro cseta
cMellleHye JIHHHH HCMYCKAaHUSA M TOVIOUIEHHS JAPYr OTHOCH-
TeJAbHO Apyra (coctaBasioumiee 2Aig ~ 107 A) Ha 0aTh mo-
PAAKOB MEHblle, JONNJEPOBCKOH WIWMPHHBI JHHHAK (PaBHOH
~3-102A) u Ha Tpu MOPALKA MeHblle €CTECTBEHHOH WIH-
punbl aunud (pasHolt ~ 107* A). CnenoBartesbHo, AAfi BH-
LHMOTQ0 cBeTa JIHHHH HCIOYCKAHUSI M IOTJIOUIEHHS MOXKHO
CYHTATh TOUYHO COBMEIIEHHBIMH JIPYT C JPYTOM.

§ 80. BeinyaeHHOe H3Ay4eHHe

KpoMe caMonpou3BONbHBIX (CMOHTAHHBIX) MEPEXOAOB C
OJHOTO 3HEPTeTHUYECKOrO ypPOBHS Ha Apyrofi, Habmiogalores
TakXe BhiHYX AeHHbe (I'ilu HHAYULUPOBaHHHE€)
nepexoznl, o0ycnoBieHHbie JeficTBUEM Ha aToM Najaloiiero
Ha Hero u3jyueHHs. CaMonpousBoJibHble NEPEXOXbI MOTYT
OCYINECTBJISITBCH - TOIBKO B OJHOM HampaBJeHUH — ¢ Gosee
BLICOKHX ypOBHelt Ha G6o.iee Hu3KHe. BbiHyxAeHHble nepe-
XOAbl MOTYT C paBHOH BePOATHOCTHIO HPOHCXOAUTHL KaK
B OJHOM, TaK H B APYroM HanpasjieHHH. B cayuae népexona
Ha Oosiee BHICOKHWII ypOBEeHb aTOM MOTJIOUIaer majamollee Ha
Hero Haaydenve. IIpy BHIHYXIEHHOM Nepexofe ¢ OLHOIO U3
BO30YXK/eHHHIX ypPOBHell Ha Gojiee HUSKHH 3HepPreTHUeCKHui
ypoBeHb NIPOHCXOAMT H3JyYeHHe aTroOMOM (POTOHA, ACNOJHH-
TeJbHOro K TOMY (POTOHY, noja AelicTBHEM KOTOPOrO MpPOH30-
niea nepexof. DTO AOMOJHHTENbHOE H3JYYCHHE Ha3bIBAETCS
BLIHYXAEeHHBM (UIM HHIAYUHPOBAHHEL M).

BoIHYXIeHHOe u3/ayueHHe oO6nafaeT BecbMa BaXKHBIMHU
cBofictBamMu. HanpasneHue ero pacopocTpaHeHHS B TOYHO-
CTH COBNAfdeT C HaNpaBJeHHeM pACNPOCTPAHEHHS BHeI-
Hero MaJy4yeHHs, BLI3BABHIErO MepexoX. 1O e caMoe OTHO-
cHTCA K uactore, ¢dase H NOAAPH3ALUHM BLIHYXAEHHOTO H
BHeliiHero H3JayuenH#i. TakuMm o0pa3oMm, BBIHYKAeHHOe H
BHELIHEee H3JyUeHHSI OKA3bIBAIOTCA KOrepeHTHHMHU. DTa 0co-
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(OeHHOCTB . BHIHYKAEHHOIO M3JYYeHHSl JIeXKUT B OCHOBe Jeh«
CTBHA YCHJIHTeNell H reHepaTOpPOB CBETa, Ha3bIBAeMBIX Jia4
sepamu {cMm. § 86).

BuiHyK leHHOe H3JyYeHHe fIBJsieTCA OOpalleHHeM Ipo4
necca IIOTJIOHIeHHs! cBeTa: BeposTHOCTH 060#X MpPOLECCOB,
KaK yXKe OTMe4asoch, B TOUHOCTH ORHHAKOBbLI. BeposATHOCTH
Pnm BHIHYXIEHHOTO Iepexoja aToMa B eIMHHIY BpeMeHH
¢ 3HepretHuyeckoro yposus E, Ha ypoenb E,, mpomnopuuo-
HaJbHA TMJOTHOCTH SHEPTHH U, BHEMIHEr0 3JeKTPOMAaTHHUT-
HOTO moJis!), mpuxojsimieiics Ha 4acTOTy , COOTBETCTBYIO-
iy aansomy nepexoay [w = (En, — En) /8]

Pom = Bunlla. (80.1)

Bennuuna By, HaseiBaercsd Kospduuuenrom I i u-
wreilna CorjacHo CKazagHOMY Bbille B, = Bam.

Ecau uncno atomos B cocrosinuu # 6yner N, TO KOJH-
YECTBO aTOMOB, COBEpIIAIOLIUX B €IHHHUY BpeMeHH BLIHYX-
JIeRHBIH [epexof 71— M, OKaxKeTcs pPaBHbIM

ANum= PynNy = BymtigNp. (80.2)

AHanor1uno, KOJIHYECTBO aTOMOB, COBEPLIAIOUHX B eMH-
HHLY BpPeMeHH BLIHYXXKICHHBIA Nepexon m — n, OyleT PaBHO

ANy = Pyyu Ny = Bt N - (80.3)

OcHoBHIBasicb Ha pPaBHOBEPOSITHOCTH BBLIHYXKJIGHHBIX IIe-
PEXOAOB n—>m W m-»n, DAHWTEHH Aaja BecbMa NPOCTOR
ebiBog dopmyan Ilnanka., PaBHoBecHe Mex/Ay BeLIeCTBOM
M u3jiyyeHHeM OyAer AOCTHTHYTO NIPH YCJOBHH, YTO YHCJIO
aToMoB N; B Ka)KJOM H3 COCTOSHUH ocTaercst Ge3 M3MeHe-
HHH. DTO BO3MOMNKHO TOJbLKO B TOM CJyyae, €CJU HHCIO
aTOMOB, NEPeXOASUNX B eIWHHLY BPEMEHH W3 COCTOSIHHA n
B COCTOsiHWE m, OyAeT PaBHO YHCJAY aTOMOB, COBEpPIIAIOLIHMX
nepexoj B NPOTHBONOJOXKHOM Hanpasienun. [1ycts E,>En.
Torga nepexonpl m-—n cMOIYT NPOHMCXOAUTb TOJNLKO MOJA
BO3/eficTBHeM M3/1yueHHs. Ilepexoan e n-—»m OyayT co-
BEPLIATHCS KaK BHIHYKAEHHO, TAK M cMoHTaHHO. OG03HAUHM
BepOATHOCTb CIIOHTAHHOrO Mepexofa aToMma B eAVHHIY Bpe-
MEHH H3 COCTOSIHHS 7 B COCTOsIHHE m uepe3 Apn,. HHCHO
aTOMOB, COBepIIAIIUX B eJHHHLY BDEMEHH CIIOHTAHHBIA
NIePEXOX 1 —> M, ONPENENNTCS BRIPAIKEHHEM:

ANpm = ApmN,. (80.4)

) B § 52 paBHOBeciOe 3uatvieHHe BEAUMMHLI 4y, Mb GUO3Hauani
u(w, 7).
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B cocrosinun paBHOBeCHS JOJIXKHO BbBIMOJHATHCH YCJIO-

BHE!
ANpy=ANgm + AN;tm

Ioacranoska B a1y ¢opmyny suauenu# (80.2), (80.3) u
(80.4) [B KoTOpBIX HOJXKHO OBITH B3ATO paBHOBEeCHOE 3HA-
YeHue Uy, T. €. u(o, T)] naer

Bt (o, T) Ny =Bynu (CO: T)N, + AnmNm

OTKyaa
AnmNn = Anm 1
anNm"BnmNn Bnm Nm/Nn“'l

(MBI BOCNOJIB30BAJIHCh TeM, YTO Bpyn = Bum).

PaBHOoBecHOe pacnpejesieHHe aTOMOB [0 COCTOAHHAM
¢ pasJHYHOW 3HeprHefl ompejelsieTcd 3aKOHOM bBoJbimana,
COTJIACHO KOTOPOMY

N = o(Bn=Em)[KT _ ho/kT
Nn

uf(w, T)==

Takum 06pa3oM, Mbl MPHXOAUM K (opmyJe

(e, T)="2mm __1 (80.5)
Bpm €% —1

Ias onpenenenuss koddouuuenta Apm/Bpm DinmTEAH
BOCIOJIb30BAJCS TEM, YTO NpPH MasbiXx 4acTOTax BHIpaxe-
nue (80.5) momxHo nepexoauts B popmyay Panes — Jixuu-
ca. B cnayuae fio < kT WMOXHO [pDOH3BECTH 3aMeHy
e"ohT.~ | + ho/kT, B pesyabrate uero (80.5) HpHHHMaeT
BMR:
Anm _k_T_
Byy Hhe’

Cpasnenue ¢ dopmyJoil- (52.9) paer st Apm/Bnm 3Ha-
yehye:

u(o, T)=

Anm ho?

Bpm = nd
IMoncravoBka storo 3xavenus B (80.5) npusoaut K ¢op-
myae [laanka [cM. dopmyay (53.9); nanomuum, uto f(w, T)
u u(w, T) ceasaHbl cooTHouieHuem (52.3)].




FJTABA XIII
MOJIEKYJibl U KPHCTAJLJIbI

§ 81. dueprus MoaeKyabl

CHaipl, yAep:KHBaloOllMe aTOMbl B MOJEKYJe, BbI3BaHbl
B3aHMOJEHCTBHEM BHELIHHX 3JEKTPOHOB. DJEKTPOHbI BHYT-
pesHdX obo/oyeK npu OObEAMHEHHH aTOMOB B MOJIEKYJay
OCTAlOTCAA B IIPEXHHX COCTOSHHUAX. DTO NOATBEpPKAaercd
TeM, YTO PEHTTEHOBCKHE CIIEKTPbl TAXKEJbIX 3/JeMEeHTOB 3a-
METHO He 3aBHCAT OT TOI'O, B COCTaB KaKOTO XHMHYECKOTO
cOelUHEHHS BXOJAHT LAHHBIA 2JeMeHT.

Paasnuuaior aBa BuAa cBA3d. OguH 43 HUX OCyuiecT-
BJsieTCA B TeX MOJCKYJaxX, B KOTOPHIX HacTb 3JEKTPOHOB
ABHXETCcst OK0JI0 oboux ajep!). Takas cBs3b HA3bIBAeTCH
roMeononapHo# (vin  KOBaJNeHTHOMH, MHIH
atoMmHoH). OHa ofpasyercas napaMu 3JeKTPOHOB C IIPO-
THBONOJIOXKHO HAanpaBJeHHbIMH cnuHaMH. Cpend MOJEKY.
3TOro THHA CJAeAyeT PasjH4aTb MOJEKY/abl ¢ OLHHAKOBBIMH
aapamu (Hs, Ny, Oz) u MosexkyJbl ¢ pasHbIMH fapaMu (Ha-
npumep, CN). B mosexyaax nepBoro poxa 3JeKTPOHbI pac-
npeneseHs cCHMMeTpHuHO. B MoJiekyanax Broporo poja Hme-
erca HEKOTOpas acHMMeTpHs B paclpejie/eHHH 3JEKTPOHOB,
6aarofaps 4eMy MOJIeKYyJibl NPHOOPETAIOT 3JEKTPHUECKHi
JMIOJbHBIH MOMEHT.

Bropoil Tun cBA3M HMeET MECTO, KOrja 3JeKTPOHbLI B MO-
JieKyJie- MOXKHO pa3fie/iHTb Ha JBe IPYNMbl, KaxKaas H3 KO-
TOPLIX BCEe BPEMs! HAXOZHMTCA OKOJIO OJHOTO H3 sifep. dDJiek-
TPOHEl pacClpefesloTcs TaK, YTO OKOJIO OJHOrO H3 siAep
06pasyerca H30LITOK 3JEKTPOHOB, a OKOJIO APYIoro — HX
nepocratok. Takum o6pa3om, MoJekysna Kak Obl COCTOHT

') Mpl OrpaHUYUMCH PaCCMOTPEHHEM TOJIBKO JABYXaTOMHBIX MOJEKYJI.
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H3 ABYX HOHOB NPOTHBONOJIOMHBIX 3HAKOB, HPHTATHBAIOWIHX~
ca apyr K Apyry. Cpasp 3TOr0 THNA HA3bIBaeTcs TeTep o-
noAapHOH (um unoHHOM). IlpuMepoM MoJeKy:a ¢ re-
Teponoapuoil cBA3bio Moryt cayxutb NaCl, KBr, HCI
HT. L

pocreittunit npumMep romMeonoaspHoOil CBSI3U Mbl HMeeM
B MOJeKyJe BOLOpPOAa. Bckope mocsie co3gaHusi KBaHTOROH
mexauukd ["afiTiep u JloHgon (1927) npeanmpHHAIH ycrel-
HYI0 NONBITKY KBAHTOBOMEXAHHYECKOTO PacuyeTa OCHOBHOTO
cocronana MoJekyasl He. MM yaanoch pemnts ypaBHeHue
IUpeaunrepa ans cucreMbl, cocTosilielf u3 ABYX TNPOTOHOB
(amep atoma BOmOpoja) H

-£
TAS ABYX 3JeKTpOHOB (puc. 224).
PN ”, TloTenuuanbHas sHeprus Ta-
Ta N Koff cHcTeMbl pasHa
V4 \ 2 ~o
o’é R \}1‘6’ e? e? e?
652 N 7 U= -2 2 2
S \ / Tia T2a rp
Seo \ r
ra S~ N\ ST e? + e? +_f£
2:\2 rep | iz R
Puc. 224. BonnoBaa ¢yHkuus ¢ 3a-

BHCUT OT KOOpAMHAT OOOHX
anextponos. CaepnoBatenbHo, ypasHenue Ulpeannrepa ume-
eT BHA:

A+ Ay + 2o [E— &

ry2

rae A;—oneparop Jlanmaca, colepxKamwHkil KOOpLHHATHI
OJLHOTO 3JIeKTpOHa, a Ay — oneparop Jlansaca, coaepxamuil
KOOPAHHATHI APYroro 3JeKTpoHa.

KBaHTOBOE uHCIO 1My KaXKAOTO W3 3AECKTPOHOB MOMKeT
yMeTh 1Ba 3HaueHus: !/, Ecau 3naxku m, o6oux 3jeKTpo-
HOB pas3JiHyHbl, COHHBI OPUHTHPOBAHBI B NPOTHBONOJOXKHBIE
CTOPOHBI, T. €. AHTUNAPAJJE/NbHBl;, NIPH COBMNAJEHUH 3HAKOB
ms cuuupl mapasnenbhsl. [lonyyaiouineca H3 ypaBHeHH:!
(81.1) coOcTBeHHble 3HAUEHHST HEPTHH OKa3bIBAlOTCSl 3aBHU-
CALKMME OT PacCTOSIHHSA MeX1y agpamu R, 1. e. E = E(R),
[ApUHYeM B CAYYAAX NapajiiesbHOR W aHTHIIapaJsieibHON OpH:-
eHTalUuK CIHHOB XapaKTep 3TOH 3aBHCHMOCTH CYIeCTBEHHO
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pasauden (puc. 225). OGpa3oBaHHe MOJEKY/bl BO3MOMKHO
JIULIb NPH COMUKEHWH aTOMOB C aHTHIIApaJJlefbHbIMH CIH-
HaMu.

Acumnroruueckoe 3Hauenue Eg, K KOTOpOMY~ CTpeMHTCS
9HEPrHs MOJIeKYJbl NpH R — oo, #jda 06enx H300parkeHHBIX
Ha pHC.. 225 KpHBBIX OJHHAKOBO M PAaBHO CYyMMe 3IHEprHi
H30JHPOBAHHBIX aTOMOB. BennunHa
Ep ecTb sHeprusi CBSI3H MOJEKYJIbL. £
OHa paBHa  3SHEPTHH, KOTOPYIO
HYXKHO COOOIUTb MOJEKYJie, yToObI B
BHI3BATb pa3jeieHHe ee HA H30JHU-
pOBaHHBIE aTOMBL, T. €. BbI3BaTb
JHCCOLHUALHAI0 MOJIEKYHL.

Apanoruuso oO6GCTOUT He0 H
B cjayuae JApPYrHX JABYXaTOMHBIX
MOJIeKYJl. DHeprus, 00ycaoBIeHHAs
3JIEKTPOHHOM KOH}urypanuei
(31€KTPOHHASA HEPTHS), HMEET MHU- Puc. 295,
HHMYM NPH HEKOTOPOM 3HaueHHH R
H MOXKeT OnTb n300pa’keHa KPHBOH Takoro e BHIA, Kak
AJis1 BOLOPOAHOH MOJeKyJwl (cM. KpuBywo [/ Ha pHc. 226).
Ilpn u3MeHeHuH 3/eKTPOHHOH KoHGQHrypauuu (npH BO3Gy-
JKJEHHH MOJICKYJ/bl) H3MEHSIeTCH KpHBas 3aBHUCHMOCTHU 3JieK-

TPOHHOH 3SHEPTHH OT PacCTOSHHSA
£ MexXAy sapaMu R. AcuMmitoTHueckoe
3HAYEHHE 3HEPTHH TakKXKe CTaHOBHTCH
HHBIM — DaBHBIM CYMMapHOH SHEpTHH
H30JMPOBAHHHIX aTOMOB B  HOBOM
KBaHTOBOM COCTOSIHHH (CM. KpuByIO 2
Ha puc. 226).

B ocHoBHOM u3MeHEHHE IHEPreTH-

YeCKOro 3amaca MOJIEKYJbl TNIPOHCXO-

0 7 [T, KaK U B aToMe, B pesyJbTare

H3MEHeHHH B 3JEKTPOHHOH KOH(QHry-

Puc. 226 pauud, obpasymoureil nepudepuyecyyio

yacTh MoJeKyabsl. OZHAKO NpH 3aiaH-

HO6l 3JMeKTPOHHOH KOH(pUIypauuH sApa MOJEKYJH MOryT

pasauuHBIM 06pa3oM KosaebGaTbest U BPAlLaThCsl OTHOCHTENb-

HO ofuiero ueHTpa HHepuud. C 3THMH BHIAMH [BHKEHUHA

CBsI3aHbl H3BECTHBIE 3alachl 9HEPTHH, - KOTOphie JOJXKHH
6uiTh yuTeHsl B o6uieM Ganance. OGo3Haunm:

E.— aneprusi, 66ycJoBIeHHAs 2JEKTPOHHON KOH(HTypa-
nuefl (3M€KTPOHHAS 3Heprua);

¢ 124
bor
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E,— sHeprus, cooTBeTcTBYIOIAA KOMeGaHUAM MOJIEKYJIbl
(konebaTenbHan HAH BHOPALMOHHAA SHEPTHN);

E, — sHeprusd, cBA3aHHas ¢ BpallleHHeM MOJeKyasl (Bpa-
1LaTeqbHas W/IH POTAllMOHHAN 3HEPTHs).

B nepBoM npubnMXeHHH OTAeJbHble BHABI MOJEKYJAsp-
HbIX JBMKEHHH -— IBHXKEHUE 3JeKTPOHOB, KoJebanue u Bpa-
IleHHe MOJIeKYJIsl — MOXKHO CUMTATh He3aBHCHMBIMH Jpyr OT
apyra. ITosToMy NOJHYIC 3HEPrHIO KaKoro-inGo cTanHoHap-
HOT'O COCTOSIHMSI MOJIEKYJIbl MOJXKHO NpelACTaBHTb B BHIE:

E=FE,+E,+E,.

Kak nokasniBaloT ONLIT M KBaHTOBOMEXaHMYECKHe pac-
yeThl, 9Heprun E, u E, moryr, Kak H E., NPHHHMATb JHIb
JUCKPETHBIE 3HAueHHS.

PaccMOTpHUM rapMOHMYECKHH OCLHJATOP, T. €. YacTHLY,
HAaXOAAulylocs MNOA AeHCTBHEM KBasHynpyroft cuael [ =
= ——kx, TloTenumasibHas SHePrHa TaKOH 4YacTHUB paBHA:

2
=2, (81.2)

BBeasi COGCTBEHHYIO HAaCTOTY @, = Y k/m waaccuuecko-
ro rapMOHH4eCKOro ocumaasatopa [cMm. 1. I, dopmyny (73.4);
m — Macca YacTHilbt !}], MOXHO HaMHCaThb:

2 2
meyx

U=—7%—.
CaepoBatenbHo, ypaBHeHHe llpeaunrepa ass rapMoHH-
YeCKOT0 OCUHJIJATOPA BBHINIAAUT cleaylomuM o6pa3oM:
dp 2m mm%x"’
W**F(Ev - )v=0

rae E,—moanas sHeprus ocuwiisTopa. D10 ypaBHeHHe
HMeeT KOHeYHble, OJHO3HAUHbBIE H HenpepbiBHblE pelieHHs
ApH 3HaueHudax napamerpa E,, paBHBIX

E,= (v +-;-)m,,. (81.3)

Yucno v, HaswiBaeMoe KoJae0areJbHBM KBaHTO-
BbiM UYHCJOM, MOXeT WMeThb 3Haueuus: O, I, 2 u T. &

1) B cayvae nBYXaTOMHO#H MOJEKY/bl TOA /M B -3TOM BbipakeHHH
HYAHO NOAPa3yMeBaTh TaK HA3biBAEMYO TIPHDEAGHHYIO MaCCy MOJIEKYJbl,
pasuyio mymgf{mi + mg), TAe My H My — MacCH AAEP.
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Cxema ypoBHell TapMOHHYECKOTO OCHM/JIATOpA AaHa Ha
puc. 227. YpoBHH BHHCAHH B KPHUBYIO MOTEHLHAJNbHOH 3HEP-
rug U,

OTMeTuM, 4TO B TO BpeMs Kak noJsuas sHeprus E xa-
KOH-JH00 KBaHTOBO[ CHCTeMbl HMeeT OnpeleseHHOe 3Haye-
lye, noTeHuHanbHas dHeprua U u KuHeTnueckas auneprusi T
OCTAOTCA HeoNpele/ieHHbIMH (B CHIY COOTHOmEHHH E=

=T+ U NpH ONpeAeIeHHOCTH MOJHOM sneprun E u oxHo#
u3 3Heprm1 T wnu U npyras 3 9THX SHEPTHil TaKkke OKa-
3aJach OBl onpeieseHHOR). DTO JIerKO MOHATH, €CdH YYecTs,
yto U aBasercs ¢yHKuUHEH KOOpAHHAT, a T—cpyHKuneﬁ
HMnyascoB. [losTomy ofHOBpeMeHHad
onpeneneHHocts U u T o3nHauana Gbl v
ONHOBPEMEHHYIO Olpefie/IeHHOCTh KO-

OpPAMHAT ¥ HMIIYJAbCOB, YTO, KaK Mbl £
3HaeM, HCKJIIOUEHO COOTHOMIEHHEM He- 1 2
onpeaesentocrell (66.2). £3

Has KoneGarenbHOTO KBaHTOBOTO &
uyKcAa U uMeeTcsd-npasuio oTbopa: 5

Av=%1. (81.4) 7

Tloatomy sHeprus rapMoHHYeckoro

OCUMAIATOPA  MOXET  H3MEHSTbCS Puc. 227.
TOJLKO NOPUHAMH fiwy. DTOT pe3yib-

TaT, HOJY4YaloilUHCs eCTeCTBEHHBIM 00pa3oM B KBaHTOBO#
MeXaHHKe, COBlajaeT ¢ T€M BeCbMa UyXKepOLHBIM [Jsi Kiaac-
cHuecKofl (H3HKM NPEeINOJOKEHHEM, KOTOpOe MNPHIIIOCH
caenatb [lnanky, 4ToGbl BHIUHCAHTL HCMYCKATENBHYIO CIO-
coGHocTb abcostotHo yepHoro Tteda (cm. § 83). Oranunme
3akJioyaercs Julllb B TOM, uTo corgacuo IlmaHky KoJjeba-
TeJbHAasl 3HEPrus NPONOPUUOHAAbHA Hw, U HMEET MHHH-
MaJbHOe 3HaueHue, PaBHOe HYJIO; KBAHTOBAf MeXaHHKa e
NPUBOJHT K Pe3yabTaTy, YTO HaUMeHbiliee BO3MOXHOE 3HA-
YeHUE FHEPTUN TAPMOHHUECKOTO KoJeGaHusA PABHO HE HYJIO,
a Ey=lhw, IT0 3HaueHHe Ha3bIBAaeTCs HYJeBOH
snepruefl. CylecTEOBaHHe HYJeBOH 3HEPTrHH MNOATBep-
JKAaeTcsl SKCIepUMeHTaMH N0 H3YUeHHI0 paccesiHHA cBeTa
KpHCTaaJaMd TpPH HH3KUX TeMmnepaTypax. OxasbiBaercd,
YTO MHTEHCHBHOCTb PACCESIHHOTO CBeTa II0 Mepe MOHMMKeHHA
TEMNEPATYPH CTPEMHTCS He K HYJAI, @ K HeKOTOPOMY KO-
HEUHOMY 3HAUEHHIO, YyKa3biBalollleMy Ha TO, 4TO M [pH
a6CoOJIIOTHOM HyJe KoJeGaHHA aTOMOB B KPHCTA/IHUeCKOH
peuieTKe He NpeKpamanTed.
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KpuBasi  NOTEHUHAJLHOH 3JHEPrUHM — MOJIEKYJbl  (cM.
pue. 226) cosmagaer ¢ napaGoJsiofl TONBKO NP MajbiX Ko-
Jge6aHuAx. AHFapMOHHUHOCTb (OTKJOHEHHS OT T'4PMOHHUHO-
CTH), HACTyNawilas NpH YBEJIHYEHHH MHTEHCHBHOCTH KoJie-
0auufi, IpUBOAAT K TOMY, WTO C YBeJUUEHHEM KBaHTOBOrO
uucJa U YPOBHH CIYILAIOTCHA, HMesl CBOHM MpeIesioM 3Hep-
rHio Ey IHCCOUMHPOBAHHOH MOJe-
KyJaol (puc. 228).

Tenepp o6paTuMcsi X BONpOCY
0 BpallaTeJbHOH SHEPruM MOJEKY-
Jbl. JHeprusi CUCTEMBb, HMeonied
MOMEHT HHepuuH ! w Bpamaoouleii-
cf C YIVIOBOH CKOPOCTBIO wr, PABHA,
KaK H3BECTHO H3 MeXaHHKH,

lo}  (lo)} M?

g # Er=—g-= =1

Puc. 228. rae M = Jlw,— MOMeHT HMMNyJbca

cuctembl. CorsacHo KBaHTOBOH Me-
XaHHkKe MOMEHT HMIlyJbCa MOXKET NPHHHMAaTh JuUUIb JH-
CKpDETHBIC 3HAYCHHA.

M=sVI{U+1)

(J — KBaHTOBOE uMCJIO MOMeHTa uMnyJabca). CraegoBarenb-
HO, BpaluaTeJbHas SHEPTUA MOJIEKYJH MOXET UMETb TOJbKO
KBAaHTOBaHHLIE 3HAUYECHHA:

BRI +1)
E, ==, (81.5)
rae / — MOMeHT HHepUUH MOJEKYJH OTHOCHTENbHO OCH, IpO-
XOAsilel yepe3 ee LEeHTP MHepuud, J—BpamaTeJbHOE
KBaHTOBOE WYHCJO, NnpuuuMmawoilee 3uauenus: 0, 1, 2
U T A
Hrak, B coorserctBuu ¢ (81.3) u (81.5) nonnas smep-
FHs MOJIeKyJbl paBHa:
1 B2y (J + 1
E=E,+(v+5) o, + ZL5ED

Url) (81.6)

OnbiT ¥ TeopHS NOKa3blBAalOT, YTO DPACCTOSHHE MeEXAY
BpalllaTeJbHBIMU YPOBHAMH AE, 3HauMTeJbHO MeHbIlle pac-
CTOSIHHSI MeXAY KoJeGaTe/bHbIMH YpoBHAMH AE,, KoTOpoe
B CBOIO Ouepeib 3HAUHTEJBbHO MEHblle, YeM pacCTOsIHHE Me-
XLy 3NeKTPOHHbLIMH YpoBHAMH AE. Takum obpazoM, cxema
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9HepreTHYeCKHX YPOBHeH MOJeKyJbl BHIVIAAMT Tak, KaK mo-
Ka3aHo Ha puc. 229 (npuBefeHbl TOMAbKO ABA . 3JE€KTPOHHBLIX
ypoBHa)., COBOKYyMHOCTb YpDOBHEH COAEpIKHTCS B HNPaBoOM

=2 -
=7 -
o
v'=0 - =37 = 7
£ \J=”
) ————— e e -
v'=2 —
v’=7 -~
/jfi
v’=0 ij;z
E’I’ _______ e e e =

Puc. 229.

crobue. Ilepsbie aBa cTonbua JHIIbL NOACHAIOT BO3HUKHO-
BEHHe ypOBHeH.

§ 82. MoaekyaspHble CNeKTPBI

MoJieky/asipHble CHEKTPbl CH/IBHO OTJHHAIOTCH OT aTOM-
HbIX. B TO BpeMsi Kak aTOMHBIe CIIEKTPHI COCTOAT H3 OTHeJb-
HBIX JIMHHH, MOJeKyJsipHble CIEKTpbl NMpH HaO/I0JeHHH B
npnbop cpepdefl paspeiualoliiefi CHJIBI NPEACTABJAAITCA CO-
CTOSAIIMMH H3 HOJOC, Pe3KHX ¢ OAHOFO Kpas M DPa3MBbIThIX
¢ apyroro (cM. puc. 230, Ha KOTOPOM JaH y4yacCTOK CIEKTpa,
noJyyaiollerocs NnpH TJeIOleM paspsage B Bozayxe). Takue
NOJOCH BeTpevaloTcst B OAM3KOH uwHpakpacHol, BHAMMOMN
H yabTpadHONeTOBON YacTaX crekTpal).

'Y B panexoft uncpaxkpacuofi 06JacTH CHeKTPH MOJeKY/l HOCAT He-
CKOJMbKO Apyrofi xapaxtep. O6 stom OyZer noapoGiiee peyb BIepefH.
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B COOTBeTCTBHH ¢ HMX XapakTepOM CIIEKTPH MOJeKyJ
HOCAT Ha3BaHHe MOJOCAaThiX CIHEKTpOB. Pearuil kpail
NOJIOCH, HA3bIBaeMBIF KaHTOM, MOMXET pacrnoJaraThcs
KaK C JJIHHHOBOJIHOBOM, TaK H ¢ KOPOTKOBOJHOBOM CTOPOHMI

Puc. 230.

nonochl. IIpu npmmenenun npu6GOPOB BHICOKOR paspemato-
e cuibl 0GHAPYKHUBAETCS, YTO NOJOCH COCTOAT H3 6O0Jb-
HIOFO YHMCJa TECHO DPACMOJIOKeHHbIX JUHHA (cM. puc. 231,
HAa KOTOPOM BHJHA TOHKas CTPyKTypa OAHOH H3 NOJOC Chie-
KTpa MOJIEKYJ a30Ta).

Honoce! pacnogaralorcs ¢ ONpefeJeHHON [PaBHAbHO-
CTpIO, 06pasyd cepHd moaoc (ynoTpebJasioTcsd TaKkKe
HasBaHHA: CHCTeMBl NOJOC K Tpynnsl moJsioc). B chekrpe
nMeercs paj cepuii. Hepeako oTAenbHble MOJMOCH MW AaxKe

e

;,
L

¢ Gl
VaL 24

Puc. 231.

CepHH TOJOC MepeKphBAIT APYr ApYyra, 4To OYeHb 3aTpyl-
HsleT pacmupOBKY CIEKTpa.

Takum 06pa3oM, CHEKTPH MOJIEKYJ 3HAYHTENbHO GoJee
CJIOXKHBI, YeM CHeKTPHl aTOMOB, UTO, KOHEUHO, HAaXOLHTCS
B CBfI3H C COOTBETCTBEHHO Go0Jiee CJOXKHOH CTPYKTYpod Mo-
nekysa. KBaHToBasi MexaHHKa jnaeT oObACHEeHHE XapaKTepa
MOJIEKYJSIDHEIX CNeKTpoB. TeopeTHuecKash TPaKTOBKa CheK-
TPOB MHOTOATOMHBIX MOJIEKYJl BecbMa CJI0XKHA. M orpanu-
uUuMCs paccMOTpeHHeM TOJbKO [BYXaTOMHBIX MOJIEKYJI.
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B npeapiayuiem naparpade 6bl10 NOKa3aHO, YTO SHEPTHA
MOJIEKYJIB cJlaraeTes H3 3JeKTPOHHOH, KoJeOaTeNbHOH H
Bpauiatesbnoil sHepruit [cMm. dopmyny (81.6)] B ocnosHOM
COCTOSIHHH MOJIEKYJIBl BCe TPH BHM/JA SHEPTHH HMEIOT MH-
HUMaJibHOe 3HayeHHe. IIpu coobuieHHH MOJIeKyJe AOCTATOY-
HOTO KOJIMUeCTBa SHEPrMH OHa NepeXOAHT B B030yiKIeHHOe
COCTOSIHHE H 3aTeM, COBeplias pa3pelleHHbIH [paBHJIAMH
orGopa nepexoj B .OJHO H3 0oJjee HU3KHX IHepreTHUECKHX
COCTOSIHUH, H3JaydaeTr (HOTOH:

bm:AEe+AEu+AE,=E;—E;’+(v'+§) oy —

I\, n BIT+1)  BIPJ7+1)
— ” — —
(v + 2)&0)0 + oF ST
(Heo6x0oAHMO HMeTb B BHAY, UTO KaK Wy, Tak u / OTJIHYAIOT-
¢ AAs pasNHYHBIX BAEKTPOHHHIX KOH(pUIypauHd MoJie-
KYyJIbl).
Kak yxe ormeyaJocs,

AE, > AE, > AE,.

ITostomy npu ci1abblx BO3GYKAEHHSX H3MEHSIETCA TOJBKO
E., npu GoJee cHIbHBIX — E ¥ JHIIb MIpH elile Gosiee CHAL-
HBIX BO30YKIEHHUAX H3MeHSeTCs 3JeKTPOHHAas KoH}Hrypa-
IHS MOJIEKYJH, T. e. E,.

BpamareabHble (poraunoHHble) mnogoch. Haumenbpurui
($OTOH COOTBETCTBYeT NepexojaM MOJEKyAbl H3 OJHOTO Bpa-
L1aTeJBHOTO COCTOSIHHSL B ApYyroe (3/JeKTPOHHAas KOH(QHry-
pamus W 3HeprHa KoJjebaHus NpPH 3TOM He H3MEHSIIOTCS):
BRI+ BT+

21 - ol -

BoamoXHEIE H3MEHEHHS KBAaHTOBOTO uHcia J orpaHm-
YyeHbl MpaBHJOM oT6opa:

Al ==x1. (82.1)

[TosToMy 4acTOTBI JIMHHMI, HCOycKaeMblX INPH Iepexojax
Mex Iy BpallaTeJIbHEIMH yPOBHAMH, MOTYT HMeTb 3HaUeHHA:

MBI+ D) +9)—T(J+1)]=
=2B(+1)=0,(J +1),

rae J — KBaHTOBOE 4YHCJO YPOBHSA, Ha KOTOpHH cOBeplLiaer-
ca nepexoi (OHO MoOxeT HMeTb 3HayeHHs: 0, 1, 2,....), a

b
B=r. (82.2)
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CxeMa BO3HMKHOBEHHMS BpaLaTeJbHOH NOJIOCH NOKa3aHa
Ha puc. 232. BpalaTenbHBIH CIIEKTP COCTOMT H3 psifia pab-
HOOTCTOSIIHX JIHHUE, pacnojoXeHHbIX B OYeHb JaJeKoll
uHppakpacHoil obmactn. MaMepHB paccTosiHHe Mexny JH-
HHAME Ao = @], MOXKHO OlIpele/uTs KoHcTaHTy (82.2) u

HalTH MOMEHT HHEPUHH MOJICKYJabl.

7 I 3arteM, 3Has Macchl fJep, MOXKHO BBI-

YHCJINTL  PaBHOBECHOE  DPacCTOSHHE

MexAy HUMH Ry B IByXaToMHO# Mo-

J 72 jekyne.
Yactrota ©; ObiBaeT TnopsAlKa
108 cex! (A ~ 100 k), Tak uTO
2 g A7 MOMEHTOB HMHEDUHH MOJEKY.

noayyaiorcd  3HaueHus nopsjaka
1040 e.cm?®. Hanpumep, ans Moae-
e 7 2 xyan HCl I =271.10"% 2.cn? uro
_Y-r_.___ g o COOTBeTCTBYeT Ro= 1,29 A.
KoaeGatenbHo-BpamareabHbie M0-
J0chl, PaccMOTPHM nepexoibl Mexay
Wy 2y Sy sy ABYMsl  KOJeOaTeJbHEIMH _YPOBHSIMH,
NpUHAAMEKALAMHE K OLHOH ¥ TOH XKe
3MeKTPOHHON KoHdurypaunu. Kax-
A6 H3 3TUX YypoBHeH pacnajaercd
Ha pfJ BpallaTeJbHBEIX YPOBHell, XapaKTepH3yeMbX KBaHTO-
BoiMyu wncaamu J' u J” (puc. 233). B stom cnyuae

’ 1 ’ 1
nJ+1) 7+ 1)
Ty - or ’
Hnsa v gefictByer npaBusio or6opa (81.4), ams J — npa-

Buso (82.1). Yuurwpas, uto v’ > v”, noayuum:
a) B cayuae, ecsn J' > J7,

0=0,+B[J+1D{T+2)—J(U+ D=0, +2B(J+1)=
=w@,+2Bk (k=1, 2, 3,...),
rae J— BpaulaTeqbHOE KBAHTOBOE YHCJO HHIKHETO YDOBHS,

KOTOpO® MOXKeT NpHHHMaTb 3HaueHus: 0, 1, 2, ...; B—ra
’)Ke BeJHYHHA, uTo ¥ (82.2);

”

6) B cayugae, ecan J/ < J”,
o=0,+B[J-1)]—-J({J+1]=0,—2B] =0,— 2Bk
k=1, 2, 3,...),

Puc, 232.
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rie J-——BpaulaTesabioe KBaHTOBOE UMCJIO HHXKHEFO YpOBHS,
KOTOpOe MOXeT MNpHHAMAaTb 3HauyeHHsa: 1, 2, ... (B aToM
ciayuae J” = J He moxeT MMeTh 3HaueHus 0, TaK Kak TOr-
Za J’ paBHsjoch Gbl —1).

Oba cayyas MOKHO OXBaTHTh OJHOH (opMymof:

wo=@0,*2Bk=0,x 0k (k=12 3,...).

COBOKYNHOCTh BpalllaTeNbHbIX JHHHH, OpUHALJIEKAMHX
K OLHOMY M TOMYy 3Ke KoJebartelbHOMY Iepexoly, Hassl-
BaeTcss KoJneOaTeJdbHO-BpallaTeJdbHOH T10JO-
coH. KoaebaTtenbnas

YacTb 4YacToThl @y Olpe- S Iy
nenaser CNeKTpaJbHYIo -3 72
obs1acTh, B KOTOPO#i pacno- 2 &
Jlaraercsl moJoca; Bpawa- . E 5 5

TeJbHAA YacTb * @ik ompe-
JessieT TOHKYIO CTPYKTYpPY
HOJOCH, T. . paciienjeHue
oTaenbHuX  JadHuii. O6- hidy J” TURY
J1acTh, B. KOTOPOH pacmoJa-
ralTcs KoJebaTesbHO-Bpa- )
IaTejabHble TOJOCH, NpPO-
CTHpaeTcs IPUMEPHO OT

8000 A 1o 500004 (0,8—
. JITHII

Kak Bugano us puc. 23, “o

KoJie6aTeNbHO-BpalllaTelb- Puc. 233.

Hadg M[ojJoca COCTOHT H3

COBOKYIIHOCTH CHMMETPHUHBIX OTHOCHTENbHO ®, JUHHH, OT-
CTOSILUX APYT OT Apyra Ha Aw = ;. Toapke B cepeanHe
[OJIOCHl paccTosAHHe B JBa pasa Ooablie, TaK Kak JHHHA
¢ yactoToil @, He BO3HHKAET.

Paccrosinie Mexay KOMIOHeHTaMH KoJebareJbHO-Bpa-
IarteJbHOIl HOJOCHL CBf3aHO. ¢ MOMEHTOM HHEpLMH MOJe-
KyJBl TaKUM XK€ COOTHOLIEHHEM, KakKk ¥ B c/Jydae Bpaila-
TeJLHOH MOJIOCH!, TaK UTO, U3MEPHB ), MOXKHO Halitu [ Mo-
JIEKVJIHL.

3ameruM, Y4TO MO KJAACCHYECKUM MpefCTaBJEHHSM Bpa-
IleHHe MJAH KoJgebGaHHe [BYXaTOMHOH MOJIEKY/bl MOXKET
NPHUBOAUTD K H3JyYEHHIO 3JEKTPOMArHHTHHIX BOJH TOJIbKO
B TOM cJyuae, ec/d MoJeKyJsa 00/ajaer OTJIHYHEIM OT HyAs
JHUIOJbHLIM MOMEHTOM. DTO YyCJOBHe BBHINOJHAETCA JHIIb
IJIS MOJieKyJl, 0Opa30oBaHHbBIX ABYMS pas/IHUYHBIMH aTOMaMH
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(xns HecuMMeTpHuHBIX MoJekyn). Ilpu koaeGanusx Takoi
MOJICKYJIHl  QMMIOJbHBIA MOMEHT M3MeHfieTcss C TaKo#
9aCTOTOH, 4TO NPHBOAHT K H3JyYEHHIO 3J]eKTPOMAarHUTHOH
soanbl [em. 1. II, dopmyay (114.3)]. Bpauienue moxuO
ApeJICTaBHTb KaK HaJloXKeHHe JABYX B3aHMHO MepHeHAHKy-
AAPHBIX KoJle6aHHH, NMOITOMY BpallleHHE :MOJEKyJabl C OT-
JMYHBIM OT HYJsl [UIOJbHBIM MOMEHTOM TaKXKe JAOJIKHO
COMPOBOXAATLCA H3JYyYEHHEM 3JeKTPOMATHHTHBIX BOJIH.

Y CHMMeTpHYHOl MOJeKyJabl, 06pa3oBaHHOH OJAMHAKO-
BbIMH aTOMaMH, JIHNOJIbHBI MOMeHT paBeH HyJaio. Cuaeno-
BaTeJbHO, COIVIACHO KJacCHYECKOH 3JeKTPORHHAMUKe KoJe-
6anue W BpallleHHe TaKOH MOJEKyJbl He MOxkeT 00yCJOBHTb
u3jiydeHne. KBaHToBas TEOpHS NPHBOAHT K aHAJOTHUHBIM
pe3yJbrataM — KoJebaresabHble B BpallaTe/bHble Iepexojbl
CHMMETDHUHBIX MOJIEKYJl OKAa3BBAIOTCH 3anpelleHHBIMH CO-
OTBETCTBYIOILLUMH TIpaBUIaMK oTGopa.

B nosHOM COOTBETCTBHH C BBIBOAAMH TEOPHH Bpalna-
TeNbHEIE U KoaebaTesbHO-BpalllaTesbHbIe CIEKTpBl HabJlo-
RA10TCsl Ha ONbITE TOJBKO IJISl. HECHMMETPHUHBIX IBYXaTOM-
HBIX MoJgekyJ. Ha crmekTpel KOMOHHALMOHHOTO paccesHHs
ynoMsiHyThle npaBuia o0T60pa He pacnpocTpaHAIOTCH,
B CBfI3W C YeM JJ/si CUMMETPHYHBIX MOJEKyJ HaGJMI0AaoTcs
COYTHUKH, OTBeuamolue KojaebaTelbHBIM H BpallaTelbHEIM
yacToTaM MoJeKyJan (cM. caepyiomuil naparpad). dnek-
TPOHHO-KOJIe6aTe/bHble CIEKTPbl, O KOTOPHIX - HAET peub
HHXKe, TaKXKe HabJI0aloTCsd KaK A8 HeCHMMETPHUHBIX, TaK
R J1 CHMMETPHYHEIX MOJeEKYJ.

dunekTpoHHO-KOJNeGaTeabHBe moaoch. Ecau nmepexon 3a-
TparuBaer JeKTPOHHYIO KOHMHIYPaLHIO MOJIEKYJbl, 4acToTa
usayuaemoro ¢otoHa OyaeT onpefenAaTbCs H3MeHehwleM
BCEX TpeX BUJIOB SHEPTHH:

®= AEe+ AEo + AEr Ag" +AE, @)+ 5. (82.3)

CoBOKYNHOCTb JIMHHH, YacTOTHl KOTOPLIX COOTBETCTBYIOT
Pa3NHYHBIM BO3MOXKHBIM 3HaueHHsM AE,, oGpasyer moJocy
93NeKTPOHHO-KOoNe6aTeNAbHOTO CIEeKTpa MoJje-
Kyabl. Hacrora oo onpejessieT MOJOMKEHHE MOJOCH. IJeK-
TPOHHO-KoJ1e6aTe/IbHble TOJIOCH JeXaT B BUJIMMOH H YibT-
paduoneTOBON YacCTAX cHeKTpa.

Kaxpnaa 3JeKTpoHHO-KoJieOaTespHas noJoca obJjajaer
CNOXKHON BpaulaTeJbHOl cTpyKrypo#t. [lepenumem dopmyay
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(82.3) ¢ yuetom Bblpa)KeHHﬂ (81.5) mas E,:

0= - 21, 7+ 1) - I (J7 +1).

21//

[ockosbKy mepexoj coBepiuaeTcs MeXAY pasJHYHBIMH
3JIeKTPOHHEIMH YPOBHIMH, MOMeHT uHepluu /” He Gyzxer pa-
BeH MoMeHTY [”, Kak 310 OBLIO B CcayyasX BpaliaTesbHOTO
H Ko.neéaTeerHo-BpamaTeanoro cnekTpoB. BBeas o6osnaue-
Hue (82.2), MOXKHO HaNUCaTh:

0=+ B’ +1)=B"I"(J” +1). (82.4)

M3-3a pasnuyna 54eKTPOHHBIX KOHGbHUIypauui Hayasb-
HOTO M KOHEYHOIO COCTOSIHHH OrpaHHueHHd, HakJalblBae-
Mble Ha H3MeHEeHHs KBaHTOBOTO yucaa J, HeCKOIbKO CMAr-
yalotca. B fonosiHenne K mepexozam, paspelnaeMbiM npa-
BuaoM or6opa (82.1), OKaspIBAIOTCA TaKiKe pa3pelleHHBIMH
nepexoinl, A KOoTophix AJ = 0, kKposme cayuas /' =J" =0.
Takum o06pa3oM Js 3J€KTPOHHO-KOJNeOaTeJbHBIX Tepexo-
J0B HMeeT MecTO NpaBuJso otT6opa:

Aj=0, =1 (xpome mepexoga J=0—>7=0). (82.5)

Hanumem vyacToThl MJsi KakKAOr0 M3 TpeX clyuaes,
npesycMoTpenHblX npasuaoM (82.5). COBOKYNHOCTb IHHHH,
COOTBETCTBYIOWINX KaXXJAOMy M3 3THX CJydaeB, Ha3blBAaIOT
BeTBAMH cnekrpa. Bersu npunaro o6o3sauath OykBaMmH
P, Q R,

. [lonoxurenbvuyio Berss, uau P-BerBb, oGpasylor JaH-
mm, aas kotopeix AJ =J"— 1V =+41 1 e J/=]"—1
O6osnauum J” =k, Torga J' = k— 1, Tloacrasum stH 3na-
yenusi B popmyay (82.4):

o=wy+B (k—)k—-B"E(k+1) (k=12 3,...).

INocneanee BhipakeHHe -MoxKeT ObITh 3anUCAHO CJAEAYIO-
UM obpasoM:
o=0y+{(B —B")R>—(B'+ B")k
(=1, 2, 3, ...) (82.6)

YacrtoTsl, onpejeaseMble dopmynoir (82.6), MoxHO 3a-
AaTh rpaduuecky Kak OpAMHAThl Touek mapaboJbl:

y=0,+(B'— B") ¥ — (B + B")x,
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COOTBETCTBYIOLIME LEJIOUHCJICHHBIM 3HAYEHHAM apryMeHTa X
(puc. 234). Ilpu B’—B” >0, 1. e. npu I’ < 1”, napaGoaa
oOpauena, Kak Ha puc. 234, Bepwinnofi BHH3. [lpu
B'— B” <0 (I’ >1") napabGona Gyner obpalileHa BepliH-
noil BBepx. Ocu k£ H » 0OLIYHO
ﬂg} pacnoJiaratoT TaK, Kak MoKasaHo
Ha puc. 235. Torna mpu B’ —
— B” > 0 napaGona 6yaer 06-
pauieHa BeplIMHOH BJIEBO.

2. Hynesas Bersp, HJIH
Q-BeTBb, COOTBETCTBYET Mepexo-
nawm, npu kotopuix AJ = 0. O6o-
sgauns J =J" =k #0, noay-
YAM Ha ocHOBaHHH (82.4):

i 0= wy+ (B = B") k(k+ 1)
g 1 2 7 4 Sz HJIH
B o=+ (B —B" 2+ (B'— B") k
Puc. 234, k=1, 2,8, ...).

Yacrorsl 3TON BETBM MOTYT ObiTh NpeACTaBJeHB OpiH-
HataMu napabossl Q, m3oOpaxeHHOH Ha puc. 235.

k

7 -

g - ¢

P4 m—a =t P

5 /{’ /T ] P

4 1 L ! .//I

K b} ! I

2 ]

7 =

g E " i 7}
Puc, 235.

3. OrpuuaresnbHasi BeTBb, WK R-BeTBb, oOpasyercs Ie-
pexogamu, npu Kotopeix AJ =J"—J/ = —1. OGosHauus
J’ =k, nonyuum

o=0,+Bk(k+1)—B"(k—1)k,
YTO JErKO IIPHBOLHUTCH K BHAY:
o=wy+(B'—B")R2+ (B +B"k (k=1,2,3,...).
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OToli BeTBH COOTBeTcTBYeT napaGosaa R Ha puc. 235.

JIuunu Bcex Tpex BeTBei, 00pa3yIoOLIUX 3JEKTPOHHO-KO-
ne6aTesbHYIO TNOJOCY, OKAa3plBAOTCS, Kak 3TO cjielyeT 3
puc. 235, cryumeHHbiMH ¢ Tofl CTOpPOHBI, B KoTopylo obpa-
UleHb! BepIIHHH mapabon. Dto cryujeHde U ob6pa3yeT KaHT
noJsocel. [losoca, uzobpaxenHas wa puc. 235, HMeeT KaHT
CO CTOPOHBI OGJBLIMX IJHH BOJH (MeHblinx uactoT). [Ipn
B’— B” <0 Bce Tpu napaGosnl Gblin Gbl oGpauieHH Bep-
WHHAMA BINPaBO ¥ I0JOCAa KHMesAa Obl KaHT CO CTOPOHHI
MeHbUIMX JJIMH BOJIH (O6MBIIHX 4acToT).

PesioMupys, MOMKHO cKasaTb, 4TO KBAHTOBas MeXaHHKa
00bACHSIET BCe OCOOEHHOCTH CIIEKTPOB JABYXAaTOMHBIX MO-
JIeKyJ1.

§ 83. KomGuHauuoHHOe paccesiHue CBeTa

SIBjienue, nosnyuuBiiee Ha3BaHHe KOMGHHANHOH-
HOTO paccedHHs cBeTa, Oba0 OoTKpeTO B 1928 T.
I. C. Jlanac6eprom u JI. M. MaugenbuiraMoM u OJHOBpe-
MeHHO MHAMIcKHMH ¢usnkaMu Pamanom u Kpummnanom').
SIBnenne 3axgioyaeTcs B TOM, YTO B CIEKTpPe paccesHHs,
BO3HHAKAIOLEM HpH NPOXOK/EHUM CBETAa uepe3 rasbl, KHA-
KOCTH HJIH 1Npo3pauHbie KPHCTA/JIHYECKKe Tena, MOMHMO
HECMEUIeHHOA JIYHHH COJNEePIKATCsS HOBbie JIMHHH, YaCTOTHI
KOTOPBIX @ NpeicTaBJAT o060l KoMOMHALUIO YacTOTH
najalQuiero cBeTa g M YacTOT ©; KojaeOaTelbHbIX HJIH
BpallaTe/JIbHHX MEpPeX0A0B. pACCeNBAIONHX MOJEKYJ:

0 =0, * o (83.1)

Ortciona ¥ npoucrekaeT Ha3BaHHEe <«KOMOHWHAUMOHHOE pac-
cestHHe CBeTa.

Ha puc. 236 npusenen cnekTp KOMOHHALHOHHOTO pac-
ceslHUSt KHCJOpona, Bo3Oyxkpaaembii junueir Hg 2536,5 A.
Ha nuHuio KOMOHHAUHOHHOrO paccesiHUd, PachofOXKeHHYIO
cripaBa OT - JIMHHM  HCTOYHHKA, HaJOXHJAch JIMHHA
Hg 2534,8A (Menee wunrencuBHasi, uem Hg 2536,5A4),
BC/EACTBHE Yero MHTCHCHBHOCTb 3TO¥ JIHHHM MOJY4YHAach
Gousbie, ueMm Apyrux. Kak BHAHO M3 PHCYHKA, CIEKTpP KOM-
OMHAIIHOHHOTO paccesHUs COCTOMT H3 HeCcMeUleHHOH JIH-
HHH @o, CHMMETPHYHO OTHOCHTEJILHO KOTOPOJ pacroJiaraercs

) B sapyGexHoii JuTepaType 3TO fBJeHHe Ha3LiBAIOT OObLIYHO 3-
¢dektoM Pamana,
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pan cnyTHukoB. Ka)kaomy <«KpacHOMy» CHOyTHHKY (T. e.
CHYTHAKY, CMEIEHHOMY B CTOpPOHY OOJBIIMX ANHH BOJH)
€ Y4acToTOH @¢— ®; COOTBETCTBYET «(HOJETOBHIH» CHYTHHK
¢ uactotoll o + w;!). I1pu OGBIYHBIX TeMIlepaTypax HHTEH-
CHBHOCTb (PHOJIETOBBIX CIIYTHHKOB 3HAUYHTe/bHO MeHbIle, yeM
KpacHuXx. C nNoBblLUEHHEeM TeMepaTypbl HHTEHCHBHOCTb
()HONETOBLIX CIYTHHKOB OBICTPO pacreT.

$IBnenre KOMOHHAMOHHOTO - pacCesiHUsl HMeeT NPOCToe
KBaHTOBO-MeXaHHuecKoe oObsichenne. [lponecc paccesinus

%

LT

L RPN

Puc. 236.

cBeTa MOJIGKY/JaMH MOXHO paccMaTpHBaThb KakK Heynpyroe
coynapende QOTOHOB ¢ MoJekyJjaMu. [Ipu coynapenun ¢o-
TOH MOXET OTAaTb MOJIEKyJle WJU [OJYYHTb OT Hee TOJbKO
TaKde KOJHYeCTBA 3HEPruH, KOTOpHle paBHbHl Pa3HOCTAM
ABYX ee 3HEepPTeTHUECKHX ypoBHeld. Ec/i mpu CTONIKHOBEHHH
¢ $OTOHOM MOJIeKy/a IIePeXOJHT M3 COCTOSHHS C 3Hep-

1) KpacHble COYTHHKH Ha3blBAIOT Takie CTOKCOBCKHMH, a (HO/METO-
Bbie — AHTHCTOKCOBCKHM#. 3Ta TEPMHHOJOrHS HMeeT cJjelyioumee mpo-
ucxoxgenue. CorlacHo 3aKOHY, ycTaHOBJeHHOMY CTOKCOM H HOCAIEMY
€ro HM#, 4acToTa M3/1ydeHHs (JyOpecleHUMH (T. €. H3JyYeHHH, BLICBE-
YHBAEMOrO BEIIECTBOM B Pe3yJbTaTe Majaioulero Ha Hero H3BHe H3Jy-
YeHHs) He MOXeT MAPeB3OHTH (a 06bIYHO ObIBa€T MEHBbUIE) YacTOTHl
cBeTa, Bb3BABINEro (yopeclennno, DTOT 3aKOH BHINOJHACTCA He BIOJ-
He cTporo. CTOKCOBCKMMH JHHHAMH §ayopecueHI{HY Ha3bIBAIQT JIHHHH,
HMeIOI(He MACTOTEI, MEHbUIHE YAaCTOTH W HAJAIOMEro cseta, T. e, YAO-
BaeTBOpAlOUIHe 3aKOHY CToKca. AHTHCTOKCOBCKHUMH JHBHAMH ayopec-
[leHUAH HA3LIBAIOT JIKHHH, YaCTOTHi KOTOPHIX GoJbllle ®p DTa TEPMHHO-
JIOTHs TMPHMEHSETCst M JJi1 XapaKTePHCTHKM JIHHHH KOMGHHAUHOHHOTO
paccesanud.
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rueit E” B cocrosinne ¢ sueprueit E/ (E’ > E”), 10 3Heprus
(oTOHA nocne paccestHHsi CTaHeT paBHOMN ﬁme—AE rie
AE = E' —E”. CoOOTBeTCTBEHHO uacToTa (OTOHA yMeHb-
wutcad Ha @)= AE/h — Bo3uuxaer Kpacuoifi cnyTHuk. Eciu
IepBOHAYAJbHO MOJIEKYJa HAaXOAMJIach B COCTOSIHHH C JHep-
rueft E’, ona MoxeT nepefitH B pesyJbTaTe COYAapeHus
c q\OTOHOM B cocTostre c sHepruein E”, oraas u36bITOK
sueprun AE = E’— E” ¢orony. B pesyabrate sneprus ¢o-
TOHA cTaHeT paBHOH fiwg + AE u yacToTa yBeJHUHTCA HA ).
Paccesinne ¢oroHa Hhwe MOXKET CONPOBOXKJATbCA Iepexo-
RAaMH MOJIEKYJIbl MeXJAy pPasJHYHLIMH BpallaTeJbHBIMH HJH
KoJebateJbHEIMH ypoBHsMu E’; E”, E” w t. a. B urtore
BO3HHKaeT PAX CHMMETPHYHO pACIHOJIOKEHHBIX CIHYTHHKOB.

IIpu oO6biyHBIX TeMnepaTypax YHCJAO MOJEKYJl, HaXOAf-
Luxcs B BO30YX/JACHHBIX COCTOSIHHAX, 3HAUHTEJNbHO MEHbILE
YKc/Ia MOJIeKyJl B OCHOBHOM COCTOSIHHH. IlosToMy cTOJKHO-
 BEHHsl, CONPOBOXJAIOLIHeC YMeHbLIEHHeM 3HEpTHH Mode-
KyJibl, NPOHCXOJAT TFOpas3fo pexe, 4eM INepexoibl, COIpo-
BOXK/AIOLIHeCs yBeJHUeH#eM BHeprud. DTHM oObsicHAeTCA
MaJasi HHTeHCHMBHOCTb (HOJETOBHIX CIYTHHKOB MO CpaBHe-
nHI0 ¢ KpacHeIMH. TIpH TOBHILEHHH TeMOepaTypbl YHCJIO
BO30yKIeHHbIX MOJIeKyJl OLICTPO pacTeT, 4YTG INPHBOJMT
K yBeJHYEHHIO HHTEHCHBHOCTH (HOJETOBHIX CIYTHHKOB.

HccienoBanie KOMOGHHAIHOHHOIO paccesHHsl AaeT MHO-
ro cBelleHuil 0 cTpoeHHHn MoJekyJ. C moOMOLLbIO 3TOTO Me-
TOJa JIeTKO W GBICTPO OMNpefeNfIoTcsl cO6CTBeHHble 1acTOTH
Ko/1eGaHHHA MOJIEKYJIbl; OH IO3ROJIAEeT TaKe CyJHTh O Xa-
pakTepe cUMMeTpuH MoJekyabl. B Kpucramiax KoMOuHa-
IMOHHOe paccesiHHe cBeTa OOLIYHO CBA3HIBAIOT C TaK Ha3bi-
BaeMOH ONTHYeCKOA BeTBbI0 KoJeGaHHH KpHCTaJJHYeCKOH
pemteTkn (cM. caepyrowuit naparpag). CnexTpn KoMOHEA-
IHOHHOTO paccesiHUA HACTOJIBKO XapaKTepHbl 1715 MOJeKyJ,
4TO ¢ HX NOMOILBIO OCYLIECTBJISIIOT aHAJH3 CJIOXHBIX MoJje-
KYJApHHX cMeced, 0COOEGHHO OpPraHHYECKHMX MOJIeKyJ, ana-
JIA3 KOTOPBIX XUMHYECKAMH MeTOJaMH BecbMa 3aTpyJAHeH
HJIM JlaKe HEeBO3MOXKEH.

§ 84. TenaoeMKOCTL KpPHCTaJJOB

CorsiacHo K/1acCHYeCKHM NpPelCTaBJEHUSIM KPHUCTaldJ] siB-
asercs cuctemoli ¢ 3N KoJsebGaTesibHbIMY  CTENEHAMM CBO-
6oapt (N — 4nuc/io aTOMOB B KPUCTaJliIe), HA KAXIYIO H3 KO-
FOPBIX npnxollmca B cpeiHeM 3Heprusa kT (‘/2 kT B BUIE
KuHeTHYecKoi H !/ RT B BuJAe NOTEHIHAJLHON 3SHEPTHH).
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M3 stux npexcrasiennii Boitekaer 3akoH lionoura u Ilrty,
COTJIACHO KOTOPOMY AaTOMHAasl TeNJIOeMKOCTb BCEX XHMHye-
CKH TMPOCTHIX TeJl B KPHCTA/J/IHYECKOM COCTOSIHHH OJHHAKOBa
u paBHa 3R (cM. 1. 1, § 141). DTOT 32KOH BLINOJHSETCH NO-
CTaTOYHO XOPOILO TOJIbKO NIPH CPABHHTE/bHO-BBICOKHX TeM-
nepatypax. I[Ipu HH3KUX TeMmmepaTypax TeNJOeMKOCTb KpH-
cTa;ioB yObiBaeT, CTpeMfCb K HY/I0 NpH NPUOIHKEHHH
K 0°K.

B § 8! mBl ycraHoBuaH, yTO KoJebaTesbHAasi sHeprud
KBaHTyeTCsl, NpHHMMAana JHCKpeTHble 3HaueHua (81.3). Teo-
pHsl TEIVIQEMKOCTH KDHCTaJUIMUeCKHX TeJ, YYHTBIBAKOLlas
‘KBaHTOBaHHe KoJebarenbHOA 3Hepruu, Oblia co3gaHa DiH-
mrefinom (1907) u BnocjeAcTBHH ycoBepiuieHCTBOBaHa [le-
faem (1912).

Teopua JfiHwreiina. DAHWTEHH OTOXKAESCTBUA KPUCTAJ-
JIMUecKylo pemieTky u3 N aromos ¢ cuctemoil 3N He3aBHCH-
MbIX TapMOHHYECKHX OCLHJIITOPOB C OJAHHAKOBOH OG-
crBennof vacroroit o. Cornacuo (81.3) smeprus ocuun-
JAATOPa MOXKET HMeTb 3HauyeHHs '):

en=(n+~;—)hm (n=0, 1,2 ...), (84.1)

rie n— kosieGatenbHoe KpautoBoe yucao (B §§ 81 u 82 mu
ero o6o3xavann OyKBOH U).

Tlpnusg, urto pacnpesge/neHye OCILIIATOPOB MO COCTOSI-
HHAIM C pas3JHuHOH &, MNOJuYMHAETCH 3aKoHy DBoabnmana,
MOXHO HafTH cpelHee 3HaueHHe IHEPTHH OCLUJAATOpA E.
Baiugciienus, KOTopble NpH 3TOM NOpHAETcs TpojJenarh, Oy-
OYyT OTJANYaTbC OT BBLIYHMCJEHHH, BRINOJAHEHHBIX B § 53,
TOJIBKO TeM, YTO BMecTO BeJMuuHbl (53.3) BO BceXx BhIpame-
uusx Oyxer ¢urypuposath BeauunHa (84.1). B pesyabrare
Ad cpefiHell 9HEPTHH OCLMJIATOpPA IMOJYYUTCS 3HAYEHHe:

[cp. ¢ ¢popmymoit (53.8)].
Yumuoxue & Ha 3N, NOJydHM BHIpaKeHHe JJIA BHYTPEH-
Hell 3Hepruy Kpucrajna:

U=3Ns= % Nho + Tj%h—‘”l— . (84.3)
e —

"} DiHwTedH HCIONbL30BAL MVIAHKOBCKOE 3HAUeHHe &, = nfo. Cyule-
CTBOBaHKe HYJeBOH dHeprud KosieGaHHA OblIO YCTAHOBJIEHO JIHLIb [OC/E-
CO3JaHHA KBAHTOBOH MEXaHHKM.
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Kak wusBectHo u3 TepMoaunamuku [cMm. T. I, dopmyny
(102.6)], TensoeMKocTh MpH nocrosHHoM o6beme C, (B cay-
yae KpHuCTaiJa MOYKHO TOBOPHTb .MIPOCTO O TeMJIOEMKO-
ctn C) paBHaA 4YacTHON NPOU3BOAHON BHYTPEHHEH IHEPrHH
no temnepartype. Ilpoaunddepenunposas (84.3) nmo T, mno-
JYUHM;

oU 3Nhe . ho
C=or =g e B9

PaccmoTtpum aBa npeaesbHBIX cayuast.

1. Bricokue temneparypni (KT > flie). B 3tom cayuae
MOXKHO HOJIOKUTb e"®*T =~ | 4+ hw/kT B 3HaMeHaTene H
ekl ~ | — g uucaurene ¢opmynas (84.4). B pesyasrare
NONYYUM:

C = 3Nk,

Takum o6pasoM, Ml npuuin K sakony iomonra u IlTa.

2. Huskne remneparypel (kT < hw). Tlpu stom ycho-
BUH eJiHHHUell B 3HaMeHaTeJe Bhipaxenus (84.4) MoxHO
npenebpeuys. Torza dopmyna ILas TENJIOEMKOCTH TNPHHH-
MaeT BHJ: ,

C = WL ron, (84.5)

DKCTIOHEHIIHAABHEIl MHOXHTENbL H3MEHSETCs 3HAUHTe/b-
HO ObicTpee, yem 72, [Tostomy npu npubauxenud K a6co-
JIOTHOMY ~HyJi0 Bbipaxenue (84.5) Oyjger crpeMHThcs
K HYJI0 [0 9KCOOHEHUHANbHOMY 3akoHy. ONBbIT MOKa3biBaer,
YTO TENJOEMKOCTb KpHCTaJI0B Hu3MeHsAeTc BOAH3H abco-
JHOTHOTO HYJISi He 3KCIIOHeHnualbsHo, a no 3akony T3 Cae-
JoBarte/bHO, Teopusi JfiHuITeliHa [naeT JMAlL KaueCTBEHHO
NPaBHJbLHBIH XOA TemJI0eMKOCTH HPH HM3KHX TeMmepaTypax.
Ko/nuecTBEHHOIO COIJIACUST ¢ OIBITOM YIaJoCh JOCTHTHYTB
Hebato.

Teopus Jle6aa. [leGait yues, yto KoJeGaHHs aTOMOB
B KPHCTa/HUeCKOH pellleTKe He fABJAAIOTCA HE3aBHCHMBIMH.
CMmellerHne OIHOTO M3 aTOMOB M3 MOJIOXKEHHS paBHOBecH#
BAeyeT 3a coGoil CMeLeHHS JIPYTHX COCEJHHX € HHM aTo-
moB. Takum o6pasom, KpHCTAJMI mnpeicTaBiageT cobol cH-
creMy N ynpyro cBsi3aHHBIX IPYT € IpPYroM MaTepHaJbHHX
ToueK, obaagawmyio s = 3N crenedsmu csoboanl. Paccmor-
pUM 0e3 BBIBOILA pe3yJabTaThl pelIeHHs 3ajJaun O MaJbX
Ko1eGaHHusaX TakoH CHCTEMBI,

[Tonoxkenue cuecreMbl ¢ S cTenesdsiMu CBOGOABI Onpege-
AseTcsl § HE3ABHCHUMbIMU KOOPAHHATAMHU X;, KOTOPBbIE MOFYT
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OoiTb BHIOpAHBI PasHYHBIMU cnecoGaMu. MOXKHO 1MOKa3arTs,
YTO TaKas CHCTeMa HMeer § COOCTBEHHBIX 4acToT wj. [lpu
NpOH3BOJIbHOM BbiGOpe KOOpAHHAT X; OOllee pelleHHe ypas-
HeHHil IBHMKEHHA HMeeT BHA:

S
X = ZA”cos(co,vH-a”) (i=1, 2, ..., 9.
=1

CaenoBaTteNbHO, Kaxaasa u3 (pyHKuuit X3 npeicrasiaseT co-
6ofi CyneprnosunHi0 S TapMOHHYECKHX KoJeGaHHil ¢ dacro-
TaMy ;.

Dueprust CPICTEMbI onpeﬂenﬂeTca Bblpa)KeHPIEM

i
E== E Xk + 5 2 2 bimX1Xm,

i, k=1 1, m=t

rie neppas CyMMa JaeT KHHeTHUECKYylO, a BTOpas — NOTEH-
LHANbHYIO 3HEPTHIO CHCTeMbl; din H bpm — pa3MepHbie KO-
¢duuventel. Kax Mbl BHAHM, B BHpaXKeHHe AJs dHePTHH BXO-
naT, BOoOUle roBops, He TOJbKO KBAAPaTbl KOOPAHHAT Xi
(wan uX NpOM3BOAHBIX. 0 BPEMeHH X;), HO M MPOU3BEAEHHS
KOOpAHHAT (WM IPOH3BOAHBIX), COOTBETCTBYIOLIHX PA3aHY-
HBIM CTeneHsIM CBOGOMABI CHCTEMBI.

OkasbiBaeTcsi, MOXHO BblGpaThb KOODAMHATHI CHCTEMBE
TakHiM o0pa3oM, 4TO H3MEHeHMe KaXHoH H3 HuX Oyaer
npegcrTaBiiaTh coBol MpoCTOe rapMOHHYECKoe KonieBGauue,
coBepmawuieecs ¢ OAHOH H3 COOCTBEHHBIX YacTOT ®;. 06o0-
3HAYHB TH KOOPAMHATH Ej, MOXKHO HalHCATh:

gl—_-BjCOS((D]'t‘FBI‘) (]=1, 2, ...7,_3).

Benuunnnl §; Ha3bBAOT HOPMAaJAbHB MY (Wad r©Ja B-
HbIMH) KOODAHHAaTaMH, a coBepllaeMble HMH rap-
MOHHYECKHe Ko/JeGaHHA-—HOpPMAaJAbHBIMH Kouneba-
HHSIMHU cHcTeMbl. V3MeneHHsI BO BpeMeHH MPOU3BOJBHO
BbIOpAHHBIX KOOPAMHAT X; MOTYT ObIThb NpEIACTaBJEeHH KakK
CYynepmo3ulusi HOpMabHLIX KodeOaHui Ej:

0=BCf (=12 ..., 9,

3ueprnﬂ CHCTEMBbI, BbipaxKeHHas yepe3 HOpMaJbHbie KO-
OpAHHAaTDBI, UMEET BHA!

s s s
=3 Yoy Nea=Ylresios)
= = =
408



OTKyZa ClellyeT, YTO SHEPTHsA CHCTEMbI paBHa cCymMMe 3Hep-
THH, NPUXOASLINXCA HA KaXKJoe H3 HOPMaJbHLIX KoAeOaHui
B OT/IeJIbHOCTH.

[TosicAum = ckasaHHOe cuaeayiomum npuMepom. [lyctb
MMEETCS CHCTeMa U3 JBYX OAMHAKOBLIX CBSI3aHHBIX HEBECO-
MOH MNpYXKHHOH MaTeMaTHueCKHX MasnTHHKoOB (puc. 237).
ITpeanonoxuM, YTO MaATHHUKU
MOTyT coBepliaTb -KoJefaHus 5
TOJLKO B [JOCKOCTH HepTexa, i
TaK 4TO CHCTeMa HMeeT JBe CTe- ‘
ne’u csoGonsl. -Ilonoxkenne cu-
cTeMbl MOxKeT ObITh 3afRaHO @
yraMH OTKJAOHeHHS 000OHX Ma- 2 é
SITHHKOB OT BEPTHUKAJIbHOTO M0~
JIOXKEeHH, JU6O YrIOM OTKJAOHE- Puc. 237.

HHSl OJHOTO M3 MAaATHUKOB H
JJIHHOH TpyXHUHBI U T. A. PelileHHe ypaBHeHHH ABHXKEHHSA
llaeT JJsA YIJIOB OTKJOHEHHsI MasTHHKOB OT MNOJOXKeHHs
PaBHOBECHS X; M Xy BHIPAXKEHHA:

= A, cos (0, + a,) + A, cos (ot + ay),
Xy = A; cos (ot + a;) — Ay cos (ayf + ay),
rae Ag, As, oy W 0p — NOCTOAHHBIE, ONpefessieMbie H3 Ha-

YaJlbHbIX yCJlOBHﬁ, ®; H wy— COGCTBEHHble YACTOTH CHCTE-
Mbl, paBHblE:

=)L o=} it

ml?

(m — macca, [—panuna MastHHKOB, KR — K03ddHUHEHT
KECTKOCTH NMPYXKHHE, D — paccTosiHde OT TOUKH HOABeca 10
TOYKH KpeIJIEHUS MPYKHHBI).

OvueBupmto, YTO KOJM€GAHHA X; M X2 MOXKHO OpPENCTABHTDL

B BHJE:
=E +E&, X=§ —&
rae
X1+ X

gx = —T“*= Al Ccos ((x)lt +al), ]I

i (84.6)

X1 — Xy

o= —5— = Ay cos (ayf + 0y). i
Oynxuuy (84.6) u npeacTaBafoT CO60H HOpMaJbHbIE KO-

neGaHHs DaHHOW cucTeMbl. Ec/in MasTHHKH OTBECTH B OAHY

H Ty Xe CTOPOHY Ha ONHHAKOBBI YroJ Xjo = Xz H OTIy-

cTUTb 6e3 TONIuKa, TO B CHCTeMe GYJeT COBepIIaThCsl TOJNbKO
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nepsoe HopMasibHoe koneGamue (Aq+0, Ay =0), npuuem
X1 = x9 =§; (pHc. 237,a). Ecan oTBecTH MasATHUKM HA OJH-
HAKOBbIA N0 BEJIMYMHE YrON B NMPOTHBONOJNOXKHbIE CTOPOHHE

(%10 = —x20), TO B cucTeMe GyIeT cOBepHIATbLCS TOJNBKO BTO-
poe HopMmasbHoe KoaeGauue (A;=0, Ay 0), npuuem
Xy = —Xs=E (puc. 237, 6). B mepeom cayuae MasATHHKH

KoJnebJI0TC ¢ 4acTOTOH i, BO BTOPOM — C 4acTOTOH wg,
Goabulefi ueM ;. Ilpu MHBIX HaYaJbHBIX YCJIOBHAX OYAYT
OJHOBPEMEHHO COBepllaTh-
¢l o6a HOpMaJabHBIX KoJie-
6aHus,

B kauectBe BTOpOrO
fpEMepa paccMOTPHM CH-
CTeMy H3 Tpex OAHHaKO-
BHIX UIAPHUKOB, COEAMHEH-
HbIX HEBECOMBIMH OJHHAKO-
BLIMH INpy:KHHaMu  (puc.
238). Kouuwbi npyxun A
n B 3akpensenn Heno-
aBuxHo. Ilpennonaraercs,
YTO LIApUKK MOTYT mepe-

8 MelaTbCsl TOJABKO B MJO-
CKOCTH YepTexka B Hampas-

2 JEHHAAX,  TePIeHAUKYJIsIP-

Puc. 238. HHX K JuHuH AB. B atom

caydae cucreMa obgaajaer
TpeMs creneHamu cBoGoabl. HopManbHbie KoJge6aHus NOKa-
3anbl Ha puc. 238 (cp. ¢ 1. I, puc. 206). B cayuyae a Bce
{IapHUKH ABHKYTCA B OAMHAaKOBO¥H (hase; B cayuae 6 1ua-
pukd [ u 3 koneGmiotcs B npoTHBodale, wWapuk 2 Hero-
NEuKeH; B caydyae 6 wapuku I u 3 KosaebaoTcs B OAH-
HaKoBOi ¢hase, a mapuk 2 No OTHOIIEHHIO- K HUM JBUIKETCHA
B npoTHuBodase.

B cayuae cnioiiHON 3akpenyieHHOM Ha KOHIAX CTPYHB
Kaxja0e HopMaJbHoe KoJebaHue npencTasaser cobol cTOd-
4yl BOJIHY, IJIMHA KOTODPOH An CBfi3aHA ¢ AJMHOM CTPYHHI [/
cootHowenneM: [ =ni/2 [em. 1. I, dopmyay (85.1)]
AnanoruyHo, KaxJA0My HOPMaJbHOMY KOJIEOAHHIO KPHCTAl-
JINYECKON peUIeTKH COOTBETCTBYeT crofiuasi BOJIHA, yCTaHaB-
JuBaipomasica B o0beMe Kpucraaauueckoro Tenaa. eficTBu-
TeJ1bHO, H3-32 CBSI3N MEXJAy aTOMaMH KoJjebaHHe, BO3HHK-
Ilee B KaKOM-TO MeCTe KpucTajnia, nepejpaercss OT OAHOrO
aroMa K ApYyroMy, B pe3yJbTaTe 4ero BO3HHMKaeT ynpyras
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ponna. Jlofing fo rpaHuubl KpHCTaada, BoJHA OTpaxaercs.
Ilpu HasnoXeHuH ‘NpsaMOfi U OTPaxKeHHOH BOJH oOpasyercs
crositass BosaHa. CTosluHe BOJIHBI MOTYT BO3HHKATh JHIIb
AAst 4actoT (MW AJHH BOJIH), VAOBJETBOPSIOUIUX OmNpeme-
JeHHBIM ycnoBUAM. Ecau B3ATbH KplCTaMJIMUYecKOoe Teao B
BHJe Napajenenuneia co CTopoHamu a, b u ¢, To 3TH yciao-
Bus, Kak Oblio Boisicieno B § 52, nmeror sug (52.5). Co-
rnacuo dopmyne (52.7) npuxoisilieecs Ha eIHHHIY 00beMa
HUCJIO CTOSIYUX BOJIH, T. €. HOPMAaJbHBIX KoseGaHHil Kpucran-
JIMUECKOH DelleTKH, 9acCTOThl KOTOPLIX 3aK/l0YeHbl B HHTEp-
BaJie oT ® A0 ® + dw, pasBHo

dN, =220 (84.7)

on2y3 ?

rie v— azoBasi CKOPOCTb ynpyroii BoJHbel [B dopmyay
(52.7) BMecTO U BXOAHJA CKOPOCTb CBeTa B mycTore cl.

B TBeproit cpene BIONbL HEKOTOPOTO HANpPaBJIEHUSA MO-
I'YT PaclpoCTPaHATHCA TPH pa3Hble BOJHBEL, C OJHHM H TeM
e 3HaueHHeM o, OTJHYAIOLiHecHd HanpaB/JeHHeM NOJIsfpH3a-
LUHH: OfHA NPOJAOJbHAS M ABE NONEpeuyHble ¢ B3aUMHO Mep-
NeHAUKYJSPHLIMH HalpaBJeHHAMH KkosaeGauuiit). dro 06-
CTOATENbCTBO MOXKHO yuecTb, npusas dopmyne (84.7) cae-

AVIOLUHA BHA:
2do 1 2
dN =___(D -—-+—“
¢ om? \of o ’
rae v, — (hasoBasi CKOPOCTb MPOMOJbBHBIX, @ U, — MOMepel-
HbIX ynpyrux BoJH. [lojoxum ana mpocroTel, ¥TO U, ==
= v, = v, Torga

3w’ do
2n20’ ¢

dN, = (84.8)

Hebait npennonoxmi, 4To YHEIO HOPMaJibHBIX KoJeba-
HHI paBHO uHCAY cTeleHel cBOGOABI KPHUCTAJJHUECKOH pe-
HIETKH, T. €. 37 (N — UUC/I0 aTOMOB B eJUHMHIEe 00beMa KPH-
craana). Yacrorsl 318X KojaeGaHuil 3aK/OUeHbl B IpeLesax

') B cayuae 31eKTPOMAardUTHLIX BOJH BO3IMOXHbLL TOJBKO JBE Mofe-
pednnle BOJHDI, TOJSAPH3OBAHHbLIE BO B3AUMHO LEPNEHAMKYJASPHLIX Ha-
npasaenusx (cm. § 52).
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OT HyJsi 0 Om, THe Gm — MaKCHMalbHas 4acTOTa Kojeba-
HUl pewieTkH. MakcHMaJbHYIO 4acTOTY MOXKHO HaiiTH, NPO-
nurerpuposas (84.8) B npenenax oT HyJAf 10 ®m B NPHUPAB-
HSIB NOJyuyHBUleecs BLIDAXKEHHe YHCJAY cTeneHeld ¢BOGOXHL,
T. e. 3n. B pesyarsrarte noayuum:

OTKylla
=0 ) 6, (84.9)

OrmeTuM, uto B cooTBeTcTBHH ¢ (84.9) HauMeHbLIast
IJiMHa BOJHBHL, B030OyXklIaemass B KpHCTale, NOJydYaeTcs
paBHOM:

Vi

rie d — paccTosiHHe MeXIy COCEAHHMY aTOMaMH B pelleTke.
10 06CTOATENLCTBO MOXKET CAYXKHTb [JONMOJHHTETbHBIM
onpaBlaHueM AJs BBeldeHHoro [leGaem orpanHudeHHs 4ucia
yacroT kKosneGaHuWil KpHCTaJIa, TaK KaK BOJHBI, AJIHHA KO-
TOPBIX MeHbille MEXATOMHOTO PacCTOAHHUS, He UMeloT PH3H-
YECKOr0 CMbiCaa.

3amenus B (84.8) v yepes wm cornacHo (84.9), monyuum
st yuca HopMadsibhblx KoneGauuit dN, B uHTepBajie ua-
croT dw, NPHXOASAILErocs Ha eJHHHLY 006beMa KpHCTalja,
clefyioiliee BuipaXKeHHe:

AN, =9n 2220 (84.10)

m

Ecan cpepnee 3naueHHe SHeprHH HOPMAaJbLHOTO KoJeba-
HUsl peLIeTKH 4acTOThl ® 0003HauuTh € (®), TO BHYTpEHHsAs
9HeprHA eNHHUUBl o6beMa KpHcranajla MoxKeT ObITh npen-
CTaBJieHa B BHJE!

O

= N = codco
U—J‘e(m)de dfe(m)gn e

m
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IToacraBus ciona Bupaxenue (84.2) mas cpenuedl sHep-
THH Koneﬁaﬂuﬁ 4acTOThl ®, HOJNYUHM:

J‘( b(b'l‘ ﬁ(o/kT 1)(02(10):::
m g

("m
Inh o’ do
=U,+ "’?n(;[ JoliT 1! (84.11)

rae Up = 3n (3/s iom) — HyJieBast. SHEPrUs KPHCTAANA.
ITponudepenunpoBas suipaxenue (84.11) no 7T, naii-
JieM TEMJIOEMKOCTb €JHHHLB 06beMa KpUCTalda:

mm
C= oU _ 9nh "' he* do
o (MorfT _ )2 ke

Beauuuny 0, onpenpensiemyio ycaosueM: hom = kO, Ha-
SHIBAIOT XapaKTEepPHCTHUYECKOH TemnepaTypo#
I e 6 a 5. [lo onpeaenennio:

e=ﬂ,:-m-. (84.12)

Bsenem nepemennyw x = fio/kT. Toraa Belpaxenue Aaf
TEMVIOEMKOCTH NPHMeET BHA:

C=onk (% f L (84.13)

rae Xm = bom/kT = 0/T.

Xapaktepucruieckass Temnepatypa [ebad ykasblBaer
LU KaXJoro Bellectsa Ty 06/acTb, FAe HaYHHAET CTAHO-
BHTBCH CYHIECTBEHHbIM KBAaHTOBaHHE 3HepruH KoJebanui.
IMpu T K O Bepxuuit npenen uHTerpasia B BLIPAXKEHHH
(84.13) Gyner oueHb GOJbLLUIMM, TAK YTO €r0 MOXKHO-TPHOJIH-
JEHHO NOJIOKHUTb PaBHbIM GeCKOHEUHOCTH (xm = o0). Torpa
MHTerpaa OyldeT npeACTaBAfATb COGOH HEKOTOpOe 4HCAO H
TennoeMKocTe C oKaxeTcsl NPONOPUHOHANBbHOH Ky6y TeM-
neparypbl: € c0T3 Dra npubnuxeHHas 3aBHCHMOCTb H3-
BeCTHa Kak -3akKon I® Je6Gas [lpu noctaTouHo HH3KHX
TeMInepaTypax 3TOT 3aKOH BHIIIOJNHAETCA BO MHOTHX cayuasix
OYeHb XOpPOHLIO.
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Mpu T3>0, 1. ¢. npu hom/kT < 1, Bulpaxenne (84.11)
MOKHO YIPOCTHTh, NoN0XKUB €T ~ | 4 ho/kT. Toraa
AJisl BHYTpeHHel sneprnu noaydaercsl BbipaXKeHuUe:

U= +9”ff AT 3 deo = Uy + 3nkT,
O ¢ ﬁoa

a AaA TEIJIOEMKOCTH 3HaueHHe C = 3nk, durypupyloilee
B 3akone iomonra u IlTn.

Hackoapko xopowio gebaeBCKoe BblpajKeHHE AJA Telo-
eMKOCTH COTIJIacyeTcsl ¢ ONbITOM, MOXKHO CYAMTb 1o pHC. 239,

/ U momnwiid
45 7 1 §-59%6 %

/4 00 200 /4
Puc. 239.

Ha KOTOPOM NpHBelLeHbl NaHHbIE AJS TENJOeMKOCTH aJlOMH-
uua (8 = 396°K) u megu (6 = 309° K); C. — Knaccuueckoe
3HaueHHe TEMIOeMKOCTH, MoJaydatolleecd M3 KBAHTOBBIX
dopmyn npu T - oco. Kpusble nocrpoenbt no ¢opmyie
(84.13), kpyxXKaMy NOKa3aHb 3KCNEPHMEHTAJNbHBIE TOYKH.
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Onnako dopmyna ebast xopouo nepegaer Xod Temjio-
eMKOCTH ¢ TEMIepaTypoil JHUIb JJsi TeJN ¢ MPOCTHIMH KPH-
CTaJ/IMYeCKUMH pelleTKaMH, T. €. JJs XHMHUYECKHX 3Je-
MEHTOB M HEKOTOphIX IPOCTHIX cOelHHeHu# (Hanpumep,
rajouaHelx codqeit). K tenam c¢ Gosee cI0KHOH CTPYKTYpoOil
tdopmyna [He6Gaa HenpuMeHHMa. ITO BBI3BAHO TeM, 4YTO
y TakuMx Tes cnekTp KosaeGaHMii OKasblBaeTcsl upe3BLIYalHO
COKHBIM. B paccMOTpeHHOM HaMu BHIIE cjayuae MPOCTOH
KPHCTa/iHuecKol pelreTkw (y KOTOPOH B 3JeMeHTapHOH
siuefike COAEPXKUTCA TOJAbKO OLHH aTOM) KamAOMy 3Haue-
HUI0 BOJHOBOTO BeKTOpa K COOTBETCTBOBAJH TPH SHAUEHUSA
-coBCTBEHHOH 4acTOThl KOJeGaHuil
peutetkn [oano auisa nponoabHol  ?N  Owmmeowas
H JBa -COBNANAIOUIHX APYr C APY- @y i
roMm!) 3sHauenuss AJs nomepeuHbIX \a,z
BoaH]. Ecan uucao atomos B 3je- i

MeHTapHO# siuefike xpucTanana pas- I“"
HO r, KaxJoMy 3HaueHuio k coot- |
BETCTBYeT B 0o0IieM cJayuae 3r pas- Anyermevecnas,
JIHUHBIX 3HaueHHH w. CiaeroBaTesnb- &gy |
HO, 4acToTa fABJAETCA MHOrOsHau-  , : 7

HOH (pyHKIHEH BOJHOBOrO BEKTOpa,
obnajarwmeli 3r serBamu. Tak,
HanpuMep, B cjyuae OJHOMEpPHOH
LEMOYKH, HOCTPOEHHOH H3 yepeAyIOIIHXCA aTOMOB JIBYX COp-
TOB (r = 2), 3aBHCUMOCTb @ OT B HMeeT BHJ, MOKa3aHHLIH
Ha puc. 240. Ogna M3 BeTBell HasblBaeTcse aKycTHYe-
CKOii, Bropas—omnTHuuYeCcKOfi. DTH BETBH OTIHUYAIOTCHA
LHCTepCHell, T. €. XapaKTepoM 3aBHCHMOCTH @ OT k. AKye
CTHYeCKasl BeTBb MPH yGblBaHUM B HAET B HYJb, ONTHUECKAs
BETBb HMEET CBOUM MpeAeJOM KOHeuHOe 3HA4YeHHe wao.

B TpexmepHoM cayuyae u3 3r BeTBefl TPH ABJAIOTCH aKy-
CTHYCCKHMH, ocTagdbHble (3r — 3) onTuueckHMU. AKycTHYe-
CKUM BETBSIM COOTBETCTBYIOT 3BYKOBble HacCTOThi, ONTHYE-
CKHM — YacTOTHI, JieXKallHe B HHQpaKpacHoil obJacTH cnek-
tpa. [Ipn HOpMasbHOM KOJeGaHUY ¢ aKyCTHUECKOH yacToToH
K0JIe6JI0TCS APYT OTHOCHTRNBHO APYTa aHaJOTHYHbIE aTOMBL,
NoMeLLAoWKecs B PA3IHUHbIX 3/IEMEHTAPHbIX AueliKax. Ilpn
HOPMAaJIbHBIX KOJIeOaHHSX ONTHYECKOHR YacTOTLI KOJIeBGJIIOTCS
IPYr OTHOCHTEJIbHO Jpyra pasauyHble aToOMbl BHYTPH

Puc. 240.

) B cuabHO aHH30TPONHOM KpPHUCTa/e  BCE TPH HACTOTLi OyAyT pa3-
JIMYHBIMH.
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KaxJoH H3 3JeMeHTapHBbIX sYeeK; aHaJOTHYHbIE aTOMBI pas-
JHYHBIX AYeeK HAXOASITCA NPH 3TOM Ha HEH3MEHHHIX pac-
CTOSTHHAX JAPYT OT Apyra.

B 3akiioueHHe oTMeTHM, YTO, HOAOGHO TOMY Kak 3JeK-
TPOMATHUTHOE H3JyueHHe MOXKeT GbITb NPEACTABJIEHO B BHAR
COBOKYIHOCTH KBAHTOB SHepPru¥ — (POTOHOB, KojeGaHUA
KPHCTA/JIHUECKOH pelleTKH MOMKHO TNpPEeACTaBHTH KaK CO-
BOKYIHOCTb KBAHTOB KoJsie6aTeIbHOH SHEpPTHH, HasbiBaeMbIX
dononamu. DoHOH mnpeiacTaBAsieT coGOA TaK Ha3bl-
BaeMylo KBasuuacTHuyl), obGsapamomyio 3IHep-
reefi fw (@ — co6CTBeHHAs YacToTa KoJebaHWil pelieTkH)
u kBasuumnyibcoM p = hk (k — BonHoBo# Bekrop). s
YacTOT aKyCTHYeCKHX BeTBe#l (POHOHB NPEACTABJASIT CO-
6ol KBaHTH 3BYKa, T. €. 3JieMeHTapHble NMOPLHH 3BYKOBOMH
HEpPruH.

KoanuectBo n; B03GyKAaeMBIX B peleTke ORHOBpEMeH-
HO OJMHAKOBHX (POHOHOB (T. €. POHOHOB ONMHAKOBOH YacTo-
Thl ®; H C OJHHAKOBBHIM BOJIHOBHIM BektopoMm k;) ompese-
JseTcs H3GLITKOM HEPTHH e;, mpHXoAsdulefics Ha KoaeGaHus
JaHROH 4aCTOTH, Hal HYyJeBOH 3Hepruel €jo, @ HMEHHO!:
n;hw; = e; — eip. B Cyuae TeMJOBOTO paBHOBeCHs €&; PaB-
HO &, onpenexseMomy cpopmynou (84.2). BasiB u3 3100t Hop-
MyJabl &; — 8;p =& — [y fi0;, HOAYUHM AJS CPeAHero yucja
(POHOHOB YACTOTHl Wi 3HAUECHHE:

_ 1
= AT |

U3 nocaennero suipaxkeuus cjaeayer, uTO B JAHHOM KPH-
cTajjie MOXKeT OAHOBPEMEHHO BO36YXKAaTbCH HeOrpaHHueH-
HOoe KOJHYECTBO OAfiHakoBbix ¢oHOHOB. ClefoBaTenbHo, Ha
¢dononn! npuranun [laynu He pacnpocrpansercs.

CorslacHO KBaHTOBBIM NpEACTaBJIEHHAM KOMGHHALHMOH-
HOe paccesiHde CBETa KpHCTa/JaMU BHIVIAAUT CACAYIOHIHM
oGpaszoM. PoToH, mpoJeTaloliUii Yepe3 KPHCTANIHYECKYIO
peunieTKy, MoxeT B0o30yAuTb B Hel (DOHOH OJHOH M3 4ACTOT
onTHYecKol BeTBH KpHcTasasa. Ha ste ¢doron mspacxomyer
4acTh CBOeH SHEPTHH, BCAENCTBHE Uero ero 4acrora yMeHb-

!} OcroBHOE OTAMUHe KBA3W4ACTHI, OT OGBIMHBIX HacCTHIl (3JEKTpo-
HOB, MPOTOHOB, GOTOHOB H T. Jl.) 3aKJIQYAeTCH B TOM, YTO KBa3HYaCTHIIbI
HE MOTYT HOABAATbCS B BAKyyMe — AJIS CBOerO BO3HMKHOBEHMS M cylue-
CTBOBAHHA OHM HYXJAIOTCS B HEKOTOPOH cpene.
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nraercs — BO3HHKaeT KpacHuifi cnyruuk. Ecin 8 kpucraane
yxKe Ob1 BO3OYXKAeH (OHOH, MpoJeTallHil HOTOH MOXKeT
HOIJIOTHTh €ro, YBEJHUYHB 3a 3ITOT CYET CBOI0 SHEPIHIO, —
BO3HHKaeT (JHONETOBHIH CNYTHHK.

§ 85. dddext Méccbayapa

B 1904 r. P. Byn o6napyxua, uto mapel HaTpus [pH
06J1IyueHHH HX CBETOM, COOTBETCTBYIOLIMM XeJTOH JHHIH
HATPHsl, HAYMHAIOT CBETUTBCS, UCIYCKAsl U3JyYeHHE TOH Xe
LJdHBl BOJIHB. BnocjeIcTBHH aHaJOTHYHOE CBeueHue Ha-
6.1071a/10Ch B mapax PTYTH U BO MHOTHUX APYTHX cayuasx.
ITo siBJeHHe Ha3BaHO PE3O0HAHCHON dayopecuet-
nuefi. (uax pe3oHaHcHBM H3JAydeHueM), Ono
_uMeer caeayioillee o6bsAcHenne, ATOMB 0COGEHHO HHTEH-
CUBHO MOIJIOWIAIOT CBET YacCTOThl, COOTBETCTBYWOUlel nepe-
X0y H3 OCHOBHOro B O/HXKaiillee K HeMy BO30YXKIeHHOE
coctosinue. Bo3Bpaliasick 3aTeM B OCHOBHOE COCTOSIHUE, aTo-
Mbl MCTIyCKaloT GOTOHBI TOH XKe caMoll uacToTol. Beseacrene
norJollleHHss CBeT, Npollellnuil yeped dJyopecuupyiouee
BelllecTBo, Ocnabasierca. B cBfiI3n ¢ 3THM 4acto TOBCPAT
BMECTO PEe30HAHCHOH (JyopecleHIHH O Pe30HAaHCHOM
HOrJOoUleHHH CBeTa.

flipa atoMoB, KaK H CaMH aTOMbl, HMelOT AHCKpPeTHbie
YPOBHH 9HEpPIHM, caMblii HU3KHH H3 KOTOPBHIX HasblBaercs
HODMaJ/bHLIM, OCTasbHble — BO30yXAeHHbIMU. [lepexoanl
MeXAY TUMH yPOBHSIMU NPHBOASAT K BO3HHKHOBEHHIO KO-
POTKOBOJIHOBOTO 3JIEKTPOMATHHTHOrO H3JYUYeHHs, MOJYyYHB-
liero Ha3BaHHe y-Jyuei (CM “§ 90). OueBugHO, MOXKHO OBIIO
OKHAaTb, YTO ANf Y-Jyyell CyLlecTBYyeT sBJieHHe sulepﬂou
peaoHaHCHOH ¢ayopecleHllyy, aHaJOTHYHON ATOMHOH pe3o-
HaHCHOH (JiyopecuenunH, Hab/04aeMoOll B BUAHMOM CBeTe.
Onnako Haémonarb pe30HaHCHYI0 (huyopecleHL U0 ¢ y-ay-
yaMu JOJTOe BpeMs He yAaBajoch. [Ipuuuua 3THX Heyaau
sakJiouaerca B caeaywulem. B § 79 6o nokasauno, uro
COOTBETCTBYIOILHE HEKOTOPOMY NEPEXOAY KBAHTOBO# cHCTe-
Mbl MEXAY ABYMS COCTOSHHAMU JHUHUA HCOYCKAHHA H JTHHHSA
NOTJIOIEHU CMelleHbl APYT OTHOCHTEIbHO J[pyra Ha
2Awr = 2R/h, rme R —sHeprus oraauu, onpeleaseMmas
dopmyaol (79.7). Ias Bugumoro csera cABHr 2Amgp Ha
MHOro NMOPAAKOB MeHblle, 4eM IUHPHHA CIEKTPaJbHOH JH-
HHM 0@, TAaK YTO JIMHHM UCIYCKAHHS M MNOIVIOLIEHHS MPaK-
THYeCKH HaJaralotrcsi Apyr Ha Apyra. Muaue oGcroutr gmeno
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B cJIyuae y-Ayueil. DHeprusi ¥ UMMYJbC Y-POTOHA BO MHOrO
.pas Goablie, yeM y oToHa BHAUMOro ceera. [losromy 3na-
YATEeNbHO GoJiblIe M IHEpPrHs OTAayd R, KoTopas B 3TOM
cIyuae JO/KHa ObITh 3amucaHa CAedyloliuM obpasoMm:

_ (he)?
R= bk, (85.1)
Tle My — Macca sapa.

B cnexTpockomuy y-Jyueil NPUHATO BMECTO YacTOT MOJb-
3oBaTbcsl 3HepruamMu. [lo3TOMy IWHpUHY CcHEKTpasbHOR- IH-
HHH, CABHI JIMHHH U T. 1. Mbl GyJeM BbIpAXKaTh B eIHHHIAX
SHEPrHH, yMHOXKas AJS 3TOH LeAH COOTBETCTBYIOLIME Ya-
crotel (Hanpumep, 6o wan 2Awgr) Ha nocrosnuyio [lnau-
kKa fi. B atux eaununax ecrecTBeHHas IUHPHUHA CHEKTPatib-
HO#l JuHHH OGyner xapaxrtepu3oBarbes senuuuHod I fem.
dopmyay (79.2)], chBur JAMHHE HCIYyCKaHHA H TOIJIOLLE-
HHA — BenuuuHo# 2R, a [oNNJepoBCKOe YILIHpeHWE JIH-
HHH — BEJHYHMHOH

2D =2 2 AE,, ~ 2 ho (85.2)

[em. (79.10)1

Ilpu paamoakTmBHOM pacmajge simep o0ObIMHO HaG6J10-
IaloTCst Y-KBAHTH ¢ dHeprusiMd ot ~ 10 k38 no ~ 5 Mas
(4TO COOTBETCTBYET uacToTaM @ B Hpefenax 101 + 102 cex™
H LauHaM Boju ot ~ 1 A no ~ 1073 A). Buiuncnum suep-
ruio ornaun R nast cayuaa ho = 100 kas u my = 1,7-102 ¢
(atomubti Bec pased 100). Beawuuna mgc? cocTaBut
1,7-10722.9.10% = 0,153 ape, 1. e. 0,153/1,6- 10712 =~ 101 36,
CaenoBarenbHo, corsacuo (85.1)

10%)2 _
R=-10 —05.107" o6,

a casur aunnil 2R cocrasaser 107 8.

Tunnusoe BpeMsl XKU3HH BO3GYKACHHBIX COCTOSHUH siep
cocrapnsier 102 cex. TakoMy BpeMeHH KH3HH COOTBET-
creyer [cM. dopmyay (79.1)] ecrecTBeHHas IuMpuHa CIleK-
TPa/bHLIX JHHUHA, paBHaA

=27
r h 1,05 10

== =105 107" spe ~ 1072 6.

Ina anep ¢ maccoii ~ 1072 2 cpefHsAsi CKOPOCTDb TeILIO-
BOTO [IBH)KEHHMf paBHA NPH KOMHATHOH TeMIepaType INpH-
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mepuo 300 m/cex. Tlo dopmyne (85.2) mns monmJepoOBCKOH
wupHEbl JuEHi ¢ ho = 100 K38 monyvaerca 3naueHue:

2D = ©10°=2.10"" 5

3 l()B

W3 conocras/ienusi noJydeHHHX HaMH 3uauyeHuil I' u 2D
BHITEKAET, UTO IUPHHA HCAYCKAEMBIX SAAPAaMH NMPH KOMHAT-
HOHl TeMmepaType CHNeKTpaJbHbIX JHHHH B OCHOBHOM OIpe-
JeJsieTcsl JONMJIepOBCKOH UIMPHHONA U cocTaBs/iseT NPHMEPHO
0,2 6. [lna caBura JIHHWH HCUyCKaHWs M TNOMJOWEHHs 2R
MBl MOJIyuMJIH Bbliile 3Hauenne ~ 0,1 3s. Takum obGpasom,
Jaxe AJa8 cpaBHHTEAbHO MATKHX y-ayuel c aneprueii 100 k38
CABHUI' JIHHHWH HCHYyCKa-

HHS W NOTJIOLIEHHs OKa- p= ZF
3pIBaeTcss TOrO ¥Xe M[o- S Surus?
PAAKa, 4YTO W WHUPHHA  Zopenamls noemoeHud

CNeKTpabHOA  JIMHHH,
C yBennueHneM sHepruu
tdortona R pacrer GbicT-
pee [kak % cMm. odop-
myay (85.1)], wem D
[koTropas IpONopLHO- Puc. 241.
HaJbHA ®; CM. popmyay
(85.2)]. Ha puc. 241 uso6paxena Tunuunaa aas y-GOTOHOB
KapTHHA, TIOKAa3blBAIOLLasi B3aMMHOE pPAacClONOXKEeHHe JHHHIM
HCNYCKaHUA H HOTJIOWEHHUd. SlcHO, yTo JHIb HeboJabluast
4acTh HCnycKaembix (OTOHOB (MX OTHOCHTENbHOE KOJHuYe-
CTBO OHpeAe]AeTcs COOTBETCTBYIOIUMMH OPAHHATAMH JHHHH
UCNYCKaHUS) MOXKeT HCIBITaTh pPe30HaHCHOEe MNOTJOLLEeHHE,
npuueM BEPOATHOCTb HX IOIVIOUIEHHA MaJja (3Ta .BEpPOAT-
HOCTb ONpEeIessieTc OPAHMHATAMH JHHHH TOIVIOLLEHHS).
UroOnl HabaiofaTh pe30HAHCHOe NOTJOIeHHe y-ay-
yeH, CTABWJIHCb ONbITbI, B KOTOPBIX MCTOUHHK Y-H3Jy4eHHA
JIBHTAJCS €O CKOPOCTbIO U MO HANpPAaBMEHHIO K [OrJOiHalo-
IIeMY BEIIeCTBY. JTO [OCTHFANOCH MYyTeM MNOMEUIeHHUS pa-
JHOAKTHBHOTO BellecTBa Ha 000fe BpallaloIerocs AHCKA
(puc. 242). Juck HaxogHACs BHYTPH MAaCCHBHOH CBHHLOBOH
3aLUTLL, HorJomaell y-ayun. [1y4oK U3/ayueHHs BBIXOMHJI
Hapy:Ky dYepe3 Y3KHH KaHaJ ¥ [onajaj Ha Noryolialoiee Be-
1eCTBO. YCTaHOBJIEHHbI{l 3a TMOFJIOTHTENEM CHUeTUHK y-KBaH-
TOB PErHCTPHPOBAJ HHTEHCHBHOCTb H3Jy4eHHs, NpOLIeALIero
uepe3 NOMIOTHTeNb. Bcenencrsue sddexra Honnaepa ua-
CTOTA H3JyYaeMblX HCTOUHHKOM y-JAydeH yBeJquUHBalach Ha
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Ao = @Uv/c, Tle U-— CKOPOCTb MCTOYHHKA OTHOCHTEAbLHO MO-
raoturensa. Illogo6Gpas HaadexalmuM o6pasoM CKOPOCTb
BpAleHUa JHCKA, MOXHO O6bll0 Ha6JI0laTh pe3oHaHCHOe
NOTJIOLIeHHE, KOTOpPOe OGHapYKHBAJOCh MO YMEHbUICHHIO
HHTEHCHBHOCTH y-J1ydYeH, U3MepsieMOll CUSTUHKOM.

B 1958 r. P. JI. Mécc6ay3p HCcJeA0BaJ sAfiepHOE Pe3o-
HaHcHoe HOIVIOUIeHHe y-ayyvedi Ir ¥ (W3oronma upuang ¢ mac-
coBbiM uuciaom 191; oM. § 87). meprus AEnm cooTBer-
cTByIOLEro nepexoxa pasua 129 k38, 3ueprusa OTAAYH

0,06 38, a nonmaepoBcKoe
Z 7] ywupenne npu KOMHaTHOH
Lvemo % teMneparype ~0,1 38. Takum

- werms @ 06pasoM, JHHHH HCOYCKaHUS

H TIOTJIOIWEHHS  OTYacCTH Mepe-
B 77 [ N KPHIBAIOTCS H  pe3oHaHCHOe
~ 07 forjaoweHie Morjao Hab6Jaio-

{ gatbest. Yrobnl  yMeHbIINTH

Loznormmens — Hemomun nornouenne, Meccbaysp pe-

IUKA  OXJaAUTh HCTOYHHK H
Puc. 242. OOrJIOTHTENb,  PacCUHTLIBAA
TaKHUM [1yTeM YMeHbIUHTb JOT-
NAEPOBCKYIO LIHPUHY H, C1eJOBaTeNbHO, NepeKphiBaHHEe JH-
nuil. OlHAKO BMECTO 0XKHMAaeMOro yMmeHblieHHst Méccbaysp
O6HapyXHJI YCHIEeHUEe DE3OHAHCHQro moraoltenns. Mcnoab-
30BaB YCTAaHOBKY, H306pa<eHHYI0 Ha pHc. 242 (¢ oxJaxnae-
MbLIMM HCTOYHHKOM H norjorureiem), Méccbaysp nonyuan
HCYE3HOBEHHE DPE30HAHCHOrO MNOTVIOWEHHS MNpH JHHEAHLIX
CKOPOCTSIX HCTOMHMKA MOPAAKA HECKOJbKHX CaHTHMeTpOB
B cekyHlay. PesyabraThl oOnbiTa ykasbiBaJH Ha TO, YTO
y oxaaxjaenHoro Ir1® nuuiu dvcnyckasua W norJollerust
y-Jayuell COBNajaloT W HMMeOT OYEHb Manaylo WHPHHY, paB-
nyio ectectsensoit wapuie I. D10 fiBnenue ynpyroro (1. e.
He CONpOBOXKAAIOLLErocs H3MeHeHHeM BHYTPeHHeH Hepruu
Tena) .HCHYCKaHHs HJIW NOTJOUIEHHA Y-KBAHTOB ObLIO Ha-
s3BaHo 3ppekTtom MEéccbGayapa.

Bcekope abdekr Mécc6ayapa Obin otkpoit B Fe¥ u pas
pAlda apyrux Beuiects. B clyyae Fed spdexr nabnionaerca
npu temneparypax o 1000° C, Tak uTO HET HEOGXOAHMOCTH
B oxsaxiennd. Kpome toro, Fe® ornuuaercs ype3BblYaiito
Ma/ioff ecTeCTBEHHOMN LIMPHHON JHHUU.

YTo6b! BHISCHHTH YCIOBHS, HEOGXOAMUMBIE A CYIIECTBO-
BaHus 3pdekra MéccGayspa, npuMeHUM 3aKOH COXpaHeHHs
SHEePrHy K Npoueccy paaHOaKTHBHOro paclaja aipa, Haxo-
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ASILLErocsl B y3/e KPHCTA/NIHUECKOH pelieTKH. JHeprus me-
pexofa AEnm B NpPUHLHIE MOXET PacHpelensiTbcs MeXKAY
Y-KBAHTOM, pacnajfaiolluMcs fAApOM, TBEPABIM TeJOM Kak
ueablM M, Hakodei, KoneGaHusAMH pelleTku. B nocaenHeM
ciyyae Hapsay c¢ y-GoroHOM Bo3HHKHYT ¢oHouwl. [Ipoana-
JU3HPYEM 3TH BO3MOXKHOCTH. DHeprus, Heobxoaumas AJas
TOro, 4To0Bl PO MOKHHYJIO CBOE MECTQ B pelleTKe, PaBHA
no MmeHbiuejt Mepe ~ 10 268, B To BpeMsl Kak 3Heprus Ot-
‘Rayd R He mnpeBbilaeT HECKOJNbKHX JAECATHX 3JEKTPOH-
BosbTa. [loaTrOMy aTtom, s1po KoToporo pacnafocb, He MO-
JKeT H3MEHHTh CBOe MOJIOXKEeHHe B pelleTke. JHeprus oraa-
UM, KOTOPYIO MOXKeT NOJYYHTb TBEpAOE TEJ0 KaK Iejoe,
ype3BbYafiHO MaJja, Tak 4TO €0 MOXHO npeHeGpeub [aTy
SHEepPrHI0 MOXHO OlleHUTb, 3amenus B (85.1) maccy sampa
maccofi- Teqal. Takum o6pasoM, SHEpPrusi mepexona MOxKeT
pacnpelenaTbCsl TOJMbKO MEXKAY Y-KBAHTOM u (OHOHAMH.
Mécc6ayspoBckuii mepexo/l OCYHIeCTBJAAETCA. B TOM CJyuae,
ecau KojebaTesbHOe COCTOSIHHE DeUleTKH He U3MeHseTcs H
Y-KBaHT IMoJyuaeT BCIO 3Hepruio nepexona. Ilpu paauoak-
THBHOM pacnaje -fApa, HaxOAflIerocs B y3Jje KPUCTAJNAH-
4eCcKOH pelleTKH, BepOATHOCTh BO30YKAeHus (HOHOHOB C
sHepruell nopsaika fiwm = kO (8 — temneparypa [e6as) Bo
MHOro pas 6oJblile, 4eM BepPOSITHOCTH BO36YyXKAeHHS (HOHO-
HOB MeHbUIMX 3Hepruil. B caMom gene, KoieGaHHIO uacTo-
Thl ®p COOTBETCTBYET AJHHA BOJHBI Amim =~ 2d {(cM. § 84).
B 3ToM cayuae cocenHHe aTOMbI ABHKYTCS B npoTHBOGa3e,
YTO MOXKET NPOHM30HTH, KOTAA pacnajalomuiics aToM noJy-
yaeT BCIO 3HEPTHIO OTAa4YH R U yRapser 3aTeM B COCERHHIT
atoM. Jlaa Bo3OyjaeHus Gojee AJHHHBIX BOJMH (MEHBLIMX
yacror) Heo6X0AHMO, YTOOBI OJHOBPEMEHHO OhLAO MpHBe-
IeHO B JBHXeHHe cpa3y Heckoabko (N) aromoB, uto siB-
Jisiercs. MaJoBepoATHBIM. K ToMy ke B mocjeaHeM chayuae,
XOTA 5Heprus Bo3bGyxkAaeMoro koaebauust Gyaer B N pa3s
menbize (A yBenuuumBaerca B N pas, a he yMeHbliaercs
B TO K€ YHCJIO pa3), IHePrHs OTAauk TakKKe yMeHbLIaeTrcs
B N pas (oHa 006paTHO NpPOMOPLHOHAJbHA Macce CHUCTEMBI,
ucnoitoiBalonied otpauy). Takum 06pa3oM, BepOSITHOCTb
B036yxaeHus KosneGaHuil pemwerku 6yleT BeJHKA IPH yCJIO-
BHY, 4YTO 3HePrust oTAauu R, mojyuaeMmas OPH PaLHOAKTHB-
HOM pacnane OTAeJbHLIM aTOMOM, paBHa HJH 6oJjblie 3Hep-
rMd (DOHOHA MAKCUMaJbHOH 4YacToThl: R > hiwn, = k6.
Tpu R « kB (uro umeer Mecro aas Fe¥) yxe npu kom-
AaTHOH TeMilepaType 3aMeTHasd AOJAA SAAEPHHIX TIEPeX0/0B

421



npoucxoaut Ge3 orgaun. [Ipu R ~ kB (uro uMeer MecTo AJA
Ir 19) s nonyuyeHus: U3MePUMOro pPe30HAHCHOrO MOTJOLle-
HMsE HYKHO C HOMOIIBIO OXJaXKAEHHA YMEHbIIUTb BepoAT-
HOCTb BO36YXK/1eHHUS KOJeOaHUl DelleTKH.

3a HeCKOJbKO JeT, NMPOILIEJIIHNX [0C/He €ero OTKPHITHA,
sdpdext Méccbayspa Halles MHOTOYHCJIEHHBIE NMPHMeEHEHHs.
B saepHofi Qu3nxe 0oH HCNOJbB3YeTCs AJA HAXOXKAEHHUA Bpe-
MeHH XH3HU BO36YXKAEHHBIX cOcTosiHHH sifep (uepe3s T'),
a Takxe JJs OOpeje/eHUsi CNHHA, MACHUTHOIO MOMEHTa U
3/IEKTPHYECKOro KBaApYNOJAbHOr0 MoMeHTa salep. B dusuke
TBepAoro tena sdoekr Méccbayspa npuMenserca a8 H3Y-
YyeHUs] NHHAMHUKH KPHUCTaJJHUYECKOH pelleTKH M JJIsl Hccile-
JOBaHHS BHYTPEHHHUX 3/EKTPHUYECKMX M MaTHHTHBIX NoJeH
B KPHCTAJ/IaxX.

Amepukauckue ¢usuku [layun u Pebka ucrojbsoBaljin
sppexkr Méccbayspa nas obHapyKeHHA MNpPeACKa3aHHOIO
ofInell TeopHed OTHOCHTEJNbHOCTH TPaBHTALHOHHOTO
KPAaCHOIro cMelieHHs 4acTOThH (oroda (nas o6-
Hapy»KeHus Beca (otona). M3 ofuleii Teopun oTHOCUTEND-
HOCTH CJEAYeT, 4YTO 4HacrtoTa (OTOHa NOJKHA H3MEeHSThCA
¢ H3MeHeHHeM TPaBUTALlMOHHOTO nmoTeHuHana. CoriacHo Tak
Ha3blBaeMOMY HPUHUHNY 3KBHBaJeHTHoCcTH!) do-
TOH o6jiajflaeT rpaBUTALUOHHON Maccoi, paBHOH ero MHepT-
HOH Macce M = hw/c? [cm. (57.3)] Ilpu npoxoxiaenun B of-
HOPOJHOM TIPaBUTAllHCHHOM I0JI€, XaPaKTePU3YEMOM YCKO-
peHHeM CHJbl TsKecTu g, nyTH [ B HanpaBJeHHH, NPOTHUBO-
N0JIOXKHOM HaNpaBJAEHWIO CHABl Mg, 3Heprus dorona [OJ-
JKHa yMeHblUHThcH Ha mgl = hogl/c??). Caegobarenbuo,
3Heprus QOTOHA craHeT paBHOU

ho' = ho — hogl = ho (1 —-f—zl—)»

c?

OTKyAQ A1 HaCTOThbI Q)OTOHEI noJay4yaeTcCst 3HaUeHHe

wfzm( ___gL)
)

1) Tlpuuuun >KBUBAJNEHTHOCTH YTBepXAaeT, 4to 3QexT rpaBuTanHy
HEBQ3MOXKHO OTVIHYUTL OT 3¢pderra, 06YCNOBIECHHOIO YCKOPEHHEM CHUCTe-
Mu orcyeta. Hanpumep, B sudre, ABHXKYyuleMcs C YCKOpeHHeM g, Ha-
npasJeHHBIM BBePX, OPYMKHHHBIE BeCsl MOK2XYT Bec 2mg, B Apa pasa
[PEBOCXOAAIIMA NOKa3aHH BECOB B NOKOSWIEMCA (MM ABHIKYILEMCS
Ge3 yckopeHust) audre. V3 storo npuuuuna pbiTeKaeT 3KBHBAJEHTHOCTD
TPaBUTAllMOHHON M MHEPTHON Mmacc.

2) HanoMHHM, YTO B IOJHYIO SHePTHIO mc? HE BXOAUT MOTEHLHAJb-
Hasl 3Ueprus TeAa BO BHewrHeM nosie cui (cMm. § 42).
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Coraacuo nocaegHeir ¢GopMysie OTHOCHTENLHOE H3MEHe-
HHe 4acToThl ¢oToHA
Ao o—o _ gl Ag

NpPONIOPUHOHANBHO H3MEHEHHIO IPAaBHTALHOHHOTO MOTEeHHMa-
aa Ag = gl.

Ceer, npuxopsitiuii Ha 3eMaw or CogBua WIH OT 3BE3NA,
npeofoseBaeT CHJAbHOE NMPUTATHBAIOIlEe MOJe ITHX CBEeTHJL.
B6.usu ke 3eMAM OH HCOLITHIBAET AEHCTBHE JIHIIL OueHb
cnaboro yckopsdwuero noas. [1o3ToMy Bce cCrekTpafibHble
JIMHUM 3Be3] JOJIKHbI ObITb HEMHOTO
CMellleHBl B CTOPOHY KPacHOTO KOHIA Yo
cnekrpa. Takoe cMmelueHue, HasbiBae- =
MOe TpaBHTALHOHHBIM KpDacHBIM CMe-
nieHHeM, GBLIO KauecTBEHHO NOATBEp-
JKAeHO HabJAlACHHAMIL.

[Tayun u Pebxa mpegnpunsing no-
NBITKY OGHAPYKHTH 3TO SBJEHHE B Zim
3eMHbIX yciaoBHAX. OHU pacloNokuIn
ncrouHuk y-usaydenns (FeS’) u mo-
IJIOTHTENb B BBICOKOA OawHe Ha
paccrosinun 21 m Apyr ot napyra
(puc. 243). OrHoCcHTENBbHOE H3MEHe-
HHe 9HeprHH y-POoTOHA IpH [pOXO-

I~

JKACHHH 3TOro paccTosalusi cocraBJsier TToenom
BLero 17
Ae Ao gl 981-21 9.10~" Pue. 243.

e o ¢ 9.108 T .

dt10 uaMmenenue'!) o6ycaoBjuBaeT OTHOCHTEJbHOE CMe-
nicHHe JHHHH TOTJIOILEHHS W HCOYCKAaHHsi U AOJUKHO Mpos-
BHTbCH B HeOOJBIWIOM 0cC1abjieHHH PE30HAHCHOTO NOrJoLe-
nus. HecMmorps Ha kpailuon manocts addekra (CABHT co-
craBasaa okodo 1072 wupunel aunun), INaysay u Pebke yna-
Jioch O6GHaPYKHUTh U U3MEDPHUTb €ro C JOCTATOYHOH CTeNeHblo
TounoctH. [Toayuennslit umMu peaynbrat cocrasua 0,99+0,05
OT npejcka3anuoro teopueil. Takum obpasom, yaanaoce yGe-
LUTEeJbHO AOKAa3aTh HaJuyHe TPABUTALUOHHOTO CMeILeHHs
4yacToThl POTOHOB B 3€MHON J1a60PaTOPHU.

1} Ecan HCTOMHHK pPAacnosioXKHMTh BBEPXY, a NpPHEMHHK BHU3Y, 3Hep-
rusa (pOTCHA BO3pAcTaer, TaK YTO HMEET MecTo (hHOJETOBOE CMellenne
YacTOTHL
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§ 86. Jlazepni. Heauneiinan ontHka

Jlazepnl. Bneppble NpHHLHII YCHIEHHS CBETa 3a CUeT
BHIHYXAeHHOrO uajayueHus (cm. § 80) Obln npeasoxen co-
geTckum ¢usukom B. A. dabpukantom B 1940 r. HMcnoas-
30BaHHE BLIHYXXIGHHOTO H3JyueHHs A YCHIEHHT 3JAEKTPO-
MarHHTHBIX BOJIH B MHKDOBOJHOBOM [Hana3oHe \ObL10 npef-
Joxeno B 1953 r. HEe3aBHCHMO COBETCKHMH y4YeHBHIMH
H. I'. Bacosuim u A, M. TlpoxopoBuiM W aMepHKaHCKMMH
yuenoimu Tayncom u BeGepom '), CooTBeTcTBYIOLIHE NpPH-
Gopbl, paGorawliye B JHaNa30He CAHTHMETPOBBIX BOJH, NO-
AYYHIH Ha3BaHHe Ma3ep OB, CnoBo «Masep» MPOHCXORHT
OT mepBbIX 6YKB aHriMiicKoro Hassauus Microwave Ampli-
fication by Stimulated Emission of Radiation (ycunenue
MHKPOBOJH C  TMOMOILILIO BLIMYXKAEHHOTO H3NyUYeHH:).
B 1960 r. Meiimanom (CILA) Gunin coszan nepBhili aHaso-
ryuHblii npubop, paboraliiuil B ONTHUECKOM AHana3oHe, —
nasep (Light Amplification by Stimulated Emission of
Radiation ~— ycunenue cBera ¢ NOMOINLK BHIHYKAEHHOTO
usnyyenusi). Muorna nasepb! Ha3bBalOT ONTHUYECKHMMYU
KBaHTOBLIMH T€eHepaTopaMu

B § 80 Mbl BHISICHHJIH, YTO NaJAIOLKI HA BEIIECTBO CBET
YacToThl @, coBmanaiouled ¢ oxnoil u3 acror (E, — Enm)/h
atomos settectsa (En > En), OGyler Be3bIBAaTbL ABa NMPOLEC-
ca: 1) nmepexol aTOMOB U3 COCTOSIHHS C sHeprueft Em B co-
croanne ¢ sneprueél En, 2) BuIHYXIEHHbI Tepexof aTOMOB
M3 COCTOSIHMA N B cocTosinde m. [lepBblil npolecc NpUBOIUT
K ' TOrJIOIEHUIO CBeTa- ¥ OclalbJ/eHHI0 Nalalollero nydka,
BTOPO — K YBEJHYEHUIO MHTEHCHBHOCTH Najalollero nyuka.
Pe3yasTupyiolilee H3MeHeHHE HHTEHCHBHOCTH CBETOBOTO IIyY-
Ka 3aBHCHT OT TOro, Kako M3 ARYX NOpoleccoB npeobna-
Jaer.

B cnyyae TepMOIHHAMHUUECKOTO paBHOBECHSA pachpejele-
HYE aTOMOB N[O pPasjHYHBIM 3HEPTreTHYeCKHM COCTOSHHSM
ompeaensierca 3akoHoM Bosmbumana:

Ne~EilT
3 il
]

rae N —nonnoe yucyao atomos, N;-——uncjio aToMoB, HAXO-
AAumMxcsa npu TeMmnepatype T B cOCTOSHHH ¢ SHepruedt Ej

N;= = Ce EilM, (86.1)

') B 1964 r. Bacosy, Ilpoxoposy # Tayncy 6uita 3sa atn paboru
npucyxaena HoGenesckas npemusi.
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(171 nPOCTOTH MBI NPEANOJOXKUIH, YTO BCe IHEPTETHUECKHE
YPOBHU He fIBJASIOTCS BLIPOKAEHHBIMH).

H3 dopmyan (86.1) caeayer, 4t0 ¢ yBesnueHHeM 3Hep-
THH COCTOSIHHS HAaCeJEeHHOCTbh YPOBHS4, T. €. KoJHye-
CTBO aTOMOB B AAHHOM COCTOSIHWM, yMeHbluaercsa. Uucno
nepexoA0B MeXJay ABYMS YPOBHSIMM NPONOPLHOHAJNLHO Ha-
CeJIeHHOCTH HMcXoAHoro yposHs. CielloBaTedpHO, B cHCTeMe
aToMOB, Haxefisalulefica B TEPMOIHHAMHUIECKOM DaBHOBECHH,
norJjouieHde najnawoilell cBeToBoi BOJHLL OGyler npeoGna-
JaTh HAJ BBHIHVXKAGHHBIM H3JyueHHEM, TaK 4TO Najalolas
BO/IHA NpPH MNPOXOXKAEHHH Hepe3 BeIIeCTBO ocaabasercs.
g toro uro6bl MOAYUHTb YCHJAeHHe HaJalolledl BOMHHL,
HYXXHO KakHM-J1u60 cnocofoM o6paTUTh HACEJNEeHHOCTb. 9Hep-
reTHYECKHX YPOBHeH, T. €. cjJiejiaTh TaK, YTOOBl B COCTOAHUM
¢ Goabtueli sneprueii En Haxomwioch 6osbliiee YHCIO ATO-
MOB, 4YeM B COCTOSIHHM ¢ MeHbillefi sueprueit En. B 3stom
cjy4yae TOBOPAT, YTO JaHHAs COBOKYNHOCTb aTOMOB HMeer
HHBEpPCHYIO HaceaeHHocThb Cornacio dopmyie
(86.1)

No —(E,~E

e Jar

m)

m

B cayuyae unBepcHOH naceaeHHOCTH (Nn/Nwm) >1 npm
(En— Em) > 0. Pacnpoctpansia ¢opMaibHO Ha 3TOT CJay-
uaii pacnpenenense (86.1), mul noayuum pis T orpuuatesib-
Hoe 3Hauenue. Ilo3TOMy cocTosiHMsi ¢ WHBEPCHOM HaceseH-
HOCTBIO, HA3bIBAIOT HHOTAA COCTOAHHAMH C OTPHIATEIbHON
temnepatypoit. Ciaeayer uMerb B BHAY, YTO MOCAEXHHI Tep-
MHH SIBJISieTCA YHUCTO YCJOBHBIM. [le10 B TOM, YTO cOCTOAHUS
¢ HMHBEPCHOH HACEJeHHOCTBbIO SfIBJAIOTCA HEPaBHOBECHBIMH,
TloHsTHe e TemmepaTypb TIDHMEHHMO TOJBKO ¥ PaBHOBEC-
HbIM COCTOSTHHSIM.

B BemecrBe ¢ uHBepCHON HaCeJeHHOCTLIO 3HepreTHue-
CKHMX YPOBHell BBIHYXXIEHHOE Y3/JAyYeHHE MOXKET NPEBbICHUTh
NOrJIOLIeHHE CBETa aTOMaMH, BCJEINCTBHE Yero ajaiouiuil
Ny40K CBeTa MPH MPOXOXKAEHHH Yepes BEWECTBO GyAeT ycH-
JquBarbesl. VsMeHeHHe HHTEHCHBHOCTH CBeTa NPH NPOXOHK-
JeHHH depe3 IOTJIOINAIOUIYIO CPeAy OINHCHIBAETCH (POPMYJIOH
[em. (46.2)]:

I =%, (86.2)

B cnyuae ycuaenus najaiomero nyuka siBJeHHe IpoTe-
KaeT TakK, Kak ecad Obl koI(pdHUHEHT IMOTJOLIEHHd %X
B ¢opmyse (86.2) cran orpuuarenbHbiM. COOTBETCTBEHHO
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COBOKYTIHOCTb 4TOMOB € HHBEPCHOH HaceJeHHOCTHIO MOXKHO
paccMaTpUBaTh KaK Cpely C OTPHUATEJbHBIM KodddulieH-
TOM TOTJIOLLeHHS.

[lpakTuueckoe ocylIecTB/AeHHe Jasepa CTak0 BO3MOXK-
HHIM TiOCJle TOTO, KaK OblIM HaHJeHb! CnocoObl OCYHLECTB-
JeHHsi HHBEPCHON HaceJIeHHOCTH YpPOBHeHl B HEKOTOPBIX Be-
wectsax. B nocrpoennom MeiimanoM nepeom nasepe paGo-
yuM TeJoM Obll HMJAWHIAP U3 po3oBoro pybuna. Huamerp
cTepKHS Gbla mopsaka 1 cm, pauna — okono 5 cm. Topusl
pPYOHHOBOTO CTep:KHs1 GblJiM TIIATENbHO OTMNOJHPOBAHBI H
NpeACTaBMASIIN cOO0f CcTPOro mnapaJgnenbHble LDYL ADYrY
sepkasa. OauH Topelu MOKPbIBaJCs IJOTHHIM HEHPO3PAauHbIM
caoeM cepebpa, Ipyroil TOpell NMOKPHIBAJACS TaKUM CJa0eM
cepebpa, KoTopbiil mponyckaa okosao 8Y% ymasileil Ha Hero’
3HEPTHY.

Py6un mpencrasasier coGoit oxkuce amiomunus (AlQOs),
B KOTOpPOH# HeKOTOpble H3 AaTOMOB aJIOMHUHHA 3aMellleHbl
aroMaMu xpoma. Yem GoJiblle KOHIEHTpaUWs Xpoma, TeM
CHJIbHEeE OKpacka Kpucraana. [Ipu mor/onieHuy CBETa HOHBI
xpoma Cr*** (B TakoM BHAe XPOM HAaXOLHTCS B KpHCTaJne
pyGuHa) nepexonsT B Bo3OyXaeHHOe cocTosiHue, OGpaTHHI
Nepexo/]i B OCHOBHOE COCTOSIHHE NPOHCXOAMT B JBa 3Tana.
Ha nepeowm 3tane Bo36yKaeHHble HOHBl OTAAIOT 4acTh CBOEH
SHePTHH KDHCTAJJHUECKOH pelleTKe M TNepexoidT B MeTa-
crabuibHoe cocrosinve. Ilepexon M3 MeracTaGMALHOTO CO-
CTOSIHH A B OCHOBHO€ 3anpellel npasuaamu otbopa. Ilostomy
cpejlHee BpeM$ XKH3HM MOHA B MeTacTabUIbHOM COCTOSHHH
(~ 107% cex) npumepno B 10° pa3 mnpeBOCXOAHT BpeMd
>KM3HU B OGBIYHOM BO3GYXKIEHHOM COCTOSHUM (KOTOpOE CO-
craBisieT Beauuuny nopsiika 1078 cex). Ha sropom srame
HOHB! M3 MeTactaGHJIbHOTO COCTOSIHHS TIePEXOASIT B OCHOB-
noe t), usayuas ¢oron ¢ » = 6943 A, Tlox neificteuem do-
TOHOB TAKOH Ke JJIMHbl BOJIHBEI, T. €, TpPH BBIHYXKAEHHOM
H3Jy4eHUH, NMepexo] MOHOB XpOMa f3 MeTacTalHAbHOro co-
CTOSIHHSL B OCHOBHOE NPOHCXOIHT 3HAUYHTENbHO ObICTpee,
YeM [PHU CTOHTAHHOM H3JIYYCHHUH.

B nasepe pyGuH ocBellaeTcs HMHOYJIbCHOH KCEHOHOBOMH
gammoii (puc. 244), Koropasi RaeT CBeT C IIHPOKOH MOJO-
coit vacrot. Ilpy mocraToUHOM MOIIHOCTH JaMibl GOJbLIHH-
CTBO HOHOB XpOMa HepeBOAUTCS B BO3OYXKJEeHHOe COCTOSIHHE,

1} Npapuna orGopa ue sajasiores aGeemorno crporumu. Bepost-
HOCTDb 3aTIpelleHHEIX NEepPexo/10B 3HAUHTeNbHO MeHblile, YeM pa3pellleHHbIX,
HO BCe e OTVIMYua 0T Hyas.
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Ilpotecc coofitienuss paGoyeMy Teady Jasepa 3HEPrHd ANs
nepeBoja aTOMOB B BO30YXXJIEHHOe COCTOSIHHE Ha3blBaercs
noakaukoil. Ha cxeme yposueit wona xpoma Cr

Humypsewas
Pyl SaMIE

Tppwune

Hermovrie :
* Qenediriens TLTIaHUR Ornadwners

Puc. 244.

(puc. 245) BO36y:KACHUE HOHOB 3a CUeT MOJKAYKH H306pa-
J)KeHo crpeakoil Wis. BpeMst xusuu yposust 31) ouenb mano
(~ 1078 cex). B Teuenne 3TOr0 BPeMEHH HEKOTOpPble HOHBI
nepefilyT CUOHTAHHO K3 N0JOCH 3 Ha OCHOBHOH ypoBeub I,
Taxue nepexoan! NoKasaHw

crpeakoit Az Onnako JE %
BOJbIIKHCTBO HMOHOB  Me- 2
pelAeT Ha MeracTabuJb- .
npit yposens 2 (Beposr- “AWA Y, |, Ay Wy
HOCTb nepexoja, W3o0pa- AHeiHz
SKEHHOro  crpesikoll  Sap,
3HAUHTENbHO O0Jbille, uYeM 7
nepexona As). llpu no- Puc. 245,

CTAaTOYHOH 'MOHIHOCTH fOA-

KAuKH YHCJO MOHOB XpOMa, HAaXOAAHIUXCH Ha YpoBHe 2,
cranoBurca 6oabine yuciaa HOHoB Ha yposHe [. Cuaexosa-
TEJbIO, TIPOUCXOAUT HHBepCcUsi YPOBHeH I u 2.

Crpesika Az M306parkaer CHOHTAHHLIH Mepexon ¢ Mera-
cTabUIbHOrO YpPOBHA HA ocHoBHO. Manyuenuwm] npu stoMm
()OTOH MOMKET BHI3BATH BHIHYXJEHHOE HCNycKaHHe NONOJHH-
Te bHbIX (GoToHoB (mepexox Wai), KoTOpBle B CBOIO Ouepelb

1y Bror yposeHb npeactasiser coGol mosaocy, 06pazoBaHHYIO COBO~
KyMHOCTLIO OJM3KO PACTOIOXKEHHbLX YPOBHEH.
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BLI30BYT BHIHYKJEHHOE H3JAyuYeHHe, H T. A. Takum ofpasoMm,
obpasyercs xackal ¢oronoB. Hanomuum, uro ¢orons, Bo3-
HUKaloUHe NPH BHIHYXJIEHHOM H3JIYYCHHH, JIETAT B TOM Xe
HanpaBJeHHuH, YTo ¥ najaomue ¢orousl. Porons, Hanpas-
JICHUS] NBHXKECHHA KOTOpPhIX 00pa3yioT Madbie YIibl ¢ OCbIO
KPHCTAJIIHIECKOTO CTEPIKHS, HCILITHIBAIOT MHOTOKpaTHbie

® o 3 8 @2 s 8 % s 0 s 0
2) e 3 8 6 8 8 e % s s 0 s & s
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Puc. 246.

oTpaxxeHus OT TOpuoB ob6pasua. Ilostomy myre WX B KpH-
cranne Gyzer odeHb GOJBIUHM, TaK 4YTO KacKais! €§OTOHOB
B HanpaBACHUN OCH MNOJYyYaloT ocobGeHHOe pasputie, Po-
TOHBl, HCHYIIEHHbie CINOHTaHHO B JAPYrHX HanpasJCHHAX,
BBHIXOAAT H3 KPHCTajja udepe3 ero GOKOBYIO NOBEPXHOCTb.

Omnucandble npoueccel H306GparkeHbl CXeMaTHYECKH Ha
puc. 246. Jlo Hauajna HMny/ibca HOHBI -XpOMa HaXOHATCA
B OCHOBHOM COCTOsiHHH (UepHble KPYXKH Ha puc. 246, a).
CeeT nojxauky (cnjolHble CTPesiKH Ha pHc. 246, 6) mepe-
BOAMT GOJBLUIMHCTBO HOHOB B BO3GYXJIEHHOE COCTOSIHHE
(cBetanle kpyxkkn), Kackax Haunnaer pasBHBaTbCs, KOrja
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BO30yKIeHHbie HOHB! CMOHTAHHO H3AydaioT GoToHbl (MyHK-
THpHHIE CTPeNKH Ha pHC. 246, 8) B HanpapJjedHud, RapaJ-
JIeJIbHOM OCH KpHcTaana (GoTOHb!, HCHyleHHble M0 APYrUM
HanpaBJeHusaM, BHIXOAAT u3 Kpucrania). PoToHb pa3MHO-
JKAIOTCH 32 CYeT BbIHYXMAEHHOTO H3JIYYeHHS. DTOT NpPOLECe
paspuBaercst (puc. 246, ¢ u 0), Tak Kak (POTOHH MHOrO-
KPaTHO MNpOXOAAT BAOAb KpHCTa/Mla, OTPaxKasiCh OT €ro
TOpLOB. KOraa nyyok cTaHOBHTCS AOCTATOUHO HHTEHCUBHHIM,
YacTb €ro BHIXOAMT uepe3
A0JYIIPO3payHbiil TOpElL He Ne
KpucTaaaa (puc. 246, e). —

Jlasepsl Ha pyOuHe pa- 2% -
60Tal0T B MMIYJbCHOM pe- T — —. 575
’KHMe (C 4YacToTo#i MNOBTO-
peHnss MOpSiAKa HeCKOJb-
KUX HMIYJbCOB B MHHYTY).
BryTpn 'kpucranna Bblge-
Jsgerca OGOJAbLIOE KOJIHYe-
ctBo Temsa. [lostomy ero
NPUXOIATCS MHTEHCHBHO
OXJ1aXkIaTh, YTO OCYLLECTB-
J5ieTcqd ¢ NOMOLIbIO XHAKO- .
FO BO3JyXa.

B 1961 r. 6ua cospanm Puc. 247.
npepjoxennsift JlxxapaHoM
rasoBblit Jsasep, paboraloiguii Ha CMecH resus M HeOHa.
Iloakayka B HeM OCYIIECTB/JAETCS 3a CUeT 3JEKTPHUECKOro
TAewoulero paspana. Paspsagnas Tpy6Ka 3anoJHsAeTCs CMeChio
reJiis non. aabiexnueM 1 mm pT. CT. U HeOHa NOJ AaBJIeHHEM
0,1 mm pr. cr. Ha xontax TpyOxka uMeeT njaockonapad-
JeJbHble 3epKaJja, OAHO H3 KOTOPBIX NOJaynpo3pauno. Pas-
psiz BodGyxaaer atomnl He, nepeBoaa ux Ha meracrabuab-
Hbifi yposenb 235 (puc. 247). Bo3byxaennvie atomn He
cTaJkuBaioTcs ¢ aromamu Ne, HaXOASUIUMHUCA B OCHOBHOM
COCTOSTHMH, W TepelaloT HM CBOWO 3Hepruio. B peayaprate
atoMbl Ne nepexoadt ua yposeHb 281), BCJeACTBHe uY€ro
BO3HUKAeT HWHBEPCHAf HaCeJeHHOCTb YpOBHelt 25 u 2p.

|

Y} Jlna B036y)KAEHHBIX COCTOSTHHA aTOMOB HHEPTHBIX Ta30B, KpoOMe
rejus, XapaktepHa He péccenb-cayHIepcOBCKas CBA3b, a CBA3h MeXAY
OpGHTaNbHEIM MOMEHTOM BO30YMKIEHHOrO 34eKTPOHA H MOJHLIM MOMEH-
TOM aTOMHOro ocratka. B csstan ¢ atuM ob6o3Hadedus tuna (74.4) k
TaKUM COCTOSIHHAM HenpuMmenumsl. Ilpennoxennsle Paxa oGo3nauenus,
BK/MOUalomue MHGOpPMALHKIO O 3HAYEHHSX AATH XapaKTepH3YIOWHX CO-
CTOfIHHE KBAaHTOBHIX uHCeNd, OueHs rpomo3ixd: [lostomy Ha npaxtuke
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[Mepexon 25— 2p paer uanydenue naszepa. M3-3a GulcTpoix
nepexoJoB atoMmoB Ne ¢ ypoBHf 2p Ha yposeHb ls He npouc-
XOIHT HAKoMJcHHsA aToMoB Ne B cocTosiHHu 2p. YposeHb 28
COCTOMT H3 ueTblpex, a ypoBeHb 2p-— U3 HeCHTH MNOAYpOB-
veil. Cyutecreyer 30 paspelieHHBIX npaBHaaMu oTéopa ne-
pexoLoB ¢ MOAYpOBHe# 25 HA MOLYPOBHU 2P, COOTBETCTBYIO-
mux Aaumnam Boan ot 0,6 po 54 mkx. HauGonee uurencus-
HBI H3 HUX — 0epexon 28 — 2p; ¢ AauHol Boausi 11530 A,
Takum o6pa3oM, 3TOT Ja3ep reHepupyeT rHppakpacHoe u3-
Jayuetne. ['a3osbie sasepbl paGoTaioT B HENPEPbIBHOM PeXH-
Me U He HyXJaITCs B MHTEHCHBHOM OXJIA)KAEHUH.

B 1963 r. 6piin co3zaHbl NMepBLle NMOJYDPOBOJHHKOBbLIE
Jgasepol.

Hsnyuenne nasepoB orauuaercs psioM 3aMevaTeJbHBIX
ocobennocreii. a5 Hero xapakrepusl: 1) BpeMeHHAs 4 mpe-
CTPaHCTBEHHAN KOTEPEHTHOCTL, 2) CTporasi MOHOXpOMaTHy-
HocTb (AL~ 0,1 A), 3) Gonswas moiHOCTE M 4) y30CTH MyYKA.

BhicoKkas KOrepeHTHOCTb H3J1yYeHHsl OTKPbHIBAeT IHPOKHE
NepCHnekTHBH HCNOJb30BAaHUA Jla3epoB AN lesiell paguo-
CBSI3M, B YaCTHOCTH /S HanpaBJAeHHOM DPajvOCBA3H B KOC-
moce. Ecnn Gyner HaitneH MeTol MOLYJSIIHM H IeMORYJs-
IUH CBeTa, MOXKHO OyAeT mepenaBaTb OFPOMHBIA 0ObEM HH-
(opMauuyu — ofUH Jaszep Mor Obl 3aMeHUTH NO oGbemy me-
penaBaeMoli HHGOOPMALHH BCIO CHUCTEMY CBfI3H MeXAY BO-
CTOUHBIM W 3analHbiM nobepexbamu CIUA,

YrioBas mHPHHA TeHEPHPYEMOrO J1a3epOM CBETOBOTO
NyYyKa CTOJb MaJja, uTo, HCHOAb3YS TeNEeCKOMUIeCcKyIo BoKy-
CHPOBKY, MOMKHO TOJYYHTb HA JIYHHOH MNOBEPXHOCTH HATHO
cBeTa AHAMeTpOM Bcero JHib 3 xm. Dosblmias mMoulHocThb
H y30CTh OyuYKa MO3BOJAAIOT NPH (QOKYCHPOBKE C MOMOLILIO
JIMH3L NOJYUHTh NJOTHOCTHL TMOTOKa 3Hepruu, B 1000. pas
NPEBLIAIOUIYIO MJOTHOCTh MOTOKA 3HEPTHH, KOTOPYIO MOXK-
HO HOJNYUHTHL (POKYCHPOBKOH conneuHoro csera. [lyuku cae-
Ta CO CTOJb BBICOKOH MNJOTHOCTHIO MOLIHOCTH MOXHO HC-
NoJb30BaTh AJAA MeXaHHuecko# o6paloTKH W cBapku, Aas
BO3/IeCTRUST HAa XOJ XUMHUYECKHUX peakuuii u 1. I

ais o6o3HaueHHst BO3OYKJAEHHBIX COCTOAHME HeoHa M Gojiee THAMENbIX
HHEPTHBIX PadoB NPHMEHAIOTCE NO npefjoxenuio Ilaiena Gomee Kom-
nakTHble ofo3nayeHus — Nepsoe BO3OYKIEHHOE COCTOSHEE C KOnGHry-
pauuen npifn + b)s: ef6osHauaerca kKax ls (oHOo umeer 4 nomyposns),
cneayiomee BO3GYMRAEHHOE COCTOfiIHMEe ¢ KOHQurypaumelr nps(n + 1)p
(umetouiee 10 moayposueil) ofosuauaercss uepea 2p M T A Has ocnon-
HBIX COCTOSIHMIT ATOMOB HHEPTHEIX IasoB AONYCTHMLL 0603Hauewns BHAA
(74.1) (cm. Ta6a. 6).
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CkasaHHOe BHIILE [AJIeKO He HCUepPHbLIBaeT BCeX BO3-
MoxHocTe#l nasepa. OH sABJISETCs COBEPIUIEHHO HOBBIM TH-
OM MCTOYHHKA CBeTa, W NOKa elle TPYAHO MPelcTaBHTb
ceGe Bce BO3MOMKHble 00J1aCTH €r0 NMpHMeHeHHs !).

Heauneiinas ontnka. HanpskeHHOCTb 3JI€KTPUUECKOrO
noas E B cBeToBOi BOJiHE, HOJIYUEHHOH ¢ HOMOIUbLIO OGHM-
HbIX  (HeJasepHLIX) HCTOYHHKOB CBeTa, npeHe6peRuMo
MaJjla 1o cpaBHEHHIO ¢ HANpPAXKEHHOCTHIO BHYTPEHHEro MHK-
PDOCKOHHYECKOro MoJsi, AeHCTBYIOUIEro Ha 3JeKTPOHbI B Be-
wecrse. [lo 3Toit npuuMHe omTHYecKHe CBOHCTBA Cpelbl
(B uacTHOCTH, MOKasareslb HPeNOMJeHHs) H Xapakrep no-
HaBAAKIErO GOJBUIMHCTBA ONTHYECKHX fBJEHHA HE 3aBHU-
CAT OT MHTEHCHBHOCTH cBeTa. B Takom cayuae pacmpocrpa-
HEHHE CBETOBBLIX BOJIH OHNHCHIBAETCS JHHeHHBIMU AuddepeH-
UHAMTbHBIMU  yDaBHEHUAMU. [Tostomy ponasepHyio ONTHKY
MOXKHO Ha3BaTb auHeiiHol. OTMeTHM, UTO NPHHUMI CyNep-
[O3UIHH CBETOBHIX BOJH (Bpra)KaeMbII/I B reoMeTpUYecKof
ONTHKe 3aKOHOM HEe3aBHCUMOCTH CBETOBbIX Jyuefi) cmpa-
Be[JIMB TOJbKO B oOJjacra auueiiHo#t ontuku. lIpaspa, u 1o
CO34aHUA J1a3epOB OblJIM H3BECTHBHl HeJHHeHHble fBJEHHSA
B ontuxe. K ux uuc/ay oTHOCHMTCS, HanpuMep, KoMOHHALHOH-
Hoe paccesHue csera {cM. § 83). Tlpu xomMGUHALHOHHOM
-paccessHuu HabJaiojgaercsi npeobpa3oBaHHe Y4aCTOTH MOHO-
XPOMATHYECKOH CBETOBOH BOJIHBI, YTO SABJASETCS NPH3HAKOM
Heauneigocry npouecca. Oguako B mopasasiolnleM 60Jb-
LIMHCTBE CJAYyYaeB ONTHYeCKHe Mponecchl OblIH JHHEHHBIMH.

ITocse cospanusi KBauTOBBIX I'€HEpPAaTOPOB CBeTa IOJO-
eHHe B ONTHKe CYLIECTBEHHO M3MeHKJaoch. Jlasepnl mo3Bo-
JSI0T MOJIYYHTh CBETOBBIC BOJHBI C HAIPSKEHHOCTHIO MOJA
NOYTH TAKOH Ke BeNWYMHBI, KaK U HANPSXKEHHOCTb MHUKPO-
CKOTIMYECKOTo mosis B aroMmax. [IpH rTakux nojsx mnokasa-
TeJib NMPENOMJIEHHA 3aBHCUT OT HanpsikenHoctw E. B stom
clydyae HapyuwiaeTcsi NPUHUHMN CYNepHoO3HUMH, pPas3JiHYHbIE
BOJIHbI, PACIPOCTPaHAIOILKECA B Cpejie, OKa3blBAIOT BJMSIHUE
ADYr Ha Jpyra M BO3HHKAaeT pAL HeJHHefiHblX ONTHYECKHX
aBiaenuil. OnuiieM BKpaTile HEKOTOPbIE H3 HHEX.

Heaunefinoe orpaxcenne cmera. [Ipy GOJbUINX HHTEH-
CHBHOCTSIX B OTPasKEHHOM CBeTe NOSIBJISIeTCS U3JY4UeHHE Ha
BTOPOll FapMOHMKe NMaAaloUlero H3JYYeHHUS, T. €. KpoMe OT-
PaXeHHOro Jy4a, UMeoLero YacToTy ®, PaBHY0 4acToTe

) O6 opsoM U3 YAMBHTEbLHWX TpPHMEHEHWH JA3epHOro H3Ayues
HUS — roJiorpaduu — paccka3ano 8 Ilpunoxenun,
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pajaloniero cBera, Ha6Jl0gaeTcsi OTPaKeHHbIH Jyu yacro-
ol 20. HanpaBjienude oTpakeHHOro Jyda 4acTOTh 2 He
coBNajiaer ¢ HalpaBJEHHEeM OTPaXKEHHOTO Jydya YacTOTH @.

Camotokycuposka csera. [Ipm OObIYHBIX HHTEHCHBHO-
CTSAX MepBOHAUAJBLHO IapaJuileJbHbli OrpaHMYEHHHH MYYOK
CBeTa MpeTeplneBaeT NPH CBOeM paclNPOCTPAHEHMH B BaKy-
yMe HJIH B Kakoi-1u6o cpele Tak HaswBaemMoe AUPpaKIUOH-
HOE paclJiblBaHue, B Pe3yJbTaTe 4ero BO3HHKaeT audpak-
IHOHHAA pacxoAuMocTh nyuka. OkassiBaercsl, 4To NpH pac-
NPOCTPaHEHUH CBETOBHIX MYYKOB B XKUJKOCTAX M HEKOTOPHIX
KPHCTAJLJIaX C YBeJIMUEHHEeM MOIIHOCTH MyYKa pPacXoAuMoOCTh
ero yMesouiaercs, [Ipn HeKOTOPOH MOIIHOCTH, HasLiBaeMoOi
KPHTHUYECKOHl, NYYOK pacHpocTpaHsiercs, He HCILITHIBAA pac-
xoaumoctu. Hakoweu, npu MomisHocTH, OOJblIel KputHie-
CKOfi, MyYOK CXK¥Maercs — NPOHCXOLUT caMOQOKyCcHpOBaHUe
nyuka B cpefe. D10 siBleHHe OOGYCJOBJEHO TeM, YTO ¢ PoO-
croM Hanps:kenHdcrH £ yBesMuHBaercs noKasaTeab Tipe-
JOMJEHHsI, cpela B 0o6JacTd, 3aHMMaeMoil NYYKOM, CTaHO-
BHTCA ONTHYeCKH GoJjiee NJIOTHOM, YTO NPHBOAHT K H3THOA-
HHIO Jiyuell K OCH NMydKa, T. €. K CXKaTHIO MyyKa.

OntuueckHe rapmouukH. [Ipn paccesHWH MOIUHOTO Ja-
3epPHOTO NYyYKa B XKHIKOCTSIX M KPHCTa/JIax, KpOMe cBeTa
C 4acToTOi ®, PaBHOH YacTOTe MajalOUlero u3jyyeHus, Ha-
6GalofaeTca TakKxkKe paccesHHBbI CBeT ¢ 4YacToTaMH 2w, 30
U T. 1. DTH CNeKTpaJbHble KOMIOHEHTbl PacCcessHHOro cBera
Ha3bIBAlOTCS ONTHYECKHMH rapmoHukaMH. HuTencusHOCTb
ONTHYECKHX T'aDMOHMK MOXKeT ObiTb BecbMa 3HauHTe/JIbHOH;
B HEKOTOPBIX KPHCTaJJIaX B H3Jy4YeHHe [aPMOHHK MOXKeT
nepexoautb K0 50% MOIIHOCTH paccesHHOTO H3NYuYeHUS.

MuHorodoronsbie npoueccol. [IpH OGLIYHBIX HHTEHCHBHO-
CTSIX CBETA NOrjoiueHue GOTOHA HACTOTH ® MPOHUCXOANT TOMb-
KO B TOM CJIy4ae, eC/1M ero sHeprus fio CCBIajaeT ¢ PasHOCTbIO
aHepreTHueckux yposueil E; — E; atomMa uau mojexyJbl.
B atom ciyyae B 3neMEHTapHOM aKTe B3aWUMOAEHCTBUA CBe-
Ta ¢ BellecTBOM noryioulaerca oaun dotoH. [Ipu Goabirnx
HHTEHCHBHOCTSIX H3JyYe€HHS] B 3JIeMEeHTAPHOM aKTe B3aH-
MOJefiCTBHS MOryT NOIJCILATHCA ABa HAu O0jee ¢ortona.
B 3ToM ciyyae MoKeT MPOHCXOXUTH MOTJIOIIEHHE CBETa He
TOJBKO 4actoThl o = (E; — E1)/h, HO TakXKe M yacToT /2,
®/3 u t. A. Takoe norJyollene HA3bIBAETC MHOrO(MOTOHHBIM
(8 yacTHOCTH, ABYX(OTOHHBIM, TPEXPOTOHHbIM H T. A.).

MHoroq)OTonHoe MOTJIOILEHHE MOKET NPOUCXOJHUTh H B
CBETOBOM II0Jie IBYX MOHOXPOMATHYeCKHX HCTOUHHKOB. Ecan
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CYMMa 4aCTOT 3THX HCTOYHHKOB YIOBJETBOpPSiET YCJIOBHIO!
w; + 02 = (Es— Ei)/h, nabawoaaerca 3aMeTHOE MNOrJIOLIE-
nue M3dyueHus obemx uacrtor. Jas 3Toro Heolsi3aTedbHO,
yto6H 06a H3JayuyeHust Oblay GoJabliod MouHoctH. Jocra-
TOYHO, YTOOL Obiia BeJHKa UX CyMMapHas WHTEHCHBHOCTD.
IlosToMy MOXHO Ha6/1101aThb MHOrO(OTOHHOE MOIJOIIEHHE
NpY HAJOKEHHH CBETA OT Jasepa W HEeJja3epHOr0 MCTOUYHHKA
CO CHJIOIIHBIM CIIEKTPOM.

Ha6monaetcs Takke MHOrOQOTOHHB HOoTOIPPEKT (MHO-
ropoTOHHAas MOHH3aLHA aTOMOB). B TO BpeMmMs Kak oOhbiy-
nblit {opnHogoronublit) dorosddexr Habapaercs npH ya-
CTOTax, NPH KOTOPBIX 3HEPrHst (GoToHa O6OJblle 3HEPTHH
HOHH3aUH# aToMa, MHOTOMOTOHHBIH GoTosddekT Moxer
HPOUCXOOUThL MPU YACcTOTax B N pa3 MEHbIIUX (71— 4HCJI0
$OTOHOB, YYacTBYIOIHX B 3J€eMEHTAPHOM aKTe B3auMojed-
CTBMA). ¥Ypanoch HajeXHO 3aperucTPHUPOBATb ceMH$OTOH-
HYIO HOHH3allHIO HHEepTHBIX rasoB.

IlpuBefeHHbl HaMy AajeKo He NOJHBIH NEpeueHb yxke
OOHAPYKeHHBIX HeJHHEHHBIX SIBJAEHHHA HOCTATOYEH IJIs TOro,
4yTOGH COCTaBUTbL NMPeACTaBleHUe 0 TOM, Kak OypHO pa3Bu-
BaeTcs HOBaf 00/4CTb ONTUKU — HeJIMHelHas ONTHKa.



YHACTbDb III

®U3UKA ATOMHOTO A4PA
U 3JEMEHTAPHbBIX YACTHUL,

TJIABAXIV
ATOMHOE a4PO

§ 87. CocraB W XapaKTepHCTHKa aTOMHOIO sJpa

Slapa aTeMOB COCTOAT U3 ABYX BHIOB J€MEHTAaPHLIX ua-
CTHI — NPOTOHOB M HEHTPOHOB. DTH YACTHILLI HOCAT HA3Ba-
HHEe HYKJOHOB.

Ilporon. IlpotoH (p) ecTb He uTO HHOE, KAK SAPO aTOMAa
sopopona. Ou oGnanaer sapsaom +e u Macco#

m,=938,2 Mss!). (87.1)

Ilnst cpaBHeHHST yKa)eM, YTO Macca 3/IeKTPOHA, Bbipa-
MeHHas! B eIHHULAX DHEPTHH, COCTABISET

m, =0,511 Mos. (87.2)

Hs conocrasnenun (87.1) u (87.2) caemyer, uro Mmp =
= 1836 m:e.
[Tporon umeer cnuH, paBHbIH nojgoBUHe (S = !/3), u co6-
CTBEHHBIF MATHUTHBIH MOMEHT
Bp= + 2,79,
rae

1] -
= 2;,,0 = 5,05 10”2 apefeayce (87.3)

Ly

— elHHULlA MArHUTHOIO MOMEHTA, Ha3blRaeMass SIA€pPHH M
marneToHoM. Ms cpaBrennss ¢ (71.3) BbiTekaer, uTo Mo
B 1836 pa3 menbule marumerona Bopa ps. CnemoBartedbHO,

1) B agepnolt $HU3MKe HPUHATO BbHIPAXKATb MacChi B eNUHHUAX 3IHep-
rud, YMHOXAs HX A8 3To# menn Ha ¢Z [lpamensieTcs Takxke eIHHHiLA
Macchl, HashlBaeMass aTOMHONH eAHHMDeH Macce (a.e Mm);
l a.e.m = 1,66-102% ¢ =931 Maa,
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cOGCTBEHHbLIE MAarHuTHHIL™ MOMEHT TpPOTOHA INPHUMEPHO

B 660 pas meHblle, YeM MarHMTHBIH MOMEHT 3JeKTPOHA.
Hesitpon. HefitponoM (n) HaswiBaercs nHe o6/ajalomast

9JIeKTPHUECKHM 3apsioM yacTtuaua'l) ¢ Maccoit

m, =939,5 Mas, (87.4)

oueHb 6JM3KOR K Macce mporoHa. PasHocts Macc HeliTpoHa
W NpoTOHA My, — My coctabasier 1,3 Mas, 1. e. 2,56 m,.

Hefitpon o6nanaer cnuHOM, paBHBIM KHOJOBHHE (S=1/3),
U (HecMOTPS Ha OTCYTCTBHE 3JEKTPHUYECKOro 3apana) cob-
CTBCHHBIM MATHHTHBIM MOMEHTOM

Ma=—191p,

(3BaK MHHYC YyKasplBaeT Ha TO, YTO HanpaeJjieHus co6CT-
BEHHBIX MEXAaHHUECKOrC W MACHHTHOTO MOMEHTOB IIPOTHBO-
HOJOXKHB) .

B cBo6GoanoM coctrositdu HeHTpoOH Hectabunen (pamuo-
aKTHBEH) — OH  CaMOIIPOH3BOJILHO pachajaercs, IpeBpa-
Haach B NPOTOH H HUCNyCKas 3JeKTPoH (e”) u euie OAHy
yacTUly, HasbiBaeMyw aHtuHelTpuHO (V) (cm. § 101). Ile-
pHoj noaypacnaja paBed ~ 12 mun. Cxemy pacrnaja MOXHO
3anucaTh CIEAYIOWUM 06pazoMm:

n—p+e- +7. (87.5)

Macca nokos aHTHHeATpHHO paBHa Hymaw. Macca Hefi-
TpOHa, KaX Mbl BHIeJH, O0/blIe Macchl NPOTOHa Ha 2,5 Me.
CuefoBaTesnibHO, Macca HeHTpPOHA MpeBbIIAET CyMMAapHYIO
Maccy 4acTil, GUrypupyioliux B NpaBod yacTH ypaBHeHHs
(87.5), na 1,6 me, 1. e. na 0,77 Moaag. Dra sHeprusa Bbife-
JsieTcsl NpH pacHajie HENTPOHA B BHAE KHHETHUECKOH 3Hep-
ruu ofpasylolmxcs 4acTull.

XapakrepucTnka aromuoro sapa. Kosauyecteo mnporo-
HOB Z, BXOAAIUHX B COCTaB siApa, Oompejelisier ero 3apsf,
koTopbii pasen +Ze.. Uncso Z nHa3biBaeTcsi aTOMHBIM HO-
MepoM (OHO onmpejlessieT NOPSAKOBHIH HOMEpP XUMHUECKOrO
aJeMeHTa B NepHofHYeckol Tabnuie Menneneesa) uiu 3 a-
PAAOBHIM UYHCJOM sjpa.

Yucno HyknoHOB A (T. e. cyMMapHOe YHCAO IIPOTCHOB
¥ HeATPOHOB) B fiipe Ha3LIBAETCI MACCOBBIM YHCNOM
aapa. Yucno wefitporos B siape pasio N =A — Z,

) Hedtpon orxpeit B 1932 r. anraufickuM ¢usukom I. Uensuxom.
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Ilna o6oanavenns anep NpuMeHsieTca cuMBOJ
ZXA,

rae noA X moApasyMmMeBaeTC XHMHYECKHA CHMBOJI JAHHOrO
anementa. Cpasa BBEpPXY CTABHTCSH MacCOBOe YMCJO, CeBa
BHH3Y — aTOMHBIH HOMep (NOCJAeZHHE 3HAYOK YacTo ony-
CKawr).

BonbmuuCcTBO XMMHUYECKHX 3JCEMEHTOB HMEeT MO He-
CKOJIbKY DAa3HOBHAHOCTEH-—K30TOMN OB, OTJHYUAOMHXCH
3HaueHusiMmy Maccooro uncaa A. Tak, HanpuMmep, BOAOPOA
HMeeT TPU H30ToMa:

{H! — o6b1unbIfl BOXOPOA, MJH NPOTHIH (Z=1, N=0),
{H? — rsixennl#t Boopon, uam gefirepuit (Z=1, N=1),
JH3—TtputHit (Z=1, N=2)!).

Y kucaopona umeercs Tpu crabuabHbix u3ortona: O, s017,
sO® y onoBa — gecaTh, U T. 1.

H3zotonut npeacrasasior co6oil AApa ¢ OAMHAKOBHIM YHC-
JIoM OpoTOHOB Z. SIApa ¢ OAMHAKOBBIM MaccoBHIM uucaoM A
HasbipaloTcas H3o6apaMu B kavecrse fpuMepa MOXHO
npusectH 1sAr¥ u »Ca®, fapa ¢ OAHHAKOBHIM YMCAOM HEfi-
tpoHoB N = A — Z nocsit HasBaHue H30TOHOB (6C13, ;N%),
Hakonen, cyllecTBYIOT pajiHOAKTHBHBIE fizpa C OAHHAKO-
sbIMH Z u A, otuyatomiHecss nepuoAom nosaypacnapa. OHu
Has3biBalwTCa H3oMepawm . Hanpumep, umeercss asa uso-
mepa fapa sBrd, y omnoro W3 Hux nepuop noaypacnajia
pasen 18 mun, y apyroro — 4,4 uaca.

Paauyc sigpa noBoabHO TOYHO ompefensercd GopMyaod:

r=13.107%4"% cn= 1,34" hepmu (87.6)

(¢bepmu — Ha3panue npHMeHsieMoil B sifepHON (u3uWKe enH-
HHIBL Aaudb, paBuodl 10712 ¢m). HMa coornowenus (87.6)
cIeAyeT, UTO o6beM siipa NPONOPLHOHAIEH YHCAY HYKJO-
HOB B fJpe.

B nacrosimee Bpemsa uspecruo okone 1500 samep, pasau-
yatowuxca Z, nu6o A, au6o u tem u apyrum. Oxono Y4
3THX sIiep YCTOHYKBHI, OCTaJibHbie pajHOAaKTHUBHBL. MHOrHe
Aapa ObUIH MOJAydeHBl HCKYCCTBEHHHIM NyTeM ¢ NOMOHIbIO
AJAEPHBIX peakuuii.

1) Hefitepuit 0603aqaioT Takke CHMBOJAOM D, a TpuTHit — cuMBO-
oM T.
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B nmpupone Bctpevatores anementst ¢ Z or 1 go 92, uc-
kmouas texuenuit (Te, Z = 43) u npomeruit (Pm, Z = 61).
[ayronufi (Pu, Z = 94) nocsie nosiy4eHUsi €ro HCKYCCTBEH-
HBIM nyteM Obl1 g0HapyXeH B HHUYTOXHBIX KOJHYECTBAX
B TPHPOAHOM MUHepaJe — cMoJaHOi oOMaHke. OcranabHbe
TpaHcypaHoBule (T. e, 3aypaHOBbie) 3jeMentn (¢ Z or 93
Zo 104) OblAuM TOJYYeHB! TOABKO HCKYCCTBEHHBIM MNyTeM
IIOCPeICTBOM Pa3JIHUHBIX SAJEPHBIX peakuuil.

Tpancypanosbie aneMenThl Kiopuil (96 Cm), sfinmrehnui
(99 Es), depmuit (100 Fm) u mengenesnii (101 Md) no-
JIy4HM Ha3BaHU{ B YeCThb BHAalomuxca yueunx I #u

A
Z
75 =TS
¢l )/
/;/6’
10 =]
q5

J w98 2z 0 2 A

Puc. 248.

M. Krwopu, A. Ditnwreiina, . Pepmn u J1. U, Menpeneena.
Jloypencuit (103 Lw) HasBan B yecTb usoGperarenst IWHK-
Jgorpona-2. Jloypenca.

Anement 104 6ui1 noayuen B 1964 r. 8 CCCP s Jla6o-
patopun AnepHHX peakuuii OOGbeJHHEHHOTO MHCTHTYTA
saaepubix uceaegosanuii B Jy6ue I'. H. ®aeposum u ero
COTPpYAHHKAMH nyTeM OOMGAapAHPOBKH IJAYTOHHEBOH MH-
weny (Z = 94) nyukom noHos yNe?* (Z = 10), yckopennnx
no suepruu 115 Mas. CBoe nasBauHe <«kypuaTOBHils 104-§
3/€MEHT NOJIYYHJ B YecTb BbIJAIOLIErocs COBETCKOro ¢u-
suxka H. B. Kypuaroga.

Jas ycToHuMBLIX fiep XapaKTepHO ONpPeIeiEHHOe OTHO-
HIeHHe YHCaa HelTpoHOB N K uncay nporoHoB Z. Y jerkux
Alep 3TO OTHOUieHHe 6au3KO K enunuue. Ilo mepe ypemu-
yeHHsl Yucaa HykJaoHoB B sAape N/Z pacrer, nocruraa ans
ypaHa 3HaueHus 1,6 (cM. puc. 248, Ha KOTOpOM mo ocu
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aBCUUCe OTA0XKEHO Maccosoe uncao A, mo ocu opaMHAT —
orHoiteHse N K Z; TOYKM Ha PHCYHKE COOTBETCTBYIOT OT-
AeJbHBIM CTaOMJAbHBIM AApaM).

Cnun aapa. CruHel HYKJIOHOB CKJaJABIBAlOTCS B Pe3yiib-
tapyiownit cnud anpa. Coud Hykjgona pasel !/ ITostomy
COrJJACHO KBAHTOBHLIM 3aKOHAM CJAOKEHHS! MOMEHTOB KBaH-
TOBOE YHCJAO CliMHa sigpa [ 6yaer DOJywenbiM NpH Hever-
HOM uHCJIe HYKJI0HOB A M neJnM MM HyJeM npu yeTHoM A,
Counel sigep / He NPeBHINAIOT HECKOJbKHX EIHHAL. ITO
yKasplBaeT Ha TO, UYTO CHHHB OOJBIUKHCTBA HYKJOHOB
B fiipe B3AHUMHO KOMNEHCHPYIOT APYr APYra, pacnonarasch
anTunapanienbug. ¥ Bcex derno-detdnix ') agep {r. e. amep
€ YeTHBIM YWCJIOM OPOTOHOB M YETHBIM YMC/JIOM HEeHTDOHOB)
COMH pPaBeH HYJIO.

Pesyabrupyoumuii MomenT siapa My cknaabiBaercs ¢ Mo-
MEHTOM 3JeKTpoHHON o0osouxku M; B TMOJNHBIA MOMEHT HM-
nyasca aroma Mp, KoTOpBIEI oOnpejeasieTcsi KBAHTOBBLIM
yacsom F.

C MexaHUYECKHUMH MOMEHTAMMY CBS3aHbBl MArHHTHbLlE MO-
menThl. B3anMopeiicTBie MAaTHNTHBIX MOMEHTOB 2JIEKTPOHOB
¥ §pa NPUBOAHT K TOMY YTO COCTOAHHSI aToMa COOTBeT-
CTRyIOLlMEe Pa3/]HUHLIM B3aUMHBLIM opuentauuamM M; u M,
(1. e, pasanusbiM F), WMel0OT HEMHOrO OT/IMYAIONIYIOCS aHep-
ruto. BaaumonefictBueM MOMEHTOB py, H s OGYCIOBANBAETCS
TOHKas CTPYKTypa cnekTpoB (cM. § 72). Bsanmoneiicrsuem
I W s ONpefessieTci CBEPXTOHKAaA CTPYyKTypa
aroMubix cnektpoB. Pacmiensienne cHeKTpanibHBIX JIHHHI,
COOTBETCTBVIOUEEe CBEPXTOHKOU CTPYKTYpPE, HACTOJBKO MaJjio
(fopAfKa HECKOJBbKHX COTHIX AHICTPEMa), YTOo MOKer HA-
6moxarbCsa Juillhb ¢ NOMOWBIO NpUOOPOB caMoil BHICOKOMN
paspelialoniell CHJbL

§ 88. Macca n sueprus cBfI3H ajpa

Macca sigpa ma Bcerga MeHblIe CyMMbl MACC BXOXSIINX
B Hero uacrul ?). 1o ofycJa0BAEHO TeM, YTO NPH o0beguHe-
HHY HYKJOHOB B fIPO BbIAEIACTCA SHEPrHst CBA3M HYKJO-
HOB Jipyr ¢ Apyrom. DHeprus csasu Ecp pasua Toit paGore,
KOTOPYIO HYXKHO COBEPILHUTE, UTOOB Pas3ieuTh 00pasyoliue

1y Sinpa ¢ HederHmiMu Z M N Ha3sHBAWOTCH HEYETHO-HEUETHLIMH,
fApa, Y KOTOPLIX ojaHo u3 uuced, Z u N, ueTHOe, a JApyroe Hedyerdoe,
Ha3LIBAIOTCSA YeTHO-HeUeTHLIMH.

2) Hmelorcs B BHAY Macchl NMOXOS.
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AAPO HYKJOHLI M YJAJHTh MX ADYT OT Apyra Ha Takue pac-
CTOSIHMS, NPH KOTOPHIX OHU NPAKTHUECKH He B3aHMOJEH-
ctytor apyr ¢ ApyroM. Taxum o6pasom, sHeprus sapa
MeHbllle SHePTHH CHCTeMBl HEB3aHMOAEHCTBYIOIHX HYKJIOHOB
na Besuumny, paBHyio Ecs. COriacno 3akoHy B3auMOCBSA3M
Macchl ¥ sHepruu [cM. (42.9)] yMenbllieHHe HePruy Te/1a Ha

[l‘ﬁ/ A ’
5
g e
5 “\\ -
7 -
Al
g
4
J
Z
7
0 20 40 60 80 100 720 140 760 7180 200 220 A

Puc. 249.

AE [0/MXKEO CONPOBOXKAATHCH 3HKBHBAJCHTHHIM yMeHbIle-
HHeM Macchl Teqa Ha Am = AE/c% CnenoBaTe/bHO, 31eprus
CBSI3W HYKJOHOB B f/lpe paBHA:

Ew=2{Zm,+ (A —Z) m,]— m,}. (88.1)

AT0 CcOOTHOUIeHNE NPAKTHYECKH He HApYIUHTCH, €C/H 3a-
MEHATL Maccy NPOTOHA Mp MacCOfi atoma BoAopojaa My,
a Maccy sapa My— Maccoil atoMma m,. HelicTBuTesnbHo,
ecan npenebpeup cpaBHUTENbHO HMYTOKHON 3Heprueli CBf-
31 9JEKTPOHOB C SAPaMH, yKazaHHad 3ameHa OyjAeT oO3Ha-
yaTh A00GaBJIeHHE K YMeHbUIAeMOMY H BbIUHTAEMOMY Bbl-
paxkenusi, Crosuiero B GUIypHbIX CKOOKaxX, OAUHAKOBOH
BeJHUMHBL, paBHOH Zm,. Hrak, Bolpaxkenuto (88.1) Moxuo
npHAaTh BHX:

Eg=c{[Zmy +(A—Z)m,] — mg} (88.2)

[TocaenHee cooTHouenne ympoGHee, ueM (88.1), motomy
yro B Tabaunax AaTcs OOBIUHO He Macchl Ajlep, a Maccht
aTOMOB.
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Hafsnem atepruio cBasu HYKJIOHOB B sape oHe!, B cocras
KOTOPOYO BXOAAT [Ba npoToHa (Z =12) u xBa HeliTpoHa
(A—Z =2). Macca atoma oHe* pasua 4,00260 a. e. M.,
gyemy coorsercrsyer 3728,0 Mss. Macca aroma Bogoposa
{H? pasna 1,00815 a. e. m. [938,7 Mas; cp. ¢ (87.1)]. Mac-
ca HeATpoHa pasHa 3Havenuio (87.4). IloacraBnss 3ty Be-
avuaube B Qopmyay (88.2), noayuum

E=[2-9387+2-939,5]—3728,0 =284 Mass.

B pacueTe Ha OIMH HYKJOH 3HEPTHs CBA3H SApPA requs
cocrapaser 7,1 Mag!). [Ins cpaBHeHus yKaxeM, U4TO JHep-
rHA CBSI3H BAJIEHTHBIX 3JEKTPOHOB B aToMax HMeeT BeJsH-
ypny B 10% pas menpiyio (nopsgka [0 a8). das apyrux
anep yaenbHas 3HEPTHsl CBA3H, T. €. 3HePTHs CBS3H, MPHUXO-
asmasics Ha oaud HyKaoH (Ecs/A), MMeeT npumepHO Taxyo
®e BeiHunHy, kak y resawus. Ha puc. 249 nszo6paken rpa-
¢duk, nokasviBatomuit sasucumocts Ecs/A ot maccosoro
uncia A. CuibHee BCEro CBsI3aHbl HYKJIOHBI B siipax ¢ Mac-
copuMH uncaamu nopaaka 50—60 (1. e. aaa sqemedToB OT
Cr no Zn). Dueprus CBASH NI 5THX sjAep AOCTUraer
8,7 Mas/uykiaou. C poctom A ypesibHas 9HEPTHsI CBA3U MO-
CTENEHHO YMEHLIUAeTCH; AR CaMOro TSKeJOro NpHPOJHOTO
3jeMeHTa — ypaHa oHa cocrasJiser 7,5 Mas/uyknon. Takas
3aBHCHMOCTb YIE€/JbLbHOH 3HEPI'HYM CBSI3M OT MACCOBOTO YMC/Aa
JienaeT SHEPreTHUECKH BO3MOXKHBIMH ABa Npouecca: 1) ge-
JIeHHe TAXKeNbIX SiIep Ha HECKOJbKO 0ojiee JieTKHX siiep H
2) causanne (cuHTe3) Jerkux sjgep B ogso sapo. Ofa npo-
uecca JOJKHB CONPOBOKIAATLCS BHIASNEHHEM OCJABLIOTO KO-
angecrBa sHeprun. Tak, Hanpumep, AeJeHMe OAHOrO AApa
¢ MaccoBuM uncaoM A =240 (ymenbHas 3HepPTHA CBA3HU
paBHa 7,5 M3g8) wa gBa siApa ¢ MAacCCOBLIMH YHCAAMH
A =120 (ynenvHas 3Heprus cBsA3m pasHa 8,5 Mag) npu-
Beno Obl K BbicBOGOXKAeHHIO Heprun B 240 Mss. Causnue

1) Jlns XapakTepHCTHKH CBsi3Y HYKJOHOB B siApPe NOJB3YIOTCS TakkKe
BEAHYMHAMY, HA3LIBAEMbIMH e PEKTOM MacC H YIAKOBOUHBL M
ko3 duuuenTonm Hedektom Macc 6 HasbBaeTCs PasHOCTh MEKAY
YACHACHHBIM 3HAUECHHEM MAaCChi aTOMa, BLIPAXKEHHON B QTOMHBIX e€AMHHUAX
MAaCCH, ¥ MaCCOBBIM HUC/IOM:

d=m,— A
¥nakopounbiM KosdduusentoMm | HaswiBaloT OTHOUIeHWe Aedexra Mace
K MacCOBOMY YHCHY:

14}
f=—-
Ran oHet umeem: & = 0,00260, f = 0,00065.
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ABYX fAep Tsxeqoro Bogopona H? B siapo resun oHe* npu-
Beo Obl K BblJEJEHHIO 3HepPTdH, paBHOi ~ 24 Moas. s
CpPaBHEHHA YKaXKeM, YTO NPU COeJMHEHHH OJHOro aToMa
yraepoia ¢ AByMs aToMaMH KHcAopoda (cropanue yrjid
ao CO:) BblgensieTcs 3HEPrus, paBHas ~ 5 38.

B cBA3u ¢ Tem, uto fapa ¢ A ~ 50—60 spasoTea 3xep-
reTHY4eCKM Hau0oJjiee BHIFOAHBIMH, BO3HWKAeT BOMPOC: MO-

‘YeMy fApa ¢ HHBIMH 3HauenusMu A okaspiBaloTcs CTabHJIb-
HetMu? OTBer 3akiiouaerca B caefaywouiem. g Toro 9To6ut
pa3fiesuThcsl Ha HeCKONBKO yacreil, TsxKejaoe fApo AOJKHO
NpOHATH Yepe3 pPAJ MPOMEKYTOUHBIX COCTOSIHHUIM, SHEPTHS KO-
TOPLIX MPEBLILIAET 3IHEPTHIO OCHOBHOTO COCTOSIHMS SIApPA.
CunefoBarenbHO, IJIST nponecca Aeferus aapy Tpebyerca Jo-
HOJIHUTE/bHAs 9Heprus (9Heprus aKTHBAUHUH), KOTOpas 3a-
TeM BO3BpailaeTcss o6paTHO, HPUILTIOCOBLIBASICH K DHEPTHUH,
Builesfoniefics NpH JeJeHHH 33 CYeT H3MEHEHHs 3Hepruu
cBA3H. B OGLIUHBIX YCAOBHAX AAPY HEOTKYla B3SITh SHEPTHIO
aKTHUBAIlMH, BCJAELCTBME 4€Tr0o TAXeJble fApa He npeTepre-
BAIOT CHNOHTAHHOrO JeJNeHHS, DHeprus AKTHBALMH MOXET
ObTh cOOfLIEHa TAXKEAOMY SIIPY 3aXBAWEHHLIM MM ONOJ-
HuTeNbHBIM HeliTpoHoM. Ilpouecc meseuwst sigep ypaHa WaH
INYTOHHA NOA NeficTBMEM 3aXBAaThiBa€MbIX siApaMu HefiTpo-
HOB JIE’KMT B OCHOBE ACHCTBUA AEDPHLIX PEaKTOPOB M OOLIY-
HOH aToMHO# GOMOBI.

Uro kacaeTcsi JderkHx sigep, TO AJS CAHSAHHA HX B OJLHO
SIAPO OHH AOJIKHBbI MOAOHTH APYT K APYLY Ha BecbMa Gau3-
koe paccrosinne (~ 10713 cu). TakoMmy cOMHKEHHIO sjep
NPensiTCTBYeT KYJOHOBCKOE OTTAJKHBAHUE MEXIAY HHMU
His Toro wrofGbl MpeofoJeTh 3TO OTTAJKHBAHHE, sjipa AOJ-
JKHbl JBHTAaThCSi C OFPOMHBIMH CKOPOCTSIMH, COOTBETCTBYIO-
IEMH TEMIepaTypaM NOpSAKA HECKOJbKHUX COT MHJJIHOHOB
rpaxycoB. Ilo 3Toft mpuuKHe Npoliecc CHHTE3a JErKHX sjep
HasbiBaeTcss TepMosaAepHo# pearkuuell. Tepmoaaep-
Hble peakluu nporexkaioT B Heapax Connua u 3pesl. B sem-
HBIX YCJAOBHAX TOKa .GBUIH OCYILIECTBJAEHB HEYIPABJsIEMbie
TepMOsiiepHble peaKUHH NPH B3PLIBAX BOLOPOLHBIX 60MO.

§ 89. Npupona apepHLIX CUJ

OI‘pOMHaH JHEPrHA CBA3H HYKJAOHOB B ANpe CBHACTEC/b-
CTBYET O TOM, UTO MEXKAYy HYKJIOHaMH HMEETCss OHE€Hb HH-
TEHCHBHOE B3auMoJeficTBHE. DTO B3aUMOILEHCTBHE HOCHT
XapakTep NpHUTAXKEHU. Ono YAECP2KHBAET HYKJOHBI Ha pac-

441



crosinuax ~ 107 ¢u apyr or Apyra, HecMOTPsl Ha CHAbHOE
MEKTPOCTATHYECKOE OTTAJKHBAHHE MEXAY TIPOTOHAMH.
SloepHoe B3anMozelicTBHEe MeXIy HYKJOHAMM HOJYYWAO Ha-
3BaHHEe CHJABHOTO B3auMope#icrBuda Ero moxso
ONHCaTb C IOMOIIBIO 110JI51 fAJepHbiX cha. [lepeuncaum oT-
JHYHTEblble 0COOEHHOCTH ITHX CHIL

1. SlnepHble cHJBl SBAAIOTCSH KOPOTKOAEHCTBYIOLIMMH —
IPH PacCTOAHUAX MeXIY HYKJAOHAMH, TPEBHIIAIOLUX NpH-
MepHo 2-107'3 cm, pmeficTBHe HX yxe He OGHapy»KUBAETCH.
Ha paccrosinusax, Menbiiux 1-1071 cu, nmpuraxkeHne HyKJIO-
HOB 3aMeHsleTcsl OTTaJAKHBAHHEM.

2. Cu/ibHOe B3aUMOLEHCTBHE HE 3aBHCUT OT 3apsja HYK-
JIOHOB. $liepuble cunbl, AefiCTByMOUIME MEXKAY ABYMSA HpO-
TOHaMH, NPOTOHOM M HeHTPOHOM H ABYMA HeHATpOHamy,
OJMHAKOBHI MO BeJHUYMHE. DTO. CBOHCTBO HA3bIBaercs.3a p g-
JOBOIl HE3aBHUCHMOCTDbIO SAEPHBIX CHJL.

3. Slpepuble cuJABl 3aBHCAT OT B3aHMHOH OpHEHTAUHH
CUHHOB B3auMoAeHcTBywUIMX HykJodoB. Tak, Hanpumep,
HEATPOH U NPOTOH YAEepPAHBAIOTCSl BMecTe, o6pa3ys AeHTOH,
TOJMLKO B TOM CJyuae, KOrja HX CHUHB MapaJjJenbHbl ApYT
apyry.

4. Slaepubie cuapl 06/MajalOT CBOHCTBOM HACHINEHHA
(370 o3HauaeT, YTO KaXXAblH HYKJGH B $SApe B3auMOJei-
CTByeT C OTPaHHYEHHBIM YHCJIOM HYKJIOHOB). DTO CBOHCTBO
BbITEKaeT M3 TOro (pakra, 4TO JHEPruUs CBA3H, NpPUxold-
ulasicd Ha OXMH HYKJIOH, NPHMEPHO OAMHaKOBa MAJsl BCex
sigep, HaunHas c oHe* Kpome Toro, ma HachlleHue sjgep-
HBIX CHJ YKa3blBaeT Tak:Ke MNPONOPUHMOHAJIBLHOCTL 00beMa
ajipa uHcay ofpasyioilluX ero HYKJOHOB [cM. dopmyay
(87.6)}

Tlo coBpemeHHBIM NpeACTABJEHHAM CHJIbHOE B3auMOMeH-
cTBHEe OOYCJIOBJEHO TEM, UTO HYKJOHB BHPTYaJbHO obMe-
HMBAIOTCS YacTHLUAMH{, MNOJYUHBLIMMH Ha3BaHHe ME30HOB.
Hast Toro utobbl YSICHUTH CYLIHOCTb 3TOFO Tpollecca, pac-
CMOTPHM Ipexkje, Kak BBINISILUT KYJOHOBCKOE B3aHMOJeil-
CTBUE C TOUKH 3pPEHHS ‘KBAHTOBOI -3/JI€KTPOAHHAMHUKH.

BsanMmognelicTBHe MexAY 3apsiKeHHBIMH YacTHUAaMH oCy-
HIeCTBASIETCH 4epe3 3JeKTPOMarHuTHoe mnoje. Mul suaewm,
YTQ 3TO IMOJie MOXKEeT ObiThb NPEACTABAECHO KAaK COBOKYIHOCTD
KBAaHTOB 3Heprun —¢dotonHoB. CoryacHO TNpeiCcTaBleHHsM
KBAHTOBOH 3JICKTPOAHHAMHUKH TIpOLlecC B3auMOAEHCTRUSA
MeXiy IBYMS 3apsKeHHBIMM YacCTHULlAMH, HAnpuUMep aJjex-
TPOHAMH, 3akJjlouaerea B oOMene doronamu. Kaxnas ua-
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cTHUA cO3laeT BOKPyr cels moJe, HempephiBHO HCMycKast
n noraomas dorounl. JeficTBre noas ua APYTyw 4acTHLY
NpOsIBAAETCA B pe3yJabTaTe NOTJOLIEHHs el OJHOro u3 ¢o-
TOHOB, MCNYUICHHBIX IepBOH uyacruueil. Takoe onucanue
B3aHUMOJEHCTBHS HeJb3si MOHUMAaTb GykBasabHo. Poronu,
MOCPEACTBOM KOTODBIX OCYIIEeCTBJAETCS B3auMOAeHCTBHE,
SIBJAAIOTC He OOGBIYHBIMH peajbHBIMH (OTOHAMH, & B p-
TYadbHBIMH B KBaHTOBOH MeXaHHKE BHUPTYaJbHBIMH
Ha3bIBAOTCH HAaCTHILI, KOTOPble Hé MOTYT OmTh oOHapyxKe-
Hbl 33 BpeMsl UX CyllecTBOBaHHs. B 3TOM cMbIc/ie BUPTYya/b-
HBIe YacTHIBl MOXHO Ha3BaTh BooGpaxKaeMbiMu. Uro6bl
Jqyqlle MOHATb CMBICJ TEPMHHA <«BHPTYaJ/bHBII», DACCMOT-
puM nokosmuitcst saekTpod. [1ponece cozpaHust UM B OKpy-
KAwIleM NPOCTPAHCTBE MO/ MOXKHO NPeACTARHTbL YpaB-
HEHHEM:

e~ < e + ha. (89.1)

CymmapHas sHeprust ¢otoHa W 3JeKTpoHa GoJiblle, yem
sHeprus noxosuierocs sJjaexrpona. CjenoBaTesnbHO, TMpeBpa-
ileHHe, omuchiBaeMoe ypapHenueMm (89.1), conmpoBoxaaerca
HapylieHHeM 3aKoHa coxpaHenust sHeprud. OnHako mus
BHPTyaJbHOrO (HOTOHA 3TO HapylleHHe ABJAETCAd KaxKy-
mumcsi. COriacHo KBAHTOBOW MeXaHHKe 3HEPrust coOCTOdA-
HHsl, CYILEeCTBYIOHNIEro Bpemsa Af, OKa3blBaeTcCs oOIlpejesieH-
HOIl Juiwb ¢ TOuHOCTBIO AE, ypomaeTBopsiiollell COOTHoLue-
HHIO HeollpejesleHHOCTel:

AE At ~ 1), (89.2)

M3 310oro COOTHOLIEHHA BBLITCKAET, YTO IHEPTHS CHCTEMBbI
MOXKET TperTepneBaTh OTKJOHeHus AE, IJIMTENBHOCTb KOTO-
pbix Af He JOJ2KHA NIPEBBHILATH 3HAUEHHUS, ONpeesieMOro
ycaoeueM (89.2). Taxkum o6pasoM, ecaH HCOYLUICHHBIA 3J1eK-
TPOHOM BUPTYaJbHbIL GOTOH OyAEeT HOIVIOUWIEH ITHM Ke WU
NpYTHM 3JEKTPOHOM [0 ucTeueHusl BpeMeHH Af = fi/e (rme
e = hw), TO HapylleHue 3aKOHA COXpPAaHEHH: 3HEPrHH He
MOsKeT GblTh OGHApPYXKEHO.

Ecau 371eKTPOHY COOOWIMTBL JOMONHUTEAbHYI0 JHEepTHIO
(3T0 MOKeT IPOK3OHTH, HampHMep, NPH COYLAPEHHH €ro
¢ APYTHM 3JEKTPOHOM), TO BMECTO BHPTYyaJbHOTO (oTOHA
MOMKeT ObiTh UCIYIWIEH peadbHblil GOTOH, KOTOPBIA MOMKeT
CYIIEeCTBOBATH HEOrPAHHUEHHO ROJTO.

1} OTHM COOTHOWIEHHEM Mbi YKe MOJaE30Bavuch B § 79.
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3a Bpemsa A!¢ BHpTyadbHbl (OTOH MOXKET neperath
B3aHMOAEACTBHE MeXKAY TOYKaMH, pasjleleHHbHIMU pac-

CTOsSIHHEM

I=cAt=cE.
e

Oueprus Qorona e = fi® Moxer GHLITb CKOJb YrOAHO
Mmana (vacrora o Hamensercsi oT 0 xo oo). Ilosromy pa-
nuyc AeHCTBUS 3JEKTPOMATHHTHBIX CHJ sIBJSETCS Heorpa-
HudeHHBM. Ecan On yacTHUbl, KOTOPHIMH OOMEHHBAIOTCH
B3aMMOJIEACTBYIOLINE 3/IEKTPOHBI, HMeJIM OTJIHYHYIO OT Hys
Maccy noKos Mg, TO, KaKk JIerKo coo0pasuTb, pajuyc neii-
CTBHA COOTBETCTBYIOIIMX CHJ Obll Obl OTpaHMuYeH BeJH-

yuHOM:
hi] i} fi
= = = = = A
r=cApx=2c €min ¢ mec? nec ’

rie A — KOMITOHOBCKAA [JNHMHA BOJHBL JaHHOK YaCTHUH
fcm. (58.5)] (mbp NOJOXHIM, YTO YaCTHILA — NMEPEHOCUHMK
B3aHMOLEHCTBHA NBHIKETCH CO CKODOCTHIO €).

B 1934 r. M. E. Tamm BhICKa3aJ NpeaNoONOXKeHHE, UTO
B3aMMOJEHCTBHE MEXAY HYKJIOHAMH TaxKxkKe mepejpaercs Mo-
CPEACTBOM KaKHX-TO BHPTYasbHbIX dYactHl. B 10 Bpems,
KPOMe HYKJIOHOB, OblsiM M3BECTHH JIHLIbL (DOTOH, 3J1EKTPOH,
no3uTpoH u Hefitpuno. Camas TsXxenas H3 3THX YaCTHH —
9/IeKTPOH 06J1aJlaeT KOMNTOHOBCKOH [JHHON BOJHB A =
= 3,86-10~4 cu [cm. (586)] npubansureavao B 200 pas
ApeBHIIAOE!l PaRUyC HeACTBHA AAEpPHBIX CHJI (paBHBI
~2-10"13 cm). Kpome TOro, BeIMUMHA CHJI, KOTOpble MOLJaA
661 GpiTb -06YC/0BAEHH BHPTyaJbHBIMU 3JE€KTPOHAMH, Kak
NOKa3aJH pacueTd, oOKasalach upe3BpiuafiHo Masoil. Ta-
KuM 006pa3soM, nepBasi NONBITKA OOBACHEHHWsS SAEPHBIX CHJI
¢ noMompl o6GMeHa BHPTYaJbHBIMH YaCTHIIAMH OKasajach
Hey A aukoH.

B 1935 r. snonckuit ¢pu3urk X. IOkasa Buickasan cme-
My10 THNIOTE3Y O TOM, YTO B NMPHPOJE CyLIeCTBYIOT NOKA He
oénapyx(eﬂﬂble yactuip ¢ Maccoil, B.200—300 pa3 Gonb-
Weff MacCh 3J€KTPOHA, W YTO 3TH-TO YACTHUBl H BHINOJ-
HAIOT POJIb NEPEHOCUYHKOB ANEPHOro B3aUWMOAEHCTBHSA, f10-
Ko6H0 TOMY Kak (GOTOHBI ABJAAIOTCA HePeHOCUHKAMH - 3JeK-
TPOMArHUTHOTO B3auMogeiictBHA. IOxasa Ha3san artH
rHNOTeTHUECKHE YACTULL TsKeabiMu PoToHamu. Tak Kak no
BeJHUMHE MacChi 3TH YaCTHUB! 3aHMMAIOT IPOMEXYTOHHOe
NOJIOKEeHHEe MEXAY 9JeKTPOHaMM H HYKAOHaMH, OHH BHO-
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CHeACTBUM OBIIH HAa3BaHBl Me30HaMu (rpedeckoe UEco3
03Havyaer CpefHuil).

B 1936 r. Anaepcon u Hengepmeitep oGHapyxuau
B KOCMHUCCKHX JAy4ax YacTHHbi ¢ Maccoii noxosi, paBHo#t
207 m,. BrHauane nosarani, YTO 3TH YaCTHIB, NOJY4YHBILKE
Ha3BaHHe U-ME30HOB, WIM MIOOHOB, H €CTh NEPeHoC-
YHKH B3aMMOLeHcTBHs, npenckasaunusie MOkasoi. Oxnako
BMOCJEACTBHH BEIACHHIOCH, U4TO pi-ME30HLI oyeHb caabo B3a-
HMOARHCTBYIOT ¢ HYK/OHAMH, TaK Y10 He MOTyT ~ObiTh
OTBETCTBCHHBIMH 3a silepHble B3aumojeictsus. ToJbko
B 1947 r. Oxkxkuanuuu # [loysnn OTKpHIIH B KOCMHYECKOM
H3JYYeHHH elle OJHH THI Me30HOB — TAK Ha3biBaeMbie
7-ME3O0Hbl, WIM MHOHbI, KOTOpble OKa3aJuChb HOCHTe-
AAMH GAEPHBIX CHJ, NpeiAcKa3anduiMu 3a 12 aer ao Toro
IOkasoi1.

CyuiecTBylOT TNOJOKUTENBHBIH  (;tt), OTPUILATENBHBIN
(") u mefitpanbublit (n?) muonbl. 3apsan mt- U TT-Me30HOB
paBeH 3/JeMeHTapHOMY 3apaiay e. Macca 3apsikeHHbIX MHO-
HOB ojHHakoBa W pasHa 273 m,. (140 Mas), macca mnP’-me-
soHa paBHa 264 m, (135 Mas). Cnun Kak - 3apsKeHHHX,
TAK ¥ HefTpaNbHOro m-Me30Ha paseH Hymo (s =0). Bce
TPH YacCTHILl HecTaOuJbHB. BpeMs KusHn n*- M n1--Me30-
HOB cocTtaBaser 2,55¢10-8 cex, n-me3ona — 2,1+ 1018 cex.
MMopasaswuias uvacts (B cpeanem 99,97%) 3apsKeHHBIX
NHOHOB Pacnajaercsa Mo cxeme

at—sput+v, s —->p 4% (89.3)

(yL H §~ — MOJNIOXKUTENBHBI ¥ OTDHUATENbHBIA MIOOHb!, v —
HeHTpUHO, ¥ -— aHTHHelTpHHO). Octanbubie 0,039% pacna-
JlOB NpPOTEKAIOT MO ILPYyrHM cXemam (Hanpumep, m—e + v;
n—ad+ e+ v u T 0, Opuuem B caydae nt ofGpasyerca et,
T. €. IIO3UTPOH, a B cJayiae i~ BO3HHKAET e~, T. €. 3JeK-
TPOH).
B cpemnem 98,7% n®-Me30HOB pacnafaloTrcid Ha ARa
Y-KBaHTa:
al—vy+y. (89.4)

Ocraasable 1,3% pacnafioB ocyiiecTB/AAIOTCH C POXKIEHHEM
fapsl 3JeKTPOH — MO3UTPOH W y-KBaHTA (nf— et + ¢ 4 y)
HIW [BYX 3/EKTPOHHO-NO3HTPOHHBIX Hap (n®—et 4 e +
+et+e).

YacTuisl, HasbiBaeMble -Me30HAMH, HJIH MIOOHAMH, 1O
COBpeMeHHOH KJacCH(UKAUHY He OTHOCATCA K KaTeropHHu
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ME30HOB;, BMeCTe ¢ 3JeKTpOHAMH H HENTPHHO OHH obpa-
3yIOT TPyNnNy JAenToOHOB (1N03TOMYy BMeCTO TepMHHA
«WU-Me30H» Jyuliie NMOJL30BATbCS TEPMHUHOM «MIOOH»). Mioo-
Hbl HMEIOT NOJOMKHTeAbHbIH (u*) uAH oTpHHaTeabHBIH (p7)
3apsil, paBHbIfl 3JeMEHTapHOMY 3apsaiay e (HeHTpanabHOTO
MIOOHa He cyuiecrsyer). Macca Miwoona pasHa 207 m.
(106 Mag), cnnH— nonosuHe (s =1/;). Mioosn, xax H
T-ME30HbI, HeCTaOH/blibl, OHW PACNajaloTCs N0 CXeMme:

pt—>et+v+43, p-—oe+v+a (89.5)

Bpems xusHu o0oMX MIOOHOB OAMHAKOBO H paBHO
2,22-1078 cex.

BepueMcs kK paccMoTpendio oGMeHHOrO B3auMoOAelcTBUA
MeX1y HyknoHamu. B pesyabrate anagormunblX (89.1)
BHPTYaJlLHBIX NPOLECCOB:

pzn+at, (89.6)
ngZp+nT, (89.7)
p2p+a, nen+al (89.8)

HYKJIOH OKAa3biBAe€TCd OKPYKEHHBIM obiakom BHDPTYa/h-
HbIX [-MC30HOB, KOTOpbIE 06p33y10'1‘ noJjie saAepHbiX CHJ,

@ ® ® ® ©O=@=®
- O @O-® @ OFSIFAO)]
@ ® @ ®» O=z@=©

@) 6) /)
Pue. 250,

Ioraowenye 3THX Me30HOB JPYrUM HYKJOHOM NPHBOAMT
K CHJbHOMY B3aHMOJIEHCTBHIO MEXAY HYKJIOHAMH, IPOHCXO-
ISLIEMY 10 OAHOH M3 CJENYIOIHX CXeM.

) prnnt+at+nzntp.

IIpoToH wucHyckaer BHPTYaslbHBEIl mF-Me30H, HpeBpallanch
B HefiTpoH. Me30oH noraoutaercs HEATPOHOM, KOTOPHIil
BCNEJCTBME 9TOrO NPEBpAUlAeTcsl B IPOTOH., 3aTeM Takoil Xe
npotlecc npoTekaer B o6patHoM Hanpagssesun (puc. 250, a).
Kaxaeit 43 B3aMMONEACTBYIOWINX HYKJOHOB YacTb Bpe-
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MEHU NIPOBOJIUT B 3aPAKEHHOM COCTOSIHKH, a UaCTb — B Hefi-
TPaJbHOM,

Qyn+pp+a+pzp+a.

Hefitpon u  nporoH oOMeHHBaOTCSA nT-ME30HaMHU
(puc. 250, 6).
) ptrnzpt+a’tnptn,

ptpp+a’+p2p+p,
nt+nznt+a’+nn+tn.

Hyknods o6menuBalorcst nl-mesonamu (puc. 250, 8).

IlepBbiéi U3 3THX Tpex NPOLECCOB HAXOAMT HKCIEPUMeH-
TaJbHOe NOATBEPXKAEHHE B DAcCCesHHH HEHTPOHOB Ha MOpO-
TOHAX. Hpn NPOXOKIeHHH

nyuka HEATPOHOB uepe3 Bofo- ——{(7)-—= --—-@)—

POZL B 3TOM NyUKe MNOABJSIOTCH - é

NPOTOHBI, MHOTHE U3 KOTOPLIX

HMEIOT Ty K€ 3Hepruio M Ha- ® @
npas/eHHe ABYXKEHHS, 4TO H

nagawomwne Hefitponsl. Coot- Puc. 251.

BETCTBYIOHIEE YHCJAO IIPaKTH-

YyecKH ITOKOSLIHXCA HeHTPOHOB OOHApyKWBaeTCsd B MHIEHH.
CoBepllleHHO HEBEPOATHO, YTOOLI- TakKoe OOJbIIOE YHCIO
HEHTPOHOB MOJHOCTBIO NepeaaBalo CBOH UMOYJAbC paHee
NOKOWBIIHMCSl NPOTOHAM B pe3yiabraTte J0OOBBIX YyIapoOB.
[TosToMy npHXOAMTCA HPU3HATH, YTO 4YaCThb HEHTPOHOB, OPO-
Jetas BOJH3U NPOTOHOB, 3aXBaTBHIBAeT OJUH H3 BHUPTYajhb-
HbIX @*-Me30HOB. B pesyabrare HeATPOH mpeBpailaercs
B NPOTOH, a NOTepsABUIMi CBO#I 3apsl UpPOTOH IpeBpa-
uaercst B Hefitpou (puc. 251).

Ecnu uyknony cooGLIMTL SHEPrHIO, 9KBHBAJIEHTHYIO Mac-
ce T-ME@30H4, TO BHPTYAJbHEIH 7-ME30H MOXKET CTaTh peasb-
HeiM. Heo6xonumas sneprus MoKeT ObiThb cOOGLIEHA TPH
CTONIKHOBEHHH . NOCTATOUHO YCKOPEHHBIX HYKJOHOB (HJIH
sigep) JaAuGO OpPH TOIVIOWEHHH HYKJOHOM Yy-KBaHta. Ilpm
oucHb OOJBLIMX 3HEPIHAX COYHAPAIOLINXCH YACTHLE OT HYK-
JIOHZ MOXKET <«OTOPBaTbCS» HECKOJNBKO f-MEe30HOB. B koc-
MHUYECKHX Jy4ax, [Je BCTPEUAIOTCST HACTHIB! C SHEPTHAMYU

10% I'sg, naGaonalprcs cayyau poxienus 1o 20 peab-
HBIX J-ME30HOB IIPH OJHOM COYAapeHHH.
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B coorsercTeuu ¢ npoueccom (89.7) HefiTpon uacth Bpe-
MEHH TPOBOJAMT B BHPTYyasbHOM cocrosiHuu (p + m”). Op6u-
TaJbHOC [BHXKEHHe T -Me30Ha MPHBOANT K BO3HHKHOBEHHIO
Ha6JI0/laeMOr0 y HEHTPOHAa OTPHULATENbHOTO MAarHuTHOTO
momeHTa (cM. § 87). AnoMajpHbii MArHHTHHI MOMEHT
nporona (2.79 u¢ BMECTO OJIHOrC SIAEPHOrO MarHeroHa)
TaKXKe MOXHO OOBACKUTb OpOHTANbHBIM ABHXKenHeM stt-Me-
30Ha B TeUeHHe TOro IPOMEXKYyTKa BpeMeHH, KOTAa APOTOH
HaXOAMTCS B BHPTYa/NbHOM COCTOSHHH (7 + T*).

§ 90. PannoakTHBHOCTD

PajnnoakTHBHOCTLIO HA3bIBAIOT CaMONPOH3BOJbHOE Tpe-
BpalieHHe HEYCTOMUYMBHIX M30TONOB OJHOTO XHMHYECKOrO
3JIeMeHTa B M30TON APYroro-afteMedTa, CONPOBOXKAaioUleecs
HCIyCKAHHEM 3JeMeHTapHblX yacTHn HJaH sgep. K uucay
OCHOBHBIX TAaKHX NpespalueHuii orTHocsrca: 1) a«-pacnag,
2) B-pacnax (B tom uucae K-saxmar), 3) nporomnas pa-
JMOAKTHBHOCTL M 4) CNOHTaHHOE [iejleHHe TsXKeNnXx fRep.

PaayoakTnBHOCTD, HaOMIOLAIOWASCSA Y M30TOMOB, Cylle-
C1BYIOIMX B NPHPOAHBIX YCJOBHUSX, Ha3blBaeTcsl ecCTe-
cTBeHHO#A, PaavoakTUBHOCTb M30TONOB, TIOJIYUEHHHIX
HOCPEACTBOM #AAepPHBIX peakuuH, HasbiBaeTcst HCKYCCT-
BeHHCH. MexXay HCKycCTBEHHOH H €CTECTBEHHOH paiuo-
2KTHBHOCTEIO HeT NPHHLUHIHAJbROTO pasauymns. Ilponecc
pPajHOaKTHBHOrO NpeBpalleHHss B OOGOHX C/ayuaax NOAYH-
HAeTCS OJAHHAKOBLHIM 3aKOHAaM.

3akoH paAHOAKTHBHOIO NpEBpallleHHA BecbMa HpPOCT.
Jaisa Kaxpgoro paaHoOakTHBHOTO fi[pa HMeeTcs ONpefeseH-
Hag BepOATHOCTb A TOro, YTO OHO HCHLITaeT NpeBpallleHHe
B eaunnuy BpeMenH. CJiefoBaTe/bHO, €CJH pajHOaKTHBHOE
BEIIECTBO cofepXHT N aToMoB, To KosnuecTBo aroMmoB dN,
KOTOpOe NpeTepNHT npeBpalleHHe 3a BpeMma df, Gyaer
pasHo

dN = — AN di (90.1)
(3maK MHHYC B3aT Aas Toro, 4ro6u dN moxuo 6uno pac-
CcMaTpUBATh KaK NpHpalleHHe Yuc/ia HEpPacnaBLIMXCHA aTo-
mos N).
WnrerpupoBanne Buipaxenus (90.1) naer:
InN = — Af + const,
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OTKyAa HNOJYy4HaeTCd 3aKOH. paldHOAKTHBHOIO npeppaleiua:
N = N, (90.2)

rae No— KoJIHUeCTBO HepacmaBUIUXCSl aTOMOB B Ha4aJsibHbIA
moMeHT, N — KoJiHuecTBO HepacnaBLINXCS aTOMOB B MOMEHT
BpeMeHH !, A — XxapakTepHas [Js paZHOAKTHBHOIO Belle-
CTBa KOHCTaHTa, HasblBaeMas MOCTOSSHHON pdcnaja.
Kax Mbl BHJenH, NOCTOSIHHAs pachmaja Jaer BePOSTHOCTDb
TOroO, YTO aTOM paJAMOaKTUBHOTO BEUIeCTBA HCIbLITAET npe-
BpaHleHHe B eHHULLY BPeMEHH.

Takum o6pasoM, UHCJIO PaZHOAKTUBHBHIX ATOMOB YOHI-
BaeT CO BPEMEHEM 10 SKCHOHEHLHAJbHOMY 3aKOHY. 3aMe-
THM, 4YTO KOJHUECTBO pacHaBLIKXCA 3a BpeMa ! aTOMOB
onpenessieTcs BhIPaXKEHHEM:

No —N= No(l - e—‘M).
BpeMﬂ, 3a KOTOpoOe pacnajgaercd NoJOBHHa HOepBOHAE-

YanbHOr0 KOJIHYECTBA ATOMOB, Ha3bIBaeTcd NepPUHOAOM
noaypacnapna 7. Beanuuna T onpepnensercs ycaoBHeM:

';— IVO = Noe_l'T,
OTKY1a
r=-2=0208 (90.3)

Ilepuon . nmonypacnaza p/s H3BEeCTHHX B Hacrosllee
BpeMsi PaJHOAKTHBHBIX BeUIeCTB KoJebjaercs B Ipeienax
ot 31077 cex Ao 5-10% jer.

MozxerT cayyHTbCsl, YTO BO3HHKAIOIIHE B pesyJbTaTe pa-
IMOAKTHBHOTO NpeBpallleHHs A4pa B CBOK Ouepelb OKa-
XKYTCH paZHOAKTHBHBHIMM M OYyAYyT pacmajgatbcsi €O CKO-
POCTbIO, XapaKTepusyemoil NOCTOsiHHOM pacmaja.)’. Hosme
NPOAYKTH pacnmaja MOTYT TaKKe OKasaTbCsl PajgHOAKTHB-
HbIMH, ¥ T. A. B pesyabrate BO3HHKHeT Lenblii piA paano-
aKTHUBHBIX. TpeBpauleHuii. B npupoxe cymecrsyior Tpu pa-
JNMOaKTHBHLIX psifia. (MK ceMelcTBa), POJAOHAyYaJbHHKaAMH
KOTOphIX aBastores U (panx ypaua), Th22 (psix topus)
# U2 (pan akrnroypaHa). KoHeYHBIMH NpOAYKTaMH BO
BCeX Tpex Caydasix CJyxKar H30TONbl CBHHLIA— B NEPBOM
cayuae Pb6, Bo Bropom Pb?%® u; nakonen, B TpetbeM Pb207.

Ecrecteennas  pajMOakTHBHOCTL ©Oblia OTKpHITa B
1896 r. dpanuysckum yuenniM A. Bekkepeaem. bBoabuioi
BKJaX B H3yuyeHHe paJHOAKTHBHbIX BemlecTB BHecau Ilbep
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Kiopu u Mapusa Ckaogosckasn-Kiopu. Bujio o6uapyxeno,
YTO PAJHOAKTHBHOE BEILECTBO fABJAAETCA HCTOYHUKOM Tpex
BHIOB H3aydeHud. ORHO H3 HHX NOJ JAeHCTBHEM MAarHUT-
HOTO NOJS OTKJOHSETCH B Ty e CTOPOHY, B KOTOPYIO OT-
KJOHAJCA OBl [OTOK [OJOXUTENBHO 3apsKEHHBIX YaCTULL;
OHO NOJYUHM/JIO Ha3BaHWe a-n1yuefi. Bropoe, HasBamuoe
f-nydaMH, OTKAOHAETCA MATHHTHBIM [10J1eM B MPOTHBOINO-
JIOXHYIO CTOPOHY, T. €. TaK, KaK OTKJOHSJCS Obl HOTOK OT-
pHUAaTe/bHO 3apsaXKeHHBX vacTul. Hakowel, TpeTbe H3AY-
“YyeHHe, HHKAK He pearupylolliee Ha AedCTBHE MArHHUTHOrO
noJs, GbIIO HA3BAHO y-1Yy4YaMHu. BnocieacTBHu BBIACHH-
JIOCb, 4TO Y-JAy4YH NPEACTaBAAIOT CO0OH 3/1eKTPOMarHUTHOR
H3Jy4YeHHe BecbMa MaJjofl AjaHHE Boauul (or 102 A mo 1 A).

Aava-pacnag. Anvda-nyud npeactaBasior coboil mo-
ToK snep renus sHe* Pacnmapg nporekaer no caexymoouieit
cxeme:

XA, Y 4+ He (90.4)

Byxpofi X 0603naueH XxumuyecKnii CMMBOJI pacnajalouerocs
{matepunckoro) sgpa, OyxkBoH Y — XUMHYECKHH CUMBOJ
obpasyiouierocst (nouepuero) sapa. Anwda-pacnaz o6bUHO
CONPOBOXKAAETCSl BO3HUKHOBeHHEM Yy-Ayued. Kak BHAHO H3
CXeMbl, aTOMHbLIi HOMep JOUepHero BelllecTBa Ha 2 ejH-
HHLBI, & MaccoBoe YHCI0 Ha 4 eIHHHUB MeHbule, yeM
y HcxoAnoro BeulecTsa. IIpumepoM MoeT cayKuTb pacnap
H3orona ypaua U® nporekalomuil ¢ o6pa3oBaHueM TOpHS:

92U238 —> 90Th234 + 2He4.

CkopocTd, ¢ KOTOPBHIMH @-4acTHubl (1. e. sapa 2Heb)
BLIJIETAIOT M3  paclaBHIErOCA  f1pa, OueHb  BRJIHKH
(~10° cm/cex; kuHeTHuecKasi SHEPTHs NOPAAKA HECKOJb-
Kux Mas). Ilposnerast uepes BemiecrBo, o-4acTHlla MocTe-
MEeHHO TepsieT CBOIO 3HEPrHio, 3aTpayuBan ee Ha HOHH3ALHIO
MOJIeKyJ1 BellecTBa, M, B KOHlle KOHLOB, OCTaHABJIHBAETCH.
Ha o6pasoBanne OfHOH Napbl MOHOB B BO3JyXe TPAaTHUTCA
B cpennem 35 38. Takum oGpa3om, «-yactunia o6pasyer Ha
cBoeM nytd npuMepHo 10° nap uonoB. EcrectBenHo, yTO UeM
6oJbliie NJOTHOCTH BELIeCTBa, TeM MeHbllle NPober a-4acTHll
o ocrauwoBku. Tak, B BO3AyXe NMPH HOPMAJBHOM JaBJEHHU
npofer cocTaB/isieT HECKOJBKO CAHTHMETPOB, B TBePIOM
BelllecTBe Npo0er JOCTUTAeT BCETO HECKOJbKHX [ECATKOB
MHKPOH (Q-9acTHUbI MOJHOCTBIO 3aAepXKHBAKTCS OOBIYHLIM
JucToM fymarn).
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KuHeTHyeckas SHeprusi o-4acCTHL BO3HHKAaeT 3a CUer
H36bITKAa 3HEPrHH NOKOA MaTepHHCKOrO sfApa Hak cyMMmap-
HOfl 3HepTHeli NOKOS [OYepHEro fApa M a-yacTHuel. 3Ta
H30LITOUHAA SHeprus paclpejensieTcsd MeXAYy «-yacTHHel
H [OYEePHHUM SAPOM B OTHOLIEHHWH, OGPAaTHO MPONOPIHO-
HaJbHOM ux MaccaM !): DHeprum (CKOpPOCTH) @-4acTHI,
HCHYCKaeMbiX JHAaHHBIM pPaJHOAaKTMBHBIM BeLlECTBOM, OKa-
3BIBAIOTCS CTPOro ONpelesieHHBIMU. B GOMbIIMHCTBE Clyuaes
PaaMOaKTHMBHOE BEUIECTBO HCHYCKaeT HECKOAbKO TPYII

£ Mo £205 4B

6,’\
g492 . o
(?473
4327 7
VR
A
%
G040 =L
’ ﬂ Jﬂ] 'n 208
Puc. 252.

a-vacthy 6gu3Kkofl, HO pa3nuyHOH 3Heprun. D10 06YC/IOB-
JIGHO TeM, YTO AOYepHee ARPO MOXKET BO3HHKATH HE TOJbBKO
B HOpMaJbHOM, HO M B BO36yXKAeHHBIX cocrosHusx. Ha
puc. 252 DpuBefeHa cxeMa, MOSICHSIOUIAs BO3HHKHOBEHHE
PAa3HYHBIX TPYNN c-uacTHl, (BO3HUKHOBEHHE TOHKOM CTPYK-
TYpH Q-CIEKTPA), HCOYCKAaeMblX NMpPH pacnafe aapa sBi%?
(ero naspBaror Topuem C). B jeBoii xojJoHKe TMOKaszaHa
CXeMa 3HepPreTHYecKHX YpOBHeH HouepHero siapa sT12%8 (ero
naswiBalor topueM C’’). DHeprusi OCHOBHOTO COCTOSIHHS
npuHsita 32 HyJab. M36HITOK sHepruu NMOKOS MaTepPHHCKOTO
Ajlpa Haj. 9HeprHel NOKOA «-yacTHUBl K JOUepHEero sApa

') Tlpu cKOPOCTAX, ¢ KOTOPBIMH BHLIETAIOT C-UACTHUB (MOpAAKA
0,05 ¢), MOXHO MNOJbL30BAThEA KJAACCHYECKHUMH BHIDAXKEHHSIMH AJA MM-
NYJ1bCa H KHHETHYECKOH 3HEeprHH YacTHUbL
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B HOpMaJIbHOM COCTOsIHHH cocTasiaser 6,203 Mas. Ecau no-
yepHee SAPO BO3HHKAET B HeBO3GYXKAEHHOM COCTOSHIH, BCS
3Ta SHEPrHA BbAeJsercs B BUAEe KHHETHuecKoll 3SHepTruH,
[pHYEM Ha JOJI0 -YaCTHIBI MPHXOLUTCSH

E,=6,203 2 = 6,086 Moo

(372 rpynna uacrun 0603HaueHa Ha cxéMe uepe3 og). Ecan
¥e JloyepHee AAPO BO3HHKaeT B NATOM BO30YXKAEHHOM CO-
CTOSIHMH, 3Heprusa Kotoporo #Ha 0,617 Mas npesbiliaer sHep-
r'MI0 HOPMAJbHOTO - COCTOSTHUSA, TO BBIAEAMBIIASCS KHHETH-
yeckas 3Heprusi cocrasutr 6,203—0,617 = 5,586 Mas n Ha
JOJII0  o-4acTHUH jocranercsd 5,481 Mas (rpynnma uwac-
TH,  os)] OTHOCHTENIbHOE  KOJIMMECTBO YacTHL PaBHO
~ 27% npna oo, ~ 709% nasa oy v Becero aumb ~ 0,019%
aasi os. OTHOCHTe/NbHBle KOJNUYECTBa Oz, ™3 H O TaKXKe
ouent Maaw (nopsaka 0,1—1%).

BpeMs kusnu 1 B03GyXKAEHHBIX COCTOAHHH IAfA O6OJb-
IIKHHCTBA sALep JeKUT B npepenax or 1078 po 1071 cex 1),
3a BpeMsi, paBHOe B CpeJIHEM T, JOuUepHee SAPO NEPEXOAHT
B HOpMaJbHOe WIH GoJee HHU3KOE BO3GYIKIEHHOE COCTOSIHME,
ucnyckas y-¢oron. Ha puc. 252 nokasano BO3HHKHOBeHHe
y-pOTOHOB LIECTH PA3NHYHBIX SHEPTHH.

DHeprua BO30GYXK/AEHUS [OUEpHEro sapa MOxeT OhiThb
BBIZeJeHa ¥ IpyruMu crnocobGamu. BoaGyxneHHoe siapo mo-
JKeT HCIYCTHTh KaKyo-JuDO YaCTHIYy: HpOTOH, HeHTpOH,
3NeKTPOH MU o-uactHuny. Hakowen, oGpasoBaBuieecs B pe-
3yJbTaTe o-pacnaza Bo3GYXKIeHHOe SAPO MOXKeT OTAaTh
H30LITOK SHEPTHH HeNnocpelCTBeHHO (6e3 NpeXBapHTeJbHOTO
HCIYCKaHUS y-KBaHTa) OXHOMY U3 3JexkTpoHoB K-, L- nau
xaxe M-cnos aroma, B peaysnbraTe 4Yero 3J1€KTPOH Bbljie-
TaerT U3 aToMa. JTOT Ipollecc HOCUT Ha3BaHHe BHYTp € H-
Hefl kouBepcuu O6GpasoBaBluieecs B pe3ynbTaTe BbI-
JIeTa 3J1eKTPOHA BAKAHTHOE MeCTO GYHeT 3aNOJMHATLCA JeK-
TPOHAM¥ ¢ BhHIIIENEXAlHX 3HepreTuueckux yposxed. Ilo-
3TOMY BHYTDEHHSST KOHBEPCHsl BCerfa CONPOBOXKAAETCH
HCIYCKAHUEM XapaKTePHCTHYeCKHX PEHTTeHOBCKHX Jjyueil.

[Tono6uo TomMy kak ¢OTOH He CyilecTBYeT B TOTOBOM
BHJE B HeJpax aTtoMa K BO3HUKAET JHIb B MOMEHT H3Jy-
YeHHs, o-YACTHIIA TaKXe BO3HHUKA3eT B MOMEHT palHOakK-

) B HeKkOTOpHIX C/Ay4asX OHO MOXeT OKa3aTbC OuYeHb GOJNbLIUM
(#0 HeckobKMX JieT). YPOBHH ¢ TaKHM BpeMeHeM MXH3HM Ha3uLBaKTCA
U30MepHbBIMH, @ BO30YXAEHHOEe AP0 — H3OMepoM.
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THBHOTO pacmafa sgpa. llokunaa 4Apo, c-yacTHlie NMPHUXo-
JIHTCS1. TPEOJ0JEBATE NOTEeHHaabHElH -6apbep, BHICOTA KOTO-
poro O0oJblie, 4YeM [OJHas JHEPrHs o-yacTUUBI, paBHas
B cpenueM 6 Mag (pué. 203). Brewnsas, cnagamounias acHM-
NTOTHYECKH K HYyJI0 cTOpoHa Oapnepa oO6ychaoBjieHa KyJo-
HOBCKHM OTTAaJIKUBaHHEM o-4aCTHLBl H Jo4yepHero snpa.
BHyTpenHsia cTropoHa Gapbepa o6yC/AOBNEHA SNEPHBHIMH CH-
aami. ONBITEL MO PacCCesHHIO Q-YaCTUL TAXKeJbIMH o-pa-
INYOAaKTHBHBIMM SADAMH TOKasajH, 4TO BhIicoTa Oapbepa
3aMeTHO NpEeBHIIAeT 3HEPrui0 BHIJIETAIOWMX OpPH pacmajge

L - - =~ - g

~GHap

Puc. 253.

a-vactul. Ilo KrmaccuueckuM nDpeACTaBJeHHSM NpeofoJe-
HHe YacTHLUeH IOTeHUHAJbHOrO Gapbepa INPH YKa3aHHHIX
ycJIoBUAX HeB03MOxKHO. OJHAKO COrIacHO KBAHTOBOH Me-
XaHHKe HMeeTcsl OTJIHYHAsi OT HYJA BepPOATHOCTb TOr0, 4TO
yacTuua NpocoyuTcsa yepes Gapbep, Kak Obl Npoiad IO TYH-
HeJIIo, uMelllleMycsi B Gapbepe. DTO sSBJEHHe, Ha3blBaeMoe
TyHHEeJbHBIM 3¢ ¢eKToM, O6LLIO HaMH paccMOTpeHO B § 68.
Teopusi a-pacmafa, OCHOBHIBaWlIascHd Ha NOPeJCTaBIeHHH
0 TYHHeJIbHOM 3¢ dekTe, NTPHBOAUT K Pe3y/JabTaTaM, XOPOLIO
COrJIacyIOUIUMCA C JaHHBIMH ONBITA.

BeTa-%acnan. CyuiecTBYIOT TpPH Pa3HOBHAHOCTH f-pac-
nafa. B onHoM cayuae siapo, mperepheBaollee HpeBpatie-
HHe, HCNYCKaeT 3JeKTPOH, B JPYroM —IIO3HTPOH, B TPETheM
c1ydae, HasoiBaeMOM K-3aXBaToM (MJIH 3JEKTPOHHBIM 3a-
XBATOM), fApO TOIJOLIaeT OZHH H3 3JeKTpoHoB K-cnost
atoma (3HauMTeJNBHO pexe mpoumcxomur L- u M-szaxsar,
T. €. NOTJIOLleHHe 3JaeKTpoHa u3 L- uau M-cnos).

IMepsuiit BuA pacnaja (P—-pacman) mporekaer MO CXeMme:

zXA - z.HYA + _leo + V. (90.5)
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Uro6nl MOAUEPKHYTL COXPAHEHHE 3apsila U 4YHCAd HYyK-
JIOHOB B. npouecce P-pacnaga, Muol npunucand P-anekTpony
3apsifoBoe yueao Z = ~—1 n maccoBoe uucao A = 0. Kak
BuHo H3 cxemul (90.5), mouepHee AAPO HMeeT aTOMHBI
HOMEp Ha efuHHuy OOnBiiHd, yeM y MATepPHHCKOro Anpa,
MaccoBBie uncja o6oux sijep oauHakosel. Hapsapy c anek-
TPOHOM HCIYCKaeTcsl Takxe aHTHHefiTpuHo ¥. Bechb nponecc
NPOTEKAeT TaK, KaK ecau Gbl OJAHH H3 HEHTPOHOB fApa zX4
npeBpaTHCH B MPOTOH, ApETEPlEB NpeBpalleHHe Mo cxeme
(87.5). BooGue npouecc (87.5) mnpeacrasisier cofodt yacTt-

Hbit  cayuafi  mpouecca
a2y (90.5). TITostomy rosopar,

at uTO0 CBOGOAHLIE HEATPOH
B-panvoaKTHBEH.

Bera-pacnan MOXeT

CONpOBOXKAATBCH HCIyCKa-

/ nneM  y-nyuefr, Tlpuumna

/ UX BO3HHKHOBEHHA Ta e,

/ 4TO M B cJyyae «-pac-

Lqe & Taaa, — joyepuee  AAPO

BO3HHKAeT HE TOJbKO B

Puc. 254 HOpMaJALHOM, HO U B BO3-

OYXKACHHBIX  COCTOAHHSX.

Ilepexonst 3atem B COCTOSIHHE C MeHbluefl 3Hepruedt, AApo

BhicBeudBaeT y-PoToH.

B xauectse mpumepa fT-pacnmaga MOKHO NPHUBECTH Npe-

Bpaulenue Topus Th? B nporakTunnii Pa®* ¢ ucnyckakuem
SAEKTPOHA U AHTUHEHTPHHO:

ooTh® —  Pa®™ 4 _ o043

B oranune or o-uactuu, o6jgafaliux B fpegenax Kax-
JOH rpynnpl CTPOTO OnpefenedHoN 3Hepruefl, H-3/JeKTPOoHLI
o6anaior camoli paszHoo6pasnofi siieprueii or 0 10 Emax.
Ha puc. 254 usoGpamen 3HEpPreTHYECKHR CNEKTP SJEKTPo-
HOB, UCMycKaeMuiX fgpamu npu B-pacnane. [Lromans, oxsa-
ThiBAeMas KPHBOMA, Aaer obuiee uucaA0 3JEKTPOHOB, HCIIY-
CKaeMbiXx B €AHHMUY BpeMeHH, dN — uHCNio 3JeKTPOHOB,
IHEPTHST KOTOPBIX 3akJ/loucha B unrepsaJe dE. Dueprus Emax
COOTBETCTBYET PAa3HOCTH MeXAy Maccoll (umeeTcsi B BHAY
Macca NoKOsi) MaTepUHCKOTO Spa ¥ MaccaMy 3JeKTPOoHAa H
nouepHero siapa. CrefoBaTenbHo, pacnajpi, MPH KOTOPHIX
sHeprus saexkrpona E Meubile Epax, TPOTEKAT ¢ Kaxy-
LIMMCS HapyIIeHHeM 3aKOHA COXpaHeHus aHepruy. Urobul
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OOBSICHHTL HCUYe3HOBeHHE 31eprun Emax — E, B, Ilayau sbi-
ckasan B 1932 r. npexanonoxeHue, uto npm P-pacnaje
BMeCTe C 2JeKTPOHOM HCNyCKaeTcs elile OJHA YacCTHUA, KO-
TOpasi YHOCHT ¢ co000#l 2Heprui0 Emax — E. Tak kak sta
yacTHa HHMKaK cebst He oGHApYXKHMBaer, CJIE€AOBAJO MpPH-
3HaTh, UTO OHa HeHTpaJabHa K obJajaer BecbMa MaJioH Mmac-
coii (B Hacroflliee BpeMsl yCTAHOBJEHO, YTO Macca MOKOS
5TOH uacTULL, No-BHAMMOMY, paeHa nyawo). Ilo npenno-
xenuto . PepMH Ty THNOTETHUECKYIO YACTHLY Ha3BaJu
HelATpHHO!) (4TO oO3HawaeT «MaJieHbKHi HeATPOH»).
Mmeercst elie 04HO OCHOBaHHE MJS NPELNONOXKEHHS] O HeM-
TPpUHO (MJH auTHHeATpuno). CrnuH HeliTpoHa, NPOTOHA H
3JeKTpOHAa OAWHAKOB M paBeH !/;. Ecau Hanucate cxemy
(87.5) Ges aHTHHEHTPHHO, TO CyMMapHbill CIHH BO3HMKAWO-
IIMX YacTHL (KOTOpBIl AJd JABYX 4acTHI ¢ § == l/; MoxKer
6biTh u60 HyaeM, aubo eauHnuei) Gyrer OTAMYATBCA OT
CIMHA HCXOAHOM uactuusl. TakuMm ofpasoM, yuacrTue
B P-pacnaje eule OAHON YacCTHIB JIHKTYETCSl 3aKOHOM CO-
XpaHeHHs MOMeHTa HMNYyJabca, NpHYeM 3TOH uacTuie HeoO-
XOMHMO TPHUNHCATL CHOMH, paBHBId !y (uam 3/y). YcraHos-
JIeHO, 4TO CMHH HelTpuHo (MAW aHTHHENTPUHO) paBeH /y
Henocpenctsennoe skcnepuMeHTaNbHOE A0KA3aTeNbCTBO CY-
11eCTBOBAHNS HEATPHHO OLLIO NoJyueHo Toabko B 1956 .
Wrak, sneprus, Boigeasiiomascs npu P -pacnane, pac-
npefensieTcsi MeXAY 3IIeKTPOHOM M AHTHHEHTPUHO B ca-
MbiX PasHOOGpasHbIx NPONOPLHSX.
Bropo#t Bua P-pacnaza (f*-pacna;) nporekaer no
cxeme:
XA, YA+ 40+ v, (90.6)

B xauecTBe npuUMepa MOXKHO INIPUBECTH TNpeBpalleHHe
asora N¥ B yruepon C'%:

7'N13 - GCIS -+ +1eo + .

Kag BHAHO H3 CXEMBI, aTOMHLIl HOMEp AouepHero fiapa
Ha eJMHHILY MeHbllle, yeM MaTepunckoro. Ilpouecc conpo-
BOXJaeTcsi UCIycKanuem mosurpona e* [B dopmyae (90.6)
OH 0603HAYeH CHMBOJOM +1€°] # HeHTPHUHO v, BO3MOXKHO
TaKxe BO3HHKHOBehHe y-ayued. IlosurpoH sBasercss aHTH-
yactHLell Adst saexrpona. CaefoBarenbHO, 00e YacTHULH,
ucnyckaemble npu pacmage (90.6), npencrasasior coGoit

1) Cornacno mnpuusTOli B HacTosllee Bpems KaaccHpuxauuu npu
p--pacnajie ucnyckaercs He HeATPHHO, a8 aHTHHEHTPHHO.
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AHTHYACTHLBI YO OTHOLIEHHI0O K YacTHLaM, MCIOYCKAaEMbIM
upu pacnazne (90.5).

[Ipouecc f*-pacnaga nporekaer Tak, Kak eciu Gbl OAHH
U3 NPOTOHOB MCXOJAHOro fjpa TpeBpaTWICH B HelTpoH,
HCMYCTUB MPH 3TOM HO3HUTPOH H HEHTPHHO:

p—>n+tet+w. (90.7)

Hasa cBoOGOAHOrO MpoTOHA TAKOH [Ipolece HeBO3MOMKeH MO
IHepreTHUECKUM coo6paxKeHH M, TaK KaK Macca I[poToHa
MeHbllle Macchl HefiTpoHa, OXHAaKO LPOTOH B fiipe MOXKET
3aMMCTBOBaTh TPeOyeMyl0O JHEPTHIO OT [PYrHX HYKJIOHOB
fapa.

Tperuii Bung B-pacnajga (K-saxsar unu e-zaxsar) 3a-
KJIIOUaeTcsd B TOM, YTO AP0 HOrJouiaeT oaun u3 -K-sjekr-
poroB (pexke oaun M3 L- uam M-371eKTpOHOB) cBOero aro-
Ma, B pe3yabTaTe Yero OJHH K3 IPOTOHOB MpeRpalllaeTca
B HEHTPOH, HCOYCKast IPK 3TOM HeHTPHHO:

p+e —»n+wv.

Bosuukinee s1p0 MOXeT OKas3aTbC B BO3GYKIEHHOM -
coctoaunu. [lepexons satem B Gojiee HU3KHe 3HepreTHue-
CKHe COCTOSIHMSI, OHO Hcmyckaer y-Gotoubt. Cxema mponec-
ca BHITJISAHT CAeAyIolmuM oGpasom:

SXA4 %>, YA+, (90.8)

Mecto B 3/eKTpOHHON 060J0uKe, OCBOGOXKIEHHOE 3a-
XBaUCHHBIM 3JIEKTPOHOM, 3aNOJIHAETCSl HJEKTPOHAMH K3 Bbl-
miesexaliix CJI0eB, B pe3yibTaTe 4ero BO3HHKAIOT peHFre-
HoscKHe Jiyud. K-3axBaT Jerko oOHapyXuBaeTcs MO CO-
NPOBOXK/JAIOLUIEMY €r0 PEHTIeHOBCKOMY H3ayuyenuio. Mmento
3THM fyreM u Gel1 oTkphiT K-3axBat AsapBapenom B 1937 r.

[Tpumepom K-3axBaTa MOXKeT CJAYXKHTb TNpPEeBpallleHHe
kanusa K* B aprou Ar:

19K40+ _le°—> ISAT4O+ V.

Hporonnan paanoakTuBHOCTL, Kak mnoxasmiBaer caMo
Ha3BaHWe, MPH MNPOTOHHOH PaAHOaKTHBHOCTH AAPO Iperep-
nesaer npespalleHHe, HCOYCKas OAHH- WJIH ABAa NPOTOHA
(B mocnenHeM c/ayyae rOBOPAT O ABYNPOTOHHOH pagHOak-
THBHOCTH). DTOT BHL PAAHOAKTHBHOCTH HaGAOAalCs BhEp-
gpie B 1963 r. rpynnofi COBeTCKHX ‘(PHSHKOB, PYKOBOAUMOMN
I. H. ®daeposiam.
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CnoHtanHoe JeneHHe Tsaxeamx faep. [Ipouece camo-
[IPOH3BOJIBHOIO JeJleHHsl fAfep ypaHa Ha JBe MPHMEPHO
paBHule yactu Obi1 o6Hapy:ken B 1940 r. coserckumu ¢u-
aukamu I'. H. ®@neposeiv u K. A. Ilerpxaxom. Bnocrnea-
CTBHHM 3TO sABJeHHe OblJo HaOMIOZEHO M JAJ MHOI'HX APy~
THX TAXKeAbX sffep. Ilo cBOMM xapaKTepHBIM YepTaM CHIOH-
TaHHOe JeJleHHe GJAM3KO K BBIHYKICHHOMY [€JIEHHIO, KOTO-
poe paccMartpuBaercsd B § 92,

Ennnnna aktuBHocTH. B MexayHapoaHo#l cucreme eiu-
Hul (CH) akTHBHOCTb PajMOaKTHBHBIX NpenaparoB H3Me-
psercs YHCJAOM pacnafoB B ceKyHay. COOTBETCTBEHHO €iH-
HUIleH AKTHBHOCTH B 3TOH CHCTeMe fBJsieTcs pacnad/cex.
Jlonyckaercsi nNpHMeHEHHe BHECHCTEMHBIX €IUHUL: pac-
nad/mun u kropu. EnvAENNa akTHBHOCTH, HasblBaeMas Kiopu,
onpepenasercss Kak aKTHBHOCTb TAKOro mpelapara, B KOTO-
pom npoucxoaur 3,700- 10 akros pacnana B cexkyHay. [Ipu-
MEHAIOTC JApoOHble eNHHHUB (MUAAUKIOPU, MUKPOKIOPY
H T J;l.),' a TakXe KpaTHble eNMHHULl (KuaoKtopu, meza-
Kropu).

§ 91. Slnepuuie peakuun

flnepHoli peakuuefi HasbiBaeTcs NpOliecC HHTEHCHBHOTO
B3aHNMOJIEHCTBHS aTOMHOTO siipa ¢ 3JeMeHTapHOH 4acTH-
UeH WIH ¢ APYTHM SAPOM, NPHBOASAILMH K Mpeo6pa3oBaHUIO
agpa (mau sigep). B3auMopelicTeue pearHpyioHiux YacTHY,
BO3HHKaeT NpH COJMHXeHHH HX RO PaeCTOSHHN Mopsanka
10713 ¢m Gnaronaps AeHCTBHIO SILEPHBIX CHA.

Han6osnee pacnpocrpaHeHHbBIM BHAOM SIIEPHOH peakunH
ABJIRAETCA B3aMMOAEHCTBHE JETKOH YacTHUB & ¢ AAPOM X,
B pes\}{mbrare KoToporo obpasyercsi Jerkas yactuua b u
sanpo Y:

X+a—Y+b.
Oébl‘lHO peakKnHy TakKoro BHIA 3afidcboiBatorcs COKpa-

IIIEHHO B BUae:
X(a, b)Y. (91.1)

B cko6kax ykasbiBaloTCsi y4acTBYIOLHe B pEakUHH JErKue
YACTHIBL, CHAYaJa HCXO[HAasl, 3aTeM KOHEUHas,

B kauecrBe uactull @ u b moryr GHrypupoBaTh HeHTPOH
(n), nporon (p), sappo TsaKenoro Bomopopa H2Z2— gpeiitou
(d), a-vyactuua (@) u y-doron (y).

Slnepuble peakuuy MOryT CONMPOBOXKAATHCA KAK BBIE-
JEeHHeM, TakK H TOrJolleHHeM 3HeprHu. Koauuectso
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BHACASAOMEHCH 9HEPTHH Ha3bBaeTcd TenNAOBHM 3¢-
dexrToM peaknu. On onpenenserca pasHOCTbIO Macc IMO-
KOsl (BBIP@XKEHHBIX B SHEPreTHUEeCKHX eIHHHLAX) HCXOZHBIX
W KoHeuHHIX fAfAep. Eciu cymma Mmacc oGpasyoiluxca saep
HPEBOCXOANT CYMMY MAacc HCXOZHBIX sijJep, Peakuusd HIeT
¢ TOIJIOUIEHHEM 3HEpPruM W TemyoBoH sdoekrt ee Oyrer oT-
PHLATENbHLIM.

Kax ycranosun H. Bop B 1936 r., peakuny, Bul3miBae-
Mbie He OYeHb OBICTPHIMH HacTHUAMH, NPOTEKAIOT B ABA
srana. [lepBrifi 3Tanm 3aknaiouaercs B 3axBare NpHOAH3IUB-
wefica ¥ siApy X Ha JIOCTATOYHO MaJsoe paccTosiHHe (Ta-
Koe, uTOO6Ll MOLJIH BCTYRHTh B JeHCTBHE ffepHble CHJbI)
TIOCTOPOHHEN YacTHUB @ U B 06pPasoBaHHH NPOMEKYTOUHOTO
sinpa II, HaselRaeMOro COCTaBHBIM AAPOM HIH KO M-
nayHA-AApOM. IDHeprusi, NPHBHECEHHAH uvacTuleH a
(oHa caaraercs U3 KHHETHYECKOH 3HEPrHU 4acTHUH H 3Hep-
YHH e€ CBSI3U ¢ POM), 32 OUEHb KOPOTKOe BpeMs Imepe-
pacnpenensiercss MeXAy BCeMH HYKJIOHAMH COCTaBHOTO
sgipa, B pe3yJsbTaTe Yero 3To AP0 OKa3biBAeTCA B BO3OYMX-
N €HHOM COCTOSIHHM.

Ha sTopoM sTame cocTaBHOe AP0 MCIYCKAeT 4acTHIY
b(n, p, a, y). CHMBOIHUECKH Taxkoe ABYycTajuiiHoe NpoTe-
kaHue peakiny (91.1) MOXKHO NpeiCTaBHTL CJAEAYIOLLHM

o6pasom:
X+a—->I->Y+b. 91.2)

MoxeT cayyHThcs, YTO HMCIYIEHHAS YacTHUA TOXKIeCT-
BeHHa ¢ 3axBayeHHoH (b = a). Toraa npouecc (91.2) ma-
3HIBAIOT pPaccesHHEM, NPHUEM B CaAyyae, eCcld SHeprus
yacTuuw b papna sHeprun dactuubt a (Es = Eo), pacces-
pue 6yneT ynpyruM, B NPOTHBHOM cjaydae (T. €. NpH
Ev+E;) —ueynpyrum. Slpepuas peakuus umeer Me-
CTO, €CJIM YacTula b He TOXKAECTBEHHA C 4.

[Tpome:xxyTox BpeMEHHM Ta, KOTOPHI TpeGyercss HYKJOHY
¢ sHeprueil mopsigka 1 Mag (4TO COOTBETCTBYET CKOPOCTH
uykiaona ~ 10°cm/cex) pnas Toro, uro6Gul NPOHTH paccros-
HYE, paBHoe auamerpy sinpa (-~ 10712 cm), npunumaercs
B KayecTBe C€CTEeCTBEHHON ALEepPHOH eAHHHUB Bpe-
MeHHu. IDTa equHHLlA HMeeT BeJUUUHY:

16712 ¢cn ~21
m =10 CeK., (913)

Cpenree BpeMa KH3HH COCTaBHOTO sigpa (paBHoe 10-14—
10712 cex) nma MHOFQ MOPAAKOB NMPEBOCXOJHT SIAepHOE Bpe-
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M ta. CiaegoBaTenbHo, pacnaj cocrassoro sgpa (1. e.
HCyCKaHHe MM yactuubl b) npexacraeasier coboit mpolece,
He 3aBHCALIMH OT MepBOrO 3Tana peakiuH, 3akiioualotle-
rocs B 3axBaTe 4YacTHUB @ (cocTaBHOe $SIAPO Kak Owl
«3a6biBaer» cnoco6 ceoero oGpasoBanus). OgHO H TO Xe
COCTaBHOe fAJPO MOMKET pacnajaThbCs pas/JHUHBIMH My-
TAMH, OpUYEM Xapakrep ITHX NyTefl ¥ HX OTHOCHTeNbHad
BEPOSITHOCTb He 3aBHCAT OT cnocofa obpa3oBanus COCTaB-
HOTO sipa.

Peakuun, BbisbiBaeMble OLICTPBIMH HYKJOHAMH H Jeil-
TonaMu '), nporekaior Ge3 o06pa3oBaHHs MPOMENKYTOUHOTO

Alpa. Takue peaxkuHy HOCAT Ha3BaHUe o

NPAMBIX AAEpHBIX B3aHMOAJeE fi- LA

ctBud. Tunuuuol peakuumell npamMoro %

B3aHMOICHCTBHA ABJASETCA peaKI U3l

cphiBa, HaOgIOAAOILAACT MNPH  HE- e

HeHTpanbLHBIX  COyAapeHHsx  HefiToHa ) 1

¢ aapoM. Ilpu Takux coylapeHUsX OLHH

H3 HYKJIOHOB [eHTOHa MOXeT mnornact — 0

B 30HY /JefiICTBHA siACPHBIX cua H Oyier

3axpayeH s1pOM, B TO BpeMA KakK Apy- _ _ D) 2

roil HyKJOH OCTaHercl BHe 30HLI Jeil-

CTBHSI fAEPHBIX CHJ M [POJeTHT MHMO %

aapa. .
B sazepuofi ¢dusnke BepoOATHOCTDL Puc. 255,

B3aUMOJEHCTBHST NPHHATO XapaKTepHso-

BaTb € MOMOILBIO TaK HasbiBaeMoro 9@ GEeKTUBHOTO
ceyeHH s 0. CMBICA 3TOH BeJHUHHBI 3aK/I0YAETCS B Cle-
aywouem. Ilycts notok wacruu, Hanpumep HeHTPOHOB, ma-
JaeT Ha MuWeHdb, HAaCTOMNLKO TOHKYIO, YTO siIpa MHUIIEHH
He nepekpoiBalorT Apyr apyra (puc. 255). Ecau 6wl agpa
ObLJIM TBEPALIMH IIAPHKAMHU C IONEPEYHBIM CeUEHHeM O,
a NaJaloliie 4acTHI(bl — TBEPABIMH IUapUKaMH C HCUE3alo-
e MaJjiblM CeueHHeM, TO BepPOSITHOCTb TOTO, YTO NaAalomias
YaCTHLIA 3aJeHeT OAHO W3 siiep MHIMeHH, Oblia Gbl paBHA

P = ond,
rjae n —- KOHUeHTpalusa Agep, T. €. YHCJAO HX B eauHHle 00b-
eMa MHUEHH, § — TOMNIMHA MulleHd (ond onpenensier OT-

HOCHTEJbHYIO JOJIIO NJOLIaAH MHUIUEHH, MepekpLiTylo fapa-
MU-LIAPUKAMH) .

') Hanomuum, uTo AeATOHOM HAa3bLIBAGTCA AAPO aToMa THAMKEI0ro
Bojopoja. OHO COCTOMT H3 ABYX HYKJOHOB — NPOTOHA U HeHTpOHA.
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INpeanonoxumM, YTO NJAOTHOCTL MaXAIOLIHX. YacTHIL!)
paBHa N. Toraa Ko/aMYecTBO TNpeTepNEBLIMX CTOJKHOBEHHS
¢ sapamu yactu AN Gyxper pasHo

AN = NP = Nond. (91.4)

CaefoBaTeNnbHO, ONpENeNHB OTHOCHTEIbHOE KOJHUECTBO 4a-
cTulL, NpeTeprnesilinx crojkHopenus, AN/N, MOXHO Gbiio Gbl
BLIUHCJNTD TIOTIEPEUHOE ceueHHe o0 = nr? sfifpa no ¢opMmyse

AN .
=T (91.5)

B nmeficTBUTeNbHOCTH HH SApAa MHIUEHH, HH Najalollne
Ha Hee YacTulibl He fIBJASAIOTCA TBepAbIMM mwapukamu, Onna-
KO N0 aHAJOTHH C MOJEJbI0O CTAJKHBAIOUINXCA ILAPHKOB
ILIs XapaKTEPUCTUKH BepPOATHOCTH B3auMoelicTBHs OepyT
BEJUUHHY O, onpenenseMyio dopmynoi (91.5), B koropoit
noa AN noapasyMeBamT He YHC/IO CTOJKHYBIUHXCS, a YHC-
JO [POB3aHMOJEHCTBOBABUINX ¢ SAPAMH MHILIEHU YacCTHIL
dta BenuuvHa ¥ HasbiBaeTcs 9GGEKTHBHBIM CEYECHHEM MJIS
JAaHHON peakuuH (mm npouecca).

B cnyuae ToJcTON MHLIEHH NMOTOK YacTHL GyAer no Mepe
TPOXOXKAEHHST 4epe3 Hee MocreneHHO ociabesath. Pasbus
MHUIEHb Ha TOHKHE CJOH, HamulieM cooTHomeHue (91.4)
AN Ciosl TONUIMHBL dx, HaxOAsulerocs Ha rayGuHe X OT
IIOBEPXHOCTH:

dN = — N (x) on dx,

rie N(x) — notok uactHn Ha ray6ude x. Mpl noCTaBHJAH
cupaBa 3HaK MHHyc, 4To6bl dN MOXKHO OBIIO paccMaTpH-
BaTb Kak npupaliende (a He ocuaalbleHHe) MOTOKa Ha My-
T dx. Vlurerpnposanne 3TOro ypaBHenHs HPHBOAUT K CO-

OTHOUWIEeHUIO:
N (6) = NOe‘Onﬁ’

B kotopom No— mepBuunblii notok, a N(8) —mnorox Ha
rayoune 8. TakuMm obpas3oM, usmepsis ocnaGieHue NOTOKA
YacTHU OPH NPOXOXKAEHHH HX Uepe3 MHIIeHb TOJIHHLL §,
MOXHO ONpeReJHTb CeueHHe B3aHMOJAeNcTBHA Mo dopMyJe:

) N
oc=—=In N(g) (91.6)

) HanoMHHM, YTO IVIOTHOCTBIO MOTOK@ HA3HBAETCA KOJAMYECTBO Haa
CTHL, NpPOJIETAKINUX B eAMHHLY BpeMeHH uepe3 eRHHHUHYIO MIOMAAKY,
RepNeHAUKYJAAPHYIO K HaNpaBieHHIO NOTOKa,

460



B kauecrBe enununsl 3¢hdekTHBHOrO ceuenHs AAEPHBIX
NpOUeccoB NpUHAT 6apH:

1 6apu=10"% cu’. 91.7)

Ileppas sgepnas peakuus 6buia ocyliecTsiaeHa Peaep-
¢doprom B 1919 r. Ilpu o6ayuennn a3oTa @-yacCTHLAMH,
HCUyCKaeMblMK paJHOAKTHBHLIM MCTOYHHKOM, HeKOTOphie
sIApa a3oTa npeBpallajiuCch B fApa KHCJIOPORA, UCHyckas
IpH 3TOM NPOTOH. YpaBHEeHHe 3TOH peakUHH HMeeT BHA:

N (a, p)sO".

Pesepdopa BocnosnbsoBasca aas pacilenseHHs aTOM-
HOTO s7pa NMPHPOAHBIMH CHapAlaMH — q-yactuuamu. Slaep-
Has peakuysi, BLISBAHHAS HMCKYCCTBEHHO YCKODEHHBIMH dYa-
cTuiaMy, Oblla BrepBele ocyulecrsieHa Koxpodrom #
Yoaronom B 1932 r. C noMoiublo Tak Ha3blBaeMOTO YyMHO-
JKATeNS HaNpSIXKeHHs OHH YCKOPSJH NPOTOHH 1O IHEPTHH
nopsaaka 0,8 Mas u nabaioganu peakiuno:

oLi" (p, @) Het.

B npanpueiiwem no Mepe pasBHUTHS TEXHHKH YCKOPCHHSA
3apSKEHHBIX YACTHL MHOXKWIOCH YHC/AO SAEPHLIX mpeBpa-
HIeHHH, OCYIIECTBASIEMbIX HCKYCCTBEHHBIM TyTeM.

HauGoanpliee 3HaueHHe WMEIOT peakLHH, BLI3bIBaeMble
Heiitponamy. B oTamume or sapaxennnix yacruin (p, d, o)
HefiTPOHBI He HCNBITHBAIT KYJCHOBCKOTO OTTaJ/JKHBaHHA,
BCJIENCTBHE Yero OHH MOryT NpOHUKATL B slApa, obnajas
BecbMa Manol sueprueil. JdddekTuBHbIE CEUSHU pPeakUuid
06bI4HO BO3PACTAlOT NPH yMEHbLIEHHH SHEPTHH HEATPOHOB.
10 MOXKHO OOBSICHHTbL TEM, YTO YeM MeHble CKOPOCTb
HeHTpoHa, TeM GoJblie BpEMSs, KOTOPOe OH IMPOBOAHMT B ce-
pe zefictBusa sIAEPHBIX cuJ, mpoJeras BOJAN3H fA4pa, H, CJe-
JOBATe/bHO, TeM O0osblie BepoATHOCTL ero 3axsara. [lo-
3TOMYy MHOTHe 3(QdexkTHBHbIE  ceueHHsi H3MeHATcA Kak
/v o0 E7%:, Opnako yacto Ha6a0DAIOTCS Clyvyad, Korjaa
ceyeHHe 3axBaTa HENTPOHOB MMEET pe3KO BHiPaXKEHHbIH
MaKCHUMyM /s HelTpoHOB onpeeentoii sxeprun Er B ka-
YecTBe Npumepa Ha puc. 256 npuBeneHa KpHBas 3aBUCH-
MOCTH Ce4YeHHsl 3axBaTa HeiiTpona siapom U® or suepruu
veiitpona E. Macwra6 no o6eum ocaMm-—JjorapHpmu-
ueckuii. B sTomM caywae  saBucumocTs O O0E-: uaobpa-
JKaeTcs NpAMOi JHHHeH, ONHCHBAaeMoll ypaBHeHHeM: Ilno =
= const — 1/; In E, Kak BuiiHo u3 pHCyHKa, Kpome obaacTu
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sueprufi B6au3u 7 98 xox Ilno ¢ InE peilictBuTensHoO 6.10-

30k K npamoauueinomy. Ilpu E = E, =7 38 ceueHue 3a-

XxBaTa pe3ko Bo3pacTtaeT, pocrturasi 23000 6apx. Bun xpu-

BOH yKa3biBaeT Ha TO, YTO SBJEHHE HMEET PE30HAHCHLI Xa-

paktep. Taxkoe pe3oHaHCHOe

ne NOTJIOLIEHHEe HMeeT MecTo

tNZ‘;ﬂpygﬂp,, B TOM ciyuae, KOTAa 3Hep-

THf, NpPUBHOCHMAas HeHTpoO-

HOM B COCTaBHOE $ApO, B

TOQYHOCTH paBHa TOHl 3Hep-

r'id, Kotopasi HeoOXonuMa

IJs1 NepeBOja COCTaBHOIO

Aipa Ha BoO36yXAeHHHIH

SHEepPreTHYeCcKHil  YpOBeHb

~T5  InkE (puc. 257). IlonoGuuiM xKe

o6pasom aaa  (HOTOHOB,

Puc. 256. 9HepPrHsl KOTOPLIX paBHA

pa3HOCTH 3HEpruil Mexny

NepBbIM BO30YXKAEHHHIM H OCHOBHBIM YPOBHfIMM aToMa, Be-

POAITHOCTb NOrJONLIEHUs1 OCOOeHHO BeaHKa (pe3oHaHCHOE
norJjoteune ceera; cM. § 85).

HMuTepecna peakuus

N¥(n, p)eC!,

KOTOpas MOCTOSIHHO NMpoTeKaeT B aTMocdepe nold AeHCTBHEM
HEATPOHOB, 06pa3yeMblXx KOCMHYECKHMH JyuyamHu. Bosnu-
Kamowui npd 3toM yraepop ¢Cl4
Ha3blBaeTcs  paAHOYIVIEpOIOM,
Tak Kak OH f~-pagHoakTHBEH,
€ro nepuoj noJypacnaga co-
crapasier okoao 5600 xer. Pa-

706w+
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IHOYIJIEPON yCBAWBaeTcsi TpH J/grpg[/;?
(hoTOCHHTe3e pacTeHHsIMH U yua- HELRTIDOHE
CTBYET B KPYTOBODOTE BELIECTB -

B npupone. KouauuectBo Bo3mu-  Jomu smepzur

KAalOWKX B atMocdepe B enuny- 70 7R

1y BpPEMeHH sijep paaMOyIJe- Puc. 257.

pora AN, B cpexHeM ocraercs
nocrosinubiM. Kosinuectso pacmajaiomuxca azep AN. npo-
MOPLHOHA/AbHO YHCAY HMeEKIIHXCA saep N:

AN_=FkN.
Tak xak mepuoa mnoaypacnaja O4YEHb -BeJHK, YCTaHaBiHW-
BaeTCsl paBHOBecHast KoHueHTpauus sigep C!* B oGbluHOM
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yriepofe, OTBEUAIOmas YCAOBHIO!
AN . =AN_ umu AN, =EkN.

CrneunajbHbple HCCAELOBAHUS NOKA3aJH, 4TO BCJIEACTBHE
JIeHCTBYUSl BEeTPOB M OKCAHCKHUX TEUEHHH paBHOBeCHAs KOH-«
yenrpanus C!* B pasjuyHBIX MeCTaX 3EMHOrO Miapa OJH-
HAKOBa H COOTBETCTBYeT NpumMmepHo 14 pacmagaMm B MUHYTY
Ha Kamawlft rpamMm yraepopna. Iloka opranuueckoe Belie-
CTBO XHBeT, y6biab B Hem C! 13-3a paguoakTHBHOCTH BOC-
IOJTHSIeTCS 32 CUeT YYacTHsi B KPYrOBOPOTE BELIECTB B MpH-
pode. B MOMeHT cMepTH OpraHM3Ma MpOLEEC YCBOEHHS
cpasy xe npekpalaercss u KoHueHtpanua Ci4 B 0OBIUHOM
yriaepofe HauMHaeT yOBIBaTh MO 3aKOHY pPaAHOAKTUBHOTO
pacnaga. CuegoBatesnbdo, H3MepuB KoHuenrpauuto Clé
B OCTaHKaX OpTaHH3MOB (B JApeBeCHHE, KOCTAX M T. IL),
MOXKHO ONpene/IUTh NaTy WX CMePTH HJH, KaK TOBOPAT, HX
Bospact. IlpoBepka 3TOoro Merofa Ha JApeBHHX ofpasuax,
BO3pPAaCT KOTOPHIX TOUHO OINpejeNeH UCTOPHUECKUMH MeTo-
JlaM¥, Jaja BIOJIHE VIOBJETBOPHTEJbHBEIE pe3y/abTaThl.

§ 92. Jleneune saep

B 1938 r. nemeukue yuensie O. T'an u @. [rpaccman
OOHAPYXKHJIH, YTO TpH OOJyYeHHH ypaHa HeHTpoHaMH 006-
Pas3yroTcst SJMeMeHTHl H3 CepelHHBl [epHOZHYEeCKO#l cucre-
Mol — Gapuit u nantau. OGbscHeHHe 3TOrO fBJeHUA OblIO
AaHo HeMeuxkuMu yuenblMu O. ®puwem u Jlusoit Meittnep.
OHU NpeAnoJioKHJIH, YTO 3aXBaTHBIIEee HEHTPOH AAPO ypa-
Ha JeJUTCs Ha [Be NMPHMepHO paBHble YacTH, INOJYYMBIUHE
Ha3BaHWe OCKOJNKOB AeJeHHH.

- JlanpHeiimue ucciefoBaHUA NOKa3a/H, 4TO JAeNeHHE MO-
KeT MPOUCXOAWThH pasHeiMH mnyTsaMu. Bcero ofpasyercs
0K0s10 80 pas3jH4YHBIX OCKOJKOB, MpHYeM HauboJjiee BepOAT-
HbIM SIBJISIETCA [leJeHHe Ha OCKOJKH, MAacChl KOTOPBbIX OTHO-
carca kak 2:3. Kpusas ita puc. 258 naer oTHOCHTe/bHbIH
BBIXOJ (B NpPOUEHTaX) OCKOJKOB Pa3HOH MacChl, BOSHHKAIO-
KX npu Aeqednn U2P wmepsennbiMH (TenmJaoBbMHU!))
HelTponamMy (maciuta® 1O OCH OPEUHAT — JorapupmMuye-
ckuft). Y3 310l KpuBOH BHIHO, UTO OTHOCHTENbHOE YHCJO
aKTOB [eJeHHs, 1IPH KOTOPHIX 00pasyloTcs J[ABa OCKOJKa
pasuoit maccet (A = 117), cocrasiasier 10729, B 10 Bpems

'} TensioBbiMH Ha3bIBAIOTCA HEHTPOHBI, HAXOAUIHECA B TelOBOM
paBHOBECHH ¢ aToMaMiu Beinectsa. VX sHeprua passa ~ 0,025 as.
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Kak 06pa3oBanHe OCKOJKOB € MaCCOBHIMH YHCJAaMH MOpAX-
xa 95 u 140 (95: 140 =~ 2:3) nabuonderca B 7% cayyaes.

Dneprusi CBsA3H, NPUXOAALIAsACAd Ha OJHH HYKJOH, AN
sifep cpeAHeil Macchl 3HAYHTENbHO GOJbHIe, YeM Y TAMEJbIX
agep (cM. puc. 249). Orciona ciaenyer, 4To AelieHKe Anep
LOMKHO CONPOBOXKAATHCA BblfeneHHeM GOJBLIOr0 KOJHYE-
cTBa SHeprHH. Ho ocoGeHHO BaXKHEIM OKasajnochb TO 00-
CTOSITENBCTBO, UTO MPH JAEJIEHUM KaXJOTo fjpa BbICBOOOXK-
naercsd Heckoabko HeliTpoHoB, OTHOCHTENBbHOE KOJHYECTBO
HEATPOHOB B TsXeJbIX APax 3aMeTHo GoJblle, 4eM B Cpel-
wux sappax (cM. puc. 248). IlostoMmy oGpasosasuiuecs

TIATM
R ENn

v 7 \

/. /Y / /R /A /A |
Puc. 258.

OCKOJIKM OKa3bIBAIOTCH CHJLHO IMepPerpyKeHHHMH HedTpo-
HAMH, B Pe3yJbTaTe uYero OHH BHIAEJSIOT MO HECKOJbKY Hei-
TpoHOB. BoJbUINHCTBO HEHTPOHOB HCIYCKaeTcs MTHOBEHHO
(3a Bpems, Menbliee ~ 107% cex). Hactp (0xon0 0,75%)
HefiTPOHOB, NOJyuMBLIasl HA3BaHWe 3amasAHBAaKUIUX
HeHWTpOHOB, HCHYCKaeTCs He MTHOBEHHO, a C 3anasibl-
panueM or 0,05 cex o | mun. B cpenHeM Ba Kax[Ibid aKT
JeNeHHs NPHXOAUTCH 2,5 BBHAEHBILHXCS HEHATPOHOB.

BhifeseHde MTHOBEHHBIX M 3a[a3fblBAaIONIMX HEHTPOHOB
HE YCTPaHAeT NOJHOCTHIO TNeperpys3ky OCKOJKOB [eNeHHs:
nefiTponamu. T109TOMy OCKOJMKH OKasbiBalOTCs B GOJBIIHMH-
CTBE PajMOAKTUBHLIMH H IIPeTepeBaloT Uenouky f~-npespa-
wienuii, CONPOBOXKAAEMbIX HCITYCKaHHEM Y-JTyyedd.

[MoscuuM ckasanHoe npumepom. OauH M3 myrei, KOTO-
PHIMH OCYIIECTBJISIeTCH JeieHHe, BhINVIAAUT CedyIoUnM 006-
pasom:

92U235 4 n— 92U236 -~ 55C5140 + 37Rb94 + 2n.
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OckoakH fefeHus — uesuit ¥ pyGuAuil — nperepneBaior
npeBpauieHus:

55Cs 10 > 5B > L0 > Celt0,

ﬁ! Bt B‘t
R > 3681% o oY > Zr%.
v v \
P B B~

Koneunsle npopyxThl — nepuit Ce'®® u unpxouuin Zr% —
ABJSAIOTCA CTaGUIbHBIMH.

Kpome ypaHa, npu o6aydyenun HeiiTpoHaMu!) nenstcs
Takxke TOPHA (50Th) u mporakTurufl (5;Pa), a Taxke Tpanc-
ypaHOBhi1 3jeMeHT miayToHuit (9:Pu). Hefirponn cBepxsbl-
COKHX 3Hepruff (mopsiika HeCKOJbKHX coTeH M3g) BH3HI-
BalOT AeJcHHUe H GoJiee JIETKHX sIep.

Sapa U u Pu?® pensrtca HefirpoHaMu JIOGHIX 3Hep-
ruil, Ho 0COGEeHHO XOpOIUO MeAJieHHbIMU HedTponamu. Jas
TENJIOBbIX HEHATPOHOB 3¢ QekTHBHOE ceuenne JeneHus U2B
cocrasaset 580 6apn, a Pu®® — 750 6apn. TennoBbiMH He-
TpOHaMH Aeasatcs Takxke U228 y Th2¥® yo ath u3orons B
NPUPOJe He BCTPEYAIOTCSH, OHU NOJYUAOTCH HCKYCCTBEHHHIM
nyTeM,

SAnpa U8 y BeTpewarowuxcs B npupoie usoronos Th
n Pa geastes Toabko OblcTphIMH  HeliTpoHaMu (C  3Hep-
THSIMH, He MeHbliuMuH ~ 1 M3g). Ilpu MeHBIIHX SHEPrHsX
HeATpoHbl Norsjomaioress sapamu. U8 Ges nocaedyromierd
HX feneHus. B pesyabrate ob6pasyercs sinpo U*®, sHeprus
BO36YyXIeHHsl KOTOpOro Bbigessiercss B Buje y-¢orona. Ilo-
3TOMY TaKOH Ipoliecc Ha3biBaeTcs PaJHAL HOHHB M 32-
xBaTowMm [peakuus (n, y)l. dddexruBHoe ceueHHe 3TOrO
npouecca pe3ko BO3pacTaeT IPH HEPTHH HEHTPOHOB, paB-
HOl ~ 7 38, pocturas 23000 6apn (cM. puc. 256). Ceue-
HMe 3axBata saapom U2 rensoBbix HEATPOHOB COCTABJSET
MeHblue 3 6apH,

O6pasoBaBiieecsi B pe3yJbTaTe 3aXBaTa HEUTPOHA SAPO
U2® pgecrabunbHo (mepuon nonypacnaga I pased 25 mun).
Ucnyckas 371eXTpoH, aHTHHEATPHUHO M y-(OTOH, OHO

') Heaenne TAXenHX sfep MOXeT GLiTh BHI3BAHO Be TOJNbLKO Hedt-
TPOHAMH, HO H APYFHMH YacTHHAMH — IPOTOHAMH, AEATOHAaMH, Q-4acTH-
uaMH, a Takke y-doronamu. B nocneanem cayuae rosopar o Qoronmene-
HHH sfep.
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npeBpanjaeTcs B A4P0 TPAHCYPAHOBOrO dJeMeHTa HeNTYHH
Np?®. Henrynuii Takxke nperepneBaer P~-pacmap (T =
=2, 3 nua), npeppawascy B nayrouuit Pu® Jra nenouxa
npeppailenuli Moxer GbITh OpeAcTaB/]eHa CJAEAYIOWHM 006-
pasom:

92U239 ' (25 mun) 93N p239 ; (2,3 pus) 94pu239. (92.1)
v
B~ [

[Tnyronuit «-paguoaKkTHBEH, OJHAKO €ro MepHOL MMOaY-
pacnaja tax Bequk (24 400 ner), 4To ero MOMKHO CUUTATH
NIPAKTHYECKH CTAOUABbHBIM.

PannauvoHmblii 3axBat HeHTPOHOB sapoM TopHs Th?%
NPUBOAUT K 06pa30BaHHUI0 Aeasileroca usorona ypauna U,
OTCYTCTBYIOLIETO B NPUPOAHOM YpaHe:

wTh®2 41— o Th23 ; (22 mun) g Ac?® @7 puett) U3,
M
B B~

Ypan-233 a-papuocaktusen (T = 162000 ner).

Bo3sunkHoBenue npu Hdedenuu sigep UH, Pu2® y U2
HECKOJbKMX HEeHTPOHOB JesiaeT BO3MOMKHBIM OCYyIeCTBJEeHHe
nensHolt AnepHo#i peaxuuu. [leficTBUTenpHO, HCHylUEHHbIE
NpY JeNeHUM OJHOTO siApa 2 HEATPOHOB MOTYT BHI3BATh Je€-
JieHHe 2 sifep, B pe3y/abTaTe OyAeT MCNYWEHO 22 HOBBIX
HeHTPOHOB, KOTOpbBIE: BHI3OBYT Hejenne 22 sfep, u T. A. Ta-
KuM 00pasoM, KOJHYeCTBO HEHTPOHOB, pOXKIAIOUIUXCA B
Ka/J0M TOKOJeHHH, HapacTaer B reoMeTpHYECKOl mporpec-
cun. Heditpousl, uenyckaemble npu AeseHuu sgep UZH
HMEIOT B CpelHeM 3Hepruio ~ 2 M3s, uTo coOTBETCTBYET
ckopoct ~2-10° cm/cex. Tlosromy Bpems, mpoTekaioulee
MEXIYy pPOXKAeHUeM HeliTpOHA M 3aXBATOM €ro HOBBIM AeJs-
IIUMCS SIIPOM, OYeHb MaJio, TaK UTO MpOIecC pasMHONKe-
Kud HeH#TPOHOB B dedsLEMCSl BEIleCTBe MPOTEKAaeT BecbMa
6bICTpO.

HapucoBannas HaMu KapTHHa ABJAAETCS MACaNbHOM.
Ilpouecc pa3smuoMeHHs HeHTPOHOB NpoTekan Obl omucaH-
HblM 06Gpa3oM TPH YCJIOBHH, UYTO BCEe BblAGNUBIIHECS Hel-
TPOHBI WOIVIOL{AIOTCS AEASIIHMHACH sapaMu. B peanbubix
YCIOBHSIX 3TO [aJjeko He Tak. llpexiae Bcero u3-3a KoHey-
HBIX PasMepoB jJensiuierocsi Tena M GOJMbLION TNPOHHKAIO-
el COCOGHOCTH HEHTPOHOB MHOTHE H3 HHX HOKHHYT 30HY
peakuun npexpae, ueM OGyayr 3axBadeHbl KaKMM-AH0O $iA-
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POM M BBHI3OBYT ero jejende. Kpome toro, uactb HefiTpo-
HOB TOMVIOTHTCA - AAPaMH HeHeJAllNXCcss npHMecell, BCael-
CTBYE Y€TO BHIiET M3 WIpPHI, HE BLI3BAB JENCHHS H, CAefo-
BaTesbHO, He MOPOJHB HOBHX HEHTPOHOB.

[loBepxHOCTb TENa pacTer Kak KBajapart, a o0beM — Kak
Ky6 JaunHefiHplx pasMepoB. IlostomMy oTHOcHTeNBHas [0S
BLIIETAIOUIX HAapPyXy HEATPOHOB YMEHBLIAETCA ¢ POCTOM
Macchl AesAulerocs BellecTaa.

Ipupoanuiit ypan comepxur 99,279% wusoroma U®,
0,729% U* 4 okoso 0,019 U2% Takum oGpa3oM, HAa Kax-
Joe pedsileecs NORA JAeHCTBHEM MeAJEHHBIX HEATPOHOB
agpo U5 ppuxoaurca 140 amep U2®, xorophie 3axBaThl-
BAlOT He CJAMLIKOM OblcTpble HeHTpoHb Ge3 aesenus. [lo-
3TOMY B NPHPOLHOM YypaHe UEMHAas peakiHs AeJeHHs He
BO3HHKAET.

Hennas spepuas peakuuss B ypaHe MOmeT GHIThb ocCy-
LlecTBJAeHa JAByMsa crnocobGamu. Ilepseiit cmoco6 3akiio-
YaeTcAd B BLIAEJeHHH H3 TPUPOJLHOrO ypaHa Iessllerocs
nzorona U2®. BenepcTBHe XHMHYECKOH HEPA3JIMUHMOCTH
W30TOMOB pasjeseHye UX npexacrasiaser cofol BecbMa TPYA-
nywo 3anavy. OnHako oHa Obiia pellleHa HECKOJbKHMH Me-
rogaMmu. Ilpombluinennoe 3HaueHHe npuobpen auddysuoH-
Hblii (TouHee, 3ddy3uonnblil) MeTOX pasdeneHus, OpPH Ko-
TOpOM JeTyuee coeinHenne ypaHa UF¢ (rekcadropun?)
ypaHa) MHOTFOKpPaTHO HPOMYCKAaeTCs uepes Neperopoiky ¢
OYeHbL Manuimu nopamu [cm. 1. 1, § 116].

B kycke uucroro U?® (uam Pu2®) gamawbili 3axBayeH-
Hbli AJXPOM HEHTPOH BLI3LIBaeT [e€JEeHHE C HCIYyCKaHueM
~2,5 HoBEIX HeliTpoHOB. O/HAKO, ecly Macca TAKOTO Kyc-
Ka MeHblile ONpee]eHHOr0 KPHUTHUECKOro 3HaueHusa (co-
craBasoiiero mis U2 no BeluMciaenusM ueMmeugoro ¢usu-
ka B. Tefizen6epra npumepno 9 k), T0 GONBIHHCTBO HCMY-
ILeHHBIX HeHTPOHOB BEIJIETaeT HapYXKYy, HE BLI3BAB JleJIeHHS,
Tak 4YTO IHeNHas peakuus He Bo3HukaeT. Ilpu Macce,
Gonblueff KpHTHueCKOMH, HeliTpoHB! GBICTPO pa3MHOXKAIOTCSA
M peakuus mnpuoOperaer B3phiBHOH xapaktep. Ha atom
OCHOBAHO JelCTBHE aTOMHON G0MGul. JaepHbil 3apan
Takofi 60MObl npelcrasasier cofoft ABa UaM 6Gojee KYCKOB
nouty uucroro U® pan Pu?® (na puc. 259 onn 0603HaueHbl

Yy Tlpupopnet  ¢rop cocrour u3 onaHoro usorona F'9. Jlpyrue
n3oTonbl ¢ropa Hectaluiabhbhl ¥ ObIIH NOJYHEHB! JMIIL HCKYCCTBEHHBIM
nyTeM.
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undpoin I). Macca xaxpmoro xycka MeHbIIe KPHTHYECKOH,
BCHIEACTBHE 4Yero ueMHas peakuMs He BO3HUKaeT. B 3zeM-
Hofi aTMmocdepe BCerZa HMeeTCH HEKOTODOe KOJNHUYECTBO
HCATPOHOB, POXKJAEHHBbIX KOCMHuYecKMMH Jaydamu. I[loatomy,
4To6H BLI3BaTh B3PHIB, JAOCTATOUYHO COEAMHHTbL UYaCTH
AlCPHOTO 3apfAia B OJHH KYCOK C Macco#, GOJbUIeH KpH-
THYECKOH. DTO HYXHO A€JaTb OYeHb GBHICTPO H COEAdMHEHHE
KyCKOB JIONI’KHO OLITb OYeHb NJOTHBIM. B mporuBHOM ciay-
Yae siAepHBIl 3apAN PasNeTHTCd Ha YacTH Opexje, UeM
ycneer mpopearupoBaTh 3aMerTHas ROMA AENALLEroCH Be-
mecrsa. Jlasa coeinseHus Mcnosb3yerca OGHUHOE B3PbiB-
yaTtoe BelecTBo 2 (3aman), ¢ NMOMOUILIO KOTOPOrO OIHOH
9acTblo AAEPHOrO 3apsija BLICTPENHBAOT B aApyryio. Bce
YCTPOHCTBO 3aKJi04YEHO B MaCCHBHYIO 060/104-
Ky 3 u3 metanaina Goabuwioii naorHocth. Q6o-~
JIOYKA CJYKHT OTpaxaresqeM HEHTPOHOB H,
KpoMe TOro, ylep:KHBaeT silepHbHl 3apsjg OT
» PacmelieHns 0 Tex mop, NOka MaKcHMalb-
HO BO3MOJKHO€ YHCJIO €ro fAep HE BBIAEHT
CBOIO SHepruio npu Jenennd. llennas peax-
7 uua B atoMuoil GoMOGe HaeT HAa OGLICTPHIX Heill-
Tponax. Ilpn B3phiBe ycneBaer mnpopearuapo-

J  BaTb TONBLKO Y4CTb SAEPHOTO 3apfAja.
HHoft cnoco6 ocyulecrsieHus - LemHof pe-
aKIlUH HCMOJb3YeTCs B I A€pPHBIX pPeaKTo-
Puc. 259. pax (HasplBaeMbIX TaKXKe ATOMHBIMHU
KoTanamu). B kadecrBe Henamierocd Be-
WecTBa B Peakropax CHAYXHUT npupoldublit (60 HECKOJIbKO
oGoraulennsifi usoronom U2} ypan. Urolb npeaoTBpaTHTh
paanauaonHbll 3axBat HefiTponoB aapamu U2® (korophili
€TAHOBHTCH OCOOEHHO MHTEHCHBHBIM [DH 3HePTHH HEHTPO-
HOB ~ 7 38), CpaBHHTE/ILHO HeGonbWHe Ga0KH (KycKH) Ae-
asulerocs BellleCTBa pa3MelllaloT Ha HEKOTOPOM paccrosi-
HHE JPYr OT Apyra, a NpOMeXKyTKH MexXAy Onoxamy 3a-
NONHAIOT 3aMeAUTEJeM, T. € BEUECTBOM, B KOTOPOM
HeHATPOHB 3aMeAJsIOTCs 10 TeNNOBHX ckopoctell. CeueHue
3axBara TemJIOBbLIX HefirpoHoB sippom U2¥ cocrasnisier BCe-
ro 3 6apna, B TO BpeMs Kak ceueHHe fenenus U temso-
BbIMM HeitTrporRamu mnoutu B 200 pas Goabuie (580 GapH).
[Tosromy, xoTsi HeHTpOHbl CTajKuBamOTCA, ¢ fApamu U®
B 140 paa uaue, uem ¢ sppamu U?®, papyauuoHublfi 3axBar
DPOHCXOJHT Pexke, YeM gefeHse, U Npu GOAbIIHX KPUTHYE-
CKOTO pa3Mepax BCero ycTpoitcTBa Ko3(QQHUHEHT pa3MHO-
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XKeHHsi ') HeHTPOHOB MOXET NOCTHTHYTb 3HaueHHH, 00ib-
WIHX eJHHHILBL.

3amen/nenne HeHTPOHOB OCYLIECTBJfETCA 3a CueT ympy-
roro paccesHus. B 3ToM ciydYae sHeprus, TepseMmas 3a-
MeAJNseMoil 4acTHIeH, 3aBHCHT OT COOTHOLIEHHS Macc cTaj-
KHBAIOMHUXCA YacTHU. MaKcuMa/bHOe KOJHYECTBO 3HEepruH
TepsieTcsl B caydae, eclH ofe 4acTHUBE HMEIOT OJHHAKOBYIO
maccy {(em. 1. I, § 30). C 3Toli TOYKH 3peHHs HAeaJbHLIM
3aMejJIuTeNeM HOMNKHO Gblo 6bl OBITh BEHIECTBO, cOAepXa-
mee OGLIYHBIA BOZOPOA, HampuUMep BOZa (Macchl NpOTOHA
H HefiTpona npuMepHo oxauHakoBel). OfHaKO Takue Be-
IlecTBa OKa3aJHCh HENPHIOAHBIMH B KauyecTBe 3aMelJiH-
TeJst, MOTOMY 4TO OGBIYHBIE BOJOPOJ MOTJOLLAeT HEATPOHHI,
BCTyNasi ¢ HUMH B PEaKIIHIO:

(H!(n, v),D?%

Anpa samenaurenss JOMKHB 06/1a%aTb MaJbiM cedeHHEM
3axBaTa HEATPOHOB M OGOJBILMM CEYEHWEeM YNpPYyroro pac-
cesHHs. DTOMY YCHOBHIO YHOBJIET-
BOpAOT Jefitepufi D, a rTakxke
aipa rpajura (C) u Gepuiaus
(Be). s yMeHbIUEHHS 3HEPTHH
nedTpoHa or 2 Mas 10 TemJIOBHIX
sHeprufi B Taxenoil Bome (D20)
JAOCTaTO4YHO OKO0JO 25 CTOJKHOBe-
Huft, B C niu Be — npumepno 100
CTOJIKHOBEHHUH.

ITepprifi ypan-rpacduTOBHE pe-
axTop Gbla mylleH B fekabpe 1942r.
B UHKAarcKOM yHHBEDCHTETE NOJ PY-
KOBOACTBOM BHIJAIOIIErOCAd HTAaJb-
sHcKoro  ¢usuka . Pepmu. Ha
puc. 260 nokasana cxema peakropa. lludpoit I o6osnauen
3aMenuTesb — rpadur; 2-— 6JIOKH H3 ypaHa; 3-— CTepx-
HY, COAep:Kalllie KaAMHH HJaH 6GOp. DTH CTEPXKHH cCayXKaT
IJIsi peryJHpoOBKH npolecca B peaxrope. Kaamuit u 6op
HHTEHCHBHO morjomait HefiTponbl. [losatomy BBenenue
CTepXKHell B peakTop yMmMeHbwaeT Ko3(hQuUHeHT pa3MHONKe-
HHS HEATPOHOB, @ BbiBeleHHe — yBeauunBaeT. CrenuanbHoe
aBTOMaTHYeCKOe YCTPOilCTBO, YNpaBJsioulee CTepXHAMH,

g

Puc. 260.

) KospduunenToM pasMHOMKEHH HA3bIBACTCA OTHOLICHHE KOJIHYECTS
HeliTPOHOB, POXKAAIOWMXCS B ABYX HOCJEAYIOWHUX MOKONEHHAX.
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no3BOJIAET NMOAAEDPKUBATh PA3BHBAEMYI0O B pPeakTope MOUL-
HOCTh Ha 3aJaHHOM YypoBHe. PeryinupoBanne 3Ha4HTESbHO
obaervaercs TeMm ,06CTOATENbCTBOM, YTO YacTh HEHTPOUOB,
KaK yXe OTMeuanoch, HCIYCKaeTCs NPHU JeJeHHH ffep He
MTHOBEHHO, a ¢ 3ana3fAbiBaHHeM 10 1 #uH.

? ’
Orvron Deowoion

O~ 0

Locrpwe nedmpons (0%)

/ l \ ~Z0%

TaMETHNTIE b
| \
TE7080/8 HELTIOHY
~0% Loy
sz rpeden
JECKITI0E
~40%
Jcroyior dcronrorn
T TTTT—ae O

TIMERILITIEE
/ \

Puc. 261.

TlepBole NpOMLILIJICHHBIE pEAKTOPBl, NOCTPOEHHBIE B
CUHIA, npeanasnavalnch AJAf NPOU3BOACTBA Je/sLLErocs
MatepHasna AJs aTOMHbIX O60MG6 — miyToHusA. B Takux pe-
axKTopax 4acTb HeATPOHOB, HCMYCKAaeMbIX 0pH [eJdeHHH
sfaep U umer Ha MOALepXKaHHe LEMHON peakuuH, 4acTb
Xe TperepreBaer paAuanuOHHBIN 3axBar .sigpamu U2®, yro,
KaK Mbl BUAeau, MIPHBOJUT B KOHEUHOM HTOre K obGpasosa-
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uuio Pu?® [cm, cxemy (92.1)]). Tlocae Toro xak B ypaHOBBIX
6J0Kax HaKOMHTCA HOCTaToyHoe KojuuectBo Pu, 60KH M3
BJEKAIOTCS M3 PeaKkTopa H HalipaBAfIOTCS HA XUMUYECKYK
nepepaGoTky s BbiaeseHus us wux Pu. Bananc melitpo-
HOB B peakrope, paGoraiolteM Ha HNPHUPOJHOM ypaHe, MO-
Kasan Ha puc. 261. Lludpel B kpyXKkax HRalOT MaccoBoe
YHCJI0 COOTBETCTBYIOLETO H30TONMA YpaHa.

Tlpumenenue siepHON 9HEPTHHA AJAA MUPHLIX Uesel GbLT0
snepsrle ocyilecTeaeno B CCCP, PaGoramu no BhiaeneHHIo
H UCNOAb30BAHHUIO
ANEPHON 3HEPTHH py-
KOBOJH/I 3aMeuare/ib-
HBld  yuenwift M. B.
Kypuaros. B 1954 r,
B Coserckom Coto3se
Oblla BBeJeHA B 3KC-
nJyaragHio  NepBas
aToOMHas 3J1€K-
TPOCTAHIUHA MOLI-
HocToio 5000 k61, Cxe-
Ma aTOMHOH 3JIeKTpO-
CTaHUUH H300parkeHa
Ha puc. 262. DHeprus,
BbiJeJsieMasl B aKTHB- Puc. 262.

HOl 30He peaxTtopa I,

CHHMAETCS TEMJOHOCHTENEM, LHPKYJIUPYIOHM B KOHType 2.
Hupkyasiuusi oGecneunBaercss Hacocom J. B kauecrse
TENJIOHOCHTEISI MPHUMeHsleTCd BOJAa MJHW UleJOyHble Merad-
Jbl C HH3KOH TeMrepaTypoll niaaBjeHHs, HanpHMep HaTphil
(Tugana = 98°C). B rennoo6meHHuKe 4 TENJOHOCHTEJb OT-
JaeT CBOE TEMJO BOIe, NpeBpaulas ee B 1ap, Bpaulalouiuii
TypGHHY 5.

Hapsaay c¢ peaxkTopamu, B KOTOpHIX sjepHoe ropiouee H
3aMeJNuTe b OTHeJeHb ADPYr OT Apyra (MX HasbBaloT T e-
TEepoOreHHBI MHu), CYyUeCTBYIOT TOMOTEHHBI€ peak-
TOpHl, B KOTOPHIX sfiepHOEe roplouee paBHOMEpPHO pacnpese-
JAeHo no o6beMy 3aMelHTess. B KauecTBe mpUMepa MOX-
HO YKa3aTp PeaKTop, aKTUBHAS 30HA KOTOpOro o6pasoBaHa
TSAXKeJO0H BOJOH ¢ PacTBOpPeHHBIMH B Hel consamu U® uau
pll239.

Peaxrtopsi ¢ 3aMenpautesem paboTaloT Ha -MeLJeHHBIX
(TerioBrix) mHeiltponax. McnosabsoBas ropiouee, obora-
umeHnoe geasiumca usotonoMm (U uam Pu?®), MoxHo
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NOCTPOUTb PeakTop, AeHCTBYIOUIHHA Ha OLICTPHIX HEATPOHAX.
YacTh HeATPOHOB B TAKHX PEAKTOpPax TakKkKe MOXKeT OHITh
MCMoNb30BaHa Aasi npespameHuss U2® p Pu?® pam Th2®?
B U3, mpuueM KOMHUECTBO OOpAa3yIOIIHXCA silep, CHOCOO-
HBIX [eNMUThCH TEIJIOBHIMH HeATDPOHAMH, MOMKeT NPEBOCXO-
IHTb KOJHYECTBO JeNAINHXCA sJep, M3PACXONOBAHHBIX Ha
noafepxaHue paborhl peakropa. CiefoBaTesbHO, BOCIpO-
H3BOAMTCA OGoJiblilee KONHYECTBO SIXEPHOrO TOPIOYETO, HeM
Bhiropaer B peakrope. [103ToMy Takue sizepHble PeakTOpbl
Ha3HBAOT PE2aKTOPDAMH-PA3ZMHOXHTEAAM H.

B sakmioueHne OTMeTHM, YTO HOOOUHBIMH INIPOAYKTaMH
paboThi SACPHHX PEaKTOPOB HABJAIOTCA  pafAHOAKTHBHbIE
H30TOMB MHOTHX XMMHUYECKHX 3JI€MEHTOB, KOTOPHE HAXOLAT
passHoo6pasHble NpUMeHeHHRt B OHOJOTHH, MeIHLMHE H Tex-
HHUKe.

§ 93. Tepmosinepubie peakuUHH

B § 88 Mt yxe oTMeuanu, uTo AAEPHHIH CHHTE3, T. €.
CAMSAHHE JIETKWX SNEP B ONHO fALPO, CONMPOBOXKAAaeTcA, Kak
H JejileHHe TAXKEJBIX Sfep, BLIAeNEHHEM OIPOMHBIX KOJH-
yecTs 3HeprHH. ITOCKOMBKY IM1st cHHTe3a Alep HeOOXOAUMBI
BBICOKHE TeMIIepaTyphl, STOT NPOLECC HA3LIBAeTCH Te P MO-
ALlepHOA peaKkuuen.

UTo6sl npeonoseTh MOTEHUHAAbHHIA 6Gapbep, o6ycios-
JIeHHHHi KYyJIOHOBCKHM OTTaJKHBaHHEM, fApa ¢ NOPSIKO-
BbIMH HOMepaMHu Z; v Z; NOMXKHH 06/1a/1aTh SHeprueil:

E — 212262

rqg

rie ry-— pammyc  HeHCTBHA  AJEPHBIX CHJ, PaBHBIA
~2-1071% cm. Jaxe AAA caMbIX JerKHX fAfep ¢ Zi = Zp =
= 1 3ra sHeprus cocrapiser

-6
E=-;:—-—2——1—6T=1,1510 3p230,7 Mss.

Ha gomio Kaxaoro craAKHBAIOHIErocs fiApa NMPHXOLUTCA
[OJOBHHA YKasaHHo# BennuuHbl. CpejHefi 3HEpTHH Temso-
Boro aBuxKenusi, papuoit 0,35 Mag, coorBeTcTBYET TEMIepa-
Typa mopanka 2-10°°K. OaHako cuHTe3 JeTKHX sAep MoO-
KeT MpOTEKaTh H NPH 3HAUUTEJIbHO MEHbLIHX TeMIlepaTypax.
Heno B ToM, YTO H3-3a CJAY4YaHHOrO pacHpefeJieHHs HacCTHIL
M0 CKOPOCTAAM BCErja MMeeTcs HEKOTOpOoe YHCHO siiep, SHep-
THSl KOTOPHIX 3HAYHTEJNbHO MNpPeBbiIaeT CPeAHee 3HAUYEHHe,
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Kpome Toro, 4to 0cofeHHO CYIIECTBEHHO, C/AMAHHE sAep
MOXKeT IPOM30HTH BCJeACTBHEe TyHHeNbHoro 3ddekra. Ilo-
3TOMY HEKOTOpHe TepMOsLePHble peaKuud HPOTEKaloT ¢ 3a-
METHO! WMHTEHCHBHOCTbIO yXXe IpH TeMIepaTypax nopanka
107 °K.

Oco6enHo GnaronpUsATHH YCJAOBHSA AJs CHHTe3a suep
Zefitepusi | _TPHTHSl, TaK KaK DeaKmus MeX]Ay HHMH HOCHT
PE30HAHCHBI XapakTep. Hmenno stu BelliectBa 06pasyioT
3apsy BOAOPOAHO#A (Mnu TepMoagepHO#H) 6o0wm-
6 b !). 3ananom B Takoil GOMGe Cy:KHUT OObIYHAs aTOMHaf
‘6oM06a, mpu B3pbiBe KOTOPOH BO3HHKaeT TeMmmeparypa mo-
panka 107 °K. Peaxkuusi cuutesa nefitepust ¥ TPUTHA

1H2 + rH3 —> 2H34 +n

CONPOBOXKAaeTCsA BhIJeJeHHEM SHepruu, pasHoit 17,6 Mas,
yTo cocraBasier ~3,5 Mss Ha wHyknon. [asi cpaBrenud
yKaxeM, YTO JeJIcHHe sjipa ypaHa OPHBOIHT K BbICBOOOXK-
aenuo ~ 0,85 Mas Ha nyKksoH.

CunTe3 simep BOLOPOAA B sipa TeiHs SIBJASETCS HCTOY-
HukoM 3Heprum CosiHua M 3Be3l, TeMIepaTypa B Heapax
Kotopuix gocruraer 107— 108°K. 3toT cuHTe3 ocyuiects-
gserca AByMsi nyrsamu. [Ipu Gosee HH3KMX TeMmepaTtypax
HMEeT MeCTO NPOTOHHO-NPOTOHHB i LHKJ, npoTe-
Kalomui caexylowuM o6pasoM. Buauanme mpoucxonut cuu-
T€3 JBYX NPOTOHOB ¢ o6pasoBanueM sjapa renus oHe? xo-
TOPO€ cpasy Ke fpeTepneBaeT P*-paJHOAKTHBHbIN pacnap:

lHl + IHI —‘>2H62—) IHZ -+ e+ +'V.

O6pasorasuieecss sapo TAKenoro Bogopoga (H2, cran-
KHBAfiCb C POTOHOM, OGbefHHsieTca ¢ HAM B sfpo =He:

|H2 -+ XHI —>2I'Ie3 -+ Y.
HaKOHeH, nocjegHee 3BE€HO IIHKJIA Oﬁp'a?»ye'l‘ peaKuuns:

2He3 + 2He3 -> 2He4 + IHI + 1H1.

Ilpn Gosee BBICOKMX TeMmeparypax OoJblIeft BepoOsT-
HOCTbIO OGjagaer npeasioxenunblit I'. Dere yraepoaguuniit

) IMepBuift TepMmoaAepHil B3pHB 6ol ocyuiecTBied B CoBerckom
Coro3e B 1953 1.



(W4 VrN1epOAHO-a30THBH) UHKJ, KOTOPHE CO-
CTOHUT H3 CJeyIOILHX 3BEHbEB:

¢C¥+ H! = NP+,
N> (CI 4 e v,
SCB - H'—> N¥ 4y,
NU A+ H — g0 4y,
g0 — NB e+ + v,
NP+ HI > (00 > (C12 4 ;He?,

B nocaeanefi crpoke 0! unpeacraBaser co6off cocraBHOe
fapo [cM. ypaBuenue (91.2)]
Htorom yraepopHoro nukna fiBJasfieTcss HCYe3HOBEHHE ue-
ThipeX NPOTOHOB M oOpa3oBaHnHe OAHOH o-uacThipl. Konu-
YeCTBO $Aep YIJepoia OCTaercs
HEeH3MEHHBIM;  9TH fApa YyuyacT-
BYIOT B peakUHH B POJH KaTalu-
Dy saropa.

YraepoaHeifl HMKA npeobaa-
jaer B 3Be3nax c 60Jee BLICOKOMH
<2 TeMTiepatypoit. Boabuiasi wacts
sHeprun Connua BhoAeasercs B
pe3yJabTate MPOTOHHO-NPOTOHHO-

TO HUKJIA.
Puc. 263. B Bozcpoanoit 6ombe Tepmo-
siiepHasi peakuusi HOCHT HEKOH-
TponupyeMblii xapaxtep. [las ocyuiecTsieHus ynpa B-
AAeMBIX TEPMOALEPHBX peakKuH# HeobXOAMMO
€o30aTh U TOAJEP:KUBATb B HEKOTOpPOM oOLeMe TeMIepa-
Typy nopaaka 10%°K. Ilpu crosb BBHICOKOH Temmeparype
BelleCTBO NpeAcTaBasieT oGOl MOJHOCTBIO HOHH3HPOBaH-
Hyioo naasmy [em. 1. II, § 88]. Ha ny1u ocyumecteaenus
yIpaBisieMOil TepMOSZEPHON peakilHH CTOAT OrPOMHbIE TPYA-
Hactu. Hapaay ¢ #Heo6x0auMoCTbi0 NONYYHTH Ype3BbIYAiHO
BLICOKHe TeMIepaTypbl, BO3HMKAeT npofaema yiepKauhs
n1a3Mbpl B 3243aHHOM ob6beme. CONPHKOCHOBEHHE MAa3Mbl CO
CTEHKaMH COCyla TIpHBeAeT K ee OCThiBanuw. Kpome Toro,
CTeHKa H3 JI060oro BelllecTBa NpH TaKOH TeMneparype He-
menneHno ucnapurcs. Coserckne dusuku A, JI. Caxapos u
H. E. TaMmM npeanioKuau yAepXKHBaTh 1/a3My B 3aJaHHOM
o0beMe C NOMOUIBLIO MarHHTHOrO MoJsi. BBICOKYyI0 TeMiepa-
TYpy B nJasMe NOJYy4YaloOT, IPONYCKas 4epe3 Hee OUeHb CHJb-
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Hblll aJekTpuYecKHil Tok. Maruurnoe none 3Toro ToKka CXKH-
Maer pas’paaHblil -KaHaJj, OTphiBag nJa3MeHHbIH WHYyp OT
cTeHok cocyza !). IleiicTBuTeabHO, KaK caeayet us puc. 263,
JopeHneBa Cuna fr, AefCTByOMWAs Ha OGO, ABHIKYILHICA
BAOJIbL NJa3MeHHOTO [IHypa 3apsif, HMeeT HanpaBieHHe
K ocu wHypa. YroGel H36exaTh HEOOXOAMMOCTH yAepKH-
BATb IJIa3My OT CONPHKOCHOBEHHMSl € KOHLAMH DaspsiHOH
TpyOKH, BMecTO IHpAMOl pa3panHOA TPyOKH NpPHUMEHSIOT
TPpyOKH B BHIEe TOpPOUAA.

K coxasnenuio, maasMenHblii WHYp OKAa3ajcs 4pe3Bbl-
YaflHO HeyCTOHUMBBEIM, TaK YTO [OKa yaaercs ydep:KHMBaTb
MJIa3My OT CONPHKOCHOBEHHSI CO CTEHKaMH paspajaHoil Tpyo-
KH B TeyeHHe OueHb KOPOTKoro Bpemenu. locTurHyrtbie Ta-
KHM myTem Temnepatypsl (~ 10°°K) takke neiocTaTouHbl
IJ1si BOSHHKHOBEHHSI peaKUHH cHHTe3a.

OcyinecTBnense ynpaBasieMoro TepMOsAepHOTO CHHTE3a
LACT ue/OBeueCcTBY NMPAKTHUCCKH HeHcueplnaeMblil HCTOUHHK
suepruy. [Tostomy paGoTsl No OBAAJEHHIO YIPaBAAEMbIMU
TEPMOAJEPHbBIMY peaKUNsIMH BeAyTCA BO MHOTHX CTpaHax.
Oco6ennoro pasmaxa stu pa6ornl gocrurau B CCCP, Anr-
aut u CIHA. B CCCP 3uauyurenbHbIX YCHEXOB HOCTHFIA
rpynna ydyeHelX, paGoraiomwux non pykosoacrsom JI. A. Ap-
HHMOBUYA,

1) Slenenme CKaTHA MIA3MENHOTO IIHYPAa MACHUTHBIM NOJEM HOCHT
Ha3BanHe RUHY-ddeKTa.



IF'TABA XV
SJIEMEHTAPHDbIE YACTHL bl

§ 94. Kocmuueckue nyyn

W3 mupoBoro npocrpatcTBa Ba 3eMJI0 HENPepPHIBHO Na-
JaeT NMOTOK aTOMHHIX #jep (B OCHOBHOM NDOTOHOB) BLICO-
Koil sHepruM (B cpenHeM ~ 10 I'3g, 3Heprusi OTAe/bHBIX
gacruy gocruraer 10'® I'sg!)). DTu Tak Ha3biBaeMbie 0 e p-
BUYHBHEe KOCMHUYECKHe Jy4YH o0GpasyloT B 3eMHOH
atMochepe BTODHUYUHOE H3Jy4YeHHe, B KOTOPOM BCTpe-
YaloTCA BCe H3BECTHBe B HacTosllee BpeMs 3jeMeHTapHbie
YaCTHIIH.

HHreHCHBHOCTE MEPBHUYHBIX KOCMHMYECKHX Jyyell Ha rpa-
Bulie atMocdephl cocTaBJsieT pEMepHO 1 wacruyy/cm? - cek.
INoTok 3apsakKEHHBIX YacTHL, Ha YPOBHE MOPH PaBeH B CPei-
HeM ~2-1072 wacruy/cm?- cex. CyuiecTBOBaHHE MarHHUTHOTO
nons 3eMau TPHBOAHT K TOMY, YTO HHTEHCHBHOCTb KOC-
MHYECKHX Jy4yell MeHsieTcsl ¢ WIHPOTOH. DTO sBNAEHHE HA3bI-
BaeTcss WWHPOTHH M 3P dekTOM,

YacTHusl nepBUYHBIX KOCMHUECKHX Jydell mperepneBaioT
HEeYIPYLHe CTOJKHOBEHHMS ¢ #ApaMH aTOMOB B BEepPXHHX
cnosix aTMoctepbi, B pe3yJbTaTe Yero BO3HHKAET BTOPHU-
roe uaayyenue. Ha Boicorax Huke 20 ka xocMHueckHe Jy-
Yy NPAKTHYECKH NOJHOCTHIO HOCAT BTOPHYHHIA Xapaxrep.
B cocraBe BTOpHUHBIX KOCMHUeCKMX Jydyell HMelTcsl ABE
komnoHenTsl. OHa M3 HHX CH/ABHO NOTJIOLIAETCS CBHHLOM
H no3ToMy 6blj1a Ha3BaHa M fIT K 0 #i; BTOpas »Xe NPOHHKaeT
yepes GoJibliHe TOJUIH CBHHIA H NOJAY4YHJaa Ha3BaHHE
KeCTKO .

Msrkasi KOMIIOHEHTA COCTOHUT H3 K4 CK a [ OB HJIH J 4 B-
H e fi 3/1eKTPOHHO-TIO3UTPOHHBIX nap (cM. § 97). Bosunxiuui

1y | l3g (rurasnektpon-poabT)= 10° 36. DTy enuHuly Ha3HIBAIOT
Takie 536 (GHANHOH 3/1EKTPOH-BOJBT).
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B pesyJbrare AllepHOTO NMpeBpaIlleHHs HJAM PE3KOro TOpMo-
JKeHUsI GBICTpOro 3JjekTpoHa y-¢oToH, npoaerast BOJIHSH
aTOMHOTO sJpa, CO3ZaeT 3JEKTPOHHO-NO3HTPOHHYIO MNapy
(puc. 264). TopMoxkeHHe 3THX UYaCTHL[ CHOBa HPHBOJHT
‘K o6pasoBanuio y-QoToHOB, H T. A. [Ipoueccs poxjaeHus
nap M BO3HHKHOBEHMS Y-KBAHTOB YepelyloTcsl APYr C APY-
roM Q0 Tex fiop, NOKa 3HEprus y-QOTOHOB He CTaHET HEAO-
CTaTOUHOH AJs o6pa3oBaHuA map. [lockoJabKy dHeprus mep-
BOHayaJbHOTO (POoTOHA GbIBAeT OueHb OOJBLIIOH, ycleBaer
BO3HHKHYTb MHOFO HOKOJIEHHH ' BTOpHU-
HBEIX 4acTull, OpeKAe ueM Npexkpailaercs

pasBHTHE JIHBHSA. ’
JKecTkasi, npoHHKaiOWas KOMIOHEH- o\ e+

Ta KOCMHYeCKHX Jyuell COCTOHT B OCHOB- /\

- HOM H3 wMiooHoB. Ee o6pasoBanue mnpo-

HCXOJHT MpEHMYUIECTBEHHG B BEPXHHX 4 »

H CpPefHHX CJOfiIX aTMocdepn 3a cuer
pacrmaja sapsiKeHHbIX n-Mes%Hos (u ot- "}/\f"f’}/\f*
yacty K-me30HOB).

Bo Bpems mnoneros uckyccTseHupix 29 7 b Ye
CNYTHHKOB 3eMJAH H KOCMHYECKHX paKeT
ObLIIH OTKPBLITH BOJH3M 3eMJd-PpafHa-

HUOHHBEe nofAca, KOTOphie mnpei- Puc. 264.
CTaBJAAIOT cofoil ABe OKpyXaloimue 3eM-

JII0 30HBl C PE3KO MNOBbIIEHHOH HWHTEHCHBHOCTbIO HOHH3H-
pyromero HaayyeHusl. kx cymecrBoBanue 06ycioB/ieHO 3a-
XBATOM H yJepXaHHeM 3apsKeHHHIX KOCMHYECKHX YacTHH
MarsuTHeIM noJjeM 3eMaH. B niockocTH skBatopa BHYTpeH-
HHA nosc paamaunu npocrupaerca ot 600 no 6000 ka,
premnui nosic—or 20000 mo 60000 xm. Ha mmuporax
60—70° o6a nosca ppubaHKaoTcs K 3emsae HA paccrof-
HHE B HECKOJNBKO COT KHJOMETpOB.

Ho HelaBHero BpeMeHH KOCMHUECKOE H3jyueHHe OblIo
€IHHCTBEHHBIM NCTOYHHKOM YaCTWU ¢ 3Hepruel, AOCTaTO4Y-
HOH Aasi 0o6pa3oBaliusfl Me30HOB M TruiepoHOB. [lO3HTpOH,
MIOOHBI, fT-ME30Hbl'H MHOrHe cTpadHble uactuusl (cMm. § 99)
6oy MepBOHAua bHO OGHApYKeHbl B COCTaBe KOCMHUYECKHX
ayueit. B 1952 r. B bpykxasene (CILIA) Gbla BBegen B Jeft-
crBue nepBeiil cuHxpodasorpon (cm. 1. II, § 68), xoTOpHIA
TO3BOJIA MOJVYATb NPOTOHHL CyIUeCTBeHHO 6ogbUiel 3Hep:
tuu (no 3 Iag), ueM HaBaay CyllecTBOBaBIIHEe OO Te€X MNOP
yckoputenu, dueprua B 3 [3s nonajgaer yxe B 06JacTh
IHepruil NepBHUYHOrO KOCMHYeCKoro usiydeHus, [losromy
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OpykxaBeHCKHH CHHXPO(a3OTPOH HOJNYYHI Ha3BaHHE KO C
moTpoua. B nacroswmee Bpemsa (1970 r.) B r. Cepny-
xoBe (nox Moacksoil) me#icTBYeT YCKOpHTeb, MO3BOJISIOIHN
10JyyaTh NPOTOHL ¢ 3Heprueli ao 76 fzs. C mosBaenneM
YCKOpHTENeH KOCMHYECKHEe JAYUH YTPATHJH CBOE . MCKJIIOUH-
TeJlbHOe 3HAUeHHE NPH U3YYEHUH 3JIEMEHTAPHBIX YaCTHIL
OnHako onu no-mpeHeMy OCTAIOTCH €AWHCTBEHHLIM HCTOY-
HUKOM YaCTHIL CBEPXBBICOKHX IHEPTHil.

§ 95. Meroas HaGaIOAeHHsS 2JEMEHTAPHLIX YACTHL

DaeMenTapHble YACTHUH yAaeTcss HaGAwAaTh Gaarojaps
TeM C¢JelaM, KOTOPble OHM OCTABASIOT NPH CBOEM MPOXOXK-~
HEHHH uepe3 BEUIECTBO. XapakTep CJEN0B IO3BOJNAET CYAUTh
0 3HaKe 3apsifia YacTHUBI, €e 3HEPrUH, MMOYJAbCE W T. M.
3apsKeHHble YACTHULI BHISHIBAIOT HOHH3AWHIO MOJEKY] Ha
ceoem nyth. HellTpanbubie uacTulbl Clef0B He OCTaBASAIOT,
HO OHH MOryT OGHApY:XKHTb ce6Gsi B MOMEHT pacliaja Ha 3a-
pSXKeHHbIe YACTHIbI HJAH B MOMEHT CTOJIKHOBEHHS C KakHM-
anbo sapoM. CreloBaTesnbHO, B KOHEHHOM CueTe HeHTpalb-
Hbie YacTHHB TakxkKe OOHApYKHBAIOTCH MO HOHH3AUHH, Bbl-
3BAHHON NOPOXKIEHHBIMH WMH 3aPSIXKEHHLIMA 9acTHLAMHE.

[puGopel, npuMensieMbie JJis perucTpaliii HOHHU3UPYIO-
'LUX YacTHU, NOApPasfeAioTcs Ha ABe Tpynnb. K nepsoi
TPyNiie OTHOCATCH YCTPOHCTBA, KOTOpbie PETHCTPHPYIOT
tdakr nposera YacTHIBI W, KPOMEe TOTO, NO3BOJAIOT B HEKO-
TOpHIX CJAyHasx CyZuTh o6 ee aneprud. Bropyio rpynny o6-
pasyloT Tax HasbiBaeMble TpeKOBH e NpubOpH, T. €.
NPHGOPHI, TO3BOJIAIOIINE HAGTIOAATD ClAeibl (TPeKH) uacTuy,
B BEECTBE.

K uucay perucTpupylomux npubopos OTHOCATCS M O H H-
3aUHOHHBIE KaMeph M ra3opaspaiHbBe CueT-
unky (e 1. 1, § 86). Uluporoe pacnpocrpanenue nojy-
YAH TakKXKe YepeHKOBCKHe cueTa kYU (cM. § 48) u
CUHHTHAASIHHOHHBE CUETUHKH.

3apskeHHasa wacTula, NpoJerTailolias uyepe3 BelllecTBo,
BbI3bIBAET HE TOJBKO HOHH3AUHI0, HO W BO30yXKIeHHEe aTo-
mMoB. BosBpautasicc B HOpMaJbHOE COCTOSIHME, aTOMBI HC-
NyCKaloT BUAMMBIN cBeT. BeulecTsa, B KOTOPLIX 3apsKeH-
Hbi€ YaCTHIB BO3DYXKJAIOT 3aMETHYIO CBETOBYIO BCHBIIUKY
(cumnTHANALH0), HaspiBaloT G ocd 6p amu. Pochopbl Oui-
BAIOT opraHnyeckue (Geuson, Hadranuu, aurpaleH, HadTa-
Hew ® Jp.) M Heopramuyeckue. HauGonee ymorpeburenb-
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HBIMH HeOpraHHuecKHMu dochopamu spasiorcs ZnS—Ag
(ZnS, axrusupoBannuifi cepe6poM) m NaJ — Tl Huaa npo-
TOHHBIX CUETYHUKOB OOBIYHO HKCHONb3YIOT IMJIAaCTMacCoBble
CUUHTHANATOPH. [IpuMeHAIOTCA TakKe MKHAKHME CHHHTHI-
JATOPHL.

CuuHTHAJASOHORELI cyeTuMk cocTout u3 docdopa, or
KOTOpPOTO CBeT TOAAeTCs MO ClelvaJbHOMY CBEeTONMPOBOAY
K ¢oroymuoxurenio. Mmoynasce, noaydalonuecs Ha Bl
xofe QoroymHOxKHTENS, noxBepralorca cuery. Omnpene-
NAeTCA TaKkKe aMIVIMTYAa HMIYJabcoB (KOTOpasi TpOMop-
UHOHAAbHA HHTEHCHBHOCTH CBETOBBIX BCHBILIEK), 4TO JaeT
HOMOJIHATETbHYI0 HHPOPMALHIO O PErHCTPHU- Vo,
PyeMBIX yacTHUax. . /

CueTunkn yacro OGBENMHSIOTCA B IPYIi-
Ibl ¥ BKJKOYAIOTCS TaK, YTOOBI PErucTpHpo-
BaMHCb TONBLKO TaKHe COOBITHSA, KOTOphle
OTMEUAIOTCSi ONHOBPEMEHHO HECKOJbKHMHU

npuGopamy, aubo, HANPOTHB, TOAbLKO OA- \

HHM U3 HUX. B nepBOM cilyuae roBopsr, YTO \
CYETYHKH BKJIOUGHBl 10 cXeMe COBMna- AN
AeHHH, BO BTOPOM —NO cXeMe aHTH-
copnaaenui. [Ilpumensas  pasnuuyHble \
CXeMbl BKJIOUeHHH, MOXHO M3 MHOXKecTBa 74 \3
SIBJIEHHH BLIZEJNHTB TO, KOTOpOe NpeicTa-

BasieT MHTepec. Hanpumep, nABa cueTusKa Puc. 265.

(puc. 265), ycranoBaeHHbBle OZHH Hanx ApPY-

UM U BKJIOUEHHBIE [0 CXEMe COBIAJEHHH, 3aPerHCTPHPYIOT
JMeTALIYI0 BEPTHKAJIBHO H4CTHUY / H He 3apPerHCTpHpYIOT
yacTul 2 U 3.

K uncay TpekoBbix mpuGOPOB OTHOCSATCS KaMmepol BHib-
coHa, NMYy3BIPLKOBLIE KaMepbl, HCKPOBLIE KaMepbl H 3MYJb-
cuoHHBle KaMephl. KpoMme Toro, cyuiectByior eme u auddy-
3HOHHBIE KaMephl, KOTOPLIX MBI, OLHAKO, He OyJeM paccMar-
pUBaTh. ‘

Kamepa Buancona. Tax HasbiBawoT npubop, co3NaHHBIH
aurauniickum dusnkom Y. Buasconom B 1912 r. Jlopoxka
M3 HOHOB, MpOJOXKEHHAs! JeTsilell 3apsi’KeHHOH uvacTumed,
CTaHOBHUTCS BHAUMOM B KaMepe Bumbcona, motomy 4To Ha
HOHAX NMPOHCXOAHT KOHAEHCAUHA NepechIleHHbIX NapoB Ka-
Koit-tu6o xkuakoctH. [lpubop paboraer He HeNpepLIBHO,
a uukiaamu., Cpasuurenbuo kopotkoe (~0,1—1 cex) Bpe-
MSl UYBCTBHTEJbHOCTH KaMepbl UEPENyeTcsl C MePTBLIM Bpe-
MeHeM (B 100—1000 pas GOipIiuM), B TEUEHHE KOTOPOTO
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KaMepa roTOBHTCA K Clefyiollemy pa6ouemy nukay. Ilepe-
ChlIleHHe AOCTHTAeTCA 32 €ueT BHE3AMHOTO OXJaXKAeHHS,
BBI3BIBAEMOTO pe3kHM (azuabaTHYeCKHM) pacliHpeHHeM
paboueli cMecu, cocrosinlefl H3 HEKOHAEHCHPYIOWETOCA rasa
(remus, asora, aproma) ¥ Napos BOAB!, ITUJIOBQTO CNHPTa
H T. I. B 3TOT Xe MOMEHT NpPOH3BOAMTCA CTEPEOCKOMHYE-
ckoe (T. e. ¢ HECKOJIbKHX ToYeK) ¢ororpapupoBanue pa-
6ouyero o6pema xamepn. Crepeogororpaduu. MO3BOASIOT
BOCCO3/laTh NPOCTPAHCTBEHHYI0 KapTHHY 3a(pUKCHPOBaH-
HOTO sBNEHHf. Tak Kak OTHOLIEHHe BPEMEHU UYBCTBHTENb-
HOCTH K MeDPTBOMY BpeMeHH OueHb MaJso, ONPHXOAHTCA HHO-
TAAa JeaTb JeCATKH THICAY CHHMKOB, Npexje 4yeM Oyner
3a(pHKCHPOBAHO. Kakoe-iu60 cobuiTHe, oObJafalollee He-
Gonbwolt  BeposiTHOCTBIO. UTOGH yBENHYHTH BEPOATHOCTD
HalaI0feHHsT PelKHX SBJEHHH, HCIONB3YIOTCH YHpabJsie-
Mble kKamepsl BmibcoHa, y koTtopeix paboToil pacuIHpH-
TEJbHOTO MEXaHH3Ma YIPaBJSIIOT CUETYHKH YacTHU, BKJIO-
YeHHbIC B 3JIEKTPOHHYIO CXeMY, BHIAEIAIOIYIO HYXKHOE CO-
6niTHE,

B 1927 r. coBerckrit yuennift [I. B. CkoGenbibiH Brepsbie
NOMeCTHJ1 KaMepy Buasbcosa MeXAy NOJIOCAMH 3JIEKTPO-
MarHHTa, 4TO CHJbHO PACLIHPU/IO ee BO3MOXKHOCTH. [0 HCK-
PHBJIEHHIO TPAeKTODHH, BBI3LIBAEMOMY [leficTBHEM MAarHuT-
HOTO TOJis, YAaeTcsi ONPElesUTh 3HaK 3apsAfa YacTHIL #
ee UMAyJabc. B KavecTse npuMepa ¢ororpaduy, noayuyeHson
¢ MOMOWLIO KaMepbl BHabcoHa, momellleHHOM B MarHuTHOE
nose, Moxer cayxurtb puc. 270 (ctp. 490).

NyswipbkoBas kamepa. B usoGperennoit [. A. Iaese-
poM-B 1952 r. mysbipbKOBOHi KaMepe NepechlllieHHHIe Napbi
3aMeHeHEl [PO3PayHON MeperpeToil KUAKOCTbIO (T. e. XKHUA-
" KOCTBIO, HAXOASALIEHCS MOJ BHEWIHHM XaBJeHHEM, MeHbIUIUM
JaBJieHHs1 ee HacHLleHHHX mapos; cM. T. 1, § 120). Ilpoae-
TeBllas. yepe3 KaMepy HOHU3UPYIOILAs YaCTHIA BbI3bIBAeT
6ypHOe BCKHNAHHE XHIKOCTH, BCIEJCTBHE dero cjef da-
CTHUILI OKa3biBaeTcsl 0003HAUEHHBIM ULEMOUKOH Ny3bIPbKOB
napa — o6pasyercs Tpek (cm. puc. 271, crp. 500). ITy3uips-
KOBaj KaMepa, Kak W Kamepa Buabcona, paGoraer nuknaa-
MH. 3amyckaercs “KaMepa pe3KHM CHHXeHHeM (cGpocom)
JAaBJICHHSA, BCAEACTBHE 4ero paboyas XHAKOCTb HEPEXOAMT
B MeracTabuibHOe neperperoe cocrosinve. B kauecrse pa-
6odeli JKHAKOCTH, KOTOpas OZHOBPEMEHHO CJAYXHT MH-
IUeHBIO AJIS MPOJETAIUX Yepe3 Hee YaCTHil, NPUMEHSIOTCA
KHAKHIE BOJAOPOA (B 3TOM cJayuyae HYXKHB HH3KHE TeMre-
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patypsl), nponau (CsHs), dpeoun (CCIiF; CClLF2) u 1. I
Pa6ounit o6bem kaMep nocturaer 1000 .

Hckposbie kamepul. B 1957 r. Kpauway u ge-Bupom
Obl1 CKOHCTPYHPOBaH MNpuGOp /A PErucTpauud TPaeKkTo-
pHil 3apAXKEeHHbIX YaCTHL, HAa3BaHHLIH HCKPOBOH KaMepoi.
[Ipr60op COCTOMT M3 CHCTEMB! IIOCKHX [apaJedbHBX APYT
IPYLY 3/EKTPOAOB, BLIMOJIHEHHBIX B BHIE KapKacoB C Ha-
TAHYTOH Ha HHMX MeTa/IHyeckod Qosbroil Mubo B BUAe Me-
TaJANHYeCKHX TJAcTHH (puc. 266). DJeKTpOAbl COeIHHAIOTCA

/

L HETIEN
7

/ et | Snewimpon-
/ M5 CREME

/ ) p

/4

1||=

Puc. 266.

yepe3 oaud. OfHa rpynna 3/JeKTPOAOB 3aseMJsercs, a Ha
IpYyrylo MepHOLHYECKH [OJAeTcs KPaTKOBPeMEHHbIH (A/1H-
TeqbHOCTBIO 1077 cex) BHICOKOBOJBLTHBEIH HMIyabc (10—
15 x8). Ecniu B MOMEHT mojaun HMIYyJbCa Yyepe3 KaMepy
NPOJIETHT HOHH3HPYIOUIAs 4acTHUA, ee NyTbh OyIeT OTMeueH
[EeMOYKOH HCKpP, HPOCKAaKHBAWOIIUX MeXAy 3JIeKTPOAaMH.
[Tpu6op 3amyckaeTcs aBTOMATHYECKH € [OMOILBIO BKJIO-
YeHHBIX M0 CXeMe COBNAJeHHH MOMOJHHTEJIbHBIX CYETUHKOB,
PEruCTPUPYIOUINX INPOXOXK/eHHe depe3 pabouuil o6beM Ka-
Mepbl HcclIellyeMBIX dYacrtul. B kamepax, HamoJHeHHHBIX
MHEPTHBIMH [a3aMH, MEXK3/JEKTPOJHOE PacCTOSTHHE MOXKeT
JOCTHTaTb HECKOJbKHX caHTuMmerpoB. Ecaum nanpasiaeHnHe
noJieTa 4acTHUB 06pasyeT ¢ HOPMaJblo K 3JeKTpOoAaM yroJ,
ue mpesbiwatomuit 40°, paspsia B TaKuxX Kamepax pasBH-
Baercs [0 HanpaBJeHHIO TPEeKa YacTHILbL.

Meron dorosmyabcuii. Coerckue ¢usuku JI. B. Mu-
copekuit u A, [1. )KnaHos BnepBble NPHMEHHIH A5
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PETHCTPALMH 3VIEMEHTApHBIX yacTuly GoTONNacTHHKY. 3apf-
JKeHHas YacTHIa, NPoxolds yepe3 (OTOIMYJIbCHUIO, BHI3bIBAET
Takoe Xe JeficTBHe, KakK H ¢ortoubl. [ToaroMy mocie nposs-
JICHUSl IJIACTHHKH B 3MYJbCHH 00pa3yercss BHIUMBIA ciaen
(Tpek) nposereBuleit yactunsl. Henocratkom meroma doro-
IIaCTHHOK Oblla Manas TOJIMHHA 3MYJbCHOHHOTO CJ0f,
BCJIENCTBHE Yero MOJy4YaJuch MOJHOCTBIO JIHIIL TPEKH ua-
CTHI, JETAUIHX MapajeabHO HJIOCKOCTH CJI0A. B amyab-
CHOHHBIX KaMepax o6JydeHHIo NOABEPTaIOTCS TOJCThHIE
nauku (BECOM 10 HECKOJbKHX NeCATKOB KHJIOTPAMMOB), CO-
CTaBJIeHHble M3 OTAEJbHHX cl0eB (HoToaIMyJabcun (6e3 moa-
Jdoxku). [locne obnyvenns mayka pasbupaercs Ha CJIOH,

Puc. 267.

KaXKAbll M3 KOTOPBLIX NPOSBIAAETCS H MPOCMAaTpHBAETCA MO/
MHEKpockonoM. ss TOro yro6bnl MOXKHO OBLIO NMPOCAELHTDb
MyTh YaCTHIBl NPH Mepexoje U3 OJHOro CJlosi B JIPYroOH, me-
peld pa3GopkOHl NaukKH Ha Bce CJIOM HAHOCHUTCA C HOMOIIBIO
PEHTTEHOBCKUX JydeHl OJAMHAKOBas KOOpJAMHATHAS CETKA.
[lonyuatounecsi TaKHM cnocoBOM TPEKU UYaCTHL MOKa3aHbl
Ha puc. 267, Ha KOTOPDOM 3a(UKCHPOBAHO MOCJAEAOBATENb-
HOe IMpeBpallieHHe T-Me30HAa B MIOOH M 3aTeM B MO3HTPOH.

§ 96. Knacchl aneMeHTapHBIX 4aCTHIL
H BHJAbl B3aUMOJeHCTBHI

[Top sneMeHTApPHLIMH YACTHUAMH MOHMMAIOT TaKHe MHK-
pOYacTHIb], BHYTPEHHIOI CTPYKTYPY KOTOPHIX Ha COBpeMeH-
HOM YpOBHe pa3BUTHSI (U3UKH HeNb3fA TpelCTaBUTb Kak
obbeJNHeHHe APYTHX yacTull. Bo Bcex nabiawomasilluxcsa J0
CHX MOp SIBJEHMSX KaXJas Takasi uacThila BeAeT cebd Kak
eJMHOe 1eJoe. DJjeMeHTapHble 4YaCcTHIBI MOIYT IpeBpa-
matbes  Apyr B apyra. Ilpumepn! Taxux InpespaileHni
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BCTpEuaJHCh HaM B MpedbAylledl raase [cMm. (87.5), (89.3),
(89.4) u (89.5)].

Inst Toro uro6sl 06BACHATL CBOHCTBA M MOBEIEHHE dJe-
MeHTapHBIX YaCTHI, HX MPHUXOAMUTCA HAAEAHUTh, KpOME Mac-
CBbl, 3JIEKTPUYECKOro 3apfAja W CHHHA, PHAOM AOTOJHUTENb-
HBIX, X4paKTepPHBIX MJd HUX BeJHYHH (KBAHTOBHIX 4Hces),
0 KOTOpBIX 6y/JeT peub HATH HUXKE.

B Hacrosimee BpeMsi H3BECTHB 4e€ThIpe BHIA B3aHMO-
NeHCTBUHA MexJy 3/eMeHTapHBIMH YacTHUIAMH: CHJbHOE 1),
3JIeKTPOMarHuTHOe, cnaboe W TpaBuHTallHOHHOe (MBI Tepe-
YHCIHJAH HX B HOpsiAKe yObIBAHHS MHTEHCHBHOCTH).

CuabHoe B3auMopeiicTBue. DTOT BHJA B3aHUMOJCHCTBHUSA
Ha3bIBAIOT MHAYe fJEPHBIM, Tak KakK OHo ofecneumsaer
cBA3b HYKJOHOB B Aape (cM. § 89). HurencuBnocrs B3au-
MOZeHCTBHA NPHHSTO XapaKTepHu30BaTh 6e3pa3MepHoil K O H-
cTaHTOH B3ammopnehcTBusa (2 Dra XKe KOHCTAH-
Ta XapakTepH3yeT BepOSATHOCTb MPOLeccoB, 00YCIOBAEHHBIX
NauHbiM B3auMojdefictereM. Jlas CHABHBIX B3auMojelicTBuii
G2 = G§ = 1. Haubonbliee paccTosiHHe, Ha KOTOPOM MpoO-
ABJSETCA CHJAbHOe B3auMMomeicTpue (panuyc HeficTBus r),
cocramJifieT, Kak Mbl 3HaeM, npumepHo 1071% cu. Uacruna,
NpOJIETAIOUIAST CO CKOPOCTbIO, OJHM3KOA K ¢, B Hemocpes-
CTBeHHOH 0au3ocTM K Apyrofl yactule, Oyaer BaauMoHel-
CTBOBaTh ¢ Hell B TeueHHe BpeMenH T = rfc = 10713/(3X
X 1019) = 1072 cex. B COOTBETCTBHH C 9THM TOBODPSAT, YTO
CUJIbHOE B3auMOJEeHCTBME XapPAKTepH3YyeTCsl BpeMeHeM
B3auMOReHcTBHSA T; nopanka 1072 cex.

DaeKTpOMArHuTHOe B3aumMmoneiicTeue. Pajnuyc peficTBug
3JEKTPOMArHUTHOIO B3aHUMOMEHCTBUS He OrpaHuueH (r =
= oo). KoHcTaHnTa B3auMoaelicTBUs paBHA

CnenoBaTenbHO, HHTEHCHBHOCTb 3J€KTPOMArHHTHOTO B3aHu-
moaeicrBusa npumepHo B 100 pa3 MeHbIlle, YeM CHJABHOIO.
Bpems;, HeoOX0oiuMOe IJI51 TOTO, UTOOB MPOSIBHJIOCH B3aHu-
MonelicTBHe, 06PAaTHO MPONOPIHUOHAJBHO ero HHTEHCHBHOCTH
(unn  BeposTtHocTH). Ilo3TOMy 14711 37€KTPOMATHHTHOTO

1} Cunproe B3aHMOJeiicTBMe pacmajaeTcsl HA ABa BHAA — coGCTBEH<
HO CHIbHOE H YMEPEHHO CHJBHOE, HO ITOTO BOMPOCA Mbl KacaTbhcs He
Gynem.
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B3aHMOAeHCTBUA
2

~21
To=1T,— =~ 107" cex.
Ge

CaaGoe B3aumopeiictBue. Coaboe uju pachiafiHoe B3a-
uMOZeHCTBHE OTBETCTBEHHO 3a BCe BHABI f-pacnajioB fajep
(Bralouan K-zaxBaT), 3a MHOTHE pachajbl 3JeMEHTapHBIX
yacTHI, a TakXe 3a BCe Mpoliecchl B3aUMOAECHCTBUA Hefi-
TpuHo ¢ BeijecTsoM. Cna6oe B3auMoneficTBHe, KaK H CHJb-
Hee, sBJseTCs KOpoTKopelcrByoowuM. Koncranra B3aumo-
neicreua G2 = G, paHa 107% CrenosaTensHo, Bpems
B3aUMOAEHCTBHUS Ty == 1079 cex.

FpaBuTanuonnoe B3aumoneiicreue. Paauyc nefCTBHs He
orpaHuieH (r-— o0). Koncranta BsaumojeitcTBus Kpafme
mana: G2 = G7 = 107, CoOTBeTCTBEHHO BpEMS B3aNMOAEii-
CTBMA cocTaBasier Tg =~ 10° gner. I'paBuranuontoe B3aumo-
HeficTBHe SIBJSETCH YHHBEPCAJbHBIM, €MY INOJBEpIKEHbl BCe
6e3 HCKAOUEHHs 3/JeMeHTapHbie vactuub., Opsako B mpo-
ueccax MHKPOMHpPa TPaBHTALHOHHOE B3aHMMOAEHCTBHE Ouly-
THMO# pONH He HIpaer.

3navennss G? w T AJsA pasHLIX BHAOB B3auMojeflcTBuA
comocrasieHs B Ta6Ja. 8.

Ta6auna 8

Koucranra Bpems
Bun B3auMonefictsas B3auMonedi- B3auMonefi-
crBia G CTBHA T, €K
— 23
CunpHoe (snepHoe) . . 1 10
. - —21
dnexrpoMaruuTHoe . . | !ys; = 10 10
~14 —9
Caaboe (pacnaauoe) . s 10
[paBuraunodaoe . . . 10 1018 (107 aer)

B COOTBETCTBHH ¢ XapaxkTepoM B3aWMOAeHCTBHH, B KO-
TOPHIX OHH CHOCOGHBI yYacTBOBATh, SJAEMEHTAPHBIE YaCTHILBI
AeasiTcs Ha Tpu ') Kioacca.

1. ®oronbl, y (KBaHTHl 3JeKTPOMArHMTHOTO noas). dTu
YaCTHUILL YYACTBYIOT B 3JEKTPOMATHUTHEIX B3aUMO/IEHCTBUSX,
HO He 00JajaloT CHIbHBIM H cl1abulM B3aWMOXEHCTBHUSAMUY.

') IIpeAnosOKUTENBHO CYILECTBYeT elle OAHH KJA&CC YacTHil -—
TPAaBHUTOHL (KBaHTHl IPABHTAUHOHHOTO NOJAH). ODKCHEPHMEHTANbHO
3TH 4aCTHUb 10Ka He HalJ0a/uCh,
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2. JlenToHbl (rpeueckoe «JIemTOCS O3HAYAET JIETKHH).
K ux yucay OTHOCATCA YaCTHLBL, He 06JafalolliHe CHIbHBIM
B3aUMOAeHCTBHEM: MIOOHB {u—, ut), smextpousl (e, e*) u
HeliTpuHO (v, ¥). Bcee JsenToHB! HMeIOT cnuH, paBHBiE /s
Taxue yacTuupl MOAuHHANTCE cTaTHcTUKe PepMu—
Hupaxka (yuurbialowedl npunuun Ilaysiu), BeaemcTBue
4ero HasbiBaloTcss ¢epMHOHaMu Bcee sgenronst o6na-
AaoT caabuiM B3aumojelicTBHeM. Te M3 HHUX, KOTOpHIE
HMEIOT 3JEeKTPHUECKHil 3apaA (T. €. MIOOHH M 3JEKTPOHHI),
06/1a1a10T TakKe 3JAEKTPOMArHHTHEIM B3aHMOJEHCTBHEM.

3. Anponsl (rpeyeckoe «aJapoc» O03HAaYaeT KpPYIHBIH,
MacCHUBHBI). 3TOT kJacc BKJWuYder B cefA Bce CHAbHO
B3aUMOJElCTBYOMUe yacTHlpl. Hapsiy ¢ cuJIbHBIM 5TH
YyacTHUBE o6safaioT Takxke c1alblM ¥ 3JEeKTPOMAarHHTHBIM
B3aHMOAEHCTBUAMHU, ANPOHB NMOApasfensdiorTcs Ha ABeE MOJ-
Tpynmel: Me30HB ¥ OapHOHBLL

Me30oHb! — cUIBHO B3aHMOJeHCTBYIOIINE HecTaGUIbHBIE
YacTHUH, He Hecyllue TaK HasblBaeMOTo GapHOHHOrO 3a-
psaga (cMm. Huxe). K ux UHCJAy DpHHALAEXKAT J-ME30HBI
(n*, 7=, n°) u K-mesonst!), uin xaoun (K*, K-, K° KO).
O n-mesonax cm. B § 89. Macca K-Me30HOB cOCTaBJSieT
~970m. (494 Mss naa 3aps:keuuolx U 498 Mas naa ueil-
TpadbHbiX K-me3sonoB). Bpems xusnuu K-Me30HOB HMeeT Bes
auunHy nopsaaka 1078 cex. Omm pacmapaworcs ¢ obpaso-
BaHHEeM T-Me30HOB M JIENTOHOB HJH TOJbLKO JIeMTOHOB. 3a-
pSKEHHBle f-ME30Hbl pacnajamTcs, Kak Mbl Buieau B § 89,
¢ ofpasoBaHMeM JenToHOB; n’-Me30H pacnajgaercs mpe-
HMYILECTBEHHO ¢ o6pa3oBanueMm y-¢poTtoHoB. Pacnan meso-
HOB (3a uckiaoueHueM mn’-Me30HA) HIeT 3a cyer cjaboro
B3aMMOJENCTBYSA, BCJAEACTBHE 4Yero OHH OTJHYAKTCA Bpe-
MenamMu Xu3HH (~ 10" cex), 3HauuTeNbHO TMpeBHILIAIO-
LMy saepuble Bpemena, Pacnag m’-me3ona Ha y-(oTOHBL
onpeneasercss He ciaafulM, a 3MEKTPOMATHHUTHBIM B3aHMO-
neiicteieM (doronbl B caabbX B3aUMOEHCTBUAX He ydacT-
ByloT). B cooTBeTcTBHH ¢ 3THM BpeMsl KH3HH n'-Me30HA

) Heifitpansusie K® n K° Me3oHbl BegyT ce6si Kak OTAENbHble Ha-
CTHILL! TOJBKO B MOMeHT poxjaenus. [Ipu cBOGONHOM ABMXKEHHH KaMmaBi

H3 HHUX BefieT ce0sl Kak cMecb APYTHX HeATpa/bHBIX YaCTHL K? H Kg.
Yacruist K? J7¢ Kg OTJIHYAIOTCS CNOCOOOM pacmaja H BpeMeHeM MXH3HH,
[Tpn cronkHOBEHHH ¢ fApaMH KaskK[Aasd H3 yacTHU K? H Kg BefleT cebsi

xak cmech KO- 1 K'-me3onos. B nanbhefitieM B 5TH TOHKOCTH MEI BJas
BaThcal He OyneM.

485



(~ 10718 cex) na MHOro NMOPSAKOB MeHbIE, YeM BpeMeHa
JKY3HH OCTAJbHBIX Me30HOB. B oTaHudHe OT J/IENTOHOB Me-
30HH 06safaloT He TOJbKO cjaalbbiM (M, ec/H OHH 3apf-
JKeHbl, 3J1eKTPOMArHUTHBIM), HO TaKXe W CHJIbHbIM B3aHMO-
JelicTBHEM, NPOSABJISIOWIMMCS MPH B3aNMOLEHCTBHY HX MeX-
Ly co60f, a TaksKe MPH B3aUMOAEHACTBHH MeXIy ME30HaMH
u Gapuonamu. COUH BceX ME30HOB paBeH HYJIO, Tak YTO
npunuun Ilayau Ha umx He pacnpocrpansiercs. YacTuubi
¢ neablm (WJIH HYJEBBIM) CIHHOM TOJYHHSIOTCA CTaTHC-
THKe Bbose—Dfinmrellda, B CBA3H ¢ YeM HOCAT Ha-
3BaHHe 603 0HOB.

[Toarpynna Gapuonos o6benuHser B cebe HYKJOHH
(p, 1) u BecrabuabHBlEe YaCTHLBI ¢ Maccoll, Goabiuefl Mac-
Cbl HYKJOHOB, MNOJYUMBILIHE HAa3BaHWe [HUNEPOHOB?)
(A% =F, %0 B~ B B, Q7). Bce 6apuonbl 064a1a10T CHJlb-
HBIM B3aUMOJEHCTBHEM H, CJIeJOBATENbHO, AKTHBHO B3aHMO-
LeHcTBYIOT ¢ aToMHBIMH sapamu. CnHH Bcex OGapHOHOB
paBed !/;, Tak uro GapHOHB sABAAIOTCA (GepMHOHAMH. 3a
HCKJIOYEeHHEM TNpOTOHa, Bce GapuoHel HecTaGu/bHLL. [IpH
pacnaje 6apuoHa, Hapsly ¢ APYTMMH dYacTHHAMH, 00s3a-
TeJIbHO ofpasyercsi GapHOH. DTa 3aKOHOMEPHOCTh SBJAETCA
OJHHM N3 NDOABJEHHA 32KOHA2a coXpanenus bapu-
OHHOTO 3apsia, oKoTopoM OYAeT peub B ClAeAyouUEeM
naparpade.

B nocaennee Bpemsi o6Hapy:xKeHO 0KOJO 70 KOPOTKOXKH-
BYUIMX YaCTHI, KOTOpBHIE MOJY4YMIN Ha3BaHHE pPE3OHaAaH-
COB. JTH YACTHIBI NPEACTABJAIOT COGON pe3oHAHCHHEE CO-
CTOSIHUs, oOpa3oBaHHbie ABYMA WU GONBLUINM YHCAOM 3Je-
MEHTapHBIX YacTHU. BpeMs >KU3HM Pe30HAHCOB COCTABJSAET
Bcero auib ~ 10-2—10-22 cex. D10 yrasbiBaeT HA TO, UTO
pacraj, pe3OHAHCOB NMPOHCXOLHT 33 CYET CHJBHOTO B3aMMO-
nelictBus. Pacnaj OpYrHX YacTHL OCYIUIECTBJASETCS 3a cdeT
caaboro (MHOrZa 3JEeKTPOMATHHTHOIO) B3aHMOAEHCTBHSI.
TlostoMy BpeMeHa KH3HM HUX 3HAUUTENBbHO GoJblue.

Hexoropble u3 pe3oHaHCOB ABJAsSOTCS GO30HAMM H HOJ-
XHbBI ObITh OTHECEHB! K KJaccy Me30HOB. TakoBEl, HampH-
Mep, w-pesoHaHc (WJiH ©-ME30H), pacmajaloliuiics HA TpH
s-Me30Ha, uau K*-pesornaHc (K*-MmeszoH), pacnagamouiuiics
Ha K-me30H M m-MesoH. [lpyrue pe3oHaHCH — QepMHOHBI
H JO/KHBI ObITb NPHYMCACHBI K KJaccy runepoHoB. [Ipu-

1) Tuneponnl 0603HAUAIOTCR TNPONUCHBIMU GYKBAMH TPEUECKOTo ail-
¢aBura: A — nambaa, £ — curma, & — KcH, Q - oMera.
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MepoM MOXKeT Caykuth E*-pesonanc (E*-rumepos), pacna-
Hatoiufics Ha E-THIepPOH M f-Me30H.

B naabHelfimleM Bompoca O pe3oHaHCAX Mbl KacaTbCsl He
Oynem.

§ 97. YacTHUb H aHTHYACTHLLI

YpaBuenne lpenunrepa (65.1) He ymoB/ierBopsieT Tpe-
60BaHMAM TEOPHH OTHOCHTENbHOCTH — OHO HE WHBAPHAHTHO
M0 OTHOLIEHHIO K npeobpasoBanusaM JlopeHua. B 1928 r, an-
ranfickomy ¢usuky [1. [dupaky yzxanoch HailTH peJifiTH-
BHCTCKOC BOJHOBOE ypaBHeHUWE H3 KOTOPOTO
BLITEKaeT PAR 3aMeuaTeJbHbIX ciexcrsuii. [Ipexae Bcero
W3 pelieHUsl 3TOTO ypaBHEHUS €CTeCT- ot
BeHHBIM 06pasoM, Ge3 KaKHUX-JTHGO M
AOMOJIHHTE/IbHBIX MPEANOJOKEeHHH, [O0- +myct
Jyuaercsl CAMH M YHCJEHHOe 3HaueHHe
COGCTBEHHOTO  MAaTHHTHOTO MOMEHTA
37eKTpoHa. Takum o6pa3oM, BbISCHH-
JIOCh, YTO CHHH TpeAcTaBifeT coGoi
BEJIRYMHY OJHOBPEMEHHO H KBAHTO-

K KELKA KIS
BYI0, H PEJIATHBHCTCKYIO. :::::::0:0:0:0:0:0
Ho »TuM He ucuepnbiBaercsi 3Ha- ©e
yenne ypaBHenus [Iupaka. Ono mo- Puc. 268.

3BOJIMAO TaKXKe IPeACcKasaTh CYILEeCT-

BOBaHHe AaHTHYaCTHUBl 3JeKTpoHa —mo3wTpoHa. U3
ypaBHenusi Jupaka noay4arorcs AJs NOJHOH 1) sHeprHu cBo-
OCIHOM YACTULE! HE TOJLKO MOJOKHTENbHBIE, HO H OTpHLA-
TelbHble 3HaueHHs. MccienoBaHue ypaBHeHHs NOKa3blBaerT,
YTO MpPH 3aJlaHHOM MMIYJbCe YACTHUB p CYLIECTBYIOT pellle-
HHf ypaBHEHHs, COOTBETCTBYIOLLHE SHEPTUsM:

E=zxVcp+m'. 97.1)

Mexay =~ HauMeHblie NOJOXKHATEJTbHON sxepruedt
(4+moc?) u HauGoJbluel oTpULATENBHOH (—moc?) HMeeTcst
HHTepBaJ 3HaueHHH SHEpPruH, XKOTOpble He MOTYT peaaH3o-
sBatbes, Hlupuna atoro uuTepBana paBHa 2myc? (puc. 268).
Takum o6pasoM, monayuawprcs ABe 06JacTH COOCTBEHHBLIX
3HaueHuN SHEPTHH: OJHAa HayHHaeTcs ¢ +moc? H TPOCTH-
paercs A0 oo, Apyrasg HauHHaeTcsl ¢ —mgc? M MPOCTH-
paetca A0 —oo.

1) B peNATHBHCTCKOM OOHHMaHHH [cM. (42.9)]
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B HexBaHTOBOW pPEIATHBHCTCKOH MeXaHWKe 3HePrHs BHI-
paxaercst Yepes HMIYJbC C NOMOLULbIO COOTHOWEHHA (42.12),
coBnapatowero ¢ (97.1), tak uto QopMa/ibHO TAKKE MOXKET
HMETh OTpHUATeNbHbe 3Hauennsd. OAHAKO B HEKBAHTOBOW
TeOPHY 3HEPTHA H3MEHSETC HeNmpepnbiBHO H INO3TOMY HeE
MOMET mepeceis 3anPEUIEHHYIO 30HY H IepeliTH OT MOJIO-
JKUTENbHLIX 3HAYeHHH K OTPHUIATENbHLIM. B KBaHTOBOH Teo-
PHH, KaK MLl 3HAaeM, SHePrHs MOMKET H3MEHATLCH He TOJbKO
HENpepbLIBHO, HO H CKAYKOM, TaK YTO CyIICCTBOBAaHHE 3alnpe-
ILECHHON 30HBI HEe MOXKeT BOCHpeldTCTBOBATbL NEPEXOAy ua-
CTHLBI B COCTOSIHHS C OTPULATENbHON 3Hepruelt [cp. ¢ ne-
PEXO/IOM 3J1eKTPOHA B MOJYNPOBOAHHKE U3 BaJCHTHOH 30HBI
B 30HY npoBoAuMocTH, 1. I, puc. 137, 6]

Yacruua ¢ oTpuuateibHOH aHepruell nosxHa 06jaazaTh
BecbMa CTpaHHBIMY cBofictBaMu. [lepexoas B cocTosiHES €O
Bce MeHblUeH sHepruedl (r. e. ¢ yBenHuHBaloulelcs 0o MO-
LyJNI0 OTpUUAaTenbHONH 3neprueil), oHa MorJa Ob BHIENATb
SHEPTHIO, CKa)keM, B BHUJE HINYUYEHHA, NpPHYEM, MOCKOJIBKY
|E| unueM He orpaHMueH, YacTHIA ¢ OTDHLATEJbHON 3Hep-
rHell Morsa 6bl H3NYUHTh GECKOHEUHO GOJbLIOE KOJHUECTBO
sHepruy. K aHa/JoTHYHOMY BBIBOAY MOJKEO NpPHHTH cileylo-
muM nyteM. M3 cootHouwenus £ = mc? BbiTekaer, 4ro Y
4acTHIBl C OTpPHUATEeNbHOH 3Hepruelt Macca Oyaer Takxe
oTpuuareibia. [Ton defictBHeM TopMossiuell CHIbI yacTHIA
¢ OTpHuIATeNbHON Maccofl JOMKHA HE 3aMefsATbCs, a YCKO-
pPATbCA, COBeplIasi HaZ HCTOYHHKOM TOpMO3smed chiabl Gec-
KOHeyHo 6oJbluoe KosauuecTBo pabGotel. BBuay 3tHX Tpya-
HOCTeHl c/1e0Baso, Ka3aJgoch Obl, IPU3HATb, UTO COCTOSHHUS
¢ OTPHUATENbHOH 3HEpruefl RyXKHO HCKJAIOUHTb H3 DaccMoT-
peHUsi KaK NpuBofslive K AGCYpAHBIM pedy/ibraTaM. ITO,
OJHAKO, NIPOTHBOPEUHIO Obl HEKOTOPHIM OOLIMM MPHHIHIAM
kBaHTOBOH MexaHukM. IlosTomy [upaxk BeGpan apyroi
nyte. OH UPEANOJOKKI, YTO TNEPexoibl MeKTPOHOB B CO-
CTOSIHHSI C OTPHIlATebHOH HHepruedl OOBIMHO He HaG6JI0-
JalOTCsl O TOY NpHUYHHE, YTO BCe MMelmuecs ypOBHH C OT-
pUUATENBHON 3Heprueil yxe 3aHATH 3jaekTpoHamu. HamoMm-
HHM, YTO 3JIEKTPOHBI, KaK M APYTHe 4aCTHIbBl C MOJyLeabiM
CTUHOM, NMOAUYMHAITCS npuHuuny I[layau, KoTopwifli 3amnpe-
[LaeT HAaXOZUTbCS B OAHOM H TOM JKe COCTOSIHHH GoJsiee ueM
OJHOH dYacTuie.

Cormacug [lvpaky BakyyM ecTb Takoe COCTOAHHE MPO-
cTpaHCTBA, B KOTOPOM BCE YPOBHH OTPHLIATeJNbHOH 3HEPrHH
3aCeJIeHb! 3/J1EKTPOHAMH, @ YDOBHH C NOJIOXKHUTENBHOH 3HEp-
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rued cBoGoanbt (puc. 269,a). [MockonbKy 3aHATH Bee 6e3
HCKJIIOUCHUA YPOBHHM, JexKalllie HHXKEe 3anpelleHHOH 10J0-
Cbl, 3JEeKTPOHBI Ha 3THX YDOBHSX HHKak ceGf He oOHapy-
xuBawrT, [Togo6HO 3TOMY B AM3JEKTPHKE 3JEKTPOHBI, [10J-
HOCTBIO 3aloJHsOIME BaJeHTHylo 30HY (cm. 1. I,
puc. 137,8), HUKAK He pearupyioT Ha HAeficTBHe 3JeKTpuue-
cKoro moJis. EcAM 0ZHOMY M3 3JEeKTPOHOB, HAaXOAAMUXCH
Ha OTpPHLATEJbHBIX YPOBHAX, COOOINUTH 3HEPrHIO, MNPEBhI-
UIAIOULYI0 IIUPHUHY 3amnpellleHHOH 30HBl, PaBHYI 2mc%, TO
STOT 3JeKTPOH mepefiieT B COCTOSIHHE C MOJOMKHTENbHOH

Puc. 269.

sHeprueil 1 OyleT BectH ce6s oOHUHBIM 06pas3oM, Kak ua-
CTHLA C MOJIOXHTEJNBHOH Maccoil M OTPHUATENbHBIM 3aps-
noM. Bakaucua («aelpka»), o6pasoBaBuiascs NpPH 3TOM
B COBOKYIHOCTH OTPHLATEJbHBIX YDOBHeH, [OJKHA BECTH
ce6s Kak 3JeKTPOH, UMEIOLLHH 110J0XKHTeNbREbIH 3apaa. [leii-
CTBHUTEJBHO, OTCYTCTBHE UacCTHLbI, objaajaloliell oTpHla-
TeNbHBIMH Maccofl U 3apsiioM, OyleT BOCIPHUHHMATBLCA KaK
HajuyHe YacTHLB C MOJOXKHTeJNbHOH Maccoii H NOJOXKH-
TeJbHBIM 3apAA0OM. DTa NepBad U3 NpeAcKasaHHBIX Teope-
THUECKH 4acTHl Obljla Ha3BaHa MO3UTPOHOM.

Tlpu Bcrpeue Mo3uUTpoHA C JEKTPOHOM OHH A HHHUT H-
JHUPYIOT (HCUE3AI0T)— IJAEKTPOH MEPEXOAHUT C IOJONKH-
TEJbHOrO YPOBHSI Ha BaKaHTHLIH oTpHuartesabHbllt!). DHep-
RS, COOTBETCTBYIOLLAsA PA3HOCTH 3THX YPOBHeH, BhAEIAETCA
B BujJe M3nyuenus. Ha puc. 269, 6 crpeaka / uzobpaxaer
mpollecc pOXAEHHA MNapbl 3/JeKTPOH — MNO3HTPOH, a CcTped-
Ka 2 — ¥X aHHHTHJSLHIO.

1) Drot npouecc aHaaOruueH peKoMOGHHAUMH 3/1eKTPOHA M ABIPKH B
AOYNnPOBOAHHKE.
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Ilpexne ueM anHHHTHAHPOBATL, SJIEKTPOH H MOZHTPOH
0o0pa3yioT MeTacTaOUJAbHYIO CBSI3aHHYI0 CHCTEMY, aHaJjo-
THYHYK aTOMy BOJIOPOAA, B KOTOPOM NPOTOH 3aMeHeH Io-
aurpoHoM. Takoe cBI3aHHOE COCTOsiHME 3JeKTpOHAa W MO3H-
TPOHA HasblBaeTcsi NO3HTPOHHeM. B 3aBucumocTH OT
3HAYEHHs PE3YJbTHPYIOUIErO CIHHA 3TOH CHCTEMbl DA3IH-
YaIoT napano3mpomm (y Koroporo s=0, 1. e chnuHbl
e u e+ aHTHHIapaJ-
JieJIbHbI) M OpPTONO3H-
TpPOHHH (S = 1, cnuHBI
e v et napansenbunt).
BpeMs KHU3HH paBHO
Ji® ¢ napamnosuTpo-
HHUS ~ 10710 cek,
I/ OpPTONO3UTPOHHSA
~10-7 cex. Bceaen-
CTBHE  AHHUTHJSLHH
3NeKTPOHAa W TO3HT-
pCHa nO3UTPOHHUM pac-
nafaercss Ha (POTOHBI,
LyMMapHas  3Heprus
KOTOPHIX paBHa
2myc? =1,02 Mass.
CeoiicTBa  MO3HTPO-
HHs (Hanpumep, Bpe-
M JKM3HH), BbIYHC-
JEeHHble TEeOpeTHUYeCKH,
XOpOWO  NOATBEPXK-
[al0TCA  SKCIepHMeH-
TaJIBHO.

Pue. 270. Teopust  [upaka

Oblj1a HACTOJBKO «CY-

Maciienmetiy, 470 GOJNBIIHHCTBO (PU3NKOB OTHeCJOCh K Hel

BecbMa nepoBepunBo. Oanako B 1932 r. amepukanckuli oH-

3uk K. AHiepcoH o6HapyXHJ TNO3UTPOH B COCTaBe€ KOCMH-

yeckux Jaydedl. B kamepe Busbcona, moMemieHHOR MeK 1y

NOJIOCAMH 3/IEKTPOMATHHTA, NO3UTPOH OCTABJAN TAKOH e

clefl, Kak H POXIaBUIHiCA OJHOBPEMEHHO C HUM 3JEKTDOH,

TOJIBKO 3TOT ¢jiel Obl1 3aKpydeH B NPOTHBONOJOXKHYIO CTO-
pony (puc. 270).

Poxienne 31eKTPOHHO MO3HTPOHHBIX Nap NPOUCXOAMT
NpU NPOXOXKAEHHH y-POTOHOB uepe3 BellecTBO. ITO — OAHH
13 OCHOBHLIX NPOLECCOB, NPUBOASLIMX K HOFJIOLICHHIO y-JTy-
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uell BeulecTBOM. B mosHOM cootBercTBUM ¢ Teopuel [dupaka
MHHHMAaJbHasl 3HeprHs Y-QOTOHA, npU KOTOPOH HalMI0-
Aaercd pOXKJEHHe Tap, OKa3blBaeTCsl PpaBHOH 2migc? =
= 1,02 Mss [cm. (87.2)] Hdas cobaionenns 3aKoHa coxpaHe-
HEHHs HMMIyJbca B NPOIleCCe DOXKAEHHS MNapbl AOJMKHA
YyuacTBOBATh ellle OJlHAa YacTHLa (AP0 HIAH JEKTPOH), KO-
TOpas BOCIPHHHMaeT H30LITOK HMIyJbca y-GOTOHA Haj
CyMMapHBIM HMITy/IbCOM 3JeKTpoHa u nosutpona. Ciaenosa-
TEJbHO, NPOLECC 3alHUIIeTCsl B BHAE YpPaBHEHHS:

y+X—->X+e +et, 97.2)

rie X — po, B CHJIOBOM I10Ji¢ KOTOPOTO MPOHUCXOAUT POXK-
AeHHe mapol.

[Tpu arHWrUAAUHA TPeGOBAHHA 3aKOHA COXpaHEHHSA UM-
nyabca YAOBJETBOPAIOTCA TeM, YTO BO3HHKAIOT ABa WJIH
TpH y-(GOTOHA, pasJieTalOUUXCsl B PA3HBle CTOPOHBL:

e~ +et—>y+y(+y). (97.3)

D/1eKTPOHHO-NIO3UTPOHHbIE Mapbl MOTYT TaKXe BO3HH-
KaTb NPH B3aUMOAeHCTBHH y-(POTOHA ¢ 3JEKTPOHOM:

yt+e —e +e +et (97.4)

H NpH CTOJKHOBCHHAX MEXKILY ABYMA 3apPAXKEHHBIMH YaCTH-
LLaMH, HANpuMep JEeKTPOHaAMH!

e" e —»e t+e +e +et. (97.5)

Hons suepruu, noaydaemas siapoM X B Xoje Ipotlecca
(97.2), cromp MaJjia, 4T0 NMOPOT peakuuH o6pasoBaHus nap
(1. e. HeOGXOAMMAY [Jifi 3TOTO MUHMMaJbHas 3HEpTHA y-(o-
TOHA) NMpaKTHYECKH paBeH 2moc? (mo— Macca 3/eKTPOHa,
paBHas Macce nosutpora), [lopor peaxuun (97.4) cocras-
aner 4myc?, a peakuun (97.5)— Tmoc? (B nmocisegHeM cay-
yae [0 MOPOrOM peaklUHH- NoApa3yMeBaercd MHHHMaJbHad
CyMMapHasi HEPrHfl CTAJKHBAIOWIHXCH 3JeKTpoHoB). Ta-
KHM o0Opasom, TpebGoBaHHA OJHOBPEMEHHOI'O COXPaHEHHs
SHEPTHH M UMOYJbCA NPHBOAST K TOMY, UTO NOPOT peaKIHH
(MuHMMafnbHas S5HepPrus HCXOJHBIX YAaCTHL) MOXKET OKa-
3aTbesa 3aMerHo Gosblle, 4YeM cyMMapHas 3Heprus mOKos
POXKIAIOIHXCH YACTHIL.

B HeckoJbKO H3MeHEHHOM BHIe YypaBHeHHe JlHpaka
IPUMEHHMO HE TOJBKO K 3/JEKTPOHAM (M aHTHAJIEKTPOHaM,
T. €. MO3UTPOHAM), HO M K ADYTHM 4YacCTHUAM CO CIIAHOM,
paBubIM !/;. CllefioBaTe/IbHO, AJMA KaXKAOH TaKoH 4YacTHIBI
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(nanmpuMep, NPOTOHA MJIH HefTpOHA) HOMKHA CYLIECTBOBATh
astTuuactrua'). llo asanorunm c (97.5) poxaenus
napbl MPOTOH — aHTHAPOTOH (p-—pj) WIH HEHTPOH — aHTH-
HeHTpOH (n— /i) MOXKHO OBIIO 0XKHAATb NPH CTOJKHOBEHHH
HYKJOHOB A0CTaTOUHO Goabiuofi sHepruu, CymmapHas axep-
rusl MOKOSl MPOTOHA M AHTHUIIPOTOHA, PABHO HeHTpPOHa M aH-
THHEHTPOHA, cocTaBasier noutu 2 98 [em. (87.1) u (87.4)]1
OnpenensieMbli TpeGOBAHUSIMH COXPAHEHHUS SHEPTHH H HMM-
nyJbca nopor peakuuu paseH 5,6 I'se. B 1955 r. B 1. Bepk-
ag  (CUIA) O6bi1 3anyuieH Ha3BanHbli 63BaTpPOHOM
(ot b3s) yckoputens (cmexpodasorpon; cm. T. II, § 68),
MO3BOMSIBIUMN yCKOPSITh TNPOTOHM 10 sHeprun 6,3 [9e6.
O6nyuasi TyykKOM YCKOPEHHbIX NPOTOHOB MEJHYIO MHIIEHD,
O. UYemGepaen, . Cerpe, K. Buraug u Tl. Mncunantuc
nabmonanu ofpasoBanue napsl p — j. Peakuus npotekasa
IO OJIHOH M3 CAeAYIOILUX CXeM:

p+p—=>p+p+p+p um p+n—p+n+p+p. (97.6)

BTopofl U3 HYKJNOHOB B JIeBOH 4acTH BXOAUT B COCTaB siapa
Cu. TTockobKy HYKJOHK B fApe HAXONATCH B IBUKEHMH,
MOoporoBasi 3Heprusi yaapsiouled YacTHIBI B 3TOM cCJayuae
cocrasager ~ 4,3 [as.

AHTUNPOTOH OT/IMYaeTcsi OT MPOTOHA 3HAKOM 3JEKTpHue-
CKOTO 3apdjAa M cOOCTBEHHOTO MArHUTHOTO MoMeHTa (y aH-
THOPOTOHA MATHUTHLIH MOMEHT OTpHLlaTe/]eH, T. €. HANpPaB-
JIeH TPOTUBOIONOKHO MeXaHuuecKoMy MOMeHTY). [JlaBHOe
K€, 4TO OTAHYAaeT aHTHIPOTOH OT NpoToHA (M BOOGIe ua-
CTHIY OT aHTHYACTHUDLL), 34KJIOUaeTct B HX CIOCOGHOCTH
K B3aWMHO!l AHHMIMJALMH, B pe3yJbtraTe KOTOPO# BO3HH-
KaloT ApYrke yacThubl (B cjyyae p— p NPEeHMYIIECTBEHHO
m-Me30Hb). AHTHIPOTOH MOMeT aHHHTHAHPOBATb NpH
BCTpeue He TOJBKO ¢ NPOTOHOM, HO U ¢ HeHrponom. CoBo-
KYTNHOCTb BO3HMKAIOMIMX YaCTHL B OTAEJbHHIX AKTaX aHHH-
TUASIUYK pasinyHa. HanpuMep, BO3MOXKHE! NpOLECCH:

pt+p—at+a+at+a”+al,
prp—onat+a +a+ 04 a0 } 97.7)
p+n—at+a-+a +n0+a )

') Antnyactuily npunsto 0603HayaTh TOH e GyKBOH, 4TO M COOT-
BeTCTBYyIOWYIO efi yacTuily, ¢ pofasieHHeM THIBAK (~) (AN npsMoi
4epTOUKH), NpOCTapasemoll Hajg 3Toit Oyxkeofl. Tak, manpumep, aHTHIPO-
TOH 0603Ha4al0T CHMBOJIOM B HAH D ),
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[Tpn aHHUTHASUHMM P C p B cpPeHeM POXKAAETCA OKOJO
UATH 7I-ME30HOB, H3 KOTOPHIX NPHMEPHO TPH 3apPAXKEHHBIX H
IBa HeHTpa/ibHLIX.

B 1956 r. B. Kopkowm, I'. JlamGeprcornom, O. Iluuuorn
u B. Bensenem Obl1u Ha6JI0feHb aHTHHEATPOHB, KOTOpHIE
noJydajJuch nepe3apsaAKOd aHTUNPOTOHOB, T. €. B Pe3yJb-
TaTe npolecca:

p+p->i-+n. (97.8)

AuTUHEHTpOH OT/AHYaeTCcs OT HeHTPOHa 3HAKoM co0-
CTBEHHOTO MArCHUTHOTO MOMEHTa (y aHTHHeHTpOHa Hanpas-
JieHHe MAarHWTHOIO MOMEHTa COBIajfaeT C HallpaBJeHHeM
MeXaHHUYeCKOr0 MOMEHTa) H CIHOCOGHOCTBIO aHHUTHIHPOBAThL
Npu BCTpeue ¢ HYKJOHOM (HEATPOHOM HJIH NPOTOHOM).
B pesyabrare aHHMIHASILHH POXKJAIOTCS HOBLIC YaCTHILI
(rnaBHBIM O0pasoM I-ME30HbI).

AHTHYACTHUB UMEIOTCH HE TOJIbKO Y (epMHOHOB, HO H
y 6030H0B. Tak, HanpuMmep, m*-Me30H ABJIAETCA aHTHUACTHU-
el MO OTHOUIEHHIO K ;i -Me30Hy. [13BecTHBI TOJNBKO ueThIpe
YaCTHI(bl, KOTOPblE TOMXKAECTBEHHHI CO CBOMMH aHTHUACTH-
naMu (T. €. He HMEIT aHTHYacTul)., D10 — POTOH, n’-Me30H
u nsa K°-mesona (K(lJ H Kg) Takue 4acTHLLI HA3bIBAIOTCA
a6coatoTrHo HeliTpananbub MU OueBHAHO, YTO ua-
CTHIBI, TOXK/ECTBEHHbIE CO CBOMMU aHTHUYaCTHLAMH, HE CIIO-
COGHB! K aHHUTHJASLHE. DTO, OAHAKO, HE 03HAYAeT, UTO OHH
Boo6Ile He MOTYT NpeBpallaThCsl B APYrHE UaCTHIL.

Ecan GapuonaMm, B TOM 4HCJe W HYyKJAOHaAM (p u #n),
npunucath GapHOHHBN 3apsa (M GapuHOHHOE
yucao) B= 41, a antubapuoHaM — GapHOHHBI 3apsig
B = —1, to aa9 Bcex NPOIECCOB, NPOTEKAUHUX C y4acTHEM
G6aprHoHOB W aHTHGAapHOHOB [HanpuMmep, pas (97.6), (97.7) u
(97.8)], 6yner xapakrepHo CcoxXpaHeHHe 6APHOHHOTO
3apsja, nogobHo TOMy Kak aas npoieccos (97.2) —(97.5)
XapaKTepHO COXpaHeHHe 3JIeKTPUUECKOro 3apsa.

3aMeruM, UYTO 3aKOH COXpaHeHHsl OapHOHHOTO 3apsiia
o6ycaoBauBaeT CTaOHIbHOCTB CaMOTO JErKoro Hs Gapuo-
HOB — NIpOTOHA. [pyrHe 3aKOHBI COXpaHeHHS (HEPTHH, UM-
nyJabca, MOMEHTa UMITYJIbCa, 3IeKTPHYEeCKOro 3apaia u T.11.)
He 3alpeulaloT, HAIPUMep, Npoliecca

p—et+v+7, (97.9)

KOTOprﬁ B KOHEUHOM HTOr¢ IMpuBeEJa ObI K AHHHUTHJIALHHA
atomoB. OHako TakoH mpolecc conpoBoxAancs Obl yMeHb-
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ureHHeM GapHOHHOTO 3apsila Ha €IMHHIY H TNO3TOMY He
na6uiofaercs. AHaJOTHYHO, 3aKOH COXPaHEHHS 3JeKTpHue-
cKOro 3apsia o0ycJOBJIHBaeT cTaGUABHOCTH caMoil JIerkoi
3apsKEHHOH 4YacTHLB — 3JIeKTPOHA, 3anpeliasi, HalpHMep,

mpowuecc: e~ —>y+y+v. (97.10)

Hns oObacHeHHs] ocofGeHHOCTeHl NpPOTEKaHHs NPOLECCOB
C yyacTHeM JIENITOHOB NPHUXOAMTCS BBECTH KBAHTOBOE YHC-
jgo L, nonyuuBliee Has3BaHHe JEeNTOHHOroO 3apsna
WIX JNIEeNTOHHOTrO uucaa. JlenToHaM NpHOHCHIBAETCS
L = +1, antuaentonamMm L = —1, BceM ocTaJbHBIM YacCTH-
naMm L = 0. [Ipu 3atom ycaoBuM BO Bcex 6e3 HCKIIOUEHHA
mpoueccax Ha6Jiofaercd coXpaHeHHE CYMMapHOTO JeNTOH-
HOrO 3apsia paccMaTpuBaemoll (DH3HUECKOH CHCTEMHBI

[Ipeo6pasoBaHue Bcex BEMHYMH, ONMUCHIBAKOLIMX (H3NUeE-
CKYI0 cHcTeMy (BOJHOBHIX (YHKUMHA, ypaBHeHHH H T. 1.),
MpH KOTODOM BCe YaCTHUBL 3aMEHSIOTCS aHTHYACTHIAMH
(HanpuMep, 3JEKTPOHBl MO3HUTPOHAMHM, a MO3UTPOHBI 3JeK-
TPOHAMH H T. I.), Ha3bIBaeTCA 3apAJOBLIM cOnpaAXe-
HueMm. Kakyio u3 ABYX 3apsiLOBO-CONPAMKEHHBIX YaCTHIL
cuuTaTh YAaCTHIIEH, a KaKYyI0 — aHTHYaCTHIfel, siBssercs, BO-
o611ie roBops, AeJOM UYHCTO ycaoBHbIM. OfHaKo, clenaB Bbl-
60p AMA OLHOH Haphl 3apsilOBO-COMPSKEHHBIX YACTHI, BbI-
60op AMA APYTrUX Nap HyXKHO AeJaaTh Tak, 4To6bl B HabJIo-
HAOUUXCH B3aUMOAEHCTBHAX COXPaHSANHCh OGapHOHHBLIA H
JIeNTOHHBIH 3apanbl. [IpuHATO cuMTaTh 3/€KTPOH H MPOTOH
YyacTHIAMH, a TO3HTPOH H aHTHIPOTOH — aHTHUACTHIIAMH.
Ilpn aToM ycaoBu# BHIGOP AJS OCTAJbHBIX GADHOHOB H JEH-
TOHOB JeJlaeTcsd OJHO3HAuyHbIM. Tak, HanpuMmep, AJs coxpa-
HeHHs GapHOHHOrO 3apsana B xoje mpouecca (87.5) Heol-
XOJHMO cYuTaTh vacTullel HeHTpoH. PesyabraTh, K KOTO-
pblM OPHBOIHMT: yueT Tpe6GOBaHui coxpaneHus B u L anda
LPYTHX 4acTHI, NpuBeAeHbl B Taba. 9.

B sToff TabiHLe yKa3aHbl BCe M3BECTHBIE B HACTOSIIEE
BpeMsl YaCTHIBI, 3a HCKJIoueHHeM pe3oHancoB. CMbICa 060-
3HAueHHH v, U v, Oyzrer BuisicneH B § 101.

Tenepb MBI HMeeM BO3MOXKHOCTb OGBSICHHTDL, MOUEMY ya-
CTHLy, yyacTtByloulyio B pacnage (90.5) uau (87.5), cie-
AyeT paccMaTpuBaThb KaK aHTHUHEHTPHHO, a yacTHWY, yuact-
Byomyio B pacnaie (90.6), —kak uefiTpuno. Jlentonnoe
YHCIO JIEKTPOHA M HEeHTPHHO paBHO -+ 1, 4 NO3HTPOHA H
antuHefiTpuHo —1. [lo3TOMy 3J€KTPOH MOKeT BO3HHKaTb
BMECTE C aHTHHEHTPHHO, a NO3HTPOH — BMeCTe ¢ HEHTPHHO,
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[MpunucaB sjaektpodHy L = <41, MH R0JXKHBE B COOTBET-
CTBUH €O ¢xeMoii pacnafa (89.5) orpuuarteqpbHOMY MIOOHY
TakxKe npunucare L = <41, 7. e. cuuTaTh pu yacTHueH, a no-
JOXHTENBHBIH MIOOH paccMaTpUBaTb KaK aHTHYACTHUY U
LpunuchiBaTh eMy 3uauyeHwe L = —1. PexomeHayem npo-
BEPHUTb, YTO B Tmpolueccax pacrnaja mn-Me30HoB [eM. (89.3)
u (89.4)] Taxxke coxpaHdeTcs JENTOHHuIE 3apal.

§ 98. Wsoronuuecknil cnux

[Tpoton u wHelitpoH ofHapy:XKHBaAlOT ropasio OoJbliie
cxoAcTBa, yeM pasaxuuil. [leficTBHTeNbHO, COHH O6eHMX 4Ya-
CTHI OAMHAKOB, MacChl OUeHb GJIM3KH, B CHJIBHOM B3aUMO-
IeACTBHH OHM y4yacTBYIOT paBHbIM ofpasom (cMm. B § 89
0 3aps10BOii HE3aBHCHMOCTH SAePHBIX CHJ). DTO HAET OCHO-
BaHHe -paccMaTpuBaTh NPOTOH H HEHTPOM KaK ABa pasjiui-
HBIX COCTOSIHHSI OJHOH M TOM e YacTHUB — HYKJOHA. Ecan
«BBIKJIOUHTb» 3J€KTPOMArHUTHOE B3auMojelcTBHe, TO 00a
5TH COCTOSIHMA IOJIHOCTBIO cOBMAaAyT (HeBoablloe passinyue
Macc NpOTOHa H HeHTpPOHA 00YC/OBJIEHO 3MEKTPOMATHHUTHBIM
B3aUMOLEHCTBHEM).

3aMeTHM, UTO «BLIKJIOUEHHE» CIHMH-0pOHTAALHOr0 B3au-
MojeitcTBust (7. e. B3aUMOAEHCTBHS MeAY CIHHOBBIMH H
opOUTANbHLIMK MOMEHTAMH 3JEKTPOHOB) NPHBENO Obl K COB-
najenuio yposreil 2Py, u 2P, o6pasyommx BMecte 1y6aer
(cM. puc. 204). DT1a aHANOTHA NOCAY:KHJIA OCHOBAHMEM JIf
TOro, uTOGHl Ha3BaTh I[POTOH M HEATPOH 3apsIZOBBIM
MyabTHOnJAeTOM (Aybaerom). Jlpyrue yacTHUB TakkKe
0GBEAUHAOTCA B 3apAA0Bbie MYJAbTHIVIETH. Tak, Hanpumep,
A’-runepon obpasyer cuHrjgetr (cum. taba. 9), a n-mesonb —
Tpuaner (IpH BHIKJIIOUEHUH 3JEeKTPOMATHHTHOIO B3auMOei-
CTBHSI BCE TDH f-Me30HA CTAHOBATCH HEPA3JHYUMBIMH).

Kax oMy cnexkTpaJbHOMY MYJbTHIJIETY COOTBETCTBYET
OnpeneJeHHOe 3HAaueHHe - CnHHa S (UMCJI0 KOMIOHEHT
B MyJabruniere paBHo 25 4+ 1). OraenacHble KOMIIOHEHTH
MYJbTUIIETa OTAHUAIOTCS 3HAUEHHSMH INPOEKIHH CIHMHAa Ha
ocb z. [lo amanoruu ¢ OOBIYHBIM CIIHHOM KakKAOMY 3apsijo-
BOMY MYJBTHILIETY NPHUIHUCHLIBAETCS ONpejleJeHHOE 3HAUeHHe
H3oronuueckoro cnural) T, subpannoe Ttax, uToO

1) Bonee mpaBuibHOe Ha3BaHHe — H3oGapHueckuil -conn, M3otonuye-
ckuil cnun Owa Brepsbie BBeAen B pacemoTperiie B. TeitzenGeprom s
1932 r. AN omucaHua MpPoTONA H HefiTPOHA KaK pasH4YHBIX COCTOSHHU{
HYKJIOHA,
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2T + 1 paer yucao yactuy, o6pasyouHx RaHBBIH MyJbTH-
njaer. OTAeAbHBM YacTHLUAM NPHIKCHIBAIOTCS pAasJHYHbiE
3HaueHus1 T, — MPOEKLHH H30TONHYECKOTO CIIMHA Ha HEKYIO
ock 2 B BooGpaxKaeMoM. H30TONHYECKOM. MJIM 3ap A-
AO0BOM npocTpanctBe. Hanpumep, ana HYKJAOHOB
T =1/;, nporony cootBerctByer 71,= +1/;, HeHTpoHY
T, = —1,. dasa n-mesonos T = 1, npoekuun T, paBHel +1,
0u —1 pas n*-, n% ¥ n~-Me30HA COOTBETCTBEHHO.

Bo n3Gexkanue HeAOpPa3yMeHHH OTMETHM, YTO KBaHTOBOE
ydcno T, Ha3sBaHHOE M30TONHYECKHM CIIHHOM, He HMEET HH-
K4KOr0 OTHOILEHHS HY K H30TONaM, HH K OOGBIMHOMY CIHHY
(koTOpHifl, KAk MBI 3HAaeM, npeiCcTaB/seT CO00H MOMEHT
uMnyabca). CJOBO «H30TONHYECKHHA» NOABHJIOCH B HasBa-
HMH KBaHTOBOro umcia T 1OTOMY, YTO NPOTOH U HeHTPOH
06pasyior pasaHuHble «Pa3sHOBMAHOCTH® HYKJOHA, Nojo6no
TOMY KakK A€HCTBHTeJbHbIE H30TONbI 06Pa3yloT pa3HOBHIHO-
CTH AaHHOTO XMMHYecKOro sjiemeHnrta. C/0OBO «CIHH» IOSBH-
J0Ch B HA3BaHWH BCJAEACTBHE TOTO, YTO MATEMATHYECKHH
annapat, ONUChiBalomMi KBaHTOBoe umcao T, okasaJjcs
TOYHO TAKHM, KaK H MaTeMaTHuYeCKHIl annapart OOGBIYHOro
cnuHa, B ocraJbHOM MeXJIy H30TONMHYECKMM U OOBIYHBIM
CIHHAMH HET HHKaKOro CXOICTBa.

Moxer noxkasatbest CTPaBHBIM, YTO B CJIyyae ji-Me30HOB
B ONHOM 3apfiA0BOM MYJbTHIIETe OOBEIHHSAIOTCS H YaCTH-
na (nt) ¥ ee antHuacTaLa (7~), B TO BpeMs Kak, HanpuMep,
A%-rumepon u aHTH-AC-runepoH 06pa3yioT ABa pas3AHUYHBIX
3apaAoBbIX MyabTHnaera. O6bsicHeAde 3aKJIOUaeTcs B. TOM,

- YyTO B 3apAJAOBLIH MYJbTHIIET OOBEeAHHAIOTCA YacTHIB!, OT-
JIMYAIOUIHECS TOMBKO BEJHYMHON MJIH 3HAKOM -3JEKTpHue-
CKOrO 3apsja; BCe OCTdJbHblEe BEJUYHHE, XapaKTepH3ylo-
IL[He YaCTHIbI, AOJNKHb OBITb OZUHAKOBLIMH!), I'mnepoHbl

A’ u A° oramyaioTca 3HauenHeM GapHOHHOTO YMCJA H MO-
3TOMY He MOTYT BXOAHTb B OJAMH MYyJbTHMJIET. BapuonHOe
YHCJO BCEX -ME30HOB PaBHO HYJIO, OCTaJibHble KBAaHTOBbie
YHCJA TaKXe OJHHAKOBH; c/le/l0BaTeJbHO, HET HUKAKHX npe-
NSATCTBHH AJst OObeAMHEHHS HX B OJHOM MYJbTHIIETE.
PaccMoTpuM [ABa 3apAfOBBIX MYJbTHILVIETA, OTJHYAIO-
L{AXCA TEM, 49TO YACTHIH, OOpa3syiolive OJHH MYJbTHIIET,
ABJAIOTCA AHTHYACTHIIAMH [O OTHOLUGHHIO K 4YacTHLAM,

') Pasnuyde 3apsiKeHHBIX M HeATPaNbHBIX YacTHI, 0GYCIOBIeHHOE
3MeKTPOMArHUTHLIM B3aHMOAEHiCTBHEM, HampHMep HeGoablIoe pasiuide
B Macce, He MPUHHUMaeTCs BO BHUMaHHe.

{7 WU. B. Caseanes, r. 111 497



BXOEAMMM B ApYrofi MyabTHnaer. HMaoronmyeckme choHHBL
0GOHX MYJABTHIJIETOB, OWeBHEHO, oauHakoBet (27 4 | maer
4HCAO HacTHY B MyJapTHIiiere). UTo kacaercsl npoeKuuit
HM30TONHYECKOTO CHHHA 7, TO IJd YACTHUL M aHTHYACTHIBI
OHH OTJHMYAIOTCs 3HaKOM. Tak, aas npotoHa T, = +;, aas
apTunporona T, = —!/y; nas neirrpona T, = —'/p, ans au-
THHeHTpoHA T, = +!/5. B ra6a. 10 npuBenenn anauenus T
u T, pasauuyuplx yactHu. Kakpas crpoka B 5T0f Tabaune
Haer 3apsiaoBblii MyJabTHOster, CleloBaTeNbHO, echiH, Ha-
npuMep, AJAs HYKJIOHA HMeeTCH ABe CTPOKH, TO 3TO O3Ha-
YaeT, YTG HYKJOHH 0GPa3yioT IBa 3apAAOBBIX MYJbTHILIETA.

TaG6awuna 10
Haoronu- npOEKﬂHﬂ' H30TONHYECKOro CnHHA Tz
yeckuhft
YacTHia cnHn
~1 ~t 0 +h |+
n-Me30H 1 n 70 nt
. 1 0 +

K-me3on /2 K K

a K~ K°
Hykmon Hy . n P

1y p n
A-runepon 0 A9

0 Ao
b - 0 *

-HNe POH 1 z z P

1 bl So b
E-rdanepoH 15 BT go

s & gt
Q-runepon 0 Q-

0 ot

ITonsitve H30TONMHYECKOTO CNHHA chirpado GoJbUIYIO
pO/ib B YCTAHOBJIEHHH CHCTEMATHKH 3JEMEHTAPHLIX YaCTHIL.
B uvacTHOCTH, OHO HATOJKHYJO aMepPHKaHCKOro -(H3HKa
M. Teqn-Manua u He3aBHCHMO OT Hero SINOHCKOTO (pH3HKa
K. HuwnpaxkuMy Ha MblC/ib O0BEAHHHTD YaCTHUL B 3apsio-
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Bble' MYJIbTHIJIETHI' ¥ IPHBEJIO HX 3aTeM K NMOHATHIOC TP a.H+
HocTH (cM. caepyloutuil. naparpad).

TIpH CHABHBIX B3aHMOJEHCTBUAX COXPAHSICTCH Kak H30-
tonuyeckuit cnun T, tax u ero nmpoekuus T,. Ilpu saexrpo-
MATHUTHLIX B3aUMOJEHCTBHAX cOXpausieTcsl TOAbKO T, caM
»Ke naotonuuecknél cnu T He coxpansercs. Caabble B3au-
MOJEHCTBHS HPOTEKAIOT, KaK HIPaBHJIO, C U3MEHEHHEM H30-
TOMHYECKOrO CNHHA.

§ 99. Crpanuble YyacTHIBI

K-me3sonnl u rumeponn (A, X, E) 6bliu oGHapyKeHHI
B cocTaBe KOCMHYeckHx Jyuedl B Havaje 50-x rogos. Ha-
ypHast ¢ 1953 r. ux mosyvaloT Ha yckoputeasnx. [ToBerenue
3THX YacCTHIL 0Ka3aJ/JoCb CTOJb HEOOLIYHBIM, YTO OHHM ObLIH
Ha3BaHbl CTPaHHB MHU. Heo6LluHOCTL TOBeAeHUS CTpaH-
HBIX YACTHIl 3aKJKUajJach B TOM, UTO POJKJAAJUCh OHH SIBHO
3a cyeT CHJbLHBIX B3aUMOAEHCTBHH ¢ XapaKTepHbBIM Bpeme-
neM nopagka 102 cex, a BpeMeHa XM3HH MX OKasaliuchb
nopsigka 10-2—10-10 cex. Tlocneanee 06CTOATENLCTBO yKa-
3LIBaJO Ha TO, YTO pachal YacTHL OCYyIUlecTBJAETCS B pe-
syaptare caadblx B3aHMOJeHCTBHH. DbuiO coBepuleHHO He
NOHATHO, NMOYEMYy CTPaHHBIE YAaCTHLH KHUBYT TaK JLOJITO, YTO
MewiaeT HM pacnajaTtbCcsi 3a CYeT CHJABLHOTO B3aMMOAeHCT-
BHA, B Pe3yJjbTaTe KOTOPOT'O OHH BO3HHKAIOT. [leHcTBUTENDb-
HO, ONMH U3 NPOLECCOB POXKIEHUS CTPAHHBIX YaCTHIL HMEET,
HanpuMep, BHA:

a~+p—> K0+ A (99.1)
a pacnaj A%-runepoHa HAET MO CXeMe:
ANon+p (99.2)

(1va puc. 271 npuBenera ¢dororpacdusi TPEKOB YaCTHI, NO-
Jy4YeHHAs B NY3bIPLKOBOH KaMepe ¢ XHUAKHM BOJOPOAOM).
IMockoabky ¥ B poxAeHnu, v B pacnafe A’-runepoHa yuacr-
BYIOT OJHH H Te 3Ke 4acTHUH (m™-Me30H M IPOTOH), NMpeir
CTaBASAOCh YAMBHTENbLHBIM, YTO CKOPOCTb (T. €. BeposiT~
HOCTh) O0OHUX NPOLECCOB CTOJNb Pas/HUHA.

Haabnefimye . MccaeAOBaHHA  NIOKa3aJjH, UYTO CTPaHHLI@
YaCTHIB!  BCETAA POXKAAITCH TOMbKO mapaMu [eM. (99.1)]
ITo HABEJO Ha MBICJAb, 4YTO CHAbHLIE B3aMMONEHCTBHS He
MOTYT HMIPaTk DOJH B pacnaje YacTHU. BCAEICTBHE TOrO,
YTO AJf HX IIpPOsABJNEHHA HEOOXQAHMO IPHCYTCTBHE ABYX
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cTpatinpix uactHi. [lo Tofi e NpPHUYHHE OKa3biBaercd 3a-
NpeLieHHbIM OJHHOUHOE POXKAEHHE CTPAHHBIX HACTHIL.

B ocuoBe sampera KakKHX-TH0O NpOUECCOB Bceria Je-
HKMT HEKOTOPblii 3aKOH coXpaHeHus. Tak, pacnan cBoGoA-
HOro NPOTOHA Ha HEHTPOH, MOSUTPOH M He#ATpuHO (p—n +

=
Pl
L

Puc. 271.

‘“+ e* + v) sampenieH 3aKOHOM COXPaHEHHA 3HEpruu, a pac-
naj Ha MO3HTPOH, HEHTPHHO H AHTHHEHATPHHO (p—et+
+ v + ¥) — 3aKOHOM COXpaHeHHs: GapHOHHOrO (a Takxe H
JIENTOHHOrO) 3apsiaal).

UTo6bl O6LACHHTL 3ANPET OJHHOUHOrO POXKACHUA CTPaH-
Hbix nactul, leas-Maud B HHmnixKuMa BBeJH B pPaccMoT-

Y Ilpouece p-»e* -+ v He TpPOTHBOpednn Obl 3aKOHY COXpaHEHHA
NeTOHHOTO 3apsja, HO 3aTO Hapywan O 3aKOH COXpaHeHHs MOMeH1a
unMnyabca (CnuHa).
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peHHe HOBOE KBAaHTOBOE YMCJIO S, CyMMapHOE 3HaUeHHE KO-
TOPOro JOJXKHO, NO HX NPEANOJIOKEHHIO, COXPAHATbCA NPH
CANbHBIX B3aWMOACHCTBHAX. ITO KBaHTOBOE UYHCHO OO
Ha3BaHO CTP&HHOCTbLIO yactunbl. CTpaHHOCTb COXpa-
HfieTC TOJNBLKO MPH CHJBHBIX B3aHMOZEHCTBHUAX, MO3TOMY
OHa TPHOHCBIBAGTCH TOJBKO CHJBHO B3aHMOIEHCTBYIOLHM
yactuuaMm — 0apHOHaM W Me30HaM, NpHYEM. IJisi HYKJOHOB
H n-Me30HOB S =90, a 118 OcTaJbHbIX. YaCTHL; OTJHYHA OT
Hyas. Tak, nas K-mesoHoB S = +1, a nas A-runepoHoB
S =—1. I]pn sTom ycaosuu npouece (99.1) mper ¢ co-
XpaHeHHeM CTPaHHOCTH (CyMMapHas CTPaHHOCTb KaK HCXON-
HbIX, TaK B 06pa30BaBLINXCS YacTHI PaBHA HYJII0); a.B X0le
npouecca (99.2) crpaHHOCTb M3MeHsieTcs Ha eAuHMuy. [lo-
atoMmy npouecc (99.2) He MoKeT NPOTEKaTh € yyacTHeM
cHJIbHBIX B3auMmojeiicTBuil, B 1a6a. 11 npuseneHn 3HaueHus
CTPAHHOCTH BCeX CHJBHO B3aHMOLEHCTBYIOIHX dacTHI (3a
HCKJIIOUEHUEM PE30HAHCOB).

YTo6el BHISICHHTH CMEBIC/ KBAHTOBOTO YHCJA S, MOMy4uB-

[1ero HasBaHHE «CTPAHHOCTLY, oOpatumcd K Taba. 11, B ko-
TOpO# mpuBejeHbl 3apAJOBLIE -MYJBTHIJETH € yKazaHueM
3JIeKTPUYECKOTO 3apsfa vacTull Q (BHIpaXKEHHOTO B efH-
Hunax e). KpectukaMu OTMeueHbl 3HaueHHss CpefHero
sapana Q. Tak, aas HykaoHa (7. e. MyJbTHIJIETa, 06pa-
30BaHHOrO p H n) Q@ = +!/p, ANA auTHHYKIOHa Q= —l/y,
Ans n-Me3oHa Q=0 wn T A

YABOEHHOe 3HAUEHHEe CPeJHero 3apsija Ha3uIBAlOT T U-
neps3apsaioM MyJbTHNJETA:

Y =2Q (99.3)

(runepsapsn 6w BBeAEH BMECTO CPEIHEro 3apsia Ajd
TOro, 4T06bl He HMeTb JAela C APOGHBIMH UHMC/IaMH). Hs
ofnpe/ieieHHs CleyeT, YTO THIep3apsif HyKJOHa paBeH +1,
AHTUHYKJIOHA —1 H m-Me30Ha— HYJIO.

CrpaHHocTb S onpejenasercs KaK pasHOCTb TUIep3a-
psana Y n GapunoHuoro uucaa B:

S=Y-B. (99.4)

QOueBuHO, 4TO TPH KBAHTOBHIX yucaa @,-Y u S no cyru
Jlesla COBepLIEHHO pPaBHONPABHbI — 3HAUYEHHEM OJHOTO H3
HHX OJIHO3HAYHO ONpEeJeJAIOTCs 3HAaueHHsl ABYX APYTHX.

HcTopuuecky cTpaHHOCTb BO3HHK/AA CJAEdYIOINM o6pa-
som. [lepsonavanbio, Koraa GblIA OTKPHITHL He BCe CTpaH-
Hble 4acTHLbI, CYHTAJOCh caMO COGOH pas3yMeIoLUMcs, UTO

501



TaGauua [

G-

Drswgpivecnid sqod &§

[urmey- < 2H-
Yaermuiz lez,(aig’ %’;‘g %ﬂlb
Y 77 -7 |-%| o | +%|+7
T L
| |
TZ-MEIOH g g g N7 : @ : @rp
] !
H x H
1 i
£
H-seson +7 g |+ | @ e\
=
Asr-fi-sesow | ~7 g | -7 N ‘ i
TN
Hynmon #7 |+ g : X p>
1
~ ]
Anmurynnoy -7 | =7 g Cﬂ)—’,‘ }
, L !
|
Slambie g |\ +7 | =7 I @ :
-
|
Armmrmesbiz /4 -7 +7 {
:———»L ;
]
Luzira g | +7 | -1 (X ro— X
]
S
0 il
Arsicitcaa 17 -7 +7 @ | @ x
= .
DN
Hew -7 2 -2 |\Z 1‘@_5
] ! '
Arymunce # | ~-7 |22 —QE‘}
1] L
Owesa ~2 | +7 | -3 @ : :
%
. a ¥ ﬁ "
Arnmuomesa +2 | -7 +3 : | @
e




cpennnii 3apsn Q cemeiicTBa K-Me30HOB TaKOB XK€, KaK @
ceMeilCTBa 7-Me30HOB (O KOTOPOM Obl0 H3BECTHO, YTO OH
paBeH HYMI0), W 4yTO @ KaXKJAOro M3 CEeMeHCTB THIIEePOHOB
TaKOB e, KaK y HYKJOHOB (T. e. paBeH +1!;), a y autu-
THIEPOHOB — TAaKOB e, KaK y aHTHHYKJOHOB (T. e. pa-
BeH —!/o). Tenn-Mann v Humngkuma npuuuiy X MBbICTH,
YTO CTPaHHBIE YACTHLBL MOFYT U He CJel0BaTb TAKOMY IO-
pPAIKyY. ¥YaBoeHHOe (4T0GBI HMETh JIeJO ¢ UeJbiMH UHCIaMH)
CMellleHHe «3apsZOBOro UEHTpa» (OoTMeueHHoro B Taba. 11
KPeCTHKaMH) IaHHOTO 3apsii0BOTO MYJbTHIJIETAa OT 'OXH-
naeMoro nojokeuus (1. e. or 0 ajas Me3oHOB, + !/ nas
THNEPOHOB. W —!f; A aHTHIUNEPOHOB) OHM Ha3BaJH
CTPpaHHOCTbhI0O uacTHy (B Taba. 11 cMmeleHus sapsaio-
BblX LEHTPOB u300pakeHbl TOPHU3OHTAJNbHLIMH CTPENKaMH)
M NPeLNOJIONHIH, YTO CTPaHHOCTb S coxpaHserca B CHib-
HBIX B3aUMOIEHCTBHSAX H He COXpaHsiercss B ciabeix. Ompe-
lejeHHas TaKHM o0pasoM S AN HeCTpPaHHBIX 4acTull (Hy-
KJIOHOB, aHTHHYKJIOHOB H 71-M€30HOB) OKa3nbiBaeTcsl paBHOH
ByJi0: VI3BecTHbIM B TG Bpemsl cTpaHubIM dactuuam !) Fena-
Mann u Humupkuma npunuca/y OTJIHYHbBIE OT HYJS 3Ha-
yeHust S, NMpHUYEM TaKHe, KOTOPhle ¢ NMOMOHIbK: 3aKOHA CO-
xpaHeHHs! S MOrIM OGBACHHTb OCOGEHHOCTH HX POXKIEHHS
W pacnafa. DTO 1103BOJIMJO YCTAaHOBHTb BO3MOXHOE UYHCAO
4acTHI, B 3apAAOBbLIX MYJbTHILIETaX YW NpeacKasarth cylue-
CTBOBAaHHE M CBOIICTBA HOBbIX uyacThll. Tak OblIM npencKa-
3aHbl X% W Z%-runepoHsl, a Takxe KO°-Me30H, KOTOpbiE BHO-
CJAeACTBUH OblJIM OOHApyKeHbl 3KCIIEPHMEHTAJNbHO.

3aMeTHM, YTO 3JeKTPHUECKHH 3apfAA uacTHUb Q MOXeT
6pITh BbIPAXKEH uepe3 MPOeKUUi0 H30TOMHUECKOro chnHHa I
n runepsapax Y (uau GapuonHblii 3apsag B u crpam-
HOCTb S):

B+S
Q=T2+——-——T + = (99.5)
PekoMennyem yGenuTbcs B cnpasemuaocm 3TOTO0 COOT-
HOMIEHHS, BOCHOJb30BaBIIUCh AaHHEIMH Ta6a. 10 u 11,
§ 100. HecoxpaHeHue 4eTHOCTH
B cnabmx B3anMoOJeHCTBHHAX

B uncae BenuuMH, XapaKTePH3YIOLIHX 3JeMeHTapHHe
HACTHUBl, €CThb elle OfHa CcYry0o KBaHTOBOMeXaHHuecKas
BONINUMHG, HasHBaeMan YyeTHOCTh10 (P). Mb snaem, uto

") Eue pa3 noguepkieM, uTO B TO BpeMf GhiM H3BECTHH . LaJeKo
He Bce vacTHUb, yKasanuele B Ta6i. 11,
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COCTOSIHHME YACTHIL ONHCHIBAETCA B KBAHTOBOH MexaHHKe
dyukumeir P(x, y, z). PaccmoTpuM, Kak Moxer BecTH cebs
¢yHKUHsL § NpH TaK HA3bBaeMOH HHBEPCHH MNPOCT-
paHCTBA, T. e NPH Nepexolie K KOOP-
auHaram x’, y’, 2’, CBA3AHHLIM C X, Y, 2
COOTHOIHEHHSIMH:

XN=—x, Yy=—y, =—2

Uz puc. 272 BugHo, 4TO TaKoe mpe-
o6pa3oBaHHe O3HayaeT Nepexoj OT Mpa-
BOBHHTOBOH CHCTeMbl KOODAMHAT K JI€BO-
BHHTOBOH. Takol Xe nepexon ocyuecT-

Puc. 272. BJSieTCAA TPH OTPaKeHWH B 3epkaje
(puc. 273). CnenoBatenbHo, npeobpaso-
B4HHEe WHBEPCHH IPHBOAUT K 3aMeHe mpaBoro JesnM. Obe
CHCTEMBI OTCUeTa, X, ¥, 2 H X', y', 2 (uaH, HHaYe roBoOpA,
—X, —Y, —=2), OTIHYAWTCI APYr OT Apyra Tak, Kak OT-
JIHYAI0TCH Npasasl H JeBas mepuaTkH. Ec/aH BHBepHyTb Ha-
H3HaHKY (T. e. NOABEPrHYTb HHBEPCHH), HANpHMep, npa-
BYIO MepuaTKy, TO OHAa COBNAJET C JIeBOH.

Onepauus HHBEpCHH, NPOH3BENEHHASA ABAaXKIbl, OUYEBHA-
HO, BO3Bpallaer CHCTEMY KOOPAHHAT K NepBOHAYaJbHOMY
Buay. Ilyctb omepauusi MHBEpCHH
HPHBOJHT K YMHOXEHHIO (YHKUHH
Y Ha HEKOTOPOE #HCIO a: /

w(xly y,’ z’)—-=a1b (x, Y, 2). -4 W4

/

~
~

———— e ——
N

IIpuMennB K nojsyuyuBmIeMycfi Bbi- ,
paXeHHIO ellle pa3 onepanyio HH- ¥
BEPCHH, MBI TpPHAEM K QYHKLHH

%

1
!
I
{
v Ad | T )
ap(x’, ', 2')=a*(x, y, 2), ! /S
/
KOTOpas MOJIKHA COBMAcCThb ¢ HepBo- :/
HauaJbHOH dyHKuUMeH (X, Yy, 2). v
ClaefoBaTeqbHo, a2 NOAXKHO OHITb
Puc, 273.

paBHO 1, a caMO @ MOXeT HMeTb
3HageHnst 1 uam —1. Takum o06-
pa3oi, omepanusi MHBEpPCcHH JUGO ocTaBisieT (QYHKIHIO P
HeHaMeHHol, 1100 M3MeHsieT 3HAK P Ha oOpaThoi. B nep-
BOM CJyuae COCTOSiHHe, ONMHCbiBaeMoe (yHKUHEH 1§, Hasbi-
BaeTcss YeTHBIM, BO BTOPOM —HedeTHBH M. [loBenenne
(QYHKOUM ) NPH HHBEPCHH 3aBHCHT OT BHYTPEHHHX CBOHCTB
YaCTHIl, ONMHCBIBaeMbIX 3TOH (yHKuue#. O uvacTuuax, onu-
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ChIBA@MBIX YETHBIMH (QYHKUUSAMH, FOBOPST, 4T0 OHH 0062~
JaloT TOJOXHWHTENbHOH BHYTpeHHeH 4YeTHO-
¢ctb (P= +1); vacTHubl, OMHCHIBa€Mble HEUETHBIMH
(YHKIASIMH, HMEIOT OTPHUATEJbHYI0O BHYTPEHHIO IO

yeTHOCThb (P = —1). UerHocTp cucTeMbl yacTHU paBHa
ApOM3BEIeHHIO YeTHOCTEH OTJe/bHBIX YACTHL, BXOASLIHX B
CHCTEMY.

W3 kBaHnTOBOH MeXaHUKH BbLITeKaeT 34KOH coXpa-
HEHHS YeTHOCTH, CO[MIACHO KOTOPOMY NpH BCeX npe-
BpallleHHsAX, TNpeTepleBaeMblX CHCTEMOH YacTHU, Y€THOCTb
cocTOsAHMA ocraercsl HensMenHoH. CucreMa, Haxoasiuiascs
B yeTHOM (MJIH HEUYETHOM) COCTOSIHHH, HE MOXET nepelTH
B HeueTHoe (COOTBETCTBEHHO, uerHOe) cocrosinde. Coxpa-
HeHHe UYETHOCTH O3HauaeT HHBAaPHAHTHOCTb 33KOHOB
NpPUPOABI O OTHOLIEHHIO K 3aMeHe NpaBoro JesbiM (M Ha-
ofopor).

o 1956 r. 3akOH COXpaHEHHSI YETHOCTH CUHTAJICA CO-
6101 aI0IHMCA TIPY BceX B3ammogeHcTBusix. B 1956 r. Jlu
p# Slur!) BbicKasaJad NPeANOJONEeHHe, UYTO MpH ¢aabbix
B3aHMOAEHCTBUAX UYETHOCTb MOXET He coxpaHsitbea. [las
TAKOTO NpPEeoJOKEHHsT GBI CAefyIoUlHe OCHOBaHHuA. B To
BpeMmsi OblJiH HM3BeCTHH JBa Me30Ha, NoJyuyuBiiue 06o3naye-
edsd T B 0. O6a Me30Ha ObLIM COBEPUIEHHO OAHHAKOBH EBO
BCEX -OTHOLIEHHUAX, KpOMe OZHOTO: T-Me30H pacnajajcs Ha
TpH 7-Me30Ha, a 0-Me30H — TOJIbKO Ha [Ba m-Me30Ha. Mox-
HO GLLJIO, KOHEYHO, MPeAINOJIOXKHTh, YTo 006a Me3oHa Opex-
CTaBJSAIOT, cOG0i OAHY M TY Ke YacTHLY, KOTopasi crnocofHa
pacnanaThcs ABYMS PasJHyYHBIMH crioco6amu. Onnako Ta-
KO NpPeANoOJIOKEHHE BCTYNAJO B NPOTHBOPEYHE C 3aKOHOM

coxpaHeHHs uerHocTH. YUernoctb m-mesoHa P = —1, Tlo-
3TOMY 4YeTHOCTb CHCTeMbl - H3 JBYX n-Me30HOB paBHA
(—1)2= +1,.a cucreMbl u3 Tpex 7-Me30HOB (—1)3 = —1.

"Vl3 3ak0Ha cOXpaHeHHs YeTHOCTH BHITEKaJo, YTO 1- H 0-Me-
30HBI pa3nHualOTCsl BHYTPeHHeH uerHOCTHIO (y %-Me30Ha,
pacrnajapollerocss Ha TpH n-Me30Ha, P = —1, a y 0-mez0Ha,
pacnajaoilerocst Ha jBa rn-Mesona, P = +1) n, caenosa-
TeJAbHO, NPEACTABJAAIOT cCOGOH [Be pasjHYHble YACTHHBI

B HacTofillee BpeMs JOCTOBEPHO YCTaHOBJIEHO, YTO
T7- 1 0O-mMe30HB — OlHA H Ta Ke yacrHia, oGo3HayaeMasx

1) JIu U3syn-gao u Slur YUeHb-MH — KHTaCKUe yyeHble, MPOKHUBAI-
wre B8 CHIA. B '1957 r. 3a paGoTy NO HeCOXPAHEHHIO YETHOCTH HM
6ba npucyxiaena HoGeneBckas npemyus.
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Tenepb Kak K-me3oH n aMeoman P = —1. Takuam o6pasom,
npouecc
K—nt 40~

HAET C HapYyIIeHHeM YETHOCTH.

JIn u Slur npepjoxuau uAel0 OnmbITa AJA NPOBEPKH . He-
COXpaHeHHUs1 YeTHOCTH, KOTOpbli Obl1 ocyulectBleH B Ko-
aymouiickom ynupepcurere (CIHA) By Uasanb-cyn u ee
coTpyanukamu. Maes oneita 3ak/aoyanach B CHeAyIOHIEM.
Ecnu npaBoe ¥ JeBoe B NpPUPOJAE HePas3JHUHMLEI, TO OPH

f-pacnaje BblIeT 3JACKTPOHA B
?1 1' HanpaBJeHUH CHHHA sfAApa 4 B
t HanpasJeHUH, eMy {PHTHBONOJONK~
a) @ C%b HOM, OyAer paBHOBeposteH. Jled-
* * ; CTBUTENBHO, MNpPH 3€pPKajJbHOM OT-
paxenun sgapa (puc. 274) BHanpa-
f” 1 BJEHHE ~ ero «BpaulleHUs», T. €.
6 <)

N i —

a HanpaBJeHWe CMNHHA, H3MeHseTCH
<,T> Ha npoTuBOnoaoKHOe. Ecam anpo
ucnyckaer B-3jeKTpoOH ¢ paBHOH
BEDPOATHOCTBIO B 060MX Hanpasjie-
Puc. 274. HHAX BAOMb cnuHa (puc. 274,a), 10
3epKayibHOe OTpaxeHue sapnpa Oy-
JeT HeOTNHUHMO OT camoro sjpa (OHM JIMIUb MOBEPHYTHI
ApYT OTHOcHTesbHO Apyra na (80°). Ecal xe §-371eKTponbl
HCNYCKAlOTcA NPEHMYIeCTBEHHO' B OJHOM HanpaBJeHHH
(puc. 274, 6), 10 <«saeBoe» ‘U «NpaBoe» CTaHOBATCS Pas3iH-
YHMBIMH.

B omwite By saapa paamoaktuBHOro xo6ajabra Cof
OPHEHTHPOBAJHCHL C TNOMOUILIO MAarHHTHOFQ TNOJH CNHHAMH
B OAHOM HanpaBjenuu. ILna Toro uroGul TemjloBoe ABHIKe-
HHE He HApyliaJo 3TOH OPHEHTALHH, PaiHOaKTHBHHI fipe-
yapar OxAaxaanacs Ao CBepXHH3KuX Temmepatyp ( ~0,1° K).
boila ob6uapyxeHa 3HauyuTeJbHas Pa3HHIA B KOJHUECTBAX
f-3J1eKTPOHOB, HcnycKaeMblXx B o6Goux Hanpasaenusx. Oxa-
3aJ10Ch, UTO f§-3/1€KTPOHB HCIYCKAIOTCHA NPEHMYLIECTBEHHO
B ‘HanpaBJIeHHH, NPOTHBONOJOXHOM HaMpaB/eHHIO AlepPHbIX
cnnHoB. TakuMm o6pa3oM, Gblia. JOKa3aHa 3KCIePHMEHTa/b-
#0, HePaBHONPABHOCTb NIPABOro H JIEBOro INpH cJlabbiX B3aH-
MOAEHCTBHAX (HAMOMHHM, 4ro f-pacnai olyc/aoBJleH c.jla-
6bIM B3auMOAelcTBHEM).

ITocne Ttoro kaxk BHIAACHUJAOCH, 4TO DPOCTPaHCTBEHHasn
ueTHOCTb (P) B cnabbix B3aUMOJEHCTBHAX HE COXpaHsAercs,
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JI. [. Jlaugay soiaBuHys rumotesy!) o ToM, uTto AtoGbie
B32UMOAEHCTBHS MHBADHAHTHBI  OTHOCHTEALHO CJIONHOrO-
npeo6pa3osaHus, 3aK/OUYAIOHErocs. B OJHOBPEMEHHOH HH-
BepCHMUW NPOCTPAHCTBA M 3aMeHe YaCTHIL AHTHYACTHLAMH.
Takoe npeobpasoanue Jlangay HasBal KOMOHHHpO-
BaHuHO#i mHBepcHuein. Cornacno 310l runoTese CHM-
METPHSl MeXAy NPaBbIM M JEBhIM COXpPaHAeTCsd, eClH (IpH
3epPKaJbHOM OTPaXKeHHH OPOCTPAHCTBA UACTHLbl 3aMEHHUTh
aHTHHYaCTHULAMA,

Ecan onepau#io NpOCTpaHCTBEHHOH HHBepcHH 006o3Ha-
YHTL CHMBOJOM P, a Oonepauuio 3apALOBOTO CONPAXKEHHS
(T. e. 3aMeHbl 4aCTHL aHTHYacTHHAMH)— ciMBoJjoM C, TO
CUMBOJIOM KOMOHHHpoBaHHON wunBepcun Oyner CP. [lo-
3TOMY HHBAaPHAHTHOCTb OTHOCHTEJBHO KOMGHHHPOBAHHOR
uHBepcHu HaswBawor CP-uHBapHaHTHOCTbIO. Yer-
HOCTH COCTOSIHHA YACTHLUB! OTHOCHTENbHO KOMOGHHHPOBAHHOM
MHBEPCUM Ha3LBalOT KOMOHHHUPOBAHHOH YeTHO-
CTh IO

Takum oOpasoM, ABa CyUleCTBOBAaBUIMX paHee pasfeb-
[0 3aKOHAa — 3aKOH WHBADHAHTHOCTH OTHOCHTENbHO 3apA-
LROBOTO CONpsixKeHHs 2) H 3aKOH COXpaHEHHS MPOCTPAaHCTBEH-
HOH YeTHOCTH — B C/yuae cJabbIX B3auMoneicTBHil 00bedH-
HAIOTCA B OJMH 3aKOH COXpaHeHHHs KOMOGHHHUDO-
BAHHOW YeTHOCTH.

3ameTuM, 4TO ecJAH Ha pHC. 274,06 oAHO H3 Adep 3a-
MeHATb AHTHAAPOM, TO HanpaBJeHHe CHHHA H3MEHUTCA Ha
NPOTHBONONOXKHOE H 3ePKaJbHOE OTpaKeHHe fapa He Gyder
OTJIHYATLCH OT CaMoro sapa.

Kom6unuposanuad 4eTHOCTh OyAeT €OXpAaHATHCH, €CaAH
NPHIOHKCATL YacTHUE H aHTHYACTHUe NPOTHBOINOJIOKHBEE 3a-
KPY4EHHOCTH, HJIH CIHPAJbHOCTH (IPH OTPaKEHHH B sep-
KaJje npaeulii BHHT cTaHoBHTcA JeswM). [lox coupaas-
HOCTbIO NOHMMAGTCHA ONpele/eHHOe COOTHOLIEHHE MeXIy
HanpaB/JeHHAMH HMNyJbca p H cniuHa s yactuusl. Cnupadb-
HOCTb CUMTAeTCA MOJOMKHTENLHOR, eclid CHHH M UMIyJbe
HMelT OAMHAKOBOE HamnpaBjeHHe. B atom cayuae Hanpas-
JieHHe [IBHKEHHUs YaCTHlbl (P) M HanpaB/ieHue «BpalleHHs»,
COOTBETCTBYIQIIEro  chuHy, 0OpasyloT mnpasbii  BHHT
(puc. 275,a). Ilpn NpOTHBONOMNOXKHO HANPABACHHHIX CHHHE

) Hesasucumo ot Jlagpay Taryio ke runoTesy sniABdUHYAH. Jla
u Sur.

7) To ecTs HeM3MEHSEMOCTH 3aKOHOB NPHPOABI UPH 3aMEHE 4acTHi
AHTHYACTHILAMIL.
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B umnyiasce (puc. 275,6) cnupanabHocTh OyAeT OTpHLA-
TeNbHOH (nocCTynaTesNbHOE [BHMEHHe H «BpalieHHe» o6pa-
3y1orT JeBblit BUHT). Oue€BHAHO, YTO CIOHPAJbHOCTh MOXKHO
onpeleNuTh KaK 3HaK CKaJgpHOrO MPOU3BENEHHS SP.

CrnHpaJbHOCTh MOXKET MMeTh aGCONIOTHOE 3HAUEHHE, T. €.
6biTL BHYTPEHHHUM CBOHCTBOM, JHIIb AJS 4aCTHULI C HYyJe-
BOH Maccoil mokos (Takas YacTHLa CYI(eCTBYET, TOJbKO
JABUTasicb CO CKOpOcThio- ¢). HUacTuna, Macca NOKOA KOTO-
poii oTiudHa OT Hynsi, GymeT ABHTATBCA CO CKOPOCTHIO U,
senbiefl ¢. CHpANBHOCTD TAKOH 4acTHUL B CHCTEMAX OT-
cyera, ABHIKYIIMXCS €O CKOPOCTAMH, MEHbIIHMH U, H CO

CKOPOCTSIMH, ~OOJbIIMME U (HO

s /P P MeHbWHMH C), GYLeT, Kak Jerko

BHIETb, pa3inyHa (HMOyJabe ua-

CTHIBI B TaKUX CHCTEMax orT-

s/ cueTa HMeeT NPOTHBONOJONKHbIE

P HanpasJjenus). Wrak, u3 Bcex

4 ) YacTHL!) CHOHPAJbHOCTBIO, Kak

ue. 275. BHYTPDEHHHM CBOHCTBOM, MOJXKer

obaafaTb  TONBKO  HEHTPHUHO.

Cornacno passutoit Jlannay (a takxe furom u JIu u

CanamMoM) TeOpHH MPOAONABHOTO HEHWTPHHO BCe

CYlLeCTBYIOLLHE B NMPHPOAE HeHTPHHO, HE3aBHCHMO OT CHO-

cofa  HX BO3HHKHOBEHHS, BCerla GbIBAIOT MNOJHOCTbLIO

NPOAONLEO TOJAPHIOBAHBL (T. €. COMH WX Hanpasjen na-

panseNbHO HJIH aHTHHApaaJesbHO MMNyJabcy p). Hefitpuuo

nMeeT OTPHIATENbHYIO - (JIeBYIO) CNWpalbHOCTL (eMy co-

OTBETCTBYET COOTHOLUEHHE HanpaBJieHHH S H P, H300paxKeH-

HOe Ha. puc. 275,6), aHTHHEHATPHUHO — MOJNOXKHUTENbHYIO

(npaByio) crnupaabHocth (puc. 275,a). Takum obpasowm,

CMUPAJbLHOCTD — 3TO TO, YTO OT/HYaeT HEHTPHHO OT AHTH-
HeATpHHO.

Hapywenne yernocTH (HAH, YTO TO K€ caMoe, CIHPAJ/ib-
HOCTH HelTpHHO) oOHapyXHBaeTcs TakKXe B HeNOYke Npe-
BpanleHnii n—p—e. B koHlle cBoero npoGera m*-Me3oB
pacnagaercs Ha MOOH H HedTpuHo [cM. (89.3)):

ot —>upt +w.

1) Poron Takme obiajaeT nyaesof Maccoil NOKOs, HO, B OTaHuue
OT HeWTPHHO, IBa NONYYAOWHXCH A (GOTOHA 3HAUEHHA CIHPANLHOCTH
(nosioKuTedbHOE ¥ OTpHUATENbHOE) COOTBETCTBYIOT He 4acTUUe i aHTH-
YacTHUe, a ABYM Pa3/HyHbIM COCTOSHHMAM NOJMAPH3aUMH OAHOH H TOH ke
YACTHULL
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Tak kak coHH M BEMOyasc (B KoHile npoGera) m*-Me3oHa
paBHbl HYJIO, p* M v JONKHBI pasjieTeTbCs B NMPOTHUBOINO-
JIOXKHbIE CTOPOHBI, NPHYEM HEHTPHHO <«HABIXKET» MIOOHY
CBOIO COHMpagbHOCTh') (pHC. 276), MHAYe COMH CHCTEMB HE
OCTaHeTCsl PaBHBIM Hy/M0. MIoOH B KoHue cBoero npobera
pacnagaerca no cxeme [cm. (89.5)]:

pt—>et v+ 4.

[Tockoabky B paccMaTpHBaeMOM cayuae Mbl HMeeM JeJi0
¢ pacnajoM NOAAPH3OBAHHBIX MIOOHOB, NMPH 3TOM JHOJXKHO
HabJiofaThest TO Ke fBJe-

HUe, 4TO M NpH PB-pacnage ,, _ AN . .
NoJIIPU3OBAHHBIX sAfep (B -—-6%—?— O —6‘-§6—»"
onbite By) — yradsoe pac-

npeieNieHHe  TO3HTPOHOB o
IOJIKHO GbITb aHH3OTPOIHO

OTHOCHTE/IBHO  Hamnpasie- Puc. 276.

HUSL NOJISIpM3allMH  MIOOHA,

T. €. OTHOCHTENbHO HaNpaBJCHUS ero ABHXKEHH: [0 ocTa-
HoBkH. [leficTBuTenbHO, HcclenoBanHe dororpaduii, Ha
KOTOPHIX 3a(pHKCHDPOBAHB! IPONECCH 7t —>p~>& pacnaja B
Iy3LIPLKOBOH KaMepe, M0Ka3blBacT, YTO MO3MTPOHBl HCHY-
CKaIOTCA 4Yallle B HanpaBJ/ieHHH, OOPaTHOM HamnpaBJeHHIO
JNBHXEHHS MIOOHOB (cM: pHc. 276).

§ 101. Heitrpuno

HeifitpuHo — eIHHCTBEHHAs 4ACTHLlA, KOTOpas He yyacT-
ByeT HH B CHJbHBIX, HH B 3JIEKTPOMAarHHUTHLIX B3aHMOJEH-
crBHAx. Mckaouas rpaBHTalMOHHOE B3aUMOLeHCTBHE, B KO-
TOPOM Y4YaCTBYIOT BCe YaCTHIUBI, HeHTPHHO MOXeT NPHHH-
MaTh y4YacTue JIHIIL B ¢JabblX B3aUMOJelCTBHAX.

Msuorue cBoficTBa HEHTPHHO YXKe pPacCMOTPeHbl HaMH
paHee; B 4acTHOCTH, B NpeabifyilleM naparpade ObIO BH-
SICHEHO, 4TO HeATpHHO OO/afaer CHHpaAbHOCTBIO. B aTom
naparpade Mbl pacckaxeM o ABYX (QyHAaMeHTaJbHbIX. OTbl-
TaX, KacaloUuXxcs HeHTPHHO.

I'nnoTesa o CylieCcTBOBAHHH HeHTpHHO OblIa BhHICKasaHa
B 1932 r. (cMm. § 90). B nocaenyiomyo yeTBepTh Beka 6bLIO
MOJYy4eHO MHOXKECTBO KOCBEHHBIX [0Ka3aTe/bCTB MpPaBH/b-
HOCTH 3TOll THNOTE3B!, OJHAKO HENOCPEACTBEHHO HAGJIONATD

1) B ofmem ciyyae chuH MIOOHA He (DHKCHPOBAH OTHOCHTE/NbHO Ha-
[IpaBJIeHHs €ro JABHXKeHHS,
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HeHTPUHO He yHaBajochk. [IpuuHHa 3TOTO 3aKJTIOuaeTcA
B TOM, 4YTO, He 06Jajast 3JeKTPUUECKHM 3apaAoM H Maccoil.,
HeHTPHHO KpaliHe ¢1a60 B3aHMOAECHCTBYET C BEIIECTBOM.
Tak, manpumep, HelltpuHo c 3Heprued ~1 M3sg umeer
B cBuHle npober ~ 1020 cu, uan 100 cBeroBuix Jet. TOabKO
nocjae CO3JaHHsl AlepHEIX PeakTOpPOB, KOTOpble SIBJASIOTCS
HCTOUHHKAMH MOILHBIX TOTOKOB = HeHTpHHO {(~ 1013 ug-
cruy/cm? - cex), MOABUNACh peasibHasi BO3MOKHOCTL HabJio-
JaTb peaKMHH C y4acTH-
€M 3THX HEeYJOBHMBHIX

i
-
7 A 4 YacTHI,
! HenocpencrBenHoe
h HabaoneHne  aHTUHeH-
v ' TPUHO ObLIO OCYLIECT-
Jaréam /L\Z,i\";, BJIEHO B CEepPHH ONbITOB
oom ~ ®. Pefineca u K. Koysna
Cd \ l / N {1953—1956). Ha6aio-
LR nanach peakuus
7f &}, ]7 F+pontet, (10L1)
S KOTOpas sBasercss ofpa-
28 Bcraun 7-7 Gmihd (eHHeM peaKiui (87?5)
Puc. 277. pacnajga HefiTpoHal).

CBHIETENLCTBOM  TO-
ro, YTO 2HTHHEATPUHO BCTYNMJIO B PEAKUHIO C NPOTOHOM,
cJayXua ¢$akT OLHOBPEMEHHOTO BO3HUKHOBeHHWs HeilTpona
u no3utpoHa (puc. 277). ITo3uTpoH mpaxTHUYECKH cpasy xe
2HHUTHJIHPOBAJ C 3JIEKTPOHOM, YTO MPHUBOAHJAO K BO3HHKHO-
BEHHIO ABYX y-KBaHTOB, 3HEPTHA KaXJ0ro H3 KOTOpPbLIX pas-
Ha 0,51 Mss. HeifitpoHn nocie 3aMenlNeHHs 3aXBaThiBAJCs
aapoM kaxaMmus., OGpasoBaBuleecs B pe3ysbraTe BO36YIKAEH-
HOe PO BBbICBEYUBAJIO HECKOJBKO Yy-(POTOHOB ¢ CyMMapHOH
suepruei 9,1 Mas.

Cxema ycTaHOBKM u3o6pakena Ha puc. 278. Mumenbio
cayxuiad gBa cocyza (190 X 130 X 7 cm), 3anoanennsie
pacTBopoM  xJopucroro kKaiaMmus B Bome. Tpm Gaxka
(190 X 130 X 60 cm) HamOAHAMHCH IKMAKOCTBIO, CNECO6-
HOM CLUHHTHANHPOBATL 1oA AeiicTBHeM y-(poronos. Cuun-

1) O6pamienreM peaxiun (87.5) B GyKBaabHOM cMbicie claoBa 6l
6ol peakuHss ¥ + p -+ e~ —n, OlHaKO Takan peaxuus Tpefyer BCTpedd
TPEX Y4CTHU H TO3TOMY NPakTHUeCKH HeBo3mOMna. «Beruranne» ua-
CTHUB PaBHO3HAYHO JOOABIEHHIO aHTHUACTHUM, Buuuras caesa e u
no6Gasnsa cnpasa et, moayunm (101.1).
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THIASHHONHBE BCOBIUKH perucTpupoBsannce. -110-10 doro-
YMHOXKHTEAAMU, LA 3aUiHTH OT KOCMHUYCCKOrO H3AYHEeHHd
H BHIXOASIL{HX H3 PEAKTOPa HEHTPOHOB pe3epByapbl Oblam
3akJ/iouenbnl B mapaHHOBYIO, a 3aTeM B CBHHIOBYIO 060-.
Jgoukd. Bce ycTpodicTBO OblIo raAyGOKO 3apLITO B 3eMJIO
BO.IH3H (O.IBILOTO peakTopa.

Bcenblinka, BbI3BaHHAf 3aXBAaTHLIMH y-(POTOHaMH, 3a-
rasAbiBajia 10 OTHOLIGHHIO K BCMblIIKe, 00YCAOBJIEHHOH aH-
HUTHASUHOHHBIMM  y-(pOTOHAMM, HA HECKOJbKO HeCSTKOB
mukpocekyna. O6e BCOBILIKH DPErHCTPUPOBA/IHChE MO cXeMe

LBuren laprperi
/.
N N
§}/ 0 »/ ‘
§g 0600000F
P \
Lorng- %é L2 L.
I § - N/ o

menn % VT N

%

. A
499000 00 O\
X N =<y

Puc. 278.

3anasibiBaioliuX COBHAACHHH, KpOMe TOrG, OlleHHBA/IaCh
TaKKe 3Heprus y-OTOHOB, BHI3BABLIMX KaXKAY10 BCIBHIKY
(1,02 Mag u 9,1 Mag). 310 nNO3BONAIO HAAEKHO OTAENHTL
uccaedyeMblit 3¢dekT oT ¢ona, OGYCAOBICHHOTO IPYTHMYU
nponeccaMu. Onwit npomosxkancs 1371 uac (57 pmefi).
B yac perucTpHpoOBa/sioCh B CpelHEM OKOJIO TPEX ABOHHBIX
BCMBbINIEK OKHAAeMOil HHTEHCHBHOCTH. 3TH Pe3ylbTaThl CaAY-
JKaT MPAMBIM [J0Ka3aTeJbCTBOM CYLIECTBOBAHHA aHTHHEH-
TPHHO.

[TepefizeM K paccMOTpeHHIO BTOPOro onbiTa. B oxHuX
npoueccax [(87.5), (90.5), (90.6), (90.7)] neiirpuro (uau
AHTHHeATPHMHO) BO3HHKaeT BMeCTE C 3JEKTPOHOM (IO3H-
TPOHOM), B APyrax npoueccax [Hanpumep, (89.3)]— smecre
.c MIOOHOM. [lo cHX IIOp MBI noJjarajs, 4TO HepBhie (3VeK-
TPOHHbIE) HEATPUHO V. TOXKAECTBEHHH CO BTOPBLIMH (MIOOH-
HBIMH HJH MIO-ME30HHBIMH) HeHTpUHO vy B 1962 r. 6biao
HAOK23aHO 3KCIepHMEHTa]bHO, YTo 3T0 He Tak. Maes onbita
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npunagnexur bB. [Ilontekopso. OG6pameHueM peakuuu
(90.7) 6yaer npouecc:

vo+n—>pte” (101.2)

(cM. noacrpounoe npumeuanue Ha ctp. 510). Boamoxen
TaK®Ke aHaJOTHUHBI NpoLece, B KOTOPOM BMECTO 3JEeKTPOHA
BO3HHKAeT MIOOH:

vpt+ta—>p+po (101.3)

(uactuua, yyacrBylomasi B 3TOH peaklus, OOJxHA OHITh,
OYEeBHJHO, HE 3JEKTPOHHBIM, 8 MIOOHHHIM Hefitpuno). [lon-
TEKOPBO NpeJ/IOKUI 06ayyaTh BELECTBO OGPa3yOLIHMHCS
npHu pacnage st — pt 4+ v, MIOOHHBIMH HEHTPHHO K HabJIo-
AaTb BO3HMKawIiHe uyactuubl. IIpucyrcTBHe cpeaH HHX
KaK e-, TaK M P~ yKa3hBajJ0o Gbl Ha TOXKAECTBEHHOCTb Ve
H vy. [IpHcyTcTBHE TONILKO B~ CBHAETENbCTBOBAJO OBl O pas-
JHYHH 3JEKTPOHHBIX U MIOOHHBIX HEHTPHHO.

OnpiT 6ol ocyitectBieH Jlenepmanom, lIBapuem u ap.
B bpykxasene (CIIIA). M3 kamepn yckopurens Ha 30 a8
6bUIH BhIBefleHbl Ttt-Me30HbB ¢ sHeprueir B 15 Fas. Ipouecc
n— p-pacnaja [eM. (89. 3)] NPHBOJAHJ K 06pPa30BaHHIO MIO-
OHHBIX HEHTPHHO C 3Heprued ~ 500 Mas. [otok v, Hampas-
JJICA B HCKPOBYIO KaMepy C MACCHBHBIMH JKEJE3HbIMH TJia-
ctuHamu (o6muM Becom 107). Bewo 3apeructpupoBaHo
34 cnyyan poxJeHHsi MIOOHOB H HH ORHOTO Cjayuas poxnie-
HHS1 3J1IEKTPOHOB. DTOT PE3yNbTAT CAYKHUT JOKA3aTeJbCTBOM
TOr0, YTO CYIIECTBYIOT YeThipe pasHuHbLIX HeHTPHHO:
Yey {"e, Vi 'Gp,.

Takum obpasom, B ¢opmysax (87.5), (90.5), (90.6),
(90.7) cuMmBOa HefiTpUHO HAOJKEH OhlThb AOMOJHEH HHEK-
coM «e»,-a B dopmynax (89.3)— unnmekcom «u». Popmyanl
(89.5) ¢ yueroM pasaMuHsi MEXAY ve H Vv, HOJKHH - ObITh
3aNMCAHH CJIeRyIoIUM 06pas3oMm:

BT e+ Vet vy,
pt—et +v,+7,.

§ 102. Cucremaruxa 3JeMEHTAPHBIX YacTHIL

B mpenpipymux mnaparpadax Msl BHIENH, YTO 3aKOHO-
MEpHOCTH, HaGjoflaeMble B MHpPEe 3JeMeHTapHBIX YacTHil,
MoryT ObiTh cHOpPMYyJIHPOBAHbl B BHAE 3aKOHOB COXPaHEHHS.
Takux 3aKOHOB HAKONHJIOCH YyXKe JOBOJBHO MHOr0 (CM.
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Taba. 12). HekoToprle H3 HHX OKa3LIBAIOTCH He TOYHBIMH,
a Jup npréauKenHbiMu, Tak, Hanmpumep, 3aKoH coxpa-
HeHHSl rHmep3apsana Y (unu cTpaHHOCTH S) BHHONHSETCH
B CJyyae CHJBHbIX H 3J€KTPOMATHHTHBIX B3auMOAEACTBHI
¥ Hapymaercsi B cl1abwX B3auMOAeHcTBHAX (cobatoneHne
3aKOHAa B AAHHOM BHJ€ B3auUMOJIeHCTBHS yKa3aHo B Taba. 12
3HAKOM MJIOC, HapyllleHHe — 3HAKOM MHUHYC).

Tabauyga 12

Bua B3anMoXefcTBus

3axon coxpaHeHus
371eKTpPO- 6
CHMbHOE | yarnaTaoe| ¢Aaboe

Bneprqu............
HUmnyawca p . . e
Mowmenra nMnnybca (cmma) M ..
Dxexrpuueckoro sapsana Q. PR
Bapuonnoro sapsaa B. . . . . . .
Jlenronnoro sapsana L. . . .

Haoronnueckoro cnuua T . .

Tnnepsapana Y (uan CTpaHHocTn S)
3apsanosoro conpmxeumx c ....
Yergoers P . . . . .
Kom6unuporarnoit wernoern CP . .|

I ++++++

N e T
AR T

Kaxnanifi 3aKOH coxpaHeHHsi BbIpaxKaeT OMNpeJlefeHHYIO
CHMMETPHIO CHCTeMBI. 3aKOHbl COXPaHeHHss HMIylbca p,
MoMeHTa HMnyJbca M u sHeprum E oTpaxkaloT CBoficTBa
CHMMATPHH NPOCTPAHCTBA H BpeMEHH: COXpPaHEHHE 3HeprHH
€cTb CJEACTBHE OJHOPOJHOCTH BPEMEHH, cOXpaHeHHE p 06-
YC/OBJIIEHO OJAHOPOJHOCTbIO NPOCTPAHCTBA, & COXPaHEHHe
‘M — ero H30TPONMHOCTHIO. BaKOH COXPaHEHHs UCTHOCTH CBA-
3aH C cUMMeTpHeH MeX1y TPaBBIM M JieBeIM (P-HHBApHAHT-
Hoctb). CHMMETPHA OTHOCHTEJbHO 3apAL0BOTO CONPSIKEHHs
(cMMMeTpHsl YacTHL, M aHTHYACTHIl) NPHBOAMT K COXpaHe-
HUI0 3apfifoBoll ueTHOCTH (C-HHBapHAHTHOCTB). 3aKOHHI
COXpaHEeHHs 3JIeKTPHYeCKOro, 6apHOHHOrO W JIENTOMHOro 3a-
PAAOB BHIPAXKAIOT 0cO0YI0 CHMMETPHIO BONHOBOH (QYHKLHH.
Haxkoneil, 3aKOH cOXpaHeHHA H30TONHUECKOTO CNHHA OTpa-
JKaeT M30TPONHOCTb H30TONHYECKOro (3apsAoBOro) mpo-
erpaHcrBa. Heco6nionenne OMHOrO M3 3aKOHOB COXPaHeHHs
©3HauaeT HapylleHHe B JaHHOM B3aWMOJEHCTBHHU COOTBET-
CTBYIOHIETO BHAA cHMMerpuH. HanmpuMep, snextpomarauTHoe
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B3aHMOJeHCTBHE HAPYII2eT CHMMCTPHIO H3OTONHYECKOTro
HPOCTPAHCTBA, BCAENCTBHE Yero usoronuueckuii cnuw T me
COXPAHACTCHA B 3NEKTPOMATHUTHLIX: B3aHMOJEHCTBUAX.

. B § 98 mbi BHmenu, yTO BBeAeHHE KBaHTOBOrO uucaa T
(N30TOMHYECKOTO CIHHA) NO3BOJIHIO OOBEIHHHTH HYACTHI(BI
B 3apsJOBble MYJbTHIIETH. PacmippeHHe cxemMbn! HM30TOMU-
YyecKOro cnuua npupeqao Iean-MaHHa H HE3aBHCHMO OT HEro
10. Hefimana x cosmauuio B 1961 r. Teopuu yHurap-
HOW CHMMeTpHUHN 3JeMeHTAPHbIX yacTud. B 3To# Teo-
PHH Ipeanonaraercs, YTO CHJIbHOE B3auUMONeHCTBHE HHBA-
PHAHTHO OTHOCHTEJbHO CIeUHaNbHLIX npeoGpasosaHuii!) B

v 7 Mecea, Mg

V4 ! ‘ X }
7 \,. s

\ b )

5 ! :

' ' !

]

7 Y Lememm- @ ..... (v) 9

g~ - g 7

Puc. 279.

HEKOTOPOM TPEXMEPHOM KOMIVICKCHOM BEKTOPHOM MPOCTPaH-
crBe (mpocTpaHcTBE YHHTAapPHOTO CNHMHA), KOTOpHE
COXPaHAIOT HEH3MeHHBIM H3oTONHuYecKHH cnMH 7. W runep-
sapsix Y. Takum cuocoGom. yaaercsi CrpynnHpoBaTh 3aps-
JOBble MYJbTHILIETS. B CYHEepPMYJbTHOJAETH (HIX
YHHTAapHBEe MyasTuHngern). Yactuym?), cocras-
JFIOWHE CYNEPMYJbTHILIET, AQMXKHLI HMeTh ORHMHAKOBLIE
cnuH ¥ yetHOocTh P. OHM MOryT OTJIHYATHCH [O Macce, 3JeK-
TPHYECKOMY 3apSAY, FATIEP3apaly H H30TONHUECKOMY CHHHY,
OAHAKO 3TH BEJHUYMHBI NOMXKHB ObITh CBSA3aHbLI MEXLY CO-
601 onpeaeNeHHBIMH IPABUAAMH.

CucTeMy CHMMETPHH 4YaCTHI[, YCTaHABJAHBAEMYIO YHH-
TapHOH TeopueH, HA3bIBAIOT TAKXKe BOCbMEDHUYHBIM

1y Tlpunapnexamux K Taks HaswBaemo# rpymme SU(3).
2) Mimeworcs B BHAY JMilib CHALHO B3AUMOTEACTBYIOLIHE HACTHIBL.
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NyTeM, TOCKONbBKY B Hell NPoU3BOAATCH MeHCTBHA Hak
BOCEMbIO KBAHTOBLIMH YHCJaMu 1),

Ha puc. 279 wusobpaxen okret (CynepMyJabTHnIeT,
BKJIOYAIOWHE 8 4acTHI), OGbEeAMHAIOMHNI HYKJIOHBL (N, p)
n A-, 2-, E-runeponbl. Bee oHE uMeoT cnuH /3 W nosoxKu-
TeJbHyl0 uveTHocth. CrpaBa mnpHBelleHA Macca  HacTHIl
(B Ma8), BHU3Y — 3JIEKTPUUECKnH 3apsag @, cieBa — 3Haue-
HHA rUnepsapsana Y u usoronuyeckoro cnuna 7.

Pesonancel, ob6osnavaempre A, 2*, B* u Q- obpasyor
Jekauner, npuBefeHHb Ha puc. 280. O6Gpamaer na ce6q

ey my
v 7 Mg dm
-2 d .'9: 676
N
| N IZ/
‘ ~
-7 fp E¥mmmmmt? %50
| AN
~
} : \"\
| N
R m— L ~eep? 1385
~
! | NG
| i v M “7
1 | Y
A e sty - -47! Log
¢ ~7 g +7 +2
Puc. 280,

BHAMAaHUE TO -OGCTOSTENBCTBO, YTO ‘MACCHl ‘3THX YacTHIL OT-
JIHUAIOTCSA Ha ‘TIOYTH OAHHAKOBYIO BEAWuHHY ' (~-145 Moss).
Yactuiel, BXOAALWME B AeKalieT, HMEIOT ChHH 3y H 10JAO0-
WKHTENbHYIO 4eTHOCTh. B MOMEHT CO31aHHR TEOpHH Z*-rH-
riepoHbl ¥ Q--yacTHila. elle He OblAM M3BeCTHHL. Pe3oHaHcH
E* y B*® Gpuin o6napyxkens B 1962 r. OcraBanach Hesa-
HOJHEHHON BepuinHa nupamugbl. lean-Maus npeackasan,
uTO OTBEYaloHlast efi- yacTulla MO/KHA ‘HMeThb CHHH, paB-
nubi 3y, runepsapsan Y = -—2 u Maccy oxono 1676 Mag
{na 146 Mas Goabure, uvem wMmacca E*-yactuu). [Tourn

'} 3Oto na3BaHWe CBA3AHO TakXKe C JEreHAON, COIVIACHO KOTOPOf
Byane npunanjexur adopHsM. o BoCbMU NYTAX, NPHABOAAWHX K YHR-
YTOXNENHIO 'CTPAJaHHil: BepHbie B3INIAJABL, BepHME HaMepeiuf, BepHRe
peul, pepHuie neHCTBHA, BepHbA ©0pa3 MHIHH, -BEPHLIE YCH/HSA, BepHHE
3a60Tul H BEpPHOE .COCPEAOTOYEHKE,
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TOTYAC XKe Haya/uch NMJaHOMepHbie MOUCKH 3TOH YacTHUb,
noayunBiell HasBanue Q-rumeponal). B Bpykxasenckoit
aa6opaTopun A 3TOH UeJH GBIH HCIOOJNb30BaHB YCKOPH-
tedb Ha 33 ['3s M 2-MeTpoBas nyabipbkoBas Kamepa, CO-
nep:kasiasi 900 nuTpos xuaKoro Bojopona. bBuuio caenano
okoto 300000 cHMMKOB, npexJAe 4YeM Ha OfHOM H3 HHX
B siuBape 1964 r. Gbli 3aUKCHPOBaH NPOLECC POKAEHHA H
pacnaga Q--vactunel. Ee cBoficTBa, B 4acTHOCTH Macca, B
TOUHOCTH COBNAJNH ¢ NpeicKasaHHbIMH teopHell. TakuM 06+
pa3oM, OTKpbITHe Q-THNEpPOHa fBWJIOCL TPHYyM(oM Teopuu
YHHTapHOR CHMMETpHH.

Tak HaspiBaeMblx 3/eMeHTapHbIX YaCTHI CTAJ0O TaK MHO-
ro (BMecTe ¢ pe3oHaHcaMu GoJiee crTa), YTO BO3HHKJIH
cepbe3nble cOMHEHHS B HX 3JjeMeHrtapHoctd. Kaxpaas ua
CHJIbHO B3auMOAEHCTBYIOLIMX UYacTHL XapaKrepu3yercd
TpeMsi He3aBHCHMbIMH aJAHTHBHbIMH KBAHTOBLIMH YHCAAMH:
sapagoM Q, runep3apajgoM Y u OGapHOHHBIM 3apsajom B.
B cBsidn ¢ 3THM MNOfIBUJACh THINOTE3a O TOM, YTO BCE Ya-
CTHLBI MOCTPOEHHI H3 TpeX (yHAaMeHTaJbHBHIX YaCTHI —
HocuTenefl aTHX 3apanos. Ilepsas mozeibr nogoGHoro poaa
Gol1a npepyoxena snoHckuM ¢usnkom C. Cakara, KoTto-
puili cuHTad GpyHAAMEHTaNbHBIMH YaCTHILAMH NPOTOH p, He#-
tpon n u Al-runepon?). Onnako cxema Cakata oxa3ajiach
HeApHMeHHMOH B 06/1aCTH CHJIbHBIX B3auMOAeHCTBHA.

lenn-Mann u LiBefir BBesin B paccMOTpeHHe THAOTETHYE-
CkHe YacTHILbI, MOJYuMBIlIHe Ha3BaHHe KBapKoB3), Irum
YyacTHUAM [pPHIHMCHIBAIOTCH JIpoGHBIe KBAaHTOBbie YHCJA,
B UYACTHOCTH 3JIEKTPHUECKHH 3apsj, paBHbll —lfs, —!/3 u
+2[3 COOTBETCTBEHHO AJifl KaXAOr0 H3 TpeX KBapKos. Bbuin
[PENNpPUHATHL. TMONLITKH OOHAPYXKHTb KBAapKH, JJfl Yero
HCKA/IM YacTHUB CO 3HAYHTENHbHO MeHbilleH HORH3HpYylouiefl
CHOCOOHOCTBIO, YyeM Yy OObIYHHIX 4YacTHL - (HOHM3UpYylOHas

1y Dra yacTHUa OTHOCHTCA K TpyNNe PE3OHAHCOB, HO HMeeT BpeMa
JKH3HH Toro ke nopsiaka. (~10710 cex), uto u y rumeponos. Onuako
CTHH ee paped 32, B TO BpeMf KakK Yy BCeX THNEDOHOB OH pasexn !f;.

2) To 0o6CTOSTENbCTBO, YTO MHOTME YaCTHILI HMEOT Maccy, 3HauyH-
TeJBHO MEHBHIYI CyMMbl Mace p, n U A%, He HOMXHO Hac cmywar,
TaK KaK Macca CHCTeMBbl CBSI3aHHBIX YacTHL MOXKeT .OKa3aTbCsi HamHOro
MeHbIIIE CYMMbl MAacC 9acTHl, BXOAAIULHX B cHcTeMy (Cp. ¢ 3Heprued
CBSI3Y yacTHL B Anpe, § 88).

%) CnoBo «KBapk» 3amMcTBOBaHO [enn-MaunoMm mna, pomana
Ik, Hxonca «IIpoGyxaenne @Punnerana», B KOTODOM KBapKaMH Ha-
3BaHDl XMMepUYECKHe CYlLeCTBa, YYAMBUIMECS repoi0 POMaHA BO BpeMs
rajiou K alui.
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cnocoGHOCTb YACTHUBI ¢ 3apsiioM !/3 nomKkHa ObiTh B 9 pas
MeHblle, yeM Y yacTHUH ¢ 3apsajoM 1), OnHaxko noxka kBap-
KH He ObuiM HaOGMIOAEeHbl H WX CYLleCTBOBaHHe RABJSIETCA
npobseMaTHUHBIM,

Tonoxenue, cnoxupileecs B (U3HKe  3JeMEHTapHBIX
YacTWI, CUJBHO HaNOMUHAGT NOJOXKeHHe, co3aaBlueecs B
tusuxe atroma nocne oTkpuiTHa B 1869 r. [1: WM. Mensae-
JleeBBIM [€PUHOJHYECKOro 3aKkoHA. XOTHA CYWHOCTL. 3TOFO
3aKOHa Oblia BBHIICHEHa TOBKO CHYCTs npuMepho 60 Jer,
nocne CO3[aHUS KBAHTOBOH MeXaHUKH, OH NO3BOJUI cHCTe-
MAaTH3HPOBATbh H3BECTHLIE K TOMY BPEMEHH XHUMHHYeCKHe
3JeMeHTH W, KpOMe TOro, TpUBea K INpeAcKasaHHIO cylles
CTBOBAHUA HOBHIX 371€MEHTOB M HX CBOHCTB. TOYHO Tak Xe
(U3HKY HAayuWAHChb CHCTEMATH3WPOBATb 3JeMeHTapHble ya-
CTULLL, mpuyeM paspaloTaHHasg cuUCTeMaTHKa B psge Ciay-
YyaeB MO3BOJIWJAA TPEACKA3aThb CyULeCTBOBaHWE HOBBIX ua-
CTHU M DPeABOCXUTHTh CBOHcTBa 3THX vactun. OgHako
«floKa TOHCKM CHCTEMATHKH YacTHIl HAaXOAATCA NPUMEDPHO
B TAKOH e CTAJMH, KaK MOGHCKH NepHOAHYECKOH -CHCTEMBI
3JleMeHTOB, KOrja HMMH HayMHaJg 3aHuMaTbes Menzgenees.
Hanpap/iedne 310 O4eHb BaiKHOE M OYeHb HYXKHOE, HO- OHO
OTHIOAbL He PeMIMT (DyHIaMeHTaJbHOH npod/eMbl NOHHMaRHA
BCEX 3aKOHOB MHKPOMEpa. DTO MOHHMAaHWE, OUeBHAHO, NpH-
JleT, TOJABKO KOrpa Oyner co3flaHa HoBas (PH3HUeCKas Teo«
pus... Ceflyac MBI MOLXOAUM K HOBOMY 3Tany NO3HAHHA
cpyﬂnamemanbuenwux 3aKOHOB CTPOEHMS! (PUPOABI, M3 KO-
TOpHIX Kak YaCTHHH ciydail ofulero ROMKHb O6yAyT BhiTe-
KaTh H KBAHTOBas TeODUA, W TEOPUS OTHOCHTE/IbHOCTH, H
Teopua Hbiotona.. Henb3s npeackasartb, Koraa u kak Oy-
IEeT COo3/flaHa HOBas nocjaefoBaTe/NbHas . (U3HUECKas Teo-
pus... Ho ToT thakr, yto rpoMajgnas apMHs 9KCIepHMeHTa-
TOPOB M TEOPETHKOB BO BCEM Mupe PabOTaeT Ha 3TOM nepe-
NOBOM 1Jisi (DH3MKH (POHTE, NO3BOJSET HAAGATHCS, HTO 3TO
BpeMA He 33 TrOpaMu».

B3sitele B KaBHIYKM C€/0BAa NpPHHALJEXXar aKaldeMHKY
H. E. Tammy, IMH MBI ¥ 3aKOHYHM KparkHi pacckas o ¢u-
3WKe 3JIeMeHTAPHBIX YaCTHIl,



MPUNOXEHUE
roJIOTPAG U

Tonorpadus (. e. «nosHads 3anuCby, OT rPEYECKOro ~— roJaoc — Bech,
rpado — nuwy) ecrb 0cobutft cnocob (HUKCUPOBANHS HAa (POTOMAACTHHKE
CTPYKTYPBl CBETOBOR B0JHBI, OTpamesHo# npenmeroM. IIpm ocsewennu
aTOR MAACTHHKA (rosorpaMMbl) MyYykOM cBeTa 3a(dHKCHDPOBaHHas Ha Heil
BOJIHA BOCCTAHAB/AHBAETCA B NMOYTH Nep8OHAYaJbLHOM BHAE, TaK 4TO IpU
BOCHPHATHY BOCCTAHOBJIEHHON BOJAHLI IN1a30M S3PHTEJbHOE OlyLIeHne
GbiBaeT IPaKTHUECKH TaKUM, Kakum oHo Obwio Obl npu HaGmofenum
caMoro npeamera (MCKJIIO4asi OKPACKy HpeaMera).

Fonorpadus Obina usobGperena B 1947 r. aursmfickeM Qusuxom
II. TaGopom. Oanako mosHoe ocyuiecrsneHHe naen [abopa crano Bo3-
MOMKHBIM JHUIb nocae nosBieHus B 1960 r. HCTOUHHKOB cBeTa BLICOKOH
€Tenenn KorepeHTHOCTH — JiasepoB. HMcxoanas cxema I'abopa 6uina yco-
BepINEHCTBOBAH2 aMepukaHckumd duaukamu . Jlefirom u 0. Ynar-
HHEKCOM, KOTOpLlie Tonyunau 8 1963 r. nepBoie sasepHble TOJIOTPaMMbL,
Cosercknit yuenoit I0. H. Heuuciox mpeanoxua B 1962 r, (# snocnea-
CTBHN OCYUIECTBHA) OPHIMHAMbHBIA MeTOR (UKCHDOBAHHA TOIOTPAMM Ha
TOACTOCAONHON 9MYJbCHH. DTOT MeTOA 00/ajdaeT PSAOM YAHBHTEIbHbIX
CBOHCTB (B YACTHOCTH, JAaeT UBETHOe H300paeHHe NpeiMeTOB), ORHAKO
paccMOTpeHye ero BbIXOAMT 3a DaMKi 3TOf kHurd. Mbl orpaHsanmcst
S/EMEHTAPHLIM DPACCMOTPEHHEM COBPEMEHHOIO METOAA MOJY4eHHR TI0-
JOFPAMM HA TOHKOCJIOHHOA SMYJbCHH,

Ha puc. 281,a noxkasaHa cxema yCTaHOBKH AJIA MOJAY4YeHHA roJjo-
rpaMM, a Ha puc. 281,6 — cxema BoccradoBiaenns wusobpamedus. Hemy-
CKaeMbifl J1a3epOM CBETOBOM NYYOK PacCIKPSETCS C NOMOIKLIO TeJeCKOINH-
YecKOM CHCTeMBl, COCTOsled M3 MHUKPOOGLEKTHBA H AJHHHOPOKYCHOMN
AMH3IN GOABIIOTO AHaMeTpa. YBejHueHHe NHAMETPA NYYKa PaBHO OTRHO-
WeHn0 QOKYCHRIX PacCTORHMA JHH3M K MHKPOOOBeKTHBAa. Pacuiupen-
Huf TyuYoK cBeTa Aenutcst Ha ABe uacTd. OMHA 9acTb OTpaxaerca 3ep-
KanoM K ¢oromnactiike, 0o6pasysi Tak Ha3blBaeMbifi ONOPHHIA NyHOK.
Bropasm uactb momajaer Ha NJACTHHKY, OTPA3uBWHCh OT ¢ororpadu-
PyeMOro npejMmera; oHa ofpasyer mpeAMeTHb# nyuok. OGa nyuxa Ao.-
HKHR OHTb KOrepeHTHHIMH. ITO TpeGOBAHHE BLINOIHACTCH, MOCKOJbKY
JIa3epHOE H3/NYyYEHHE OTJIHYACTCH BLICOKOH CTEMeHLI0 NPOCTPaHCTBeHUON
KOTepeHTHOCTH = (CBeTOBbie KOJMeOaHHA - KOPepeHTHul MO BCemy nNonepet-
HOMY CceueHMio JjasepHoro nyyka). OmopHsii H NPeAMETHLI NyYKH, Ha:
Harasuch Apyr Ha Apyra, ofpasyior HHTepQepeHUHOHHYIO KapTUHY, KOTO-
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pas durcupyerca OTONIACTHHKONA. DKCNOHMUPOBAHHAN TAKUM CHOCOGOM
¥ nposs/aenHaa ¢OTOMJACTHHKA W ecTh rogorpamma. B ofpasoBaHHH

roJIOrpaMMbl  y4acTBYIOT
JiBa nyuyka cBeTa, B CBA3H
C YeM ONHCAHHAA CXeMa
[OJyUeHHs rOJIOrpaMm Ha-
3bIBAETCH  JIBY X/1y4eBOH.
Jis  BOCCTaHOB/ACHHA
H300paxeHus  MPOsiBjeH-
Hyi0 QOTONAACTHHKY 110~
MeWaloT B TO0 camoe I0o-
JIOKEHHe, B KOTOPOM OHa
HaxojAuAach npyu ¢ororpa-
@HPOBAHUH, M OCBEILAIOT
ONMOPHLIM  NMYYKOM cBeTa
(vacTp J1a3epHOTO My'ka,
KOTOpas ocBselaja mpy
¢otorpaduposanuy  npen-
MET, Tenepb MepekphIBaeT-
cs1). OnopHuii ny4ox- aud-
parapyetr Ha roJjOrpamme,
B pe3ynbTaTe 4ero BO3HH-
Kaer = BOJHA, HMelomasn
TOUHO TaKyio CTPYKTYpY,
Kax BOJHA, OTpaKasiuan-
cs npeaMeroM., drta BoJHA
naer MHHUMoe u3obpame-
HHe TMpeAMéTa, KoTopoe
BOCIIPHHHMAETCs  T.1a30M
nabmonarena. Hapaay c¢
BoaHOH o0o6pasyiomell MHR-
Mo€  u3o0paxkeHue, 0OPH
Audpakuuu BO3NHKaET
elle 04Ha BOJHA, KOTOpas
o6pasyer feficTBHTE/bHOE

Jep

o)

—~/ocepansia

>
i S
t{ ¥
Myumoe
usodparcene
Jeigmbumensioe
USBLDANCERUE

Pnc. 281

H3o6paxenne mapeamera. JleficTBurenbnoe n306paskenne MCeBAOCKONHY-
HO; 3TO 03HAYaeT, YTO OHO mMeeT peaved, -00paTHbil penvedy npex-

7

7
Z Z
\{ ¢
g &
T

Puc. 282.

MeTa— BbIIYKAble MecTa 3ame-
HeHbl BOTHYTbIMH, U HaoGopor.

PaccmoTpuM - xapaktep ro-
AOTPaMMBl U [IPOMEce BOCCTAINOB-
neuusi w3o6paxenun. Ilycrs ua
doronaacTUHKy HajAaloT BA KO-
repeHTHBIX Napavie/bHblX. NydKa
CBETOBLIX JiydeH, HAyLlHe HOQ
yrjoM - ApyT K Apyry (pc.
282), Ilywok 1 Gyaem cuHrtate
OTOPHBIM,  MYYOK 2 — mpeamet-
HbIM (TipeAMeTOM B AAHHOM CAY=«
yae fApafeTCH OGeCKOHEUHO yAa-~

nenHas Touka). Ilns mpoCTOTHI HPEANONOKHM, UTO NyHOK [ mepneman-
Kyafped K NJOCKOCTH NNACTHHKH. Bce nonyuennpie HuXe Pe3ynbTaThl
OCTalOTCA CHPABETHBLIMH W NPy HaKIOHHOM NajeNHH ONOPHOro My4xa,
OfHaKo GOpMYJbl B. 5TOM Caydae §ojiee IpOMO3AKH,

519



Beaepcrsne uurepdepenurn nyskos / H 2 Ha niactuuke obpagyer-
CA CHCTEMA 4ePelyIOLUXCH NPAMONHMHEHHBIX MAKCHMYMOB M MHHUMYMOB
HutencuBHocTH. [Tycts Touku A u B COOTBETCTBYIOT CepedHHAM COCEA-
HEX WHTepdepeHUUOHHBIX MakcuMymos. Torza pasuocrs xofa A’ pas-
Ha A. W3 puc. 282 punno, uro A’ = d sin; creaosarensio,

dsinp =\ n

3aduxcupoBaB Ha MNACTHHKE (DyTeM SKCHOHHPOBAHHA H mposRBIs-
HH4) HHTep(hePEeHINHOHHYI0 KaPTHHY, HAaNPAaBUM HA Hee ONOPHHIA Myyox [.
IlnacTuHKAa AJIA 9TOrO NyyKa npelcTaBaseT coGofi AU(PaKIMOHHYIO pe:
wetky, nepuon d xortopofi onpeneasiercs Qopmynoft (1). Oramuntens-
ROl OCOGEHHOCTBIO 3ITON pelleTKH fABJAETCH' TO OOCTONTENBCTBO, UTO ee
NpONyCcKateNbHass  CHOCOGHOCTH

2y v/ PANR T4 U3MEHSeTCs NPH  MepeMemieHuH
| A\ B - HANDABJNEHUH, NEPUICHIHKYAND-
\ a HOM K «UITPHXaM» N0 HPHO/I3H-

A g TENBHO KOCHHYCOHA/BHOMY 3a-
Kony (v paccMaTpHBAaBIIMXCA B

4 - § 25 petiieTox OHA U3MeHSNACH

\

CKAUKOM: POCBET — TEMHO —
npocBeT — TEMHO U T. A.). 3ta
0cOoGeHHOCTb TIPUBOJHT K TOMY,
YTO MHTEHCHBHOCTHL BCeX AHD-

2" vz P A PAKUMOHHLIX MAKCHMYMOB 1O

(m=-1) (m=4]) PALKA Bhe TeEPBOTO MpPaKIHs
YeCKH paBHA HYJIO.

Prc. 283. IMpu ocBemeHyMH NAACTHIKH

OmopHBHIM myukom  (puc. 283)
BO3HHKaeT AHGPaAKUMOHHAs KapPTHHA, MAaKCHMyMbl KOTOpOf o6pasyior
C HOPMaJblo K IUIACTHHKe YIJIBL (¢, ONpefessieMble YCJIOBHEM

dsing=m}) (m=20 xI) (2)

[em. dopmyay (25.2)) Maxcumym, otBevawouuit m = 0, JeXUT Ha npo-
JNOJ/IKEHHK ONopHOre nyuka, Makcumym, oTsevaiomuit m = + |, umeer
TaKOe e HalpabjeHHe, KAKOe HMed NPH 3KCINOHUPOBAHHUM NPeAMETHbLA
ayyox 2 [cp. dopmyart (1) n (2)] KpoMme Ha3BaHHLIX ABYX MaKCHMY-
MOB, BO3HHKaeT elle OAHH, OoTBevaomuin m = —I1,

MoXHO noKasaTh, YTO MOJYYEHHBI HAMM De3yJbTaT OCTaeTcs B CH-
Je B TOM cjydae, KOrxa NpeAMeTHLIH Myd4oK 2 #ABJseTCs He Napansiciib-
HuiM, 28 pacxoisummmcs. TIpy 3TOM MAaKCHMYM, OTBedaomufi m = +1,
HMeeT XapaKTep PacXOAslUerocs nyuka Jjyuedt 2’ (OH maerT MHHMOe H30-
Gpaxenne TOYKH, U3 KOTOPOH BBLIXOAHAM JYYH 2 TIPH SKCTIOHHPOBAHHU);
MaKCHMYM e, OTBeYaloluii m = —1, HMeeT xapakTep CXOAALErocs nyy-
Ka Jyyel 2” (oH ofpasyer HeficTBuTeNbHOE H3o0parKeHHe TOYKH, H3 KO-
TOPOH -BLIXOAMIH JyuH 2 TPH 3KCNOHUPOBAHUH).

TlpH poayyeHHH roOAOTPaMMBl NACTHHKA OCBel{aeTcs ONOPHbIM Iy'-
KoM ! M COBOKYNHOCTHYO DPAaCXOASIHXCSA TYyUKOS 2, OTPaKeHHHIX pas-
HNMMH TOYKaMu RpeameTa. Ha njacTHHKe BO3HMKAeT CJOMXKHAs HHTepde-
peHUHOHHAs XKapTuHa, ofpasyeMas B pesyjbTaTeé HaJOMEHHs KapTHH,
AaBaeMBIX KaXAMM N3 NyukoB 2 B orfensHoctd. Ilpu ocsemenuu ro-
JIOTPaMMbl OMOPHLIM DNY4KOM [ OKasbBAIOTCS - BOCCTAHOBJIEHHBIMHA Ble
nysk# 2, T. e. NOJHas CBETOBasf BOJHA, OTpakaemas fpeiMeTroM (e
otBevaer m = +1). KpoMe Hee, BOSHHKAIOT emle ABe BOJHB (0TBeyalo-
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mpe m=0 u m=~—1I). Ho 3Tu BOJHK pACHPOCTPAHAOTCH B APYTHX
HaOPaBJEHHAX H He MEUlaloT BOCHPHATHIO BOJIHBI, Halouiell MHHMOE H30-
Gpaxense npeamera (cM. puc. 281).

Hsobpaxeuye npeamera, JaBaeMoe roJorpaMMod, ABASETCH 06beM-
neiM. Ha nero Moxuo cMorperh H3 pasHsix nosoxenndi. Ecau npH cbeu-
Ke OJH3KHe npeaMeThl 3aKpulBajaHn Oojee YAanXeHHbE, TO, CMECTHBUIHCEH
B CTOPOHY, MOXHO 3arjiiHyTh 3a 6aHXKHHAI npeamer (BepHee, 3a ero
H306paKeHHe) U YBHJAETb CKPLITBIE 4O TOrC. APeAMETH. JT0 OGBACHSIET-
Csi TEM, 4TO, CMECTHBUIUCh B CTOPOHy, Mul BOCHPHHHMaeM H3oGpamenne,
BOCCTAHOBJIEHHOE OT NepH(epPHYeCKON Y4CTH TOJIOrPaMMH, Ha KOTOPYIO
NpH SKCMOHHPOBAHMM ‘NAZANH TaKXKe H JIYuH, OTpaKeHHHE OT CKPBITHIX
npeameros. PaccmaTpusas u306pakeHust OJAMKHHX H JaNbHHX DpeaMe-
TOB, MPHXOAUTCH, KaK H NpH PaccMaTPUBAHHM CaMHX NPEAMeTos, HO-
Pa3HOMY aKKOMOAHDOBATh IJIa3.

Ecan rosorpaMMmy packoJioTb Ha HeCKOJBKO KYCKOB, TO KaXAui M3
HHX TPH OPOCBEUHBAHHH JaeT TaKyio Ke KapTHHY, YTO H HCXOAHas ro-
sorpamma. ‘OfHaKO 4eM MeHbLIasl YacTh FOJOFPAMMbLI HCNOJIB3YeTCs AIA
BOCCTAHOBJ/IEHHsA W300DaXKEHHS, TeM - MEHbLIE er0 YeTKOCTb. ITO Jerko
TIOHATh, OPHHAB BO BHHMaHHE, uYTO NPH YMEHbLIEHHH YHCAA INTPHXOB
nudpakuuontiof peleTku ee paspelsaomias CHIA yMewbllaeTca [oMm.
dopmyay (25.16)].

BosMoxxHpie OpuMeHeHlss roJgorpatup pecbMa pasHooOGpasubi. Jla-
JIeKO He NOJHbI BX TMepeyeHb 06pas3yoT roJorpaduueckne KHHO U rTene-
ByfleHMe, rogorpaduyeckili MHKPOCKON, KOHTPOJIb KayecTBa oOpaGOTKH
#3genu#t. B sureparype MONKHO BCTPETHTh YTBepKAeHHe, 4TO BO3HHK-
HOBeHHE rosorpadHH 1O ee RNOCAEACTBHAM MOXKHO CPaBHHTL C CO3Ma-
HHEM pajHOCBA3M,
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