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MexaHU3MBbI PacCesTHUS HIEKTPOHOB
BeposiTHOCTB paccesHust M BpeMsl peslakCaIiu
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CrnencTBus TUTIOILHOTO B3auMoielicTBUs. PasmaranunBaromue GhakTopsl 337
3agaun 337
Jlutepatypa 338
I'naBa 34. CBepXnpoBOIUMOCTb 340
Kpurnueckas remneparypa 342
Hesaryxaromue Toxu 344
TepmoanexkTpuyeckue cBONCTBa 344
MaruutHble cBOMCTBA. MieanbHblil AMaMarHeTU3M 345
MaruutHsble cBolicTBa. Kputnueckoe nose 346
Tennoemkocts 348
Jlpyrue nposiBJIeHUs CyILIECTBOBaHUS 3HEPTETUYECKON LIENIN 349
VYpasuenue JlIoHg0HOB 351
Muxkpockonuueckas Teopusi. KauecTBeHHbIE UepThl 353
KonmyecTBeHHBIE pe3ybTaThl 2JIEMEHTAPHON MUKPOCKOIIMYECKON TEOpUHU 357
Muxkpockonuyeckast Teopusi u 3¢ ekt MelicHepa 361
Teopus I'mn3z0ypra — Jlangay 362
KBanToBaHue noroka 363
Muxkpockonuueckas TEOpusl U HE3aTyXaroIue TOKU 364
CaepxmpoBosiiee TyHHeTupoBanue. I ekts! Jxo3edcona 365
3agaun 368
JIutepatypa 369
[Ipunoxenust 371
M. KBaHTOBas TEOpHsI TApMOHUYECKOTO KpUCTaIa 371
Jlutepatypa 374
H. Coxpanenue kBa3uuMmIlysibca 375
BbiBoz1 3aK0HA cOXpaHEHMUSI 376
[Ipumenenust 378
Jlutepatypa 380
O. Teopus paccesiHUsS HEUTPOHOB B KPUCTAJLIE 381
PaccMoTtpenue paccesiHusl peHTI€HOBCKUX JTydel 385
Jlutepatypa 386
1. AHrapMOHHYECKHE YJICHBI U N-()OHOHHBIE TPOLIECCHI 387
P. Briuncnenue g-pakxropa Jlanmae 388
Baxkneiimue tadbinib 389

[IpenMeTHBIi yka3zarenb 392



IMPEJIMETHBINA YKA3ATEJIb
Pumckumu mdpamu 0003HaYeH HOMEpP TOMa, apaObCKUMU — HOMEpP CTPaHUIIH,
OykBa (C) psIoM C HOMEpPOM CTpaHHUIBl O3HAYAET, YTO COOTBETCTBYIOIIMI TEPMHUH
IPUBENIEH B CHOCKE.

AnmnabaTuyeckoe IpuOInKEeHNe
aHajguTudeckoe oobocHoanue II 155 (¢)
B Metayax II 139
Ammnabarnyeckoe pazmaranuuBanue I 275—277
Axyctuueckue Moabl 11 64—66
u ontrdeckue Moasl 11 64, 65
u monuatoMuele 6a3ucel Il 66, Cu. maxoce Konebanus pemerku; DoOHOHBI
Axuenropssie npumecu 11 199. Cu. maxowce p — n-nepexon; IlomynpoBogHuky;
IIpumecu B MOynnpoOBOJHUKAX
Amopdomusbie TBepabie Tena I 74
aHoMaJibHbIE TerutoBble cBoiicTBa Il 133 (¢)
mudpakuus peHTreHoBckux sryueit 1 104 (c)
Anrapmonunueckue wiensl II 50, 115—137
u BTopoii 3Byk Il 133—135
u Msirkre moabl 11 181
u napamertp ['pronaiizena Il 136
u mporieccel nepedpoca I 129—132
u paccesnue Gononos Il 124—126
U pe30HAHCHAs JTUHHSL, COOTBETCTBYIOLIAS
octarouHbIM Jy4yam II 176
U COXpaHeHue kBazuumnyibca Il 126
u TemoBoe pacmupenue 11 117—120, 122, 123
U TEIJIOEMKOCTh IIPH BhICOKHUX Temrepatypax II, 57, 82, 83
U TemtonpoBoaAHocTh 11 123—133
U TepMmoiuHamuueckue croiicta I1 117—120
u ynpyrue nocrosinubie 11 116
u n-poHonHsIe mponecco 11 387
U mupuHa 0JHO(GOHOHHBIX MakcuMyMoB 11 104—106
KyOHuuecKue uieHsl U 3akoHbl coxpanenus 11 117, 136, 137
— — " HecTabunbHOCTh, oOycnoBieHHas umu, II, 117, 136
— — U Iepexoipl, npoucxonduue 0narogaps um, Il 125, 126
Amnwon II 12
AnomanbHbIi ckuH-3QdexT [ 278
AHTunon ueHtpa okpacku Il 242
AnTucssspiBaromue coctosaus 11 293 (¢)
AHTHCTOKCOBa KOMIToHeHTa II 209
AnTtudeppomarnerusm II 286, 309—311



BocripuuMumuBOoCTh 11, 315, 332 (¢)
B Moyt ['eitzenOepra 11317, 318
B Mozienn Xab6apnaa 11 300
onHoMepHas ternoyka (pemenue bere) I1 318
cB0OOOIHBIX 371eKTpoHOB I 299 (¢)
Teopus MoJiekyssapHoro nosst 11 332 (c), 338
sHeprusi ocHoBHOro coctosuusd 11 317, 337
AnnpokcumanTsl [Tane I1 326 (c)
Atomasle tuiockoct [ 99—103
unaexkcsl Musepa [ 101—103
cemeiicra I 100
coramienue 00 ooo3nauenusx 1 102, 103
COOTBETCTBUE C BEKTOpamu 00patHoil pemerku [ 99—101
ATtomnubiii ramunsToHuaH [ 182, 185 (¢)
ATtomuslii popm-daktop [ 116
bazuc II 87
bazonentpupoBannas pombuueckas pemierka bpass I 125
becmenesas cBepxnpoogumocts 11 341 (c)
bnaropoansie metasuibl [ 287—292
IBIpOYHbIe OpOHUTHI B HUX [ 291
30HHAas CTPYKTypa U nosepxHoctsb epmu [ 53
ko3 umment Xomna I 30
Marseroconpotusienue [ 71, 292
MOJTYJTb BCECTOPOHHETO CKATHUS
onruueckue comcrea I 297, 298
NOCTOsIHHAs pemeTky [ 82
TEII0EMKOCTh | 62
bawxaiimuit cocen 1 83
bnoxosckas crenka Il 334—336
bnoxoBckue GyHKINU S- U P-TUMA B TPUOIMKEHUN TIOYTH CBOOOIHBIX 3JIEKTPOHOB |
165, 166
bi1oX0BCKHE IEKTPOHBI
B olHOMepHOM ciydae [ 152—156
BOJIHOBOI1 BekTop I 143—147
B [IOCTOSIHHOM 3JIeKTpuuyeckoMm mnose [ 227
nuHamuka [ 216—244
neipku [ 228—232
U cBOOOHBIE MEeKTPOoHBI [ 216
Ha noBepxHocTsax [ 366—370
opOUTHI B MarHuTHOM nosne I 232—237
— — — — kBaHToBaHue [ 271—273
— ———mnepuoa [ 236
OTCYTCTBHE CTOJIKHOBEHHUI CO cTaTuueckoi pemetkoit [ 218, I1 47



IUIOTHOCTH ypoBHEi [ 149—152
ckopocts | 147, 379, 380
teopema 00 3¢ dexruBnoit macce 1379, 380
s-tuna u p-tumna I 165
s dekTuBHasS Macca (muHamudeckas) 1231, 232
Cm. maxorce 3anpellieHHas 30Ha; 30HHas CTPYKTypa; MeToa CuiabHOU CBA3H;
IInotHoCTh ypoBHEH; [IoBepxHOCTE PEpMu;
[Tonmykaccudeckas Mmojeinb; [IpubnuxkeHre mouru CBOOOIHBIX IJEKTPOHOB;
OddexruBHas macca bose-ra3, uneanpusiii 11 81
boze — Diinmreitna konaercamus [ 51 (¢)
bopna — Kapmana rpannunoe ycnosue. Cu. ['panudnbie ycaoBust
Boposckuii paguyc [ 79
JUIsl IPUMECHOTO YpOBHS B noynpoBoanuke 11 201
TOYHOE YucieHHoe 3HaueHue [ 371
Bbpunntosnosckoe paccesinue 1149, 108—111
kjaccuueckas kapruna Il 108—111
CTOKCOBBI M1 aHTUCTOKCOBBI KOMIOHEHTHI 11 109
bparrosckue makcumymsl (muku) I 105
u MarauTHeIe uke 11 312, 313
u paxtop [lebas — Bamiepa I 385, 386
npu 6echononHoM paccestuuu 11 100
bparrosckue minockoctu [ 107, 108
Y TIOYTH CBOOOAHBIE 31eKTpoHbI [ 162—166
bparrosckoe otpaxenue [ 108, 109
— —nopanok I 106
Bakancuu 11 233, 234. Cm. makowce JledexThl B KpUcTaIax
Banentueie 30ub1 [ 155
B MeTayax [ 197
BostHOBBIE (pyrKIMH | 197—199
— — CpaBHEHHE C BOJIHOBBIMU (DYHKLIUSIMHU
noHHoro ocrosa I 198
B nosrynpoBogHukax Il 185
Banentnsle anextpons! [ 18
U QyHIaMEHTaJIbHBIE TPYAHOCTH B MOJIEIIM CBOOOHBIX JIEKTPOHOB [ 72
paszpelenue TpyaHocrei [ 226
BannepBaanbcoBckue cuiibl cm. QyKTyallmOHHO-AUIIOIbHBIE CHIIbI
Bapuanuonsslil npuHuun ans ypaBHeHus boneumana [ 327, 328
— — 11t ypaBHeHus Lllpenunrepa ¢ nepuoanueckum norenuuanom I 383, 384
B3aumoneiicteue cm. JlalbHOAECUCTBYIOLIEE B3AUMOAEHCTBUE; [IMTTOIbHOE MATHUTHOE
B3aumoeicTBue; MoH-nOHHOE B3auMOASHCTBIE; MaruHuTHOE B3aUMOACHCTBIE
DNEKTPOH-UOHHOE B3aUMOICHCTBHE; DIIEKTPOH-(DOHOHHOE B3aUMO/ICHCTBHE;
DNEKTPOH-AIEKTPOHHOE B3aUMOJIEHCTBHE
Bekrop broprepca II 250—252



BekTopHblii HOTEHLIMAN B MOTYKIACCUUECKUX YpaBHEHMIX ABMkeHUs [ 385
— — 1 Mar"eTusMm 31ekTpoHoB 11 261
Bepxnee kputuueckoe nose I 346
Burneposckuii kpuctamnn 11 299
BunrtoBas gucnokanus I 249, 250. Cu. makowce {ucnokanuu Buntosas ock I 121 (¢),
134
Buxpesble muHuu B cBepxnpoogHukax Il 347, 348
1 KBaHT MarHuTHoro notoka Il 348 (c)
u Teopus [ ua30ypra — Jlannay I1 363 (c)
Bonnosoii Bextop @epmu 149, 51
BbIpaXCHHBIN uepes 1s [ 49
U JICKTPOHHAS TUIOTHOCTH B IPUOIMKEHUN CBOOOTHBIX 3IEKTPOHOB | 49
COOTHOUIEHUE C 1€0aeBCKUM BOITHOBBIM BeKkTOpoM Il 86 (c)
BonHoBbIE BEKTOpPBIL, UX MIOTHOCTH | 48, 143
Bonnossie nmakersl hoHonusbIe 11 124
— — anekTponnsie [ 219, 220
BonHOBBIE PyHKIIMM AJIEKTPOHOB B aToMe U MexkaroMHoe paccrosiaue [ 181, 116
Bonnsl cnunoBoi miotHoctH 11 299
Bocnpunmuuocts MmarautHast 11 260
antudeppomarnerukos Il 315
atromHuas I 261—265, 268—270
aTOMOB MHEPTHBIX ra3os Il 264
B IPpUOIMKEHUH MOJIEKyIsipHOro noss (3akoH Kropu — Beiicca) 11 332
BhICOKOTEMIepaTypHas (B Monenu ['eiizendepra) 11 323—326
— U BBIUHCIIEHUE KpUTHUyecKoi Temmeparypsl 11 326
nuamarnutHas Jlangay 11 280, 282
nuamarnutHas Jlapmopa I1 263—265
Jlanxesena II 264 (c)
MOHOB B LIEJIOYHO-TANOUIHBIX coeanHeHusx 11 264
MOHOB C YaCTUYHO 3aM0JHEHHBIMU 00onoukamu 11 268—270
mousipHas 11 264
ocobennocts nipu Tc 11315
napamarautHas [laynu cyw. Ilapamaraetusm
BpeMms Mex 1y CTOIIKHOBEHUAMU cm. Bpems penakcanuun
Bpems pexomOunanuu 11 223
Bpewms penakcanuu 21
BBIP@XEHHOE Yepe3 yaesbHOe conpotuieHue [ 23
JUISL U30TPOITHOTO YIPYTOro paccesiHus 3JIEKTPOHOB Ha nmpumecsx [ 326
1utst pononos 1T 126—131
— — B IIpolieccax nepedpoca u HopmasbHbIX npoueccax II 135
JUTSI DIIEKTPpOH-PoHOHHOTO paccesaust 11 151
JUIS1 JIEKTPOH-3JIEKTPOHHOTO paccesiHus | 346—348
3aBucsiee ot koopauHat [ 250 (¢)



— — — B nostynpoBojHukax 11 221, 223
U BEpOSATHOCTbH CTOJIKHOBeHHUs [ 316
u pacnpenenenue [lyaccona I 40, 41
Bpounckuan I 154
Bropoii 3Byk II 133—135
Brempsamistomee nefictsue p — n-nepexona Il 217—220, 225—230
Bripoxnennsie nonynpoBoaHuki II 195; cm. maxowce IlomynpoBogauku
I'a3 ximaccuyeckui
pacnpoctpanenue 3Byka B HeM 1 134, 135
cpaBuenue ¢ razom ¢ononos II 128 (c), 131 (c), 134
— — JJIEKTPOHAMM B HEBBIPOXKACHHBIX nosynpoBoaHukax I1 207, 208
['a3 anektponoB cu. [Ipubnmkenue cBOOOAHBIX JIEKTPOHOB; DICKTPOHHBIH ra3
["anpBanomaruuTHbIC 3¢ deKThl cv. Maraero-conporusieHue; Iddexr Xomna
[Mapmonunueckuii ocuuistop (kBanTosiid) 11 371
["apmonnueckoe npudmokenne I 52, 53, 115
JUHAMAYECKHHA CTPYKTYpHBIN (akTop B 3ToM npubinmxenun 11 383—385
ero HepocraTounocth 11 115, 116
u OecKkoHeYHas TeronpoBoaHoCTh 11 124
¥ 3aBUCHMOCTb 4aCTOT HOPMaJIbHBIX KojeOanuii or oovema I1 118, 119
UCTIONIBb3yeMOoe IS onrcanus konedanuit pemerku 11 50—78
u Teopus temnoemkoctu I 79—96
kBaHToBas Teopus 11 371—374
OTJIMYHME OT MPEATOIOKEHHS 0 Majoi amriuTyne konedanuii I 115
¢dbopmMma B cirydae mapHoro nmoteHmana I 53
sHepreTuueckue ypoBHu N-noHHoro kpuctaiia II 80.
Cm. maxoice Aarapmonndeckue wieHnsl; Konebanus pemerku; @oHOHBI
I'excaronanpHas Kpuctajanueckas cucrema I 126, 127
['excaronanbHas IIOTHOYNakoBaHHas cTpykrypa [ 86—91
U TpaHElleHTpUpOBaHHas Kyonueckas pemerka bpass [ 90
U TuIoTHas ynakoBka cdep [ 90
Y TIO4TH cBOOOAHBIE AnekTponbl [ 173—175, 299, 300
otHomenue c/a 1 89, 90
CHHH-OpOHTaNBbHOE B3anMoaercTBue B Heil [ 175, 299
cTpyKTypHBIH akTop [ 117, 118
AJIEMEHTHI ¢ 3TOU CTpyKTypoi I 89.
Cwm. maxorce lpocras ['excaronanbHas pemerka bpasa
['enuii TBepabIit naBienue kpuctausanuu (npu 7 = 0) 11 28 (¢)
u rapMoHnueckoe npubimxenue 11 53
U TIPETOJIOKEHUE 0 Majoi aMmruiuTy e konebanuii I1 115, 117
U paccesHue HetpoHos (B He3) 11 97
Y TEOpHs KBaHTOBBIX KpucTamuioB II 51 (c)
I'enuxonsl 141, 42
I'enepanus Hocureneit Toka Il 223. Cu. makace TlomynpoBogHUKH



['eomeTpuueckuii CTpyKTypHBIN (pakTop cm. CTPYKTYpHBIHA (hakTop
I'nOpuanzanus I 185
I'ucrepesuc (marauTHbIN) 11 335
['my6una nporukHoBeHus 11 353. Cm. maxowce CBEpXIIPOBOIUMOCTD; Y paBHCHHE
JlonponoB «I'onbie» nonst 11 142
I'panenenTpupoBanHas kyonueckas pemerka bpass [ 81, 82
30HbI bpustosna Beiie nepsoii I 169
P-30HBI B METO/IE CUIIbHOMU cBsA3M | 193
S-30HBI B MeTOJIe CHJIbHOM cBsizu | 186—188
U TeKcaroHalJibHasl INIOTHOYIakoBaHHas cTpykrypa [ 90, 91
U IoTHas ynakoska cgep [ 91
KOOpJMHAIMOHHOE yucio | 83
OCHOBHbIE BeKTOpHI [ 81
OCHOBHBIE BEKTOPHI 00paTHOI pemerku [ 97, 98
nepsas 30Ha bputtosna I 99
— — — 0003Ha4eHus TOUYEK BBICOKOH cummerpun 1 188
noBepxHOCTh DepMu B MPHOIMKEHHH CBOOOIHBIX 371eKTpoHoB [ 171, 172
peiierka, oOparHas K Hel [ 97
pemerounslie cymmsl 11 30, 31
CBAI3b C LIGHTPUPOBAHHOW TETparoHajabHOU pemerkon 1 124
YIIaKOBOYHBINA MHOKUTEND | 94
YPOBHHU CBOOOHBIX JIEKTPOHOB B Hel [ 167
yclioBHas sueiika | 85
AJIEMEHTHI ¢ ATOU peweTkoi [ 82
auerika Burnepa — 3elitua I 86
['paneuenTpupoBaHHas pomOuyeckas pemerka [ 125
I'panuna 3epen 11 253
I'panuna xpyuenus II 255
I'pannunsle ycnosus I 46
bopra — Kapmana (nepuoaudeckue) aist OJIOXOBCKHX AJIEKTPOHOB I 142
— — B MeToe cuiabHOM cBsi3u [ 183 (¢)
— — JuIs TUHerHou nenouku 11 59
— — 11 CBOOOIHBIX JIEKTPOHOB I 46
— — nys cnimHOBBIX BOJTH 11 319 (¢)
TSl Ta3a CBOOOIHBIX 3JIEKTPOHOB | 46
Ha noBepxHocTsaX [ 368
I'pynna cm. IIpocTpancTBeHHBIE TpymIbl; TOYEYHBIE IPYIIIIBI
JaneHoaeiicTByOIIeE B3anMo/IeiicTBIE U Konebanus pemerku 11 68 (¢), 76
— — — B HoHHBIX kpucramiax 11 170—173
— — — B Metayuax II 139
u pabota Bbixona [ 354
U peuieToyHble cymmsl 11 34—37.
Cm. maxoce KyaoHOBCKUN TOTEHLIMAT



JBornukoBanue I 250 (c), 254
JBoiiHoit cioit Ha moBepxHoctu [ 357, 358
JBosikonpenomistonue kpucramisl [ 390
JIByxBanentHole Merasuibl [ 298—300
JByxokunkoctHas moaens 11 351
Heb6aeBckas temneparypa (Qp)
JUIs1 HEKOTOPBIX 351ieMeHTOB I 88
3aBUCUMOCTB OT Temneparypsl 11 87, 88
HIEJIOYHO-TATOUIHBIX KpucTaiioB I 87
JlebGaeBckas yactoTa Wy, 11 86

— — cpaBHeHue ¢ sHeprueit @epmu I 155
Je6aerckuii BotHOBOM BekTop (kp) II 85, 86
— — — COOTHOIIIeHUE C PEePMUEBCKUM BOJTHOBBIM BeKTOpoM II 86 (¢)
He-bpoiina nnuna Bosnsl [ 47
— — — YKCJICHHAd CBA3b C SHEPruen 31eKTpoHoB | 365
Henvra-cumBon Kponekepa [ 96
Hedextrr B kpuctaymax 11 233—258
rpaHulibl 3epen, 11255
nByMmepusbie 11 233, 254, 255
nedexTsl ynakoBku I 254
nuciokanuu 11 247—255
Y NMPOBOJMMOCTh MOHHBIX KpucTayos Il 238, 239
u npouecc HamarouuuBanus II 335
1 1eHTpbl okpacku I 239—243
Kak paccenBaroniue neHTpol [ 218, 314
MarauuTHble npumecu 1 302—304
omxur I 238
cmemanuelie, Openkens u Mlottku 11 256
TepMOJAMHAMUKA JTUHEHHBIX B NBYMepHBIX AedektoB Il 237, 238
TepMoauHamMuKa ToueuHbIx nedektoB (Openkens, LLloTTku niu cMenanubix) 11
234—238, 256
TOYEYHBIE, IMHEHHbIE U AByMepHBbIe I 233
®penkens 11 237
[Tortkwm 11 234
Cm. makace lucnoxkanum, LlenTpsr okpacku [ledopmarnmonroe ynpounerue 11
253
Hedbopmarmonnsrii norHuk I 254
IxoyneBo Tero 141, 254 (¢)
JlnaMaraeTusm
aTOMHBIN (1apmMopoBckuii) I 263—268
— B HOHHBIX kpucTaiax I 264
— B TBEPIbIX MHEPTHBIX razax Il 264



— CpaBHEHHME C MarHETU3MOM UIEKTPOHOB ITPOBOAUMOCTH B MeTaiiax Il 284
— — ¢ IapaMarHeTu3MoM, onucbiBaeMbIM 3akoHOM Kropu 11 284
B JIETUPOBAHHBIX OJIynpoBoHuKax I 282
uneanbHblil (g ekt Meiicuepa) 11 342, 345, 353
Jlanpay I1 280
Cwm. maxorce BocnpunmunBoctsb; Dddexr ne ['aaza — Ban Anbdena
Junamuka pemerku cv. KoneGanust pemeTku
Junamuueckas marpuna Il 67
JUIsL KpUCTaIa ¢ T. 1. K. pemerkoit 11 77—78
cummerpus 11 66, 67
Junamudeckuii cTpykTypHbiit Gaxtop 11 383
— — — B rapMoHuueckoM npubmkenuu I1 383—335
JumonbHOE MarauTHOE B3aumoeiictue 11 288
1 oOMeHHoe (KyJOHOBCKOe) B3aumoeiictue 1 287, 288, 295
u obpazoBanue gfomeHoB I 333—336
pasmaranunBatonuii paxrop I1 337
JunonbHbI MOMEHT (35ieKTpuueckuit) cm. [luposnekTpuueckue KpucTauibl;
[Tonsanusyemocthb; CerHeTo31eKTPUUECTBO
Hucnokaruu 11 233, 247—255
Bektop broprepca II 250—252
BuHTOBBIE 11 249, 250
B 001mem ciyyae I1 250—252
u rpanunsl 3epel 11 255
U aBonnHukoBanue 11 254
u nedextsl ynakoBku Il 254, 255
u neopmarronHoe ynpounenue 11 253
U IPOYHOCTh KpucTayuios II 252, 253
u poct kpucramios Il 253, 254
u ckonbxkenue 11 249, 250
kpaessle 11 249
HaoOmonenue 11 254
mwioTHOCTh 11 249
ynpyras 3Heprus I 258.
Cm. maxorce JIepexTsl B KpUCTAIUIAX.
Hucnepcuonnas kpusas 11 61
IUISA JIMHEWHON nenouku ¢ 6azucoM Il 63—65
JUJI1 MOHOATOMHOMW JINHEMHOM LIENIOYKHU CO B3aUMOJEHCTBUEM MEXKIY
onmmxaiimumu cocensamu 11 60—62
— — — — CO B3aUMO/ICHCTBUEM MEKIY m Ommkaimumu cocensmu 11 76
JUIsl TpEXMEPHOW MOHOATOMHOM peeTku bpasa II 69
JUTS TpeXMepHO# perietku ¢ 6azucom 11 71.
Cwm. maxowce Konebanust pemetku; @OHOHBI
Hucnepcuonnsie cootHomenus (Kpamepca —Kponwura) 1392



Hudpakuus pearrenoBckux sydeit 1 105—109, 11 385, 386
aToMHBIH popm-akrop I 116
Oparrockue MmakcuMyMsl [ 105
Oparrosckoe otpaxenue I 109
BiMsiHUE Konebanuit pemerku 11 49, 386
muddysnbiii gon I 104 (c)
u ¢ononnsblit cnextp 11 108
kak paccessHue yactui Il 100, 386
KomnToHoBckuid ¢on 11 108
MeTo]1 Bpawatouerocs kpucramia [ 110, 111
meroxa Jlaya 1110, 111
MEXaHMU3M NOoYTH ynpyroro paccesHus 1 106 (c)
nopoukoBbiit Meton (Meton Jle6as — Illeppepa) I 111
noctpoenue Opanpaa [ 109
cTpyKTypHBIH dakTop [ 113—116
ycnosue bparra I 105
daxrop [ebas — Bamrepa II 114, 386
¢dopmymnuposka bparra I 105, 106
dopmynuposka Jlays I 106—108
HKBUBAJIEHTHOCTH (popmynupoBok bparra u Jlays 1108, 109
Hudpakuus snextpoHoB I 364—366
Jduddysznonnas obnacts (B p — n-nepexone) I 225—229
Huddysnonnsie munsl I 224, 225
Juddysnonnsriii Tox 11 221
Husnextpuku, ominuue ot metawioB [ 72, 226, 227, 11 184
— — o1 nonynpoBoaHukos II 185
JusnexTpudeckas IpOHUIIAEMOCTh
u k03 punment orpaxenus 1 392
MOHHBIX KpucTasuioB II 172—174
u ontuyeckue Mmoanl I 172, 173
U nokazatesnb npenomienus 11 157
U ipoBoaAUMOCTh | 390—392
KBaHTOBOMeXxaHu4eckasi ¢popma I 393
KOBaJIEHTHbIX KpuctamioB I 177
metamna 1 33, 11 141—144
nosynpoBoguaukos 11 200, 201
npu Bblcokux yactorax I 170
JusnexTpuueckasi MPOHUIIAEMOCTh CeTHETOAIEKTpUKOB 11 181
cootHouenue Knaysuyca — Moccortu 1l 166
cootHouenue Jlngnana — Caxca — Temnepa 11 171, 172
LIEJIOYHO-TATOUAHBIX KpuctamioB I 176
anekTpoHHoro raza [ 338—343
— —mo Hpyne I 33



— —no Jlunaxapay 1342, 343
— — 10 Tomacy — ®@epmu 1 341. Cu. maxorce IlonsapuzyemMocTsb
JlnnHa korepeHTHOCTH B cBepxipoBoaHukax Il 352 (c)
— — U pa3mep KynepoBckoi napsl I 356
Jnuna paccesnus I 381
Jlinaa cBoboaHOTO TIpoOera B MeTayiax I 24
— — — BBIpaKEHHas uepe3 yAeabHoe conpoTusieHue [ 65.
Cm. maxoce Bpems penakcauuu
Homensr 1 333—336
01oxoBckasg qoMenHas ctenka Il 334, 335
nunonbHas sHeprus I 333—335
sHeprus anuzorponuu II 335, 336
Hounopuslie npumecu I 199. Cu. maxace p — n-nepexon; llpumecu B
noaynpoBogHukax; [TomynpoBogHuKN
JlonnepoBckuii ¢ABUT YaCTOTHI paccessHHbIX BOJIH I 112
HpeiidoBas ckOpocTh BO B3aUMHO MEPIEHANKYISAPHBIX SJIEKTPUIECKOM U MAarHUTHOM
nosisix 1236
Hpeiidossrii Toxk 11 221
—unen [ 319
Hpipku [ 228—232
Y IIPOBOIUMOCTB NMOITYNnpoBoAHUKOB II 185
U CTaTU4yecKas IpoBOAUMOCTS [ 252
u TepMo-3.4.c. I 259
u 3¢ dexr Xomra [ 239—240
s dexkTuBHas macca [ 232.
Cwm. maxorce Tlomyknaccuueckast Mozienb; [1omynpoBoiHUKH
Jpipounas nosepxHocts [ 171
— — B amoMunuu [ 302
— — B cBuHLE [ 304
Hpipounsie opoutsr I 233
— — B Onaropoanbix Metamiax [ 291
Enunanna Jlebas (nns aumnonbHOro Momenta) 11 183
Kuaknii He’ u tpumnernoe cniapusanue I1 356
3anavya MHorux Tein [ 331
3akon bioxa T32 11 322
——ToI 152
3akon Bunemana — ®panna I 35, 36
B KJ1Iaccuueckou teopun [ 38
B IoJTyKJ1accudeckoi mozenu 1 256, 257
B TEOPUU CBOOOTHBIX JIEKTPOHOB | 66
HENPUMEHUMOCTb B cllydae Heynpyroro paccesnus [ 323
ciydaiinbiil yenex I 38, 66
Cwm. maxorce TennonpoBogHocTh MeTaiioB; Yucino Jlopenna



3axon ['proHaiizena cu. 3akou bioxa T°
3akon [lebas 11 85. Cm. makoice TennoeMKOCTh (pEIIeTOUHas )
3akon aeictByromux Mace Il 197
3akoH /rononra u I1tu II 54—58
u katactpoda Panes — Jxunca I 94
KBaHTOBBIE ITONPABKY IPU BbICOKUX Temneparypax Il 82, 95
Hapyiuenue I 57, 58.
Cm. maxosce TemnoeMKOCTh peleToyHast
3akon uznyuenus [Lnanka I 95
3akon Kropu 11 270—272, 284, 325
JU1st CBOOOTHBIX HOHOB U TBepAbIx Teu Il 272—275
u 3¢pdexruBHOE uncno marueronos bopa 11272, 273
nonpaBku K Hemy Il 323—326.
Cm. makorce BocipuMMUKUBOCTh
3akon Kropu — Beticca I 326 (¢), 332
3akon Oma [ 22, 23
3akoH paBHOpactpeaenenus suepruu [ 24
3akon Credana — bonbmana II 95
3akon duxka Il 221 (¢)
3akon @ypwe [ 36
3aKOHbI COXpaHEHUs U NpUOIMKeHne BpeMeHHt penakcauuu I 326, 327
3amopakuBaHue opouTansHOro MoMeHTa Il 273
3anpemiennas 3o1a [ 148
B quanekTpukax I 184
B OIHOMEpHOM cityyae [ 155
B nosrynpoBogHukax Il 185
— — n3mepenue 11 188—190
— — TeMmneparypHas 3asucumocts I 189, 190
Ha OparroBckux miockoctsx 1 167, 168
3apsin 3urertu 11 173
3apsin aneKTpoHa, cornameHue o 3Hake [ 18 (¢)
3aryxaHue ynbTpa3Byka B cBepxinpoBognukax Il 350, 351
— — n nosepxHocTh Pepmu 11 275—277
3epkanbHas wiockocts [ 131
3epkanbHoe oTpakenue [ 105 (¢)
3epkanbHO-110BOpOTHAst och [ 129
3ByK
B Kj1accuueckoM rase II 133—135
B Metasutax Il 138—141
— — 3aryxaHue u nosepxHocts ®epmu [ 275—277
— — u cBepxnposogumocts II 350—351
Bropoii II 133—135
1 MexaHuka crutonrHo cpeast 11 140 (¢)



KaK JUIMHHOBOJIHOBBIN Tpezaen konebanuitl pemetku 11 69
cooTHoueHue boma — Craepa 1151 ckopoctu 3Byka B Metaiax II 141.
Cwm. maxorce Teopus ynpyroctu
3ona cu. 3ona bpuintosna; 3ona J[>xoHca; Cxema noBropstomuxcs 30H; Cxema
IIPUBEAEHHBIX 30H; CXeMa pacIIMpEHHBIX 30H
3ona bpusntosna nepsas [ 98, 99
JUIsl TPAaHELIEHTPUPOBAHHON U 00BEMHOLIEHTPUPOBAHHON pereTok [ 99
U CX€Ma IpHUBeIeHHBIX 30H | 149
3ona JIxonca I 175
3oHa npoBoAMMOCTH B MeTaiax [ 226
— — B nostynpoBoaHuKkax II 184
3oHHas cTpykTypa [ 147
Bbruncienue [ 195—214
METO/i OPTOroOHaNM30BaHHbIX MIockuX BoJaH (OI1IB) [ 209—211
— npucoeauHeHHbIX miockux BoiH (II1B) I 204—207
— nceronorenuuana [ 211—213.
Cm. maxorce 1lpubnnkeHne MOYTH CBOOOHBIX 3JIEKTPOHOB
— cubHOM cBs3u 1 186—188, 193, 194
— — — B HEeKOTophIX MeTaytax [ 283— 312
————— nosynpoBogHukax I 190-193
— — — B ogHOMepHOM ciydae [ 152— 155
— ¢ynkuuii I'puna (KKP) 1207—209
— sueek [ 199—204
U pa3JInuue MEXIY AU3JIEKTpUKaMu U Metaiamu [ 226
u peppomarnetusm II 299 (c)
LIEeJIOYHO-TaTOuAHBIX KpHucTasuioB 11 14
30HbI
3anojaHeHHsle | 224—227
CpaBHEHME C aTOMHBbIMU ypoBHsAMU I 186, 187
YaCTUYHO 3aroJHeHHbIE | 226
3onbl bputtosna Beiue nepsoit [ 169—172, 177—179
JUIsl TPAaHELIEHTPUPOBAHHON U 00BEMHOLIEHTPUPOBAHHOM KYOMUECKUX peleTok [
169, 170
KaK 3JeMeHTapHble ssueiiku [ 169
KkBazapaTHOH pemeTku [ 169—178
d-3omp1 I 185, 288, 289
p-3oub1 [ 185, 193, 194
s-30HBI I 185, 186—188
Nznyuenue uepHoro tena I1 94, 95
«M300paxxenue 3apsna» u padora Beixoaa I 359 (¢)
Nzorommueckuii a3 dexr 11 353 (c)
Nmnynsc epmu 149
WNuBepcuonHas ochb [ 129



WuBepcus otHocutensHo Touku [ 120, 131
WNunexcst Mumnepa I 101, 102
— — B KyOonueckux kpuctamiax I 101
Wueptusble rassl TBepasie 11 21, 22, 28—33
JIMaMarHuTHas BOCIpUUMUYUBOCTS 11 264
HyseBble konebanus nonos 11 31, 32
napametp ze bypa 1142, 43
napametpsl Jlennapaa-/lxonca II 29
nossipuzyemocts 11 168 temnmoemxocts 11 56.
Cm. maxorce T'ennii TBepabIil; MoeKyIsIpHbIE KPUCTAJIIbI
Nurerpan Yambepca I 248 (c)
Wnrerpans nepexpeitus [ 184 (c)
— — n mupuHa 30HbI I 188, 189
WNudpakpacHoe noriomieHre B ceepxmnpoBoanukax Il 350
— — U PE30HAHCHAs JIMHMSL, OTBEYAOIasi 0CTaTOUHbIM Jydam II 176
Hon-noHHoe B3auMojeicTBre «rosoe» u «oaeroe» 11 139
Honnast nina3MeHHas yactora B Meraax Il 139
Hounnas npoBogumocts 11 238—239
Honnasg cea3p 11 11, 20
Nounnble kpuctamisl 11 9—11
AiBvn (uenouno-ramouansie) I 12—15
AunBvi 11 17-19
AuBv (nmpomexyTo4HblE MEKy HOHHBIMU U KoBasleHTHbIMHU) 1T 19, 20
kore3zuoanas sueprus 11 33—39
kodddunment orpaxkenus I1 175
mozenb aedopmupyembix nonos II 54, 169, 172
ontuueckue Mol I 170—176
ontuueckue cBoiictea Il 173—176
ocrarounsble ayuu Il 176
noctostHHast Magenynra II 35, 36
nposoaumocts 11 238, 239
CpPaBHEHME C KOBaJIEHTHbIMU Kpuctauiamu 11 20
YCTOWUYUBOCTh KPUCTAIINYECKOM CTpyKTYyphI 11 43.
Cwm. maxorce Vionnsle paanycsl; LlenTpel okpacku; LllenouHo-ranounsble
COEJIUHEHUS
Nonnsie octosl 11 5 (¢). Cm. maxoce OTTankuBaHue Mexay cepleBUHAMH aTOMOB
WM UOHOB; DJIEKTPOHBI aTOMHOI'O OCTOBA
Hounnsle paguycer I 15
B coequuennax tuma AuBvi Il 15—19
JUTSL IEJNOYHO-TaOUIHBIX coequnenuit II 15—17
CpaBHEHHE C TIOJIOBUHOW PACCTOSHUS MEXKAY ONMKAMITIMHA aTOMaMH B METaJlIax
1123
Hounnblit Mukpockor I 366, 367



«KapmaHb» 3eKTpOHHBIE H/1iH bipouHbie [ 172
Karactpoda Panes — xunca 11 94
Karunon II 12
KBaznpynosnbHOE B3auMoIeiCTBUE B KpUCTAJUIaX ¢ HU3KOM cummerpueit 1 355 (c)
KBasunmnynbc
Y BEKTOpHbIN noteHuuan I 385
u umnynsc [ 146, 222, 1199, 100, 375, 376
U MEX30HHBIE nepexoasl 1 294
U ONTUYECKHUE CBOWCTBA NoynpoBogHuKoB I 189, 190
u niporieccel nepedpoca 11 130
KJIaCCHYECKasl TOUKa 3peHUs Ha 3akoH coxpaHenus I 111—113
obmas teopus 11 375—380
oneparop 11 378
coxpaHeHHe Ipu paccestHuM Heltponos 11 99, 100, 379, 380
— — ¢onon-pononHom paccestauu 11 126, 378, 379
— — 21eKTpoH-(hoHOHHOM paccestauu 11 150, 380
anekTpoHOB | 146 Cm. maxoice Iponeccsl nepedpoca
KBazuxumuueckuii norenuuan I 232
KBazuuacrtuups! (kBazusnektponsl) [ 348, 349
Ksant marautnoro nmoroka Il 348 (c), 364
KBanToBanue opout [ 271—273
KsanToBsie kpuctaisl 11 47 (c), 51 (¢)
KBanToBble 3()(heKThI B TBEpABIX MHEPTHBIX Ta3ax cu. HyneBbie konebanus
Kunernueckas Teopus ra3oB B IpUMEHEHUH K MeTasuiaMm [ 18—42
————— K pononawm II 127, 128, 133—135
Kinaccuueckuii npenen I 64—65
KoBanentnas cs3b 11 11, 21, 177
B MeTayax I 22
nosisipuszyemocts I 177
KoBanenrnslie kpucrasmisl 11 7—9, 21
JIudIieKTpudeckas nponunaemocts 11 177
nosisipuzyemocts 11 177
pacmnpenenenue aneKTpoHHoro 3apsiaa Il 8
C MOJIYIpOBOAHMKOBBIMU cBoiicTBamu II 188, 189
CpaBHEHME C MOHHBIMU KpucTayuiamu 11 20
KoBanenrtuslie paguycsl II 19 (¢)
Koresuonnas sneprus II 26—44
B MOHHBIX kpucrtauiax 11 33—39
B TBEP/IbIX MHEPTHBIX razax Il 32
Kore3us
B KOBaJIeHTHbIX kpucramiax Il 39, 40
B M€TaJUlaX, OMUCHIBAEMBIX MOJICIIbIO CBOOOIHBIX 3eKkTpoHOB 11 40—44
B TBEP/bIX MHEPTHBIX razax Il 28—33



Konebanus peuietku
aguabatudeckoe npudmmkenue 1 53—54
akyctudeckas BeTBb Il 64—65, 70, 71
B3auMo/eiicTBue uznyuenus ¢ uumu I 97— 114
B MOHHBIX kpuctamiax 11 157, 170, 173
B Metaynax Il 138—156
— — noApoOHo 3anucaHHbIi 3akoH aucnepcun 11 155
— — cootHoeHus boma — Crasepa 11 141
B OJJHOMEpPHOM MOHOATOMHOM pemietke bpass II 58—62, 76
B OJJTHOMEpHOI1 pemieTke ¢ 6azucom I 62—66, 76, 77
BOJIHOBEIC ITakeTsl, 11 124
B ClIydae TPEXMEpPHOIl MOHOaTOMHOM pemerku bpasas I 66—70
B Clly4yae TpexMepHoH pemretku ¢ 6azucom 11 70, 71, 77, 78
rapMoHuudeckoe npudmmkenue I 50—53
JnansHOAeHcTBYyIoMIEee B3auMozeiicTeue Il 62 (c), 68 (c), 76
nebaeBckas mojenb criekrpa I 85—89, 92—94
nuHamuueckas matpuia Il 68
3aBHCHUMOCTB 4acTOT OT oOobema Il 118—121
u anrapmonndeckue 3¢ dextsi I 50, 115—137
u nudpakiys peHTreHoBckux aydeit I 104 (c), 385—386
U IURJIEKTPUUECKas IPOHULIAEMOCTh MeTaos, Il 141—144
U OTIEPATOPHI POKICHUS U YHUUTOXKEHUS HOpMabHBIX Mo I 372
u paccesinue ektponoB [ 218, 315, 11 149—152
u Teopus ynpyroctu [ 71—76
u TemioBoe pacmupenue 11 118—122
u TermioeMkocTh 11 54—58, 81—91
U TermtonpoBoaHocTh 11 123—133
u TepMo-3.4.c. I 259
u cBepxmposoaumocts I 354
u aektpoconporusienue [ 315, 11 48, 149—154
kBazuumnyisce I 111—113, 375—380
kBanToBas Teopus Il 79, 80, 371—374
kiaccuueckas reopus 11 50—78
KpaTKuii 0030p OCHOBHBIX (puszmueckux cnencrauii 11 46—49
OIpe/IeNIEHUE CIIEKTPa ¢ OMOIIIbIO paccesiHus HelTponos 11 97—107, 385
————— peHTreHoBcKuXx Jiyuelt 385, 386
————— cera Il 108—113
onruueckas BeTBb 1l 64, 65, 70, 71
ocobennocty BaH Xosa 11 92, 93
ocobennoctu Kona II 141
IUIOTHOCTH HOpMaJibHBIX MoJ 11 92—94
IUIOTHOCTH TeIu1oBoi 3Hepruu 11 81
nossipuzanus 11 68—70, 77, 372, 374



SUHIITEHHOBCKAs Mojiens cnekrpa I 89—91, 93
Cm. maxorce AHTapMOHUYECKHE YiIeHbl; [ apMoHMYeckoe mpubamkenue; Monaeib
JHebas; Monens Ditnmreiina; [lonspuzanus; DoHOHBI
KomnencupoBanusie Metansl [ 240
koapunment Xomna [ 241, 243, 244
Maraeroconpotusienue 1 240, 243
Komnonents! nepopmanuu 11 74
Komnronosckoe paccesnue 11 108
KonTakTHas pasHocTs noreHuuanos [ 359— 361, 369
— — — MeToJl u3MepeHus, npeanoxeHublii KenssunoM I 361. Cu. makorce
Pabora BbIXOAQ
KonraktHoe (pepmueBckoe, cBepxToHkoe) B3aumoaericteue 11 281 (c)
Konuentpanus Hocureneil B noinynpoBoanukax I 194—199, 203—209
B HEpPaBHOBECHOM p— n-nepexoje 11 218, 227
B HecoOcTBeHHOM nosynpoBoaHuke II 198, 199
B paBHOBECHOM p — n-niepexoje 11 217
B coOcTBeHHOM nonynpoBoanuke I 192, 193
reHepaIys Ipy TEIIOBOM Bo30yxaenuu 11 222
KOOpJAMHATHAs 3aBHUCUMOCTH I 229
HeocHoBHBIX Il 215 (¢), 219, 226 (c)
Koopaunanuonnoe uucino I 83
Koppensuuonnas aiuna I 329 (c)
Koppensuuonnas sueprust [ 336. Cu. maxorce DneKTpOH-3JIEKTPOHHOE B3aUMO/ICUCTBUE
Kocsennslit 0omen 11 296—297
— — u penkozemenbubie MeTasuisl I 301 (¢)
Kospuurusnas cuna I 335—336
Koadduument nenonspuzanuu 11 164 (c)
Koadpuument nudpdy3un 11 221
KoaddunmeHnT orpakeHus U ASCTBUTENbHAS AUAJICKTpHUECKas mpoHutaemocts 11 175
— — U KOMIUIEKCHasl IUJIeKTpruyecKas npoHunaemocts [ 392
Koadduument Ilenpthe 1 259
KoadduumenT npoxoxaenus (pu npoxoxaeHun yepes 6apnep) 1 153
Koaddunment Xomma I 28
B IBYX30HHOM Mojenu [ 243
B CHJIbHBIX TOJISIX, IOJYYEHHBIN B IOJyKJ1accuueckoi monenu 1239
3Hak [ 28, 29
KBaHTOBBIE OCLIWIISILIMU B CHIIBHOM 11osie [ 265
dopmyna pyne 129
Kpaesas nucnokanus I 249. Cym. makoce Iucnoxaunn
Kpamepcosckoe Beipoxkaenue 11 275
Kpucrannnueckas cTpykrypa
anmaza I 86—88
oenoro onosa I 135



Bypuura II 18
rekcaroHajibHas IoTHoymnakoBanHas [ 88—90
onpeJiesIeHUe ¢ TOMOIIbI0 paccessHust HerTponos 11 100
— — — — peHTreHoBckux nyyeit [ 104
nepoBckura Il 181
xJyiopuga Hatpus [ 91 ,92
xjopuaa ue3us [ 92
nuHKoBOM oOmanku I 88, 93
Kpucrannunueckue cuctemsr [ 121—128
rexcaronanpHas I 126, 127
uepapxus [ 128
KaK To4euHble Irpynmnsl peuietky bpass [ 121, 123, 127, 128
konmmuectBo 1 121, 122, 127
kyonueckas I 123
MoHokJmHHAag 1 125, 126
pomOuueckas [ 124, 125
terparonansHas [ 123, 124
TpuroHaipHas I 126
TpukiauHHas [ 126
Kpucramnorpaduaeckue Toueunsie rpynmst [ 121, 127—132
konuuecto [ 130
kyonueckue [ 129
MEXIyHApOoIHbIe 0003HaueHus [ 127—132
HekyOuueckue I 130
o0o3nauenus lengpmuca I 129—132
onepanuu cummerpuu I 128—131
COOTHOUIEHUE C KpUCTAUInYecKuMu cuctemamu [ 127, 128.
Cm. maxorce Kpucramiueckue CUCTEMbI
Kpucrannsl, npounocts 11 252, 253
— pocr 11 252—254
Kputnueckas remneparypa maruutHoro nepexona Il 309, 316
B TEOPHUH MOJIEKYJISIPHOTO MO U TouHble 3HayeHus 11 331
B (heppOMarHeTHKe U BeIMYMHA JUIOIBHOTO B3aumozericteus 11 288 (c)
i antudeppomarnetukos 11 311
st peppumarnerukos 1311
st peppomaraeruxos 11 311.
Cm. maxoice AatudeppoMaraeTram; MarHuTHOE YIIOPSIIOUCHHE;
®eppumarnerusm; GeppoMarHeTusm
Kputnueckas remieparypa cBepxmposogsiiero nepexoaa Il 342
B MarautHoM nojie 11 342, 346
npenckasanus reopun BKII IT 359.
Cm. maxorce CBEpXIIPOBOJUMOCTD
Kputnueckas reMmneparypa ceraerosnekrpuueckoro nepexona Il 179—181.



Cm. maxorce CETHETOIEKTPUUECTBO
Kpurtnueckas touka I 316 (c), 326—329

runore3a ckenunra Il 327—329

— — B Koppesinuonnoi pynkmmu 11 329 (c)

— — ypaBHeHue coctosiHus 11 328

KpuTH4ecKue rnokasarenu crenenu I 314— 316

— — — B Teopuu MoJekyspHoro nos 11 338

— — — i 1ByMepHoit moaenu M3unra 11 327

Teopus MoJieKynsapHoro nosst 11 329—333, 338
Kputnueckuii Tok II 344

B LIUJIMHIpU4ecKkoil mpoBooke I1 369

s ekt Cuobu II 344
Kputnueckoe none (He) 11 343, 344, 346—348, 349

BepxHee (He2) I 346—348

B CBEpXIIpoBOAHMKAX 1-ro poxa II 346

B CBEpXIIPOBOAHMKAX 2-T0 poaa Il 346—348

Hwxkuee (Het) 11 346, 347

CBA3b CO CKauKoM TeruioeMkocTH 11 368

CBA3b CO CKpBITOM TeruioToi nepexoxa Il 368

Cm. maxoice CBepXIpoBoauMocCTh; D dext MeiicHepa
KyOunueckas kpucrammnueckas cucrema [ 123

00o03HaueHus ToueuHbIx rpynm [ 132

CBA3b C TPUTOHAJIbHOM cuctemoit 1 126.

Cwm. maxorce I'panenieHTpupoBaHHas Kyondeckast pemierka bpasa;

O6bvemHOLIEHTpUpPOBaHHAsA KyOuueckas pemierka bpasa; [Ipocras kyOuueckas

pemetka bpasd
KynoHoBckuii moreHuman

u MoHHas masma Il 139

Y KOT€3MOHHAas SHEPrUsl MOHHBIX KpucTtaios [ 33—37

¥ OrpaHUYEHUs Ha KOHIEeHTpauio aedexros II 237

Y ONTUYECKHE MO/l B MOHHBIX KpucTauiax II 170

u moBepxHocTHbIE 3 dekTsr [ 353

u pewietounble cymmel 11 34, 35

KaK «kjei» s tBepasix Tea 11 10

noctostHaeie Manenynra II 35, 36

bypre-o6pas 1333, 351, 352

sKpaHupoBaHHbIN [ 341.

Cm. maxorce JJanbHOAEHCTBYIOLIEE B3aUMOJICHCTBUE; DKpPAaHUPOBAHNE
Kyneposckue naps I 354—356

rpyOsrit pacuer II 369

u 6030H5I 11 355 (¢)

pasmep II 355 (¢), 356
Jlazeps! u onpenencnue Gpononnoro cnexrpa Il 108



JlapmopoBckuii tuamaraerusm I 263—265
JlerupoBanue nonynpoBogHukos I1 210
Jlen 11 24
JInHeiHasa nenoyka
nsyxaromuas II 76, 77
u niocrosinHas ['pronaiizena Il 136
MoHoaTtoMHast [I 58—62
¢ 6azucom II 62—66
CO B3aUMO/ICHCTBUEM MEKIY m Ommkaimumu cocensimu 11 76
Jluneitnas komOuHaius atoMHbIX opoutanet (JIKAO) cu. Meron cunbHOM CBSI3U
Jlunetinsie nedextst Il 233. Cym. maxoce JIledexTsl B kpuctaiiax; Jucinokanuu
JlokanuzoBanubie MoMeHThI I 300—304
U MUHUMYM 3J1ekTpoconpoTtusienus 11 302— 304
kputepuii gokanuzauuu 11 301 (c)
JlonpoHoBcKas riryonHa npoHukHoBeHus 11 353
Marneroakyctuueckuu 3¢ dexr 11 275—277
Marueron bopa II 261
s dekTrBHOE YrCcIo MarHeToHOB bopa 11 272—274
Maruerocomnporusnenue [ 28
onaropoansix metamios [ 71, 292
B IBYX30HHOU Mojenu | 243, 244
B KOMIIEHCUPOBAaHHBIX MeTaiuiax [ 240, 243, 244
U OTKpPBITBIE OpOuTHI I 240—242
Hacelmenue [ 240
nosrykyiaccudeckas reopust [ 237—242
nonepeunoe [ 28 (c)
POOJIEMBI, CBSI3aHHBIC C TEOpHEH CBOOOIHBIX 3NEKTPOHOB [ 71
nponoisHoe 1 28 (¢)
teopus Hpyne 1 27—31
MarnuTHas aHU30TpONUs
Y HaNpaBJICHUS «WIETKOTO» U «TpyaHOro» HamarHuuusauus [ 335 (c)
u oOpazoBanue qomeHoB I 335
u cniuHoBbIe BouiHbI 11 322 (¢), 338
Y CIUHOBBIN ramuiibToHuaH II 295
sHeprus I 335
MarnuTHas BOCIPUUMYUBOCTH cM. BoCIpHIMUYNBOCTH
MarnutHoe B3aumoeictaue I 286—307
B ra3ze CBOOOJHBIX JIeKTpoHOB II 297—299
B JBYX3JIeKTpoHHOM cucteme II 289—296, 304-306
JUIOJBHOE cM. JIUTTONbHOE MarHUTHOE B3aUMOJICHCTBUE
u aguabarudeckoe pazmarunuubanue 11 276, 277
u 30HHas Teopust 11 299 (¢)
1 nokanbHbie MOMeHTHI 11 300—304



U MUHUMYM 3JiekTpoconporusienus 11 302—304
u MoJienb Xab6apaa 11 300
u npasuiio Xysaa I1 265
u npuHuun [aynu 11 289
U cnuH-opOuTanbHas cBs3b 11 288
anekTpocraruueckas npupona Il 287—290. Cm. maxowce JunioibHOE MarHUTHOE
B3anMoJieiicTBre; MarauTHoe ynopsaouenue; Monens [ eitzendepra; CnHOBBIH
raMuIbTOHUAH
MaruutHoe oxaaxaeuue 11 276, 277
Marnutnoe ynopsaouenue Il 287, 308—339
B monienu ['eitzenOepra 11 316—326
B Mozienu M3unra I 327
u paccessHue Heiitponos 11 312, 313, 338
1 Teopust MoJiekynsipaoro noss 11 329—333
U si7ICpHBIM MarHUTHBIN pe3oHanc I1 314
kputnueckas remneparypa Il 308
OTCYTCTBHE B OJTHO-U IByMEpHOI n30TponHoi Mozenu [ eitzendepra II 322
MOBe/ICHNE BOJIM3YM KpuTHuecKoi Touku 11 326—329
tunsl [ 287, 309—311. Cm, makoce AutudeppomaraeTnsm; BocnpuiMInuBOCTb;
Kpurtnueckas Touka; MarautHoe B3aumoeiicteue; Mopens [ eiizenbepra;
Teopus monexyispHoro nosst; @eppumarnerusm; eppomaraeTusm
MaruuTtHble UKY pu paccesHuu HeiitpoHos 11312, 313
MaruutHble npumecH B HopMaibHbIX MeTaiax [ 300—304
— — B cBepxnpoBogHukax I 341 (c)
MarsuTHble CBOMCTBA CBEPXIIPOBOAHUKOB ci. Kputnueckoe mnoue;
CaepxmpoBoaumMocts; Jpdext Meiicuepa
MarnuTthsie criaBsbl (pa3zdasiennsie) I 300—302
MarHuTHbII MOMEHT
MOHOB Ipymnisl xenesa I 274
KJaccuueckoe onpenenenue I 283
noxanusosanHsbii 11 300—302
peako3zemenbHbIX HoHOB 11 273
anextponos Il 261, 262
s dexkTrBHOE YrCcIo MarHeToHOB bopa 11 272
s dexrunbi 11270
snepusiit 11 281
Cm. makorce BocipuMMUKUBOCTh
MarunuTtasli po6oit cm. [Ipo6oit MarHUTHBIN
Maruuroctpukuus [ 265
Marnons! cm. CIUHOBBIE BOJIHBI
Maxkpockonuueckue ypaBHeHHs: MakcBeiia B ajeKkTpocTaTuueckoM ciryyae 11 158
Maxkpockonuyeckoe 3nekrpuueckoe nosie II 158
— — — OJIHOPOJIHO ToJIsipu30BaHHOM cdepsr 11 164, 182



ManoyrnoBas rpanuiia 3epe Il 255
MaprencutHoe npespauienue [ 94 283
Macca spdextuBnas cu. DPdexTruBHAL Macca
Mexnoy3ensabie atomsl 11 233, 236. Cym. maxorce JledexTsl B KpucTaiax
MexayHapogable 0003HaYeHUs KpucTautorpadguyecknx Toueynsix rpymm [ 131, 132
Me:x3onHble nnepexozs [ 221
U IU3JIEKTpHUUECcKas MpoHuuaeMocts 1 393
U peKkoMOuHaIus B noaynposoanukax Il 223
U 3JIEKTPONPOBOIHOCTH [ 254
Henpsimbie [ 294 (¢)
nopor 11 294
npsimele 1 294 (¢)
yCIIOBHE OTCYTCTBHUSI B MOJTyKj1accuueckoit moaenu [ 222, 223, 387—389
Merammueckas cBssb I 11, 20 Metamiel, oTianune oT AUJIEKTpUKoB [ 72, 226,
227,11 184
MeTalisl ¢ «TIOYTH CBOOOIHBIMHE 3JIEKTpoHAMUY («ripocTthien) I 157, 306, 307
Meton bopna — Onmnenreiimepa cu. AnuadbaTuaeckoe NpuOIKeHHE
Merton Bpamatomerocst kpucramia I 110, 111
— — — nocTpoenue DBanbaa [ 112
Meton Jle6as — Illeppepa (mopomkoBsrid merox) [ 111—113
— — — nocTpoenue DBanpaa [ 112
Mertoa audpakiuuu MeUIEHHBIX 31eKTpOHOB | 364-366
Meton Kensuna 1 361, 362
Meton Koppunaru — Kona — Pocrokepa (KKP) (MeTon rpunoBckux ¢pyHkuuii)
207—209
— — — — CpaBHEHHUE C METO/I0M IpucoeanHeHHBIX Tiockux BoyiH (I1I1B) 1208
Meron Jlay> I 110
— — noctpoenue DBanpaa [ 111
Meroa oproronanu3oBaHHbiX miockux BojH [ (OI1B) 209—211
B IPUMEHEHHUH K HEKOTOpbIM MeTasuiaM I 283—306
¥ IPUOTMHKEHUE TTOYTH CBOOOHBIX AeKTpoHoB [ 211
u nicepponorenuuan 1 211
Meroa npucoeanHenubix miockux BoiH (IITIB) I 204—207
Meton ncesnonorenuuana [ 211—213
COMOCTABJICHHE C METOJOM OPTOTrOHAIMIIOBAHHBIX UIOCKKUX BOJH [ 211, 212
— C IPUOIMKEHUEM MTOYTH CBOOOAHBIX 3eKTpoHOB [ 211—213
Meton cunbHoil cBsizu I 180—194
aHayorusi ¢ Teopueit konedanuii pemerku I 65 (c)
B pemietkax ¢ 6asucom [ 190
30HbI p-Tumna [ 193, 194
30HbI n-Tuna [ 186—188
u nepexoq Morra I 191
U niepexoHple MeTaisl [ 306



¥ IpUOIMKEHNE TIOYTH CBOOOIHBIX IeKTpoHOB [ 184 (¢)
HecocTosiTenbHOCTL 191, 309
y4eT cnuH-opouTampHo# cBs3u 1 190, 191
Meron Tomaca — Pepmu 1 339—342
BOJIHOBOI! BekTop I 341—342
JIUdJIeKTpUUecKasi NpoHuaeMocTs [ 341
u meroa Jlunaxapna [ 339, 342, 343
HenuHenHbi [ 341
Cm. maxorce [lndnexkrpudeckas IpOHULAEMOCTh; DKpPaHUPOBAHUE
Merton stueek 1 199—204
— — tpyaHoctu I 202
Metoabl rpuHOBCKUX (YyHKIMH (B KBaHTOBOU Teopuu nos) [ 331
u cBepxmnposoaumocTts 11 342
u Teopust pepmu-xkuaxoctu I 349
u ¢oroHsl B MeTaiuiax II 145 (c)
U 3KpaHUpOBaHHOE 0OMeHHOe B3aumoeiicteue 1 344
Mexanudeckuii 3KBUBaJICHT TeruioTel I 56 (¢)
Munumym snekrpoconporusienus 11 302—304
MHnuororpanauk Boponoro I 85 (c)
Muorogononnsiit gpon 11 104
MHoro¢oHOHHBIE TPOLIECCH U aHTapMOHNYecKue wieHs 11 387
Mopens Aunepcona 11 302
Monens I'eiizenOepra 11 294—296
anuzotponHas 11 337, 338
BbICOKOTEMIIEpaTypHas BocipuuMunuBocTs II 323—326
ramuiabToHuaH 11 296
OCHOBHOE cocTosiHue anTudeppomarneruka 11 317, 318, 337
— — ¢eppomarneruka 11 316, 317
OTCYTCTBHE yIOPSAI0YCHHUS B M30TPOITHBIX OJHOMEPHOM U IByMEPHOM cirydasx Il
322
CIIMHOBBIC BOJHBI B aHTU(eppomarueruke 11 322
— — B eppomarnetuke 11 318—323
Cm. maxorce MarautHoe B3aumociicrrue; CIIMHOBEINA raMUILTOHHAH
Monens [lebast pononnoro crexrpa II 85—89, 92—94
UHTEpHOJIHOHHast popMyna i TeroeMkocTa 11 86—89
napametp ['pronaiizena I 120
IUIOTHOCTH ypoBHei I 92—94
cpaBHeHuUe ¢ Mojenbio DuHITelHa [ 89—91 Cu. makarce TernoeMkocTh
pelieTouHas
Mogens neopMupyeMbIx HOHOB (B HOHHBIX kpucTaiuiax) II 54 (c), 169, 173
Monens Hdpyne [ 17—42
HEJOCTaTKH, 00YCIOBIIEHHBIC KlIacCHUeckol craructukoi I 34, 40, 44, 70
OCHOBHBIE NpeanoioxeHus [ 18—22



Monens M3unra 11 327
— — 1 (a3oBsIii nepexox nopsaaok — oecropsinok I 310 (c)
Mopens Kponura — Ilennn I 155
Monens Xab66apmaa 11 300
— — g Mosekyibl Bogoposa I 305, 306
Mogens DitHInTeiHa 17151 poHOHHOTO criekTpa 11 89-91
IUIOTHOCTH ypoBHei 11 93
dopmyna ans rerutoemkoctu 11 90
Monyne BcecToponHero cxarus [ 52, 53
JUISl HEKOTOPbIX MeTayioB [ 53
JU1s1 CBOOOTHBIX 31eKTPOHOB [ 53
ISl TBEPABIX MHEPTHBIX Ta30B 11 32, 33
IEJIOYHO-TAIONAHBIX coenuHenui I 38
Monexkyna Bonopoaa Il 289—296
— — B Mozenu Xab6apna II 305, 306
Monekynsphsie kpuctamisl 11 9
MeXMOoJeKysipHoe B3aumoaenctaue 11 21, 22, 28—30
xumuyeckas cBsi3b B HUX Il 28—33. Cm. maxowce InepTHbIE ra3bl TBEpAbIC
MounoaTtomHas pemerka bpass [ 87
MonoxknuHHas Kpuctamuinueckas cucrema I 125, 126
MT-norenuuan I 203
Mynastumier 11 267
MynsTumiersHocts 11 267
MynbsTunonasHoe pazioxenue [ 354
Msrkue Mozl 11 83 (c)
— — B cerHeroiekrpukax I 181
Msirkoe peHTT€HOBCKOE U3JIy4€HUE U U3MEPEHNE IUPUHBI 30HbI [ 335
— — — U npUOJIMKEHHE HEe3aBUCUMBIX 3JIeKTpoHOB [ 345 (¢)
Haxnonnas rpanuna I 255
HamarunueHHOCTH (IJIOTHOCTH MAarHUTHOTO MOMeHTa) 11 259—260
Hamarunuennocts Haceimenus 11 318
B napamaraetuke Il 271
B ¢peppomarneruke 11 318
Hanpasnenus kpuctamorpadudaeckue, nmpaBuia ux oboznayenus [ 102, 103
Hanpsoxenue Xoma [ 27
Hesoipoxxaennsie nomynpoBoauuku Il 195. Cu. makorce TonynpoBogHuku
Hezaryxarouue toku I 344
BO3MOXXHOCTH pazpywenus 11 365 (c)
teopus II 364, 365 Cm. makowce CBEpXIIPOBOAUMOCTh
Hefitpons! xononuele (Terioseie) I1 106
B3auMoieiicTBue ¢ anekrponamu 11 98 (c)
COOTHOILIEHUE MEXY 3Hepruen u ummnyiabscom 11 97, 98



————— cpaBuenue ¢ poronamu I 98 Henokansabie 3¢ pexTol cu.
[TpenmosioxeHue o JOKaIbHOCTH
HeonHopoanble noiaynpoBoAHUKH cm. [lonynpoBogHUKH
Heocnosusie nocurenu I1 215 (¢), 219
KOOpJIMHAaTHAsl 3aBUCUMOCTb KoHIeHTpauuu 11 229
tokwu II 228, 229
Cm. maxorce p — n-nepexon; IlomynpoBogHuku
Henpsimble ontudeckue nepexozst 11 190
Hecummopdubie npocTpancTBeHHble rpymmsl [ 134
HecoOcTtBennsie oneparuu [ 132
HecoOcTtBennsle nonynpoBoaHuku II 186
— — KoHueHTpauus Hocurenedt I 198, 199
Heynopsanouennsie crutassl I 207 (¢), 310, 311
Heymnpyroe paccesnue u 3akon Bugemana —®panna [ 322, 323
Huxnee kputnueckoe noste 11 346
Howmep 3o0n51 I 145 (¢), 146
— — JI7151 IOYTH CBOOOIHBIX AneKTpoHoB [ 153
HopmansHas pepmu-cucrema I 349
Hopmanbhble Moaibl rapmMonnueckoro kpuctainna Il 58 Cy. maxowce I'apmonnueckoe
npubmmxenne;Konebanus pemerku; DOHOHBI
Hopwmansnsie nponeccst 11 129
u iporeccel nepedpoca 11 119
U TepMoanHaMuyeckoe pasHosecue 11 130
Hynesbie kone6anus nonos Il 45, 47
BKJIaJ] B INIOTHOCTH Tem10BoM sHepruu II 82
¥ HEaJIeKBaTHOCTh KJIACCHUYECKOU Teopuu Konebanuit pemerku I 51 (c)
u napameTtp ae bypa 1142, 43
IposiBJIeHUE B HauOoJIee JIETKUX U3 TBEPbIX MHEPTHBIX ra3os I 31, 32
O6eanenHsIi cioit (o6macts npoctpancTBeHHOro 3apsana) I1 211 Cu. makowce p — n-
epexon
OOMeH Mexay 1eJ0KaIn30BaHHbIMU 31eKkTpoHamu 1 296
Oo6mennast aneprus [ 333—337
— — u Kore3us B Metayuiax II 41
O6menHoe B3aumozaeiicteue 11 294
koHcTaHThI 11 296
npsMoe, KOCBEHHOE, MEXKIY JIeITOKATM30BaHHBIMH 3JICKTPOHAMU U cBepxoOMeH 1
296
OOMeHHbIH wiieH B ypaBHeHUH XapTpu — Doxka [ 333
B IPUOIMKEHUH, UCTIOJIB3YIOIIEM OJHOAIEKTPOHHBIN noTeHuuan I 336
ero skpanupoBanue [ 343, 344, 11 144
— — 1 MarHeTus3M 3JeKTpoHOB npoBoaumMocty II 299
O6o3nauenus lendnuca g kpucramtorpadpuyeckux ToueyHsix rpymm [ 129—131
O6parnas pemrerka [ 95—103



JUIS TPaHEeLIEHTPUPOBAHHON KyOnueckoil pemerku bpass 1 97
JUIsl 00bEMHOLIEHTPUPOBAHHOM KyOudeckoi pemerku bpasa I 98
JUIs IpoCTOi Kyondeckoi pererku bpass 197, 103
JU1s peteTok ¢ 6azucom I 96 (¢)
I poMO0dIpryYecKoi (TpUroHanbHoi) pemeTku bpass 1 103
JI0Ka3aTeNbCTBO TOTO, YTO OHA SIBJISIETCS
pemerkoit bpass [ 95
u uHaexkcsl Munepa I 101, 102
U pelieTka, oopaTHas K Heil [ 97
00beM npuMUTUBHOM stueiiku [ 98, 103
IIOCTPOEHHUE OCHOBHBIX BEKTOPOB [ 96
Cm. maxowce AToMHBIE TIIOCKOCTH; 30HBI bpuitosna; Pemerku bpasa
OOBEeMHOIICHTPUPOBaHHAS KyOrueckas pemerka bpass [ 79—S81
30HbI bpusnntosna Beimie nepsoii [ 169, 170
KaK MpocTast KyOudeckas pelieTka co CTpyKTypHbIM ¢paktopom I 114
KOOpJMHAIMOHHOE yucio | 83
OCHOBHbIE BeKTOpHI [ 81
nepBasi 30Ha bputtosna I 99
peiierka, oOpaTtHas K Hell [ 98
peIIeTOYHbIE CyMMEI 110 0OpaTHBIM crerneHsM 11 31
CBAA3b C LICHTPUPOBAHHOW TETparoHaabHOU pemierkoi bpass [ 124
YIIaKOBOYHBINA MHOKUTEND | 94
yclioBHas sueiika | 85
XUMHYECKHE IEMEHTHI | 82
aueiika Burnepa — 3eiitua I 86
OOBeMHOIICHTpUPOBaHHAsS poMOudeckas pemierka bpass I 125
«Onetnie» noust 11 142
U IU3JIEKTpUUECKas MpoHuLaeMocTs Metaos I 142—144
MOH-nOHHOE B3aumozeiicraue Il 139
Onnosnextponnbiit noreniman I 139, 195, 329, 330
BJIMSIHUE MIOBEPXHOCTHU Ha Hero [ 354—357
y4eT oOMeHa ¢ OMOUIbIO 0JITHO3IEKTpOHHOT0 noteHuuana [ 336 Cu. maxorce
Vpasuenus Xaprtpu; YpasHenus Xaprpu — Poka
OmnoBo, 6enoe u cepoe 1 304 (c), I 188
Omneparop Tpancasuuu 1 140
— — BBIPAKEHHBIN Yyepe3 ornepaTop umiynbca Il 377
OrnepaTopbl pOXKACHUS U YHUUTOXKEHHS B citydae ocuusuisitopa 1 371
— — —— ¢ononos 11 372
Onepaunu rpynnsl cuMMeTpuu ais pewmetku bpass 1120, 121
Omnpenenenre GOHOHHOTO CIEKTpa U3 onTudeckux qaHHbIX 11 108—111
Ontuueckue mogel 11 64, 70, 71
B MOHHBIX kpucrtamiax II 170—176
B Mojeisax [leOas u Diinmreiina II 89



u aKyctudyeckue mozsl I 65
u pamanoBckoe paccestaue I 109 Cu. maxowce Konebanus pemerku; DOHOHBI
Ontuueckue ceorictna I 293, 390—393
amtomunus [ 302—303
Onaropoansix MetamioB Il 295—297
OpusutrosHoBckoe paccesinue 11 109
MOHHBIX KpuctasioB Il 173—176
U IpUOJIMKEHNE HE3aBUCUMBIX AIeKTpoHOB I 345 (¢)
MmetauioB [ 31—34, 293—296
nosrynpoBogHukoB I 189, 190
pamanoBckoe paccesinue 11 109
1IeJI0YHbIX MeTaioB [ 294—296
OpOuTanbHbIil MOMEHT, 3aMopakuBanue 11 273
OpOuTHI 0JI0XOBCKHX 3JIEKTPOHOB B MArHUTHOM 1oiie [ 232—237
neipounsie [ 233
kBaHTOBaHue [ 271—273
oTKpbIThIE | 235
— B Omaropoanbix Meramiax 1291, 292
— 1 Mar"eroconpotusiienue I 240—242
nepuon [ 234—236
COOTHOIIIEHUE MeX Ty HUMH B k- 1 r-mpoctpanctse 1 234 Cum. maxorce
[Tomykitaccudeckasi MOJIEINb; DKCTPEMalbHbIC OPOUTHI
OcHoBHbIE BEKTOpHI perieTku [ 77
— — — airoput™ nocrpoenus I 94
OcHoBHble HOocuTenu Toka 11219
Ocobennoctu Ban XoBa I 152, 156
B (DOHOHHOH IoTHOCTH ypoBHE# 11 92, 93
B AJIEKTPOHHOM IJIOTHOCTH ypoBHEil [ 156
— — — — B MOJIEJIM NTOYTH CBOOOIHBIX 31eKkTpoHoB | 176, 177
Oco6ennoctu Kona II 141
Ocrarounoe conporusienue II 302
Ocrarounsle syuu II 176
Ocuunnsinuu Pynepmana — Kutrens [ 343
Ocuunmnsinuu @puaens [ 343
Ocb (nmoBopota) 1 128, 129
Ocbs ¢ B rekcaroHajabHbIX cucreMax | 88
— — B TE€TparoHajabHbIX cuctemax I 124
Orxur 11 238
OtHoienue c/a
JUIsl TeKCaroHaJIbHOW MJIOTHO-YIIAKOBAHHON KPUCTAJUIMUECKON CTPYKTYpbI I 89
JUIsl peIIeTKH, 0OpaTHOMN K rekcaroHanbHou I 98
«upneanpHoe» 1 90
Otpaxxenue Oparrosckoe I 109



3epkansHoe [ 105 (¢), 106 (¢)
oTHocuTelNbHO iockocTH [ 120 (¢), 129
nopszok I 106
OTTasKuBaHUE MEXKIY CepALleBUHAMHU aToMOB Uiy noHos 11 11, 27
B MOHHBIX KpucTauiax Il 33
B ciyyae notenuuana Jlennapnaa-/Ixonca I 28, 29
U TIOJISIPU3yEMOCTbh HOHHBIX KpucTayios II 168
u ¢oHoHbI B MeTasuiax I 154
noreHuuan bopua — Maiiepa II 39
[Tapamarnetusm II 268—275
Ban ®@nexka II 269
B JIETUPOBAHHBIX MOJIynpoBoHuKax I 282
3akoH Kropu 11 270—275
[Maynm 11 277—280
— BIHMSIHHE JIeKTpoH-(poHOHHOTO B3aumoaeicTaust 11 280 (c)
— — DJIEKTPOH-IJIEKTPOHHOT0 B3aumoeincTeus Il 285
— BocpuumMuuBocTs 11 279
— teMneparypHsle nonpasku 11 285
CpPaBHEHME C AMAMArHETU3MOM B METaJIaX U JApMOPOBCKUM Juamaraerusmom Il
284 Cm. makace BocripunmunbocTs; 3akoH Kropu; [IpaBuna XyHnna
[Tapametp I'pronaiizena Il 120—122, 136
B Mozeu [ebGas 11 121
JUTSL IEJIOYHO-TaTOUIHBIX KpucTauios I 122
Cm. maxorce TennoBoe pacupeHue
[Tapametp ne bypa 1142, 43
[Tapametp nopsiaka (B Teopuu ceepxnposoaumoctu) 11 362
aHanorusi ¢ Teopuet peppomarnerusma Il 362 (c)
Cm. maxoice Teopus ['ma30ypra — Jlanmay
[lepexpritre 30u 1 152, 227
[lepexon auanexkTpuk — Metami (nepexon Motra) [ 191
— — — B Mozienu Xab6apna 11 300
[Tepexon mopsimox — Gecriopsimok 1310 (c)
p — n-nepexox 11 210—232
BOJIbT-aMIIepHas xapakrepuctuka Il 220
BeIIpAMIsitolee neicraue 11 217—220, 225— 230
nperidossrit Tok 11 221
muddysnonnas odnacts 11 225-228
— — o B Hel 11 232
g dyznonnslii Tox 11 221
u3ru6 3oH 11214
m3rorosienue 11210, 211
KOHLIEHTpallKs HEOCHOBHBIX Hocutenen 11 217, 229
— Hocurenen paBHoBecHas I 212—217



— — HepaBHoBecHas 11 227
0o0emHeHHBIN CIIoH (00J1acTh MpocTpaHcTBeHHOTO 3apsna) [ 210—217, 225—231
— — B paBHOBeCHOM ciyyae 11 212—217
— — pa3Mepbl B HepaBHOBecHOM ciy4dae 11218
— — — B paBHOBecHOM ciyyae 11 216, 217
— — toku B HeM 11 225—227, 232
oOpaTHOe cmernaronee Hanpspkenue I 225
onHopoaHas oonacts 11 226—229
najJicHue MOTEeHIIMaaa B HepaBHOBeCHOM citydae 11 218
— — B paBHOBeCHOM cityyae 11 213—217
MJIOTHOCTH 3apsiia B HepaBHOBECHOM ciyyae [1 218
— — B paBHOBeCHOM ciyuae 11 217
Tok reneparnuu 11219, 225, 230
TOK Hacelenus 11 220, 225
TOK HEOCHOBHBIX Hocuteier 11 228, 220
TOK pekomOuHarmu 11 219
— — CBsI3b € TOKOM renepanuu I 219
Cm. maxorce 110aynpOBOAHUKI
IlepexoaHble MEeTAILIBI
MarHuTHbIN MOMEHT UOHOB Il 276
terioeMkocTs 11 721
ITepeakpanuposka II 145
[lepuonnyeckue rpaHUYHbIE YCIOBUS cM. [ paHUYHBIE YCIOBUS
[Tepuonuueckue GyHKIUH, Pa3I0oKeHUE M0 MIOCKUM BoiHam | 376—378
— — teopema ['puna 1 386
[Tepuoanueckuit norennuan I 139, 140, 195, 196, 329, 330.
Cm. maxorce YpaBHenust Xaptpu; YpaBHeHus Xaptpu — Doxka
[Tuposnextpuyeckue kpucramisl 11 162 (c), 177—179
— — cummertpus 11 179
[TnaBnenue I1 47
[TnaBusiit nepexon 11212
ITnasmennas yactora I 33
nonHas II 139
1 ONTHYECKHE cBolcTBa MeTailioB I 33—35, 293
yucaeHHblie popmynsl [ 372
[TnasmenHoe konebanue (ra3moii) 1 34
noBepxHoctHoe [ 42
cnocoOsl Habmoaenus I 35
[Tnactuueckas nepopmarnms 11 248
[Tnockue Bonubl 1 47
pemerounas cymma I 380, 381
cyMMma 1o nepBoii 3o0ue bpumtosna [ 380
[Tmockocth ckonbxkenus 1 121 (c), 134



[TnotHas ynakoBka chep I 88—91
Y TeKCaroHajibHasl IJIOTHOYMaKoBaHHas cTpykTypa [ 89—90
U TpaHElleHTpUpPOBaHHas Kyouueckas cTpykrypa [ 92
u apyrue ctpykrypsl [ 90, 91
YIIaKOBOYHBINA MHOKUTEND | 94
[TnoTHOCTH 3apsaa B EI0YHO-TaToNIHbIX KpucTtaax II 13
— — BONM3M MOBepxHOCTH KpucTamia I 358
[TnoTHOCTh HOPMATBHBIX MOJT cM. [IITOTHOCTE YpoBHEH ((POHOHHBIX)
[TnotHocTh nonsipuzanuu II 158
ITnotHOCTH MOTOKA Temna [ 255
[TnotHOCTH ypoBHEH (B k-mipocTpanctse) I 48, 143
[TnotHOCTH ypoBHEH (poHOHHBIX) 1T 92—94
B Mojenu Je6as I1 93
— — Diinmreiina 11 93
[InoTHOCTH ypOBHEH (IEKTPOHHBIX) B AIByMEpHOM citydae [ 67
B JIByX30HHOW MOJICTIN JIJIsl TIOYTH CBOOOHBIX 3JIeKTpOHOB I 176
B niepexoiHbIx Metamiax [ 307, 308
B nosrynposogHukax I 196, 198, 202. 208
B penko3eMenpHbIX MeTamtax I 308. 309
JUtst OJ10XOBCKUX 31€KTpoHOB | 149—152, 155
JU1s1 CBOOOTHBIX 3eKTpOoHOB [ 57, 58
u napamaraetusm llaynu I1 277, 278
u cniuH snekTpona I 149 (¢)
U TemnoeMKkocTs [ 60
ocobennoctu BaH XoBa I 152, 156
0COOEHHOCTH B CHUIbHOM MarHuTHoM noite 11 273, 274
nornpaska 3a cuet ¢ponoHos Il 146
[InoTHOCTB 31€KTpUYEcKOro Toka I 22
[ToBepxHOCTHBIE MIa3MOHBI T 42
[ToBepXHOCTHBIE TIOMIPABKH K OHOAJIEKTPOHHOMY MOTEHIIHAITY /17151 0ECKOHEYHOTO
obpasna [ 353
IToBepxHocTHbIE ypoBHU | 366—370
u Teopema biioxa 1 368
TEOpusl MOUTU CBOOOAHBIX 31eKTpoHOB [ 369, 370
[ToBepxHocts @epmu I 148, 149
amomunus [ 301
oepusus [ 300
OsaropoaHsix MeTamioB [ 289—292
BOJIN3M OpATTOBCKUX MTocKocTei I 168
B IIPUOIMKEHUH CBOOOIHBIX 31eKTPOHOB cm. Chepa Depmu
B cXeMe noBTopstomuxcs 30H [ 149
— — npuBeAeHHBIX 30H [ 149
— — pacuupeHHbIX 30H [ 166



3HaueHue | 264
onpenenenue [ 264—281
MOCTPOCHHE B PUOJIMIKEHNUH TIOUYTH CBOOOTHBIX 31eKTpoHOB | 168—172, 174,
178, 179
[ToBepxHocTh cBuHLA [ 304
IeJI0YHbIX MeTaysoB [ 285
AKCTpeMasbHbIe oA ceueHuit [ 267
[ToBopoTs! u ynpyras 3ueprus 11 73
[Moasuxuocts II 185 (¢), 221. 222
[Moapemerku maruutHbie 11 309. Cu. makoce AuTndeppomMaraeTnzm
[Tokazarens npenomiienus 11 157
— — cootHotueHuss Kpamepca — Kponwura [ 392
Cm. maxorce lndnexkrpudeckas IpOHUIIAEMOCTh
ITone Xomnna I 28
[TonmuBanenTHsle MeTauibl [ 298—310
30HHAas CTPYKTypa nepexoansix meramuios [ 306—308
— — npocThix MeTaios [ 298—306
— — penko3emenbHbIX MeTamioB [ 308—310
[Monmukpucrammuyeckoe cocrosiuue 1 76 (c)
— — ¥ qudpakuus peHTreHoBckux yueit [ 111
[Tonyknaccuueckas mozens [ 216—244
B CJIy4yae MOCTOSIHHOT'O MarHuTHOTO mostst [ 232, 233
— — — anekTpuueckoro nois [ 227, 228,244
BBICOKOYACTOTHAs 3JIEKTPOIIPOBOAHOCTD | 252—254
ramuiabToHUaH I 385
U IB)KEHHE BO B3aUMHO NEPIEHAUKYIISIPHBIX AIEKTPUYECKOM U MarHUTHOM
noJisix 1236, 237
u apipku [ 228—232
Y 3aI10JIHEHHBIE 30HbI [ 224—227
U KBaHTOBaHue opour I 270—273
U Maruerocomnporusienue [ 237—244
Y MOJIeJIb CBOOOIHBIX 3JIeKTpOoHOB [ 216, 217
¥ HEOJHOPO/IHbIE NoynpoBoaHuKH I 212
— — — BO3MOXHas HerpuMeHumocTs 11 212
Y IIpPUMECHBIE YPOBHU B noiynpoBoanukax II 201, 202
U TEIUIONPOBOAHOCTD | 254—257
u TepMoasiekTprueckue 3¢ dextsr I 257—260
U TUIIBI HocuTenen 1 221, 222
u 3xkcutonsl Il 245, 247
u 3¢ dexr Xomma [ 237—241
npezaensl npumenumoctu 1222, 223,253, 387—389, 393
cTaTHuecKas IeKTponpoBoaHocTs I 151, 152
— — B IOCTOSIHHOM MaruuTHoM noue I 260, 262, 263



teopema Jlnysuisa I 225, 385

Teopus siBjeHui nepeHoca I 245—263

ypaBHeHus ABvxkeHus [ 221

6a3oBoe npocTtpaHcTBo [ 225

Cm. maxosce brioxoBckue 3meKTponsl; OpOUTHI
[Tosrymerannel 1 304, 305

u noaynposoguuku I 304 (¢)

termoeMkocThb [ 307 (¢)

sa¢dekTuBHAs Macca HocuTenen Toka [ 206 (c)
[MomynpoBoauuku 11 184—232

BajieHTHbIE 30HbI II 185

Bpems pekoMmOuHanuu II 223 (¢)

BbIpokieHHbIe I 195

renepanus Hocutenei 11 222

JMaMarHeTusM (B JIETUPOBAaHHBIX NOJIynpoBogHuKax) II 282

muddepenpanbHas Tepmo-3. 1. c. I1 186

muddysnonnas auHa I 224

3aKoH AeicTByronmx macc I 197

3anpenieHHas 30Ha (3Heprerudeckas menb) [ 184—186

— — n3mepenue mupunsl 11 189, 190

— — TeMmneparypHas 3aBucumMocts 11 189

3oHHas cTpykrypa I 190—193

— — autumonuaa naaus 11 192, 193

— —repmanus 11 192, 193

— — kpemHus 11 191, 192

30HbI TpoBoIMMOcTH 11 184

u guanexktpuku I 185

u nosymetauisl 1 304 (¢)

KoHueHTpauus Hocureneit I1 194 —199, 205—207, 209

kodpunment nudpdy3un 11221

neruposanue I 210, 211

HeBbIpokeHHbIe 11 195

— sBiieHus nepexoca II 207

HecoOcTBeHHbIe I 186

— KkoHueHTpauus Hocutenel 11 198, 199

HocuTeNnu Toka HeocHoBHbIE 11 215 (¢), 219

— — ocHosHbIe [1 219

ontuueckue ceorcrna 11 189, 190

IapaMarHeTu3M (B JIETMPOBaHHbBIX MOIynpoBoaHMKax) I 282

p —n-nepexox 11211

m1oTHOCTh ypoBHel 11 184, 196, 208

— — npu Hanuuuu npumeceit 11 202

noABMKHOCTH Hocutenei Toka Il 185 (¢), 221, 222



noJtykjaccuyeckas moaens 11212
nosisipusie 11 189
npumecu cu. IlprumMecu B omynpoBOJHUKAX
nposoaumocTts II 185—187
pexoMOuHanus Hocuteneit 11 222
coOctBeHHbIe 11 186
— KoHUeHTpauus Hocutenel 11 197, 198
conpotusienue II 185—188
n-tuna II 199
p-tumna II 199
yposenb ®epmu 11 195 (¢)
¢doronpoBoaumocts 11 186
xuMudeckuii morenmuan Il 195, 197—199
— —u sHeprus ®epmu I 149 (c), I 195 (c)
HUKIOTpOHHBIN pe3oHaHc I 193, 194. 208
anekTpoxumuueckuit norenmman Il 213, 214
[Monspuzanus xonedanuit pemerku 11 67
B peweTke ¢ 0azucom I 372—374
u paccesinue HerTponos II 104 (c), 385
U cuMMeTpus pemerku 11 77
npojoapHas u nonepeunas I1 70
[Tonspuzyemocts 11 166—176
aTtoma Bojopoja I 182
atomHas I 166—168
aTOMOB MHEPTHBIX ra3os I 168
U IURJIEKTpHUUECKas IPOHULIaeMocTh (cooTHoweHue Knaysunyca — Moccortn) 11
166
noHOB raynoreHoB I 168 nonos menounsix metamwios I 168
KOBaJIEHTHbIX Kpucrtawios II 177—179
mozenb aedopmupyembix nonos II 169, 173
cBs3u 11 177
cmemenus 11 166, 168—170
Cm. maxorce lnpnekrpudeckas IpOHULIAEMOCTh
[Tonsputon I 174
[Tonspusie kpuctaiis 11 179 (c)
[Tonsspable nomynpooguuku II 180
[Tonsponsr 11 243, 244
[Topomkossrit meton (Meton Jlebas — Illeppopa) I 111—113
— — nocTpoeHue DBanpaa aias Hero [ 112
ITocrosinHas bonpumana I 38
— — TOYHOE yucieHHoe 3HaueHue [ 371
[TocTostnnas Manenynra II 35, 36
[Tocrosinnas pemerku I 85



reKcaroHajabHOU IUIOTHOYaKOBaHHOW CTPYKTYpsI I 89
0.II.K. U I.II.K. MOHOATOMHOH pereTku bpasas I 82
pomOmueckux kpucramwios I 135
POMOO3IPHUECKUX (TPUTOHATIBHBIX ) KpUcTaLioB [ 135
CTPYKTYpbI aiMa3a [ 88
xJyiopuja Hatpus [ 92
xjopuaa ue3us [ 92
LUHKOBON ooMauku [ 93
TeTparoHaabHbIX KpucTtayios [ 135
[TocTpoenue DBanbaa [ 109
B METO/JIe Bpawatonierocst kpucramia [ 112
B MeToze Jlaya [ 111
B nopoirkoBoM mMeroze [ 112
[ToTennuman bopua — Maiiepa II 39
[Torenunan «6—12» Jlennapaa-/Ixonca II 28— 30
— — — IapameTpsl U1 HHEPTHbIX razos I 29
ITorenuuman pemerku cu. [lepuogudeckuii moTeHIUANL
[Torenunan TOxkasel [ 341
[TpaBuna Xynna II 265—268
B IPUMEHEHHUH K HOHAM NepexoHbIX MeTauioB I 274
— — K peako3eMenbHbIM noHam 11 273
dopmyna II 283
[TpaBuiio Konepa I 263
ITpaBuiio Maruccena I 323, 324
[Ipenen Kazumupa I 133 (¢)
[Ipeanonoxxenue o nokanbHoctH [ 32, 278, 390
[Tpubnmxenue Bpemenu penaxkcauuu (T-npudamxenue) [ 21, 246. 247
JUTst 001IIelt HepaBHOBecHOU (pyHKIMHU pacnipenencHus [ 247—251
Y 3aKOHBI coxpaHeHus [ 327
U JIOKaJIbHOE coXpaHeHue 3apsana [ 261
u npasuno Martuccena [ 323, 324
kputuka [ 313—328
NPUMEHUMOCTb JUISI U30TPOITHOTO YIIPYTOro pAacCEesiHUs Ha MIPUMECAX U 3aKOH
Bunemana—®panna [ 322, 323
cpaBHEHHE ¢ O6osee obmieit popmynupoBkoii [ 318
Cwm. maxowce CTonkHOBeHuUs1; Y paBHeHue boibiimana
[Tpubmmxenue I"aiitnepa — Jlonnona I 293, 304, 305
B Mojienn Xab0apa s Mosekyasl Bogopona I 305, 306
npeaesnsl npumeHumoctH 11 293
dbopMyna st BEIMYUHBI OOMEHHOTO paclieruieHus: B MoJiekyle Bogopoaa 11 294
[Tpubnmxenue xectkux noHos II 168
— — —nexgocrarku 11 169, 173



[Tpubnmxenne Manoi aMrmuTyabl koiebanwuii 11 50, 115
[Tpubnmxenne HezaBUCUMBIX ekTpoHoB [ 21, 73, 139, 195
HEJ0CTAaTOYHOCTh B MAarHUTHBIX 3ajadax Il 287, 288, 290—294
— B peako3eMenbHbIX MeTaax [ 309
— B cBepxnpoBoaHukax II 340
— B 3JIEKTPOHHOM ra3e Hu3koi miaotHoct I 299
— JUIsl YaCTUYHO 3aII0JHEHHBIX 30H B paMKax MeToJa cuiIbHOM cBsi3u [ 191
U IpUOIKEHUE CBOOOIHBIX 3NeKTpoHOB I 21, 73
obocHoBanue 1 344
YUeT 3JIEKTPOH-IEKTPOHHOI 0 B3aumojeictaus 1 329-337.
Cm. maxowce Teopust pepmrnkuakocty; Y paBHenus Xaptpu — Doka; DneKTpoH-
AJEKTPOHHOE B3aUMOJICHCTBUE
[TpubnmxeHne nouTu cBOOOAHBIX 31EKTPOoHOB | 157—179
aHaJIOTUs B TEOpUH Kojebanuii pemetku [ 77 (c)
B olHOMepHOM ciydae [ 161
reoMeTpUYeCcKuil CTpYKTypHBIi (akrop T 173—178
3HAYeHUS YHEPTUU BOJIU3U OJTHOU OpArroBckoil miockoctu I 162—165, 175—178
— — BJIaJIM OT Oparroeekux miaockocreit 1 160
30HBI p-Tuna u s-tuna [ 161
WUTIOCTpAIMs Ha IPUMEPE HEKOTOPBIX META/LIOB, | 283—306
Y TIOPOT MEK30HHBIX ONTHYECKUX Nepexo10B B amomunuu I 302—304
————— B IICI0YHBIX MeTauiax 1294, 295
U criiH-opOuTansHoe B3aumoseiicreue I 175
HoMmep 30HbI I 158
COOTHOILIEHUE C METO/I0M nceronoreHuuana [ 211-213
CpaBHEeHHE ¢ 00BIYHOI Teopueit Bosamymienuit I 159 (c)
TEopusl NOBEPXHOCTHBIX ypoBHeH [ 366—369
YPOBHH B IPaHELIEHTPUPOBAHHON KyOnueckoi peuietke [ 167
YPOBHH B CX€Max pacIIUpPEHHBIX, IPUBEICHHBIX U OBTOpsOIUXCs 30H [ 164,
165
[Tpubnmxenne caMocoriacoOBaHHOTO NoJIs (MpuoOIKeHne XapTpH) cm.
Ilepuonnueckuil NOTEHIUAI
[Tpubnmxenne cBOOOAHBIX 3NeKTpoHOB I 21, 72, 73
B IBYyMEpHOM ciydae [ 67
BUTHEpOBCKU kpuctaii 11 299
Bonna cnunoBoii miotHoctH 11 299
muamaruetusm 11 280, 281
JIUdJIeKTpudeckas nponunaemMocts I 33, 338—343
U B3aUMOJEHCTBHE MeXay d1ekTpoHamu | 329—352
u xore3us B metasuiax 11 40—44
U IPpUOTMKEHNE HE3aBUCUMBIX 3J1eKTpoHOB [ 21, 73
U 11esoyHbie Metauibl [ 284—287
u 3kpanupoBanue [ 337—344



KBaHTOBaHUE ypoBHEH B MarHuTHOM noiie [ 270, 271, 281
KoppesuonHas sHeprus 1 336

moaens dpyne 1 17—42

monens 3ommepdensaa [ 43—69

MOJ1yJIb BCECTOpOHHEro cxatust [ 52, 53
HepoctaTtku [ 70—72

oOmennas sHeprus I 334

napamarHeTusm I 277—280

— B HEBBIPOXKIEHHOM cityyae [ 284

OCHOBHOE cocTosHue, cBoiicTBa I 45—53
ocHoBHbIe popmynsl [ 371, 372

IUIOTHOCTH 3J1EKTPOHOB npoBogumoctu I 19, 20, 72
— — — BBIpaXkeHHas uepes k[ 49

IJIOTHOCTh SHEPTUU OCHOBHOTO COCTOSIHUS B OTCYTCTBUE B3aumoaeicTeus [ 334
— — — — [IpU HAIMYKUM B3auMojencTBus [ 52
— — temioBoit [ 60
npenen BeIcOKo mnotHoctu [ 334
npuommkenne Xaptpu — Poka I 333—337
teopus hepmu-xuakoctu I 344—350
Tem10eMKOCTh | 60—63
TepMoJIMHaMu4eckue ceorctna I 53—63
ypaBHeHHE cocTosiHuA | 52, 68
YpOBHH B I'.IL.K. pemietrke [ 167
XUMHUYeCcKuil moteHuuan I 60
[Tpubmmwxenne Cnatepa ayis oomenHoro wieHa I 336
[Tpubmmwxenne Xynaa — Mymmkena I1 293 (¢)
[Tpumecu
u OecmieneBas ceepxnpoBoaumocts II 341 (c)
1 npoBoauMocTh [ 218, 314
u ¢ dext Konmo 11 302—304
MaruutHseie 1 300—304
ynpyroe paccesinue Ha Hux [ 320—322
Cm. makace JlepexThl B KpUCTaIIax
[Tpumecu B MOIynpOBOIHUKAX
6oposckuii paguyc 11 201
JIoHOPBI U akuenTopsl 11 199
Y KOHIIeHTpauus Hocutenen Toka Il 195, 196, 198, 199, 205—207, 209
u yaenbHoe conportusieHue 11 187
nerupoBanue 11210, 211
HACEJICHHOCTh YPOBHEH NpHU TepMoauHaMuieckoM paBHoBecuu 11 203—206
MPOBOJUMOCTD 3a CUET MpUMeECHO 30HbI 11 207
sHeprus cBszu 11 203



Cm. maxorce 1101ynpoOBOAHUKI
[TpumutuBHas suelika I 83, 84

o0beMm I 83

— B oOparHoii pemerke I 98, 103
[Tpunuun neranbHoro pasHosecus 321
[Tpunuun [Taynu 145, 332 (c)

Y MHEPTHOCTH 3aMOJHEHHBIX 30H [ 225 (¢)

Y KJIaCCUYECKasl IMHaMHKa 3iekTpoHa [ 65

u Kyneposckue napsi 11 369

1 MarHutHoe B3aumojenctaue 11 289, 290

1 HerpoHuiaemMoctsh HoHOB II 11

¥ OCHOBHOE COCTOSIHHE B PUOIMKEHUU CBOOOIHBIX AJIEKTPOHOB I 48

U paccesiHue Ha npumecsx [ 321, 322

Y 4acToTa paccesHus aekTpona [ 313

U AJIEKTPOH-3JIEKTpOHHOE paccesinue | 345— 348
[Ipunnuun coorBercTBus [ 272
[Tpo6oii 3unepa cm. [IpoOoit IneKTpUUeCKuid
[Tpo6oii marauTHbIH [ 223

B F€KCaroHaJIbHBIX JBYXBaJeHTHbIX MeTauiax [ 300

U CIMH-OpOuTaNbHOE B3auMoeictaue I 223

u ¢ynkiun Banbe I 193

YCIIOBHSI €70 OTCYTCTBUS B MOJyKJaccuueckor monenu [ 222, 223, 387—389
[Tpo6oii anexrpuueckuii I 223

B HEOJIHOPOJAHBIX MoTynpoBoaHukax 11212

u Qynkiun Banbe I 193

YCIIOBHSI €70 OTCYTCTBUS B MOJyKJIaccuueckor monenu [ 222, 223, 387—389
[TpomexyTouHOE cocTosiHuE B cBepxnpoBoaHukax Il 346 (c)
[Ipocras rekcaronanbHas pemierka bpass I 88

peiierka, oOpatHas K Hell [ 98

CBsI3b ¢ poMOnueckoii pemerkoi I 127 (c)

— ¢ poM0O0o3prYecKoii (TpuronanbHoi) pemerkoit I 133 (c)

Cm. maxorce I'excaroHanbHasi IJIOTHOYIIAKOBAaHHAs CTPYKTYypa
[Tpocras xyOuueckas perrerka bpass I 78

KOOpJMHAIMOHHOE yucio | 83

IpPUMEPbl XUMHUECKUX JIeMEHTOB | 82

peiierka, oOparHas K Hel [ 97

pemerounas cymma [ 301

YIIaKOBOYHBINA MHOKUTEND | 94
ITpocTtas moHoknMHHas peuierka bpasa I 125, 126
ITpocras TerparonanbHas pemerka bpass I 123, 124
ITpoctpancTBenHble rpynns! 1 120

konnuectBo 1 127, 133

cummopdubie u Hecummopdusie [ 134



COOTHOILIEHUE C TOUEYHBIMU I'pymnIaMu u pemietkamu bpass [ 133, 134
skBUBaNIEHTHOCTH [ 122 (¢)
[TpocTpaHcTBEHHBIE pa3Mepbl ATOMHBIX BOJTHOBBIX (yHKuui I 182
«[IpocTeie» MeTauTbl (METAIIIBI C TIOYTH CBOOOTHBIMHU AiekTpoHamu) I 157, 306, 307
ITpouecc namaranuuBanus I 335, 336
[Ipoueccst nepedpoca 11 129, 130
BbIMep3anue 11 129
U BBIOOD dneMeHTapHO# stueiiku 11 130
1 HopMasbHble nporeccsl 11 129
U COXpaHeHue kBazuumnyibca Il 129
U TemtonpoBoaHocTs 11 131—133
u yBieuenue ¢pononos Il 153, 154
u anekTpoconporusienue I 152—154
[TpouHocTh KpucTaI0B HacabHbIX I 248
— — peanbhbix 11 252, 253
Cm. maxorce Jluciiokanyu
[Tpsimast pemerka [ 95
[Tpsimoii oOmen 11 296, 297
[Tpsimoii ontuueckuit nepexon I1 190
[Te30anexTpuuectso II 179 (¢)
Pabora Beixona [ 354—359
JUIsl HEOKBUBAJICHTHBIX MoBepxHocTe [ 359
Y KOHTaKTHas pa3HOCTh noteHuuanos [ 359—361
U TEPMODBJIEKTpOHHasA smuccus | 362-364
Pannyc noHHb1i cm. loHHBIE paguychl
Panuyc xoBanentHsiii II 19 (c)
Pasnoxxenue 3ommepdensaa I 59, 67
— —BeBOA 1374, 375
PasmarununBaromuii gpaxtop 11 337
Pasmepusbie adpdexts I 280, 281
PamanoBckoe (komOuHanmonHoe) paccesaue 1149, 109—113
kiaccuueckuit moaxoxa I 111—113
CTOKCOBBI M1 aHTUCTOKCOBBI KOMIIOHEHTHI 11 109
Pacnipenenenne boze — Ditnmreitna 11 81 (¢)
Pacnpenenenune bonpumana cm. Pactipenenenune Makcesemna — bonplimana
Pacnpenenenne Maxkcenna — bonbivana [ 41, 43, 44
Y HEBBIPOKJAEHHBIE NIoaynpoBogHuku 11 207, 208
cpaBHeHHUeE ¢ pactipeneneHuem @epmu — [lupaka [ 43—44
Pacnpenenenune Ilyaccona 140, 41
Pacnipenenenne @epmu — upaka [ 43, 44, 53-55
B IIpOCTpaHCcTBE ckopocteil 143, 63, 64
BeIBOA 1 43, 44, 53—55
KJ1accuueckuit mpenen 1 68



IIPU TEPMOIJIEKTPOHHOU 3muccuu 1 362, 363
CpaBHEHHME ¢ pactpeneneHrueM Makcsema — bonbimana [ 43, 44
Paccesanue
BIiepe] (Ha Majble YIIIbl) U TEMIIEpaTypHasi 3aBUCUMOCTD YIEIbHOTO
anexkTpocornpotusiaeHus I 152
u He3atyxatouue Toku II 364, 365
Ha MarHuTHeIX npumecax 11 302—304
HEYIIPYroe U HENPpUMEHUMOCTh 3akoHa Bunemana — ®panua [ 322, 323
yIpyroe u30TpornHoe Ha npumecsx I 320-322
AJIEKTPOHOB, MexaHu3Mel [ 314, 315
anekTpoH-poHonnoe II 149—154
aneKTpoH-3ekTporHoe [ 21, 22, 345—348
Cm. maxowce AHrapMOHUYECKUE WieHbl; bpriimosHoBckoe paccesiHue; Bpems
penakcanuu; {udpakiust peHTTeHOBCKUX JTy4deii; [IpubinkeHHO BpeMeHH
penakcauuu; PamanoBckoe paccesinue; Paccesnue HeiTpoHOB; CTOJKHOBEHUS
Paccesnue neittponos I 49, 98—107, 381—385
6echononnoe 11 100, 384
nByxgononnoe 11 103, 104
nnuHa paccesaus 11 381
3aKOHBI COXpaHeHUsI B 01HOPOHOHHBIX Tpoueccax 11 106, 107
u Bpems xu3Hu ¢pononowu 11 103, 104
u kBazuumnyisc 1 99, 100, 379, 380
u MarautHoe ynopsipodenue 11 98 (c), 312—314
U olipesieNieHue CcTpyKTyphl kpucramios 11 100
u nonsipu3arust poronos 11 104 (¢), 385
U criMHoBBIe BoaHbI 11 322, 323
u paxtop [ebas — Bannepa II 114, 385
korepertHoe I 97 (c), 381 (c)
MarautHeie nuku 11312, 313
obmas teopus 11 381—385
onnodononnoe II 103, 104
paccmaTpuBaeMoe Kak BosiHoBoM mpouecce II 111—113
Paccesinue cBera cu. bpunmrosHoBckoe paccesHue; PaManoBckoe (KOMOMHAITMIOHHOE)
paccesHue
Pacmmpennas 3ona I 175
Pacmennenue B kpucraminaeckom node I1 273
Pacierniienue Mexay TPUILIETHBIM U CUHTJIETHBIM cocTosiHusIMU 11 290—294
Penxo3emenbHbIe MOHBL, () PEeKTUBHOE YMCIIO MarHeToHOB bopa 11273
PenkozemenbHbie MeTaNLIbI, 30HHAs cTpykTypa [ 308—310
, — — KocBeHHBIN oOmeH 11 301
Penopmanuzanuonnas rpynna II 316 (c)
PentrenoBckue myuu, sHeprus 1 104
— — — — cpaBHeHue ¢ Hepruei Gpononos 11 108



Pemerka I 74, 87 (¢)
Pemerku bpass [ 76—87
rpynna ux cummerpuu I 119, 121, 123
Y KOHEeuHble KpucTtamisl [ 78
konuuectBo 1 127, 128
uetpanciasguontHas cummerpus [ 119—137
onepanuu cummerpuu 1212, 128—131
— — paspeleHHsble yribl nosopota I 129, 137
onpenenenus [ 77, 78, 82 (¢)
npoucxoxaeHue Hazpanus [ 122
CUMMETpHUs OTHOCUTENIBbHO UHBepcuu I 136
CpeIHMX IMOJ0KEeHUN B TuHaMuuecko cucreme II 52
tunsl [ 122—127.
Cwm. maxorce Kpucramnueckue cucremsl; Tumsl perietok bpasa
Pemerka oOpatHast cv. OOpaTHas perierka
Pemerka npsmas I 95
PemeTka ¢ 6azucom I 86, 87
— — — obpartnas k Heit [ 96 (c)
Pemerounast TeniaoeMKocTh cm. TernnoeMKOCTh pelIeTOUHAs
Pemeroynast TeniaonpoBogHOCTh cy. TenaonpoBoJHOCTh JUAIEKTPUKOB
Pemerounsie cymmsl 11 31
— — JUIsl KYJIOHOBCKOTO noreHuuana Il 34—37
Pun6epr 150, 371
Pon ¢azosoro nepexona Il 180. Cu. maxawce Kputnueckast remnepatypa; Kpurndeckas
TOYKa
Pombuueckas kpuctaimmdeckas cucrema [ 124, 125, 135
PomOosapuueckas (TpuronanbHast) pemerka bpasas I 126, 135
pemierka, oOpatHas k Heit [ 103
CBsI3b ¢ KyOnmueckumu pemetkamu bpasa 1 126 (c), 136
Poct kpucramnos Il 253—254
Ceepxobmen 11 296, 297
CsepxnpoBoaumocTs I 340—369
oecmienenas I 341 (¢)
BuxpeBble JIMHUU 11 347—348
JnnuHa korepentHoctu I 352
«oKecTkue» cepxnpoBogHuku 11 348
naeanbHbld quamarderusm 11 341
uzotonuueckuit apdexr 11 359 (c)
U 3aTyxaHue ynprpasByka Il 350, 351
U uaeanbHas npoBoauMocTs 11 345, 352
u uH(ppaxpacnoe nornomenue II 350
Y TIOTJIOIIEHHE BhICOKOYAcTOTHOTrO n3mydenus I 349, 350
u TpurietHoe cnapuanue I1 356 (c)



kBaHTtoBaHue rmoroka Il 348 (c), 363, 364
KOHLEHTPAaLUs CBEPXIPOBOIAIIMX 1eKTpoHOB II 351
Kputudeckas temueparypa I 342, 343
kputuueckuii Tok Il 344
— — B LWIMHApU4eckoi mpososoke I» 369
HamarHuueHHocTsb I 347
ocHoBHoe coctosgHue II 355
napametp nopsiaka Il 362
nepBoro u Broporo poaa Il 346—348
npomexyTouHoe coctosinue 11 346 (c)
paspyuienue Bo BHemHeM node Il 344. Cu. makowce Kpurnueckoe nose
cBepxmpoBosiue eMeHTsl 11 341
cunbHag cBs3b 11 358, 360
CKpBbITas TEIUIOTa nepexoja B MarHuTHoM 1oiie I1 368
cMmeranHoe coctosHue Il 346
TEIJIOEMKOCTh HU3KOTEMIIepaTypHas dsekTponHas I 368
— CBSI3b C BEJINUMHON KpuTudeckoro nosis 11 360
— ckauok I1 360—361
terionposoAaHocTs 11 344, 345
tepmoauHamuka II 368
TepMmoasiekTpuueckue croiicta [ 257, I 344, 345, 365 (¢)
dazoBas guarpamma II 346
apdext Meiicuepa Il 345, 346, 353, 361, 362
adpdextsr [xozedceona I 365—367
Cwm. maxoce Kputnueckoe nosne; Kyneposckue napsl; Hezatyxatomiye Toku;
Teopus bapnuna — Kynepa — Ilpuddepa;
Teopus ['un36ypra — Jlannay; TynnenupoBanue; Y paBHenue JIOHTOHOB;
OHeprerTuyeckas Ieb
CBepxToHKOE (KOHTaKTHOE, (pepmueBckoe) B3aumoaeicTaue 11 281 (c)
CBoOopanas sneprus (I'ensmronsia) 153, 11117
— — marauTtHas 11 260
CBoOoHBI 3apsan u cBs3anublid 3apsn 1 158 (¢), 391
CasspiBaronue cocrosiaus 11 293 (c)
Css3b Paccena — Caynnepca I1 265
Caa3b xumunueckas 11 10, 11, 21
Cnpur Haiira II 282
Cnpur (Tpancisauus) pemetky bpasa 1 82
Casuroas nedopmarms 11 240
Cnsurosoe Hamnpsixenue I 249
Cerneroanexrpuuectso II 179, 180
CxxumaemocTtsb anuadatuyeckas u uzorepmuueckas Il 119. Cu. maxorce Monynb
BCECTOPOHHETO CHKATHUS
Cuna Jlopenma 127



Cunossle nocrosinHble 11 54
CunpHas CBsA3b 2JIEKTPOHOB cM.. MeTO CUIIbHOMH CBSI3U
CuMMeTpusi OTHOCUTENILHO HHBEPCUH U (Pyphe-KOMIOHEHTHI IEPUOTUIECKOTO
noreHuuana [ 144
CummopdnbIe mpocTpancTBeHHbIe rpymisl [ 134
Cunrnernsie coctoanus II 289
Cxettnunr 1l 327—329. Cu. makowce Kputnueckasi Touka
CkuH-crnoit, riryouna [ 278, 282
Cxonpxenue II 249
CkopocTb 6;10X0BcKuX 3mekTponoB [ 147, 380
— — — COTJIaCHO METOJly CUJIbHOM cBs3u [ 189
CnaTepoBckuii fetepMuHaHT 1 332
CwmelranHoe cocTosiHUE B cBepxnpoBoaHuKax I 346—348
— — — — CpaBHEHHUE C MMPOMEKYTOUHbIM cocTosinueM Il 346
s — d-cmemmBanue (rubpuamsanws) [ 185
Cwmemaroniee HanpsbkeHue B p — n-nepexoae 11 219
Cob6crennsie nomynpoBoanuku 11 186. Cu. maxorce [lomynpoBogHUKH
Cxkopoctb @epmu [ 50, 51
Cootnomenne boma — Crasepa II 141
Cootnomenne Knayzuca — Moccortu 11 166
Cootnomenue Jlunnana — Cakca — Temcpa I 171
B cerHerosnexTpukax II 181
u Msrkre moabl 11 181
00o06mmennoe I 183
Cootnomenue Jlopenma Il 165
Cootaomenue Moo 11 257, 258
CootHomenue DitHuTeiiHa 11 222
B BbIpOXKJIeHHOM ciydae [I 231
BBIBOJI HAa OCHOBE KuHeTH4eckoi teopuu 11 231
Cootnomenust Kpamepca — Kponwura I 392
Cootnomenust Oncarepa [ 263
Cocrosinue u ypoBens I 45 (¢)
CoxpaHeHue UMIyNbca, CPaBHEHHE C COXpaHeHueM KBasuummynbca I1 375, 376. Cw.
maxkoce KBazuuMiryibc
Crnapusanue cu. Kyneposckue mapsr; Teopust bapauna — Kynepa — Ilpuddepa
CrnimnoBas koppensiuuonHast ¢pynkuus 11 320
BUJ BONIM3H kputndeckoit Touku 11 329 (¢)
— Ipu BeICOKUX Temmneparypax I 324, 325
CnunoBas suTponus 1 275—277
CnuHOBBIE BOJHBI
B aHU30TpomnHoi Moxaenu [eiizendepra 11 322 (¢), 337, 338
B anTH(eppomarneTukax Il 322
B peppomarnernkax 318—323



— — U CIIOHTAaHHas HAMarHMYEHHOCTb ITPU HU3KUX TemmnepaTypax 11 321, 322
HaOmonenue ux I 322, 323
cynepniozutus 11 320, 321
Crnmnossie Matpulisl [laymnu, anredpandeckue coiictsa I 283
CnunHoBslit raMmunibToHuan Il 294—296
nzorponus II 295
Y DHEPIUsl TUI0JIbHOTO B3auMoaenicteus 11 295
Cm. maxorce MarautHoe B3aumoeiicteue; Moaens I eitsenOepra
Crnmn-opOuTansHas cBsi3b cmu. CIUH-OpOUTAIBFHOE B3aUMO/ICHCTBIE
CrnimH-opOuTanbHOE B3aUMOJICHCTBHE
B JIBYXBAJICHTHBIX T€KCaroHajabHbIX MeTaiiax 1299, 300
B METaJUIaX ¢ T€KCaroHAJIbHOM MJIOTHOYMAaKOBaHHOM cTpykTypoi I 175,299, 300
B MeToJie cuiibHOM cBs3u 1 190, 191
B pacyerax il HOYTH CBOOOIHBIX 3JeKTPOHOB I 175
u MarautHas anuzotponus II 295, 335
U MarHutHoe B3aumoseictaue 11 288
¥ MarHUTHBINA 11po6oit [ 223
Cnu snektpona I 48
— — ¥ wIoTHOCTH ypoBHe# I 149 (c)
Cmaser 1 310, 311
— paz6asnennbie marauTtHbie [ 301, 302
Cnonrannas Hamarunuennocts 11 286, 309
BUJI IIPH HU3KHUX TeMIlepaTypax B pamkax monenu I'eiizenoepra 11 321, 322
— — — — B Teopun MoJiekyisipaoro moss 11 330, 331
0c00eHHOCTh B KpuTHueckoit Touke I 315
Cwm. maxoce Deppumarnetusm, OeppomMarHeTu3m
Crarnueckas moaens pemerku [ 74, 11 45—49
CrekJa, UX TEIJIOEMKOCTh U TeronpoBoaHocTs [ 133 (¢)
«Crepxam» [ 365
Crexuomerpuueckue ciuiassl [ 310
CrokcoBa komnonenTa II 109
CTonKHOBEHUS
0J10XOBCKUX 3J1eKTpOHOB [ 218
BepoATHOCTH [ 316—318
BIIMSIHUE HepaBHOBeCHOU (yHKuuuU pacnpenenenus [ 316—318
B Mozenu Hpyne [ 21—22
U TepMOMHaMu4eckoe paBHoBecue I 22, 246
mexay pononamu I 127.
Cm. makowce AHTapMOHUYECKHE WIEHbI; BTOpoii 3ByK
MmexaHusMmel 1 219, 314, 315
¢ MarHuTHeIMU nipumecsmi 11 302—304
C HEMarHUTHBIMU Ipumecsmu (ympyroe) [ 320—322



anektpoH-pononusie 11 149, 154 Cm. maxowce Bpems penakcanym; [Tpubmmkenne
BpeMeHH penakcauuu; Paccesnue
CronknoButenbHbii wien [ 319
Crpykrypa anmaza [ 87, 88
u npeoOpazoBanue naBepcuu [ 136
CTpyKTypHBIH akTop I 115
yroJl Mexnay cBa3smu 1 94
YIIaKOBOYHBINA MHOKUTEND | 94
Crtpykrypa 6emoro onosa I 135
— Bypuura Il 18
— rpadura I 305
— neposckuTa I 181
Crpykrypa THna nmuenussix cot [ 78
Y TeKcaroHajibuasl IioTHOYMakoBaHHas cTpykrypa [ 90
Kak perierka ¢ 6azucom [ 87
Crpykrypa xsopuaa Hatpus [ 91, 92
cTpyKTypHBbI dpakTop [ 118
y LIEJIOYHO-TaOUIHBIX KprcTauios 11 12
Crpykrypa xsopuaa uesus 1 91, 93
— — — y HIeJIOYHOTaJouIHbIX coeauuenui 11 12
Crpykrypa nuHkoBoil oomanku I 88, 93
MOHHBIX KpucTauioB Tuna AnBvi Il 18, 19
KpucTamuioB coeaunenuit tuna AmByv 11 19, 20
CBA3b CO CTPYKTypo# Bypuuta II 19
cTpyKTypHBbIi dpakTop [ 118
Crpykrypssiii pakrop [ 113—116
B JIBYXBQJICHTHBIX MeTaiuiax [ 299
reKcaroHajlbHOMN INIOTHOYNaKoBaHHOU CTpyKTypsl I 117, 118
nuHamugeckui 11 283
00BEMHOLIEHTPUPOBAHHOM perieTku bpasa, paccMaTpuBaeMoi Kak Ipocras
KyOmueckas pemierka ¢ 6azucom I 114
CTpYKTypbl THHA anmasza [ 115
Cdepa Depmu [ 49
B T. II. K. MOHOBajeHTHOM MeTayute I 283, 288, 311
B T. II. K. TpexBajeHTHoM metaiuie [ 301, 302, 311
B I. II. K. YEeThIpeXBaJICHTHOM MeTtae [ 172
B 0. 1. K. MOHOBaJIeHTHOM MeTasuie [ 283
B LIEJOYHBIX MeTasutax [ 284—287
Cdepa DBanpaa 1 109
Cxema nosropsitomuxcs 30H I 149, 166
— npuBeAeHHbIX 30H [ 149, 166
— pacmupeHnHsIx 30H [ 105, 166
Temmneparypa Jlebas cu. JlebaeBckas Temreparypa



Temneparypa Kropu cu. Kpurnueckas remneparypa MarHuTHOIO IEPEX0/a;
Kputnueckast remmneparypa CErHETOJIEKTPUIECKOTO Iepexoia
Temnepatypa Heens 11 314
Temnepatypa @epmu 151, 52
Temmnepatypa OitHiureiina I 91
Ten3zop aedopmaruu 11 72
Tenzop nposoaumoctu I 243
B reKcaroHaJIbHbIX cuctemax I 260
B KyOnueckux cucremax [ 251
Teopema biioxa I 140
JoKazatenbeTBa nepsoe u Bropoe [ 140, 143
Y TIOBEpXHOCTHBIE ypoBHU | 366—370
Teopema bopa — Ban JleBen 1267, 11261 (c)
Teopema Burnepa — Dxkapra Il 269, 284
Teopema ['puna (g nepuonndeckux Gpynkuii) I 386
Teopema JlnyBumns [ 225, 385
— — ¥ BbIBOJ ypaBHeHust bonbimana [ 319 (c)
Teopema ®roke [ 140 (c)
Teopema SIna — Temnepa II 275
Teopus bapnuna — Kynepa — Hlpuddepa (BKI) I 353—362
B030yx1eHHbIe cocTostHu 11 357
u Kyneposckue napsl Il 354—357
u He3aTtyxatouue Toku 11 364
u 3¢pdext Meiicuepa 11361, 362
Kputnueckas remneparypa Il 358
kputuueckoe nose I1 359, 360
ocHoBHoe coctosHue II 355
cka4dok temioeMkoctu 11 360, 361
TEIJIOEMKOCTh (3JIEKTPOHHAs) TpU HU3KUX Temneparypax I 360
sHepreTuueckas mens I 357
s dextuBHoe B3aumozeiictue Il 357. Cu. makoce KynepoBckue mapsr;
CBepXnpoBOAUMOCTD
Teopust BO3MYILIEHUN U IPUOIMKEHUE TOYTH CBOOOIHBIX 31eKTpoHOB [ 159 (¢), 161 (¢)
— — U 2JIEKTPOHHBIE YPOBHU B MarHuTHOM mnoJe I 262
Teopus ['un36ypra — Jlannay II 362, 363
Buxpu II 363 (¢)
u ypaBHenue Jlongonos II 363
kBaHnToBanue nmoroka Il 363, 364
Tok II 362
Teopus Jlebas — Xrokkens I 341 (¢)
— — — qia obexgnenHoro cios 11231
Teopus )kUIKOCTEN, cCpaBHEHME € TeOpUEl TBepAbIX Ten | 74
Teopus Konno 11 302—304



Teopus nokansHoro noss I 163—166
Teopust metamioB 3ommepdenbaa [ 45—69. Cu. maxoce lpubnmxenue cBOOOIHBIX
AIIEKTPOHOB
Teopust metaios Jlopenna I 66, 11 208 (c)
Teopus monexymsipHoro nois 11 329—333 poausu kputudeckoit Touku I 338
BocnpuuMumuBocTs 11 332, 338
3akoH Kropu — Beiicca kputuka ee 11 329
HU3KOTEMIIepaTypHasl CIOHTaHHas HaMarHuueHHocTs 11 332
omnpeneneHue cnonTanHoi Hamaranuennoctu 11 330, 331
MIPUMEHUMOCTB B ciydae cBepxmnpoBosiiero nepexona I 359 (c), 360 (c)
CpaBHEHHE KPUTHUECKOW TEMIIEpPaTyphl, IOIYYCHHON B €€ paMKaXx, C TOYHBIM
3HaueHuem II 331
Teopus ynpyroctu I 71—75
CBSI3b C Teopuei konebanuii pemerku I 71—75
ynpyrue noctossaasie Il 73—75
— — u aHrapmoHuueckue wiensl I1 116
— — YHCJIO HE3aBUCUMBIX IOCTOSHHBIX JUISI CEMH KPUCTAJUTMYECKHX cucTeM I
74.
Cm. maxorce Monynb BCECTOPOHHETO CHKATHS
Teopus ¢pepmu-xuakoctu 1 344—350
kBazuuyactuusl [ 348—350
Kpatkuii 0630p 1350
f-¢pynkuus I 349, 350
AJIEKTPOH-3JIEKTpOHHOE paccesnue [ 345—348
TemoBoe pacmupenue 11 117—123
¥ 3aBHCHMOCTH YaCTOT HOPMAIBbHBIX KoJIeOanmii oT oobema I1 118, 119
Y 3allpellieHHas 30Ha B nonynpoBoaHukax II 189
u napametp ['pronaiizena II 120—123
ko3 dunmenT terutoBoro pacuupenus 11 119, 122, 123
meTamioB 11 122, 123
TeMIiepaTypHas 3aBucuMocTts I 121, 122
Cwm. maxace 1lapamerp I'proHaiizena
TermmoeMKOCTs MarHUTHAs
0COOCHHOCTH B KpuTHueckoi Touke 11315, 316
CpaBHEHHUE C PEIIeTOYHOM TertoeMKocThio 11 285
TennoemkocTs pemerounas I 46, 47, 54—58, 81-91
BU/J IpU BbICOKMX Temneparypax II 82, 83, 95
— npu HU3KKUX Temneparypax Il 79, 83—85
B cirydae d nusmepenutii 11 95, 96
JUISL HEIMHEHHOTO (MpU MalbixX 1) 3akoHa aucnepcuu 11 96
mozeinb [ebas 11 85—89
Mozens Dunmrreiina 11 89—91
— — cpaBHeH#ue ¢ monenbio Jlebas 11 89—91



HEJI0CTAaTOYHOCTh Kjaccudeckoit Teopuu II 57, 58

oOmuii B B rapMoHUYeckoM nipubmmkennn 11 81

IpY TOCTOSTHHOM 00BbeMe U Tpu nocTossHHOM aasnenuu 11 56 (c), 119

CpPaBHEHME C MarHUTHOM TeroeMkocTho II 285

CpPaBHEHME C JIEKTPOHHOM TemtoemMkocTbio 11 91, 155
TennoeMKoCTb 3JIEKTPOHHAs

B cBepxmnpoBogHukax Il 348, 349

— — Huskotemnepatypsas I 360, 361

— — npu cBepxmnpoBoasiem nepexose 11 360, 361

— — CBsI3b ¢ KpuTHueckuM nosiem 11 368

U IUIOTHOCTH ypoBHEH [ 61

kyonueckuit wien I 68, 72, 11 155

JMHennbId yieH 1 60—63, 72

— — ¢ononnas nomnpaska II 147 (c)

HECOCTOSITEJIBHOCTD Ki1accuueckoit Teopuu [ 39

IpY IOCTOSTHHOM 00BEME U TPU MOCTOSHHOM AaBneHu 1 62 (c)

cpaBHeHue ¢ pemerouynoi I 91, 155

TEOpHsl B MPHOIMKEHUH CBOOOIHBIX 3JEKTPOHOB I 56, 59—63
TemnonpoBoaHOCTh AuanekTpukos II 123—133

OeckoHe4Hasi B rapMoHu4eckoM npudmmxenuu 11 124

OeckoHe4Hasi B OTCYTCTBUE IIpolieccoB nepedpoca I 131

u xonebanus pemerku 11 48

u miporieccel nepedpoca 11 129—133

npeaen Kazumupa I 133 (¢)

pu BblcOKuX TeMmeparypax II 128, 129

npu HU3KUX Temneparypax Il 129—133

CpPaBHEHME C TEIIONPOBOAHOCTHIO MeTaiuioB I 35, I1 124 (c)
TemnonpoBoaHocTs MeTasuioB I 36, 45—40

B Mojienn 3ommepdensaa 1 66

B MoJTyKJaccuueckon moaenu [ 254—257

B cBepxipoBogHukax Il 344, 345

CpaBHEHHUE C TEIUIONPOBOAHOCTHIO AudJiekTpukoB I 35, 11 124

dopmyna Jpyne I 38

Cm. maxorce 3akoH Bunemana — ®panua
Tepmoaunamudeckuii noreHuan ['udoca 1 373

— — — s ceepxmnpoBoanuka Il 368
TepmonuHamuueckoe (TEII0BOE) paBHOBECHE U CToJIKHOBeHUs [ 22, 246

— — — noxkanbHoe 1 22, 246
Tepmomaruutasbie 3¢ dexTs! 1 259 (¢), 261
Tepmoanexkrpuueckue 3¢ dexrsr [ 39—41, 66, 257—260, 262
— — B cBepxnpoBoanukax [ 257, 11 344, 345, 365 (c)
Tepmonnekrpuueckoe nose I 39
TepmoanekTpoaBuKyIIas cuia (TepMo-3. 1. C.)



muddepennuansHas [ 40, 257—259
B IoJIyKJ1accudeckoi moaenu 1 257—259
B cBepxmpoBogHukax [ 257, 11 344, 345, 365 (c)
B TEOPUU CBOOOTHBIX JEKTPOHOB | 66
u Konebanus pemerku I 259
u 3¢ dexr [enbtre 1259, 260
u 3¢ dext Tomcona [ 262
HEJI0CTATOYHOCTh Kiaccuueckoit Teopuu I 40
TepmonnekrponHas smuccus 1 362—364
TerparonanbHas kpucramundeckas cucrema I 123, 124, 135
Tuner HocuTenei 1221, 222
Tune! pemerok bpasd
0azoneHTpupoBanHas pomoudeckas [ 125
rpaHeneHTpupoBanHas Kyonueckas [ 81, 82
rpaHeleHTpupoBaHHasi pomOuyeckas [ 125
00BEMHOLIEHTpUpOBaHHas KyOudeckas [ 79—S81
00BeMHOIICHTpHpOBaHHas pomOuueckas I 125
npoctas rekcaroHanpHas I 88, 126
npocras Kyouueckas [ 78
npoctast MOHOKJIMHHas [ 125
npoctast pomouueckas [ 125
npoctas TerparoHanbHas [ 123, 124
poMOo3Iprueckas (TpuronanbHas) [ 126
TpukiauHHas [ 126
LEHTpUpOBaHHAasi MOHOKJIMHHAA | 126
LEHTpUpPOBaHHas TeTparoHanbHas [ 124
Tok renepauuu II 219
— — ¢opmynsr 11 225—230.
Cm. makace p — n-niepexon
Tox HachILeHNs
B p— n-niepexoge 11 219—225
— — IIpU TEPMO3JIEKTPOHHOM 3Muccum [ 363
Tox pexomOunanuu II 219
— — CBsI3b ¢ TOKOM reHepanuu II 219.
Cm. makace p — n-niepexon
Toueunslie rpynmsl cu. Kpucramiorpapuieckue TOUeYHBIE TPYIIITbI
Toueunsie nedekrsl I 234. Cum. maxoice JledekThl B KprcTamiax
TpexBanentusle metasuibl [ 300—304
TpuronanpHas Kpuctasumueckas cuctema [ 126, 135
CBSI3b C TekcaroHajabHou cuctemoit I 133 (¢)
— ¢ KyOuueckoi cuctemoit [ 126
TpuronansHas pemerka bpass cu. PomGosapuueckas pemerka bpasa
TpuxinHHasg Kpuctananueckas cucrema I 126



Tpuxnunnas pemerka bpass 1 126
TpunerHoe cnapuBanue B xuaxom Hed 11 356 (c)
Tpunnernsie cocrosiHus 11 289
Tpy6xka Jlannay 1273, 274
TyHHenupoBaHue
13 HOPMaJBLHOTO MeTasuia B cBepxipoBoanuk I 349
— — — — u sHepreruueckas mens 11 349
MEXJly CBEpXIPOBOJHUKAMU HopMasbHoe II 366
addexror Jxo3edeona I1 365—368
anekTpoHa B pemierke [ 190
Yeneuenue ¢pononos Il 153, 154
Vri10B0oii MOMEHT, cioco0 00o3Hauyenus 11 262
VYron Xomna 31
— — B BEIIECTBAX C OTKPHITHIMU opOutamu I 241
YnakoBouHbIil MHOXUTEND [ 94
VYupyroe paccesinue u 3akoH Bunemana —®panna II 322, 323
VYpaBuenne bonbumana [ 318—328
BapHallMOHHbIN npuHimn [ 327, 328
Y 3aKOHBI coxpaHeHus [ 327
000CHOBaHME TPUOIMKECHUSI BPEMEHH PENIaKCAI|H I H30TPOITHOTO YIIPYTOTO
paccesiHust Ha mpumecsix I 324—326
pelieHne B npuOIkeHnn BpeMenu penakcauuu [ 319, 320
Cm. maxorce 1lpubnnkeHne BpeMeH! peaKcaun
Vpasuenue Jlongonos I 351—353
s raactuasl 11 368
u teopus ' ma30ypra — Jlangay 11 363
VpaBuenne Puuapacona — Jlammvena [ 363
VYpaBHeHue cocTosAHUA qU3IeKTpuKoB I 117— 122
— — — W 3aBHCHMOCTbH YaCTOThI HOPMaJIbHBIX KoneOanuit ot oonvema Il 117—
121
VYpaBHenus MakcBesia B cB0O0AHOM ripocTpaHcTse I 32
— — MaKpOCKOIMYECKHE B AIEeKTpocTaTuyeckoMm ciaydae Il 157—162
VYpasuenus Xaptpu [ 330
— — BBIBOJI U3 BapuanuoHHoro npuHuumna Il 331-351.
Cm. maxosce TleproanyecKuil MoTeHIUAI
VYpasuenus Xaptpu — Poxka I 343, 344
JU1s1 CBOOOTHBIX 3eKTpoHOB | 333—337
Y BOJIHBI 3aps10Boii miiotHocTH 11 299
u BocnipuuMuuBocTs [Taymnu II 285
U «TTyOWHA 30HBD) B IPHOIMKEHHH CBOOOIHBIX 3JEeKTPOHOB I 335
¥ MarHeTU3M CBOOOHBIX 31eKTpoHOB I 334, 335
U TeroeMKocThb [ 336
u 3¢pPexruBnas macca I 352



OJIHORJIEKTpOHHBIE YpoBHU I 349, 350
npuOIMKEHNE, UCTIOJIb3YIOIIEE OJHOAIEKTPOHHBbIN noTeHuuan [ 336
Yposenp @epmu B nosynposogHukax Il 195 (c).
Cm. maxorce XUMUUECKUN TOTEHLIMAT
VYposuu Jlanaay ans ceo6oanbix snektponos 11270, 271
VYcnoBue qudpakiuy peHTTeHOBCKHX JIyYe
dopmymnuposka bparra I 105, 106
— Jlay» 1 106—108
— — 1 obparHas pemerka [ 107
— — SKBHUBAJICHTHOCTH (hopmynuposke bparra I 108, 109
VYcnoBHas anemeHTapHast stueiika [ 84, 85
— — — JUI TPaHeIEHTPUPOBAHHON U 00BEMHOLIEHTPUPOBAHHON pemieTok bpapa
187
«Ycb 11254
®a3oBoe nmpocTpancTso [ 225
®azoBbiit caur | 154
®daxrop Jlebas — Bamnepa I1 114, 384
g-akrop Jlanzge 11 270, 388
— snekTponHsbIit [ 275, 11262
®epmu-rasz cu. Ipubnmxenne cBOOOIHBIX JIEKTPOHOB
®depmueBckoe (KOHTAKTHOE, CBEpXTOHKOE) B3aumoeicTeue 11 281
®eppumarnerusm 11310, 311
BocripuuMuuBOCTh 11 326 (¢)
KpuTuueckas temneparypa (temmneparypa Kropu) I1311, 314
otnnuue oT Gpeppomarnerusma I1 310, 311, 326 (c)
Teopust MoJiekyisipHoro most 11 338
®eppomarnerusm 11 286, 309—311
BocripuumumnBocTh 11 315, 325, 326, 332, 333
B ra3ze cBOOOJHBIX JIEKTpOHOB JI 297—299
B 30HHBIX Teopusx 11299 (¢)
B monenu ['eitzenOepra 11 316—323
rucrepesuc II 335
nomensl 11 333—336
u gunonsHoe B3aumonaenctaue 11 288, 333— 337
kospuutuBHag cuna Il 335, 336
Kputuueckas temneparypa (temmneparypa Kropu) I1 286 (¢), 311, 314
Kputnueckue nokasarenu crenenu I 316 (c)
HaIpaBJIEHUs JIETKOTO U TpyaHoro Hamaranuusanus I 335 (c)
otanuue oT peppumarnerusma I 310, 311, 326 (c)
npouecc HamaranuuBanus I 335, 336
criuHoBbIe BosHbI I 318—323
CIIOHTAHHAas HAMarHMYEHHOCTh IIPU HU3KUX TemmnepaTypax II 320—322
Teopust MoJieKyssgpHoro nosst I 329—332



sHeprus anuzorponuu I 335, 336
Cm. maxowce MarautHoe B3auMozeiicTBre; MarHuTHOE yIOpsiIOUEHUE;
CrioHTaHHasi HAMAarHUYEHHOCTh
DIyKTyallMOHHO-IUIIONbHBIE (BaHA€pBaaibcoBckue) cuinl 11 21, 22
B MOHHBIX KpucTasuiax Il 33
u noteHman Jlensapaa-J>xonca Il 28, 29
npoucxoxzaenue I 24, 25
®moxkcon II 364
DOHOHBI
akyctuueckue Il 64, 66, 70
B3auMojieiicTBue ¢ anekTponamu Il 145—154
B MOHHBIX kpuctamiax II 157, 170—173
B Metaynax Il 138—156
BOJIHOBBIE nakeTs! 11 124
BTopoii 3Byk I 133—135
BpemeHa xu3Hu 11 104
nebaeBckas mojenb criekrpa I 85—89, 92, 93
u BocnipuuMunBocTs [Taymnu II 280 (c)
U IU3JIEKTpUUECcKas MpoHunaeMocts Metamios Il 141—144
Y 3allpellieHHas 30Ha B noiynpoBoaHukax Il 189
U KoHleHTpauus Bakancui Il 235, 236, 256
U MEX30HHBIE nepexoasl 1 294
U ONTUYECKHUE CBOKCTBA NoynpoBogHuKoB I 189, 190
Y IUIOTHOCTH TeIu10BoM aHepruu II 81
u paccesinue HeiitpoHos II 104 (c)
u ceepxmnposoaumocts 11 353, 354
u TemioBoe pacmupenue 11 117—122
u TemtoemMkocTs 11 81—91
U TermtonpoBoaHocTh 11 123—133
Y IIMpUHA JIMHUN HEHTPOB okpacku II 242
u anekTpoconporusienue 11 149—154
u 3¢ PexruBHas macca snexrpona Il 145—147, 155, 156
KaK KBaHTOBaHHbIE HOpMasbHbIe MOJbI I 80
kBazuumnyisc I1 99, 100, 375—380
KBaHTOBOMeXxaHnueckoe onucanue Il 371—374
KpaTKuii 0030p OCHOBHBIX (pusmueckux 3¢ ¢pexron I 46—49
HOopMaJsbHble ipoueccsl 11 129
OTIEPaTOPBI POKICHUS U YHUUTOKEHHUS
— — — — i pewierku bpass 11 372
— — — — i pewetku ¢ 6azucom II 373
OIpe/IeNIEHUE CIIEKTPa C OMOILBIO paccesiHus HelTpoHoB 11 98—104, 383, 384
————— pentrenoBckux Jyyuert I 385, 386
————— ceera [l 108—111



ontuueckue 11 64, 65, 70—80
ocobennoctu BaH Xosa 11 92, 93
ocobennoctu Kona II 14
IUIOTHOCTH ypoBHei I 92—94
nossgpuzauus I 68—71
nporeccel 6ecpononnsie 11 100, 384
— 1-ononnsie 11 101, 102
— 2-¢ononnsie 11 103, 104
— n-ononnsie 11 387
npoiieccsl epedpoca I 129—133
poXKaeHue, yHnuToXkeHue u paccesuue II 125, 126
CMEILEHHS U UMITYJIbChI HOHOB, BEIPQXKEHHBIC Yepe3 ONepaTOPhl POKICHUS U
yauutoxxenus 11 372, 373
cpaBHeHue ¢ kinaccuueckum razom II 128 (c), 131 (c), 134, 135
cpasaenue ¢ poronamu II 80, 94, 95
Cpe/Hee YuCio B TepMoAMHaMu4YeckoM paBHoBecuu 11 81
cronkHoBeHus I 126
yucha 3anogaeHus 11 99 (c)
SUHIITEHHOBCKAs MoJienb crekrpa I 89—91, 93
SHEPrusi, CPAaBHEHUE C SHEPruel peHTreHoBckuX aydei 11 108
Cm. maxoice AHTApPMOHUYECKUE WICHBI; | 'apMOHUYECKOe TPUOITNKCHIE,
Konebanus pemerku; Monens [eb6ast; [Tonspusanus; [Ipomecce mepedpoca;
OneKTpoH-(hOHOHHOE B3aUMO/ICHCTBHE
®opmyna Jlopeniia — Jlopenta 11 166 (c)
®opm-takrop aromusrii [ 116, 117
DOTOHBI
COOTHOILIEHUE MEXIY 3Hepruen u ummnyiascoMm II 97, 98
cpaBHeHME HelTpoHamu 11 98
— ¢ ¢ononamu II 80, 94, 95
®oronpoBoaumocTts 1,11 186
®DoTo3neKTpUIECKU 3P PeKT
U u3MepeHue padotsl Beixoqa I 362
Y TIOBEpXHOCTH TBEPABIX Teu I 354
U IpUOIMKEHNE HE3aBUCUMBIX AIeKTpoHOB I 345 (¢)
Oyukiuu Banse [ 192, 193
obnacte npumenenus [ 193
COOTHOILLIEHUs opToroHansHocTu I 194
®ynkuus bpumnosna 41 271
®ynkuus Jlanxesena I 183
DyHKIUA pacupeneneHus
boze—D0itnmreiina II 82
Makxkcsemia — bonbumana [ 43 — 45
HEpaBHOBECHAs AJIEKTPOHOB I 245



— —BBIYKCIICHUE B IPUONMKEHUU BpeMeHHU penakcauuu [ 247 — 251

— —nuHeapuzanus [ 250

paBHOBecCHast 3JeKTpoHOB [ 43—46

CKOPOCTbh U3MEHEHUS 3a cueT cToJakHoBeHui 1317, 318

— — — — B npuOamkeHnu 'Bpemenu penaxkcauuu [ 317, 318

®epmu—/lupaka 143, 45, 54—56

¢dononos II 81

Cwm. maxorce: Ipubnmxenne Bpemenn penakcanuu; Pacnpenenenne @epmu —

[upaxka; YpaBHenue boiablimana
Oynkusa Gepmu [ 56. Cu.. maxorce Pactipenenenne Gepmu — qupaka
f-¢pynkunms I 349
®dypbe-06pa3

KyJIOHOBCKOTro0 B3aumojenctsus [ 333, 351, 352

dbopmynsr obpamenus [ 376—378

AKpPaHUPOBAHHOTO KYJIOHOBCKOTO B3aumoaencteus [ 341 3351, 352
XHUMHUYECKUI ITOTEHIAT

B coOCTBEHHBIX noaynpoBogHukax II 197, 198

u s"eprust Gepmu 1 56, 60, I1 195 (c)

KBazuxumMuueckuii moreuruai I 232

nokanbHbI [ 246 (¢)

— B [IEPEMEHHOM 3JIeKTpuueckoM moiie [ 261

TeMIepaTypHas 3aBUCUMOCTb B MeTaiuiax I 232

TepMOJAMHaAMHU4ecKoe paccMoTpenue [ 373

AJIEKTPOHHOIO ra3a Mpu HyJieBor Temriepatype [ 56

anekTpoxumuueckuit norennuain [ 258 (c¢), 11 213—215
Xumnueckuit casur 11 281
[{enTpupoBaHHasi MOHOKJIMHHAs pemierka bpasa I 125
LlentpupoBanHas TeTparoHanbHas pemerka bpass [ 123, 124
IlenTps! okpacku I 239—243

F-uentp 11 241

— npocras mozensb 11 257, 258

Fa-uentp II ;243

H-uentp 11 241

M-uentp 11 241

R-nentp II 241

Vk-uentp II 242

LIMpUHA JIMHUU oNTHYecKoro nornouienus I 242
Huxnorponnas macca [ 236, 243

B MeTayax [ 278

B nostynpoBoHukax Il 193

Cm. maxoice DpdexkTuBHAST Macca
Huxnorponnas yacrora [ 31

B nostynpoBogHukax I 193



yucaeHnsie popmynsl 131, 372
[{MKITOTPOHHBIN pe30HAHC
B MeTayax [ 278—280
B nosrynpoBogHukax 1 278 (c), 1 193, 194
YetbipexBaneHTHbIe MeTasuibl [ 304
Yucno Asoraapo 119, 63
Uucno Jlopenua I 35, 36
— — TeopeTudeckoe 3HaueHue [ 66
Cm. maxorce 3akoH Bunemana — ®panua
[IvuprHa 30HbI
B MeTojie cHJIbHOM cBsi3u | 187
B OJIHOMEpPHOM ciy4aB [ 155
JUIs1 CBOOOTHBIX 3JIEKTPOHOB B mpubamxenun Xaptpu — Doka 1 335
cpaBaenue s- u d-30H [ 306
Ilenouno-ranougusie coequuenus 11 12—17
nebaeBckas remnepatypa I 86
nedextsr 11 237, 238
JuaMarHuTHas BocnpuuMuuBocTs 11 264
JIUaJIeKTprudeckas nponunaemocts 11 176
30HHas cTpykTypa II 14
noHHbIE paguycsl II 15—17
koresuonHas sueprus Il 33, 34, 36
MOAYJb BcecTopoHHero cxatust 11 38
ontuieckue moasl I 170—174
napameTpsl [ pronaiizena [ 122
nosisipuzyeMocTs I 168
nocTosiHHble pemerky [ 92, 93
npoBoaumMocTs 11 238
pacnpenenenue miioTHocty 3apsiaa Il 13
paccTostHue Mexay onmmxanmumu coceasimu 11 38
LEeHTpbI okpacku II 239—242
4acTOTHI onTu4deckux ¢pononos Il 176
[llenouno3eMenbHBIC METAJLIEI 1 299
IIenounkie MeTaIbI
atomusie 280
napaMeTphbl, OTBEYAIOIINE MOICTU CBOOOIHBIX MIEKTPOHOB [ 51
IUIOTHOCTH U pa3mep nonHa [ 42—44
nocrostHHble pemetku | 82 kondurypamuu I 283
30HHAs CTPYKTypa u noBepxHocts Gepmu [ 284—287
koresus 11 40—44
KOHIICHTPALUs 3JIEKTPOHOB MTPOBOIMMOCTH B MOJIETH CBOOOIHBIX 3JIEKTPOHOB |
20
koapumments Xomna I 30, 287



MOAYJb BCECTOpOHHEro cxatus [ 53

onruueckue ceomcrna I 33, 293—295

napamarsetusM Ilaymn 11

noTteHuuansl nonusanuu 11 73

NPO3pavyHOCTh B yIbTpaduoneToBoit odmactu I 33

conpotusnenue | 24

TEII0EMKOCTh | 62

TEII0NpoBOAHOCTH I 36
Oxpanuposanue | 337—344, 11 142—145

B p — n-niepexozae 11 231

B npubmmxennn Xaptpu — @oka [ 343, 344, I1 145—147

MOH-HOHHOTO B3aumozeicTsus 11 139

U eppoMarHeTHs3M 3IeKTpoHHOTO rasza I 299

Jlunnxapna [ 342, 343

nepeskpanuposka Il 146

— u cBepxnpoBogumocts 11 353, 354

Tomaca — ®epmu 1 340—342

SKpaHUPOBAHHBIN KyJIOHOBCKUI noteHmuain [ 341

— — — ocumusinuu 1 343
Oxcuronsl Il 244—247

Bannse — Motra Il 247

®penkens 11 244
DKcTpeMabHbIe OpOUTHI

B LIMKJIOTPOHHOM pe3oHaHce [ 279

B 3 dexte ne ['aaza — Ban Anbdena [ 267—270, 273

U MarHeToaxkyctHueckuit apdexr [ 277

U IUIOTHOCTH ypoBHeH [ 273

u 3¢ dexrt ['anTmaxepa I 280, 281
Onexrpuueckas naaykuus II 158, 165
OnexTpudeckuit mpoooit cMm. [Ipoboit anexTpudeckuii
DnekTpuueckoe nose JokaasHoe 11 163—166
DNeKTpOH OJIOXOBCKUH cM. OIOXOBCKHE AIIEKTPOHBI
DIIEKTPOH-UOHHOE B3aUMOJICHCTBUE (CTATUYECKOE)

B Mozenu Hpyne I 19, 20

u otpunarensublie s3Heprun ®epmu 1356 (c)

Cm. maxorce Tlepuonnyeckuil NOTEHIUA
DJeKTpOoHHas MI0THOCTH [ 19

B MOHHBIX KpucTauiax Il 13

B KOBaJIEHTHBIX KpucTtamiax II 8

B MeTayax I 20

U Knaccudukanys TBepasix tei I 5—11
DIEeKTpOH-HEUTPOHHOE B3auMoeiicTBue (maruutHoe) I1 98 (c)
Onektponnoe cpoactro 11 13 (¢)



DJIEKTPOHHBIE YPOBHHU aTOMOB, pa3MbIBIIKecs B 30HbI [ 187
Onextponnslii raz 1 17—22, 315 (¢). Cm. makorce [IpubnuxeHne cBOOOTHBIX

AIIEKTPOHOB
OnexTponHnsblii g-pakrop 11 261, 262
DnexTpoH-(hoHOHHOE B3aumoeicTeue 11 145—154

¥ MarHuTHas BocipuuMuuBocTs 11 280 (¢)

U oHO3eKkTpoHHas sHeprus 11 145, 146

u ceepxmnposoaumocts 11 353, 354

u anekTpocornporusienue 11 149—154

u 3¢ PexruBHas macca snextpona Il 146, 147

koHcTtaHTa cBs3u 11 148, 149
DIIEKTPOH-AIIEKTPOHHOE B3aumoeiictaue [ 329, 352

B Mozenu dpyzne [ 19—21

B puOmmxennn Xaptpu I 330

B npuOmmxennn Xaprpu — doxka [ 332—337

Y BpeMsl )KU3HHU 37eKTpoHa | 346, 347

U MarHutHas ctpykrypa Il 286—307

U MeToJ cuiibHOM cBsizu I 191

u MoJienb Xab6apaa 11 300

u napamartetusm llaymnu I 284, 285

u nepuoanueckuit norenuuan I 138, 195, 330, 331

u npunuun [aynm I 346—348

u paccesinue [ 20, 21, 315, 345—348

u ceepxmposoaumocts II 353—355

u Teopus pepmu-xkuakoctu [ 344—351

Y HEPI'Msi OCHOBHOI'O COCTOSIHUS T'a3a CBOOOIHBIX 3JIEKTpOHOB I 334

yepe3 ¢onousl I 144, 145

Cm. maxorce TlpubnrkeHre He3aBUCHUMBIX JIEKTPOHOB; Teopust pepmu-

XKuakocTH; YpaBHeHUs: XapTpu — Poka, DKpaHUPOBaHUE
DJIeKTpOHBI aTOMHOTO (MOHHOTO) ocToBa I 18, 115

BostHOBBIE (pyrkimm [ 197, 198

CpPaBHEHME C BaJIEHTHBIMU 3j1eKTpoHamu [ 197, 198
DJEeKTPOHbI BaJICHTHBIE cyM. BaleHTHBIE AIIEKTPOHBI
OnexTpoHnsl npoBoauMocTti [ 18.

Cwm. maxosce brioxoBckue 3ekTponsl; [IpulimkeHne He3aBUCHMBIX AJIEKTPOHOB,

[Tpubnnxenne cCBOOOIHBIX AIEKTPOHOB
ONEeKTPONPOBOJHOCTh BHICOKOYACTOTHAS

B Mozenu [pyzae 1 30, 71

B IoJTyKJ1accudecko mozenu 1253

U IU3JIEKTpHUUecKas mpoHunaeMocts [ 390—393
ONEeKTPONPOBOJHOCTh BEICOKOYACTOTHAS

U MEX30HHBIE nepexoasl I 254

KBaHTOBOMeXaHu4eckuil pacyer [ 253



HeJoKanpHas Teopus 1 32
DNEeKTPONPOBOJHOCTD CTATUUECKAS
anuzotponus I 71, 251
B HEYIopsA10ueHHBIX cruiaBax [ 310
B OJHOPOJHOM MarHuTHOM ToJie [ 260— 262
B IoJTyKJ1accudyeckoi mozenu 1 253
B nosynpoBoauukax I 185, 190 u apipku 1252
3axoH bsioxa T> II 192
uaeanbHasi, OTiinyue ot ceepxmnpoBoaumoctu Il 345, 352
uaeanbHbIX Kpuctayios [ 218
MOHHBbIX Kkpuctasmios I 238, 239
Y 3allpellieHHas 30Ha B COOCTBEHHBIX NostynpoBoaHuKax II 190
u xosieOanus pemetku 1147, 48, 119—154
U iomaas nosepxuoctu Gepmu [ 261
U npuMecu B noaynposogHukax I 186, 187
temriepatypHas 3aBucumocts [ 71, 1148, 152, 185
Onektpoconportusienue [ 22, 23.
Cm. makorce DNEKTPONPOBOIHOCTD
DIEeKTpOCTaTHUECKOE TOJIE OHOPOIHO MoJsipu3oBanHoN cdepsr 11 182, 183
— — pemerku aunonei 11 1
Onekrpocratudeckoe npudmmkenue I 171 (¢), 172 (c), 175 (c)
DneKTpoxuMuyeckuit morenuuan [ 258
— — B nostynpoBojHukax 11213, 214
OneMeHTapHas suerika cy. [I[puMuTHBHAs siuelika; Y CIIOBHAsI dJIeMEHTapHas siueika
Oueprerudeckas 30Ha | 147. Cm. maxowce 3anpemiennas 30Ha; [110THOCTh ypoBHEH;
[IIvuprHa 30HbI
DHepreruyeckas 1ejb (B HOPMaJIbHBIX MaTepuanax) cm. 3anpelieHHas 30Ha
OHepreruyeckas 1eib (B cBepxnpoBoasaumx Matepuanax) I 341
u 3aTyxanue 3Byka Il 350, 351
u3MepeHHsble 3HaueHus 11 359
u marautHbie npumecu Il 341 (c)
Y TIOTJIOLIEHME IeKTpoMaruuTHoi auepruu 11 349, 350
u TyHHenuposanue II 349
cootHouienue ¢ Te B Teopun BKIII 11 358, 359
Ouneprus anuzorponuu II 335, 336
OHeprus HOHU3alUU aTOMOB ILIEJOYHBIX METAJIIOB U Bopopoxa II 23
— — meau, cpaBHeHue ¢ kanuem [ 290 (c)
OHeprusi OCHOBHOI'O COCTOSIHUS T'a3a CBOOOJHBIX 3JIEKTPOHOB I 334
OHeprus cBsi3u cm. Kore3nonHas sneprus
Ouneprus Pepmu
0J10XOBCKUX 371eKTpOHOB I 148
B nosrynpoBogHukax I 149 (c)
B IPUOJIMKEHUU CBOOOTHBIX IeKTpoHOB [ 49, 51



1 xuMudeckuit moteHuuan 1 56, 60, 195 (c)
oTpuuaTenbHble 3HaueHus [ 356
cpaBHeHUE ¢ AebaeBckoi yactoroit I 155
Cm. maxorce XUMUYECKUNA TTOTEHITHAT
OHTponus
ra3a cBOOO/IHBIX 3JIEKTPOHOB [ 67
Y He3aTyxarouue Toku B cBepxmnpoBognukax Il 345
apaa I 24
notok [ 254
npoussoacTso II 254
cnuHoBoM cuctemsl 11 276, 277
Oddexr ne ['aaza — Ban Anbdena [ 265—275
B Onaropoaubix metaiiax 1290, 291
B niepexoHbIX Metaax [ 308
B IIEJIOYHBIX MeTaiiax I 284, 285
u3mepenue 1265, 266
Y HEOJHOPOJIHOCTh MarHUTHOTO ToJist [ 282
U IUIOTHOCTH ypoBHeW [ 273, 274
u paccesinue 1 274, 275
KBaHTOBaHUE TUIOIIa 1 opoutsl [ 271—273
MUHHUMAaJIbHBIN pa3zmep obOpasua [ 271 (c)
TeruioBoe ymupenue 1 274
Oddexr 'antmaxepa I 280, 281
Dddext 3eedeka I 39, 40, 257 (¢)
— — OTCYTCTBHE B cBepXnpoBogHuKax [ 251
Dddext Meiicuepa Il 345, 346
u teopust BKII 1T 361, 362
u ypaBHenue Jlongonos II 353
Cwm. maxoce Kputnueckoe nose; CBEpXnpoBOAUMOCTh
Oddext Heprera I 259 (c)
Oddexr Ienbrhe 1 259
— — oTCcyTCTBHE B cBepxnpoBoaHukax Il 345, 365 (c)
Oddext Purun — Jlemroka I 259 (c)
Oddext Cuncodu II 344
Oddext Tomcona [ 41, 259, 262
Dddext Xomma 127, 28
B amromunuu I 30, 302
B IBYX30HHOM Mojenu [ 243
B KOMIIEHCUPOBaHHBIX MaTepuanax I 244
B Mozenu dpyne [ 27—31
B nosrynpoBogHukax Il 186
B CWJIBHBIX NOJISIX B paMKax nosykiaccuueckoit moaenu I 237—241
Y 3HaK 3apsja Hocutenei Toka I 28, 29, 239



Y KOHLIEHTpauus Hocutenen Toka [ 29, 239, 240
U TPYAHOCTH MOJIENIA CBOOOTHBIX 31€KTPOHOB | 70
O dexr HlyoHnkosa — ne ['aaza [ 265
O ekt Itunrcraysena I 259 (c)
D¢ dexTrBHas Macca
B nosymerasiax [ 306 (c)
— npubnmxennn Xaptpu — Doxka [ 352
nbipok 1231
U CTaTh4ecKas >JeKTPONPOBOAHOCTH I 252
HaWgeHHas 110 TermioeMKkocTH 1 243
tenzop 232, 380, 11 191 (c)
teopema [ 380
dononnsnii Brman Il 145—147, 155, 156
UKIOTpOHHAs (B MeTaiiax) [ 236, 243
— n3mepenue [ 278
DddextuBHOE uncio marueronos bopa Il 272— 274
A dexrsr Ixozedpcona Il 3(15—367
D¢ deKThI MPOCTPaHCTBEHHOTO 3apsiaa B TEPMOIIEKTPOHHOM smuccuu [ 363, 364
SAnepHelii MarHuTHBIN pe3onaHc 11 281, 282
u antudeppomaruerusm 11 313, 314
u napamaraetusm [laynu II 281, 282
Slueeunas BoJaHOBas QyHKIUS, cpaBHeHUe ¢ aToMHo# I 200, 201
Sl4eiika cu. YcnoBHas diIeMeHTapHas sA4delika; [IpumMuTuBHas sguelika
Sueiixa Burnepa — 3eittua I 85, 86
anroputM nocrpoenus I 86
B 00paTHOM IpocTpaHcTBe cm. 30Ha bpmitosna nepas
JUTS T.ILK. U 0.1L.K. pemietok bpass 1 86, 94



Ilocesujaemces Jausabem, Haconamany, Pobepmy u Any

IIPETUCJIOBUE

Mar mavanu paborare Ham KEuroii B 1968 r., cTpemsacek BocHogHuTh mpobed,
KOTOPHHE MH 00a 0CTPO YyBCTBOBAJU HOCJIEe HECKONXBKHUX IIET NPEIONaBAHUSA BROJ-
HEIX KypcoB QU3NKH TBEeDAOro Tela [JIA U3YIAOMUAX PUBHKY, XUMUIO, HHKEHEPHEEe
HAYKH U TeXHOJOrWi0 MarepuanoB B HopHemncwrom yHusepcurere. [laBas crymen-
TaM MIAJIOUX M CTAPHIHX KYPCOB DPEKOMEHIANEM IO CAMOCTOATEIBHOMY UTEHHIO,
HaM OPHXONMJIOCH OTCEHIATE HX K IecTpOd MeIIaHWHe, COCTABICHHOH IPUMEPHO
13 HOATIOKUHBL yIe0HUKOB I MOHOIpaui. JIuimp OT9aCTH 3TO CBA3aHO ¢ MHOIOILIA-
HOBOCTBIO IpefiMeTa, OCHOBHAA jKe mpobiieMa 3aKII04aeTcd B ero ABOAKON IPHApPOXE.
C ofEOX CTOPOHBL, BO BBe[eHNW B UBWKY TBEPAOTO Tela HeoGXOMuMo TOCTATOYHO
nofpo6HO pacCKasaTh 0 MIMPOKOM KpPyre peadbHEIX TBEPHEIX TeJI, yHeIsis ocofoe
BHHMAaHHIe THIWYHBLIM 3KCIEPHMEHTAJIbHHEM JaHHBIM W WILIIOCTPATABHBIM IIPHAMEpPaM.
C Opyrof CTODOHEl, CerofHsA CYIIeCTBYeT XOpomo OGOCHOBAHHAA OOMIAs Teopus
TBEPJOTOo Tea, C KOTOPOi JOMKEH 03HAKOMAThCS JI000H CepbesHo MHTEPeCymuiics
CTYJIeHT.

H samemy ynuWBIeHUIO, JuOIb Yepe3 CeMb JET HAM YAAJ0Ch CO3OATH TO, ITO
HaM OBII0 HYKHO: e{NHBIH BBOXHEN y9e0HUR, coueTaomui ofa acumeKTa mpeamera —
KaK OMHCATEeNhHHI, TAK H aHaiuTHIecKmid. Mbl cTpemumiuch JaTh moapoOHoe pac-
CMOTPEHNEe BCET0 Kpyra fABJeHWi, CBA3AHHHX ¢ TJIAaBHEIME (GopMaMd KPUCTAIIH-
9eCKOTO BemECTBA, W IIPU HTOM 33aJ0KUTH OCHOBEL ANA «paloveroy HOHUMAHUA TBep-
IOro Tejia HYyTeM ACHOTO, HeTAJBHOIO M HIeMeHTAPHOTO U3JN0KeHUsT QyH[aMeHTATb-
HHX TOHATHH TEOpuu.

Ruura mpemHasHadena JJA YTeHHA BBOXHBIX HUKJIOB JeKOUW CTyneHTaM MJIai-
mux u crapmuXx Kypcos 1), B ocHoBe Qu3HKu TBEPAOro Teda JEKHUT CTATHCTHYCCKAS
MeXaHNKa # KBaHTOBad Teopusa. lloamaysachk mMu mo mepe HEOGXONUMOCTH, MBI
IOMNBITANKNCH Y9eCTh, OCO0EHHO B §0Jee IPOCTHX riaBaX, 9T0 MHOTHE HAIIU YATATEeNH,
B UACTHOCTH CTYAeHTH MJANUIUX KYPCOB, eille HE TOCTATOIHO XOPOMIO OCBOMIH
naHiEle upeqMersl. TaM, Ifle 3TO HPeICTABIAETCH E€CTECTBEHHBIM, Mbl OTHeJUJIN
BOIPOCH, IMOMHOCTHIO OCHOBAaHHEIE Ha 9HCTO KJIACCHUYECKUX MeTONax, OT BOIPOCOR,
TPeOYIOMUX KBAHTOBOIO paccMOTpeHHA. B mocmemHem cmydae, Tak ke KaK W IpHU
MPUMEHEHNH CTATHCTUIECKOR MeXaHMKH, MBI CTAPAJIACh UCXOAUTH U3 TeTKO CHOpMY-
JUPOBAHHEIX (HEepPBHIX NPHUHONOOBY. I1l09TOMy KHUra MOMKET CJYMKATH BBOJHEIM
KYPCOM, U3yIaeMbIM OJHOBDEMEHHO ¢ HAYaJbHBIMU KypcaMu KBAHTOBOH M CTATHCTI-
weckoii MexaHuKH. Toabko Gomee TpyZHBE TJIaBH W NPWIOKEHHSA PacCIMTAHBL HA
KOCTATOIHO TMOZTOTORIEHHOIO YHUTATENS.

[locie xammoR riaBel HPUBOJATCA 3amauu, KOTOPHE JOBOJBHO TECHO CBA3AHHI
¢ TEKCTOM IJIaBH M JEJNATCH HAa TPM OCHOBHbIE rpynmsl. a) VMHOrma Mel OTHOCHM
B 3aflaud CTAHARPTHHIE BRIKJIAIKU UPH BEIBOge dopmyna. OTdacTu 3To [gelaeTcs MIf
TOro, 4ro0nl M30eKaTh meperpysku TeKCTa (GopMysiaMd, He HMEION{UMHI CAMOCTOH-

1) O BO3MOIKHHEIX IIyTAX UCIOJB30BAaHUA ydYeOHHKA IIPH YTeHMM KYPCOB PDAsTMIHOI Ipo-

JOJKHTEIBHOCTH W PaccYMTaHHEIX HA PASHHA YPOBeHb IOJLOTOBKH MEL paccKa3elBaeM HA
crp. 14—16.
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TeJBHOTO WHTEpPEeca, HO IVIABHHM 0GPasoM IOTOMY, 4TO TAKUE BEHAHCIEHHA TOPA3/o
Jydime YCBaWBAIOTCH, €CAH MX OPOBOJUT caM WUTATeldb, HOIL3YSACH UMEOIMMUCH
HaMeKaM¥W M OpAMEMIN YKazanusamu. 6) orma Takodl cTuib MBIOMKEHHS BO3MOREH,
MBI (HaIlyraHHbBE TNPU3PAKOM HOABIEHHS NBYXTOMHOTO Tpyaa) !) maem B samawax
RajdbHElmee pagBATAC MAaTepHAIa I'TaBH. B) [pyrue mpuMepsl, Tpefyromue IucieH-
HHX ¥ AHAJNTWIECKEX PACYeTOB, IPHBENEHE B Ka4eCcTBe 3amad, ITOGH aubo c000-
IUTH MOTOJHUTENBHYI0 HHYOPMAHRIO, IGO0 AT TUTATENI0 BOBMOKHOCTEL MOYIIPAK-
HATHCA BO BHOBH HPHOODETeHHHX HABHKaX. llosToMy uYmTarensb MOJIKeH W3YdUTH
3aja9M, JaKe eCIM OH He HaMepeH UX Pemars.

MBl cormacHpl, 9T0 OJUH PHUCYHOK IleHHee THCAYM CIOB, HO He 3a0biBaeM W
0 TOM, 9TO HEHYKHAsd MILIIOCTPAINA, YKpamas CTPAaHUIY, 3aHEMAaeT B TO jKe Bpe-
MA MECTO, Ifle MOKHO OBLJIO OB ¢ MOJB30H pa3MecTUTh COTHH ¢1oB. IloaToMy umrare-
JI0 BCTPETATCS KaK (OIbMKe IPOMEKYTKHE CIIOITHOTO TEKCTa, TaK M PASKeNHl, Ald
03HAKOMJICHUA ¢ KOTOPHIME JOCTATOYHO OPOCMOTPETh PHCYHKH I IPOYUTATH HOIUCH
K HIM.

Mpt mpefmomaraeM, 9YTo KHura OyfeT HCIONB30BATHCA NS NPEHOJABAHUA
CTYNEHTAM C PasiUIHBIM YPOBHEM IIOJTOTOBKH M C PA3JIMYHBIMU MHTepecamu. B KoH-
KpPeTHOM Kypce BpAX au Oyner coXpaHeH IpHWBeJeHHHH IODANOK TJaB (M HasKe
m30paHHEIX TJaB), II03TOMY OHH HANMCAHHE TaK, 9YT0 UX MOKHO BHOHUpaTh M mepe-
CTABIATH HPOU3BOJBLHEIM 00pa3onm 2). B KHUTe MBI IpUep;KuBaeMcs TRKOr0 MOPANKA
H3JI0/KEHHsI, KOra IMOCAel0BATeJbHO H C MEHUMAIBHEMI OTKIOHCHUSAMH PaccMATpH-
BaOTCH OCHOBHEIE HANPABJIEHNs (PUBMKU TBepHOro Teja, IpHYeM B KajKIOM CiIydae
MH CHagaJa IPOBOIUM 3JIeMeHTapHOe 00CY:KJleHNe U 3aKaHYMBaeM 00jIee CJIOKHBIMU
BOIIPOCAMMN.

My nayunaem KHury %) ¢ sieMeHTapHEIX Kiaccmueckmx (1) m KBauTOBHX (2)
BOIPOCOB TeOpUH CBOGOTHBIX 3JI6KTPOHOB B METAJLIAX, HOCKOJIBKY 9TO Tpefyer MuHM-
MaJBHOM MOATOTOBKA U HA mpmMepax GHCTPO BBONHUT UHTATENs HOYTH BO BECh KPYT
ABIEHUA, € KOTOPHIMH WMEeT JIeJ0 TeOpUA MAMIIeKTPHKOB, IOJYIPOBOIHAKOB
u MerasLnos. Biaromapa aroMy y 4mTaTelsi He CO3/laeTCsA BIEYATIEHMA, YTO HUIETO
HeJb3s NMOHATH, II0KA He O0CBOSHO MHOKECTBO TAMHCTBEHHHIX OIIpejleleHdil (0THOCH-
MuXcsa K IepHOAHIECKWM CTPYKTypaM) W HMCKYCHO PpaspafoTadHBX KBAaHTOBEIX
HOJXO0MO0B (K IEPHOAUYECKHM CHCTEMAaM).

Hepuonuueckue CTPYKTYPH BBOAATCA TOJBKO IocCie 0030pa MeTalandecKUX
¢BOHCTB (3) U BEIACHEHMS BOIPOCA O TOM, B KaKHX CIydasaXx MIfA oOBACHEHUS HTUX
CBOMCTB HYIRHO (1M, HA000POT, He HY;KHO) IIPHBJISKATh IPeICcTaBlIe e 0 IepHoud-
HOCTU W BEITEKAIOMUE OTCIONA CIENCTBUs. MH HOIBITAINCH O0JEIYATH MEPBOE 3HA-
KOMCTBO ¢ IIepHOJMYECKHMH CHCTEMAMH M IS ITOrO a) OTHEIHIN OYeHb BAKHEE
CBOIMCTBA, CBABAHHEIE ¢ TPAHCAALUOHHOE cummerpHed (4, 5), oT MeHee cyimecTBeH-
HHX CBOMCTB, CBASAHHEIX ¢ HoBoporamu (7); 0) OTNeNIMIN ONMCAHHE B OOHYHOM
mpocTpaHeTRe (4) 0T PAcCMOTPeHUs MeHee IPHBEHYIHOTO 06paTHOrO OpocTpancrsa (5);
B) OTAeauIH afCTPaKTHOE U ONKCATEILHOE N3T0/KeHNe IePHONIHOCTH 0T PACCMOTpe-
HYSI €70 DIIeMeHTAPHOr O IPUMeHeHNA K Teopun AUpaKIuy peHTTeHOBCKAX Jydeit (6).

OBaaneB TepMIHOJOTHel, NCHOIAb3YeMOil I ONNCAHAA IePHOAHISCRUAX CUCTEM,
YUTATENh MOKET JUGO0 IPUCTYIUTHh K U3YIeHHUIO TOT'0, KAKHM 06pa3oM JIMKBUIUD YIOT-
€A PAsNNIHEIe TPYAHOCTH MOJENHN CBOGOMHEIX 3JIEKTPOHOB, ANGO HEMOCPELCTBEHHO
3aHATRCH pacCMOTpeHHeM KojeGaHWi pemeTku. B Kuure MBI IpugepKuBaeMcs
nepBoro Haupasienna. Mamaraerca Teopema Bnoxa m ee o0mme npummenenus (8)

1) Cum. nmpumedanue Ha ¢Tp. 6. — Hpum. ped.

%) B rabannme Ha cTp. 15—16 uepedncaAoTca pasmes, [HeoGXOTMMEE NS IOHWMAHUS
Ra/KI0H TJIaBH. OTO C/IeJaHO, YTOOK MOMOYb YUTATEJNSIM, HHTEPECYIOMUMCA JHIIh Y3KOH 06JacTho
mpeAMeTa, a TaKyKe TeM, KTO NpeINnoYnTaeT MHOM MOPAXOK HN3NOKEHHS.

3) B crkofrax yKasaHe HOMepa [JaB.
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¥ DOYePKHBAETCSH, UTO CIEJCTBUA M3 Hee JesKaT B OCHOBE ONMCAHHA OYeHDb HATJIAM-
HBHIX ¥ OPaKTHYeCKH BajKHBIX CIy9aeB HOYTH CBOGONHEIX DIEKTPOHOB (9) m CHIBHOK
ceasu (10). 3maumTenbHAA 9ACTH ITUX ABYX TIAAB OTHOCUTICA K KYPCY HOBBUIEHHON
TPYRHEOCTH, TAK e Kak M 0030p MeTO[[0B pacdeTa peaJbHHX BOHHHX CTPYKTYD (11).
Wsnoenue mONTYKIACCHIECKON TEOPUNU U e DIEMEHTapHBIX HpuMmeHeHuit (12) naercs
nepex Gosee CIOMHOM HMONYKIACCHISCKON Teopueir sddexToB mepenoca (13). Omm-
CaHMe BKCHePUMEHTaJbHEX MeTONOB ompefeneHmsa noBepxnoctm Qepmnm (14) pac-
CYHMTAaHO, BO3MOKHO, Ha 00Jlee NOATOTOBIEHHOTO YHTATENA, ONHAKO B3HAYMTENBHAM
9acTh 0630pa 30HHOM CTPYKTYPH pealbHHX MeTajioB (15) jserko BKIOUaeTcsi B aiie-
MEHTapHHH KYPC.

3a WCKIOYEHWEeM sABIeHUS SKPAaHUPOBKH, B DJIEMEHTADHOM Kypce MOMKHO He
yonomMmEaTh 00 ddderTax, He YUATHBAEMHX B HPHOIIIKEHUN BpPEMEHM pelaKca-
nuu (16) m mpm npeneGpemennn B3auMoONleicTBIEM MeKAY daeKTpoHamu (17).

K arenmio raass o paboTe BHXOMa U APYTHEX XapaKTePUCTAKAX IToBepxHOCTH (18)
MOKHO HOPUCTYIHTH B JIOG0H MOMEHT Hocie OGCY;RIeHMA TPAHCIANMOHHON CHM-
MeTPHH B peaJbHOM mpocrpaHcTBe. Ommcanne ofHYHON KiaccnmduEanum TBePILIX
rex (19) 1) ormemeno ot amanmsa smeprmit ¢Bgsm (20). OGe aTu rIaBH DOMENICHE:
TmOCJie THaBHL, COfeprkamiell BRBefeHNMe B TEOPHI0 30HEOM CIPYKTYPH, TOCKONBKY
AMeHHO 8HAKOMCTBO C BJIEKTPOHHOM CTPYRTYPOH IIOMOTaeT pasofpaThCa B yKa3aHHKX
ABYX BOIPOCAX.

Yro6s o60CHOBaTH HEOOXOAWMOCTh UBYYeHHA KOJeOAHUH PEmeTKH (YMTaTelb
MOSKeT 3aHATHCA UM B J1I000d MOMEHT Iociie IJ1. 5), ML mepeaucagem (21) Te cBoitcrBa
TBEpIHX Tela, KOTOphie He MOTYT OHTH IOHATH (es TaKoro paccmorpernua. Jamc
9JIeMEHTApHOE BBeJeHWe B TWHAMPKY KPHCTANIWIeCKOH peImeTHM, TpudYeM KIacCH-
geckue (22) u KBaHTOBHE (23) CBOACTBA TaPMOANYECKOr0 KPUCTAJJIA PACCMATPABAIOT~
cs pasgenbHo. CHoco0H M3MepeHHA (OHOHHOTO CcIeKTpa (24), caegcTBHA aHrapmo-
HUIBOCTH (20) m ocolhie 3afiaun, ¢BsA3aHHKe ¢ foHOHaMu B Metannax (26) u MoHHB-
Mu Kpumerayamm (27), o6Ccy:RAaloTCA Ha BIEMEHTapHOM YPOBHE, XOTs OTHEeJbHBIE
YACTH MOCAETHAX YeTHPEeX UePEeYHCHEHHHEIX TIJaB BOOJHE MOrYT OHTb OTHECCHEH
K Gosee cephesHOMY Kypcy. B riaBax, DOCBAMIEHHHX KOJIe0aHWAM PEMIOTKH, HUTIE
He WCOOJb30OBAHKEL OIEPATOPH POMKMEHHA M YHWYTOREHHA HOPMAJABHKIX MOJ; OHH
ONKMCAHH JUImIF B HECKONBKUX OPWIOMKEHWsAX, IpeJHASHAYCHHBIX IJIA YnTaTelxel,
JKeNanmux raylie OBHAKOMHTBCA C IPEIIMETOM.

K mayuenuio ogrOpoiHHX (28) M HEOZHOPOAHLIX (29) MOAYyNpPOBOTHAKOB MOMKHO
UpuCTYnHTh, B JIOGOH MOMEHT Iocie HMBJI0MKeHHA TeopeMhl Dioxa m ofcymmenus
TOJIYKIACCHIECKOR Teopmm. JHAKOMCTBO ¢ AedekTamu B Kpmerandax (30) momHO
HA4YaTh Cpasy sKe IoCIe TOTO, KaK JaHO ONpeflelleHNe CAaMHX KPHCTAJIOB, XOTH
WHOTAQ MHEl W CCHIIAEeMCH HA MaTepHat [PYrux IJaB.

IMocie onmcasws aTOMHOrO MarHeTH3Ma MH paccMaTpUBaeM, KaK OH BuAoH3Me-
HAETCSA B YCIOBHSX TBeporo Teixa (31), maydaem oOMeHHHe M ApPYI¥e MarHHTHEE
B3auMOoFelcTBEA (32) W mpUMeHsieM HOJYYalOMMecs MOLENM K ABJIEHNIO MAaTrHUTHOIC
yoopsanodenus (33). ITo KpaTKoe BBeJeHHe B MAarHETUSM W 3aKIIOUHNTENbHAs IJaBa,
DOCBAMIEHHAs CBEPXIPOBOAMMOCTH (34), ABIAIOTCA B BHAYMTENBHOH Mepe CaMOCTOs-
reapHEMu. QOHE DOMeNleHH B KOHIe KHUTHW, 9TO6H PaccMaTPHBATh COOTBETCTBYIOMUE
ABJCHUSA He B TepMuHax aGCTPaKTHHX Mojelel, a KaK yAWBUTENbHEE CBOHCTBa
peanbHBEIX TBEPABIX TeJ.

C comaseHueM MB O0HADYKWIU, UTO IOCHE CeMH JieT pabOTH Haj KHHTOH,
mpoxonuBmeit He ToAbKo B HopHeane, Ho TakKe U BO BpeMs IPOJOJNKHTEIBHHX
moesnok B KemGpumxk, Jloanon, Pam, Beaambrtron n IO0nmx, Mu He MOsKeM BCIOM-

1) T'n. 19—34 u mpunosxeruss M — P cOCTaBAAIOT B PYyCCKOM H3aHUN BIOPOi ToM. — Ilpux.
ped.
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HHTb BCE CJIyd4aHl, KOIKA CTYHeHTH, ACHMPAHTH, CTAHEPH M KOJIErH Aejajm LeH-
HH¢ KPETHIeCKNe 3aMeIaHAA, JaBaJH ToJe3HEE COBETE ¥ MOMOTaJM HaM pa3obpaThb-
¢ B HeKoTophix Boupocax. Cpeam mpoumx 6JarofapHOCTH 3acay:KmBaloT AmGerao-
rap, Barrepman, Buraxoyn, Bayspc, Bpumrep, mu Hacrpo, Yambepe, Uecrep,
Rorre, Hoyau, Aiinenteprep, Puruen, Ppumaum, Xeitne, Xeugepcon, Xoaxomo,
Jrore, ixosedpeon, Kpymxamen, Hykkounen, Jlarrper, MarJIua, Map, Maxkcpunx,
Mousne, [lappa, Ileupoys, Ilon, Kyuun, Pep, Pomepuo, Pyodd, Pycaxos, Cax,
MMaax, [Mpuddep, Cupun, Cusepc, Cunrorc, Cuncodu, Crpeitau, [Itpaye, Crpayxn,
Mrypm w Ywmarusc.

Ho omun dgenoBexk moBIuAd Ha colep/KaumMe OOYTH KamMOA raasul. Maldwa
E. ®umep, opodeccop xumum, GUBMKE U MaTeMAaTHKH, HAII OpYT H COCeX, HeIaHT
m Tpy0axyp, Hadan 9ATATh PYKONHUCH MecTh JeT Hasad. OH ciefoBal HemocpeqCTBEH-
HO 3a HaM¥ O 9uTaj] HAIUCAHHEe (2 MHOrAA IepelNMCAHHEE U HepellepelWCaHHEE)
TJaBH, IPUAAPASACH K HeACHOCTAM, pasobiadas HEYeCTHOCTH, OTMeYasd HPOOYCKH,
ofosHagas ocu, ucHpaBasa opdorpadudeckme oMUOKU, HepefelHBas pPUCYHKH,
M 9aCTO CHIABHO YCHOKHSAN HaM JKU3HDb, 0e3KAIOCTHO Tpedys oT Hac GoibImmed rpa-
MOTHOCTH, TOYHOCTH, BpasyMuTeJbHOCTH M HoixHoTH. HapeeMmcsa, oH Gyner HoBoieH,
yBUeB, CKoJAb MHOTO ero Hepa3(OpUMBEIX KpPACHEIX IIOMeT HANLIO OTpa)kKeHUHe B
B TeKCTe, I JyMaeM, 94TO CKOPO YCABIIMM OT Hero OTHOCHTEILHO TeX, KOTOpHe TyAa
He TOHAJN.

Opun us Hac (H. [I. M.) Beckma Omarogmapen ¢ormy Aapdppema II. Cmoana
u ¢ouny Imona Cadimona I'yremxeiiMa 3a ImeApylo Hopfep:KKy Ha KPUTHIeCKOR
cragun paloThl, a TaKKe Apy3baM n3 mumepckoro Komnemma B Jlorgone u Mucru-
tyra ¢u3uku mvenu ['. MapKouwu, rie GbLIM HamUCaHHEL OT[elbHEE Pas3feiil KHIIU,
On rakke oveHs muoruM obaszan P. J. laidtepicy, Jekuyun xKoroporo ybemmam ero,
9T0 (pM3EmKa TBepAOro Tela — aTo HpeKpacHaA, scHAaA M lelbHas HayKa. [pyroro
asropa (H. VY. A.), usygaBmero mpeamer y . M. 3aiimanma u A. B. Munnmapna,
HUKOTHA He IOPHUXOJMIOCh yOesnaTh B sToM. OH Xo4er TaKiKe € 6JarofapHOCTHIO
OTMeTHTb HOJAePKKY U rocTempuuMCTBO MacTuTyTa Adepyux uccilemoBanmii B I0au-
Xe, yHHBepcuTera Buktopuu B Beanunrrore, Hasengunickoi radoparopun u Kiaap-
xomaa B RemGpumue.

Urara H. Y. Awrpogm
Uwns 1975 H. . Mepmun



KAR IIOJBb30BATHCS KHUION

Ilo camoit mpupofle KHAT HX TIIaBHl JOJIKHE GHTH JUHEHHO YHOOPAMOYCHEL.
MBI DOOHTATHCH BEIGPATH IIOCHETOBATETBHOCTD U3JI0/KEHNA, B KOTOPOH siCHee BCETo
BUAHBE HeCKOJbKO HepemieTaloMUXCcA JTUHUE pasBUTHA upeamera. IlpuBogumas
tabauna (c1p. 15—16) momxEHa INoMOYb ymTaTedAM, KOTOPHX MHTEPECYIOT OTHEIb-
HHe BOIPOCH (UBUKM TBepHOI0 Teja (Haupumep, KojeOaHHWA pemieTKH, LOJYIPO-
BOTHUKHM MJIM MeTaJJbl), a TAKKe DpellogaBaTe]sAM, KOTOPHE NOJKHBI YYUTHIBATH
anbo orpaHMYeHHOCTh BpeMeHHW, OTBOXNMMOTO HAa KX KYpC, Ju00 coenumKy LOArO-
TOBKHU ciaymaTelei.

Iepeancasa pasmenr:, HeoOXojMMEe I UPOPAaGOTKM Kakjoil TJIaBEI, MBEL
OpuflepsRuBajguch B tabiauiie cienyionmux upaswi: a) Ecau B rabante nporus ra. N
crout «M», TO cofepkanme Ti1. M (1, KoHeTHO, HeoOXONMMEIe JJIA ee UBYIEHUSA IITABH])
BAJKHO I MoHUMaHuA Goxbmeil wactw wmiau Bceit ri. N. 6) Ecam mporus ra. N
crout «(M)», To r1. M He ofasarensEa ansa mpopaborkum ra. N, 1. e. ambo manasg
gacTb ra. N ocHoBaHa Ha ri. M, ambo Hexoropble wacTu ra. M Moryr oxasars
nomoins npu qrenuu 1. N. B) Ecaum B taGamne uporms ria. N He crout Hu «My,
HE «(M)», TO 5TO eIle He 03HAYaeT, UYTO MH Hurjle B N He ccenaeMmcs Ha Ti. M,
ONH4KO KOIJa TaKHe CCHUIKH MMEIOTCH, OHU CBS3AHB B OCHOBHOM C TeM, 4To ra. N
OposAcHsieT coflep:ranue rii. M, a He ¢ TeM, 4ro T. M HCHOAB3yeTCA NPU U3T0KEHAN
MaTepuasa B ra. NU).

OcranpHan 4yacth TabauLB! IOKAa3bBaeT, KaKuM o6pasoM KHHTa MOMKeT OBITH
MCIOJB30BaHa B ofHoceMecTpoBoM (40—50 mernmit) m aByxcemectpoBoM (80—
100 mexmuit) BBOMHKX Kypcax [ CTYAeHTOB MJIAJINX M cTapmux Kypcos. I'masn
(MM BRIEPIKKM U3 TJaB) PeKOMEHAYIOTCA A CaMOCTOATENBHOrO YTeHHUs ), Korpa
OHU UMeIOT YHMCTO ONMCATENBHEIN XapaKTep WM jKe KOIZIa MBI YYBCTBOBAaJH, 4TO BO
BBOJHOM Kypce clefyeT XoTsa OB KpPATKO O03HAKOMHUTL CTYAeHTOB ¢ KaKuM-1ubo
BOIIpOCOM, Ha mofpolHoe paccMoTpeHUe KoToporo HeT Bpemenun. HoHeuHo, mopsanox
n3i0eHnA mocraTouno tuOoxk. Hampumep, XoTa JAByXceMeCTPOBEIE Kype MoKeT
COOTBETCTBOBATH TpejjlaraeMoil B KHUIe IOCJe0BaTeJbHOCTH, BIOOJHE JOHYCTHMA
U HHasH ero CTPYKTypa, Korja B IepBOM CeMeCTpe M3JaraeTcs Coliep#ianue oHoCe-
MECTPOBOTO Kypca, a BTOPoil OTBOTUTCA Hasi 6olee TPYIHHX BOOPOCOB.

B BBOgHOM KypCe /IS MOArOTOBJIEHHKX CiymmaTesell, YATaeMOM ITOCIe OFHOCe-
MeCTpOBOTO 0030pa A CTYAeHTOB MJIAAIUX KYPCOB, Heilecoo0pasHo, BEPOATHO.
HCIOAb30BATEH pasfellbl, ONMyMeHHEE B BYXCeMeCTPOBOM Kypce MIJsA CTYIEHTOB
MJIAIINX KypPCOB, & TaKiKe BCe NMIECTHAANATL HPHIOMKEHMI.

1) Takum o6pasomM, 9TOOR JOHTH ¢ MUHHMYMOM OTKJIOHeHHI o ri. 12, meobxommmo mpo-

9uTaTh rI. 8, 5, 4, 2 u 1.
2) BepoATHO, CTYHEHTaM CJjiefiyeT PEKOMEH/0BATh UHTATB TAKKe H TIJaBH, HUBJaraeMhe

B JIEKIUSX.



Marepnau, OnHoCeMeCcTPOBRIA IBYyXceMeCTpOBBLA
KOTODH® He- BBOOHBIA KypcC BBOOHEIY KypcC
06xX0onMMO
Tnasa npenBapm-
Tem‘.{}:ﬁ‘: 3y- JIeKIAN yreHne JeKINN qTCHME
1. Teopna Jipyne — Bee Bee
2. Teopuna 3omMepennna 1 Bee Bee
3. Hemoctarku MogeJi CBO- 2 Bee Bce
(OHLIX 2JeKTPOHOB
4. Rpucraapudyeckune  pe- Hugero Bxpatue Bee Bce
WeTK!
5. ObparHas pelerka 4 Bcee Bcee
6. JIudparousa peHTICHOB- 5 104—113 Bee
CKUX Jyd4eil
7. CuMMeTpHs KPHCTaJll0B 4 Bee
8. Teopema Baoxa 5 139—149 Bee
9. Tlouru croGOXHBIE BJEK- 8 (6) 158—172 Bee
TPOHEL
10. CuubHas CBA3b 8 180 180—188 188193
11. Pacder 30HHON CTpyK- 8(9) 195—196 Bee
TYPH
12. Toayruaccmieckan IH- 2,8 216-—236 216—236
HAMUKA
13. Honyknaccuyeckas Teo~ 12 245247
’ pns MepeHoca
14. Omnpenmenenne moBepx- 12 265—275 265—275
noctu Depmu
15. 3owHaA cTpPyKTypa Me- 8 (2, 9, 10, Bce Bce
TAJLJI0B 11, 12)
16. 3a mpepenamu mpubnu- 2 (13) Bee
JKEHUS BPeMEHH pejak-
canun
17. 3a mpepenamu npubam- 2 337—342.  329-—343 344—350
KeHNA He3aBHCHUMEIX
HIEKTPOHOB
18. TlopepxHocrhne spdertr 2, 4 (6, 8) 353—364 353—364




IIpodoamenue

MarepnaJ, OnnoceMeCTPOBHM IIByxCceMeCTPOBRIY
KOTODHHU He- BBOINHEIN KypC BBOOHHE KypC
06x01IMO
T'aaBa opexsapu-
TeJIbHO B3y~
amTh JleKIUn dTeHAe JTeKnuu 9Tenue
19. Kaaccuduranua  TtBep- 2, 4 (9, 10) Bcee Bce
IHX Tel
20. Horeamommas »Heprus 19 (17) 1. 2, 26—40 Bcee
21. Hepocrarku Mopean cra- 2, 4) Bcee Bce
THYECKOH PpeileTKU
22. Kunaccmueckuil rapMoBu- 5 T. 2, 50—66 Bee
9eCKU# KpHcTaii
23. HpBaHTOBHIi rapMOHHYEC~ 22 T. 2, 79—91 Bce
KHA#l KpucTaII
24 . l3amepenue 3aKOHA KUC- 2,23 1. 2, 97—108 Bce
nepcun GOHOHOB
25. Anrapmonundeckie  ad- 23 1.2, 127—133 Bcee
$eRTH
26. ®onoHE B MeTajdiax 17, 23 (16) T.2,149—152 1.2, 138 —145
1. 2, 149—152
27. JluameKTpudecKue CBOU- 19, 22 7.2, 1567—166 Bce
CTBa
28. Opmopopmmere moaympo- 2, 8(12) T.2,184—203 Bcee
BOJHUKI
29. Heommoponusle  moxy- 28 T. 2, 210—220 Bce
IIPOBOAHKKN
30. Hedexru 4(8, 12,19, T. 2,247—253 Bee
22, 28, 29)
31. JnaMarmerusm, mapa- (2, 4, 14) 1.2,277—281 Bce
MarEeTusM
32. Marautume Bzanmopeit- 31 (2,8, 10, T.2,286—297 1.2, 286—297
CTBUSA 16, 17)
33. MarmurhHoe ymopsagode- 4, 5, 32 1.2, 308—316 Bcee
HUuE
34. CBepxXUpOBOAIMOCThH 1, 2 (26) 1.2,340—351 Bee
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TEOPIA METAJIJIOB JPYJIE

OCHOBHBIE NNPENIIOJIOKEHNA MO EJN
CTOJJKHOBEHUA N BPEMEHA PEJAKCALINUN
CTATUYECKAA 9JEKTPONPOBOOHOCTD
SODOEKT XOJJA 1 MATHETOCOIIPOTUBJIEHUNE
BBICOKOYACTOTHAA 3JEKTPOIIPOBOOHOCTH
JUJIEKTPUYECKAA OYHEINNA U MJIASMEHHBIN PEBOHAHC
TEIIJIONIPOBOJHOCTB
TEPMOJJERTPUYECKUE 3OOEKRTHI

Metamnsl 3aHUMAIOT 0cof0e DON0KeHNe B (U3MKe TBepoOTO Tejia, O0HADYKUBasd
PAJ HOPABHUTENbHHX CBOWCTB, OTCYTCTBYWINUX y APYTHX TBEPAHX TeJ (TAKAX, KaK
KBapIH, cepa M o0bMHAA coidb). Bce oHM - mpexpacHHe HOPOBORAHMKU Telia H
3JIEKTPUYECTBa, 007IaTal0T KOBKOCTBHIO M IIIACTHYHOCTBIO, 6JIeCTAT HA CBEKEM Cpese.
HeoGxoqamocts o0bACHeHUs: HOJOOHEIX CBOMCTB MeTAJJIOB CTUMYJIHPOBala CO3Ma-
HUe COBPEMEHHOH TeOpHU TBepPHOro Teja.

Xora GONBIIMHCTRO OOHYHO BCTPeYAIOMUXCH HAM TBEPAHX TeJN He ABIANIOTCA
Meraiinamu, ¢ Kouna XI1X croserns jo HacTosAIMero BPeMeHM METAJLIE UTPAIOT BajK-
HYI0 poab B TeOpHH TBepjoro Teisa. (OKazamoch, ITO METANINIECKOE COCTOAHUE
npeacraBiasgeT cob0oll ofHO M3 BajKHEHIIUX COCTOAHMI BemecTBa. Hampummep, xumu-
YecK@e JAeMEeHTH ABHO IPEANOUINTAIOT MeTalIudecKoe COCTOHNE: (ollee ABYX TpeTell
n3 Hux — Meramwianl. Jlake mias ofbAcHeHuA CBOKCTB HEMeTaIOB HeoGXOmmMo
HOHATh CBOCTBA MeTaJI0B: JMIIb 00BACHHUB, IOYeMY Melb eCTh TAKOH Xopomuid
UpPOBOAHUK, MBl y3HaeM, IloueMy MM He sIBaAsAeTCA OOBIYIHAA COJb.

Hocaenuue cro Jer PU3HKM WIBITAIOTCS MIOCTPOUTH IIPOCTHIE MOEIH MeTaJLIH-
YeCKOT0 COCTOSHMA, KOTOpHle I03BOAWAM OH KAYeCTBeHHO M J[ajKe KOJIMICCTBEHHO
00BACHHTH XaPAKTEePHEe MeTAAINIeCKIe CBoMCTBA. B X0/le 9THX HOUCKOB GllecTAIIMM
ycrexaM HeOJHOKDATHO COIYTCTBOBAJHN TAK:Ke, KasaJoch OHI, GesHaJe:KHble Heya-
yu. [laske caMBle paHHHWe MOJeNN, XOTA OHM M COBePIIEHHO HEBEPHH BO MHOTUX
OTHOHmEHUAYX, UPH NPAaBUALHOM WX MCHOJNb3OBAHWE U Telepb HPEJiCTABIAIT OrPOM-
HEI HHTepeC A1 (U3HKOB, 3aHATHX MCCIELOBAHHAMHI TBEPAOr0 Tela.

B macrosamei riaBe MH pacCMOTPHUM T€OPHIO IIPOBOTAMOCTY METAJIO0B, HPELI0-
mennyio Ipyae [1] na sape mamero cromerusa. Ycmexu monen: J[pyne 6suin 3Haqm-
TeJTBHBIMHU; OHA M II0 HAaCTOAMMHA JIeHb 9acTO MCHIOJAB3YeTCs, HOCKOJIbKY H03BOJAET
GBICTPO MOCTPOUTE HATVIARHYIO KAPTAHY W MOAYIATH TPYOHe OlleHKY XaPAKTePHACTHR,
foJlee TOUHOe OHpeNleNeHWE KOTOPHX MOIrJI0 OB IOTPeGOBATEH CIOKHOTO aHAJU3A.
Onnaxo Momens [pyme He Moria OOBSACHETL HEKOTODHE SKCIePHMeHTH U, KpoMe
TOTO, HPHBOAHIA K DALY KOHHENTYaJXbHHX TPYAHOCTEeH, 4TO U OUpefeduao Kpyr
BOIPOCOB, ¢ KOTOPHIMM TCOPHM MeTAJJIOB HNPUOLIOCH HMeTh [el0 B CIeYIHIYI0

geTBepTh Beka. OHE HAmAW CBoe paspelleHUe JIAMIb HOCHE CO3MAHUA CJIOMKHON
H TOHKOH KBaHTOBOH TeOPUH TBepHOTO TeJa.
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OCHOBHEIE IPEJIOJIOREHNA MONEJM JPY/IE

B 1897 r. ToMcoH OTKDEI DJIEKTPOH. ITO OTKPHTHe 0Ka3zano TIPOMAjHOE
¥ HeIOCPeACTBeHHOe BO3MeHCTBHe HAa TEOPHIO MATEPHU W LO3BOJIIO TaKde o6Bac-
HATH UPOBOUMOCTE MeTalioB. Yepes Tpu ropma mocde oTkphiTus Tomcona [Ipyne
paspaboTajl CBOIO TeOPHMIO 3JeKTDPO- M TemJonpoBoAHocTH. IIpm aTom oH paccmartpu-
BaJi 9JIEKTPOHEL B MeTaJlile KaK 3JeKTPOHHLIH ra3 1 OPUMEHMI K HeMY KUHETHYECKYIO
TEOPUIO Ia30B, OKA3ABIIYIOCA BechMa IJIONOTBOPHOM.

B kunermuecko#t Teopum, B ee caMoil NPocTOR Gopme, CIUTAIOT, UTO MOJEKYIIHI
rasa OpejcTaBJIAIT co6oll OMHAKOBHE TBepJHe cephl, KOTOpHeE ABWKYTCA IO OpA-
MEIM JIDHEAM [0 TeX Hop, IoKa He CTOJIKHYTCA APYr ¢ Apyrom !). Ilpeanonaraercs,
9T0 OPONOKHTENBHOCTh OTHeIBbHOTO CTOJKHOBEHHWA OpeBeGpeRUMO Majla U UTo
Me)RIY MONEKRYJIaMH He AeACTBYeT HMKAKHX WHEIX CHJ, KPOMe BO3HHUKAKWIHX B MO-
MeHT CTOJIKHOBEHHS.

B mpoereiimux rasax WMeIOTCH JWIMb JaCTHIE OXHOTO COpPTa, B MeTalllax jKe
UX JNOoKHO GHTH IO MeHbINe# Mepe ABa: 3JeKTPOHH 3apsKEHH OTPUIATENBLHO,
a MeTAJI B TeJMoM dJIeKTpudecKu HeltTpaneH. [Ipyhde Lpenmodosui, 4TO KOMIeH-
cupyIomui HoJOMUTENBEHI 3apAX DPHHANJERUT ropasfo 0ollee TAMEIKIM YaCTH-
aM, KOTOphie OH CUMTa] HeNOABWKHEMU. B To BpeMs, ofiHaKo, ellie He MOHHMAJRN
TOYHO, HOYEMY B MeTaJjie uMeloTcs nofo0HEe JerKue MOABUIKHEIe 3JeKTPOHB U Golee
TsKeNble HeMOABMKHbIe MOJOMKUTEIbHO 3apsA/ReHHble HOHH. Pemenne 310l npobie-
MBI CTAJIO OLHUM M3 (YHIAaMeHTaJdbHBIX JOCTHKeHAN cOBpeMeHHO0# KBaHTOBOH Teopuu
TBephoro Texa. Ilpwm obcysmpenuu momenu pyne, ofHako, HaMm GyZeT MOCTATOYHO
OpoCTO MPefNONORATE (IJs MHOTHX MeTAJJIOB 9TO IPeANOoJoKenNe 0IPaBIaHo), 4To
KOTIa aTOMHBI METaNJINIeCKOTO 3JIeMeHTa 06 beINHAIOTCH, 00Da3ysa MeTasl1, BaJeHTHEe
3IEKTPOHE OCBOOOMKHAIOTCA W TOJYYaIOT BO3MOMMHOCTH CBOGONHO IepelBHTaThCA
[0 MeTaJIy, TOria KaK MeTajjudecKWe HMOHEL OCTAIOTCA HeWM3MEHHHIMU M HMIpajoT
POJb HEeDOJABUKHBIX HONOMKUTEIBHHX YacTull Teopuu [pyme. 9rta Momenb cxeMaTn-
gecku umaobpaskena Ha ¢ur. 1.1. Kampmit oTHeNsHHIE aTOM MeTAaNIHMYeCKOrO die-
MeHTa UMeeT SIAPO ¢ 3apaAfoM eZ,, Iie Z, — aTOMHHI HOMep M ¢ — BeJUYNHA 3apAja
sneKTpoHa ?): e = 4,80-107% ex. CI'CO = 1,60.1071® Ha. Boxpyr smpa pacmoio-
KeHo Z, IeKTPOHOB C IOJHHM 3apanoM — eZ,. HekoTopoe uncio Z us Hux — »T0
cnabo cBA3aHHBIEe BajieHTHHe sieKrpounl. Ocratomuecs Z, — Z 3AeKTPOHOB JOBOIb-
HO CHJIBHO CBABAHH € AAPOM; OHM HIPAlOT MEHBIIYI0 PONBb B XMMHUIECKNX peaKmuAX
¥ HOCAT HasBaHUE JJAeKTPOHOB aToMHOro ocroBa. Horma msonmpoBaHHEE aTOMBI
o0 peUHAOTCA, 00pasysa MeTajd, 3JIeKTPOHE aTOMHOTO OCTOBA 0CTAIOTCH CBA3AHHBI-
MU ¢ AJPAMH, T. €. BO3HUKAIOT METAJNNYEeCKUe MOWH. DaleHTHHe jKe 5JIeKTPOHH,
HaoGopoT, NpuoGPeTAIOT BOBMOMKHOCTD [IaJeKO YXOMUTH OT ¢PORMTEIBCKHXY» ATOMOB.
B meraasax »TH »JeKTPOHB HA3HIBAIOT HJICKTPOHAMHU LIPOBOAHMOCTH %),

K rakomy «rasy», cocTOAMEMY U3 BJIEKTPOHOB ¢ Maccoil m, KoTophie (B OTIHYNE
OT MOJIeKYd OOBIIHOTO Trasa) ABWKYTCA Ha (OHe TSIKENIHX HeNOJBHKHBIX UOHOE,
Jpyne mpuMenusn KuHETHUECKYI0 Teopmio. IIITOTHOCTH 3JIEeKTPOHHOTO Ia3a MOMHO

pacCcYnTATH CAEAYIMUM 00PasoM.

1) Uanm e cO CTeHKAMHU COCYJa, B KOTOPOM OHM COieprarca. Bo3MOKHOCTBIO TOTO O0HYIHO
mpereOperalT HPEW PACCMOTPEHHM METAIIOB, MCKIIOTAs CIYJaH, KOrja HAC UHTepecyIT adderTr
B TOHKHX IPOBOJIOYKAX, TOHKHMX IJIACTMHAX MU IIOBePXHOCTHHE 3(eKTH .

2) Mer Bcerga OymeM CUHTATh ¢ MOJOMKUTEIBHEIM.

3) B Tex ciyuasx, KOrja dJIEKTPOHK ATOMHOTO OCTOBa, KaK # B Mojean [[pyne, urpamor
NACCMBHYX PONb, a HOHRK BHCTYHIAOT B KAYeCTBE HOJCNUMEIX MHODTHHX OOLEKTOB, DJIEKTPOHb!
IPOBOAMMOCTH YaCTO HA3BIBAIOT IPOCTO «PJIEKTPOHAMH», COXPAHAA IIOJHO® WX HAHMEHOBaHHE
IJIA cliydaeB, KOTAa HeoOXOnUMO MONYePKHYTH PA3NHYHe Me;KAY 3JeKTPOHAMHA IIPOBOAUMOCTH

¥ 3JEeKTPOHAM® aTOMHOI'O OCTOBA.
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®ur. 1.1. a — cxemaTnueckoe n306pasKeHne M30AUPOBAHHOTO aToMa (MacinTabu He COOJIONECHH);
6 — B Merajule SAAPO M MOHHEII OCTOB COXPAHAIOT Ty K¢ KOHPUTYpAUni0, 9T0 1 B M30JHPOBAH-
HOM aToMe, a BAJEHTHHIE ICKTPOHBI IIOKUI2I0T aTOM U 00pasyIOT 3NeKTPOHHNE ras.

Merannngeckuii saement cofepmur 0,6022-10%¢ aromo mHa 1 Moas (umero
ABoranpo) m pm/A mouneit Ha 1 cm®, THe Pm — MaccoBad IJIOTHOCTH (B IpamMMax
ma 1 cm®), a A — orHocmTenwvHam atoMHas Macca. [[OCKONBKY BKIAN KajKIoro
aToMa paBeH 7 dIeKTPOHOB, WHCHO dieKrpoHoB Ha 1 em®, n = N/V, ects

n=0,6022-1024z—3’"« (1.1)

B ra6a. 1.1 opuBefeHH IJIOTHOCTH 3JIEKTPOHOB IPOBOIUMOCTH AJIs HEKOTOPHIX
meTannoB. O6uaHO oHE mMeloT mopamok 1022 smekTpoHoB mpoBonumocta B 1 cm®
u usmensiores or 0,91 -10% nasa nesust o 24,7.10?% qua Gepunaua ). B raba. 1.1
IpuBefeHH TaKike 3HAUeHUSA BeJINYWHH rg, MHUPOKO OpUMeHAeMOd Kak Mepa ILIOT-
HOCTH 3JIeKTPOHOB, I's — pajuyc cdepsl, 06beM KoTopoll paBeH o0beMy, IPHUXOAA-
meMycsl Ha OfWH DIEKTPOH mpoBojguMmoctn. Takum obpasom,

Vo1 4an r__(:s)l/s
57\ 4nn

e (1.2

B raba. 1.1 smauenns ry ganel Kak B aurcrpemax (1078 c¢m), Tak u B egmumnax Go-
poBcKOTO pagmyca a, = h*/me* = 0,529.10-® cM; mociemHO0 MIWHY, KoTopas
xapaKTepusyer pajuyc aroMa BoJOpoJa B OCHOBHOM COCTOAHHH, 9aCTO MCIOOJIb3YIOT
B KauecTBe MacmTafa OPM W3MePEeHNH ATOMHHX pacCTOAHUA. 3aMeTuM, 9T0 B GOJAB-
MAHCTBE CIy4aeB OTHOIIEHMe I'y/d, 3aKJI0YeHO MeXAYy 2 M 3, X0TA B IMeJOIHEIX
MeTaJlIaX OHO JERHT MeKay 3 u 6 (2 B HeKOTOPHX MeTaJJAYeCKHX COeAMHeHHmAX
mosKeT mocturath 10).

[InotHocts rasa smexTpoHoB mpoBoguMmoctu mpumepHo B 1000 pas 6Gombme
IJIOTHOCTH KIACCUIECKOTO ra3a IpH HOPMAaJbHEIX TeMIepaType u faBiennu. Hecmor-
pH Ha 9T0 M HeCMOTpPS Ha HaJUYAe CHIBHOTO 9JeKTPOH-3J1eKTPOHHOIO M 3JIEKTPOH-

1) TaroB uHTEDBAJN 3HadeHUil BIEKTPOHHON IIOTHOCTH [J1f METAJINYECKUX DJIEMEHTOB HpN
HOPMAJBbHHX YCJI0OBUAX. DoJjiee BHICOKHMX NJIOTHOCTell MOJKHO [OCTHTHYTH, IOJBEpTras BemecTBO
HABIEHNI0 (KOTOpoe OJaroNpHATCTBYET BOSHHKHOBEHHI) METAJUIRYCCKOTO COCTOAHHMA). MeHbIIue
IJIOTHOCTH HAOMIONAITCA ¥ XMMUIECKHX COCUHEeHHN.
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Tabauya 1.1
BJIQKTPOHHB]G INOTHOCTH HCROTOPBIX METAMIMYECKHUX JJIEMEHTOB
COTVIACHO MOJeaN CBOOOJHBIX 3IEKTPOHOB 2)
DireMeHT VA n, 1022 cy—3 e A r/ag
Li (78K) 1 4,70 1,72 3,25
Na (5K) 1 2,65 2,08 3,93
K (5K) 1 1,40 2,57 4,86
Rb (5K) 1 1,15 2,75 5,20
Cs (5K) 1 0,91 2,98 5,62
Cu 1 8,47 1,41 2,67
Ag 1 5,86 1,60 3,02
Au 1 5,90 1,59 3,01
Be 2 24,7 0,99 1,87
Mg 2 8,61 1,41 2,66
Ca 2 4,61 1,73 3,27
Sr 2 3,55 1,84 3,57
Ba 2 3,15 1,96 3,71
Nb 1 5,56 1,63 3,07
Fe 2 17,0 1,12 2,12
Mn (o) 2 16,5 1,13 2,14
Zn 2 13,2 1,22 2,30
Cd 2 9,27 1,37 2,59
Hg (78K) 2 8,65 1,40 2,65
Al 3 18,1 1,10 2,07
Ga 3 15,4 1,16 2,19
In 3 11,5 1,27 2,41
Tl 3 10,5 1,31 2,48
Sn 4 14,8 1,17 2,22
Pb 4 13,2 1,22 2,30
Bi 5 14,1 1,19 2,25
Sb 5 16,5 1,13 2,14

a) IIpu KOMHATHON TeMncepaTtype (000 300 K) u aTrmochepHOM NABJICHMH, CCJOM HE OrOBOPEHO WHHOE,
Paguyc L cdenn cBOOOTHHX 3JIEKTPOHOB Onpencnaerca dopmynon (4.2). MBl NPOU3BO.IBHO BBHIGPAJM BeJIUUM-~
HY Z 1A TeX 3JIeMeHTOB, KOTOpble ofmamalor Gojee deM ONHOM XMMHYeCKOH BaJeHTHOCTHIO. Mojenb IOpyae
He JaeT TeOPEeTHYecKOro OODOCHOBAHMA IJA TAKOro BeIfOpa. 3MadeHMA 7 OCHOBAHBI HA JAHHBIX, B3ATHX N3
tabmun Yurobha [2].

HOHHOTO B3amMofelcrBus B Mofenu {pyae mas paccMoTpeHHA 3IeKTPOHHOIO Tasa
B MeTaJIaX MOYTH Ge3 M3MeHEHWHA OPUMEHATCH MeTofh KUHEeTHIEeCKOH TeopHHu
HCHTpPAJBHEX paspemeHHHX ra3oB. [IpuBemeM ocHoBHBIe IPeHOOIOMKEHHS TeOPHH
Hpyze.

1. B uHTepBasle MeKAy CTOXKHOBeHHAMEH He YUIUTHBaeTCA B3amMoleldcTBHe
QNIEKTPOHA € JPYIUMA 3MeKTpOHAMH M MoHamu. WHHIMH cIoBaMHW, OpHHHMAaeTCHd,
470 B OTCYTCTBUE BHOUIHNX 3AeKTPOMATHUTHHIX IOoXell KA;KABA 2MeKTPOH [BUMETCH
¢ HOCTOAHHOM CKOPOCTHIO 0 mpaAmoil amaud. [lanee, cauraior, 9T0 B HPHCYTCTBHAR
BHENIHHEX IOJe#l 3JMeKTPOH MBWIKETCSI B COOTBeTCTBUH ¢ 3akoHamu HeproroHa; mpu
9TOM YHYATHBAIOT BIWAHHE TONBKO BTHX IoJell, mperedperas CHOKHBIMHE JOUOJHH-
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TeJbHBIMH IOJAMHU, HOPOMK/aeMBIMY APYTUMY 3JeKTpoHaMu U nonamn ). Ilpubnmxe-
HUe, B KOTOPOM nIpeHe0peraloT »IeKTPOH-3NeKTPOHHHIM B3auMo[elCcTBHEM B Npo-
MeRYTKAX MEKAY CTOJKRHOBEHUAMU, W3BeCTHO IO HAa3BaHUEM NPUOAUINCEHUS He3d-
sucumvlr saekmporos. CooTBeTcTBeHHO upuOAmM;KeHHe, B KoTOopoM npeHeOperaior
3JeKTPOH-LOHHEM B3aNMojleliCTBIeM , HA3KBaeTCA RPUGAUNEHUEM C60600HMX 24eKMPO-
nos. B mocaemyrommx raaBax MB OOHapykuM, 9ro Ipubianmxenue He3aBUCHMBIX
5JeKTPOHOB OKA3BIBAETCSA HEOMKUMAHHO YHAUHEIM BO MHOTHX OTHOINEHMSX, TOTHA
Kag OT IpuGaAuKeHUA CBOGOMHBIX DIeKTPOHOB HPHXOAUTCH OTKABATBCHA, NAKE eCHH
MHB XOTHM JOCTHYDL JHIb KAYeCTBEHHOTO
MOHUMaHWA HOBelleHNA MeTajlloB.

2. B mopmeau Hpyme, kak u B KuHe-

THYECKOH TeOpHM, CTOJKHOBEHUS -— 3TO
MTHOBeHHEIE COOBITHS, BHE3aNHO MEHAIO-
mue CKopocTh sieKkTpona. [lpyae cBA3HBa
uX € Tem, 9T0 SJeKTPOHBl OTCKAaKUBAIOT OT ®ur. 1.2. TpaekTopus »JeKTpPOHA TIPOBOJII-
HEIPOHNIAEMEIX CepPAleBHH WOHOB (& ¥e meeTn, paccenBaomerocst Ha MOHAX, B COOT-
CcUNTaJd UX B.HGKTPOH—BJIGETPOHHHMI/ICTOJIK— BeTCTBHN C HalBHbBIMII TDIpeACTaBIeHIIAMU
HOBEHUAMY IO AHAJOTMH C TOMAHUD YIOIHM Apyne.
MeXaHU3MOM CTOJIKHOBeHUH B o6H9HOM rase). [losqHee MBl yBULMM, 9TO IpH OGHYHEIX
VCIOBHAX paccesHHe 3JeKTPOHOB Ha dIeKTPOHAX [eHCTBHTeJBHO ABIAETCA OXHUM
H3 HAWMeHee CYIECTBeHHBIX MeXaHH3MOB paccesnus B Mmeranuae. OmHako mpocras
MexaHUgecKasa Moaedpb (fur. 1.2), coriacHo KoTopod 3JeKTPOH OTCKaKMBaeT OT
WOHA K WMOHY, BechbMa jlajleKa oT AeficTBUTenbHocT: 2). W cuacThio, Bo MHOTMX
3a7layax »T0 He BaJKHO: 1A Ka4eCTBEHHOTO (U Hajke KOJMYECTBEHHOTO) DOHWMAHMSA
OpPOBOAAMOCTH METAJLIOB JOCTATOYHO IPOCTO IPEHIOJOKUTh CYIEeCTBOBAHNE KaKO-
20-Mm0 MexaHHM3Ma paccesinus, He BIABasgch B MOAPOOHOCTH OTHOCHTENBHO TOrO,
KaKOB UMeHHO 3TOT MeXaHU3M. VcnoNb3ysa B CBoeM aHAlM3e NUIMb HeCKOJABKO o0mumX
CBOMCTB Hpollecca CTONKHOBOHNA, MBI MOKeM He CBA3HBATHL cebs KOHKPeTHOH KapTu-
HO#l cToNKHOBeHWU. ITu oOmMMe XxapaKTepHEe WePTH ONMCHBAIOTCA CHCNYIOIMUME
IBYMA OPeANON0KeHNAMI.

3. bygemM mpepmomararb, 4WTO 33 eAUWHHUNY BpPEMeHH B3JeKTPOH WCHHITHBaeT
CTOJKHOBeHWE (T. e. BHe3allHOe H3MeHeRHMe CKOPOCTH) C BEDPOATHOCTBIO, PaBHOM
1/1. meercss B Bumy, uTo AJsA 3JIeKTPOHA BEPOATHOCTH HUCUHITATH CTOJNKHOBeHHE
B TeYeHNMe 0ECKOHEYHO MAajJoro NPOMEeKYTKa BpeMeHM df paBHa mpocTo di/t. Bpe-
Ms T Ha3HBAKT BpeMeHeM peJaKcalnuu, WiKu BpeMmeHeM cBo0ojHOro mpofera; oHo
urpaer ¢yHIAMEHTANLHYI0 POAL B TeOPHM NPOBOAMMOCTH MeTajuoB. M3 sroro
OpefioNOKeHUs CIedyeT, 4YTO JIeKTPOH, BEIODAHHBEI HayTaZi B HACTOAIMUA MOMEHT
BpeMeHHu, GydeT NBUTATHCSA B CpeflHEM B TeUeHUe BPEMEHH T /10 ero CjedyIOMero
CTOJKHOBEHUS ¥ YiKe JBUTAJCA B CpelHEM B TeueHUe BpeMeHH T ¢ MOMEHTA IpefbiIy-
mero cToiaxHoBenusd ). B mpocrefimux mpunokenusax wmopenau pyne cuuTaior, uro
BpeMs peJaRcauuu T He 3aBHCHT OT HPOCTPAHCTBEHIIOTO IOJOMKEHMA HIEKTPOHA

1) Crporo roBops, MEL He MOKeM yTBeDIKIATh, IT0 3IeKTPOH-HOHHOE B3aUMOAEHCTBHC COBep-
IIeHHO He YYHTHIBAeTCHA, LNOCKOJBKY B Mojeau Jlpyne HeABHO MpeANIONaraeTCA, MTO MABIMKEHNC
9JIeKTPOHOB OrPamngeHo o00beMoM MeTamna. OUeBHAHO, TAKOe OrpaHHICHHE O0YCIOBJIEHO MPUTH-
JKEHUEM JJIEKTPOHOB K MOJIOKITENbHO 3apAeHHsM HouaM. UTobs rpybo yuects dddexrrtsl saex-
TPOH-MOHHOTO W 2JEKTPOH-IICKTPOHHOTO B3amMojeiicTsis, NOJOGHHE 93TOMY, K BHOMIHUM IOMAM
qacTO0 MOGABIAIOT COOTBETCTBEHHO 110700PAHHOE BHYTPEHHEE I[IOJe, OINCHBAIOMICE yCPCTHEHHEIIT
aderT, 00A3AHHELI HTOMY B3anMOEHCTBUIO.

2) B TedeHme HEKOTOpPOro BpeMeHH (QU3NKH OBLIM 3aHATH PEIICHUEM TPYAHHIX, HO HECYyIIe-
CTBEHHBIX 3a/la¥ CBSASAaHHBIX C TOUHEIM IIONAjlaHUEM JIEKTPOHA B HOH B KAJKEOM OTICJBHOM
cronkaoBeHun. Cregyer pemmnTeanHo uaberats G6yRBanbHOTO mMoHmMadus ¢ur. 1.2.

3) Cm. samauy 1.
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u ero ckopoeru. Ilo3gHee MB yBUAUM, UTO BO MHOTHX, HO ¥e BO BCeX 3a7adax TaKoe
OpefiloNoKeHNe OKA3HBAETCA YAWBHUTEIBHO XOPOIIHM.

4. IlpenmonaraeTcst, 4TO 3JIeKTPOHBl IPHXOIAT B COCTOAHNE TEIJIOBOTO PaBHO-
BeCHSA CO CBOMM OKDY/HeHHeM HCKJIIOIUTeNLHO (aarofaps cToJKHOBeHWsaM 1. Cun-
TAeTCA, YTO CTOJKHOBEHHA IHOAEP;KUBAIOT JOKAJIBHOE TepMOJNHAMUYECKOe PAaBHO-
BecHe TUPe3BHYAHHO INPOCTHM CIOCOGOM: CKOPOCTH 3JIEKTPOHA Cpasy sxke Iocjae
CTONKHOBEHHSA He CBA3aHA C er0 CKOPOCTBHIO X0 CTOJNKHOBEHHUs, a HampaBieHa CIy-
YaiiHHM 00pa3oM, OpHWYeM ee BelIWINHA COOTBETCTBYeT TOi TeMIepartype, KOTopas
npeBajgupyer B o0xacTé, I'le IOPOHUCXOAWIO CTOXKHOBenue. lloatomy uem Gouaee
ropAdeil ABNAeTCA 06JaCTh, I'le IPOUCXONKT CTOTKHOBenre, TeM §olbIell CKOPOCTHIO
o0agaeT BIEKTPOH IOCHE CTOIKHOBEHU.

B ocraBmeiicsa 3actTi TIaBH MH OPOMIIIOCTPUPYEM 3TH LOJOKEHUSH, PACCMOTPEB
Hauboee BayHHE NPUIOMKEHHSA TeOPHH U ofpamas BHMMAaHMe HAa TO, HACKOIBKO
XO0pOITO TEeOpUsS OHHUCHBAET HabafofaeMble ABICHUS.

CTATNYECKAA 3JEKTPOIIPOBOJHOCTD METAJIJIA

B coorBercrBun ¢ sakorom Oma Tok I depes HPOBOXHUK IPONOPHUOHAJIEH Iaje-
HUI0O HaumpsskeHus V Bmoas mpoBopuuka: V = JR. ConporuBienne mpoBojanuka R
3aBUCUT OT €r0 PasMepoB, HO He 3aBUCUT OT BeJUYHHE TOKA UJM NaJleRUA HaIpsiie-
uusa. Monens J[pyne mo3Bosser o6bACHUTD TAKYIO 3aBHCHMOCTD M OI[€HUTH BeIHYHHY
COIIPOTHBIEHHA.

O6pryuo 3aBucuMocTh R 07 (OPMEI IPOBOMHHKA YCTPAHAIOT, BBOJA HOBYIO
BEeIUNINHY, XapaKTepHU3yOIMYI0 yiKe TOJBKO CaM MeTaJJ, M3 KOTOPOTO CHEJAH HPO-
BOJHHUK. Y[edbHOe COIIPOTHBJIEHHWE 0 OIpelenAerci Kak KodQumumeHT mpomop-
UMOHANBHOCTH MEKIY HAUDIKEHHOCTHIO 3ieKTpHuIecKoro noad E B HekoTopoit Touke
MeTajijla ¥ BEI3EIBAEMOH UM ILIOTHOCTBIO TOKa j§ 2):

E = pj. (1.3)

IlnoTHOCTE TOKA § mpegcraBiser cofoil BeKTop, UapajulelbHBI IOTOKY 3apsafa;
€ro BeJIMYMHA PABHA KOJHIECTBY 3apAna, HPOXOMsAINeMY 3a eIMHUNY BpeMeHH uyepes
eMUHAYHYI0 INIOMAKY, HepHeHTUKYJIAPHYI0 IOoTOKy. IloaTomMy, eciam dwepes mpo-
BOAHEK AAMHON [ ¥ IIOMANbi0 MONEePEeYHOro cedeHma A mueT MOCTOSHHHMA TOR [,
TO MIOTHOCTH TOKa paBHa j = I/A. Tar Kak majeHNe HAUPSKEHUA HA TPOBOJHUKE
pasao V = EL, u3 ¢opmyus (1.3) cuemyer, uro V = [pL/A u, ciemosaTelbHO,
R = pL/A.

Ecnmu Bce n »71eKTPOHOB B eXuHULE ofbpeMa IBMIKYTCA C OJHHAKOBOH CKO-
POCTBIO vV, TO INIOTHOCTH TOKa mapainenbHa v. Jlamee, 3a BpeMsi di 3JeKTPOHHI
CMECTATCA Ha PACCTOAHME U di B HAIPABIEHHN vV, TIO3TOMY 3a 3TO BpeMs miomans A,
HOepHeHAAKYNAPHYI0 HANPABISHHAIO TOKA, mepecekyT n (v dt) A osuaextponosB. Taxk
KaK KayRIGIA 3JeKTPOH HeCeT 3apAX —e, HOJTHBIA 3apsaf, epecekamomuii A 3a Bpe-
Ma dt, paBen —nevA di, m, cleq0BATENbHO, IJIOTHOCTH TOKA paBHa

j = —nev. (1.4)

B m030i rouke Meralia JJeKTPOHEl Beerja MBIGKYTCA B CAMBIX DPa3jiWIHBIX
HANpPABAGHAAX M OJJAJAT Pa3HKIMH TOIMIOBEIMH CKopocTamu. CyMMmapHas IIOT-
HOCTh TOKa JaeTcA BEpameumem (1.4), Tfie v — CPeHAS CKODPOCTH DJIEKTPOHOB.

1) B npubamKeruu cBOOOJHLIX U He3aBUCHMEIX 3JIEKTPOHOB TAKONH MEXAHN3M ABJACTCA eJHH-
CTBEHHO BO3MOMKHBIM.

2) B obmem caydae E u j me oOGs3arensno mapasieiasHs Apyr apyry. Torga BBomaT mensop
yaenbEOro compotuBiaeHusd. Cm. ra. 12 m 13.
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B orcyrcrBre 9IeKTPUIECKOTO HOMA BCe HAIPABIeHHUA JBIKEHU 3JeKTPOHOB PAaBHO-
BepPOSATHH U CpefHee 3HA49eHHe v 00pamaeTcsa B HyJb, a COOTBETCTBEHHO CyMMapHas
IIOTHOCTh TOKA TaK/Ke paBHA HyJI0. B mpucyrcrsum moias E cpeanas ckopocth
HIeKTPOHOB OTAWYHA OT HyJs ¥ HAIPaBJieHA IPOTHBOLONOKHO HOJI0 (TaK KaK 3apAk
3MeKTPOHA OTPHIATENeH). JTY CKOPOCTh MOMKHO PACCUIMTAThL CIefyIomuM o0pa3oM.

Pacemorpum kakoii-iinGo sJIeKTPOH B HyJeBo# MomeHT Bpemeru. Ilyers ¢ —
BpeMs, OpOImeJiiee HOCe ero MOCHegHero CToNKHOBeHAsa. CKOPOCTh BTOr0 BJIEKTPO-
Ha B HYAeBOW MOMeHT BpemeHM OyAer PaBHA €ro CKOPOCTH V, HeNOCPERCTBEHHO
HOCE CTOJIKHOBEHUA ILTIOC MOIMOJTHUTeNBHAA CKOpOCcTh —eEi/m, KoTopylo biaeRTpoH
aprofpes mocie CTOMKHOBeHWA. TaK KaK MBI IpeAIIojiaraeM, 9To IOCJe CTOJKHOBE-
HHA CKOPOCTh 9JIEKTPOHA MOKET HMeTh n1000e HanpaBieHue, BKIAL OT V, B CPEHION
CKOPOCTH 3JSKTPOHOB PaBeH HYJII, U I0DTOMY OHA PABHA CpefHEMY S3HAUEHUIO
penuuuail —eEt/m. OnHako cpenHee 3HadeHnme ! PaBHO BPeMeHHW pelaKcaunum T.
IToaToMy umeem

eEt . ne?t
ch T e— y ] =]

m m

)E. (1.5)

JroT pesyapTaT 00BIYHO (GOPMYNHPYIOT, HCHOAB3YA XapaKTepHCTUKY, 0o0paTHYIO
YAEIbHOMY COLIPOTHBIEHUIO, — IPOBOAMMOCTE ¢ = 1/p:

ne%t
m

i=oE; o=

b

(1.6)

Taxum o0pazoM, ME DOAYIANU JUHEHAHYIO 3aBHCUMOCTh j oT E n Hamnu nusa
OpOBOAMMOCTH ¢ BHpajKeHme, B KOTOpPOe BXONAT TONBKO M3BECTHHE BeIWIWHE
u BpeMsa penakcammu 1. CnegoBaTenbno, ucnoabsys (1.6) u mabiaonaeMee 3HaYeHAA
YIeABHOTO COHOPOTHBIICHUS, MOKHO ONpefeJUTh BEJMUYHHY BPeMeHH peJaKCcalHdm:

m

T=—x (1.7)

T ipne? *

B Ta6a. 1.2 npuBefeHH yaelbHEE COOIPOTUBICHNA HEKOTOPHX THOUIHHIX METaj-
AOB TpU pa3iawIHbX TemMmeparypax. OfpaTuTe BHHMAaHUEe HA eTO CHJIHHYIO TeMOepa-
TYPHYIO 8aBHCHMOCTH. lIpm KOMHATHOH TeMmeparype YHeJXbHOe CONPOTHUBJICHHE
3aBECHT 0T I HPHMepPHO JMHEHHHM 06pa3oM, HO IPH HOCTHWKeHUNM HA3KWX TeMIepa-
TYp OHO PE3KO yMeHBbmAETCA. [IpH KOMHATHO TeMmepaType yHAeJbHEE CONPOTUBJIE-
HAA OOHYHO UMET IOPANOK OFHOT0 MHKpOOM-caHTEMerpa (MKOM -cM) mam, B mpu-
HATHX B AaTOMHOH ¢uanke egunAunax, — oopagoxk 10-1% ex.CI'CO ). Ecmm p, —
yIelbHOe COOPOTUBIeHNE, BHpajKeHHOe B MKOM -cM, cooTHomerwue (1.7) Rad Bpemenu
penakcanuu yAo0HO 3allMcaTh B BUe

rz(w) (3)3-10-14 c. (1.8)

Pu 2,

1) YroOw epeBecTH YAGJALEEE CONPOTHRICHNU, BRIpaKeHHNe B MKOM -cM, B eguanns CI'C3,
3aMeTHM, 9TO IPH YAeJIHbHOM CONpOTHBIeHuWH MPOBOmANKA 1 MEOM-cM M mIoTHOCTH TOKa 1 A/cm2
co3faeTcA sieKTpuieckoe moje, pasHoe 10-8 B/cM. Ilockoasky 1 A pasen 3:109 ex. CI'C3, a 1 B
pased 1/300 ex. CI'CI, mpu ypeabnoM conporuBienun 1 MKOM-cM BosEuMkaer moxe 1 ex. CICH,
Korjga IIoTHOCTh ToKa paBHa 300.10%.3.109 ex. CI'C3. B emumanuax CI'CY mpu yaennHOM COIpO-
TuBIeHNN BexuwduHOil B 1 ex. CI'CI manpsukerHocTh noxns, pasnas 1 eg. CI'CI, cosgaerca ToKoM
¢ nnorHocThIo 1 e, CI'C3. Takum obpasom, 1 MEOM-cMm skBuBasenTeH /g -10-17 ex. CI'CI. YTobH
He I0JHh30BATECA €AMHHNAME YAeasHOro conporusierus CI'CI, MokHEO npu pacdere mo gopmyire
(1.7) supakars 0 B OM-M, m B KHIOrpaMMaXx, e B KYJOHAaX, a n CYATATh YUCJIOM BICKTPOHOB
ma 1 M3 (Bamevanue. Haubomee Bamuble QOpMYJIH, KOHCTAHTH X NEPEBOXHEE KO3(QOUIMEHTH,
HCHOJAb3yeMble B II. 1 u 2, IPHBEAEHH B IPHIIOMKEHUH A.)

(PasmepBOCTE O ecTh (ceryHpa)~!, a pasMepHOCTh O — CeKyHfa. lleHcTBmTeaLHO, JAETKO
voepareest, 910 [ne?/m] = c¢~2 [em. dopmyny (1.6)]. — ITpum. ped.)
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Tabauya 1.2
YensHble SXEKTPUYECKHE CONMPOTHBICHUA HEKOTOPBIX 31€MEHTOB ?)
DreMert 7K 273 K 373 K (073 K
0Ty 1
Li 1,04 8,55 12,4 1,06
Na 0,8 4,2 IlnaBurcs
K 1,38 6,1 »
Rb 2,2 11,0 »
Cs 4.5 18,8 »
Cu 0,2 1,56 2,24 1,08
Ag 0,3 1,51 2,13 1,03
Au 0,5 2,04 2,84 1,02
Be 2,8 9,3 1,39
Mg 0,62 3,9 5,6 1,05
Ca 3,43 5,0 1,07
Sr 7 23
Ba 17 60
Nb 3,0 15,2 19,2 0,92
Fe 0,66 8,9 14,7 1,21
Zn 1,1 5,9 7,8 1,04
Cd 1,6 6,8
Hg 9,8 Maasntes nasurcsa
Al 0,3 2,45 3,55 1,06
Ga 2,75 13,6 InaBurcs
In 1,8 8,0 12,1 1,11
Tl 3,7 15 22,8 1,11
Sn 2,1 10,6 15,8 1,09
Pb 4,7 19,0 27,0 1,04
Bi 35 107 156 1,07
Sb 8 39 59 1,11

a) VHeJbHBIE CONPOTHBIIEHNHA, BEIpaKeHHne B MKOM-CM, YKA3aHH oA Temiepatryp 77 K (Todka KuIe-
HIA FKUIKOrO asora opl armochepHoM maBseHmn), 273 um 373 K. Haa Toro 4rtobsl HPOJeMOHCTPHPOBATH
NPUMePHO JMHENHYI0 TeMIepaTypPHYIO 3aBUCHMMOCTh COIPOTHBJIEHUS NPHM TeMueparypax, OJMBEMX K KOMHaT-
HOH, B MocJiefHeM CTOJONe NPHWBENEHO OTHOMeHNe BenuyuH p/T nmpu 373 w 273 K. (M3 cupaBounmka Kaa 1
JIaou [3].)

Bpemena penaxcanuu, paccunTanusie mo ¢opmyiae (1.8) ¢ mcmoabzoBaHueM
yIeabHEX COINPOTUBIEHNI, IpUBeAeHHbX B Taba. 1.2, nanw B Tabn. 1.3. Met Buawm,
9TO IpH KOMHATHHX TeMIepaTypax T okasmBaercsa mopsagka 10-14—10-1% c. Urodm
HOHSTh, ABJAEGTCA JU DTO Pa3yMHBIM 3HAaYeHNEM, IOJe3Hee PACCMOTPETH CPeNHIOI0
IauHy cBoGomHOro mpoGera £ = vyT, THe Dy — CPEAHAA CKOPOCTH 3IEKTPOHOB.
IInuna £ XxapaKTepmayeT cpeJlHee PacCTOsAHHE, IPOXOAMMOE DIEKTPOHOM MEMKAY
croxkHopenuamMu. Bo Bpemena [lpynme Obuio ecrecTBEHHEIM OIEHHBATH Uy HCXOMA
M3 KJIACCHUECKOIr0 3aKOHA paBHOpACHpeNeNcHWs BHEPTHH IO CTeIeHAM CBOOOMEL:
Y ,mv? = 3/ .k pT. IlogcraBussa CiOfa U3BECTHYIO MACCy BIEKTPOHA, HaXOMUM, dTO U
umeer mopsifok 107 cm/c mpm KoMHaTHO@ TemIleparype M, CJefl0BaTelbHO, JAJIHHA
cBobommEoro mpobera cocraBuser oT 1 1o 10 A . Tar Kax >To paccToAHHe CPaBHUMO
¢ Me;KaTOMHELIM, Pe3yJibTaT BIOJHE COTIACYyeTCA ¢ IpeamosioskenmeM Jpyne o Tom,
YTO CTONKHOBEHHA OOBACHAITCA COYHAapEeHHAMU DIEKTPOHA ¢ GONBIIMMHE TAMKEIbIMA
HOHAMU.



Teopus merannos Jlpyne 2r

Tabawya 1.3

Bpemena penakcanuu (10714 ¢), paccamTannsie mo teopuu Hpyne 2)

JaemeHT 77K 273 K 373 K
Li 7,3 0,88 0,61
Na 17 3,2

K 18 4.1

Rb 14 2,8

Cs 8,6 2,1

Cu 21 2,7 1,9
Ag 29 4,0 2,8
Au 12 3,0 2,1
Be 0,51 0,27
Mg 6,7 1,1 0,74
Ca 2,2 1,5
Sr 1,4 0,44

Ba 0,66 0,19

Nb 2,1 0,42 0,33
Fe 3,2 0,24 0,14
Zn 2,4 0,49 0,34
cd 2,4 0,56

Hg 0,71

Al 6,5 0,80 0,55
Ga 0,84 0,17

In 1,7 0,38 0,25
T1 0,91 0,22 0,15
Sn 1,1 0,23 0,15
Pb 0,57 0,14 0,099
Bi 0,072 0,023 0,016
Sb 0,27 0,055 0,036

a) BpemeHa peJlaKkcalMi paccuuTaHel no dpopmynie (1.8), ucxodda H3 TaHHBIX, npuBegeHHslXx B Tabmn. 1.1 v
1.2. Caaboil 3aBUCHMOCTBIO n OT TeMIlepaTyphl npeHebperaem.

Opaaxo B ri. 2 Mbl YBURMM, YTO KJIACCHUYECKAS ONEHKAa PN KOMHATHOHM TeMmIe-
patype faer 3HaueHWe v, Ha HOPAJOK BeJWYHHH MeHbHIe AelictBuTenbHOro. Hpome
Toro, ud Tabjx. 1.3 caexgyer, uro mpu Hambolee HUBKUX TeMIEpPaTypax T HA HOPAIOK
BeJIMYuHEN G0JibIIe, 9eM IPY KOMHATHOR TemMueparype. I10CKOIBKY vy B JefCTBUTENb-
HOCTH He 3aBHCHT OT TeMHepaTypH (MB YBHANM 9T0O B IJ. 2), TO OKa3BIBAETCS, YTO:
opw HU3KHX TeMIeparypax aimHa cBofogmoro mpoGera Mosker Boapactu jo 102
u Gojiee aHTCTPEM, T. e, B THCAYY pas TPEBRIIATH Me;KUOHHOe paccTosnue. B Hacrosa-
Hiee BpeMs, paboras OpU ROCTATOTHO HUBKMX TEeMIepATypax ¢ TIATeJbHO IPHUIo-
TOBJEHHEIME 0OGpasmaM¥, MOKHO [OCTHYHL CpeiRuUX IamH cBobGopmoro mpoGera mo-
psnka 1 em (r. e. oxoao 108 me)xaToMHEX paccrosnnit). 9To ABHO yKasHBaeT Ha TO,.
9T0 9JIEKTPOHE He IIPOCTO COYHApsIOTCsA ¢ MOHAMU, Kak npeamoxaran Hpyme.

K cuacrbio, omHako, MB MOKeM LPOJOJNKATH HCUOAB30BATHL JJIA PACYETOB.
Mofensb Jpyse, X0TA 1 He coBceM TOYHO IOHUMaeM IPUPORY cTonkHOoBeHui. He unmesn
TEOpPHMHM BpPEMEHH CBOGOAHOrO mpodera, BajKHO HaliTW TaKue OPEJCKasaHUs MOJeny
Hpyne, KoTopEe He 3aBUCAT OT BeJIWYUHHE BpeMeHu penakcanyuu t. OKaswBaercs,
CymecTBYeT HECKOJIBKO MOTO0HHX He 3aBHCANUX OT T BEJIHYUH, KOTOPHE M CETOJHA
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MO-IIpeKHEeMY IPeACTaBAANT (QyHIAMEHTANBHHIH HHTEpec, MOCKOALKY BO MHOTHX
OTHOIIEHUAX TOYHOE KOJIHMYECTBEHHOe PACCMOTDeHHe BpeMeHH peJaKCAIlI! OCTaeTcsA
HanGoJee craGbIM 3BeHOM B COBPeMEHHEIX TEOPHAX HPOBONEMOCTH MeTaJioB. B pe-
8yJabpTaTe He 3aBHCAMAE OT T BEJWYUHH IPEICTABIAT 0COOYIO I@HHOCTH, MOTOMY
4T0 9acTO OHHU jAaloT Hambogee HafesRHy MHPOPMAIHIO.

OcofeHHO BaykHE [OBa CJAydas: pacdeT IJIeKTPONPOBOJHOCTH IPH HAJIUIUY
OpPOCTPAHCTBEHHO-OLHOPONHOIO IIOCTOAHHOIO MArHUTHOTO HOJA M IpH HAJIHYUY
NIPOCTPAHCTBEHHO-OHOPOLHOr0, HO 3aBHCAUISI0 OT BpeMeHH! DJIEKTPUIECKOTO HOJIH.
B ofBoux stux cnygasx yzoHHO BOCHOML3OBATHCHA CACAYIOMUM 3aMedaHUEM.

B kaxOsli MOMeHT BpeMeHH ¢ CpeJHSASA CKOPOCTh dJIEKTPOHOB v paBHa p (t)/m,
TAe p — CpeXHH# MMIOYALC, T. €. IOJHBHA MMUOYIbC, OPUXONAAMHUNCA HA OXUH K-
Tpon. CiegoBaTenbHo, MIOTHOCTH TOKA

j— — () (1.9)

m

IlycTs B MOMeHT BpeMeHN ! CpefiHU MMOYIbC IEKTPOHA ecTh p (1). Brramcnumm Torma
p (t -+ di) — cpenEuili UMOYJIBC OFHOTO DIGKTPOHA IO MCTEYSHWN GOCKOHETHO MAaJio-
ro opoMme:kyTra Bpemenu di. BeposraocTs Toro, 4ro B3ATHI Hayrajg B MOMEHT i
HIIEKTPOH MCHHTAJ CTOJKHOBeHHe To MOMeHTA ¢ + df, paBHa di/t, mosTomMy BepoaT-
HOCTHb TOTO, UTO OH «IOKHBET» N0 MOMeHTA BpeMeH:m ¢ -+ di 0e3 CTOIKHOBeHHH,
ecTh 1 — dt/t. OgHaKo, KOrga 3IeKTPOH He WCIOHTHBAST CTOJIKHOBEHHI, OH NPOCTOL
nBWKETCA IOJ AeifictBueM cuibl f (¢) [o6ycaoBiIeHHOR IPOCTPAHCTBEHHO-OXHOP OXHBI-
MU 5JIEKTPHIECKHM U (WIM) MATHATHBIM IOJAMA] W OpHOGPETeT IOJITOMY JOMOJIHH-
TeJbHHE uMIynbe ) f (¢) dt -+ O (dt)?. DXexTpoHH, He WCHBITABIINE CTONKHOBEHUI
B WHTepBajie MeXAY MOMEHTAMI BpeMeHH t U ¢ - df, BHOCAT B UMIYJILC, UPUXOTs-
IMUACA HA OJUH 3JIeKTPOH B MOMeHT ¢ + df, BKJIAJ, pPABHLIA TPOU3BEIEHNI0 BeANTHHEL
(1 — dt/t) (1. e. OTHOmEHHA THUCIA TAKEX HICKTPOHOB K LOJHOMY HMX YHCIAY) Ha
cpejlHAA WMOYJIbC OJHOI'O TAKOTO dIeKTpPoHa p (2) + f (¢) df -+ O (dt)>.

[loaTomy, mpenefperas moka BKaagoM B p (¢ -+ di) oT Tex IeKTPOHOB, KOTODEIe
Ucnwmail CTOMKHOBeHHE 33 BpeMa MemAy ¢ u ! -+ df, moaydaem 2)

p(t+dt)= (1 —-) B () +1 () dt+0 (dt)) =

=p(t)— (2 )p (&) -+ (1) dt +0 (dt)e. (1.10)

[ompasra x (1.10) 3a cuer 2IeKTPOHOB, MCIBITABIIAX CTOJKHOBEHHME B MHTEp-
Base oT t o ¢ + dt, oxasmuBaeTcs aamb omopagka (dt)%. UrolGs mokasars 1o, BHAYATE
3aMeTHM, UTO OTHOMISHME UNCIA TAKAX 3JIEKTPOHOB K IOJHOMY YHCHY JIEKTPOHOB
paBHo dt/t. Kpome Toro, moCKONbKYy HENOCDEICTBEHHO IIOCIE CTOJIKHOBEHHA CKO-
pocTh (W HMIOYJIbC) 9IeKTPOHA HAMpPABIEHH CAydaiHEIM 00pasoM, KayKIHA Taroi
BJIERTPOH GymeT 7aBaTh BKAAT B CPeRHANR UMIOyiabe p (¢ -- df) aumb Gaarogaps Tomy,
qT0 3a BpPeMsA [MOCJe KOC/eTHero CTOAKHOBEHUA OH HPUOIPes 3a cUeT CHJH f HeKOTO-
PHIA MMIYIBC. JTOT UMIYIBC MPHOOPETACTCA 32 HPOME/KYTOK BPEMEHH, He IPeBHI-
maomui df, 1 mosToMy mveeT nopagok I (¢) dt. CaegoBareasro, mompaska K (1.10)
oKasmBaerca mopsaaka (dt/t) f () dt u ge Bauser HA wrensl, AuHerHse mo dt. Taxam
obpasoM, MOKHO 3aOHCATH

p(t+dt)—p#)=— () p (&) +1(8)dt+0 (22, (1.11)

T

1) Yepes O (dt)? oGo3uadeH wieH mopAxra (di)2,

2y Ecam cuiua, JeficTByOMasa HA 3JeKTPOH, He O{MHAKOBA i BCEX IHJIEKTPOoHOB, POpMY-
Ja (1.10) ocraeTcsa cupaseguuBsoil IpM ycJIoBuu, 9TO ME HoHHMASM NOJ f cpedniw cuay B pacdere
HA OJUH DIGKTPOH,
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TIe yuTeH BEKJIax B p (¢ + di) ecex smertponos. [logenme Ha di W B3AB mpemeln
dt— 0, maxommm

dp(®) _  p()

Jro ypaBHeHHMe O03Ha4aeT, 4TO 3PQeKT CTONKHOBEHUH OTHEIBHLIX 3JEKTPOHOB
CBOMUTCA K BBEJEHNIO B ypaBHeHWE JBWRKEHNA JIA MMIYJIbca, IPUXONAMEroca Ha
OINUH DIEKTPOH, JONOJHATENIBHOTO WICHA, ONMCHBAMETO 3aTyXaHKe 3 CIOT TPEHHA.

ITpnmenum reneps dopmyay (1.12) k HeCKOABKUM MHTEPECYIOMIUM HAC CAyUasaM.

IODERT XOJJA U MATHETOCOITPOTHUBJIEHNE

B 1879 r. Xoax mommITaNCca ONpeNeNuTh, AeHCTBYET N CUIa, WCIBLITLIBAEMAS
TPOBOTHHUKOM € TOKOM B MATHHTHOM INOJIe, HA BeCh IPOBOJHUK WJIH K€ TONBKO (KaK
MBI OBl cefigac CKasajim) Ha 3JIeKTPOHEH, ABIKYIUecs B npoBogHuke. CaM oH mofospe-
BaJ NOCJIEHee, U er0 YKCIePUMEHT OCHOBHIBAJICS HA TOM, 9TO, «ECIH BICKTPHIECKUI

z

Ux7
H
-evxH
+ + * + + + F ¥ F F T+ + F +
f /Ey .
———————————————— ~Jx

®ur. 1.3. Cxema sxcmepumenta XoJuia.

¥

TOR B 3aKpEIIEHHOM IPOBOJHNKE CaM HPATATUBAETCA K MarHUTY, TO BTOT TOK J0J-
jReH HOAXOAHUTH OAMKe K OQHOH M3 CTOPOH IPOBONHWKA ¥ IOITOMY HCIEITHIBAEMOE
EM COLpPOTHBJEHNE NOKHO HapacraTby [4]. Ero mommtku oGHapy:RuTh Tarkoe foba-
BOYHOE COHpPOTUBIEHHE OKA3AJNHCH 0e3ycmemHuMu '), Ho X 0JJ He CIATAN, ITO 3TO
H03BOJIAET JeJaTh OKOHYATENbHEIC BEIBOAL . «MarHuT MoKeT cmpemmbcs OTKIOHUTD
TOK, He Oyaydm cmocobHEM cmenaTh 9T0. O9eBUIHO, B TAKOM CIydae B IPOBOJHUKE
cyllecTBOBANIO OBl COCTOsAHHE HAUPsKEeHUA, KAK OH 3IeKTpuIecKoe HaBJIeHHUE,
HeilcTBYIOMee B HAIPABIEGHWHA OXHOH M3 CTOPOH mpoBogHuKa». IlomoGHoe cocrosume
HAIPMKEHHA JOGKHO IPOABJIATHCH B CYMECTBOBAHUM IOINEPEedHOR PABHOCTH HOTEH-
OuaxoB (mam 9. X. ¢. Xo0Iaa, KAK MBI ee CerofHsA Ha3kBaeM), KoTopyo Xoaxy yna-
10Ch HaOJIONATh.

CxeMa sxcmepumedta Xoina udobpaskena na ¢ur. 1.3. K opoBoguury, pacoo-
JI0KEHHOMY BIOJb OCH , IPHIOKEHO 3JIeKTpUIecKoe moae F,, BH3HBAIONEe 3IEK-
TpHIecKud TOK f,. [loMmMo TOrO, MMeeTca MarwuTHOe noie H, mapaanensHOe ocH Z.
B pesyxnbrare mosBasercs cumia Jlopexma 2)

——vx H, (1.13)

L B ra. 12 u 43 MB yBHJMM, 970 COIPOTUBICHNUE J@NCTBUTENLHO BO3pPacTaeT (COMPC TUBJICHNE
B MATHUTHOM I10JI€ HA3KBAIOT MarTHeTOconmporueiaeHHoM). Mogeas [lpynme, ognako, mpejcKasnBaer
paBeHCTBO HYJNI0 MATHETOCONPOTHBJIGHUA B COTIACHE ¢ pedyxbraTom XoJaia.

2) UMes feno ¢ HeMarHATHHMY (M crafo MATHHTHRIMM) MATepHAJAMH, ME Beerja OymeM
cauTaTh wodeMm senndnmy H, mockoasKy pasEmna mexay B u H B aroM ciaydae 4pe3sm9aiiHO
Mala.
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OTKJIOHAIMAs 2JeKTPOHE B OTPUIATEIbHOM HaHpaBJIeHHH ocH Yy (ApefioBas CKo-
POCTH DJIEKTPOHA HampaBieHa Apomué Toka). OLHAKO BIEKTPOHH He MOTYT HOJITO
ABUIraThCAd B HAIPaBIEHWM OCH Y, HOCKOJBRY OHH JOCTUTAIOT I'PAHUIB ITPOBOJHUKA.
Ilo Mmepe Toro Kak OHM TaM CKANJUBAIOTCA, HAapacTaeT 3IeKTpUIecKoe Hojge, Ha-
ImpaBJIeHHOe BOJDL OCU ¥ U NPOTHBOHENCTBYIOMEe ABIVKEHMIO U JajbHeHIIeMy Ha-
KOIJIEHNIO BJIEKTPOHOB. B cocToAHMM paBHOBECHA 9TO HONepedHoe Hoje (HJK IIoje
Xoana) £, rommencupyer cuny Jlopenna, u ToK ufieT AWInb B HaNpaBJICHAU OCH Z.

[Be Bexmwmun mpemcraBiasaioT 3neck ubTepec. OgHA M3 HUX — 9TO OTHOLIEHHE

IOJIS BAOJEL TPOBOJHWMKA K, K NIOTHOCTH TOKA j,:

o(H)= B |
Jx
Xoan obuapymuII, 9TO 9Ta BeJlMYMHA (MArHETOCOOPOTHBIIeHe) He 3aBUCUT OT oA 1).
Jlpyroii xapakTepucTHKOH ABJIsAeTcA BelWUWHA Momepeunoro mous E,. Ilockoaxbry
TaKoe IOJie ypaBHOBemMBaeT CILTy JlopeHNa, MOMKHO IoJararth, YTO OHO JOJKHO
OBITH TPONOPNMOHANBHEIM KaK NPHIOKEHHOMY oo //, TAaK U TORY j, B IPOBOAHUKeE.
Hosromy Benwuuny, massiBaeMylo Kosdounumenrom Xosma, oONpemessiioT Kak
Ry=—2 1.15
H— ]AH . ( . )

Cinegyer ofparnth BHMMaHHME HA TO, 4TO, LOCKOIBKY IIoje XoJia HAIpaBJIEHO
oporuB ocu ¥ (dur. 1.3), koapduumuent Ry gomxen OBTL oTpunaTeabubm. C gpyroi
CTOPOHHI, eclIM OBl 3apsAd HoOcUTeNelr OB MONOKHUTENbHEIM, BHAK MX Z-KOMIOHEHTH
cxopoctu OB OB o6paTHEM 1 cuia JlopeHiia ocranack OB HemaMeHHo#t. B pesyabra-
Te moxe XonJda WMeno OH HampaBieHNe, IPOTHBONOJOMKHOE TOMY, KOTOpoe OHO
nMeeT UpPU OTPHUIATENBHO B3apsiKeHHBIX HOCHTeIAX. JTOT BHIBOA OYenb BajkeH,
TOCKOJBKY OH 03HA4Yaer, 4TO M3MepeHus Ioas XoJjia I03BONAIT OOpefednTh 3HAK
HOCHUTeJell 3apsfa. JKCIePUMEHTAJbHbIE NAHHbIE, BIEPBHE IOLYydYeHHEIE X OJJIOM,
HaXOAMJIHUCH B COTJIACHM CO 3HAKOM 3apsaja 3JeKTPOHA, OOpefilelleHHBIM I037Hee
Tomconom. Opua m3 3amedaTeabHBIX ocobennocreil sdpderra Xoana zarandaercs,
OIHAKO, B TOM, 4TO B HEKOTOPHIX Metajsax Kosdounment Xojua TOJOKHUTESEH,
¥ TOSTOMY HOCHTENUW B HUX JIOJIKHBI, BHIWNMO, WMEeTH 3apsAj, IPOTHUBOIONOMKHEIN
3apAIY JJAeKTPOHA. JTO ellle OfHA 3arajKa, pelmenue KOTOPOH MOMKHA JaTh IOJHAA
KBaHTOBOMeXaHHYeCKasi Teopus TBepfloro Tena. B Hacrosme# rnaBe RaH Jumb
npocroii amaims B paMmkKax mofennm [ pyne; xors oH m He cmocofen ofBACHATH
CYLIECTBOBAHKME IOJIORUTENBHHX KooddunumentoB Xoxna, OH YacTo HAXOIUTCH
B JIOBOJNBHO XOPOIIEM COTJIACHU C SKCIEPUMEHTOM.

Uro6H paccuurath Kooddunuent Xosna m MarHETOCOIPOTHBIEHUE, CHPEeNeNuM
BHayaJje INIOTHOCTH TOKa j, M j, B cjlydYae, KOrjila UMeeTCsA dJeKTPHIeCKoe IIoJe
¢ IpOM3BONBHEIMEU KoMmImouneHtamu £, n F,, a takmxe MarsuTHoe noxe H, nanpaBien-
HOe BIOJAB ocH z. Ha KaKJpIil 371eKTPOH eiicTByeT (He 3aBUCAINAs OT IPOCTPAHCTBEH-

(1.14)

oex Kooppuuar) cuna f = —e (E 4+ v X H/c), nosromy ypaBremme (1.12) nas
HMIyIbca B pacdeTe Ha OJMH »JeKTPOH IpuobperaeT BUA %)

dp P _p

e —e(B+-L xH)-L. (1.16)

1) Toynee, aTa BeJuduMHA HpeAcTaBiAeT cofoil mouepednoe Marseroconpormusienne. Cyme-
CTBYeT TaKyKe W HPOJOJBHOE MArHeTOCOIIPOTHBJIEHME, N3MCPAEMOe B MArHHTHOM I0Je, Iapaj-
JIeJLHOM TOKY.

2) Crmegyer uMeTh B BUAY, 9TO cuia JlopeHija He 0JHAKOBA JIJIA BCeX 3JIEKTPOHOB, IIOCKOJLKY
OHA BaBHCHUT OT CKOPOCTH 3JIeKTpoHa v. [losromy cuiry f B ypapuennn (1.12) HymHO cauTaTh cpei-
Hell cmioil B pacdueTe Ha OJMH 3JEKTPOH (cM. IpuMedanue 2 Ha ¢Tp. 26). Ilockoabky, ogmako,
33aBUCUMOCTD HTOH CHJIEL OT TOIO, HA KaKOH DJIEKTPOH OHA felicTByeT, Copep:KUTCA JUIb B 4ieHe,
Aunetinom O CKOPOCTH DIEKTPOHA, CPejiHee 3HATEHNe CUJIL HOJYYaeTCA IPOCTO IIyTeM 3aMeHBl JTOI
CKOPOCTH HA CPEJIHIOI0 CKODOCTHL p/m.
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B cranmonapHOM COCTOAHMM TOK HE 3aBHCHT OT BPpEMEHH, HO3TOMY P, U p, YAOBIET-
BOPAIOT ypaBHEHHAM

0= —eEx_(’)cpy—_pq;l»
, (1.17)
0= "EEy"*'wcpx“_Ty',
rae
ell
e= (1.18)

VMHOKasE 9T ypaBHEHUs] HA —net/m U BBOAA KOMIOHEHTH IIoTHOCTH ToKa (1.4),
HAXOIUM

ook, = (Oc":ju + Fas

. , 1.19
GoEy == ——(L)CT]x + ]”, ( )

THe O — CTaTHUeCKas 3JIeKTPOIPOBORHOCTh A Mofeau JHpyme B orcyrcrBue
MArHOTHOrO IIOJA, ONHCEBaeMasa BHpameHmeMm (1.6).
ITosme Xonna E, ompenensiercs us TpeGoBaHUuA 06paIeHNA B HYJIb II0IEPEYHOTO
ToKa J,. Ilonaras j, paBHbeIM Hym0 Bo BropoM ypaBHeHmu (1.19), momygaem
WeT |\ . oy,
By=— (") je=— () I (1.20)

Ty nec

CrnenoBarenbHo, Aasa kKoapduruenta Xomana (1.15) mmeem

1
RII:—'

nec *

(1.21)

JT0 DOpasWUTeNbHEI DPe3yabTaT: COTJIACHO eMy, KoappuiumeHT Xo0Jada He B3aBUCUT
HU OT KaK{UX IIapaMeTpPOB MeTa:Lia, KPOMe IIOTHOCTH HocuTedeidl. Brime Mu yixe
BEIYUCIANM 1, MPeAIoNaras, YTo BaJeHTHBIE DIEKTPOHEL aToMa B METAJIe NpPeBpa-
maloTcsa B 3JAeKTPOHH HpoBoguMoctd. Uamepenue roadpunmenta Xomra gaer mps-
MOH CIOCOD IPOBepPKH CHPABETIHBOCTH TAKOrO NPEXIOJ0KEHHA.

IIpn momeITKAaxX ONpEeNeJNUTH IIOTHOCTH HAEKTPOHOB 7, MCHOAB3YA Pe3yrIbTaThl
namepeHni KoapdmimeaToB Xoxia, BO3HHKAeT TPYHLHOCTH, CBA3AHHAA C TeM, 4TO
B [eiiCTBUTeNBHOCTH B IpoTHBopedre ¢ dopmynoir (1.21) st KoapduuenTs oGpIIHO
3aBMCAT OT MATHHTHOrO Toxasi. HpoMe TOro, OHH 3aBUCAT OT TEMIEPATYPHl K OT TOTO,
HACKOABKO TIHATEALHO IPHUrOTOBAEH oJpasen. IT0 Karkerca AOBOABHO CTPAHHBIM,
HOCKOJIBRY BpeMs pelaKcaliu, KOTOPOe MOMKeT CHJIBHO 3aBHCETh OT TeMUEePaTypH
n cocroaHuA obpasua, B (1.21) me durypupyer. Tem He MeHee HpH CAMEIX HUBKHUX
TeMIepaTypax IJas O9eHb YACTHIX, TIHATENBHO IPUTOTOBICHHEEX 00pa3i(oB B IPE3BHI-
YaAHO CHJABHEIX HONAAX U3MCpsSeMile 3HAYeHHUA OCTOAHION Xouaa, Ho-BHIUMOMY,
IefiCTBUTEIBHO CTPEeMATCA K HeKoTopomy upefeay. Cornacuo Goxee cIoRHOIL Teopun,
uziaaraemoit B ri. 12 m 13, maa mHOrmX (HO He BceX) MeTasJIOB TaKme IIpe/elbHEIS
3HAUEHNSA TOUHO OHpefeldoTes NpocTHM BeipaskenneM (1.21), monywsaeMmuim B Mope-
au HQpyne.

Koadpunuerror X oama a1 HEKOTOPLIX METAJJIOB B CHJALHEIX I IPOMEKYTOUHEIX
monsX mpuBefieHH B Taba. 1.4. OOparure BHHUMaHWe HA HATUIAE ITOJIOKUTENBHEIX
3HadeHuil Ry, 9T0, 0YEBHHO, COOTBETCTBYET LOJOKHTEIBHO 3aPAKEHHEIM HOCHTE-
asm. IlopasureapHslit Mpumep HaGJIIOTaeMOI 3aBHCAMOCTI OT HOJIA, KOTOPAsA COBep-
mmeHHo He 00bACHAeTCsa Teopuelr pyme, uzobpasken ma ¢ur. 1.4.

Teoperudeckuii pesynabrar J{pyne HmOATBepHAALT dKCIePUMEHTANbHOe HAGIIO-
neane Xoiaaa, He 00HAPYKUBUIET0 3aBUCHMOCTH CONPOTHBIeHUA or moiusg. [ledcrsu-
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Ta6auya 1.4

Kosdhpunuenrn Xoana HEKOTOPbIX METAMIOB JJA moidell 0T MPOMEKYTOYHOTO HO CHIBHOTO ?)

Merann BaJeHTHOCTI —1/Rpr nec

-

-
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2) Ppy6o rosops, B Tabunue npUBefeHE 3HAYEHNA, K KOTOLHM CTPEMATCA Ry @A THMATeNbHO NpH-

roTORJEHHHX 00pasioB B mpelelle, KOIAa noJe CTAaHOBMTCA odeHb GouemmM (nopagka 104 I'c), a Temnepa-
TYpa — Oo4YeHbh HMBKOM. IIpuBeneHHbE JaHHbE NPEACTABJIAIT co0cH OTHOIIEHHE no/n, Ioe 79 — WIOTHOCTL HO-
caTesleif, IJiA KOTopolt sHaueHme Rpy, paccuuranHoe no ¢opmyne Hpyne (1.21), coBnafaeT C HBMEpEeHHLIM:

ng= — 1/Rpec. BURHO, YTO A IIEJOYHHIX METAJJIOB PeayibTaT JIpyne BHITOJHAETCH AOCTATOYHO XOPOMIO,
mas 6JIaropPOMHBIX MeTa0B (Cu, Ag, Au) — xyme, & IJA OCTAllbHEIX, YKa3aHHHX B Tabimile, He BEIDOJHAETCA
COBCEM.

TenbHo, upu j, = 0 (Kak 9T0 UMeeT MeCTO B CTAlMOHAPHOM COCTOMHHH, KOrja moJe
Xomma yie yCTaHOBHIOCH) HepBoe U3 ypaBHeHumir (1.19) cBogurcsa K ypaBHeHHIO
jx = 0oEy, T. €. IPOBOAMMOCTb MMeeT TAKYIO jKe BeJAWIUHY, KAK M B HYJIeBOM Mar-
aurHOM moae. OgHako, Kak OoKasalu Gojee TOYHEE SKCHEPUMEHTH HA MHOTHX

ng/n=-1/Rynec
w,T =eHt/mc

L i ! 1 t |

001 01 L0 10 100 1000

~0,33

®ur. 1.4. 3aBMCHMOCTD BEIWUMHH ng/n = —1/Rynec oT @.T pusa amomurusa. (Ms paors [5].)

3HaueHne NIOTHOCTH N B MOAENM CBOGOAHBIX BJIEKTPOHOB HANMEHO 10 HOMUHAJLHON XUMHGecKOB# BaneHTHOCTH,
pPaBHOM B JIaHHOM CJIyuiae TpeM. 3HaueHNE No/n B CHJBbHAIX IOJAX [OKA3HBAeT, ONHAKO, YTO HA BAEMEHTAPHYIO
A9efiKy NPUXOMUTCA JIMINL OMUH HOCUTENb, NPUYEM HOJOMKUTEILHO 8aDAMKEHHEIHN.

Merajiijiax, B AefiCTBUTEIbHOCTH conpoTuBJieHne 06HépymnBaeT 38BHCHUMOCTL OT Mar-
HUTHOT'O I0JA, B pAJe CilydaeB O9Y€Hb CHJBHYIO. O0bacHenne TOTO0, IMOYeMy TeopmA
,prne OKa3blBaeTcs HpI/IMeHPIMOﬁ JIA OJHHAX METaJJJIOB, a ANA JIPYyruX BOSHHKAKT
TaKle pa3uTeJbHEE DacXOoOeHnd, To}e JOJKHa JIaTh KBAHTOBasA TeOpHsI TBEPAOro
TeJa.
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Ilpesxne wem saBepminTd 0OGCYRAE€HEE CTATHUYECKHX ABJEHHH B OJHOPOIHOM
MarHETHOM HOJe, OTMETHM JIJif HOCJAEYIHEeTo, 9TO AJs XaPAKTePHCTUKY HaOPAKeH-
HOCTA MATHHTHOrO MToJAA yHOOGHO WCHONB30BaTh (e3pasMepHY BeJWYHHY T,
Arpaomyio B TeOpNH BajkHYI0 poas. Horjla BernunHa ot Masa, n3 ypaBrerui (1.19)
cienyer, 9To TOK j mouTu mapannesieH E, kax 570 6H70 6B B OTCYTCTBEE MATHUTHOT O
noiasg. B obmem coydae Tok j HampakiaeH K E mon yraom ¢ (HasHBaeMHM yrioM
Xonna). Us ypaprenni (1.19) caenyer, a0 tg ¢ = w.7. Beanuusa w., HasuBaeMasn
LUKJIOTPOEHOR JacToTod, mpejcraBiser cofoil HpocTo KPYyroByo dacrory ) pame-
HEA cBOOOMHOrO 3JIeKTPOHA B MarHmTHOM moje H. IlpomsBefenme .U Majo, ecin
BIEKTPOHE MEKJY CTOJNKHOBEHHAMM MOI'YT IPOAeJaTh JRmb MaiayIo dacTh oGopora,
A BeJWKO, €CiH OHH MOTYT COBepIINTh MHoro o6oporos. Mmade romopsa, xorja
®cT < 1, MarauTHOE HOJe JUIMb cleTka AedopMupyeT OpOoMTH 2JeKTPOHOB, a Korja
BeJMUMHA ®.T CPaBHEMA ¢ efimBuieir u Goibme, TO BINAHEE MarBHUTHOIO IOJH Ha
opOuTH BIEKTPOHOB CTAHOBHMTCH mpeobaapmatommM. i YnCHeHHOH ONEHKHM IUKIO-
TPOHHOM TacToTH yao6Ha ¢opmya

ve (10° T'm)=2,80.H (xI'c), o,=2mnv,. (1.22)

BBICOKOYACTOTHAA 3JERTPOITPOBO/IHOCTH METAJLIIA

Uroom paccudaTaTh TOK, BHI3HIBAEGMEII B MeTajlJe 3aBHCANUM OT BpeMeHR
JNEKTPUYEeCKUM IIoJIieM, 3alunieM 3TO IIoJie B BHIe

E (¢) = Re (E (o) e~iot), (1.23)

Torma ypaBrenue nemxerns (1.12) nna mMmoymnbca, DPUXOAAMErocs Ha ONEH DJIEK-
TpoH, npuobperaet BUK

o _ _ P _
i p ¢E. (1.24)

Bynem ucrate cranmoHapHoe pemieHue B dopme
p(t) =Re (p (w) e—tot), (1.25)

IlogcraBasasa komMonekcHHe BeawuuHsl p u E B ypasHenue (1.24), Koropoe pomxHo
BHIONHATECA MO OTAENBPHOCTU [iAs MAEHCTBHTENbHON M MHHMON 9acTeill, mOJydwaeMm,

a9ro p (®) YAOBIETBOPAET yPaBHEHHIO

—iop(0)= —LL ¢ (o). (1.26)
Tax Kar j = —nep/m, ILIOTHOCTH TOKA paBHA
i(2)=Re (j (0) e71oY),
. . nep (0) _ (ne?/m) E (0) (1.27)
Jlo)=——"T—= (1/7)—iw

OG6BI9HO BTOT pe3yJasTaT 3aHMCBIBAIOT B BHUJE

§ (0) = 0 (0) E (o), (1.28)

1) B mocTossHHOM MATHUTHOM II0JI¢ 9JIeKTPOH JABIKETCA II0 CIHUPAJl, 0Ch KOTOPO napalieih-
ga moar. Ilpoexmmsa 9Toll cnupanu Ha IUIOCKOCTH, HEPNEHIUKYJIAPHYH HOJI, UpefcTaniser
co60il OKPYMHOCTh. KPYroByIo 4acToTy ®, OIPEHeNsIoT, UCXOMA U3 TOr0, 4T0 I@HTPOCTPEMITeb-
Hoe YCKOpPeHne w?r Bu3hBaeTcsa cuioit JIopenna (e/c) (w.r) H.
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rge BeauduHa O ((,0), Ha3bBaeMasd BBICOKOYaCTOTHOH XpoBOAUMOCTBIO, AAETCA BBIpa-
HeHnueMm
o ne?t

G((D):T-—_" Oy = . (129)

0T m

‘ObparuTe BHAMaHWe, 9TO OpHM YacTOTe, PABHOU HYJIIO, 3TO BHpPayKeHHe TEPeXOIuT
B peaynbrar Hpyne (1.6) masa craTudecKofl IpoBOZUMOCTH.

Hanboaee BaykHas 00macTh HPUMEHeHU HAM@HHOr0 peayabraTa — MCCIe]0Ba-
HYe PACHPOCTPAHEHHsS 5IeKTPOMATHUTHOrO W3JydeHHS B Merajie. MomeT IToKa-
3aThCA, YTO M3-3a TPeUoI0KeHHIA, ClelaHHEIX HaMU IIPH BEBOJe Bupaskenus (1.29),
€ro HeJb3s IPUMEHATH B DTOM CJIydae, TAK KaK a) B 9JeKTPOMaTHUTHOR BOJIe HapALY
¢ moneM E mMeeTcd nepmenmukyiIApHOe emy mose H Toil e Beamumus 1), KoTopoe
He 6BIO yuTeHo HaMu B ypaBHenmnu (1.24); 6) HanpsyKeHHOCTH MOJIST B DIEKTPOMAr-
HUTHOH BO.IHe MeHseTCA He TOJBKO CO BpeMedeM, HO U B [IPOCTpaHCTBE, TOrNA Kaw
ypasHenue (1.12) BoiBemeHo B HpeUONOMmeHHU, UTO HEACTBYIOmAd cuja SBISETCA
TPOCTPAHCTBEHHO-0HODOIHOI.

[MepBHIM U3 2THX ABYX YCIOKHAIIINX 00CTOATENBCTB MOMKHO Beer/ia npeHebpeys.
OHO IpUBOAMT K HoABJIeHHIO B ypaBHernnu (1.24) no6aBouHoro wrena —ep/me X H,
KOTOPHIA B ¢/v pa3 MeHbINe WieHa ¢ dieKTpaIeckuM mojem E, rie v — cpennas cko-
pocts saexrpoHoB. [Jake mpm maorHoctm Toka 1 A/Mm? cropocth v = j/ne —
Beanyuua mopsaka 0,1 em/c. Taxum obpasom, 4ieH, 3aBUCANUHA OT MarHUTHOTO
mounst, npumepHo B 10'° pas MeHbITe WIeHA, COTEPMAMEro JIAEKTPUISCKOE HOIE, W UM
¢ TOJHEIM OCHOBAaHMEM MOKHO NpeHefperars.

Bropoe obcrosTenscTBO BR3EBaeT Gosee cepbe3Hble coMHeHns. JleficTBUTENRHO,
ypaBHenue (1.12) 65110 BoIBe/[6HO B IPERIIOIOKEHUU,YTO HA BCE DIEKTPOHBI TeHCTBY-
eT OlHA W TA ;Ke CHJIa, HO 9T0 He TaK, eCIH HJIeKTPHUIeCKOoe TI0Je M3MEHAETCA B IPO-
CTpPAaHCTBE. 3JaMeTuM, ORHAKO, UTO [JId OHpeNeNeHHs IIOTHOCTH TOKA B TOUKEe T
IOCTATOYHO YUeCTh [efiCTBUe 3JJIeKTPHISCKOro HOJNA Ha 3JIEKTPOH 3a BpeMsa, Ipo-
mefmee ¢ MOMEHTA ero noclefHero croiaxkHoBeHus. llocaennee croaxHOBeHmE
B HOAABJIAIIEM OO0JBIINHCTBE CIYyYaeB IPOUCXOAUIO Ha paccrosHun He Gosee
HECKOJIBRUX AIUH cBoGogHoro mpobera oT Touru I: llosroMy, ecim mose He m3Me-
HAETCA CYUIeCTBEHHHM .06pa3oM Ha PAaCCTOAHMAX, CPABHUMBIX C JUIMHOM CBOGOAHOTO
mpofera 3JeKTPOHA, MH HMeeM [paBo HPH BHYMCJIEHHH ILIOTHOCTH TOKa j (r, 1)
B TOYKE T CYMTATh, 4TO I10.€ BO BCEM IPOCTPAHCTBE UMEET TAKYI) K€ BeJIUIUHY
E (r, ), kak u B Toure r. CiegoBaTeabHO0, TOTydaeMblil pe3yIpTaT

j(r, @) =o0(0)E(r, o) (1.30)
cIpaBe[INB, eCIH JUINHA BOJHBI HOAA A BEJUKA 0 CPABHEHUIO C JJIMHON CBOOOAHOTO
npofera aaextpona £. B Meranigax 9To ycaosue OOMIYHO BHIMOMHAETCH AUA BUEAMO-
ro ceera (gauHa Bomuel 103—10* A). Norma oHo Hapymaercs, mpuxogurcs Hmpuoe-
rath K 0Oonee CJIOMKHEIM, TAK HA3HBAEGMBIM HEJIOKAJIBHBIM, TEOPHAM 2).

Canras, 9T0 JIMHA BOJHHL BeJUKa II0 CPABHENNUIO ¢ AJINHON cBoOOaHOTO Opobera,
MO/KHO TOCTYOUTH TakaMm oOpasoM. [Ipm HaamdIum HEKOTOPOH ILTOTHOCTH TOKA j
vpapuenns MaKcBesnna 3amuiryTcs B Buie °)

(1.31)
Vv H 4 . 1 OE
T e J c Ot

1) 9ro ogHO U3 HauboJee IMPIBIERATONHHEX CBOHCTB cucTeMul efuaunl CI'CI.

2) [MoggepKHeM: HY’KHO CPaBHUBATD JIUHY CBOGOAHOTO Hpobera # ¢ [IUHOL BOJHE B METAJI-
Jle, a He B Bakyyme.— [lpun. ped.

3) 3mech paccMmaTpmBaeTcs TaKoil ciaydail, Korga IIOTHOCTL HHAYHMPOBAHIOILO 3apsfia p
pasHa HY/A10. BO03MOKHOCTDH KOJICOAHMN IUIOTHOCTH 3apAia HCCIEYETCs HIKe.
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Bynem mckars pemeHne, 3aBHCAMEE OT BPEMOHH KaK e~tot, 3amedas, 9To B MeTAJIe
Mo;kHO BhipasuTh j uepe3 E ¢ IIOMODIBIO (1.28), maxonmm

VX(VxE)=—VE=L vy (0 10 ), (1.32)
HIR
—ViE=% (14+Z9)E. (1.33)
Vpasuenne (1.33) nmeer Bug OOGHYHOrO BOJHOBOTO ypaBHEHHA
—V2E= —-s(m)E (1.34)
¢ KOMIUIEKCHOM MU3JIeKTPUIeCKON NPOHAIAEMOCTHIO
e(0)=1-+229 (1.35)
Ecim 9acrora [OCTATOYHO BEJIMKA, TAK UTO BEIIOJHAETCH YCJIOBUE
ot > 1, (1.36)
10 B OepBOM mpubamkenun, ucxonsa us (1.35) u (1.29), moayuaem
m%

8(0)): — T (137)
rje BeanmUnHA p, HA3HBaeMasa INIA3MEHHOH 9aCTOTOH, OMpENe]seTCA BBIpayKeHHeM
2 4mine?

), == m (1 38)

Ecan ¢ — neficTBuTenbHasA OTPUIATENbHAA BeanunHa (o << ©p), TO ypasuenue (1.34)
nMeeT JUOIb TAKHe pPelIeHnsA, KOTOphe YKCIOHEHIMAJAbHO YORBAWT B MPOCTPAHCTEE,
T. €. B 9TOM ClIyd4ae M3JydeHHe He MOKeT pacmpocTpaHATbcsa. Ecum me & — momo-
JRUTeJNbHASA BeIUUNHA (0 => wp), TO pemenns ypaBHeHus (1.34) aBagorca ocumiinu-
PYOMUMA, N31yJeHre MOKeT PACHPOCTPAHATHCA M METANN JOJKeH OHTh Opo3pad-
HEIM. JTOT BHIBOJ, PasyMeeTcs, CIDPaBeIJHB TOJIBKO B TOM Cayd4ae, eCim BOJIM3N
9acTOTH © = (p BHOOIHAETCA CAelaHHOe Hamu npefanonoskende (1.36). Bupasmasn 1
qepes yHeJdbHOE CONPOTHBIEHAe ¢ MOMOMmMBI0 opMyan (1.8), ompemenenme miasmeH-
Ho#t gacTorel (1.38) MOMHO HCHONB30BATE AJA pacdeTa BEINMIAHH (,T:

3/2 4 1
mr=16.102(i) (_) 1.3

p ! aq Ou (1.39)
[lockonpKy yHenbHOE COmpOTHBIEHUE ,, H3MepeHHOe B MKOM -CM, mMeeT HOPATOK

eIMHUIE WIK MeHee, & BeJIUIUHA I's/q, ISIKUT B IPeAesax oT 2 [0 6 yenosue (1.36)
XOpOINO BHIIOJHAETCA OPY IIAa3MEHHOHR dJacrore.

Bruto o6HapyskeHO, 4TO MeJO9YHEIe MeTaJJIb AeHCTBUTEIHHO CTAHOBATCA LPO-
3padHEIME B yabrpadumoneToBom auanasone. Iloxcrasnaa B (1.38) uncaennsie snage-

HUA HOCTOAHHHIX, DOJydYaeM, 9TO IPO3PAvYHOCTL MOJKHA BO3HHUKATh IPH 9YacToTe,
paBHOH

s \ %2
v :2_1’_11,4.(%) .10t T'm, (1.40)

nin .
—c (Y2108 3
hp= e =0,26 (ao) 10% A. (1.41)

B Ta6xn. 1.5 moporoBrle 3HaUeHNsA AMUHE BOJHE, PacCcUMTaHHEE mo (dopmyre (1.41),
COIOCTaBJIAIOTCA C PKCOePUMEHTAJbHBIMU pea3ynbTaTaMH. Hak ME BuauMm, Teopus
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Tabauya 1.5

HadaionaemMble 1 paccunTanBble TeopeTHYECKH JIHHBI BOJH, HIKe KOTOPHIX
1IeJ109Hbie MeTaJLIbl CTAHOBATCS NPO3PaYHbIMH &)

di1eMeHT A, 103 A
Teopna ) DKCIIEPHMEHT
Li 1,5 2,0
Na 2,0 2.1
K 2,8 3,1
Rb 3,1 3,6
Cs 3,5 4.4

a) M3 weurs BopHa u Boasga [6).
6) PaccurTaHo o popmyae (1.41).

HEILIOXO COorjiacyercs ¢ skcuepumentoM. Hmxe 6yder mokasano, 910 B JefCTBH-~
TeNBHOCTY IW»AeKTPUUSCKasi HPOHWIIAeMOCTh HE OUUCHBaeTcA Bripasxenumem (1.37),
a uMeer ropasmgo 6osee caoykmpiit Bup. Taxum o6pasom, HaM B KakOil-TO CTemeHH
(IIOBE3JIO» B TOM, YTO IOBeJeHue IIEJOYHBIX METAJINO0B TAK XOPOMIO OIMCHIBAETCH
reopreir lpyne. B npyrux merannax mommmo dnena Ipyne (1.37) cymecrBemub
O Apyrue BRIAAK B IM3JIEKTPUYECKYI0 IPOHMLAEMOCTD.

W3 ¢opmynsr (1.37) BHTEeKaeT eme OfHO BajKHOE CJAEACTBYE, 3aKJIIIANIIEECA
B TOM, YTO B 2HEKTPOHHOM rase BO3MOMKHH KosjefaHus UAOTHOCTH 3apsia. ME nMeem
B BUAY Takoe Bo30yKijeHUe, OPU KOTOPOM ILIOTHOCTH 3apsafa !) obuapymwBaer
OCIVIATOPHYI0 3aBUCHEMOCTH OT BpPeMeHM Buja e~ ! 113 ypaBHeHUs HeDpPeEpPHIBHO-
CTH

=2, V.j(e)=iop (o) (1.42)
u saxoma laycca
V -E (0) = 4np(w) (1.43)
maxosium, yuureiBag (1.30), uro
iwp(w) = 4no(w)p(w). (1.44)
dto ypaBHeHHe HMeeT peleHne IPH YCIOBUH

4nio ((o) —0

14— {1.45)
KOTOPO€ B TOYHOCTH COBOajaeT ¢ yCIAOBUEM, BBIBeI€HHBIM BLIINE /4 TOpora pacnpo-
CTpaHeHUA W3NYy4YeHUA B MeTaJte. B JAHHOM CJIy49ae OHO IoJiy9aeTcda Kakx yCJIoBne,
KOTOPOMY HMOJMHA yAOBIETBOPATL 9acToTa, 9T100H BOJIHA NJIOTHOCTH sapalia Moria
pacHpoOCTPaHATHCH.

[Ipupomy BONHEI IIOTHOCTH 3apsafa (ee Ha3HBAIOT NJa3MEHHHM KoJebaHmeM
UM HJIa3MOHOM) MOMKHO NOHATH, HCIOONB3Ysi 0OYeHb NPOCTYI0 Mofleab 2). Ilpencrasuwm

1y He caeayer myTaTh TMJIOTHOCTH 3apANia O ¢ YIEJIbHBIM COTPOTHBIEHIIEM, KOTOpOe OGBIYHA
0003HAYAI0T TOMH e OyKBoil p. ITo cMEICIY Bcerjia JeTKO TOHATH, O KAKOIl BeJUINHE B KajyKIoM
KOHKPETHOM CJIy9ae HAeT pedsb.

2) TIoCKOABKY MOJE OJHOPORHO 3aPMHKEHHOIl TJIOCKOCTH HE 3aBHCHT OT PACCTOSHHA OT Hee,
HAIII DPAcCCY/KJEHHA, B KOTOPHX IPHHUMAETCHA, 9TO BCA MIOTHOCTD 3aPAAA COCPENOTOISHA HA IBYX
IPOTHBONONIOKHEEX TOBEPXHOCTAX, HE ABIAITICA CTOND rpyObMn, KaKMMH OHHM IIPEJICTABIAIOTCS
HAa TNEPBHIA BariIsAfl.
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cefe, 970 MBI CMECTHIN BeCh dJIeK1POHHHE Ta3 KaK IeJoe Ha paccTogsue d OTHOCH-
TeJbHO IONOMHUTENLHOr0 (oHAa HemoABKHEIX MoHOB (dur. 1.5) ). B pesyasrate
BOBHVKAeT LOBEDXHOCTHBHIM 3apA, KOTOPHE CO3[aeT JIeKTPUYECKOe LoJe Beaudn-
HOW 470, re ¢ — 3apsA}, OPUXOIAMMACH HAa eMHUNY NAOMAAH 2) Ha KazkAOM U3
KOHIIOB cToJ0a dieKTpoHHOrO rasza. Torma

IS 9IEKTPOHHOIO rasa B LEJI0M COpaBe[- 0= +nde N anerxmponos
JAHBO CIeAYIOUiee YpaBHEHUE [BUKeHUS:
+ -
Nmd= — Ne | 4nc | = + .
| | ) + E =2ro + 2no = 4nde -
= — Ne (4nnde) = —4nne2Nd, (1.46) + -
+ _

KOTOpOe onuchiBaer KojJebaHMA ¢ IJIas- —_——

MEHHOH YacToToil. N/Z wor06 o=—nde
Yucao HIPAMBIX 3KCIIEPUMEHTAaJbHBIX

HaOMIOeHN#t TNa3sMOHOB HeBeldmko. Bos-  @ur. 1.5. Ipocras »mopenn NAa3MEHHBIX KO-

MOKHO, M3 HHUX HauboJiee BayKHYIO POJb neGamuii.

urpaer 9KHCIICPUMEHT, HOKaBbIBaIOHIHﬁ,

9TO IPU ONPOXOMIeHUY IJTeKTPOIIOB Yepesd TOHKYIO MeTaJlJINYeCKYI0 HJIeHKY TepAeMasd

HMHI 9HePrus paBHA IEJOMY KparHOMYy Beamuuub 7w, [7]. Tem He menee, He

caenyer 3a0BIBATH 0 BO3MOKHOCTH BOBﬁyH(I[eHI/IH OJa3MOHOB M B X0/ie APYIUX dJEK-

TPOHHBIX ITIPOIIECCOB.

TENNJOITPOBOJJHOCTh METAJIJIA

HauGoxee Boewartnsamomum ycuexom mopneau Jlpyjie B To Bpems, Korja oHa
fra npemaoena, ABUIOCH 06bACEeHNe SMINpHUecKoro 3akona Bunemana n Opan-
na (1853 r.). 3akon Buynemana — (DpaHpa yTBepskpaer, 4To OTHOHIeRUE %/C TEILIO-
IPOBOMHOCTH K BIEKTPOINPOBOAHOCTU AJNs GONBIMHCTBA MeTANIIOB OPAMO IpPOHOP-
LUOHAABHO TeMilepaType, IpudeM Ko3(dunmentT HpONOPLUUOHANBHOCTH C J0CTATOY-
HOl TOYHOCTHIO OJWHAKOB JJA BCEX METAlnN0B. JTa YAMBUTEABHAA 3aKOHOMEDPHOCTH
BunHa w3 taba. 1.6, rae npuBefeHH U3MepeHHble 3HAUEHNA TENJIONPOBOAHOCTH H OT-
HomeHue x/07 (HaskBaeMoe 9mcioM JlopeHIa) s HEKOTOPHX MeTaljoB LPH ABYX
remmeparypax, 273 m 373 H.

Ina o6psacHeHns 9TOH 3aKOHOMEPHOCTH B pamKax Mofeiam pyme mpemmosara-
10T, 9TO OCHOBHAA YacCTh TENJOBOTO HOTOKA B MeTajljle MEePEeHOCUTCS dJeKTPOHAMH
IPOBOAMMOCTH, JTO IPEANIONOKeHNe OCHOBAHO HA TOM SMINMpPHUYeCKOM HalniofeHum,
970 METaJLIBl MPOBOJAT TEINIO TOPasfo Iydme, 4eM AusieKTpuku. llosTomy Temwro-
OPOBOIHOCTH, 00YCIHOBIEHHAS HMOHAMHU °) (KOTOpHIe MMEIOTCSI M B MeTagixaX, U B
IHDJEKTPUKAX), TOPasKo MeHee BajkHA 110 CPABHEHUIO C TeIIONPOBOIHOCTHIO,
00YCAOBICHNON DIEKTPOHAMY IPOBOAMMOCTY (MPHUCYTCTBYOIUMY TONBKO B MeTaj-
1ax).

1} Rax ObLI0 0TMEYeHO PaHEe, B AeliCTBUTeABLHOCTII B Mojes il [l py/ie yunTeiBaeTcA B3auMoieli-
CTBHE MEKIY NOHAMII II BJeKTPOHAMU, TAK Kak B Hell MpedIosiaraeTcs, 9T0 DAEKTPOHHBL YCDIKII-
BAIOTCA BHYTPI MCTajdia Grarogaps B3anMOJEHCTBHIO ¢ HOJORHTEIBHO 3apMAKCHHBINIT HOHAaMIL
B mameii npocToli Mojien1s TIA3MOHHEY K0:1e0annili TMeHHO 9TO B3anMo/elicTBIIe TPHBONIT K TOSB-
JEeHHIO BO3BPAIAIONeH CHJIBL.

2) He caejyer MyTaTh UOBEPXHOCTHYIO NJOTHOCTH 3apsija O ¢ UPOBOIIMOCTHIO, KOTOPYIO
0OBUHO Takdie 0003navaloT OYKBOIl oO.

%) XOTs HOHBI B MCTAJIIC IT HE MOTYT ICPEMEIIATLCSA 10 HeMY, OHIl MOTYT IICPeRHCT . 1eII0
BYI0 3HEPrUIo (HO e DJIEKTPHIeCKMIl 3apsij) HOHBL MOTYT K0Je0artsCsi OTHOCUTCALHS ZPCHHErC
HOJIO;REHUSA, 9TO [PHBOAUT K mepefade TEMIOBOIH sHepruu B opye VIPYUHIX BOIH., PACTIPOCTAE -
mSRMUXCa 1o nopnoii peruerke. Cm. ra. 25.
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Tabauya 1.6

dKcnepuMeHTANBHBIE 3HAYEHNA K0d(PPHIMEHTa TennonposoHOCTH W Amcaa JlopeHuna
HEKOTOPBIX METaNA0B &)

273K 373K

AneMeHT

», Br/cm- K ®/oT, 10-8 Br. OM/K?2 %, Br/em: K ®/6 T, 10-8 Br. OM/K?2
Li 0,71 2,22 0,73 2,43
Na 1,38 2,12
K 1,0 2,23
Rb 0,6 2,42
Cu 3,85 2,20 3,82 2,29
Ag 4,18 2,31 4,17 2,38
Au 3.1 2,32 3.1 2,36
Be 2,3 2,36 1,7 2,42
Mg 1,5 2,14 1,5 2,25
Nb 3,52 2,90 0,54 2,78
Fe 0,80 2,61 0,73 2,88
Zn 1,13 2,28 1,1 2,30
Cd 1,0 2,49 1,0
Al 2,38 2,14 2,30 2,19
In 0,88 2,58 0,80 2,60
Tl 0,5 2,75 0,45 2,75
Sn 0,64 2,48 0,60 2,54
Pb 0,38 2,64 0,35 2,53
Bi 0,09 3,53 0,08 3,35
Sb 0,18 2,57 0,17 2,69

) Ws cupasounmka Kea u Jsbu [31.

YrobH marh ompefenenne KodpdumuendTa TeAOIPOBOJHOCTA W PACCUMTATH €r0,
paccMOTpUM MeTANJIUYECKUN CTep/KeHb, BROAbL KOTOPOIrO TeMOepaTypa MeJJeHHO
meHsgercss. Ecam Gbl Ha KOHOAX CTep:KHA He OBIO MCTOYHMKOB W CTOKOB TeIla,
OOAeP/RUBAIOIUX IPafUeHT TeMIepaTypHe, TO ero ropAdIMil KoHel oxJasKnaicsa O,
a XOJOOHHIA — HarpeBajcs, T. e. TEMJIOBag 9HepPrus TekJa Ol B HaIpaBJIeHUH, OPO-
TUBOIOJOKHOM TpajueHTy TemmepaTyphl. [ToxBogs Temsao K ropsAdeMy KOHIY ¢ TOH
sKe CKOPOCTBIO, ¢ KOTOPOH OHO OTCIONA YXOAUT, MOMKHO HOOHTHCA YCTaHOBJIEHUSA
CTAU[MOHAPHOrO COCTOAHUA ¢ TPajUeHTOM TeMHepaTyphl M IMOCTOAHHLIM HOTOKOM
Tel10Boil »Hepruu. Mul onpesensdeM MIOTHOCTh HOTOKa Telua §j? Kak BeKTOp, mapaJi-
JIeNIBHEI HAIPABIEHHI0 HOTOKA Teljia W PABHHA M0 a0CONOTHON BeJWIUHE KOJIU-
gecTBY TeIIOBOM SHepruu, HepeceKalomeil 3a eIHWHUNY BPeMeHH eJMHUTIHYI0 IJIO-
majab, NepHeHIUKYIAPHY0 DoroKy !). [l1d Mandsx rpagdeHTOB TEeMIEpaTyphl MOTOK
Tenjla oKashBaerca nponopruoHaibHHM VI (3aron Dypne):

9= —uVT. (1.47)

KospounueRT mpomopuuoHANBHOCTE X HABHBAKT Ko3QPUIMEHTOM TemnoHpoBOX-
noctu. OH HOJOKUTENIEH, TOCKOAbKY HANpaBIeHNe IHOTOKA Temla HPOTHBOMOJIOMHO
HAOpPaBAEHUI0 TpajiueHTa TeMOepaTyphl.

1) ObpaTurte BHUMAHNE HA AHAJOTHIO C OLpCIEICHHEM ILIOTHOCTH 3JIEKTPHIECKOTO TOKA j,
a TaKKe M HA aBHANOTHIO MeKAy 3axoHamu Oma u Dypee.
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B ragecTBe KOHKPETHOTO IpUMepa PACCMOTPUM Ciydail, KOraa UMeeTcs ITOCTOSH-
HEil mepemay TeMIepaTyp B IOJOKUTEIBHOM HampaBiaenmum ocu . Torma B cra-
[{OHAPHOM COCTOSHUY DOTOK TeNJa Te4eT TAKKe B HAUpPaBJIEHUH X M MMeeT a0CcoTI0T-
Hyo BemuunHy j9 = —x dT/dz. Uro6E paccamTaTh 3TOT TEIJIOBOM IOTOK, 3aMETHM
(mpemmonoskenue 4, cTp. 22), 4TO CKOPOCTH 3IEKTPOHA IIOCIE KAFKAOIO CTOJKHOBE-
HHUS COOTBETCTBYET JIOKAJbHOM TeMIepaType; dYeM BHIIe TeMIepaTypa B Mecre
CTOAKHOBeHUsA, TeM Oouabmedl »Heprue#t ob6dafaer HCOKTABIUA CTOJIKHOBeHHE
snextpon. CiaemoBaTenbHO, NajKke eCclIH cpegHee 3HAYCHHE CKOPOCTH SIEKTPOHOB
B KaKOM-1u00 TOYKE OKaJKeTCH PABHBIM HYJI, TO M OPH TAaKUX YCIAOBHAX Gyner
CYIeCTBOBATH CYMMAaPHEIA TEIJIOBOR TOTOK
(B oram4me OT 9JIGKTPHIECKOIO TOKA),
HaOpaBJIeHHHZ B cTOPOHY ofbjacta ¢ Go-
lee HUBKOH Temuepartypoit (¢ur. 1.6). 9o

i ————
00BACHASTCA TE€M, 9TO DIEKTPOHH, HPHUX0-
IAMYe B TAHHY TOYKY U3 0GJACTU ¢ BhHI-
COKOF TeMIepaTypoi#, mMeioT {ojiee BEICO-
KHe DHePTHU#, 4eM 3JeKTPOHEI, HPUXOMNA- Beicoran Husian
memnepamypa memnepamypa

mye U3 obgacTH ¢ HE3KOH TeMIepaTypoil.

Urofbel moyunTs HA OCHOBE 3TOH Kap-
THHB KOJUIeCTBEHHYIO OLEHKY TeHJIOIpo-
BOJHOCTH, BHa4aJie PaCCMOTPHM IPe3MEePHO

®ur. 1.6. CxemaTHgecKoe n300pasKeHHe COOT-
HOIIEeHHsI MEKAY TpajjueRToM TeMIepPaTyPH
U IIOTOKOM TeIlIa.

YVOPOmEHHYI0 «ONHOMEPHYI» MOHexb, B
'KOTOPOH 9JIeKTPOHBI CHOCOOHEI JBUIaThCHA
JMIIb BAOADL OCH Z, TAK 9TO B TOUKY Z IO-

DJIEKTPOHBI, IPUXOAAMMUE B LHEHTP CTepPMKHA cCJleBa,
MCOIWTaNu nNpelnayniee CTONKHOBeHNWe B O0NACTH C
BHICOKOH TeMIeparTypoil. DJIeKTPOHL!, IPHXOISIINE B
HEeNTD CupaBa, MCOBITAIM IOCHAelFee CTOJHKHOBEHHE
B obitacTy ¢, HU3KOH TemIepaTypoli. ClenoBaTelsHo,

9JEKTPOHD, ABWKYINKECA 8 LEHTpe CJieBa Halpaso,

obnapmaioT B cpegHeM 0§oJiee BBICOKOIT 9Heprmell mo

CpaBHEHUIO C OBWHYUMMUCH B O0paTHOM Hamnpasile-

HUM, B pe3yjbraTe BO3HUKAeT cymMapHbil TOTOK
Tenna, HAIPABJICHHLIL ROPABO.

JTOBWHA BJIEGKTPOHOB IPUXOAWT C TOH CTO-
POHBI, Ifie TeMIlepaTypa BHINe, a HOJOBH-~
HA — CO CTOPOHBI, rfl¢ OHa HmHKe. Ecan
&(T) — remnoBass pHeprus B pacdere Ha
ONMH 57EKTPOH B METale, KOTODHE HaXOMMICA B paBHOBecun mpn Temnepatype T,
TO DAEKTPOH, IIOCIeIHee CTOJKHOBEHEe KOTOPOTO IPOU3ONLIO B TOYKe z', B CpeIHEM
nMeeT TemroBylo sHepruio &(T [z']). DuexTpoHEH, mpmxomAmme B TOUKY I ¢ Tol
CTOPOHHI, Tjle TeMIepaTypa BHIIe, MCIHITA U IOCIe[Hee NPeNMecTBYIOIEee CTONKHO-
BeHHME B CcpeflHeM B TOYKe & — UT M LHOITOMY HECyT B pacueTe Ha OIUH HJIERTPOH
remnoByo ouepruo &(7 [z — vr]). Ux BKIaj B IIOTHOCTH TEILIOBOIO IIOTOKA
paBeH I03TOMY HOpPOW3BeeHMI0 uYmcia TAKMX 9JIeKTPOHOB B eAMHHUIE ofbema n/2 Ha
HX CKOPOCTH v W Ha uX sHepruio, T. e. (n/2) v &T [z — vtl). dnexTpons, npu-
XONAmMMEe B TOYKY & C TOH CTOPOHH, TAe TeMIOepaTypa HUKe, HAlOT BRIAJ
(n/2) (—V) E(T |z -+ vt])], mockonsky OBHKYTCA OT GONBMINY 3HAUCHNH Z B HaIpap-
neEnyn MeHbmnx. ClOMeHHe ABYX 3THX YIEHOB HaeT

i1 = %nv [E(T [z — vt]) — & (T [z + viD)l. (1.48)

Ecan mamenedue reMOepaTyphl Ha PaccTOAHMHM JJIWHAEI CBoOOAHOro mpobera £ == vt
09eHb MaJio 1), TO MOJKHO Pa3I0KUTh TOJydeHHOe BEpaskeHne B pAN BOJU3N TOUKH Z,
TOrjla B AWHEHHOM UPHOIMKEHNH TOIYIHM
dé ar
9 — pp2p 22 [ 2L
J'=ntt g ( iz )
Yro6el mepediTy B 970i (opmMysie K TPEXMEPHOMY CAYUYAI0, HEOOXOAUMO TOJBKO
3aMeHHUTh U Ha U, — IOPOEKIUI0 CKOPOCTH 3JeKTpOHA V B HaNDaBIEHUUM OCH & —

(1.49)

1) JaMeHeHHC TeMIOEPATYpPHl HA PAacCTOAHHN ¢ DaBHO ee I3MEHeHNI Ha IInHe odpasua L,
ymuoenuomy Ha (4/L).
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U TpOU3BECTH yCpefHeHne MO BCeM BO3MOMKHLIM HAUDABICHUAM CKOpocTd. [l0CKOIb-
Ky 1) () = (@} = (v}) = Yu* u ndé/dT = (N/V)dé€/dT = (dE/AT)IV = c,

Te ¢, — DIEKTPOHHAsA YJeabHas TeIIOEMKOCTb, MMeeM
. 1
1= vPc, (—VT), (1.50)
nanm
%:%vzrc,,:%évc,,, (1.51)

rge v® — CpegHUEA KBaf[paT CKOPOCTH BJIEKTPOHA.
HomuepkreM, 9T0 NpOBeleHHBIE PACCYKIEHUs Helb3s cY4uTaTh crporumu. Tak,
MBIl BeéCbMa CBOOOMHO TOBOPWUJIHM O NPUXONANIEHCA Ha OOMH 2JIEKTPOH TeIJIoBOH
9HepruN, IePeHOCUMONR OTHEeNBHRMU IPYIHAMU JeKTPOHOB, & MeKAY TeM 3Ty Beln-
IUHY TPYSHO ONpefednTbh TouHO. HpoMe Toro, Ha PasiUYHEIX CTAJHUAX PACYETa MBI
JOBOJIBHO 0e33a60THO 3aMeHSAIM BeTMYNMHB UX TEILIOBHIMEH CPeIHUMH 3HAYCHUSAMIU,
Mosro Onro Obl, HAIIPUMEpP, BO3PA3UTH, YTO €CJIU TEIIOBaA HHEPrus, TPUXOIA-
mAsAcA Ha OTUH 3IEeKTPOH, 3aBHCUT OT HANPABIEHHUS, OTKY/a NPUXOAAT JEKTPOHEI,
0T Hero OyjeT 3aBUCETh W WX CPEeRHssI CKOPOCTH, MOCKOJBKY OHA TOKE 3aBUCHT OT
TeMIEePaTypH B MecTe X ITOCHeHero cToMKHoBeHuA. Huske MBI 3aMEeTHM, 4TO IOCJE[I-
Hee YOYMeHMe KOMIEHCHpYeTcs NPYroid OonyieHHOW Hamu ommudron; B ra. 13
¢ HOMOIBIO G0Jee CTPOTUX pacCcy:KAeHWH MBl HOKakeM, 9To peayasrar (1.501) ogens
OMVM30K K IPABUABHOMY (M IpU OCOOBIX 00CTOATENBCTBAX SABISETCA TOYHEIM).
Ucxona us dopmyas (1.51) u momenus rosdpdunment; TenIoOpoBORHOCTH Ha
woadpuimenr anerrponposogHoctH (1.6), MOKHO LOAYIUTH elle OFHO BHpajkeHUE,
KOTOpoe yiKe CBOGOMHO OT TamHCTBEHHOCTH, HIPHUCYIel BpeMeHH pelaKcanmuu T:
N L/gepmu?
7 (1.52)
EctecTBeHHO, YTo mpU pacyeTaXx dIEKTPOHHOH YHEIbHOH TEIIOEMKOCTH WU CpefiHe-
KBajipaTudHoil cKopocT JlpyAe BOCHOIB30BAJICA 3AKOHAMHU RJACCAYECKOIO MEaJb-
Horo rasza. [losroMy OH (DAKTHYECKHU LOJOMKHI TEIUIOEMKOCTH ¢, paBHOU 3/,nk g,
a Beamuuny Y, mu? — pasuod 3/,kyzT, roe ky — nocroguHas Boabnmana, kp =
= 1,38-1071% 5pr/K. 910 mpuBogMT K CJaeyIOMeMy pe3yJabTary:
=3 (f2)’r. (1.53)

o 2 e

Beawmunna B mpaBoit gactn paBexHcTBa (1.53) saBUCHT numb oT QYHZAMEHTANIBHEIX
HOCTOAHHBX kp ¥ ¢ M HPONOPIMOHANBHA I B TOJHOM COOTBETCTBUHU € 3aKOHOM
Bunemana — Mpanma. M3 (1.53) omonysaem smHadennme unciaa Jlopenma 2)

t=2 (%3:)2:1,24.10—13 opr/ex. CTCD.K)2=1,11-10"% Br-Ow/K2, (1.54)
970 COCTaBJisfgeT IPUMEPHO HOJIOBUHY TUIHIHBIX 3HAYeHWH dwmcaa JlopeHua, mpuBe-
menunx B Tada. 1.6. B cBoeM mepBoHaganbHOM pacdere ajaeKTpounpoBogHocTH J[pyne
ommbcs B JBa pasa U IIONY4YMJ pe3yJabTar, BABOe MeHBIMHA OpaBmiabHoro (1.6),
U TOdTOMY HalimenHoe uMm sHauenme x/cT = 2,22 .10-% Br.Om/K? oraszanoch B mpe-
BOCXO/(HOM COTJIACHHU C SKCIEPHMEHTOM.

1) B paBroBeciiu pacnpejleleHue UO CKOPOCTAM siBasercs 13orpounsiM. ITompaBxi K HeMmy
34 cUeT I'PATHeHTa TeMIepaTyphl ¥pes3Bedalino MaJbl.

2y Hocroapky (Jim/Ki)> = (B1/A)? = Br-OM, mpaxkTudecKne eIUHAIB, B KOTOPBIX IIPH-
BoNiaT 3HavdeHnsa dncen Jlopenna, gacto massiBaioT me (IHx/Ila-K)2, a Br.-Om/K2,
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JTOoT yCmex, XO0TA W CIYJYaiHHIA, ORI HACTOJIBKO BIEUATIAIOHIEM, UTO CTUMY-
JupoBaJ JajdbHedimmue mccaegoBaHusa Mmofenn llpyne. Bce ke oH kasancs BecbMa
3aragovYHBIM, MO0 HUKOrfa HalJi0JaeMBId BRJAJ DJIEKTPOHOB B YHEJBHYIO TeIIoeM-
KOCTh He MMeJ BeJUIUHE XO0Tg OBl OTHAJNEHHO cpaBHuUMOU ¢ 3/,nk ;. HedcrButensto,
pe3yIbTATH M3MEPEHNH MOKA3LIBAIOT, YTO OIPHM KOMHATHON TeMIepaType 5JeKTpPOHHI,
To-BHIUMOMY, BOOOIIe He JAIT BKJIAJa B TEMIOEMKOCTh. HaK MBI YBHIUM B ria. 2,
33KOHBl KIACCUYECKOT0 WAeaJbHOr0 ra3a HeNPHMeHWME MJIs 3JMeKTPOHHOTO Tasa
B Mmeranae. [lopasutensHblt ycmex mofeam Jpyne Omur cBsA3aH € TeM, 4YTO B ero
pacgerax, MOMHMO OmuOKM B /iBa pasa, Cojep:Kajuch ABe Apyrue omuOKy, OpuMep-
HO Ha IBa HOpsAAKA KayKAas, KOTOpEe KOMIOeHCUPOBAJHX APYTr APYyra: Ipu KOMHATHOR
TeMIepaType peanbHBIH 3JeKTPOHHBIH BKJIAA B YHEAbHYIO TeMILIOEMKOCTH IPHMEPHO
B 100 pas MeHbHIe IpeACKA3EIBAEMOI0 KJIACCHIECKM, A CPEJHMA KBagpaT CKOPOCTU
sneKkTpoHa — upumepro B 100 pas Gonbme.

KoppekrHasa Teopus paBHOBECHBIX TEIIOBHIX CBOMCTB CBOGOTHOTO BIeKTPOHHO-
ro0 Ta3a paccMaTpPUBaeTCs B IaI. 2, a 6oJlee TOYHEIHA aHAJIN3 TeNJIOIPOBOJHOCTH MeTaJl-
aa npoBommurea B . 13. Opgmaro mpesxiie 9eM 3aKOHYMTH OOCY:KAeHHe BOIpoCca
0 IepeHoce Temia, MHE JOJJKHE YTOYHHMTH OJHO OGCTOATENHCTBO, KOTOPHIM MEL IIpe-
HeOperam B HameM CAMNIKOM YOPOMIEHHOM aHAJIW3e M 32 KOTOPHIM CKPHIBAETCs BajK-
Hoe QU3UTECKOe sBJEHHeE.

Ilpu pacueTe TennonmpoBOAHOCTH MBl He YYHTHBadu 5QPeKToB, CBA3aHHEX
¢ TPAfMeHTOM TeMNEePaTypH, 3a HCKAIOYeHUEM TOTO, 9TO CUUTANY DHEPruio, mepeHo-
CUMYIO TPYUIION 9JeKTPOHOB, 3aBHUCAMEH OT TEMHepPATYpPH B MeCTe UX IOCIeIHEero
cronkHoBenua. Ho eciam mocme CTONKHOBeHMA, UPOUCXOAAMEro B o0xacTd, rhe
TeMIepaTypa BHIDE, dIEKTPOHH o6aafgaioT 6ojee BHICOKMMH JHEDPIHMAMH, TO TOTHA
OHE WMeloT TakKiKe u Gosgee BECOKHMe ckopocth. IlosroMmy, Kasanmoch 6B, MH TOJHHH
VUNTHIBATH, 9TO He TOJBKO BRJIAN DJIeKTPOHA B TEIJIOBYI0 9HEPTHIO, HO M €T0 CKO-
POCTH U 3aBHCHAT OT TOr0, B KaKOM MecTe IPOH3OMIIO TOCHe[Hee CTOJIKHOBeHHE.
OxaswelBaeTcda, 970 TAaKOX T0OABOYHBIA wWieH W3MeHseT pPe3yNbTaT Ha MHOKUTEID
IOpANKA eJUHUIIE; TeM He MeHee (paKTHIeCKH MH OBLIM IIpaBH, KOraa npeHebperaan
9T0i mompaBKoi. JleificTBUTeNbHO, cpasy NOCHe CO3NAHHA TIpajgUeHTa TemIlepa-
TYpH 9JeKTPOHEl 00J1aal0oT OTIMYHOM OT HYJS CpefHeil CKOPOCTHIO, HampaBieH-
HO# B cropoHY obOmxactu ¢ Gojee Hu3Ko# Temmeparypoid. OmHAKO, IOCKOJBKY
3MeKTPOHH HecyT 3apsAf, Hajm4me TAKOH CKOPOCTH IpHBeJeT K BO3SHUKHOBEHHIO
3MEeKTpUYecKoro Toka. Ho m3aMepeHMs TemIoNpPOBOMHOCTH OOKYHO IPOBOIATCS HPH
PA3OMKHYTOI Tenm, KOra 3JIeKTpUIeCKud TOK He MosKeT uATH. llosTomy snerTpu-
YeCcKUil TOK CYILIeCTBYeT JWOIb M0 T€X LIOp, MOKA Ha MOoBepxHOCTH o6pasna He HAKO-
UuTCs 3apAm, JOCTATOYHHIN [JiA CO3MAHUs 3aMe[IAIONero 3JeKTPHIecKoro mojsd,
KOTOpOe LPOTHBOAEHCTBYET NaabHEHmeMYy HAKOILIEHWIO 3apAfa M I0TOMY B TOU-
HOCTH KOMIEHCHPYeT BAWAHME TpafueHTa TeMIepaTyphl Ha CPeAHII CKOPOCThb
saextrponos 1). Horga crammonapHoe COCTOSHHE JOCTUTAETCA, IEKTPUUYECKUH TOK
DpeKpalfaeTcs; TaKuM o6pa3omM, MBI GBLIN IPAaBE, IPEeXIONIAras, 4To B Kam10# TouKe
CPeNHAS CKOPOCTH JEKTPOHOB paBHA HYII.

Tax MBI OpEXOAWM K PacCMOTPeHMIO ellle ONHOro ¢uamdeckoro sddeKTa: Ipu
HATHIAM TpajueHTa TeMIepaTyphl B AJIMHHOM M TOHKOM CTep;KHe B HeM [OJKHO
BOBHHKATHL DJIEKTpUYECKOe Ioje, HAaIPABJIeHHOE IPOTHBOHOJNOMKHO TPAlWeHTY TeM-
pepatypsi. O CymecTBOBAHWM TAKOIO TOJs, HA3HBAEMOI'0 TEPMOIJIEKTPUIECKUM,

H3BeCTHO yiKe JOBOJBHO HaBHO (sPpderrt 3eefera). Iro mome oOHYHO 3aOMCHBAIOT
KaK

E — QVT; (1.53)

1) Cp. amamorngnoe o0cy)KmeHne BOSHHKHOBEHWS Moss Xoaia HA cTp. 27,
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KO3()HUIMEeHT IPONOPIMOHANBHOCTH () HasmBaeTca AN(PepeHIUANBHOR TePMOaJleK-
TpONBMKYMeH cmio# (mnm puddepeHNUanbHOE TepMo-d3. A. ¢.). UYTo6H paccun-
TaTh , 3aMETHEM, 9TO B Hame#l «OJHOMEDPHO» MOMeNM CPEfHSA CKOPOCTH 9JEKTPOHOB
B TOYKe r, BOBHHMKAlONas N3-3a IpajmeHTa TeMOepaTypH, paBHA

1 dv d (v
UQ=—2—[v(a:—vt)—v(x+vt)]=—TUE=—T—d-x-(—2—). (1.56)
M=u omsTe MOKEM HepefiTu K caydalo Tpex maMmepeHmi !), moiaras v® — v? u same-

wasg, aro (Vi) = (v;) = (v3) = Y z*% Torza
T dv?

Vo= _FW(VT). (1.57)
CpenHAsA CKOPOCTh, BHI3HIBaeMasa JJIEKTPUUECKHM HOJEM 2), eCThb
Et
vp= — L (1.58)
YT065 BEIMOMHANIOCH YCIOBHE Vo -+ Vg = 0, MBI HOIKHEI IOJOKHTH
0= 1 4 my?® cp 1.59
__(g)dT 2 7 3ne* (1.59)

JTOT pe3yJabTAaT BHOBh He 3aBHCHT OT BpeMeHH penarcanmm. OmeHmBasg ero,
Ipyne eme pas Heo60CHOBAHHO IPUMEHMJ KJIACCHYECKYIO CTATHCTHIECKYIO MEXaHH-
Ky ¥, DOJOKUB TEILIOEMKOCTH ¢, paBHO# 3nkyp/2, Hamex

0= _’;_f = —0,43.10~ B/K. (1.60)

Peanpuo HabaofaeMble OPpH KOMHATHEX TeMIepaTypax B MeTajdnax AudQepeHIuaIb-
HEIe TepMo-3. I. ¢. uMelor mopsaok 1 MxB/K, 1. e. 3 100 pas mensme. 910 Ta e
camaa omubKa B 100 pas, Koropas ABasKIH (UrypmpoBaja B mpoBefeHHOM [[pyme
BrIBOJe 3aroHa Bmpemana — (UpaHua; ofHAKO Temeph OHa He KOMIEHCHUPYETCHA, YTO
ABHO YKa3HBaeT HA HEANeKBATHOCTH KIACCHYECKOH CTATHCTHNUECKON MEeXaHUKM HpH
ONUCAHNH DJIEKTPOHHOTO rasa B MeTajjiax.

PacxomaeHne yCTpaHseTCs NpH MCIOJIB30BAHHN KBAHTOBOM CTATHCTHYECKOH
mexamukn. QfHAKO B HEKOTOPHIX METaJJaX ¢aM 3HAaK TepMo-3. 1. C., T. €. HapaBie-
HOE¢ TEPMOJJIEKTPOABIKYIIEr0 I0Jisfg, HPOTUBOIOJOMKEH IPEICKA3EIBAEMOMY MO~
mexabio [Iipyme. 9To Takasd ke 3arajka, KaK W pacXoKieBne B 3Bake Koadduimenta
Xoana. HBanTOBas Teopms TBepAOTO Teda MoOjkeT OOBACHHTh TaKiKe I obpalmeHue
3HAKA TEPMO-3. . C., HO B IAHHOM Clydae ee TPHYM(} OKa3HBAETCA JOBOIBHO CKPOM-
HBIM, 00 TONJWHHAS KOJUIECTBEHHAA TEOPHs TePMODJIEKTPHUECKOTO IOJsA OO0 CHX
mop eme He cosfaHa. Ilpm mocaenyiomem o6CyKIeHHE MEI OTMETHM HEKOTOPEE 0CO-
OEHHOCTH B5TOr0 SBJICHWSH, KOTOPHE MeJal0T YPe3BHYAHO TPYAHEIM ero TOYHEIH
pacder.

M3 mocregHHX HPHUMEPOB SACHO, 9TO He MMeeT CMEICJIA Pa3BHBATH TEOPUIO CBO-
GOMHHIX 2JeKTPOHOB (€3 HaJJIeKAIMEr0 WUCIOJIb30BAaHUA KBAHTOBOH CTATHCTHEH.
JToMy BoOOpOCY HMOCBAMmMeHa ri. 2.

3AJAYN

i. Pacnpedenenue Ilyaccona
B mojenn JIpyne BePOATHOCTH TOYO, 9TO DIEKTPOH HCHBITAET CTOJKHOBeHME 3a 0eCKOHEYHO

MalH [POMEKYTOK BpeMenm d¢, pasHa di/T.
a) IlokamnuTe, 9TO BEPOATHOCTH TOTO, 9T0 BJIEKTPOH, ClydaiiHO BEODAHHBIHA B NaHHHN Mo-

MEHT BpeMeHH, He MCIHTAJ CTOJKHOBeHHs B NpefkAyIue ! CeKyHA, paBHa e 7. Ilokamute,
9T0 ¢ TOH e BEPOSTHOCTHI0 OH HE HCIHITAET CTOJKHOBEHHS II B HOCHeRyIomue { CeKYHJ.

1) CM. TaKKe pacCy/KIeHHsA, UCIOJHh30BaHHHE mpu nepexone ot gopmyanl (1.49) K dopmy-

me (1.50).
2) CM. ofcyskmeHNe Ha CTp. 23.
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6) IMowaskuTe, 9TO BEPOATHOCTH TOTO, UTO TPOMEKYTOK BPEMEHH MEKIY IBYMA IIOCHEN0-

BaTEJILHLIMA CTOJKHOBEHUAMYM 33KJIYEH B MHTEepBaJie MeKAYy ¢t ¥ t - df, ecTh (dtit)e /",

B) Ucxona m3 pe3yabTaTa «a» BHBEAUTe, UTO yCPeJHEHHOE II0 BCEM JJIEKTPOHAM BpeMa,
mpoImefniee ¢ MOMEHT2 HOCHeHEeTO CTONKHOBEEWA (UAM BPEMA [0 CJeNYIOMero CTOJIKHOBEHUA),
PaBHEO T.

r) Wexona ua pesyabTata «6» BEIBeJUTe, UYTO CPeJHee BpeMsa MEKIY ABYMA IOCJIeXOBaTeNb-
HEIMA CTOJIKHOBEHHAMH DJJIGKTPOHA PaBHO T.

I) W3 pesyipTaTa «B» clefyer, UTo B JI0G0# MOMEHT BpeMA I' MeMAy NPEeRLIAYIIM H II0-
CHeRYIOMMM CTOJIKHOBEHMAMY, YCPe/lHEHHOEe IO BceM 3dJeKTpoHaM, ectb 2t. OODbAcHITe, modemy
3T0 He IPOTUBOPEUYNT Pe3yIbTaTy, HOJYyIeHHOMY B 1. «I». (IlosHOE 00bsACHEHNE OMRHO BKIOYATh
BHBOJ pacupejiejieAns BepostHocty aias 7T.) Jlpynme Be ydes 3Tof TOHKOCTH, II0O3TOMY HAaiifleH-
HOe VM BHIpajKeHMEe COCTABMJIO JuINp NoJ0oBMEY oT (1.6). OfEaKo npu BHYWCIEHHH TEIIONPO-
BOTHOCTH OH HE C/IEJIAJ TOH 7Ke OIMOKM — OTCIOa MHOKHATENH 2 B HAlileHHOM HM 3HAYEHUN dHCaa

Jlopeana (cm. ctp. 38).

2. Iorcoynreco men.ao
PaccMoTpuM MeTajli NpH NOCTOAHHOH TeMmepaType B CTaTHYECKOM OJHOPOJNHOM 3JIEeKTDU-

geckoM mose E. IIycTh 3JeKTPOH, HCNHTABIMIMi BHadaJje OJAHO CTOJKHOBEHME, IO 1IPOLIECTBIH
BpeMeHU ¢ HCHOHITHBaeT BTopoe. B Momenn JIpyme sHeprua B CTOJKHOBEHUSX He COXDPaHAETCH,
TaK KaK CpefHAA CKOPOCTH 3JeKTPOHA Cpa3y ke I10ocJe CTOIKHOBEHMA He 3aBHCHT OT TOH sgeprun,
KOTOPYI0 OH IONYIUI OT NOJd €O BpPeMeHU IpefHIyIero CTOJKHOBEHNA (IpeilNojIOJKeHHe 4,
cTp. 22).

a) IToramuTte, 9TO CPEeNHAA SHEPIud, HePeJaHHAasA MOHAM BO BTOPOM M3 THX ABYX CTOJIKHO-
BeHUI, ITPOMCXOAANMEM II0 UCTeYeHWM BpeMeHN f, paBHa (eEt)%/2m. (YcpemHeHile nmponasoinTes
0 BCEM HATPABJIEHHAM JBMIKEHNS 3JEKTPOHA IIOCJe TEePBOTO CTOJKHOBEHHSA.)

6) Hcnoabsysa pesylibraT 3ajagn 1, m. «6», moKasKuTe, 4T0 CpefHAA SHEPTHsH, HepefaBa-
eMasg OT OIHOTO JJEeKTPOHA 3a OJHO CTOJKHOBEHHE, pPaBHA (eE£T)2/m m mosTOMy CpelHAA moTeps
sHeprUM saekTpoHamm B 1 cm® 3a 1 ¢ paBHa (ne?/tm) E? = oE2. Tlokaykure, 9TO MOIHEOCTH, Te-
pseMasi B NPOBOARUMKe AiMHoR L ¢ momepeunsim ceueruem A, paBra I?R, tae I — TOK B mpo-
BOJHIKE, a R — ero coIPOTUBIECHHE.

3. IgpPexm TomcoHa
Hpenuono;{mM, 9T0 B 3ajade 2 B MeTaljle IIOMUMO IIPHJIOKEHHOTIO 3JIEKTPIYEeCKOTo 1oJs

AMEeTCH Ta¥iKe IOCTOAHHHI rpagdedT Temneparypn V7. IIOCKOIBKY 5HePTHMs 3TeKTPOHA He-
MOCPEICTBEHHO II0CJe CTONKHOBEHHA OIPelelIfieTCs JOKAJILHOH TeMuepaTypod, HOTeps 3HEeprill
IpPH CTOJKHOBEHWHX 3aBICHT 0T TOTO, HACKOILKO MalleKo «BHH3» II0 TPAjJHEHTY TeMIepatypsl
npoIes JEKTPOH 33 BPeMA MEKTY ABYMA CTOIKHOBEHHAMU, a TaKiKe OT TOTO, KAKOe KOJIIYeCcTBO
9HEPTHH OH npuolbpen 0T aieKkTpudeckoro noisd. CiaefoBaTelbHO, BHPasKeHHe I NOTePH HYHEPIHH
Oypmer comep:xkarh 4ieH, npouopuvonHalbuii E . V7 (ero Jerko OTIMMUTL OT APYTHX 9JIEHOB,
ONNCHBAIOMAX SHePreTHYeCKWe IOTEPH BO BTOPOM HOPAJKE, IOCKOJBLKY 3TO e[HMHCTBEHHBIH 9J€H,
MeHAMU#A 3EaK npu obpamennn 3Haka E). IToxamute, 94TO 9TOT BRJAJ ONHCHBAETCS B MOJEIH
Opyne anesoMm nopsanra (net/m) (d€/dT)(E - VT), rae € — cpefHsAa TemjioBas SHEPTHA B pac-
d9eTe HA OOUH 2JieKTpoH. [PaccunTaiiTe »HEPIuIo, TepseMyl0 THIMYHEIM 3JEKTPOHOM, KOTODHIL
HENIOCPENCTBEHHO Tepe] CTOJKHOBEHHEM B TOYKEe I MCHKTAJ CTOJIKHOBEHHE B Toyke r — d. Cunras,
9TO BpeMsA pellaKcaluy T IIOCTOSHEO, T. €. He 3aBHCHUT OT 9HePTHH, d MOKHO HAHTH B MEPBOM TpPH-
OJYKeHVH 110 TI0JI0 ¥ TPAIMEHTY TeMIEePAaTYPhl ¢ IOMOMBIO IPOCTHX KMHETHIECKUX PacCyKIeHHH,
dTore A0cTaTOYHO, YTOGH BEHIYUCIHUTL I[IOTEPH SHEPTUN BO BTOPOM HOPAIKeE.]

4. I'earuroudarvroie 60AHbL

IIpefmooMKuM, 9To MeTajls IOMEIEH B TOCTOAHHOE MarHHTHoe noje H, HanpapaeHHoe
BIOTL OCH 2, TUYCTh HA HEIo JeficTBYeT mepeMeHmoe siektpndeckoe moxe Ee '®! mepnemmnry-
aapuoe H.

a) IlycTp dJeKTpHYECKoe IIOJe IOJAPU30BAHO NHUPKYAAPHO (B, = +iE,). Tokammure,

aro ¢opmyay (1.28) remepr crenyer o0obmuTh TakmMm o6GpasoM:

. o _ N . i
]x=(1—i(m%:0)c)1:> Ey, Jy= X ijx j,=0. (1(’)1)

6) Hoxakute, uto ¢ yuerom (1.61) ypaBmemusa MaxcBemia (1.31) nmewnT pelieHue

Ey=Ept®=®Y B —+iE,  E,=0 (1.62)
apn  ycxosuu, 4ro k%c? = sw?, rme
w? 1
=P
e ) =1——2 (GoT77) - (1.63)
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B) 11300pasuTte xoa QyHKIHMH € (0) NI o > 0 (npm noaapusawun E, = iE,) u upoje-
MOHCTpUpYiiTe, 4TO pelleHHs ypaBHeHUA k%c? = ew? CYINECTBYIOT [JIs IPOMBBOJILHOTO k OpPH
9aCTOTaX © > 0p U ® << o, (CuuTalite, BHIIOJIHEHHBIM YCJIOBUE CHABHOrO 1OIA T > 1
I yuTiTE, YTO J[a’Ke B 10Jie MOPANKA COTEH KHJOrayccoB wp/w, 3> 1.)

r} Horamure, 40, Korga @ <« @, COOTHONIEHNE MEXKAY k T @ JUIA TAKOTO HM3KOYACTOT-
HOTO peIUeHIIS IIMeeT BHA

mzwc(

3 (1.64)
®p

dTa HIIKOYACTOTHAA BOJIHA, HasbiBaeMad TIeJMKOHOM, HalJmjaiach BO MHOTHX MeTauanax [8].
OHeHHTO HacTOTy TeJJHKOHa, eCJHM OJWHA BOJHLB COCTaBJIACT 1 CM, T10JIe nMeeT HallpAMXEeHHOCTDL

10 xI'c, a 3JeKTPOHHAS TIIOTHOCTb — THIIMYHYIO [iA METAJIOBR BeIUUHHY.

k2c2 )

5. lHose pxHOCMHBIE NAAIMOHBL

DiIeKTPOMATHIUTHAA BOJHA, CIOCOGHAs PacHpPOCTPAHATHCS BJl0JL 1OBEPXHOCTU MeTaia,
3aTPYAHACT HaOJIOgeHHe OOHYHEX (00hbeMHRX) miasmoHOB. IlycTh 10JaynpocTpaHcTBO 2z > 0
3aHATO MeTAJIIOM, & TOJYIIPOCTPAHCTBO z < 0 — BakyymoM. IIpeanonoxum, 910 GUrypupymomas
B ypaBHeHUAX MaKcBeJIa IJIOTHOCTh 3JeKTpHMYecKoro 3apAna p ofpamaercs B HYJb KaK BHe,
TAK H BHYTPI Merasaa. (9To He MCRIIOYaeT CYMECTBOBAHHS HOBEPXHOCTHOH IJIOTHOCTH 3apAna,
-cocpenoToueHHOfi Ha maockocrn z = .) [loBepXHOCTHBIR TIJIA3MOH TpeACTaBAseT 0G0l pelrenne
ypaBHenTli MakcBesdla, mmewmniee ClIeAyIOmyio gopmy:

Ey=dAeitze ™ E, =0, E,=Beigxe %z, 7>,
E = CelaxeX'7, E,=0, E2=Dei‘1xeK)z, 2 < 0,

(1.65)
rme ¢, A, A’ — peficrButenpHble, K, K’ — IONOMKITENBHEIE YHCIA,

a) Ilpeanonaras o6wvMABIe TPAHAYHBIE YCIOBHA [T. €. HENPEPHBHOCTH BeJNUHH E“ n (aE)J_]
n uenodap3ys pesyavrath Apyae (1.35) un (1.29), maiijuTe TpH ypaBHEHMA, CBA3KBalomue q, K
n K’ wark QYHENNU .

0) Ilpeanonaras, uwro ot » 1, uzobpasure ¢%? wak PYyHKINO ©2.

B) Iloramiite, 9T0 B mpejede g¢ > @ CYNECTBYeT pelleHHe ¢ YacTOTOH o = u)p/]/2. One-
HiTe A 11 K’ 11 NOKa)KHTe, 9TO 3Ta BOJHA CYHIECTBYET JHIIb y MoBepxHoctn. ONHINNTE ee II0-
mapusanno. Takyio BOJHY Ha3bIBAI0OT TOBEPXHOCTHEIM ITIa3MOHOM.
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TEOPUA METAJIJIOB 3OMMEPOEJIBIA

PACOIPEAEJIEHUE ®EPMN — JHUPAKA
CBOBOJIHBIE 3JEKTPOHEI
[IJIOTHOCTL PASPEINEHHBIX BOJHOBBIX BEKTOPOB
UMIIVJBC, SHEPTUA U TEMIIEPATYPA OEPMU
9HEPTUA OCHOBHOTIO COCTOAHUA
N MO VJIb BCECTOPOHHETO CHATHUA
TEPMOAMHAMUYECKUE CBOUCTBA T'A3A CBOBOJHBIX 9JIEKTPOHOB
TEOPUA IMPOBOAMMOCTH 30MMEP®EJDL/IA
3ARKOH BHJAEMAHA — ®PAHIOA

Bo Bpemena [/[pyme m 3aTeM B TedeHme MHOIHMX JeT BIOJHe PAa3yMHEIM Ka3aJoch
OpeAlloaOKeHNe, ITO PACIpelesieHre 3JIeKTPOHOB HO CKOPOCTAM COBIAJaeT C pac-
npefiesieHneM B O0BIYHOM KAACCUMECKOM rase ¢ IioTHOCTHI0 n = N/V u onucHBaeTcs
B COCTOAHUM PaBHOBecus mpu Temuepatype I dopmynoir MakcBenna — DBoxbmmana.
Ilpu TaKoM NPeNIONOKEHNT YUCI0 HIEKTPOHOB B eIUHUINE 00beMa, CKOPOCTH KOTO-
pHIX Jesrar B mHTepBane !) dv ¢ menTtpom B v, paBHO [y (v) dv, THe

m 3/2 _mo 7
fs (V) =n(ggpp) e (2.1)
Rak met Buzeqn B ra. 1, mogoGHoe HpefmososkeHue B codeTalun ¢ Mofenabio Ipyme
OPUBOAKMT K PE3YJIbTaTaM, COIJIACYIODEMMCA 10 HOPANKY BEJMYHHEL ¢ 3aKOHOM Bupe-
mana — (DpaHua; BMecTe ¢ TeM H3 HEro cjiefyer TAK/e, UTO IEKTPOHH [ OJKHEL
naBaTh 0OABIMOM BKIAX B TEIIIOEMKOCTH MeTajiia, paBHHHU 3/,k ; Ha OfMH 3IeKTPOH.
Taxoir Bruay obHapyskeH He ObLI °).

B reueHume I@TBEPTH BeKa DTOT MAPATOKC BRI3BIBAJ COMHEHUS B CIPAaBeUINBOCTH
Mmozienn JIpyde, KOTOpHIE pPACCESIUCH JUOIb IOCHE CO3MAHHUSA KBAHTOBOH TeOpum
U IpU3HAHHA Toro aKTa, 4TO IJIA 3JIEKTpoHOB %) B cnny mpuHiuna sampera [laymu
pacupenenenne MaxkcBenra — Boxpumana (2.1) no/mkmo GbITh 3aMeHEHO pacipefe-
aeanem Qepmu — upara:

_ (m/ny 1
T ) == Sy [k Tl T T - (2.2)

1) Me ucmoxpsyeM CTaHIAPTHHIE BEKTOpHHe ofosmadeHns. B wacrHoctn, v ofosmauaer
abCOMIOTHYIO BeJHTHHY BeKTOpa V. [lamee, MBI TOBOPUM, 9T0 CKOPOCTH 3AKJIKIUeHA B LHTCpPBaJe
dv ¢ IEHTPOM B V, €CIII €€ i-A KOMIIOHCHTA JIC;KIT B HHTePBaJIe Me;KAy v; U v; - dv;, e i = x, y, z;
CIIMBOJI dV ICHOIB3YeTcA M JUIA 0003HadeHns o6bema 06,acTH B NPOCTPAHCTBE CKOpOCTEIl ¢ Ien-
TPOM B V II paamepamu dv, T. e. dv = dv, dv, dv,. (Taxum 06pa3oM, ME CJIeTyeM HINPOKO pacnpo-
cTpaHeHHOIT cpean PHANKOB IPAKTUKE He IIPUMEHSTH PABANYHEX 06G03HaYeHNIT 1JiA camoli ofmacTn
it ee 00beya — 3HAYEHHE CHMBOJA BCErJa SACHO 113 KOHTEKCTA.)

2) Huke MBI YBHAMM, 9TO B AeflCTBUTENHHOCTI BRJA/ OT 3JEKTPOHOB IPI KOMHATION TeM-
ueparype HMeeT INPUMEPHO B CTO pa3 MEHBIIYI0 BeJNYHMHY H CTAHOBIITCA €IC¢ MEeHbHIe ¢ TOHH-
JKeHHEeM TeMIIepaTypH.

3) W ana nw0bHX IPYIUX YacTHI, NOAYNMHANMuNXCA craTucTike @epmy — Jlupara.
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®ur. 2.1. a — pacnpejienenus Maxrcresia — BoasuMaHa fug # depmu — JJupaka fpp 1PH
THINYHBIX METAJUINYECKMX IJIOTHOCTAX H KOMHATHOH TeMmeparype.

0O6e KpuUBBIE OTHOCATCA K ILTOTHOCTH, COOTBETCTBYIOLIEl Temneparype T = 0,017T,. Macmrab OZMHAKOB OJA 000X
pacnpefeniennii 1 BeiOpaH Tak, 4TOOB IPYU HMBKNX SHepruax pacnpeneneHue depmu — JAMpaxa KOCTUTaJO el
Hunbl. Hnke KOMHATHOI TeMIepaTypH pasiiyie MeKOy pacrnpeleleHNsMH CTAHOBUTCA emme 0ojiee OTUETIIIIBBIM.

6 — Te ke pacHpefeleHus B mATepBaae oT z = 0 1o z = 10, mOCTPOEHHEEE B JPYroMm MacmTade.

Ocb x pacTAHYTa npuMepHO B 10 pas, a och f ciKara npuMepHo B 500 pas, wroGHl pacmpexeneHue Makceenyia —
BoaenmaBra IOJNHOCTRIY IOMecTwiach Ha rpadure. Ilpn TakoM Buope MacliTaGoB KpEBad, COOTBETCTBYOLIAA
pacupenenennto ®epmu — Ilupaka, CIHBaeTCA C OChIO X.

3neck i — mocrosgHHaa llnawka, gemennas Ha 2:, a Ty — TeMmuepaTypa, ompefie-
ngeMasi M3 YCIOBUA HOPMHPOBKH 1)

n={avfw (2.3)

M paBHas OOBIYHO [JeCATKAM THCAY IrpagycoB. llpn mHTepecyomux Hac TeMIepaTy-
pax (mmwke 10° K) m npu smeKTpOHHBIX IUIOTHOCTAX, THONYHHEIX AJs MeTajjia, pac-
npepenerne @epmu — J[upaka gpes3BrUafHO CHIIBHO OTIMYAETCHA OT PACIpPee]eHnsa
MaxkcBenna — Boxenmana (¢ur. 2.1).

B sTo¥ rmaBe MB paccMOTpUM TEOPHIO, IPUBOAAMYI0 K pacupenenesuio Depa-
,Zlnpa}ca (2.2), 1 moOKameM, KaK CKa3HBaeTCA CTATHCTHRA ®epmu — [upaka Ha
CBOHCTBaX 3JIEKTPOHHOTO Taza B MeTaJJIax.

1) 3aMeTum, 9T0 HOCTOAHHLIE B BRI paskennu (2.1) mas pacnpegenenus Makcsenna — Boasbi-
Mapa yyke BHOpaHH TaKuM 00pasoM, 9ToOH BHIOJMHAZOCH paBeHcTBo (2.3). @opmyna (2.2) BuiBe-
nena mwke [em. (2.89)]. B sajaue 3, m. «r», MOKasaHo, 9T0 MHOMKUTENb m3/4nth® B BHIpaKeHHIT
(2.2) moser OwTh MpeobpasoBalm K BUAY, YIPOIAIOMIEMY CPaBHEHME ¢ BRIpaskemumexM (2.1).
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Cpasy ke 1mociae OTKPHTHSA TOTO, 9YT0 AJIA 00BACHEHHA CBA3AaHHHIX COCTOAHNA
3]eKTPOHOB B aToMaXx HeoGxoxuM npuHnun sanpera Ilaynm, 3omMmepdenby OpEMeHHAT
3TOT MPUHIALN K CBOGOAHOMY 3JIeKTPOHHOMY rasy B MeTajJaX, 4TO II03BOJIMIO u30a-
BATHECA OT HauGolee BONMIOMUX TEPMOAMHAMUYECKHX IPOTUBOPEIMHA HCXOTHOA
mofean Jpyme. B GompmmucrBe ciaydaeB Mofenabh JomMepdensiga HpefcTaBisgeT
c060l IpPOCTO MOJENH KJIacCHYeCKOro 3JIeKTPOHHOTO rasa Jlpynre ¢ eduncmeenmnbim
OTAMUMEM: pacmpeleleHne DJIEKTPOHOB IO CKOPOCTAM OHMCHIBAETCA CTATHCTHKOMR
Qepmu — upaxa, a He MaxcBeana — Boabnmana. YTo6n oGocHOBaTh MCHOJIB-
sopamme pacupenenerns Mepmu — [upaka u ompaBmaTh ero BRI0UYeHHe B KJIACCH:
9eCKYI0 BO BCeX OCTAJIbHHIX OTHOMIEHHSX TEOPHUIO, HaM HeoOXOAMMO M3YIUTh KBAHTO-
BYI0O TEODHUI0 BJIEKTPOHHOTO rasa 1),

Il mpocTOTH WBJI0KeHHA MBI CHAYAJA PACCMOTPUM CBOHCTBA BIEKTPOHHOTO
raza B OCHOBHOM cocTosHmnH (T. e. mpu ' = 0), a 3aTeM yiKe mepeifleM K H3yIeHHIO
OTAMYHBIX OT HyJas TemmepaTyp. OKasslBaeTcs, 94T0 TaKue CBOMCTBA MMEIOT Goabmoi
CaMOCTOATCIbHEIM MHTEPeC: MBI YBUJUM, UTO HJs 2JeKTPOHHOTO rasda ¢ MIOTHOCTHIO,
THOMYHOR OJA MeTajioB, KOMHATHAA TeMmepaTypa (QaKTWIecKH ABIAETCH OYeHb
HU3KO ¥ T0ODTOMY BO MHOTUMX CIydJagXx MOKHO cumtath, 9ro I = 0. Baaromaps
3TOMY MHOTHe (XOTS U He BCe) HapaMeTpH, XapaKTepH3yoNie 3I1eKTPOHHEIe CBOHCTBA
METAJIJIOB, MMEIOT [aKe IpPH KOMHATHON TeMmepaTrype HPAKTHYECKH Ty ’Ke caMyio
BeamuuHy, 9to m npu T = 0.

CBOVICTBA 3JIEKTPOHHOI'O TA3A B OCHOBHOM COCTOAHUN

Ham veo6xomuMo paccumTaTh CBOMCTBA OCHOBHOIO COCTOAHUA CUCTeMH u3 N
2JIEKTPOHOB, 33KJIIOIeHHHX B 00beMe V. I10CKOIBKY 3eKTPOHEI HE B3aUMOIEHCTBYIOT
OpYT ¢ Ipyrom (mpuOiamKeHne He3aBUCHMEIX dJIEKTPOHOB), OCHOBHOE COCTOSHME 3TOH
CHCTEeMHl MO;KHO HANTH, BHIYUCJIHB BHavajJe YPOBHHU SHEPIMH OTAEJIBHOTO DJEKTPOHA
B ofpeMe V W 3aUWOJHAA 3aTeM 3TH YPOBHH CHU3Y BBEpPX B COOTBETCTBHAW C HPUHIU-
mom Ilayam, Koropslil 3ampemaeT [BYM »JIeKTPOHAM OJHOBPEMEHHO 3aHUMATH OJUH
3IEKTPOHHEI YDPOBEHS 2).

s omoncaEmA OTOENBHOTO 3JI6KTPOHA HEOOXONMMO 3HATh €ro BOJHOBYIO
¢yERUMO P (T) ¥ yKasarb, KaKoe M3 [BYX BO3MOKHHX HAIPABIEHWH MMeeT CIOHH
2NeKTPOHA. B OTCYTCTBHe B3amMOJeHCTBHS OJHOXJIEKTPOHHASA BOJHOBAA QYHKIuA,
COOTBETCTBYIOIIAsA YPOBHIO dHepruu &, y/[OBIETBOPAET HE 3aBHCAIMEMY OT BPeMEHH
vpasaernio [[Ipepunrepa 3):

A2 92 a2 ik i? 3
— g (G + e ) D) = =5 VR (1) = E x). (2.4)

Uro6r ydecTh, UTO ABIKEHHE HJIEKTPOHA OTpaHmYeHo obmeMoM V Meramia
(0arogapsa IOPHTAXKEHHI0O K HOHAaM), HeoOXOQUMO BBECTH TIpaHHYHbE YCIOBHA,
KOTOPHIM JJO/KHO YAOBIETBOPATH pemleHne ypaBHeHu# (2.4). B 3agauax, He cBasaH-
HBIX € PACCMOTPEHHEM MOBEPXHOCTHBIX 3QeKTOB, BHGOP TAKOr0 rpaHUYIHOLO YCJIO-

1) Berogy B macToAmeil riase MH IOHHUMAeM IIOJ «3JIEKTPOHHBIM Ta30M» Ta3 CBOOOIHBIX
1l He3ABUCUMEIX 3JIEKTPOHOB (cM. ¢Tp. 20—21), 332 MCKIOYeHIEM TUIIb TeX CIYyYaes, KOTAA B SBHOM
BIJe PACCMATPHBAITCH LONPABKH, O0YCIOBICHHHNE DIEKTPOH-DISKTPOHHBIM I JICKTPOH-HOHHEM
B3aUMOJEHCTBUAMM.

%) 3mecr m pHajlee TePMHH «COCTOSIHWE» Be3djie HCHOIb30BAH [JIA ODO3HAYGHHS COCTOSHIA
N-3neKTPOHHOT cHCTEMBHI, TOTa KaK st 0003HAYEHWsI COCTOARHAS OTAENBHHOTO 3JICKTPOHA MpH-
MEHsETCA TePMUH «ypoBeHb». (I[Ipu mepeBosie B pAfe CIyIaes, IAe 9TO HE MOKET IPUBECTH K HEOTHO-
3HAYHOCTY, MHl, CHE[[YA YyCTaHOBHBINENCA B OTeYeCTBEHHON JUTEpATYPE TePMIHOJOTHN, Ha3EBACM
«COCTOSTHHEM» COCTOSIHNE OTAEJBHOTO 2NMeKTPOHA.— [Ipuxm. nepes.)

3) MH BOCIIONIB30BAINCH TaKyKe NPUOIMKEHHOM CROGOTHHX DIEKTPOHOB, BCJAGICTBHE TETO
B ypasHernu IlipeguATepa oTCyTCTBYeT WIEH ¢ MOTEHIMAJHLHON aHEpPTIeil.
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BHs OCTaeTcsA B GOJBIION Mepe NPOU3BOJBHEIM ¥ MOKeT GhITh HPOUBBELEH MCXONA U3
yAobGerBa BHumcaeHnid. FcrecTBeHHO OKHMAATH, YTO TPHM JOCTATOIHO GOJIBIIUX pPas-
Mepax MeTajlla ero o6semusle CBOMCTBA He OYNYyT 3aBUCETh OT JeTaJbHOTO BHIA
nosepxnocty ). Ilomra o6 sToMm, Beifepem Takyw gopmy obbema Meradsna, KoTopas
Hanboyee yno6HA ¢ BEUHCIATEIbHON TOUKN 3peHUA. TpajunuoHEo BHOHpaoT Ky6 2)
co cropomoii L = V'3,

Temepnb ME ROAHH TOIONHATL ypaBHernue [ITpenunrepa (2.4) rpanuassM yeao-
BHeM, OTpa:KalMiUM TOT (aKT, UTO DIEKTPOH yAepsKuBaeTcs BHyTpu KyGa. Ilpm aTom
MBI JIOJIFKHBL OBITH yBEpPEeHH!, UTO BEIOOD I'PAaHMYHOIO YCJOBHA He TOBJHUAET Ha pac-
cUnTLIBaeMble ofbeMHBIe XapaKTepucTuku. OgHa M3 BO3MOMKHOCTEH — moTpefoBaTs,
9TOSL BoTHOBaA QyHKNua ¢ (r) ofpamanach B HYJb B TOUKax r, JejKal(ux Ha HO-
BepxHOCTH Ky6Ga. OmHako Takoil BROOp 4acTO OKAa3HBaeTCsA He BIOJHE YIOBIETBODPH-
TeJLHEIM, HOCKOJILKY TOIfla PemeHHs ypaBHeHHA (2.4) mMeoT B CTOSYMX BOIH,
B TO BpeMs KaK sIBJeHUs IMepeHoca 3apAAa U SHepIiy 3JIeKTPpoHaMu HAMHOTO yIof6Hee
aHAIN3UPOBaTh, MCIOAL3ysa Cerymume BOXHHE. Dbosee IpmeMiieMbIM OKasbBaerTcs
APYrofl myTs — BooOIe W30GaBUTHCS OT HOBEPXHOCTH, MOAYEPKHYB TEM CAMBIM, 9TO
ee HajWdWe He HMeeT 3HAYEHWA. ITO MOKHO CfleaTh, NPENCTABUB. 4TO KajKias
u3 rpaHeil Ky6a coefmHeHa ¢ NPOTHBOIOJOMKHON efl IPanHbI0; TOTHA 3JEKTPOH, HOM-
XOEAMUA K IHOBEPXHOCTH, He OTpaykaercss o6paTHO, a BHIXOIWT M3 MeTaJJa W OfHO-
BpeMeHHO BO3Bpaliaercsi B HETO B COOTBETCTBYIOIIeH TOYKe HA IIPOTHBOIOIOMKHON
nosepxuoctn. Ecan Gbl MeTana GBia OAHOMCPHEIM, TO 3TO 03HAYalo GBI, YTO OTPE3OK
opsamoit or 0 1o L, B XOTOpOM cOepsKaTCAd DJIEKTPOHEI, 3aMEHSIETCSA OKPY;KHOCTBIO
aanHo# L. B rTpexmepHOM cayvae reoMeTpuduecKoe OCYIIeCTBIeHHE TMOA0GHOTO rpa-
HUYHOTO YCJHOBUA, KOTOPOe MPUBOAUIO §B K COEJUHENNIO BCeX TPeX Nap WPOTHBO-
IIOJIOFKHBIX Trpareil Ky0a, OKasbiBAeTCH TONOJOTHYEeCKH HepomycruMbiM. OnHaKO
B AHAJUTUYECKOM BUJIe TAKOE TPAHHYHOE yCJ0BUe Jerko ofofuuTsh U Ha BTOT caydail.
B ommomepunoM ciayuae «<kpyroBas» MOReNb MeTajya NPUBOAUT K FPAHHIHOMY YCIO-
Buto P (r + L) = (z); nna rpexmepuoro Kyba ero oGofInenne O4eBHAHO:

Y (z, Y, Z+L)=1IJ(‘T’ Y, 2),
w(xvy'!‘[ﬂz):‘p(x; Yy, 2), (2.9)
Y@+L,y 2)=v(z, ¥, 2).
CoorHomenus (2.5) HasHBAXOT I'PaHMYHEIME ycaoBuamu bBopma — Hapmana (uam
OePHOINYECKUME TPAaHNIHEIME yciaoBuamu). Ham onm 6yayT BeTpedyaThes eilie 9acTo
(1HOrZa B HECKOABbKO ofoGmenHoMm ®) Buge).
Temeps Halifilem pemreHune, yiA0BIeTBOPsIONee TPAaHHYHEIM yeaosuan (2.9). Kak
MOXHO TOpOBEPUTH HEIOCPEXCTBEHHBM JuddepeHNMpoBaliueM, peIIenne ypaBHe-
Hus (2.4), ecau npeHeGpedb IPAHNYHBHIMHU YCAOBHAMHA, WMeeT BHJL

i (1) = Vﬂ_ P (2.6)
H})PI 3TOM
€ (k=21 (2.7)

1) IomoOumil mopXoa ABAAETCA OOMENPUHATHM B MaKDOCKOUnYecKnx teopusax. as mHo-
rux 1pofjem He3aBUCHMOCTHL 061 eMHBIX CBOHCTB OT TPAHWYHBIX YCJIOBHIl MOJKET OHITH B HACTOAILee
BpeMsA CTPOTO joKasama. JJIs Teopumn TBEp/oro Tesja Hanboibilee 3Hauerie umeer pabora JleGo-
puna u Jluba [1].

2) BoocleficTBUN MBI YBUAUM, 4TO ropasno ypoOHee BHOuUparh me Ky0, a mMapaJiesenmuejl
C HEPABHEIMII M HENCPUEHAHKYIADHBMT peGpamu. Iloka sxe, 4ToOHI 1130€KaTh HeCYIECTBeHARLN
TeOMEeTPUUECKUX CAO;KHOCTeIl, Oyfen paccmarpusark Ky6. Ilosmesmo, oJHaKO, NOKa3aTh B Kaue-
CTBE YIPajKHEHNS, UTO BCE PE3YJbTAThl HTOr0 pasjesia OCTAXTCA B CHJC H JJIA HapajeierieNnd.

3) CM. mpuMmedaHne 2.
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rne k — m1000ii BeKTOp, He 3aBUCAIMMMIA OT TPOCTPAHCTBEHHBIX KOOpAMHAT. MBI BHO-
paard B (2.6) HOPMEDOBOYHHHE MHOKATENb TaKEM o00pa3oM, dYToOH BepOATHOCTD
HaXOKIECHUA 3JIeKTPOHA 2de-aufo Bo Bcem o0beMme V OwiIa paBHA eIWHHIIE:

1 = 5 dr | (r) 2. (2.8)

Yro6w moHATH cMmbicT BexrTopa k, 3aMermM, 4To BoaHoBag GYNKUHA Py (T)k
upencraBisier cobofl coOCTBeHHYI0 (QYHKIONMIO omepaTopa MMIIYJIbca:

=27 _"tv (px:fﬁ—(7~ u T. I. ) (2.9)

i oz

COOTBETCTBYIOMYIO COOCTBeHHOMY 3HadYeHWI0 p = fik, Tak XKak
B0 . .
-,——-,——e“‘"':ﬁke“““. (210)
i or

Ecau cocTosiHne 4acTUIlE ONMCHBaeTCs BONHOBOA GyHKIMeli, ABnawmeiics cofcTBeH-

HoH QYHKIUeH# KaKoro-iuGo omepaTopa, TO COOTBeTCTBYIOIIAA OmepaTopy Habaio-

naemasn (pusuueckas BenwdmHa!) WMEeT B DTOM COCTOAHWM ONpefesieHHOe 3RaveHue,

paBHOe CcOGCTBeHHOMY 3Ha4eHHIO omepaTopa. llosToMy BIeKTpoH ¢ BOJHOBOH

dyuxrnnes Py (r) obragaer onpefeneHHHM UMIYJIBCOM, KOTOPHII nponopunonanex k:

p = ik (2.11)
I CKOPOCTBYO V = p/m: _
v=LX (2.12)

C yueroM aroro 9Heprumo (2.7) MOKHO 3alMCATh B OPWBEIYHOM KJaCCHYECKOM BHIE:
¢‘§=—L=—mv2. (2.13)

Beanunny k M0KHO Tax;Ke UHTePIPETUPOBATH KAK BOJHOBOI BeKTOpP. [leficTBu-
TeNbHO, IJOCKasA BOJHA e yMeeT ImOCTOAHHOe 3HAUeHHWE Ha JI060I I10CKOCTH,
HepHeHANKYNApHOH k (MOCKOABKY BCe TaKHe HIOCKOCTH 3aJal0TCH YPABHEHU MU
k-r = const), B To BpeMAa KaK Ha OpAMHX, DapajjeibHbx k, OHa sBIsaercsa me-
proamdeckoil $yHKIMeH; COOTBETCTBYIOMYIO NJWHY BOJHEI

2n 9 .
h=2 (2.14)

HA3HEIBAIOT JJIMHOX BOJHH ne bpoins.

BocoonpsyeMcsi Teneph IPaHNYHEMU ycIoBHAMHE (2.5). OHM paspemaior cymne-
CTBOBAHME TOJBKO OIpPEIeJEeHHBX [MCKPETHBIX 3HaueHwH Kk, HOCKOJNBKY B olimeM
ciaydae BojHOBasg Qywrnua (2.6) ynosunersopger coorHomenmam (2.9) Juwb npn
BLITIOJHEHUH YCIOBHUSA

eMheL o il — gikal — 1, (2.15)

YunthiBasg, 4To ¢ = 1 ToJAbKo OpHU 2z = 2x:in, TAe n — Ilejoe ducao '), maxonum,
9T0 KOMOOHEHTH BOJHOBOrO BeKTOpa k JOMKHBI uMerb BHUJ

9 2nn, )
k= rznx , ksz", k,= JTL"Z y Ny Ny, n,—Heibe unciaa. (2.16)

Tarum obpasom, B TPeXMepHOM IPOCTPAHCTBe C NeKapTOBEIMu ocamu ky, k , k,
(ero Ha3HBAT kK-IPOCTPAHCTBOM) PaspemeHH TOJBKO Té BOJIHOBHE BEKTOPEI, KOM-

1) ToBops o «enoM uucaey, Mbi Beerjga GyjgeM HMeThb B BHAY He TOJBKO IOJORHUTENbHEE,
HO TaKyKe M OTPHIATeNbHEE [eJpe TUCia W HYJb.
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IOHEHTH KOTOPHIX IO BCeM TpeM OCAM HPeACTaBIAIT coboi mease KpaTHie oT 25/L,
9T0 HOKa3aHO (NAA IBYMEPHOTO caydasn) Ha gur. 2.2.

Ha mpakTuxe yciosme kBaHTOBaHUA (2.16) 06BHMMHO HCHOONB3YIOT TONBLKO CJe-
aywomum oopasoM. JacTo HeoGXOoUMO 3HATh, CKOJIBKO paspelleHHBIX 3HaueHmi k
uMeeTCaA BHYTPHM Kakok-imbo obiacTm B A-DpoCTpaHCTBe, KOTOpas O49eHb BeJMKA
1o cpaBHeHMIO C 271/L W COHEPKUT W0ITOMY OrPOMHOE UHCJIO0 Pa3pemeHHHX TOUYeK.
Horna pasmepsl o6macTu 09eHb Beamku l), ¢ DPEBOCXOIHOH TOIHOCTHIO MOMKHO CUM-
TaTh, Y10 YUCIAO PASPEMeHHKX TOYeK PAaBHO o0beMy aroil obmactd k-mpoCTpaHCTBa,

neleHHOMY Ha o0beM B k-ipocTpaHCTBe,

kyT IPHXONAIMIACA HA ONHY TOYKY B pelleTKe
. . . 4 paspemennnx 3HaueHum# k. Ilocaemumii
o6beM (cm. dur. 2.2) pasen (2n/L)3. Otcrona
. . . . . caeqyer, 4ro o0jnacTs ob0pemom & B A-
. TPOCTPAHCTBE COMEPHKUT
— i Q Qv
@n/Lye - 8 (2.17)
. . . paspemieHHHX 3HaveHMd k, wiu 3KBHBa-
Zx JIEHTHO, 9YTO YHMCIO PA3PEemeHHHX 3Hade-
. o , o L il k B efimenie oGbeMa B k-mpocTpaHCTBe
(T. e. WIOTHOCTH ypOBHe# B k-mpocTpaHCT-
Be) paBHO
@ur. 2.2. Touru JBYMePHOTO k-IIPOCTpPaH- —Vg, (2.18)
CTBA, HMelOUmHe KOOPAMHATH k, = Znnx/L, 87
ky = 2mny/L.

OTMeTHM, YTO Ha OOHY TOYKY NPUXOJUTCA O0JacTh B ACUCTBUTEJBHOCTH HUKE HaM HpUIETCA

myomansio (2m/L)2. B d-MEpHOM cayyae Ha OMHY TOU- UMEeTh [eJ0 JUmb ¢ TAaKAMH 0OoABIMNMHA

Ky npuxofmnTeA  oobem (2n/L)4. (~1022 TOYEK) W TAKHMH pPeryJapHHMEA

ofnacTaME k-mpocTpancTBa (O6HYHO BTO

cepst), 9To ParTHIECKH B JIOGHX 3alauaXx M [AJaA JIOOHX uelell cootHomerusa (2.17)

u (2.18) MomxHO caurarh TouHRMA. CKOPO MBI HaTHeM OPMMEHATL 3TH BajkHble PopMmy-
IHL A5 pacueTa.

ITockonbKy, KaK MBL CIATAEM, DIEKTPOHE HE B3aUMOLeHCTBYIOT APYr ¢ APYLoM,
N-971eKTpoHHOE OCHOBHOE COCTOSHHE MOKHO IOCTPOMTH, pPasMemlad 3JXeKTPOHH
HA TOJXBKO 9TO HAWJEeHHHX paspemIeHHBIX ONHODIEKTPOHHHX ypoBHAX. [Ipum Taxom
HOCTPOeHNN (KAaK ¥ IPH MOCTPOSHNH COCTOAHUA MHOT03JIEKTPOHHEIX aTOMOB) YPe3BHI-
qafiHO BayKHYI0 POJIb Mrpaer OpWHEOUN 3anpera llayam: Ha KasKIBH ONHOJIEKTPOH-
HEI YPOBEHD MHE MOKeM IOMeCTUTH He Goliee ORHOro ajeKTpoHa. [lag samanns ofxHo-
5JICKTPOHHOrO YPOBHA HEOOXONMMO YKA3aTh ero BOIHOBON Bekrop k m mpoexmmio
CIIMHA HA TPOW3BOJIBHO BHIGPAHHYI OCh; 3Ta NPOEKNUS MOKeT IPHHAMATHL ONHO
¥3 OBYX suadeHuit: 7/2 unu —A/2. IlosroMy ¢ KajRIBIM BOJTHOBRIM BekropoM k cBa-
3aHBl 06a DIEKTPOHHHIX YPOBHA, HO ONHOMY JJs KamkAOro HAIpaBJeHHMA CIWHA
3IIEKTPOHA.

Hocrpoenne N-3TeKTPOHHOrO0 OCHOBHOTO COCTOAHUA HaIHEM C TOro, 9To IO-
MeCTHM [Ba 3JEKTPOHA HA ONHOBNEKTPOHHEA ypoBeHb k = 0, roropmil obGragaer
HamOolee HUBKON BO3MOHOM oOxHOdIeKTpOHHON smeprmeit & = 0. 3arem Gymem
OPONOJKATD HOGABIATE DJIEKTPOHH, IOCIEN0BaTeJbHO 3AIOTHAA Te OJHOBIEKTPOH-
Hble ypoBHHU ¢ Haubojee HU3KOA sHeprueil, KOTOPHE €ME OCTAIOTCA HEe3aHATHIMU.
Tax Kak dHEpPrEA ONHOBIEKTPOHHOTO YPOBHA IpsSMO TpOmOpHHOHANIbHA KBaapaTy
ero BonHOBoro Bexropa [em. (2.7)], To upm apesBrruaitno Gonpmux N obnacTs, 3aHu-

1) B ofmacTe HE HMeeT CAMIIKOM HEUPaBHIbLHON HopMH — TONBKO TpeHeOpe:xuMO Majas
9acTh BCEX TOYEK MOJKeT JeKaTh Ha paccrosaHny O (27/L) OT MOBepXHOCTH.
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MaeMasd DICKTPOHAMU, IPAaKTHIECKH HpejicTaBaser coGoil cdepy !). Ecam pammyc
sToii cdeprl 0603HAUUTH Kk ((epMmueBckmil pammyc), To ee oGveM Q ecyw 4Amki/3.
B coorBerctsum ¢ (2.17) umcmo paspemenHblx 3HadeHmit k BEHYTpm cdephl paBHO

(555) () = V- 219)

Ilockoapky ¢ KamAHM paspelmeHHHM 3HaUeHHeM Kk CBA3aHH ABa OJHODJIEKTPOHHBIX

YPOBH: (IO ONHOMY JJIA Kayk[Or0 3HAUeHNUA COMHA), IPH pasMelenun N 5JIeKTpOHOB
JOJKHO BHIIIONTHATHCS YCJIOBHE

53 =3

N:2‘—6n2 V= T V. (2.20)

Taxum o6pasom, eciu B obbeme V mmeerca N BiIeKTpOHOB (T. €. 3JIeKTpOHHaA

WIOTHOCTE paBHa 7 = N/V), T0 0CHOBHOe coCTOsSHHE® N-3J€KTPOHHOA CHCTEME

obpasyercsa IyTeM 3aLOJHEHHA BCex ONHOYACTHIHEIX YPOBHEH, Y KOTODHX K MeHb-

me kp. YpoBHH ¢ k&, IpeBHmMAIOMUMEA Ky, OCTRIOTCH HE3aHATHIMHA; BeIHYHHA X 5
ompefesAeTcA M3 COOTHOIIEHWS

n——k%
T 3mZ

(2.21)

Jusa onucaHUA TAaKOT0 OCHOBHOIO COCTOSHUS CBOOOTHEIX M HE3aBUCHMEX 3JEK-
TPOHOB IPHHATO HCHOAL30BATH CJHEAYIONYI0 MOBOJBHO OTHOOOPA3HYI0 TEePMUHO-
JIOrHIO0.

Coepy c papuycom k p (k z — s0an0601 6exmop Depuu), cogepKaINy0 3aI0JHEH-
HEle OJ[HO2JeKTPOHHEIe YPOBHU, Ha3BIBAIOT cfepoii Depmu.

[ToBepxuocts cdepor Qepmu, oTAEAANOIYI0 3aM0JHEHHEE YPOBHU OT HE3AII0J-
HeHHBIX, HA3BIBAIOT noseprrocmyvio Pepmu. (BnociaencTsun, HAYMHAA € TI. 8, MH
yBuguM, 9To moBepxHOoCTH @Depmu ecTh OfHO U3 QYHIAMEHTAJBHHEX LOHATHIL
B COBpeMeHHOI TeopMu MeTaJJjIoB; B 00IieM Cilydyae oHA He ABIACTCA CHepPUIeCKOH.)

Umnyasc Ak p = p p SIEKTPOHOB, HAXOJAMMUXCSA HA OFHOIIEKTPOHHEIX YPOBHAX
¢ HauGoJee BEICOKOI pHeprueii, Ha3LIBAIOT umnysvcom Pepmu, 8 NX HHEPTHUIO %’F =
= h*k}/2m U CKOpPOCTb Vy = pp/m — sHepeueli u ckopocmvro @Pepmu. CKopocTs
Qepmu urpaeT B TEOPWMM METALIOB POIb, aHAJOTHYHYIO TEIJOBOH CKOPOCTH U =
= (3kzT/m)'2 B KmaccHaeckoM rase.

Bce 5Tu BeIWYWHE MOKHO pPacCUNTaTh, 3Hasi ILTOTHOCTH 3JEKTPOHOB IPOBO-
[IUMOCTH W MCHONB3Ys cooTHomeHue (2.21). llpn dmcnennpx onenkax ynoGHee Bripa-
JKaTh MX dYepe3 BBeJleHHH BhIme Oe3pasMepHLIl mapamerp rg/a, (cM. crp. 19),
KOTOPHIZ I8 MeTaIINIeCKUX 3JIeMeHTOB HPHHUMaeT 3Hadenusi oT 2 go 6. s coor-
Homenuit (1.2) um (2.21), B3aATHIX BMecTe, HoJrydaem

1/3
oy — (9n£4) _ 1,92

: = (2.22)
nJIn
fp = ,3/‘;:’ AL (2.23)

Hlockoabky BoaHOBOE BekTOp DepMM EMeeT MOPAAOK ONHOTO 00pAaTHOro aHIrCTpeMa,
AMuHA BOAHH e Bpofind mus 3MeKTPOHOB ¢ HauGoabImedl SHEPrUel OKA3HBACTCH
HOPAZKA AaHICTpeMa.

1) Ecan 6 oHa He uMmena cdepudecKoil GOpPMEL, TO 3TO COCTOSIHUE HE GRIIO OB OCHOBHEIM —
TOTA2 MH MOTJIH OH TOCTPOUTH COCTOSHEE ¢ DoJlee HHU3KON sHeprmeil, NEPEMECTHB DIEKTPOHBI
¢ YPOBHeH, paclolIoKeHHHX fAadexo oT k = 0, HA ypoBHN, KOTOpHEe JeKaT GIHIKe K 3TOH TOUKe.
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Cropocte Depmu ompepensiercs dopmynoir

vp = (%) Fep = 220 408 eu/e. (2.24»

rs/ao

910 MOoBONBHO Gonbmiag CKOPOCTs (0KOJM0 1% oT ckopocTu ceera). Takoi pesyibprar
KaJKeTCA JOBOJIPHO CTPAHHBIM C TOYKM 3PeHHs KIacCHIeCKOl MeXaHMKM — Bellb MED
onuceiBaeM oCHOBHOe cocrosnme (I = 0), a B xaaccmueckom raze opu T = 0 cxo-
pocTH Becex wacTHI paBHH Hysio. [laKe mpm KoOMHATHOH TeMImepaType TeloBas
(cpeiHAs) CKOPOCTH Ky1acCHYeCcKoit 9acTUIEl, UMeIomeil MacCy aJieKTPOHA, COCTARIAET

Bcero aumb okono 107 cm/c.
Yuntneas, uto a, = h?/me®, oueprmio @epmm o6HYHO 33OUCHBAIT B Buue

12 k% 2
Ep— et = (2_;.)_) (kpao)?. (2.25)

2m

Bxogamas ciona BeamumHa €°/2a,, KoTopylo HashBaoT puiaGeprom (Ry), npeacras-
Jsier coGOHl »HEPTHWI0 CBA3M OCHOBHOTO COCTOSIHMS aTOMa BOJAOPONA; OHA paBHa
13,6 sB !). Pun6epr — crons ske ynobHag eIWHULA [ MBMePEHHA ATOMHBIX DHEP-
rUi, KaK GOpOBCKUE pajguyc — Mis M3MepeHHS aTOMHHX paccroaumii. IlocKoanky
k pa, DOpANKa e[MHNIL, W3 BHpaskeHusa (2.25) caemyer, uTo sHeprusa Qepmm nmMeer
BeJIMUUHY, XapaKTeplylo [JiA aTOMHBIX aHepruil cBasu. Vcmonesya (2.23) m yunrh-
Bas, 4T0 2o = 0,529 -10-% c¢Mm, nonyvaeM ynoGHYIO Jiis OPaKTHYeCKOTO IpHUMEHeRHA

popmyny

& o 20108 (2.26)

o (rg/a)®

KOTOpas HORa3HBAET, 9TO AJIA IJIOTHOCTEH, COOTBETCTBYIMNX MeTaJJIHUeCKUM dile-
mentam, sHeprus MDepmm nesrur B muTepsasne or 1,5 mo 15 »B.

B Tta6n. 2.1 npuBenennt sueprus depmu, cKOpocTh U BoJHOBOK BexkTop Mepmm
METaaloB, A KOTOpHX B Tabi. 1.1 GHIM yKa3aHK DIOTHOCTH 3JeKTPOHOB IIPOBO-
IEMOCTH.

Uro6H paccauTaTh SHEPILUI0 OCHOBHOrO cOCTOAHHA N 2JeXTPOHOB B o6beMe V,
HEOOXOAUMO CIOKATH DHEPTHN BCeX OfHORJIEKTPOHHHX YPOBHeH, PacuooKeHHBIX
BHyTpu cdepn Depmu 2):

h2
E=2 3 k. (2.27)
k<hF
Ilpu cymmmpoBanmu nmwGoit miaproit gyuknuum F (k) mo BceM paspemeHHHIM 3Have-
HuaM k Bcerma MOMKHO IOCTYIATH CJAENYIOMEM 00DPa30M.

Tak Kak o0neM B k-mpocTpaHcTBe, OpUXORANMIACA Ha OJHO Pa3pemeHHOe 3Ha-

genne k, ects Ak = 8n®/V [em. (2.18)], ynobno samucath
S (k)= g SV F (K) Ak, (2.28)
Kk K

nmockoabky B mpepene, korna Ak — 0 (1. e. V — oo), cymma >, F (k) Ak mepexopur
B WHTErpan 5 dkF (k), ecam Tonpko ¢pymknma F (k) cymecTBeHHO He MeHAETCHA Ha

1) CTporo roBOpH, PUAGEPr — 3TO DHEPIHs CBA3H B NPuliukeHnH GeCKOHEYHOM MACCH Hpo-
TOHA. DIEKTPOH-BONBT IPEACTABAACT coboil PECPIMIO, KOTOPYIo npiobperaeT OJME 3JeKTPOH NpH
mpoxoykeHHy Iotennuana 1 B; 1 3B = 1,602-10-12 spr = 1,602-10779 Ik,

2) MHOMKUTETH 2 HEOGXOAMM, TOCKONbKY JUIf KayKIOro suadeHnA K paspemensl fBa CIRHOBLIX

YDOBHSA.
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Tabruya 2.1

dHepray, TEMIEpATYphl, BOJHOBHIC BeKTOPHI M ckopocTH (epMH HEKOTOPHIX MeTaxloB 2)

OneMenT /e, € °B Tp, 104K khp, 10° cut v, 10 cM/c
Li 3,25 4,74 5,51 1,12 1,29
Na 3,93 3,24 3,77 0,92 1,07
K 4,86 2,12 2,46 0,75 0,86
&b 5,20 1,85 2,15 0,70 0,81
Cs 5,62 1,59 1,84 0,65 0,75
Cu 2,67 7,00 8,16 1,36 1,57
Ag 3,02 5,49 6,38 1,20 1,39
Au 3,01 5,53 6,42 1,21 1,40
Be 1,87 14,3 16,6 1,% 2,28
Mg 2,66 7,08 8,23 1,36 1,58
Ca 3,27 4,69 5,44 1,11 1,28
Sr 3,57 3,93 4,57 1,02 1,18
Ba 3,7 3,64 4,23 0,98 1,13
Nb 3,07 5,32 6,18 1,18 1,37
Fe 2,12 11,1 13,0 1,71 1,98
Mn 2,14 10,9 12,7 1,70 1,96
Zn 2,39 9,47 11,0 1,58 1,83
Cd 2,59 7,47 8,68 1,40 1,62
Hg 2,65 7,13 8,29 1,37 1,58
Al 2,07 11,7 13,6 1,75 2,03
Ga 2,19 10,4 12,1 1,66 1,92
In 2,41 8,63 10,0 1,51 1,7%
Tl 2,48 8,15 9,46 1,46 1,69
Sn 2,22 10,2 11,8 1,64 1,90
Ph 2,30 9,47 11,0 1,58 1,83
Bi 2,25 9,90 11,5 1,61 1,87
Sh 2,14 10,9 12,7 1,70 1,96

a) IpurBeneRnbie B Tabanne sHAYEHNA PACCYNTAHE O BeJINYMMAM rs/a.,, copepxanmmca B Taban. 1.1; npm
aroM OBJIO MPMHEATO, 4TO m = 9,11-10-28 r.

paccroaamax mopsaaka 2n/L B k-mpoctpancrse !). C y9eToM 3TOro MBI MOMeM Ipe-
ofpasoBare (2.28) m sammcaTsb

&
8ns

F (k)= |

F (k).

(2.29)

[Ipumenas ¢opmyny (2.29) mis KOHEYHHIX, HO MAKPOCKONUWIECKH GONBIIEX

\1
cmcTeM, BCeTAa MpefmoiaraiT, uTo seamauna (1/V) D) F (k) mpakTuaecku we OTIH-
JaeTcA OT ee 3HAUEHNA, HOJYUaeMoro B mpefiesie GeCKOHEYHOTo ofpeMa (Hampumep,

1y Hambolnlee m3BeCTHHIM clIiy4aeM, KOIAAa TAKOH Mepexof] HEBOIMOKEH, SBIAETCR KOHASHCA-
uuA upeanbHOT0 Gose-rasza. IIpu paccMOTpeHME MeTaniO0B HOMOOHON Mpo6GJIeME HUKOTAA HE BO3--

HHUKaeT.
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_ MpPeAmoJaraerca, 4To B KyGe m3 Mefim co cropoHoidl 1 ¢cm Ha efEHmmY 00beMa Ipu-
XOOHTCA TaKasA Ke DIeKTPOHHas dHeprufA, Kak M B aHAJOrAYHOM KyGe co cropo-
HOE 2 cm).

Ucnonvsya dopmyay (2.29) ana BeraucieHus sHeprum (2.27), moxydaeM s
TJIOTHOCTH HHEPTMH 3JIeKTPOHHOIO rasa CIefYIomee BhIparKeHue:

E 1 2L 1 ﬁzk%.
p=mm | K= (2.30)
r<hp,
YUro6s Haiitu E/N, T. e. 5JHEPTA0 OCHOBHOTO COCTOAHMA B pacueTe Ha O{MH BJIEKTPOH,
reoGxogumo mopenntk (2.30) ma N/V = k}/3n?, 910 nmaer

E 3%y _3
BTOT pGBYJILTaT MOKHO 3an0UCaTh TaK}Ke B BHuUle
E 3
&= hsTr, (2.32)

rne I'p (memnepamypa Pepmu) onpenensercsa GopMyaoin

Tp= £ 82 4o, (2.33)

kp = (rs/ap)?

3aMeTHM, YTO B OTJIHYHE OT HONYYeHHOIO 3[eCh Pe3yabTaTa B KIACCHIECKOM rase
SHeprusA, HNpUXOIAMAACA HA ONMH 2ieKTpoH m paBHax %/,kpT, mpu T = 0 obpa-
maeTcs B Hyab, a 3HadeHus (2.32) pocrmraer aummb upu I = ¥/,T p =~ 10* K.
Ecunu nasectda sHepras ocHOBHOTO COCTOAHMA £, To MOMKHO PACCIATATH AaBie-
HHe, OKA3HBAEMOe 3JIeKTPOHHEIM Ia30M, UCIOJIb3ysa cooTHomenne P = —(0E/3V) 5.
ITockonbry E = 3/, N€p u sueprus &, mpomopnuoHanbHa BeluuuHe k3, KoTopas
3aBHCHT OT V TOALKO Yepe3s MHOKHUTenb n*/s = (N/V)*/s, momydaem 1)
2 E
P==5. (2.34)
MomHo paccumTaTh TaKMKe CRUMaemocTh K WM jRe MOIYIb BCECTOPOHHEIO
cmatua B = 1/K, pis KOTOPHX HMeeM
1 opP
B = = V v (235)
Ilockonpiy smeprus F mpomopnumoHanbsHa V-3, m3 dopmynw (2.34) caegyet, ato P
zasuenr or V wrax V%3, m mosrtomy

B=%P=%§=%ngm (236)
wiu
B = (;6—’/-?)5 «101° qun/cm?2. (2.37)
8/ %0

B ra6i. 2.2 Moy BceCcTOpOHHET 0 C3KATHS HEKOTOPHIX METAJIOB, PACCUUTAHHEIE
0o BeauwduwHaM Ig/a, mo dopmyne (2.37), CONOCTABIATCA ¢ H3MEPEHHBIMH 3HAaUe-
auaMn. [lo caydadHpIM HpUIMHEAM MBI IOJyIaeM 09eHbL XOpoIIee coriacue s Golee

1) 9TO COoOTHOLIEHWE MEKAY HAaBJEHUeM U TUIOTHOCTLI0 DHEPIMM OCTAETCA CIPAaBeIMBHIM
¥ IpH OTIAMIHLIX OT HYJs Temoeparypax. Cum. (2.101). [3ameTnM, 9T0 MEOTHS GOPMYIH IPHUMUTHB-
|01 Teopun 3ommepdeasa OKasaJgnCh HEIYBCTBHTEABHEIMH H K yd9eTy B3aUMOAeHCTBIIA MemRIy
anexrponamu (cM. § 23 B kmure [3*]).— Hpun. ped.]
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Tabauya 2.2

Mopyau BcecTOpPOHHEro CKATHA AJAA HEKOTOPhIX THNHYHLIX METAILIOB 3)

B, 1010 gun/cm2

Merann
71 CBOOORHHIX BJIEKTDOHOB H3MepeHHOe 3HAaYeHMe

Li 23,9 11,5

Na 9,23 6,42

K 3,19 2,84

Rb 2,28 1,92

Cs 1,54 1,43

Cu 63,8 134,3

Ag 34,5 99,9

Al 228 76,0

a) 3vavesna B 1A cBOGOOHMX DBJIEKTPOHOB paccuUTaHnl H0 hopmyde (2.37) nasg rasza CBOOOMHHX HITEKT-
POHOB C HCHOJIL30BAHMEM M3MEPeHHOH NJIOTHOCTH METAJIIIA.

TA/KENHX MEeJ0YHHX MeTaJJIoB, OJHAKO M B TeX cIydasax, korga dopmyna (2.37)
OpEBOAUT K CYIeCcTBeHHO# ommbke (Hampumep, Mias OGnaropogHHX METAJioB),
paccyuTaEHHe HO He#l 3HaYeHNS B HMeIOT Bee jKe IPABMJIBHEI HOPAKOK BeIHYHHEL
(xoTA OHM M OKa3HBAITCA TO B 3 pasa (olbmie, TO B 3 pasa MeHbINe M3MEPEHHEIX).
Brno G aGcypmBEBIM O3KHAATH, UTO AaBjeHMe rasa CBOGOJHHX 3JEKTPOHOB CaMo-
oo cefe OZHO MOJHOCTBIO OIpeENeNsieT CONPOTHBIEHWE METANIa CRATHIO, TeM He
MeHee Taba. 2.2 moxasmBaer, 9TO 9TO JaBJeHHE BO BCAKOM CJIYYae CTONB JKE BAFKHO,
Kak m fApyrme addexTr,

TEPMOIUHAMUYECKNE CBOJICTBA TA3A
CBOBOJHBIX 3JEKTPOHOB.
PACIIPE[IEJIEHUE ®EPMH — JUPAKA

Ecam TeMmepaTypa OTAWYHA OT HYJsI, TO IIOMHMO OCHOBHOTO cocTogHma [N~
IEKTPOHHOH CHCTEMH HeO0XOOUMO pACCMATPHEBATE TAKKe H ee BO3OY:KICHHHE
COCTOAHHUA. DT0 CBA3AHO C TEM, 9TO B COOTBETCTBMHM ¢ (PyBAaMeHTaJbHEIMH OPHHIIH-
TaMd CTATHCTHIECKOHR MeXaHUKN XapaKTePUCTHKH N-9aCTHIHON CHCTEMEl B TEILII0BOM
paBHOBECHE NIpH Temueparype 7 MONKHE BHUUCIATHECA IYTeM yCpPeJHEHNs II0 BCeM
CTAI[AOHAPHHM N-9aCTUYHHM COCTOAHUAM; KayKIOMY TAKOMY COCTOAHMUIO IPHHHMCH-
Baerca Bec Py (E), mpomopnuonanbumil e E/kpT:

o ERpT
Py (E) = ——5— (2.38)
M T

(3necy E, — oHeprus @-ro CTANMOHAPHOTO COCTOSHUA N-DIeKTpOHHOH CHCTeMH,
a CyMMHPOBaHHe Bef[eTCA IO BCeM TAKHM COCTOAHMAM.)

3HaMeHaTeNb B BEIpakeHuu (2.38), KOTODHIA HA3HBAKT CTaTHCTHYECKOH CyM-
Moil, cBfi3aH co cBoGoxuoit sueprueit [expmronsna F = U — TS (U — BHyTpeH-
HAA BHePTusA, S — DHTPOIMA) COOTHOUEHHEM

Ze'Eg/kBTze_FN/kBT. (2.39)
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Beuny sroro Bripamenme (2.38) mMomHO mepemmcaTh B Gollee KOMOAKTHOM dopme:
—~(E—F )k
Py (E)=e "7TN"8T, (2.40).

W3-3a mpuununa 3anpeta [layiau pia mocrpoeHnss N-9JeKTPOHHOIO COCTOSHHSA
Heo0X0UMO 3aT0AHUTH N PasiM9IHHX OfHO3IEKTPOHHHX ypoBHe#. CiegomaTenbHO,
KasEnoe N-sJeKTPOHHOe CTAIAOHAPHOE COCTOAHAEe MOKHO ONNCATh HyTeM HMepevucie-
HuA Tex /N OTHO3JIEKTPOHHBIX YPOBHEH, KOTOpHe 3aIOJHEHH B JAHHOM COCTOSHHH.
YpesBHYaAiHO TOJE3HO BHATH BEJIMUMHY fo — BEPOATHOCTH TOTO, UTO HA MAHHOM
YPOBHE i HMEETCH 3J6KTPOH, ecJau B N-3JeKTPpOHHAA CHCTeMa HaXONUTCS B TeNIo-
BOM paBHOBecuu '). JTa BepOATHOCTH PAaBHA IPOCTO CYyMMe HEe3aBHCHMHBIX BEPOAT-
HOCTell HaxOmAeHUs /N-3JeKTPOHHOH cHCTeMBl B J000M N3 TAKAX COCTOSHHAH,
B KOTODHIX (- ypOBeHb BaHAT:

(cyMmmupoBaHume 1mo BceM V-
DIICKTPOHHBIM  COCTOAHHAM O, (2.41)
B KOTOPHX UMeEeMCS DIEKTPOH \

Ha OJHOBIEKTPOHHOM ypoBHE i).

ﬁV:EPN(Eg)

Ilis pacgera fi BOCHONB3YeMCA CIEAYIONUME TDPeMsA 3aMeYaHTAMM.

1. IlocKoJABKRY BepOATHOCTH NpedHBaHNsA 2AeKTPOHA Ha YPOBHE i PaBHA efHHMH-
Ta MUHYC BEPOATHOCTh OTCYTCTBHUA 2JEKTPOHA HA HTOM YPOBHE (TAKOBH JiBEe EIMH-
CTBEHHBIE BO3MOKEOCTH, JOOyCcKaembie mpunnunom llaymm), popmyny (2.41) mosmEO
mepenmcaTth Tak:Ke B BHIe

(cyMmmupoBanme 1o BceM V-
JEKTPOHHEIM  COCTOSHHAM 7,

F=1—=3Py(EY) B rotopsix omcymcmeyem snext- (2.42)
pPOH Ha OJHODJIEKTPOHHOM YPOB-
He i).

2. B3as mo6oe (N < 1)-31eKTpoHHOE COCTOSHNE, B KOTOPOM Ha OJHOJJEKTPOH-

HOM YpOBHe { ecmb DIEKTPOH, BCEerfa MOKHO IIOCTPOHTHL TakKoe /N-iIeKTpOHHOE
CcOoCTOsHMEe, B KOTOPOM HAa YDOBHe i 3JeKTpOHa Hem,— [IIs 3TOr0 Clefyer JIAMb
VAaAATh 3JeKTPOH ¢ i-ro YPOBHsA, He MEHsAA BaIOJHEHHd OCTaJbHHX YpOBHeEH.
Kpome toro, awboe N-sneKTpoHHOE COCTOAHUE, B KOTOPOM HA YPOBHE i 3JOKTPOHA
HeT, MOKHO HOCTPOMTH TAKUM 06GpasoM Bcero aumb 3 ogHoro (N -+ 1)-sixekTpomH-
HOTO COCTOSHUA, UMeloupezo 3IEKTPOH Ha ypoBHe i 2). O4eBUAHO, ITO YHEPTHH JA1000T0
N-snexrpornoro u coorBercTyiomero (N -+ 1)-2JIeKTPOHHOT0 COCTOAHHUEA OTAMIAIOT-
€A APYr OT Apyra Jumb Ha &; — HHEPIHI0 eJUHCTBEHHOTO OJHO3JEKTPOHHOIO YPOB-
Hf, 3aO0JHEHHe KOTOPOro pPAasinIHo B 3TUX IBYX cocroarmAx. CuexoBaTelnbHO,
3Heprum BCeX /V-3IeKTPOHHHIX COCTOSHWI ¢ HE3amOJHEHHEIM YpOBHeM [ OyayT
COBOAJATh C BHEPIUAMH COOTBeTcTBYomux (N - 1)-3JeKTPOHHHX COCTOAHHE ¢ 3a-
TONHEHHHM [-M yPOBHEM, eCJIH ME yMEHBIIUM KajKIYI0 M3 3THX HOCIeNHAX dHeprai
Ha &;. Orcioma ciexyer, 9To BhpameHne (2.42) MOKHO IIepelHCATE B CJaelyOmeM
CBOEOOpa3HOM BHAe:
[cymmapoBaHue mo BeeM (V --1)-
BIEKTPOHHHM COCTOAHHAM Q, B
KOTOPHIX ecmb dAeKTPOH Ha OJHO-
3IIeKTPOHHOM YPOBHE i].

A =1—SPy(EJH —§&) (2.43)

1) B mamEOM ciydae HAC HMHTEPECYeT YpOBeHb i, ONpeAeAeMHil BOJHOBHM BeKTOpoM k
9JEKTPOHA M IIPOSKIHEH s eT0 CINHA HA HEKOTOPYIO OCh.

2) A UMEHHAO TRKOTO, KOTOPOe HOJYYaeTCA HyTeM 3aHOJHeHHsI BCeX YDOBHeH, 3aOJHEHHHIX
8 N-3IeKTPOHHOM COCTOAHMH, n4lkc i-ii YPOBEHb.
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Ho ¢ ygerom (2.40) moxEBO TakuM o6pasdoM mpeo6pas3oBaTh CliaraeMble dTOH CYMMBI:

Py (Bq "' — &)= @™ Py (BT, (2.44)
rae XUMUYeCKWH IIOTeHIMana | UpH TeMmbeparype 7 omopemeinsercs BHIpaKeHUEM
p= P — Fa. (2.45)

lloncraBnasa (2.44) B (2.43), Haxomum
[cymmupoBanue mo BeeMm (N -+1)-
N __ 4 (B;~w/lkgT N+14 QNEKTPOHHBIM COCTOAHUAM O, B 2 .46
fi =1—e® B F Py (Ea™) KOTOPBIX ecmb 3JEKTPOH HA OJIHO- ( )
3JICKTPOHHOM ypoOBHE I].

CpaBuuBas cyMMu B (2.46) u (2.41), mb BaguM, garo u3 (2.46) cienyer cooTHOMEnne

3. ®opmyana (2.47) mpencraBaser coGoii TOYHOE COOTHOMEHHE MEMKY BepOAT-
HOCTAMH 3aIOJHEHUS i-I'0 0JHO3JIEKTPOHHOTO ypoBHA B N-smeKTpoHHOU 1 B (N--1)-
DIEKTPOHHOR cucreMax npu Temumeparype 7. Horma N oueHB BesiKO (a Hac 00HYHO
maTepecytor N mopsagka 10??), Gero OB aGeypHoM Hpefgmosarath, 910, Jo0aBUB
BCErO JIMMMb OJUH JONMOJHUTEIBHHI DIEKTPOH, MBI MO;KEM CYMECTBeHHO H3MEHHUTH
9Ty BEpPOATHOCTb MAdA CKOJIBKO-HEOYAb 3HAUMTEJNBIIOr0 YHUCIAa OJHOINEKTPOHHEIX

3 "~ .
yposueit '). IToaromy B (2.47) MOKHO 3aMeHHTH fﬁv‘ ! 11a fﬁv 1 paspemuThb 3aTeM 3TO
YypaBHEHHE OTHOCHUTEJIBLHO fﬁv :
1

fi = ¢ (BiWRET

B nocaenynomux ¢dopmynsax MH He yKashHBaeM B SBHOM BHje 3aBHCHMOCTH f;
or N, Tak Kak B JI060M cliydae OHA BXO[NWT B BHIPaJKEHWs JHMb Yepe3 XUMUUECKHH
morennuan p [em. (2.45)]. Ilpn samanHHX sHadeHWsAX f; BermgmHy N BCerfa MOMKHO
paccumraTh, 3aMedad, 9TO f; eCTh CpefHEe THACIO IEKTPOHOB Ha OHOJIEKTDOHHOM
ypoBae i %). Iloaromy mosmnoe 9mcio 3aexTponoB N paBHO IPOCTO CymMMe CPeIHHX
gHCceN 3allOJHeHHs JJsd BceX YPOBHei:

1
N ;fi 126(&-—;n/k31-+1- (2.49)
Jro BplpameHme ompepelser /N Kak QyHKIMIO TeMoepaTypsl I' ¥ XMMUYECKOIO IO-
TeHRmaxa (. B GonbmmMHCTBE 3ajadv, ONHAKO, GHIBAIOT 3aJaHbl KaK pa3 TeMIepaTypa
g N (mam same mriorHocTh n = N/V). B rakux caysasx ¢opmyny (2.49)mcmoas-
3YIOT AJIs OLPeNeJeHNss XUMUICCKOr0 IOTeHNMAaIa L KaK QyHRuuy n 1 I', 9To mMo3Bo-
JIeT UCKIIOYATE €0 U3 MOCIeAYIOMUX GOpMyJI U UCIOIB30BATh TOABKO TEMIEPATYPY
7 mwriotHocTh. ONHAKE XUMWUYECKHH MOTeHNMAl HpeNCTaBASAeT 3HAUMTENBHEIM CaMo-
CTOATEeJBLHHE HHTEpec B TepmMofuHaMuie. HekoTopsie s ero BaKHBIX CBOMCTB pac-
CMOTPEHH B IpunoeHum B 3).

(2.48)

1) JIaA THOMYHOTO YyPOBHA u3MeHeHHe N Ha euHUIY NPUBOAMr K N3MEHEHNWI0 BEPOATHOCTH
samoJyHeHus HA Beawdmuy mopsapka 1/N. Cm. sapgauy 4.

2) HAorasameabcmeo. Y POBeHb MOKET comepsKaTh O win 1 aneKTpon (Goapimee MUCIO SAGKTPO-
H0B 3ampemerno npuranunoM Ilaymu). CpegEee YHCIO BIEKTPOHOB TOTAA PABHO €NUHHNE, YMHOMKEH-
HOIl Ha BePOATHOCTb HAXOKJEHHA OJHOTO BJIEKTPOHA, IUIIOC HYJh, YMHOMKEHHEIN Ha BEPOATHOCTH
HAXOKeHNA HYIA 3JIeKTPOoHOB. TakuM 00pasom, Cpej(Hee TUCIO INEKTPOHOB HA YPOBHE THCJICHEO
paBHO BEPOATHOCTH €0 3aIOJHEHHMA. 3aMeTHM, UTO 9TO yTBEPIKIeHue OO OB HECIPABE/JINBO,
ecii OH OBLJIO paspemieH0 MHOTOKpPATHOE 3al0JHEeHUe YpOBHEl.

3) XuMudecKuii HOTeHIUAJ HUrpaeT ropasgo Oosee QYHIaMeHTAIBHYIO pOJib, KOTrZa pac-
npenenenye (2.48) BHBoguTcsA u3 0OJBUIOr0 KAHOHWYECKOTO aHcamGuaa (cM., Hampumep, KHUTY
Peiigpa [2]). B npusegernoM Brlle HECKOJBKO HETPARMIIMOHHOM BHIBONIE, KOTOPHI TAKMKC MOMKHO
gaiiTn B KHOre [2]. ucrnoanzoBajcA Jnnib KaHOHAYECKHil aHCAMOIb.
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TEPMOJUHAMNYECKUE CBOUCTBA
CBOBOJHOI'0 3JJIERTPOHHOTO TA3A.
HNPMMEHEHHNE PACIHPEJEJIEANA ®OEPMU—IUPAKA

B rase cBOOORHEIX ¥ HE3aBHCHMBIX DIEKTPOHOB OJHO3JIEKTPOHHBIE YPOBHH
ONUCHBAIOTCA BOJTHOBEIM BeKTOPOM k M COMHOBHIM KBAHTOBHIM YHUCJIOM S: SHEPIHH
yPOBHe# He 3aBUCAT OT § (B OTCYTCTBUE MAarHUTHOTO IOJ) M OHPefensioTcs BEpa-
menneMm (2.7), T. e.

h2k?
€ (k) =—— 2.
(k)=2E (2.50)
Yoenumea npesxie Bcero, uTo QyHKLusA pacupefenenus (2.49) coriacyerca ¢ BhiBe-
NleHHBIMH BHIIe cBolicTBaMmu OCHOBHoro coctosnus (mpm I = 0). B ocmoHOM co-
CTOAHHMU BaHSATH T€ U TOJIBKO Te ypoBuu, y Korophix (k) < &€y, mosromy B 0CHOB-
HOM COCTOSHWHN (YHKIUS paclpelesieHusa AOJKHA WMETh BHI

fkszi, g(k)<€F’o
—0, €(k)> & (2.51)

C npyroit croponn, B unpeene I — O pacmpemenennme @epmnm — [lupara (2.48)
nproGperaer BHJ

limfks-—“l, g(k)<uy
T-0

=0, &k >p. (2.52)
Yrobm pTH ABa BbIpa;KeHUA ORLIN COBMECTHBI, TOJIMKHO BBIIIOJHATBCA yCJI0OBHE

lim p = &p. (2.53)

T-0

KHak ME BCcKOpe yBUAMM, XUMHYECKUH HOTEHIMAJ MeTaJJIOB BIJIOTH {0 KOMHAT~
HO# TeMIepaTyps 0CTAeTCA HOYTH TOYHO paBHEM sHeprum Depmu. Ilostomy, umesn
JeJo ¢ MeTaJllaM¥, 9acTO He pasjudaloT 9TU ABe Beawdauusl. Ilomo6Hoe momymenwe,
OJHAKO, MOKeT IPUBOAUTH K onacHEM omubkaM. 1lpu TounmX pacgerax HeoOXOqUMO
VYUTHBATDH OTIMYNE XAMUIECKOTO LOTEHIMAJNa | OT ero 3HadeHus & p s HYJeBoH
TeMIepaTypH.

OpumM u3 HamOosee BajKHBIX TPUMEPOB IpuUMeHeHus craTucTHRu Depmu —
Jupaka MoeT caysKmTh pacder 3JeKTPOHHOTO BKJIAla B YAEABHYIO TEMIOEMKOCTH
MeTaJia NpU HOCTOAHHOM o0neme:

o= (57)y=(3F)y ¥=7- (2.54)

B unpubammenun HesaBHCMMEIX 3JIeKTpPOHOB BHyTpeHHsd osHeprua U paBHA cymme
mpousBefiennit & (k) Ha cpeflHee 9HCJIO JIEKTPOHOB Ha NAHHOM YpOBHe, B3ATOk
M0 BCeM OJHODJIEKTPOHHHM YpOBHsM 1):

U=236 (k) f (€ (k). (2.55)
k

UYTo6H DOAIePKHYTH, 4TO fx 3aBHCHT 0T k TOXBKO Yepe3 sHepruio siekrpona & (k),
MEI BBeJH pynryuw Depmu

1 .
f(e“‘a’)=————g(%_u)/k31.+1 | (2.56)

1) Kak oGHYHO, MHOMKUTENb 2 OTPa:KaerT T0 00CTOATENbCTBO, UTO Ka/blit ypoBenb k Momer
COfIep/KaTh JIBa DHJIEKTPOHA ¢ HPOTUBOIOJOMKHEIMM OPHEHTAUAMH CLHIIHOB.
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Ecnin mogenuTh ofe d4actu paBeHcTBa (2.55) Ha obbem V, mcmoabays COOTHOMmMEHUE
(2.29), To miorHocTh sHeprmu u = U/V MojkHO 3ammcarb B BUAe

u = S—Z%%’(k) f (€ (k). (2.57)

Paspenup va V Tarske m ofe wacTu cooTHomeHus (2.49), MOKHO HomoaHHTE (2.57)
BHIpayREHNEM JIJIs1 TIOTHOCTH bIeKTpoHOB . = N/V U ncmois30BaTh €ro A NCRII0-
9eHHMs XMMHYECKOTO HMOTeHTHaJa:

dk
n = {4 FE®). (2.58)
Ilpu pacuere uurerpasos tuma (2.37) u (2.58), Kotopre umeoT gopmy
{ s F (8 (), (2.59)

9aCTO MCHONB3YIOT TO OGCTOSATENBCTBO, YTO NMONLIHTEIPAJNBHOE BHpPAKEHNE 3aBHCUT
ot k nums wepes suepruio anerrpona & = h%k?/2m. Ilepexona B nuterpane k cepu-
4eCKUM KOOpjuHaTaM W 3aMeHsisa k ma &, mMeeMm

k2dk

[ e - | 2

0

S dég (¢) F (€). (2.60)

oo

3necs

O VT SN
(2.61y
=0, & < 0.
IMockoapky muTerpan (2.59) mpepcraBasier mpenea cymmsl (1/V) kE F (€ (k)), us

Bujia Bepakenus (2.60) caepyer, uto
g(€)dé = ( ) X [9MCI0 OXHODJAEKTPOHHHX ypOBHeH
B uuTepBajde dHepruit or & mo & --dE]. (2.62)

Ilo sroit mpmumne g (é) Ha3LIBAIOT INIOTHOCTBHIO YPOBHE B pacuyeTe Ha eIHHHILY
ofpeMa (JIKM YaCTO OPOCTO IIOTHOCTHIO YPOBHeit). Y{o6HO 3anucarth g B Buje
3 n € \l2
&) =37 (=) €>0; 2.63)
g)=5g-\%5 ) - >0 (2.63)
=0, € <0,
rie &€ p n k p onpedesens coorsomenusmu (2.21) u (2.25), oTHocAmMEMUCA K HyJeBO
remueparype. OcoGeHHO BajKHO 3HATh YNCJIEHHOEe 3HadeHHe IJIOTHOCTH YDOBHER

y noBepxuoctn Depmu, KoTOpoe MOKeT OHITH IPEACTaBIEHO B IBYX DKBUBAJEHTHBLIX
dopmax, BHTeKalomux u3 coorHomenmit (2.61) u (2.63):

g (Er) =T | (2.64)

nian

(2.65)

(& =5 g
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Wcnonrsays BBeleHHoe o0o3HadeHme, samumeM Bepaxenus (2.57) u (2.58)
clefyloluM oOpasom:

u= g d€g (€) €1 (&) (2.66)

n— S d€g (&) f (€). (2.67)

— 00

Msl mpomenaiy 9TO HE TOJNBKO, YTOOH YIPOCTUTH 0003HAUEGHAA, HO MAKKHE U ILOTOMY,
4TO NPH moj00H0] 3anucy IpnbamusKenne cBOOOIHAX 3JEeKTPOHOB MCIOIb3YeT s JUINb
MU KOHKPETHOTO BRIYMCJIEHNs IUIOTHOCTH ypoBHe# g mo ¢opmynam (2.61) u (2.63).
Ecau onpefeanTs HIOTHOCTh YpPOBHe# ¢ moMompio BHpameHus (2.62), To Bepase-

f
10
€
a M
f
1,0
R
i
y2s
(j b
AE=kgT

(&—w)
Pur. 2.3. 3asucnmocts pynxmun Gepmu j (§) = 1/[eB 4 -+ 1] or & npu 3ajaHEEOM 3HAYCHAH
pua I = 0 (a) u kyT = 0,01 (6).
an TUIIHYEBIX METAJNINYECKNX IIOTHOCTAX IOceqHee 3HAYEHE COOTBETCTBYET KOMHATHOI TeMaeparype. I-(pmabxe
DPaBNMYAIOTCA JHIIb B 0GNACTH OOpPARKA hgT BOIHM3H .

uns (2.66) u (2.67) ocralorcs cupaBeZIHBEIMA AJs JTI0G0H COBOKYOHOCTH HOB3aWMO-
JeficTByomux (T. €. He3aBUCHMBEIX) BJI6KTPOHORB 1). BBuHAY 9Toro mosmHee MEL CMOKEM
OpUMEHATH IoxydeHHsle u3 (2.66) u (2.67) pesynpTaTH OpPH PacCMOTPEHHMH IOpa3fo
Gonee CIOKHEX MoJeJedl He3aBHCUMBEIX 3JIeKTPOHOB B MeTaJlie.

B obmem ciyuae unTerpans (2.66) u (2.67) nmeioT H0BOJILHO CIOMHYIO CTPYK-
Typy. Hada HExX, ogHAKO, MOKHO 3aOHcaTh HPOCTOe PasjioKeHWe, OCHOBaHHOe Ha
“TOM, 9TO IIOYTH HPH BCEX TeMIepaTypax, HpeIcTaBIAIUX HHTepec A MeTaJjoB,
T ropasno mensme Temuoeparypst @epmu (2.33). Ha ¢ur. 2.3 npencrasiena GyrKina
f(€é) mpu T = 0 u Upn KOMHATHOH TeMmepaType NJs THUINIHEIX METAJIMIECKUX
muoraocreit (kzT/p =~ 0,01). Bugro, uto f oTamuaerca or CBOero 3HaYeHHs IPH
HyJeBO@ TeMIepaType JUmb B Majod ofiacTu mupuHON mopsaka kpT BOAH3E W.

(=~}

Hosromy oramume wmHTOrpadoB THHA 5 H (&) f(€) dé or ux 3HadweHmis mIA

-00

€r
HYJeBOH TeMIIepaTyphl 5 H (&) dé momHOCTBIO ompefieaseTcs BHAOM (yHKIEE

—00

1) Cm. ra. 8.
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H (&) B6amsr 10ukd € = p. Ecin H (&) mensercs He caummKoM GHCTpo B ofaacrn
mApuHOH nopaAnka k 7 B6IEW3H TOYKH |, TO TeMOePATYPHYIO 3aBHCUMOCTh WHTErpajia
MORHO [OBOJIBHO TOYEO PACCIUTATH, 3aMeHsAAa PyHkuumio H (€) Ha cymMMy HECHONb-

KAX NePBHX WICHOB ee pasioskeHus B pax Teitmopa mpm & = u:
H(€)=3 2 H(®) E—wr (2.68)
n nl
n=0 ‘5::M

IJTA BHYACIEHHAA IpoBeleHHl B mpumiaoxkennu B. Pesyannrar mmeer gopmy psanma

S H(8)f(8) d€ = SH(%)ngr S (kBT)Z"an(%;;:—_llH(E) foyr  (2-69)

oo —o0 n=1

Ha3EBaeMOro pasiodeHmeM 3oMMepdennia ). 3pecs a, — GespasmepHEie HOCTOSH-
HEle HopAgKa eqaauUEl. {15 Tex PyHKuui H, ¢ KOTOPHIME OGHIHO IPAXOJUTCA AMETh
Jeso, XapaKTepHHH MacmTa® W3MeHEHHs II0 dHEPTUAM OKa3BBAETCA MOPAMKA W H,
BooGme roBops, BemmiuHa (d/dé)™ H (&) |g—, mmeer mopsamox H (n)/p™. Korma
3T0 TAK, KasKAHHA MOCAeyIOMUA dWieH B pas3nosKeHHu 3omMepdelbla OTIHIAETCA
or mpepugymero MuomuTeaeMm O (kpT/n)?, 1. e. maokureaem O (10-*) mpu KomHAT-
Hoii Temneparype. G y4eToM 3TOro HpW KOHKDETHHIX BHAUCJIEHHAX U3 BCeH CYMMH
{2.69) ocraBigioT JHmMb mepBHIA U (0%eHb pedko) Bropoit wieHn. OHE HMEIOT cie-
Ayomud ABHHE Bup (CM. OpumioskeHme B):

5 H (§) f (8) 46 =
A (2.70)

m
= | H(®)at+ 35 (sl H (n) + 555 (esT) 17 () +0 (222)°,

Yrobs paccuiuTaTh yHeJAbHY0 TEIIOEMKOCTh MeTajlia OpPM TeMOepaTypax, Ma-
JHX 0 cpaBHeHHI0 ¢ I, BocHOaB3yeMcs pasioskeHunem 3omMmepdensbma (2.70)
U OpAMeHHM ero K maTerpasiam (2.66) m (2.67) nua mioTHOCTH 9HEPTUHM U IIOTHOCTH
gHUCIa DJIEKTPOHOB]

u—=

&g (6) A8 + - (ksT)? (ng’ (W) +& (W1+0 (79, (2.71)

n—=

g(€)dE + 2= (kyTY2 ' (1) 40 (TY). (2.72)

[ Y ey 3

Kak MH ceifac mogpo6Ho moKasKkeM, U3 BepaskeHUA (2.72) ciaeayer, 4To u oTIAMYaer-
ca oT cBoero 3Ha%eHAA & p npu T = 0 ammp Ha BeamuuHy mopapxa I'2. IlosTomy

1) Pasnoxxenue (2.69) ABAgeTCA TOTHRM HE BO BCeX CIydasx, OHAKO OHO JOCTATOTHO HAIEHK~
HO, ecam pymxiua H (€) He mmeeT ocoGerHOCTEH HemoCcpefCTBEHHO BOAM3m Touku § = p. Ecau,
ganpumep, H oOmagaeT ocobemmocTsio Ipu € = 0 [Kak MIOTHOCTH ypoBHEH (2.63) mus cBOGOXHKIX
9JeKTPOHOB], TO B PABMAOKeHHU MEl IIOTEPAIHN WieHk HOpAnKa exp (—p/kgT), 910 0GHIYHO cocTaB-~
JgeT OKOJOo e~190 ~ 10-43, Cm. Take 3amagy 1.
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¢ TOYHOCTBIO N0 1 MOMHO 3aOHCATH
n €r
SH(%)d%f:S H (€) d€ 1 (n— &) H (€x). (2.73)
0 0

Iloctynas aHaJgOTHMIHEIM 00pasoM ¢ MHTErpPasaMu B BHPAKEHAAX (2.71) m (2.72)
n 3aMeHssA P Ha € p B TexX WieHaX ypaBHeHM, KoTOpHe yiKe HMelOT mopamok I7?,
moxydaeM

€
u:) %g(é)d€+é’F{(” gF)g(gF)+ (kBT)zg (gF)}‘*‘

0
+ 2 (kpT)2 g (€)+O(TY), (2.74)

n~j g(6) € + { (n—Er) g (Er) + 7 (eaT)2g (Ep) } +O(T).  (2.75)

He saBucamue oT TeMuepaTyphl HepBHE WIEHH B NPaBHX YacTAX B opMylax
(2.74) m (2.75) mpefcTaBAAIOT MPOCTO 3HAYEHHA U U N ANA OCHOBHOTO COCTOAHHA.
ITockonsKy ME pacCYETHBAEM YHEIbHYI0 TEIJOEMKOCTh IPH MOCTOAHHOW IIOT-
HOCTH, BeJIWIWHA 1 He 3aBHCHT OT TeMHepa'rypm n (2.75) CBOIMTCA K COOTHOIMEHHIO

=(u—&p) g (€r) + (kBT g (&), (2.76)
KOTOpOe OIpeMeiAeT OTKIOHEHNEe XMMHYECKOro IOTEHNMANA | OT & p:
— _ _ﬁ 2 & (€r)
w=Epr— (k7). (2.77)

ITockonbKy A CBOGONHEIX 9JEKTPOHOB IIOTHOCTE ypPOBHei g (&) mpomopumonans-
Ha €2 [cM. (2.63)], momyuaem

et 1= (). e

T. €., KAK ¥ YTBEPKAAJOCh BHIIE, H3MeHEHHe | uMeeT MOpANOK T2 m cocraBisger
o6rmramo oxoio 0,01% paske mpyu KOMHATHHIX TeMOEpATypax.

B cuny coormomenus (2.76) umen B GUrypHHxX cko0Kax B BeIpameHRH (2.74)
obpamaercss B Hyib, MOTOMY BHPaKeHHe JJIA IJIOTHOCTH TeIUIOBOM SHePIMH IpH
IOCTOAHHON TIOTHOCTH DIIEKTPOHOB npn06peTaeT Goxee mpoctyio gopmy:

u-”o—l— (kBT)z (€r)s (2.79)

rje Uy — HOJIOTHOCTE 3HEPrUl B OCHOBHOM COCTOAHMH. Cnenona’renbﬁo, yYaoeJabHas
TeONJO0EeMKOCTh JJIEKTPOHHOTO ra3a TaKoBa:

73 2 .,
co= () = kTe(r) | (2.80)

H 75 CBOGONHHX 5/eKTPoHOB [eM. (2.63)] umeem

e =2 ( ’i‘fFT ) nkp. (2.81)
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CpaBHEBag 9TO BHIpaKeHHe C KJACCHISCKHM De3yJIbTATOM [JIA HAeaJbHOr0 rasa
{¢c, = 3nk/2), mu BunuM, uTo crarmcruka Depmu — Jlupaka OPUBOAMT K IOHA-
JKeHMIO yIeJbHOM TemumoeMkoc™s 3a cuer MHORHTEds (n®/3) (kpT/€ ), woropsit
OpoNOpIUOHANeH TeMIepaType M Jaske IPM KOMHATHOH TeMIepaType HMeeT HOpA-
mok Beero aumsb 1072, 1M o0BACHAETCH OTCYTCTBHE HAOGIIOaeMOTO BKIANA DIEK-
TPOHHHIX CTemeHeil CBOGOJNH B YNENbHYIO TEILIOEMKOCTh METajjia NpHM KOMHATHOM
TeMImeparype.

Korma mac He mHTepecyeT TOYHOE 3HAYEHHME HCIASHHOrO Kosdduiuenra, mose-
JeHNe yHIeJbHOH TENIO0eMKOCTH JIeTKO IIOHATH, HPOAHAJHM3NPOBAB 3aBACHMOCTH OT
TemMmepaTyph camoit pyarnmn MepMu. YBeanueHNne 5HEPTAM 5JI€KTPOHOB IMPH IOBLI-
merun Temmepatryp or 7 = 0 ofycioBieHo DHO4YTH HCKIIOYUTEIBHO TeM, dTO

£
1,0

N

b e
A&=kgT

®ur. 2.4, Oysxnusa QepMu npn He paBHOH HyxI0 TemMneparype 7.
Pacnipefienienue OTINYAETCA OT pacupeneienusa npu T = 0, DOCKOJIBKY YACTb DIEKTPOHOB ¢ SHEPTUAMM HECKOJIDKO
wmxe & ¥ (3amTpUXOBaHHAMA 06J1aCTh) HCIOEITHBAET BO30 YHIEHNE U MEPEXONUT HA YPOBHY BHIIIE € F (oGaacTth ¢ TOY-
KaMu).

9JIEKTPOHH ¢ HeprusaMu us obaacru mupuHoi mopsgka O (kzT) Hmxe &p (Ha
¢ur. 2.4 910 3amMTpPEXOBAHHEAA 007aCTh) BO3OYKIAIOTCA M mMEPeX0IAT B 00JaCTh DHED-
rau mupnaoi O (kpT) soime & p (o0macTs ¢ Toukamu Ha ¢ur. 2.4). Uncao BosOymx-
JIeHHEIX TaKHAM 0GpPa3oM 2JIEeKTPOHOB B pacdueTe Ha eIUHUNY 00beMa PABHO IDHpUIE
mHTepBana sHepruu kpT, yMHOKEHHOHl Ha IIAOTHOCTH, YPOBHeH B efuHHIE 00Le-
Ma g (€p). HManee, sneprus BosGy:meHAsa cama uMmeer HOpARoK kT, mosTomy
HOJIHAA IJIOTHOCTH TEILIOBOHM 3HEPTMM LpeBHINAeT ILTOTHOCTH SHEPIHU OCHOBHOIO
cocToAHMA Ha Beamduny uopsagka g (&) (kzT)?. llpoBemenHoe paccyskieHue He
No3BOJIsIeT IOJIYYATh TOYHOrO YHCIEHHOr0 MHOKHUTenas n°/6 B ¢dopmymae (2.79),
HO 71aeT BO3MOKHOCTE IIPENCTABUTH MPOCTYI0 QU3NIECKYI0 KAaPTUHY ABISHUA U MOIe3-
HO Ipu rpyOHIX OIEHKAX.

IIpencrazanme JamHEAHOro BRI&JA B YAEAbHYIO TEIJIOBMKOCTH IpPeRCTaBisgeT
coboit ofHO M3 Ba;KHEIX caejncrBui cratucrnku Mepmum — JJupaka. OHo Ho3BoAsET
eIl pa3 MPOBEPUTH TEOPHIO JIEKTPOHHOrO ra3a B MeTaJiax IPU YCJIOBHE, 9TO CTeLe-
HE CBOGOJBI, OTIMYHEIE OT 3MEKTPOHHBIX, He JAOT CPABHUMOTO MW (OJBIIEr0 BKIa-
Ja. B medicTBUTENBHOCTH OKA3KIBAETCH, YTO IIPW BHICOKUX TeMIEpaTypax OCHOBHOMR
BRJIAJ B TeII06MKOCTE BHOCAT MOHHEIE cTeneHn cBobonasl. OTHAKO IPU TeMIeparypax
ropasyo HUMKe KOMHATHOM MX BKJIAJ HajjaeT OPONOPIIUOHAIBHO KyOy TeMIepaTypH
{cM. ra. 23) ¥ mpu oYeHb HU3KMX TeMIEPATYpax CTAHOBUTCA HUKE BJIEKTPOHHOTO,
KOTODHIA yMeHbmiaeTcsa JWHeilHo ¢ Temmeparypoit 7. UroGH pasfenurs 3T JBa
BKIaZa, OGHYHO CTPOAT KPUBYIO 3aBUCUMOCTH ¢,/T or 7. JleficTBUTeNbHO, IPA yue-
Te SJeKTPOHHOTO ¥ MOHHOTO BKJI3Ja TEMIOEMKOCTh TpHM HU3KAX TeMOepaTypax
cocTaBiIgeT

¢, =T + AT?; (2.82)
Torjga
-°-;-= v+ AT2, (2.83)

osTomy anmnefino sKCTpamoaupys KpuBylo ¢,/T BEH3 g0 7° = 0 um Haxojs TOYRY
ee MePeceIeHns ¢ OChI0 ¢,/ T, MOXEO onpeneauts y. OGN0 N3MepsieMble B YKCOEPH-
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MeHTe yAeJbHHEe TEImJ0eMKOCTH MEeTaJJIOB CONEPIKAT JNMHEHHKA WiIeH, KOTOPHH Ccra-
HOBATCA CPaBHEOMEIM ¢ Ky6WYecKNM Ipu TeMIeparype B HeCKOJIBKO KeJbBHHOB l).

Yacro 3HaYeHWA yAeABHONH TEMIUIOEMKOCTH YKAa3HBAIOT B JKOYAAX (HAM Ka-
TOpUAX) HA MONb Ha KedbBUH. [{oCKOABKY B OHOM Mole MeTaana copepkutca ZN 4,

Tabauya 2.5

IIpnéausuTensHble dKCIEPIMEHTANBHLIE 3HaYeBnaA ko2gduumenra nunelinoro mo 7 waena
B MOJXAPHOIl y/eNBbHOH Temn0eMKOCTH METAJIa M COOTBETCTBYIOINHWE 3HAYEHHA,
npejcrasbiBaeMuie NMpocToil Teopneil cBOGOMHBIX SNEKTPOHOB

v, 104 raj- Moap—l. K-2

DieMeHT Ornomenue 2) (m*/m)
Teopusa QKCIIEPIIMEeHT
Li 1,8 4,2 2,3
Na 2,6 3,5 1,3
K 4,0 4,7 1,2
Rb 4,6 5,8 1,3
Cs 5,3 7,7 1,5
Cu 1,2 1,6 1,3
Ag 1,5 1,6 1,1
Au 1,5 1,6 1,1
Be 1,2 0,5 0,42
Mg 2,4 3,2 1,3
Ca 3,6 6,5 1,8
Sr 4,3 8,7 2,0
Ba 4,7 6,5 1,4
Nb 1,6 20 12
Fe 1,5 12 8,0
Mn 1,5 40 27
Zn 1,8 1,4 0,78
cd 2,3 1,7 0,74
Hg 2,4 5,0 2,1
Al 2,2 3,0 1,4
Ga 2,4 1,5 0,62
In 2,9 4,3 1,5
Tl 3,1 3,5 1,1
Sn 3,3 4,4 1,3
Pb 3,6 7,0 1,9
Bi 4,3 0,2 0,047
Sbh 3,9 1,5 0,38

2) IIockONMBKY TeopeTHdeCiOe BHAYEHME Yy TPONOPIMOHAIBHO NJOTHOCTH YDPOBHel B6amMBHM YpOBHA
depMu, KOTOPAA B CBOIO Ouepelbh NPONOPIMOVAIBHA DIEKTPOHHOI MacCe m, WHOIIA N0 YAEJALHON TENIIOEMKO-
CTH OUPEfeNAlT CIEeNMAaJbHYI0 9POeKTHBHYIO Maccy m*, TaKkylo, uro0bl BeanduHa m*/m OhJIA DaBHA OTHOIIEBHRIO
H3MEPEHHOTO 3HAYEHNA ¥ K 8HAYCHUIO, NOJYY2EMOMY B TEOPHM CBOGOIHHIX 9JIeKTPOHOB. OmBRako 3dpdexrusnyro
Maccy, HalffleHHYIO 10 TeIJIOEMKOCTH, HEJb3A OTOMKAECTBIATDH € KAKOIi-TN60 M3 MHOPEX NPYruX 9QPEeKTHBHHX
Mace, UCIOJIb3YEMBIX B TE€OPUW TBEPNOro Teja. (CM., HAIPUMED, TePMUHEI, OTHOCAHINECA K NOHATHIO «addex-
THBHAA Macca» B IPEJIMeTHOM YHasaTeje.)

1y ITocKOABKY B SKCIIEPUMEHTE TPYAHO JIOOUTHCA LOCTOAHHOMH MIOTHOCTH, OOKIYHO H3MEeDAIOT
VIeALHYIO TOIJIOSMKOCTh IIPH NMOCTOAHHOM AapieHun ¢y, OgBAKO MOKHO mOKA3aTh (CM. 3afayy 2),
9T0 AJiA rasa cBOGONHEIX JEKTPOHOB IPH KOMHATHOM TeMIepaType H HEMKe cp/cp = 1 -
=+ O (kgT/€p)?. IlosToMy NpM TaKMX TeMIepaTypax, KOT/a BJEKTPOHHHY BKIAJ B YAEIbHYIO
TEIJIOEMKOCTh CTAHOBUTCHA HaOJIOfaeMbM (T. €. PN HECKONBKHX KeJbBHHAX), BTH JIBE Y/IeILHE®

TEIJIOEMKOCTH OTJIMYAIOTCS OfIHA OT IPYroi Ha mpeHeOpesKMMO MAlyIO BeJHITHHY,
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3JeKTPOHOB TpOBOAMMOCTH (TAe Z — BaJleHTHOCTH, & N, — u9mcio ABorajpo),
a saHmMaeMHHA uM 06beM paBeH ZN /v, To 9TO6H HafiTH TeI0eMKOCTh OMHOTO MOJ®
C, BeoO0XOOHMO YMHOMKUTL OTHECEHHYI K eAmHmNe of0heMa YAeAbHYIO TemioeMm-
Kocts ¢, Ha ZN 4/n:

2
cz_’;_zj{iéﬂgn(ﬂ, (2.84)
ge R = kgN , = 8,314 Im/moan -K = 1,99 raa/mons -K. Ucnons3ys BHpamenune
(2.65) nna mioTHOCTH YPOBHEH CBOGONHHIX 3JeKTPOHOB M pacCUMTaHHOE BHIIE 3Ha-
aenne & p/kp (2.33), nomydaem, uTo BKIAZL CBOGOTHBIX 2JEKTPOHOB B TEIIOCMKOCTH

opHoro mona paBen C = y7T, rje
y=—;—an-TZ—F=O,169Z (%)2.10-4 xas - Moast. K-2. (2.85)
0

B raa. 2.3 1aa HeKOTOPHX MeTasjioB NpUBeleHH Hafi/leHHbe 3 YKCIePUMenHTa Npu-
MepHEIe BHAYEHUA Y, 8 TAKIKE TeOpeTHUeCKNe 3HaUeHUs, PACCUMTAHHEE [ CBOHOA-
HHIX 3JIEKTPOHOB Io Qopmyse (2.85) ¢ mCcHonNB30BaHHEM BeJIMIMH I's/a, us tabm. 1.1.
OfpaTuTe BHEMaHWe Ha TO, 9TO INEJOYHBE METAJJIH HO-IpeKHEMY XOPONIO ONMCHI-
BAIOTCA Teopumeil CBOGONHEIX HJEKTPOHOB; TO jKe OTHOCUTCH U K OJaTOPOIHEIM MeTall-
aam (Cu, Ag, Au). Bumecre ¢ TeM Heo6XOIMMO OTMETHTDH CYMECTBeHHBIE PACXOKICHU A
s Fe m Mn (3KcliepuMeHTanbHOEe 3HAYEHHE HA NOPANOK IPEBHINAET TEOPETAULCKOS)
n 115 Bi u Sb (skcneprmenTansHoe 3HaUeHNe Ha MOPALOK MEHBIIE TEOPETHYECKOTO).
B nacrosamee Bpems mofgo6Gusie Goabmue pacxoskieHNA yaaeTcs 00bACHATD HA TOBOJNb—
HO obmejt ocHoBe. M BepHemcs k ux oGCysleRMo B ru. 1o,

3OMMEP®EJIBJIOBCKAA TEOPUHA ITIPOBOAMMOCTH
B METANJAX

Yto6w HafiTE pacmpefeseEde N0 CKOPOCTAM JJIs 3JeKTPOHOB B MeTaije, pac-
cMoTpmM Maubii }) amement ofnema dk okoxo Touku k B k-mpocrpancTBe. C yuerom
IBYKPATHOTO CIOHHOBOTO BHPOMIEHHS YHCIO ONHOJNEKTPOHHBX YDOBHeH B 5ToM
smemente ofbema paBHO [cM. (2.18)]

14
( yres )Idk- (2.86)
Beposatnocts 3amonHeHus kamporo yposus ects f (€ (k)), mosTomMy mosnHOoe gmeao
BJIEKTPOHOB B diaeMmeHTe ofpemMa k-IpOCTpPaHCTBA PaBHO

e (E W) dk, € ()=2K (2.87)

TockonbKy CKOPOCTH CBOGOMHOTO BIEKTPOHA € BOJHOBHIM BeKTOpOoM k ecTh

v = fk/m [¢opmyna (2.12)], ducao sneKTpoHOB B diemeHTe o6BneMa dv BOGIM3Em v

COBLAflAeT ¢ YHUCIOM BJIEKTPOHOB B obneme dk = (m/h)3dv okosno toukm k = mv/k.

CnefoBaTenbHo, MOJHOE YUCHO DICKTPOHOB B pacueTe Ha eAUHUIY 00beMa B peasb-

HOM IPOCTPAHCTBE, COJepKalleecs B dIeMeHTe IPOCTPAHCTBA CKOpocTedl dv BOIMsm
vV, paBHO

f(v)dv, (2.88)

1) NoecTaTo9nHO MajHil, 4ToOH (epmmeBcKas m Apyrue maTepecyiomue Hac ¢ymrnmm caabo
UBMEHSJINCH B BTOM 00beMe, HO J0OCTATO9HO GOJBIION, 9TOGH B HEM CO/IEPKANOCh O9€HDH MHOTO

ORHO®JEKTPOHHKX YDPOBHEH.
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rge

iy 1
T =77 s w1

Jommepdeaby 3aHOBO paccMoTpesa Mopeib Jlpyne, 3aMeHWB BCHOY KJjac-
cHUecKoe pacIpefiefieHne I0 cKopocTaM Makceenna — Boaenmara (2.1) pacopege-
nerneM Depmu — Jlmpaka (2.89). Mcmonp3oBaHme KBaHTOBOTO pacIpefeseHHsd IIO
CKODOCTAM B RJIACCHYECKOM BO BCeX APYrUX OTHOmMEHHWAX Teopuu TpebyeT oupeneneH-
BOro o6ocHOBammsa !). Hiaccmueckoe onmcanme [BWKEHHA JJIEKTPOHA BO3MOKHO
B TOM CjIydae, KOTfla ero KOOPAMHATA W MMIYJIBC MOTYT OHTH M3MEpPEHH ¢ HeobXo-
IEMOH TOYHOCTHIO €3 HapyMeHHA NPUHOWIA HeOUpeHeJeHHOCTH 2),

TunwaHE#A 5IeKTPOH B MeTajjle MMeeT IMIYIbC HopsAAKa Fk p, mosToMy, 9T0GH
KJaccHIecKoe ompcaHWe OBUIO XOPOITAM, HEONPeReJeHHOCTh MMOYJABLCA 3IEKTpPOHA
Ap momxHa GHTH Majgoil mo cpaBHenno ¢ ik p. Ilockoxsky m3 (2.22) caemyer, 4ToO
kp ~ 1/rs, Heompe[eleHHOCTh KOOPAMHATH NOJIKHA YAOBJIETBODATH COOTHOLIEHMIO

h 1
Az ~ v >> —k; ‘~ Tay (2-90)

(2.89)

r7ie B cooTBeTeTBHE C (1.2) ry HMeeT MOPANOK CPeSHEero paccTOSHUA MEKAY dIEKTpO-
HAM#, T.e. COCTABISET HECKOAbKO aHrcrpeMoB. [losToMy HKiaccmieckoe ONMCAHUE
HEBO3MOIKHO, eCIM IPUXOQUTCA PACCMATPHBATE JIEKTPOHH, KOTOPHE JOKAIN30BaHEl
Ha PAaCCTOAHHAX HOPATKA MEKATOMHBIX (TaK:Ke PABHEIX HECKOJBKMM AHICTpeMaM).
QpHAaKO 3JIEKTPOHHI IPOBOXUMOCTH B MeTajjle He HPMBHA3aHE K KOHKPETHHIM MOHAM,
a cBoGogHO MepeABUTAIOTCA No 00beMy MeTaljla. B MakpOCKONMYECKHX 00pasmnax
B GOABIMAHCTBE ClAydaeB HeT HEOGXOMMMOCTH 3aJaBaTh MX KOOPAMHATH C TOYHOCTHIO
mo 10-8cm. B mopenn [lpyne sHaHUe KOOPAMHAT 3JIEKTPOHA CYMIECTBEHHO TaBHEIM
o6pasoM B CieqyIOINUX ABYX OTHOIIEHHAX:

1. Horma x Merajny OpMJIOMEHO IepPEeMEHHOE 3JeKTPOMAarHUTHOE IIoJIe MJIH JKE
CpaJueHT TeMOepaTyps, MH JOKHEL OBITH B COCTOSHHM YKa3aTh KOOPIMHATH 3Ie-
KTPOHA C TOYHOCTHIO X0 PACCTOAHUN, MATHX [0 CPABHEHUIO C XapaKTePHKIM MAacCIITa-
$oM A, HA KOTODOM M3MEHAETCs [OJE UIW IpafjueHT TeMmueparypsl. B GoabmuscTBe
OpPAKTAYeCKUX CIYYaeB IPAI0KEHHbIe IOJA M IPAJUEHTH TEMIEPATYPHL He MEHAIOTCSA
CYIIEeCTBEHHO HA PACCTOSHUAX IOPAAKA aHICTPEMa, MOITOMY MOCTHReHMe TpebyeMoR
TOYHOCTH IPY M3MEPEHNH KOOPAUHATH AJIeKTPOHA He MPUBOAUT K HEAONyCTHMO 6015~
IIO# HeoIpejfeJeHHOCTH B ero mmuyiabce. Hampumep, sieKkTpudeckoe mose cBeTOBOMR

BOJIHE BUEMOr0 JUAIa30HA CYIIECTBEHHO MeHseTcs JMIb Ha Axuie oxoxo 10° A.
OnHako Korfa [AMHA BOJHH HMeeT ropasfo MeHbINYI0 BeIWIHHY (KakK, Halpumep,
Yy PEHTITreHOBCKUX JIydeii), TO IJA ONHCAHUA JBUMKEHNA JIeKTPOHOB, BEI3BAHHOIO Ta-
KHM ToJeM, HeoOXOAMMO HCHOJH30BATH KBAHTOBYI0 MeXaHHRY.

2. B Mogenu [{pyme HeaBHEIM 00pa3oM IMpelHoiaraerTcs TakKe, UTO HIEKTPOH
MOHHO JIOKAJNW30BaTh HA PACCTOAHNAX, TOPA3A0 MEHBINUX VIMHEL ¢cBOGOJHOTO Tipole-
ra £; BBHAY 3TOTO He cjelyeT NOBEPATh TAKUM KJIACCHUECKUM PACCY;KIeHHAM, B KO-

1) TeradgpHoe aHAJIUTHIECKO® OGOCHOBAaHME HMOCTPOMTH BECHMA CJIOMKHO, IMOCKOJbKY PopMy-
JMPOBKA JOCTATOYHO OOM{WX ¥ TOYHHIX YCJIOBHIA, TIPM BHNOJHEHUN KOTOPHX KBAHTOBYIO TEOPHIO
MOKHO 3aMEHHTh €e KJACCUYECKMM IIPEejICIOM, IpefcTaBiseT co00H MOBOJBHO TOHKYIO 3afady.
TeM He MeHee Jie;Kaline B OCHOBE TOro JOKazaTeXbcTBA PH3HYECKHE COOOpaKeHHs1 OKa3BBAIOTCA
01YeHb MPOCTHIMH.

) CymecTBYeT TaK:Ke ellle O/IHO, HECKOJBKO 0oJjiee clielalbHOe 00CTOATENbCTBO, OPAHNIH~
BAOIEE MCUOONb30BAHHE KIACCHIECKOIl MOXAHHKH /IS ONHCAHNS DJEKTPOHOB HpPOBOJIMMOCTH.
JHePTHA JBWKEHNSA DJIEKTPOHA B INIOCKOCTH, NEPHeHAVKYJIAPHON NPUIOHEHHOMY IIOCTOSHHOMY
MATHWUTHOMY IIOJII0, KBAHTOBaHA B eJuHUNAX Ao, (cM. ra. 14). Iaske jusa moseil, focTHralomiux
4104 T'c, ora pHeprHg OYeHb Maja; TeM He MEHee B COOTBETCTBYIOIIUM 06Gpa30M NPHTOTOBJIEHHBIX
0o0pasuax mpu TemMiepaTypax B HECKOJIBKO KeJIbBUHOB TOROOHEE KBAaHTOBHE d(HPEKTH CTAHOBATCA
HabnI0aeMEIMH M MMEIOT Ba)KHOE IPAKTHIECKOe B3HATCHME.
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TOPHIX IJiHHA cBoGoxHOro mpobera ropasgo Meubme 10 A. K cuacrthio, oxkasmnBaercs,
4T0 B MeTaNiax Opu KOMHATHOH TemMImepaType Ri@Ha cBoGOgHOro mpofera mopsamka

100 A u Bospacraer ¢ HOHKeHHEM TeMImepaTypHI.

Taxum 06pas3oM, CYIECcTBYeT IMHPOKMA KiacC ABJIEHUH, KOTZA MOBeZeHHE OT-
HeJIBHOrO BJIEeKTPOHA B METAJJIEe XOPOIIO OUACHBAETCA KIACCHIeCKOoM Mexaunkoi. Tem
He MeHee JAaJIeKo He OYeBUAHO, UTO HOBefeHWe N TAaKHX DACKTPOHOB TaK:Ke MOYKHO
ommcath KiaccudecKu. leficTBuTenbHO, ecin TpuHnun [layau Tak cuibHO BauAer Ha
CTATHCTAKY NN 3JAeKTPOHOB, To 1I0UeMy 6B eMy He OKAa3HBaTh CTOAb Ke ray0oKoro
BAMAHUSA Ha BX AuHaMuKY? Ha camoM mexe 9To He TaK, 9T0 BHIHO U3 ClelyIOe aJie-
M@HTApPHOM TeOPeMEl, IPUBOAUMO HaMli Ge3 TOKa3aTexrbCTBA, KOTOPOE XOTH U ABJA-
eTCs HPOCTHIM, HO BCe ;K€ JAOCTATOYHO TI'POMO3JIKO.

Pacemorpum cucremy us N 9AeKTPOHOB, He B3aMMOREMCTBYIOMEX APYT C APYIOM
U OOABEPralomuxcs BO3MeHCTBUI0 IPOM3BOJBLHOrO DJIEKTPOMATHUTHOTO IOJIs, 3aBH-
CAIIEr0 KaK OT HPOCTPAHCTBEHHHIX KOOpPAWHAT, TaK W OT BpeMeHu. [lycrb B Hyxe-
BOX MOMEHT BpeMeHM OyTeM 3alOJHEHUWS KaKux-To /N OXHO3JNEKTPOHHEIX YpPOBHEH

(0), ..., Py (0) o6pasoBano HexoTopoe N-ajeKkTpoHHOe cocrosrme. Ilyers ;(t)
ecTh TOT YpOBEHb, B KOTOPHIA 34 BpeMs ¢ O] BO3[efiCTBHEM 3JIeKTPOMATHUTHOT O HOJ S
npeBparmiaca O yposenb P; (0), ecim ObI mMecA BCero OLUH DJIEKTPOH, HAX OIUB-
muiics B HYIeBOH MOMEHT BpemeHm Ha yposue V; (0). Torma B MoMeHT BpemeHH ¢
COOTBOTCTBYIOMEe [N-3JIeKTPOHHOe cOcTosHWe OymeT o0pasoBaHo 3amonHeHmeMm N
OHODIEKTPOHHEIX YPOBHe# P (£} ,..., Py (¢).

CieqoBaTeabHO, YTOOH HONHOCTHIO OMPeIeauTh JUHAMUIECKOE TIOBeeHne CUCTe-
MbL 3 N HEeB3aMMOJEHCTBYOIMX B3JIEKTPOHOB, TOCTATOUYHO paccMoTrperh N He3zaBH-
CHMEIX ORHODJEKTPOHHEIX 3ajlad. B YacTHOCTH, €CIM KiIaccHuecKoe NpuOIMiKeHHe
CIpaBelInBO NI KAKIOH M3 9THX OJHORJEKTPOHHHIX 3ajad, TO OHO CIPABENJIUBO
m 11 Beeit N-2iaeRTpOHHOM cucTeMsl 1).

Hcnonwsosanue cratuctuku Depmm — [lupaka Bamsaer aumb Ha Te HpecKa-
sanma mofenn [ pynme, MiA MOTyueHUA KOTOPHX HEOOXOAUMO 3HATH pacIpefeleHue
3JEKTPOHOB 110 CKopocTsaM. Keam Beamynua 1/1, XapakTepu3yoOIas YacTOTy CTOJNK-
HOBEHUH 3JIEKTPOHA, He 3aBHCUT OT ero SHEpPrum, TO W3MeHeHHWe PABHOBECHOH (yHK-
IUH pacupeleneHUs BANAeT JHIIb Ha BHYNCIEHHe [JIHHH CBoGogHOTO mpofera
JJEKTPOHA, a TaKKe Ha PACIeT TeIJONPOBONHOCTH W TEPMOBJIEKTPONBIKYINEH
CHITHL.

Cpednana oauna c¢80600n020 npote:a. Wcnoasdya vy [em. dopmy-
ay (2.24)] B kagecTBe THIUYHOM CKOPOCTH 3JIEKTPOHA M Mcxoia u3 (1.8), MoxHo ore-
HUTD CPEJIHIO NIuUHY cBoGogHOro mpobera £ = VpT:

£ =11%)° g9 (2.91)
On

¥YneapHoe compoTHBJieHHe (, NpU KOMHATHON TeMleparype cocTaBjiser or 1 xo
100 MmxOwm -cM, a BenmunHa r,/a, oOHYHO JIeKUT B Opefenax or 2 o 6; cienoBaTeqb-
HO, fasKe IPHM KOMHATHO# TeMIlepaType CpeRHAS NJINHA CBOGOTHOTO npo6era MOJKeT
GHTH TOPAZKA COTHH AHTCTPEMOB 2),

1) Orcioma ciexyeT, UTO BCAKAA KJAcCUYecKas KOHQUTypalusi, KOTOPas yHOBIAETBOpsET
npuHIKIY 3anpera Ilayau B vomenT Bpemenu ¢ = 0 [1. . cofepRuT He 60jIee OJIHOrO HICKTPOHA
¢ ONpejeJeHHLIM CONHOM B enuHMne oOheMa B 06JacTM HMNYIBCHOTO NPOCTPaHCTBA dp =

= (2nk)3/ V], 6yner yIOBIETBOPATH STOMY NPHHLUILY U BO BCE IIOCIeYIOMUE MOMEHTH BPEMEHN,
H01106nmu pe3yabpTaT MOKHO ORIIO OH HOKA3aTh M MCXOHA M3 TACTO KIACCAYECKHUX COO0pasKeHuil,
Kar MpsaAMoe claeicTBue Teopembl JlmyBumasa. Cum. 1. 12.

2) BosMoOKHO, 9TO H XOopomo, 41o [ pyjie mpu BHYACICHNH ¢ UCIOIAB30BAJ ropasjo Codaee
HE3KYI0 KJACCHIECKYI0 TeILIOBYIO CKOPOCTH — HHAYe CToJIb Godbmue AianHH cBoGojpnoro npofera
npuBesn 6K ero B 3aMeIIaTeNbCTBO 1 OH BIOJHE MOT Ol MPEKPATHTH AANbHEIIMINE 11CCAeTOBANMIA,
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T enaonposodrnocmo. [as ONEHKH TEIIONPOBOTHOCTH HO-HPEKHEMY BOC-
monbayemea (popmyaoir (1.51):

%=—;—vzrc,. (2.92)

IlpasnapHas BenmumHa yHedbHOH TemnoeMkoctd (2.81) menbmie moxygensoro Jpyme
KJIaCCUYeCKOT0 BHAUEHMA, OTJIHYAACH OT Hee MHOKuUTeNeM wnopsgka k,T/€ p;
ISl HPaBUIBHON OMEHKH BeJWIMHE U® cielyeT B3ATH He CpeAHUi KBajgpaT Kiac-
CHYECKOM TEMIOBOA CKOPOCTH, IMEIOIMMit HopAnok k ;T'/m, a smavenue vy = 2€ /m,
HPEeBHIAIONIEe KJIACCHIECKYIO BeauauHy B & o/kpT pas. IlomcraBusas Bce sTH Beju-
guEs B (2.92) m BEpaskad BpeMs PeJIaKCAIlMH Yepe3 IPOBOXUMOCTE C IMOMONIBIO
popmynsr (1.6), Haxogum
2

=2 (£2)*—2,44.10 Br.Ow/Kz. (2.93)

ol 3 e
Jro 3HavYeHHe UHCIa JIOpeHIa odeHb 0JIMBKO K moaydeHHOMY [lpyhe, Kotophii cre-
Jan [Be KOMIEHCHpYyIOmue APYTr Apyra OmMuOKH, ONYCTWB B YMCIUTENe W 3HAMEHA-
Tene MHOuTeNb k 7/€ p; OHO HAXOOWTCA B NPEBOCXOTHOM COTJIACHU C JAaHHEIMH
raGa. 1.6. Iloaguee (B ra. 13) MH yBuauM, uTo HafileHHOe HaMy 3HAYEHUE OKABHI-
BaerTcsa ropasmo 6ojiee TOYHBIM, 4eM HTO MOJKHO GBUIO OBl IPEIIONOMKUTH, CY/AA IO
oueHb IpyboMy BHBOXY ¢opmyas (2.93).

Tepmo-3. 0. c. Hax Mut Bugiean, reopus [[pyfe DpUBOAUT K CIUNIKOM GOMLIOMY
3HageHn 0 fAEPPepeHNMaTbHOR TePMO-3. K. C. JTO 3HAUEHHE TAKME MOKHO yTOYHUTD,
BOCIHOJIF30BaBMUCH cratucTHKoi Mepmu — Jlupaxa. IMoxcraBusas ypensnyio Tem-
JoemrocTs u3 (2.81) B BHpamennme (1.59), momydaem

n? k kpT kT ; .
0= "‘—G‘TB( 2 ).-.-_ _1,42( £ )-107 B/K; (2.94)
nocHefHAA BeandamHa Mewbme oneHku [pyne (1.60), ornnuasce oT Hee MHOKUTEIEM
O (kpT/€é ) ~0,01 mpu KoMHATHOH TeMmepaType.

Hdpyeue ceoticmea. llockonbRy KORKpeTHHI B pacupejeleRnd 51eKTPOHOB
O CKOPOCTSAM He HT'paeT HEKAKOH POJN TIPH pacdeTe CTATHYCCKOM M BHICOKOYACTOT-
HO¥ DpOBOAEMOCTH, Kos(dumuenTa X o0Ja ¥ MAargeTroCONPOTUBICHNs, UX 3HAYEHHHA,
HAMIeHHbIe HAMA B TJ. 1, 0CTAIOTCH HeMBMEHHBIME HEBABHUCUMO OT TOT0, HCHOOJb3yeT-
csa nm cratucruka MakcBenna — Boapnmana mau cratucruka Depmu — [lmparka.

Opaako 9TH BHBOJEL HOCIPaBeIJIUBE, €CJIH BpeMA PejaKCcanuu 3aBUCHT OT dHep-
run. Hampumep, eci¥ mpeAnIONOMHUTE, UTO DHIEKTPOHH! CTAAKUBAIOTCA ¢ HEIIONBHIK-
HEIMM PaCCOMBAIONIAMHU NEHTPAMHU, TO TOTA €CTECTBEHHO CIMTATH, YTO JIHHA CBO-
GogHOrO npoGera He 3aBHCUT OT SHEPIMM, MOTOMY' BPEMS PeIAKCAIN OKA3bIBAETCH
3aBHCAMMM OT dHepruum: v = £/U ~ £/£Y2. Bexope mocne rtoro, xak [pyme mpen-
JIOUJ OHMCHBATH METAJLI MOMAENBI0 BJIEKTPOHHOTO rasa, JIopeHI BOCIIOJB30BAJICA
KJIaCCAYECKMM pacupejeieHAeM ckopocted Maxcpenna — Boabnmana nm mokasad,
9TO eCHM BPeMs PeIaKCAalMK 8aBHCHT OT SHEPTHH, 9TO HTO JOJIKHO IPABOIUTE K TEM-
epaTypHO#A 3aBHCUMOCTH CTATMYECKON M BBICOKOYACTOTHOH HIPOBOAMMOCTEN, & TakK-
e K OTJIHIHOMY OT HYJA MAarHeTOCOIPOTHBIEHHMIO U K Koadduuuenty Xouaiaa, KOTO-
PHIA OKASHBaeTCA 3aBHCAINUM OT JOJA W OT TeMIeparypw. IlocKoabry s MeTas-
JIOB HEIPUMEHAMO KJIACCHIeCKOe pacHpeliesieHne M0 CKOpPOCTAM, HH OfHA M3 TAKHUX
MOIPABOK, KaK U CJEROBAJIO OKHUAATE, He CMOTJIA YCTPAHUTH TIybokme pacxoKieHn s
MesKIy BoiBogamu Mojenu J[pyme m sKcmepumeHTAALHEME (PaKkTaMu, OTHOCSIIUMACA
K merajanam 1). Boaee Toro, Kak MH yBEAUM HEKe (M. TaI. 13), Ipu MCIoONb30BaHUHU
HPaBUABHOTO pacHpefieseHus Ho cKopocTaM (T. e. pacmpeneinenus Mepmu — Jlupa-

1) Qpmaxo Mopens JIOpeHLa BayKHA NMPHU ONMCAHAE MOJYHPOBOIHAKOB (CM. TI. 29)s
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Ka) y9eT BaBUCYMOCTH BpeMeHW pejaKcanuy OT JHePI¥WM He OKa3HBaeT CYNeCTBEH-
HOTO BAMAHWA Ha OOJBIMAHCTBO WHTEPECYIOMUX Hac CROACTB mMeraxniaoB ). Ilpm pac-
d9eTe CTATHYECKOM ©U BEICOKOYacTOTHOM NIPOBOAWMOCTEH, MATHETOCONPOTUBIEHMH
u xoaddurmenta Xoana pes3ynbTaTH, MOJIygaeMble B NpelllojoKeHNN 3aBUCAIMIETO
0T DHEPIMH BpeMeHnu perakcanuy T (€), coBmajaloT ¢ peayibraTaMm, HOJyYEHHEIMHI
B NMpEANOJIOKEHN O T, He 3aBHCAINEM OT pHeprmu u paBuoM T (€5). B meranmax
5TH BEJIWYNHE IOYTH HOJHOCTHIO ONPeNeNsIOTCS TeM, KaK PacCenBalOTCs HNeKTPOHH
Haxojamuecs BGnmsu ypoBEsa Mepmu %), B aTom cocrouT eme onno BaskHOE CheiCTBUe
opurnuna sanpera llaynim — cooTBeTcIBYIOmiee JlOKasaTesbCTBO napo B 1. 13,

3ATAYN

1. I'a3 C60600HBIX U HE3ABUCUMNBIL IAECKTE POHOE 6 Cayude I6yx wU3me peHuil

a) KakoBo cooTHOWmEHHe MEXAY n U kp B JIByMEpHOM cayvae?

6) KakoBo cooTHOIleHHEe MeKAY kpy 1 ry B ABYMEpHOM ciayduae?

B) JloKajkute, 9TO B ABYMEPHOM ciydae IIJIOTHOCTH YPOBHeil cBOGOAHBIX »IEKTPOHOB g (§)
uMeeT NOCTOSTHHOE He 3apucsalllee oT € sHavenwe upn & > 0 u paBEa ByJI0 IpH € << 0. Kakoro
3TO0 TIOCTOSIEHOE 3HAYeHMeE?

r) TloxamkuTe, 94T0, NOCKOJNDLKY IJIOTHOCTHL YpoBHeidl g (€) LocToAEHA, B pasaoskenun (2.75)
ofpamaioTcss B HYJIb Bce YJeHH, Kpome nepBoro, coorpercrsylomero T = 0. Ilony-
9nTe oTclofa, 9ro p = €p mpu x;oboit Temuepartype.

1) BmpeanTte u3 eipaskeHns (2.67), uTo upM niotHoCTH YpoBueH g (¥), naiinennoil B 1. «B»,
cnpaBeiANBO CJEeAYIOmee COOTHOHIeNNe:

wtkgTIn(1+e

e) Ucxons us cootHourenns (2.95), oumenHnre, HaCKOJULKO [ orinvaercs or Bx. OGcynure,
CKOJIb BajKHA B YHCJIEHHOM OTHOINEHNI 1000HasA M «0INl0Ka» B pPasiokennn SoMmepdenbia 1 Ka-
KOBa MaTeMaTnyecKas NpUYuHa, HpHBojamiagd K 3Toit «muire».

—u/hBT

) F . (2.95)

2. de pMOOUHAMURA 20430 CE0GOOHBIX U HCIU U CUMBLE JA1CHIN POHOE
a) Henoardya tepMoiinHaMIYeCKHe TOJKAECTBA

ou - Js
(%) =7 (57), - 2.
v ( oT )n T ) n (2.96)
gopmyasr (2.56) m (2.57), a TaKsKe TpeTHH 3aKoH TepMopHHamMHKU (s — O npu 7 — 0), noxasknre,
90 LJIOTHOCTH dHTponuk s = S/V onpefelseTcAa BHDarkeHHEM

s= —kp S oy [FInf--(A—5) n (1=, (2.97)

rie f (€ (k)) — ¢ynrnus Qepmu (2.56).
) TiockoanbRy paBiemme P ynoBaersBopseT ypasnewnio (B.5) (cm. npuscskenme B), 1. e,

P = — (u — Ts — un), BuBennte u3 gopmynb (2.97) ciaeayninee BpIpamcHIIEC:
C ak _(hERR (R2k2[2m) —p .

Hcxops n3 Bepasenus (2.98), noramute, uto P mBasercsi oABOPOAHOI yHKLMeH CTemeHn 5/g
orpw 7, 1 e

P (M, AT) == 32 p(u, T) (2.99)

LiA M1060TO0 IOCTOAHHOTO B3HAYEHHA A.
B) Uz TepmMouHAMMUECKHX COOTHOINEHRIl, NPHABEJIeEHHX B NPUJAOKeHWR b, Busepute

cleayioniye COOTHONIEHHUS:

(f)_ﬁ) — (_j_gf_)fs. (2.100)

1) Tepmo-3. 1. ¢. mpeacTapiseT cofoil 3mech BajKHOE MCKIOYEHNe,
?) IopoOubie yTBEPIKIEHNA NPAaBUABHE ¢ TOYHOCTLIO 10 kpT/€y, BO B MeTaJNaX BTOT Napa-
MeTp Bcerja O9eHb Mal.
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r) Juddepeniupys coormoinenne (2.99) mo A, moKakmTe, 4TO HaHJEHHUe MIA OCHOBHOTO
COCTOSENA cooTHOWeHHe (2.34) Bumonnsercd NUpn mOGOE TeMmmepatype, eclii 3amACATH €ro B
Bufe 1)

2
—=u. (2.101)
3

n) Iloraure, aro, ecim kpT & €p, TO AIA OTHOWIEHWA YJeJbHHX TEIJOEMKOCTEH Iipn

HOCTOSHHOM JABJIGHNH ¥ I[IPH HOCTOSAHHOM ofbeMe CIIpaBe[INBO COOTHOINEHHE

(2)—1=5 (&) o (%)

EF
e) CoxpaHasl cieayiOmHe YIEHEL B PAa3JOKEHMU 30MMepQelbud IJA u U n, TOKa;KUTe,
970 ¢ TOYHOCTHIO 10 T3 nuas yHEeILHON TemIoeMKOCTH ¢, crpaBeivsa dopMmyda

_ e ;s . g (4p)\2 ., 2 (%p)
co="5- KbTg () —; kBng(‘fF)[15(——g(%F)) 2o |- (2.102)

3. Raaccuuecruit npedean cmamucmuru Gepmu — Ju para

Ecan dymriua @epmu (2.56) ropasjgo MeHpIEe eIUHHUB JAA JI000TO 1I0JOKUTENBHOTO
3Havenusa €, To pacupeneisenme Pepmu—npaka mepexoquT B pacupefeienne MakrcBesra—
DoannMaga, NOCKOJBLKY B DTOM CJAydae MH HMeeMm

§(8) m e EWEBT (2.103)

HeobxomuMoe W JOCTATOYHOE YCJOBHe CIpaBejIMBOCTI cooTHoHlemMs (2.103) mpu Bcex IOJO-
JKHTEJBHHIX % nMeeT BHJT

—w/k LT
e MiB

> 1. (2.104)

a) Cumran yciaosme (2.104) BEINOJHEHHBIM, IIOKaMUTE, UYTO

—w/3k T, 1/3 1 —1

re=e MBI 0y oy T (2.105)
B cowerannu c¢ (2.104) orcopga BHTEKaeT, 4TO

o> ()™

kaBT

(2.106)

HomxyueHHo® COOTHOLIEHNE TAaK/e MOYKHO PacCMATPHBATh KAK YCIOBHE NPUMEHHMOCTH Kiac-
CHYECKOH CTAaTHUCTUKU.

6) KaxoB ¢usudeckuii cMbICq TOHl JJIMHEI, 3HAUHUTEILHO GOJIBIIE KOTOPOil AOJM/KHA OHTH
BeJIMIUHA r?

B) ITorasknre, yro u3 (2.106) MOKHO HOJNYUHTH Cle[yiolNee YHCICHHOE YCIOBIHe:

rg > (ﬂ)l/z.

2y T

(2.107)

r) IloKasknTe, 9TO HOPMHUPOBOUHHIN MHOEHTeNb m%/4n3h%, BXojAmuit B sHpaxenue (2.2)
st pacnpegenenna @epmu— [upaka mo CKOPOCTAM, MOYKHO SallCaTh TaKKe B BHje BV whn x
><(m/2nkB_TF)3/2, noatoMy fg (0)/f(0) = (4/3V 7) (T/T32 [em. (2.1)].

4, Heuy6Ccmeu meavHocms GYHEUUU PACNPEICACHUH K MAABIM UIMEHENUAM
NOAHOL0 YU CAA INEKTM POHOS

IIpu BuBoje pacnpepenenns Mepmu (cTp. 54) Mu YTBEPMKAald, YTO BEPOATHOCTDL 3AIT0J-
HeHWS [JaHHOTO YPOBHA HE MNOJIKHA CYIIECTBEHHO H3MEHATHCA NPH M3MEHEHNH NOJHOrO YHMCHa

3JIEKTPOHOB Ha e{uEANy. YOemutech, 4To depmuenBckrasn ¢pymxiusa (2.56) Haxomurcs B coriacum
¢ NOAOGHHM TPEJI0IOKEeHHEM.

1) Coormomenue (2.101), copasepinBoe mpu J0G0f CTeMeHH BHPOKISHUA ICKTPOHHOTO
rasa, He UMeeT MeCTa JUIA JeKTPOHOB CO CJIOKHEIM 3aKOHOM HHCIEPCHH, KOTJA IIOTHOCTh COCTOA-

mn#i He mnpomopmmoHamsHA Y% . dopmyny (8.63).— Hpum. ped.
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a) B mpeanonoskennn kpT < €p NOKaKMTe, UTO, KOTAA YHCJIO DJIEKTPOHOB M3MEHAETCS
Ha eJMHMIYy OPH MNOCTOAHHON TeMmnepaType, XUMUUYECKHH NOTEHIHMAJ MeHAEITCsI HA BeJNYUHY

1
Ap = 2.108
V@) (2.108)
e g (%) — NJOTHOCTH YPOBHEH.
6) IloxkaskuTe, 4TO KaK CliejICTBHE HTOr0 BEPOSATHOCTL 3aMOJHEHNA Kakoro-anGo ypoBHs
MOKET TOTJa H3MEeHHUThCH He 0OoJjee WeM HA BEJIUYMHY

1 .6r 1
Af=———% — 2.109

/ 6 kgl N * ( )
[Hcnonnayiite BupaseHne (2.65) pisa naotamoctu yposueit g (€p) cBOGOABEX d1eKTpoHOB.] XoTs
B DKCTIEPHMEHTaX MOTYT OHIThH JOCTUTHYTH TeMIePaTYPH LOPHJAKA MHJAJUKENBBRHOB, IPH KO-
Topux ¥p/kpT =~ 108, masxe B »ToM cayuae npu N = 1022 peanunma Af oKaselBaeTCA Bee eme
nperebpesKUMoO Majoi.
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HEJJOCTATKHA MOJIEJIN
CBOBOIHBIX 3/IEKTPOHOB

Teopus cBOGOTHEIX DJIEKIPOHOB yCHeIIHO OOBACHAET MHOIME XapaKTOPHEIe
cBolicTBa MeramnoB. Hamboinee aBHbIC HEJOCTATKE MOZENH B TOM Bujie, KAK OHAa OBLIA
mepBOHAYAIBHO Ipemiaokesa [ pyae, cBA3amel ¢ TeM, 4TO HJIA OIMUCAHUA HJTSKTPOHOB
OPOBOJUMOCTH B He#l HCIOIb3YyeTCA KIACCHYECKAs CTATHCTHIECKAS MOXaHUKA.
Benegcrsue aroro make OpH KOMHATHOM TeMmIeparype pacCIMTaHHbe 3HAYEHUA
TePMO-3. ji. C. W TEIIOEMKOCTH OKA3BIBAIOTCH B COTHH pPa3 Hoibme HalIIOMaeMBIX.
PacxomeHne Bce :Ke He Ka3aJ0Ch CTOND CEPHE3HLIM, TAK KAK KJIacCHYecKas CTaTH-
CTHKA CAydYaifHO JaeT CPaBHUTeJNHHO TOYHOE 3HaUeHHe MOCTOAHHON B 3axone Bupe-
mana — @panma. 3ommepdens] yerpaHm MoxoGHEE HEJOCTATKI, IPUMEHHB K DJISK-
TpoHaM HpoBofguMocT cratuctuky Depmu — Jlupaka, Ho ocTaBMB 0€3 H3MEHEHUS
BCe JpyrHe OCHOBHEIE MPONIOJOKEeHUsT MOAEIN CBODOIHLIX DICKTPOHORB.

OmHako MHOUEEe KOJMIeCTBEHHbBIE PEe3yJbTAThl, IOJAydaeMble B Mojedn CBOOOI-
HBIX JJAEKTPOHOB JoMmmepdeiabia, MHo-IpeHEeMy OPOTHBOpedaT JKCIePUMEHTAM;
KpoMe TOro, 3Ta MOJeldb OCTABISIST HePSIMeHIMME DAL HIPUHEIUONAIBHLX BOIPOCOB,
Huke mepedncieHsl HEJOCTATKA MOZEAH CBOJOLHBIX 9JIEKTPOHOB, OOHApPY/RMBA-
mpecss B 3alavdax, KOTOPHE OBLIM PAaccMOTpeHSl B HpedpIyNiux ABYX TaIaBax '),

TPYJAHOCTI MOJIEJI1 CBOBOAHLIX 3YJEKTPOHOB

1. OMUBKEUN B RO9D DPULUEHTAX IHEPEHOCA,
JABAEMBIX MOJEJIBIO CBOBOAHBIX AJERTPOHOB

a. Roapghpruuenwm Xoaara. Teopua cBoboxHbIX DIEKTPOHOB IPEICKA3KBALT,
910 Koauiment XoamMa IPH IUIOTHOCTAX JJIEKTPOHOB, TUOWUHEIX A MeTAJIA,
HMeeT IIOCTOAHHYIO BeIW4nHy Ry = —1/nec, Ha 3aBUCAIMYIO OT TeMIepaTypH,

1) IlpamepHl 1 3aMedaHisA, cOJeP/RAIEecs B TOH KOPOTKOIl raase, He PACCYMTAHH HA TO,
9TOOH NATh MONHOE MPEACTABIGHMUE 0 TPEdeTaX HPIMEHUMOCTH MOJENU CBOGOJHHIX DIEKTPOHOE.
JTOT BOUPOC NPOACHATCA B CAEAYIOMUX IIaBaX, B KOTOPAIX YyKA3AHK TAK/Ke IyTd PEHICHUA mMpos-
JieM, BOBHIIKAIOMMX B MOJeTn cBOOOJIHAIX dHeKTPOoRoB. Lleds HacTOAmE! TIaBK — JMmD IOIepK-
HYTb, HACKOJBKO TAYOOKI I pasH0o00pa3HE HEIOCTATKI 3TOI MOTEMM, YTO OJHOBPEMEHHO CJYKIT
o0'bACHeHMEM TOrO, IT0YeMY IIPHXOHTCA NPHMCHATH ropasIo Goljee CIOMKHBIIT AHANMS.



HepocraTky Mojes® CBOGOIHRIX 3J€KTPOHOB ki)

BpeMeHHN pesaKcalliy W HAUPAKeHHOCTH MATHHTHOTO Noas. XOTA HaOJI0HaeMHe
3HaueHUA Koadpdunmenrta Xosna HMeIOT AeACTBUTENBHO TAKON HOPALOK BeJIHYAHH,
TeM He MeHee OOEIIHO OHW 3aBHMCAT KaK OT HANPMKEHHOCTH MATHHATHOTLO IONA, TAK
I OT TeMIepaTypH (a, BePOATHO, TAKKe U OT BpeMeHH DeJaKCalliy, KOTOPOe [OBOIb-
HO TPYAHO KOHTPOIHPOBATH B pKcmepumeHTe). Hacro momo0HAA 3aBHCUMOCTh OKA-
3HBaETCA pPe3Ko BHpaykeHHo#l. Hampumep, B amommann (cm. gur. 1.4) xosddunment
Ry Beerma oTnmdaercsa Do MeHBIIEH Mepe B TPH pasa OT CBOEr'0 3HAYEHHA A CBO-
GOIHEIX 5JeKTPOHOB; HOMHUMO TOTO, OH CHJBHO 3aBHCHT OT HAUPSKEHHOCTH MATHHT-
HOTO 1O:Is, a B 0OAbMNX HOJSAX HMeeT 3HAK, IPOTUBOIOIOKHEN TPEICKa3EBReMOMY
Teopueil CBOOONHHEX 9JIeKTPOHOB. TaKue ciydan He ABIAIOTCA UCKINIeHUAMH. JIumb
KoapduineHTH XO0maa MEMOTHEIX MeTAJJ0B OOHADPY/KUBAIOT NOBeNeHHE, OJM3KOE
K IPefCKABAHHAM TeOPHU CBOOGOTHEIX OJIEKTPOHOB.

6. Masnemoconpomusaerue, V13 reopnn cBOGOTHEX 3NEKTPOHOB CIeIyeT,
9T0 CONPOTHB/IeHNMEe IPOBOJHNKA B HAIPaBICHUN, MePHEHAHKYIAPHOM HOCTOAHHOMY
MAarHUTHOMY HOJII0, He JTOJKHO 3aBHCETH OT HAOPKeHHOCTH noad. B meficrBurensHo-
CTH jKe IOYTH BCET[a TAKafd 3aBHCHMOCTDH UMeeT MecTo. B HeKOoTOpHX caydagx (oco-
OeHHO [ 61aT OPOHEIX METALIOB — MeJu, cepebpa i 30JI0TA) COIPOTURIEHAE MOFKET
BO3pacTaTh IPAKRTHIECKN HEOTPAHMIeHHO IPHM yBelmdeHHAH mojasd. B GoabmumHCTBE
MeTaJLI0B TOBeJeHNe COIPOTUBIEHNS B MArHUTHOM WOJe 0YeHEH CHIBHO 3aBHCUT OT
TOTO, KAKAM 06pa3oM IPHUTOTOBIeH o0pasern; AJd HEKOTOPHX 00pa3LoB OHO TaKKe
3aBUCAT OT OPUEHTATNH IOJS.

B. Tepmo-3. . ¢. 3HaK TepMo-3. M. €., HOAOOHO 3HAKRY MOCTOAHHOM XoJiia,
He BCerja COBIAfaeT ¢ HpefcKa3aHWeM TeOpHU CBOOONHEIX HJIEKTPOHOB. JImmsb mops-
OOK BEJWYNHH OKA3KHBAETCA UPABUILHEM.

r. 3akon Budemana — Opanua. 3axon Bugemana — Dpauna, craBoimi
TpuyMPOM TeopHH CBOOOTHEIX JJICKTPOHOB, B MEHCTBHETENBHOCTH XOPOIIO BhHIIOJ-
HfAeTCA IpPU BHCOKHX (KOMHATHEIX) TeMIepaTypax, a TakKe [0B80JBHO YacTo IpPH
OUeHh HH3KHUX TeMHepaTypax (HeCKOJBKO KeJIBBHHOB). B mpomemyrounoi obnacTm
TeMIepaTyp OH HeCHpaBe[iuB, u BeauuuHa %/01 3aBHECHT 0T TeMIEPATYPH.

g Temnepamypraus 3a6UCUMOCID CIMAMULECKOU IAEKMPONPO-
600rnocmu. Teopust cBOGORHBEIX DIEKTPOHOB He MOMKET OOBACHUTEL TOMIEPATyp-
HYI0 3aBHCHMOCTL CTAaTH9ECKON 9SJIEKTPONPOBONHOCTH (HA KOTOPYI YKa3HBAIKOT,
Hampumep. fgaHHBe Tabx. 1.2). Ee mpuxopurTes MCKYCCTBEHHO BBOJZUTH B TEOPHIO
DOCPENCTBOM CHENUAJBbHOTO TMPEeNIOJOKeHNS O 3aBUCHMOCTH BPEeMEHH peJaKCalum
T OT TeMIepaTypHIL.

e. FAGUCUMOCD  CIRAMMUUECKONU INEKMPONPOGOOHOCU O
nwanpasrernus. B HeKotopHx (HO OTHIONb He BO BCEX) MeTalJaX CTATHYECKad
BIEKTPOUPOBOTHOCTE 00pasna (OPHUIOTOBICHHOTO COOTBETCTBYIOINUM 00pazoM) 3aBu-
CHUT OT €70 OPUEHTALNY IO OTHOIIeHWIO K Toal0. B Takmx odpasmax TOK §* MOKeT OHTH
¥ He IapalieneH HOJ.

K. BbolCOROUACTROMH AL NPOBOIUMOcMb, ONTHIeCKEE CBOACTBA METAJIJIOB
HaCTOJBKO CIORHO 32BUCAT OT YACTOTH, YTO HEBO3BMOKHO Ka/Ke HAeATHCH HONYINTH
9Ty 3aBUCHMOCTEH MCXOMS W3 HPOCTOH AWSIEKTPUISCKOH NPOHWIAEMOCTH, K KOTOPOH
OPHBORUT MOTENb CBOOONHEIX 3JeKTPOHOB. Ilajke HATPUMA, KOTOPHIA BO MHOTUX OTHO-
MeHusAX XOPOIO ONMCHBAETCH MONEJbI0 CBOGOXHEIX 3JEKTPOHOB, He BHIEP/KABAET
3TOM HPOBEpKE — OH OOHAPYIKUBAeT CIOKHYIO 3aBUCHMOCTE Ko3dpunueHTa oTpaske-
HOA OT 9aCTOTH, He NPeJCKA3hBaeMyi0 Teopueii CBOOOXHHIX 3JIEKTPOHOB. B gpyrumx
MeTaniax feiao oGCTOMT emle Xyie. DeccMBICieHHO THTATHCA OGBACHUTE I[BET MeITHU
WIN 30J0Ta UCXOOA U3 K03QPUIMEHTOB OTPAKOHUNA, PACCIMTAHHEIX [0 JU3IEKTPH-
9eCKOM ITPOHUIAEMOCTH B MOAENY CBOOONHEIX HITeKTPOHOB,
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2. OIIUBKN B TEPMOAUHAMUWYECKUX PE3VJLTATAX

a. Junetinotii uaen 6 menaoemrocmu. Teopua 3ommepdenbaa mocra-
TOYHO XOPOIO O0BACHAET BeINIHHY JuHedHoro no 7 4wieHa B HHSKOTeMIEpATYpPHOMR
TeIJI0eMKOCTH JJIA MIEJOIHEIX METAJLI0B, HECKOJIBKO XyyKe A 6IaropOTHBEIX MeTal-
J0B U COBCEM ILIOXO RIS IEePEXOIHBIX METaJI0B, TAKHX, KAK jKeje30 U MapraHel
(nperckasmBabMOe 3HaUeHHE CANIIKOM MaJd) M BHCMYT I cypbMa (Ipe/iCKa3hBaeMoe
3HAUeHHME CJIHIIKOM BEJIHKO).

6. Rybuueckuii uren 6 menaoemrocmiu. Mofeiab CBOGOLHEIX 3IeKTPO-
HOB He CONEPKHUT HUYEro, KPOME CAMHUX DIEKTPOHOB, OSTOMY OHA He B COCTOAHUH
00BACHUTE, NOUYEMY OJJIEKTPOHHHI BKJaJ B TEIWI0eMKOCTh MAOJ/IKEeH Tpeobiaalarth
TOJIBKO HIPHW HU3KHX TeMuepaTypax. MemIy TeM SKCHEPHMEHTH COBEPINEHHO OJLHO-
8HAYHO YKAa3HBAlOT, 9T0 HOIpPaBKa K JHHe#HOMY dYjieHY, npomoprmoHanbHag I3,
00yCI0BJIeHa 9eM-T0 WHKIM, HOCKOAbKY BKJIAJ 2JEKTPOHOB B wieH ¢ 7%, Domydaembii
B mpocroil Teopmm 3JomMepdesbJa, UMeeT HeNpPaBUIBHHIH 3HAK W B MUJJINOHE pas
MeHbIne HabJJI0aeMoro.

B. Coacumaemocmos memaar06. Xorg Ijisg MHOTUX METAJJIOB TeOpus cBoOOM-
HHX 9JIEKTPOHOB I0PASUTEIHHO XOPOIO IIPE/iCKA3kBaeT MOAYJH BCECTOPOHHETr O CIKa-
THA (WIH CRAMAEMOCTh), TeM He MeHee sICHO, UTO UpH BEBOfe Gojiee TOYHOTO ypaBHe-
HAS COCTOAHHA MeTajjia Heo0X0nMMO VHeJATh Oolibliee BHUMAHWE HOHAM U B3al-
MOJleMCTBHIO MeKAY BJAEKTPOHAMH.

3. ®YHIJAMEHTAJIBHBIE TPYIOHOCTU

a. dem onpeteasemess HUCAO0 IAEEKMPOHOEG RPOsoJuMmocu’ Mu
OpPeANOIORAIN, 9YTO BCe BAJEHTHEE DICKTPOHL CTAHOBATCS SJIEKTPOHAMU HPOBORH-
MOCTH, TOTHA KaK BCe J[PYTHe OCTAIOTCA CBABAHHEIME ¢ moHamu. MEI He 3aJyMEIBa-
JUCH HAJ TeM, HOYeMYy 9TO COpPaBeIJNBO W KaK CIAefyeT HOCTYIAaTh C TeMH 3JIeMeHTa-
MH, KOTOpHe, MON06HO Kele3y, MMEIOT HECKOJNBbKO PAa3JIMTHEX BaJeHTHOCTEHR.

6. ILouemy neromopsle IAEMENMBL HE ACAANOINCHA MeMALAAHMU?
CymecrBoBaHUe IUBJIEKTPUKOB CBUAETEIbCTBYET o elme Gojiee CePHe3HHIX HELOCTaT-
Kax HCHOJNB3yeMOTO HaMHU 3MIMPUYECKOro IIPaBuiia onpeflesieHUs YU ca 3IE€KTPOHOB
nposoguMoctu. llowemy, Hampmmep, Gop ABIAETCSA AUIICKTPAKOM, 8 €TI0 COCEH AJI0-
MUHHH, CTOAMUE B TOM j;Ke cToibue mepumojgmdeckoi tabnunu Menpmeneesa,— mpe-
kpaceui Merann? Ilouemy yriaepom sBasercs [UpJIEeKTpUKOM B ¢opMe aamasa,
HO NPOBOTHEKOM — B (opme rpadura? [logemy BHCMYT M CyphbMa — CTOJNb IIOXUE
OpOBONHUKHA?

OB30P OCHOBHBIX IIPENHOJIOKEHUN

UTo6H OpORBMEYTHCA fajbmie B pemenuu a000d U3 9TEX mpobiaeM, HaM Heol-
XOAUMO BHOBb PAacCMOTDPETh T€ OCHOBHHE NPEANOJOMEHUs, Ha KOTOPHX HOKOUTCA
Teopusi CBOOONHEIX 2JIeKTPOHOB. llpmBemem Hamboliee BajKHEE W3 HUX.

1. II pubauscernue ceo6oonvix asnekmponos ). Ilpenmomaraercs, aro
poiAb HMOHOB B MeTajane BechbMa HesHadmresbHa, OHH He OKAaSHBAIOT HUKAKOTO
BINAHUS Ha JNBHU/KeHNOE DJIEKTPOHOB B MPOMEMYTKAX MEKIY CTOIKHOBEHUAMH; KpOMe
TOro, xota J{pyle u CUMTaN MX OTBETCTBEHHBIMU 38 CTOJIKHOBEHHH, BCH KOJINYCCTBEH-
HaA NEGOPMALNA, KOTOPYIO YAAaeTCA HOAYYMTH OTHOCHTENBHO WACTOTH CTOJKHOBE-
HUM, TepsAeT BCAKHUHA CMEICH, €CIH ee 00BACHATH NCXOHA U3 UPENCTaBIEHUA 0 CTOJK-
HOBEHUAX DJIEKTPOHOB ¢ HENOJBMKHHIMH HOHAMH. DB [(eHCTBHTENBHOCTH WOHH

1y Cm. crp. 21.
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B mopeanx Jlpyme n 3ommepdenbra TOnNbEKO 00eCHEUNBAIOT HOARYIO B3apsAI0BYIO
HEATPAIbHOCTb.

2. I pudaudcernue He3a8UCUMNBLE daermpPporn o6 t). Mo npenebperaem
B3aMMOJICHCTBUEM BJEKTPOHOB [PYr ¢ APYIOM.

3. I pubavacenue cpemernu peaarcauuw ®). llpeanmoxaraercs, duro
pesyabTaT CTONKHOBEHHWS He 3aBUCHUT OT COCTOSHWS 3JIEKTPOHOB B MOMEHT CTOJK-
HOBEHUA.

Ot Bcex 9TuX NPeANnoJoKe N Heo0X0IUMO OTKA3aThCs, €CIOM MBL XOTHM IIOCTPO-
ETH TOYHYI0O Momeapb tBepmoro rtexa. CyHmecTBeHHOTO HPOrpecca MOMKHO. OZHAKO,
Jo0MTHCA, ecyau BHAYaje COCPEAOTOUYMTH BCe BHUMAHNE HA YJIYYIIEHWH OTAeJbHBIX
aCHEeKTOB OpmOMMKEHNsA CBOGONHBIX DIEKTPOHOB, HPONOJNIKRaAsA HO-IPEesRHEMY II0db-
30BaThCA MPUONMIKEHUAMN HEe38BUCHUMEIX HJEKTPOHOB W BpeMeHU pejakcaimu. B ri.
16 u 17 MBI BepHeMCA K KPHUTHIECKOMY aHAJW3y ABYX HOCHENHUX NPHOATREHUH,
a TOKa OTPaHMIMMCH CIeAYIOMUMY OOMUME 3aMeYaHusIMU.

CymecTByeT yAUBUTENbHO INUPOKUH KJAace 3a7ad, B KOTOPHIX WCIIOIb30BaHUE
DpubaneHNn s He3aBUCUMBIX 2JeKTPOHOB NOUYTH He CHUKAET 11@HHOCTH IT0JYYaeMBIX
pesynbraTtoB. V3 mepednciaeHHBX BRme upoGieM, BOSHAKAIONIX B TEOPUU CBOGOMI-
HEIX BJIEKTPOHOB, yTOuHeHHe HPUGHMIKEHHA HE3aBHCHMBIX 3JEKTPOHOB HpPUHIM-
I¥aJbHO CKAMKETCA AN Ha pacdere c;KEMaeMocteir MmeTannos (2.8) 3.4). OdbacHenne
TOTO, YOYEMY MORHO IpeHebperaTh B3aWMOTEHCTBUEM MERIY BJEKTPOHAMH, INaHO
Bri. 17; TaM e DPHBOIATCA W APYrHe UPUMEPH, IIPH PACCMOTPEHUN KOTOPHIX B3a-
IMOfiefiCTBE MEIKAY 9JICKTPOHAMH JAeMCTBUTENBHO HIPaeT UPAMYI0 H PEINalomylo
poOTH.

Uro e Kacaercsa DpubAmyKeBRUs BPeMeHH peJaKCalWi, To Jaske BO BpeMeHa
Jlpyne cymecTBOBAIM MeTOAL KWHETHIECKOH TeOpUHU, MO3BOJSAIOIIME OTKA3ATLCS OT
mofobroro dpeamepHoro yuopomeHus. OHE HaMHOTO YCIOMKHAIOT pPacCMoTpeHue
1 00BI9HO OPUMEHAIOTCS JNMB B TeX CAyuYax, Korjga HeoOxoammo Gosee TOYHOE KOJIU-
JeCTBEHHOE OHMCAHNE MCTANAMIeCKOro cocToAnuA., Kcau o0paTnThes K DepedncieH-
HHM BHIIEe Hpo0dieMam, TO OKa3bBAaeTCs, 9TO OTKA3 0T TNpuONMKeHHs BpeMenRn
pejqaxcanuu HeoOXOINHM [aske JUJIf KaueCTBEHHOTO aHANU3a CIPABEIANBOCTH BaKOH&
Bapemana — Mpanna B mpoMmexyTouHol obnactm rtemmeparyp (1.r)®). B ra. 16
I0Ka3aHo, KAKYH (OpMY NONKHA IMEThH TeOPUsl, €CIHU MHE BHXOJUM 3a PaMRH IIpH-
fnmKeHWs BpeMeHH peJaKcamdl; TaM jKe IpuBeJeHbl APYyrue OpPUMEpH 3afad, JJs
pemeHNs KOTOPHX Heobxofmma HOAo0HAS TeopHs.

B npulnmkenun cBoGOOHHIX DIEKTPOHOB KOPEHHUTCH OCHOBHOI WCTOYHNK TPY/-
HoCTel, ¢ KOTOPHIME CTankmBalotlcess Teopum Jipyme m 3ommepdensna. B mero Bxo-
IAT HECKOJLKO YyHOPOIIeHHH.

a. He yunThBaercs BimMsiHTe WOHOB Ha JBUIKEHNE BIEKTPOHA B TPOMEKYTHE
MeHNY CTONKHOBEHHAMU.

6. Ocraercs HeBBISICHEHHOH POJb WOHOB B CTOJKHOBCHHSAX.

B. He yunThBaeTcs BOBMOSKEOCTE TOTO, 9TO MOHK KaK CaMOCTOATeJbHEIE JUHA-
Mugeckre OOBEKTH BHOCAT CBOil BRJAI B (u3uvecKue fBIeHUA (HalpUMep, B Tel-
Z06MKOCTh HJH TeIJONPOBOXHOCTH).

1} Cm. crp. 20—21.

2y M. crp. 21 —22.

3) IImppsl B CKOOKaX YKashlBAOT HOMEPA pasfieloB B Hadaje JAHHOH TJIaBH.

1) CymecTByIOT TaKiKe CIydau, ROTAA HEJOCTATOYHOCTH MPHONMKEHUA HE3aBUCIMBIX 3JeK-
TPOEOB JielaeT OMMOOYAEIM HPOCTOE AeJNeHHC TBEPJEIX Teld HA METAIJBL 1l AUBICKTPUKH, KOTOPOe
npuBojuTeA B raA. 8 m 12 (cm. ra. 10, ctp. 191 m 32).

%) Or aroro upuOnMKeHUA UPUXOJNTCA TAKMKe OTKA3aThCA WM IPH JETAIbHOM PACCMOTPEHNN
3aBHCHMOCTH CTATHYECKOIi DNEKTPOIPOBOMHOCTY OT Temireparypni (1.m).



T4 TunaBa 3

Hapymennsa qonymenuit «6» 4 «B» Arpaior BajKUYIO POJIb B 00BACHEHHH OTKIIO-
HeHui oT 3aKoHA Bumemana — Dpanma mpum mpoMme;RyTOYHHX Temmeparypax (1.r),
a TaK/Ke B 00BACHEHHH 3aBHCUMOCTH 3JeKTPOINDOBOZHOCTH OT TeMuepatyph (1.m).
C HapymmeHmeM JONYIMeHHUsI «BY CBA3AHO IMOABICHHE KYOUIECKOrO WieHa B TEMI0eM-
Koct (2.6). OTKas oT 9THX ABYX JOUYMEHAR NMeeT NIPUHININAILHOE 3HATCHHE I JIJLA
00BACIeHUA PATA IPYIUX ABJIeHNWHE, KOTOPHE HaM elle IPefcTouT o6cyauTs. Brpart-
ue mofo0HLIe ABIEHUA OOUCAHEL B ria. 21, Gomee mogpoOHO HOCIAEICTBHA OTKA3a OT
OpenooKeHud «0» m «B» obcy:kpaoTca B . 22—26.

NuenHO ¢ IpegOoNoKeHTEM «a, COINIACHO KOTOPOMY HOHEHI He OKA3HIBAIOT HUKA-
KOTO BJIHAHHUA HA ABIKEHUE 3IEKTPOHOB MEKAY CTOJKHOBEHHAMH, CBA3aHH OCHOB-
gele HegocTaTku Teopuid Jpyme m 3ommepdensma, onnMcaHHBIe BHIIe. ¥ YHTATENA
MOKET BO3HHKHYTH 3aKOHHLIH BOIPOC: UeM jKe OTAMTAIOTCA NIPeJIOI0MEeHUT «ay
n «6», TOCKOIBKY COBEPIIeHHO He SCHO, KAK PA3JHAYaTh CTONKHOBUTEJIbHBIE U HECTOI-
KHOBHITEJbHLIE ACIHEKTH B TOM BO3J{CCTBHH, KOTOPOE MOHKEI OKABKHIBAIOT HA 3JI6KTPO-
He? Hmxke, ogHako, Mbl yBuanM (ocobenHo B ra. 8 u 12), 4ro ecau npeHebpedn Boz-
MORHOCTHIO JIBUAKOHHIA MOHOB ((IPUOIM/KeHNe HeIOABIKHEIX HOHOBY), TO LmoXe, CO3-
JaBaeMoe CTaTHMIeCKON MOHHOM pemeTKoM, yHaeTcd MOJHOCTHI0 YUeCTh HOCPelCTBOM
HebonbInOil MogudUKAIAT Teopuil cBOGOTHEX 3imerTporoB dpyme u 3ommepdennaa.
ITpu aroM oRa3sBIBaeTCHA, 4T0 B HONYIAWMEHCA TOOPUN CTOIKHOBEHUS NOKHE BOOO-
me oTcyTcrBoBarh! JIumb Opu ydyeTe IBUKEHUs HOHOB IPOSCHIGTCH MX POJb B IPO-
HCXOKIeHNN CTOAKHOBEHUH.

Nmes 370 B BUAY, HECKOJIBKO 0CAa0UM AONYMIEHAS, HCIOAb3YeMble B IPpUOIMAe-
HUU CBOOOMHEIX DIEKTPOHOB, MpHdYeM cHejiaeM 9TO B ABa srama. IIperme Bcero omm-
meM BCce BO3MOMKHBIE KPUCTAJIAMIECKHAE CTPYKTYPH M PACCMOTPHM, K KAKHM HOCIeN-
CTBUsIM IPUBORUT YUET TOTO, 9TO JJIEKTPOHSH JABIVKYTCA He B HYCTOM IPOCTPAHCTBE,
a B CTATHYECKOM IOTeHIUaJe, HOPOXAAeMOM JAHHOH pPEUNIeTKOA HeHONBUIKHEIX KO-
HoB. TorpKo 3aTeM (HaumHaA ¢ ra. 21) ME mepefileM K aHAAK3Y POJH JHHAMHICCKHUX
CMelleHH# MOHOB OTHOCUTEIbHO Y3HO0B CTATHIECKOHW pEeImeTKH.

I'oBops 06 monax, mpeskge Bcero cieqyer HMeTh B BHIY, 4TO OHU He 3aHUMAIOT
B HPOCTPAHCTBE CAYJadHBIC IOJOKEHUs, a 00pasyinT PeryaApHY HepuogaIecKyIo
CTPYKTYPY, Ha3hHBaeMyI0 «pemeTkoiy. B mepBylo odepens Ha 2TO yKashBaeT KpH-
cTaJNAngecKass MAaKPOCKOUMIeCKasas POpMa MHOTHX TBEDABIX TeJ (BKJI0YAs METAJLIH).
JKCHEepHMEeHTANbHO HAJIHYHe TAKOH CTPYKTYPH BHOepPBEE OHUIO HEIOCPEeXCTBEHHO
HOATBEP/KICHO HKCIEPHMEHTAMH [0 TMQPAKINU PEeHTTeHOBCKUX Jydelt (cM. 1. 6),
a BIOCIE[CTBHM BHOBH HEOMHOKPATHO LOATBEPIKAANOCH OMKTAMH IO HUPpPAKIAU
HEHATPOHOB, 3IEKTPOHHO-MAKPOCKOIUISCKUMN HCCIAETOBAHUAMY W MHOTUMHU JPYTH-
MU HEIOCPEeICTBeHHLEIMU WU3MepeRUAMH.

CymecrBoBaHHe [ePUOUIECKON HMOHHON pemieTKH nMeeT QyHIaMeHTAJIbHOE
3HaYeHNe 11 COBPpeMeHHON PusmKu TBepaoro Texa. Ha HeM OCHOBAHHE BCe aHAJINTH-
gecKue TOCTPOCHMA HTOM MUCITUIIKHE: eCau Ol TAKOH pemeTKH He OBIIO, TO TEOPHUA
BpAJ AU MOrJaa OB JOOUTHCA CTOND Cephe3HHX yemexoB. Eciaum MOMRHO HasBaTh OJHY
OPUYUHY, B CHIY KOTOPOMX TeOpHA TBePAHX Tex paspaborama ropasfo Jydme, 9eM
TeOpuA ;KUTKOCTe, x0T 06e Ty (OPMEL BeIecTBA W WMMEIOT OJM3KHe IIOTHOCTH,
TO 9TA MPUYKHA 3AKIIOYAETCA B TOM, 970 B TBEPIOM TeJe MOHE PACIOJIO0KEeHH IepHo-
AM9ecKy, TOrAa KaK B RUMKOCTAX UX HOJTOKEHHe HeyoopAXoueHHO. VIMeHHO H13-3a
OTCYTCTBHA HePUOJUYECKOr0 PACIONOKeHUsI WOHOB TeopHA aMOPPHHIX TBePAHX
TEeJ OCTAETCA B 3a9aTOYHOM COCTOSAHHW, B OTJMYAE OT YPe3BHYAHHO PA3BUTON TeOpHH
KpucTaanopl).

1y Xora B mociegree spesMsa (HaduHas ¢ KoHIA 60-X rogoB) MHTepec K aMOD(HLIM TBep/HIM
TeJaM Pe3K0 BO3POC, ITOH NUCHAIIIMHE €me IpPefcTOMT paspaboTars TaKme OCHOBOMOJATAKIIMe
OPUHIMITEL, KOTOPHE 0 CBOEH 3HAYUMOCTH MOTIH XOTA O OTaJeHHO CPaBHUTHCA ¢ TeMH CIe[-
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[TosroMy, 9T0GH IPOJOMKUTh H3yIeHHUe TBEPAHIX TeJ (METAJIOB W NUIIEKTPH-
KOB), HeEOOXOMMMO OGPATUTHCH K TEOPHH IePHOAMIeCKUX CTPYRTYDP. OCHOBHBIE CBOf-
¢TBA TAKHUX CTPYKTYP B OOIIUX YepPTAX PACCMOTPEHHI B ri. 4, O m 7 Ge3 Karux-aubo
fpusmuecKkuXx DpuMeHeHuit. B ru. 6 9TM HpeacTABIEHHS WCHOONB3YIOTCH TIH PACCMO-
TpeHHA AUPPaKUUA PEHTIEHOBCKUX Jydeld — ABIeHHA, KOTOPOE HEHOCPEACTBEHHO
[OKA3HIBAET HePUONUYHOCTH POUIETKH W CIYRUT IPooGpasoM I ITUPOKOTO Kpyra
ApyrHX BOJHOBHEIX IPOLECCOB, C KOTOPBIME MBI BeTpeTumcd mosjHee. B ra. 8—11
ACCAeNYeTCsA BIUAHNE TePUOTUIHOCTH UOHHOR PEIIeTKH HA SIEKTPOHIIYIO CTPYKTYPY
a00oro TBepAOTro Teida — MeTanaa uiam guanekTpuxa. [lomywaemast B pesyabraTe
TeéopuA MCHOAb3yeTcss B IVI. 12—15, 4ToGH 3aHOBO paccMOTPETH Te CBOMCTBA METAJ-
108, KOTOpoie Yie 6puin uccaenoBansl B 1. 1 m 2. [lpu sToM ygaerca ycTpaHUTH MHO-
THE W3 QHOMaJHi TeopUH CBOOGOJNHEIX BIGKTPOHOB W PAa3PEHINTH MHOIHE €8 3aragKiu.

CTBHAMH, KOFOPHE BHITEKAIOT U3 CYI[ECTBOBAHWUA MEPHOJUMISCKON pelleTKH HOHOB. MHOrMe mMOHA-
THA, WCHOJIB3YEMEE B TEOPUH aMODQHHX BEISCTB, 3aMMCTBOBAHEL W3 TEOPHH KPHCTAJIIHICCKIX
TBEPHKIX TeJI, IPMUIeM JAcTO 083 MOCTATOIHEIX Wi BOOOMe 063 BCARMX 000CHOBAHMI U [a3Ke HECMOT-
TPA HAa TO, YTO OHM MOTYT ORITh II0-HACTOSIOMY MOHATHEL IHUMIb KAK CIE[CTBHA MEPUOTUIHOCT U
pemerky. MaKTAYECKN eCaH IMOHUMATH IO TePMUHOM «pU3HKA TBEPAOTO Temay CogeprRaHue yIed-
HAKOB 10 (PU3UKe TBEPAOro Tejia (BRINIAA TAHHYIO KHHTY), TO B HACTOAMEe BpeMsa oH 0003HATAeT
TOABKO TEOPHI0 KPHCTANIMYSCKHAX TBEPAHIX TeJ. B 3HaYdTe sHOd Mepe 3TO CBSBAHO C TEM, 4TO
HOPMAJBbHEIM JIJIS TBOPAKIX TeJ ABJASETCS HMEHHO KPHCTAJINIeCKOe COCTOAHEE, OJHAKO CYIIeCTBeH-
HO W TO, 9TO B TeOPHE aMOPQHEIX TBEP/KX Tell B e COBPEMEHHOM BH/S BCE eIie OTCYTCTBYIOT TaKMe
mupokue PyHIaMeHTaNbHRE HPUHIANN, KOTOPHE MOKHO OHIO OH BHIOYATH B 9IeMEHTa PHAIH
yuebauK. [B mociaename romp HAMETHICA CYIECTBOHHHI IIPOrpecc B HOHAMAHUM CTPYKTYPH dIEK-
TPOHHOTO YHEPreTHIeCKOr0o CHeKTpa aMop@uHIX Tei. PasbAcHeHMA W MOAPOOHEIA CHHCOR JHUTe-
paTypH MO:KHO HaliTH B Asyx o6sopax A. JI. d¢poca (YOH, 1973, . 111, c. 451; 1978, 1. 126,
¢. 4 ).— I[Ipum. ped.}
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KPUCTAJININYECKUE PEUNIETRU

PEIIETKA BPAB3 I OCHOBHBIE BEKTOPEI
NNPOCTAA, OB LEMHOUHEHTPUPOBAHHAA U TPAHEINEHTPUPOBAHHAA
RKYBNYECKUE PEIIETKHN
INPUMUTHUBHAA AYENKA, AYENKA BUTHEPA — 3EUTIA
N YCJIOBHASl AYEWKA
KPUCTAJIJIMYECKUE CTPYRTYPHI 1 PENIETHKY C BA3UCOM
TERCATOHAJBHASA IINIOTHOYVIIAROBAHHAf CTPYRTVYPA
N CTPYRTYPA TUIIA AJIMA3A
CTPYHKTVYPBI THUITA XJIOPUOA HATPUA, XJIOPUJA [TE3UA
N HUHKOBON OBMAHKH

Ecnn 9uraTenio Huxorga He NOBOAMIOCH GPOJUTH IO MUHEPAJOIMYCCKUM 3aJlaM
B My3efX eCTeCTBEHHOM MCTOPHH, TO 6T0 MOKET YIUBHUTE, YTO METAJIIEL, MTOT0GHO 60I5-
MUHCTBY APYTHUX TBePAKX TeJ, MMEIOT KPHCTAJINIeCKyl CTPYKTypy. KBapm, ai-
Ma3, KaMeHHAafg COjb — BOT Hambojee M3BeCTHHe HAM INPUMEPH KPUCTAaNLioB. B oT-
In4ne OT HUX OOHYHO BCTPEUYANOIMeCsa METAJAH He 061aJaloT CTONh XapaKTePHHIMHI
AJIA KPUCTAJLIOB IJIOCKUMH I'DAHAMH, PACHOJO0MKEHHBIMA [0 OCTPHIMA YIJaMH ApYT
k Apyry. llpwumna »roro 3akiaiogaeTcss B OOJbHION MMJIACTHYHOCTH MeTaJJIoB,
mosBoNAIMel mpupaBaTh MM npm obpaboTke mI06yI0 HyxHYI0 dopmy. Tem He MeHee
MeTaJJIH, HaXO[AMuecs B IPUPOJe B YNCTOM BHJe, YacTO UMeIoT GopMy KPHCTAIIOB.

VICTHHHEIM KpHUTepHeM KPUCTAJLIMIECKON CTPYKTYPH CIYEWUT, 0JHAKO, He CIe-
nuduveckas dopma Goxpmoro odpasma, a IEPHOJUYHOCTD PACHOIOKEHUA €r0 HOHOB
Ha MHIKDOCKOIMYeCKOM ypoBHe !). MukpocKomumueckas peryispHOCTh RKPHCTAIIOB
HOJTO 0CTaBAaJach BCero JHML I'MIOTe30#, Io3Boiglomel Haubojgee ecTeCTBEHHHIM
00pa3oM O0BACHUTH IPOCTHE T€OMETPHIECKUE BaKOHOMEPHOCTH (JOPMEl MAKPOCKONH-
YeCKHX KPHCTAJJOB, ¥ KOTOPHX NIOCKHe TPAHM MOIYT COCTABJIATH TOJBKO OHpene-
JeHHBle YTIH APYT ¢ APYroM. ITa rumoresa HOJXYYHIA IPAMOE SKCOCPUMEHTAIBHOe
noprBepskiaenue B 1913 r. B paore Y. I'. Bparra u ¥. JI. Bparra — ocmoBareei
PeHTIeHOBCKOM Kpucraiiorpaguu, KoTophe BIEpBHE HAYAJIN HMCCICLOBAHUS PAclo-
JI0Kenns aTOMOB B TBEPAOM Telle.

Ilpemxne yem mepexoNUTh K ONMCAHUIO METONOB ONpEJeJeHUs CTPYKTYPH TBep-
IBIX TeJ ¢ TOMOINBIO Nu(PpPaKINU PEHTTeHOBCKUX Jy4eld W K 00CY;KIeHHUIO TOTO, KaK
ofBapymuBaeMele MOoNOOHKEM 06pa3oM ImepHoOUUeCKHe CTPYKTYDPHl BAUAIT Ha PyH-
AaMeHTAaJIbHEE (U3NIeCKHe CBOHCTBA BeMECTBA, IIONE3HO JaTh 0630p HEKOTOPHIX
HanboJee Ba;KHEIX FeOMETPHIECKUX CBOHCTB TPEXMEPHHX LEPHONMIECKUX CTPYKTYP.
PesynptaTsl TAaKOro TreoMeTPUUECKOTO PAaCcCMOTPEHHsA JEKAT B OCHOBE IIOYTH BCHA-
KOTO TeOpeTHIEeCKOro MOCTPOeHNs B (u3MKe TBEpOro Tejia; MMEHHO 3TOMY BOIPOCY
IocBANIEHA HACTOSIIAA TJIaBa, a Tawke ra. O u 7. O6nacty OpUMEHEHHA pa3BUTHX
OpejcTaBieHuil Upe3BHUAHHO IMHPOKA; B TJI. 6 MBI Tpemae BCEro NO3HAKOMHMCH
¢ ONHWM U3 HUX — AaHaAu30M OUPPAKIHM PEHTTEHOBCKUX JIy4dei.

1) Yacro o6paser; cocTonT M3 OOJBIIOTO 9rclia OYeHb MAJEHBKNMX KYCOUKOB, KarKABi 13
KOTODHX ABAAETCA KPYIHHM II0 MHUKDOCKOIHMYECKMM Macimmrabam um copmep:Rut Gojbmioe 9HCIAO
TIepHOANYecKH PACHOJOKOHHEX MOHOB. TaKoe «NONUKPUCTAIIMYECKOE» COCTOAHUE BCTPETIACTCA
Topa3no 4ame, 9eM MaKpocKOHH‘IBCRI/IB MOHOKPDHUCTAMNJIHM, Y KOTODHX NePUOAUIHOCTH B JIAETCA
moaHO# m oxBaTHBaeT Bech oOpasem,.
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PEIIETKA BPABD

IIpu onmcanmu 71060r0 KPUCTANIMIECKOT0 TBePHOro TeJa MCHoabayerca Qyi-
JNaMeHTaJIbHOE HOHATHE pewemkU Bpass, KoTopoe xapakTepH3yeT HePHOAMIECKYIO
CTPYKTYDy, 00pasyeMylo IOBTODAIMUMHCH 3TeMEHTAMM KDPHUCTaJJa. ITH 3JeMeH-
THL MOTYT IPEACTABIATH COGON OTAENBHEE ATOMBI, TPYIIEl aTOMOB, MOJEKYJIbI, HOHK
O T. 1., OMHAKO B HOHATHY pemneTkn Bpass Haxogut cBOe oTpaskeHNne TOJBKO TeOMeTPHA
paCIOIOKEHAA HIeMEeHTOB HEe3aBHCHMO OT TOTO, YTO B HeACTBUTEALHOCTH HPElCTaB-
JAAI0T coGoit aTH paemeHTH. JlaguM IBa DPKBUBAJEHTHEIX oLpefeseHus pemerku Bpa-
B3 1):

a. Pemetsa Bpass — sTo Geckomneunas mepmogmdgeckas crpykrypa, obpaso-
BaHHAsA [NCKPETHEIMU TOYKAMM U HMeWIIas afcoaiomHo OAMHAKOBHE IpOCTpaH-
CTBEHHLIA MOPAZIOK ¥ OPMEHTAUWIO He3aBu-

CHMO OT TOTO, KAKYIO €€ TOYKY MBI IPUHU- . . P .
MaeM 3a HCXOHHYIO.

6. Tpexmepunas pemertka bpass obpa-
30BaHA BCeMH TOYKAMU C pajuycaMu-BeK- Q.
TopamMun R Buaa

R = ma; + nea, + naag,  (4.1)

e a;, a, U a; — JA0Be TPH BeKTopa, He * °

Jie;Ranmye BCe B OXHOMI IJIOCKOCTH, a ngy,

n, 1 ng— BCEe BO3MOKHBIE I[eJIble THCIa %).

TlosToMy, 9TOOH HOCTUTHYTH TOUYKH . . . .

Eniai, Heo0XO0AMMO POLeSaTh n; ]IIaI‘OBa) Qur. 4.1. IlpousBosibHasA ABYyMepHAs pemer-

AimHoOM a; B HAIIPABIEHAN a;, Tie i=1, 2,3, %a DBpass, me obrajatomas HuKaKoif Jonoi-
BekTopHl a;, QUCypEpYOMEE B ompe- HUTEJbHOII CUMMETpPHell (Kocas ceTh).

IToxazaHbl OCHOBHBIE BEKTODEI 4; U &,. BCe TOYKM Cce-
nenesunm «G» pemeTRH Bpana, Ha3bIBAYOTCsA  TH MOMKHO TOJYYWTb, BIAB JuHelinble komOmHanun

OCHOGHBLMU 6eKMOPAMI; TOBODAT Takse, °TWX BGRIOPDE © neanl ,*,‘05‘1’3”13“;’?1“?;,""””“'
910 OHUM hoposcdalom PEHeTHY.

HBa ompesmenenus pemerku DBpaBs sKksuBajeHTHH APYr APYyry, OLHAKO 3TO
CTAHOBHTCA OYCBUAHHEIM He Cpasy. YACHEB ofa OUpeXNesieHusA, JeTKO HOHATH, 9TO
mobas pemerTka, yIOBIETBODAIOMAA ONPELENCHUIO «6», YHXOBIOTBOPAET ONHOBPEMEH-
HO ¥ ompefeseHn o «a». OMHaKO yTBeIK IeHue, 9T0 410645 PEMeTHA, YIOBIeTBOP A0
OLIPeNTeIeHUIO a», MOMeT GHThH MOPOKIEeHA ONpefeJeHHOR TPOHKOH BEKTOPOB, yKe
He CTONIB OueBUAHO. [[0Ka3aTeNbCTBO COCTOMT B YKABAHHM UPAKTHILCKOTo cHocola
HOCTPOeHHUA TPORKM OCHOBHHIX BeKTOpoB. Takoe mocTpoeHue IPOBOIUTCA B 3ajade
8, m. «a».

Ha ¢ur. 4. 1 moxasama wacth gBymepHo# pemerku Bpase ). Bugso, 4ro ona
VIOBIETBOPAET OUPeNeeHNIO «a»; Ha GUrype mzofpayKeHs TaKiKe OCHOBHEIE BEKTOPH
a; A a,, furypupyromue B onpegenenun «6». Ha fur. 4.2 moxasana onua ua zanboaee
H3BEETHEIX TPeXMepHLIX pemerok BpaBs — mpocras kyGmueckaa pemerwa. Oco-
OeHHOCTH €6 CTPYKTYDPHI CBA3AHE C TeM, YTO HTY PEmeTKY HOPOKAAOT TPH B3AUMHO
HePOeHAUKYJIAPHHX OCHOBHHX BEKTOpPA PABHOM IJIHHHL.

CymecTBeHHo, uT0 B pemeTke Bpass He TONILKO IIPOCTPAHCTBEHHOE PAaCIIOLOKE-
HEE 3JIEMEHTOB, HO U OPMEHTAIMsA BEeKTOPOB OCTAIOTCA HEHM3MEHHHMHA HEe3aBHCHMO OT

a,

1) ITpoucxokuenue 3TOro HA3BaHUA O0LACHASTCH B I, 7.

%) ME 1o-Upe;kHeMY HA3HBAEM (IEAHM UACIOM» He TONLKO TONOMUTEIbHEOE, HO U OTPMIa-
TeJbHOE 1EJI08 YUCIO U HYlb.

%) Ecau 4uciio 7 OTPALATENBHO, TO «n IIATOB B ONpe/leleHHOM HAIPABJISHAM» O03HAYAeT B eii-
CTBUTEJILHOCTH £ IDAr0B B MPOTHBONOJOKHEOM HanmpasjieHnd. CamMa TOYKa, K KOTOPOi MBI B Pe3yib-
Tate MPUXOAWMM, HE 3aBHCHT, KOHEIHO, OT MOPAAKA CIeJOBAHHA n; + N, -+ n, IMAroB.

4) JIsymMepryIo PemeTKy Bpass HA3WBAOT TAKMKE cemsio.
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touku pemeTku. O6paTHMCsa Temeph K CTPYKType, 00pasoBaHHOW BepmHHAMHU [BY-
MEPHHX «OYeJMHHX coT» (¢ur. 4.3). Ecaum «cTpomTh» TaKylo CTPYKTYpPY U3 ABYX
COCEHNX TOYeK, TO OHA GyleT BHIJIANETh OAMHAKOBO TOJBKO B TOM Cjyuae, ecid
Opu Tepexofe OT OHOH TOYKM K Apyroi moBepHYTH pucyHOK Ha 180°. CtpyrrypnbIe
COOTHOIIEHYS, OYEBUIHO, WUIEHTNYHH, HO 3T0, ONHAKO, He Cnpaeedauso Jisi

®ur. 4.2. TpexmepHas npocrasg Kybudeckas @ur., 4.3. BepuHE JIBYyMEPHBIX «YeJHHEIX

pemerka bpass. coT», ne obpasylomue pemeTKy Bpaes.
Tpw OCHOBHBIX BEKTOpa MOMHO BHIOPATHL TAK, 4T0OH Taxkasg CTPYKTYDA KameTcA OAWHAKOBON, eciiu cMO-
OHU GBIIM B3AMMHO OPTOTOHANBLHEI M MMEJIN OIUHAKOC- TPeTHL N3 TOUeK P yam Q; OAHAKO BMJI U3 TOYKM R
BYIO IUTMHY. noBepHYT HA 180° N0 CpPaBHEHMIO C BUIOM U3 TOY-
Kn P

OpHEeHTALUOHNEX COOTHOMEHNM, H09TOMY BEpPmMWHB (NUeJNWHEIX COT» He oGpasyior
pemerky DBpams. C mpakTmaeckodt Togku 3penus (onee UHTEPECHHM LPHAMEPOM
PENIeTKHM, B KOTOPOH BHIOAHAIOTCH CTPYKTYpPHEIE, HO HAPYMAXTCH OPWEHTAIWOH-
HEe TPeGOBAaHWS ONpPeJleeHUA «a», MOMKET CHYRUTH ONWCAHHAA HUKe Tpexmep-
HAf TeKCaroHaJbHas INIOTHOYHAKOBaHHAs pemeTKa.

BECKROHEYHBIE PENIETKV M KOHEYHBIE KPMCTAJJbI

Ilockonsky Bce TOUKY pemeTRu BpaBs 5KBHBAJEHTHH, OHA JOJMKHA MMeTh ec-
KOHEUHYI0 DPOTsA;KeHHOCTh. FHecomMHEHHO, peajbHEE KPMCTANJIH MMEIOT KOHOUHEIE
pasMephi, OTHAKO €CJIH HTH PAa3Mephl I0CTaTOYHO BeIUKHU, TO IPOMaaHce COJBITAHCTBO
TOYEK HAaXONMTCA CTONE HaleKo 0T IOBEPXHOCTH, 9TO e BIWAHNEM MOKHO IpeHeGpedb.
AbcrpaKTHOE MaTeMaTHYeCKoe IpeficTaBienne o (eCKOHeYHOHM CHCTeMe OKa3biBaeTcs
mMOPTOMY OYeHb UOJe3HOH upeanmsanueir. Ilpm paccmoTpeHMEN TOBEPXHOCTHBIX
oPeKToB MOHATHE pemieTKE BpaBs mo-IpeKHeMY WIpaeT BajkHYIO POAb, HO B BTOM
ciIyYae TIPUXOQUTCA YIRTHIBATH, YTO (U3WYECKW#E KPUCTAJ 3aHMMAeT JWIIb KOHEY-
HYI0 06snactTh B mpeaxsHOW pemerke Bpaso.

JacTo KpUCTANIE KOHEUHHX Pa3MEpPOB PacCMAaTPHUBAIOT HE IOTOMY, 9TO BajKHE
NOBePXHOCTHHIE 5QQeKTH, a JHIb Ja4 yIo0CTBa pacCy/RIeHnH — aHAJOTHMIHO TOMY,
Kak B Ii. 2] MBI IOMeIaJu 5JeKTPOHHHH ra3 B Ky6 o6svemom V = L3. B srom cay-
gae 06HYHO BHIOHPAIOT TaKyl KOHeuHyI0 obmacte pemerku Dpams, KoTopas mmeer
HauGojee IpocTy0 Bo3MO;KHYI0O Gopmy. Ecam 3amaHa TpoiiKa OCHOBHHX BEKTOPOB
aj, a, U a4, TO 4allle BCETO PacCMATPUBAIOT KOHEUHYIO pemeTKy ¢ N yanamu, obpa-
30BaHHYI0 MHOKecTBOM T1ouek: R = ma; + n,a, + nsa;, rme O0<{n, < Ny,
0Lny,<< Ny, 0Lng<< Ny u N = N;N,N4 310 HCKYCCTBERHOE IOCTPOeHNE Heo0-
XoAuMo i 0600MmeHusA Ha CAyYall KPHCTANINIECKHX CHCTEM TOTO HEPHOAMYECKOT O
FPAHMYHOTO YCJIOBHSA, KOTOpOE YiKe HMCOOJAB30BaJoCh Hamu B ra. 21),

1) Mu BOcmoONb3yeMcs UM B Ti. 8 u 22.
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JAJJPHEMIMWE WIJIOCTPAIIIN W BAJKHBIE HPUMEPHI

W3 nByx onpenmeaenuin pemerku bpaBs onpemenenme «0» sABasgercs Gonee
CTPOTEM ¢ MATEMATHYECKOM TOUKZ 3paHmMs, IOYTOMY MMEHHO OHO JIEKHT B OCHOBE

[ ] [ ] L] [ ] [ ] - ®
L ] L ] L] L ]
A . L——A .

[ ] [ ] [ ]

[ 4 [ ) L L ] L)
L] * L
.oxoc * . .
®ur. 4.4. HecKoAbKo BOSMOMHHIX C110c000B BmOOpa Naphl OCHOBHHX BEKTOPOB JUIA ;LVMCDHOW

pewreTkn bpags.
JJ11 HATTIATHOCTA OCHOBHBIE BEKTODBI n306paxkKeHsl BHXOOANIUMI N3 PAZNWYHBIX TOYEK PCLIOTHIL.

L]
L]

]
[4

BeaKoro ¢opManinHoro apanmsa. OQnakKo y 5TOTo ONpeNlelleHus ecThABa HebolJbIMHUX
HENOCTaTKA. Bo-NepBHX, A Beakoll 3ajannoii pemerku Bpaes BmGop rTpodknm

OCHOBHBIX BEKTOPOB OKa3blBaeTCA HeOI-
7

HOBHAYHEIM — HMeeTCsH 0eCKOHEUHOE YHCIO
S\ ttr

HeIKBHUBAJEHTHHX BEI6OpOB (dur. 4.4), wo-
aTOMY 9acTo GBIBAET HeKeIaTeNHHO (2 MHOI-
N P
\\\\ __!,—':”' 24 /
XY
///

Jla W BpeAHO) uepecyyp NojararbCca Ha
'/%?'

onpefieJieHNe, OCHOBAHHOE JHINEHA ORHOM

U3 BCEBOBMOMKHEIX BHOOpOB. Bo-BTODHX,

OpE B3TASMAe HAa NEPHOAMYECKYIO PEmeTHY A
T0UeK 0OBITHO CPABY e MOIKHO ONPENeNnTh,
BHIIOJHAETCA M NepBoe olpefielieHue; B
TO ke BpeMs Iopasao TpyAHee HeOCpencT-
BEHHO YCTAHOBUTH, CYHMIECTBYET JU TPOIKa
OCHOBHEIX BEKTOPOB, HJW NOKAa3aTh, 9YTO
0HA OTCYTCTBYET.

PaccmoTrpum, wnaumpummep, 06%eMHO-
yenmpuposaHuylo kybuueckyio (0. I. K)
peImeTKY, KOTOPasA HOJYJaeTCA, eClIU K U30-
6paskerHO# Ha ¢ur. 4.2 mpocroii KyGude-
CKO#i pemieTKe (ee y3JIH 0003HaUeHK KAk 4 )
nmobaBHTE 10 Touke B, pacLoJoKeHHOE B A
HeHTpe KamAOro m3 Maimx KyGoe (dmr.
4.5). Ha mepsmii Baraajn Mmomer UOKa- poBaEHOIl KyOuueckoil pemeTkn Bpass.
83TBCA, UTO NEHTPAJIBHEE TOIKU B HaXO: OGparure BHUMaHMe, WTO €€ MOMHO pacCMaTPHBATH
AATCA B MHOM COOTHONIEWNN © NONHOR Juoxss npoceyis kytiicciy Duicwms, cibase:
CTPYKTYPOU, YeM yriOBhie TOYKHU A. Orma— pax KyGor, nmubo;KaK NPOCTYI0O KYCUUECKYI0 pemet-
X0, BCAKYIO TIEHTPANBHYIO TOUKY B MOMKEO  4%3 Sohire wadon, Oneiona crexyer. oo 1aKan per
paccMaTpuBaTh Kak YrI0BYIO TOUKY BTOpOﬁ meTKa AeWCTRATeNbHO ABJAETCA pelneTkoii Bpass.
npoeToii KyOmueckodl pemerku. B aroi
HOBOH pemieTHe YIiOBHE TOUKH A HMCXONHOM KYGHUECKO! peIIeTKH LpelcTaBidloT
cobod 1enTPaNbABe TOIKH. [[09TOMY BCE TOUKY peIIETKH HelCTBHTEIHHO MMEIOT OlH-

®ur. 4.5. HeckonpKo y370B 001 eMEOLEHTPU-



N>

®ur. 4.6, Tpoiika oCcHOBHHIX BeKTOPOB (4.3) pus o. u. K. pemersku Lpass.

Y06 ITONYYATH STY PelIeTKY, He00X0AMMO B3ATH BCe JHHEHHbIe KOMOMHA [AA OCHOBHHX BEKTOPOR C LEJILIMU KOdD-
¢uneHramu. A Toukn P, HampuMep, P = — ay — a3 - 2a,.

8

Pyr. 4.7. Bonee cuMmerpHuHas TPoiiKa OCHOBHHX BEKTODPOB(4.4) Iis o. M. K. pemmeTkn bpasa,
Jna Touxkn P, Hanpumep, P = 2a, -+ ag 4 as.

Bepx
A
> Boemox
Hus

®ur. 4.8. Heroropsle TOUKH 1.1.K. pemerky Bpasa.
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HAKOBHIE OKPYKEHHA M 0. 1. K. pemeTKa ABasercA pemerxkoil Bpass. Ecim mcxons
Hafl OpocTag KyOmdYecKas pemerKa IOPOKIAAETCS OCHOBHHMH BEKTOPAMH

ax, ay, az, (4.2)

rie X,y I z — TPH OPTOTOHAIBHHX eAMHUIHHIX BEKTOpPA, TO B KadecTBe TPOHKH
OCHOBHHX BEKTODOB JJIA 0. II. K. PENIETKH MOKHO BHODaTh BeKTOpH (¢dmr. 4.6)

a,=ax, a,=ay, 33=%(§+§+2). (4.3)
CymecrByer m Gonee cmmMmerpwunnii HaGop (dur. 4.7):
ay=— (Y+2—%), == (2+x—y), ay== (x+y—2) (4.4)

CoBeTyeM 9HTATENI0 CAMOCTOATENBHO YOeUTHCA reOMETPUIECKUM M aHAJIHTHYECKHM
METO[[OM, 4TO 9TH ABa Habopa HeACTBATENBHO IOPOKAAIOT 0. 1. K. pemeTKy Bpass.

HJpyrum cTOnb e BajKHBIM IIPUMEPOM HBIAETCH ZpPAHEYEHMPUDOBAHHAR KYOu-
yeckas (r. . K.) pemerka Bpams. Yrobwm
MOCTPOUTSH T. If. K. pemieTky bpags, nysmHo
mo0aBUTH K IPOCTOM KYOUMYECKON pelmeTke
ma ur. 4.2 10 o HOH FOTONHUTENBHOM TOY-
Ke B IleHTpe Kaskjoi rpann (¢ur. 4.8). [laa
OpOCTOTH ONMHUCAHHA MOKHO IPeCTAaBUTH,
410 KayRAB#E Ky6 B mpocroil KybSmueckoit
penieTKe MMeeT FOPH30HTAILHYIO BEPXHIOO
U HEKHIOW IPAHM, 2 TaKKe JeTHPe BepTH-
KaJbHEIe I'Dady, 00palieHH e Ha ceBep, T,
BOCTOK ¥ 3amazn. MojKeT mOKasaThCd, 4TO
He BCe TOYKH B HOBOM pelieTKe SKBHBAJICH-
THH, HO 9TO He TakK. PaccMoTpuM, Hanpum-
Mep, Ho6Y TDPOCTYI0 KyOMUeCKyl pemier-
Ky, 00pa30BaHHYIO TeMH TOUKAMU, KOTOpPHIe
OHIM TOMEIIEHH! B HEHTDPH BCex ropusom- @ur. 4.9. Tpoilka OCHOBHEIX BeKTOPOB (4.5)
TandbHEIX TpaHeit. Temeps ToUKM MCXOTHOM fils T. 1. K. pemerkn Bpaso.
IPOCTOH KYGHYECKON pPermeTKm mBisioTea — OTVEICHHM TOum Fom + e 4 o 5 R=
MeHTPAJBHBIMU TOUKAMU TOPH30HTAJBHEIX
rpaHeil HOBOH IPOCTOR KyOWdecKo# pelrreTKM, TOT[a KaK TOYKH, DOMEIIeHHBE B HEHT-
pH  CeBeDHBIX-IO}KHBIX TpaHe#l HCXOAHOH Kyb6mdeckKoil pemerTKu, HaXOMATCH
B I[EHTPaX BOCTOYHBIX-3allaJ{HEIX I'Pameil B HOBOM pemieTKe, M Hao06oOpOT.

Touso Tak jKe MOMKHO CYUTATH, 4TO MPOCTYI0 KYOHUECKYIO pemleTKY 006pasyior
Bce TOUKH, JeKaille B IEHTpe CeBePHHX-IOMKHBIX I'paHell MCXOMHOR KyOmdecKoi
pemmeTKH, WA #e BCe TOUKH, Je;Rallue B IeHTPe BOCTOYHEIX-3aIaHbIX IpaHeil HCX o~
HO#l RyOwdgecKod pemerku. B mwboM caydae ocTaomUecs TOYKH OKA3BIBAIOTCA pac-
HOJ0KEeHHEMI B IleHTpe rpaHeil HOBOHM mpocroii kybOumueckoidt pemretrku. CoremoBa-
TeJBHO, JI00YI0 TOUKY MOKHO paccMaTPHBATH Ju00 KaK YIVIOBYIO TOUKY, Ju00 Kak
MeRAMYI0 B NEHTPe IpaHu muad aoboro m3 Tpex Bmaos rpaHefi. Taxum oBpasom,
T. II. K. pemeTKa AeHCTBHUTENhHO ABAMAETCA pemeTKoi Bpass.

CnMMeTpHYHNIT HAG0D OCHOBHHIX BEKTODOB AJNA T. 1. K. PEIETHH UMeeT BUJ

(¢ur. 4.9)

N

a=5 (Y+2), a=+ (2+%), as=- (X+39). (4.5)

I. n. . m 0. i, K. pemeTku Bpass 0c06eHHO Ba/KHLI MOTOMY, 9TO MMEHHO TAKHMYU
KpACTANINIeCKIMH PeleTKaMh (C OXHUM aTOMOM MJI¥ HOHOM B K&KIOM y3J1€ PeIeTHH)
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Tabauya 4.1
JneMeHTHI ¢ MOHOATOMHOH TpaHeNeHTPHpPOBaBHO# KyOmueckolf KpueTalingeckoii cTpykrypoit
DIEeMEHT a, A dileMeHT a, A DyieMeHT a, A
Ar 5,26 (4,2K) Ir 3,84 Pt 3,92
Ag 4,09 Kr 5,72 (58 K) 6-Pu 4,64
Al 4,05 La 5,30 Rh 3,80
Au 4,08 Ne 4,43(4,2K) Sc 4,54
Ca 5,58 Ni 3,52, Sr 6,08
Ce 5,16 Pb 4,95 Th 5,08
B-Co 3,55 Pd 3,89 Xe (58 K) 6,20
Cu 3,61 Pr 5,16 Yb 5,49

Hauuple Ta6n. 4.1—4.7 B3ATH U3 cupaBouBura Yurxodda [1]. B GonpluuHCTBE CJyYaeB T} HBEIEHB Xa H-
HEle 1Ji1 KOMHATHON TeMIepaTypH ¥ HOPMajibHOTO aTtMocdepHoro mnaBieHuA. IIJIA 5IeMeHTOB, ¢ YUIECTBYIOLINX
BO MHOPMX Mopmpukammax, yKasaHa ux craluiabHas dopMa (PopMH) NpM KOMHATHON TeMneparype. Boaee
nerayibHYI0 MHQOPMAOUIO, TOYHble 3HAUEHNA NMOCTOAHHRIX DPEMmeTKN M CCLUIKM Ha JIHTEePAaTYDY MOWHO HAlTH

B copaBouHuEe [1].

Tabauya 4.2
JiaeMeHTHl ¢ MOHOATOMHOH 00'beMHOUCHTPUPOBAHHOR KyOndeckoii KpucTakimyeckol
CTPYKTYpOif
DieMeHT a, & DieMeHT . a, A dneMeHT a, A
Ba 5,02 Li 3,49 (78 K) Ta 3,31
Cr 2,88 Mo 3,15 T1 3,88
Cs 6,05 (78 K) Na 4,23 (5K) AY 3,02
Fe 2.87 Nb 3,30 W 3,16
K 5,23 (5 K) Rb 5,59 (5 K)

ofmamaer GOABMUHCTBO TBepAEX Ten (Taba. 4.1 u 4.2). (Hpucrannos ¢ mpocroi
KyOmdecKo# pemeTHOH, OFHAKO, YPE3BHYANHO Majlo — M3 HJIEMEeHTOB IpU HOPMaJkb-
HBIX YCIOBHAX ¢I0 o6aajaeT TOABKO o-Pasza HOJOHMA.)

3AMEYAHNE O TEPMMHOJIOTNN

XoTa MBI onpefeawin TEPMUH «pemeTka Bpapoy JumMb B OpUMEHEHHH K MHOKe-
CTBY TOUYEK, ero 0OGBYHO HCHONB3YIOT TaKKe U J)ig 0003HaTeHIA MHOKECTRBA BeKTOPOB,
COeNUHAIIUX JIO0YI0 U3 HTAX ToYeK co Beemn octanbHEME. (Ilockonpky aTH Towkm
meficTBETeNbHO 06pasyiom pemeTKy DBpams, momydaemoe MHOMKECTBO BEKTODOB He
3aBHUCHT OT TOT0, KaKad HMEHHO TOYKa BRIGPAaHA B KagecTBe NCXOXHOM. ) Eme onHo 3Ha-
YeHVe TEPMMHA CBABAHO C TeM, UTo J060it BekTop R ompenenser HEKOTOPYIO mpau-
CARYUIO, WIH cJ6ue, IpU KOTOPOM BCA COBOKYHIHOCTH 5JIeMEHTOB CHCTEMBI CMOIIAETCA
KaK jKeCTKOoe IeJ0e B IpOoCTpaHCTBe Ha paccrogEme R B Hampasienun R. Ilostomy
TepMnH «pemeTka BpaBa» mcmomnsyercs u A 0003HAYEHHA MHOKECTBA TPAHCIA-
muii, oupeneasieMHX THMM BEKTODAaMH, a He TOJLKO AJA 0003HAYEHMSA CaMUX BEK-
tTopoB. Ha IpakTAKe N0 CMHCIY BCeTAa ACHO, MMEIOTCA JA B BHAY TOYKM, BeKTODHI

WIA TPAHCIALEH ).

1) Bojee mupoKoe sHAYCHHE HTOTO TEPMIHA IO3BOJAET AATh cieflylollee N3AMIHOE OIpesee-
HMe pemeTku bpass, coTeraoimee B cef6e TOYHOCTE OIpefielleHNA «a» I HelTPaabHOCTh OTpeJlelleHn
«6». Pemerxa bpass ecTb AUCKPeTHO® MHOKECTBO BEKTOPOB, He JIEKAMUX B OJHOI MIOCKOCTH,
ABJIAKMEecA [TOJHHM B OTHONIEHHH BEKTOPHOTO CHOMKEHUSA M BHIUTAHUA (T. €. CyMMa M Pa3sHOCTH
a06HX JBYX BEeKTOPOB U3 BTOT0 MHOKECTBA TaKike IPHHAAIEKAT eMmy).
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KOOPHAITHOHHOE YMCJIO

Toukm pemerku BpaBs, neskamue Guuse Bcero K NaHHOH TOYKe, HAa3HIBAIOTCA
ee Gauscatiwumy cocedamu. B cuny uepmopmunocTd pemerku Bpams miofas TouKa
AMeeT OWHAKOBOe dUmHCIO Ommkaimux cocefeit. llosromy Ttakoe umcino aBigercs
XapaKTEePUCTUKON pemieTKN 1 eTo HAa3HBAIOT KOODOUHAYUOHHBM YUCAOM DTOM pemrer-
Ku. ¥ OpocToil KyOmuecKoH pemmeTKN KOOPAMHANMOHHOE YHCAO PABHO IIECTH, ¥
06beMHONeHTPAPOBaHHON KyOWueCKOil — BOCBMHU, & Y TpaHeIleHTPHPOBAHHOM Ky-
Sudeckoii — aseHaaunatu. [loHsTWe KOOPJIMHANMOHHOrO WHCHA [ONYCKAaeT OYEBHI-
Hoe 0000Imenne U Ha IPOCTHe NepHOARdecKre CTPYKTYPHl, He ABIAIOIMUECs peneTKa-
mu BpaBs, upu ycmoBuE, YTO RajKIas TOYKA B 9TOH CTPYKType MMeeT OJUHAKOBOE
gucao Oameaimux cocepeil.

INPUMUTUBHAA AYENKA

Pacemorpum oGpem npocTpaHCTBA, KOTOPHI, 0yy9u HOJBePrEyT BCeM TPaHCIA-
nusAM, ofpasylomum pemeTKy Bpasa, samonHser Bce npocTpaHCTBO, HUrAE He mepe-
KpHIBAACH caM € cobO M He ocTaBassg OpOMe:yTKoB. Takoii oGbeM HaskBBaeTcCs

®ur. 4.10, HekoTopsie BO3MOMEBE ci1ocofp BrOpa HPHMHUTHBHOIT AveliKl ang EBYMepHOI
peutetky * Bpaso.

RPUMUMUGHOT AHEKOlU UK RPUMUMUEHOU IAEMEHMAPHOU suelikoly pemetku '» 2),
IOxa pemerkn BpaBs He cyImecTBYeT OAHOBHAYHOI'O cmoco0a BmOopa OPUMUTHBHON
Aueitkn. HecKonbKo BOBMORHEIX €HOC000B Bb6Opa IPUMHUTHBHHIX siYeeK [JSH JBY-
mepnoii pemerku BpaBs mokasamo Ha ¢ur. 4.10.

pamuTuBHas sAYefika JOMKHA CONEPKATL TOJBKO OHY TOUKY DemeTKH (ecan
ona BhOpama TakmMm o6pa3oM, UTO He CONEp;KHT ToUeK Ha HmoBepxHocrm). CiefoBa-
TeJBHO, eCJaH N — ILIOTHOCTH TOYEK B pemerke 3), a v — 00beM IPUMUTHBHON AdYeit-

1) flueiikyu, NOLBEPrHYTHE TPAHCIAANUN, MOTYT HMeTh O0mUe IIOBEPXHOCTHBIE TOUKU —
yCIOBHe OTCYTCTBUSA HMePEKPHTHA 3aIpemlaeT JUIUb NMepeKpETHe obiacteil ¢ HeHYJIEBHM O0TEMOM.

2) JumemeHTapHAA AYEHKA MOKET OHITH U HENIPUMHTUBHOIN («ycHOBHas Ad9eilKay — CM. HIKe).
B otedecTBennoil JurepaType NPUMHUTHBHYI0 A9elKy OOKYHO HA3HBAIOT NPOCTO 3JIeMEHTAPHOIL.
TloaToMy mpu mepeBojie TePMHH IPUMHTHBHAs» HUKe OOBIYHO He HMCHOJAL3YEeTCH, M MBI I'OBOPUM
00 «pureMeHTADHBIX» AdYelikax. B Tex pepKHX cayuasX, KOTJa UMEETCs B BUJY HEHPUMUTUBHAH 3le-
MeHTapHas sAgeiika, 810 oroBopeHo 0co60. — ITpum. nepes.

%) IlxoTHOCTH TOYEK pemreTku BpaBa n MomKeT, KOHEYHO, K HE COBHIAJAThH C MIOTHOCTHIO DIEK-
TPOHOB MPOBOAMMOCTH B METalljie. B paldbHeillmieM B ciaydagx, KOIjJja BO3MOMKHA IYTAHHIA, MH
O6ynem 0603HAaYATh 5TH ABE IJIOTHOCTH NO-PA3HOMY.
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Km, 10 nv = 1. lloatomy v = 1/n. IlockoapKy »T0OT pesyapTar cCIpaBeAduB IS JI0-
6ot IpUMUTUBHON sAdYeliKN, ee ofbeM He 3aBHCHT OT cmocoGa BrGopa.

W3 ompenenenusa mpuMuTHBHOM sAYeHKH CIeyeT TaKKe, 4TO €C/iM JaHH JIOGHe
JBe HPUMUTHBHBIE A4YelKE HPOW3BOJLHONE (GOpMH, TO BCerda MOKHO paspesaTh
OfHY W3 HHX TaK, YTOHH Moc/e CMEeIIeHUs HoJy4aloIUXCH 9acTell Ha COOTBeTCTBYIO-
Imuye BEKTOPHI POIeTKH U CA0MKeHua oHm 06pasoBain BTOPYIO NPHMUTHBHYIO AYCHKY.
Jro mowxaszano Ha ¢ur. 4.11.

OueBujHO, UYTO KaKIOH TPOHKE OCHOBHBIX BEKTOPOB MOMKHO CONOCTABUTH
HEKOTOPYI0 NPUMHTHBHYIO AdeiiKy, ofpasoBaHHYI0 BCEMU TOYKAMH I BH/A

T = 2,8; -+ Z,a, + Xzag, (4.6)

rie x; namenserca nenpephiBHo ot () no 1; ona npexcraraser cofoii mapanaenenurey,
LOCTPOEHHBIH Ha TPex BEKTOpax a;, a, ¥ a;. Hemocratok Takoro Bufopa HpUMUTHE-

Our. 4.12. TpunuTHBHAA N yCIOBHAS HUeii-
KO JUIA T. 1. K. pemerkn Bpaea.
VenoBHaa aueika — Oonpuieit ky6. IlpnmuruBhnas

®nr. 4.11. [IBe B03MOKHEE HDPUMATUBHEE
AYedKH  JIA OByMepHo#l pemmerku Bpass.

flgeitka B opMe HApaIeJIorpaMma (3alITPHUXOBAH~
HAA) ABIAETCA, 0YeBUIHO, IPUMUTHBHON., HI3o6pake~
HBY TAKKe IEeCTUYTONbHbIE S4YeiiKyl, YyTOOH ITIOKA3ATh,
YTO OHU TOKE ABIATCA MPUMAUTUBHHIMU. Paspesan

AUeKa—I1apajlenenuiie] ¢ MeCTh0 IPAHAMN, UMEI0-

wuni - GopMy napanimexorpaMmos. OHa ofJagaer

00beMOM, pABHBIM 1/4 ofGbema KyGa, U umeer Gonee
HIBKYI CHMMETPIIK.

mapalyienorpaMM Ha YAacTU M CMECTHUB MX HA BEKTOPbI
pemeTKy®, MOKHO IOJY4IUTh HNIECTHYTOJIbHuK. Iia
usobparkeHHux obnacreit I—III nmapanmerorpamma

—> ~ —
39TH CMEeNIeRus COOTBeTCTBEHHO paBHe CO, BO u AO;
i obaacTH IV cyelienne papHo HYLo.

HOH AYeifiKW 3aRII0YAETCA B TOM, YTO OH He OTpasKaeT HOJHOH CHMMETPHH pelleTKH
Bpass. Haupumep, eciiu BHOpaTh NPUMATHBHYIO AYefiKy B T. 1. K. pemeTke Bpass
B Buje (4.6), a B KauecTBe TPONKU OCHOBHHIX BEKTODOB B3ATH (4.5), TO TaKas Adeii-
Ka mpejcraBiser co0oit KOCO# Mapajienennmes 1. caeloBaTelbHo, He obiagaer moJ-
Hoii KyOudeckoii cummerpuein pemetkn (¢pur. 4.12). Yacro GmBaer BaEHo paborars
¢ sYefiKaMm, KOTOPHE HMEIOT OMHYI0 CUMMeTpHIo cBoell pemeTkn Bpass. Cymectny-
JOT [Ba IIHPOKO PACHPOCTPAHEHHBIX PEUTeHUs 37O 3afayud, K PACCMOTPEHMIO KOTO-
PHIX MB M IepenjeM.

YCJIOBHAA JJEMEHTAPHAA AYENKA

Bce mpocTpaHCTBO MOMHO 3aII0THUTh HEOPHMUTHBHRIMHU 2JIeMeHTapHBIMA AYefi-
Kamu (HX HA3LIBAIOT YCAOSHBLMU SAEMEHMADHBLMU SHeUKamu). INeMeHTapHasa sadei-
Ka mpeficTaBisger -cofoifl Takylo o06.1acTh, KOTOpas 3amoOJHAET BCe HPOCTPAHCTBO
683 MEPEKPHITUA, €CAH e NOXBePrHyTh TPAHCIALMAM, IPUHALIEKAIIHM HEKOTOPOMY
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nodmuodcecmey BeeX TpaHcasumit, ofpasyomux pemerxy Bpass. Vexossywo due-
MeHTapHYI0 fdeiiky OOBHIYHO BHOMpPAIT Tak, YTOOH OHa Gblna Goabme IPUMHTHBHOM
U ofiafana TpebyeMoii cumMmerpueii. Hampumep, AJsA OLHCAHUA 0. H. K. pemeTKH
4aCcTo MCIOABIYIOT KyOUMUecKylo ycaoBryo sueiiky (dur. 4.13), xoropas B ABa pasa
§oabme CoOTBETCTBYIOMEH NPUMUTHBHON AYedKM, a A OHMCAHHA I'. L. K. pemer-
KI — Ky6H9eCKYl0 YCIOBHYIO Adeiiry (cM. @ur. 4.12), woropas B gerbipe pasa mpe-
BOCXOIUT 110 00'beMy IPUMHTHBHYIO T. II. K.
aueiiky. (HeTpyaso yleaurtbes, 4T0 3TH
yCHOBHHE suefiKu B [BAa W deThIpe pasa
foabnie TPUMHTHBHEIX; IJIA 9TOTO JOCTa-
TOYHO IMOACYUTATH, CKOJBRO TOUEK pelleT-
Ku 6yJier cofepsRaTh YCIOBHaA KyOndecKas
siaefika, pacnoNoyKeHHas Tak, 9T00H Ha ee
noBepxHOCTH He GHIIO Touek.) Beauynun,
ompefesONINe pasMep 3JIeMeHTapHOR
adefiku (IJA KyOMYECKHX KPHCTANI0B —
3T0 opHA BexmMuuMHa a), Ha3HBaOT no:
CMOAHHBIMU PeULEemEU.

OPHMUTUBHAA SYENKA
BUT'HEPA—3ENTIA

Beerma MOKHO BHGpaTh Takyio npu- (Pur. 4.13. IpmvmraBhas I yemoBHas seii-
" KM JUia 0. i, K. pemieTkn bpaga.

MUMUEHY 10 quHKy_’J KOTOpaH 06JIanana 651 O0beM NPUMHTABHON A4eliKu (TEMBasg) paBed TIOJO0-
TOTHON CUMMeTpueH PeleTHy BpaBB. Han- BuHe ofbema ycnopHo#t Kybuuaeckoii avueiikn.
fosee W3BECTHHIM IPHAMePOM IMOXOGHOIO
Bolfopa sirnserca suelika Buenepa — 3edmya. fldeiika Burnepa — 3efimiia ¢ 1en-
TPOM B HEKOTODOHl TOYKe DelIeTKHM eCTh 06aacth LPOCTPaHCTBa, JeRaIlas Oiume
K 9TOH TOUKe, 9eM K KaKoH-T10o0 Apyro# Touxe pemerku 1). I3 TPpancasanOHHONR CHM-~
meTpuu pemerku BpaBs caenyer, uto ecim sdeiiky Buruepa — 3editiia ¢ rientpom
B OJIHOH M3 TOYEK PEIIeTKH CMEeCTUTH HAa BEKTOP pelIeTKH, COeNHAIONNIL 1Be ee T0U-
KM, TO OHAa JOJKHA MepeXoJuTh B sweliny Burnepa — 3efitua, ueHTpoM KoTopoH
ABJiseTcs BTopas Touka. [JocKonpky Gammaimum coceioM RasRA0H TOYKH OPOCTpam-
¢TBa ABJAETCA JIAIND OfiHA TOYKA PeIneTKH °), oHa Oyjer DPHUHAIJIEKATH TOJIBKO TOR
saefike Burnepa — 3eiitna, meHTpoM KoTopoit sBaseTcsa sTa Touka pemreTku. Coe-
moBaTebHO, €CIN MO[BeprHYThL Aueiiky Buramepa — 3eliTiia TpaHcasuusaM, ompe-
TesisieMBIM BCeMUW BEKTODaMH PelleTKM, TO Ofla 3aTOJHHUT BCe NPOCTpaHctBo (e3 me-
peKprITHA, T. e. sdefika Burmepa — 3efitua mpeicrapiAer cofoll MPUMATABHYIO
AYEHRY.

Hockonwsky npy oupeaeiennn Aueikn Burmepa — 3efiTua MBL He HCIOJIb30Ba-
S HUKaKOTO KOHKPETHOTo Brifopa TPOKN OCHOBHEIX BEKTOpOB. Aueiika Burnepa —
SeiiTIia TO/KHA OHTH CTOIb e CHMMeTPMYHON, KaK u pemeTka Bpasa ).

flueiika Burmepa — 3eiitnia ais IByMepHoi# pemerkn BpaBy msofpaskena na
¢ur. 4.14, a A TpeXMepPHBIX 0. 1. K. U F. I[. K. pemeTok Ha ¢ur. 4.15 n 4.16.

1) Houobuyno sadeliky MOMKHO ONpeieJdnTh JAA JOOOro JHUCKPEeTHOIO MHOMKECTBA TOUEK,
He 00:3aTeNBHO ABIAIMErocsH peuweTKoi Bpapss. [Ipn Takowm Gojee LNIpOKOM oOupeleenunn ee
Ha3HIBAIOT MEOTOrpanHnKoM Boponoro. B npotnpononosmkuocts sueiike Buraepa — 3eiitua cTpyk-
Typa M OPHEHTALNS UPOU3BOJHPHOIO MHOIOFPAaHHHKA BOPOHOTO 3aBUCAT OT TOTO, KAKYK TOYKY
13 3TOTO MHOKeCTBA OH OXBATHIBaer.

%) Kpome Todex, geRamux Ha ofuleil noBepxHOCTH ABYX 1t Gollee sueer Burnepa — 3eiirna.

3) Toumoe oupefesenue TOTO, WTO MMEHHO CHENYET NOHMMATH 1107 CAOBAMI (CTOND /e CHM-
MeTPHYHEID, GyAeT jaHo B I, 7.
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3aMeTHM, 9TO AJIA HOCTpOeHHA s4eliku Burnepa — 3eiitha ¢ 1eHTPOM B HEKO-
TOpOil TOUKe pemieTKH HY;KHO HPOBECTH IpAMEe, COeANHMIONINE BTy TOYKY CO BeeMHd

[ N ’ ®

dur. 4.14. fdgeiira Burmepa — 3elitua Jas AByMepHO# pemetrir Lpasa.

1llecTe CTOPOH AYEHKH PACCEKAIOT MONOJIAM OTPE3KH LPAMBIX, COCNMHAIONINE IEHTPANLHYI) TOUKY C WECThI0 COCen~
HHMH (9TH OTPe3KH IOKA3aHbl IYHKTHpPOM). B nByMepHOM ciayyae Aueiika Buriepa — 3efiTia mo6oil pemeTkn
Bpasa, Kpome NPAMOYTOJILHOIl, BCerIa NPeHcTABIAET CO00M MECTHYTONBHUK (CM. BAN8YY 4, II. «a»).

Pur. 4.15. flgeiira Buraepa — 3eiitna mus
0. 1. K. pemerkn DbBpaBs («ycedeHHHNT OK-
Ta’qIP»H).

Okpyxaloni ee Kyl npencraBisaer co00if YCIOBHYIO
0. Il. K. g4eiiKy, B LCHTPe U B RepIINHAX KOTOPOil
PacIoNome sl TOUKN penreTku. llecTHyroabHEE Irpa-
HY PACCEKAIOT IIOI0JIaM OTPE3KH NMPAMBX, COSONHIIO-
ue MeHTpalbHYI TOYKY ¢ BepmuHaMu KybHa (srH
OTpe3KH N300parkeHbl CILIOMHBIMK JMHWAMN). HBax-

®dnr. 4.16. flueiixa Burmepa — 3efitna aasd
r. I, ®. pemetky bBpams  («pomOu™ecKiil
JOJCKABIP»).
OKpyKawluil ce Ky6 He ABIAETCS YCAOBHOK KyOU-
yecKOit AueHKON, NOKA3aHHON HA ¢ur. 4.12, TOYKH
PeTIeTKI! PAacloJIOMKeHb B UEHTpPe BJTOTO Kyba U B
nenTpe Kamporo us 12 ero petep. Kammas us 12
(KOHPPY9HTHBIX) Tpaueil IeplHeHIUKYIASpHA IPAMOI,

COeMIHSIOIIEIT LIeHTPATBHYIO TOUKY ¢ IEeHTpOM pebpa.
paTHHE I'DAHH PACCCKAIOT ITOIIONAM OTPE3KU IIPAMBIX .

COEIMHAWIIHE HEeHTPAIbHYIO TOUKY C LIEHTPAJLHBIMH

TOYKAMH KAaMKIO0I M3 IMECTH COCeHdNX KYOHIECKHX

HAyeer (Ha ¢Gnrype 9TH ITUHMM He TOKasaHn). Ille-

CTHYTONLHIIKHT HBJIHI;)TCH Hpa)BI/I.TIthIMH (cM 3anauy
1, TI. «I»).

APYyTHIMU TOYKAMH DEHIeTHU 1), Iocjae 4ero HOCTPOUATE IJIOCKOCTH, HepHeHIUKYJIAp-
Hble K 9TUM OPAMBIM U JHeJAlllue WX OouojgaM, H BbIﬁpaTI) HaNMEHbIIAR MHOTOTpaH-
HUK, OI‘paHI/I‘IeHHBIﬁ TOCTPOCHHLIMU IINIOCKOCTAMU U conepmanmﬁ OJaHHYIO TOYKY.

KPUCTAJIINYECKAA CTPYKTYPA. PEHIETKA C BA3IICOM

Dusnveckuil KPUCTAJJI MOXKHO OOUCATE, 3a]]aB JIeKAIIYI0O B €70 OCHOBE DEITeTKY
Bpass n yxasaB pacmono;KeHWe aTOMOB, MOJIEKYJ, MOHOB 1 T. M. B OTHENBHOR dje-
meHTapHOR suefike. YTOOH MOgUepKHYTH pasimine MeskAy aOCTPaKTHLIM HpeJCTaB-
JeHmeM 0 TOYKaX, 00pas3yomux pemetrky bpaBs, 1 peajdbHHM QH3MYECKUM KPHCTAJ-

1) Ha mpakKTiKe JIHIOh MAJ0e HiUCHO BIU3IEKAIMIIX TOYEK OHpeieligeT MIOCKOCTH, KOTO-
pHEe OKa3HBAaWTCA TDAHMIAMU AYCiiKH.
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aom 1), obmapmaiomum TaKo# pemrerkoil, TPUHATO MCIOJML30BATH CIHENUANLHHHA Tep-
MEH «KPHUCTalINYeCKas CTPYRTYypay. Kpucmassuieckyio cmpysmypy o6pasyoT njieH-
TAYHEIE 3K3eMIUIAPH OfHOW M TOH Ke QMBMYECKOi eNWHMI(K, Ha3HBaeMoi Gasucon,
KOTOphle DasMeIeHH BO BCeX TOYKAX pemeTKu DBpaBs (mam ke, 9KBHBAJEHTHO,
TPAHCIAANA KOTOpPHX 00pasyior pemerky Bpasa). WIHorna ucmonsayior Takxke Tep-
MUH « pewemka ¢ 6asucom». OTHAKO BH-
pasKeHUe «pemeTKa ¢ 6a3ucoM» NPUMEHAIOT
7 B 0ollee MUPOKOM CMEICHIe 1JiA 0603HA-
9eHUA CTPYKTYPH, KOTOpas IOJYYaercs,
Korfa O6asucHasd AYeilKa He seasemces Pusu-
9eCKUM 00'beKTOM WiIu 00beKTaMHu, a IIpef-
cTaBasgeT cofoit npyroir HaGop Touer. Ha-
OpuMep, BEPIIMHE! TBYMEPHHX «IYeJUHHIX
COT» He SABJIAITCH pemerro#r Bpaps, HO
MOTYT GHITH IpeCTaBJIEHH B Bujie ABYMEp-
HO# TpeyroibHOM pemerk BpaBs 2) cABYX-  sxemmas TakmM o6pasoM, YTOGH NOTIEPREYTS,
TogeuHbM GasmcoM (¢ur. 4.17). Kpucran- 910 oHa mpejcraBiser coGoil pemerky Bpasa
AWYECKYI0 CTPYKTYpPYy ¢ 06asucom, COCTOA- I € ABYXTOTCUHEIM GasmCOM.

DM U3 eIMHCTBEHHOTO aTOMA HIM HOHR,  onumaxono  pacHoNomeHn bo. BCOX  HPUMATHBHHE
9aCT0 HABHBAIOT MOHOATOMHOMl peNIeTKoi  AIeiKax (Hapam’eﬁgf}fg’%apxgng@“m“Y’Omeﬁ pe-
Bpaso.

Pemerxy Bpass Takme MOHO 3a7aTh KaK pemmerKy ¢ 6asucoM, BHOpaB HeUpH-
METHBHYI0 YCIOBHYIO Aueiiky. K TakoMmy ommcaHM0 dacto mpuberaioT, ITOOH IOJ-
YePKHYTH KyOM4YeCKYI0 CHMMETPHIO 0. I. K. U I. IT. K. pemeTox Bpass. B srom cayqae
OX ONHCHIBAIOT COOTBETCTBOHHO KaK IPOCTHE KYyOWJecKUe peImeTHU, HMOpPOILaeMble

BeKTOpaMu a;:, aAy n a% n 06J1ana10nme ABYXTO4Y€YHEIM fasucoMm
0, & (x+y+2) (0.1 x.) (4.7)

A YeTHPeXTOYeYHEIM 0(a3ucoM

0, 5 (x+¥), wG+2, & @+¥), (-nx) (4.8)

HEKROTOPBIE BARHBIE IIPUMEPHI KPUCTAJIJINYECKUX CTPYKTYP
N PEIIETOR C BA3NCOM

CTPYRTYPA THUIIA AJIMA3A

Pemerxa ®) Tuma anMasa (o6pasyemMas aToMaM® YIJepOfa B KPHCTalie ajiMa-
38) COCTOMT W3 NBYX B3aMMOIPOHMKAIOM¥X T. I. K. pemerox Bpasa, CMemeHHEX
BIOJIb IPOCTPARCTBEHHOR JHATOHAIN KyOWYeCcKON pemeTKA HA IeTBepPTH JJIMHE HTOMH
IparoHann. Fe MOMHO DAacCMATpPMBATL KaK I. I, K. PemeTKy, 6asmcoM KoTopoit

aBusiotes aBe Toukm, 0 m (a/4) (x + y + z). KoopimmEammoHHoe ‘umcio paBHO
4 (¢ur. 4.18). Pemerra anmaza He sABiAeTcA pemeTKod BpaBs, HOCKOIBKY OKpyiKe-

1) KoTopwiil, 0fHAKO, MH HO-IIPEKHEMY cIuUTaeM OeCKOHEYHEIM.

2) IToposkpmaemoil [ByMA OCHOBHHMHN BEKTOPaM#, MMEIOI{AMU DABHYIO [IMHY U COCTABJIAK-
muMI Meskny coGoit yrox 60°,

%) Koraa ucmoas3yeTcs IpoCcTO TEPMUH (PEIIeTKA», TO MMEeTCA B BUAY pelleTha Bpaps mim
e peruerra ¢ Gasmcom.
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@ur. 4.18, YcaopHasg KyOmuecKasi sidYeilKa JiJIA peMIeTKH a;JMa3a.

¥Y3abl, COOTBETCTBYIOIHE ONHON M3 ABYX BCTABJEHHHIX APYr B APYra T. I[. K. PEIIETOK, OCTABJIeHBl CBETJLIMH.

(B cTpyKTYpe THAIIA HMHKOBON OOGMAHKM YEePHBIE M SAIITPUXOBAHHBIE Y3Jbl 3aHATH OFHMM BMAOM HMOHOB, & Hesam-

TPAXOBAHHHE — APYr¥MM.) IIOKA3aHB CBABKM MEXNY ONWKANIINMKM cOCenAMH. YUeThpe OGnmmafinmx cocega Kam-
OOl ToOuKE 00pasylOT BePHIMHE IPABUIBHOTO TeTpasmgpa.

HEe M1000# TOYKH OTIHMYaeTCH MO OPHEHTAlWHM OT OKPYMeHHs ee OawKaimnx coce-
meit. JMEeMEHTH, KPUCTAJAK KOTOPHIX UMEIOT CTPYKTYPY THIA aiiMasa, IepeyncaeHk
B Taba. 4.3.

Tabauya 4.3
dNeMeHTHI ¢ KpucTamimieckoil cTpykTypoli Tmma anmasa
SneMeHT CropoHa Ky6a a, & DaeMenT Cropona ky6a a, &
C (ammaa) 3,57 Ge 5,66
Si 5,43 o-Sn (cepoe) 6,49

TEKCATOHAJIBHAA TIJIOTHOYIIHAKOBAHHAA CTPYHRTYPA

He sBassce pemerroii BpaBs, zexcazonasvHas naomuoynaxosanras (T. M. y.)
CTPYKTYpa CTOJb JKe BajKHa, KaK 1 00peMHOLeHTPAPOBAHHAA UK TPaHelleHTPUPOBaH-
HasA KyOmueckme pemeTkM BpaBs — TaKyw CIPYKTYPY uMeloT Kpucraijusl Goiee 30
pieMeHTOB (Taba. 4.4).

B ocHOBe I. T. Y. CTPYKTYDH JEKHT NPOCMAs 2eKCaz0HaAbHAs Pemerka bpass,
KOTOpas MOJNYJAeTCsH, ecld YKIAALBATEL «B CTONKY» OHY Haj Apyroi (gur. 4.19)
ABYMepHEHE TpeyroibHie !) pemerku (cern). HampaBnenue, B KoTOpoM BefleTcs HO-
no6HOe yRJIafHBaHWE, HASHBAIOT C-0ChI0 (HWKe OHA BHOpaHa DapaijelbHO# BEKTO-
py ag). Tpoiika OCHOBHEIX BEKTOPOB TaKOBAa:

a, = ax, a2=—;— x—{-—VTs?—y, ag =z (4.9)
IlepBrie gBa w3 9TEX BEKTOPOB IIOPOKTAIT TPEYTOIbHYI0 pemeTKY B NJIOCKOCTH
z — Y, a Tpermii «yKIagHBaeT» INIOCKOCTH OJHY HAJA APYrod Ha PacCTOARME C.

I'. m. y. cTpyRTypa COCTOMT W3 ABYX B3aHMMOIPOHMKAIOMWUX IPOCTHX TIeKca-

rOHaNbHEIX pemreTok DBpaBa, CMeMeHHHX APyl OTHOCHTEJPHO Apyra Ha BEKTOD

1) OmpejiesieEre INIOCKOH TPeYTONBHOM peIeTKH AAHO B OpuMmedaHum 2 Ha cTp. 87.
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Tabauya 4.4

dneMenTb! ¢ TeKCATORANbHON NIOTHOYNAKOBAHHON KpmeTalanueckoii cTpykTypoik

ImeMenT a, A ¢ c/a DaemenT a, & ¢ c/a
Be 2,29 3,58 1,56 Os 2,74 4,32 1,58
Cd 2,98 5,62 1,89 Pr 3,67 5,92 1,61
Ce 3,65 5,96 1,63 Re 2,76 4,46 1,62
a-Co 2,51 4,07 1,62 Ru 2,70 4,28 1,59
Dy 3,59 5,65 1,57 Sc 3,31 5,27 1,59
Er 3,56 5,59 1,57 Th 3,60 5,69 1,58
Gd 3,64 5,78 1,59 Ti 2,95 4,69 1,59
He (2K) 3,57 5,83 1,63 Tl 3,46 5,53 1,60
581 3,20 5,06 1,58 Tu 3,54 5,55 1,57
Ho 3,58 5,62 1,57 Y 3,65 5,73 1,57
La 3,75 6,07 1,62 Zn 2,66 4,95 1,86
Lu 3,50 5,55 1,59 7r 3,23 5,15 1,59
Mg 3,21 5,21 1,62

Nd 3,66 5,90 1,061 «Mneany — — 1,63

a1/3 -+ a,/3 + ag/2 (dur. 4.20). Ee paspanme orpamaer To 00CTOATEIBCTBO, 4TO
noxo6Has CTpYKTypa MOKeT ORTH NOJy9eHa IPH «IJI0THOfl yIAaKOBKe» KeCTKHX cdep.
[IpennmoTosRuM, 94To HaM HYKHO CIOMKATH B NHpaMufy nymeunsie agpa (fur. 4.21),

Ny

®ur. 4.19. Ilpocras rekcaronalibHas pelieTka Dpass.
JByMepHBEe TPeYTONbHEE ceTh (HOKAa3aHHBIe CIIpaBa) YAOMKEHHl OHHA HAX OpYyrol Ha PACCTOSHIH Cy

OpuueM HWKHHME o0 npepcraBisier co0of IIIOTHOYHAKOBAHHYI0 TpPeYTOJAbLHYI>
pemerry. Caepyomuil cioi ofpasyoT, nHoMemasg N0 ONHOMY AApPY B yrayvOideHus,
ocTalOIuecA B IEeHTpe KajKioTo TpeyroJbHHKA HIKHEIO CJIOf; B pesyabTaTe IMOJy-
9aeTcs BTOPOI TPEYTOABHHIL COM, CABUHYTHH II0 OTHOHIIEHWIO K HepBomy. Tpermit
caoii oGpasyior, noMelas AfApa B yraybieREusa Bo BTOPOM cjioe, TaK 9TOOB OHH OKa-
3aJ0mCh OPAMO HaJ AApaM; DePBOTO cios. YeTBepTHH CJIOH JeKUT HPAMO Haj BTO-
peM @ T. K. B mrore momywaercd r. m. y. peImeTKa C ONpelelleHHHM 3HaYeHWeM ¢
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{cM. 3amagy 9):

S
e~/ S a—1,63299. (4.10)

IlockonpKy. ogHAKO, CaMa CAMMETDHUA T. II. y. PEHIeTKN He 3aBUCHT OT OTHONICHWUS
c/a, necnoab3oBaHMe ITOrO TEPMUHA HE OIPAaHWYEHO JAaHHBIM YaCTHEIM CaydaeM. W Ho-
rfa sHawesne c/a = }/8/3 HABHBAIOT «MTEANBHBIMY, A HCTHHHYIO IIOTHOYIAKOBAH-
HYI0O CTPYKTYPY C UI€aJbHbIM OTHOIIEHHeM ¢/a — WIEAJBHOM T. I. Y. CTPYKTYDOH.

Dur, 4.20. TexcaroHanbHAsL MJOTHOYTAKO-
BaHHAs KPHCTAJINYECKas CTPYRTypa.

CTPYKTYPY MOMKHO IPEACTABHTH B BUIE IBYX BCTAB-
JIEHHEIX OPYF B JpYra MNOPOCTHX TI'eKCATOHAJbHBIX
pemeTok bpass, CMEILeHHBIX Ha PACCTOAHKE ¢/2 BIOJh
ofmesf c-OcH II, KPOME TOr0, CMeIleHHbIX TAKNM 00pa-
30M B I'OPH3OHTANHLHOM HANPABJIEHUU, UTOOHI TOUKH
ORHOI M3 HIX JeKadu NPAMO HAL LEHTpaMu Tpe-
YTOJIBERUKOB, 0OPA30BAHHBIX TOUYKAMHU APYroit.

®ur. 4.21, Buj cBepxy Ha iBa HUKHAX CJIOS
B nupaMuje MIyHIedHHX SAep.

IMepsBoiit caoii oGpasyer NIOCKYIO TPEYrOJbHYIO pe-
WeTKy. finpa BTOPOro CJ0A NOMEMAIOTCH HAaT Mem-
OOY3IUAMU HYMKHELO CJI0;1 uepe3 OOHO MEeXEoysJime.
Ecam aAgpa TpeTbero clioA MOMECTHTb MOPSIMO HaK
AIPaMU NEepBOro CJI0A, T. €. B y3jaxX THUNOA a, a Axpa
B YETBEPTOM — IIPAMO HaM AAPaAMH BTOPOrO CJIOA U
T. K., TO MBI IIOJIYYUM T. . Y. CIPYKTYpPY. Ecau e,

OOHAKO, sIiIpa TpPeThero CJ0A HAXOHATCA HUPAMO HARX
TeMM MEKI0Y3INAMH 1€PBOTO CIIOH, KOTOPBIE He Guau
HAKPBITH CBEPXY ANpaAMH BTOPOTO CJIOSA, T. €. B y3IaxX
THNAa 6, Anpa 4YeTBEPTOTO CNOA JIOMEIeHbl IPAMO HAJ,
SIIPAMU IepBOro M AQpAa MATOTO CI0A — HAI AXPaMH
BTOPOTO ¥ T.X., TO MEI IOJIYYaeM I'. I[. K. CTPYKTYDY
(C ~HANpPaBACHHON BEPTHKANLHO MPOCTPAHCTBEHHOMK
IUATOHAIBIO Ky6a).

Ecin dusnveckme equnmisi, ©3 KOTOPHX COCTaBieHa KPUCTAJIUYECKasi CTPYKTYpA,
He ABJIAKTCA PEAJbHO MIOTHOYNAKOBAHHBIMHE cdepamm, TO HEeT HHKAKAX OCHOBaHUH
ORUNATh, UTO ¢/a GyNeT MMeTh WAeaJbHOE 3HaYeHMe (CM. Tabm. 4.4).

3aMeTyM, 9T0, KaK U B CIydae CTPYKTYPH TUIIA aiMa3a, T. . y. PemeTKa He AB-
Jasercsa pemerKoin BpaBs, IMOCKOAIBRY OPHEHTAI[MA OKPYIKEHHA TOUKM MEHAETCH OT
CJI0A K ¢JI0I0 BROAD C-OCH. 3aMeTUM TAKKe, 4TO NPU B3TJAIE BIOID c-OCH ABa THIIA
IIOCKOCTeR CAMBAIOTCA BMecTe W O0PasyOT ABYMEDHYIO PEIIETKY (HYeNHHHX COTH,
NOKa3aHHYIo Ha ¢ur. 4.3 m He gBagomywca pemerkoi bpasos

APYTUE BO3MOMHOCTU IIJIOTHOM YIIAKOBKHU

3aMeTHUM, 4TO . H. V. CTPYKTYpa IPeACcTaBaser cofoi He eUHCTBeHHHI CI0C00
IIOTHOH yHakoBKE cdep. Ecom mepBre IBa CI0A Mbl HOJI0KAM TaK 3Ke, KaK OMHECAHO
BHOIE, a4 TPETUR CI0M MOMECTHAM B UHYI0 COBOKYUHOCTH YIIYyOJeHNH BO BTOPOM Cjoe,
T. €. B Te YyrayOJeHAA, KOTOPHIE JeKAT HAJl HeNCIOAb30BAHHbBIMI YIAYOAeHHAMA KaK
B IIePBOM, TAK ¥ BO BTOPOM clI0Ax (¢ur. 4.21), To werBepTHiil Ci10ik HOMECTHTCA B yray0-
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JeHuAX TPeThero HpAMO Haj AEPaMHA W3 NepBOro, OATHHA — HAJ BTOPEIM W T. 1.;
B 3TOM CAydYae MEI HodydaeM pemeTRy Bpass. OxasmBaercsa, 9To »Ta pemieTka ecTh
mpocTo T. 1. K. pemerka Bpaks ¢ maronannio Kyba, nepneHIuKydAPHONR HA0CKOCTAM
TpeyronpHuKOB (¢ur. 4.22 w 4.23).

CymecTByeT 6€CKOHEYHO MHOIO [APYIMX BO3MOMKHOCTEH ILIOTHOH - YIaKOBKH,
DOCKOJBbKY KasRIABI HDOCHEAYIOMMHA cI0i1 MOKeT GHTH NOMeIIeH B ONHO U3 ABYX IOJ0-

@ur. 4.22. Cevenre TpaHEUSHTPUPOBAHHOMN Pur. 4.23. BrpesaAnasa B fopme Ky6a dacTb
Ry6rgeckoil pemwerxku BpaBs, gaiomee cjoH, MPOCTPAHCTBA, 3amoJiHeHHAs cdepaMu ¢ rpa-
nokasanmee #Ha $ur. 4.21. HEOEHTPUPOBANHONR KyOWIeCKOH IIOTHOMN
VIHAKOBKOI.

jReHu#. JIMmE r. 1. K. IOTHAs ynaKoBKa fdaeT pemetky Bpass. Yame Bcero Berpe-
4al0TeA TpaHelenTpupoBaBnas Kybmueckas (...ABCABCABC...) u rexkcaromaasHas

nnorHoypakopaHHaA (... ABABAB...) cTpyRTypH, 0qHAKO N3BECTHEL U APYTHE CTPY-
KTYPHI ¢ ILTOTHOI yumaroBxoi. Heroropre

pedxo3eMeJbHbIE MeTaJdJlbl, Hampumep,

uMeT crpykTypy Bmma (... ABACABA
CABAC...).

CTPYHTYPA THIA XJIOPHUIA
HATPUA

Mset BHIHYHIEHB ONUCHBATD T. H. V.
CTPYRTYPY H CTPYRTYPY TUIA ajaMas’a Kak
penierKu ¢ 0a3mCcoM 13-3a opucyunero mM
reoMerpudecKOro  PACHOJOMKEHUS TOUEK
pemerku. OTHAKO pemeTKy ¢ 6asucoM Iph-
X0[uTCsA MCIOJIB30BATE U HJAA ONUCAHUA  Mur, 4.24. CTpywrypa Tuma XJopHia HaT-
TAKUX KPHCTAMJIHIECKUX CTPYKTYp, B KO- pus.

TOPBIX aTOMBI MJIM MOHBL HAXOAATCA JUIIH Yepnsle miapn! 0603HAYAIOT OOYH THII HWOHOB, a (e-
Jaele — BTOpoil. I10 OTACIBHOCTH YepHEEe 1 Gesple ma-

B TOUKAX pPemeTKn BpaBs, HO noapas Tpan- pH 006pa3yioT IBe BCTABJIEHHBIE OPVLT B Opyra r. 1. K.

CHANMONHAS CHMMeTDUsI pemieTknm bDpasd DEMIETRI-

TEM HE MEHee OTCYTCTBYeT, WLOCKOIBKY

HMEIOTCS ABA cOpTa aToMoB waum wouos. Hampumep, xaopmp Harpus (dur. 4.24)

COCTONT M3 PABHOIO YMCJA WOHOB HATPHA W XJIODA, PasMeMIeHHBIX B 4ePeyIOUIAXCA

TOUKAX HPOCTOM KyOWUIecKOol pemeTKHn TaKmM o00pasoM, 9TO OJMKAHMUMH COCELAMH
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Tab6auya 4.5
HexoTopnie coeanHeBusa o0 CTPYKTYpo#l XJ0pm:la HATpHSA

Kpucramt a, A Kpucraa a, A Kpucrana a, A
LiF 4,02 RbF 5,64 CaS 5,69
LiCl 5,13 RbCI 6,58 CaSe 5,M
LiBr 5,50 RbBr 6,85 CaTe 6,34
Lil 6,00 Rbl 7,34 SrO 9,16
NaF 4,62 CsF 6,01 Srs 6,02
NaCl 5,64 AgF 4,42 SrSe 6,23
NaBr 5,97 AgCl- 5,95 SrTe 6,47
Nal 6,47 AgBr 5,77 BaO 5,02
KF 5,35 MgO 4,21 Bas 6,39
KCl1 6,29 MgS 5,20 BaSe 6,60
KBr 6,60 MgSe 5,45 BaTe 6,99
KI 7,07 CaO 4,81

KajKIOoro MOoHa ABJAITCA MeCTh HOHOB Apyroro Buja ). Tlogobnas crpykrypa Mosker

O@ur. 4.25. Crpykrypa THIIA XJIOPHJA TE3nH.
YepHple mapsl 0603HAYAlOT OOWH THI HOHOB, a Ge-
apie—apyroi. ITo orTmensHOCTY UepHble 1 6eJinie Mapsl
06pasywT ABE BCTABNEHHbE OPYT B IPYTa HPOCTHIE

Ky0ndecKye pemeTku.

OHTH onmcasa Kak r. 1. K. pemetka Bpass
¢ 6as3ucoM, COCTOAMUM N3 MOHA HATPUA B
tTouke () M MOHA XJopa B IleHTPe VCJIOBHOM
KyOumdecKod gYediku, T. €. B TOUKe

@?2) (x +y + 2).

CTPYRTYPA THIIA XJIOPUJA
HE3U

Ananornaso xnopus uesns (gur. 4.25)
€cOCTOUT M3 PABHOI'0 UHCIA HOHOB 1e3Ud
W XJopa, pasMemeHHBIX B TOYKax 0. I. K.
pemeTky TakuM o6pasoM, yTo GamKaiimn-
MU COCEJsIMM Kas/kI0I'o MOHA fABJAITCA
BOCEMb WOHOB JApyroro Buma ?). TpaHcas-
IMOHHAA CHMMETDHA 3TOH CIPYKTYPH Ta
FKe, UTO ¥ Y IPOCTOi KyOudYecKoil peueTru

Bpasa; ee Moo onmcaTh Kak OPOCTYI0 KyOWYeCKYIO pemmeTry ¢ 6a3IimcoM. COCTOA-
UM U3 MOHA Le3us B HauaabHO# Touke 0 m MoHa Xiopa B LeHTpe Kyba (a/2) (X +

y + 2).
Tabauya 4.6
Hexorophie coefiuHeHHs co CTPYKTYPOll Xaopmia nesus
Kprerana a, A Kpuacrasia a, A
CsCl 4,12 TICI 3,83
CsBr 4,29 T1Br 3,97
Csl 4,57 TII 4,20

1y Ipyrue npumepst cm. B Tabua. 4.5.
2) Jipyrue mpumepH cM. B Tabia. 4.6.
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CTPYHTVYPA TUIIA [IMHKOBOW OBMAHKNM

IImeKkoBasA o6MaHKa COCTOMT U3 PABHOTO YUCIA MOHOB UHKA U cepsl, Pa3MelleH-
HBIX B pelIeTHe THUIA alMasa TaKuM cmocoboM, 4To OAmKadmuMm cocelsiME KaK-
JOTO MOHA ABIAITCH YeTHPE MOHA IPOTHBOIOJOMKHOT0 Bria (Pur. 4.18). Ira cTpyK-
Typa !) ipencraBiaser co0oi npuMep peImeTKH ¢ 6a3uCOM, KOTOPYIO IPUXOAUTCHA ODH-
CHIBATH TAKHM 00pasoM He TOJBKO K3-3a TEOMETPUIECKOI'0 pAcCHOJIOKeHHA UOHOB,
HO M M3-33 HAJAWYHWsA JBYX TANOB HMOHOB.

Tabauya 4.7
Hexoropmie coefMHEHHA €O CTPYKTYypoil LIMHKOBOR oOMankn

Kpucraa a, A Kpucramna a, A Kpucrann a. A
CuF 4,26 ZnS 5,41 AlSb 6,13
CuCl 5,41 ZnSe 5,67 GaP 5,45
CuBr 5,69 ZnTe 6,09 GaAs 5,65
Cul 6,04 Ccds 5,82 GaSb 6,12
Agl 6,47 CdTe 6,48 InP 5,87
BeS 4,85 Hgs 5,85 InAs 6,04
BeSe 5,07 HgSe 6,08 InSh 6,48
BeTe 5,54 HgTe 6,43 SiC 4,35
MnS (kpacn.) 5,60 AlP 5,45

M Se 5,82 AlAs 5,62

JAPYI'HE CBONCTBA KPUCTAJLUINYECKUNX PEWETOK

Jra riasa Oblia NOCBAIEHA ONMUCAHUIO MPAHCAAYUOKHOU CAMMETPHH KpHCTAT-
IW9IeCKUX POIIeTOR B peasbHoMm pusuieckom npocmpancmee. By Apyrum cBoficTam
DePUONIECKUX CTPYKTYP LOCBAINEHH CJaeyIOme IJIaBhl: B IJ. O MBL paccMaTpuBa-
eM, K KAKAM BEIBONAM NPMBOJHUT TPARHCIAIHMOHHAA CHMMeTDUA He B PpealbloM,
a B TaK HA3HBaeMOM o00pamuom npocmpancniée (WM RPOCMPAHCMEE E0AHOGHLL
éeKmopos); B TJI. T ONHMCAHH HEKOTODble XapaKTEpPHHE UePThH CUMMETPHU KPHCTAJ-
JHYECKHUX PENIeTOR OTHOCUTEABHO RNOB0DOMO8.

3ATAYN

1. B KaKI0M m3 cleAyoHuX ciaydaes yKaskKuTe, ABIfAeTcA JU JaHHAA CTPYKTypa PpelleTKOH
Bpase. Eciu ga, To HaiiguTe TPoilKy OCHOBHEIX BEKTOPOB; €CJIH HET, TO IpeACTaBLTEe ee Kar pe-
meTky DpaBs ¢ MUHHMAJBHBIM BO3MOMKHHIM Gasucom.

a) BazonenTpupoBaHHas KyOuWuecKas pemieTka (lipocTas KyOWdeckas pemeTka C jfoGa-
BOYHFIMI TOYKAMM B IEHTIpaX rOPH30HTAaJBHHX TpaHell KyOmdeckoli sdeliknm).

6) IlenTpupoBaHHAaA Ha BePTHKAJLHHEIX TPAHAX KyOHuecKas pelleTKa (mpoctasg KyOuuecKas
pemerka ¢ ;100aBOYHHIMI TOYKaMH B LEHTPAX BEPTHKAJBRHHIX rpaHeil KyOmueckoi A4eiiKu).

B) LlearpupoBaEHas Ha peGpax Kybmieckas pemeTka (npocTas KyOnmdeckas pelnerka
¢ 706aBOYHEIMII TOUKaMII B cepejHHAX JHHNH, COoeInHANINNX OJamKafmnx coceneif).

2. Kakopa pellerka bpass, ofpasyeMasd BCceMHM TOUKaMH C JeKapTOBHMH KOODJAMHATaMHA
(711, Ng,y n3)1 Korpa:

a) n; auGo Bce 4eTHBle, MO0 BCEe HEYETHHIE?

6) cymMa n; o0sa3aTenpHO YeTHaA?

1) CooTBeTCTByOIMuEe mpuMepH cM. B Tabd. 4.7,
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3. IMoxamute, YTo yrod MeKRY J/MIOOKMH ABYMS JMHAAMHM (CBA3AMHU), COEMUHSIOMUMU V3l
PelleTKN ajiMasa € ero 9eTHpPbMA OJMKadIIAMY cocelsiMM, paBem arc cos (— 1/3) = 109° 28’.

4. a) [loxaskure, uro sAgeiika Burmepa—3efiTna paa mo6oit aByMepHoil pemerkun Bpass mpeji-
CTaBJAeT COGOM MECTHYTrOJBHMK HJIM TPAMOYTOJHHUK.

6) Iloramure, 9ro y sYeiiknm BurEepa—3efiTiia OTHOINEHNE TJIMH AMATOHAJeH KaMIoi
rpanu, uMewninei ¢opmy HapajielorpaMMma, [Uis TI.I.K. Kybudeckoit pemteTkn (ci. ¢ur. 4.16)
pasuo V 2 : 1.

B) [Torammure, 9T0 Kajkgoe pe6po MEOrorpaHHNKa, OrpaHMYNBAlOmero Adeiiky Burmepa—
delitua mias o..K. pemerku (cM. ¢mr. 4.15), B QY3 pasa MeHbIe IJNHH CTOPOHEI YCJOBHON
Ky6uuecKoil sueflku.

r) JloxaskuTe, 4UTO HIECTHYTOJbHbE TIpPaHU O.I.K. AuedKln Bnrmepa—3eiirna saBunAoTca
OPaBHABHHMH IIECTHYTOJbAMKAMU. (3aMeTHM, 9TO OChb, INEPHEHIUKYIAPHAs HIeCTHYTOIbHOM
rPaBH ¥ MPOXOASHIag depes ee IEHTP, o0JafaeT JMHIbL CUMMETPHEIl TPeThero MopaaKa, IOATOMY
OIHO 9TOH CHUMMETPUM HEeAOCTATOYHO.)

5. a) JlokakuTte, 4UTO HuealbHOE OTHOWEHHE c/q [JAf TIeKCATOHAJIBHOH ILUIOTHOYIIAKOBAHHON
cTpykryps pasmo V 8/3 = 1,633.

6) Ilpumepno npu temnepatype 23 K HaTpuil HepexofuT H3 O0.I.K. B I.ILYy. ¢a3y («MapTeH-
CHTHOEe» IpeBpameHue). Ilpeamnosaras, 9T0 NpM TAaKOM IIPeBPAaHIeHMHM IJIOTHOCTHL OCTAeTCA
MOCTOARHOH, HafifuTe NOCTOAHAYI DEINETKH a [Jis TeKcaroHaJbHOH ¢asm, ecam B KyOHUYeCcKoii

Pase @ = 4,234 u oTHOWeHMe c/a e OTHMUAETCH OT CBOEro HeajlbHOIO 3HAUCHIA.

6. T.1.x. pemeTka sABJXAeTcs Hanbolee HIOTHOH, a IIPOCTaA KyGHuecKasa — HauMeHee ILIOTHOI
H3 TpeXx KyOHueckux pemmerok bpaBs. CTpyKTypa THNA aiMasa SABISAETCSA MeHee ILTOTHOM, geM
aw0fan M3 HUX. JTO BHIHO U3 KOOPAMHAOUOHHEIX 9HMCeN peilleToK: 12 — mgag r.m.k., 8 — nis
0.1.K., 6 — ana npocroit kybmueckoi (m.K.) m 4 — maA aamasa. [ pyras XapaKTepPHCTIKA
TakoBa. IIpeAnoxoKuM, 970 MK TIOMECTHJIM B TNPOCTPAHCTBE HNIEHTHYHEE TBepble cepH TaKnMM
00pasoM, 9T06 IEHTPH cep JeKaiu B TOYKAX KasK[AOH M3 4YeTHpeX CTPYKTYpP u cdephl ¢ LeHT-
PaMn B COCEJJTHMX TOYKAX JHINE Kacajnch APYT Apyra, He nepekpuBasch. (Takoe pacmoiioskeHne
cdep Ha3HBAOT IIOTHOYNAKOBAaHHEKM.) CauTad, uTo cepH MMEIOT 1IJI0THOCTb, PABHYIO eJHHNILE,
MOKaKUTe, UTO INIOTHOCTL CUCTEMEI IUIOTHOYNAKOBAHHRIX cdep A Kaykjoi W3 YKa3aHHBIX BBIIeE
deTHpex CTPYKTYP («YIAKOBOWHBIH MHOMKHTEIL») eCThb

I.ILK. V 2n/6 = 0,74

0.IL.K. V 3a/8 = 0,68
LK. n/6 = 0,52
anMas VY 3n/16 = 0,34

I

7. llycts N, ectb 4ncio n-X Gammaiiiinmx cocepeit mamHONR Touku pemeTsu Bpass. (Hampuwmep,
B npocToil Kybudeckoil pemeTke bpaes N, = 6, N, = 12 u 1. a.) Hycrs r, — paccroarne jo
n-ro GumyKaillliero cocefia, BHPasKeHHOEe KaK OTHOIIEHNEe K PacCTOAHNIO 10 mepBoro Giuipkaimero
cocela (mampumep, B INpocToit KyGuueckod pemerke Bpas ry =1, r, = V 2= 1,414).
CocrapbTe Tabauny sEa9eRnii Ny urpupan = 4, . . ., 6 na4a r.i.K., o.I.K. 1 I.K. pelnetrok Bpasa.

8. a) Ilycte nama HeKoTOpas peliieTka BpaBs U a; — BEKTOP, COEAHHAINMUHN ee TOURY P ¢ OJHHUM
u3 OmmKafinmx cocefiei sroit Touku. Ilycrts P’ — ToduKa pellleTKHM, KOTopag He JIe;KHT HAa NpSA-
MO¥, TpoXofsuel depes P B HaOpaBJeHWN a,, HO Hamboliee 6IM3KAa X 9TOH NMpPAMOM, a BEKTOP
a, coequuser P u P’. Ilycrs P’' — TouKa pelleTKH, KOTOPas HE JEKHUT B INIOCKOCTH, TPOXOAs-
meir yepes P u onpeneisieMOil BEKTOPaMH a; M a,, Ho Hanbosee 6imaka K 3TOH MIOCKOCTH 13
BCEX JIPYIHX 109YeK DEIIeTKH, a BeKTOp ag coefmusaer P ¢ P'’'. Jlorkamure, 4T0 a;, a, U az obpa-
3yI0T TPONKY OCHOBHHIX BEKTODOB fjs »TOoll pemeTkn Bpasa.

6) JoxasxkuTte, yTOo pemeTky Dpaps MCIKHO onpepesnuTh Kak ALCKPETHHH Halop BEKTODOR,
He Je;KalluX B OJHOH INIOCKOCTH, M ABIAIIMUNACS IOJIHKM B OTHOIICHHMI CJOMKEHNs U BHUNTAHN A
(kax aTo roBOpHJIOCH Ha cTp. 82).

JUTEPATYPA
1. Wyckoff R. W. G., Crystal Structures, 2nd ed., Interscience, New York, 1963.
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OBPATHAA PEINIETRA

ONPENEJEHUA U ITPUMEPHI
INEPBAA 30HA BPRJIJIIOIHA
ATOMHBIE NIIJIOCKOCTN N MHIEKCEI MHUJJIEPA

B GonpmuHcTBe caydaeB ofpaTHasg pemeTKa MIpPaeT BaRHYI POAb OPU aHANH-
8e mepuofmdecKux crpykryp. K Heil mpmxopmurcsa ofpam@arbcd B TAKHX PasHEIX 3a-
Hauax, KaK TeopHA AuPpaKuuu B Kpucrajijie U aGCTPaKTHOE HCCIeRoBaHVe (yHKIHR
¢ MEPHOIMYHOCTHI0 pemeTKd DBpaBs mim OpE PemieHHM BOUPOCA O TOM, UYTO OCTAETCH
OT 3aKOHA COXPAHEHHS MMIYJbCA, KOTHAa MOJHAS TPAHCIAANUOHHAsA CHMMETPHA CBO-
60MHOTO OPOCTPAHCTBA CHIUKaeTcA N0 CUMMETDHHM HEPHOLMYECKOr0 IOTeHIHAaJa.
Hacrosimas KopoTkas riaBa NOCBslIeHa 00MIeMYy ONMCAHHUIO pANa Ba;KHBIX 2JeMeH-
TAPHBIX CBOMCTB 06paTHOR pemeTKH, 6e3 CBA3M ¢ KaKWMU-TNG0 KOHKPeTHBIMU IPH-
JOKeHU AMH.

OIIPEJJEJIEHUE OBPATHOU PEUMETKU

Bospmem wmuomecrBo touek R, cocrasasiomee pemerky Dpass, m miockyw
Bouuy ek r. Ilpm mpousBosbHOM k Takas BOJHA, KOHETHO, He WMeeT IepPHOANYHOCTH
pemerru BpaBs, ogHaKo oHa MOKET MMETH ee IPU OHPEJieieHHoM BHOOpE BOJHOBOTO
BeKTOpa. MHoxcecmeo soanosuz eexkmopos K nastisarom obpammoii pewemroll, ecau
naockasn soane ¢ k = K umeem nepuoduwnocmv dannoii pewemxu Bpaes. Ananutn-
9ecKkM 3T0 o3HauaeT, 910 K mpuHapmemur ofparHOH pemerke MaHHOH peIIeTKH
Bpass ¢ rouxamm R, ecan paa nw6oro r m Becex R u3 pemerskn Bpass cnpasenauso
PaBeHCTBO

eiK-(r+R):eiK-r_ (51)

Ilogenns seBylo u npaByio 4acTH paBeHcTBa (O.1) Ha X T Mul BEAuM, 9TO 0GPATHYIO
PeIeTKY MOKHO ONUCATEH KaK MHOKECTBO TAKAX BOJHOBHX BekTopoB K, mis KoTophix

etk R — 1 (5.2)

opu Beex R, mpuHanumesamumx pemertke Bpaba.

3amerum, u9To ofpaTHAS pemeTKa OmpefiedeHa 06A3aTEABHO IO OTHOIIEHHIO
K HeKOTOpOil KOHKpeTHoi pemerke Bpasa. Pemerky Bpass, coorsercrByomyio
RaHHOH oOpaTHO# pemeTKe, NPHHATO HA3HBATH npamoi pewemrol. Ilomgepxuem
Takse, uTo xoTa Habop BerTopoB K, ymoBieTBOpAOMEX YCIOBHIO (D.2), MOIKHO
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ONpeNeTuTh i A060ro MHOMKECTBA BEKTOPOB, TeM He MeHee TaKoi Habop BeKTOpPOB
Ha3HBAIOT 00PaTHO! pemeTKO# JNMEL B TOM CIydae, eCJlU MHOMKECTBO BeKTOpoB R
ABJseTcsa pemeTkoit bpasa ).

OBPATHAA PEHIETKA KAK PEIIETKA BPABJ

To o6crosaTenbeTBo, uTo 06paTHAaA pemeTKa OpecTaBasaer cofoit pemerky bpasa,
naubonee Hemocpe[CTREHHO CleAyeT u3 ompefeneHus pemeTkn BpaBs, upusenen-
HOro B NOpHUMeYaHMH Ha CTp. 82, ecam 3aMeTHTh, 4To, Koraa Bekropw K; m K,
YZLOBIIeTBOPSIOT YCIOBHIO (5.2), eMy yHOOBJIeTBOPHET TaKKe CYMMa M PA3HOCTh dTHX
BEKTODOB.

Ilonesno, ommako, paccMoTpeTh GoJee TPOMO3[AKOe JOKAa3aTelbCTBO, Halolee
SABHBHIH aJTOPUTM HOCTPOeHHA oGpaTHOH pemerku. Ilycts a;, a, u a; — HaGop
OCHOBHEIX BeKTOPOB npsamoi pemetku. Torza o6paTHyo pemeTKy ITOPOKIAIOT Cle-
AyoIue TPU OCHOBHEIX BEKTODA:

a, X a
b=2n 2273 _
! T a;-(ap X ag) ?

by = 2m — 23X (5.3)

a;-(ay X ag) ?
a;xa
by=2pn —1 "2
ay-(a, X 8y)
Yrobn ybemurnesi, uTo (9.3) HAeficTBUTENbHO 00pa3yioT Ha0Op OCHOBHEIX BEKTOPOB

s o6paTHOI permeTKH, 3aMeTUM BHadase, 9To BeKToph b; ymosmersopawT cooTHo-
{IIeHUIO *)

bi-a]-:ZmSij, (5-4)
rne §;; — nenbra-cumBon Hponekepa:
61'1':07 L#J:
3.
6iy=1, i=j. (2-5)

Haxee, nw060ii BekTop k MoKHO 3anmcaTs B BHIe InHeiiHolt kKomOuHaium 3) BeKTo-
poB b;:

k = kb, + kzbz + ksbs. (5-6)
Eciu R — mpouwsBonbHEE BeKTOp NpAMOM pEMIETKH, TO
R = ma; + na, + nsa,, (0.7)
rie n; — nease 9ucaa. M3 (5.4) caepyer, 4To
k-R = 2n (kyny + kyng + kgng). (5.8)

Yro6m Beamumua e'¥ R paBusanach equnmne nus Becex R [eM. (5.2)], mpousmenenne
kR fomsHO GBHTH PaBHO TEJIOMY YHCHY, YMHOMEHHOMY HAa 27, He3aBHCUMO OT BEI-

1) B wacTHOCTH, €CIII HMeeTCs peleTka ¢ 06asuHcoM, TO HCIOAbL3YIT O0PATHYIO pelleTky,
OTHOCAIYIOCA K COOTBETCTBYIOUIEN pemetke Bpaps, a we HaGop BekTopoR K, KOTOPHIH y0BICTBO-
psa 6u ycxoBuio (5.2) maA BceX BeKTopoB R, ONMmcHBAIOIMX Kak peietky bpass, Tak 1 TOUKH
6azuca.

2) Ilpu { = j coornowmenue (5.4) caegyer us Toro, UTo -BeKTOPHO HPOII3BefeHNe JIBYX Bek-
TOPOB O0PTOroHaJbHO UM oboum. IIpm i = j 0HO caexyeT 113 BEKTOPHOTO TOKAECTBA

a;+(a, X ag)=a,-(ag X a;) = a5-(a; X a,).
3) 370 cnpaBeANBO A JIOOHX TPEX BEKTOPOB, KOTODHE HE JeKAT Bce B OHOM IJIOCKOCTH.

MoskHO TMOKa3aTh, 9TO BEKTODH b; fleiicTBUTeNbHO He JesKaT B OHON ILIOCKOCTH, €CJIH BeKTODHI
a; He JeaT B OJHOU IIIOCKOCTH.
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fopa HedAHX 4YHcesa n;. JTO 03HAYAET, 4To KoaddunuenTn k; NOMKHL OHTH MEJIBIMH.
CregoBaTenbHO, yciaoBEe (5.2), onpefeasomee BeKTOp obpaTHoil pemerkn K,
BHIOIHAETCA TONBKO I TeX BekTopoB K, KOTOphe MoryT GHTEH IpencTaBIeHH!
B Bufle koMbmHanuii (5.6) u3 BekTopoB b; ¢ uexsMu koaddunuenramu. Hosromy [em.
(4.1)] o6paTHasA peimmeTxa ABIAETCA pemeTKol BpaBa u BeKTopH b; MoryT GRTH B3ATH
B KadecTBe OCHOBHHIX BEKTOPOB.

PEINIETKA, OBPATHAA K OBPATHON

O6paTHad pemeTka caMma sBiseTcs pemieTkoil bpaBa, H0TOMY MOMKHO HIOCTPO-
uth ee obparnylo pemerky. OKasmBaercs, 9TO OHa IpeRcTaBjiAerT cobofi LPOCTO
HCXONHYIO IPAMYI0 DEmeTKY.

Onun u3 cnoco00B JOKas3aTeJbCTBA 3aKJIKYAETCA B IOCTPOEHMH IO BeKTODaM
b; BeKTODOB ¢y, €, ¥ ¢3 coriacHo opmynam (5.3), HCOOAB30BAHEEIM JIJIfl IOCTPOCHHUA
b; o a;. Torfa u3 mpocTEHX BeKTOPHHX TOMAECTB HAXOAUM (CM. 3agagy 1), 9r0 ¢; =
=a; i =1, 2, 3.

MoxkH0 gatek m Oosee mpocToe JOKa3aTeJBCTBO MCXOAA W3 TOTO, 4TO, COTIACHO
OCHOBHOMY oOIIpefieieHuIo (5.2), pemeTka, o6paTHaa K o6paTHOM, IpexcraBaser coboi
COBOKYIIHOCTH BCeX BeKTOPOB (i, yIOBIETBOPAIOINHX YCIOBHIO

€iGeK — 1 (5.9)

Aas Beex BexTopoB K, mpumuamieskamux o6parHoi pemeTke. IJoCKOIBKY TakuM CBOM-
cTBOM ofGnapaer n00oit Bextop upsamoir pemerku R [omars B cuny (5.2)], orcrona
ciIelyeT, 9T0 BCe BeKTOPH NPAMOH pemleTKY IPUHAJJIEKAT pemeTKe, ABIA0Mencs 00-
patHOU K obpatHod. Hukakmx Apyrux BeKTOpOB, KpOMe 3THX, OHTH He MOKeT, IO-
CKOJBKY, €CIM BeKTOp He IpMHANJNERNT ODPAMOH pemeTKe, TO OH HMMeeT BHX I =
= 2,8; -} 2,2, -} Zgaz, TIe MO0 MeHBHIEH Mepe ONWH U3 KO3(QPUIMEHTOB Z; ABIACTCA
He nenuM uucnoM. (s 9Toro 3HaUeHmda i umeem €T = e2%ix; =£ 1 u yemosue (5.9)
mas BekTopa ofOpatHoil pemerku K = b; mapymaertcs.

BAJRHBIE ITPUMEPBI

OOparnoél pemeTKoll IO OTHONERWIO K npocmoli Kybudeckoli pemerke Dpass, cro-
poHa KyOuWdecKo# slleMeHTapHOH sAdedKU KOTOpPO# paBHa a, ABIAETCA MpOCTadg KY-
frYecKasi penieTKa ¢ KyOmYecKod sieMeHTapHOH mduelikoii co cropomoit 2m/a. Irto
BUAHO, HAIpuUMep, H3 HOCTPOEHHA (D.3), IOCKOIBKY, eCJH

a,=a§, a2=a§, aszai, (5.10)
TO
b=22% b 25, p=27 (5.11)

Jlas epaneyenmpuposarholl Ky6uieckoil pemerku Bpass co cTOpoHOH# yCiaoBHOM
KyOmueckoii suefiku a oOpaTHON pemeTKOH ABAAeTCH 06BEeMHOIEHTPR POBAHHASM
KyOuuecKas pemieTKa €O CTOPOHOW YCJIOBHOHE KyOmuecKol aAueiikm 4m/a. 10 MOmKHO
IOKasaTh, mpUMeHssA TOCTpoeHUe (5.3) K OCHOBHEIM BeKTOpaM (4.5) rpaHeueHTpHU-
poBaHHOIl Kybmdeckoil pemerkn. B pesyabrate momywaem

A N
by="F— (Y+2—x), by=

b3=f*aﬁ%(£+§—i). (5.12)

2L atx—y),
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Ilo ¢opme »TM BEeKTOpH COBHIAJAalOT € OCHOBHEIME BEKTOPAaMHM O, I. K. PEMIETKA
[em.(4.4)] mpm ycuoBmum, uto cTOpOHA KyOMYecKo#l sAdeifikm B3aATa pPaBHOU 4m/a.
Haa o6semrnoyenmpuposantoil xybuieckoll penieTKH €O CTOPOHOH YCAOBHOM K-
OuuecKoil A9tk @ 00PaTHOM ABJIAETCSA I'.II. K. PEIIeTKA CO CTOPOHO# YCIOBHOM KyGuge-
CKOll AYeHKEM 4st/a. ITO BHOBH MOMKHO MOKa3aTh, HCHOONB3YA HocTpoeHme (5.3),
ORHAKO MOKHO BOCHONB30BATHCA W HOJYYeHHKIM BEINE Pe3YJBTATOM [ PEINETHH,

!

50°

a d

®ur. 5.1. ¢ — OCHOBHHe BEKTODH I HpocToll rekcarosajbHOU pemerku Bpasa;
6 — OCHOBHEIE BeKTODH JJIs PelleTky, o6paTHOMH Toil, KOTOpas NOPOKIeHa OCHOBHEIMM BEeKTOPaMn
PCIIETKH a.

OcHu ¢ ¥ ¢* napanaeibuel. Och a* nOoBepHyYTa Ha 30° 10 OTHOMEHHNIO K OCH @ B INIOCKOCT#, ICPIIEHNNK YIHPHONK ocAM
¢ n c* . OfparHas pemerKa TAKIKe ABIAETCA IIPOCTON TeKRCArOHANBLHOI.

o0paTHO#i II0 OTHOMEHMWIO X I. Il. K., €CJiM YdYeCTh TEOPEeMY O TOM, 4TO PEIIeTKa,
o6patHasa K o6paTHOH, mpefcraBiaser coboit MCXONHYIO peImeTHy.

MH ocTaBaseM YATATENIO B KauecTBe yOpasKHeHHs (CM. 3aiauy 2) HpoBepKy To-
ro, 9TO pemerKa, obpaTHasA K npocmol eekcazonaabHoll pewemrke BpaBs ¢ mocTosH-
HEIMHE pemeTk: ¢ n.a ($ur. 5.1, a), ecTh TaXsKe OPOCTaA TeKCATOHANLHAA PEIIETKA €

nocroaHEEME pemerka 2n/c u 4n/}/ 3a (dmur. 5.1, 6), nosepryrtas Ha 30° Bokpyr
€-OCH IO OTHOMEHWIO K mpsAMO# pemieTKe !).

OB'BEM 3JIEMEHTAPHOH SIYEMKUW OBPATHON PEIMIETKN

Ecau v — o6beM sieMeHTapHOM sAYefiKH NpAMON PeIETKH ?), TO dJeMEeHTapHAsA
Adelika ofpaTHOX pemerku umeer obbeM (Zm)%/v. JTo mokasaHo B 3amaue 1.

HEPBAA 30HA BPUJLJITO9HA

JnemeHTapHYI sAdeiiry Burmepa — 3efitaa (cMm. crp. 85) mna obpatHofi pe-
MIeTKU Ha3HBaIOT nepsoli sonotl Bpusswona. Hak u mpegnonaraeT Takoe HazBaHuUe,
MOKHO OUIPENe]UTh TaKiKe Cle[yiolone 30HH Dpuiiiosna, KOTOpHe ABIAITCA ale-
MEHTAaPHLIMA A9eHKAMHM uHOro poma. OHN BO3HUKAIOT B TEOPUM DJIEKTPOHHEIX YpOB-
HEH B MePHORMYECKOM HOTeHIuajke M OyAyT Oonucansl B IaI. 9.

1) T. 1. y. cmpykmypa He spAseTcs pemeTkoll Bpasa, M0aToMy NpY H3YIEHHNHN TBEDIBIX TeJt
¢ TAKOM CTPYKTYPOil UCHONL3YIOT PemeTKy, ABJISIONIyIocs o0PATHOI K IPOCTOH TeKCarOHATb-
HOil (cM. mpumedanme 1 Ba ctp. 96).

2) Kak OBII0 JOKa3aHO B Ta. 4, o6beMm sieMEeHTapHOI sigeiiKu He 3aBHCUT OT ee BmOOpa.
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Xors TepMuHH «sfdefika Buruepa — 3eitna» m «uepBas 80Ha Bpmimosma»
OTHOCATCH K WACHTHYHHEIM FeOMEeTPpHYECKMM IIOCTPOCHHAM, TeM He MeHee IOCJIeqHHi
13 BAX QAKTHYICCKU MCHOAB3yeTcs AWmb JJis 0003HAUeHNs AUeiKyW B k-mpocTpaHCT-
Be. B "acTHOCTH, KOTRA TOBOPAT O UepBoi 30He DpuINIOd9HA HEKOTOPOH pemeTHA
Bpass B r-mpocTpaHCTBe (CBA3aHHOM C KAKOH-TO KPHCTAJNUYECKOH CTPYKTYpOi),

@ 6

®ur. 5.2, llepBas soma Bpuaniossa 1as o. §. K. (@) A T. U. K. (6) pemeTxn.

TO BCerfla MMeIOT B BUAY AvedKy Bmrmepa — 3eiitiia yia cooTBeTCTBYIOMEl 0GpaT-
Ho#i pemeTkn. Hampumep, mocKoapKy o6paTHOH AiaA 0. I. K. PeMIeTKH ABIAETCSH
. O. K. pemeTKa, TO IepBas 30Ha Bpmiamossa 0. 1. K. pemerkn (fur. 5.2, a) ecth
mpocTo T. I. K. Adefika Bursepa — 3eifitua (cM. ¢ur. 4.16). HaobGopor, nepBas zona
Bpmanwssa r. o. K. pemeTkn (gur. 5. 2,6) ecTh HpocTo 0. I. K. sveiika Bureepa —
Jefitma (cm. ¢ur. 4.15).

ATOMHBIE HNJOCKOCTH

CymecTByeT TecHasl CBf3b MEKIY BEKTOpPaMH O0OPATHOH PemeTKE W aTOMHHMRA
IJ10CKOCTAME OPAMOI pemeTku. Takas ¢BA3p OKASHBAETCH BayKHOH /1A MOEMMAHHMA
¢yBEIaMeHTaNBHOR pony o6paTHOH pemeTEn B TeopuH AMPAKIPH, KAK ME yBHOUM
B clienylomie raase. 31ech jKe MB PACCMOTPHM 3TO COOTHOMmEHMe ¢ 06Imel reoMeTpr—
9eCKOH TOYKM 3peHmsA.

AmomHnas naockocmb Hexoropodl pemerkm BpaBs ompeneasercsa kax moban
B3 MJIO0CKOCTeH, Coflep:RamuX N0 MEHBIIEH Mepe TPH He Je;Kall¥X Ha OfHOR mpsimoi
TOYKM 5Tofi pemeTku. JM3-3a TpamcasnmoHHO# CMMMeTpUEM pemeTKE DBpass aobas
TaKas MJIOCKOCTH B IEACTBUTENBHOCTH COEPKUT GECKOHOYHO MHOTO TOYEK PEMIETKH,,
KoTOopHe o6pa3yioT Ha IVIOCKOCTH [BYyMepHYI0 pemeTky Bpass. Hexoroprie mirocko~
¢TH mpocToil KyOmueckoil pemerku DpaBs msof6pasenw mHa ¢umr. 5.3.

Cemeticmeom amomMKuz naockocmell PemeTKH ME Ha3HBaeM MHOMKECTBO Iapai-
JeAbHEX PABHOOTCTOAMUX APYr OT APYyra aTOMHHX IJIOCKOCTeld, KOTOpHE B COBO-
KYIHOCTH COJepiKaT Bce TOUKHU TpexMepHOM pemeTkn Bpasms. Jlio6as atomHaa mio-
CKOCTh ABIAETCA WIeHOM Kakoro-nubo cemeiictBa. OQueBmgHO, pasOmeHHe pemieTKH
Bpaes ma cemeiicTBO aTOMBEHX IJIOCKOCTEHl Hajeko He OfHO3HA4HO (cM. ¢ur. 5.3).
OfpatHas pemeTka HO03BOJgET OYeHb IPOCTO KJIACCHPUIHEPOBATH BCEBOSMOKHEIS
cemelicTBa aTOMHEHIX Ijockocrelr. Hiaccmmkaums ocHoBaHa Ha cilefqyiomei Teope-
Me:

Hana Bcakoro cemeiicTBa aTOMHEIX IJIOCKOCTeH, OTCTOAImMUX IPYyr OT ApYyra
Ha paccTosHUe d, CYyMEecTBYIOT TAKWE BEKTODH 06DATHON peImeTKY, KOTOPHe
DepHeHAVKYJIAPHE K 9TUM ATOMHHEIM INIOCKOCTAM, IpUYeM HaWMenbIIHWii W3
BuX nmeeT jurmny 25/d. Hao6opor, aas Besakoro Bekropa K ofparnoi pemersn
CYIMECTBYeT CeMeHCTBO aTOMHBIX INIOCKOCTel, KOTOphe HepHeHAWKYJIApHH
sextopy K m orcrogr apyr or gpyra Ha paccrosmme d, rie 2mn/d — HamMeHB-
muit BexTop o6paTHOM pemeTku, HapannensHu K.
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JTa TeopeMa HENMOCPEeNCTBEeHHO CJefyeT, BO-HEPBEIX, W3 ompefederus (5.2)
BEKTOPOB 00paTHOM PEemeTHA KAK BONHOBHX BEKTOPOB TAKAX INIOCKHX BONH, KOTO-
pHe o0pamalTcd B eIMHAIY Ha Bcex y3iaax pemeTkn BpaBs, u, Bo-BTOPEHIX, U3 TOTO

®ur. 5.3. HeroTopne aToMHbE IIOCKOCTH (TeMHHE) TPOCTON KyGHdecKoi pemierxu Bpasa.
Tlorasanbl mBa PARNUUHBIX crHocoba (a ¥ 6) pas0ueHAd PEMETKH Ha CEMeHCTBA STOMHEBIX IIJIOCKOCTEH.

daxrTa, ITO OIOCKAaA BOJHA IPHHUMAST ONUHAKOBHE 3HAUEHNA BO BCEX TOUKAX, OPH-
HaJUIKAMAX CeMeHCTBY IIOCKOCTEH, KOTOpHE NepPHeHTUKYJIAPHL BOJIHOBOMY BEK-
TOpY W OTCTOAT HA IeJI0e IWCI0 JWH BOJH APYTr OT Ipyra.

Ilokaem BHa7ale HmepBYIO d4acTh TeopeMH. llycrts maHO HekoTopoe CeMeHCTBO

JIOCKOCTEH pemeTKH ¥ n — eJWHMYHHE BEeKTOp HOpMadum K IyockoctaMm. Torpa

K = 2nn/d aBnsercs BeKTOpPOM oOpaTHOR peMeTKH; TO ClAeflyeT U3 TOro, 4T0 ILIo-
cKasl BoaHA e!K'T NoCTOAHHA B INIOCKOCTAX, MEePHEHANKYJIsApHHX Bextopy K, m mme-
eT OlMHAKOBOEe 3Ha4YeHWe B INIOCKOCTAX, OTCTOAMIEX JIPYF OT Apyra Ha pacCTodgHEe
A =2n/K = d. Tak Kark OfHA W3 ATOMHHX IJIOCKOCTeH COXEp:HHUT TOUKY ¢ = 0
B pemeTKe Bpass, BenuuuHa €X' T moskHA GHTH paBHa eqUHHIE Mg A060H TOUKN
r Ha n10604 M3 THX OxockocTell. IloCKOTBKY TaKHe IIOCKOCTH COZEP)KAT BCe TOUKH
pemerkn Bpass, 1o KT = 1 mua Bcex R u K neiictBurensHo npencraBiaser coboi
BerTOp ofparTHoit pemeTku. Hpome Toro, BekTop K ABIAeTCA HAUMEHBIINM BEKTOPOM
o0paTHO# pemeTKu, UePUeHIHKYJIAPHKEM NAaHHRM IUIOCKOCTSM, HOCKOJBKY JI0Goi
BEKTOp, UMEIOINHAR MeHLIIYI0 BeanInHy, 9eM K, naBai GH OIOCKYI0 BOIHY ¢ AJUHOM
poneH 6onbme 25t/ K = d. Taraa miockana BoiHa He Gymer EMeTh OMEHAKOBOTO 3HA-
9eHHs BO BCeX INIOCKOCTAX CeMeicTBa, a I0BTOMY He MOMKET HpeCTaBIATh coloi
MAOCKYI0 BOAHY, 00pamamoylocs B eJUHALY BO BCeX TOYKAx pemeTKu bpago.

Horamem ofpaTHOoe yTBep;KOeHHE TeOpeMH. llycTh JaH HEKOTODHIL BEKTOD
ofpaTHO#l pemerkd, i nycTh K — HauMmeHbmmi HapajiaelbHHA emy BexTop ofpart-
HOM pemeTku. PaccMOTpAM MHOMKECTBO TaKHX HJIOCKOCTeH B PeaJbHOM NpOCTPaH-
CTBe, Ha KOTOPHIX ILIOCKAas BOJNHA ¢'X'r mMeer 3HaueHNe, paBHOE eTMHMIE. JTH ILIO-
cKkocTn (OfHA M3 KOTODHX CONeP:KMT TOUKY r = () mIepmeHIUKYJIAPHH BEKTOPY
K u orcrosT apyr or Apyra Ha paccroAnme d = 2n/K. Tak Kak j060d U3 BEKTOPOB
R pemertxu Bpass ynosiaerBopser ycaosuio elK'R = {1 gusa xampmoro BekTopa ofpar-
HOH penieTKu, TO BCe OHU JOMKHEL Je/KaTh B YKAa3aHHBIX IIJOCKOCTAX, T. €. 3TO ceMeli-
CTBO TLIOCKOCTEH NOJIKHO comepskaTh B cefe ceMeHCTBO aTOMHBIX miockocred. Hpo-
Me TOro, PacCToAHAe MEEAY IUIOCKOCTAMH DeIleTKN TaKkKe PaBHO d (a He IeaoMy
gucny d), HOCKOIbKY, eciid OBl JuIOb KasKAasA n-f INIOCKOCTH W3 3TOTO CeMeHrCTBa
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comepskalia B cebe Touku pemrerk® BpaBs, To TOrja B COOTBETCIBAH C IepBOH dac-
THI0 TEOPEMBI HOPMAJBHEHE K ILIOCKOCTAM BeKTop AamuO# 2n/nd, 1. e. Bertop K/n,
ABAsICA GH BeKTOpOM 06paTHOH pemmeTKH. JTO NPOTHBOPEIRIO 0K HameMy IepBO-
HaYaJNbHOMY HPeIIoJ0:KeHNI0 0 TOM, 9TO He CYMIeCTBYeT BeKTopa o0 paTHOM pemeTKy,
KoToprid Obur 6B mapaJineneH BekTopy K @ mMesa MeHBmyIo AJUHY.

MHAEKCHI MIUJIJIEPA ATOMHBIX IIJIOCKOCTEN

CooTBeTcTBHE MEMRAY BeKTOpaMmu 0OpaTHOM pemeTHu W CeMeWcTBaMu aTOMHEIX
IJIOCKOCTeH MaeT ynoOuki cnoco0 yKa3aHnd OpHeHTAaIluyd aTOMHEOR naockocTH. Boob-
Hle TOBOPS, OpHEHTAIUs INIOCKOCTA ONHCHBAETCH IyTeM 3afaHus BEKTOpPa HOpMAJHd
K 9T0i miockoctd. IlocKONBKY MH 3HaeM, 9TO HJA BCAKOTO ceMeficrBa aTOMHHX
IIIOCKOCTel CymecTBYIOT HOPMaJbHEE K HeMY BeKTOPH 00paTHO# pemeTKH, T0 ecre-
CTBEHHO BHIOpaTh B KauecTBe HOPMAJW TaKo# BeKTop o0paTHoi pemeTku. YUTo6H cle-
J1aTh 5TOT BHIGODP OJHO3HAYHEIM, BRIOMDAIOT HAUMEHBIOWHA M3 YKa3aHHHX BEKTODOB.
Takum wyTem Mul oupemeiseM uHdercst Musiepa DaHHOE IAOCKOCTH.

Nunercer Muniepa HEKOTODPOH ATOMHOM INIOCKOCTH — 9T0 KOOPAMHATH HAWMEHb-
mero BeKTopa 00paTHOH peleTKH, MepIeHAUKYIAPHOTO JaHHOR IIIOCKOCTY, B CHCTe-
M€ KOOpAWHAT, BaJaHHOM OCHOBHEIMM BeKTopamu o0parHoil pemerku. CieZoBaTelb-
HO, IJOCKOCTH, WMelmasa WHAeKCH Muunepa h, k, I, mepumeHgukyiasipHa BEKTOPY
obpatHo#i pemerkm hb, + kb, 4 lb,.

Onpenenennpie NoxoGHEM 00pasoM muAeKcH Musajepa HOJKHB GHTEH IeJRIME
9ucIaMu, HOCKOJNBKY JH060 BeKTOp 06paTHO# pemeTkKm npeicraBiaser colol nam-
He@HYI0 KOMOMHAUWi0 TpeX OCHOBHHX BEKTODOB, B3ATHIX C IeJHMM KoadPEnmeHTa~
mu. Tar Kaw AJIg 3ajaHua HOPMAdl K NOBEePXHOCTH WCHOAb3YeTCS HaWMeHBINAHN nep-
OeHAUKYASPHEIA BeKTOpP 00paTHOR pemeTKH, HHAEKCH £, k, [ He MOTyT nMeTs 06mero
MHOMRHUTENA. 3aMeTUM TaK:Ke, 9T0 WHIEKCH Mumnjiepa 3aBUCAT OT BHGOpa OCHOBHHX
BEKTOPOB.

B wpocroit kyGmueckoir pemerrke BpaBs ofpaTHas pemeTka TakKe ABIAETCA
Hpocroil KyOmuecKol n mHAeKCcH Muinepa crymar KOOpAMHATAME BeKTOpa HOPMAaM
K INIOCKOCTH, B3ATHMI B BHIOpDaHHOH 09eBMTHEIM 00pa3oM KyOu4ecKo# KOOpANHATHOR
cucreme. I'. 1. K. # 0. 1. K. pemeTkn BpaBs 0GHYHO ONECHBAIOT C MOMOMBIO yCJIOB-
HOM KyOmuecko#l sauelikm, T. e. KaK OpPOCTHe Ky0uueckme pemeTk:m ¢ 0asmcamim.
IlockonbRy Kasas aTOMHAA IIOCKOCTE B I'. Il. K. ¥ 0. I[. K. pellleTKax IpeJcTaBiser
co00i1 Tax;Ke aTOMHYIO ILIOCKOCTH COOTBETCTBYIOMER NpoCTOM KyGmdeckKoit pemeTxm,
Ias 0003HaYeHNA ATOMHHX INIOCKOCTEH MOKHO BOCHOJH30BATHCH TeM Ke Cmocofom
3aJlaHNA UHIEKCOB, UTO W B OpocToll Kybuueckoi pemeTke. Ha npakTuKe T0JbKO IpH
PACCMOTPEHME HeKyOMYeCKHX KDPHUCTANAOB CYIMECTBeHHO, YTO HHIAEKCH Muanepa
OpeAcTaBAAIOT 0G0l KOOPAWMHATH HOpPMalu B CHCTeMe, OIpefelseMOi He HPAMOH,
a 00paTHOM pemeTKo.

CymectByer omma reoMeTpwdecKas WHTepupeTauus WHAeKCcoB Muasepa puas
OpsAMOi pemeTKH, KOTOPYI0 WHOTJA HCIOOJB3YIOT B KaUeCTBe aJbTepHATEBHOLO CIO-
coba mx ompepmeneHuf. IloCKONBKY TIOCKOCTD pelieTHE ¢ muAexcamm Muiaepa
h, k, | mepmenmurynsapHa BekTOpy oGparno#t pemetku K = hb; -+ kb, -+ Ib,,
TO IPH oHpefeleHHOM BHOOpe mocTosaHHON A oHa OyAeT comep:RATHCA B reoMeTpu-
YeCKOH IIOCKOCTH, ompefeinsemoil ypaBHenuweM K-r = A. Jr1a miockocrp mepece-
KaeT OCH, HaIpaBJIeHHEE N0 OCHOBHEIM BEKTOPaM a; IPAMOA PeHIETKH, B HEKOTOPHX
TOYKAX 2183, T,8, U Tga, (PUF. 5.4), rAe x; ompemeaAdTCA TpeGOBaHHEM TOTO, UTO
BeIMYWHA T;a; YAOBJETBOpANA ypaBHeHmMI0 Iutockoctm: K- (z; a;) = A. Tak kak
K-a; = 2nk, K-a, = 2nk u K-a; = 2nl, monydaem

A A A
=2y 2T onp o BT ony- (5.13)
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‘CienoBaTelbHO, OTPE3KM, OTCeKaeMble HA OCAX KPUCTalJa aTOMHOH MJIOCKOCTBIO,
06paTHO HPONOPIMOHAJBHH HHAeKcaM MEaaepa 3TOH NIOCKOCTH.
HKpucranmorpads mepeBopadmBaioT BCo mpofieMy ¢ HOT Ha TOJNOBY U onpede-
Agiom AEIeKCH Muriiaepa kak HaGop He mMelommx O6MEero MHOKUTENA HeJHX Tucel,
KOTOpHIe 00paTHO IPONOPIAOHAIbHE JJIH-
HaM OTpPEe3KOB, OTCEKaeMBIX KpucTajaan-
9eCKOH INIOCKOCTBIO HAa OCAX KPUCTANIA:

hikil=—r:1: 1 (514

Ty Ty T3

HEKOTOPBIE IIPABHIJIA
OBO3HAYEHUA HATIPABJIEHUN

ATOMHEE INIOCKOCTH OOBIYHO 0G03HA-
JapT, yKa3blBad B cKOOKax WX NHOEeKChI
h -

®ur. 5.4. Kpucramaorpagmdeckoe ompeae- M“M?pa (h, k, ). Hampumep, B ky6u
NeHue MHIEKCOB Mminepa aTOMEEIX miocko- JCCKOM CHCTEME IJIOCKOCTE C HOPMAJlblo
crei. (4, —2, 1) [unm ¢ xpucramzmorpaduueckoit

3amTpuXOBAHHAA NJOCKOCTH MOMKET NPEICTABIATH TOYKHA 3PeHHA IJIO0CKOCTh, OTCEeKaKINyIo

cofolf gJacTh aTOMHOHN nNOCKOCTH Ay we dwlyno
IJIOCKOCTh, ~ IAPAJeNbHYI0 aroMHoi maockoctn. OTPE3KI (17 —2, 4) Ba ocax Ry6a] Ha3khl-

Huapexcsl Munnepa oGpaTHO IPONOPIMOHAIBHEI x;. BAIOT IUIOCKOCTRIO (4’ _2, 1). 3anﬂ'rme ony-
CKawor u, q9TOOK HE BOSHUKJIO OyTaHHIH,

8aOMUCRIBAIOT n BMeCTO —n, OojJdy4Yad TeM CaMbIM GoJee opocToe oGoaHaveHNE

(421). UToGm Takme CHMBOJH MOKHO GLUTO OJHO3HAYHO WHTEPOPETAPOBATH, HEO6XO-
AuMO 3HATH, KaK BHODAHK HCIOJBb3yeMue och. Horja Kpucrana umeeT Ky6uiecKyio

a;

(010) (110) (1)

®ur. 5.5. TpE aToMHBle IOCKOCTH W MX MHAEKCH Mmuimepa JIst NPoCToll KyOW9ecKol pemeTKu
Bpasa.

CEMMETPHIO, BCerja NPHHATO HCHOJB30BATEL OCH IPOCTOH KyOmdecKol sieiikn. Heko-
TOpHe IPAMEPH MIOCKOCTel NiA KyOMIeCKHX KPHCTAIIOB NOKasaHH Ha ¢umr. 5.5.

Aranormaase 0603HAYeHAA ACIOJAb3YIOTCA NJis HaOpaBJIeHWHA B IPAMOH pemer-
Ke, Ho IIPHE 3TOM, OfHAKO, 9TOOH m3beKaTh OyTaHUIH ¢ WHAeKcaMu Mmiiepa (mas
HaNpaBieHU B o6paTHOA pemeTKe), IPUMEHAIOT KBaJpaTHie, a He KPYyTJakle CKoO-
gnd. Tak, mpocTpaHCTBOHHA A [HATOHAID HPOCTON KyOUHeCKo#i pemeTKN NMeeT HapaB-
aenne [1 1 1], a B o6meM crydgae pafHyCc-BEKTOD N,a; - Nya, + Ngdg IMeeT HANPAB-
neame [nin.ng]l mo  OTHOmeHHI0O K Hadady oOTCUeTa.

CymecTByeT TaxKe 0003Ha4eHMe, YKA3BIBAIOMEe HE TOJIBKO OJHO CeMEHcTBO
ATOMHBIX ILUIOCKOCTEH, HO W BCe Apyrume ceMefcTBAa, KOTODPEHIE SKBUBAJEGHTHH €MY
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B CEMV CAMMETpDHE KpHcTanna. Hampmmep, B KyOHYecKOM KPHCTaJlIe TIOCKOCTH
(100), (010) = (001) oxsuBanenTHH. B coBoxymHOCTH MX 0603HAYAIOT KAK IJIOCKOCTH
{100); B o6mem caydae mas obosHavenmA mrockocreir (hkl) m Bcex Apyrmx miocko-
creil, SKBUBANEHTHHIX WM B CHJAY CHMMETPHH KDHCTANIa, HOOJAB3YIOTCH CHMBOJIOM
{hkl}. Cxommoe TPaBWIO HPUMEHAIOT ¥ B OTHOUIEHWNH HalpaBJeHMi: HATPaBICHUS

(1001, [0101, [0011, (1001, [010] = [001] B kKyGudeckom KprcTalie HABHBAIOT HALPA-
prermamm { 100 ) .

Ha aroM saBepmiaerca Hame o0mee reoMerpmueckoe oOCYKIeHHME CBOHMCTB 006-
paTHO# pemeTkd. B ri. 6 MEI BCTpeTHMCS ¢ BajKHHM IPAMEpPOM HPaKTAYECKOTO HC-
N0AbL30BAHASA DTOTO MOHATHA B TEOPUH NU(PAKOAA PEHTIEHOBCKUX AYIell B KPUCTAIIIO
n y6emumca B ero 3¢YQeKTmBHOCTH.

3AAYM

1. a) JlorauTte, 9T0 OmpeleisieMHe BHIPAKEHHUAMH (5.3) OCHOBHHIE BEKTODH OGpaTHOH pemeTHu
YIOBJIGTBOPAIT COOTHOIICHWIO

2m)3
by-(by X by) = — 5.15
1 ( 2 3) al‘(agx as) ( )

|¥Yxasanue. 3anumnre b, (do me b, amu b;) gepez a; m BocnoAbayliTech COOTHOIIEHUEM OPTOTO-
HaJbHOCTH (5.4).]
6) IlpeqmonomKuM, YTO OCHOBHEE BEKTODE IOCTPOoeHH u3 b; TeM ske caMum oGpasom [eum. (5.3)],
Kak b; mocrpoenmn w3 a;. Jokaskmre, 9TO 3TH BEKTODH TOrja NPOCTO COBIAAAIOT € a;, T. €. NOKa-
KHTE, 9TO b b
g XDy
2n bbby A E Tk (5.16)

[Yrasanue. Brupasure by (Ho me by) B wncaurene depes a;, UCTONbL3YiHTe BEKTOPHOE TOMKIECTBO
AX(BXC=B(A.C)—C(A.B) u BoCcHONB3YHTECh COOTHOIIEHNEM OPTOTOHAJIBHOCTH
{5.4), a Taroke DOJNYYEeHHHIM BHIIe pe3yasratoM (5.15).]

B) Joraskute, 9To oObeM bpiIeMeHTAPHOH s9edKM peineTkn BpaB> pasen

v=|ay-(ag X ag)|, (617

rge &; — TPU OCHOBHHX BeKTopa. [B couerammm ¢ (5.415) 9To mokasniBaeT, 4To 06beM JIeMEHTAP-
HO#t sueiirm oOpartHoit pewerku pased (2m)%/v.]

2. a) Bocmons3oBaBmInCh OCHOBHHEIMH BeKropamd (4.9) M mDoctpoemuem (5.3) (uim mocrymas
Kakum-in6o WHEM 00pasoM), MOKayKMTe, UTO pelleTRa, o0paTHaa K MPOCTOHd reKCcaroHaJbHOU
pemerke BpaBa, Takme ABIACTCA UPOCTOH TeKCAroHaNbHON, HPMuYeM A Hee IOCTOSHHHE
pemetky paBHK 25/c u 47/)/ 32 moma mopepHyTa Ha 30° BOKPYT OCH ¢ O OTHOHIGHNIO K TPAMOH
pemeTke.

©) Ilpu RakoM SHadYeHMN c/¢ 9TO OTHOUIEHWE OJJHHAKOBO KaK B IPAMOiH, Tak m B obpaTHOR
pamerxax? Ecam oTHODIeRWe ¢/o MMeeT uJealibHOe BHAYEHHE B HNPAMOH pemleTKe, KaKOBO ero
3HadeEne A oOpaTHOH pemeTkH?

B) Pemwerky BpaBs, moposgaeMyi0 TpeMA OCHOBHHIMH BEKTODAMH DAaBHOH [JIMHK a, CO-
CTaBAAIOIMUMY PaBHRE yriu O APYr ¢ npyroM, Ha3kBAalOT TPUTOHAJNLHOH pPEINeTKOoH (cM. TA. 7).
[lokaykure, 4To pemeTxa, oOpaTHas K TPUTOHAJNBHON pelleTke BpaBs, TaksKe ABIACTCH TpH-
roHaJbHOM, mpmdeMm yroa 0% paerca BripaskeHueM — cos 8% = cos 0/[1 <4 cos 0], a mmEaA a*
OCHOBHEIX BEKTODOB TaKoBa: a* == (2m/a) (1 + 2 cos O cos 0*)-1/2,

3. a) ITokakuTe, 94TO IJIOTHOCTH TOYEK PemeTKH (B pacyere HA eNUHMOY UAOMAIu) B aTOMHOK
IIOCKOCTAX PaBHA d/v, rfle v — 06beM 3NeMEHTapHOH AdYefKU, a d — pPACCTOAHEE MEKIY COCefl-
HEMM TUIOCKOCTAMHN B ceMmeHcTBE, KOTOpPOMY NPHHAJJIEIKUT JaHHAA IJIOCKOCTh.,

6) IorammTe, YTO B TI.O.K. pemerke Lpasd NIOTHOCTL TOYEK MaKCHUMajlbHA B aTOMHHX
mnockocrax {111}, a B o.1.K. pemerke BEpaps — B mrockocTax {110}). (¥xasanue. Jlerte ncero avo
cllesaTh, BOCIOJB30BABIINCH COOTHOINGHHMEM MEKIY CeMeHCTBAMM INIOCKOCTEH peImeTKH U BeK-
TopaMu o6paTHOE peImeTHH.)

4. Noxasxure, uro moboii Bekrop K 00paTHOR pellleTKU SIBISETCA MEJIHM KPaTHHM HAHWMEHLINEro
13 TMapailelkHAIX eMy BeKTopop of6parsoli pemietku K,. (¥ xasanue. Ilpeamonomure ofpaTHOE
1 mOKayKHTe, 9T0, MOCKOJbKY ofparHas pelleTKa ABJIsAeTCA pemerkoii Bpases, nosken cymecTso-
BaTh BEKTOp oGpaTHON pemeTkH, mapaiedbHui K u mempmmii K,.)
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OIIPEJIEJIEHUE
KPUCTAJIJIMYECKUX CTPYRTYP
C TTOMOIIBIO TN®PAKIAN
PEHTITEHOBCKHUX JIYYEI

OOPMYJINPOBKHU BEP3TTA U JTAYD
YCJIOBHUE JAYY U IIOCTPOEHUE 9BAJIbIA
9KCHEPUMEHTAJBHBIE METOBI: METOI JIAY 9,
METO/] BPAITAIOIMETOCH KPUCTAJIJA, HOPOMKOBLIN METOI
TEOMETPUYECKUM CTPYRTYPHBIN OAKRTOP
ATOMHBIN ®OPM-GAKTOP

Tunuuskie MeKATOMHEIE PACCTOAHNS B TBEPAOM TeJle UMEIOT IOPARO0K aHIcTpeMa
(10-8 cm). CenoBaTenbHO, A 9IEKTPOMATHATHOTO 30HAMDOBAHUA MUKDOCKOIMYE-
CKOH CTPYKTYPH TBEPAHIX TeJ HeoOXOJUMO WCIOJB30BATH W3JyUeHue ¢ AJUHOH BO.I-
HBI, He IPEeBHIIAIOINEH dTOr0 PACCTOSHASA, I COOTBETCTBEHHO € SHEPIUAMHU IOPAIKA

ho =2 — P~ 12,3.10° 5B, (6.1)
Ilogo0HEMI dHEPTUAME — DOPAAKA HECKONBKWX THICAY 3JAEKTPOH-BOJIBT (KWJIO-
IeKTPOH-BOABT, Mau K3B) — o6xamaloT peHTreHOBCKHE JYUH.

B nacroameil riaBe ME IOKajkeM, KaKuUM 00pa3oM pacipefelieHue PeHTreHOB-
CKHUX Jydei, pacCeSHHHEIX Ha KeCTKoil 1) mepuonmueckoit ?) MOBHOA pemieTKe, MO3-
BOJIAIET OHpPeREJUTH HOJO0KEHMe HOHOB B 9TOM CTpyKType. CymecrByIOT IBa SKBH-
BAJIEHTHHIX CI0C00A PaCCMOTPEHNA PAaCCesSHAs PEHITeHOBCKMX Jy4Yell HA mAeasbHOR
OepUOAMIeCKOi CTPYKTYpe, KOTophle OhIn mpefiaoskensl Bparrom u Jlays. OGa coo-
cofa mMUPOKO NPHUMEHAIOTCA [0 Hacroamero Bpemenu. llogxon Jlays, ocmoBaHHEIA
Ha HCHOOJb30BaHUY 00PATHOM pemeTky, 6ausKe 0 AYXY K cOBpeMeHHOil ¢usnke TRep-
IOro Tejia, TeM He MeHee moAxojx Bporra Bce ellle MUPOKO UpPUMEHAETCH CHOELMAN-
CTaM# X0 peHITeHOBCcKoi kpucrajuorpadun. OGa oHM ommMCaHHE HWMKe HAPARY
¢ /0Ka3aTeJbCTBOM HX OKBHBAJEHTHOCTH.

1) B 1eACTBHTEIBHOCTH MOHH KOJIEOJIOTCH OKOJNO CBOMX MOJIOKeHnil paBHOBECHA (CM.
ri. 21—26). 910 He BIXAET HA BEBOJH, K KOTOPKRM MEI IPUXOJUM B HacToANell raaBe (XOTA B Hep-
BO® BpeMs MCCIEefOBATENsAM, 3aHMMABIIMMCH POHITEHOBCKONU Andparumeil, ocTaBajloch HEACHHM,
modeMy TaKue KojebaHus He PasMEIBAIOT KapPTHHBI, XapaKTepHOH [JIs PacCesHUA HA IEePHOJMIe-
ckoil crpykType). OKasmBaercd, 910 Kojde6aHuA NPUBOJAT K ABYM OCHOBHEIM CJIEJACTBHAM (CM.
1. 2, mpunokenue 0): a) MHTEHCHBHOCTHL TUIIMYHHX MAKCUMYMOB, IIO3BOJIIIONNX BOCCTAHOBHTH
CTPYKTYPY KpUCTaJijia, IOHWKASTCH, HO He 00pamaeTcs B HYab; 0) Bosnnkaer Goxee caaboe Hempe-
pHBHOe goHOBOe uanydenue («IuddysHHA PoH»).

2) Amopduue TBeppbe Tela U KHAKOCTY MMEIOT IPUMEPHO TY jKe INIOTHOCTH, 9YTO W KPHCTal-
Jy9ecKue TBeP/ke Tejia, H02TOMY JIA UX «B0HAUPOBAHUAY TAKIKE MOTYT OHTL NCIIOJB30BAHK PEHT-
TeHOBCKue Jyuu. OJHAKO XapaKTepHHE JJid KPUCTAJIIOB JMCKPeTHHE OCTPHIE MAKCHMYMH pac-
CesIHHOTO W3IYyJeHHsS B 9TOM CIydYae He OOHAPYKUBAIOTCA.
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GOOPMYJINPOBKA BPIITA YCJOBHUA JINGPARIINN
PEHTITEHOBCKUX JIYYEN HA KPUCTAJLJIE

B 1913 r. Y. T. Bparr u ¥. JI. Bparr ofuapynan, 9To BemeCTBa, ABASOMUECCH
IO CBOel MAaKPOCKOIMYECKOM (opMe KPHCTAIIaMM, 1al0T Ipe3Bhdaliio XapaKTepHbe
KapTHHBI OTPaKeHUs PEHTIeHOBCKOTO M3JIyUeHHs, COBEPIMIEHHO HEHOXOMKue Ha Te,
KOTOpHe Hoiydalores AasA srupgrocreit. OHN 0OHADYMKUIM, UTO B KPUCTAJIJHNYeCKNX

[ (%
5 128
/
——eo—o—o—0o—
®ur. 6.1. Bparroeckoe oTpaskeHme OT OTpe- ®ur. 6.2, Bparropeckuii yromx 6, paBHELD
NIeJIEHHOTO CeMeicTBA aTOMHHX IIIOCKOCTEH, 1OJOBMHEE HOJHOTO yIia OTKIOHERHA Hajiar-
OTCTOAmMUX Ha PaccToAHHe d. mero Jyda.

TIokasaHpl MaganIuil ¥ OTPAXKEHHBIN JAYYN MJIA OBYX
cocemHuMx  mniockoctell. ~PasHOCTb  XOpa DpaBHA
2d sin 0.

BemecTBax JJisi HEKOTOPHX YeTKO OIpefleJleHHHX [ANHE BOJH 1 HaIpaBJeHHH Hafle-
OrsA HaOXIONAXTCA WHTEHCWBHEE MAKCHMYMEL DPACCESHHOTO M3NYYeBWA (Hasbibae-
MHE Temeph OpOITOBCKMMH MAaKCHMYMaMH).

Y. JI. Bporr mokasasn, 910 gBlIeHAE MOMKHO OGBACHATE, CAUTAA KPHCTAJI COCTO-
AIIEM U3 HapaljedbHHX IJIOCKOCTeN MOHOB, OTCTOAMUX APYT OT Apyra Ha paccros-
Hue d (T. e. U3 AaTOMHBIX IIOCKOCTeil, OMACAHHEIX B IJI. 9). Y CIOBUA BOSHHKHOBEHUSA
0CTPOT0 MAKCHMYMa B MHTE€HCHBHOCTH PACCEsTHHOTO M3IYYeHMSA 3AKIIOYAIOTCA B cie-
ayomeMm: 1) peHTreHoOBCKME Jyud MOJKHB HMCUBITHIBATH 3epKajJbHOe OTpakeHme !)
OT MOHOB Kajkoo# M3 INIOCKOCTeil, 2) aydm, OTpasKeHHBe OT COCeIHUX HIOCKOCTeH,
LOMKHEL MHTEPPEPUpPOBATL ¢ B3aMMHHIM yCHieHWeM (KOHCTpyKTHBHO). Ha ¢ur. 6.1
HOKAB3aHHl JIyUW, HCIHTABIINE 3epPKAITHHOE OTpazkeHHe OT JBYX COCEIHEHX ILIOCKO-
creii. PaspocTh x0fa ABYX aydeit padua 2d sin 0, roe 0—yroa nagenwns 2). Uto6s nyun
rHTEpQEpAPOBAIN C YCHIEHHEM, PAa3HOCTH XOfa AOJKHA COCTABIATE LeJ0e WHCJIO
IIAE BOJH, UTO HPHBOLHAT K SHAMEHHMTOMY yciosmio bparra 9):

nh = 2 d sin 6. (6.2)

1) Ilpu 3epKadpHOM OTPAKEHWM YTOJX NANEHHs DABEH yIay OTPaKeHH:.

2) B peHTIeHOBCKOMN KpPUCTAXIOTPaduu yroJ MafeHus IPUHATO OTCIMTHBATE OT ILIOCKOCTIH
OTpajkeHHd, a He 0T HODMAJH K 9TOH INIOCKOCTH (KaK B OOHYHOI oNTHKe). 3ameTnM, 4To yroxa o
paBeH TOJIOBMHE yIila OTKJIOHEHHWs majaiomero Jgyda (gur. 6.2).

- 3) Coormomenue (6.2) B mHamieif JuTepaType Ha3HBa®T ycjaosmem bpsrra — Byasda.—
pum. ped.
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I{esoe 4mci0 7 Ha3HBAIOT MOPALKOM COOTBETCTBYIOMEro oTpaskenus. g myu-
Ka DPEHTTeHOBCKUX Ay4Yeidl, COOep;Kamero MUPOKHAH Arana3oH PasjHIHHX JJIAH BOJH
{«Genoe maaydenne»), HabMONaeTCA MHOTO pasinyHHX orpaskennmit. Hapsany ¢ orpa-
meHnAME GoJiee BHICOKOr0 mOpPANKA OT 3a-
MaHHOIO0 MHOKEeCTBA aTOMHHX ILIOCKOCTER
Heo0XOUMO YIWTHBATH TAKIKE, 9T0 Cymie-
crByer (oxbmioe 9MCIO Pa3AUYHBIX CIO-
co60B pa3bmeHrA KPACTALIA HA IIOCKOCTH
pemeTKN I Ka)K[AK# U3 HEX B CBOKO oOde-
penb OPHBOAUT K HOBEIM OTPRJKEHUAM
(cm., Haopumep, ¢ur. 5.3 manm dur. 6.3).

®OPMYJINPOBRA JIAY3 YCJIOBUA
JAOPARKONN PEHTTEHOBCKIX
JYYEN HA KPUCTAJLJIE

dur. 6.3. Huoe pasbuenne Ha aTOMHEIE IJIO-
CKOCTM 4acTH pemeTkn bpas, moxaszaHHOM

Ha ¢ur. 6.1.

Tlapaomnii 1yd HATPABJEH TAK e, KaK 1 Ha ¢ur. 6.1,
ONHAKO HampaBieHue (YRas3aHHOe HA UTrype) w AIu-
HA BOJHH OTP@KEHHOTrO Jyua lonmpenmenseman yeso-
pueM Bparra (6.2) ¢ sameHoit d na d’] Temepn WHbIE.
OTpaKeHUs BOBMOMKAL, BOOOIE roBOpsA, [JA JII060T0
u3 OEeCKOHEYHOTO WYHCI& BCEBO3MOMKHBIX CIOCOGOB
paafueHus pelneTKN Ha MJIOCKOCTH.

IMopxon Jlays orimuaerca oT moaxona
Bparra Tem, uTo B HeM He BHAEIAETCA
HEKaKO¥ KOHKpPeTHH cmocol pasbuexus
KPHCTAJJIa HA ATOMHEE IUIOCKOCTH H HE
UCIONB3YeTCA CIeNuaJbHOe IIPeRII0osHe-

HHe OTHOCHTEeNEHO 3ePKANTBHOTO XApaKTepa
orpaskeHus ). Bmecro aroro Jlays cumrau,
YTO KPHUCTAJLI COCTOUT 13 TOAISCTBeHHBIX MUKD OCKOINIECKIX 06BEKTOB (TPYII AaTOMOB
HJA MOHOB), pasMemeHHBIX B yaiax R pemerkm BpaBs, upmueM Xa:kmpiii ms mmx
MOKeT pacceHBaTh Bo BCeX HampaBlieHUAX HDanamolmee Ha Hero msaydenme. OcTpbie
MAaKCHMYMBl Ha(NIORAIOTCA TONBKO B Tex
HAUPABJNEHUAX W AJA TeX NJIUH BOIH, XIS
KOTOPHX Jy4W, PACCesiHHHE BCEMU TOYKa-
MI PemeTKM, WCHOHITHBAIOT KOHCTPYKTHB-
HYI0 WHTep(epeHIHIO.

Yro6Hl HaliTH yCAOBHE KOHCTPYKTHUB-
Holl mHTepdepeHIuT, paccMOTPHM BHAYalIe
IBa paccemBAIONBAX IEHTPA, CMEIMEHHEIX
OTHOCHTENBHO HPYT Jpyra Ha Bekrop d
(fur. 6.4). llycry oT GecromeuHo yhanien-
HOTO PEHTT€HOBCKOTO WCTOYHUKA BIOID

HaOopaBJeHHA N majgaer jJayd c OIAHON BOJ~

o

A
dcosf=d-h

T_'__v_____( e
d cos@'=-d«n’

®ur. 6.4. IlocTpoerne, NoKasmBaiomiee, ITO
PasHOCTh X0fa JAydeil, PacCesiHHHIX HA OBYX

HEl A B BOXHOBMM BexktTopoM k = 2mn/A.
Torma paccesHHBIE JY9 ¢ JINHOA BOJHEL 2)
A Oymer HabaomaTbca B HaIpaBlIeHHAN

TOYKAX, HAXO[AINMXCHA HA PACCTOAEWN d APYT
OT Jipyra, oupejeisercA BupakeHueM (6.3)
unn (6.4).

n’ ¥ EMeTh BOJHOBOX BekTop k= 2xn’/)A
OpH yCIOBHWH, YTO PA3HOCTh XOfa ABYX JydUeil, pacCesHHEX ABYMsS MOHAMIM, pPaBHA
1eloMy YHCIY AJUH BOMH. VI3 ¢ur. 6.4 BEAHO, YTO 9Ty PAa3HOCTH XOJA MOKHO 3a-

1) IlpexmoaoskeHne Bparra o sepKalpHOM XapaKTepe OTPasKeHMS IKBHBAJECHTHO, OJHAKO,
IpeANON0KEeHUI0, 4TO JY9d, PacCessHHAIE HA OTAENbHHIX HOHAX B KaKgoll aTOMHOH IIOCKOCTH,
maTepdepupyIor ¢ yemnernuem. Taxun ofpasoM, Kak noxxox Bparra, Tak u mogxop, Jlay? ocHOBaHE
Ha ONHAX M TeX ke (UBMUECKUX NPEeJIOJOKeHNAX, I0O3TOMY OHH JOJUKHE OHTH 9KBUBAJIEHTHH
npyr apyry (cm. crp. 108).

2) 3pech (Kak 1 B mofmxone Bparra) Mu mpenmonaraeM, 9TO HaJaiomiee ¥ paccessHEOe M3ayde-
HUe WMeT ONHY U TY jKe JJIUHY BOIHH. JTO O3HA4YaeT, 4TO IIPM pacCesHMM He IPOMCXOJHUT
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omcaTh caenyomum obpasom:

dcos0-+dcos0’ =d.(n—n"). (6.3)
YcinoBue KOHCTPYKTHBHOHM mHTepdepeHIUN HMeeT IO3TOMY BUJ
d.(n—n’)=m, (6.4)

THe M — Teaoe Y;meio. YMHOMKAA 00e CTOPOHH cooTHomenudA (6.4) Ha 2n/A, moayua-
€M YCIOBHe [JiA BOJHOBHX BEKTOPOB HAfAIOmMeEro M pPacCesiHHOIO Jydei

d.(k — k') = 2nm, (6.5)
rie m — IeJ0e YUCHIO0.

Temeps paccmMoTpmM GecKOHeTIHOE YUHCIO pPACCEMBAKINAX INEHTPOB, pacmo-
JOJKeHHBIX B y3aax pemeTku Bpass. TIoCKOJBKY y3JIH peMeTHH CMEIEHH ONUH OT
Apyroro Ha BeKTOpHl pemeTkd Bpass R, ycroBme KOHCTPYKTHBHOR HHTeppepeHIHN
BCOX DACCeAHHBIX Jydell B3aKIK09aeTCs B ONHOBPEMEHHOM BHIIOAHEHHW YCIOBHA
(6.4) ans Bcex 3mawenmit d, mpepgcraBiasomux coGoit BeKTOPH pemeTkn Bpasa:
HJIs1 UeJbIX m | Bcex BeKTopoB R

R.-(k—k')=2am

peuietkn Bpasa. (6.6)
Ero mo:xHO mepenmcaThb B 9KBUBAJEHTHOH ¢opme
et (K=K} R =1, aasn Beex BekTopoB R pemerxm Bpasa.  (6.7)

CpaBHuBag 9T0 yCI0BHe C OIIpejeseHeM 00paTHOHA pemeTKH (9.2), MB IPUXOJuM
K DONy9eHHOMY Jlays BHBOAY, COFIACHO KOTOPOMY 048 KOHCMPYKEMUENol urnmepge-
penyuL neobxodumo, umobe usmenenue éoanogozo éekmopa K = k' — k 6ut0 pasno
00HOMY U3 6eKkmopo8 obpamuoll peuemrl.

Waorpa ygo6ro mMers Apyrymo ¢GOpMYyJIupOBKY YCIOBHA Jlays, B KOTODOM
HCLOJB3YEeTCs JUIIb BOJXHOBOM BeKTOp k mamaioutero ayda. J[asa sToro 3aMerum mpesi-
Ie Bcero, 4ro oGpaTHas pemeTka sABiIgercsa pemeTxkoil bpaBs, a mosromy, ecinm
k' — k — BekTOp 0GpaTHOI pemeTKH, To TAKAM BexTopom saBisercsa mk —k’. OGoana-
gag mocaenuuit Kak K, MBI MOKeM 3ammcaTh yCJa0BUE paBeHCTBA [IJIUHEI BEKTOPOB
k u k' B Buze

E=1k—K|. (6.8)
BosBons oGe gactm BhipakeHuA (6.8) B KBajgpar, moJyuaeM ycjaoBme 1)
k-K=—1 K, (6.9)

KOTOPOe 03Ha9aeT, 970 IPOeKIUA BOJHOBOrO BeKTopa k majgaomero jiyds Ha HamIpas-
nenue BerTopa K o0paTHO# pemeTH:m HOJIKHA COCTABIATH HOJOBHHY OT JJIMHE BEK-
ropa K.

Iloasromy BoaHoBoil Bexrop k mamalomero ayd4a yAoBIeTBopseT ycaobmio Jlays
B TOM @ TOJIBKO B TOM CIydae, €CAM KOHEI[ 9TOr0 BEKTOpa JEUT B IIOCKOCTH,
KOTOpad HepOeHJUKYJISIDPHA OTPe3Ky HpPAMOMl, COSAMHAIMEMY HAYaJIbHYI0 TOURY
B k-mpocrpaucrBe ¢ Touroit K ofparHo#t pemeTKd, W JeJIHT 3TOT OTPE3OK IOIOJAM
(Pur. 6.5). Takne mrockocTH B k-IIpocTpaHCTBe HABKIBAIOT 6 PI2206CKUMY  NAOCKOCTMAMU.

HoTepH JHEPTMH, T. €. OHO ABIAAETCA YIPYTHM, HJH, €CJIH YCHOJb3NBATbL NpeACTaBienue O ¢o-
HOHAX, —IPOHCXOJNT €3 HW3AYYeHNHA HUIM NOTNOmeHMA POHOHOB. C XOpomeil cTeneHsrIO TOY-
HOCTH OCHOBHAfA 9YacTh -M3IYICHHA Jelicmsumeabno PaccenmBaeTcs YOpPyruM o0pasoM, OIHAKO
na3ydeHne MaJgoll KOMIIOHEHTH W3JIy4YeHHsA, HCIETaBINeli HEYNPYroe paccesHue, TAKKe OYeHb
BAJKHO M II03BOJIAGT HONYIUTh LHEeHAYI0 uAGopManuo (cM. ri. 24 u npuiaoxkenne O).

1y 3pecs K = K/K. — Hpum. nepee.
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N3 sxBuBanenTHOCTH IOAX0j10B Bparra m Jlays, Kotopas MOKa3sBaeTCA B Cie-
AyomeM pasfgelne, ClefyeT, YTo BCsKasg OPOrTOBCKAs IJIOCKOCTh A-IPOCTPAHCTBA,
COOTBETCTBYIOIIAS OIpefleleHHOMY IMPPAKIHOHHOMY MAaKCHMYMY B (POpMYyJNHpOBKE

0

®ur. 6.5. Yenobue Jlays.

Ecnn cymma BeKTOpoB K m ~k’ paBHa Bekropy K, a k 1 k' MMEIOT OIMHAKOBYIO IJMHY, TO KOHell BeKTopa k Haxomut-
CfI HA PABHOM DACCTOSIHUM OT HAUAJBbHON TOUKM O M OT KOHIIA BeKTOpa K m JIeKUT NMO3TOMY B INIOCKOCTH, KOTOPASA
DeJIAT NIONOJAaM OTPE30K, COCNUHAIONMIT HAYAIBHYIO TOYKY C KOHIOM BekTOopa K, u nmepneHouKynsapHa Bekropy K.

Jlays, mapaijuienbHa CeMeHCTBY ATOMHHX ILIOCKOCTe#l NpPAMOH pemIEeTKM, OTBET-
CTBOHHHIX 334 3TOT MaKcmMyM B ¢opMmyampoBre Bparra.

IHBHUBAJIEHTHOCTH ®OOPMYJNPOBOK BbBPIITA U JIAYI

JKBABAJEHTHOCTh NABYX KpPHTEPHEB KOHCTPYKTUBHOH WHTepdepeHIWM peHTre-
HOBCKHX JIydeW Ha KPUCTalje cie[yeT m3 COOTHOMEHHMA MEMKHY BeKTopamu obpar-
HOM pPemIeTKH N ceMelCTBaMHA aTOMHEIX IJIO-
ckocreir (cM. ra. ). IlpepmonommmM, 4TO
BoJAHOBEE Bekrops k m k' mamaromero u
PACCeAHHOTO JIy4eH yAOBIETBOPAIOT yCIO-
Buio Jlays, coraacHo KOTOpPOMY BEKTOp
K = k' — k fqo/mkeH OpuHaJIeRaTh 00-
patHo# pemeTke. [lockoabKy majaomas u
paccessHHaA BOJHA HMEIOT PaBHEE NJIMHBI
Boan 1), mumna BektopoBk mk’ onmrakoBa.
CaenoBatensro (¢ur. 6.6), k w k' oGpasy-
10T paBHEE YIVH 0 ¢ IIOCKOCTHIO, HepIeH-
gurynsapHoit Bextropy K. Ilostomy pac-
CesHHEe MOMKHO PACCMAaTPUBATDH KaK Gparro-
®ur, 6.6. Boamosoit mexTop k mamaomero BCKOe OTpaskeHHme ¢ GP3ITOBCKEM yriom 0
xyda, BOIHOBOH BeKTOp K’ 0TparkeHHOro Jy9a o1 ceMeHCTBAa ATOMHBIX IJIOCKOCTeH, mep-

u pexTop uX pasHoctn K = k' — k, yposre- poymprynapumx Bextopy K  ofpatHoit
TBOPAIME ycaoBuo Jlays.
pEIIeTKH.

Bce 9TH BEKTODH! JI&KAT B INIOCKOCTH depTeka. ITo-
CKONBKY paccesHme yopyroe (k' = k), HalpaBJenne Yro6r mOKAa3aTh, 4TO TAKOE OTpajke-

K mesut nomonam yrod mexxny k mk’. ITyBKTHpHOI
JIMHMEH HOKA3aHO TepecedeHile IIOCKOCTH, mepmen- HHUE YIOBJIETBOPAET yCIOBHUIO Bparra (62)7

nurkynapHolt BexkTOopy K, C INIOCKOCTBIO 4YepTema. 3aMETUM, YTO BEKTOP KBIJ;GJIOG qUCa0 pa32)

Gonpme BexTOpa K, — HamMeHbImEero us
BeKTOpPOB o6paTHO# pemeTku, nmapaiaaenbHnx K. B coorBerciBum ¢ Teopemoii Ha
ctp. 99 nawma Bertopa K, paBua 27/d, e d — paccrogHme MeKIY COCEXHUMHE ILIO-

K=k'-k .

1) CM. mpumewanme 2 sa crtp. 106.
2) 910 caejyeT PIEMEHTAPHO M3 TOTO, YTO ofpaTHAafA pelieTKa ABAAeTCH pemeTkoil Bpass.
CM. tn. 5, 3amauy 4.
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crocramu, nepoenaukynspHemu K, umam K. Ilostomy

2nn
R

K= (6.10)

C npyroi cropous, usd ¢ur. 6.6 cmenyer, uro K = 2k sin 6 u, Takum oGpasom,

ksin 6= 21, (6.11)
[fockoasry k = 2n/A, dopmyna (6.11) osHawaer, uTo JAMHA BOJAHH Y[ O0BIETBOPALT
veaosuo Bparra (6.2).

Urar, dugparyuonnwviii makcumym Jaya, coomeememeywwyulli UMEHEHUID 60/4-
Ho6020 éekmopa Ha eéekmop K o6pammuoil pewemku, coomeemcmeyem 0Opazeo8ckoMmy
OMPANCEHUIO OM CEMELiCMmEa AMOMHBL NAOCKOCMEU NPAMOL pewemkru, nepnerHiury-
asnpuozo eexkmopy K. Ilopadok n Gpaeczosckozo ompaxcenus pasen daune éekmopa K,
denennoll na OAUHY HAUMEHBIULEZ0 6eKmOopa 00PAMHOLE PelemKy, napasieivhozo 6ek-
mopy K.

IMockoapry oGpaTHYIO pEIIETKY, COOTBETCTBYWOINYIO HaHHOUW pemerke Bpass,
TOpasfo Jjerde M HArJAgHee IPeNCcTaBIAThH, YeM MHOMKECTBO BCeBO3MOMKHBIX ILIOCKO-
creit, Ha KOTOpHe MOKHO pasdouTh pemerky BpaBa, Ha IpakTuke IS HAXOMIEHUS
InQpaKIMOHHEX MaKCHMYMOB Topasjo Hpolle I0Jb30BaThCA ycaoBHeM Jlaya, a
He ycaoBueM Bparra. B ocratomeiica wacTu raaBH MB DPpUMEHEHM ycioBue Jlays mis
OMMCaHNsd Tpex Hambolee BaKHEX METONOB PEHTI€HOBCKOTO KPUCTANNOTpaIiIecKoTo
amanu3a peaNbHBEIX 0o0pasnoB # 00CYANM, KAKHM 06pa3oM MOJKHO IOJY4YUTh WHPOP-
MaI[Io He TOJXBKO 0 pemeTKe BpaBs, HO U 0 PACHONOKEHUN HOHOB B OTHAENBHOW e~
MEHTapHOH sTYedKe.

YKCIEPUMEHTAJBHBIE METO/IbI,
OCHOBAHHEIE HA YCJIOBHM JIAYD

[ns BonHOBOrO BekTopa k magaromeit BoMHHE AuQPaKIMOHHBI MaKCUMyM (MK
«OparroBCKOe OTPaKEHME») MMeeT MECTO B TOM W TOJNBKO TOM Ciydae, KOrJla KOHell
BTOT@® BEKTOpA JIEIKUT HA OJHOU M3 (PArTOBCKUX IUTOCKocTed B k-mpocrpanctse. Ilo-
CKOJBKY MHOKECTBO BCEX OPA3TTOBCKHX IJIOCKOCTEH AUCKPETHO, OHW HE CIOCOOHE
3aNlOJIHATH BCe TpeXMepHOe IPOCTPAHCTBO M B o0IeM ciaydae KoHer BexkTopa k
He OynerT JeKaTh Ha OparroBckoil miaockocru. lloaTomy mpu gurcupoBaHHOM BOJI-
HOBOM BeKTOpe Hajalomell BOJIHE, T. €. NPH OPOM3BOJLHO BHIOPAHHEIX IJIMHE BOJIHBL
H HanpaBJIeHWM HaJeHUs PEHTTeHOBCKOTO WU3JIYIeHUS OTHOCHTEIBHO 0Cell Kpucraj-
Ja, B o0meM ciydae JupPaKIUOHHbIE MAKCHMYMEI OTCYTCTBYIOT.

Yro6r o0Hapy:RUTh GPIrTOBCKUE MAKCHUMYMEl Ha ONEITE, UPUXOTUTCA MODTOMY
OTKa3aTbCA OT yCJIOBUA MocToAHCTBA k 1 100 MeHATh BeTUINHY BekTOopa k (u3MeHas
AJIUHY BOJHBI HAafa0iiero ayda), 1100 BADEUPOBATH ero HAIIpaBJIeHHe (MPAKTHIEeCKH
3TO JleJaeTcA IyTeM M3MeHEeHHWs OPHEHTAUM KPHCTAJJja IO OTHOMEHMIO K Hampas-
JNeHW10 NajeHus).

[HOCTPOEHUE 9BAJIBIIA

9BanbAly UPUHAJIEIKUT HPOCTOE TEOMETPHIECKOe IOCTPOeHHE, NO3BOJIAIOIMCe
HaIJANHO HpeJCTaBUTh pPasiUUHbEe SKCIepPHMEHTAaJbHBIE METONH U ofjervaloimee
BOCCTaHOBJIEHUE CTPYKTYPH KpUcTajlia Io o0HApY/KeHHHM MakcumyMam. Iloctpoum
B k-mpocTpancTBe cepy € HEHTPOM B KOHIIe BOTHOBOrO BeKTOpa k majammeil BOJIHE
1 ¢ pagmycoM k (Tak 4UTO OHa HPOXOAWT 4epe3 HAUauao orcuera). Jlerko Buiers
(¢ur. 6.7), 9ro HAA cywyecmeosanus BoOJIHOBOTO Bektopa k', ymoaersopsiomero
ycaosuwo Jlays, Heo6xomuMO ® JOCTATOYHO, YTOOE HA NOBEePXHOCTH cepHl Jiekana
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OfHA W3 ToueK o0paTHOf pemerkw (Kpome HauanbHol). IIpm BHNoJHeRmM Taxroro
YCIOBUA MMeeT MecTo GPAIITOBCKOE OTpasKeHWe OT CeMelcTBAa IJIOCKOCTel ImpAMoOH
pemeTKH, NepleHIUKYASPHEX 9TOMY BeKTOPY OOpaTHOH pelmeTKH.

B of6meM caydae mOBepXHOCTH cephl B K-IpOCTPAaHCTBe, Ha KOTOPOH JeMHT
HauyaJbHAs TOYKA, HE COAEPKHUT APYTHX ToueK obpaTHOH pemeTKH, W IOITOMY
mocTpoeHMe JBajbla JUIIL NOATBEP;RAAaeT Hame 3aMedYaHNe, COTJacHO KOTOPOMY

®ur. 6.7. INocTpoenne IBaxpa.

35 3a1aHROTO BOJIHOROTO BeKTOpa K Najaimero 1yya nocrpoena cdepa paguycom k ¢ IEBTPOM B TOUKe K. Ondpak-

UNOHHBIE MAKCMMYMEI, COOTBETCTBYIOINE BeKTOpaM oGpaTHOl pemwerku K, 0yAyT HaGnonaThCa TONBKO B TOM Cly=

uae, ecin K onmpemesiser TOUKY OOpAaTHOJ pemeTKH, TeaIlylo Ha NOBEePXHOCTH Cdepnl. TAKOH BEKTOD oGpaTHOI
PEMETHYN NOKa3al Ha CXeMe HAPANY C BOJHOBBHIM BEKTOPOM K’ OTPamKeHHO: O Jyua.

IpU OpPOM3BOJBHOM BOJHOBOM BeKTOpe IafalOmero Jyga GParTOBCKHE MaKCHMYMBI
orcyTcTBYIoT. CymecTByer, OHAKO, HeCKOJBKO DKCIEPHUMEHTAN BHEIX METON 0B, O3B0~
JAmMux o0HAPYKHUTL TaK¥e MaKCUMYMHL

1. Meton Jlays. Ilycts mo-mpeskneMy pERTIeHOBCKME AYYR RCORTHBAIT pac-
cessHMe Ha MOHOKPHUCTAJJe, IMerlieM (HKCHPOBaHHYI0 OPHERTAaNNI0 IO OTHOINeRHIo

K 3aJlaHHOMY HapaBIeHMIO DafleHHS N, HO HCIOJb3yeMoe PeHTTeHOBCKOe N3Jydenne
He ABJACTCA MOHOXPOMATHYECKNM, a COJOPIRUT BCE NJIMHH BOJH OT Ay 10 Ay. B sToM
cryuae cgepa JIBanbaa mpeofpasyercs B o6iacTb, 3aKJIIUEeHHYI0 MEKOY IByMSA
cdepamu, omperensieMuMn Bexropamn ko = 2nn/A, m ky, = 2nn/Ay. Torna momwmst
galnonaTeess OParroBCEWE MaKCUMYMB, KOTOPHE COOTBETCTBYIOT BCeM BeKTOpaM
ofpaTHO# pemeTKW, OKaBaBmIDMCA BHYTPH 910l ofaacTtu (¢ur. 6.8). YBeawumsas
pasbpoc mo AIWHAM BOJH, MOMHO KoOWTBCsA TOro, 4TofH BHYTPHM Takom ofiacTm
3aBEJlOMO OK&3aJHCh TOYKKM O0PATHON PEMIETKN; ¢ APYro#l CTOPOHKE, COXPAHAA €ro He
CARIMKOM GoNbIEM, MOKHO M3fe;RarTh NogBIeHuA wepecuyp Goabmoro umciaa Opar-
TORCKWX OTpajkeHmid, 4To6GH HabilomaeMad KapTuHa OwuTa JOCTaTOYHO IIPOCTOH.

Meron Jlays mauGomnee ymofeH HJisA onpelelieHAs OPHEHTALMHA MOHOKDHCTAJ-
AUYeCKUX 00pasnoB ¢ M3BeCTHOW cTpykTypoii. Hanpumep, ecim maOopapienne mmaje-
HUA COBHANaeT C ORHOH W3 ocell CUMMETpWH KPWCTania, TO TAKYIO JKe CHMMETPHIO
uMeeT U AW(PaKNHOHHAS KADTHHA, 006pasoBanHast JydaMH, KOTOpEe NCORTanm Opar-
TOBCKOe oTpaskenne, I10CKONBKY ¢u3MKaM-«IBepROTedbuKamMy 00BYHO IPUXOAUTCA
IMeTh JIeJI0 ¢ BeMEeCTBAMHU, KPHUCTAJINNYECKAS CTPYKTYPAa KOTOPHX W3BECTHA, METOJ
Jlays, mo-BuamMMOMY, mpefCTaBIAeT HAMGONBIINA NpaKTHYeCKHH MHTepec.

2. MeTop ppamjammerocsa KpucTaira. B 5ToM MeTojle MCIOIb3YeTCA MOHOXPO-
MaTHYECKOe DPEHTTEHOBCKOE H3NydYeHWe, HO IepeMeHHE yroa mnajenmsa. IlpakTn-



Onpepenenne KPHECTAJNIMYECKIX CTPYKTYP 111

YeCcKHM HaIpaBlieHWe Iy9Ka PEHTTeHOBCKMX Jydell DONJep;KUBAETCH HOCTOSHHEIM,
a H3MeHJeTCH OPHeHTalWsA Kpucrajja. B Merofie BpamalwoInerocss KpPHCTajja ero
HOBOPAYMBAIOT BOKPYT OIpefeIeHENX QUKCHPOBAaHHEX Oceil, permcrpmpys Ha (oTo-
njeHKe Bce GParroBCKNe MAaKCUMYME], BO3HMKalomMue npu noBopore. Ilpy Bpamermn
Kpmcraaia ero o0paTHafg pemeTKa MOBOPAauYMBAETCA HA TOT 7Ke CaMHQ yroJ BOKPYT
Tolt sxe camoit ocu. CiremoBaTearHo, cdepa IBanbaa (ompejensieMas (UKCEPOBaHHHNM
BOJHOBHIM BeKTOPOM k mafialomiero Jyua) HeNONBHAIHA B k-IPOCTPAHCTRE, B TO BpeMs

Qur. 6.8. IlocTpoenne Ipanbia Aias MeTosa Jlays.

TlosnioseHne Kpueranna W HampaBieHUE ANAIOIEr0 DeHTIeHOBCKOrO Jyua puKcHpoBaHs], a AJIMBa BOJIHBI PEHTI'e~

HOBCKMX Jiyuell MeHAeTCA HEeNpPepHBHO, TaK 4T0 abCOJIOTHAS BeJWYNHA COOTBETCTBYIOWMX BOJHOBBIX BEKTOPOB

8aKIICUEHa MEKNY ko H ky. Cheps OBanbaa OJiA BCeX BOJHOBHX BEKTOPOB ITAJAIOIIEr0 JIyYa 3anONHAKT TEMHYIO-

0051acTb, PACIONOKEHEYIO MesAy chepolt ¢ HeHTPOM B KOHIle BeKTopa ko 1 chepoit ¢ HeHTpoM B KOHIIE BEKTOpa K.

BynyT HaGnonaTsea GparroBCKIe MAKCHMYMH, OTBEMAIONye BCeM TOYKaM OOpaTHOM peIlerKd, JiedamyuM BHYTDH

TeMHOH ofnactn. (Ias YOpOMEHBMs IIOCTPOSHUA OpHHATO, YTO HaNpABIEHNE NANIEHNA JIEKUT B ATOMHOM ONOCKO~
CTH, M IIOKABAHK TOJBHKO T€ TOUKU OGPATHON pEIIeTKH, KOTODHIEe JIEHAT B 9TOH NJIOCKOCTH.)

Kak Bca o0paTHad pemmeTka MOBOPAYMBAETCA BOKPYT OCHM BpalleHWA Kpucraina. Ilpm
HOBOPOTE Kakfias TOYKa oOpaTHO# pemieTKW ABHKeTCA IO HEKOTOPOH OKPYHHOCTH;
6parroBckoe oTpaskeHWe NPOHCXONHT KaskAblli pas, KOIJa 9Ta OKPYMHOCTH Iiepe-
cexaer cepy OBaxapna. CooTBeTCTByIOIECe MOCTPOEHME NAs Ciayuas 0COGEHHO Ipo-
CTOM reomeTrpmm fgano Ha ¢ur. 6.9. ]

3. Ilopomkossiii merox (MerTox Jle6an — Ileppepa). Meron eGas]— Illeppepa
SKBEBAJICHTEH METOAY Bpal@oINerocs KPHUCTANAa, ¢ TeM OTJIHYWeM, YTO Tenephb
0Cb BpallleHUA He (UKCUpPOBAHA, a MMeEeT Bce BO3MOKHEE HampaBieHudA. IlpawTu-
H9eCKH W30TPONHOE yCpefHEHWe IO HANPABACHWAM TafieBWA JOCTHTACTCH 3a CUeT
OpHMEHEHVA HOJHKPHCTalANYecKoro ofpasna Uiy ke IMOPOMKA, 3€pHA KOTOPOTo
BCE ellle WMeIOT OTPOMHEBIe PasMepsl IO aTOMHBIM MacmTabaM U CIOCOGHHEI HO2TOMY
00ycnoBAMBATE AMPPAKIUIO PEHTTEHOBCKUX Jydueil. IOCKONBKY KpHCTallmdecKme
OCH OT/IEJIPHBIX 3€PeH OPHEHTHDOBAHH CAYJaHHBM 00pa3oM, INQPaKIHOHHAS Kap-
THHa JIJIsI MOPOINKa cOBHmajaeT ¢ TOM, Kpropas HoJAydujack O IpH O0beHHEHWNH
fuppaKIEOHEEX KapTHH, OTHOCAINMXCA KO BCEM BO3MOKHBIM OPHEHTAIWAM MOHO-
KpHCTania.

Yro6s HaiiTm GpOrroBCKHE OTpaKeHMs, Teleph HeoOGXONWMO 3adHKCHPOBATL
BekTOp k mapamomero ayda, a BMecTe ¢ HUM cdepy JBanbia U paspemuTh obpaTHOH
pemeTke OOBOPAaYUBaThCA Ha Bee BO3MOFKHBIE YIIBl BOKPYT HAaTaabHO#l Toukm. Torpa



®ur. 6.9. TlocTpoenne IBaabja A METO/a BPAIAIONIETOCA KPUCTAIIa.

I7a NPOCTOTH MOKA3aH CIIy4yail, KOrEa BOJHOBOH BEKTOpP NANAIOLIEr0o JNyda JEHUT B @TOMHOU IJIOCKOCTH, & OCh

BpallleHUsA NepneHguH YIAPHA 9Toii miockocTy. KOHIIEHTPUYECKNE OKD VKHOCTH— 9TO OpOUTH!, OMWUCHIBAEMBIE IIDH

BPAIEHNN BEKTOPAMEA O0DATHON pelIeTHH, JIeKALIMMA B IIIOCKOCTH, cOflep:Kauleii k i mepueHNUKYIAPHON OCH Bpa-

menusa. Hamgaa ToYKa NepecedeHus TAKON OKD Y»KHOCTH cO cepoil 3sanpma JaeT BOJHOBOIT BEKTOD OTPAKEHHOTO

6parroBCKOrO nyda. (J[pyrue BOJTHOBHIE BEKTODHI OTPAKEHHHIX OPArTOBCKUX Jydell, CBA3aHHHE C BEKTOPaMu 00-
PATHOI peIleTKH, JIe:KalMMKU B IPYIHUX IJIOCKOCTAX, HA GUIrype He [fOKa3aHbL)

a i}

®ur, 6.10. INocTtpoeHue IBalb/a JAJIA HOPOUIKOBOTO MeTOna

« — 1meHTp cepnl DBaTbIA (MeHbIIel 10 pasMepaM) COBNALAET ¢ KOHIOM BOJHOBOIO BEKTOPA K HANAIOIIEro Jiy4ya,
a pagMyc paBeH k, MO3TOMY HAYalbHasx TO4YKa O JIeKUT HA ee NOBEpXHOCTH. llewrp Gosbuuei cdeprl pacoIOKeH
B HawagbLHOW TOYKe, a ee pagnyc pasex K. JiBe ciepsl IEpeceKaroTcs M0 OKP YHHOCTH (C YUETOM MepCIeK-
THBH HA QUTIype OHa MMeeT BUJ| SJIMICA). Bparrosckue OTPaEeHNa UMEIOT MeCTO I 11060T0 BOITHOBOT'O BEKTOpA
k’, COEqUHAIOLETrO O0YI0 TOUKY, Nemallyio Ha 3TOH OKpY)KHOCTH, C KOHLIOM BEKTODA k. PacceAaHusie Jyun obpa-
3YIOT KOHYC, OTKPHITEIl B HAIIPABJICHNM, IPOTHBONOJOKHOM K.
6 — nnockoe cedenne PUIypH a, ConepKaIee BOJHOBOH BEKTOP Najfaonero ayua. TpeyrolbHUK -— PaBHOOENpeH-
Hblli, 1osromy K = 2k sin 1/, ¢.
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raaui Bekrop K o6parHoii pemerky npousBonnt cdepy paguycom K ¢ meHTPOM B Ha-
gausHol Touke. Ecnu K mennme 2k, To Takas cfiepa mepecexaeT IO OKPYKHOCTA cde-
py Isansna (gur. 6.10, a). Berrop, coemmuaiomuit 100yI0 TOIKY HA 9TOR OKPYKHOCTH
¢ KOHIOM BeKTopa k mamalomero snyda, mpefcraBiser co6od BONHOBo# Bextop k',
ML KOTOpOro HabiiofiaeTcsa paccesHHoe mainydenne. CregoBaTeIbHO, KayROLIA BeK-
TOp o6paTHOH pemeTKH ¢ IIMHOH MeHbIe 2k TaeT KOHYC pacCesHHOTO H3Jy4eHHA,
obpasyromuii yrod ¢ C HampaBjeHHeM HajeHnA, npumueM (¢fur. 6.10, 6)

K =2ksin + ¢. (6.12)

Taxum o6pasoM, uaMepss yrIH ¢, HPH KOTOPHX HaGII0ZaloTCA GPAITOBCKEE OTpa-
JKEHNs, MO;KHO ONpelleIUTh JJIUHE BCeX BeKTOPOB o0paTHOH pemerku, MeHbmmue 2k,
Pacuonaras a1oi1t mEQopManumeii, a TAaKKe CBeIeHUAMH O MAKPOCKONUYECKOH CHM-
METPUH KPHCTAJlIa U YyYHTHBas, 9To 00paTHas pelmmeTKa ABJIACTCA pemeTroi Bpass,
001r9HO yHaeTCcAa HOCTPOMTH caMy obpaTHylo pemeTky (cM., Hampumep, 3agaqy 1).

»

INOPARKIINA HA MOHOATOMHOM PENMETRE C BA3UCOM.
TFTEOMETPUYECKUN CTPYKTYPHBII ®AKTOP

Ilpepniaymee oGcyskaenne GEI0 OCHOBaHO Ha ycnoBHH (6.7), COTIACHO KOTOPOMY
Ay4d, pacceAHHBIe KAIKIOM U3 27eMEeHTAPHBIX AYeeK, HCOHTHBAKT KOHCTP YKTHBHYIO
natepdepernuo. Ilyers wpucrannudeckas cTywTypa mpencraBiseT coboit MOHO-
ATOMHYIO PEIIETKY € n-aTOMHEIM 0a3MCOM (HampuMep, YIIepof B CTPYKTYpe aiMasa
mn sie GepHIINil ¢ TeKCATOHAIBHOA MIOTHOYIAKOBAHHON CTPYKTY PO, NI KOTOPHIX
n = 2); TOTAA caMH ATOMH B KaUKHOH DJIMEHTADHOM sveiiKe CIeLyeT PAacCMATPEBATDH
KaK Ha0O0p MASHTUYHEIX PaCcCenBaIOMUAX IeHTPOB, PACIOIOMEHHEX B Toukax dy, .
..., d, BHYTpH fAYefKH. VHTeHCHWBHOCTh HU3IYYEHHUS B OTAENLHOM OP3rroBCKOM
MaKCcHMyMe 32BHCHT OT TOr0, KaKUM 00pa3oM mHTep(epHpYOT IPYT C APYLoM JYUH,
paccesiHHEIe Ha ysnax Gasmca; OHa HauGoJbIIas OPH YHCTO KOHCTPYKTHBHON HHTEp-
fepennuy m obpailaeTcs B HYJb NPH YHCTO JIeCTPYKTHBHOH WHTepdepeHumm l).

Ecau 6psITOBCKOMY MAaKCHEMYMY COOTBETCTBYeT W3MeHEeHHEe BOJHOBOTO BeKTOpa
k" — k = K, To pasnocrs xona (cM. ¢ur. 6.4) nydeit, paccesHHEX B Toukax d; ¥ dj,
pasHa K-(d; — d;), n ¢ass a1Byx aydeit OTINUAIOTCA HA MHOMKHTENH P e a2
CrnenoBatenpHO, (assl aydeld, PacceAHHHX B T09Kax dy, . . ., d,, OTHOCATCS APYT
K Opyry Kak etXK-0. = &% %, B mesaoM HM3NydeHHWe, PACCesHHOe BCEH nieMeH-
TapHO# sS49efiKo#l, ABIAeTcA cyHepno3uImed BceX OTAENBHHX Jydedl, mO3TOMY ero
AMILUIATYHA COJEP/RUT MHOKUTENb

‘lK-dj

SK= €

A=

(6.13)

=1

Benmunna Sk, HaseBaeMas 2e0MEMPUMECKUM CMPYEMYDHBLM PHarmopor, MOKa-
3EBaeT, B KAKOH Mepe UHTepdepeHIUs BONH, PAaCCeAHHHX HA MACHTMYHHX MOHAX
BHyTpH 6asmuca, YMEHBIIAET WHTEHCWBHOCTH OP3TTOBCKOTO MaKCMMyMa, CBA3aHHOTO
¢ BexTopoM oOparHo#l pemeTku K. MHTeBCHBHOCTH GPITTOBCKOr0 MaKCHMyMa ILpoO-
OOpIMOHAJMBHA KBaJApary abCcONIOTHON BEJRUYWHE AMIJIHUTYAL M IIODTOMY COLEPHKHUT
muomuprens | Sk [°. Tlomuepruem, 4To 3aBHCUMOCTH MHTeHCHBHOCTH oT K 06ycaoB-
7eHa He TONBKO 3THM MHOMuTeNdeM. JlomoaHMTenbHAA 3aBUCUMOCT: 0T K BosHuKaet

1) HempHBHYHBIE BINTETH «KOHCTPYKTHBHAAY M «€CTPYKTHBHAS» LIPU CJIOBe «uBTepdepen-~

UsA» HOMIePKUBAIOT, UTO B pe3yabTare MHTePGEPeHNUN CHUTHAJIL MOFYT M YCHIHBATLCA u ocaal-
asateca. — [pun. ped.
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KaK M3-3a TOro, 4To J1060e paccesHHe DIEKTPOMATHUTHHX BOJH XapaKTepusyercs
YrI0BOM 33aBHCHMOCTBHIO, TAK W W3-3a TOT'0, UYTO Ha pacCesHUe BAHAKNT 0COGEHHOCTH
BHYTPEHHeH CTPYKTYDPH OTHENTLHHX MOHOB B Gasmce. Ilosromy, 3HAA TOABKO CTPYK-
TypHHE#A $akTOp, HEJNb3A MpelcKasaTh abCOMIOTHYI0 MHETEHCHBHOCTH OGPBSITOBCKOTO
MaxkcumyMma 1), OnHaKo OH MOMeT NPHBOAMTL K cnenmduuecKod saBucumocts ot K,
KOTOPYIO JerKo BHeJWTh Jajke B TOM Ciaydae, KOIJa Ha Hee HajJaralorca Apyrue,
MeHee xapakrepunie sasucmmocTu or K. Haxosen, ¢ nonno#i yBepeHHOCTBIO CTPYK-
TYPHEM (aKTOpOM MOKHO IOJIB30BATHCH
B ciryd4ae, Korjga oH obpalaeIcs B HYJb.
9T0 HPOMCXONNT, €CJH dJEMeHTH Oasuca
PacCOONOMKEeHH TaKuM 00pasoM, 49TO AAs
paccmaTpurBaeMoro Bexropa K nmeer Mecro
9UCTO JeCTPYKTMBHAs UWHTep(epeHIus;
TOrJa HHTEHCUBHOCTh CYMMAapHOI'O Jy4a
o0g3aTeqbHO paBHa HYJI0, KAaKUMH OB
CBOMCTBAMHU HWM 0ONAajaJin JIydu, pPacCesH-
HEE OTIEeNBHHMH DHJIeMeHTaMH Oa3uca.
Uro6b NOKA3aTh, HACKOJBRO BAIKHYIO
poxb mrpaer o6palmenue B HYJIb CIPYKTYP-
HOTO JaKTOpa, PACCMOTPHM ABa IpuMepa ).
1. O6semnoyenmpuposannasn
rydounecrasn pewmemunua, pac-
®@ur. 6.11. Ipoctasi Kybudeckas oopatHas CHAMPUCAEMAN KAK RPOCMAHA
pereTRa co CTOPoHOH 2mt/a, cofepmaman 109- KYOUUECKAA PeuemuEa ¢ 6a3UCoM.
KH, 11 KOTOPHIX CTPYKTYPHEH darrop (6.16)  O.11.x. pemerka mpepcrasiser coboil pe-
°6p'amaeTCH B HYIb (Gexrle KpysKkm). merky DBpaBs, mosTtomMy, Kak MBI 3HaeM,
RO e e R tmus  ODOTTOBCKHE OTDAIKeHUS JOMRHEL Hab110-
}’2321‘“(_’3@%212“&";‘é‘iﬁ";‘é‘é‘a;fy;.‘f‘f uTs, " QCTAIMNCCT  aTHCA B CAYYAe, eCiil HaMeHenne K Box-
CTOpOoHA KyOm4ecKoii suefiky KOTOPON pasHa 4m/a. HOBOI'O BEKTOPA ABJAAECTCA BEKTODOM OGpaT-
HOH r. L. K. pemeTsu. VIHorja, ojHaKo,
yA0o0HO PaccMaTPHUBATD 0. 1. K. PEMIETRY Kak IPOCTYIO KyOWueckylo peleTry, KOTopas
TOPOKIACTCA OCHOBHEIMU BEKTODAME dX, 4y, dZ M HMeeT ABYXTOYeUHHH 6aszwuc,
cocroamuii u3 Touek d; = Omd, = (a/2) (x + y + z). B rakom caysae oGpaTras
pelueTKa TaKiKe ABIACTCS NPOCTOM KyOUYecKO# 1 MMeeT KyOMUecKy0 SiUefiKy CO CTO~
pomo#t guumnoi 2r/a. OgHAKO Teleph KasKA0MY OpPOTTOBCKOMY OTpasKeHHI0 COOTBET-
cTRyer cBofl crpywrypuuil dakrop Sg. Torma ms (6.13) cxemyer, 9TO

Sx=1-exp [iK.—;—a(£+§+z3], (6.14)

IlpousBoapHLIT BexkTOp B HpocTod KyOumdeckod oOpaTHO# pemeTke HMeeT BHJ
21 o - ~ .
K‘:T (nix+n2y+n3z). (6.15)

Iloncrasnag (6.15) B (6.14), HaxomuM CTPYKTYPHHIZ (aKTOp

SK =1 4+ et (1 +n,tns) — 4 + ( _ 1)nx+ng+na —
{ 2, ny—+ ns -+ ng—verHOE THUCIO,

A
0, ny- ny-+ ng— HeYeTHOE YUCJTIO. (6.16)

1) Kpatkoe, HO raybokoe ofcyskyileHHe paccesHHs DJCKTPOMATHATHOTO UBNYIeHNsl KPHCTAI-
JaMy, BKJIOYaloImee BEIBOJ NOXPOOEEX (OPMYN fiA HMHTEHCHBHOCTH B cAydae PasjmYHEIX OMII-
CAHHHX BHIIe TeOMeTPHH sKcIlepUMeHTa, conepurca B Kaure JI. 1. Janpay n E. M. JJudmuua [1].

2) I pyrue mpuMeps MOKEO HaiTy B 3ajadax 2 u 3.
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M= BupmM, YTO C TOYKAaME IPOCTON Ky6uueckoi o6paTHoii pemeTky, cyMMa KOOp-
AEHAT KOTOPHX OTHOCHTENPHO KyOHMUeCKEX OCHORHHX EEKTOPOB HedeTHa, B HNeH-
CTBHTEJBHOCTH He CBABAHO HMKAKOTO OpasrroBckoro oTpaskenma. Tarkmm ofpasom,
mpocTas Kybuueckass o6paTHas pemeTHa
mpespamiaeTcsi B I.I.K. CTPYKTYpY, KOTO-
pas monydanack OH, ecim OB MH paccMarT-
PEBAJM 0. II. K. OIPAMYIO PemMeTKy He Kak
pemeTKy ¢ 6asncoM, a Kak pemeTky Bpaso
(dmr. 6.11).

CrenopaTesbHO, eciu IO HeGPEKHOCTH
wiv B Ieasx Ooabimedl CHMMeTpEHM OOU-
cana pemerka Bpass paccmaTpmBaercs
Kak pemeTKa ¢ 6a3mcoM, TO Bce pPaBHO
moaydJaeTca UpaBUIBHOE ONNCaHEe [[H-
PpaKkIyuy PEeHTIeHOBCKHUX JydYeil IpH ydeTe
ofpameBus BHYJD CTPYKTYPHOTO aKTOpAa.

2. Monoamomnasa peuwemxra
muna aandsa. MoBoaToMEasA pemeTka
THIA aJMasa (yIiepon, KpeMHuH, TepMaHyi
I cepoe 0J0BO) HE ABJIACTCA pPeIMeTKOH @ur. 6.12. O. m. k. pelieTka ¢ KyOHYecKoit
BpaBs u pomsiHa GETH OnNCAHA KaK Pemer- sraeiiKoll co cTOPOHO# 4m/a.

Ka ¢ Oasmcom. B ocHOBe ee JIeKUT T. 1. K. Ora remeTKa ABJAETCH OGpaTHOH K I. I. K. pemeTke
¢o cTOpOROil Kybnyeckoil agelixu, paruolt a. Ecan

peneTKa BpaB:—), a B KauecTBe 0asmca MOMK- r. II. K. pemeTKa COOTBETCTBYET CTPYKTYLe THIA all-
-~ ~ N masa, TO fenble KPYHKN NpeAcTaBisalcr c060i yausr

HO B3ATH TOYKN dl =0n d2=(a/4)(x+ y+ Z), C HYNEBBIM BHAYEHREM CTPYKTYDHOTO aKropa. (Jep-

Hble KDYHKH — Y3JBl CO CTRPYKTYPEHM (aKTODOM,
rae BEKTOPE X, y, Z HaUPAaBJCHB N0  pasuwM 2, @ 3aIHTPUXOBAaHHBIE— Y3JbI CO CTPYKTYP-

ocaiM Ky6a ¥ a — CTOpOHa YCJOBHOH HEM (paxropom 1 .)
Kybuueckol sueiiku. OGpaTHas pemreTKa

ABNAETCA IPAaHENEeHTPHPOBABHON KyOmUeckoll M iMeeT yCIOBHYIO KyfuuecKyro aveii-
Ky €O CTOpOHOH 451/a. Eciim B3ATH B Ka4eCTBe OCHOBHHX BEKTODH

2%~ o~ n 2 o~ A o~ 20 o~ o~ on
by=— (y+2—%), by=-"" @+x—y), by==" (x+y—1), (6.17)

10 cTpykTypEEN ¢akTtop (6.13) mns K = D'n;b; mpmemmaer Bua

Sg=1-+exp [—;—-in (n1+n2+n3):|=

2, ny + ny -+ ny— yABOCHHOE YeTHOE UHCJIO,
=<1+ i, ny+n,-n;—HederHOE UHCJIO, (6.18)
0, Ry + Ny -+ ng— yABOEGHHOE HEYETHOE THCJIO.

Yro6H HmOHATH, KAKOB reOMeTpHIeCKH CMBICJ yCIOBMH, HajaraeMsx Ha En,-,

samermm, aTo ecau B K = Y'n;b; noncrarts Bhpaskenus (6.17), To nponssoabHbH
BeKTOpP OGpATHOM pemeTKH MOKHO 3almcaTh B BHJe

K =2 (vix ol -+ vs2), (6.19)
Tae
3
1 1 :
Vi= (A ngdng)—n;, D) vi=5 (-t nz ). (6.20)
J=1

Mu smaem (cM. I, 5), 49TO pemeTKo#, ofpaTHO# K T.I.K. pemeTke ¢ KyGmueckoi
AUeiKO# €O CTOPOHOM a, ABAAEICH O. H. K. pemeTKa ¢ Kybmueckoir Aveiikoi co cro-
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poHoit 4n/a. BymeM paccMaTpEBaTh ee KaK COCTOAIYIO M3 ABYX IPOCTHIX Kybmde-
CKUX pemieTor ¢o CTopoHoit 4mn/a. JlnA mepBoit M3 HuX, cofepKamedl BadYaJbHYIO
touky K = 0, Bce v; MOmKHE GHTb HeabMu [cormacHo (6.19)], mostomy cymma
n, -+ n, + n;, Bxogamaa B Bupamenue Axa K, momxna GHTH deTHOR [coraacmo
(6.20)]. IOas BrOpoif W3 HHX, COflepameidl «OGHEMHONEHTPEPOBAHHYI0 TOYKY»

(4n/a) %—(} +y-+72), Bce v; DOKHH nMeTh BUA «ieloe umcro + Y/, [cormacmo

(6.19)] m cymma n; +n, + ng B Brpaskenun guaa K qomkna 6ETH HedeTHOH» [coraacHo
(6.20)].

CpasHuBag 3T0 ¢ (6.18), MBI BUAEM, UTO TOYKH CO CTPYKTYPHHM (aKTOpOM
14 i oTHOCATCA K HPOCTOH KyOWIecKo#l HOApeImIeTKe, COCTOAMe#d M3 «06BEMHO-
MEeHTPUPOBAHHEIXY ToueK. TOYKHM €O CTPYKTYpHHM ¢axropom S, paBHEM 2 miam 0,
IpHHALIEKAT OPOCTOil KyGUIecKo# HojpelumeTke, cojeprKallefl HaYaJdbHYI0 TOYKY,

mpudeM cymma X v; 4eTHa npu S = 2 m HeuerHa mpu S = 0. CiegoBaTeabHO, TOIKM
¢ HYJeBHIM CTPYKTYPHEIM AKTOPOM MOKHO BHOBB yHaAHTh, IPOU3BOAA HOKA3aHHOe
Ha ¢ur. 6.11 mocTpoeHMe AJA IPOCTOl KyOMYeCKO# pemeTkn, cofep;Kamlel Hadalb-
HYIO TOUKY, B pPesyabraTe 4ero OHa IIPeBPAINaeTCs B TPAHENEHTPUPOBAHHYI Ky6m-
q9ecKy0 CTpYKRTYpy (dur. 6.12).

INOPARINA HA IMOJUATOMHOM KPUCTAJJIE.
ATOMHBIN ®OPM-DPAKTOP

Ecam nonsr B Ga3uce He NAeHTUYHEL,CTPYKTYPHEE (akTop (6.13) mpunnmaer Bag

zK-dj

Sk = .‘,Tl i ye 7, (6.21)
]:

rie amomHuil Popm-gakmop f; MOTHOCTBIO OMpefeldAeTCs BHYTPEHHEH CTPYKTYpOi
TOTO MOHA, KOTOPHIA 3aHmMaeT HmoJoxeHme d; B 6asuce. VIIeHTUIHKIEe MOHE HMEIOT
onuHaKoBEEe (opM-QaKTOPE (HE3aBHCAMO OT TOTO, Ile OHA HAXOLATCA), LIOITOMY
B MOHOATOMHOM cIydae Brpakenue (6.21) mepexonur B Bupasenne (6.13), ymuosxen-
HOe Ha oO0muir dopm-PaKTOp.

ITpu sneMenTapHOM PACCMOTPEHUH ATOMHHIA gopm-PaKTOp, CBABAHHEIA ¢ Gpar-
TOBCKHUM OTpasKeHueM, KOTOpoe ompefensdercda BekTopoM K oGpaTHoit pemeTKH, MOHO
cudTaTh HPONOPHUOHAJIBLHHM (ypbe-06pasy oT pacOopefe/eHHA HIEKTPOHHOTO
3apAda B COOTBETCTBYIOMEM moHe !):

£y (K)= —— | dreikrg, (). (6.22)

e

CnemgoBatenbHo, aToMHRE#E PopMm-PakTop 3aBucHT Kak 0T K, TaK M oT KOHKpPETHBIX
0CO0eHHOCTel pacHpe/eleHns 3apa/ia B HOHe, 3aHIMAOIIEM Ioa0KeHne d; B Gasuce.
B pesynsrate crpykTypHHI dakrop He ofpamaercs B Hyih HE nph Kakmx K;
ACKIIOYEHHE COCTABIAIOT UMb Te CIydad, KOTHa MeRAy ¢Qopm-parrtopamu pas-
JWYHEIX THOOB CIYYalHO BHIOJHAITCH HEKOTOPHE COOTHOMEHUs. ECam CHexaTh
PasyMHbBIe HPEANONOKOHUA OTHOCHTENLHO 3aBHCHMOCTA PAB3IUIHEX GopM-PaKTOpOB
or K, To nyreM msydeHmA 3aBHCHMOCTH! HHTEHCHBHOCTH GDOITOBCKHX MAKCHMYMOB
or K wacTo ynaerca BbIoJHe RAOCTOBEPHO YCTAHOBHTH, KAKYI0 W3 BO3MOMKHEIX
CTPYKTYD WMeeT HCCHAeAyeMbli KPHUCTAJI (CM., HaOpumep, 3afawy b).

1) Yon Tuma j, pacnoloyKeHHH B TOUKe r = (), 061aaeT IEKTPOHHOM IIIOTHOCTHIO 3apaga
p; (r); Takum 06pasoM, BRI HOHA, PACHONOMEHHOTO B ToUKe R +- dj, B 2IEKTPOHAY ILIOTHOCTS
sapsjga kpmcramia pased pj (r — [R + djl). (O6erwmo sapsy smerrpoma BHEOCAT M3 PopM-Dakr-
TOpa B Ka4YecTBe OTAEJNBHOLO MHOMKATENA, 9TOOH creaaTh $opm-parrop Ge3pasMepHHIM.)
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Ha »sToM ME 3aBepmaeM o0cCykieHme OpsITOBCKOR AMQPAKINHU PEHTIEHOBCKUX
nygei. B mpoBenenHOM aHanmse He GHJIO MCIOAL30BAHO HOKAKWX APYIWX CBOWCTB
PEHTIeHOBCKMX Jydeii, KpoMe MX BOAHOBOI mpupons !). Boocnencteum ¢ MHOTAMA
HOHATHAME ¥ PeSYJBTATAME HTOH IJIaBH MB BCTPETHMCA BHOBb HIpPH 06CyaeHum
APYTHX BOJHOBHX fABJEHWH B TBEPHAHX TelaX, 8 MMeHHO Nu(paknmu 3J1eKTPOHOB
(tn. 9) uw meittpomoB (ra. 24) ?).

JATTAYN

{. H3sMeapueEENe B HOPOIIOK 00pPAasIsl TpeX pPa3NdYHHX MOHOATOMHBIX KyOLYecKHX KpHCTal-
JIOB aHAJH3NDPYIOTCA ¢ HOMOIBI Kameps [JleGas—Illeppepa. M3BecTHO, 9T0 0OJHH U3 00PA3LOB —
rpaHelleHTPUPOBAaNHKIA KyOHdecKuii, Apyroff — o0beMHOUEHTPHPOBAHHEN KyOndeckuih u TpeTnid

i

Oopasey,

NMadarwwui Jyy
L5A

Pomonnenra

Qur. 6.13. Cxemarngeckoe uzobpamenne xamepun Hebas — Uleppepa.
JIuppaKUMOHHEE MAaKCHMYMB PETHCTPUPYIOTCA Ha IMOJOCKe (OTOMNIICHKH.

AMeeT CTPYKTYPY THIIAa ajiMasa. lIpuMepHEE IOJNOMKEHMA NePBHX 4YeTHpex AufparuumoHHEIX
KON, XapaKTEPH3yTCA B KajKIoM CiIydae ClAeaylommmu JamEEME (dur. 6.13):

3uaveHunss ¢ naA 06pasznoB

A B C
42,2° 28,8° 42,8°
49,2 41,0 73,2
72,0 50,8 89,0
87,3 59,6 115,0

a) Onpepenure KpUCTANNWYECKYd CTPYKTypPy ofpasuoB A, B u C.

6) Ecau jinBa BOJHE UAajAloNIX PEHTTeHOBCKHX aydell paBHa 1,5 A, wemy pasma jpumima
CTOPOBH YCIOBHON RyOWYeCcKOH AedKHM B Kar[oM H3 YKasaHHHX CIydaen?

B) Hpn xakux yraax OyayT HaGmIOZaThCA IepBLIC YeTHPE KOJbIA, eCHH CTPYKTYPY THNA
aJMa3a B3aMEHNTh BA CTPYKTYpY TuOA LUEKOBOW OOMaHKH, NpH TOi jKke JJNHEe CTOPOHE KyOu-
"ecKoll AYEHKH?

2. T.i.k. KyOndeckymo pemeTky bpaps uwacTo GhiBaeT yAo0HO NPEACTABIATL B Blje WIPocToil
ryOngeckoil pelleTKH ¢ UeTHIPeXTOYEUHHM 0(asucoM, y KOTOPOil cTopoHA KyGHUeCKOil aeMeH-
TapHON AYelKM paBHA da.

a) Iorayknre, 9TO CTPYRTYPHBIA dakTop (6.13) mius Bcex Touek mpoctoii Kybnueckoit oGpaT-
HOli pemeTHM paBeH TOTAa Jnbo 4, xmbo 0.

6) Ilorassute, 4TO, €CAM YAAIMTHL TOYKH ¢ HYJEBRM CTPYKTYPHHM (AaKTODOM, TO OCTaiw-
mueca TouKu o6paTHON peImeTKH 06pasyioT 0.IL.K. PElIeTKY cO CTOPOHON VCJIOBHOH fiveHKN 4it/a.
Tlowemy wmoOkEHO OHJIO OMHATH TaKoll peayibTat?

1) B peayuabTaTe MBL Hé CMOTIHN HOJYYuTh TOYHHX BHDayKeHudl is abcomioTnoil mATeHCUB-
HOCTH OPSITOBCKUX MaKCHMYMOB U HE MMeJHM BO3MOYKHOCTH paccMoTpers auddysuit on usayge-
HMA B HAIIpaBJCHUSX, A€ Pa3peNIeHHKX ycaosueM Bparra.

2y C rouxy; 3penusi KBAHTOBON MEXAHMKM YaCTHIY ¢ MMIYIBCOM p MOKHO paccMaTpuBaTh
KaK BOJIHY C JJIMHOI BOJHH A = h/p,
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3. a) IloramuTte, 970 B TOM ciayiae, Korga Bekrop K orTBevaer TOYKaM HPOCTOH I'6éKCAFOHAJIBHOH
o0paTHOU pemeTKd, CTPYKTYPHHE PaKTOp AJIA MOHOATOMHOH TeKCaroHaJbHOM ILUIOTHOYHNAKOBAaH-
HOY HKPHCTAJIXYecKOd CTPYKTYPH MOKeT HPHHEMATE OJHO M3 IIeCTH BO3MOKHHIX 3HATGHMH
1+ ™3 =1, ..., 6

6) Iloraxmre, 4TO0 B INIOCKOCTH, HEPHEHAUKYJIADHOH c-ocH H cofepmameil Touky K = 0,
BCe TOYKM OOpaTHOM pemreTKH MMeEIT He 00pAIMAIOMUUCA B HYJIb CTPYKTYpPHHLL $aKTop.

B) Iloka)kurte, 9r0 TOYKHA ¢ HYJEBHIM CTPYKTYDHHM (QaKTOpPOM JIe;KaT B KasK{oH BTOpOH
13 HIO0CKOCTed oGpaTHOW DpeueTKd, NEePUeHTAKYISAPHHX c¢-OCH.

r) ITora:kure, 9¥TO B MOOOH U3 TAKMX ILIOCKOCTER TOYKA, cMemeHHAA oT K = 0 Ha BeKTop,
napajileJbHEH ¢-0CH, JOMKHA HMeTh HYJIeBOH CTPYKTYPHHIE (arTop.

n) Tlowamure,} 9TO HOCHE YNAJMEHUS M3 TAKOM IUIOCKOCTH BCEeX TOYEK ¢ HYJIEBHM CTPYH-
TYpHHM $aKTOpOM TpeyrofibHafA CeTb TOYEK 0OpaTHOH pelmeTKH npeobpasyerics B pelleTHY «Iae-
JAEHX com» (¢ur. 4.3).

4. PaccyoTpum peimleTky ¢ 6a3dcOM, COCTOAMUM U3 2 HoHOB. IIpefmosoykuM, 9T0, ecad i-i HOH
Gasuca mepemecTd B TOYKY r = 0, TO ero MOKHO CUMTATH COCTOANUM W3 m; TOUSYHHX HACTHIL
¢ 3apAfaMAa ——zjje, PACHONOMMEHHHX B Togkax b;j, j =1, ..., m;.

a) ITowamure, 9To aToMHHE GopM-paxTop f; Torma UMeeT BHJ

fi=

IR4E

zyge™ 00 (6.23)

6) Iowramure, ato ¢ ygeroM (6.23) monmulii cTpyKTypHLIE dakTop (6.21) coBnagaer co CTPYK-
TYPHEM PRKTOPOM, KOTOPHIE MH HOJyImiu Obl, eciit Ou BOCIOJb30BATUCH dKBUBANCHTHHRM OIH-
caHueM 3Tofl pemmeTku, BHOpaB 6asuc U3 m; 4 ... -+ m, TOYETHHX HOHOB.

9. a) CrpyrTypy xJopuja matpusa (cM. ¢ur. 4.24) MOKHO paccMaTpHUBaTh KaK I.IL.K. PelleTKy
BpaBa co cTOpoHOH Ky6a a U ¢ Ga3MCOM, COCTOAIMUM M3 IOJOKATENBHO 3aPSEHHOTO HOHA B
HadaJIbHOH TOYKe M OTPANATEIbHO 3aPAKEHHOr0 WOHA B TOTKe (a72)x. OfparHas pemeTra —
06 BEMHOLIEHTPIPOBaHHAS KyOuWdUecKas, a IPOHU3BOJBHHIA BEKTOD 00PaTHON pEINeTKN HMeeT BHS
(6.19), rze Bce wosdPumenTEr v; AUGO HedHe wmciaa, Aubo cyMMma meioro unmcaa ® A/,. Beim
aromurie GopM-PpaRTOpH HTUX ABYX HMOHOB eCTh f, ¥ f_, IOKasKHUTe, 9T0 CTPYKTYPHHH (aKTOp
Sy PaBer f, + f_, ecan v; — ueNnte 4ucia, W f, — f_, ecum v; — CyMMa [elOro IACIa 1 .
(Ilowemy S ofpamaerca B HYAb Ipu f, = f_ B IOCIHegHEM ciydae?)

6) CTpykrypa TEHHA IHHEKOBOH oOMamku (cM. ¢ur. 4.18) TakiKe ommcmBaeTcAa KaK TpaHe-
UEHTPUPOBAHHAM] KyOnyecKas pemerxka BpaBs co cropodod Ky6a ¢ M ¢ 6asmcoM, COCTOAILAM
U3 HOJOKUTEIHHO 3apAKEHHOTO MOHA B HAYAJBHOR TOUKe () M OTPHOATENBHO 3apsKEeHHOTO MOHA

B Touke (a/4) (}2 + § + i). IToxakaTe, 9TO JJIsA CTPYKTYpHOTO (akropa Sk CIpaBeIHBH Cle-
MYIOTIIe COOTHOIeHN: Sk=F4+if_, ecin v;—uenste wucna--1/,; Sy = fo + f_, ecan v; — messe
mcia § v —9eTHOe TACIO; Sg=f,~—f-, ecIn v; —nesxne IHCHa, a Zvi — HeYeTHOE YHCIIO,

B) IIycts usBecTHO, 9T0 KyOHYeCKMit KPHCTAI 06pa30BaH WOHAME C 3aMOJHEHHHMHE 000-
Io9KaMu (KOTOpHE H03ToMY cPePHIecKd CHMMETPUIHH), a CenoBaTeNbHO, f. (K) 3aBUCAT TOJIBKO

ot abcomoraoit Bemmauas K. Ioxoskenus OpSrroBCKMX MAaKCHMYMOB YKasHBamoT Ha To, 4TO
pemieTRa BpaBs sABIseTcsA TPAaHENEHTPHPOBAHHOH KyOmdeckoit. OGcyauTe, Kak IO CTPYKTYDPHEM
daKTopaM, CBA3AHHKNM ¢ GP3TrTOBCKHMHE MAKCHMyMaMH, MOYKHO GHIIO OH OHpeNeJnTh,KaKag KpHUc-
TaJ].HHt.{')eCKaH CTPYKTYpa 00Jiee BEPOsITHA — THIA XJIOPUJA HATPUA MM jKe THIIAa IUHKOBOH 06-
MaHKH?

JUATEPATYPA

1. Tanday 7. J., Jupwuy E. M. IJiexkTpoguHaMVWKa CIJIOINEHX cpem, — M.: Tocrexmapar,
1957, ra. 15.
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HIJACCNOUKAIVA PEIHIETOK BPABD
N KPACTAJINIMYECKUX CTPYKRTYP

CHEPALINN CUMMETPUN N KJACCUOUKAIINA PEIIETOK EPABD
CEMb KPUCTAJIJINYECKHUX CUCTEM
N YETBIPHAJIIATH PEMMETOK BPAB3
KPUCTAJJIOTPAOUIECKNE TOUEUYHBIE I'PYIINHI
1 NIPOCTPAHCTBEHHBIE I'PYIIIIBI
OBO3HAYEHNA MEH®JNCA I MEXIYHAPOOHEIE OBO3SHAYEHUA
IMPUMEPHI CPEIY XHMNUYECKNX 3JIEMEHTOB

B 1. 4 w 5 MBI ODUCHBAJK 1 HCHIOJB30BANN TOABKO MPAHCALYUORKYI CAMMETPHIO
pemerox Dpass. Hampumep, cymectBoBaHMe m BayKHedmme cBoiicTBa o0parTHOHR
pemieTKN 3aBHCAT JUIMb OT CYINECTBOBAHHUA TPOMKM OCHOBHHX BEKTODPOB a; NpAMOH
pemeTKd, a He OT BHIOOJIHEHHUS KaKAX-Iu060 0COGHIX COOTHOMEHW MEKIY HAMH '),
HecomHuerHno, TpaHCIANNOHRAA CAMMETDPHS MMeeT HanmGoabmiee 3HaYeHHe Aisa obmeh
TEOpMU TBEPHOTO Tela. TeM He MeHee W3 yiKe ONMCAHHHX LIpPAMEpPOB BUAHO, YTO
B OCHOBE eCTECTBOHHOTO pasfeleHWA pemeTok DBpaBs mo kiaccaM IOJKHA BCe e
nemaTh He TPAHCAANMOHHAA, a KaKag-TO WHAfg CAMMeTpusa. Tak, HesaBmCHMO
0T BeJIWYMHH OTHOIDEHHS ¢/@ IPOCTHEe TeKCATOHAIBHEE pemerkm Dpass ropasmo
Gomee OXOAAT APYyr Ha Apyra, deM Ha d100yi0 KyOMIecKywo pemeTKy DpaBs ws Tpex
ONMCAHHEIX THIIOB.

CucremaTmsanuei 1 ¢TPOrMM OIpefeleHWeM TAKUX Pa3iAdWil 3aHEMAaeTcs KpH-
craanorpadusa ?). B oroil roaBe MH JIMIOb IOBHAKOMUM YHTATENd C OCHOBAMH
WCKycHO paspaboTaHHOR KpucTamiorpadmuecKoft KiaaccmPHKamUH, HEKOTOPHIME
A3 ee I'TABHBIX KATETOPHUH U C ASHKOM, WCUOJIb3YEeMHM A UX onucaHus. B Goxb-
IMAHCTBE MPAKTHYSCKUX HPIJIOKEeHMIM Topasfo BajKHee 3HATH OCODEHHOCTH KayKA0TO
KOHKPETHOT'0 cJydad, 49eM CHCTeMATHYeCKY0 oONIyi0 Teopuio, I09TOMY HOJHO®
H3yIeHHe KpHcTaiorpadum HeoOXOOUMO TUIIh HEMHOTAM CHeIMANHACTAM IO PH3HKe
TBepROTo Texa. (DAKTHIECKHM IWTATENH, KOTOPOMY STOT mpenmeT NOCTAaBIASET Maio
VIOBOJIBCTBHSA, MOMKET LEJIMKOM HNPOIYCTHTh HACTOAINYW TaaBy Oes ymepba Aas
HOHUMAHHA HOCIe[yIOM[ero MaTepdaja, a 3aTeM BO3BpamlaTbcA K HeH BpemMd OT
BpeMeHH, YTOOH BHIACHATH 3HAYEHMA OTHEIAHHEIX TEPMAHOB

RIACCHOUKALNA PENIETOR BPAB)

IIpobmema kIaccu@EKanEA BCEBO3MOKHEIX KPHCTANIMISCKAX CTPYKTYD CJMOI-
KOM. CI03KHA, 4T00H K Helt MOKHO OHJIO IPHCTYNHTH OPAMO, HOITOMY MHEI IIpEK/Ie
BCEr0 PacCMOTPHEM KJaccupuranmuo pemeTok BpaBs 3). C Touxkm 3peHWs CHMMeOTPHHE

1} Ipumepom mOmOGHOTO COOTHOMEHHA ABIAEGTCS yCJIOBH® OPTOTOHAJLHOCTH a; -a; = a?§;y,
BHIOJHAINIEECH [AA HEKOTOPHX OCHOBHHX BEKTOPOB IpPOCTOH ‘KyOmdecKoil pemerxn Bpass.

%) Tompobmoe M3I0KeHHE HTOrO IPEIMEeTa MOKHO Halith B ygeGHuKe Bioprepa [ 1ﬁ

3) B aroit rmase MH Oy[eM HasHBATE PeleTKol Bpars TAKY0 RPUCTANAAIECKYIO CTPYHTYPY,
KOTOpasi TOJy4aeTcd, €CIM B KaKHod Touxe abcTpakTmoil pemerkm Bpams momectmth Gasme,
obnafalmuil MAaKCHMATHEON BOBMOYKHOM cuMMeTpHeil (HanmpuMep, cdepy ¢ HeETPOM B TOYKE peImer-
Ki), TAK YTO HUKAKAs W3 CHMMETDHI TodeyHOl pemeTku bpaBs He TepheTcAd B pesyibTaTe BHECE-
HuA aroro Gasmca.
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pemerka DBpaps 3ajaeTcs myTeM ykasaHMs BCex JKECTKMX omepamnuil 1), Koropnie
nepeBONAT pemeTRy B camy ce6a. COBOKYHHOCTH TAKHX omepanmit o6pasyer spynny
cummempuy, WIH npocmparcmeeHnyw epynny pemerkn Bpabs 2).

B 4mcno omeparnuit rpynnE CHUMMeTPUE pemeTKM BpaBs BXOHAT BCe TPAHCJIANHEA
Ha BeKTOpPH pemeTku. Hpome Toro, B Hee B ofImem ciyuae BXOOAT TaKmKe LOBOPOTH,
OTPaJKeHNA W HHBepCHH 3), KOTOpHe HepeBONAT pemeTKy B camy ceGe. Hampumep,
mpocras Kybudeckasa pemerka Bpass mepexomut B camy ce6a mpu mosopore ma 90°
BOKpyr Ja1000#f mpaMoi, comepsKameidl TOYKM pemeTKE n WMelmell HaIpaBieHHE

OO ®© @
g0°
oF *y ep

® . ® @

(&)

@ ©
d

®ur, 7.1. a — woCTpPOEHNE, INOKASLIBalONlee, HYTO IPOCTas KyOuWdecKas pelieTHa HePexoquT
B caMy cefa mpu noBopote HAa 90° BOKDPYT 0CH, He COAEP:Kamed TOYEK pemeTKI.

Och MOBOPOTA NMEPNEHEUKYIAPH3 MIIOCKOCTH YepTera; IOKA3aHb TONbKO YeTHIpe TOUKM PeImeTHM, AerKaliue 6JamKe
BCEr0 K OCH B ORHON aTOMHOI HJOCKOCTH.

6 — mocTpoeHHMe, IOKASHBAIOIIEe, 9TO TOTO KE CaMOTO pesyJbTaTa MOKHO NOOHTBLCA, IpojelaB
TOCTef0BAaTeIbHO TPAHCIAANNIO HA JANEY IOCTOAHHOH pPEemeTKH (CJeBa) I HOBOPOT BOKPYI TOYKHA
pemeTku ¢ HoMepoM 1 (cmpasa).

(100), mpm moBopote Ha 120° BoKpyr mioGoii mpsaMol, ComepsKameil TOUKN pemerT-
Ko u uMewmei manpapiaemme (111), mpm oTpaskeHEM BCeX TOYEK OTHOCHTEIBHO
mrockoctr pemerkn {100} m 1. . Ilpocraa rexcaronansras pemerka Bpass mepexo-
BuT B ce6s mpu moBopote Ha 60° BOKpyr a1060i npsaMoil, cofepKamet TOIKY pemer-
KH ¥ TapajielbHON ¢-0CH, OPH OTPaKEHMH OTHOCHMTEJBHO ATOMHOH IJIOCKOCTH,
OePUeHUKYJIAPHOR c-0CH U T. [.

1y To ecTh omepamuil, COXPAHAIMUX PACCTOAHUA MEMAY BCEMH TOYKAME DEINeTKH.

2) Mu me 0yjeM KCIOJH30BaTh ASKHK MATeMATHYeCKOll TeOpHH TPYHI, HOCKOJLKY HHUME HO
OpPUMEHAITCS 3HAJATHYECKHe Pes3yJAbTATH DTOH Teopmum.

3y OrpaskeHEme OTHOCHTEJIBHO HEKOTOPOH INTOCKOCTH B4MEHAET HPEAMeT €r0 B3epPKaJIbHEM
m300pasKenreM B aTOl MIOCKOCTH; HHBEPCHA OTHOCHTENLEO BEKOTOPOU TOYKHM P IePeBOIHT TOUKY
¢ Koopammaramu r (opu BhGope P B KavecTBe HAUaJbHON TOYKM) B TOUKY—T. Bee pemeTkn Bpaps
ofiagaloT cnMMeTpHell HHBePCHH OTHOCHTeJLHO IPOM3BONBHON Toukm pemerku (3apaqa 1).
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JIro6yio onepanuio cHMMeTPHE pemeTKE DpaBs MOKHO HOCTPOHTH M3 TPAHCIA-
mun Ty Ha Bextop R pemerky u jKecTKO# omepaium, OCTaBIA0INe# HeIOIBHXHOMN
0o KpaiiHei# Mepe OfHYy W3 TOYeX pemeTKM !). JTo He croxb odeBHAHO. Hampumep,
mpocras KyGmueckas pemeTka Dbpaso mepexonmr B cef6s npm mosopore Ha 90°
BokpyT ocu (100), mpoxopameit depes IeHTP KyOW4eCKOH »ieMeHTapHON sAdelik:,
B KOTODO TOUKHU pemeTKN pasMeWieHH B BochMU BepmmuHax Ky6a. Takas mecTram
omepauuWs HE OCTABJAeT HeNOJBIIKHOH HHU OfHY w3 Touek pemeTku. Ee, ommako,
MOJKHO IIOCTPOWTH W3 TPAHCIAIMHM HA BEKTOP pemeTKn BpaBs M moBopoTa BOKDPYT
OIpelesIeHHOR NPAMOR, COfepsRalIell TOIKM PeIeTKH, KaK 3T0 NoKas3aHo Ha ¢ur. 7.1,
ITomoGHoe mocTpoeHNe Beerfa BO3MOKHO — 3TO BHIHO W3 CIeHYIOMMX PacCykIeHUuHR.

Ilycts mMeeTcs omeparuss cuMMeTpuu S, KOTOpas He OCTABIfET HEIMONBUAKHOR
HY ONHY TOUKY pemeTku. [IpenmonoxnmM, oHa IepeBOAUT HadadbHYK TOUKY pemer-
kur O B Toury R. Paccmorpum Temepp mpeopasoBaHme, I0JydaeMoe B pe3yabTaTe
MOCJIe[0OBaTeIFHOT0 IPAMEHeHNA onepanud S u rpaHcasuuu T _r Ha BeKTOp pemeT-
kn — R. Jlanvaa cocTaBHas oOlepanusa, KOTOPYI M o0osHauum kakK 7_grS, Tak-
fKe OTHOCHTCA K YHUCIY OHepanuil CUMMETPHM pemeTKH, OJHAKO OHA OCTaBJIAeT
HAa9aJbHYI0 TOUKY HEHOIBHIXHON, HOCKOJBKY omepauus S HepeHOCHT HAJAJBHYIO
TouKky B Touky R, a satem omepanus I _ g BosBpamaer R B Hawano pemerkn. Takum
obpasom, omeparmus 7 _gS ocraBasgeTr HeDOZBWKHOM Xo0Td OB OIHY TOUKY
pemeTKE (2 UKMEHHO ee HAadYaJbHYI0 TouKy). Ecim, ogHakKo, Ioclie UpOBENEHNs:
omepanun I'_rS MH npopmenaem omepammio I'r, TO pesyiasTaT OyHeT SKBHBaJCH-
TeH BHIOJHEHWI) OfHOU omepanuu S, IDOCKOJNBKY 3aKIIYATENbHOe HOPHMCHEHEE
omepanuu I'p KOMOEHCUpPYET LIpefnymee Hpumenenwme omepaunum 7 _g. IlosTomy
omepanmio S MOKHO IOCTPOHTEH W3 oHepanmm 7 _gS, 0CTaBIA0INEeH HeNOABIKHOM
OfHY TOUYRY, U omepammu ['g, ABIAAOMENCHA UYHCTOH TpPaHCIAMUEH.

Wrak, monHAsA rpynna cuMMeTpHH pemeTku Dpams ?) comepsut Jnmb onepannd
CAENYIOMmMETO BHAMAA:

1. Tpamcasium Ha BeKTOPH pemerk:m DBpass.

2. Omepanum, KOTOPHE OCTABIAIT HEIOABIIKHOA HEKOTOPYIO TOUKY peHIeTKH.

3. Omeparmuu, KOTOpHE MOJKHO HOCTPOHTE HyTeM DOCIHELOBATENBHOIO IpUMe-
HeHWs omepanui Tuma 1 m 2.

CEMb HPUCTAJIJINYECHKUX CUCTEM

Npu umsydenmum omepaumii CUMMETPHH, OTJIHYHHX OT TPAHCIAAUUOHHOM, JFACTO
paccMaTpuBaAOT HE BCIO MPOCTPAHCTBEHHYIO IPYNNY pemeTKd BpaBs, a AWmb Te ole-
panum, KOTOPHE OCTABJIAIOT 'TeHONBIVKHOH ONHY ®3 ee TodeK (T. e. OIepalum,
OTHOCAMMUEC K YKAa3aHHON BHINE KaTeropmé 2). 310 HOAMHOMKECTBO TOJHOA IpyIIH
CHMMETDHH peImeTKH DBpaBs Ha3WBawT moueunol zpynnoll pemetkm Bpass.

CymecTBYIOT TOJBKO CeMb PAa3JMYHHBIX TOYETHHIX TPYIN, KOTOPHE MOKET HMETh
pemerka bpaBs %). JlwGaa kpucrannmueckas CTPYKTypa IPHHAJIEHKHT K OIHOH

_ 1) 3amerum, 9T0 TpamCcuANMs HA M0G0 BEKTOD pemerku (kpome O) He OCTABIACT HOMOJBHHL-
HOI HE OJHY TOURY.

2) Huke MH yBHAUM, 9TO 00Mas KPUCTANIMIECKASA CTPYKTYPA MOKET UMETH JOTOJHUTENb-
HbIe Ollepallud CHMMETPHH, He OTHOCHIMYECA K THiaM 1, 2 muu 3. 3T0 «<BUETOBEE OCH» ¥ (ILIOCKOCTH
CKOJBHEHHUAN,

3) Jipe TOUeURHe IPYNOE TOKAECTBEHHH, €CIM OHH COJIEP/KAT COBEPIICHHO OfMHAKOBHE
omepanuu. Hampmmep, MHOMECTBO BceX omepanuil cmMMmerpuum Ky0a TOMKIECTBEHHO MHOKECTBY
BCeX Omepanuii CAMMeTPHH IPaBHIBHOIO OKTasApa, KaK 3TO JIETKO MOKEO YBHJETh, BIHCAB COOT-
BeTCTBYIOIMUM 06pas3oM okTasnp B Ky6 (Pur. 7.2, a). C KPYroil CTOPOHH, Irpynma CAMMETpUH Kyba
He SKBUBAJEHTHA IPYIIe CUMMETPHHM IpaBHIbHOTO Terpasapa. Hyb umeer Goxpme omepanwuii cuM-
merpum (dur. 7.2, 6).
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PDur. 7.2, a — BcAKaA omepanua CUMMeTpHE Ky0a ABIfeTCA TAKMKe ollepamueldl CHMMeTpHu mpa-

BIJIBHOTO OKTa37Apa, H Hao00pOT, I03TOMY TPYNIa CHMMeTpHHM Kyba HAeHTHYHA IPyIe OKTasjgpa.

6 —He BCAKAs ollepalis CUMMeTDHH Ky0a ABiIsAeTcd olepanyeil cCiMMeTPHU HIPABUIBHOTO TeTPA3Pa;

HanpAMep, roBopoT Ha 90° BOKDPYr yKasaHHOM BepPTUHAJILHOH OCH HEPeBOJAT B cebsa Kyl, HO He
TETPA’Ap.

W3 ceMU KPUCMALIUNECKUT cUCMEM B 3aBICUMOCTZ OT TOTO, KaKasd M3 CeMH TOYeYHHX
TPYII sBAseTCSA TOYeTHOU IPYNIION JeKamei# B ee ocHoBe pemeTk:u Bpasa. Cems
KPHCTAIINIeCKUX| CHCTeM IIepednclIeHsl B CIeLyOINeM pasfede.

YETBIPHAMIIATE PEIIETOK BPAB?

Eciun He OrpaHMYIMBATHCA TOYOIHHIMU OHEPANHAME W PACCMATPUBATH HOJHYIO
rpynny cmmMerpuu pemeTk:m BpaBs, To okasmBaercs, uTo pemertka BpaBs Moser
uMeTh OJHY W3 YeTHPHAANATA DPAa3NMIHHX HpocTpaHcTBeHHHX rpynn !). Ciemosa-
TEeJIbHO, ¢ TOYKHA 3PEHHSA CHMMOTPHH CYIECTBYeT UYOTHPHAANATH BUAOB DEINETOK
Bpags. Bmepsuie ux mepeuncani @Opankreiim (1842 .). Onnako Mpanrreiiv omubes
B IIOJiCYeTax M COOOIIW/ 0 IATHAAIATH BO3MOKHEX pemreTkax. Bpaso (1845 r.)Imep-
BHIM IIPOBeJ HPABUILHENT HONCYET.

1) 3XBUBaNEHTHOCTh JABYX NOPOCTPAHCTBEHHHIX Trpynn pemersn Bpass — Goxee TOHKO®
HOOHATHE, YeM SKBUBAJEHTHOCTH NBYX TOYEUHEIX TPy (XOTs OHH 00a M CBOJATCS K IIOHATHIO
«usomopduamay B aberpakTHOR Teopum rpyum). Omepanmuu IBYX OIMHAKOBHX NPOCTPAHCTBEHHBIX
TPYII MOTYT BCE JKe OTIUYATHCS B «HECYI(ECTBOHHEIX» MTAJAX, IMOITOMY HEJIh3s MPOCTO CKa3aTh,
qTO [IBe IPOCTPAHCTBEHHHE I'DYIINH SKBHBAJEHTHE, €CJIU OHH COJACD/KAT OJHH M Te jKe ONepailuu.
Hanpumep, gse npocthie Ky6udeckue pelneTKH Bpaes ¢ pasingHEMU HOCTOSHHKME PEINeTHE 4 U a’
OPHHATO CINTATH UMEIOIIIMU OXNHAKOBEE IPOCTPAHCTBOHHEE IPYINH, HSCMOTPA HA TO, UTO B OIHOM
cIydae HIAr TPAHCHAUUE paBed a, a B ApyroM a’. CXOLHHM 00pa3oM ;KeJaTedbHO GHIIO GH CYm-
TaTh, 4TO- HE3ABHCUMO OT 3HAYEHHA ¢/a, KOTODPOe, OYEBM/IHO, HE BIMsAET HA MONHYI0O CAMMETPHIO
CTPYKTYPH, IPOCTPAHCTBEHHLE TPYIIH BCeX HPOCTHX IeKCATOHANBHEIX pemeToK Bpass Tome-
CTBEHHHL.

Yr1o6H mOJONATH K peINeHHMI0 HTOi mpoGiaeMsl, samMeTHM, 9T0 B UOJOOHHIX 3ajadax BCer/Ia
MOKHO IIyTeM HeHpepDHIBHOH medopMmaium mepesecTu CTPYKTYPY 3aaHHOTO THIA B APYrYIO CTPYK-
TYpy TOTO Ke Tuua, He IOTepsAB IPHM ITOM HWM OJHOX u3 omepamuil cummerpuu. Hampumep, Bce
BpeMsa COXPaHAsA NPOCTYI0 KyGMIeCKYI0 CHMMOTPHIO, MOXHO PABHOMEDHO DACTAHYTb OCH KyGa
0T ¢ 10 a’. CoXpaHAA NPOCTYI0 TeKCATOHAILHYI CHMMOTDHIO, MOKHO BHTAHYTh (WM C/KATD)
¢-0ch (i a-ock). Ciref0BaTeNBbHO, MOKHO CKA3aTh, Y4TO [(BE PEINeTKH BpaBs MMEIOT OMHHAKOBYIHO
NPOCTPAHCTBEHHYIO TPYIIY, eciay IyTeM HeIPepHBHOH TpaHchopMmauum ypaerca mpeofpasoBaTh
OJIHY I3 HUX B [PYTYIO TAKKM 06pa3oM, 9TO0H Kaskas omepamnus CAMMeTPHH HOPBOil peIueTRY Herpe-
PHIBHO TpaHCYOPMHUPOBAIACE B ONEPANMI0 CHMMETDHN BTOPOil N3 HIX, a BO BTOPOl peleTKe HET HU
ONHOHI MONONHATeRBHOR ONmepanuyu CUMMeTPHH, KOTOpAasd He MOJYydJaNach O TaKk U3 OHeparuu
CHMMeTpuE TepBoi pemetkn Bpasa,
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INEPEYUCIEHUE CEMU KPUCTAJIJINYECKUX CUCTEM
WU YETBIPHAJLIATY PEMETOK BPAB3

Husxe MBI mepeducigeM Bce CeMb KPHCTANIMYECKHX CHCTOM, a TAK/Ke DENIeTKH
Bpass, mpunajguemamue KaRIod u3 Hux. Uueno pemerox Bpass B cucreme yka-
-9HO B CKOOKaX IOCIe HAa3BAHHUA CHCTEMEL.

Ryo6uuecran cucmenma (3). Hybnueckas cucreMa CONEPIKAT T€ peMeETKH
Bpass, ToueuHasA Trpymma KOTOPHIX COBHAfaer ¢ TPYNNOi cuMmmeTpum Kyba
(pur. 7.3, a). Tpm pemersu Bpass ¢ HEOKBUBAIGHTHEIMA TIPOCTPAHCTBEHHEIMA TP Y-
gaMu 06AANA0T KyOW4ecKodl TOUIedHOM Ipynmoli: npocmas kybuueckas, 06wemmno-
YEeHmMPUPOBAHHASL KYOUHeCKas W apaneqenmpupoeannan kybuneckas. Bce onn Geimm
ONuUCaHH B TiA. 4.

Tempazonaarvnana cucmema (2). Uro6s noumsuts cummerpuio Kyba,
MOYKHO B3AATh €0 33 MPOTHBOIOIOMKHEIE TDAHT U BHTAHYTH B IPAMYI0 IPABMY C KBaJ-
PAaTHEIM OCHOBaHMEM, HO C BHICOTOH, He paBHO# cropoHam KBajgparta (dur. 7.3, 6).
T'pyoma CHMMETDHE TaKOTO 0GBeKTa ecTh TeTParoHalbHAasAg TrpPyHma. Pacrarusas
Mog0GHKM 06pa3oM IPOCTYI0 KyOHYecKyI0 pemeTsy, MOKHO HOAYYATH RPOCTRYI0

i3
@®

G HC

a

Q@ur. 7.3. O0beKTH C CUMMETPHAMH TOYEYHHX TPYII PelleToK BpaBs, IpHHANIS:KAIUX CEMH
KPHCTAJNIMIECKAM CHCTEMaM: KyOUIecKo#t (a), TeTParoHANBHOMH (6), pOMOMIECKOMH (6), MOHOKJIHUE-
HO# (2), TPURIAMHHEOH (4), TPHTOHAIBHOR (¢), FEKCATOHANBHOMN ().
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Qur. 7.4. Jlpa cmocoba mnpefcTaBJEHNA LEHTPHPOBAHHON TeTParoHaibHOH pPemerkn bpasd
(BUj; BAOJBL ¢-OCH).

Toukn, c60aHaYeHHRE IUdpamMu 1, JeaT B aTOMHON IJOCKOCTY, NepHeHANK YIAPHOI ¢-0CH, A TOYKH, 0G0smadeH-

Hble nHpamMu 2,— B NapaJJIeIbHON MIOCKOCTH, OTCTOAILeHl OF mepBoit Ha paccroanne ¢/2. Ecau Toukw 1 coegm-

HHITE TaK, YTOOR OHM 06PA3OBHBAJU NPOCTYIO KBARPATHYIO CeTKY (a), TO BUJHO, Y4TO LIEHTPUPOBAHHAA TETPATOHAJb-

HaA peleTKA MOJYYAeTCA DPYM NCKAMEHUM O. II. K. PeIIeTKN. MOMKHO TAKIKE CUNTATDL, YTO TOYKHK 1 JexaT B yajiax

HEeHTPUPOBAHBOM KBagpartHo!i ceTkm (6); TOrOa CTAHOBUTCA IIOHATHBIM, YTO HEHTPHPOBAHHYIO TETPATOHAJIBHYIO
PemeTHY MOKHO IOJYYUTh M IYTEM NCKAMKEHUA T. II. K. DPEIETHMs

mempaezo;i« 2vrylo pemeTky Bpass. Ilocnenuss onepefenserca Kak pemerka bpasna,
HopoK/laeMas TPOHKOM B3aWMHO NePNEHAMKYJAAPHEX OCHOBHHX BEKTOPOB, N3
KOTOpHIX JWINb 7BA WMEIT PaBHYIO JUIHHY. TpeTbio 0Ch HAa3HPBAIOT c-0ChK. Pacta-
rumBasg aHaJOIMYHEM 00paszoM OGHEMHOIEHTPHPOBAHHYIO W IPAHENEHTPUPOBAHHYIO
KyOudecKne pemeTKy, yHaeTcs MOJYYHETh JWIMb OfHY peImeTKy TeTparOHAJbLHOR
CHCTEMEl — YEHMPUPOBAHHYI0 MEMPAZOHALLHYIO.

Yro6s yOenmrbesi, 910 00HEMHONEHTPUPOBABHAS U TpPaHENeHTPUPOBAHHAM
TeTparoHajipHEE PEMeTKH He OTJIMYAIOTCA APYT OT Apyra, paccMoTpum ¢ur. 7.4, a,
rIe n3obpasieHa NEHTPUPOBaHHas TeTparoHaJdbHas pemeTKa LBpaBs, ecaum cMOTpeTh
Ha Hee BIOJAB c-0cH. Touky 2 meKaT B IJIOCKOCTH PEmIeTKN, OTCTOSMEH Ha paccros-
HEe ¢/2 oT miockocTm pemeTku, cofmepiamei Toukn 1. Eenu ¢ = a, To 372 CTPYK-
Typa OpefcTaBifeT co0OM 0. Il. K. PEINETKY, eClld e ¢ UMeeT TPOUBBOILHYI0 BEJIH-
9@HY, TO €e, 09eBUAHO, MOKHO PACCMATPHBATE KaK Pe3yabTaT PacTHKEHNA O. I. K.
pemeTKn BROJb c-oc. OIHAKO B TOYHOCTH TY 3Ke CAMYIO PeIIeTKY UpPH B3riAe BIOIL
TOM 7K€ ¢-OCH MOJKHO n300pa3uTh TaK, KaK IMOKa3aHo Ha ¢ur. 7.4, 6, CINTAsT AaTOMHEI
OIOCKOCTH TIEHTPUPOBAHHBKIMU KBaJIpATHEIME CETKAMH CO CTOPOHOH, paBHOH o' =
= V2a. Ecnu ¢ = a'/2 =al/}/ 2, To aTa cTpyKTYpa €cTh mpOCTO T. H. K. PEIIeTKa
Bpaes. Ilpm DpousBONBHOM ¢ € MOMKHO PACCMATPUBATH KaK Pe3YAbTAT PACTAKEHAS
I. Il. K. PeNIeTKM BIOJbL ¢-OCH.

WUnague roBops, Kak TI. I. K., TAK M 0. I[. K. PEIMIETKN OPEHCTaBIAIT coGOH
JaCTHHIE CIYUYad IIeHTPHPOBAHHOR TeTParoHanbHOR pemerkn. OBM BOBHUKAIOT JHAMID
IpH ONpefieIeHHOM 3HAYeHWW OTHOIIOHUSA c¢/a, OpH KOTOPOM HMMeEeT MeCTO JOMOJHMU-
TenbHasg cuMMmerpua. IlpoumcxoxpmeHme TaKOH CHUMMeTpHH Jerde BCero NOHATH,
OpeficTaBEB DemeTKYy TaK, KaK 9T0 DOKasaHo Ha ¢ur. 7.4, a (0. I. K.) mau Ha
¢pur. 7.4, 6 (r. m. k.).

Pombuuecrxan cucmena (4). Ilepexons x MeHee cHMMETPUIHEM Jedopma-
nuAM Ky0a, MB MOjKeM DOHHBUTL TETPAaroHAJNBHYI0 CAMMETPHUIO, IIpeofpazoBaB
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8 a

®ur. 7.5. [sa coocoba medopmanmm mpocTodl TeTparoHaNbHOM pemerk:® bpass.

Hampasienne HaGmONeHAS — BOOAL ¢-OCH; NOKASAHA JIAIIL OOHA ATOMHAA IJIOCKOCTH. UTOGH IMORYEPHHYTD,
YTO TOYKH B 9TOH MJIOCKOCTH OGPA3YIOT MPOCTYIO KBAXPATHYIO CETKY, OHM COeqUHEeHH JuHnaMn (a). IIpu pacraxe-
HAH TAKUX CETOK B HAIpaBJIEHUM OFHON 13 CTOPOH HOJYYaeTcA CHCTEMA HAIOKEHHERIX OPYI HA ApYra OIPAMOYIOJdb=
HHX ceToK (6), T. e. upocras poMOudeckas pemerka Bpass. Ha cxeme 6 JMHUM NPOBegeHsI KPYIEM 00pa3oMm, gro-
OBl DOMYEPKHYTD, UTO TY 7Ke CAMYI0 CeTKY TO4eK, M300parKeHHYI0 Ha cXeMe a, MOKHO PacCMaTpMBATh KAK LUEHTpu-
POBAHHYIO KBAXPATHYIO CETKY. IIPM DACTAMEHNM TAKUX CETOK B HANDABIEHUW ONHOH M3 CTOpOH [T. €. BRONs nua-~
rOAaNN KBafgpaTHO!N ceTKA (a)] moJyJIaoTes HAIOKeHHbE XD YT Ha ApYTa LHeHTPHPOBAHHBIE PAMOYTOJIBHEE CeTHI
(2)e OHE OGpasyioT GASOUEHTPUPOBAHHYID POMOMUECKYIO peuietkKy Bpasa,

B OpPAMOYTOJBHUKHE KBaJpaTHEHe TpaHW o00BeKTa, HOKasaHHoro Ha ¢ur. 7.3, 6.
B pesyapraTe monyzaercs ofLEKT © TPEMS B3AWMHO NEPHEHAWKYIAPHHIME pebpaMnm
HepaBHO# AauEH (dur. 7.3, ), Tpynny CEMMeTpHE KOTOPOr0 HA3HBAWOT poMmOude-
cKOH. BHTArmBag HpOCTYI0 TETPATOHANBHYI0 PEmETKY BRONb ONHOM W3 a-ocei
(dur. 7.5, @ m 6), MBI TpUXOEUM K npocmot pombuuecroll pemerke Bpass. Ecam,
O[HAKO, IPOCTYI0 TETPATOHAJBHYIO PEIMeTKY PACTAHYTH BAOADL HHATOHANW KBaf-
paTa ocHoBaHHA (¢ur. 7.5, ¢ M 2), To MmoNydanmTCA BTOpad pemeTka Bpass ¢ pomGn-
YeCKOM TOYEUHOH IpynmOoil CHMMMETPHUHW, HABHIBaeMafs OA30YeHMPUPOSAHHOL DOMOU=
yeckoll.

Ilocrynaa Takum jKe 06pasoM, MOKHO HOHM3UTH ABYMA CHOCOGAME TOIETIHYIO
CHMMETPHIO HEeHTPHPOBAHAOH TETPATOHANBHOW pPEmeTHW, HpeBpaTus ee B poMbm-
weckyl0. Pacrarmpas ee BAoxb ONHOM W3 HADANNENBHHX UPAMBIX, TPOBEJEHHBIX
Ha ¢ur. 7.4, @, MH TONYYAM 06BEMHOYUEHMPUDOBAHHYI0 DOMOUYECKYI0 PEUIeTHY
Bpasa, Torna kak pacrameHne BIOAb ONHOI U3 Mapa/IeIbHEIX IPAMBIX Ha Qur. 7.4, 6
AOT 2PAHEYEHMPUPOBAHHYID POMOUNECKYI0 PEUIeTRY.

IJTEMI 9eTHIPEMA pemeTKaMu BpaBs MOJHOCTHI0O MCUEPUHIBACTCHA POMOUYECKAs
cucTeMa. ,

Monorxaunnas cucmema (2). PoMOUTIeCKYI0 CHMMETPHUIO MOKHO NOHM-
3UTH, IPEBPATHB NPAMOYTOIAbHEE TPAaHW, MEPUeHAWKYIAPHHe c-och Ha dur. 7.3, &,
B NIpOmW3BOIBHEE Napasinesorpammul. Ilomysaromumiicsa .o0sexrt (Pur. 7.3, 2) umeer
MOHOKJIUHHYIO Tpynny caMmmerpnu. Mckaskasg takuM o0pa3oM mOpocTyio pomGude-
CKYI0 pemierky, MH IONydaeM NpOcmyn MOHOKAUHHYI pemeTkRy DBpass, He ume-
IOIYI0 EEKAKAX [PYTHX 3JeMeHTOR CHMMeTPHUH, TOMEMO BOSHMKAKIOIMUX H3-3a TOTO,
9T0 TaKad PeNIeTKa HOPOKIAeTCHA TPORKOM OCHOBHEIX BEKTOPOB, OUH M3 KOTOPHIX IIep-
NeHAUKYAAPEH MIOCKOCTH, TAe JeKaT ABa ApYyrux. VICKasKasg aHaJIOTHIHEIM 00pasoM
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6as0neHTPUPOBAaHAYI0O pPOMGUUECKYI0 pemeTKy BpaBs, ME TOsKe HmoaydYaeM DpOCTYIG
MOHOKJINMHHYIO OPOCTPAaHCTBeHEYI0 rpynny. OZHAKO eCay MCKa3uTh NMONOOHEM obpa-
30M IPAaHEIEHTPAPOBAHHYI0 MW O0HEeMHOEHTPHPOBAHHYI0 pOMOMYECKHE pemeTKH
BEpasa, To B pesynsTaTe BOSHEKHET yeHMPUPOSAHHAR MOHOKAURKAA pemeTka Bpasa
(dbur. 7.6).

3dameTnM, UTO ABYM TeTparoHaJbBEM pemeTkamM bBpaBs COOTBETCTBYIOT Be
MOHOKJWHHEE DeIleTKH. YABOEHHE YHCIa PEmieTOK B poMOMYECKOM CJayuae CRBA3AHO
C TeM, YTO NpPAMOYIroAbHAA ¥ NEHTPUPOBAHHAA OPAMOYTOJbLHAA CETKU EMEIOT pas-
JUYHBe (ByMepHBe TPYINH CHMMETDPHY, TOI/la KaK IPYNIOE CUMMETPHU KBaApaTHOR
U NEHTPpUPOBAaHHOYE KBaAPAaTHOH CETOK COB-
IaflafoT, KaK M I'PYIOE CHMMETPUU CETKU
HnapaasielorpaMMoOB M IEHTPUPOBAHHOM
CEeTKH TapaljieJorpaMMoB.

Tpuraunrnas cucmema (1).
Wcraxenne wyba saBepmmuTCsa, eCiam HA-
KJIOHUTbL ¢-0Ch Ha ¢ur. 7.3, 2 TaK, 9ToOH
oHa Ooyiee He OBLIA HePIEHAUKYIAPHA IBYM
apyrum ocam. [Monygalomuiica B pesyabra-
Te 00BeKT Hn300pasken Ha ¢ur. 7.3, J; oH He
Pur. 7.6, l{enTpupoBaHHAA  MOHOKJIMHHAA AOJZKEH yAOBAETBOPATL HUKAKUM OrpaHi-

pemerka DBpas upn maGmogemmm pons GCHUAM, KpoMe TpeGoBaHEs HAapalieNbHO-
c-ocu, CTH OPOTHBOLIOJOMKHEEIX rpaHeii. Mcramasn
TouKku, 0003H&YEHHBIE ITU@pPamMy 1, NeKaT B aTOMHON TaKUM OyTeM JIIOﬁyIO u3 MOHOKRJIMHHEIX pe-
SHAMOHTHIE T paNA 2. Toran 5 napanemmol nue.  METOX BpaBs, MOKHO IOCTPONTS mpukAUi-
T DA oa DeccTomn o2 0T eb.  uyio pemerry Bpaso. 9ra pemerxa Bpazo
napajgnesiorpaMMOB, OGpPA30BAHHBIX TOYKaMy 1. nopompaeTcsa TPOMKOM OCHOBHBIX BEKTO-
POB, He CBA3AHHHX KaAKHMH-IM00 COOTHO-
meHnAMY, Cef0BaTeabHO, OHA HPeACcTaBaseT cofol pemeTky Dpaps ¢ MUEIMaNBHOH
cumMeTpzeil. Bee ske TpuKiIMHHaA IPyNIa He ABIfeTCH IPYNnoil o6bexTa Ge3 BCaKoi
CUMMETPHH, IIOCKOIBKY pemeTKa DpaBo Bcerja MHBAPHAHTHA OTHOCHTENBHO MHBEp-
CHEW C IEHTPOM B JI060H TOYKe pemeTKH. JTO, ONHAKO, eIMHCTBeHHAsl CUMMETDHSA,
TpebyeMasn o0INUM onpefieneHmeM pemieTKu BpaBs, a ciaefoBaTeslbBO, elHHCTBEHHAA
onepanuaA, BXoNAmMAas B TPUKIWHHYIO TOYEYHYI0O Tpynmy l).

Wckasus TakuM ob6pasoM Ky0, MH NOJyYmau ABeHAANATh K3 YeTHPHANNATH
pemeTox BpaBs W OATH M3 ceMM KPHCTAAJMYecKux cuerTeM. UToOH HAalTH TPHHAM-
HaTyI0 ¥ MecTyi, BepHeMCA K MCXOJMHOMY KyOy M HCKa3WM ero HECKOJbKO HHEIM
coocoboMm.

T pueonaavras cucmemna (1). TpuronanbHas TodedHas TpydHa OOMCH-
BaeT CUMMeETpPHI0 00beKTa, KOTOPHIH N0JydaeTCs, ecly pacTAHYTh Ky0 BOoab o0beM-
Hoii muaromamm (¢umr. 7.3, ). B pesynbraTe Takoro mcKaskenmsa Jai00o# @3 Tpex
Ky6udecKHX pemeTok DBpaBs BOBHUKAET pomb0sOpuveckas (WIE MPUOHAALHAR,
pemerka BpaBs. Ouna DopoKmaeTcs TpeMs OCHOBHHIME BEeKTODaMW DPABHOH JIIHMHH,
00pasyoIUMI paBHHE YIVIH APyl ¢ APYroM 2).

Haxroner, mocinefHsas W3 CHCTeM He HMeeT OTHOmeHMS K Ky6y.

Iexcaconaavrnas cucmema (1). lekcaronanvuag To9euHadA IPYyHNNa ecTh
rpynma CHMMeTpHMM NIpaBUIbHON mecTuyronbHOM mpusme (¢mr. 7.3, o). Ilpocmas
eekcazonaavhas pemeTka BpaBs (ommcaHHas B Iil. 4) EMeeT reKcaroHaJbHYIO TOUEU-

1) IToMuMO TOMECTBEHHON omepanuu (OCTaBAAMINeH BCe TOUKH PEHIETKH HA CBONX MECTaX,
KOTOPYI0 BCEI[ia YYUTHBAKT HAPaBHE ¢ APYI'UMMHU BJIEMEHTAMM IPYUOL CHMMETPHH,

2) Ilpu 0CcOBGEIX 3BHAYEHMAX ITOTO YIIa MOTYT HOABIATLCA AOMOJHUTENHHHE JJEMEHTH CHM-
merpun. Torga pemerka B efflCTBHTENBHOCTH OTHOCHTCH K ONHOMY M3 TpeX KyOmdecKnmX THOOB.
CwM., HanpuMep, 3ajgagy 2, IL. «a».
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Hyl) TpynOoy W sABIAETCA eIMHCTBeHHOH pemeTroii BpaBs B reKcaroHaJIbHOR
cucteMe ‘).

OnmcaBHble BHIE CeMb KPHCTAJNJIHIECKHX CHCTEM M UeTHPHAANATH PemeToK
BpaBs mcuepmeiBaoT Bce BO3MOMKHEE CIy4aum. JTO HajeKo He OYeBURHO (HMHAdYe
MH Ha3HBajA® OB Temeph 5Tu pemeTkE pemeTkamu Dpapkreiima). C mpaxrndeckoi
TOYKM SPEHHS, ORHAKO, COBepPIEHEO He 00:73aTeqbHO HOHMMATh, NOYEMY CYIEe~
CTBYIOT TOJNBKO LEPEYMCIeHHHe caydaw. JlocTaTouHO B3HATH, HOYEMY BOBHHKANOT
TaKMe KaTeropuy ¥ KaKOBHI OHH.

KPNCTAJIJIOTPAONYECKME TOYEYHBIE T'PYINIIBI
1 TPOCTPAHCTBEHHBIE T'PYIIIIBI

Onmmem Teleph pPe3YABTATH AHAJIOTHYHOIO AHANW3A, TPOBEIEHHOTO HE A
pemerok BpaBs, a Ais OpOMBBONBHEIX KPHCTANIMUecKux crpykryp. O6partumes
K CTPYKTypaM, KOTOpPHE IIOJYYalOTCs, €ClIM HPOM3BOJABHME OGBeKT IOTBEPIHYTH.
TpaBciAnmAM, o6pasyomuM pemerky DpaBp, m mombitaeMcs KiIacCHQUIUPOBATS.
TPYUNE CHMMETPUR TaKWX cTPpYKTYp. OB 3aBUCAT KAK OT CUMMETPUH OGBHEKTA, TaK
1 oT cumMeTpun pemeTkn Bpass. IlockoabKy ME Tereps He TpeGyeM, 4T00H 06bEKTH
HAMeJIM MaKCHMaJIBHYI0 (T. e. c)epuueCKyo) CHMMETPMIO, YUCJIO TPYHN CHUMMETPUR
3HAUMTENbHO BospacraeT: cymecTtByer 230 pasnuuHEX IPYIH CHUMMETDPUM PENIeTOK
¢ Basncamu — 230 npocmpancmeennvir epynn. (CpaBHATe 5TO ¢ YeTHPHAALATHIO IIPO-
CTPAHCTBOHHHIMM IPYLIDAMHU, KOTODEE BO3BHMKAIOT, KOTHA HAJOKEHO YCIOBIe HOJ-
HOM cumMeTpum Gasmca.)

Tabauya 7.1

Toueunnie W NPOCTPAHCTBEHHBbIE TPYNNbl peileToX BpaBd um KpuCTAIHYCCKUX CTPYRTYpP

Pemerra Bpaga KpHCcTANMIYeCKaA CTPYRTYpa
(chepHuecku-cuMMeT pUIYHEIE 0asnuc) (6a3uc NpOU3BOJIBHON CHMMETPUK)
Yucao ToueyHBIX 7 32
rpynu (7 KpHCTaITU9eCKHX CHCTEM) (32 rpucraniaorpadiueckie
TOYeYHbIe TPYIIILI)
Yneno mpocTpaBRCTBEHHBIX 14 230
TPyl (14 pemeror Bpass) (230 mpocTpPaHCTBEeHHKIX FPYI)

Toueunsle TPYNIE, BOBMOMHEE AJs NPOW3BOIBHON KPHUCTAIINIECKON CTPYK-
TYPH, TaKiKe BCe NepeducacHs. OHM ONNCHBAIOT ONEPAIMy CHMMETPHY, IepeBonAIue
KPHCTAINNIECKYI0 CTPYKTYPY B camy ceGs M 0CTaBIAIOmM@e NPHU 3TOM HEeIOIBIKHON
ONHY U3 e¢ TOYEK, T. €. HeTPAHCIALWOHHER 2iIeMeHTH cuMmeTpuy. Kpucraanngecran
CIPYKTYpPA MOKeT MMeTh TPUALATH IBe PA3JIHYHEE TOYeUHEE IPYINE; WX HA3HBAIOT
mpudyamoio deymsa Epucmaarozpaguieckumy moveunumu epynnamu. (CpaBrure sro
¢ CEMBIO TOYEYHEIMM I'PpYINaM¥, KOTOpHE HOJYyJaloTCA IpH TpeCoBaHNN HOJTHON cruM-
MeTpum Gasmca.)

Hmcna pasiuyHbBIX TPYOI CONOCTAaBIANTCA B Tada. 7.1.

1) Ecoy HONHTaThCA MOCTPOMTHL HOBHE PEIIeTKY BpaBs myTeM HCKajKeHNs NpPocToil rekca-
TOHAJTLHOH PeImeTHN, TO JerKo o6Rapy:RuTh, YTO N3MEHEHNS YIVa MEKIY JBYMA OCHOBHHIMH BeK-
T0paM# PAaBHOH [JIMHH, NepHeHAWKYIAPHHMU c-OCH, JaeT 0a30LeHTPHPOBAHHYI0 POMOHEECKYIO>
pemeTrRy, W3MeHEeHHe W yIJa M JJIUHH BEKTOPOB IPHBOIWUT K MOHOKJIMHHOMN peIIeTHe, & OTKJIOHEe—
HHe C-0CH 0T TIEPUCHANKYNApPA JaeT B 00meM ciayuae TPHRIMHHYIO DemeTKY.
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TpuanaTe gBe KpucraJiorpa@uIecKkue TOIeTHbe TDYOIE MOMKHO IGCTPOUTH
W3 ceMH TOYEYHHIX TPYII pemeTKH BpaBs, paccMaTpuBas CHCTEMATHIECKU BCE BO3-
MOKHBIe CHOCOOH HOHIKEHHS CHMMOTPHN OOBEKTOB Ha ¢ur. 7.3, OnmCHBaeMHIX
STUMH TPyIHaMU.

Ilocrpoenue faeT gBafglaThk NATH HOBHX Ipynn. KakAasn us Aux cBaA3ana ¢ OgHOM
13 CeMM KPHCTAINJIMIECKUX CHCTeM B COOTBETCTBHH CO CIeAYIOMUM Opasuiom. Jlobas
Tpynla, HOCTPOEHHASA MyTeM MOHMKEHHUA CHMMETPHH 00'beKTa, ONHCHBAEMOT0 HEKO-
TOpPOH KPUCTATIUIECKON CHCTeMOH, IPONOsKaeT IPHHAIIE AT dTOM CHCTeMe 10 TeX
mop, NOKA CUMMeTDPHMA He HNOHH3MTCA HACTONbKO, YTO BCE OCTABIMUECHA OIepalum
cuMMeTpUH 00beKTa MOTYT OHTh HAHJCHH TAK:Ke U B MeHee CHMMETPUIHOM KpHcTal-
JUYECKOH CHCTeMe; KOIfa 3TO IPOUCXOOUT, I'PYHIY CUMMETpUHU OGBEKTa OTHOCAT
K MeHee cumMMeTpuuno#t cucreme. CjepoBaTenbHo, Kpucraiaiorpaduueckas Toded-
Haf rpylna OpUHANIEHAT K KPUCTALIWIECKOH cucTeMe, ofnajapomiei HanMenbIIed
cUMMeTpHeli U3 CeMM TOYedHEIX IPyIN pemerku Bpasa, cofepmamux B cebe Bce
omepanny CHMMETPUM [aHHOH Kpucrajaorpadmaeckoir rpymms 1).

O6BeKTH ¢ CHMMETpHeH NIATH KPUCTALIOrpaguuecKnX TOYEYHBLIX PyNd, OTHO-
cAmMUXCcsA K KyOudeckoil cucreme, m3o0paskennl B Tabu. 7.2, O0bexth ¢ cummerpaei
[BajflaTH CeMH HeKYOMYeCKUX KPHUCTAMI0orpaduuecKux IpyINn mOKas3aHH B Tafn. 7.3.

Kpucraminorpaguyeckne TodedHHe IDYNIB MOI'YT COLEP/KATH ONEPAIMH CUM-
METPUH CIelyIoMmero BHJA.

1. HoBoporsl Ha yroa, Kparmeli 27/, BOKPYr HexoTopoit ocu. Takyio och
Ha3BBalOT OCHI0 N-TO mopafka. Jlerko morasath (3amada 6), uro pemerxa Bpass

1y [omATue HepapXuy CUMMETPHI KPHCTANInIeCKHX CHCTeM TPefyeT HEKOTOPOro pasbice
menusa. Ha dur. 7.7 KaKgas 03 KPHCTANIUICCKUX cncteM obiamaer Gosee BHCOKOH cuMmMeTpuei
[0 CPABHEHWIO ¢ TeMII, KOTOPHX MOKHO IOCTHFHYTh, IBHTAACH OT Hee MO HallpaBJieHHI0 CTPETOK.
MiHage roBops, COOTBRTCTBYIOIAsA TOYedYHAs rpymua pemeTkn Bpass me cogepmut omepamuii, me
HMEBIIMXCH B TPYINAX, 13 KOTOPHX € MOMKEO TOCTHTHYTL. Ha nepssIit Barasyg Takas cXema HEOLHO -
8HawHA, IOCKOJBKY HeThpe mIapH: Kybmueckas — reKcaroHalpHAs, TeTPArOHANLHAS — TEKCA-

Kybuyecran

TencazoHansHan TempaoHaIsHAA

T
TpueonansHan Pmﬁuln/ecmzﬁ
| :

—_— = MOoHOKRUHNHAA

!

TpunluHROA

O®ur. 7.7. Nepapxusa cuMMeTpHH AiA ceMH KpPHCTANIMYECKUX CHUCTEM.

Hakgan ToueyHas rpynna pemeTku Bpass cOmep:KUT B cebe BCe APYrue IPYINbl, KOTOPHIX MOMHO MOCTHYb, IBA-
Tasch B HANPABIEHUN CTPEIOK.

roHaJhbHAS, TETPATOHANhLHAN -— TPUTOHAABPHAA U pOMOHYECKas — TPHTOHAJBHAS CHCT@MH —
HE coeqmEeHH cTpenkamn. I[osToMy, Ka3a10Ch OB, MOKHO IPEICTABUTH cede 00TLEKT, BCe Ollepalun
CHMMETPHH KOTOPOIO IPUHAJIEKAT KaK K TeTPATOHANBHON, TAK ¥ K TPUTOHANBHOH TPymue, HO HE
K Tpyume, ne;kameil mmwke ux ofemx. IIpo rpynmy cmMMeTpuu Mogo0HOTO 06HEKTa MOMKEO GHLIO
OB CKa3aTh, 9T0 OHA MPUHAJIEKUT CPA3y TeTPAroHANBHOM M TPUTOHANLHON CHCTEMaM, MOCKOIBKY
1714 Hee HeT OFHO3HAYHON cucTeMH ¢ (ojee Huako# cummerpueil. OxasnBaeTcs, OTHAKO, 9TO KaK
B 9TOM, TaK M B TpeX APYTuX HEONHOBHAYHHX CJHYYAsX BCE DISMEHTH CHMMETDPHE, OOmue JBYM
IpyHOaM 43 Maphl, IPARAAAEKAT IPYOIe, Haxoaameiics mwke ux obeunx B wepapxuu. (Hampuvep,
00011 aeMenT, OOMuIL A TeTPATOHAJNLHON ¥ TPHIOHAJLHON IPYNI, HPMHATJEKUT TAK/Ke MOHO-
kaumEHofi rpynme.) IlosTomy BCerma cymecTByer TOXHKO ORHA-€JHHCTBEHHAs TPyINNa ¢ Husmeid
cuMMeTpureil.
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Tabauya 7.2
O6berTl ¢ cumMeTpHedl DATH KyOmYeckMX KpHETaanorpa@uIecKux TOYeYHbIX Tpymn ?)

7=
w3
(m3)

2) Cnesa OTZKaKIOro o0beKTa yxasaHo oGo3naucHHe Ilendamnca gnsa ero rpynnsl CHMMeTpHA, a Cpa-
Ba — MEKIYHaponHoe o0o3Hadenme. MemsoGpaskeHHbe 30eCh TFPAHA MOMKHO NpeNCTABATb, YYATHIBAA,
9T0 JJA BCeX MATH O0OGBEKTOB IOBOPOT Ha 120° BOKPYr NpOCTPAHCTBEHHOW amaroHanmm wyGa aABaAercA
onepanuett camMmerpmn. (Takaa oCh mMOKazaHA HJA HE3AUITPHXOBAHH Oro Kyba.)

MOJKET WMeTh TOJABKO OCH 2-, 3-, 4- m 6-ro mopsagkxa. IlockonbKy KpuCrasio-
rpagudecKkne TOYeYHEIe I'DYIIEI CO@PIKATCH B TOYEUHHIX Tpynmax pemeTok Bpasa,
OHE TaKKe MOTYT WMeTh JWIMb OCH 9TOr0 MOPAAKA.

2. IloBopornl ¢ oTpaskennamu. [laxke ecan mOBOPOT HA yrox 27/n He ABIAETCA
3JeMEeHTOM CHMMETDHY, MHOTAA TAKOH HOBOPOT € WOCIAeAYIOMUM OTpasKeHueM B Iio-
CKOCTH, HePHeHANKYJIAPHOA ero ochm, MOKeT OpHHAIJIERaTh TPYLUIE CHMMETPHH.
Torza momo6EyI0 0Ch Ha3LIBAIOT 36PKaJBHO-IOBOPOTHOR OCBHI0 n-T0 mopsaAka. Hampu-
Mep, Tpynnk Sg u S, (cM. Taba. 7.3) UMeOT 3epKaJBHO-IOBOPOTHEE ocH 6-T0 I 4-T0
HOPATKA.

3. HoBoporsl ¢ mEBepeneii. AHaJOrHIEO MHOrAA MOBOPOT HA Yrox 2n/n ¢ mocie-
EyloImeil nHBepcueil OTHOCHTENHHO TOYKH, JeyKaleldl Ha' OCH IOBOPOTA, OKA3KIBAETCA
BJIeMEeHTOM CHMMETPHH, XOTd €aM TAKOH HIOBOPOT MM He ABJIAeTcsa. Torga 3ty ock
HAa3HBAOT WHBEPCHOHHOA 0cbI0 n-ro mopamka. Oce B rpymme S, (cM. taGa. 7.3)
gpeficTaBigeT cofoif, HampmMep, TaKKe H WHBEPCHOBHYIO oCcb 4-ro mopaaxa. Och
B rpynme Sg ABIAETCH, ONHAKO, JHENIF MHBEPCHAOHHOW OCBK 3-TO HOPANKA.



Tabauya 7.3
HexyOmueckne Kpucragiorpaguieckae TOYeYHEIe rpyNmbl )
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2) 1ensoOpaskeHHBle FPAaHU MOMKHO TDENCTABMTH, M0BOPAYHBAA 0OBEeKTH BOKPYT OCH n-PO  TO0-
PANKA, KOTOpPas BCerga BepTHHANLHA. OgosHaueHue IleHduuca nasg TPYHOR RAHC CaeBd OT €€ Xapax-
TepHOTo 00BEKTA, & MeKIYHApoAHOoe o003HaYeHNe — cnpasa. Tpynmsl pacrnpeneiedsl 110 BEPTURAIBHBIM CTO10-
1AM B COOTBETCTBHH € HX KPUCTAJIMYECKON CHCTEMON M 110 TOPUBOHTAJIBHBIM DsAANM — B COOTBETCTBHUM ¢ KX
TAMOM B MeXAYyHaDORHOH cucTeMe ofo3HadeHuil uau B CUCTEME Ileéudanca. O6parute BHAManHNe, 4T0 T'DYIIIL
pacopefensawrea no kiaccam NIendsuca (yKasaHHM ¢ 71eBOi CTOPOHE! TAONMMIBI) HECHOJBbKO MHBIM o0pasoM,
geM 110 KjaaccaM MemRIyHapooHOW CUCTCMEI 0603HaYeHKH (IPUBEIEHHLIM C TpaBoil cTopoHsl TabJmust). B doab-
ITAHCTBE CJIy4aeB (HO He BCErja) XapaxTepHple OOBeKTh MOJYYeHbl NYTEM MOHIKEHU cuMMerpuu OOBEKTOR
ua ¢ur. 7.3, ryge UPENCTABIeHb! KPHUCTAJIIMIECKWE GHUCTEMEl (Toyeurpl¢ Tpynnel Bpass). [Jlns  noHIKeHHA
CHUMMETPHY UX TI'PAaHH ITPHXOBAJNCH COOTBETCTBYIOIINM 06pasoM. HCKJIOUEHUA COCTABJAIOT TPUTOHAJILHBIE
M IBe TeKCATOHAJBHEE TPYIUB, NJIA KOTOPHX BHOpAHb! obBeKTE Apyro#l Gopmel, 4Tolbl NOAYEPKHYTH aHAJ0-
THIO MeKNY o0beKramMm, OTHOCALIMMHUCA K OMHOMY Kiaccy Mesdnuca (T. e. CTOAIUAMH B ONLHOM TIODHM3OH-
TaRLHOM PANY). 110 mOBOHY MpeACTaBJEHHs TPULOHAIBHBIX PPYIN C NOMOMIBIO WTpHXOBEHE 00BerTA Ha Owur.
7.8, sic CM, ganmauy 4.

f
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4. Orpaskenna. OTpaskeHue IepeBOANT KaKAYI0 TOUKY B ee 3epKaJbHOe u3obpa-
JKeHMEe OTHOCHTEJIBHO HEKOTOPO# IIOCKOCTW, HABHBAEMOH 36PKAJIBHOM.

5. Nusepeun. ITpn nHBepcuu mMeeTCH BCEro ONHA HeNOABIDKHAsA Touka. Lcinm
9Ty TOYKY B3ATH 3a HAYAJ0 OTCYeTa, To JI00as APYras TOYKA I MEpPexojuT B —T.

OBO3HAYEHHMA TOYEUYHBIX TPVIIII

[llupoko mcmonb3yoOTCA Be CHCTeMB 0003HAYEHUHE — MEKIYHApOJHAA U Npef-
aoennas Ilengaucom. OGe oHu mpusenensl B Taba. 7.2 u 7.3.

Oboaznauenus Ilengaruca ONs HEKYOUHECKUX KPUCTRAIAOLDPA-
Purecrux mouenwnsvtx zpynn. Hax yxe ToBOPHIOCH, TOPHUBOHTAJBHEE DAL
12671. 7.3 COOTBETCTBYIOT YKa3aHHBM cieBa obosmavenusm Ilendauca. Hogcnum atr
obosnavenus ).

C,: TpYHNOH CONep:KAT TONBKO OCh h-TO HOpALKA.

C,,: Kpome ocu n-TO HOPAAKA, TPYIIE HMeI0T 3¢pPKAaTbHY0 IJIOCKOCTD, COfep-
JRATYIO OCH BPANIEHH S, TLIIOC TAKOE YUCI0 TOTMONHUTEIbHEIX 3ePKAaNbHBIX
HJI0CKOCTe, KOTOPOTo TpedyeT CYMmecTBOBaHHE OCH R-TO TOPAIKA.

C,,: KpoMe ocHM n-T0 IOPANKA, TPYNNH COHeP:KaT 3epPKaJbHYIO ILIOCKOCTE,
MepUeHJUKYJIAPHYI0 2aTO#l ocH.

S,: TpYHOL CONEP/KAT TOABKO 3ePKaJbHO-HOBOPOTHYK 0Ch n-I'0 MOPSAKA.
D,: Expome ocu n-To IOpAAKA, TPYHIEL COAEPAT OCh 2-TO IOPAJKA, IepHeH-
JAKYJIAPHYIO OCH R-TO HOPARKA, IUIIOC TaROoe YHCJI0 JOLOJIHUTeIBHBIX
ocel 2-ro mOpsAAKa, Koroporo TpebyeT cymecTBOBaHUE OCH N-T0 IOPAKA.
D,,: »otn (nanGonee cuMMeTpMUHBIE) IPYHOIBI CofepiiaT BCe DJIEMEHTH IPyII
D,, I110¢ 3epKaNbHYIO IVIOCKOCTD, IEPHEeHANKYIAPHYIO OCH N-TO HOPANKA

D, ,; rpyuus cofep:Kar Bce dleMeHTH Ipynn [, miroc 3epRajibHble IIOCKOCTH,
cofiepyRamme och 1-T0 MOPANKA U JeJAulie MONoJaM YIJIH MEeRIY oCAMI
2-To mopsfKa.

Pexomenpiyem umTatento caMocrTosaTelNbno yOeAUTHCS B TOM, YTO IPHBeJCHIIBIE
B Taba. 7.3 o6BeKTH eficTBUTENBHO 06Ma1al0T cuMMeTpueli, Tpebyemolt ux ofosna-
genusamu Ifendauca.

Mencoynapoonvie 0G03HAUEHUA 0ASL HEKYTUUCCRUX EPUCMAL-
aoepauuecrux moueunvtx zpynn. Pagers tabn. 7.3 crpynnupoBanbl TaKKe
B COOTBETCTBUU ¢ YKAa3aUHBIMH cIpaBa Me:KAYHAapPORHLIMU oGo3HaueHmAMU. Tpu cumM-
BOJIa, MCHOAB3YEMHIX B MEKIYHApOAHEX o0003HAYEHMAX, COBIANAOT 1O CMBICJY
¢ obosuavenusmu Illendauca:

n copuagaer ¢ C,.

nmm cosmamaer ¢ . JIBa cUMBOJa m YKasbhlBAIOT HA HAJHYNE NBYX Pas3iUTHBIX
TUIOB 3€DPKAJABHHX (MIiIror) IJIGCKOCTCH, CofepsKAIliIX oCh R-To HopAAara. Yrolm
EX TPefCTAaBUTE, CACAYeT 00paTUThCA K H300paKeHUAM 00beKTOB, NpPAHATIe/KAMUX
rpyunam 6 mm, 4mm u 2mm. OHH DOKRA8LIBAIOT, YTO OCH 2j-T0 MOPHIKA IEPEBONNT
BePTHKAJIBHYI0 3€PKAJBHYI0 ILIOCKOCTH B j 3ePKaJBHBIX IJIOCKOCTefi, HO Lpu 5TOM
ABTOMATHYECKY BOBHUKAET edle j APYTUX ILIOCKOCTeH, KOTOPHe AeJAT I0IonaM yTiIbl
MEMTY CMeRHEIMI ILTOCKOCTAMH B mepBom Habope. Ocs (2§ 4 1)-To umopsanxa,
OMHAKO, EePEBONUT 3ePKAJBHYIO TMIOCKOCTE B 2§ -+ 1 5KBHBAJNERNTHHX LJOCKOCTEH,
B cBasm ¢ uem rpymny C,, ofo3Hagawr 2) awmpb Kak 3m.

L) C osmagaer «uuraugeckasy (cyclic), D —«upycropounsisiy (dihedral) u § —«sepraan-
pagy (Spiegel). Hmmune uggeRcH 2, v U d 03HAYAIOT COOTBETCTBCIIHO «fopH30HTaAbHasy (horizon-
tal), «sepruranbHaAY (\:ertical) u «auarogansuas» (diagonal); omi yraseBawr HA pacrnonosienme
3@PDKAJIBHHEIX I[LJIOCKOCTEM I10 OTHOUICHHIO K OCH R-TO NOpAAKA, KOTOpaA CYATACTCH HAIPABIEHHOH
BEePTUKAJBHO. («I[HHI‘OHEUIE;HLIG)) IIAOCKOCTU B TpyHirax l)nd SIBIAKNTCH BCPTUKAJIDHBIMI M JTeJIAT
MOTIOJIaM YTIJIKl MY OCSAMU 2-TO HOPAKA.)

2) HOJIqepKP[BaH pasanune MeXAy OCAMH 9eTHOTO0 M HEYETHOIO UOpAAKa, MEHIYHapOoIHasA

cucrema 0603HaYeHMI B oTaAnIne 0T 0003Havennit [llendauca paccmarprBsaer och 3-ro mopsaKka Kak
0COOHI cayugaii,
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r22 coemagaer ¢ D,. B sroM cliyyae cOpaBe[IuBH Te Ke PaCCYMRISHUA, 9TO
W 1A Kjacca nmm, HO TeOepb MB MMeeM HOePOeHIWKYJIAPHBIE O0CA 2-I'0 MOPAMNKA,
a ¥e BePTHKAJBHBIE 3epPKAJbHBIE ILTOCKOCTH.

ITpuBegeM Temeps Opyrme KJIACCH MeRIVHAPOTHBIX 0003HAaUeHHM U HX CBA3L
¢ waaccamu o6GoszmageHmit Illendaumca.

n/m coBmagaer ¢ rpyomoi C,,, OAHAKO MMeeTCA CIHELYIOIEe pasaluue: B Me-
IYHAPORHOR cuCTeMe HPefIOUATAIOT CUNTATH, UYT0 rpynma C,, CONepRET WHBEp-
CHOHHEYI0 och 6-TO HOpsIKa, Mo3ToMy ee 0003HagaloT 6 (cM. cuedyomuii Kiacc).
Ormernm Taxske, 4To rpynmy (', 06G03HAa”4alOT OPOCTO KAk m, a He Kak 1/m.

7 ecTh TPYIIIA ¢ WHBEPCHOHHON 0CHIO n-ro mopsAnka. Ona comep:xut rpymny Cgy,
CKPHBAIOMYIOCA IOX obo3HaveHmeM 6. OHa COMEPIKUT Takie rpymmy S,, KoTopas
aygecusM 00pazom mepexonut B4. Onmaxo Sg mpeBpamaercs B 3, a S, — B 1 ns-3a
pasianuus MeKIY 3ePKaJbHO-IOBOPOTHOM OCHI0 M HMHBEPCHOHHOH OCHI.

o oy W KPATKO n/mmm, coBmajaer ¢ KaaccoMm Dy, €O CAefYIOIUM pas-

AunueM: B MERIYHAPONHOHR CHCTeMe IPeAINOYNTAIOT CIUTaTh, yTo Tpynna D, cogep-
FXUT NHBEPCHOHHYIO 0Chb 6-ro mopanka, M 0603HAYaTh 3Ty TPyOOy Kak 62m (c.
clefylOmuil KIacc; OTMETHM aHAJOTHUIO C MCKIUeHneM Irpyuns C,, u3 n/m u uepe.
XOMOM €€ B n). 3aMeTHM TakKKe, 9To 0003HadeHHe 2/mmm oGnuHO eme Gomnee cokpa-
AT W 3a0UCHBAIT KaK mmm. B cBoeil MoxHON, HECOKPAMEHHOH fopMe MeKIY-
HapongHEE 0003HAaYeHWA 3THX TPYOH AOJUKHBH HAaIlOMHUHATH HaM, 910 rpyony D,
MOJKHO CIHTATH COCTOAMEH M3 OCH n-ro HOPANKA ¢ HepHeHAMKYJISAPHON eil 3epKaib-
HOM MIOCKOCTBIO; KpOMe TOro, OCh n-T'0 HOPAAKA YKpammeHa AByMs HaOopamu mep-
OeHIUKYJIAPHEIX e oceil 2-ro mOpsAKa, KaKAasg U3 KOTOPHX oGiamaer cBoe# col-
CTBEHHOW 3epKaJbHON DIOCKOCTBIO.

n2m cosunagaer ¢ D, ,, 3a uckaiouernuenm TOTO, 9TO B 3TOT KJIACC Ioj 0Go3HAYe-

umem 62m Bxomut rpynna Dg,. OfosnadeHre JONKHO HAIOMAHATH O HAJIWYAYU UHBEP-
CHOHHOH OCH 1-T'0 MOPARKA ¢ HePHeHAUKYIAPHOHN eit 0ChI0 2-T0 MOPAIKA M O HAJNHYUHE
BePTUKAIbHOM 3epKanbHON mnocKocTH. Ciaydait n = 3 BHOBBH ABISETCA UCKIIYE-

— 2 —
uuem. Ero monuoe oGosHaweHue ecTh 3 — (WIH KpaTKo 3m) — OHO Hmo9epKHUBAaeT

TOT (JaKT, ITO B HTOM CJIydae BepPTHKAJbHAA 3epPKaJbHAafl IJIOCKOCTH HEPIeHIUKY-
asgpHa ocl 2-To IOpAAKA.

Odo03nauenus RYGURECKUX EPUCTNAAA0ZPAPHULECKUX MoHe-
notx pynn. MexmigyHaponHsle ob6o3HadeHns u obosHaueHma Ilermdauca guas
nATH KyOWYeCKuX rpynn npuBefeusl B tada. 7.2. I'pynma O, ecrb moaHas rpynma
cummerpun Kyfa (unm okrasgpa — orcioga ), BKINYaA HecoOCTBeHHEIE omepa-
nuu 1), momyckaemble ropusoHTanbroi (horizontal) seprampuoit miockocrsio (h).
I'pynma O mpencraBaser cofoii rpynny ky6a (mim OKTasapa), He COeprRamlyro
HecOGCTBEHHHX omepanuit; 7Ty ecTh MOJHAg TIpyNoa CHMMeTPHH HPaBUJIbHOTO
TeTpasipa, BRANYAA BCe HecoOCTBeHHBIe omepanmmu; [/ — rpynma OpaBUIBHOTO
Terpasgpa 6e3 HecoGCTBeHHHIX omepanmit; [, moaydwaercda, ecau K T mob6aButh
ONepanui0 MHBEPCUN.

MempyHaponeble 0603HaYeHUA 1A KyOmdecKux rpynm Oonee yHo0HB, deM
o6o3HaYeHNA APYrUX KPUCTANAOTpaduIecKNX TOYEUHEIX TPYNI, HOCKOJIbKY B Kade-
CTBe BTOPOTO CUMBOJIA OHH CoflepKaT Nudpy 3, KOTOpas yKa3mBaeT HA NPHCYTCTBHE
BO BCeX KyOWYeCKMX IpPyHIAax OCH BpalleHusA 3-ro IOpPARKA.

1y JIwbasa omepanusi, KOTOpPas MEPEBOJUT NPABOCTOPOHHNI 06HEKT B J6BOCTOPOHHMIT, Ha3kHI-
BaeTCH wnecobemeennoli. Bee ocrambHEe onmepannn — cobcTBeHHbBIe. HecoOCTBEHHBIME ABIAITCH
OFepalli, cofepKaliie HedeTHOe TUCJI0 NHBePCHIl 1IN 3epRAIbHBIX OTpPasKeHHI.
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230 IPOCTPAHCTBEHHBLIX TPVIIII

K cuactrio, Mt e Gysem foaro roBoputs o 230 mpocTpaHCTBEHHREX {PyINax;
OTMETHM JIMIObL, 9TO MX 4HCJI0 OONbmIe, 9eM MOKHO Gblo Opl oKupmarh. [nsa Kammoin
KPHCTAJIAYECKOM CHCTEMHE MOKHO NOCTPORTH KPHCTAJNANIECKYIS CIPYKTYPY C MHOR
HPOCTPAaHCTBEHHOM TPYNIOil, moMemas OOBEKT C CHMMeTpHed KajkKIod M3 TOYeTHHX
FPyNO 3TO# CcmCTeMbl B KajkOylo u3 pemerok Bpas cmcrembl. Takmm cmocoGom,
OIHAKO, YHAeTCA MOAVYHTH Jumb 61 WPoCTPaHCTBEHEYIO IPyDOy, KAk 3TO BUIHO
n3 1aba. 7.4.

Tabauya 7.4
Hepedncnenue HPOCTHIX NPOCTPAHCTBEHHBIX TPymn
CucreMa Yucno TouYeYHHX rpynn Uncno pelmeTok Bpapa IIponu3sedeHne
Hybnuecrast b} 3 15
TerparonanbHasa 7 2 14
PomOudeckasn 3 4 12
MorOKIIIAEAA 3 2 6
TpuknruHHAA 2 1 2
lexcaromanpHasa 7 1 7
Tpuronanbaasn 5 1 5
Becero 32 14 61

Mn1 MoKeM ROIOIHUTENBHO HACYMTATH elle IATH IPYOI, 3aMedas, 94TO 00beKT
¢ TPHTOHAJNBHON CHMMeTpHel, OyAydYn IoMemeH B TeKcaroHaiabHywo pemetky bpass,
IaeT eme He YITeHHYI0 HaMm HIPOCTpaHCTBeHHYI Tpynmy !). [pyrame cemp rpynnm

1) Xors tprroBazbHas TOYeYHAs IPYNIA COAEPIKUICH B TeKcaroHajlbHOH, TPHTOHAJBHYIO
pemeTky BpaBs Henb3s MOXYINTH U3 IPOCTOI TEKCATOHANBHOM ITyTeM GECKOHEYHO MAJOTO IICKayKe-
HUA (B OTJIMTHE OT BCeX APYTHUX AP CHCTeM, COSJIUHEHHBIX CTPEIKaMH B MePApXMI CHMMeTPIH Ba
our. 7.7). TpuromansHasa TOYeHHAA TPYHMA CONEPIKMTCA B TeKCATOHAJBLHON Todeunoli rpynne,
TDOCKOJIBKY TPHTOHAJBHYI pemeTKy Dpass MOKHO paccMaTpHBaTh KaK IMPOCTYI0 TeKCaroHalb-
HYI0 C TPeXTO4YedHHIM 0asmcoM, o0pasyeMbIM TOYKAMM
1 a 1 1 2 2 2
—3~ 19 -§—H2, —B_C H —5—31, —3—d2, 'Td—
B pesyasrate, momemas 6a3nC ¢ TPUTOHAJLHOI TOYEIHOW TPYHHOIl B TeKCATOHAJLHYIO PelleTKy
Bpass, M TO.®y9aeM HOBYIO IPOCTPAHCTBEHHYI TPYIMIY, OTIHYAIOIMYIOCA OT TOI, KOTOPYIO ME
umenn OB, ecal.: DB TOT Ke 0asuc ORI IOMENieH B TPUTOHANLHYIO PEMIeTKY. ITO He CLIpaBelInBO
HM B KaKoM Apyrou ciaydae, Hanpumep, momecTus 6a3uc ¢ TeTparoHaabHOi cummerpiieil B IpoCcTyo
KyOIYecKyIo peirerTky, Mbl IIOJYYAM TOUHO TY JKe IPOCTPAHCTBEHHYIO TPYINyY, KOTOPYIO IHMeJH
6rl, MOMECTMB er0 B MPOCTYI0 TeTPArOHAALHYIO PEmeTKY (IpM YCJOBHH, UTO HE BHIIOJNHSETCH
KaKoro-1u00 CllenaabHOT0 COOTHOMIEHUA MKV PA3MePaMK 9TOTO 06beKTa U JAUEOII c-ocu). Dusu-
9eCKM 3TO OTPAIKAETCH B TOM, YTO CYMECTBYIO?! KPHCTAJJIB, MMEIOmUe TPHTOHAJIHHEE OAa3HCH
B IeKCaroHAJBHBIX peIIeTKaX Bpapas, HO He CYINECTBYeT KPHCTAIJIOB ¢ TeTPArOHAJIBHBIMI Oa3l-
camn B Kybudgeckux pemertkax Bpaps. B mocaensem cayyae TOXBKO M0 WHMCTOI CAYIARHOCTH [LTHHEE
¢-6CH U a-ocell MOTyT 6HTH PaBHEEIME (1 COOTBeTCTBEHHO DPEIlleTKa 0CTaTheA KyOndecKoii). Haobopor,
MPOCTYX0 TeKCATOHAJBEYI0 DeMeTKy Helb3A IepeBecTH B TPUIOHAJLHYIO TYyTeM HeIpepPHBHOTO
HCKa}KeHNsA, MOITOMY OHA MOMKeT COXPAaHATH CBOI) MPOCTYI6 TeKcaroHalbHyw dopMy jaske HpH
HaanIun §asnca, MMEIIEro BCerO JUIb TPUTOHANLHYID CHMMETPHIO.

ITockonpKy TpuUroHajbHEIE TOYEYHHE TPYNNH MOTYT XapPaKTePU30BATH KPHCTAANHICCKYIO
CTPYKTYDY ¢ TeKcaroHaJbHOIT pemeTkoii Bpasa, Kpucramiorpadsl nHOTAa yTBEPIKAAIT, ITO HMeeT
€51 BCeTo MIeCTh KPHCTATINIECKUX CUCTEM. 3TO IPOUCXONAT MOTOMY, UTO B Kpuctanaorpaduir 60ib-
mee BHIMAaHNE yJeJdfAeTCd TOYeYHHIM, & He TPAHCHAANMOHHRIM dIIeMeHTaM cHMMerpuu. OIHAKO eclIu
paccMaTpuBAThH TOYeUHHE IDYINH pelleTKit bpass, TO HECOMHEHHO, CYHIECTBYIOT CeMb KDHCTAJ-
IMYECKHX CHCTeM: TOYeuHsle TPYNNH Dgy 1 Dgp 006e ABIAIOTCA TOUEUHHIMH IPYNIIaMil PeMIeTKH
BpaBa n He 3KBHBaJeHTHH.

0, c.,
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BOBHHKAKT B TeX CIAy4YasdX, KoIfla o0'BeKT ¢ CUMMeTpHell [aHHO# TOYeUHO TPy
MOKeT OBITh ODHEHTHPOBAH B pemerke BpaBs leCKOABKAMY PasinIHEIMU CIIOCOGaMH,
M3-33 Uero HOSBJAETCA HECKONBKO UPOCTpaHcTBenumx rpymu. Bee 73 takme mpo-
CTPAHCTBEHHBIe I'PYINBl HABBBAIOT CUMMODPHUMU.
BonpmmuHECcTB0 OPOCTPARCTBEHHBX TPYIN HecUMMOPPHHb U COHEPIKAT OLepainn,
KOTOpBIe He MOI'YT OBITH IIOCTPOEHBI U3 TPAHCIANNH, ofpasyomux pemeTky Dpass,
U onepanmit TodedHHX rpynu. Ilna mHamu-
@ @ guA HoMOOHEIX [00aBOUHEIX OIEepaLuid He-

0) D @ 00XOHUIMO  CYIeCTBOBAHUE KaKux-aubo
ONpefeJeHHBIX COOTHONIEHU MeILy pas-
@ ® ® Mepamu 0asuca M IepurofaMu pemerkn bpa-

B3. Horpma pasmepn 0asuca HaxOIATCA B
OLPENe/IeIHOM COOTHOHIENHY ¢ JIIMHAME

_________ - -—————————  OCHOBHEIX BEKTOPOB PeIIeTKH, MOTYT IOAB-
@ @ @ @ AATHCA J[Ba MOBHIX TANA OHEPalinid.
D 0 @ 1. Bunrossie ocn. Hpucranaunieckan

CTPYKTYPA € BHHTOBOH OCHIO TEPEXOIUT
B camy celsa Ipm TPaHCIASUHT HA BEKTOP,
@ @ @ He OpuHaJeskammii pemerke bBpass, ¢

D) @ HOCTENYIOIMM  IIOBOPOTOM  BOKDYI  OCH,
BIOJAb KOTOPOil TPOW3BOANIACH TPAHCISA-
1us.

2. Hxockoern croab:xkennd. Hpucrad-
AUYECKASA CTPYKTYPA € ITOCKOCTHIO CKOIb-
JReHU S HepexoguT B caMmy cefs Ipu Tpamc-
AMIHB Ha BeRTOp, He MpuiTajiiesKaluil

@Dur. 7.8, l'ekcaroHalibHass  TIOTHOYTIAKO-

BaHHasg CTPYKTYpa npu HabNOjeHMU BROIbL
c-0CH.

ATOMHBIC [1JJOCKOCTH, ICPLUEHAMKYIAPUBIC c-OCH, Ha-

XOHIATC HA PACCTOAHIIL ¢/2 APYL OT Apyra It COgep-

AT No0UepenHo TOURH THia 1 ¥ touku Tuiaa 2. Ilp:a-

Masd, TapaNIeNpHaT c-0CH W ITPOXOMIIIAN Uepes uep-
HYK) TOYKY B HCHTPC QUTYPBI, ABILETCS BUHTOBOI
0ChI0: M300PaKEHHAA CTPYKTYPA NHBAPHAHTHA OTHO-
CHTEIbHO IAPAJLIeNBHOTO IepeHoca (TPAHCIAHM) Ha
¢/2 BEOIL 9TO OCH C ITOCJHEXVIOUIM IIOBOPOTOM HA
60° (HO He MHBAPMAHTHA B OTHOLIEHHMI TAKOTO IIOBO-
POTA BN TPAHCIAINN IO OTHeABHOCTH). IIJIOCKOCTD,
napaiyelibhas ¢-0CH ¥ IepeceKamllas uYepresy 110
OYHKTUDHON JHITHI, ABIAETCA ILIOCKOCTLIO CKOJIBAIC-
HUA! CTPYKTYPA HHBAPUANITHA OTHOCHUTENLHO Mapali-
JIEIBHOTO IMePeHoca 11a ¢/2 BHOAL ¢-0CH ¢ TIOCJeLVIO-
MMM OTPAMPHIIEM B MJIOCKOCTH CKOJBIKENMA (HO He

pemtetke Dpaso, ¢ mocicayiomuMm oTpa-
JRCHIEM B ILTOCKOCTH. COMepsKaImeii DToT
BEKTOP.

Kak mowxaszano na ¢ur. 7.8, rexcaro-
HaJbHAsA MOIOTHOYHAKOBAHUAA CTPYKTYpAa
MHBAPHAHTHA OTHOCHTENBHO STHX JIBYX TH-
nos omepanwii. [locnemnee mnpomexomuT

MHBAPHANTHA OTHOCHTENLHO TAKOTO IepecHoca iy
OTpaYKeINA M0 OTHENTHHOCTH).

TOJLKO IIOTOMY, YTO PACCTOAHHE MEKIY
ABYMA TOUKamu (asuca BIOAD ¢-OCH B TOY-
HOCTH PABHO B[eCH HOJOBHIE PACCTOSHHSA MEMKAY INIOCKOCTAME POIIETKY.

Hax mempgyHaponnyio cucremy, Tar u cucremy Illendunca, xotopele mpume-
HATCA I 0003HaTeHNA TPOCTPAHCTBEHHHY TPYON B TeX PeiKRNX CAYUasX, KOrjga

5TO HeoOXO0JUMO, MORIIO HaiiThm, Raupumep. B Kuure Broprepa [1].

HPUMEPBI CPE/IN XUMNYECKUX 3JEMEHTOB

B ri. 4 Opuin mepedncaeHbl XUMHUYECKHE DIEMEHTLI, HMEIIIHMET. II. K., 0. IL. K.
W, O Y. CTPYKTYPHL, a TAKKe CTPYKTYpY Tuma aamasa. boxee 70% Bcex aieMeHTOB
OTHOCUTCA K STHM deTHipeM kKjaccaM. OcTalommecsa diIeMeHTH 001aTaloT CaMbIMI
Pa3IMIHHIMU KPHCTANIANIECKUMU CTPYKIYPAME, B OCHOBHOM C IOJHATOMHBIMI dJle-
MEeHTapPHBIMH gYeflKaMu, KOTOpPEE WHOTAA OHBAIOT MOBOJBHO CAOKIBIMH. B 3armo-
deHne HaCTOAINCH IaaBel B T7aba. 7.5—7.7 MH IepeducasieM pax JPYIUX LPHUMEPOR.
Jlammbie B3ATH n3 cupasounuka Yukopda [2] u coorrercrsyror KomnarTnoit remnepa-
Type W HOPMAaJIbHOMY aTMocdepHOMY AABJIEHNIO, eCllU He OrOBOPEHO HWHOE.



Tabauya 7.5
JAeMEeHTHl ¢ poMOOdAPHYeCKHMH (TPUTLOHAJBHLIMA) peumieTkamu Bpass 2)

. Yncno aTomos

DIIeMEeHT a, A 0 B dJIeMeHTapHOM Basnc
Adelixe

Hg (5K) 2,99 T0°45" 1 z2=0

As 4,13 54°10/ 2 z=+10,226

Sh 4,51 57°67 2 x=+0,233

Bi 4,75 57°14' 2 z==+0,237

Sm 9,00 23°13° 3 z=10,10,222

) 3pech @ — TAHA OCHOBHBIX BEKTODPOB, O — YroJi MemIy JIO0HME IBYMA M3 HUX. BO BCeX Ciayvasx
BhlpajkeHne, CBABHIBAIONIEE KOOPAMHATHL ToueK 6asmca ¢ BEKTOPAMM, MMeeT BUI X (ay+as-+az). OTMeTHM (CM.
3a1a4y 2, n. «0»), YTO PeuleTKIl MBILBAKA, CYPHMBI 1 BHCMYTA OYeHb GJMBKHM K NPOCTOM KYyBUYeCKOH pemierke
0 IONYYAOTCH U3 Hee ITYTEM PACTIHEHUA BIOJbL DPOCTPAHCTBEHHON HMATOHAIN.

Ta6auya 7.6
JIeMEHTHl ¢ TETPAroHadbHbIMu pemertkaMn Bpass 4)

DieMenT a, A c, A Basuc
In 4,59 4,94 B rpaHeneHTPHDOBAHHHX IMO3UOUAX  VCJIOBHOH
AYeHKN
. i 11 1,3 111
n (6exoe) 5,82 3,147 B Toukax ¢ wooppumartamu 000, 024, 202* 555

10 OTHOIIEHNID K OCAM ch’IOBHOYI ATeKT

8) fpa nepHeHOMKY:IAPHEIX OCHOBHHIX BEKTODPA MMEIT JUIMHY ¢, JJNHA TPETHEro BEKTODA, IepPNCHIH-
RYJIAPHOr'O UM, paBHa c. 00a sieMeHTa UMEIOT IeHTPUPOBAHHYIO TeTparoHasjbHYI pPeleTKY bpaBs. nHaul
¢ OIHOATOMHBIM, & 0eJ0e 0JI0BO C IBYXaTOMHBIM Oasucamu, OnHakKo OOBIYHO IJA MX ONMCAHUHA HCIO.UB3YIOT
NPOCTYIO TETPAroHAaJAbHYIO pelzeTHy bpars ¢ 6asucom. YeuosHYIo AYelKy MiaA WHAWA BHIOMPAOT TanUM 0Opa-
30M, 4YT00B TOQUEPKHYTHL, UTO OH MMeeT cjierka HedopMHPOBAHHYIO (BHOJIbL pebpa uxyba) r. I. K. CTPYKTYDPY.
CTpyrTypy 6e1000 0JI0BA MOYKHO DACCMATPHBATE KAK CTPYLTYPY THOA 2IMasa, CHATYIO BAOML ORHOH U3
oceill nyba.

Tabauya 7.7
dnemenThl ¢ pomOuyeckumu peurerkamn Bpass )

Jneveur a, A b, A c, A

Ga 4,511 4, 547 7,645

P (gepubiii) 3,31 4,38 10,50

Cl (113 K) 6,24 8,26 4,48

Br (123 KH) 6,67 8,72 4,48

1 7,27 9,79 4,79

8 (pombOugecKas) 10,47 12,87 24,49

)IITIHHBI TpeX B3ANMHO TEPNEHOUKYIAPHBIX OCHOBHBIX BEKTCDPOB PaBHH a, b ¥ ¢. CTpyKTypa poMbnm-
4yerIiol cepnl BeChbMa CJOMKHA — €e HJEeMEeHTApHAaA savYeiika comep:knuT 128 aromoB. Opyrue CTPYRTYDBI MOMKHO
OTHCATDh, MCHOJIb3YA BIeMeHTAPHYIO AYeliKy ¢ BOCeMBIO aToMaMU. Lorxee 1oRpobHYID HHPOPMANHI0 YUTATEND
MOMeT HAlTH B cupaBsounuke [2].
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3AJAYN

f. a) JdokarkuTe, dro mobas pemeTka BpaBs obiajaeT cummeTpuei HHBEPCHI II0 OTHOLICHIIO
K 110608 Touke pemieTkH. (Y razanue. IIpefcraBbpTe TPAHCJHAUMN pelleTKH B BUje JHHCHHEX KOM-
OnHEALMA OCHOBHHEIX BEKTODOB ¢ [EJNOYKCICHHKEIMH KoddduuuenTtamn.)

6) JokasknTe, 9T0 CTPYKTypa THIIA AJIMa3a MHBAPHAHTHA OTHOCHTEJBHO UHBEPCHN C IIEHT-
pOM B TOuYKe, ABIANMEHCA cepefUHON M0G0 CBA3SH MemMAY ONMKAUNIIMM COCENAMI.

B) lloramuTe, 4TO CTPYKTypa THIIA ajiMa3a He MEBAPDMAHTa OTHOCHTeNIbHO MHBEpCUH ¢

HeHTpaMH B JIOOHX APYIEX TOYKaX.

2. a) Ecam TpM OCHOBHEIX BEKTOPa TPHIOHAJNBbHOH pemerku Bpaea obpasyor yram 90° apyr
C APYroM, TO pemeTKa, OYeBHNIHO, UMeeT GoJjiee BEICOKYI0O CHMMETPHIO M ABJIAETCS NPOCTOil Ky-
Oudeckoit. TTokaskuTe 9T0 eciau Takue yriaw paBHel 60° uin arc cos (— Y/5), TO pemeTKa ONATH
umeeT Hojee BRICOKYH CHMMETDPHIO, YeM TPHTOHAJBHAS, N OKAa3BBaeTCA T.I.K. HIAU O.ILK. pe-
MeTKOoH. :

6) ITokakuTe, 9T0 TMPOCTYI0 KYOMYECKYI DEHIETKY MOKHO NPEZCTABATEH B BHIE TPHTOHAJIB-
HOH pelIeTKH ¢ OCHOBHHKIMA BEKTODaMM a;, COCTAaBJASIOmMUMU yTaw 60° Apyr ¢ apyrom, I ¢ ABYX-
Toueunmm Gasmcom + 1/, (a, -+ a, + a,). (CpaBHmMTe 9TH wWhCIa ¢ JABHBMHE 1A KpUCTajinge-
CKHX CTpYKTYp B T1aba. 7.5.

B) Raxas momyuurca cTpYKTypa, eclu B TOi jKe TPUrOHAJbLHOI pelleTKe B KadecTBe 6asiica

BeiOparth Toukm o /g (a; + a, -+ ag)?

3. Ecan gBe cMCTeMHE CBS3aHLI CTPeJKAaMH B HepapXUH cUMMeTpui Ha ¢ur. 7.7, To peuietky Bpasa
n3 6oliee CUMMETPHUIHOM CHCTEMEI MOKHO ClleJIaTh MeHee CUMMETPUYROU IIyTeM OeCKOHEYHO MaJjioro
ICKajKeHHUsI; UCRIYEHAe COCTaBJAeT JUIMb Napa TeKCcaroHAJbHAaA—TPHIOHAJIBHAS CHCTEMH.
CooTBeTCTBYIOMMe CHOCOOH HCKa)KeHHA IOJHOCTBIO OIMCAHH B TeKCTe [AJA BceX clydaes, 3a
HCKIIOYeHHEeM [BYX Iap: reKCcaroHaJbHOH—poMOHMYeCKOH M TPUrOHANBHON--MOHOKINHHON cHC-
TEM.

a) Omumure GeckoHewHO MaJiee HCKajKeHHWe, IepeBojifaniee IPOCTYI0 TeKCaTOHAJLHYIO pe-
HIeTKy B OfHY ®3 pelneToK Bpass poMOmdeckoif cucTeMsl.

6) Hakro#t min pomMGmuyeckod pemeTkr BpaB3 MOMKHO TOJYIHTH TaKHM CIIOCOOOM?

B) Ommmmnrte GeCKOHEYHO Maljioe MCKajKeHHe, IePeBofiAmiee TPHTOHAABHYW pemeTtky Bpass
B ONHY 43 PpeMeTOK MOHOKJIWHHOH CHCTEMSI.

r) Kaxo#t Tun MOHOKANHHOHN pemerkun BpaBs MOKHO NOJIYYHUTH TaKHM clocobom?

4. a) Hakas ¥3 TPHUTOHAJBHLIX TOYGUHHIX FPYII, IPUBEJeHHEX B Taba. 7.3, ABIAETCA TOUETHOM
rpynmnoi pemeTkn BEpaes? Have ropops, KaKod U3 XapaKTepHHX 00LeKTOR 06aafaeT caMmeTpiiel

o0bexTa, usobpaskeEHOro Ha Qur. 7.3, e?

a 5] 8 2

Pur. 7.9. OO6BEeKTH ¢ cmmmerpueidt, Gojlee HH3KOH, 4YeM cHMMETpWs TPHrOHAJIBHON FPYUNH,.
Kaxesa rpynna CHMMeTPEHE K&MEOro ¥s HHEX?
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6) Ha ¢ur. 7.9 rpamu oGmeKTa, nsobpakeEHOro Ha Qur. 7.3, e, paCKpPalleHE YeTHIPbLMA
PABJIMIHKEIMYA NOHMKAIOOIMMU CHMMETPHIO cloco0aMH, TaK 9TOGH NoiydeHHHEE 06BeKTH 06ramany
CHMMETPHAMM OCTAAbHBIX TPUIOHAJBHHX TOUeYHMX rpynn. Mcnoawsys rtaba. 7.3, yKamnre
CHMMETPHIO TOYeYHO# TIPYHIH KajKjoro oOBeKTa.

5. ¥V Kakux N3 YeTHpHANUATH penleTok bBpaBs, KpoMe r..K. I 0.1I.K., O0paTHBE DelNeTKM He
OTHOCATCA K TOMY ’Ke caMOMy THIY?

6. a) IToxaskute, 9TO IPK 1 Z> 3 CYIECTBYET ceMeHCTBO Ma0OCKOCTel pellileTKH, ePreH UKy ISPHEX
J1060H ocHM BpamleHMsA n-To IIOPAAKa pemetkn LpaBa. [3TOoT pe3yabIaT cOpaBeUINB TaKKe Ii
npr n = 2, HO TOTHA ero BeIBOJ 0oJjee ¢jokeH (cM. 3ajaqy 7).]

0) Ucxons 13 pesynbrara II. «a», NOKaKUTe, 9To, eCIN HH OJiHA IByMeDHas pelreTka bpass
He IMeeT OCH n-TO HOPAJKA, TO TaKyl0 OCh He MOMKeT HMeTb TaKMke II HO OJlHA TPeXMepHasa pe-
metka bBpass.

B) JloKakuTe, uT0O HNKaKasg IBYMepHas pelleTka bpaBo He MOKeT IIMETh OCh 1:-TO TIOPAIKA

opu n = 5 uan n = 7. [¥kasanue. TIoKaKuTe BEAYAJE, 9TO 3TY OChb MOKHO BHOpaTh 12K, 9TOGH
OHAa TNPOXOo[NMJa vYepe3 Kakyw-anbo TOYKY pemeTkd. B panbmeiimenm foKazaTedbCTBe HMCNOJb-
3YeTCSA METOJ, «[IOBeleHHA 70 afCcypha»: UCXO[A 113 MHOKECTBA TOYEK, B KOTOPHE HEPEeXOMUT OJIH-
Malionil cocefl HEeNOJABMIKHOH TOYKM IPH n MNOBOPOTAX, LIOCTPOHTE TOUKY, NesRAaILyl0 OMIIKe K
HENOJBUKHOH, d9eM ee «bmmxadmmii cocem». (3ameTuM, 4To ciygailt n = 5 TpefiyerT HeCKOMBii0
HHOTO TOAXO0[a, YeM BCe OCTAaJbHHE.)]
7. a) Iloxakure, uTo, eciy pelleTKa bpaBs uMeeT 3ePKAaJBHYIO IJIOCKOCTh, TO CYINECTBYET Ielioe
ceMeHCTBO aTOMHBEIX IJIOCKOCTeHl, mapadielbHRX 5TOH NAOCKOCTH. (Ykasanue. Ha ocmoBe pac-
CYIKIEHNI, TPUBeJeHERX Ha cTp. 121, mokaskuTe, 9To M3 CyIMeCTBOBAHUA 3ePKaJbHOH IIIOCKOCTH
BBITEKaeT CYIIeCTBOBaHME 3ePKaJbHOI HJOCKOCTH, cofieprkamiell Touky pemeTrs. [locae aroro
JOCTAaTOYHO JI0KA3aTh, YTO TAKAA IUIOCKOCTh COJEPSKIT JB€ APYIue TOYKHM pelIeTKH, He Jekallue
Ha OJHOW HpAMOH C NepBOil TOYKOM.)

6) ITorammTe, 9TO eciim pelreTka bpaBa HMeeT ocl BpalleHUA 2-ro NOPAAKA, TO CyOleCTBYeT
ceMeACTBO aTOMHHEX INIOCKOCTeH, NepHeHJMKYJIAPHBX 3TOH oOcH.

JUTEPATYPA
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2. Wyckoff R. W. G., Crystal Structures, Interscience, New York, 1963.



T'JIABA 8

YPOBHWI 9JIERTPOHA
B MNEPHOANYECKROM HOTEHIMAJIE.
OBIONVE CBOMCTBA

MEPUOJINYECKUA MOTEHIINAJ 1 TEOPEMA BJIOXA
TPAHNYHOE YVCJOBHUE BOPHA — KAPMAHA
BTOPOE NOHKABATEJIBCTBO TEOPEMEI BJIOXA
ITIOBEPXHOCTL ®EPMU
IIJIOTHOCTH YPOBHEW I OCOBEEHHOCTHU BAH X0OBA

Woupt B HeadbHOM KPHCTANIE PACIONOKEeHBl TaKHM 06pas3oM, 4To 06pasyior
PETYIAPHYIO IepHojuueckyn cTpykrypy. IlosTomMy mam Heo0XogmMo paccMoTpeTh
3agavy o6 saexTpoHe B moteHnmate U (r), KOTODHIA mMeeT HePUOIUIHOCTDL PEIMeTRY
Bpaso, neskameil B OCHOBe 3TOH CTPYKTYDH, T. €. YHOBIETBOPSHET YCIOBHIO

U@+ R) = U (@) (8.1)

miga Bcex BexkropoB R, mpummapmeskamux pemerxe Dpass.

lMockonpKy xapaxrepHBl mepmon norennumana U (~10-% cMm) coBmagaer
010 DOPARKY BeJMINHEL ¢ THINIHON JJINHOH BOJHK e Bpoilnsa ajieKTpoHA B MOMeNN
cBOGOTHBIX 9J1€KTPOHOB 3oMMepdesbia, AN ydeTa BAUAHNA NePUOIUIHOCTH HA [IBU-
JKeHMe DICKTPOHOB clefyeT WmOJb30BAThCH KBAHTOBOW MeXxaHWKoH. B oroil raaBe
pPaccMOTpeHsl CBOMCTBA JeKTPOHHEIX YPOBHEH, 3aBUCAIIHE JUHIH 0T HePHO{NIHOCTH
DOTeHTHAIA 1 Ge3pas3iudnsle K ero TouHoMy suay. OGcympenne Gyaer IpOIOIKEeHO
B ra. 9 1 10. rae ME obpamaeMcs K IBYM XpeJeIbHbIM CHydasiM, KOTOPBIe HPeJCTaB-
AA10T 00IbNIOH GUBNIECKUA UHTepeC ¥ MOTYT CAYKHUTH 00Jiee KOHKPETHBIMU IpuMe-
paMu npuMeHeHWs Pe3yIbTaToB HAacToAImeld raaBu. B ra. 11 xpaTko ommcaHEl HeKO-
TOpPHIE M3 METOROB, MCIOAB3YEMEIX TP AeTATBHOM pacdeTe dIeKTPOHHEIX yPOBHEN.
B ra. 12 u 13 obcymxnaerca 3HadeHne HOJNYYeHHHX PE3yJAbTATOB ANA 3aLad TeOpPHH
DJIEKTPOHHEIX sIBJIEHUH IepeHoca, ¢ KOTOPHIMU MH YiKe Berpedanmenb B rai. 1 m 2;
MBI YBHANM, KaKoe GObIIOe THUCI0 IPOTUBOPEUNE TeOpuHM CBOOOTHBEIX JJIEKTPOHOB
(ra. 3) vhaercs ycTpaHHTh ¢ HX IoMompio. B ria. 14 m 15 mcenenyrorea cBoitcTBa
KOHKpeTHEIX MeTAaJI0B, WILIIOCTPHpYIOIMWe M HoNTBepKAaiomme OOIYI0 Teopuio.

C cavoro Hagayna ciefyeT HOZYEPHKHYTBH, 9TO IOJHAA NePUOIUIHOCTHL -— 3TO
upeasusaiusa. PeasbHsle TBepABE Tejla HUKOTIAA He OHBAT abCOJIOTHO YHCTHMU 1),
a IO COCeICTBY C OIPHUMECHHIM aTOMOM CBOHCTBa TBEp/IOTO TeJa OKA3HBAIOTCA WHBIMH,
4eM B ocTasibHOM Kpucraiie. Hpome Toro, Beeryia cymecrsyer HeGoabIIas 3aBucCAma s
0T TeMIepaTyphl BepOATHOCTh 00HAPYIKeHUA OTCYTCTBYIOMUX WU HOUPABUIBIO pac-
NONMOKeHHHX aToMoB (ri. 30), 9ro HapymaeT HAeaJbHYI0 TPAHCIANMOHHYIO CHM-
MeTpuIo TayKe afCOMIOTHO YMCTOTO KpHeTasna. Hakomer,, HOHE B AefCTBUTENLHOCTH
HE HeIOABILKHBI, & BCe BpeMs COBEPHIAIOT TEIIOBHE KOJeGaHmA BOKPYT CBOUX HOTO-
JHeHHl paBHOBeCH:A.

1) To ects BCerpa cogep:watr npumecu.— ITpuxm. ped.
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Bce Takme mapymenus HieaidbHOl mepUoOgUIHOCTH O4eHb BaykHH. Hampumep,
UMeHHO OHHM B KOHEUHOM CUeTe OOBACHAIOT, MOYeMY BJIEKTPOIPOBOAHOCTH MeTasia
He Gecromeuna. IIpm mOCTPOEHHE TEOPHH, OJHAKO, BRHIOHee MCKYCCTBEHHO pasbnTn
3ajlady Ha JBe YacTH: a) pPaccMoTpenme THIIOTEeTHYECKOTO HAEAIbHOT0 KpHCTaia
¢ a0CONMWTHO TEPUONWIeCKWM HOTEHIMAIOM W 0) M3yUeHUWe BIAMAHUA Ha CBOMCTBA
5TOro KpPUCTalla BCeBO3MOKHEIX OTKJIOHEHWH OT IMOJHOW HePHONUIHOCTH, KOTODHE
paccMarpuBaOTCA KaK MaJdhle BO3MYINEHHA.

Heo6xomquMo TaksKe mof4epKHYTH, 9TO 3ala4a O IHOBeleHUN DIeKTPOHOB B IePHUO-
IXTeCKOM HOTeHI(HaJe BOSHWKAET He TOJNbKO NpH M3ydeHHW MeTALIoB. DBojapmun-
CTBO HammMxX OOUIWX BHIBONOB HPWMEHWMO KO BCEM KPHCTAIIWIECKUM TBEPABIM TeiaM
u OyZer urparh BajKHYI0 pPOTb IPHU NOCTeAyIOMEM pPAaCCMOTPEHHH AMDICKTPUKOB
U TOXYIPOBOIHUKOB.

NEPHOTWYECKUI TOTEHIMAJI (

3amaua o6 9IeKTpoHAX B TBEP/OM TeJe B HPUHIUIE IpeAcTaBiaser co6oif MHOTO-
9JIeKTPOHHYIO 3aHady, MOCKOJBKY IOJNHBI TaMHIBTOHMAH TBEDPABIX TeJ CONEPIKHT
HE TOJBKO OTHOJIERTPONHHEe IOTeI[HAIE, ONUCHBAIOIITE B3aUMOACHICTBIE ANEKTPO-
HOB ¢ MACCHBHBIME ATOMHBIMHI SApaMi, HO W HAPHBIC HOTEHIHAJTH, ONHCLIBAIOIINE

U(r)
N\

Our. 8.4, THyHEE KPHCTAWINYIECKITH  HEPHOANYCCKIIT  HOTeHIUIad, 300paKenuuii  BI0Jb
JIMHUI MeCTOHAXOKIEHHA 1T0HOB 1l BJOJbL JHHUH, IIPOXOAANICH LOocepesllIHe MEeKIY HIOCKOCTIMU
HOHOB.

Yepyble KPYHKE — DABHOBECHDBIE ITOJOHEHNT JMOHOB, CHIJIOIIHBLIE KPWBBIE — TIOTeHIIHMAS BAOML JUHUA OHOB, TO-
qeunad KpHBAA — NOTeHBaJ BHONL JINHUN MEH{RY INIOCKOCTAMM MOHOB, 4 HITPHXOBBIC KPHBLIC — MOTEHIINAI
OTIHeJILHLIN IMB0JIMPOBANHLIN T10HOB.

B3anMOIOEHCTBHe MEXRIY »JeKTpoHaMmu. B npulamKeHnn He3aBHCHMEIX 3JEKTPOHOB
5TO0 B3auMOJefiCTBUE YUUTHIBAETCA € HOMOHILI0 3P(EeKTUBHOTO OHOBIEKTPOHHOTO
norennuaia U (r). IlpoSaema mamayumero Brfopa Tamoro dQeKTHBHOTO MOTEH-
umaja AOBOJNbHA CJIOMKHA; K ileit Mbl BepHeMmes B 1. 11 u 17. 3necs e MB TpocTo
3aMeTHUM, 9T0 KaKOH OBl HU OblIa KOHKpeTHasa ¢gopMa 3PQeRTHBHOTO OLHOIICKTDOH-
HOro HOTEHIHAJNA, B CIydae MAeaJbHo HEePUOAHIECKOTO KPHUCTANIA DTOT HOTEHIUAJ
HO0JKEH Y0BIeTBOPATL yeaosuio (8.1). Toapko ogHo 210 06CTOATENBCTBO LOBBO-
JisfieT IOJYYNTH MHOTO BajKHBEIX BHIBOIOB.

Ucxopa u3 wadecTBeHHLIX COOOpa/Kennii, MOKHO ONPUMEDPHO IPefCTaBUTL B
THOHIHOTO KPHCTAIJNMYEeCKOr0 IOTeHIMaja: BOAW3E HOHA OH JOKeH HAIIOMHHATH
DOTeH1HaJ OTLeJbHOI0 ATOMa ¥ BRIPaBHUBATHCA B ofinacTu MeskAy nouamu (dur. 8.1).



140 I'nasa 8

Wrak, naM HeoOXOHAMMO M3Y4YHTH Te ofMMe CBOHCTBA ONHOIIEKTPOHHOrO ypaB-
Hewna lllpenunrepa

Hy=(—aV2+U (1)) p= £, (8.2)

KOTOpHe 00YCJIOBIeHE TepuonndnocThio (8.1) morennuana U. YpaBuenne Illpenun-
Tepa [JA CBOGONHEIX 2JIeKTpoHOB (2.4) mpejcTaBiasieT cofolf YaCTHHI CayYad ypas-
HeHuA (8.2) (X0TA, KAK MBl YBHJUM, I BeChbMa IATOJOrHIECKUH B HEKOTOPOM OTHO-
WeHNN), NOCKOJNBKY HYJNeBOH IOTEHIMAJ MOMKHO CUNTATh OPOCTEHINAM IPUMEpPOM
TIePUOJNIECKOTO HOTeHIHANA.

HesaBucuMele 5JI€KTPOHEI, KaMIHH W3 KOTOPHIX HOJAYHHAETCHA OJHO3NEKIPOH-
HoMy ypaBHeHuio lllpenmurepa ¢ mepHOXMYECKUM MOTEHIMAJOM, Ha3hBAOT 610206
ckumy (B OTIHYHE OT «CBOGOHBIX», K KOTODHIM 0:10XOBCKIe 9JEKTPOHEI CBOMATCH,
eCcHN IepHOfMdecKHWil HOTeHIMAJ TORIECTBeHHO paBen HYya10). M3 mepmogmuuocTn
morennmaja U BEITeKaeT ONHO OYEHL BaykHoe CBOHCTBO CTANMOHADPHLIX COCTOAHMN
6J0XOBCKHX SJIEKTPOHOB.

TEOPEMA BJIOXA

Teopema '). CoOGcTBeHHBIE COCTOSHHUs  OJHOIINEKTPOHHOIO TaMUJABTOHUAHA
H = —m1*V?%2m +U (r), toe U (r + R) = U (r) npu scex R u3 pemerku Bpass,
MOTYT ObITH BHIOPAHH TaK, 9TOGB HX BOJHOBbe PYyHKLUN Ineau (;opMy IIIOCKOMH
BOJIHBI, YMHOKEHHOX Ha (YHKIHIO ¢ Depmofuuuoctblo peinerku Lpars, 1. e.

P (1) = € Tupy (1), (8.3)

rae
Unik (r +R) =1,k (1) (8.4)
nasg Bcex R, mpunagmesamux pemerxe Bpapo 2).
aserun, uro us (8.3) u (8.4) caenyer paBeHCTBO
Yok (r+ R) == ek Ry, (1). (8.9)
Nuorpa reopemy Baoxa dopmynmpylor mHade: coGcTBeHHBE COCTOSHMAA 1 OHepa-
Topa H MomHO BpOpaTh TAKUM 00pa3om, YTO6H ¢ KarKIbIM 13 HUX ObLI CBA3aH HEKOTO-
pHH BoaHOBOM BekTop k m aua aoboro R B pemerke bpasa BHIONEsI0CH ) aBEHCTBO %)

b (r - R) = ik Ryp(r). (8.6)

M= mpuBonmM OBa TOKA3aTeNbCTBA TeopeMsl Dioxa, 0oIHO 13 KOTOPHIX OCHOBARHO
Ha o0MEX KBaHTOBOMEXaHWIECKNX COOGPAKEHUAX, & B JPYTOM HCIOJb3yeTCs ABHOE
TOCTpOeHRe %), ’

HEPBOE [OKA3ATEJICTBO TEOPEMBI BJOXA

Onpenenum s Kaxjgoro sekropa R pemerkn Dbpas oneparop TpaHcasnum
Tr, TOX NeHCTBHEM KOTOPOTO apryMment Jdwboit ¢yurinum f(r) casmraerca ma R:

Trf(r)=7(r+R). (8.7)

1) B opEOMepHOM caydae 9Ty TeopeMy BHeDBHe foKasaa (DioKe, mO3TOMY ANA OXHOMEPHOTO
caydYas ee 9aCTO HA3KBAIOT meopemoii Paoke.

2) 3mech n HA3KIBAIOT HOMepoM 30Hu. ETO LOABJICHUE CBA3AHO C TeM, YTO npu PUKCUpPOBAH-
HoM K, Kak OyneT moKasaHo HIUKe, IMEeTCH MHOTO He3aBICIIMBIX COGCTBeHHBX COCTOAHUIL.

3) Ha popmyam (8.6) cmemyior coorHomenus (8.3) u (8.4), MOCKoaALKY oma Tpedyer, 9TobLl
bynkiusa u (r) = exp (—ik-r) ¢ (r) o6magana nmepnoaugHOCTHIO peineTkn bpaso.

%) IlepBoe [0Ka3aTeJLCTBO OCHOBAHO HA HEKOTOPHX (OpMaibHKX Pe3yIsTaTaX KBaHTOBOM
mexauuky. Bropoe Gonee siemeHTapuo, HO B TO ke Bpems u Gonee rpuMO3EKO.
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B CIry nepno:mqnoc'm raMnJbTOHHAHaA NMeeM
TeHY = H @+~ Ry~ R) = H @ @+ R) = HT gy (8.8)

IlockonbKky ypaBHeHue (8.8) BHIIOAHSETCA TOMIASCTBEHHO M Jd00oit GyEkuum P,
CUpAaBeIIMBO CIAENYIOMEEe 0NepaTOpPHOE TOMKIAECTBO:

ToH = HTx. (8.9)

Hasee, pesyabTaT ABYX IOCAe0BATENLHBIX TPAHCIANWHA He 3aBHCHUT OT HOPSNKA
OX OpUMeHeHHMA, MOCKOJBKY AaA A060# GyHKIUM P (r) HMeeM

TRTR'lP (I‘):TR:TRlp (r):1p(r+R+R'). (8.10)
IToatomy
TolTre=TrTr=Trir (8.11)

Cooromenus (8.9) m (8.11) mokasniBaloT, 9To raMHabTOHHAH f W omepaTopHl

T ana Bcex BexropoB R pemerxkm DBpass ofpasyor HaGop KOMMYTHPYIOIUX

oumepatopoB. VI3 ¢yHIaMeHTaIbHOH TeopeMhl KBAHTOBOH MeXaHHKH l) ciaefyer, 4To

TOTJa COOCTBEHHEIE COCTOAHMA raMIIbTOHMaHa H Mo)RHO BHOpaTh TAKHM 00pasoM,

9700 OHE ONHOBPEMEHHO SABJIANHCE COOCTBEHHHIMH COCTOAHHAMH BCeX oOOEeparo-
poB T'g:

Hy =&,
Trp = c (R) ¥. (8.12)

CobOcrBenHne 3HaveHHA ¢ (R) omepaTopoB TpaHCAALME CBA3AHE MeEAY COOOMH
B cuny yenoBua (8.11), WOCKOJIBKY, ¢ ONHOR CTOPOHEL,

TreTr = (R) Trsp=c¢ (R) ¢ (R') ¥, (8.13)
TOIZa Kak, corsacHo (8.11),
TeTry=Trir V=c(R+R')Y. (8.14)
CrnemoBaTenbHO, HJIA COOCTBeHHHIX B3HAYCHWH MHOJMHO BHIOJHATHCA PABEHCTBO
¢c(R+ R') =c (R) ¢ (R). (8.15)

Ilycrs Temeps a; — TPH OCHOBHEIX BeKropa pemerkm Bpasa. Mu moeM Bcerza
samomncaThb ¢ (a;) B Bofe

¢ (ay) =™, (8.16)

BeIGpaB cooTBercTBylomAM o0pa3oM BeamuuHH z; %). IlociegoBaTenbHOE HpEMe-
meHpe cootrHomeHmA (8.15) mokaskBaeT, YTO /A IPOW3BOJBHOrO BekTopa R
pemerkn BpaBa, samaBaemoro BEHpaKeHHeM

R = ma, 4 nga,+n;a,, (8.17)
CuIpaBe/lyINBO PaBEHCTBO

c(R)=¢ (a)™c (ay)"*c (a5)™. (8.18)

1) Cm., manpumep, yuebnur ITapxa [1].

2) Mu yBugEM, 9TO IpH ONpeJeJIeHHNX IPAHNYHHX YCIOBHAX z; OKA3HBAIOTCA [@CTBATEIb-
HHIMH, OFHAKO IOKAa OymeM cYuTaTh STH BeAUYUHH NPOM3BOALHEIMH KOMILIGKCHEIME 9HCIAMI.
{Moxmo cpesaTh BHBOR O TOM, 49T0 k — fleficTBuTe AbHHI BeKTOp, He O0pamasch K TPAHHTHHIM
yCIOBHAM, a paccMarpuBas OeckoHedmH# Kpuctami. Toabko npm [MeiicTBHTNIBHHX BOJHOBEIX
BeKTOpax QyHKOAA P(r), yAOBIETBOPAOMAA yciIoBu0 Baoxa (8.21), me cTpemmrca k Geckomed-
goct ¢ poctoM R.— Hpun ped.]
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Ho 10 PaBEHCTBO B TOYHOCTU 9KBHBAJIEHTHO pPaBeHCTBY

¢ (R) = eik-R, (8.19)

e
k — xlbl "I" x2b2 + x3b3 (820)

n b; — BexTOpH o0OGpaTHON peIiCTKH, YOBJETBOPAWIME COOTHOIEHHIO (J.4):
bi a; = 23’[6”.

Nrax, MBI DOKa3alH, 4YT0 cOOCTBEHHHE COCTOAHUA 1 TraMuAbTORHaHa H MOKHO
BHOparh TakuM o6paszoM, yrobbl Muis Kamporo BexkTopa R pemerkm Bpass eemoa-

HAJL0CH PABEHCTBO
TrYy = (x-+R)=c (R) =tk Ry (r). (8.21)

Ho sro rak pas m ecrb Teopema Buoxa B dopmynuposre (8.6).

IF'PAHNYHOE YCJIOBUE BOPHA--KAPMAHA

Hanarasa va BonHOBHE QYHKIHU COOTBETCTBYIOMEE IPAIINYHOE YCIOBUE, MOKHO
LOKAa3aTh, YTO BOJHOBOH BeKTOp k momken GuHTH AeHCTBUTENBHEIM, U IOJYYUTDH
yClIOBHE, KOTOPOMY [IOJMKHEL YHAOBJIeTBOPATH paspeilenHble 3HaueHHA k. OOpuHO
BEIOUpaercs I'paHUYHOE YCJIOBUE, HpefcTaBidioniee coboil ecrecTBeHHOe 0600ImeHue
ycaosus {2.5), MCOOOB3yeMOro JUis KyOHUeckoro «AImMpEa» B TeopHH CBOCOTHEHIX
2JIeKTpOHOB 3omMepdenbja. Hak w B TOM ciaydae, MB BBOAMM B TEODPHIO «SIIWKY,
B KOTOPHH I[OMEINEHE 3JIeKTPOHBI, W HaKJaJbBaeM Ipanuvnsie yciosus Bopra —
Rapmana (cm. crp. 46), 1. e. TpeGoBaHme MaKpOCKOUWYECKOW TIePHOIUYHOCTH.
Ecau pemerrka Bpass ne siBnserca kyGudueckoit u cTopona Kyba L we paBHA.IleJOMY
YUCay HOCTOSHHBIX PemeTKn &, To BrOOp KyOMUYECKOro «ImKa» co cTopoHof L
He jlaeT HUKAKUX IpemMymectB. Bmecro aroro ropaspo ynofinee padorath ¢ «smiu-
KOM», COPa3MEpPHBIM JeMeHTADHOR sdeilKe CoOTBeTCTBYIOMme# pemeTkn Bpass.
IToaromy MEL 06006IUM HepuOANYECKOe TPAlINYHOE YCI0BHe (2.0), 3aIIUCaB ero B fopme

Y(r+ Na)=¢(r, i=1,2 3. (8.22)

3nech a; — TPOHKA OCHOBHMX BEKTOPOB, a Bee N; — nenpe ducia mopsaxa NV,
rie N = N,N,N; — ToxHOe 9YHCJI0 IEMEHTAPHHX AYeeK B KpHucTajie.
Hag u B ra1. 2, mpuBuUMas 9To TpaHNTHOE yCJIOBHe, ME OpelllollaraeM, 4To 00bem-
Hble CBOCTBA TBEPHOTO Tesia He 3aBHCAT OT BhiGOpa I'DaBMAHBIX{ yCJIOBHH, KOTOpPbIE
H09TOMY MOIYT OBTH HPOAUKTOBAHE COOOpasKeRHAMHN yA00CTBA BHYMCIEHUH.
IlpuMenasa K rpaHuusoMy yciosmio (8.22) teopemy baoxa (8.6), maxoaum

Yok (T4 Nia;) = emik'ailpnk (v), i=1,2,3 (8.23)

u, Takum oOpasoMm,
ei]\’l.k-nl. — 1

i=1, 2, 3. (8.24)

Ecnu k wmmeer Bup (8.20), ro us paseHcrsa (8.24) caenyer, 970

2

20N
e“m it =1 (8.25)
CJIeI0BATENbHO, TOJKHO BHIOAHATHCH YCIOBHUE
m; X
xy === m; — 1eJioe. (8.26)
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ITosromy paspemeHHEH 670X0BCKHME BOJHOBOM BEKTODP JOMKeH MMeTh CIENYIOMUA
obmuit Bup 1):

3
k= > —;%Z—bi, mg— nesoe. (8.27)
i=1

Us (8.27) cnenyer, uro o6vem Ak B k-mpocTpaHCTBe, DPUXOAANIUNCA Ha ORHO
paspenieHHoe 3HaueHme k, paBeH o0BeMY MaJIeHBKOro NapaJielieniniiefia ¢ pes-
pamu b;/N;:

b b b 1
Ak:ﬁ-(ﬁz—x 7V—33—)=—1Vb1.(b2><b3). (8.28)
NNockoasry b;-(b, X by) ecrb oObeM piaemenTapHO# Adeiiku 06paTHON pemreTkH,
popmyna (8.28) osHadaeT, 9TO YucA0 PASPEULEHHBLL 60AHOEWY 6EKOPOE, coepicayiLres
6 00N saemMeHMaPHOTL Auelike 06paMHOY, pewemKl, PABHO YUCAY AUeek 8 Kpucmanae.

O6bem saeMeHTapHOH fAUeiiky 00paTHOR pemeTky pasen (2n)%/v, rpe v = V/IN —
o0beM nieMeHTapHOH sAdeiiku npamoil pemerkn. CiaemoBatenpno, gopmyay (8.28)
MOKHO 3anmcaTth B Apyron dopme:

Ak=E° (8.29)

Jdro coBnamaer ¢ peayuabraroMm (2.18), KoTopHi GBI HamMM HOJYYEH B clydae CBO-
GOMHBIX BJEKTPOHOB.

BTOPOE [TORA3ATEJIBCTBO TEOPEMBI BJIOXA?)

Bropoe moxasartenserBo Teopembt biioxa memMoncrpupyer ee sHauenne ¢ HeCKOib-
KO MHOM TOYKHU 3peHHs, KOTopasd HOJYUHT AajbHeliniee pa3BuTue B ra. Y. 3amerum
Hpeskje Bcero, 4To JA06yo0 ¢(yHENuUIO, NOTYMHAOIYIOCH TPaHUYHOMY VCJIOBHIO
Bopua — Kapmanma (8.22), mMomHO pPas3ioEuTh Do HAlOPy BCeX IJIOCKMX BOJH,
VAOBIACTBOPAIOIIUX 3TOMY I'PAHUYHOMY YCJIOBHIO H WMeIONWX IO3TOMY BOJHOBHE
BeKTOpH Bupa (8.27) 3)

P (r) = ; cqeder, (8.30)

Hockonpky morennman U (r) uMeeT HNepUOAMIHOCTD PEINETKH, B €r0 Pasilojenne
HO INIOCKMM BOJHaM OyIyT BXOAUTH TOJBKO IIOCKHE BOJHH € HEPHOJUIHOCTHIO
pellieTKH, HO3TOMY WX BOJIHOBBIE BEKTOPH ABIAIOTCA BekTopaMu ob6paTHO# permeTsy *)

U (x) = 2 Uxetr, (8.31)

1) 3amerum. 910 ycaosue (8.27) csoautes K yenosuio (2.106), MCHOAb3YEMOMY B TEOPUU CBO-
OOMHBIX DJACGKTPOHOB, eCNHM pelleTKa Lpass — mpocTag KyOm9ecKas M a; — OCHOBHBIE BEKTODEI
Kybuvueckeii pemeTku, a Ny = No= Ny = L/a.

2) BTopoe J0Ka3aTeJbCTBO, XOTs OHO W 3JEMeNTapHee Hepporo, Gojee IPOMO3AKO U Ipeji-
cTaBjsgeT WHTepec IVIaBHEIM 00Pa30oM B KadecTBe UCXOMHOM TOIKU [UJISI PACIETOB B IJL. 9. Iloatomy
B HACTOAIIMI MOMEHT YUTATEeJb MOKET ero NPOIYCTUTE.

3) B panbmelillieM, eciiu CHEI[UalibHO HE OTOBOPEHO WHOE, MOJ CyMMHpoBamuem 1o k momn-
MaeTcAd CyYMMHPOBaHNe 10 BeKTopam BMpa (8.27), paspenreHHEIM PAaHUIHEIM ycaoBuem Bopma —
Kapwmama.

4) Korpa nHmekc cyMMupoBadus o6osHadeH 4epes K, TO Bcerpga mpejrionaraercd, 910 cym-
MHDPOBaHHWE BeJleTes [0 BceM BEKTOpaM o6paTHOH pemieTKu.
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Dypse-xoopdumuenter Uk cesasamn ¢ U (r) coorHomenmeM f)

1 A
Ux=— | dre-x v ). (8.32)
(Ilo ageiixe)
TlockonbKy MBI BCerja MOKeM H3MEHHTb NMOTeHIMAJABHYI0 SHEPTHI0 Ha affNTHBHYVIO
TOCTOAHHYIO BeIMINHY, BEIOEPEM OTY BeIM4UMHY TaK, YTOGH MPOCTPAHCTBEHHOE Cpefl-
nee snavenne U, morernmaia, B3ATOe 10 OJHOM 3jeMEHTAapPHOHI Adelike, oGpamanoch
B HYJIb:
1
U=— [ daum=o. (8.33)
(IIo Aqeitke)
3ameTuM, 4T0 HOCKOJABKY moreHnman U (r) pgeiictBureneH, u3 (8.32) caepgyer,
9T0 ero yphe-KOMIOHEHTH YHOBIETBOPHIOT COOTHOIIEHHIO

U_x=Ut. (8.34)

Ilycrs wpucrann o6iafaer 1IeHTPOM WHBePCHHU %), M, ClefoBaTe/lbHO, OPU Hafie-
sKameM BrOope Havana otcuera U (r) = U (—r); roraa (8.32) osnavaer, uro Ug —
HeACTBATENBHAS BeAWYNHA, W HO3TOMY

U_x=Ug=Uf (RIA KpHCTAJLIOB C LEHTPOM HHBEPCHH). (8.35)
Teneps noxcrasum pasnoxenus (8.30) u (8.31) B yparnenue Illpenunrepa (8.2).
Unen ¢ KmHeTWYeCKOH 2Heprmei naeT

b= — g VY= Z o qPegeieer (8.36)

2m

YneH ¢ nOTeHIWAAbHOH dHEPrHedi MomeT ObniTh 3amucam B gopme I)
U= (2 UKeiK-r) (2 cqeiq-r) — Z Uchei(K+q)-r — 2 Uch,_Keiq’-'. (8.37)
K q Kq Kq’

3amennM ofosnauenas mHieKcoB cymmmpoBasma K m q" B (8.37) ra K’ m q; roraa
ypaBHeEne IllpeguErepa HOpWEEMAaeT BHJ

Z elq-r {(%qz-—-g)cq-{—;(]}{ Cq_K-}=O- (838)
q

ITocroasKy OIOCKEE BOJHLI, YIOBJIETBOPAIOMAS IpaEnYHOMY yeaobuio Boprma —
Hapmana, o6pa3yior opTOTOHAJBHHE Hab0p, K03PPUIMEHT HPH KaMKIOM CIaraeMoM
B (8.38) mommen OHTH paBeH HYNO %), mMO3TOMY IS BCeX paspemeHHHX BOJHOBHX
BEKTOPOB (] TMOJXYdaeM

(%qz_g)cq_!_ D Ueq-xr= 0. (8.39)

K’

1y Cm. upmioskenme I', rje ofcyxpaercs smadedne oGpaTHOI peulieTKH NPH Pa3JOKEHUA
B pang @ypbe nepumopmaecKnx GyHKIMIL.

2y Tlpemaaraem IuTaTeNI0 MPOBECTH PACCYIKIGHHA HACTOAMEIl raaBnl (u ra. 9), He HCHONb-
3ys TIpPe[MIOIOKeHNA O CHMMETPUI OTHOCHTE/JBHO HHBEDCHI, KOTODO® CHeJaH0 HCKIOYHTEHHO
IS TOTO, 9T00H nM36earh HeCYMEeCTBeHHKX TeXHUIeCKNX YCIOKHeHN.

3) VE’ eILHTI)CH B CIIPaBe[NNBOCTA NOCJIE/IHET0 PABEHCTBA, B (8.37) MoxkHO, eciu ¢cAeaaThH HOJ-
cranoBry K + q = q' u 3amerurs, 4T0, HOCKOJAbKY K — BeKTOp 00paTHOI pemreTKH, CyMMHPOBA-
Hite TI0 BCEM BEKTOPaM (, MMEIOmuM (bOpMy‘(S 27), 5KBUBAJIEHTHO CYMMUDPOBAHHIO II0 BCEM BEKTO-
paM q’, UMelomuM TaKyio ke opMmy.

4) B s10M MOKEO yOenmTheA Takke mcxoms m3 pasemcTsa (I.12) (cMm. upunokenne I'), ecan
yMHEORUTE vpasmgegne (8.38) ma COOTBeTCTBYIONIYI0 IJIOCKYIO BOJHY M HPOHHTeIPDHPOBATH IO
0o6meMy KpHCTaJIa.
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Ynobuo sanucath ( B popme q = k — K, roe K — BexTop ofparnoii pemerku,
peIOpaHHE TakuM obpasom, uroOb BekTop k nean B mepsoit 3ome Bpmianiosua.
Vpasuenne (8.39) Torma mpmmer Buj

2
(5 (k= K2 €) e = 3} Unenoseose =0, (8.40)
=
nam, ecau cpenarth sameny mepemennnx K — K' — K,
—
('z‘%r (k—K>2—r‘§) ek + DU —xex-x = 0. (8.41)
_—

IMongepxreMm, uto (8.39) u (8.41) mpexcrasiasaoT coboi Becero AUIIb HOBYIO GopMy
3amUCH MCXONHOro ypapHenma (8.2) B MMIYJABCHOM IPOCTPAHCTBE, KOTOPAsA OKAaB3HI-
Baerca Gojiee MPOCTOM M3-3a TOro, 9YTO B CHJIY MepUOAUYHOCTH HMOTEHOMAJIA KOIQ-
durmentst Uy OTAMYHH OT HyAd JUIb Jias8 Tex k, KoTopHe sBJIAKTCA BeKTOpaMu
o0paTHON pelIeTKH.

IIpu ¢purcupoannom k n3 nepsoii 3ous Bpmiriosna cucrema ypaBueHuit (8.41)
opu 11060M 3HadeHun BeKTopa obparHoii pemeTku K ¢BA3bIBaeT MesKAY co00il TONBKO
K02QPuUNUMeHTH ¢k, Ck..K; Ck—K’s Ck—K”s - + »» ¥ KOTOPHIX BOJHOBEIE BEKTODPEL OTJIH-
yawrcs or k Ha opmu u3 BeKTOpoB oOpartHO# pemerky. CiegoBaTeqbHO, UCXOAHAA
3ajlaua pacmajach Ha /N He3aBUCHMEIX 3aJad — JJsf KaKIOTO PaspemeHHOTO 3Ha-
qenns k B nepBoit 3one Bpunnosna. Hamnas Takas 3ajaga nMeer pemenune, XOTopoe
ABJACTCA CYNEepIo3uruedl MIOCKUX BOJH, COLEPKAIUX TOJBKO BOJHOBOH BeKTOp k
I BOJIHOBHIE BEKTODHI, OTIndajonuecd oT k na Kakoi-1un6o BeKTop 06paTHO# penieTKy.

Wicmoap3ys mosnydeHHBe Pe3yabTaThl, BepHeMca K pasiokernuio (8.30) Boxano-
BoH QyHKuuu Y. Msl BEAUM, UTO BOJHOBOH BeKTOpP ( UpPHMHEMAaeT NUIOb 3HA-

genna k, k — K’, k — K", ..., a BoaHoBag (YHKIUA HUMeeT ClelylOmuii Bupi:
Pr = g ci ke k=K, (8.42)

EC.HH HepeHI/ICHTE aTo BHpa}ReHI/Ie KaK
i (r) = e (2 ex—ge =) (8.43)

TO BHUAHO, 4T0 QynKuuA mMeeT OJOXOBCKYI0 opmy (8.3), mpuueMm nepuopudecKas
dynrnma w (r) paerca BHpasReHUEM ‘)

i

w(r) =) ex_xe KT, (8.44)

=

OBINE 3AMEYAHUA O TEOPEME BJI0OXA

1. Teopema DBuaoxa BBomuT B Teopumio BoanoBoil Bektop k, Koropmii umrpaer
B o0uieil 3amade o ABMKENUN B IePHOJUTECKOM ITOTENIIHANIe TaKYIO jKe POb, KAKYIO
urpaer BoNHOBOHI BeKTOp k cBoGomHOTO niieKTpona B Teopum 3SomMMepdenbaa. 3ame-
THM, OJHAKO, ITO B TO BpeMA KAaK AJAA CBOOOXHEIX 5JIEKTPOHOB BOJHOBOII BEKTOP
paBen p/h, rjie p — UMIYIbC YIEKTPOHA, B (I0XOBCKOM CJyYae BOJHOBOI BeKTOp k
He IPOIOPIMOHAJNEH IMOYJILCY JJIEKTPoHA. JTO ACHO M3 o0mux coobpaskeHuil, Tak
KaK TaMUJIBTOHHAH B IPHCYTCTBUM HeOAHOPOIHOro moTeHnmanza He obnajaer MOAHOR

1) 3ameruMm, 9T0 npm QuKcmposannoM k cymecTByer (feckoHEWHO) MHOYO pemenuii (GecKo-
HeuHOli) cucTeMs ypapmenuil (8.41). JlisA X HepedncieHus HCIOML3YIOT HOMED 30HH n (CM. IpH-
meuaHue 2 Ha crp. 140).
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TPAHCIALMOHHON HMHBADMAHTHOCTBIO, LOITOMY €r0 COGCTBEHHEE COCTOSHHSA He
ABIAKTCA ONHOBPEMEHHO COGCTBEHHRIMH COCTOAHMAMH OLEPaToOpa HMIYJIbCa.
IMoxoGHBH BHBOX HOATBEPIRAAETCA 1 TeM, YTO, IOeHCTBOBAB OMEPATOPOM MMIYJIbCa
p = (A/i)V Ha Py, HonyIaeMm

2 s = LV (€5 T (1)) = ki - €57 2 Wiy (r); (8.45)

HmocienHee BhIpajkeHHe, BooOIe roBops, He UMeeT BmAa const -YP,x; CIeTOBATEIBLHO,
Ynx HE ABIfeTCH COOCTBEHHEIM COCTOAHNEM OHepaTopa HMIIYJbCA.

Tem me menee gacTo 7k cryKUT ecTeCTBeHEHM 0000IMeHneM IMIyAbCca P HA Cay-
9ail MepuonuIecKOoro NOoTeHNMa a. YToOK HOAIEPKHYTEH CXOACTBO M YKA3aTh Ha OTIHU-
yue 7k OT MCTHHHOTO MMIYJBCA, 9Ty BEJIHUMHY HABHBAKOT KEASUUMNYALLCOM DITEKT-
pora. U706H HOBATH AUHAMAYECKYIO POJb BOJXHOBOTO BekTopa k, ciegyer paccMmor-
peTh peakmmio OJNOXOBCKHX JJIEKTPOHOB Ha HPMIOKEHHHE BHEIIHNE 3JIeKTPOMar-
AuTHHE moad (cM. ra. 12). Toabko TOrfa HOMHOCTBIO BBIABAAETCA €r0 CXOMCTBO
¢ p/h. Tloka e guraTeddb NOJKEH CIUTATH, 9TO k IpencraBiasieT coGoii KBaHTOBOE
9ACNO, XapPaKTepH3yIomee TPAaHCAANUOHHYI CHMMETPHWI0 IepHOJAUeCKOro IIOTeH-
nuajia, TOYHO TAaK jKe, KaK KBAHTOBOE YHCIO p XapakTepmsyeT Gojee IOJHYIO
TPAHCIAAIMOHHYI0 CUMMETPHIO CBOGOIHOIO IPOCTPAHCTBA 1).

2. BoaroBoit BekTop k, Bxomsamuii B Teopemy Bioxa, MOKHO BCerga CUMTaTh
OTHOCAIIEMCSA K IepBoil 30He Bpmiaosra (unm K a1000# Npyroil mpuMHTHBHOMR aje-
MEHTApHON sueitke 0oOpaTHOM pemeTKu, BHOODP KOTOpOH OKashBaeTcsa Gosee ymoo-
HEIM). JTO CHpaBeIIMBO HOTOMY, 9TO, eciu BeKkTop k' He JexAT B mepsoit 3oue Bpni-
N109HA, TO €ro MOMKHO NIDPEJACTaBHTHL B BUIE

K =k + K, (8.46)

rie K — Bextop ofparHoii pemeTku, a BeKTop k Temeph Ze:KUT B NepBOH 30HE.
Jlaa mwo6Goro BekTOpa o6paTHO# pemeTku e R = 1, mostoMy, eCIH COOTHOIMEHHE
Baoxa (8.6) copasemimBo mas k', omo cmpaBeinuBo Takke m jaa k.

3. Homep 30HH n noasasercsa B TeopeMe Bioxa ms-3a Toro, aTo mpm 3afadHoMm k
HMeeTCAa MHOTO pemeHuit ypaBHenmsa Illpemuurepa. 9ro ormMedanoch HaMu IPH BTO-
POM [[OKA3aTeJLCTBE TeOpeMH Bioxa, HO BHIBO TakiKe W U3 CIEIYIOMUX PaCCYH-
NeHui.

Bynem uckars Bce pemenus ypaBHenui Ilpepmmrepa (8.2), kKoTophe MoryT
OHTHL OpefcTaBIeHH B 0J0XOBCKOI ¢dopme

P (r) = e¥kery (1) (8.47)

¢ 3aJaHHBKM BOJNHOBHIM BexTopoM k m ¢ ¢ymKmme#t u, obrafgaronieli meproiuIHOCTHIO
pemeTku. IlomcraBasAsA »To BHpakeHme B ypaBHenwme lllpemunrepa, Haxonum, 9T0
L ompenensercsa 3afadeil Ha coOCTBeHHHE BHAYEHUA

Hyux (r)=[-2i:L—(%V+k)2+U(r)] U (r) = Extix (1) (8.48)

¢ TPAHMYHEIM YCJIOBHEM
ug (r) = ux (r + R). (8.49)

Baaromaps mepmoimdeckoMy rpaHUYHOMY ycioBuio ypaBHenume (8.48) MoskHO
paccMaTpuBaTh Kak 3ajaly Ha COGCTBeHHHE 3HaYeHWA IJIA BPMHTOBA omepaTopa
B OTHENBHOH dieMeHTapHOM Auelfire Kpucradiaa. Tak -KaK 9To — 3ajada Ha cOGCTBEH-
Hble 3HAdeHHUA Nis (EKCHUPOBAHHOrO KOHeUHOTo ofbeMa, U3 o0mux coobpaskeHni

1) Jlyume cKasaTh, 970 CYyMECTBOBAHME (KBA3M)BONHOBOTO BOKTOPA k == csedcmeue Tpamenn-
QUOHHON cuMMeTpum Kpucraina.— [Jpux. ped.
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CeNyeT OKHAATL, 9T0 JOJKHO CYMeCcTBOBaTH OeckKoHeYHOe CeMefcTBO pemeHni
¢ duckpemmubimu cOGCTECHHEIMY 3HAYEHUAME 1), KOTOPHEe MH pasiniaeM C NCMOIIBIO
HOMEpa 3O0HH n. ‘

3ameTam, 4TO0 B 3afjauy Ha cofcTBeHHHE 3HaueHmaA (8.48) — (8.49) BommoBoi
BeKTOp k BxoAuT sums B KauecTBe HapaMeTpa TammiabToRmana Hy. IlosTomy mMosEO
TOpeRNoNaraTh, 9To SHEPIUA ypoBHed ¢ BOJHOBHM BekTopoMk MenseTcs HempepruBHo?
¢ mamenenueM k. B pesyaprate MH IpEXoguM K ONMCAHHIO YDOBHeH 3JIeKTPOHA
B IEPHOMMYECKOM HOTeHLIMaJe HOCPEHCTBOM ceMeificTBA HeIDpPepPHBHHEX °) ¢yHKumi
&,(k).

4. XoTa Iis MOJHOTO ONNCAHUA BCeHl COBOKYIHOCTH YpOBHe# JOCTATOYHO OTpa-
HAUNTD 00JacTh 3navelnii k ofHol blieMeHTapHOH AYeHKOM, 9aCTO OKAa3KBAaRTCA HOJie3-
HEM CUATATH, YTO BOJHOBON BEKTOp k MOKeT MBMEHATHCA IO BCeMY A-IpOCTpPaHCTBY,
XOTA 9TO U Jaer 4pesBrdaiino m30HToYHOe onmcanme. IJOCKOABRY AaA NBYX B3Ha-
genmit k, orTamuarommxcs Opyr OT Apyra Ba BeKTop o0paTHOH pemeTKHW, BCe BOJ-
HOBHE (YHKIMH ¥ BHePreTHYeCKue YPOBHH COBHANAIOT, MH MOKEM HOpUOHECATh
YPORHAM MHIEKCH N TakuM 00pasoM, 9To0H npu sadariom n cobcmeenHbie COCMOAHUS
u cobemeehnvle sHavenus npedemaenaau coboii nepuoduieckue gyuryuu om k 6 o6pam-
HOU pewemre:

| W, k+K (F) = Pnx (1),

8.50
€k = En. (8.20)

TakuMm myrem MB OPUXOJUM K OOHCAHMIO DHEPTETRYECKHX YPOBHEH 3JEKTpPOHA
B DepHOJMYECKOM ILOTeHNUale IIOCPEACTBOM CeMeldCcTBA HENPEepHBHHX (yHRUWH
énx [mam €,(k)], xammpas m3 KoOTOPHX EMeeT NePHOANYHOCTH OOPATHOH pemeTKH.
91m  QYHKIME OLPeHeNfAnT 30HHYK cmpYKmMYpy TBEPLOTO Telna.

COBOKYIIHOCTE BCeX SJEKTPOHHEIX ypoOBHei, ommchBaeMux ¢yermuein &, (k)
Opr (EKCHpDOBAHHOM n, HAa3HBAaKT oHepzemuueckol 3owoll. Ilpomcxompenme Tep-
MHEBA «30Ha» cTaHeT sAcHEIM B ri. 10. 3meck jke MH JWIMDb 3aMeTHM, 9TO, IOCKOJLKY
kanan pynkuus é,(k) mDepmonwusa mo k u HenmpepHBEa, y Hee CYmECTBYIOT BepX-
HEA ¥ HIKHUZ Opefiesbl, a M03TOMY Bce ypoBHH é (k) uxeskar B 80He pHeprHii, pac-
HOJOMKEHHHKX MEKAY STUME JABYMA IIpejleJIaMH.

5. Moxeo nokasaTh BeckMa 00ImuM o6pasoM (cM. opmrioskenee [1), 9To Ha ypoBHe,
3aJaHHOM HOMEPOM 30HH 1 U BOJHOBEIM BeKTOPOM K, 2/eKTpOH HMeeT OTIMIHYIO:
OT HYNA CPedHIO CKOPOCTH, ONPENeseMyl0 BHpajKeHmeM

VAM=%V£Mbw (8:51)

910 oueHb HHTepeCHHH pedyibraT. CorjgacHo eMy, 2JIEKTPOH B HEPHOIUICCKOM
OOTeHN@ANe MMeeT CTaiWOHAapHEIE (T. €. He BaBHCANIHEE OT BpeMeHW) YPOBHH, HAXO-

1) Tak, safada 0 CBOGOMHOM BIEKTPOHe B ¢AIIMKE» NMOCTOAHHHX KOHOWHHIX PasMepOB HMeeT
MHOKECTBO NHACKPETHHX YHePreTHYeCKNX YPOBHeH; HOPMANLHHE MOAH KOIeOAHHMHA KOHETHON MeM-
Gpams MMEIOT MHOKECTBO NHCKPETHHX JacTOT W T. .

2) Tlopo6HOe IpeANoJIOyKeHre HEABHO CONePKuUTCH, HANPHMeD, B OOHTHON TEODPHH BO3MY-
meHMN, KOTOPas BOBMOKHA AWML 6Iarogapsa TOMY, 9TO Majble M3MEHeHHs HaPAMETPOB TaMHilb-
TOHMAHA IPEBOJAT K MAJILIM HBMEHeHIAM 9HEPTuil ypopreli. B mpunomennn I nsmenenie sgeprum
YPOBHeil TpK MaJHX H3MEHEeHUAX k paccauTaHo B SABHOM BHJe.

3) To 06CTOATENBCTBO, 4TO B CHJIYy TPapHYHOTO ycioBus Bopma — Kapwmama BoaEOBOH
pekTop k MOKer HpuHAMATEL JAMING AMCKpETHHEe BHaYeHHA BuAa (8.27), He mMeeT OTHOINEGHNA K He-
npepusHOCTH €, (k) Kak ¢ymEKIIUN OT HempepHBHOI mepemennoi k, MOCKONBLKY B 3ajjauy Ha col-
cTBeHHHe 3HaueHuA (8.48) — (8.49) He BXOAMT pasMep BCero KPHCTAJJIa M OHA MMEOT CMEICA MpPH
mo6om k. HanmoMEnM TalsKe, 9T0 MEOKecTBO 3Eavenmil k upa (8.27) cTamoBuTCA MIOTHHM B k-Tipo-
cTpamcTBe B Ipefene OeCKOHOTHOrO KPHCTALIA.
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OsACh HA KOTOPDHIX OH, HECMOTPS HA B3aHMOIENCTBUE € HEHNOIBIKHOH pPemIeTKOMH
MOHOB, IPOIOJAKAeT ABUTATHCs OeCKOHEYHO MOJTO, HE Tepss CBOeH CpefHell CKo-
poctu. Ilogo6HEIH pesyabTarT ABIO HPOTHBOPEYMT HpefcTaBiaenuio pyme o Tom,
9TO CTOJKHOBEHHS INpPefCTaBIAIOT co00H HpoCTO COYIAapeHMA DJIEKTPOHA € HEemof-
BIGKHBIME HMoHamu. Ero mociegctBua umeroT (yHIaMeHTaibHOe 3Ha4eHUe mw OYAyT
paccMoTpeHH B ra. 12 m 13.

HOBEPXHOCTL ®EPMU

OcuoBHoe cocrosanue N cBOOOXHBIX 3JEKTPOHOB ) CTPOUTCA IIyTeM 3aMOJHEHUS
BCEX OJHOBJIEKTPOHHHX yposueir k ¢ snmeprusimn & (k) = A*.k*/2m, menbmumu & g,
rae € p OmpefeNaeTCs U3 YCJIOBHUA, 4TO IOJHOE YHCIO OXHOIIEKTPOHHEIX ypOBHeL:
¢ DHEePrUAMH, MEHBIIEMEH & p, NOUKHO OBITH PAaBHO IOJHIOMY YHCAY 3JIEKTPOHOB
(cM. ra. 2).

OcuoBuoe cocTosgHMe N GIOXOBCKHUX DJIEKTPOHOB CTPOMTCH AHAJOTUIHHIM 0Opa-
30M, 3a MCKIIOYeHNEM TOr0, YTO OJHORJIEeKTPOHHEE YPOBHHU TellepPh 3aJaJ0TCA KBAHTO-
BeiMa aucaamu n u k, a &, (k) y:ke He ompefensieTcss IPOCTHIM sSIBHBIM BEIPAJKEHUEM,
KaKk B TeopHu CBOOONHEIX 3JEKTPOHOB; KpPOMe TOTO, €CJHH MBI XOTHM YYHUTHIBATD
Ka)KOHI ypoBeHb BCeTO OOUH pas, To 3HA4YeHUs K JOJIKHE GEITH OrpaHUYEHEl OTHOIM
dJIeMeHTapHON gd9edKof obparHoit pemeTku. Ilocie 3amosHeHWA HU3MIHEX YpOBHEH
ollpefieTeHHBIM YUCIOM 3JIEKTPOHOB MOTYT IOJYIATHCH KOHQUIYPAINu IBYX COBep-
MIEHHO PA3TUIHEIX THIIOB.

1. HexoTopble 30HEL MOTYT OKAa3aThCA IIOJHOCTHIO 3alI0JIHEHHEIMH, & BCE 0CTAJb-
HEe — TycThiMU. Pa3HOCTh DHePTruil MeKIY CaMBIM BBICOKMM B3aHATHM YpOBHEM
M caMbIM HU3KHM He3aHATEIM ypoBHeM (T. e. MeEJY «BepmIMUO®» caMoii BepXHeH
3aHATOE 30HHI M «JHOM» CaMO# HWBKOM IyCTOH 30HEI) HABHBAIOT 347 PELEHHOL 30HOL
WM 9Hepeemuydeckol weavlo. MH yBUINM, YTO TBepjble Teaa, Y KOTOPHIX MUPHHA
3anpemmentoi 30HH 3HadnTeabuo Goabmme ky I (mas T, OAU3KEX K KOMHATHOM TeM-
‘mepaType), OPeiC aBusiOT coboit quanerTpukn (cm. ri. 12). Ecanm mumpusa sampe-
meHHon 30HH cpaBH Ma ¢ kzT, To Takoe TBepnoe TeJo HABHBAIOT cOOCMEEHHBIM
noaynpogodnukom (cM. ra. 28). llockoabky dmcno ypoBHed B 30He PABHO IIOJIHOMY
quC/y DIeMEHTAPHBIX si9eer B Kpucrasae (cM. crp. 143) m Ha KaKIOM ypOBHE MOIyT
6BITH pasMemieHHl JBa 3IEKTPOHA (M0 OJHOMY € KasKk[bIM HaDlpaBJeHMeM CIHHA),
Das B03HUKHOBEHUA  KOnguzypayuu ¢ 3anpewernoli 30mou Heobxodumo (oOmaku
ne docmamouro), YUMoty YlucA0 ILEKMPOHO08 6 pacieme HA 00HY IMEMEHIMAPHYI A4eliKY
ObLA0 HemHBLM.

2. Herorophle 30HB MOrYyT OKa3aThCA 32 OJHEHHBIMM uacruuHo. Horjga oaro
uMeeT MecTo, dHeprus Hambolee BEICOKOTO 3aIOJHEHHOTO YPOBHH, T. €. DHEPrus
@epmu, aeHUT BEYTPU 0ofjIacTu 9Hepruil ofHod miau Oojiee 30H. B k-mpocrpancre
KURA0H YacTUYHO B3aIIONHEHHON 30He COOTBETCTBYET IIOBEPXHOCTH, OTAENAmAn
3aHATHE YPOBHU OT HE3aHATHX. BMecre Bce TaKue IOBEPXHOCTH HAa3HIBAIOT nosepiL-
nocmuvw Depmu. loBepxuocts Oepmu Aaa GIOXOBCKAX DIEKTPOHOB fABIAETCA 0606-
mennenm cdepsl Depmu,'paccmorpennoil panee qaa cBOOOJHBIX 3IeKTPOoHOB. Hactu mo-
BepxHoctn (DepMu, COOTBETCTBYIONUE OTAEABIHM TaCTHIHO 3aMOJIHEHHLIM 30HAM,

1) Korfia 1o ¢cMbledly sICHO, 9TO MMEeTCS B BUALY, MBI II0JIb3YEMCs OJHHAKOBHIMU 0603HAUYCHUS-
MH A YHCJIA JJEKTPOHOB IIPOBOTHUMOCTH M THCJHA DJNEMEHTAPHHX (IIPHUMUTHBHBIX) fi9eeK, IJTH
9Ecia PaBHEL, OJHAKO, TOJBKO I MOHOBAJEHTHOII MOHOATOMHOI peieTku bpaso (manpumep,
B IeJ09HKX MeTaxnax). (Uucao cBOGOTHEIX 3IEKTPOHOB MeTAJIa PABHO UNCIY 6aieHmMuuT dIeK-
TPOHOB; Yy HIENOYHKX METAJIOB — II0 OJIHOMY Ha aToM. — Ilpum. ped.)



YpoBEM JJEKTPOHA B HEPHOJUYECKOM NOTOHLUAN e 149

HABHBAKT noaocmsmy noBepxuoctu Depmu !). Mu yBupum (cM. ra. 12), uro, ecan
y TBepAoro Texa cymecrsyer mosepxmocts @Depmu, To 0HO HpefcraBiserT coboii
MeTaJl.

AnanmTHueckoe onpefesenue mojocTH HoBepxnoctu DepMu B n-ii 30HE TAKOBO:
9TO ecTh HMOBEPXHOCTH B k-IpocTpaHCTBe (ecim OHA CYMecTBYeT), Ha KOTOpPOil %)

€, (k) = €. (8.52)

Caeposatensno, DoBepxHocTh (Depmm mDpefictaBiasgeT c¢o6oil TpocTo MOBEPXHOCTH
HOCTOAHHOH 9Heprum (MJIM COBOKYIROCTDH INOBEDXHOCTEH IOCTOARHOE 3REprum)
B k-mpocrpancrBe. B aToM oTHOmMeHNH oma anajormyHa 0osjee 3HaKOMBIM HaM 3KBH-
HOTEHIIMANAM B DIEKTPOCTATHKE, KOTODHE TaKiKe SABIAIOTCA HOBEPXHOCTAMU
IOCTOSAHHOW »HEPTHM, HO B peajbHOM IPOCTPAHCTBe,

Mockonsry gynknun €, (k) mepuonngnsl B o6paTHOE pelnerke, WONHOE pemte-
Hne ypaBHeHUA (8.52) MJis KasKIoTo 1 NpeJICTaBisAeT MOBEPXHOCTh B A-IPOCTpaHCTBe,
TaK;Ke 00Jafalomylo HepuofuIHOCTRI0 ofpaTHol pemerku. Horma paccmarpuBaercs
nonHag TEPUORMYECKAas CTPYKTypa uomoctu uoBepxnoctu Pepmu, To rosopsr,
UTO OHA OLHCAHA B cxeme nosmopsiowurcs 3on. Jacro, oanaro, GmBaeT Gojee ynoo-
HHIM B3s1Th JWIIb 9aCTh KayRN0# nonocTu moBepxuoctu Depmu Takum ofpasom, 9T06DI
KaKMIBlH (UBWYeCKU pAa3JUYHBIA ypoOBeHb 0BT IpeficTaBiieH BCeTO OAHOH TOYKOM
HA IOBEPXHOCTH. JTOTO MOJKHO JOCUTECS, IPEJiCTABAAA KAJKNYIO TOJO0CTh Toil 4acThIo
HOJTHOH MepUONMYECKOH LOBEPXHOCTH, KOTOPasA 3aKAIOYeHa B OJNOH 2JeMeHTapHOi
ayefike obparHoi pemerku. IlopoGuoe upepcraBienye NA3LIBAOT cxemoll npuseden-
nuiz 3on. B KadecTBe ajemMeHTapHOW AYeHKHM OGHYHO (HO He BCerja) BHIOHPAIOT Iep-
By sony Bpumawsua.

T'eomerpua noBepxmnoctu (Depmm u ee ¢usmyeckoe 3HadgeHue o6CYIKAANOTCA
BO MHOTUX IoclelyIomux TyaBax, B ocoGemHoctu B ri. 9 m 15.

NJOTHOCTH YPOBHEI?)

Yacro OpuxofuTcsd BHUUCAATH BeJIWYMHBI, KOTOpHe NpPeNCTaBIAT €060l
B3BENIeHHEe CYMMBI PA3JUYHEBIX OfHODJIEKTPOHRHIX XapaKTePHUCTUK, B3ATHE IO BCeM
NEKTPOHHHM ypoBHAM. Takue BenwuumHB nMeloT Bup ¢)

0=2§0n<k), (8.53)

1) Bo MHOrMX BajKHHIX CJAYy49aAx I1oBepxmEocTh DepMmMy LpUHAMIEKAT OJHON-eJUNHCTBEHHOR
30He. Boofme ke wucio 30H, B KOTOPHX pacmoioieHa moBepxnocTh Pepmu, Bcerjia HeBeIHKO
{em. ra. 15).

2) Ecau B ofmeM caydae BeanuuHa €, OmpefelieHa KaK SHEPTHA, OTJEJAIOMAA HaUBBICLINIT
3aHATHI YPOBEHb OT HAMHU3NIETO HE3aHATOTO YDPOBHS, TO TOTAA €e onpejesenne HEONHO3HATHO
JIA TBEPJOTO Tejaa ¢ BHepreTudecKoil meiplo — anbasd dHepruA us 06JacTu mMeau yAOBIeTBOPsierT
TaKoMYy Kpurepuio. TeM He Menee Jusg coGCTBEHHOTO LONYIPOBOJHUKA BCe ;K¢ TOBOPAT 06 onpede-
aennoti «aueprun Gepmmy. Ilpu 5TOM UMEIOT B BUIY XUMHNUECKHil IOTEHNIUAJ, KOTOPHII XOpOIIo
ompenesen fisi a0G0H HeHYneBOH TemuepaTypk (cM. npunomkenme B). Ilpu 7' — 0 xummgecknis
TOTeHIMAJ TBEPROTO Teja ¢ HHePTeTUIeCKOIl MeJibI0 CTPEMUTCA K SHEPIrHM, OTBEYANONIEH cePeiuHe
menu (cMm. 1.2, cTp. 197), moaToMy B mmrTepaType HMHOTAA MOKHO HalTH yTBeP:;KJeHWS, 94TO OH I
npeAcrasaser coboii «xorepruo@epMuy TBEPAOTO Tela ¢ 3aNpelieHHol 30r0il. KaK Ipu mpaBHIbHOM
(E€0OTHO3HATHOM), TAaK U IIPH «KaDPTOHHOM» OmpejeleHnsaiX % wus pasedcrea (8.52) caenyeT, uTO
TBeP/I0e TeJO ¢ 3aupellleHHOI 30HOIT me nMeeT nopepxHocTn Mepmu,

3) dror pasgenr MOMKEO NPOUYCTUTE IIPH NMEPBOM YTEHUHU, B Ciydae HEOOGXOAMMOCTH BO3Bpa-
MAACH K HEMY IPH U3YICHMAH TOCHeTYIONUX TJiaB.

4) MuOKMTEJIb 2 MOABIAETCS M3-3a TOTO, YTO HA KayKIOM YpPOBHE, 3a0aBaeMOM 3HAYEHITIMH
n 1 k,MOTYT GHITH pa3Mele s ABA SJIEKTPOHA ¢ TPOTHBOIIONOMHKIMI CIIMHAMHI. ME TIpe MO0 Y,
qto Q;, (k) He 3aBHCHT OT cIMHA DIEKTPOHA s. B IPOTHBHOM ciryuae MHOMNTEND 2 CJIeyeT 3aMeHUTD
CYMMHUDOBAHHEM IIO 5,.
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THE IJIA KaKIOro n cymma GepeTcs mMo BCeM paspemeHHEM k, KOTOphIe COOTBETCTBYIOT
fusndecKn pPas3AWIHHIM YPOBHAM, T. €. o BCeM BOJHOBHM BekTopam k Bmpma (8.27),
OpHHAIeKAMAM OTHOH dJleMeHTapHOH sdeiike !).

B npenexsEOM chyuae Goabmoro KpmcTajia pasdpemeHube suadenuma k (8.27)
pacmojaraoTcda OUeHb GJM3KO APYr K APYry, HOSTOMY CyMMHADOBAHHE MO;KHO 3aMe-
HATH uHETerpupoBanneM. [lockonbKy Ha ofHO paspemennoe 3HaueHme Kk [Popmyina
(8.29)] npuxonmrca Takoit ske 06eM B k-IpoCTPaHCTBE, KAK M B cIyJae CBOGOIHEIX
SNIEKTPOHOB, OCTaeTCA CIpaBelJUBLIM H mpasmio (2.29), HafileHHOe HAMP 1A CBO-
607HEIX 2IleKTPOHOB. B pesynbrare MH moxydaem 2)

¢=limZT =23 S (QL,‘:)-,;Q,L (k), (8.54)

Voo

Ifie MHTerpUpOBaHHE BegeTcaA IO 00heMy OFHOH 2JIeMEHTapHON AdeiKH.

Ecam, rak a0 gacro Gusaer 3), @, (k) saBucuT or r u k TOILKO 9epes3 sHEPruio
&, (k), To MH MOKOM IDOJOIKATH AHAJOTHIO CO CIydaeM CBOGONHEIX DJIEKTPOHOB
u onpenenuts g (€) — MIOTHOCTb YPOBHEH Ha e[MHMIY 06’beMa (HJIM LIPOCTO «ILIOT-
HoCTb yposmeit»). Torma maormocTs ¢ Gymer mmers BuR [cp. (2.60)]

g = [d&g (&) Q (&). (8.55)
Cpapampasa (8.54) m (8.55), maxomum
g(&)= 2] gn (€), (8.56)
rie IIOTHOCTh YPOBHEH B n-i 3o0me g, (€) maerca BHpa)keRHeM
¢ dk
g (&)= | 1w 8 (68, (K); (8.57)

3geck HMATeTPEPOBAHHE NPOBOAMTCS IO JaI000f dJIEMEHTAapHOH sdeiike.

[lnoTHoCTs YPOBHEH MO;KHO IIPEJCTABHTH TAK:Ke M B UHo# gopme, 3aMeuas, 4970,
KaK ¥ B ciliydae CBOOONHKIX sneKTpoHOB [popmyna (2.62)], cupasennuso caenyiomee
COOTHOIIeHHE:

g, (€)d€ =(2/V) x (amcyio paspeileHHEIX BONHOBHIX BEKTODPOB B n-il 30He

B uWHTepBaje sHepru#t or € go € 4-dé&). (8.58)
UYncno paspemeHisX BOJHOBHIX BEKTOPOB B n-il 30He B 9TOM WMHTepBalje dHeprui
paBHO MPOCTO OGBEMY TOH 9YacTd 3jIeMeHTapHOR Adedikm B k-HpOCTpaHCTBE, B KOTO-

poii € << &, (k) < & + d€, nmenendomy Ha ofbem Ak = (2n)%/V, upmxopamuiics
Ha OJHO paspelmed:(He 3Ha4eHHe BOXHOBoro BekTopa. CiefoBaTesbHO,

: 1, 6<E, (k)<E+dE,
gn(g)d%?—_—j %X{ <&, (k)<

0 B OCTANBHEIX CJOYIAAX
Iockosibky BeamunHa d€ GeCROEEYHO Maja, 3TO BHPAKEHHE JeTKO IPeJCTaBUTh
TaKKe B BUJe UHTErpajga oo moBepxHocTd. Ilycrs S, (€) — Ta YacrTe HOBepXHOCTH
&, (k) = &, xoropas ae:RuT BHYTPH AAHHOI sneMeHTapHOi sadeiikn, a 8k (k) — pac-

(8.59)

1) ®yaxoun @ (k) 068IHO HMEIOT MEePHONUIHOCTE ODPATHOI PeINeTKH, 109TOMY KOHKDETHEI
BHIOOD dleMedTADHOMN si9eliKM He MMeeT 3HAYCHUA.

2) [Ips MCHONH3OBaHWH DTOH (POPMYNH CIeAyeT HPOABIATL OCTOPOKHOCTH; CM. 3aMeYaHUe
Ha cTp. 50—51.

3) Hampumep, eCIH ¢ — IUIOTHOCTb YHUCJHa 3JIEKTpoHOB n, 10 Q (8) = f (%), rne f —
dynruma Pepmu, 6CIK }e ¢ — ILIOTHOCTH dJAEKTpoHHGH sEeprun u, 10 @ (§) = €f (€).
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CTOSIHZE 110 HOPMaJH Me;KIy HoBepxHocrsamud S, (€) u S, (€ + d&) B Touxe k. Torna

(dur. 8.2)

. ‘ S
g, (6)d€ = 3 2 8k (k). (8.60)
Sn (§)

UroGs HajiTH siBHOe BHIpakenme Nisa 8k (k), samermm, dro S, (€) ects nOBEpPX-
HOCTh WOCTOAHHO# oHeprmm. OTciofia BHTeKaeT, uTo rpafgument mok or €, (k), 1. e.
V&, (k), mpencraBiser co0ofi BEKTOp, KOTODHIl HePHeHAMKYJISpPEH 3TOA IOBEpX-
HOCTE ® m;MeeT aOCONIOTHYIO BEIMUMHY, DPaBHYI0 CKODOCTH u3MeHeHuMs &, (k) B
manpaBiaeHEN HopMmaiu. IlcaTomy

&+ d6 =&+ |V E, (k) |6k (k) (8.61)
¥, CJIe0BATENLHO,
a8
8k (k) = iy (8.62)

Ilopcrasasa (8.62) B (8.60), mprxoguM K BEIpAYKEHWIO

- T I 8.63
g, (€)= Y)ml—v‘@mﬂ' o

Sn (

KOTOpOe yCTaHABINBAET B ABHOI dopMe CBA3H MesKAY INIOTHOCTHIO YPOBHE! U 30HHOR
CTPYKTYpPOii.

@opmyna (8.63), Tak jke Kak M aHAAM3, KOTOPHI HAC K Heil OpuBea, OyayT
HCIOTB30BAHEL B MOCAeAyIOMUX riaaBax !). B mamHEE MOMEHT MH JUIIb OTMETHM
CYMEeCTBOBAHME ONHOTO COBEPINCHHO 00Ie-
ro CBOHCTBa NJIOTHOCTH YPOBHEN.

Kax y:xe rosopmiocs, pyarnus &, (k)
oepuojuIHEa B O0pAaTHOH pemeTKe W OpH
Ka)KIOM SHa4YeHHUW 7 OTpPaHWYeHA CBepXy
U CHE3Y, a, KpOMe TOTo, B o0meM ciaydae
BcIOAy auddepeHnUpPyeMa; OTCIOa CJELy-
eT, YTO0 B KaKI0OH dIEeMeHTapHOH AdehKe
TOJKHE UMeThCA Takue TodKu k, B KOTOpEIX
| VE | = 0. Haopumep, rpaguenT ao6oii

" .

By NOR IVIIE OOPIICTS gy, 3. fonopiun e

CTpPOeHUA, MCIOJb3YEeMOro UpH BrBOAe dop-
MOB ¥ MHAHEMYMOB, & OPPAHWYGHHOCTD 1 MyasL (8.60).
nepuoOgUIHOCTH Z’n (k) rapaHTAPYIOT, 9TO 3aMKHYTHE KpUBHE — JIBeé IOBEPXHOCTH HOCTOAH-
UPH BCAKOM 7 B KAiKIOH OIIEMEHTADHOH ) me o e o O et o
AIelike MMeTCs Ho Kpadneid Mepe ORWH k ykasano paccrosHue Ok(k)s
MAKCAMYM ¥ ONHH MEHAMYM 2).

Horpa rpanuenr &, ofpamaerca B Hynb, B MOZHHETETPANLHOM BHpaKeHHH
B dopmye (8.63) maa mroTHOCTH ypOBHeH moaBigercs ocobeHHocTs. MOKHO mOKa-
3aTh, 9TO B TPeXMEPHOM ciydae ) momoGHEE 0COGEHHOCTH OKA3LIBAIOTCS WHIErpPH-
-PyeMBIMA K AAIOT KOHEYHEIO 3HAUCHAA 014 g,. OZHAKO OHE BCe Ke IPUBOAAT K o6pa-
IMeHA0 B (GECKOHEUHOCTH BEXWIMHH dg,/dé,T. e. HARIOHA KPHBOK g, (€). Taxme

1) Cm. Tamxke samauy 2.

%) Camoe o0mee MCCIGOBAHME® HCIA TOYEK ¢ HYJNOBHM FPajHeHTOM OKAa3KBAGTCS, OHAKO,
XOoBONMLHO cnokHEIM, CMm., mampumep, [2].

3) B omHoMepHOM ciaydae B TOUKe OCOGGHHOCTH BaH XOBA GOCKORGYHHIME CTAHOBATCH CAMI
bysxrnun g, (€).
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CHATYJIAPHOCTH HA3HBAIOT ocobennocmamy 6ok Xosa 1). OHH BOSHHKAIOT NIPH TeX
3uaveHUAX &€, A KOTOPHIX MOBEPXHOCTH HMOCTOAHHON sHeprum S, (€) comepskar
Touku, rie Beanunna V&, (k) obpamaercs
9n(¥) B Hynab. Ilpou3sofuse oT IAOTHOCTH YPOB-
meit npm suepruu Depmu BxogaT BO BCe
9jeHbl  paslojkeHHs Jommepdennna, 3a
HMCKJII0TYeHreM IIePBOT0 U3 HUX %); 9T0 03Ha-
gaer, UYTO B TexX ¢Jydasx, Korja Ha Io-
Bepxnoctu MepMu ecTh TOYKH € HYJIEBHIM
suagenuem V&, (k), Ham caeyer o;KuzaTh
TMOABJIEGHAA AHOMaJIMH HU3KOTEeMIEepaTyp-
HEIX CBOWCTB MeTaJJoB 3).
4 T ! ¥ Tuuunanre ocobeHHoCTH Ban X 0Ba H30-
‘ Gpaskenst H& ¢ur. 8.3 u pacCMOTPEHH B
®ur. 8.3. OcoGemmoctn par Xosa B mror- 3afade 2 B ri. 9.
HOCTH ypoBHell (ykasame crpeinkamu, Ymep- Ha srom mur 3aBepmaem obcymaerue
TeHURYIAPHEME ocut ). OOIIX CBOMCTB OZHOBJEKTPOHHBIX YPOB-
Hell B IlepuogmveckoM wnorennuarne ¥). B
caelyOmuX ABYX TiaBaX MCCICNYIOTCA ABAa Pa3HBIX M 04eHb BAaMKEBIX LpeeibHBIX
c1ydas, KOTOpHIe MOJKHO PacCMATPHBATh KAK KOHKpeTHBe WIIIOCTPATIAH AOBOIBHO
a0CTpakTHOTO aHalm3a, NPOBefeHHOI'0 B HacTOAMmell raase.

3ATAYN

1. HIepuoduuecrue NOMEHUUAAIBL 8 OOHOME DPHOM Calyude

B onHOMEPHOM CiydYae OKAa3HBAeTCA BO3MOKHHEIM lPOMOKUTH ofIlee IcClej0BAHHE YpPOB-
Hell 9JICKTPOHA B NEPHOAMYECKOM IOTeHNIHAaJe, He CBA3AHHOE C JETAJNHHEIMU XapAKTePMCTHKAMI
sroro mortemumana. OXHOMEPHHH ciaydail BO MHOTEX OTHOINEHWAX He ABIACTCS THINIHHIM (Tak
Kak B HeM He TpeGyercsa moHaTHA HoBepxHOCTH MepMI) M MOMKET [ajKe BBOAUTH B 3a0iy:KjieHIe
(B HeM HCYe3aeT BOBMOKHOCTH IEPEKPHITHS 30H, KOTOPOe OKAa3HBAETCH BechbMa BEPOATHBIM B

U(x)

-3a/? -a/2 0  a/? 3a/2 z

®nr. 8:4. OgBoMepHHIl Iepuonudeckuil norenmuan U (z).

Of6parure BHUMAHUE HA TO, YTO MOHBI PACIIOJOMKEHH B y3Nax pelieTkM BEpaB3 ¢ NOCTOAHHON PeIIeTKH a. YZOOHO
CYUTATH, YTO 3TH TOUKM MMEIOT KOOPAMHATH (n - 1/;) a, u Buibparh MOTEHIMAT TAKMM 06pasoM, YTOOHB OH JOCTH-
TaJI HYJIEeBOTO 3HAYEHUA B TOYKAX PACIIONOKEHNA MOHOB.

cirydae [ByX M Tpex uamepenuit). TeMm Hme MeHee BCe K¢ HHTEPECHO IPOCIe[HTh, KAK HEKOTODHE
M3 XapaKTePHHX YePT TpeXMepHOI 30HHOI CTPYKTYPH, NPUubINKeHHO PaccanThBaeMol B 11, 9—11,
BO3HUKAIOT B OJHOMEPHOM cJydae B Pe3ylNnpTaTe TOYHOIO PACCMOTDEHWS.

1) (DaKTUIECKN Te jKe Camble OCOOEHHOCTH UMEIOT MecTO B TeopHH KoJaeGaHMH pemersn.
CM. ra. 23. (Ocobenmoctu BaHm X0Ba BOSHUKAKT IPHU TeX 3HAYeHUAX DHeprum €, IPH KOTOPHX
WN309HEPTETHISCKHe TIOBEPXHOCTH H3MEHAIOT CBOK TOIOJOrmio. — [Ipum. ped.)

2) Cm., mampumep, ria. 2, 3afady 2, m. «e».

3) Ux cymecrBoBarme Ob1o mpegckasamo M. M. Jludmunem. OHE NONY49HIM Has3BaHie
dasosnx mepexonos 2Y/, poma.—Ipuxm. ped.

4) B sagaue 1 o0muit amamn3 MPOMOIKEH [Jid 60jee NPOCTOro clIydas OJHOMEPHOIO HOTEH-
HUaJa, XOTS JTOT CIAYYAll I SIBIAETCA HECKOJLKO Ae30PMeHTHDYIOMHM.
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Urakr, nycTh MH UMeEeM OJHOMEPHH mepuoandecknit noremmuad U (z) (fur. 8.4). Ynobuo
CYNTaTh, UTO MOHH MOKOSATCS B TOYKAX MHHMMYMAa ToTenumaia [, KOTople, IO LPeIl0JI0MKEHNIO,
ompefielAIOT HyJIeBoe 3HaYeHHe 9HePIUM. ByJeM paccMaTpmBaTh NEPUONWYEeCKHA NOTeHIMAT
KaK CyMeProsSnijio IMOTCHIMANBHEX 0apbepoB v (z) ¢ IMUPWHOHR a, NEHTPH KOTOPHX HAXOJATCH
B TO9Kax <z = =+ na (¢Pur. 8.5):

oo
U(z)= D) v(z—na). (8.64)
=00
Kaskpoe caaraemoe v (r — na) mpefcraBiser coboii noTeHNmaJdbpHHI Gaphep, CKBO3h KOTOPHI
BJIEKTPOH BHHYKJEH TYHHEIWDPOBAaTb, 4TOOEI IepeiiTn oT HMoHA, JejKamero o OJHYy CTOPOHY OT
OT TOUKH na, K MOHY, JEHKAMEMY 110 APYIYIO CTOPORY BTOiT TOUKH. [[JIA IPOCTOTH MBI TIPe;IITOJIOKITM,
910 v (x) = v(— z) (3TO OMOMEPHBI aHAJIOT Npeanojarapineiics BHINE CUMMETPHE OTHOCUTEALHO:

v(x)f . z/(:c)f
i t _t {
/) | =
x z
-a/2 ale -a/Z a/z

a 0

®unr. 8.5. Yacrums, najaomue ciera (a¢) 1 cupasa (6) Ha ofuH U3 6appePoB, OTACNAOIHAX APYT
OT pyTa COoCe/iHNEe MOHE B UePNOANIeCKOM MoTeHIMake, n306paskeHHoM Ha dur. 8.4.

Tlapatoman, IpoOMeRMAsas U OTPaxkeHHAA BOJHBI O0O3HAYEHH CTPEJIKAMU, KOTODHIE MAPAIIIETLHb HAIPABIEHIAM
PACTIpOCTPAHEHNA N MMEIOT MUY, TPONOPIUOHANLHYIO COOTBETCTBYIOIUM AMILIUTYHAM.

HHBEpCHN), HO He OyMeM felaTh HMKAKHX [PYIUX NPeIHoJOMEeHNH OTHOCHTEILHO v, TaKHM 00-
pasoM, ¢opma NepHOAMIECKOro TOTeHHWana U oOCTaeTCA MOCTATOUIHO ITPOM3BOJILHOIL

30HHYIO CTPYKTYPY OTHOMEPHOTO TBEPJOTO TeJa MPOoIle BCETO BHPasUTh Yepes xapaKTtepuc-
THKH 2JIeKTPOHA, HAaXOAAIerocs B TOTEHIHAle OTHAENHHOrO Gaphepa v (z). PaceMoTpum nosro-
My 2JI€KTPOH, NaJlaloluii cileBa Ha IOTEHNNAJbHHN Gaphep U umewnmuit sgepruo € = h2K2/2mb).
Tockousky v (z) = O upn | 2 | > a/2, B stux ofaacTsax BoaHoBas GyHKUNA | () OyIeT HMETH
BUL,

@)=t g 2
(8.65)

i a
:tele, z > .

o]

CxemaTH9ecKn »TOT mponecc maobpakeH Ha ¢ur. 8.5,a.

Koapdunuents IrpoxoskieHus (f) U OTPaskeHHA (r) [AKT aMINIATYJY BEPOATHOCTH TOTO,
4YTO HIEKTPOH NPOTYHHEJINPYET CKBO3b 6aphep HJU OTPA3HTCHA OT HEr0; 3aBUCHMOCTDb UX OT BOJHO-
BOTO BeKTopa K majaomeil BOJHEI ONpejelifeTCs JeTalLHKMH cBoHCTBAMA NoTeHuajga v. OHaKko
MHOIVIC XapaKTeDHHIe YepPThl B0HHOH CTPYKTYPH, COOTBETCTBYIOINEH II€PHO/IAYECKOMY IOTEH-
muany U, MOMKHO oONpeflefmTh, UCHOAL3YyA JHWHIL HauboJyiee obmme cBOICTBA KO3(PUIHEHTOB
tur. B cuny getHOCTH TOTEHnNUAJMA v QyHKIUA P, (2) = ; (— z) TaKkKe GyseT pelieHHEeM ypaB-

Henus Illpepunrepa ¢ smeprmeit €. Ms (8.65) cmengyer, ato dymkimsa P, (z) HmeeT BUA

by (2) =t~ K%, r<—7,
. . (8.66)
:e_le—}—rele N

z =

(T

OueBuaHo, OHA OMNICHBAET 9aCTHUILy, KOTOpas MajaeT HAa Gappep cLpaBd, KaK IOKasaHo Ha (HT.
8.5,6.

Tlockonpry ; u 1, TpeAcTaBAANT cobOH MBA HE3ABHCHMEIX pelleHns ypasmenusa Ilpe-
TUHTEepa R ciaydasd ojHOTOo 6apbepa, COOTBETCIBYIOINHE OJNHAKOBOH sHepTHH, T0Goe Apyroe

1) Bamevanue. B aroil samave K ABAAETCS HENPEPHBHON IepeMeHHON U He HMeeT
HUKAKOIrO OTHOmMEHUsA K obpaTHoill pelierke.
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pemeRMe JaA TOH ke dHeprum GyRer WX JHHeHHOH KoMmGumammei'): ¢ = AY; -+ By,. B =acr-
HOCTH, IOCKOJIBKY FaMUJILTOHAAH KPHCTALIa B ofnacts —a/2 << z < a/2 coBmajaer ¢ raMuib-
TOHWAHOM OTHEJLHOTC NOHA, A0Goe pemenue ypasaenud lIpenuAarepa Aja KPHCTAINA, OTBETAIOIIee
sHeprud §, KosKHO OHITH B oTolf ofmacTu JuEHeHBoi KomOHEammed dymRKmuHE {; H P,

a a

b (@) = Ap(@) + Binle), —5 < = < 5 (8.67)
YurteM TaKie, 94TO B COOTBETCTBHU ¢ TeopPemoil Broxa ¢ymkumio \p MokHO BHOpPATH TaKmM obpa-
80M, 9TOOH JJIA HEKOTOPOr0 % BHIIQJHANOCH COOTHOIICHHE

VY (x4 a) = ethay (z). (8.68)

Juddepenmupys (8.68), HaxofuM TaKKe, 9T0 mpomsBofmas §' = d{/dz NOIKHEA yNOBIETBOPATH
YCI0BUIO

V' (z+a)=eihay’ (z). (8.69)

a) Hamaras ycunosus (8.68) n (8.69) upn x = — a/2 u ucnonsays gopmyint (8.65)—(8.67),

OOKaKNTe, 9TO 3HepPrHA GI0XOBCKOTO 3JeKTPOHA CBA3aHA € €0 BOJHOBHIM BEKTOPOM k CIERYIOMMM
-o6pasom:

_t*—1* ixa, 1 _iKa Rk

Ccos ka—T e +—2t—e Py €= T (8.70)

YGenuTecs, uro 3To NPHBOAHUT K TPABHJILHOMY Pe3yJIbTaTy B Clydae CBOGOXHEIX 3JeKTPOHOB
(v=0).

Ypasuenne (8.70) cramoBuTcA Gojiee COMEP;KATENbHEIM, €CIM BOCIOJb30BATHCA HEKOTODOil

JOTONHATEABHON HAGopManwedl 0 KoaMIMEHTAX IPOXOMKISHNA M OTPAsKeHNd. JandmeM s
9TOTO KOMILIEKCHOE YUCIO ¢ 4depe3 ero aMIumryay u Qasy:

t=11| . (8.71)

JlefictBuTeIbHOE Ynca0 6 Ha3HBAT (a30BHIM CIBHIOM, MOCKOJIBKY OHO XapaKTepU3yeT MaMeHe-
Ene ¢asw mpomeAmell BOJHH OTHOCHTeJBHO Hafaiomeil. W8 ycIoBHs COXPAHEHWsl SJIEKTPOHOB
clefiyer, 4T0 CyMMa BEPOATHOCTEH NPOXOMKIEHNA M OTPAKCGHAA JOJUKHA OHTH DPaBHA eIHHNOE:

L= 1247 (8.72)

9T0 W PAQR APYTUX TOJNE3HHX YTBEPIKAEHH MOryT OHITH [IOKa3aHH CilefyIOmuM o0pasoM. IlycTs
¢, U ¢, — nBa pemenns ypasHesua llpeaurrepa B cirygae ofHOro 6apsepa, COOTBETCTBYIOIUE
-OIMHAKOBOH SHEpPTHUM:

B, n2K?
— 5w it vei=—r

on i=1,2. (8.73)

Oupepenum BeanuaurEy w (¢,, ¢,) (¢BPOHCKMAH») cleayiomuM oOpasoM:
w (P, ¢,)=91 (z) @5 (2)—¢; () 93 (2). (8.74)
6) JoxaykuTe, 9TO w HE 3aBHCUT OT r; JJIA 9TOro BHBegmTe u3 (8.73) paBeHcTBO dw/dz = 0.
B) Joxaskute cooTHOmeHNUE (8.72), BEIYUCANB JJIsi 9TOT0 BeJUUUHY W (w,,:p’l“) opn z <X —al2
H z > a/2 u 3ameTnB, 9T0, IOCKOJNBKY v (z) — HeHCTBUTeNLHAA BeJIWYMHA, Y, Oy/eT pelleHHeM
Toro e camoro ypasmemms lllpegmmrepa, kak m 1.
r) Boameans w (Y, 1]):), JIOKQKUTe, UTO rt* ABNACTCA UNCTO MEUMOA BeJINIUHOHR U TOITOMY
BeANYUHA r [OJKHA MMETh BHJ
r=+ifr]ed, (8.75)
rme ¢asa § — T1a ke, uro B (8.71).
n) Iloraskurte B KadectBe caefcTeus fopmya (8.70), (8.72) u (8.75), 410 9HEPrusa M BOJHO-
BOI BeKTOp OJOXOBCKOTO 9JIEKTPOHA CBABAHH MEXKIY coboil ciepyomum ofpasom:

cos (ﬁ(ll+6) = cos ka, € j17:¢] . (8.76)

2m
Mockoabky | ¢ | BceT/ja MeHBIN® eiMHMUIIE, HO CTPEMUTCA K Hell B mpefiete Goapmux K (Gaprep
CTAHOBHUTCA BCe MeHee 9()peKTUBHEIM C POCTOM SHEPIUM [AjaoINero dJeKTPOHA), JeBad 4YacTb

1y 3pecs ME MMeeM YACTHRIM CJydail o6meH TeopeMmsl, COTJIACHO KOTOPOH auHeiHOe nud-
depeHNUaAbHOE ypaBHEHHe n-TO NOPANKA NMeeT n He3aBUCHMHX pelleHdH,
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BupaskeHus (8.76), paccMaTpmBaemaa Kak QYHKuuA or K, o6HApyKuBaeT mOBeleHHS, DDE-
craBierHoe Ha ¢ur. 8.6. Jaa pamHEOro k paspelneRHbe 3Ha9eHHA K [H, cllef[0BaTeNBHC. pa3-
pemenusie sEeprun & (k) = h2K?%/2m} onpenensiorcs mepeceveRMAMM KpmBoit Ha ¢ur. 8.6 ¢ TO-
PH30RTAJILEOM JMHUEH, NpoBeJleHHON Ha BHCOTE coS (ka). 3aMeTHM, 94T0 3HaYeHUs K, DACIONO-
JKeHHhie BOIM3HM TEX, B KOTOPHX BHIOJHSETCHA YCIOBHE

Ka+ 8 = nx, (8.77)

maror | cos (Ka + 8) I/| t| > 1, mosToMy oHEH He SBIASIOTCA Pa3pelleHEHIMH HH OpHU KaKoM k.
CooTBercTByIOmue ofjiacTd dHepTHHl NpefcTaBAANT Coboit 3anmpemenHbie 30HH. Ecam 8 — orpa-

I /\
0 e\ 2 K

. /
N ~

®@up. 8.6. XapakrepHui supg ¢ymruuu cos (Ka -+ 8)/f ¢ 1.

ITockonpky |t (K) | Bcerna MeHbIIEe €MMHMIB, B OKPECTHOCTAX TOUEK, ABJAIIMXCH PpelIeHAMsAMM YDABHEHUA
Ka 4 8 (K) = nx, sra yHKIMA NpeBHIUAET NO abCONIOTHON RelMuMEe efMHHMNY. Ypapnenye (8.76) MOMET BEHI-
NONHATLCA NITA AeCTBUTENHLHOTO B B TOM M TOJNBKO B TOM CJIydae, KOTHa HaHHaa G YHKUMA 10 aGCcoIOTHOM BelinauHe
MeHbIIe eNuHULE. CNemoBATENIHHO, CYHNIECTBYIOT 061aCTi paspemesHBX (CBeTHHE) K 3ANPENIeHHH X (8aMITPUXOBAH-

Hhle) 3Havenmi#i K (WM COOTBETCTBYIOT OOJAcTH & = ntk 2/9m). BaMeTMm, 4T0, KOTfla sHaueHme | ! | OueHs
6an8KO K emuAnne (eaabuii moTeHIMan}, saupemenHne o6acTi OYAYT OUeHbh YBKUMHM, A KOrIAa BHAueHHe | { | ouens
Mano (CHIBHBI NMOTEHIINAN), Y3KAMEM GVHOYT paspemeHuble 06IacTy

unuenHad QyHRmus or K (Kak 5To 00KYHO GHBaer), To CylnecTByeT GECKOHEYHO MHOTO OO0iacTtei
3alpeIeHHO B3HEPIHH, a TaKKe GeCKOHeYHO MHOTO OOJacrTeil paspelleHHHIX SHAYeHHMH 3HEp-
THIT TIpH KaMKJOM 3HAYCHUHN k.

e) Ipenmonoin, uro Gapeep sBJIsAeTcA o49eHb cjyabmM (1. e. 49ro | t]| =1, |r] =0,
§ =~ 0). Iokaurte, 9T0 B DTOM cliydae sHepreTHUeCKHe leJH OYeHb y3KW, a MHPHHA IEJIH CO-
mepmaskeii X = nit/a, paBmHa

Bgap ~ 20n = 7] (8.78)

ma?

&) IIpepucnoskum, uro Gapbrep oYenb cMABEHEH, Tak 19ro |t | = 0, | r | = 1. Ioraure
TOT/ia, YTO paspelneHHBe 30HH HEPTUI 0YeHDb Y3KHM M HMEIOT IIMPHHY

Emax—Emm=0 (| ¢ D- (879)

3) B kaYecTBe KOHKDETHOr0 IPUMepa FacTO pAcCMAaTPUBAIOT caydail, worma v (x) = g8 (z),
rae; 6 (z) — penbTa-byEEnnA Jinpaka (3acTEH# cayzail «vopean Kpomnra—Ilerrnmy). Ilokamure,
49T0 TOrfa

h2K
ctgd=———, [t|=cosd. (8.80)
mg

Ilogo6ran Mofear mnpejcTaBasier co0oii manGosee WacTo BeTpedawImuiics B yueGEAKaX LpHMep
O[JHOMEDHOTO TepH 0JiMYecKOro moTeHnuana. OOpaTute, OfjHAKO, BHMMAHHE HA TO, YTO OCHOBHHE
OOoJiydeEHE® HAMH DEIBOJK HE B3aBHCAT OT KOHKDETHOTO BHJa (yHKIMOHANBHON 3aBUCHMOCTH
lt] m &6 or K.

2. IInommnocwv Yy posneil

a) B caygae cBOGOAHEIX 2JIeKTPOHOB INIOTHOCTE YPOBHEH Dpw smeprun ®epmu MoMeT GHTH
samucaHa B sufie (2.64): g(&p) = mkF/thz. ITokaskuTe, 9T0 00mee BHpaykerne (8,63) npuEM-
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MmaeT Takoii Bufi, ecau &, (k) = A2k%2m u (cepudeckas) NoBEPXHOCTL (MepuH HEIMKOM JeKUT
B Iipefienax ONHON 93JIEMEHTADHOH sIeHKH.

6) Paccmorpum 30Hy, B Ico'ropoﬁ IAf MOCTATOYHO MAJNHX k BHTOJHAETCA COOTHODIGHUE
&ok) = & - (B2/2) (ki/m, + ky/m + k¥my), toe my My, m, — HOJOMKITENbHRE MHOCTOAH-
HHE (YTO MOKET MMETb MECTO B cnyqae KpueTania ¢ pomﬁm{ecxon cmmeTpneu) Tloxaskiire, 4TO
ecau oHeprus § nocrarouno Gimska k &,, Tak uro &, (k) mmeer ykasamHBI BIIT, TO BemrdnHa g, (&)
npouopuuoHansHa (& — &g 12 u mostomy ee NPOM3BOAHAA CTpeMUTCH K GeckomewmocTn (ocofeH-
HOCTh Bam Xo0Ba), KoTAa & mpnOamKaeTcd K MHHIMYMY BOHEL

[Vrasanue. Ncmonbsyiite BoIpazkenne (8.57) mast miaoTHocTH ypoBueil.] BriBeante orcrona,
4TO ecyIM KBaJpaTHYHOe BEpaskeHue jusa &, (k) ocTaerca crnpaBefJHBEHM BIIOTH A0 Ef, TO g, (&F)
MOKHO 3amucaTh B (opme, KoTopas Hpel‘[CTaBJ’IHeT coGoli odeBupHOEe o0GOOMIeHNMe pe3ylbTaTa
(2.65), TONYYECHHOrO [AA CBOCOAHHIX BIEKTPOHORB:

n

3
gn (%F):_Z' iF__kgo 3 (8'81)

/¢ n — BKJ4j JMEKTPOHOB 9TOH 30HE B TONHYI MIOTHOCTH JIEKTPOHOB.
B) PaCCMOTpI/IM IJIOTHOCTD ypOBHeH B OKPECTHOCTH ceaunoBoit Toukm, rue é,(k) = €, -

-+ (#%/2) (k\c/ '”x -+ lcy/m — kz/mz) My, My, M, — NOJIOKAUTeAbHEE BOCTOAHHbIe. Ilowakmn-
Te, uTo upn § < &, npomanonnaﬂ OT LIOTHOCTH YPOBHEH MMeeT Buf,
(€) ~ const €=>¢
& ’ v (8.82)

~(G—8) ', E<%,.
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IJIERTPOHbI
B CJJABOM HNEPNMOANYECKOM NOTEHOWAJIE

TEOPHUA BO3MYIEHUN U CIIABBIE ITEPUMOANYECKUE ITOTEHIIUAJDBI
YPOBHY QHEPTUM BBEJAM3Y OJJHOM 13 BPIITOBCKUX ILJIOCKOCTEU
IMPUMEPBI CXEM PACHIMPEHHEIX, IPUBEJEHHBIX
U NOBTOPAIOMNXCH 30H B OJHOMEPHOM CIVYAE
IIOBEPXHOCTH ®EPMHU N 30HBI EPIJIJIIOSHA
TEOMETPUYECKUUN CTPYKTYPHBI ®ARTOP
CIINTH-OPEUTAJILHAA CBA3Db

B cnyuae caaboro nepmofiMdecKoro NOTEHUNANA YAABTCH COCTAaBUTh NOCTATOYHO
IOTHOe TIpeICcTaBleHWe O CTPYKTYpe B3IeKTPOHHBIX JHePreTUYeCKUX YPOBHEN.
Paupme Takoit mogxom MoHO OBLIO PACCMATPNBATH KaK yOpasKHeHne, XO0TS U HOyYn-
TeAbHOE, HO HPeCTaBIAIONMEe JINM b YUCTO aKaAeMuIeckuit uutepec. CerogHs, oqHAKO,
MBI 3HaeM, 9TO BO MHOTHX cay4asX 3TO sIBHO HepeaauCTHIeCKoe HONYImeHHe JaeT
TeM He MeHee I0pasuTelpHO Touyusle pesdyabTarel. CoBpeMeHHEBIE TEOPETHIECKHE .
0 SKCIePMMEHTAJIbHBIE INCCAeOBAHUA MeTALI0B, oTHocamuxcas K I-—IV rpynmam
mepHofmdeckoit TabamnEl (dTO MeTAaNIH, y KOTOPHIX B aTOMHOH KoHPUrypaumm
UMEIOTCH $- M P-2AEKTPOHHI, PACIOJOMREHHHE Ham KoHpurypamnumeil 3amoTHEHHBIX
06010ueK WHEpPTHBIX Tras30B), MORA3HBAIOT, 9YTO B HOX A ONUCAHUS JBUKEHMS
9IEKTPOHOB TPOBOAWMOCTY MOKHO HCIONB30BATh HOUTH HNOCTOAHHBEIM IIOTOHIHAJ.
Takme oJeMeHTH 9aCTO HA3BIBAIOT MOTAJJIAMHU C «IOYTH CBOGOIHBIMHY DIIEKTPOHAMM.
OTIpaBHON TOUKOH IIPU WX OHNMCAHUE CIYKHUT a3 ¢BOOOLHBIX 3JEKTPOHOB 3oMMep-
¢Qespga, CBOMCTBA KOTOPOTO M3MEHEHH M3-32 IPUCYTCTBHA c1ab020 MePHOINIECKOI O
goTennuana. B macroamei# riaBe B paMKax MOHENW HOYTU CBOOONHEIX 3NEKTPOHOR
fYAYT UccIel0BAHEL 00IIMe YepTHl B0HHOH CTPYRTYpHL. IIpuMepbl npuMeHenus K KoH-
KPETHBIM METaJJIaM pacCMOTpeHH B Ta. 15.

OTreer Ha BompoC, IIOUeMY B 3THX MeTAJaaX 30HBI HPOBOAMMOCTH JOJKHLL TAK
CHJIBHO HAIOMUHAThH 30HH CBOOOTHEIX 3JIEKTPOHOB, cOBCeM He odeBuieH. CYImMeCTByIOT
IBe OCHOBHEIE NPUYMHEL TOTO, MOUeMY CHJBHOE B3aUMOJEHCTBHE 3JEKTPOHOB IIPO-
BOAMMOCTU MeRAY COO0M U € IMONOKUTENBHO 3aPAKeHHBIMM UOHAMEU IPUBOAUT K CyM-
MapHOMY 5(PPEeRTy, ONHCHBAEMOMY CJIA0GBIM HOTEHIIHAJIOM.

1. B3aumopeiicTBue Me)RAY 5JEKTPOHAMU W MOHAME HauOolee CHIBHO HA MadbIX
paccrosinuax. Opnako npuwuanun Ilayiawm 3ampemaeT »JaeKTPOHAM IPOBOLUMOCTH
HOSABNATBCA MO COCEACTBY € MOHAMH, IOCKOJBKY HTa 001acTh YiKe 3aHATA IEKTPO-
HAMVM HMOHHOTO OCTOBA.

2. B 1oit oGractu, KoTOpas paspemreHa IS DHJIEKTPOHOB IPOBOJUMOCTH, OHH
fiaaromapsa  cBoedl  IOABHMMAHOCTH  HOHONHUTEJHHO YyMEHBMIAIOT CYMMApHLI
OOTeHIHAT, HeACTBYOMMEA HA OT/IEIbHEH 2JIEKTPOH, IOCKOJIBKY OHH MOTYT
sKpanupoeamd TOJNA TOJOKUTENbHO 3apPAMEHHBIX HOHOB, YMEHBINAA TeM CaMbIM
DOJHH 3¢ (eKTUBHEIN TOTeHIHA.
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JTH 3aMedaHWs JHIb MOKA3HBAIT, 109eMy HOCAEAYIOMee PacCMOTPeHAE MMeeT
mMUPOKYI OpaKTmiecKyio OpmMmeHuMmoctb. H mpobGiaemaM oGocHoBammsa mpubimme-
HHA HDouTH CBOOCOJHHIX DIEKTPOHOB MH BepHeMcsa mo3fgaee: B ra. 11 Gymer obcym-
JaThcA HepBadg U3 HA3BaHHHX NIPUIHMH, a B ru. 17 — Bropas.

OB TIOAXOJA K YPABHEHWIO IIPEIUHTEPA
B CIYYAE CJIABOIO IIOTEHOWAJA

Horna meproaugecknii NOTeHERNAN paBeH HyJdlo, pemmenusa ypaBHenns Il penun-
repa OPeRCcTaBIAAIOT co6oi mIOCKHAe BONHH. PasyMHOH HCXONHOH TOYKO# LpH pac-
CMOTPeHHH CAa0bIX HTepUOJANYeCKNX HOTEHI[HAJIOB MOMKET MOITOMY CIYIKHUThH Pasio-
JKeHNe TOYHOI'O pemeHNs Do IVIOCKWM BOJHAaM, onucaHHOe B 1. 8. BoaHoByI0 dyHK-
nnio 6J0XOBCKOTO YPOBHA C KBasmmmmyiabcoM k Moo 3ammcath B opme (8.42)

Pk (r) = f{‘ cx_gelk—K)eF, (9.1)

rfle KO9PQUIMEHTH Cx—g W PHEPIUS YPOBHA & OIpelesfATCS CUCTEMOM YpaBHeHHH
(8.41):

'?h%’(k—K)z—— Z/}CK_K—F Z UK'_ch'_KZO. (92)

K’

Cymma B (9.1) 6epercsa mo Bcem BektopaMm K ofparHoil pemerky; upy $mECHpoOBaH-
HoM k mMeeTca no ofHOMY ypaBEeHmIo Buja (9.2) naa xamporo BexTopa K ofpartHoii
pemetkn. MmuoskecTBo (feckoHeunoe) pasin4HHX pemeRmi ypaBEeEmN (9.2) mpu
BajaEHEOM k HyMepyercst 3HAYEHBAMH YHucJa n — HoMepa 30BH. MosHO (HO He 00s-
3aTEJBHO) CYUTATH, UTO BOJHOBOH BeKTop Kk JnemuT B nepsoi 3ose bpuaarwsna k-npo-
CTpaHCTBA.

B cayuae cBoGOAHEIX 3JeKTPOHOB BCe (pyphe-KOMIOHeHTH Uy paBHH HYJIO.
Ypaprerze (9.2) mpmEEMaeT TOIJa BHL

(%?(—K—g)ck—K=0v (9.3)
rie BBeeHO 0003HAUYEHUE
hz
éq= - 2, (9.4)

s ypasrenusa (9.3) caexyer, aro misa ao6oro K [0/KHO BHIOTHATECA yCioBue
ck—x = 0 mnm ycnoBue & = &j_x. llocnmenmee MOKeT WMMETH MECTO INHINE S
onroro K, xpome cnydaeB, Korja éf_x HEMeeT OQHO U TO K€ 3HAYEHHE HPH HECKOJb-
Kux pasamuEnx spavennax K. Ecau Takoe BHpoEeHEWE omcymcemeyem, ME TONY-
YaeM OOGBI9HBIE pemIEHHs MJs CBOOONHBIX 3JIEKTPOHOB:

E=Efak,  Yx~ AEKer (9.5)

Ecam, ognaro, mmeeTcs TaKas rpynna BoJHOBHX BekTopoB K, . .., K, ofparHoi
pemeTRY, AJs KOTOPHX

Ef-kg=--- =&Y _Km, (9.6)

10 npu sHepruu &, pavHoi 3navenuio (9.6), cymecTByeT m He3aBHCHMBIX BHPOJKIel-
HEIX peIleHWH BWAa INIOCKOR BOJHE. llockonbKy. niobas nuHedHaa KoMOUHALMA
BHIPO;K/IEHHEIX DEIIEHUA TaKXKe SABIACTCHA pelNIeHneM, Yy HAC OCTAaeTCsA HMONHAA CBO-
pona B Buibope wosddunumenroB ¢x_x mpm K = Ky, ..., K.

dra mpocThie 3amedaHus npuobperalor Gomee TAYyOOKoe colep:RaHEE, €CIH
snavenuss Ug He paBHE HYII, HO OYeHb Majak. M mo-nmpeskHeMY MOJKHH IOPOBO-
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IHTh aHAJAHW3 NJA OBYX ClydaeB, KOTOPHE COOTBETCTBYIOT HAaJAMUMI0 H OTCYTCTBHIG

BHIPOK/ICHNA NI CBOOOXHBIX 9JeKTpoHOB. Temepb, olHaK0, IPOBOMAS Takoe pasfe-
jenue, MB UMCXOOUM YKe He W3 YCHOBHA CTPOrOro paBeHcTBa ') SHepruil ABYX

o(v)

—_——

_

Ki K k

Our. 9.1. Aas ssavennit k, Jeyrxammx B 3aIITPUXO0BAHHKX UHTEPBAJaX, YPOBHH CBOOOJHBIX 3JIeK-
TpomEOB €y, U €y g oTImMYawIca Ha Beauunay O (V).

n OoJjiee pasiMUYHBIX ypOBHeHl CBOOOAHEIX 3JeKTPOHOB, & CYATAEM, YTO PHEPIUM
PaBHBI APYr ApPYIy JAWmb C TOYHOCTHIO o uaeHoB mopsapka U.

Cayuait 1. Bynem cantath BexkTop k UKCHPOBaHHEIM M PacCMOTPHEM TAKOR
BekTop K; oOpartmoii pemeTkH, AJs KOTOPOTO BBITOJHAETCS YCJIOBHE

| €k—x,— &%—x | > U nas sapanmoro k m Bcex K~K,, (9.7)

T. e. 9HeprusA cBoGogHOro sneKkTpona npk k=K, oTamuaercs or ero sHaueHUs opm
Beex gpyrux K ma senwmumny, sEauuTenbHo ODpesnmaiomyo U (¢ur. 9.1) 2). Bynem
paccMaTpHBaTH BO3AElCTBRE NOTEHNNANA Ha TaKoii ypOBeRb CBOGOANOTO dIEKTIPOHA,
IJIsT KOTOPOTO

g—‘:éok_,xl, Ck—K — O, K#Ki. (98)

Ilonaras B ypaBrenmsax (9.2) K = K, [# ncmoarssya o6osmauesue (9.4)], maxomum
(mTpEX Yy WMHAEKCAa CYMMHUDOBAHHA ONYCKaeM)

(€ — €% x,) cx-k,= > Uk—k,Cx—k. (9.9)
K

Ifockoanpry mMu BEfpadum afIWTEBHYIO NOCTOAHHYI0 B IOTeBNUMaibHOH oSHEPrun
TakuM o6pasom, aTo6B Uk = 0 mpm K = 0 (cm. crp. 144), B mpaBoid wacTn paBeH-
cra (9.9) mmerorcsa Tonpko wieHs ¢ K = K;. Tak Kak Mp paccMaTpuBaeM pemenue,
ST KOTOPOro ¢k g ofpamaerca B Hyas npum K == K, B mpemexe U — 0, caepyer
OJKHIATh, YTO YIEHH B IpaBoil wacTy ypaBueHHA (9.9) GyXyT EMeTH BTOPOil MOPANOK

1) YyraTenp, 3HAKOMHEI €O CTAOMOHAPHOH TeopHeil BOSMYNIEHMIH, MOKET BO3PA3HThH, 49TO
OOCKOJBKY CTPOTO€ BHIPOKJIEHHE OTCYTCTBYeT, TO, PACCMATPHBAaA NOCTATOYHO MaJjkbie U, MEL MOKEM
CLlestaTh BCe PA3HOCTHU HHEPIHil MEKLY YPOBHAME 60JBHIUMU IO cpaBHeHuIo ¢ U. 910 AeHCTBHTENbHO
CHPABeIMUBO fan A106020 s3adannozo k., OHAKO ME WCXOJUM M3 ONPEEeNeHHOTO KOHEYHOTO 3HaUe-
guA U, kakyMm OB MajnM OHO Hu ORIO, U HINEM IPOLEAYPY, cupaBemiuByio is Bcex k B mepsoit
sore bpuaarsra. MH YBUAKMM, 9TO HE3aBUCIHMO OT cTelleHM MajocTd U BceT[ia MOKHO HAUTH HEKO-
TopHe 3madenus Kk, 1as KOTOPHX DPACCTOAHNE MEKIY HEBOBMYDICHHHMHA YPOBHAMM MAaJO IO CpaB-
gernio ¢ U. CiregoBaTeabHO, HPOBO/IUMbIe HUKe DACCYMKIeHUA OKAa3HBAIOTCA 0oJiee TOHKUMU, FeM
O0HI9HAS TEOPHA BOBMYDICHHH B BHPO/KNEHHOM ciydae.

2) B mepaBeHcTBax Takoro Buja U o6o3magaeT XapaKTepHYI (YPbe-KOMIOHEHTY MOTEH-
nuaia.
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mo U. IT0 MOKHO MNpPOBepUTH HEIOCPe[CTBeHHO, 3amucas ypaBHemnue (9.2) naa K =&
= K, B BHHe

Cx-K “————UK‘_K%*KI ) Fier e (9.10)
—_— —_— 0 ———_u'-_‘ .
€—€k-x Kok, &—¥k-K

Mpr supenannu u3 cymmul B (9.10) ToT uwneH, KOTOpHIH COAEPIKUT cx_k,, MO0 OH
10 DOPANKY BeAWYUHBI IPEBOCXOAUT OCTAJABHBIE WIeHBl, BKIYAONue B ¢l Ck..k-
npu K’ == K;. 910 cregyer us npenmoxoxenus (9.7), coraacio KoTopoMy ypoBenb
é}_x, He ABISAETCs1 TOYTH BHPOKICHHLIM II0 OTHONIEHWIO K APYTUM YPOBHAM &f_ k.
B mporusHoM ciydae HexoTophie u3 3uaMeHarteseil B (9.10) umenu OB Madyl0 Bean-
quHy mopsipka U; B pesyabrare MHORATeND U B 9ucanTe/Ie COKPAMIAICS OBl U B CyMMe
B (9.10) BosHEKIN OBl JOMOJHHUTEJILHBIE YIGHE, CPABHUMBLIE M0 BEJUUKHE C YJIEHOM,
comepramum K = K.
[losTomy B oTcyrcTBrme NpulGIWKEHHOTO BHIPOMKIEHUS HMEeM

o .
cxk = KK (1), (9.11)
€—€k-K

Hopcrasasas sro prpazkerne B (9.9), Haxomum

Up o Uye 1
(€ — &% k) exog, = D) — Koo g, +0 (U3). (9.12)

[ -
m €—€x-Kk

‘CremoBatesnsHo, BOSMYIMIEHHLIH YPOBeHDb sHeprum & OTIM9aeTcsa OT 3HadeHus &i i,

A cBoGOMIOro pJeKTpoHA Ha BeauwumHy mopsajpka U2 Tlostomy, wroGs pemwuTsh

yvpasrenne (9.12) nnsa € ¢ TaKoi TOYHOCTBIO, IOCTATOUHO 3aMeHUTEH ¢ CIIPaBa B 3HA-

MenaTene Ha & g,; B pe3yiapTare moJydaeMm cjielymoijee BHpaskeHne ') mag &,
HpaBUJBHOS € TOYHOCTHIO 710 BTOpOro mopsika mo U:

2

€ — (% _k,+ 2 _“_]k_—h_‘__

[ [}
Ex—x,—€k-K

1 0/(U9). (9.13)

K

Ypapuenwe (9.13) mokaseiBaeT, 9To ¢J1aGo BO3MYIeHAbe HEBHIPOKIEHHbIE 30HE
OTTAJRUBAIOT APYT Apyra: Kamieii ypoBenb €& .k, AeMamuit wmxe ¢ g,, Haer
Braam B (9.13), noBbmmaomuit Beludnny €, a KaKAHM ypOBeHb, PACIOJNOMKEHHBIH
Boime &§_g,, AaeT BRIajd, MOHMamui 5Ty suepruio. OpHaxo nmambosiee BasRHBLI
Ka4eCTBeHHLIA BEIBOM, BHITEKAOMWI U3 3TOr0 aHAJW3A MIA Caydas, Korga mpubiu-
3UTEeNbHOE BHPOMIEHHE OTCYTCTBYeT, B3aKI4aerca B TOM, UTO CABUI BHEPIUHU
10 CPABHEHHUIO CO 3HAYEHWEM /st CBOGOMHEIX 3JEKTPOHOB MMeeT BTOPOH DOPANOK
no U. ITpm Hamuaun mpubiausUTEIHHOTO BHIPDOJRAEHHS (KaK MBI Cefigac yBUIUM)
TAKOM ¢ABWUI sHepruu MosKer 6birh auunernmM mo U. CregoBarensHo, B 0OCHOBHOM
nopsfke wo ciaaboMy mepHOIMIECKOMY TOTEHIMAAY 3HAYMTESBIHHA CIBUI KHCIBITH-
BAIOT JUOIH MOYTH BEIPOKIEHHLIe YPOBHE CBOOONHBIX 3aeKTpoHOB. [loaToMy riaaBmHoe
BHUMaHUE HEOOXONMMO YAeIUTH WMEHHO DTOMY BAaKHOMY CJIydalo.

Cayuad 2. llyers Beanauna k tarosa, uro umerorca Bextopsl Ky, . . ., K,
ofpaTHOl pemieTKH, AN KOTODHIX DHePIHH ER_x,, - - - ék—Kk, OTIMIANTCA APYT
OT Apyra Ha BeamumHy Hopaxka 2) U, Torja Kak pasmocTh MEKAY 9TUMH HHEPIYSIMU

1) Mar yaau, wro B cuxy (8.34) sermonuaerca cootaomenne U_p = Ug.
2) B ojHOMEPHOM CJIYYae m He MOKCT OHTH 0OJbIIe JBYX, OJ[HAKO B TPEXMCPHOM BO3MOKHLI
H6npIIne 3HAYEHUS M.
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u pHeprued &§_g BeJIMKa mo cpaBHeHmO ¢ U,
]£&=_K—%§_Ki I>U, i=1,..., m, K=K, ..., K,. (9.14)

B osToM ciygae MH JO/KHE PacCMaTpPUBATh OTHENBHO Té M3 YpaBHEHHH CHCTeMEI
(9.2), maa roropeix K ects ogHO W3 m 3maueHmit K, . .., K,. 9ro qaer m ypasne-
BE, COOTBETCTBYIONIMX ypaBHeHHIO (9.9) B HeBEIpOKAEHHOM clylae. B moaydaembx
m ypaBHEHUAX MHI BHIeJsgeM X3 CYMMbI,Te WIEHE, KOTOpHE COmepKaT KoaddummeH-
TH Ck—K» j=1, ..., m. OTm 4iedsl MOryT u He GHITb MAJILIMH B Hpefeie Crpe-
MAINErocs K HYJI0 B3aMMONEHCTBUA B OTJIWYHE OT APYTUX WIEHOB, KOTOPHE HMEIOT
nopafok Beme U. B pesyiaprarte moaydaem

m
(8—5‘1’(_Ki) ck—Ki= 2 Uk, _x.ck_x,+ 2 Uk_xek-x, t=1, ..., m
= i b k4K, Em ¢
(9.15)

Brpenss Takum ;xe 06pasoM WIEHH B CyMMe, MBI MOjKeM 3aluCaTh ypaBHeHus (9.2)
LA OCTAJIBHEIX yPOBHeﬁ B BHME

Ck-K = —1—'—( Z UKj—KCk—kj+ 2 UK'_ch_K’) , K==K,,..., K.

€ —%i-x K'#K,,... Km

(9.16)

Hocnenmee ypaBHeHme coorBeTcTByeT ypasHenmio (9.10) B cayuae orcyrcrsus
OprGIAN3UTENBHOTO BHIPOHISHNAA. ]

Hockonpky mpum K =£K;, ..., K, xospduumeHntsl cx_x HMeIOT NOOPATOK
Bume U, ypaBHerms (9.16) mamoort

Ck_K—m ZUK —KCk— K +0(U’) (917)

IlopcraBasia 91w BEIpaKEHHS B (9.15), monydaem

(€ —8‘.'(_Ki) Ck-K,; = Z UKj—Kick—Kj‘l‘

j=1

i Uk x,Uk, -k
+ 2 ( Z ‘,é,—%o_j—') Cx—K; + 0 (U3). (9.18)
i=1 K#K,,..., Km —¢k-K

CpaBHuUM DonydeHHHe ypaBHeHHs ¢ peayuabsraroM (9.12) mas caygas, korga
npu6NE3NTENbHOE BEIPORAeHHE OTCYTCTBYeT. TaM MH HAmIW sBHOe BHpaKeHWe
ISl CABHTA 9HEPTHUE ¢ To9HOCTHIO o U2 [cucrema ypaBrenmit (9.18) mepexonur B nero
upu m = 1]. Temeps, ogHako, ME BUAHM, 4TO ¢ TOYHOCTHIO A0 U? onmpenenenme
CIBUTOB JIJIA m LOYTH BHPOKIEHHHX YpOBHEH CBONATCA K DEIICHHIO CUCTEMbLI M3 /M
ypaBHeHuit ') Ans cx—k,. llpm 9ToM KoaPmIHEEHTE Bo BTOPOH CyMMe COpaBa B 9THX

ypaBHeHUAX uMeI0T Gosee BhIcoKUiE mopsamok oo U, yem B nepBoii 2). ClregoBaTenpHo,
9TOGH HAfiTH 0cHOGHble TOmpaBKY mo BeanmynHe U, MoskHO 3aMeHmTH (9.18) cmeremoit

1) OBu [OBOJNBHO TECHO CBASAHH C YPABHCHHAMH TeOPHM BO3MYINEHUI BO BTODOM HOpAAKe
B cJIy9ae eupoxdenus, K KOTOPHM OHH CBOIATCA, ecau ke €Y _ K’ i=1, ..., m, cTPOTO paBHH

apyr npyry. (Cm. yaebuaux JI. . Jarpay u E. M. Jindmuna [1]. )

2) YucauTenb CONEPIKHT IBa MHOMKUTENSA U H, MOCKOJBKY B CYMMY BXOJAT JHINL 3HAYEHAA
K, ornmuaomuecsa ot K,, ..., K,,, 3HaMenarens He umeer uopaaxa U upu €, Oansxom
K‘ék K,in,.. ., m.
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ropasfio 06ojee mpPOCTHIX YypaBHEHUIL:
m
0 . ;
(g_gk_Ki)ck_Ki= EUKWK.CK—K-, L=1, N (I (919)
=1 7 /
TIpefacTaBIA0OMuX coboit mpocro ofmue ypaBHEHWSA IJA CUCTEMBl ¢ m KBAaHTOBHIMIX
ypoBHaMHE 1),

OHEPTETMYECKUE YPOBHU BBJIN3N
OTHON M3 BPIITOBCKUX IIJIOCKOCTEN

IIpocreiimuM ©m HamGosee BaXKHBIM TPUMEPOM TPEeABLYNIErO0 AaHAIM3a MOKET
CILYRHTDH CAydYal, KOT/Ia lBAa YPOBHA CBOGONHHIX 3JEKTPOHOB PACIONOMEHBl GINBKO
Ipyr K Apyry (no cpaseenmio ¢ U), mo
MaJTeKo OT OCTAJIBHBIX YPOBHeH (Tak:Ke o
cpasrennio ¢ U). Ecau aT0 Tak, ypasHeHua
(9.19) cBopmsTCA K NBYM YPaBHEOHMAM

] A
(€ — €% _x,)ck-x,=Ugr, x,Ck-x,.
&_ go U (9.20)
(6 —é%—x,) cx—x,= K,—K,Ck—K,-
q Ecam peus mper JIume 0 OBYX YpPOBHAX,
HEeT HeoOX0guMOoCTH NO-IPeRHEMY MTOJIb30-
BATHCA CHMMETPUIHEIME O0O3HAYCHHSIMU.
IloatomMy BBejieM mepeMeHHEIE, 0COGEHHO
YROGHEIe MMEHHO AJA TBYXYPOBHEBOH 3a-
nagn
q=k—-K, n K=K, —K,, (9.21)
m sanumeM (9.20) B Bupe
zK 0
0 — (€6 — &) cq=Uxcq_xk, 9.22)
(8—%%,]{) qut,(:U-KCq:Lﬂf{Cq. )
9 CripaBefJIEBH  ClefyIOMUe COOTHOMEHU:
q- /2K 0 0 0 0
0/ ngq—xv | € — &4k | > U
upa K’'s£K, 0. (9.23)
4 dueprua €§ paBHa éJ_g JJIA HEKOTOPOTO
BeKTOpa OOpATHOH pemeTKH, JHMb eCian
Qur. 9.2. ¢ —eciu | q|=|{q—K|{, T0o BHIOIHAeTCA ycaosme |q | = |q— K|
ToUKa { [O0JKHA JeKaTh Ha 6P91‘FOBI<E*\'01°1 dto ozmagaer (¢pur. 9.2, a), UTO TOYKa
IJIOCKOCTH, OIpeaesIAeMON BEKTODOM K ; BCKOI KO-
6 — ecau TOYKA ( JeKUT Ha Op3rroBcKoi q AOJREA H%’EaTb Ha GPArTOBCKOI MI0CKO
[0CKOCTH, TO BeKTop q — Y/,K mapamnemem  CTH (CM. TJI. ), KOTOpas HepIeHNKyIApHa
3TOf TIIOCKOCTIH. OTpe3Ky, COeIMHANMEMY Ha4aJbHYI0 TOU-

Ky B k-mpoctpaHcTBe ¢ Toukoil K o6parnoi
pemeTKHU, W JHeJHT 9TOT OTpe3oK momojaM. V3 ycnoBus, COrIacHO KOTOPOMY paBeH-
ctBo é§=¢€§_g+ MOMKHO BHIOJHATHCA TOJBKO IPH K' = K, caenyer, 910 ( JeMHUT
Auwb HA DTOl GPOITOBCKOM HIOCKOCTM W HE HA Kakoli Opyroii.

1) 3ameTnM, uTo Aia nepexopa ot (9.19) x Gosee ToymOoMYy BHAY (9.18) MOMEO mpoCTO 3aMe-
guty U Ba U’, roe
, UKi—KUK"K.i
Ukjx,=Uxpx,+ 2 “ggr
K#K,,..., Km
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Hragr, ¢ reoMeTpudecKol T0UKY 3peHMs yeuoBud (9.23) 03HAUANT, ITO TOIKA g
JO:KHa GBITH OJIM3KA K OfHOM GPIrroBCKOf MIOCKOCTH (HO alieKka 0T MecTa mepece-
yenusa deyr m Gonee GpParroBeKmMX ILTocKocTed). CaeoBaTeNbHO, CAyTail ABYX IOUTH
BHPOMEHHEX YyPOBHEH OTHOCHTCH K dJleK- P
TPOHY, BOJAHOBOH# BEKTOP KOTOPOTO IOYTH
TOYHO YHOBJIETBOpsET YCIOBUIO ONHOKpAT-
#oro Gparrosckoro pacceanus '). Coor-
BETCTBeHHO OOMUi cJIydait 60JABITOTO THCAR
TOYTH BHPOMKJAEHHHX YPOBHEH IPHMEHHM
K MCCJeMOBaHWIO TAKOTO YpOBHA cBoGOI-
HOTO BJIEKTpOHAa, BOJHOBOH BEKTOp KOTO-
poro IMOYTH TOYHO YXOBIETBOPAET YCIOBHIO
0JHOBPEMEHHOT0 CYMecTBOBAHHSA MHOTHX
dpsrropekux orpaskenuit. [lockoabky cia-
OHif TepHoAMYEeCKHi#l MOTeHHWall CHiIbHee
BCEI0 BJUgeT Ha IOYTH BHIPOKICHHER
YPOBHM, MOJKHO CHEJIATH BHIBOX, 4TO 2406-
noe eosdeticmeue caabvilli nepuoduveckull
ROMEHYLAA OKA3BLEAEM AU HA Me YPOSHU
c60600H020 24EKMPOHA, B0AHOEBLE BEKTNODbL
kKomopux GAUSKU K éekmopam, Oonyckaio-
wum 6paecosckoe Ompaxcerue.

Ha crp. 168—172 cucrematudeckn
A3yYaeTcda, B KaKUX CJAYY9asgX BOJHOBOM
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Qur. 9.3. HzobpaskeHue 3EEPreTHYecKuX 30H,

ONNCHIBAEMHWX  BeIpaskeHuem (9.206), npn
BEKTOPe (], napasireasHoyM K.

BEKTOp CBOOOJHOTO BJIEKTPOHA OyneT MWiIn
He Oymer NDPUHAMNEKATH OpP3TTOBCKAM
DJIOCKOCTAM M KaKoBa 0o0m@as CIPYKTYypa
sHEpPreTHIECKNX YPOBHEH, BO3HMKAIWIIAN
B caabom moreHnmane. CHadama, OEHAKO,

HukHAA 30HA COOTBETCTBYIOT BHIOODY 3HAKA «MUHYC»
B (9.26), a BepxXHAA — BHAKY «ldwc». Ilpu q =
==1/9K 7ABe 30HBI PasHeseHnl Meldbio, INIIe ren-
upHY 2|{Ug!. Korpma TouKa q 3HAYNTeIbHO yIaTeHa
OT O