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CnekTp chepMueBckmx Bo3byXaeHMiA, npobaema KynepoBCKOli HEYCTOMYMBOCTM U JIOHBOHOBCKas rybnHa npo-
HUKHOBEHUS MArHWTHOrO MONS B KYMNpaTHbIX CBEPXMPOBOAHUKAX PACCMOTPEHbl B PaMKax e€fVHOW KOHLEenuuu,
OCHOBaHHOI Ha y4eTe CUJIbHOW CBS3N MEXAY CMMHAMUN UOHOB MeAN U AbIPKaMy HAa NOHAX KnNCiopoga. JTa CBsi3b
NPUBOAUT K CUJIbHOW PEHOPMUPOBKE 3aTPaBOYHOIO CMEKTPa KUCIOPOAHbIX AbIPOK C (hOPMUPOBAHMEM CrUH-
MONSIPOHHbIX KBa3n4acTuy. AHanus KynepoBCKOW HeyCTOMYMBOCTU, MPOBEAEHHbI B paMKaX CMUH-MOASPOHHO
KOHUEeNUUN AJ1st pas3finmyHbIX KaHaJIoB, NoKa3as, Y4To B aHcambrie CNMH-NOASIPOHHbLIX KBAa3U4acTuUL, peasnsyercst
TOJIbKO CBEPXMNpPOBOAsiLlee d-CnapuBaHue, TOMAa KakK PeLLIeHUsi, COOTBETCTBYOLLNE S-CMAaPUBAHUIO, OTCYTCTBYIOT.
MpogeMoHCTpUpoBaHO, YTO CBepXMpPOBOAsiliee d-CMapuBaHNE He MOAABASETCS KYJOHOBCKUM OTTajIKMUBaHUEM
ObIPOK, HaxXOASILMXCS HA COCEAHUX MOHAX KUcaopoaa. DTOT 3ppekT obycnoeneH ocobeHHOCTSMU KpucTas-
norpacpuyeckoro ctpoerusi CuQO2-niockocT ¥ OTMEYEHHO! Bbllle CUALHON CnnH-chepMUOHHON CBs3blo. B
pesy/nbTaTe Takoe B3aVMOAEWCTBME AbIPOK BbiNaJaeT U3 siApa WHTErpajbHOrO ypaBHEHUS AJs CBEPXMPOBOAS-
uiero napametpa nopsigka ¢ d-tunom cummetpun. NokasaHo, 4To xabbapmoBckoe OTTanKnMBaHMe AbIPOK U UX
B3aumogelicTeue ansi BTOPOli KOOPAWHALMOHHON cdhepbl KNCIOPOLHON MOAPELLETKN NPU peanbHbIX BEAUYMHAX
B3aUMOAENCTBNS HE NOJABNSIOT cBepxnposogumoctn d-tuna. [ns cnuH-nonsipoHHoro aHcambns mnccnenosa-
Ha 3aBUCUMOCTb JIOHLOHOBCKOM rybnHbI MPOHNKHOBEHMSI MarHUTHOIO MOJSi OT TEMNEPaTypbl U KOHLEHTpaLu
AbIPOK. YCTaHOB/IEHO, YTO 0COBEHHOCTMN 3TOI 3aBUCUMOCTU TECHO CBSA3aHbl CO CMELNUKON CMMH-NONSIPOHHOIO
cnekTpa.
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1. BBEAEHUE

IlenTpasbuass mpobJieMa TEOPUU BBICOKOTEMIIEPA-
TYPHOI CBEPXIPOBOJIMMOCTH CBI3aHA, KAK U3BECTHO, C
HEOOXOIMMOCTBI0O KOPPEKTHOI'O YI€Ta CUIbHBIX JIEKT-
pOHHBIX KoppeJsiuit. OHE He TOJIHLKO KAIeCTBEHHO Me-
HSIIOT XapaKTep OCHOBHOT'O COCTOSIHUSI 9THX MaTepHha-

* E-mail: vvv@iph.krasn.ru

JIOB B HOPMAJIbHOI (base, HO U IPUBO/ISAT K HOBBIM CIIE-
HapudaM KyIIepOBCKOU HEYCTONYNBOCTH.

DJIEKTpOHHASI CTPYKTypa KYIPATOB &JI€KBATHO
OIMCHIBAETCS MOZIebl0 dmepu |1, 2] mim ee Gosee
obmM  BapuaHTOM [3], B KOTOPOM yUUTBHIBAIOTCSH
KaK OCOOEHHOCTU KPUCTAJIOTPAPUIECKOTO CTPOCHUS
CuOs-1j10CKOCTH, TAaK ¥ JIbIPOYHBIE COCTOSIHUSI B
3aMKHYTBIX O0O0JIOUKAX WOHOB MEJIU W KHUCJIOPOJIA.
DHepreTuyeckue MapaMerpbl MOJEIN DMEPU COOTBET-
CTBYIOT PEXKHUMY CHUJIBHBIX SJEKTPOHHBIX KOPPEJISIIIHii

U TIO3BOJIAIOT TOCPEJICTBOM Iepexona K 3hderTus-
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HOMY TaMIWIbTOHMAHY HTPOUHTEIPUPOBATH BKJIAILI OT
IIPOIIECCOB KOBAJIEHTHOT'O CMEINIUBAHUST MEXIAY d- 1
P-COCTOSTHUSIMA HOHOB MeJU W Kucjopomga. Hawmbosee
IIPOCTO TaKas IPOIEAypa peaJn3yeTcs Ha OCHOBE
onepaTopHOit (hOPMBI TEOPUHU BO3MYITEHUI B ATOMHOM
MIpe/ICTABIEHUN C TPUBJICIECHIEM OMepaTopoB Xabbap-
ma [4]. B pesysnbraTe BO3HHMKAET ChMH-(DEPMUOHHAST
mozens (C®M) [5-10] ¢ rammabrommamoMm Hgp,_ ¢,
B KOTOPOHA IIPOCTPAHCTBO COCTOAHUNA HMOHOB MeJIu
OTPAHUYEHO KJIACCOM TI'OMEOIOJISIPHBIX COCTOSIHUI.
s wemommmposBanmoro pexkuma COM BbIpoKIaeT-
cd B Mojzesb leitzernbepra ¢ aHTH(MEPPOMATHUTHBIM
(A®M) TumOM OGMEHHOTO B3AMMOJEHCTBUSI MEXKILY
OIMKANIIIIMEI CIIMHAMU HOHOB MEJIH.

Kak m3BecTHO, B T€OpUHU KYIPATHBIX CBEPXIIPOBO/I-
HUKOB 3HAYUTEIbHOE BHUMAHNE YJIEJISIeTCS YIeTY CUTh-
HOM CBsI3U MEXJy CIMHOBBIMH W 3apPsIOBBIMU CTeIlre-
Hsmu cBoGobI [11-14]. Crmu-3apsinosbie duaykTyarnmn
CYIIECTBEHHO CKA3BIBAIOTCS HA TEPMOIMHAMUIECKUX U
TPAHCIIOPTHBIX CBONCTBAX KYIPATHBIX CBEPXIIPOBOIHI-
kOB [15]. COM cosepKuT ciraraemble, OTPAYKAIOIIHE
CIINH-3aPSAI0BbIe (DIYKTYAIINN MEXKTY JIOKAJTIM30BAHHBI-
MM CIIMHAMU WOHOB MEIU U KUCJOPOIHBIMU JIHIPKAMU.
Takwue ciaraemble, B YaCTHOCTH, COOTBETCTBYIOT IIPO-
IeccaM CIMH-KOPPEMPOBAHHBIX TIEPECKOKOEB [16-18], B
pe3yJibrare KOTOPBIX IPOUCXOIUT IIEPEHOC 3apsijia C
OJIHOBPEMEHHBIM M3MEHEHUEM ITPOEKINY CIIMHA Y KUC-
Jopozuoit npipku. Ilpm sTOM, corsacHO 3aKOHY CO-
XpaHEHUsI CYMMAPHOIl IIPOEKIUH CIIMHA BCEl CUCTEMBI,
[IPOMCXOJIUT M3MEHEHre IIPOEKIINU CIIMHA Ha WOHE Me-
ju. CyIecTBeHHO, 9TO MapaMeTphbl CIIHH-(OEePMUOHHOM
CBSI3M OKA3BIBAIOTCsI OOJIBIMMME U HE JOIYCKAIOT Pac-
CMOTpEHHUsI B PaMKaX OOBIYHON TeOpUH BO3MYIIEHUI.
DT0 3HAYUTETHLHO 060CTPsIeT TPOHIEMY yUIeTa CHILHOM
CIIMH-3aPSI0BOI CBS3M B KYIPATHBIX CBEPXIIPOBOIHI-
Kax.

Crenyer noguepkuyTh, uro COM, B orimyume OT
VIIPOIIEHHBIX MOJIEJIEH 3JIEKTPOHHOIO CTPOEHUsI KyIIpa-
roB (Tuna moiesau Xabbapaa uiu t—J-Moein), coxpa-
HsleT onucaHue peasbHON crpykTyphl CuOo-1utockoc-
TH, JIEMEHTapHas s9eifka KOTOPOW BKJIIOYAET B cebst
JIBa MOHA KHCJIOPOJIa U OJINH MOH Meju. Kpome Toro,
B COM npuHMMaEeTCsl BO BHUMAHUE [IPOCTPAHCTBEHHAS
Pa3HECEHHOCTh CHUHOBON U 3apAOBOM IOJICUCTEM.

B pamrax COM Obljia pasBUTa CHUH-IIOJISIPOHHAS
konnenius [16, 17, 19-21], no3BosuBInas IpaBUIbLHO
OICATh OCOOEHHOCTHU CIIEKTPAJIBHBIX CBOMCTB (bepmu-
€BCKHX KBa3WYACTUIL KYIIPATHBIX CBEPXIIPOBOJHUKOB B
HOpMaJIbHO# (pasze. VcxomHast niest 9Toi KOHIEIIIN CO-
CTOUT B TOM, UTO 3JIEMEHTapHOE BO30YXKJEHuEe B I0-
[IIPOBAHHOM JIByMEPHOM aHTHMOEPPOMATHETHUKE MOYXKET
ObITH PEJCTABJICHO KAK «IOJIag» YaCTHIA (IJIEKTPOH

WJIK JIBIPKA ), OKPYZKEeHHAs O0JIaKOM CIIMHOBBIX (DIIYKTY-
aruit [21]. Dra cioxkHas KBazmuacTuIa, obJaIaoast
PEHOPMUPOBAHHON MacCoil W ABMXKYINAsCSd Ha (HOoHe
AOM-ynopsiioueHnst, pacCMaTPUBAETCH KaK CIIMHOBBII
nosisipon. [Ipocreiimeit peanuzanueil Takoit KBa3udac-
THUIIBI SIBJISETCS JIOKAJIBHBIN CIIMHOBBII 110/Is1poH (22,23,
XapaKTEPUCTUKH KOTOPOTO OMPEIEIISIOTCS U3 PEIeHUsT
KJ1actepHoit 3agaun. Ilocsie BBIOOpa caMbIX HU3KOJIEZKA-
IUX 10 SHEPIUM COCTOSIHUI MaJjIoro KjacTepa MOXKHO
OIMCATH JIBUYKEHUE JIOKAJHHOI'O CIIMHOBOTO IOJISTPOHA
Ha done ADM-yropsiiodeHust.

[Ipu ucnosp30BaHUM KOHIENIUNA CIIMHOBOTO MOJIsI-
pona B pamrax COM 06b110 HcCCIe0BaHO pacIlelieHue
HUZKHE[l 30HBI JIOKAJIBHOIO HOJIsAPOHa [24], 94ro mo3Bo-
JINJIO, HAIPHUMED, OMUCATH PE3KOe IMaJeHNe WHTEHCHB-
voctu ARPES-IMKOB 1Ipu M3MeHEeHNN KBa3UUMITYJIBCA,
or (7/2,m/2) k (7, n) unu (0,0), a TakzKe BO3MOKHOCTD
CYIIECTBOBaHUs «TEHEBOIi 30HbI» [25].

B pa6orax [16,26] 66110 OKa3aHO, 9TO, B OTJINIHME
OT MoOJiesiell CHJIBHOM CBSI3U ¢ GOJIBIIUM YHUCJIOM O
POHOYHBIX TIapaMeTpoB (CM., HanpuMep, padory [27]),
B COM B paMKax CIHH-IOJISIDOHHON KOHIIEIIIIUU MO-
JuUKAIAST SHEPreTHIECKOrO CIEKTPa U MOBEPXHOCTH
®epMmu 00YCJIOBJIEHBI HE COOTHOIIEHUEM MEXKJIy WHTe-
rpajlaMu II€PECKOKa, & CUJIbHOU KOppeJsdliueil MexK-
JIy TOJCUCTEMOM JIOKAJIM30BAHHBIX CIIMHOB WOHOB Me-
JI1 B COCTOSIHUM KBAHTOBONH CHUHOBONH »KHJIKOCTU U
[TOJICUCTEMON KHUCJIOPOJIHBIX JIBIPOK, a TaKyKe M3MeHe-
HUEM KOPPEJSIMOHHBIX XapaKTEPUCTUK ITOM KBAHTO-
BOIl CIIMHOBOM YKUKOCTH TIpu jtonupoBanuu. [Ipu sTom
B pabore [26] uCoOaB30BAICS BCErO OJUH MOATOHOY-
HBI ITapaMeTp — HHTerpaJl IIePEeCcKOKa JbIPOK ¢, KO-
TOPBIH MOIOUPAJICS HA OCHOBE CPABHEHUsI C IKCIIEDU-
MeHTAJIBHBIMA JaHHbMK [27] mias Lag_,Sr;CuOy. O1-
METHM, 4TO aBTopaMm paborbl [27] mjis mocTuzkenus
YJIOBJIETBOPUTEJLHOTO COTJIACUST MEXKIY PACCINTAHHOM
B IIPUOJIMKEHUN CPEIHErO MOJIs OBEePXHOCTHI0 Depmu
7 (hepMU-TIOBEPXHOCTHIO, BOCCTAHOBJIEHHON W3 9KCIIE-
PUMEHTAJBHBIX JIAHHBIX, TOTPEOOBAJIOCH JJISI KAXKIOTO
YPOBHST KOHIIEHTPAINK JBIPOK MOAOMPATH CBOit HAOOP
73 YeThbIpexX MapaMeTpOB — TPEX MHTErPAJIOB IIePeCKO-
Ka t1,t2,ts U cABUTA SHEPTUU £(.

Vermexu KOHIENIUK CIITHOBOTO MOJISIPOHA [IPU OIU-
CAHUU CBOWCTB HOPMAJLHOTO COCTOSTHUSI KyIIPATOB CJIe-
JIAJIA AKTYAJIBHBIM BOIIPOC 00 OIICAHUN CBEPXITPOBO/IS-
et (baspl B yCJIOBUSAX, KOTIa KYIIEPOBCKAsT HEYCTOWIN-
BOCTb Pa3BUBAETCs HE JIJIsI 32TPABOYHBIX (DEPMHUOHOB, &
B TIOJICUCTEME CIIMHOBBIX TOJIPOHOB [28]. B patote [29]
OBLIIO TOKA3AHO, YTO aHCAMOJIb CIIMH-TIOJISIPOHHBIX KBa~
3UYACTULl, BOSHUKAIOIIUNA B IIpOCTeHIneil MogeIn Kyll-
PATHBIX CBEDXIIPOBOJHUKOB — JIBYMEPHOW perieTke
Kon10 B pexxuMe CHIIBHBIX 9JIEKTPOHHBIX KOPPEJISITii,
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001a72eT KyTepOBCKOH HEyCTOHIHBOCTEIO C dy2_y2-TH-
[IOM CUMMETPHUH TTapaMeTpa mopsiika. B posm KoHcTaH-
THI KyIEPOBCKOT'O CIIAPUBAHUSI BBICTYIIAJI HHTErpaJ 00-
MEHHOT'O B3aMMOJIEHCTBUST MEXKJY JIOKAJIM30BAHHBIMU
CHMHAMHU. BBIJIO II0Ka3aHO, YTO TPEXIEHTPOBBIE B3a-
UMOJIEHICTBUS B CIIMH-TIOJISTPOHHOM aHcaMmOJie, HaXOJIs-
EeMCsl B CIIMH-KIJIKOCTHO# (baze MoJICUCTeMBI JIOKAJIU-
30BaHHBIX CIIMHOB, B oTJIm4ne ot t—J*-Mozenn [30], cro-
COOCTBYIOT KYIIEPOBCKOMY CIAPUBAHUIO U 00ECIIEUnBa-
0T PEAJTU3AINI0 CBEPXIIPOBOJISATIEH (Da3bl ¢ BHICOKIMU
KPUTHUYIECKAMU TEMIIEPATYPAMHU.

IMozxke B pabore [31] Teopusi CBEPXIPOBOAUMOC-
TN aHcaMOJisT CIUHOBBIX IOJSPOHOB ObLIa pPa3BUTA
B COM. Bpuio mOKa3aHO, YTO CHUJIbHAs CIUH-(ep-
MUOHHAsI CBsI3b, BO3HHUKAIONAsi B pe3yJbTare I'uO-
PUIU3AIMOHHOIO CMENTUBAHNST COCTOSTHUIT NOHOB MeJIH
U KHCJIOPOJa B HMCXOJHOW MOJIETN DMEpH, He TOJBKO
OKa3bIBaeT BIIUsIHUAE Ha (DOPMUPOBAHME CIIHH-TIOJISIPOH-
HBIX KBasudacTuy [20], HO u obecnednsaer ahderTUB-
HOE TIPUTSI’KEHNEe MKy HUMH Yepe3 OOMEeHHOe B3au-
MojieficTBre. DTO MHJIyIIUPYeT KYIIEPOBCKYIO HEYCTOM-
YUBOCTH C d-BOJIHOBBIM CIIAPUBAHUEM B CUCTEME CIHHO-
BBIX TOJIAPOHOB. B paMKax Takoro moixo/ia Oblia mocT-
poena dazosast T—x-quarpamma [31], xopoio Koppesn-
pYIOINasi ¢ 9KCIIEPUMEHTAJIHHBIMI JAHHBIMHE 110 KYIIPAT-
HBIM CBEPXIIPOBOTHUKAM.

BazkHbIM pe3yIbTaToM, IMOJLy YeHHBIM [TPU JaJIbHEH-
IIeM PA3BUTUH CIIMH-TIOJISIPOHHON KoHIenun [31], siBu-
JIOCD perreHue mpobIeMbl, BOSHUKIIIEH BCKOPE TIOCIIE TI0-
SIBJIGHUST TIEPBBIX TEOPETUIECKUX PAbOT MO CBEPXIIPO-
pogumoctu B BTCII. 9Ta npobiiema 3akiodyaiach B
TOM, 9TO ME)KY3€JIbHOE KYJOHOBCKOE B3aMMO/IeiCTBUE
V1 napIpok Ha GIMKAWNINX MOHAX KUCIOPO/ia, KOTOPOE
YUYUTHIBAJIOCH B paMKaX 3(PPEKTUBHBIX HU3KOIHEPre-
TUYECKUX MOZeJIeHl Ha KBaJpaTHOR pelierke, IIPUBO-
JIMJIO K TIOJIABJIEHUIO CBEPXIIPOBOJISIIETO CIIAPUBAHUST
¢ d-TUNOM CHMMETPHWH TapamMeTpa mopsiaka. B pabo-
re [32] 6bL10 mokazano, uyro B Kynparabix BTCII ueii-
TpaJ3anys HeraTUBHOTO BJIMSHUS MEXKY3€JbHOTO KY-
JIOHOBCKOTO B3aMMOJIEHCTBUsI JBIPOK HA KYIEPOBCKYIO
HEYCTOIYNBOCTD B d-KaHaJe [IPOUCXOUT B PE3y/IbTATE
Byx daxTopoB. llepBbIii M3 HUX CBA3aH C PACCMOT-
peHreM peabHOI KPUCTALIOrPAPUIECKONR CTPYKTY-
pbt CuOs-1tocKoCTH, M1J1sT KOTOPOit Dy phe-00pa3 Mex-
Y3€JIbHOTO B3aMMOJICHCTBUS UMEET BUJ

V, = 4V} cos(g,/2) cos(q, /2).

Bropoit dakTop 006yC/IOB/IEH CHUIBHON CBA3BIO MEXK-
JIy JIOKQJIM30BAHHBIMU CIIMHAMEH HOHOB MEIW U JIbID-
KaMU Ha HOHAX KHCJIOpoja. Kak ObLIO MOKa3aHO B
pabore [31], 9TO HIPUBOAUT K PA3BUTHIO KyIEPOBCKOIL
HEYCTOWYMBOCTHU B aHCAMOJIE CIIMH-TIOJISTPOHHBIX KBA3HU-

qactuil. [Ipu 9TOM KyJIOHOBCKOE OTTAJIKMBAHUE MEXK-
Jly TOJBIMH JBIPKaMu ¢ dypbe-obpazoMm V, peHOpPMH-
pPYyeTcsi BO B3aUMOIEHCTBIE MEZK/Ty CIIMH-IIOJIAPOHHBIMHI
KBa3WYaCTUI[AMHU TaKUM 00pa30M, YTO HUMIIYJIbCHAS
3aBHCUMOCTB 3TOr0 3(MMEKTUBHOrO B3aNMOIEHCTBUS
CTaHOBHUTCS COOTBETCTBYIOIIEH CTPYKTYPE HOIPEIIeTKI
MOHOB Mequ. B pe3ysibraTe BOZHUKAET CUTYAIWs, IIPHU
KOTOpOil 3(phEeKTUBHOE OTTAJKUBAHUE MEXKIY CIIHHO-
BBIMU TIOJISIDOHAMU BBIMAJAET U3 si[pa WHTErPaJIbHOTO
YPaBHEHUS JJIsi CBEPXIIPOBO/ISAIIErO IapaMeTpa MOPsi/i-
Ka C dy2_,2-TUIIOM CHMMETDUH.

[Tozauee OBLIO PACCMOTPEHO BJIUSIHUE KYJIOHOBC-
KOO OTTaJIKUBaHUSA Vo [IBIPOK, HAXOJAIINXCA Ha
CIeYIOMUX 3a OJyrKafimuMy HOHAMU —KHCJIOPOJa
[33,34], a Takxke xabbapmosckoro orrankusamms U
JBIPOK [35] Ha KOHIEHTPAIMOHHBIE 3aBUCUMOCTH KDU-
THUYECKO TEMIIEPATYPHI IIEPEX0/Ia B CBEPXITPOBOISIILYIO
dazy. Beuio mokazaHo, YTO y4YeT OTMEUYEHHBIX B3aU-
MOJCHCTBUNA IPUBOAUT K YMEHDLIICHUIO KPUTUYECKON
TeMIEePATypbl, OJHAKO 3Ta TeMIepaTypa OCTaeTCs B
npejiesiax 3HAYeHu, HabOJII0AeMbIX SKCIIEPUMEHTA b~
HO.

B patore [35] B pamkax COM 6bu1a npoaHa n3upo-
BaHA BO3MOXKHOCTH BO3HUKHOBEHUS CBEPXIIPOBO/ISAIIE-
r'o S-CIIapUBaHUs CIUH-TIOJITPOHHBIX KBa3udacTuil. Pac-
9eThl 3aBUCUMOCTE TEMIIEPATYPhI ITEPEX0/Ia B CBEPX-
poBoadntyio a3y OT JOIUPOBAHUS ITOKA3AJN, ITO BO
BCeii 00JIaCTH JIONMUPOBAHUS PEINIEHUs yPABHEHUl ca-
MOCOIJIACOBAHUA COOTBETCTBYIOT TOJBKO dg2_,2-ase,
TOIJIa KaK pelreHus Jyist S-ha3bl OTCYTCTBYIOT. DTOT
Pe3yJIbTaT IOJHOCTHIO COTJIACYETCS C SKCIIEPUMEHTAIIb-
HBIMU JTAHHBIMY [0 KYIIPATHBIM CBEPXIIPOBOTHUKAM.

OTMedeHHBIE YCIIEXW KOHIIENIUKM CIHHOBOTO II0-
JIIDOHA TIPH OIHCAHUU 3JIEKTPOHHOI CTPYKTYDPHI H
CBEPXIIPOBOJISIINX CBONCTB KYNPATHBIX CBEPXIIPOBOJI-
HUKOB JI€JIAIOT aKTyaJbHBIM KOMILJIEKC 33124, CB3aH-
HBIX C U3y4YeHHEeM KUHETHYEeCKUX U [aJbBAHOMATHUT-
HBIX CBOMCTB pacCMaTpPHUBAEMbIX MaTepHaJioB. B dact-
HOCTH, 3HAYUTE/IbHBII WHTEPEC IIPEICTABIISET 38029 O
BBIYHCJIEHUN JIOH/IOHOBCKOHN TJIyOWHDBI ITPOHUKHOBEHUS
MAarHUTHOT'O II0JIs B KYIIPATHBIN CBEPXIIPOBO/IHUK, B KO-
TOPOM HOCHUTEJISIMHA 3aPsijia BBICTYIAIOT HE 3aTPaBOY-
Hble hbepMuoHs [36-40], a ClnH-T10SPOHHBIE KBA3UYAC-
THUIBI, COPMUPOBAHHBIE 33 CUET CUJIBHON CBA3M MEXK-
JIy CIIMHOBBIMU U 3aPsIOBBIME CTEIleHSIMU CBOOOIBI. B
HaCTOsIEll paboTe MpeCTaBIeHbl HANDOJIee BaKHBIE
Pe3yJIbTATHI 10 TEOPUH KYIPATHBIX CBEPXIIPOBOIHIKOB,
[IOJIy9Y€HHBIE HA OCHOBE KOHIEIITUU CIIMHOBOT'O IIOJISIPO-
Ha B pamkax COM.

Pesynbrarel uznaratorcst cieyromum obpasom. B
pazm. 2 onuceiBaercss COM, KoTopast cjiejiyer u3 Tpex-
30HHOI p—d-MOJIe/IN B PeXKUMe CUJIbHBIX 3JIEKTPOHHBIX
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Koppessanuit. Pazmesn 3 mocB4IeH NOyYeHnio ypaBHe-
HU JIJIsT HOPMAaJIbHBIX U aHOMAJIbHBIX (pyHKIui ['puna.
3/ech Ke MPUBOJUTCS CACTEMa WHTEIPAJBHBIX YPaB-
HEHUiI /I KOMIIOHEHT CBEPXIIPOBOJIAIIErO ITapaMeTpa
nopaaka. B pasm. 4 paccMaTpuBaeTcsl SHEPreTUIecKast
CTPYKTYPa CINH-TIOJISIPOHHBIX KBa3udacTuil. B pa3za. 5
HCCJIEyeTCsl CBEPXIIPOBOIsAIas ha3a CIUHOBBIX OJIs-
poHoB. B wacTHOCTH, paccMaTpUBAETCs BJIUTHUE ME¥K-
Y3€eJIHOTO KYJIOHOBCKOT'O B3aNMOJIECTBUS HA PA3BUTHE
KYTIEPOBCKOI HEYCTONINBOCTHU aHCAMOJISI CIIMHOBBIX 10O~
JIAPOHOB, & TaKKe JIEMOHCTPUPYETCS YCTOWYIHMBOCTH
CBEPXIIPOBOJISIIETO d-CIIapUBAHUS OTHOCUTEIBHO yUe-
Ta KYJOHOBCKOI'O OTTAJKUBAHUS JBIPOK, HAXOJAIINX-
cs Ha COCeIHHUX MOHax kKucjopona. Ha ocuose paccun-
TAHHBIX KOHIICHTPAIIMOHHBIX 3aBUCUMOCTEH CBEPXIIPO-
BOJIAIICHE KPUTUYECKOU TeMIlepaTypbl aHAJIA3UPYeTCA
BUsSHIE XaO0aPIOBCKOrO B3ANMOIEHCTBUS U KYJIOHOB-
CKOT'O OTTAJKUBAHUS JBIPOK, HAXOJIANINXCS HA CJIEJLy-
omuX 3a OMmKafmuMy noHax Kucaopoda. B pasm. 6
BBIYHCJIAETCS JIOHIOHOBCKAs IVIyOMHA ITPOHUKHOBEHUSI
MAarHUTHOTO TOJIS B KYyIIPATHBIN CBEPXIIPOBOJIHUK, B KO-
TOPOM B Ka4deCTBe HOCUTEJICH 3aPsiJa BHICTYIIAIOT CITHH-
[TOJITPOHHBIE KBA3WIACTUIIBI. B 3aKII0YNTEIHLHOM Pas-
Jiejie 00CY2KIAI0TCsI TIOJTy YeHHbIE Pe3yJIbTaThl. B 11essx
yI00CTBa M3JIOKEHUS PE3YJIbTATOB T'POMO3JIKHE MaTe-
MaTHIeCKne BhIpayKeHus BbiHeceHbI B [Ipuioxkenne.

2. CIINH-EPMUNOHHA A MOJEJIb

B cOOTBETCTBHU C 9KCIEPUMEHTAIbLHBIME JAHHBIMU,
B HEJIONUPOBAHHOM CJIydae, KOTJa Ha 3JIEMEHTAPHYIO
saeiiky CuQa-IIJI0CKOCTH IPUXOAUTCA OHA, JAbIPKA, CH-
cTeMa HaXOJINUTCSA B COCTOSHUU MOTT-Xab0apIOBCKOTO
mmanektpuka [41]. B tpexsonnoit p—d-momemn (mose-
s Dmepn) [1,2] aToMy cirydaro COOTBETCTBYET PEXKUM
CHJILHBIX 3JICKTPOHHBIX KOPPEJIAIHil

Apd, (Ug — Apd) > tpq > 0. (1)

STu HEPABEHCTBA, C OJTHOM CTOPOHBI, TPEOYIOT KOPPEKT-
HOT'O y4eTa KYJOHOBCKUX KOPPEJISIUil Ha HOHE MeJIH, a
C IPYTOi CTOPOHBI, TO3BOJISIIOT TPOBECTH PETYKITHIO Ta-
MUJIbTOHUAHA MoJies Dmepu u noayuunts COM [5-10]
¢ TaMIJIBTOHUAHOM

Heyp t=Hy+ U+ Vo +J+1, (2)

rae

Hy, = Z (51@, azaaka + &k, bLabka +
ka

+ ti(0] Do + Baaka))s (3)

A U,
Up = Wp 1234[(1%(1&/(1%@“ + (a — b)] X

X O0142-3-4, (4)

N 4V
Vop = Wl E P32 a{ab£5b3,@a4a 0142-3-4+
1,2,3,4
aff

V2 ot
TN Z (037 3014035038040 +
1,2,3,4
ap

+0325(a = b)] d142-3-4, (5)

Sy - Sytas. (7)
18

31ech BBEIEHBI CACAYIONIE OO03HATEHUS:

kot = Ep T T(1 = cosky(y)) — 1,

Ep=¢€p+2Vpa, = (27’ — 4t)3k,z5k,y7

x z V/ ) )
0" = 3 explikaqy) + exp(—iky)

Sk =SIN—,  Upg = Skuars + Skybrg,  (8)

2
T = t:%l (1 — Apd )
Apd Ug — Apd — 2Vpd ’
4¢2 A
J=_rd <1 + pd ) .
Apg Ug— Apg —2Vpq

Oneparop Hj, (3) onmchIBAET MOICUCTEMY JBIPOK HA

MOHAX KUCJIOPOJIa B KBAZUMMITYJIHCHOM TIPE/ICTABJIEHNN.
3ech aza(aka) — OIepaTopbl POXKIeHNsl (YHUITOKE-
HUs) JBIPOK B IMOJICUCTEME KUCJIOPOJIA C Pyp-OPOUTANSIMA
(puc. 1), a = £1/2 — npoexnus crmHa. AHAIOTHY-
T

HBIM 06pa30M, orepaTopsl by, (bi) ONUCHIBAIOT HOCH-
CTeMy MOHOB KHCJIOPOJIa C py-opbuTanamu. OTHOy3e b
Hasl SHEPTUs JHIPOK O0O3HATMEHA OCPEACTBOM Ep, [l —
XUMAYECKUI [IOTEHIIUAJI CUCTEMBI, { — MHTerpaJl epe-
CKOKA.

Omnepatop U, (4) omucsiBaeT xab66apIoBCKOe OTTA-
KUBaHUe JIBIPOK HA MOHAX KHUCJIOpoja. MexKysesbHble
KYJIOHOBCKHE B3aUMOJEHCTBAS JIBIPOK, HAXOJAIINXCS
Ha OJIMKARININX U CJIEAYIONUX 38 OIMKANIINMEI HOHAX
KHCI0poza (cM. puc. 1), OMHUCLIBAIOTCS OEpaTopoM Vi,
(5). Oneparop J (6) orBedaeT 06OMEHHOMY B3aUMOJIEli-
CTBUIO MEXKJy MOJCHCTEMON KHUCJIOPOIHBIX JIBIPOK 1
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Foe o e

Puc. 1. Crpyktypa CuO2-nnockoctu. lMNocpegcteom Vi obo-

3HaYeHO KYJOHOBCKOE B3aWMOAENCTBNE AbIPOK, HAXOAALLMXCS

Ha GAMxalilwmx noHax kucnopopa, Vo u Vi — KynoHoBCKMe

OTTaNKMBAHUS AbIPOK, HAXOAALMXCA Ha chegylowumx 3a bau-
XKaWMMmM NOHax KMcaopoaa

MIOJICUCTEMO} CIIMHOB, JIOKAJM30BAHHBIX HA MOHAX Me-
Jl, KOTODBIE OIMCHIBAIOTCA ollepaTopaMu Sy. 3/ech
o = (0% 0¥ 0%) — BEKTOp, COCTABJICHHbIl U3 MaT-
pun aym. Oneparop 1 (7) onucebiBaer cBepXOOMEHHOE
B3aNMO/IEHCTBUE MEXKLYy OIMKANRIINMEI COCETHUMU CIIH-
HAME M€JIM, BO3HUKAIOIIEE B YETBEPTOM IIOPSJKE TEO-
pun BO3MYIIICHUIA.

ITpu zammcu ramuiabronnana COM ydreHbl 3HAKH
MHTErPAJIOB MIEPECKOKA, B 3aBUCUMOCTH OT HAIIPABJICHUST
[IePeCKOKa 1 (pa3bl BOJTHOBBIX QyHKIH. /{15t KOMITakT-
HOCTH KBA3UUMIIYJIBCBI, IO KOTOPBIM OCYIIECTBIISIETCS
cyMMHUpoBaHue, 0003HaUeHbl ducaaMu 1,...,4. eab-
ta-byukiusa Jupaka d142-3_4 YUIATHIBAET 3aKOH CO-
XpaHEHUsT UMITYJIbCA.

B nmanbmeiiieMm npu BBIYUCTIEHUN YHEPTETUIECKOI
CTPYKTYDBI U aHAJIN3€ YCIOBUIl PA3BUTHUS KyII€POBCKOM
meycrofianBoctn B COM OynyT mcCronb3oBaThCs XO-
POIIIO YCTAHOBJIEHHBbIE 3HAYEHUS aPAaMETPOB MOJEJH
Omepu [42,43]: tpg = 1.3, Apg = 3.6, Vg = 1.2 (B
5B). g unTerpasa nepeckoka JIbIPOK MeXKIy HOHA-
MM KHCJIOpPOJa ucrob3yercs 3uadenwe t = (.12 3B
[26], a BemmuMHA KOHCTAHTBI OGMEHHOTO B3aMMOIEHCT-
BHUS MEXKJy CIHMHAMHU HOHOB M€/l BbIOMpAeTcs paB-
moit I = 0.136 3B, 4ro cornacyercss ¢ MMEIONTUMUCS
9KCIIEPUMEHTAJbHBIME JIAHHBIMHE 110 KYIIPATHBIM CBEPX-
npoBogHUKaM. I[lapamMeTps! KyJIOHOBCKOIO OTTaIKHBA-

HUsT JIBIPOK, HAXOJSIIUXCS HA OJIMKANUNIMX U CIemy-
OMUX 3a OJMKaUIIIMI HOHAX KHCJIOPOIa, BBIOMpa-
I0TCsL COOTBETCTBEHHO paBHbMU Vi = 1-2 9B [44] u

Vo = V§ = 0.5-1 sB.

3. CUCTEMA YPABHEHUN AJId ®YHKIIUN
TPUHA

[TockosbKy BemamHA OOMEHHON CBSA3U MEXKIY JIO-
KAJIM30BAHHBIMU CIMHAME MEJd U CHHHAMHI JIBIPOK
Ha WOHAX KHCJIOPOJia OKAa3bIBaeTcsd Ooubiiont, J =
= 3.38 3B > 7 = 0.10 3B, nopu pacuere smepreTu-
9eCKON CTPYKTYPhI CIUH-TIOJISIPOHHBIX BO30Y K ICHUIT 1
aHaJIn3e yCJOBUIl BO3HUKHOBEHUs CBEPXIIPOBOJIAIIETO
CIIAPUBAHNUS HEOOXOIMMO 3Ty CBS3b yUUTHIBATH CTPO-
ro. st 90l mesim OKa3bIBaeTCs YIOOHBIM ITPOEKITU-
onnbiii Meton Ilpanmura—Mopu [45-47|, npumenenune
koToporo B pamkax COM moapobHO U3/102K€HO B pabo-
rax [20,26,31].

s KOppEeKTHOTO yueTa OTMEYeHHOW CHIbLHOMN
CHUH-3aPSIIOBOM  CBSA3W NPUHIUIHAIHHBIM  SIBJISETCS
BBeJleHNEe B 0a3uCHBI HAOOP OMEepaToOpOB, HAPSIY C
Ok U bpo, TAKXKE OIEpaTOpa

1 if (q—k
Lha = § D IS gap)ugs. 9)
faB
st ananu3a ycJIOBUIT BO3HUKHOBEHUsI KYIIEPOBCKOIt
HEYCTOWYMBOCTH K OTMEUYEHHOMY HADOPY TPEX OIePaTO-
POB HEOOXOMMO JT0BABUTH erle Tpu onepartopa [31,32]
(@ = —a):

azT_k@; blf_k@; LT_;C@, (10)

KOTODBIE TO3BOJISIOT BBECTH aHOMaJIbHbIE TePMOINHA~
MHUYecKUe CpeHue.

BaMKHyTasl cucTeMa ypaBHEHHUil I HOPMAJIbHBIX
Gi; n anomanpubix F;; dbyskuuit I'puna (j = 1,2, 3),
HoJlyueHHas B paMKaxX HPOEKI[MOHHOI'O MeTo/a, UMeeT
BUJI

(w—&2)G1j = 615 + tpGaj + J2 G35 +

+ A1 Fhj + Ao oy,
(W — &)Ga; = 0a; + 1Gry + JyGisj +

+ AgpFhj + AupFij,

(w — fL)G3j = 53ij + (JwGlj + Jszj)Kk + ( )
A 11
+ =25 Py,
Ky,
(w—|—§z)F1j = ATkG1j+A§kG2j—tkFQj‘FJmng,

(wH&y) Foj = A3, Grj+AL,Gaj—te Frj+Jy Fj,

A*
(UJ + fL)ng = K—S:ng + (JmFlj + JyFQj)Kk.
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31echb BBeseHBI 0003HAYEHUs JJIsi HOPMAJIbHBIX (DYHK- Ay = —— Z( + Vo cos(ky — qy) +
muit ['puaa

+ V3 cos(ks — ) ) (@g1a-q1);

= T = T 4
Gua = {latlagp)e,  Gar = (Brrlag))e, Agp = — VIZG% afagrb—q1),

Gs = <<LkT|‘IZ¢>>w~ 4V
Agp = —— Z¢k g(bgra—qy),

Oyaxkunu Gy 1 Giz (1 = 1,2,3) onpenensrorcsa aHa-
Y . ! ( 7 ) P + A4]€:——Z( +‘/2COS]€ _Qw)+
JIOTUHBIM 06PasoM € TeM OTIIMYHEM, ITO Ha MECTe 4
CTOST COOTBETCTBEHHO OIIEPATOPhI b;‘CT u LLT. Anomanb-
uble yHKINN ['prHa onpeIe/sioTcs BhIPaKeHUIMN + V3 cos(ky — (Ju)) (bgtb—q1),

1
Asp = N Z{Ik—q(<LqTL—qi> -
Fi = <<a1k¢|a£¢>>wa Fy = <<b1k¢|a2’r>>wa a

= Ci(ugru—q)) +8IC <unu—q¢>} +

+ = Z{ 271g{LqtL—qy) +
g Fyo u Fiz (1 = 1,2,3) ucnonb3ytores e ke 060-

3
3HAYEHUST OTHOCI/ITeJIbUHO BTOPOI'O WHJEKCA, 9TO U JIJIsi " (_ — 40, ”Ylk) <unu_q¢>} 4
HOPMAaJIbHBIX (byuKuit ['puHa.

F3 = <<Llf_k¢|a11¢>>w'

2
ITpu sanmcu cucrembl ypasaenunii (11) Gbuiu uc- ty Z (€(gz)Sq,x +tgSqy) (agrL_qp) +
MOJIB30BAHbI CJIe ytonme hyHKIn: a (13)

2
+ N Z (€(ay)sqy +tgSq.a) (bgrL—q1) —
Sa(y) = Ekayyr  Jr(y) = ISkz(y)> !

€L(k)=ép—p—2t+57/2—J+ N
3 1
+ [(7’ - 2t>(—01’71k + CQ’YQ;.;) + + g - 7 COS ky <bQTb—¢Z¢> -
V; 3
T(—Cimik + Csvysk) /2 + - Nl { (Z —2C1mk + C2’Y2k> Py +

q
+ JO1(1 + 4y1x) /4 — ICy (v + DK, (12)

+ Cy sin k; sin ky¢q} ({agrb—q1) + (bgra—q1)) —

1

rae Ky = ({Liy, LLT}> = 3/4 — C171k, & TTOCPEICTBOM - ¥

¥j OOO3HAYEHBI MHBAPUAHTHI KBaJIPATHON PEIeTKN

{Vg(Cl cos ky — Cayar) cos gy +

3 C
+ V3 (—g + Crcosk, — 7300821%) COSQw} X

Y1k = (cosky + cosky)/2, ~ar = cosky cosky,
X (agra—q)) —

{Vz(Cl cosky — Cavyar) cos gu +

q

3 C
+V <—§ + Cyrcosky — fcosty) cosqy} X

_ 1
N
Y3k = (cos 2k, + cos 2ky) /2.

X (bgtb—qy),
KoMIOHEHTBI  CBEPXIIPOBOJISINETO MapaMeTpa Io-
rie
DSIIKA CBSI3AHBI C AHOMAJIBHBIMU CPEIHUMHU CJIE/LyIO- s k k
_ _ z Yy
M 00Pa3oM: Iy = 4Ivik, ¢x = cos o cos 9
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kx . k
wk:singsm?‘y

U cpeiHee

(ugru_qy) = —s7 {agra_qy) — 52 (bgrb_q)) —

- wq«aqu—qO + <qua—qJ,>)- (14)

ITpu nosydenun cucrembl ypasuenuii (11) npumu-
MAaJIoCh BO BHUMAHME, YTO IIOJCUCTEMA JIOKAJTU30BAH-
HBIX CIMHOB HA MOHAX MEIW HAXOJHUTCS B COCTOSIHUM
KBAHTOBOI CIIMHOBO KUJKOoCcTU. B 3TOM cirydae BO3-
HUKaomue B Bbipaykenusx (12) u (13) cnmHOBBIE KOD-
pensmonnbie dynknun C; = (SoS,,) yroBIeTBOPSIOT
COOTHOIICHUSIM

C; =3(S§S7) = 3(SYSY) = 3(S355),  (15)

rie r; — KOOpJAMHATA HOHA MEeIH B KOOPAUHAIMOHHOM
cdepe ¢ nomepowm j. Ilpu srom (%) = (S%) = (Sf) = 0.
3asucumocT Koppeisitopos C; OT JIONHPOBAaHUS Ha-
XOJUJIACh COBMECTHO B PaMKaX C(epHYeCKH-CHMMET-
PUYHOIO CaMOCOTJIACOBAHHOIO IOJAXONa sl (PPYCTPHU-
posanHoro aaTudeppomarternka [48]. [Tockonbky Hac
UHTEPECYeT PEeKUM CJIA0Oro JIONUPOBAHUS, BKJIAJbI B
BhIpaskeHnsx (12) u (13), BO3HHKAIOIIME B Pe3ysbrare
PACLEILICHUS CPEJHUX U IPONOPIMOHAIBHBIE KOPPEJIs-
TOpaM THIIA [JIOTHOCTb—ILIOTHOCTh, HAMU HE PacCMaT-
PUBAIOTCH.

4. HOPMAJIbBHA{ ®A3A CIIMHOBBIX
ITIOJIAPOHOB

N3 anasmsa cucrembl ypasHenuit (11) B HOpMaJIb-
HOH asze ciemyeT, IYTO CIeKTP (HEePMUEBCKUX BO30Y K-
nennit B8 COM onpeesisieTcs peleHusiMA TUCIIEPCUOH-
HOT'O ypaBHEHUS

dety(w) = (W—&)(w=E&)(W=EL)=2Ja Syt Kk —

— (W=&) 2Ky —(w—E2) J) K—(w—EL)t; = 0 (16)

U COCTOUT U3 TPEX BETBE, €1k, €ax U €35 (puc. 2) [31].
Ha puc. 2 BujHO, 9TO HUXKHSISI BETBb €1} XapaKTepu-
3yercsi MUHUMYMOM BOMM3u Touku (w/2, 7/2) 30HBI
Bpunmosna 1 3HAYUTENLHO OT/IEIEHA OT ABYX BEPXHUX
30H, € W €3k. 1lOSIBIEHNE HUKHEH BETBH OOYCJIOBJIE-
HO CHUJIBHOI CIIMH-3apsJI0BOHN CBA3bIO, KOTOpas UHIY-
nmupyer 0OMEHHOE B3auMOJEHCTBIE MEXKY JBIPKAMU 1

E,, sB DOS
4 4

0 0
,2— . 72 - 4
—4f 1 4 -

N -
0 1 2

(0,0)  (mm)  (m0) (0,0)(m,0) (0,7)

Puc. 2. (B usere oHnaiit) DHepreTnueckass CTpykTypa u
nnotHocTb coctosiHnii (DOS) crnn-chepmuontoin mMmogenun B
HOpMasibHOIM chase, paccHuTaHHble Ansi Habopa napameTpos
tpd = 1.3, Apd = 3.6, Uy = 10.5, Vpd =12, U, =V =
= V2 =0 unt = 0.12 (Bce napameTpbl B 3N1EKTPOHBOALTAX).
HukHsAs BETBb €1k COOTBETCTBYET CMMH-MOSAPOHHbBIM BO30YX-
AeHusM. KpacHasi CrioLlHas JIMHUSI MOKa3blBaeT MOJOXKeHMe
XUMUYECKOTO MOTEHLUMaNa [

JIOKAJIM30BAHHBIMY CIIMHAMUI Ha, OJIMXKANIINX HOHAX Me-
JI¥, a TaKKe CIUH-KOpPeJInpOBaHHbIE MepeckoKu. [Ipu
MaJIbIX YPOBHSIX JONUPOBaHUS T JIMHAMUKA JBIPOK Ha
HOHAX KHUCJI0PO/Ia OIpee/igeTCd NCKITIOUYATEIbHO HUZK-
Hell 30HO# ¢ guciepcuei €iy.

Wccnenopanne MoinUKAIINT IJIOTHOCTH (DEPMUEB-
cKuxX cocroguuii [49], BbI3bIBaEMOil U3MEHEHNEM BeJIu-
YUHBI WHTErpaJja MEePeCKOKa IhIPOK HA MOHAX KHUCJIO-
pojia, IOKa3aJj0, YTO YMeHbIlleHne ¢ IIPUBOJIUT K CIABU-
'y OCODEHHOCTH BaH XOBa CIWH-TIOJIIPOHHON 30HBI,
[IPEJICTABJIEHHON HA PHUC. 2, U, KaK CJIEJCTBUE, K CMe-
[MEHUIO0 MAaKCHUMyMa KOHIIEHTPAIIMOHHOW 3aBUCHMOCTHU
CBEPXUPOBOALAIIECH KPAUTUYECKON TeMIilepaTypbl B CTO-
POHY MEHBIIUX JABIPOYHBIX MJIOTHOCTEH (CM. pas3i. 5).

Ha puc. 3 npeacrasiena MoauduUKaIMsa TOBEPXHO-
cru PepMu pU JIONUPOBAHUU B CJIydae, KOTJA XU-
MUYECKUN TIOTEHIUAJ [ JIEXKUT B HUXKHEH 30HE €.
Bunano, uro B 061aCcTH MaJBIX X, OTBEYAIONIUX HEIO-
JIOIIMPOBAHHBIM KyIIpaTaM, MOBEPXHOCTH PepMu CHITb-
HO aHm30TponHa. OneHkr 3P OEKTUBHON MacChl CIIUH-
MOJITPOHHBIX KBA3WYIACTUIL B HOJIAJBHOM HATPABJICHUN
(I'-M) nmaror smadenuwe mr_p = 1.25me, tae me. —
Macca CBOOOTHOTO 3/IeKTpoHa. B aHTHHOJAJIHLHOM Ha-
upasjernu (X-X) suadenue 3(pPeKTUBHON MACCHI CO-
craBuger mx—x = 9.4m. [50]. IIpu yposue gonuposa-
Hud ¢ ~ (.16 TponcxoUT CMeHa TOIIOJIOTUH ITOBEPXHOC-
T PepMu ¢ JEKTPOHHOIO THUIIA, HA JHIPOIHBIHA.
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X M

r X
kl'
Puc. 3. lMoeepxHocTn @Pepmu B nepBOM KBafpaHTE 3O0HbI
BpunniosHa ans nstn 3nadvennii gonuposanuns. Crenenb fo-
NMPOBaHMSI T yKa3aHa psfoOM C COOTBETCTBYHOLWMUM hepmMu-
KOHTYpPOM

5. YCTOMYUBOCTD d-CIIAPUBAHU S
CIIMHOBBIX ITOJISIPOHOB I1O
OTHOIIEHUNIO K KYJIOHOBCKIM
B3AMMOJENCTBUSIM

Jlns aHaim3a yCJIOBUil BOSHUKHOBEHHS KyIEPOBC-
KOl HEyCTOWYINBOCTH B JIMHEHOM TPUOJIMKEHUN HEOD-
XOJIUMBIE aHOMAJIbHBIE (DYHKIMKM |'pUHA BBIPAYKAIOTCS
gepe3 mapameTrpsr Afy (I =1,...,5). 3areM mpu momo-
M CHEKTPaJIbLbHOM TeopeMbl [51] HaxondaTca BhIpazke-
HUS JIJIsT AHOMAJIBHBIX CPEJHUX U [OJIyIaeTCs 3aMKHY-
Tas CUCTEMa OJHOPOJHBIX WHTErPATbHBIX ypPABHEHWIT
JIUIST KOMITOHEHT CBEPXITPOBOJISAIIETO MAPAMETPA, MOPSI/I-
Ka:

Tk:__Z( + Va cos ky cos g, +

+ V3 cosky cosqm> ( VAL

. 4V1

Aj = — Xﬁkwe G
R\
3k — — Z¢k qM1(l2)( )Alqv
j;k:__z< + V5 cos kg cOS ¢y +

+ V3 cos ky cos qy> Mg ()4,

l
5k——— E R() Alq
+_§ Ii— qR1 Alq

+ cosk,— ZR(” (Q)Aj,+

+ COS/C — Z R(l) Alq (17)

( *
- ’szN Z R2 )(Q)Alq -

lq

1 *
VN ZqﬁqRél)(q)Alq — cos 2k, x

— sink, sin &,
la

ZR (9)Aj, — cos 2k, — Z R(l) (9 A,

lq
3ech BBEJICHBI (DYHKIINN

R (0) = SV M (a) + 277, MY (0) -

- (s ) M@+ U0 @M @) -
— 2(£(qa) g0 + tgSqy) M (q) —
—2(&(qy)Sq,y + tgSq,z) M?Elz)(Q) -
~ v cosq MY (a) 2V cosq, MR ),

l l
RY(q) = MY (q) — C1 MY (g),

R (0) = 1 (VM) () -2 M) (@) +U, M) () -

— Vj cos qul(ll)(q) — Vs cos (J:EM2(Z2) (Q)) )

= O (Vi MY (@)=2T M) (@)+U, M3 (0) -

l l
— Va cos q, My} (q) — V3 cos g, My, (Q))7

Cs (Vlquéi) (q) — Vacos g, M) (q) —

e 2 0),

RV (q) = vicaMD(q),

V/
RY)(q) = —7203 cos g M2 (q),

V/
R}y (q) = == Ca cos g, My (q).

M0 (q) = —s2, MY (q) 52, M3 ()~ ML) (a),

uu
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l l l
M) (q) = M (@) + MY (q),

a

l l
MO (g) = Sl Brg) +Simla, ~Era) By
nm 4E1Q(E]?q_E§q)(E]?q_E§q) 2T’

a COOTBETCTBYIONME (hyHKIMN SE?(I@, W) IIPUBEJICHBI B
Ipunoxkennu. Cucrema ypasaernit (17) ucnosbsyercs
JUUIST HAXOZKJICHNsT KPUTUIECKOH TEMIIEpaTyPhl IEPeXo-
Jla aHcaM0Jisl CIMHOBBIX IOJISIPOHOB B CBEPXIIPOBO/I-
niee COCTOSHUE € 33JAHHBIMU TUIAMH CUMMETPUH ITia-
paMeTpa MopsIKa.

U3 ypasuenwnii (17) BUAHO, YTO sfpa HHTEIPAJIb-
HBbIX yPABHEHUH UMEIOT PACHICIUIEHHBIH BUJI, TOTOMY
pElIeHre CUCTEMBI MOXKHO UCKATH B BUJIE

Ay = B11 + Bz cosky + Bizcosky,
Aoy, = Bo1¢k + Baztbg,
Asy = B31¢k + B2y,
Ay, = Ba1 + Bua cos ky + Bas cosky, (18)
Asp, = Bs1 + Bsa cos kg + Bsg cos ky, +
+ Bs4 cos k,, cos ky 4 Bss sin ky, sin ky, +
+ Bsg cos 2k, + Bsy cos 2k,

rJle CeMHA/IIATH aMIUTUTY/ B oIpejesisiioT BKJIa 1 COOT-
BETCTBYIOIMNX OA3UCHBIX DYHKIWI B PA3JIOKEHIE KOM-
[TOHEHT mapameTpa mopsiaka. [lomcrasiisist 911 BeIpake-
Hus B ypasHenus (17) u npupaBHuBas K03OOUIMEHTH!
[IPU COOTBETCTBYIOMIMX TPUTOHOMETPUIECKUX (DYHKITH-
SIX, TIOJIyIaeM CUCTEMY CEMHAJIATH aJreOpamdecKux
ypaBHeHUil st ammtutyd B. Perenne aToit cucteMbr
COBMECTHO C yPaBHEHHEM JIJIsi XUMUYIECKOTO TIOTEHITHA~
Ja [,

€1q — €2¢) (€14 — €3¢) ’

o= % Z f(elq)( [Q?)Lli(q? 6lq) + Q3y(Q7 6111)] (19)

[IO3BOJIET HAWTHU 3aBUCUMOCTD CBEPXIIPOBOAAIIEH KPpU-
THYeCKO TeMmieparypbl 1, OT JIONUPOBAHUS T s
PA3JIMYHBIX TUIIOB CUMMETPHUH MapamMeTpa Hopsjaka. B
ypasuennn (19) nocpencreom f(E) = (eZ/T41)~1 o6o-
snadeHa GyHkims pacupeaenenns Pepmu — upaka, a
dyuxumn Qs (k,w) u Qsy(k,w) npencrasmenst B Ilpu-
JIOZKEHUU.

PesysibraTsl 9uCIEHHOTNO CaMOCOTIIACOBAHHOTO pe-
neHus mpecTasieHnl Ha puc. 4. ITocpeacTBoM KpuBoit
1 moka3aHa 3aBUCHMOCTb KPUTHIECKON TEMIIEPATYPbI
CBEPXIPOBOJAIMIETO g2 _y2-CIIADHBAHUSA OT JOIMHPOBa-
Hus npu Up, = Vi = Vo = 0. D1a Kkpusas ObL1a MHO-
JiydeHna panee B pabore [31] u xopomio coryacyercs ¢
9KCIIEPUMEHTAIBHBIMUA JAHHBIMUA KaK 10 abCOIOTHOMY
3Ha4YeHnIo 1., TaK U [0 UHTEPBAJY JIONUPOBAHNUS, B KO-
TOPOM Pa3BUBAETCs KYNEPOBCKAs HEYCTONIUBOCTD.

T,K
150
100 1
50 1
0 0.4
z

Puc. 4. 3aBucumocTtu kpuTnyeckoii TemnepaTypbl Nepexoaa B
cBepxnposoasiyto tasy ans d,2_,2-TUna CnapusaHns oT 4o-
NMpoBaHMUsA, NONyYeHHble 4 napameTpos mogenn J = 3.38,
7=0.10, t = 0.12, I = 0.136 npn U, = Vo = 0 (kpusas 1),
Up =0, Vo = 0.2 (kpusas 2), U, = 3, Vo = 0 (kpusas 3),
Up =3, Vo = 0.2 (kpusas 4), U, =0, Vo = 0.8 (kpusas 5)
n Up =3, Vo = 0.5 (kpusas 6). Bce napameTpbl B 31€KTpoOH-
BONbTaX

Bazkublii acnekT pa3BUBAEMOrO MOIX0Ja COCTOUT B
TOM, YTO y4UeT KyJIOHOBCKOro B3aumojieitctust V; dep-
MHUOHOB, HAXOJSAIIMXCS Ha OJIMXKAUIINX MOHAX KHUCJIO-
POz, He BJUAET Ha 3aBUCUMOCTD T.(X) Ijis CBEPXIIPO-
BOAAMETO dy2_,2-CADUBaHNS: KpuBas 1 Ha puc. 4 He
u3mensiercss [32]. IlpuamHA TAKOTO MOBEJIEHUST MOYKET
OBITH YCTAHOBJIEHA TIOCJIE AHAJIN3A PEIIEeHUH CHCTEMBI
uHTErpasbHbIxX ypasuenuit (17). B obmactu gonuposa-
HUS, B KOTOPOI peasu3yeTcsd OTMEYEHHBIA TUIl CIIapU-
Barust ipu 1T' < T, pemieHust aarebpandeckoil cucre-
MBI JIJIsl aMILTATY], B MOKa3bIBAIOT, YTO TOJBKO YeThIpe
u3 HuX (Bs2, Bss, B2z, Bsa) He paBHBI HYJIIO, IPUIEM,
B52 = —B53, BQQ = —B32 u |B52|/|B22| ~ 103. dto
03HAYAET, YTO KBA3UMMITYJIbCHAS 3aBUCHMOCTD CBEPX-
HPOBOJLAIIEH IIeJan OIIpeJiesideTCd B OCHOBHOM HATON
KOMITOHEHTO TapaMerpa mopsiaka Asg, KOTOpast IMeeT
BUJT

Ag’,? = Bsa(cosky — cosky). (20)

ns cepxmposoasmero dy2 _,»-capusanus npu U, =
= V5 = 0 ammmrysl Bso u Bss B ypaBHeHUE It Ask
OIIPEIETAIOTCS UCK/TIOUUTEILHO OOMEHHOW KOHCTAHTO
I, a me mapamerpom Vi, u, TakuM o0Opa30M, MeK-
y3eIbHOE KYJIOHOBCKOE OTTAJIKWBAHWUE IBIPOK HAa CO-
CeJTHUX MOHAX KHCJIOPOJa He IOJABJISET KYIePOBCKYIO
HeycToiunBocTh B d-KaHase [32].
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B 3TOM CiIy4ae BMECTO CHCTEMBI CEMHAIATH YPaB-
HEHUIT MOXKeT ObITh TOJIYIEHO U PEIIeHO DOJIee ITPOCToe
ypasaerne mist T, [31,49,52], koropoe caenyer u3 1si-
TOro ypaBHeHus: cucteMbl (17) u umeer By

I
1= v ;(cosqw —cos qy)? x

x (M3 (@,e10) = MDD (g, e10)) - (21)

W3 sroro ypaBHeHUS, B YACTHOCTH, CJEIYET, 9TO Me-
XaHU3MOM, OOYCJIOBJIMBAIOIINM BO3HHKHOBEHHE CBEPX-
IIPOBOJIAIIETO CIIAPUBAHUS, SBJIsIETCS OOMEHHOE B3au-
MOJIEICTBIE CIIMTHOBBIX MOMEHTOB MOHOB MEJU, KOTOPOE
B PE3yJbTaTe CUJIBHON CIMH-3apPsI0BON CBA3U TpPaHC-
dopmupyercs B apdekTruBHOE TpUTAXKeHnne. Pesymbra-
THI perieHus ypasHenus (21) u cucrembl ceMHAANATH
ypaBHeHUil i aMiuaTyd B mjs d-cnapuBaHusi mpu
U, = Va2 = 0, o4eBuHO, COBIAIAIOT U OTBEYAIOT KPH-
Boit 1 Ha puc. 4.

Yuer KyJI0oHOBCKOrO B3aumojetictsus U, IByX JbI-
POK HA OJHOM HOHE KHCJIOPOJ@, B OTJIMYIHE OT MEXK-
Y3eJbHOTO B3AUMOJIEHCTBUSA JBIPOK Ha OJIMKAMIITIX
MOHAX KUCJOPOIA, IPUBOJIUT K IIO/IABJIEHUIO CBEPXIIPO-
Bogseii d-gasel. OjHAKO, KaK CJieJyeT U3 CpaBHEHUs
kpusoit 3 (U, = 3 3B u Vo2 = 0) u kpusoii 1 (U, =
= Vo = 0) na puc. 4, 370 HOJABJIEHUE HE SABJISIETCS
cymecrBeHHbIM i peasm3aruu BTCII, mockonbky B
06/1acTU ONITUMAJIBLHOTO JlonupoBanus x ~ 0.16 Kputu-
qecKasi TEMIIEPATYPa OCTAETCsT BHICOKOM.

Paccmorpum BustHIE KYJIOHOBCKUX OTTATKHUBAHUI
Vo JBIPOK, HAXOSIIUXCS Ha CJIEIYIONINX 3a OJIrmKaii-
muMu noHax Kucjaopojga CuQs-1miockocTr, Ha CBEPX-
mpoBoJIsitiiee criapuBanue. Ha puc. 4 kpuBast 2 oTBeva-
er 3apucumoctu 1. (x), noayuennoit g Uy, = 0, Vo =
= 0.2 3B, a kpusas 5 coorsercrsyer T,.(z) mius U, =
= 0, Vo = 0.8 3B. Bugno, uro yder Vo, B oTnudne
oT ydera Vi, IPUBONUT K IIOJIABJIEHUIO CBEPXIIPOBOJISI-
mero dy2_,2-cnapusanus. [Ipu aTom orMedenHoe Io-
JaBienne ycmamsaercs, ecan U, # 0 (xpussble 3, 4 u
6). Ho maxe 11pu OJIHOBPEMEHHOM y4eTe OTMEYEHHBIX
KYJIOHOBCKUX B3auMOJeHcTBuil dy2_ 2-ciapuBaHue co-
XpaHSEeTCA U MOXKET OBITH TOJIABJIEHO TOJIBKO JIJIsi Hepe-
ayucruaecku Gosbinux 3nadenuit Vo > 0.5 3B [33,34].

Ha puc. 5 npejcrasiena MoauduKaIlusg eI B
CIIEKTPE 3JIEMEHTAPHBIX BO30YXKJIEHUN CIIHH-IIOJISPOH-
HBIX KBasudacTuil Ha KOHType Pepmm B cBepxXIpo-
BOJIAIIEl (pase NpU M3MEHEHNUU BEJIMYUHBI KYJIOHOBC-
Kux B3amMmogeiicrsuit Uy, u Vo, paccuntannas B paboTe
[53]. Ha pucyHKe BHJHO, YTO KBA3WUMILYJIbCHAS 3aBH-
CHMOCTb IIEeJIN B TIepBOii 30He Bpmutosna xapakrepu-
3yercs dg2_,2-THIOM CUMMETPHH IIapaMeTpa IMopsKa.
ITockosbKy KymoHOBCKOE B3anMozeiicTere V| ABIPOK Ha

A,K/
350+ U, =0, V=0
/,0, Vy = 0.2 5B

Puc. 5. KazuumnynbCHble 3aBMCUMOCTN CBEPXMPOBOASILLEN
wenun Ha koHType Pepmu npn xz = 0.125, I = 0.1363B, T =0
M PasINYHbIX 3HAYEHUSIX KYJIOHOBCKMX B3aWMOAeNCTBIIA

COCETHX MOHAX KHCJIOPOJA He BJMAET Ha CBEPXIIPO-
BoJIAIIEE d-CapuBaHue, MOBEJICHNE CBEPXITPOBOISIIEH
ITIEJIU OTIPEJIENISETCS TOJBKO TPEMsT KOMIIOHEHTAMM T1a-
pamerpa nopsiaka, Aig, Ay u Asg, u3 cucremsr (13).
CamocoracoBaHHOe peIeHne CHCTEMBI TPEX ypaBHe-
HAfl JJIsI YKA3aHHBIX KOMIIOHEHT COBMECTHO C YPaB-
HEHUeM [l XMMHUYECKOro noreHnuaia (yxe 6e3 uc-
HOJIb30BaHUS JITHEHHOTO IPpUO/IMKeHu 10 A i, IPY Ha-
XOXKJICHUU HEOOXO/IMMBIX aHOMAJILHBIX (yHKIn ['pu-
Ha) mpuBOAUT K 3asucuMocTsaM A(k), TOKa3aHHBIM Ha
puc. 5.

BaxkHbIii BOIPOC 0 pean3aiim s-CIapuBaHus B aH-
caMbJie CIIMHOBBIX TOJIIPOHOB JJIsi TPOCTOTHI PACCMAT-
puBaJicst 6e3 ydeTa TaJIbHEr0 KYJIOHOBCKOTO B3ANMOJIE-
crBust: Vo = 0. B aTOM ciIydae u3 cucTeMbl HHTETPAJIb-
HbIX ypasHenuii (17) ciemyer, 4ro peienue, cooTBET-
CTBYIOIEE CBEPXIPOBOAAIIEH s-dase, TOMKHO MMETh
BU/I

AR = A = Bu,
NN (22)
Aésk) = Bs1 + 2Bs2v1k + Bsavyak.

PacueTbl IIOKa3bIBAIOT, UTO MPHU BCEX PEAJUCTUYHBIX
napaMeTpax MOJEJIU CHCTeMa He UMeeT HETPHBHAJIb-
HOTO pelleHnsl, COOTBETCTBYIONIEro CBePXIIPOBOIsIIe-
My s-capusanuio [35]. Caenosarensro, B COM, kop-
PEKTHO yYUTBLIBAIOMIEH CUIBHYIO CBA3b ILIPOK Ha HOHAX
KHCJIOPOJIa CO CIHMHOBLIMH MOMEHTAMH HOHOB MEJIH,
CBepXIIpoBoisiias (a3a ¢ S-TUIOM CHMMETPUHU Iapa-
MeTpa IIOpSAIKa He peaju3yercs.

1054



MIT®, Tom 155, BoIm. 6, 2019

CunbHas CNNH-3apAafoBas CBA3b N €€ NMPOosABJIEHME. . .

6. JIOHOOHOBCKAA T'NIYBUUHA
ITPOHNKHOBEHU A

CHuH-TIOJISTPOHHBIA TI0X0JI, MIOITBEPIUBIIUI CBOO
YCIIENITHOCTD [IPU ONMCAHUN PABHOBECHBIX CBOICTB JIbI-
POYHO-JONMMPOBAHHBIX KyIPATOB KAaK B HOPMAJBHOM,
TaK U B CBEPXIPOBOJIAIIEH dhase, MOXKET ObITH MpUMe-
HEH TaKKe JjIs M3YUEHUsI OTKJINKA CUCTEMbI HA JJIEK-
TPOMArHUTHOE BO3MYIIEHHE. DTO ITOJTBEPIKIAIOT pe-
3yJabTaThl PaBOTHl [54], B KOTOpPOH TpHM DPa3ITUIHBIX
YPOBHSAX JONMPOBAaHUS ObLIA HUCCJIEIOBaHA TeMIepa-
TYpHasi 3aBUCHUMOCTh TJIYOMHBI NMPOHUKHOBEHUS MAar-
HATHOTO IIOJISI B CBEPXIIPOBOJHUK, HOCUTEJISIMU 3aPsiia
B KOTOPOM BBICTYIAIOT CIHH-IIOJIIPOHHDBIE KBA3UIACTH-
IIBIL.

B sokasmbHOM IPUOIMKEHNN CBSA3b MEXK/Iy ILIIOTHO-
CTHIO CBEPXIIPOBO/ISAIIETO TOKA j 1 BEKTOPHBIM IIOTEHIIN-
AJIOM MAarHUTHOTO IOJig A OIpesesieTcsi ypaBHEHIEM

JlonmonoB
c

J= —F/\Q A, (23)

rie A — TiyOMHA TPOHMKHOBEHUS MATHUTHOTO TOJIS B
CBEPXITPOBOJHUK, 8 ¢ — CKOPOCTH cBeTa. st Buramc-
JIEHWSI TJIOTHOCTHU CBEPXITPOBO/ISAIIETO TOKA j J00aBUM
B rammibToHnas COM (2), sanucanHblii B Ipe/icTaBIe-
HuU BaHbe, MArHUTHOE TIOJIE, UCITONIB3YSI TTOICTAHOBKY
[Taitepsica. DTa MOACTAHOBKA TPUBOUT K PEHOPMHUPOB-
Ke BCeX MHTErpajioB IepecKoKa Ha (ha30BBIN MHOKU-
TeJb

1€ o
exp{a mn q—O}’ (24)

rne Ry = R, — R, — DPa3sHOCTb PaJImyCc-BEKTOPOB
JUTsl Y3JI0B C WHJEKCAMU M U N, € — 3apsiji JIEKTPO-
Ha, a A7_; — (ypbe-KOMIIOHEHTa BEKTOD-TIOTEHIHAIIA,
paccMaTrpuBaeMasg B JJIMHHOBOJHOBOM mpejese (cM.,
manpumep, pabory [40]). g mpocroTsl BEKTOP-IIO-
TeHIaa A BBIOMpaETCsT HATPABJIEHHBIM BJIOJIb OCH .

CranmapTHas TPOIEIypa BBIYUCICHUS MapaMar-
HATHON U JMaMarHUTHON YacTeill TOKa COCTOUT B BbI-
JIEJICHNA B TaMUJIbTOHUAHE JIMHEHHBIX W KBaJpaTHUd-
HBIX TIONIPABOK 110 BEJIMYMHE BEeKTOp-ToTenuana Ag_
U B TIOCJIEYIONEM BapbUPOBAHUM ITUX IMOMPABOK IO
A7_ [40,55-57]. Orcrynast oT JaHHOM IIPOTIE/y b, OT-
KaykeMCsl OT pasJyioXkeHust (pa30BbIX MHOXKHUTEIeH (24)
10 cTeneHsaM Af_, U OCTaBUM STU MHOXKUTEJU B UX HC-
XOHOM BHjie. B TakoM ciydae, mociie mepexojia B KBa-
BUUMILYJILCHOE [IPEJICTABIICHNE, €IHHCTBEHHBIM U3MeHe-
HUEM 3a CYeT BKJIFOUEHUsI MATHUTHOTO IMOJIs B (DOPMY-
nax (3) u (6) aust oneparopos Hy, u J Gyxer nossienme
JIOTIOJTHUTEIHHON (Da3bl (i B ApryMeHTe TPUTOHOMET-
pudeckoil byHKIMI Sk 4 [54]:

1/)\27 MKM

40 NG g s
0N\ S— —
pI)] S : e

110] SERREREEERR : : § .

0 50 100

I

Puc. 6. TemnepaTypHble 3aBucMMocT obpaTHOro KBagpaTa
NOHAOHOBCKOU rNyBUHbI NPOHUKHOBEHUSA, pacCyYMTaHHbIE A4S
pa3fMYHbIX 3HaYeHMii AoNMpoBaHus T Ans Habopa napamert-
pos mogenn 7 = 0.225, J = 2.86, I = 0.118, t = 0.12,
U, = Vo = V5 = 0 (Bce napameTpbl B 31eKTPOHBOIbTaX)

Sk = Skx = sin (kg /2 — ay), (25)
rie
Y/
Qg = 2¢ch “Ha=0 (26)

U g, — HOCTOSHHAA PEeIIeTKH BIOJIL ocu T. OyHKIus
Sk,y OCTAETCs NPerKHeil, MOCKOJIbKY B paccMaTpHBae-
MoM ciyuae AY_g = 0.

Bapuamuy Bepazkenuii 1y onepatopos Hy, u J 1o
BEKTOP-IOTEHINATY IPUBOAAT K CJIEIYIOIEMY BLIPa-
JKEHHIO /IS TLIOTHOCTH CBEPXIPOBOJISIIETO TOKA:

xr km
Jo = % cos (5 — am) [275;.3,1(@,10[@@) +

ka

+ (27 — 4t)spy(al bra) + J(al Lka)| . (27)

3aBUCUMOCTD j, OT BEKTOP-IOTEHIHAJIA B 00JIACTH Ma-
Jerx Ag_ Josxna ObITh JuHeliHol, a kosddumenrt,
OTIPEJIETIAIONIHH 3Ty JIMHEHHYIO 3aBUCUMOCTh, COTJIAC-
HO ypaBHeHUIO JIOHJIOHOB, HEITOCPEJICTBEHHO BhIpaKa-
eTCsl uepe3 BeJIMIHHY A\~ 2. YKa3aHHBI KO3(bQHUIIEHT
pacCYMTHIBAJICH duCaeHHO [54], a pe3yJbTaThl pacue-
TOB TEMITEPATYPHON 3aBUCHMOCTH MATHUTHOMN TIyOUHBI
[IPOHUKHOBEHUSI B AHCAMOJIe CIIUHOBBIX TTOJISIPOHOB JIJIsT
PA3JIMYHBIX yYPOBHEH JONUPOBAHUS MPEJICTABICHBI HA
puc. 6.

Hecmorpst HA TO 9TO TapaMeTpbl MOJIE/IM HE HAXO-
JIMJIUCH U3 TIOATOHKU, & BHIOUPAJIUCH PABHBIMU TE€M, KO-
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TOpBIE MCIIOJIB30BAJIUCH B IPEIbLAyIIuX paborax (cM.
pasi. 2), KpuBble, UPEICTABJICHHBIE HA PUC. 6, JeMOH-
CTPUPYIOT JOCTATOYHO XOPOIIee COTJIACHE C IKCIIEPU-
MeHTaNbHBIMU JaHHbIME [58—66]. IIpn HuU3KOM Temte-
paType BCe KpPUBBIE BeAyT Cce0s JIMHEHHBIM 00pa3oM
BIUIOTH JI0 HAWMEHBINEH U3 PacCMaTPUBAEMBIX TEM-
neparyp T = 2 K. Takoe moBeseHue, cOrjiacHO pe-
gysbraram paborsl [59], ykasbiBaeT Ha d-BOJHOBOI Xa-
paKTep CBEPXIIPOBOJAIIEro rmapamMerpa mopsiaka. Jlis
3HAYEHUN T, OTBEYAIONIUX II€PEOMUPOBAHHBIM 06pa3-
aM KyIpaTHBIX cBepxnpoBoguukos (z = 0.16), xpu-
Boie A 72(T) uUMEIOT BBLIIYKJBIH BHJ, YTO COLJIACY-
ercs ¢ OOJIBIIMHCTBOM SKCIIEPUMEHTAJBHBIX JIAHHBIX
[60,61,65].

[Tomumo pacuera sasucumocteit A~2(T') BasKHbIM
pesysbTaToM paboThl [54] GBI BBIBOJ AHAIUTHIECKO-
r'0 BBIDayKeHUsl JJIs CIUH-TIOJISIPOHHOTO CiileKTpa Fj B
CBEPXITPOBOJIAIIEH (hase U ¢ yIeTOM BEKTOPHOI'O TIOTEH-
nuaJia. YquThiBast HU3KYIO IDIOTHOCTh HOCUTEJIEH TOKa,
a Takke GONBIIYIO0 BeImuuHy (MOpsiaka J) SHepreTn-
YEeCKOM IeJIN MeXK/1y HUXKHEN CIIMH-TIIOJIAPOHHON 30HOI
7 YPOBHEM SHEPIUH JBIPOK Ha P-OPOUTAIAX KUCIOPO/IA
(cM. puc. 2), Bolpaxkenue Jyist Fy, yaaJoch IpeicTaBUTh
B «KJIACCUYECKOM» BUJIE

E, = de1p + \/Efk-f—Ai, (28)

rie 0€1y — JIMHEHHAS TI0 (v, TOMPABKa K CIHEKTPY MOJIsl-
POHOB B HOpMaJibHOM dase €1y, a dynkuus mean A7
BBIPAXKAJIACH TOJIBKO Yepe3 KOMIOHEHTY Agy mapamer-
pa mopsijKa,
2 2 /72
Ak = |Ask|"/ K,

[OCKOJIBKY B pafore [54] He yUINTHIBAINCH BKJIAJBI OT
KYJIOHOBCKHUX B3aMMOJIECTBUIA Up u Vpp.

IlockobKy ydeT 3TUX B3aWMMOJIEHCTBHUI IPUBOINAT
K IOSIBJIEHUIO JIOTIOJTHUTE/IbHBIX KOMIIOHEHT IIapaMeTpa
nopsizika B cucreme ypasHenuii (11), Bo3Hukaer He0G-
XOAUMOCTD ODOOIIEHNST BHIPAYKEHUST JIJTsT Az. Pacuersr
[TOKA3bIBAIOT, UTO IIPH yUeTe KYJIOHOBCKOIO B3anMMO/Iel-
cTBHs Kakjaas kommoneHTta Ay (7 = 1,...,5) mapa-
MeTpa IMOPsi/IKa BHOCUT CBOW BKJIAJL B (DYHKIUIO IIEJIH
aJIJINTUBHBIM 00pa30M:

2 2 2 2
A = [Arg|” + [Azk]® + [Ask|* +

2
2, |Ask|
+ [Agr]” + K2 (29)

k

B 3akiiodenume 3TOrO pasmena OTMETHM, YTO,
HECMOTPsI HA TPEX30HHYIO IHEPIETUYECKYIO CTPYKTYPY
cucrembl, cruekrp Fji depmueBckux Bo30yKIeHU
CHUHOBBIX TOJISIPOHOB B CBEPXITPOBOJIsAMIEH (hase BbI-

paxkaeTcs TOJIbKO 4Yepe3 CIEeKTD €1; HUKHeil 30HBI

HopmajbHOR asel. [Ipu Maiabix @ CIEKTp KBa-
3u9acTul] bBoroyoboBa MEPEHOPMUPYETCS TEM  Ke
AJJINTUBHBIM CIIOCOOOM, UTO W B OOBIMHONW Teopun
JIOHJIOHOBCKOH TJIyOWHBI TIpOHMKHOBeHusi [55, 57]. B
TO 2Ke BpeMs ocobasi KBa3MUMITYJIbCHAS 3aBUCHMOCTD
CIIEKTpa €1} HOpMaJbHON baspl (a Ciie[0BATENbHO, U
€ro UHJIyIMPOBAHHAS IIOJEM IIOIpPAaBKA 0€1f) CyNIECT-
BEHHO OTJUYAETCA OT MPOCTEHINEro cjiaydas KBaJl-
PATUYHON JIMCIEPCUU U ONPEJENIsieTCsl CTPYKTYPOii
CuO2-1JIOCKOCTH ¥ CHJIBHBIMHU ~ CIIAH-(DEPMUOHHBIMU
B3aNMOJICCTBUAMUA.

7. BAKJIFOUYEHUNE

B pabore mokazaHo, 9YTO HHU3KOTEMIIEPATYPHBIE

CBOMCTBA KYHPATHBIX CBEPXIPOBOJIHUKOB, OIHCHI-
BaemMble B pamkax COM, omnpeneyssorcs CIUH-
MOJITPOHHBIMY ~ KBazudacTuraMu. AHcamMOb — 3TUX

KBa3W4aCTUI, IPU IOHUKEHUU TeMIlepaTypbl JIeMOH-
CTPUPYeT KyTIePOBCKYIO0 HEeyCTOHIMBOCTH C dy2_,
IIOM CHMMeTPUU mapaMerpa mnopsiaka. llpm stom B
KadecTBe MeXaHU3Ma CBEPXIIPOBOJLINEr0 CIapUBAHUSI

2-TH-

BBICTYIIAeT OOMEHHOE B3aMMOJIEHICTBHE MEXKIy JIOKa-
JIN30BAHHBIMYM HA HOHAX MEIN CIWHAMU, KOTOPOE B
pe3y/sbTrare CHJIBHOW CIIMH-3aPsIOBOM CBSI3W TPAHC-
dopmupyercst B 3hDPEKTUBHOE TPUTSKEHUE MEXKTY
CIIMHOBBIMU IIOJISTPOHAMMU.

[IpoaemoncTpupoBano, 4T0 HefTpaIu3alius Hera-
TUBHOTO BJIMSTHUS MEXKY3€JIbHOI'O KYJIOHOBCKOT'O B3al-
MOJECTBUS JBIPOK, HAXOISIIMXCS HA COCETHUX MOHAX
KHCJIOPO/a, Ha CBePXIPOBOJSAIee dy2_,2-CllapuBaHue
[IPOUCXOJIUT B pe3yJjbrare nByX (axTopos. llepsbrit
GdaKTOp CBsI3aH C PACCMOTPEHUEM DPEAJTHHON KPUCTAJI-
JiorpaduIeckoit CTPYKTYPBhI MeIb-KUCJIOPOTHOM TLIOC-
KOCTH, B COOTBETCTBUU C KOTOPO#l KYJIOHOBCKOE OTTaJI-
KuBaHUe (PePMUOHOB B IMOJAPEIIETKE KHUCJIOPOIA OIpe-
JHensiercss Pypbe-00pa3oM MeXKy3eJbHOTO KYJTOHOBCKO-
T'0 B3aMMOJIENCTBUA

Vy = 4V1 cos(qs/2) cos(gy/2).

Bropoit dhakTop cBsizaH ¢ 3JIEKTPOHHBIMU KOPPEJISIIN-
sIMU, TIPUBOJISAIINMI K BO3SHUKHOBEHUIO CUJIHHON CITHH-
3apsiJI0OBOIl CBsI3M. JTa CBsA3b 00yCJIOBJIMBaeT (HPOPMU-
poBaHMe CIUH-TIONSIPOHHBIX KBa3uIacTull, 3hPeKTuB-
HO JBHXKYIIUXCS IO IOJpPeNIeTKe WOHOB Menu. B aH-
caM0bJie TAKUX KBA3WYACTUI] BOSHUKAET CBEPXIIPOBOJIs-
mee crapuBanue. [Ipu 3TOM KyJIOHOBCKOE OTTAJIKHBA-
HIIe MeKJy TOJIBIMHI JBIPKaMHu ¢ pypre-obpaszom V; pe-
HOPMUDYETCsl BO B3aUMOJIEHCTBHE MEXKJIy CIIMHOBLIMU
MTOJISIPOHAMHE TaK, UTO KBA3HUMITYJIHCHAS 3aBUCHMOCTD
910ro 3P HEKTUBHOIO B3aUMOJIEHCTBUS COOTBETCTBYET
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CTPYKTyPe TOAPENeTKr HoHOB Meau. Takum ob6pasom,
BOBHUKAET CUTyaIMsi, B KOTOPOil 3 dekTuBHOE OTTAJ-
KHUBaHME MEXK/[y CHUH-IIOJISIPOHHBIMY KBA3WIACTUIIAMHE
BBINIQJIAET U3 yPABHEHUS JIJIsI CBEPXIIPOBO/ISIIETO IMapa-
MeTpa HOPAIKA C dg2 _,2-TUIOM CHMMETDHIH.

B 3T0ii ¢BSI3M yMECTHO OTMETHTH, YTO AHAJIOTUY-
Has po0JIeMa HEHTPAJIN3AIUN BIUSHUS KYJIOHOBCKO-
ro OTTAJIKMBaHUsI (PEPMHUOHOB Ha DPA3BUTHUE KYIIEPOB-
CKOII HEYCTOMYMBOCTU B CBOE BpPEeMsd CYIIECTBOBaJIa U
B TEOPHUH KJIACCHIECKUX CBEPXIIPOBOIHUKOB. Ee perre-
HUE CTaJ0 BO3MOYKHBIM IMOCJIE TOrO, KaK OBLIO TOKa3a-
HO [67,68], uro 3nekTpon-(QoHOHHOE B3auMoeiicTBue B
HEKOTOPOil 00JIACTU UMITYJILCHOTO ITPOCTPAHCTBA, WHU-
nuupyeT 3hdEeKTUBHOE MPUTIKEHNE MEXKTy (HepMuo-
HaMHU, KOTOPOE MOXKET KOMIIEHCHPOBATH 3aTPABOYHOE
OTTaJIKUBAHUE.

SamMeTuM TakxKe, YTO PA3IMIHBIN BKJIAJ] KYJIOHOB-
CKOT'O B3aUMOJIEHCTBUSI B PeasIIM3aIiio CBEPXIIPOBOJIs-
mux a3 ¢ pasHBIMUA THUIAMH CUMMETPHUU IapaMeTpPOB
MOPsIJIKA TIPOSIBJISIETCST U B TEOPUU CBEPXIIPOBOIAMO-
cru Kona—Jlarrumxepa [69]. B pa6orax [70, 71| 6bi-
JIO YCTAHOBJIEHO, YTO MeXKYy3eJIbHbIE KYJIOHOBCKUE B3aU-
MOJIEICTBUSI B PENIETOYHBIX MOJEJIAX OOBIYHO BHOCSIT
BKJIJ[ TOJIBKO B OTPE/IeIeHHbIE KAHAJIBI CIAPUBAHUS U
HE BJIMSOT Ha JpYyrue KaHaJjbl. B TO 2Ke BpeMsl [oJIsipu-
3aIMOHHBbIE BKJIA bl IMEIOT KOMIIOHEHTHI BO BCEX KaHA-
JIaX W, KaK IMPaBUIo, DoJiee 9eM OJHa U3 HUX <UTPAET»
B II0JIb3Y MPUTSKEHUsi. B TaKONl CHUTyalluu OKa3bIBa-
eTCsl, 9YTO MeXKy3eJIbHble B3aMMOJeHCTBus JTub0 BOOO-
e He BJIUSIOT Ha TJIABHBIE KOMIIOHEHTHI 3 MDEKTUBHO-
r'0 B3aMMOJIEHCTBYS, TPUBOJAIINE K CHIAPUBAHUIO, JTHOO
[TOJIABJISIIOT TJIABHBbIE KOMIIOHEHTHI, HO HE 3aTParuBaioT
Bropocrernennbie [70,71]. B mamewm cirydae onpemessio-
IIyI0 POJIb UT'PAIOT OCOOEHHOCTH KPHUCTAJIIOrpaduIec-
koro crpoerusi CuQo-T7I0CKOCTH, KOTJIa yIATHIBAIOTCS
JIBa THUIA KUCJIOPOJHBIX opOuTasieil, MpoCTpaHCTBEHHO
OTJIEJIEHHBIX OT CIIHOB MOHOB M€/IM, 8 TaKXKe HAJININe
CIJILHOW CHUH-3apAIOBONA CBA3U.

B pabore mokazano, u4ro xabbapI0BCKOE OTTAIKU-
Baane Uy, a TakyKe KyJIOHOBCKHE B3auMozeicTBusa Vo
JIBIPOK, HAXOJSANIUXCS HA CJEYIONIIX 38 OJIMKANIITIMA
MOHAX KHUCJIOPOJA, BIUSIOT Ha (DOPMUPOBAHUE CBEPX-
npoBongmeil (aspl ¢ d-TUIOM CAMMETPUHU TapaMeT-
pa TOpsiiKa M TPUBOJAT K YMEHBIIEHUIO KPUTHIEC-
KOI TEeMIIEpaTyphl MEPEXOa, OTHAKO ITA TEMIEPATY-
pa ocraeTcs B NpejejiaX TexX 3HAYEHUU, KOTOpbIE Ha-
OJTI0/TaI0TCs dKCIEepUMeHTabuo. [Ipn aTom opmupo-
BaHUe CBEPXIIPOBOJIATIIEH eI TPOUCXOJIUT TIOJT, BJINSI-
HUEM TPeX KOMIIOHEHT [apaMerpa MOPsIKa.

Perntenne cucrembl mHTErpaJIbHBIX YPABHEHUN CAMO-
COTJIACOBAHUS JIJISI CBEPXIIPOBO/ISINErO COCTOSIHUST IO~
Ka3aJj10, 9TO B CIUH-(DEPMUOHHOIN MOJIE/IN Pean3yeTcst

TOJMBKO dasza ¢ dy2_,>-TUIOM CHMMETPHH IIapaMeTpa
MOpsiIKa, TOrJIa KaK PEIIeHusl JJjisi CBEPXIIPOBOISIIETO
S-CIIapUBAaHUSI OTCYTCTBYIOT IIPU BCEX PEAJHHO JIOIY-
CTUMBIX YPOBHSIX JOIMNPOBAHUSI.

Ha npumepe pacuera TemuepaTypHOil 1 KOHIIEHTPa-
[IMOHHOW 3aBUCUMOCTEH JIOHIOHOBCKOW TJIyOMHBI IIPO-
HUKHOBEHUsI B CBEPXIIPOBOJIHUK IPOJIEMOHCTPUPOBAHA
BO3MOYKHOCTb IPUMEHEHUs] CIIMH-TIOJISIPOHHOTO TI0/IXO-
Jla U TIPH MCCJIEIOBAHUN OTKJIMKA CUCTEMbBI Ha BHEIITHEe
3JIEKTPOMArHUTHOE Bo3Mmytenue. [loryaennbie 3aBucu-
MOCTH HAXOJISITCS B XOPOIIEM COTJIACUU C UMEIOIIMUCS
9KCIIEPUMEHTAIHLHBIMY JJAHHBIMHE 10 KYIIPATHBIM CBEPX-
[IPOBOJIHUKAM.

B saksoueHne KpaTkKO OCTAHOBUMCST Ha BaXKHBIX
HaIpPaBJIEHUAX JIAJbHENINEro MPUMEHEHUs CIIUH-TI0JIsI-
poHHOI KoHmenuuu. OIHUM U3 TaKuUX HaIlpaBJIEHU
SABJISIETCS TTOTydeHne 3(pHEeKTUBHON 0THOOPOUTATHHOIT
Mogiesiu [72], neficTByIomeii B yce4eHHOM IM'MIb0ePTOBOM
IPOCTPAHCTBE U KOPPEKTHO YIUTHIBAIOIIEH KaK 0CODEH-
nocru Kpucrajuiorpadudeckoro crpoennst CuOs-1mtoc-
KOCTHU, TaK U CUJIbHYIO CIIUH-(DEPMUOHHYIO CBSI3b, KOTO-
past 00ycJIoB/InBaeT (DOPMUPOBAHUE CIIUH-TIOJISIPOHHBIX
kBaszudacTuil. llosrydenne Takoil MO TIPEJICTABIIS-
eTCsi HeOOXOIUMBIM, TTOCKOJIbKY aHAJIN3 HI3KOTEMITEPa-
TYPHBIX CBOWCTB KYIIPATHBIX CBEPXIIPOBOTHIUKOB B PaM-
kax COM u make B paMKax e€e YIIPOIIEHHOI'O Bapu-
aHTa, TaK Ha3blBaeMoil p—d-momenn [49, 52|, Bce eme
SIBJISIETCsI TPOMO3/IKAM. B 9acTHOCTH, Mepexo] K TaKon
3bPEKTUBHON MO/Ie/IN TTO3BOJIUT ITOHU3UTH PAHT CHCTE-
MBI UHTErPAJbHBIX YPABHEHHI CAMOCOTJIACOBAHUS JIJIst
CBEPXIIPOBOAAIIEH (a3bl.

JlpyruMm HaIlpaBjIeHUEM JaIbHEHIero ucrioab30Ba-
HUsI CIUH-TIOJISTPOHHON KOHIIENINH, [TPEJICTABJISIIOIIIM
WHTEPEC, SIBJISIETCs] MCCIeI0OBAHNE YCJIOBUN BO3HUKHO-
BEeHUsI MOJIYJISAINN CHEKTPAJIBLHOW WHTEHCHBHOCTH HA
koHType PepMu 1 MPOSIBJIEHUST TICEBIOIIEIEBOTO COCTO-
STHUST B aHCAMOJIe CTIMH-TIOJITPOHHBIX KBasmaacTur, [73].

Hakownerr, 3Ha9nTe/IbHON aKTYaJBHOCTHIO 00JIaAI0T
UCCJIEJIOBAHUS KUHETHIECKUX, TEPMOIMHAMIIECKIX
U TaJbBAHOMATHUTHBIX XAPAKTEPUCTUK KYyIPATHBIX
CBEPXIIPOBOJIHUKOB, HOCHUTEJISIMU 3apsia B KOTOPBIX
SIBJISIIOTCS  CIUAH-TIOJISPOHHBIE KBa3W9IaCTHIBL [74-77],
NP yUeTe PeabHBIX KPUCTALIOrPpAPUIECKIX 0OCOOEH-
nocreii CuQs-II0CKOCTH.

®DunancupoBanue. lccienoBanue BBITOJIHEHO
npu dunancoBoit momagaepkke IIporpammbr IIpesu-
muyma  Poccuitckoit  akamemuu Hayk Nel12 «Dyn-
JaMeHTaJbHbIE  MPOOJIEMBI  BBICOKOTEMIIEPATYPHOIA
CBepXIpoBoIuMOCTH», Poccuiickoro douma dyHIa-
MeHTaJIbHBIX HccaeqoBannil (mpoekt Ne18-02-00837),
IIpaBurenscrBa Kpacuosipckoro kpasi, KpacHosipckoro
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Pabora nogrorosaena no uroram XXXVIII Cose-
manus 1o dusrke Hu3kux remieparyp (HT-38).

ITPMJIOZKEHUNE

Oyukimn Sg;)(k,w), BXOJAIIUE B BBbIPAXKEHMS JIJIsI

aHoMaJsIbHBIX bysKiwmil I'puna Fj;(k,w), nmeor Bu

S (k,w) = Qsy (k, —w)Qsy (k. w),

ST (k,w) = 55 (k,w) = Qs (k, —w)Qsy (k,w)
S (k,w) = S (k,w) = ST (k, —w)

i (k,w) = S5 (k,w) = S ><k,w> =

S (k,w) = —Qy(k, ~w)Q, k,m,

S (k, w) = Qsy (k, —w) Qs (k, w),

S (k,w) = 853 (k, —w),

S (k,w) = S (k,w) = Qs(k, —w)Qsx (k, w)
S5V (k,w) = 853 (k, w) = 813 (k, —w),
S (k,w) = —Qy(k, ~w)Qu (k. w),
S5 (k,w) = 853 (k, —w),

S5 (k,w) = Qua(ky —w) Qs (k, ),

S (kyw) = —Qu(k, —w) Qu (b, w),

S (k,w) = —KiQy(k, —w)Qsy (k, w),
S (k,w) = — K3 Qu (b, —w)Qay (k, w),
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S5 (k,w) = 53 (k,w) =
= — K Qy(k, ~w)Qs(k,w),
S57 (b, w) = S5 (k,w) =
= — K Qu(k, —w)Q3(k,w),
S (k,w) = Quy (b, —w)Qy (k,w),
S5 (k,w) = —K3,Qy (k, —w)Qsa(k, w),
S5 (kyw) = —K3,Qu (b, —w)Qaa (b, w),
S5 (k,w) = Quy (k, —w)Qu (k,w),
S5 (k,w) = —K2S(Y (k, w),
S5 (k,w) = KES{5 (k, —w),
S5 (k,w) = 853 (k, —w),
S5 (k,w) = K285 (k,w),
S8 (k,w) = Quy (b, —w)Quy (k).

JlaHHble BHIpaYKeHUs BKIIIOYAIOT DYHKITAN

Qu(y)(k,w) = (W = &) Ty(a) + thTey),
Qs(k,w) = (w— &)tk + o Jy K,

Qzz(3y) (kW) = (w — &) (W — &a(y)) — Jzz(y)Kk’
Quy(k,w) = (w— &) (w — &) — ti'
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