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B HacToAmen pa60Te HcCcjieJOoBaHO BIUAHUE HereﬁseHﬁemeCKoro YEeThIPEXCIIMHOBOI'0 KOJbLIIeBOI'O obMmeHa
Ha TeMIliepaTypy CBepXNpPOBOLALIEro epexona B CUCTeMax C CUIbHBIMU 3JIEKTPOHHBIMU KOPpPeIALUuAMU. IToxa-
3aHO, 4TO KOJIbIIeBOIT 06MeH MOKEeT 3aMeTHO I0JaBIATh BRJIaM reﬁseHﬁepFOchoro obMeHa B CBepXnpoBojsigee

CliapuBaHUue.
B BBICOKOTEMIIEPATy PHBIX CBEPXIIPOBOJAIIUX
(BTCII) wkymparax YeThIPEXCIMHOBBIA  KOJbLEBOi

ooMen B CuQOs-miockocTy Bcero B 3—5 pa3 MeHbIle
reitzen6eproeckoro o6mena [1-14]. Iloatomy Bo3HuKaeT
BOIIPOC O TOM, HACKOJIBKO CyLIECTBEHHO €ro BINAHUE Ha
KYTIEPOBCKOE ClIapMBaHME 3a CUET MarHUTHBIX B3anMMO-
npeiicrBuii. [loacHuM, Kakum 00pa3oM KONbIEBOil 06MeH
BO3HMKaeT B Teopuu giA cunuHoB 1/2. Xopomwo usBect-
Ho, uTo BTCII Ha ocHOBe OKCHIOOB MeIM OTHOCATCA K
KJIacCcy CHCTEM C CHUIbHBIMU BIEKTPOHHBIMH KOppeid-
uuavu (CIIK). ITanGomee mpocroit Momenbio mif HUX
fIBnAeTCA MoJenb Xab6apaa [15]. ITocnegusasa onuceiBaeT
pacuienjeHre UCXOJHOI 3JIeKTPOHHOI 30HBI Ha JIBe Xxal-
O6apaoBcKue MOA30HbI. ['aMUIbTOHMAH MOJETHN COAEPHUT
BCEro [Ba MmapaMeTpa: WHTerpal NnepecKoka t Memay
OnumaiIuMy y3l1aMy U SHEPTUIO OJJHOY3€eJIbHOro KyJo-
HoBcKoro orrankuBanua U. K comanenuio, HecMoTpA
Ha KamyIYyIOCcAd MPOCTOTY MOJIENH, ee CBOHCTBA XOPOIIO
M3Y4YeHbI TOJbKO 1A clIydad OZHOMEpHO nenouxu [16].
B pesume cunbHBIX 21eKTPOHHBIX Koppenanuit (t < U)
Mogenb XaG6apma Mosmer ObiThb ympomena [17-20]
NyTeM HUCKIIOUEHUA MEK30HHBIX MEepPeXO0oB M0 TEeOpUHU
Boamymenusa [21]. CoorBercTBylOmuiA 3¢eRTUBHBIN
HU3KOPHEPreTUUeCKUil raMuibTOHMAH paccMaTpuBaloT
Jairee B yce4yeHHOM TIHiIb6EpTOBOM MpPOCTPaHCTBE, He
cojiep;kallleM ABYXYacTUYHbIX cocToAHui. Tawrum 06-
pa3oM, B npeobpa3oBaHHOM raMHUJIbTOHHAHE MCKIIOYEHO
HUCXOMHOE JIOKalbHOE KYJIOHOBCKOE B3anMMOJeliCcTBUE.
OpHako B3aMeH Hero NofiBifAeTcA OGeCKOHEUHBIH pAM,
onmKChIBAIOMIKI AanbHOgeHcTBylonne o6MeHbl. B mpoc-
TeiimeM ciyvae reiizen6eprosckoro npegperna t/U — 0
orpannuuBaoTca t—J-mogensio [17, 18]. Owua coxmep-
JKUT TONBKO NMEPBYIO NONPaBKY K YHEPrUM OCHOBHOI'O
COCTOAHUA HEPENYyLHPOBAHHOIO raMUIbTOHUAHA:
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H; ;=t E &Z,&ja + EJ” (S,SJ — %nm,) . (1)
i#£4,0 (i5)
31ech &ZT = a; (1 —n4z) IPOEKIMOHHBINA Olle-
paTop pOMAEHUA BIEKTPOHA HaA y3ile ¢ CO CIMHOM
o, Ny = &g&w ornepaTop 4Yucia 3IeKTPOHOB,
S; - omepatop cmuHa: S; = (Sj,S[,Sf) =
= (a;ai&,a?‘;aw, (nic — niz) /2), rie ¢ = —o,
Jij = 2t?j/U — 3(pdeKTUBHBIA 0OMEHHBIN MHTErpan Linf
Onmaiimux cocegeii. CliegyeT oTMETHTh, 4YTO, HIOMUMO
reiizen6eproBckoro obMmena J, B TOM iKe MHOPALKe
Teopu¥ BO3MYIUIEHUA BO3HUKAIOT TPeXy3elbHbIE cllara-
embie H ), TIPONOPIUOHANbHbIE MHOKUTENO ti5tj /U
ONKChIBAIOIINE IIPOLECCHI NePecKOKa DIEKTPOHA MEKIY
TpeMmsd y3lIaMM C NepPeBOPOTOM CHMHA UM COXpPaHEHHEM
CIMHOBOI NpoeKIMM Ha mnpoMemyTouHoMm y3ime. Ilo
cpaBHeHuio ¢ t—J-mogenbio (1) aTm BRIagbl Kadect-
BEeHHO MEHAIIOT CHEeKTpP KBa3WYyacTUIl B HOpMalbHOMU
dase [22, 23] u cymecTBEHHO NOJABIAIOT KPUTHUECKYIO
TeMIeparypy B cBepxmpoBogameii [24, 25]. Ilosromy
OHU [OJKHBI OBITh YYTEHbI NPH IIOCIENOBaTEIbHOM
HOCTPOEHUH TEOPUU.

B pemMe mpoMesKyTOUHBIX KOppeIALHil, r'ie Mo-
OUIBHOCTH BIEKTPOHOB PacTeT, HeoOXOOMMO yUUTHIBATh
nonpaBku Gojiee BBICOKOIO mopsAgka K BeipameHuio (1),
10 ecTb ~ t(t/U)3. Kax 6110 nokasaso [19, 20, 26], ecan
ONMYCTUTH NOCTOAHHBbIE YWIEHBI, TO OHU UMEIOT CileLylo-
Ui BUL:

H(4) = J1 Z SiS]—I + J2 Z Sisz + J3 Z SiSja‘F
(ig1) (ig2) (ids)
+Je 22 {(SiS;)(8kS1) + (SiS:)(8kS;) -
(ijkl)
—(8iSk)(8;81)}-
(2)
WUHupeKce! ji, j2, js HYMEPYIOT HepPBbIe, BTOPbIe M Tpe-

ThbU COCERM OIA y3i1a i. Y3Ibl ¢,j,k,l cooTBeTCTBYIOT
YeThIpEM CHHHAM, [UPKYJIUPYIOIUM [0 YacOBOU CTpe-
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Ke B aneMmeHTapHoM KBagpaTHoM miaaxkete CuyqQy4. Ilep-
BbIe TPU CllaraeMbIX B NPUBEIEHHOM BHIDaKEHUU HMe-
IOT CTPYKTYpPY, aHaIOTMYHYI0 00OMEHHOMY B3auMOAel-
crBuio B ypaBueHuu (1). Takum obpasom, ux yuer
IWIIb peHopMUpYyeT o6MeHHbIM uHTerpan. Tpu mocuen-
HUX cjlaraeMbIX BO BTOPOi CTpoKe ypaBHeHHA (2) omu-
ChIBAIOT TaK HAa3bIBaeMbIil UETBIPEXCIMHOBBIA KOJbIie-
Boii oOMeH ¢ mapameTpoM J; ~ t‘}j/U3.

BroepBbie cymiecTBeHHadg poOIb MHOTOYacTHUYHOI'O
KONbIleBOro ofMeHa Oblna OTMeueHa [ KBaHTOBOI'O
kpuctamia *He npu aHanuse ero HeoObIYHBIX MAarHUT-
HBIX cBOiicTB [27]. Bckope mociie OTKPBITHA KyIpaTHBIX
cBepxnpoBogHuKOB Roger u Delrieu npeanonoskunu, uto
B JaHHBIX COEIMHEHUAX KOIbILEBOil 0OMeH TaKie MOKeT
ObITh comocTaBuM c reitzenGeproeckum [13]. IIpuunna
ATOr0 3aKII0YaeTCA B TOM, UTO BEIUUMHA KYJIOHOBCKOI'O
OTTalIKUBaHUA Ha OJHOM Yy3je MeAH IJf HPOBOAAIMINX
neipok B CuO-nmockoctv HaMHOro Gonbliie Pa3HUIBI
OJHOAIEKTPOHHBIX COCTOAHWI Ha KUCIOpOJEe U MeIH.
IIto 6naronpuATCcTBYeT 00MEHY 4Yepe3 MPOME:KYTOUHBIN
KHUCJIOPOJ.

Aptopamu [13] GbLI0 IOKA3aHO, YTO B PEANMCTUYHON
INA KyIpaToB MHorosoHHoit Mojenu IImepu B ciyuae
MONOBHUHHOT'O 3alOMHEHNA pa3loKeHWe raMUIbTOHHAHA
no napamerpy tpq/Vpq Npu GonbLIMX BedMYMHAX KyJo-
HOBCKOI'0 OTTalKUBaHUA ABIPOK Ha ofHOM y3ie Uy Boc-
Npou3BOOUT 5D (PEeKTUBHBIN CIMHOBLIA raMUIBTOHUAH C
JOMHWHAHTHBIM BRJIQZIOM OT YeThIPEXCHMHOBOI'O KOJbIle-
Boro obmeHa. 3pecb Vpq — KyJOHOBCKOe OTTajlKMBaHHe
Me#ly aTOMaM¥ KHCJI0opPoJa U Mefid, t,q — COOTBETCTBY-
fomuit nHTerpan nepeckoka. IlacyeTsr ¢ moMombIO TOY-
HOUl AyaroHanu3anuy Maiblx KiacTepos [8, 14] nogrsep-
OUIN CYLUIeCTBEHHYIO, XOTA M He JIUAUPYIOMYIO pOIb
KONbIIeBOr0 o6MeHa B KYNpaTHBIX CBEpPXIPOBOJHUKAX.
Ina A = E, — Eg = 1.2 5B, roe A — sHeprusa nepeHoca
3apsjga, ObLIM MONYyUYeHbI CONMOCTaBUMbIe 3D(eKTUBHbIE
reiizeH6eproBckuii U KonbleBoit o6menbl: J = 0.73B u
J. ~ 0.53B.

HelicTBUTENBHO, OKa3al0Ch, YTO LENbIA PAX DKCIe-
pUMeHTaNbHbIX HabGNIoOfeHU# B KynpaTax He MOJIaeTcA
00BACHEHUIO B PaMKax 06bIYHOr0 refi3eHOeproBCKOro ra-
MUIBTOHMAHA U MOKET OBITh OMUCAH TOIBKO C y4YETOM
IIPOLECCOB YETHIPEXCIMHOBOrO KoubleBoro obmeHa [1-
4, 13]. KoneuHas BelnunHa KONbIeBOr0 00MeHa MopAaKa
(0.2—0.5) J TpebyeTca miIA BOCIHPOM3BEAEHUA aHOMAlb-
HO# CTPYKTYPBI CHEKTPOB CIIMHOBBIX BO30Y#AEHUI, 1MO-
JTYYeHHBIX KaK ¢ HOMOIIbIO HEYNIPYTOro pacceAHNA CBeTa
[1, 2, 8, 28, 29], Tak U B BKCIEPUMEHTaX [0 HEYIPYTOMY
paccesiHUIO MONAPM30BAaHHBIX HEHTPOHOB [3—6].

Aptops! [3], Hanpumep, o6paTUin BHUMaHUE HA TO,
YTO B PaMKax CIMH-BOIHOBOI Teopuu noGaBleHue K reii-
3eH6EPrOBCKOMY raMUIbTOHUAHY ¢ 0OMeHOM Ha Onuzkaii-

mux y3suaax Oollee HalbHUX B3aUMOJEHCTBHUI CIMHOB, a
TaKKe YeTHIPEXCIUHOBOI'0 KonbLeBoro o6Mmena (2) ka-
YeCTBEHHO MeHfAeT cmeKTp marHoHoB [30] Boouab rpa-
Hune! 30Hb1 [lpunmiosna. dna perucrpanuu Aucnepcuu
CIMHOBBIX BO30Y:IeHNI MMEeHHO Ha I'paHulle 30HbI BIep-
Bble ObLI IPUMeHeH MeTO] T03UIMOHHO-UYBCTBUTENLHO
CIEKTPOCKONUY PacCeAHHBIX HEHTPOHOB C BBICOKUM k-
BOJIHOBBIM pa3pellieHreM. AHalu3 3KCIepUMeHTalbHbIX
CIEKTPOB, NMONy4YeHHBIX OuA coepuHenusa La,CuO4 Hu-
e temnepatypsl Ileens, yGenurenbHO Nmokasal Hego-
cTaTo4YHOCTh Mogenu l'eitzenbepra nnd onucanusa Habiio-
IaeMbIX CIKUHOBBIX B030ymieHuit. [lanbHeiimue Hesa-
BHCHMbIE HCCIeNOBaHUA CIKWH-CIIMHOBBIX KOppelAluil B
TOM JKe COeJMHEHHHU B ImapaMarHuTHOM dase [5] mpoge-
MOHCTPHpPOBaly, YTO XOopollee coriacue HabliozaeMoro
TeMIlepaTypHOI'0 MOBeJeHUA cTaTUUeCKOH BOCIPUUMUK-
BOCTM M 3aBUCHMOCTH, PacCUMTaHHON MeTOJOM BBICO-
KOTeMIepaTypHOr0 pa3ioKeHUfl raMUIbTOHMAHA, BO3-
MOKHO TOIBKO C YUeTOM 4eThIPeXLeHTPOBOro 06MeHHO-
ro B3auMopeiictBua. llonyyeHnHaa mpu 3TOM aMIIUTY-
oa KoiablieBoro obmeHa J. =~ 0.25J cormacyeTrcA Kak c
ouneHkoit aBTopoB [3], rae J, = 0.27.J, Tak u c pe3yib-
taramu pacdeToB [10, 11] u3 mepBbIX NPUHLWIOB, rie
Je/J ~0.3.

Tark kak B KynpaTax MarHuTHble B3auMoOJeiicTBUA
AIBIAIOTCA OOHUMU U3 OCHOBHBIX CPeiy KaHAUAATOB Ha
MeXaHu3Mbl CBEPXIIPOBOJALLEr0 CllapuBaHuA, IPU Bellu-
YrHe KOJblleBoro o6MeHa, CONOCTaBUMOI c reitzeHbep-
TFOBCKUM, BatHO MOHMMAaTh, KaKUM 00pa3oM KOIbIEeBOit
o0MeH BIMfAeT Ha CBOMCTBAa KyNEPOBCKOI'O CIapuBaHUSA.
B nacrosnmeit paboTe MbI paccMOTpely JaHHYIO pobie-
My, OLleHHB BIHfIHNE UeThIpeXCHHMHOBOro obMeHa J, Ha
TeMIlepaTypy CBEPXIPOBOAALIEro Nepexoja.

CoruacHo clenaHHBIM BbIlIE 3aMe4YaHUAM, UCCIeny-
eMblii raMUIbTOHNAH NpefcTaBiafeT coboit cyMMy t—J-
MoOJenu, 3alliCaHHO C Yy4eTOM TpPeXy3elbHbIX KOppelu-
POBaHHBIX [E€PECKOKOB, U YEThIPEXCIIMHOBOI'O KOJbLEBO-
ro oomena Hyy:

H=H;_j- +H(4) =H; g4 +H(3) +H(4). (3)

Bripamenue (3) ynoGHo mepemucaTh B NpeAcTaBie-
uuu X-omepatopoB XaG6appa, Tak Kak IOCHeIHME [103-
BOJIAIOT aBTOMaTU4YeCKM YUUThIBATh B pacueTax orpaHu-
YeHKe Ha 3aloHeHNe IBYX4aCcTUYHBIX cOCTOAHUM. Ome-
partops! Xa66apaa onpegensitorea kak X4 = |p) (q|, rae
BEKTOPHI |p) ¥ |¢) OMUCHIBAIOT BO3MOKHBIE COCTOAHUA B
pemerke. B IbIpOYHOM mpeicTaBiIeHMH MJIA KyNpaToB,
[ONMpOBaHHBIX AbIpkami, |p) = {|o),|S)} ¢ npoeruneit
cimHa 0 = £1/2, TO ecTb cOCTOAHUA |p) DOPMUPYIOT
BepXHIOI0 Xxab6apIoBcKyIo 30HY AbIpok. CocTosHue |o)
C OMIHOM JIBIPKO}L Ha y3iie ¢ COOTBETCTBYeT KOH(DUTY palu-
AM Me[b-KUCIOPOJHBIX opbuTaneit ¢ 3amoinenueM d°p?,
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d'°p®. Cunranernoe cocrosanue |p) = |S) ¢ nByMA nbIpKa-
MM Ha OJIHOM y3JIe COOTBEeTCTBYeT KoHburypanuam deps,
d°p® u d'°p*. B mHoBoM npencraBienun Braagsl Hi_j,
H(3) " H(4) HUMEIOT ClIeIYIOUNi BUA:

Hey =Y [(er — w) X77 + (e2 — 20) X5+
10

+ 2 6 X7°X75 + Y HY

(i)o (i)o
— tijtim So yoo yoS So yodyoS
(tjm)o
H(4):JC Z (HleUHl‘cIla’ + Hz{o’Hl‘cIjo" - Hz%caHleo")'

(ijkl)
GU’

(4)

3nech t;; U t;; — BEAYTPU30HHBIA U MEK30HHBIA HHTErpa-
7Bl DepecKoKa, 4 — XUMnoTeHnuan. [nfg KpaTKOCTU MBI

J 17 oG YOO _ YOO YXTG

BBenn oGosHavenud Hy; . = 5Ji; (Xi X7 X77 X3 )
rd _ rrd | . _ yoo 55
u Hij,a = Hi]-,(7 + gning, roe n; = X77 + X77.

Hopmansuasn G (k, E) u anomanbuasn F (k, E) ¢dyus-
nuu I'puna Gblnm ompeneneHbl B 00606IIEHHOM HPUOIH-
senuu Xaprpu-®Poxa c nmoMomipi0 MeToxa HeNpUBORU-
MbIX IHHEHHBIX omepaTopoB [31, 32]. MsBecTHO, uTO
B KYIPaTHBLIX CBEPXIPOBOAHUKAX GaummHuUN aHTHdEPPO-
MarHuTHBIN NOPALOK COXPaHAETCA BINIOTh 0 ONTHMallb-
HOT'0 JONMPOBaHNA U CYI[ECTBEHHO BIUAET Ha GOPMUPO-
BaHNe KBa3WUaCTUYHBIX CBOMCTB B 061acTAX Kak crabo-
ro, Tak ¥ onTUManbHOro gonupoBauua [33]. B To e
BpeMA NPU HU3KKUX TeMIepaTypax XapakTepHbIEe BpeMe-
Ha CIMHOBOI AMHAMUKU HaMHOr0 GOIbIE COOTBETCTBY-
IOKUX BpeMeH uA 31eKTpoHoB [34-36]. Ilosromy mbI
Y4Iu B MacCOBOM ONE€paTope TOIbKO CTATUYECKHUE CIIH-
HOBBIE KOppPENANNOHHbIE (GYHKINU, TO eCTh HpeHeOpe-
M AUHaAMUKOU OiukHero aHTU(eppoOMarHUTHOIO IO-
pAIKa, HO PaCCMOTPEIU ero IPOCTPAHCTBEHHYIO HEOJHO-
pozuocts X (k,w) — X (k). Tus t—J*-Mogenu npoueny-
pa BbIUKCIEHUIT, ABHBII BUI MaccoBOro olepaTopa, cle-
TaHHOe NpubINKeHUEe U MOTy4YeHHble Pe3ylbTaThl HOJ-
po6Ho onucanb! B pa6orax [37, 38]. CpexHue, Bo3HMKaA-
IolllMie KaK BRJIAABI OT KOJBbIEBOI0 Herei3eHGEPrOBCKO-
ro o6MeHa IpU pacueljeHNN ypaBHEHHI NiIA GyHRIUi
I'puna, MBI ynpocTUIU, BHIAENAA U3 NPOU3BEJEHUA Ue-
TBHIPEX OMEepaTOpPOB JBYXONEPATOPHYIO COMHOBYIO QYyHK-
LUIO cq =  (S;S;) exp[—i (R; — R;) q]. 3ameTum, 41O
MBI npennoflarann M30TPONUIO CIMHOBOMN KUITKOCTH, MO-
sTomy ¢,; = 3(S7Si) = 3(X77X77). Tllonpaskn
JUCIEePCUU KBa3U4yacTuIl OT HereizeHOeproBcKoro obme-
Ha H(4) B HOpManbHO# (hase NPONOPLMOHAIbHBI IPOK3-
Begenuio Je (k, q) ckcq. IIpu xapakTepHBIX 3HaYeHUAX
napamerpa KoableBoro obmena, J. ~ 0.3J, u cnuHO-
BOIl GyHKUUM [0JA Onauskaiimux coceneil, cx ~ —0.3, oHH
COCTaBJAIOT BCEr0 HECKOJILKO NMPOLEHTOB U HE MEHAIOT
BUJa ONCIEPCUU U IIOTHOCTH cocTofAHuil. OcHOBHOI
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BKJIaJ KOIbIleBOro o0MeHa 3aKjIIO4aeTcsA B NEePEeHOPMU-
POBKE KOHCTAHThI CBAI3W CBEPXIPOBOAALIEr0 ClapuBa-
HuA B ypaBHeHuu Ha T.. Ilpu BeIBoze mociefgHero Ml
Y44, 4YTO AlA CUMMETPUUHbBIX pelleHuil, COOTBETCTBY-
IOIUX CHUHIIETHOMY CIapuMBaHUIO, NapaMeTp HopAaKa
obnamaer crenytomum cBoiictBom: A = A_j. OGpa-
TUM BHUMaHNe TaKKe U Ha TO, YTO C y4yeTOM BbIpa-
menus (2) ¢ypbe-o6pa3 mapamerpa reiizeHGeproBCKOro
o6MeHa BKIIOYaeT cocelieil BIUIOTh 10 TpeTheil Koopau-
HanuoHHOU chepbl. OgHAKO B KOHEYHOM YypaBHEHHH Ha
T. BKkunaj BTOPBIX cocefieil mponajgaer, Tak Kak OH He CO-
OTBETCTBYeT d,2_,2-CUMMeTpun menu. Brnan TpeTbux
cocejieil, reHepUPYIOIINX CIeAYIOLUIY 0 FapMOHURKY LeNH,
MBI oTOpackiBaeM B CHIIy ero MaiocTu. B urtore muda te-
opuu tuna [IKII ypaBHeHue Ha TeMIepaTypy CBepXHpo-
BOZIAILIEro epexoja MOHO IPeIcTaBUTh B BUJe, aHAlO-
THYHOM ypaBHEeHHIO B {—J-Moxenu:

-1 (cosp; — cospy)” &
1=J— tanh . 5
sz: & T R
3nech £p — OUCIEpCHA KBasMYacTHI B CBEPXIPOBO-

nameit dase, kg — moctoaHHaa Ilonbumana. Beige-
JUM B NEPEeHOPMHUPOBAaHHOI KOHCTAHTE CBA3U BKIAIbI
reii3eH6eproBckoro o6MeHa, TPeXLEHTPOBBIX MEPECKO-
KOB U KOIbIIeBOro o6MeHa OTIENbHBIMHU CllaraeMbIMU:
J = (1 — 1+Tw + co1 J7) J. AnTudeppoMarHuTHBIN cnu-
HOBBI KOPPEeNATOpP Ccp; AJNA OnmKalliux cocefeil uMeet
3HaKk MuHyc. [loaToMy KoIbLeBoii 00MEH, Tak e KaK U
TPeXLeHTPOBblE MEPECKOKM, MOAABIAET CBEPXIPOBOIA-
Iee clapuBaHWe, WHOYLUPOBaHHOe reiizeHOeproBCKUM
oomeHoM. W3 mpuBeneHHOro BbIpasKeHUA BUJHO, UTO
BRIIaJ KOIbIleBoro o6MeHa B KOHCTAHTY CBA3M Ha MOpHA-
IOOK MeHbIIe reiisen6eprosckoro. OgHaKo npu mocieno-
BaTEILHOM MOCTPOEHUU TEOPUU, TO ECTh C YUETOM TpeX-
[EHTPOBBIX B3aMMOJEHCTBUIl, €ro OTHOCUTENbHAA POIb
Bo3pactaeT. Tak, Ipu XapaKTepHbIX 3HaUYEHHUAX mNapa-
metpoB cuctembl LSCO [39] u J. = (0.27—0.3)J rouab-
1eBOil 0OMeH NMOHUMAeT MaKCUMYM KPUTUYECKON TeM-
nepaTypsl B t—J-momenu Bcero Ha 5—7%. B To ke Bpe-
MA MaKCUMyM KPUTHYecKoil TeMmnepaTypsl B t—J* —J,.-
Mozenu yMeHblaeTca Ha 25-30% mo cpaBHeHuto ¢ t—J*-
Mopennio (puc.a). CooTBeTcTBYyIOllee U3MEHEHNE KOH-
CTaHTHI CBA3U B eJUHHUIAX reiizeH6GeproBckoro o6MeHa
HoKa3aHO Ha puc.b. 3aMeTUM TakKe, UYTO KONIbIEBOM
o6MeH MaKcuMaleH B o6nacTu ciaGoro NOMMPOBaHUA T,
re OH mojaBufgeT cBepxnpoBoguMocTb. C pocToMm z ero
poJb yMeHbIIaeTcA BCIEACTBHE pa3pylueHus OIumHero
MarHuTHOTO NOpAIKa.

Kak usBecTHoO, elle 0OZHUM MeXaHHU3MOM, KOMIIEHCHU-
pylomuM reiizen0eproBckuii oOMeHHBIN BKIan B Kylle-
POBCKOe cliapuBaHUe, ABIAETCA MeKy3elbHOe KYIOHOB-
ckoe B3auMojeiicTBue. C OfHOI CTOPOHBI, MEKY3EIbHOE
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Buausnue KonbueBoro o6MeHa Ha KOHIEHTPAOHHbIE 3aBU-
CHMOCTH TeMIlepaTypbl CBEPXIPOBOAAMEro mepexona (a)
U KoHcTaHThl cnapuBaHud (b). Yuer KoabueBoro obmeHa
Je = 0.27J (myHKTHpHAA IMHUA) NOHUKaeT MakcumyMm T,
Ha 25%

KYJIOHOBCKOE B3alMOJEHCTBUE, TaK Ke Kak M 00MeHHOE,
IPONOPLHUOHANIBHO KBaJpaTy HNEPEeKpPhITUA OpPOUT cocen-
HUX aTOMOB, TO €CThb OHO HMMeeT TOT e IOPAIOK Be-
AMYUH U MOMET B 3HAUUTENbHON CTENeHU IOAaBIATH
CBEpPXIPOBOJUMOCTh, MHAYLHUPOBaHHYIO reiizeHOepron-
ckum o6menoMm [40, 41]. C mpyroit cCTOPOHBI, HENb3A 3a-
paHee yTBepsKOaTh, YTO YUET MEKY3€IbHOI'0 KYJIOHOB-
CKOro B3amMojeiicTBUA GyneT KOMIEHCHPOBATh TaKiKe
U BHJIaA KoubleBoro o6MeHa. HMcxonda u3 CTPYKTYPHI
raMUIbTOHMAHA KONbIEBOr0 00MeHa MOKHO MPEIINoNo-
#uTh obpaTHoe [42]. Torxa oTHocHTelbHAA POIb KOlb-
neBoro obmeHa Oyert ere 60JblIe IPUBEJEHHBIX OIEHOK.

Ila6oTa BbhImONHeHa npu (QUHAHCOBOI MHOAAEpIKKE
rpantoB III1-1044.2012.2 u [IOOU (# 12-02-00040),
nporpammsl # 20 IIpesugunyma IIAII “KBanTOBBIE ME30-
CKONUYECKNE M HEeyNOpANOUYeHHbIe CTPYKTYPhI”’, UHTET-
panuonHoro npoekta CO ITAII-YpO IIAII, npoekta COY
#1r/6 C-11, npoerra @I I'K # [1891. Onux us aBTOpoB
(EUII) 6rarogaput 3a nopnep:xky Ponn HekoMMepyec-
Kux nporpamm “Iunactusn”.
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