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®da30BbIli mepexon B 0600ieHHOI Moaenu
N3unra—Koctepiuna—Tayinecca

II. A. Ipy groBcEnii)

MockoBckHif rocyaapcTBeHHbIH yHUBepcuTeT uM. M. B. JlJomoHOcoBa, ¢pu3udeckuii ¢paryabTeT
119992 MockBa, Poccua

IlocTtynuna B pegakuuio 17 aBrycra 2005r.

PaccmoTpens! ocobeHHocTH (pa3oBoro mepexoga B Mofenu, IpejacTaBifomeii coboil o6beanHeHNe Moenei
Nsunra u Koctepaunna-Taynecca. IlokasaHo, 4To B TaKoi cucTeMe B 3aBUCHMOCTH OT COOTHOIIEHUA IapaMeTPOB
MOT'YT NPOMUCXOOUTH KaK OJUH, TaK M JBa IOcleqoBaTelbHbIX (a3oBbIX mepexona. HailneHa acuMnToTHUYecKasa
¢opmyna nna temmnepaTypsl ¢a3oBOro nepexoja U3MHIOBCKOT'O THUMIA.

PACS: 77.80.Bh

Bo3HuKHOBEHNE TEOpPUM PEHOPMIPYMHOBHIX Mpeos-
pasoBaHuil [1] cylIeCTBEHHO pacIIMPUIO KIACC CUCTEM,
aHalNTHYeCKOe ONKUCaHWe KPUTUYECKOro MMOBEJEeHUA KO-
TOPBIX CTaNo BO3MO#HBIM. OIHOM U3 TaKUX CUCTEM fB-
nfetca nBymepHaa XY -mozenb, oco6eHHOCTH (pa3oBOro
nepexoja Kotopoit Geuu paccMoTpenbl KocTepnunem u
Tayneccom [2, 3] Bcero yepes jBa roxa nocie nofBIEHUA
pabotel Bunbcona. Mogens Koctepnuna—Taynecca se-
JMUT OCOOHAKOM cpeiu cucTeM, obragaomux ¢pasoBbIM
MEPEX0JI0M BTOPOro poja: B 3TOU cUCTeEMe AalbHUI IO-
PANOK CYIIeCTBYeT IUINL NPU HYJEBOU TeMIepaType,
IIpU NPOYUX KE TeMIepaTypax Aaue Hume Touru Hio-
pu KoppeasTop ¢a3 cnagaer ¢ paccroauueM [4]. Touxa
(asoBoro mepexojna MoskeT ObITH 3aperucTpUpoBaHa MO
pPe3KOMY M3MEHEHHUIO 3aK0Ha ClaflaHNA KOpPelANoHHOH
GyHKIOUY, YTO, OOHAKO, NpeJcTaBiAeT co60ii HEeTpPUBH-
anbHYIO 3a/ja4y C KCIEePUMEHTANbHON TOUKYU 3peHus (B
YacTHOCTH, B ClIyyae YHUCIEHHOT0 aKcnepuMeHTa [5— 7).
TeMm uUHTepecHee paccMOTpeTh NOBeJeHUE CUCTEMBI, B
KOTOPO# MO3KeT OJHOBPEMEHHO NPOUCXOAUTh KaKk 06bIU-
HbIf (pa30BbIN mepexon BTOPOro poja, Tak U (pa3oBbIi
nepexoj no cueHapuio Kocrepauna—Taynecca.

Cucrema, paccMoTpeHHas B pa6oTe, BO3HUKJIA B NIPO-
Ilecce pasBUTHUA MOJENU, ONKCKHIBaOIell hopMUpoBaHUe
IOMEHHbIX CTPYKTYp B kpucramiax KDP [8], oauako
npeAcTaBIfAeT MHTepec caMa no cefe Kak HpuMep B3a-
HUMOJeicTBUA ABYX (a3oBhIX MEPEXOOB, MMEIOIUX pas-
JUYHBIA XapaKTep.

PaccmoTpum cuctemy, 3Heprusa KOTOpOH ompepens-
ercA 3¢ HEeKTUBHBIM raMUILTOHMAHOM

1
HY = 2 > [a(l — sijsiag)+
i

+(1 + 8ij8i+15){1 — cos (pi; — pit15)}]+
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1
3 D [a(l — sijsijia)+
i

+(1 + si855401){1 = cos (95 — pij+)}], (1)
rje CyMMUpOBaHUe UAET 110 BCEM y3i1aM KBaJpaTHOH pe-
IIeTKY, U B KaJOM y3le ij onpefeleHbl “‘cnun” s;; =
= +1, n “¢paza” |p;;| < w. Jpyrumu croBamm, B3a-
uMogeiicTBue Meay (asaMu ;; BRIIOYAETCA TOIbKO
TOrja, Korja COBNajalOT CIHMHBI §;j. YCIOBHO 3HEPrHIO
cucteMb! (1) MOMHO MpeACTaBIATL B BUJe TIyGOKOro
IBYXBAMHOI0 NOTEHUMAaNa, Ha THE OJHOI M3 fIM KOTO-
poro HaXoAWUTCA CTpENKa KoMIaca, IpUYeM CTPEIKH B
COCEIHUX y3laX B3aUMOZEHCTBYIOT, TOILKO €ClId Haxo-
nATcA B oguHakoBbix amax (puc.l). IlogoGuas mozens

Puc.1. CxemaTuueckoe npeacTaBieHue 3G(HeKTUBHOrO mo-
Tennuana (1)

npeacTaBnfer co6oii o6nvenuHeHue Mmojneneit Wzunra u
Kocrepmuna-Taynecca [2,3]: B uacTHOM ciydae 8;; =
const MoJenb mpeBpamaeTcA B KiIaccuueckyio XY-Mo-
Jelb, a MPU ;; = const mepexoguT B Mofelb M3auwra,
TemnepaTypa (ha30Boro nepexojfa KOTOpOii ONpefefaeT-
cAl KOHCTaHTO} B3aMMOJEeCTBUA CIUHOB a [9]:
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Tr = a/In (V2 + 1). (2)

OCHOBHBIM COCTOIHMEM CHCTEMbI AIBIAETCA OXHOPOJ-
HO€ COCTOfIHME C NMOCTOAHHBIMU 3HAUEHUAMHU CIHHOB U
a3, peanusyiolieecs npu HyleBoil Temnepatype. Ilpu
JOCTaTOYHO BBICOKOIN TeMIepaType CHCTeMa INepEXOIAUT
B NOJMHOCThLIO XaOTHYeCKOe COCTOfIHWE, NMPUYEM pa3py-
IIeHUe JalbHEro MOPAJKA MOKET MPOMCXOAUTH Kak Ye-
pe3 OAVH, Tak U yepe3 ABa (Pa30BBIX Mepexofa B 3aBUCH-
MOCTH OT COOTHOLIEHNA KPUTUYECKUX TEMIEPATypP B MO-
nenu Usunra (2) u B XY-mopenu. JeiicTBuTensHo, pac-
CMOTPHUM pa3pylIeHNe OZHOPOAHOTO COCTOAHUA NPU ME-
IeHHOM pocTe TemmnepaTypbl. Kaw yme GbLIO CKa3aHO,
oco6eHHOCTh (pa3oBoro mepexoja B AByMepHoit XY -Mo-
Jeny 3aKIIoYaeTcA B TOM, UTO NpH JNI0GON HeHYyJIeBOi
TeMIepaType HacTOAIIero AalbHero MopfAaka HeT, Kop-
penfAnuoHHaa ¢yHKINA da3 cnajaeT Mo NoIMHOMUAIbLHO-
MY 3aKOHY C NOKa3aTejleM, 3aBUCAIIEM OT TEMIIEPATY PhI
[2—-4]:

(pijpijan) ~ k~T/47, ()
IoaTomMy onHOpOOHOE MO COMHAM §;; COCTOSHME CHUCTe-
™Mbl (1) MO#HO TPaKTOBaTh Kak HEKYIO “ha3oByio” mum-
KOCThb, BHYTPEHHAA BHEPrUA KOTOPOl BO3pacTaeT BMeC-
Te ¢ Temnepatypoii. Ecmu npenebpeub KoppenAnueit
MeMAy cnuHaMu U (aszaMu U yCPeJHUTh TaMUILTOHU-
au (1) no $a30BBIM MEPEMEHHBIM, TO MbI MOLYUYUM, UTO
3¢ (peKTUBHAA KOHCTAHTA B3aMMOAENHCTBUA CIOUHOB Oy-
JeT 3aBUCETh OT TeMIlepaTyphl:

1
H = —3 D {a+1-F(T)}(sij+si115+8i8i511), (4)
i

rae F(T) — cpenuee 3uavyeHne sHepruu CBA3M B MOJEIN
Koctepnuna—Taynecca:

F(T) = (cos(pij — pij41))- (5)

Takum o6pa3oM, okasbiBaeTcfl, 4To B cucteme (1)
(a30BbIiT Iepexo U3WHTOBCKOr'0 TUIA MPOUCXOIUT NPU
TeMIEepaType, yAOBIETBOPAIONIEN YpPaBHEHUIO

To={a+1-F(Tc)}/In(vV2+1). (6)

Ecau sta Temnepatypa Bbimie Temnepatypbl Kiopu B
XY-monenu To > Tk, TO B CUCTEME MPOUCXOJUT TI0-
cliemoBaTelbHO ABa (a30BbIX nepexona. B ciayuae To <
< TgT B cucTeme HabMOfaeTCA TONbKO MepPeXol U3UH-
FOBCKOrO TUMAa, MOTOMY UYTO pa3pylIeHHE CBA3U MeEH-
Iy CnMHaMHM HeMe[JeHHO BBIKJIIOYaeT B3aUMOAeiCTBUE
Mexay daszamMu.

Ina mpoBepKM OMNMCAHHOIO BbILlE clieHapuA Oblia
[pOBefieHAa CEpPUA YUCIEHHbIX 3KCIEPUMEHTOB, IM0O3BO-
NUBIIAA ONMpeAeNUTh 3aBUCMMOCTh TEMIEpaTypsl ¢aso-
Boro nepexopa T¢ oT BenuuuHbl a. MongenupoBanue
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npousBogulnock Ha ceTke padmepom 400 x 400 meTogom
MouTte-Kapno mo anroputmy Metpononuca. Temmnepa-
TyphI ()a30BBIX NMEPEXOJ0B U3UHT'OBCKOTO U KOCTEpJIUII-
TayJecCOBCKOT0 THINOB oONpejeifAlach M0 IOBEJEHHIO

“criuoBoi” KOPPEeNANNOHHBIX (GyHKIMHI

(puc.2):

CR))

u “dasoBoit

C,ﬁl’ = (8ij8ij+k),
@ (7)
Cr” = ((sijsijrr + 1) cos (pij — Pijrk))-

1.0 e
)L
C(IZO C(Z)
0.8 % 10
L Q
[e}
0.6 ®
1\ c;
04 B 1) o
LN .
02+ “ o
L X,
0 ! | !

Puc.2. TemnepaTypHble 3aBUCHUMOCTHU Kk-ii KOMIOHEHTBI
(k =
¢yurumii (7) mpy 3HaueHMM mapaMeTpa a = 2, H03BOIAIO-
Iye ONpelelnuTh TeMIepaTyphl ¢a3oBbIX IePeX00B U3UH-
roBckoro (Tc = 1.49 +0.04) ¥ KoCcTepINI-TayIeCCOBCKOTO
(Tkr = 1.19 + 0.04) Tunos B mopenn (1)

10) “comHoBOI” M “¢aszoBoit” KOPPENANMOHHBIX
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Puc.3. 3aBucumocts cpepaneit suepruu ceasu F(T) (5) B
XY-Mofenu oT TeMmepaTypbl: TOUKaMH [OKa3aHbl pe-
3yIbTaThl YUCIEHHOI0 3KCIEPUMEHTA, CIIOMIHOMN INHUEN —
pesyabeTaT annpokcuManuu mo popmyne (9) (3Hauenus na-

paMeTpoOB NOKa3aHbl Ha PUCYHKE)
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Puc.4. 3aBucumocTh TeMnepaTypbl ¢da3oBoro nepexoja
B o0606menHoii Mmopeam HWsunra—Koctepanna—Taymnecca.
Toukamu moKasaHbl pe3yIbTaThl YMCICHHOI0 9KCIIEPUMEH-
Ta, CIUIOUIHOM IUHUEN — TeopeTUYecKasa 3aBUCUMOCTD (6),
a MTPUXOBOI — 3aBUCMMOCThL TeMIepaTypsl $ha30Boro me-
pexojlia OT KOHCTaHThI B3auMoAeiicTBuUA a B Mojenu Usunra
(2). CeerapiMu TOuKamu HoKasaHa TeMmneparypa asoBoro
repexoja KOCTEPIUL-Tayl1eCCOBCKOI0 THUIa

AnanoruunsiM cnoco6oM B pe3yibTaTe MOJEINPoBa-
HUA 3BodonuM o6bruHoit XY -Mozenu ¢ 3¢ PeKrTUBHBIM
raMuJIbTOHHUAaHOM

1
He(tar) =75 Z{COS (pj = pit1;) + cos (i — pijr1)}

ij
(8)
onpegensanack 3aBucumocth F(T). OxasbiBaercs, 3Ta
3aBUCHMOCTh 04YeHb XOPOIO annpoKcUuMupyerca GopmMy-
noi

F(T)~ A+ BT +CT?>+Dth{E(T -To)}, (9)

Kak nokasaHo Ha puc.3, rae Ty ~ Tk — npubnusuTens-
Haf TemnepaTypa (a3oBoro nepexoja.

Ha puc.4 norasauer 3aBucumoctu T (a), momyden-
Hble KaKk B pe3ylbTaTe YMCIEHHOr0 3KCIEPUMEHTa, Tak

Y Ha OCHOBe pellleHNA ypaBHeHus (6) ¢ y4eTOM anmpok-
cumanun (9). Teopernyeckas Kpuasa (6) xopoiuo onu-
ChIBaeT pPe3yNhTaThl YUCIEHHOTO SKCNEPUMEHTA KaKk Npu
MalbIX, Tak U npu 60abIIKNX 3HaUeHUAX a. OZHAKO COOT-
BETCTBUE OKAa3bIBaeTCA 3aMETHO Xy:#e B 00JacTu TPOii-
HOIi TOUKHM, B KOTOpO# 3aBucumocth T¢(a) nepeceraerca
¢ JONONTHUTENLHOU BETBbIO, COOTBETCTBYIOMIE (a3oBo-
MY Mepexofy KOCTEPIUI-TaylIeCCOBCKOr0 THMa. JTOro
ClleJOBalo OMUJATh, TAK Kak B 3Toil o6nacTu QIyKTya-
IIUY CIIMHOBBIX U (pa30BbIX MepPeMEHHBIX CHIBHO CKOppe-
NMpPOBaHEI, U yCpeIHEHUe, Npou3BeieHHoe B (4), HeKop-
pexTHo. IlonosxeHue TpoiiHoi Touku Ha (a3oBoit naua-
rpaMme NpuOGIU3UTENLHO ONpefendeTcA 3HAUEHUEM a,
npu kotopoM T¢(a) ~ Tk, OAHAKO yTOUHEHHUE €€ MOJOo-
skeHUA TpebyeT TOYHOro M3MepeHUA TeMnepaTypsl Kio-
pu B XY -Mozenu nyTeMm aHanu3a KPUTUUYECKUX 3aBUCH-
Mocreii [5—7]. Xaparrep tazoBoro nepexona B OKpecT-
HOCTHM TPOMHON TOYKHU, CYAA N0 BCEMY, NpPeACTaBIAET
co60it 0TJEeNbHYIO UHTEPECHYIO 3a1auy.

ABTop npusnatenen A.H. Py6uoBy, caenaBiiemMy pAz
neHHbIX 3amevaHuii. PaGora BhINONHEHa NpU MOJIEpH-
ke rpanTta Poccuiickoro ¢onma ¢yHIamMeHTalbHBIX HC-
cnenoBanmnit # 02-02-16843 u rpanra Ilpesunenta P®
# HIII-166.2003.2.
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