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[IpoBeneH sHepreTMUecKUil aHaJIM3 OCHOBHOI'O COCTOSIHMS TpeXBepHIMHHON Monenu [loTrca Ha TpeyrosibHON
pelIeTKe ¢ y4eToM IEepBBIX M BTOPHIX OJIDKAHIIMX cocenell ¢ BemmduHamu B3amMopewctsus Ji u Jp. Ha ocnose
YUCJICHHOTO 3KCIIEPUMEHTA BBISBICHBI JHANa30Hbl CYLIECTBOBAHMS YIODPSJIOYEHHBIX M HEYNOpSANOYEHHBIX (a3 B
CIIMHOBBIX CTPYKTYpaxX, OIMHCBHIBAEMBIX STOH MOJENbIO, C BeMMUMHAMH B3ammoneictust J; < 0, Jp < 0 m J; > 0,

Jo<0.

Kirouessle coBa: 6eciopsok, ¢ppycrparun, Moaeis [IoTTca, 0cCHOBHOE COCTOSHHE.

BBenenne

B mnocnenHue pecaTHieTHs] MHTEHCHBHO OOCYKIAIOTCS
¢azosbie nepexons! (PII) u xpurnyeckue sBnenus (K1) B
MarHeTHKax, ONMKUChIBaeMbIX MojessimMu Vsunra u [lorrca Ha
pa3mmuHbIX pemietkaX [1-4]. DTo 0o0yclnoBIEHO TeM, YTO
CTIIMHOBBIE PEIICTOYHBIC MOJENH KaK Ha JBYMEpHBIX, TaK U
Ha TPEXMEPHBIX peIIeTKaX OMNHCHIBAIOT OOJBIION Kitace
pearbHBIX (PH3UIECKUX CHCTEM: CIIOMCTBIC MAaTHETHKH, TICH-
K{ JKUJIKOTO TENWsl, CBEPXIIPOBOJIINE IUICHKH, aacopOu-
poBaHHbIe IUIEHKH U 1p. [5,6]. Dddexrer Ppycrpanuii
UTPAlOT BXXHYIO POJb B PAa3IMYHBIX MarHUTHBIX CHCTEMaXx.
OkcnepumMenTanbibie [7] U Teoperudeckue [8] wuccmemno-
BaHMS MO3BOJIMIIN YCTAaHOBHUTH, YTO (DPyCTPHPOBAHHBIC CHC-
TEMBI TIPOSIBIISIIOT HEOOBIYHBIC CBOICTBA, OTJINYHBIE OT COOT-
BETCTBYIOIINX HEPPYCTPUPOBAHHBIX CHCTEM. AHTH(ED-
poMarHeTnk (A®D) Ha TpPEYroJbHOW pEIIeTKE SBIACTCS
MIPUMEpPOM (PYCTPHUPOBAHHOW CIIMHOBOW cucteMbl. OJHAKO
HE0OXOZMMO OTMETHTbh, YTO B CIIydae TpexBepIIMHHOW AD
Mogenu IloTtca Ha TpEyroiabHOM peLIeTKE NpHU  ydeTe
B3aMMOJIEHCTBHUS TOJIBKO MEXTY OJNVPKaHIIMMHU COCEISIMU B
OCHOBHOM COCTOSIHUHM (pyCTpamuy, OOYCIOBICHHBIE T€0-
METpHEN peleTKy B cirydae Mojiend V3uHra, OTCyTCTBYIOT U
MarHWTHasi CHCT€Ma YIOpSAAOYeHa IpH KOHEYHOH TeM-
nepatype. [Ipu ydere BTOPBHIX ONMMKAUIIMX COCENIEH KOHKY-
peHImsT OOMEHHBIX B3aWMOJICHCTBHH MOXET HPHBECTH K
(pycTparysam, T.e. TAKOMY IIPOCTPAHCTBEHHOMY PacIIoNoXe-
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HUIO MAarHUTHBIX MOMCHTOB aTOMOB B KPHCTAJUIC, IPH
KOTOPOM HEBO3MOXHO OJHOBPEMEHHOE YHNOPSJOYEHHE BCEX
B3aMMOJIEHCTBYIOIINX CIIMHOB (CM. pHC. 1).

BrusiHue ¢pycTpanuii, BO3HHKAIOMINX IPH KOHKYPH-
PYIOIIMX B3aUMOMAEHCTBHAX, Ha (ha30BbIE MEPEXOABI M OCO-
OCHHOCTH TEPMOJIMHAMUYECKMX W MArHUTHBIX CBOICTB
HHM3KOPa3MEPHBIX CHCTEM HMCCIIEN0BaHO B padote [9].

Ha ocnoBe TOuHBIX pemreHnii it moxenu Wsmara (c
YYETOM B3aMMOJICHCTBUI TONBKO MEKIY ONDKAWIIAMHU
cocensMH) Ha kBaapatHO# pemerke [10], Ha TpeyrompHON U
rekcaroHaneHOM [11] m Ha pemerke karome [12] wmccie-
JIOBaHEI SIBJICHUSI BO3HHKHOBCHHS W HMCYE3HOBEHHS (pycCT-
pauuii B 3aBUCMMOCTH OT 3HAaKOB U BEJIWYUH OTHOIICHUH
B3aMMO/ICHCTBUIA MO Pa3INYHBIM HAIPaBICHUSIM B PEIICTKE.
Ja 2D TtpexBepmuHHON Mozaenu [loTTca He MONMyYeHO HU
OJTHOTO TOYHOTO DEIIeHHMs, BCIECICTBUE YEro IS UCCIEHO0-
BaHMS TEPMOJUHAMIYCCKIAX U MATHUTHBIX CBOWCTB, a TaKXkKe
(ha30BBIX TIEPEXO/IOB B 3TOH MOJENH HCIIONB3YIOTCS CaMble
pa3sHoOOpa3Hble TPHOMDKCHHBIE W YHCICHHBIC METOJBI:
KIacTepHsIil MeTo [13], Hu3koTeMITepaTypHEIC Pa3ioKECHIS
[14], nccnenoBanme Hynewt cratcymmbl [15], pasHeie pe-
HOPM-TPYIIOBBIe Moaxoas! [16,17], MHOrOYHCICHHBIC Ba-
pHaHTBI MojeIMpoBanus MetoaoM Monte-Kapio [18-20], B
KOTOPBIX ONPENeNseTcs] KIacC YHHBEPCATLHOCTH, PO Iiepe-
X0J/la, pacyeT KPUTHYECKUX HHIIEKCOB, OINpeAesieHue (azo-
BBIX JIUArpaMM, HaXOXKJICHUC MYJIbTUKPUTHICCKUX TOYCK U
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Puc. 1. MarHuTHBIE CTPYKTYpPBI B TPEXBEPIIMHHON aHTH(QeppomarHuTHON Monenu [loTTca ¢ BenuunHamu B3aumoneicteuii J; < 0 u

Jo < 0 Ha TpeyroubHOM pemerke. McxoaHas ¢asza coorBercTByeT mapamerpy I = Jo/J; B auanaszone 0 < r < 0,2 (a); npoMexyToYHast
¢aza— 0,2 <r < 1,0 (0); xoneunas ¢asza — B auamnazoune 1,0 <r < 2,0 ().

JlaXe yTOYHEHHE TOYeK (ha30BBIX NEPEXOJOB JO IIECTOrO
3Haka [20].

3a mocnegHNe TPUALATH JIET MUCCIICIOBAHUIO CITMHOBBIX
CHCTEM, OITMCHIBAEMBIX (DeppOMAarHUTHBIMH W aHTHU(EPPO-
MarHUTHbBIMU MozenisiMu [loTTca Ha TpeyroJbHOU perieTke
C B3aUMOJICHICTBHEM MEXIYy OMMKaHIIUMH cOceasIMH, OBIIO
MOCBSIIEHO 3HAYWTEIbHOE dYHCiao pador [17,18-22], B
KOTOPBIX OBUIM TOJYYeHBl OTBETHl Ha MHOTHE BOIPOCHIL.
YdeT B3auMOACHCTBUS BTOPBIX OMDKANIIIX COCEACH MOKET
NPUBECTH K BO3HMKHOBEHHIO (PYCTpalMi, YTO CyIIEeCT-
BCHHO YCJIOXKHSCT peuleHre 3Tod Mojenu. s CHMHOBBIX
CHCTeM, B KOTOPBIX BO3HHMKAIOT (PPYCTpaIi, OCHOBHBIMHU
SBIISTFOTCS CIIEYIOIINE BOIPOCHI: Kakhe YCJIOBHS HE00Xo-
UMbl Ul CYIIECTBOBaHUS (pycTpaluii M B KaKHX
pemieTkax OHHM MOTYT cymiecTBoBaTh? KakoBBI camble
00II1Ie Ka4eCTBEHHBIE U KOJIMYeCTBEHHbIE KpuTepun? Kakoe
OCHOBHOE€ COCTOSIHHE CIHMHOBOH cucteMbl? Kpome Toro,
clielyeT UMETh B BUJY, YTO IIPH MCCIICIOBAHUHN CITMHOBBIX
CHCTEM, B KOTOPBIX BO3MOXHBI (ppycTpaluy, O4eHb BaXKHO,
YTO B CHCTEME MOJKET CYIIECTBOBATh OTPOMHOE KOJIIYECTBO
COCTOSIHMH ¢ HHU3KOH 3Hepruei, O1M3Koil K 3HEpruu OCHOB-
HOTO COCTOSHHMSL. OTH COCTOSIHHSI Oylarofapsi HEHYJIeBOU
OHTPONHMU S MOTYT BHOCHTh KOHEYHBI BKJIAJ B TEPMO-
JMHAMUKY Jlake B Tpeiene Hu3kux Ttemieparyp [23].
Crnenyer OTMETHTh, YTO B PE3yJIbTaTe MHOTOYHCICHHBIX
UCCcIeOBaHuN aHTH(EppOMAarHUTHEIX Mozenel [lorrca Ha
Pa3HOOOPa3HBIX pEIIeTKaX OOHApYXMiach 3amMedarciibHas
0co0eHHOCTh. TpeyronpHas pereTka oka3anach ¢IMHCTBEH-
HOIf, B KOTOpoii Habmromaercs (a3oBbIii mepexoa IMpH
aHTH()EepPOMArHUTHOM B3aMMOJCHCTBUM MEXTy OJMKaii-
IIAMH COCEIAMM.

Hamu B paborax [24,25] Ha ocHoBe MeToma MoHTe-
Kapno (MK) uccnenoBamack TpexBeplInHHas aHTH(EPPO-
MarHuTHasg Monens [loTTca Ha TpPEYrONBHOW pEmeTKe ¢
YYETOM TIEPBBIX M BTOPBIX ONIKaWIMX coceled B aua-
naszone 3naueHuit r = 0-1, r = Jo/J1. Beuio 0GHApYKEHO, YTO

B O9TOH MOJAENM B WHTCPBAIC W3MCHCHHN BEIUYHUHBI
0 <r <0,2 vabmogaercs ®II nepBoro pona, B TO BpeMs Kak
B uHTepBaJie n3meHenni 0,2 < r < 1,0 B cucreme BO3HUKAIOT
¢pyctparm 1 Her PII. B atux paborax moapoOHO He
paccMaTpuBaics BOTPOC 00 OCHOBHOM COCTOSIHUM Mar-
HUTHOW CTPYKTYpBI, OMNKCHIBAEMOW TPEXBEPLUIMHHON MO-
nempio IloTTca Ha TpeyronmpHOW pemetke. He Obumn
MOJYYCHBI 3aBUCUMOCTH SHEPTUM OCHOBHOTO COCTOSIHUS
CHCTEMBI OT BeMIHHBI I' uist ciaydaeB J; <0, Jp <0 wu Jg >0,
J2 < 0. OmnpeneneHre OCHOBHOTO COCTOSHHSI MarHWTHOM
CTPYKTYpBI, OIKCHIBACMOW TPEXBEPUIMHHON  MOJENBIO
[lorTca, B 3aBUCHMOCTH OT BEIMYMH M 3HAKOB OOMEHHBIX
WHTETPaJIOB J1 U J2 ABJISAETCSI TJIABHOM IENIBIO 3TOW pabOTHI.

Mogaeas IloTTca u MeTOa MCCJIeIOBAHMS

AHTH(heppoMarauTHas TpexBepiuHHasg ( = 3) Moaeh
[lorTca Ha TPEYroONBHON pEHIETKE C YYEeTOM B3aUMO-
JICHCTBUS BTOPBIX ONIDKANIINX COCENCH OMUCHIBACTCS Cle-
JIYIOIIUM FaMUJIbTOHHAHOM [5]:

H=-J;) cos6; j —J; > ,cos6; , (1)
ij ik

rae J; u Jp — mapameTpsl OOMCHHBIX B3aMMOJICHCTBUI IS
OmmKaHIMX ¥ BTOPBIX Ommkaiummx cocened, 0;;, 0;; —
YIJIBI MEKIY B3aMMOJEHCTBYIOIIMMH CMHAMH Sj — Sj U
Sj — Sk, mpuuem 0;; npuHUMaloT Tpu 3Hadenus 0°, 120° u
240°. Monens [ToTTca ¢ ramunmbToHHaHOM BHJA (1) Takke
XOPOIIIO OMNHUCHIBAaeT (hU3MUECKUE CBOWCTBA MHOTMX HEYIIO-
PAIOYECHHBIX CTPYKTYP (cM. [26,27]).

Jns  BBIMONHEHUS  YCJIOBUM  3PrOJUYHOCTH  TIPH
KOMITBIOTEPHOM ~ MOJCIMPOBAHMUA HAMHU  HCIOIB30BaJICS
KiacTepHelii anroput™m Bombga [28] B coueranun ¢ xiac-
CHYCCKAM aITOPUTMOM MeTpononuca MeToiaoM MoHTe-
Kapo [29]. HayaneHble KOHQUIypaly 3a1aBajich TaKUM
o0pazom, 4TOOBI BCE CIMHBI HAaXOAWIMCh B PasHBIX CO-
crosHusX. J{J1s BBIBOJIA CHCTEMBI B PABHOBECHOE COCTOSIHUE
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OTCEKANIC HEPABHOBECHBIM y4acTOK JUIMHOM Tp VIS
CHCTEMBI C JINHEHHBIMU pa3MepaMu L. DTOT HepaBHOBECHBIH
Y4acTOK OTOpachIBAM. 3aTeM YCPETHEHHE MPOBOIMIN IO
y4acTKy MapKOBCKOH menu auuHoM T = 200ty . [na camoit
Gompmioit cucremer L = 120, 15 = 2.10’ MK maros/crum.
Kpome TOro, I MOBBIIICHHS TOYHOCTH PACUETOB yCpe-
Had 1m0 10 pasauYHBIM HaYadbHBIM KOH(PHUTYPAIHIM.
3areM 5TH JaHHBIC HMCIIOJIB30BAIUCH IS pacuera Cpel-
HUX 3HAYCHUH TCPMOAMHAMUYCCKUX MTAPaMETPOB.

Pe3y.m,TaT1,1 KOMIIBIOTEPHOI'0 MOACJITHPOBAHUS

Jlnst HaGJrOZIeHNsT 32 TEMITEPATyPHBIM XOJOM 3HEPTHH
E ucrone3oBanu cienyroiee Beipakenue [30]:

E=%[<H>]. )

rie N = Lp — duncno y3noB pemerkd ¢ JIMHEHHBIM
pasmepom L.

Ha puc. 2 npuBeneHbl TeMIEpaTypHbIE 3aBUCHMOCTH
SHEpPruu JUisl TpexBepimmHHOW Monenu I[lorrca ¢ Benw-
yrHaMH B3ammogeicTeuii J1 < 0, Jo < 0, a Ha puc. 3 s
crydas J; > 0, Jo < 0. 3aBUCHMOCTD DHEPIHU OCHOBHOTO
COCTOSIHUSI OT BEJIMYMHEI I Tl PACCMOTPEHHON MOJIETH TIPH
J1 <0, J2 < 0 npencrasnena Ha puc. 4 U Obula BIEpBbIC
nonyyeHa B pabore [24]. B oroii pabore He paccmar-
pHBAITHCh TEMIIEPATYPHBIC 3aBUCUMOCTHU YHepruu. bpuiu no-
Ka3aHbl SHepruH TpexX (a3, kak (YyHKIMH MapameTpa I: uc-
XOJHOH C TPEBATMPOBAHUEM OJIIKAUIIETO B3aUMOICHCTBUS
J1E4(r) = 3J1(0,5 - 1) (a), npomexyTounoit Eg(r) = (1 +
+1)3J1/4 (0) ¥ KOHEYHOH C MpPEBaTUPOBAHHEM BTOPOTO
B3aumoneiicteus JoE(r) = 3rJ1/2 (8). Kpome Toro, Ha puc. 4
BUJIHO, YTO CYLIECTBYIOT JBe ocoOble Touku, I = 0,2 u
r=1,0, B KOTOpHIX IpPOMUCXOAMUT CMeHa CTpykTyp. Ha
OCHOBE AaHalW3a YHCICHHBIX JIAHHBIX, MOJYYCHHBIX B
pabotax [24,31], MOXHO BBIAEIUTE CAEAYIOLIME AUANIa30HbI
CyIIeCcTBOBaHuUs (a3 B OCHOBHOM cocrosiaum: 0 < r < 0,2 —

| ! | |
0 2 4
kT

Puc. 2. (Onnaiin B uBetre) TemneparypHas 3aBUCUMOCTb 3HEPTUU
IBYMepHOH aHTH(eppoMmarautHoii Mozemn IloTrrca ¢ Bennum-
Hamu B3aumojeicTBuii J1 < 0 u Jp < 0.

1466

E
-1,0

kT

Puc. 3. (Onnaiin B uBere) TemmepaTypHasi 3aBHCHMOCTb SHEPTUH
nByMepHoOW aHTHdeppomarHutHOi Mmonenu IlorTca ¢ Benu-
YiHAMH B3auMoeicTeuii J; > 0 u Jy < 0.

st ucxoaHoit (a); 0,2 < r < 1,0 — nmpomexytouHoit (6) u
1,0 <r < 2,0 — xoneunoii (B) (puc. 1).

B ciygae cuibHOTO (MpEeBATMPYIONIETO) B3aUMOACHCTBUS
MeXIy OmmkaimmmMu coceassMu Ji (r << 1) B OCHOBHOM
COCTOSIHMM peaniyeTcst (a3a, B KOTOPOH Yroi MexIy
JMFOOBIMH JIByMSI OJIVDKAWIIMMK COCEISIMH HE JIOJDKCH OBITH
paBHBM (°, TaK KaK 3TO SHEPreTHICCKH HEBBITOJHO. TO ecTh
mobasi mapa OMmmKailinX CHMHOB HE JIOJDKHA OBITH Mapai-
JeJbHa. DHEprus, MPUXOJIIAscs HA OJWH Y3¢l, paBHA B
srom ciydae 3J1/2 — 3Jp = 3J1(0,5 r). MaruutHas
CTPYKTYpa, COOTBETCTBYIOIIAS 3TUM TPEOOBaHMSIM, H300pa-
skeHa Ha puc. 1(a). YepHsIil Kpy>KOK O3Ha4YaeT OJHO U3 Tpex
Hanpasneand nox yriom 0°, 120° mwm 240° oTHOCHTENTEHO
MPOU3BOJBHO BBHIOPAaHHOTO HampabieHUs. Cepblil KpPyKOK
O3HauaeT JI00Oe M3 ITUX TPEX HAMpPABICHUH, HO HECOBIIA-
Jaroriee ¢ YepHsIM. Hanpapienue 6e1oro Kpy»Kka He TOJDKHO
COBIAIaTh HU C YEPHBIM, HH C CEepbiM. [3-3a mepecTaHOBOK

0 03 06 09 12 15 1,87
TThs T T T T T T T T T T
E|[X 0’3'] r=10
B NS —=— metonr MonTe-Kapio
QL
ok
3k

Puc. 4. (Onnaiin B uBere) DHepruu $a3 s AByMEPHOH MOAEIH
Tlorrca ¢ BenmmuuHamm B3ammoxeiictBuid J; < 0 m Jy < 0 kak
¢byHkuus mapamerpa I: ucxoxHas (Gasa — KpacHas TouedHas
muanst (1); mpomexyrouHas ¢asza — mTpuxoBas JMHES (2);
KoHeuHas (paza — Todydas IUTPUXIYHKTUpHAs JuHHA (3).
OHeprust OCHOBHOTO COCTOSTHUSI — CIUTOIIHAS JIMHUS (4) (maHHbBIE
YUCIICHHOT'O METO/1a).
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Puc. 5. (Onmaiin B nBere) DHepruu (a3 mist AByMEpHOH Mojenn
ITorrca ¢ BenwumHamu B3aumouekcTBuii J1 > 0 u Jp, < 0 kak
¢yHKIMS TapaMetpa I1 HcxXoxHas (asa — UepHas TOYeYHAs
nunust (1); mpomexyrounas ¢aza — KpacHas IITPUXOBas JIH-
HUSA (2); KoHeuHas (a3sa — 3eJieHast ITPUXIyHKTUpHAs JHHUA (3).
OHeprusi OCHOBHOTO COCTOSHMS — 4YepHas CIUIOUIHAs JuHUA (4)
(TaHHBIE YHCIICHHOTO METO/IA).

YEPHBIX, CEPhIX M OENbIX KPY)KKOB MarHWUTHasi CTPYKTYypa
peayu3yeTcst B IECTH U303HEPIeTHIECKUX KOHPUTYPAIIHSIX.

B MpOTHBOIOJIOKHOM cllydae MpH IPEBAIUPYIOLIEM
B3aMMOJICHCTBUM MEXIy BTOPBIMU cocensmu Jo(r >> 1) B
OCHOBHOM COCTOSHUM JIOJDKHA PEajM30BHIBATHCA (a3a, B
KOTOPOH yroi MEeKAY JTFOOBIMH IBYMsI BTOPBIMH COCEIIMU
HE JOIKEeH ObITh paBHBIM (0°, a mmoOas mapa BTOPBIX
CIIHOB HE JIOJDKHA OBITH MapajuleiibHa. DHEPTHs, MPHUXO-
JAIascs Ha OAMH y3€l, B 3TOM Cliydae paBHa 3Jo/2 =
=3rJ1/2, a COOTBETCTBYIOIIAsI CTPYKTypa HM300pakeHa Ha
puc. 1(B). Ota CTpyKTypa peann3yercsi TakK)ke B KOHEUHOM
gucie KoHpUrypanui, a iMeHHo: B 216 = (67) u3odHEepre-
TUYECKUAX KOH(PUTYPAITHSIX.

(2)

B mpomexyTodyHOM ciay4ae KOHKYPEHIHS MEXIY
B3aUMOJICHCTBHAAMU J1 U J2 TMOPOKIACT MHOTOUMCIICHHBIC
paszHooOpa3uble (a3pl. Hamu BBEIIEIEHO MOIMHOXECTBO
JHEPreTUYCCKA HAWMHM3IIUX CTPYKTYpP, OJHA U3 KOTOPBIX
n3o0paxeHa Ha puc. 1(0). JIro0oi KOHHUrypamuu 3TOTo
0ECKOHEYHOTO TIOJIMHOXKECTBA COOTBETCTBYET DHEPTHS
3J1/4 + 332/4 = (1 +r)3J1/4.

3aBHCHMOCTB SHEPTUH OT TEMIEPaTypsl U 3aBHCUMOCTh
OCHOBHOTO COCTOSIHHS pPacCMaTpHUBAEMON MOJIETH Ui
crydas J1 > 0 u Jo < 0 or BenuumHbl I (cM. puc. 3 u 5)
MOJTy4YeHHI BriepBbie. Kak BUIHO Ha pUC. 5 CMEHA CTPYKTYPHI
npoucxomut B Toukax I = 0,5 u r = 1,0. B ciyuae cunpHOTO
(peBaNnupyIOIIETro) B3aUMOJCHCTBHS MEXTY ONMMDKANITIMU
cocensiMu J1(r << 1) B OCHOBHOM COCTOSIHUH PEaIM3yeTCs
(aza, B KOTOpPOH yroil MEXAy JIOOBIMH ABYMs ONvOKaii-
UMK COCEASIMH JOJDKCH OBITh paBHBIM (°, Tak Kak 3TO
SHEPreTUYeCKd BBITOAHO. TakuMm oOpa3oMm, Jobas mapa
OmKaNIINX CIMHOB JOJDKHA OBITH MapaulesbHOW. DHep-
THs, TPUXOJSIIIascs Ha OIUH Y3¢l, paBHA B 3TOM Clly4ae
E,r) = (-3 + 3r)J;. MarnurHasi CTpyKTypa, COOTBET-
CTBYIOIIAsl 9TUM TpeOOBaHMAM, M300pakeHa Ha pHC. 6(a).
BoTrom ciywae paccmarpuBaeMasi cucteMa Oyner Tpe-
ObIBaTh B (hEPPOMArHUTHOM COCTOSTHUH.

B mpoTHBOMONOXKHOM ciydae TIPH IMPEBATHPYIOIIEM
B3aMMOJICHCTBUN MEXIy BTOPBIMH cocemsimu Jp (I >> 1) B
OCHOBHOM COCTOSIHUH JIOJDKHA PEajlM30BBIBAThCSA (paza, B
KOTOPOW yroJ MEXIY JIOOBIMH IByMs BTOPBIMU COCCISIMH
HE JIOJDKEH OBITh paBHBIM (°, a JIr00ast mapa BTOPHIX CIIMHOB
HE JIOJDKHA OBITh MapajvielbHa. DHEPTHs, IPUXOAIIAsCT Ha
OINMH y3el, B 3TOM ciydae paBHa Ef(r) = 3J1r/2, a
COOTBETCTBYIOIAS CTPYKTypa H300pakeHa Ha puc. 6(0).

B npomMexyToyHOM ciydae KOHKYPEHIHMS MEXIy
B3aMMOJIEHCTBHAMU J1 B J2 TIOPOXKIAET MHOTOYHCIICHHBIE
pasHooOpa3uele (a3zsl. HamMu BBIZENEHO MOAMHOMKECTBO
SHEPreTHYCCKH HAWHM3IINX CTPYKTYpP, OJHA W3 KOTOPBIX

©) (8)

Puc. 6. MaruuTHBIE CTPYKTYpPBI B TPEXBEPIINHHON aHTH(eppoMarHnTHOH Monenu [TorTca ¢ BemmanHamu B3anmoeicTsuit J1 > 01 Jp <0

Ha TpeyroJbHOM pemierke. Micxoanas asa cooTBeTcTBYeT napamerpy I = Jo/J1 B auamnasone 0 < Irl< 0,5 (a); koneuHas ¢aza — [r| > 1,0

(6); mpomexxyrounas ¢aza — 0,5 < Irl<1,0 (B).
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n3o0paxkeHa Ha puc. 6(B). JoOol koHHUTrypamuu 3TOro
OECKOHEYHOTr0 IOAMHOMKECTBA COOTBETCTBYET OJHEPrHs
Ef(r) = =3J/2r. Dot ciy4aii TpeOyeT THIATENbHBIX HCCIe-
JOBaHUH C NpHUBJICYEHHEM TIpaduueckoro pexuma s
BBISICHCHUSI OCHOBHOT'O COCTOSIHHSI BO3MOJKHBIX KOH(UTY-
parmii, 9TO CTaHEeT LENBIO0 PYTOH PabOTHI.

3akJouenue

B nacrosimieit pabote Ha OCHOBE KOMITBIOTEPHOTO MOjie-
JUPOBAHUS MPOBEJCH SHEPTCTHYCCKUI aHAIN3 OCHOBHOTO
COCTOSIHHS CITHHOBBIX CHCTEM, OIHCHIBAEMBIX TPEXBEPIIUH-
HOW Mozenbio [loTTca ¢ ydeToM MepBBIX W BTOPHIX OiH-
JKarmmx cocenet mist ciaydae J1 < 0,J2<0uJ;>0,J2<0.
Pe3ynpraThl 3HEPreTHYECKOTO aHANN3a AAHHBIX CBHICTEIh-
CTBYIOT O CJI/TyIOIIECM.

1. IIpn J1 < 0 u J2 < 0 mpeBanMpoBaHHE OOMEHHOT'O
mapaMeTpa MEXIy ONKaiIIMMU COCesIMH Hal Tapa-
METPOM MEXAy BTOPHIMH COCCIIMH B HHTEpBAllC U3ME-
Hennit Bemmuubel 0 < r < 0,2, a Takke MPEBAIMPOBAHKE
O00OMEHHOTO TapaMeTpa MEXIy BTOPBIMH COCEISIMH HaJ
MapaMeTpoM MEXIy ONKAHIINMU COCeNsIMH B MHTEpPBAJC
m3menennii Bemmuuubl 1,0 < r £ 2,0 He OPUBOAMT K
BBIPOXKJICHUIO OCHOBHOTO COCTOSTHHSI CHCTEMBL. B paccMmart-
pUBacMbBIX WHTEPBAJAX M3MEHCHUS I' B CHCTEME BO3HUKAIOT
@I1. KonkypeHIusi 0OMEHHBIX MapaMeTpoB NMEPBBIX M BTO-
pBIX OMmDKaMmuMX coceiell B MHTEpBaie W3MCHCHUH mapa-
metpa I, 0,2 < r <1, IpUBOAUT K BBIPOKICHHIO OCHOBHOI'O
cocrosinusi cuctemsl U DI oTcyTcTBYET.

B cmyuae, xorma J; > 0 u Jp < 0 mpeBanmupoBaHHe
00OMEHHOTO TIapamMeTpa MEXKAY OVKaHIIIMMU COCEISIMHA HaT
MapamMeTpoOM MEXIy BTOPBIMH COCEIIMH B HWHTCPBAJIC
n3meHenni BenmmurHbl 0 < 1 < 0,5, a Taxke NpeBaTMpOBaHUE
O0OMEHHOTO TapaMeTpa MEXIY BTOPBIMH COCEISMH HaJ
MapamMeTpoM MEXIy OMKalIIUMU COCEASMHU B UHTCPBAJIC
m3MeHeHnid Bemmuubel 1,0 < r < 2,0 He IPUBOAUT K BBI-
POXXICHHIO OCHOBHOTO COCTOSIHMSI CHCTeMBI. B paccmar-
puBaeMbIX MHTepBaiax Takke Bo3HMKaT DII. Konkypen-
11 OOMEHHBIX ITAPAMETPOB MEPBBIX M BTOPBIX OMIKANIINX
cocelieil B MHTepBalic U3MEHeHui mapamerpa I, 0,5 <r <1
MIPUBOJIUT K BBIPOXKIACHHIO OCHOBHOTO COCTOSIHHISI CHCTEMBI.

Pa6ora moxnepxana rpantom PODU Nel6-02-00214.
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EHepreTMyHui aHania OCHOBHOMO CTaHy
TpbOXBepLUMHHOT Mmoaeni NoTTca

A.B. babaes, A.K. MypTtasaes, ®.A. Kaccan-Ornm

[TpoBeneHO eHepreTHYHHWi aHaji3 OCHOBHOIO CTaHY TPbOX-
BepuIMHHOI Mozieni [loTTca Ha TPUKYTHIM rparii 3 ypaxyBaHHSIM
MepIINX Ta APYruX HaHOMDKIMX CyCiNiB 3 BEIMYMHAMY B3a€MOJIIi
J; Ta Jp. Ha OCHOBI 4MCEIIBHOTO €KCIICPHMEHTY BHUSIBJICHO Jiara-
30HU ICHYBaHHS BIIOPSIAKOBAHUX Ta HEBPETyJIbOBaHUX (a3 y cIii-
HOBHX CTPYKTypaX, sKi ONHCAHO II€I0 MOJEIUIIO 3 BEIMYMHAMH
B3aemomii J1 < 0,Jp<0T1aJ; >0,J,<0.

KurouoBi cnoBa: 6e3nan, ¢ppycrpauii, Mmogens [ToTrca, ocHOBHUI
CTaH.
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3Hepzemuttec1<ud aramu3 OCHO6HO20 COCMOAHUA mpexeepmuHHOﬁ mooenu Ilommca

Energy analysis of the ground state of the
three-vertex Potts model

A.B. Babaev, A.K. Murtazaev, and F.A. Kassan-Ogly
An energy analysis of the ground state of the three-state Potts

model on a triangular lattice is carried out, taking into account the
first and second nearest neighbors with interaction values J; and

Jo. Based on the numerical experiment, the ranges of existence of
ordered and disordered phases in the spin structures described by
this model with interaction values J; <0,J,<0and J; >0,J,<0
are revealed.

Keywords: disorder, frustrations, Potts models, the ground state.
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