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06m;a.H xapaKTepHCTHKa pa60TbI 

AKTYaJibHOCTb TeMbI. IloHHTHe cmma 6bmo BBe,n;eHo B aTOMHYIO 

cpH3HKY y JieH6eKOM H fay,n;cMHTOM B 1925 ro.n;y ,n;mI o6'h.HCHeHlrn ,n;aHHbIX 
IIO 9HepreTH'!eCKHM ypoBH.HM aTOMOB rn;eJIO'lllbIX MeTaJIJIOB [1]. 

B HacTo.Hrn;ee BpeM.H crrn:HoB:oie xapaKTepHCTHKH HBJI.HIOTC.H MOIII,HbIM H 

H3.HIII,HblM HHCTpyMeHTOM, HI'parorn;HM KJIIO'ieByIO poJib KaK B cpH3HKe Bbl­

COKHX 9Heprmi, TaK H B cTaTHCTH'!ecKoif Mexamm:e. Cmm .HBJIHeTC.H o,n;­
HHM H3 OCHOBHblX CBOifCTB aJieMeHTapHbIX '!aCTHD;, TaK KaK OH orrpe,n;eJIHeT 

rrose.n;emre COOTBeTCTBYIOrrzyIX BOJIHOBbIX ¢YHKI.I,Hit IIpH rrpoc-rpaHCTBeHHO­
BpeMeHHbIX rrpeo6pa3oBaHIDIX. 

9KcrrepHMeHTbI c IIOJI.HpH30BaHHbIMH nyqKaMH HJIH acl>cl>eKTbI, CBH3a.H­

Hble co CilHHOM "laCTHIJ; B KOHe'!HbIM COCTO»HHH, "!aCTO o6ecne•urnaIOT HaH-

6oJiee rey6oKOe rrpOHHKHOBeHHe B CBOitCTBa 9JieMeHTapHbIX qacnru; H FIX 

B3aHMo.n;e:ifcTBmi. Hanpn:Mep, HaH6oJiee TO'lHbie 3Ha"!el:IIDI yrJia BattH6epra, 

sin Ow, 6:omH rroJiy"IeHbI B aKcnepmvreHTe SLD B SLAC-e Ha ocHoBe H3Me­

pel:IIDI JieBo-rrpaBOCTOpOHHe:it aCHMMeTpHM B IIOJ1HpH30BaHHOM e+e- pacce­

HHHH [2], a TaIOKe H3 ,n;aHHbIX LEP rro rrpocTpaHcBeHHOtt acMMMeTpHH B 

pacrra,n;ax b KBapKa (cM. [3, 4]. 
l!IHTepecHO OTM8THTb, 'ITO IIOHHTHe cmma B CTaTHCTH'leCKOii MexaHH­

Ke TaK)!(e IIO.HBHJlOCb B 1925 ro.n;y. BrrepBbie CITHHOBaR MO)l.eJib BO BHeIIIHeM 

MaI'HHTHOM rroJJe (B o,n;HoMepHoM CJI)":Iae) 6hma my'leHa H3HHI'OM [5] H c 

Tex rrop HOCHT ero HM.ff. B 1944 0Hcarep (6] BIIepBbie Bbl'IHCJIHJI CB06o,n;HyIO 

aHepr:mo ,11.IDI )J;ByxMepHo:if Mo,n;eJIH ll3ID!I'a. B HacTosi:m;ee Bpe:r.rn 0,11.HHM ID 

Ha:e:6oJiee uony.JrnpHbIX HaupaBJiemrii B CTaTHCTJ<i'leCKOH cPH3HKe .HBJI.HeTC.H 

H3y'IeHHe KpHTM'IeCKHX .HBJieHuii B cnHHOBbIX CHCTeMax. H:o1HeIIIHHH ypo­

BeH:o 3HaJill:if 0 ,11.By- H TpeXMepHbIX paBHOB8CHbIX CIIHHOBbIX CHCTeMax, OT­

HOCHrn;HXCH K mHpoKoMy KJiaccy Mo,n;eJieit H3HHra, faii3eH6epra H rpym::u,1 

cHMMeTp:rrn: O(N), rro,1I.po6Ho o6cy>K,n;aeTcH B ofoope [7J. 
Xopomo H3BeCTHo, 'ITO KBaHTOBMI Teopm1 rroJIH (KTII) H cTaTHCTH'le­

CKaSI MeXa.HHKa (CM) TeCHO CBH3aHHbl ,n;pyr c ,n;pyroM. Bo-rrepBbIX, OHH no­

XO)!(H BHemae: rrpoH3BO,D;.Hrn;Hif cPYHKD;HOHa.JI B eBKJIH)l;OBOif cl>opMyJIHpOB­

Ke KTII HMeeT BH,LI; aHaJIOI'K'IHhiit cTaTHCTH'!ecKoli cyMMe cooTBeTCTByro­

rn;e:H cTaTHCTH'lecKofl: MO,n;e.1m. Cxo,n;cTBo, o,n;Ha.Ko,, cpopMaJibHOe, TaK KaK u B 

KTII, H B CM MbI HMeeM ,n;eJio c 6ecKoHe'!HbIM 'IHCJIOM cTeneHe~ CB060,n;h1 FI 

B ,D;aJibHeitIIIHX Bbl'IHCJieHIDIX Heo6xo,rr;HMO H36aB.JI.HTbC.H OT conyTCTBYIOIIl;HX 

pacX0,11.HMOCTeli. ,LI.ocTaTO'lHOe IIOHHMaHHe CB513H Me*,D;Y CM H KTII ObI­

JIO ,n;ocTHI'HyTo TOJibKo Tor,n;a, Kor.n;a KpHTH'lecKoe noBe,n;eHHe CM-Mo,n;e.ne:H 

6hIJIO nccne.n;oBaHo B TepMHHax peHopM-rpynrroBoro (Pr) rro.n;xo,n;a [8, 9]. 
McrroJib3YH TeopeTHKo-rro.11eBhie MeTO)l;bI, y,n;aJiocb o6h.HCHHTb ymrnepca.m,.. 
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HOCTb ( CKeHJIHHr) B KpHTWieCKOM IIOBe,n;eHHH MHOrHX CTaT--MexaHHqecKHX 

CHCTeM. 

C .n;pyro:A: cTopoHbr, Pr TeopIDI KPHTHqecKHX .HBJieHH:A: .n;aeT B03MO:>K­

HOCTI> orrpe.n;eJIHTb KTil B aenepTYp6aTHBHott o6J:raCTH. B qacTHOCTH, eB­

KJIHp;oBa <}>opMy.TlllpOBKa KaJIHOpOBO"<ffibIX TeopH:A: Ha perneTKe, rrpe,D;JIO)KeH­

Ha.H BmibCOHOM [10, 11), no3BoJrn:eT onpe,n;eJIHTb KBaHTOByro xpoMo,n;HHa­

MHKY (Kx,z::t;) BH€ paMOK Teopmr B03MYllt;eHHit. IloyqeHHa.H TairnM o6pa30M 

¢opMyJmpOBKa KX)J, rrpe.n;cTaBJI.HeT co6o:A: KpHTifieCKHH HH3KOTeMnepaTyp­

HbIH npep;eJI COOTB€TCTBYIOID;e:A: t.JeTbipeXMepHOH Ka.rrn6poBoqHOH peIIIeToq­

HOtt Mop;eJIH (cM. (12, 13, 14]). <I>opMa.TIH3M BHJII>Coaa o6ecneqHJI cym;ecTBeH­

HI>lli nporpecc B H3yqeHHH KX,lJ;, TaK KaK no3BOJIHJI npoBO,ll.HTb HenepTyp6a­

THBHbre Bbl'IHCJieHH:H HCIIOJib3Y.H MeTO,D;bI CTaTHCTHqecKOH ¢H3HKH, B qacT­

HOCTH, MeTop; MoHTe-KapJio CHMYJI.H~ (15]. 
Hacro.Hm;a.H ,ll.HCCepTan;mI IIOCB.Hm;eHa H3Y'I€HHIO HeKOTOpbIX CIIHHOBbIX 

<><P<PeKTOB B KBaHTOBOtt xpOMO)l;HHaMHKe J1[ B peKyppeHTHbIX peIIIeTKax c 

MHoro'laCTH'IHblM B3aIDII0,!1;€i4'.CTBHeM. 

B paMKax Kx,z::t; paccMaTpHBa10Tc.H a3HMYTaJibHbie acMMMeTpim B rJiy6o­

KO HeynpyroM · J:renTopo)Kp;eHHH T.H:lKeJibIX KBapKOB. MccJie,n;oBaHmI no Jien­

ropo2K,n:eHHro T.H2KeJlbIX apoMaToB HrparoT Ba)l{Hyro pOJib B KX,LJ,, nocKOJibKY 

II03BOJIH:IOT He TOJibKO rrpoTecn1poBaTb nepTyp6aTHBHblli C€KTOP TeOpHH, HO 

H "npom;ynaTh 11BHYTpeHHIOIO CTPyKTYPY a,n;poHoB. Oco6oe MecTo B STHX Hc­

CJie.n;oBaHIDIX 3aHHMaeT H3y'Iemre cIIHHoBbIX <><P<PeKTOB. KaK noKa3aHo B 

pa6oTax (16, 17], rrpe,n;CKa3aHH.H OCHOBHoro M€XaHH3Ma ( ¢oTOH-rJIIOOHHOro 

CJIHHHH.H) ,n;JI.H a3HMyTaJibHbIX acHMM€Tpli:A: B ¢oTO- H JI€IITOp0)K,ll;€HHH T.H­

:IB:eJibIX apoMaTOB 3Ha'IHT€.TJbHO cTaOHJibHee (KaK rrapaMeTpM"!eCKH, TaK H 

nepTyp6aTHBHO) COOTB€TCTBYIOID;HX npe.n;cKa3aHHil: )l;JI.H Ce'leHHH po)l(,ll,eHH.H. 

B ,n;aHHo:A: pa6oTe MbI n:ccJ:re.n;yeM BKJia.n; BHyTpeI-IHero -qapMa B a3HMYTaJib­

Hbie pacnpe.n;eJieHH.H oqapoBaHHbIX qaCTHIJ;. IloKa3aHo, 'ITO yqeT BI-IyTpeHHe­

ro '!apMa He HapymaeT rrepTyp6aTHBHOH CTaOMJibHOCTH rrpe,n;cKa3aHHH TeO­

PHR p;JI.H a3HMYTaJibHott acHMMeTpHH. 

,lJ;pyraM npe.n;MeTOM :aanmx HCCJI€,D;OBaHHli .HBlliIIOTCH KPHTHt.JeCKHe .HB­

JieHIDI B crrHHOBbIX pemeTKax c MHoroqacTH'illbIM B3aHMo.n;ei!:cTBHeM. CrrH­

HOBbie M0)1;€Jl~ }fa~rnra M I'efi3eH6epra (KaK C napHbIMH, TaK H C ~lHOI'Qqa­
CTH'!HblMH B3aHMO,D;elicTBH.HMH) nmpoKO HCIIOJ!b3YIOTCH ,D;JI:H H3yqe:amr Ml'IO­

rHX CTaT-¢l13H'IeCKHX CHCTeM, TaKHX KaK TBepp;brtt 3He, OHHapHbie CIIJiaBbI, 

aHH30TpOITHb:re MarHeTHKH (CeBi, EuSe) H ,n;p. OcHOBHbIM HHCTpyMeHTOM 

Ramero rro'AJ{o,n;a K pemeHHIO 3a,n;aq B TaKHX Mo,n;emrx :HBJI.HeTC.H MeTo.n; pe­

KypCBBHbIX (HepapXH'IecKHX) pemeTOK. IlpeHMym;ecTBO peKypCHBHbIX pe­

meTOK 3aKJIIO'laeTC.H B TOM, qTo OHM II03BOJI:HIOT IIOJJY"lliTb TO'IHbie pe­

KyppeHTHbie oTo6pa:lKeHH.H )J.JI.H cTaTHCTH'!ecKott cyMMbI. Xopomo H3BeCTHo, 
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'ITO MO,D;eJIH c MHOro'iaCTH'iHbIMH B3aHMO)J.eil:CTBH:HMU o6Jia,n;aIOT C.TI02KHbl­

MH <}>a30BbIMH ,n;HarpaMMaMH H Heo6bI'iHbIMH CBOHCTBaMH. ,LVrs:r H3yqemrn 

¢a30BbIX rrepexo,n;oB B ¢eppoMarHHTHO:tt MO)l;eJIH lfaHHra, B 1952 ro.n;y J1H 

H 5Ittr [18, 19] rrpeAJIO>KHJIH MeTO)J. CBH3aHHbili c Bbf'IHCJie:HHeM eyne:it CTa­

THCTH"I€CKOi!: CyMMbI B o6JiaCTH KOMIIJI€KCHbIX 3HaqeffH:A: MarHHTHoro IlOJI.H. 

OHM p;oKa3aJIM, 'ITO HYJIH cTaTHCTH'IecKoil: cyMbI pacnpe,rr.eJieHhI no e,rr.Hmi:q­

Holi 0Kpy2KHOCTH c n;eHTpOM B HyJie Ha KOMIIJieKCHOH IIJIOCKOCTH MarHl'IT­

Horo noJI.H. BrrocJie,n;cTBHH, <>TOT MeTo,n; 6bm o6o6m;eH H HarueJI mHpoKoe 

npHMeHeHHe B pa3.TIH'IHI>IX o6J:racT:HX ¢H3HKM. Mbr BbiqHCJI:HeM HyJIH 5IHra­

J1H: B MO)J.eJIH IloTTca c TpeX'laCTWIBbIM B3aHMo,n;e:ttCTBHeM onpe,n;eJieHHOH 

Ha peKypCHBHOii JieCTHH"lHOtt ( 3Hr3ar) peIIIeTKe. IloKa3aHO cym;ecTBOBaHHe 

KBa3M-¢a30BbIX nepeXO,ll;OB ( THIIa cmrpaJib-KJiy6oK) B o6JiaCTH 3Ha'!eHHii na­

paMeTpOB HMeIOID;HX npmrna,n;ttoe ( 6Ho¢H3H'iecKoe) 3HaqeHHe. 

Oco6y10 poJib B TeopHH ¢a3oBbIX nepexo,n;oB H KpHTH"!ecKHX .HBJieHHli 

HrpaeT Ky6H':IecKaa (HJIH O(N)) cHMMeTpH.H [20). Ha'!HHaH c 70-x rop;oB 

MO,D;eJIH c Ky6HqecKoii CHMMeTpHett nrn:pOKO rrpHMeH:HIOTC.H .n;mr o6'b.HCHe­

HIDI npHpO,ZJ;bI ¢a30BblX rrepexo,n;oB B pa3JIH"!HbIX MHHepanax. IlHTepec K 

MO)l;eJI:HM c Ky6H':IeCKOH CHMMeTpHe:tt CB.H3aH c TeM, 'ITO, .HBJI.H:HCb KJiaCCH­

':IeCKHM IIpH6JIH:>K€HHeM KBaHTOBOfi MO,D;eJIH ra:A:3eH6epra, OHM II03BOJI:HIOT 

IIOJIY'lHTb TO'illble pemeHH.H )J.JI.H HeKOTOpbIX THIIOB pemeTOK. B HacTo:Hm;ett 

pa6oTe IDyqaeTCH O(N)-cHMMeTpH"!Has MO)J.€JII> Ha pemeTKe BeTe c yqeTOM 

,n;HIIOJibHbIX H KBa.n;pyrrOJibHbIX napHbIX B3aHMO)J.€HCTBHH. IloKa3aHO cy:ru;e­

CTBOBaHHe Tpex Pa3JIH"!HbIX ¢a3 H CJIO>KHOil: CHCTeMbl ¢a30BblX nepexo,n;oB 

( o6omc THIIOB)' 3aBJrC.Hm;eli OT pa3M€pHOCTH paccMaTpHBaeMoro rHIIepKy6a, 

N. 
B HacTO.Hm;eli pa6oTe H3yqaIOTc.H TaK2Ke MarHHTHbie csolicTBa TBep,n;oro 

3He IIpH 6JIH3KHX K HYJIIO TeMnepaTypax B pemeTO'IHbIX MO)J;eJI.HX c y'leTOM 

MHoroqacTH"!HbIX 061\-IeHHbIX B3aMMO,n;elicTBHH. MccJie,n;oBaHMe ¢H3MqecKHX 

CBO:lkTB TBep,n;oro re.mm 3He HI'paeT Ba)KHYIO pOJib B IDyqeHHH CIIHHOBbIX 

cHcTeM. CJioi!: 3He, HatteceHHbiii Ha rpa¢HTosy10 nosepxHoCTb, .HBJI.HeTC:H 

xopOIIIHM npHMepoM )J.ByMepHOH KBaHTOBOii CIIHHOBOi!: CHCT€Mbl [21, 22]. 
IlepBbiii aTOMHbiii CJIOH o6pa3yeT TpeyrOJibH)'IO CHCTeMy co CIIHHOM 1/2, B 

CJI€,ll;YIO:ru;HX CJIO:HX O)J.Ha H3 CB.a3eH HC'i€3aeT H o6pa3yeTc.a peIIIeTKa KaroMe 

[23]. Bo MHOrHX <>KcnepHMeHTaJibHI>IX (24] H Teope~ec:rrn:x [25) pa6oTax 

6bIJIO IIOKa3aHO, "ITO B TaKHX CHCT€Max npeo6Jia,n;aeT CB.H3b M€)K)l;y OOJiee 

qeM ,n;ByM.H CIIHHaMH H HMeeT MeCTO nepexo,n; CHCTeMbl OT ¢eppoMarHHTHOro 

K aHTH¢eppoMarHHTHOMY COCTO.HHHJO. B IIOCJI€,D;Hee BpeMH oco6oe BHHMa­

HHe y.n;eJI.H€TC.H H3y'IeHHIO IIJiaT HaMarHH'l€HHOCTH ,n;mr CIIHHOBbIX CHCTeM B 

CHJibHOM MarHHTHOM IIOJie rrpH 6JIH3KHX K HYJIIO TeMnepaTypax, TaK KaK, no 

cym;ecTBy, sTo MaKpocKoIIH'IecKoe KBaHTOBoe .HBJieHHe [26). KaK H3BeCTHo, 
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ITJiaTO HaMaf'HHqeHHOCTH He CBH3aHO c HaCbIIIJ;eHHeM. 3Ha'-ieHHe HaMarHH­

qeHHOCTH, rrpH KOTOpOM IIOHBJI.HeTC.H IIJiaTo, pall;liOHaJ!l>HO ITO OTHOIDeHHIO 

K 3Ha'!eHHIO HacI>rm;emrn [27]. B Hamett .n;accepTan;HH .n;oKa3aHO cym;eCTBO­

Ba1rne mraT HaMarHHqeHHOCTH B CIIHHOBbIX Mo,n;emrx c MHOroqacTH'IHbIM 

B3aHMO,n;e::A:CTBHeM onpe.n;eJieHHbIX Ha peKypcHBHbIX pemeTKax. 

ll;eJibIO p;uccepTaIJ;UOHHOH pa6oTbl .HBJI.HeTCSI HCCJie,D;OBamrn HeKo­

TOpbIX CIIHHOBbIX s¢¢eKTOB B KBaHTOBO::A: xpoMO,IJ;HHM<IHKe H B peKyppeHT­

HbIX pemeTKaX c MHOroqacTH'!HbIM B3aHMo.n;e:A:cTBHeM, a HMeHHO: 

1. MccJie,n;oBaTI> KOMIIJieKcHhre ayJIH cTaTHCT~ecKo:A: cyMMbI (HYJIH }lHra­

Jfa:) B Mo,n;eJIH IloTca Ha 3Hr3ar pemeTKe. PaccMoTpeTI> ,n;arrnyro MO­

.n;eJib KaK rrpH6JIIDKeHHe MaKpOMOJieKyJI c Y'JeTOM HeKJiaCCH"IeCKOH: BO­

,n;opo,IJ;Ho:A: cBJI3H (Ca - H · · · 0). 

2. MccJie.n;oBaTb MarHHTHI>Ie cBoiicTBa TBep.n;oro 3He rrpH 6JIH3KHX K HY­

mo TeMnepaTypax c yqeTOM ,D;Byx-, Tpex-, qeTb!pex-, IIHTH- H UJeCTH­

qacTHqHl>IX o6MeHHhIX B3aHMO,D;eHCTBmi Ha peKypcHBHbIX perneTKax. 

3. McrroJII>3YH Mero,n; .n;m1aMH"!eCKHX cncTeM, nccJie,n;oBaTb ¢a3oBh!e ne­

pexo,u;h! Ha pemeTKe BeTe B O(N) CHMMeTpH"IHOH: Mo,n;emr. 

4. Ilo,n;c"IHTaTb a3HMYTaJibHJIO 3aBHCHMOCTb BKJia,n;a TJI)KeJioro KBapKa B 

rJiy6oKo aeyrrpyroe pacceamm JierrroHa Ha HJKJIOHe B cJie,rzy10m;eM 3a 

JIH,D;Hpyrom;eM rrop.a,n;Ke TeopHH B03Mym;eamt. 

Hay'!Ha.H HOBU3Ha. 

BnepBI>Ie .n;auaMII"!eCKHM MeTo.n;oM peKyppeHTHDIX oro6pa:tKeHH:A: rroJiy­

"IeHbr O,D;HOMepHbie H MHOf'OMepHbie pan;HOHaJibHbie COOTHOilleHHH ,D;JIJI CTa­

THCTH'I8CKOH: cyMMbI B MO,D;eJIHX 1f31rnra, IloTTCa H 0 (N). IlpH IIOMOID;H 9THX 

OT06pa)KeHHH, 6bIJIH IIOJiy<'IeHbI rrJiaTO HaMarHH'ieHHOCTH, y.n;BoeHHH H eymi: 

5Iara-JIH. 
BrrepBore npo,n;eMoHcTpHJ>OBaHa TecHMI CBH3b a3HMyTaJII>HbIX pacrrpe.n;e­

.JieHHH B p0)K,1l;8HHH Tfl)K8.TII:.IX KBapKOB c pecyMMHpOBaHHeM MaCCOBbIX (KOJI­

mmeapHbIX) JIOrapHcPMOB B ce'!eHHIDC pO)K,D;emrn 9THX KBapKOB. 

IlpaK.TB'!eCKa.H B TeopeTU"<JeCKa.H a;eHHOCTb. IlOKa3aHO, 'ITO ,D;H­

Ha?v1H"I8CKHH MeTO,D; peKyppeHTHbIX OT06pa:>KeHHH II03BO.JUieT HCc.rre.n;oBaTb 

KpHTH'IeCKOe IIOBe,n;eHHe MHOrllX cPH3H'I8CKHX CHCTeM, TaKHX KaK TBep.n;h!H 
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He, fornapttbre crwaBhr, aHH3oTporrttbre Maf'HeTHKH (CeBi, EuSe) H .n;p. 

IloJiy"!eHHbie Pe3YJibTaTbl MoryT 6bITb HCIIOJib30BaHbI B 9KCIIepHMeHTaJ!b­

HbIX HCCJie,!l;OBaHHHX IIJiaT HaMarHH'!eHHOCTH npOBO~MbIX B Jia6opaTOpHHX 

Insubria (Como, Italy) H SPEC (Saclay, France). 

Ilpe,n;JIO)K8H HOBbI:A: crroco6 pa3.n;enemrn BKJia,z:i;oB MeXaIUI3MOB CJIHHHHH 

cPOTOHa c f'JIIOOHOM H BHyTpeHHero qapMa, OCHOBaHHbIM Ha aHaJIH3e a3H­

MYTaJibHOil: acHMMeTpHH B JierrTopo:>K,n;eHHH oqapoBaHI>IX qacTnu;. A3HMY­

TaJibHaJI 3aBHCHMOCTb B JienTopo)K,D;eHFIH qapMa MO)K8T 6bITn H3MepeHa B 

TeKym;eM sKcnepHMeHTe COMPASS B CERN, a TaK>Ke B rrpe,n;cTOHIII.HX HC­

cJie,n;oBaimroc Ha KOJIJiaH,n;epax eRHIC H LHeC B BNL H CERN cooTBeT­

CTBeHHo. 

OcHOBHble rroJIO)KeHn:.H, BbIHOCBMbie Ha 3am;u:Ty • 

Ha 3aID;HTY Bhrnoc.a:Tca CJie,rzyIOIIJ;He pe3yJihTaTbI rro HccJie)J;OBaHHIO crrn­

HOBhIX CTaT-cPH3H'i8CKHX CHCTeM: 

1. Harne MccJie,n;oBaHHe uyJie:A: 5Ittra-JIH ,n;m1 MaKpoMoJieKyn B Mo,n;eJIH 

IloTca Ha 3Hr3ar peIIIeTKe IT03BOJIHeT pa3JIH'IHTb .n;Ba Ka'feCTBeHHO 

pa3JlK'llibIX THIIa ITOBe,z:i;emrn CTeIIeHH CIIHpaJibHOCTH KaK cPYHKIJ;HH 

TeMrrepaTypI>r 

[1, iJ. 
2. ,ll;JIH Tpex THIIOB peKypcHBHbIX pemeTOK (KBa.n;paTHaJI [.3.], TpeyroJib­

Haa [1], mecTHyroJII>HMI [1, .Q]) IIOJiy'IeHhI O,D;HOMepHbie peKyppeHTHhie 

COOTHOIIIeHHa ,D;JIJI CTaTHCTH'feCKOM CJMMbl H HaMarHH'IeHOCTH. 

3. IIocTpoeHbI KpHBhie HaMarHH'IeHHOCTH 3He HMeIOm;IIe rrJiaTo rrpH 3Ha­

'lemrnx m = 0, m = 1/2, m = 1/3 H m = 2/3. Ilpop;eMOHCTPHPOBaHO 

cym;ecTBOBaHHe 6mpypKan;illt H y.n;BoeHHil: npH orrpe,n;eJieHHbIX 3Ha'!e­

HHJIX KOHCTaHT o6MeHHoro B3aHMo,n;eil:CTBHH H TeMnepaTypbI [.3., 1, .Q]. 

4. Ha pemeTKe BeTe B O(N) CHMMTpH'IHOil: Mo,z:i;e.JIH, HCITO.Tib3YH MeTO,D; 

,n;HHa.M~eCKHX CHCTeM, nonyqeuo )J;ByMepHoe peKyppeHTHOe COOTHO­

meHHe )J;JIH CTaTHCTH'ieCKO:A: cyMMbI [2]. 

5. Ha pemeTKe BeTe B ¢eppoMarHHTHOM cJiy'lae rroKa3aHo cym;ecTBOBa­

Hlle Tpex pa3JIHqffbIX cPa3 H CJIO)KHOH CHCTeMbI cPa.30BbIX rrepexo,n;oB 

( o60HX THIIOB)' 3aBHC»m;eH: OT pa31'viepHOCTH paccMaTpHBaeMOf'O rH­

nepKy6a, N [2]. 

Pe3yJihTaTbI no H3y'ieHHIO CTIHHOBI>IX s¢¢eKTOB B KX,lJ; ¢opMyJIHpyroTc» 

CJie,D;YIOID;HM o6pa3oM: 
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6. lIOJI)"ieHo, qTO B 0Tm1q1rn OT OCHOBHOro MeXaHH3Ma CJIMHHHH <l;>oTOHa 

c rJIIOOHOM, BKJia.n; BeyTpeHHero qapMa npaKTWieCKH He 3aBHCHT OT 

cos2<p (7). 

7. B oTJIH'IB:e OT ce'!emlli po)K.n;eHH.H, 83HMYTaJibHa.H acHMMeTpIDI npaK­
TWiecKH He qyBCTBHTeJibHa K pa,zzyi:an;HOHHbIM nonpaBKaM, qTo rOBO­

pHT o ee nepTyp6anraHoi!: cTa6HJihHOCTH [~] '. 

Anpo6a:a;ua: pa6oTbI. OcHOBHbie pe3yJibTaThI ,zzyi:ccepT~H ,n;oKJiar 

)J;bIBaJIHCb ,zzyi:ccepTaHTOM Ha Ha Me)K,zzy1mpo.n;HhIX KoH<l:>epeHD;mix "IX International 

Conference on Symmetry Methods in Physics" (YereV'a.n, Armenia 2001), "XI 

Regional Conference" (Tehran, Iran 2004), "Selected Topics in Theoretical 

Physics" (Tbilisi, Georgia 2005); Ha pecny6nHKaHcKoH: KoH¢epeHD;HH MoJio-
,D;bIX yqeHbIX "<l>H3HKar2003", a TaK :>Ke Ha ceMHHapax B EpeBaHCKOM <l>H3H-

qecKoM MHCTHTyTe. 

Ily6JIHKa:a;uH. IIo TeMe ,n;HccepTan;HoHHOi!: pa6oTbI ony6.TIHKoBaHo 8 
HayqlibIX pa6oT, CIIHCOK KOTOpbIX npHBO,D;HTCH B KOHn;e aBTOpe¢epaTa. 

CTpyKTypa u o6'beM p;uccepTa:a;1;rn:. ,21,HccepTa:u;HoHHa.H pa6oTa H3-

Jio:>KeHa Ha 127 CTpaHHn;ax, COCTOHT H3 BBe,n;eHHH, 4 rJiaB, 3aKJIIoqeHHH H 

CIIHCKa D;HTHpOBaHHoi!: JIHTepaTypbI, BKJUoqarorn;ero 209 HaHMeHOBaHHi!:. 

Co,n;ep:>KaHHe pa6oTbI 
Bo aeeoettuu (rnaBa 1) o6ocHOBaHa aKTYaJlbHOCTb TeMbI H c,u.eJiaH 

KpaTKF!i!: o63op no npo6JieMaM, 3aTpOHYThIM B ,n;HccepTan;mr. M3JIO:>KeHbI 

npaKTWieCKa.H n;eHHOCTb H KpaTKOe OilHCaHHe pa60TbI. 
Bo amopou ZJ1.aae onHcaHbI npeHMyrn;ecTBa peKypCHBHbIX pemeToK. 

Ilo.Jzy'leHbI O,D;HOMepHbie H MHOrOMepHbie OTo6pa:>KeHHH ,rr,rur CTaTHCTH'l6CKOi!: 

cyMMbI B Mo,n;eJI.HX M3HHra H IIoTTCa. IIocTpoeHbI .H3hIKH ApHOJib,rr,a ,n;JI.si: 

STHX Mo.n;eneH:. McnoJib3YH MeTo.n; ,zzyi:HaMH'!ecKHX oro6pruKeHH~ Ha 3Hr3ar 

pemeTKe B Mo.n;e.rm: IIoTTca, paccMoTpeHbI <PasoBJ:>Ie nepexo,u.br ( crmpaJib­

KJiy6oK) ,n;JIH MaKpoMoJieKyJI. MccJie,n;oBaHHe cBo:ficTB MaKpoMoJieKyJI rrpo-
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PHc. 1: OcaoBa MOJieKyJibI noJIHnenTH)l;a mrn 6eJil{a. 

BO)J.HJIHCb B paMKax Mo.n;eJIH OCHOBaiiHO~ Ha CJie,z:r,y10rn;eM raMHJlbTOHHaHe: 

H = -JL:o(si-1,0)o(si,O)o(si+1,0) (1) 
t:,,i 

-K L)l - o(si-1, O)o(si, O)o(si+1, O)] 
t:,,i 

-K1 L:o(si,O), 

rµ;e J - sHeprH.H KJiacCH'!ecKoif Bo,n;opop;Hoif CB.H3H, K - sHeprHH B3aHMo.n;eA:­

CTBH.SI MaKPOMOJieKyJibr c pacTBOpHTe.JieM, a K 1 OIIHCbIBaeT HeKJiaccWieCKHe 

Bo,n;opo,n;Hbie CB.Sl3H aMHHOKHCJIOT (cM. PHc. 1). 
B STOi!: MO,D;eJIH TIOCTpOeHbI KOMIIJieKCHbie Hy.rm CTaTHCTH'leCKOii cyMMbI 

(HYJIH 2IHra-JlH). ITonyqeHbI ,n;Ba KaqecTBeHHo pa3JIH'lHbIX noBe,n;eHHH cTe­

nemr crrn:paJibHOCTH (cM. PHc.2). 
Pe3yJibTaTI>I aToH: rJiaBI>I ony6.rrn:KoBaHbr B pa6oTax (1, iJ. 

0.6 
Q) 

0.4 

0.2 

- Q=30: J::2; K=l, K1=2 

-----I- Q=30;1=2'K=l,K1=0 

Q=30; l=l.7; K=2, K1=2 

0.2 0.4 0.6 0.8 l 1.2 1.4 
T(K.callmol) 

0.2 

O.IS Q=4; J=0.8; K•2. K1=3.S 

., 

4 
T (Kcal/moll 

PHc. 2: 3aBHCHMOCTb CIIlilpaJibHOCTH e MaKpOMOJieKyJibl OT TeMnepaTypbI T. 
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B mpem'beu 2.11.aae paccMOTpeHa MO,D;eJib ra:ti3ett6epra Ha peKypcRB­

HbIX pemeTKax c MYJibTHCIIMHOBbIM B3aHMo,n;e:tkTBHeM B CHJibHOM BHeUIHeM 

MarHHTHOM IIOJie KaK npH6JIH:>KeHHe ,D;ByxMepHott pemeTKH KaroMe, a TaK­

:>Ke peKypcHBHMr mecTHyroJibHM pemeTKa KaK rrpH6muKemre TpeyroJibHOM 

pemeTKH ,D;JIH TBep,n;oro 3He. Mo,n;eJib ratt3eH6epra B CHJibHOM BHeUIHeM Mar­

HHTHOM rroJie MO)KHO npH6JIH3HTh MO,ll;eJibIO H3Httra. KBaHTOBbIH o6MeHHbili 

raMHJibTOHHaH MOJKeT 6bITb 3aIIHCaH B CJie,n;y10m;eM BH,D;e: 

1-lex = J2 L (P2 + P21
) - J3 L (P3 + P31

) (2) 
pairs triangles 

+J4 L: (P4 + p4-
1) - ... , 

rectangles 

r.n;e Jn OIIHCbIBaeT n-qacTH'llibie B3aHMo,n;eticTBIDI, a Pn - onepaTop rrepe­

cTaHOBOK n 'laCTHIJ;. 

(a) (6) 
lf n 0.51 I j o. SI 

e of I l s o! I I 
-o .SI I j -o. SI ( \ I u -1~ -ll-' 

...___, 
-20 -lO 0 lO 20 -40 -20 0 20 40 

h h 

Puc. 3: 3aBHCHMOCTb HaMarHH'ieHHOCTH m OT BHemHero nomr h Ha pemeTKe Xy­
CHMH, npH T = lmK: J = 8mK(a) H J = 18mK(6); J = (J2 ;Ja). 

lforrOJib3Y.H ,z:t;HHaMH'ieCKHtt MeTo.n;, rronyqeHbI peKyppeHTHbie COOTHOIIIe­

HH5I ,Zl;JI5I CTaTHCTH'leCKOtl: cyMMbI. IlocTpOeHbl rpaqmKH 3aBRCHMOCTH Ha­

MarHH'ieHHOCTH OT BHeIIIHero IIOJIH rrpM p8.3HbIX KOHCTaHTaX o6MeHHOro B3a­

HMO,z:t;e:il:cTBHH H TeMnepaTypax. IloJIY'leHbI MarHHTHbie IIJiaTO, 6mpypKar:t;HH 

H y,n;soeHHH (uanpHMep, CM. PHc.3). 

Pe3yJioTaTbI aTO:il: rnaBbI ony6JIHKOBaHbI B pa6oTax [,ii, ,1, .Q.]. 
B °'emaepmou 2.1mae Bbrne.n;eua CHCTeMa peKyppeHTHhrx oTo6pruKe­

mm Ha pemeTKe BeTe B MO,Zl;eJIH c O(N) CHMMeTpHett. IlpH BbIBO,z:t;e 6hIJlli 

yqTeHhI a¢¢eKThI, CBH3aHHbre c B3aHMo.n;e:il:cTBHeM KBa,n;pyrroJihHoro nma. 

B ¢eppoMarHHTHOM cnyqae ycTaHOBJieHo cym;ecTBOBaHHe Tpex pa3JIH'IHhrx 

¢83 H CJIO)KHOH CHCTeMbI cP8.30BbIX nepexo,n;oB o6oHX THITOB. IlocTpoeHbI 
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KpHBbie HaMarHH'leHHOCTH H cPa30Bbie )J,HarpaMMbI ,n;m:r pa3JIH'IHblX 3Ha'!e­

mrn KOOp,Zl;HHa:u;HOHHOrO 'lHCJia q (cM. P1rn.4). 

Pe3YJI:bTaThI aTO:il: rJiaBhI ony6JIHKOBaHhI B pa6oTe [!!.]. 

4,0.,.---------------------, 

3,5 
.. ···· 

1,60 •••• ••••• 

1.65 

3,0 
:: ,,,,::::::::::< 
1AS ,, •• ••' .. ·· 2,5 

1,40.1---~----~---< 
1.e 1.7 1.fl 1.9 2.0 ::2 

I- 2,0 

";~ 1.5 

1,0 

0,5 1.--~~~-.....-.....-.....-r---.---r-.-.--.--.--.r--.--,--i 
0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 

K/J 

PHc. 4: <l>a3oBaH ,n;HarpaMMa, rrpH Q = 3 H q = 3. CmmmHaH JIHHKH cooTBeTcTBY­

eT tj;>a30BOMY nepexo,ey Broporo po,u;a, TO'le'iHa.H - tj;>a30BOMY rrepexo,zzy nepBoro 

po,u;a. 

B namou 2.11.aae H3yqaIOTCH CIIHHOBbie a¢¢eKTbl B JieTITOpO)K,Zl;emm 

TH:>KeJihIX KBapKoB B paMKax Kx,Ll;. PaccMoTpeaa a3HMYTaJibHM acHMMeT­

pHH B rny6oKO HeynpyroM pacceHHHH B Ka'leCTBe npo6HHKa BHyTpe1rnero 

qapMa B rrpoToHe. HccJie,z:t;yIOTCH BKJia.n;or ,n;Byx napToHHbIX npou;eccoB: pac­

ce.a:HHR ¢oroHa Ha KBapKe H cmrnmrn cPOTOHa c rJIIOOHOM. Tio,z:t;C'IHTaHbI 

'!aCTH ce'leHIDI 3aBHCHIIJ;He OT a3HMyTa B c.rre,n;y10m;eM 3a JIH,z:t;Hpyro~ no­

pH,n;Ke TeopHH B03Mym;eHHH:. IlpHHHMruI BO BHHMaIDie a¢¢eKThl CBH3aHHbie 

c MaCCOH MHIIIeHH, ce'leHHe 'Y* Q pacceHHHH MO:>KeT 6bITb 3aITHCaHHO B CJie­

,n;yrom;eM BH,n;e: 

d3
0-1Q aem y2 v'l + 4>.z2 [A ( ) ( A), ( = (27r)2 zQ2 1 - e 0'2,Q z,). - 1 - c O'L,Q z, ,\) (3) 

+toA,Q(z, >..)cos 2cp + 2.J e(l + e)0-1,Q(z, >..)cos cp]. 

r;a,e BeJIH'IHHa § OITHCbIBaeT CTeneHb TIOJIHpH3aD;HH BHpTJaJibHOrO <PoTOHa. 

11 



!' 

7T\\Q 
: 1 Lu: :.=zl' vnn-

PHc. 5: Orrpe,zi;eJieHHe 83HMyT8JibHOro yrJia <p B CHCTeMe noKOH MHmeHH. 

0.015 

~ 

:i 
0.01 

-~ 
~ 
~ 

0.005 

:i 
-~ 

~ 0 

----......._ Long-dashed: 1..-1=100 

. _. ___ . _ _ _ "-\ Dash-dotted: 1..-1=20 

· Dashed: A.- 1=10 
'·, \ Dotted: 1..-1=4 

- - - - - -.... \ \ Solid: 1..- 1=1 
...... ·,~ , ..... ........_ 

--·----·---------------.:_ ... _~_ 

-0.005 L--.----~-~----~-__,J 
0.001 0.01 O.l 10 100 1000 

N 

PHc. 6: 0THomeHHe &~) (N, )..) / &~0> (N, >..) npH HeKoTOpb!X 3Ha"leHHHX .A. BepxHHi!: 

HHp;eKc n y BeJIH'iHH a-}n) (i = 2, A) yKa3:blBaeT Ha nopH)l;OK TeopliH B03Mym;eHHii. 

IlOKa3aHO, 'ITO B OTJUi'IHe OT OCHOBHOro MeXaHH3Ma CJIH.Hmrn: <f>oTOHa 

c rJIIOOHOM, MeXaHlf3M BHyTpeHHero 'lapMa rrpaKTHqecKH He 3aBHCHT OT 

cos 2cp. Ha PHc. 6 npHBe,n;eHo OTHorueHHe a-2) (N, .A)/ &~0) (N, >.) ,n;mr HeKoTo­

pbrx 3Haqemlli nepeMeHH0111: >. (>. = m 2 /Q2 ), r,n;e BeJIH'lmibI &i(N,>.) npe.n;­

CT'<1BJI.HJOT co6olfc Me.ITJIHHOBCKHe o6pa3bl COOTBeTCTBJlOil.l;HX ce'IeHHH: 

1 

&i(N, >.) = j 0-i(z, .A)zN-1dz, 
0 
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(i = 2,L,A,I). (4) 

KaK BHJ\HO H3 Pnc. 6, cos 2cp acHMMeTpH.H He npeBbunaeT 1.53 rrpH Bcex 

3Haqemrn:x >.. 
TaIOKe noKa3aHo, 'ITO B oTJIH<me OT ceT.IeHH.H po:lK,Ll;eH1rn, a3HMYTaJibHa.H 

acmvrMeTpHH rrpaKTHCieCKH He qyBCTBHT€JlbHa K pa,n;na~HOHHbIM norrpaBKaM, 

qTo rOBOpHT 0 ee rrepTyp6aTlil3HO:!i CTa6HJThHOCTH. 

Pe3JJibTaTbI <iTOH maBbI orry6JIHKOBaHbI B pa6oTax [1., ~]. 
B aa'IC.tt?O"tenuu rrpe,n;cTasJieHJ>I ocHOBHbie pe3yJibTaTbI pa6oTbr: 

1. HcrroJib3YH peKyppeHTHbie oTo6pa)K.eHHH ,n:Jia: cTaTHCTH'lecKoli cyM­

MbI, HCCJie,n:oBaHbI Hymr .HHra-JlH ,ll;Jl.H MaKpOMOJieKyJI B MO)l;eJIH IloTT­

ca Ha peKypCHBHOH 3HI'3ar perueTKe, no.Tiy'l:eHbI ,n:Ba Ka"'leCTBeHHO pa3-

JIH'IHblX ITOBe,n;eHH.H CTerreH.H CITHpaJibHOCTH [1, ~J. 

2. I1crroJib3Y.H MeTO,n: µ;HHaMHT.IeCKHX CHCTeM c MHoroqacTHT.IHbIM o6MeH­

HbIM B3aHMo,n;elicTBHeM Ha KBa.n;paTHofi [.3.], XycHMH [~] H ruecTHyrOJib­

Hofi: [1, .Q.] peKypCHBHbIX perueTKax, noJiyqeHa 3aBHCHMOCTh Har-.tarHH­

qeHHOCTH OT BHelllHero MarHHTHOro ITOJI.H. 

3. IlocTpoeHbl KpHBbie HaMarHHqeHHOCTH 3He c IIJiaTO (B m = 0, m = 
1/2, m = 1/3 H m = 2/3), 6mpypKa~.HMH Iii y,n;BoeHHHMH [.3., 1, .Q.]. 

4. Ha pemeTKe BeTe B O(N) CHMMeTpH'iHOfi Mo,n;eJIH, noJiyqeHbI TOT.IHhie 

peKyppeHTHhie COOTHOIIIeHHH )l;JI.H CTaTHCTHqecKOH CYMMbI [§.] . 

5. Ha peIIIeTKe BeTe B ¢eppo?viarHHTHOM CJiytiae rroKa3aHo cy~ecTBOBar­

HHe Tpex pa3JIHT.IHbIX cpa3 Iii CJIO)K.HOH CHCTeMbI cpa30BblX nepexo.n;oB 

(060.HX THIIOB), 3aBHC.H~e:M: OT pa3MepHOCTH paccMaTpHBaeMoro rH­

rrepKy6a [§]. 

6. IloJiy'leHO, 'ITO B OTJUfiHe OT OCHOBHOro MexaHH3Ma CJIHHHHH ¢oTOHa 

c I'JIIOOHOM, BKJia,n; BffYTpeHHero qapMa rrpaKTHqecKH He 3aBHCHT OT 

cos 2cp [1.]. 

7. B OTJIHT.IHe OT ceqeHH:!i po)K,,LJ;eHH.a, a3HMYTaJibHa.H acHMMeTp~rn rrpaK­

THqecKH He T.IYBCTBHT€JlbHa K pa,n;Ha~OHHbIM rrorrpaBKaM, qTo roBo­

pHT 0 ee rrepTyp6aTHBHOii CTa6HJihHOCTH [.§.). 
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UU'<l>Il<l>UCl-:tifl 

~tnpqmptlwb tu npnz majlfiwJJ:iU t:J>tqtpfitp pqwutpwJ):lU ppntinq):luwu):lqwJmu 
lI. p.wquwuwuU.pl:J.wJpU lftn]umqqtgmia-Jmufitpntl ntqmphutp gwugtpmu: Uz]uw­
lpUJfipmti utpwgtlwb hpllliwqwfi uipI]JmfipJ1hpJ! httpltJUJtfi tu. 

1. ~tpwqntplq_ntl q:tiqquiqwalt ntqmphl'np gwligp ti.Pm 6wfiq-l):lp qpnuhpJ! 
"lntpup tinqtJli ut2' uwlJ.pnun1tlJ.m1utpp hlllUUIJl Utpmgtlwb hfi hpqm npUll:J.UlUJtU 
tpwpµtp itwpphp UJ.WpntJpnlJ.a'JUifi wutpptiwup hwuwp: 

2. 4:)1pwnt1ntl p.wquwuwuuj1l:J.wJj1fi l}mJ:uwqqhgmraJmfifihpntl qpfiwUJ14 hw­
uwqwpqhpp utranqn 3 H e-J:i. hwuwp' tph9 Q1J:lllll1 nhlJ.mpuJ:itl gwfighpp ti.Pm 
utpwgtlwb tu UJ:lwiwlfi ntqmptfitp umuimia-Jmfifitp tlJ:itiwlJ.wqpwqruu qmuwp]1 
hwuwp: 

3. Swpp.hp £triuwutpj1tiwuuhpp lt lftn]uwqqhgmraJUlU hUlUlpUllplllUUhp):l hw­
Ulllp qummgqwb tu uwqfij1uwguwfi l}nphp, nplp.hq wnl}w tu tiwqupuwguwu 
hwpia-wl:J.fihp, p.]1.'.l>nlJ1l:J.wgpnfi l:J.htphp lt l:J.pl:J.fiwuiwll1lJ.mufihp: 

4. 4:j1pwnhtm.J. pwquwuwufij1lJ.wJj1fi lftn]uwqqhgmraJmfiuhpntl qj1fiwUj1lJ. hw­
tiwlJ.wpqhpj1 illiJ.a'llllll .flhtph gwfigp tl.Jlw O(N) uj1UbtpppwJntl un11t1mti utpwgqwb 
I;: hf14iWtP nhqmphfitp umfi~mia-Jmfi t.Urtiwqwqpwqu1fi qmtiwpj1 hwuwp: 

5. ~bpnuwqfij1uwqwfi q.huipmu .flhlp.h gwugj1 l[1w hruJtpfiwphpi..J.wb tu hwuru­
qwpqj1 (cltpunqpliwUj:llJ.wqwfi Qllllpp.tp lftnqhp ntqmphutp wnfiimraJmufihpj1 tpwp­
php tppUIJ:i ~J:ipuqwb qbl[ltpnuf: 

6. UUJ.wgmgtlht t, np p lp.Wpp.tpmia-JmU ~ntpnfi]1 ll qumnfip Uj:lwilmtuwu 
hj1ufiwqmfi UbJ:uwuj1qUj1, fihppj1fi illlPUJ:l fihpqpmun qnph"fiwqwumu qw]utlwb it 
cos 2cp-j1g, nptpbq cp-j1fi wq:tiumtpmt wu4Jmfifi l;: 

7. UUJwgmgtlt1 t, np fl tpwpµtpmfclJntfi bfiUwu l:J.tpptlwbpj1, wq:titimtpUJt 
wuptlbtppj1mfi twuitu qqwJmU it nruqpwgj1nu nlllqmuuhpj1 fiqwtpuwup: 

~ 
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