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y qeHbllI ceKpeTaph A_,~ 
.nnccepTaunoHnoro coneTa W-
.Il0KTop qJII3IIKO- MaTeMaT11qecKIIX HayK: 

A.E. I{OPOXOB 

06masi xapaicrepucTuKa pa6oTbI 

A~aJibHO_CTb TCMbl lbyqeHHe "HarpeTb!X" imep, T.e. H.D;ep CHJThHO B036~eHHI,JX, 

Ho Bo36~eHIII,IX TaICHM o6pa30M, 'ITO HX :mep111J1 B036~eHIDI 6onee HJIH MeHee 

paBH0MepHo pacnpe.ZJ;eneHa no 6olThmOMY lJllCJI)' H,D;epm,ix creneHeii: CB060,u,I,1, HMeeT 

,Zl;0JII)'IO HCTOpmo. BIDKHbIM co6I,ITHeM 3T0ll HCTOpHH 61,mo 0Tiq>LITHe B CaM0M HatJ:aJie 80-x 

fO,Zl;0B rHraHTCKHX ,Zl;Hil0JThHJ,IX KOJie6aHHii HarpeTLIX H,Zl;ep. 3ro 0nq>J,ITHe CTHM)'JIHPOBaJI0 

Il0llBJieHHe l\eJioro pH,ZJ;a pa6oT, B KOT0pLIX pa3pa6aTLIBaJIHCJ, reopeTH'leCKHe MeTO,l.l,I,I 

npHro,ZJ;HLie ,Zl;Jill aHaJIH3a H HHrepnpeTa~ KOJIJieKTHBHOr0 ,ZJ;BIDKeHIDI HarpeTLIX K0He<iHI>IX 

ll>epMH-CHCTeM (K KaK0BLIM 0THOCllTCll l{ aT0MHI>Ie H,ZJ;pa) . 

EoJThIDHHCTBO npe,ZJ;JimKeHIII,IX MeT0,ZJ;0B 6a3HpOBaJIOCJ, Ha MHKp0CK0ilH'leCKHX 

Il0,Zl;X0,ZJ;ax, TaK KaK T0JThK0 0HH Il03BOJillIOT Ha,ZJ;ellTLCll Ha BffYTPeHHe cornac0BaHH0e 

0ilHCaHHe BCero MHOroo6pa3Hll CBOHCTB MepHI>IX cneKrp0B. O,ZJ;HaKO B 

CHJIJ,HOB036~eHHLIX H,ZJ;pax IlJIOTH0CTh ypoBHeii: CT0JTh BeJIHKa, . 'ITO npHX0,Zl;HTCll 

npnMeHllTJ, CTarncTH'leCKHe Il0,Zl;X0,l.l,I,I, HCilOJTh3yIDID;J!e Il0HllTHe TeMnepaYyphl T. 11MeHHO 

TeMnepaYypa BLICyYIIaeT B Ka'leCTBe CTaTHCTH'leCKOll . xapaKTepHCTHKH B036~eHIDI 

("HarpeTocrn") H,ZJ;pa. fl ecJIH pel{J, H,ZJ;eT o Kone6aHHHX Harperoii: cncTeMbI, ro 33,Zl;atJ:a 

CBO,ZJ;HTCll K Il0CJie,ZJ;OBaTeJThH0MY onpe,ZJ;eJieHlilO KOne6aTeJThHI>IX KBaHTOB - qJOHOHOB, 

TepMO,Zl;HHaMH'leCKHe CBOllCTBa KOT0pLIX OYpIDKaIOT pollb KorepeHTHLIX 3qJ<peKTOB . 

CTaH,ZJ;apTHhlii MeT0,Zl; HCCJie,ZJ;OBaHHll K0He'lHLIX KBaHTOBLIX ll>epMH-CHCTeM npH 

T*O - MeT0.ZJ; reMnepaYypHI>IX (Maey6apoBcKHX) qJ)'llKW{ll fpHHa. B 3T0M qiopMaJIH3Me 

BpeMH BLICyYIIaeT KaK MHHMall BeJIHlJllHa (H3-3a qJOpMallbHOH 3aMeHI>I npH BJ,llJllCJieHHH S

MaYp~I BpeMeHH t Ha lpHKTHBHyro MHHM)'IO nepeMeHHyro, H3MeHllIOmyroCH B HHTepBaJie 

OT O ,Zl;0 i/T). Mero,!( lp)'llKW{ll fpHHa B CTaTHCTH'leCKOll Mexa.HHKe pa3pa6aTLIBaJICH 

MHOrHMH aBTOpaMH. B TeopHH ll,Zl;pa npH IlOM0ID;H CTaTHCTH'leCKHX rpHIIOBCKHX lp)'llKW{ll 

6LIJIH Il0Jl)"leHI>I ypaBHeHHJI TellJIOB0fO IICll>, Il0Ka3atta B03M0JKHOCTh cymecTBOBaHHe 

rHraHTCKHX M)'JThTHil0JThHI,IX pe30HaHC0B B HarpeTb!X ll,ZJ;pax, MHKpOCK0ilH'leCKH 

paCC'lHTaH K031pqJ~eHT )'BeJIH'leHHll IlJI0TH0CTH ypOBHeii 3a C'leT K0JIJieKTHBH0ro 

,ZJ;BIDKeHIDI B BLICOKOB036~eHHhlX ll,Zl;pax. 

CymecTByroT, O,!(HaK0, HHbie CTaTHCTH'leCKHe Il0,Zl;X0,!(J,I, r,!(e BpeMll t -

,!(eiicTBHTelThHaH nepeMeHHaH. Cpe,ZJ;H 3THX no.a:xo,!(0B - TepMononeBaH ,ZJ;HHaMHKa (TIUO, 

,i;'~~~;; . . ) '"\ -· ~ ~ ! u,t}tCLu1: • .,,.:,.:_u I.iu:11,t?t j 
1 t!B~!J!UJ~ ucc!.etm~iuu~ ~ 
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KOTOpruI 61,ma nOC'I'pOeHa B OCHOBHLIX qepTax B Ha'lane 70-x ro.n.oB. OKOH'laTeJILHLIH 

BapHaHT TII,[( HMeeT pH.a; npe~eCTB no cpaBHeHHIO C qiopMaJIH3MOM Mauy6apOBCKHX 

qi~ rpHHa. TaK, HanpHMep, TIT,[{ B Ka'leCTBe pa6o'IHX HHC'I'p}'MeHTOB HCilOJIL3YeT He 

TOJII,KO rexmncy qiymanrn rpHHa u ,a;HarpaMM <I>ettHMaHa, HO u onepa''ropHLie 

npeo6pa30BaHlUI, a TllIOKe KOHI.i;enqmo 3aBHCHIIJ;ero OT TeMnepal}'J)LI BllK)'YMa. 

TeMnepal}'J)HLie 3qiqieKTL1 B03HHKaIOT B TIT,[{ nocne.n.oBaTeJILHLIM o6pa30M qepe3 

3aBHCHIIJ;He OT TeMnepal}'J)LI BepmHHLI, 'ITO y.n.o6Ho )J;JlH nOC'I'pOeHHH pa3JIH'IHI,IX 

npu6IDDKemrn. Enaro.n.apH 3TOMY B paMKax TIT,[{ .n.ocTaTO'IHO npocTo o6o6muTL Ha cnyqait 

T "I:- 0 npu6JJIDKeHHH TeOpHH MHornx TeJI, xopomo pa6oTaIOmue npu eyneBOH 

TeMnepal}'J)e. TaK B paMKax TIT,[{ y,Ke paccMa1"puBanuc1, 

• TeilJIOBoe IIC<I>; 

• 6o30HIII,Ie pa3JIO)KeHlUI npu T "I:- O; 

• TeilJloBoe IIIIC<I>; 

• K<I>M npu T,t. O; 

• BTOpll'IHoe (second) TIIC<I>. 

MeH<.ZJ;y TeM B npori;ecce myqeHlUI cna6o B036~eHHI,IX (HJIH 11XOJIO)J;HLIX") aTOMHLIX H,a;ep 

6LIJIH nOC'I'pOeHLI npu6Jill)KeHlUI, B paMKax KOTOpLIX, coxpaHHH TY )Ke CJIO)KHOCTI, 

MO)J;eJII,HI,IX BOJIHOBLIX qi~ CHCTeMLI, 'ITO H B IIC<I>, y.n.anoci, yqeCTI, pH.a; HOBI,IX 

3qiqieKTOB. K 'IHCJIY TaKHX npH6IDDKeHHH OTHOCHTCH, HanpHMep, caMocornacoBaHHOe IIC<I> 

(CCIIC<I>), npe,lI,J10)KeHHoe II. lliYKOM B KOHIJ;e 80-x ro.n.oB. IIpe.n.crnBJIHeTCH aKryaJILHLIM u 

HHTepecHLIM noc'I'poeHue CTOJIL )Ke o6mero BapuaHrn IIC<I>, KaK CCIIC<I>, u ,1J;JlH HarpeTLIX 

KOHe'IHLIX <I>epMH - CHCTeM. 

IIpHMepoM KOMeKTHBHOrO ,lJ;Bll)KeHlUI 60JII,IIIOH aMIIJIHTY)J;LI B HarpeTOM H,a;pe 

HBJIHeTCH H3MeHeHHe ero qiopMLI, Be,a;yIIJ;ee K .n.eneHHIO. BepoHTHOCTh .n.eneHHH 

aHaJIH3HpYJOT, paccMa'I'pHBWI npOXO)K)J;eHue g,a;pa qepe3 TaK Ha3LIBaeMLie .n.eJIHTeJII,HLie 

' KaHaJII,I. CneK'I'p KaHaJIOB ,lJ;O]l)KeH o6na.a;aTh C'I'pyKTypoii Bpam;aTeJILHOH noJIOCLI c 

KBaHTOBLIMH 'IHCJiaMH, KOTOpL!e onpe,a;eJIHIOTCH CHMMe'I'pueii .n.eqiopMaIJ;HH B Ce,lI,J10BOH 

TO'IKe. KBaHTOBLie 'IHCJia, KOTOpLie pa3JIH'laIOT KaHafill, OXBaThIBaIOT KaK Bu6paIJ;HOHHLie, 

TaK H KBa3H'laCTH'IHLie THIII,I B036y)K)J;eHuii. 

YHHKaJILHLIM HHC'I'pyMeHTOM ,lJ;JlH myqeHHH npori;ecca .n.eneHHH HBJIHeTCH -

qioTo.n.eneHHe. 3To CBH3aHo C TeM, 'ITO qioTo.n.eneHHe 3a'I'parHBaeT qepe3 MaJioe 'IHCJIO 

.n.enHTeJILHLIX KaHaJIOB, a 3TO n03BOJIHeT HX pa3.n.eJIHTI, H H3yqaTL no OT,lJ;eJILHOCTH. 
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U.eH'I'paJILHLIM MeCTOM B onHCaHHH no.n.6ap1,epHoro qioro.n.eneHHH Ha H3LIKe MHOro-rop6oro 

6ap1,epa HBJIHeTCH BLI'IHCJieHHe ero npoHHIJ;aeMOCTH, Aruomee HHqiOpMaIJ;HIO O qiopMe H 

napaMe'I'pax noTeHIJ;HaJII,HOro 6ap1,epa .n.eneHHH. ,[{JIH BI,I'IHCJieHHH BepOHTHOCTH 

TYHHeJIHpOBaHHH ,lJ;eJIHIIJ;HXCH COCTaBHLIX H.a;ep CKB03I, 6ap1,ep ucnOJII,3YJOTCH 'I'pll 

OCHOBHLIX MeTO,a;a: KBa3HKJiaCCH'leCKOe npH6IDDKeHHe WIH MeTO.n. BeHTIJ;eJIH-KpaMepca

EpHJIJII03Ha; 'IHCJieHHOe pemeHHe ypaBHeHlUI Illpe)J;HHrepa, OilHCLIBaIOm;ero npori;ecc 

TYHHeJIHpOBaHHH, u TO'IHLIH paC'leT, eCJIH qiopMa 6ap1,epa aIInpOKCHMnpyeTCH KpHBhlMH, 

,lJ;JlH KOTOpLIX ypaBHeHue Illpe.ri;mrrepa .n.onycKaeT TO'IHoe pemeHHe .. 

IIpoBe.n.eHHLie B nocne,a;HHe ro,1J;I,1 npeIJ;H3HO.Hl{I,Je H3MepeHHH qioro.n.eneHHH H,a;ep 

232Th, 234U, 238Pu, 240Pu" 242Pu B WHpOKOM ,a;Hana30He 3Hepmii (5-11 M3B), yro'IHHBmHe 

" .n.onOJIHHBIIIHe 6onee paHHHe H3MepeHHH, BLIHBWIH cymecTBOBaHHe CJIO)KHOH 

pe3oHaHcHoii C'fPYK"I}'J)LI ce'leHHH qioro.n.eneHHH B no.n.6ap1,epHOH o6nacm, 'ITO 

IlO'I'pefiOBaJIO HOBOro OCMLICJieffilH H TeOpeTH'leCKOH HHTepDpeTaIUfl{. 

lleJib pa60Tb1 - o6o6meHHe npH6]lll)Kemrn, BLIXO.a;Hm;HX 3a paMKH IIC<I>, Ha cnyqait 

CHJILHO B036y)K)J;eHIII,JX ("Harpen,IX") H,a;ep; pa3pa6oTI<a Mero.n.a BI,I'IHCJieHlUI 

npoHHIJ;aeMOCTH ,a;BY(TPex)rop6oro 6ap1,epa ,n.eneHHH, c ri;efilIO HHTepnpeTaIJ;HH HOBLIX 

3KcnepHMeHTaJII,HLIX. .n.aHHLIX no. qioro.n.eneHIDO qerao-'leTHLIX H.a;ep m o6nacm 

aKTHHH,lJ;OB. 

HayqnaSI HOBH3Ha " npaKTH'ICCKaSI geHHOCTb 

1) llcnofil3YH qiopMMH3M TIT,[{, cqiopMYJIHpOBaHO o6o6meHHoe TeilJIOBoe IIC<I> 

(OTITC<I>). B cpaBHeHHH co cTaH,a;apTHLIM TeilJIOBhlM ITC<I> ~HLI cne.n.yromue 

3qiqieKTL1: B3aHMHOe BJIHHHHe KOMeKTHBHLIX H xap'I'pH - qioKOBCKHX nepe¥eHHLIX H 

H3MeHeHHe H3-3a 3TOro B3aHMO,ll.eHCTBHH TeilJIOBI,IX 'IHCeJI 3aDOJIHeHHH; HaJIH'llie B 

TeilJIOBOM BaKyyMe Harperoit CHCTeMbl HeKOToporo KOJIH'leCTBa TeilJIOBLIX 

. KBa3H'lacTHIJ;; HeKorop1,1e HOBLie ,a;Byx'laCTH'IHL!e KoppeJIHIJ;HH B ypaBHeHHHX 

,a;BIDKeHHH. Ilpe,lI,llO)KeH HOBLIH cnoco6 ori;eHKH 'IHCJia TeilJIOBblX KBa3H'laCTHIJ; B 

OCHOBHOM COCTOHHHH HarpeTOH CHCTeMLI, OCHOBaHHLIH Ha Mero.n.e oneparopa 'IHCJia 

qacTHIJ;. 

2) TO'IHOCTh u o6naCTh npHMeHHMOCTH pH,a;a npu6]lll)KeHIIH TeOpHH MHornx TeJI npu T ,t. 0 

(TIIX<I>, TITC<I>, TITITC<I> u OTIIC<I>) uccne.n.oBaHLI Ha npHMepe ,a;ByxypOBHeBoii. 
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SU(2)LMG MO,ll,eJIH, .ll,Jill KOTOpoii: H3BeCTHO TO•moe perneHHe. IToCTJ)OeH 60JibIIIOH 

TepMO,D;HHaMH'leCKHH noTeH1.(HaJI MO,ll,eJIH, a TaIOKe ero pa3JIH'IHbie nptt6JIIDKeHHbie 

aepcHH. 

3) ITpe.ll,JIO,KeH MeTo.u.· Bbl'IHCJieHIDI npOHHl.{aeMOCTH .ll.BY(TJ)ex)rop6oro 6apbepa ,ll,eJieHHJI, 

BKJilO'Ia.IOIIIHH KaK 'IHCJieHHoe perneHHe ypaaHeHHJI IIIpe.ll,HHrepa, TaK H 

KBaJHKJiaccH'lecKoe npH6JIIDKeHHe npH Ol{eHKe npol{ecca nornomeHHJI 'IaCTH 

npOXO.D,llIIIero 'Iepe3 6apbep noTOKa. C ero nOMOIIIblO npoaHaJIH3HpOBaHbI ,ll,eTaJibHbie 

3KcnepHMeHTaJibHbie ,ll,aHHbie no q>OTO,ll,eJieHHIO 'IeTHO-'IeTHbIX aKTHHH.ll,OB 

Ha 3argnry BblJ!Bltr3IOTCSJ CJieµy10mne pe3VJibT3Tbl 

1. IlOCTJ)OeHO 060611.{eHHOe TenJIOBOe ITC<I>, KOTOpoe co.u.ep,KHT KaK 'IaCTHbie CJIYIJaH 

TenJIOBOe nepeHopMHpOBaHHoe ITC<I> H TenJioaoe caMocornacoaaHHOe ITC<I>. 

2. To'IHOCTb H o6nacTh npHMeHHMOCTH OTITC<I> H TITITC<I> Hccne.u.oaaHbI Ha npHMepe 

SU(2kMo - Mo.u.enH, .u.onycKa.IOll.{eii TO'IHOe perneHHe. IToKaJaHo, 'ITO OTITC<I> 

onHcbmaeT cTaTHCTH'lecKHe caoiicTBa SU(2kMo - Mo.u.enH JlY'IIIIe, 'IeM TITX<I>, TITC<I> H 

TITITC<l>; Ero npeHMYIIIecTBa HaH6onee 3aMeTHbI npH TeMnepaTYJ)ax, 6JIH3KHX K TO'IKe 

<paJoaoro nepexo.u.a. )].~e 6e3 nepeCTJ)OHKH cpe.ll,Hero noJIH OTITC<I> onHCbIBaeT 

noBe,ll,eHHe BHYTJ)eHHeii 3HeprHH CHCTeMbl C TO'IHOCTblO He x~e 10%. 

3. ITpe.ll,JIO,KeH Mero.u. Bbl'IHCJieHIDI npoHimaeMOCTH .ll.BY(TJ)ex)rop6oro 6ap1,epa .u.eneHHJI, 

• KOTOpbIH 3aTeM HCnOJib30BaH .ll,Jill TeopeTH'IeCKOro aHaJIH3a 3KcnepHMeHTaJibHbIX 

.U.ainlbIX no <poTo.u.eneHIIIO H.U.ep 232Tb, 234U, 238Pu, 240Pu H 242Pu. 

4. )].aHa l!OBaH TJ)aKTOaKa noae.u.eHIDI ce'IeHHJI cporo.u.eneHIDI H.u.pa 232Th B o6nacTH 5.5 M3B 

H nOKa3aHa B03MO,KHOCTb Cyll{eCTBOBaHIDI TJ)eThero rop6a y 6apbepa' .u.eJieHHJI B H.u.pe 

234u. 

Anpo6aum1 pa6oTbl. Pe3yJibTaTbI ,ll,aHHOH .ll,HCCepTal{HH HeO.ll,HOKpaTHO ,ll,OKJI3.ll,bIBaJIHCb 

Ha ceMHHapax Jia6oparopHH TeOpeTH'leCKOH qJH3HKH OJ-UUI, a TaIOKe Ha 48-0M (1998 r.) ( 

MocKBa) H 49-0M (1999) (r.,l{y6Ha) Me)K,!l)'H3p0.ll,HbIX COBell{aHIDIX no ll.ll,epttoii: 

cneKTJ)OCKOilHH H CTJJYKTYPe 3TOMHOro H.u.pa, Ha 5-0M (1997 r.) H 6-0M (1998 r.) 

Me,K,!J;YHapO.ll,HbIX CeMHHapax no B3aHMO,ll,eHCTBHIO HeHTJ)OHOB C H.ll,paMH (r. ,l{y6Ha), Ha 6-

oii: Me,K,!J;YHapo.ll,Hoii: IIIKOJie "Many-Body Theory of Correlated Fermion System" (r. 
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CeBHJlbll, 11cnaHHJI, 1997 r.), Ha 5-0M Me)K)l)'HapO.ll,HOM coBell{aHHH no TepMonoJieBblM 

TeOpHllM tt HX npHMeHeHHIO (r. PereHc6ypr, repMaHHJI, 1998). 

Ily6nm~aµttn. ITo MaTepttanaM .ll.HCCepTal{HH ony6JIHKOBaHo 10 pa6oT . 

O6beM n cTpyKTVpa µnccepTaunn. )].ttccepTal{HJI ccicTOHT H.3 aae.u.eHHJI, 'IeTbipex _rnaa H 

3aKJIJO'IeHHJI. O611.{HH o6beM ,ll,HCCepTaUHH - ~8 CTJ)aHHI.{ TeKCTa, BKJilO'IaH 19 pHCYHKOB, 6 

Ta6JIHI.{ H cnHCOK JIHTepaTYJlbl H3 104 HaHMeHOBaHHH. 

Co.uepmauue pa6oThl 

Bo eeeµemm o6ocHOBbIBaeTCll aKryaJibHOCTb TeMbl, qJOPMYJIHpyeTCll npe.ll,MeT tt 

l{eJib .ll,HCcepTal{HH, a TaIOKe .u.aeTCll KpaTKOe onHCaHHe co.u.ep,KaHHll ,ll,HCCepTal{HH. 

B nepeoii rnaee KpaTKO. H3JiaraeTCll qiopMaJIH3M TIT)]., 'ITO 1-1eo6XO,ll,HMO .ll,Jill 

a.u.eKBaTHOrO IlOHHMaHHJI 'cxeMbl nOCTJ)OeHHJI _060611.{eHHOro TenJIOBOrO nptt6JIIDKeHHll 

cnYIJaii:HbIX <pa3. OcttoBHaH H.u.ea TIT)]. - cqiopMYiIHpOBaTb .ll,Jill T ,;:. 0 cpopMaJIH3M, 

o6Jia,ll,a.IOll.{HH npeHMyll{eCTBaMH KBaHTOBOH TeopHH IlOJill, TaKOH, B 'IaCTHOCTH, 'IT06bI 

cpe.ll,Hee no 60JibIIIOMY KaHOHH'IeCKOMY aHCaM6JIIO OT HeKOTOporo oneparopa A npH T ,t. 0 

MO,KHO 6blJIO Bbl'IHCJil!Tb KaK cpe.u.Hee no HeKOTOPOMY 3aBHCllll{eMy OT T COCTOllHHIO 

l'l'o(T}} (TenJioBOMY BaKYYMY)-

3rn l{eJib ,ll,OCTHraeTCll B TIT)]. q>OpMaJibHblM y,11,aoeHHeM 'IHCJia CTeneHeii CB060,!1,bl 

cttcTeMhI --· BBe,11,eHHeM "THJib,11,a"- cocTOllHHii I ii >. "TttJih,11,a" - cocTOllHHll - co6cTBeHHbie 

COCTOllHIDI "THJlb,11,a" raMHJlbTOHHaHa ii C TeMH ,Ke caMbIMH co6CTBeHHbIMH 3Ha'IeHHllMH, 

'ITO H ttcxo,11,Hhie cocTOllHIDI In>, TO ecTh iii ii}= E.lii}. JI106oii: oneparop A, 

,11,eiicTByJOll.{Hii B npocTJ)aHCTBe o6hI'IHhIX cocTOllHHii In>, HMeeT CBOH "THJib,11,a" - o6pa3, 

,11,eii:cTByJOll.{Hii B npocTJ)aHCTBe I ii > cocTOllHHii. YpaBHeHHe reil.3ett6epra, 

. 0,11,HOBpeMeHHble KOMM)'Tal{HOHHbie COOTHOIIIeHHJI H ,11,pyrtte onepaTOpHbie ypaBHeHHJI 

o6hI'IHOH KBaHTOBOH TeopHH noJIH BBO.D,llTCll B q>OpMaJIH3M TIT)]. npH IlOMOll.{H onepal{HH 

"THJib,11,a". B ,11,0ilOJIHeHHe K npaBHJiaM onepal{HH "THJib,11,a" B TIT)]. noc-ryJittpyeTCll 

onpe,11,eJil!IOll.{ee TeMnepaTYJlY T3K Ha3bIBaeMOe ycJIOBHe TenJIOBOro COCTOllHHll. 
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IlpHMOe npoHJBe,11.eHHe npocrpaHCTB o6bl'IHblX H "TIUib,11.a"- COCTOlIHlfH C0CT8BIDleT 

II0ilH0e rHnb6epTOBO npocrpaHCTB0 COCT0lIHHH HarpeTOH CHCTeMbl. B 3T0M rrpocrpaHCTBe 

orrepaTop C,11.BHra II0 OCH BpeMeHH -- TerrnOBOH raMHnbT0Hlf8H H = H - ii . 3To 03HaqaeT, 

qTQ .11.IllI HJyqeHHlI B036}',KJJ.eHHblX COCTOHHHH HarpeTOH CHCTeMbl ey;KH0 ,11.H8roHBnH30B8Tb 

H. 3aaHCHmHii: OT TeMrreparypb1 BBKyyM l'I'o(T)) HBIDleTCH co6crneHHbIM BeKTopoM 

Terrnoaoro raMHnhT0HHaHa H c eyneBbIM co6crneHHbIM 3HaqeHHeM:H I 'I' 0 (T)) = 0 . 

BTopasi rnaaa rrocaHmeHa HJnoJKeHmo o6mett cxeMbI o6o6meHHOro TerrnoB<>JJ> 

ITC<I>. 

IlepBbIM rnar0M npH p83pa6oTKe 6onee Cil0lKHblX H rrocne.11.oaaTenbHblX II0,11.X0,11.0B 

HBnJieTCH, KaK npaaHno npH6nHJKeHHe cpe,11.Hero rronJI. MeT0.11. cpe.D.Hero rroID1 B TIT.[{ 

3aKJIIOqaeTClI B rrpoae,11.eHHH JJ.Byx rrocne,zi;oaaTenhHbIX YHHT8pHblX npeo6p830B8HHH. 

Ilepaoe - npeo6paJyeT HCX0,11.Hb!H raMHnbT0HH8H B raMHnbTOHH8H HeKoppenHp0B8HHblX 

KBaJffqaCTHl.l, arnpoe npeo6p83oaaHHe - Terrnoaoe npeo6p83oaaHHe Eoromo6oaa -

CMeillHBaeT KB8Jffq8CTHl(bl o6bl'IHOro H "THnh,11.8" npocrpaHCTB. JlBHhlH BH,11. 

K03<pq>Hl(HeHTOB 3THX JJ.Byx YHHTapHblX npeo6p830B8HHH HBX0,11.HTClI MHHHMH38l(Heii: 

M0,11.eilbH0ro 6onhIIlOro TepM0,11.HHaMffqeCK0ro II0TeHl(Hana, cnaraeMbie K0T0poro 

Bbl'IHCmIIOTClI ycpe,11.HeHHeM II0 38BHCHil{eMY OT TeMrreparypbl B8KyyMY rerrn0BbIX 

KB8Jffq8CTHL(. 

4T06hi yqeCTb 0CT8T0'IH0e B38HMO,ll.eHCTBHe KB8Jffq8CTHL(, H8,ll.0 BblHTlf 38 paMKH 

TITX<I>: Bblp83HTb IIOilHbIH Terrnoaoii: raMHnbT0HH8H CHCTeMhl qepe3 orrepaTOpbl TeIIn0BblX' 

KBaJffqBCTHll p; ,pk H JJ.HaroHanH30B8Th ero. B rrpocTeii:rneM aapHBHTe - TerrnoaoM ITC<I> -

H ,11.HaroHanH3yeTCH B npocrpaHcTBe npo6HbIX <pyttKl(HH THII8 Terrn0BblX <pOHOHOB: 

Q; = r('1';2A1; -:-<j);2A12)= r('1';2P:P; -q>;2P2PJ, '· 12 12 
IIpffqeM 38 0CH0BHbie C0CT0lIHHlI HarpeTOH CHCTeMhl npHHHM8eTClI BBKYYM TeIIIl0BblX 

<poHOHOB. KpoMe rnro, caMH <poHOHbI B TITC<I> cquTaroTc.11 6o3oHaMH. ,Ha H3bIKe MeTo,11.a 

ypaaHeHHii: ,11.BHJKeHHJI .[{. Poy TITC<I> 03Ha'laeT, 'ITO a ypaaHeHHHX JJ.BHlKeH!flI ycpe.D.HeHHe 

Be,11.eTClI II0 BBK)'YMY Terrn0BbIX KBaJffq8CTHl( (T.e. B8K)'YMY TITX<I>). B 3T0M CMbICne 

ypaaHeHHJI TITX<I> H TITC<I> cornacoaaHbI, a Kp0Me rnro 0HH B3BHMH0 He3aBHCHMhl. 

O,11.HaKO ypaaHeHHJI ,11.BHlKeHHlI .11.IllI Terrn0BblX <pOHOHOB .11.orrycKaroT PH.II. 

cymecrneHHbIX YTO'IHeHHii:. Ilepaoe H3 HHX - fihm . rrocne.11.oaaTeilhHbIH Y'feT ,11.eii:cTBHlI 

rrpHHl(HIIa IlaynH B B8KyyMe TeIIn0BbIX !pOHOHOB, HnH, JJ.PyrHMH CilOBaMH, OTK83 OT 
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rrpe.11.rronoJKeHHJI 06 OTCYTCTBHH B HeM TeIIn0BblX KB8Jffq8CTHL(. BTopoe - Y'feT B 

raMHnbTOHHaHe H cnaraeMLIX THIIa B12B34 = p;p2p;p 4 • 3m yTO'IHeHHJI B K0He'IH0M C'lere 

0CH0B8Hbl Ha TOM, 'ITO B ypaaHeHHHX ,11.BHlKeHHlI .11.IllI <pOHOHOB ycpe,11.HeHHe np0B0,11.HTC.II II0 

BBK)'YMY TerrnoBbIX <pOHOHOB, npttqeM 3TOT BBKYYM TaK0B, 'ITO { jB12 j ) = q1012 , r.11.e q1 - c -

qffCil0. 

4T06hI II0ilY'fHTb ypaaHeHHe .11.IllI qffCJ!8 TeIIn0BblX KB8Jffq8CTHL( q1 B TeIIn0B0M 

<pOHOHHOM B8KyyMe, Mb! M0,11.H<pHL(HpOBBnH HJBeCTHblH MeT0,11. "orreparnpa qucna 'lacnn('. 

Ero pe3ynLTaT o6o6maeT H3BeCTH0e ypaaHeHHe .11.IllI q1, rronyqeHH0e B rerrn0B0M 

rrepeHop_MHp0B8HH0M ITC<I> C HCII0ilb30BaHHeM lIBH0r0 BH,11.8 BOnHOBOH <pYffKl(HH 

rerrnoaoro <pOHOHHOro aBKyyMa. 

B rrepaoM npu6nHJKeHHH 6onee TO'IHb1e ypaaHeHHJI ,11.BHJKeHHJI .11.IllI orreparnpoa Q+ 

MO~ HCII0ilh30B8TbClI BMecre C ypaaHeHHJIMH TITX<I>, He38BHCHMO onpe,11.emIIOIIJHMH 

0,11.HO'laCTffqffblH 683HC H TeIIn0Bbie qucna 38IIOnHeHHlI. Ho TaKa.11 cxeMa YJKe He BII0nHe 

rrocne,11.oaaremHa: OTKaJ OT cTaH,11.apTHoro npe.D.IIonoJKeHHJI TITC<I> q1 = 0 npHB0.11.HT K 

TOMY, 'ITO ypaaHeHHJI TITX<I> H ypaaHeHHJI JJ.BHlKeHIDI OKaJLIBaroTC.11 CBH38HHbIMH. Ilo3TOMY 

npe.D.naraeTClI 6onee rrocne,11.oBaTeilbHOe npH6nHJKeHHe. Ero OCHOBHOH M0MeHT 

3aKJIIO'laeTC.11 B TOM, 'ITO B ypaaHeHHHX TITX<I> <pmypupyeT Mo,11.emHblii: 

TepM0,11.HHaMffqeCKHH II0TeHl(Han, B K0TOp0M ycpe,11.HeHHe np0B0,11.HTC.11 no TerrnoB0MY 

!pOHOHHOMY BBK)'YMY. IlpH 3TOM C00TBeTCTBYJOIIJHe M81'pffqffbJe 3neMeHTbl cne,11.yeT 

BblqffCillJTb C TOH lKe T0'IH0CTbIO, 'ITO H B ypaBHeHH.IIX ,11.BHlKeHHlI. CBH3b K0nneKTHBHblX H 

X<I> rrepeMeHHblX 6y,11.eT H3MeHHTb X<I> 683HC, a 3H8'1HT H TeMrreparypHYJO C0CTaBmIIOil{YJO 

KBaJffq8CTffqffbJX queen 3arronHeHHJI nk, T.e. K03<p<pHl(HeHThI rerrnoaoro npeo6p830B8HHJI 

Eoromo6oaa. 

B pe3ynLTaTe rronyqaeTC.11 38MKH}'T8.II CHCTeMa 38l(eIInHIOil{HXClI HenHHeHHhIX 

ypaBHeHHH, KOT0paH onpe,11.enJieT CaM0cornacoBaHHbIM o6p830M He TOilbKO 38BHCHM0CTb 

cpe,11.Hero II0.IDI H rrapaMe'I'p0B KonneKTHBHblX B036YJK.11.eHHH OT TeMrreparypbI, HO H 

C8M0CornacoaaHHYJO CBH3b 0,II.H0'18CTlf'IH0ro H K0nneKTHBH0ro ,11.BHlKeHHlI. 

B TpeTbeii: rnaBe uccne,11.oBBH0 BnHHHHe rrorrpaaoK K TerrnoB0MY ITC<I> Ha 

TepM0JJ.HHaMffqecKHe caoii:crna SU(2)LMa M0,11.enu. 

B rrepaoM rraparpaqie ormcaHbI rrocrpoeHHe TO'IH0ro pemeHHJI SU(2)LMG Mo,11.enu 

npH eyneaoii: TeMrreparype H crroco6 pac'leTa TO'IHOH CTaTlfCTffqeCKOii: CYMMLI 6ommoro 

KaH0HHqeCK0ro aHcaM6nJI .11.IllI Hee. 
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SU(2)LMG MO,!l;emt, roIJI KOTOpoii H3BeCTHo TO'IHOe perneHHe. ITocrpoeH 60JiblIIOH 

TepMO,!l;HHa.MH'IeCKHH noTeffW{aJI MO,!l;eJIH, a TaJOKe ero pa3JIH'IHbie npH6JIIDKeHHbie 

aepcHH. 

3) TipeMolKeH Mero,i;· BbI'IHCJieHIDI npoHttuaeMOCTH ,!J;By(rpex)rop6oro 6apbepa ,i;eneHIDI, 

BKJIIO'Iaronurn KaK 'lllCJieHHoe perneHHe ypaaHeHIDI Illpe,i;HHrepa, TaK H 

KBa3HKJiaccH'!ecKoe nptt6nIDKeHHe nptt oueHKe npouecca nornoru;eHIDI qacTH 

IlpOXO,!l;llIIJ;ero qepe3 6apbep nOTOKa. C ero nOMOIIJ;blO npoaHaJIH3HpOBaHbI ,!l;eTaJibHbie 

3KCnepHMeHTaJibHbie ,!l;aHHbre no q>OTO,!l;eJieHHIO 'IeTHO-'IeTHbIX aKTHHH,!l;OB 

Ha 331.QHTV BbIJlBttraIOTcsr CJieny10tgne pe3VJJbT3TbI 

I. ITocrpoeHo o6o6ru;eHHoe Termoaoe ITC<I>, Koropoe co,i;epJKHT KaK qacTHbre cnyqatt 

Termoaoe nepeHopMHpOBaHHoe TIC<I> H TeTIJioaoe ca.MocornacoaaHHoe ITC<I>. 

2. To'IHOCTb H o6nacTh npHMeHHMOCTH OTITC<I> H TTIITC<I> Hccne,i;oaaHbr Ha npttMepe 

SU(2kMa - Mo,i;entt, ,i;onycKaroru;eii TO'IHoe perneHHe. TioKa3aHo, 'ITO OTITC<I> 

OTIHCLmaeT cTaTHCTH'IecKHe caoifcTaa SU(2kMa - MO,i;enH nyqrne, 'IeM TIIX<I>, TITC<I> H 

TITITC<I>; Ero npettMYmecrna Hatt6onee 33.MeTHM nptt TeMneparypax, 6ntt3KHX K TO'IKe 

q>aJoaoro nepexo,i;a. )laJKe 6e3 nepecrpoiiKH cpe,!l;Hero nomr OTITC<I> onttcr,maeT 

noae,i;eHHe BttyrpeHHeii 3Hepnrn CHCTeMr,1 C TO'IHOCTblO He XYJKe 10%. 

3. ITpe,!J;JiolKeH MeTo,i; BLI'IHCJieHIDI npoHHuaeMocTH ,!J;By(rpex)rop6oro 6apr,epa ,i;eneHrur, 

KOTopr,ni 3areM HCnOJII,30BaH roIJ1 TeopeTH'IeCK0ro aHaJIH3a 3KCnepHMeHTaJII,HI,IX 

/laHHbrx no qiom,i;eneHHIO .imep 232Tb, 234u, 238Pu, 24°I>u H 242Pu. 

4. ,UaHa~oaaa rpaKTOaKa noae,i;eHIDI ce'IeHIDI qiom,i;eneHrur a,i;pa 232Tb a o6nacTH 5.5 M3B 

H nOKa3aHa B03MOJKHOCTI, cyrneCTBOBaHIDI rpeTbero rop6a y 6apr,epa ,!l;e-";eHIDI B .!l,!l;pe 
234u. 

Anpo6aµm1 pa60Tbl. Pe3ynr,TaTI,I ,!l;aHHOH ,!l;HCCepTaUHH HeO,!l;HOKparno ,!l;OKJia/ll,IBaJIHCI, 

Ha ceMHHapax Jla6opaTopHH TeopeTH'IeCKOH q>H3HKH OIUII1, a TaJOKe Ha 48-oM (1998 r.) ( 

MocKBa) H 49-oM {1999) (r.Jly6Ha) MelK,!l;yHap0,!1;11brx coaemaHIDIX no a,i;epHoif 

cneKrpOCKOTIHH H crpyKrype aTOMHoro a,i;pa, Ha 5-oM {1997 r.) H 6-oM {1998 r.) 

MeJKJlYHapO,!l;HI,IX CeMHHapax no B3aHMO,!l;eHCTBHIO HeiirpoHOB C .!l,!l;pa.MH (r. Jly6Ha), Ha 6-
1 

oii MelK,!J;yHapo,!l;Hoii IIIKone "Many-Body Theory of Correlated Fermion System" (r. 
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" 

·, 

~ 

CeBHJII,ll, 11cnaHIDI, 1997 r.), Ha 5-0M MeJKJl)'HapO,!l;HOM coaemaHHH no TepMOnoneBblM 

TeopHllM tt HX npHMeHeHHIO (r. PereHc6ypr, repMaHIDI, 1998). 

Ily6m1icaµHH. ITo MaTepttaJiaM ,!l;HCCepTaUHH ony6JIHKOBaHO IO pa6oT. 

06beM " CTpVKTVpa /lHCCepTaUHH. ,UttccepTaUIDI COCTOHT H_3 BBe,i;eHIDI, 'IeTbrpex rnaa H 

3aKJIIO'IeHIDI. O6mHH o6beM ,!l;HCCepTauim - 88 c;_rpaHHU TeKCTa, BKJIIO'IaH 19 pttcyHKOB, 6 

ra61rnu H cnHCOK JIHTeparypbl H3 104 HaHMeHOBaHHH. 

Co)J.epmauue pa6oTbI 

Bo BBenemm o6oCHOBbIBaeTCll aKTYaJibHOCTb TeMbI, q>OPMYJIHpyeTCll npe,!l;MeT H 

uerrb ,!l;HCCepTaUHH, a TaJOKe ,i;aeTCll KpaTKOe onHCaHHe co,i;epJKaHIDI ,!l;HCcepTaUHH. 

B nepnoii rnaee KpaTKO H3JiaraeTCll cpopMaJIH3M TIT,!],, 'ITO Heo6XO,!l;HMO roIJI 

a,i;eKBaTHOro nOHHMaHIDI ·cxeMbl nocrpoeHIDI o6o~meHHOro TeTIJIOBoro npH6JIIDKeHHll 

cnyqaifHr,rx cpa3. OcHOBHaH H,!l;ell TIT,!], - ccpopMynttpoaaTb rour T -I' 0 qiopMaJIH3M, 

o6na,i;aromHH npeHMymecTBaMH KBaHTOBOH TeopHH nomr, TaKOH, B 'IaCTHOCTH, 'IT06bJ 

cpe,!l;Hee no 60JiblIIOMY KaHOHH'IeCKOMY aHcaM6JIIO OT HeKOTOporo onepaTopa A npH T * 0 

MOJKHO 6r,mo BbI'IHCJlllTb KaK cpe,i;Hee no HeKOTOPOMY 3aBHC.!lllleMy OT T COCTOllHHIO 

J'l'o(T)} (TennoBOMY aawMY)-

3Ta uerrb ,!l;OCTHraeTCll a TTT,ll, lpOJ)MaJibHbIM y,i;aoeHHeM 'IHCJia CTeneHeH ceo6o,i;bl 

cttcTeMbI -- aee,i;eHHeM "THJib/la"- cocTollHHH I ii>. "Tttnb,i;a" - cocTOllHIDI - co6cTeeHHbte 

COCTOllHIDI 0 THJIL,11,a" raMHJibTOHHaHa ii C TeMH iKe CBMblMH co6CTBeHHblMH 3Ha'IeHHllMH, 

'ITO H HCXO,!l;HLJe cocTOllHIDI In>, TO ecTb iiJii} = E.Jii). J1106oif oneparop A, 

,11,eifcrnyiomttif a npocrpaHcTee o6bNHhIX cocTOllHHH I n >, HMeeT caoif "THJib,11,a" - o6pa3, 

,i;ettCTByIOlllHH a npocrpaHCTBe I ii> cocTOllHHH. YpaaHeHHe fett3eH6epra, 

0,11,HOBpeMeHHble KOMM)'TBUHOHHbie COOTHOIIIeHIDI H ,i;pyme onepaTOpHble ypaeHeHIDI 

o6bl'IHOH KBBHTOBOH TeopHH nomr BBO,ll,llTC.!I B q>OpMaJIH3M TTT,ll, npH noMOlllH onepaUHH 

"THJib,11,a". B ,11,0nOJIHeHHe K npaBHJiaM onepaUHH "THJib,11,a" B TTT,ll, nocrynttpyeTCll 

onpe,11,eJilllOlllee TeMneparypy TBK Ha3bIBBeMoe ycJI0BHe TeTIJIOB0rO COCTOllHHll. 
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Bropoii naparpatp nOCBHIUeH H3yqemuo BJIHllHHJI KOppemn.wii B 3aBHCHIUeM OT 

TeMnepaTYJ)bl OCHOBHOM COCTOHHHH CHCTeMbl Ha ee TepMO,!UIHaMWiecKHe CBOHCTBa. B 

qaCTHOCTII, . paCC4HTaHbl :meplWI OCHOBHOro COCTOHHHH, TeruIOeMKOCTb CHCTeMbl, 

qJJIYKIYRUIDI ql{CJia qacrnu H HeKOTOpble .upyrne xapaKTepHCTHKH B paMKax TeilJIOBOfO 

nepeHopMHpOBaHHOfO TIC<l>. TipoBe,ueHO cpaBHeHHe C pe3yJihTaTaMH TOqHoro pacqern, a 

TaIOKe c TeilJIOBbThl nptt6JIIDKeHHeM XapTPH-<l>OKa tt TenJIOBbIM TIC<I>. 

B TPeTbeM naparpatpe nonyqetta ~HcTeMa HeJmHeHHhIX ypaaHeHHH 0606mettHoro 

TenJioBoro TIC<l> ,uJIH SU(2)LMa MO,aeJIH. TipoBe,aeHo cpaBHeHtte pe3yJihTaTOB pacqeTOB B 

OTTIC<l> c TOqttb™,pemeHHeM H c .upyrmm npttfornmeHHHMH Teoptttt MHomx Ten (TTIX<l>, 

TTIC<l> H TTITIC<l>). TioKa3aHo, qTo no Mepe ycnoJKHeHHH ttcnOJih3yeMoro nptt6nHJKeHHH 

pe3yJlbTaThI nptt6nHJKmoTcn: K TOWOMY pacqezy. TipettMYmecTBa OTTIC<l> Hatt6onee 

3aMeTHbI nptt TeMnepaTYJ)ax, 6nH3KHX K ro4Ke tpa30Boro nepexo,ua, Ha cymecTBOBaHtte 

KOTOporo YKa3bIBaIOT Bee nptt6JIIDKeHHbie MeTO,uhl. Tiptt :)TOM TeMnepilTYJ)a !pa30BOfO 

nepexo,ua noHHJKaeTc.11 no Mepe ycnoJKHeHHH ttcnOJlb3yeMoro nptt6nHJKeHHH. Ecntt me B 

TOqKe !pa30BOI"O nepexo,ua He nepeXO,!UITb B .upyryio !pa:3Y, a OCTaBaThc;"B npemueii, TO 

pe3yJlbTaThI OTTIC<l> OKa3hIBaIOTCH uatt6onee a,ueKBaTHbIMH peanhHOMY noBe,ueumo 

HCCJiepYeMOll CHCTeMbl (B KOTopoii, KOHe'IHO, !pa30Bblll nepexo.u He ua6mo,uaeTC.!1) H 

pa3Jll{ql{e Mem,uy TOWhIM pac'leTOM H OTTIC<l> He npeBbIIIIaeT 10%. 

qeTsepTaH rJiaBa nOCBHIUeHa H3)"1eHmo neKOTOpbIX BOilpOCOB TeOpHH ,ueneHHJI. 

B nepBOM naparpa<be KpaTKO H3JIOJKeHa MeTO,!UIKa Kauanoaoro auanH3a 

3KCnepHMeHTaJlbHbIX ,UaHHbIX no tpOTO,ueneHHIO ueKOTOpbIX H,uep o6naCTH aKTHHH,uOB,' 

KOTOpbie B ,UaJibHeiiIIIeM aHaJIH3HpYJOTC.!I H HHTepnpeTHpyioTC.11 C TOqKH 3peHHH TeopHH. 

Bo BropoM naparpa<be onttcau TeopeTWieCKHii Mero.a, ttcnOJih3yeMhrn ,uJIH pacqeTa 

no,u6aphepttoro ceqeuHH tpoTo,ueneHHJ1. B qacTHocrn, onttcatta npou~,uypa pacqeTa 

npouttuaeMocrn B pa,!UlaUHOHHOM Kauane. Tipe,unomeu KoM6HHHpOBaHHhIH Mero.a 

Bhl4ttcneuHH npoHHuaeMocrn KaK ,uayrop6oro, TaK H TPexrop6oro 6apbepoB ,ueneuHH, 

BKJIIOqaJOIUHH KaK 'IHCJieHHOe peIIIeHHe ypaBHeHHH IIIpe,!UIHrepa, TaK H 

KBa3HKJiaCCH'leCKOe nptt6JIHJKeHHe ,uJIH ouenKH npouecca nornomeHHH qacTH npOXO,uHIUero 

qepe3 6apbep nOTOKa, KOTOpblll Mo,uenttpyeT npouecc B3aHMO,aeiiCTBHH ,ueJIHTeJibHOll MO,ubl 

C .upyrnMH CTeneHHMH CB060,ubl ,uen.11111eroc.11 .11.upa. 

B WeToeM naparpa<be npOaHaJIH3HpOBaHbl HOBbie 3KCnepHMeHTaJibHbie ,uaHHhie no 

qJOTO,Ueneumo qeTHo-qeTHhIX aKTHHH,uOB (232Tb, 234U, 238Pu, 240Pu H 242Pu) H Haii.ueHbl 

8 

COOTBeTCTBYJOIUHe xapaKTepttCTHKH 6apbepoa .ueneHH.11. TionyqeHHbie napaMeTPbl 

6apbepoB cpaBHHBaIOTC.11 C aHaJIOfWIHblMH xapaKTepttCTHKaMH, nonyqeHHbIMH npH aHaJIH3e 

.upyrnx 3KcnepttMeHTaJihHbIX .uaHHhIX. Tipe.unomeHo ofu..11ctteHtte xo.ua ceqeuHH 

qlOTO,ueneHH.11 
232

Th B o6naCTH 5.5 M3B H Il0Ka3aHa B03MOJKHOCTb cymeCTBOBaHHH 

TPeTbero rop6a 6apbepa .ueneHHH a 234U. 

8 38KJIIO'ICHHH CtpOpMynHpOBaHbl OCHOBHbie pe3yJihTaTbl ,UHCCeprnum1, KOTOpbie 

npe,ucTaBJI.!IIOTC.11 K 3aIUttTe. 

1. 

PeJyJibT8Tbl JlHCcepTat.lHH ony6JIHK0B8Hbl B pa6oTax 

Storozhenko A.N., Soldatov A.S., Ignatyuk A.V., B!okhin A.I., 
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