
Oli'hEJI.IIHEHHhlH HHCTHTYT JJJJ:EPHhIX HCCJIE,lJ.OBAHHH 

KOCOB 
)laHHHJICB~TocrraBOBHq 

4-96-30 

Ha npasax pyicom1c1-1 

YllK 539.142 

TEPMOITOTIEBOli rrouxou 
B TEOPHH HArPETbIX .sl)lEP 

CneuHarrbHOCTh: 01.04.16 - <pH3HKa aTOMHOI'O .smpa 

H 3ITeMeHTapHbIX qaCTHU 

ABTOpecpepaT .D-HCCepTallHH Ha COHCKaHHe y'leHOH CTeneHH 

KaH.D-H.D-aTa q>H3HKO-MaTeMaTH'leCKHX H~)'K 

Jly6tta 1996 



' 

Pa6oTa BbinOJIHeHa B Jia6opaTopnH TeopeTH'IecKoii: cp:m:mKH HM. H.H;'Bo­

romo6oBa Ofuep;HHeHHOI'O HHCTHTyTa .llp;epHI,IX Hccnep;oBaHIIU. 

H u ' ay'!HhlH pyK0Bop;HTen1,:. 

:} p;0KT0p <JlIIDHK0-MaTeMaTH'IeCKHX Hayx 

Bep;y~Hii: Hay'!HhlH coTpJAHHK 

Ocpm~nanI>Hble orinoHeHThl·: 
. ' . ( 

'IJ;OKTOp.cpm:3HKO-MaTeMaTH'IeCKHX HayK 

Bep;y~HH Hay'!HhlH coTpJAHHK 

" 
KaHp;Hp;aT qm:::mKO-MaTeMaTH'IeCKHX Hayx 

cTapwHH Hay'!HhlH coTpJAHHK 

Bep;y~ai:r opraHH3~: • 

' , 

A.II. Bp;oBHH 

~ 

. p .I'.' Ha3MHTIJ;HHOB 

B.II. ll;en.HeB 

HaysiH'a-nccnep;oBaTenhCKHii: HHCTHTYT . .llp;epHOH q>H3H~H Moc~OBCKOI'O rocy~ 
• • . t • 

HHBepCHTeTa, r: -M6_cK~a. 

3a~~Ta p;HccepT~H cocT0HTC.lI ,£0,; • /4'Q;' Tt:l · 1996 r. Ha 3acep;aHHH 

cneQ~anH3Hp0BaHH0ro C0BeTa K047:01.01 npH Jia6opaTOpHH ~eopeTH'Ie­

CKOH .q>H3HKH HM. H.H. Boromo6oBa OfrI,ep;HHeHHoro HHCTHTyTa .Hp;~pHhlX 

Hccnep;oBaHHH no ap;pecy: r. ,[(y6Ha, MocKoBcxoii: o6~aCTH: . . . 

·' 

· C p;nccepTaQHeH ~O)KHO 03Ha.KOMHTbC.lI B 6H6nHoTeKe OII.HII. 

ABTOpecpepaT paoocnaH · .. If_,, ?5etfjq QA'.f 1995 r. · 
, .~ 

/ 

Y'IeHhlu cexpeTap1, CoBeTa 

/J;OKT0p q>H3HK~MaTe~aTH'IeCKHX HayK 

\ 

1, 

l 
I 

_I 

j 
. t 
t ,, 
I>\ 

'j 

•,\ 

' ·I 
,! 

I 

'1 

: I 
,·,\ 

'j 
i 

,:l 
., 
:'I 
'I ) 

,I 
::i 

l 
:f 
;\ 

Qo~a.H xapaKTepHCTHKa paOOThl 

AKTYaJibHOCTb TeMbl BoraTrur HHcpopM~H.lI o CBOHCT~ax aT0MHhlX .Hp;ep 

npH BhlCOKHX aHeprH.lIX B036y)Kp;eHH.lI H yrnOBhlX MOMeHTaX 6hlna nony"IeHa B 

nocnep;Hee BpeM.lI B CB.HOH C Il0.lIBlleHHeM H0BhlX BhlC0K0pa3pewaro~HX p;eTeK­

TOp0B. CepH.lI HHTepecHhlX OTKphlTHH (rHraHTCKHH µ;HironI>HhlH penoHaHc B 

HarpeThlX .Hp;pax, cpa3oBhle nepexoµ;hl, cynepµ;ecpopMaQH.lI H MIIoroe µ;pyroe) 

CTHMynHp0Bana KaK Il0.lIBlleHHe HOBhlX TeopeTH"IeCKllX nccneµ;oBaHllH, TaK ll 

pa6oThl no conµ;aHnIO µ;eTeKTopoB Tnna "crystal ball". 

OcHOBHOe npen.lITCTBlle Ha nyTH TeopeTn'IeCKllX nccneµ;oBaHllll CHnbHO­

BOn6y)Kµ;eHHhlX .llp;epHhlX (,llCTeM - BhlCOKru.I Il,lIOTHOCTb ypoBHeH, KOTOpru.I 

Ha6n10µ;aeTc.lI B .llp;pax y)Ke npn aHeprn.llx HecxonI>KO MaB Haµ; npacT-nmme:ii. 

"KBa3llKOHTneyyM" ypoBHeH µ;enaeT He:e,onMO)l(HhlM 11poBeµ;eHne peanncTn­

"IecKnx paC"IeTOB CBOHCTB BhlCOKOBOn6y)Kp;eHHhlX .llp;ep B MHKpOKaHOHll"Ie­

CKOM aHCaM6ne n BhlHy)Kµ;aeT npn6eraTb x CTaTllCTll'!eCKOMY onncaHnIO, KO­

Topoe B Toii: nnn HHOH Mepe onnpaeTC.lI Ha MeToµ;hl KBaHTOBoii Teopnn nolI.lI 

npn KOHe"IHhlX TeMnepaTypax. 

BBeµ;eHne TeMnepaTyphl T B KBaHTOBYIO TeopHIO non.ll ncTopn"Iecxn npo­

nnowno B paMKax MeToµ;oB cpyHKQllll lpnHa. 8ToT noµ;xoµ; 6hln nHHQnnpo­

BaH pa6oToii MaQy6aphl 1955 roµ;a. OcHoB!=-1Brurc1, Ha npeµ;cTaBneHnn Bnan­

Moµ;eiicTB~.lI, MaQy6apa noKa3an, "ITO Bhl"IncneHne cTaTncTn"IecKoii cyMMhl 

MO)KHO npoBOl];llTb TeMH )Ke caMhlMll MeToµ;aMn, "ITO ll Bhl"IllCneHne S-MaT­

PllQbI B KBaHTOBOll Teopnn non.ll, ecnn BMeCTO BpeMeHn paccMaTpnBaTb He­

KOTopyIO q>llKTllBHYI? MHllMYIO nepeMeHHYIO, nnMeH.lIIO~YIOC.lI B llHTepBane 

OT O µ;o i/T. XoT.lI cpopMannnM Ma~y6aphl .lIBn.lleTC.lI µ;ocTaTO"IHO MO~H~M 

µ;n.H peweHH.lI p.Hµ;a naµ;a"I Teopnn MHornx Ten npn KOHe"IHhlX TeMnepaTypax, 

OH cnnbHO nponrphlBaeT OT Toro, "ITO BpeM.lI He BBOl];llTC.lI .lIBH_O KaK napa­

MeTp B Ma~y6apoBCKYIO cpyHK~llIO lpnHa. MeTOl];hl Teopnn MHornx Ten He 
. ' 

nc"IepnhlBaIOTC.lI TOnbKO IPYHK~H.l!Mll Ipn~a. HanpnMep,. "IaCTO. cny"IaeTC.H, 

"ITO naµ;a"Ia cnnI>HO ynpo~aeTC.lI npn ncnon1,noBaann_noµ;xoµ;.lI~llM o6panoM 

~"":1?~"".C'!:a..~"-"'""•·~ 

~ £'>f' 11\~'\.~~,r'~{i1111~J~,~ ff~"+""1,..,;•,'1.,,;, 
i ....-.-, -•Yl"•.t::l-~ ::u.1 ... -;J i..i:·U~i'"-H1-:,~ 

;! Ol!£tslH::3Z l'.!tCJ;;!Jillll:umf: 

~_,.,.~~Jl~OT§J)P~ _ 



nogo6pa1rnoro KaHOHll"lecKoro npeo6pa:JOBaHll.lI. Ho nogo6Hble npeo6pa:Jo­

BaHll.lI Tp)'AHO BKJIIO"lllTb ga)Ke B o6bI"lHble I)mHOBCKlle <PYHKQllll np11 T = 0, ,,_ 
11 eme 6orree CJIO)KHO aganTllpOBaTb KaHOHll"leCKlle npeo6pa:JOBaHll.lI H'a crry-

"lan: MeToga cTaTllCTll"leCKllX q>yHKQllH lp11Ha. 

C gpyron: cTopoHbI B aKcllOMaT11"1ecKon: Teop1111 norr11 noKaoaHo, "ITO TeM­

nepaTypa MO)KeT 6bITb BBegeHa B Teop1110 HeBoa11Mogen:cTBYIOIUIIX norren: 

nocpegcTBOM YABOeH~ "lllCJia CTeneHen: CB060gbl CIICTeMbI. AKCIIOMaTIIKa 

aToro nogxoga 6bIJia nocTpoeHa npII noMOIUII C* -arrre6p II oaTeM c IIC­

norrbooBaHIIeM ycrroB1111 Ky60-MapT11Ha-illB11mepa KaK gonorrHIITeJibHOH aK­

CIIOMbI 6bIJia pacnpocTpaHeHa Ha crry"lan: BOallMogen:CTBYIOIUIIX norren:. ,JJ;aH­

HbIH nogxog II0-oa cBoen: CJIO)KHOH MaTeMaTII"leCKOH CTPYKTYPhI He np11Brre­

KaeTe11, KaK npaBIIJIO, AJI11 pemeHII11 npaKTII"leCKllX oaga"l II He npIIBOAllT K 

TOH KBaHTOBOH TeOpIIII norr11 npII KOHe"lHbIX TeMnepaTypax, KOTOpall 6hma 

6bl CTOJib )Ke ygo6Hon: 11 norreOHOH AJI11 pemeHII11 nI?aKTII"leCKIIX oaga"l, KaK 11 

o6bI"lHaJI TeopII11 noJI11 npII T = 0. 

T~llM o6pa:JOM, BO0HllKJia HaCT01!TeJibHaJI Heo6xogIIMOCTb B KBaHTOBOH 

TeopllII norr11 npll T i= 0, KOTOpaJI 6ygy"l11 npocTa B npaKTll"leCKOM npIIMeHe~ 

Hllll, B .TO )Ke BpeM11 no0BOJI11Jia 6bl 11cnoJib0OBaTb Bee MeTOAbI TeOpIIII norr11 

gJI11 on11caHll.lI norpy)KeHHbIX B TepMOCTaT CIICTeM MHor11x "laCTllQ. TeopIIH 

TaKoro Tllna cqiopMyrr11poBaHa •ll HOCIIT Ha:JBaHIIe TepMonorreBOH AIIHaMIIKII 

(TII,n). TII,n KaK KBaHTOBaJI Teop1111 noJI11 npII KOHe"lHbIX TeMnepaTypax 

pa:3BllBaJiaCb 11 npogOJI)KaeT pa:3BllBaTbC11 ycIIJIII11MII MHOrIIX .aBTOpOB. Ha-
'. 

np11Mep, 11ccrregoBaH11e cTpyKTypbI ABYXTO"le"lHbIX q>yHKQIIH lp11Ha II BBege-

HIIe TaK Ha:JbIBaeMbIX TenJIOBbIX gy6rreTOB no0BOJIIIJIO pa:3pa6oTaTb Ha CIICTe­

MaTll"leCKOH ocHoBe TexHllKY gIIarpaMM <l>en:HMaHa np11 KoHe"lHOH TeMnepa­

Type. 3aBeplliaIOIUIIM 0BeHOM B o60CHOBaHIIll TI!,JJ; 6bIJIO goKa:JaTeJibCTBO aK­

BllBaJieHTHOCTII aKCIIOMaTll"lecKoro nogxoga, CB110aHHOrO. C llCnOJib0OBaHlleM 

C* -arrre6pbI, 11 TepMonorreBon: g11HaMllKII. 

OKOH"laTeJibHbIH BapllaHT TII,n IIMeeT pir:g Ba)KHbIX npe11MymecTB no'cpa­

BHeHllIO C npegbIAYIUllMll nogxogaMII, a llMeHHO, TII,n KaK pa60"lIIe MeTOAbI 
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IICnOJih0yeT He TOJibKO TexHIIKY rpllHOBCKIIX <PYHKQIIH 11 g11arpaMM <l>en:­

HMaHa, Ho TaK)Ke eme onepaTopHbie npeo.6pa:JoBaHll.lI II.KOHQenQIIIO oaB11-

c11mero OT TeMnepaTypbI BaKyyMa. B nocrregHee BpeM11 TII,JJ; ycnemHo np11-

MeH11rracb grr11 pemeHll.lI p11ga oaga"l B TeOpIIII KOHgeHCIIpOBaHHblx·cpeg 11 B 

q>IIOIIKe BbICOKIIX aHeprIIII. Ha tlTOM q>oHe Bhlrrr11gIIT ecTeCTBeHHbIM )KeJiaHIIe 

IIcnoJih30BaTb MeTogbI TII,JJ; grr11 nocTpoeHII11 TeopIIII CIIJibHOBoo6y)KgeHHbIX 

aTOMHbIX 11gep. 

IJ;eJib pa60Tbl COCTOIIT B pa:3pa6oTKe OCHOBaHHOro Ha TepMonorreBOH 

gIIHaMIIKe rrncrregoBaTeJibHoro TeopeTII"lecKoro nogxoga gJI11 onIIcaHll.lI KOJI­

rreKTIIBHoro ABII)KeHll.lI B HarpeTbIX 11gpax. 

Hay'IHrul HOBHOHa H npaKTH'IeCKrul u;e_HHOCTb 

• MeToghI TII,n IIcnorrh00BaHbI grr11 nocrregoBaTerrhHoro nocTpoeHII11 Teo­

pIIII HarpeTbIX aTOMHbIX 11gep. BnepBbie 11BHbIM o6pa:JOM nocTpoeH Te­

nJIOBOH raMllJibTOHIIaH KBa:JII"laCTII'IHO-q>OHOHHOH MogerrII (K<I>M) 11gpa, 

B KOTOpOM BblgerreHa rapMOHII"leCKaJI "laCTb II q>OHOH-q>OHOHHOe B0aII­

Mogen:CTBIIe. ,l];aHHOe paogerreHIIe n03BOJillJIO BnepBbie HenocpegcTBeHHO 

BbI"lIICJillTb MaTpII"IHhIH arreMeHT BOaIIMOgen:cTBII11 Me)Kgy TenJIOBbIMll 

q>OHOHaMll ll norry"lllTb ypaBHeHll.lI, onIICbIBaIOIUlle q>parMeHTaQIIIO ogHo­

q>OHOHHbIX COCT011HIIH no 6orree CJIO)KHbIM KOHq>IIrypaQII11M B HarpeTOM 

11gpe. 

• Bo3MO)KHOCTb oan11caTb 11BHbIM o6pa:30M BOJIHOBYIO <PYHKQIIIO KOMna­

YHA-COCT011HII11 11gpa n03BOJillJia cqiopMyrr11poBaTb neJ?eHOpMIIp9BaHHOe 

npII6JI11)KeHIIe crry"laHHbIX q>a:J {IIC<l> ), KOTopoe Y"lll~bIBaeT qiepMIIOH­

HYIO ·cTpyKTYPY 11gepHbIX 6o30HHbIX onepaTopoB. 

• · MeToghI TII,JJ; BnepBbie IIcnorrb0OBaHbI gJI11 11oy'IeHll.lI CBOHCTB Harpe­

TbIX 11gep B npoeKTIIpOBaHHbIX no onpegerreHHOMY KBaHTOBOMY 'IllCJIY 

CTaTIICTII"leCKIIX aHCaM6JI11X. Hcnorrh3Y11 COOTBeTCTBYIOIUllM o6pa:30M 

nocTpoeHHbIH npoeKQIIOHHbIH onepaTop, norry"leHo Bbipa)KeHIIe gJI11 cpe­

gHero 0Ha"leHII11 rr106oro onepaTopa B KaHoHll"leCKOM aHcaM6rre. Pa:Jpa-
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6oTaH npn6im)KeHHbIH MeToµ; npoexTnpoBaHHH no "Incrry "IaCTHU, nc­

norrboy10w;nii npeµ;cTaBrreHne TenrroBoro BaxyyMa B Bnµ;e paorro)KeHHH B 
,;. 

pHµ; no co6CTBeHHbIM BOJIHOBbIM <l>YHKUHHM onepaTopa "IlICJia "IaCTlIQ. 

Ha O~HTY Bhl~BHraIOTCJI CJie~yrom;He peoyJihTaThl 

1. ITpn noMow;n MeToµ;oB TIT.II: nocTpoeH TemIOBOH Hµ;epHbIH raMHJibTO­

HHaH, B KOTOpOM HBHO Bblµ;erreHa rapMOHH"IeCKaJI "IaCTb lI "IJieHbl, OTBeT­

CTBeHHble oa <f>oHOH-<f>OHOHHOe Bt3alIMOµ;eHCTBHe. Taxoe npeµ;cTaBJieHHe 

TenrroBoro raMHJibTOHHaHa no3BOJilIJIO HaM 

(a) ITorry"IHTb ypaBHeHHH ITC<I> µ;rrH HarpeTbIX Hµ;ep B Moµ;errn c cena­

pa6errbHbIM OCTaTO"IHbIM B3aHMoµ;eHCTBHeM B KaHarrax "IaCTHUa -

µ;blpKa lI "!aCTHUa - "IaCTHQa. 

(b) BbI"IHCJIHTb MaTpH"IHbIH arreMeHT B3aHMoµ;eiicTBHH Me)Kµ;y oµ;Ho- n 

µ;Byx<f>oHOHHbIMlI KoH<f>nrypaUHHMlI B Har:peTbIX Hµ;pax. 

( C) ITorry"IHTb ypaBHeHne, onHCbIBa10w;ee <f>parMeHTaUHIO oµ;Ho<f>oHOHbIX 

COCTOHHlIH no 6orree CJIO)KHbIM KOH<f>nrypaQHHM. 

2. IToxaoaHo, xax MeToµ;bl TIT.II: MO)KHO ncnoJib3oBaTb µ;rrH nt1y"IeHHH CBOHCTB 

Hµ;ep B npoeKTHpOBaHHbIX no onpeµ;erreHHOMY KBaHTOBOMY "IlICJIY cTa:­

TlICTH"IeCKlIX aHcaM6JIHx. C HCnOJib30BaHHeM H~elI MeToµ;a JinnKHHa­

HoraMH paopa6oTaH MeToµ; npn6JIH)KeHHOro npoeKTHpOBaHHH no "IlICJIY 

"i:aCTlIQ. 

3. C<f>opMyrrnpoBaHo TeMnepaTypHoe nepeHopMnpoBaHHoe npn6im)KeHne 

crry"IaHHOH <f>aobl. PeweHHe ClICTeMbl ypairneHHH 'nepeHOpMHpOBaHHoro 

ITC<I> npn T =/= 0 µ;JIH SU(2) Moµ;erriI noxaoarro, "ITO B nepeHopMnpoBaH­

HOM TeMnepaTypHOM ITC<I> HeT xorrrranca HH)Kaiiwero xorrrreKTHBHoro 

COCTOHHlIH npn CKOJib yroµ;Ho ClIJibHOM OCTaTO"IHOM B3aHMoµ;eHCTBlilI. 

Anpooa:a;H.11 paoOThl. Pet1yrrhTaTbl µ;nccepTaunn Heoµ;HoxpaTHo µ;oxrra­

µ;bIBaJIHCh n o6cy)Kµ;aJIHCb Ha ceMHHapax Jia6opaTOplIH TeopeTH"IeCKOH <I>n-

3lIKlI HM. H.H. Bororr1060Ba OlUUI n MnrraHcKoro yHnBepcnTeTa, .a TaK)Ke 
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npeµ;cTaBJIHJilICb lI µ;oxrraµ;bIBaJIHCb Ha Me)Kµ;yHapoµ;HOM COBew;aHHlI "Jlµ;ep­

HaJI cneKTpocxonnH n cTpyxTypa aTOMHoro Hµ;pa" (ITeTepro<f>, 17-20 Mru.r, 

1994), IV KINR International School on Nuclear Physics, (Ukraine, Kiev, 

August 29 - September 7, 1994), IV International Conference on Selected 

Topics in Nuclear Structure (Dubna, July 5-9, 1994), International Work­

shop on Nuclear Structure at High Temperature (Italy, Trento, February 20 

-March 1, 1995), Me)Kµ;yHapoµ;HoM coBew;aHHH "JIµ;epHrur cnexTpocxorrnH n 

cTpyxTypa aToMHoro Hµ;pa" (CaHKT-ITeTep6ypr, 27-30 HIOHH, 1995), Gronin­

gen Conference on Giant Resonances (Netherlands, Groningen, Jun~ 28 - July 

1, 1995). 

IlyoJIHKa:QHH. ITo MaTepnarraM µ;nccepTaunn ony6rrnKoBaHo µ;eBHTb pa-

6oT. 

06'beM H CTPYKTypa ~HccepTa:QHH . .II:nccepTaUHH COCTOlIT lI3 BBeµ;e­

HlIH, "!eTblpex rrraB, Tpex npHJIO)KeHHH lI 3aKJIIO"IeHHH. O6w;nii o6'beM µ;nc­

cepTaUHlI 73 CTpaHHUbl TeKCTa, BKJIIO"IaJI pncyHoK, Ta6rrney n CilllCOK JIHTe­

paTypbI HO 71 HaHMeHOBaHHH. 

Co~ep)KaHHe paoOThl 

Bo eee~eHHH o6ocHOBbIBaeTCH aKTYaJibHOCTb TeMbl, <f>opMyrrnpyeTCH npeµ;­

MeT n uerri:, µ;nccepTaunn, a TaK)Ke µ;aeTCH KpaTKoe onncaHne coµ;ep)KaHHH 

µ;nccepTaunn. 

Ileperui rnaea µ;nccepTaunn HMeeT BBOµ;HbIH xapaKTep. B Heu nt1rrara­

IOTCH. npneMbI lI MeTOµ;bl TIT.II: B CBeTe lIX npHMeHCHHH K 3aµ;a"IaM Hµ;ep­

HOH <f>mmxn. B TIT.II: BJIHHHHe TepMocTaTa Ha cncTeMy Y"IHTbIBaeTcH BBe­

µ;eHHeM HOBoro 3aBHCHw;ero OT TeMnepaTypbI rHJib6epTOBa npocTpaHCTBa 

cocTOHHHH cncTeMbl B µ;Ba paoa 6orrbweii paoMepHocTn, "ICM ncxoµ;Hoe npo­

cTpaHCTBO. Yµ;BoeHHC "IHCJia CTCIICHCH CB06oµ;bl npoH3BOµ;HTCH npn noMOlll;ll 

npaBHJI TaK Ha3bIBaeMOH orrepaunn "THJibµ;a"' CBHtlbIBalOlll;lIX orrepaTOphI 

B lICXOµ;HOM lI BO BHOBb BBeµ;eHHOM ("TllJibµ;a") npocTpaHCTBax. TeMnepa-
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Typa BBOl];IITCJI B paccMaTpIIBaeMblll q>OpMaJIII3M C IlOMOIQbIO ycnoBII.lI Tenno­

BOro COCTO.lIHII.lI KaK HeKOTOpaJI µ;ononHIITCnhHaJI nepeMeHHaJI. Ha npIIMepe 

oµ;HoypoBHero q>epMIIOHHoro OCQIInnJITopa npeµ;cTaBneHo µ;ocTaToqHo 06-

I:Qee npaBIIno nocTpoeHIIJI npII noMOIQII TennoBoro npeo6paaoBaHIIJI Boron10-

60Ba TeMnepaTypHoro npocTpaHCTBa <l>oKa CIICTeMbI. 8TOT npoCTOll npII­

Mep npo.lICHJieT CMbICn onepaTopoB B TIInhl];OBaHHOM npocTpaHCTBe (HanpII­

Mep, YHIIqTO)KeHIIe ofiblqHoH qacTIIQbI B TennoBOM BaKyyMe 3KBIIBaneHTHO 

po)Kµ;eHIIIO "TIInhµ;oBaHHOll" qacTIIQbI), II, qTo 6onee Ba)KHO, µ;aeT B03MO)K­

HOCTb cq>opMynIIpoBaTh npII6nII)KeHIIe cpeµ;Hero nonJI B TII,II;.· MeToµ; cpe­

µ;Hero nonJI B TII,II; ocHoBaH Ha npoBeµ;eHIIII µ;Byx nocneµ;oBaTenhHhIX yHIITap­

HhlX npeo6paaoBaHIIH. IIepBoe npeo6paaoBaHIIe nepeBoµ;IIT IIcxoµ;Hhlll cno)K-
u u I 

HhIII JIµ;epHbIII raMIInhTOHIIaH B raMIInhTOHIIaH HCKOppenIIpoBaHHbIX KBa:JII-

qacTIIQ, BTopoe npeo6paaoBaHIIe JIBnJieTcJI TennoBbIM npeo6paaoBaHIICM Bo­

ron1060Ba, CMCWIIBaIOIQIIM KBa:JIIqacTIIQbI B ofiblqHoM II TIIJ'lhl];OBaHHOM npo­

CTpaHCTBC. HBHblll BIIµ; KO:Jq>q>IIQIICHTOB 3TIIX µ;Byx YHIITapHbIX npeo6paao­

BaHIIll noµ;6IIpaeTC.lI II3 ycnOBII.lI TepMOl];IIHaMIIqecKoro paBHOBCCIIJI. 

BTopru1 rnaea nocBJIIQeHa napHbIM KoppenJIQIIJIM cBepxnpoBoµ;JIIQero TII­

na npII T =/= 0. ,Il;nJI Toro qTo6bI noKaaaTh, KaK MCTOl];hl TII,IJ; pa6oTaIOT npII 

peweHIIII peaJibHbIX JIµ;epHbIX aaµ;aq nonyqeHbI xopowo II3BCCTHbIC ypaBH!,'!­

HII.lI TCOpIIII Bapµ;IIHa-Kynepa-IIlpIIq>q>epa (BKIII) npII KOHeqHbIX TeMnepa­

Typax. ,Il;nJI onIIcaHIIJI B paMKax TII,IJ; cBepxTeKyqero HarpeToro Jigpa, Beneµ; 

aa CTaHµ;apTHhIM KaHOHIIqecKIIM npeo6paaoBaHIICM Boron1060Ba npoBeµ;eHo 

eIQe II TennoBoe KaHOHIIqecKoe npeo6paaoBaHIIe OT onepaTop'bB 6oronro6o­

BCKIIX KBa:JIIqacTIIQ K onepaTopaM TennOBbIX KBa:JIIqacTIIQ. Koaq>q>IIQIICHTbI 
_, 

:JTIIX µ;Byx nocneµ;oBaTenhHhIX npeo6paaoBaHIIll onpeµ;eneHhI II:J ycnoBIIJI Tep-

MOl];IIHaMIIqecKoro paBHOBCCII.lI CIICTCMbI npII IlOCTO.lIHHOll T, T.e. II3 ycnoBII.lI 

o6paIQCHIIJI B O BapIIaQIIII 6onhworo TCpMOl];IIHaMIIqecKoro IlOTCHQIIaJia. B 

peaynhTaTe nonyqeHa II:JBeCTHaJI CIICTeMa ypaBHCHIIll TeopIIII BKIII. 

PaanIIqHbie TCMnepaTypHbie npII6nII)KCHII.lI cpeµ;Hero nonJI (K KOTOpbIM 

OTHOCIITCJI TeMnepaTypHoe npII6nII)KCHIIe BKIII) oqeHh yµ;o6Hbl µ;nJI IIay-
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I 

qeHII.lI CTaTIICTJiqCCKIIX CBOHCTB HarpeTbIX CIICTeM. OHII npeµ;cTaBnJIIOT co-

6oii HaqaJibHOC npII6nII)KCHIIC, II, KaK npaBIIno, .lIBn.lIIOT~ nepBbIM waroM 

npII paapa6oTKe 6onee cnmKHhlX II nocneµ;oBaTenhHbIX Moµ;eneii. Ho BhlqII­

cneHIIJI B npII6nII)KCHIIII cpeµ;Hero nonJI npoBOl];.lITC.lI B 6onbWOM KaHOHIIqe­

CKOM aHCaM6ne, IIcnonb:JOBaHIIC KOToporo, co6cTBCHHO roBOp.lI, II Il03BOn.lICT 

HaM onpeµ;enIITb TCilnOBOll BaKyyM UP.II IlOMOIQII TCITnOBOrO npeo6pa:JOBa­

HII.lI Boron1060Ba. CooTBCTCTBCHHO, q>nyKTyaQIIII qIIcna qacTIIQ .lIBn.lIIOTC.lI 

HCOT'heMneMoii 'iepToii Bcex TeMnepaTypHbIX npII6nII)KeHIIH cpeµ;Hero nonJI, 

a B TeopIIII TeMnepaTypHoro BKIII, KpoMe TennoBhlX, BenIIKO eIQe :JHa'leHIIe 

II KBaHTOBbIX q>nyKTyaQIIll qIIcna qacTIIQ. Byµ;yqII KOHeqHbIMII KBaHTOBbIMII 

CIICTCMaMII aTOMHbIC JIµ;pa p;on)KHbI OilIICbIBaTbC.lI q>yHKQIICll pacnpeµ;ene_HIIJI 

KaHOHIIqecKoro aHcaM6nJI. Ha JI:JbIKe TII,II; II:JyqeHIIe CBOHCTB cIIcTeMhl B paM­

Kax TaKoro aHCaM6nJI 03HaqaeT, qTo BMCCTO ycpeµ;HeHII.lI no BOnHOBbIM q>yH­

KQII.lIM II:J Bcero rIInh6epToBa npocTpaHCTBa Mhl µ;on)KHhl pa6oTaTh TOnhKO 

C COCTO.lIHII.lIMII, KOTOpbie xapaKTepII3YIOTC.lI onpeµ;eneHHbIM co6CTBCHHbIM 

:JHaqeHIICM n onepaTopa qIIcna qacTIIQ N. ,Il;nJI Bhlµ;eneHIIJI HY)KHbIX COCTO­

JIHIIll CKOHCTpyIIpoBaH npoeKQIIOHHblll onepaTop, KOTOpbin' "BbipeaaeT" II3 

BCero rIInb6epTOBa npocTpaHCTBa COCTOJIHIIJI c aa~aHHbIM qIIcnDM qacTIIQ 

n: 

2,r 1 2,r 

Pn = _]:__jexp(i<f>(N - n))d</> ® -jexp(i</>(N - n))d</> 
· 21r 21r 

0 0 

C IlOMOIQhIO 3Toro npoeKQIIOHHoro onepaTopa MO)KHO nonyqaTh cpeµ;HIIC 

:JHaqeHII.lI i:ro KaHOHIIqecKOMY aHCaM6nIO l];n.ll nro6bIX onepaTopoB: 

(Q} = {0(T)IPnQPnl0(T)} 
n. (O(T)IPnlO(T)} 

Oµ;HaKo ToqHoe npoeKTIIpoBaHIIe no qIIcny qacTIIQ Tpyµ;oeMKaJI aaµ;aqa 

µ;a)Ke B xonoµ;HbIX .llipax, Il03TOMY 6bln pa3BIIT npII6nII)KeHHblll MCTOµ; npo­

CKTIIpOBaHIIJI. C IIcno_nh:JOBaHIICM IIl];CII MCToµ;a J!IInKIIHa-HoraMII cpeµ;Hee 

no KaHOHIIqecKOMY aHCaM6nro OT HCKOTOporo onepaTopa Q npeµ;cTaBnCHO B 
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crreµ;y10~eM BIIµ;e: 

00 00 

(Q}n = (O(T)IQ - L qkNklO(T)} + L qknk ,'· 

k=l k=l 

,I(ocTOIIHCTBO aToro Bhlpa,KeHII.11 B TOM, "'ITO, Bhl"'IIICJIIIB KOaq>qmo;IIeHThl 

qk npII noMO~II npep;JIO,KeHHoro B p;aHHOll rrraBe cnoco6a, Mhl c JII06oii: CTe­

neHbIO TO"'IHOCTII MO,KeM HaHTII ero npaByIO "'!aCTb BMeCTO pac"'!eTa MaTpII"'I­

Horo arreMeHTa no HemJBeCTHhlM HaM co6CTBeHHblM q>YHKIJ;II.IIM onepaTopa 

"'IIICJia "'!aCTIIIJ;. Ilpep;JIO,KeHHhlll cnoco6 IICnOJib30BaH µ;rr.11 Bhl"'IIICJieHII.11 npo­

eKTIIpOBaHHOll no "'IIICJIY -qacTIIIJ; aHeprIIII OCHOBHoro COCTO.IIHII.11 B Mop;eJIII 

oµ;Horo Bhlpo,Kp;eHHoro j-ypoBH.11. 0Ka3aJIOCb, 'ITO npII He6oJibllIIIX T npoeK­

TIIpOBll.HIIe 3aMeTHO yrry"'IIIIaeT pe3yJibTaThl npII6JIII,KeHII.11 TeMnepaTypHoro 

BKID. Op;HaKO Bcrreµ;cTBIIe Toro, "'ITO Halli npoeKIJ;IIOHHhlH MeToµ; .11Brr.11eTc.11 

no-cy~ecTBY MeTop;oM npoeKTIIpoBaHII.11 nocrre BapbIIpoBaHII.11, rrrap;Koe no­

Bep;eHIIe aHeprIIII OCHOBHOro COCTO.IIHII.11 B 3aBIICIIMOCTII OT T He BOCilpOII3-

BOp;IITC.II. 

B TpeTbe:U rJiaee nocTpoeH TenJIOBOll raMIIJibTOHIIaH KBa3II"'!aCTII"'IHO­

q>OHOHHOll MOp;eJIII .11µ;pa II B paMKaX TeMnepaTypHoro npII6JIII,KeHII.11 crry-qaii­

HhlX q>a3 IIccrrep;oBaHbl KOJIJieKTIIBHbie B036y,Kp;eHII.II B HarpeTblX .11µ;pax. 

B IIcnorrb:JyeMoii: HaMII BepcIIII K<l>M raMIIJibTOHIIaH Moµ;errII BKJIIO"'!aeT 

q>eHOMeHOJIOrII"'IeCKIIe cpep;HIIe noJIJI p;JIJI HeHTpOHOB II
0 

npoTOHOB II B3aIIMO­

µ;eii:cTBII.II B KaHarrax "'IflCTIIIJ;a - "'!aCTIIIJ;a II "'!aCTIIIJ;a - p;blpKa. IlepBoe co­

CTOIIT II3 npOTOH - npoTOHHoro II Heii:TpOH - HeHTpOHHOrO'MOHOnOJibHOro 

cnapIIBaHII.11 c nocTO.IIHHhlM MaTpII"'IHhlM arreMeHTOM II cenapa6eJibHhlX MYJib­

TIInOJibHhlX cIIJI (TaK,Ke npoToH - npoT~HHbIX II Heii:TpoH - He_ii:TpOHHbIX); 

BTopoe - II3 II30CKarr.HpHhlX II II30BeKTOpHbIX cenapa6eJibHbIX MYJibTIInOJib­

HhlX CIIJI. 

IlepB.bIH aTan Ha nyTII nocTpoeHII.11 TenrroBoro raMIIJibTOHIIaHa K<l>M co­

CTOIIT B nepexoµ;e O onepaTopoB po,Kp;eHII.11 II ,YHII"'ITO,KeHII.11 HYKJIOHOB K one­

paTopaM TeIIJIOBhlX KBa3II"'IaCTIIIJ;, npII"'IeM aHeprIIII II BHyTpeHH.11.11 CTPYK­

Typa TenJIOBhlX KBa3II"'!aCTIIIJ; onpeµ;eJIJIIOTC.11 npII peIIIeHIIII ypaBHeHIIll TeM-
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nepaTypHoro npII6JIII,KeHII.II BKID. BIIµ; TenrroBoro raMIIJibTOHHaHa noµ;­

CKa:JhlBaeT CTPYKTYPY onepaTopoB, KOTOphle MoryT IICnOJib30BaTbC.II KaK 

"CTpOIITeJibHhle" 6JIOKII µ;rr.11 KOHCTpyIIpOBaHII.11 BOJIHOBOH q>YHKIJ;IIII oµ;Hoq>o­

HOHHhlX Bo:J6y,Kp;eHHb1x cocTo.11HIIii: 

+ _1"( ,\i + +. -,\i ~+~+ 
Q,\µi - -2 L., 1f'jj'[,Bjm,Bj'm']>.µ + ?f'jj,[,Bjm,B-:;---;-],\µ+ 

.. , J m 
]] 

+277]], [.B;m,B~ ,],\µ + (- )"-µ</>)J, [.Bim.Bj'm' ],\-µ+ 
, J m 

,\-µ -,\i - - ,\-µ ,\i - ) 
+(-) <Pjj1 [.Bjm.Bj'm'J>.-µ + 2(-) (jj 1 [.Bjm.Bj'm'J>.-µ 

. B KBa3II6030HHOM npII6JIH,KeHIIII peIIIeHhl ypaBHeHII.11 p;BII,KeHII.11 µ;rr.11 q>O­

HOHHbIX onepaTopoB II norry"'!eHhl ceKyrr.11pHoe ypaBHeHIIe µ;rr.11 aHeprIIii: oµ;Ho­

q>OHOHHhlX cocTOJIHIIH w II Bhlpa,KeHII.11 µ;rr.11 q>OHOHHhlX aMnJIIITyp;. B µ;aHHoii: 

rrraBe noKa:JaHo TaK,Ke, KaK B paMKax TepMonorreBoro noµ;xoµ;a Bhl"'IIICJIJITb 

Bepo.11THOCTII nepexop;oB B HarpeThlX .11µ;pax II norry"<IeHa q>opMyrra, no:JBorr.11-

10~a.11 paCC"'IIITaTb Bepo.HTHOCTb B036y,Kp;eHH.II Op;HOq>OHOHHOro COCTO.IIHII.11, 

nocTpoeHHOro Ha KOMnayHp;-COCTO.IIHIIII (BaKyyMe µ;rr.11 TenJIOBhlX q>OHOHOB). 

B qeTBepTOH rJiaBe paCCMOTpeHbl nyTII BhlXOp;a 3a paMKII CTaHµ;ap­

THoro IIC<l>. IlpoBep;eHHoe B npep;hlµ;y~IIX rrraBax o6o6~eHIIe Ha crry-qaii: 

T =/- 0 ypaBHeHIIH BKill II IIC<t> npoµ;eMoHcTpnpoBarro B µ;ocTaTO'lHOH Mepe 

aq>q>eKTIIBHO~Tb MeTop;oB TII,I(, II, "'ITO caMoe rrraBHoe, AaJIO HaM B pyKII 

nocrrep;oBaTeJibHhlH cnoco6 rrocTpoeHII.11 TenrroBoro raMIIJibTOHIIaHa K<l>M B 

crreµ;y10~eM npII6JIII,KeHIIII, y,Ke Y"'IIIThlBaIO~eM B3aIIMOp;eHCTBIIe arreMeHTap­

HhlX Mop; B036y,Kp;eHIIH, T.e. B npn6JIII,KeHIIII Bhlxoµ;.11~eM :Ja paMKII IIC<l> . 

,I(naroHaJIII30BaB TeIIJIOBOH raMIIJibTOHHaH Ha npocTpaHCTBe BOJIHOBhlX q>yH­

KIJ;IIH, coµ;ep,Ka~IIX op;HO- II p;ByXq>OHOHHble KOMnoHeHThl, Mhl norry"'!IIJIII JIB­

Hoe Bhlpa,KeHIIe µ;JI.II MaTpII'IHOro arreMeHTa q>OHOH-q>OHOHHOro B3aIIMOp;eii­

CTBII.II II ypaBHeHIIe µ;rr.11 cneKTpa HarpeToro .11µ;pa B 0TOM npII6JIII,KeHIIII. T .e. 

6hlrra norry'leHa CIICTeMa ypaBHeHIIH µ;rr.11 pac"'!eTa :JaTyxaHII.11 rIIraHTCKoro 

pe30HaHCa B HarpeTOM .11µ;pe 3a C"'!eT q>parMeHTaIJ;IIH op;HOq>OHOHHhlX KOHq>H­

rypao;nii no 6orree CJIO,KHhlM COCTO.IIHII.IIM. 
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Y'ieT aHrapMOHII'ieCKUX 'iJieHOB ganeKO He egIIHCTBeHHblli acpcpeKT, CB.lI­

:mHHblli c BblxogoM :m paMKII cTaHgapTHoro IIC<l>. Tax, o;ao II3 ocHOBHbIX 

npegnorro:lKeHIIII npII6JIII:lKeHII.lI crry'iaIIHOII cpanbI cocTOIIT B TOM, 'ITO 'iIIcrro 

'iaCTII'iHO-gbipO'iHbIX (IIrrII KBa3II'iaCTII'iHbix) Bon6y:lKgeHIIM B IIC<t> BaxyyMe 

npeHe6pe:lKIIMO MaJIO, II aTO II03BOJI.lieT C'iIITaTb 6IIcpepMIIOHHbie onepaTOpbl 

6o30HHbIMll. ,Il;oBOJibHO gaBHO AJI.lI XOJIOAHbIX Hgep 6bIJI npegrro:lKeH nogxog, 

Bblxogm.1~uii na paMKH yxanaHHoro npII6rrn:lKeHH.lI II Ha3BaHHbIM nepeHopMII­

poBaHHbIM IIC<t>. IlepeHopMnpoBaHHoe IIC<t> go nnBeCTHoii cTeneHn ucnpa­

BJI.lieT HapyweHne npnHI~nna Ilayrru B BOJIHOBoii cpyHKUHH IIC<l>-BaxyyMa, 

BHOClIMOe KBa3ll6030HHbIM npu6JIU:lKeHIIeM. 

KoppeJI.lIUllll B OCHOBHOM COCTO.lIHllll Hgpa, B03HIIKaIO~IIe B nepeHOpMnpo­

BaHHOM IIC<t>, MoryT OKa3aTb CIIJibHOe BJill.lIHlle Ha .srgepHbie Bon6y:lKgeHU.lI. 
I 

Ha nepBblll B3rrr.srg OHII AOJI)KHbl 6bITb e~e cy~eCTBeHHee AJI.lI KOJIJieKTlIBHbIX 

Bon6y:lKgeHIIM B rop.lI'ilIX .srgpax, rge OCHOBHbIM COCTO.lIHlleM Hgpa .lIBJI.lieTC.lI 

KOMnayng-cocTO.lIHIIe. C uerrbIO npoBeplITb IIpIIMeHHMOCTb pc<t> AJI.lI onuca­

Hll.lI narpeTbIX Hgep u Hapywenue npunuuna Ilayrru B KOHe'iHbIX narpeTbIX 

cucTeMax nocTpoeno nepenopMnpoBannoe IIC<t> grrH crry'iaH T -/= 0. IIo­

rry'ieHHaH cIIcTeMa ypaBHeHuii nepeHopMnpoBaHHoro TeMnepaTypHoro IIC<t> 
' . 

peweHa grrH gByxypoBHeBoii SU(2) Mogerru. B aToii Mogerru rncTeMa ypamie-

HHM TeMnepaTypHoro nepeHOpMnpoBaHHoro IIC<l> CBOAIITC.lI x arr,re6paII~e­

CKOMY ypaBHeHHIO 'leTBepToro nop.srgxa grrH a6corrIOTHoii BeJIH'iIIHbl aHepruu 

ogHO<pOHOHHbIX COCTO.lIHIIM w: 
"'·. 

w 4 + {[V(n_ - n+)(N + 1)]
2 

- .s2
} w 2 

- 2 [V(n_ - n+)]2 (N + l)cw 

+ [V(n_ - n+)cJ 2 = 0 

PeweHne aToro ypaBHeHH.lI noxanarro, 'ITO B nepeHopMnpoBaHHOM TeMnepa­

TypHoM IIC<t> npII BonpacTaHIIII KOHCTaHTbl ocTaTO'iHoro BnanMogeiicTBH.lI 

He npoucxognT KOJIJiaIIC Hll:lKaiiwero KOJIJieKTIIBHOro COCTO.lIHll.lI. 

B_oaKJIIO'-IeHHH ccpopMyrrupoBaHbl ocHOBHble penyrrbTaTbl guccepTauuu, 

KOTOpbie npegcTaBJI.lIIOTC.lI K na~IITe. 
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B IlpHJIO)KeHH.H A, B H B BbIHeceHbl rpoMong~ue cpopMYJibI, CB.lI3aH­

Hbie c pac'ieTOM ogHo<pOHOHHbIX BOn6y:lKgeHllll B HarpeTbIX .srgpax, a TaK:lKe 

IIpIIBegeHbl CJIO)KHble cpyHKUHH, BXOA.lI~lle B Bblpa:lKeHne AJI.lI MaTpll'iHOro aJie­

MeHTa B3auMogeiicTBII.lI ogHo- lI gByx-cpoHOHHbIX KOH<pnrypauuii. 
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