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Microscopic Description of Fast Rotating 
Heated Nuclei 

The microscopic mcxiel is formulated Which allows one to 
describe the collective excitations in nuclei at high spin and exci
tation energy above the yrast line, The analysis is presented of 
the changes in the statistical characteristics which follow the transi 
tion from the two-dimentional rotational pattern of axial nuclei at 
low spins to the regime of a "three-dimentional rotation" of nuclei 
with the three-axial shape at high spins, 

The investigation has been performed at the Laboratory of 
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B nocne.n;uue ro.n;hl HHTeHCHBHo pa3BHBaiOTCJI accne.n;oBaHHJI 

CBOHCTB JI,D;ep, 06Jia,D;aiOUUIX 60JlbWHM yrnOBhiM MOMeHTOM; 60 -:
lQQtJ. B TeopeTH'IeCKOM BJiaHe OCHOBHOe BHHMaH&e npa 3TOM 

o6hl'IHO y,n;enHeTCJI COCTOJIHHJIM &paCT- fiOJlOChl HJIH 6niDKaBWHM 

K HHM KBa3H'IaCTH'IHhlM H KOJIJleKTHBHhiM COCTOJIHHJIM BH6paUHOH

HOrO T&na
1 11_ O.n;HaKo Ha 3KcnepuMeHTe .11.n;pa c 6onJ.WHM yrnOBhiM 

MOMeHTOM, 06pa3YIOJUHeCJI B peaKUHJIX C TJI)I(eJlhiMH HOHaMH, HMeiOT 

Ha Ha'laJlbHOB CTa,D;HH TaK)I(e 60JlbWYIO 3HeprHIO B036y)I(,D;eHHJI 

Ha,n; upacT·nonocoB:. llo3TOMY npu aHan&3e TaKHX 3Kcnep&MeHTOB 

He06XO,D;HMO He TOJlbkO 3HaTb CBOHCTBa JI,D;epHhiX COCTOJIHHB B 

OKpeCTHOCTH HpacT-DOJlOChl, HO H yMeTb ODHChiBaTb Ha BCeX 

:nanax ,n;eB036y)I(,D;eHHJI 3BOJ110UH10 4Ja,KTOpOB, onpe,D;eJIJIIOUUIX CTa-

6HJibHOCTb JI,D;ep DO OTHOWeHBIO K pa3JlH'IHhiM KaHanaM pacna,n;a. 

B peanbHhlX ycnoBHJIX 3Kcnep&MeHTa Tpy.n;uo Bhl,n;en&Tb oT

.n;enbHhle nepexo.n;w ,D;a)l(e B Henocpe,n;cTBeHHOB 6n&30CTH K upacT

nonoce y)l(e npu yrnoBhiX MOMeHTax I >- 201i. llo3TOMY npu uc

cne.n;osaHHB CBOBCTB 6hlCTpOBpaJUaiOUUIXCJI BhiCOKOB036y)I(,D;eHHhiX 

JI,D;ep eCTeCTBeHHO onepapOBaTb C ycpe,n;HeHHhiMB XapaKTepHCTBKa

MB, ,D;Jl.l: OfiHCaHHJI KOTOphiX MO)I(HO BCDOJlb30BaTb CTaTHCTH'IeCKHB 

no.n;xo.n;. llpa 3TOM .n;nH B3aHMocornacouauHoro aHanu3a .n;auuwx 

)l(eJiaTeJlbHO BMeTb e,D;HHYIO MO,D;eJlb KaK ,D;JIJI paCCMOTpeHHJI HCna

pBTeJlbHOB CTa,D;HB pacna,n;a BhlCOKOB036y)I(,D;eHHOrO JI,D;pa, TaK H ,D;JlJI 

H3y'leHBJI KOJIJleKTBBHhiX raMMa- nepeXO,D;OB B,D;OJlb HpacT- DOJIOChl 

H Ha,D; Heii:. 

B pa6oTax
121 

6hlna c4JopMynupoBaHa Mo.n;enb, KoTopaB. no3BOnJI

eT npoaHanB3HpOBa Tb B paMKaX MHKpOCKODH'IeCKOrO DO,D;XO,D;a 

CBOBCTBa BCeX COCTOJIHHB, CBJI3aHHhiX C COCTOJIHHJIMH upacT

DOJlOChl CHJlbHhiMB E2 -nepexo.n;aMH. Cpe,D;H HHX COCTOJIHHJI CaMOB 

upacT-nonocw, MO,D;hl Kone6auuii: JI.n;epHoii: noaepxuocTH KBa,n;py

nonbHOB CHMMeTpHB H COOTBeTCTBYIOIUBe ruraHTCKHe pe30HaHChl, 
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a TaK)Ke HyTaUHOHHble MO,ll;bl, CBJI3aHHble C H3MeHeHHeM OpHeHTaUHH 

yrDOBOrO MOMeHTa OTHOCHTeDbHO TeH3opa HHepUHH. Cy~eCTBeHHO 

OTMeTHTb, 'ITO B .n;e$opMHpOBaHHbiX Jl,ll;pax npH TaKOM onucaHHH 

y,n;aeTCJI paCCMOTpeTb BCe THnbl B036y)K,ll;eHHH, CBJI3aHHble C 3BOmo

UHeH npOCTpaHCTBeHHOH OpHeHTaUHH Jl,ll;pa. EoraTCTBO KODDeKTHB

HbiX MO,ll; H OTHOCHTeDbHa.ll npOCTOTa COOTHOWeHHH ,n;enaiOT npe,n;no

)KeHHYIO MHKpOCKOnH'IeCKYIO MO,ll;eDb BeCbMa nepcneKTHBHOH. B 

,ll;aHHOH pa6oTe Mbl XOTHM pacnpOCTpaHHTb 3TY MO,ll;eDb Ha o6naCTb 

BbiCOKOB036y)K,ll;eHHbiX /HarpeTbiX/ Jl,ll;ep, T.e. CcPOPMYDHPOBaTb 3KBH

BaDeHTHbiH MHKpOCKOnH'IeCKHH no,n;xo,n; ,li;DJI paCCMOTpeHHJI CTaTHCTH

qecKHX xapaKTepHCTHK Jl,ll;ep. 

§1. Bb16op MooeAbHozo zaMUAbiiiOHUaHa 

IlpaKTH'IeCKH HCnODb3yeMble MHKpOCKOnH'IeCKHe MO)leDH )le

cPOPMHpOBaHHbiX Jl)lep KOM6HHHPYIOT npe)lCTaBneHHJI MO)leDH npu

HYJlHTeDbHOro Bpa~eHHJI /MIIB/ B onucaHHH Bpa~eHHJI H npu6nu

)KeHHJI cnyqaii:HbiX $a3 /IICIP/ )lDJI aHaDH3a BHyTpeHHHX B036y)K)le

HHH. 0CHOBHble xapaKTepHCTHKH Jl)lpa, TaKHe, KaK 3HeprHJI H cPOpMa 

noaepXHOCTH B COCTOJIHHJIX HpacT- nODOCbl, onpe)leDJIIOTCJI Cpe,n;HHM 

noneM, KOTopoe o6bl'IHO H3y'laiOT a caMocornacoaauuoii MIIB / 3i, 

pewaJI ypaaueHHJI XapTpu-«Poxa- Eoron106oaa /«PE/ JlDJI onepaTopa 

R=H-n.fx, 
/l.l/ 

r,11,e H- MHoroqacTH'IHbiH raMHrrbTouuau Jl)lpa, J - onepaTop npoex-
x 

uuu yrnoaoro MOMeHTa ua x -ocb u Q-qacToTa apa~eHHJI. Aua-

norH'IHbiH nO,li,XO,ll; HCnOrrb3yeTCJI H npH H3y'leHHH CTaTHCTH'IeCKHX 

xapaKTepHCTHK B036y)K,ll,eHHbiX Jl,ll,ep, B 'laCTHOCTH npu paCCMOTpeHHH 

CnHHOBOH 3aBBCHMOCTH nrrOTHOCTH ypOBHeH / 4')J;rrJI BbiCOKOB036y)K

,n;eHHbiX Jl)lep, ecTeCTBeHHO, BBO)lHTCJI CTaTHCTH'IeCKH ycpe,li,HeHHOe 

caMocornacoaauuoe none u HJ.UYTC.II ycpe)lHeHHble xapaxTepucTHKH 

Jl,ll,pa. 

raMHrrbTOHHaH H o6rra)laeT onpe,!J,erreHHbiMH CBOHCTBaMH CHM

MeTpHH, xapaKTepHbiMH ,li;II.II 3aMKHYTOH CHCTeMbl HYKDOHOB. B TO 

)Ke apeMJI B onepaTope R c$epuqecxaJI CHMMeTpHJI, a TaK)Ke 

CHMMeTpHJI ITO OTHOWeHHIO K H3MeHeHHIO 3HaKa BpeMeHH OKa3biBaeT

CJI HapyweHHOH. 3To npHBO,li;HT K Heo6XO,li;HMOCTH llpH aHarrH3e 

BHyTpeHHHX B036y)K,ll;eHHH BpaJ.UaiO~HXCJI Jl,ll,ep BHHMaTerrbHO Crre)lHTb 
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3a DO)f(HbiMH ",n;yXOBbiMH" COCTO.IIHBJIMH, B03HHKaiOIUHMH B 3a,n;aqax 

C HapyweHHOH CHMMeTpHeH raMHDbTOHHaHa/5/. B 'IHCDO ,n;yxOBbiX 

CO.CTO.IIHHH nonaiJ,aiOT COCTOJIHHJI C o6~eH BHyTpeHHeH CTpyKTypoH 

H pa3HOH 3aBHCHMOCTbiO OT yrnoB 38nepa, onpe,n;eDJIIOIUHX OpHeH

TaUHIO .11,11;pa B npOCTpaHCTBe /TaK Ha3biBaeMble rOD,li;CTOYHOBCKHe 

BeTBH B036y)K,n;eHHJI/. IlpH 60DbWHX yrnOBbiX MOMeHTaX OTCyTCTBy

eT a)lHa6a TH'IHOCTb no OTHOWeHHIO K Bpa~eHHIO H HyTaUHJIM .ll)lpa. 

Il03TOMY )lDJI Bbl)leDeHHJI poTaUHOHHOrO )lBH)KeHH.II npH TaKHX MO

MeHTaX BeCbMa Ba)KHO HCnODb30BaTb HHBapHaHTHYIO cPOPMYDHpOBKY 

MO)leJiH, B paMKaX KOTOpOH MO)KHO KOppeKTHO yqecTb BDH.IIHHe 

yCDOBHH CHMMeTpHH Ha CBOHCTBa COCTOJIHHH pa3DH'IHOH cPH3H'IeCKOH 

npHpO)lbl. TaKOH no)lXO)l )lDJI COCTOJIHHH B OKpeCTHOCTHHpacT-nono

Cbl pa3BHaancJI B pa6oTax
1 2~ u Mbl o6o6J.UHM ero ua uarpeTble 

Jl)lpa. 

)J,DJI onucaHH.II HepOTaUHOHHbiX B036y)K)leHHH Jl)lpa 6y)leM HCnODb-

30BaTb BMeCTO /1.1/ BCnOMOraTeDbHbiH raMHDbTOHHaH 

- ~ A2 
H = H -h(J ), /1.2/ 

r)le onepaTOpHa.ll cPYHKUHJI h (.J2) 3aBHCHT TODbKO OT nOJIHOrO 

yrnoaoro MoMeHTa .f2 = .f2 + .f2 + .f2 B nocne)lyiOJ.UeM onepaTop 
A 2 X y z 

h (J ) 6y)leT onpe)leDeH CBOHM )leHCTBHeM Ha OTHOCHTeDbHO 

rrpOCTble MHOrO'IaCTH'IHble COCTOJIHHJI, TO'IHOe Bblpa)KeHHe )lDJI 

KOTOpbiX )laeTCJI n03)lHee. 0603Ha'IHM TaKOe MHOrO'IaCTH'IHOe coc

TOJIHHe \ > , C'IHTa.ll ero DY'IWHM npH6DH)KeHHeM K C06CTBeHHOH 

cPYHKUHH Jl)lpa C 3a)laHHbiMH 3Heprue:i!. H yrrrOBbiM MOMeHTOM 

B orpauuqeuuoM xnacce $yuxuuii:. Ey,11,eM C'IHTaTb, cne.n;yH
1
2( 

'ITO cocTOJIHHe I> o6na.n;aeT cne,n;yiOJ.UHMH cao:ii:cTBaMH CHMMeTpuu: 

irr:Jx irrJz 
e I>= Te I> = ei¢ I>. /1.3/ 

r)le T - onepaTOp HHBepCHH BpeMeHH. IlpH 3TOM BblllODHJIIOTC.II 

COOTHOWeHHJI 

< Jy > = < Jz. > = 0, 
/1.4/ 

<Q2tl>=<Q -Q >= 0 • 
~ 2,2 2,-2 

03HaqaiOIUHe, 'ITO cpe.n;uee 3Haqeuae yrnoaoro MOMenTa B cocTOJIHHB 

1 > uMeeT rrHWb ueuyneayw cocTaBrrJIIOJ.UYIO B,li,Orrb ocH x, a rnaa-
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Hble OCH KBa~pynOJILHOrO MOMeHTa MaCChi Q
2

m , ycpe~HeHHOrO 
no cocTo.IIHHIO I > , coana~aroT c OC.IIMH na6opaTopHoB: cucTeMbl 

Koop~uHa T. Cpe~Hee 3Ha'feHHe 

< J > = M 
X /1.5/ 

Mbl 6y~eM C'fHTaTL B 06IQeM CJIY'fae OTJIH'fHbiM OT HYJI.II. 

3anuweM onepaTop h (i2 ) a au.ne 

h (J2 ) = < h > + n (J -M) + 
X 

~ 2 ~2 ~2 

+ 1'- (J -M) + 1'- (JY +Jz )+ ... , 
X X · 

/1.6/ 

r~e TO"'KaMH o6o3Ha'feHbl 'fJieHbl, co~ep)l(aiQue npoH3Be~eHH.II He 

MeHee "'eM Tpex onepaTopoa H3 'fHCJia Jx-M,.Jy.Jz . llpuHanuca

HHH $OpM)'Jlbl /1.6/ HCnOJIL30BaHa TeopeMa BHKa, npHMeHeHHa.ll 

K on epa Topy h ( f 2 
) B npH6JIH)I(eHHH, B KOTOpOM OT6paCbiBaiOT

C.ll, KaK MaJible, HeKorepeHTHble 'fJieHbl BH~a 

~ ~ 

l (Ji )lm(Jj )n2 
m,n · 

:a+ a at a 
1 m n 2 

LJ 

a TaK)I(e caoiicTaa CHMMeTpuu/ 1.3/ cocTO.IIHHJI I> . CKaJI.IIPHhiH 

XapaKTep onepaTopa h(J2) npHBO~HT K HeKOTOpOMy COOTHOWe

HHIO Me)l(,ny napaMeTpaMH M,/'- H 0 . llO~CTaBHB Bblpa)l(eHHe /1.6/ 
B $opMyJiy 

<I a7 3:1 [( jy ), h (J 2 )]f> = O, 
/1.7/ 

JierKo nOJIY'fHTL COOTHOWeHHe 

n =2 11 M. /1.8/ 

CymecTBeHHo OTMeTHTL, 'ITO <l>opMyJia I I. 7 I He $HKCHpyeT BeJIH'fHHy 

napaMeTpa Jl.·x • BeJIB'fBHa KOToporo MO)I(eT OTJIH'faTLCJI OT Jl.• eCJIH 

<l>YHKUHJI h(J
2

) OTJIH'faeTC.II OT JIHHeHHOH <l>YHKllHH. KaK CJie~yeT 
H3 ~aJILHeiiwero, 'fJieHLl h(J 2 ) B <l>opMyne I 1.6/, He BLlnucaHHLle 

B JIBHOM BB~e, He BXO~JIT B ypaBHeHBJI MO,neJIH B paCCMaTpHBaeMOM 
npH6JIB)I(eHBH. 
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Y~o6cTBO BBe~eHH.II OnepaTopa H COCTOHT B CJie~YIOII.IeM: 

a/ KaK BH~Ho H3 <l>opMyJibl /1.6/, cpe~Hee none, onpe~eJieHHoe 
M.ll raMHJILTOHHaHa H B npu6JIH)I(eHHH XCI>Ii /npu npoH3BOJILHOH 

TeMnepa Type/, 06Jia~aeT CBOHCTBaMH, aHaJIOrH'fHbiMH CBOHCTBaM 

nOJI.II .ll~pa B MO~eJIH npHHY~HTeJILHOrO Bpall.leHH.II, H KOpHOJIHCOB 

'fJieH -0 J x B onepaTope cpe~Hero nOJI.II MO)I(HO nOHHMaTL KaK 

'faCTL O~HO'faCTH'fHOrO raMHJILTOHHaHa, COrJiaCOBaHHOrO B npH6JIH

)I(eHHH XapTpH c raMHJILTOHHaHOM I 1.2/. Cne.ny.11 /6/, MO)I(HO noKa-
n 

3aTL, 'ITO 3HeprH.II upacT-cocTO.IIHH.II E I c yrJIOBLlM MOMeHTOM I, 

OlleHeHHa.ll no MeTo~y npoeKTHpOBaHH.II COCTO.IIHH.II XCI> I) Ha COCTO.IIHH.II 

C $HKCHPOBaHHbiM I , Y~OBJieTBOp.lleT COOTHOWeHHIO 

a 
11 

n = --~:. _ a E I 
aM - --====---=-

avi(I+l) 

M yi(I+l). 

6/ B CHJIY c$epH'feCKOH CHMMeTpHH onepaTOpOB 

BhlnOJIH.IIIOTC.II KOMMyTaUHOHHLle COOTHOWeHH.II 

l .f1 • H l = o. =<X,y,z. 

/1.9/ 

H H h 

/1.10/ 

Ha 3TOM OCHOBaHHH MO)I(H_? y~aep~~aTL, 'ITO TpH npoeKUHH onepa

TOpa yrJIOBOrO MOMeHTa, J~, ,Jy , J~, npe~CTaBJI.IIIOT TpH pa3Hble 

peweHH.II ypaaHeHHH MeTo~a cnyqaiiHoii $a3Ll .nn.11 onepaTopa H, 
a CJie~OBaTeJILHO, OCTaJILHLle peweHH.II Me~o,na CJiy'faHHOH $a3bl 

He co~ep)l(aT npuMeceB: _~YXOBLlX cocTOJIHHH J1 I> . 
aj B ceMeiicTae H. onpe.neneHHOM <l>opMynoB: I 1.2/, MO)I(HO 

HaHTH TaKOH npe~CTaBHTeJIL, ~JIJI KOToporo npH 3a~aHHOM 3Ha'feHHH 

0 on epa TOp 8, npeo6pa3y10IQHH COCTOJIHHJI HpaCT- nOJIOCbl, OKa-

3LlBaeTcJI roJI~CTOYHOBCKHM <l>oHoHoM. HHLlMH cJioBaMH, h (J2 ) 

MO)I(HO ~ onpe~eJIHTL TaKHM o6pa3oM, 'fT06Ll a TICCI> cymecTaoaan 

$OHOH 8 CO CBOHCTBaMH 

[H 'Bl IIC<P=O, 

[Jx. .Blnc<P =-i. 

1.11/ 

llpu TaKOM Bbl6ope h (J 2 ) ace <l>oHOHLl ~JIJI H oKa3LlBaiOTC.II 

aBTOMaTH'feCKH OTpTOrOHaJILHLlMH S / 7/ H, CJie,noBaTeJILHO, 
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OnHCbiBaiOT BHyTpeHHHe B036y)l(,ll;eHHJI, He H3MeHJIIOUUfe nOJIHbiH 

~rnoBoii: MOMeHT H.ll;pao B npa6JIH)I(e~aa c:;._nyqaii:Hoii: cl>a3bl onepaTop 

8 KOMMYTHpyeT C OnepaTOpaMB Jy H Jz o Y'IHTbiBaJI 3TO 06CTO· 

HTeJibCTBO, JierKO noJiy'IBTb COOTHOWeHBe 

0 = <[@ .(H, 8 lJ>fiC<P oo <[ 8. [!1:.8 ll> IIC<Il- 211x. 

H3 KOTOpOrO CJie)l.yeT CB.II3b Me)l(,ll;y napaMeTpaMH 11 x H a B cl>opMy

ne 11.61: 

1 ct 2<H> 1 cta 
11 = - ------ = -- ----

X 2 dM2 2 dM 11.121 

r/ CneKTp raMBJibTOHBaHa H npa 3a.D.aHHOM I TO)I(,ll;eCTBeHeH 

cneKTPY raMBJibTOHHaHa H, a nepece'leT co6cTBeHHblx JHeprHii: 

H c pa3HbiMH I no Haii.ll;eHHbiM co6cTBeHHbiM 3Ha'leHB.IIM H 
nerKo ocyJ.QeCTBHTb, acnoJib3Y.II cl>opMyny I 1. 910 llpBHBMa.ll Bo 

BHHMaHHe COOTHOWeHH.II 11.11, 11.111, y6e)l(,ll;aeMC.II, 'ITO 4JOHOHbl 

MeTo,ll;a cnyqaiiHoii: cl>aJbl .D.JI.II H opToroHaJibHbl BCeM onepaTopaM, 

OnHCbiBaiOJ.QHM OpHeHTaUHIO Jl,ll;pa B npocTpaHCTBe, H He H3MeH.IIIOT 

yrJIOBOrO MOMeHTa COCTOJIHHJio TaKHM 06pa30M, c4JopMyJIBpOBaH· 

awe Bwwe ycnoBBJI, onpe,ll;eJIJtiOJ.QBe onepaTop H, ocyJ.QeCTBJIJIIOT 

HaHJiyqwee pa3,ll;eJieHBe BHyTpeHHero H poTaUBOHHOro ,li;BH)I(eHH.II 

B Jl)l.pe o B ypaBHeHHJI npe,li;JiaraeMOH MO,ll;eJIB OT h(J 2 ) BXO,li;JIT 

JlHWb napaMeTpbl a , 11 B 11 X , CBJ13b KOTOpbiX C KBaHTOBbiM 

'IHCJIOM yrJIOBOrO MOMeHTa OCyJ.QeCTBJI.IIeTC.II cl>opMyJiaMB 11091, 

I 1. 81, I 1.121, a pacqeT KOTOpblx MOJKeT 6b1Tb BwnonHeH nocne 

Bbi'IHCJieHBJI 3Hepraa C06CTBeHHbiX COCTOJIHBH BpacT- nOJIOCbl E I o 
~ yrast 

BB,ll; onepaTopa h (J 2) MO)I(eT 6b1Tb, B npHHUHne, onpe,ll;eJieH 83 

ycnoBBJI h(I(l+l)) = E~rast 0TMeTBM, 'ITO npe,ll;eny a)l.aa-

6aTB'IecKa-Me,li;JieHHoro BpaJ.QeHHJI COOTBeTCTByeT JlHHeiHaJI 3aBa· 

CHMOCTb h (J 2 ) OT J 2 H COBna,ll;eHBe napaMeTpOB 11 H 11 x 

B ,PopMyne I 1.610 
11MeJI B BH,ll;y ,li;OCTaTO'IHO Xopowee onacaaae 3Hepraii COCTOJIHHB 

BpacT "nOJIOCbl B paMKaX MO,ll;eJIH npHHY,li;HTeJibHOrO BpaJ.QeHHJI ,!1;0 

nepeceqeHBJI nonoc, a TaK)I(e ycnewHoe acnoJib30BaHae aaanoraq

Hoii MO)l.eJIH ,li;JIJI HarpeTbiX Jl,ll;ep I 4/, MO)I(HO ccl>opMyJiapoBaTb ypaB· 

Heaae, onpe,ll;eJIJIIOJ.Qee cpe,li;Hee none Harpe Twx BpaJ.QaiOUUfXC.II Jt)l.ep: 

8 

~ ~ -Hx<PI> It ~ ~ 
8<\H-aJ \>c=8-~~ . (H-aJx)l 

X ------- -0 
-Hx<PB't - • 

Sp! e 

11.131 

r)l.e HI(¢!) - CTaTBCTB'IeCKH ycpe)l.HeHHbiB O,li;HO'IaCTH'IHbiB ra· 

MHJlbTOHHaHo llaCTOTa BpaJ.QeHHJI npH 3TOM CB.II3aHa C yrJIOBbiM 

MOMeHTOM OnHCbiBaeMOrO COCTO.IIHH.II H ero 3Hepraeii COOTHOWeHH.II" 

MB I 1. 9/, r.11.e npa TeMnepaType, OTJIB'IHOB OT HYJI.II, no,ll;pa3yMeBaeT

C.II TepMO)l.HHaMB'IeCKOe ycpe)l.HeHBe on epa TOpOB, aHaJIOrB'IHOe 

11.13/o 

Mbl orpaHH'IHMC.II B )l.aHHOB pa6oTe paCCMOTpeHBeM MHKpOCKo

naqecKoro raMBJibTOHBaHa 

H =H - _K_ ~ Q2 Q2 (-l)m 
0 2 m=-2 m -m 

11.141 

B KOTOpOM H0 • raMBJlbTOHBaH ccl>epB'IeCKOB MO)l.eJIB 060JIO'IeK, 

~ + 
H0 =~ fk(a;ak + akaK ), 11.151 

H OCTaTO'IHOe B3aBMO)l.eHCTBHe npe,li;CTaBJieHO B BH)l.e KBa,ll;pynOJib· 

KBa)l.pynOJibHbiX CHJlo )J.JI.II ynpoJ.QeHH.II MO)l.eJIH Mbl He 6y)l.eM BKJIIO" 

qa Tb B raMHJlbTOHHaH KOppeJI.IIUHOHHble B3aHMO,ll;eBCTBH.II CBepx

npOBO,li;.IIJ.Qero TBna, pOJib KOTOpbiX B HarpeTbiX .ll)l.pax CyJ.QeCTBeHHa 

TOJibKO npa )l.OCTaTO'IHO HH3KHX TeMnepaTypax, t S 0,6 M3B, 

a yrnoBbiX MOMeHTax I :::; 25-:-.300 TaKBM o6pa30M, nony'leHHble 

HH)I(e COOTHOWeHH.II npe,li;CTaBJI.IIIOT HHTepec He TOJibKO ,li;Jl.ll H3y'le" 

HH.II HarpeTbiX .ll)l.ep, Ho a KaK 6onee npocToe Bblpa)l(eHHe H3BecT-

HbiX pe 3YJ1bTa TOB I 21 )l.Jl.ll XOJIO,li;HbiX 6biCTpOBpaJ.QaiOJ.QHXC.II .ll,ll;epo 

11H.D.eKcbl k a k B I 1.151 OTHOC.IITC.II K conp.ll)l(eHHbiM no 

BpeMeHH O)l.HO'IaCTH'IHbiM COCTO.IIHH.IIM, H OCTaJibHble 0603Ha'leHH.II 

.IIBJI.IIIOTC.II 06J.QenpBH.IITbiMH / 2 •5 / o «<>a30Bble COOTHOWeHH.II ,li;Jl.ll BOJI· 

HOBbiX 4JyHKUHH Bbl6~peM ~aKHM o6pa30M, 'IT06bl MaTpB'IHble JJieMeH

Tbl OT~ on epa TOpOB Jx H J z 6biJIH ,ll;eHCTBHTeJibHbiMH, a OT on epa· 

Topa Jy - 'IHCTO MHHMbiMHo 0Ka3biBaeTC.II Y.li;06HO nepeBTH K cl>aKTO· 

pB30BaHHOMY no CBOBCTBaM CHMMeTpHH raMHJibTOHBaHy, BOCnOJib-

30BaBWHCb npeo6pa3oBaHBeM ry,li;MaHa 181 0 CooTHOWeHH.II ,li;Jl.ll MaT

PH'IHbiX 3JieMeHTOB onepaTOpOB yrJIOBOrO H KBa,ll;pynOJihHOrO MO" 

MeHTOB B npe)l.CTaBJieHHH ry)l.MaHa ,ll;eTaJibHO paCCMOTpeHbl B 

pa6oTax1510 CoxpaH.II.II ,li;JI.II HOBoro npe.D.CTaBJieHBJI npe)I(Hee o6o3Ha-

9 



'leHHe HH,lleKCOB O,llHO'IaCTH'IHblX COCTORHHH H HMeR B BH.IlY llOCJie

.IlYIOIQee onpe,lleJieHHe cpe,llHero noJIR, JanHweM onepaTopbl yrJIOBo

ro MOMeHTa B BH,lle 

. .(x) + . (x) + 
J = L (~Pckcf+ J--eC-cf)' 

X k,f k k 

J . I .<Yl( + + 
=- 1 J , c kef -cfc k ), 

Y k r kf 11.161 

J '>' .l.z) + . + 
~ = ~ Jkf(ck cf + c_ck)' 

k ,!1 f 

r.Ile Marp&'!Hhle 3JieMeHTbi O.IlHO'IaCTH'IHbiX onepaTopoB Y.IlOBJieTBOpR

IOT COOTliOWeHHHM 

.(x) 

\r 
. (x) 

J Pk 
.(y) . (y) 
J kf =- J fJ< ' 

. ( z) . (z) 
1k r ~ - J f'k /1.1'71 

OnepaTOpbl KBa,llpyiTOJibHblX MOMeHTOB npe,llCTaBHM 
B BH,lle 

Qo 
'>' + + 
- ( q I c c I' f q - - c - c - ). ' 

k r o kf k or k r k 

6<+!= J--(Q ,Q )=i L (q<+lc< 1 t ,_q(+l_c~ c ), 
t \:-2 21 2- 1 k. f 1 kl' k v 1 k I' !' k. . 

~ (-) 1 ~ ~ 
Q ~ -- (Q -Q 

1 ·'2-' 21 2-1 
\ 

' (-) ;. 
~ q ,, ( c c-

1
, 

k j' 1kl k 

+ 
+ cf c k ) , 11.18/ 

·{)(~) =· _1_ (Q2') +Q2-2 
2 \r2 ~ 

~ (q (+) c + c 
kf 2kf k 

+ 
<+) c-c- ), 

+ q 2fl< f k 

~( ) ' A ( ) + + 
Q- __ !.,_(Q -Q )~i~q-(cc.,-c,c ), 

2 - 1 - 22 2-2 kf 2 kf k I I k v2 . 

r,lle O,llHO'IaCTH'IHble MaTpH'IHble 3JieMeHTbl 06Jia,llaiOT CBOHCTBaMH 

CHMMeTpHH 

qOkf=qOfk' 
(+) (+) 

q 1kf= -q 1fk 
(-) (-) 

q1kf =q1fk 

q(+) = q(+) 

2kf 2fk 

11.191 
q(-) = -q<-l 

2kf 2fk 

10 

cllaKTOpH3a~HR HCXO,llHOrO raMHJibTOHHaHa B npH6JIIDKeHHH Xcllli 

H IICcll o6ycJIOBJieHa TeM, 'ITO nocne npeo6pa3oBaHHR ry,llMaHa 

B COOTIIOWeHHR ,llJIR onepaTOpOB Jx. 11.161 H Q
0 

,Q(~), Q ~+) 11.181 
He BXO,llRT MaTpH'IHhle 3JieMeHTbl Me)l{,lly COCTORHHRMH C npOTHBO

llOJIO)I{HblMH CBOHCTBaMH llO OTHOWeHHIO K o6paiQeHHIO BpeMeHH. 

TaKHM o6pa30M, MO)I{HO 3allHCaTb raMHJibTOHHaH 11.21 B BH,lle 

r.Ile 

H = H + H(+) 
0 int 

+ H(-) 
int 

H 0 = L(f fc+c 0 + f_-c::.c_ )-GeT -M), 
k• f k k I. k f f k X 

H(+) =- .3_ (Q 2 + Q<+l2 +6(+)2 ) - (.TA -M f 
m t 2 0 1 2 llx x 

H(-) =--~(Q.-l2+Q(-)2) 
1nt 2 1 2 

-11 (J2 +JA2 ) o 

y z 

§2. OnucaHue epaii#U10111UXCJI Hazpe111biX Jloep 

B OOHO'lQCIJIU'lHOM npu6AUJK€HUU 

11.201 

11.211 

B cooTBeTCTBHH c BapHa~HOHHbiM npHH~HllOM I 1.131 Haii,lleM 

TepMO,llHHaMH'IeCKHe tPYHK~HH, xapaKTepH3YIOIQHe HarpeTOe JI.IlPO 

B npH6JIHJKeHHH caMocornacoBaHHoro cpe,llHero noJIR. O.IlHO'IaCTH'I

HblH raMHJibTOHHaH 3allHWeM B BH,lle 

~ •t+ c ~) HX'f = ~(( c c + c,_C_C_. 
() k 'k k k . k k k 

B cooTBeTcTBHH c ycnoBHRMH I 1.41 

h( +) ~ (-) 
<Q1- '>=<Q2 >= 0 

/2.11 

12.21 

H ,llJIR cpe,llHero 3Ha'leHHR raMHJibTOHHaHa 11.201 llOJIY'IHM COOTHO

weHHe 

- A (+) 
.-:H>=<Ho+Hint > ~ n 

- v 
V=(k,k) 

f - n j (x) 
JJ V Vl/ 

- _15_ [ q < Q > + q<+l < (JC+) >] l . 
2 Ovv 0 2vv 2 

12.31 

11 



3.n;ec& cpe.n;HHe 'IHCJia JanonHeHHJI onpe.n;eJieHbl xax 

iik =o<c+ c >a ~ Cl+eKp( /t)- 10 
k k ' kk' k kk' /2.4/ 

H aHaJJOrH'IHO llK .0.1J;HO'IaCTH'IHble 3HeprHH (k 
UHOHHOro llpHHUHIIa 

HaH,D;CM H3 Bblpa-

- ~ ~ Et-) ~(+) u<H-AN> '".(x)_( <Q>+q <Q >), ( = -------- = \k- /\-H Jkk K QOkk 0 2kk 2 

k auk /2.5/ 

H B~pa)l(eHHe .II;JJJI ( k 
k ~ k . 

OTJIH'IaCTCR TOJJbKO 3aMCHOH HH.D;eKCOB, 

CBJ13b TCMIIepaTypbl t , XHMIIOTCHUHaJJa A H napaMeTpa 11 

C 3Heprue8: CHCTCMbl f , 'IHCJJOM 'laCTHU N H npoeKUHCH yrJJOBO

ro MOMCHTa M Onpe.n;eJJJieTCJI ypaBHCHHJIMH COCTOJIHHJI 

(+) 
( = < Ho + Hint > + n 1\1 

N = L k ('ii + n - ), 
k k 

~ ·(x) - . (x) - ) M = ..., (J n + J __ n _ , 
k kk k kk k 

/2.6/ 

H 3HTpOIIHJI HarpeTOf'O JI.D;pa Ollpe.n;eJJJieTCJI COOTHOWCHHeM 

S=- L Iii lnn +(1-iiv)ln(l-ii 
- v v v V=(k,k) )I= L !(ii/t-ln(l-n)!. 

- v v v 
]/ = (k,k) 

/2.7! 
Bee HHTepecyiOmHe HaC TepMO.II;HHaMH'IeCKHe XapaKTepHCTHKH B03-

6y)I(.D;eHHOf'O JI,D;pa MO)I(HO Bblpa3HTb 'lepe3 paCCMOTpeHHble BeJJH'IH

Hbl /2.6/ H /2.7/. 

fiCIIOJib3YJI Tpa,D;HUHOHHble llpH6JJH)I(eHHJI CTaTHCTH'IeCKOf'O 110.11;• 

XO.D;a, MO)I(HO HaRTH IIJJOTHOCTb B036Y)I(.D;eHHbiX COCTOJIHHH JI.D;pa 

+ioo 
WX<P(U,M) = (2rri)-4 r r r r df3 da da da . e{3£-a zZ-aNN -aMM 

-ioo z N M X 

-2 -112 s 
xQ({3,a 2 ,aN,aM),.(2rr) (Det )krot e /2.8/ 

12 

J.n;ecb Q({-3 ,a ) - CTaTHCTH'IeCKaJI CyMMa 60JJbWOrO KaHOHH'IeC

KOrO aHCaM6JJJI, COOTBCTCTBYIOmero paCCMaTpHBaeMOH CHCTeMe, 

Det c.! J 2 lnQ ·au. ua. 
I J - .D;eTepMHHaHT BTOpbiX IIPOH3BO.D;-

-1 
HbiX 110 HHTCHCHBHbiM rrepeMeHHblM f3= t , a z = A

2
:' t, a o• 

N 
A It N. ' 

"M = 0 't H u 0' f - ( 0 3HeprHJI B036y)I(,D;CHHR R.D;pa 

/ f O - 3HeprHR OCHOBHOro COCTORHHR/. B COOTBCTCTBHH C llpe,D;bi

.D;YmHM paccMoTpeHHeM raMHJibTOHHaH H onHCbiBaeT TOJJ&Ko BHyT

peHHHe B036y)I(.D;eHHR. Tax KaK CTaTHCTH'ICCKaR CYMMa Q (t3,a) 

orrpe.n;eJJRCTCR CYMMapHbiM CIICKTpOM BHYTPCHHHX H poTal.lHOHHbiX 

B036y)I(,D;CHHH R.D;pa, TO ee MO)I(HO rrpe,D;CTaBHTb B BH.D;e 

-{1H -A 2 z -ANN 
Q({3.a 2 ,aN,aM)~Sple !Q rot ((3). /2.9/ 

J.n;eCb Q rot ({1) - CTaTCYMMa poTal.lHOHHbiX B036y)I(,D;CHHH Harpe

Taro R,D;pa, KOTOpaR H llpHBO.D;HT K IIORBJJCHHIO K034Ml!HI.lHeHTa pOTa

llHOHHOrO YBCJJH'IeHHR IIJJOTHOCTH krot B llpaBOH 'laCTH COOTHOWe

HHR /2.8/. llpeHe6peraJI H3MeHeHHJIMH Det , o6yCJJOBJJCHHbiMH yqe

TOM Q rot ( {3 ), B paMKaX 06bi'IHbiX llpH6JJH)I(eHHH MeTO,D;a ce,D;JJOBOH 

TO'IKH 6y.n;eM HMeTb k rot ~ Q rot (t). B HaWeH MO.D;CJJH BCe MO.D;bl, 

KpOMe CTal.lHOHapHoro BpameHHJI BOKpyr CaMOH .D;JJBHHOH OCH, 

BbiCTyllaiOT KaK BHyTpeHHHe B036y)I(,D;eHHJI, T.e. KaK B CJJy'lae 

aKCHaJJbHOrO CHMMCTpH'IHOro R.D;pa, H COOTBeTCTBeHHO poTal.lHOHHaJI 

craTcyMMa 6y.n;eT onpe.n;eJJJITbCJI cooTHoweHHeM / 91 

Q ~ L (2l+l)exp(-_Ii.Lt.ll._) 
rot 2 a 1=0,2,4,.. .J t 

X 

1 t 
X 

/2.10/ 

H3MeHeHHe CBOHCTB B036y)l(.n;eHHoro JI.n;pa npH ero .ne.PopMallHH 

MO)I(HO XapaKTepH30BaTb IIOBepXHOCTbiO CB060.D;HOH 3HeprHH 

F(t.~ )-=<H>- tS, /2.11/ 

13 



r,n:e .r;:_ - Ha6op COOTBCTCTBYIOIQBX napaMeTpOB ,n:eciJopMaUHH. HaH6o

nee BepOHTHaJI ciJopMa BpaiUaiOIUerOCJI JI,n:pa COOTBCTCTByeT MHHHMy

MY CB060,n:HOH 3HeprHH. 3aBHCHMOCTb paBHOBCCHhlX xapaKTepHCTHK 

6biCTpO BpaiUaiOIUHXCJI HarpeTbiX H,n:ep OT TCMIIepaTyphl aHaJIH3H

posaJiaCb B pa6oTe/ 10( Mhl He 6y,n:eM OCTaHaBJIHBa TbCH Ha 06Cy)K,L{C

HHH 3TOrO BOIIpoca H nepeH.L{CM K paCCMOTpCHHIO KOrepeHTHbiX 

BH6paUHOHHhlX MO,L{ BO BpaiUaiOIUHXCJI HarpeTbiX H.L{pax. 

§3. Ilpu611UJK:eHue clly'laUHbiX ¢a3 e HazpembiX 110pax 

AHaJIH3 CBOHCTB KOrepeHTHhlX BO 36y)K.L{CHHB 06bi'IHO IlpOBO.L{HT

CH B paMKaX necJ»
12

•
3

•
51

, H MO.D:HcPHKaUHH 3TOrO IlpH6JIH)KCHHJI IlpH 

KOHC'IHbiX TCMIIepaTypax paCCMaTpHBaJIHCb ,L{CTaJibHO B pa-

6oTaX I 11,12/. B .L{aHHOM pa3,L{CJie Mhl CcPOPMYJIHpyeM MCTO,L{ cJiy'laB

HLIX 4Ja3 B HarpeTLIX JI,n:pax B BH,L{C, HaH60JICe IlpH6JIH)KCHHOM 

K CTaH,n:apTHOB rrpoue,n:ype ,L{HaroHaJIH3aUBH raMHJibTOHHaHa. /1.20/ 
rrpH Hynesoii TeMrrepaType 

121 

npe)K,L{C 'ICM IICpCBTH K aHaJIH3Y ypaBHCHHB ,L{BH)KCHHJI OTMC· 

THM, 'ITO CBOBCTBa CHMMCTpHH raMHJibTOHHaHa 

l ix .ii J = r i y • fi J = liz . H. J = o /3.1/ 

!lpHBO,L{HT K OIIpe,n:eJieHHhlM COOTHOillCHHHM MC)K,L{y MaTpH'iHblMH 

3JICMCHTaMH OIIepaTOpOB yrJIOBOrO H KBa,n:pyiTOJlbHOrO MOMCHTOB. 

3TH COOTHOWCMHH MO)KHO HaRTH, IlpOBC)l..ll Bbi'IHCJlCHHX Bhlpa)KCHHB, 

aHanorH'IHbiX rrpuse,n:eHHLIM B clJopMyJie I 1. 7 I, c KOMMyTa TopaMH 

13.11 BMCCTO (J\ ,h(J2 )]. B paCCMaTpHBaCMOM IIpH6JIH)KCHHH 

ITOJIY'IHM COOTHOWCHHJI 

·(X) Q~(+) ,- ~ (+) 
wkf J kf = K ( < 2 > + V 3 < Q 0 > ) q 1kf • 

Wk"fj~;> + 11 j~~) = K (d~r)>- y3< Q
0 
>)q~k~ , /3.21 

{JJ _,.j(Z)+11/Y)=2K<Q(+)>q(-) 
kf kf kf 2 2 kf • 

r,n:e wkf = ( k- ( E H aHanorH'IHO w kf 

14 

f 

qT06bi ,n:uaroHaJIH3Hposa Tb raMHJibTOHHaH I 1.2/ B nee~», BBe,n:eM 

3pMHTOBCKHe onepaTOpbi 0606IUCHH.biX KOOp.L{HHaT X,\ H HMIIYJibCOB 

PA , rro,n:'IHHHIOIUHecJI ypasHeHHJIM .D:BH)KCHHJI 

[ x,\ ,HJ = iwA!).. 

[ PA , H] = - i wAX A , [X.\ , PA, ] = ii'\A, · 
/3.3/ 

TaK KaK raMHJibTOHHaH H paJ,n:enJieTcJI Ha qacTH, o6na,n:aiOIUHe 

pa3JIH'IHOH CHMMCTpHCH IIO OTHOWCHHIO K o6paiUCHHIO BpCMCHH, 

TO B nee~» IIp06JICMa ero .L{HaroHaJIH3aUHH pa36HBaCTCJI Ha ,L{BC 

HC3aBHCHMLie 3a,L{a'IH. 

aj ,IJ;uaroHaJIH3aUHJI H0 +Hi~~ 
3arruweM orr epa TOphi P A H X A B BH,n:e 

PA=il!p<~tc+co -c:c )+p<A>cc+c--c~c )} 
k>f kt k I f k kf J{ f f' k ' 

X .,, ! rA) + + (A) + _ 
, = - xk" ( c c" + c" c ) + x n ( c_ c _ t- c :'._ c _ ) } 
" k>f ' k r r k H:r k P P k 

/3.4/ 

H K03clJclJHUHCHThl p~?) H X~~) Haii,n:eM H3 ypaBHCHHH ,L{BH)KCHHJI /3.3/. 
npu 3TOM, 'IT06hl JIHHeapH30BaTb KOMMyTaTop OT OIIepaTopa B3aHMO

,L{CHCTBHJI H (+), , MLI 6y,n:eM HCIIOJib30BaTb IlpH6JIH)KCHHhle KOM-Ino 

MyTaUHOHHLIC COOTHOWCHHJI 

[ctcf .c;,cf,]"'<'[c:cf.c;'c£, l >=<'\y-Bfk'(iik-n£). 

3TH COOTHOWCHHJI JIBJIJIIOTCJI HCITOCpC,n:CTBCHHhlM OTpa)KCHHCM Borre

pa TOPHOH 3aiTHCH OCHOBHLIX rrpe,n:IIOJIO)KCHHB MCTO,L{a necJ» B Harpe

ThiX H,n:pax /t1,12/. 

OrrycKaJI rpoM03.D:KHe rrpoMe)KyTO'IHhle BLIKJia,n:KH, rrpuse.n:eM 

OKOH'IaTCJibHLIH BH,L{ CHCTCMLI ypaBHCHHH ,L{JIJI K03clJclJHUHCHTOB rrpeo6-

pa30BaHHJI /3.41: 
. (X) A w~X~-wp~ =w~J~ x 

- --coB <+>-s w xkf wkfPkp- qkf o -q2l<P 2' /3.5/ 

H COOTHOWCHHJI ,L{JIJI ~fH p"Kf OTJIH'IaiOTC..II JIHWb 3aMeHOH kf-+kf. 
J,n:ecb ,L{JIJI COKpaiUCHHJI 3aiTHCH BBC.D;CHLI 0603Ha'ICHH..II 

Ax= 1 

-2 2 77 ) 2KQ COS (y- 6 

"" ( .(X} (- - ) 
"""' J kf · w kE n f - n k x kf + 

k>f 
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H 

+ j<~ ,,) _ (n _ - n ) x _ J. 
j{f "kf r it it£ 

(0) - - (0) -- -
B ~2K 2 f q oCno -n )pkl' r <L;,-(ni) -n_ )p_!, I. 

0 k> r kr t k k• t k k 

- (') - -
B2 -_ 2K 2 { q2kf(np -n k )Pkf 

k>f 

G cos( y 1' JL ) ".L ( /3> Q 0 · + 
6 2 

(-) - -
q --r<n.r -n_)p_p 

2k I k k 

~ (.) 

Q 2 ). 

/3.6/ 

CHcTeMa ypaaHeHHii. /3.5/ HMeeT peweHHe JIHWL npH 3HeprHJIX 

(u, y.D;OBJieTBOpliiOII.IHX CeKyJIJipHOMY ypaBHeHHIO 

w 2 :f(+\w) =0, /3.7/ 

r_u;e BBe.D;eHa ~YHKUHJI 

S XX 8 xo 8x2 

~f(+ )(w) ~ I 8 ox s 00-ll2K 8 o2 /3.8/ 
8

2x 8
2o s

22
-1i2K 

H HCllOJib30BaHbi 0603Ha'leHHJI 

S -- 2 { q(i~(j) ~kE (iip -i\) (il <il 
IJ "-" kf kf ----·-----+q ___ q __ 

k~ t w 2 - w 2 kf kf 
kf 

(() cil- -n > 
1tf f [{ ------ ---·---·- --·---- J. 
(() 2_ - (() 2 

k.P /3.9/ 

6/ B hi 'I H c n e H He nap aM e T p a 11 B II C 4» 
~ x 

Tax xax onepaTop Jx KOMMYTHpyeT c raMHJILTOHHaHoM /3.1/, 

TO ero MOlKHO C'IHTaTb nponopUHOHaJILHhiM 060611.1eHHOH KOOp,!J.HHaTe 

cneuuanLHoro peweHHH cexynHpHoro ypaaHeHHJI w ,\ ~ 0. Ko3«iKlJHUH

eHThi npeo6paJoBaHHH /3.4/ .u;nH Taxoro peweHHJI onpe.u;eJIJIIOTCJI 

CHCTeMOH ypaBHeHHH 

X ~ J(X)A(O) 
~ ~ X 

w _ . (x~ + (O)B(O\ (+) B(O) 
kf pkf - Jkf f.L X q kf 0 q 2kl' 2 • 

/3.10/ 

16 

f 

IIO.D;CTaBJIJIJI 3TH K03«iKlJHUHeHThi B onpe.u;eJieHHe BeJIH'IHH /3.6/, 
llOJIY'IHM .D;JIJI napaMeTpa f.Lx COOTHOWeHHe 

(0) (0) (0) 2 
(S 00 -1/2K)(S 22 -li2K)-(S 

02 
) X 

f.Lnci /3.11/ ---·- --------------------------
4 :r ( +) ( w = 0) 

r.u;e aepXHHH HH.D;eKC Y BeJIH'IHH /3.6/ H /3.9/ 03Ha'laeT, 'ITO J.D;eCL 

w =0. CooTHoweHHe /3.11/ MOlKHO nony'IHTL H Henocpe.u;cTBeHHo 

HJ ~opMyn /1.12/, /1.13/. Cne.u;yeT OTMeTHTL, 'ITo ypaaHeHue .D;JIJI 

w ,\ =0 ~HKCHpyeT TaKlKe 3Ha'leHHe KOHCTaHTbi KBa_u;pynOJILHOro 
BJaHMO.D;eHCTBHJI: 

2K Q
2 

cos
2
(y- rr/6)= 2 !(j(xe)) 2

w oCn
0
-ii }+(j_(xeJ) 2 w _(ii_-fi )!. 

k> e k k , • k k K r e K 

/3.12/ 
a/ )J,uaroHaJIHJaUHJI H0 +Hi~~) 
)J,JIJI .D;HaroHaJIHJaUHH 3TOH 'laCTH raMHJILTOHHaHa 6y.u;eM HCKaTL 

onepaTopbi P,\ H X A a BH.u;e 

P . ~ 0.) + 
A = I "" p p (ck c ;;

.k.f k l 

+ 
-C- C ) 

f k 
/3.13/ 

<A) + 
X A= 2 X 0 ( tJ k Cl) 

k,f kt I 

+ 
+ C- C ) r k 

IIo.u;cTaBJIHJI 3TH onepaTopbi B ypaBHeHHJI .D;BH)KeHHJI/3.3/ HHcnonL

JYJI COOTHOWeHHJI /3.2/, UOJIY'IHM CHCTeMy ypaBHeHHH .D;JIJI K03~
~HUHeHTOB npeo6paJOBaHHJI /3.13/: 

W .(Y) .(Z) Wkf .(Z) .(y). 
x = ---------- (w J + Oj )Ay + ----- (w _J +OJ JA , 

kf w 2 - w 2 kf kf kf w 2_ -w 2 kf kf kf z 
J ~ 

Wkf .(Y) .(z) 
P = ------ ( w - J + 0 J )A 

kE w ~ _ w 2 kE kf kf Y 
kf 

w ( .(z) 0 .(Y))A +------ w J +uj 
w ~-w2 kf kf kf z 

kf /3.14/ 

r.u;e aae.u;eHhi o6oJHa'leHHJI 

2 -1 - --A =[ 2K Q2
cos (y+rr/6)] 2 w 7i j 

0 
P 

0 
(n,- -n k ), 

y k,f kL kt kt l 
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~(+) 2 -1 . Jz) - -
A • [2K < Q > ] ~ w- J x (n- -n ). 

z 2 d kf kf kf f k 
13.151 

CeKynJipHoe ypaaHeHue ,li;JIJI co6cTBeHHblX qacToT 6y,~~;eT HMeTh 

BH,ll; 

w 2 :f_ (w )= 0, 13.161 

r,11;e BBe,ll;eHbl ci>YHKI.{HH 

1 _ c U) ) = (I) 
2 [ g / (t) ) + n s c w . l . [ B z c w ) + n s c w ) l. 

2 
-02[11 _ 11 (u))-~:S(w)]·[1 - 11 (w)-5:!-S(w)]. 

,]xZJY 0 'xaz 0 

'qy,z(w)·- ~ c j <Y /> )2 -~_kr:_<n~r ~~"L-
k .r k '" 2- - - (u 2 

(I -~ 11211 • 
' X 

S(u))- ~ j(Y) 

kP kf 

kf 

_(z) nf-nk 
. J ----------

kP u)2_ ··(u 2 
kf 

13.171 

llpH HyJieBOH TeMnepaType paCCMOTpeHHble BbiWe COOTHOWeHHll 

OllHCbiBaiOT O,li;HOci>OHOHHble B036y)l(,ll;eHHJI Ha,ll; HpaCT- llOJIOCOH H 

COBlla,ll;aiOT C aHaJIOrH'IHbiMH COOTHOWeHHJIMH pa60Tbl/ 2 / llpH BbiKJIIO

'IeHHH B llOCJie,li;HHX KOppeJIJII.{HOHHbiX B3aHMO,ll;eHCTBHH CBepxnpo-

BO,li;JIW:ero Tuna. 

§4. Ka'lecmeeHHblii aHallu3 peweHuii ceKyii.RPHbiX ypaeHeHuii 

PaccMOTPHM peweHue ypaBHeHHJI /3.7 I B npe,~~;ene MaJiblx 

'laC TOT Bpaw;eHHJI ( n -+ 0). PaBHOBecHaJI cl>opMa JI,IJ;ep B JTOM cnyqae 

CTaHOBHTCJI aKCHaJibHO- CHMMeTpH'IHOH, H CYMMbl S O' S , SO x x2 2 
paBHbl HYJIIO. KpoMe peweHHJI w =0, cooTBeTCTBYIOW:ero ,~~;yxoBOMY 

cocTOJIHHIO, ypaaHeHHe /3.7 I 6y,~~;eT HMeTh TpH BeTBH peweHHH, 

COOTBeTCTBYIOII.{HX MO,ll;aM pa3JIH'IHOH CHMMeTpHH: 

a/ (3-au6pal{HOHHbiM B036y)l(,ll;eHHJIM C ~K=O, onpe,~~;eJieHHbiM 

ypaBHeHHeM 

)2_wkp(ii'p-fiJ2 . 
2 -, 

w _ w2 
kf 

1 = 2 K 8 = 4 K ~ ( Q (0) 
00 kf kf 

/4.1/ 
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61 y-BH6pal{HOHHblM B036y)l(,li;€HHJIM C ~K =2, OllHCbiBaeMblM 

ypaBHeHHeM 

1 =2" s , 4 K ~ ·cq<+> )2 -~~iir -nk) 
22 2kf ·-------

k f G) 2 2 kf- w 

Bl MO,ll;aM C ~K =1, ypaBHeHHe ,li;JIJI KOTOpbJX HMeeT BH,ll. 

0=,,)28 :w2 ~ (jx) 
X X kf . kf 

,_)," en,, --nk ) ___ ,,} __________ _ 
w 2 - 6)2 

kf 

14.21 

14.31 

B npe.n.ene [! -> 0 HMeHHO 3TH MO,ll.bl o6Jia,ll;aiOT O,li;HHaKOBOH CHM-

MeTpHeH C .li.YXOBbiM COCTOJIHHCM 113 -'. 

B XOJJO.li.HOM JI,ll;pe CBOHCTBa Bcex 3THX perneHHH XOpOWO HJBeCT

Hbl, H OHH llO,ll;p06HO 06Cy)l(,ll.aJJHCb MHOrHMH aBTOpaMH/9,14/. 8 pac

llpe.lJ.eJJeHHH ClleKTpaJJbHOH HHTCHCHBHOCTH BH6paQHOHHbiX B036y)l(

.ll.eHHH, KaK npaBHJJO, MO)I(HO Bbl.ll.eJJHTb TpH 06JJaCTH: BbiCOK03Hep

reTH'IeCKYIO 06JJaCTb ruraHTCKHX HJOCKaJJl!pHbiX peJOHaHCOB C 

'') - 107 15 M3B, HH3K03HepreTH'IeCKHe KOJJJJ€KTHBHble MO.lJ.bl 

c "'- 1-c-2 M3B, cooTBeT(;TBYIOW:He Kone6aHHJIM ll.ll.epHoii noaepx

HOCTH KBa.li.PYllOJlbHOH CHMMeTpHH, H npoMe)l(yTO'IHYIO o6naCTb "nur

MH" -peJOHaHca, CO.lJ.ep)l(all{yfO 60JibWOe 'IHCJIO peWeHHH CeKynJipHbiX 

ypaBHCHHH I 4.11- I 4. 31 co cpaBHHTenbHO CJia6biMH KorepeHTHhi.t.fH 

caoiic;TBaMH. HarpeBaHHe JI.ll.pa cyw;ecTBeHHo He HJMeHHeT xapaKTe

pHCTHKH rHraHTCKHX peJOHaHCOB, HO llpHBO.li.HT K JaTyXaHHfO HH3K0-

3HepreTH'IeCKHX KonneKTHBHhiX MO.ll./12/. KorepeHTHhie caoiicTBa 

HH3K03HepreTH'-IeCKHX peWeHHH llpH 3TOM JaMeTHO OCJJa6eBafOT, 

H XapaKTCpHCTHKH HH3K03HepreTH'ICCKHX B036y)l(,ll;eHHH B HarpeTbiX 

H.lJ.pax npu .li.OCTaTO'IHo BbiCOKHX TeMnepaTypax It ~1 ,0-:- 1,5 M3BI 
OKaJbiBaiOTCJI B 3Ha'IHTeJibHOH CTelleHH ll0,11;06Hbl XapaKTCpHCTHKaM 

B036Y)I(.lJ.CHHH B o6naCTH "nHrMH"-peJOHaHca. 

BKJIIO'IeHHe Bpaw;eHHJI TipHBO.li.HT K CMeWHBaHHIO Tpex nepe'IHC

JieHHbiX BbiWe MO,ll; B036y)l(,ll;eHHH. llpH He60JibWHX yrJIOBbiX MOMCH

TaX TaKOe CMCWHBaHHe He .lJ.OJI)I(HO CHJibHO BJMeHBTb OCHOBHble 

'lepTbi ClleKTpaJibHOro pacnpe.lJ.eJieHBJI BHTeHCBBHOCTeH BB6pal{BOH-

HbiX MO,ll; KaK B XOJIO,li;HOM, TaK B B HarpeTOM .ll,ll;pe. 
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PaccMoTpHM Tenepb peweHHR cexynRpHoro ypaaHeHHR 13.161. 
llpH Q -> 0 OHO HMeeT BH.D; 

w
2 j (w) •w

2 3 (uJ)= 0, 
y z 

T.e., KpOMe peWeHHH C w =0, HMeiOTCR .D;Ba THlla peweHHH. 

a. PeweHHR, onpe.n;enReMble .n;ucnepcHOHHbiM ypaaHeHHCM 

,_}~ (w)=w 2 ~ 
y kf 

(
-<YJ 2wkr<nr-n > 
J 0 ) ----- k kl ---- --- c 0 

2 2 . 

wkf - '" 

14.41 

14.51 

T.K . .D;JIR aKCHaJibHO-CHMMeTpH'IHoro R.D;pa Bnpe.n;ene n ... 0 MaTpH'IHble 

_(x) (y) ~ 
3JieMeHTbl J kf H J kf OTJIH'IaiOTCR TOJibKO flJa30H, TO ypaBHe-

HHC /4.51 COBna,n;aeT C ypaBHCHHCM 14.31. 
6. PeweHHR ypaaHeHHR 

2 a ( ) 2 "' ( _ (z) w ,] w =(d ~ J 
z kf k r 

2 w kP <ne -nk> 
) ---------------- - 0 

w 2 - w2 - -
kf 

14.61 

C ll0MO!Qb10 13.21 llOCJie,n;uee COOTHOWeHHC MO)I(HO npeo6pa30BaTb 

K BH.D;Y 

~ ( (-) 
kf q 2kf 

2 w kP <lie -nk > 1 
) ---------------- --- = 0, 

w2 -w2 2K 
kf 

14.71 

H TaK KaK (q(-) )2 =(q(+) )2 
kf kf 

TO ypaaHeHue I 4. 7 I coana.n;aeT 

C ypaBHCHHeM 14.21 .D;JIR y -au6paQHOHHbiX MO.D;. 

TaKHM o6pa30M, B npe,n;ene Q -> 0 .D;HCllepCHOHHOe COOTHOWe-

HHe 13.161 HMeeT peweHHR llpH TeX )l(e 3Ha'leHHRX (u,\ , KOTOpbie 

Y.D;OBJieTBOpRIOT .D;HcnepCHOHHbiM COOTHOWeHHRM .D;JIR B036y)l(,!l;eHHH 

~K =1 u i\K =2, onucblaaeMbiX raMHJibTOHHauoM fi<+)=Ho + H(+) . 
1nt 

3TH peWeHHJI OTJIH'IaiOTCR "cHrHaTypoH" 15• 151, T.e. raMHJibTOHHaH 

H(+)reHepupyeT paCCMaTpHBaeMble BH6paQHOHHble MO.D;bl B COCTOR

HHRX C 'leTHbiM I, TOr,n;a KaK iJ:C-)=Ho +Hi~~) - aHanorH'IHble MO.D;bl 

B COCTORHHJIX C He'leTHbiM I. 
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ECJIH BKJIIO'IeHHe BpaiQeHHR llpHBO.D;HT K 3aMeTHOMy OTKJIOHeHHIO 

paBHOBeCHOH flJopMbl R.D;pa OT aKCHaJibHO-CHMMeTpH'IHOH, TO ClleKTp 

KorepeTHbiX MO.D; raMHJlbTOHHaHa H(-) 6y.n;eT CyiQeCTBeHHO OTJIH

'IaTbCR OT CIIeKTpa B036y)l(,!l;eHHH raMHJibTOHHaHa H(+) /2,1 5/. 

llpupo,n;y peweHHH CeKynRpHoro ypaBHeHHR 13.161 npH KOHe'IHbiX 

Q MO)I(HO llOHRTb, eCJIH npe.D;llOJIO)I(HTb, 'ITO ClleKTp .D;BYXKBa3H

'IaCTH'IHbiX B036y)I(.D;eHHH w kf JIOKaJIH30BaH B cpaBHHTeJibHO He

wupoKoM .n;uarra3oHe JHepruli H 4JyHKUH10 S(ul) a 13.17 I MO)I(HO 

npe.D;CTaBHTb B BH.D;e 

S( ) 1 ,. - (z) -(v) (ii w = ------- ~ J J · n_ -n ) = 
-2 2 kf kf kf f k uJ

0 
-(u 

n · ~ x ------. 
w2 - w2 

0 

14.81 

3TO COOTHOWeHHe MO)I(HO paccMaTpHBaTb KaK onpe.n;eneHHe cpe,n;He

B3BeWeHHOrO 3Ha'leHHR 3HepreTH'IeCKOrO 3HaMeHaTeJIJI aflJopMyne 

13.171. Ecnu BblnonHRIOTCR ycnoaug 

11 (w) 
oJy,z ->> --T-

x 

~Jx- ~JY0_~--- >> ---~=--; ------- - -- 2 
'l w 2 -(d 
' X 0 

n2 -------
~1 -w2 

TO, OT6paCbiBaR Manwe 'IJieHbl B ypaBHeHHB 13.161, llOJIY'IBM 

w2 = n 2 _rJ ~---Jx~w 2Hft_ ~--JJ z c,u >J 
~y (w) · ,1

2 
(uJ) 

14.91 

14.101 

TaKBM o6pa30W, a paccMOTpeHHwx npu6mDKeHBRX a cnexTpe 

CeKyJIRpHOrO ypaBHeHHJI 13.161 IIORBHTCI KJiaCCH'IeCKaJI HyTaUBOH

HaR WO.D;a, T .e. B03HBKHYT KOJie6aHBI npeueCCBOHHOB llpBpO.D;bl /gf. 

OcTan~oHwe peweHBJI ceKyn.llpHoro ypaaHeHus 13.161 a JTOW cnyqae 

6y,n;yT 06Jia.D;aTb BeCbWa CJia6biMB KorepeHTHWWH CBOBCTBRMB. 

Cne.n;yeT 3aMeTBTb, 'ITO ycnoBBJI 14.91, no-au.n;uw:oMy, .IIBJIJIIOT

cJI O'leHb )l(eCTKBMH B llpB6JIB)I(eHBe 14.101 B peanbHOH CBTyaQBB 

MO)I(eT He BblllOJIHRTbCR. KorepeHTHble CBOBCTBa HB3K03HepreTB

'IeCKBX peweHHB cexynllpHoro ypaaueuui 13.161 a 3TOW cny'lae 

WoryT 3RWeTHO OTJIB'IaTbCJI OT CBOBCTB KJiaCCB'IeCKOB HYTRUBOH

HOB wo.n;w
1151

. Y'leT JTBX OTJIB'IHB oco6euuo Ba.liCeu .D;JIA HarpeTwx 

A.D;ep, B KOTOpbiX C pOCTOM 3HeprHB B036y>K.D;CHBJI OCJia6eBRIOT 
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060JIOqeqHble JdJcPeKTbl H JI,D;pO CTpeMHTCJI llpHHJITb aKCHaJibHO- CHM

MeTpHqHyiO cPOPMY flO!. 

§5. BAUJIHue KozepeHIIIHbiX 3(K/JeKIII06 Ha mepMoOuHaMu'iecKue 

t/JYHKijUU U nAOIIIHOCI/Ib 6036yJICO€HHbiX COCIIIO.JIHUU 

Tax xax npH BbiKJIJOqeHHH B3aHMO,D;eHCTBHJI peweHHJI cexynHp

HbiX ypaBHeHHH /3.7 I H /3.16/ onpe,D;eJIJIIOT JHeprHH BCeB03MO)I(

Hblx ,D;BYXKBaJHqacTHqHbiX BOJ6y)l(.il,eHHH Ha,D; HpaCT- TIOJIOCOH, TO 

o6yCJIOBJieHHOe BJaHMO,D;eHCTBHeM HJMeHeHHe TepMO.ii,HHaMHqecKHX 

cPYHKQHH HarpeToro JI,D;pa MO)I(HO npe,D;CTaBHTb B BH,D;e paJHOCTH 

TepMO,D;HHaMHqecKHX cPYHKQHH. cPOHOHHOrO raJa, 3HepreTHqecKHH 

cneKTp KOTOporo onpe,D;eJIJieTCJI KOpHJIMH CeKyJIJipHbiX ypaBHeHHH, 

H raJa HeKOrepeHTHbiX cPOHOHOB, ClleKTp KOTOpbiX COOTBeTCTByeT 

non10caM cexynHpHbiX ypaBHeHHH.1111. TaKHM o6paJoM, BJIHJIHHe xo

repeHTHbiX 3cPcPeKTOB Ha 3HTPOTIHIO H 3HeprHIO BOJ6y)I(,D;eHHJI JI,D;pa 

MO)I(HO JaTIHCa Tb B BH,D;e 

, w, cu, uJ, o S = l g I _ _a_ cth --A - ln ( 2 sh --L'- ) ! 
A A 2t 2t 2t 

0 0 0 
(<) U)A WA 

l g I _A_ cth ---- - ln (2sh --) !, 
A A 2t 2 t 2 t 

/5.1/ 

~ g w 
0 

w~ 
l _..A_ I w ( cth _::A_ - 1) - '" ( cth ---<1.. - 1) l 
A 2 A 2t A 2 t 

au 

r,D;e wA - xopHH cexyn.llpHbiX ypaBHeHHH /3.7/ H /3.15/, w 0A

llOJIIOCa 3THX ypaBHeHHH H g A - KpaTHOCTb BblpO)I(,D;eHHJI COOTBeT

CTBYIOIQHX peweHHH. 

llpH yqeTe /5.1/ TIJIOTHOCTb BOJ6y)I(,D;eHHbiX COCTOJIHHH Bpa!QaiO

IQerOCJI JI,D;pa /2.8/ MO)I(HO npe,D;CTaBHTb B BH,D;e 

wOC<P (U ,M) = w X <P (U ,M) • knc<P, /5.2/ 

r,D;e wX<fl (U ,M) - TIJIOTHOCTb COCTOJIHHH, llOJiyqeHHaJI B npH6JIH)I(e

HHH XapTpH-WOKa, H k fiC<fl - o6yCJIOBJieHHbiH KorepeHTHbiMH 

3dJcPeKTaMH K03dJcPHQHeHT yBeJIHqeHHJI TIJIOTHOCTH COCTOJIHHH. 3TOT 

K03dJcPHQHeHT MO)I(HO JaTIHCa Tb B BH,D;e 

22 

k = exp(BS- ..£.U ) - n I 1-e.xp(-wj_ /t) lgA 11 C<P t-- - ----·- . 
A 1-exp(-wA/t) /5.3/ 

llpu MaJioM oT nuquu w A oT w A OTHOWeHHe cooTBeTCTBYIOIQHX 

HM KOMTIOHeHT Bblpa)l(eHHJI /5.3/ CTpeMHTCJI K e,D;HHHQe, ll03TOMy 

Cy!QeCTBeHHbiH BKJia,D; B k fiC<fl 6y,D;yT ,D;aBaTb TOJibKO "KOJIJieKTHBH

JHpoBaHHble" peweHH.II cexyn.llpHbiX ypaBHeHHH. Cne,D;yeT, o,D;Haxo, 

OTMeTHTb, qTo TIPH ryCTOM ClleKTpe KOpHeH H llOJIIOCOB CeKyJIHpHo

ro ypaBHeHHJI /3.7/ HJIH /3.16/ BOJMO)I(Ha TaK)I(e CHTyaQHJI, 

KOr,D;a HH O,D;HO HJ peWeHHH ypaBHeHHH He JIBJI.IIeTCJI B ,li;OCTaToqHOH 

Mepe KOJIJieKTHBH3HpOBaHHbiM, HOB COBOKYTIHOCTH BOJHHKaeT JaMeT

Hoe yBeJIHqeHHe nnoTHOCTH YPOBHeH. /5.3/. HJyqeHHe TaKHx cHrya

QHH MO)I(eT npe,ZJ;CTaBJIJITb JHaqHTeJibHbiH HHTepec KaK llpOJIBJieHHe 

KOrepeHTHbiX 3cPcPeKTOB, He CBJIJaHHbiX C onpe,ZJ;eJieHHOH KOJIJieKTHB

HOH MO,D;OH. 

Ha ocHoBe npoBe,D;etJHoro BbiWe aHaJIHJa peweHHii cexyJIJIPHblx 

ypaBHeHHH MO)I(HO C,D;eJiaTb PJI,D; BbiBO,D;OB KaqeCTBeHHOro xapaKTepa 

o BenuqHHe ~ IC<I•· llpe)I(,D;e Bcero paccMoTpHM BJIHJIHHe HyTaQHOH

HOB MO,D;bl Ha TIJIOTHOCTb ypOBHeH B036y)I(,D;eHHbiX JI,D;ep. llpH BblllOJI

HeHHH YCJIOBHH /4.8-' 4.9/ ClleKTp npeQeCCHOHHOrO ,li;BH)I(eHHJI JI,D;pa 

MO)I(HO JaTIHCaTb B BH,D;e 

E (I,n) = _li!..:tll + 

2 ,1x '" IIYT. n' /5.4/ 

r,D;e <u =al onpe,IJ,eJIJieTCJI COOTHOWeHHeM /4.10/ H n- qHCJIO IIYT 

HyTaQHOHHbiX cPOHOHOB /9/ .B COOTBeTCTBHH C YCJIOBHJIMH CHMMeTpHH 

qeTHbiM JHaqeHHJIM yrJIOBOrO MOMeHTa l COOTBeTCTBYIOT qeTHble 

JHa'leHHJI ll H Hao6opoT. 06yCJIOBJieHHbiH POTaQHOHHbiMH H HyTa

QHOHHbiMH MO,D;aMH K03dJcPHQHeHT YBeJIH'IeHHJI TIJIOTHOCTH BOJ6y)I(,D;eH

HbiX COCTOJIHHH MO)I(HO llOJIY'IHTb aHaJIOrH'IHO /2.10/: 

k POT. k H:vT ::; _ l · l (2l+1)exp (- _E(~~L_) 
1·-0,2,4 ... n=0,2,4,... t 

-I(Jq)/2~x t -2a l;t 
l (21 +1)e (1-e )-1 

1=0,2,4 ... 

/5.5/ 
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IlpH TeMnepaTypax 

k . k - 2 .L l 

>>w 6yJJ,eM HMeTb 
HYT 

-1(!+1)/dxt 
e 

312 1T 3 3 z 1/2 

poT nyr 
- a 1=0,2,4, ... 

-:::.CCI xt) l _____ _x_. _______ I · 
2<3 -3 lUI -3 l 

X y X Z 

/5.6/ 

B nocneJJ,HeM COOTHOWeHHH Mbl HCnOJ1b30BaJ1H JIBHbiB BHJ]. X03cP" 

cPHUHeHTa a /4.10/. IlpH 3 »3 H ~ » 3 COOTHOWeHHe 
X Y ' ll Z 

/5.6/ nepeXOJ].HT B Bblpa:>KeHHe J].Jlll X03cP<llHUHeHTa poTaUHOHHOrO 

yBeJ1HlfeHHH nnOTHOCTH COCTOHHHB npH TpeXOCHOM BpameHHH /9
1 

-1 "" Q ~ g .... 
poT Jx,Jy,Jz 

2 2 11 2 11 
-JJ('2·3xt -Jy/2,Jyl -Jz "2azt 

e e e 

-1 312 t1 11 
-::. g (2t) (rr;:Jx ;:Jy 

rl 1/2 
ZJ z)' 

/5.7/ 

rJJ,e g - xpaTHOCTb CHMMeTpHH cPOPMbl JIJJ,pa. )J,nll o6mero cnyqaJI 

XBaJJ,pynonbHOB JJ,ecPOpMaUHH JIJJ,pa HMeeT MeCTO CHMMCTpHll OTHO" 

CHTeJ1bHO nOBOpOTOB Ha 17 BOXpyr Xa:>KJJ,OB H3 rnaBHbiX OCeB 

TeH30pa HHepUHH, H TaXOB CHMMeTpHH COOTBeTCTByeT BeJ1HlfHHa 

g=4/9/. 

Tax xax HyTaUHOHHa.H MOJJ,eJ1b B03HHXaeT TOJlbXO npH J].OCTaTOlfHO 

60J1bWHX yrnOBbiX MOMeHTaX, COOTHOWCHHJI /5.5/ H /5.6/ JJ,aiOT 

3aBbiWCHHYIO OUeHKY BJ1HHHHJI TaXOB MOJ].bl Ha nnOTHOCTb COCTOJIHHB 

B036Y:>KJJ.eHHbiX HJJ,ep. Ho npoBeJJ,eHHoe paccMoTpeHHe noxa3biBaeT, 

lfTO 6onee nOJ1HbiB XOJ1HlfCCTBCHHbiB aHaJ1H3 peweHHB cexynHpHOrO 

ypaBHCHH.B /3.16/ H COOTBeTCTBYIOIUero TaXHM peweHHJIM X03cPcPH" 

UHCHTa yBenl!:lfCHHH nnoTHOCTH ypOBHCB /5.3/ JJ,On:>KeH JJ,aTb BCCbMa 

HHTepeCHYIO HHcPOpMaUHIO 0 ponH KBaHTOBbiX 3cPcPCXTOB BO BpaiUCHHH 

HarpeTbiX HJJ.ep H o nepexoJJ.e nnocxoro apameHHH axcHaJibHo

CHMMeTpHlfHoro JIJJ,pa B TpCXOCHOe BpameHHC JIJJ,pa HCCHMMCTpHq

HOB cPOPMbl. 

B npeJJ,ene MaJibiX yrnOBbiX MOMCHTOB BbllfHCJICHHJI X03cP-

cPHUHCHTOB BH6paUHOHHOrO YBCJ1HlfCHHH nnOTHOCTH ypoBHCB B036y:>K

J].CHHbiX JIJ],Cp npOBOJ],HJ1HCb Ha OCHOBC HCCTaTHCTHlfCCKHX MeTOJ],OB 

MOJJ,enHpOBaHHH CTpyxrypbl BbiCOXOJ1e:>KaiUHX COCTOJIHHB HJJ,ep B 

pa6orax116/ H B paMXaX CTaTHCTHlfCCXOrO nOJJ,XOJJ,a - B pa6o

TaX/ll,l7/. PeJynbTaTbl, nonyqeHHble B 3THX noJJ.XOJJ,ax, JJ,ocraroq-
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HO xopowo cornacyroTCH Me:>KJJ.Y co6oil:. )J,nH 3HeprHil: B036Y:>KJJ.CHHH, 

6nH3XHX X 3HeprHH CBH3H HCBTpOHa, TaXHC BbllfHCneHHJI JJ,aiOT 

JJ,nll TH:>KCJlbiX HeMarHlfeCXHX HJJ,ep BCJ1HlfHH)' kflC<l\-4710. )J,n.H JJ.ecPOp

MHpOBaHHbiX HJJ,ep nonyqeHHble 3HalfCHHH k fiC<P CpaBHHTeJ1bHO cna6o 

cPl110XTYHPYIOT OT HJJ,pa X HJJ.PY, H npH YBCJIHlfCHHH TeMnepa Typbl 

3TH cPl110XTYaUHH YMCHbWaiOTCJI. Ha OCHOBC 3THX pe3yJ1bTaTOB 

MO:>KHO O:>KHJJ,a Tb, 'ITO JJ,JIH 6biCTp0BpamaroiUHXCJI HarpeTbiX JIJJ,ep 

cyMMapHbiB BxnaJJ, acex peweHHB cexyn.HpHbiX ypaBHeHHB /3.7 I 
H /3.16/ 6yJJ,eT JJ,aBaTb 6nH3Xoe 3Hal.feHHe kfiC<P JJ.O rex nop, 

noxa paBHOBCCHa.H cPOpMa HarpeTbiX HJJ,ep COXpaHHCT axcHaJ1bHYIO 

CHMMeTpHIO. J1 TOJibXO npH B03HHXHOBeHHH OTXJ10HCHHH OT aXCH· 

anbHoil: CHMMeTpHH 6yJJ,eT npoHCXOJJ.HTb poeT k IIC<P • cooTBeT

CTBYIOIJ..IHH "pa3MOpa:>KHBaHHIO" TpCXOCHOro BpameHHJI. 

3a K/IIO'Ie HUe 

Pa3BHTaJI B JJ,aHHOH pa6oTe CpaBHHTCJ1bHO npOCTa.H MHXpo-

CXOUHlfeCXa.H MOJ].CJlb U03BOJ1HeT HCCJlCJJ,OBaTb WHpOXHH Xpyr 3aJJ,alf, 

CBJI3aHHbiX C H3YlfCHHeM CBOHCTB BbiCOXOB036y:>KJJ,CHHbiX 6biCTpO

Bpawaromaxc.H HJJ.ep. OcHOBHoe BHHMaHHe B npoBeJJ,eHHOM o6cy:>KJJ,e

HHH y,D;en.Hnocb nnoTHOCTH ypoBHeil: Bblcoxoao36Y:>KJJ.eHHbiX HJJ.ep, 

BCJlH"'HHa XOTOpOH HrpaeT onpeJJ,CJl.IIIOIJ..IYIO pOJlb BO BCCX npaXTH

lfeCXHX npano:>KeHHHX cTaTHCTHlfecxoro noJJ,xoJJ,a. B paMxax raxoro 

noJJ,XOJJ.a B HacToHmee apeMH aHanH3HpyercH WHpoxail: xpyr 3Xcne

PHMeHTaJlbHblX JJ,aHHbiX no peaXUHHM C THlKeJlbiMH HOHaMH, HO, 

X CO:>KaJlCHHIO, CXOJ1b"HH6yJJ,b HaJJ,C:>KHbiC 3XCnepHMCHTaJ1bHbiC JJ,aH

HbiC 0 noaeJJ,CHHH nJJOTHOCTH HJJ,ep npH 60J1bWHX yrnOBbiX MOMCH· 

TaX OTCYTCTBYIOT. Il03TOMy pa3BHTHC JJ,OCTaTO"'HO nocneJJ,OBa TCJlb

Horo MHXpocxonaqecxoro onacaHHH nnoTHOCTH ypoBHeil: 6biCTpoapa

warowaxcJI HJJ,ep npeJJ,CTaBJJHeT xax TeopeTHlfCCXHH, TaX H npaXTH"'CC

XHH HHTepec. 

COOTHOWeHHH JJ,aHHOH MOJ].CJ1H MO:>KHO HCnOJlb30BaTb TaX:>Ke 

J],Jl.H OnHCaHHJI E2 - nepeXO,LIOB B 6biCTpOBpamaiOIUHXCH BbiCOXOB03-

6y:>KJJ,CHHblx /Harperblx/ liJJ.pax. 3xcnepHMeHranbHble JJ,aHHble o 

TaXHX nepexoJJ,ax 

TH"'CCXHB aHaJ1H3 

H3MCHCHHH cPOPMbl 

TOJlbXO HalfHHaiOT HaxannHBaTbCJI, H HX Teope

MO:>KCT 6b1Tb BCCbMa Ba:>KHbiM J],Jl.ll H3Y"'CHHJI 

HJJ.ep B npouecce JJ,eao36Y:>KJJ.eHHH. 06cy)KJ],eHHe 

3Toro Bonpoca Tpe6yer cneuaanbHoro paccMorpeHHH, BbiXOJJ.Hil..lero 

3a paMXH JJ,aHHOH pa60Tbl. 
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