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Kuzemsky A.L. Pl7 - 10695 

A Self-Consistent Interpolation Solution of the 
Hubbard Model. The Band and Atomic Limits 

The self-consistent calculation of one-particle 
Green's functions in the Hubbard model was considered. 
The Dyson equation for the two-time thermal Green function 
was derived and a generalized interpolation solution of 
th~ Hubbard model was obtained. This solution is valid 
for any value of the Coulomb correlation. Two exact re
presentations for the self-energy are used for obtaining 
approximate solutions in the band and atomic limits. 
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Laboratory of Theoretical Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1977 

© 1977 06 .. eCJUHeHHWii Ullc•u•y• .IICJepHWX UCCAeCl06GHUii.Jly6Ha 

~ 

1. BBE,4EHHE 

MeTOJJ. .U.BYXBpeMeHHbiX TeMnepaTypHbiX <ilYHI<~HH rpu
ua/1 ,2/ JIBnJieTCJI YJJ.06HbiM H 34J<llei<THBHbiM UOJJ.XOJJ.OM JJ.nJI 
HCCne.n.oBaHHJI CHCTeM MHOrHX BJaHMOJJ.eHCTBYIOll{HX qacTH~. 
B npeJJ.biJJ.Yll{HX pa6oTax13•4/ Mbi pa3BHnH caMocornacoaau
HyiO cxeMy BblqucneuuH: o.n.uoqacTHqHbiX .n.syxapeMeHHbiX 
<ilYHI<~HH rpuua .n.nJI Mo.n.enH Xa66ap.u.a /S/ . Kai< H3BeCTHO, 
3Ta Mo.n.enb JIBnJieTCJI o.n.uoH: H3 uau6onee ynoTpe6uTenbHbiX 
.U.nJI OUHCaHHJI MarHHTHbiX CBOHCTB H nepexo.n.a H3 MeTan
nuqeci<oro cocTOJIHHJI B HeMeTannuqeci<oe B xanbi<oreuu.n.ax 
nepeXOJJ.HbiX MeTannoB. raMHnbTOHHaH, npe.n.no)l(eHHbiH Xa6-
6ap.n.oM /9 

u ,. 
+ -- n. n. 2 . 10 J-IJ 

](J 

t .. a~ a. 
I) 10 j(7 

J{ ~ L /1/ 
i ju 

JaBHCHT OT .D.BY~;.napaMeTpoa: 34J<llei<THBHOH lUHpHHbl 30Hbl 
(N-l ,.

1 1
2) ,z 

W = .:.. t .. H 3HeprHH BHyTpHaTOMHOrO I<ynOHOB-
1) ij 

ci<oro OTTani<HBaHHJI 3nei<Tpouoa L . C HJMeueuueM ux 
OTHOIUeHHJI MeHJieTCJI CTPYI<Typa nonoc CHCTeMbl. B Jaau
CHMOCTH OT BenHqHHbl OTHOIUeHHJI Z = .,.,j{; , DnOTHOCTH 
3nei<TpOHOB H CTeOeHH JanonHeHHJI llOJJ.30H CHCTeMa MO)I(eT 
6biTb nu6o MeTannoM, nu6o JJ.H3nei<TPHI<OM. Tai<HM o6pa30M, 
.n.nJI Toro qTo6bi onucbiBaTb nepexo.n. HJ MeTannuqeci<oH: 
<ilaJbi a HeMeTannuqeci<yiO H nepexo.u. Hl HeMaruuTuoro 
B MarHHTOynopJIJJ.Oqeuuoe COCTOJIHHe, He06XOJJ.HMO nony'IHTb 
HHTepnonJI~Houuoe pemeuue raMHnbTOHHaua Xa66ap.u.a, 
cnpaae.n.nuaoe a mupoi<oM HHTepaane lHaqeuuH: napaMeTpa 
z , OT aTOMHOro npe.n.ena (z ... 0) .n.o Jouuoro npe.n.ena (z>> D. 
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HeCMOTpB Ha pa3H006pa3He MeTO,II,OB TeOpHH MHOrHX 

Ten, npuMeHBBlliHXCB J,IJ,ecb, Ja,IJ,aqa 3Ta eme He nonyquna 

Y.IJ.OBneraopureJibHoro pellleHHB. H nepaoHaqaJibHaB cxeMa 

pacu.enJieHHB IJ.enoqKH ypaBHeHHH ,II,JIB <}lyHKIJ.HH rpuHa, npu

MeHeHHaB B pa6ore Xa66ap,IJ,a/S/, u 6oJiblliHHCTBO ,II,pyrux 

pellleHHH npHBO,II,BT K JIOKaJibHOMy MaCCOBOMY on epa Topy, 

B TO BpeMB KaK ,IJ,a)f(e B a TOMHOM npe,IJ,eJie pellleHHe BBJIB

ercB Jaae,IJ,oMo HenoKaJibHhlM. KaK 6hlno OTMeqeHo B pa-

6ore16/, TO, qro MaCCOBhlH oneparop He JaBHCHTOT KBa3H

HMllYJibCa, 03Haqaer HapyllleHue JaKoHa coxpaHeHHB KBaJu

HMnynhca npH 3THX pacu.enJieHHBX. 3TO llpHBO,II,HT K TOMy, 

qro a 30HHOM npe,IJ,ene, T .e. ,IJ,JIB MerannuqecKoH <}laJbi, He 

cyiiJ.ecrayer xopolllo onpe,IJ,eJieHHOH noaepxHocru <l>epMu, 

KOTOpaB BBJIBeTCB xapaKTepHbiM npH3HaKOM MeTaJIJia. 

Pa3BHTbiH HaMH B pa6orax /3,4/ MeTO.IJ. no3BOJIBeT H3-

6e)f(aTb yKa3aHHbiX TPY.IJ.HOCTeH: u ,IJ,aeT caMocornacoaaHHYIO 

CXeMy CHCTeMaTuqecKOrO llOCTpOeHHB o6o6meHHbiX HHTep

llOJIBIJ.HOHHbiX pellleHHH raMHJibTOHuaHa Xa66ap,IJ,a, cnpa

ae,IJ,JIHBbiX B lliHPOKOM HHTepaane 3HaqeHHH z • CaMocorna

COBaHHOe pellleHHe CTpOHTCB KaK pellleHHe ypaBHeHHB )J,aH:

COHa ,IJ,JIB O,IJ,HoqacTuqHhlx ,IJ,ByxapeMeHHbiX TeMnepa TYPHhiX 

<l>YHKIJ.HH rpuHa. BbiBO,II, ypaBHeHHB )J,aH:coHa OCHOBbiBaeTCH 

Ha MeTO,II,HKe BBe,IJ,eHHH HellpHBO,II,HMbiX <}lyHKIJ.HH rpuHa /? ,S/. 
3TOT MeTO,II, TeCHO CBB3aH C onpe,IJ,eJieHHbiM CllOC060M npo

eKTHpOBaHHB BbiClliHX <}lyHKIJ.HH rpuHa Ha HCXO,II,Hhle; llpH 

3TOM B KaqeCTBe "HyJieBOH" <}lyHKIJ.HH rpuHa Bhl6HpaeTCB 

nepeHopMupoaaHHaB c yqeTOM acex peHopMupoaoK cpe,IJ,Hero 

llOJIH HeJIOKaJibHaH <}lyHKIJ.HB rpuHa.)J,aa BapHaHTa Teopuu/3,4/ 

ll03BOJIBIOT llOJiyqHTb ,IJ,Ba TOqHbiX npe,II,CTaBJieHHH ,IJ,JIH MaC

COBOrO onepaTOpa, HBJIHIOIUHXCH OCHOBOH ,II,JIH llOJiyqeHHB 

llpH6JIH)f(eHHhlX pellleHHH B aTOMHOM H 30HHOM npe,IJ,eJiaX. 

2. 30HHb/H IIPE,l{EJI 

B nepBOM aapuaHTe Teopuu 131 6biJIO nonyqeHo TOqHoe 

npe,IJ,CTaaneHue ,IJ,JIB Maccoaoro onepaTopa M1w (cd) O,IJ,Ho-

qacTuqHoB: <}lyHKIJ.HH rpuHa /1,2/ 

Gk (t)=«a~. (t);ak+ »=-iO(t)<[ak (tl,ak+ J > 
-a ,;.a a a a 

4 

oo dcu -iwt G (w) 
=f -e ka 
-oo 2rr 

j~ d co -icut 1 J~ dco' (3cJ)' ( ') 
= -e - (e -t l)J w , 
-oo 2 rr 2rr -oo Cd - co ' ka 

/2/ 

-l 
r,IJ,e (i = (kT) , a Jka (w) - ClleKTpaJibHaH HHTeHCHBHOCTb. 

r,IJ,e 

llonyqeHHoe B pa6ore I 3/ ypaaHeHHe )J,aH:coHa HMeeT BH.IJ. 

IfF !IF 
G,_ (co)= G,_ (vJ) + G,_ (uJ)M, (c,,) G, (co) , 

"'a .. a ,.a .. a "' a 

I! I· II F -I c, (,,)-(,,_,'- ) 
K rr .. a 

IIF 
( cc ( ~ 

ka k 
u ... , 
r\ 'l 

. n 
q,-a 

I "'d<o' fi<o' ,2""dti<o't.-l 
M (,,) ~ -- I ---- (e + llL f --e 1\ 

);.o 2rr -<X; CtJ- co' ~oo 2rr 

-ik( ll. -ll.) 
~ e 

1 
J /a ~ n . ~ n. (t) a . ( t) 

i r, (' 

i i j )rT J- (T . 1 -(J l(J 

/3/ 

/4/ 

/5/ 

Bbipa)f(eHue /5/ .IJ.JIH Maccoaoro onepaTopa ~lkJ'J) O,IJ,Ho

qacTHqHou <l>YHKIJ.HH rpuHa MO,IJ,eJIH Xa66ap,IJ,a HBJIHeTCH 

ToqHbiM H cnpaBe,IJ,JIHBO ,II,JIB npOH3BOJibHbiX 3HaqeHHH Z • 

MaccoBhlH onepaTop Bbipa)f(eH qepe3 HenpHBO.IJ.HMYIO qacTh 

BhlCllleH <l>YHKIJ.HH rpuHa. llpe,II,CTaBJieHHe /5/ 6onee Y.IJ.06Ho 

,IJ,JIH nonyqeHHH llpH6JIH)f(eHHhlX pellleHHH B 30HHOM npe,IJ,eJie, 

llOCKOJibKY BBHO CO,IJ,ep)f(HT MHO)f(HTeJib U 2 , HO, BOo6me 

rOBOpB, MO)f(eT TaK)f(e HCllOJib30BaTbCB ,II,JIB llOJiyqeHHB 

npH6JIH)f(eHHhlX pellleHHH H B CJiyqae CHJibHOH KOppeJIBIJ.HH. 

)],JIB llOJiyqeHHB npH6JIH)f(eHHhlX pellleHHH HY)f(HO HCllOJib30-

BaTb onpe,IJ,eJieHHhle npe,IJ,llOJIO)f(eHHB 0 llpH6JIH)f(eHHOM Bhlpa

)f(eHHH ,IJ,JIB CBB3aHHOH qacTH KOppeJIBIJ.HOHHOH <}lyHKIJ.HH B 

npaBOH qaCTH /5/. 
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C llOMO~biO aae.D,eHBJI HenpBaO.D,BMbiX 'laCTeH Mbl OT
.D,enunu ace peuopMupoaKH cpe.D,Hero nonJI, T .e. ace O.ZJ.HO
apeMeHHble cnapuaaHBJI. IIpoB3ae.D,eM Tenepb, cne.D,yJI pa-
6oTaM /7,8/ , ace a03MO)I(Hble pa3HOapeMeHHble cnapuaaHHJI 

-1 -ik(R.-R.) + ·r c 
N ~ e I 

1 < a . n. I n . ( t) a . ( t) > I ' "' if. j w J -a I -a 1 a 

"'N-2~ 
pqrs 

< a + a ( t) > < a , a + ( t) > x 
k+p,a k+p,a p+q, -a p+q ,-a 

x < a + a ( t) > o • o • o + 
q,-a q,-a k+s,k+p r+s,p+q r,q 

-1 -ik(F .-R.) + 
+ N ~ e 1 1 I< n . n . ( t) >< a . a . ( t) > + 

. 1 . 1-a 1-a Ja 1a 
IF] 

+ + + 
+ < a . a . a . ( t) a . ( t) > < a . a . ( t) > + J a J -a 1 -a 1 a J -a 1- a 

+ + 
+<a a a 

ja j-a 

+ 
( t) a . ( t) > < a . a . ( t) > I . 

-a 1a 1-a I-a 161 

B pa6oTe 131 Mbl orpaHH'IHnHCb paccMoTpeuBeM Ton~>Ko 
nepaoro cnaraeMoro a npaaoil 'laCTH 161. 3To cooTaeTcT
ayeT abi'IHcneHHIO Maccoaoro onepaTopa a napuoM npu6nu
)l(eHHH 

2 
P U "" dw 1dw 2dw 3 Mk.)u))=~~ L, ln(w 1 H1-n((v~-n(w 3)]+ N pq CtHW1 -w 2- (V3 

+n(w 2)n(w
3
)lg (w

1
)g'- (w

2
)g (w

3
) 

p + q '-a .. + p ,a q, -a 171 

g~. (w) = _..!_ImG '- (w + iE ). .. ,a 17 ... a IBI 

6 
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TaiCHM o6pa30M, napuoe npu6nH)I(eHue JianJieTcJI .D,o
cTaTO'IHO pa3yMHbiM aHe pe30HaHCHbiX o6nacTeH ICOnneJ<
THaHbiX ao36y)I(.D,eHHH. B 3TOM cnyqae, Kor.D,a nnoTHOCTb 
HH3KaJI, MO)I(HO orpaHH'IHTbCJI nepabiM cnaraeMbiM a I 61. 
HMeuuo TaKoe pacu;enneuue 61>1no npuMeueuo a pa6oTe/3/ 
npu abi'IHcneHHH Maccoaoro onepaTopa a napaMarHHTHOM 
COCTOJIHHH. AHanH3 OCTanbHbiX Tpex cnaraeMbiX a paMICaX 
.D,auuoro <}>opManH3Ma 61.m npoae.D,eH a pa6oTe /9/ .D,nJI .D,ayx
no.D,peweTO'IHoro aHTH<}>eppoMarueTHKa c JneKTpou-<}>ouou
HbiM a3aHMO.D,eHCTaHeMI. 

YpaaHeHHJI 131 H 17 I npe.D,cTaanJIIOT co6oil caMoco
rnacoaaHHYIO CHCTeMy ypaaHeHHH .D,llJI O.D,HO'IaCTH'IHOH <}>yHI<
UHH rpHHa a paMJ<aX napuoro npu6nH)I(eHHJI. Bb16HpaJI TO 
HnH HHOe uaqanbHOe npe.D,cTaaneuue .D,nJI <}>yHKUHH g (w) a 

lw . 
npaaoil 'laCTH 17 I' Mbl MO)I(eM abi'IHCllHTb <}>yHKUHIO rpuua 
G ka(w) . B npuuu;une, no.D,cTaamrJI nony'leHHbiH pe3ynbTaT 
cuoaa a 17 I, MO)I(HO HaRTH 6onee TO'IHoe peweuue. B 30H
HOM npe.D,ene paJyMHbiM uaqanbHbiM npu6nu)l(eHHeM, .D,o-
nyci<aiO~HM a03MO)I(HOCTb TaiCOH HTepau;HH, JianJieTCJI 
g ka(w)=o(w-c k). )J,nJI 3Toro cnyqaJI a pa6oTe /3/ 61.mo 
nonyqeuo cne.D,yiO~ee npe.D,cTaaneuue .D,nJI Maccoaoro one
pa TOpa a napHOM llpH6llH)I(eHHH 

2 
lJ ..... Mk': (,d)= ~2 ;'I 

(J 

(J 

N kp<J 

(t) - n~."" 

191 

N ~n f1-n -n l+n n , 
kpq p+q,-a l<+p, a q,-a k+p,a' q,-a 

nkpq=-(r+q +£k+p +c". 1101 

Ilony'IHM Tenepb ypaaueuue .D,nJI cpe.ZJ.HHX 'IHcen Janon
HeHHJI a 3TOM npu6nu)l(eHHH. )J.nH 3Toro, cne.D,yJI pa6oTe I 10/, 

npe.D,CTaaHM CneiCTpanbHYIOHHTeHCHaHOCTb nonHOH <}>yHICIJ;HH 
rpuua Gk.a(w) B cne.D,yiOU(eM ftH.D,e: 

1 . 1 rk.a (w) 
--lmG (w+H)=- --------

rr ka 17 ( E ) 2 r 2 
w- k.a + k.a 

7 



r.D.e 

1 "'0- a )o(w- E )+-
lw lw rr 

[' lw(w) 

? 
(w- Elw)-

u2 
1,_ (w)=-lmM~ (w+id=rr-· ~ N: o(uJ-flk ) , 

ILO ILO N2 pq pq pq 

HF p HF 
Eka =fl<a + ReMka(Elr.:a) =<l<a+o<; 

U2 No 
oc=P -~ -~ 

N2pq w- n ._ Lpq 

/11/ 

/12/ 

HeH3BeCTHMH MHO)I(HTenL <1 -al<
0

) npu )J,enLTa-$yHKIJ,HH B 
npasoil qacTH I 11/ onpe.IJ.en.ReTCH H3 ycnosuil uopMHPOBKH 

00 

f dwgk
0

(w)=l. /13/ 
-oo 

IlpH 3TOM, C y'leTOM /11/ H /12/, nony'IHM H3 /13/ 

aka-

2 No 
.!:!__ ~ kpq 

N 2 pq(fl,_ -E,_) ' 
Lpq ILO 

/14/ 

OTKY.IJ.a .D.nJI cpe.IJ.HHX queen 3anonueHHJI 6y.D.eM HMeTL 

1 
na = N :n(Eka) + 

a 
2 N 

U ~ kpq [n<n )-n<Ek )]. 
--.:.. 2 kpq a 
N3 kpq(flkpq-Eka) 

/15/ 

TaKHM o6pa3oM, cpe.IJ.HHe 'IHcna 3anonueHH.II onpe.IJ.en.RIOTCJI 
H3 ypasueHHJI /15/ caMocornacosaunMM o6pa30M. IIepBMH 
qneH B npaBOH 'laCTH /15/ OllHCMBaeT 34>4JeKTM nepeHOpMH" 
pOBKH 3HeprHH 'laCTHIJ, B cpe)J.HeM none, a BTOpOH - 34>4JeKTM 
napHMX CTOllKHOBeHHH KBa3H'IaCTHIJ, BO BTOpOM nop.R)J.Ke flO 

8 

,. 

U . IlnOTHOCTh COCTO.IIHHH KBa3H'IaCTHIJ, B 3TOM npH6nH)I(eHHH 
pasua 

-l -] 
D (uJ)=N ~ gk (uJ)=N ~lO-a. )8((n-Ek ) -t 

a k a k ka a 

+ ak (j (,,J - n k ) l . 
a P'l 

/16/ 

Cpe.IJ.HHH 3HeprHH CHCTeMM B .D.aHHOM npu6nH)I(eHHH 6y.IJ.eT 
onpe.IJ.enHTLCH BLipa)l(eHHeM 

<J{ > = _1_ ~ t(lo l l k )J k (,,J) d<n 
2N ka _:"" a 

1 ~ ' 
2N 

(}<_ka-trk)n(Ek\-tC\F) 
ka a' - 2 ' 

/17/ 

r.D.e 

2 ]\a 
(i\E)? ~ __ 1_ J.!__ ~ kpq I <E + c ln<E l-

- 2N N 2 kpqa (n _ F ) ka k ku 
kpq ~ka 

-- < n k + r k ) n m k q) 1 1''1 p /18/ 

- oenH'IHHa, no cTpyKType no.D.o6naH nonpasKe 3Hepruu 
BTOporo nopH)J.Ka B MHOronpHMeCHOH MO)J,enH AH.IJ.epCOHa 
unu MO.IJ.enu Xa66ap.IJ.a c s-d ru6pH.IJ.H3aiJ,Heil /II/. 

PaccMoTpHM Teneph, KaKyto 4JopMy npuo6peTaeT Kpu
Tepuil MarueTH3Ma npu ucnonL30BaHHH .IJ.nH Maccosoro 
onepaTopa napuoro npu6nH)I(eHH.II H 3aTpasoquoil .D.enLTo
o6pa3HOH cneKTpanLHOH nnoTHOCTH. ,[l.n.11 3Toro, cne.IJ.y.R /12/, 
BBe)J,eM Cpe)J,Hee 'IHCllO 3neKTpOHOB n = \6 (n t + n ) H Ha-

" MarHH'IeHHOCTh m =lh(nt-n"). 06o3Ha'la.R n 0 =f<cr;<lr.:+Un_J 
H paccMaTpHBa.R ycnooue cyiiJ,ecTBOBaHH.II peweuuil ypasue
HHJI 

m=lhf(ff;flr.:+ Un-Um)- lhf(cf;fk+Un+ Urn), /19/ 
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HaHAeM KPHTepHH B03HHKHOBeHHH ~eppoMarHeTH3Ma B Ha

wei CHCTeMe. 0H 6yAeT HMeTL BHA 

-1 
N ~ U eff(k)·glw(ff )- ~(ft >1. 

3AeCL BBeAeHLI 0603HaqeHHH 

f 
r\ N"' {;2 

U eff (k) = UIJ+~ -- .l 
N 2 pq 

kpq - kpq 

l' 
[nkpq-(Ek +Cn>J

2 

Nt "' 

/20/ 

~ 
u3 

--- .l 
N3 kpq 

k -N __ P _q kpq 
W -- --[n<n ) 

kpq -(Ek+ Cn)]3 kpq -n(Ek+Ln>l. /21/ 

Mo)KHo,roBopg ycnoBHO, cquraTL C'OOTHoweHue /20/ o6o6-

~eHHOH ~opMoi Kpurepug CToHepa B03HHKHoBeHHH ~eppo
MarHeTH3Ma B MOAenu Xa66apAa. Hau6onee 6JIH3KYIO ~opMy 

K JTOMY KpHTepHIO COOTHOWeHHe /20/ npuo6peraeT B 

cnyqae, KOrAa MO)KHO cquraTL U eff (k) ""Ueff(O)Jipu JTOM 

H3 /20/ nonyqaeM 

U eff (0) • D (£ f) - ~ (f f ) > 1. /22/ 

H3 JToro pe3yJILTara BHAHO, qro B03HHKHoBeHHe ~eppo
MarHeTH3Ma B CHCTeMe OnpeAeJIHeTCH nJIOTHOCTLIO COCTOH

HHH JJieKrpoHoB; npu JTOM peHopMHpoBaHHoe KYJIOHOBcKoe 

B3aHMOAeHCTBHe AOJI)KHO 6LITL AOCTaroqHo BeJIHKo. BoJ

HHKHOBeHue nepeHOpMHpOBaHHOH BeJIHqHHLI U e ff H napa

MeTpa ~ HBJIHeTCH ecTeCTBeHHLIM npH 6onee TOqHOM yqere 

KOppeJIHUHH, qeM B npH6JIH)KeHHH XapTpH-<l>OKa, KOTOpoe 

BeAeT K Kpurepuro CroHepa. H3BeCTHO, qro B npu6JIH)KeHHH 

Xaprpu-<l>oKa TeHAeHUHH cucreMLI K o6pa3oBaHHIO MarHHTo

ynopHAoqeHHoro COCTOHHHH CHJILHO npeyBeJIHqHBaeTCH. 

KaK y)Ke roBopunocL BLIWe, B 30HHOM npeAene npeA

craBneHHe /16/ MO)KHO HCnOJIL30BaTL AJIH HTepaUHOHHOrO 

BLJqucneHHH BLICWHX /no napaMerpy B3aHMOAeicTBHH U I 
nopHAKOB MaCCOBOro oneparopa, AJIH qero HaAO nOACTa

BHTL /16/ B /7/. BLinHWeM, AJIH KpaTKOCTH, TOJILKO nepBLIH 

10 

" 

1 

H UOCJieAHBH qJieHLI BLipa)KeHHH, UOJiyqeHHOrO B pe3yJILTaTe 

TaKOH HTepaUHH 

g p + q, -a (w 1) g k + p, a (w2) g q, -a (111 3) = 

=O(I1>1 -Ep+q)o(w 2 -Ek+p)o(w 3 -Eq) x 

u2 
x<l-- .l 

N2 mn 
--~--!' p'-+ q , m n 

2 
(n p + q, m n- E p + q ) 

) X 

12 N 2 r\ 
xO-~ ~ k+p,mlnl )0-~l q,m2n2 )-t 

N2rnlni(O -E )2 N2m2n2(U -1•. )2 
k + p, m 1 n1 k + p q , m 

2 
n 

2 
'I 

-t ••• +o(u, -n )o(ro -n 
I p+q,mn 2 k+p,m

1
n

1 
)<'>(r,, -n ) x 

.1 q, m
2 

n 
2 

N N ~ p+q, mn k+p, m 1n 1 q,mznz . 

(np+q,rnn Ep-t q) 2 (nk+p,m In}E k-t P)2<nq,m t•iEq) 2 

l
,tl 

x-J-L .l ~ 
N (, m n m I" 1m2 n 2 

/23/ 

TaKHM o6pa30M, npeAnaraeMaH caMocornacoBaHHaH npo

ueAypa n03BOJIHeT nOCTpOHTL TeOpHIO B03MYIUeHHH AJIH 

MaccoBoro oneparopa. 

HpeAcTaBJieHHe /7 I cnpaBeAJIHBo, Boo6~e roBopg, AJIH 

JII06LIX 3HaqeHBH z B paMKaX npHMeHHMOCTH napHoro npH-

6JIH)KeHHH, KOTOpoe pa3yMHO B CJiyqae HH3KOH nJIOTHOCTH; 

BeJIHqHHa B3aHMOAeHCTBHH MO)KeT 6LITL JII060H. B CHJIY 

JTOro, B KaqecTBe npHMOrO 06061UeHHH npH6JIB)KeHHH CB0-

60AHLIX KBaJuqaCTHU gka((JJ)=o (uJ-<k) MO)KHO HCnOJIL30-

BaTL OAHO H3 H3BeCTHLIX ABYXnOJIIOCHLIX npH6JIH)KeHHH, 

npeACTaBJIHIOIUHX cneKTpaJILHYIO nJIOTHOCTL B BHAe CYMMLI 

ABYX AeJILTa-~yHKUBH. KaK 6Lino noKa3aHo B pa6orax /13,14/, 

TaKoe npeACTaBJieHHe cneKTpaJILHOH UJIOTHOCTH HBJIHeTCH 

npOCTeHWHM npH6JIH)KeHHeM, KOTOpOe J~eKTHBHLIM o6pa-

30M yqBTbiBaeT napHLie KOppeJIHUHH 

gka (w) = ar(k)o(w- Ef<k)) +a ~(k)o(w -E~(k)). /24/ 
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MeTo,IJ; MOMeHTOB / 13 • 14/ ,IJ;aeT cne,IJ;yiOI.QHe Bbipa:>KeHH.H ,IJ;JI.H 

rrapaMeTpoa rrpe,D;cTaaneHH.H /24/ a cnyqae, Kor,IJ;a · Kop
peJI.HU.H.H He Mana: 

Ea(k)= <1-n )f +n B 
1 -a k -a -a 

a 
a (k) = <1- n ) , 

1 -a 

a a 
E (k) = U + n f k + (1 - n ) B ; a 

2 
(k) = n . 

2 -a -a -a -a 

HcrroJib30BaHHe rrpe,IJ;cTaaneHH.H /24/ a ypaaueHHH 
,IJ;aeT: 

gp+q,-o(wl)gk+p, a (w2)g (w3) q,-a 

a a a 
= o(w l- E l (p+q))o(w 2 -E l(k+p))o(w 3 -E l (q)) X 

-a a -a 
xa (p+q)a (k+p)a (q)+ ... + 

I l I 

a a a 
+o(uJI -E

2 
(p+q))o(w

2 
-E 

2
<k+p)o(w

3 
-E 

2 
(q)) x 

x a--; (p+ q)a~ (k+ p) a ;'<q). 

/25/ 

/7/ 

/26/ 

B rrpe,IJ;eJie z -. 0 , Kor~a n -a+ n a < \ ypoaeHb «l>epMH ,IJ;oJI

:>KeH Jie>KaTb B HH>KHeH H3 ,IJ;BYX KBa3HqacTHqHbiX IIO,IJ;30H. 

B 3TOM cnyqae xapaKTep rroae,IJ;eHH.H CHCTeMbi 6y,IJ;eT orrpe

,IJ;eJI.HTbC.H IIJIOTHOCTbiO cocTO.HHHH HH>KHeil rro,IJ;30Hbi I I5f: 

-1 a a 
Da (uJ) = N ~ a

1 
(k)i3(cv- E 

1 
(k)). /27/ 

ECJIH 0603HaqHTb IIJIOTHOCTb COCTO.HHHH )J;JI.H CB060,IJ;HbiX 

KBa3HqacTHU. D
0 

(w)=N-I~o(uJ--t'k),To H3 /27/ rronyqHM 
k 

w -n B 
D (w) = D ( -a -a ) 

a 0 . 
1-n -a 

/28/ 

12 

.J 

\ 

~ 
I 

llpe,IJ;IIOJiara.H, qTo IIJIOTHOCTb COCTO.HHHH Do H3BeCTHa, 

MO>KHO BbJqHCJIHTb Da ( w) ,IJ;JI.H pa3JIHqHbJX 3HaqeHHH 3JieKT

pOHHOH IIJIOTHOCTH n • B TOM CJiyqae, KOr,IJ;a crrpaae,IJ;JIHBO 

/27/, B ypaaHeHHH /26/ ocTaeTC.H TOJibKO rrepBbiH qJieH 

H paCCMOTpeHHe MO>KHO IIpOBeCTH aHaJIOrHqHO paCCMOTpeH
HOMY BbiUie. 

B o6nacTH pe3oHauca O,IJ;HoqacTHqHbiX H KOJIJieKTHBHbiX 

B036y>K,IJ;eHHH IIapHoe IIpH6JIH:>KeHHe CTaHOBHTC.H HeiipHMe

HHMbiM H Heo6XO)J;HMO yqHTbiBaTb CJie,IJ;yiOI.QHe CJiaraeMbie 
B /6/. 

~ s d 
M ka(w) = M ka (w) + M ka(w) + M ka(w) 

!_ f _Q~(ef3w' + l)U 2N-l ~ e -ik(Ri -Ri) 

277 -oo w - w' ij 
X 

xl fdEnF(E)(--!.Im«a. la:»E.) x 
· 77 1a 1a ,+If 

-<X) 

xn
8

(w '-E)(- __!_Im« n. In. » , E . ) + 
77 1-a 1-a w- +H 

/29/ 
00 

1 + 
+ f dEn (E)(--Im«a Ia » ) x 

F 77 i-a j-a E+if 

x n (w '- E)(-_!. Im «a+ a I a+ a » , 
B 77 i- a i a ja j -a w - E +if 

) + 

()() 1 + 
+ f dEn (E)(- -Im« a. Ia. » , . ) x 

F 77 1-a J- a E + 1E -oo 

x n
8

(w'-E)(-llm«a. a. Ia: a: » , E . )! 
77 1 -a 1 a J a J - a w - _, + 1f 
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ef s d 
3~ecL M k (w) , M k (w) B M k (w) - BKJia~bl B MaccoBLIH a a a 
onepaTop, yqBTLIBaiD~Be KOJIJieKTBBHble ~BB~eHBB 3JieKT-
pOHHOH DJIOTHOCTB, CDBHOBOH DJIOTHOCTB B DJIOTHOCTB ~BOeK, 

B ( ) [ - -1 cooTBeTcTseuuo; nF w = exp(w/0) +I] • 
PaccMOTPBM, ~JIB npBMepa, BbJqucJieHBe BKJia~a M ef(w) 

B npocTeiimeM npu6Jiu~eHBB ka 

, 1cP ( ) _ 1 joo ckiJ' ( fiuJ' 
1

)U 2N-I~ ik(H.-R .) 
tv w ~-- --- e + ..::.e 1 J x 

ka 271 w - w ' i j 

"'-' dt ild, t + 2 
" f - e I < a . a . ( t) > ( n + K .. (t) l , 
-<Xl 2TT )IT w -a 1 J 

/30/ 

r~e Kij (t)=<'(nj-a -n_ 0 Hn i-a(t)- n_a)>. 
EcJIH orpauuqnTLCB cTaToqecKHM npu6JIH~euueM ~JIB Kij , 
T.e. DOJIO>KHTL Kij (t) ~Kij(O)/cM. pa6oTy /8//, TO B3 /30/ 
noJiyquM 

') 

M"r.((,) = _Q_-:_}; f 
ka N q · 

dE nF(E) (ef3\ 1) I v 

(t)- F. 

"1-·_LimG <E+idl!n 2 +Kk l. 
71 qa -a -q 

/31/ 

YpasuenHB /31/ H /3/ npe~cTaBJIBIOT co6oii caMocorJiaco
saunyiO CHCTeMy ypaBHeHHH ~JIB O~HoqacTuquoii <i>YHKUHH 
rpuua C ka ((<J) B ~aHHOM DpH6JIH>KeHHH. JiepB B KaqecTBe 
JaTpasoquoro JuaqeuuB g {(,J)"'il(c.J-< ), noJiyquM B3 /31/ 

. qa q 

eP U 2 -J 2 
M ' ((IJ) = - }; (w - f ) In + K l • 

ka N _q k- q -a q 
/32/ 

AnaJioruquo Mo~uo nposecTH BLiqucJieHHB seJiuquu M s ((d) u 
M :a(w) , ka 

3. ATOMHhiH IIPE;:{EJI 

B uacToB~eM paJ~eJie MLI paccMoTpBM cxeMy BLiquc
JieHBB BToporo Toquoro npe~cTaBJieHBB ~JIB Maccosoro 

14 

( 

onepaTopa. 3To npe~cTaBJieuue I 4/ TaK~e cnpase~JIHBO ~JIB 
npoHJBOJILHLIX JHaqeuuii z , uo 6oJiee y~o6uo ~JIB noJiyqe
HHB DpH6JIB~eHHbiX npe~cTaBJieHHH B npe~eJie CHJILHOH 
KOppeJIBUHH, DOCKOJILKy BBHbiM o6pa30M CO~ep~HT MHO
~HTeJIL it .. 12 , 

lj u 

BLIBO~ OCHOBaH Ha BBe~eHHH HenpHBO~HMbiX qacTeH 
~JIB <l>YHKUHH rpuua G .. (t)=-<<a. (t);a:_>:·, KOTopaB Janucbl-

lja 10 J(J 
BaeTCB B BH~e: 

+ + 
G .. a(w)=«a. Ia. » =~«d. ld.r~ » 

I] 1a ]a W af3 Iaa ]t-Ja W 

af3 
= ~ G.. ((v)' 
afi 1JU 

= na a 
i -a ia 

d. 
1aa 

(a=±); n: =n. , n-=(1-n.). 
1a 1a 1a /33/ 

B pa6oTe / 4
/ ~JIB <l>ypLe-o6pa3a MaTpuquoii <l>YHKUHH rpuua 

C.. (w) 6LIJIO noJiyqeuo cJie~yw~ee BLipa~euue: l]U 

- I - 1 
G (w) = I G0- (w)- M a(w) l -

qa qa q 

1 

(_!_____ _ M-:(uJ)) 
- q n 
-a 

--I -
det<G

0 
-M ) 

qa qu 

-+ 
(-S-+ M (w)) 

qa 
n 

-a 

d +
(-+M (w)) 
n + qa 

-a 

++ 
(-..lL- M (ciJ)) 

+ qa n 
-a 

/34/ 

IloJIHaB <l>YHKUHB rpuua "HyJieBoro nopB~Ka" Go (q w) = ~ G af3 
a ' Oqa pasua aB 

-1 - + - + G0 a(q,w) =(ab-ed) (n--aa +n-ab + n--ad + n--ac). /35/ 
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BeJIHl.fHHbi a, b, c , d HMeiOT BH,n; I 41: 

~(<d-E+ -N ~~ T(A-- (-r)- 13--(r-q)), a~ -1 ++ ++ 
!J - T 

c I -] -+ -+ ~ N ~ , (A 1 - (-r) - B +- (r - q )) . 
d T T 

/36/ 

3.n;ecb 

l A . · I a{J ~ 
lj 

-1 'l akdi{3-ac j /37/ ~>+<d. a:- >) 
- (J I -/1 - (J j - (J 

{3 
11 

-(J 

. { J (l ' /J( • -1 -+ • < t + ' ) ·,n. n .. ·ta' ·.a. a. a. a. ?-a. a. a. a/ l B 1 ~ -~ 1 -<J 1a 1- a J -a ;a 1u 1~-a _J..'!:._. 
j i ufi 

II {1 
-a /38/ 

BeJIHl.fHHa lBI JanHCbiBaeTCJI qepe3 KoppeJIJIU.HOHHbie t!JyHKU.HH 

3JieKTpOHHOH llJIOTHOCTH, CllHHOBOH llJIOTHOCTH H llJIOTHOCTH 

.D;BOeK. 4epe3 3TH )l(e KOppeJIJill,HOHHbie t!JyHKll,HH Bbipa)l(aiOTCJI 

3JieMeHTbl Ma TPHU.bl MaCCOBOro on epa TOpa 

-
l'fl· M qa ·lfll a{1 

00 

x J. dt icv 't --e 
-oo 2rr 

oo d • 'I(J J ---'~-- (e '"; -1 1) " 
-O<..l (t)- (t) 

N- 1 2 
ijfm 

-iq(fl.- H. l 
(' I J X 

x t . r t . < D + ~ i r) D ~ i r) ( t) > (c) • 
1, In] InJ,f:J 1f ,a 

/39/ 

/CM. o6oJHal.feHHJI B pa6oTe I 41 I. IIonpaBKH Ja cl.feT Maceo

Bora on epa Topa o6ycJIOBJIHBaiOT JaBBCBMOCTb OT qacTOTbl I 41 
napaMeTpOB t!JyHKll,BB rpBHa "HyJieBoro llOpJI,n;Ka". 
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<l>yHKll,BJI rpaHa "HyJieBOrO nopJI,n;Ka" /35/ BMeeT .D;BYX

noJIIOCHYIO CTPYKTypy, 6JIB3KYIO K peweHBIO "Xa66ap.n; III" 
B peweHBIO PoT /cM./ 16- 181, o,n;HaKo B Bblpa)KeHBB /35/ 
6onee TOl.fHO Yl.fBTbiBaiOTCJI He.n;BaroHaJibHble 3JieMeHTbl. 

4aCTO .D;JIJI llOCTpOeHBJI TeOpB~ B03My~eHBH ~JI raMBJib• 

TOHBaHa Xa66ap,n;a BCllOJib3yeTCJI Hal.faJILHaJI t!JyHKD;BJI rpBHa 

w-Un 
aTOMHoro npe.n;ena G(w) = ___ --a_, BMero~aJI noKanLHbiH 

(w-U)w 

xapaKTep. KaK B3BeCTHO 1191, TeopBB 120,21/ucnonLJYIO~e 
TaKOe npH6JIB)KeHBe B Kal.feCTBe Hal.faJibHOrO, HeTOl.fHO yqa

TbiBaiOT He,n;BaroHaJibHble 3JieMeHTbl t!JyHKD;BB rpBHa B He 

MOryT Cl.fBTaTbCJI y,n;OBJieTBOpBTeJILHbiMB, flOCKOJibKY ,ll;a)K~ 

B aTOMHOM npe,n;ene peweHBe JIBJIJieTCJI 3aBe.D;OMO Heno

KaJibHbiM I 19. 2 21. 
B CBJI3B C 3TBM OCTaHOBBMCJI 6onee no,n;po6HO Ha 

cpaBHeHHB Hawero Hal.faJibHOrO npB6JIB)KeHBJI /35/ C ,n;pyrBMB 

BJBeCTHbiMH peweHHJIMB raMHJILTOHBaHa Xa66ap.n;a B cnyqae 

CHJILHOH KoppenJin;BH. ~nJI 3Toro nepenuweM Bblpa)KeHBe 

/35/ B cne.n;yroiD;eM BH.n;e: 

Goa(q,w) = -~:,n + clb) + 
a- db-1c b-ca-1 d 

n- (1+ d/a) 
--a 

+ 
n --a n --a /40/ + . 

w-E - n + W- (q --a) w-E - n - W + (q -a) 
- --a ' + -a ' 

3.n;ecL 

+ - + -1 [ ] n n W - (q, --a) = N l t .. exp - iq (R . - R . ) x 
--a --a ij 1] 1 J 

+ + - + 
x!(<a n-a >+<a n+a >)+ 

i--a ia j -a i-a ia j-a 

+ + + + + ( < n :- n .- > + < a . a . a . a . > -
1--a 1-a w 1 -a J -a 1a 

-<a. a. a: a:t">H 
1a 1- a J- a Ja 

/41/ 
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- uenH'IHHhl c.u.uurou .u.n.11 uepxueii H HH:>KHeii no.u.Jou. B Ta
KOM uu.u.e uawe peweuue 140/ oqeuL 6nH3Ko K peweuuro, 
nonyqaeMOMY MeTO.IJ.OM PoT/17•18/ B MeTO.IJ.OM MOMeHTOB/13-15/. 
Bhlpa:>KeHHJI .u.nB Jouuoro c.u.uura I 411 couna.u.aroT c pe
JynLTaTaMH .u.nB Jouuoro c.u.uura, nonyqaeMoro B 3THX 
MeTO.IJ.aX, C TeM OTnH'IHeM, 'ITO 30HHhiH C.IJ.BHr 1411 OTnH
qaeTCJI .IJ.nJI Bepxueii H HH:>KHeH nO.IJ.30H H He CO.IJ.ep:>KHT 
qneuou, ue 3aBHCBwux oT KBa3HHMnynLca. TaKHM o6pa-
30M, name BLipa>Keuue .u.nB Jouuoro c.u.uura BBnBeTCJI 
6onee o6wHM, 'ieM B 3THX MeTo.u.ax. 

06LI'IHO B aTOMHOM npe.u.ene, B MeTo.u.e PoT H MeTo.u.e 
MOMeHTOB npH paCCMOTpeHHH 30HHOrO C.ll.BBra, B HeM 
OCTaBnJieTCJI TOnhKO 'iaCTb, KOTOpaJI He 3aBHCHT OT KBa3H· 
HMnynLca. llpH 3TOM 30HHhiH C.IJ.BHr lanHCbiBaeTCJI B cne
.IJ.YIOWeM BH.IJ.e /14,1Hf: 

·l - -1 ' + 
<11. ··<n. '>W. -N ~t .. <a. a. (n. +n. -D>. 

1 -a 1 -a 1,-o ij 'J 1-a 1-a 1a JrT 

HMeuuo noKanLuoe peweuue 
1421 

1- <n > 
a( ) i -a g (J) = ------------ + 
i 

(/) - l . - < 11 • > w . 
I I-0 1,-0 

1431 

<ni-a' 
+ 

w- f -ll. -(1-<11. >)W. 
1 1-a 1,-o 

HCnOnhlyeTCJI 06bi'IHO .IJ.nB OnHCaHHJI CHnhHOH KOppenJIUHH 
u npu6nu:>KeHHH KorepeuTuoro noTeuuuana/2 3<KoTopoe JIB· 
n.11eTCJ1 cywecTseuuo o.u.uoyJenLHhiM npu6nu:>KeuueM. B ua

weM no.u.xo.u.e, .u.nB nony'ieHHJI .u.anLueiiwux npu6nu:>KeHHhiX 
peweuuii H3 npe.u.cTasneHHJI 1411 ueo6xo.u.uMo cpauuusaTL 
KonneKTHBHhle KOppen.IIUHOHHhle 4JYHKUHB B npaBOH 'iaCTH 
1411. 

llpu z-> 0 B 11 a + 11 -a< 1 MO:>KHO, cne.u.yB pa6oTe 1241, 
C'IHTaTb, 'ITO KOppenBUBOHHhle 4JyHKUHH < d .j~ a . > , 

· '~-' -a J -a 

18 

<d. {3 a:> a <a. a~ a. a:+"> Manhl. llpa 3TOM H3 1411 I- -a Ja 1U !-(I J -a ja 
nony'IHM cne.u.yrow;ee Bhlpa:>Keuue .u.nB Jouuoro c.u.uara 

+ - + ) 11 11 W- (q,-a = 
-a -a 

-1 + + 
= N ~ t .. < 11 ~ 11 .- > exp I - iq (R . - R . ) I . 

ij lj j-a 1-0 I j 1441 

Peweuue I 441 nepexo.u.HT B peweuue "Xa66ap.u. I", ecnu 
c.u.ena Th .u.ononuuTenLuoe npu6nu>Keuae < n. n. > , 11 2 

J-a 1-a -a 

G (q,w) = 
Oa 

1- 11--a 

w- f (1-11 
q -a 

+ 
11-a 

w-U- f 11 
1451 

q -a 

Peweuue 1451 unepBhle 6Lmo nonyqeuo Xa66ap.u.oM B pa-
6oTe / 5/. 

TaKHM o6pa3oM, ucnonLJosauue B Ka'ieCTBe <ilYHKUBH 
rpuua "uynesoro nop.II.IJ.Ka" npe.IJ.CTaBneHHJI 1351 .u.aeT 6onb
WHe npeHMYW:CCTBa. Cl»yHKUHOHanLHaJI CTpyKTypa HenoKanb
Horo peweuuB 1351 o6ecne'IHBaeT HC'ie3uoueuue w:ena npu 
ueKoTopoM KpHTH'ieCKOM 3Ha'ieHBH z. B aTOMHOM npe.u.ene 
H3BeCTHhle peweuHB "Xa66ap.u. I", peweuue PoT a peweuue 
no MeTO.IJ.Y MOMeHTOB CO.IJ.Cp:>KaTCJI B peWeHHH 1351 KaK 
npe.u.enLHhle cny'laH. llonpaBKH :>Ke 3a C'ieT Maccouoro one
paTopa K napaMeTpaM "uaqanLHOH" 4JyHKUBB rpuua 1351 
BXO.IJ.JIT KaK a.IJ..IJ.BTHBHble .IJ.06aBKB, 'ITO O'ieHb Y.IJ.06HO npH 
oueuKe nonpasoK pacceBHH.II, nonpasoK peJouaucuoro ymu
peHHJI H HHTep4JepeHUHOHHhiX nonpaBOK. 

4. OECY)J(,[(EHHE 

06w;ae Bhlpa:>KeHH.II .u.nB Maccouoro onepaTopal51 H 1391 
n03BOn.IIIDT CBCTCMaTH'ieCKBM o6pa30M CTpOBTb HHTepno
nJIUBOHHble pemeHHJI MO.IJ.enH Xa66ap.u.a B WHpOKOM HHTep
Bane 3Ha'ICHHH napaMeTpa Z , OT aTOMHOro .IJ.O 30HHOrO 
npe.u.ena. flpH 3TOM, B 'laCTHOCTH, MO:>KHO cpa3y Bhi.IJ.enBTb 
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Te annpoKCHMaUHH .IJ.JUI Maccoaoro onepaTopa, KOTOpLie 
He HapymaroT JaKoHa coxpaHeHHB KBaJHHHMnynLca a cu
cTeMe. 3TO OCo6eHHO CyfUeCTBeHHO B 30HHOM npe)l.ene /6/. 
B caM oM )l.ene, ecnu npu CTpeMneHHH w K HeKoTopoMy 
<l>uKcupoaauuoMy 3Hal.JeHHID t f, JaTyxauue L, (co)=- IrrM_, (w+if) 

ka ka CTpeMHTCB K Hynro, TO 

g _, (,,,) ~ 
ku 

I '~, (uJ) 
ka 

I llF \ ( )12 (r)-(-t -! -01> (r) -+ 
kU ka 

""' ,)(,,- ( ~> -.\~, (u,))i 
ku ka '"~''f 

I ·_,2 ((J,) 
ku 

/46/ 

Muo)l(eCTBO JHa'!eHHH KBaJHHMnynhca k, Y.ll.OBneTaopBIDIUHX 
ypaBHeHHlO 

II I<' 
( - ( ~) - ,, ~; (( 

f ka ka f 
o, /47/ 

B 06IUeM Clly'iae npHHa)l,lle)I(HT HeKOTOpOH noaepXHOCTH 
;2- I B HMnynhcHoM npocTpaHCTBe. KaK HJaecTHO,' '; noaepx-

HOCTh, onpe)l.enHeMaH ypaBHeHHeM /47/, Ha3WBaeTCH no
BepXHOCThiD <l>epMH B3aHMO)l.eHCTBYIOIUeH CHCTeMhl. 113 ypaa
HeHHH /46/, /47/ Cne)l,yeT, '!TO )l.llH onpe)l.eneHHOH TaKHM 
o6pa30M noaepXHOCTH <l>epMH <i>YHKUHH pacnpe)l.eneHHH no 
HMnynhcaM ucnhiTWBaeT cKa'!oK npu nepexo.IJ.e '!epeJ TO'!Ky 
k ~· k f .JlaTTHH)I(ep/2:1/ npH )l.OBOllhHO 06IUHX npe)l.nOllO)I(eHHHX 
noKa3aJI B npOH3BOllbHOM nopH)l.Ke TeopHH B03MyiUeHHH, 
'ITO B3aHMO)l.eHCTBHe MO)I(eT .IJ.e<i>opMHpOBaTh noaepXHOCTh 
<l>epMH, HO He npHBO)l.HT K H3MeHeHHlO ee 06'heMa. 06IUee 
Bhipa)l(eHHe .D.nH Maccoaoro onepaTopa o6nerqaeT Kou

CTpyupoaauue TaKux npu6nu)l(eHHhiX pemeuuii, KOTOphie 6y
.ll.YT Y.ll.OBneTaopBTh ypaaueuuro /46/. KouKpeTHO )l(e aonpoc 
0 CYIUeCTBOBaHHH noaepXHOCTH <l>epMH )l.Oll)l(eH HCClle)l.OBaTh
CH B HallieM nO)l,XO)l,e OT)l,ellhHO )l.llH Ka)l()l.OrO KOHKpeTHOrO 
npu6nH)I(eHHH. ~nH Maccoaoro onepaTopa BH.IJ.a /9/ .IJ.OKa
JaTenLCTBo CYI.UeCTBOBaHHB xopomo onpe.IJ.eneHuoii noaepx
HOCTH <l>epMH MO)I(HO HaRTH B pa6oTe/26 /. 

TaKHM o6pa30M, pa3BHThiH caMocornacoaaHHWii MeTo.IJ. 
nOCTpOeHHB 0606IUeHHWX HHTepnOllBUHOHHWX pemeHHH MO
)l.enH Xa66ap.IJ.a BBn.HeTCB aechMa o6IUHM, He onupaeTcB 
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Ha HCnOllb30BaHHe KOHKpeTHOrO HyneBOrO npH6llH)I(eHHB H 
MO)I(eT npHMeHBTbCB K 6onee CllO)I(HWM CHCTeMaM. ~llB 

.IJ.Byxno.IJ.pemeTO'IHOro aHTH<l>eppoMarueTHKa Xa66ap.IJ.a 
C 3lleKTpou-<l>OHOHHbiM B3aHMO)l,eHCTBHeM 3TOT MeTO)l. 6blll 
npuMeHeH a pa6oTe /9/. 

~nH CHCTeMaTH'leCKOrO nOCTpOeHHH npH6llH)I(eHHhiX pe
meHHH B )l,aHHOH CXeMe Ba)I(HO nony'IHTb HBHWe Bbipa)l(eHHH 
)l.llH KOlllleKTHBHhiX KOppemiUHOHHhiX <i>YHKUHH, BXO)l.HfUHX 
a Bhipa)l(eHHH /6/ u /39/. Mhi npe.IJ.nonaraeM o6cy)l.HTL 
3TO a cne.D.YIDI.Ueii pa6oTe. 

B 3aKlll01.JeHHe MHe XOTenOCb 6hi HCKpeHHe no6narO)l,a
pHTh H. M .IlnaKH.IJ.Y Ja ueHHLie coseT hi u o6cy)l()l.eHHH. 
R 6naro.IJ.apeu B.Bennepy, K.3nLKy, B.Konneii H IO.lllpaii-
6epy Ja none 3HLie JaMe'!aHHH. 
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PyKOITHCb ITOCTynuna B H3~8TellbCKHH OT~en 
26 MaR 1977 ro~a. 

TEMATHqECKHE KATErOPHH OYBRHKAUHM 

OBnE~HHEHHOrO HHCTHTYTA H~EPHMX 

HCCRE~OBAHHM 

HHA8KC TeMaTHKa 

1. 3KcnepHM8HTBJ1bHBH ~H3HKB BhlCOKHX 8HeprH~ 

2. TeopeTuqecKaH ~HaHKa BhlCOKHX aHepru~ 

3. 3KcnepHM8HTBJ1bHBH He~TpOHHBH ~H3HKB 

4. TeopeTuqecKaH ~H3HKa HH3KHX aHepru~ 

5. MaTeMaTHKa 

6. HnepHaH cneKTpocKonug u panuoxHMHH 

7. ~H3HKB TH*8JlhlX HOHOB 

8. KpuoreHHKa 

9. YcKopHTenu 

10. ABToMaTuaauuH o6pa6oTKH aKcnepuMeHTanbHbiX 

ilBHHbiX 

11 •. BbJqucnuTenbHaH MaTeMaTHKa u TeXHHKa 

12. XHMHH 

13. TexauKa ~uauqecKoro aKcrrepuMeHTa 

14. HccnenoBaHHH TBepnhlx Ten H *HilKOCTe~ 

gaepHhlMH M8TODBMH 

15. 3KcnepHM8HTBJ1bHBH ~H3HKa HaepHhlX peaKUH~ 

ITpH HH3KHX aaeprHHX 

16. ilD3HMeTpHH H ~H3HKB 38lliHThl 

17. TeopHH ~H3HKH TBepnoro Tena 


