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1. B Be.llaaael pa60Te
111 

6blno accne.llOBaliO ycnoaae nonaOThl BonB:OBhlX ljlyaxull 

B paMIAx aepenBTHBBCTCKol ~eopaa DOTeBilJ[an&aoro pacceRBaa .llByx ~a~an. 

Aa~opy y.llanoc& noz:aaan., 'ITO ycnoaae op~oroaan&B:OCTB BonB:OBhlX ojly'B:KilJ[ll BeneT z: yc-

IIOBHlO yBBTapBOCTB llMDIIBTynhl pacce<l.IUIB, a ycnOBB& DOIIBOThl BaJma,llblB88T sa aMDIIBTY.IlY 

pllCC&RHKB orpaBB .. eB:ae, ll:OTOpoe MO>KHO DOBBM8Tb ll:all: BblpaJKeaae B&ll:OTOpblX aaanRTII~e

CUX CBOllCTB aMDIIBTY.Ilhl pacceBBBB0 T.e • .llliCD&pCBOBHble COOTBOW&BBS. 0.1lHaKO nn51 

.llOII:a3aTen&~Ba aBTOp BCDOIIb30B811 aCBMBTOTB~&Cll:BI BB.Il BOIIBOBbiX ljlyBII:DBll, cnpaBenllli

Bhlll Ton&KO Ba 6on&maX paC~ORBKSIX: B TO Bp&MB Kall: B YCIIOBRB OpTOroBan&BOCTR Dpo

BCXO.IlBT BBTerp&pOBaBRe BO BC&M DpOCTpaBCTBe. fi09TOMY ttpencTaBII519T RBTepeC DpOBe

pBTb CttpaBennBBOCTb DOny~eBBbiX pe3yllbTaTOB, DOIIb3yBCb TO~blM BllnOM BOIIBOBhlX 

ojly'Bll:DHll. Ha1Ke Mhl npoaeneM To~Boe paccMOTpeBBe nn51 napnaan&BhlX aonB a uoll:a1KeM, 

/1/ 
'ITO n~ea.l!ble B pa60Te peayn&TaThl ocTaJOTCB B cane. 

Mbl 6y.lleM cnenoaaTb otSoaaa~eBBBM, BCDOIIb3yeMblM B J::HBre rollb,lt6eprepa • BaTco
/2/ 

Ba • .Q.ng DapDB8JibHhlX aMDIIBTyn BMHM CJienyJOmee yCIIOBHe yBHTapBOCTH: 

(1) 

rna 

(2) 

a aMDnBTyna T f (k) CBSI3aaa c MaTPBrtell Sf (k) cnenyJOWBM o6paaoM: 

He-rpy.llBO BHneTb, ~To sa ( 1) nony~aeTCB .llJI51 Sf (k) ycnoa11e yBBTapaocTa 

Sf (k) ~(I<) = 1 
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2. PaccMOTpHM Tenepb ycnosae opToroaanhHOCTB nnH panaanhHblX sonaoshiX ljlyHKDBA: 

""2 [ + * + 1 ,· f r dr 'I' ,.(r)] ['P• 
0
(r)]=-8(k -k) 

O k , L k oL k2 (3) 

/2/ KaK xopomo asseCTHO (eM., aanpaMep, ), panaanbHble sonHOBble ljlyHKDBB CBB38Hhl 

c aMDnBTYQOA pacceRHBSI cnenyromB'M otSpasoM: 

+ - 00 2 '~''• f(r)=ify'.l.[jo(kr)+J q dqJe(qr)Te(q,k) 
I 1T L O •· • • , • ] (4) 

rne T f ( q, k) H8 aHepreTB'IeCEOII DOBepXBOCTB q = k COBD8Q89T C ljJBSH'I9CKOfi 8MDnBTyQOA 

pacceSIHIB 

Ty (k,k) =Tt (k) 

lloQCT8BBM T&Dapb Bb1P8*9HH6 (4) B COOTHOW6HB6 (3) B npoBeQeM BHTerpBUHIO DO 

nonbsyscb csoliCTBOM cljlepaqeCKHX ljlyaKn&A BeccenSI 

jr 2 drjf(pr)jf(qr)=~ 8(p-q) 
0 pq 

HMaeM 

1 
1 

'J.l (k,k') Tf (k ',k) 
-S(k' -k)=-B(k'-k)+ + + 
k2 k'k <(k')-i'l-•(k) t(k)+i'l-•(k') 

+ j q 2 dq1)(q,k')Tf(q,k) 

L.(k') -i'l-•(q)] l•(k)+i'I-L(q)] 

llpeotSpasyeM Tenepb nocneAHBII qnea: 

q2 dqT*y(q,k')Tf(q,k) _ "" q 2 dqT*f(q,k')Ty(q.,k) 

[ [<(k')-i'l-dq)][t(k)+i'l-•(q)]- [ <(k)+2i'l-•(k') 
X 

p 
X ( t(k')-l(q) 

L-,- HiB(<(k')- <(q) )ui8(t(k)- <( q)) I 

4 

-

(5) 

(6) 

: rr~ 

,\' ' 

,1,·W· 

'),(· ·~ •... ' ' 

,*1: 
" 
I 

r 
I 

.I 
\\'·· 
.·~ 
i·lilj 

•.·· 'i~ 

I 

':.,'.lr,,,,'' 

'd 

,(~: 

.y l 
I 
1 .. 1 r 

d "• 
'I 

I 

:.,:1 

HCDonh3YH 9TO B (6) B nepeXOQH E npeneny k'-+ k , nonyqaeM COOTHOI 

Te (k,k)-T*e(k,k)= -21ri jq 2 dqT*e(q,k)Te(q,k)B(•(k)-•(q))= 
0 

2 
=-2rri[ d<,dq d<(q)'If(q,k)Tf(q,k)B(<(k) -<(q))= 

k2 
= -21Ti~ T*y(k,k)TeCk,k) 

BcnoMBHBSI (2) B (5), nonyqaeM 

i(Tf (k)-T*f(k))=2"P, Ty(k)T*f(k) , 

'ITO HBnseTCSI y'cnosaeM yaaTapBOCTH (1 ). 3To ycnosae nonyqeao BaMB y1 

llony'laHHblA pesynbT8T MO*BO DOHHM8Tb 0'19Hb DpOCT01 eCnB BCDOMI 

HO ycnoBHe yHHTapHOCTH S -M8TpBUbl cneAy&T BS BBB8pB8HTHOCTH HOp! 

c;ocTOHHBA. Ycnosae opToroaanbBOCTH (3) pasaocallbHO TaKOMY TpeoosaHI! 

Qns BOnHOBbiX ljlyHKUBII pacCeSIHBSI H CB060QHhiX BOnHOBblX ljlyHKUBII Mbl III 

soe ycnosae opToroaallbHOCTB. 

AaanorB'<HO MO*HO paccMOTpeTb ycnosae yHaTapHOCTH AnSI nonaoll 

pacceSIHHSI. llpH aTOM yAo6ao nonbSOB8TbC51 aMnynbCHhlM npeACTasneHBeM, 
., 

AHTbCSI
1 

'ITO ycnoBH9 OpTorOH8nbHOCTB BOnHOBblX ljlyHKUHII B9A9T K ycnOBB 

nonaoll aMnnHTYAhi pacceHHHH. llpoannrocTpapyeM 9TO aa npaMepe KBBSI 
/3/ 141 

aMnnHTYAhi , HCXOA51 HS cneAyiOWero onpeAeneHHSI BOnHOBblX ljlyHKUBII 

-+ -+ T ~p ,I() 
cll-+cP)=B(k- p)+ - 2- 2 (k2-p2+i0) 

t y'p +m 

/4/ 
3TB BOnHOBb19 ljlyHKUBH OpTOrOH8nhHbl 

f<I>:i (p)<l>;/p) dp = 8(, -k') 

lloncTaBnHSI (7) B ycnosae (8) H nepeXOAB K npeAe.riy k'=k , nonyqae 
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Tenepb ycnOBH9 OpTorOHSnbHOCTH AJISI paABSnbHbiX BOJIHOBbiX tj>yHKilBA: 

~ 2 + l* + 1 , . 
fr dd'l',.(r) l'l'• 0 (r)]=-8(k -k) 

O k ,L k .C k2 (3) 

/2/ 
O (eM., aanpaMep, ), panHSnbHbie BQnHOBbl9 tj>yHKilHH CBSI38Hbl 

BHHB cnenyromBM o6paaoM: 

- .. 2 
f(r)=ify'l...[Je(kr)+f q dqJe(qr)Te(q,k) 

I rT 0 <(k)+ i'l-<(q' ] 
(4) 

epreTH'I9CKOA DOBepXllOCTH q = k COBD&A&eT C tj>H3H'IeCKOfi 4MDJIHTYAOA 

T p (k, k) = T f (k) 

pa*eaae (4) B cooraorneHHe (3) H npoaeneM BHTerpauaro no 

ctj>epaqecxax tj>yHKAHA Becceng 

r 2 drJe(pr)jf(qr)='{pq B(p-q) 

1 
'Jl (k,k') Tt (k ',k) 

)=-B(k'-k)+ + + 
k'k •(k')-i'l-•(k) •(k)+i'l-•(k') 

2 dqT*e (q, k') Tv (q,k) 

') -i7]-t{q)] [•(k)+i'l-<(q)] 

nocnenaal! •mea: 

oo q 2dqT*f(q,k')Tf(q.,k) 

i'l-<(q)] [<(k)+i7]-<(q)] [ •(k)+2i7]-<(k') 
X 

f__ + rriB(<(k')- <(q) )uiB(<(k)- <(q)) I 
•( q) , ' ' ' 

4 

-

(5) 

(6) 

·:.~.~.;. ·: . ~ .. ·, ,I 

/~~.· ,. 
·-.·~·..'.., ., 
1 

'" 
'' 

r~~ .. ; !. ,. 
i 

l,f 
'.· . 

~: ~ 

l 

' f 

1
), 
. 
' 
' 

I, 
f( 
.~ 
~~·· 
';~~· I 

·~'·' .. \~ 
y 
{ :, i 
I~ 
I 

I 

J 
'l 

': 
.,. ,I 

i 
;\,) 

HC110nb3YB STO B (6) B llepeXOASI K npeneny k' .. k , nonyqaeM COOTHOlli9HHe: 

Tf (k,k)- T*f (k,k) = -2 rri j q 2 dq T*f (q,k) T f (q,k)B(<(k) -<(q)) = 
• 0 

.. 2 
=-2rri[ d<,dq d<(q)'If(q,k)Tf(q,k)B(<(k) -<(q))= 

k2 
= -2rri"d.ldk T*e(k,k)Te(k,k) 

BcnoMHHaB (2) B (5), nonyqaeM 

i(Tf(k)-T*e(k))=2rrp, Tf(k)T*e(k), 

'ITO BBJISI9TCSI y'CJIOBH9M yHHTBpBOCTH ( 1). 3TO ycnOBHe nony'leHO HBMH Y*9 TO'IBO. 

nony'leBBbii! peaynbTST MOlKHO DOHHM8Tb 0'19Hb npOCTO, eCAH BCDOMHHTbo 'ITO OObi'I

BO yCJIOBHe yHHT&pBOCTH ,S -MBTpBUbl cnenyeT H3 HBB8pH8HTHOCTH BOpMbl B9KTOpOB 

<;OCTO!IIIBII. Ycnoaae opToroaanbHOCTB (3) paaaoca1IbBO TaKoMy Tpe6oaaaaro, nocKOnbKY 

AJISI BOJIBOBbiX tj>yHKilBII pacceSIHHSI H CBOOOAHbiX BOJIHOBbiX tj>yHKUHII Mbl HM99M OAHH8KD

B09 ycnoaae opToroaa1IbHOCTH. 

AaanorH'IHO MOJKHO pacCMOTpeTb ycnoaae yaaTapaocTH nnst nonaoll aMnnaTyAbl 
; 

pacceSIHHSI. npa STOM YAOOHO DOnb30B8TbCSI BMnynbCHbiM npencTaaneHHeM. HeTpynao y6e-

ABTbCSI, 'ITO yCJIOBH9 OpTorOHBnbHOCTH BOJIHOBbiX tj>yHKIUi'ft BeneT K yCJIOBBIO yBBTBpBOII 

llQnHOII SMDJIBTYJlbi paCCe!IIIHSI. npoHJIJIIOCTpBpyeM STO Ha llp&Mepe KB83BDOT8HAH8JlbHOII 

/3/ /4/ 
8MilllBTYAbi t HCXOJlH B3 CJieJlyiOmero onpeaeneHBH BOJIHOBblX tj>yHKAHII : 

.. .. T ~ji ,Ji) 
<1>-+(p)=B(k-p)+ 2 2 (k2-p2+i0) 

k yp + m 

/4/ 
3TH BOJIH0Bbl9 tj>yHKAHB OpTOrOHBnbHbl 

f"1 (p)<I>;,<P>dp = 8("' -k') 

noncTaBnHSI (7) a ycnoaae (8) a nepexonst K npeneny k'=k , nony'!aeM 

5 
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JmTt(f,"haf-:-h fdO .. 'l"' (:J)T (~,f., V'r. +m P t t (9) 

/4/ 
3TO eCTio ycnOBH& ySBTapSOCTB ltB83BDOT&SllBallloSOII aMDlDITYllbl • 3aM&THM1 'ITo,onycKaB 

B COOTSOW&UB (9) ltBS&NaTH'I&CKBII KOp&Bb1 Dony'la&M ycnOBH& YBHTapHOCTH SepenBTBBHC'I'

CKOII aNDnBTyllbl pacc&BUB sa 9B&preTB'I&CKOI! DOB&pXROCTH. 

a. PaCCNOTpBM T&lleplo cnenCTBB& ycnoBBB DOnSOThl: 

rr 1p+ .(r') ]"'[lp +t(r) )k
2 

dk • .J..../l (r- r )+ p B 

0 
k,[ k r2 

(10) 

rna P8 
03Sa'la&T Dpo&JtDBIO sa CBB38SSbl& COCTOBHBB llBYX '18CTB!l. 11CI!Oillo3y9M B 9TOM 

Bblp8JK9BBH <JlopMYny (4) H B031oM&M 
., 
r • r 1 DMY'IHM COOTSOW&SB& 

PI 2 .. 2 2 e r'..,=-;-fk dkJe(kr)j q dqJf(qr)T"f(q,k) 

0 0 t(k)-1'7-dq) 
+ 

2 .. a +-;- £k 2dkJr(kr) j q dqjf(qr)Tf (q,k) 
0 t(k )+ l7j-E(q) 

+ 

2 
2.. ..q dqjf(qr)T"f(q,k) 

+ -fk dkf---.,.7---....l_..,_,._ 
11 0 0 t(k) .. l7j-E(q) 

.. p 2 dpjf (pr)T f(p,k) 

·[-~E(~k7)+~1~~---E~(~q)--

Tenep& asTerpapoeaT& no BMnym.caM ynaeTCB Tom.Ko upa 6om.max 

(11) 

1 SO 3l19Cio 9TO 

llODyCTHM01 DOCKOilloKY DO r BeT HHTerpaDBS. JlnB I -+ oo MOJKQM HCDOillo30B8Tb <Jlop-

/2/ 
·MYny (65) H3 KHHrH (cTp. 285): 

rne 

-

.. q2 dqlf (qr) Tf (q,k) 
lim f --=-~,.----.;;--:---

r-+oo 0 t(k)+l7j-E(q) 

frr 
e ttr -•,.-

•-rtpE _k_r_ • e Tf (k) 

T f (k) - yJKe <Jla3H'I&CKaH aMlllDITYlla pacceHHS!I, Hcao, 'ITO 

I f
ooq2dqJe(qr)T"e(q,k) eitr -·If 

im = -rtp -- e T"f (k) 
r-+oo O t(k)-i7j-E(q) E kr 

6 

Torna <JlopMyna ( 11) npaMeT san: 

p I , =..L jdkp [-i(Tf (k)-T"f(k))+217p Tf(k)'l"!f (k)] 
B f =r-+ oo r2 0 l f 

- 1(-l)f jdkpE [e-21tr T"f(k)-eattr Tf(k)] 
r 2 o 

Cornacao Tom.Ko 'ITO AOJtasuooMy ycnoaaiO yHB'J'apsOCTH ( 1), Depsbrll 'lnel! 

•au• ac'leaaeT. Hcu01Uo3YB caollcTeo 

'If<-k·) =T f(k) 

KOTOpoe CnenyeT H3 CBMM&TpHH ypaBH&SH!I illpenaarepa, Bb!p8JK9HH& (12) !'. 

It BHJlY 

P I , = ~ jdkp eattr Tr (k) 
B r =r-+ oo r 2 0 c 

3To H eCTb HCKOMOe BbrpaJKeUe1 H3 KOTOporo npH OTCYTCTBBB CB!I38IIIIb!X 

Ill 
'18&TC!I COOTH01ll9HB& (25) paoOTb! • CoOTHOill9HH9 (13) Bblp8JK8&T H&KOT· 

CltH& CBOJ!CTB8 8MDnHTYllb! pacce!IHH!I T f (k) • Ha aero, K8K yxaaaao B p 

SO nony'IHTb llBCDepCHOBH09 COOTHOW9HH9 llD!I Sf (k) M8TpBDb! DpH DIOOb!l 

Tan&aoro MOMeHTa 

B aaxnroqeaae OTMeTHM, 'ITO Taltoll peaym.TaT B aexoTopoli Mepe ae 

)KHA8HHb!M
1 

DOCKOJibKY, 9CDH npocnellHTb 38 AOK838Ten&CTBOM AHCDepCHOHHI 

B TeOpHH DODR, TO BH)lHOo 'ITO OCHOBHY!O pon& B H3Y'I9HBH 8H8DHTH'19CKHX < 

;, /5/ ( 
)lb! pacceHHB!I arpa!OT npH'IHHHOCTb H cneKTp81IbHOCTb HDH DODHOT8 B· 

'19CKHX COCTORHBII). C npyrol! CT0p0Hbl1 B aepen!IT!IBHCTCKOJ! TeOpHH paCCe 

C!l )lHCD9pCHOHBb!9 COOTHOWeHHSI 093 lt8KOro-HHOY)lb !IBHOrO DpHBD9'19HHH y 

CTH, TI09TOMY MOJKHO OJKH)l8Tb 0 'ITO B HepeDHTHBHCTCKOII TeOpHH pacceHHE 

H800p8 COOCTB9HHb!X <JlyHKIIHA raMHIIbTOHH8H8 DniOC 8CHMDTOTH'19CK09 yCDOI 

TO'IRb!M llDH B3y'I9BB!I 8R8nBTH'I9CKHX CBOJ!CTB 8MDDHTYllb! p8CC9HRBH. 

AeTop c'laTaeT csoaM npa!ITHhiM nonroM no6naronapeT& Dpo41. A.H. ' 

ll9BHh!9 OOCYlKil9HH!Io 

7 



~ fdO .. T" (:.f)T (-:,p f•) 
VK + m p k k 

1 

(9) 

/4/ 
JtB83RDO'I'9HllR8nJoHOA lllllDmiTYllhl , 3aMOTHM1 'lTO,ODyCitSII 

ecJtaA JtopeBb, uonyqaeM ycnoaae ysaTapsocTH sepeniiTHBHCT-

9sepreTH'l9CitOA noaepXBocTa. 

'Jl9llCTBR9 ycJIOBHII DOJIBO'I'hl: 

+1(r) ]k2 
dk =....1...8 (r'- r )+ P 

k ,2 B 
(10) 

sa csl!aa&shle COCTOIIHBB llBYX 'l&CTB!l. HcnonDayeM a aTOM 
., 

&MeM r =r 1 Dony'lBI\l COOTHOW9HH9 

>f 
0 

q 2dqjf(qr)T*f(q,k) 

l(k)-11'}-l{q) 

~ q
2
dqjf(qr)Tf (q,k) 

! •(k)+ll'}-<(q) 

+ 

+ 

j f (qr)T*f (q,k) 

k)- 11'}-<(q) 

~ p2 dpjf (pr)T f(p,k) 

·[---.(~k7)~+-il'}---.~(~q)~--

m.caM YAaeTCB TonDKO npa 6onDwax 

(11) 

I RO 3ll9Cb 9TO 

ReT BRTerpa!lBa, Jlng r .. ~ MO*eM acnom.aosaTb ~op-

235): 

r)Tf (q,k) 

1'}-<(q) 

frr 
etkr -12 

=-rrp, _k_r __ • e Tf (k) 

Sl 8MfinBTYA8 paCCOSUIHB. .Hcso, 'lTO 

r)T*p(q,k) ;lkr -•4,r 
-_-,-'("-q '-') "---- = - rr p • --k -, - e T*f ( k ) 

6 

.;:. 

Torlla ~opMyna ( 11) npaMe'!' saa: 

P I , =..L Ldkp [-I(Tf (k)-T*f(k))+2rrp Tf(k)~ (k)]-
B f =r-+ 1)0 r2 o' f l L 

- 1(-l)f jdkp,[e-21kr 'I"'e(k)-e21kr Tf(k)] 
r 2 o 

(12) 

Cornacao TonDKO 'lTO llOXaauooMy ycnosaJO ysa-rapBOCTH ( 1), nepBhiA qnes B aToM Bhtpa

lltii.RJIB HC'l0380T, HCD011b3YII CBOIICTBO 

Tf<-k·) =T f(k) 

KOTOpoe CJIOJ:tyeT aa CHMMOTpaa ypaBHOBHSI llipellBBrepa, BhlpS*OHBO (12) MO>KBO npaseCTH 

It BaJ:IY 

11 _ 1 ,f ~ 21kr pI. =~fdkp e Te(k) 
B r -=r ... oo r 2 o l 

(13) 

3TO a eCTb aCitOMOO BblplllKOBB91 H3 KOTOpOrO npB OTCYTCTBHR CBSI38IIIIhlX COCTOSUIRA nony

/1/ 
'189TC51 COOTHOWOHB9 (25) pa60'1'hl , CoO'I'HOWOHae (13) Bhlpa*aeT HOitOTOph!O aaanaTH'Ie-

/1/ 
cJtse csoACTBa aMnnaTyllbi pacceSI&aH T f (k) , Ha aero, Jtalt yKaaaso a pa6oTe , MO*-

HO nony'laTb J:IBCDepCaO&Boe COOTROme!Iae QJlSI Sf (k) MaTpanhl npa moobiX aaa'leHBHX opos-

Tam.soro MOMeHTa 

B 3BKJlJO'IOHaO OTMOTaM1 'ITO TBKOII peaym.TaT B HOKOTOpOli M9p0 IIO SIBJlSIOTCSI seo

)KHA8HIIhlM1 DOCKOnbKY1 OCJlH npOCJlOJ:IBTb 38 J:IOK83BTOIIbCTBOM J:tacnepCaOHHblX COOTHOWOHall 

B Teopaa DOJ1SI1 TO BaJ:IH01 'ITO OCHOBHyiO pOJlb B aayqeaaa aaanaTB'IOCKaX CBOllCTB SMDJlaTy-

/5/ 
J:lbl paCCQSIBBSI arpaJOT npaqaHHOCTb H CD9KTp8nbHOCTb (ana DOJlHOTa *' BSOOpa aCBMDTOTII-

'IOCKaX COCTOSIBBA), C J:lpyroA CTOpOahl1 B aepenBTaBaCTCKOil Teopaa paCCOSIHaSI J:IOK83h!B8IOT

CB J:IBCDepCaOBBhiO COOTBOWeBaSI 6ea KSKOro-&aoyJ:Ib SIBHOrO DpBBJlO'IOBaB ycnosag npB'IaBBo

CTH, lloaTOMY MO*HO O*ai:I8Tb1 'ITO B BepeJtBTilBaCTCKOA Teopaa pacceSIHaSI ycnosae noJlHOThl 

aa6opa C06CTBOBahiX ~YHK!lafi raMaJlbTOBaaaa DJlJOC acaMDTOTa'IOCKOO ycnosae OKS>KOTCSI J:IOCTa

TO'IHhlM J:IJlSI B3y'IOHH51 8H8J1BTa'IOCJtaX CBOJICTB SMDJlaTyJ:Ihl paCCOHBaB, 

AaTop C'IBTaeT csoaM npaBTHbiM nonroM no6naronapaTb npO<jl. A.H. Tasxenanae aa 

neHBhlO 06CY*LIOBaB, 
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