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l. c:l>opMyllHpOBK& MeTOLJ.OB 

/1/ B pa6oTe 6&Ino npeLJ.llO:lKeHo LJ.B& MeToLJ.a nocTpoeHHSI KOMnneKcHoro noTeHnuana, aasucsr-

mero OT SHeprHH, C UOMOlltbiO KOTOpOrO MO:lKHO H3 ypaBHeHHSI THUS illpeLlHHrepa UOllY'IHTb TO'l

HYIO aMnnHTYLlY paccesrHHSI Ha M&ccosoA nosepxHOCTH. C¢opMynupyeM STH MeTOLJ.bl B <PopMe, 

yLJ.06Holl Ll1151 Ll&llbHeAmero H3110:lKeHHSI. 

0603H&'IHM 'lepe3 G (p 'q' t,.' (" ' E ) nonHyiO <PYHKUHIO rpuHa LJ.BYX 'l&CTHU, rLJ.e p H 

q-HMUYllbCbl H&'l&llbHOrO H KOHe'lHOrO COCTOSIHBSI B C.U.M., a 2E - U011H&SI SHeprHSI (cM.pHC,1) 

r.ae 

E + t.,' q 

.. 
E-t.,,-q 

Puc. 1. 

YpasHeHue EeTe-ConnuTepa B STHX o6oaHa'leHHSIX HMeeT su.a: 

G (P' q ' (,.' € II' E) = F (p' ( p' E )8 ( p - q) 8 ( (,.- ( 11) + F (p, (.' E) X 

x f K (;;, r. (,., f.q• EJ G (r, ;;, €, €.,, E) dk dt , 

·1 - 2 -a 2 
D ( t,. + E, p ) .. ( t,. + E ) - p - m + i8 ' 

( 1.1 ) 

BseLJ.eM Tenepb ¢opM&11bHO aMnnHTYLlY paccesrausr T , KOTopasr H& MaccosoA nosepxaocTH 

, p2· = q 2 .. E 2- m 2 .aaeT ¢uau'leCKYIO aMnnHTYTY paccesrHHSI: 

F ( t , p, E ) T (p, q, t,. , t., , E) F ( t.,, q, E ,. 

Tor .a a 
1 

no.acTasnsrsr ( 1.2) B ( 1.1 )
1 

nony'IHM .ansr T cne.ayiOutee- ypasHeHHe: · 

T (P• q, t,., t ., , E ) .. K ( p, q, t,. , t.,, E ) + 

+ r dt dt K (;; , r . €, , ( , E , F ( f , k , E , r ( k , q , f , (., , E , 

3 

( 1.2) 

( 1.3) 



\ 

Mbl XOTHM nony'lHTb ypasHeHHe THfi8 nHnfiM8Ha-illBHHrepa .ami HeKOTOpoJl 4JyHKUHH 1(1'1 ~), 

1 ( p , q
1
£ ) , KOTopaSI Ha MaccosoA nose-pxHocTH p 2 

= q 2 = E 
2

- m 
2 

.aasana 6&1 4JH3H'leCKYIO aM-

""-
nnHTy.ay pacceSIHHSI: 

1(p, q, E) = V (p, q, E ) + ( 1.4) L 
+ (dkV(p,k,E)F(k,E)1(k,q,E), 

r.ae 

iTT 
F(k,E)= (F(kll,E)d£= -==-=-2-J k2+ m2 (k 2+ m2- E2) 

3TO MO:>KHO c.aenaTb sa. C'leT COOTBeTCTBYIOWero Bbl6opa noTeHUHana V ( p, q, E ) 'ITO, 

O'leBH.OHO, MO.:>KHO ocyWeCTBHTb pa3Hb1MH CfiOC068MH. 
.. 

n 
. A- r 111 

epBblil MeTO.O OCHOBblBaeTCSI H8 BBe.aeHHH .a syxspeMeHHOA 't'YHitUHH pHH8 , KOTOpaSI 

B HMfiYJlbCHOM npOCTp8HCTBe onpe.aenSieTCSI K8K 

( 1.5) 
G(p, q, E)= ( d£P dfqG(p, q, fp• fq•E). 

Tor.aa, HCfiOnb3ySI ( 1.2) H ( 1.5), MO:>KHO onpe.aenHTb COOTBeTCTBYIOWyid 8.MnnHTy.ay pacceSI

HHSI BHe M8CCOBOA nosepXHOCTH 

- - 1 ( F - - - E F - ( 1.6) w 1
1
(p,q,E)"' _ (P 1 £P,E)1(p,q,£P'£q') (q,£,E)d£ckq• _.,. t 

ll(p,E)F(q,E) q P . :i 

VIs Bbipa:meHHSI ( 1.6) Henocpe.acTseHHO BH.OHO, 'ITO 1 1 Ha MaccosoA nosepxHoCTH p2 = q
2 
= E ~ 

cosna.aaeT c 4JH3H'lecKoA aMnnHTy.aoA pacceSIHHSI 1 (p, q, o, o, E ) • 

OoTeHuHan V 
1 

.anSI ypasHeHHSI ( 1.4) cTpOHTCSI B aTOM cnyqae nyTeM HTepauHA ypasHe-

HBA (1.3) H (1.4) H onpe.aeneHHSI (1.6). B qacTHOCTn,s HusweM nopSI.aKe HMeeM: 

V(ji,q,E) 
l 

( F (P , £ P, E ) ~ ( p, q:, e P, £ q , E) F (q, £<1 E) d £ P de q 

F(ji,E)F(q,E) 

( 1. 7) 

8TOpOA MeTO.O COCTOBT B TOM
1 

'ITO nOTeHUHan V 2 ,anSI ypasHeHHSI ( 1.4) CTpOHTCSI C 

fiOMOWbiO aMnnHTY.Obl pacceSIHHSI 1 Ha M8CCOBOA nosepXHOCTH 1 nonyqaeMOil no TeOpHH B03My

. WeHHll, HanpHMep, ypaaHeHHSI ( 1.3) H HTepaUHH ypasHeHHSI ( 1.41- C nocne,ayiOWHM nepeXO.OOM 

H8 M8CCOBYIO nosepXHOCTb. 

Bso.aSI CHMBOnH'leCKYIO sanucb ypasHeHHSI ( 1.4) 

1=V+Vx1, 
2 2 2 2 

nony'lHM B HH3WHX nOpSI.OK8X .anSI V 2 Bbipa:>KeHHe 

v (4) 

2 

v ( 2) = [ 1(2)] 

2 

[ 1(4>] - [ v!2> x 1!2> 

v (f) "' [ 1 (f) ] - [ v (2) X T (4) ] - [ v ~4) X 1 (2) ] , 
2 2 • 2 

2 

r.ae KBa.apaTHble CK06KH o6osHa'laroT nepexo.a Ha Maccosyro nosepxHOCTb. 

4 

( 1.8) 
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• Via aToro onpelleneHHSI cnellyeT, 'ITO so BTOpOM MeTolle Mbi nony'laeM noKanbHbiit noTeHUltan, 

T,e. nOTeHUHan, 38BHCSilUHit nHlllb OT (p- q) 2 
H E 1 a B r - npocTpSHCTBe OT r H E • 

/2/ 
npa 9TOM 1 KSK nOK838HO B 1 ecnH cPH3H'leCK8SI 8MIInHTYll8 pacCeSIHHSI HMeeT llBOIHOe 

- - 2 
CneKTpan bHOe npellCTaBneHHe HnH XOTSI 6bi OllHOKpSTHOe UO t =- ( p - q ) IIPH mo60M lleiCTBH-

TenbHOM E 2 
1 TO aHanorH'lHbiMH aHanHTH'leCKHMH CBOitCTBSMH 6ylleT o6nall8Tb H noKanbHbii no

TeHUHan V • 3To aHa'laTenbHO o6nerqaeT KSK nocTpoeHHe caMoro noTeHuHana, TaK H pacqeTbl 
2 

C ero nOMOlllbiO pa3nH'lHblX cPH3H'leCKHX BenH'lHH, 

PaCCMOTpHM npHMeHeHHe OnHCaHHblX Bblllle MeTOllOB Ha UpHMepe MOllenH KB8HTOBOI TeOpHH 

nonS!, rlle CKanS!pHble 'l8CTHUbl M8CCbl m B38HMOlleiCTBYIOT C UOMOlll&IO 06MeHa CKBnS!pHbiMH 

'<PoToHaMH' c ManoA MaccoA p. • Mbi 6ylleM, rlle aTo B03MO:lKHO, nonaraT& p. 2 = 0 

B necTHH'lHOM npa6na:lKeHHH (6ea y'leTa KpoccHHr-cHMMeTpHH) HllPO ypasHeHHSI (1.3) HMeeT 

K(p,q,tp,tq,E) i g 2 1 
=--

(2rr r' ( f -£ )
2 - (p - ii )2 - p. 

2 + i 8 
p q 

( 1.9) 

Hac 6yllyT HHTepecosaT& nonpaBKH K ypoBHSIM aHeprHH nopSillKa ( g 2 / m 2 
)

3
, U09TOMY 

· Mbl npeHe6peraeM BKn8llOM B SlllpO K OT noniOCa g 21 (.4E 2 - p. 2 ) 1 IIDTOpbii llSeT 

21 2 4 nonpaBKH nopHllKa ( g m ) 
7 

H He 6y lleM Y'lHTblBaTb a<P<PeKTbl co6cTBeHHO-aHepreTH'leCKHX 

H BepWHHHblX qacTeA, llSIOlllHX nonpaBKH nopHllKa ( g 2 I m 2 ) 1 

2. Bbi'lHcneHHe nonpaBOK 

-
K YPOBHSIM 9HeprHH B MeTOlle llBYXBpeMeHHhlX 

cPYHKUHI rpaHa 

noTeHUHan V l B 9TOM cnyqae MO:lKHO nony'lHTb1 ecnH UOllCT8BHTb Bblpa:lKeHHe ( 1.9) 

llnH Hllpa K B ( 1.7). npz aToM nonyqaeTcH BeCbMa rpoM03llKoe BblpalKeHae, KoTopoe nocne 

p83no:lKeHHH no ( m 2 - E 2
) 1m 2 HMeeT BHll: 

V
1 

(p, q, E ) 
(2.1) 

4 m 2 [(p _ q) 2 + P. 2 ] 

+ [ 2 (m2- E 2) + p2+_ll: ... l 
4 m 2((p _ q)2+p.2] · 

nepBbii 'lneH COOTBeTCTByeT HepenSITHBHCTCKOMY npa6nH:lK9HHIO H nonyqaeTCSI H3 ( l, 7) H ( },9) 1 

ecnH B Bbipa:lKeHHH llnH K nonO:lKHTb tP = t q = 0 , noaToMy o6oaHa'lHM ero qepea 

- - -ig 2 1 
K(p, q) = -- --""'-------

(2" )4 (p -q) 2 + II. 
2 i8 

(2.2) 

H 6ylleM C'lHTaTb aa Ha'lanbHoe npz6nz>KeHze llnH noTeHuzana V1 • 

5 



YpaaHeHae Wpe.aaHrepa .anH Ha'lanbHOA: BonHoaoA: tPYHKUHH t/J
0 

HMeeT sa.a: 

(p 2 + m 2 - E 2) t/1 (p) = J!!_ f K (p, q) t/1 (q) dq • 
o . 2m o 

(2 • .'3) 

3To ypaaHeHae, ecna nono>KHTb a Bblpa>KeHHH ( 2.2) .anH K p. = 0, 

KynOHOBCKH9 ypOBHH SHeprHH 

.aaeT xopowo H3BecTHble 

2 2 2 ,.2 1 
(m - E ) • ~ ( 5 )2 --

t 4 1611 m (t + 1 ) 2 
(2.4) 

8 er.o peweHHeM 6y LlYT KynOHOBCKHe BOnHOBble tPYHKUHH, KOTOpble LlnH p8LlH8nbHoro KB8HTOBOrO 

'IHCna1 p8BHOro Hymot HM910T BHLl! ... 
t/J(p) •..j r(f+2) / (2..Jm2-E'Jf+sl2 2f+1 
0 2vur(f+3/2)(p2+m2-E2/+2 v~ ~ (oos8). 

nonp8BKH K ypOBHHM SHeprHH (2.4) TOr.aa B HH3W9M IIOpHLlK9 p8Bitil 

fl. (m 2-E ~" = i!!_ f t/1 *(p) fl. V
1 

(ii, q, E) t/J (q) dp dq, 
L 2m o o 

r.ae fl. V
1 

- nonpaaKa K noTeHuaany (2.2). Hcnonb3yH (2.1) H ( 2.2 )
1 

nony'laM: 

flY (p,q,E) • V (p,q,EJ-K(p,q) 
J J 

ig 2 

(211)
4 

2(m 2
- E 2

) + p
2 + q,

2 

2m[(p-q}'+ "2]Jf2 

(2.5) 

(2.6) 

(2.7) 

Cne.ayiOWHe 'ln9Hbl Ll810T IIOIIp8BKH K ypOBHHM SHeprHH IIOpSLlK8 (I 2/m 2J'f , H Mbl He 6yLl&M 

HX 3Ll9Cb p8CCM8TpHB8Tb, 

noLlCT8BnHH (2.7) H (2.4) B (2.6),nony'IHM nocne LlOBOIIbBO .anHHHbJX Bbi'IHCn&HHI 

.. 2 2 2 2 
l!.(m2-E2)- -.!-( 5 J' m fn I m-E I. 

t 2" 16 "m 2 (t + 1)2 "2 

(2.8) 

Baa.ay MeTo.aaqecKoro xapaKTepa pac'leTa Mbl He 6y.aeM 3.Q8Cb KacaTbCH npo6neMbl aac:iJpaKpac

HbJX pacxo.aaMocTel. 

3. Bbi'IHCneHae nonpaaoK K ypoBHHM saepraa c IIOMOUlbiO 

noKanbHoro DOTeHuaana 

B&~pa>KeHae .anH noKIU!bHoro noTeHuaana V
2 

.aaeTcs IICil Teopaa B03MyWeHHI paaeHCTBOM 

( 1.8) • .a HH3WeM nopH.aKe V 
2 

OJI.Pe.aenseTCs waTpH'IHbiM sneM&HTOM BTOporo nops.aKa TC2
J 

H8 M8CCOBOI IIOB9pXHOCTII, KOTOpbiiJ K8K BIILlHO 113 ypaBH9HHH ( 1.3) 1 p8B&R s.apy ( 1.9) H8 Mac-
2 2 2 2 

coaol noaepxHOCTH , ,. , ... 0 , p • q • E - m • T SKHM o6pa30M Mbl nony'laeM 
p ., 

y(2) 

2 

ig 2 1 

(2rr) 4 (p- q.)
2 + " 2 

- i8 

6 

(3.1) 

--
~ 

'f 
t 

t 
' 1 

'\ 

r 
t 

.-;.-~ .. ------
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J 
' 

j 

T,e. aaqanbHoe npa6nHlKeHHe .ana noTeaaHana v_, TaJtoe lKe, KaK H B nepBOM MeTo.ae, H, cne-

.llOB8TenbH0 1 B STOM npH6nHlKeHHH Mbl ODHTb HMeeM npH p. 2 ~ 0 

( 2,4) H BOnHOBble !f:lyHKilHH ( 2.5) • 

KynoHoBCKHe ypoBHH &HeprHH 

UJ UJ .llna nony'leHHSI cne.ayrowero npa6nalKeHHSI V 
2 

aaMeTHM, 'ITO T -TO'IH&IA MaTpH~ 

HbiA sneMeHT 'leTBepTOrO DOpSI.llK81 Bbi'IHCnaeMbiA, H8DpHMep, H3 yp&BHeHHSI ( 1.3) C Sl.llpOM ( 1,9), 

a T (2
) .. V (2

) - H3 ypaBHeHHSI ( 1.4). 
2 2 

TaKHM o6pa30M1 HCKOMOe DpH6nHlKeHHe .ansi DOTeHUHana V
2 

MOlKHO H306p43HTb B BH.lle 

pa3HOCTH .llBYX JJ.H8rp8MM1 B3SITbiX H8 MACCOBOA DOBepxHOCTH (pHC, 2 ), 

.m m 

In 

PKC, 2. 

r.ae BTOpASI .llH8rp8MM8 COOTBeTCTByeT DOTeHUHAnbHOMy pacCeSIHHIOo 

yC.f) 1 BCne.aCTBBe nepexo.aa H8 M8CCOBYIO DOBepXHOCTb, MOlKeT 6b1Tb1 2 

O'leBR.aao, npe.acTasneuo B cneKTpanbHol !f:lopMe: 
.-4 

r.ae 

[1_1 ],,.2 .. 0 

v 1 v• 

(3.2) 

AaanorB'IHbiM o6paaoM MoryT JbiTb nony'leHbl R cne.ayJQUile npe6ne>KeHHH .ana noTeHuaana V
2 

, 

O.QH8KO, Mbl HX He 6y .a eM BbiDHCbiB8Tb1 T8K K8K OHB .ll810T D0Dp8BKH K ypoBHSIM &HeprHB ( 2.4) 

nopH.aKa ( g 2 I m 2 ) 4 B Bblwe. 

nonpaBKB K ypoBHSIM saeprHH nopa.aKa ( g 2 1m 2 ) 1 MOlKHO Bbi'IBCnBTb1 ecnH. DO.llCT8BHTb 

( ) (4) ( ) 
BblpAlKeHHe 3.2 .ana V 

2 
B 2.6 HA MeCTO fi V

1 
o npB STOM 1 BBB.llY noKanbHOCTH noTeB-

IlHAna, y.ao6HO nepeiTB B r -IIpOCTp8HCTB01 B Mbl BMeeM O.QHOMepHbii HHTerpan 

(3.3) 

7 



~ 

I'.lle 

- (4) 
V 

2 
(r, E) 1 

(2rr) 3 

flrr (4) 2 -
fe v2 (k ,s)dk 

_L(axfdy p(x,y) 

4rr 4/.1.2 4m2 (Y _, 4E 2
) 

-rJ; 
e 

f 
1/1 (r) = r 

0 

·rJ m 2. B 2 
e 

r 

V (2,jm 2_ E2} 2f + 3 

r (2f + 3 J .. 
- HOpMHpOB8HHble p8.llH8nbHbie KynOHOBCKHe BOnHOBbie cPYHKIIHH .llnSI pa.llH8nbHOI'O KB8HTOBOI'O 

'IHCna, paBHOI'O Hymo. 

Bbi'IHcnss npocToA HHTerpan B (3,3) , nony'IHM 

~(m2-E2) =-L( g2 )s m2 fnlm2-E21 
f 2 rr 16 rr m 2 

( f + 1 )2 
ll 

2 

'ITO B TO'IHOCTH COBfi8.ll8eT C ( 2,8), 

TaKHM o6paaOM o6a MeTO.ll8 .ll8IOT O.llHH8KOB)'IO cPH3H'IeCKYIO HHcPOPM8IIHI0 1 'ITO MO>KHO 6binO 

O>KH.ll8Tb aapaHee, O.llH8KO Bbi'IHCneHHSI BO B'IOpOM MeTO.lle, 6nai'O.ll8pS! nOK8nbHOCTH fiOTeHIIHana 

H B8nH'IHIO CfieKTpanbHOI'O npe.llCT8BneHHS1 1 3H8'1HTenbHO npowe, 

4. Bbi'IHcneHHe wHpHHbi yposHeA &HeprHH c noMOWbiO KOMnneKcHoro noTeHnHana 

~.0<-

Ill 
B pa6oTe 6binO noKaaaHo, 'ITO BBe.lleHHe KOMnneKcHoro noTeHnHana, aasHcswero OT &Hep-

I'HH, noasonseT yqecTb HeynpyrHe nponeccbi, B qacTHocTH, nossnseTCSI soaMO>KHOCTb KoppeKTHoro 

Bbi'IHClteHHSI BepOS!THOCTH pacna.11a ( WHpHHbl ypOBHSI 9HeprHH) CHCTeMbl, 

noSICHHM $TO Ha npHMepe paCCM8TpHB8eMOft MO.llenH, .lJ.ng y'leTa B03MO>KHOCTH pacna.11a 

CHCTeMbl Ha .1188 CKanS!pHbiX .,cPOTOHa .. C ManoA M8CCOft /.1. sse.lleM s H.llpo K ypasHeHHSI ( 2.3) 

COOTBeTCTBYIOWHI 'ln:eH, KOTOpbil HMeeT .,Heynpyroe., .llBYXcPOTOHHOe _!IPOMe>KyTO'IHOe COCTOSIHHe 

no nepeMeHHOI s = 4E 2 
H KOTOpbiA

1
cne.llOB8TenbH0 1 6y.11eT HMeTb MHHMYIO '18CTb npH 

s < 4m 2 ( E 2 < m 2) , B HH3WeM nopSI.llKe TeOpHH B03MyWeHHA 9TOT 'lneH, O'leBH.llHOI CBO.llHTCSI 

K .llHarpaMMe pHC, 3. 

~ 
"'" 

£--.. In m 

..... )i~ 

PHc. 3. 

8 

.... 

-

...-;.. 

4 
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i\ Bocnonb3yeMCSJ MeTOJlOM noxanbHoro noTeHuHana, nocxonbKY, xax 6hmo BHJlHO BbiWe, pac'leTbl 

c ero noMOWbiO aHa'IHTenbHO npowe. BcnoMHHaSJ onpeJ:teneHHe ( 1.8) noxanbHoro noTeHuHana, 

Mbi nonyqaeM , 'ITO s HHaweM nopSJJlKe no ( g 2 I m 2 
) nonpasxa K noTeHuHany ypasHeHHSJ (1.4) 

JlSeTCSI JlHarpaMMOlt pHC. 3 Ha MSCCOBOlt nosepXHOCTH. Bbipa:lKeHHe JlnSI STOlt nonpaBKH MO:lKeT 

6biTb, O'leBHJlHO, npeJlCTaBneHO B cneKTpanbHOlt <fJopMe: 

r dx r dy a(x,y) 

4 
.., 2 4 1J. 2 ( x- t )( y - s ) 

rJ:te 

a(x,y) 
g 4 1 

817
2 y vx(x -4m 2 ) (4.1) 

- - 2 t=-(p-q)' s = 4E 
2 

nonpaBKY K ypOBHSIM SHeprHH Mbl nony'IHM, nOJlCTaBnSISJ, KSK H pSHbWe, (4.1) B (2.6) HS 

no-npe:lKHeMy KynOHOBCKHe BOnHOBble <fJyHKUHH. nepeXOJlSI MeCTO /i V z , rJle 

SHanOrH'IHO ( 3.3) B r -npOCTpSHCTBO, HMeeM JlnSI f = 0 

' 2 2 
!i (m -E) 

MHHMSSI 'ISCTb STOro Bbipa:lKeHHSI JlSeT WHpHHY ypOBHSI SHeprHH 

r m 
8 

g2 
(---

16 17m 2 

(4.2) 

KOTOpSSI onpeJlenSJeT BepOSITHOCTb pacnaJ:ta CHCTeMbl H3 S -COCTOSIHHSI Ha JlBS CKBnSipHbiX '<tJo

TOHa' B HH3WeM nopSIJlKe TeopHH B03MyWeHHlt. 

5. CpasHeHHe MeTOJlOB 

To, 'ITO o6a MeTOJla JlaiOT OJlHHSKOBbilt peaynbTaT npH Bbi'IHCneHIIH nonpasox K yposHSJM 

SHeprHH, MO:lKeT 6b1Tb nOKS3SHO B HeCKOnbKO 6onee o6weM BHJle 6e3 KOHKpeTHOrO Bbi'IHCneHHSJ 

COOTBeTCTBYIOWHX HHTerpanoB. C STOlt uenbiO 3SnHWeM nonpaBKY V ( 4
) B (1,8), HCnom,-

2 

T ( 4 ) H T( 2 ). 3YSJ Bblpa:lK~HHil JlnSI KOTOpble MO:lKHO nony'IHTb H3 ypasHeHHil ( 1.3 ), H Y'IHTbiBaa, 

'ITO T (2) 
2 

nony'IHM 

r.lle 

yUJ 
2 

• nilf)eXOJlSJ Ha MSCCOBYIO nosepXHOCTb ( = ( = 0 ., p 

(4) - - - - - - - -
V

2 
(p,q,E )= (dkdtK(p,k,t,E)F(k,t,EJK(k,q,t,E)-

(dkK(p, k, E J F(k, EJK(k, q, E), 

K ( p, f, E ) K ( p, k, 0 , 0 , E ) 

9 
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r 
I 

I 

i 

npa HHTerpaUHH no l B ( 5.1 ) OCHOBHOI BKII8Ll Ll8eT o6naCTb ! 2 "' k 2 "' p 2 "' q 2 

Tax Kalt E 
2 

"' m 2 llnH Bbi'IHCIIeHAH II01Ip8BKH K ypoBHHM aaeprHH H8Ll0 ycpe.QHHTb ( 5.1) 

IIO BOnHOBbiM <i:>YHKUHHM ypaBHeHHH (2.3) • npa 9TOM, K8K BHLlHO, B 'ISCTHOCTH, H3 BBHOI"O 

Bblpa>KeHHSI ( 2.5) HaH5onbwHI sxna.Q 5y.QyT LlSBSTb Manbie 3Ha'IeHHH HMnynbcos p 2 ,.. q2, m2- E~ 

Tor.Qa C TO'IHOCTbiO LlO 'flleHOB BbiCWero IIOpH.QKa IIO (m 2 -·E 2)/ m 2 MO>KHO nepenucaTb /5.)/ 

B BH.Qe: 

(4) - - - - - -- - -
V ( p , q, E) ;; ( dkdt K (p, k, E) F(k, £, E J[l( (k, q, e, E)- K(k, q, E J] + 2 

+ (dkd€[K(p, k,t, E)- 1( (p,k,E)] F(k,c,E)-IC(q, k, E). 
( 5,2) 

AaanorH'IHO, c Tol >Ke TO'IHOCTbiO no (m 2 - E 2 ) I m 2 MO>KHO rrpeot5paaosaTb V ( 6 ) B ( 1.8) 

v (6) "' 

2 

2 

( ( dk dk' dt dt' K (p, k, E) F (k, t, E J[K (k, k; t, t / E )-K(k~ t~ E J] F (k ~ c ~ E) K (k ~ ;, E )-

( dk dk-' de K (;, k~ E) F (k-. t, E J[K(k-. k; £, E}-K(k-. t~ E)] F(k-~ E JKrk~;, EJ-

( dk dk-' dt'K(;, t,E)F(k,E) [K(k-. t'1 c'1 E)- K(i.k'1 E)]F(k',t.~E)K(k-',q,E). (5.3} 

Ypasaeaae ( 2.3) MO)KHO aanacaTb s BHLle: 

t/1 riiJ 
0 

no.QCT8BnJUI ~ v = v (4
) + 

2 :l 

H (5.4) rrony'fHM : 

F(p, E) ( K (p,q, E) 1/J (q)dq. 
0 

(5.4) 

y(6) 

2 B (2.6) t C HCIIOIIb30BaHHeM (5.2 ),(5.3) 

A 2 2 • 
0 (m-EJ=.!.!!. 

2m ( 1/J * ( k) I 1 
_ ( dt dt 'F ( k, €-) K ( k, k ', c, t ~ E) F ( k ', e ')-

o F(k, E)F(k~ E) 

-K (k,k-~ E J I 1/J (k') dk-dt'. 
(5. 5) 

0 

B MeTO.Qe LlBYXBpeMeHHbiX ¢yaxuaA rpaaa LlnH uony'feHHSI nonpasxa 1t ypoBHSIM aaepral HY*HO 

IIOLlCTSBR~b ( 1.7) 38 Bbl'feTOM ( 2.2) B (2.6), H Mbl HMeeM Bblp8)KeHHe, TO)K.QeCTBeHHOe C 

(5.5). 

Tax&M o5paaoM eme paa noxaaaao, 'ITO o5a MeTo.Qa LlSIOT OLlHHaxosbll peaynbT8T 

IIpR paC'leTe ¢H3H'feCKHX senH'IHH, 0LlH81t0 1 KSK BHLlHO H8 1IpHMepe Bbi'IHCIIeHHI p83LlenOB 

2-4, HCIIOllh30B8HHe nOX811bHOI"O IIOTeHUHana 6onee &<P¢eXTHBHO. 
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B 3aJUtto'leHHe a8TOpDI 8Dipa>KaJOT c8oto rny6oKyiO 6naro.aapaocT& H .H. Boron106o8y, 

A.A. n oryH08Y !I A.H. T a8X8liH.038 3a nno.aOT80pHD18 R CTRMynRpyiOJUile .OHCKYCCHR, a Talt>K8 

B.A.Ap6y3o8y, A.T.¢1RnRDD08Y H O.A.XpycTane8y 3a o6cy>K.aea&e pe3yn&TaTo8. 
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