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B nocnenaee BpeMH WHpOKyro H3BeCTHOCTb nonyqHn KB83HilOTeHUHanb-
/l/ . 

Hbltt nonxon B KBaHTOBOtt TeOpHH nonH , OKa3aBWHfiCH BeCbMa nnonoTBOp-

HbIM npH HayqeHHH CHnbHbIX B38HMonefiCTBHfi aneMeHTapHbIX qaCTHU • .nocTo

HHCTBa 9TOI'O nonxona BbI3BanH K )KH3HH HCCnenoBaHHH, CBH38HHbie C ero 

/2 3/ /4-8/ 
npHnO)KeHHHMH (cM,, HanpHMep, ' ) H MonmfmKaUHHMH • 

Hapgny C HayqeaHeM 0611rnx CBOfiCTB peweHHfi KB83HnoTeHUHanbHbIX 

ypaBHeHHfi, HanpHMep, B paMKaX HneH O rnanKOCTH noKanbHOI'O KB83HilOTeH-

/9-12/ 
uHana npencTaBnHeT onpeneneHHbitt HHTepec pa3BHTHe paanHqHbIX 

npH6nH,KeHHbIX MeTonoB, B HaCTOHlllefi pa6oTe npennaraeTCH onepaTOpHblll 

MeTon aaxo)KneHHH npH6nH)KeHHbIX peweHHA KBa3HilOTeHUH8nbHbIX ypaBHeHHfi, 

qiopMynHpOBKa KOToporo H3naraeTcH B nepBoM paanene. 3aMeTHM, qTo 

9TOT MeTon HMeeT nocTaToqao o6mHfi xapaKTep H MO)KeT 6bITb npHMeHeH 

K npyI'HM ypaBHeHHHM KBaHTOBOfi TeOpHH nonH. 

TTonyqeaaoe npH6llH,KeHaoe peweHHe MO)KeT 6bITb, aanpHMep, Hcnonb

aoBaao, KaK 9TO IlOKa3aHO BO BTOpOM paanene, nnH HaXO)KneHHH aCHMilTO

THqecKoro noBeneHHH aMnnHTynb1 pacceHHHH B npenene 6onbWHX aaeprHfi 

H <iiHKCHpOBaHHbIX nepenaq HMilynbca. CnenyeT T8K)Ke OTMeTHTb, qTo HC

nom,ayeMbltt B pa6oTe MeTon n03BOllHeT pa3BHTb perynHpayro npouenypy 

HaXO,KneHHH nonpaBOK K rnaBHOMY aCHMilTOTHqecKOMY qneay. 

B TpeTbeM paanene yKa3bIBaeTCH Ha CBH3b onepaTOpHOI'O MeTona 

C MeTonaMH qiyHKUHOHallbHOI'O HHTerpHpOBaHHH B KBaHTOBOii: TeopHH IlOllH. 
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fIOA'I8PKHBaeTCSI, 'ITO pa3BHTbifi M8TOA SIBnSieTCSI npH Bb!COKHX 9HeprHSIX 

/18/ 
peanHaauHefi KOHU0fiUHH npSIMOnHHefiHbIX nyTeil 1 'C ycnexoM npHM0HSIB-

IIIeficSI .r:tnSI HCCne.r:toaaHHSI paanH'IHbIX npoueccoa ynpyroro H Heynpyroro 

pacceSIHHSI. 

1. PacCMOTPHM KBa3HfiOT8HUHanbHOe ypaBH8HH0 C noKanbHblM KBa-

3HfiOT8HUHanoM .r:tnSI aMnnHTYAbl pacceSIHHSI CKanSipHbIX 'IaCTHU 

·r ( ;;; 7,' rs) • g V ( p -p' rs)+ iH ?q K (q2;·s)'V(;...~rs) T(i;';~) 1 (1 .1) 

➔ ➔, 

rite p H p · - OTHOCHT8nbHb18 HMnynbCbl qaCTHU B CHCTeMe ueHTpa Mace 

B Ha'IanbHOM H K,OH8'IHOM COCTOSIHHSIX, COOTBeTCTBeHHO, a s = 4 ( p2+ m 2
) 

=4(p2+- m2) • 

llnSI perneHHSI ypaBHeHHSI ( 1.1) c.r:tenaeM <fiypbe-npeo6paaoaaHHe 

➔ ➔ 1 ➔ i(p-"?,'>"; ➔ 
V ( p - p' ; s) = -- _( dr e V ( r ; ·s ) , 

(2rr )3 ·., 

➔➔ ➔,➔, 

'T( ➔ ➔ , •. ) _(d ➔ d➔, ipr-ip r 'T( ➔ ➔ '·· ) p, p , s = r r e r , r , s , 

fl OACTaBnSISI ( 1.2 ) H ( 1.8) a (1 .1 ) , nony'IHM 

·1 (f ,t ';s) 
g 

(2rr )3 
( ➔ .,(3)( ➔➔ , 

V r ;s ) u r- r J + 

. -+-+ -+-+, 
g (d ➔ K (➔ 2 ) V (.:.. ) -iqr (d➔ " iqr 'T(➔ ,, ➔, ) + -- . q q ;s r ;-s e . . r e r , r rs • 

(2rr) 3 

BBOASI npeACTaaneHHe 

T (r, 1'; s) = _g_ V (1; s) F (1, t ';s) , 
(2rr ) 3 
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(1.2) 

(1.8) 

(1.4) 

(1.5) 
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HMeeM 

OrrpeAenHM rrceBAOAH¢¢epeHUHanbHbIH orrepaTop 

" ➔ 2 
Li' =K(-Vt ;s). (1.7) 

TorAa 

K (1; s) (1.8) 

C y'leTOM COOTHOWeHHSI ( 1.8) ypaBHeHHe ( 1.6) MO)KHO rreperrncaTb 

B CHMBonn'leCKOfi ¢opMe 

Fr r: ?- ; s J = l 3 > r-; - -; , J + g £ ➔ [ v a ; s J F r-; , -; , ; s J 1 • 
r ( 1.9) 

Peweune 9TOl"'O ypaBHeHHSI 6yAeM HCK8Tb B BHAe: 

F(t,i";s) 

ITOACTaBngg (1.10) B (1.9), rrony'IHM ypaBHeHne Ang ¢YHKUlflf W(i;f;s) 

W(f!rt;s) 
e 

➔ ➔ -+-+ .......,. 
" [ V ➔ W(r;k; s)-lkr ] lkr 

l+gL ➔ (r;s)e e 
r (1.11) 

11crronbayg RAeIO MOAH¢11u11poaaHHOH TeOpRH B03MyIUeHHfi B 9KCITOHeH-
/14/ ➔ ➔ 

Te • «pyHKUlfIO w ( r ; k; s ) aannweM B BH:Ae paano)KeHHSI B PS!A no KOH..;. 

CTaHTe CBSl31f g 
00 

W(l;k;s) 
n 

- I g (1. 12) 

5 



Tor.{la H3 ypaBH0HHSI ( 1.11) cne.{lyK>T Bb!pa.>KeHHSI .{lnsr <f>yHKUHii 

· ➔ ➔ ➔ ➔ ➔ ➔ 2 -l ➔r➔ 
W1 ( r; k; s) = .f d q V ( q ;s) K [ ( k + q ) ;s ] e q (1.13) 

W2(;;k;s) 

2 ➔ ➔ 
Wt (r ; k;s) 

2 

1 
f 

➔ ➔ i ➔➔ ➔ 
+2. dq1dq2e- qlr -iq2-; X 

~. ➔ ➔ ➔ ➔. -t 2 ➔ ➔ 2 ➔ ➔ 2 
x V (q 1 ;s) V(q2;s) K[ (q 1+q2+1<) ;s] { K[(qi+k) ;s]+K[(q_ttk);s11 (l.l 4 ) 

H TaJ:lo 

OrpaHH'IHBaSICb paCfMOTp0HH0M nHWb Wt BM0CTO W B <f>opMyne 

(1. 10), MbI nony'!aeM H3 ( l. 10), (1 .5) H ( 1.3) cneJ:tyK>mee npH6nH.>Keaaoe 

/15/ 
Bb!pa.>KeHH0 J:tnSI aMnnHTYJ:lbl paccesrHHSI 

➔ ➔, _g~ 
Tl (p,p ;s) = (21r)3 rd ➔ i(/-;')? V(➔ •. ) 12 W

1
(-;;;';s) 

. r e . r, s e • (1.15) 

t.JTo6bI noSICHHTb CMbICn CJ.lenaHHOI"O npH6nH.lK0HHSI, paano.>KHM 'T 1 

B PSIJ:l no KOHCTaHTe CBSI3H ·g 

.T(n+t)( ➔ ➔, ··s) 
1 P, P ' 

n+t 
g 
n! 

f d tiz ••• d qn V ( q 1 ;s) ••• V ( q n; s) x 

n n 
x V (p-p'-!. if1;·s) Il K [(~+µ'}2;s] 

i=l i=l 

(1.16) 

H cpaBHHM C ( n+ 1 )-blM HTepaUHOHHbIM 'lneHOM TO'IHOI"O ypaBH0HHSI ( 1.1 ) 
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(1.17) 

➔ ➔ · ➔ 

rJ:te I - cyMMa no nepecTaHoaKaM HMnym,coa q1 , q 2 , ••• q 
P n 
Ha (1.16) H (1.17) nerKo BHJ:teTb, qTo cJ:tenaaaoe npH6nH*eHHe 

B cnyqae ypaBHeHHSI nHnnMaHa-lliBHHI'epa COBUaJ:(aeT C 'raK Ha3hIBaeMhIM 
➔-➔ 

."'npH6nH}K0HH0M q, qi = 0 .. ' cornacao KOTOpOMy B "HyKnOHHhIX nponaraTO-

pax" OT6paChlB8IOTCSI qneHbl THUS qi qi (•ii, j) • 

2. B aToM pasJ:tene aa npHMepe KaaaHnoTearmam,aoro ypaaaeHHSI no
ryaoaa-TaaxenHJ:tae MhI paccMoTpHM cnyqai!:, KOI'J:ta nonyqeHHh1e paaee BhI

pa*eHHSI J:tnSI aMnnHTYJ:l pacceSIHHSI MOI'YT 6hITb Hcnonb3OB8Hhl J:tnSI HaXO}l{Jl0-

HHSI BCHMUTOTHK B o6naCTH 'S ➔.00 H <jJHKCHpoaaHHOJ,I,{ t. IlpH 8TOM B BCHMU

TOTHqecKHX Bbip8}1{0HHSIX Mbl 6yJ:(eM yqHTbIBBTb HapSI/:lY C rnaBHblM H cneny10-

IUHi!: nonpaaoqHbiil: qnea, HCUOnbSYSI <jiopMyny 

➔ ➔, . ➔ ➔, 

W(r;p;s) gW1 (r;p;s)[l g2W( ➔ - ➔ ,.-) ] 
e =e + 2r,p,s + ••• , (2.1) 

I'J:(e W1 H W2 onpeJ:teneHhl COOTHOilleHHSIMH (1.13) H (1.14). 

HanpaaHM ocb z aJ:tonb aeKTopa ( p + p '), TorJ:ta 

(2.2) 

yqHTbIBaSI, qTo 
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➔ ➔ 2 
K [ ( q + p ') ;s ] 

1 1 

2 
·s ( qz-ih) 

2 2 • ·'( ➔ ➔')2+ m2 ( ➔ ➔,) s + m -•u V q+p q+p -4 

3 q z + qt - . qL ~~ ] + 0 ( _1_) ' 
[ 1 - ---==----~----- ·s2 ,Vs ( qz-·h ) 

(2.3) 

s ➔ 0() 

t -¢HKC. 

H3 (1.13) H (1.15) nony'IHM 

W10 W11 
+ 0 (-1- ) ' w = -- + 1 s . 

(2.4) 
·s v-:; s2 

W2 = W20 O ( 1, ) 
s 2 V:--;;- + 7 ' (2.5) 

rAe 

➔➔ 

-iqr 
➔ ➔ e w10 =2fdqV(q;s) . 

. qz --·ll 

➔➔ 

W11 =-2 .f dq V (q;s) e-iqr 

0() 

=2·i .f dz' V (V-;L +-;'2; s ) 
z (2.6) 

➔2 ➔ 2 ➔ ➔ 
3 q z+ qL - q,1. ~.l 

(qz - •it) 2 

(2.7) 
0() 

= - 6 V ( V 1f + z 2 ;s) + 2 (•/ f + ii ii .l V .l) .f dz' ( z-z') V ( V -;J + z'2;s ) 
,z 

➔ ➔ 

➔ ~ ➔ 3 q1zq2z+ qIL q2 L _ 
➔ ➔ -i(q +q2)r V(-t ,. ) V(q ··s) , -) 

W20 =-4.fdq1dq2_e I '.'11•s i (q1z-·h)(q•2z-·it)(q1z+q2z...,u 

(2.8) 

= - 4 d .( dz' { 3 y2 ( \} :r + z' 
2

; s ) + [ v,;j. j,d z" V ( \} ;f + z "
2 

; s ) ] 
2 I • 

z . z 
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llmt TOI"O 'IT06bJ nony'IHTb HCKOMYIO 8CllMilTOTHKY C yKa3aHHOfi CTe

Il0HbIO TO'IHOCTH gQCT8TO'IHO aMnnHTygy pacce.lIHH.ll aanHcaTb B ¢opMe 

·1 ( ➔ ➔,. ) g P,P ;s = --3 
(211) 

;~; ,....,..-- ii Wto 
( dt: dz e l l V ( y' t2 + z 2; s ) e s . l X 

(2.9) 

Targa, nogcTaBmrn (2.6-2.8) B (2.9), nocne aecno>KHbIX, HO gocTa-

TO'IHO rpOM03gKnx BbIKnagoK nony'IllM gn.11 rnagKHX noTeHUHanoB ll3BeCTHOe 

/16/ 
Bb1pa>Ke11ne 2;ii 00 ---

-s_ ( dz V (y' 'tftz2;s) 
e ~ · -1 

T ( t, s) _s_ ( d2 r .I. el&:: l--------,---------
s~°" (211)3 · 2-i 
t - /IIHKC• 

·°" --- 0() 2
s1iir dz'V(v'-:f+z'is) 

2
!ii(dz'V(v'1_f +z'2;s)I 

e z -e _°" 

2·1 ii °" , , 
°" ---,---- -s- z( dz V(y' r_r+z 2;s) 
f dz z V ( y r'2 + z2 ;s) e 

-°" l 

Li JlerKo, BHgeTb, 'ITO nepBbiil: qneH B 9TOfi ¢opMYne OilllCbJBaeT 9il:KO-

·uanbHOe noBegeane aMnnnTygb1 pacce.11HH.11, a Bee ocTanhHb1e onpegen.1110T 

K HeMy nonpaBO'IHbie 'IneHbl OTHOCHTenbHOil: Benn'IHHbl 1 --. y:s 
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3. 11T06bl BbISICHHTb, KaKoil peallbHOH <l>H3H'I0CKOii: KapTHH0 MOI'YT 

COOTBeTCTBOBSTb nony'IeHHbl0 peayllbTSTbI, ycTaHOBHM CBSl3b onepaTOpHOI'O 

MeToaa C <I>eii:HMSHOBCKHM MeToaoM HHTeI'pHpOBSHHSI no TpaeKTOpHSIM. nnSI 

9TOI'O sepHeMCSI K ypaBH0HHIO ( 1.11) anSI <l>YHKUHH w . PeweHHe 9TOI'O 

ypasuemrn MO:lKHO aanHCaTb_ B CHMBOnH'I0CKOii: <l>opMe 

e 
w 1 

-----➔..,.... X 1 
1 -g K [ (-iiv ➔-1 )2] V(r) 

(3. 1) 
00 [ ➔ ➔ 2, ➔ . r a 1r(1+u> -,r~K <-,v-k>-JV(t) 1 = -'l T e e X • 0 . 

1111. 
CornacHO napaMeTpH3SUHH ct>eilHMaHa BBeaeM ynopSinO'IHBSIOIIIHH 

HHaeKc 11 11 nepen11weM (3.1) a s11ne 

T 

ew=-ii (dreiT(t+if)e-ig_bd71K [(-iV~+£-k.f] V (;71 ) xl, 
0 

xi 
Hcnonb3YSI <I>efiHMSHOBCKOe npeo6paaoBaHH0 

➔ 

➔ .r .:. ➔ ➔ 

(3.2) 

s: [ p (11)] = fg) p f9J _x_/bd71x(71)[p(71)-P(71)] ➔ 
l(O)=o(211)3 S: [p (11)], (3.3) 

peweHHe ypaBH0HHSI (1.11) 3SUHW0M B BHae <l>YHKUHOHanbHOI'O HHTerpana 

T • 

w . . oo(d iT(l+if) (<l' ➔ rm x➔ ifd71t(71)p'(71) G("' ➔ ) 1 e =-!1 _ T e . .J.J p _ ;JJ -- e O x ; p; T X , 

0 xt°0)=-0 (2 TT )3 
(3.4) 

xi . 1181 
0TM0THM, 'ITO rrono6uag TeXHHKa 6bma HCUOllb30BaHa B pa6oTe ' 

IlOCBSIIII0HHOfi paCCMOTpeHHIO KBS3HUOT0HUHSllbHOI'O ypaBH0HHSI Ha SI3b!K0 

<l>YHKUHOHSllbHbIX HHTerpanos. 
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B iiiopM}'ne (3.4) 

T ➔ ➔ T ➔ 
'G( ➔➔ ) -fd71x(11>v11+E e-ig fd71K[(;(71)-kY]V(rT/) 

x;p;r = e d O (3.5) 

H YAOBneTBOpHeT ypaBHeHHlO 

(3.6) 

HaXOAH H3 ypaBHemrn (3".6) onepaTopHyIO iiiYHKUHlO 'G H ITOACTaBnHH 

ee a iiiopM}'ny (3.4), nony'laeM OKOH'laTellbHOe Bbipa>KeHHe AnH W 

/19/ 
BbIITHCblBSH pa3nO)K8ffHe 

-•oo n -----
e g 77 = e g 17 ~ g ( 11 - 11- ) n , 

n=O n! 

g 1T 
e 

B KOTOpOM 3HaK ycpeAH8HHH o6o3Ra'laeT HHTerpHpOB8HHe no T 
➔ 

(3.7) 

(3.9) 

H P (71) c COOTBeTCTBYIOIUeii: Mepoii: (cM. (3.7) ), H npOBOAH Bbl'IHCneHHH, 

11 



~-? 
" = w1 , 2 

W2 n: T./l., (3.10) 

T.e. pa3ll0)K0HliSI (3.9) n: (2.1) nonHOCTblO coana_AaIOT. 

OrpaHn:'ln:BaSICb B pa3ll0)K0Hlili (3.9) mnllb nepBb!M qneHOM (n = 0), 

Mb! nonyqaeM npn:6nll)K0HHOe Bblp8)K0Hlle (1 .15) /lllSI aMllllllTY/lhl pacceSIHHSI, 

KOTOpoe COOTBeTCTByeT yqeTy nyTeii qacTn:U, Ha1I6onee 6nn:3KO npn:6n1I)K8IO

lllllXCSI K KllaCCH'leCKIIM li COBll8)l810lllllX B cnyqae pacceSIHliSI 'laCTIIU Bh!CO

KIIX 9Heprn:ii Ha M8llbJe YI'llhl C npSIMOnn:HeiiHhIMII TpaeKTOpn:si:Mn:. I1Hh!Mli 

cnoBaMn: I MO)KHO CKa3aTb, 'ITO pa3BIIThlll B pa6oTe onepaTOpHblll MeTO/l SIBllSl

eTCSI npn: Bh!COKIIX 9HepI'llSIX peanH38UHeii KOHuenunn npSIMOllllHeiiHhIX ny--
_.J 13/ 

Te.u • 

AaTopb1 ncKpeHHe 6naI'OllapHhI H.H. Eoron106oay, M.K. TionHaaHoay, 

A.H. Taaxenn:)lae aa BHHMaHne K pa6oTe, ueHHh1e coaeThI n aaMe'laHnsi:. 

Mbl llMenn B03MO)KHOCTb o6cy)K)l8Tb BOllpOChI, 3aTpOHyThle B pa6oTe, 

c E.M. Eap6a111oab1M, C.B.fonocKOKOBh1M,. A.B. E¢peMOBhIM1 B.r. Kallhimea
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