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1. BBE,1lEHHE 

B nocnerraee BpeMR noãannocs õonsmoe tlliCJIO pa60T,I 1, 2/ , B -KOTO

psrx aaropsr aosapautamrca K np06JIeMe KBaHTOBaHl1R KaJIu6pOBOt.IHbIX 

noneü. 3TO CBR3aHO C 06I-IaPYJKeHHbIM He,u,aBHo/ 3! .pacxoacneaaeer pacne
TOB, asmonaeaasrx B paaasrx KaJI116pOBKax, 3aBe,u,OMO I<aJIH6pOBOt.{Ho-HI-lBapl1

aHTHOrO 06õeKTa - neTJIH BI1JlbCoHa. Ilpa 3TOM nerna BHJIbCOHa Bhlt.rncnHeTCH 

B H113111l1X rropazucax reopaa B03MymeHl1ll B xrracce HeKOBapl1aHTHhIX I<aJII16

POBOI< nll B;= O. CY1ueCTBeHHO TO, l.JTO nponararop nexropaoro rrOJIH/ 4 ! , HC

norrssyer-naa B 3TH?, pacserax , 

~ a b _ _ .i, n 11 k 11 + 2 k 11 ~~ nll
1111 - 2 Ôab I gllv - (nk) + n ---~ I, (1)

k '(nk) . 

OnH03HatIHO (C TOtIHOCTblO no oõxozra nOJIIOCoB) nOJ):YtIaeTCR B par-ncax CTaH

,u,apTHOH npouenypsr KBaHTOBaHHR/ 5 / , I<OTOpaR naer crrenyrouree nsipa
»cenae JVlH np0113Bo,nHIIJ;erO <PYHI<UHOHaTla cB060,u,HhIX BeI<TOpHbIX epYHI<UHll 

T'paaa" : 

C(-) _ r fi TBaô(nIlB a) e ifd4x[_~ FllvF a + ·IlB8.].
J 11 11 xp 4 a 11V J a 11 (2)

11, a 

B paõorax /31 noI<a3aHO , tITO pe3YJIbTaT BhltfHCJIeHI1R'" '" neTJIH Banscoaa 
C BeKTopHbIM nponararoposr (1), 'B3RTbIM npa tIaCTHOM BbI60pe n = TI, 
rne 

TI = (1, O, 0, O}- e,nmiHtlHblH 4-neKTop, (3) 

a 
'ITO cOOTBeTcTByeT ô-06pa3HoMY I<aJIH6pOBOlffiOMY YCJIOBI1IO B O =0 B (2), 
ne connanaer C pe3YJIbTaTaMH paCtIeTOB, BbInOJIHeHHhlX B I<YJIOHOBCI<Ofl 

H <peHHMaHOBCKo(r KaJIH6pOBI<ax. 

B paõorax/ 1, 2/ npe,u,npHHHMaIDTCR nOllbITI<H BOCCTaHOBHTb KaJIH6po

BOtJHYIO HHBapHaHTHOCTb paCtIeTOB neTJIH BHJlbCOHa. Ilpa 3TOM WIR I<aJlH6pOB

'" 3HalloK " ::: "03HQljaeT pa6eHCT6o c TOllHOCTblO õo HOpMUp06011H020 MHOJKUTe.rlR, 

6 o6U4eM caysae 6eCKOHellHOU KOHCTaHTbl/ 5/ . 

:+c+: Ilpu 3TOM npUHUMaeTCR npeônucanue oõxoàa nOJlIOCOB (nk) u (nk) 2 6 csuacne 

2Jla6H020' 3HalleHUR, KOTQPoe àusayercsu.xpeõaeauueu YHUTapHOCru S -uarpuuu /4/ 

'I ttt1t>.l rÓ; ,.11;":.1 KKeTHTJT ' 
U~·:ph~.l!L eccJ1P..l!OBltiG9 . 1 
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I<:H Bt=O BMeCTO nponararopa (1); (3) c 06XO,ll;OM nOJIlOCa k5 B CMhlCJIe' 

rJIaBHOrO 3HalJeHHH npennonaraerca MO,ll;H<pHI..U1POBaHHhIH nponararop * , 
npOCTpaHCTBeHHaH xacrs I<:OTOpOro B I<:OOp,ll;HHaTHOM npencraanenaa co

nepxcnr lJJIeH IXo + Yol . O,ll;HaI<:O nerpyznro anners , lJTO asrpaaceane IXo +Yof 
paspyuiaer TpaHCJIHIJ;HOHHYlO HHBapHaHTHOCTb MO,ll;Hq>HIJ;HpOBaHHOrO npona
raropa, npaser-r HBHoe ,ll;OI<:a3aTeJIbCTBO Toro, lJTO 3TOT TpaHCJIHIJ;HOHHO

HeHHBapHaHTHhlH qneH ne zraer BKJIa,Z:J;a B <pH3HlJeCI<:He nenasaasr, yziaerca 
nponerrars TOJIbI<:O B aõenenovr CJIYlJae 121 . B nacroaureâ paõore Mh~ npen
rtaraexr MO,ll;H<pHI<:aIJ;HlO npouenypsr I<:BaHTOBaHHH, I<:OTOpaH, B lJaCTHOCTH, 

n03BOJIHeT paspeunrrs OTMelJeHHOe asnue npOTHBOpelJHe c I<:aJIH6pOBOlJHOH 

HHBapHaHTHOCTblO paClJeTOB nerrnr BHJIbCOHa, aosnaxaroutee B crannapr
HOM nonxozte. HanOMHHM, lJTO B npensnrynteíi paõore /61 HaMH Ç)hIJIa .norca
sana 06I.IJ;aR reoper-ra, COrJIaCHO I<:OTOpOH CB060,ll;HOe I<:aJIH6poa,OlJHOe none, 
na I<:OTOpoe. c nor-roun.ro npoercropa Ao <I> (A a, x) HaJIO:IKeHO {nepansaoe) 
I<:aJIH6pOBOlJHOe YCJIOBHe aazta 

<l>fl A(<1J ) \ X) 0-: A(:) a = A ~ + a fl Ao (<I» a (A) , (4)fl 

O,ll;HOBpeMeHHO na ypaaaeanax ,ll;BH:lKeHHH nO,ll;lJHHHeTCH ente O,ll;HOMY zionon
HHTeJIbHoMY YCJIOBHlO, I<:OTOpOe Mhl, no aHaJIorHH c BTOpM1lHhIMH CBH3HMH, 

,	 ** Ha3BaJIH BTOpHlJHhlM I<:aJIH6pOBOlJHhIM YCJIOBHeM • B crryuae, teor-na nep
BHlJHo.e ycnoaae (4) Ha:KJIa,Z:J;hIBaeTCH na cB060,ll;HOe norre HHra-MHJIJICa, 

3TO aropnuaoe YCJIOBHe HMeeT nan YCJIOBHH Jlopenua 

e"A~<1J)(A) = O • (5) 

Msr 6y~eM CYI.IJ;eCTBeHHO HCnOJIb30BaTb 3TO 06CTOHTeJIbCTBO npa nOJIYlJeI!~ 
coornomenaá , 3MaIOI.IJ;HX B pa3JIHlJHhlX o-oõpaaasrx I<:aJIH6pOBI<:aX npona
BO,ll;HI.IJ;HH <PYHI<:IJ;HOHaJI S -xtarpmn.r, conepacanmã B I<:alJeCTBe apr-yr-reara 
"aueurnee" I<:aJIH6pOBOlJHOe nOJIe Afl' I<:OTOpOe B OTJIWrne OT "BHYTpeI-IHerO" 

nona HHTerpHpOBaHHH B fl nOJIaraeTCH aa CBOlO MaCCOBYlO nOBepXHOCTb 

(Toe. nO,ll;lJHHHeTCH CB060,lJ,HhIM ypaBHeHHHM ,ll;BH:lKeHHH) npa nepexone 
I<: <pH3M1leCI<:OH S-MaTpHIJ;e. 

B 3TOH crarse hac B I<:OHetIHOM cxere õyner aarepecoaars nocrpoeaae 
reopan BO~MYI.IJ;eHHH, rne aropasaoe I<:aJIH6pOBOllHoe ycnoaae H nponara
TOphl ,ll;JIH CBo60,ll;HhIX BeI<:TOpHhIX nOJIeH O,ll;HH H Te »ce I<:aI<: B a6eJIeBOM, 

TaI<: H B Hea6eJleBOM CJIYlJaHX. TI03TOMY snecs Mhl, ,ll;JIH npOCTOThl, orpana

lJHMCH paCCMOTpeHHeM aõeneaa CJIYlJaH. 

*Hau60llee nOCIlcÔ08aTe.llbHO'C 060CH08aHue uoôuqiuuupoeaunoeo nponaearopa 

àauo 8/ 2(
**	 17/Coenacno TepMUHollOcUU Ilupatca eropusuue C8R3U C/leÔYIOT U3 nepeuu

uux c YlleTOM ypaeneuuü Ô8UJlCeHuR. 

2 

2.	 <1>YHKUI10HAJIbHhII1I1HTErpAJI
 
B KOH<1>l1rypAUHOHHOM TIPEL(CTABJIEHI1I1
 

PaCCMOTpHM CJIYlJaH ClillHOpHOH 3JIeI<:TpO,ll;HHaMHKH c narpaaaceaoã 
IIJIOTHOCTblO 

2.	 = - J.. FflV F' + i tj; yfl (a - i g ,8 ) tj; - mtj; tj;, (6)4 flV fl fl 

rge 

F =aA -aA.	 (7)flV fl v v fl 
-+ 

BBe,[(eM B narpanxoraa (6) xneasr c HCTOtIHHI<:aMH j = (O ,j) H v, v I<: nOJIHM 
-	 * 8	 H !f!, tj; COOTBeTCTBeHHO 

2 = f B J + ~ v ,I, ,	 (8)
to t ~ , 'f' 

rzie ,LVIH Y,ll;06CTBa nansaeãmero H3JIO:>KeHHH naeneasr cnenyroume 0603Ha

qe~IHH 

1 flV fl.
~B,J= - 4 F FflV + gJ Bfl' (9) 

P h . . . 1 -: (10)J Jfl = . fl + Jfl' Jfl = Jg Jfl' 

rge 

Jfl 
Ph 

== t/J 
-

yf,l tj; - <pH3HlJeCI<:HH cnaaopnsrá TOI<:; (11) 

2.tj;,v= f(iyflafl- m)tj; + vtj; + lfrll (12) 

-\lHCTO cnaaopnaa sacrs narpaaxcaaaa ~ to t . 

CooTBeTcTBYlOlllHH (8) - (12) I<:aHOHHlJeCI<:HH raMHJIbTOHHaH HMeeT BH,[( 

(13)H tot (t) = H B,J (t) + H tj;,v (t) , 

r,ne 

s- a~ B,J . (,d 1 \ 
H == r d K I [-~-- BI1 - "'- B J'. a B 
-	 B,J aB r 'B == 77 -, i O 

i ifl 
(14) 

O _ i 1 ij3-+[ 1 i ir e X -277 77 i +(a B0 77 i 
gJ B ) -- g J Bi +""4 F F ij ],

O

* KaK õyàer RC'1O U3 õansueüiueeo U31l0JICeHUfl, HaM HeT Heo6xoÔUMOCTU 880ÔUTb 

UCTOllliUK K nyneeoü KOMnOlleHTe eetctopuozo 'nons. 
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a tIl1CTO Cnl1HOpHaH xacrs raMHJIbTüHl1aHa HljI,v paaaa * 

ilS! ,1, • -s; v':'" (C) 1 
HljI,v	 r d 3i f ~~- ljI + --.:...-'- ljI - ~ ljI,v =
 

, aljl aI/;
 

3--. • z: (,<) 3--> - i _ _ _] (15)
í d x [p ljI ljI + P ljI - ,0/, v 1 = í d x ( - i ljI y ai 4 + rn ljI ljI - vljl - tfw .

f 
B<1lopMYJlaX (13)-(15) 1711 o=a~tot i aBI1 ,pt/f.,aftotla~ ~p~=aftotla;j;
l<:aHOHl1tIeCl<:l1e I1MnYJlbChI BeI<:TOpHor-O 11 Cnl1HOpHhIX norrea COOTBeTCTBeHHO. 

Bce COOTBe'fCTBYIO~l1e (13) - (15) CBH311 HaxO,n;HTCH 06hItIHhIM oõpa
30M '9,10/: 

cp(l) 17 o ::::: O;
1
 

ep ( 1)
 p - i .1. Y :::: o. nepaasnn.re CBH3H2 ljI 'P o . 
(1)

ep3 == Plj; ::::0; (16a) 

( 2)	 3 ,.~ 3 ( 1) 
cp =ir =117, H +rd x L 1...0. ai17i + gJ :::: o 

4 o o to t i = 1 l' 1	 o 
-BTOpl1tIHaH CBH3h (3aI<:OH I'aycca) . 

3HatIOl<: " ::::" B (16) 03HatIaeT, reate 06hllJHO 17,1 , paBeHCTBO BhlpIDKeHI1H 

HYJllO c CJIa60M CMhlCJIe, l' .e. nocne pacxpsrraa CI<:0601<: Ilyaccona. COOT

BeTCTBYIOI.U:aH 31<:BI1BaJIeHTHaH CI1CTeMa CBH3eH, B 1<:0TOpoH OCYI.U:eCTBJle

HO nonpasnerreaae aa CBH311 nepaoro H aroporo porta, I1MeeT BI1,IJ; 

(1)
 
ep 1 = ep 1 = 17o ~ O;
 

ep = ep(2) + i'g(ep(1) ~ _ ep(1) lj/) = ai17 + ig(ep(l) ~._ ep(1)ljI) ::1 o: }2 4 3 2 i 3 2 

- CBH311 nepBoro po,n;a, 

(166) 

ep 3 = ep ~1) - p - i ljI Yo :::: O; } 
ljI - CBH3H aroporo pona. 

ep	 = ep( 1) = p_ ::: O. .
 
4 3 ljI
 

Taxasr 06pa30M,I1MelOTCH nse CBH3H ep 1 11 ep 2 nepaoro porra. .8 cooTBeTCTBl111 

c 06I~I1MH npaBHJIaMI1 /5,8,9/ He06xo,n;I1MO nononaars CI1CTeMY CBH3eH 

(16) )J,BYMH ,n;onOJlHHTeJIhHhIMI1 l<:aJII16pOBOtIHhIMH YCJlOBI1HMI1 Xl 11 X 2 no 

* Tàecs U 8 àaasneútaes« UMeeTC!l 8 8UOy. "TO npOU3800HaJl (KaK 8apU a14UOHHaJl, 
TaK U 06blIJHaJl) no cnunopuouy nOJlIO 6e3 ctpentcu - »to npaeas npoU3800HaJl: 8 /8lj1 ~ 

~/ 8t/J . Crpenxu uaà neeoü npOlI380VH() UonYCKaTbCJl ue 6yàYT. 
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tIHCJIY cBH3eH nepaoro pona, ITpH 3TOM 06hltIHO c-nrraerca, tITO )J.onOJlH11

TeJIhHhIe ycnOBHH ;J:(on:IKHhI ynoarreraoprrrs COOTHOIlleI-UflO 

det I \Iep, X} 11 f, O,	 (17) 

rne ep - CBH3H nepaoro porta, H ycnOBl11O HHBOnlOIJ;HI1 (nocnennee ne 06H

sarensno) 

I	 x' X I = O, (18) 

a B OCTaJ1bHOM MorYT 6hITh npOH3BonbHhIMH. O.nHaI<:O, rcax 6hIJ10 He,n;aBHO 

noxasaao I 111 , normaaeane l<:aJII16pOBOtIHbIX ycnOBI1H Tpe6oBaHI1HM (17), 
(18) Ol<:a3hIBaeTCH nenocraro-un.rr-r ,n;JIH nocrpoenna uenporaaopexasoã 
npouenypsr I<:BaHTOBaHHH. Tarc, nanpar-rep, YCJlOBI1H Bo "'" O H 8 3 "'" O Y,IJ;OB

JIeTBOpHIOT COOTHOUIeHHHM (17), (18). Onnaxo eCJII1 MhI 11 rronsrraer-rca 
HaJIO)KHTh 06a 31'11 YCJIOBHH na norte B TO npanexr I<: npOTI1BOpeQmo: lIe

I1,
ThIpeXI<:OMnOHeHTHoe 3JIel<:TpOMarHHTHoe none B1 OKa3hIBaeTCH nonxa1 

HeHHhIM o,n;HOBpeMeHHQ rper-r epYHI<:IJ,HOHaJIbHO He3aBI1CMMhIM KaJIH6pOBOtI

HhIM YCJIOBI1HM. 31'01' <pal<:T CBH3aH c TeM 06CTOHTeJIbCTBOM, tITO CBH311 nep

Boro porta ep 1 11 ep 2 ne fiBJIffiOTCH He3aBHCHMhIMI1 - nropasnaa CBH3h ep 2nOJIY

tIaeTCH 113 CBH311 ep 1 C I1CrIOJIh30BaHI1eM raMI1JlbTOHOBhIX ypaBHeHHH ,n;BH)Ke

HHH. fI03TOMY ae HBJIRlOTCH He3aBI1CHMhIMI1 11 KaJIH6pOBOtIHhIe npeofipaao
BaHI1H B ePa30nOM npOCTpaHCTBe, nopoxctaer-isre CBH3HMI1 cp 1 11 ep 2' -B pa

60Te ' 1 1,1 6hIJI npe,lJ;JIO:IKeH peuerrr HenpOTI1BOpetrnBOrO HaJIo'>KeHI1H I<:8JI116

poaouasrx YCJIOBHH B epa30BOM npOCTpaHCTBe zina oõiuero CJlYtIaH asrpoxc
,n;eHHhIX CI1CTeM c npOH3BOJlbHhIM QHCJIOM canaeã, KOTOphU1 HBJIHeTCH 0606

n/ lO/~eHHeM peuerrra, rrpennosceaaoro nrra rtoneá HHra-MI!iJIJlca,11 HeKO

TOphIX tIaCTHhIX BbI60pOB (rrepaasasrx) rcanaôpoaorc. 31'01' peuerrr , npar-re

HHTeJlhHO K aaurer-iy cnynaío , ronopnr o TOM, tITO eCJlH MhI HaJIO)KHM na 

3J1elnpOMarHHTHoe nOJIe Bf.l aexoropoe l<:anl16pOBOlJHOe YCJIOBl1e, Hanf:I1Mep 

ycnoane KYJIOHa X (/) = ai Bi :::: O,TO aropoe KaJII16pOBOlJ:HOe YCJIOBl1e X 222mpe

,n;eJIHeTCH 0,n;H03HatIHO 113 Tpe60BaHHH COXpaHeHI1H no BpeMeHH YCJIOBI1H 

X( 1; c YtIeTOM raMIUlbTOHOBbIX ypaBHeHHH JI.BI1)KeHI1H 
1 

.	 (1) ( 2) 1 X( 1) H . r d 3 -.. a À 0 (1) I = L\B o -- ai 17. ::::: O. (19)X 1	 X 2 1 ' tot + X 2 a a 1 
a= 1 

Taxar-r 06pa30M, OtIeBH,lJ;HO, lITO YCJIOBl1e X ~2) HMeeT CMhICJI BTOpWIHOH 

CBH311, li MhI 6y,n;eM B ,n;aJIhHeHUIeM Ha3hIBaTb YCJlOBI1H rnrra (19) BTOpl1tI 

HhIMI1 Ka.JIH6pOBOlfHhIMH YCJIOBIfflMI1 B epa30BoM npOCTpaHCTBe, tIT06hI 

ae nyrars I1X C BTOpl1tIHhIMI1 KaJm6pOBOlJHhIMI1 YCJlOBI1HMI1 rana (5), KOTO

psre MhI 6y,n;eM Ha3hIBaTb BTOpl1tIHhIMH YCJIOBHHMH B KOH<pHrypau,110HHOM 

npOCTpaHCTBe. 06'be,n;MHHH xamrõponosm.re YCJIOBI1H X 1 11 X 2 CO CBH3HMH 

(166) , nOJIytIHM CHCTeMY mecrn CBH3eH nroporo pona: • 
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i17<1>1=17 0 =::0; <1> == ~B -a
4 O i 

<1>2 = a
i17 

+ gJ + i(<1>6~ - <1>5 t/J)::::I O; <1>5 == Pt/J- it/JyO :::: O; (20)i O 

<1>3=a 
i 

B i::0; <1>6=P~=::0. 

Bocnonsaoaaauiacs 3aTeM oõnteü <p0pMynoií <Pa;::v::r.eeBa /8,9/ KBaHTOBa

HMH asrpoacneaasrx CMCTeM co CBR3HMM BTOpOrO pona, C YtIeTOM TOrO, qrO 

cynepnerepxnniaar, COOTBeTCTBYIOI.I(Mií CMCTeMe (20) MaTpMUbl cK060K 

(aHTMcK060K npa e, e' = 5,6) Tlyaccoaa Cu'=II<1>f, <1>e'll ,Ha rronepx
HOCTM, sanaaaeraoã CBH3HMM (20), ecrs KOHCTaHTa, ae 3aBMCHI.I(aH 01' rroneü 
B, t/J, ~, TaK tITO asrpaaceaae S det II Ce.r' I1 ,KaK 06bltIHO, 3aHOCMTCH B HOp

MMpOBOtIHblií MHO:JKMTenb, norryvavr cnenyromee .ssrpaaceane ,n:JIR rtpoasao
zraurero <PYHKIUloHan:a <PYH~Mií I'paaa B <pa30BoM npOCTpaHCTBe * : 

G(j; v, ~) ~ r:c t/J i:;jJ:C P ./.~p- o(p./. - i t/Jyo) o (P:7) . (21a) 

4 . :-'P t/J_7 _ '!. _ 
. eÀ'Pi r d x {p .1. t/J + P- t/J - [- i t/J Y a, t/J + m t/J - v t/J - t/Jv 11(J) ,
 

'P t/J 1
 

r,n:e 

i
3(J) = rTI ~ B TI ~ 17 0(17 ) o (a i 17, + ,g Jo)o(a Bi)o (~Bo + gJo)'II 011' r 11 11 1 

(216)
4 11' 1, i O i 

-exp i rd x {17 B - [--2 171 17 + (J B 17, - gJ B ) - g B .I. - 1.- F i j F.. 1L 
11 i o 1 o 1 4 lJ. 

Ilr0,n:tIepKHeM, tITO asrpaxceaae (21) nrra G(j; v, v) nonyxeno B par-ncax 
nonxona <Pa.u.neeBa KBaHTOBaHMH CMCTeM co CBH3HMM B <pa30BoM npocrpan
CTBe MeTonoM <PYHKQMoHan:bHoro aarerparra M cosnaaaer co CTaH,n:apTHbIM 

nsrpaxcenaer-r /9/. O,n:HaKO car-ro rro ce6e asrpaxceaae (21) ente HMtIerO ne 
naer nna <pM3MtIecKMx npanoaceaaâ. ,UnH <pM3MtIeCKMX npanoaceaaã, l' .e. 
nna nocrpoeaaa ,n:MarpaMMHoií TeXHMKM, nocrpoeaaa KBa3MKnaCCMtIeCKOrO 

pa3nOJKeHMR M l' .rr., He06xo,n:MMO nepeàrn B rconrpar'ypanaoanoe npencraa-: 
rrenae, T.e. rrpOBeCTM B (21) MHTerp"pOBaHHe no KaHOHMtIeCKMM HMrrynb

caM 1711 ' P t/J, Ptfi: I1HTerpHpoBaHMe rro MMrrynbcaM P t/JH P Jj c nOMOll.(b1O COOT

BeTCTBYIOmHX O-<PYHKUHií o(Pt/J - it,Yyo) ,0(Plf) rrpOBonMTCH TpHBMan:bHO: 

4
G(j, v, v) - ! i: t/J:C fexp[i r d x {t,Y (iy!1a - m) t/J + vt/J + t/Jv n3(J) (22)

l1 

H OCHOBHYIO TPy,n:HOCTb npezrcraanaer CHHTMe HHTerpan:a rro KaHOHMtIeCKQ

MY awmyrrscy 17 3neKTpOMarHMTHoro nona. I1MeHHo na 3TOM Ba:>KHOM lia
11 

re nOHBnHeTCH nepaoe npaananaansaoe paCXO)K,lJ;eHMe naurero nonxorta co 

CTaH.n.apTHhIM. 
, ,. 

* 3HallOK //-" 03HallaeT onpeàe.neHue c TOlIHOCTblO ào HOpMUp0801lH020 MHO:HCU

Te.nJi, 8 o6U{eM CflYlIae - 6ecKoHellHou 'nOCTOJiHHOU /5/. 

Ilpeaore acero , HánOMHHM, tITO Tpe60BaHHe KOHetlHOCTH ,n:eMCTBWl 

npennorraraer y6bIBa.HHe na 6eCl<:OHeqHOCTH ronsxo <pM3HtIeCKHX noneá, 
rorna KaK COqeTaHMe sroro Tpe60BaHMH c B03MO:JKHOCTblO npoaenenaa HlI.,1 
TerpMpoBaHllR no qaCTHM, KOTopaH He06xo,n:HMa ,n:nH nocTpoeHHH TeopHH 

B03MymeHH:H:, npezmonaraer, tITO ace KOMflOHeHThI KaJIH6pOBOtIHOrO rrorra 
B ,n:on:>KHhl y6hIBaTb õsrcrpee, tIeM II x] (CM. narrparaep," 12/ ) : 

I1 

lim [x] B?L(X) == O. (23) 
1 ! xl--.oo 

11 •• 

B rononor-asecxa HeTpHBHaJIbHhlX Kan:H6pOBOqHbIX Mo,n:enHx (HanpHMep, 

B KX,IO, xoropsre Mbl 6y,n:eM paCCMaTpHBaTb B nansaeãuievr, aaxrerra "quCTO 

KanH6pOB01ffiOrO aCHMnTOTHqeCKOrO nOBe,n:eHHH rrOJIH BI1 : I~t~oP It (x)=J uu--JI1 

+ 0(1/ I x I) na TeopeTHI<:o-B03MymeHqeCI<:He rpaaauar-re YCJIOBHR npaaoziar 
K cymecTBeHHOMY 06enHeHHIO 'reopan - HCKJlIOqeHMID KpHCTaJInOB, corra
TOHOB H T .n. /13/. 

B JãIpHnO:JKeHHH A õyner nOI<:a3aHO, tITO ycnoaae (23) HeHBHO HaKJIa

)J,hlBaeTCH B CTaH,n:apTHoM nonxone na ilOTeHUHaJI Bo ' 31'0 asrpaacaercn B 

TOM, tITO npa nepexozre B xonrpar-ypanaonaoe rrpOCTpaHCTBO o -<PYHKI~HH 

o (~Bo + gJo) B HCXO,n:HOM COOTHOllleHHH (22) npencrannaerca B nane 

-1 -1 -1 
o(~Bo + gJo) == det ~ o (B + g A. ~ o(Bo + g A (24)o Jo) .To), 

rne /1-1 - 06paTHhIH K oneparopy Jlartnaca ~ aia, aarerpansnsrã onepa
1 

TOp C H,n:pOM 

-1 ~ --. 
~ (x - y) == o(x - yo) / 4 17 I x - y I . (25)o 

Cavra xce npouenypa nepexona B xoarparypauaonaoe npOCTpaHCTBO 

B COOTHOllleHHH (22) nrra npoaanonautero cPYHKUHOHaJIa G(j; v, v) aaxrno
qaeTCH B TOM, qTO, ao-nepasrx, IIJIOTHOCTb hB,J (x) (nsrpaaceaae , CTOHIlJ,ee 

B KBa.n:paTHhIX cK06Kax B (216)) HCTHHHoro KaIiOHI1qeCKOrO raMHJIbTOHH

ana HB,J(t) 3aMeHHeTCH na nrrQTHOCTb hÍ3,lx) ,0TnHqaIOmYIOCH 01' 

h B,J(X) na nonHYIO npoH3Bo,n:HYIO: hÉ,J -, hB,J - aP(Bo17,) . BO-BTOPhIX, 

O-<}lYHKUHH o (~Bo + gJo) npencraanaerca B BH,Ue (24), a 3aTeM, nocne 
npoeeneaaa TpHBHaJIbHOrO HHTerpHpoBaHHH no neperaemrsnvr B o H 170 , MC

nOJIb3yeTcH HHTerpaJIbHoe- npencraancane O-epYHKUHH O(al 
77 i + gJ Q) == 

= r:C v exp i] V(x) (al17i (x) + gJ (x)) 1 "nOCJle uero ,n:eJIaeTCH sar-reaao 
V + gt\-lJo -. Vil npoaonarca ocraauteeca mrrerpnpoaanae no 'rpexraepnovry 
ar-mynscy *. Ilpn 3TOM AnH Toro, tIT06LI mrrerpan no -;, CBenCH K raycco

BO~f rcnanparype, onHTb-TaKH He06xo,UHMO nepeêpocars npoaaaoznu.re c 

17 í na V 'H OT6poCHTh nOBepXHOCTHhlM MHTerpaJI r da I1(V 771-1). B peayrrsrare 

nponenenaa aroã npouenypsi, nocne Toro KaK neper-reaaaa V 06bHBJIHeTCH 

HyneBoM KOMnOHeHTOH BeKTopHoro nOJlH B'l' BMeCTO (216), (22) nony

qaeTCa cne,n:YIOmee BhlpaJl(eHHe ,n:nH npo1l3B0tlHmero epYHKUHoHana ~YHK-
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L\lU1 I'pana G (j ; I/,~) B xonrpar-ypauaoaaor-r npencraarreaaa: 

G(j;	 1/, v) - r T t/J:C ti" II :D B~exp[ i [d 4x f (x] j; 1/, v)] o(ai B ) , (26)to t ifi 
rne .~ to t onpenerrea COOTHOllleHHHMli (8) - (12) . 

Pa30BLeM aJIbTepHaTliBHYlO, ne liCIlOJIL3YIOmyIO rpaHHtIHLIX YCJIOBliH 
(23) npoueziypy nepexona li3 rpaaoaoro IlpOCTpaHCTBa B xoarpar-ypana
OHHoe. 

B xaxecrne acxoznroro paccr-rorpar-r HHTerpaJI (21), (22). Ilpoanrer
papoaas 110 7To' aerpynao nepenacars nsrpazcenae (22) B Bli,ne cnenyro
mero noeropaoro aarerpana: 

~J (J)	 = rrI t B o(L\ B o ·1- gJ ) o(() i B.) .o~	 ~ 1 
(27) 

exp i r d \ [ - .L F i j FI" !!,J~ B ] ~ (B, .J),
4 J 

t, 

~ 

r,ne 

d(B	 J) 11 li' . 4 1 .... 2 i iJ , = r ..I,7T. exp[ i I d x (-2 7T + 7T F' ) l oca 7T. + gJ ).
i	 1 Io 1 o (28) 

BhlI10JIHliM B (28) cnenyiouryro 3aMeHY nepevrennoü ]; : 

7Ti ..	 7Ti + F íO • (29) 

3Ta sar-reaa 06nMaeT cnenyrouiar-ra caoácraaxra. Bo-nepasrx, na nonepx
HOCTli Kanli6pOBO~hIX YCJIOBliH OHa npeapautaer 3aKOH I'aycca co B3aHMO
,neHcTBHeM a I 7Ti + gJo :=0 B CB060,nHhIH 3aKOH T'aycca a1

' 7T i = O. ,IleHcTBH
TeJIbHO, Ita noaepxnocra X, 3MaBaeMOH Oi <PYHKlJ,liHMli o(ai Bi ) H O(~Bo+ 

+ gJo ), liMeeM* ai FiO I X == (~ Bo - é.b (a Bi »)1 x =-gJo li, CJIe,nOBaTeJILHO, 

O(a i 
7T. + gJO)1

1 
-+ o((}i 7T. + ai F. + gJ ) [ = o(a i 

7T ). (30) 
1 X I Io o X i 

BO-BTOphlx,3aMeHa (29) yaa-rroacaer nepexpecrasre lIJIeHhI 

1 i 1 iO 
7T i F	 . + ....!.. 7Ti 7T -+ (31)

01 2 i 2" 7T 7Ti -'"2 F FiO· 

30eCb	 UCnOJlb308aHO TO O6CTOJlTeJlbCT80 , 'ITO xanuõpoeonnue YCJl08UJl, saàaeae
us:«	 <ftYH~14UOHa.flbHbIMU Ô -ifJYHK.14UJlMU, coxpatouorcn KaK 80 8peMeHU, TaK U 8 npo

1 TI 1 -+ crpaucree. TaK, uanpuuep, o(a B · ) == -+0 ca B I' C t, x)) u, CJle008aTeJlbHO, YCJl08Ue 
. t Xai Bi.=O coxpausercn 80 8peMeHU 

1 

(TaK !Hie, KaK U 8 npoctpancree}, CJle008aTeJlbHO) 

aoca 1 B. (x)') = O na eceú epeuennoü OOU. 
o I, 

C YlleTOM Toro, lITO HK06HaH JIliHeHHOH 3aMeHhI (29) panes enanaue, c 
HCIlOJIL30BaHHeM cooraoureaaã (30) H (31) asrpazceaae (28) nepernuuerca 
B BH,ne 

t1 i iO li' -+ i . 4 1 -+ 2
J (B; J) == exp[- - F F.o] r .J.; 7T o(a 7T.) exp[ 1 rd x - 7T ( x)] , (32)2 1. 1 2 

;:J nOCJIe,nHliH aarerpan B ~ 32) ne saaacar HH OT IlOJIR B~, Hli OT TOKa J~ , 
r.e. RBJIHeTCH KOHCTaHTOli, KOTOpylO MhI, KaK 06hIlIHO, BKJIlOlIaeM B nopr-nr

.~ POBOqHbIH MHO')KliTeJIL. Taxar-r 06pa30M, c YlIeTOM COOTHorneHliH (27), .. (32), <p0pMyna (22) ,nJIR rrpoaaaonmnero <PYHKlJ,HOHaJIa <PYHKlJ,liH I'paaa 
G (j ; 1/, ~) B KomplirypalJ,liOHHOM npocrpaucrne rrepenauierca cnenytounoa 
06pa30M: 

G(j;	 1/, 'V) - r~t/J:Dlfj V~B~o(~Bo + gJO)o((}i Bi ) . 

( 33) 
. 4 ~u . . exp 1 r d x ~ to t (x I J. 1/, 1/). 

CpaBHHBaH (33) co crannaprusrr-r asrpaxceaaer« (26), MhI Bli,nliM, lITO OHO 
OTJIlillaeTCH' OT nocnennero HaJIHtrneM ,nOIlOJIHHTeJIbHOH o -<PYHKlJ,HH. o(~ Bo+ 
+ gJo) non 3HaKOM <PYHKlJ,HOHaJIbHOrO HHTerpHpOBaHHH 110 BeKTOpHoMY 
IlOJIIO B~. 3TO 06CTOHTeJIbCTBO cytnecrneaao OTJIHlIaeT naui IlO,nXO,n OT CT.aH'" 
naprnoro. ,[(eHcTBHTeJIbHO, aosapauiaacs K HCXO,nHOMY Bhlpa')KeHHIO (22), 
M~I BH,nHM, lITO BCJIe,nCTBHe COBMel..lJ,eHHH o-<PYHKlJ,HH o.(~ Bo + gJo) H 
o(J i Bi ) non 3HaKOM aexropaoro HHTerpHpOBaHHR B COOTHOllleHHH (22) 
6hIJIO oõecne-reao BhII10JIHeHHe 3aKOHa I'aycca 

aiF = - g J · 
iO o	 (34) 

I 
B CTaH,napTHoM xce nonxone, BCJIe,nCTBHe nonr-reasr HCTHHHOH ,nHHàMHlIecKoH 
neper-reaaoã Bo, KaHOHHlIeCKH COIlpH')KeHHOH nepexieaaoã 7TO H y,nOBJIeTBO
pmouieá 3aKOHY I'aycca (34) (KOTOpbIH na IloBepXHoCTH, sanaaaer-roã 
o(J B), npaaaxraer BH,n ~Bo + gJ o = O), na IlpOH3BOJIbHYIO (ne y,nOBJIeT

'/;4 
~.	 BOPRlOlUYIO HHKaK<;>MY YCJIOBHIO) <PYHKUHlO V, HHTerpaJI (26) conepacar
l·	 TOJILJ(O O,nHY O-<PYHKUHIO; ypaaaenae (34) Y')Ke ne BhII10JIHHeTCH,H BMeCTO 

HHTerpHpOBaHHH 110 ,nBYM He3aBliCHMhIM KOMIlOHeHTaM B~ BHCXO,nHOM 
narer-pane (22) B OKOHlIaTeJIbHOM asrpazcenaa (26) IlpOHCXO,nHT HHTerpH
pOBaHHe Y')Ke 110 rpevr KoMIlOHeHTaM aercropaoro IlOJIlI. 

C npyroü CTOpOHhI, naure nsipaacenae (33) ,nJIH npoaaaonanrero epYHK
lJ,HOHaJIa epYHKlJ,HH I'paaa B KOHepHrypauHoHHoM Ilpe,nCTaBJIeHHH conepsorr 
O-epYHKlJ,HlO o(~Bo + gJo) non 3HaKoM aarerpana, KOTopaH, KaK H B epa
30BOM IlpOCTpaHCTB~, oõecnevaaaa BblI10JIHeHHe HYJIeBOH KOMIlOHeHThI 
ypaaaeaaã MaxcaeJIJIa , OCTaBJIHeT trnCJIO He3aBHCHMh1X KOMIlOHeHT BeK
ropaoro IlOJIH B~ TaKHM »ce, lITO H B epa30BOM IlpOCTpaHCTBe, T .e. paBHhIM~~ 
,nBYM. Kpor-ie Toro, euie paa nonsepxnev ,nOIlOJIHHTeJIbHOe npearayutecrao 
aaurero nozrxona - MhI aarne He HCIlOJIL30BaJIH TeopeTHKo-á03MYl..lJ,eH
qeCKlie rpaaannsre YCJIOBHH (23) H, CJIe,nOBaTeJIbHO, nstpazceaae: (33) ,nJIH 
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: f 

í; 
np0113BO,Il,Hll~erO cPYHKUl10Hana G( j ; v, ~) MOJKeT 6hITb 6e3 OrpaHHtIeHI1H 

I1CIlonb30BaHO B HenepTyp6aTI1BHhIX MeTOnaX TeOp1111 nona, 

I,
3. IIEPEXO.n; K rrAHI1qHhIM YCJIOBI1HM 

TEOPMM B03MYIUEHI1H
 
11IIOCTPOEHME fIPOM3BO,Il)lIUErO <1>YHKUMOHAJIA
 . il'\S-MATPHUbl \.4t1,i l 

.no CI1X nop MhI narne ae I1cnonb30Banl1 rpeõcaaaae y6hIBaHHH BeK

TOpHhIX norreü na 6eCKOHetIHOCTH H TOJIbKO na 3TOM arane MhI npl1HI1MaeM 

TeopeTI1Ko-B03MymeHQeCKHe rpaaaxasre YCJIOBI1H (23), xoropsie ,Il,aIDT 

HaM B03MO)KHOCTb aarerpapoaars no lIaCTRM 11 n03BOJIHlOT npencraaars 
o(~Bo + gJ ) B Bl1,I1,e (24). I1oCJIe,Il,Hee 06cToHTenbcTBo naer HaM B03MO)f(

o
HOCTb c,nenaTb TIO,Il, 3HaKOM mrrerpana no KOMnOHeHTe Bo B Bblpa)i(eHHI1 

(33) 3aMeHY B + g~-l.Jo ...o	 B o:
 

-1
 o(~Bo + gJ	 ) - o (Bo + ,g~ J o) ... o(Bo)'o

npOBO,lJ;.H 3aTeM ~HTerpl1pOBaHHe TIO tIaCTRM, c YtIeTOM YCJIOBI1H JBi = O , 
33,lJ,aBaeMOrO oca 1 B ) , HeTpYAHO nOJIYlIHTb BMeCTO (33) cooraourenae 

i 

O(j; v, v) -	 r T,t/;f;~ ~ T,B'LeXPi[rd4xL~0(xIB; t/J, ~) + 

fL - - eff P h, (35)
+ B (x)jfL (x) + v (x) t/; (x) + t/; (x)v (x) 1+ Sint (B. J )1 

fL fL0(."1 B ) o(a B),
fL fL 

rne 

- -	 1 IL tr v (36a) ~o(x\ B; t/;,	 41 ) = t/;(x) K t/;(x) +"2 B (x)KfLV B (x). 
I 

. ~fL tr	 (366) 
~ 

K s == iy afL - m ; KfLLJ:= o gfLl-'- afl,aV ' 

.+.	 v Seff 
,+,YHKU;HOHarI B3aI1MO,lJ,el1CTBHH j n t HMeeT BH,Il; 

S .eff (B JP ~ = S.St (B. JPh) + ~ S.C (J p~ = 
lllt' Jnt' m t (37)

4 fL 2 4 4 o -1 Ph 
g J dx Jph(X) BfL (x) - (g /2) r d xd y Jph (x) ~ (x - y)JO (y), 

a qJ1.'I3H'Iecl\:HH TOK J~ h(x) H <PYHKIJ,l1H I'pana ~-l(x - y) oneparopa Jlan- i 
naca onpenencast COOTlWWeHI1HMH (11), (25) . \'/ 

Ilpn nOJIYQeHHH GOo~'HollIeHHH (35) Mbl, parta KOBapl1aBTHOCTH, aar-re- 1 

HHJlI1 .1 1 Bi-~ JfLB 11 ô(a1B ) -+ 8(a fL BfL) , tITO, OtIeBH,uHO, acerzta MO)KHO
jIl 

cnenars B 'CI1J1Y Ha,'1YII.JHH 8(I:},e}) non 3HaKOM mrrerparra. 

10 .h 

HeTpY,II,HO anners , tITO tIJIeH ~Si~t = -(g 2/2) rd4x d ~[Jlh~-lJ~h] 
ecrs ne tITO aaoe, KaK xoponio H3BeCTHoe KYJIOHOBCKoe B3aHMOneHcTBHe. 

Onnaxo, B OTJIHtIHe 01' craazrapruoro nonxona, OHO B03HHKaeT (B COtIeTa

HHH c o(Bo) ) non 3HaKOM <PYHKIJ;HOHaJIbHOrO HHTerpHpOBaHl1H no ~ceM 

xersrpewr KOMnOHeHTaM aexropaoro nOJIR BfL' TaKI1M 06pa30M, B pe3YJIbTa

Te nepexona K TeopeTHKo-B03My~eHtIeCKI1M rpaHHtIHbIM YCJIOBI1RM (23) 
B Bblpa)KeHHH (33) MbI nOJIYlfiIJ111 ,uJ1R npoaaaonamoro <PYHKIJ;HOHaJIa

qV) (j; v,~) asrpaxceaae (35), conepxcautee, B OTJ1~lfiIe 01' cooTBeTcTBYlO

mero craanapraoro BblpaJKeHHH, zme o -<PYHKUHH o(a 1 Bi ) H o(Be}) H xyrro
HOBCKoe B3aHMOneHCTBHe ~SiCn t non 3HaKoM <PYHKIJ;HOHaJIbHOrO I1HTerpaJIa. 

Herpynno aaziers , tITO COBMe~eHl1e nBYX l').<pYHKU;HH o(Bo) H 0(a1 B )
i 

onRTb-TaKH 06eCnetII1BaeT BbmOJIHeHl1e non 3HaKO~ xonraayansnoro HH

rerpana 3aKOHa I'aycca, rerteps Y)Ke B CBo60,uHOH rpopr-re: 

a i FiO ==~Bo-ao(a 
i 

Bi)=O.	 (38) 

,[(J1R HCCJIe,Il,OBaHHH TaKHX CBOHCTB TeOpI1H, KaK norrepexaocrs , nesa
BHCHMOCTb KaJIH6pOBOtffiOrO YCJ10BHH 01' C,II,BHra na KOHCTaHTY, H .I:(JlR nepexo

na 01' OnHI1X 0-06pa3HbIX KaJIH6po'BOtffibIX YCJIOBHH K ,nPyrI1M, KaK H B 

CTaHnapTHOM CJIYtIae, He06xo,uI1MO nepeãra 01' KaJIH6pOBOtIHO-HeHHBapHaHT

noro rrpoaaaonaiuer-o <PYHKU;110HaJIa <PYHKUilli I'paaa O (j ; v, ~) K COOTBeT

çTBYIO~eMY eMY npOH3BOnm..u;eMY <PYHKIJ;HOHany S -MaTpHU;bI. ,[(JIH aroro 
He06xo,uHMO nepenacars COOTHOrneHl1e ( 3 5) ,uJIH OU; v, v) B HeCKOJIb KO 

I1HOM BI1,ue. C I1Cn0J1b30BaHHeM <POPMYJIbI npaaeneaaa 

•	 o 
<1l(q + cp) =	 exp(q-)<1l(cp), (39)ocp 
rne <1l(cp) - np0l13BOJIbHbIH <PYHKU;HoHan nOJIH cp, HeTpY,II,HÔ nOJIYtIl1Tb BMeCTO 

(35) COOTHorneHHe 

r"'	 ("I) ~. . eff
'~(n)(j') = 0 0 (o /011;) exp l S, t(1;) + cpj'll ,	 (40}í 

'1	 'In 1;=0 

("I) c:
r'ne 0 0 (J) sanaerca nsrpaaceaaera (35) npn g = O. B <popMYJIaX (39), 
(40) asenensr KOMnaKTHhle 0603HatIeHHR 

q = (B; t/;, t/;); 1; == (A; a', ;); j' == (j; v, v), 

(41) 
cr. 4 fL - 

.1;J = Jd X[~ (x)jfL(X) + a(X)v(X) + v(x) éT(X)]. 

KaK MbI YBI1,uHM HH)Ke, nOJ1H cp .npa nepexone K S-MaTpHu;e 6y,uYT nrpars 

pOJIb BHelllHHX nOJIeH, xoropsre nOCJIe nOJIO)KeHHH na MaCCOBYIO rronepx

HOCTb BXOnHT BO aneumae KOHU;hÍ naarpar-ir-r, npe,Il,CTaBJIHlO~I1XS -r-rarpnuy . I 

Hx He06xo,uHMO OTJIHtIaTb 01' BHYTpeHHHX ~IOJ1eH q, xoropsre onpenerraror 
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BHYTpeHHHe CBepTKH (K03<pqnUJ,HeHTHble <PYHKIJ,HH) H ne nortararo'rca lia 

* MaCCOBYIO I10BepXHOCTb, l' .e. ae nO,UtlHHHIOTCH ypaBHeHHRM ,UBH)KeHHH 
,UaJIee, HenOCpe,UCTBeHHO 113 onpenenenaa HOpMaJIbHOrO npOH3Be,UeHHH 

Cne,UyeT,tlTO 

(42)<OI,NF(1))IO> = F(1))\1>=O 

rzte 3HatIOK" ~ "03HatlaeT CY)KeHHe <PYHKI.tHOHaJla F( 1» na <pH3HQeCKYIO 

MaCCOBYIO nOBepXHOCTb. 3.uecb He06xo,UI1MO cnenars aasoroe 3aMeQaHHe. 
nOHHTHe <pH3HtleCKoti MaccoBOti nOBepXHOCTH CneIJ,H<pHtIHO ,UJUI KaJlH6pOB0l1
HbIX noneã, uro CBH3aHO c HanWrn:eM He<pH3HQeCKHX creneneá CBo60,UbI 
KaJIH6pOBOlllIOrO nona. n03TOMY, cnenya / 14/, Mbl 6y,UeM pa3JIHQaTb ,UnR 

xanaôpoaouaoro nona ,UBe nOBepxHoCTH. 
1. Tlone Ap. npHHa,Une)KaT npOCTpaHCTBY ncex QeTblpex IlOnRpH3al.I,HH, 

r.e. na tIeTblpexKoMnoHeuTHoe norte Ap. ne HaJIO)KeHO HHKaKHX YCJIOBHH. 
Torna r-racconoá noaepxaocrsio (MlI) Ha3bIBaeTCH rroaepxnocrs , na KOTO
poli BbInOnHHIOTCH caofiornrste ypaBHeHHH Maxcaenna. MbI 6y;:i.eM o603Ha

tlaTb rtorre, np"Ha.une)Karu,ee MaccoBoH nOBepXHOCTI1 A: 

(43)Â ~ MII => o Âp. - ali (a Â) = o. 

2. Iloaepxnocrs B npocrpaacrse ,UBYX <pH311t1eCKI1X rronnpaaauaá cPOTO
na, na KOTOpOH BbInOnHHeTCH ypannenae Kneüaa-I'opnoaa o Ali = O, MbI 
6y.ueM Ha3bIBaTb <p113I1tIeCKOH MaCCOBOH nOBepXHOCTblO (~~n)';r::- li -none, 
rrpanazinezcautee 3TOH noaepxaocrn, MbI 6y.ueM 0603HatlaTb Ap.: AliE- <1>MTI .• 
OlleBI1,UHo, 1IT0 ,[lJIR norreü MaTepI1H. nOHHTI1R Mil H <1>MTI COBna,UalOT. Ilort
qepKHeM, -rro diopr-tyna (42), TaK xce, KaK 11 reopexia BI1Ka, I1CnOnb3yeMaH 
B ,UaJIbHeHWeM, HMeeT cr-n.icn ronsxo B TOM cnyuae, ecmt I1MeeT CMbIcn 
CHMBon N HOpMaJlbHOrO ynopH,U04eHHFI. Ilocnezuree )Ke BbInOnHReTCH rraurs 
B TOM cny-tae , ecrra MO)KHO pa3611Tb nona 1> na nOnO)KHTenhHO- I10Tpl1l.(a
TenbHO-4aCTOTHbIe COCTaBnmOmI1e, 1IT0 B CBOIO onepens .B03MO)IQ-1O ronsxo 
rorna, xorna nona Ó npI1Ha,Une)KaT <pI13HlIeCKOH MaCCOBoH noaepxaocrn. 

COOTHoweHHe (42) nosnon aer npencraaars nsrpasceaae (40) ,UnH 

G(j, ~', v) B crrenyroutewr BI1,Ue: 

ct: (TO 8 eff
G( )(J) = < 0INlG (--)expi(S. (1)) + <t>S:1\ ::::10>. (44) 

íTJ o 8 i <.6 n t 1>=1> 

Bocnonb30BaBWI1Cb 3aTeM <PYHKl.(110HaJIbHOH rpopr-rynapoarcoã TeopeMbl 
BI1Ka (TeopeMa BI1Ka-XOpI1' 14

1 
), ner-xo nonYtmM BMecTO (44) COOTHO

urenae 

* HCKIlIOl/{lJi Te CIlYl/aU, KOé!Oa ypaenenus OBUJKeHWI 3aBeOOMO sanaceuu noõ 3Ha

KOM ifJYH K14UOHaIlbHOé!O UHTe2p(1Jza c noseoiusto coOT8eTCTBYIO~UX8 -çjjYHKl.4uii (CM. (34) . 

(38).). 

12 

~ ; 
-G (T1> (s:) = .< oI T exp L[ S .eff (cC} + ; s:] 10 », (45) 

III t 

rne 

T(;)$(x")) = 8 2 d TJ) Cf) lo:f(x)B5(x') +N(;(X);(X')), {46) 

.} 

tI 

I1,TaKI1M o6pa30M,COOTBel'CTBYlOmaH np0I13BO,UFI~eMY <PYHKI.tI10HaJIY <PYHK
IJ;I1H J'paaa a{TJ) { :f) S -vrarpana B KOH<pl1rypaI.I,l10HHOM npe,UCTaBneHI1H 
I1MeeT BH,U 

~~ 
S = TexpiSint (j), ( 47) 

r,Ue T - np0l13BO,UHble oneparopoa 1>(x) 11 1>(x') onpeneneao COOTHowe
Hl1eM (46). OnFlTb-TaKH Bocnonb30BaBWI1Cb 'reopevroà BI1Ka-XOpl1, HeTpy,U
HO nony-nrn, cnenyrouiee npencraaneaae ,UnH S-MaTpI1UbI (47); 

S = NR(Tl){1»! :::: (48a)
1>=1> 

r,Ue 

R(TJ) (ch) = G~TJ)(ô/oi1»eXPiSint (1)) . (486) 

BenHtII1Ha R(TJ) (1)) ecrs ne tITO I1HOe, KaK npoa3Bo,UH~I1H <PYHKIJ;110HaJ1 
S-MaTpl1l.(bI, sanarouraã S-MaTpHIJ;Y (47) BHe nOBepXHOCTI1 r-racc. ( ) . 

TaKI1M o6pa30M, I1CXO,UH 113 BbIpIDKeHI1H (21) .unH. G TJ (J; lJ, v), 
rcoropoe 3a,UaBaJIO npoH3Bo,UH~I1H <PYHKl.(HOHaJ1 <PYHKUI1H I'paaa B <Pa30BOM 
npOCTpaHCTBe, MbI nepeuina B rcoarpar-ypanaoaaoe npOCTpaHCTBO (nepexon 

(21)-(33)-(3f») B B~Ipa)KeHHI1 ,UJIFI np0I13BO,UHIl~ero <PYHKUI10HaJIa <PYHK
UHH I'pana G 7p (j; v, v) , a 3aTeM BOCCTaHOBl1nI1 cooTBeTcTBYlO~I1H (35) 
BH,U S-<PYHKIJ;HI1 11 ee 'np0I13BO,UH~ero <PYHKUI10HaJIa B KOH<pl1rypauI10HHOM 
npe,UCTaBneHHH. 

C I1CnOnb30BaHHeM ( 35), ( 39) COOTHOWeHl1e (48) npl1HI1MaeT BI1,U 

R(TJ) (1)) - rT q exp i[So(q) + S~~~(q + 1>)1. 8(TJ Ii ?>/1 ) o(aIiB/l). (49) 

Conepuraa 3aMeHY q .... q - 1> H BOCCTaHaBnl1BaH 0603HalleHI1H (41), norry
tmM BMeCTO (49) COOTHoweHHe 

. 4 - 1 li tr lJ
 
R(TJ)(A; a, a) - exp i f d x[aKsa + 2 A KIiVA 1·
 

. J II T B/l T r/J T rj;' exp i[ r d
4
X1J>o - Ali K~lJ B lJ 

li. 
+ S ~ f f (B; JPh)] o( TJ li ( B - A )) 8 (a li (B11 

n t li 11 r 

II 
í 

Ilpencraanenae (50) ,UnH np0I13B(),UH~ero
I 

- aK s r/J - ;;;K SJ I + (5 O) 

A ». 
<PYHKUI10HaJ1a S -MaTpl1IJ;bI n03

aonner ocyutecrnrrn, rtepexozi K np0l13BOnbHbIM O-06pa3HbIM KaJIl16po.] 
BOt.IHbIM ycnOBI1HM, lIeMY 6y,UeT nOCBH~eHa cnenyrouiaa paõora, 

:1 
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Ilpunoscenue A 

B COOTHomeHHM (22), Hcnonb3yeMoM (KaK B crannaprnor-t , TaK H B 

aauiexr nonxonax) B KatIeCTBe OTnpaBHOH TOtIKH npa nepexone B I(OHqH:lry

paUHOHHoe npe~CTaBneI-me,ne rpeõyerca oõasarensaoro y6bIBaHHH nOTeH

naana BJ.L na 6eCKOHetIHOCTH. ,lleHcTBHTeJ1bHO, Tpe60BaHHe KOHellHOCT,H no xa

3aTeJlH 3 rccnonetrrsr B (22) (~eHcTBHH B <pa30BoM npOCTpaHCTBe) O~HO
3HatIHO npe~cKa3hlBaeT y6b1BaHHe mnns <pH3HtIeCKHX noneâ. TaK, nanpar-rep, 
Tpe60BaHHe KOHetIHOCTH 

cnaaopastx noneá naer 

. 2 . 2
11m r x \ t/J (x) = Iím I x I 
Ixi -sec I xl ~oo 

Tpe60BaHH.~ KOHellHOCl'H 
_ -l F .. FIJ l naer
 

4 IJ
 

2
lim I xl F iQ (x) = lim I xl F (x) = lim I Xl li (x) = O. (A.2)i j	 i
\xI~ oc IxI.~ oe Ix\~oo 

Torna ~JIH asmonaenaa (A.2) .n;ocTaTollHo, tIT06hl car-ro none BJ.L MMeno 

aCHMIlTOTHKY B BH~e "tIMCTO reanaôponosaoro" nOJUI: BJ.L(x) -aJ.L À(x) \[ xl >> 1 . 

B TO )Ke BpeMH, c YtIeTOM (A.I) H Toro, tITO HCTOlJHMK j [1 K nomo BJ.L aase
)J,OMO Bhl6HpaeTCH TaKHM, tIT06hl ero aCHMnTOTHtIeCKOe noseneaae COBna

ztano c aCMMnTOTHtIeCKMM nOBel1.eHHeM cnanopaoro TOKa J(;h, HeTpY~HO 
BH)J;eTb, tITO KOHetIHOCTb <PYHKUHOHana B3aHMO~elicTBHH.rd 4 x(g J J.L BI1) 
onHTb-TaKH ne rpeõyer 06H3aTenbHO~0 y6hIBaHHH BJ.L (x) na 6eCKOHetIlfOcTM. 

nOCTaTOtIHO BbIIIonHeHHH ycnoBHHI 11m BII (x) = corrst. TaKHM 06Pa30M,
•	 X~OO1 r 

Mbl BH~HM, tITO aCHMnTOTHtIeCKOe noneneaae ncex KOMnOHeHT nona B(l 

~O nepexoria B KOHcPHrypauHoHHOe npe~CTaBJIeHHe AOn)f(HO HMeTb BH~ 

-1	 (A.3)B (X) - a À(X), l im \ x I À (X) = O • 
J.L Ix\-+'ool1 Ix \ ~oo ' 

C npyroâ CTOpOHhl, JIerKO yõenarsca B TOM, lUO HcnOnb30BaI-me <pop

MYJIbl (24) npn nopexone B KOHqm:rYP3UHoHHoe npe~cnllUleHHe nonpasy
MeBaeT ~onOnHHTeJ1hHOe HaJW)I(eHHe na KOMnOHeHTY B o )KeCTKMX rpaaas
HhlX YCJIOBHH (23) y6bIBaHMH KaK na npOCTpaHCTBeHHoH, TaK H na BpeMeH

HOÜ 6eCI'OHetIHOCTHX. neliCTBHTeJIbHO, 8-<PYHKUI1H B JIeBOH tIaCTH COOTHO

IlleHHH (24) 3MaeT e.n.HHcTBeHHoe orpanaxeaae na nexropaoe nOJIe MHTer· 

pMpoBaHHH B(l - ero HYJIeBaH !(OMnOHeHTa ~OJI)I(Ha 6blTb perneHHeM ypan-

MaCCOBoro xnena rd (} r d Ixl tx] 3 (m t/J 1) ~eHCTBl1H 

4 Ph	 (A.I)iJi (x) = lim I x I J (x) = o. 
Ixl ~ 00 J.L 

4' 4 1 i 
<PYHKUHOHaJIOB rd X(7T I Ji"""'iQ) H rd x(-;- li li. 

. 2 I 

2	 2 

BO aceã rrpocrpaacraeaao-apesaeaaoã 06JIacTI-:I. DpH 3TOM, O~HaKO, MO)l(eT 

HMeTb npOH3BOJIbHYIO aCHMnToTMKY, rax reate 1<: mo60MY peurenaro YPaB
f ~ 

HeHHH (A.4) acerna MQ)KHO .n;06aBHTb peurenne B (t, x) ypaBHeHHH Jlarrr ~ ~	 ~ o 
naca (Bo(t I x) = C 1(t) cp (x) + C2 ( t) , rzte Ó cp (x) ~ O) c npOH3BonbHOÜ 

'/ aCMMnTOTHKoH. B TO xce BpeMH Bhl,llOJIHeHMe ycrronaa, aanaaaevror-o 8-<PYHK

nHeH B npasoã tIaCTH (24), 

t 
~ '3~ ~ ~ - 1 Ph ', 

80 ( t, x) = g rd y I x - y I J o (t , 

03HatIaeT, KaK HeTpY~Ho BH~eTb H3 

HBJIHeT,CH petueaaesr (AA), HO H c 

'" 

~ 
y) " (A.5) 

(A.I), tITO KOMnOHeHTa B ae TOJIbKOo 
Heo6xo~HMOCTblO' y,lJ;OBJIeTBOpHeT (23) . 

TaKHM 06pa30M, QJOpMaJIhHOe o õpaureaae ÔB + gJ =: ~-l(~Bo+o o 
+ g~-lJO) apr-yvrenra 8-<PYHKIJ,HH B JIeBOH tIaCTH (24) HMeeT CHJIY TOJIhKO 

npa asmorraeaaa rpaaaum.rx YCJ10BHH (23) ,lJ;JIH B o. ECJlH xce KOMnOHeHTa 

B o HMeeT aCHMnTOTHKY (A.3) , TO BMeCTO (24) HMeeT CHJIY COOTHOIlleHHe 

~ ~ ~ f ~
 

~ S(ABo(t l x) + gJo(t, x)) - n~8(Bo(t, x) + Bo(t, x) +
 

t, x t, x	 (A.6) 

4 -1 Ph 
+ g J d YÓ (x - y) Jo (y)), 

rne ~OCTaTOtIHO, tIT06hl petuenae ypaBHeHHH Jlanrraca B6, Y,lJ;OBJIeTBOpHJto 

(A.3). COOTHOIlleHMe (A.6) nepeãzter B (24) rorn.xo nOCJIe npHHHTHH 

(23). ~JIH B o (a CJIe,lJ;OBaTenhHo, B CMJIY (A.I) , (A.6) , H AJIH B f
) , TaK KaK o 

corpacHO reopexie nHYBHJInH / 15 ! e,lJ;HHCTBeHHoe peureane ypaBHeHHH 

ÔBo (t, x)= O B xnacce 0606II.J;eHHhlx <PYHKIJ,HH, Y,lJ;OBJIeTBOpHIO~HX r-pa
HHtIHhlM ycnoaaasr Iím B6 (t, x) = O ,-31'0 TpHBHaJIbHOe, petuenae. TaKHM 

. Ixl~cx!	 ' 
f ~ 

06pa30M" rmun. nOCJIe npMHHTHfl YCJIOBHH lim B o(t, x) = O Mhl nOJIyqHM
\xl ~C'Cl 

3KBHBaJIeHTHOCTb (A.6) H (24), OTKYAa B CMJIY (A.I) H (A.5) CJIe~yeT, 

tITO lim Bo(t, x') =:; O ,tITO cooraercrnyer TeopeMe / 15 1 '0 e'~MHcTBeHHo
Ix I~oo 

CTH peurexaa (A.5) ypaBHeHHH Ilyaccona (A.4) B xnacce 0606~eHHh1X 
<PYHKUMI1, yõsrsasoumx na õecxoaesnocra. 

Ba)l(HO nO~tIepKHYTh, tITO Tpe60BaHMe KOHCtIHOCTH p,etícTBHH, xo ropoe 

AJIH nOJIH BJ.L HMeeT BH~ (A.3) , npHBo~HT K TOMY, tITO aCMMnTOTHKH ero 
pasasrx KOMnOHeHT ne HBJIHIOTCH He3aBHCHMbIMH. 113-3a 31'01'0 YCJIOBHe 

lim B (x ) = O ,BhIllOJIHeHHe xoroporo , KaK Mhl noKa3aJIH, rpeõyercao
I x ]~oo
 

B CTaHp,apTHOM nonxorre, npHBO~HT K TOMY, tITO KOMnOHeHThl B i c aeoõxo

,lJ;HMOCTblO oõpauiarorca B HYJIb na npOCTpaHCTBeHHoli 6eCKOHellHOCTM, eCJIH 

HeHHH lIyaccOlIa .' ,}~	 OHM y6hlBaIDT na BpeMeHHOM OCH. LI:eHcTBHTenbHO, nYCTb lim B (t, x) = O . 
I

o
I x I -s oc 

(AA)
~BO(X) + gJo(x) = O	 Torna c YtICTOM (A.3) norryxara ao À(x) ::=: O, H ecna Mbl nOJIO)l(HM 

lim B (t , x) = O , TO B cany (A.3) nonyxara ai À (x ) =Ü H f H[m Bi (t , x) = o.i
Ixl~oo	 IX~oo 
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ABTOp~l 6JIarO,L\apHhI A.A.CJIaBHOBY li C.A.~pOJIOBY sa noneauste 

O6CY)K,neHHH. 
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CHcaKHH A.H., -C KaqKOB H.E., Illeauenrco O.lO. P2-87-728 
KBaHTOBaHHe KaJ1H6pOBOqHhIX noneü 
c yxeror-r BTOPHqHhIX KaJ1H6pOBOqHhIX YCJIOBHH:. 
Bropaxasre ycnonan B KOHcPHrypa.u;HOHHOM 
H cPa30BOM npOCTpaHCTBaX 

00Ka3aHO, xro B peaynsrare scoppetcraoro nepexona H3 cPa30
Boro npOCTpaHCTBa B rcoadiar-ypanaouaoe npOH3Bo,nHlQHe cPYHKIJ;HO
nansr S-MaTpHIJ;hl H cPYHI<UHH I'pana, B OTrm-nre OT COOTBeTCTBYlOmHX 
craanaprasrx Bhlpan<:eHHH B KynoHoBCKOt'I KaJIH6pOBKe, COJI,ep)KaT 
,1J,Be cPYHI(UHOHaJIbHhle Ô-cPYHKUHH non 3HaKOM aarerparra no rcamrõ
pOBOtlHOMY norno. COBMemeHHe 3THX o-4lYHK~HH:, ao-nepnsrx, oõecne
lJIiBaeT OnHOBpeMeHHoe BhInOJIHeHl1e ycnonna Kynoaa H 3aKOHa 
Taycca (3al<OHU I'aycca co B3aHMO,lJ,eH:CTBHeM H 3aKOHa Faycca B CBO
60)J,HOH cPopMe no li nocrre nepexona K pe)J(HMY reopan B03MymeHHH 
COOTBeTcTBeHHO) H, BO-BTOphIX, ofiecneunuaer paBeHCTBO qHCna aesa
BHCHMblX KOMnOHeHT aexropaoro nOJIfI HHTerpHpOBaHmI qHcny cPH3H
4eCKHX creneaeã cB060nhI rcanafipononnor-o nOJIH. 

Pa601a asrnonaeua B Jlaõoparopan TeopeTH4eCKOH cPH3HKH OHJH1 
Flpenpiorr 06'hellHJHDiHOro HHCTHTYTa R;:I.epHbIX accnenoaaaaã. Ily6Ha 1987 

Ilepeaon T.lO.D;YM6paiic 
f 

Sissakian A.N .. Skachkov N.B .• Shevchenko O.Yu. P2-87-728 
Quantization of Gauge Fields under Secondary 
Gauge Conditions. Secondary Conditions 
in Configuratíonal and Phase Spaces 

In is shown that a correct transition from the phase to confi
gurational space results in that toe generating functionals of S-matrix 
and Green functions, unlíke standard expressions in - the Coulomb 
gauge, contain a product of two functional delta-functions in the integ
ral over guarantees the gauge field. The product of these functions gua
rantees, first, símultaneous fulfilment of the Coulomb conditions and 
the Gauss law (the Gauss law with interaction and the Gauss law witho
ut interaction) and, second, the equality of the number of independent 
componente of the vector field of integration to the number of physi
cal degrees of freedom of the gauge field. . 

The investigation has been performed at the Laboratory of Theo
retical Physics, JINR. 
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