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B.H .TiepaymHH 

tYHMMEHTARbHYE RArPAH»tAflll , 

B KBAHTOBAHHYX KHPAJibHHX TEOPMHX 



,e,z:vrneHHOI'O l1HCTJ1TyTa H,n;epHbIX 

ccJie,n;oBaH11ti 

O6'be,[\HHeHHOro HHCTHTyTa H,[lepHbIX 

ITCH caMOCTOl!TenbHbIMH ny6nHKaUHHMH. 

1Hn . co CT. 4 YcTaBa OlUIH. OTnHiiHe 

KnI0'!aCTCll B TOM, '!TO TeKCT npenpHHTa 

3Be,[leH B KaK0M • nH6o Hay'IHOM "'YPHane 

,1H,n;eKCall,l1H 

enom1poBaHHbie ny6nHKaUHH OHJIH HMeIOT 

)BYIO HyMepaumo,cocTaBnl!IOlllYlO nocnew 

6yKBeHHbIH • M0)KeT 6b!Tb npe,I:ICTaBneH 

,f ll3b!KC; 

:KOM ll3l,IKC; 

TCJI na PYCCK0M H aHrnHHCKOM j{3bJKax. 

KOTOpblC paCCbinaIOTCll T0nbKO B CTpam,1-

IIJl,[l'eKCOB He HMelOT. 

•YKBcn111,1M o6o3Ha'le1rneM, onpe,I:1en»eT 

noJl:rry6nHKaUHH.Ilepe'!CllbTeMaTH'leCKHX 

HO,[\H'ICCKl!pacchlnaeTCllHXIl0ny'laTenllM. 

me, npocTaBnllIOTCll B npaB0M BepxHeM 

1 n11cTe Ka)K,[IOro H3,I:1anm1. 

CcbIJJKl1 

,mKax na rrperrpmITLI H coo61UCHHll OHJIH 
IIIIIIUHam,1 H <tiaMHnHIO aBTOpa, ,[lanee • 

1CTHTyTa·H3,[laTenll, HH,[\CKC,MCCTOHr0,[l 

tH CCLinKH: 

985, l{y611a, 1911. 
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S u m m a r y 

A general method is given for calculating Lagrangians with 

the help of' which the reduced S-matrix is constructed in the 

chiral quantum theory ( i.e. the theory where all possible 

reductioni/11- contraction~ of lines on diagrams/4/ - are per­

formed). 

The method proposed is a simple generaliz~tion 0£ the 

results by D.V.Volkov. These results consist in that for con­

structing the reduced S-matrix in the tree-diagram approximation 

it suffices to' pass over to the normal coordinate system. In 

this system the Cartan forms w[t/) obey the fundamenta_l 

Cartan equation/6/with the zeroth boundary condition~. Making 

use of the results of refs(4, 5lwe have shown that for construc­

ting the reduced S-matrix in the chiral quantum theory it is · 

sufficient to solve the same fundamental Cartan equations but 

with the nonzeroth boundary conditions •. These conditions are the 

Cartan forms W(<f) of the classical Goldstone fields. The fields 

r on which dependence is searched are "internal" quantized 

fields. It makes sense to call the obtained Lagrangian as 

the fundamental Lagrangian. When applying the standard pertur­

bation theory this Lagrangian reproducesl5lthe Honerkamp 

covariant perturbation theoryl4•11where all reductions 

(contractions) are made. , 

0 1973 06wl!uMeHHWil UNC..,■J/11 JI/JepHWJC IICCAel!oeaNUi/ ,lly6Ha 

.. ' 

• 
1. KupanbHO • H_HB8.pHaHTHbie /1 / qieuoMeHonorH11e CKHe 

narpam1rnaHb1 ycnewHo ucmonL3YIOTC.II ceii11ac .z:tn.11 nocTpoe­
HH.11 KBaHTOBOii TeopHH CHnbHLIX B3aHMO,tteHCTBHH C npH­
MeHeHHeM aHan7Tf11ecKoro/cynepnponaraTopHoro/ MeTo.z:ta 
peryn.11pu3anHH 2 • CornacHo nocne.z:tHeMy, .z:tn.11 ycTpaHeHH.11 
pacXO,ttHMOCTeii B Te6pHH .z:tOCTaTO11HO nHWb HenHHeHHOCTH 
narpam1rnaHa: WH3H11ecKHe pe3ynLTaTL1, nony11eHHLie B TaKoM 
no,ttxo.z:te, Haxo.z:t.11Tc.11 a xopoweM cornacHH c 3KcnepHMeH~ 
TanLHbIMH ,ttaHHLIMH no HH3KO3HepreTH11eCKOMY IlHOH· 
IlHOHHOMY pacce.llHHIO. H qiopMqJaKTOPY IlHOHa / 3/, 

KupanLHO·HHBapuaHTHbIH MeTO.z:t Bblt{HCneHH.11 cynepnpo-' 
naraTopa /T.e. CYMMLI .z:tHarpaMM C npOH3BOnLHLIM 11HcnoM 
BHyTpeHHHX nHHHH u qJHKCHPOBaHHhlM . irncnoM BepWHH/ 6hln 
pa3BHT B pa6oTax XoHepKaMna /4/ /cM. TaKme pa6oTyaaTo­
pa /5/, r.z:te Gim nony11eH .IIBHhlii BH.z:t narpaHmHaHa B 3Toii 
KOBapuaHTHOH TeopHH/. 

B HaCTO.lluteii 3aMeTKe MLI XOTHM OTMeTHTb TOT_ qiaKT, 
11TO KOBapHaHTHYIO TeOpHIO BO3MymeHH.II XoHepKaMna MO)KHO 
noJiy,HTb n:pOCThlM o6o6meHHeM pe3ynbTaTOB ,IJ;.B.BonKo­
Ba /I no nocTpoeHHIO pe.z:tynupoaaHHoii S -Ma TPHl{hl B npu6nu­
,-ceHHH .z:tepeaLee. TeM caMhlM, no·BH.z:tHMOMY, .z:taeTc.11 o6inuii 
MeTO.z:t IlOCTpoeHH.11 pe.z:tynupoBaHHhlX KBaHTOBaHHhlX KHpanL­
HbIX TeOpHii. 

2. B npu6numeHHH .z:tepeBLeB ,IJ;.B.BonKoBLIM 6hlno no­
Ka3aHo, 11TO y11eT BCeBO3MO)KllblX pe,ttyKD;HH * IlOnIOCHhlX 

* Pe,ttyKD;H.11 - nepe6pacblBaHHe npOH3BO.z:tHLIX B aepWHHax 
Ha nponaraTOpbl H CBe,tteHHe IlOCne.z:tHHX K O •qJyHKD;H.IIM 
/cmaTHe nHHHii Ha ,ttuarpaMMax /4//. · 
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,AHarpaMM K 3cl>cl>eKTHBHOMY KOHTaKTHOMY B3aHMO,AeHCTBHIO 
3KBHBaneHTeH Ha MaCCOBOH noBepXHOCTH JIBHO KOBapHaHTHOH 
npo.u;e,Aype nepexo,Aa K HOpMan&HOH CHCTeMe. KOOPAUHaT. 
S-~aTpu.u;a, nocTpoeHHaH c rieToM Bcex pe,AyK.u;Hii, Ha3bl· 
BaeTCJI pe,Ay.u;HpoBaHHOii. 

KaK H3BeCTHO, narpam1rnaHbl B KHpanbHbIX TeOpHJIX, 
L ( eu( ¢) ,t/J),RBilJIIOTCJI MHHHManbHbIMH no ~rncny npoH3BOMbIX 
HHBapuaHTaMH, nocTpoeHHblMH H3 cl>opM KapTaHa Cu" ( ¢) , 
w ~( cp), KOTOpbie onpe,AenJIIOT narpam1rnaHbl B3aHMO,AeiiCTBHJI 

rcfft,ACTOYHOBCKHX noneii cp Me)K,Ay co6oii H c .APYrHMH nonJl• 
MH t/1 COOTBeTCTBeHHO. 

qT06bl nonyqHTb JIBHYIO cl>YHKIJ;HOHan&Hyro 3aBHCHMOCTb 
cl>opM KapTaHa OT ron,ACTOYHOBCKHX noneii B HOpMailbHOH 
CHCTeMe KOOpAUHa T' HY)KHO p'ewHTb T .H. <l>YH.AaMeHTanbHble 
ypaBHeHHJI KapTaHa 16 1 c HyneBbIMH rpaHHqHblMH ycnoBHJIMH 
/CM. npHilO)KeHHe/. S -~aTpH.u;a B npH6IlH)KeHHH ,AepeBbeB, 
KaK <l>YHKIJ;HOHan OT acuMnTOTHqe CKoro non JI TT (in), onpe -
,AenHeTCJI Bbipa)KeHHeM 

(in} 4 
S ( TT ) = exp { i f d [ L ( <u ( ¢) , if, ) - a 
·tree x . µ. 

¢ { x) a TT On·> ]I 
µ. ( x} 

oL(eu (¢) ,t/J) (in) 

= - □ TT 
0¢ 

/1/ 

r.A.e ¢ - "KnaccuqecKoe" ron,ACTOYHOBCKoe none. 

/4, s/ 
3. Hcnon&3YH pe3yn&TaTbl pa6oT , HeTPY.AHO no-

Ka3aT& /cM. npunomeHHe/, qTo ,AnH nocTpoeHHJI pe,Ay.u;upo­
BaHHo:ii s -~aTpHIJ;bl B KBaHTOBaHHOii KHpanbHOH TeOpHH 
HY)KHO peWHTb cl>YH,AaMeHTan&Hbie ypaBHeHHJI KapTaHa Ha 
cl>opMbI w ( r / ¢) C HeHyneBbIMH rpaHHqHbIMH ycnoBHJIMH. 
3TH ycnoBHJI JIBilJIIOTCJI cl>opMaMH KapTaHa OT "Knaccuqec­
KHX" noneii B HOpMan&Ho:ii cHcTeMe icoop,AHHaT /I/. IIpH 
3TOM nonH r, 3aBHCHMOCTb OT KOTOpbIX onpe,AenHeTCJI, 
JIBilJIIOTCJI "BHyTpeHHHMH" nonJIMH, no KOTOpbIM 6epyTCJI '. 
CBepTKH . HnH BblnOilHJleTCJI <l>YHKIJ;HOHanbHOe ycpe,AHeHHe 
B 3aBHCHMOCTH OT npHMeHHeMoro annapaTa KBaHTOBaHHJI. 
JiarpaH)KHaH ,AilJI ron,ACTOYHOBCKHX qaCTH.U 1/2 eu a ( r /¢) f,JaiY¢) 
B TeOpHH SU ( 2) x SU ( 2) COBna,AaeT c narpaH)KHaHOM / 5/ , 
KOTOpblii: BocnpOH3BO,AHT KOBapHaHTHyro TeopHIO B03MYIIJ;e • 
HHJI XoHepKaMna / 4/. .. 
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a JiarpaH)KHaH, nocTpoeHH&Iii: .H3 cl>opM KapTaHa w a(r /¢~ 
w 13<r /¢)' HMeeT CMbICil Ha3BaTb <l>YH.AaMeHTanbHblM narpaH· 
>ICHaHOM B pe,Ay.u;upoBaHHOH KBaHTOBOH KHpanbHOH TeOpHH. 

Pe,Ay.u;HpOBaHHaJI s -~aTpH.u;a B BH,Ae KOHTHHyan&Horo 
HHTerpana onpe,AeneHa B pa6oTax /4,5/ n, no-BH.AHMOMY, 
Hau6onee Y.A06Ha ,AnH npoBe.AeHHH npo.u;e,Ayphl perynHpH3a· 
IJ;HH H nepeH_OPMHpOBOK He3aBHCHMO OT npHMeHHeMbIX MeTo-

,AOB. . /2/ 
qTo KacaeTCJI cynepnponaraTopHoro /C.11./ MeTO.Aa , 

TO' KaK n01<a3aHO B pa6oTe aBTOpa / 5 / , 3T
0

0T Me TO.A npHBO ~ 
.AHT K HOpManbHOMY ynopJ1,Aoq:eHHIO cl>YH.AaMeHTan&Horo 
narpam1rnaHa, TaK qTo pe,Ay.u;upoBaHHaH S ·MaTpu.u;a, KaK 
<l>YHKIJ;HOHan OT acHMnTOTnqecxoro nonH TT ( in >,HMeeT BH.A 

( in) in . . 4 
S (TT ) = S tree ( TT .> • < 0 I T* exp Ii f d x : LI d IO > , 

r.Ae 

L 1 = L{eu(r/¢) ,if,) L (eu ( ¢) , t/1) - L O ( r, if,) , 

LO • µarpaH>ICHaH CB060,AHbIX none ii. p a3IlO)KeHHe nocne,A -
Hero Bblpa)KeHHJI ,AilJI s -•aTpHD;bl no CTeneHJIM LI ,AaeT: 
B HyneBOM nopH,AKe Bee rpacl>bl-.AepeB&H, nepBblii nopH.AOK 
paBeH Hymo B cuny HOpMailbHOro npoH3Be,AeHHJI, BTOpoii: 
nopJl,AOK He CO,Aep>llliT paCXO.AHMOCTeii: u BbiqucneH B pa6o­
TaX /3/. Hccne,AoBaHHIO BbICWHX nopH.AKOB B aHanoruqH&ix 

• TeOpHHX noCBJIIIJ;eHbl pa60Tbl /7 ~B KOTOpbIX H3yqanHCb nar­
paH>llliaHbl B3aHMO,Aeii:CTBHJI 6e3 npOH3BO.AHbIX H .AOKa3aHa 
KOHeqHOCTb TeOpHH ,AilJI npoH3BOilbHoro nopJl,AKa, a TaK)Ke 
YHHTapHOCTb H npHqHHHOCTb ,AilJI 3-ro, 4-ro nopJl,AKOB. 
~nH nocTpoeHHJI KOHeqHoii: KBaHToBoii: KHpan&Hoii Teopun 
He06XOAUMO npe)K,Ae Bcero 06061IJ;HTb 3TH pe3yn&TaTbl Ha 
narpaH)KHaHbl B3aHMO,AeHCTBHJI C O.AHOH H .ABYMJI npOH3BO,A· 
HblMH H 6onee no.qpo6Ho paCCMOTpeTb npo6neMy 3KBHBa­

neHTHOCTH pe,Ay.u;upoBaHHOH H c7iaJ1,AapTHO_ii Teopiuii:, .AOKa-
3aHlIOH Ha cl>opManLHOM ypoBHe 8/. 

B 3aKnroqeHHe aBTOP 6naro,AapuT ~.H.BnoxHH.a;eBa, 
~.B.BonKoBa, M.K.BonKoBa, B.H.OrueBe.u;Koro n JI.~.<l>a,A­
.AeeBa 3a none3Hbie 06Cy)K,AeHHJI. 
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IlpuAoxe11ue 

IlyCTb 'G - _rpyrrrra CHMMeTpHH HCX0,IJ;H0ro narpam1raa­
Ha, H - ,II0,D;rpyrrrra G. H rpyrrrra CHMMeTpHH BaKyyMa C an­
re6poii reHepaTopoB Xa, Y c ; 

[ X. X ~l = i b,."~ Y ; [ X Y ] = ia y X ; [ Y , Yb] =i C cby • 
a {:J' "t-' C' a C UC Y a a C 

<l>yH.n;aMeHTanbHbie ypaBHeHHJl KapTaHa ,Il;Il.H $opM w a(r /¢), 
c.,i ~( L'¢) HMeIOT BH,IJ; 16 , 1 / 

a a<,) er 1/ ¢) 
a a( //4)rf3 -ar +ru/l rt .,, . \ 

aw~ (rt I¢) - - R a r V w µ er t I¢) 
f3vµ at 

at 
wa (0/¢) =wa(¢)' 

a a· 
W (0/cp) =W (cp) • 

f3 f3 

<l>opMbl C.,) ( ¢) y,IJ;0BneTB0p.HIOT TeM :>Ke ypaBHeHHJIM C Hyne­
BblMH rpaHH'IHbIMH ycn0BHJIMH, w ( I <p) = w {ft /0) 3.n;ecb r ... ¢ 

V C V ( f 
Rµa/3=-:-hµa af3c ; SU{2) xSU{2) :Rijk 

2 
= ( BJ L Be • - B . Ba . ) / F ~ 

It l k1 L J TT 
FTT = 92 M3B;). 

PeweHHeM 3THX ypaBHeHHH JIBilJIIOTCJI Bbipa)KeHHJI /npH t=-1 /: 

f3 
00 (,J . (¢) 
I {-1) D c,nn)a [-- + 

= f3 (2n) I n=O 

wa {r/¢) 
{Dr) f3 
---]' 
(2n+l)t 

a a µ v 

,n f3 = n µ v f3 r r , w f3 < ¢> < Dr> f3 
oo n+l n+l a -~- ---] + 

r f3 Cu a {r/¢) = I {-l) C,ll ) f3 [ {2n + 1) I + {2n+
2
)I f3 n = 0 

+rf3w~{¢), 

6 ' 

{Dr) f3 =ar f3 + w ! {¢) r y' Cua{¢) =<u a{r/o) Ir=¢;. 

a a 
wf3<¢> = wf3Cr/o> Ir=¢· 

B qacTH0CTH, ,IJ;ri.a: rpyrrrrhI SU ( 2) x SU ( 2) rrony'IHM: 

a a a f3 
w (r/¢) = <u {¢) + {DO + Ila,B [.w {¢) (cos z-1) + 

f3 sin z 
+ (Dr) (-- - 1) ] , 

z 

<ua/3(r/¢) =eu: {¢) +(r f3oa-raof3)[eu·Y{cp) sin z + 
· ,-, Y Y z F 2 

+ (Dr) y 
cos z - 1 

r 2 L 

r..:-::-
z = ✓~ 

F 2 ' 
TT 

rar/3 
na/3 = oa/3 - -p 

TT 

<l>yH.n;a~.rnHTan~HbIH1 iiarpaIJ:>KHaH l/2cu'' {r/¢) w aU-'/¢.) coBrra-
. .n;aeT c narpaH:>KHaH0M, rrony'leHHbIM B pa6oTax /4,S/ /rrpH 
3T0M Hy:>KH0 II0MHHTb, 'IT0 qneH rrepBoro rrop.H,IJ;Ka no I' 
B 3T0M narpaH:>KHaHe paBeH Hyn10 B CHny ypaBHeHHJI / 1/ /. 
O6o3Ha'leHHJI pa6oT / 4 , 5 /: 

c,,;a(¢) =-ce~(cp)a ¢i; 
l µ 

"'13a {¢) ={p > 13<¢); ar=a r. µ a µ 
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