
/1., /98 

~ao BoHr ,l},b1K, HryeH TxH XoHr 

COOfilllBHMR 
OtihBAMHBHHOro 

MHCTMTYT8 
RABPHblX 

MCCIBAOB8HMI 

AYfiH8 

P2-87-426 

KOrOMO]OrHqECKHE onEPATOPN 
HA CYOEPCTPYHHNX 
~H~~EPEHUHA]bHNX ~PMAX 

1987 



1. BBEAEHHE 

Teopl1R cynepCTPYHbl/14/ CBR3blBaeT B eA11Hoe 4e11oe pa3J1114Hble. 
11Ael1 11 MeTOAbl (f>l1311Kl1 3JleMeHTapHblX 4acT114. OHa 11MeeT 3aMe4a
TeJ1bHY~ MaTeMaTl14eCKY~ CTPYKTYPY 11 npeTeHAYeT Ha TO, 4T06bl 
CTaTb cepbe3Hb1M KaHA11AaTOM AJ1R nocneAOBaTeJlbHOH eA11HOH Teop1111 
ecex eaa11MOAeHCTBl1H. · · 

Ba)l(HblM waroM no nyT11 np116J111)1(eH11R Teop1111 cynepCTPYHbl · K Ka-
11116poBO4HblM Teop11RM nonR RBJlReTCR HeAaBHO pa3Bl1TblH nOAXOA, 
np11 KOTOPOM Ka11116poe04Hble Cl1MMeTp1111 11 11opeH4-Koeap11aHTHOCTb 
BblCTyna~T RBHblM o6pa30M 15·91 . Bo ecex nOCTpoeHl1flX TaKoro POAa 
<f>YHAaMeHTaJlbHY~ ponb 11rpa~T AYXl1 <f>aAAeeea-nonoea 11 6PCT-c11M
MeTp11R. no AaHHOMY Hanpae11eH11~ 60J1bWl1X'ycnexoe A0611J111Cb C11re11b 
11 L\e11116ax 15•61 , KOTOPble c¢opMy1111poeam1 11opeH4- 6PCT-11Heap11aHT
Hy~ CTPYHHY~ Teop11~ nOJlR. np11 HaXO)l(AeHl1~ l1H~ap11aHTHblX ypaeHe
H11H AJ1R CTPYHHOro <f>YHK411OHaJ1a OKa3blBaeTCR O4eHb YA06Hb!M (f>opMa
J1113M, OCHOBaHHblH Ha KOrOMOJ1Or114eCKOM Bbl411CJ1eHl111 B npocTpaHcT
ee Al1¢(f>epeH411aJ1bHblX <f>OPM, np11 3TOM AYXl1 paccMaTp11ea~TCR KaK 
A11¢¢epeH411am1. 

TaK, 6aH1<cy, newK11Hy 11 APYn1M 17 •8•121 YAanocb Bb1eecT11 ypaeHe
Hl1R cTpyHbr, aaMeHRR rpoMO3AKY~ anre6py reHepaTopoe B11pacopo 
11 COOTBeTCTBY~~11e cynepanre6pbl Ha CBfl3aHHWe C H11Ml1 KoroMOJ1O
r114eCKl1e onepaTOpbl, B 4aCTHOCTl1, 11Ml1 6blJ10 noKa3aHO, 4TO see 
Teop1111 ceo60AHOH CTPYHW MoryT 6b1Tb c¢opMy1111poeaHbl KaK Teop1111 
CTPYHHblX Al1¢¢epeH411aJ1bHblX <f>OPM, onpeAeJlfleMblX B nOAXOAR~11X npo
CTPaHCTBax. 

L\enb HaCTOfl~eH pa60Tbl - AaTb 06~11e Bblpa)l(eHl1R KOrOMOJ1or114ec-
1<11X onepaTopoe AJ1R CTPYHHblX Al1¢(f>epeH1111aJ1bHblX (f>opM npOl13BOJ1bHO
ro nopRAt<a, CBR3aHHblX C anre6poA B11pacopo AJ1R 6o30HHblX CTpyH 
11 ~ cynepa11re6paM11 Heee -Weap4a 11 PaMoHAa AJ1R cynepcTpyH. 

2. 6O3OHHblE CTPYHHblE <t>OPMbl 

OcHOBHblM 11HCTpyMeHTOM AJ1R 113Y4eHl1R 1<a11116poB04HOH Cl1MMeTp1111 
Teop1111 6030HHblX cTpyH RBJlR~TCR onepaTOPbl B11pacopo 1131 Lo, 
L±n/ n = 1 ,2, .•• /, YAOBJ1eTeopf1~~11e anre6pe: 

[L ,L] 
n m 
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[ 
k k Do 2 

L n • L -m] = W nm L k + W mn L_k + 71 nm (2L O + 12 (n -1 )) , /2.1/ 

[ L_n , L -m ]= V !n L -k , 

,[L 0 : L±m]= +m L±m 

rAe Do - 4HCno H3MepeHHH npocTpaHCTBa-speMeHH AnR CTpyHbl, 
k k ~ 

Vnm=(n-m)ok,n+m, Wnm=(n+m)ok,n-m ,77nm""nunm· /2.2/ 

Anre6pa /2.1/ np~BOAHT K cneAYIO~HM TOmAeCTBaM RK06H: 

q k q k - q k _ /2. 3/ 
V nm V pq + V mp V nq + V pn V mq - 0 , 

v 4 wk -W 4 wk +W 4 Wk =0 
nm pq pm qn pn qm ' 

/2.4/ 

(W q V k - W q V k ) - (W q W k - W q W. k 
mp qn np qm pm nq pn mq 

q k 
) - V mn W qp = 

/2.5/ 
· k k ) 

= 2k (71 mp O n -- 71 np O m • 

CTpyHHaR AH¢¢epeH4HanbHaR(p)-¢opMa onpeAenReTCR B~pameHH-
eM /10, 12, 14/ q · 

(p) m1 ... mp n1 n4 /2;6/ w = liJ e •••• e e ••• e . 
(q) n 1 ••• n 4 mq mp 

rAe 
1 0 

le ml , le n I - Ha6opbl AyanbHbJX 6a3HCOB ( 0 ) - H ( 1)-¢opM cooT-

seTCTBeHHO, C npaBHnOM YMHOmeHHR 

n 1 n2 n2 n1 
e e =-e e em e m = - em e m • 

1 2 2 1 
eme n = -enem ' 

m1 ... m 
w P - ¢YHK4HOHanbl OT KOOPAHHaT CTpYHbl x µ(a), HX MOmHo 

n 1 •.• n
4 

C4HTaTb nonHOCTblO aHTHCHMMeTpH4HblMH no HHAeKCaM ffi H to HHAeK
caM n. 06bl4Hoe cTpyHHoe.none tfr paccMaTpHsaeTCR KaK ( 0 )-¢opMa. 

PaccMOTPHM sHew~HA AH¢¢epeH4HanbHblH onepaTop d. npHHHMaR, 
4TO 

dt/J = L tfr,en, 
n 

2 

de m = W ;k e k e f , 

de n = - .!.. V n e me k 
2 mk 

H npasHno neA6HH4a 

[ 
(P1) (P2)] (P1) (P2) ( )P1+q1 (pl) d. (P2) 

d <LI • "' = d <LI • <LI + -1 ru • w 
(q 1> (q 2> (q 1) (q2) (q 1) (q 2> , 

/2.7/ 

/2.8/ 

HeTPYAHO HaHTH AeAcTBHe d Ha ¢OPMY npoH3BOnbHoro nopRAKa /2.6/: 

(p) p+q m 1 ••• ,mp mp m 1 •.. mp-lk 
d w = (-1 ) [ L Cl:l + pW k <u 

(q) nq+l n 1 .•• n 4 nq+l n 1 ••• n 4 
/2.9/ 

1 k m1··· mP] -qV w e 2 n 4 +1 n 1 kn2 ... n 4 m1 

n1 n 
••• em e ••• e q+l p • 

C noMO~blO /2.3/ H /2.4/ nerKO "AOKa3aTb HHnbnOTeHTHOCTb one
paTopa d, d 2= O. 

PaccMoTpHM TaKme onepaTop
0 

d, OTnH4aJO~HHCR OT d nHWb 3aMeHoA 
L n Ha -L-n npH AeHCTBHH Ha ( o)-¢0PMY, a HMeHHO: 

d<u (p) = (-l)p+q [-L co m1 ••• mP+pW mp Cl:l m1···mp-l k -
(q) -n

4
+1 n1 ... n

4 
kn q+l n 1 ... n 4 

/2.10/ 

l k m1···mp n1 nq+l 
- -q V n n w kn n ] e ••• e e ... e . 

2 q+l 1 2' .. q m1 mp 

- -2 
KaK H d, d RBnReTCR HHnbnoTeHTHblM' d = o. 

p 
nycTb n N- npocTpaHCTBO scex ( q )-¢opM C . P, q ,::; N H KO3¢¢H-

m 1 ... mp 
4HeHTaMH Cl:l , YAOBneTBOpRIO~HMH ycnOBHIO 

n 1 ... n4 

L ••• L 
-k 1 -kr 

m1 ••• mp 

w n1 ... nq 
=0 /r- nJ06oe/, /2. 11 / 

ecnH XOTR 6b1 OAHH H3 HHAeKCOB k, m, n npHHHMaeT 3Ha4eHHe, 
npeBblWaJO~ee N. 

HeTPYAHO noKa3aTb, 
CHTenbHO onepaTopa cf, 

4TO 3TO onpeAeneHHe ON HHBapHaHTHO OTHO
a HMeHHO: ecnH Ii) (p) <:; n,.,,TO <fw(P) <:; 0 N. 

(q) fi (q) 
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B npocTpaHcTse ON onpeAen11M AYanbHoe npeo6pa3osaH11e * cneAy10-
11111M o6pa30M: (N) 

1 * Ci) (p) 
(N) {q) 

- P ! N - q), m 1 .•. m m · E q q +1 ••• nN 
(N ) ( 

E 0 1···n n 

. P p+l··· mN x 

m 1'"' m P 

x Cu, 01 ... nq 
e ••• e e 

nq+l nN 

mp+l 
/2. 12/ 

mN 
••.• e 

n 1··· nN 
rAe E m1 ... m N ( E ) - nonHOCTblO aHTl1Cl1MMeTpl14Hb111 no m(n) 

( 12 ... N ) l c t 
12 

... N E = 11 paseH Hyn10, ecn11 11Ha4e. 

H3 onpeAeneH11R /2.12/ Bl1AHO, 4TO nOA Ael1CTBl1eM * ( p) 
(N) q 

N-q 
cl>OpMa ~ ON nepeXOA11T B ( N -pl -cl>OPMY ~ ON' 8 4aCTHOCTl1, 11MeeM 

* 1 -
(N) 

- el ... e e 1 N N ... e * el ... e e 1 N (N) N "' e "" l 

H3 /2. 12/ cneAyeT TaKme 

* * <,J(p) = (-U(p+q)(N+l) (1) (p) /2.13/ 
{N) (N) (q) {q) 

OnpeAen11M Tenepb KOA11cl>¢epeH~11anbHblH onepaTop D cneAY~IIIHM 

o6pa3oM: 

DCu (O) = 0 
(q) , 

/2. 14/ 

DCu (p) = -(-1/P+ q) N _!._ * d 
(q) p (N) 

* (,{) (p) 

(N) ( q) 

npRMOe Bb1411CneHHe AaeT 

DCu(l>) = (-ll-1 [L <<J m1 ... mp-1k_ .L(p-llV mp-1 
( q) -k n 1 ... n q 2 kf 

m 1 ... m p· 2 fk 
(,{) + 

n 1 ... nq 

/2. 15/ 
k f ml ... mp-1 

+ q W n1 k Cu fn2 ••• n q ] em 1 ... em p-1 

n 1 nq 
e •.• e 

TaKl1M o6pa30M, D nepeBOAl1T cP) -cl>OPMY 8 cP-l) -cl>OPMY 11 ero 
q q 

RBHblH BHA He 3aBl1Cl1T OT N. 

4 

H11nbnoTeHTHOCTb onepaTopa D, D2 = 0, cneAyeT 
/2.14/, ypaeHeHl1R /2.13/ 11 HHnbnOTeHTHOCTHa, 

EcnH onpeAenHTb BHyTpeHHee npOJ.13BeAeHHe cl>OPM 
KaK 

<a (p) • /3 (q) > = ( a m 1'" mp I f3 n1 ... nq 
(q) (p) n1 ... nq m1 ... mp 

CO CBOHCTBOM 

1,13 onpeAeneHHR 

a (p) J.1 fJ (q) 
(q) (p) 

/2. 16/ 

/2.17/ 
m1 ... mpk n 1 ... nq m 1 ••• mpk n 1 ... nq 

(a I L _f3 ) = (L a . I fJ ) , n1 ... n q k m1 ... m P -k n 1 ... n q m 1 ... m P 

TO Mbl HMeeM cneAYIOlllee ,qyanbHOe COOTHOWeH11e: 

<Da(P), /3 (q) > = (-1) q <a (P) • d/3 (q) >. 
(q) (p-1) (q) (p -1) 

/2. 18/ 

npH 3Ha4eHJ.111 Do"= 26 HMeeM cne,qy10111ee aHTJ.1KOMMYTa4J.10HHoe co
OTHOWeHHe ,qnR d 1,1 D /7,l0-121: 

(d, DI = 2KT, /2. 19/ 

r,qe ,qe11cTe11e K 1,1 T Ha cl>oPMY Cu(p} onpe,qenReTcR no <)>opMynaM 
(q) 

( } p q m1 •.. m P n 1 nq 
Kw(P)•(L 0 - l + I m1 + I nJ)"' e ••• e e ••• e ,/2.20/ 

q 1 = 1 J "' 1 n1 ... n q m 1 m P 

(p} m1 ... mp k n 1 n 4 Tc.i "'"' . 1/ e ••. e e e ••• e , 
(q) n1 ... nq mpk m 1 mp-l 

K 1,1 T KOMMYTl1PYIOT ,qpyr c ,qpyroM H c d 1,1 D, 

[K,T]=[K,d] =[K,D]-[T,d] ... [T,D] =0. 

3. KOfOMOflOn14ECKHE onEPATOPbl B CEKTOPE 
HEBE -WBAPl.lA 

/2.21/ 

/2.22/ 

fpa,qy11poeaHHY10 anre6py 81,1paco ,qnR ·ceKTopa Heee -Weap4a co

cTaenRIOT 11 4eTHble11 reHepaTOPbl Lo, L ±n /n = 1 ,2, •• ./ 11 11He4eT-

Hble11 reHepaTOPbl G+,\(,\ = ..!.. , .!., ... ) , y,qoe11eTBOPRIOIIIJ.1e KOMMyTa-
- 2 2 · 

4HOHHblM H aHTJ.1KOMMYTa4J.10HHblM COOTHOWeHJ.1RM: 

[ Ln, L m] = V :m L k , 
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k k . Do 2 
[ L , L } = W L k + W L k + 11 nm {2L0 + - (n - 1)) , 

n -m nm mn -- 8 

k 
[L_n • L_m} = VmnL-k' 

[L 0 , L±m] = +mL±m• 

{0,\,0 0 1 =V~Lk' 

I I 
k · k Do 2 1 

Q ,\' 0_
0 

= W >o Lk + Wu,\ L_k + 8,\u {2L 0 + 2 (,\ - 4 )), 
k 

to , • o l = v ,\ L k • 
-I\ -<I (1 -

/3. 1 / 
r 

[ Ln • G ,\ ] = V n,\ a T • 

[ L , G ,\ ] = W r, 0 + W,\r O , 
n - n" r n -:T 

[ Q ,\ • L -n] = w In O r + w ;>.. o _r • 

[ L -n , 0 -,\] = - V :,\ G -r , 

[L 0 , G±>..] = +,\Q±,\, 

rAe 
p T T n 

V,_= 28 ,\ , V ,\ =-V,\ = (- -,\)8 , , ~ p, +u n n 2 r,n+" 
/3.2/ 

wL = 28 ,\ • w r,\ = (.!l. +>..)Br n ,\. w,\T =( 2n +,\)Br ,\ n· 
/Ill p, -0' n 2 , - n , -

BBOAR cynepHHAeKCbl A= n, >.. H cynepreHepaTOPbl F.A C HAeHTH<J)H
Ka4HeH F n = L n, F ,\ = 0 ,\ , nepenHweM /3. 1 / B cneAY~~eM KoMnaKT
HOM BHAe: 

[FA, FB]-(A,B) =V ;BF C • 

[FA 'F -B ] -(A,B) = W ~BF C + W B~ F -c + 7J ABS:(A) ' /3,3/ 

[F_A,F-B]-(A,B) =ViAF-c, [Lo,F±A] = :i:AF±A" 

6 

3AeCb Hcnonb30BaH~ cneAY~~He o603Ha4eHHR: 

[FA, F8 ]-(A,B)= FAFB - (A,B) FBF A' ••• , 

(A) = {-l)[A], (A,B) = (-1) [A],[B] , 

{[ A 11 + [ A2] + ... ) • {[ B1] + [ B2] + ... ) , 
(A1 A 2 ••• , B 1B 2 .... ) = {-1) 

[A] - rpaAYHPOBKa HHAeKca A, a HMeHHO: [n] = 0, [,\] = 1, 

Do 2 
J(A) = 2L 0 + -[A 6(A) - l] , 

8 

{ 
1, 

8(A) = 4, 
A= n, 

A=,\, 

11 = n8 , 11 ,_ = 8 ,_ , 11 ,\ = 11 , = O. nm nm l'U /Ill n /\ll 

HeHyneBble 3Ha4eHHR CTPYKTYPHblX KOHCTaHT AaHbl B /2 .2/ 
H /3.2/. 

C 
OTMeTHM, 4TO V AB o6naAaeT CBOHCTBOM CHMMeTpHH 

C C 
V AB = - (A, B) V BA • 
B TO BpeMR KaK 

1 D D 
UAB,C = 2(A, B) 71 CDV A~+ 71 BDW CA 

o6naAaeT o6paTHOH CHMMeTpHei::i: 

U AB,C = (A, B) U BA, C • 

/3.4/ 

/3.5/ 

/3.6/ 

/3.7/ 

npHMeHRR o6o6~eHHOe TOmAeCTBO RK06H AflR cynepreHepaTopoB 
F /16/ 

A 

[ F C • [FA' F B] -(A,B)]-(AB,C) + (AB, C) [FA ' [ F B' F C }-(B,ct-(BC,A)+ 
/3.8/ 

+ (CA, B) [ F B , [ F c • FA] -(C, A)] -(CA, B) = O 

K anre6pe /3.3/, MOmHO B~BeCtH cneAY~~He TOmAeCTBa AflR CTPYK
TypHblX KOHCTaHT: 

VD E D E D E O 
AB V CD+ (AB, C) V BCV AD+ (CA, B) V CA V BD IC ' 

/3.9/ 
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D E D E D E 
V CA W BD -WBA W DC + (A, C) W BC W DA = O ' /3. 10/ 

E D E .D D E E D 
V CD w AB - (A, C) V AD w CB - V CA w DB + Wco w BA -

/3.11/ 
E D [ E E · 

- (A, C) WAD W BC = 2E (A, C) 7/ CB BA - T/ ABS C ] ' 

D D D 
7/ BD V CA -7/ CDW BA + (A, C) 7/ AD W BC = O ' /3. 12/ 

7/ BD V c°A B2 8(B) - 71 CDW ~AC 
2 

8(C) + (A,C) 11 ADW ~C A
2 

S(A) = 0. /3. 13/ 

0TMeTHM TaKme none3H0e T0mAeCTB0 

(CD)WD we =.L71AB [5A2 S(A) -SA-1]. 
• AC BD 4 

/3. 14/ 

CynepcTpyHHble ¢0PMbl onpeAenR~TCR KaK 0606111eHHe /2.6/: 

(p) A1···Ap B1 . Bq 
ru ::Ct) e ... e e ••• e 

(q) B1 .. , B q A1 Ap 
/3. 15/ 

B 
rAe ·AYanbHble 6aa1-1cbl le Al, le n0A4HHR~TCR npaa1-1ny YMHomeHHR: 

BL B2 B2 B1 B B 
eA eA =--(A1,A2)eA eA , e 1:l =-(B1,B2)e e ... eAe =-(A,B)eeA, 

1 2 2 1 · 

A1··•Ap 
BBHAY 4ero acerAa M0mH0 C4HT aTb,. 4T0 ¢yHKL1HdHanbl (lJ B 06-

B1 .•. q 
naAa~T CBO~CTBOM CHMMeTpHH: 

... A Ai+l ... . .. A1A1+1··· . . .. A1A1+1 ... 
c., =-(A1,A1+1)ru --(BJ,BJ+l)c., B B 

••• BjBJ+l ••• . .• BJBj+l"" ••• j+l J'" 

~1-1¢¢epeH41-1anbHblH onepaTop d onpeAenReTCR era AeHcTBHeM 

Ha ( ~} -¢opMy H Ha 6a3HCbl e A • e B : 

dJ/1 = FAt/J,eA 

C B 
deA"' (B,C)WABe ec 

cJeA=-..!..vA eBeC. 
2 BC 

H npaBHn0M JleH6H1-14a /2.8/. 

8 

/3. 16/ 

I 

~ r· ,.1 
I 

~ 

t 
l 

./ 

/ __ i'I 
'. J 
fl 

i 
I 

PeaynbTaT Bbl4HCneHHR npHB0AHT K cneAy~111ei:l 06111eH ¢opMyne: 
(p) p+q A 1"" A p 

dcu(q) = (-1) (B1 ... Bq,Bq+1H<A1 ... Ap,Bq+l )FBq+l (uBl··•Bq + 

/3. 17 / 
B1 Bq+l 

]eA ... eAe ... e , 
1 p 

Ap A1 .. ,Ap-1C 

+ pW CBq+l c.,Bl ... Bq 

1 Ai ... A p 
--q V ru 

2 Bq+l B 1 CB 2 ••• Bq 

K0TopaR RBnReTCR 0606111eH1-teM /2.9/. HHnbn0TeHTHOCTb onepaTopa 
d A0Ka3blBaeTCR c noM0IJ.lb~ /3.9/ 1-1 /3.10/. 

AnR K0AH¢¢epeH41-1anbHoro onepaTopa D Mbl nony4aeM cneAy~ee 
0606111eH1-1e /2.15/: 

Dcu(p) =(-l)p-1 [F (lJ Ar .. Ap-lc -1-(p-l)VAp-1 
(q) -C B1 ... B q 2 CD 

A1··· Ap-2 DC 
(u 

B1 ••• B q 

D A1 ... Ap-l C 
+ (C, DA1 ... , Ap-1) qW B 

1 
C c.,DB

2 
... B q ] e A1"' e Ap-1 

B 1 Bq 
e ... e 

+ 

/3. 18/ 

np1-1 3Ha4eHHH Do= 10 HMeeM aHTHK0MMYTal..lH0HH0e C00TH0WeHHe 
/2.19/: 

{d, DI= 2KT. 

np1-1 3T0M 

/3. 19/ 

(p) 1 A1·•·Ap 
Kru(q) .. (Lo--.r+ fA1 +;BJ )c.,B1 ... Bq 

B1 Bq 
eA ... eA e ... e , /3.20/ 

1 p 

(p) A1,,,Ap C B 1 Bq 
Tc., =<A1 ... A 1 'A )c., B 7/A c eA ... e A e e ... e , /3.21/ 

(q) P- P Br·· q p 1 p-1 · 

K 1-1 T no-npemHeMy K0MMYTHPY~T APYr c ,qpyroM 1-1 c d 1-1 D. 

4. K0fOM0JlOrl14ECKHE onEPATOPbl B CEKTOPE PAM0H~A 

Cynepanre6pa BHpaco AnR ceKT0pa PaMOHAa C0CT0HT H3 4eTHblX 
reHepaTopoa L0, L ± n / n = 1 , 2, ••• / 1-1 He4eTHblX reHepaTopoa G 0, 
Ot~,y,qoaneTBOPR~IJ.IHX K0MMYTal..lH0HHblM H aHTHK0MMYTa4H0HHblM C00T
H0WeHHRM: 

k 
[Ln,Lm] -=Vnm L k • 
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[ k k Do 2 
L n • L -m] = W nm L k + W mn L -k + T/ nm (2L o+ Sn ) ' 

k 
[ L-n , L-m ] = V mn L -k , 

I an , a ~ I = vE~ L k , 

I k k D02 
On• G-m] = Wnm Lk + Wmn L_k +Bnm (2Lo+ -n ) ' 

-- -- 2 
k 

(G , G ] = V L k, 
-n -m nm -- - --

IG O , G± m I = 2L ± m , 
2 ' 

G =L , 
O 0 

[L 0 ,Gml 
k = V- G 

- DI;! !_ /4. 1/ 

[L
0

, G~] 
! !. 3n 

= Wnm Gk + Wmn G-k +B nm-GO' 
- - - - 2 

[Gm,L-11 ] 
! t 3n 

= WmnGk +WnmO-k + 8 mn -Go•· 
- - - - 2 

k 
(L ,G ] = -V

0
-mG k 

-n ~ -

[L0 , 0±1,!!] = +mG±m, 

[ G O, L + ] = - .!!!.a + m , 
-ID + 2 - -

[ G 
O 

, .L 
O 

] = 0 , 

rAe 
k k , k 

v =28 , v- =-v- =(.!!. -m)o 
nm k,n+m nl!I_ ,!!!D 2 k,n+m 

Wk = 28 
nm k,n-m 

k w- = (.!!.. +m) 8 
n~ 2 k,n-m 

k n . /4 .2/ 
, w- =(-+m)8k • 

~n 2 ,m-n 

BeeAR O603Ha4eHl1R: A= n, n, F = L , F = 0 , 
/ ,. 1 - n n n n "'· I a cneAYIOUleM B11Ae: - -

nepen11weM 

[F, F ] = V c F 
A' B -(A,B) AB C 

l(f 

(FA• F -B ]-(A,B) = W ;BF C + WB~ F -C + T/ AB 5(A) + A AB O O , 

[F -A' F_B] -(A,Bt VB~ F -c ' 

[L0 ,F±A]- = :;:AF±A' 

[Go' FA ] -(A) = T ! F -B • [FA ' Go ] -(A) = T : F B ' 

[L
0

,G
0

]_ =0, 

rAe 

er Do 2 
J(A) = 2L0 + -A 8(A), 

8 

{ 

1, A= n, 
8(A) = 

4, A =n, 

11 = n8 nm nm T/ - 0 nm nm 

Anm = Arnn = 2-n8nm 
- 2 

G~ =Lo ' 

[A] = { 0, 
1, 

A= n, 

A= n, 

T/ nm = T/ mn = O • 

A nm .. A nm ""0 • 

r.!! = .,!!!5 
m 2 mn 

r n = 28 
0 

, 
m m 

Tn=T~ =0, 
m I,!! 

/4.3/ 

/4.4/ 

HeHyneewe CTPYKTYPH~e KOHCTaHTW AaHW B /2.2/ 11 /4.2/. 
CeoHCTBa Cl1MMeTp1111 /3.5/ - /3.7/ OCTalOTCR B c11ne 11 B 3TOM 

ceKTOpe. OcTalOTCR 6e3 113MeHeH11R 11 TO>KAeCTBa /3,9/, /3. 10/, 
/3. 12/, /3. 13/, a BMeCTO /3. 11/ 11MeeM 

V E W D - (A C) V E W D - V D W E + W E W D - (A C) W E W D = 
CD AB ' AD CB CA DB CD BA ' AD BC 

/4.5/ 

= 2E [ (A, C) T/ CB 8 ! - T/ AB 8 ~ ] + ( A, C) A CB r ~ - A AB r ~ • 

KpoMe Toro, 11MeeM 

D , D D , 
VCA /\BD -WBAACD +{A,C)WBC /\AD =O. 

/4.6/ 

J:lnR npaKTl14eCKl1X Bbl411CJ1eHl1H none3HO 11cnOJ1b3OBaTb TaK>Ke cne
AYIOUll1e TO>KAeCTBa: 
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D C 5 ) 
(C, D) WAC WBD = 4 .,, AB 8 (A) A(A-1 , 

9 2 c
,\AB,\ BC= 4A 0 AC • 

,\ AB = ! r; 71 CB S(C)' 

r A ,\ = .!71
08 

B8(B), 
D AB 4 

8(A) rg ,\ AB = 377BD B • 

D A c- A 
r Br D = Au B , 

8(A) ,\ AB = 8 r ~ ~ CB 

(A) r ~,\AB = - ! (B) 770 B BB(B), 

(B1 B2 ... Br • A) (Bl)(B2) ••• (Br),\ AC "" (Bl 8 2 .... Br• C) ,\AC • 

(B1 B2 ••• Br ,A)(B1 )(B2 ) ••• (Br) r ~ = (B 1 B 2 .... Br,C) r f, 

A E A E A E 
V BE r C + (C) VEC r B - r EV BC = O ' 

A E_WA E (C)rAWE -0 
WBE r C EC r B + E BC - ' 

r ~ 11 CA - r ~ 11 CB = (A) ,\ AB = - (B) ,\ AB ' 

/4.7/ 

B CHny Toro, 4TO TOmAeCTBa /3.9/ H /3.10/ OCTa~TCR 6e3 H3-
MeHeHHR, HHnbnoTeHTHble onepaTOpbl d HD MOmHo no-npemHeMy on
PeAenHTb no c)>OpMynaM /3. 17/ H /3.18/. 0AHaKO aHn-tKOMMYTaTop 
W,DI Tenepb oTnH4aeTcR OT /3.19/, a HMeHHo /npH 3Ha4eHHH 
D0 = 10/: 

Id, DI = 2kT +SR, 

rAe 
(p) A1 .•• Ap B 1 Bq 

K<u =(L + IA + I BJ)<uB B eA ••• eA e ... e 
(q) 0 1 J 1'" q l p 

(p) A1 .. ,Ap 
R<u = [(A 1) ,,,(A )(B

1
) ... (B ) G

0
<u B B + 

(q) p q 1 '" q 

/4.8/ 

/4.9/ 
A1 DA2,,,Ap D At .. ,Ap ] B1. Bq 

+p(B1) ... (Bq)rD "'B B +qrB "'e B D eA"'eA_e ... e • 
1'" q q 1'" q-1 l --p 

(p) Ar••Ap C B1 Bq 
S<u =(Al ... A l'A )(A )(Bl) ... (Bq)QJB B ,\A.._CeA1"'eA_lee ... e, 

(q) p- p p 1"' q --ii --p-

T no-npemHeMy onpeAenReTcR ypaBHeHHeM /3.21/. 
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HMe~T MeCTO cneAY~~He COOTHOWeHHR KOMMyTa4HH: 

R 2 = K, [ R, T] = S, IS, RI =0, 

/4. 10/ 
[d,S] =[D,S] =[d,R] =[D,R] =0, 

K H T no-~pemHeMy KO~MYTHPY~T APYr C ,qpyroM J.1 C d J.1 D. 
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Aao BoHr AwK, HryeH TxH XoHr 
KoroMonorHqecKHe onepaTopw 
Ha cynepcTpyHHhiX AHcPcl>epeHu;HanbHbJX $opMax 

P2-87-426 

BbJBOgHTCH HBHWe fPOPMYnW KOrOMOnorHqecKHX onepaTOPOB 
AnH cynepcTpyHHhiX AH$$epeHu;HanbHhlX $opM npoH3BOnbHoro no
PHAKa. 3TH fPOPMYnhl TIPHMeH.HIDTCH AnH H3yqeHHH KanH6pOBOqHOH 
HHBapHaHTHOCTH ypaBHeHHH cynepCTpyHHbiX noneBbiX fPYHKIJ;HOHa
noB, llpHBOAHTCH TaiOKe pa3nHqHbJe TOJK,JJ;eCTBa An.H CTpyKTypHblX 
KOHCTaHT COOTBeTCTBYID~ cynepanre6p. 

Pa6oTa BbJTIOnHeHa B lla6opaTopHH 'l'eopeTHqecKoH fPH3HKH 
Ollil.l1. 

Coo6meaae 06'be.n;HHeHHoro HHCTH'fYTR .R,llepHbiX accne,nouaami:. )ly6aa 1987 

llepeBoA O.C.BHHorpaAOBOH 

Dao Vong Due, Nguyen Thi Hong 
Comology Operators on Superstring 
Differential Forms 

P2-87-426 

The explicite formulae are derived for cohomology ope
rators on superstring differential forms of arbitrary or
der. These formulae are used for the study of the gauge 
invariance of equations of the string field functionals. 
Various identities for the structure constants of the as
sociated superalgebras are also given. 

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