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1. BBEAEHHE 

Teopaa cynepcrpyau /1-4/ C8R3blBaeT B eAHHoe ue noe pa3JlH4Hble 
HAeH ~ MeToA~ $H3HKH 3JleMeHTapHWx 4acTH~. OHa HMeeT 3aMe4a
TenbHY~ MaTeMaTH4eCKY~ CTPYKTYPY ~ npeTeHAyeT Ha TO, 4T06bl 
CTaTb Cepbe3HWM KaHAHAaTOM AJlR nOCneAOBaTenbHO~ eAHHO~ TeOpH~ 

BCeX B3a~MOAe~CTBH~. . 
Ba~HWM warOM no nyTH npH6nH~eH~R TeopH~ cynepCTpYHW·K Ka~ 

nH6pOB64HWM Teop~RM nonR RBnReTCR HeAaBHO ~a3B~TW~ nOAXOA, 
np~ KOTOpOM Kan~6pOB04Hble C~MMeTp~H ~ nopeH~-KOBap~aHTHOCTb 

BbICTYna~T RBHblM 06pa30M /6-9/. Bo acex nOCTpoeH~1Rx r axoro pona 
$YHAaMeHTanbHY~ ponb ~rpa~T AYx~ ~aAAeeBa-nOnOBa ~ 6PCT-CHM
MeTp~R. no AaHHOMY HanpaBneH~~ 60nbw~x'ycnexoB Ao6~nHCb CHrenb 
~ UB~n6ax/5.61, KOTopwe C$OPMYJl~pOBan~ nopeH~- 5PCT-~HBap~aHT

HY~ CTpYHHy~ Teop~~ nonR. ~PH HaXO*AeH~~ HHBap~aHTHWX ypaBHe
H~~ AnR CTPYHHoro $YHK~HOHaJla OKa3w8aeTCR 04eHb YAo6HWM $opMa
n~3M, OCHOBaHHW~ Ha KOrOMOJlOr~4eCKOM BW4~cneH~H B npOCTpaHCT
Be A~$$epeH~~aJlbHWX $OpM, np~ 3TOM AYX~ paCCMaTp~Ba~TCR KaK 
A~$$epeH~Hanbl. 

TaK, 6aHKCY, neWK~HY ~ APyrHM /7.8-12/ ynartocs BbIBeCT~ ypaaue 
H~R CTPYHW, 3aMeHRR rpoMo3AKY~ anre6py reHepaTopoB B~pacopo 

~ cooTBeTcTBy~~~e cynepanre6pw Ha CBR3aHHwe c H~M~ KorOMono
r~4eCK~e onepaTopw. B 4acTHocT~, MM~ 6wno nOKa3aHo, 4TO 8ce 
Teop~~ CBo6oAHO~ CTpYHW MorYT 6WTb c$opMyn~poBaHw KaK TeopHH 
CTpYHHWX A~$$epeH~~aJlbHWX $OpM, onpeAenReMWx B nOAxOAR~HX npo
cTpaHcTBax. 

UeJlb HaCTOR~e~ pa60TW - AaTb 06~He Bwpa~eHHR KOrOMOJlOrH4eC
KHX onepaTopoB AJlR CTPYHHWX AH$$epeHQ~anbHWx $OpM npOH380JlbHO
ro nopRAKa, CBR3aHHWX c aJlre6po~ B~pacopo AJlR 6030HHWX CTPYH 
~ c cynepanre6paMH HeBe -W8ap~a H PaMOHAa AJlR cynepCTpYH. 

1I 2. 5030HHblE CTPYHHblE <1>OPMbl 
1

OCHOBHWM ~HCTPYMeHTOM AnR H3Y4eH~R Kan~6po804HO~ C~MMeTpH~ 

Teop~~ 6030HHblX CTpYH RBnR~TCR oneparopu Bupacopo 113/ Lo, 
L ±n / n = 1,2, ... /, YAOBJleTBOpR~~~e anr eôpe : 

[L .L ] V k L 
n m nrn k 

© 06Le~UfHeHH1J1~~ilw&~~AOB8HHH ,Ily6H8. 198'7 1 
t2.l"'"~WI m:CJelolll1ll 

h~r.'..flIf1nTF;M. 



k k	 Do 2
[L , L_ ] = W L k +	 W mn L_k + 71 12(n -1)), /2.1/n m nm	 nm(2L 0+ 

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

.[Lo~ L±m]= +m L±m 

rAe Do - 4Hcno H3MepeHH~ npOCTpaHCTBa-BpeMeHH AnH CTpYHW, 

V:m=(n-m)ok,n+m' W:m=(n+m)ok,n_m , 71 nm z= n Onm ' /2.2/ 

Anre6pa /2. 1/ np~BOAHT K cneAY~~HM TomAeCTBaM RK06H: 

q k q k . q k _ /2.3/
V nm V pq + V mpV nq + V pn V mq - o ,
 

q k
V q Wk -W Wk +WqW ==0	 /2.4/
nm pq prn qn pn qm '
 

q k
(Wq' V k _ W q V k ) _.	 (W q W k _ Wq W. k - Vmn Wqp :c:mp qn np qrn pm nq pn mq 

/2.5/ 
. k k
 

= 2k (11 mp 8 n ,- 11 np 8 rn ).
 

CTPYHHaH AH~~epeH4HanbHaH(P )-~opMa onpeAenHeTCH B~pameHH-
eM 110,12,141 q 

nl nq(p) ml'" m p
ú) =ú) e .... e e •.. e	 /2~6/ 

(q) 'n 1.. , o q m q mp 

rne l e ml , te o I - Ha60pbl AyanbHblX 6a3HCOB (~) H ( 
o 
1) -~OpM COOT-

BeTCTBeHHO,	 c npaBHnOM YMHomeHHH
 

n 1 n 2 n2 nl n
e e =_enee e =-6 ee e =-e e	 m m ' m 1 m2 m.2 m 1 

ml'" m
 
co p - ~YHK4HOHanbl OT KOOPAHHaT CTPYHbl xll(a)J HX MomHO
 

n 1'" n q 

C4HTaTb nonHOC~b~ aHTHCHMMeTpH4HWMH no HHAeKcaM m H 80 HHAeK
caM n. Q6W4HoeCTPYHHoe none ~ paCCMaTpHBaeTCR KaK (o) -~opMa. 

PaCCMOTpHM BHeWHH~ AH~~epeH4~anbHW~ onepaTOp d. npHHHMaH, 
4TO 

dt/J :::: L t/J.e o, 
n 

2 

e k /2.7/de m = Wmk e e e ' 

e m kde n _.!...Vn
2 rnk e 

H npaBHno ne~6HH4a 

e t (Pl) (P2)] (Pi) (P2) ( )Pl+ q l (Pl) (P2) 
ú) • ú) = dú) • ú) + -1 ú) • dú) , /2.8/ 

(ql) (q2) (ql) (q2) (ql) (q2) 

HeTPYAHO Ha~TH Ae~cTBHe d Ha ~OPMY npoH3BonbHoro nopHAKa /2.6/: 

(p ) p + q m 1'" ,In p m p rn 1 ... m p _ 1 k
 
d co :::: (-1) [ L úJ :r pW cu
un n q+l n 1'" 11 q kn q + 1 01'" n q 

/2.9/ 
m

-21 q v" ú) ml .. · P] n 1 n0q+l nl kn ... n e m 1 ••• 6 me ••• e q+l
2 q P 

C nOMO~b~ /2.3/ H /2.4/ nerKO AOKa3aTb HHnbnOTeHTHOCTb one
paropa d , d 2= O. 

PaCCMOTpHM r axxe onepa rop d, OTnH4a~~1II~CH OT d nHWb 3aMeHo~ 
L n Ha -L -o ripa ,qe~cTBHH ua .( ~ )-~OPMY, a HMeHHO: 

dú) (p) = (-l)P+q [-L (j) ml· .. m p + pW ID p co ml··· mp_l k 
(q)	 -n q+1 kn q+1 n 1· · · n q01,,, n q 

/2.10/ 

1 k m 1'" m p n 1 n +1 
- -2q V n n ú) k n n ] e ••• e e ..• e q . 

q + 1 1 2'" q ml m p 

• ...,. 2 
KaK H d, d HBnHeTCH HHnbnOTeHTHbIM, d = O. 

P
nYCTb n N - npOCTpal-lCTBO acex (q) -~OpM C p, q .s; N H K03<PCUH

m 1'" mp

4HeHTaMH ú) , YAOBneTBopH~~HMH ycnoBH~
 

n 1'" nq
 

ml'" m p

L ... L w n =0 /r- n~60e/, /2.11/


-k 1 -k r n 1'" q
 

ecnH XOTH 6w OAHH H3	 HHAeKCOB k,m,n npHHHMaeT 3Ha4eHHe, 
n peasuuaouree N. 

HeTPYAHO nOKa3aTb, 4TO 3TO onpeAeneHHe nN HHBapHaHTHO OTHO
CHTenbHO onepa ropa á, a HMeI-lHO: e cnn úJ (p) ~ nN"To áw(p) (; n N' 

(q) (q., 

3 



B npOCTpaHCTBe nN onpeAen~M AyanbHoe npe06pa30BaH~e * cneAY~-
~~M 06pa30M: (N) 

1 (	 °1 ... 0 o* cu (p) _ P ! N _ q) I m1.•. m e q q +1 "0 °N . mp p+l'"	 . x(N) (q) (N ) (	 m N 

/2. 12/ 
m 1'" m p mp+l mN
 

x cu, n
 e ... e e •••• 8
 

n 1'" q I). q + 1 °N
 

n 1'" 0N 
rAe f m1 ••. m N «( ) - nonaocr s o aHT~CItlMMeTp~4Hbl~ no m(n) 

c (12 ... N «( 12 ... N) = 1 ~ paae a Hyn~, ecnu ~Ha4e. 

1-13 onpenene-n-n /2.12/ B~AHO, 4TO nOA Ae~cTB~eM * (Pq )(N) 

N-Q 
oop-ra ~ UN nepexonvrr B (N -p' -<t>OPMY r;; UN" B 4aCTHOCT~, \f1MeeM 

* 1 - e	 * e
1

••• e 8
1 N ==(N) - 1 ••• 8 N e 1. ••• e N (N) N··· e 1 . 

1-13 /2.12/ cneAyeT TaKme 

* * úJ (p) = (-1) (p+q)(N+ 1) (,) (p) /2.13/ 
(N) (N) (q)	 (q) 

OnpeAen~M Tenepb KOA~<t><t>epeH~~anbHW~ onepaTap O cneAY~~\f1M
 

06pa30M:
 

o cu (O) ='0 
(q) , 

/2.14/ 

Dú.>(P) = __ (_l)(P+Q)N 1.. * d * ú) (p) 

(q)	 P (N) (N) (Q) 

npRMoe 8W4\f1CneH~e gaeT 

rn 1'" m p_ 2 fk
Dú.>(ll) == (_Up - 1 [L ú) ml··· 

m 
p _1

k 
_ .!...(p -l)V mp . 1 ú.> + 

( Q) -k n í 2 kf • n 1 .. ·o q' .' n q /2.15/ 
k	 n 1 n qe m1'" mp-1 e ••• e • 

+ q Wn t k ú) f02 '" n q 1em 1 .•• e mp-l 

~ 

TaK~M 06pa30M, D nepeBOAVlT (~)-<t>OPMY B(P~l) -~OPMY \f1 era 

RBHbl~ B~A He 3aB~C~T OT N. 

4 

HltlnbnOTeHTHOCTb onepaTopa Df 0 2 = O, cneAyeT ~3 onpeAeneHItlR 
/2.14/, ypaBHeH\f1R /2.13/ \f1 H~nbnoTeHTHOCTVla. 

Ecnltl onpeAenltlTb BHYTpeHHee np0\f13BeAeHVle <t>~PM a(~ VI ~(~ 
KaK (q) (p) 

(p) I:J (q) (rn 1'" mp fil···0q
<a . fJ > == a e	 /2. 16/

(q) (p) 01'" nq ml'" m p 

co	 CBO~CTBOM 

rnl •••mpk 01 .•. 0q ml··· mpk .01··· 0q
(a L f3 . ) :::: (L a f3 ) , /2. 17/n1 .•. n q 

I 
k m1 .•. mp . -k n 1... n q 

1
m 1... mp 

TO	 MW VlMeeM cne~y~~ee AyanbHoe COOTHoweHVle: 

<Da(P) • f3 (q) >:::: (-1) q <a (p) • df3 (q) >.	 /2. 18/ 
(q) (p-l) (q) (p-l) 

npVl 3Ha4eHVIVI Do = 26 VlMeeM cneAy~~ee aHTVlKOMMYTa~VlOHHoe co
o r aouiexue AnR d VI 0/7, 10 -12 / : 

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

rne Ae~cTB~e K VI T Ha <t>OPMY w(P) onpeneriae rcn no <t>opMynaM
(q) 

(p) p q mt •.. m p Dl 0q 
Kú.> (q) - (L 0- 1 + 1: mi + L n j) w e.•• e e •••e ,/2.20/ 

i = 1 J z: 1 °1 .,. D q m 1 m p 

(p) ml'" mp	 ekeo1 ••• e 0qT w =ú.> ,1] e ••• e	 /2.21/
(q) Dl ..• 0q m k m1 mp _p 1 

K ~ T KOMMYTVlPY~T APyr c ~pyroM VI c d VI D. 

[K,T]={K,d] =[K,D] ={T,d]=[T,O] =0.	 /2.22/ 

3.	 KorOMOIlOn-14ECKI-1E onEPATOPbl B CÉKTOPE
 
HEBE -UJBAPUA
 

rpaAYVlpOBaHHyJO anre6py BVlpaco AnR 'cexrooa Heae -íllaapua co
CTaBnRIOT "4eTHble" reaeparopu Lo, L±o /n = 1,2, ... / VI "He4eT

Hble" reHepaTopbl 0+ \ (À = 1., 1.., ... ) , YAOBJleTBOpRIO~Vle KOMMYTa
_1\ 2 2 . 

~VlOHHblM VI aHTVlKOMMYTa~~OHHblM COOTHoweHVlRM: 

k 
[ Lo' L m] :::: Vnm L k ' 

cI\ 5 



k k·	 Do 2
[L , L ] = W L k + Wm L k + 11 '(2L + - (n - 1)) ,

n -m nm n - - nm o 8 

[L ,L ]=V 
k L ,

-o	 -m mn-k 

[LO' L±m]	 - rnL+ m,+ 

k

{OÀ ' a ol = vN; L k '
 

1 k k Do 2 1
tGÀ,O_a s == »: -. + WaÀL_k +8NJ(2L o+ 2(À -~)), 

la \' a J = V 
k 
\ L k'

-/\"'"'fi (J/\

/3.1/ 
{L , aÀ] = V:À G rn 

[L , G \ ] = W T\ O + W\T a , 
o -/\ 0/\ r /\n ~'f 

[ G À' L-n1 = W{n G T + W~À a-T ' 

[ L -n ' G -À] = - vnA G-T ' 

[ L O ' G±À] =	 +ÀG±À ' . 
rAe 

r T n
V~_ =	 28 À+O" V \ == - V \ = (- - >..) 8 \ , 

/lU p, 0/\ -vn 2 r, n + /\ 

/3.2/ 
nW~ _ = 28 \	 , W r\ = (.!!.. + À) 8 \ , W: = ( 2 + À) aT \ n • 

I\U P,/\-O' n/\ 2 T,n-/\ /\n ,/\ 

SBOAR cynepaanexcu A == n, À 11'1 cvnepr-eueparoou F.A c II'1AeHTII'1$II'1

Ka~lI'1eÇ-í F n == L n , F À == GÀ , neperusuea /3.1/ B ,CIleAYIO~eM KOMnaKT
HOM BIIlAe: 

C 
{FA,FBJ.-(A,B) =VABF c '
 

[FA ' F-B ] -(A,E) = W~BF c + WB~ F -o + 11 AB~(A) , /3.3/
 

[F_A,F_B]-(A,B) =V;AF_C' (Lo,F±Á] = +AF±A' 

6 

3AeCb IIlCnOIlb30BaH~ CIleAYIO~lI'1e 0603Ha4eHIIlR:
 

[ FA' FB ] -(A, B) == FA F B - (A, B) F:a F A ,. ... ,
 

(A) ==	 (_l)[A], (A,B) == (-1) {Al·{B] 

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

[A]	 - rpaAYll'1.pOBKa II'1HAeKCa A, a II'1MeHHO: [n ] = O, [À] 1 ,
 

Do 2
 
j(A) == 2L o +	 a[A B(A) -1] , 

o(A)	 _ { 1, A = n , /3.4/ 
- 4 , A = À,
 

11 = no , TI \_ = o\_, 11 \ = 11 \ = O.
 nm nrn ru /UJ n/\ /\n 

HeHYIleB~e 3Ha4eHII'1R CTPYKTypH~X KOHCTaHT AaH~ B /2.2/ 
11I /3.2/. C 

OTMeTII'1M, 4TO VAB oõnanaer CBOÇ-íCTBOM CIIlMMeTpll'111'1 

a a 
VAB = - (A, B) V BA ' /3.5/ 
B TO BpeMR KaK 

1	 D D 
VAB,a == '2 (A,	 B) 11 coV A~ + 11 BDW OA /3.6/ 
o6IlaAaeT o6paTHoÇ-í CII'1MMeTpll'1eÇ-í: 

UAB,C = (A, B) U BA, C • /3.7/ 

npll'1MeHRR o606~eHHoe TomAecTBo RK0611'1 AIlR cynepreHepaTopoB
F /16/

A 

[ F c ' [FA' F B ] -(A,B)] -(AB, C) + (AB, C) [F A ' [ F B' Fc ] -(B, C1-{BC,A)+ 

/3.8/ 
+ (CA, B) [F B	 ' [F c ' F A ] -(.c, A) ] _( CA, B) = O 

K enreõpe /3.3/, .MomHO BblBeCTII'1 CIleAYIO~lI'1e TomAeCTBa AIlR CTPYK
TypHblX KOHCTaHT: 

D E D E o E
V ABV CO + (AB, C) VBCVAO + (CA, B) VCAVBD == Q ,	 /3.9/ 

4. 

7 



Pe3ynbTaT BbI4~cneH~R np~BOA~T K cneAy~~e~ 06~e~ ~opMyne: 
D E D E D E /3.10/VOA W -WBA W D C +(A,C)WBCW DA =0, (p) p +q .. A 1'" A pBO 

dcu(q) = (-1) (Bl·.·Bq,Bq+l)[(Al···A:p,Bq+l )FB q + 1 (U B 1... B q + 
E D E .. O D E E O 

V CO WAB - (A, C) VAO WCB - VCA WOB + WCD WDA  /3.17/
/3.11/ Ap A 1'" A p-l C 1 A 1···A p ] e B 1 B--qV (}Jc ••• eA e e q+l

E O E E • + pW eu B 2 B A 1 p ••• ,
CB q+1 B1·•· q q+1B 1 B 2,,·B q- (A, C) WAO WBC = 2E[ (A, C) "lOB S A -11 AB 5 C ] , 

D O D 
l1 V -"lCD W +(A,C) l1AD 

WBC =0, /3.12/
BD CA BA 

l1 vg B28(B) -l1CDW~A C 2 S(C). + (A,C)11 AOW~eA2 8(A) =0. /3.13/
BO A 

OTMeT~M TaK~e none3Hoe TO~AeCTBO 

/3.14/
(C O) WO Wc = 1. 11 AB [5A2 B(A) - 8A - 1]. 

, AO BO 4 

CynepcTpYHH~e ~OpM~ onpeAenR~TCR KaK 0606~eH~e /2.6/: 

(p) Al ... A p Bl . Bq /3 15/
eu =Cú e ..• e 8 ••• 8 • • 

(q) Bl'" B q A1 A p 

rne "AyanbHble 6a3~CbI le AI, [e 
B I nOA4~HRIOTCR npaauny YMHo~eH~R: 

B L B2 B2 B1 B B 
8 8 =-(A , A ) e e ' e"B =-(B ) e e ~.eA8 ",,-(A,B)e e A,A A 1 2 A A 1,B2

1 2 2 1 

Al'" Ap
BB~AY 4ero ece rna MO~HO C4~T ar s , 4TO ~YHK,",~dHanbl cu B 06

B 1 ... q 

naAa~T CBO~CTBOM C~MMeTp~~: 

...A ...A iA i+1... ...A iA i +1 ...A 1+ 1 .•. 
eu = -(A i' A i+1 ) cu =-(B j , B j +1 ) eu 

...B jBj+1'" ... Bj+1 B j '" .... B jBj+1... 

~~~~epeH,",~anbH~~ onepaTOp d onpeAenReTCR ero Ae~cTB~eM 

O B
Ha (O)-~OPMY ~ Ha 6a3~c~ eA,e : 

AdI/J =FAt/J·e 

C B
deA :I: (B, C) WAB e e O ' /3. 16/ 

1
KOTopaR RBnReTCR 0606~eH~eM /2.9/. H~nbnOTeHTHOCTb onepaTopa 
d AOKa3~BaeTCR c nOMO~b~ /3.9/ ~ /3.10/. 

,lJ,nR Ko,g~~~epeH,",~anbHoro oneparopa O Mbl nonyvaea cnenyouiee 
0606~eH~e /2.15/: 

(p) p-l A 1'" Ap-l e 1 Ap_1 "A1'" A p- 2 De
 
~ = (-1) [ F (U - -(p -1) V co +
 

(q) -O B1 ••. B q 2 co B1 •.. B q 

/3. 18/ 
O AI'" Ap_ 1 C B 1 Bq

e .•• 8+ (C, DAI···' Ap _ 1 ) qWB 1C (}JOB ... B q leAt···eAp_l
2 

np~ 3Ha4eH~~ DO = 10 ~MeeM aHT~KOMMYTa,",~OHHoe COOTHoweH~e 

/2.19/: 

td, O J c 2KT. /3. 19/ 
np~ 3TOM 

(p) 1 A l .. •Ap Bl Bq 
e ••• e e ••• 8 ,/3.20/Keu ,,' == (L O- -2 + !. A 1 + I. B j ) cu B 

('LI t j Dl'" q A 1 A p 

(p) Al .. · Ap e B 1 Bq 
Teu =(A1 •••Ap-l,A)eu B"lAC8A ••• eA ee .••• 8 /3.21/

(q) P q P 1 p-lB1... 

K ~ T no-npe~HeMY KOMMYT~PY~T APyr c APyroM ~ c d ~ D. 

4. KOrOMOJlOn1~ECK~E onEPATOPbl B CEKTOPE PAMOH~A 

I Cynepanre6pa B~paco AnR ceKTopa PaMoHAa COCTO~T ~3 4eTHblX 
r eaeparopoa Lo, L ± n / n = 1,2, ... / ~ He4eTHblX reueparopoa G o' 
G±n,YAoBneTBop~~~~x KOMMyta,",~oHH~M ~ aHT~KoMMYTa,",~oHHblM COOT

~ 

HOweH~~M: 

~deA=_~VA eBe C, k 
2 BC [L n , Lml -= Vnm L k '
 

~ npaB~nOM ne~6H~,",a /2.8/.
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k k Do 2 .[ Ln ' L -m ] Wnm L k + Wmn L -k + 71 nm (2L 0+ T n ),l:IlI 

k
 
(L-n ' L-m] = Vmn L -k '
 

k
{a!! '0!!ll V L k ' 

,.!l~ 

{ ] k k Do 2 ..a n ' a -m = Wn m L k + W~ ~ L _ k + Bnm (2L o + T n ),
 

{a ,G] = V k L
 
-n -m nm -k' J,.'> 

2 ' 
{aO, O± m I = 2L ±m ' a =L ,o O 

[L n , 0m] = V!IE. G!
 
/4.1/
 

! ! 3n
TL , O_m]n Wn m a k + W~ n G -!. + 8 nm 2 G o '
 

li t 3n

[Om,L-n] = W 0k + W «, + Ô -o omn n m mn 

- - - - 2 
k 

[L .o ] = -Vn-mO k 
-n -m 

[LO" O±m] +mO±m' 

[ A L.] = _.!!!.O +m ' o'' ±m + 2 

[o o' .L o] = O,
 

rne
 

V k = v - =- Vmn - 2
nm 
28 

k,n+m k .!'. -(.!!. -m)8 k• n+m /4.2/ ,,,:.) 

H
nm - k =(.!!.+m)8 • _ • ,.l!. nWk = 28 ,W = (- + m) Ô 

nm k, n-m n~ 2 k,n-m , Wm,n 2 k m n .1
,> 

1'''I 
Baena 06031i·a4eHt.1~: A == n, n , F == L , F == Q , nepenf1UJeM I 

/ '. - n n n n I 
~ ~. 1/ B cnep.y~~eM B~Ae: . -_ ~ 

[FA , F B ]-(A.B) = V;B F c 

10 '~ 

[FA , F_B ]-(A,B) = W;B.F c + WB~ F-c + 11 AB 5(A) + ÀA B Qo ' 

[ F-A ' F-B ] -(A.B)= VB~ F -c ' 

[ L o' F ±A ] _ =::; AF ±A ' 

/4.3/ 

[aO' F A ] -(A) = r ~ F -B ' [ F A ' 00 ] -(A) == r ~ F B ' 

[LO'OO]_ =0, 0 
2 = L O ' O 

rAe 
. Do 
j=(A) == 2Lo + _A2 8(A) , 

B 

r A = n , { 1. A = n , 
ô(A) = [A] = 

4, A =n, 1, A = n, /4.4/ 

= nô , 11 =8 17 = 11 mn = O,11 nm om n m nm ' n m 

z:;Àn m == Àmn = ~ n8 nm , À nm À nm = o , 

r.!! = ~8 r n = 2ô r 
n =r~ =0. 

m mn ' m mn ' m2 I.!l 

HeHyneB~e CTpYKTypH~e KOHcTaHT~ p.aH~ B /2.2/ H /4.2/. 
CBOHCTBa CHMMeTpHH /3.5/ - /3.7/ OCTa~TCff B CHne ~ B 3TOM 

ceKTope. OCTa~TCff 6e3 H3MeHeHHff ~ Tomp.eCTBa /3.9/, /3.10/, 
/3.12/, /3.13/, a BMeCTO /3.11/ HMeeM 

V E WD _ (A C) V E WD _ V D WE + WE WD _ (A C) WE WD =
 
CD AB ' AD CB CA DB CD BA ' AD BC
 

/4.5/ 
E E ] E E[= 2E (A, 0). 71.cB 8 A - 71 AB 8 O + (A, C) À CB r A - À AB r C 

KpOMe TorO, HMeeM 

D D . D /4.6/VOA ÀBD - WBA À CD + (A,C)WB C À AD =0. 

Anff npaKTH4eCKHx B~4HcneH~~ none3HO Hcnonb30BaTb TaKme cne
p.y~~He TomAeCTBa: 
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(C J D) W~C WB('~ = ; TI AB 8 (A) A(A -1) , 

9	 2 n A ô A
ÀABÀ BC = TA 8 AC ' TBrn==A B' 

- CÀ	 - 3 C 8(C) 8(A) À AB = 3 r A TI CBAB	 - "4'A 7ICB ' 

r A	 À = -ª-Tl Bô(B), (A) r ~ À AB = - ~ (B) TlDB B 8(B) , 
D	 AB 4 DB 

ô(A) rt À AB == 3 TI BD B J 

(B	 B ••• B ,A) (B ) ••• (B ) À AC == (B 1 B 2 •••• B , C) À AC ' /4.7/1 2 r 1)(B2 r	 r 

(B1B2 ••• B r ,A) (B1 ) (B2 ) ••• (B r) r ~ ::.(B1 B 2 •••• Br J C) r ; , 

A E A E A E
 
VBE r C + (C) VE C ~ B - r E VBC = O ,
 

A	 E_WA E (C)rA E_
C EC r B + . E WBC - O , WBE r 

r ~ 11 CA -, ~ 'lCB = (A) À AB = - (B) À AB • 

B cMny Toro, 4TO TomAeCTBa /3.9/ H /3. 101 OCTa~TCR 6e3 ~3

MeHeHMR, HMnbnOTeHTHble one paropu d ~ O MomHO no-rtpexuewy on
peAenMTb no $opMynaM 13. 17/ ~ 13.18/. OAHaKo aHT~KOMMYTaTOp 

~,Dl 'Tenepb OTn~4aeTCR OT 13.19/J a ~MeHHO Inp~ 3Ha4eH~H
 
Do = 10/:
 

td, D I = 2kT + SR J	 /4 . 8/ 

rne 

Cp) A1 .. ·A p B 1 Bq

Kcu = (L + I A + I B ) cu B B e A ••• e A e ••• e J
j(q) O i j 1'" q 1 p 

(p) Al.. · A p

R(i) == [(A 1) •••(A ) (B I) •••(B ) Goco B B +
p(q)	 q 1'" q 

/4.91 
A 1	 OA2'" A p O A1'" A p B 1 B q

+ p(B 1) •••(Bq )'D (i) B B + q rB Q) B B O] e A •••e A e ... e
 
1'" q q 1'" q-l 1 P
 

~ 

(p) Al' .. A p C Bl Bq
S (i) = (A1 ••• AI' A )(A ) ( B1) ••• (B ) Ct) B B À A_C eA •••e A.-. e e ••• e J 

(q) p- P P q 1'" q --p 1 -.,-1 

T no-npemHeMY onpeAenReTCR ypaBHeHHeM /3.21/. 
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~Me~T MeCTO cneAY~~He COOTHoweH~R KOMMYTa~HH: 

R2 =	 K J [R J Tl = S J {S, RI = O, 

/4.10/ 
[ dJ S] = [D J S] = [dJ R1 = [ D, R] = O , 

K ~	 T no-rtpexnewy KOMMYT~PYIOT npyr c APyroM ~ c d ~ D. 
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PYKon~cb nocTyn~na 8 ~3AaTenbcK~~ oTAen 
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