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A.B. HHKOJJOB 

0 ITOJIHOM HABOPE 

KOMMYTHPYIDI.L\¾X OITEPATOPOB 

PiJIH rPYITilhl O(n) 

HanpaaneHo B )KypHan 'vlanecTHSI 

qmaH'IeCKOI'0_ HHCTHTYT8 6 AH EonrapHH 

HaY11HO•TeXllH'leCK8H 
6H6JIHOJeKa 

OHAH 



/I/ 
HaCTOIIIJl811 pa6oTa 11Bllll8TCII nponon>KermeM pa60Tbl • B KOTopol! 6brn pa3BlIT 

cnoco6 HSXO)Knenm1 co6cTB8HHblX 3118'181!Rl! onepaTopoB Ka3lIMRpa npoR3BOllbHoro 

nopllnKa nn11 0 ( n) • OnaaKO TSM 6bm OCTaBne11 OTKpb!TblM Bonpoc o TOM, KSKRe R3 

BBenel!HbIX HaMII onepaTopoB Ka31IMRpa H838BRCRMbI Me)Kny co6of1 R 06pa3y10T nII 

OHR 6a3RC B COBOKYilHOCTR Bcex onepaTopoB Ka3RMR!)~ nm1 O(n) • 3necb Mb! 3ali

MeMCll 8TRM BOIIpOCOM. KaK Bbl!1CIIRTCll B nanb11eli111eM, nony'l0Hl!bte pe3ynbT6TbI 

naroT TBK>Ke B03MO>KHOCTb 11allTII AOBOllbllO ecTeCTB8l!llblll II yno6Hblli nonHb!l! Ha6op 

KOMMyTnpyromnx onepaTopoB B cnyqae rpynnb1 0 ( n) • 

rne 

a 

I. 

/1/ 
B Mb! orrpenennnn onepaTOpbl Ka3RMRpa C N 

I 1 
= I 

lj lj 

C 
1 n 

--I 1N 
N 

_!_d: IN 
2 k=I 1k 

2 l=I II 

I 
kl 

+ (-1) N+I i IN 
k=l l k 

I 
k I 

cnenyromIIM o6pa3oM: 

( I.I) 

( 1.2) 

I lj - re11epaTOpbl rpyrrnbl O (n) , 
/2/ 

KOTOpbte BbI6paHbl KaK B TaM )1{8 Mb! 

AOK838llll, '!TO onepaTopbl C N neliCTBIITOllbHO IIBlll!IOTCll RHB8p1Ial!TSMII nro6oro He-

nplIBOAHMOrO npencTaBnemrn O (n) •AHanorH'!HO MOlKHO AOK838Tb, '!TO TBKIIMR ll(8 RH

BapRaHTBMR l!Bllll!OTCII R onepaTOpb! 

3 



n N 
ZN=_l_}: J 11 

2 1=1 
( 1.3) 

rne 

I N+I 
n N 

n N 

Jll = Ill . J IJ =}: Jlklkl =}: Ilk JkJ N11. 
k=l k=l 

( 1.4) 

HeTpynao Hafl:TH eBSI3b M0lKAY onepaTOpBMH ( 1.1) H ( 1.3). lletieTBHTenhHO, 

npeJKne aeero HB oeHoBaHHH ( 1.4) MOlKHO AOK838Tb IrnnyKTHBHo, '!TO 

rile 

N 
JN=}:ANJM 

JI M=D M IJ 

Jo = o 
IJ IJ 

AN=(-l)N 
N 

( 1.5) 

( 1.6) 

N 
a TO'!HhL0 qneneHHbie 3Hll'IOHHH OCTanhHbIX KOSq'qJHUIIOIITOB AM • M < N 3/l.OCb HO rrpen-

eTaBnSIIOT HHTepeca (npn HB)lo6HoeTH nnH STHX Koa¢¢HUHOHTOB MOJKHO rrony'IHTb pe

xyppeHTHbie ¢opMynbl). Tor'na, npHHHMBSI BO BHHM8HH0, '!TO B enny ( I. 2) ~ ( 1.4) 
I I · ( ) 

I II = J II RB OeHOBBHHH 1.2) ll ( 1.5-8 MOJKHO AOK838Tb HHAYKTHBHO, '!TO 

N 
IN=}: BNJM 

IJ M=D M IJ 
B N = l 

N 
( 1.7) 

N 
06 oeTBllbHblX K09!p!pHUHeHT8X BM , M < N MOJl(HO IlOBTOpllTb noenoBHO Bb!llleCK838H-

R00 Hae'!!!T A~ • M < N . Ha ( 1. 7) e IlOMOlllb!O ( 1. 1) • ( 1.3) H ( 1. 6). nony'la,eM 

N-1 N 
C N = ZN +}: BM ZM + _n_ B~ 

M=I 2 

( 1.8) 

/ I/ [ n ] 
IlonOJl(HM, KBK B , V = -

2
- H paCCMOTpHM onepaTOpbl C

2 
, •• , • , C 2 V H 

Z2, .... Z2v. Ha ( 1.8) Bb!T0K8eT, '!TO COOTBeTeTBHe Mell(.QY nepnol! CHCTeMofi H BTOpol! 

eHCT0MOl! onepaTopoB B38HMRO O.QH03R8'1RO (nnpo'leM, 9TO YTBepJK.QORHe eoxpBRSIOT 

CBOIO cnpanennHBOeTb H npH nl060M BbI6ope 'IHCna VI 'ITO KaeaeTeSI onepaTOpOB ' . 

4 

\ 

·J: 
:• 
I 

1J ! , 

I, 
t,t) 

1 
:, 

·;;, 

/1/ 
KaanMn_pa H0'11lTHOI'O nopsinxa C 2 N+ I H Z2 N+ I , TO, KBK Mb! yeTaHOBHnH B 

C =0, N =0,1, ••• TBK '!TO Benny (1.8) z2N+I Bb!p8JK80TCSI nocpeAeT80M 
2N+I 

z 2 •••• z 2N • N = 0, 1 •• • ) • Tenepb SICHO, '1~0 BMeCTO. Toro, 'IT06b! nccne)lOBBTb HH-

TepeeyromHI! Hae nonpoe o 6aa11cHOM xapaKTepe onepaTopon C 
2 

, ••• , C 
2 

v , MOJl(HO 

HecnenonaTb TaKolt JKe nonpoc 1lm1 orrepaTopon Z 2 , •• , Z 
2 

v . 

no npH'IHHe, KOTopasi BblSICHIITeSI B )lllllbHO!l!UeM. 

2. 

A 9TO 6onee Yll05Ho 

05o3Hll'IHM qepea A(n) anre5py nn rpynnhl O(nl. HeTpy/lHO y5enllTbCSI n TOM, 

'!TO A(n) eoeTOHT 113 Bcex nemeeTB0HHbIX KOeOCHMMeTpH'lnbIX MBT(lllll nopsinx:a 

/3/ 
n. KaK ll3B0CTHO (cM., Harrpl!Mep, • neKUIISI 9), )lllH OTb!CKBHIISI ncex orrepaTopOB 

KaaHMnpa JWH O(nl )lOCTaTO'IHO nepO'll!CllllTb Bee pOI!EHlrn ypaBHOHll:5I 

P(Ox0- 1 ) =P(x), (2.1) 

r.Qe O G- O(n), xG-A( n), a P(x) = P(xll) - (HCKOMbilt) 0/lHOpOllHbll! nonn-_ 

HOM OT sne,-ieHTOB XI I M·aTpllllbl X ; KOnb CKopo llllii)lOH TBKO!i nonHHOM P( XII), 

TO q,opMyna 

C = P (III (2.2) 

( e ycnoBHOM eHMMOTpH'IHOCTll - no napHb!M HH.Q0KeaM ( i j) ! Ra TeRaop Koacp-

cpHUH0HTOB) .QaeT COOTBOTCTBY!OlllHfi onepaTop Ka3HMHpa. CymHOCTb 9TOro YTBepll(ne

RHSI n TOM, '!TO nee onepaTopbl KaaHMHpa )lllSI O ( n ) S!BllSIIOTCH cpyHKUHHMH OT onepa

TOpOB Kaa11Mnpa Tnna ( 2. 2). 

Ilanee, MOJKRO nOK838Tb (eM. ITpnnolK0HH0 B KORU0 R8eTOHlll0l! pa60TbI), '!TO 

K8Jl(.Qbll! nonHHOM p ( XI l ) • ynonneTBOpH!Oll!Hti ( 2.1). MOll<:OT 5b!Tb _ paanolK0R no CTe,.:. 

neJISIM cne.QoB P_1<x,1) = Spx 2 , ••• , Pv(xll) = Spx
2

v ,v=[fl.CnenonaTOllbHO, 

Benny TOllbKO ~TO CK838HHoro, nee onepaTOpbl KaanMnpa IlBllSIIOTeSI cpyRKilHSIMH OT 

onepaTopon· Kaam,rnpa p I ( I I I ) • • • • • p V (I I I ). Ho TBK KBK 

p (x l=Spx 2 a=x
11

x
11 

••• x
1 1

, a=l, ••• ,v 
a IJ I 2 2 8 2a I 
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(cyMMHpOBSHlle no IlOBTOpHblM HIUl0KCaM nonpaayMeBa8TCll), TO 

p (I )al I .•. I ,.2z ,aal, ••• ,v; 
a 11 1 1 1 2 12 18 '2a'- 2a 

nocnenaee paBeHCTBO Bb!TOKaeT 11a ( 1.3-4). 

HTaK, BCe 'onepaTOpbl KaaHMllpa nnll O(n) lIBnlIIOTCll <jiyHKlllllIMH OT 

z 2 • • • • ' z 2V 
11nn - B cnny peaynbTaToB npenhlnymero nyHKTa-oT C 2•. • ,<:;;a..,, 

3. 

11,21 
KaK H3B8CTHO, ( CM., aanpJIM8p, ) , aenp1monHMbl8 npencTaBn8Hllll rpynllbl 

o ( n) aana10TCll aat5opoM q11cen m , ••• , m , v = [ --i-- J ( ynoBn8TBOp!l10mnx ae1ro-
/ 1/ I V . 

TOpblM ycnoBH!IM). 8 Mb! /10Ka3anH, 'ITO B n1060M TaKOM npencTaBneHHH COOCTBeH-

llbl8 3H8'18Hllll onepaTopoB C 2 , • • , C 2 v Bb1paJKa10TCll OllH03Ha'IHO nocpeACTBOM 

ml••• , mv . Toqaee, TaM ObinO ycTaHOBneao cymecTBOBaane nonHHOMOB 

fa ( x, , .... , xv), a= 1 , •. ,v TaKIIX, 'ITO 

C
2
a=fa(m

1
, ••• ,mv ),aal, •• .,v (3.1) 

(anecb ll B .na/IbHel1111eM COOCTB8HHbl8 3Ha'I8Hllll npOll3BOnbBOro onepaTopa Ka311Mllpa 

0003Ha'!aIOTCll T8M JK8 CIIMBonoM, KOTOpb!M oooaaaqaeTCll II caM aTOT onepaTop). 
~/ . ~ 

B paccMoTpeHa npyrall CIICTeMa onepaTOpOB KaaHMHpa IC2 • , • • , IC 2V 

nnll · rpynnbl O ( n ) H TaKJKe ycTaBOBn8HO cymeCTBOBaHll8 IlOnHHOMOB 

,gJx, ... ,xv>.a-1, •• ,v TaKHX, 'ITO 

K2a ,. g a.( m I • •• • mv ) • a= 1, . • • • V • 
(3.2) 

xi 
Mb! 113M0Hllnll IIX OOOJ!f'"8Hllll BO 113oeJKaa11e 

npH'IIIH8 BM8CTO 141 c; (cM. ) Mb! oyneM nncaTh 

'ITO qepea n B 0003HS'!aeTCll V >. 
aenopaayMea11A. Ilo aToA JKe 

IC~ (aaMeTIIM np11 STOM, 

6 

KpoMe Toro, K 2 , ••• ,IC 2v lIBnlIJOTCll 'nonHHOMSMII' OT reaepaTOPOB XI 
I , He-

141 
nom,aonaBHb!X B , KOTOpb18 co caoe!i CTOpOHbl BbipaJKaIOTCll nHHel!ao nocpencTBOM 

reaepaTopoB 1 11 , TaK 'ITO K 2 , • • • • • K 2v lIBnlIIOTCll ,, nonHHOMaM11' II OT 

I 11 • ConocTaBnllll aTOT <jiaKT C peaynLTaTSMII np8llbillymero IlYHKTa H paCCYlKASll 

/3/ 
KaK a ( neKnHlI 9), aeTpynao yoen11TbCll a cnpaaennnaocTn cneny10mero yTBepJK-

neanR: cymecTByIOT nonHHOMbI h a Y 
1 

• • • • • Y II l , a= 1, •• , v TaKHe, 'ITO 

K = h ( C 
2a a 2 

• C ) , 
2v 

a = 1 , • • •, V 

11, cnenoBaTenbHO, cornacao (3.1-2), 

g (m
1

, •• ,m l=h [f (m , •• ,m ), •• ,! (m , •• ,ml], a=l, 
a Val IV vi V • V • 

Ho IlOCKOnbKY Mb! HM80M neno C nonnHoMaMH , a m I , •• , m npHHIIMSIOT 
/21 V 

'noaonhHO MHOro"' aHa'!eHH!i (cM., HanpHMep, ), TO HM8IOT MOCTO H TOJKACCTBa 

g a ( x I • •.• • x v) = ha [ f I ( x I • .. ,x v ) ' • • • f v ( x t ••.• xv ) ] 

Ha aToro BbITexaeT, 'ITO 

a g ·ah 
detll a ll=de1N· a II 

ax /3 ay /3 y =r 

, a =l, .. , V .• 

a fa II 
det II a X /3 

xi a g 
Iii TSK KaK lllto611aa det~l-a a II ae 

/4/ 
am1ynnpyeTCH , XOTH Obi nm1 ll8KOTOpb!X 

a£ X /3 
TO lIKOOHaH 3H8'!8Bllll m I mv det II __JL_a II TaKlKe ae aHHynnpyeTcll 

X /3 
nnH aTHX 3Ha'I8HH!i CBOHX apryr,,ieaTOB. 3aa'IHT, B CHny ( 3.1) onepaTOpbl C •••• 

2 

C2v aeaaBHCIIMbl MelKllY co6oii.r Ji!Hb!Mll cnoBaMH, OHH oopaay10T 6aanc B COBOKyn-

HOCTH BCex onepaTopoB KaaHMHpa nnll O(n) ( K'OT0pb10, KaK ObinO yCT8HOBn8HO 

B nyHKT8 2, llBnHIOTCH ¢YHKUHlIMil OT C 2 , ••• , C 2V ) • 

CooTBeTCTBHe M8lKAY m 1 , •• , m H K , •• , ic · , aanaaaeMoe co0Tao111e-
v , 2 2v 

141 
HHllMH (3.2), He acerna o6paTHMo. OnaaKo, KaK obmo yKaaaao B , ecnn npH n 

'{()THOM 3.'.IM8HHTh K2V Ha H8KOTOpb!!l npyrol! onepaTop Ka3HMl!pa K , 
V 

(np11 

n He'I()THOM llll'I8ro ue Hano 113M8HHTh), TO BO Bcex cnyqagx Mb! 6y)leM IIM8Th 

CIICTeMy. onepaTopoB Ka311Mllpa, KOTOpbI8 onpeJlenHJOT O!lH03Ha'qJio m I , • •, m 'i, 

( TO'!Hee, B nro60M HenpHBO/lllMOM npencTaaneanH rpynnhl O ( n) CIICTeMa COOCTBeH-

Hb!X 3118'18HHl1. aTIIX onepaTopoB onpenenl!eT OAHO~IIS'IIIO m I , •• • , m V HSilOM-

xi /41 
8 A{Xe paoOTbl cnenoBano Obi Oo03118'II!Tb YK838Hllbll! l!K0611aa qepea 

D K2 ' ••• Kw) • 3TO ~1opManbHOe (n HeTo'IHOe)o60:JHa'!e1111e CB5138110 C (3.2). 
D(m 1 , ••• ,m 11 ) 
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HHM, qTo B TSKOM npencTaaneuHH KSlKAblll onopaTop Ka3HMHpa HM00T OAHO enHH

CTB0HR00 co6CTBORHOO 3uaqeune). C npyrol! CTOpOHbl, H3 BbIIIIOCK838HROrO HCRO, 'ITO 

9TH -orrepaTOpbl HBnmoTCH 'PYHKIIHHMH OT C 2 , • • •, C2v, TaK 'ITO TaKHMH 'PYHKl!HHMH 

HBnmoTCH H m I ..... mv 3TOT ~<a KT H COOTHOEIOHHH ( 3.1) lI03BOnHIOT uaM 3aKnIO-

'IHTb, 'ITO COOTBOTCTBHO MOlK/lY m I • • • • m 
x/ V 

n c 2 ' ••• • c 2v B38HMHO OllH03H8'1-

HO 

Terrepb HCHO, 'ITO C 
2 

, • , , C 
2 

V 381l8IOT uerrpIIBO!IHMblO rrpencTaBnOHilll rpyrrrrbI 

0 ( n) ,B rrpocTpaHCTBe KSlK/lOro TllKoro rrpe1tCT8BlIOHHH cymecTBYOT 6a3HC, BOKTOpbl KOT0-

/2/ 
poro '3auyMeponaub1' COOTBOTCTBYIOIIIIIMH cxeMaMII rem,¢auaa-lleTnIIHa • BepxHHH 

CTpoKa 9THX CXOM coarranaeT C ua6opoM 'IIICOn m I • • • • m V HeTpynuo y6e-

!IHTbCH a TOM, 'ITO BTOpaH CBepxy CTpOKa conrranaeT c TaKHM JKO ua6opoM 'IHCen IIlIH 

Toll rpynnb1 0 (n-1 l f:. 0 (n l , anre6pa fln KOTopol! nopolKnaeTcsi reHepaTopaMH 

/5/ 
I II, j<i:S,n-1 (cp. ); rrnH KalKJWl! H3 OCTalibHblX ~TpOK crrpanennnBO auanorII'IHOO 

YTBOp)!m.eane. CnenoBaTOlibHO, cornacao Bbllll0CK838HHOMy, CTpOKH CXOM renbipaana

UeTlIIIHS H8XOAHTCH BO B381IMHO aAHO~Hl8'1HOM COOTBOTCTBIIII C HOKOTOpblMH CIICTOMa

MH onepaTOpOB Ka3HMIIpa nnH YK838HHblX rpynn O (n) :) 0 (n-1 ) :) ... TaK 'ITO 

coaoKyrrnocTh ncex nocnennnx onepaTopoB orrpenenHeT nnonae onHo3Ha'IHO 6a3HC B 

npocTp8HCTBO n106oro nenpHBOllHMOro rrpencTaBJlOHHH rpynIIbl 0 ( n). 

COBOKYllHOCTh COCTOIIT II3 nepBblX [ ~] 
2 

nnsi 0 (n l, nepBblX 

, To'laee, 

n -1 
2 

91'a 

nnsi 

Q ( n - 1) H T.n. onepaTopoB Ka3HMHpa 'leTHoro nopsmKa; K8K HOTPYAHO IIOK838Th, 

Bee OHH KOMMYTHpyIOT MOlKAY co6ol! ( n cnny onpeneneunsi l!OIIO'IKH rpyrrn 

0(n):) 0(n-ll :) ••• nnn lKO B cuny Toro, 'ITO OHH OAJIOBpeMOHHO Z1Haroaai:may10TCSl). 

llpyrnMH CJlOBSMH, OHH o6pa3yIOT IlO;JHbll! Ha6op K- .. yTHpyIOillHX onepaTopon, KOTO

pbIO nnaro11anH3YIOTCH B yKa3aHHOM 6a3HCe. 

xi 141 
CnenonaTOJlhHO,B OTn!!'!HO OT 3!10Ch HOT HHK8Kott 11aao6HOCTH MOIIl!C!lH-

l!HpOB8Tb CHCTOMy orrepaTopoB Ka3HMnpa - Mb! HMOOM B BH!IY MOAHq,HK81!HIO ,Tnna 

BbIIIIOYIIOMHHYTOil, npn "KOTOpofi K 2v 38MOHH0TCH Ha K ~ ; 9TO OO'hHCHH0TCH 

¢aKTII'IOCKII TOM, '!TO B OTnH'IHO OT K 2 • /4/. K2V. ICOTOpb!O 38BIICSiT JlHlllh OT qeT-

Hb!X CTeneaeil: m I ••••• m V (cM. ), C 2 ••• ,c 2V 38BHCHT H OT- HX /1/ 
HO'leTllblX CTOlIOHett, KaK MO)K!IO ycTan91r?Tb IIpH IIOMOIIIH (I'OpMyn, rrony'IOHHblX n 

11TaK, Hannno nonoe rrpenMymecTno ( n Mb! yl!ce yKa3bIBanH na aeK0Topb1e npyrne 

rrpeHMY!IIOCTBa) pacy~Tp1rnaeMbIX 118MII onepaTopoB Ka3HMHpa nepen TOMH, KOTOpbIO 

paccMaTpHBalIIICb B 

8 

IIPHJIO)KEHHE 

3aecb Mb! AOK8lK0M YTB0plKAOJ!IIO, KOTOpoe 6b!lIO numb cqiopMynnponano B 

121 • 131 
nyHKT0 • PaccylKAOHHH nponeneM nono6Ho TOMy, KSK aTO UbllIO cnenaao B 

( JlOKllllH 9) AlIH rpynnbl G L ( n l . 

HarroMIIHM, 'ITO 

M8Tplln nopSIAKS n 

cymecTayeT MaTpnna 

A(nl COCTOHT ll3 BCOX nemecTBOIIHblX KOCOCIIMMOTpll'IOCKHX 

rno 

16/ 
KaK 113BOCTHO (cM. • rn. XI' §5), ecnn X G-A(n), TO 

0 G- 0 (n) TaKaH, 'ITO 

X o - 1¢,0. 

cf, -- K_naaHnnaro11anb11aH MaTpnna nopHAKa n , 

( I) 

xi 
y ICOTOpol! BCO HOHy/lOBb!O 

nnaroHS/lbl!bIO 6/IOKH HBlIHIOTCH !IBYXPHl!HblMII MaTpHUSMII nnna 

( 0 cf, 1\ .... 
-tpl O) (_',. ·:)' V =[ _n_). 

2 

a 'P1 , ... 'Pv BO!IIOCTBOHBbIO 'IHC/la. Cnenona1'0/lbHO, B cnny ( 2.1) 

-P (x l P(ef,l=P(ef,
1 

, ... ,tj,v). ( 2) 

IToMOHHOM. TOlIOpb MOCTSMII 

MaTpnny o6oaaaqHM _qepea 

/6/ 
l!bIX onepanHtt tcM. , rn. 

'Pa 

"' -· 
VI 

¢, = ci- 1 _,, o 

II tp {3 , a ,/- {3 B M8Tpnne tp : IIOBOIIOnyqe11nyro 

11cnonsayg CBOll:CTBa TaK H83b!B80MbIX 3/IOMOHTap

§ 1), HOTpynuo fl0'i\'.838Th, 'ITO 

OG-O(n). 

xi 
HMOIOTCH B BRAY Te nnaroaanbHblO 61101t11, KOTOpb!O 110 auaynHpylOTCSI TO)!(-

AOCTBOHHO (¢aKTH'IOCKH, Korna n 'leTIIO, .TOlKAOCTBOHHO an11ynnpy10mnxciI 6/IOKOB 

110 cymecTnyeT, a Korzia n HO'leTHO, cymecTnyeT TO/lbKO OAIIH H :ipn aTOM-, oqe

BHAHO, ero rropHl!OK p_aBeH ennHnne). KoHO'IHO, B 'ISCTHbIX cnyqagx l!OKOTOpb!O H3 

'IIICen cp 1 , ••• , 'Pv MoryT 6b!Tb Hyn_HMII, T_.e. KO/III'IOCTBO neuyneBbIX 6noKOB 

MO;KOT 6bITh MOHblllO V • 

'!)I 
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Cnei:toBnTenhHO, cornacno (2.1), P( ¢) mP(t,l,) (Mb!, KOHC'lHO, np1rnsmn BO BHHM8HHe, 

. 'ITO rf, ; rp G- A ( n ) ) • C npyrol! CTOpOHhl, p ( t,l,) oTnH'lBCTCll OT p ( ¢) nHmh TeM, 

'ITO "'a ll "'/3 IlOME?HllnHCb MCCTUMH. :3HB'lHT, nonHHOM p (¢ .) 5 p ( ¢,, .. ,<p V) ne-:-

H3MCHeH npH nepeCT8HODK8X apryMeHTOB <f' I • • • • • <f'v AaanorH'lHhlM oopaaoM 

M01KHO J:tOK838Th, 'ITO OU HCH3Meueu H npu 3aMeHe rp a ➔- cp a , T.e. npn 3aMeue 

( 

0 ¢a) ➔ ( O -</,a) 
-¢ 0 <p 0 

a a 

KOTopall TaKlK0 CBOl:tl!TCll K sneMCHTapHblM onepnUUlIM. 

l\aK aeTpy.r:tuo noKaaaTh, mooon nonuaoM P ( q, l s P l q, 
1 

, ••• q, v ) c y1rn-

aaUHhIMH J:tBYMll CBOJ!CTBBMII MOlK0T 6bITb paanolKOH no CTenel!lIM cne.r:tyromux sne

M011T8pllb1X CT0U0llllblX CYMM: 

V 2 V 2 V };cp •.••.• }:¢. 
a=I a a=I a 

Ho B cnny onepeneneHHll MaTp!Illhl ¢ BMeeM 

V V 
2 2 2V V ~ ,1. 2V 

Spcp =-2 }:cf, •• Sp¢, =2(-1) .., .,, • 
a=l a a=l a 

Haxo11eu, cornacno ( 1). 

Spx
2 

_=Spcf,
2 ,.Spx2V =Sptp2V 

H, cornacHO (2), P(x)mP(cp). Ha BCero TOnhltO 'ITO CK838HHOro BbITeKaeT, 'ITO 

nommoM P( x) MO>KeT 6b1Th paanoJKeH no cTenenRM cne.r:toB Spx 
2 

•••• Spx 9 v 

a HM0UHO 8TO yTB8pJKJ:teHHe H Tpe6onanoch J:tOita38Th. 
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