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1. l13BeCT.H01 'ITO ni06aH KO.He'I.HOMep.HaH anre6pa flH (t MOJKeT 6biTb 

peanH30Ba.Ha C nOMOWb~ 6oae- HnH ¢epMH-onepaTOpOB poJKae.HHSI H Y.HH'ITo-
T /1/ 

JKe.HHH a , a (i ,j = l,2, .. ,n) • npa STOM sneMe.HTbi anre6pbi MOI'YT 6biTb Bhi-1 j .. 

paJKe.Hhi pa3.HhiMH cnoco6aMH 'lepea A 1 , a l • B TeopeTH'IecKoA 4Ja3HKe 

( .aanpHMep, neCT.HH'I.Hhie npeacTaene.HHH anre6p flH, 6ecKo.He'I.Ho-KoMno.ae.HTHbie 

ypaBHe.HHH, aH.HSMH'IeCKHe rpynnb!) .Haa6onee 'ISCTO HCnOnh3Y~TCH npeacTaB-

ne.HHSI, B KOTOpb!X re.HepaTOpbl (t 
BblpaJKa~TCSI KBaapaTH'IHbiMH KOM6HHa-

+ 
UHSIMH onepaTopoe a 1 , a l • CymeCTBY~T TaKJKe peanaaauHH (t 

nona.ao-

MSMH CTeneHH Bb!We BTOpoft • .llnSI cny'laSI Boae MOJKHO Bblp8.3HTb sneMeHTbl 
+ 

anre6pb! paUHOHanb.HbiMH «<JyHKUHSIMH onepaTOpOB a I • a j 

BaJKHhiM acneKTOM B npo6neMe peanaaauaa HBnSieTCSI aaaa'la aaxoJKae

.HHH BCeX anre6p fla, KOTOpbJe MOI'YT 6b!Tb nocTpOe.Hbi H3 aaH.HOI'O 'IHCna 

onepaTopoe poJKaeHHH H y.HH'ITOJKe.HHSI. B HaCTOHmeA pa6oTe Mbi aoKa3biBaeM, 

'ITO MSKCHManbHSH KOMnneKCHaSI npOCTSSI anre6pa flH, KOTOpag MOJKeT 6b!Tb 

peanH30Ba.Ha C nOMOWb~ n nap «<JepMa-onepaTopoe H30Mop4Jaa Knacca'lec-

KOA anre6pe A 2 n _ 1 • Mbi roeopHM, 'ITO anre6pa <t , npaaaaneJKamaR 
M.HOJKeCTBy anre6p flH 0 

t MSKCHMSnbHa B fi , ecna o.aa He RBnHeTCSI 

noaanre6poft HH oa.aoa aa anre6p, npaaaaneJKamHx 0 • .HCH01 'ITO 0 

MOJKeT HMeTb B 06meM cny'lae HeCKOnbKO M8KCHManbHb!X sneMeHTO~ 

2. PaCCMOTpHM COBOKynHOCTb 2n Ofi'beKTOB £1 
al i =1,2, .• , n 

£ 1 = + l H nycTb ~ - npoaaeonbHoe none. 06oaHa'IHM 'lepea Vn ac-
- £1 

couaaTHB.Hy~ anre6py Haa noneM ~ c o6paay~mHMH a 1 , KOTOphle yaoe-

neTBOpSI~T COOT.HOWeHH.HM: 
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£1 
a I 

"' "' t' j t' j t' I 
a + a a = I 811 0- 8 ) , 

j j I t' t' 
I j 

(1) 

"' rile £ 1 , £ 1 
= ± l ; j, j = l, .•. ,n H 1 - eJlHHH'iHbiH sneMeHT anreopbl V n o 

t't 

SIBnSieTcSI ¢aKTOp-anre6poA anreopbt acex nonHHOMOB oT a 1 Anre6pa V n 

no IIJleany, nopmKJleHHOMY MHO)I{eCTBOM BCeX sneMeHTOB BHJla! 

t' I t' j ( j t' I 
a a +a a -I 8 

I j j I ij 
0-8 

t' I 
"' ) . 
(j 

(2) 

CooTHoweHHSI ( 1) coanaJlaJOT c aHTIIKOMMyTaUHOHHbiMII coo'l'aoweHHSIMH AnSI 

n nap ¢epMII-onepaTopoa, ecnH OTO)KJleCTBHTb ace a 1 H a+ 
I 

c 
+ 

o 0JlHaKO at + 
¢epMH-onepaTopaMH yHII'iTO)I{eHHSI 11 pO)KJleHHSI a 1 11 a 1 

He SIBnSieTCSI spMHTOBOCOnpSiiKeHHbiM K a I , ToKo onepaUHSI llHBOnJOUHH He 

onpeJleneHao 

3. Anre6pa v n KOHe'iHOMepaa. 0603tJa'iHM qepea B n COBOKynHOCTb 

acex aneMeHTOB anre6pbi V n BHJla: 

( 1 
·~a 

I 1 

(p 

a I C I • • • • C I 
p p+l q 

I'Jle no onpeJleneHHIO c =a a+ -a+ a 
r r r r 

i p+l > ip+2 > ••• > i q ' I P .f,. iq 

npoaepHTb, 'iTO sneMeHTbl MHOiKeCTBa Bn 

n11HeAHaH o6ono'iKa pasHa vn o llosTOMY 

(3) 

it >i2> ••• >ip 

ecnH p .f,. q HeTpyJlHO 

nHHeitHO He3aBIICIIMbi, a IIX 

Bn SIBnSieTCSI Oa3HCOM 

B npOCTpaHCTBe V n o B JlanbHeAweM, roaopSI o 6aa11ce B vn t Mbl 

BcerJla oyJleM nOJlpaayMeBaTb 9TOT 6a3HCo 06paTHM BHHMaHHe Ha TO, 'iTO 

OJlHH H TOT iKe 6a3HCHbiH BeKTOp He MO)I{eT COJlepiK8Tb MHO)I{HTeneA BIIJla 

+ - ( 
a I al 'a I c 

1 
(i =l, ••. ,n) • 

ByJleM roaopiiTb, 'iTO 6aaHCHbiA aeKTOp 

4 

~ 
.( 

t'l 

a It 
a t'P c 

IP I p+l 

'i~TeH (He'i~Tea), ecnH 2q -p 

C I 
q 

'I~ THO ( He'i~THO) o 3neMeHT a I; V 
n 

(4) 

'i~TeH 

(He'i~TeH), ecnH ero MO)I{HO npeJlCTaBHTb B BHJle nHHeAHoA KOM6HH8UHH 'i~T-

HbiX (He'i~THbtX) 6a3HCHbiX BeKTopoa. 06oaHa'iHM 'iepea Be (B 0 ) coao-
n n 

KynHOCTb BCeX 'i~THbiX ( He'i~THbiX) 6a3HCHbJX BeKTOpOB, H nyCTb V: ( V nO ) -

- npocTpaHCTBo, HSTSIHyToe Ha B: ( B : ) • O'ieBHJlHO, 'iTO V n ecTb npsr

Masr CYMMa 'i~THOI'O H He'i~THOI'O no)lnpOCTp8HCTB80 Toe. 

Vn=V:+vno· 

DpoH3BOnbHbtA sneMeHT a c;. V acerJla npe.llcTaansreTcsr B BH.lle: 

a =I a 1 e
1 

rne 

at,f3l~c'b 

n 

j 
+ I {3 f 1 , 

e ~ Be 
I n 

0 
, f ~ B 

j n 

(5) 

(6) 

06oaHa'iHM 'iepea s H R 
n nonnpocTpaHCTBa V 

n 
,' , HaTSifll'Tbie 

H8 eJlHHH'iHbiH sneMeHT H Ha BCe sneMeHTbi nopSIJlK8 60nbWe eynsr, COOTBeTCT· 

BeHHOo 113 KOMMyTaUHOHHbiX COOTHOWeHHA B V 
n 

cneJlyeT, 'iTO 

[ s 'v 1= 0 n [R , R ]c R • 
n n n (7) H 

llOSTOMy anre6pa V n pacnaJlaeTCSI B npsrMyJO CYMMY CBOero ueHTpanbHOI'O 

Hneana s H nonanre6pbt R n 

V n =S (t}Rn • (8) 

Tax *e xax H AnSI v 
n qepea Re H Ro Mbl 0603H8'iHM COBOKynHOCTb n n 

acex 'i~THbiX H He'i~THbiX sneMeHTGlB anre6pbt R n 

4. OnpeJlenHM nuae:Aabte onepaTOpbt P ( jl. · · ·. n ) (rAe (j ••• j ) 
1" • • Jn 1 n 

nepecTaHOBKa 'iHCen ( l, ... , n ) H Q (8 
1
, •• , 8 ) ( 8 = + l 

n P -

JlnSI p = l, ••, n) B npOCTpaHCTBe V CneJlyiOIIlHM Oopa30M: 
n 
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1 . . . n 
p ( 

j ... j 
t n 

€ t 
) a I 

1 

fp € 1 
••• a 

1 
c 

1 =a l 
IP I p+t It 

ft 
Q(8t , ••• ,8n ) a I ... 

t 

= 8 
I p+t 

8 a 1 
I 1 q 

8 € 1 
It 

fp 
a 

j 
p 

... 

fp 
a 

j 
p 

c 
I p+t 

c j 
I q 

c 
I 

P+ t 

81 € p 
p 

a IP 

... 

c I 
p+t 

clq 

c 
I q 

(9) 

C I 
q 

0T,()6pa>KeKHSI p H Q coxpaHSilOT 8HTHKOMMYT8llHOKKbie COOTKo-

weHHSI (1) H fi09TOMY SIBllSilOTCSI 8BTOMOp!l»H3M8MH anre6pbl V n ( paCCMST-

pHBSSI V 
KaK accouaa THBHyto anre6py HllH KaK anre6py na). H anpaMep: 

n 

Q(8 , ••• ,8 )(a€1 a€1 
t n I I 

€ 
+a I 

I 

81 €1 

= a 

81 € j 

a 
I 

8 j fl 

+ al 

€1 
a 

I 

81 €1 

a 

6 

(10} 

= 8 (1- 8 -
II f 1 f l 

) . 

w 

' 

;&···. 

. I 

CosoKynHOCTb scex 
P( 1 ••• n ) 

onepaTOpOB • • .llSeT npe.llCT8BlleHHe 

rpynn~ nepeCTSHOBOK B 

onpe.llellBeT rpynny G 

J t • • • ln 
vn • MHo>KeCTBO scex onepaTopoB p R Q 

8BTOMOp!l»H3MOB 811I'e6pbl V n 

f t fp 
nto6oA 6a3HCHbiA BeKTOp a It ••• a 1 c 1 •• C1 q BCei'll8 MO>KeT 6b!Tb no-

- - p p+l 
nyt~ea H3 at ···a P cP +r· c q c noMOIIlbto onepa1:opos P H Q 1 Bbi6paa-

HbiX UO.IlXOllBIIlHM o6pa30Mo .LleAcTBHTellbHO, nei'KO npoaepHTb 1 'ITO 

p-q 
1 ... n (-1} )Q ( -f t - f n 

l X p ( , .... 
j ••• j 

f ... f t n 
p+t q 

( 11) 

=aft 
fp ... c I - - • • • c ••• a I cl x at •• • a c 

I t p+t q p p+t q p 

PaccMoTpHM aeKTOp /'l. = L ct ••• c • Ou BBnBeTcB co6cTaeHHbiM seK-
2 n 

TopoM npoassollbHOI'O npeo6pasoaaHHB P( 
1

•·· n )Q( 8t ••• 8 ) c co6cTBeHKbiM 

3Ha'leKHeM 8 I • 8 2 ••• 8 n 

1 •.. n 
P( )Q(8t 

it ••• in 

1 
=-8 2 t 8 D CIt 

it ... in n 

1 
• •• 8 n) •- C 1 •• C 2 n 

cl 
n 

= 8t ••• 8 • /'l. • 
n 

(12) 

5. BbtBe.lleM H9CKOllbKO COOTKOWeHHA1 KOTOpble fiOK8ll06SITC51 HSM B ll8 

ueAweM. PaccMoTpHM 6a3HCHbiA seKTOP 

- seKTOp, onpe.lleneHHbtA Bbtwe. 

7 

e = a-t ••• a- c , •• c R nycTb 
p P+ q 

/'l. -



HeTpy.uuo Bbl'IHCnHTb KOMMyTaTop [ l\, e l . OxaabJBaeTcst: 

[L\ , a ••. a c ... c 
I p p +I q 

0 - p - 'I~THO 

a 1 ... a P c q-rl ... 

p- He'I~THO 

c 
qn 

(18) 

BbiBO.Il «flopMynbi (IS} 3HS'IHTenbHO ynpomaeTcst, ecnH HMeTb B BH.IlY, 'ITo: 

€ I 
a 

I 
c 

I 

€ I 
€ a 

I I 

€ I 
c a 

I I 

€ I 
=- al c c 

I I 
=I • 

Onpe.nenHM onepaTop " paBeHCTBOM: 

" • v = [ l\ [ l\ ' v ]] 

.QnH niOQ~I'O V ~ V n • Tor.ua H3 (18) HMeeM: 

0 - p - 'leTHO 

"• a 1 • • • • a P c p+l'" c q 

a I ... a P C P +I .. • C q - p -He'!:~ THO • 

(14) 

( 15) 

(16} 

llycTb g <;;; G - asToMop«f!HaM, onpe.ueneHHblA «flopMynoa ( 11}. DeftcTBYH 

aneMeHTOM g Ha nesy10 H npasy10 'ISCTb paseHCTBa (16) H Y'IHTbiBast, 

'ITO g(rr·a 1 ... aP cP+1 ... cq)=g(rr).g(a 1 ... aPcP+r··c4 ) H g(rr)=rr , nony'laeM: 

8 

) 

) 

~~~~: 

0 p - 'I~THO 

( 1 (p 

"• a I • • • a I cl ... c I 
I p p+l q 

p - He 'I~ THO (17) 
€ I €P 

al ... al cl ... cl 
1 p p+l q 

EenH p - 'I~ THO ( He'I~THO), TO 2 q - p TSK)Ke 'I~THO ( He'I~THo}. TeM 

eaMblM Mbl nony'IHnH ene.QyiOIUHA pe3ynbTST: 

6. neMMa 1. Bee aneMeHTbl npoeTpaHCTBa v n SlBnSliOTeSl eo6eTBeR-

HbiMH sexTopaMH onepaTopa " • Co6cTseuuoe aHa'leHHe onepaTopa " 

eOOTBeTeTBYIOIUee npOH3BOnbHOMY He'I~THOMY ('I~THOMY) sneMeHT~ p8BHO 

e.QHHHJle (Hyn10) 0 ll09TOMY onepaTop " npoeKTHpyeT anre6py Vn (R n) 

Ha ~~ He'I~THOe no.nnpoeTp8HCTBO V 8 (ft 8
) (eM. (5)), Toe. 

n n 

"v =v· D D 

• rrR =R • D D 

(18) 

(19) 

neMMS 2. llyeTb V - anre6pa fla, W - ee npocrast no.uanre6pa 

H J - H.nean B V • Tor.ua nH6o W C J , nH6o W n J =0 

.UoxaaaTenbcTso: HeTpy.nHo noxaaaTb, 'ITO J '= J n W stsnsteTcst H.neanoM 

B W • Tax xax no npeLinono:lKeHHIO anre6pa W npocTa, TO nH6o J '=0 

nH6o J '= W 

7. TeopeMa 1. Anre6pa V n paena.uaeTcst B npstMYIO cyMMY esoero 

ueuTpa S H npoeTYIO no.uanre6py R , T.e. n . 

V =S 4' R . 
n ~ n 

(20) 

9 



r 
TeopeMy JlOKa>KeM MeTOJlOM MaTeMaTH'I8CKOl!: HHJlYKUHH, lln.R cny'la.R • T,e, 

n "' l TeopeMa BepHa, llel!:CTBHTenbHO, V l HMeeT cneJlyiOIIlHl!: 6aasc: 

8
1 

"'II, a 
+ , a , c (21) 

+ + 
a a -a a }, 

lipH'I~M [ a - , a+ 1 "' c , [ a- , c 1 = -2 a -

[a+ , c 1 = 2 a+. (22) 

n 03TOMY anreopa 

HJleanoM B V 1 

R t C Oa3HCOM - + a , a , c npocTa H .RBn.ReTC.II 

V
1

-=S E)R
1

• (23) 

HaJl rioneM KoMnneKCHbiX 'IHcen C anreopa R 1 H30MOpcpHa anre6-

pe A I (a KnaccHcpHKaUHH KapTaHa), T.e. SU (2, C ) • 0003Ha'IHM 

'lepea v' 
n-1 noJlanreopy anre6pbi V n , COCTO.IIIllYIO H3 BC8X ITOnHHOMOB 

onepaTOpOB pO>KJl8HH.II H YHH'ITO>K9HH.II1 3a HCKniO'I9HH8M 
"'"'( 

a 1 (£=.:1:1) 
1 

I 

-ol!: 
i napbi 

npeJliTOnO>KHM, 'ITO Jln.R V n-1 TeopeMa aepHa, T.e. 

I I 
X,_ I= S E) Rn-t • 

I 
r)le R n-1 npocTa, H JlOKa>KeM YTBep>KJl9HHe Jln.R v D 

lloKa3aTenbCTBO pa300b9M Ha HeCKOnbKO 'laCTel!:: 

(24) 

a) Hal!:JleM CHa'lana MHHHManbHbil!: HJlean J n 1 KOTOpbil!: C0Jl9p>KHT 

noJlanreopy RD 
n- 1 • 

T + D 
aK KaK a 1 r; R n-t , TO 

l -(2 a I C2 ••• CD 
+ 1 l ,at =2ct•••cnr;Jn 

(25) 

10 

/11; Jn • (26). 

Ecns f - ITpOH3BOnbHbll!: H8'1llTHbil!: aneMeHT1 TO ( CM, neMMyl ) : 

(27) IT·f =[11,[11 .r 11= rr; J 
D 

n ft ( 
yCTb a I tt•• a I P cp+l ••• c q 

• TorJla 

- npOH3BOnbHbil!: 'I~THbil!: Oa3HCHbil!: B8KTOp1 
1 p 

Jln.R KoToporo p -/. 0 

1 £1 
[-a 

( 2 ( p 
, a

1 
•••• a 

2 II 2 I 
p 

1 £1 
H TaK KaK "2"" a 

11 
r; J n 

( 1 fp 

c 
p+l 

' TO 

a 1 ••• a I c I ••• C I r; J 
1 p p+l q D 

KpoMe Toro, 

1 £I £ P 
c =a .•• a

1 
c 

1 q I I P P+ 

- + 
(a I , a 1 C I ••• C I 1 = C I ••• C I r; J,. • 

1 I 2 q I q 

•.. c 
q 

(28) 

(29) 

noaTOMy BCe 'I~THbie Oa3HCHbie BeKTOpbl He Hyneaoro ITOp.IIJlKa, a ,cneJlOBaTenb-

H0 1 H HX nsHel!:Hbie KOMOHHaUHH ITpHHaJlne>KaT Jn 

TaK KaK R D - HJlean, COJlep>KalllHl!: R n':..l 
noaTOMy 

Rn = J n 

5) PaccMoTpHM onepaTop 

1 - ( + )2 V -=-4 ada ada 
n n 

ada- •IT, 
D 

11 

1 TO 

• TeM caMhiM Rn C J n • 

J c R 
n n 

(30) 

(31) 



r.lle .llnH npoH3BOnbHoro sneMeHTa 

nseTCH paseHCTBOM ( ' c; V n 

<Uta., .. [a,,]. 

a c; V n onepaTop cui. a onpe.lle-

(82) 

ll OKa)KeM, 'iTO V HBnSieTCSI onepaTOpOM npoeUHpOBaHHSI anre6pbl 

Rn 
0 

Ha He'i~THOe DO.IlnpocTpaHCTBO Rn_ 1 no.llanre6pbi R :_ 1 

llyCTb e I , f l ( i, j = 1,2, ,,, ) - COBOKYDHOCTb BCeX 'i~THbiX H He'i~THbiX 

n 
6a3HCHbiX sexTopos anre6pbi Rn_ 1 • llpoHasonbHbi:ll: sneMeHT r c; R n 

scer.lla MO)K9T 6biTb npe.llCTasneH B BH.Il9 (cyMMa DO DOBTOpSilOWHMCSI HH

.Il9KCaM): 

'"I + a f 1 
I 

r = a e a 
I n 

l 
an +f3 el 

+ 
a n + 

k '"k '"f f 
+ y rk en + y e k c n + 8 e f + 8 r f 

.. l 
f3 fla+n+ 

(88) 

llpoex~HH r 

V Ha r 

0 f 
Ha R n-1 pasHa 8 r f • .llei!:CTBYSI onepa TOp OM 

H, Y'iHTbiBSSI ( CMo neMMY 1), 'iTO BCe cnaraeMbie C OTM9'i9H• 

HbiMH THnb.llO:ll: (He OTMe'l:eHHblMH) K09¢qlHUHeHTaMH B (88) HBnSilOTCSI C06-

CTBeHHbiMH BeKTOpaMH onepaTopa 

( 9.1lHHHUa), HMeeM: 

TT C C06CTB9HHbiM 3Ha'ieHH9M Hynb 

1[- [ + r + [- I - kr vr=4 an' an' an' an,a elan +Y kc n+ 

(84) 

l + f 
+ {3 ej an + 8 f f ]]]] o 

12 

KoMM)'TaUHH nepBbiX .llByx cnaraeMbiX c a: .llaeT Hynb. .llnH nep-

soro cnaraeMoro STO o'l:eBH.IlHO. .llnH sTop oro, Y'~HTbiBaH, 'iTO a- H fk 
2 n 

aHTHKOMMYTHpylOT H 'iTO (a-n ) = 0 , HMeeM: 

- ] - - + +-] [a ,fkc =[a ,fk(a a -a a) 
n n n nn nn 

= a- f ( a- a + - a+ a - ) - f ( a- a + - a+ a - ) a - = 0. 
n k n n n n k nn n n n 

(85) 

OcTan&Hbie .llBa cnaraeMbiX HBnHlOTCH co6cTseHHbiMH sexTopaMH onepa-

Top a 
+ -

cui. an dan C C06CTB9HHbiM 3Ha'i9HH9M 2. 

llosTOMy nony'l:aeM: 

l - + l + f 
V r = 2 [ an ' [a n ' f3 e l a n + 8 Ct ]] • (86) 

nepsoe cnaraeMoe ,llaeT, O'ieBH.IlHO, HynesoA sxna.ll, a BTopoe Y.llBBHBaeTCH. 

llosTOMY HMeeM OKOH'iaTenbHO: 

f 
vr=8 fo c; R 0 

L n-1 ' 

'iTO H Tpe6osanocb .llOKa3aT&. 

B) nycTb 

CTpaHCTBO Rn'!..1 

J - H.llean B Rn 

• Tor.lla J=Rn 

(33) 

f 
TSKOI!: sneMeHT, 'iTO B pa3nO)K9HHH 

f .. 
H3 K09¢qlHUH9HTOB 8 HnH 8 

(87) 

c Hynesol!: npoexuHeA Ha no,llnpo-

o .lloKa)KeM 9TOo llyCTb r c; J 

9TOrO sneMeHTS XOTH 6bl O.llHH 

'!:ana, 'iTO .llnH HeKOToporo f 0 

76 Mbi nony'l:aeM (eM." (37)) 

OTnH'l:eH OT HynHo .llonyCTHM CHa

f 
xos<iJ<iJHUHeHT 8 ° f, 0 • Tor.lla H3 

f D 

V r = 8 f f c; R n- 1 • (38) 

13 



Ha onpe,~:~eneHBH onepaTopa v cne,~:~yeT, 'ITO .ecn& r ~ J , TO 

vr ~ J • TI03TOMY Jn Rnn-1 ~ 0 • Tax xax no npe,~:~nonoJKeHHIO HH-

eyxuHH anret5pa R :_ 1 npocTa, To ( CM, neMMY 2) R :_ 1 C J 

Cne,!lOaaTenbHO, MHHHManbHbiA Bllean JD , co,~:~epJKawHA Rn': 1 , 

COllepJKHTCH a J • O,~:~aaxo (eM. (SO)) Jn = Rn H nosTOMY Rn C J 

Tax xax o6paTHOe axniO'IeHBe ahlnOnHHeTCH no ycnoaal01 TO J=R 
D 

PaccMoTpHM sneMeHT 
"'f 

r l ~ J B llOnyCTHM1 'ITO a pa3nOJKSHHB 

( 83) X09cllcPHUB9HT 8 O , Haxo.llHIUHicH nepe,~:~ 6aaHCHbiM aexTopoM (p>O) 

efo 
(1 ( p 

= a
1 

••• a c 
1 1 1p p+l 

c, 
q 

D 

~ Rn-1 

... (1 
oTnH'IeH OT aynH. Tor,~:~a sneMeHT r = [a , r ]~ J 

I 1 1 

t5a3HCHbiA aeXTOp 

-(1 t"t t"p 
[a ,a ••• a c 

,, ,, lp 'p'f-l 

(2 ( 
c 1=a ••• aP 

I q I 2 I I' 

.. 

, npH"'~M He'I~THbiA 

c ••• c 
I p+l I q 

aXOllHT a pa3nOJKeHHe (38) aexTopa r C HeayneabiM X09~~HUH9HTOM H 

nos TO MY, cornacao BbiWe ,~:~oxaaaHHOMY, J = R n • CoaepweHHO aaa-

nOI'H"'HO llOXa3biaaeTCSI1 'ITO ecnH r ~ J co,~:~epJKHT aeayneay10 xoop,~:~uaa-

Ty· aexTopa c1 ••• c 1 , To J = R 
1 p D 

PaccMoTpeHHbie TpH cny"'aSI HC'IepnblaaiOT ace a03MOJKHOCTH, TeM ca-

MbiM 

J=R 
D 

r) Tax xaK ace no,~:~anret5pbi 
I 

Rn-1 H30Mop~Hbi anre6pe 

(39) 

RD 
n-1 

TO H3 npellbillYillero npe,~:~nonoJKeHHH cne,~:~yeT, 'ITO, ecna anre6pa R n co-

ll9p:IKHT HeTpHaaanbHbiA Hllean J 1 ~0 OH He nepecexaeT HH OllHOA H3 

npocTbiX no,~:~anre6p R 'n-'l • .llonycTHM, 'ITO TaxoA a,~:~ean cywecTayeT, 
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Tor.!la ace sneMeHTbi, npaaa,~:~neJKawae J, 

HaUHHMH 6a3HCHbiX aeXTOpOa aa,~:~a: 

HanHlOTCH naHeAHbiMH XOM6H-

£1 Ep 

a '' . • • a I P c I p+l ... c, 
n 

(40) 

.llonyCTHM1 "'TO r <;. J HMeeT HeHyneayiO npoeKUHlO Ha He~~THbil!: t5a-
- - D 

3HCHbii!: aeKTOP g =a 1 ••• aP cp+l"""cn• Tor,~:~a[g,r]=a-; ••• a-;, I; Rn-1 

H [g. r ] I; J • Cne]loaaTenbHO, J n R :_, ~ 0 • "'TO npHaOJlHT K 

npOTHaOpe"'HlO, 0TC10Jl8 H H3 npeJlnOJKeHHH 3 (~opMynbi( 11) H (12)) Heno-

cpe/lCTaeHHO abiTeKaeT, "'TO ecnH r (; J HMeeT HeHyneaoA K03~cPHUH9HT 

nepeJl He'I~THbiM aeKTOpOM (4Q), TO Jnft ::l ~ 0 t "'TO H9B03MOJKH0o 

CneJlOBaTenbHO, J 

TOpoa aH.ll8 ( 40), 

He C0Jl9p:IKHT nHHei!:HbiX KOM6HH8UHJ!: He'I~THbiX aeK-

.llonyCTHM p - '!~THo. Tor.!la: 

[ a1 + , a1 ••• a P c P+1 ••• c n = a2 a p c p+1 ••• c n 
r;;; R 1 

n-1 

Hcnonbays onHTb npeJlnonoJKeHHe 3,nony'laeM, "'TO J He MOJK9T HBnHTbCH 

naHei!:Hol!: KOM6HHauuel!: "'~THbiX aeKTopoa BHJla ( 40), CneAOBaTenbH01 J 

nycTo, HTaK, Mbi noKaaanu, 'ITO ecna anre6pa Rnn-1 npocTa, To anre6pa 

R n He COJlepJKHT HeTpHBHanbHbl X H]leanoa. Cne]lOBa TenbHO, OHa TOJKe 

npocTa, l1a aToro cneJlyeT, "'TO S 

TeM caMbiM TeopeMa JlOKaaaHa, 

HBnHeTCH U9HTpOM anre6pbl V n 

8, TipeJlblllYWBH TeopeMa ITOK83biB89T1 'ITO Haa6onee WHpOKaH ITpOCTaH 

anre6pa llu, KOTopaH MOJKeT 6biTb nocTpoeHa H3 n nap onepaTopoa poJK-

Jl9HHH H yHH"'TOJKeHHH - STO anre6pa Rn , .lleficTBHTenbHO, anre6pa V n 
/1/ 

He MOJKeT 6b!Tb paCUIHpeHa anre6paH"'9CKH H IT OSTOMY V n HanHeTCH 

Haa6onee wapoKol!: anre6pol!: llu, a 

noJlanre6pol!:, 

RD - ee MaKCHManbHOA npocTol!: 

.llns TOI'O, 'l:T06bi Hai!:TH 
1
KaKOi!: KnaCCH'l:eCKOi!: anre6pe JIH H30Mopcf>Ha 

anre6pa R n ,Hai!:.!leM ee paaMepHOCTb, CoaoKynHOCTb acex ynopHJlO'l:eH-
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f I 
HbiX MOHOMOB OT a I (i=l, ... ,n) .HBn.ReTC.R 6a3HCOM B V n 1 DpH'I~M H3 

aHTHKOMMyTaUHOHHbiX COOTHOW9HHA ( 1) cneJlyeT, 'ITO BC.RKHA 6a3HCHbll ane-

MeHT COJlSp)I{HT 
fl 

al He 6onee OJlHOrO pa3a, TI09TOMy 'IHCno 6a3HCHbiX 

pasHo ( 2 n ) , a pa3MepHOCTb [ V n ] anre6p&I 
m 

B8K~Op0B DOp.RJlKa m 

Vn paBHa: 

2n 

[V ] = I ( 2 n ) = 4 n 
n -o m . (40) 

CneJlOBaTenbHO, [R ]=4n-l 
n 

• lln.R n > 2 9JlHHCTB8HHOI KOMDneKC-

Hoi anre6pol flH, KOTopa.R HMeeT pa3MepHOCTb 4 n -1 , swn.ReTC.R anre6pa 

A 
2 

n _ 
1 

• E cnH n = 1(2) 1 TO HM89TC.R H8CKOnbKO anre6p flH C pa3M9p-

HOCTHMH 3 (15) - aTo anre6pbi A 
1 

, B 
1 

,- C 1 , ( A 8 , D 8 ). KaK 

/2/ 
H3B8CTH01 0JlHaK01 9TH anre6pbi H30MOpclJHbl M8*JlY co6ol: 

At"' B I "'c I (As "'Ds ) • noaTOMY pa3MepHOCTb (40) anre6pbl Rn 

JlOCTaTO'IHa Jln.R ee HJleHTHcllHKaUHH. Anre6pa R n H30MopclJHa anre6pe 

A2 n_l 

Rn "'A2 n_l (41) 

HTaK, Mbi JlOKa3anH cneJlyJOIUYJO TeopeMy: 

TeopeMa 2. MaKCHManbHa.R KOMnneKCHa.R anre6pa, KOTopa.R MO)I{eT 6b1Tb 

nocrpoeHa H3 n nap clJepMH-onepaTopoB , H30MopclJHa anre6pe A 2 n _ 
1 

• 

fl106as:~ ee Jl91CTBHTenbH8.R clJopMa .RBn.ReTC.R M8KCHM8nbHOI Jl91CTBHT9nbHOI 

anre6pol flH Toro *e 'IHCna clJepMH-onepaTopos. 

AsTop Bbipa*aeT 6naroJlapaocTb ll.U. CTO.RHOBY 3a none3Hbie JlHCKyc

CHH, a TaK*e A.H. TasxenHJl3e 3a npeJlOCTasneHHYJO B03MO)I{HOCTb o6cy

JlHTb H8CTO.RIUylO pa6oTy Ha CeMHHape DO TeOpHH DOn.R, 
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