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AnnHoTanusi: JlokazaHo, 94TO KaxKJblil sjieMeHT ajarebpnl (o Helimana Ge3 mpsimoro
abesieBa cJaraeMoro IMpeJICTABIISETCA B BHJIE KOHEYHON CyMMbl IPOU3BeIeHui He Gostee
YeM TpeX IPOEKTOPOB M3 ayrebpbl. s coGCTBEHHO GECKOHEUHOM aIreOphl UHCIIO CO-
MHOXKHUTEJICH HE MPEBBINAET AByX. Halll pe3ysbraT 1aeT HOBOE JOKA3ATeILCTBO SKBUBA~
JIEHTHOCTH NEPBUYHON Kitaccudukarmu aaredbp ¢pon Helimana B TepMuHAX IPOEKTOPOB
¥ B TEPMUHAX CJIEJOB, a TAKXKE OMUCAHUE HOPJAHOBON CTPYKTYpPBI «ajarebpbl HAGIIOna-
€MBIX» KBAHTOBOW MEXaHHUKH B TEPMHUHAX «BOIPOCOB» KBAHTOBOW TEODHH.

KuaroueBsie ciaoBa: C*-anrebpa, anrebpa ¢on Heiimana, ciienr, TMHEHHBIN OrpaHnyeH-
HBII OIlepaTop, UJIEMIIOTEHT, [IPOEKTOD, JIMHElHas 060JI0UKa, IMIBLOEPTOBO IIPOCTPAaH-
CTBO.

8§ 1. Beaenue

[Tycrs 5 — runbbeproBo npocrpancrso Hag nojgem C. Uepes () ob6o3na-
9UM *-aJredpy BCeX JIMHEHHBIX OTpaHWYeHHBIX orepaTopoB B 2. Omueparop z €
B(H’) HaszbiBACTCS UIEMNOMENMOM, €CITH T = T2; NPOEKMOPOM, eclii ¥ = 12 = x*.

B macrosimeit pabote perrens! CeIyIonue 3a,1atn.

(I) TpencraBuTh Kaxkaplii ssemMeHT aarebpol dhon Helimana .4, He umeromeii
psiMOTO abeJieBa, CJIaraeMoro, B BHJIE KOHEYHOW CyMMBI KOHEUYHBIX [POU3BEICHUIT
IIPOEKTOPOB U3 . .

(IT) Yka3aTh HAUMEHBIIYIO BEPXHIOIO TPAHMILY JJisl YUCJIA COMHOXKUTEJICH B CJIa~
raeMbIX TAKUX IIPEJICTABIECHUI.

Panee npyrumu aBropamu [1-7]| paccMaTpuBaJIuCh JIUMIb IIPECTaBICHUs B 6oJiee
cnaboit dopme: nomyckamueb kKodddunmentsl n3 C (wm R) B coraraembix, 3amada
(IT) me uccrenosasnack. B [8] aBropom GbLI0 mostydeHo mosHOEe pemierne 3ajaad (I),
(I1) mna cayvaa A4 = PB(H): Kaxkaplil JUHEHHBI OrPAHUYEHHBIR ONEPATOD T B
KOMILJIEKCHOM THJILOEPTOBOM TPOCTPAHCTBE ¢ MPEJICTABJIAETCS B BHUJE KOHEUHO
CYMMBI & = Y T, IJle KaXKJI0€ T, €CTh IPOou3BeieHue He 6oJiee YeM JBYX IIPOEKTOPOB
npu dim 5 = oo u He 6ojiee YeM Tpex TpoeKTopos mpu 2 < dim J7 < oo.

B § 3 npuBogsaTcs HEOOXOIUMBIE CBEJIEHUS] U JIA€TCs KPATKUl 0030P MMEROIINX-
¢ paboT B 9TOM HampaBjieHHH. B §4 J0Ka3aHBl BCIIOMOraTe/IbHbIE YTBEPKICHMUSI,
[IPEJICTABJISIONIIE U CAMOCTOSTEIbHBII nHTepec. B §5 mokasbiBaeTcs HeyILydiaeMoe
(o uucay comuoxkuTesieit) yreepxiaenue: ecau ajrebpa dou Heitmana .# He umeer
IpSAMOTro abesieBa caraeMoro (COOTBETCTBEHHO COOCTBEHHO GECKOHEYHA), TO KazK AbIii

Pabora BbINOIHEHA DK NTOJAEPXKKe HAYIHOI IporpaMMsel «YHuBepcuTeTsl Poccun — dbynma-
MEeHTAJIbHBIE UCCIIenoBaHus» (kog mpoekra YP.04.01.011).

(© 2005 BukuenTtaes A. M.



O mpezacrapiennn sjaeMeHTOB aareopor oo Hetivana 33

OLIepaTop T € A NUPeJCTABISIeTCs B BUJIE KOHEYHONU CYMMBI & = Y X, [Jle KaxKJoe
Zp €CThb MPOU3BEJIEHNe He (osiee UeM Tpex (COOTBETCTBEHHO JIBYX) MPOEKTOPOB U3
M .

st anredbpor dor Heiimana 6e3 mpssMoro adbeseBa C1araeMoro J0Ka3aTeTbCTBO
OIMPaeTCsl Ha HOBOE IIPeJICTaBJIEHUE OIIEPATOPOB B BHJIe KOHEYHBIX CYMM ITOIAPHBIX
MIPOU3BEJIEHNII IPOEKTOPOB U HMJIEMIIOTEHTOB. JIFOOOIBITHO, UTO BBIIIEYIIOMSIHY TasI
HaNMEHBIIAasl BEPXHsisl TPAHUIIA CBI3aHA C CYIIECTBOBAHNEM HETPUBHAJIBLHOTO KOHEU-
HOrO cJjiefia Ha 91X ajnrebpax. Kak ciieficTBre, HAIl PE3yJIbTaT JaeT HOBOE JIOKa-
3aTe/IbCTBO IKBUBAJEHTHOCTH TEPBUIHON Kiaccupukanun aaredp ¢on Heitmamna B
TepMUHAX TPOEKTOPOB [9] u B TepMunax cyenos [10], a Takke onmcanue HOPIAHOBOM
CTPYKTYPBI 9pMUTOBOI 4actu anrebper (hon Hefimana («aarebpbl HaOIIOIaeMBIX>
KBAHTOBOI MEXaHUKN) B TEPMHUHAX IIPOEKTOPOB (T. €. «BOIPOCOB» KBAHTOBOI Mexa-

§ 2. Ob6o3HaYeHUsT U OIPEEICHUS

[Iycrs S — rusbeproBo mpocTpancTBo Haj mojeM C U e — ToXKIeCTBeHHbIH
oneparop B . Ilycrs || - || — C*-nopma Ha HB(H) u o(x) — cleKTp olepaTopa
r € B(). Hna C*-nonanrebpul o7 C B(H) wepes oV, o/ o+, o' u /P
OymeM 0603HAYATH €€ TIOAMHOXKECTBA YHUTAPHBIX OIEPATOPOB, SPMUTOBBIX OIIEPATO-
POB, TOJIOXKUTEJILHBIX OINEPATOPOB, UIEMIIOTEHTOB U IPOEKTOPOB COOTBETCTBEHHO.
Hns p,q € /P mumem p ~ q, ecan p = u*u U ¢ = uu* ¢ HEKOTOPHIM U € .
[TpoekTop p € & HABBIBACTCS KOHEUHbLIM, €CJIU U3 P ~ ¢ U ¢ < p CIejyer p = q.

O6oznaxaum uepes (e;;) KanoHudeckuit nabop Marpuansix exumut M, (C). s
yuuraiabaoit C*-anarebpbl &7 Mbl 0TOXKIecTBIsgeM ajarebpy M, (&) n X n-marpur c
sj1eMeHTaMu U3 &/ ¢ TeH30pHbIM npoussegerueM M, (C) ® &7, oroxnecTsiss Mar-

n
puny (a;;) ¢ Y, €;; ® a;; B OGBITHOM CMBICIIE.
ij—1

Caedom na C*-anrebpe &/ HasbiBaeTca Takoe oTobpaxkenne T : /T — [0, +00],
aro 7(z+y) = 7(x)+7(y), T(A\x) = A7 (x) mus eex z,y € /7, A >0 (upu sTom 0-
(+00) =0); 7(2*2) = 7(22*) qnsa Beex z € o. Cnen T na C*-anrebpe &7/ Ha3bIBAETCH
KoHeuHviM, ecn T () < +00 11t Beex © € o .

C*-anrebpa &/ Ha3BIBACTCS NPOCMOL, €CJIU Y Hee HET 3aMKHYTHIX HJIEaI0B, KPO-
me {0} u 7. Yuuramsuas C*-anrebpa o/ Ha3bIBAeTCs OECKOHEWHOT, ECIT TPOEKTOP €
HE SIBJISIETCS KOHEYHBIM; PasHOMEPHO 2unepdunummot unu U H F-anrebpoit, ecim cy-
IECTBYET HeyOBIBAIOIIASI TTOCIIEI0BATENLHOCT {9, }2° | KOHEYHOMEDHBIX IIPOCTHIX

o0
C*-nonaurebp, cojepxkaimux eauHulyy &, takas, aro |J <%, mwiorno B &/. Ye-
n=1
pe3 C(Q) 6ynem obosHataTh C*-anrebpy BCeX KOMIUIEKCHO3HAYHBIX HEIPEPBIBHBIX
dbyHKIMI Ha 9KCTPEMABHO HECBSI3HOM KOMIIAKTHOM XaycZopdoBoM (T. e. CTOYHOB-
ckoM) npocrpancTse ).

st anredbpnur pou Heiimana .# onepatopoB B 77 0003HAYUM €€ IEHTD Yepes
Z(AM). Onsa p € MP* obosnaumm pt = e — p, u nyers My, = {px|pst: x € M} —
peayuupoBanHas ajrebpa ¢ou Heiimana. Anredopa don Heitmana .# nasbiBaercs

— paxmopom, ecrm (M) = {Xe: A€ C};

— KOoHewHot, eCJIi IIPOEKTOP € KOHEUEH;

— NOAYKOHEUHOT, €CITA KAaXKIBII HEHYJIEBOI TPOEKTOD 4 MasKOpUPYEeT HEHYJIe-
BOII KOHEYHBIN IIPOEKTOD;

— cobemesenno beckoneurotls, ecnu (M) He CONEPKUT HEHYIIEBBIX KOHEYHBIX
[IPOEKTOPOB;
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— anezebpoti muna 1, eciin ona nzomopdua anrebpe don Helimana .4 ¢ abesieBbIM
KOMMYTaHTOM;

— nenpepuenol, eciu B 2 (.#') ve cymecrByer npoekropa p 7 0, 11 KOTOPOro
M, ABIsIeTCA asrebpoit tuia, I;

— aneebpoti muna 11, ecu ona HempepbIBHA U TTOJTYKOHEUHA,

— aneebpoti muna 111, ecim oHa He COIEPKUT HEHYIEBBIX KOHEUHBIX TPOEKTOPOB.

Koneunast anrebpa don Heiimana .# tuna 11 nHazeBaercs aazebpots muna 11y,
a cobcTBeHHO HeckoneuHas asnrebpa dou Heitmana .# tuna Il naseBaercs aszebpot
muna I.

s xkaxkoit anrebpsr ¢pon Heiimana .# cyIiecTByIOT Takne B3aUMHO OPTOIO-
HaJIbHBIE TIPOEKTODBL PI, PII,, Pil,, Pi1 € Z (), 9410 X CymMMa paBHa €JMHUILE,
a anreOpsl My, My, s My, s Mpyyy ABIsHIOTCH anredbpavn Tunos I, 11y, Ilee u 11T
coorBercTBenHo. JIpyrumu cioBamu, 4 (eIMHCTBEHHBIM 00Pa30M) IPEICTABIIAETCS
B BHUJIE IIPSIMOI CyMMBI

M = '//pl @ '%pnl D %pnm @ '/”PIII

aaredp tunos I, 11y, I u III. ®axTop saBisiercst ajaredpoii oguoro us turos I, 11,
1l nmm II1.

st xkaxkmoit aynrebpbl porn Heiimana 4 cyiiecTByeT Takoil MpoOeKTOp p €
Z (M), aro anrebpa A, KoHeuHa, a anredpa .#,. COOCTBEHHO HECKOHEUHA.

Ecnu .4 — anrebpa don Heiimana tuna I, To cymecrsyer equncreennoe (1rpo-
UHJIEKCUPOBAHHOE KAPJMHAJLHBIME YHUCJIAMHU) OPTOrOHAJbLHOE cemeiicrBo {z,} C
L (AMP* ¢ >z, = e Takoe, 9T0 A, N30MOPDHO TEH30PHOMY IIPOU3BEICHUIO abe-
seBoit anre6per dbou Heitmana o, nu B(H#,,) ¢ dim 7, = . CaenosaresnbHo,

MY A EBA).

Eciu .4 xomeuna, To Kaxmoe « KoHewHo [9, ¢. 296-297].

JIemmMma 1 [11, Teopema 2.3.3]. Ilycrp anrebpa ¢pon Heiivana ./ umeer tum 1,
(n — kapaunanbboe uncio). Torga A *-uzoMopHa TEH30PHOMY HPOU3BEICHUIO
L (N)VQB(KX), tne H — ruipbeproBo npocrpancTso ¢ dim & = n.

JIemma 2 [12, reopema 3|. s kaxkmoro x € M, (C(Q2))** cymectByer taxorit
u € M, (C(Q))", uro marpuna v*ru(w) auaronaabHa s Beex w € Q.

Ecou npoekTopst p, ¢ u3 C*-anrebpbl &/ OPTOrOHAJIBHBI U P ~ ¢, TO

(r+q)(p+q) ~Ma(psp)

[13, npemnokenne 5.3.1]. B uacrroctn, ecsm anrebpa dou Helfimana .# He nmeer
IPSIMBIX CJIAraeMbIX KOHEYHOro Tuia 1 u p € AP, p ~ pt, 10 M =~ My (A,).

ITycrs A — anrebpa dbon Helimana ¢ eqununeit ey, 6 € Cc |§] =1 u f(t) =
V(1 —t) s 0 < t < 1. Onpegesmnv npoextop 758 5 My (A7), momoxus

oo (- ew  0f@W)-ew
6 (5f(t)~m <1—t>.eﬂ>~ (1)

Bcee snaku Z HIH2>KE O3HAYaI0T CYMMHUPOBaHUA 110 HEKOTOPHLIM KOHEYHBIM MHO-
2KeCTBaM HNHJ/IEKCOB.
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§ 3. IlpeaBapurejbHbIe CBedeHUS

B [1, mpenyoxkenne 7| mokazano, uro kaxaplii dakrop don Heitmana B cemapa-
6eILHOM I'IILOEPTOBOM MIPOCTPAHCTBE aaredpandecKn MOPOXKIAETCS CBOUME IPOEK-
Topamu. B [2, cirencrue 1] aHAJIOIMYHBIA pe3ysibTaT yCTAHOBJIEH ISl BCEX OECKO-
HeYHOMEPHBIX (hpakTopos dhou Heiimana 4, T. e.

M = Linc{p1p2psps : p1,... ,ps € A"}

B [3, c. 334] mokazamo, uro anrebpa dbon Helimana agrebpandecku MmopoxKIaeTcst
CBOMMU IIPOEKTOPAMHU TOIJIa U TOJIBKO TOIJA, KOIJa OHA He MMeeT IPSIMOro GecKo-
HeYHOMepHOro abesieBa ciaraemoro. B wacraoctu [3, crencrsue 1],

PB(H) = Ling{p1ps : p1,p2 € B(IH)P"}.

B [4] nokazano, 9410 KaxKIplil oreparop B cenapabebHOM IPOCTPAHCTBE sIBJIAET-
csl JuHelHON koMGuHanuei 257 npoekTopos. B [5] mis neobsaszaresbHo cenapabesib-
HOT'O CJIy4asl YCTAHOBJIEHO, YTO KaK/IBIIl SPMUTOB OIIEPATOD ABJISAETCs BEIECTBEHHO
JmHeitHoM KoMbuHaInue 8 mpoekTopoB. B cemapabesibHOM ciiydae B [6] 39TO YHUCJIO
YMEHBIIIEHO /10 5 TPOEKTOPOB U JOKA3aHO, YTO KaXK bl IPMUTOB OMEPATOD SIBJISIETCSI
[EeJIOUNC/IEHHO KoMOnHaImeii 6 TpOeKTOPOB.

Korga S cenapabenbHo u 6eCKOHEYHOMEDHO, B [7] eauubiM MeTomoM it A =
C, R nau H nokaszano, 4to

HB(H) = Ling{p1p2pspapspe : p1,- .. ,pe € B(H)*"}.

ITpocroit MmoguduKanmeil ToKa3aTeabCcTBa [7] YUCI0 COMHOKUTEEH MOKHO yMEHb-
mmTh 710 5. Jlis cobeTBenno GeckoneuHoit anrebper don Hefimama .4 BumoHsgeTcs
paseHcTBo [3, ¢. 336]

M = Ling{p1papsps : p1,... ,pa € M}

N3 Teopembr 6 pabots [5] ciemyer, uro coberBenHO GeckoHeuHast anrebpa dhoH
Hetimana .# pasna Ling .#P".

B [14] nokasano, uro mpomsBosbHasi anrebpa ¢don Heiimana .# cosnajaer
C MHOXKECTBOM BCEX JIMHEHHBIX KOMOWHAIWIT ITPOEKTOPOB ¢ Ko dunmenramu u3
Z(A). B [15, reopema 4.7] nmokazaHo, 4ro Kaxkuas OeckoHedHas mnpocrast C*-
asrebpa &/ pasra Ling &/P*. Ecim C*-anrebpa &/ jomyckaeT HEKOTOPYO 3 X 3-
MATPUYHYIO JIEKOMITO3UITUIO, TO KaXKJIbIii KOMMYTATOp B &/ MOXKET ObITH 3aIlliCaH B
BHJIe JInHeiHOH KoMbuHanuu He Gosee 84 npoekTopos u3 &/ [16]. B [17] mis mmpo-
Koro kjacca C*-ajrebp yCTaHOBJIEHO, YTO KarKJIBIH 3JIEMEHT MOYKHO IPEJCTaBUTH B
BUJI€ KOHEYHBIX CYMM KOHEYHBIX MTPOU3BEJIEHUI TPOEKTOPOB U3 ajaredpHhl.

§ 4. HosBble jseMMBbI

Ham monamobsTest citeryromniume BCIIOMOTaTe/bHbIE YTBEPAKICHUS, UMEIOIIHe 1
CaMOCTOATEIbHBIA UHTEPEC.

Jlemma 3. Kaxxiblii maemmorenT q yauTa bHOH C*-aarebpbl of MpeacTaBis-
eTcs B BHZe IPou3Besenns ¢ = py, rae p € «/P", a omeparop y npuHagrexur o+ u
obpaTHM.

JIOKABATEJIBCTBO. Ilyers ¢ € /'Y up = qlq + q¢* — €)' € &P — enun-
CTBEHHBIIl IPOEKTOP CO CBOHCTBOM ¢p = p, pq = ¢ [18, teopema 1.3]. Cymecrsyer
€IMHCTBEHHOe PA3JIOXKeHne ¢ — p -+ 2, TJle HUIBIOTeHT 2 ¢ 22 = 0 m zp = 0, pz = 2
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, teopema 1.7|. CmemoBarenvno, pz* = p— = z*p+—, 2*p = ptz* = z*.
18 1.7]. C *
A > |z||* mveem

Azt = AN lpzz'p < A2z lp < ATV 2.
W3 nepaBeHcTB
0< (A~ Vap ¢ A2t +)\—1/22)0\—1/42)+ AVZpl AUy
— A Pppapt bz AT <Y 2t 2 2
CJIeJLyeT, |TO IIPU JOCTATOYHO OOJIBIINX 3HAMEHUAX A JJIEMEHT § — e + Apt + 2+ 2* €
&/t obparmM. Jlemma mokazana.

Jlemma 4. Ilycrs na C*-anrebpe &/ cyliecTByeT HETPUBHAJIDLHBIH KOHETHBIH
caes. Torma Ling{pip2 : p1,p2 € &/P'} He miuorHo B &f. Ecum & yHHTAJbHA, TO
Ling «7'1 #e mrorHo B o .

JIOKABATEJIBLCTBO. Ilyers @ € C ¢ i2 = —1 u 7 — HEeTPUBHATLHbBIN KOHEY-
HBI cien Ha /. Ero omHosHAYHOE TPOJOJIZKEHHE 10 MOJOKHUTENHLHOrO JTMHEAHOTO
dyHKIMOHAJA Ha BCIO ajrebpy &/ obosHauuM TOi ke O6ykBoil 7. Kaxkuplii 1moJio-
JKUTEJIbHBIH JTnHelHbH (yHKImoHan Ha C*-aarebpe sBIseTcsl HEIPEPBIBHBIM (9, TIL.
I, npengoxkenne 9.12]. Ormernm, uro 7(zy) = 7(yx) ans maobeix z,y € <. Ilo
YCJIOBHIO CYIIECTBYeT Takoii sjieMent a € &, uro 7(a) > 0. Eciu 1penotoKurh,
uro Ling{pips : p1,p2 € &/P'} wiorHo B &, TO Jyisi IPOU3BOJILHOrO dncya € > 0
CyIIeCTBYIOT Takue KoHednble Habopsl {A;} C R u {py}, {rr} C &/P", a0

Hz‘a - Z /\kpkrkH <e.
Torna nmns
A= 7 (X wper) = 3 Meroir) = 3 Aer(perin) € B
mneent
‘T(ia - Z)\kpkrk)’ — ’iT(a) - T(Z )\kpkrk)‘ —Jir(a) — A > 7(a);

IIPOTUBOPEYNE C HEIIPEPBIBHOCTBIO (pyHKIMOHAA 7. st yHuTaspHoi C*-aarebpbl
o/ upemnookuM, 4to Ling o/'9 mrorno B 7. Il HpOH3BOJIBHOIO 4ucia € > 0
CYMIECTBYIOT Takue Koxeunbie nabopst {A\x} C R, {gx} C &', uro

Hz’a — Z)\quH <e.

[IpencraBus 1o jeMMe 3 KaxKJbIil g B BUJE POU3BEICHUS Pryk, TIE Pr € FZP') a
yr € &/, mMeeM s

A= Mer(oreyr) = > Mt (pryrpr) € R

OIICHKY

’T(ia - ZN&M)‘ = ’ir(a) — Z/\kT(Qk)‘
= ‘z’T(a) - Z)\kT(pkyk)‘ = |ir(a) — A > 7(a);

MIPOTUBOPEYNE C HEIPEPHIBHOCTHIO (DYHKITMOHATA T. JlemMMa JoKa3aHa.
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Jlemma 5. Ilycrp anrebpa ¢on Heiimana .# He HMeeT NMPSMBIX CJIATaeMbIX
xoneunoro tuna 1. Torza

(A) kaxkzpiif oneparop x € M ¢ o(x) C [—2;2| npencrapisiercs B BHje
cyMMbI 24 cuvmmverpuit uz M ;

(B) raxapri omepatop z € M c¢ o(z) C [11;13] npeacrasasiercs B BHgE
CcyMMBbI 24 TpOeKTOpoB u3 M ;

(C) rakaprii o6paTuMBbIii onepatop y € M T npescrapisercs B BUIe JIHHEHHOMH
KOMOUHAIIMH IIPOEKTOPOB U3 M € HOJIOXKHUTEJIbHBIMA KO3(hDUITHEHTaAMU;

(D) raxapmi oneparop Buga Ap (p € AP", 0 < X\ < 1) upeicrasisiercst B Bujie
KOHEYHOI CyMMBbI ITOIIAPHBIX IIPOU3BEJCHUI IIPOEKTOPOB U3 M .

JIOKABATEJIBCTBO. (A) Jliobas cummerpusi s € .# BbIpAyKaeTcs Yepe3 HeKo-
TOpBI IpoeKTOp p € A" o dopmyne s = 2p — e. B cuy [14, Teopema 3, n. 3
KazKJIplit oneparop © € .45 ¢ o(x) C [—1;1] upencrasisiercss B Buje

Z=p1t-tpi2—pi3— - —pa, pi €AY, i=1,...,24
Teneps st x = 2z uMeeM
z=(2p1—e)+ -+ (2p12 —€) + (e — 2p13) + - - - + (€ — p2s).

(B) IIo Teopeme 06 orobpazkennu cnekrpa o(2(z — 12e)) C [-2;2]. B cuuy
. (A)

24 24
20z—12) = > si= > (2qi—e), ¢ €A™, i=1,.. 24
i=1

i-1
(C) Ilycrs y € A" obparam u o (y) C [A;p], A > 0. Iomoxum
n =min{k € N: p < (13/11)F\},

u nycTh (IO CIEKTPAJILHOI Teopeme)

n
Y= Z DYk
k=1

colye) C [(22)" 71N (33)"A]. Torma (3 (1)*1y,) € [11;13] u 1o 1. (B) xanc-
JIBIil OIIEpaTOp Y IPEJCTaBIsSeTCA B BHJE JIMHEHHON KoMmOmHarmu 24 IIPOEKTOPOB
u3 A ¢ nonoxuresbHbIMI Kodddurmentamu. ClemoBaTesbHO, Y €CTh JINHeHas
KoMOuHAIMs 241 IPOEKTOPOB U3 4 C IOJOKUTEJIbHLIMEA KO3(M(UIIIEeHTAMY.

(D) Takaga anrebpa dou Heiimana .# uzomopdua asnrebpe Ma(A) nag neko-

Topoit anredpoit pou Heiimana A", Ilycrs p € #P", 0 < A < 1. Tlomoxum

Ap— (CCL Z) abede N,

CymecrByer takoit v € Ma(A), uro u - Ap - v* = diag(x,y) [19; Teopema

3.20]. Owesmzno, uto z,y € A P*. Onpememam npoextop (%% oneparopmnoit 2 x 2-

marpureii o gopmyse (1). PaBercrsa
Adiag(z, 0) = diag(z, 0) - (r3M2 (=LA
Adiag(0,y) = diag(0,y) - (r1=M2) 4 p(=11=2/2))
3aBEPIIAIOT JOKA3ATEIbCTBO JIEMMBL.

Ormerum, uro s anrebpbl B(H) nemma 3 nosydena B [20, Teopema 1|, a
. (A)—(C) semmbr 5 — B [21, cienersust Ha c. 152].
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Jlemma 6. Ilycrs anrebpa ¢pou Heiimana .# koneunoro tuma 1 mHe mmeer mpsi-
moro abesieBa ciaaraemoro, p € AP u 0 < A < 1. Omeparop \p mpencTaBisieTcs: B
BHJIE KOHEYHOH CyMMBbI IOITAPHBIX [IPOU3BEAECHUI IIPOEKTOPOB U3 M .

JOKA3BATE/IBCTBO. JloCTaTOYHO YCTAaHOBUTH JIEMMY OT/IEJBHO JJisi ajaredpbl
M tuna 1,, 2 < n € N. B cuny nemmbr 1 Takasi ajyrebpa m3oMopdHa TeH30D-
HOMY npousBejeHuio abesesoil anrebpor don Heiimana of u #B(H;,) ¢ dim 7, =
n. U3 kipaccuaeckoit Teopembl Lesnbdanma o npeacraBiennn abeeBoil yHUTAIBHOM
C*-anrebpsr (cM., manpumep, [9, . 3, Teopema 1.18]) camemyer, uro anrebpa o7
*-m3omopdua C*-anrebpe C()) Bcex KOMILIEKCHO3HAUHBIX HENPEPBIBHBIX (DYHKIHI
Ha CTOYHOBCKOM IIPOCTpaHCTBe §) Beex XxapakTepos ajre6psbl 7. Tenepb nz semmbr 1
BBITEKAET, 4TO ajrebpa .# *-usomopdna marpuunoii anredpe M, (C(Q)). Mycrs p €
AP u0 < A< 1. Bcury gemmbl 2 cymecrsyer takoii u € M, (C'(2))", uro marpuna
u* - Ap-u(w) quaronanbHa i Beex w € ). Ilpuarom (u*(w) - Ap(w)-u(w))rr € {0, A}
st Beex k € {1,... ,n} u aua Beex w € Q. CymecTByer cocrosiinee He Gojiee IeM
3 2" OTKPBITO-3aMKHYTBIX MHOXKECTB (~2j JIU3BIOHKTHOE TIOKPBITHE TPOCTPAHCTBA
(2, Ha KaXKJOM U3 KOTOPBIX BCe JUaroHasbHble 31eMeHThl (u*(w) - Ap(w) - u(w))kk,
k € {1,...,n}, upuaumMator nocrosiuuble 3Hadenus.. Pynknus ¢ : Q@ — C nHempe-
PBIBHA& TOTJI@ U TOJILKO TOIJIa, KOTJA BCE €€ OrpaHuYeHUs] <p|(~2j (je{1,2,...,2"}
HETIpEPBIBHLL. IIpesicTaBuM oneparop u* - p - u B BUJE CyMMBI 7l IIPOEKTOPOB, SBJIs-
OMUXCs He 6oJiee 9eM OJHOMEPHBIMU B CEUEHMAX HA KAXKJIOM U3 fNZj:

u* - p-u(w) = diag((u*pu)i;(w),0,...,0)
+ diag(ov (U*pu)ZQ (CU), 0,... 70) ot diag(07 —s 0, (U*pu)nn (w))

Temepb paBeHCTBa /It OOBIYHBIX 1 X N-MATPHUIL:

- diag(0,...,0,1,0,...,0) = diag(0,... ,0,1,0,... ,0)
~— ~—

k pas k pa3z
x (diag(0,...,0,73>2 0 0) + diag(0,...,0,r"EM2 0,...,0)
—— —— —— ——
k pa3z n—k—2 pas k pas n—k—2 pas
mpu 0 <k<n-—1mu
A - diag(0,...,0,1) = diag(0,... ,0,1) - (diag(0, ... ,0,r(1:1=3/2)
—— —— ——
n—1 pa3 n—1 pas n—2 pa3
+ diag(0,. .. ,0,r("H1=A/2))y)
——
n—2 pas

3aBEpPIIAIOT JOKAa3aTEJIbCTBO JIEMMDBI.

Jlemma 7. Ilycre A —- anrebpa ¢pon Heiimana u 2 < n € N. Kaxxaprii ore-
parop x € M, (A) npencrapisiercss B Buge KOHEUHO CyMMbI HOIIAPHBIX IPOU3BEIE-
auii waemmorenToB M, (A7), npudeM B KaXKJIOM CJIaraeéMoM OJHH U3 COMHOXKHTEJICH
(J1eBbIiT MM IPABDIT) MOXKHO BBIOPATH IIPOEKTOPOM.

JIOKABATEJILCTBO. PaccmorpuMm cradasa ciydait, Koraa n 9eTHo. 1locTponm
1o mMarpune {Tss}y _, oneparopa x € M, (A") npamyio cymmy diag(Z1,. .. , 2y 2),
00pa30BaHHYIO OIEPATOPHBIMH 2 X 2-MaTPUIIAMHI

X X2j-1,2j—1  T25-1,25-1
x( j—1,25 j—1,25 , (2)

Ev — T24,2j5 €2j5,25
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rae 1 < j < n/2, u conocrasum ee onepatopy u € M, (4"). Marpuna {vis}s
olepaTopa v = T — U UMeeT HyJIEBYIO JUArOHAIb: V1] = -+ = Up, = 0. BBemem
oneparopst v u v(h2) | momaras

a1 [ vts, ecmt=lus=I...,n,
ts { 0 B OCTAJIbHBIX CJIydasiX
u
2 [ vts, ecms=lut=I...,n,
s { 0 B OCTaJIbHBIX CJIyYasX,
rnel =1,...,n — 1. Jlerko BueTh, 94TO
n—1
v= Z(v(l’l) + o),
1=1
[Tostoxum
p = diag(es,...,es,0,...,0), q(l’l) =pi+ v(l’l), q(l’2) =pi+ v,
1 pas

Torma ¢V, ¢2 € M, (A4 u oD = ¢WDplk 2 = kg2 png peex | =

1,...,n — 1. CiaenoBarejbHO, OLIEPATOP U IPEICTABIISETCI B BUJE CyMMbI He GoJiee
geM 2n — 2 HOIIaprIX IIpOI/ISBeﬁLeHI/II‘/JI NJIEeMIIOTEHTOB 1 IIpOeKTOpOB.
TTostozxum

o 0 2(E2j,1$2j71 B — 0 0
4 0 ey B 2e y —2m52; e )’

torna gj,h; € Ma(A) w25 = qrY2 4 hyr(ChY2) qaa peex 1 < j < n/2;
r(11/2) p(=11/2) ¢ M, (A)P" onpenesnenst mo dopmyae (1). Pacemarpusas coorser-

CTBYIOITHE TIPAMBIEe CyMMBI ¢ = diag(qi, ... ,qn/2), h = diag(hi, ... , hyy2),
p = diag(r®V/? . pBU2) 0 Qiag(rCBYA 0 p L2y — b
n/2 pa3 n/2 pa3s

MMeeM TIpejicTaBienne u — qp + hpt, riae ¢, h € M, ()4 u p € M,,(A)P". Caemo-
BaTEJIbHO, OLEPATOP T MPEJCTAB/IACTC B BHJE CYMMBI He 6ojiee 4eM 27 HOIIapHBIX
NIPOU3BEICHNI NJIEMIIOTEHTOB U IIPOEKTOPOB.

Ecyin n He9eTHO, TO MOBTOPSEM IPEABIILYIIIE PACCY K ICHUA, PACCMATPHBAA BMe-
cro omepaTopa u cymmy ayx omeparopos ut) um u(?) | rae marpuma oneparopa u()
ectb diag(21,... ,L(n-1)/2,0), a

Ton, ecmn t — s — n,
u(z)* ey —T ecmt=nus=n-—1
ts N nny - - )
0 B OCTaJIbHBIX CJIYYasiX,
1. e. omeparopy u(? coorsercrByer marpura diag(0, . .. ,0,2(n11y/2) C eUHCTBEH-
——
n—2 pasa

HBIM (HEMOMHBIM) OTOKOM £(y,11)/2 BT (2). HTak, omeparop x mpejcTaBiasgercs
B BHJE CYMMBbI He Oojiee deM 2n — 2 + 2 + 2 = 2n -+ 2 mOmapHBIX TPOU3BEICHUM
UJIEMIIOTEHTOB M IIPOEKTOPOB. JleMMa JoKa3aHa.
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8§ 5. Teopema u ee cjiencTBuUsi

Cuenyroniee yTBepKIeHNe SIBJISETCs HEYJIydIIaeMbIM (II0 9HCILy COMHOXKHTE-
Jeit).

Teopema. Ecim anarebpa ¢pon Heiimana ./ ne umeer mpsiMoro abejieBa cJia-
raemMoro (CoOoTBEeTCTBEHHO COOGCTBEHHO GECKOHEYHA), TO KaXKIblil omneparop x € M
MIPEJICTABJISIETCS B BUJE KOHEUHOH CyMMBI & = Y, T, TJI€ KaXK/I0€ T) €CTh MPOU3BE-
JeHne He GoJiee ueMm Tpex (COOTBETCTBEHHO JBYX) MPOEKTOPOB U3 M .

JIOKA3ATEJIBLCTBO. Ilycts anrebpa don Heiimana .4 cobcrBenHO GECKOHEUHA.
IIpuBesem HeobxoMMbIE U3BECTHBIE (DAKTHI TEOPUHU ONIEPATOPOB B BHUJE CJIEIYIONIAX
YTBEPZKJICHUA.

JIemMma 8 [5, Teopema 4|. Kazkpiii oneparop © € . 1IpEJCTABISETCS B BHJIE
5

CYMMBI X = Y, qj ITH HJAEMIOTEHTOB U3 M .
k=1

Jlemma 9 [9, . 5, . (ii) Teopembr 1.41]. Eciu ajrebpa ¢ou Heiimana AN
[IOPOXKIeHA JIBYMsI IIPOEKTOpaMu p, T € JB(F), To cyecTByerT eMHCTBeHHBIH IPO-
extop z € Z(AN) rakoii, uro amrebpa A, umeer tum Iy m A, abenesa, npuueMm
dim(c ,/VZL < 4.

K dukcuposansoMy oneparopy € .4 NUpUMEHUM JIEMMY 8, B IOJYIEHHOM
IPEICTABICHUN K KaXKJIOMY UIAEMIIOTEHTY — JIEMMY 3, 3aT€M K [I0/Iy YeHHOMY HOBOMY
npexcrasiennio — . (C) semmbt 5. Mmeem

x = Z)\kpkm, Ak >0, pr,7mi € AP (3)

B janbaeiimux npeobpa3oBaHugx HyKIA0TCd Julb caaraembie ¢ A\, ¢ N. He orpa-
HUYUBast OOIIHOCTH, MOXKeM cuuTarh, 4ro 0 < Ax < 1/2. Ecsin B HeKoTOpOM Cilara-
€MOM 13 CyMMBI (3) OJIMH U3 IIPOEKTOPOB Py, WM ', paseH e, To 1. (D) memmbr 5 n
JeMMa 6 JAI0T IpeJICTABIEHIE HYKHOTO BUJIA JIJISl 9TOTO CJIATaeMOro.

ITycrs p u r — nBa upoekTopa B 4 . CBXKEM ¢ p U 1 IOPOKIEHHYIO UMU ajiredpy
don Heitmana 4. Tlo semme 9 cymiecTByeT eIMHCTBEHHBIH 11poekTOp 2 € Z(A)
TaKoii, uro anarebpa A4, umeer tum Iy u anrebpa 4,1 abenesa. IIycrs 0 < A < 1/2
u A\pr = Aprz + Aprzt. TlockonbKy omepartop prz— sBasgerca mpoekTopoM, m. (D)
JeMMBI 5 1 JlemMMa 6 JIAIOT HpeJCTAaB/ICHHE Hy’KHOIO BHJA JJIs OHepaTopa Aprzt.
Pasnoxkum tenepsb onepatop Aprz B Tpebyemoit popme. U3 teopembr Tenbdania o
npejcrasjiennu abeeBoii yuurajabuoit C*-anrebpsl ciemyer, aro aaredpa 2 (A7)
*-uzomopdua C*-anredpe C(2) Bcex KOMIUIEKCHO3HAYHBIX HEIPEPBIBHBIX (DYHKIIUH
HA CTOYHOBCKOM HIpocTpaHcTBe ) Bcex xapakrepos ajrebpol Z(A4;). Teuepp us
semmbl 1 BbITEKaet, aro anrebpa A, *-msomopdrua marpuuanoii anrebpe My (C'(12)).

Hast ¢ € My (C(02))P' onpemesum 0o6I1acTH TOCTOSIHCTBA PAHTa (AU, UTO TO YKe
camoe, 06JIACTH TIOCTOSHCTBA, KAHOHUIECKOTO CJIe/a tr):

Qi(q) ={w e Q| q1(w) + ge2(w) =3}, j€{0,1,2}.

MuozxkectBa §2;(G) 3aMKHYTHI (KaK IIpooOpasbl 3aMKHYThIX MHOkecTB {j} C C mpn
HENPEPLIBHOM OTOOpasKeHUn) U OOPa3yioT JU3bIOHKTHOE MOKPLITHE MPOCTPAHCTBA
). U3 nmemMbl 2 BhITEKAECT

JIemma 10. st kaxxioro § € My (C(2))P* cymecrBytor rakme u € My (C(Q))"
u 3aMKHyTOe noaMuoxkecrso ) (§) C Q1(§G), 4ro

u*(w)q(w)u(w) = diag(1,0) s Beex w € Q1(q);
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u*(w)§(w)u(w) = diag(0,1)  ms Beex w € Q1() \ 27(4)-

IIpomomKuM TOKA3aTENIbCTBO TEOPEMBI. 1IPOEKTOPHI Pz U 7'z OTOXKIECTBJISIETCS
c p,7 € Ma(C(Q))P" coorBercrBerno. Torma omeparop Aprz OTOXKIECTBIISAETCS C
Apr. Ilyctn
Qij :Qi(ﬁ)ﬂQj(f), i, ] € {071,2}.

Bce neBarTs MHOKECTB §2;; OTKPBITO-3aMKHYTBI X 00pPa3yI0T IU3bIOHKTHOE OKPBITHE
npoctpancrsa ). B stom ciyuae dyukiusa ¢ : 2 — C "HenpepbIiBHA TOTIA U TOJBKO
Torja, Korja Bce ee orpanmdenust o|€;; (4,7 € {0,1,2}) nenpepeiBubr. Jokazkem
CYTIECTBOBAHUE TIPE/ICTABICHUS

)\]57: - éldl + 62J27 617 527 Jl) Ci2 € MQ(C(Q))pr (4)

Heticrsurensho, ecm w € o0 U Qo1 U 219 U Qo2 U Q20, TO Ap(w)7(w) = 0 m MOXKHO
H0710KHTH 1 (W) = & (w) = d) (w) = da(w) = 0.

ITycrb w € Q2 1 u(w) € My(C)" uz semmsbr 10 juist p. Econ w € Q12 N QY (),
1o u*(w)p(w)u(w) = diag(1,0). C nomorupio dopmyssr (1) moaydaem paBeHCTBA

AD(W)TF(w) = Ap(w) = u(w)(Au*(w)p(w)u(w))u”(w) = u(w)(Adiag(1,0))u"(w)
) (iag(1,0) (- 1 1D (o)
u(w) diag(1, 0)u* (w )(u(w)r(l’k/z)u*(w) +u(w)r(_1’>‘/2)u*(w)).
CaenoBaresnbHo, Juist w € Q12 N Q) (D) MOXKHO TOJOXKUTH
é1(w) = Ea(w) = u(w) diag(1,0)u* (w), di(w) = u(w)r®MDu*(w),
da(w) = u(w)r™ A (w).
Ecmn w € Q12 N (21(p) \ 24(P)), To aHATOrHIHBIM 06pa30M MOy IaeM
Ap(w)7(w) = u(w)(Adiag(0, 1))u" (w)
u(w)(diag(0, 1)(r(=/2) 4 p(ELOZA2D )y ()
= u(w) diag(0, 1)u* (w) (u(w)r® Dy (W) + u(w)rEHED2y* ().
Buaunr, misg w € Q12 N (21(p) \ Q) (P)) MoKHO TTOTOKUTH
¢1(w) = C2(w) = u(w) diag(0, 1)u* (w), d1 (w) = u(w)r(l’(l_k)ﬂ)u*(w),

da(w) = w(w)rTHA=N/2y ().

Cayqait w € (191 aHAJIOITYEH PACCMOTPEHHOMY BBIIIE CIyYIal0 w € (1o, MO-
CKONIBKY APp(w)7(w) = AF(w). Ilycrs w € Q91 1 u(w) € Ma(C)" n3 nemmbr 10 mis 7.
Ecn w € Q91 N QY (7), To momoxum

b1 () = Ea(w) — u(w) diag(LO)u* (@), () — u(w)rMDu* (),
da(w) = w(w)rTPA Dy (W),
Hast w € Qo1 N (21(7) \ Q) (7)) MOKHO IOIOKUTH
&1 (w) = é2(w) = u(w) diag(0, Du*(w), di(w) = u(w)r®E=Y/Dy* (W),

da(w) = u(w)rCHA=N/2 gy ().
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Ecmm w € Q93, TO
Ap(w)F(w) = Adiag(1,1) = diag(1,0)r™ + =117V diag(0, 1),
T. €. MOKHO IOJIOZKUTD
é1(w) = diag(1,0), é(w) =rCHN 0 di(w) = PN dy(w) = diag(0,1).

ITycrs Teneps w € 217 u u(w) € Ma(C)" u3 jgemmsr 10 jqyst p. Ecm w €

Q11 NQL(P), To u*(w)p(w)u(w) = diag(1,0). Torma
Ap(w)7(w) = u(w)(Adiag(1,0))u* (w)F(w).

Marpuna npoektopa u* (w)F(w)u(w) pasra (%! ¢ mexoropeiu 0 < t < 1 u § €

C, 18] =1, em. dopmymy (1). Iycrs uncna A € (0,1/2], t € (0,1) nansr. CocraBum
MATPUYHOE yDABHEHHE

Adiag(1,0) - u* (w)7(w)u(w) = <>(\)t /\Jg(t))

— diag(1,0) - (a(w) + b(w)) = (a £6 0@ 5f(/3)) ,

e a(w) = &) b(w) = (-9 Hemspecrusie unca o, 3 € (0,1) umenm u3 cucreMbr

a+ =M,
{f(a) — f(B) = Af(®).
Nmeem f(a) — f(At — a) = Af(t). Oupenenum GyHKImo
g9(e) = f(@) = f(At —a) = Af(t), 0<a<A,

n HaiieMm ee mpomsBoguyoo: ¢'(a) = f'(a) + f/(M—a) > 0opn 0 < a < At.
OueBuHO, YTO
9(0) = =f(M) = Af(t) <0,
gAt) = fF(A) = Af(t) = VAL (VT = Xt — VA = Xt) > 0.

ITo TeopeMe O MPOMEKYTOYHBIX 3HAYCHUSAX HENPEPBIBHON (DYHKIUHM HA OTPE3KE,
ypasrenue g(a) = 0 umeer euHCTBeHHBIA KOpeHb ag € (0, At). Torma By = At—ag €
(0, At). HamomunM, ato Bee yHKIUM, SIBISIFOIIUECS SJIEMEHTAMH MATPHUI] IPOEKTO-
POB p U T, HEIPEPLIBHLI U HaiiJIeHHbIe 3HAYEHUS (g U (g HENPEPBIBHBIM 00pPA30M
zasucar ot napamerpa t = (u*(w)7(w)u(w))11-

Uraxk,

Adiag(1,0) - v*(w)7(w)u(w) = diag(1,0) - (a(w) + b(w))
¢ mekoTopbivit (w), b(w) € My(C)P*. Teneps
AP(@)F(w) = u* () (A diag(1, 0))u(w)7(w)
= u*(w) (A diag(1, 0)u(w)F(w)u* (W) u(w) = u* (w)(diag(1,0))(@(w) + b(w))u(w).
Crenosarenbio, maa w € Q11 N Qf(p) Moo momoxuts ¢1(w) = é2(w) = p(w),
di (w) = v*(w)a(w)u(w), da(w) = u* (w)b(w)u(w).
AnanormaubiM 06pasoM pasbupaercs cirydail, Korga w € 11 N (Q1(p) \ 24(D)).

Taxum obpaszom, g mobeix p,7 € My(C(2))P" u s moboro A € (0,1/2]
cymecTByet npescrasienne suga (4). CremosarenbHo, craraemoe Buga Apr u3 (3)
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MPEJICTABJISIeTCS B BUJE KOHEYHOW CYMMBI TONAPHBIX MMPOU3BEJEHUI ITPOEKTOPOB.
TeMm caMBIM T = Y PinGm, THAE P, A € APT. Ciyuail coGCTBEHHO GECKOHETHOM
aJreOpbl MOJTHOCTBIO pa30o0paH.

ITycrs Tenieps # — Koneunasi ajrebpa ¢oun Heiimana 6e3 npsimoro abesiesa
ciaraemoro. Torma 4 *-uzomopdua M, (A), tae A — Hekoropas anrebpa don
Heitmana n 2 < n € N. TlpeacraBum npousBoJIbHBIN omepaTtop & € .4 1o jemme 7,
B TIOJIY9E€HHON CyMMe KarK/Iblif HE9PMHUTOB UJEMIIOTEHT ITPEJCTABUM 110 JIeMMe 3 U B
HOBOM TIpejicTaBiieHnn npumernM axasor 1. (C) semmbl 5 (OH CpaBe/yiuB B CHILY
CIIEKTPAJILHON TEOPEMBI U JIEMMBI 2) COOTBETCTBYIOIMM 06pazoM. nMeem

T =) Meprrrsk, Ak >0, pr, T, sk € AP

IToBTOpSsis paccyxkaeHust ¢ momombio jemMM 1, 9 u 10 u3 jokasaTesbCTBaA JJsd COO-
CTBEHHO DECKOHEYHOI'O CJIydasl, KayKJ0e CJIaraeMoe BUJIa APr IPeJICTaBUM B BHJE KO-
HEYHOM! CyMMBI IIOIIAPHBIX [TPOU3BEICHNUIT IPOEKTOPOB. TeM caMbIM & = > Py Gmbm,
THE Py U, by € APT. VI3 teMMbl 4 citejlyeT, 9T0 HAUMEHbIIas BEPXHSAS IPAHUIA
quciia comHO)KuTeeil pasaa 3. Teopema jgokazana.

Caencrue 1 [8, reopema]. Kazkapli oneparop x € HB(H) npercrapisercs
B BHJIe KOHEYHOH CYMMBI T = Y I, Ijle Ka’KIoe Xy eCTh IPOH3BeleHue He 6ojiee
geM JIByX MPOEKTOpoB mpu dim . = oo u He 6ojiee 4eM TPEX HPOEKTOPOB IPU
2 < dim 7 < oo.

U3 reopembl u jseMMbl 4 BhITeKaeT u3BecTHbI dakT (cM., Hanpumep, |9, c. 311]).

Caencreue 2. Ecim anrebpa ¢pon Hetimana .# cobcTBeHHO GECKOHEYHA, TO
Ha % HEeT HEeTpHBHAJIbHBIX KOHEYHbBbIX CJIEIO0B.

Hamnomuaum, 4ro opdanoso npousdsederue x oy = %(;Ey +yx) va B(H)% kom-
MyTATHBHO 1 OUIIMHEIHO, HO He accomuaTuBHo. Hopdarnoso mpotinoe npoussederue
{zyz} = %(myz + zyx) Ha PB(H)%® Bblpazkaercs depe3 HOPIAHOBO IPOU3BEICHUE:
{zyz} = (xoy)oz+ (yoz)ox — (xoz)oy [22, bopmyna (2.20)].

CaencrBue 3. Kaxxipiii oneparop x € JB(H)* npejicrapisiercs B BUIe KO-
HEYHOH CYMMBI T = Y X, IJIe KaXKJ0e Xy, €CTh HOPJAHOBO IPOH3BEJEHHE He Goiee
4eM JByX HPOeKTOpoB 1pu dim 57 = oo H HOpJAaHOBO TPOIHHOE MPOU3BEJCHHE HE
6o.Jtee geMm Tpex poexkTopos mpu 2 < dim JZ < oo.

JIOKABATEJLCTBO. Ilycrs dim 5 = co u @ = > prqr (P, qx € B(H)") —
IpeJcTaBIenne oneparopa x € B(°)%*, nonydennoe B caencreun 1. Torma

2w —x+a" = prak+ D akPk = Y (DK + GPE) = 2 Pk O G-

[Iposepka s ciyuas 2 < dim J7 < 0o aHAJOTUYHA.

Cnencreue 4. Ilycrs # — anrebpa pon Heiimana 6e3 npsimoro abesesa cia-
raemoro. Kaxknaplii onmeparop x € M°* npejcraBjisieTcsl B BHJEe KOHEUHOH CYMMBbI
T = Y Tk, IJe KaxKjoe Ty ecTb HOPJAHOBO TPOHHOE IIPOH3BEAeHHEe He 6ojee deM
Tpex MPOEKTOPOB, a JIJIsI COOCTBEHHO OECKOHEUHOH A — HOPIAHOBO IIPOH3BE/ICHHE
He 6oJjiee JeM JIBYX MPOEKTOPOB.

Caencrsue 5. Ecim # — anrebpa ¢on Heiimana 6e3 npsiMoro abeseBa ciia-
raeMoro, To MHOXKecTBa M u M P" paBHOMOIIHBI.

JOKABATEJILCTBO. MHO2XK€CTBO KOHEUHBIX ITOIMHOYXKECTB OECKOHETHOTO MHO-
KecTBa A P' papHoMmoIHO #P" [23, CBonka pe3ynbraros, § 7, 1. 7).
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Cnencrsue 6. Ecau koneunomepHast C*-anrebpa o/ He uMmeer npsiMoro abe-
JIeBa, CJIATAEMOTO, TO

A = {Zplmc% D Pk TRy Gk € Mpr},

a HanuMEHbIIIasd BEepPpXH:s 'DaHulla dIucjia COMHOXKHUTeJIEl paBHa TpPEM.

JIOKABATEJIBLCTBO. Besikas nHenyneBast KoneunomepHas C*-ajredbpa *-u3o0Mop-
dbua npsvoit cymme M, (C) @ - - - & M, (C) nosHbIX MATPUIHBIX ajireSp i HEKO-
TOPBIX HATYDPAJILHBIX N1, ... , N [24, Teopema 6.3.8]. OrcyrcrBue nupsmoro abesesa
CJIAraeMoro O3HatdaeT, uTo Bce n; > 2 (j =1,... k).

Cnencreue 7. Ecm &/ — UH F-anrebpa u dimp.@/ > 1, To MHOKeCTBO

{Zpkrqu Pk Thy Gk € ﬂpr}

mw10THO B <. Ilpn 9TOM HAMMEHBINAST BEPXHSIST TPAHHIIA THCJIA COMHOYKHTEICH DABHA
TpeM.

JIOKABATEJILCTBO. IlockoJibKy Kazkjias u3 ajredp %, B oupenenenuu U H F-
aarebphl IPOCTa U KOHEYHOMEPHA, OHA *-M30MOP(HA IIOJHON MaTPUIHON ajrebpe
M (C) aya mexoroporo k € N. UH F-anre6pa &/ 06/a1aeT eIuHCTBEHHBIM KOHEY-
HBIM caesioM T ¢ 7(e) = 1 [24, 3ameqanne 6.2.4]. Ocraercss OIPUMEHATH JeMMy 4.
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