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OB OIIEPATOPAX CBEPTKU, IIEPECTAHOBOYHbBIX
C OBPATHBIMU CABUTAMMN B ITPOCTPAHCTBAX
IroJiIOMOP®HbBIX ®YHKINN

II.A. IBAHOB, C.H. MEJIUXOB

Abstract: Operators of the commutant of the system Dy of partial
backward shift operators in the Fréchet space of all holomorphic
functions on a polycylindrical domain Q in CV containing the point
0 are studied. An integral representation for them and a criterion of
their invertibility are proved. It is established that for the product
of circular domains, every such operator is an operator of infinite
order with constant coefficients. When the characteristic function
of an operator of the commutant of the system Dy is a nonzero
function with separable variables, we prove the possibility of the
synthesis in its kernel and the existence of a continuous linear right
inverse to this operator.

Keywords: convolution operator, backward shift operator, space
of holomorphic functions.

1 Bsegenne

ITycte Q = Q1 x -+ x Qn, vae ;, 1 < j < N, — onHOCBA3HBIE 00714~
ctu B C, conepxammue 0; H({2) — mpocTpaHcTBO BCeX TOJIOMOPGHBIX B 2

Ivanov, P.A., MELIKHOV, S.N. ON SOME PROBLEMS OF COMMUTATIVE ALGEBRA.
© 2026 BanHOB II.A, MEuxoB C.H.
UccnenoBanne BeimosiHero B F)xkHOM demepanbHOM yHUBEpCHUTETE 3a cueT rpanTa Poc-
cuiickoro Hay4aHoro ¢domma Ne 25-21-00062, https://rscf.ru/project/25-21-00062/.
Iocmynuaa 1 aneapa 2023 2., onybauxosana 31 dexabps 2023 e.
1


https://orcid.org/0000-0002-5895-9607

2 II.A. UBAHOB, C.H. MEJIUXOB

byHKIM, HAIEJTEHHOE TOIOJIOTHEHl PABHOMEPHON CXOIMMMOCTH HA KOMIIAK-
rax (). B jasH0il pabore n3ydarrcs JUHEHHBIE HEIPEPhIBHBIE OIIEPATOPHI B
H(Q)), mepecTaHOBOYHBIE CO BCEME OTIEPATOPAME YACTHOTO OOPATHOTO CJIBU-

ra Djo(f)(t) = f(t)_f(tl""’tj;’O’tj“"“’tN), 1 <j < N. B [1] 6bu10 nosryueno
UX TpejcraBieHue B Buje 0606menHoil ceeprku. Mvento, B [1| ycranosie-
HO, uTO BCe oHU (M ToabKO oHM) umeroT Bun By (f)(2) = o(T.(f)), z € Q,
f € H(Q), rae ¢ — nuneiiabtii nenpepbabiil dyuxkimuonan na H(Q), a T,
— OIEePATOPBI, ACCOTMUPOBAHHBIE ¢ cucTeMoit Dy. OTMeTum, 910 OmepaTopbi
obparnoro casura, 1., B, TeCHO CBA3aHbl ¢ UHTEPIOJUPYIOLIel dyHKImed
A.®. JleoHTHEBA, UCIOAB3YEMON B TEOPUN PSAJIOB IKCIIOHEHT U IIPH UCCJIE0-
BaHNM OIICPATOPOB CBEPTKHU, 3aJaBaCMbIX O6bI‘-IH])IMI/I CABUI'aMU, C IIPOMU3BE-
nennem droamens (cm. [1], [2]).

B aroil cTarhe ymomsamyToe BBIIIe IpejcTaBieHnue B, KOHKpPeTU3UPOBa-
HO B WHTerpajbHoil (opme. [Ipu 3ToM mcnosib3yercs peasusaiius TOMIOJIO-
rudeckoro compsizkennoro k H () npocrpancrsa H () ¢ momomsio npe-
obpasosanust Komu B Bume npocrparcTtsa poctkoB Hy(CSY) rosomopdHBIX
bynxmmit na CQ = (C\Qy) x -+ x (C\Qy), gokazannas X. Tuabmanom [3].
IlonyyenHoe nHTErpabHOE MIPEJICTABIEHUE SBJISIETCS OCHOBHBIM aHAJIUTHAYE-
CKIM CPEJICTBOM HCCJIe[0Banust oneparopos B,. Ecin H ()" oroxmecTBuTh
¢ Hy(CQ), To conpsizkeHHBIM K B, sIB/IdeTCS onepaTop yMHOKeHHd Ha (ByHK-
o t1 - - - tNo(t), e ¢ — npeobpasosanue Ko dynkmonana ¢. JaHubrii
dakT M03BOJIsIET IPUMEHUTH CTAHIAPTHBIE PE3YJIBLTATHI O JeJTUMOCTH (DYHK-
Uil MHOTMX KOMILJIEKCHBIX [T€PEMEHHBIX, FOJIOMOPQHBIX HA OTKPHITOM MHO-
xecree B CV. Crenudnka paccMaTpUBaeMOil CUTYaIldId COCTOUT B TOM, UTO
B He#l BO3HUKAET TpobJjeMa 1eJIeHrsd POCTKOB TOJTOMOPMHBIX (DYHKIINH Ha

KOMIIAKTHOM ITOIMHOYKECTBE TV TepeMeHHo 06/1aCThI0 TOJIOMOPMHOCTH.

B macrogmeit pabore mokazaHa CIOPHLEKTUBHOCTE 0000 HEHY/IEBOTO OIle-
paropa B, u B TepMuUHaX NOBeJCHHA (QPYHKIUN ¢ YCTAHOBJIEH KpUTEpuUit
obparumoctn B, B H (). Beemensr omepaTopsl 6€CKOHEYHOrO MOPAAKA C
MOCTOSTHHBIMU KO3 PUIHeHTaMn 3 KoMMyTanTa. Kemu ) aigercs mpons-
BesieareM OTKpHITHIX KpyroB B C ¢ menTpoM B Touke (), TO OH COCTOUT B
TOYHOCTH U3 OHepaTopos B, Takoro Bufa.

B cayuae, korga ¢(t) ssasercs GyHKImed ¢ pasae siiOnUMMucs mepeMeH-
HBIMH, HOKA3aHa BO3MOXKHOCTD CUHTe3a B giape B,. Jlna Takoro HeHyieBoro
GYHKIUOHAIE, (0 JIOKA3AHO TAKXKE HAJUYNE JIMHEHHOrO HEMpPEePBIBHOIO IIpa-
Boro obparxoro y By, : H(Q) — H(Q). Dro crepyer u3 JONOTHAEMOCTH
[JIABHOTO WJIeaJsia, MOPOXKIEHHOTO (byHKIHel ¢ ---tn@(t) B mpocTpaHCcTBe
Hy(CQ).

PaccmoTpenne B 9T0# cTaThe Kaacca (TOJBKO) TOJUMINHIPAIECKIX 00-
Jracreii € CyIecTBeHHO CBA3AHO CO CAEAYIMNUM 00cTosiTeIbeTBOM. [Ipn onpe-
nejienuu orepaTopos 1, Tpebyercs, 94Tobb! 1151 J0OBIX ToYeK ¢, 2 € () Besikast
Touka n3 CV, Kazk1as KOOpJMHATA KOTOPOI paBHA COOTBETCTBYIOMIEH KOOp-
JUHATE t WM Z, TaKyKe HpuHajiexkasa ). 9To Tak B TOM U TOJBKO B TOM
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caydae, Korjaa 00acts ) noymnminaapudeckasi. Kpome Toro, B JJaHHOI pa-
bore crucTEeMaTUIECKH UCHOJIB3YyeTCst anasor jasoficrBennoctu Cuyipbi—Kere—
I'porerauka mpocTparcTB TOIOMOPGMHBIX (DYHKITHI OTHON KOMILIEKCHON ITe-
pemennoit. OH OCHOBaH Ha MHOTOMEpPHOM TmipeobpazoBanun Korru, npuMeHu-
MOM B CJIydae MOJUITHIUHIPUICCKIX 00JIaCTeil.

2 IlpenBapure/jibHbIE CBEAEHUS

TIpusenem cBegenns o6 omeparopax IacTHOTO ODPATHOrO CABUTA W IIE€pe-
CTAHOBOYHBIX ¢ HuMH oneparopax u3 [1], [2]. Hanee nns N € N cumson Py
obosunauaer muoxkecTBO {1,---, N} nepeeix N HarypaabHbix unces. s
npon3BoIbHLIX ¢, 2 € CV, o C Py BBegeM TOUKY o,z € CN:

0,2)5 = - c
i, jEo.
Ecma o = {j}, 10 tj. :=ts.; ty, = t.
[lonoxum 0; = a%j? j € Py; Ng := NU{0}. na o = (aj)j»v:l,ﬂ =

(,Bj)é\[:l € NY¥ 6ynem micare o < 3, ecomn o < B35, 1 < j < N. Kax o6bramo,

nofaraeM 2% = z{l-- 23N (cumraem, uro ¥ = 1 g moboro ¢ € C),
lal ;=1 + - +ay,al:==a1!---ay!, 2€CN aeN).
Huxe Q — momumummagpudeckas obmacts B CNV: Q = Q) x -+ x Qy,

rae ;, j € Py, — obmactu 8 C, comepxarmue 0; H(§2) — mpocTpaHcTBO
Bcex rosioMopdHBIX B {2 (DYHKITHI C TOMOJOTHEN PABHOMEPHOI CXOIUMOCTH
Ha KOMITAKTHBIX mogMHoKkecTBax ). g f € H(Q), j € Py, t € Q mycts

t)—f(t;
f()t.f(],o)’ t]#o,
Bce oneparopst Do, j € Py, auneiins! u Henpepsoisub: B H (€2). Omn nonapuo

nepecranosounsl. Homaraem DY := DY - DY, 2 € Q, a € NY.

Hns monomoB fg(t) := t?,t e CN, pe N, s H(Q) Brmonnstores pasen-
crBa D (f3) = fa—a, ecmm o < B, u D§(fp) = 0 B npoTuBHOM CiIyHae.

C cucremoii Dy MOXKHO acCOUUPOBATHL omepaTopbl 1, z € ) (9ra unes
BOCXOZIUT, B YacTHOCTH, K 3. Bunnepmany [4]): mast j € Py, f € H(Q)

bl 2l lta), tj # 2,

%0if(tjz) + [ (), 15 = 2,
ul, =T, ---Tn.. Oneparopr: T} ., T, j € Py, z € (), muneitnsl u Henpe-
peiBHBEL B H (2).

OmnpenenuM GYHKINOHAIBI

(Pa(f) = aaf(o)v fEH(Q), OéENéV,

Djo(f)(t) = {

Tj-(f)(t) :=

rae 0% := %. dAcuo, uro po € H(Q) aus moboro o € NY. Cumposn

|o| obo3HaTaeT KOIMTIECTBO 3/eMeHTOB MHOXKecTBa 0 C Py. Cumraem, aro
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|0] = 0. B pasnbueiimem 1 — MyJbTHHHJIEKC, KAXK1as KOOPAUHATA KOTOPOTO
paBHa 1,

Jlemma 1. [1, nemmbr 2.3, 2.4] (i) Hycmo obaacmu U, j € P, 0dnoceashsy
u codeporcam 0. Tozda das aobwxr o € Név, f e H(Q), z € Q cnpasedauso
PABEHCMEO

DE(F)(=) = ~pal L))
(i) T(N)(0) = e 5 (DI f1es), [ e HO), b€t # 2,

oCPn

j € Pn.

st mokampHO BhIyKJIOTO poctpatcTBa F depes L(F) 0603HAUNM TPO-
CTPAHCTBO BCEX JIMHEHHBIX HENPEPBLIBHBLIX ONEpaTopoB B E, cumponom B/ —
TOIOJIOTHYIECKOE Coupsizkennoe K F, a depe3 Ej — cuibHOoe conpszkeHHoe K F
npoctpanctso. Ilycers Ko (Dy) — MHOXKecTBO Beex onepatopos B € L(H (1))
takux, 9to BDjo = D;joB 8 H() aa moboro j € Py. fcno, uro Ko(Dy)
COBIIaJIaeT C MHOXKECTBOM Bcex omeparopos B € L(H(Q)), nepecranosod-
HBIX ¢ Kaskaemv onepatopom DY, a € NJ. Huxe Kqo(T) — MHOKecTBO Beex
oneparopos B € L(H(Q)), ansa koropsix BT, = T,B 8 H(Q) mns moboro
z € €.

Teopema 1. [I, Teopema 3.1| Tyems Q = Qp x --- x Qn, 2de Q;, j €
Py, — odnocsasuvie obaacmu 6 C, codeporcausue 0. Caedyrousue ycaosus
PABHOCUADHDL:

(i) B € Kq(Dy).

(i) B € Ka(T).

(i1i) Cywecmeyem dynryuonas ¢ € H ()

B(f)(2) = o(T(f)), 2€9Q, fe H).

Aasa aobozo onepamopa B € Kq(Dy) = Ko(T) dynryuonanr o € H(Q),
kax 6 (ii1), eduncmeenen.

" maxoti, wmo

OcHoBHas 11€/Tb JJAHHON PaboThl — U3yU€HHE CBOUCTB ONEPATOPOB CBEPTKH

By(f)(2) = o(To(f)), 2€Q, feH(Q),pe€ HQ).

3 HuterpasbpHoe mpeacTaB/I€eHNE, CIOPbEKTUBHOCTD U
ob6paTumMocTs oneparopos B, B H({2)

3.1. Murerpasibnoe npejacrasienue oneparopos B, B H(2). Onanm
13 OCHOBHBIX aHAJIMTUIECKUX CPEJICTB UCCIe10Banus oneparopos u3 Ko(Dy)
ABJIAETCH MX HATerpasbhoe npefcrasiaenne. ns kpuseix Lj, j € Py, 8 C
BBeJeM ux npsimoe rpoussesnenue L := Ly X --- X Ly. Ecim v — 3amMkHyTas
xkopaanosa kpusag B C, o Int v — BayTpennocts v, a Exty — BremHocTs
v B C = CU {oo}. Cunraem BCiofy jajiee 3aMKHYTbIC »KOPAAHOBbI KPUBbIE
OPMEHTUPOBAHHBIMHU TTOJOKUATENABHO. JTsT BAMKHYTBIX KOPJAHOBBIX KPUBBIX
L;, j € Py, B C nonaraem

IntL:=IntLqy x---xInt Ly, ExtL:=ExtL; x--- x Ext Ly.
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Ecimm L; — cupamigeMble Kpusble, TO s dyHKoun f, roaomMopdHoi B
HeKOTOpOit okpectrocTH L = Ly X --- x Ly B CV,

L/f(t)dt = /--~/f(t)dt1---dtN

Ly I

(3TOT WHTErpas MOHMMAETCA KAK MOBTOPHBIH). 13 cBoiicTBa rosomMopdHoit
3aBUCHMOCTH MHTErpaJja orT napamerpa (cM., nanpumep, |5, gacrs II, ru. 1,
§ 3, u. 6, nemmal caenyer, uro on cymecrByer. U3 reopembl @y6Gunu BbI-
TEKAET, YTO OH HE 3ABMCUT OT TOPSJIKA WHTErPUPOBAHUA. (DTO BEPHO JjId
KYCOYHO-TJIAJIKMX KPUBBIX, 8 AMMTPOKCUMAIUA KyCOYHO-TJIQIKUMI KPUBBIMHU
MO3BOJIAET YCTAHOBUTH TAKYI0 HE3ABUCUMOCTD W JIJTA TIPOU3BOJILHBIX CIIPAM-
JsIeMbIX KPHUBBIX Lj.)

IIycts 2 = Oy X --- x Qu, e Q;, j € Py, — ognocBa3nble 00/1aCTH
B C, comepxarue 0. [IpuBesieM cBeeHMst O peayu3aIiu COMPSIKEHHOTO K
H(Q) npocrpancrea ¢ nomompio npeobpazosanusa Komm. Iycrs CQ =
(C\Q) x - -+ x (C\Qy). Cumponom Hy(C) 06030a4MM NPOCTPAHCTEO BCEX
pocTkoB rosoMopdubIX Ha C) dyurumii, obpamarornuxcs B 0 BO BCeX TOU-
Kax, XoTsd Obl OJ[HAa KOOPJAMHATAa KOTOPBIX paBHa 00. KCTecTBeHHAsT WHIYK-
tusHas Tonosorus B Hy(CQ) BBomuTcs caemyromum obpazom. g j € Py
3adUKCHPYEM TOCTETOBATETHHOCTD 3aMKHYTHIX CIIPSIMJTSIEMBIX KOPIAHOBBIX
KPUBBIX 7Vjn, N € N, obIamaomux caeayomumMu cBoiicTBamu: 0 conepKuT-
Cs BO BHYTPEHHOCTH 7;1, Intvj, C Intyj,y1, n € N, uw |J Intyj,, = Q;

neN
(Int~;, — 3ambikanme Inty;,, B C). Takue kpussie cymecrsytor. (Ecmu 06-
nacte ) ommmuna ot C, T0 B KauecTBe ITHX KPUBBIX MOXKHO B3Th 00pa3bl
oxpyxuocreii {z € C: |z| = e7/"}, n € N, npu ogrommcTHOM OTOGpPasKe-
aun kpyra {z € C : |z| < 1} wa §;.) IlomokuM vy, 1= Yin X ==+ X YN,
Gjn = Extvyj,, Gp := G1p x -+ X Gyp, n € N. Ilyers Ho(Gy), n € N,
— TIPOCTPAHCTBO Bcex rojioMopdubiX B G, dyHKNMA, paBabix 0 B TOYKAX,
XO0Ts OBI OJIHAa KOOPJAWHATA KOTOPBIX paBHa 00. OHO HAJIENSTeTCsT TOTOIOTHEH
paBHOMEpPHOIT cxofuMocTi Ha KommakTax Gy,. Torma Ho(CQ) = | Ho(Gy)
neN

n B Hy(CS) BBOAMTCST TONOJIOIWST WHYKTUBHOTO MpeJiesia MoCae10BaTe b
wHocru npocrpancts ®Ppeme Hy(Gy), n € N, orHocuTensHo orobparkeHuii
pn » Ho(Gr) — Ho(CRQ), tae pn(f) maa f € Ho(Gp) — pocTok, comeprxa-
wwii f. C sroit Tononorneit Ho(CQ) sisasierca (DFS)—npocrpancreom (cm.
[6, . 2.2]). ITo [3] (cm. Takzxke |7, § 12]) npeobpazosanue Komu

Cl)0) 1= 70 = x (e ) 9 < O,

siBygercs Touojorndeckum uzomopduzmom H(Q); na Ho(CQ). Ipu srom
TouKa t npuHaAIeRNT HEKOTOPoit obractu Gy, (n 3aBucur or ). U3omop-

dusm C : H(Q) — Hy(CQ) manynupyer apoitcreennocTs Mexy H () un
Hy(CQ). CoorBercrrytomeii Gununeitnoit (hopmMoii, 3a1aromeit ee, apsiercs

(f.9)a :==C 7 (9)(f), f€H(Q),ge Hy(CN).
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Ecmu g € Hy(Gy,), To

(1900 = G / Fgeyde,  f < H(),

JJIs TIOOBIX 3aMKHYTBHIX CHPAMIAEMBIX YKOPJAHOBBIX KPUBBIX Lj; B ), j €
Py, Taxkux, uro Intvy;, C Int L;.

Hokazkem pesyabrarT 006 MHTerpaabHOM HpPeACTaBICHUH ollepaTopa B,.
Huxe nnst k € Py, u € CN

k) ._
UM = (U ey U1, Uk 1 oy UN).

Jlemma 2. Iyemov Q = 0y X --- X Qp, ede Qj, j € Py, — odnoceasnuie
obaacmu ¢ C, codepoicawyue moury 0; ¢ € H(Q), dynxyus @ 20a0mopdna
6 obaacmu Gy, n € N. Tozda 0asn 41006 3GMERYMBLE CNPAMAAEMBIL HCOP-
danosvir kpuswir Lj, j € Py, 6 QN Gjy, dan ecex f € H(Q), z € Int L
BLNOANACTNCA DABERCMEO

By(f)(2) =

t.

L[,

@ri)N | (¢ - )t

Jlokasameavemeo. Sadbukcupyem f € H(Q)). B cuny npeacrasienus onepa-
topa T, B temme 1 (ii) gost z € Int L

(2mi)N By (f)(2) = (2mi) V(T (f))
o) f(t) ol [ toP(t)f(ts,2)
:/ L4 dt + 1) '/ t_z At
L

_ 1
(t Z) ocCPn 076(2)
Hycrb 0 #Puk € o, L¥ := Ly x --- x Lj_; X Ly11 % --- x Ly. Torna
anst z € int L
tL flto:)B(t L to.)P(t
/ a,zf( ) )(P( )dt _ / ( U,z) /Zkf( J,Z)QO( )dtk dt(k) _ 07
(t—z)l ((t—z)(k))l tr — 2k
L LK) L

(o2 )P() gy

HOCKOJIBKY [ e

Ly
HeorpanudeHnoii obnacru. CuaegosareibHo,

= 0 mo umurerpanbsuoit dopmyne Komm misg

L
By(f)(2) = (%li)N/t(f(_t)Z(f)dt, z€IntL.

O

Jlemma 3. Ilycmo Q = €1 x --- X Qp, 2de Q;, j € Py, — odnoceas-
nwe obaacmu ¢ C, codeporcawyue mouwy 0. JTas o € H(Q) conpascenrovim
B, : Hy(CQ) — Ho(CQ) % onepamopy By, : H(QY) — H() omnocumens-
Ho dyaavrot napw (H (L), Ho(CSY)) asasemea onepamop ymHOHCERUA HA
Ppynwyuro t15(t).
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Joxasameavcmeo. Haiinerca m € N, mis koroporo dyukius g(t) := t'o(t)
rosiomopdua B G,. Hnsa nwobbix n > m, f € H(Q), h € Ho(Gr), s > n,
z € Int L BciieacTBue JIEMMBI 2

(By(f) o = Wli)]v/h(z) (2771@)N / Mdt dz

Vs Ys+1

1 1 h(z
= @)V / 9SO\ G / (t—(z))ldz dat

Vs+1 Vs
1
= t)f(t)h(t)dt = h)q.
Gy | S0SOROE = (b
Vs+1

Taxum obpazom, Bl (h) = gh. O
3.2. CiopbekTuBHOCTHh U O6paTuMocTts oneparopa B, B H(Q). s
t €T momoxmmM % = <%, veey %) (camraem, uTo é =0). T Q c C" (pe

N) nycts Q7! := {% tte Q} Crenyroluit pe3ysbTarT 0 CIOPHEKTUBHOCTH
B, conepxurcsa B |1, ciaencrsue 3.2]; npuBesieM ero JI0Ka3aTesbCTBO.

Teopema 2. ITycmo ) = €y X --- x Qp, 2de §;, j € Py, — 0dnoceasmvie
obaacmu 6 C, codeporcauwgue mouwry 0. Jas 4106020 HeHyAe6020 GYHKUUOHAAG
o € H(Q) onepamop B, : H(Q) — H(Q) cropsexmusen.

Jokasameancmeo. Coupsixennniit k By, oneparop B, : Ho(CQ) — Ho(CQ)
ymaokerns Ha ¢(t) = t135(t) (eM. memmy 3) mabektEBen. [TokaskeM, 9To ero

obpas 3amMxayT B Ho(CS). Ilpeobpazosanne h — h( L) apnaerca To-

1o
nosormaeckaM momopdusmom Ho(CSY) ma mpocrpamnctso Ho((CQ) ™) poct-
KOB BCexX (bYHKIMIA, To1oMopdHEIX Ha KommakTe (CQ) ™1 = (CQy) 7! x -+ x
(CQn)~! B CV, paBHBIX HY/IIO B TOUKE, €C/IM XOTd Obl OJIHA e¢ KOODIUHATA
pasma 0. IIpu atom Hy((CQ) ™) magensercs Tomoorneit mHIyKTHBHOTO Mpe-
nesa moceoBaTebrocTu mpocrpancts Opeme Ho((Gy) 1), tne (G) ™! =

(G1n)™t x -+ x (Gnp)™t. C meit ono smasercs (DFS)-npocrpancTsowm.

Tycrs w(u) = g(%ﬁ) S(f)(w) = w(w)f(u), f € Ho((CQ)™).
Haitnercs m € N taxoe, ato w € Ho((Gy,)™!). Tak Kak TOMONOTHASA Kark-
noro npoctpanctsa Ho((Gy)™!) MazKopupyeT TOTOIOrMI0 MOTOUeTHO CXO-
JMMOCTH Beex Mpom3Boaueix, To S(Ho((CQ)™1) N Ho((Gr) 1) 3amkmyTO B
Ho((Gn)™Y) nng mo6oro n > m (cm., nanpumep, |8, npemnoxkenne 3, rir. 1,
§1]). Orciona caenyer [6, mm. 2.9, 2.14] 3amMKHYTOCTH OGpas3a oneparopa S B
Ho((CQ)~1Y). Bnaumr, B[, (Ho(CQ)) samxnyro 8 Ho(CQ). B cuy [9, 8.6.13] n
toro, uro H()) sasiercss MonTeneBCcKuM pocrpanctsom Pperrte, oneparop
B, : H(Q) — H(S2) ciopbeKTuBeH. O
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Teopema 3. Ilycmo ) = 1 X --- X Qy, ede §;, j € Py, — odnoceasnvie
obaacmu 6 C, codeporcawyue moury 0. Credyrowue ymsepocienus pacro-
CUNDHDL

(i) Onepamop B, : H(2) — H(§)) obpamum.

(i) Pynxyua t1o(t) ne umeem nyaeti 6 CQ.

Joxaszameavemso. Ilycrs g(t) = t'@(t), w(u) := g (u%’ ceey %) Omneparop
B, : H(Y) — H()) obparuM TOrza M TOJBKO TOIJA, KOIJa 00paTuM olle-
parop S(f)(u) = w(u)f(u) B Ho((CQ)~1). O6parumocrs S Bieder, 4ro w
me obpamaerca B 0 B (CQ) ™!, a snaunt, dynxnusa t13(t) ne mveer wymeii B
C. HaoGopor, ecmm w # 0 B (CQ) ™!, To HaliIeTCsa OTKPHITAas OKPECTHOCTh
(CQ)~L, B koTOpOIt byEKIMA W TomoMopdHa 1 He paHa 0. OTcioma caemyer
obpatumocTs S.

]

[Tpusesem mpuMepbl (DYHKIIMOHAJILHOTO IIPECTABIECHUS OIIEPATOPOB W3
Ka(Dy), aBasromuxcs OCHOBOW JTaHHBIX KOHCTPYKIIHIA.

IIpumep 1. Ilycte Q = Qq X --- X Qn, e €, j € Py, — ogHOCBA3HLIC
obnactu B C, cogepxkarime Touky 0.
(i) Jna z € Q monaraem 0,(f) := f(2), f € H(Q). fdcno, uro §, € H(Q)
aas Beex z € ().

Ecmu ¢ = 0., 2 € Q, 10 By, = T,. HeiictBurensuo, ana f € H(Q), t € Q

By (£)(t) = (62)u(Te(f)(w) = Te(f)(2) = T=()(?)

(mvKHWi MHAEKC y (DYHKIMOHATA TTOKA3BIBAET, O KAKUM MEPEMEHHBIM OH
Jeiicreyer).
(ii) Bem a € N, o(f) = Lpa(f) = 20°£(0), o B, = D§ 5 cuty memusr
1. Ormerunm, 4ro @qu(t) == t(f“%
Hns o =3 %y, co € C (cymma xoneuna) By, = ) coDf. B § 4 6yayr
(03 «

BBEIAECHDLI OII€PATOPLI TaKOI'0 THIIA HECKOHEYHOI0 IIOpAaKa.

4 Aurebpa (H(Q)),®), ee npeacrasnenne B H({)) u
orepaTtopbl 6€CKOHEYHOTO TOPIaKa

Huzke ucnonbsyercst anrebpa ananutudeckux dbynkunonanos (H(Q)', ®),
€CTECTBEHHO BO3HUKAIOIIAA B CBI3U ¢ Teopemoii 1. ITo-mpexmemy 2 = (0 x
- x Qn, 1ae Q;, j € Py, — onsocsasable obtactn B C, cogepzKarye TOUKy
0. Oupenennm onepanuo ®: nis ¢, € H(Q)

(e @ V)(f) = w=(V(T=()))) = ¢(By(f)), [ e H(Q).

OrMerum ee cBoiicTBa.

IIpengioxkenue 1. [10, Teopemsr 1, 2| (i) ® — 6unapras onepayus ¢ H(Q)'.
(it) (H(Q)}, ®) — yrumasvraa accoyuamuenas t KOMMYMamusHas mono-
A02UNECKAA anzebpa, He umewan deaumenet HyaA.
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(111) Jdasn ecex o, € H(Q) svwnoanaemes paserncmeo
Clp® P)(t) = 1C(p)(NC(W) (1), t € CQ.

IMycrs Ko (Do)p — upocrpancrso Ko (Dg) ¢ Tonosorueii, nuayiupoBaHHOR
TOIOJIOTHEH PABHOMEPHON CXOAUMOCTH HA OTPAHAYEHHBIX TOIMHOMXKECTBAX
H(Q) (orpanmuennoii cxognmoctn) B L(H(Q2)) (em. [11, ra. IV, § 2|).

IIpenmoxxenne 2. [10, teopema 4| (i) Omobpascenue p(p) = By, ¢ €
H(Q), asasemes uzomoppusmom anzebpor (H(Q), ®) na anzebpy Kao(Dp)
C YMHONCEHUEM — KOMNOZUYUET ONePamopos.

(ii) p — monoaoeuueckut usomoppusm H(Q), na Ko(Do)p.

Caencrsue 1. ITyemv p,pp € HQ), 1 <k < n,n e N, upt) =
(N 1@1(t) - Pn(t) 6 nexomopoti omxprmoti oxpecmmocmu CS. Tozda 6
H(Q) swnoanaemes pasencmeo By, = By, -+ By, .

st muorounena p(z) = > cqz® € Clz] o1 nepeMeHHBIX 21, ..., ZN T10JO-
«
xuM p(Dp) = > coD§. llycts C[Dy] := {p(Dy) : p € Clz|}. fcmo, uro
(03
C[Dy] C Ka(Dy).

Caencrsue 2. ITycmo ¢ € H(Q), 0 #0, ¢(t) = vi(t1) - --vn(tn), 2de v; €
Hy(C\Q,), j € Pn. Tozda cywecmeyiom nenyaecoti muozouwaen p € C[z] (c

pasdesmougumuca nepemenrvmu), v € H(Q) makue, wmo By, = p(Doy)B, u
B, — usomoppusm H(S).

ﬂomsameﬂbcmeo. Hna xaxpgoro j € Py dynknusa v; nemynesad, a 3Ha-
9UT, UMEEeT B C\Qj He DoJlee KOHETHOTO IUCIa PAa3ANYIHbIX Hysieir. [losTtomy

cymectsytor Henysesoit muorownen q; € Clz;], dynkuus h; € H(C\Q;),
0B 1a1A101IMe CTEIYIOMIUMA CBOMCTBAMME:

vi(t;) = qj (;) hj(t;), hj # 0 ma C\Qy, ¢;(0) =0.
IIycrs
Q(t) =q <tll> o gN (tf\[) R h(t) = tilhl(tl) .. -hN(tN).

Torma Q,h € Ho(CQ). Homoxum ¢ := C~1(Q), v := C~1(h). Tockombky
o(t) = t*Q(t)h(t), To ¢ = ¢ ® v mo npemnoxenmo 1. Bemegcrsue mpej-
JoXKeHusd 2 BbIIONHAETCA paseHcrso B, = ByB,. Ilo Teopeme 3 B, —
msomopdmsm H (). Kpome toro, By = p(Dy) mna muorowiena p(z) :=
Z%Ql(zl) N (2N)-

O

CaencrBue 3. Mnoocecmso C[Dy| naommo ¢ Kq(Do)p.

Joxasameavcmeo. Cucrema ® = {p, : o € N} nomra 8 H(Q),. eii-
creuTenbho, eciu f € H(Q) u 0°f(0) = 0 mna seex a € NY, to f = 0.
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Benesicreue npeguioxkenust 2 suueitnast obosouka span(p(®)) muoxkecrsa
p(®) wnorna B Kq(Do)p. B cuny upumepa 1 span(p(®)) = C[Dy). O

Pamnee B |1, ciegcreue 3.1| 970 OBLIO TOKA3AHO JJIsT TOTOJIOIHN TIOTOUETHON
cxommmoctu B Ko (Dp) (oHA MazKOPUPYETCs TOMOIOTHEH OrPAHUIEHHON CXO-
numoctn). B ciaygae, korma ) siBAsieTcst POM3BEIEHIEM OTKPBITHIX KPYTOB
¢ menTpoM B Touke (), caeacTBue 3 MOXKET OLITH YCIJIEHO, 8 MMEHHO, BCIKHIT
oneparop u3 Kq(Dp) nst sroit obaactu ) mpexcraBuM B Buge psana mo Df,
o€ Név . Uccaeayem omepaTophbl TAKOTO THIIA.

Hns R; € (0,+c], 7 € Py, n € N, a € N} nonozxum

—0y .
R; %%/, R; < 400,

bn,a,j =
g —a;n _
e %" R; = +o0,

Hbpa=bnal bnan,n€EN ac Név. OmnpenenM TPOCTPAHCTBO (MYJTb-
TH ) TTOCJIETOBATETBEHOCTE

NN
Pyp— 0 . .
Ap:=<¢ceC : IneN: sup |ca|bp,a < +00
a€N§
Ecmm R; xoHeuHBI 1714 Beex j € Py, To A cOBIaJaeT ¢ IpOCTPAHCTBOM BCEX
TeX MOCAEJOBATEIBHOCTEH (Cq) ey, 4TI KOTOPBIX
0

1
\a|—>oo Rl PR RN

Jlast TOKaJIBHO BBIMYKJ/IOTO mpocTpanctea F, x4, € E, a € Név , Bymem
HA3bIBATH Psijl Y, T, abCOMIOTHO cxogmmnmMces B E, ecan cemeiicto {4 :
aENg

a € NV} abcomtorro cymmupyemo B E (B cumbicte onpesenenns B [12, ro.l,
§ 1.3]).

Jlemma 4. Ilpednonooicum, wmo §2;, j € Py, — odnoceasnvie obaacmu 6 C,

{z€C: |z| <R;} CQj, Rj € (0,400], j € Pn. Tozda daa awbozo c € Ag

pad Y $§pa abcorommo crodumces s H(S), & nexomopomy dynryuonany
aeNY

v € H(Q), svinosnaemes pagencmeo

Bof)= 3 caD§(f), f € HQ),
aENg

upad Y, coDf abconromno cxodumes ¢ Kao(Do)p.
aENg

Hoxasamesvcmeo. Beibepem n € N Taxoe, uto A1 = sup |cqlbpa < +00.
N
a€Ny
Badukcupyem orpanmuennoe B H () maokectso Q. B cuny mepasencts Ko-
i cyrectsyer Ag > 0, JjIst KOTOPOToO

/©(0)]

al S Aan—l-l,om OAS I\1(])\[7 f € Q
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IlockosibKy

> felapleals & aatie <o

TL (0%
aeNy aeNY

T0 pan Y, SGa abcomorHo cxomures B H (), k Hexoropomy ¢ € H(Q)'.
aENN
ITpu srom muist Beex f € H(Q), z €

c
By(f)(z)= ) ~1PalT() = > caDg(H)(=),
aENg aENg
LpUYEM BCJIECTBHE LPEIoKeHust 2 psaji  » |, ¢qDf abcosorno cxopurcs B
aeNﬁ
K(Dg)sp.
(|

Sameyvanne 1. (i) Fcau | l‘lm 0o /1) =0, mo pad 3. baD§ abcoamommo
aENN

cxodumes 6 Ka(Do)p dar 060l obaacmu @ = Qy x---xQp, 2de Qj, j € Py,

— odnoceasuvie obaacmu 6 C, codeporcawyue 0.

(ii) IIpeobpasosanuem Kowu dynryuonara ¢ = 3 4pq, Kax 6 AeMMe 4,
aeNYY
asasemea gynkyua O(t) = Y. &%1 (pAd cxodumcea 6 noauducke {t € c"
aGN

pj <|tj| < +o0, j € Py} das nexomopuz p; € [0, R;).

IIpennoxkenne 3. ycmo Q; = {z € C||z| < R;}, Rj € (0,+00], j € Py.
(i) Kaowcowti onepamop By, ¢ € H(Q), npedcmasasemca 6 sude By, =
Y. caD§, 20e ¢ € AR u pad abcoaromno cxodumcea 6 Ka(Do)p. Ipu smom

aeNYY

Co = ¢(fa) Ona scex a € NY.

(11) Jdaa 1060t nocaedosamenvrocmu ¢ € Ar pad Y. coD§ abecorommo

aeNg

cxodumesa 6 Ko(Do)y ¥ B € Ka(Dy), u B = By, daa dynkyuonara ¢ =
Y Spq us H(Q) .

aENg

!/

Joxasameavemeo. (i): s ¢ € H(Q) naiinyreca n € Nu C > 0, guaa

KOTOPBIX
C
folfa)l < 5 @ Ny

ITo pokazarenbcTBy B jeMme 4 11 co = O(fa) Pan Y, $5¢p, abcomorHo
aeNg
cxopures B H(Q)) x nekoropomy dyukionany . Ilo reopeme 2

By =p¥) = Y caD§,

aENg



12 II.A. UBAHOB, C.H. MEJIUXOB

u psiyt abeosrorno cxogures B Ko (Dp)p. IIpu arom juis Beex f € H(Q)

=Y IO o[ 5 PO — o),

aeNY aeNY

a 3HAYUT, 1) = .
Yreepxkenue (ii) mokazano B aemme 4. O

5 Cunres B gape oneparopa B, u CynieCTBOBaHHe
JIMHEWHOr0o HeMpepbIBHOI'O IIPABOro o6paTHOrO K B,

5.1. Cunres B aape B,. [na N = 1 anpo Ker B, nenynesoro omnepa-
topa B, B H()) xoHeuHoMepHo (mnu cosnajgaer ¢ {0}); 6asmcom B HeM
SIBJISIETCST CeMEHCTBO COOTBETCTBYIOMUX MOHOMOB W 3JIEMEHTAPHBIX JApobeit
[13, mpemtoxkenue 1|. Ilpuseem pesyssrar o crpykrype Ker By, mpu N > 2
st citydast, Korga @(t) = vi(t1)---un(tn), Tae nenyseBast byHKIus v;
npunajiexut Hy (@\Qj), J € Pn. 910 g1p0 SBISETCH 3aMKHYTBIM [I0JIIPO-
crparcteom H (§2), mHBApMAHTHBIM OTHOCHTEIBHO cucTeMbl Dy. Ilpn N = 1
UMW MCYEPTIBIBAIOTCA BCE 3aMKHyThIe Dy—MHBAPUAHTHBIE TIOATPOCTPAHCTRA,
H(Q) (oun onucanst B [14, Teopemsr 2, 4]).

HyCTLNZQ,jEPNI/IQ(j) =0 X .- XQj_l XQj+1 X« X Q. 3a-
dbukcupyem nenysnesyto dyuknuio v € Ho(C\§;), ss koropoit 0o asisiercs
mysem kparHoctu m € Ny A := {\, : 1 <r <o} (ro € N) — muHo)kecrBOM
BCEX ee TONAPHO pasindHbIx Hyseit kparaocta m, B C\(2; (oHO MOKeT 6BITH
nycrbim). Onpegennm mpoCcTPaHCTBA MHOTOMIEHOB U APODeii 110 nepemMeHHoi
zj ¢ K03 bunneHTaMI 13 H(QY): mpu m > 2

Eo(v, Q) := {i bi(z)zh by e H(Q(j))} ;
=0

st A # ()

ro my
{ZZ Z’;s_)\ L eps € H(Q(j))}'

r=1 s=1
Ecim m = 1, To camraem, uro Ey(v, ;) := {0}. B ciywae, korga A mycro,
nomaraeM Ep(v,Q;) = {0}. Jamnee

E(v, ;) :== Ep(v, ;) + Er(v,Q).
Beegem dyukmmio w(t) = mv(tj) Torma w € Ho(CQ) n
Cl(w) e H(Q).
Jlemma 5. Buwnoanaemcs pasencmeo Ker B, = E(v, ;).
Zoxazameavcmeo. Ilonoxum

= I (1-3)" Q0= et

v tj—1tjy1---tN
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(2) 1 1 1
Z) = — e, — )
p Zl 217 ,ZN

ITo mokasaremncrBy caeacrsus 2 B, = p(Dy)B,, tne B, — nszomopdusm
H(Q). Tostomy Ker B, = Kerp(Dy). dusa dbynxunonana ¢ € H(Q), nis
koroporo p(Dy) = By, cupaBeiinBo paBeHCTBO D(t) = Q(t). Hpumennm me-
TOJ] IOKA3aTesbCTBA B |13, mpeyokenue 1|, HCIOIb3yst HHTErPAJIBLHOE Pei-
crapyierne oneparopa p(Dy) u3 semmsl 2. 3adurcupyeM 3aMKHYTBIE CIIPSIM-
JsieMble Kop/aHoBbl Kpusble Ly B Q0 NGy 1, k € Py. Ilycrs f € Kerp(Dy).
Torna nns z € Int L, z; # 0,

_ f(t) Gy | L€)oo
O_/ /(t(j)—z(j))ldtj e

J
L]' L(J)

TTo unrerpanbuoiit dpopmyse Komnm

t:E(L;

/Mf(zj,t)dtj =0, zelntl, z #0.
tj — zj

J

o
Monoxum M :=m — 2+ > m,. Ilpu M > 0 no Teopeme 0 BbIY€TaX
r=1

= az?)
2&(z5) f(z) + Z —— =0, z€elntl, z; #0.
=1 i
rie Bee dynxnum a; rosomopdus B QU). B M = —1, 1o 2;€(z) = 1 n
f =0 (Ba1om cayuae p(Dy) — ToxK mecTBeHHBI omeparop). OTcona cieyer,
aro f € E(v,$;). fcuo, aro E(v, ;) C Ker p(Dy). O

Hoxaxkem pesynbTaT 0 pacenieHny gaapa By, SBIAIOIMANICA HEKOTOPBIM
BapUaHTOM JIONYCTHMOCTH CUHTe3a B a1pe B,. IIpu aroMm npumensercs aem-
Ma 5 U CJEAYIOMMA 00N Pe3ysIbTaT O MPEJICTABJIEHUN $/1Pa KOMITO3UITHH
JUHEHHBIX OLEPaTOPOB B JINHEHHOM IIPOCTPAHCTBE.

Jlemma 6. ITycmo Aq,..., Ap, n € N, — aunetinoie onepamopst 6 AuHedHoM
npocmpancmee E maxue, umo Ker A = A,,,(Ker Ay), ecau k # m. Toeda

Ker(A;---A,) =Ker A + - - + Ker A,,.

Jlokasameavcmeo. To, uro Ker Ay +---+Ker A, C Ker(A; --- A,), ouesus-
u0. [Tokaxxem obparnoe Baoxkenue. [Ipu n = 1 gokazwiBare nedero. [Ipemmo-

JIOXKHM, 9TO 910 Tak jyst Hekoroporo n € N. Bosemem x € Ker(Aj -+ - Ajpi1).
n

Cymecrsyitor z € Ker A, 1 < k < n, mua xkoropsix Api1(z) = Y. k.
k=1

Haiinyres yp € KerAg, 1 < k < n, takue, uro A,4+1(yx) = xk. Coae-

JIOBATEHHO, CYIMECTBYET Y1 € Ker A,i1, yJIOBIETBOPSAIONIEE PABEHCTBY
n

=), Yk + Ynt1- U

k=1
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Teopema 4. Ilycmv N > 2, Q = Q) x --- x Qn, 2de ;, j € Py, —
odnoceasnoie obaacmuy 6 C, codeporcawgue moury 0. Ilpednosoocum, wmo ¢ €
H(Q), ¢(t) =vi(t1) - vN(tn), 2de v; — nenyaesaa dynryus us Ho(CQ;),
j € Pn. Tozda svinosnsemca pagencmeo

KeI“B<p:E(U1,91)+"'+E(UN,QN). (1)

Hoxasameavcmso. s j € Py obo3HaduMm €epes fij, Vj, Pj COOTBETCTBEH-
HO (DYHKIIMOHANBI [i, V U MHOTOWIEH D B JOKA3aTEJbCTBE JICMMbI D s

<A — 1 (f. S(+) —
dbynkimn v; B Kadectse v; wj(t) == T Y (tj). Hockombky @(t) =
(tHN 1wy (t) - - - wy (t) B nexoTopoit oTkpBITOI oKpecTHOCTH C§Y, TO 110 C1eji-
cTBUIO 1

By = By, -+ Buy = By, (po) By (o) B¢

rae B¢ = By, - - By, — usomopdusm H(€2). llosTomy

Ker B, = Ker(Bpl(DO) e BpN(Do))'

Hpu stom Ker By, (p,) = Ker By,; ans Beex j € Py.

Iycte k,m € Py, k # m. B cuny nemmbl 5 cOpaBejinBO BJIOXKEHUE
By, (po)(Ker B, (p,)) C Ker B, (p,). Illpocrpancrso H (Q(™) ecrecrsen-
HBIM 06Pa30M MOYKHO OTOXKJIeCTBUTH C nojnpocrpancreom H (§2). Ouneparop
B,,.(p,) /MHEEH M HENPEPBIBEH B 9TOM NOANPOCTPAHCTBE N CIOPBEKTUBEH B
HeM 110 Teopeme 2. Snaunt, By, p,)(Ker By, (p,)) = Ker B, (p,). U3 nemmbr
6 crenyer paBeHcTBO (1).

U

Sameuanue 2. Pesyavmam o pacuenienuu A0pa ONepamopa ceepmyu opy-
2020 6u0da, 3a0a64EM020 0OLINHHLMU COGULAMU U CUMBEON KOTNOPO2O ACAACNCA
Pyrryued ¢ pasoesAIOUUMUCA NEPEMEHHBIMU, ONPEOCACHHO20 HA NPOCTPAH-
CMBE 20A0MOPPHBIT 6 NOAULUAURPUNECKOTE 0baacmu dyrxyut, nosyven B.B.
Hanaaxoswm [15, reopema 2.4 (cm. maxorce [7, reopema 19.3]). ITpu samom
darmviti cumson aeasemca npeobpasosanuem Jlanaaca Pynxyuonara, sada-
W20 ONEPAMOP CEEPMEKL.

5.2. O JmneiinoM HenpepbIBHOM IIpaBoM 00paTHOM K B,.

Teopema 5. Ilycmov ) = Qy X --- X Qp, 2de Q;, j € Py, — o0dnoceas-
nwe obaacmu 6 C, codeporcawgue moury 0; o € H(QY)'. [pednososcum, wmo
() = vi(t1) -+ -un(tn), 2de vj — nenyaesan dynwyus us H(C\SY;), j € Py.
Tozda onepamop By, : H(Y) — H(Q) umeem aunetnsiii nenpepuiervill npa-
evill 06pamHvLL.

Aoxasameavcmeo. B cumy BosmoxknocTu pakTopuzanuu onepaTopa B, Kak
B CIEICTBHM 2, JOCTATOYHO TOKA3aTh, UTO s JIOOBIX j € Pp, HEHYIEBO-
ro MHOTOWJIEHA ¢ OT TIepeMeHHOM z; Takoro, ¥rto dynkuuda ¢(1/t;) ve umeer
Hysteit B {1, cymecTByeT JIHHEIHbIM HellpephIBHBIE TPaBbIit 0OPATHBIN K OIIe-
paropy ¢(Do) : H(2) — H(1).

ycts S : Ho((CQ)™Y) — Ho((CQ)~1) — oneparop ymuoskenns na dynx-
U0 W, KaK B JIOKA3aTeIbCTBE TeopeMbl 2 jid By, = q(Dy). B arom ciayuae
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o(t) = tilq (ti) u w(u) = q(u;). s kaxmoro n € N BpibepeM 3aMKHy-
J

TYIO CTIPSIMJISIEMYIO JKOPJAHOBY KpUBYI0 85, B (Gj,) 71, comepskantyio B co-

eii Bayrpennoctu (Gjni1)” ! (a snauwt, u Bee nymu g) (em. 1. 3.1). Hycrs

f € Hy((C)™) u n € N raxoe, uro dynxuus f rosomopdua B (G,)7 L.
TTonoxkum

w) = q(u;) flug, i1, m, w41, .0 uN)
M0 = o 5./ -y

Pocrox II( f) mpuwammexut Ho((CQ)™!) n me 3apucur ot Bri6opa n. OTobpa-
wenme 11 aBIAETCS HEMPEePBIBHBIM MPoeKTopoM Trpoctpanctsa Ho((CQ)™1)
Ha ero saMxuyToe ogmpoctpanctso S(Ho((CQ)™1)). Myers S™1 — numeii-
HBIIl HETPEPBIBHBIN 00paTHBI K OMEKTUBHOMY HEITPEPBIBHOMY OIEpaTopy S
us Ho((CQ)™1) ma S(Ho((CQ)™Y)) ¢ mmaymmposanmoit Tomosorneii (¢ meit
S(Ho((CQ)™Y)) amasercss (DFS)-mpocrpanctsom). (fAcwo, aro S~LH(h) =
h/w.) Torpa S™'P — nunefinbiit HenpepbIBHbI JeBbIil 06paTHbIi K S, jeii-
creyromemy u3 Ho((CQ)™1) 8 Ho((CQ)™1). Crenosarensho, cymecrsyer jiu-
HefHbI HenpepbIBHBIN JeBblilt 06parnbiit K oneparopy q(Dg)' : Ho(CQ) —
Hy(CQ). Iockobkry npocrpanctso @peme H () pednercusro, To ¢(Dy) :
H(Q) — H(Q) nmeer TUHEHHBI HENPEPBIBHBII PABBIi 0OPATHBI.

O
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