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Lopozomy 1wburspy Cepeero Muzatinosuywy Huxosveromy
¢ 2AYbOKUM YBAdCEHUEM 6 NaMAMb 0 ecmpevwar 6 Kayu-
seau, Capamose, /Inenponemposcke, Tebepde, Boponeoice,
Mocxse u ¢ madestcdoti wa bydyusue ecmpeyu MOCEAULAIO
amom HeboAbwot 0630p

B pabore maercs kparkuit 0630p pe3ybTaTOB O HOPMAJIBHON Pa3pelrMOCTH B PA3JUIHBIX IMPOCTPAH-
CTBAX aHAJUTUIECKUX (DYHKIHMHA HEKOTOPBIX KJIACCOB JIMHEHHBIX OIEPaTOPOB (B OCHOBHOM, nuddepeniy-
AJIBHBIX ), HOJIyYE€HHBIX C IIOMOILIBIO TEOPUU BO3MYUIEHUH HOPMAJILHO Pa3PeIIMMbIX onepaTopoB. Omuchl-
BAIOTCS TAKXKEe TAKHE XapAKTEPUCTUKH ITUX ONEPATOPOB, KAK HETEPOBOCTD, 3HAYUEHNE UHIAEKCA U T. .

1. IlpenBapuTeabHbIE CBEJIECHUS
13 Teopuu HOPMAJILHO Pa3pellnMbIX OIepPaTOpPOB

1.1. B 1943 r. B xxyprasie «Uspectuss AH CCCP. Cep. marem.» nosiunach crarbst Ceprest
Muxaitnosrua Hukosbckoro [1], mosozkuBias Ha9aao pasBUTHIO TAaK HA3BIBAEMOI TEOPUH BO3-
MYIIEeHI HOPMAJIBHO Pa3peIuMbIX OIIEPATOPOB, T. €. UCCIEIOBAHUIO CTPYKTYPhI I HOPMAJIb-
HO¥ pa3pernmMocTn JuHeitHoro oneparopa sujia L = Ly + Lo, e L1 — HOpMaJbHO pa3pern-
MBI oIlepaTop, HEIIPEPLIBHO ACHCTBYIOMMNNA U3 OJHOIO JIUHEHHOIO TOIIOJIOTTYECKOT'O IIPOCTPaH-
crBa (s.rm.) By B npyroe a.r.a. Ey, a Ly — nuHeitusiii nenpepsiBublit u3 F B Ey omepatop,
[IOJIYMHEHHBII B TOM UJIM WHOM CMbIcsie ortepaTopy Li. Hamomuawum, 9To JinHEHHBIN omepaTop
L, nefictBytomuit u3 ja.T.11. £ B 1.T.11. Fy, HA3BIBAIOTCA HOPMAJTIHLHO PA3PEIIUMBIMHI, €CJTH MHO-
skecTBO ero 3uadenuit L(E) := {Ly : y € F1} 3amxuyT0 B E2. O603HaINM, KaK OOBITHO, CHM-
Bosiom Ey /L(E7) dakrop-npoctpanctso Ea, u nycrs Zy, := L™1(0) = {z € Ey : Lz =0} —
simpo omepatopa L B Fq. Hasoem d-zaparxmepucmuxotli HOPMAIBbHO Pa3peniuMoro omepaTo-
pa L yuopsiyiodennyio napy (ar, 1), tae ag := dim Zp, O := dim Eg/L(El). Hopwmasbho
pazpemmuMbIii onepaTop L HasbiBaeTcst

a) némeposovim (nmu P-onepamopom), ecimu ap, < 400, B < 400;

6) ®T-onepamopom, ecim af, < +00, B = +00;

B) & -onepamopom, ecin oy, = +0o0, B, < +00.
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Eciu xorst 661 07100 U3 dnces vy, 1, KOHEIHO, TO OIPeIeIeHO (KOHETHOe M GECKOHETHOE)
qucio 0y, := ay, — (31, KOTOpoe Ha3bIBaeTCsl UHIexCcoM HOPMAILHO Pa3peIIuMoro oneparopa L.
Hérepos oneparop ¢ HyJI€BbIM HHIEKCOM HA3BIBACTCH (PPed20AbMOBBIM ONEPATMOPOM.

B pa6ore [1] C. M. Hukosnbckuii jan obiiee npejcrapierne (hpearojbMoBa oneparopa
L, neiicrBytomero u3 6anaxosa npocrpancTBa (B-mpocrpanctso) Ej B B-ipoctpaHcTrBo Fo,
U YCTAHOBWJI MHBAPUAHTHOCTDb €r0 MHJIEKCA IPU KOMITAKTHOM BO3MYyIeHuu: ecim L — dpesi-
roIbMOB oriepaTop u3 B-npoctpancTsa F B B-poctpanctBo Fsy, a Ly — JTUHEHHBIN oniepaTop,
JIeiicTByIOMuil BrioiHe HenpepbiBHo U3 K1 B Fy, To L + Ly — Takke HperosibMOB OIIEPaTop
n3 F1 B Fs. C HEKOTOPBIM OMO3JaHEM 3Ta paboTa CTajla M3BECTHA JKUBIIEMY B IAJEKOM
Hosoit 3enanpun A. Arkuncony, omnybsukoBasiiemy B 1951 r. crarbio [2]. B Heit meTomom,
AHAJIOPMYHBIM [PUMEHEHHOMY B [1|, GbLIM 1I0Iy9eHbl Takue Ke pe3yJIbTaTbl Jis HETepoBa
orlepaTopa B B-mpocTpaHcTBaxX, T. €. OINUCAHA CTPYKTypa mpousBosibHOro P-oneparopa L,
neiicTBytormiero u3 B-npocrpancrsa Fy B B-tipocTtpancTBo Fo, U 10Ka3aHa WHBAPUAHTHOCTD
TAKOro oreparopa (M €ro WHJEKCA) P KOMIAKTHOM BO3MYyIleHun: ecaun Loy — JIMHEHHbII
BIIOJIHE HEINPEPbIBHBIN onepaTrop u3 K1 B Fa, To L1 := L 4+ Ly — takxke P-oneparop u3 F; B
Es, npudem d1, = dr,. (Dror pesyabrar HasblBaeTCs B JajbHeiinem Teopemoii A.) B mocite-
aytomeM B. KO [3] u M. I'. Kpeitn ¢ ero yuennkamu (1. I1. Tox6epr, M. A. Kpachocesnbckuii
W JIp.) YCTAHOBHJIM aHaJOMYHBbIe pe3ybrarhl jisd ®T- u &~ -omeparopos (cM., HanpuMmep,
0630pHyt0 cTaThio [4] 1 6ubsuorpaduio K Heit). OTMeTUM 3/€Ch JIUIIL JIBA PE3yJbTaTa JIJIs
dT-oneparopos u @ -onepaTopos B B-IpocTpaHCTBaX, KOTOPbIE HAILIN BayKHbIE TPUIOKEHI
B TEOpPUU JUHEHHBIX UHTErpaIbHbIX 1 auddepeHmanbHbiXx ypaBHernit. B atux pesymbrarax
E; — B-1npocTpaHCTEBO.

Teopema B [3,4]. IIycts Ly : Ey — Ey — ®T-oneparop (mmm ®~ -oneparop), a Ly —
JIMHEHbIi BIOJIHe HelpephbIBHbIi orteparop u3 E1 B Fy. Torna Ly + Lo — raxske ® 1 -onepaTop
(coorBercrBenno, @~ -oneparop) u3 Fy B Es.

Teopema C [4]. Ilyctb Ly — npoussombubiii ®~-oneparop (mm ® T -omeparop), aeiicTpy-
roruii HerpepbiBHO U3 B-npoctpancrea F B E. Torga naiimercs qucao n > 0 Takoe, 9T0 KAKOB
6b1 o1 ObLT JuHeliHbI onepatop Ly : E — E, jusa koroporo ||Li|| < n (]| - || — #opma B E),
oneparop Lo+ Ly taxsxke spisiercs ®~ -oneparopom (coorsercreenno, ®+-oneparopom) B E,
npriaeM [+, < Pr, (cooTBeTCTBEHHO, AL+, < QL,)-

1.2. Tlpu uccrenoBanun JuHEHHbIX anud GepeHnuaTbHbBIX 1 WHTErPAJLHBIX yPABHEHUIT
B KOMILJIEKCHOI 00JIaCTH HEpeJIKO BO3HMKAIOT 3aJa9i O Pa3peIUMOCTH TAaKUX ypPaBHEHUH
B Pa3JMYHBIX OTJEIUMbIX JIOKAJIBHO BBIMYKJIBIX IMPOCTPAHCTBAX, HE SIBJISIIONMXCA B-1mpocT-
pancrBamu. [Toxkasyit, Hanbosiee BaXKHBIME U 9aCTO BCTPEYAIOIIUMUCS B KOMILJIEKCHOM aHAJIH-
3e KJIaCCAMM TAKUX IIPOCTPAHCTE SABJIAIOTCA IPOEKTUBHBIE U WHLyKTHBHBIE IIpeIe/Ibl B-mpocT-
paHCTB. B CBsI3M ¢ 9TUM €CTeCTBEHHO BO3HUKJIA 3aJada O [ePEeHOCe Ha ITU KJIACCHI JIOKAJIBLHO
BBIIYKJIBIX IPOCTPAHCTE BBIIIEIIPUBEICHHBIX PE3yJILTATOB, OJIYYeHHBIX /I B-IIpocTpaHcTs.

[Tyctb A — COBEpPUIEHHO YHOPSIJOYEHHOE OTHOINEHHEeM < MHOYKECTBO WH/IEKCOB;
{Xy, t € A}, {Y;, t € A} — nBa cemeiicTBa BEKTOPHBIX IIPOCTPAHCTB TAKKX, UTO €CJiu t1, ty € A

uty < ty, 10Xy, C Xy, Yy CY. Homorkum Sy := |J Xy; Pa = U Y Ra = ) Xy
teA teA tcA
Q4 = [ Y:. lpeanonoxum, 9T0 Ha BEKTOPHOM IIPOCTPAHCTBE S 4 OIIpe/iesieH JIMHEeHHbII ore-
teA
parop L co 3Hauenusivu B Py, npuaem st oboro t € A L(Xy) = {Lv : v € X;} C Y. Torna

CyKeHme L‘ x, oneparopa L na X; apngercs munHeinbiM oneparopoM L, neficTyrommm 3 X
B Y;. Ilpu sTom L nepeBoguT BeKTOpHOE ITPOCTpaHcTBO R4 C 5S4 B HEKOTOPOE BEKTOPHOE TIO/I-
mpocTpaHCcTBO () 4. EcrecTBeHHBIM 00pa30M BOSHUKAET 3aJiada OIUCAHUS CBOMCTB oleparopa
L (mampumep, ero HEIpepbIBHOCTH WM HOPMAJIBHON Pa3permMOoCTH, HETePOBOCTH, (DPerob-
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MOBOCTH U T. I.) Kak oneparopa u3 S4 B P4 uu3 R4 B 4, €CJIM U3BECTHBI COOTBETCTBYIONTHE
coiicTBa cemeiicta onepatopos {L! 1 Xy — Yi}hea.

1.3. Tlpemmonoxmnm eme, 9TO Ha BCeX MpocTpaHcTBax Xy, Y OHpeJesieHbl OT/IeTmMble

JIOKAQJILHO BBIMIYKJIbIE TOHOJIOrUU. Bynem obo3Hadarh cuMmBoiaMu X; U Y; COOTBETCTBYIOIIUE
OT/IeTIMBbIe JIOKATBLHO BBITTYKJIbIe TIPOCTPAHCTBA 1 OyjieM BCIOAy Jlasiee CIUTATh, 9TO €C/H tq,
to € Auty <tg, To Xy — Xt,, Yy, — Yy,. Beeiem B S4 u Py TOIOJIOTMH MH/[yKTHBHOI'O
upesiesia (M., nanpumep, |5, . V]), coorsercrsenno, npocrpancTs X; u Y; OTHOCHTEJHLHO
onepanuii s(t) u p(t) ToxaecrBennoro Biaoxkennst X; B S4 (coorBercrenno, Y; B Py). IToy-
YEeHHBIC TAKUM IIyTEM JIOKAJIBHO BBIIYKJIbIE IIPOCTPAHCTBA 0003HATNM CcUMBOIaMHI Xind(A) u
Yind(A) (mm, omyckast cumson A, npocro Xing u Ying). Kak ussecrno [5], npu sobowm ¢ u3
A oneparopsl s(t) u p(t) nenpepbiBabl u3 X; B Xinq (coorBercrBenno, us Y; B Ying). Byaem
Pe/IoJIaraTh, 9YTO NPOCTPaHCTBA Xing U Yind OTJIETMMBI.
_ Bsenem B R4 m Q4 TomONOTHE TIPOEKTUBHOTO Tipesiesia (cM. Tam ke B [5]) mpocTpancTs
Xt u Y; ornocurensHo oneparwmii 1(t) u q(t) Toxaecrsernoro Biaoxenust R4 B Xy u Q4 B Yy
ITycts Xpr = Xpr(A) 1 Yy := Y (A) — mosydenuble TaknM myTeM oTaeauMble |5, T V|
JIOKAJIBHO BBIIYKJIBIE IIpOCTpaHcTBa. IIpu sTom oneparopst 7(t) u ¢(t) kak oneparopst u3 Xp,
B X, 1 13 Yor B Y, HelpepbIBHLL IpH Beex ¢ 13 A.

I[Ipemnonoxkum, uro L' — HenpepbIBHLI HOPMAJILHO Pa3peIINMBIil OepaTop M3 X, 8Y,
Jutst Jioboro t € A, M yKaXkeM YCJIOBUsI, IIPU KOTOPBIX L Oy/eT HelNpepbIBHBIM HOPMAJIBHO
paspenMbIM onepaTopoM u3 Xinq B Ying, a Takxke n3 Xy B Y. Kpome toro, mocrapa-
€MCsI OIPEEUTh COOTBETCTBYIONMINE d-XapPAKTEPUCTUKU ITUX JIBYX OIEPATOPOB, CUUTAS, UTO

npu JjoboM t uz A mssecTHa d-xapakrepuctuka (o, 3;) oneparopa L', tie oy = dim Zp,
Zpe ={x € Xy : L'z =0}; B =dim Yt/Lt(Xt).

Teopema 1 [6,7]. IlycTb BbIIOJIHEHBI TPEIIIONOXKEHUST HACTOSIIErO IMyHKTA U IIyCTh CyIIle-
crByer tg € A rakoe, 4ro Zy = Zy,, ecmnt € A ut < to. Tora L — HenpepbIBHBIH HOpMaJIBHO
paspeninmblii oneparop u3 Xpr B Ypr, npudem oy, = inf{oy : t € A}.

HokazarenbcTBo 9100 Teopembl ipuseieHo B [6]. TTonb3ysich ciryuaem, oTMeTHM B HEM OJIHY

3aTPY/HSAIONLYI0 UT€HUE OIEYATKy: B IPABOH KOJIOHKe cTpaHuibl 45 (IsiTasi CBepXy CTPOKA)
Bumecto (Ryp)® 2 L(X1) pomxmo 6wrre (Ryp)® € L(X7).

CaencrBue [6]. Ilycrs L — jmmHeiinsiii oneparop u3 S 4 B Py Takoii, 4To L‘ %, — HempepbIs-

HbBIIT HODMAJILHO Pa3pPEIuMblii OIIepaTop U3 X, Y, st moboro t € A, npugem oy < +00. To-
rja L — HenpepbIBHBI HOpMaJIbHO pas3peluMblii onepaTop u3 Xpr B Ypr ¢ d-xapaKTepHCTHKOI
(a, B), B koropoii « = min{ay : t € A} < +oo (1. e. L — ®- mim T -omeparop).

IIpu HEKOTOPBIX JIOTIOTHUTENBHBIX ITPEIIOIOKEHUAX MOKHO OIIPEJIEJIUTh U BTOPOE YUCIIO
d-xapakrepuctuku oneparopa L. IIpeasapurensrno HanmoMuum (M., HaIIpUMED, 8, c. 177]),
9TO IPOEKTUBHBII IIpe/iesT Y, Ha3bIBaeTCA MPUBEICHHBIM, eClii () 4 IJIOTHO B Y; JId JI060T0

te A

Teopema 2 [6,7]. Ilycrs BBIIOIHEHBI IPEANOIOKEHHs TeOpEMbl 1 U MycTh Yy, — IpHBe-
JIEHHDBIH IIPOEKTUBHBIN Mpeaesl OTACJTUMBIX JIOKAJIbBHO BBIIYKJ/IBIX IPOCTPAHCTB Y,. Oneparop
L : Xy — Yy, ABiIsgeTcs HopMaIbHO pa3pelIuMbIM OIepaTopoM ¢ KOHeIHBIM 3HaYeHHeM THC-
Ja 3, B ero d-xapakTepHCTHKE TOIjla U TOJBKO Torja, korga sup{f; : t € A} < +oo. Eciu
rocJieJiHee COOTHOIIeHHe BhIoiHeHo, To 31, = max{f; : t € A}.

CaencrBue. Ilycrs BBIIIOJIHEHBI MPEIIIOJIOXKEHUST T€OPEMbl 1 u mycTh emje qp < 400,
t € A. Ilpenmonoxum, 9T0 Yy, — IPHBEACHHBIH IPOCKTHUBHBIN IPEIET OTACTHMBIX JIOKA/Ib-

HO BBIIYKIBIX Ipoctpancts Yi. Omneparop L : X, — Y, asiagerca ®-omeparopom To-
rga u TOJBKO Torja, Korga sup{f; : t € A} < +oo. Ecim 910 HEpaBEHCTBO BBIIOJIHEHO, TO
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Br = max{fr : t € A} (a no reopeme 1 af, = min{a; : t € A}).

BAMEYAHUE. Bropoe 4uncio d-xapakTepUCTHKU HOPMAJILHO DPa3permMOro oleparopa
L : Fy — E5 MOXHO BbIpasuTh B Jpyroii dopme. IIpeanonokum, 9To JIMHEHHBINH OepaTop
L cnabo wenpepbiBed u3 FEp B Ea, 1. e. Heupepoisen us (E1,0(E1, EY)) B (Ea,0(Ey, EY))
(upexnonaraercs, uro npu j = 1,2 E; — oT/eJHMOe JIOKAJIbHO BBIIYKJIO€ IIPOCTPAHCTBO C
COTPSIZKEHHBIM E;) Kak sierko nposeputb (cM., Hatnpumep, |5| wim [6, . 1, c. 44|), oneparop
L HOpMAJIbHO paspernM Torza 1 TOIbKO Torsa, koraa L(E1) coBnaaer ¢ nousipoit (L'~} (O))O
anpa L'~1(0) conpsukennoro oneparopa L. Unawe ropops, mnedinnit oneparop L : By — Fy
HOPMAaJILHO pa3peliuM TOrJa U TOJbKO TOTJa, Korjaa ypasHenue Ly = f paspemumo B Fq s
TeX M TOMbKO TeX [ m3 Fa, KOTOpble OPTOrOHAJBHBI KO BeeM dyHKIuonazam ¢ u3 L'~1(0),
T. e. Takux, 9ro ¢(f) =0, ecitn ¢ € Ef u L' = 0.

BBesieMm elne oJlHy XapakKTepUCTUKY HOPMAJLHO Pa3perimMoro omneparopa L, TOJI0KUB
v = dim (Eg/L(El))/. Tak kak (EQ/L(El))/ asrebpandecKn U30MOPQHO MPOCTPAHCTBY
(L(E1))° = L'~Y0) (em. [5]), To 7, = dim L'~1(0). Herpymmro mokasath (cm., Hampumep,
[6, 1. 1, c. 44]), uro uncia B U 7y, OJHOBPEMEHHO KOHEUHBI UJIM HET U COBIAJIAIOT B CJIydae,
Korja 06a OHM KOHEYHBbI. B CHJIy CKa3aHHOrO B CJIEJICTBUU TEOPEMbI 2 KPUTEPUIl TOTO, YTO
L — d-oneparop, MOXKHO BBIpa3uTh B Takoil ¢opme: vy, = sup{vy; : t € A} < oco. Eciu 10
HEPABEHCTBO BBINOIHEHO, TO (B, = 7, = max{~y; : t € A}.

1.4. Ilpeamonoxkum, uro JuHeiiHbil onepatop L u3 S4 B P4 TakoB, 9T0 L‘ 5, — ®- wm
t

®+-oneparop w3 X; B Y, t € A. Uz Teopemst 1 crenyer, uro L — ®- wm ®T-oneparop u3
Xor(Q) B Y (Q), e @ — smoboe mogmuokecTBO A (C TeM Ke OTHOLIEHHEM IOPsiIKa < ).
Paccmorpum ypaBaenue

Lx =g, g€ Pa. (1)

Caenys [9], onpenennm na muOXKecTBe S4 X A Xapakrepucruieckyto dynkuuto f(x,t), nomo-
xuB f(z,t) =1, ecmn x € Xy, u f(x,t) =0, ecu ¢ X;. Hazoem pernenuie x ypauenust (1)
xapakrepucruiecku 6imskuMm K g, ecu (Vi € A) f(x,t) = F(g,t), tae F(g,t) — xapakrepu-
cTudecKas PyHKIIUs, OlpeIeeHHas TAKUM »Ke o6pa3oM Ha MHOxkKecTse Py X A.

Teopema 3 (|9, teopema 2.1]). /Liust Toro urober ypasrenue (1) mpu gaHHOH HpaBoii
yactu g u3z Py umesno B S) xapakTepucTuiecKu OJIM3KOe eMy pelieHue T B S 4, HeoOXoiu-
MO U JIOCTATOYHO, ITOOBI 9TO ypaBHeHHe ObLIO paspemnmo B 1pocrpaHcTe X (Qg), Iie
Qg ={tecA: F(g,t)=1}.

BAMEYAHUE. Ilycts L — nuneiinbrii oneparop u3 S B Py u nycrs Lt := L}Xt — ®-ome-
paTop u3 X, 8 Y, Jomyctum eme, wto unjexc d(t) := oy — [ onepatopa L me zapucur or
t na HekoTopoM MHOKecTBe M mu3 A. Torma kaxjoe u3 quces oy, F¢ ero d-xapakTepUCTUKN
nocrosinao Ha M. Ilpocroe nokaszaresnberBo sToro dbakra uMeercs B [9] Ha c. 38.

1.5. Paccmorpum Tenepn geiicteue oneparopa L @ S4 — P4 kak ornteparopa u3 Xing B Yind-

Teopema 4 ([6,7]). Ilycrs smneiinsbtii oneparop L n3 S4 B Py TakoB, 4T0 JJIs KAXKJ0I0
t € A L' — menpepnIBHBIIF HOpMAaJIBHO pa3pelIMELil OIepaTop ¢ KOHETHOI MM HOTy0ecKOHetd-
Hoit d-xapaxrepucrukoit (ay, Bt), B < +oo (1. e. L' — ®- umm &~ -oneparop). Ilycrs, panee,
Y;, miorHO B 17@, ectn t1, to € A mwty < to. Torma L — HempepbIBHBIH HOPMAJBHO pas3pe-
mMblii onepatop u3 Xing B Ying € d-xapakrepucrukoii (g, Or), riae ap = sup{oy : t € A},
fr = min{p; : t € A}. Oneparop L siBisiercss - win @~ -oneparopom. Ilpu srom L —
®-omeparop B TOM H TOJBKO TOM Ciydae, Korja sup{a; : t € A} < +oo.

1.6. B gactHOM cityuae, kornma A — waTepBan u3 R, a )?t, 17} — B-tpocTpaHCcTBa, TEOPEMBI
1, 2, 4 nonyyenst B § 1 padorsr [10] u B § 2 crarsu [11].
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To 06CTOATENBCTBO, YTO MOHATHE HOPMAJBLHO Pa3pelmMOro OlepaTropa MOYKHO Pacpo-
CTPpaHUTHb Ha OIPEAEJIECHHbIC KJIaCChbl JIOKAJIbHO BBIIIYKJIBIX IPOCTPAHCTB, HE ABJIAIONINXCHA
B-npocTpancTBaMu, OTMEYEHO paiee PsiJIoM aBTOpoB (cM., Harmpumep, [12-14]). B gwactrocTn, B
pabore [13] paccmorpen ciyuait, koria Q = (a,7), 1 € (a,b) = A, X; u Y; — B-npocTpancTsa,
Lt — ®-oneparop u3z X; B Y; upu mobom t u3 A. B sroit crarbe ocHOBHBIE TeopeMbl 0 P- u $ -
oneparopax B B-pocTpaHcTBax, a UMEHHO, TeopeMbl A u B, niepeHeceHbl Ha MPOCTPAHCTBA
tuna Xing(a,r) n Xpe(a,r). Ionydennsie obmgme TeopeMbl mpumMeHeHbl B [13] K HEKOTOPBIM
JImHEeHHbIM onepaTopaM (He juddepeHinaabHbIM) B IIPOCTPAHCTBE aHAJUTHIECKUX B KPyre
byHKINNE U, B 9aCTHOCTHA, K BOIPOCaM OJIM30CTH B TEOPUU IMOJHBIX cucTeM u Oasmcos. Jlo-
Ka3aTeJIbCTBO TeopeMbl 1 (B TOM BHJe, KAK OHO M3JI03KeHO B 1.3 §2 paborsl [7]|) Gsmsko K
JoKazarebeTBy TeopeMbl 1 u3 [13]|. Coemyer npu sroM ormerutsh, 4to B cxeme K. M. ®uir-
MaHa onepaTop L siBisiercst Beerga HETepoBbIM (13 Xind(Q) B Yina(Q) 1 u3 X (Q) B Y (Q)),
Tak Kak ciaydaii, korga @ = (a,b), um He paccmarpuBasicsi. B 1o ke Bpemsi B Teopemax 1-3
MOTYT yYACTBOBATH HE TOIBKO P-oreparopsl, Ho n T-omepaTopsr.

Hakomerr, ormeTnM, 9T0 psifi 001X PE3YJIHTATOB O HOPMAJILHO PAa3PEITUMBbIX OllePaTOpPax B
NPOEKTUBHBIX M WH/LYKTUBHBIX IPEJeIax B-IIpoCcTpanCcTB MOy YeH METOJAME TOMOIOTMIECKO
anrebper B. I1. TTamamomosbiv [15].

2. Kparkwuii 0630p pe3yIbTaTOB O HOPMAJIbLHOI pa3peIrnnMOCTH
B KOMILJIEKCHOII 00JIaCTH HEKOTOPBIX KJIACCOB JIMHEIHBIX OIIEPATOPOB

2.1. B 1963-1964 rr. aBTOp 3TO#l CTATHU HAYAJ UCCIETOBAHUS B POCTOBCKOM yHUBepCUTE-
Te Ha HOPMAJIbHYIO Pa3pelImMocTh B mpocrpancTBax F tuna [p,o] (0 < p < 00) Beex Iesbix
dyHKIMt uau nopssiKa < p, Win nopsjaka p u tuna < o, rjae 0 < o < oo, guneitnoro jgudde-
PEHIMAJILHOTO OllepaTopa OECKOHEYHOI'O MOPSIKA ¢ MHOTOUICHHBIMU KO3 MUITMEHTAMU BUJIA

o] Nk
Ly=y+ ZPk(z)y(k)(z) i Pr(z) = Zaﬁzs, o 1= sup Ik < 1. (2)

k=1 5=0 k=1
IIpu aToM MOy I KO3DUIUEHTOB aF yI0BIETBOPSIOT €CTECTBEHHBIM YCIOBHSM, IPU BBIIOJ-
HEHUM KOTOPBIX PsiJI B IIPABOIi YaCTH EPBOIO PABEHCTBA U3 (2) CXOUTCS PABHOMEPHO BHYTPH
C st mro60it pyuknuu y u3 F, a oneparop L HenpepwiBeH u3 E B E. CooTBETCTBYIOIINE Pe-
3yJIbTATHI OB AHOHCUPOBAHBI B 3aMeTKe [16]| 1 moapobHo nsnoxkensl B riaase I qucceprarmm
[17]. B mocseytommenm stu nccsieioBanust (B Tedenue npuMepHo 30 JieT) IpoJIoJKaINCh U pas-
BUBAJNCEH (IPUMEHUTEIBHO K PA3IMIHBIM JINHEHHBIM OIepaTOpaM B PA3HBIX MPOCTPAHCTBAX
AHAJIMTUIECKUX (DYHKIUI) KAK CAMUM aBTOPOM U €r0 YIEHUKAMHE, TaK U HEKOTOPBIMU JIPYTHU-
MH POCCUACKUMUI U 3apyOesKHBIMI MaTeMaTHKaMH. BBUIY OrpaHHYeHHOCTH O0beMa JaHHOI
CTaTbU MBI PACCKaXKeM 371eCh JIUIIL 00 OCHOBHBIX OOBEKTAX MCC/IEJOBAHUI B 9TOM HAIPaB-
JIEHUU W Pe3yJIbTaTax MCCIeIOBaHUl, HaJIesiCh MIOMECTUThL Oojee OOMIMPHBIN 0030p B APyTroM
MecTe.

OrmeTnM mpexkjie Bcero, 4ro noMuMo 3amerku [16] u muccepramuu [17], aBropom u ero
yUIEeHUKaMU OIyOJIMKOBAHBI IO 9TO# TemaTnke He MeHee 40 paboT, 3aIUINEHBI 2 JOKTOPCKUE
muccepranuu (FO. @. Kopobeitauk, 1965 r. [17]; O. B. Enudanos, 1990 r. [18]) u 5 xanu-
narckux guccepranuii (T. U. demuenko, O. B. Emudanos, B. B. Mopxaxkos, I'. I". Bpaiiues,
1O0. A. Kuprorenko).

2.2. Ha mepBom stane, HagasmmemMcs ¢ auccepramun [17] u crareit [11, 16|, HopMasbHast
Pa3penmMMoCcThb JIMHERHBIX JinddepeHinaabHbIX ONepaTopoB GECKOHETHOrO MOpsiKa Tuma (2)
HCCIIEIOBATIACH B TAK HA3BIBAEMBIX MJICAJIBHBIX, MM HOPMAJIBHBIX [0 TerIniyy npocTpancTBax
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[o¢]
H anaymuueckux B kpyre |z| < r(y) dynxmuii y(z) = > ypz® taxux, aro ecm y € H,
k=0

o0
g(z) = 3 gpzF € Ag (1. e. g anammruuna B xkpyre |z| < r(g)) u (Vk = 0) |gx] < |yx|, T0 g € H.
k=0
K TaxuMm IIpocTpaHCTBaM OTHOCSATCS, HapuMep, TpoctpancTsa Ag, Agp = A(Kg), 0 < R < oo,
byuxmumit, anaguradeckux B kpyre |z| < R; Ag := A(KR), 0 < R < 00, — IPOCTPAHCTBO BCEX
AHAJINTHYECKUX POCTKOB (KJIACCOB S9KBUBAJEHTHOCTH (DYHKIUIT, AHAJIUTHIECKUX B 3aMKHYTOM
kpyre |z| < R); [p,0) — HPOCTPAHCTBO BCEX NEJbIX (DYHKINUIA, y KOTOPBIX WM MOPSIOK < p,
WM TOpsiyIoK paseH p, HO i < 0 (0 < p < 00, 0 < 0 < +00) u T. A. Vccnemosanue
[POBOJIUJIOCH TI0 CJIEJIYIOIIEl CXeMe, MPeJJIOKEHHO aBTOPOM CTATbU. Y DABHEHHE

Ly:fa y(z) :Zykzka f(Z) :kazkv (3)
k=0 k=0

rne f € H, L — juneitubiit HenpepbIBHBIN orepaTrop u3 H B H, mocite mepexoja K mmocie-
JIOBATEJILHOCTSM TEWIOPOBCKUX KO3 dunmenToB GpyHKIu y u f u OECKOHEYHON cucreme
JINHEWHBIX aJirebpanvyecKuX ypaBHEHUI, [TOJIyYeHHO! npupaBHUBanueM Ko3(hdUIneHToB 1pu
OJIMHAKOBBIX CTEIEHsIX Z cJieBa U cupasa B (3), CBOAMIOCH (€ MOMOIIBIO IPOMEKYTOUHBIX 3a-
MEH IIEPEMEHHBIX Yk, U f;) K 9KBUBAJIEHTHO OECKOHETIHON CHCTEME ajaredbpandecKux JINHETHbIX
YpaBHEHUN

Tv =B, (4)
rie v = (k)72 B = (br)j>, — @1ementsr u3 B-npocrpancrsa I, (1 < p < 00), a T —
JIMHEHHBIN HelpepbIBHEI oneparop u3 I, B l,. Jamnee (n 9o KiroueBoit MOMEHT MeTO/Ia,) OIle-
parop T upencrasisiyicss B Buge cyMMbl 1° = 17 + Tb, rme Th — KOMIAKTHBIN OIEPaATOp B
l,, a T1 — oneparop JUCKpeTHOI CBEPTKH, U3Y4YeHHbI paHee B TEOPHU UHTEIPAIbHBLIX ypaB-
wennit M. I Kpeitnom u ero yuennkamu (cMm., nanpumep, [12]). Kax wussectno [12], T —

o0

HETEPOB OEPATOP C ONPEIEICHHOI d-XapaKTePUCTHKOM, ecii ero cuMson a(z) == Y. apz®,
k=0
o0
riae (T1,0)m = Y, apUktm, m = 0,1,..., oIM4YeH OT HyJIsl Ha €JIUHUIHON OKpyKHOCTH. [0

k=0
TeopemaM A u B T' — nérepos onepaTop B [, ¢ H3BeCTHBIM HHIEKCOM. Bospparasch K qudde-

pPeHIIaIbLHOMY orepaTopy L, mojaydaeM, 9T0 OH Oy1eT HETEPOBBIM OIIEPATOPOM C OIIPeIe/IeH-
HBIM HHJIEKCOM, JEeHCTBYIOINIUM U3 OJHOr0 B-IpocTpaHCcTBa MeJbIX (DYHKIUI A”Q B JIpyroe —
Bg. [Tpu sToM ) — TeKyImasi TOYKa MHOXKECTBa A, IMJIOTHOrO B HEKOTOPOM WHTepBaJe u3 R.
[Tpussekast 3aTeM TeopeMbl 1 1 2, m0Ka3biBaeM, 4T0 L — HOpMaJIbHO paspentuMblii (P- win
®*-) omeparop ¢ onpeenenHoil d-xapakTepucTukoii B mpocrpanctse Opeme [p, o], p < 1 —a,
0 < 0 < 0. [Ipumenenne TeopeMbl 3 TaeT BO3MOXKHOCTh HAWTU YACTHOE PEIeHUEe YPaBHEHUS
(3), 6uskoe 1o pocty K f (T. €. MMeIoIIee TOT Ke IMOPSJI0K W THII).

AHajoruvaHbIM 06pa30M YCTAHABIUBAETCS HOPMaJbHAsI Pa3pelmMocThb oneparopa L u B
npocrpaHcTBax tuna [p,0), 0 < p < 1 —«, 0 < ¢ < 00, HO 3/IeCh HA 3aBEPIIAIONIEM TAIe
HCIIOIb3yeTcsd Teopema 4.

2.3. [onobHast cxema MpUMEHsIACh B JaJIbHENIeM IoJUIaHJICKUM MaTeMaTuKoM Bau jep
Crunowm [20] jyrst ypaBHeHnst

p

STP(y P (2) = f(2); Pr(z) =D ak2®, 0<p<oo. (5)
k=0

s=0
B pabore [9] ¢ nomorpio HeKoTOpO# MoguduKanuu Metosa u3 [11, 17| yeranosiaena Hop-

o0 ng
MasTbHas paspermmMocts oneparopa Ly = 3. Pu(2)y¥)(2), toe (Vk = 0) Py(z) = >, a¥2*,
k=0 s=0
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. N

ng < oo u limsup — < 1, B npocrpancrsax tuna [p,o]. Pesyibrarsl, nonydennsie B [9),
k—-4o00

coJiepzKaT Kak JacTHble Ciydau Bce pe3ysbrarsl pador [11, 16, 20]. Ta ke cxema uCIoab3o-

Basack B guccepranun 1. 1. Jdemaenko (Kopmmkosoit) (1968 r.) mast oneparopos Buga (2)
u (5), B KoTopbix o6braubie mpomssommbie y*)(2) saMenenbr 0GOBIEHHBIME TPOM3BOIHBIME
Tensdonrma — JleonThena

3

© 1, Dyy = Dy(Dy™'y),

k=1
rae lim kY?|ag|'/* = (pea)/? (0 < p,0 < +00), a maxxke B muccepramun FO. A. Kupiorenko
(1977 r.) — st ypaBHEHUS

f(z) =Ly —Z<Pk Toy z),

Nk n
rie (Vk > 0) pr(z) = 3. a¥2%, ngp < 400 u sup ?k < 400, (Toy)(z fy

5=0 k>1

Omuncanublii B 2.2 MeTOJ IPUMEHSUICS U B Psijie IPyruxX pabor aBTopa U ero y4eHHUKOB
(omuH pesysbraT 10J06GHOTO Pojia NpuBe/eH B KoHIe myHkra 2.4). Tak, B pabore [21] ¢ ero
[IOMOIIIBIO YCTAHOBJIEHA HOPMaJIbHAsI PAa3pPelMMocTh B ipocrpanctee Ap = A(KR) Bcex aHa-
JMTHYECKUX B Kpyre |z| < R dyukuuii quddepeHipanbHoro oneparopa KOHEYHOrO HOPs/IKa
P

Myy == > ap(2)y™(2), 0 < p < +o0, B KOTOPOM a}(2) € AR m dbynxius ay(z) ormmana ot

ToKlecTBeHHOrO HYIst (a,(z) # 0). B [21], B wactHOCTH, TOKa3aHo, uTo eciun 0 < R < +o0,
TO d-xapakTepucruka oueparopa M, B A paBHa («, @ +n —p), rue n — IUCIO0 Beex Hydteit (c

ydIeToM nx KpaTHocTeil) dbyHKImu a,(2) B kpyre Kr = {2z : |2| < R}, a a — uncyio jauHeirHO
HE3aBUCUMBIX perrenuit u3 Ap oanopoxsoro ypasuenust Myy = 0. Tak kak «a < p, To M,

& -onepaTop, KoTopklil 6yeT P-omepaTopoM TOrIa U TOILKO TOT/A, KOT/Ia ap(z) mmeer B K
KOHEYHOE YHCJIO HyJIeH.

2.4. HeckosbKo WHOM BapuaHT MeTo/a u3 2.2 npuMeHeH B pabore [22] K JMHEHHOMY Olle-
paTopy GECKOHEYHOI'O MOPSIKa C MHOTOYIEHHBIMU KO3duimeHraMu B 060OIIEHHBIX TPOM3-
BOJIHBIX, BBEJIEHHBIX aBTOPOM B [22, 23]:

) Nk
Ly:=Y Puz)D'(z); Pu(z) =) atz®, np<+oo, k=0,1,...; o
k=0 s=0

DYy = D(D"1y),

~
|
—
—
-3
~—

G *) (0
Dy = Z Cr_1 Y
k=1

ITpu sTOM He mpe/oIaraeTcsi, YTo Bce KoMILiekcHble ancia Cy,, m > 0, onpejesolye ore-
parop obobmiennoro puddepeniuposanus D, oTaudHbI 0T HyJssd. 1losTomy omeparop 0600-
mennoro guddepennupoanusa ) BKIIOYAET B ce0d U OOBITHYIO IMPOU3BOIHYIO, U 000DIIEH-
Hyto npousBoanyio lenbdonga — JleonrheBa. B crarwhe [22] pacemorpen omeparop (6), (7)
IPH YCJIOBUN

p = sup(ny — k) < 4o0. (8)
k=1
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Omneparop (6), (7), (8) massan B [22] kBasuperyspubiM. B § 4 s10it paboThl HCCI€I0BAHBI
Ha HOPMAJIBHYIO Pa3pEmInMOCTb 1Ba IOJKJIACCA KBA3UPETYJSIPHOI'O Oleparopa, a UMEHHO,
HEOCOOBII KBAa3WPEryJ IsipHBIA OepaTop W HECYNIeCTBEHHO OCOOBLIN KBAa3WPErYJIAPHBIH omepa-
TOp (OlLIpejiesieHre IepBOro u3 JBYX HOCJIEJIHUX OIEPAaTopoB jaHo B 22| Ha c. 498, B Havase
§ 1, a Broporo — B 1nlepBoM ab3aile c. 514). Kak u panbie, B [22| npoussoauTcs mepexos or
ypaBHEHUS

Ly=f 9)

K 9KBHBAJIEHTHOI eMy GECKOHEYHOI cucTeMe JIMHEeHBIX ajiredpandecKux ypaBHeHnit Buaa (4),
rae T — (MaTpuyHbLii) JMHEHHbI OollepaTop, HEIPEPBIBHO JIeHCcTBY oMUl u3 HeKoToporo B-
npocTpancTsa S B Jipyroe B-1pocTpaHcTBO 5114. Hamee onepaTop 1’ mpencTaBiseTCs B BUE
T =T1+T, rnenpnu j = 1,2 T} — nuHeHNLI HeIIPEPLIBHLII ontepaTop u3 S4 B 5}4. IIpu sToM,
KOHEUHO, IPe/IIojaraeTcs, 4o Koaddunuents a’ B (6) yI0BIETBOPAIOT OIIPE/ICTCHHBIM YCIO-
BUSM, KOTOPBIE 3/IeCh HE IMPUBOIATCI BBUIY HEKOTOPO#l mX rpoMo3akocTu. Ilpu BuImosHeHnn
9TUX YCJOBUI MOKA3BIBAETCS C ITOMOIIBIO TEOPEMBI 00 OllepaTope cxKaTus, 4To orneparop 171,
He SBJIAIONINICA B JIAHHOM CJIydae OIMEepPaTOPOM MMCKPETHON cBepTKH, Oyaer P-omepaTopom
C OIIPEJIeJIEHHON d-XapaKTePUCTUKOM, a HOPMY omeparopa 1o MOXKHO CJIeJIaTh CKOJIb YTOJTHO
MaJIoi.

DT0 JaeT BO3MOXKHOCTH BOCIIOIB30BaThcst Teopemoii C, coryracHo KoTopoit 1T' — HOpMaJib-
HO pa3pelInMblii omepaTop ¢ d-xapakTepucTukoii («, 3), npudem 3 — a = p. Jlenas obpar-
HBII [1epexo/ K 9KBUBaJeHTHOMY ypasHenuto (9), 3akioudaem, uro oneparop L (6)—(8) upwu
OIIPE/ICTICHHBIX TIPEIIIOIOMKEHIAX OTHOCHTEIBLHO KO3bMUIMEHToB a¥ ap/sgercs HenpepbIBHbIM
®-oneparopom u3 oxuoro B-npocrpancrsa K 4(D) B apyroe K (D) (o6a sTn npocrpancrsa
oupesiesierbl B [22] coorBercrBenno Ha c. 499 u 500). Ilepexon K HeGAHAXOBBIM IIPOCTPAH-
CTBaAM AHAJIUTUYIECKUX (PYHKIUN OCYIIECTBIISIETCS TaK 2Ke, KaK U paHbiine. KoHKpeTHbIE TIpU-
MepBI TAKOTO MePexo/ia MPH PA3IMIHBIX HPE/IIOT0KEHIAX OTHOCHTENBHO ak npusenensr (s
Heocoboro KBa3uperyJisipHoOro oneparopa) B § 3 crarbu [22].

OrmernM emre, 9To B pabotre [21] MeTOIOM, U3JI0KEHHBIM B 2.2, YCTAHOBJIEHA HOPMAJIbHASI
Pa3peluMOoCThb OIIepaTOPa Mé)y = i ar(2)D*y(z), B KOTOpOM ay(2) £ 0, 1 < p < o0,

- y M (0) 4y
Dy = kE Ck—lik, 2T Cy #£0,k=0,1,..; klirgo |Ck| = 400, B citeryomux npocrpas-
=1 ! =

1) upocrpancree Ap = A(KR) (Kr = {2z : |2| < R}) Bcex anasmruueckux B Kp dyHK-
nwit; 31ech npu R € (0, +00] M}? — HOpPMaJIbHO pas3peluMblii oneparop B Agr ¢ d-xa-
PaKTEPUCTUKOIT (v, v + 1 — p), Tjie n — YUCIO BeexX Hylleil ay(z) (¢ yaeroM ux KpaTHOCTEll) B
Kpg, a o — ancio JIMHEHHO He3aBUCUMbIX DelleHnit i3 AR OJIHOPOJIHOTO ypaBHEHUSI Mé) y = 0;

2) upocrpanctee Ar = A(KpR) Bcex aHAIUTHYECKUX POCTKOB HA KOMIIAKTE
Kr (0 < R < +), ¢ OOBIMHON MHJYKTHBHOI TOIOIOIUEH; 3716Ch MpD — HOPMAJILHO pa3pe-
MUMBLT ortepaTop B AR ¢ d-XapaKTepuCTUKOil (&, &+ — p), LJie I — 9YUCIO BCeX HyJlelt ap(z)
B KR, & — 4ucio JUHEHHO He3aBUCUMBIX PENIeHU yPaBHEHUS MIP y=0wus Ag.

Kak nokazano B [21], @ < o < p; KpoMe TOro, Tak Kak ap(z) # 0, To n < +00. [Tosromy B
ciay4vae 1) Mg — ®T-oneparop (koropblii Gyer P-onepaTopoM TOrJIA U TOJBKO TOJA, KOTJIa
a < 400, a B ciaydae 2) MpD — d-oneparop.

2.5. B guccepranuu I'. T'. Bpaiivesa (1976 r.) paccMOTpeHO ypaBHEHUE B YACTHBIX IIPOU3-
BOJTHBIX

0 ak1+...+kp P
Ly=y)+ 3 a2 g, (10)
=1 971" ... 0%
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P
tnep > 2, z=(z1,...,2p), k = (k1,...,kp), ar, € C (kak obbruano, ||k|| = > k;). Ilpu mepe-
j=1

xojie (B KJlacce aHAJMTHYECKUX (DYHKIHNiT) K SKBUBaseHTHOMY (10) MATpUIHOMY ypaBHEHHIO
Tv = B oneparop 1, HENPePBIBHLIN 13 HEKOTOPOro B-nipocrpancTsa F| MyIbTHIIOCTETOBA~
TeJILHOCTEH B Jipyroe (Takoro ke tuna) Ey, «paciemisercs» Ha CyMMY JIBYX HEIPEPHIBHBIX
n3 F1 B Ey onepatropos 11 u Ts: T' = T + T5. Ilpu atom oneparop 1 gBisgercs p-MepHO
JMCKPETHON CBEpTKOI, KoTopas mcciaeayercsa merogom M. I'. Kpeiina tak ke, Kax u OmgHO-
MepHasi, ¥ OKA3bIBAECTCS HOPMAJILHO Pa3pelmMbIM ortepaTopoM u3 K1 B Fo ¢ ompeeieHHOI
d-xapakrepuctukoii. UTo ke Kacaercsi «JoBeckay To, TO, Kak MOKA3aHO Ha mpuMepax (mpu
p = 2) B muccepranuu ['. I'. BpaitueBa u ero crarbe [24], sror omeparop He Beerja KOMITaK-
ren. OJHAKO ero HOPMY MOXKHO CJeJIaTh CKOJIb YTOJHO Majoii, u 1mo Teopeme C omeparop T’
(a craemoBaresbHo, U Lo) HOPMAJBHO paspernnM. Pe3ysibraT Takoro ke xapakrepa HOJIydeH
I'. I'. BpaitueBbiM B ero juccepraiuu u st 6osee obmiero, dem (10), ypaBHEHUsI, B KOTOPOM
(mpu p = 2) KoabdurmenTs (MOCTOSHABIE YnCaa) ax npH ||k|| > 1 3aMeHeHbI MHOTOUIEHAMHE

g a?zj,

0<j <my=(mf) m)

(@)
1 2 ks
IIpuaeM m(()) = m(()) = 0, a8 # 0, o := sup —~ < 1, a gucia a;? VJIOBJIETBOPSIIOT €IIle
ki>1 ki
HEKOTOPBIM JIONOJIHATEbHBIM OTPAHUICHUSIM (OHU 371eCh HE TIPUBOISATCS ).

Takum ob6pasom, MeTo, ncnonb3oBanubIil . I'. BpaitueBsiM B ero guccepraiinu 1 B CTaTbe
[24], siBasieTcst Kak GBI «IIPOMEKYTOYHBIMY» MeXKIy MeTofamu pador [11, 16, 17, 21|, ¢ oxHoit
CTOPOHBI, U PabOTHI (22| — ¢ IPyTrOii.

2.6. Ilepexons K HOPMAJbHOH pa3peIMMOCTH JIMHEHHBIX ONIEPATOPOB B HEUACATBHBIX IIPO-
CTpaHCTBAaX, 3aMETUM, UTO, TI0-BUIUMOMY, [IE€PBBIA PE3yJIbTAT B 9TOM HAIIPABJICHUN ObLIT 110-
aydeH B [21] Ge3 ocoboro Tpya Ha OCHOBE BBIIIEOICAHHOTO pe3y/IbTaTa JjIs omeparopa M,
B npocrpancTse Apg. VMenno, ¢ nomomsio KoudOpMHOro orobpazkenusi B [21] mokazaHo, 4To
ecu G — MpOM3BONIbHAS OHOCBA3HAA obsacTh B C, mmeronias 6osee oQHOI IPaHNIHON TOYKH,
u ai(z) € A(G), k = 0,1,...,p, npuuem ay(z) # 0 B G, To M, — ®*-oneparop B A(G) ¢
d-xapakTepuCTHKOi (v, av+n—p), ryie n — 4ucyao Hyieii ap(z) B G, o — 9HCI0 JUHEHHO He3a-
BuCHMBIX pemennii u3 A(G) ognopoauoro ypasuennst M,v = 0 (3gecs A(G) — mpocrpancrso
®pere Beex dyHKIwil, anaguTudeckux B G). Kpome toro, B [21] comepxkurcst dbaxkruuecku
Takoit pesyabrar. Ilycts F' — xontmnyym B C co casmbiM gomonmenneM, ag(z) € A(F),
s =0,1,...,p, ap(z) # 0. Torna M, — P-ouneparop ¢ d-xapakrepuctuxoii (&, + n — p),
rjae 1 — 4YucjIo HyJel ap(z) B F, a & — YWCJIO TUHEWNHO HE3aBUCUMBIX PENeHUl YpaBHEHUs
Myy = 0 uz A(F). ‘DTO yTBEpXKJEHNE TAKIKE BBHIBOJUTCS U3 OIUCAHHOIO BBIIIE Pe3yJbTaTa
nutst upocrpatcrBa Ap = A(KR) ¢ OMOIIBIO KOH(GOPMHOTO 0TOOPAYKEHUSI.

Cy1tiectBerHoe ycuieHne u 0600IIeHre TOJBKO YTO ONUCAHHBIX Pe3yJbraToB u3 [21] ms
omepaTopa M), 6b110 HOTydeHO B paborax 25, 26|, B KOTOPBIX /s IPOU3BONIBHOIT obmacT G
B C paccMarpuBasioch ypaBHEHHE ¢ MATPUYHBIM OIEPATOPOM Ly

L)Y = A(2)Y'(2) + B(2)Y (2) = f(2). (11)

Baecs A(z) = (a@k(z))?k:l u B(z) = (bi,k(z))?kﬂ — KBaJ[pATHBIE MATPUIIBI TIOPSIJIKA 1, IPU-
qem pn 4, § = 1,2,...,1 bip € A(G), a;x(2) € AP(G,00), rie (VI > 1) AD(G, 00) = A(G),
ecmm 00 ¢ G, u AV(G,00) — mmoxectBo Beex bynxmmit m3 A(Gy), Goo = G\{00}, n,
BO3MOXKHO, UMEIOIINX B GECKOHEYHO yJAJeHHOH Touke noioc nopsaka < [. Hamee, B (11)
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Y(z):= (yk(z))zzl u F(z):= (fk(z))zzl — OJIHOKOJIOHOYHbIE MAaTPUIIBI C JIeMeHTaMu Yk (z),
fr(z) w3 A(G) (1 < k < n). O6oznaunm uepes A™(G) HIpoCTPAHCTBO BCEX TAKUX MATPUIL
¢ Tomnosiorueit mpsimoii cymmbl mpocrpancts A(G). B [32] ¢ momorpio Teopun Bo3MyIIeHMi
HOPMAJIbHO Pa3PEIIMMBIX OlIepaTopoB JoKa3aHo (|25, Teopema 1]), uro ecin kosddurmenThl
a;k(2) I/I_bj,k(z) VIOBJIETBOPSIOT CPOPMYJIUPOBAHHBIM YCIOBUSAM, & (G — IPOU3BOJIbHAsT 00-
gactb B C, orimuHast oT pacimmpeHHoit mwiockocru, u eciau det A(z) # 0, 1o L, — HOpMaJILHO
pasperinmblii oneparop B A™(G) ¢ d-xapakrepucrukoit (v,y + s + (t — 2)n), rue v — 4ducio
JIMHEHHO HezaBucuMbIX pemnenuii uz A™(G) opunopoauoro ypasuenus L,V = 0, t — CBA3HOCTD
obactu G (KOTOPYIO MOXKHO OIIPEJIeJIUTh KaK YUCIO (KOHEUHOe UJIM +00) CBSI3HBIX KOMIIO-

HeHT rpanulpl (), U, HAKOHeIl, s — dnciao Hyseil dyukmun det A(z) B G, ecn o0 ¢ G, 1 s —

%(5€8G)BG,GCHHOOGG.

OcHoBHAasT Ujiest I0KA3aTeIbCTBA 9TOI0 PE3Y/IbTaTa 3aK/JII0IaeTCsT B TOM, 9T0 orepaTop L,Y
MOYKHO IIPEJICTABUTD B BUJIE CYMMBI JIBYX OMEPATOPOB; ofnH u3 HuX [, Y sBiIsteTca kBaipaTHON
MaTpUIeil MOpsiiKa M, y KOTOPOH IO TIJIABHON JTHMArOHAJIM PACIOIOXKEHBI (DYHKIIUU ak,k(z)
(1 < k < n), a ocrajsbHbIe 3JIEMEHTHI paBHBI Hy 0. MoXKHO noKa3aTh, 1ro '), — HOpMaILHO
paspenmMbliii oniepatop u3 Ey, B Uy, (M = 1,2,...) ¢ onpeeneHHoii d-xapakTepucTukoii, e
Em n Uy, — cuenuasibHbIM 00pa30M OCTPOEHHbIE B-IIPOCTPpaHCTBa AaHAJTUTUIECKUX (PYHKITHA,
a «1o0Becok» (L, —T',)Y — BrosHe HenpepwiBHbIi oiepaTop u3 &, B U,,. laiee npuMeHsroTcst
teopembl A u B, a 3arem, ucnonssys to, uro A"(G) = proj&,, = projU,,, — Teopemsr 1

m m

YnCI0 HyJlell QyHKIIN

u 2. TTostHOE JOKA3ATEIbCTBO, IIPUBEJIEHHOE B [32], COMEPKUT ellle psiJl JeTaiell TeXHIIeCKOro
XapakTepa, HO MbI He OyJIeM y2Ke OCTaHaBJIUBATLCA 3/€Ch Ha 3TOM.

OrmeTHM TOIBKO, UTO JIHHEHDIH Anddepentmanbublii onepaTop M, CBOIUTCS XOPOIIO
U3BECTHBIM CIIOCOOOM K MATPUIHOMY OIEpaTopy Bujia L,. DTO 1a10 BOSMOKHOCTDH B KAUECTBE
[PSIMOTO CJIEJICTBUSI [IOJIyYUTh B [25] ycuiienne pesysibraroB u3 [21], npuBe/ieHHBIX B HaYaJe
nyakTa 2.6 (cm. [25, Teopema 4]). CrouT TakyKe OTMETHTH, YTO OCHOBHAsl YaCTh TEOPEMbI 4
u3 [25] comepxkurcs takxke B 3amerke B. Masbrpamxka [27], koropast Gblia omyGJarKoOBaHA
IPaKTHIECKN OJJHOBPEMEHHO C [25].

Ps pesyibTaToB 0 HOPMAJIBLHON pa3penmMOCTd IMHEHHBIX HHTErPAIBHBIX OTIEPATOPOB KO-
HEYHOTO M GECKOHETHOIrO MOPAIKa B IIPOCTPAHCTBAX (DYHKIMI, aHAJUTUICCKUX B IPOU3BO/Ib-
Ho¥t ob1actu G, mostyveH B pucceprarnuu FO. A. KuproTeHKo, B KOTOPOi HApsily € OlepaTopamMu
OOBIMHOIO MHTErPUPOBAHUST PACCMATPHBAIOTCA M ONEPATOPHI 00OOIEHHOI0 HHTEIPUPOBAHUS.
Taxk Kak paMK# HACTOSIIEH CTATHY MO3BOJISIIOT HAM JIMIIb U3/I0KUTH HEKOTOPbIE PE3YJIbTATHI
0 HOPMAJIBHO Pa3peNIMMbIX JTHHEHHBIX quddepeHnuaabHbIX oepaTopax, Mbl He OyIeM 311eCh
OCTAHABJIMBATHLCST HA ITOMN JMCCEPTAIIUN.

2.7. He cmozkeM MBI oncaTh 31€Ch CKOJIBKO-HHOYIb ITOIPOOHO 1 BeChbMa 00IIne U TJIyDOKme
pesyabrarbl, noiaydenusie O. B. Enudanoseim (cm., manpumep, [18; 28|) qysi oneparopos
P-CBEPTKH, TIOPOKIEHHBIX OIIEpaTOPOM 0000IIEHHOTO MudHEPEHITMPOBAHNS BUIA

o0
(D(p)y)(z) _ Z y(n)'(O) ' L(n/p+1) C0<p<oo

2 T+ Dp+ 1)
Ormernm jimmib, uro O. B. Enudganos B cBoux paborax, omybjukoBaHHBIX B 70-80 rojsr,
HaIlleJ HOBBIE IOJXOJIBI K HCCJEIOBAHUIO HA HOPMAJBHYIO PA3pENIIMOCTDH C ITOMOIIBIO TEO-
pUM BO3MYIIEHUN JIUHEHHBIX MuddepeHnuajlbHbIX OIePATOPOB KOHETHOrO U OECKOHEIHOTO
[OPsiJIKa, B HEUJIEAJBHBIX ITPOCTPAHCTBAX aHajuTudeckux dyHKnmit. B uacrHOCTH, Becbma
s¢ddexTuBHbIM OKazaJics BBeIeHHbI uM B [29, 30| Mero nccienoBanus aud depeHnuaabHOro
orteparopa L KOHEYHOTO mjin OECKOHEYHOI'O HOPSAJKA ¢ aHAJUTHIeCKUME KOodhduimenTamu,
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HA3BAHHBIN «METOIOM TJIaBHOTO KO3ddurnmentas. Ou ocHoBaH Ha nonydenubix O. B. Enu-
¢aHOBBIM TeopeMax 0 BO3MYINEHUH ONEPaTOpa YMHOYXKEHHUS HA aHAJUTUYECKYIO (PYHKIUIO 1
IPeJIIIosIaraeT CyIIeCTBOBAIIE TAKOTO HOMepa ko, 9To pyHKIWA ak(2)/ak,(2) BHE HCKIIOTH-
TeJILHOTO (B OIIPEJIEIEHHOM CMBICIIE «PEJIKOr0» ) MHOXKecTBa B C OrpaHuveHbl ¢ HEKOTOPBIMU
BECAMU, 3aBUCSIIIME OT HOMepa k M OT MPOCTPAHCTBA, B KOTOPOM PACCMaTPUBAETCST JAHHBIH
oreparop L. B jayibHeiIieM 9T0T METOJT UCIIOIB30BAJICA U JIPYTUMUA MATEMATHKAMHI.

MpbI ipuBeieM 3/1eCh JIUIIb OJIUH KOHKpeTHBIH pesynbrat O. B. Enudanosa st ypaBueHust

o Nk
Ly := Z < algzs> y(k)(z), lim sup % =a<l1.
0

k=0 *s= k—o0

[Ipeppapurensro obozHaunm cumsosioM [p, g(6)], tae 0 < p < oo, a g(f) — p-TpuroHomerpu-
Jecku BhiyKas [31] 2m-nepuopnveckas dynkiwmsi, mpocrpanctso Pperre Beex mesbix HyHK-

20
nuit y(z) u3 [p,00), y KOTOpBIX MHAMKATOp npu nokasaresne p [31] hy(A) = limsup ly(re™)]
r—00 T

ue upesocxoaut g(6). Ilpu srom npenonaraercs, aro upu p # 1 m@in (9(0)+g(@+m/p)) >0
(sT0 ycnoBue obecrevnBaer memycrory [p, g(#)]). Obosnaunm 1uepes H, COBOKYNHOCTH BCEX
Tex p > 0, qst KoTopbix sup{n; — (1 — p)k} gocruraercst Ha HEIYCTOM MHOYKECTBE HOMEDOB

=

M,. Herpyznuo mokasaTb, 4T0 B Ciydae, Korga L — omeparop GECKOHEYHOrO IOpsiAka, Hy
cosnazaer ¢ (0,1 — a], ecitm sup(ny — ak) pocruraercs, u ¢ (0,1 — «), ecim on He jocTH-
k>0
raercst. Hakonen, H, = (0,+00), eciim nopsiiok L koneuen. IIpennonoxkum, aro (Vp € H,)
1/k ng
klim (‘mlax | Pi(2)| k!(k — nk)!_l/p> =0, rae Pi(z) = 3 a¥2*. Torma cormacno [18, 32, 33]
—00 \ |z]=1 s=0
L — ®-oneparop B [p, g(#)]. Ero unnekc B ciayuae, xorga g(6) > 0, 6 € R, pasen passocru
qmcIa HyJeil ¥ HomocoB QYHKIME wy(z) = ) aﬁk 2Pk erKaIuIX B p-BBITYKJIOM KOMITAKTE
¢ p-onopHoii dyuknueit p- g(—0) (cm. coorBercrBytomume onpeenenus B [32]). B ciayuae, ecin
g(0) Mensier 3HaK, BeJIMIMHA UHJEKCA TAKXKe ONpeJlesieHa, HO (popMyJia JJisl ero BbIYUCTEeHUsI
3HAYUTE/ILHO YCIOKHACTCS W IIOTOMY 3J1eCh HEe IPUBOIUTCSL.

3akJiroyeHue

[IpuBesnennbie B § 2 pe3ysbTaTbl 0 HOPMAJIBHON PA3PENIUMOCTH B PA3IMYHBIX IIPOCTPAH-
CTBaX aHATMTUIECKUX (DYHKIWI JTMHEHHBIX HEIIPEPBIBHBIX OIEPATOPOB (B OOBIYHBIX UK 0000-
IMIEHHBIX TPOM3BO/IHBIX, HHTErPAJIaX 1 T. JI.) MOIYyIaInch (aKTUICCKN OTHIM OOIINM METO/IOM,
HCIIOJIB3YIOIIUM TEOPHUIO BO3MYIIEHUN HOPMAJIBHO Pa3PENIUMbBIX OIIEPATOPOB, HAYAJIO KOTOPOi
6bw10 1107102k€eH0 B pabore C. H. Hukombekoro [1]. Cxema 3T0ro Merojia 3aKI0UaeTcs B CIIeLy-
forieM. [lycts L — jimHeHBI oTlepaTop, HEeIPEPhIBHO JEHCTBYOMNN U3 0JTHOTO TPOCTPAHCTBA
Ey anamnrnuecknx dbynknuii B 1pyroe — Fj. PacemarpubaroTes JiBe cuTyalum:

a) Ej = proj Aé?, i=1,2;

Qe
6) Ej = Cgé%Ban J=12,

rie Agg u B]Q — HEKOTOpbIe B-mpocTpancTBa aHajuTudecKux byHKIuil, a ) — HEKOTOpOE
MHOYKECTBO MHJIEKCOB. B psize ciaydaeB ucciienyeMblii Ha HOPMAJIBHYIO PA3PEIIMMOCTb Olepa-
Top L 3aMeHsIeTCsT 9KBUBAJICHTHBIM €My B ONPEIEJIEHHOM CMbIC/IE (KaK IIPABUIIO, TOMOJIOTTYIe-
CKI U30MOPbHBIM) JHHEHHBIM orlepaTopoM L1, HempepbiBHO jeiicTyronmmM us B B EL, rie
EJ1 — HPOCTPAHCTBO TOM 2Ke HPUPOJIBI, YTO U H30MOP(dHOE eMy IpocTpaHcTBO F; (Hampumep,
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EJ1 = gr%j Aj’l, ecn B = grogg AZQ, [puyeM Aél — B-upocrpancrsa). OHAKO I€MEHTAME
[S394% S

[IPOCTPAHCTB Aéjl MOTYT OBITH yKe He 00s3aTe/IbHO aHAJTUTHIeCKHe (DYHKITNH, a, HAIPUMED,
YUCJIOBBIE TIOCJIEIOBATEILHOCTH, MYJILTHIIOCTe0BaTebHOCTH U T. 1. Ilycrs M — mojmexa-
it uccsegopanuio oneparop (1. e. M = L wau M = L1), HenpepbIBHO JieficTBYIONH U3 E?
B ES, T71e E? = F; nam, COOTBETCTBEHHO, E? = EJ1 [onoxum eme Qg = Q, korna M = L, u
Qo = Qq, koroma M = Lq; A]éO = Ajé upu M = L u Ajéo = Ajél upu M = L. B paccmarpu-
BaeMoil curyaru onieparop M oupejesieH Ha BeKTOpHOM npocrpancrse S := | Aéjo.

Qe
[Iycrs, masee, 2o — MHOXKECTBO HHIEKCOB, II0oTHOe B ()g. Paccmarpupaercss omepartop

. 1,0 ..
M Q, ABJstiomniicss cyxkeanem M ¢ S Ha AQ’ . VI3 mcXoHBIX TPEJIIOIOKEHN BBITEKAET, ITO
N .. 1 2
(VQ € Q) M® — jumeiiHbIi HePepBIBHLLI OIIepaToOp 3 AQ’O B AQ’O. DTOT OIepaTop «pac-

. 1,0 2,0
MEeTJIAeTCA» Ha CyMMY ABYX JIMHEMHBIX ONEPATOPOB, TAKYKE HENPEPBIBHBIX W3 AQ’ B AQ’ :

Mg = MS) + Mg). [TokaseiBaercst, uro mpu J0boM Q u3 2o Mg) — HOpPMAJIBHO pas3pe-

(2)

muMbIA (Kak [PaBUIO, HETEPOB) OIEPATOP C ONpeesseMoii d-xapakTepucTukoii, a M, 0 —
BIIOJTHE HEINPEPBIBHBIN OIEPATOD WJIM Ke OIepaTop, HOpMa KOTOPOI'o MOXKET ObITh ClesaHa
MeHbIIIe JIF0O0Tr0 IIPOU3BOILHO 3adukcuposannoro 1 > 0. ITo reopemam A-C Mg — HOpMAIIDL-
HO pa3pelnMblii OIepaTop u3 Ago B Aéo, Q € Qs. B zakrouenne, npuMeHsisi Teopembl 1, 2
win 4, ycTaHABIUBaeM HOPMAJILHYIO Pa3pEIIuMOCThb oneparopa M, a cjieoBaTebHO, U UC-
xomHOTO oneparopa L : F| — Fs. Ilpu 3TOM Ha OCHOBAHUU TeX »Ke TEOPEM, KakK IPaBHUJIO,
orpeieiisieTcs d-xapaKTepuCTHKa oriepaTopa L uiu, 1o kpaiineit Mepe, ero uujiekc. B ciyyae,
korga Fj (j = 1,2) — npocrpancTsa 1esibix GyHKIHMI, ¢ HOMOIIBIO yTBEPIKIEHNIl TUIIA T€o-
peMBbl 3 TOKa3bIBACTCs CyNIECTBOBAHNE YACTHOIO pelieHust ypasHenus Ly = f, koropoe (mpu
Ey = E3) umeer TOT e XapakTep pocTa, uro u f.

Jlaxke majieko He TOJTHOE ONUCAHKe Pe3yJIbTaTOB, Oy YeHHBIX 9TUM METOOM, TOKA3BIBAET,
YTO OH OKa3aJicsd BechMa 3(M@PEKTUBHBIM [IPU UCCIEI0BAHUN HA HOPMAJILHYIO PA3PENIIMOCTh
B [IPOCTPAHCTBAX AHAJUTUYECKUX (DYHKIMH PA3JINIHBIX JUHEHHBIX OlEPATOPOB (B OCHOBHOM,
muddepenanbHbIx ). BMecre ¢ TeM, X0Tes10¢h ObI ITIOCTABUTH B 3aKJIIOUEHIE HEKOTOPbIE HEPe-
IIIEHHBIE 38191 B 5TOM HAIIPABJICHUU.

1. Iloutu He MCCIeIOBAHBI METOJAME TEOPUH BO3MYIIEHUN HOPMAJILHO Pa3PEeIIUMbIX OIle-
PATOPOB JINHEHHBIE OIIEPATOPHI B YACTHBIX TPOM3BOHBIX KOHEYHOTO U OECKOHETHOTO MTOPSIJIKA,
JEHCTBYIONINE B IIPOCTPAHCTBAX AHAJUTUICCKUX (PYHKIUH p KOMIIJIEKCHBIX [TI€PEMEHHBIX, T/1e
p > 1. TIlo-Bupmmomy, Haubosiee CJIOKEH 37ech ciaydail, kKoryga p = 3. [lpu p = 2 nonyden psiy
Pe3yJIBTATOB 0 HOPMAJIbHOM Pa3peImMOCTH OMEPATOPOB OECKOHETHOTO MOPSIJIKA B JUCCEPTA-
myu [, . Bpaituesa (dacTpb ux onucana Boiiie). Ho 1 B 9ToM cityuae ObLIT ¢J1e/1aH JIAIIH HepPBbIit
Iar, 3a KOTOPBIM JIPDYTUX HE TOCTIEeI0BaJIO.

2. Beuto Obl keaTe/bHO, HA HAI B3IV, IPUMEHUTH TEOPHUIO BO3MYIIEHUH HOPMAJIb-
HO Pa3pEeNIuMBIX OIEPATOPOB K MCCIEIOBAHUIO HA HOPMAJIBHYIO PA3PEIIUMOCTD CYIIECTBEHHO
0COOBIX KBa3UPETYJISIPHBIX OLIEPATOPOB (OIIpeieieHre TIOC/IeIHIX JIaHo Ha ¢. 507 paborsl [22].

3. Kazxkercsi BIIOJIHE €CTECTBEHHBIM 110 AHAJOTUM C PE3yJabTaroM u3 [9] juist jmHeHbIX
s depeHIaibHbIX OIIePATOPOB GECKOHETHOTO MOPsiIKa (B OOBIYHBIX IPOU3BOJHBIX ¢ MHO-

roaseHHbIMI Ko durmentamu Py (z) cremenn ny takumu, ato limsup ng/k < 1) nomyanTs
k—oo
PE3YJIBTAT TAKOTO 2Ke XapakTepa (IPU TOM ¥Ke OrPaHNIeHnH Ha N ) VIt OIIEPATOPa, B KOTOPOM

OOBIYHBIE TTPOU3BOIHBIE 3aMEHEHBI 0DOOIEHHBIMI TPON3BOaHBIMU | enbdonga — JleoHThHEBA.
B nuccepramuu T. V. /IleMYeHKO MOy Y€HBI JIjIs TAKOTO OIEPaTOPa OTJEIbHO JIBa Pe3y/IbTaTa

ng
JIJIsT CIIyYaeB, KOTMa sup ng < 400 U sup T < 1,n0 =0, Py(z) = ap, HO HET OOBEIUHSIOIIETO
k k>1
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UX pe3yJIbTaTa.
4. Ham HeusBecTHa HU ofHa paboTa, B KOTOPOi ObI TEOpUsT BO3MYIIEHUI HOPMAaJIbLHO pas-
PEIINMbBIX OIIEPATOPOB ObLIA IPUMEHEHA K MCCJIEIOBAHIIO HOPMAJILHON paspemmnMoCTd JINHE -
HBIX b depeHnnaabHbIX OEPATOPOB, AEHCTBYIONINX HEIPEPBIBHO B KAKUX-JIHOO0 IIPOCTPAH-
crBax 6€CKOHEIHO MudhepeHIPyEeMbIX KOMILIEKCHOZHAYHBIX (DYHKIHI, OIpPeIe/IeHHBIX B OT-
KPBITOM MHOXKECTBe WJIM Ha KakoM-jimbo komiakre RP, p > 1 (tuma npocrpancrs Jamxkya —
Kapiiemana u Boépka — Béprmnra). [Toka Mbl nMeeM 371ech CILIONIHOE «6eJI0e MSITHOY.

JIureparypa

1. Huxoanckuit C. M. Jluneiinbie ypaBHEHUsI B JUHEHHBIX HOPMHUPOBAHHBIX mpocrpancrBax // Uss. AH
CCCP. Cep. mar.—1943.—T. 7, Ne 3.—C. 147-166.

2. Arkubcon A. HopMmasibHas pa3penmMoCThb JHHEHHBIX YPABHEHNI B HODMUPOBAHHBIX [IPOCTPAHCTBAX //
Mar. ¢6.—1951.—T. 28, Ne 1.—C. 3-14.

3. Yood B. Properties of linear transformations preserved under addition a completely continuous
transformation // Duke Math. Journ.—1951.—V. 48, Ne 3.—P. 599-612.

4. Kpeiita M. I'., Tox6epr U. 1. OcHOBHBIE TIOJIOKEHUS O HeMDEKTHBIX YACIAX, KOPHEBBIX YMUCIAX U MHIEKCAX
JIMHEHHBIX omepaTopos // Ycmexu mar. nHayk.—1957.—T. XII, spim. 2.—C. 43-118.

5. Pobeprcon A. II., Pobeprcon B. /I:x. Tononorudeckue BeKTOpHBIE mpocTpancTBa.—M.: Mup, 1967.—
257 c.

6. Kopob6eiinuk FO. @. O HopMaIbHO pa3penmMbIX OlePaTopax B HEKOTOPBIX KJIaccaX JIUHEHHBIX TOIOJIO-
rudeckux npocrpancts // Uzs. CKHIIBIII. Cep. ecrects. Hayk.—1973.—Ne 4.—C. 44-47.

7. Kopobettank 0. @. HopmabHO pa3penmMble onepaTopsl u auddepeHnnaabable ypaBHEeHNsT 6eCKOHe -
Horo nopsizika // Jluros. mat. ¢6.—1971.—T. XI, Ne 3.—C. 569-596.

8. Illegpep X. Tonomormyeckne BeKTOpHBIE pocTpancTBa.—M.: Mup, 1971.—359 c.

9. Kopobeiinuk 0. @., Enuganos O. B. HopMajbHast pa3penmMocThb OJHOTO Kiaacca aud depeHImaabHbIX
ypaBHeHuit GeckoHeunoro nopsiika // Mar. ¢6.—1971.—T. 84, Ne 3.—C. 379-405.

10. Kopobeiinuk IO. @., /lemuenxo T. . O pa3pemmmMocTy 0JIHOTO KJiacca JuddepeHIuabHbIX Y PaBHEHMIA
6eckoneanoro nopsaaka // Cub. mar. xkKypu.—1967.—T. 8, Ne 6.—C. 1321-1328.

11. Kopobeiinuk FO. @. Hekoropble NIpUMeHEHHUs TEOPUHM HOPMAJIbHO PA3PEIIMMbIX ONEPaTOPOB K jaudde-
PEHIMAIbHLIM yPaBHEHUsIM GecKoHedHoro nopsiaka // Mar. ¢6.—1967.—T. 72, Ne 1.—C. 3-37.

12. Bpayaep @. ®PyHKIMOHAILHBIA aHAJIU3 W yPABHEHUS B YACTHBIX Tpom3Bomubix // C6. mepeBomos
«Maremaruka».—1960.—T. 4 | Ne 3.—C. 79-106.

13. @umman K. M. O cBa3u MeToia GJIM3KUX CUCTEM B CIIEIAAJIBHBIX JIMHEHHBIX TOIOJIOMMYECKUX TPOCTPAH-
CTBax ¢ HEKOTOPBIMH BOIPOCAMH BO3MYIICHWH JIMHEHHBIX OMEPATOPOB B GAHAXOBBIX IIPOCTPAHCTBAX //
Hoxkis. AH CCCP.—1958.—T. 122, Ne 1.—C. 22-25.

14. Przevorska-Rolewicz D. and Rolewicz S. Remarks on ®-operators in linear topological spaces // Prace
Matem.—1965.—V. IX, Ne 1.—Seria I.—P. 91-94.

15. INamamonos B. II. Tomosoruyeckue METOABI B TEOPHUHU JIOKAIBHO BBIILYKJIbIX IPOCTPAHCTB // Ycnexu Mar.
nayk.—1971.—T. 26, Ne 1.—C. 3-65.

16. Kopobeitauk FO. @. O 1menpix aHAJIUTAIECKUAX PEIEHUSX YpaBHEHMI GECKOHEYHOTO MOPSIKA C MHOTO-
wineHHbiME Kodpdunuentamu // doka. AH CCCP.—1964.—T. 157, Ne 5.—C. 1031-1034.

17. Kopobeiinuk 0. @. Ananurrdeckue pelleHns! OlEPATOPHBIX ypaBHEHUI GeCKoHedHOro mopsiaka. Jluc.
IOKTOpa dhus.-maT. HayK.—Pocros-na-llony, 1965.—335 c.

18. Emnucpanos O. B. Oueparopsl cBepTky 1 uddepeHnnaibHble OlepaTopbl 6ECKOHEYHOrO MTOPsIIKA B IIPO-
CTpaHCTBaX aHAJUTUYIECKUX DyHKImit. ABropedepar muc. ... JokTopa dus.-mar. HayK.— Kues, 1990.—
26 c.

19. Kpeiin M. I'. uTerpasibHble ypaBHEHUS Ha MOIYIIPSAMOM C sIIPOM, 3aBUCAIIAM OT PA3HOCTH apryMeH-
ToB // Yenexu mart. mHayk.—1958.—T. 13, Bemm. 5.—C. 3-120.

20. van der Steen P. On differential operators of infinite order.—Delft, 1968.—101 p.

21. Kopobeiinuk FO. @., /lemuenxo T. H. K Bonpocy o paspemmmocTy JIMHERHBIX JuddepeHIuaibHbIX
yPaBHEHHI B IIPOCTPAHCTBax aHajurTudeckux GyHkuwmii // dud. ypasnenus.—1971.—T. VII, Ne 9.—
C. 1639-1648.

22. Kopobeiinnk FO. @. O6 oxHOM Kjlacce ypaBHEHUN GECKOHEUHOI'O IMOPsifiKa B OOODIIEHHBIX ITPOU3BOJI-
HbIX // JIutos. mar. ¢6.—1964.—T. IV, Ne 4.—C. 497-515.

23. Kopobeiinuk FO. @. O6 oneparopax 06061eHHOr0 muddepeHnnpoBaHusi, TPUMEHUMBIX K JIIO00N aHa-
surryaeckoit dyukunu // Uss. AH CCCP. Cep. mar.—1964.—T. 28, Ne 4.—C. 833-854.



O mpuMeHeHHH Teopud BO3MYIIEHUH HOPMAJIbHO Pa3PEIUMbIX OIEPATOPOB 2-T7

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

Bpaiiues I'. I. O paszpemmMocTy ypaBHEHHII B YACTHBIX IPOM3BOAHBIX OECKOHEYHOI'O MOPSI/IKA B HEKO-
TOPBIX Kjaccax neiabix dbyakuui // Mart. 3amerkn.—1976.—T. 19, Ne 2.—C. 225-236.

Kopobeitank 0. @. HopmaimbHast pa3pemmnMocTsh JUHEHHBIX TuddepeHnnaabHbIX YPABHEHU B KOM-
mtekcuoit obiacru // M. AH CCCP. Cep. mar.—1972.—T. 36, Ne 2.—C. 450-471.

Kopob6eitauk FO. @. 3ameuanue K moeii ctarbe « HopMmasibHasi pa3penmMocTb JUHERHBIX auddepeHIm-
AJBHBIX yPaBHEHUH B KOMILIeKCcHOH obmactu» // Uss. AH CCCP. Cep. mar.—1973.—T. 37, Ne 1.—C. 247.
Malgrange B. Remarques sur les points singuliers des equations differentielles // C.R. Acad. Sci. Paris.—
1971.—V. 273, Ne 23.—P. 1136-1138.

Enmuganos O. B. Oneparop yMHOXKEHHsI B IPOCTPAHCTBE IEIBIX (DYHKIMI U OMEpaTOpbl CBEPTKHU //
Mar. ¢6.—1983.—T. 120, Ne 4.—C. 505-527.

Enucgpanos O. B. JluddepeHnuaibHbIil oniepaTop OGECKOHEYHOrO TOPsiIKA B IPOCTPAHCTBAX IIEJIBIX
dbyuxmii sxkcnoreanmanbaoro tuma // Cub. mar. xkypu.—1974.—T. 15, Ne 5.—C. 787-796.

Enuganos O. B. HopmasbHas pazpemuMocTsb AuddepeHIuaibHOrO olepaTopa B HEKOTOPBIX KJIACCaX
neasix dyaxuuit // Cub. mar. xypu.—1975.—T. 16, Ne 4.—C. 714-721.

Jlesura B. 5. Pacupenenenne kopueit memabix dyukmumit.—M.: [ocrexuzgar, 1956.—632 c.

Enudganos O. B. JuddepeHnuaibHblii OepaTop ¢ MOJIMHOMUAIBHBIMUA KO3MMUIUEHTAMA B KJIACCAX
nesbix byHKIM ¢ 3aaHHO# oneHKoM nHaukatopa // Mar. C6.—1981.—T. 114, Ne 1.—C. 85-109.
Emudganos O. B., Kopobeiinnk FO. @. HopmasbHas pa3permmMoCcTb JHHEHHBIX auddepeHInaibHbIX
onepatopos Geckoreunoro nopsaaxa // Tp. Mar. ua-ra AH CCCP um. B. A. Crekisosa «Teopus dbyHK-
nmit u cMerxkHble Bonpockrs.— 1. 180.— M.: Hayka.—1987.—C. 110-112.

Cmamvsa nocmynuaa 12 noabps 2004 e.

KoprobEliHUK FOPuit ®EJOPOBUY, 1. ].-M. H.
r. PoctoB, PocToBCcKmit rocy1apCTBEHHDBIM YHUBEPCUTET
E-mail: kor@math.rsu.ru



