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Awnnoranus. B pabore paccmarpuBaioTcs mpocTpaHCTBA yabTpagud dbepermupyemMbrx dyHakimit Bepimna-
ra HOPMaJIbHOTO THIIA HA 9HC/IOBON MPSMOii, 3aaBaeMble BECAMU OIIPEIEeIeHHOTO BUIA. Y KA3aHHBIE TIPO-
CTPAHCTBA MPEACTABIISIOT CO00i 0600IIeHHbIE IPOEKTUBHEBIE AHAJIOTH N3BECTHHIX KjaccoB 2Kespe. B mam-
HBIX TPOCTPAHCTBAX UCCIIEYETCA HEOMHOPOAHOE ypasHenue ceeprku (muddepernuansaoe ypasaenue Gec-
KOHEYIHOTO MOPAJIKA C MOCTOTHHBIME KO3(bhUITMEHTaM™M ), OTIPEIEITEMOE CAMBOIOM, UMEIOITAM TOJIBKO IIPO-
CThI€ HYJIU U YAOBJIETBOPAIONIUM €CTECTBEHHBIM OTPAHUYIECHUAM DPOCTA. HO HYJIIdM CUMBOJIa B ABHOM BUJIE
CTPOUTCA CUMMETPpHUYIHaA IIOCTeI0BATEJIbHOCTh TOYEK ,I[eI./JICTBI/ITe.TIbHOI./JI OCH, B KOTOPBIX MOIYJIb CHUMBOJIAQ
WIMeeT MOIXOISIIYIO OMeHKY CHu3Y. IlocTpoeHHast mOCIe10BATETbHOCT OPOKIAeT a0COTIOTHO TIPeICTaB-
JIAIOIMYIO CUCTEMY 3KCIIOHEHT C MHUMBIMU IMOKa3aTEJIAMNU B PaCCMaTPUBAEMOM TIPOCTPAHCTBE. STO 103~
BOJILAET PA3/IOZKUTH IIPAaBYIO YaCTh HUCC/JAEAYEMOI'0O YPDaBHEHUA B a6CO.TIIOTHO CXO,I[HHII/IﬁCfI P4 IO yKa3aH-
HOII cucTeMe M BBIINCATH YaCTHOEe penrenrue ypaBHEHUA TaKzKe B BHIE a6CO.TIIOTHO CXOodnierocd pdnaa,
k03¢ GUIMEHTH KOTOPOT0, eCTECTBEHHO, OMPEIE/ISIOTCS MPABOH YacThIO ypaBHeHUs. B 3ToM 3akio9aer-
Cs OCHOBHOU pe3ysbTar paboTsl. /J0Ka3aTenrbCcTBO CYNIECTBEHHBIM 00PAa30M OMUPAETCS HA AHAJIOTUIHBIE
pe3yabTaThl, HOMydeHHbIe PaHee B CIydae IIPOCTPAHCTB Ha KOHEYHOM WHTepBasle, a TaKxXe Ha CBOHCTBO
YCTOMYMBOCTH €200 JOCTATOYMHBIX MHOXKECTB M abCOJIIOTHO MIPEICTABISIONNX cucTeM. B pabore mpuso-
AdTCA KOHKPETHBIE IIPUMEPBI IIOCTPOEHUA Hy)KHOfI II0C/JI1€10BATE/IbHOCTHU TOYEK.
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1. BBenenue

[Iycrb w — BecoBas dyukiums, @), — compsikennag mo Hury ¢ ¢, (z) = w(e®). Ipo-
crpanctsom yabrpaguddepennupyevbrx dynkuumit (VIP) Bepaunra nopmansHoro trna Ha

TUCJIOBOM TIPSIMOI, 33/TaBAEMBIM BECOM W, HA3BIBAETCS CJIEITYIONIEe MPOCTPAHCTBO HECKOHETHO
nuddepeHIupyeMbix KOMILIEKCHO3HAUHBIX yHKIM HA R:

EL(R) = {f € C®(R) : |f|wgi = sup sup M <oo (Vge(0,1),VIe (0,00))}.
@) P eN z1<1 €xP a2l (7/9)
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[Ipocrparcrea Y/IP HopMmaspHOro Tuma (Kak HA YHCAOBON MpPSMOl, TaK W HA KOHEU-
HOM MHTEPBAJIE) JOCTATOYHO aKTUBHO m3ydarorcsa B nociaemane 10-15 ner. Oguum u3 ocHOB-
HBIX HAaITPABJIEHNN IBJISETCS NCCJIeIOBAHNE YPABHEHNI CBePTKY B YKA3AHHBIX TPOCTPAHCTBAX.
B uacruocrn, B é”((lﬂ) (R) x HacrosimeMy BpeMeHM TMOJHOCTBLIO n3ydena (cm. [1]) 3agada o pas-
PEIUMOCTH HEOTHOPOTHOTO yPAaBHEHUS CBEPTKU

T.f =g (1)

3nech 1, — omepaTop CBepTKH, JeHCTBYIOMUIl JUHEHHO U HEeIpPepLIBHO B éa(i}) (R); p — ero
CHMBOJI, T. €. Tiefas (DYHKIWS, YIOBIETBOPSIONIAs OMpeIeeHHbIM YCAOBUSIM pPOCTa. 3aTeM
B pabotre [2] paccmarpuBaJicst BOIIPOC 0 4aCTHOM pereHnn ypasHenusi (1) onpejeseHHOro Bu-
ma. Umenno, mo cumBosy g ypasHenus (1) cTpomaach MOCTeI0BATEIBHOCTH TOUEK (1/]-);?‘;1
JIeACTBUTEILHON U MHUMOI OCH TaK, UTOOBI cHCTeMa {e j €N } ObL1a ADCOTIOTHO
npescrasisionieit cucremoii (AIIC) B é”(}u) (R) w arober st |pu(v;)], 7 € N, BoImonHAINCH MO

—iv;T

XOJIAIINE OTEHKU CHU3Y. DTO MO3BOJIUIIO YCTAHOBUTE, UTO €CJIU TPaBasi 9acTh g ypaBuerus (1)

pa3jIokeHa B aDCOIOTHO CXOISIIUIACS Psi/T Z;’il gje*i”j””7 TO (PYHKIUST
f — J e Wi (2)
JZ‘; (V)

SABJISIETCS pemenneM ypasHenus: (1) B mpocrpancTse & L) (R). EcrecrBeHHBIM HEIOCTATKOM
pesysIbTaToB paboThl [2] MOXKHO CUMTATH TO, YTO CHCTeMa TO4eK (V;)72; CTPOMTCA HEKOH-
CTPYKTHBHO. BbI3BaHO 9TO TeM, 4To B [2] paccmarpuBaercs ciaydail mpou3BOJILHOIO BECa w.
B wacrosimeit pabore mcciaeayeTcs BayKHBI C TOUKW 3PEHUs MPUIOKEHUN Caydail Be-
coB w(t) = t*M rue p(t) — p € (0,1) — HEKOTOPDIit yTOUHEHAEDI TOPsTOK. COOTBETCTBYIONIIE
IIPOCTPAHCTBA @@(L) (R) npezcrasisitor coboit 0600IIEHHbBIE TTPOEKTHBHBIE aHAJIOTN M3BECTHBIX
kaccos ZKespe. I3BeCTHO, 9TO B 9TUX MPOCTPAHCTBAX BCE YPABHEHUS CBEPTKU MPEICTABIAIOT
coboit quddepeniuaibHbe ypaBHeHnS OECKOHETHOTO MOPSATKA, C MOCTOAHHBIMU KO3 utimen-

> af® =g (3)
k=0

OcHoBHO#T pe3yabTar paboThl 3aKJIOYAETC B SBHOM MOCTPOEHUHU TIOC/IEI0BATETHHO-
oo
cru (v) 521, KOTOpast IIO3BOJISAET BBIIACATH TACTHOE PENICHHe yPABHEHNUsI (3) B BUZE (2). 3a-
MeTHM, 9TO TOYKM V; BBHIOMPAIOTCA CHMMETPUYHO Ha JleficTBUTebHOM ocu. lokasaTenbcTBo
6a3upyeTcs Ha aHAJIOTHYHBIX pe3yabrarax u3 [3|, MoaydeHHBIX I CJIydasl KOHEYHOTO WH-

TepBaIa, a TaKyXKe Ha CBOICTBE ycToitumBocTu c1abo mocrarounnix muoxkects (CJIM) u ATIC
u3 [4].

TaMH

2. llpenBapuTesbHbIE CBEIEHUSI

B macrostmem maparpade comepskarcs Bce HEeOOXOAMMBIE CBEIEHWsT 0 PACCMATPUBAEMBIX
MPOCTPAHCTBAX W OMEPaATOpaxX CBEPTKH B HuX. Kpome TOro, MpUBOAATCS HEKOTOPHIE TTOHSITHS
u daxrel u3 Teopun CAM u ATIC, myKHBIE [/ TaabHERTIIErO.

Haumem ¢ 6ostee moapo6HOTO ONpeesIeHnsT UCCIeIyeMbIX MPOCTPAHCTB. HamoMHuIM, 91O
HACTOSAIIAA PaboTa TOCBAIIEHA, MPOCTPAHCTBAM é”((lﬂ) (R) VI® Bepsmtara HOpMaJbLHOTO THITA

HA, YHCIOBOH TPsIMOiL, mopoxkaaembiM Becamn w(t) = PO, p(t) — p € (0,1) — HeKoTOPLIH
YTOYHEHHBIH TOpsgoK. OQHAKO It YA00CTBA U3JI0XKEHUST Mbl BBEJIEM TPOCTPAHCTBA B CJIyUae
IIPOM3BOJIBHOTO BECA W W HA MPOM3BOJBLHOM HHTEDPBAJIE.
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Nrak, mycrb w — HeKBa3MAHAJUTHYECKAs BecoBasi (MDYHKINS, T. €. HEIPEPLIBHAS HEOT-
punarenbHasi HeybbiBaomias (yHkipus Ha [0,00), obagaromas onpeieJeHHbIMA CBOHCTBA-
mu (cum. [3]). [omoxknm w(z) == w(|z]), 2 € C; g, () == w(e”), z = 0; ¢ (y) = sup{zy—p,(z) :
x = 0}, y > 0. Jna 3agansoii Besmanasl 0 < a < 0o onpezpennm npocmpancmeo YD Bep-
AUH2G HOPMAALHO20 muna Ha nHTepBate I = (—a,a) (KOTOPBIl MOXKeT ObITH KaK KOHEIHBIM,
TaK 1 OECKOHEYHBIM):

Euy(D) ={f €CPU) : |flugi <oo (Vg€ (0,1),VI€ (0,a))}.

Bennuanna |fly,4; Obl1a onpenenena Bo BBemenun. IIpocTparcTso é”((lﬂ) (I) mamensiercst ecre-
CTBEHHOIi TOmoJIOTHel, 3amaBaemoii nabopom mpextop™ {| - |wq1 1 ¢ € (0,1),1 € (0,a)},
u gBagercs ¢ meii (FS)-mpocrpancrBom (M. [5]).

CuabHOE CONpsizKeHHOE TTPOCTPAHCTBO (‘9@(}0) (I ))IB nocpeacTBoM npeobpazopanng Oypbe —
Jlamnaca GyHKIIMOHATOB

;L .
F:pe (é”(ij)(l)) = P(2) = @ (e7%), z€C,
peanmsyercst (cM. [6]) B Buje CIIeyIoIero BeCOBOro MpoCTPAHCTBA HEIbIX (DyHKIHIT:
1
H,y,= U U Hoqn
g€(0,1) 1€(0,a)

rje

) o )
Hyq1= {f € H(C) : || fllw,qr = igg exp (qw(z) + 1| Tm z)) } <o

IIpocrpanctBo H (1w)7 ; HAJendeTcs eCTeCTBEHHON WHIYKTHBHOM TOIOJIOTHE# U OTHOCHUTCS
k kiaccy (DFS)-npocrpancrs (cum. [5]).

Onepamop ceepmuxu T, B IpocTpaHCTBe éa(t) (I) ompenensiercst Kak COTPSIKEHHBIN K OTe-
paropy ymuOKenua A, : f — pf, geiictByromemy B mpocTpancTse H (1w)7 ;- Cumeon p mpes-
cTaBjsgeT cobOi Tenyio (DYHKIUIO, ABJISIONIYIOCS MYJIBTUILINKATOPOM MpOCTpaHCTBa H. (1w) I
B obmewm ciyuae geiictsue onepaTopa 1), na GyHKIUR 13 éa(t)(l ) OTIpeJIe/ISIeTCsT PABEHCTBOM

(Tuf)(2) = (Y, flx +)), zel, fed,d)

— !/

Bnech 1, = F~1(u) € (éa(ij)(l)) .
Msgecrro (cum. [3] u Gubnorpadumio tam), 4ro ecan nenas Gyakumst 1(2) = Yoo ax(—1i)
ABJIAETCS CUALHOLM MYALMUNAUKGMOPOM TIPOCTPAHCTBA H, (1w) ;> T. €. YJIOBJIETBOPSIET YCIOBHIO

)

kzk

sup [1(2) <oo (Ve>0),
2eC ecw(z)

To omepaTop 1), pejcrapager coboit nuddepeHnnaIbHEIL omepaTop GECKOHEYHOr0 MOpAIKa
) _ 0o k 1
c nocrosmbivm koadbdummentavu: Ty, f = > 50 jar f*), f € @@(w)(I).

B zaksiouenne maparpada npuBegeM HeoOXoauMble cBemerus, Kacaormmecs CJIM, ATIC n
cBsi3n MeX 1y HuMu. B coorsercrun ¢ [7], mocsiemoBaresbHOCTD (xj);?‘;l 9JIEMEHTOB JIOKAJTHHO
BBIMTYKJIOTO TipocTpancTBa F naswiBaerca AIIC B E,| ecin mio6oii aeMenT € F pacK/iaibl-

. _ o . .
BaeTCs B abCOJIFOTHO CXOIAIIUIIC Pl & = ) o1 CiT-
Haee, mycTh 3a/JaHbl HOPMUPOBAHHBIE TTPOCTPAHCTBA TEIBIX (DYHKITAN

Hy = {f e HECN): ||l = sup —LE_ . oo}, keN,
SR exp on(2)
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rie 0 < ¢ < Y1 < 00, k € N, — Heroropble 3aganuble yHKIMU. Torna MOXKHO BBECTH
npocrpanctso H = UP2 | Hy m HajeamTh ero Tomnojiorueit MHAyKTUBHOTO Tipeiena indy Hy.
Muoxectso S C CV maseaercs caabo docmamounwm aas H (cum. [8]), ecn mexoqmast To-
nostorus indy Hy cosmajaer ¢ tomosorueit indy Hy.g WHIYKTUBHOTO IIpejiesia IOJTyHOPMUPO-
BaHHBIX MTPOCTPAHCTB

His = {f € HEC) - |If ] = supLEL o oo}, -~
25 exp vk (2)

Pesynbrar o ceszu ATIC u CIIM comepxkurcst, Hanpumep, B [9, reopema K].
3. OcHOBHOI1 pe3yabTaT

Urak, Mbl GymeM HCCIeI0BAaTh HEOTHOPOSHOe ypasHemne cBeprku 1), f = g B mpocTpan-
crBe é”(‘lﬂ) (R), 3amaaevon Becom w(t) = tP4 | p(t) — p € (0,1) — HEKOTOPBIiT yTOTHEHHbII

nopsiok. ITonoxum p(z) := p(|z]), z € C. Hanmomunm, 9T0 B COOTBETCTBUY C BBEIEHHBIMU
BBIIITE 0003HAMEHUSIMHA, (éaéu) (R))ﬁ o~ H(lw) R

k

Byzewm npenonarars, 9ro cuMBoi p(z) = > o g ak(—1) 2F paccmarpuBaeMoro ypasHeHmst

3a/aH CBOMMU TIPOCTHIMU HYJIAMMN:

u(z)zﬁ(l—i), Al 1 00

s=1
IpruYeM NOCTIeT0BATEIbHOCTD HyJell YIOBIEeTBOPSET YCIOBHUIO

) s

e O (4)
Pagencrro (4) obecriednBaer T0, 4TO [ MMeET HyJIEBOH THII MpH Topsizike p(T), & 3HAYWT, SIB-
JIFeTCA CUTBHBIM MYJIBTHILIAKATOPOM ITPOCTPAHCTBA H(lw)’R. COOTBETCTBEHHO, MCCIEILYyEMOe
ypaBHEHUE CBEPTKU MPEICTaBJIAeT Co00i muddepeHuabHOe ypaBHEHEe DECKOHETHOTO IT0-
psijika ¢ MOCTOAHHBbIME Kodhdunmentamu (3).

Bynem rakske caurarh, 9TO HOCIEA0BATEIBHOCTE (As) 0bpasyer R-muoxecrso (cm. [10]):
TOYKH \g PACIIONOKEHBI BHYTPH YIJIOB C OOINEil BEPIINHON B HAYaIe KOOPANHAT, HE NMEOIIIX
JPYTUX OOIIUX TOUEK, MPUIEM eCJIN MEPeHyMepOBATh TOUKH MHOXKeCTBa (Ag) BHYTpH JIIOOOTO
"3 3TUX YIVIOB B TMMOPAJKE BO3PACTAHUA UX MO;[yJIeI‘/’I, TO IOJId TOYEK, MOMaBIMUX BHYTPb OJHOTO
yria,

Aor1] = |As| > X' P)) seN, d>o. (5)

IIpu 5TOM 4t Gy/IeT UMETD BIIOJIHE PEryJISPHBLA POCT IPH MOPsiAKe p(7), TaK 9TO BHE HEKOTOPOTO
HCK/IIOYUTEILHOr0 MHOXKecTBa KPYKKoB Cs = {2 @ |2 — A\s| < 75}, s € N, Oyzer BuimonssaTses
ACHMIITOTHYECKOE DABEHCTBO
In |pu(z
()

Z—00 |Z|P(Z)

~0. (6)

BaMernM, 9TO B pacCMATPUBAEMOM CJIydae B KA9eCTBE PAIMYCOB TI's HCKIIOYATETBHBIX KPY K-
KOB MOXKHO B3sTh Jif00oe bukcuposannoe uuciao v > 0 (cm. [11, 3ameuanne nociae teope-
mbl 1.2.6]). B cuiy [1, reopema 2|, mannoe yciopue obecriednpBaer TO, 9TO ypasHenue (3)
Pa3peImMo B MPOCTPAHCTBE éa(}d) (R) mpu sro6oit mpasoit wactu g € éa((lﬂ) (R).

Ha ocHOBaHWM T€PEUUC/IEHHBIX CBOMCTE (QDYHKIUM [, MOCTPOUM BO3PACTAIONLYIO MOCIIE-
JOBATELHOCTD (1/5)32) TMOMOKUTETBHBIX HCEN, KOTOpas Oy/IeT MOPOKIaTh B MPOCTPAHCTEE
éa(}d) (R) AIIC skcmonenT {eqti"fx};il.
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Ipu kaxaom p € N Bossmem umcio P) tak, 9ToGHI BBIHOJIHHJII/ICI) CTIeIyIOIIne YCJIO-

B ’y(p) < %, ’y(p‘H) < ’y(p); UCKJTIOUNTETbHBIE KPYKKI C = {z |z — As|] < ’y(p)},

s =1,2,..., BHE KOTOPBIX BBITOJHSAETCS paBeHcTBo (6), momapHo He nepecekaiorcsa. PaccMor-

puM dyukIimio sin 2Pz u ee HOJ‘[O)KI/ITGJ‘[I)HBIG wymm Gy, n € N. Pazobrem mx Ha jBe BO3pac-

(»)

TAIOIINe TOC/IeI0BATETHFHOCTH { ,{2 Yo ( ), né ), ... TIO TTPABUJIY: TOUKN +7);

») ’
—{f

HE II0IIa-

JAIT B UCKJIIOUATEIbHBbIE KPYXKKHA Cép ), a { ;A IONaIaloT B Cép ), Bynem caunrars,

YTO TOYEK §J(.p ) Gecromeo MHOT0, ITOCKOJIbKY 3TO Haubosee ciaoxkuasi curyanus. [lomoxum

KR ={z: 276V <4®}, jeN.
Hamee, mwa ocHoBamunm teopembl 1.2.3 wu3 [11] BBI,Z[eJII/IM I/I3 MIOCJIEe/IOBATEILHOCTA

(ﬁ + g—g)le TIOJITIOCIEIOBATETHLHOCTE (() (p )) ° | TAKyio, UTO :l:( gé U, Cs(p ), 71T KOTOPOit

. k 1 7p
lim —— = = 18
(6”)

17((17))
c,if’ﬁl—c,ip)>dp(,§p’) T keN, dy >0,

HpHSTOMC §£U ]i,kEN

[TocTpoennbie moc/ie10BaTETHHOCTH (77,(€ )k L u (Ck )k | O0beMHSAEM B OJIHY BO3PACTArO-

(p))
J=

. \p
HIYIO TTOC/IeI0BATEIHHOCTD ( . IIpu srom cucrema {1 et 36};”;1 oyner ATIC B nipo-

CTpaHCTBe @@(}U) (I®), rre 1) = (—2p ,2P) (6osiee mogpo6HO 06 ITOM CM. HUXKE B J0KA3ATeIb-
(p)

cree emmbl 1). Kpome Toro, Bce Toukn :I:l/ JIe’KAQT BHE MCKJIIOYUTE/IBHBIX KPYXKKOB Cs(p ),

OrMeruM HEKOTOpbIE OYEeBUJIHBbIE CBOWCTBA, IOC/IEI0BATE/ILHOCTER (l/(p )) _1» p € N. Bo-

(p))?il C (V(p+1) o0

¢ )jzl, p € N. aree, eciu 0603naunts wepes nP)(r),

r > (0, KOTUIeCTBO 3/JIEMEHTOB MMOC/IeOBATETHHOCTH (I/J(.p )

MepBbIX, TOHATHO, UTO (l/j

oo
)j:l Ha npomexxytke (0,7], To

(»)
limsupw <oo, peN.

T—00

HeiicTrBuTesibHO, Ha JIOOOM TOJyHHTEDPBAJIE JJINHONW T KOJNYECTBO 3JIEMEHTOB TI0C/Ie[0BATE /b=

HOCTH (y(.p));il we npesbrmaer 2P Cremosarensno, ecmm Ir < r < (I + )7, I € N, 1o

J
n®)(r)y < (1 +1)2P+ < < (£ +1)2PF. Takum o6paszom, limsup,_, ., n(p;(r) < ? < 00

Cuenaem ere ozHO T10J1e3HOe 3amedanne. [ToHATHO, 9TO ecin Hyim Ag cuMBoga pu(z) or-
FpaHUYeHbl OT JeUCTBUTE/JBLHON OCH, T. €. €CJIN

| Tm As| = 0o, s = so, (7)
TO pu KoM p € N B KagecTBe TOUEK n,(gp ) MOMKHO B3STE n,(gp ) = 2p , keN.
ITepeiisiem, HaKOHeI, K TMOCTPOEHMIO MCKOMOit mocienoBaTenbHocTH (v5)72. Bosbmem

1)\oo
9JIEMEHTHI  TTOC/IEOBATETHHOCTH (1/]( ))jzl, nexkamue Ha npomexyrtke (0,017 (HATYpaTH-
aele ancia l; < ly < ... OyayT BbIOpaHBI HWXKE). 3aHyMepyeM WX M0 BO3DACTAHUIO:

(2)yo0
V1,...,Vj . 3aTeM BbIOepeM 3JeMeHTBHI II0C/Ie0BaTeIbHOCTI (l/j )jzl’ MoTa/Ialoine Ha Mpo-

MEXKYTOK (lﬂr, (I + lg)ﬂ], 1 0003HAYNUM UX Vj 41,...,Vj,. Janee, mycTb Vj,41,...,Vj; — 3a-

3)\ oo
HyMepOBaHHBIE II0O BO3PDAaCTaHHIO 3JIEMEHTLI IIOCJIE€0BATEJIBHOCTH (V]( ))j—l U3 IIPpOMEZKYTKa
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((l1 + lo)m, (I + 2 + l3)7T]. [IpomonzKkas 3TOT mpolece Hajee, MOJIYUUM BO3PACTAIOILYIO IIO-
CJ1e/I0BATE/IbHOCTD (l/j);?’;l [OJIOZKUTEILHBIX Ynces. 1Ipu 3TOM 110 IIOCTPOEHMI0 KaKJas I10-
CJ1e/I0BATE/IbHOCTD (l/](-p ))?il, p € N, 3a MCKIIOUEeHNEeM KOHEYHOTrO YHC/Ia 3JIEMEHTOB Oyaer
MOITOCIEIOBATEIHLHOCTBIO TTOCIEI0BATEIHHOCTHI (Z/j);?‘;l.
HAXOUTHCS BHE UCKIIOUATEIBHBIX KPYKKOB (hyHKINH 1. Clie0BaTeIbHO, /I KazKI0ro € > 0
maiinerca Homep j(e) € N rakoii, aro

Kpowme rToro, Bce Touku £v; OyayT

()] = exp { — Y G > e). 8)

OTMeTnM eme OZHO IMOJIE3HOE CBOMCTBO IMOCJIEI0BATEILHOCTH (Z/j);?‘;l. Nwmenno, omeHnM
BesTuiy 1(r) — KOJHYeCTBO 3/71eMEHTOB [OC/Ie10BaTe bHOCTH (15)72 1 Ha mpomexkyTke (0,7].

Bacduxcupyem r > [y u Haiizem p € N Takoe, 4ro Z?;} Lm < r < YE_ lym. Torma n(r) <
>l 20t L p-1;- 2P TIpwm sTom 1 > Z?;} Lim > 1,1 -7 > lp—1. VIcXozst U3 MOy 9eHHBIX
OTeHOK, YHCTa [, momdbepeM Tak, YTOOBI

im 2 _ o (ve>0). 9)

r—oo rlte -
2
Bosemewm, nanpuwmep, I, = 2. Torza

n(r) _p- 2p” . op+1
rlte = 9(l+e)(p—1)2

—ep24-3p+-2pe—
=p.2 TR L0 p o0,

TaK 9To ycaoBue (9) BBITOTHEHO.
[Ipex e gem mepexoanTh K OCHOBHBIM PE3y/IbTaTaM PadOThI, IPUBEIEM KOHKPETHBIN Tpu-
Mep TIOCTPOEHHUs OCIe0BATeNBHOCTH (1) ;.

[TpuMEP 1. [Tycrs w(t) = t3. Hynu (A\s)22; cumBona pu(z) =[50 (1—)\%) YZIOBJIETBOPSIIOT
yemosuam (5), (6) u (7). Torma MOKHO B34TH
w 7k T n[2PTk?]

mr (p) _
M _2p’ Ck _22p+ op s kEN,pGN.

31ech, Kak 00bIYHO, Yepes [x] obo3HaueHa 1eiast 9acTh Yucjia x. [locse 3Toro mocieqoBaresib-

HOCTD (Z/j);-)il CTPOUTCS U3 TOUEK n,gp ) C,gp ), k € N, p € N, ykazaHHBIM BBIIIIE CITIOCOOOM.

JIoKazkeM CJIeTyIONLy 0 OCHOBHYTO JIEMMY.
Jlemma 1. Cucrema sKcrioHenT {ejFi”J'x}?il aeasercs ATIC B npocrpancTse ‘9@(}0) (R), a
muOKecTBO S = {+v; : j € N} cimabo gocrarouno s H (1w) R

< okazaresabcTBo 6a3upyercst Ha aHAJIOMMIHOM pesyibrare u3 [3], rae 6bu10 dhakTnaecku
:Fil/](-p)

o0
MMOKA3aHO, 9TO mpu KaxkgaoMm p € N cucrema {1, e 36}].:1 seyisiercss ATIC B mpocTpascTBe

@@(}U) (I®), rre 1P = (—2P,2P). Jlnst TOrO B yKasaHHOH paboTe MPOBEPSLIOCH M3BECTHOE
nocrarounoe yeaosue AIIC u3 [12, reopema 3|. Mmenno, npu dukcuposanrom p € N Gbuia

nocrpoena tenas byakmus L(z) = Li(z) - La(z), tae

L1(2) :2pzﬁ (1— (fTiy) Lo(z) = ﬁ (1— ﬁi)g)

k=1 M k=1

obsrasaionias onpegeseHHbIME cBoiicrBamu (cMm. [3, § 6; ceoiicrsa (A), (B) u (I')]). U3 sroro
Vjp x}OO

B 3] 6BLT caes1aH OMUOOYHBI, 0 BCEil BEPOATHOCTH, BBIBOZ, O TOM, UTO CHCTEMA, {e_’ i1
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apisiercss AIIC B & L)(I (P)). OByCI0BIEHO STO HETOYHOCTHIO B OCTATOTHOMN TACTH TEOPEMBI 3

u3 [12]. Umenno, y dbyurnun L(z) moMumMo To4ek, bUTYPUPYOMUX B MOKA3ATEISIX IKCIIO-
HEHT, JIPyrux Hyseii O6biTh He 10/kHO. [Tockosbky nocrpoennas B [3] dyukiust L(z) nmeer

(»)

Hym B TOUKax 0, £v; (mpyrux Hyseil y Hee HET), TO MOYKHO FapaHTHPOBATDH, UTO CHCTEMA

., (P)
Fev; O 1 P
{Le™ 7} | Gyner ATIC 8 &, (IP)), pe N.

Cremnaem eme 0HO MOJIE3HOE 3aMedaHne, Kacaoleecs pe3ynbraroB n3 [3]. Herpyano Bu-
nerb, aro ceoiicrea (A), (B) u (') dyukupun L(z) nHBapraHThl OTHOCHTEIBHO JIEJEHWs Ha
MHOTOUIeH. /IpyruMn c0BaMu, eciam STHMH CBOWcTBaMu obaagaer dyHkuusg L(z), To mMu

7 L
xe Oyner obsanarh u dbyaknms L(z) = %, P(z) — mHOroOuWIeH (eCTeCTBEHHO, IPH YCIOBUH,

~ - (P) 1 oo
aro L(z) — nenas dynkius). 1o o3nagaer, aro ecym u3 cucremsr {1,e7"s z}jzl oTOpoCUTH
11060€ KOHETHOe 9HCII0 3/1eMeHToB, T0o oHa ocranercs AIIC B @@(L)(I ().

YauTeIBasg TOJBKO UTO CAEJaHHOE 3aMedaHne W TOT (aKT, 9TO KayKIas MOCTIeT0BATEb-

HOCTBH (V](»p)

1) o0
MTOCIEIOBATETHLHOCTH (l/j)}?il, JIeaeM BBIBOJ, YTO CHCTEMA {ey”ﬂz}jzl oymer ATIC B kax-

o
)j_l, p € N, maunnag ¢ HEKOTOPOTO HOMepa, SIBISIeTCS TOTOCIeT0BATETHHOCTHIO

JIOM I[IPOCTPaHCTBe @@(}U) (I®), p € N. Crenoparensro, B cuny |9, Teopema K|, muoxKecTBO

S = {£v; : j € N} apasercs CIIM a5t KazKI0ro POCTPAHCTBA H(lw)J(p), peN.
Ha ocmoBanmuu coiictsa ycroitunsoctu CIM (cum. [4, Teopema 2|) 3ak/Tiodaem, 9To MHOKE-

c¢TBO S ci1abo mocrarouHo st H (1w) R- ZLeHCTBATEILHO, KaK HETPY/IHO BUJIETh, €CJIH TIOJI0KUTh
b

B Teopeme 2 u3 [4]

hi(z) = qk(w(z) + ]Imz\), z€C, 0<q T1;

-1

b (2) = (2m —2m )]Imz[, z2€C, meN;
TO BCE yCJIOBHMsS YKA3aHHOI TEOPEMbI Oy/yT BBITIOJHEHBI (Jazke B Coydae MPOM3BOJILHOTO Be-
ca w; u, B wacTHOCTH, st w(t) = tP1)). Bamermu, UTo IIPH TOM HEOBXOIUMO BOCIIONB30BATHCS
M3BECTHBIMHU CBOTiCTBAMU BeCOBBIX (byHKIWMil (cMm., Hanpumep, [3, ceoiicTro ()] u [6, HepaBeH-

crBo (5)]).

B sakitouenne caosa npumensiem reopemy K u3 [9] u moydaem, uro cucrema {eﬂ”jx}il
apisiercss AIIC B mpocTpancTse éa(i}) (R). Tem campIv TemMa goKa3aHa. >

JlemMma 1 mMo3BOJISIET PA3IOKUTH MPABYIO YaCTh ypaBHEHUS (3) B aOCOTIOTHO CXOMAIMNCS
pAm MO cucTeme {ejFi” J'x};il U HAWTHW 4YaCTHOE PelleHre JTAHHOTO YPaBHEHUS TAKXKe B BHUJE
psafa To yKa3aHHOI cucTeMe. B 3TOM 3ak/ovaeTcs OCHOBHO# pe3ysibTaT paboThl, KOTOPBIi
[PEJICTABJIEH B CJIEJYIOIIEl TeopeMe.

Teopema 1. ITycrs cumBosr pu(z) ypasaenus (3) yqoBiaeTBopsieT MepedncjaeHHbIM yCIO0BH-
au; (v5)32

j=1 " IIOCTPOEHHAasd ITIOCJIE€/I0OBATE/IbHOCTD ITOJIO2KHTE/IbHBIX YHCEJT. HpG,ZIHOJIO)KHM, qaT1T0

npaBasi 9acTh ypaBHeHus (3) pas/iokeHa B abCOTIOTHO CXOISIIUICS Psijl § = Z;‘;l gjeii” i 4
Zj’;l gj_ei" i*. Torma yHKIHS

o0 [e.9] -

g;_ —iV;T gj T
1= 2 e

J=1 Jj=1

SIBJITETCST TACTHBIM DeIlleHHeM ypaBHeHHst (3) B IPOCTPAHCTBE éa(i}) (R) (mocaemumii psir cxo-
1

JHTCA AOCOMOTHO B &, (R)).

< JToka3aTebCTBO JAHHOTO Pe3y/abTaTa 6a3upyercst Ha HepaseHCcTre (8), a TakKe Ha OlEeH-
KaxX HOpM ‘eqt“’f“”{wa, q € (0,1), 1 € (0,00), uz [6, temma 3|. B mesjom 0HO mpakTHIECKH

JTOCJTOBHO TIOBTOPSIET JOKA3aTEIBCTBO TeopeMbl 1 u3 [3|, mosTomy 37ech MbI ero omyckaem. >
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Abstract. We consider the Beurling spaces of ultradifferentiable functions of mean type on the real axis

determined by special weight functions. These spaces are the general projective analogs of the well-known
Gevrey classes. In these spaces we investigate a nonhomogeneous convolution equation (differential equation
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of infinite order with constant coefficients) generated by the symbol which has only simple zeros and satisfies
some natural growth estimates. Given the zeros of a symbol, a symmetric sequence of real numbers is explicitly
constructed, in each of which the module of the symbol has a suitable lower estimate. This sequence determines
a system of exponentials with imaginary indexes which is absolutely representing in the corresponding space.
This allows us to represent the right-hand side of the equation as an absolutely convergent series with respect
to this system. Then we establish a particular solution of the equation under considering as an absolutely
convergent series with respect to this system, too. The coefficients of the series are naturally determined by
the right-hand side of the equation. The proof is essentially based on the analogous results which were earlier
obtained in the case of spaces on finite interval. We also use the stability property of weakly sufficient sets and
absolutely representing systems. Some concrete examples of constructing the desired sequences are also given
in the paper.

Key words: space of ultradifferentiable functions, nonhomogeneous convolution equation.
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