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HamionanpHauit yHIBEpCUTET BOJIHOTO TOCIOAAPCTBA Ta MPUPOIOKOPUCTYBaHHs, M. PiBHe

J10 O3HAYEHDb MAJKE IIEPIOAMNYHIX OIIEPATOPIB

PosramanyTo knac Maiizke mepioguYHNUX ONEPATOPIB, €TEMEHTH SKOIO MOXKYTb He DyTu Mmaiike

nepioguaauMHu 33 BoxHepoM.

Considered class of almost periodic operators, elements of which may not be for Bochner almost

periodic.

Hexait N — MHOKMHA HATypaabHUX UHCEI,
K — nose R a6o C aiiicnux abo KOMILIEKCHUX
quces BiamoBigHo i F — noBiabpHnit 6aHaXOBUi
npocrip uaza noisem K 3 wopmowo || - ||g. Tlo-
snaganmo udepes OO GamaxoBmit mpocTip obme-
KeHux i HernepepBHuX Ha R dynkuiit © = x(t)
31 3HAYeHHIMHI B F 3 HOPMOIO

lzllco = sup [|z(8)]| e,
teR

a uwepes C", ne n € N, — banaxoBuil 1po-
crip dyukuiit * € C°, juig KOXKHOT 3 SKHX
dx d"x

T € C°, 3 nHopmoIo
[ z]|en =
Izl dx d"x
= max < ||z —1 .= .
I dt || o di™ || o

Y mpocropax C°, C!,..., C™ Bu3HauumMoO
orepaTop 3cyBy Sy, h € R, 3a momomororo cmis-
Bi/THOIITEHHSI

(Spz)(t) =2(t+h), teR.

Oznauennsa 1. Eaemenr y € CF k>0,
HA3WBAEThCS Matorce nepioduynum (3a Box-
HepoM [1]-[3]), gKmo 3aMHKAHHS MHOKHUHH
{Spy : h € R} y mpocropi C* € koMuakTHOIO
1T IMHOZKHHOIO 1[LOTO TIPOCTOPY, TOOTO 3 KOZK-
HOl noctigoBHOCT (Sh,Y),~; MOKHA BHILINTH

36ixkny B CF miamoc i oBHICTS.

MHOXKUHE MaiizKe MepioJuYHHX eJIeMeHTIB
npoctopis C°, C!,..., O™ e migmpocropamu
IUX TPOCTOPIB BiOBITHO 3 HOpMaMu || - ||co,
l“llct, -, || - [|on- Wi mignpocropu Gymemo mo-
smauaru gepes BY, B, ..., B" Biznosigmno.
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Hexait Benla,r| — 3amkuyTa kyna 8 C™ 3
nedTpom y touni a € C™ i pagiycom 7, 100TO
muoxuna {x € C" : ||z — al|cn < 1}

O3zunauenns 2. Oneparop H : C" — C™,
ae n,m € NU{0}, nazuBaerncsa matiorce nepio-
JurHUM, STKITO JJIsT KOXKHUX ejqeMenTa a € C",
ancna v € (0,+00) i mocmimosrocTi (hy),s,
JUACHUX 9mcesNT iCHYe Taka MHiImOC/Ti0BHICTh

(hkl )lZlJ 1o

lim sup
ll~>oo, lQ*)OO IGBCH[

Shll HS*hll r —

a,r]

— SthHS_hl?xHCm = 0.

[le o3HaYeHHs Yy BUMAAKY JiHIITHOTO MaiizKe
mepioaunaHoro omneparopa H piBHOCHIbHE 03-
HaYeHHIO, IO BUKOpHUCTOBYBaaoca E. Myxama-
jieBum [4,5] mpu moctizKeHHI 060POTHOCTI JTi-
HitHUX (DYHKIIOHAJIBHUX OIIEPATOPIB y HPOC-
topi C°.

Ozuauennsa 3. Oneparop H : C" — C™,
e n,m € NU{0}, nazuBaerncsa agmonommum,
akmo S, HS_;, = H nng Beix h € R.

OueBuaHO, IO aBTOHOMHWII omeparop €
MaiizKe TepioIMIHAM Y CeHCl O3HadYeHHS 2.

Posrasnemo wmatiorce nepiodunmi onepamo-
PU, ULO MOACYMB He bymu matioce nepiodud-
HUMU 8 CEHCL 03HAYEHHA 2.

Hexaii C — MHOXKIHA BCIX HEIOPOZKHIX KOM-
naktHuX migmaoxue K C E i R(x) — mHo-
KuHa 3HaueHb GyHkIil r = z(t), T06TO MHO-
xuua {z(t) : t € R}. it KOMOAKTHUX MHO-
xun Ko, Ky,..., K, € K nossmauumo uepes
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D Ky K.k, MHOJKHHY BCiX eneMentis x € C",
AJId KO2KHOI'O 3 AKHUX

R(ZL‘) - KQ,

")

R<i£>CKW

cKi,...,

dtm

BukopucraeMo MHOXKHUHY

U

Ko,K1,....Kn€eK

S, = D Ko K1, K-

15 mmootcuna € nidnpocmopom npocmopy
cr.

Cupasai, gkmo z,y € 6, 1 a € K, 1o, oue-
BUIHO, T + Yy, ax € G,,. Tomy &,, — BeKTOpHHIIA
npoctip. Leit npocTip, 04eBUIHO, TAKOXK € HOP-
MOBAHUM MPOCTOPOM 3 HOPMOIO || - ||cn.

[Tokazkemo, 1o mpoctip &, MOBHHIA, TOO-
TO AJId KOXKHOI'O €JlIeMeHTa T € 6_n MHOZKWHHA

R(z), R (dx) v, 1R <d w) € KOMITAKTHAMHA

dt dtm
MHOYKUHAMH.

Hexait z € G,, 1 € — 1OBUIbHE T0JATHE UHC-
Jjo. Icnye enement w € G,,, 1151 STKOTO

€
Iz = wllen < 5

2
1 ToMy
inf {Ha _blp:aeRG)be R(w)} < g
) dz
inf< |la —bllg:aé€ R(E)’
dw €
b — = ...
ER(ﬁ> <gZro
. dnz
inf < |la —bl|g: a € R(%),
dnw €
be R < -
© ( ain ) >
Hexait M,, M,,..., M, CKIHYeH]

€ .
o CITKH U151 KOMOAKTHIX  MHOKHH R(w),
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dw d™w ) . .
R (%) sy, R ( T ) Bianosimmo. Toal Ha

mijicTaBl MONepeHIX HEPIBHOCTel MHOKUHUI
My, My, ..., M, OyayTh CKiHY€HUMH £-CiTKa-

mu it MHOXKUH R(2), R (dz),..., R (d Z>

dt dtn
Bi/IIIOBITHO.
OTKe, 3aBASIKU JIOBLIBHOCTI BUOOPY HHCTIA

e > 0 muoxkunu R(z), R (%),, R (d"z)

dt dtn
KOMIIaKTHI, 1 &,, — miampocTip 6aHaXx0BOI0O Mpo-
cropy C™.

SpyUYHUMHE I JTOCTIIzKeHHS Maiizke 1mepi-
OJIMIHUX PO3B’I3KiB (DYHKIIOHATBHUX, (DYHK-
ioOHAJIbHO-/ U epeHIiaJbHUX Ta JudepeHili-
AJbHUX PIBHSHb € HACTYIHI O3HAUYeHHs Maii-
JKe TIepioAuYHUX ONEepPaTOpiB, MO BUKOPUCTO-
BYIOTH BJIACTHUBICTH MaiizKe MePIONIHOCTI OTe-
paTopiB Jinire Ha mijgnpocTopi &, mpocTopy
C™ abo Ha MHOXKHHAX D, i, . Kk, C G, 1e
Ko, Ky,...,K, € K.

O3zuauvenns 4. Omepatop H : C" — C™,
e n,m € NU{0}, nazuBaerbcs matioice nepio-
JuvHUM, IKIIO I KOKHUX enementa a € C,
auciaa v € (0,+00) i nocigosnocti (hy),s,
JCHUX 9mcesl ICHye Taka IAHoC/iI0BHICTD
(M )51, WO

lim sup
l1—00, 1200 ye@,,, z€Ben [a,r]

‘Shll HS,hlll' —
— ShbHS_hbeCm =0.

Ozuauennsda 5. Oneparop H : C" — C™,
nen,m € NU {0}, nasuBaerbcs matiorce nepio-
Junnum, KO JJIS  KOKHAX KOMIAKTHHX
MuHOKUH Ko, K1,..., K, € K i nocaigoBaOCTI
(hi))> AlfICHAIX YHCENT iCHY€E HiIOC/IiI0BHICTD
(hky)y>ys W18 AIKOT

lim sup HShkl HS py, 2~
=00, 122900 4eD e k.. K !
_Shkzz HS_h’“lz chm =0

BazHaummo, Mo Maiike MMepioudHi omepa-
TOPH B CEHCI O3HAYEHHS 5 YBEJIEHO B PO3LJISI
aBTOpoM y |6] y BUIAJIKY JAMCKPETHUX DiBHSIHD.
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Matioice nepioduvmni 6 ceHnci 03HAYEHHA 4
abo 5 onepamopu mootcymv He bymu malioce
NEPLOJUNHUMU 8 CEHCT 03HAYEHHA 2.

IMpuknaax 1. Hexait dim £ = oco. 3aBasku
wekomnaktHocti Ky {x € E : ||z]lg < 1}
(nuB., nanpukmaan, [7]) icaye eaement w = w(t)
npoctopy C™, mocaigoBHICTD (A )m>1 AliicHEX
quces 1 gucao p > 0, ama aKkux

inf (P, ) = (b, )| 2 = po-

m1,m2€EN, mi1#mo

BadikcyeMo 10BLIbHUIT BeKTOp @ € E 1 po3-
rigHeMo ejement b = b(t) npocropy C°, nna
axoro b(t) = a nag seix t € R.

Busnaunvo oneparop H : C" — C° pisnic-

TIO
Hx:{

Ou4eBnIHO, 110 el OIIepaTop HE € HEelePePB-
muM Ha C™.
TakoxK 04eBHTHO, IO

b, gaxkmo x € G,
w, axmo x € C"\ &,,.

{ShHS_px :h e Rix € Dk, K} =

= {S,HS hz:heR,z €S, ={b}

s Beix Ko, Ky, ..., K, € K. Tomy onepamop
H ¢ matiorce nepiodudnum ax y ceHct 03Ha%EH-
HA 4, Mak i 6 cenci o3navermnsa 5. Oanax, mei
oTIepaTop He € MaifyKe MepioMIHAM y CeHCl 03-
navyenns 2. Cupasji, 3adikcyeMo JTOBLIbHMI
enement z € C°\ &,,. O4eBuanO, 1O

ShHS,hZ = Sh(.d (1)

qutst Koxkaoro h € R. Tomy
1Shy & = Shny | o =
= sup [|w(t + hm, ) = w(t + by || p =

teR

> Hw(hml) - W(hWQ)HE > Ly

SIKILO 1M 7 M.
Orxke, gkio {Spz : h € R} C Benlb, 7], 1e
r> ||z —w|en, TO

sup r—

rEBcn [b,?“]

| Sh., HS-

himy

—SthHS—thJUHCO > m > 0,
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st Bix my,me € N (my # my). 3Bigcu, i3
cuiBsiguomenns (1) i o3nauenns 2 BUILIUBAE,
o onepamop H wne e matiorce nepioduvnum y
CeHCl 03HAYEHHA 2.

IMpuknan 2. Byaemo Baxkaru, mo F = [y,
Jie 1y — 6anaxoBuit mpocTip 0OMeKeHUX THCII0-

BUX TOCTIIOBHOCTEH 2 = (21,29, ..., Zm, .- -),
oo
JUTsl KOXKHOL 3 SIKUX Y |2,| < 00, 3 HOPMOIO
m=1
o0
2l =) l2ml-
m=1

Posrngnemo HemepepBHY Ta 0oOMexKeHY Ha
R dyuxuio A(t) 3i suavenusvu B L(l1, 1), mo
BU3HAYAETHCS CIIBB1IHOIIEHHSIM

At)z = <eit21, P AL S > . (2)
TyrteRizel.

Jlerko mepesiputu, mo dyukiis A(t) mae
HACTYITHI BJIACTUBOCTI:
D) JA@®) Loy = 1 aos Beix t € R;
2) st koxxuOro 2z € Iy dbyukuia A(t)z € ene-
Mentom npocropy BY;
3) I KOKHUX KOMIAKTHOT MHOKuUHE K C [
i mocaigoBrocTi (hy,)m>1 AifICHUX gwcen icHye
i AnoCiOBHICTD (R, )i>1, /IS SIKUX

lim supsup [|[A (¢t + Ay, ) 2—
kil—oo ek teR

—A(t+ h,) ZHzl =0.

4) dbyukiia A(t) 3i suavenusvu B L(ly, 1) He
€ MajizKe IepioguIHOIO0 B CEHC1 O3HAaUeHH4 1.

Posrisinemo Jrinilinuilt HenepepBHuii omnepa-
top A : C° — C°, mo Bu3HAYAETHCS CIHIBBiI-
HOTITEHHSIM

(Ax)(t) = A(t)x(t), teR,

Leit onepamop ne € matioce nepioduwHuM y
cenct 03naverts 2 1 € matioice neprodusHuUM Y
CEHCTL 03HAYEHHA I.

Cupasni, g gosinpaux h € Riz € C°

(SpAS_nz)(t) = A(t + h)a(t), te€R.

3Bijcu Ha MiACTaBi TPETHOI BJIACTHBOCTI (DYHK-
uii A(t) orpumyemMo, 10 sl KOKHHUX MOCTi-
JOBHOTI (R, )m>1 AlfICHUX dmces1 1 KOMIIAKTHOT
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MHOKHHEH K C [} icHye HiIHOCTIIOBHICTD
(hmz>lzl C (hm)mZh JLJIA AKUX

lim sup  sup||A(t+ hm,) 2(t)—
kyl=00 Lo, R(z)CK teR

“A(t+ hyy) 2(0)],, = 0.

I1e oznauae, mo omeparop A : C° — C° ¢ wmai-
otce NeprodusHUM Y CEHCT 03HAYEHHA I.

Onnak omeparop A He € Maiizke mepioamd-
HuM y cenci oznadenns 2. Cupasii, /s pyHK-
uii w € CY, juia sixoi

(3)

[wllco =1,

w(l)=1e€, 1>1,

(4)
i koxkuOl Mapu (k,l) HATYpAJIbHUX YUCEJ, JIJIs
aKuX k > [, BUKOHYIOTHCS CITiBBiTHOTTEHHS

| SkAS_k — SIAS_|| L(co,coy >

Z ||Sk.AS_kw — SZAS—ZWHll =
=sup ||A(t + k)w(t) — A(t + Dw(t)];, >
teR

> ||A(k—=l+k)w(k—1)—A(k—1+)w(k=1)];, =
= A2k — Der— — A(k)exill, =

— |0/ k=D _ gik/ (D) — | 1| =

2 si 1>O
= 111 — .
Y

3Bijicu BUILIMBAE, 0 onepamop A ne e matioce
neploduYHuUM Y CEHCE 03HAYEHHA 2.

I3 BUKOpuCcTaHHIM O3HAUYEHHA H MOXKHA 3’5-
COBYBATH YMOBH ICHYBaHHS MaiizKe Tepio-
JIMIHUX PO3B’A3KiB 3BUYAiiHUX JnepeHIfiaib-
HUX PiBHSHDb, (DYHKIIOHAJIBbHO-IU(EpEHIiaib-
HUX PIBHAHBb 3araloBajbHOT0, HEHTPAIBHOTO i
BUIEPeZKAIBHOTO THIB (AuB. Kaacudikario
piBHsIHB, HAIpUKIaI, v [8]), a Takoxk piBHSHD
3arajJbHOTO THUIY 3 BIIXUJIBHUM apryMeHTOM,
O 3aJIeKUTh K BiJ Yacy, Tak i BiJi po3B’sa3-
Ky. Yci 1l piBHIHHSA € OKPEMHMH BUTIATKAMHI
3arajibHOI0 (PYHKIIIOHAJILHOI'O PIBHSHHS

Fr=vy, (5)

1e F : C" — C° — maiizke mepiognanuit y ceHci
ozHadenns 5 oneparop iy € BP.
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Bukopucraemo oaun GyHKITIOHAT, BU3HAYE-
HUU HA MHOXKHMHI PO3B’#3KiB I[bOI'O PIBHSHHSI,
o € ejeMeHTamu npoctopy &,,.

Badikcyemo muoxkunau Ko, K, ..., K, € K.
[Mosuaaumo uepes N (F, Ko, K1, ..., K,) mHO-
JKUHY BCIX PO3B’s13KiB piBHsAHHS (D), 11T KOXK-
HOTO 3 JKHX

cKi,...,

[Ipunycrumo, 1o

N(F, Ko, Ki,...,K,) # 2.

Hexaii z* € N(F, Ky, Ky,...,K,) i xia-
merp diam R (z*) muoxkunu R (z*), To6T0 -
cio sup{||zy — x2||p : 1,29 € R(2*)}, me no-
piBuioe (. Posriignemo jgogaTHe YHCIO

’I"(I*,K(),Kl, .. ;Kn) =

= max

d'x*
— cx; € R ,
le{om}sup{||xl ully ( dtl)

yleKl}v

0 ,.%
d’x . . .
Jie i x". 3adikcyeMo MOBLTbHE YHCJIO
e € (0,r(z*, Ko, Ky, ..., K,)].
[Tosmaunmo uepes Q(z*, Ko, K1, ..., Ky, ¢€)
MHOXKUHY BCiX eqeMeHTiB 2z € C", 171 KOXKHO-
r0 3 IKUX

C Ky,...,

|z — z*|lcn > e.
Posriisinemo dpyukIiional
(5(1’*, Ko, K17 ey Kn,E) =

= inf
2€Q(z*,Ko,K1,....Kn,e)

||fZ — F[E*Hco.
CHpaBIL)KyGTbCH HaCTyIIHE TBEPA2KCHH.
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Teopema. frxuwo onepamop F : C" —
C° ¢ wmatiorce nepioduunum Yy cemci 03na-
wenns 5, y € BY, Ko K.,...,K, € K,
z* € N(F, Ko, Ky,...,K,), diam R (%) #0 i

(5(1‘*,K0,K1, .. .,Kn,€) >0

onsa wooernoeo € € (0,r(z*, Ko, K1, ..., K,)),

mo x* € B".

JHoBomnuThcg TeopeMa aHAJOTIUHUM YHHOM,
K 1 Bignosinui TBepKenus crareit |9]-[22].

3a3HaunMO, M0 HABEJIEHI YMOBH iCHYBaHHSI
Majizke mepiogndHuX po3B’s3KiB piBHsHHS (D)
Ha BiaMiHy Big Teopemu Awmepio mpo maiiike
mepiou4Hi pO3B’ga3KH HEIiHIfHUX gudepeH-
miaJbHUX piBHsHB [3,23| HE BUKOPUCTOBYIOTH
H-kiac piBHgHHs (5) Ta YMOBY BiTOKpeMmie-
HOCTI pO3B’43KiB piBHIHb H-KJIacy IIbOTO PiB-
HSIHHSI.
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