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HamionanmsHauit yHIBEpCUTET BOJHOTO TOCIOAAPCTBA Ta MPUPOIOKOPHUCTYBaHHs, PiBHe

KPUTEPIN ICHYBAHHSA
MANMNZKE ITEPIOMNYHNUX PO3B’43KIB HEJIIHIVMHNX PIBHAHD,
IO HE BUKOPNCTOBYE€ H-KJIACU IIIX PIBHAHDb

OTpuMaHO YMOBH iCHYBaHHS MaiizKe MEePIOJUIHUX PO3B’a3KiB HeMIHIHHIX Maiizke TepioInIHIX
piBHAHD ¥ 6AHAXOBOMY IIPOCTOPI, IO HE BUKOPUCTOBYIOTH H-KJIACH ITMX PiBHAHD.

We obtain conditions for the existence of almost periodic solutions of nonlinear almost periodic
equations in a Banach space that do not use H-classes of these equations.

1. OcHoBHI mo3HaAYeHHd Ta O0’€KT IO-
caimkeHb. Hexait R — MHOXKMHA BCIX JAiCHUX
qncesn, F — noBiabHUiT OaHaxoBWit MpoOCTip 3
Hop™moio || - ||g, L(E, E) — 6anaxoBuii mpocTip
JIHIAHUX HemepepBHUX omeparopiB A : K — F
3 HOPMOIO

[AllLz.e) = sup [|Az|[p
]| z=1
i C° — GamaxoBumil mpocTip OOMEZKEHNX i Hele-
peperux Ha R byukmii © = x(t) 31 3HaYeHHS-
Mu B F 3 HOpMOIO

[zl co = sup [|z()]| -
teR

Busnaunyo omepartop 3cyBy Sy : CY — C°,
h € R, 3a 1010MOI00 CIIBBIIHOIIEHHS

(Spz)(t) = x(t +h), t € R. (1)

Enement y € C° nasusaeTncsa Mmatioice nepio-
Junnum (auB., Hanpukiai, [1,2]), sakio 3amu-
kanua MHOoxunK {Spy : h € R} y npocropi C°
€ KOMITAKTHOIO T IMHO?KIUHOIO I[HOT'O IIPOCTOPY.

[Tosnaunmo depes B Gamaxosmii mpocTip
MaifizKe TepiogmaHnIX ejgeMenTiB mpoctopy C°
3 HOPMOIO

el = llz]co.

Hexaii {2 — obstacts mpocropy E, T00TO Bij-
KpuTa 3B’s13Ha, MHOXKHWHa mpoctopy F, i K —
MHOYKUHA BCIiX HE TOPOXKHIX 3B’SI3HUX KOM-
makTHOX miaMaoKuH K C (.

Posrnsgmemo mHemepepBHEe — BimoOparkeHHs
F:R x Q — F, m1o 3a10BOJIbHIE YMOBH:

1) F(t,z) piBHOMIpHO HemepepBHE MO T HA
KOozKHIl muoxkuni R X K, ne K € K;
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2) F(t, z) maiize nepioguuane 1o ¢ piBHOMIp-
HO TI0 * Ha KOxKHiil muOkuHI K € K.

Hesakko mokasarwu, 1o, sk i B |2, c. 428
429], anst kKoxkuOl MHOXKUHN K € IC

sup ||F(t, 2)||p < +o0

teR,xze

i 1yist TOBLIBHOT MOCTITOBHOCT (hy )p>1 JifiCHUX
aucesn icHye miamocainoBHicTh (hy,)i>1, IS
Kol nocijouicrs (F(t + hy,, 7)), 36iraers-
cs piBHOMipHO HAa MHOXKHHI R X K.

Beaxarumenmo, mo (F(t + hy,)),, 36i-
raeThCs PIBHOMIPDHO Ha KOXKHIfl MHOXKHHI
Rx K, K € K, i rpauuune Bigo0OpakeHHs
G:R x Q — E, mo BU3HAYAETHCS CILIBBIIHO-
HICHHAM

G(t,x) = lim F(t + hy,, x), (2)
=00
3a70BOTbHAEe ymoBu 1 1 2. HaBemena BmMmoO-
ra BUKOHYETbHCH, SKIIO, HAIPUKJIA/L, HPOCTIp £
CKIHYEHHOBUMIDHHUIA, 110 OKa3aHO B |2, c. 429).
3a3HavunMo, 10 y CTATTI sl BAMOTa BUKOHYBa-
TUME JIONIOMIYKHY POJIb 1 He Oyjie BUKOPUCTOBY-
BAaTHCH IIPU OTPUMAaHHI OCHOBHOT'O Pe3yJIbTaTy.
Pozrngnemo piBHIHHS

F(t,z(t) =0, t € R. (3)

H-xaacom 1HOTO PIBHSAHHS HA3UBAETHCH MHO-
JKWHA BCIX PIBHIHB

G(t,y(t)) =0, t e R,

Je G BU3HAYAETHCS 32 JIOMOMOTOI0 (2).
MeToro cTaTTi € BCTAHOBJIEHHS YMOB Maii-
K€ 1epIoJIMYHOCTI OOMEKeHUX HEelNepPePBHUX
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pO3B’3KiB piBHgAHHS (3) 6Ge3 BUKOPHCTAHHS
esieMenTiB H-KJacy 1bOro PiBHSHHSI.

BazHaunMo, IO He KOXKHHIT OOMerKeHui
po3B’s130K piBHsiHHs (3) € Maiike mepiogmd-
auM. lle mATBepKyeTbcd HACTYIIHUM IIPHU-
KJT1JIOM.

ITpuknan. Hexait £ = R. Busnaunmo He-
nepepsue Binobpaxkennst H : R x R — R pis-
HICTIO

H(t,x) =

akmo x € [—1,1],

. . 0
= Sln(mf—l—smt){ | axio |z > 1

)
x| — 1,
110, K 1 BijjoOpazkenus F', 3a/10BOJIbHSIE YMOBH
11 2. OueBumHO, MO KOXKHA HenepepBHA Ha R
dbyukig 3i snavennsavu B [—1, 1] € po3s’si3kom
PIBHSIHHS

H(t,z(t)) = 0.

[Ipu nocaimzkenni piBastais (3) 6yaeMo Bu-
KOPHCTOBYBAaTH OJUH (DYHKIIOHAJ, BHU3HAYe-
HUIl Ha MHOXKHHI 0OMeKeHUX PO3B SI3KiB IIHOT0O
PIBHSIHHS, 3aMHKAHHS MHOXKHH 3HAYeHb STKUX
¢ ejemenramu 3 C.

2. @yuknionan A. 3adikcyeMo JTOBLILHY
muoxuny K € K i nosnaunvo uepes N (F, K)
MHOKHHY BCiX OOMEKeHHX i HellepepBHUX Ha
R posp’sa3kiB x = x(t) piBusguug (3), 11 KOXK-
HOTO 3 SIKUX 3aMUKaHHs R(r) MHOXKUHE

R(z) ={z(t) : t € R}

y 1mpoctopi F € miIMHOXKMHOIO MHOKUHEA K .
Takox 3adikcyemo bynkio z* € N (F, K)
i uucno € € [0,r(a*, K, F)], ne

r(z*, K, F) =

:sup{||x—yHE:a:€R(x*), yeK}.

Beaxkaemo, mo r(z*, K, F) > 0. Ilozaaunmo
qepes Q(z*, K, F,e) MHOXKUHY BCiX (yHKIL
y € C°, j1s KOXKHOT 3 dKuX

z*(t)+y(t) e K, teR,

inf
teR

Hly@®)lle —e| = 0.

Posrisinemo dpyHkIional

A(x*, K, F,e) =
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= inf  sup[|[F(¢,27(f) +y(@))llp. (4
e J MACERORSTON PR

BacrtocyBanusg dyHKIioHama A 10 JTOCTiI-
KeHHd MaiizKe IepioguYHuX HEeTIHIHHOTO piB-
HaHHS (3) Ta aHAJOriYHOrO JHHIAHOrO piBHS-
HHsI HABEJIEMO B HACTYIHUX IIyHKTaX.

3. OcHoBHmii pe3yabrat. Hasejgemo ymo-
BH iCHYBaHHS Mailyke 1epioJIMIHUX PO3B A3KiB
piBHsiHHS (3), B gKUX Ha BiaMiHy Bizx Bigo-
Moi Teopemu Amepio Tpo Maiike mepiogaudHi
PO3B’SI3KN HeMHINHIX audepeHIiaabHuX piB-
HAHb [2,3] He BUKOpUCTOBY€EThCsT H-KJIac pis-
HaHHA (3).

Teopema 1. Hexati K Haaestcums mHoxcu-
ni IC. Sxwo ona pose’aswy z € N(F, K) pie-
nanna (3) i dearozo wucaa 6 > 0 sukonyemuvca
CNI6BIOHOULEHHA,

Alz, K, F,e) > 0 (5)

oas eciz e € (0,0), mo yeti po3s’asox e matioce
nepioduUNHUM.

HoBenennsa. [Ipunycrumo, mo poss’sa30k
z € N(F,K) piusinusa (3) He € eseMeHTOM
npocropy BP. 3aBasgkn KOMIAKTHOCTI MHOZKH-
nn K icuye nocaigosnicts (z (¢ + hy)),- s 10
30iraerbes B Touri ¢ = 0, mpuyomy Oy/1b-sKa i1
ninocainopuicts (2 (¢ + ky)),., ne 3biraerbes
piBaoMipHOo Ha R. OTKe,

lim {|z(hy) = 2(hg) ||l = 0

p,g—00

(6)

1 111 JesgkuxX mocaiioBaocTeit (p,)rs1, (Gr)rs1 1
aucaa 7y € (0,0)

sup [[2(t 4y, ) = 2(t+ Ky )lg > 7, 72 L (7)
teER

He obMexkyroun 3araibHOCTI, MOXKHA BBazKaTH,
0 ocaitoBHICTD (F'(t + Ky, ©))p>1 30iraeThes
piBaomipuo na R x K. Tozui

|F(t+ky, x)—F(t+kg z)||g = 0.
(8)

Badikcyemo goBiabae uncio £y € (0,7]. Ha
migerasi (6) 1 (7) ayst dynkumiit

Uolt) = 2(t+ k) — 2(t+ ) 7> 1,

lim  sup
P4—XPteR, zeK

BUKOHYETHCS CITIBBIIHOIEHHS
S_p, Y € U2, K, Fleg), 721, (9)
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e Sj, — omepaTop 3CyBY, BU3HAYEHMIi CITIBBiI-

somenusm (1).
[Tokaxkemo, 1110
A(z, K, F,eq) = 0. (10)
Bausaku (4), (9) Ta ToMy, 10

F(t+ky,z(t+k,)) =0, r>1, (11)

BUKOHYIOTbHCS CIIIBBIHOIIEHH
A(ZaKa F7€O) =

y€Q(2,K,Fe0) tEHIR? ” ( ( ) y( ))HE X

< sup [|F (8 + kg, 2(E + Ky,) + (1)) |2 =

teR
= sup [|[F(t + kg, 2(t + kp,))| 2 <
teR
<sup [|[F(E + ky,, 2(t + kp,)) | s+
teR
+sup [[F(t + kp,, 2(t + k)=
teR

_F<t+quaz<t+km))“]_«77 = 17

3 aknx Ha migcrasi (8) i (11) Bumiusae cris-
Bignomenns (10), mo cynepeants (5).
OTzKe, IPUIYIIEHHS, IO PO3B’430K 2 PiBHS-
HHg (3) He € Maiizke mepioTuIHIM, XHOHE.
Teopemy 1 moBeieHo.

4. Bunanok dainifiHoro piBusiHas (3).
BacTocyemo Teopemy 1 710 JOCTiIzKeHHs JIiHiii-
HHUX MajiKe IepioJUIHIX PiBHAHD.

Posringnemo Bimobpazkenns S : R xR — R,
IIT0 BU3HAYAETHCA PiBHICTIO

S(t,z) = A(t)x + h(t),

ne A(t) — nenepepsHa i Maiike nepiojuyHa Ha
R dbynknis 3i snavennavin 8 L(E, E)ih € BY,
a TaKOxK BIIIOBiJIHe JiHifiHe piBHSIHHS

A()z(t) + h(t) = 0. (12)

OueBuHo, mo piBasiabs (12) — okpemuii Bu-
a0k piBHsiHHS (3).

Bapisiku TeopeMi 1 CIIPaBIKYETHCsT HACTYTI-
He TBEPIYKEHHSI.

Teopema 2. Hexati K Hanescums mHoscu-
ni K. Sxwo ainitine pisnanna (12) mae obme-
orcenudi pose’asox z € N(S, K) i daa dearozo
wucaa 0 > 0 6uUKOHYEMBCA CNIBEIOHOULEHH.A

Az, K,S,e) >0
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oas eciz e € (0,0), mo ueli po3s’azox e matisice
nepioUYHUM.

Ha zaBepmienns 3a3Hadumo, 1Mo (QyHKITIO-
HaJI, aHAJTOTIYHANE (DYHKIIOHATY A, BUKOPHC-
TOBYBABCS aBTOPOM B [4,5] 1uist qOCTiIzKeH ST
HeJiHIfiHUX MaiizKe 1epioJIMYHUX PI3HUIEBUX
Ta JudepeHIiajibHuX PiBHSHbD.
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