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Abstract

This paper is devoted to the problems of studying the multiperiodic solution of some evolutionary equations. The
article also discusses the existence and uniqueness of a multiperiodic solution with respect to vector functions for an
evolutionary reduced equation. Studies have been conducted on the characteristic function of a certain system of the
evolutionary equation. Some properties of the vector function are proved. They can be used in the further study of
oscillatory bounded solutions of evolutionary equations. Based on the argumentation of the theorem on the existence
and uniqueness of an almost multiperiodic solution of the specified system, considered using the method of shortening
the characteristic function. All estimates of the characteristic function are based on the enhanced Lipschitz condition,
first introduced by academician K. P. Persian. The results will also be useful in the study of periodic solutions of
evolutionary equations of mathematical physics
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Axoamna
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4. Baiimypceinos ameindazwl Kocmanaii eyipnix ynusepcumemi, Kocmanaii, Kazaxcman
D-TEHJAEYJIEP )KYFIECIHIH CUIMATTAYIIBI ®YHKIUACHI

By xyMmbic Ke#Oip SBONIOMMSIIBIK TEHACYNEPHAIH KONIEePHOATH INENIiMiH 3epTTey MOCelNeliepiHe apHaJFaH.
CoHpaii-ak, Makajaja »3BOJIONUANBIK KBICKAPTBUIFAH TEHACY YINiH BEKTODPJBIK (YHKIMSIapFa KaTBICTHI
KOIIEPUOATHIIBIK IISIIMHIH 0ap OOybl MEH >KalFBI3JBIK MoceJeaepi KapacThIpbUIagbl. DBOJIOLMSUIIBIK TEHICYAIH
KelOip JkyilleciHiH cHmaTTaymsl (YHKOHACBIHA — KAaTBICTHI 3epTTeyiep >Kyprizinmi. Bekrop ¢(yHKUusHBIH Keitbip
KacuerTepi monenpeHai. Omap SBOIIONMSIBIK TCHACYJIEPAiH TepOenMeri MIeKTeyli IIemiMIepiH oJaH api 3epTreyne
KOJIJAaHBLTYBI MYMKiH. KepceTinreH KyHeHiH JepiIiK KoIl IEPHOATH MIEeNTiMiHIH 6ap OOIYBI XKoHE KaIFBI3ABIFEl TYPAJbI
TEOpPEMaHbIH JAJIeNIeyiHe CYHeHE OTBIPBIN CUMATTTayllbl (QYHKIHUSHBIH OaramJapbl KbICKapTy OMICiH mNaijanaHa
OTBIPBIN KapacThipblirad. Cunarraymbl (GYHKOMSHBIH OapiblK Oaramapel anram per akageuk K.IL.Ilepcunckuii
eHrisred JIMMIIUITIH KYIIEATUINeH mapThiHa HerizaeiareH. HoTmxkenepai MareMaTuKajblK (DH3HKAHBIH JBOJFOIHSIIBIK
TEHJICYJICPiHIH MEPHOATHI MICIIIMACPIH 3ePTTEY/IC e Maiiaabl 00Iabl

Tyiiin cesmep: JlunmmuTiH KyuledTiAreH wmwapTthl, KbicKapThUlFan muddepeHumanay omneparopsl, bemiman -
I'ponyosnn nemMmacsl

AnHomayus
P.C. blcmazyn*, 5.0.2Kymapmosa*
Kocmanaiickuii pecuonanvnwiii ynueepcumem umenu A.baiimypcoinosa, Kocmanaii, Kazaxcman
XAPAKTEPUCTUYECKASA ®YHKIIAA CUCTEMBI D-YPABHEHUM

Hannasi paboTa MOCBAIICHA MPOOIeMaM HM3YYCHUS MHOTOINEPHOAMYCCKOTO PEUICHUS HEKOTOPBIX JBOJIOIHOHHBIX
ypaBHeHI/Iﬁ. B cratpe Taxxke paccCMaTpuBAIOTCA BONPOCHI CYHMICCTBOBAHUA U €IUHCTBECHHOCTU MHOTOIICPUOANICCKOTO
peuICHusA OTHOCHUTCIBHO BEKTOPHBIX q)yHKHHﬁ IJIA4  5BOJIOIMMOHHOT'O COKPAII€HHOI'0 YpPaBHCHUA. HpOBe]leHBI
HUCCIICA0OBAHUS OTHOCHUTCIBHO XapaKTepHCTH‘-IeCKOﬁ q)yHKHI/II/I HeKOTOpOﬁ CHUCTEMBI OBOJIFOIIMOHHOTO YpPaBHCHUA.
Jloka3aHbI HEKOTOPBIE CBOWCTBA BEKTOPHOH (QyHKIMH. OHH MOTYT OBITH MCIIOJIB30BaHBI NPU JabHEHUIIEM H3YYCHUU
KOJICOATENBHBIX OrPaHUYCHHBIX PEIICHHH JBOJIOIMOHHBIX ypaBHEHWH. McXoms W3 apryMEHTallMd TEOPEeMBI O
CYIIECTBOBAaHUU U €TUHCTBEHHOCTH ITOYTH MHOTOIEPHOIUYIECCKOTO PEIICHHS YKa3aHHON CHCTEMBI, PACCMOTPCHHBIC C
HCTOJIB30BAaHUEM METOJIa YKOPOYCHHUS XapaKTEPHCTUYCCKOW (QyHKIuH. Bce OIEHKHM XapaKTepUCTHYCCKOH (YHKIIUU
OCHOBaHBI Ha yCWJICHHOM ycioBue Jlummmia, Biepsbic BBegeHHOM akageMukoMm K.I1. Ilepcunckum. PesynbraTel Takxke
OyayT MOJIC3HBI IPU M3YYCHUH MEPHOAMICCKIX PEIICHUH YBOIOIMOHHBIX YPAaBHCHUN MaTeMaTHICCKON PU3UKH

KiaroueBble ciioBa: ycWICHHOE ycioBue JIWMIHIA, YKOpPOYEHHBIH — omepatop IudQepeHIUpOBaHus, JeMMa
bennmana - I'ponymna (b.-T'.).
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If te R=(—o0,0), @ec Rgp ={o:|p|<=}, o= (@) @ revss @) s @ Countable vector, with norm
lol|=suplg |-
K k

In this case, we write
Wm(p = ((pl,...,(om ,0,0,...).

Consider the differential equation

C(ij_t¢ = a[t,Wm¢, f (t,ngo), 1] )

The condition (ﬂfo) ensures the existence and unigqueness of the solution to the Cauchy problem for
equation (1) with respect to vector functions a(t,ngo,. f (t,ngo), 1)

Let us denote = it by the solution of equation (1) passing through the point
P=omn\blo %o

(t,, ¢,) € Rx R(p .Solving equations (1) with respect ¢J, to obtain a characteristic function §m (t,t),9,)
that admits an integral representation in the form

t

0
& g o) =W o+ {Wma[s,ém, f(s.&, ) ulds: (2)

Here are some properties of the vector - function §m (t,t),0,).

1°. The vector function fm (t,t,,¢,) forany fixed t, € R satisfies the equation

D& (tyt.9)=0.

Evidence. It is known that it Af (t0 ,t,) belongs to the 7 - class, and it is continuously differentiable

by T [1-3].
Similarly, this expression is suitable for the characteristic vector function §m (t,t,,¢,) of the truncated
differential operator
0 m 0
=—+ Z W _a (t’W (D,]/,,Ll)—
m k m
Therefore, the function g“m (t0 T, §m (z,t,)) is differentiable with respect 7 to a parameter, and

m
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08 g () 98 (. n (nhg)

ERORENA))) _ I
k
aéj (T’t’¢) aé (toirié (T!t!¢)) m
mat =— atm +kzlwmak(f’§m(f't’¢))‘
26 (tg.ré (FL9)

0 =D& (19,7 & (71 4)

But since we have t.,7, o, t,p)) = 7,1, ), the considered function is constant with respect
m*0 m ? m ¢

to the parameter 7 . Therefore
D¢& (tO,T é‘ (z,t,p) = Df (z,t, ) =0, therefore

D¢, (7,,1,90) =0.
2°. The vector function & (z'o,t, @) has continuous partial derivatives with respect to all arguments [4].
Evidence. The existence of the derivative with respect to t is obvious, because

d& (75 t.9)
m - =W _als,& . f(s,& )l

The derivatives with respect to t, ¢, the equations in variations

i dgm(toitiw) :ana[tifm’ f(t,fm),#]ﬁfm(to,t,qﬂ)
dt ot op ot ’
i dgm(toit’¢) :awma[t’é:m’ f(t,gm),ﬂ]agm(to,t,¢)
dt ot op G(pk

Thus, to calculate the indicated derivatives, we obtain linear equations in variations for the solution
& (To,t,gp). Since these equations are linear, their solutions always exist and are continuous. For these
derivatives, we obtain the estimates

ol t —to\,

H m 0™ S

‘Gfm(to,t,gp)‘ <er0t_t0.
G(pk B

3%, Directly from (2), on the basis of the strengthened Lipschitz condition and the boundedness of the
vector function, a(t,ngp, ¥, A1) We have

a r ‘t—t

r.t—t
O‘ O‘ 0 0 O‘

< .
Hfm (to,t,¢)H _‘Mm(pHe + ro (e 1)

Evidence.
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Hfm (-t )

<Pl

+‘Mm {a(s,0, (s,0), 1) — a(s,0,0, ﬂ)}H + ”vvma(s,o,o, ,u)H}dS‘ < ”\ngoH +

< W+ [ M 51 5. ]| <

{”\/\/m a(s.& (s,1,9), f(s,&(s.t.), 1) —a(s,0, f (s,o),ﬂ)}H N

t

Pl gt s o 60 1w 2

IA

<

’V\/mqo‘+ f{(a ‘@ 50)H§ (St(p)H+W (@A+a )}13

]

t

IA

—~ —0

[rougm(s,t,(p)H+ ao}ds.

Therefore
rot —t a
<

fm (to,t,(p)H < ”\/\/m(p e

LEMMA 1. For any natural number m , the following estimates are valid:

arlt-t
0 +r—0(e 0 0 -1 [5].

9 e G )G ] < )0

Aol ot
2'6' (eo 0_1),

16) £ty +Tt+ T +O) =& ().t @) —W QH
o
) Gt 5 (gt S“ler(f_g)(erot_to_l).
g 0

Evidence.

1 a)[6]

et t:0) = &gt < Wiy (o) +

t
0 _ —

+ [|Wojals & (568), F(5.8, (LN =W als.& (5.1.9), T(s., (s:t.9)), 5| <
t
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<30+

t
0 e J—

+ I”Wm{a[s,(fm(s,t,qb), f(s,5,(s:t.8)). el —2als, g (s,t,9), f(s,cfm(s,t,qzﬁ)),y]}Hds <
t

By

t
<|w, (7-0)|+ fwm(rougm(s,t,,z)_gm(s,t,@u)ds.
lemma B.-G. [1] we get
16)

Hfm (ty+ot+z.¢+0) - (t.1.0) _ngH <

< tf {”ero {gm(s +rt+7,¢+0) =& (5,1.9) —wme}H + ”\/vaTﬂrH}ds .

Applying the lemma of B.-G. we have [7]

A_of rjt—t
fm(t0+r,t+r,(o+9)§mg (tO’t’(p) _ng < Troé’ (e o‘ 0_1).
ém (t07t’¢)_§m (to,t,¢) <
f g
18)
t
0 v J—
< {{%”Wm(f —Q)HH + (g + @ 5) fmf —fmg }ds.

By lemma B.-G. get

gm (to’t’¢)_§m (to’t’¢)

JM (f-9) rt—t
L m H@eO 0 _g.
f 0

It is further shown that an almost multiperiodic solution of the basic system can be uniformly
approximated by an almost multiperiodic solution of the system in the form g :

D2y = P(t W)Y+ 1QE W00, Y, 12) + 1 [ RIt, t Wegp, y, pidr (E—t )it [8].
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