V International conference

V-Xalgaro konferensiya

MODERN PROBLEMS OF APPLIED
MATHEMATICS AND INFORMATION
TECHNOLOGY - AL-KHOREZMIY 2016

Transactions of the conference

Volume Ne2

AMALIY MATEMATIKA VA INFORMATSION
TEXNOLOGIYALARNING DOLZARB
MUAMMOLARI - AL-XORAZMLY 2016

Konferentsiya maqolalari

To'plam_Ne2

AKTYAJIBHBIE HPOiSJIEMbI MPUKJAJTHON
MATEMATUKH U TH®OPMALIMOHHBIX
TEXHOJIOI'MH - AJIb-XOPE3MMH 2016

Tpyasl KoH@epeHuuU |
' Tom Ne2

_____ — __=-='a'_-—-

: _.'_. - __ _—.' _—— ';' ';"'B“ﬁ]lﬂfﬂ;gjzm:;

V MexknynaponHaa KoHdepeHUHsS

~—Buxoro; O'zbekiston— = Eif‘xﬁpa Vitesncran,
~5-10 noyab, 20165t~ 9—10weaopn W16rn



MMHHMCTEPCTBO BBEICIIIETNO 11 CPEJHETI'O CIEITMAJIBHOTO OBEPA30BAHU A
PECIIYBJ/IMKHW Y3BEKHUCTAH

KOMUTET IO KOOPOMHAIIMA 1 PASBUTHIO HAYVKHM M TEXHOJIOTUH IIPU
KABMHETE MUHHUCTPOB PVs

HAIIVMOHAJBHBIN VHUBEPCUTET V3BEKUCTAHA
nmenn MUP30 YIVIBEKA

BYXAPCKHWY TOCYJIAPCTBEHHEIN YHUBEPCUTET

Iocesiaeres 25-neTnio He3asncuMocTH Pecnybommku YaGexkucran u
85-mernio Byxapckoro rocyaapcTBEHHOTO YHUBEPCHTETA

"AMAJIUN MATEMATUKA BA MTH®OPMAIIMOH
TEXHOJIOTUAJIAPHWHI JOJISBAPE MYAMMOJIAPH ~
AJI - XOPA3BMUI 2016" . XAJKAPO AHXKVYMAH

MADBPY3AJTAPHU TVYIIJAMNU

2016 ¥wmi, 9 - 10 HosOpsL

TRANSACTIO NS
OF THE INTERNATIONAL SCIENTIFIC CONFERENCE
"MODERN PROBLEMS OF APPLIED MATHEMATICS AND
INFORMATION TECHNOLOGIES — AL-KHOREZMIY 2016"
9-10 november, 2016

TPV JIH
ME}K,Z[yI-IAPO,IIHOI‘/’I KOH®EPEHIINUM
"AKTVAJILHBIE ITPOBJIEMBI ITPUKJIAJHO
MATEMATUEKEN 1 THOROPMAITMOHHDBIX

TEXHOJIOTHUN — AJIB-XOPE3MMH 2016"
9-10 HOoa6p= 2016 rona



"AxTyanesHbie Ipo6JeMbl TPUKIANHONH MATeMATHKN M WHPOPMAIIHOHHBLIX TeXHOoJoruit —
anb-Xope3mu 2016": Tpyasr Mexkaynapoaoit korgpepenuun (9-10 noadpa 2016 1., TamkenT).

Tnarnrere penakrops akageamk A.C. Canynnaer, akanemux LA, Arwonor. — Tamgent, HY V3 um. Mupso
Ynyrbexa, 2016 r. -444 c.

ChopHIK CONEPYKHT TPYALI YIACTHHKOB Mexayuapofunoil koudepemuy "ARTyanibe npoblemn HpH-
KTaJHOM MATEeMA&TIKI H HHOPMAIMOHHLIX TeXHoIorHit — ans-Xopesmu 2016" 1 npenHasnagen 118 CTYUEHTOR,
MATHCTPOB, HOKTOPAanToR, npenoiasareneil BY308, crennanuceTor ¢ oblacTi MATEMaTHKH, TPHKIALHON MaTe-
MATHKH H HIKPOPMAHOHALIX TeXNOI0rnii.

Pe:;axuummaﬂ KOJLJTeris:

lnapnpie pepaktopll - akangesmux A.C. Canynnaer (Hanponaannniii yrmmeepcater YabexnoTana),

akagemux III.A. Aronos (Mrctatyt maremaTnky npu HY Va).

3aMecTHTeN - npocheccop M. Apunos (Haumonansuuiit yinmsepcurer Y3bexncrana),

npodeccop
npocheccop
npodeccop
npodpeccop
npodreccop
AKAAEMUK
npodeccop
nmpogeccop
AKATEMNIK
upodeccop
npodeccop
‘nmpucheccop
npocpeccop
npocpeccop
npodeccop
npoceccop
npodeccop

npodeccop K. Typanes (Byxapckuit rocyaaperpeliiblil YIHBEPCHTET).

Ysnedsl pelakiUoHHON KoJnersnu:

B.®. AGnypaxumoB (Hammonansisiit yinsepenrer ¥Yabekncrana),

P.P. Amrypos (Hammonaaniniii yimpepceuTeT Y 36eKicTana),

Y. Bernmkynos (Ionosnoit Hayuro—-MmeTomurteckuit mentp npu MBCCO PYs),
0.C. Buxupos (Haomonansusil yuneepcurer Yabexucrana),

T.M. Bynapos (Hanponanuuutit ynusepeuter Yabexucraua),

C.T. MyxamGersxanos (Hannonanumuiit yimeepenrer Kasaxerana),

M. Ruzhansky (Mmnepnan xonnemxk, Jlongon),

Cyrumoro Munypy (ymusepcurer Haros, Anonmsa),

M.C. CanaxurouHop (Hammonansusit yuneepenter Yabexkncrana),

E.C. Cmvansos (MnctutyT NpHKIaIIoi MaTeMaTuky, Ka3axcrai),

K.C. ®@aszos (Hammonanniniil ynusepenter Y abexncTala),

P.X. Xampamos (TamkenTekuil yIuBepeuTeT HIOPMAToNbix TeXo/orii),
A.P. Xanmyxamegzos (Haunouansuil yuupepcuTer Yabexucrana),

B.J. Yunun (Hanuponasousii ynueepearer Yabexncrana),

B.A. ITonmrynos (Kapumiekuii rocyiapersenilit yHIBepeHTeT),

3.X. WOnpamer (Hanwonanemuiit ynueeperrer Yabexkucrana),

P. Apmyxamenos (Hanmounanbibiit yIUBEpCHTET Y 30eKncTaa,).

Texaudeckas pemakuus: x..-wmi. AT Xaiinapos,

K.p-man KLY, Myxammanues,
K.p-ma MIIIL Mamarkynosa,
k.p-ma @A, Kabmmkanopa,
k.o A.C. MaraxyGon,
k.o JLIL Bapramoea,

AW, Tunnaesn,

K. P. Pammibexon,

A.1O. Hypymora,

1.0. Xamues,

T.K. Xomues,

3.P. Paxmonos,

0O.H. Caxofumuiona.




Héparnmos M.M., Ceiinyninaes . X. TeoMempuriectos TOPULMEPUIAULA BEULLCTIEEHHBLT
KOHEUHOMEPHBIL CIUH-(IARITIODOB « o o v v i it e e e e et se s smy s aee e st e e e s ae v e amn e e aeae e e ens
ITagumeros X.IVL., Kanoaos HV.@. [Tocmpoerut onmumestHisin Keadparnypistt (dopmya
muna Ipmume 8 npocmpaHemee nepuodueckus dynsyud C.J1. Cofosesa !5’;,('"') (1)
IITonmiyios B.A., Bosopos LT, Qopmyna Betins Ona Crieyuainus nosuadpos ...........
Rasulov T.H. A lower bound of a three-channel Hamilbonian ......ccvvevinriieniiernrianin,
Rasulov T.H. The block numerical range for n x n operator matrices ........ A o
Tumabaes K. K. Hrsapuarmrwe sempuxu das wexomopux obaacmed 3112(;&3 nepeozo poaa ;
Xaxumon P.M. Heswie pesyasmarnee no erabo nepuoduveekum smepam lubbea das HC-modeau
o depese Kanu ... ....
Xampaes A.HO. Ho.fmoe OTIULCAHUE nosedeum rr;pczexmopuﬂ or}H.oeo ayﬁuuecmeu oneparnope . . .
Xudayherdiyev A.X., Yusupov B.B. Tahm; wsulda graduirlangan. msmm Leibniz algebrasido
2-local differensiallash . .. 3

Sotimpos A.H. O pariea umo&pmenue i BT eI G SO TRBILA s s e v siwan vw mibon § oo SR s dvse e

CEKITHMA Ne5. M PPEPEHIMAJIBHBIE YPABHEHW A W JVUHAMWYECKHWE
CHUCTEMBIL. HEKOPPEKTHBIE I OBPATHBIE 3A IJAI.

Cadbapos 2K.LIIL, Jsymepran ofpammnan sadava daa unmeepo-duddepenuaaoneso ypastenis
Xomnei X. Paspewumocrny odnotl obparnnotl sadawu meopun nenuiomonosckotl scudkocmu . .
ABaynnaes A.A. 06 odnoil kpaesoil sadave O YPaSHENUA JAAUTITIUKD ~2UNEPEONLIECKo20 TRUTG
amopozo poda ........

Abdullaev 0.Kh., Kurbonova F Z One a pmblem far ymmu'mfw hyper{m.t’zf' Upe eqnatwn
involving Erdeyli-Kober operotor ........ iz,
Ailicaramnes C.A., Kynycosa A.X., Mmpaaﬁaena A K -ucuze()usanum r}s szwevuuu
Kpoesol 3a0ayi AUHETHDLT Gﬁwﬁmseﬁmu FupheperuUabHYT YPOBHRERUT oo our vt ieviiais
Bekova G., Shaikhova G., Yesmakhanova K. Ezract solutions of the (2-+1) dnnemwnai twao
component Hirota equations ....... i
Bepapmnes A.C., Kanupkynos B }K 06 od;wﬁ o( pumuo:’l Jaﬂmw &Jm rmpowct)moumeuua
dpobro20 YpasHeHUa Yemsepnozo nopadra .. ........ A

Haenaror I1.0. Cyuecmaosanue peuienus ypacHerua Haehe C.'m,mum ,,,,,,,,,,,,,,,,,,,,,,,
Hypawer LK. lwobanrvhos paspeuwsumoctns dadawy onpedeserui deysmepHots namMamu
CNEYUALLHORO TIUND . .. . ... .

Ergashev F.A. Evalualion uf Emem dz[fswntm.-f c.';uem!ms i Ehe: £u.ff'ué oj td{‘ﬂfﬂ.f_ﬂ.fbr; Lt'.ynmmc
control abjects ...... :
Pairznes 10.9., Kylmapms A @ Hocnpona ,Zl 06 uc?nou aa&mc YHPGEACHILA TPOUECCOM
'.rnermonpaﬁo(}ﬂomu -] R}JMDJZM?}H?.L’.NE’ ............................................... S

HramBepnues X.3., Cepunos ZK.VY., Mamupos ¥. 0. Peayaapusosaiible ¢A20puimmbl
OUEHUBTNUA U YNPABACHUA CUHGMUMECKUMU CUCTIEMOIMU +ovv vt ve vnevan e iae s aas
HramGepnues X.3., Bapuos O.0. Pezyiapusosanmie aa20puimmn ur]rmmumweu
ou,euusaﬂf,m G YCAOGUAT WOPPEAUDUEBAHHOZD ULY MO Oéﬁe?ﬁ'ﬂﬂ. ....................................
HMmomuazapos II1.X., Hduruboes 3.111., 2K uan-I'an Tan, Paxmonos T.T. 3adawa LHupuzae
04A OOHOMEPHO20 YPLEHEHLA aunepﬁwmuemc:ea b3 TR PRVEU A S 7T ey KM AN
Henamor H.B. Soadave Tpuxomu-Hazyuiesa das ypagHeHs sanunmuro- 2unepioaimecso20 mupa
o el R TR AN LA e O < I T LT (1 (T N TTRONOT O Rt oo A O3 3 B P, IR o TR
Hcnomor B., Ouunopa H.K. Kpaesue dadaut dai ypasHeHUA TRDETIHEZ0 NOPATKG
2UNEPOOAUNECKOZ0 TRUNE € CUHRYARDHIMU KosdPuyuenomu ... ... . i ieG
Hcnomos B.H., Badoes C.C. Kpaesaa sadara ¢ yerosuamu B u,qudae-cunapcmuaa Ha
TAPARMEPUCTIURGE PASAUNHOZ0 CEMEUCTREO Oid YPUGHENUA NAPGH0A0-2uNePOoAUNECKOZ0 TRUNG . . .

HWcaomos B., Xonbexkos K. A. Kpaesaa aadana AR Hazpysrcerno2o napebono-
2UnepOONUMECKO20 YPABHERUA TIPETIOER0 TOPATRE € MPEMA AUHUAMY UIMEHEHUA TMUNG ... ... ...
Kypaes I, A. 3adavwa Kowu 0as cucniem ypasnerull satunmuyecso2o muna nepsoeo nopada
HE TWIOCKOCTI . b e AV WSy e K (I vt PRE Btk - A
KapHM;KaIIOB A, Y(.Trwu WUEOCTTIL f)ﬁu?me HUA 6AIKO- yﬂp Jmao 'L.;u.fmm]pa. co cmapenuem ¢ ynpyzod
obonouwot .

Kapunmos IILT. Ob' ednom Memode peweniua dadayu Koutlh 048 Wnepuposantozo MHOZOMEDHO20
ypasrenua Jinepa-Tyaccona-Lapiy ¢ MAGOURLM MWAEHOM © . ovviuriieranierisens

10

302

303
306
307
310
313

315
318

320
321

327

330

333

337

338
339

342

358




Khasanov A.B., Babajanov B. On the periodic Toda lattice hierarchy with an integral source
Komumaosa H.Ox., Dprauies T.I\. Sadave Tpuromu o ypaererus napaiono- '
Z'HT!.&JJSU.-T‘H"#ECEUBG Tuna gmopozo ;{}Qf)ﬂ- c :!?l{.}?ﬂﬁ"”‘icpﬂ(:"ﬂbu?fﬂ'L‘E AUHUET UTMEHEHUA TRUTIE v ves vy
Mamaros MLIII., Anunmvos X.H. K meopuu duddeperyuaivmuz uep npecacdosarun das
O‘Sy.M.IEp-‘IOEO YPasHEHUA THE!R&O'HPOGOC}WOC?R{L 4] npomsoaﬂmmu C}pOSHO?O Tii)}).ﬂ&ﬂ..ﬂ. i e “
Maxmudova D.X., Dexqonov F. Involyutsiya zossasiga ega bolgan differensial J‘eng!amafa:da"
addiy differensial Een.gr'a'mafm'ga o 'tish
Mymunos I'M. 06 odnoil xpaecodi sadave 0af YpaaHeRUt Hacmus npouasodiss nepaozo
NOPAGKE € UHBOMOUUET .. olioen.eis,. e T : . e b
Hyprasuna K.B. ¥Ynpusaenue u oﬁpuﬂmme erdC{"{U. dfm nr;pr't’o.rmwcnw uanHe?suzI Ha ?,U(:ff){r,’L
Ochilova N.K. About a problern for the degenerating rmazed type equation fractional derivative
Rakhimov D.G., Loginov B.V., Kuvshinova A.N. Reductional method in perturbation theory
of generalized spectral E. Schridt problern e
Pantazanos M.U., Opymbaesa H.T. O wnpaesoil zadave dan ypasnenus mr-:'rmonpoeor}uucm-u
6 Heuuaurndpuneckoli obracmu P e
Sakhaev Sh., Zakaryiyanova N. B Eat;mm‘u oj‘ .somtirmt uff'we thw mm’ {‘{mu#rtmn roblem
C?ﬁiﬁﬁn B.T. Juipepenyuaivnas uzps npl AULETHNT 02ZDIHUNEHUAT .. ... . [N
CarropoB 3.H., Dpmamarosa P.2. O soccmanosieru PetlteHui oﬁoﬁw;emmu cUCTeML
Kowu-Pumana 6 mrozomeproll npocmparcrneennold ofaacmu
Tyxracurnos M., Xaburkynos B.X. Yucaennoe pewenue 30004u Ynpaeieg
}‘}{L{;TL;{)OC'{N.}J{IHCSH'{L&M mernaa Had TALGCTIUMKE . a P
Tyxracunoe M. Jlunelinaa duddepernyuanonat wepa ¢ WMIYAbEHBIMU YNPGOAEHULAMU
'(1;)8{.'.}&86"[}?0?14339 USPOWE oo oee v vee s st ias s taessr s awssasiaessas toastiusioassassnassassonssns
YCI\‘Ia_HDB C.3. O?pﬂ HUMEHHOCTIG MARCUMAALHOZ20 ONEPATROL CBAIAHHO20 € CUHZLAADHBLALL
RUNEPTIOBEPTHOCTIIAMU « oo vet i vttt e ettt aasanessaearsuaraastonssas i sotarasisssaetnasans
Orait JI.II. O HeauHelnuls MUHUMEKCHBLT wmﬁ. WRTIHO YNPABARAEMOLE NPOUECCAT YRAOHEHUS |
Yusupbekov N.R., Gulyamov Sh.M., Ergashev F.A., Rasuleva M.A., Kabulov N.A.
Ouna Il TorecEsling TUIErS . o mwe iisome i i famsames s wevi s v s Wi s i e
Burupos 0.C. 06 odnoli neaosanurot .mc?u.‘ft: € UHTAEZPAABICOLMU YCROGUAMY, A YPAGHENUA
TP EFRBEZO FEOPAORE ©vvisvvins o shinmale bb mms ginmes s saly sias

Mcaomos B., Manpaxumosa 3.C. Kpaesad sadana dia ypasHerts napabono-aniunimitieckozo
TUNG ¢ GHPOANCOEHUEM TUNG U NOPACGKG GHYTIPU OOAGEIIUL « v tve v v i heee et e ia e aae s
Kocmakosa M.T., Fckakos C.A. O nepsod wpaecot sadave 6 rjmpamdmow,eur,x u{i}mr,rr,u.
Ilamanaes ILA., Kagpakosa M.P., Jlorunos B.B. Bemsacrue pewenutd aunetinoi
neodnopodnas Juddepenyuaivros ypueHenul ¢ MaAbis GOIMIUEHUEM NPU NPoUs60dHod
Mukhambetzhanov S.T., Haydar Akca, Janabekova S.K. Mathemnatical model of
Jiltration theory in view of mass fransfer processes )
Mrpomor MI.A., Axpamor WL.W. 00 ouenrar npeobpasosanua Dypve mep, 'oerdomewmn
HEl HESHNYKABE 2UNEPTLOGEPTHOCTIAT | AL

Abnyvanaes ALY, Movomonnocny cobCmMEeHHbIT SHAeHLT ds YLYECTUWHOZ0 GNEPaTnopa
Ulpedureepa na PEWEIIKE ... ... s e SRR

Kuliev K. Nonescillatery results of thf ﬂmcm fumm ordm ‘3'2‘tu s mem’r prablem
Ab6aycarrapos A. Modeauposarue pacvemna 060a0MenuE KoneTnpyrued




Modern problems ‘of applied, math_cr_?_mp;cs_ and information ___t_pcg‘;_nolugy = AL—KHDR_EZMFY i

rae C = conat .

[prnvenas MeTon peryngpuszaniy pelenneM XapakTepHeTHEIecKoro YPapHelldl aHaloriiung KaK 8
MOKeM lepenneaTs {11) B puge: f
) C

Ly = pa(t) — My = i

rie |

m ka

4 L | __mPer : ka ™m : 1
Mg = i RS, P S A=) Ve it w17 )dT
s (2(’-ﬁ+\/”).n it ol Jdr+(ﬁ Eu-ﬁ)fn v’t—r'lf M
a 2 m ka ' 3 1 [rom s2fd.  INT combes
- p— — S e — . L5 I a5, a8 a-(r—f 3 i
i (2'”") \ 2a/m g \/:':) -/LJ {/e; ?'3.*"2\/’-\;‘1‘ = fT |_('2'm,) (f: T,"j - >d'r} w0 [E)dE+

' (5 52) [ [ trmr [0 (-2

Wnrerpansiioe ypasuenue (12) asasercs ypasneHueM BonnrTeppa co ciabolt ocobenmocThio, TosToMy:
eMUNCTREINIoE PEIenne |

gr(t) =L~ 3]‘ :

vi

ety

Menonnays coornomuerissa {{'j} 1 (3) sakmotaen, TTO OLUOPOAIAasT 3aJasa [\II}—EQ} HNEST HETPIBHS
pellenne ¢ TOHIIOCTLIO AQ MOCTOMINON0 MIOMKHTEN B KIacce CYIIeCTBENN0 OrPaliuensix (hyakumi ¢
KOTOPLIT OIPENe/aeTcs Creayronmn obpason:

(z+ $12ym w(z,t) € Lo (@), Te. u(z,£) € Loo(@; (z +£12)71).

Taxmn obpazoM copapeInBLI:

Teopema 1. Pparunmad sadova (1)-(2) wuseem napady © mpueuaabHbim PELLEHUEA U HEMPUGH
pewenate u(z,t) = C iz, t), 20e iz, t) € Loo(G: (2 4+ VE) 1), u C = const. 4

. - e ‘- %y L4e)/2y— - . 1 -

Teopema 2. B maacce dymnyuil Los (G [ + t0+92)71) spanunan sadana (1)-(2) umeenil
mpusuaavioe pewentte w(x, ) = 0.

JluTeparypa |

1. Tuxonos A. H., Camapcruti A. A. Ypasierma maremaTeaeckoit ¢gusuxn. — M.: Hayxa, 1972, —1

|

2. Hdocenaauvee M. T., Pamasaroe M. H. Harpy:xemusie ypasuemis Kak BO3MYTIEIHA ,Iu-f(_l}(ijepelmq
ypasrenmit. — Agmarer UBIJIBIM, 2010, — 334 c.

dkok i
|

ESTIMATES OF SOLUTIONS OF FREE THERMAL CONVECTION Pl{OBLEM.l

Sakhaev Sh., Zakaryiyanova N.B.
Kozakhstan

e-mail: sakhaev_ sh@rmail.ru

Consider the container €2, filled with incompressible viscous fiuid with initial time temperature,

Let the container surface S0 = S set for ¢ > 0 temnperature distribution and inside @ € B @
sources with data from specific heat flow. Observed that the temperature of the liquid in the contai
change. In the case of uneven liquid wannth density will change. This process is called free convection||

1.Formulation of task and purpose of the work’
This mathematical task will be solved as follows Il[ Search for vector v (z, t) (speed motion of liquid) 2 0
temperature w (z, {) that satisfy system of equations:

- 3
a7 (z,t) I~ e o 75 o
S VAT + ;—lw,.vm_ +(w(z,t)=f—gradp(z,t),

380
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divi(z,t) = 0,

Ow (. 1)
ot
boundary conditions
V(2 )l ees =0 w (T, e =0, 2 €S,

and the initial condition
T (2,t)] 0 = Vo (2), W (&, 1), = wo (@) . (5)

In equation (1) vector  (volumetric expansion) is an arbitrary specified vector, f (@, t), g(a,t), o, wo(z)
- set smooth {smoothness will show below) features v - kinematic coefficient of viscosity.

Our goal is to prove a clear task (1)-(5) C*** 7% (Q1), 0< a < 1.

If we discard in equations (1), (3) nonlinear components, the task (1)-(5) splits into two separate linear
tasks: the first initial-value problem for linearized non-stationary equation of Navier-Stokes and first initial-value
problem for the thermal conductivity equation.

2. Linear tasks
For completeness, here are the specified tasks of hydrodynamics and thermal conductivity with the known in
%% 1=% (Qr) results: for initial-boundary problem of non- stationary Navier-Stokes system in a cylindrical
field Q7 =2 % [0, T]:

% — nAT 4+ Vp(a,t) = f(2,1),
divd (@, t) = 0 (6)
T (z,t)

lees =0, T(2z,0) = Do (2) -

For this problem in [2, 5] Solonnikov V.A. proved the following

) & o : =
Theorem 1. Let S € CC+) 0 <a < l.Inall f(z, ) € .?(QT), o (z) € €% (Q), satisfying the
conditions of reconciliation B
Tp(2)|zes =0,

Puvdg (x) + f[:::, O)[IES =0, (7)

0
where P - is orthogonal to the Lz () projector on .J (£2) there exists a unique solution of problem (6) for
which the estimate ¥ (z,1) € C?+®1+% ((}T) , Vp(z,t) € C4% (Qr)

o] ap {cr) = +o
i +199i8) < 0 |7 + 1) ®)

For the problem of the heat equation

(j——r = A) u(z,t) =glz,t), u(@ t)|es =0, u(z,t)]g = o (z,t) (9)

[3] has next.

Theorem 2. Let S € C®). If g(z,t) € C*% (Cj-p) , up € C**(Q) and approval satisfies the following
condition . |
tp () + f (I,G}| =0,
reSs

then (9) is uniquely solvable C2+® 1+% (qu) and its solution satisfies the estimate

2 v
@ < ¢ [lol$) + luol§ ]
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3. Formulation of a nonlinear problem and its study :
The system (1) - (5) in the form of a differential equation. Let f (z,¢) € J (@), P - orthogonal (in Ly {ﬂ]}
projector on J (£2). We project both sides of equation (1) in the space J (), to exclude gradp (x;t). Obtail

J ;
) with four components:

W

from the equation (3) can be written as a single equation for the vector U = (

du
— +AU+KUU)=F

di
= VPAT - éw o
whereADU-.( B ),E—(U),
5 % PZS_ VT,
I = k=1 Tk
K (U,U) ( T

- Equation (2) do not write, as we will always work in the space of solenoidal vectors U(x,t), t. E. Such--'
7 (x) € J (). ]
The initial conditions (5) are convenient to reduce to an uniform, while the left side of (6) there will

ot

new linear terms. Let U = ( ;, ), where U’ (x,t) and w' (x,t) any function satisfyving the conditions (4} 8

(5) (which can be constructed, for example, solving the problem (5) - (7) and (9)).

P ) we obtain the equation

ThenU =-U'=t0= ( W

d ’
T: + Agu + 2K (U, v) + K (v,v) = Fy
{48

where

T § 1P Sﬁ (vp Ty, + Vgt )
7 U == 2ak=1 \YkVzy kVz,
B 2 ( Ugradw' + gradw’ 3

o d_i’;_ — AU —K (U,U") = K (U, U0y — KO U) = ( h ) _
C i L)

In addition, the vector function 7 (x,t) satisfies the zero initial condition

7 (x,t)),_g=0

and its components
(2, t)|pes =0, O(z,t)] =0 It

IES

Let § € C3*¢ | For the existence of the solution of (12) - (14) in the class C3+%1+@/2 (().) requires thatt

vectors J'rf.z, t) g Jo (Qr). U (x) € ¢ (ﬁ\ and the function g(x.f) € C**/2(Qz), satisfy the follow]
L

o

conditions
o (%)|pes = 0, w(2)|,eg =0

3 i s

PATy — P i . O)io (2 3 L
PAGo =P} vorlion, + E(@,0)wo (2)] _ — Fl2,0) =0,

o () Vwp (z) + g (x,0)|,ce = 0,

in other words, we assume that the vectors f(z,t), ¥ (z) satisfy the conditions of Theorem
g(xz,t), wg(z) - - Theorem 2. b
We construct a vector ' (z,t) € C?+*1+%/2(Qn) and function w (x,t) € C2T®1+a/2 (1), Then we
going to solve the (6) and (9) problems. ]
It is easy to check that all the conditions of Theorem 1 and 2 are made and the vector ¥ (:._§

Cal+al2 (Q), function o’ (z,t) € CTHOIF/2(Qr), 0 < a < 1.
In addition to vector ' (x, ) and function «' (i, 1) estimates

[/ ~{=) o Ly 2 AN
2 | 3 L = +o +ox
171gr™ < e \.(ﬂo + |0l )) + (ll-’ulgal n)) % (|wul(l )) } , {
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2 2 = :
WG < € [l + ol + 15016 ol )] -
The vector should be a solution of problem (12) - (14), in which

du'

EI:F_E

- Ayu' - K (v,v') = K (v, v')],.o — K (v, )

' v ore E o . -
it belongs to the class and satisfic; J (Q) x j (Q7) and satisfies the condition

3 (x:t)h:o =0.
Consider the prchlem (14) - (15) and following the lincarized problem

v
% + AV + 2K (U, V) = Fy (1),

|4 (I, t)Itc:D =0

with the right side F (z,t), in which the vector F} (z,t)satisfies the condition (19).

Operators Ag and K (u,..) define on the set D?7®(Qp) solenoidal vectors CHHal+e/2((r) x
CHel+a/2 (O4) satisfying the zero boundary conditions (16) and the initial conditions

u{I!c}|f=G =~ 01 1t ("E: E’)]?.=U = 0.
To study the problem (20) - (21) we need to get somne estimates. We have the following
Lemma: If 7, w € C1t®1+a/2 (Q1) divD = 0, then
syl i 1+ (1
K (@@)5) £ C (supg, 191 |wl§7® + supg, lw| - [51G;) | (22)

This inequality is easily proved if we use well-known evaluation [5]: for any ¥ (x,t) € CHO* 50 s
appropriate evaluations such as

. & = i S e
352 < o (1914+9) 7 - (191 ) 7 (up @ (@, ) T Sy < 14 e (23)

3 - b= e -
> supg, |3 < C(19157) ™ (supg, 191) ™" and for (=, 1) € CF+ed+e/2(Qr)
i=1

Lia
i, _i(2 R RS e
31+ < ¢ (19137 ) ™" (supg, I91)

holds if we use the below given evaluations for the problem (21) - (22):

o Dy 14
K @ Vi) S eswplu| [VIGT™ +C (w195 -sup V]
5} T

|K (U, U)|§;;2 < Cmin(1,7) (EUES‘?“})

are right for V (z,t), ¥ (x,t) € D37 (Qr), @(«,t) € 5" (Qr) N J* (Qr)
These estimates allow us to prove the following theorem.

0
Theorem 3. Let § € CB+®), o/ (2,1) €. C?*1+% (Qr), 0 < o < 1. Then for any G.(z,t) € J (Qr) X

0 . a
f{@r) problem (20)-(21) on the right part of G (z,t) has a unique solution V' (2,1) € Dg**{Qr), for which we
have the evaluation (240) @)
[ el o - —
VI < o) |RIL. e7)

Proof. In case u’ = 0 is proved the theorem follows from the estimate (25) - (26).
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We solve the problem (20) - (21) the method of successive approximations, shallow V(%) =0, aV(“'H]
defining of tasks:
,J_WF 1 V(“'LL" I e t V(n}) +F]_,
+1)
Ia =0

The convergence of V(™) is proved as follows. For the difference of Z{"+) = V{"+1 — (") we can oba
problem

4200 4 Az ) = 2K (!, 20,
' gim)l | =0
1=l

for solution of inequality (25) and evaluation (22) of Lemma is equal to inequality
| 1| (2] e [0 m) |{ed T T | (ﬁ‘
|Z o <C|K (u, 2} | <C(T)|F|g..
=8 Qs
and from this ratio, related to inequality we gain the

Zrl-+1

-4 3
§|2-.—nr} <& u|(2 -a) 10 om '_Z”|u:&) dr, m >0
@r -l o

We sum this inequality in n , then the &y (1) (5,\, (= E“N |Zr?1} (() ) for the function we get the evalil
- : i Cerm i

Ensr (t) € 1 (1) + - €y () dr,
1= 1—c¢ 0

where ) < & < 1. C‘onsequently, the fornwla £x () is limited on any interval [0,T] a constant, indeped
N; series of L

Just from the estlmates (8) and (12) (See Theorems 1 and 2) that any solution of the problem (18)=§
with the right side F (z,t) satisfies the inequality

e 'Z{n)l , and the sequence of V™ converges.

3 1
2+ - ({e) 2+a) F(24e) g
WVIZH < ¢ ||1RIS) + VIS, “*+c;m'/n et d 5

-

from which a sufficiently small € is obtained (29); if F; (z,t) = 0 will also have a V' (z,t) = 0 Thus, Thea
is proved.

Theorem 4 (main). Let § € ¢3+%), If inequality is done
1
C2C; min (1, TY |75 < -,

where Cy - Limited constant from (29), but C; - the type of inequality (28), then the problem (14) - (1§
uniquely solvable in the class at N3t (Q7) and solutions for the evaluation

| |(2+ct) { “‘I ?Q
14+ \/1 — 402 min (1,7) [F|$)

Proof. We solve the problem (14) - (15) by the method of successive approximations, shallow o\%=|
g+ >0 defining of tasks

dig(n+1}

—— + AT L K (o, ) = Fy - K (6(”). aiﬂi') LD — 0 =0,1,2..

t=0

We will show the limitations of the rules ]a
(25), (26) and (27) comes,

1y (@4 o, ; S -
(TL71J|{(:M = by the conditions (31). From the inequalities sudll
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(2+a) e (2+)
ﬁ"“"’”lq <G JF]!( )+sz1n(1 T) (i “)l ) } (32)

Asa reault of the follow'mg statements: let an >0,n=0,1,2, .. satisfies the recurrencs relation o, | < aaZ+b.
Kab < 1 LIRS l_ﬁ then ag < _Ji“"!; n = 0,1,2,.... Applying this assertion to thz inequality, then
2
| I'l-!~l)|£‘)"'nJ estimated by the right side (30). Since {v(™} is converged in D*** (Qy) then the mequallty (30}
holds for the limit vector, which is considered the problem vector {12) - (13).
In order to prove the convergence of v(™), we note that Z(n+1) — g+l _ gn) g 5 golution of

42830 | A,z 42K (u, Z0HY) = <ok (UM 4 U=, Z2(m)
Z(n-:—l” =0

=0

(33

If LU(‘”} |£::n} is already estimated, wz can use for evaluation of & (U(“) o Z“) inequality (25), so
when ¢ < T, it estimates similar (22)

\Z(”'H)‘( +ar) l rl)‘(2+ﬂe

c. 7]

"'H—u

We have already seen that it implies the convergence of Y 12 {”')I , 1.e. sequence U™, And now, we will

show the solution of problem Dﬁ"'“( Qr) is right. Let U and U’ - two solutions to the problem of the space
D; ™™ (Qr), then their difference is a solution of problem

% + AgZ +2K (W, Z)+ K (U, 2)+K (U'.Z)=0,
Zl4ep = 0.

Consequently, we have to solve this problem | Z! n+l]|(2+°‘} <e |Z| i 2 fL; 12|®**)dt and Z = 0. Theorem
4 is proved.

Note. Condition (29) ensures the solution of problem (12) - (13) with arbitrary Fy (2,t) in cylinder @,
height T which depends on the rate of Fy (#,%) and increases indefinitely when this rate tends to zero. Also
for any T > 0 there exists M = M (T), that the problem (14) - (15) is solvable in C#*®1+% (Qr) at any
Fy (2,1) € J* (Q7), which is less than the norm of M (1).

Based on this observation we can conclude that we have proved the classical solvability of the problem.
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B ganmoit paore npu cocrannennu pacHeriol CXeMLI ¢ HO3HIHI Teopil 0b0I09eK, NUCTEPHLI PACCMATDH-
BAIOTCA KK COCTaBNas KOHCTPYKUHs, COCTOMNAMN M3 IMIMAIpHYeckoil obomoaxoit, ceasanmoil ¢ cchepryeckoii
oborouKoh {':t‘mmte) H noaxperuvtentioft mranroyroM. llonepednnie cevenna LWITANTOYTOE PACCMATPHBAIOTCH N0
CXeMe KPYTOROTO KONbIa, a CTPHHTEPD! [0 CXeMe CTepIKId.

st monenuposanms IPOLECCOn AeopMIPOBAIIEs] HECYILIIX 2IeMEeHTOE 0000 e HLIX KOHCTPYKI M- KoTia
LUCTEPHLI IPH CTATHYECKHX M AMIEMIIMECKHX HarPYEIHAX HCNoIL3YIOTCsH BAPHALFONIIILIE TRIITILHIIL] ‘-'_IIII‘D:’IM-
a1 l-ﬂ!\-!II.'[I;'T‘I’.}ITFL—()-(_"_I'I.)UI‘]’.‘}:L'.I,C]{(JI‘O.

Paspaborka nporpaMmunix CPEACTE COCTABIACT OMITY H3 COCTABILIX YACTE aBTOMATHIHPOLAIIIOH CHETEME]
pacueTa 0BoJOUeMIILIX KOUCTPY KN KOTIa-HCTePHLl Ia IpouocTs n Konebamms. Tak xak TounocTs pacteron
11 HAJEXKIIOCTL MPOEKTILIX pPemenni KOIKPETHLIX KNACCOR 2allaq HelOCPEeACTReIIIO 3aBHCAT 0T adeKBaTlocTH
BbIﬁHD&E‘MbEX MaTeMaTHYecKHX MOIesell 1 MeTonon pelenns C(bf}]}[\i_‘y’_ HPOBAINEIX KPAeBLIX 341aY

Ha ocnore BapHAIHONIONO TPHITIAIIA Famunprona-OcTporpaickoro pACCMOTpElbl YTOUHEIHON pacueToln
MOIENH 1ehOPMHPOBaHHS KOTIA ICTEPIL] ¢ VIETOM rTeopus obonouek. [lonyuena euerema muchcbepenpansnx
ypasuenait 0jst cepuveckoit B nuiHnaprUecKkoll of0J0YeK ¢ TPAITMYNLIME H HAYAILILIME FCIAOBUSIME JLTH
PENIENNs KPAeBRLIX 3ajad KOTJig HHCTEPIILL.

ok ok
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