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ITpocreiimuit mpuHIIMTT MaKCUMYyMa JIJid YpaB 17} aBbe-CTOKCA
B crarbe nokasaHa CIPaBeIJIMBOCTH IIPOCTEHIIEro IPUHIN a yMa Jis HeJUHeHHbIX ypaBHeHuU#

MHCTBEHHOCTD CJIA0BIX W CyIIe-
,T, VT < 0.

Hasbe-CrTokca, Ha OCHOBE 4ero B BBIOPAHHOM IIPOCTPAHCTBE
CTBOBaHWE CUJIBHBIX pemeHuii 3amadn myst ¥ HC B mesioMm 1mo gpe

Karouesvie caosa: ypasuennsi HaBbe-CTOKCA, TPUHITUI @MAK! a ]I HEeJIMHEWHBIX ypaBHeHuii Habbe-
CroKca, eIUHCTBEHHOCTD CJa0BbIX OOOOITEHHBIX PENTeHUM eanii Hapre-CToOKCa, CyIiecTBOBaAHUIE CUJIb-
HBIX periennii ypasuenuit Hasbe-Crokca.

edenue

CoBpeMeHHOEe COCTOsIHIE MaTeMaBAYecK pun ypasuenuii HaBbe-Crokca (YHC) comepzkurces,
Hanpumep, B 1], a HeKoTOpBIE HepellleH npobyieMbl Teopun ypasHennii Hasbe-Crokca 0IHOPOIHOI
JKUJIKOCTH [IPUBEJIEHbI B [2] u

B psge pabor asropa |3, 4 y [IPUBEIEHbl PE3YILTATHl IOUCKOBBIX HUCCIEIOBAHUI C LIEJIbIO
000CHOBAHMS IIPUHIINIIA, C quist YHC. Bbumn yecTaHOBJIEHBI CBA3M 9KCTPEMAJILHBIX 3HAYEHUH
BEKTOPa CKOPOCTH, ILJIQEHOCTU eTu4ecKoil sHeprun (B 4aCTHOCTH, JIOKAJIHLHOTO MAKCUMYyMa) U J[aB-
Jenns ypapaenuii Hz okca. OIHako J0Ka3aTeIbLCTBA HOCACIHUX ObLIN TPYIOSMKUME B IIOCICIY-

FOITEM TTOTOOHBIE PEOIOJIEHBI, ITyTEM HEITOCPE/ICTBEHHOT'O UCCIEIOBAHNS NCXOTHOU CUCTEMBI

YHC na Bompo€ 0 CHPABEJIMBOCTH IPUHITAIIA, MAKCUMYyMa. 3J1€Ch JOKA3aH IIPOCTENINNI BAPUAHT IIPUH-
[UIIa MaKC JisT HenmHeHbIx ypasuernit Hapbe-CTokca, 9TO ¢ MATEMATHYIECKON TOUKN 3PEHMUST
SABJISIETC WMAJIBHO - KJIFOYEBBIM.

2 Iocmanosxa 3adavu

acCMOTPUM HavasIbHO-KpaeBylo 3aady st Y HC [1] orrocuresnbHo BekTopa ckopoctu U = (Uy, Us,
Us) minassenust P B obaactu @ = (0,7 x 2

U
aa_t —pAU+ (U, V)U + VP =f(t,x); divU =0, (la)
U(0,x) = ®(x); U(t,x)!aQ: 0, x €09, (1b)
e ¢ € Q C Rs; Q — Boinykias obsiactb, a 0f) — rpanuna obsiactu 2, t € [0,7], T < oo; fu ®
— BEKTOP-(PYHKITUHN BHEITHUX CUJI U HAYAJBHBIX JaHHbIX; 0 < p — kosddunment sskoctn; A u V
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oneparopsl Jlamaca u lamuiabrona; J(§2) — npocTpaHCTBO COIEHONIAIBHBIX BEKTOPOB, a G()) cocTount
u3 V. Ussectno [1], ato oproromamsnoe pasmoxenne Lo(Q) = G(Q) @ J(Q); 11111 — cobosesckoe
NPOCTPAHCTBO (PYHKIMIA, PABHBIX HYJIIO Ha Of).

[Tpeanomnoxkum, aro Bxomusle nanube f u @ 3amaqdu (1) yIoBIETBOPSIOT CIIEAYIONIM TPEOOBAHMSIM:

i) f(t,x) € C(Q)NJ(Q); ii) B(x) € C(Q) NW,(Q)NI(Q).
3 Ipunyun marxcumyma

Bekrophoe ypasuenue (la) mepemnuiiiem B BUJe CUCTEMbI CKAJISIPHBIX YDaBHEHMIA:

OU, orP —
81& ;LAU +(UVU)+%—fa, Oé—l,?).

Teopema 1. Ilycts §) - 3aMKHYyTasi orpaHnvIeHHast 001acTh B R3 ¢ TpaHurigi
[IWINHPUIECKas 00JIacTh B IPOCTPAHCTBE IepeMeHHbx t, X. [Ipesmro u

{P. Ua, a =13} € C(Q) N C*(

u yjoBierBopsitor ypasaenusim (1a). Toryma ecam npu HeKOTO’O o dynrmus for(t,x) < 0( for(t,x) >

) Q, To pyuknust U,y TPUHAMAET CBON HOJIOXKUTEIBHBIN Mal yM (OTpHUIIATEIbHBI MUHUMYM) B
mmHpe () Ha HipKHeM ochoanun {0} x Q wm ma ero 60 epxuoctu [0,7] x 0, T. e.
Uy (t,x) <max{ sup Uy U (t,%) }; (3a)
=0 A x€Q T]/\xeag

(Ua/ (t,x) > mm inf  Uy(t,
t=0 A x€Q ]

t,x) € 3b
uf U (t0}), (%) € Q. (36)
rae of € {1,2,3}.
Zoxasameavcmeo. s sToro oy, 0BaTh MJICI0 OOOCHOBAHUS IIPUHITAIIA, MAKCAMYMAa JIJTsT
ypaBHEHUS 1apaboInIecKOro TUtahld;
[TpenamosokuM IPOTUBHOE, LT.€!

ki Uy, P B Kakoil-To MOMEHT BpeMeHU t JOCTUTAIOT CBOUX
9KCTPEMAIbHBIX 3HAYEHUI BB YHBIX TOYKaX objiactu {) COOTBETCTBEHHO:

1. Iycrs dbynkims Uf(t, UraeT HOJIOKUTEIHHOIO MAKCHMAJbHOIO 3HAYEeHNs] B HEKOTOPOIL
rouxe My(t°,x°) BuypEzobmaco Q = (0,7] x Q:

sk

max{ sup Uy (t,x), sup Uy (t,x)} =C>0. (4)
t=0 A\ x€Q t€[0,T) \ x€092
O6oznau /(My) — C > 0 u BBesieM DYHKIHIO
t

M.

Ha/(t,x) = Ua/(t,x) + 9 ( T

Omeiona ipu Beex (¢,x) € {0} x Q U [0, T] x 9 nmeem 1enovKy HEpaBeHCTB

Hy(My) > Uy (Mo) =m+C >m+ Uy (t,x) > Hy(t,x) + %

i
m _
Hy(t,x) < Hy (M) — 5 V(t,x) € {0} x QU[0,T] x 09Q.
Orcrona cieayer, uro dyukiust Hy(t, X) Takxke IpuHUMAaeT CcBoe (II0JIOKUTEIHHOE) MAKCHMAIbHOE
sHavenue B Hekoropoii rouke M (t',x') € Q.
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2. Ilycth Tenepb B MOMeHT BpeMmeHn t' B Kakoii-HUOy b apyroit Touke X’ € Q (cayuait x” = x’ ne
ncksrodaercs) dbyukiws P(t,X) Toxe I0CTUraeT SKCTPEMAILHOTO 3HaYeHUs (IyCTh MMOJOXKUTETBHOTO
MAKCUMyMa).

[Tpumensist oneparuio div K BeKTopHOMY ypasHenuio (la), mosydaem ypasuenue [Tyaccona, cBs3bI-
Baoree jasjenne P ¢ Bekropom ckopoctu U:

—AP =dwl, rtne I=(UV)U. (5)
Honoum K =|| divl | o), Tak Kax 1o ycmosmio Teopembl 1 bynxmus divl menpe a-
HIYeHHOi obsactu ) upu Vi € [0, 7.

Bsenem BcriomoraTenbHyio pyHKITHIO

Dtz = C(0) + OB N a2

3
=1

(0%
UMEIOILYIO CBONMCTBA:

a)VD(t,x') = 0;b)AD(t,x) = K, (t,x) € Q;c) ilelgD(t,x') =C(t); , X ) —HeyObIBatomas B €,
X

e C(t) = const(t) > 0 u umeer HanboIIbIIEE 3HAYCHNUE [IPH ¢

Stx) = 4 (t,x) € Q;
’ 0, (t,x)e{0 LT x 9.

Beranras u3 b) coornomenue (5), mosryanm ne Ilyaccona

APs(t,x) = K — divI( s(t,x) = P(t,x) + D(t,x). (6)
W3 omnpenenenust pyukiun Py = D, B Cuny nomymuienHoro skerpemyMa P(t,x) B ) u cBoiicTB
c), d) dyukuun D(t,X), BEIBOIUMRITO kiyst Py(t,x) npuaumaer B Touke (t',x”) € Q monoxu-

TEeJIbHOEC MaKCHUMaJIbHOE 3Ha4ve

3
K
/ A/ / " 7 \2
Pt =max P(t',x")+ C(t") + — E (xo, — )%, (7)
x€eQN 6
a=1
a B TOUYKaX HUZK (0] nd njm 6OKOBOI7I IIOBEPXHOCTHU HMUJIMHIAPA Q HE MOXKET JOCTUr'aThb 9KCTPe-

MyMa, TaK Kag TaM OIIPEJIEIISIETCS ¢ TIOMOIIBIO (POPMYJIBI
Py(t,x) = P(t,x) + C(t), VY(t,x) € {0} x Q U [0,T] x 9. (8)
ee aBaeHusi [Iyaccona (6) cjielyeT HepaBeHCTBO
APs(t,x) = K — divI(t,x) >0, Vxe€Q.

Dro oznauaer [6; 306|, uro dbyukuus Ps siBisiercs cybrapMoHudyeckoil B obiactu § npu KaxkiaoM t €
(0,T], Tak Kak yJOBJIETBOPSIET COOTHOIIEHUIO

APg(t,x) >0, VxeQ.
B (7) ycranousu, uro dbynknus Py(t',X) gocturaer MakcuMaJbHOrO 3HadeHus B Touke X’ € (.

Torza us ceoiicrBa cybrapmonnyeckux dbyHkIumil Beirekaer, aro Ps(t',x) = const, Vx € Q.

10 Bectauk Kaparanmumckoro yHuBepcuTeTa



IIpocreiimuit TPUHITUI MAKCUMYMA, ...

Hasee Haxoanm
P(t',x)+ D(t',x) = const, Vx €.
Orcioma VP(M;) = 0, rak kak VD(M;) = 0.

B urore BbInuieMm Bee HEOOXOAUMBIE yCa0BHsT MakcumyMa dbyukunn Hy B Touke My (t', x)

OHu _

9 = AHa/ < 0; VHa/ = 0; VP =0. (9)

U3 ypaBrenus (2), ¢ yaerom yeaosuit (9), Haiizem mis rouku My nenb HepaBeHCTB

OH oP m m
LHy (M) = —* — nAH, + (H,VHy) + M) = fo+—>—
(¢ ( 1) at 2 [e% ( « ) 8-’170/( 1) fa oOT = 9T
Dro o3HauaeT, YTo HepaBeHCTBO (4) HeBepHO. CileoBaTesbHO, cripaBemBo (3a). e 1 JjlokazaHa.
U3 reopembr 1, cieys [5], HeTpyaHO HOIyYUTH JOKA3ATENBCTBO CIIEYIO JICHUS:

Caedecmeue 1. Ecau pexkrop-dyuknun f, ® ymnoBIeTBOpSIOT yCIOBRSIM ONIJIsI PelIeHMit

U(t,x) 3amaqan (1) crpase/ymBa OIfeHKa
1Ullcg) < 1@llc@ + Tlfllc@) = 41, VTgo0, (10)
rae |Ullcg) = gggfgpan(t,X)l-

Ha ocHoBe uero B BLIOpAHHOM IIPOCTPAHCTBE |3] MOKaZAHb HCTBEHHOCTDH CJIAOBIX W CYIIECTBOBA-
HUEe CUJIbHBIX perrenuit 3aaaqn g ypasuenuit Hasoe;Ct B HestoM 1o Bpemenu ¢ € [0, 7], VT < oo.
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A.III. Axpim

HaBbe-Ctokc TeHiey/iepiHe MaKCUMYM IIPUHITAIIIHIH »Kail Typi
Maxkasana Geficersbikrbl HaBbe-Croke rengeynepine (HCT) makcumym npuHummiHig, »kail TypiHiH OpBIH-

JlaTaTBHABIFBL Kepcerinren. CoHbIH Herisinze TapmajraH KeHicrikre 6apisik yaksirra t € [0,7], VI < oo
HCT-ra KoiiblaraH eCenTiy 9/1Ci3 KaJIKbI KOHE 9JIJ1 MennMIepiHin 6ap 60JaThIHABIFGI J9JI€JIIeHIeH.
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A.Sh. Akysh

The simplest maximum principle for Navier-Stokes equations

The work shows a fairly simple maximum principle for nonlinear Navier-Stokes equations. On that basis,
the selected space to prove the uniqueness of the weak and the existence of strong solutions of the proble
for Navier—Stokes equations the whole time ¢ € [0, T], VT < oco.
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