HPEITPUHTBI IIOMU PAH

I'JTABHBIN PEJIAKTOP

C.B. Kucnsaxos

PEAKOJUIEI'NA

B.M.ba6wuu, H.A.BaBunos, A.M.Bepmuk, M.A.Bcemupnos, A.W.I'enepanos, U.A.MGparumos,
JLYO.Konotununa, b.b.JIypse, F0.B.Marusicesny, H.}O.Heueraes, C.U.Penun, I'.A.Ceperun

Yupenutens: OenepanbHOe rOCYyJapCTBEHHOE OIOKETHOE YUPEIKICHUE HAYKU
Cankr-IlerepOyprckoe oTaeneHne MareMaTH4eCKOro HHCTUTYTA
uM. B. A. Creknoa Poccuiickoil akageMun HayK

CBHIETENBCTBO O pErucTpanuu cpeactsa maccoBoit nHpopmaruu: IJI NedC 77-33560 ot 16
okTs10ps 2008 r. Bergano ®enepanbHoil ciyk00i 1o Haa30py B cpepe CBA3H U MACCOBBIX
KOMMYHUKaIUN

Konraktueie qannsie: 191023, r. Cankr-IletepOypr, Ha6. peku PoHTaHKH, T0M 27
tenedonsr:(812)312-40-58; (812) 571-57-54

e-mail: admin@pdmi.ras.ru

http://www. pdmi.ras.ru /preprint/

3aBeayromnas HHPOPMAITMOHHO-U3AaTeNbCKUM cekTopoM Cumonosa B.H


mailto:admin@pdmi.ras.ru

[TPEITPUHT ITIOMU 12/2017

L,-TEOPUY JIJId IBYX®A3HON HECXKMIMAEMOU

YKMMIKOCTHU C YUETOM
IIOBEPXHOCTHOTI'O HATA>KEHU A

. B. denucoBa
Huemumym npobaem mawunosederus Poccutickot axademuu nayk

B. A. CosioHHUKOB

Canxm-Ilemepoypackoe omdesernue Mamemamuueckozo uncmumyma

um, B. A. Cmexnosa
Poccutickoti axademuu nayx

ITocBsammaerca namarm mpodeccopa M. Bypuara

AHHOTAIINA
Pabora nocssiiena 3a/1atue 0 HECTAIIMOHAPHOM JBUYKEHUH JIBYX BI3KUX HECIKU-
MAaeMBbIX JKUJIKOCTEe, Pa3JIe/IeHHBIX CBODOIHON I'DAHUIEN U COJIEPIKAIIUXCA B O-
panudennoM cocyjie. [Ipemnosraraercsd, 9To Ha XKUJIKOCTH JIEHCTBYIOT MacCOBbLIE U
KaIUJLIIpHbIE CUJIbL. /[lOKa3bIBaeTCs YCTONYNBOCTDH COCTOSAHUS TTOKOS TTPU MaJIbIX
HAYabHBIX CKOPOCTSX, MOBEPXHOCTH pa3zjesa OJin3koil K cdhepe n Majbix yObI-
BAIONIUX IIpUA ¢t — 0O MAaCCOBBIX CHJIaX.

KimroueBble ciioBa: JByxdasHble X KUJIKOCTH, 3a1a91 CO CBOOOIHBIMU IPAHUIIAMI,
KO3PIMTUBHBIE OIleHKH, 1mpocTpancTBa Cobosiea-Ci1000/1e1Koro.

Dta pabora Obuta TOIepxxKana Hapomgnoit mporpammoit “The People Pro-
gramme (Marie Curie Actions) of the European Union’s Seventh Framework Pro-
gramme) FP7/2007-2013/”, nomep rpanta n’ 319012, u ®oHJ0M HHTEpHAIMO-
HAJILHOTO COTpyHuYecTBa [[0JIbCKOrO0 MUHUCTEPCTBA HAYKHM W BBICIIETO 00Pa30-
BamHus, HoMep rpanTa no. 2853/7. PR/2013/2.

D10 mccreoBanne ObLIO TAKYKe YACTUIHO MoJiepKano POHIOM POCCHICKUX
BEJIyIIUX HAYYIHBIX MKOJI, TpanT NSh-1771.2014.1.



I[MPEITPUHTEBI
Cankt-Ilerepbyprckoro otesieHms
Maremaruaeckoro nacruryta um. B. A. CrekjoBa
Poccuiickoit akajiemun Hayk

PREPRINTS
of the St. Petersburg Department
of Steklov Institute of Mathematics

I'JTABHBIN PEJAKTOP

C. B. Kucinakos

PEJIKOJIJIET A

B. M. bBabuq, H. A. Bauios, A. M. Bepmuk, M. A. Bcemupros,
A. U. T'enepanos, N. A. N6parumos, JI. FO. Kosornimna,
B. B. Jlypre, FO. B. Marusicesu4, H. FO. Henperaes,
C. W. Penun, I'. A. Ceperun, O. M. ®omenko



1 Bseaenne

B pabore wusydaercd HecTanuoHapHOe JBUKEHHE IBYX(MAa3HON KUIKOCTU
B konreitnepe. (O0e da3bl MpenosaralTcd BA3KUMU, HEC)KUMAEMBIMU U
HECMETTMBAIONNMICS, OHU PA3/Ie/IeHbI HEM3BECTHON 3aMKHYTOI IDAHUIIA PA3/Iea,
HAa KOTOpOH eiicTByeT TOBEPXHOCTHOE HaTsiyKeHne. VHbIMEU cjioBaMu, 3TO
JIBUKEHIE KallIn B KuJKoit cpeje. OHO ONUCHIBAETCS CHCTEMOW ypaBHEHMI
Hasbe-Croxkca, BK/IOUatoIeil B cebsd MacCOBbIE CUJIbI, HAYAIbHbIE U IPDAHUIHBIE
yCJIOBUS ¥, KDOME TOr'0, HAYAJIbHYIO0 KOH(PUTYPAIIUIO KAILJIN.

[lepBble pe3ynbraTbl, KaCAlOIMIMECs HECTAIMOHAPHOTO JIBUXKEHUS JIBYX
JKUJIKOCTEH €O CBOOOJHON TpaHuiia pazjena, Obuin mosaydeHbl B 90-x romax
[IPOIILJIOTO CTOJIETHsT . B cilydae Bcero mpoCTPaHCTBa TeopeMa CYIeCTBOBAHUS
U €JMHCTBEHHOCTU I 33Jla9il C KaOWIgPHBIMU cujaamu u 0e3 Hux B Lo—
[IOCTAaHOBKe ObL/Ia JIOKa3aHa Ha KOHEYHOM BPEMEHHOM MHTepBaJie, JJINHA KOTOPOTo
omnpejiesisiiach HOpMaMu 3aJaHHbIX dyHKwiA [1, 2, 3, 4]. Dror pesynbrar
ObLIT MOJIy9eH IyTEM PacCMOTDEHUsT MOJIETbHBIX JIMHEHHbIX 3asad [5, 6]. [ura
n Takaxamm |7, 8] mokaszasm cymiecTBoBaHHEe INIOGAJIBLHOTO CJIAGOTO DEIeHHst
i ypasuennit Ctokca u Hasbe-Crokca, ONHUCHIBAIONINX JIBUYKEHUE JIBYX
HECMEITMBAIONINXCS KUIKOCTEl 0e3 yuéTa MOBEPXHOCTHOIO HATIKEHUS .

B mnocnemnue roapl BO3poc MHTEpeC K U3YUEHUIO 3aJ@dd O TeYeHUun
JNBYX(a3HOW KUJIKOCTA € yIETOM ITOBEPXHOCTHOTO HATSKEHUs B PA3JIUIHBIX
dyHKIIMOHATBHBIX TPOCTpaHcTBaxX. VlcciremoBarem CTaBsIT HOBBIE BOIPOCHI B
e€ aHajM3e M YKA3bIBAIOT Ha pa3/IMYHbIE aCIeKThI 3TOH 3aja4uu. B wacrHOCTH,
X. A6embc [9] onenmn xayciopdoBy Mepy I'DAHHUIBI  Pas3jesia, OCTaBJIsid
OTKPBITBHIM BOIIPOC CYINECTBOBaHUs O00OOOIIEHHOrO pelenus 3aaqn. Jlasee,
[MMubara n [Mumusy usyunan 3aady OMepaTOPHBIME METOIAMU B aHH30TPOITHBIX
cobonesckux npocrpancteax W2l (QF), 2 < n < ¢ < o0, 2 < p <
0o, 0 C R™ Onm JoKazaam pas3pemmMOCTh MOJEIBHON 3312 TudpaKIum
st cucreMbl Crokca [10]. AHAIOTUYHBIX PE3yIbTAT I HEJIMHEHHON 3ajadu
C HEW3BeCTHOl rpanuiell pasjena Obul nosyder B [11] npwu npesmnooxenun,
9TO HadaJbHas IDaHUNA pas3jeia 3ajaHa ypaBHeHuM =, = a(2'), 2/ €
R"!. Ho mambosblee BHUMaHHE yiejdeTcd HpobieMe 06 SBOJIONUH JIBYX
JKHUJKOCTel B KOHTeliHepe, 0OCOOEHHO 3ajiade 00 yCTOWIUBOCTU IIOJIOXKEHUSI
nokost (BeKTOpHOE moJie ckopocTeit v = (0, JaBjeHwe p — 9TO KOHCTAHTA
JUT  KaKJIOM KHMJIKOCTH, TpaHUlla pasjesa — 3T0 cdepa ¢ MPOU3BOJIbHBIM
IIEHTPOM, He KaCalolascs CTeH KoHTefinepa). ABropamu B [12| u mesaBmcHMO
B cepun pabor Ilprocca ¢ coaropamm (B uacraoctu, B [13, 14], a Takke
B MoHorpadun [15]) ObLIO MOKA3aHO, YTO COCTOSHUE IOKOSA SKCIOHEHIHATBHO
YCTOMYNUBO B CJIEIYIONIEM CMBIC/E: JIJIsi [POU3BOJIBHBIX HAYAJIBHBIX JTAHHBIX,
OIM3KUX K TIOJIOXKEHWIO PaBHOBECHs, 3aJlada UMEEeT €JIMHCTBEHHOE peIleHue,



ompejiesiéaHoe mpu ¢ > (0, KOTOpOE CTPEMUTCST KCIOHEHIINATBLHO K ITOJIOKEHUIO
[TOKOsI, OTJIMIHOMY B ODIEM CjIydae OT HadaJbHOro. JlokazaresbcTBO OCHOBAHO
Ha KOSPIUTHUBHBIX OIEHKAX DEIIeHNs JIMHEAPU30BAHHON 3ajadn (T.e. OIEHKaX
B IIPOCTPAHCTBE MaKCUMAJBLHOI perysisipHocTr). Bo BcexX BBIMEYIOMSHYTHIX
paboTax, 3ajiada CcO CBOOOJHON TIpaHuIlell pasjesa CBOJAWIACH K HEJIUHEHHO
cucTreMe B JIBYX (DUKCHPOBAHHBIX 00OJIACTSAX depe3 mpeoOpaszoBaHme XaH3aBbl,
HO JIeTajiu JOKa3aTeIbCTBA CYIIEeCTBEHHO OT/IMIaInch. Hy»KHO OTMETHUTH, UTO
B [12] 3amaua w3ydasach B AHU30TPOIHBIX MPOCTPAHCTBaX | Eibjepa, Torja
kak B [13], [14] ocmoBubM mpocrpamcreom Geito W3, p > n + 3. Kpowme
TOrO, CYIIECTBOBaHUE IVIODAJIBLHOIO pelleHus 3a/a9i ObLIO TaKKe IOJIYYeHO B
cOoBOJIEBCKOM IIPOCTPAHCTBE P p > n = 3 B [16].

B [17]| robasibHast pa3pemmnMocTs 3a/a4du Oblia JOKa3aHa B CIydae HeHYIeBbIX
MACCOBBIX CHJI, SKCIOHEHIIMAJILHO YOBIBAIONIUX NpH ¢ — 00. YIOMsAHEM
Takxke paborsbl (18, 4], rae GbLT paccMOTpeH ciiydail HYJIE€BOrO MOBEPXHOCTHOTO
HATSIYKEHUS.

B macrosieit pabore 3a1a1a nccieayerca B npoctpancTBax CoboseBa—Ciio60-
JIETCKOIO VV22 L1/ le (1/2,1), B Tpéxmeprom ciydae. Mbl cocpemorodmmcst
Ha JI0KA3aTeIbCTBE YCTONYIMBOCTU TIOJIOKEHHUS IOKOsT W TIOCTPOUM  peEIleHHe,
[peJjioJiarast, YTo HavYasIbHbIE JIAHHBIE 33129l OJIM3KU K 9TOMY COCTOSHUIO, T.€.
[I0Jie CKOPOCTel M MacCOBbIe CUJIBI MAJibl, & IPaHUIlA pasjiena Oau3ka K cdepe
Sk, pamunyca Ry Takoro, 4ro map, orpaHHYEHHBII 3Toil cdepoii mMeeT TOT Ke
00bEM, ITO W BHYTPEHHSISI KUJIKOCTH. lloMecTuMm 1eHTp 3TOro mapa B HAYAJIO
KOOP/IMHAT, KOTOPOE COBIAJIAET C IEHTPOM TSI’KECTH KAILIN B HAYAIbHBI MOMEHT,
[IPU 9TOM TI'DAHUIA Pa3/iesia OIpPeJe/sieTcs KaK HOpMaJbHOe BO3MYIIeHne chephl
Sk (0). JlormuHo cUYMTATH HEM3BECTHYIO I'DAHUIY pas3jejia B MOMEHT BPEMEHU
t > 0 TakKe HOpPMaJIbHBIM BO3MyIeHueM cepbl Sg,(h) Toro xe pammyca Ry,
HO C TIEHTPOM, DACIIOJIOXKEHHBIM B IeHTpe TszkecTu h(t) BHyTpeHHEH 00JacTH.
[Tosromy,kak 1 B mpeabirymmx paborax [12, 19|, MbI BBesEM wWieH ¢ BEKTOPOM
h(t) B cranmaprHoe mpeobpazoBanne XaH3aBbl JAByXdasHOil obacTi B 00J1aCTh
¢ dukcupoBanHoit rpanureil pasgena Sg,(0). Ilo mamemy mMHeHHIO, 9TOT YIEH
[I03BOJIIET HAM YYUTHIBATH SBOJIIOIMIO TPAHUIBI pas3jiesia HandoJiee TOYHBIM
obpaszom. [lastee, Mbl JimHeapusyeMm IpeoOpa3oBaHHYIO 3aja4dy. B maparpade 2,
MBI OyjieM M3ydaThb JIMHEHHYIO 3a/ilady B JBYX 00JACTIX, pa3je/éHHbIX cdepoit
SRy, U JOKaKeM OIEHKN MaKCHUMaJIbHON PEryJIspHOCTH PeIllleHus 3a/adl cHadasa
Ha I[POU3BOJILHOM KOHEYHOM WHTEPBaJje BPEMEHH B OOBIYHBIX IPOCTPAHCTBAX,
a 3aTeM, IPU HEKOTOPBIX JIOTOJHUTEJIHHBIX IIPEJIITOJIOKEHNUAX, HA OECKOHETHOM
unTepBase t > (0 B IPOCTPAHCTBAX C SKCIOHEHIMAILHEIM BecoM e, B maparpade
3, HA OCHOBE 9THUX OIEHOK U OIEHOK HEJUHEHHBIX I/IEHOB MbI TOCTPOUM PEIIeHTe
sajaun cHadasa upu t € (0,7)) ¢ moaxomsmmm Ty > 1, a HOTOM HPOJOJIZKAM 9TO
pemenue 1o t B uaTepBas (1y,27y) u gasee mar 3a rmaroM s Jjioboro ¢ > 0.



Mpbr 110KazkeM, 9TO CKOPOCTh M T'PAJMEHT JaBJIeHUs YOBIBAIOT SKCIOHEHIUAIHHO
JI0 HyJis ipu t — 00, a ['y crpemutes K cdepe pagmyca Ry ¢ meaTpoMm B h(00)
6sm3Koit K Sg,, HO B 00IIleM ciIy4dae OTJIUYHON OT Sp, .

Kpome Toro, Mbl jomyckaem 3jech Oojiee 0bIee, deM SKCIOHEHIHAIBLHOE,
yObiBanue  GyHKIWMIT B mpaBbix  dacTaX  ypasHenuit  Habpe—Ctokca.
HokazarenbcTBo cTponTest Tak ke, Kak u B [20, 12, 16|, HO oKoHUaTesbHAs
oreHKa perrenns (cM. Teopemy 1.1) HEMHOro oTJH4YaeTcs OT TOM, 4TO ObLIA
npuBeJieHa B Ipeablaymux paborax. Kak u mpexkie, 3/1eCh HUCIHOIb3YETCHA
wiess noctpoenns (byHKIUU 0600mEHHON sHeprun |21, 22| s mosydenus
SKCIIOHEHITMAIBLHON OIEHKH BMECTO aHa/M3a CHeKTpa JuHehHoi 3agaqdn. Crout
3aMETUTh, UTO HAIlla TEXHUKA [MOCTPOEHUS PEIeHUs U OIEHKHU €ro MOKeT ObIThb
obobrena Ha crydail MHOro(has3Hoi YKUJKOCTU U N-MEPHOT'O NMPOCTPAHCTBA IPH
n > 3.

Dror Marepuas Oyuer onybJIMKOBaH B cTaThe [23].

[lepeiiiém K MaTeMaTHIECKOMH MTOCTAHOBKE 3a,/Ia9H.

[Iycte B Hava/bHBIE MOMEeHT Bpemenu t = () jiBe Bs3KHE HECKHIMAEMBIE
HecMeIUBaouecs KIJIKOCTH HaxXoAdaTca B orpammdeHnoM cocyzne §) C  R3
" pas3zienéHbl 3ajaHHoi TpaHuieil paszena ['p, KoTopasg He KacaeTcsd CTeH
kouTeiinepa X = 0N). Ilpu t > 0 oboznaumm uepe3 ['; mepeMeHHYIO T'DAHUILY
obmact €, 3al0/HEHHOH KUJKOCTBIO € IUIOTHOCTBIO pT M JMHAMHYECKOi
BSI3KOCTBIO 1T M OKPY?KEHHOM JIPYTOii KUJKOCTBIO C IMJIOTHOCTBIO P~ U BA3KOCTHIO
p~, 3anuMaroreit obnacth Q; = Q\ Q. Hyxuo naiitu 'y, a Tak:Ke BeKTOpHOe
nosie ckopocreit v(z,t) u dynknmio gasnenus p(z,t), r € Q; U Qf, obeux
JKUJIKOCTEH, SABJIAIONIUXCs PEIIeHneM HAadYaIbHO-KPAEBOH 3a/1auu JIJisi ypaBHEHHI
Hagsbe-Croxkca

1
Dtv—i—('v-V)fv—yiV%—l——in:f, V-v=038QFf t>0,
P

v(z,0) = v(x) B Qp, (1.1)
= .Y _ _
[vllp, = lim v(e) = lmv(z) =0, vy =0,
e z€Q,
2
T pnlle, =o(H+ 5 )n. Vi=v-n.
0

e Dy = 8/0t, V = (0/0z1,0/0x5,0/0x3), v5 = p*/p*t — s1o crynenuaras
yHKIWS KHHEMATHIECKON BSI3KOCTH, ¥y — HAdaJIbHOE pacIipe/ieieHe CKOPOCTel,
f — BekTOpHOE NoJIe MaccoBBIX e, 3a1antoe B 2 x (0, 00), T(v, p) = —p+pES(v)
— Tensop manpstkenuit, S(v) = (Vo) + (Vov)? — ynsoennsiit Tensop ckopocreii
nedopmaruu, H — yuBoeHHasi cpeinsis KpususHa mosepxuocru [t(H < 0 B
ToUKax, rje [y Beimykia B cTopony 2, ), 0 > 0 — kK03 duImenT moBepxHoCTHOrO
narsxkenust, n(r,t) — Hopmaib Kk [y orHocurenbho €, [u]|r, — 310 ckavok
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BeKTOpa u 1npu mnepexoie depes [y, V,, — ckopocTh sBosonun ['; B HampaBieHUN
n, Ry = (3|QF|/4m)Y3, || = mes Qf. Mur npeanonaraem, uto & R® Beesena
JekaproBa cucrema Koopjauaar {x}. Touka obo3HAUAET JEKAPTOBO CKAJSPHOE
[IPOU3BEICHIE.

Mpbr mojsipazymeBaeM CyMMUPOBAHME II0 IOBTOPSIOIIMMCS WHJEKcaM oT 1
JIoO 3, ecqim OHM O0O3HAYEHBI JIATUHCKUMH OyKBaMu. BeKTOpbl M BEKTOPHDLIE
IIPOCTPAHCTBA MBI OTMeYaeM Oy KUPHBIM IITPUMTOM.

[Ipeamonoxkum, uro nosepxHocThb [’y Ou3Ka K cdepe Sg, paguyca Ry, meHTp
KOTOpOIi COBIIaJIaeT ¢ IeHTpoM Tszkectu obaactu (2. Bes orpannuenust obmnoctu
JIOIIYCTHUM, YTO OH HAXOJUTCH B Hadase KoopauHat. Torna moepxuocTsb 'y MOKHO
CUNTATh HOPMAJIBLHBIM BO3MYyIleHHeM cdepsl Sg,, T.€.,

To={zeRlz=y+r(y)NY)}, yE Sry

rie N(y) = y/lyl, y € Sr,, a 1o — Manaz 3agannag ¢ynknuda. IlomobHoe
[peJICTABIeHNe UCIIOJIb3YeTCsl U JIJIs HeM3BeCTHON mosepxuocTu [y, ¢ > 0:

Ii={zeR¥z=y+h(t)+r(y,t)N(y)},

rae 7(y,t) — nemspectHast dbynkiua Ha Sg,. Koopmunarel menTpa Tszkectn (2
3aj1at0Ted (hopMyJIoit

1 1 [ ,
hi(t) = o o r;dr = m/o /Q;r vi(z,7)dedr, i=1,2,3. (1.2)

[ponomxum N B R? o dbopmyne N*(y) = w(y)y/|y|, tne w(y) — 3ro rnagkas
dbyukius pashas 1 upu |y| > 2R /3 u nymo upu |y| < Ro/3. st r Mbl BBEIEM
upogoskerne r*(y,t) = Er(y,t)P(y), rme P(y) — rragkas cpesarormas QyHKITHs
paBHas 1 BOsm3u cdepsl Sg, U Hy/II0 BOJIn3K BHelHeil rpanuipr 2. [lycrs £ — 310
buKcupoBaHHbIit orepaTop npojosKenus ¢ Sg, B R3. Tlorpebyem, 4To6bI

or*
oN 5w =0
||T*||W2l/+l/2(R3) < CHT“Wg”(SRO)’ I'e (0,2 +1],

u r*(y,t) = 0 upn ‘|y| — RO} > dy, B wactHocTH, nipu Yy Gauskux K . (Wi —
510 npoctpancTBo CobosreBa—Ca0001e1IKoro, oImpeaeaeHne KOTOporo OyaeT JTaHo
mizke.) Orcrofa cieyer, 9To

1Py srr2sy < lDer sy 1€ (0,241 (1.3)
Bseném moaudunupoBanHoe mpeodpasoBanne XaH3aBbl
=y +7r(y, )N*(y) + x()h(t) = ernly, 1), (1.4)
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rie x(y) — 9ro riagkas cpesaorasi QYHKINsA, paBHAS €JUHUIE TP }|y| — R0’ <
do/2 w HymO TIpH Hy\ — RO} > do. Ecu r u h(t) maner, a dy BbIGpaHO
HY>KHBIM 00pa30M, TO 3TO IIpeobpazoBaHne 00PaTUMO, OHO YCTAHABIUBACT B3aNMO-
OJIHOZHAYHBIe COOTBETCTBUA Mexkiay mmapom BT = {ly| < R} u Q, mexnuy
coepoit Sg, n 'y, a Taxxe mexkay B~ = Q\ BT u Q;. (Qro odeBnano npn
t =0, korga h(0) = 0, 970 TakXKe OCTAETCS CIPaBEUIUBLIM 1 J/IA Masbix h(t).)

O6oszHaunm vepes L marpuiy Skobu npeobpasosanus (1.4) u nojoxkum L =
detlL, L=r1L" fcno, aro

O(r*(y, t)N; (y))
y;

Ix(y)\3

+hi(t)—}

y;

L(r, h) = {5;‘. +

ij=1

st Tovek Yy, pacnosioykeHHbIX Ha cdepe Sk, u BOJmM3H Hee, uMeeM VY = 0 u

L1y {4 a(r(yg;jvi(w) };:1.

[Tpeobpaszosanue (1.4) nepesoaur (1.1) B cucremy
_ . 1 ~ .
Do — vEV2u — (LN (Dyr* N* 4 xh) - V)u + (L7 'u - V)u + p—di =7,

V-u=0 B B* t>0,
u(y,0) =uo(y) B BF, r(y,0)=ro(y) ma Sk,
[uHSRO =0, [MiHS(u)nHSRO =0, uly =0, (1.5)

[—q + iEn - g(u)n]}sRO = a(H(er,o(y,t), t) + Ri())’ /Qq(y, t)dy =0,
1

n
Dyr — (u— B ulL(r,0) dy) Nom = 0 Ha Sg,,

rae V=L"TV = (L™1)7V - 510 npeobpasosanubiii rpauent V, (717 osHauact
TPAHCIIOHUPOBAHHUE ), g(u) = 6u/\+ (%u)T— 9TO IPeoOPa30BAHHBII YIBOCHHBII
remsop cxopocrett aechopsatut, F(y,1) = Flern(y1)1),  to(y) = volemo(y))
[lg=g—-n(n-g).
OcranoBuMCS Ha ypaBHEHMM Jijid  Heum3BeCcTHOH dyHkimu r Ha Sy,
omnmckIBaroIieil rpanuity pasuaena I';. OHo Bo3HuKaeT u3 ycjioBusa V,, = v -n Ha [
ey (1.4) u (1.2), ak kak V, = Dy -n = Dyr(N -n)+ h-n, h= dh/dt.



Cucrema (1.5) MozkeT OBITH 3alnCcaHa B BHJIE

1 ~
Dy — vEV2u + p—di =Ul(u,q,7)+ f, V-u=I(ur) s B t>0,

'U,(y, 0) = uO(y) B B:ta T’(y, 0) = TO(y) Ha SRoa

= 0, [MiHQS(U)NH = lg(u,T), ’U,|E = U,

uj }SRO

g+t - S(u)NHSRO — oBor = ly(u,r) + ol5(r), /Qq(y, t)dy =0,

Srg

1
D —( S d>~N:l : Sho,
o — (u B B+u Yy 6(u,r) Ha Sg,

rme Bor = ASROr + 2R527“,

L(u,q,r) =5 (V2 = V?)u + pii(v —V)q+ <L’1(Dtr*N* + xh(t)) - V)u
— (]L_l'u, V)u,
( ) I-L"W-u=V-L(u,r), L(ur)=({-Lu,
= [pF1, (HOS )N —TS(u)n)]|g
(N

= [p* u)N —n-S(u)n)] }SR : (1.6)
=T
/ (1-s —Q]LT(S’I“ 0)V-nyds, ns= IE(ST—’OW,
0 ds ILT (sr,0)N|
L7(r,0)N
u — t)d ~ - N
< [BF| / ulv’ <N L7(r,0)N )
L7(r,0)N

- — L(r,0) — 1)ud — ,
|B+| B+(( )= yN-ILT(T,O)N

Mg=g-N(N-g), N L'(yt)Ny) =y -Ly/|yl"
Bekropst n(z,t) u N (y) cBasaHbl MexK iy co0Oii COOTHOIIEHHEM

L ON() |
L7, 0N ()] 516

'I’I,(ZL‘, t) |x=6r,o(y7t) =

Kpowme toro, H(e,o,t) + Rlo = Byr + l5, tne Byr — sro nepsasa sapuanusa H +
2/ Ry ornocurenbro 1, a l5 — HesmHeiinbli ocTaToK; Yepes Ag, MBI 0003HAMIIH
oneparop Jlamiaca—Benbrpamu Ha Sg,, @ 4epe3 nm, — HOPMaJIb K [IOBEPXHOCTU

Iy ={zeRlz=y+sNyr(y.t), yecSrt se(01).



Bameuanue 1.1. Vpasuenue z =y + r(y,t) N (y) onpedeasem noseprnocmo Iy,
cdsunymyro na sexmop —h(t).

B zagade (1.5) mbl goGasumn ycuosue HopMupoBku [, ¢dy = 0 s g. Ono
MOXKeT OBITh TaKzKe BBIOPAHO U B JIPpyroii hopme, HAIIPUMED TaK:

. 7 (y,t)dy =0, (1.7)

wi tak: [ q(y,t)dS = 0. JIBe QyHKIMM J@BIEHNs, COOTBETCTBYIOLLHE
Pa3JIMIHBIM YCJIOBUSIM, OTJMYAIOTCS PYT OT Jpyra Ha HEKOTOPYIO (DYHKIMIO OT
spemenn. Ecim, ckazxkem, [, ¢dy =0, ¢ yuosnersopsier (1.7) B obmactu B™, a ¢
— Ha X, cooTBercTBeHHO, Torna q(y,t) = ¢ (y,t) +¢(t) = q(y,t) + ¢(t) ¢

w0 =151 [ aends w0 =1z [ o€ nas

Ouesnjino, 1To [q”SRO = [q_”SRO = [a”SRO‘

Bamerum, uro ycnosue || = 47R3/3 u Tor dakr, UTO HEHTp TAKECTH
Q;f cosmazaer ¢ mauasom KoopaumHaT y = (), BEIpazKaioTcs depes (yHKIUIO T,
COOTBETCTBEHHO, CJICAYIOIINM O6p3301\1:

/ ((Ro+r)*—R3)dS =0, / ui(Rotr)'—RY dS =0, j=1,2,3. (L8)
SRrg Srg

Bresiém nopmy

(sL4/2) _
lule, ™ = lullwz oy + Mtllyre (o rawssiy)

CdopmymupyemM HaIll OCHOBHON Pe3yJIbTaT.

Teopema 1.1 (I'moGanbhast paspemmmocTs). [Tycmos npu | € (1/2,1) ¥ €
W23/2+l, wy € Wi (UB*), a ry € WET(Sg,). Honyemum, wmo evinoanenv
YCAOBUA COZAACOBAHUA, G MAKNHCE YCAOBUE MAAOCTIU:

V-ug = ly(ug, 7o), [ oS (o) N]|s,, = Us(wo, 7o), [to]ls,, =0, uols =0, (1.9)

||u0||W21+l(UBi) + HTOHW;“(SRO) <e. (1,10)

Kpome mozo, npednosostcum, wmo f umeem KoHeuHble HOPMbL Hebtf”wz,lm(Q )
2 oo

Do [P fllgr oz 206 Qoo = @ x (0,00), Qrrsry = X (77 +T), Ty > 2 -
HeEeKoMmMmopoe &U’K?CU;DOGCLHHO@ Ywucno, u

||€btf||w2l7l/2(Qoo) e, b>0, Sng ||D;:L‘f||QT,T+TO <, |7’| =1,2. (1'11)
T>
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Tozda 3adawa (1.5) umeem eduncmeennoe pewenue (w,q,r) U OHO
ydos.aemeopsaem nepasencmey

||eatu||W;+l’1+l/2(UDoio) + ||eatVQ||W21’l/2(UDOiO) + ||eatQ||W§’l/2(UD§o)

+ Hea“"”W§/2“’5/4“/2(Goo) + HeatDtT|’W§/2+l,3/4+l/2(GOO)
< 01(6){|’eatf”w2l»l/2@oo) + HUOHW;“(UBi) + HTOHWQQH(SRO)} (1.12)
¢ nexomopvim a < b, DE = B x (0, 00).

OTMmeTuM, 9TO aHAJOIMYHBIE PE3YJLTATHl B I'€JIbIEPOBCKUX MTPOCTPAHCTBAX
OBLIN TIOJTy9eHbI ¢ MACCOBBIMU CHJIAME B ITPpaBbIX dacTsax [17] u 6e3 Hux [12].

Teopema 1.1 obecreunmBaeT yCTOWYMBOCTL pPEHIEHUS B TOM CMBICIE, 9TO
BEKTOPHOE I10JIe CKOPOCTEel MaJIo OTaMYaercs OT Hysd, a (PyHKIUS JaBJICHUA —
OT HEKOTOPOIi CTyIIeHIaTol (DyHKINY IPU YCIOBUH MAJIOCTH HAYAJIBHBIX JTAHHBIX
u MaccoBbix cui. Kpome Toro, mnpegenbHoil rpanuneil pasiena apigercsa cdepa
Sk, (heo) Pasmyca Ry; onHaKO, TEHTD Mo, ITOM TpeesibHOl chephbl MOXKeT ObITh
CMeIIEH OTHOCUTEILHO Haua Ia KOOPJMHAT — IEHTPa TazKecTH (), Kax Gbl HI ObLIHI
MaJibl HadaJIbHbIE CKOPOCTH U MACCOBBIE CHJIBI. DTO CMeEIIeHHE OyIeT OICHEHO
nocpeIcTBoM HepaseHcTBa (3.23) B kKorIle §3. Tam Takke OyjieT NpUBEIEHA OIEHKA
CHH3Y HAYaJbHOIO PACCTOSHHMA MEXKJy BHENIHEH TpaHuleidl U IOBEPXHOCTHIO
paszena >KUIAKOCTel, J0CTaTOYHas IS TOrO, YTOObI 3TH I'DAHMILI HUKOIJA HE
HEPECEeKINCh B OyIyIIeM.

JokazareabecTBo TeopeMbl 1.1 IpoOBOAMTCA B HECKOIBKO 3TarnoB. OHO
OCHOBBIBAETCA Ha, 3KCIIOHEHIINAILHOM SHEPreTHIeCKOM HEePABEHCTBE JIJIsT PeIleHIs
JIMHEIHOM 3a/iaun, KOTOpOoe BJIEYET 3a CcODOH SKCIOHEHIHAJIbHOE YyObIBaHUE
1100 IbHOIO PEIeHnst 3TOM 3a/1a49u.

2 JInneitHag 3ama4a

Hapsiy ¢ (1.5), paccMOTpuM JIMHEHHYIO 3818y

1
Dtv—uivzvjtp—in:f, V.-v=f B BY, t>0,

'U(y,O) = UO(y) B B:ta T(y,O) = TO(y) Ha SRoa
[UHSRO = Oa [/‘LiHOS(v)N”SRO = b7 ’U|E = 0, (21)
[N : T(U7P)N]|5RO - O-BOT|SRO - b7

N
Dr—(v-N——-/ v(y',t)dy
t ‘BJ’,‘ Bt (y ) y)
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Teopema 2.1 (JlokasibHasi pa3pennMocTb JuHeHo# 3aga4u). [Tycmov X €
3

W22+,l ro eW2H(Sg,) ¢ 1 € (1/2,1). Jaa npoussommma f € Wy W(UD%), fe

WiHOUDE), f = V-F, F € Wy "3 (UDZ), [Fxlls, = 0, vo € WiH(UB%), b e

11,1
W2l+272+4(GT) b c W2l+2,O(GT> N Wl/2(0 T- Wl/Q(SRO)), g c W23/2+l,3/4+l/2(GT)’

2de DF = B* x (0,T), Gr = Sg, x (0,T), T < 00, ydo6Aemeopaouus ycaosuim
CO2NACO6AMHUS.

V- Vo = ( ) [ iHOS(UO)N”SRO = b(y7 O)a N - b(yat) = 07 t > Oa
[vol[sr, =0, wols =0, (2.2)

2+1,1+4
3adava (2.1) umeem eduncmesennoe pewerue (v, p,r): v € W,

W2 (UDE), r(-,t) € W2(Sg,), Vit € (0,T), u

*(UD3), Vp €

[0l + 1 FBlapgorz oy + lhggn sy + 7 hymsasrasin g
D lysrmasnngyy < D1 lwsrzgpg) + 1 lngsoos)
+ ||F||Wo 12y T ||b||Wz+1/2 iy + b | /2, 1/2))
o Nglhygrsnsiayy + Iollwz s, + Iollyzesy,) b (23)
Sameuanue 2.1. 13 meopemo, o caedax dasa p € W21’1(GT) caedyem, 4mo
oG- y3725,) < M0 hwgoy + Pl }o € 0.7
omKyda SvIMeKaem HepPaseHCMaEo
GO llwzstsng < e Irlarman gy + 1D llysaso, |
A amo oznavaem, wmo I'y € W2+l npu secex t € [0, T].
Zloxazameavcmeo. Ilyctb 11 — DyHKIWUS, yIOBIETBOPSIONIAS YCIOBAAM

r1(y,0) = ro(y),
Drs(3:0) = 9(0.0) + (wulo) - N) — T2 ool ) =0

| B*|
Bt
1 OII€HKaM
( +l7
|71l "% + ||Dt7“1||W2g+z th < C{||7’1||W23+z,g+g(GT) + ||Dt7’1||W2g+z 3+5(GT)}
< C{HTOHWQQH(SRO) + HT6|’W2H1/2(5R0)}‘ (2'4)
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Takas r; cymiecTByeT coriacHo npejioxkernio 4.1 w3 [24] u sKBuBaJIeHTHON
nopmuposke npoctpancTs CobosteBa—Ctoboterikoro. Torma Mbl MOYXKeM 3anmcaTh

Bor(y,t) = Bor1(y,t) + /Ot By (Dt (r(y,T) —r1(y, 7'))) dr

t
= Bun(.t) + [ Bo(9(07) + 0(0.7) - N(g) = Dira(y. 7)) d,
0
tak Kak ByIN = 0 BBuay Toro, uro IN — 310 cOOCTBEHHBIII BEKTOD omeparopa By
¢ coberBeHHbIM 3HadeHreM (. 3Haqaut, cucrema (2.1) Moxker OBITH IpeobpasoBaHa

K BUJLY:

1
Dtv—uiVQ'v—I—p—in:f, V-v=f B BY t>0,

v(y,0) = vo(y) B BT,

[UHSRO =0, [MiHOS('UﬂVH =b, v|x=0, (2.5)

SRrg
t

t
[N.']I‘(v,p)NHSRO —JN.BO/ 'v|SROd7':b'—|—a/ B'dr+
0 0

t
—|—20/ Vsv: VgNdr ua Sg,, /p(y,t)dy:O, t >0,
0 Q

e b = b+ oByry, B’ = By(g — Dyr1), Vs — NOBEPXHOCTHBIA T'DaeHT HA
Sky; S: T = S;;T;;. Bamaun rakoro Tuila n3ydaauch B pabore [5|, riae Obuin
YCTAHOBJIEHBI PA3PENMMOCTh 3a1a9n (2.5) 1 OlleHKa eé perreHust

”/UHWQQH’ZH/Q(UD%) + ”vp”Wé,zm(UD%) + Hp”wﬁ””(uz);) < C(T){|’f”w21,l/2(uD%)

+ Hf”WQHI’O(UD%) + HFHWQOJJFZM(UD%) + HbHW2l+1/2,l/2+1/4(GT)

1/241,1/2
+ |b/ E}é /2) + ||B/||W21_1/2,z/2—1/4(GT) + H’UOHW;H(UBi)}'

3 sroro HepaBeHcTBa B KOMIUleKce ¢ (2.4) Bbirekaer oreHka  (2.3).
) ¢

Homomaurensueiii wren 20 [ Vgv(y,t) : VN (y)dS B mociemnem rpaHEIHOM

ycsioBuE CJa0blil U MAJIo BJIMsieT HA KOHEYHBINH Pe3ysbTar. O

Pacemorpum samaay (2.1) ¢ f =0, f =0, b=0,06=0,¢9g =0 u c r(y),
VJOBJIETBOPSIONIMM YCIOBUSAM OPTOTOHAIBLHOCTH

/ ro(y)dS =0, / ro(y)y; dS =0, j=1,2,3, (2.6)
Sk Sr,
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noJtydeHHbIM TyTéM JuHeapu3armn (1.8). Tak kak

Dtr(y,t)dS:/ 'U~NdS:/ V-v(y,t)dy =0,
Sk, Sk, Bt

Dyr(y,t)y; dS = / yjv- NdS — / vj(y,t)dy = 0,
R, B+

SRy SRy

1o ycsoBus (2.6) BbImoHSIOTCA Takke u st 7(y, t), t > 0 :
/ T(y, t) dS = 0, / T(y, t)yj ds = 0, 7=123 (27>
Skry Srg

Teopema 2.2 (IyioGanpHasi pa3penImMOCTb JIMHEHHON OJHOPOIHOM
saﬂaqn) Badaqa (2.1) ¢ =0, f=0,b=0,b=0, g=0 u c vy W, (UBF),

0 EWET(Sg,), 1 € (1/2,1), ydosaemsopsouumu yerosusm coeracosanus (2.2),
m.e.

V- Vo = 0, [MiHOS(UO)N]|5RO = 0, [’U()HSRO = O, ’U()|2 = O, (28)

u yeaosuto opmozonanvrocmu (2.6), umeem eduncmeennoe pewenue (v, p,r): vV €
2+1,1+1/2 + Li/2 + 2+l .

W, (UDZ), Vp € Wy "5(UDZ), r(-,t) € Wy (Sg,) daaVt € (0,00); u ono

NOOMUHACTNCA HEPABEHCTNEY

le”w]? eVl o el + e

wo 1+2(quo) W, 2 (UD%) W, '2(UDE) W2%+l’%+%(Goo)
1D gy < el +Inlgng,} (29

¢ nexomopvim 3 > 0.

Hamerum oCHOBHBIE 3TAIIBI J0Ka3aTe/IbCTBa HEPABEHCTBA (29) Hpemﬂe BcCero,
MBI II0JIy9a€eM BECOBbLIC LQ—OHGHKI/I vur.

IIpennoxenune 2.1 (cm. [12]). Jhoboe pewenue (2.1), (2.6) ¢ f =0, f = 0,
b=20,b=0, g =0 ydosaemesopaem mnepasencmey

le? o (- )11 + 1™ r (- )l sy < clllvolld, + Irolfy s,y b (2:10)
2de 31 > 0, ¢ e 3asucum om t.

Jlokasameavcmeo. Hepaserctso (2.10) jgoKa3biBaeTcst aHAJIOTHYHO HEPABEHCTBY
(2.8) 3 [12] u mazke mporre, Tak Kak Tpuajga (v,p,T) eCTh perleHre JTHHeHHO
3a/1ad. ILOKaBaTeJIBCTBo OCHOBAHO HA YHEPIeTUIEeCKOM COOTHOIIEHUN

1
5 dtH\/ 'UHQ—J/ v-NBOTdS+§H\//FS(v)H?2:0, (2.11)

SRy
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13 KOTOPOT'O, BBUJLY TIOCJIEJIHETO KPAEBOro ycaoBus B (2.1) 1 caMoCOnpsizKEHHOCTI
oneparopa By, BEITEKAeT, YTO

1
i (IVolt—o [ rBurds) + 5IViEsl =0

ITogo6m0 (2.11) MBI MOZKEM BBIBECTH DaBEHCTBO

d +
p v-Wdr— /,oi'v-Dth:p—l—/ M—S('U):S(W)dx—a/ rByrdS =0,

(2.12)
rire W — BecnoMorare/bHOe BEKTOPHOE I0JIC, YIOBJIETBOPAIONICEe COOTHOIICHUSIM
(em. [12])

VW(I’,t):O B Q, W'N|SR =T, [W”SRO:O’ W|2:O,
”Wle(Q < CHTHWUQ Sry)’
IDW lo < ¢l Derlsn, < cf{llv- Nlisg, + llvlo}-

Homuoxum (2.12) na masioe v > 0 u coxkuM ¢ (2.11). Ilpuanmast Bo BHEMaHME
Tor dakr, uro dpopma — fSRO rBordS = fSRO (|Vsr|? — 2Ry ?r?) d.S monoxurensho
ompeJie/ieHa, ecJiu T yjosjersopsier ycaosusM (2.7) [25], a TakkKe wucrosb3ys
(2.4) u nepasencro KopHa it v, MbI [OKa3bIBaeM, YTO JyIs TAK Ha3bIBAEMOIi
o6obmménnoit sueprun 21|

1
0 =3IVl o

Srg

TBQT’dS—f-’Y/pi'U'WdZL‘
Q

BEpHa OIEHKA

jts( £ +23E() <0,
rie (1 = const > 0. Ilockombky & oleHUBaeTCA CBEPXY W CHU3Y CyMMOI
nopum c(||v||3 + H?"HIZV21 (SRO))’ ecJim Y JIOCTATOYHO MAJIo, TO 10 JieMMe [ poHyosuia,

npuxoanm K (2.10). O

JLnst mostyenusi ONEeHOK CTapIINX ITOJIYHOPM PellleHus, TIOJ00HbBIX HePaBEHCTBY
(2.10), MBI IpUBJIEKAEM JIOKAJILHYIO 110 BPEMEHHU OIEHKY perenus. Vmves B BuLy
MTOCJIeTYIOIINE PACCYKJIEHUsI, MBI IIpe/iroaraem, 1aro 1’ > 2.

IIpengioxkenune 2.2. I[Tycmov T > 2. Pewenue zadavwu (2.1), (2.6) ¢ f =0, f =0,
b=0,b=0, g =0 noduwunaemcs nepasercmey

v Vp P || s5..5
[v]] WA Upe + |l HWQL bops_ “0) Il o ST + |l HW;H,Z

+ [ Dur| Wi+ (H’UHQto_Q,to lrllcy-2), (2.13)

1,341
itz (Gro—1,t9)
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2de 2 < tg < T, Dtilth = B:t X (tl,tz), Qt1,t2 = x (tl,tz), th,tg = SRO X (tl,tg).

Jloxazameavcmeo. @ukcupyem ty € (2,7) u ymuoxkum (2.13) Ha cpesaroriyro
dbyurimo () (t), agKyo, MOHOTOHHYO, paBHYIO HymO npu ¢t < tg — 2+ A/2 n
equnue upn ¢ > to— 2+ A, re A € (0, 1], u Takyio, aro s (\(t) = %t(t) u ()\(t)

BBIIIOJIHEHBI HEPpaBECTBaA

sup [Gy(6)] < e, sup [G(1)] < ex 2
teR teR

Torna misg vy = v(y, pax = PCr, 7\ = r() TOIyIaeM

1 .
'Dt’l))\—l/iVQ'U)\—f——iva:'UC)\, V.-vy=08B Bi, t >0,
p

va(y,0) =0 B B%, 7,(y,0) =0 ma Sg,,

_ + — =
[Willsg, =0, (oS0 N]|g, =0, wifs =0, (2.14)

[N ' T(v/\7p)\>NHSRO o JBOTA‘SRO =0, /p)\(ya t) dy =0,
Q

N
Diry — <fu/\ N — / v (v, t) dy’)
B+

@ : :Tgk(t)

Ro

[To reopeme 2.1, mpumenénHoii K cucreme (2.14), BepHa oneHka (2.3) st vy, Py,
T, OTKYJI& CJIEJIYeT, 4TO

H’UHW22+1,1+1/2(UD?§H¢0) + HVPHWQ’J”(UD};HJO) + HPHWQO”/Q(UDle,tO)

+ HT”W25/2+l,5/4+l/2(th ) + HDtT|’W§/2+l,3/4+z/2

+A, (Gi1+)\,i0)

)}, (2.15)

-2
<A {lwginops o+ Ilygmsssmng,

rae tp =ty — 2.
Jlasee mpuMEHUM UHTEPIOJIAIIMOHHBIE HEPABEHCTBA

2 -1
HvHWé’l/Q(UDiﬁ-A/z,to) g > ”v”W22+l’1+l/2(UDti1+)\/2,to) e H’UHQHJM/?JO’

+ a3 |y

< %2HTHW25/2“70 ”Gt1+)\/2,t0’

HT|’W§/2H’O(Gz1+>\/2) (Giy4a/2,t0)

+C%’3/2’lH7“HG

H’I“”W2(),3/4+z/2(Gt1+)\/2) < %QH’DtTHWQO,a/ALH/Q( /2,000

Gi 1+X/2,tg )
KOTOpbIEe BEAYT K OIICHKE

U(N) <1222 A 2U(N/2) + e ™A 2K,
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3zech V() obosnauaer nesyio wactb (2.15), K = ||vlq,, ,, + 76, .., m = 3+2L.
[Tomaras » = 6\ < 1, nomydaem

U(N) < e12U(N/2) + 6 ™A 2K,

OTKY/da CJIEeAYET, 9TO

)\—m—2
O < @A 2K 22K ) S PR <200 K,
ec ¢10% < 1/2. Tlpu A = 1 310 HepaBeHCTBO 3KBUBaIeHTHO (2.13). 0

Zloxazameavcmeo meopemn, 2.2. 1o Teopeme 2.1 m nmpejytokeHnIo 2.2 mMeeMm

e2[3(T*J') { H v H $V22+l,1+l/2(UD%,j,1,T

2
,j)_'_”vp”WQH/Q(UD%fj 1,7

—1,T—

2
j)_'_”pHWQO’l/Q(UD%—j—LT—j)

2

2 2
+ |’r"W25/2+z,5/4+z/2 (G + |’,Dt7nHW3/2+z,3/4+z/2 (GT—j—l,T—j) }

T—j—l,T—j)

g C€2ﬁ(T7j){”/UHQQT_J'_Q,T_]' _'_ ”T.H2GT_J'_2,T_]'}7 .7 = 07 17 M [T] - 2 (216>

Cymmupyst (2.16) ot j = 0 g0 j = [T] — 2, BBIBOIUM HEPaBEHCTBO, U3 KOTOPOIO
BBITEKAET, 9TO

T

Y7%7[T]+1,T(eﬂtva eﬂtpa eﬁtr) < C/

e (Jlo(- DR+ ()3, ) b, (217)
T—[T]

rie

}/t17t2 (’u’a %T) :H’U’HW;‘HJH/Q(UD?;Q) + HV(]HW;UQ(UD}I@) + ||Q||W20’Z/Q(UD?§¢2)

+ Hr||W25/2+l’5/4+l/2(6’11,12) + HDtTHW§/2H’3/4H/2(Gt1,t2)' (2.18)
CxkJtajibIBast OTEHKY
Yea(0,0,7) < ef IwolBynsn ) + Irollzeegs,, )}

¢ (2.17), Boibupast < (1 u npumenss (2.10), MbI IPUXOJUM K HEPABEHCTBY,
SKBUBaJeHTHOMY (2.9). U

3 Heauneiinag 3amada

Hauném ¢ nocrpoenus pererns 3agaqu (1.5) Ha KOHEYHOM HHTEpBaJie BPEMEHU
(0,Tp) ¢ Ty, koTOpOE hUKCHpYeM MO3/THEE.
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Teopema 3.1 (JIokanbHas pa3pemiuMocTb HeJWHEWHON 3azadqu). [lycmo
To < 00 u nyemsv 6uinosnenv, ycaosus cozaacosanus (1.9) meopemwr 1.1. Toezda
cywecmeyem wucao €(Ty) < 1 maxoe, wmo npu Masvx danHbLL:

HuO||W21+l(uBi)+||r0||W22+Z(SRO)+||.f||W2U/2(QTO)+Hv.fHQTO <6, Hv.fHWQU/?(QTO) SE,
(3.1)
3adava (1.5) umeem eduncmeennoe pewenue (w,q,r) wa unmepsare (0,7y) u
BVINONHEHD, HEPABEHCTNEA

Yo (1,4,7) < e N(wto,70) + | fllyr 0, }- (3:2)

N(u(-,To),r(-, To)) < ON(ug,ro) + chHWQl,z/g (3.3)

(Qry)’
ede § <1 u
N(w, p) = [wllyp+iupe) + 1oz, )

JlokazaTeabCcTBO TeopeMbl 3.1 ocHOBaHO Ha TeopeMme 2.1 M Ha CJIYIONIAX
OIleHKaX HEeJMHENHBIX YJIEHOB.

IIpennoxkenue 3.1. Ecau
"T(-,t)HWQS/Q-H(SRO) + HDtr(-,t)HWQI/QH(SRO) +|u(, )| <o, t<T, (3.4)

ede 0 — HEKOMOPOoE Manoe NOAOHCUIMENDHOE HYUCAO, moz0a HeAUHETHBIE YAEeHDL

~

(1.6) u f(y.t) = f(ern(y,t),t) nodwunmomea nepasencmean

Z(’U,, Q7T) = ||l1(u,T)||W21,l/2(UD%) + ||l2(u77ﬂ)||w21+l’0(u[)%) + ||L(uvr)||w2()’l+l/2(QT)
1/241,1/2 1/241,1/2
18 (ot ) g rmennsaears g, + et )G 2 4 s ()G 2

+ HlG(’U,, 7")HW23/2+1,3/4+1/2(GT) < CYQ(’U,, q, 7"), (35)

I Flwto g e 1wz gy IV Fllar 5P (IDer ()l sevr sy s 2)]) -

(3.6)
Ecau (u,r) u (u',r") ydosaemeoparom (3.4), moada
Zu—u',qg—q¢,r—1)<cdY(u—u',qg—¢,r—1),
\f— 'f/”WQl,l/2(QT) <cdY(u—u',q—q¢,r—1"), (3.7)

2de J/c\, = f(er/,h’(y7t>7t)7 h/ = ‘B+‘_1 f(f fB+ ’U/(y,T)L,(y,T) dydTy L - Axobuam
npeo5pa306anuﬂ €r' B -
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Jlokasameavcmeo. HepaBerncto — (3.5)  ycramaBimBaercs Tak — Ke, Kak
aHAJIOrMYHas OlleHKa B [26]. A HepaBeHCTBO

1 Fllor = £ (ern(y: 1) llar < el Fllox

HOJTy9aeTCsT Iy TEM IePexo/ia K SMIEPOBBIM KOOPANHATAM T = €, (Y, t) 11071 3HAKOM
uHTerpasa u yduéra (3.4), oTKyja cje/yer orpaHnueHHOCTh skobuana L. OneHkn

g |f (ern(y, 1), 1) — f(ern(z,1),0)]?
foan fan [ Rt
Iz 2
<e [ for [T 0
T ! |.f er,h y7 ) >_f(€r,h(y7t)7t_7->|2
[l [ ar N

/ dt/ /‘f“ Tm — g,

JIOKA3BIBAIOTCS TAKMM 2Ke myTéMm (mpu Masiom ). Hakower, mpejmosiarasi, 4ro
dyukius f npogosrkera BHe {) ¢ COXpaHEHUEM KJIacCa, U UCIO0JIb3YsI COOTHOIIIEHIE

flenn(y,t),t) = fern(y,t —7),t) =
N /0 Vf <6T’h(y’ t) o )\/0 (N*(y)Dtr*(y, t— 7'/) + h(t)X(y)) dT/, t) d\
< [ (N @Dt =)+ Bl o

nostydaeMm, Beuiy (1.3), HepaBeHCTBO

/ /Tm/’f ern(y,t), ) — flenn(y,t — 7),1)" dy

2
< | VF 1, (sup [P (9, 1) + sup [[u(-, D))
Qr t<T

<v2{ Dyr(-,1)||2 -,t2}.
< VA, {5 1PN g, ) +sp )

HepaBeHCTBO (37) JOKa3bIBa€TCd C IIOMOIIBIO IPUMEHEHU A 110y Y€HHBIX BbIIIE
OIICHOK K Pa3HOCTH f(ehh, t) — f (er’,h’> t) = fOl Vf <€T’,h’ + )\(N*(y’ t) (T . T/) +

(b= W)x(y)),t) AX(N* () — ') + (h = B)x(»). 0
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Jlokasameavcmeo meopemu, 3.1. Beprémces k 3amade (1.5). E€ perenne naitném
B BUJIIE
/ 1 / ! / "
u=u+u’, g=qd+q, r=1+1",

rae (u', ¢, r") u (u”,q",r") — pemenus 3agaq
1
Dtu’—uiVQ'u,’—l——di':O, V-u=0 B B t>0,
p

u'(y,0) = uy(y) B B*, 7'(y,0) =r4(y) na Sg,,
W)lsy, =0, (TSN, =0, wls=0, (3.8)
[

—¢ + =N - S(u')NHS —oByr' =0,
Ro
1
Dy’ — <u,_F u’dy> -N =0 na Sg,, /q’(y,t)dyZO,
B[ Jp+ {
n
1 ~
'Dtuﬂ — uiVQu” + p_ivqu = ll(u> q, T) + f(y’ t)’
V- -u = lo(u,r) B Bi, t >0,
’U,//(ya()) = ’U,g(y) B Bia T”(y70) = Tg(y) Ha SRO’
w'llg, =0, [WTS@)N]g =lur),  u'ls=0, (3.9)
[_q// + ,uiN . S(UII>NHSRO _ O'Bo?"// = l4(’u,”]“) + O’l5(7"), / q"(y,t) dy = 07
Q
1
Dy’ — <U" BT +u” dy) N =ls(u,r) na Sg,,
B

COOTBETCTBEHHO; 3/1eCh HeJIMHEiHble WIeHb! [; 3a1aibl cooTHOImeHuAMn (1.6).
/ / 2 1 2 7
OmpenennM HavajibHble gaHuble (U, 7)) 1 (ug,r(). Ilycte mapa (ug, ()
Y/IOBJIETBOPSIET COOTHOIIEHHSIM

" @(yﬂ"o)
ro(y dS:/ rg — ——— ) dS,
/SRO o¥) S, < * 3R )

@Z)‘(yar()) .
ro(y)y; dS = / roy; — ——2-1dS, j=1,2,3,
/SRO 0359 Srg < ! 4R3 )

[wg)lsg, =0, [ ToS(ug) N |, = ls(uo, 70)
V- ug = ly(ug, o) B BPUB™, wug=0 na X,

rze p(y,7) = (Ro+7r)*—R3, ¥ (y,r) = yj((R0+r)4—R§) (cm. (1.8)), u HepaBeHCTBY
”ug|’W21+l(UBi) + HTgHWQQH(sRO) S C“’:{HUOHWQH(UBi) + HTOHWQQH(SRO)}' (3.10)
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Dyukrms 7 MOXKeT OBITH 3aaHa cieyommm obpasom (cm. [27]):

_IN(y)-y I-N(y)

1
TO(y)_ 3|B+| |B+| )
3J1€Ch
3r2R (612 R2 + 413 R
I:_/ Srofo 476 g g:_/ pilbrof £ 4rgRo £10) gg 5y 98,
SR 3R SR 4R0

A BexkTOpHOE 110JIe U{ MOXKHO BBIODATH BHJE: Uj = Uj + Uz, LJIE

Ve (y) = la(ug, o) = V- (I—-L)ug = (I-L")V - uy, [wi]lsg, =0, wils =0,

uu, =0, uy =rot®(y), e Yls, = 2 Sny = 0,
0*P
W omms s = (Lo m0) = TS ()N ) x N .
[ockombky [uo]|s,, = 0 u [L][s,, = 0, To yciosue cornacopammna [N - (I —

]L)'u,o]| Sp, = 0 BBIIOJIHEHO, M MOKHO II0KA3aTh, 4TO uo yaosserBopsier (3.10).
CDyHKLLI/II/I u, = ug — Uy, T, = To — T( YIOBIETBOPAIOT YCJIOBUIM

oprororajabrocT (2.6) u yciaoBusM corsacoBanus (2.8). CuiegoBaresibHO, 110

Teopeme 2.2 3aja4a (3.8) paspeniiMa Ha 6ECKOHETHOM WHTEpBaJje BPEMEHU 1

Bty Bt7 Bt 1
l|le” u "W§+l,1+l/2(uD%) + ||e”*Vq HWQZ,l/Q(UD%) + ||e”q HWQO,Z/Q(UD%)

+ ”eﬁtr/”W25/2+l,5/4+l/2(GT) + Heﬁt’Dt']“/HWS/QH,3/4+Z/2(GT)
< CO{H’UJBHWg“(UBi) + HTE)HWQQH(SRO)}a VT < oo, (3.11)

OTKy/Ia BbITEKaeT, 410 (cM. 3amevanue 2.1)

o ) ey I G T gy < 00 { Nt os oy Hirtl sy, -

(3.12)
Yrobbl jokazars (3.3) dukcupyem T = Ty takoe, 9T0
0 1
016_6TO < 5 5

(MoxkHO notoxkuTh § = 710 ¢ b < B u norpeboBaTh, YT06HL Ty GBLIO TAKUM, HTO
2c; < P10,
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Yro kacaerca 3azaunm (3.9), TO oHa paspemmMa B Ciydae JIOCTATOTHO
masioro £(Tp) B (3.1). [eiicTBUTeIbHO, pellleHne MOXKHO IOCTPOUTH ITyTEM
HOCJIE/IOBATE/ILHBIX IIPHOJINKEHII COITIACHO CXEMe:

Dyu,, 4 — EViu (- -|- qu+1 (Wi, Gy ) + Fin(y, 1),

v uerl - l2(uma rm) B Bia t> 07 / qgwrl(ya t) dy = 07
Q

"

u;:z+1(y70) =ug(y) B Bi 7"m+1(3/a0) =1(y) na Sg, (3.13)

[u =0, [u j:HOS( m+1 HSRO = U3 (W, 1), m+1|2

m+1 ’SR

[_qurl + H N S( m+1 }S - UBOT;%H = l4(uma rm) + O'l5(7’m),

Dtrerl <um+1 |B+| / m+1 - lﬁ(um’ rm) Ha SRO’

em=1,., U, =uw+u, gn=0+¢ , rm=1"+1", Fo— I (€ p (Y, 1), 1),

= |B*|! fot S Wi (Y, 7) Lin(y, 7) dy d7, Ly = L|yen,,. IIpu m = 0 momoxunm
% = 0, a uj(y,t) u rj(y,t) ompemesnm Kak (GYHKIUH, YIOBIETBOPSIOIINE
HadadbHbIM yesoBuaM ug(y,0) = wui(y), r4(y,0) = rj(y) n Dur{(y,0) = 0
(ug(y), rf(y) GblIM HOCTPOEHBI BbILIE ) I HEPABEHCTBAM

HugHWQQH’Hl/Q(UD%O) + ||7“6/||W25/2+l,5/4+z/2(GT0) + ||Dt7’g||W§,/2+z,3/4+z/2(GTO)

C{||u/0,||w21+l(uBi) + ||T(,)/||W22+I(SRO)} < C1€{||'UJ0||W21+1(UBJE) + ||r0||W22+l(SR0)}’
(3.14)

BBHULy 0OpaTHOit TeOpeMbI 0 cJe/lax U (3 10).

Ecm wy,,, qp,, 7y, A3BECTHEL, TOTJIA WU,;, 1, i1 s Tryg1 HAXOJATCS 1O Teopeme 2.1
Kak perenre 3aja4n (3.13). B cuny (2.3), (3.5) u (3.14)

YTZ-FI Y( U1y qm+17 ;7,1-1—1) < C(T()){”meW;l/Q(QTO) + €N0 + Yn/;2}7 (315>

e No = [[uollw+iups) + [ITollwz+ sy, )

Y(u,q,r) E||u||W22+z,1+l/2(UD:TtO) + ||VQ||W2W2(UD%O) + ||Q||W§’Z/Q(UD;O>
+ ||T||W25/2+z,5/4+1/2(GT0) + ||DtT||W23/2+l’3/4+l/2(GT0)7

~

I = F(Crmnm W:1):0); €rpnn(y,t) =y + 75y, ) N*(y) + X (1) ().
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[Homoxnm
E|’u/"w22+lvl+l/2(quib) + |’vq/"w2l’l/2(quib) + ”q/HWQO’lﬂ(UD%O)
"‘ Hr/|’W25/2+l,5/4+l/2(GT0) + H’Dtr/”W§/2+l,3/4+l/2(GTO),
NOT) =l To) g ooy + I7m( To) sy s 0> 1

[Mokazkem 1o mHykiwn, aro (3.15) npusoaur K onenke HopM Y, (u Yy,), He
3aBHUCAIIEl OT M.

ITpetooKuM, 9TO Uy, T, YIAOBAETBOPAIOT (3.4) ¢ 0 TAKIM MAJIBIM, ITO BBULY
(3.6), (3.11)
S sl iz gy + IV Fllog,Y (tm, 0,7m)
< Cf”f”WQZ’l/Q(QTO) + IV Fllr, (coNo +Y,0)
<

Hfm”w”/Q(Q

Kpowme Toro, mmycTb

Y < 2¢(Th) <cf||f||W21,l/2(QTo) + 025]\70). (3.16)
Torya, ¢ OHOI CTOPOHBDI,
Yo <Y 4+ Y" < eNo+ 20(T0)<cf|]fHWz 2oy T CQgNO) < ce, (3.17)
To
9TO MOYKET TapaHTUPOBATH MAJIOCTD 0, & ¢ JAPYroif cropoHsl, corsacho (3.15),

Vit yn <eTo) (eqll Fllyringq,  + caeNo ) {1+ 2¢jecl(To) + /e
+ 4¢? (TO) (CfoHWQL,l/Q(QTO) + CQENO)} < 26(T0){Cf”f”WQl’l/Q(QTO) + 02€N0},
€CJIN TOJIBKO

2ciec(To) + e/ ca 4+ 4 (To) (cr | F |l L2 gy + ceNp) < 1.

(Qy)

Beugy (3.14) mepasencrso (3.16) Bepno mpm m = 0, 3HAYUT, OHO
yI0BIeTBOpsieTCs IpH Beex m. Kpowme toro, u3 (3.17) u (3.12) caeayer, 1ro

NOITy) < o€+ (Ty)e ) No + ¢ (To)l| Fllwaireqy < ONo+ I Fllyporn g
(3.18)
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ecan
c(efﬁTO + c’(TO)g) Ny < 6.

CxouMocThb nocsegoBaresbHoctu (ul, g, ri) K pemernto (3.9) ciemyer us

uepasencTs (2.3) u (3.7).
[Momaras m — oo B (3.17), (3.18), mpuxoxnm x (3.2), (3.3). O

Tenepb MbI MO2KeM 3aKOHYHUTDL JOKa3aTE/JIbCTBO TE€OPEMbI 1.1.

Jlokazameavcmeo meopemu, 1.1. Bynem mpogoikars perenne 3ajaqaun (1.5) Bo
BpeMeHHOi nHTepBasa ¢ > 0 mo maram: cHadana B uaTepBas (7o, 27)), 3arem B
(276, 3Tp) u r.1. Ilpeanonoxum, 4o pererne yxe HaiijgeHo npu ¢t < kTy. Torma
ero MoxkHO onpegenuts upu t € (kTp, (k + 1)T;) xax permenue 3amaan (1.5) ¢
HadaabHbIMH yestoBusaMu u(y, K1) = u(y, kTy—0) = wi(y), r(y, kTo) = r(y, KTy—
0) = 7 (y). lepernmiem npeobpazosanue (1.4) pu t > kTj ciaeayiommm oO6pa3om:

v =y + h(kTo)x(y) + k@, k)x(y) + N*(y)r*(y, 1), (3.19)

rie h(kTy) yxe naiineno, a k(t, k) = h(t) — h(kTp). Duementsl MaTpuipl Skoon
9TOro Npeobpa30BaHUA 3a/IAI0TCA (POPMYJIONt
() , ONir"(y) }3

Lij = {0 + (m(KTo) + k(e 0) 75 22+ =5
J J

ij=1
[Ipenoxkenue 3.1 B 3TOM Ciiydae MOXKeT ObITH 11epedOpPMyJINPOBAHO TaK.

IIpennoxenune 3.2. [lycmv k € N. Ecau nepasencmeo (3.4) eepno nput > kT
u |h(kTp)| < 6, moeda

Zi(u,q,7) < c{éYk(u, q,7) + Y (u,q, r)},

ede Zy, u Yy — amo nopmu, (3.5) u (2.18), coomseemcmeento, sviiucaernvie npu

A

t € (kKTy, (k+1)Ty). Kpome mozo, f ydosaemeopsem nepasencmeanm (3.6) u (3.7)
Ha IMOM UHMEPEaNe.

Pacemorpum caywaii k = 1. U3 (3.2) u (3.3) caenyer, 4to
Nl = N(ul,rl) g CE,

3HAUNT, 3aMendd € Ha C'~ e, MBI BUJIMM, UTO 9Ta 3a/1a4a pPaspelnMa Ha HHTepBaJIe
(Th,2T0) 1 BBITOJHEHBI OIEHKA

Vi, q.7) < e{Ni+ [ iy o) )

Ny < ON; + CHfHWQZ,l/Q(QT) < CE,
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ruae
Nk = N(uk, Tk).

KoHCcTaHTbI B 9TUX OIEHKAX MOIYT HE COBHAJIATh ¢ KOHCTaHTamu B (3.2), (3.3) us-
3a PUCYTCTBUA JionoHuTebHOro wieHa ¢ h(Tp) B (3.19), Ho, Kak Gy/Ier IoKa3aHo
HIUZKe, pa3HUIA SABJISETCA BEJIMYNHON MOpsaaKa ¢.

Eciu pemenne naiijgeno npu t < k1 n jjoKka3aHbl HEPaBEHCTBA

N} < ON7 + | fI1 Wi (Q, X (3.20)
(- 1)Tp.iTh
R Y S e
TOT/Ia
j—1
N? < ... <OYNG+ cz 620 =19 ”f||3v;’”2<czno,<i+mo> < chPU-De? (3.21)

C KOHCTAHTAMU ¢, HE 3aBUCAIIUME OT j (371eCh OBLIO UCHOJIb30BAHO HEPABEHCTBO
g f us (1.11) ). Tockoabky 67 — 0 mpu j — oo, npasas gactb (3.21) MenbIne,
geM €2 pu j > jo, U, 3HaUNT, 3aMeHa € Ha C'~le GyneT caenaHa TOILKO KOHETHOE
YHCJIO Pas.

Onenka h(jTp) ycranasimpaercs Ha Kazjiom mare. [lycrs 6 > 0 (0, = e=910,
a < b). Bepuémcst k (3.20) 1 npocyMMEUpyeM 3TH HEPABEHCTBA, YMHOYKEHHbIE Ha

0, %1 B pesyibrare GyneM UMETh

k k
. 62 j
22 < A2 —2j+2 A12 117
E 0, N] < No 9% ;1:61 N 629 1] Wy QG -1y1.51)

J=0

k 27 79 92 2, 0(92 b 9 9
E —<] E J f
- 091 Nj S R 92N 92 9 H H ”/2 (Qu—1y1y.510)
J:

TOI‘,ZL& 110 TeoOpeEME BJIO2ZKECHU A

G+ T
R(Ty)| = £ RB)// dxdt) TO(ZH % / Hu o] [ dt)
0 Q-‘r iTo
k-1 N
2 —25 2 2<
C(No + 2091 H‘f||W2l’l/2(QjTO,(j+1)TO)> Sce (3.22)
]:
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¢ KOHCTaHTaMH ¢, He 3apucsiiumu oT k. Hakowner, mepexo/ia K mpejeny mo k — oo
B

k k
~2j1,2 2 —2j 1 £12
Zoel Yi(u,q.r) < C{No + 2091 H‘f||W2l’l/2(QjTO,(j+1)TO)}’
j= =

nostydaeM HepaBeHCTBO skBuBasieHTHOe (1.12). Kpowme Toro, mepexos K mpejemy
B (3.22) mo3BoJiseT HAM OIEHUTH MPEJETbHOE IOJIOYKEHNE IIEHTPA TAKECTH
BHyTpeHHel Karm h(oo):

|h(00)] < C2{||€atf||W2l,l/2(Qoo) + [lwollywriups) + HTOHWQQH(SRO)} < 206 (3.23)

N3 TeopeM BJIOXKEHUSI CJIEJIyeT, ITO
max r| < cl{lleatf!\wy/2(Qoo) + [Jwoll w1 ups) + HTOHW;H(SRO)}-

dAcno, uro ecim 2(c; + c2)e MeHbIe, YeM HaJYATbHOE DPACCTOSHUE MEKILY
roBepxHocTAMHU [y 1 X, TO TlepeceveHne STUX MOBEPXHOCTENH HEBO3MOXKHO HU ITPU
KakoM t > 0. ]

[Tokazkem, 9YTO MOXKHO TIOCTPOUTH perenne 3ajgadan  (1.5) npu MeHee
OTPAaHUYUTETBHBIX TPEJIINOIOKeHnAX Ha f.
Bseném nopmbl

(R e A RSN IVAI[E i P T—
=0 =0 (3.24)

o0
o -1
1911l = 21 1 s,
]:

rae n = {n;}3* € (0,1), n n; — 0 upu j — oo.

Teopema 3.2. ITycmo ug € Wi (UBF), rg € WE2(Sg,), u nyemv f umeem
Koneunvie nopmos (3.24). Ipednosostcum, 4mo 6vnoanerv, YCAOBUA COZAACOBUHUSA
(1.9), yeaosus marocmu (1.10), a maxorce nepasencmea

Sglo)llpifllQT,T+To<€, il =12, £+ £y < e
.

Tozda cywecmeyem pewenue (1.5), onpedeaénnoe nput > 0 u ydosaemesopaowee
oueHKe

e, 0, 7111 < e Jutollygos ey + Mrollgoogs,y + NN} (3:25)
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Joxaszameavcmeo. Byjem — ciieioBarTh  JI0KAa3aTeIbLCTBY — TEOPEMbI 1.1,
N3JI02KEHHOMY BBIIIIE. I/I3 HEpaBEHCTB

Nj SONja + el fllyng,, Yy < e(Nja + el Fllyppare

. J
1)Ty ,]To)

)

(Qj1y,(i+1)10)
SKBUBaJIeHTHBIX (3.20), cieyer, 9To

j—1

Ny SONo+ed 07|l

=0

< 0/ No + e £ 111y

QiTy,(i+1)Tp)

Tae 3¢ = Max;(j—1) =1y < max(ﬁ[(jfl)/m,77[(]-_1)/2}) — 0 as j — oo. 3Haunr,
perrerne 3ajadu (1.5) nmpomo/KuMo Ha Beio nosyoch t > 0 (ecam h(kTp) mado);
0oJiee TOro, BEpHBI OIEHKU

k
1
>N <= {No+ > (P T

J=1

and

k k—1
Z Y](u’ a; 7") S C{NO + Z H'fHWQl’l/2(QiTO,(i+1)TO)}'
=0 =0

Ucnosnb3yst 9170 HEpaBEHCTBO, MbI MoxKeM orieHuTb h(kTy): |h(kTy)| < ce. Tlomaras
k — oo, mpuxoauM K (3.25). O

SaKJII0UeHnue

[Momgeném wmror wamuMm — ucciaegoBanusam. CdopMysmpyeM  pe3yJibTaThl,
[IPUBEJIEHHDBIE B PAbOTe, /I 38841 O JBUKEHUH JIBYX HECXKUMAEMbIX KHIKOCTEH
C HEU3BECTHOW IrpaHuIleil pa3jena B Lo-1IOCTaHOBKE.

Urak, Mbl JIOKa3aJM CyNIECTBOBAHUE [JIOOAILHOTO (110 BPEMEHH) pelleHust
3a/Ja4911 C IIOJIOZKUTEJ/JIbHBIM KOSCl)CbI/IHI/IQHTOM IIOBEPXHOCTHOI'O HaTAXKEHUA Ha
rpaHuile pasjiesia KHUJIKOCTel B 3aMKHYTOM COCYJe ITIPU JIOCTAYHO MaJIbIX
HaYaJIbHBIX CKOPOCTSIX, MAJIbIX, YOBIBAIOMNX Ha OECKOHETHOCTH, MACCOBBIX CHJIaX
u O/m3Koit K cdepe HaUAIBLHON MMOBEPXHOCTU pa3jesa, He Kacarolleiics CTeHOK
cocyna. [lomy4uennanie Lo-OlEHKN 3TOTO pelieHus TapaHTUPYIOT €ro yCTONINBOCTh
¢ TedeHueM BpeMeHu. Takum oOpa3oMm, OBLIO JI0Ka3aHO, ITO MOJIOYKEHNE TTOKOS 15T
JABYX HECMEIINBaIOIMUXCA }KI/I,ZLKOCTGIU/I B KOHTeﬁHepe ABJIACTCA yCTOﬁqHBbIM, T. €.
CKOPOCTD KUJIKOCTE 3aTyXaeT CO BpEMEHEM, JIaBJIeHIe CTPEMUTC K CTyIIeHIaTOi
GyHKIMU B JBYX 00JIaCTdX, a T'paHHUIla pasjiesa cpell — K cdepe ¢ IMeHTPOM B
IIEHTPE TS>KECTH BHYTPEHHEH »KUJKOCTHU, IPH 3TOM STOT IEHTDP CMeIIaeTcs B
obIeM cjiydae OTHOCHTETbHO HAYaJHLHOTO IOJIOYKEHUs, KaK Obl HU ObLIM MAJIbI
Ha4daJIbHBIC JJaHHbIC 3a/la4U.
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