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§ 1 BBeaeHume m oCHOBHBIE Pe3YJIbTATHI

PacemorpuM ypasHenue (bUIBTPAIMEA ¢ MIAJIIINMHA 1JIeHAME

up = (U™)ze + F(t,z,u,u,), B Qp =(0,7) % (=1,1), m>1, (1.1)
YJIOBJIETBOPSIOINIEE TPAHUYHBIM YCaI0BUAM Jlupuxie

u(t, =) = u(t,l) =0,
a TaKKe HAYAJIHLHOMY YCJIOBUIO
u(0,2) = ug(x) >0, wug(—=1l) =1up(l) =0,
rje byHKIus Uy HenpepbiBHa 10 Lesibiepy ¢ nokasaresem 1/m:
[uo(w) = wo(y)| < Clo =yl (1.2)

Cnenas B ypasuenuu (1.1) 3aMeny mepeMeHHbIX

m _
um 1’

v =
m— 1

MBI [TOJIy9aeM ypaBHeHue bUIbTpanun st gapiernst v(t, x)
vy = (m — Dovg, + 02 + G(t,z,v,v,), B Q) (1.3)
KOTOPOE YJ/IOBJIETBOPAET I'PAHUYHBIM yCJIOBUSIM

v(t,—1) =v(t,1) =0, (1.4)
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a TaKzKe Ha4a/JIbHOMY YCJIOBHIO

m

v(0,z) = vo(z) = udt(z), vo(—=1) = vo(l) = 0. (1.5)

m—1

Bamernm, uro u3 (1.2) BbiTeKaet, 9To vo(T) yIOBIETBOPSIET

lvo(z) — vo(y)| < Colz —y|*, a=——, (1.6)
m
¢ Hekoropoii nocrostunoit Cy. 3mechk G(t, x,v,v,) = F(t,z,u, u,) Ipu yKazaHHON 3aMeHe Tepe-
MeHHbIX. B janbHeiiimem Gyaem paceMmarpusarh 3a1ady (1.3)—(1.5), ans KoTopoii u jgoKazKeMm
CYIIIEeCTBOBAHUE BSI3KOTO 110 JIHOHCY pelmeHus.

VYpasuennio (1.3) npu G = 0 mocBsAIIeHO GoOIIbIIOE KOIUIecTBO paboT. He nnMest BO3MOKHOCTH
IPUBECTH HOJIHBIH CIECOK COOTBETCTBYIOIEH JIMTEPATypPhl, OTMETUM JIuih MoHOrpadun [1],
[13] u ceprakn B HEX. B cayuae G = 0 OGbLIn 1Oy YeHbl ONTUMAJBHBIE PE3YIBTATHL O TUIAAKOCTH
pernteHuit 1Mo MPOCTPaHCTBEHHONW TepeMeHHON Kak 3aaadu Jupuxie, tak n 3amaun Komu. B

IIEPBOM cJIydae ObLIa JJOKa3aHa HENPEepbIBHOCTL pelleHus 1o lebaepy ¢ mokazareaeM %, BO

BTOPOM — HENIPEPBIBHOCTD PeIleHnst 0 Lebaepy ¢ mokasareaeM —— .

Hamum oupesnesnenne Baskoro permenust 3ajgaan (1.3)—(1.5) caeays [14] (em. Takzxe [5], [10]).
Omnpegnenenune 1. Bydem 2060pumo, 4mo nenpepuienas, Heompuyamenvras Gyruxyus v(t, )
ABAAEMCA 6aA3KUM cybpewenuem (cyneppewenuem) zadavwu (1.3)—(1.5) e nexomopoti mouke
(to, o) € Qr, ecau

v(t,=1)=0(>0), v(tl)=0(>0),
0(0,2) < wle) (> vo(@)), ¥ € (1),

u Ons moboti o(t, r) € CH2(Qp), ydosaemeoparowet dna (t,x), (to, zo) € Qr yerosusm

/U(t>$) < ¢(t,:€) ( > ¢(t7$))7 U<t07x0) = ¢(t07w0)7

GbNOAHACITNCA

th - (m - 1)¢¢m: - ngzc - G(t,[)ﬁ, ¢7 ¢z)

Basxum pewenuem zadavwu (1.3)—(1.5) 6 mouxe (to, xo) AGAAEMCA HENPEPLIEHAA, HEOMPULA-
meavras Pynruus v(t, ), Komopas 00HOBPEMEHHO ABAAEMCH CYO- U CYNEPPEULEHUEM.

OCHOBHBIM Pe3yJIbTaTOM CTAThH SIBJISIETCA TeOPEMa CyIIeCTBOBaHUS BA3KOro perrenus (1.3)—
(1.5) (cm. Teopemy 1) B caydae, KOrja mpaBast 9acTh, B 9aCTHOCTH, MOYKET UMETh ITPOU3BOJIBHBIIT
OJTUHOMHUAJIBHBIM POCT 10 MPOU3BOAHOI oT pentenus. Kpome Toro, gokazana HelNpepbIBHOCTD
perenns 1o Lesibiepy mo nepeMenHoil x ¢ mokasarenem « (cm. gemmy 2.2). C.H. KpyKKOBbIM
|9] 6bL1 oSy Uen pe3ysbraT 0 XapakTepe HelPePhIBHOCTHU 110 ¢ PeleHus JUHEHHOro napabo/iu-
YECKOTO YPaBHEHUsI, €C/IN AlPUOPH U3BECTEH MO/IYJib HEMPEPBIBHOCTHU 110 MPOCTPAHCTBEHHBIM
mepeMeHHBIM. BBII0 JJ0Ka3aH0, 9TO HENPEPBIBHOCTD PelleHus 1Mo elbjiepy 1mo mepeMeHHol &
JMHEHHOTO ypaBHeHHs ¢ okaszareiaeM o € (0, 1], Biieder HenmpepbIBHOCTH penierust mo Lesbaepy
IO IMepeMeHHOM ¢ ¢ MoKa3aTeaeM 2%0 [TokazaTenp HeTPePBIBHOCTH 110 ['e/ibiepy 1O mepeMeHHO
t 6pL1 ymyanten B. 'mimunrom [6], e 6s110 goKas3amo, 9o on pasen . B memme 2.3 Mer 0606-
i pesysbrar KpykkoBa—[ miannra Ha cjy4ail, KOrjaa B ypaBHEHUH IPUCYTCTBYET MPaBas
JaCTh HEJWHEHHAS 1O MPOU3BOAHOI OT permenus. OTMeTUM, 9TO B CIydae, €CJIU €CTh OIEHKA
MaKCHMyMa MOJIyJIs I'PaJIMeHTa pellenus, pe3yabrar KpyxkoBa-['uajiuara mozxer ObITh Iepe-
HeceH U Ha KBa3WIuHelHble ypapHenus. Ho, Kak yzke ObLIO OTMEYEHO BBbIIIe, TAKOH TVIaIKOCTHIO
perenust ypasuenus Buja (1.3) He 061a1210T.

JlokazaTesibcTBO TeOpeMBbl CyIeCTBOBaHMsI BA3Koro pemrennst 3agaqn (1.3)—(1.5) uposemem
MEeTOJIOM DeryJisipu3alny UCXOTHON KpaeBoil 3a1aun. B cBa3u ¢ aruMm, ormernm padorst 2, 11],

<0 (>0).

(to,x0)



B KOTOPBIX OBLIO JOKA3aHO CyIECTBOBaHME BA3KOro peimnenust B ciayuae G = G(u) Takxe ¢
HOMOIINBLIO Pery/IspI3aIliH.
[penmonoxum, uto B (1.3) dyuknus G yaoBaeTBopsieT

G(t7y7 Zlaq) —G(t,l‘,ZQ,Q) Z O, (17)

G(t7 x, 2z, _q> - G<t7 Y, 22, _Q) Z 0 (18)

mpu t € [0,T], =l <y <z <, z1 < 29, ¢ > 0, a TAKXKe YCIOBUIM
G(t,x,2,q) <0, z2>0,q€R; G(t,x,2,0) =0, (1.9)

mpu x € [—1,1], t € [0, T]. llpuseaem mpoctoit mpumep dbyuknun G, yrosiaersopsioreii (1.7)—
(1.9):
G(ta xz,z, Q) = f(ta Z)g(t, Q)v

rae g(t,q) > 0 Vq, g¢(t,0) = 0, a f(t,2) HeBo3pacTawIas Mo z u Takas, 410 f(t,2) >
0 mpu z <0.

151 TOrO, 9TOOBI TOKA3ATH CYIIECTBOBAHUE BA3KOrO perenus 3aa4du (1.3)—(1.5) ¢ momorbio
IPeJEBLHOTO IePex0/1a He0OXOIUMO IOy IUTh PABHOMEPHBIE OTHOCATEIHLHO [TapaMeTpa PeryJisi-
pusanuu oneHKu | ebaepa perneruit peryaspu3oBannoii 3ana4nu. [losyuenne onenku [ebaepa
110 BpeMeHH Da3upyeTcst Ha YIOMSHYTOM BbIlie 0000I1eHnn pe3yabrara KpyskkoBa-I'mignara.
B cBasu ¢ stuMm OyzmeMm mpeanosararb, 9To (G yIOBIETBOPSET CJIEAYIONIEMY HEPABEHCTBY IIO
IIepeMeHHoi g

mhax G(t, 2, 2,9)| < Ko(1 + |g]"), (1.10)
¢ HEKOTOPOil IMOCTOSHHOM Ko U KaKuM-1100 dbukcupoBanubiM p > 0. ChopMmyaupyem Tenepb

OCHOBHOM pe3yJibTaT HacTOdIell cTaTby.

s
Teopema 1. IIpednoaoocum, wmo dynryus G(t,x,z,q) € thfz’i’ﬁ(((),T) X (=Ll)x RxR) ¢

nexomopum nokazamenem 3 € (0,1) u swnoanenv ycaosus (1.7)—(1.9), (1.10). Tozda cyue-
cmeyem easkoe pewenue v(t, z) sadauu (1.3)—(1.5) maxoe, wmo

-1
|U(t,1}) - U(t,y)’ < CO‘SC - y‘av a= mT’ T,y € [_lvlL te [0>T]7

«

ti, @) —o(t,2)| < Cilth = 6", 7= ——0F—
[o(t1, ) —v(ty, )| < Chlty —ta|”, max{2,p}’ !

€ (=1,1), t1,t2 € (0,7,
2de nocmosannaa Cy uz (1.6), a nocmoannas Cy sasucum suwo om Cy, Ko, [, o, p u d = dist(x,0L).

CraTbs CTPYKTYypHpOBaHa CaeayoomuM obpaszom. BTopoit maparpad mOCBAIEH Oy YeHIIO
ANPUOPHBIX ONEHOK DPEINIeHud PeryJasapU30BaHHON 33/1a9M, HEe 3aBUCAIINX OT MapaMeTpa pery-
Jgpuzanun. B TperbeM maparpadye IpUBOIUTCS T0KA3aTEIbCTBO TEOPEMBI 1.

§ 2 AnpmopHBIe OIIEHKN PeIlleHns PeryJadapu30BaHHON 3a-
Ja4dn

g nokasareabcTBa TeopeMbl 1 MBI CTPOMM HOCIEI0BATENbHOCTDh KJIACCHYCCKUAX DeIIeHuil vy,
CIEIYIONTNX PEeryISPU30BAHHBIX 3a7a4, Tae ypaBHenue (1.3) ocTaercs HEM3MEHHBIM

U = (M — 1)v, 0400 + Ufm +G(t,z,v,,00), B Qp, (2.1)



Kpaesbie ycaoBus (1.4) 3aMeHSIOTCs yCIOBUSIMU
vu(t, =) =v,(t,1) = p >0, (2.2)
a HavasbHOe ycaosue (1.5) mpuHIMaeT BU

0u(0,2) = v, (@) = 1, vou() = (2.3)

rae bysknus vg,(r) — ragkas GyHKIMS YA0BIETBOPSIONAS COOTHOIIEHNSIM
[vou () — vou(y)| < Colx -yl (2.4)

l|vou () — vo(@)||co(—tyy = 0 mpum  p— 0. (2.5)

Hamum uist yiobeTBa autaTesist onpeie/ieHne KIacCHIecKoro perntenns 3amadn (2.1)—(2.3).
Omnpenenenne 2. Pynxyuro v,(t,x) € (C;;?(QT) N C%(Qr), ydosaremeoparousyro ypasHenuo
(2.1) & wasrcdoli mouke obaacmu, a MAKNHCE HA¥AALHO Kpaesvm ycaosuam (2.2), (2.3), nonu-

MAEMBEM TLOMOUEUHO, GYdem HA3LIBAMDb KAGCCUNECKUM peuwlenuem 3adavu (2.1)—(2.3).

B sroMm maparpadye MbI MOTyqnM PABHOMEPHYIO IO [i OINEHKY MAKCHMyMa MOJIY/Is DEIIeHuit
samaun (2.1), (2.2), (2.3). TakKke moay<duM paBHOMEDHYIO 110 [ OUeHKY lesbiepa TuX Ke
peIIeHnii.

Pacemorpum 3agady (2.1)-(2.3) u, mis mpocToThl, B JaJbHEHRIINX BBIK/JIAJAKAX OIMYCTHM [
y dyuxnun v, noaoxus v(t,z) = v,(t,z), vo(r) = vo,(x). B HOBEIX Ob03HAUeHHAX 3a7ada
(2.1)-(2.3) upunuMaeT BHT

vy = (m — Dovge + 02+ G(t,z,v,v,) B Qr, (2.6)
v(t,=l) =v(t,l) = pu >0, (2.7)
v(0,z) =wo(x) 2 p,  vo(£l) = p, (2.8)

re vo(x) — TnaaKas GYHKIHs, YIOBIETBOPSIONAs COOTHOMIEHUIO

[vo() = wo(y)| < Colz =yl (2.9)

rie nocrosigaast Cp u3 (1.6). JlokazkeM CJIeiyomy o JeMMy.
Jlemma 2.1. Jlaa aobozo kaaccuueckozo pewenus zadavu (2.6)—~(2.8) 6 Qr sepnvt ouenky

w<v(t,x) <Co(l —2)* + p, (2.10)

p<v(t,x) < Co(l+ )" + p. (2.11)

JlokazarenbcTBO. 3aMeTHM, UTO JOKA3ATeNIbCTBO JIeBOro Hepasencrsa B (2.10), (2.11) Bbrre-
KaeT U3 MPHHIMIIA MAKCHMyMa, IPUMEeHeHHOTo K 3a1a4e (2.6)—(2.8).

Pacemorpum dyukimuio h = Co(l + 2)®, |z| < [. Hanomuanwm, uro o = mT’l > 0. Jlerko
BujeTh, 4ro h' > 0, h" < 0. @yHKIUsA h yI0BJIETBOPSAET yPaBHEHMIIO

(m — 1)hhge — hy = —h2, (2.12)
B o e Bpems u3 (2.6) caemyer
(m — Dvvg, — vy = —v2 — G(t, z,v,v,), (2.13)
OTKYy/Ia, BeranTas (2.12) u3 (2.13), nia Gyuxmmn
w(t,x) =v(t,x) — h(l+x) — p,
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HOJIy 9aeM
Lw = (m — )vwy, —wy + (m — 1)hgw =
h2 — v — pu(m — VDhee — G(t,z,v,0,) > h2 — 02 — G(t, 2,0, v,). (2.14)
[TpennosoxumM, 9To (GYHKIHUA W JOCTUTACT HOJOKHTEILHOIO MAKCHMYMa B HEKOTOPOH TOYKE
(to, ro) € Qp \ I'p, Tie 'y — mapabommueckas rpanuna obmactu p. C 01HOM CTOPOHEI, B TOUKE
(to, o) BBIIOJHEHBI COOTHOTITEHHS

w>0, We <0, w; >0, v>0, hy <O,

9TO BJ€YeT 3a coOOil HepaBeHCTBO Lw < 0. C apyroit cToponsl, B ToUKe (tg, Zg) UMEIOT
(to,z0)
MecTo cootHomterust w > 0, w, = 0. OTryga, ucnonbsys (1.9), Berrekaer, uro B Touke (o, o)

v>h, vy,=hy, vi=h2, G<O0.

Takum obpazom, u3 (2.14) moaygaem

Lw = (m — Dowg, + (m — 1)hgw — wy > (.

(to,xo) (t071'0)

DT0 IPOTHBOPEYUT TOMY, 4TO (DYHKIHSI W JOCTUTAET MOJOKUTETBHOTO MAaKCUMyMa B (to, Zo) €
QT \ FT.

Pacemorpum w Ha 'y, BamMeTuM, 4T0O U3 COTIACOBAHHOCTH TPAHMYHBIX U HAYAJIBHBIX YCJIOBUI
paccmaTpuBaeMoit 3a1aun, BeiTekaeT v(0, —1) = vo(—1) = u, oTkyma npu t = 0 umeem

w(0,2) = wolr) — (1 + 2)° — j1 = vo(a) — vo(~1) — (I +2)° <0,
B cuny (2.9). Tlpn & = +1 nonydaem
w(t,—1) =0, w(t,l)=—h(2l)<D0.

CrenoBaTesbHO,
ot ) < h(l+3) + = (1 + )+ o

Pacemorpum renepb DyHKIHIO
w(t,z) =v(t,x) — h(l —z) — p.

[Tpumensia Kk HyHKOUU W JIOCJOBHO BCE PACCYZKICHHUs, KOTOPbIE ObLIM HPOBEICHLI BBIIIE 11
JYHKIME W, JErKO NOKA3aTh, 9TO OHA HE MOXKET JOCTHIATH MOJI0KHTEJIHLHOIO MAKCHMYMa BHYT-
pu Qp \ I'r. OueBngno

w(0,x) = vo(x) — (I —2)* — pp=wvo(x) —vo(l) — (I —2)* <0.
Ilpn x = £l nonyqaem w(t, —1) = —h(2l) <0, w(t,l) =0, cienoBaresbHO,
v(t,x) <h(l—2)4+p=(1—2)*+ p. O

JloKkazKkeM Tenepb CJAeAyOILyI0 JEMMY.
Jlemma 2.2. ITycmov swnoaneno, yeaosus (1.7)—(1.9). Toeda das arobozo kaaccuneckoeo peuse-
nua 3adavu (2.6)—(2.8) sepra ouenka

lu(t,x) —v(t,y) < Colz —y|*  maa Beex x,y € [—1,1]. (2.15)



JoxkazarenbcrBo. Paccmorpum ypasuenue (2.6) B Toukax (¢, x) u (t,y)
vi(t, ) = (m — Du(t, 2)vee(t, ) + v2(t,x) + G(t, z,v(t, x), v.(t, 7)), (2.16)

vt y) = (m = Dot y)vy(ty) + v,(ty) + Gy, v(t y), vyt y)). (2.17)
Boranras (2.17) u3 (2.16), morxyanm, 910 DyHKIHS
V(t,z,y) =v(t,x) —v(t,y)
VJIOBJIETBODSIET CJIEJIYIOIIEMY COOTHOIIEHHIO
LiV = (m—1)v(t, )V + (m — Dv(t,y)Vy — Vi =

vt y) = vi(t, @) + Gy, 0(t,y), 0y(ty) — Gtz 0(t, x), 0,1, 7).
[IpeanosnoxkuMm, 9to = > y U pacemorpum dyukimo h(x — y) = Co(z — y)*. 3ameTuMm, 410
how =h", hy,=h", h,="hn, h,=-h.
OTKyZa BBITEKAeT, 9TO

Lih(z —y) = (m — D)v(t, x)hew + (m — D)o(t,y)hyy — by =

1-1 1-1 1-1
Tah’%(t, x) + T"‘h’%(t, y) = Tah’Q(v(t, z) +v(t,y)).

Jns pazuoctu W =V — h Oyjem umerh
LW = (m — D)v(t, 2)Wa + (m — Du(t,y) Wy, — W, =
vyt y) = vi(t,x) + Gt y,v(t,y), vy (1) — Gt @, 0(t, @), va(t, ) —

1_Tah'2(v(t,x) +v(t,y)). (2.18)

Paccvorpum dyukmuio W B obiaactu
P={(t,z,y): 0<t<T,y<zx|x| <l |yl <l}.

[pennonoxum, aro W gocTuraer ¢BOEro IOMOKHUTEJIBHOIO MAKCUMYMa B HEKOTOPOH TOUYKe
(to, m0,10) € P\ T, rae I' — mapabonmieckaa rpanuna P. Torma B stoit Touke W, (to, 7o, yo) =
Wy (to, z0,y0) = 0. Kak ciencrsue, nomyqaeM v, (to, zo) = vy(to,yo). OTMeTHM Takzke, ITO
W (to, zo,yo) > 0, aT0 BiIedeT 3a coboit v(ty, xg) > v(to, yYo) > 0. YIUTHIBAS BHINIEH3TIOKEHHOE,
a takzke (1.7), nosyuaem n3 (2.18)

(to,T0,Y0)
U;(to, Yo) — v2(to, 10) + G(to, yo, v(to, o), P (zo — 1)) — G(to, zo, v(to, zo), I (zo — y0))—
1-1
"y — t t 0 2.19
h(IO — y0> (xO yO)(”( 0751;0) + U( o,yo)) > ( )

nockosbky 1 — 1/av < 0. C apyroit cTOPOHBI B TOYKE TMOJOKATETLHOTO MAKCHMYMa

LW = (m— 1)v(t, x) Wy + (m — D)v(t, y) Wy, — W, <0,

(to,x0,y0) (to,zo.y0)



gr0 mporuBopednt (2.19). Takum obpazom, GyHknus W He MOKeT JOCTUTATD MOJOKUTETHHOTO
MakcuMyMa BHyTpHu P.
Pacemorpum tenreppr W na I'. Ilpu ¢t = 0

W(0,z,y) = vo(x) — vo(y) — Mz —y) <0,
B cuiy (2.9). U3 seMMbl 2.1. BRITEKAIOT CJIEIYIONIAE JIBA HEPABEHCTBA
W(t,Ly) =p—uv(t,y) —h(l—y) <0, t€(0,T), yel[-LI],
Wi(t,z,—l) =v(t,z) —p—h(z+1) <0, te(0,T7), =z¢el[-LI].
I3 Tpex mocJsieIHUX HepaBeHCTB MOJIydaeM, ITO

W|_<0

P
U, KaK CJIeJICTBHE, N
v(z) —v(y) <h(z—y) B P. (2.20)
Anasormano, serautas (2.16) u3 (2.17), aua pasnocru W= v(t,y) —v(t,z) — h(x — y) Oymem
MMeTh

LW = (m = 1)o(t, 2)Wey + (m — 1)o(t, )Wy, — W =
VAt x) — 02 (ty) + G(t, @, o(t x), vt 2)) — Gt y,v(t y), v, (ty) —
—ap?(y(t,z) +o(t,y)) B P. (2.21)

[IpenoaoxuM, 4To W JOCTHTAeT CBOETO MOIOYKUTEILHOTO MAKCHMYMA B HEKOTODOH TOUKe
(ti,z1,91) € P\ T. Torna v,(t;, 1) = v,(t1,y1) = —h'(z1 — y1) < 0. Ormerum Taxske, 41O
W(t(),x(),yo) > 0, uro Biever 3a coboit 0 < v(tg, o) < v(to,Yo). YUUTHIBAsS BBIIIEU3I0KEHHOE,
a takzxe (1.8), momygaem n3 (2.21)

Ll/W -

(t1,21,y1)
v2(ty, w1) — v (b, ) + G(tlaxlav(thxl)a —h' (21 — 1)) — Gty yr,v(te, y1), =R (21 — y1))—
11
h(xy — yl)

C apyroit ¢cTOpOHBI B TOYKE MOJOKHTEIBHOIO MAKCHMYMa,

hl2<$1 yl) (U(tl,xl) + U(t17y1)) > 0. (222)

LW = (m — Do(t, 2)Way + (m — Do(t, )W, — W, <0,

(t1,%1,91) (t1,21,91)

qr0 nporuBopednt (2.22). Takum obpazom, Gynknus W HE MOKET JOCTUTATD TOJIOKUTEIHLHOTO
MakcumMyMma BHYyTpHu P.
Paccmorpum tenepn W naT. IMput =0

—

W(0,z,y) = vo(y) — vo(x) — h(z —y) <0,
B cuy (2.9). U3 Jlemmbr 2.1. BBITEKAIOT CJIeIyIOIIME iBa HEPABEHCTBA
W(t.Ly)=v(t,y) —p—h(l—y) <0, t€(0.7). ye[-LI],
W(t,z,—)=p—ov(t,x)—h(z+1) <0, te(0,T), z¢cl-11.
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13 Tpex moc/ieHIX HEPABEHCTB BBITEKAET OKOHYATETHHO
W|_ <0
P
1, KaK CJIeJICTBHE,
v(y) —v(x) <h(r—y) B P. (2.23)
13 (2.20), (2.23) BbITeKaeT

jo(z) —v(y)| <Mz —y) B P

B cuity cumMeTpun 1epeMeHHbIX T U Y, ciiydail ¥ < ¢y UCCiejyercs aHaJorudHo. B pesyibrare
MBI TTOJIy9aeM

v(z) = v(y)| < bz —yl) = Colz —y|*
upu t € [0, 7], |z| <, |y| <. Ouenka (2.15) nokazana. [J

Crenyromas teMMa siBJisteTcst 00001mennem pesyasrara Kpyskkosa—T wiannra, yroMsmyToro
BO BBEJICHUN.
Jlemma 2.3. Jlasa 2106020 Kaaccuneckozo pewernus v 3adawu (2.6)—(2.8), ydosaemesoparouezo
(1.10), (2.15), umeem mecmo ouenxa

«

" —o(t < Chlty — to]” T nax{2 ot
lv(tr, ) —v(te,z)| < Cilts — |7, v max{2, p}’

x € (—l,l), tl,tg S (O,T), (224)

2de C sasucum om Cy, Ko, |, a,p u d = dist(x, f).
HoxazareabcTBo. Pukcupyem HEKOTOpyIo TOUKY (o, Zo), tae to € (0,7 — 7|, ¢ HEKOTOPBIM
0<7<Tuaxy€ (—1,1). Paccmorpum napasieenumnes

II= {(t7$) te (tO’tO +7—)7 T (._'E() — P, o +p)}7
rie 0 < p < d = min{|xg — |, |zo + {|}. Obo3naunm gepes

s = max |v(t,xg) — v(lo,Xo)l|-
te[to,to-i-‘r]‘ ( 0) (0 O)|

Bamernm, 4ro jemma 2.1 (IpU JOCTATOTHO MAJBIX [i) JAET OIEHKY

maxv < Cyl* +1= M,
Qp

Janee g onpe/ieIeHHOCTH CIUTaeM p > 2.
[Tomoxum

,U(p, 3) - Kﬁ + Ro,
rie p, ko — nmocrosiaabie u3 (1.10), a nocrosuuas K yaoBieTBOpsier
K > (m+3)MIP™? + ko(4M)P~1 > 0. (2.25)
Bregem dpyukiun

01(t,x) = v(to, xo) + {C’opa + (t —to)u(p, s) + %(x — xO)Z} )

bat,) = olto ) = |Cap + (0 ta(p3) + S50~ ]
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W3 nemmbr 2.2 BoITEKaET
[v(to, w0) — v(to, )| < Cop.

Orkyna
s
91(t0,$) = U(t0,$o) + Copa + ;(93 - :U())z > U(to, ZU()) + Copa =
v(to, o) — v(to, ) + Cop™ + v(to, ) > v(to, x).
Hamee upu |x — xo| = p umeem

0,(t, ) = v(to, xo) + Cop™ + (t —to)u(p,s) + 5 >

lz—zo|=p

v(tg, o) + Cop™ + s = v(t, x) + (v(to, o) — v(t, z0) + 8)+

lz—zo|=p

+ Copa > U<t7$)

le—aol=p le—aol=p

(v(t, 20) = w(t, 2))

Takum obpasom,
01(t,z) > v(t,r) wa mapaboaudeckoit rpanurne obaactu 1. (2.26)

Paccmorpum snneiinbiit onepatop

0 0?

=——(m-— 1)0@.
Ouesnno, L£(61) = p(p, s) — (m — 1)w2s/p?. dns 6 = 6 — v, norydaem
2s

L) =0, — (m — 1)l = ulp, s) — (m — l)vﬁ — 02— G(t,z,v,v,). (2.27)

[IpennosokuM, 910 B HEKOTOPOii TouKe (tg,Zo) € Il dyukmus 6 nocturaer oTpUIATETHLHOTO
MHHUMYMa. TOrja B 3TOH TOYKE Mbl UMeeM
~ 2s
91~~ :0136_/0:13~~ - 5
(to,%o) (to,%o) P

(Zo — o) — ve(to, o) = 0,  Bau(fo, F0) >0, B,(to, o) <0,

M, KaK CJIeJICTBHEe paBeHCTBa (2.27), mosydaem, 4ro

_ . 2s

ét - (m - 1)7}5:)::13 = ,U(Pa 8) - (m - 1)2}({0,:60)?—

(to,Z0)
2s 2 - ~ . 25

E(iﬂo—xo) -G tmﬂfovv(to,xo),?(%—xo) >
2s 2s (25 _ 2s

2
K& + Ko — (m — 1)M? — F(l‘o — l’o)) -G (go,jfo,’l)(go, .570), E(l‘o — 33'0)) . (228)

Baech MBI nenosb3oBaan 1o, 910 v < M u p(p, s) = K2s/pP + ko. 3 (1.10) cremyer uto
. - 25, 2s . i
'G(to,l’o,v(t(),xo),F(l‘o—xo))‘ < Ko <1+ <?|$0—ZL’0|) > . (229)

3 (2.27), (2.29), yuursiBas, 9to |To — xo| < p < [, s < 2M, nosnygaem

2 2 25\ 2 25\ ?
>K_S_<m_1>M_§_(_S) ~ o (_) -

o) =
(fo,%0) PP P P p




— (K — (m—=1)MpP~ = 25pP~* — Ko(25)P ") >

pp
% (K= (m—1)MP —AMP™> — go(4M)P7") =
2
p—j (K = (m+3)MIP™ — ko(4M)P™1) > 0, (2.30)

B cuiy (2.25). Y10 HEBO3BMOKHO B TOUYKE OTPHUIATETLHOTO MUHUMYMA.
B cayuae, korma p € [0, 2] HaIO TOAOKATH

2s

w(p,s) = K? + Ko, (2.31)
rae nocrosgHHas K BbeiOpaHa Tak, 4TO
K > (m+3)M + ro(4M)P~1*P. (2.32)

Torya HepaBeHcTBO, anasoruunoe (2.30), GyiaeT umers BUL

. 2 2 2s\° 2s\7”
c), 2 rS-m-oa - (2) - (2) -
(to,%0) P p P p

2
p_j (K — (m—1)M — 2s — Kko(25)P ' p*7) >
2
2 (K = (m = 1)M — AM — ko(4M)P~1>77) =
p
2
p—j (K — (m+3)M — ro(4AM)P~11>77) > 0, (2.33)

B cuy (2.32). Takum obpasom, GyHKIW 0 He MOXkKET JOCTHIATh OTPUNATETLHOTO MUHHMYMA
B TOUKe (to,To). Ilpunnmast Bo BuuManue (2.26), Mbl 3aKII09a€M, YTO

01(t,z) > v(t,z) B IL
AHAJIOMMIHO TOTyYaeM HEPABEHCTBO
Oo(t,x) <wv(t,z) B IL

OTKyza y2Ke cpa3y BBITEKAET, 9TO

[0(t, ) — v(to, 20)| < Cop® + (t — to)ulp, s) + %(x ~ ),

[v(t, xo) — v(to, o)| < Cop™ + Tu(p,s), T™=t—to.
CJrenoBarebHO
s= max |v(t,z9) —v(ty,x0)| < Cop™ + Tu(p,s)
tE[to,to-i—T}

U 9Ta OlleHKa uMeer mMecto st awboro p € (0,d]. Tlpu p > 2 umeem

Cop® +Tulp, ) = Cop® + 7 (2K3p7" + ko) < K [p*+7 (1+3p77)]
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rae K = max{Cy, M,2K}. Takum o6pa3oM, Mbl TIOAyYaeM CJIEAYIONee HEPABEHCTBO
s<K [p*+7(1+sp7?)]. (2.34)
Iycrs 7 < d**? (2M) ™. Ouesumo,
(rs)7 < (r2M)@7 < d

1
(mamomunM, aro s < 2M). Crenosaressno, u3 (2.34), aas p, = (75)°+r noaydaem

s<K [pf+T1+78pP] = K [(TS)“L‘H“ +7+ 75(73)%} =K [7’ + 2(7s)atr | . (2.35)

Pacemorpum asa cayuas: 7 < (75)ate u T > (75)+. B nepsom cayuae u3 (2.35) Mbl 10/1ygaeM
s < 3K(rs)as,

OTKY/Ia
N\ 2,
s < <3K) "oy,
Bo BropoM ciaydae u3 T > (Ts)%ﬂd CJeIYeT, 9TO

p (=1
s<T1a < TP

HpHO<T<1,TaKKaK§>%.

[Tpeamono:KuM Tenepb, 9ro 7 > d*tP (2M)_1. Torna

a+p a+p «

OM a
Ty < (2M) P d T Y.

TP

|U(t0 -+ T, 5130) — U(t0,$0)| S 2M =

Jlerko Bujers, uro B cayuae p € [0,2] u Boibope byukuuu p(p, s) u3 (2.31), nokazaresnn Lesib-
Jiepa 110 TlepeMenHoil ¢ Oyjier paBen 3.
Takum 06pa3om, MBI JTOKA3a/IM, ITO IMeeT MeCTo oneHka (2.24) ¢ mocrostanoii C

atp _  atp ~ atp
Clzmax{l,(QM) A ,<3K ’ )}

g

§ 3 JlokazareabCcTBO TeopeMbl 1.

Bosspamascs kK nmpexHuM 0003HAYEHHAM U = U, PACCMOTPHM 3axady (2.1)-(2.3). Samernm,
wT0 mpu BenoaHeHun yeaosus G(t, z,v,,0) = 0, 11 106010 KIaCCHIeCKOTO PelleHns 3a,/1a91
(2.1)-(2.3) uMmeer MecTO OLEHKA U, > (i, UTO IIO3BOJISIET IPUMEHUTDH PE3YJIbTATHI, IOJIYIeHHbIE
B |12], 0 cymecTBOBaHUE KJIACCHYIECKOIO PeIeHHs] YKA3aHHON 3a/a9i IPU BBIIIOJHEHUH YCJIO0-

2 ((0,T) % (=1,1) x R?) ¢

puit (1.7)—(1.9) B npexnonoxenuu, uro byukmua G(t,z,v,q) € CZ,,
HekoTopbiM mokazareneMm v € (0,1) (em. Teopemy 1 B [12]).

Kak u3Bectno [5], ragkas byHKINA SBASETCH BA3KHM DEIIeHHEM YPABHEHH TOLA U TOJb-
KO TOTJa, KOT/JIa OHA YIOBICTBOPSET eMy B KJIACCHICCKOM cMbIcae. TakuM obpa3oM, Kiiaccude-
CKOe pelnenue v, 3a7a4n (2.1)—(2.3) aBndeTcsa Tak»Ke U BA3KIM PellleHHEeM TOM zKe caMoil 3a71a-
. Chopmynupyem cieayronyo jgemvy 06 anmporcumanuu |5, 8|, nMeInyo MecTo B Teopun

BA3KNX PENIeHuil, TPUMEHUTEIHHO K HAIEMY CJIy4alo.
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Jlemma 06 annpokcumaruu. Paccmompum 3adawy (1.3)—(1.5). Ipednoaooscum, wmo cy-
ULECTNBYE CEMETCTNBO BASKUL PAGHOMEPHO 02PAHUMEHHBIT U PASHOCTNENEHHO HENPEDLIEHVLT, HA
A1060M KOMNAKMHOM nodmrodcecmse obaacmu Qr, pewenud v, 3adavu (2.1)~(2.3), npuuem
sunoaneno ycaosue (2.5). Toeda cywecmeyem nenpepwenoe 6 Qp 6a3koe pewenue v 3ada4u
(1.3)~(1.5) makoe, umo

v = lim v,,.
n—0

Jltst TOro, 9robbl NIPUMEHUTD JIeMMY 00 allpOKCUMAINU, I0CTATOYHO Oy YUTh PABHOMED-
uble 1o j onenku lenbaepa. M3 jgemwm 2.1 m 2.2 Mbl nojy4aeM pPaBHOMEPHYIO IO [4 OIEHKY
[enbjiepa 1o nepeMeHHol x:

o (t, ) —v,(t,y)| < Cole —y|* mpm te[0,T)], =zyel[-LI. (3.1)

3 nemmbr 3.1 cjieyer paBHOMEpHas 10 f olieHKa [eibjiepa 1o nepeMenHoii ¢

«

\vu(tl,x) — ’Uu(tg,l')’ S Cl‘tl — tz”y, Y= T € (—l,l), tl,tg € (O,T) (32)

max{2, p}’

Takum 06pa3zom, MOC/IeI0BATENIBHOCTD U, KAACCHUECKHX pernennii 3ama4dn (2.1)—(2.3) npunaz-
sexxut npocrpanctey Cl7(Qr), npuuem nocrosmueie Tebaepa Kak 0 BpeMeHH Tak I 110
IPOCTPAHCTBEHHON TepeMeHHON He 3aBucat ot p. 13 (3.1), (3.2), mepexoms K MOAIOCETO-
BATEJIBHOCTH (OCTABJISIS Te K€ 0D03HAUCHNUS), YKe JIETKO BBITEKACT PABHOMEPHAS CXOTHMOCTD
v, = v € Cly mpu p — 0. BameTuM, YTO U3 IPEJCTABICHHA KPACBBIX M HAYAILHBIX YCJIO-
Buii B (2.2), (2.3) Jerko cjegyer ux paBHOMEPHasi CXOAMMOCTH mpH £ — 0 K HAYAJbHO Kpa-
epbiM yeaoBuaMm (1.4), (1.5). Tenepn yzke, ucrnoab3ys JeMMy 00 ANNPOKCHMAIAN, HOJIYYaeM,
qro v = lim, v, ecTb BA3Koe pemtenne 3amadu (1.3)—(1.5). 113 moayveHHBIX BBINIE ONEHOK
seTexaer, uro v € C7 (Qp). O

Sameuanme. UT0 KacaeTcs BONPOCOB €IMHCTBEHHOCTH, OTMETHM paboTs [3], [4] B ciryuae
G = 0, B KOTOPBIX OBLIO JIAHO HOBOE OIIPEJIEJIEHIE BSI3KOI0 PEIeHHs], II03BOJIUBIIETrO IIPE0JI0JIETh
npobsieMy OTCyTCTBUS MOHOTOHHOCTH nuddepennuanbaoro ypasaenus (1.3) 1m0 nepemeHHoil v.
Kak n3BecTHO, B TEOPHU BA3KUX DEIICHUIT MOHOTOHHOCTD Ti(bdEepeHINATbLHOTO YPABHEHHS 110
PEIIEHUIO SABIACTCS KJIIOUEBBIM YCJIOBHEM, MO3BOJISIONINM JOKA3aTh TEOPEMY CYIIECTBOBAHUS U
equHcTBeHHOCTH MeTomom Unmmu—Ileppona [7].

(®unancuposanue paborsr. Ap.C. TepcenoBbiM pabora BBILIOJHEHA B DAMKAX TOCYy1ap-
crennoro 3amanus Nucruryra maremarnkn M. C.JI. Cobomesa CO PAH (mpoext FWNF-
2022-0008).
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