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154 0. 0. YMIP

YIK 517.95
O. 10. UYmup (JIsBiBcbKuit gepk. yH-T Ge3m€KH KATTEAIIILHOCTI)

XAPAK’.EEP CTEIIEHEBUX OCOBJIPIB“OCTEI.;I PO3B’A3KY
ITEPIIIOIL VBAI‘AJII)HEHOI KPATOBOI{ 3AJTAYI 1JIdA
PIBHSIHHS & — Au = ju|ft7

Using the Schauder method the characte; power singularities of the solution the first generalized
boundary value problem for equation 2 St —Du= [u|Pot” near boundary of domain are investigated.

1.1

The sufficient conditions of solvability of the problem are obtained.

Buxopucrosyioun mpunmun Hlayznepa, mocriaxeHo xapakTep creneHeBHx ocobnmBocTell po3s’sa3-
Ky mepmiol y3arajsHeHOI kpafionol 3amavi Ana pieHAHHA ‘Z, — Au = lu|fotY 6ina mexi obmacri.
Berasosneno pocraTHi yMOBH pPO3B’s3HOCTI 1€l 3aaau4l.

Bceryn. B 6aratbox nmpangx HaBemeHO Pe3YALTATH NPO ICHYBaHHS Ta HOBEMIHKY
PO3B’sA3KIB JIHIHUX Ta MBJIHIHHEX eNIITHIYHAX Ta NapabOIiYHUX PIBHAHDL HA MEXI
obnacri, Komu ¢yHKUil 3amaHi Ha Mexi 00acTi € y3arajJbHeHMMH (JUB., HANDHU-
Ki1an, [1] Ta 6i6miorpadilo, a Takox {2, 3]).

BukopucToByiouH AOC/Ii/KeHHS TpOBefeH] y cTaTTi [4] g Henimiliaux ein-
THYHHX KPafOBHX 33J1a4 DU 3aJaHUX HA MexXi DYHKIIAX i3 CUIILHUME CTENIEHEBUMHU
0COBJNIHBOCTSAIMH, NPOJIOBXKEHO BUBYEHHs HEJIHIHHUX KpaloBHX 3a1a4 JUIs piBHAHHS
TEeIJIONPOBiAHOCTI B y3arajbHeHnX ¢yHKuiax. Tak, 30kpema, y crarti [5] mocmimxke-
HO XapaKTep CTelleHEeBHX OCOOJMBOCTEN PO3B’A3Ky Iepiroi y3arajbHEeHOI Kpa#oBoi
33424l 119 PIBHAHHSA TEIJIONPOBIIHOCTI ¥ KJiaci y3aranbHeHuX pyHKIiH.

Y mpausx [6]- [8], mocaimxKyerbea icHyBaHHSA PO3B’A3KiB KpaifoBMX 331a4 s
HaniBniHiftHEX napabosiuEEX PiBHSIHB Ta CHCTEM DIiBHSAHb BHLAALY (u;); — Du; =
[y, .., ug) 9k noxambaux ( [6]), Tak i mobansnux ( [7]), ix snacTusocri.

y JaHI# CTATTi PO3MIAHYTO NEpINy y3arajbHEHY KpaifoBy 3aJady IJis piBHSIH-
Hsl at ~ Au = |{ulfot?, ne By € (0,1), v € (—1,0), xonn 3anaki Ha Mexi PyHKII €
y3arajibHeHHMH NEeBHOTO MOPAAKY CHHryaApHOCTi. JloBeJeHo icHyBaHHA 11 po3B’A3Ky
y IeBHOMY KJiaci (bquuﬁ i3 CHJIbHHUMH CTENEHEBIMH OCO6JIHBOCTHMPI 3aJIe2KHOMY
Bi/l IOKa3HUKiB HETiHIRHOCTI Yy pu)nnnh Ta ﬁOpﬁ,Z'J,KiB CHHIYAAPHOCTEHN y3arajibHeHUK
dynkniit Ha Mexi obsacri. 30Kpema, OTPHMAaHO YMOBH 3B’ ﬂsxy HOPSAAKIB CHHTY-
napHocTelf y3arajuibheHuX QYHKIi# Ha Mexi 00JacTi 3 OKa3HHKAMH HeJIiHIMHOCTI
[ipaBOi Y4CTHHH piBHAHHA. [l NOBeJEeHHS PO3B’A3HOCTi BHKOPHMCTAHO METOj, 3Be-
JIeHHsT TAKOT 3371241 /10 iIHTerDATLHOTO DIBHSIHAS ¥ TIEBHOMY BAroBOMY byHKIIRHOMY
HpOCTOpi, a TaKoXK 3acTocoBaHo TeopeMy Lllayaepa npo HepyxoMy TOUKYy.

1. OcHoBEHI no3HaveHHs Ta GopMyaIOBaHHYA 3a4a4i.

Hexait n € N, {I - oOMexena obsacts B R™ 3 mexero S = 0 knacy C®
R=0x(0,T],2=8x%x(0,T},0< T < +o0.

BukopucroByBaTHMEMO NO3HAYEHHS:

n
llz —yll = ‘V/ > |zi — yi|? - eBkuinosa sBigcrans B R, P = (z,t), M = (y,7),
i=1 .

d(z,t;y,7) = /|lz —y

|2+t —7]- napa6omqﬁa BmCTaHb B R

7] — MYJBTHIHAEKC 3 KOMHOHEHTAMH (11, o, n), T € Ly, & = 1,70, [N} = 111 + oo + 1
_ n alm
MOBXKMHA MyJasTHIHAEKCY 77, DI = T oaT

Hayx. sicrax Yxoopor va-1v, 2015, san. N1 (26)
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Hexalt 5o > 0 — Take 3ajaHe YHUCJIO0, IO NapajeabHa 10 S moBepxHs S, € Kiacy
C* ta pamani BeakaTuMeMo, mo £ < 1. Yepes (o) mo3navaTnMeMO HECKiHYEHHO
audepennifiorHy Hepin'eMuy GYyHKIO, 9Ka Mae NOpsSA0K o opu o — 0.

Hexait p;(z), £ € Q, - Heckinyenno mudepenniliosHa Hesin'eMBa QyHKUA, gKa
nonarna B §), Mae nopaaok Biacrani d(z) Big Touku x xo S Ging S Ta py(z) < 1,

[ 3d()), d(z) <%,

r € §), nanpuknan g, (z) =

L 1, d{x) > €g;
. ( ot), t< % . .~y - .
dyexuia goft) = { ¢> g BOTOME BIACTHBOCTAME dyukuii g(o) i, kpim
1, =z &0
Toro, 0 < po(t) < 1, ¢t € (0, 7).

[ minfp;(z), v/02(t)], d(z) < €o, abo t < o,
11 d(i'f) 2 €9, t 2 €o,
Y <1, (x,t) € Q, 3minkn
f o1(z)  npu d{z) — 0,
olz,t) = ¢ /out) mput—0,
l 1, BeepeauHi obuacti @, a came npu d(x) > g Ta £ > &.
Jlani BUKOPHCTOBYBATHMEMO, IO

TY .- %

~ _f
riexai o\zr,
4+

h
—

L S n(r l.\l s

o<l < Moo nipu o <

b
¥l Y

ne My, My — gomaTHi 1ucia.

Hexait Q' = {(z,t) € Q: o(z,t) = 0:(z) Ta d(z) < L},

Q= {1 €Q: olz,) = VoD t< 3}, @ =Q\[@ U}

Hexait D(Q) = C=(Q), D(T) = C=(%), D(Q) = C=(Q);

D@ =1{0€D@): Z¢lg=0, k=0,1,...},
D'E)={peDE): &x¢lpr=0, k=0,1,...},
Dy(Q) = {¢ € D(Q) : p|s = 0}, v — opT BHYTPimHEKOT HOpMAaTi A0 S.

Hagani nosnasaraMemo gepes (D°(X)), (Do(Q))' — mpocropy mimimux meme-
pepBHEX yHKIoHANIB BiamoBigHo Ha mpoctopax dyukmilt DO(X), Do(Q), uepes
(¢, F); — 3nauenns y3araasrenoi ¢yuxuii F € (D°(X)) na ocmosmiit dbymkmii
¢ € D°E), uepes (p, F); — 3nauenna F € (Do(Q)) ma ¢ € Dy(Q), a uin s(F)
pggyv\'ﬂTnunuo nnpqnnw r'ynr'vnq'nnnr"m V'Rar‘a nkneno'i (l’)yHKILD, P ( [9, G 123])

}3AELVB ] SIGLAJID

Po3rnsinemo neprry y3arajibHeHY KpaioBy 3amady

Lu(z.t) = Q%—Q ~ Au(z,t) = folz,t,u(z,t)), (z,t) €qQ, (2)
uly = Fi(z,t), (z,t)eX, (3)
ul,_o=Fz), ze€. (4)

Ipunymennsa 1. Hexal dynxuii fo, F1 ma F, 3adososvHaroms ymosu:
1) dynwyia fo(z,t,v) susnanena 8 Q X (—o0, +00),
2) Fy € (D(X)Y, 0 < s(F1) < i,
3) Fz (Do()), 0 < 5(F3) < qo.

Ilpu k € R BBesemo dbyHkuifini mpocropu:
Xi(Q) = {¥ € D*(Q) : ¥(-,0) € Do(Q), ¥ |g = 0,
Ly(z,t) = O(e"(2, 1)), e(x,t) — 0},

Hayxk. picank Yxropon yu-ty, 2015, sum. Nel (26)
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ne L* — oneparop, dopmanbho copsokenuit go L, L*v = —( .
My(@)={v: |Ivlls = "z, O)lv(a, )] dadt < +oo}.
Q

9:[3’
>

Hexait My c(Q) = {v € My(Q) : [[vile < C} - xyas pagiyca C y npocropi

A (N
.’/}‘nk\Q)

[punycrumo, mo  k > ko = max{q; g2 — 1} + n. 3aysaxumo, mo ko > n — 1
upu ¢; >0, ¢2 2 0.

Osnauenns 1. Pose’askom 3adani (2)-(4) nasusaemovca dynxyin u € Mp(Q)
maxa, wo

/L*qj;-udxdtz /fo(z,t,u(x, t)) - ¢¥(z,t) dxdt + ( (';’zp;(:c 2L Rz, t)h+
é o (o4

+{(-,0), F2())2  daa dosiavnoi ¥ € Xi(Q).

Tosnaunmo wepes G(z,t;y, 7) dynxuio I pira nepmroi » KpaoBoi 3asa4i and pis-
HSIHHS TeJIONPOBIAHOCTI, SiKa BU3HAYeHA B TOUKaX (T,t;y,7) € Q X Q npu (z,t) #
(y,7). IcuyBauns 1i Ta psig BracTusocTe#t omepxyeMo i3 [10,11]. 3 uux pesyasraris
BUILIABAE, 10

1) G(z,t;y,7) =0 mpu t < 7;

) Ans Oyap-aKuX MyJbTHIHAEKCIB 7], 7o
afm ] ) oy .
Fas DZC(r, t;y,7)| < Gy [z, tyy, 7)) 1M1=2%0 pe C’,,,,,O JOJATHI CTaJ;

3) M OBLABLHEX 7), |n| < 2, iCHYI0Th J0JAaTHI cTaji C Taki, mo
[|D2G(z,t;y,7)| dzdt < Cn s poBiterEx (y,7) € Q.

Q

Honi6ro mo pesyavraris [2,12,13] goBoaumo Taky BiacTusicts dyukuii G.
Jdema 1. Hezati (z,t) € Q, 71 > —1, 71 + 2r; > ~2. Todi

(0@ 1) npu d(z) =0,
/G(x, 6y, 7)-0" (4, 7) T dydr ={ O([oa(t)]F T +1)  mput =0,
Q O(1) ecepeduni obaacmi Q).

Saysaxkenns 1. 3 meopemu 2 [8] sunausae, we pose’ssox sadawi (2)-(4) €
po36’aaxom y npocmopt Mi(Q) inmezpasvhozo pieHanHA

0G(z,t;y,T)

£ Py, T)h+

t
u(z,t) = / dr / Gz, t;y,7) - foly, 7, uly, 7)) dy + (
+(G(z, t; 9, 0), Fa(y))- | (5)
1 HABTAKU.

Ilosnaunmo (Hv)(z,t) f deG(x t;y,7) - foly, 7, v(y, 7)) dy,

h(z,t) = g1(z,t) + ga(z, t) = (-ﬂf—t’”—’2 Fi(y, 7))+ (G(z, £;9,0), Fa(y))e,
(Hv)(z,t) = (Hv)(z,t) + h(z,1).

PiBuanns (5) nabyzne surnany u(z,t) = (Hu)(z,t) + h(’I‘ t).

anopnc'rosyloqn teopeMy Hlayznepa [14, c. 291], y [5] moka3ano icuyBanns cra-
noi ¢ > 0 Taxoi, mo oneparop H; Bimobpaxkae My ¢(Q) B cebe, € HenepepsHUM
oneparopoM Ha My, ¢(Q) Ta mosemeno

Hayx. sickuv Yaxropon ye-ty, 2015, sun, Nel (26)
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Teopema 1. Hezati euxonyromses npunywenna 1, k > ko, dynxuia fo 3ado-
goavnae ymosw: ichyroms cmaai ¢ € (0,1), M3 >0, My > 0, Cy > 0 maxi, wo das
dosinvnoi cmanoi C > Cy ma das dosinonur v,w € My o(Q)

/Ifo(y, 7, v(y, 7))| dydr < Ma||v|[3, (6)
Q
lr ; | 7 { 1l /
Ji | foly, 7, v(y, 7)) = foly, 7, w(y, 7))} dydr < Mallv — wij;. (7)

Q
Todi icnye poss’asox 3adavi (2)-(4) 6 npocmopi Mi(Q).

I k> L, £ (I'r tv I |Bosy

y b % 5 n n..AU U 'J l i [L
Todi das eciz Bo € (0, 55), v € (-1 + Bk22) 0 icnye pose’asox sadavi (2)-(4) y
npocmopt M(Q).

\~_,r

I oamnma% naiannnins
ﬂdL—I.AUh J.. 1ICLUU CUAUTL

JZoeedenns. Toxaxemo, mo dbynkuisa fo(z, t, v) = |v|f°t” sanosonsnsaors ymo-
BU Teopemu 1. BHKOpHUCTOBYIO4H HepiBHICTH ['enbaepa, MaTHMEMO
[Ivly, m)PerY dydr = [(*(y,7) - [v(y, 7)) 1[0y, 7))+ dydr <
Q Q

1 1-Bo
< (Jm) s ) ([ oty )y i)

IA

k8 -B
< VI (f 75 [oty, 7)) dydf) °
Q

_ k8 .
Posrnsmemo I = | Tl_:[%[g(y, 7)) = dydr. Bignosiguo no posburra obiacti

Q=Q'UQ*UQ® matumemo I = I; + I, + I, ne B I, inTerpyBanHsa € 3a 06JIACTIO
Q' 81, 32 Q% as I3 - 3aQ® Posrusnemo xoxen iHTerpai OKpeMo.
BMKOpKCTOByxo'm BJIa.CTPIBOCTI (byHKLm 01(y) Ta (1), maTuMeMO

= [ T (o (y)] e dydr < M; f T - [d{y)] o dydr <
Ql

- kﬂ . » . .
< G [ld(y)] T dydr, ne Ci — nonaTtHa craja. InTerpan B ocTanHii pisHOCTI 36i-
Ql
ra€ThbCs HpU — kﬁg > 1.
Bukopucrosyoun BracTHBOCTI (pyﬂxuu 02(7) Ta (1), MmaTuMemo

.._1_. ﬁ‘ __kBg__
L= Jr T1~ﬂnl »r] 231 ﬂn5 dydr < M; (1-Fo) r'rl ~Bo . 7 2-Fo) dydr <

Q? Q
<Cyf 71*50"211-305 dydr, ne Cy — nomatHa craja. IHTerpajy B OCTaHHi# piBHOCTI

Q2
36ira€ThCs NpH %{%f% > —1.

.

L= [ 7% dydr <eg ® [ dydr < +oo.

Q3 Q3

Taxnm ausom, mpa fy € (0, 35), v € (=1 + 59-(—';+—2), 0) dbyuxuis fo 3am0BONBHSE

ymoBy (6).

Buxkopucrosyoun dopmyay |a* — ¥| < |a — bj* npn a, b > 0, u € (0,1) Ta
nepisuicts Tenbiepa, oninweMo

Hayx. Bicauk Yxropox yu-ty, 2015, sum. N1 (26)
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i-8
va(y 7)o 1Y —|w(y, T)P0 77| dydr < |jv— w|| {le Bolo(y, )] T ﬂo dydr) 0,

ne inTerpan 36iraerees npu fo € (0, 717), ¥ € (-1 + 25 p °(k+2’ ,0). OT:Ke, BEKOHYETBCA
ymosa (7).

SAxmo Bo Ta v Bigomi, To MoxHA orpaMaTH mpoctopd M(Q), i skux icHye
po3B’a30K u € M (Q) 3azadi (2)-(4).

3ayBaxkennsa 2. Hexati suxonyromovca npunywenns 1 wa dynwyii Fy, Fa,
Jo(z,t,v) = |v|Pot?, de By € (0,:77), ¥ € (Ro=X 21—po) Bo=11. Todi icuye pose’asor
sadawi (2)-(4) y npocmopi My (Q) npu max{q, g2 — 1} +n<k< M—B"—)

Saysaxkenns 3. Hezail suxonipomvcea 'nm: yuierms 1 o (_ﬁyﬂggu‘u F, F,

folz, t,v) = |v|Pot7, de Bo € (0, +l) v € (851;0]. Todi icnye pose’asox sadaxs

¥ Y
.{2}"(4) Y npocm pu MIC‘IQ) il ;u?m{ql,qt w= 1} +n <

L By
w < --r
Bo~

BukopuCTOBYI0UM BIACTUBOCTI y3araibHeRnX (QYHKILA CKIHYEHOr0 HOPSAKY CHH-
rynapsocri [9, ¢. 123-134] Ta ouinku noxizaux byskuii [ pina, 3 [5], oxepxyemo Taxi
JIEMH.

Jlema 2. Hezati eunouymm'bc:z nvunymemm 1 na dynxuii Fy, Fy, k > ko. Tooi

&, t) €
1) qi(z,t) = { O([gg( )]‘"H +1) npu (z, t) € Q%
L O(1) npu (z,t) € Q3;

O(lex(2)]” “‘*‘“’) npu (z,t) € QY
92(z,t) = { O([o2(t)]” ) npu (z,t) € Q'2;

O(1) npu (z,t) € Q%
2) h € Mi(Q), a came, icnye dodamua cmara Ms maxa, wo ||hl|x = M5 < +o0.

Jlema 3. Hezatir > 0. Todi das doginvtozo € > 0 icnye n = n(e) > 0 maxe, wo
0az dosiavtol nidobaacmi V C Q, mipa axoi m{V') smenwa 3a 1), i 6ydo-sxol ouxu
(y,7) € Q euxonyemvca nepisnicmo [ o™ (z,t) - |G(z, t;y,7)| dzdt < e.
%

2. XapakTep cremeHeBHX OcobimBOocTeli PO3B’A3KYy IEpHol y3arajib-
HEHO1 Kpaiiopol 3agaui 4jig piBHAHHA TEIJIONPOBigHOCTI.

Ilpu p € R_ U {0} BBegemo QyHKujiiHMi npocTip:
M.(Q, Q) = {ve C(Q): oy, 7)) ™ v(y,7) € C(Q);  (IIv; Ql|u =

=max{ sup [a(®)]™*Iv(y,7)|; sup [ea(7)]"5Iv(y,7)l; sup_|v(y,7)[} < +o0)}.
(yr)e@? {y,r)eQ? {y.rye@?
Ockinbku juia v € M, (Q, 0Q) mpu k+p > —1

il = [ o* (v, 7)Iv(y, 7)) dydr < [Qfa’”" sup (o7 ()Iv(y, 7)) dydr +
Q

(y,m)eQ!?
bty _ , . 1
+ [ 0* (r) sup (e, 5 (1) v(y, 7)) dydr + | sup_[v(y,7)|dydr| =
Q? (y,1)eQ? Q3 (y, r)EQ3 L
=C, f o1 ()] dydr+Cy [ oa(7)])"5* dydr+C; f dydr < C-(C,'+C, +C3) <
QZ

< +oo, AeC—;xo,n;aTHa craja, 5,;" = 61- (v) < +00,i = 1,3, 10 M, (Q, 0Q) C Mi(Q)
npu k> —p — 1.

Hexait M, 5(Q, 6Q) = {v € M@, 0Q) : |iv; 0Qljx < u} — 3aMKHEHa Kyjsd
pagiyca C y npocTopi M,(Q, 0Q). ‘
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Jlema 4. Heraii gynmyin fo(z,t,v) = |v|Pt7, de fo € (0,1), v € € (®2=2 0) ma
r)

1 m 3
&

———} <p< mm{

]
-+

fomy

2ty + 1) :
Bo ﬁo’ )30
Mo ICHYE CINAAG Ko > 0 maxa, Wo npu 6ciT C > K, onepamop H eidobpasicae
M, 5(Q, 0Q) 6 cebe.
Losedenns. 3nainemo ouinky Hv mpr v € M,(Q, 0Q). Maemo

t
[(Hv)(z,t)| < [ dr [|G(z, t;y,7)] - [v(y, T)|P77 dy.
0 Q

1

max{—

'}, (8)

Buxkopucrosyouu gemy 1 npu pfy > —1, pufo + 2v > —2, 3ax00UM0
P i =~ e /, : \uBs+l-n _,\ .
()@, 0] < Cupy (C) P [ (@)% +1 " + 1 ) <
(&) EC, (B9 (o3 ()HBo=D41on 4 1o ()0, (

L1 uo L j ' g

[(Hv)(z, )| < 5';5&(5;’)'90 (loatey ™5 + 1) <

z,t) € QY

b 7 b

2~ / =57 F 5
|(Hv)(z,t)| < C, ( VB0, (z,t) € @3, me C 50> Cusg» Co — HomATHI cTaui.
2

[Ipu BukOHaHHI yMOB (8)

u> 2(7+1)
__1-
H T
=
H< 1-Bo

sraxomumo ||Hv; 8Q||, < Ry, (z,t) € Q, me Ry = C '(max C’")ﬁ"

1<i<3
) =
C' = max{C, Bo? C,,_,m, Co}-

3ayBaxkumo, mo npu Sy € (0, 1), icuye crana Ko > 0 taxa, mo R; < max 5,-" =C
—_l_

npu C > Ko. OTxe, 32 yMOB (8) mpu By € (0,2), v € (-1,0), C > K, OTIepaTop
H: :Nt“’é(Q, 6Q) =7 Mu,é(Q’ 8Q)

BuxopucroByoun BiIacTHBOCTI yHKIT I'pina, y3arajabHenux GbyHKIi# Ta Je-
My 2,y [5] moBemeno

Jlema 5. Hexali suxonytomvca npunyuwenns 1 wodo dyuxuii Fy, Fy ma
p < ~ko—1. Todi h € M, &5(Q, 0Q), a came, icnye dodammna cmara Ry maxa,
wo |[h; 0Qlju £ Rz < +00.

Jlema 6. Hezati fo € (0,1), v € (28-2,0) ma
max{wg—'%u; } < p < min{{=} vt —1%}'—0211 Todi dan dogiavrozo € > 0 icnye
n=n() >0 mane wo 048 dosiavhoi nidobaaci V C Q), mipa axoi m(V) < n, das
dosinvruz (z,t) € Q' U Q? suxonyemvea

()] / [on(0)}#or|G z, t;y,7)| dydr < e, ©)
vnQ!

5 . f . - o o ; P

lo2(2)] 72 Ji lon ()G, By, T)| dydT < €, (10)
vn@!
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(o (@)] ™ / (a2 |G, by, )| dydr <, (11)
Vg2

(o2 ()] / l0a(]) 21| Gz, £y, 7) | dydr < € (12)
VnQ2

ma daa dosiavhuz (1,t) € Q euxoryemvCa

/ Gz, t;y,7)| dydr < . (13)
vngs

Zosedenns. Jlosenemo pukonanns (9). Hexalt V — nosirpna ninobracts B ¢,
(z,t) € Q' — nosinbHa Touxa, a 0 € (0,%) - ske-nebynp umcio. Bpaxosyioun

BiaacTuBocti dynkuii I pina ta jemy 1 mpu #[30 > —1, ufo + 2v > —2, MaTEMEMO

loa(a)] / PG o, by, )] dydr < Clg lor ()]
(v r)e{VvnQl:a1(y)<a}
x(1+ [ (x ﬁ0+1~") < (" ((,—u + ﬂﬂ(ﬂo—l)“‘") < 26'300u(50_1)+1—n_ (14)

3ayBaxumo, 1o u(ﬁo ~1)+1-n>0.
Hexatt € € (0,1) — nosinbrO Bubpane. 3adikcyemo #oro. 3 (14) sunnmsae, 1m0

1
¢ ) w(Bo-1)F1-n

pH 0o = op(e) = min{(ﬁ;—— £} omepxyemMo

[or ()] S [ ()]*Per - |Gz, Ly, )| dydT < §.
(y,m)e{VNQLe1(y)<ao}
Bpaxosytoun oujrkn ¢ysxuii [ pina i Te, mo B obmacri Ql oy, 7) = m(y) Ta

lz—yl2+ 1t -7 = llz = yl|> = d?(y) > C'gl( ), Ze C' > 0, npu JoBinbHii
migobaacti V obnacri @ Takiit, mo m(V) < -17 o ~#bo tn c" - JOJIATHA CTaJa Ta

(w,1) € Q" marumemo [p:(z)] J lo1()#o7|G(z, 8y, 7)| dydr <
(vm)e{VnQ:ei(y)2ao} »
< Go(C) Mer(@)]* J @ dydr < mm(V) < 5, a

(v, m)e{VNQL:g1(y) 200}

1
[y I— ‘Nﬂﬂ’f’n
. —-ufBo+n p(Bo—1)+1-n £9
0TXKe, ICHYE 1 = 7]1(5) —X—2C’" + Oy = 2C" (mm{ ("'”7—”‘90) L) }

take, mo npr m(V) < n;(e) ta (z,t) € Q' pumnmsae
@™ [ (e riG(=, by, 7) dydr <

(W mEVNg:

< los(@)}™* 1) [o1(¥)}#Por7|G z, t; 9, )| dydT +
woevn@iaw<e} o _

+ ()] J [o1(W)]PPor |Gz, tyy, 7)| dydT < § + 5 =e.

(w)e{VNQ :01(y)>00}
3 noxibHux MipKyBaHb, ogepxyemo (10).

Hosenemo (11). Hexatt (z,t) € Q1, o610 01() < [92(t)]%, o € (0,%). Bpaxo-
Byloun ominkn ynkuii [ pina Ta nemy 1 mpn L‘-g‘l > —1, ufBo + 27 > —2, maTuMemo

r £ \NY 11 [ r £ \NY “_5.(1 /l - ’:L;/ r s oy B
\z)j - J l2(7)] = 77|G (=, 8y, 7){ dydT < Clugy[02(2)] 2 %

(y,7)e{VNQR2:p2(7)<0a}
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:Bg+2v+2-n g {Lg—Dp+2y+2—n ey Bo—1)p+2yi2-n
x(1+[0a(t)] T 7 )< Cog(o7 840 7 )< 2Wppo T (15)
2 2

3a BAYKHUMO o _(.’?i’.__lL'L'r_ﬁ—_i:ﬁ > 0.
y ,

2
3 (15) BumnuBae, mwo npu 07 = dq{e) = min{( 5 \"(ﬂo—l)n%z'";%} onep-
) \40%90_/
P
xyemo  [o1(z)]7H f [o2(T)] 2" T|G (=, t;y, 7)| dydr < &.

(¥ e{VnR2:pz(r)<a1}
BanOByIO‘m ominku ymkmii Ipima 1 e, mo B obmacti @
o, 7) = o)} < eu(y) ma |lz — Y|P + |t — 7] 2 d%(y) > C'o2(y) > C"o5(7), ne

" =uBotn=2y R
C" > 0, npu gosinsniit V C Q raxiit, mo m{V) < —x—,,—rrl 2 ra (x,t) € Q!
mataMeMo  [o1(z)]7* J le2(7)] 2 77|G (2, t;y, 7) | dydr <

¥.)e{VNQR2:02(T) 201}
< Go(CT) 2o ()] * J [oa(r)) 17 dydr <
(¥, 7)E{VNQ2:02(7)>01}
= m n+2
<C [ [gg(T)]‘"‘o—jJ‘ dydr < b—ﬁ——-——-m(V) £, a oTxe, icHye
(y,7)e{VNQLpa(r)20:1} o, ?
—prBqtn—2vy . _(6—_17__2—2_7[ _'_“:"S'L‘giiﬁ
M =m(E) = Fwoy, * = %im(mm{ (m)“ om b ff}) Taxke,
-

mo upu m(V) < np(€) Ta (a: t) € Q! BumnuBae
[o1(z)]# [ [ea()]"2" 7 oGz, tyy, )| dydr <

v

(y,7)eVNQR?2 .
<la(z)] ™ I [02(T)) 2 77|G (=, t;y, 7)) dydr +
(. m)e{VNQ2:02(T) <01} .
+ [o1(z)]™* f [gg(r)]“iﬂ'r“'iG(z,t;y, 7)| dydr < tti==c

(y.1)e{VNQ2ez(r) 201}
3 noxibuux MipKyBaHsb, omepxkyemo (12).
3a snacTasocramu ¢yuxuii [ pina Ta piBroMipHOI 361KHOCTI iHTerpanis 3a 3a1a-
nnM € > 0 moxna BKasaTn 73 = n3(e) > 0 (13 He 3amexuthb BiJ Toukm (z,t) € Q)
TaKe, WO AJIA JoBUIbHOL migobnacti V' C @, mipa sixoi m(V') < 73 Bukonyerbes (13).
TIpu n < min{n; 7; 73} BuKOHYIOTHCA Bei onjnku (9)-(13).

Teopema 2. Hezati suronyromoca npunywenna 1, gynxuyin fo(z,t,v) = |[v|Pet?,
de fo € (0, 735), max{~(1 - Bo); 222} < v < 0,
max{q,, qg—-l} <m1n{ﬁ ; M}—n—-l

max{— 2(7+1) -k—-1} < u< mln{2 "+2’y, L. —ko—1}. Todi icnye pose’azox
p ;Ju 10 1-0o

u & M (Q. ﬁ()\ sadaul /9) /1) axuli nou u > —k — 1 nasesxcums

(Q, 0Q) zadaui axuli npu p k — 1 naseorcy
Mk(Q), de max{q, g2 — 1} +n <k <min{-1+ 313; ?-'li%(%—-@}
Zlosedenna. Bukopucraemo reopemy Illayaepa. 3 ymM0B Teopemu mono ji BUR-
JUBAE BUKOHAHHSA yMOB JieM 4, 5 moa0 4. 3 OLiHOK, OfepXKaHuX IPY JOBeIeHH JieM 4
T8 D, BAILIABAE ICHYBAHHS CTAJIOL Ko > 0 TaKofi, 010 AJist JOBLIBHUX Vv € IV L C(Q, BQ)

ta By € (0,1) Maramemo ||Hyv; 8Q), < c' (maxC Yoo + R, < C upu C > K,.

i
~ el ~y
GG Npolnopy

3sinck Ta i3 nem 4, 5 omepxyemo, mo npu ﬂg € (0;2), C > K, oneparop H, :
M, 5Q, 0Q) — M“,C(Q, 0Q), a muoxuna {H,v:v € M z(Q, 0Q)} - piBrOMipHO

obMexeHa.
Ilokaxemo, wo Muoxkuna {H;v : v € M, &(Q, 0Q)} - onHocralino Hemepeps-
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Ha, TO6TO Jyia noBiabHOrO ¢ > 0 icaye 6 = d(¢) > 0 Take, mi0 Jyia JOBLTLHHX
(2, 20) € R™?, ||2]] < 4, |20] < & Ta nosinerux v € M, 5(Q, 0Q)

H(H1V)($ o Z,t+ Zo) - (HIV)("T?t); aQH# S
< max{ sup |[er(z + 2)]*(HV)(z + z,t + 20) — [01(z)] *(HV) (=, 1)];

(z.t)e@?
sup _|[oa(t + 20)] 2 (HV)(z + 2, ¢ + 20) — [02(£)] "% (HV) (=, 1)];
(z,t)eQ?
sup |[(HV)(z + z,t + z0) — (HV)(z,t)|}+
(@)@
+max{ sup |[e1(z + 2)]*h(z + 2,1 + 20) — [e1(z)] *h(z, t)];
(z.t)e@!?
sup |[oa(t + 20)]"Th(z + 2, t + 2) — [02(2)] " Fh(z, 1)];
(z,t)€Q?

sup |h(z +2,t+2) — h(z,t)|]} <e
(z,t)eQ3

Beaxkaemo [g;(z + 2)]7# = O, lo2(t 4 zn,] 5 =0,
o1(z + 2)] *G(z + 2, + 205y, 7) = 0, [g2(t + 20)] % G{z + z,t +.20;y,7) = 0,
[o1(z + 2)] " (HV)(z + 2, t + 20) = 0, [Q2(t + 20)] 5 (HV)(z + 2,t + 2) = 0,
[o1(z+2)]"#h(z+2, t+zo) =0, [Qg(t+20)] Th{z+2,t+2) =0, akmo (x+2,t4+2) ¢ Q.

Bad)lxcyemo e > 0. 3 snemm 5 BHILIMBAE, 10 [o1(2)] ™ - h(z,t) € C(Q),
[02(t)]7% - h(z,t) € C(Q) TOMy icaye § = 6'(¢) > 0 Take, WO A1 JOBLIBLHEX
(z,20) € R*1 ||2]| < &', |20] < &' BuKOHyeTHCH
max{ sup Hgl(:c + z)]"”h(a: + z,t + 20) — [o1(z)] " *h(z, t)[;

N

-

(z,t)eQ?
sup |[oa(t + 20)]"7h(z + 2,t + 20) — [02(t)] " Eh(z, 1));
(z,t)eQ?
sup |h(z + 2,t + 20) — h(z,t)|} < &.
(z.t)e@®

Posrisinemo anis foBitbuux (x,t) € Q1 Ta noBiIBHMX V € Mu,é(Q’ aQ)
Iz, b2, 20) = |[ea( + )] TH(HV)(z + 2, + 20) — [@1 (@) ™ (HV)(z, )] <

< [dr [|lei(z+2)]*G(z+2, t+20; 9, 7)~ 01 ()] * Gz, t; y, 7)|| foly, 7, v(y, 7)) dy+
0 0
t+zg
+lo(z+2)]™ [ dr [|IG(z+2,t+20,9,7)| - | foly, 7, v(y, ")) dy = T (2, t; 2, 20) +
t Q :
+ 3}z, t; 2, 20).
Hexait §1(z,t;y,T )def [o1(z)]™*G(z, t; y, 7).
Oyukuiz  fo(z,t, 2) BH3HAIEHA B Q X (—oo,+00) Ta Mae earag
fo(z,t,v) = [v|Pot". Toni npu (z,t) € Q! maTumemo _
izt 2, 20) < [ (e + z,t + 20,9, 7) — Gulz, 159, 7)1(C [oa ()|#)Por? dydr +

Ql
+ f l91(z + 2z, t + 2059, 7) — Gu(z, t; 9, 7')|(C;' [92(7’)]%)507'7 dydr +
Q2
+ [1Gi(z + z, t + 2059, 7) — Gu(z, t; u,T)|(03 YeorY dydr =
Q3

]

= Th(z, t; 2, 20) + T3y(2, t; 2, 20) + Ths(x, 85 2, 20).
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I,. Hexait ;1 > 0 — nocurs Mane i nosiibHe 9ucao, Q) — mizobaacte obnacti

ma
Q' raxa, mo dist(Q} ,T) > m, > 0. Posraanemo npu (z,t) € Q!
Thntzz)= [ [Gile+zt+z00,7)=Gi(=, by, )|(CY )P oy (y)]Per dydr +
QN4 4

+ [ |gi(z+ 2t + 20,9, 7) — Ga(z, £, T),(C )BOIQI(y)]uﬂoT'y dydr =
Qiln,x
= I (2,8 2, 20) + Ji1a(2, 85 2, 20).
Hexait do > 0 — dixcosane uncno. 3a sazannm g > 0 BubHpaeMo wucno 7;; < L

take, mob m(Q® \ le) <dprtam;< ( YT (C )ﬁo\uﬁo )

3a nemoio 6 icrye §y = &JF\ > ﬂ icaye Rinmorimwe 1, ; > 0 rmaki, mo ang

nosimbaux (z,t) € QY 1a (2, 2) € ‘R Takux, mo (r + z,t + 2p) € Q1

13

| @G 4y, 7 dydr < AT (16)
Ql\inl 1)

[ 1, (2 \14B0 Y15 vt + 2o 4. ) duyd f -y

/ l@l(y)] Tg1(z + 2, + 20,9, 7)| dydr < 48(0;')/30’ (17)

QN\Q}, ,

Toni 3 (16), (17) npu (z,t) € Q! MaTEMeMO Izt 2,20) <

S f (|§1($+27t+~01y1 )‘+|gl\‘°7t y, T)l\(C")ﬁo[g \y)]“ﬁo'r'y dyd”' S 24; aOT}K\,,
Ql\Q .

sup Jm(a: t;2,20) < 5
(z,t)eQ?

~1 d —~ T}
Hexait g;;(z,t;y,7) éfgl(gj’ t;y, 7)(C )P0 o1 (y)]HFer.
Butepemo 0 < 7)1 2 < B, Jlns posinbroi (z,t) € @}y, Ta umcna n;, BU3HAUMMO
2

MHOXHHA U,}lz(a: t) = {(y, T) € Qm e =yl S, It =71 < nkot

O6uncmamo m(Uy (z,t)) = [ dydr= [ dy [ dr=20.004% ne
7,1 (@t He—yll<mz  lt-7|<n?,
On — IUICHIA nosepxni cdepn opmmumuHoro pagiyca B R". fAxmwo suGparn

M2 < min{%; (-—"—)"“} 10 m(U} L(z,1)) < 8. Toni 3 (16), (17) mna oBiNL-
aux (x,t) € Q! ta (z, zp) € R™! rakux, mo (z + 2,1 + 29) € Q!
[ Gheswnlddr< S [ Bh stz dydr < S (18)
J 72 72

U,}l 2=t 71

BuGepemo 6,1 < min{dp; 17-l-i} Ipu (z,t) € Q,,1 1, (2,20) € R™1 |]2]| < 61y
(< 47)1 1)y %] < 81a(< 47;1,1) Mmaemo (r + z,t + zo) € Qb Ilpu {z,t) € Qb
4 4
(y.7) € Qr \UL (1), |z —yl| = mpe, |t —7] > 74, 8 o1Ke, (2,1) # (y,7). Tomy

¥, M,z \ \ )
dbynxuis gy(z,t;y, T) piBHOMIpHO HenepepBHA B

V = {(mat,ya ) : (‘T:t) € Q"!l"(y T) € le\ mg(mat)}' Tolll iCHye

Iy

12 = 012(e) € (0,0;,] Take, mo }IJIH ,ILOBIJII)HPIX (z,20) € R™ |iz]| < 4y,

| Ao {r #) M1 {2 =\ TFTT  (n #Y tres
Zop < 012, (Il € Gy C Lgr;ll, W T) € wml \Umz\“’ iy o

) 2
KoHyeTbed |g1(z + z,t + 20,9, 7) — Gi(z, by, T)] < ’:/TAT’ zie

~

= i (2 B R
Pa g -~ 1, Bu-
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Al = f (C})YPo[1(y)|#Por7 dydr, a Tomi
Q1 \Uay 2 (3:1)

/ |§1'1(x +2,t+ 20,9y, 7) — 51'1($a tyy, 7)| dydr <
Qr)l 1\ 1 2(1 t)

£ 1 .
<mp [ COMewpsrar <o (19)
L1\, @0

Orxe, npu (z.t) € Q}

=

a1 i3 (18), (19) sumumBae icHyBaHHSI 810 = &12(g) >

BEVAN

MATNATYY  TITA T ADI T I ('/ -y..\ o PN +1 | | o | o~ A
AWI\UIU’ LLI’U NAIA AUUU&UALIAJ\. \H, HU} AL AN ) I ’\ Ul A’ 'A{UI ~ Ul A
31112(xvt1z12 ) = |g11($+2,t+20,'y, ) gll(z t Yy, T )‘dydT <
Q’171,1
- ~1 . o~ o .
< [ lgnltynldydr+ [ [gn(z+ 2t + 20y, 7)| dydr +
Udy 2 (@:t) Uny 2 (&)
+ f Igll(m + Z, t+ 20 Y, T ) - 91'1(37, t; Yy, T )l dydT < 24, a 0TKe,
f‘l I\Uu z(x t‘
sup  Jf,(z,t 2, 20) < £
{z.t)eQ}
_'1_111

Hpn ( t\ € Ql \\ Q]ﬁl 13 (,.,Zo) € Rn+1: HZH < 51,1(< 17}'4—1)1 120! < "51, (/ L l) 6ynn
(z+ z,t + 2) € Q' Qs,,“ C Q! abo (r + 2,t + z) ¢ Q'. 3a pismomipHOW0O
HenepemeCTIo (byHKuu 0 (m, t;y,T) Ha 3aMKHEHIH# MHOXUHI

= (Q'\ @} n . )X @}, ., Bpaxosyioun, mo —4 > 0, [e1(z)] ™ < 1, onepaxyemo: icaye

o3 = 013(€) E (0,01,1] Taxe, mo mast posimbHEx (z,t) € Q1 \ QY L - Ql\Qg,,“,

(yi,'r) < Q7171,1 (,e Z()} € Rn+1, 3‘4—{' < (,1,3, !Zo! < 51,3 BUKOHYETH H

Gz + 2t + 2059,7) — G, 6y, 7| < g, me 4y = [ (C1)Plar(y)]PPor dydr,
Q}u,l

ssigkn sup  Tfo(s,t2,20) S 5 [ (CYPlea () dydr = 3

(z.:)e?\"@i; Q'ln,l
(z+2,t+20)EQL :
Hdna Tux Touok (z,t) € Q! \Q%_lzll, (y,7) € Q,lm, (2,20) € R™ ||z|] < 81,4,

|z0| < 01,1, mns skux (T + z,t + z) ¢ Q', MmaTuMemo

sup  Jha(z,t 2, 20) < sup I 1oz, t; v, T)|(C")ﬁ°n"ﬂ°'r” dydr <
(z.c)te\Q‘11211 @neQ\Qy, | @y,
(z+2,t+20)¢Q! (x+2z,t+20)¢Q!

< G, '(5")’3“' pho—p < 57, /€ OCTaHHs HepiBHICTb BUKOHYETBHCSH 3TifHO 3 BHOODOM
qUCIA T 1. BayBa.meO, ‘mo npu 4 < 0 Takox who — p > 0.
Tokasano, mo icnye 6 = m1n{51 2;013} >0 Taxe, mo Aas nosinbrnx (z,t) € Q!
(2,20) € R™, ||z]| < &1, |20] < &1 94, (x, t; 2, 20) <5
I,. Hexaii Qﬂ’ — migobiaacThb oﬁnac*m Q? TaKa 110 dzst(Q
Posraanemo mis goBinbHuX (Z,t) € QU

Tolz, tiz,20) = [ |Gu(z + 2,t + 20,9, 7) — Gu(z, t; 9, 7)|(Ch loa(7)] 5 )Por7 dydr +
Q? \Q?,l,3

mar2) = ms > 0.
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+ [ 1§z + 2t + 2039, 7) — Gz, 9, 7)I(Cy [o2(r)] 507 dydr =
Qi
= Iz, 85 2, 20) + It (2, t; 2, 20)-

3a 3amaHuM dg > 0 Bnﬁnpaemo qucyo My,3 < § Take, mob m(Q*\ @ < b Ta

ms)
c P T
M3 < (2400’ (c”)ﬁo)
Bukopucrosyioun pesyibTatu Jjemu 6, onepxyemo: icuye dg = do(e) > 0, icuye
BiANOBinHe 7y 3 Taki, mo ana nosimermx (z,t) € QT Ta (z,2) € R*! TaKUX, IO

(z+2,t+2) € Q', maramenmo I, (z,8;2,20) < [ ([Gi{z + 2.t + 2059, 7)] +

0N\Q3, ,
+ (61, 6,9, T))(C; )P [a()) 5 7V dydr < £, 2 otie, sup Ihy(z,t2,2) < .
(z,t)eQT
Pozrnsmemo
sup Jigg(x,t;2,20) = sup{ sup Jpn(x,t; 2, 2); sup  Jiy(z,t; 2, 20)}.
(z,t)eQ? (a:,t)eQ‘llné (ac,t)te\_Q‘r,1 5

=~

Hexatt §15(z, ty,7) < Gu(s, iy, 7)(C, ) lea(7)] “3*77. Bubepemo M4 < "2 Ta
PO3IJIIHEMO Q1,14 = {(g; gO) € Q}':hg : ( §07QT}1 3) <m 4}
2

Bubepemo 115 < ="=‘=-3 Haa posinbhol Toukn (r,t) € Qhs NQ;, , Ta YnCIa 75
2 o

Bu3HauuMo muoxuan U2 (x,t) e {(y,7) €@, llz—yll < ms, |t — 7] < Ps)-

ms
Iloni6ro, six i B momepeaHKLOMy BHNAJKY, MOXHa Tokazatu, mo m({ /31 Sz, 1)) =
20, n{‘;jz, e gy, — nnoma nosepxHi cdepu onuuMYHOrO paziyca B R™. fIkmo subparu

Mms < min{%s; (-9-)"“} to m(Up, ,(z,t)) < do. Tomi 3 nevm 6 pis IoBinbEEX
(z,t) € Q% g NQy,, T (2, 20) € R taxnx, mo (z + z,¢ + 2) € Q* punimsac

/ I@‘,'Q(z ty, )| dydr < %; / [§1’2(x+z,t+ 20,9y, T)| dydr < % (20)
{

U%l,s (.T,t) U’?l’s (I,t)

Bubepemo 4y 4 < min{dp; %}, Oynkuia 9i(z,t;y, 7) pisHoMipHO HenepepsHa B
obnacti Vo = {(z,t;y,7) : (z,t) € m, (y,7) € Q% ,\UZ (z,t)}. Toui
icnye 815 = b15(¢) € (0, 8;,4) Taxe, mo mna ,IlOBl.HbHHX (z,20) € R*™ ||2]| < by,
lzol < 015, (z,1) € Qh na nQnu Qma 7714’ (y,7) € ng\ ms( t) npu

who + 2y > -2, BI/IKOH_V&‘TBCH ':a“(x+z,t+z@,y, 7)Y — Qilz, ty, T < TZquﬂe
a1 r /Z/’\ﬁor 3 \1@ 5 i 3 -
A3 = J (C2)™e2(7)] 2 77 aydr, a Tonl

Q3,.3\U3, 5 (z.)

P ~ I
/ (G12(x + 2,t + 20,9, 7) — Gio(z, t;y, 7)| dydr < =5 (21)

Q13 \Us 5 (1)

Otxe, npu (2,) € @,y NQ, , 13 (20), (21) omepaxyemo: icaye &1 5 = &y 5(¢) > 0
2

Take, WO Juis JoBiIbHUX (2, 2p) € R™, ||z|| < 61 5, 20| < 615

Tiag(x, t; 2, 20) = f lQIQ(r +z,t+ 20,9, 7) — 912(1» t;y, 7)| dyd’f <
Qr’l,3
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< f 9, (xtya )| dydr + [ |§1’2(m+z,t+z0;y,r)|dyd7'+

Ugy 5 (@:1) Uz, (@0)

o= Jf [Gio(T + 2,t + 20,9, 7) — Guolz, iy, 7)| dydT < 5, a OTxe,
@3, 3\Us 5 (®1)

sup Jiga(m,t5 2, 20) < 35
(=, c)eQ%&nQ}n_4

Mpa (z,t) € Qhys \ @y, o (2:20) € R™, [[2]] < S1a(< gm3), 20| < 014
2

(< $Mm3), Maemo (z + 2,1 + 20) € Q%ns Ilpu (z,t) € Q%ns \@QL,, (v,7) €@
(z,t) # (y,7), Tomy dyskuia gi(z, t;y, T) piBHOMIpHO He 1epepBHa B
Vo = {(z,t,'u. Ty : (z,t) € Ol \ 0l (y.7) € Q2 ) Toni icHV

< D NS Wi,al NI — 1,3 <A 2%
0 = 616(5) € (0,014 Take, mo me JIOBiMbHEX (Z, 20) € R ||z]] < 616,
20| < b1, (7,1) € Q%ua \@;,, C ana \ @, 7)€ Qm npu ufo + 2y > -2,
BHKOHYETHCA |§1(Z + 2, b+ 20,9, 7) — qi(z, 4y, 7)| < m, e

s’

n B -
A= | (b2)P°[gg(T)] 2 77 dydr, a Toni
Qs
P -~
sup J Gz + 2t + 205y, 7) = Gio{z, 6y, 7) | dydr < 5.

(06T, Ty @
Ipu (z,t) € Ql\Qnm (2,20) € R™ z|| < 51,4(< B2, 20| < 1a(< L) Oyze
(x+2,t+2)€ 621\623,,13 C Q' a60 (z+z,t+ 2) ¢ Q. lpu (z,t) € Ql\Qa,,la,

(v, 7) €@, llz—yll > "“‘ t =Tl > mis(l~ (-)2), a o (z,1) # (y, ). Towy 3a
plBHOMlpHOIO HenepemeCTlo byukmii gl(x ty, T ) Ha 3aMKHEHilt MHOXKHHI
= (Q'\ @} s ;)X Q2 ., BpaxoByious, mo —4 > 0, [o1(z)]™* < 1, omepxxyemo: icHye

IA

017 =017(€) € (O 01 4] Take, mo A noBinbaux (7,t) € (Q1\ Qlﬁ) C (Ql\Qg,1

(y,7) € @2, (2,20) € R ||2|| < 81,7, 20| < 617, BUKORYETHCS
[G1(z + 2,t + 2059, 7) = Gi(z, 9y, 7)| < 54%4—{’ 3BiIKH

~ B v :
sup Jf2z(x,?;z, Zo) < EZEA'{ [ (C; )ﬁ‘v‘[g2(7')]”'fn'r' dydr = &

(=.0eQ\QY, L Q3 .
(z+z,t+29)€Q!

Anst THX TOWOK (jE t) € @'\ Qhs, 1,7) € Q2. (2,20) € R™, 2| < 14,

3
! |<514, JLs s ('r-l-;' f-‘-”nl‘#nl,MaTEMQMﬁ
o BPo

sup Uf22(x’ t; z, 20) < sup J |91 (l" 6y, T)I(C2 )p"ﬂ 1,23 77 dydr <
=0eQ\Q}, 4 @neQ\@h, 5 @7 4
(z+2,t+20)¢Q! (z+z,t4+20)¢Q?

[ " +'y
< Cy(Cy)Pon ,23 P g 37, /€ OCTaHH#A HeDiBHICTH BHKOHYEThCA 3IiJHO 3 BUGODOM

4UCTIa 7),3. 3ayBaXKUMO, IO ApH U < —%- TaKOX ’fé— +v—up>0.

Tokazano icHyBanus 62 = m1n{51 5; 01, 6,61 7} > 0 Takoro, mo s JIOBLIHHAX
(z,t) € QL (2, 2) € R*, l|2]] < 6 , 120] < 62 B.(z, t; 2, 2) < =
I3. Posrngremo my1sl AOBUIBHAX (.’L‘, t)e Q!

Ts(z,t; 2, 20) = Ay Q 61 (z + 2,t + 20,9, 7) — Gu(z, £y, 7)| dydr, ne Ay = (Cy )Po(2)7.
Q
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3a zananum &y > 0 Bubupaemo unci0 76 < %2 Take, mo6 m( QI\Q ve) < do. Tomi
sup Ji5(z, 8 2, z0) = max{ sup I (5t 2, 2); sup 'J}O(T, t; 2z, 20)}.
(zt)eQ! ($7t)€Q1n_1§§ (=, t)EQl\Qilzﬁ_

BubupaeMmo Taxkox 16 < (_2,25_5")“

PosrasHemo jyis noeitbanx (z,t) € QL. e inrerpan Ji5(z, t; z, 2o).

Bu6epewmo ;g < min{do, %%2}. Ilpu (z, t) € Q,,le, (2,20) € R™1, |lz]} < 18
(< B8, 20| < 618(< B2) maemo (z+ 2, +2) € Q,,16 C Q. Oyukuia §i(z, t;y, )
— piBHOMIpHO HemepepBHA B obiacTi Vi = {(z,t,y,*r) (z,t) € QL4 me> (y,7) € Q3}.
Tomy icuye 819 = 619(¢) € (0,9, g] Take, mo ans gosinbEEX (z,t) E QL. ms C Qm Ql.s,
(v,7) € @3, (2,20) € R™, ||2]] < 819, |20] < b10

iz + 2.t + 205y, 7) — Gz, b5y, 7)| < IW’ 8 TOAi
sup AQJ [91(z + 2,t + 20,4, 7) — Gu(z, t;y, 7)| dydr < 12——("1«:- f dydr < 5

(z, t)EQ,} Q3
by
Posrnsuemo aas mosinbuux (z,t) € Q} \ Q

Ay fs [91(z + 2,8 + 2059, 7) — Gu(x, ty, 7)| dydT = 3131(23, t; z, 20) + Jia2(z, t; 2, 20), Die
Q
B J131(2, t; 2, 29) inTerpyBanns € 3a Qm o BIisa(x, 85 2, 20) —32 Q3 \Qm o ?71,6 ~ migo-
Gmactb  obmacti  @Q® Taka, 1m0  BiJCTAaHb  BiX  JNOBUIBHOT  TOYKH
(y,7) € @* no mexi obnacri @3 Ginbma abo pisna 171,6. 3a zagamum & > 0 Bu-
Gupaemo wmeno N1 < § rake, moé m(Q*\ Q3 ) <
Ba PiBHOMipHOIO Henepemec'rro bynxuii g1 (z, t; y, ) B 0GstacTi

={(z,t;y,7) : (z,8) € Q*\ Q37ns) (y,7) € @3, ,} omepxyemo: icuye
01,10 = d1,10(€) € (0, 8y 5] Take, mo s AoBitbHUX (7,t) € Q1 \ Q% me C Q'\ Qs,,l o

(y,7) € Qms, (2, 20) € R™1, ||2|| < 6110, lzol < 01,10, BHKOHYGTBCSI

|§1(x+zt+zo,y,7') qi(z, ty, 1) < m , & Toxi
su ( oz v & € AT dudr < £
\ Uy & ~ / \ 12m(Q)Zz JLZ 5’ u«yw P 12.
(z.)eQN\QY, \Q%ﬁ @3, .

3a Jyemoro 3 (Bpaxosytoun, mo —u > 0, [p1(z)]™* < 1) icnye & = do(e) > 0,
iCHye BIRNOBIZHE 71,5 Taki, MO Ana noslipHax (7,%) € Q1\ QL Ta (z,2) € R*™!
2

TaKuX, mo (T + 2,t + 2) € Q' MaTuMemo
sp_ I(z iz, %) <Ay sup (Q [ [+ 2t + z09,7)| dydr +

@0 \Qhy o E0EQNTY s \Qh
t [ Bty n)dr) < g A< g
Qa\Qms

Tpx (z,t) € Q1\ Qhyq Qm, (. 7) € B, (2,20) € R™, ||z2]| < dyg, l20] < G5, Anm

akux (¢ + z,t+ zp) ¢ Q 3 BHKOPHCTaHHAM JieMH 1 MaTuMeMo
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sup  Jli(z,t2,20) < Zgn;g‘ sup JIG(z, t;y, )| dydr < Cy- Ay ‘e <5,

=0eQ\Q}, o @veQi\@}, o @°
(z+2,t+20)¢Q1 (z+2,t+20)¢Q
Jie OCTaHHs HEPiBHICTH BHKOHyG’“bCﬂ arizao 3 BubOpOM HHCIA 7 6.
Iokasaiio, mo u,n_yc b3 = 111111101 g; 01 10} > 0 Take, o JUid JAOBUIbHUX (.L, é) € Ql,
+1
(2, 20) € R™1L, ||z]| < &3, |20 < & Ts(z, b2, 20) < 5.
Posrnsremo

t+zo

B(z,t;2,20) = [(z + 2)]* [ dr [IG(z + 2.t + 20,9, 7)| - | fo(y, 7, v(y, 7)) dy.
Q

t

IpoBopsrau noxi6ui MipkyBanns Ta Bpaxosyiogn, mo m($ x (t,t+ zp)) = m()-
|z0], 3a nemo10 6 onepxyemo: icuye 04 = d4(e) > 0 Taxe, mo Jyia HOBLILHEX (2, zo) ¢
R™, ||2|| < 04, |20] < 04 T2 mOBiMbHEX V € M, 5(Q, 0Q)  sup I3 (z,t;2,20) < §

_ _ (=, t)EQ1

Omxe, icuye 6; = min{d;; ds;d3; 04} > 0 Take, mWo misa JOBLIBHEX (2, 29) € R™,

lz|| < 81, |z6| < &; BuKOHYeTBCH sup J'(z,t2,20) < §.
(zt)eQ?

IloaiGro npoBowMO OuinKE inTerparis npu (z,t) € Q%1a(z,t) € Q31 JOBOTUMO

lCHyBa.HHH 52, 63 > ( Takux, mo A1 ,ZIOBIJII)HI/IX (z zo) € RV ||z|| < m1n{62, 53},

,,,,,,,,,,,,

(z, t)eQ2 (z, t)eQ3
3ayBaxuMo, WO OpH ou,mmBaHm inrerpana J2, xomu (z, t) Q?, (y,7) €
BUHHKa€ JoJaTKoBa ymMoBa ifp — & > 0, a xomn (z,t) € Q‘, (y,7) € Q% - yMOBa

o 4y — £>0.

Orxe, MHO}KHHa {Hiv:veM 5Q, 9Q)} - onnocra#ino nenepepsHa. Takum
9MHOM, oniepaTop H; € KOMnaKTHnM ma M, &5(Q, 9Q).

IMoxaxemo, mo H;, — HenepepBHuUit onepaTop Ha M#’a(Q, 0Q).

3uaitzemMo ouinxy Hiyv—-Hwuopa v, w € Muyg,(Q, 0Q). Maemo

|Hiv—Hyw| < f de[G(z t;y, )| |v(y, 7)|Po —|w(y, 7)|P°|- 77 dy. Buxopucrosywun

JIeMy 1 npn ,uﬁo > 1 1B + 27 > —2, 3HAXOIUMO

OdefIG z, &9, 7)||Iv(y, 7) 1P — [wly, 7)|Pe|r7 dy < f dr [leas@)]**|G(z, t;y, 7)] X
Q Q

X (( Sl)lpaT[Ql(y)]"“lIV(y, )| = Iw(y, )I)Por dy < |lv — w; 3Q||ﬁ°ft de [or(w)]# x

x |Gz, t;y, 7Y dy < |lv — w; 8QII&C,, ,,A( x)|Hhoti-n 4 1\ (z,t) € Q%

t
[ dr [1G(z, t;y,7)|-lIv(y, )P = w(y, 7)o |77 dy < f dr [loa(r)] G (z, t;9, )]
0 Q 0 Q

x (sup_[0o(7)]"2|[V(w, T)| — [w(y, 7)||)Por7 dy <
(yaT)GZﬁ

< liv = w; 0QIIP Ty, (I 41), 2,6 € Q3

t

[ dr [1G(z,t;y,7)| - |Iv(y, 7)|Pe — [w(y, 7)|Po| - 77 dy < I'drfIG T,t,y,7)| x
o 0

x ( sup_|v(y,7) —w(y, 7))o - 77 dy < Cyllv — w; 6Ql|u , (x, t) € @3

(y)eq®
Ipu v, w € M, 5(Q, 0Q) omepxyemo

uBg+2v+2-n +‘)-y+7 n
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|| Hyv—Hyw; 0Q||, = max{ sup [oi(z)]*|Hiv—Hyw|; sup [oo(t)]~5|Hyv—Hywl;

(z,t)eQT (z,)eQ?
sup |Hyv—Hyiwl}<|lv—w; 9Q||5° max{ sup C';ﬁo([m(z)]”"’°‘”“‘"+[ex(z)}““);
(z,t)e Q3 (z,t)eQ?
sup_ G, (IO 2= 4 4 G

(z,1)eQ?

3Bigcu, BPaXoBYIOUH YMOBH Ha, u BAIIABAE, mo H; HemepepBHUH onepaTop B
M, C(Q Q). 3a Teopemoro Ilaynepa Ta 3a ymoB iem 4, 5, 6, piBusuus (5) Mae
po3s’asok u € M, {Q, 9Q).

3 HEepiBHOCTi HA [t, ONEPIKYEMO YMOBH max{qi, g2 — 1} < Bio -n—1,

~ 2~ 1) . -
max{qy, g —1} < 2 _n 1, gki 38’93y10Th NOPSAIKA CHHIYIAPHOCTEH KpalioBHX,
- - MU N - - i
OYaTKOBOI PYHKIIH i3 BPIFJIH,ILOM (bym(ui'l' y npaBiﬁ YacTHUHi piBHSIHHSI (2)

[LIﬂOt"’, e ,Bo € (O, 1), € ( 1, 0), KOJIH 3a,zxam Ha, Mexi <byHKun € y3arajlbHeHEMH
3 npocropis Tiny DY, BukopucroByoun BiacTupocti dbysKuii [ pina miel 3a1aui Ta,
teopemy lllaynepa mpo s@epyXxoMy TOYKY, BCTAHOBJIEHO XAPaKTep LOBEAIiHKH DO3-
B’a3Ky wuiel 3axaqi 61 Mexi obuacti.
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