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YepuiBenbKuii Hamionaapuuii yHiBepcuTeT iMeni FOpiga @enpkoBuya

HEJIOKAJIBHA BATATOTOYKOBA 3A 9ACOM 3AJTAYA JJI141
EBOJIIOLIINMHNX PIBHAHDb 3 OITEPATOPOM BECCEJIA IPOBOBOTI'O
JANPOEPEHIIIFOBAHHA

BceranoBmeHo KOpeKTHY PO3B’SI3HICTH HEJIOKATBLHOI OAraTOTOYKOBOI 33 9acoM 3aJadi /s eBo-

JIOIIAHOTO MCeBa0AM(pEePEHITIAIbLHOTO PIBHAHHS 3 aHAJITHIHAM CHMBOJIOM Ta, ITOYATKOBOIO YMOBOIO
y TpocTopi y3aranbHeHnX (PKHKIIH THIY YIbTPAPO3MOIiIiB

We prove the well posedness of a nonlocal multipoint with respect to time problem for an
evolution pseudo-differential equation with an analytic symbol and the initial condition in the
space of generalized functions of ultra-sharing type.

1. Teopig HeloOKaJIbHHX KpaloBHX 3a1ad,
dK PO3ILT 3arajbHOI Teopil KpaloBUX 3aad
JIJ1sl PIBHYHD 3 YACTUHHUMMU 1IOXIAHUMU, IHTE€H-
CUBHO PO3BUBAETHCS BIPOJIOBZK KLJIHKOX OCTaH-
HIX JlecaTusiTh. HejokajibauMu KpaitoBuMu
3a/ladaMyu TPURHATO HA3UBATH 33Ja4i, B TKUX
3aMiCTh 3a/IaHHST 3HAYEHb PO3B’sI3Ky abo #oro
moxXiguux Ha (PiKcoBaHIi YaCTHUHI MexKi 3a1a€-
ThCS 3B’SI30K IMUX 3HAYEHDb i3 3HAYCHHSIMU THX
camux (DYHKIII Ha IHIITUX BHYTPINIHIX a00 Me-
»KOBUX MHOTrOBHIaX. JloCTimKeHHS TaKHX 3a-
Jlad 3yMoBJjieHe OararTbMa 3acTOCYBaHHIMH B
MexaHini, dizuiii, Ximii, 6ioJiorii, ekosorii Ta iH-
MAX MPUPOTHNIO-HAYKOBUX JUCIIUILIIHAX, K1
BUHUKAIOTH ITPU MaTEMATHIHOMY MOJIC/IIOBAH-
Hi TUX 49¥ iHIIEX mporecis. Ha goniibHicTh BH-
KOPHCTaHHS HEJOKAJbHUX YMOB 3 TOYKHU 30DPY
3araJibHOI Teopil KpaloBUX 3aa4 BIepIle BKa-
3aB O.0. lesin [1], gkuii gocaiIzKyBaB pos-
MUpeHHs AudepeHniaJIbHIX OIepaTopiB, IMo-
POJIZKEHUX 3araJ/ibHOIO JiuepeHIiajIbHOI0 Olle-
pariieio 3i crajumu Koedinienramu. Bin noka-
3aB, IO JIJIsI TIOCTAHOBKHA KOPEKTHOI KpaitoBol
3aJa4i MopydY 3 JIOKAJHHUMH yMOBaMU HEOO-
XiTHO BUKOPHUCTOBYBATHU 1 HeJOKaJbHI yMOBH.
Hanpsam mpocnimkenns, axuit posmnodas O.0.
Iesin, po3suBaBcda Takoxk y mpargx B.K. Po-
manka, M.FO. FOnycosa, A.X. Mamsana, O.A.
MakapoBa Ta iHIIUX MaTeMaTUKIB.

HenoxkanpHi KpaifoBi 3a/1a4i y pi3HUX acie-
KTaX BHBYAJO 0araTo MaTeMaTUKiB, BUKOPH-
CTOBYIOUH TIPU ITLOMY PI3HOMAaHITHI MeTOomn it
migxoxu (A.M. Haxymes, B.M. Bopok, O.A.
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Camapcekuit, B.I1 [Trammuk, B.C. Inbkis, B.1.
Yecanin, O.I. Ckybauescbkuit, M.I. Mariii-
qyk Ta iH. [2-8]). Omepkani BaK/IUBI pe3yib-
TaTH II0JI0 HOCTAHOBKHM, KOPEKTHOI PO3B’d-
3HOCTI Ta 1OOYJI0BU PO3B’HA3KIB, JIOCJIIJZKEeH]
HUTAHHS 3aJIE2KHOCTI XapakTepy PpO3B’s3HO-
CTi 3aJ1a9 BiJl MOBEJIIHKN CUMBOJIIB OTEpaIiit,
chopmyIbOBaHI yMOau peryJaspHOCTI Ta He-
PeryIapHOCTI KpafloBUX YMOB /s BayKJIUBUX
BHIAJKIB audepeHIiaaibHO-0IepaTOpHIX piB-
HaHb. Jlo Takux 3a/ja9 BiIHOCHTBLCI 1 HeJo-
KaJIbHA 0AraToTOYKOBA 3a YaCOM 3a/1a9a, JKa €
y3arajibHeHHsAM 3a1a4i Ko, Kojin nmouarkoBa
ymoBa u(t, )|t=o = f 3aMIHIOETBCST yMOBOIO

> agult,Ymy, = f. to=0,{t1,...tm} C (0, 7],
k=0

ae {ag, a1, ..., C R m € N - dikcosani
ancsa (Akimo ap = Lo = ag = ... = ay, = 0,
TO MaeMo, 09eBHUJIHO, 3ajady Kormii), npu 1mpo-
My BKa3aHa yMOBA TPAKTYETbCS B KJIACUIHO-
My po3yminai abo B caabKomy ceHci, akmo f
- y3arajbHeHa (PYHKINS THIY YJIbTPapO3IIO/Ii-
JiB (Taka MOCTAHOBKA 3a/Jadi € IPUPOJHOIO,
OCKLIBKH f MOzKe MaTh OCOOJHUBOCTI B OJIHI
abo0 JTeKITBKOX TOUKAX 1 MOZKe JOMYCKATH pery-
JIIPU3AIIIO B TOMY YH 1HITOMY IIPOCTOPI y3aJib-
HeHux yHKIiif).

Y miit pobOTi JIOCTIIZKYETHCA HETOKATb-
Ha 0AraTOTOYKOBA 3a YacOM 3aJjada JJIs €BO-
JIOIITHOTO piBHSIHHA 3 oneparopoMm becce-
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JIT IpoOoBOTO JudepeHIifoBaHHs, AKUH Bi-
HOCHUTbBCH JI0 1ICeB/10/epeniiiajibHuX olepa-
TOpiB, MOOYJOBAHMX 3a CHUMBOJIAMHU, $Ki J10-
MyCKAaIOTh aHAJITUYHE MPOJIOBKEHHS B MEBHY
00./1aCTh KOMILJIEKCHOT 1ionuun. Beranosiena
CTPYKTypa Ta BJIACTUBOCTI (PyHIaAMEHTATHHO-
ro po3B’s3Ky, KOpeKTHa pO3B d3HICTb 3a/1adi
y BHIIQJIKy, KOJIM IpaHu4YHA (DYHKIA € y3a-
raJIbHeHOIO (DYHKITIE€IO TUITY YJIBTPaPO3MOILIiB,
OIUCAHO MPOCTip X OCHOBHUX HECKIHUYEHHO TH-
depenniitoBunx QyHKIIIH, €JIeMEHTOM SKOI'O €
po3B’s30k u(t, ) GaraToTOUKOBOI 3ajaui Mpu
koxkuomy t € (0,7], nupm upomy BianoBij-
HY YMOBY, sKa 3aJa€ 0araToOTOYKOBY 3aJiady,
u(t, ) 3amoBoabHSAE B 1pocTopi X', TOmo/Iori-
YHO CIPSZKEHOMY 3 IOCTOPOM OCHOBHHUX (DYyH-
Kmin X.

2. IIpocTopu OCHOBHHX Ta y3arajibHe-
HUX (PYHKITI.

L.M. Teabdang ta I.€. Ilunos BBesau B |9]
cepiio MPoCTOpiB, HA3BAHUX HUMHU ITPOCTOPAMHE
tuiy S. BoHU CK/IQ1a0THCS 3 HECKIHIEHHO -
depenriitoBnux ¢yukiiit, Buznadennx Ha R,
Ha 9KI HAKJIaTA0ThCA MMeBHI YMOBHU CHaTaHHSI
Ha HEeCKIHYeHHOCTi i 3poctanHga noximaux. Ili
YMOBH 33JIaI0ThCS 32 JOIIOMOI0OI0 HepiBHOCTEH

250" (2)| < cgm, T €R, {k,m} C Zy,

JI€ Chym - JesKa IIOJBiliHA IIOCJIIOBHICTD J10/1a-
THHUX 4Hcesa. ZIKIo Ha ejleMeHTH IOCJIiI0OBHO-
cTi {Cm } HE HAKITAIAIOTHCSE YKO/THI OOMEKeHHST
(TOOTO Chy, MOXKYTH 3MIHIOBATHCH JIOBLTHHUM
YUHOM pa3oM 3 (DYHKIEIO @), TO MAEMO, Ode-
BuaHO rpoctip S JI. [IIBapia mBuaKO craHIX
Ha HecKiHyeHHocTi yukmii. koo x gucia
Ckm 3JIOBOJILHSIOTH TIEBHI YMOBH, TO BiAIOBI/I-
Hi KOHKPETHI IIPOCTOPH MIiCTAThCA B S 1 Ha3H-
BaIOThCA IpocTopaMu Tuiry S. O3HaAIIMO JAesKi
3 HUX.
g poBinbHEX v, § > 0 moKJIazemMo

SPR) =87 :={p € S|Fc>034A>03B >0
V{m,n} CZ, Yx eR:
{|lz™™ (z)] < cA™ B "m™*n"?}.

Beemeni nmpocropu Tumy S MOXKHA OXapaKTe-
pusysaru meii Tak |9|.
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SP cknamaeTnes 3 THX H THINE THX HeCKiH-
qenno gudepentifiopunx na R dyukmiii, saxi
3a/10BOJIBHAIOTH HEPIBHOCTI

o™ (2)| < eB"n™ exp{—a|z|”*},n € Z,x € R,

3 JIeKMMU JIOJIATHUMU CUMBOJIaMu ¢, B 1 a,
3aJIe2KHUMH Jiniie Bij pyHKIl @.

drkmo 0 < B<lia>1-4 1087 ckra-
JIAETHCS 3 THUX 1 TUIBKK TUX (PYHKINH @, gKi
aHATITHIHO MpOoIoBKYOTECA B C i g akux

lp(z +iy)| < cexp{—alz|"/* + bly|" =7},

c>0, a>0, b>0.

[Tpocrip S! ckaamaorsbes 3 Gyuxuiit ¢, axi
AHAJITAYHO MPOJOBXKYIOTHCA B JEAKY CMYTY
ly| < & (3amexkuy Bim ), Opu MBOMY CIIpaB-
JIKYETHCS OIIHKA

lp(z + iy)| < cexp{—alz|"/*},

c>0, a>0, 0>0, zeR.

Tomosoriyna cTpyKTypa B TPOCTOpax Sg
BU3HAYAETHCS TaK. CHMBOJIOM Sg:f MO3HAYUMO
CYyKylHICTh (byHKIIN ¢ € Sg , K1 3a/J0BOJIbHSI-
OTH YMOBY:
VA > AYB > B : |[2"p™ (z)| < cA*B™kFem™?,

{k,m} CZ;, x€R.

[Is1 MHOXKHHA, TEPETBOPIOETHCH B IMOBHUI 3JIi-

YeHHO HOPMOBAHUWI TPOCTIp, FKIO HOPMHU B
Hiil BBECTH 3a JOIIOMOIOI0 CIIIBBIJIHOIIEHb

el |2k (™) (z))|
= Su
Plloe = B0 A+ 0)K(B + p)mkkammB’

11
|
{67P}C{72737 }

Bkazany cucremy HOpPM iHO/II 3aMiHIOIOTH €KBi-
BaJIEHTHOIO 1if CHCTEMOI0O HOPM

exp{a(l —&)|z[V} - [0 (2)]
zm (B + p)mm™?

(6]
{57p}C{ .}, a:m.

dArmo Ay < As, By < Bs, 10 Sg:fll HelepepBHO

By : B
BKJIAIA€THCS B SS’A;’ is8= U S5
’ AB>0

[leoll5, = sup

i

11
2°3""
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Y mpocTopax Sg BU3HAYEHA 1 € Hemepepn-
HOWO omeparis 3cyBy aprymenty T, : ¢(§) —
©(& + ). Ila onepanis € Takox audepenti-
ifioBHOIO (HaBiTH HeCKiHYeHHO audepeHIiios-
Hoto [9]) ¥y TOMy po3yMiHHI, O TPaHWYHI CTIiB-
BIIHOIICHHS BUTJIALY

p(z+h) = e(x)
h

—¢'(x), h—0,

CTIPaBIKYEThCA T KosKHOT ynkii ¢ € SP 5
ceHcl 30i2KHOCTI 3a TOIOJIOTIEI0 MPOCTOPY Sg.
N Sg BU3HAYeHA 1 HemepepBHA Olepalisd Jiu-
depennitoBanns. [Ipocropu Tumy S € m10CKO-
wHagumu [9] (To6To mpocTopamu, BCi 0OGMerKe-
Hi MHOXKMHU SIKUX KOMIIAKTHI), BOHH TiCHO 110~
B'si3aHl Mixk coboro reperBopennsim Dyp’e, a
came, nmpasuabHoio € dopmyna: F[SP] = Sg,
a, B >0, ne

FIS8) = {0 : (o) = / p(x)e™*dr, €SP},

R

Cumponom (S?)" moszmaumvo mpoctip yeix
Jinifinnx nenepepsnux ynxuionasis na S° 3i
caabkoio 30ixkHiCTIO. OCKIJIBKE B OCHOBHOMY
TpocTopi Sg BU3HAYEHA olepallis 3CYBY, apry-
Menty T, TO 3ropTKy y3arajbHeHol yHKIIil
f € (S9) 3 ocnoBnoo QYHKIE © 3a7aM0

dopmyioro
(fx o)) =< [, Top() >=< f,0(x —) >,
P(&) = p(=¢).

I3 BiacTuBoCTi HecKiHYeHHOT JiudepeHIitoBHO-
CT1 omepariii 3CyBy apryMeHTy B ITPOCTOPI Sg
BUILIWBAE, 10 3rOPTKa f * ¢ € 3BUUaiiHOI0 He-
ckindenno jaudepentiiioBaoio Ha R dynkiieo.

Ockinpku F~'[S§] = SF, a rakox F[S§] =
S8, 60 koxnmii npoctip Tumy S pasom 3 ¢yH-
Kiieo ¢(x) micruts i dysKIio ¢(—x), To me-
perBoperHss Pyp’e yzaraabaeHol ¢hyHKIIl f €
(S?) o3HaMMMO 3a JOMOMOTOI0 CHiBBiAHOMIEH-
na < F[f],p >=< f, Flp] >, p € S§.

Hexait f € (SP). Slkmo fxp € S5, Vo € SP
113 cmiBBigHOMMIEHHA 0, — O IpU ¥ — 00 3a TO-
nosioriero mpoctopy S BumuBae, Mo f* @, —
0 Ip;m ¥ — 0O 3a TOMOJOTiE0 TpocTopy SP,
TO GYHKITIOHAT f HA3UBAETHCSA 3TOPTYBAUEM Y
npocropi SP. SIkmo f € (S2) - sroprysau y
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npoctopi S?, To ana mosinbHOl dbyHKmIii € 5P
upasusibuoIo € hopmyna F[fxp| = F[f]- F[p].

3. KopektHa po3B’a3nicTe Oararto-
TOYKOBOI 3amadi. Posrasgmemo QyHKIIIO
au(€) = (1 + )2 w > 1, w # 2,4,6,..,
¢ € R. Ba gomnomororn Oesmnocepenix o04u-
CJIeHb 3HaxoAuMHM, 1o A4 || > 1 cnpasmky-
I0ThCSl HEPIBHOCTI

| Dg*au(§)| < eBg'm![¢]*,

m & Z+, By = Bo(&)) > 0.

Ockinbkn €] < Lexp{el€|} mus posinbroro
e >0, To

| D*ay(€)| < ceB™m™ exp{el¢]“}, (1)

c.=5 B=B), EcR, meZ,.
19

3 (1) BumuBag, 10 @y, - MYJIBTUILIKATOD Y
npocropi S} 1,- Cupani, nexaii ¢ € St Jup» T00-
TO (yHKIs ¢ Ta 11 MOXiAHI 33I0BOJBHSIIOTH
HEePiBHOCTI

|Dfau ()] < cA*k" exp{—al¢|},  (2)

keZ., ¢€R,

3 JeakuMu jgojgarauvu craguvu ¢, A a. To-
Ji, ckopucTtaBmmuch dopmysiow Jleitonina au-
depentioBanng 100yTKY JABOX (byHKIIii, a Ta-
KoK HepiBHOCTsIMHE (1), (2) 3Haiimemo, mo

k

|(au(€) - ()P = > Cral ()" ()| <

k
<ce. Y CLBUAM (k- 1) x
=0

x exp{—(a = 2)[¢]*}.

Ockinbku B (1) € > 0 - nosiabHO bikcoBa-
uuii napamerp, To nokaagemo € = a/2. Toxai

|(a,(€)-0(€)) M| < eB*k* exp{—alé|“}, k € Z.,

Je ¢ = cc., B=2max{A, B}, a = a/2. Orxe,
a, ¢ €S},
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Omneparnig MHOKeHHd Ha DYHKILIO d,, € He-
nepepsHoio B S} Jo- Clpasi, Hexaii {on,n >
1} - nocainosnicts dbyukniit 3 npocropy S; S
gKa 36ira€Thbeda B IbOMY IPOCTOpi 10 Hysd. [le

1,Bo
osnauae, wo {@,,n > 1} C S);.7, 3 sedxumu

AQ,Bo>01

111 eBOJIIONIHIHOrO PIBHAHHS

ou(t, )
ot

(t,z)

IIOCTABAMO HEJIOKAJIbHY 0araToTo4koBy (m-

+ Ayu(t,z) =0, (3)

€ (0,7] x R,

exp{a(l — 8)|¢[“} - [P (€)] TOYKOBY) 34 9aCOM 3aJ1a1y: 3HAHTH PO3B 30K
[lnlls, =5 7p (Bo + p)FkF =04 C((0, 17, Sll/w) piBHsiHHSA (3), AKuUii 33710~
BOJILHSIE YMOBY:
11 1
N pt, Yoo = pru(t, e, —

Inmummvu ciioBamu, Jijist KozKHOTO € > () icHye
HOMEp Ny = ng(€) Takuil, mo s n > ng

@S] < E(Bo + p) K" exp{—a(l - 5)[¢|“}.

Amnasoriuno Tomy, gk 1e 0ys10 3pobIeHO paHi-
e 3HAXOAUMO, IO

(@, (©)en (€)™ <
< &(B + p)*k* exp{—a(1 — 8)|¢|*},

se B = 2max{B, By+1/2}, @ = a/2. 1le o3ua-
qae, 110

o 2L = SIEF}  Laulen©)®]
&k (B + p)kkk
n — Q.

OT2Ke, IOCTi/IOBHICTD {aw gpn, n > 1} 36ira-
_ 9—1/w

1w A A =2 A0>

TOOTO B POCTOPI Sl/w, 110 i mOTpiOHO OYJI10 J10-

BECTH.
I3 BiracTuBocTeit pyHKIl @, BUIIUBAE, 11O

€ThCS JI0 HyJId Y IIPOCTOP1 ShB

B IMPOCTOPI Sll/ ¥ Bu3Hauenwit, € JiHifHEM i
HerepepBHUM omeparop A, gkuil po3ymieMo
K IceBIoandepeHIiaIbHAi omepaTop, mody-
JIOBaHUl 38 CUMBOJIOM d,, TOOTO

Avp = FVa,(6)Fl¢]], Yy € 51/,

ne F, F~! - npame Ta obepHeHe mepeTBOPeHHS
Dyp’e.

Bigomo [10], mo oneparop A, € KoHCTpY-
KTHBHOIO peasizamieo omeparopa (I — A)“/2,
A= d/da?,w #2,4,6, ... (I-A)"p = A,p,
Vo € S. Caigytoun [10], A, Hazami HazmBaTu-
Memo omepaTopoMm beccenss gpoboBoro aude-
PEHIIIOBAHHS.
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(4)

e @ € Sll/w, m € N, {u, 1, ., b} C (0, 00),
{t1,...;,tm} C (0,T] - dixkcosani uncna, p >
my g, 0 <ty <..<t,<T.

k=1
CKOpUCTABIUCH METOIOM TePEeTBOPEHHS

®yp’e 3naiiIeMO M0 PO3B’a30K 3a1a4i (3), (4)
Ma€ BULJISII:

u(t, ) /Gtm—

(t,z) € Q,
[Q(t, 0)](),
Q(t,€) = exp{—tau(§)}x

x (u — iuk exp{—tkaw(é)}> :

BeeieMmo no3HaueHHsI:

Q1(t,€) = exp{—ta. ()},

@(8) = (u - exp{—tkaw(f)}> :

TO,ZLi Q(tag) = Ql(tax)QQ(g)
Jlema 1. 1. Qq(t,-) € Sll/w npu KOHCHO-

my t € (0, T]. Tas noxionuz dynruit Q1(t,§)
NPAGUALHUMU € OUIHKU:

|DEQ1(t, )| < A%s” exp{—cot[{[*},
seN, (t,&) €,

de cmani A, cog > 0 ne sanesrcamo 6id t.

—pmu(t, ) |i=t,, = @,

(§)dE = G, ) * p(x),

ne G(t,r) = F~!
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2. Qynruyia

Q2(§) = (M - Z Hk eXp{—tkaw(ﬁ)}>

= (H = mQu(t, f))

€ MYADMUNAKGMOPOM Y NPOCMOPT Sll/w.
oBenenuns. 1. [lis joBegeHHsT TBEP/IzKe-

HHs ckopuctaemocst popmysaoo Daa e Bpyno

nudepeHniroBaHis CKJIa/IeHol (pyHKIIT

L4 s!
Z dg_mF(g) Z ml‘ ml' X

el ..

d " 1 d "
X | — v | 55—
(5659) - (7900
(3HAK CYyMU TOIMUPIOETHCS HA BCI PO3B’SI3KM B
ILINX HeBLI' €MHUX YHCJIaX PiHIHHSI S = My +

2mo+...4+lmy, m = my+...+my), 1e MOKIaIeMO
F=e9 g=—ta,(&). Toni

s !
Dieta(® = ¢~tau® mz:l > ﬁ A

e CUMBOJIOM /\ TYyT IO3HAYE€HO BHPA3

A= (Gcta©)

DF(g(€)) =

<(gat-tau@) - (araten)

Ypaxysasiu oriaku (1) 3Haiigemo, 1o

c mi+...+my 9 !
|/\‘ S (_) tm1+,..+mLBm1+ mo+...+lmy %
£

x exp{e(my + ... +Imy)[€|“} =
c

_ <g>mthS exp{es|¢]“}.

Ockinbru t € (0,7] ra s € N - dbikcosani
mapamMerpu, a € > 0 - I0BIIbHE, TO MOKJIAAEMO

e =1t/(2s). Toni
[DEQ1(t, §)| < A°s” exp{—cot[&]|*},

seN, (t,¢) €,
co=1/2, A=4B-max{l,c}
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3 (5) Ta mepiBuocti |Q1(t,&)| < exp{—t[¢|*}
BHILINBAE TBEPIKEHHS 1 JIeMHu.
2. OCKLIbKHT

B Z pu exp{—trau(§)} =

iy <1 _ izuk exp{—tkaw(f)}> ;

IpUIOMY

1 & 1 &
=3 meexp{—tra ()} < = e <1,
K k=1 K k=1

TO, CKOPUCTABIIUIID TTOJIIHOMIaJILHOIO (hopMmy-
JIOIO 3HAWAEMO, 10

QO =13 u (Z ,Lke—tkmo) _
" r=0 k=1
N |
- ; uf(rﬂ)( Z 7‘1!.7.ﬂ.7’m' 8

r1+...+rm=r ’
X (e O) (et ) )

> !
B ; prt Z rll.?j.rm' X

r1+...+rm=r

Xpar" oy Q1 (X, €, (6)

e A= biry + ... + tmrm; Ql(Aaf) = e—kaw(g)‘
3 (5) Ta (6) BUILIMBAIOTH HEPIBHOCTI

DzQa(€)] < A%s° > T
r=0

|

7! w

« Z M667A00|€| <
rlrpy,!

r1+...+rm=r

S/LlASSSi(@y 2. 5 vT!r X

r=0 H ri+...+rm=r Lo

s € N, po = max{, ..., o }. Jani ckopucrae-
MOCS THM, IO

|
D
il

(5) Tonui

r1+...+rm=r
DiQ2(&)] < p A% Y i = eA’s”,
r=0
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(e 9]

03

r=0

sEN, i=pop'm<1, c=p

3 ocTaHHBOI HEpIBHOCTI Ta 0OMEXKeHOCTI
dyukmii ()o BumInBag, mo (Jo € MyILTHILTIKA-
TOpPOM y 1pocTopi S} Jo

Jlema zoBeseHa.

Hacainok 1. Ipu dircosanomy t € (0,T]
Pymryia Q(t, &) = Q1(t,§)Q2(8), £ € R € ene-
MEHMOM TPOCTMOPY Sll/w, npu YoMy CNpac-
0ACYIOMBCA OUTHKU

DEQ(t,€)| < eB°s” exp{—cot[€]“},
s € Z-i-a (tag) € Qa

de cmani ¢, co, B > 0 ne zanesrcamo 6id t.
YpaxyBaBIId BJIACTHBOCTI TEPETBOPEHHS
Dyp’e (mpssMoro Ta OGEPHEHOTO) Ta CIIBBi/-

(7)

nomennsa F1[S], ] = 517 orpumaemo, 1o

G(t,-) € Sll/ npu koxxuomy t € (0,7]. Bu-
mimMo B omikax dyHKmil G Ta iT moxigHmx
(3a 3MIHHOIO ) 3aJIeKHICTH BiJ HapaMerpa

€ (0, 7). JInst 1boro CKOPUCTAEMOCS CTIiBBIJI-
HOIIIEHHSIM

" DyFlp)(2) = i*F[(0°p(0)) "] =

_ Z-k—i—s /(O'SQO(O'))(k)eimad(L
R
{k,s} CZy, v 8,

Orxe,

" DiG(t, x) =

X /(O’SQ(t, —0))®e g,

R

(271_)—12-16—&-3(_1)5 %

Bacrocysapiu dopwmysry Jleibnina gude-
PEeHIIIOBaHHS JIOOYTKY JBOX (PITHKITN Ta OIiH-
ku (7) 3HaiimeMo, 1o

(0°Q(t, —0)) M| =

k

=12

< !asQ(’“)(t,
k(k — 1)
T

Q¥ P (t, —0)| <

—0)| + ks|o* Tt QEV(t, —a)|+

s(s — Do 2Q*2(t, o) + ... <
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tl/w

mME—1s-1
ks

< cBFk g3/wp—s/w =Gt <1+
Mis

1 tl/w 2
] (7)

Mmrg—2.s—2

x(k—1)(s —1)—=—"=

( ) )mH,H

meg—1,s—1
ks ——5 %

)
A€ Mps =

Besnocepeinpbo 1mepekoHyeMocsi B TOMY, IO
JJIST TIOJBIAHOT MOCiIOBHOCTI My CITPABIKYE-
ThCA HEPIBHICTH

Mis

kkgs/w,

Mig—1,5—1 <
Mis

ks v(k+s), =24t

Tomi
(0 Q(t, —0)) )| < eBREkFst/wys/wem Tl

tl/w
><<1 + 7 =
B

1 ’}/tl/w 2 )
+5< B ) (k + s) +...)§

22 (k)

(k+s)+

e*%‘jt‘dlw <

< CBkk,k s/wt s/w
< chAft_S/wkkss/we

~T1/w ~

Alze B

—cotlo|¥
)

vt/ Co
) BlzBe B, =

Orxe,
|ZFD3G(t, )| < ¢y BFASt= (5D wpkgs/e
{k,s} CZy, te(0,T], z€R.

Takum gumnoM, jig moxigaumx yHKmin G
(3a 3MIHHOIO X) CIPABIZKYIOTHCS OIIHKH

B’%’C

f
T =

|IDEG(t, )| < cASs®/wt= 1/

< eA3 5@t (FD/@ expl—ag| x|},
(t,x) €Q, keZy,

ne crani ¢, Ar, ag > 0 He 3amezkars Bif t.

JIema 2. Qyuxuia G(t,-), t € (0,T], ax
abcmparxmua dynkyia napamempa t i3 3nave-
HHAMU 6 NPOCMOPL Sll/w, dugpepenuitiosra no
t.

loBegennd. [3 BiracTUBOCTI HelepepBHO-
cri nepersopennsi Pyp’e (s npsiMoro, Tak i
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0GepHEHOr0) B MPOCTOpax THIY S BUILIUBAE,
110 JIJIs1 JIOBEJIEHHS JIEMU JIOCUTH 1HOKA3aTH, 110
dbyuxuis F[G(t,z)] = Q(t,0), sk abcrpakTHa
dyukIig napamerpa t i3 3HAYEHHSIMH B HPO-
cropi F[S17“] = S\ /. Amdepeniiionna 1o t.
[ammvmn cioBamu, mOTPiOHO AOBECTH, IO Tpa-
HUYHE CIIiBBI1IHOIIIEHHS

Lo+ ate) -

Dpi(0) = A7

Q(t,0)] —

0
— a@(t, o), At —0,

BUKOHYETHCA B TOMY PpO3yMiHHI,
D3®ay(0) > D3(~au(0)Q(1,0). s
PIBHOMIPHO Ha KOXKHOMY BiApisky [a,b] C R;
2) |Di®p(0)| < eB*s* exp{—alo|“}, s € Zy,
ne craqi ¢, a, B > 0 He 3ame:kuTh Bix At, G110
At nocutb MaJie.

Oyukiist Q(t,0), (t,0) € Q, nudepentiiios-
Ha 10 t Yy 3BUYaiitHOMY pO3yMiHHi, TOMY, BHACTi-
JIOK TeopeMu Jlarpanzka 1npo CKiH4eHHI HpUpo-
CTH

mo: 1)
€ Z+7

(I)At<0) = _aw(U)Q(t + eAtv U)a
0<bO<1, t+0At<T.

Orxe,

Di®p(o

ZC’ZDZ a,(o

%@(m)) -

D:'Q(t + 0AL, o) —

DS’ ((PAt(U) —
= —ZC’ZDl a,(o

_DiilQ@? 0)]

OckinbKu
D'Q(t + 0At, o) —
= D5Q(t 4 0,AL, 0)0AL, 0 <6, <1,

TO 3Bijicu Ta 3 oniHoK (7) BUILIHBAE, MO

D:'Q(t, o) =

DEHLQ(t + 0, AL, 0)0AL — 0, At — 0

PIBHOMIPHO Ha JOBLTBHOMY BiIPi3KY |a, b] C R.
Toui i Di®ai(o) — D3 (2Q(t,0)) upn At —
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o) D:'Q(t+0AL, o)

0 piBHOMIpHO Ha JOBLILHOMY BiIpi3Ky [a,b] C

R. Orxke, ymoBa 1) BUKOHYETHCSL.
YVpaxyBaBIlid OIIHKH, $KI 3aJ0BOJbHSIIOTH

noxijui dyukiii a, (o), Q(t, o) 3naigemo, mo

|D:®a(0)] < cce Z C'BU'B* (s
1=0

— 1) 'x

% e—co(t+9At)|J| ea\a\

(tyT € > 0 - noBibHO dikcoBaHmil TapaMerp).
[Moknanemo € = cot /2. Toni

| DD ps(0)] < ¢B®s® exp{—alo|”},

¢ = cce, B =2max{B, B}, a = cyt/2, npuyo-
My Bci ctaqi He 3asexkarb Big At. Jlema nose-
JIeHA.

Hacainok 2. Ilpasuavroro € gopmyaa

0 i aG(tv)
a(f*G(ta)) *f*77
Ve (S57¢), te(0,T)

JloBeneHHs. 3a 0O3HAYEHHSIM 3TOPTKU y3a-
rajibHeHol (bYHKIIT 3 OCHOBHOIO MA€MO, 110

(f * G)(t,l‘) =< fE’T—wG(tvf) >
é(t>§> = G(tv _§>
Toui 5
20t =

1
= L[ £ O)t 4 AL — (FG)(t, )] =
Alglo < fg, ! [T LGHAL )T G(t,-)] > .

BHac,m;LOK JileMu 2 TpaHW4YHEe CITiBBiIHOTITe-
HH

1 s < 9] .

BUKOHYETHCS B CEHC1 3012KHOCTI 3a TOMOJIOTIEI0
1/w
MPOCTOPY Sl/ , TOMY

0
ST G ) =

=< f£7 AI%I_I)IO[T,xG(t + At? ) - foG(ta )] >=
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0

TT.G1, ) >=< fo T Gt ) >=

oG
= (f*5)( ).
TBep/zKeHHsT JTOBE/IEHO.
JIema 3. V npocmopi (Si/w)’ cnpasorcye-
MbCA 2PAHUYHE CNIBGIOHOWLEHMA

<f§7

w lim G(t (8)

Z wlim G(t,-) =4
t—40 t—1;
(mym 0 - deavma-dpynruyis ipaka).
JoBenennsi. CKOPUCTABIIUIIL BIACTHBI-
¢TI0 HenepepBHOcTi neperBopendss Pyp’e Ta
bynknii G(t, +), sx abcrpakTHOl (DyHKIIT Tapa-
MeTpa t 13 3HaYeHHSIMH B MIPOCTOP1 Sll/w, CIIiB-
BinHomenns (8) 3aMiHIMO €KBIBAJICHTHIM T'Da-
HUYHHAM CIiBBITHOIIEHHSIM

i i, PG

Zﬂl P—%F t,)] = F[o]
(9)

y mpoctopi (S17*). Ypaxysasuu 306pazkents
dbyukuii G, (9) nogamo y Bursi

(10)

p lim Q(t, Zm}gg@

t—+0

Hns nosenennst (10) Bi3bMeMO JOBLTBbHY
dbynkuio ¢ € Si/w I, CKOpUCTABUIUCH TEOPe-
MOIO IIPO TPAHMYHMI epexi iy 3HakoM inTe-
rpaJia Jlebera 3uaiiiemo, 1o

plim < Q). > —
—Zuzhm <Q(t,-), 0 >=

i, e

—thm/@tg
" i

-/

R

[MQOU ZMthl, ] p(o)do =
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N
R M—kgl,qul(tk,U)

—iuz L2 R
=1 =y uQi(ty, o)
k=1
— f) mQ1(ty, o)
(=1 p(o)do =

-

= i Q1 (ty, o)
f=1

= /go(a)da =<1,0>.
R
3Bijicu BUMLIMBAE, MmO criBBigHOMEeHHS (10)
BUKOHYETHCA B IPOCTOPi (5] /w) a, OTIKe, Ipa-
BIUIBHUM € criBBiguomenus (8). Jlema mosee-

HA.
1
CuMBoJIOM (Sl/*w)’ MO3HAYMMO KJIaC y3a-

rajabHeHuX OyHKIH 3 (Si/w)’, Kl € 3ropTyBa-
JaMHi B IIPOCTOPI Sll/w

Hacuainok 3. Hexat u(t,z) = f * G(t,z),
f € (Sll’/f)’, (t,z) € Q. Todi & npocmopi
(Sll/w)’ CNPABIHCYEMBCA 2PAHUNHE CNIBEIOHO-
WEHHA

lim u(t
H t——+0

Z pr im u(t, -) = f.

t—th

Oyukuito G Hajgani HazuBarumMemo (QyH/a-
MEHTAJIbHUM DPO3B’I3KOM 0araToTo4KoBOl (M-
TOYKOBOI) 3a1a4l st piBusHus (3).

3 HaCAiAKY 3 BUILINBAE, IO JIJIsT PIBHSHHS
(3) m-TOYKOBY 3a 4acoM 3aJa4y MOYKHA CTABH-
TH TaK: 3HaiiTi po3s’asok u € C((0,T], S;’*)
piBusHHS (3), AKUil 33 0BOJbHIE YMOBY

Z Lok }g& u(t, ) = f,

fesiyy,

Je TpaHuvHe cuiBBigHomenns (11) posrsiia-

(11)

lim (¢
K t—+0

€ThCsI B IIPOCTOPI (Sll/w)’ (0OMezKkeHHsI Ha Ta-
PAMETPH [b, fb1y --vy foyns L1y eeny by TAKL K, IK Y
BUIAJIKY 3aja4i (3), (4)).

OcHOBHHUII pe3y/nbTAT MICTUTH HACTYIIHE
TBEPA2KE€HH.
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Teopema. 3adaua (3), (11) wopexmmo
po3s’asna. Pose’azox zobpasrcaemuves popmy-
a010: u(t, x) [ * G(t,x), (t,z) € Q, de
G - Pyndamenmanvrui po3e’azor sadaui (3),
(11).

JdoBenenns. llepemxycim mepekonaeMocs B
Tomy, 1o GbyHKIiist u(t, ) € po3s’I3KOM pPiBHS-
ung (3). Copasai (auB. HACTIIOK 2),

au(t,x) 9 8G(t z)
Agu(t,z) = F Ya, (o) F[f * G(t,2)](0)](z).

Ockinbku f - 3ropryBad y mpocToOpi 511/ “
TO

FIf « G(t,2)|(0) = F[f](0) - FIG(t,2)](0) =
= FlflQ(t, o).

Orxe,

Au(t,z) = F~ au(0)Q(t, o) F[f](0)](z) =

— - | 20 Fll)] () -

— -1 [F[26] o) Flf)]| o) -

ot
ol -

B 0G(t, x)
=

Beigcn gicraemo, mo dbyuakmis  u(t, x),
(t,x) € Q, 3an0BosbHsie piBHsiHHA (3). 3 Ha-
CJIIKY 3 BUILIUBAE, IO U 3aI0BOJIbHSIE YMOBY
(11) y BrasamoMy CeHci.

Ba/IMIIAETHCS IEPEKOHATHCS B TOMY, 10 3a-
naqa (3), (11) mae equuuit po3s’s30k. s b0~
ro po3ragHeMO 3aaad9y Korri

ov

o~ Av=0, (12)
(t,r) € [0,t0) x R=,
0<t<ty<T,
o(t, imto =, ¥ € (S, (13)

ne A*g = Fla,FYg]], g € 517, A* - 3Bysxen-
Hsl CHPSZKEHOT0 OIepaTopa J1o oneparopa A na
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npocrip S C (S17*). Yumosy (13) posymiemo
B CJTaOKOMY CeHCI.

I3 pesysibraris, orpumanux B |11| BuiLiubae,
o 3aa4a Kol (12), (13) € po3B’si3H010, IpH
oy v(t,-) € S upn xosuomy t € [0, ).

Hexait Qj, : ( 117/:’)’ — S1% _ oneparop,
akuii 3icraBase QyHKIioHamy 1 € (5117/:))’
poss’si30k 3azaqi (12), (13). Oneparop Qf, €
JIHITHWM 1 HenlepepBHUM, BiH BU3HAYEHWN s
noBitbHEX t 1 tg Takux, mo 0 <t <ty < T'i
BOJIOJII€ BJIACTUBOCTSIMHE:

dQY

Y€ (Si) o - AQLw =
lim Q¢ = ¢

. 1/wyy
(rpanuist posrasiacThest B mpoctopi (S;77)).
Posrisgnemo posw’saszok u(t,z), (t,x) € €,
samadi (3), (11), gkuii po3ymiTEMEMO K pe-
IyJIpHUil (DYHKIIOHAT 3 HPOCTOPY (Sllﬁkw)’ D
S1/“. Jlosesemo, mo samaua (3), (11) mo-
JKe MATHU JIMIIe €IUHUA pO3B’A30K Y MPOCTOPi
(5117/:))'. JIjisl IbOro JIOCUTH JOBECTH, 110 €J/11-
HUM DPO3B’s13KOM DiBHsIHHs (1) 1pu HyJIbOBii
NOYATKOBiil yMOBI MOKe OyTu Jiuiire (PyHKITIO-
naa u(t,z) = 0 (npn koxnuomy t € (0,77]). 3a-
crocyeMo (YHKITIOHAJ U 0 (PYHKIIT Qioz/) €
1/w
S
mpocTopy S1/¥ C (Sl/w) JndepeHniooyn 1o
t i BukopucroBywoun piusuHg (3), (12) 3Ha-
HIeMo, 1o

Jie ¢ - TOBLIBbHO (biKCOBAHUI e/leMeHT 3

0
E < 'Lb(t, '), Qiow >=

__Ou 8Q§o¢ _
=< E,Qtoiﬂ >4 <u >
= — < Au, Qiow >+ < u,A*QiOw >=
= — < Au, Qi > + < Au, Q} Y >=0,

t €10,t).

Beigcn Bummmsae, mo < u(t,-), Qv > €
cTajolo BeJudYnHOI0. [3 BiacTuBocTeit abcTpa-
KTHUX (DYHKIIIH BUIJINBAE CIIBBIIHOTICHHS

s Qt0¢ >=

lim < u(t,
=0

=< u(to,), >= const = c
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y JoBinbHiil Touri tg € (0,7]. Orxke, gxmo B
(11) f =0, ro

/Ltl_l)l_li'_lo <wu(t,), > —
- ;uk tligi <u(t,-),y >=

=c M—ZMk =0,
k=1

o610 ¢ = 0. Takum unuom, < u(ty,-),p >=
0 st JAoBiIBHOTO ¥ € Sll/w, o610 Uu(t), )

. . 1/wyr
- HyaboBmit ynkmionan 3 mpocropy (S°)".
Ockinbku tg € (0,7T] i to BuOpane AOBLILHUM
anHOM, TO u(t,) = 0 mug seix t € (0,7]. Teo-
peMa JIOBe/IeHa.
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