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YepuiBenbKuii Hamionaapuuii yHiBepcuTeT iMeni FOpiga @enpkoBuya

ITPO 3B’430K MI2K ®YHIAMEHTAJIbHVIMU PO3B’A3KAMU
ITAPABOJITYHUX PIBHAHD I PIBHAHDb 3 IPOBOBYVIMU ITOXIIHVIMN

Bceramosmoerhesa 38’5130k Mik dyukmiamu I'pina 3azadi Kol mia mapabomidHux piBHIHD

i BimmoBigHUX piBHAHBb 3 AP0OOBOIO MOXimHOM. Ha #loro OCHOBI BHBOAATHCS OIIHKH KOMIIOHEHT
dyukmii I'pina i 6yayeThes po3s’s30K Ta byHIaMeHTANbANH po3B’sa30K 3axaqdi Kol 31 aminanvm

koedinienTaMu (GppakTaATbHUX PIBHSHD.

It is established the connection between Green functions of the Cauchy problem for parabolic
equations and related equations with fractional derivative. On the basis of such connection esti-
mates of component of Green function are derived and the solution and the fundamental solution
of the Cauchy problem with variable coefficients of fractal equations are constructed.

Bcryn

Samaui gad piBHAHL 3 YACTUHHUMH IOXi-
JTHAMJ BUHHMKAIOTH MPH MOJIEJTIOBAHHI PI3HHX
CKJIQ/IHUX SBUII 1 POIECIB y Cy4YaCHOMY IIPH-
POJIO3HABCTRBI, TexXHill, MaTeMaTu4Hil (izuiii,
KBAHTOBI{I MeXaHiIl, Teopil A1epHUX JAHIIOTO-
BHUX Ppeaklliif, eKoHoMmimi ekoJiorii Tomo. Kiia-
cu4Hi po3B’a3ku 3aga4di Kol it kpaiioBux 3a-
Jlad BUBYaIMCh B MoHOrpadigax T.4. 3aropcko-
ro, C.JI. Eitnenrbmana, O.0. JlaanKuHCHKOI,
C./1. Isacumena, B.I1. [Trammuka ta im.

Basadi 3 ApoOOBUMU MOXITHUMHU Oy IIpe-
JIMETOM JIOCJIiIZKeHb DararboX MaTeMaTHKiB y
pizui nepiomgu: JI. Eitnepom, 2K. JliyBimiem Ta
Pimamom, 2K. Agamapom, C. Camko i A. Kin-
b6acom, A. HaxymeBum Tomo. OcHoBu apobo-
BOI'O 1HTErpo-/iuPePeHIIIOBAHHS TIOJIAHO Y T10-
cionuky H.O. Bipuenko i B.91. Pubaka [1], ae
MpoaHaIi30BaHO OlJIbIE JIBOXCOT MyOIiKAIIiii.

s piBHSHB 1apabOJIYHOIO THILYy Tenep
OIryO/IIKOBAHO BITYM3HAHUMH 1 3apyOi?KHUMH
MaTeMTanKaMi Psi/l BU3HAYHUAX TIPAIb. 30KPe-
Mma, vy kausi C. /1. Eitnensmana, C./0. IBacurme-
na, A.H. KouyGes [3| 3a momomoroio ¢yHKITii
doxca BuBUEHO BjacTuBOCTI (byukii ['pina 3a-
madi Kot a1 piBHSIHB APYTOTO MOPSIKY, Me-
TomoMm €. JleBi mobymoBano pyHIaMEHTATHHII
PO3B’430K 1 BCTAHOBJIEHO KOPEKTHICTH Ii€l 3a-
aqi.

VY 1miit cTarTi, 9Ka CKIaJa€ThCA i3 JIBOX Ya-
crut, KominonenTu pyuknii ['pina 3a1a4i Ko
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JIJIs PiBHSIHBb 3 JIPOOOBOIO MOXI/IHOIO BU3HAYA-
I0ThCs 3a J101oMoroio (pyukiii ['pina Biamosii-
HOTO Tapabotiunoro pisusgHus. Hezaexkno Bij
MOPSIIKY PIBHAHHS 1 9UCJIa TPOCTOPOBUX 3MiH-
HUX BCTAHOBJIIOETHCS €IMHMI Ii1X1/T 10 OIHOK
kommoHeHT yHukmii ['pina. Bin 6a3yeTbca nHa
300paxkeHHi iHTerpaJis Jlamnaca mo crueriaib-
HAX KOHTYPax.

Y apyriit yacTHHI JOCJJIZKEHHS PO3IJIsi/ia-
erbes 3ajada Kol jiyist piBHSAHBb 31 3MiHHU-
mu koedirienTamu. 3a JIOMOMOro0 00’ €MHO-
ro TOTeHIiala 3a/Ja49a 3BOJIUTHCS 10 HEpery-
JISPHOTO IHTeIr'paJbHOro piBHIHHS Boabreppa—
@penroapma 3 gapoMm i3 kaacy /Jlimi. Bymy-
€TbCd Pe30JIbBEeHTA 1 BCTAHOBIIOETHCA KOpe-
KTHIiCTH 3a7a4i KoImi B HOpMOBaHUX IPOCTO-

pax /[limi.
§1. ®yukuia I'pina 3agaqai Komri
Y misupocropi II = (0,00) x E, po3risue-

Mo 3ajgady Ko g1 piBHSIHDb TapabOiaHOrO
TUILY

ou

5 = > ADEu+ f(t ), (1)
|k|<2b
uli—o = ().

A Takox 10 337249y I PIBHSIHHS 3 MOIuQi-
KOBAHUM OIIepATOPOM APOoOOBOro AudepeHIrio-
BaHHA 0
uq(0, ¢
D%y — _u08_

[(1 — )t
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= Z Akgiul + fi(t, x).

|| <2b

(2)

s 3HaXO/KEeHHS PO3B’s3KIiB CKOPHUCTAE-
Moch nieperBopennsimu Pyp’e i Jlanmaca

F(t,o)=Ff(t,z) = /e_i”f(t,x)dx, (3)
LIt 2) = ¥(p.x) = / e P (1 x)dt, (4)

ne f € Li(E,), fi — opurinan. Oueparopu F
i L MaioTh obepreni F'~!'i L1, 3 momomororo
F~! pyngamentanbuuii poss’a30k 3a1a4i Ko-
mi (1) BusnagaeTbest GopMyI0I0

Go(t,x) = F'Q(t,0) =

1 .
— @y /e’”@(t,o)da, (5)
En
ne Q(t,o) = exp{A(io)t} — HOpMaabHWIT

PO3B’SI30K PiBHSIHHS

d?} . k _ -
i Z Ag(io) v(t, o) = A(io)v,

|k <2b

ceFE,i=+v—1.

[Ipunyctumo, mo piBagnus (1) mapabosi-
une, npuuomy byukiis G(t,x) 3a10BoIbHSIE
HepiBHOCTI [2]

n+tlk|

(DEGo(t, )] <t~ H ementta),

(6)
s Beix ¢t € (0,00), ¢, ¢ — mogaTHi crai,

(t.2) = (|aft=)" 20
T = X 2b e
pO 3 » 4o 25—1

Mo, 1o Juist || < 1 cupaBazKyeTrhes HepIBHICTD

2]

. 3ayBaxku-

T

/ =5 emrote) gy <
0

1, n+ k| <20,

1n|37|+1> n+ |k| = 20,
) k] > 9,

3acrocyemo /10 piBHSHHS (2) MEePEeTBOPEHHS
Oyp’e Jlamnaca, To1i OTpUMAEMO PIBHIHHS

<cr

pui(p,o) —p* ' Gi(o) =

102

= > Aglio)v + fi(p,0). (7)

|k <2b

3BiJICH 3HAXOIIMO

_ 951(0)17&_1 .fl(pa 0)
vi(p, o) = e — Alio)  p* — A(w)’ (8)
Alo) = ) Aplio).
k| <2b

B pesynbrari 3acTocyBaHHS OOEPHEHOTO OIIe-
paTopa Dyp’e-Jlamnaca 10 060X YacTHH piB-
HOCTI Ta Teopemu 1po nepersBopenuss Dyp’e-
Jlamraca 3ropTku Oy/J1eMO MaTu

un(t,z) = / Gult.x — &) (€)de+
Ey,

-+ dT Gg(t—T,x—é)fl(T,€>d§.

[

Tyt moznageno

a—1
17— p
aitte) = 215 (s )

a+ioc

= (27r)1”+1i [oert [er <p°‘p—;l(0)> dodp;

a—1i0 En

Gy(t,z) = F 'L %w
=L {Z"oep%&:(r, 11:1)4;7'}))

(10)

Teopema 1 (mpo dyukniro I'pina).

Sxwo pienanna (1) napabosiune, mo Komno-

neumu Gymryii I'pina 3adavi 0ad piBHAHHA

(2) susnanaromoca gopmyaramu (10) i das nuz
CNPABINHCYIOMBCA HEPIGHOCTN

A~ n+|k|
< e @

(11)

Uk —26(),

< cke—cp(i)t_o‘ngll;k‘ _1+a\pn+|k|,2b(zﬁ\),

de das |z < 1

(12)

1, m<O0,
|In|z||+1, m=0,
lz|~™, m >0,

\Dm(x) =
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a npu |x| > 1 U,(x) = ¥,,(1) i m € Ej, tok

=— (k=0,1,...),
p(@) = (m) 0= Mok 1) | |
tar 20—« dKe JIETKO IEePeBipSIeThCs, AKINO 0 000X [a-

natob CTHH 3aCTOCyBaTu IIpsiMe IeperBopeHHs .Jla-
o

|©tG1(t :L‘)| <ct™ \I/n_Qbme_ClE'q. (13)

—ptyak g2 —(kta+l
s pynwuitic © € C(“’)(En), e mraca /e ek gy — p( )F(Ozk—i—l),
C(W)«OaT) x E,) pose’azor zadawi Kowi (1), o 0 ;
(2) susnavaemuves Gopmyaoio (9) i dan 1vozo TKe, TPUXOAUMO JI0 TaKOTO 300parKeHHSs

. dyHKIIT
NPaABUNLHA HEPILBHICTND

[Dbult, )] < ex [ (ol + 1file)] il = (Z Aw%)

pr kE+1)
k| < 2b.
IH < =F'E, (A(z'o)ta), (15)
doBenennsi. O4ueBuIHO NpaBUIbHA PiB- e Eaf Z ~ ynxuis Mirrar-
HICTH — I( ak +1)
oo Jledrepa.
1 _ /6—(pa—A(i0'))Td7_ Ouinumo dyuknito Gq(t,z) ta i1 moximwi,
p* — A(io) BUXO/s49n i3 300pakenus (14). Ilozmadmmo

0 . . -1
dbynknio nig 3makom oneparopa L~ uepes

Tomy 3rigHO 3 hopmynow (5) Maemo 300paxke- Pa (p, ) i npoamdepentiroenmo.

HHS Bynemo matn
[ee] o0
Gi(t,r)=F 'Lt /e;pr_A(w))TdT = Dk (p, 1) = /e_p%@’;GO(T,x)dT.
0 0
o0 Jas noxigamx DFGy, noxmanatoun p = 2t
= ! /epffngl (eA(icr)T) dr | = T = [t, orpumyeMo HOPMYITY
0 a+ioco
1
- DL (o) = g [ Dtk -
_r / P TGo(rna)dr | (14) m g
0 4
at+100
3 Apyroro 60Ky TaKOK 3HAXOIHMO _ ﬁ / D (21, 2) 27 s —
271
pa_l at—1i00
Git,2)=F 'L | ——r | = atico ~
A
P* (1 - ZE) 1

211

. Ak a—100 0
=F Lt <pz ) (16)

= — ezzo‘_l/e_zaﬁ’D];Go(to‘ﬁ,x)dﬁdz.

ak
o P Cuouarky OIIHUMO dYHKIIITO
k 1 : _
st |A(io)| < |p|®. Ckopucraemoch cuiBBiaHO- D;pa(2t™!, x). Bpobusmu saminy 7 = t*f3,
HI€EHHAM 6yﬂeM0 MaTH
1 o]
1 —ak— 1 - pt, —ak—1 _ o

b " 2 / P = Db (st a) = 0 / e PDEG(t* 8, x)dp.

Repe>|A(0)| 0
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3a 70moMoror HepiBHOCTI (6) 3HAXOIUMO

[Dapa(zt™, 2)] <

S Cta/e—(Rezo‘)B—cp(B,E)B—THz'lfldﬁt—";bkla'
0
CkopucraeMoch HepiBHicTO |2, ¢. 153|

—AB — Ci(|7187%)" < —CoAB[E,  (17)
1
20C
— _0<c¢<c A>0.
(2b— 1)«
gk ckopucraTucs aemow 7.1 [2], To mia
ReZ® > ¢(p) > 0 orpumaemo

ne Cy =

1

|D goa(zt_l )|<Ce (1-e)(Rez) 2 ]

o0

n+\k\ 26, /e Rezof)B—ap(b’ﬁf?)ﬁ—"+

L]
2 df <
0

L
< CueeBen by, 6.

n+|k|—2b

S (18

(16) DG (t, x
Hi,zLiHTerpaﬂbHa dbyukuis  Ui(z2)

227 1Dkp (2t71 2) amamitmuma B 06ma-
cri Z = {Z = (al + wp)e0 a; > 0, |vy] <

00,0 < o < Z}

B imrerpaui TS

|||\_/\_/

InZ

ReZ

Y obusacri Z wicturbea obsacrs C, =
{Z,7 = a + ive’®e¥o q > 0}, axa ckiaia-
€ThCS 13 JIBOX MPAMHUX Ha TJIONIWHI, TO BUXO-
aath 3 Touku (a,0) g KyToM ¢g 3 YABHOMO
Biccio mpu v > 01 (—pg) mpu v < 0.

dkmo z = |z]e", 2 € O, cos) = I‘{Ze'Z

, TO
m .
cos(po + 5) = —singy < cosyp =

104

_ Rez = a — |v] sin gy 1

V(a—vsingg)? +v2cos? gy ’

(19)

cos(0) = 1 + cosy(oc0) = cos(g

acospy < |z(v)] < V2 +a?

Y dopmyni (16) imTerpan mo KOHTYpY
BpowmBiua (a—i00; a+100) MOKHA 3aMIHUTH Ha,
koutyp C,. Cupasii, Hexait z = 21 + i29. To-
i dynkuist f(z) B imTerpasi BHACIIIOK ONIHKN
(6) 3a70BOJIbHSIE HEPIBHICTH

tobro 0 < ¥(v) < @y + g, v € (0,00);
+ 900) < 0,

. « 1
|fk<Z)| S eReZ|Z|afleC[Re(Zl+’LZ2) ]2b S

< C«kezl—c\z|% cos wa|’a:\|\11k(a;\) |Z|a—1 (20)

i BOHA B O6ﬂaCTi 7 aHaJITHYHA. 33 TEOPEMOIO
Komti (muB. puc.)

/f dz+/f )dz + / f(z)dz = 0.
0) =

Tomy

Jlnsg Touok z € C, cosaw>cosa<g+
v > 0, akmo 0 < ¢y < (——1 g
lim fi(z1 +1i2) =0, 21 € (—00,a], T #0
Z29—>00

lim
29—00

/fk(zl + iZQ)le =

= lim
29—00
— 0o

fk(Zl + iZQ)le = 0.

OT2Ke, 3HAXOIUMO, IO

a+100
lim [ fi(z1 +iz0)dz = / f(z
Z29—>00
aA a—1i00

- / F(2)dz

Tenep oninnvo noxiani DEG (¢, z). 3riano
3 opmyiomwo (16)

DEG(t, 1) = QWi/fk(z,t,x)dz =

Ca
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- / fulz

Bpaxosytoun uepisnocri Rez® > v > 0, (19),
(20), 6ymemo maru npu 7| < 1

n+t|k|

|©'I;G1(t, l‘)| S th_a

. &L
% /ea—’usmgoo—c(acosgoo)%'yx|<a COS (po)a_ldUX

0

$ UL (7) < Cpla)t=" 5"

2 W pp-2(T). (21

dxmo |Z| > 1, To B inTerpani D*G mo kon-
typy C, Bukonaemo 3aminy z = |Z|Y¢. Orpu-
MaeMO

giGl(ta Z') =

1 v
=— S DEG (1, 7Y
21
Ca|z|¥
3HOBY 3 JIOTIOMOTOI0 TUX YK€ HePiBHOCTeil 3Ha-
XOIAMO

_anJr\k\ PR
DG (t,2)| < Cpt™ 20 Wiy g2y (T) %

oo
(&3
—v si T|Y— 26 ~|7||Z|Y & ~
y /6((1 v sin )| Z|Y —c2a 20 v|Z||Z| 25d’U|ZE’ya.

0

0 o 1= 2b « 41 2b
CKIJIbKHU — 41 = =
T/ T ST Y S
q 1 IpA JIOCUTh MAJOMY @ : @ — CoQ2 = —Cg,

c3 > 0, To g |T| > 1 cupaBizKyeThCst HEPIB-
HICTb

1DEG(t, 2)] < Cr¥ g —p(T) X

()
PN LIPS —ca|T|Y0 —wsi
N A |x|yo¢e c3|T| /6 vsingo g, <
0

n+|k|

< Ck\Ijn_HH_Qb(/ZE\)G_%'EIqt_a 26

(22)
Buaxoanmvo e noxigny DG i3 (16):

a+100

1
0,G; = — / eptpa_lq)a(p,x)dp.
271

a—100
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o)[¢| 7 gz

SIKIMO BWKOHATH 3aMiny p = 2t~ ', a B inTe-
rpam @, (2t x) BBecTH 3aminy T = Bt TO

OTPUMAEMO
1 at+ico

D,Gi(t,x) = —t" / 20 (17 2, 2)de =
271

at—i00
a+100
d —Bz%+z Pare e
- / . / o(51%2, 2)df.

Bracjiiok mepexojy B iHTerpaJji 1mo 2z Ha
KOHTYp inTerpyBanus C, i IOBTOpPEHHAM IIPO-
BEJICHUX OIIIHOK Oy/IeMO MaTh

D,G1(t, z)| < et ™5 W,y (T)e "
BBigcu aua |z| < tab
1D,G,| <
_an;b%, n < 2b,
< o-lzmo ) T[T, > 2b,
< 4—l1+al |:ln1‘f z| +1] o
(23)

a npu |z| > t% orpumyemo |D,G1(t,x)| <
ce ",

[le ominmmo apoboBy noximuy DFG(t, )
i mopiBasiemo 3 ©,Gq. Oyukiia Gi(t,x) npu
(t,x) # 0 3a10B0/IbHSIE PIBHSAHHSI

> ADRG ().

|| <2b

©G1t$

3rizHo 3 HepiBHICTIO (22) MaeMo, 1Mo
|©?G1<t7 SL’)| < C|©ﬂ2ﬁbG1<t7 13)‘ <

< OV, ()" emclal™,
Towmy,

<c{

BaacruBocti dpyukii I'pina

DG (1,2)] <
1], Ja] < 15,

n+b _cl7lvo o
t=" % el ) > ¢,

(24)

Baacrusicts 1. Qynkyia G1(t, ) mae ma-
KY BAACMUBLCTMD

I = / Gtz — €)dE = Ea(A0)%) =

105



= E,(Aot?). (25)

Bokpema, axuo 6 pisnanni (1) Ag = 0, mo
E,(0) =1 i momy

/Gl(t,az —&)d¢ = 1.

Hosenenns. 3rigno 3 dbopmyson (15)

I = /Gl(t,x ~6)de
-/ [

En En
[Ticsist 3aMinm 1OpsJIKY iHTErDyBaHHS 3a BJjla-
crusicTio §(x)—byHKIil OTpUMAEMO

I - / Eo(A(io)%) / ¢ i

En

O F (A(io)tY)dodE.

En

/ Ea(A(i0)£)5(c)do

= E.(A(0)t%) = Eo(Aot®).

AHaJIOTIIHO JOBOAMTHCS TaKe TBEPIKEHHSI.
KOMNOHEHU

Baactusicte 2. /s
Gso(t, ) npasusvra pienicmo

L(t) = /Gg(t,yc —&)d¢

En
1 ot Ay =0
) T e
- 1

I(a)

§2. 3amaua Kormri gag piBHgHB 3i
3MiHHUMET KoedilieHTaMmn

1. BaacruBocri 06’eMHOro moreniiaja

dxmo A, € CW(E,), To mus npupocty byH-
kil ['pina mpaBuibHa HepiBHICTH [5]

[A,D;Go(t,x — & y)| <
lo—¢

_C(
t2

1
b

n+|k|
% e

)qo

AKNHN

< Cr(|Ay)(E —7)”
Tyt w(n) — Moyns menepepsrocTi Ak (y),
HaJlaJ1l 3310BoJIbHsIE ymoBy Jlini

7

/w(t)t‘ldt < 00.

0

Kommonentu dyukmii I'pina  Gi(t, z,n),
BU3HAYAIOTECA  (POPMY/IaMH

F(n)

GQ(t>$777)7 K1
(10), mampukaz
Gilt,z —&y) = 5
a+100 fe’e)
X / eptp“‘_l/e_paTG’g(T,x—f;y)dT (26)

a—100 0

TAaKOZK II0 MAapaMeTpy Y 3aJ0BOJLHATHL Biammo-
- (13), (23)

BijiHi HepisuocTi (11)

|ADEG(t,x — & y)| < Cr(|Ayl)
—cpo(z—&) p—a LIk il
Xe pol g)t 2b \Pn+|k\72b(l‘ — 5)

=&yl < Guo(lAyl) x - (27)

6_690(”_5)\I/n_2b(:v/—\§).
= &y)| < w(Ay)x

—
—clz—=¢|

‘Aythl (t, x

an+2b

Xt~ 20

|Ay©kG2(t T
n+|k|

2 Wy k- (1 —§)e

Jami posriisineMo 00’€MHUI TOTEHITIA

% t—l—i—a—i—a

a—1 a—1 /
77 4 o(t™), anwo Ao # 0,2 — 0. v(t,x):/dT/Gg(t—T,x—f,ﬁ)f(f,é)dé

Ioxiam D2V snaxogarses 3a GopMyIo0

DXV (t, 1) = /dT/@ibGz(t—T,l‘—f,f)X

Posriisinemo piBusinast 3 KoedirieHTamu,

SIKi 3aJIezKaTh BiJl mapaMerpa y € Fy,:

= Y Ay)Dtu

|| <2b
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t

wﬂna—fvwww+/@ﬂ<

0
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% / [@ing(t €6 BBijcu, nokaanaouu p = (t — 7)2 2, gicraemo

110
En,

D, PGyt — 7, — & 2)| dEf (T, 2)+

+/d7/©;2bG2(t—T,x—f,x)dgf(T,x) =

0 E,

L] < ¢|lf|w Ff(T)T_IdT—f—Ff(t%) =

O\w
e

= | flw®;(t2).

(28) . Taxka x HepiBHICTD CLPABIUKYEThCH 1 st 'IQ
TLIBKHU 3 MOJLYJIEM HElePePBHOCTI KOeDiIieHTiB
Inrerpasu I;, I OIIHIOIOTHCA OJHAKOBO 3 PIBHAHHA.
Bukopuctanusim ymoBu [lini ¢yukmii f no z [aTerpan I3 mopiBHIOE HYJIEBi 3a BIACTHUBI-
i wiel ymosu st Go(t, o, — &, x) no rperbomy crio GyHKII Gy. OTKe, 0OCTATOTHO
aprymenty. Tak jits [; 3HaX0MMMO

=5+ L+ Izf.

DXV (t,2)| < col Flu[Fult®] + @f[tH]]. (29)

t q
_ |z—y|
L] < C/d—T/e C(@ﬂ%) y Tenep  3HaiizeMo  ApobOBYy  MOXigHY
B (t—T7)t=e DV (t,x) Ta ouimmmo Ii Bupa3. 3rigHo 3
0 Fn pmsHadennam D¢V (t,z) = DIV (t x).

_gni2h Hosmaunvo I}~ *V(t,x) = W(t,x) i Bupa-
X(t—=7)" B Wz —y)wr (o — yl)dy| flo = sumo W uepe3 dyukmito (i, BpaXoBYMOUH,

t 1o G2<t7x - 575) = gtliaGl(twr - 575)
_ c/ dr / o—cl=ul7 o OueBnaHO, MAEMO
(t — 7)1« t
0 jo—y|<(t—r) % f
W(t,z) = Fl / dr . /dﬁx
X(t =) =yl "wp(l = yl)dy|flo+ () ) (E=m) )

/ d —cx/—\yq o _ _
o == B < DG - .- €56,

E,
|lz—y|>(t—7) 3 "

0

io SMIHUMO TOPSIIOK IHTErpyBaHHSI, OTPUMAE-
x(—=7) " wp(le — ydylflo. MO

Y iHTerpaJii 1mepuioro JIOJAQHKY IepeijgemMo p

t
110 ¢cpepUUHOIl CUCTeMH KOOPIMHAT, & B JIPYIo- Wi(t,z) = / dp < L ) / dr X
My JOJAHKY IIl€ BUKOPUCTAEM BJIACTUBICTH MO- [(a) (t =)
AyJist Henepepsrocti: w(t)t ™! < 2w(7T)T7 s
0 < 7 < t. bynemo maTu HepiBHICTH

x/@r%hu—@x—@aﬂ@@%.

L (t—)% En
T _
|| < C/ m / wr(p)p ol f .+ Ockimbru I} (D} “f) = f, 10
0 0

t

¢ Wit ,z)= /de

00 q
v 7 A
+c|f|w/ / e (=12 pt=rx 0

t—T1
0

o

o < [Gir-ra-e9smod 30
xuwp((t 7)) (t — )" dp s
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Orxe, DFV(t,r) = DW. Ane DWW sna- s Hl(l) BHACJIIJIOK TIepexoay m0 cdepu-

XOIUThCs 3a (bOPMYJION, fKa aHaIoriuHa B [2|. qHoi cucTemn KOOP/IMHAT OTPUMYEMO HEPIiB-
Tomy orpumyemo, 110

HICTh
a _ ¢ (t-7)% .
Vi) = [G-r OOt =,
E V Zclfle [ dr X
" t—7
. 0 0
0 g
+ [ dr [ S.Gi(t = 7w = £ f(r,§)dE = (%)
0 E e \U=m= /) pn= o
n - F .
| Ky = ()
oG @ . :
= f(t,z)+ [ dr 5 —|f(1, &) — f(1,2)|dé+ Iurerpan H,” OIIHIOETHCS AHATIOTIYHO, aJie
o b DA [[BOMY BUKOPHCTOBYETHCS BIACTHBICTH MO-

JLyJIsl HellePePBHOCTI

/ 9
wiea)+ [ar [ |26 -re -0~ N
[« ]l <. /_<<t il

t—

dr X

o 0
_aGl( T, T — fvx):| dgf(T,l‘)‘F s
t 5 X / % Pt —T) B dp <
+/f§/Gl(t_T7x_£7x)d£: (t— 7)%
0 E, o
B < | fluF(t2).
— f+ H, + Hy + Hs.

. _ ns Hs npasunbHa HepisaicTs |Hs| < c|f].,
Iarerpanu Hy i Hy OMIHIOIOTHCS OTHAKOBO 3

BUKOPUCTaHHAM Tefbaeposocti f(t,x) i Gy no 00 /G1<t793 — &, x)d§ 3a BractusicTio 1 Mae

TPErbOMY ApryMeHTy Ta ouinku (27): b,
obMekeHy oxigay mo t. OTxke, OTPUMYEMO He-
B non PIBHICTB
] < el / ar / o ) 05V (t.0)| <

< |fle + Co [Fy(t2) + Fip(t%)] | fl.  (31)

Teopema 2 (mpo 06’¢MHUIT TOTEHITI-
an). Hexat woepiyienmu Ay pienanmna Ha-

t

xwy(|z = &) Vy_gp(x — )df—c|f|w/d7-><

0 aeorcamn waacy C@H(E), a wisvricmo no-

iR I menyiana V(t,x) f € CW)(E,1), npuwomy

X € (t=7)" 2 wi(lz—¢£])x Mmodyni wi(t) i wy(t) sadososvnaroms ymosu
¢ t

=gl <(t-7) % - -1
. /wk(T)T dr, Os(t) = /E(T)T dr < oo,
0 0
XU 21’(95 —§de + c|f|“’/dTX mo V (t,z) mae nenepepeni nozioni DXV (t, ),
|k| < 2b, D¢V (t,x), axi 3adosiavhaoms He-
T flq na+2 ) (2 s 1 3
» / e~ E (1 _ 1) 20 pienocmi (29), (31)

0

X

(o—el2(t—r) DEV ()| < Chlflet ™ @), |k| < 2b.

xwy(|z — &)W (- &)de = HY + H?.
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2. 3Begeunsa 3amadui Komri go inre-
TPaJbHOTO PiBHAHHSA, MOOYI0BA PE30Jib-
BEHTU

Y mapi [I = (0,7) x E,, po3riistHemMo 3a1a4y
Komri ji1s MoindikoBaHOrO PIBHSIHHS
v, _ myo u(0,z)
DU =Dju T = a)ie
=Y A(x)Du+ f(t, ), (32)
|k[|<2b
—t) (33)

[Toznaunmo yepes

{GEO) (ta T — §7 y) )
Géo) (t,x =&, y)} dyukmio 'pina aas piBHAH-

Hd i3 "3amopokennMu " KoedimieHTaMu B IpyIi
CTapIIUX YJIeHIB

oru= 3 Ay)OFut fta),  (34)
|k|=2b
uli=0 = @().

Posp’sa30k 3azaqi (32), (33) Bigmykyemo y
BUTJISAI CyMU MOTEHITAJIB

ult,z) = / GOt 2 — £, €)plE)de +

En

t

N / ar / GOt~ — £, Oulr, €)dE, (35)

0 En

ne ampiopi p(7,€) — mykana QyHKIis, sKa
npu (t,x) # 0 3a70BOJBHAE HEPIBHOMIp-
ny ymoBy /imi. @Dynkmig Ggo)(t,x — &)
3aJI0BOJIbHSE OJIHOpiHe piBHaAHHA (32), a
G(O)(t r—E&,y) — pIBHAHHS @?Ggo)(t,x—ﬁ,y) =
> Auy)@tcy.
|k|=2b

dAxmo no dyukii u(t, z) i3 (35) 3acrocysa-
Z ApDF i 3anoBombHITH
Ik|<2b
piBHsiHHS (32), TO HA OCHOBI HOPMYJT JIsT TTOXi-
aaux norennianis (28), (29) mis pu(t, x) orpu-
MYEMO iHTerpajgbHe PIBHAHHSI

p(t, )

T omnepatop D;* —

= F(t,x)+
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+ [ dr | K(t,7,2,&)p(T,§)d§, (36)
forf
"~ (@)
_ o(x
‘F(tax) - f(tax) + F(l _ Oé)ta
/Z [A(x 5(6) o] D} %
k| <2b
xGO(t,x — €,€)p(€)de, (37)
dopje = 1, akmo |k| = 2b; dgpp) = 0, gxmo
|k| < 20.
F(t.0)] < 17|+ Cliela [ 78
En
|z —¢|"
K(t-r2.8)= Y [Az) - Ak@ﬂ@ix
|k|=2b
xGY (t—7,0—€,6)+ Y An(2)D*GY. (38)
|k|<2b

3rigno 3 HepiBHOCTSIMHE (27) 11sT Gg‘” i ymo-
Boio Ay, € ¥ maemo

‘K(t - T,%,f)’ <
< Cw(lz —¢&)]e — &7t -

pew —§&= (v —&)/(t—T1)5.

[Ipu noOyioBi pesosibBeHTH Jjist sijpa K
CKOPHUCTAEMOCS TAKOIO JIEMOIO.

Jlema. /[rs 06’emmozo inmeepana

[l (39)

rd
L(t, 72, €) = /t_ﬁﬁ

MM—yDMW—H@d
lz—yl ly—¢&"

CNPABONHCYEMBCA HEPIGHICTND

,€|x/,\y|q %

Y

<=y sy,

[z =&
C=C(g,n), e>0.

Li(t,T,2,8)
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osegennda. IIpoBegeMo Bimpi3ok, sgKuit
3’ejiHye TOYKU T 1 &, 1 4epe3 HOro cepejuny
POBEJIEMO TEPIEHIUKY/ISPHY ILIomuny. He-
pe3 F, mo3HauYuMo Ty YacTHHY ITPOCTOPY, AKa
MICTHTB TOUKY Z, a 4epe3 ¢ — Touky §. ko

x —_—
y € E,, To oueBuaHoO, mo |y — & > %,
|z — ¢
gkmo y € Ee, 10 |2 —y| > 5 Temep in-
TerpaJi I 3anumniemMo y BHIJIs/Ii
t
L / 48[ elle s wlly—¢D
t=6J o=yl Jy—g "

x [((t — 7)) + F((t —7)2)] .
1
B inrerpani 1) ouesmmno |z —y| > §|x - £,
TOMy
t
ool ([ 07
lz — & t—p

T

efs|x/f\y\qw(|y — §|)d

Y+
ly — &

<

ly—€|<(t—B) 3

/

—5|x y|‘1w<|y £|)d

t N ly — &
df_ [ ez =y w(ly — &) e
+ P e =g Jy—g" Y = 3siTcn 3HaX0IIMO
T E§ t—p3 %
=1® 4 16O, 1€ < Qn—w’(‘x —ﬂi') / _F(n) dn+
3a BJIACTHUBICTIO MOHOTOHHOCTI MOIYJS He- v 0 "
nepepsHOCTi W(h) Maemo, 1o .
: wllt=B15) [ s
1) < gn(lr =€) / y * / t—pm )¢ WP
e =" J t=p5 i

—a|a: quCL)(|£C y|>d

X / - Y-+
i |z =yl
<(t—-p)%
/ —E|z y|‘1(")(|aj y|)
|z — yl"

@

lz—y|>(t—B) 20

BHaCJIl,ZLOK nepexoy 10 cepudHol cucre-
MM KOODJIMHAT 3 HMEeHTPOM B TOYIl I 3BiICH

OTPUMYEMO
(t=m) 5
- |z — & ) p
0 0
ft=pE) T ()
wl(lt — [|28 —€ Lo
kS ) (t—6)2b
+2/[t—ﬁ];b+l /e dp
T 0
Iokmazemo p = (t — B)2n, aictaemo mepis-
HICTH
I < Cle — €]z — €[ x
110

SIKI10 B OCTAaHHBOMY iHTErpaJIi BUKOHATHU 3aMi-
ny © —y = (t — B)% 2, o gast 1(€) orpumyemo
noTpiGHy HepiBHICTD, Taky sk mas [,

ITpumirka. AHAJOLIYHO JOBOJIUTHCS He-
PIBHICTH

t
d T El
Lt z,8) = /—ﬁ LBT/e‘”/‘f' X
T E,

w(lz —yDle —y[w(ly = DIy — & "dy <
< aw(|z = &])|z — &[T ((t — 7))
Tenep oninumo nosropui sjpa K, misa K =
Kll

t

Kot 72, €) = /dﬁ/K B y)x

T

XKy 1(B,7,9,6), (m=23,..). (40)
Kopucryouncy HepiBHicTIO g [ 3HAaXO-
JIMO

t

e ) < & | iy

T
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X/ —clx— mq&](‘l‘ y‘)e_qy/_\aqwﬂy—ﬂ)d
[z =yl ly — &I

Bepyun 10 ysaru Hepibmicrb |7 — y|? +
ly —¢|7 = [z — |7, orpumyemo

t
a d
K| < CF(t = )Tl / BTﬁ

t
g W@ —ylw(ly —€l) | dap-
X!? |z —y["y —&|" vt t—p
gl —yDw(ly =€) |

/ ‘ 7 —y"ly— &

n

o wilz —yl)
Nt =)l =gl

x exp{—(c — 5)\:6/—\§|‘1}, 0<e<ec

C [IT + It]x

3BiTCH 3 JIOMOMOT0I0 JIEeMU TPUXOAUMO 0 He-
piBHOCTI

o

|[Ko(t, 7, 2,€)| < CFC,@ [(t —7)%

ez —g)
(t = 7)lw =&
s nacrynnoro sijpa K3 3 BpaxyBaHHSM
oninok (40), (41) maemo, 1o

] x

—(c—e)a—g|* (41)

ra((9 - ) - U2 s

xw(|z = Efe =™

OcTaTovHO JTiCTaEMO HEPIBHICTD

Kalt,7,2,6)] < CFC2 I8 (¢ )l
<l - D), @
e V(t) = /(I)(T)T ldr + ®(t%) <

o / ®(7)77tdr, ¢g > 0. o inmyxuii Beranos-

0
JIIOIOTHCS OIIHKHT

o

[Kn(t,7,2,€)] < CT'C 7 (t=7) 7 D((t—7) )

e~(e-er=E ym=1(y (43)

=),

(m=2,3,...).

Cywma paay Heitmana — pe3osibBeHTa 3a,10-
BOJIbHSIE HEPiBHICTH

) ) |R(t,7’71‘,€)| < Cl |xu}(znzt£‘)7_) e—(c—5)|$—§|qx
3 -7 - N
|K3(trx§)]<CC/ S }
D (CLCU)"B((t— 7)) + 1
X/ —clz—y|T—(c—e)|y— gqu(liL‘—yl) (|y §|) y < m=1
lz—yl» |y—&n “dxkmo C1CV(t—7) <1 ama 0 <t—7 < T, 1o

En

<@Cecﬂwwu—ﬂ4x
t
1 1 a
[ (5= rmg) e
e e(ly — @)

w(ly €D,
X/e |z —y[" -

ly—&|"
3Bi/icH BHUILTUBAE HEPIBHICTD

|K3] < C’fC’ie_(c_E)lm/_\w(t —7)7 %
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psan Heiimana B obmacti |[x — €] > 6 > 0, 0 <
t — 7 < T piBHOMIpHO i aDCOJIOTHO 30iKHMIA,
IpH IIHOMY

[R(t,7,2,8)] < Ot —7) " w(|z - &])|z — € 7" x
wo—(c—e)la=glT (44)
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3. Ominka pO3B’A3KYy iHTErpajJbHOTO —K(t,1,2,&)|u(r,§)dE+
piBHAHHSA

Po3p’s30k piBusnns (36) BH3HAYAECTHCS 32 g
JIOIIOMOTOI0 Pe30JIbBEHTH (POPMYIIOIO / T /

K(t,7,2,8)u(r, §)ds+

. 0 |z+h—&|>2|h|

u(t,x>=f<t7fv>+0/d” /dT/Kt 7,0+ h, €)p(r, €)dé—

« / R(t, 7,2, &) F(r,€)ds,  (45)

Kopucryrouncs — HepiricTio  (27) st /dT/K (t, 7,2, (T, §)dE =
Gtz — £,€) 1 ymosno, mo ¢ € C«»)
f € C¥(Q) orpumyenmo =L+ L+ L+, (47)

|90|

[t )] <

r—¢ 1 . t
/| | |nt|oz>< ﬂen:‘h‘%ah:ACE, |Al"<§t%,0<7]<zl
B interpaJi [; j10laHK# OIIHUMO 110 MOJLY-

_ 2| 1o 3a uepisnoctsamu (39), (46). Byzemo marn
Xe_C\x—SI‘I|(’0|Cd§ <C ( tac> (46) .
- ] -

Tomy ayist npyroro goganka B (45) mpasuibna || < c/ ﬁ / [e*CIerhf&\q X

. — T Ta
OIIHKA 0 |z-+h—€£|>2|h|

rRxfw<c/ /’ ) el xw(|z+h— €l +h— €7+
t—T |z — § |”

+e B (o — gl) o — €] dex|glert e

B / dr CkopucraeMoch BJIACTUBICTIO 8/l INTUBHOCTI
X(| fle + 7% ple)d€ < C/ t= ) Moy w(t + 7) < w(t) + w(7) 1 mepisuicrio

0
s [t

o [z —¢|"
X / Mdpj%u(t—i—r)% X |z+h—¢|<2h

P
(¢l + 21710 < [ wle-ehi-eries

3BijicH BUILTMBAE HEPIBHICTH

X

0

lz—£|<3h

C)’ SSn

T06TO fu(t, ) TAKOXK 3aJ0BOJIbHSIE HEPIBHICTD
(46).

[Tpupict A, pu(t, x) oninumo Ha 0cHOBI HOp-
myau (36). Posrisgnemo B miit dopmyii inre- t—n
rpaJIbHUN MOJAHOK, KU 3aTTUIITEMO y BUTJISII

, dt

0

R x F| < Co(tH) ('f' ) 4, < 35,7 (|h).

p

O\§

Toxi orpumyemo, OGepydu 10 yBaru, mo 1 <
|Az|s < ‘%bt,

t—n
Ay (Kxpu) = O/dT +h_/|<2,h| (K (t,7,24+h,&)— w(|ele + 1 fl.) < CF(|h]) { tog
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2¢ 1

2" o Iarerpanu I35 1 14 OMIHIOIOTHCS OJHAKOBO. 34
+ta In ]Axd (ple +#71fle)- Jonomoroio (39), (46) 3uaxoumo
Otxke, .
. dr
Bl CE e+ fDF(Aalx  Jnl< [ [ wlern-ex
1 t—h wth—E|<(t—7) b
n———1|. (48)
<|AQZD h -n fc\acfh\fﬂqd
Jlng ominkm imTerpasa [y 3amuIneMo IMIpH- |z +h =€ &t
pict siapa K(t, 7,2,€) y Burngaai n / (|2 4+ h— €|z +h— €] "%
AIK(t,T,JT,f) = Z [AxAk(x)QI;GQ_‘_ lz+h—&|>(t— T)%
|| =2b .
T B d
+(Ar(z) — Ar(§)) Ay @kGﬂ + x e~ cleth=tl df] (Jplet™ 4+ fle) < / r _T X
+ 3 [AA(2)DEG+ b=
|k|<2b (t—7)3
+Ak(:c)Ax©’;G2(t—T,x—§,§)} : X / #dp%—w((t—ﬂ;b) (lelet™ 4+ fle)-
CKOpHCTAaEMOCH TEOPEMOIO TIPO  CEPEIHE 0

3Ha4YeHHs, HepiBHOCTsIMU |+ h —&| > 2|h| ayis Snicn

G i ymoBoto |Az| < =(t — 7)%. BHaxommMo

2 |Az|
F(r 705
8K (172, )] < cwl| A i< ([ Zar+ rgac) | Qe+l
_ . 0
x[|w— & Tmem T pemedeth=E g 1 g7 x
Xt — 7_)_1. (49) 3 mepiBuocti g 11, Is, I3 BUILIUBAE OIIHKA
Tomy maemo myis [ OmiHKY A (K x p)| < CE e + [ f)x
t—h
x | F(|A + w(|]Az|) In* |Az|+
i [ (] i 5|ty i
t—1T1
‘ +q>(ymy)] (51)
X / [|$ — ey ang |Ax| <t /2

|z+h—€|>2|h| 1106 onianuru npupicr A, F(t,x) y dopmy.ii

Tho 37) nocuTh iHTErpaabHUil JOJAHOK (MO3HAYH-
_ ¢|n—clorh=gls (
+|ZE +h §| ne—clz } df(|§0|c +ta|f|c> MO HOTO wepe3 H(t,l’)) 306paBI/ITI/I y B
dxkmo |z +h — €| > 2h, 1o |v — €| > h, a CYMH IHTErpasis
TOMY OTPHUMAEMO

e / 3 Akl + h) — Ar(€)Sape] %
L] < (Jole + ¥ fle)w(|Az|) % |z+n—€|<2|h|
e T
X / - dp + / e Pptdp| 7 In|Ax]|, X/Df:GgO)SOdS N / Z[Ak@ th)-
’ P n lz+n—¢|<2|h|
TOOTO —Ak(5)52bk]©§G§0)90d5 + Z Agx

|1o] < Cw(|Az]) In* |Az|(t=le + |f]c)- (50)

le+n—g|>2n| K12
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x Ap(2)DEG (t,x — h — €,€)p(€)de+
o[ Y ) - Al

jotn—g[>2|n| [KI<20

Ouino0un 3 JI0MoMorom HepisaocTi (27)
IS G§°) JIOJIAHKW STK BIJITOBiIJIHI BUpAa3W B iH-
rerpaiax Iy, I s |Ax| < |h| < t2 /2 orpu-
Ma€MO

2|h|
w
i< [ a4 ouaax
0

X

1
In — e
2|

dxmo Temep mopiBHsTH HepiBHOCTI (5H1),

(52)

(52) i Bpaxysaru, mo byskiii F(|h])In —

w(h)In® |A| M}flIOTb Takuii Hopsiiok upu h l}>l|()
ak $(h) = /@dT = A’w(h), T0 orpuMye-
MO OCTaTO‘{}(I)y HEPIBHICTH
[Ap(t, z)| < Clwg(lh]) +wr () +
+O(IAD](@lot™ + [ flwy)- (53)

s npupocTy pe30JIbBEHTH BCTAHOBJIIOE-
ThCd TaKa HEePiBHICTh

|ALR(t,7,2,8)| < Ot — 1) w(|Az])x

X [|o+ Az — &7 + |z — ¢ 7] e~clz el
o (54)
ne |z* — & = min |z + Az — &, |z — £|.
Teopema 3 (npo kopekTHicTs). Hezal
pishanna (32) napaboriune i Gyrkyil, Aki 6u-
snauaroms sadawy (32), (33), naaescamo xaa-

wy)

cam: A, € CW(E,), f € Cll o ¢ €
C((;;:g Modyav nenepepsrocmi Q(h) = w,(h)+
wi(h) + ®(h) sadososvnae ymosy Hini. To-
01 po3s’asox uici 3adavwi Kowi susnavwaemoves
popmy.noro

ult, ) = / Z0(1,0,2, £)p(€)de +

ETL

114

T

s far [zmere9rnor 69
0 En
1 0NA D020 BUKOHYEMDBCSA HEPIBHICTD
[D5u(t, )] < Cu(t™l¢le +|fl),  (56)

de |k| < 2b, Zi(t,7,2,6) = GO, 7, 2,6 + W,
Wy =Gy x xR, (i=1,2).

Bobpaxkenus (55) BunnKae, saxmo p(t, ) i3
(45) mimcrasutu B dopmyry (35) i BumimuTH
B Hiil s171po obepenHoro omeparopa 3a1adi (32),
(33).
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