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HAH Vkpaiun, JIssis

KJIACUYHU ®YHIAMEHTAJIBHUN PO3B’I30K BUPOI2KEHOI'O
PIBHAHHA KOJIMOI'OPOBA, KOE®ILIEHTU AKOI'O HE 3AJIE2KATD
BIJ SMIHHNX BNUPOA2KEHHZ

Jst Bupomkenoro pisHsHHs KoaMoroposa 3 koedilieHTaMu, 3aJ€KHUMH BiJ, YaCTHHH TIPO-
CTOPOBUX 3MIHHWX, MOOYIOBAHO ¥ JMOCIIKEHO KJIACUIHUN DyHIAMEHTAJbHUI PO3B’S30K 3a1adi

Koumi.

The classical fundamental solution of the Cauchy problem for a degenerate Kolmogorov’s equati-
on with coefficients depend on a part of spatial variables is constructed and investigated.

Beryn

Y 1934 p. A.M.Koamoropos [1], y3araib-
HIOIOYHM BiomMi Ha TOif Wac Momesai OpOyHiB-
CBbKOTO PYXY, MPHUHIIIOB 0 KJIACHIHOTO PiBHSI-
HHs Juy3il 3 iHEpIi€e — ClemiajbHOro Jiu-
depeHIiaJbHOr0 PiBHAHHS 3 YaCTUHHUMH 110~
xigaumu yarpamapabosivnoro tuny. [e piBns-
HHS 1 07O PI3HOMaHITHI y3araJbHeHHS BUBYA-
much Gararbma aBropamu [2]. OcHoBHa yBara
IpU THOMY IIPHUILIAIACH TOOYIOBI, OjlepzKaH-
HIO TOYHHX OIIIHOK i JIOCJIiI2KeHHIO Pi3HHX BJja-
cTUBOCTE (DyHIAMEHTATILHOIO PO3B’SI3KYy 3a-
naqi Komi (PP3K) 3a sikomora ciabumx npu-
nynienb Ha koedinientu piBusnus. Ha kaiib,
Ha CHOTOJIHINTHI{T Yac TOYHUX Pe3YJAbTaTiB, IO
crocytorhes Kaacnaanx PP3K s Bupoke-
Hux piBHgHb Kosimoroposa 3 koedimientamu,
3aJIe’KHUMHA BiJT yCiX 3MIHHUX, HEMAE.

Y miit crarTi Aad9 BUPOIXKEHOTO PIBHAHHSI
KoJimoroposa, koedimieHTH SIKOI'O 3aJjieKaTb
JIMIIE BiJI OCHOBHUX 3MIiHHWX, 3a JOIOMOIOIO
Meroay Jlesi mobynoano kinacunaauit DP3K ta
onep:kano Touni ominkn PP3K rta itoro moxi-
nauX. [lpu mpomy ymoBu Ha KoedilieHTH piB-
HJIHHA € TAaKUMH, K 1 Y BUNAJIKy HEBHPOJZKe-
HUX PIBHSAHD [2].

1. Ilo3zmauenns,

OpUILyIleHHd Ta

JOIIOMI>KHI BimomocTi

Hexait n, ny, no — 3a7ani HATYpaIbHI YHCTA
Taki, Mo 1y > ng > 1 in = ny + ny i Hexait

my = 1/2,mg :=3/2,M := myn; + mans. By-
JIeMO BBaykaTH, 110 TTPOCTOPOBa 3MiHHa T € R”
CKJIQJAETHCA 3 JIBOX I'PYI 3MIHHUX: OCHOBHOL
rpynu 1 € R™ i rpynm 3MiHHEX BHPOJIZKe-
Hug T2 € R™, ne x; := (2j1,...,75,,) € RY,
j € 41,2}, rak mo x := (x1, x2). Bignosiauo 10
1HOI'O MYJIBTHIHJEKC k € Z'}, 3anucyBaTuMeMo
y Burssyid k= (k1, ko), ne ky € Z1, ke € Z12.
Bynemo kopucTyBaTucs 1ie TaKUMA TO3HAYEH-
usvu: g = {(t,z)|t € H, z € R"}, [T}, :=
{(t,z1)|t € H,x; € R™}, axkmo H C R;
A;f(',iﬁ, ) = f(',ﬂ?, ) - f(-,Z, ')7
A;;Zf(a L, ) = A;(S)f('v L, ')7 s € {17 2}7
2= (21, 29), 2@ = (21, 29);
X(t) = (Xl(t),Xg(t)), Xl(t) =Ty,
Xg(t) = T2 + tii’l, il = (1‘11, Ce 7$1n2)7
ZO(1) = X(Dlysrrs € {1,2}.
PosrignatumeMo piBHAHHS BUTJISATY

Lu(t,z) := (S — A(t, z1, 0y, ) )u(t, z) = 0,
(t,.??) € H(O,T}a

n2
ae S =0y — Y 01;04,,;
j=1

(2)

A(twrluazl) = AO(t7xluaml) + A1<t7x178$1>;

n1
E ajl(t7 xl)axlja$1l;
Jl=1

ni

Z a; (ta x1>ax1j + aO(ta $1).

J=1

AO(ta X, aml) =

Al (t, Ty, axl) =
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Byznemo npunyckaTu, mo KoedilieaTn a;,a;
1 ap € KOMILIEKCHO3HAYHUMK (DYHKI[ISIMH B
1 : . .
H[Oﬂ, sIK1 3a/10BOJIBHAIOTH TaKi yMOBH:
1) BoHU € OOMEKeHUMU ii HellepePBHUME 34
t Ta icHye Taka crana 0 > 0, Mo 1719 TOBLILHIX
1
(t, xl)EH[QT] i01:=(011,-..,01, ) ER™ cnpas-
JIZKY€ThCSI HEPIBHICTH

ni

Re Z aj(t, z1)o 00 > 8oy |*;

=1

(3)

2) BOHH € TeJTbJIEPOBUMHU 3a X1 Y TAKOMY
CEeHCl:

dH >03a € (0,1) V{(t,z1),(t,21)} C
C My < [AZa(t, 22)] < Hlay = 2%, (4
ne a — Oyap-akuii i3 KoedinienTis ajj,a; i ap.
BukopucroByBarumemo  Taki  OIHIOMOI
dYyHKIIIT:
Eg(t, z;) 1= exp{—ct1_2j|zj|2},
t>0,2z; € RY, je{l,2};
E.(t,x, &) == EXNt, Xy (t) — &)
XECZ(t>X2(t) - 52)7t > 07 {JI,&} - an
Fc(t7 Z, 5) = exp{—c[(4t)_1|x1 - €1|2+
1373wy + 27 (d1 + &) — &),
t>0,{z,&} CR",

(5)

(6)

(7)
ne ¢ > 0.

Hapenemo morpibHI HaM BIaCTHBOCTI OIIi-
HIOIOYUX (DYHKIIIN.

Jlema 1. Qynxuii (6) — (6) maromo maki
BAACTUBOCT :

E(t,x, &) < F,(tz,8) < Bt z,8),

t>0,{z, } CR"0< s <y <¢

tM/Ec(taxag)d€2§

R"™2

(8)

< CEMME(t a1 — &),
t>0,z e R", x; € R™,

g / El(t,x1 — &)dé = C,

R™1

(9)

t >0,z € R", (10)

t_M/Ec(t,x,f)df =C,t>0,z e R"; (11)
Rn
Ey(t—B,x1 = M)E(B—T1,M —&) <
<ENt—7,11—-&),0<T<B<H,
{21, A, & CR™;
(6= 38 =)™ [ it 5..0x
Rn
xE(B—1,\&)d\ < C(t —7) " Mx
XEe(t—7,2,8),0<7 <<t
{z,£} CR™;
w1 — & B (t w1 — &) <
< Ct™MOE, (t, 31 — &1),t > 0,
{r1,6} CR™;
X.(1) — & Fa(t,2,€) <
< Ct™°E, (t,1,8),t > 0,
{z,§} CR", s € {1,2}; (15)
B -7, X(t = ),€) < Bult — 7,2,€),
0<7<p<t{x,& CRY (16)
E(B—T, (M, Xo(t=8)), &) S B, (B—7, M —&)x
XEL(t— B, a1 = &) Egps(t — 7, Xo(t = 7) — &),
(t+71)/2=1 <<t
{z,£} CR" N\ € R™, (17)

de C, ¢ i cog — dodammi cmani, npuwomy co < .
HoBenenns jsemu 1. BukopucrosyBarumemo
eJleMeHTapHy HePiBHICTH

(12)

(13)

(14)

V{a,b} CR" : |a+b* >
> 27 Yal? — [b?,r > 1. (18)
3a gomomororo mepisrocti (18) mMaemo
[Xa(t) = & = [(22 + 274 + &) — &)+
F2 () — )2 > 27 s + 27 () + &) -
—&P =47 -G P > 27 ma 2 (d +61) -
—&f* =47 - &
|22 + 271 (1 + &) — &f* = [(Xa(t) — &)—
—27 (2 — &)* > 27N Xa(t) — &of*—
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—47 2 — &) > 27 Xu(t)
—4_1t2|$1 — §1|2.

_§2|2_

BukopucroByioun 1i HEPiBHOCT, OJ€PXKYEMO
oy =& P73 X () = & >t e - &P+
2 g 4 27 () + &) — &l
—47 1z = & 7) = 3(4t) Han — &P+
167133z + 27 (% + ) — &) > 671
X ((46) 7 o1 =& P43t fma 27 (A1 +6) —& ),
(4) o =& P43t |+ 27 (@ + &) — &l >
> (4t) oy — &P +47Y X (t) — &P =871 x
Xlog — &2 > 87 oy — &1 4 | Xa(t) — &

3Bijgcu it BumuBaoTH HepiBHOCTL (6) 3 ¢ =
c/6, co = c/48.

Bractusocri (6)—(15) ycranosieno B |2].
Hepisuicts (16) cupasmxyerses, 60

E(f—71,X({t = p)),6) =
= eXp{ - C<(5 — 7)Moy = &P+ (B— 1)
X[ Xa(t = B) + (B = 7)d1 — 52!2> } <
< exp{ — c<(t — 7)oy — &P+ (t—T7) 3%

x| Xo(t —7) — 52‘2> } = E.(t—T1,x,§).

[loxi6mo 10 mOmepem HLOIO 3a JOIMOMOIOI0
HepiBaOCTi (18) Maemo

[Xa(t = B) + (B =) — &f* =

= ‘X2(t_5)+(ﬁ—7')5\1+(ﬁ—7')@1—(5—7')551—
G = X(t-T) =&+ (BT (i) >
Z 2_1|X2(t — 7') — §2|2 — (6 — T)2|>\1 — LL’l‘Q.

BUKOPUCTOBYIOUH 1I}0 OIIHKY il Te, 10 /I
Koxkuoro ( € [ty,t] B — 7 >t — [3, orpumyemo
HepiBuicts (17). »

2. BaacTtuBocTi mapameTpukcy

Poarnganemo piBHIHHS
(S - AO (tv Y1, aﬂh))u(t?

Y1 € Rnl,

x) =0,

(t, l‘) - H(07T]7 (19)

3 KoedillieHTaMu, 3aJIe2KHIMU JIAIIe Bix ¢ 1 ma-
pamerpa y;1. 3a ymos 1 i 2 tak camo, 9K y [2],
nosoputhes icuyBanus OP3K G(t, x; 7, & y1),
0<7<t<T {x,&} CR" y; € R", nna
AKOI'0O CIPaBI2KYIOTbhCA OHIHKH

\8§8§G(t,x;7,§;yl)| <

< Ckl(t — T)_M_MklEc(t - 7,7, 5)7 (20)

|A;8£ G(t’$§775;y1)| < Cilyr — z1]%
x(t — 1) M Mg (t — 7 2,8). (21)

Y mux ominkax 0 < 7 < ¢t < T, {z,&} C
R, {yr,z1} € R™, My == mu([ki| + |li]) +
ma(lko| + |lo]), {k,1} C Z7. BayBaxumo, 1o
g G IpaBUIbHI PIBHOCTI

/G(t,x;ﬂé;yﬁdf =1, (22)
Rn
8§/G(t,x;7,£;y1)d€ =0, (23)
RTL
(9k2 /G (t,z;7,&y1)dé = 0, (24)
axsz(t,x;T,ﬁ;m) =
—0g, G(t,z;7, & y1), (25)

Bakux 0 <7 <t <T, {z,&} CR" y; € R™,
keZi \{0}, ke € ZI2, j € {1,... ,na}.

3a mapamerpukc jis piBHsiHHS (6) BizbMe-
MO (DYHKIIIfO

Zo(t, s 7,8) = G(t, ;7,6 61),

0<r<t<T{z,¢ CRY, (26)

BJIACTHBOCTI SIKOI OIHCYIOTHCSL Y HACTYTHUX JIe-
Max.

Jlema 2. Hezati drsa xoediyichmic pieH-
nna (19) euxonyromoea ymosu 1 i 2. Todi e
NPAGUALHUMY TAKT MEEPONCENHA

0 Zo(t, 2,7, €)| < Crolt — 7) M Mrox
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XE.(t —T1,2,¢), (27)

a®

‘A§28520<t7x77—7 5)’ < Ck8|$8 — Zg| ° X

x(t — ) M-Mo—msaip (4 7 2 €), (28)

/ O Zo(t, ;7. €)de| <

n

< Oyt — 1) Mrotmior (29)

mz/%%wmﬂoms
Rn

< Chalze — a5 (8 — 1)~ Mrommeeitme - (30)
1SZo(t,z;7,6)| < Ot — 1) M x

xE(t — 7, 1,8), (31)

| A% SZo(t, 257, 8)| < Clas — 24

X(t —7) MM B (t— 11, E),  (32)

0
Oésx

/SZO(t,ZL“;T, €)del < C(t — )~ Hme ) (33)

n

Afjs/SZo(t,x;T,f)dg <

R

S les — Zs

O, / Zo(t, i, E)ds = 0, (35)
R™2

04(5) (t o T)—l—msocg—‘rmla

(34

Oy, Zo(t, 237, &) = —0gy, Zo(t, 23 7,6).  (36)

Tyr k € Z% y (27), (28) i k € Z7 \ {0} y
(29), (30), s € {1,2}, a2 — noBiabHE "uCIO 3
npomixky (0,1], o — ameno 3 ymoeu 2, j €
{1,...,n2}, 0 < 7 <t <T {x,{} C R",
|zs — 25| < (t— 7)™,

SayBarkenns: 1. Ha nizcrasi oninok (6) B
HepiBaocTsx (27), (28), (31), (32), sk i B (20),
(21), samictp orminow4ol dbyukmii E, MoxkHaA
oparu dyukmio F.

Hani gacro ognakoBuMmu Jitepamu (371e-
Gibmioro siteporo C') mo3HavaTHMEMO pi3Hi
CTaJIl, SIKIIO 1X BeJIMYWHW HAC HE I[IKABJIITH.

Hosenenns gemu 2. Ouinkn (27) Bumim-
BaloTh i3 oninok (20), oninku (28) — 3 oninok
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(27) 3a JOMOMOrOIO TEOPEMHE TIPO CepEJTHE 3HA-
YeHHS 1 HePIBHOCTI

Ec(t -7, y(s)7 5) S OlEcl (t - 7,7, 6)7

c1 €40, c}, (37)

1e y® — Touka Ha BIZIPI3KY TPSIMOI, IO CHOJTY-
qae Touky r i 2%,

HepiBHicTh (37) J1erko JOBOAUTHCS 3 BUKO-
pucranHaM HepiBaocTi (18) Ta ymoBH |15 —
zs| < (t—T1)™.

s noepenns oninok (29) i (30) Bukopu-
CTaEMO 300parKeHHs

[ # . wim €y -
Rn

-~ [ M0kG & lndes (39)
R

sike TIpaBHiibHe Ha migctasi dopmyan (26) i
pisrocTi (23). 3 HBOrO 3a JOMOMOTOIO OIIHOK
(14) i (21), a Takox pisnocri (10), ogepxKyemo
ominku (29).

1106 nosectu orinku (30), cOYaTKy 3amu-
reMo 300pazKeHHs

A / O Zo(t, w7, €)dE —
RTL

Tsj

= Z/acjsj /3§§j>Zo(t,Cs(j)§T;§)d§ dds;,
= d

B dKOMY
¢ =
= ((2’11, ey Zl,j—hClijl,j—Ha P ,IElnl),ZEQ) s
je {1,...,711},
(4 ._
2
= (wla (2217 <. 7Z2,j—17 C2jax2,j+la <. 733277,2)) )
je {1,...,n2}.

Hami, ckopucrasmmces Gopmyioo  (38),
OTPUMAEMO

Az / O Zo(t, a7, €)dE —
Rn
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Y / /Ag;agsjagj)x :/tdﬁR[ Zo(t, x; B, )Q(B, Ay 7, §)dA

Zsj R™ T

. 0<7<t<T, {z,£} CR", (40)
G(t7 ng)v T, ga ?/1) |y1=z§s)d§ dCst

ne GyHKIig () € HemepepBHOIO TaM, Je BOHA,
BU3HAUYEHA, Ta 3a/I0BOJILHSE TaKi YMOBH:

(1)

A€ Ty~ = (2117...721,j—17C1j7I1,j+1,...71‘1”1)7 Ql) |Q(t,$;7’, €)| < C(t—T)7M71+m1ax
2?) := 1. Bukopucrosyioun nepisuocri (14) i

(21), piBaicTs (10) i Te, mo |zs—2| < (E—7)™, X Eu(t — 7, 2,€); (41)
Ma€MO

Qz2) [AZ Q25 7,8)| < Clas — 2™ X

X (t — )~ Mltmammsas (p (¢ 7 2(8) €Yy

A / O Zo(t, w7, €)de| <
Rn

+Ec(t - T,, f))? (42)
ne s o Q Hknig () Ma€ HenepepsHi moXijHi
<cud [ [ -arx o ) bep
— Oy, Q, 1UIs AKUX CIPABJIKYIOTHCH OLIHKH
j= n
sj

| xQJQ(t’ T, £)| < C(t - T)_M_1+m1a—m2 X

X (t — 7y M=Meo=mapp (1 7 ), £>d£> ds; < X E(t —7,7,€). (43)

Tsj B ymosax (41) = (43) 0 <7<t <T, {x,&} C
((t — 1) Mx

< Cho Z(t o T)—Mko—ms+m1a/ R™, {ZL“S,ZS} e R, s¢€ {1,2}, J € {1, . ,TLQ},
a —gucsio 3 ymosn 2, ap € (0,1]; ag € (1/3,1].

— .

! o Jlema 3. Mxwo dynxuia Q sadosorvhse

, ymosu Q1 — Qs, mo dPynkyia (40) mae

X/Ec1(t—7'7 Cﬁj)af)df) dCs; < 6Ci NOTIONi, w0 6rodsmv Yy pieHanns (6),

Rn npuvomy LW (t,z;7,6) = Qt,z;71,§) +
—Mpo—ms+mia t

< Cro(t — )77 g — 2 < JdB [ LZy(t,2; 8, )Q(8, ;7€)\ i npa-

0 _ _ 0
< Crslwg — 2] (8 — 1)~ Mhommeastme, BUALHI PopMYAL

Orxe, oninky (30) ycraHOBJIEHO.

st orpumanns oninok (31) — (34) ckopu- Ouy, W (t, 737, §) =
CTaEMOCH TOTOXKHICTIO
SZO(tax;Ta 5) = A0<t7§laax1)Z0(t7$;7—a g)a /d/B/axljzo t xaﬁ) )
0<7<t<T, {z,&}CR",  (39) T

XQ(B,\;1,&)dN, j € {1,...,n1}, (44)

sKa BHILUIMBa€ 3 pisHocri (26) i Toro, mio

G(-,+7,& &) € poss’saskom piBaguns (19). Bu- Oy, 0 , W (t, 2;7,€) =
KOPHCTOBYI0YH PiBHICTH (39), 0OMezKeHIcTh KO-
edimientis audepeniiaapHoro Bupasy Agp Ta B )
oninku (27) — (30), orpumyemo ominku (31) — N /dﬁ/ax“ax” Zolt, w3 8, A)%
(34). r

Pisnocri (35) i (36) BummBators 3 (24) i XQ(B, \; T, &)dN\+
(25). »

Hactynni temn cTocyioThbesa iHTerpaJia /dﬁ/amaxu Zolt, : B, \) x

W(t,z;7,§) = Lo En
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x AXPQ(B, i 7, €)dA+ 6 avur 0 <7 <t <T,{z,§} CR", {i,j} C
{1,...,m}, L € {1,...,n2}, cmani C i ¢ ¢,

6342041 KAHCYYUU, PISHUMU.
/(/axha%zo t 23 5, ) > oBeneuns jgemu 4. /loBejaeHHs OIIHOK
t1 (48) — (51), sk iy BUIAJKY HEBUPO/KEHHUX TIa-
xQ(B, X (t — p);7,€)dB, (45) pabJIivHUX PIBHSHB, 3BOJIMTHCS IO OIIHIOBAH-

HA JOJAHKIB 13 BIANOBIIHUX BUPAa3iB A4 IIO-

xigaux i3 gemu 3. llpu npoMy BUKOPHCTOBYIO-

Oy W (t, 257, €) = /dﬁf O Zo(t, 23 B, A) X g ominku (27), (29), (31), (33) i TBepmKeH-

T us (10), (13) — (17). Orpumaemo , HATPUKJIAT,

oninky (49). st nporo omiHuMO OKpeMo J10-

XQ(B, X7, &)d\ + /dﬁ/Zo(t,x; B, ) x JaHKH 13 bopmysn (45), siKi HO3HAYUMO Bi/(II0-
BijiHO uepes [y, Io, Is.

" 3a gomomoroio Hepisrocreii (27), (41) i (13)

X O, Q(B, A; 7, §)dA, (46)  maemo
SW(t x€; T& /dﬁ/SZO t X, ﬁ ) |Il| < C/(/(t—ﬁ)_M_1<ﬁ—7‘)_M_1+mla><
T T R™

XQ(B, A 7, §)dA + /dﬁ/SZo(t,:v;ﬁ,A)x X E.(t— B, 2, \)E.(8 — T,A,g)dA) ds <
i

t1

XAi((t*B)Q(B’)\;T,f)d)\‘F <07(t ﬁ),l(ﬂ )71+m dﬁ

t N N - o
+/</SZ0<t,ZE,B,)\)d)\>X ’ -M

t1 \Rn X((t—ﬁ)(ﬁ—T)) X

XQ(B, X(t = B);7.)dB + QL. ;7. §). (47)
Tym 0 < 7 <t < T, {z,&} C R", {i,j} C
{1,...,”1}, l e {1,...,712}, t1 = (t+7')/2

JloBeierHst ieMu 3 TPOBOAUTHCS MOMIOHO /10 ) . u
JIOBEJIEHHST AHAJIOTIYHUX JIeM JIUIsi PIBHOMIpHO = C(t—t1)” /(ﬁ —7) T MeAB(t — )M %

« /Ec(t B a NE(B — A, E)dA <

R”
t

nmapabJivaHuX piBHsHB [2,3]. T
.Helyla 4. 3a ymos semu 3 0aa noridHUT 610 X B, (t —7,7,€) = 20(mia) "t x
W, axi eusnawaromuvcsa gopmyramu (44)— (47) CMis
CNPasoAHCYIOMbCA OUIHKL X(t =) OB (t =T, @, §). (52)
10, W (t, 257, )| [I1o6 oninutu I, crepiily OMIHUMO TOBHUM
15

npupicr Ai((t_ﬁ)Q. 3a monomoroio ymosn (42)
SCOt—m)MTmOTIE, (t—7,2,6), (48) Maemo

AX(E=5) .
01,00 , W (t, 257, )| < |AX Q(B7)\77> oI <

<Ot — ) MEmaR (1o €), (49) < AN -9 QB X, )1+
|00, W (257, §)| < HAQED 8, 47, 6)] <

<Ot — )y Mimeo=mp (t — 1 g€), (50) < Cloy — M|*(B —1)™M1x
[SW(t,z;7,8)| < X(Ee(B =1, X(t = B),§)+

<C(t —r)y Mtrmep (t— 71,6, (51) +E.(8 =7, (M, Xa(t — 8)), )+
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+C|Xo(t — B) — Xo|*?(B — T)_M_1+m1a—m2°‘2>< x /EcI()(t_B»xl_/\l)EcQo (t=0, Xa(t=F)—=A2) X

X (EC<5 -7, )‘7 £)+ R
+E(B = 7, (A1, Xa(t = B)),€))- (53) X EL, j5(t—B, 21— M) By 5(8—7, A — & )dAx
Ha mincrasi (27) i (53) ozepkyemo x(t — ﬁ)fMESO/(S(t ST Xo(t—7)— &) =

t t
Ll <C [ds [(t- B Bt —B e % =t —n) M (= g rmedsx

] /
x|ar=M[*(B=1) M E(6 -7, X(t—5),€)d) X /Eclo/3(t — B,11 — A\) ¥

Rn

+C/dﬁ/ TS e Al XE2 (t = B, Xa(t — ) = Ag) X

X EL 5(t = B,01 — M)EL 5(8 — 7, A1 — &1)dAx

X(B=1)ME(B =7, (A, Xa(t = B)), E)dA+ ]
x(t—B)ME2 5t — 7, Xa(t = 7) — &) <

+C/d5/ MELE (t— B3, M) % ¢
t1 S C(tl — T)iM*l /(t o /8)71+m1adﬁx
><|X2(t — B) _ 2|o¢2 (ﬁ _ ,7_) —M—-1+mia—maas « 4
/ x(t—ﬂ)M/Eco/:a(t—ﬂ,x, A)dA X
XEC(B_T,/\,£>d>\+0/dﬁ/<t—B)_M_lx in
t1 Rn XECO/G(t—T,J,’7§) < C(t_T)—M—H-mlocx
XEC(t_ﬁ’x7 /\)|X2(t_ﬁ) _/\2|a2>< XEco/ﬁ(t—T7«T7§)7 (56)
(5 = 7)Mo t
XEC(B - T, ()\1; X2(t - 6)7 €)d>\ = 123 S C /(t _ 6)—1-"—7712012(/8 . 7—)_1+m1ad/8><
4 7
= ;bk- (54) X(tl _ T)—mzoez ((t _ 5)(5 . 7_))fM x
OmiHuMO KOXKHHIT JOZAHOK OKPEMO, BHKO- X /Ec(t = B,2, \)Ec(B — 7, A, §)dA <
puctoBytoun pisaicTs (10) i mepiBrOCTI (14) — | =
(17). Maemo R

§ O(t - T)iM?lerlaEcl (t - 7,7, 6)7 (57)

t

Iy <Ot —7)™ M1 E(t —7,X(t—7),6)x

t1

t he £C [ (t= gy Hmes(s - 7y Hmedix
X /(t—ﬁ)_”ml“dﬂ/Ecl(t—ﬁ,x,)\)d)\x

X(t1—T)_M_mwz(t—ﬁ)_M/ECO(t—ﬁ,x, A) X

Rn”

XE st —B,21—M)E} 5(8—7, A —&)dAx

Iy < C(ty — 7)™ Mt /(t — B)y~ttmegpx XE2 6t —7, Xo(t —7) = &) < Ct—7)" M 'x
t1 X(t — T)mlaEco/G(t - 7,7, é-) (58)
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3 ominok (54) — (58) BumIMBae MOTPiOHA
ouinka a4 Io. Oninka g/ I3 BCTaHOBJIIOETHCA
anaJioriano. HacJtijgkom ominok st Iy, 1o, I3 €
ominka (49). »

3. ITo6ynosa ®P3K

3rigno 3 merogoMm Jlesi PP3K mis piBaan-
Hs (6) MIyKaeMo y BUIVIsII

Z(t,x;7,8) = Zo(t, x;7,&) + W(t,x;7,§),

0<7<t<T, {z,£} CR", (59)

ne Zy — napameTpukc, a ¢pyukimig W Busnada-
erbest bopmysoro (40), B gkiii () — HeBizoMa
dyukmig. [Ipumyckaoun, mo () 3aI0BOJILHSIE
ymou Qi i Q2, Ta BUKOPUCTOBYIOUH JieMy 3,
Jutst () 0JIEPXKUMO iHTerpaibHe PIBHSIHHS

Qt,x;7,8) = K(t,2;7,&)+

T / a8 R/ K(t.2: 6, NQ(8 A7, )N, (60)

T

B SIKOMY

Z A aﬂ (t,x1) Opy; Oy, +

j,l=1

K(t,xz;7,8): (

+ Z CLj(f, l'1>awlj -+ ao(t, .Tl)) X
j=1
X Zo(t,x;7,§). (61)

3a gomomoroio ymos 1 i 2, oninoxk (27), me-
pisrocreit (6) i (15) ogepkuMo OIiHKY

|K(t, ;78] <

<Clt—r t—r,2,8). (62

Tyr 0 <7 <t<T{r,&} CR" ¢ € (0,¢),c
— crasa 3 orinok (27). Orxe, qys sinpa K Bu-
KOHYIOThCst yMoBH jemu 1.10 3 [2], na migcrasi
KOl 1 pyHKII () CIpaBIKy€EThCA OMIHKA

Q(t, x;7,8)| <

<Ot —7)y Mtrmap (¢ — 7 1 €),
0<7<t<T {z, CR"

)—M—H—mlaFCl (

(63)

Jie cTasa ¢ Taka XK, K 1 B (62). 3 HepiBHOCTI
(63), na nizcrasi (6), ogepxKyemo oninky (41).
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[Iepeiimemo 10 ominku npupoctiB K. Ha
migcrasi (61) sanumemo raki 300pazkeHHs:

ni

AZK(t,x;7,8) = Z At ag(t,r)x

4l=1
X Oy, Oy Zo(t, 57, €) + Z ASta(t, 21)x
7,l=1
XA Oy Oy Zo(t, 57, €)+

ZA%J (t,21)0s, Zo(t, 205 7, €)+

+ Z aJ'(t? xl)A?laxljZ0<t7 T;T, 6)"’

j=1
+AZ ag(t, 21)) Zo(t, 25 7, €)+
+a0(t7 xl)A?l Z0<t7 X, T, 5)

ni

Z A% aj(t, )%

j,l=1

(64)

AZK(t,x;7,6) =

XA28, Dy Zo(t, ;7€) +Za] t, 1)
7j=1
XA 0y, Zo(t, w37, &)+
+ao(t, 21) A7 Zo(t, 237, ). (65)

Ouinroroun noganku 3 Bupasis (64) i (65) 3a
jomomoroio ymos 11 2, oninok (15), (27) i (28)
0JIEPZKYEMO

A2 K (t, 2,7, €)| < Clarg — 2%

x(t — ) M trmesmel (Bt~ 70, 6)+
+E.(t — 7,2 f)) 0<7<t<T,

Y CRYse{1,2).  (66)

ge af i a — nosiabai uncaa 3 npomixkky (0, 1].
3 ominok (66) BUIIMBAIOTH OIIHKY (42).

Baanmuiochk 1oBectu, mo QyHKItis () 3a,10-
BoJIbHeAE yMOBY Q3. 3ayBazKuMo, 1o 3a JI0m0-
MOroio piBHocTeill (36) yCTAHOBIIIOIOTHCSA TaKi
PIBHOCTI:

{z,2®

aijKl<t,.T;T, f) = _a£2jKl(t7x;T7 5)7
0§T<t§T7 {x7£}CRn7
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je{l,...,na}, (67)

Jutst moBTOpHUX sijep K, | > 1, gaki Busnava-
IOTHCH 13 CIIBB1IHOIIEHD

K1<t7$;7_7 5) = K(t,[l?;T, 6)7

Ki(t,z;1,8) = /dﬂ/Kt:cﬁ)
XK 1(B,\;7,8)d\, | > 1. (68)

Huddepenniiiopuicts (68) 3a 3MIHHO© Tg
OOIPYHTOBYETLCA AHAJOTIYHO JI0 JOBeJICHHA
dbopmyr (46). 3a iHAYKIHEO TOBOIUTHCS 1CHY-
BauHs HOXimuuxX Oy, Ki(t,z;7,§), | > 2, 1a
OLIHKM

1 a/2)
I'(la/2)
X(t =) MmeT R (t -1, 2,6),
0<T<t<T {6} CR",  (69)
ne j € {l,...,n2}, co < 1 < ¢, ¢ — crana 3
ominok (27), I'(+) — ramma-dyukmia Eiinepa.
Omiaku (69) rapanTyooTh abCOTIOTHY Ta
piBHOMIpHY 30iKHICTH psijLy

=1

10y, Ki(t, 27, €)] < C! (%)

mQJKl t xZT, 5) - mng(tax;Taf)v

a TaKOXK OIiHKy (43).

Orke, po3B’a30K () IHTErpaJIbHOTO PiBHSH-
us (60) 3amoBosbHsie ymou Qp, Q2 1 Qs.

4. OcHOBHUIT pe3yJIbTAT

OcHOBHUM DE3y/IbTATOM CTATTI € HACTYIHA
TeopeMa.

Teopema. Hexatl sukonyromuvces ymosu 1
i 2. Todi dns pisnanns (6) icnye xaacuunud
OP3K Z, 0ara AK020 cnpasodcyomves ouiHKY

05 Z(t, z;7,6)| < Ot — 7)™ M~ Mroy
XEe(t —7,,8), (70)
1SZ(t, ;7,8 < Ct —7)"M'x
xEc(t — 7, x,8), (71)
’A;Z@I;Z(t,x;ﬂ &) < Clrg — z5|* %
x(t — 1)~ M=Mro—msas (B (t — 1 3 €)+
+E(t —T1,29.¢)), (72)

102

de 0 <7<t <T, {296 cR", k=
(kl,kg) € Z:L_, |k1| —|—2|/{52| <2, 0 =aq a =
a/3, a — wucao 3 ymosu 2.
HoBenenns reopemu. Oninku (70)
BUILTHBAIOTE 3 (59) Ta em 2 i 4.
Hosenemo omninku (72). Ha migcrasi ominok
(27) 1 (28) muist nepioro goganka 3 (59) cupas-
JUKYIOThCsT OIMIHKHM (72). 3ajninaerbest OliHu-
T npupoctu noxiguux Big W. Baxkaruwme-
Mo, mo |z, — z|Y™ < (¢t — 7)/4. Skmo
lzs — z|Y™ > (t — 7)/4, To moTpi6HA OIiH-
Ka mpupocty AZ ORW GesmocepeiHLO BUILTH-
Bae 3 ominok (48) — (50). CnodaTky OIMiHEMO
Az O W, |ki| < 2. Kopreryouncs dopayna-
u (44) i (45), 3anumemMo 300pazkeHHst

NG ORI W (t,a37,€) =

i (71)

/dﬁ/AZSa’“ZO (t, 2; B, N)Q(B, \; T, £)d A+

/dﬁ/AZSa’“ZO (t,x; B, \)x

XAX DB, AT, E)dA+

/dﬁ/f)’“Zo (t,2; 8, \)x

Ms

X —
><AA

Q(ﬁv A; 3Ty S)d)‘_

/dﬂ/a’“Zo (t,x; B, \)x

MNs

<A PQB A T, €) At

/AZS (/aklzo (t,x; B, )\)d)\> X

xQ(B, X(t = B);m,&)db+

t

+/</8k120(t z; B, \)d )

ns R™

xQ(8, X(t = B);7,§)dp—

t

—/(/agzo(t, z(s);ﬁ,)\)d)\> X

Ns R™
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+E(8 — 7, (A1, Xo(t — 5))»5)) +

7
= Z Lj, (73) «@ —M—-14+mia—moa
= +[Xa(t — ) — | (B — 7) remmRaE
Jie 9ucJo t; Take caMme, K y JeMi 3, a 1 =
t— |ws — 2|V s € {1,2). x| Ee(B =7, (A, Xao(t = B)), &)+

Jonanok L1 oniHKuMO 3a J0LHOMOI0I0 HEPIB-
uocreit (28), (41) i (13):
+E.(—7,\&) | |d\=

|Lq] < /dﬁ/|A258klZo (t,x; 8, \)|x

Ms
T O[‘/dﬁ/%zsag(t By~ M- malki|=moal
1 R™

X|Q(B, A 7,6)|dA <

b X(B_T)_M_1|I1 _)\llaEc(t_ﬁax7 A)X
< Clag — 2] /(t — B)mlkalmaal WEo(8 — 7, X (t — B),€)d\+
T MNs
X(ﬁ_T)flerlodeX —l—/dﬁ/!xs—zs aQ(t ) M—mqlki|— msagx
t1 R»
E.(t — A+ E(t— 8,29\
an/( (=52, 2) + Belt = 5,2, >> - x(B— 1) M oy — M|Eu(t — 8,2, \)x

XE (B -7\ 6)dN((t - B)(B—7) " < xEo(B —7,X(t — B),§)d\+

Ns
§C|xs—z5|a2(t—7) —M—my(|k1|-a)—msag o +/dﬁ/’$3—23 ag(t

t1 R™
_ _ 7 )
X(ﬂﬂt T8+ Ealt ﬂzv@>'”® X(8 =) M ey — M[PEL(t - 8,7, 0)%
[ITo6 ouinutu Lo, BUKOPUCTAEMO OIIHKU X Ee(B — 1, (A1, Xa(t — B)),§)dA\+

(28) i (53). Toxi orpumaemo s
+/d5/|x5—zs°‘5(t—
R

ﬁ)fomﬂkl\fmsag %

6)—M—m1 |1 |—msal

s X
Ll < / o [wsaes
t1 x(ﬁ_T)_M_1|xl _)\1|aEc(t_ﬁ7Z(S)a>‘)x
X‘Af(t*ﬁ)Q(ﬁj )\; T, f)‘d}\ < XEc(ﬂ -7, ()\1, Xg(t — ﬁ)),f)d)ﬂ'
Ns
T]S
<C [ a5 [lo. =l (e - gyl mat 4 [[d8 [ o= e - gyttt
tl R" tl Rn

X(ﬁ . T)—M—1+m1a—m2a2><
X (Ec(t - 67]37 )\) + Ec<t - B? 2(8)7 )\)> X X|X2(t - 6) - )\2|a2Ec(t - /B,ZE, )\)X
XEC(/B - T, )\ag)d)‘_‘_

Ns
+/d6/|1‘8 — Zslag(t_ﬁ)—M—mﬂkl‘_msagX
R™

t1

X [‘l‘l — )\1|a<ﬂ — T)iM?lx

X (Ec(ﬁ - TvX(t - 5)75)"’

% (ﬁ - T)—M—l—l—mla—mgag %
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X[ Xa(t = B) = Xa| 2 Ee(t = 8,21, 1)
XE (B —T1,\,&)dA\+

Ns

+/d5R[!$s—zs

t1

al (t . ﬂ)—M—m1|k1|—msag %

X(ﬁ o 7_>7M71+m1a7m2a2x
X|Xo(t —7) — Ao|E(t — B, 2, \) X
XEc(ﬁ -7, (/\17X2(t - B))uf)d)‘—i_

Ns
+/dﬁ/|$s_25
R™

t1

af (t i ﬂ)—M—m1|k1|—msag %

% (ﬁ - T)—M—1+m1a—m2a2 %
X| Xo(t —7) — Xo|*2E(t — 3,29, \) x

X B (8 — 7, (A, Xa(t — B)), E)d\ =

8
j=1

Honanku cymu (75) OIIHIOIOTHCS 3a JOTIO-
moroio mepiBrocreii (14) — (17), pisaocri (10)
i Toro, 110

(75)

Ms

/(t . 6>—m1\k1|+m1a—msagd6 <
t1
(t o T)l—ml‘kﬂ?
<c akio k| < %,ag = aj,
- (T =)o = |zg — 24
akmio |ki| = 2,a% > a.

as—al
)

st mpukay omiHuMo a0gaHoK Lop. Ma-
€MO

Bty — )M

L21 S |£l33 — Zs

Ms

% /(t . B)foml\kﬂfmsagx

t1
x / 21— M*Eu(t — B, NdAx
Rn

XEC(B - T, X(t - 5)a£)d@ S
< Clag — 2| (t — )M 1x

104

Ns

X /(t — 5)—M—m1|k1\+m1a—m5a2dﬁx

t1
X /ECl (t — B, 2, \)dA\E (t — T,2,§) <
Rn

< Clag — 2% (t — 1) M1 x

s

By R
t1

XE(t —71,2,§) < Clag — z

x(t — ) M=mlklE (¢ — 7 2, €).

CMSX

AHaJOriYHO OMIHIOIOYH IHII JOJAHKH CYMH
(75), mpuiizemMo 10 OIHKH

%

|La| < Clag — zs T)_M_”“'kl

as(t _

X (Eo(t —7,2,8) + E(t — T, 29, §). (76)

Homauku L3 i L, OIIHIOIOTHCS OTHAKOBO,
ONIHUMO MEepIHii 3 HUX. 3a JO0mOMOro (27)
i (53) orpumyemo

t
[Ls| < C | [ dB [ (t—p) M minlx
[
X Eo(t — B, 2, \)|zy — M |*(B— 1) M x
XE,(B—1,X(t - f),€)d\+

t

+/dBR[(t _ gy M-mlkl

Ns
XEo(t — B, 2, \)|zy — M|*(B — 1) M x
XEC(/B - T, ()\1, XQ(t - 5))7 S)d)‘—{_
+ [ dp [ (=) MmIRIE (- B,2,A)x
/]
X|Xa(t — B) — Xo|*2(B — 1)~ M Hmermmaaz
XE (B—T,\&)dN+ [ dp [ (t—p) Mmlkly
[
XEc(t — ﬁ,.’ﬂ, )\) Xg(t — ﬁ) — )\2]"2><

X (/B _ T)—M—1+m1a1—m2a2 %
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XEe(B — 7, (A1, Xo(t — 5))»5)60\] =

(77)

4
k=1

3a monomoroio (10), (15) i (16) maemo

Ly <Oty — 7)™ M E(t — 7,2,6) %
t
oy (e —
s
< [ Balt= o Ndr - )Y <
i
<C(t— T)’M’m”kl‘\:cs — 25| E(t — 7,2, §).

Jng ominku jgomanka 3o, KpiM piBHOCTeit
(6) i (10), mepirocreit (12) i (14), BuUKOpHCTO-
BYBATHMeMO Iie HepiBHicTb (17) 3 ¢ = ¢o/3, 1e
co — craja 3 oninku (14). Maemo

t

Lz < C(ty — 1)~ M1 / (t — B)~mlkltmieggy

Ns

X/Eclo(t—ﬁ7l'1—)\1)Ec20(t—ﬂ,Xg(t—ﬁ)—Ag)X
R?’L

XEiCO/g(t—B7ZIZ1—/\1)E610/3(B—T, )\1—§1)d)\><
x(t = B)MEZ ot = 7. Xa(t = 7) = &) <
< C(ty — 7_)—M—l /(t _ 5)—m1|k1|+m1adﬁx

Ns
X(t - /8)_M/Eco/3(t - /6,1', A)X
R”
X Eooys(t — 7,2,€) < C(t —7)~Mmmikil
X|wg = 25| Eeyj6(t — 7,2, ).
3a gomomoroio (13) i (15) orpumyemo

t

Las < C/(t . 5)—m1|k1\+m2a2><

Ns

% (3 — )" IHmer gy
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x(ty =)0t = B)(B — )M x

X /Eco(t - ﬁwxa )\)EC()(B -7, Aag)d)\ S
Rn
<C(t— T)_M_m1|k1‘|:vs — 25| B (t — 7, 2,€).
Inrerpan L3y OIIHIOETHCS AHAJIOTIIHO 0
L32.
I3 (77) Ta ouminok Lgx, k € {1,2,3,4}, Bu-
IIJINBAE OIIHKA

7_)—M—l

|Ls| < Clog — 25| % (t — X

(Ec(t —7,2,6) 4+ Bt — 7, 2%, f)) . (78)

Anasoriuni OIIHKK 3 BUKOPHCTAHHAM He-
piBrocteit (29), (30) i (41) mpuBOAATH 110 TO-
TpiOHuX OmiHOK L5, Lg 1 L7, 3 akux Ha 1ijcra-
Bl piBnocreit (40), (59) i (73) Ta ominok (28),
(74), (76) i (78) BumimBatoTh OniHKK (72) st
MOXITHUX Bix Z 3a 3MIHHUMUI Tq.

Ouinkn (72) cOpaBIKYIOTbCA TAKOXK JIJIs
HPUPOCTIB MOXITHUX BiJl Z 3a 3MIHHHMU IPYIIH
BUPO/2KEHHS To. [11s1 BCTAHOBJIEHHS IILOIO J10-
CHTDH OIIHUTH IIPUPOCTH BIAINOBIIHUX IMOXiTHAX
Bijg W. 1106 e 3poburn, Ha mijgcraBi piBHOCTI
(46) 3anuniemMo 300pazKeHHsI

AL Ony, W (L, 57, §) =

:EQJ
t1

:/dﬁ/A;Zax2]ZO(t7x767 )\>X
Rn

T

xQ(B, N7, §)dN+ [ dB | A% Zo(t, x5 B, N) %
f]
X0y, QBN T, E)dN = P+ Py, (T9)

Je 4ucjao t; Take came, K y Jemi 3, a j €

{1, e ,ng}.
3a monomoromo HepiBaocTeit (28) i (41) ana-
JIOTIYHO 110 OIMIHKU L1 MaeMo

0
asx

|P| < Cles — 25

t1

X /(t _ B)—mg—msag)(ﬂ _ 7_)—l+m1o¢dﬂx

X/(Ec(t_ﬂax>)‘)_'_Ec(t_BaZ(S)a)‘))X
Rn
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X Eo(B =7, X,§)dA ((t = B)(B—7) 7" <

< Clag — 2|8 (t — 7)~MAmia—ma=maal
X (Ec1 (t - T7I7§) + Ec1 (t - T, Z(S)’g)) ) (80)
|Py| < Clag — zs

0
CVSX

t

% /(t _ 5)—m5ag(ﬁ _ T)_H_mla_deﬁX

t1

X / (Bt — B, 2, \) + E(t — 8,29, 1)) x

2,
xE(B—7,\d\((t—p)(B—T1)) M <
< Clas — zs 0‘2(25 —

X (B, (t —7,2,8) + Eo, (t — 7, 2(8)75)) , (81)

akmo aucaa ol € (0, 1] 3a10BOIBHSIOTH YMOBY
1 —mea® >0, s € {1,2}. okpema, 1 ymoBa
BUKOHYETBLCS, AKINO B3aTH o = a, af = a/3,
Jie o — 9UCJIO 3 yMOBHU 2.

3 (79) - (81) BumumBaTh HOTPIOGHI OIIHKY
st Wi, oreke, na migcrasi (28) i (59) ominkn
(72) g mepIiuX MOXiTHEX 32 To. P

3ayBakeuHns 2. Buactusocti, anaJio-
riuai g0 BaactuBocreit Z, matume DP3K
Zi(t,z;1,&y0), 0 <7 <t <T, {x,&} CR",
y2 € R™ g piBusinnst Buriisiy (6) 3 koedi-
nienTamu, siKi 3ajexkarpb Bij 3minnunx t € [0, 7]
iz € R™ 1a napamerpa y, € R"2.

BucuoBkn

Y crarTi Jj1s1 BUPOJZKEHOT'O PIBHSIHHS TH-
ny Kosmoroposa, koedinieHTn SKOro He 3aJe-
JKaTbhb BiJI 3MIHHUX BHUPO/IZKE€HHH, MOOY/I0BaAHO
KJacu4IHui (pyHIaMeHTAIbHUN pO3B’'I30K 3a-
nadi Kormri, Bectanosaeno ominkn PP3K Ta ito-
r'0 HOXIJIHMX, & TAKOXK 1X npupoctis. JocJijzxke-
HO JIesIKi BJIACTHBOCTI 00’€MHOI0 MOTEHIlAJY,
IKU 1opoJizKenuii napamerpukcom. [Ipumy-
IeHHs Ha KOeIIIEHTH € TAKUMU, K 1y BUTIA]I-
Ky PpiBHAHb 0e3 BupozKeHHsa. OrTpuMmani pe-
3yJIbTATH BUKOPHCTOBYBATHMYThCSA HPU HOOY-
noBi kinacuaanx PP3K a1s BupoazKeHnX piB-
HgaHb TuUny Kosmoroposa, KoedimieHTn SKuxX
3aJeKaTh BiJI YCIX MPOCTOPOBUX 3MIHHUX Ta
CHUCTEM TAKHX PIBHSHb.

— _ _ 0
7_) M+mia—mso msasx
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