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Beryn

VY mnpani [7] ans yneTpanapaOolidHOTO PIBHSHHS TH-
ny Konmoroposa, y sikomy koeQillieHTH 3aiearb Bill JBOX
IpyH IPOCTOPOBUX 3MIHHHX, 3 BUPO/DKEHHSIM Ha MOYATKOBIH
TrinepIuIonuHi, To0y0BaHO (yHIaMEHTAJIbHUH pPO3B 30K
3ama4i Komi (®P3K) Ta onepkxaHo TOYHI OI[IHKH HOTO IMOXi-
IHUX. [ Takoro piBHAHHS TUIBKU 0€3 BUPOMIKEHHS Ha I10-
4yaTKoBif rimepmionmHi nmodynosano kmacuunuii ®P3K Tta
OJIep>KaHO TOYHI OLIHKKM WOTO TMOXinHKUX y npati [5]. 3okpe-
Ma, Taki caMi pe3y/ibTaTh OTPUMAHO JUIsl PiBHSHHS, Koedi-
LI€HTH SKOTO HE 3aJICKATh BiJl SMIHHUX BHPOIPKCHHS 1 Y BU-
naaky 0e3 BUpomkeHHS [3], 1 3 BUPOMKECHHSAM Ha TOYaTKO-
Biif rineprutonuHi [4]. 1li pe3ynsraTi onep:KkaHo 3 BUKOPH-
cTaHHsIM MoaubikoBaHoro merony JleBi, 3aporoHOBaHOTO
B [2] i po3BUHYyTOrO B mparx [5, 6].

VY mii cTaTrTi NS TaKOro caMOTO PiBHSHHS BH3HAYCHO
omiaku npupoctiB @P3K i #ioro moxigHUX 3a MPOCTOPOBHU-
MU 3MIHHHAMH, 1110 JONOBHIOE pe3yabrartd 3 mpari [7]. L
pe3yabTaTH aHAJIOTIuHI 10 pe3yJIbTariB, OepXKaHUX Yy Mpari
[6], y3arampHIOIOTH BiIMOBIMHI pe3ynbTat 3 mparmi [1] s
yIBTpanapadoNiyHuX piBHAHB THIY KomMmoroposa 3 BUpO-
JDKCHHSIM Ha TI0YaTKOBIH TiMEePIUTONIHHI.

I. IlpunmynieHHsi Ta J0NOMiXKHi BioMocTi

Hexaii n, nq, no — 3amaHi HaTypaJIbHI YWCIa TakKi, IO
ng >ng > 1in=n;+ne, m = 1/2, my = 3/2,
M = miny + maono; Nj = {1, PN ,j}, Zj = Nj U {0},
skmo j € N. IpoctopoBa 3minHa x € R™ ckiamaeTbes
i3 meox tpyn smimmmx (9 = 2 := (x1,25). Jlo rpy-
¥ OCHOBHMX 3MIHHMX Hajexarh 3MminHi t € H C R 1

x1 = (Z11,...,%1n,) € R™, a 1o rpynu 3MiHHHX BH-
POIDKEHHSI HATIEKATh To := (Za1,. .., Tan,) € R™2.
CKOpHCTAaEMOCh ~ TakoX  TakKAMH  [O3HAYCHHS-
vu:  Hg:={(¢t,z)|teH,zeR"}, 3 HCR; o i
£ - mHenepepBHi Ha Biapisky [0,7] ¢yHkuii, w1
skux  «o(t)>0, B()>0 mpu t€(0,7], «(0)5(0)=0
¢
i B w™omoroHHo HecmamHa; B(t,7):= [ %du,
0<T<t§T; A;f(~,x,-):=f(-,x,-)—f(-,z,~),

A% f(ym,0) = A;mf(‘, x,+), S€Ny; PAORE (21, 22),
2 i=(21,20); ZO(t,7):=X(t,7):=(X1(t,7), Xo(t, 7)),
ZO(t, 1) =X (t,7)|v.=z.s s €Ny; X1(t,7) =21,
Xg(t, T)SZIQ + B(t, T).fl, 5713:(1’11, ‘e 7$1n2)~ ByﬂOBa
HapaMeTpuYHUX TO4OK Y (¢,7) aHamoridna no OygoBd TO-
qok X (¢, 7).

VY cTarTi 9acTo OAHAKOBUMH JIiTepaMu (34e01IbIIOoro JTi-
tepamu C, ¢ 1 d) No3HaYaTUMEMO PIi3HI CTaJl, SIKIIO iX 3Ha-
YEeHHsI HaC He LIKaBIIAT.

PosmrsnariMemMo piBHSHHS BUIIISLY

Lu(t,z) .= (S — A(t,x, 0, ))u(t,z) = 0,
(ta (E) € H(O,T]7 (1)
Ie
S :=a(t)o, — B(t) lejamgjv
j=1

ni

A(t7x’a:v1) = ﬁ(t) Z ajl(t7x)6$1g'8$11+

4, 1=1

+B(1) Y aj(t,2)0s,, + aolt, z).

j=1
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INpumyckarumeMo, o KoeillieHTn aj, a; i ag € KOM-
IUIEKCHO3HAYHUMH (YHKI[IIMH Ha H[O,T], SIKi 3aJI0BOJIbHS-
IOTh TaKi YMOBHU:

1) aji;, a;, ap € OOMeXeHMMH i HenepepBHUMM 3a t Ta
icHye Taka crana 0 > 0, mo 1t AoBinbHUX (t, 1) € o, 7y
ioy:=(011,-..,01n,) € R™ cOpaBIKyeThCS HEPIBHICTD

ny
Re Z aji(t,x)orjo1 > 6|01\2; 2)
j,i=1

2) aji, aj, ag € relbIepOBUMH 3a IPOCTOPOBUMHM 3MiH-
HUMH B TAKOMY CEHCI:

3H; >0 3y € (0,1) V{(t, ), (t,zM)} C gy :
A a(t, )| < Hilzy — 21|, 3)
JHs > 037 €(1/3,2/3]
V{(t,l‘), (t,Z(Q))} c H[QT]; Vh € [T7 T] : ‘A:szza‘(tax” <
< Hy((B(h, 7)™ + | Xa(h,7) — 22[™),  (4)

ne a — Oynb-akuii i3 koedilieHTiB aj, a; abo ag.

3 ymoBH (4) ipu h = T BUILTUBAE 3BUYaiiHa yMoBa [enb-
nepa 3a 3MIiHHOIO x3. JlocTaTHIO yMOBY BHKOHaHHS (4) Ha-
BezieHo B jiemi 1 3 [7].

BuxopuctoByBaTUMEMO TaKi OLIHIOBAIBHI (PYHKIIIT:

ED(t,7,2;) := exp{—c(B(t, 7))~ %|2[*},
t>71, z; e RY, je{l1,2}, %)
Ec(t,7,2,8) = B (t,7, X1 (t,7) — &)
xE®D (t, 7, Xo(t,7) — &), t > 7, {x, £} CR",  (6)
Ed(t,7,2,6) == Eu(t,7,2,&)E4(t, 1),

t

d = ex T T):= dfﬂ
B(t.7) = expldA(t. )}, At o= [

T

t>7, {z,} CR", deR,

I§'(x,€) == (B(t, ) B(n, 7))~ %

x / Eultu 2, ) Eol m At ), AN, (T)
RTL

17 (21,€) = (B(t, 1) ™™

< [ B = M A (). D, ®)
R™1
IS
Z@)(t, 1), 1 =0,
A7) = (AL 2890, 7)) 1 =1,
A l=2,

SE€ELo,r €, 0<T< u<t<T, {2 CR".

Hasenemo BractuBOCTI 1UX (YHKIIH Y MofaHiil HIbKYe
JIeMi, sIKa JIOBOJUTHCS aHAIOTIYHO 70 JieMu 1 3 [6].

Jlema 1. [lpasunvni maxi meepodicenns:

E.(t,1,2,8) < Eq(t, 1,2,8),
t>r7, {z,& CR", ©)
21 = &M EM (7,21 — &) <
< OBt 7)™ M ED(t, 7,21 - &),
t>71, {x1,6} CR™, (10)
[ Xs(t,7) = & Ee(t, 7,2, 8) <
< C(B(t, 7)™ E, (¢, T, 2, €),

t>r1,{x,&} CR", s € Ny, (11)
(B(t.7)™ / Eult,7,2,€)dE <
R"2

< C(B(t, 7)) ™™ EM(t, 7,01 — &),
t>71, xR {r,&} € R, (12)

(B(t, 7))~ / EO(t,7, X,(t,7) — £)ds = C,
Rns

t>7, 2, € R™, s €Ny, (13)

(B(t, 7)™ / Eo(t,x, 7, €)d = C,
Rn

t>r1,xeR", (14)
EM(t, g2y — M)ED (1, 7,01 — &1) <
< BEM(t, 7,21 — &),
O0<7T<pu<t<T {x1,\,&} CR™, (15)
Ec(t,T,y(S),f) < CEg(t,1,2,8),
O<7<p<t<T {z& CR", (16)
Ee(p, 7, Z(t, 1), §) < CEcpap, 7, X(t, 1), §) <
< CEa(t,7,2,8),
O<7<p<t<T {z& CR", 17)
Ee(p,m, (M, 287 (1)), €) < B (7, 0 — €2) %
xEC)(t, 0 — M)EC)(t,7, Xa(t,7) — &),
t1 <p<t, A eR™,
{z,£,20} CR", | € Zy, (18)
I2(2"),¢) < CI (2,€) < C(B(t, 7)) Mx
XEeo (t,7,2,8),0 <7< u<t<T,
{x,6,207} CR™, {s,7} C Zy, (19)
IH=0,8) < C(B(t, 7)) MEc(t, 7, 2,8),
b <pu<t<T, A\ €R™,
{2,6,2)} CR", 1 € Ny, {s,r} C Zs, (20)
Y (21,6) < CLiY(x1,€) < CE(t,7,2,8),
t1 <pu<t<T {x1,21} CR™,

{2,6,29)} CR", s € Zy, | € 7, 1)
ode C, ¢ i cy — 0o0ammui cmani, npuvomy co<c, y @op-
amyni (16) y®) — mouka na 6idpisky npamoi, wo cno-

ayuae mouku x i 2%, s€Na, y gopwyrax (16)~(21)
|zg—2s|V ™ <(B(t,7))/4, s € Ny, a t; maxe, wo
B(t,tl):B<t17T).

14

MATEMATHUKA



DyHpameHTanbHi po3s’asok 3agadi Kowi gna ynbtpanapaboniuHoro pisHsHHsS Tuny Konmoroposa

Ha nepriiomy etami 0ymyemo ®P3K st piBHSIHHS
Liu(t,z) :== (S — A(t, (x1,y2), O, ))u(t,z) = 0,

(t7 {L') € H(O,T]7 (22)
Y BUDITAII
Zi(t, w7, 65 y2) = Zo(t, 257, & y2) +
+W1(t7m;7—7£;y2)7 (23)

e

t

d
Wi(t,x;7, & y2) :z/WZ)/Zo(t,w;u, s y2) X

T R

XQl(Na )‘;Taf;y2)d)‘7 (24)

Zy — mapaMeTpHKc, a (J1 — HeBimoma QyHKIis.
3a mapameTpukc BuOepeMo (QyHKIIi0

Zo(t, ;7,8 y2) = Go(t, ;7,6 (&1, 42)),
0<7<t<T, {z,£} CR", y, € R™2. (25)

BnactuBocti  Zo(t, z;7,&;y2) HaBememo y MOIaHiit
HWDK4e JeMi (1oBeAcHHS auB. B [7]).

Jlema 2. Hexaii ona koegiyicumig pigusanna (22) eu-
xouyromwcsi ymogu 1 i 2. Tooi npasunvhi maxi meepodlcenus:

|DF Zo(t, 37, & 2)| <
< C(B(t, 1) ™ M-Mrxgdt 7z ¢), (26)
|AZ: D Zo(t, 57, &5 2)| <
< Clas — ,zs|”Yg (B(t, T))*M*Mlk*mw? «
X (EX(t,7,2,€) + BE(t, 7,29, ¢)), @7
| A D Zo(t, 7, & )| <
< O((B(h, 7)™ 4 |Ya(h, T) — 22|7) x
x(B(t, 7)) " M-Mxgdt 7z ¢); (28)

| / DI Zo(t, a7, € 2 )¢ |<
R”

< C’(B(t7 T))—Mm-‘rmrn Ed(t, 7_>7 (29)
‘ A% /DikZO(taCU;T»f;yQ)df ‘S Clzs — 25 78 %
R7l
X(B(t,7))” Mt gt 7),(30)
052 / Zo(t, x5 7, & y2)dE2 = 0, 31)

Rn2

8§§Z0(ta T, 57 y2) = (_852)k2Z0(t7 €T, §7 y2) (32)
Tym l S Ng, k‘ = (k‘l,k}2> S ZSLF, D;k = a‘f i Dzk = S,
M1k12m1|k‘1| + m2|k2| i Moy:=1, h € [T, T], O<r<t<T,
{26,209} C R™, s € Ny, {y2,22} C R"™, d € R. Ilpu
yvomy k # 0 6 oyinxax (29), (30) i ko # 0 6 (31), (32), 7
i v§ — 0osinvui uucna 3 npomioexy (0,1, vy i 2 — uucna 3
ymos (3) i (4).

Jnst pyHKuii (1 CrpaBIKYIOTHCS OLIIHKA

1082 Q1 (t, 237, & y2)| < CroB(t) %
X (B(t, 7)) M- trmm=—malkal pd (4 g €Y, (33)
|AZOR2Q1 (t, 257, & y2) | < OB(t) %

Tg T2

X|@s — 25| (B(t, 7))~ M~ THmm—malkal—mayd

< (E(t,7,2,8) + Bl(t, 7,29, ¢€)), (34)
ne0<7<t<T,{z,&} CR", {z;s,25} CR™, s €Ny,
ky € 272, Y € (0,7], 79 € (0,1], uucna v; i yo — Taki, sk
BHIIIC.

OcHOBHI pe3ynbTatu mepmoro eramy nooynosu ®P3K
Zy nnd piBHSHHA (22) 1 HOTO OIIHKYM HaBe#EHO B [7].

Ha npyromy erami nooynosu ®P3K Z mus pisasHHS (1),
BiMOBiTHO 10 MeToxy JIeBi, IIykaeMo y BHIJISI

Z(t,2;7,8) = Za(t, 5 7,8) + Walt, x5 7,8), (33)
ne QyHKITiS

Zg(t,$; T, g) = Zl(t7 xz; T)€;§2)a

0<7<t<T, {z,&} CR", (36)

€ mapamMeTpukcoM, odynoBanuM 3a OP3K Z;. O6’emuwmi
noreHmian Wy 3amaersest GopMyInoro

t
d
Wg(t,l';T,g) :/I/:L)/ZQ(LJ;’M’)‘)X

T R

X Qa1 A; T, §)dA, (37

ne (o — HemepepBHa (YHKIIS, Ui SKOT CIIPaBIXKYIOTHCS
TaKi OIHKH:

|Q2(t7$;7a §)| S Cﬂ(t)x
x(B(t,7))" M e Bt 1 2, €), (38)
‘AizQQ(t,ZL’;T, £)| < Cﬁ(t)x

|25 — 2% (B(t, 7)) "M~ 1Fmar—marl

x(E(t,7,2,€) + El(t, 7,29, ¢€)), (39)

e 0 <7 <t <T, {z¢ CR", {xs,2,} C R,
72 € (0,~;], uncna s, s € Ny, — Taki, K BHILE.

VY nopaniii HUKYE J1eMi COPMYITIOEMO BIACTUBOCTI I1a-
paMmeTpukcy Zs.
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Jema 3.
Ku.

3a ymos 1 i 2 cnpasodaicytomvca maxi oyin-

|DF Z(t, 57, 6)| <
< C(B(t, 7)) ™ ™M=Mrpdt, r x ), (40)
|AZ: DF Zs(t, @5 7,€)| <
< Clag — 25| (B(t, 7))~ M~ Mix=man?
X (B(t,7,2,8) + Ed(t,,2),¢)), (41)
| Pzt iy | <
i

< C(B(t, 1)) Muwtmie gd (¢ 1), (42)

0
Vs x

’ Aii /D:lEkZQ(tax;Ta g)d'f ’S C|1's — Zs

Rn
x(B(t, 7))~ Mistmu=mar pd(g o, (43)
| / DY Zy(t, i 7, €)de | <
an
< C(B(t’T))—m1n1—Mzk+9(\k2|—1)m272X

xEWV (t, 7,21 — &) Bt T), (44)

|83 [ D 2a(t.53m,€)d6a |< Clay — 2 x

R"2

x (B(t, T))fmlme,kJraukz|71)m272,mﬂ2 o

X(EW(t, 1,21 — &)+ EV (L, 7,21 — &))E4t, ), (45)

oe
mi7yi, le NQ, ko = 0,
mi =
maya, l= ]-7 k? 7& 07

0 <7<t <T {2, CR" 2z € R, s € Ny,
70 € (0,m] 78 € (0,1] 6 (40) i 43 € (0,72) 6 (41), (43),
Y1, Y2 — uucna 3 ymoeu 2), k = (k1, ko) € Z7. Ilpu yvomy
k1] < 2, ko € Z1? y (40), (41), a 6 (42), (43) k1 # 0 i
ko # 0 6 (44), (45), 8 — xapaxmepucmuuna @pyHKYif MHO-
arcunu [0, 00).

0 foBenenraa. Omuinku (40)—(42) ta (43) nnst ko = 0
JoBeZieHI B [7] 1 BUIITMBAIOTH 13 03Ha4eHHA (36) Ta TeopemMu
2 3 [7]. Hotpibuo mosectu (43), (44) i (45) misa ko # 0.
Omuinku (44), (45) 3a k; = ( BUIUIMBAIOTH 3 BiAMOBITHUX
omuinok (40), (41) i uepiBuocrti (13). V Bumaaky ko # 0
omiHkH (44), (45) moxHa mokpamuTH. CHoOYaTKy po3IIIsTHE-
MO TPUPOCTH 3a 3MIHHOIO 1. s I[bOTO 3aIUIIEMO TaKe
300paKeHHS:

8z [ ozt wn )i -

R72
ni T1j

:Z/ (—/Agzaglzl(t,c{”;
jzlzlj Rm2

7,&Y2)

e ) day; (46)

Y2 =Xo(t,7

i (S Cl(J) = ((2’11, ..
jEN,,.

Jonanku 3 (46) OIIHIOEMO 3a JOIIOMOTOIO OIIHOK (98) 3
[7], mepiBroCTei (12), (11) 1 (16):

) Zl(jfl))glj7x1(j+1)7 s a£1n1)7x2))

Az / 082 2, (1,057, €, E2)ds |<

R"2
ni Tij

SZ / ( / | Xa(t,7) — &[ %
Jj=1 21, R™2

XEg(t’ Ts Cij)7§)d§2 ) ‘ dclj(B(t, T))*M*ﬂh S

< Clay — Zl|7?(B(t,T))fmwlfmw?erzszd(t’T)X
1 1
x(EQD(t, 7,21 — &) + ED(t, 7,21 — &) (47)

OmiHNMO TPUPOCTH 32 3MIHHOKO 2. 3a JIOIOMOTOIO
(23), (24) i (32), ypaxyBaBiu BIactuBocTi GyHKIil ()1, 3a-
MHUIIEMO

AZ / aqu;Zl(t,x;T,{;&)d& =: Zu + Zi2+ Z13, (48)
R72
e
Ziy = AZ / 082 Zo (5, € €2)d =
R™2

xr2

:Ji_:l/ (R/ af;jzo(t,cgj);T,g;gz)dgg) dCaj =

ny F20 . )
=3 [ (- [ agabaed:
=1,

Rn2

.6 1) e ) dGo, (49)

yo=X{ (t,r

t1

g = A;z/d—’u/aijo(t,x;T,)\; A2) X
a(u)Rn

T

X /Q1(u,>\;7,§;§2)d§2d)\:

R72
ty d
H . &
[ | (82 [ et nm
T R™1 Rn2
X /Ql(M;A§T,£;§2)d£2)dA1, (50)
Rn™2

t
AL A;z/ﬂ/Zo(t,x;T,)\; A2) X
a(p)

t1 R™
< [ @i i =
R™2

t

_ [ dp . N
_/@/ (A”/Zo(t’x’T’Av/\z)d/\ax

t1 R”1 R"2
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x /8];2@1(“7)\77)57&2)6152) d)\la (51)
R’ﬂ

S 22(j-1) G245 T2(j41)5 -+ > T2my))s
a’“ 1= 0,082, j € Ny, a

e Cz(j)::(ml, (221, . .
X9 (0,1) = Xalt.r) |
4YUCIIO t1 — TaKe, SIK BUIIE.

Omianmo Z1; 3a momomororo (27), (12), (18) mma !l = 0
Ta (16):

(7)’

ZQ( /(B(tﬂ.))foma(ll%zlﬂz)x

T2 R™2

< EL (t,7,¢{, €)des ) dCy; ‘g Clas — 2B EA(t, 7) %

x (B(t, 7)) me(kal =2t g ¢ 7oy — g)). (52)

BuxopucroByroun omuinku (33) 1 (52) Ta HepiBHOCTI (9),
(10) 1 (12), 3amumemo

|Z12|</ d0 /’A / 2 Z0(t, 5 1, s Ao )dAs

X / Q1 (1t \s 7, & &) |d€ad g < Clzg — 20|72 X

R™2
t1

) /(B(t,u))*m”“””<"“2'*”2+73>Ed(t,u)x

T

B(w)

X (B 7)) T B ) T

X /Eg)(t’u,fﬁ—/\l) D, 7,0 = &)dh <

R"1
<Clzg - 22‘73(B(t7T))_ml(nl_’Y1)—m2(‘k2‘—724'_7(2)) «

E(t,T). (53)

[epur HiX MEPEUTH 10 OLIHIOBAHHS OAaHKa Z13 3 (48),
HaBENIEMO TIOTPiOHY JJIsI IOTO BIACTHBICTh QyHKIT (). Ha
migcrasi (106) 3 [7] 3anuimeMo Take 300pakeHHS:

xEW(t, 7,21 — &)

/3'§§Q1(u,>\;ﬂ£;yz)d£2 =

Rn2

/Afza’% (1 AT E1)

dés.
y2=N2(t,n) &2

3Bincu 3a gonomororo ouiHok (34), (11) i (12) orpuma-
€MO HEpPIBHICTb

Q1 (1, A 7,6 &)dés |<
‘RH/Q Ay WL\, AT 2 2‘

< CB(u)(Bp, 7))~ mmamallkel —72)

1 d
XE£U)(/’L7T7 A1 — SI)E (M7 T)'

3acTtocyeMo IO HEPIBHICTH pa3oM 3 owiHKoK (52) Ta
HepiBHOcTsIME (13) 1 (15) Juis1 oLiHIOBaHHS OAaHKa Z13:

|Zlg|</ dp /‘/A Zo(t, @ 11, A Ao)d s

R"1 Rn2
X / |8§§Q1(Na)\;7'75;52)|d§2d)\1S

t
< Clza — 2|7 /(B(t7N))_m1n1+m2(72_72)Ed(t7N)X

ty

B(w)
a(p)

X / Eéi)(tv“’xl - >\1)E£§)(,u,7,)\1 —&1)dA <
R™1
< Clag — 222 (B(t, 7)) ~mim—mallkal=202453) o

xED (t, 7,21 — &)EYt, 7). (54)

X (B, 7))t il g )

dpx

3 orpumaHuX OmiHOK (47), (52)—(54), 300paxxeHHs (48)
i crmiBBigHOMIECHD (49)—(51) BUIUIMBAIOTH OLIHKH (45), AKIIO
ko # 0. Ouinku (43) € 6e3nocepeaniM HaciaiakoM (45) i
(13).m

II. OcHoBHuii pe3yabTar

OCHOBHHUM PE3yJIBTATOM CTaTTi €

Teopema 1.  Hexau sukonyromwvca ymosu 1 i 2. Tooi
ons pisnanns (1) icnye @P3K Z, ons axoeo cnpagoicyio-
mbCs OYiHKU

D3 Z(t, w57, )| <C(B(t, 7)) "M M Bt 7,2, €), (55)

1A% D Z(t, 257, €)| < Clas — 25| x
X(B(t, 7)) M Mumart
x(B4(t,7,2,€) + Bl(t,7,29,9)), (56)

oe 0 <7< t<T {z,6} CR"” 2z, € R™, s € Ny,
vi’“ S (107mfkim1’yl), AKWo myy; < Maoys — My, I 'yik
(0, My, (Mmay2 — m1)), akwo m1y1 > may2 — my,

ma, le N27 k2 = 07
Mmikgs =
msal:17 k27é05

k= (ki,k2) € Z7, npuuomy my|ky| + |ka| < 1,871, v2 -
uucna 3 ymosu 2.

O JloBenennsa. IcHyBaHHA Z Ta OIIHKHU Di"“‘Z,
leNy, mql|ki1|+]|k2|<1, moBemeno B [7]. BcranoBmmo
ominku (56). 3ayBaxuMo, IO, YpPaxOBYIOUHM O3HAYCH-
Ha (35) 1 ominky (41), ans 1mpOro MOTPiOHO OIIHU-
™1 npupoctu ¢ynkuii (37). HocraTHbO OTpHMard OLiH-
ki Wy 3a yMoBH |15 —2,|"/™ <(B(t,7))/4, ToMy mo s
|zs—2s|'/™>(B(t, 7))/4 norpi6Hi ominku Ge3MOCEPEHBO
BurLnBaoTh 3 (55). Ockigbku QyHKIIA (J2 3aT0BOIbHSIE
ymoBu 3 1 4 nemu 3 3 [7] ta ymoBu nemu 7 3 [7], TO

MATHEMATICS

17



O. I. BoaHsik, C. [. IsacuweH, . . MeauHcbKmi

icaytots moximai DEW,, 1 € Ny, k = (ki, ko) € 7,
maq k1| + |k2| < 1, ski BH3HA9arOTBCS (OPMYITOIO

ty

dp
DikW t,x;T, € :/—/D;kZ t,x; T, \)X
2( ) Q(M)Rn 2( )

T
t

xQQ(u,/\;ﬂg)dAJr/d—“/D;’fZQ(t,x;T, A)x
o(m) )

ty

xASR) Qo (M, Xa(t7)); 7, €)dA+

+/ta‘z’;) /leZg(t 737, )X

t1 R™

x AT Qo (1, X 7, €)dA+

t

+/ (/D;kZQ(t@;T,)\)dA) Q2(p, X(t,7);7,8)x

tl ]Rn

dp
X—— + Qa(t,z;7,£)0(l — 2), | € Ny,
o)
ne 6 — ¢ynkuis [epicadima. 3a momoMoror miei GopMyin
3aIHIIEMO TaKe 300paKeHHs:

Az DYFEWo(t, a;7,€) =
t1

d
:/7“/A;spﬁfzg(t,x;u,A)Qz(u,/\;T,ﬁ)d)\+
olw) J

Mks

+/d—”/ AZe /letha:u,)\)d)\g)
a(u)wl

t1

XA()\I Xo(t, H))Q2(:U7 (A1, Xo(t, p); 7, §)dA1 +

Mks

+ / L. / A% D 2o (1, s 1, A)
a(p) :

t1 R™

XA&)\th(t,u))QQ(M’ AT, E)dA+

Miks

+/ (A;z/D;kzz(t,x;u,A)dA) X
i

ty

o
(t,/};), ’g)a(’u) +

/d“/ /Dngtx;h)\)d)\g)

Mks

XA(AE7’§)2(t7H))Q2(M7 (A1, Xo(t, p1)); 7, §)dA 1 —

t
—/ _dn / /D”“thz( ,u,/\)d/\2)
a(p)

Mks R™1 R™2

xQa2(p, X

2 (t,)
(A,25° (1))

Q2 (N7 (>\1a ZQ(S) (t7 p’))a T, f)d/\l—i_

+/t Oj’Z)/leZg(t @ 1y A) X

Niks R

x AT Qo (1, s 7, €)dA—

t
dp / lk (
- —— | D°Z t, 20 1, N x
/ a(w) 3 :

Mks

()
XA 0y (1, A, )N+

t

+/ (/DikZZ(t,w;u, N ) x

Mks R™

XQ2<M7

—/t (/leZQ(t e ,u,)\)d)\>

Mks  R™

xQa(p, Z

X(t,m;naoj’;)—

PN
(t, 1); ,S)Q(M)Jr

lks
2] ’

|xs — zs|1/m’k5, s € Ny, a

+O(1 — 2)AZ Qo(t, w3 7,€) = (57)

ne ks Taxe, mo B(t, mys) =
yucna t1 1] — Taki, SIK BHIIE.

11106 ouinutu Wik uxopucraemo ominku (41), (38) i
HepiBHOCTI (19):

|W2lks|_/ﬁ/f4d >
()
/ | A3 DY Za(t, 211, 3) | Qo i, )] <

/ ﬁﬁdu / s — 25| (B(t, )~ M~ Miv=mani

X (Ec (t, pyx, A) + Eff(t, Iy z(s), A))x
X(B(p, 7)) M2 B, 7, X, £)dA <

< Clzs — 25 vik(B(t’tl))szkfmwik %
ty

xEY(t, T /B T 71+m272—ﬂ(u)d X

(67) [ By e 2y,

x(I5%(2,€) + I (1), 9)) <
< Clzs — 25

d d s
x(EL (t,7,2,€) + EX(t,7,29,9)),

(B 7)) MMtz

pi(S]
FE € (0,m], ¥ € (0,1), malk| + |ko| <1,

l € N, {a:,z(s)} CR", s € N,.
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HepiHicTh

Miks

J() = | (B(t,w)~"

ty

B(r)
al) =

< C(B(t,1))"0(v) + Clxs — st/m"lksﬁ(—’y),

SIKa CIIPABIKYETHCS UL TOBUTBHOTO <y # (), BHKOpHCTAE-
Mo it ominku pomankis Wiks, j € Ny\{1}, {/,s} C Ny,
mq|k1| + k2| < 1. 3a momomororo ouinok (39), (45) i He-
piBHOCTE# (21) omepxkumMo

MNiks
2 dp .
t1 R™1 R™2

X(t,
X ‘ A()\(lt,;l(t’u))Qﬂ/iv (A1, Xa(t, p1)); 7,6) ‘ dA\i <

Mks
5(:“)
=~ d Vs
<_ / O( ) H £ X

/ ‘zs — Zs
n1

x(B(t, u))fmmlszrmwﬁG(lb\fl)mm >
(B (t, py 21 — A1) + BV (21 — M) EA(E, ) x
x| = M [ (B(p, 7)) M Imarmmai
X (B (7, (M, Xa(t, 1)), €) + B2 (7, X (8, ), €))dAr <
< Clas — 25| T (v35°) X
x(B(t1, )" M—ltmare—my gd(¢ )
X (I70(21,€) + 1Y (21,6) + [° (21, ) + I1°(21,6)),
IS

lks

S =1 — My, +may) — msvs + 0(|k2| — 1)mae,

{l, s} C Ng, my|ky| + |ko| < 1.

BpaxyBaBLuH HepiBHOCTI (21), a Takox Te H.lO ks <0,
KO.TII/I’}/l < 7,l € Ngi My, > 1, Ta'y2 > 0, sSKImo
) =71 i My, < 1, onepxumo

[W5*] < Clag — 24w (B (1, 7)) ~HHrmane

(B, (t,7,2,6) + Bg (7,20, 6)),
{l S} C Ny, m1|k1\ + |k2‘ <1.

OulHHMo Wiks 3a nonomororo ominok (41) 3 yF = ~, i
(39) 395 = 72:
Niks

/ ‘ AZ D Zy (1, w1, \) ‘ x

Wil < /

x| AL Gy 2 ) | <

Mks

</

t1

i [ foa = 2 (Bt )M
Rn

X (EZ(t, p,m,A) + B2 (8, p, 20, 1)

x| Xa(t, 1) = Ao| 2 (B(p, 7))~ x
X (B4 (1,7, (M, Xa(t, 1)), €) + B (7, X (¢, 1), €))dA <
< Clas = 2z T (v95°) (B(tr, 7)) T B (¢, 7)
X (10 (2, €) + I5° (=), €) + Ig* (2, ) + I3 (=), €)),
e
V95" =1 = My + mavys — myys, {I,s} C Na,
may k| + k2| < 1.

Bpaxysasmu HepisHocTi (20) i Te, mo ¥ > 0, sxuio

ko =0, Ta vi55 < 0, sxmio ko # 0, oTpuMaemo

W] < Cly — 2" (B, m)) MMt

X(Ed (t,T,(E,f) +Ego(t77—72(8)7§))7{l78} - N27 kQ = 07
(W] < Clag — 2| ™iks (mm2=m) (B(g, 7)) =M1
x(EL (t,7,2,8) + B2 (t,7,29,8)),{l,s} C Ny, ka #0.

3a gomomororo oriHok (43), (38) i (17) aHamoriuyxo
OJIePIKUMO

Mks
(W35®| < / ‘ A% /Ding(t,m;u,)\)d)\‘ X
ty R7
Mks

<C’/ Ts — 25| X
o) |

(1, w)s . €)) -2

(Bt )M (B, 7))~

B(r)
al) =

><|Q2(,LL,

xE4(t, W) B, 7, X (t, ), €)

< Clzs — zs\mﬁcbéﬁs (B(t, 7))~ M-1tmayzy
xE(t,7,2,€), ¥4 =1 — My, + myy.

Jonanxku Wiks i Wiks wwiks i wiks wiks i wiks
{l,s} C Ny, m1|k1|+|k2| < 1 ouiHrotoThest oHaKoBo. Ori-
HUMO TIepIi 3 HUX. JIJIS bOTO CKOPUCTAEMOCH BiJIITOBITHO
ouinkamu (44) i (39), (40) i (39) Ta (42) i (38) 3 70 = 74,
s € Ng, pasom 3 nepiBrocTsimu (10) i (21). Bpaxysasuy,
wo B(ns,7) > B(t1,7) = (B(t,7))/2, orpumaemo

t
d
[Wiks| < /?’;)/ ‘ /DikZQ(t,ﬁﬂa)\)d)\g ‘ X
R™1 R™2

Miks

x| AR oy @2l O, Xa(t, )i 6) | s <

t
/ Bl
a(w)
MNiks
XEd(t u) ( )(t My, T1 — /\1)|JL‘1 —)\1‘71X
X (B(p, )M tEmanamman

X(E&(p, 7, (A, Xo(t, 1)), ©) + E (1,7, X (8, 1), €))dAy <

<c / (B(t, )~

Mks

/ (t7u))—mlnl—Mlk+9(|k2\—1)m2n2X

Mi+miv1+6(lk2|—1)mans ﬂ(/J') d

()

MATHEMATICS

19



O. I. BoaHsik, C. [. IsacuweH, . . MeauHcbKmi

X (B(t, 7))~ M-ttmaremmin (4 )%
X (I (21, €) + 19(1,€)) < Clary — z5|™1k:755 x
X (B(t7 T))_M_1+m272_7n171 Eg(t7 T’ ‘r7 é‘)’

Ac

Vo5 =1 — My +mam + 0([ka| — 1)myya,

{l,S} C NQ, m1|/<:1| —+ |]€2| < 1,
f d
Wiks </7’“‘ /‘D”“Z tip ) |
| 27 |— O‘(M)Rn T 2( €T ) X

Mks

o ‘ AE\M,XQ(t,u))QQ(u’A;T, €) ‘ dX <

¢
M —M—M, pd
- ka/ a(p) dMRZ(B(t7M)) Bt pyw, A)x
X[ X (t, ) — Xo| 2 (B(p, 7)) M1 x
< (B (. m, (O, Xa(t 1), €) + B (1, 7. €)X <
¢

S C(B(t77-))_1 /(B(t,u))_Mlk-FMQng f;EZ;dMX

Niks
(19 (2, €) + Ig* (2, ) E*(t, ) <
< Clay — 2|1 Miktma) (B (g, 7)) =M~

X(Eg(t7 7_7 x’ 6) Jr E(U:l(ta 7_7 Z(S)’é.))’

t
wipl< [ | [ D zatt,zin nax | «
Rn

MNiks
d
xl@z<u7X<t,u>;r,a>\ﬁ <
SC/(B(taN))_Mlk+mlk(B(’[j,77'))_]\4_1+m2’¥2X

MNiks

< B9t 1) B (o, X (1, 1), €) 28 gy, <

a(p)

< O|Ig — zs|m17k15»(1*1\/fzk+mlk) 5
X(B(t, 7'))—1\/1—1—&-m2’)’2El(c:l(t7 T, 5)

3 ormany Ha HepiBHOCTI (39) momanox Wiks 3 (57) mae
MOTpiOHY OIIIHKY.

3 oOTpUMaHHX OIIHOK JIOJAHKIB WQZ?S, j€Ny1,
{l, s}CNg, mql|ki|+]|k2|<1, 1 306paxenns (57) Bumiusa-
IOTH OLIIHKH

Az DEW,y(t, 257, €)| < Clag — 2, (B(t, 7))~ M~ x

x(Bd(t,7,2,8) + Bl(t,m,29,9)), (58)

p 0 <7<t <T, {x,f,z(s)}CR", {zs, 25 }CR"s,
ko= (ki,k2) € Z%, 4% € (0,mylmin), axmo
miy < mays —my, i v € (0, mfkls(mg'yg —my)), AKIIO
mi17y1 > MaYs — My, m1|k1| + |k‘2| <1.

3 ominok (41) i (58) BumiuBae orinka (56). Teopemy
JTOBEJICHO.

3ayBakuMo, 110 TokasHUK Ienbaepa 74 ams mpupo-
cty noxiguoi ®P3K 3a npyroro nmpocTopoBoro 3MiHHOIO Ha
My 1m1 = 1/3 meHnwmii Bix nmokasuuka [enbaepa v, koedi-
mieHTiB piBHsHHA (1). B

BucnHoBknu

OtpumMaHi oUiHKK TpupocTiB moxinaux Bixm O®P3K mo-
JKHa 3aCTOCYBATH M 3HAXOKEHHS TOYHHX KJIACIB KOpe-
KTHOI po3B’s3HOCTI 3amavi Komi s ynmerpamapalomigHmx
piBHsHb Tuy KonMoroposa 3 JBoMa Ipynamu MPOCTOPO-
BUX 3MIHHUX Ta BUPOKCHHSAM Ha IMOYATKOBIH TiMEPILIONIH-
Hi; TOCIIIPKEHHS JIOKAIBHOI po3B’si3HOCTI 3amadi Komni mist
BiIOBITHOTO KBa3iiHiiHOTO piBHAHHSI, moOynoBu DP3K
JUISl TAKWX PIBHSIHB 3 OUTBIIOI0 KiJIBKICTIO TPYI MPOCTOPO-
BHMX 3MIHHHX.
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THE FUNDAMENTAL SOLUTION OF THE CAUCHY PROBLEM FOR
ULTRAPARABOLIC KOLMOGOROYV TYPE EQUATION WITH TWO GROUPS OF
SPATIAL VARIABLES AND WITH DEGENERATION ON THE INITIAL HYPERPLANE
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For an ultraparabolic equation of Kolmogorov type with two groups of spatial variables and with
degeneration on the initial hyperplane the estimates of increments with respect to spatial variables for the
fundamental solution of the Cauchy problem and its derivatives are established.
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