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STRUCTURE OF THE FUNDAMENTAL SOLUTION OF CAUCHY
PROBLEM FOR KOLMOGOROV SYSTEMS OF SECOND-ORDER

I.V. BURTNYAK, H.P. MALYTSKA

Abstract. ~ We study a structure of the fundamental solution of the Cauchy problem
for a class of ultra parabolic equations with a finite number of groups of variables with
degenerated parabolicity.
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1. INTRODUCTION

In this paper we investigate the fundamental solution to the Cauchy problem (FSCP) for a
class of systems of Kolmogorov equations [1, 2] which are a natural generalization of diffusion
equation with inertia.

The equations that generalize Kolmogorov equations have been studied in many papers,
especially a detailed description of the theories of the diffusion equations with inertia is pre-
sented in [3-5]. The great interest to study the behavior of solutions of Cauchy problem and
boundary problems for Kolmogorov equations caused their wide application in Financial
Mathematics for calculating the price of Asian options and volatility characteristics [6, 7].

We consider the system of equations with arbitrary number of groups of variables for which
the parabolicity is degenerated and research the structure of FSCP. I particular we obtained
exact dependence and types of shifts on lines of levels for FSCP of systems and model
equations.
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2. NOTATIONS AND FORMULATION OF THE PROBLEM

Let n,ng be fixed natural numbers and n9 > 1,x € R™,(x,s) = ¥ x;5;, x* = (X2, ee) Xnrg)-

j=1
Consider the following system of equations of the form
no—1 2 n
oty (t, x) Z X 0 uy(t,x) =Y Y, a%r(t,x)afck ur(t,x), v="1n xclgqm, (21)
k=0 r=1 !

where ITo ) = {(t,x), t€(0,T], T>0, x € R"™}.
Assume that the coefficients a,""" (¢, x) of the system are complex-valued functions such that

2 n
vr k _
0t wy(t,x) ; ;ak (t,x)ax,l{ wr(t,x), v=1,n (2.2)

system (2.2) is uniformly parabolic in Petrovsky means in I}y 1) and (x2, ..., Xu,) are considered
as parameters. For convenience, we write the system (2.1) in matrix form:

1’10—1 2
opu(t,x) — Y Xjox;,, u(t,x) = Y ai(t,x) afck u(t, x).
j=1 k=0 !
Find the solution of system (2.1) which satisfies the initial condition
u(t, x)|=r = up(x), xe R, 0<t<t<T, (2.3)

where 7 is a given number and 1y = col(ug1, (x), ..., ton, (x)) is a given matrix column.
3. THE SOLUTION OF CAUCHY PROBLEM FOR SYSTEMS WITH CONSTANT COEFFICIENTS

Let us consider Cauchy problem for system (2.1) in which coefficients a,""" are constants
al" =0, a" =0, v="1n,r=1,n.

7’10—1 n
pthy — ), Xj Oy, Uy Z Waz (t,x) u,(t,x), v=1,n. 3.1)
~ =
ur(t,x)|t=r = ug,(x), xe R, r=1,n, 0<t<t<T, (3.2)

where ug,(x) are sufficiently smooth compactly supported functions.
Let A be roots Ay, ..., A, of equation det{(a}y" (zs)z)v .1 — A} = 0, where I is the identity

matrix of order n, i is the imaginary unit and ReA(s) < —dy s%, s; € R! with some constant
oo > 0.

Using the Fourier transform we can reduce the Cauchy problem (3.1), (3.2) to the Cauchy
problem for systems of differential equations in partial derivatives of the first order. For this
components 1y, ..., u solutions of Cauchy problem (3.1), (3.2) will be sought in the form of an
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inverse Fourier transform on s of unknown functions vy, ..., v;, namely
u(t,x) == F o, (t,9)](t, x) := (2r)~"0/2 / exp{i(x,s)}vr(t,s)ds,
R™
0<t<t<T,xcR"™r=1,n.
Taking into account the equality
at F_l[vr] = F‘l[atur]'x] x]+1 [ ] F~ [ sjﬂasjvr],
8‘3(% Fv,] = Fl[—=s? v, 0y, F vs] = F1[isyv,]
we obtain for vy, ..., v, the following Cauchy problem
no— 1
orvy(t,s) + Z Sj+10s; Ur (1,5) Z ak s2 vy (t,5). (3.3)
j=1
vy (t,8) li=r = voy(s), sER™, r=1,n, 0<T<t<T. (3.4)

Since functions ug,(x) are quite smooth and compactly supported their Fourier transforms

are analytic functions for which the inequality true
lvor(s)| <c(1+|s|)™™, s € R™, m >mng+1,
where vy, (s) := Flug,(x)].

(3.5)

In problems (3.3), (3.4) s* - parameter. The system (3.3) consists of differential equations in
partial derivatives of the first order and these equations have the same basic parts. Accord-
ing to [8, p. 146-148] this system is equivalent to a homogeneous linear differential equa-
tion with first-order partial derivatives for functions w with n + ny independent variables

t/ S]_/ ceey Sno—ll Ul, s Uny

no— 1
0w + Z SJHBS]w + 2 agls%vravlw =0,
j= r, =1

which is equivalent to the system of ordinary differential equations:
ds;  dsy dSpy—1 duq dvy,
dt =—=—"F=..= = — =.=

s s s
2 3 o Y, —al st v, Y, —ai 53 v,
n=1 r=1

Let us select ng + n — 1 independent integrals, in this system from dt =
o

Sng—1 = Sy, + C1

and from dt =

Sng—2 = t25n0/2 + tc1 + ¢

d R
and from dt = ssﬁ for k = 3,n9 — 1 we obtain
no— —

tk tkfl tk72
S~k = ¥ T it k=2

C2 + ... + C.

-1 .
0— we can find

(3.6)

(3.7)

(3.8)
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Using (3.6) - (3.8), we write
tno 1 tn0—2

S = (Sl, SZ,..., S]’l()*(k*l)/"" Sno) == (m no + mcl —I'_ coe + Cnofl,...,

tk*l tk*Z
k=1 k=2
Substituting (3.9) into the system of equations

€1+ oo+ Ck_1,tSny + €1, Sny)-

n
dv, = — Z agls%vldt,r =1,n

we obtain the system of equations (3.10) for the characteristics of (3.6)-(3.8):

o= 1 1o o= k
dv.(t, P(t,su,, C) Za — )i < Snp Z n——k)ck 1)?vdt,
where
fo— 1 1o fo— —k
P(t,sp,,C) := ((no snO + Z (10— Ck 1 eer B8y + €1, 5ny),

with the initial condition
Ur(t, P(t, 5ny, ) lt=r = vor (P(T,8ny,¢)), r=1,n.

(3.9)

(3.10)

(3.11)

(3.12)

Problem (3.11), (3.12) has a unique solution for 0 < 7 < t < T < +o00. Solution of Cauchy

problem (3.16), (3.17) can be written as
v(t, P(t,sny,¢)) = Q(t, T, P(T,5ny,¢))U0(P(T,5n,,¢)),

(3.13)

where Q(t, 7, P(T, sy, ¢)) is a normal matrix solutions of (3.11), Q(t, T, P(T, Suy, C) ) |t=r = L.

Since the matrix

0 t?’lo k o n
RGN Z Ck D)7 =1

A(t) = (—a ”<(t_

commutes with [ A(7)dt, then
T

’Bi’lo—lsno no ‘Bl’lo_k

Qt,7,P(%,5,0)) = expl— [ AB)p} = expl—r [(E—S+ Y, &

k=2

(1’6

where Ay = (ay)] |_;.

L c_1)%dBY},
K)!

We use the method of mathematical induction to find ¢, k = 1,19 — 1, with (3.6) - (3.7), for

cx is true ¢, k = 1,n9 — 1, for ¢, formula:

k

ek = Y (—t)suy—ksj/ il k=T mq.
j=0

Valid, from (3.6) - (3.8) we have:
€1 = Spy—1 — tSno,
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12 t2
€ = Sno - tCl - E Sno = S?’lo—z - ts?’lo—l + ESTIQI
similar
£ t2 t2 £

€3 = Sng—3 = 315m — 5761 tcp = Spy—3 — tSyy—2 + 515m0-1 =

?anO, .o

iy k-1 _
Let cx_1 = Syy—k—1 — tSpy—k42 + -+ (].—f)sno,kﬂgrl + ..+ %sno, then for ¢, we obtain

tk tk_l tk tk—l 4o

= k= T — (] — ... — 1 = r— — _1—t —
Ck Sn() k k!sno (k — 1)!Cl Ck—1 SHO k (k)|51’10 (k — 1)| (Sl’lo 1 Si’lo)
12 —t)]
X (Sno—z — tspy—1+ Esno) e t(sno—k—l—l tSpy—k+2 1 oo+ [i ——Sng—k+j+1 T -
(~)! (0F L (-p
+ (k — 1)' Sno) = Sno—k + Sn, k! + Snoflm + ...+ (—t)SnO,kJrl,
so we have
k .
k=Y (—t)sn—krj/jl, k=T1,n. (3.14)
=0

Substituting (3.14) into (3.13) we obtain
t

k k—1 _
o(t5) = expl=dr [(F s/ (= 1! LK (B (04T (k=1

T
x  ((ng—1)1))%dB} vo(s1 + (T —t)sa + (T — £)%s3/2! + oo + (T — )07 15, / (ng — 1)1, 52
+ (T=1)s34 e+ (T —1)"0 28/ (10 — 2)!, ooty Spy—1 + (T — )81y, Sny)-
After the reduction of similar terms in the exponent exp, we will have
t

v(t,s) = exp{—4A1 /(51 +(B—t)sy 4 .o+ (B— 1) 15,/ (ng — 1)1)?dB}vo(sy + T — t)s2 + ...

T
+ (T=t)"™ sy /(g — 1)L 5o+ (T — )83+ e+ (T — 1) %5,/ (10 — 2)1, ooty Sy —1
+ (T —1)Sny, Snp)-
Find u(t, x):

t

u(t,x) = (ZH;W/exp{i(x,s)—Al/(sl+(,3—t)sz+ (B )" s,/ (g — 1)1)2dP

R™0 T
X Up(s1+ (T —1)s2 4 o+ (T — )"0 sy /(19 — 1), Sy 1 + (T — )8y, S,y )ds. (3.15)
Changing the variables in (3.15) by

s1+ (T —1)so+ o+ (T — )"0 15, /(19— 1)! = &y,
$24+ (T—1)sp+ o+ (T —1)"0"2 5, /(ng — 2)! = ap,



14 1.V. Burtnyak, H.P. Malytska

Si’lo—l + (T - t)sl’lo - “1’[0—1;

51’10 - “1’10/
or
n—1 (T — t)no_l
51 =01 — (T—t)“2++(—1) —(7’[0—1)' Kng,
s =ty — (T—t)ag+ ..+ (=1)"2 (t — )" 2a, /(ng —2)!,
Sk = K — (T - t)OCk_H + ..+ (—1)”07]( (T - t)noik/(no - k)',
Si’lo—l - [Xn()—l - (T - t)“l’lo/
S?’l() - “nol
we obtain
1 . . . 2 1
u(t,x) = Tz / exp{iagx1 +inp(xp — (T —#)x1) +ing (x3 — (T —t)x2 + (T — £)“x1/2!)
R"0
no— 1 .
+ +zock2 ]xk _ T—t)]/]'+ T dny, Z ]xno,j(r—t)]/j!
j=0

t

- A4 /(oq +(B—T)az + (B —1)%az/2! + .. + (B— 1) Ly, / (ng — 1)1)?dB}vo(a)da.

T

vo(a) = Fug(x), since
u(t,x) = /Rno Gt — T, x — & x)uo(E)de, (3.16)

where G(t — T,x — ¢; x) is the fundamental solution of Cauchy problem and has the form:

G(t—1,x—¢&x)

(27'[)77170 /R"o exp{i(xl(xl — 51) + iDCz(Xz — &y — (T — t)xl)

+ dng(xz—C3—(T—t)x+ (T — t)2x1/2!) +
k-1 _ ,
+ (Y (1) (T =)/ = &) +
j=0
ng—1 , ) t
ity (Y (<1 g (T =0/t = ) = [ (a1 + (B= Dz + .
=0 T

+ (B—1)" ay, / (ng — 1)1)%dB}da. (3.17)
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4. THE STUDY OF BEHAVIOR OF THE FUNDAMENTAL SOLUTION OF CAUCHY PROBLEM

In order to investigate the behavior of G(f — 7, x — {; x) we compute integral

t

= /(le (BTt et (B— )" iy / (119 — 1)1)2d. 4.1)

T

Having replacement (8 — 7)(t — t)~! = 6, we obtain

1
/ ap +0(t— T)ag + ... + 007 (t — )0, /(ng —1)!)2dO(t — 7).
0
Denoting

al(t—r)%:sl, wm(t—1)2 =5, .. ak(t—T)%%/(k—l)!:sk, ey

we have

1
I = /O (514052 + ... + 0™ 15, )2d0 = 7 + 55/3 4+ 53/5 + ... + 52,/ (2n9 — 1)

no 1o 1o
+ 2) s15i/j+2) sosi/ (1) 4+ +2 Y spsi/(k+j—1)+
j=2 j=3 j=k+1
+ 25u,-15ny/ (219 — 2). (4.2)

In (4.2) to select the perfect square sy, sy, ..., Sy, Will have:

m mo (j—1)s; sk30(k —1)(k—2)
b= (;S’/])2+3]§ jG+ )] 180 Z kkk+1)k+2) A

J(k—2)(k —3) B s (k= 1)k = (j— 1)
- & e e P Vi (= s IR
+ (219 —3) Z kk+1 ((kk;(:;__lz))))%r(%o—l)sg (o = 1)*(m0 ~2)%.2% |,

- n3(ng +1)%...(2ng — 1)2
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Using (4.3) G(t — T, x — ¢; x) written as:

Git—Tt,x—&x) = (27r)_”0/exp{isl(xl—@1)(t—'r)_1/2+i52(x2—§2—(T—t)xl)

R
X (t—1)7¥2 4 2lisz(x3 — & — (T — ao + (£ — 1)%x1 /21 (¢ —
k-1 . ,
+ (k= Dlise(Y} (=10 (T — 1) /j1 = Ei) (¢t
j=0
l’lo—l

+ sy (Y (=1 a1 (T — £)] /8 = Eug ) (t — T) @07 2 (1 —

& s -1 -

j 0

(j—1)s;

_ T)—(Zk—l)/z

_ S 2
Al Z i/9) +3<]Zz ) D)

G=1).(—k+1)
4+ (2k —1)( 5
]Z,:c]]+1 (j+k—1)

5= 1) — (10 +2)

) (]._%1 iG+1)(+m—2)

X (t—1)""%/221...(ng — 1)!

Consider the system

. ]_ 1,
j=1
- (j_l)S]
— =y,
Jg G+
isj(]—l)...(j—k—kl) o
G+ +k=1) ’
Sng—1(no — 2)! Sy (1o — 1)! _ 4
(ng—1)...(2ng — 3) ' ng...(2ng —2) "1
Sno (119 — 1)! .
no ..(2710 — 1) o

If we solve (4.5) we obtain

)+ ..+ (219 — 3)

)+ (20— 1)(- S"O

)52 4

(4.4)

(4.5)
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s = a1 — 3ap + 503 — 7ay + ... + (=1)"071(2ng — 1)ay,,

s2 4.7 4.5.9 4-5-6-11 (—1)m0—2
7.3 = ay — bag + o] Ny — 3l a5+ 1 g + ...+ m‘l -5..m9(2n9 — 1)ay,,

sk —1)! 2k(2k + 3 2k(2k +1)(2k + 5
% — M (2k+1)“k+1+(T)“k+2— ( 3?( )zxk+3

2k(2k +1)(2k +2)(2k + 7) (—1) 72k (2k +1)...(j + k —2)(2j — 1)
+ 41 Kfpq + ... + (] — k)!
(—1)"0~*2k(2k 4 1)...(ng + k — 2)(2ng — 1) .
(Vlo — k)' o

DC]'—|—

+

Sno_l(i’lo — 2)!
(1’10 — 1)(21’[0 -3
Smp(0 — 1)1 .
no...(Zno — 1) o

With this system we find si(k — 1)!, k = 1, ng and substitute in (4.4).

] = py—1 — Kpy(2n9 — 1),

110

Git—t,x—Gx) = (2m)™™ / exp{—A1 ) _ (2k — 1)ag +i[ag — 3oz + 5oz + ...
’70 k=1
+ (=17 (210 — Dany] (x1 = &) (= 1) V2 +2-3(t = 1) (12— &
. 4.7 4.5.9 (—1)m0—2

— (T —t)xy)i[ay — 5a3 + TR TR + .t m4 -5...
X 1g(2n — 1)) + k...(2k — 1) (8 — 7) P24 [0 — 2Kk + 1)y

2k(2k + 3) 2k(2k +1)(2k + 5) 2k(2k +1)(2k +2)(2k+ 7)
+ o1 M2 30 Xk43 a Xft4

—1)7k2k(2k +1)...(j + k —2)(2j —
n +( ) ( +') (J+ )(2] 1)06],4r
=kt
N (—1)"0k2k(2k 4+ 1)...(ng + k — 2)(2ng — 1) |
(o — k)1 %o

ko—1 _ )
X (), (S xgj(t =)/t =) + .

j=0
+ no(ng+1)...(2ng — 1) (¢t — 1)~ 0= D/ 24,

ng—1 ) .
X (Y (“1)xny (T — 1)/ = Ey) beae(t — 7) 702

j=0

x ﬁk(k+1)...(2k—1). (4.6)
k=1
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In (4.6) with respect to group the similar terms «;, we have:

Git—1,x — &x)=(2m) / exp{—A4; nzo(Zk — 1)04% +inq (t — T)_l/z(xl — &)
oo k=1
+ iDC2(t — T)73/26[XZ — ¢+ (x1 + 61)(15 — T)/Z] + i(Xg,(t — T)75/260[X3 — (3
+ (t=1) (24 E) /24 (t—1)%(x1 — &1)/12] + 1540in4(t — T) 7/ ?[x4 — &4
+ (X3 + Cg)(i’ — T)/2 —+ (xz — (:2)(t — T)2/10 + (i’ — T)3(x1 + 51)/120] + ...
_|_

1’10—1

no(no +1)...2ng — Viang[ Y xXug—j(t =TV /j — Eng — (t—T)
=0
7’10—2

X ( Z xno—j—l(t - T)j/j o éno—l) + (t - T)z
j=0

1’10—3

x (Y xug_ja(t =TV /j— Eno—2)(n —2)/4(2n9 — 3) + ...
j=0

(—1)(n0¥ (t — 1)~k 2k (2k +1)...(2k + (ng — k) — 2)(2k +2(ng — k) — 1)

(7’10 — k)! 7’10...(2110 — 1)
k=1 ” no2) (t = D)0 (xg — & + (t — T)xp)
x (];) Xeoj(t =TV /= &) + o 4 (—1) 1072 2(n+12)...(2§1—3) 1

ng— (t_T)(no_l)(x _g) —n% <
+ (=1)mD) T _12) U Yda(t — 1) /ng(kﬂ)...(zk—n. 4.7)

Remark 1. Each coefficient of the in; can be reduced to the form:

i (t — ) P2 (2k = 1) [ — G+ (8= 1) (et + 81 /2) + o+ (1 — (1) E))
2i(2/ + 1) (k4 —2) 1
=T T k=) Fk(k+ 1)k~ 2)]

= dok...(2k — 1) [oxg — G+ (£ — 1) (1 — k1) /2 + oo+ (- — (1) &)

G+D..(k+j-2) | (n— (=D (-0
(j = Dk = 1)k...(2k — 3) 2= k. (2k—3) "

+ oo (v — (—1)k_1(§1)(t — T)k_l

X (t—1)

From (4.7) it follows: G(t — T, x — {; x) is the Fourier transform of

1o
Li(0) =exp{—4A; Z(Zk — 1)0(%}, o€ R™,
k=1
according to selected points, with parabolic [9], we obtain estimates for I; (& + i), a € R™, 3 €
R,
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no no
|Li(a+iB)| < Cexp{—co ) _ aZ +c ) B2l
k=0 k=0

where positive constants C, ¢y, c depends on g, 1, constant parabolic 6y, max |a}’
1<r,s<n

Fourier transform of I; is an entire function for which the derivatives : satlsfy estimation at
t>t,xe R, ¢e R":

2 (2j—1)m

[0y, G(t — Tx—EX)| < Cult—1) 22 exp{—cllm — &4 (- 1) 43l - &
+ (=) (1 4+ &) /22t —T) 2 +180|x3 — &3+ (x0 + &) (E—T)/2+ (t — T)*(x;
— &) /122t — 1) 7% +25200|x4 — &4+ (x3 4+ E)(E—T) /2 + (t — T)*(x2 — &) /10
+ (+ &) —1)%/1202(t = 7) 7 4 o+ (k= 1)%K2..(2k — 3)2(2k — 1) (t — )~ P 1)

k—1 , k=2 .
x Y (=) /=G = (t =) (Y (=T /= G1) /24

N (]__:)kl (t(k—_r)l’)‘!l 21(21+1)...(21 +](£n(2{21))(21 +2(k—1)—1)
% (; R I P e i C ;(;)j_f)(x?z; 52;; = mm)
y D7 l(c (Zk)k 21)(’” “EP 4 (- 1) (0 + 1) 210 — 3
< (219 —1)(t— 1) 2% nozlxno (=T B,
j=
BT r)(“éz Yyt — T/~ Gag 1) /24 (£ — T
ng=3 | : (np —2)

(+ — 1 __1\ng—k
X (];:) Xpy—2—i(t —T) /]! §n0—2)4(2n0 Y + .+ (1)

& e (=T R 2k (g + k- 2)
X (];0 xk—](t T)] /]! gk) (no — k)! no...(2n0 — 2)
k=1 . o (t— T)nO—Z(x — &+ (t—1)x7)
X (]gxkj(f—T)]/]-—gk)—i-...‘f—(_l) ? 2(n0_|_i)m(§no_3) :
(=1) 1t — )™ (xg — &1) 0
+ ng...(2ng — 3) | o

where positive constants Cy,, ¢f; dependent no, j, m,d,sup |ay'|, T,j = 1,ng. After remark 1,
r,v

formula (4.8) can be written as follows
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n2+(2j—1)m

0%,G(t — Tx—Gx)| SCult—1) 7 exp{—cjllu - &4t —1) T 3 - &
(1 +E)27 Mt =)t —1) 3 +180|x3 — &3+ (2 + &) (t— 1) /2 + (t — 7)?
(1 — &) /122(t — 1) 7° +2520|x4 — &4 + (x3 + &3) (t — 7) /2

(t— 1) (x2 — &) /104 (x1 + &) (t = 1)2/12012(t — ) 7 + ...

(k—1)%..(2k = 3)%(2k = 1) (t = 7) = Vxe — &+ (£ = 7) (-1 + G1) /2 + o
(k= ()G ) (= O+ 1) (k 4+ j = 2)/ (G = 1)1k = Dk...(2k = 3) +
(x1 — (=) Te) (t— o)1/ 2k = Dk...(2k = 3)) | +

(ng —1)%...(2n — 3)%(2ng — 1) (t — T)_(Z”O_l) | %0, — Cny

(-1 + Eng—1) (= ) /24 oo+ (= )7 (1 = (=1)™7181) / (2(n9 — 1)

x (2ng—3))*]},t —7 > 0,x € R™,& € R",m € NU{0}.

Remark 2. Estimates (4.8) are exact, because for system considered one equationn =1

+ 4+ + + + + x +

no— 1
osu(t, x) — Z Xj0y, y11(t, X) = azzu(t x)
]_
we obtain G(t — T,x — ¢; x) att > T, in the form

10

Gt — T,x—Gx) =207 1‘[ W2k —1)E (= T) T exp{—|x — &[4
X (t=1)7' =3y — &+ ( +21)27 (t— 1) P(t— 1) 7% —180]x3 — &3
+ (+&) (=127 4+ (t—1)%(x1 — §)127 Pt — 1) 7> — 2520|x4 — &4
+ (4 &)(t—1)27 4+ (t— 1) (2 — 82)107 ! + (x1 + &) (t — 1)°12071?
x (t—1)7 — . —k*.(2k=3)2(2k — 1) (t — 7))y — &
+ (=) (o1 + E1)2 e (e — (1)) (= T+ 1)
X (k+j=2)/(— Dk = Dk...(2k = 3) + .. + (x1 — (=)&) (t = 1)*!
X (2(k — Dk...(2k —3)) 71?2 — .. — nd.. (2n0—2)2(2n0—1)(t—r)_(2”0_1)
X Xy — Cng — (Xpg—1+ qfno,l)(t — T)2 +...
+ (t=1)" (g — (=1)™711) (2(0 — 1)...(2m0 — 3)) P} (4.9)

In particular, from (4.9) with x = x1, xo =y, (ng = 2) have FSCP for the diffusion equation
with inertia if 79 = 2,5 obtain the results of [10-12]. Repeating the arguments of this work for
the equation

oru(t,x) —

i M‘

i Xy (j41) ¥ Zazzutx+zazgutx)t>f
=1 v=p+1

1j
(xlll x1n1/x21/-- x2n2/ xpll'- xpl’lp/ (P+1)1""’ xml)/
n>npy>..>2n,>1Lp>1m>p,
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we obtain an analogue of the formula (4.9):

Gt — T,x—&x)= ]ﬁ[(z\/%)”ﬁm—m ) P T k1), (2K — 1)
v=1 k=1
P

x exp{— Y _[|xs1 — €4 (t— 1) T+ 3|2 — Euo + (x1 +E)27H(E—D)P(t— 1)

j=1
4+ 180|xy3 — &+ (X2 + ) (E—T)27 4 (t— 1) (31 — Eo) 1272 (E— 1) 2
+ 2520|XU4 —Cys + (xvg + €V3)(t — 7)2_1 + (t — T)z(xvz — §V2)10_1 + (xvl + Cvl)(t — T)
X 1207 P (= 1) T e+ (2= 3)2(2k — 1) (= T) T F Y g — S+ (- 1) (0
+ Cu(k_1))2_1+---+ (k=) — (= )JCV )=y (j-l—l)...(k+j—2)/(j—1)!(k—1)k...
X (2k—=3) 4 ..+ (xp1 — (=D 1E ) (1 - r)k Y20k — Dk...(2k —3)) > + .. + 12,
x(2my —2)2(2n, = 1) (¢ = 1) D xin, = Euny — Kygn—1) + Eugm—1)) (=727 +

(t =) e — (=)™ 6n) (20ny — 1) (20 = 3) 71 - i 01 — G [247

v=p-1

_|_

p
X (t—T)_l},xeR", ceR'n= va+m—p.
v=1
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HocmimkyeTbest cTpyKTypa PpyHIaMEHTAJIBHOTO PO3B 3Ky 3aaadi Kot /j1st 0HOTO KJIacy CUCTEM YJiIb-
TpamnapabosIiIHIX PiBHSAHDB, [0 MAIOTh CKiHUEHY KiJbKICTh Pyl 3MIHHUX 38 SIKUMHU BUPOXKYETHCS ITapa-
OO IHICTD.

KurouoBi ciioBa: cucremu Konmoroposa, byHmaMeHTaIbHINE PO3B’ 30K, BUPOKEH] mapaboiiuni pis-
HSIHHS.



