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Abstract. The problem of identifying of the several unknown time dependent parameters in the
minor coefficient and in the special type right-hand side function of the semilinear higher order
ultraparabolic equation from the additional initial, boundary and integral type overdetermination
conditions is considered in this paper. The sufficient conditions of the unique solvability on the
interval [0, T], where T is determined by the coefficients of the equation, are obtained.
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1. INTRODUCTION

The initial-boundary value problems for ultraparabolic equations often appear in
mathematical modeling of population dynamics, non-isotropic processes in mechan-
ics, Asian options in finance, etc. [3,8, 11, 14,15,18,20]. If in the equation some
coefficients are unknown, then the problems of their identification together with the
solution of the equation, are called inverse problems. The problems of recovering of
a single time depended function in the right-hand side of the higher order PDEs from
the integral type overdetermination conditions were considered in [7, 13], of several
parameters in the right-hand side function of higher order ultraparabolic equations —
in [16,19]. In the works [9, 18] the conditions of the unique solvability were obtained
for the inverse problems for second order ultraparabolic equations with a single un-
known function in its right-hand side, and in [17] — with two unknown parameters
in minor coefficient and in the right-hand side function. The problems of identify-
ing of the minor coefficient in the parabolic or hyperbolic equations were studied in
[1,5,6,22], of the several coefficients in right-hand side function — in [6,21]. The
authors used the methods: of the integral equations, regularization and the Shauder
principle [6,9], of successive approximations [16—19], of continuation in a parameter
[13], the generalized Fourier method [5].
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The main aim of the present paper is to find the sufficient conditions of the exist-
ence and the uniqueness of the solution for the inverse problem for higher order ultra-
parabolic equation with a right-hand side function of the special type. The equation
has several time dependent unknown parameters in its right-hand side function and
in the minor coefficient. The initial, boundary and integral type overdetermination
conditions are posed. In order to obtain the results we use the method of success-
ive approximations and the properties of the initial-boundary value problems for the
equations. Similar methods were used for the second order PDEs in [2, 17, 18].

2. FORMULATION OF THE PROBLEM

Let Q C R"” and D C R/ be bounded domains with boundaries 9Q € C" and 9D €
C! respectively; n,l,s,mp € N; x € Q, ye D, t € (0,T), T > 0. Denote Q; =
QxDx(0,7),7€(0,T],G=QxD,Xr =0QxDx(0,T), Sy =Qx9dDx(0,T),
D* = L‘x ol =0 + -+, y,oe N

In the domain Q7 we consider the problem:
to find the sufficient conditions of the existence and the uniqueness of a set of func-
tions (u(x,y,t),c(t),q1(t),...,q5(t)) that satisfy the equation

I
u; + Z Ai(x,y, 1)y, + Z (—1)|Y‘D7(a(w(x,y,t)D°‘u)
= 0o = yl<mo

N

+(c(r) +b(x,y))u+g(x,y,t,u) = Y fi(x,y,0)qi(t) + fol(x,,1) 2.1)

i=1

and the conditions

u(x,y,0) = uo(x,y), (x,y) € G; 2.2)
olu )
ﬁﬁzo (i=0,1,....my—1); ulg1 = 0; (2.3)
[ Kty dedy =E@), 1€0.7] i=1 s+l Q4
G

in the sense of Definition 1 (see below). Here v is the outward unit normal vector to
l
the surface Sz, St = {(x,,¢) € St : ¥ Ai(x,y,¢) cos(v,y;) < 0}. Let us assume that
i=1

condition
1): there exists 'y C 9D C R/~! such that the surface S~ = Q x I'y x (0,7) holds.

!
Denote I'; = aD\TI'y, 2 = {(x,y,t) € St : '21 Ai(x,y,1)cos(v,y;) > 0}.
=

We shall use the spaces L”(-),Lz(-),Wk’2(~),W(;"O"z(-), C([0,T);L*(G)),
ck(-), c'([0,T];C*(D)), C'(D;C'(Q)) from [4, pp. 32,37,38,44, 147].
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We also introduce the following spaces:
Vi(Qr) := {w: D% € L*(Qr) (Jot| <mo), G|, =0(i=0,1,...,mo— 1)};
Va(G) :={w:w € LA(D; W2 (Q)), wy, ELX(G) (j=1,...,1), wlaxr, =0};
V3(Qr) :={w: we W'(Qr), D € L*(Qr) (Ja < mp), wlg, =0,
|y, =0(i=0,1,...,my—1)};
Va(Qr) == {w: we Va(Qr), D% € L*(Qr) (Jo < 2my)}.

Definition 1. A set of functions

(u(xvyat)v C<t)7 ql(t)7 (n(l), SRER) qS(t)> (2.5)
is a solution to the problem (2.1)—(2.4) if u € V4(Qr) NC([0,T];L*(G)), c€C([0,T)),
g, €L*(0,T), i=1,...,s, and it satisfies (2.1) for almost all (x,y,#) € Qr and the
conditions (2.2), (2.4) hold.

Assume that following hypotheses hold:

2): agy € L7(Qr), 0 < |at| = |y| < mo,

/aow(x,y,t)Do‘wDywdx > ao/ Z |D%w|*dx
0<ol=ly|<mo ¢ Q lod=mo
for almost all (y,7) € D x (0,T) and for all w € W(;"O’z (Q), ap > 0;

3): b e L”(G), b(x,y) > by for almost all (x,y) € G, by is constant;

4): f; € C([0,T);L*(G)), i=0,...,s;

5): g(x,y,t,&) is measurable with respect to (x,y,?) in the domain Q7 for
all& cR! and is continuous with respect to & for almost all (x,y,1) €073
moreover, there exists a positive constant gg such that |g(x,y,7,&)—
g(x,y,1,m)| < go|& — | for almost all (x,y,7) € Qr and for all £, ) € R;

6): A, € L”(0,T;C(G)), hiy, €L7(Qr) foralli=1,....1;

7): ug € V3 (G);

8): Ki € C'(D;C1(Q)), Kil s, p =0, Kilaxr, =0foralli=1,...,s+1;

9): E; e W'2(0,T),i=1,...,s+1.

3. AXILARY RESULTS

First we assume that ¢(t) = ¢*(¢), ¢i(t) = ¢} (t), i=1,...,s,in (2.1), where ¢*(t) €
C([0,T)), g; € L*(0,T), i = 1,...,s, are known functions. The results presented in
[12], [18], yield the following statements.
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Theorem 1. Suppose that the hypotheses 1)—7) hold, and, besides:

i) aoy, D*aoy, daryy, s by, €L (Qr), days, fiye € L*(Qr), 45 €L(0,T), ¢* € C([0,T1)
O<|oj=y<mg,i=0,...;5, j=1,....5, k=1,...,1);

i) gy, (x,3,1,8)| < g1 (i=1,...,1), g(x,y,t,0)|51T = 0 for almost all (x,y,t) € Qr
and all & € R, where gy is a positive constant;

iii)fi|SlT =0 (i=0,...,s),
then there exists a unique function u* € V3(Qr)NC([0,T];L*(G)), that satisfies the
condition (2.2) and for all functions v € V| (Qr) the equality

!
/ v+ Y Ni(e,y.usv+ Y agy(x,y,r)D*uDVv+
g = 0<lo/=T<mo

+ (" (1) + blx,y))u'v+g(x,y,1,u")v) dxdydt

= [ (X Alen)ai @)+ folet)) vaxdydr. @)
Or i=1

Moreover, u* € V4(Qr)NC([0,T);L*(G)), u* satisfies the condition (2.2) and (2.1)
for almost all (x,y,t) € Qr (so, u* is a solution to the problem (2.1) — (2.3)). The
derivatives of u* have the following estimates

1
/ Y (uf, 2 dxdydt < M, / ()2 dxdydi < M, (3.2)
i=1
Oor Or

where the constants My, M depend on ugy, and on the coefficients and the right-hand
side function of (2.1).

The proof is carried out according to the scheme of proving of Theorem 1, 2 and
Lemma 1 [12] and Theorem 3.4.3 [18, p. 97].
Further for functions w € W(f 2(Q) we shall use Friedrichs’ inequalities:

/Z |D°°w|2dx§yk,j/ Y ID*w[dx, j=0,1,...k, (3.3)

o ld=J Q lal=k
k
where constant Y, ; depends on , k, j. Denote I'y = Y Y ;-
j=0
4. REDUCTION OF THE PROBLEM TO THE EQUIVALENT PROBLEM
Equation (2.1) and conditions (2.4) for j =1,...,s+ 1 imply the equalities

iqi(t)/Kj(x’y)fi(xvyat)dXdy—C(t)Ej(t) :Fj(t)’ re [OvT]a 4.1)
i=1 G
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where F

j(t) = () - f( (.Xy (f()(x s ) - b(x7y>u - g(x,y,t,u))—i—

~

L (MoK () s | |Z|\ (— 1)/ D*(DYK;(x, y)aoey(x,.1) ) dxdy.
1= <jo=[y|<myg

Denote B(t) := [b"j(t)](s-s—l)x(s-&-l) , Where b;;(t) :gKi(x,y)fj(x,y,t) dxdy, bis11(t) =

—Ei(t), i=1,...,s+1, j=1,...,s, A(t) :== detB(t), A;;(t) — the algebraical com-
plements of the elements of B(z). Let

A(t) #0forallt € [0,T) 4.2)
andfori=1,...,s+1, j=1,...,s+1

!
0 (x,y,1) = Aji(t) (A1)~ (= K;(x, ; i, 2, 1)K(x, )y~
_ Z (-1 )\ \

0<|a|=[v|<mo

Da(DyK (X, y)aoy(x,,1))),

Bij(t) ::Aji(t)(A([))il(E;(t)_/Kj(xvy)fO(x7yvt>dXdy)'

G
Then from (4.1) fort € [0,T] and i = 1,...,s, we obtain

‘”(’)Zizi (Buto)- / (o= K et sy ). 4

st1
=1, (e~ (st

j=1
_Ajsn()

A(E) K;(x,y)8(xy:t, u))dxdy) (44

From here it follows that the solution of the problem (2.1)-(2.4) satisfies (2.1) for

almost all (x,y,¢) € Or and (2.2), (4.3), (4.4). By analogous considerations as in
Lemma 1 [17] it could be proved that the reverse statement is also correct. Therefore
the following lemma holds

Lemma 1. Let the assumptions of Theorem I, hypotheses 8),9) and (4.2) hold.
The set of functions (2.5), where u € V4(Qr) NC([0,T];L*(G)), c € C([0,T)), ¢; €
L*(0,T), i=1,...,s, is a solution to the problem (2.1)~(2.4) if and only if this set
satisfies (2.1) for almost all (x,y,t) € Qr and (2.2), (4.3), (4.4) hold.
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5. MAIN RESULTS

Further we shall use the following denotations:

2
=2+ % (IBs(0)1+J ]%Kxx,y)g(x,y,t,m\ dxdy) i,

]—0

2

Cosim2(s+ )% sup [ <|oc,-j<x,y,r>>|+go
Jj=1[0,1]G

S
C = chu G =Y Gy,

i=1 i=1

s+1
Cyi=2(s+ 1)sup’¥ (mm,,( )+

[0.17j=1

2
”“ Kj(x,y)g(x,y,1,0) ‘dxdy> :

s+1

Cim26+1) Y supf(!asm(w )+ 8o
j=1[0,1]G

’Tl)( )Kj(x,y) ‘ ) dxdy.
Assume that there exist such numbers 7 > 0 and & > 0 that the following inequal-
ities are fulfilled:
fOT <8, x>0, M;<1, (5.1)

where ' = maxsup [ |fi(x,y,1)]? dxdy,
Loo,1G

% f (fo(x,y,t))2+ (g(xjy,t,O))z) dxdydt—l—g;(uo(x,y))zdxdy,

1/2
<C3 + CyM; + C4f(§lzcjf;4' )> )

= maxesssup Ay, (x,y,1)], = 2”0 5+2bo —MI—2M>—2g0—(s+2)3,
i
Or

My = dCHOMD) M4.:M1—|—ng3, Ms := max{My; f},

-G f T
M5 1 CiM
Mg .= — M7 := = (Cr +Cy4)M, Mg = 43,
6= 5 7 2( 2 +C4)Ms, 8 55

Theorem 2. Let the hypotheses (4.2),(5.1) and 1)—9) hold. Then the problem
(2.1)—(2.4) has at most one solution.

If, besides, Aay, D*agy, oy, by, € L7(0r),  aays, fiy, € L*(Qr)
O<|ol=y|<mo, i=0,...,s, k=1,...,1) and the assumptions ii), iii) of Theorem I
are true, then a solution to the problem (2.1)—(2.4) exists in Q.

Proof. Existence. In order to prove the existence of the solution we use the method
of successive approximations. We construct the approximation of the solution to the
problem (2.1)—(2.4) as follows:

c(t):=0,4'(t):=0, t€[0,T),i=1,....s,
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T ——

G

xg(x,y,t,um_l)) dxdy),té 0,T],i=1,...,s,;m>2, (5.2)

s+1

A"(t) = Z <Bs+1 () —/(xsﬂ,j(x,y,t)u’"_ldxdy

Jj=1
Jv+1 m—1
+ (x,y)g(x,y,t,u™ ")dxdy |, t €[0,T], m>2, (5.3)

u™ satisfies the equahty

!
/ (W v+Y N(ey.0uiv+ Y agy(x,y,1)D*u" Dv+
Or i=1 0<]orf=[y|<mo

+ ("(t) + b(x,y))u"v+ g(x,y,1, um)v) dxdydt

S
= [ (L Aeygr )+ folxyn)vdxdyde, T € O.T) m=1 (54
0. !
for all v € Vi (Qr) and the condition
u" (x,y,0) = uo(x,y), (x,y) €G. (5.5)
It follows from (5.2), (5.3), that
grel?(0,T), i=1,....,s, m>2, " eC([0,T]), m>2.
According to Theorem 1 for each m € N there exists a unique function u™ € V4(Qr)N
C([0,T);L*(G)), which satisfies (5.4), (5.5).
At first we shall find some estimates for the approximations (u”(x,y,?),
c"(t),q7(t),q5(t),...,q5(t)), and show that ¢"'(¢) for all m € Nand t € [0,T] could
0,7]

be bounded from below by the same constant. Let ¢ (¢) > co, for all z € [0, T], where
com € R. If we choose v = u™ in (5.4)

!
/ (W' + Y My, )™+ Y ay(x,y,t)D*u" D"+

Or i=1 0<ot|=[y|<mo
+ (" (t) + b(x, y))(um)2 +g(x, 1, um)um) dxdydt

:/ Z x,0,0)q" () + fo(x,y,t))u" dxdydt, T € (0;T], m>1, (5.6)

and take into account the hypotheses 2)—7), then from (5.6) we get the inequalities
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‘ﬂ"W%))MWf/kaxmeMme

527
+ / <2a()

= S/ <ZS: [iley 1)) (g (1)* + (fO(xvy,t))z—F(g(x,y,t,O))2> dxdydt
Or

l)“u"ﬂz-%(Zbo——kll4—260m-—2go-—(S4-2)5)(“m)2>‘iXdydf

|o|=mg
i=1
+ [ (o) Pdrdy, ve @:T], m=>1. 57)
After using the inequality (3.3) in the third term of (5.7), we obtain

/( m(x,,7) dxdy+/2x ,y,1) (") cos(v, y;) do

G SZZ

2
+ / ( @ —x11+2com+2bo—2go—(s+2)6) (u")? dxdydr

Yrmo,0

<5/ (K a0 + Gitso+
I\

+@@wﬁw>wwm+/%@wVM@J€®ﬁLmzL 58)

Usmg the assumption Y2“° — M+ 2¢om +2bg — 280 — (s +2)8 > 0, from (5.8) for

€ (0;T], m > 1, we get the estimates

S
[y )P drdy < My + 5 [ ¥ Giter) gl o) dxdyar. (59
G 0. !
Now square both sides of (5.2) and after using Holder inequality, and integrating the
result with respect to ¢, we get the estimates
T
/(q;"(t))zdz <Cy; +cz,i/(um—‘)2dxdydt, m>2,i=1,...,s, (5.10)
0 Or

rising up the both sides of (5.3) to the square and using Holder inequality, we get the
estimate

("(1)* <G +c4/(um—1)2dxdy, t€[0;T], m>2. (5.11)
G
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From the system of inequalities (5.9)—(5.11) under the condition (5.1) it is easy to
proof the estimates

|c" ()] < Ma, t€0,T], m>1, (5.12)
R T
Y [larwrar<ms, w1, (5.13)
i=1
0
[uryPaxdy<ms,  1el0.T) mz1. (5.14)

Remark, that M, is independent on m and if we take —M> instead of cg,, for each m
and take into account the condition (5.1), we get

2
B A4 2c0m + 250 — 280 — (s +2)8 = 3¢ > 0.

Yimo,0
Thus, (1) > —M, for all m € N.

Further we show that {(u" (x,y,1),c" (1), 4} (t), 45 (t),..., 47 (t)) }n_, converges to
the solution of the problem (2.1)—(2.4). Denote for m > 2

S =) =N e), ) =g () — g, i =1, s,

Zm (-x Y, ) (xayat) - -x7y7t)'
From (5.5) we get z (x,y, 0) =0, (x,y) € G, m > 2. Moreover, using (5.4) with

v = 7" we obtain the equality

!
2/Iz xX,),T |dxdy+/ Y iy, )z 4+ b(x,y) (2"

i=1

U 1(

T

+ Y ag(xy,)DZ" DY 4 (M ()" — " (u" )"
0<|a|=|v|<mo

+ (g(x,y,1,u™) — g(x, y,t,u’"’l))zm) dxdydt =

_/Zf, x,3,0)r ()" dxdydt, T € (0,T], m>2. (5.15)

Notice that

L T
S ‘
/Zf, x,y,0)ri' ()" dxdydt < — 5 /(zm)zdxdydt+;;/Z(ﬂ”(t))zdt
Or 0

and
(Cm(t)um _ Cm—l (t)um—l)zm —_ Cm(t)(zm)Z _|_sm(t)um—lzm’
therefore

/(cm(t)um — "N O Y dxdydt > <—M2 - 2) /(Zm)zdxdydt

Oc Oc
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- 215 / (s"(1))? ( / (um1>2dxdy) di > <—M2 - 2) / (") dxdyd
O

1\24§ (s"(t)2dt, 1€ (0,T], m>2. (5.16)

Then, taking into account 2)—7) and (5.16), from (5.15) we get inequalities

/( " (x,y,7T)) dxdy—i—/Z?u x,y,1)(z )zcos(v,y,-)dcs

52T
+ / <2ao

D2 ? + (2b9 — A1 — 280 — 2M2 — (5 +2)3) <z’">2> dxdyd:

\G\—mo

i=1

T ~ T
%/ m g/z(,{"()) dt, te (0:T), m>2. (5.17)
0 0

After applying (3.3) to the third term of (5.17), we get the estimates

l
J@ymRdxdy+ [ Y dutenn(@Peos(v,y)dox [ ()2 dxdydr
G $2 i=1 0.
T

M,

<7

< 6/ i+
0

|~

T
/Z Vrdt, T € (0;T]), m>2. (5.18)
0 i=1

Taking into account (5.1), from (5.18) for m > 2 we find the estimates

/(zm(x,y, )? dxdy A?O/T( 2+g(r?1(t))2>dt,I€(O;T], (5.19)

G

and

T
/(z’")zdxdydt < M6/ ((sm(t))2 + Z(r;"(z))2> dr, m>2. (5.20)
Or 0 ‘
Besides, from (5.2) and (5.3) it follows that

T
/Z(ﬂ,”( ))?dt < 2/ "2 dxdydt,  m>2, (5.21)
0
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T
/ ")) dt < — /( =2 dxdydt, m>2, (5.22)
0 Or
(s"(1))* < % [ wnnrasay.  re(0.Tm=2 (523
G

Then (5.21), (5.22) and (5.20) imply

and with the use of (5.19), from (5.23) for m > 2 we get

1

T 2
|s™ (1) < Mg (/ ((sml(t))z—I—Z(r’i"l(t))zdt)) , 1 €1[0,T]. (5.25)
i=1

0

Afterwards, using (5.24), (5.25) and the assumption M7 < 1, we show that the estim-
ates

m+k ) m+k T K
A UES WO W K
=\

i=m+1 i

~
—_

1 — (M) =
and
h % m—+k T %
(o/(%m+k(t) q’m(f))zdt) = i_;l <0/ (' (0))*+ (s'(1))?) dt>
m—1 T %
(M7)T S2 ) s r2 5 _ )
= - (M)} (O/(( (1)) +I;( 7(1)) )dt) J=1,....s, (527)
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hold for all k,m € N, m > 3. From (5.26), (5.27) we conclude that for any € >
0, there exists mgp such that for all k,m € N, m > my, the inequalities ||c"*(¢) —

"(1);C([0,T])|| <e€and Z g (2) — g (¢); L*(0, T)|| < € are true and, hence, the

sequence {c¢"}>_, is fundamental inC([0,7T]), and {¢/"}_,, i = 1 ,s, are funda-
mental in LZ(O T). Therefore, (5.19) and (5.17) imply that {u”}>_, is fundamental
in L>(Qr) NC([0,T};L*(G)) and {D*"}>_,, o < m, is fundamental in L2(Qr)
and, hence, as m — o«
u" —uin L*(Qr)NC([0,T];L*(G)), ¢" —q;inL*(0,T),i=1,...,s.
D*u™ — D%uin L*(Qr), |a| <m, ™ — cinC([0,T]). (5.28)

m=1>

Formula (3.2) implies the following estimates

/ Z V2 dxdydt < My, / (u")? dxdydt < M, (5.29)
Or

and, by virtue of the inequalities (5.12), (5.13), the constants My, M are independent
of m and (5.29) is true for all m € N. In view of (5.29), we can select a subsequence
of sequence {u”}>_, (we preserve the same notation for this subsequence), such that

w" — uy and uy; — uy, weakly in LZ(QT), i=1,...,1, asm— oo, (5.30)

Passing to the limit in (5.2) — (5.4) as m — oo and taking into account (5.28), (5.30),
we get that the set of functions (2.5) satisfies the system of equations (4.3), (4.4) and

]
/ (v + Z Ai(o,y, 1)y, v+ Z Aoy (x,y,6)D*uD"y

o i=1 0<[of=r|<mo

+ (c(t) + b(x,y))uv + g(x,y,t, u)v) dxdydt

= / (Y fitx,y.0)qi(t) + fo(x,y,1))vdxdydt  (5.31)
i=1
forallt € (0;7] and v € Vi (Qr). From (5.31) we obtain that

I
/(u,w—i— Y Moy tyuyw+ Y agy(x,y,0)D*uDYw + (c(r)+
5 = 0<af=Tri<mo

+b(x,y))uw+g(x,y,t,u)w / ZS: fi(x, 3, 0)qi(t)+ fo(x,y, ))wdx (5.32)

for almost all (y,7) € D x (0;T) and for all w € W(;"O’Z(Q). From (5.32) we derive that
u for almost all (y,7) € D x (0;T) is a weak solution to the Dirichlet problem for the
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elliptic equation

D¥(agy(x,y,1)D%u) = F(x,y,1), x € Q; (5.33)
0<lo=[y|<mg
olu )
N QZO(IZO, 1, ...,mo—l),

s 1
where F (x,y,1) = Elf,-(x,y,t)qi(t) + fo(x,y,t) —u; — _; Ni(x,y,t)uy, — (c(t) +b(x,y) ) u—

g(x,y,t,u). Since function F(x,y,t) € L*(Q) for almost all (y,z) € D x (0,T), there
exists a unique weak solution u of the problem (5.33). Then, from [23] and the con-
dition 9Q € C™ we conclude that D%u*(-,y,t) € L*(Q), |at| < 2mg. Thus, u*(-,y,t) €
W% (Q) NW2™:2(Q). Using the scheme [10, p. 219] we prove that the function
u*(x,y,t) satisfies the equation (2.1) for almost all (x,y,7) € Qr.

Hence, u € V4(Qr) NC([0,T]; L*(G)), the set (u(x,y,t),c(t),q1(t),--.,qs(t)) satis-
fies (2.1) for almost all (x,y,r) € Qr, and by virtue of Lemma I
(u(x,y,t),¢(t),q1(),...,qs5(t)) is a solution to the problem (2.1)—(2.4) in Q7.

Uniqueness. Assume that (u®®) (x,y,1),c!) (t),qgl) (t),... ,qgl)(t)), [ =1,2, are two
solutions to problem (2.1) —(2.4). Denote ii(x, y,7) := u'") (x,y,1) —u'® (x,y,1), &) :=
(1) =P (1), i) = qfl)(t) - ql(.z) (¢). Then ii(x,y,0) =0, the set of functions
(ii(x,y,1),¢(t),q1(t),...,qs(t)) satisfies the equality

l
/(ﬁtv+2ki(x,y,t)ﬁyi1)+ Z aw{(x,y,t)Do‘ﬁDyv—i—b(x,y)ﬂv—l—

o i=1 0<a=Tri<m,

(D () = e (@4 (g .yt u)

N
~glrytu®)) dxdydt = [ Y filey.0d(ovdzdydr, (534
=1
for all v € Vi(Qr), and the system of equalities

s+1
- /( Q1 (6,71 _’_AJAS?l)() -(x,y)(g(x,y,t,u(l))—

_g(x7y7t7u(2)))> dXdyv re [OaT]v (535)

s+1 B
:;Zl/( (xlj x y7 u+AA]l(it))Kj(x,y)(g(x7y7[7u(1))_

—g(x,y,t,u(z)))) dxdy, t €[0,T], i=1,...,s. (5.36)
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From (5.35), (5.36) and 5) we derive the inequalities

T T
Cy

s _ ) 9 N ) X ¢ .
0/ L (@) i< Q{ ()" dxdydt, O/ (&) di < Q[ (@) dxdydr,  (5.37)

and after choosing v = i, in (5.34) we get

]
/ (@a+ Y Ni(x,y,0)dgi+ Y, aw(x,y,r)D*aDVi+
i=1

o 0<la=Tr|<m,

(C(l)(t)uU) - C(Z) (t)u(Z))ﬁ+b(xay)(ﬁ)2 + (g(xayvtau(l))_

S
~gleytu®)a)drdydr = [ ¥ fitxnn)q(@)adsdydr.
i=1
Or

From here by the same way as from (5.15) we got (5.20), we find the following
estimate:

+

T

/ (i)* dxdydt < Me / (@) + i(m(r))z) dt (5.38)
Or 0 =1

and, taking into account (5.37), from (5.38) we obtain

(1 —M7)/(ﬁ)2dxdydt <0.
Or

Since M7 < 1, we conclude that u(!) = u(?) in Q7. Then (5.37) imply ¢! (1) = ¢ (1),

q§1)(t)5q(2)(t),i:l,...,s. O

i
6. CONCLUSION

We obtained the sufficient conditions of the unique solvability for the inverse prob-
lem for higher order semilinear ultraparabolic equation with the unknown time de-
pendent functions in the minor coefficient and in the right-hand side function of the
equation.
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