
Control 
and Cybernetics 
VOL. 7 (1978) No. 2 

Remarks on existence of selutions for parametric 
optimization problems for partial differential 
equations of parabolic type 

by 

JAN SOKOLOWSKI 

Polish Academy of Sciences 
Systems Research Institute, Warszawa 

The problem of the existence of solutions for some optimal control problems for linear partial 
differential equations of parabolic type is considered. Control appears in coefficients of elliptic 
operator. 

On the basis of some results concerning weak convergence of a sequence of weak solutions 
of parabolic equation some sufficient conditions for existence of an optimal control are obtained. 

1. Introduction 

In the paper we give sufficient conditions for existence of solutions to some 
parametric optimization problems for linear partial differential equations of parabolic 
type. 

In these optimization problems coefficients of operator depend on control 
variables. 

Such problems appear in stochastic optimization [15], in control of diffusion 
m semiconductor [7] and in identification of coefficients of piuabolic equation [2]. 

The problem of existence of solutions was studied by Zollezzi [14] in the case, 
when control depends ,only on space variable. We start with notation. 

Let Q be an open, bounded domain in n-dimensional Euclidean space R". We 
assume, that boundary r of Q is an (n-1)-dimensional smooth manifold locally 
situated only on one side of Q. 

For given T,O < T< oo we define 

Q=Q x (O, T) 

I:=F x (O, T) 

(1.1) 

(1.2) 

Denote by Q the closure of Q. Take C~ (Q) to be the standard space of infinitely 
different(able functions with compact support in Q. 
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We use standard notation for Sobolev spaces [6] namely H 1 (Q) is define as 
follows: 

(1.3) 

It is well known, that H 1 (Q) is a Hilbert space, with the norm: 

n ( of )
2 

llf lli= J (f(x)) 2 dx+}; J ~ dx. 
Q i=l Q ' 

(l.4) 

Let H~ (Q) denote the closure of C~ (Q) in H 1 (Q), and let V be a given linear 
closed subspace of H 1 (Q) with topology induced by H 1 (Q) such that 

H~ (Q)c VcH 1 (Q). 
Whence 

VQL2 (Q)Q V' 

where by V' we denote the dual space of V. 

(1 .5) 

(1.6) 

We will use the same notation for extention of the scalar product in L 2 (Q): 
(y, z)= J y (x) z (x) dx to the pair (V, V'). 

Q 

For given Banach space B, by L 2 (0, T, B) we denote the space of functions 
strongly measurable on (0, T) with values in B, square integrable on (0, T) with 
the norm: 

T 

II J IIL2 (BJ= j l l f(t) il ~ dt . 
0 

By Y (0, T) we denote the following Hilbert space [4] 

Y(O,T)={yEL 2 (0,T,V)I: E£2(0,T, V')} 

with the norm: 

II Y II ~= I IY I I i2(vJ+ 11 : 11:2<v'l. 

It is well known [6], that 

Y (0, T)c C (0, T; L 2 (Q)) 

-.vith contimons imbedding (1.10). 

2. One dimensional parabolic equation 

(l.7) 

(1.8) 

(1.9) 

(1.10) 

In the section we will consider functions y = y (x, t) of two variables x E (0, 1), 
t E (0, T), that is Q = (0, 1). For simplicity we use the following notation 

oy 
Yr=-----;;r (x, t), 

oy 
Yx = ox (x, t). 
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For given function f = f(x, t) 

1/ I ~M means l f(x,t)! ~M, V(x,t)E(O, l)x(O,T). 

Let there be given a functional: 

/ 1 (.,.,.):V (Q) x V (Q)xV (Q)HR (2.1) 

which is strongly continuous with respect to all variables. Consider the following 
optimization problem : 

(PI) minimize J (u) =11 (A 1 y, A 1 y, u) 

subject to: 

(i) 

(ii) constraints in the form of parabolic equation: 

(2.2) 

--p (x, t, u) y, - (a (x, t, u)) Yx)x+b (x, t, u) Yx+c (x , t, u) y = f(x , t, u) (2.3) 

with boundary conditions 

y (0, t)= y (! , t)=O 

and initial condition: 

y (x , O) =Yo (x) 

(iii) with A 1 E 2' (Y (0, T); V (Q)), 

A 2 E !£' (Y(O, T) ; U (f!)) 

in the following form: 

(A 1 y) (x, t) = y (x, t), (x, t) E (0, 1) X (0, T) 

(A 1 y) (x)=y (x, 8), X E (0, l ) 

where 8 E (0, T] is given. 

(2.4) 

(2.5) 

(2.6) 

(2.7) 

REMARK. For given control u=u (x, t) , y =·'Y (x, t) is the weak solution of the prol:lem 
(2.3)- (2.5) that is: 

T 1 

J J [(pz), y - ayx Zx+hYx z+cyz- fz] dx dt+ 
0 0 

1 

+ J p (x, 0, u) z (x, 0) y 0 (x) dx=O (2.8) 
0 

Vz E C " ([0, 1] x [0, T]) such that 

z (0, t)=z (1, t)=O, t E (0, T) 

z (x, T) =0, x E (0, 1). 

To assure existence and uniqueness of a solution to the system (2.3)-(2.5) we 
assume that the following conditions are satisfied. 

4 
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(Al) (i) p (x, t, r)>~X0 >0, V (x, t) E (0, 1)x(O, T) 
a (x, t, r)>~X1 >0, Vr E (-M, M); 

(ii) p (x, t, -.), a (x, t, .), b (x, t, .), c (x, t, .), f (x, t, .) are uniformly Lipschitz 
continuous on interval [-M, M] for almost every (x, t) E Q; · 

(iii) [p[, IPtl, [a[, [b[, [c[, If I "(M a.e. in (0, 1) X (0, T) X (-M, M), for sake of 
.simplicity we write [p[ instead of p (x, t, r); 

(A2) (i) fat[, lhx[:o(M a.e. in (0, 1)x(O, T)x( -M, M). 

It can be shown [8], that under assumptions (2.2), (Al) there exists a solution 
to the problem (2.8) which is unique when we assume also condition (A2) to be 
satisfied. We recall the following result due to Markov and Olejnik [8] concerning 
convergence of seqvence of solutions to the problem (2.8) with respect to the sequence 
of its coefficients. Let there be given a sequence of coefficients p 11 (x, t), a" (x, t), 
b11 (x, t), C11 (x, t), f" (x, t) and some elements p 0 , A, B, C0 , fo such that the problem 
(2.11)-(2.13) has a unique weak solution, and we have 

1 

(2.9) 

J,, ~ fo 

then the corresponding sequence of solutions {Yn} to the problem (2.8) is convergent 
to some function y in the following sense: 

for every b > 0 

Yn (x, t)-*.Y (x, t) uniformly on (0, 1) X (b, T) 

where y is a weak solution of the following parabolic equation: 

y (0, t)=y (1, t)=O 

y (x, 0)= Yo x. 

In the sequel we will need the following lemmas: 

LEMMA 1. Assume, that there is given function d=d (x, t, r) such that 

(i) [d (x, t, r)[ :o(M1 a. e. in (0, 1) X (0, T) X (-M, M) 
I 

(ii) d (x, t, .) is uniformly Lipschitz continuous that is 

[d(x, t, r1 )-d(x, t, r2 )[:o(L [r1 -r2 [ a.e. in Q. 

(2.10) 

(2.11) 

(2.12) 

(2.13) 

(2.14) 
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Let there be given a sequence 

then 

where: 

Proof. We have 

U11 =Un (x, t) , such that lun (x, t) l ~M 

U11 -"Uo strongly in V (Q) for some u0 E V (Q) 

dn-"do strongly in V (Q) 

d11 =d(x, t, Un (x, t)), d0 =d(x, t, u0 (x, t)). 

lldn-dollv (Q)= J (d11 -do)2 dQ~£2 J (un-Uo) dQ--'>0. 
Q Q 
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LEMMA 2. Assume, that there is given a sequence a11 EL2 (Q) and an element a0 E 

EL2 (Q) such that 

(i) 0<tX1 ,;:ea,, (x, t) ~M a.e. in Q 
(ii) G11 -"Go strongly in £2 (Q) 

then 
1 1 

- -> - strongly in L 2 (Q) . 
On ao . 

P r oof. We have 

_ Il l 1 ll
2 

( , 1 1 )
2 

- - - = - - - dQ= 
an ao L 2 (Q) l all ao . 

1 
= - 2 - 2 r (ait-ao)2 

an Go Q . . 

LEMMA 3. Let there ave given sequences {all}, {bll} such that : 

lbll l,l ~n I ~M2 
b" ~ b0 weakly in £2 (Q) 

1 1 
- ----" - strongly in L 2 (Q) 
an Go . 

then 

bn bo . 
- ~- weakly in L 2 (Q) . 
an ao · . . . 

Proof. 

J(~"r dQ~Mif dQ 
Q n Q 
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so there exists a subsequence n-HIJ and an element If/ E L 2 (Q) such that 

b, 
- ~ If/ weakly in L 2 (Q) 
a,. 

b 
we will show, that If/= -

0 
• Let ({J E r» (Q) be given element, we have 

ao 

r ( b,. b0 
) J ( I I ) --- qJdQ= b,. --- qJdQ+ 

Q a,, a0 0 
a" a0 

({J 
+ J- (b11 -b0 ) dQ--'>0 \f({J Er» (Q) 

Q ao 

b11 b0 
so ---"-=If/ in r» ' (Q) . 

an ao 

Now we can state a lemma concerning continuity of the cost functional J (u) 
on the set of admissible controls which satisfy constraints in the form (2.2), namely. 

LEMMA 4. Let there be given a sequence { u11 } such that 

lun l,.lu,.,xl, lun,t i:S;M 

then there exists an element ii, with liil, lzix l, liitl ~M such that 

(2.I5) 

(2.16) 

Proof. By assumption (2.15) there exists a subsequence still denoted by ll-"OO and 
an element ii E H 1 (Q) such that 

u,. ~ ii weakly in H 1 (Q) 

and 

liil, liixl, liitl ~M· 

By compact imbedding theorem [6] (2.17) implies 

U11 -'>U strongly in L 2 (Q) 

let us denote 

Pn (x, t) =p (x, t, U11 (x, t)) 
Po (x, t) =p (x, t, u0 (x, t)) 
a,. (x, t) =a (x, t, U11 (x, t)) 
a0 (x, t)=a (x, t, u0 (x, t)) 
b,. (x, t)=b (x, t, u,. (x, t)) 
b0 (x, t) =b (x, t, u0 (x, t)) 
c,. (.X, t) = jC ( x, t, u" (x, t)) 
c0 (x, t)=c (x, t, u0 (x, t)) 
fn (x, t)=f(x; t, .u,. (x, t)) 
fo (x, t)=f(x, t, u0 (x, t)) 

(2.17) 

(2.18) 
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by (2.18), by assumption (A1) (ii) and by Lemma 1 we have: 

so also 

and by Lemmas 2, 3 

Pn ~Po , 

bn~ b0 strongly in £2 (Q) 

Pn-'Po 

c.~c0 weakly in L 2 (Q) 

J.~fo 

ao 
weakly in L 2 (Q) 

bo 
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(2.19) 

(2.20) 

(2.21) 

so we can make use of the result of Markov and Olejnik, hence for every o>O 

Yn (x, t) ~ Yo (x, t) (2.22) 

uniformly on (0, 1) x (o, T). But by maximum principle [8] ly. (x, t)l "(C, where C 
does not depend on n, hence 

A1 Yn ~ A 1 Yo strongly in L 2 (Q) (2.23) 

and by (2.22) 

A2 Yn ~ A2 Yo strongly in £2 (Q) 

whence 

J (un) ~ J (uo) 

THEOREM 1. There exists an optimal solution to the problem (P1). 

Proof. Take in Lemma 4 {u,} to be a minimizing sequence for (Pl). There exists 
an element u E H 1 (Q) such that 

u" ~ tl strongly in L 2 (Q) 

and 

whence u is a solution to (P1). 
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3. Parametric optimization problem 

Consider the following linear parabolic equation · 

( Z, z)+a. (t, y, z)=(f, z), Vz E V 

Y (x, 0) = }'0 , X E Q 

(3.1) 

(3.2) 

where y 0 EL2 (Q), jEV (0, T, V') are given elements. 

Bilinear form av (t, y, z) is defined as follows: 

· " ay · oz · · 
a11 (t,y,z)=}; Jau ox. OX · dx+ 

· i,i=l .Q l J 

11 oz n oy . 
+ .2; f a; y OX· dx+ }; f b; a;: z dx+ 

i~ 1 Q ' i = 1 Q ' 
\ 

-f J cy z dx+ J dy z dx, Vy, z E V (3.3) 
n .r 

by 

v=(au, a; , bi> c, d; l ~i,j~n) . 
' ... ' . 

(3.4) 

we denote vector parameter, elements au, a1, b1, c, dare coefficients in elliptic opera
tor and in boundary conditions of equation (3.1), (3.2). 

In particular parameter v can depend on con~rol u in control problems, where 
coefficients depend on control. Let there' 'be ·given functional: 

12 (v,y): [L2 (0, T); H 1 (Q)j"'+n x [L 2 (Q)" +1 xV (E)x Y(O, T) -~ R (3.5) 
\ ' 

which is weakly lower semicontimious. 

Like in previous section we will consider an optimization problem, which will 
be denoted (P2): · , · ' . 

(P2) minimize J (v) =12 (v, }' 11 ) 

subject to constraints in the form of parabolic equation (3.1), (3.2) and some con
straints on coefficients, namely 

(A3) lau:. ia, l, Jbd, icl , l dl~M 

aij (x, t) = aii (x, t) Vi>j V (x, t) E Q 

i , i= 1 

v> O, V(, E R", V (x, t) E Q' 

li oau [I 
(A4) , - 1 

1; OX1 , L'(Q )• 

il' oa; .11 . 
I, dxL u (Ql ~ C 

!, i,j= 1, .. . , 11. 
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REMARK. Let us note, that for parameters v elements of which verify to assumption 
(A3) there exists [6] a unique solution y=yv E Y(O, T) to the problem .(3.1), (3.2). 
Furthermore the system (3.1), (3.2) generates the linear mapping ' 

P(v):U (Q)xU (0, T, V')3 (y0 ,f)HYv E Y.(O, T) (3.6) 

which is an isomorphism [6]. 
We prove a lemma concerning convergence of a sequence of solutions of (3.1), 

(3 .2) with respect to the sequence of its coefficients. 

LEMMA 5. Assume, that there is given a sequence of vector param'eters 

which satisfies to assumptions (A3), (A4) and converges to a vector parameter 

v* =(a*. a* b": c* d*) 
tJ' l' l' ' 

in the following sense: 

t.Ju,"' ~a ;i weakly in U (0, T; H 1 (Q)) 

a1,m ~a; weakly in U (0, T; H 1 (Q)) 

h;,m ~ b; weakly in U (Q) 

cm ~ c* weakly in I} (Q) 

dm ~ d':' weakly in L 2 (L') 

(3.7) 

then the corresponding sequence of solutions Ym = Yvm converges to the solution 
y* = Yv* in the following sense 

Ym ~ y* weakly in Y (0, T) 

Ym (t)---> y* (t) strongly in U (Q) 

Vt E (0, T]. 

(3.8) 

(3.9) 

Proof. Let {vm} be given sequence of vector parameters. Denote by P (vm) linear 
operator in the form (3.6) for m= 1, 2, .. . ,and by Ym = Yv,., the corresponding solution 
of the problem (3.1), (3.2). 

Let us note, that the sequence [P (v,)} is convergent in the following sense: 

P (v'") (YoJ) ~ P (v*) (yoJ) 

weakly in Y (0, T), V (y0 ,f) E U (Q) XL2 (0, T, V') if and only if 

P (vm) [P (v':')]- 1 y ~ y weakly in Y (0, T) 

(3.10) 

(3.11) 

for every element y in a dense subset of the space Y (0, T), for example for every 
function y, which is smooth on Q. Hence without loss of generality we can assume, 
that solution of the system (3.1), (3.2) y* = Yv* =P (v*)(y0,f) which corresponds 
to date (y0 , f) is a smooth function. Define 

Wm=Ym-y* · (3.12) 
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We show, that the sequence {wm}, which is bounded in Y(O, T) converges to 
zero strongly in L"' (0, T, U (Q) r.£1 (0, T; V)). Obviously, Wn . is a solution of the 
following parabolic equation: 

( 
dwm ) dt' z +avm (t; W 11, z)=avm (t; y*, z)-av (t; y*, z), Vz E V (3.13) 

Wm (0)=0. (3.14) 

By setting z=wm in (3.13) and integrating (3.13) over time interval (0, t) where 
t E (0, T) we obtain the following estimation: 

llwmlli.ro(o, T;L2(f.!J)+ ll wml li_,(o, T; v)~ 
T 

~C I J [avm (t; y*, wm)-av (t; y*, W111)] dt I (3.15) 
0 

but we can write 
T 7 

J [avm(t;y*,wm)-av(t;y*,wm)]dt= .I; ft (3.16) 
0 1=1 

where 

(3.17) 

(3.18) 

(3.19) 

n 

f;' = J Wm { ..2; (a1, m- a1) y* cos (iz, x;)} dE (3.20) 
:& 1=1 

{ 

n oy*} 
/;'= f Wm 6 (b;,m-b;) OX; dQ (3.21) 

/;,'= J Wm (cm-c)y* dQ (3.22) 
Q 

J!;'= J Wm (dm-d)y* dE. (3.23) 
:& 

Since y* is assumed to be a smooth function, we have 

o2 y* oy* I 
-;---;:;--, -~-EL"' t), i,].·=l, ... , n 
ux1 uXj uX; 

I 
oy* I y* ,-~- EL00

( ),i=l, ... ,n 
X VX; X 

(3.24) 

(3.25) 
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where by Ylx we denote the trace [6] of function y on E. Let us recall [6], that for 
given element y EU (0, T, H 1 (Q)) its trace Ylx EU (E) is well defined and linear 
mapping 

(3.26) 

is continuous [6], hence the above mapping is also continuous in weak topologies. 
In particular (3 .7) implies, that 

au, m ix~ a;j lx weakly in U (E) 

ai,m l x~a; l x weakly in U (E). 

(3.27) 

(3.28) 

On the other hand the sequence { wm} is uniformly bounded in the space Y (0, T), 
hence by compact imbedding theorem ([5] p. 70th. 5.1) the sequence {wm} belongs 

l . 
to a compact set of the space U (0, T; H 1

-• (Q)), Vs > O. But for O< s<- the 
1
. . 2 
mear mappmg 

U (0, T; H 1
-• (Q)) 3 YHYix E£2 (E) (3.29) 

,is continuous [6] whence 

(i) the sequence { wm} belongs to a compact set of U (Q), 
(ii) the sequence of traces {w111 ix} belongs to a compact set of U (E). 

Using (3.7), (3.27), (3.28), (3.24), (3 .25) and suitable convergence of the sequence 
{ wm} or { wm lx} one can verify that · 

ft->O as m->oo, i=l, ... , 7 (3.30) 

so Ym-> y':' strongly in L "' (0, T; U (Q)) nU (0, T; V). 

But the sequence {Ym} is uniformly bounded in the space Y (0, T), whence 

Ym ~ y* weakly in Y (0, T). (3.31) 

Let there are given constants M,v,p,,C. Denote by UadcU=[L2 (0,T;H 1 x 
x(Q))]"' +nx [U (Q)]"+ 1 x U (E) the set of vector parameters v which satisfy to 
(A3) (A4). One <;an check, that the set Uad is convex, bounded and closed subset 
of the space U so it is weakly compact in U. Using Lemma 5 it is easy to prove the 
following theorem. 

THEOREM 2. There exists an optimal solution to the problem (P2). 

Proof. By Lemma 5 and assumption concerning functional/2 , J (v) is weakly lower 
semicontinuous on the set of admissible parameters Uad• which is weakly compact, 
so there exists an optimal solution to the problem (P2). 

Let us consider the case, where parameter v depends on control u =u (x, t). 

We consider the class of functions h=h (x, t, r) defined on Q x R 1 (resp. on 
E x R 1

) which satisfy the following conditions: 

(AS) 

(i) lh(x,t,r) I:S; C1 (3.32) 
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a.e. in Q (resp. a. e.-· in .E) 

where M 1 , M 2 are given constants; 

(ii) h (x, t, r) is Lipschitz continuous with respect to r uniformly on Q (resp. 
on L) that is · 

lh (x, t, r1 ) -h (x, t, rz)f ~L [r1 -rzl 

a .e. in Q (resp. a.e. in L), \:fr1 ,r2 E[M1,M2 ]; 

. (iii) 

I ;:; (x,t~ i·) I, I ~~ (x, t, r) I ~C2 
a .. e. in Q (resp. a.e. in .E) \:fr E [M1 , M 2 ]. 

LEMJVIA 6. Let there be give~ a sequence Um=Um (x, t) such that: 

M 1 ~u"' (x, t) ~M2 a.e. in Q 

(3.33) 

(3.34) 

(3.35) 

(3.36) 

Denote by h"' (x, t) =h(x, t, U111 (x, t)), (x, t) E Q, gm (x, t) =g (.x, t, U171 (x, t)), 
(x, t) EL where function h (. , . , .) (resp. g (. , . , .) ) is assumed to satisfy condition 
(A5) on Q (resp. on .E). 

Then . there exists a subsequence m'--+ oo and an element u0 E H 1 (Q) such that 

um, ~ u0 weakly in H 1 (Q) 

M 1 ~u0 (x, t) ~M2 a.e. in Q 

~ { n ( ou0 )

2 

( ou0 )

21 l·.tS OX; + Tt fdQ~C3 . 
hm, (x, t) ~ h0 (x, t) weakly in H 1 (Q) 

where h0 (x, t) =h. ( x, t, u0 (x, t)) 

g"', (x, t) ~ g 0 (x, t) weakly in L 2 (E) 

where g0 (x, t)=g (x, t, u0, (x, t)). · 

(3.37) 

(3 .38) 

(3.39) 

(3.40) 

(3.41) 

Proof. By assumptions (3.35), (3 .36) the sequence {um} is bounded in the Sobolew 
space H 1 (Q) ·that is . 

:! um fi H•(Q ) ~C, m=l, 2, ... (3.42) 

hence .there exists an element u0 EH 1 (Q) which verifies (3 .38), (3.39) such that 

u"', ~ u0 weakly in H 1 (Q) (3.43) 
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for some subsequence m'~ oo, fuithermore by compact imbedding theorems [6]; [5] 
(3.43) implies ·· 

u,, -? u0 strongly in L 2 (Q) 

um,lx-+ u0 strongly in L 2 (I) 

so using Lemma we obtain: 

hm, (x, t) ~ h0 (x, t) strongly in V (Q) . . . . . . 

g,, (x, t) ~ g0 (x, t) strongly ·in V (I). 

(3.44) 

(3.45) 

' (3.46) 

(3.47) 

On the other hand the sequence {hm} is bounded in Sobolew space H 1 (Q) 

llhmiiH'(~):S;C ?-

hence for some subsequence m''-+ oo of the . subsequence m'-+ oo we have 

hm, ~ If/ weakly in H 1 (Q) 

but (3 .46) -implies 

If/ =ho 

hence whole subsequence {hm,} is convergent weakly in H 1 (Q) 

hm, ~ h0 weakly in H 1 (Q). 

For given u E U (Q), by v = v (u) let us denote the vector parameter 

v(u) =(aii (u), ai (u), hi (u), c (u), d (u)) 

and by Yu=Yvru) the corresponding solutiop of the problem (3.1), (3.2) 
We assume: 
(A6) 

(3.48) 

(3.49) 

(3.50) 

(i) functions au (x, t, u), ai (x, t, u), hi (x, t, u), c (x, t, u) satisfy .condition (A5) 
on Q X [M1 , M 2 ] function d (x, t, u) satisfies condition (AS) on Ix [M1 , M 2 ] 

(ii) 

au (x, t, r)=an (x, t, r), i,j=l, ... , n 

a.e. in Q Vr E [M1, M 2 ] 

n 

v 1~1 2 :<(}; au (x, t, r) ~i ~i~f.ll~l 2 

i, j= 1 

where M 1 , M 2 , v and f.l are given constants. 
For given constants M 1 , M 2 , M 3 denote by WadcH 1 (Q) the following set of 

admissible controls: 

Waa={u E H 1 (Q)IM1 ='(u (x, t):S;M2 a.e. in Q, (3.51) 

. r f 11 

( ou )
2 

( ou )
2 

. .. } a l6 oxi + at dQ:S;M3 . 



60 J. SOKOLOWSKI 

Given functional /(., .): Y(O, T)XH"r--+R (where H =£2 (Q) or H=H 1 (Q)) 
which is assumed to be weakly sequentally lower semicontinuous. 

Consider the following optimization problem, similar to (Pl), namely (P2'): 
m~nimize J (u) =1 (Ym u) over the set Wad given by (3.51) and subject to constraints 
in the form of parabolic equation (3 .1), (3.2) where v=v(u) are given by (3.50). 

THEOREM 3. There exists an optimal solution to (P2'). 

Proof. Let us note, that lemma 6 Implies, that the mapping H 1 (Q)::J Wad 3 "t--+ 

"t--+V(u) E Uadc U is continuous in weak topologies from the space H 1 (Q) into the 
space 

By Lemmas 5, 6 the functional J (u) is weakly sequentally lower semicontinuous 
on weakly sequentally compact set Wad' hence there exists an element u* E Wad 
such that 

J (u *)~J (u) VuE Wad. 
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Uwagi na temat istnienia rozwil!zan dla zagadnien stero
wania optymalnego dla liniowego rownania rozniczkowego 
CZI!Stkowego typu parabolicznego 

Rozwazono problem istnienia rozwi11zan dla zagadnien sterowania optymalnego dla liniowego 

r6wnania r6zniczkowego cz11stkowego typu parabolicznego. Sterowanie wyst~puje we wsp61-
czynnikach operatora eliptycznego. 

Wykorzystuj11c wyniki dotycz11ce slabej zbiei:nosci ci11gu slabych rozwi11zan r6wnania para
bolicznego uzyskano wyniki wystarczaj11ce dla istnienia rozwi¥an rozwazonych zadan sterowania 
parametrycznego. 

Co~ep<Kauue 

B pa6oTe paccMaTpHBaeTCll Borrpoc cyru.ecTBOBaHnll peUieHHM: HeKOTOphrx 3a.n:a•r orrTKMaJihHO
ro yrrpaBJieiHlll .O:Jill JIHHefuiOrO ypaBHeHHll rrapa60JIW£eCKOfO nma B 'IaCTHhiX IIpOH3BO.IJ:HbiX B 

cnyqae, Kor.n:a ynpaBJilleMhiMH llBJili!OTCll K03cj)qmu.KeHThi 3JIIDITuqecKoro orrepaTopa. 

llCIIOJTb3Yll pe3yJibTaThl KaCaiOLlJ.I!eCll Crra6oi1 CXO.O:HMOCTH IlOCJie.O:OBaTeJTbHOCTH o6o6ru.eHHbiX 
perneHHif rrapa6onuqecKoro yrrpaBrreHHl! rrony•reiio .n:ocTaBoqHhre ycnoBHll cyru.ecTBOBaHHll peiiieHirif 
paccMaTpHBaeMbiX 3a.n:aq rrapaMeTpuqecKoro yrrpaBJieHall. 
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Wskazowki . dla Autorow 

W wydawnictwie ,Control and /Cybernetics" drukuje si~ prace oryginalne nie publikowane 
w innych czasopismach. Zalecane jest nadyslanie artykul6w w j~zyku angielskim. W przypadku 
nadeslania artykulu w j~zyku polskim, Redakcja moi:e zalecie przetlumaczenie na j~zyk angielski . 
Obj~tose artykulu nie powinna przekraczae 1 arkusza wydawniczego, czyli ok. 20 stron maszyno
pisu formatu A4 z zachowaniem interlinii i marginesu szerokosci 5 cm z lewej strony. Prace nalei:y 
skladae w 2 egzemplarzach. Uklad pracy i forma powinny bye dostosowane do nii:ej podanych 
wskaz6wek. 

1. W nagl6wku nalei:y podae tytul pracy, nast~pnie imi~ (imiona) i nazwisko (nazwiska) 
autora (autor6w) w porzi!dku alfabetycznym oraz nazw~ reprezentowanej instytucji i nazw~ miasta. 
Po tytule nalei:y umiescie kr6tkie streszczenie pracy (do 15 wierszy maszynopisu). 

2. Material ilustracyjny powinien bye doli!czony na oddzieJnych stronach. Podpisy pod ry
sunki nalei:y podae oddzielnie. 

3. Wzory i symbole powinny bye wpisane na maszynie bardzo starannie. 
Szczeg6lni! uwag~ naJei:y zwr6cie na wyra.:i:ne zr6i:nicowanie malych i dui:ych !iter. Litery 

greckie powinny bye objasnione na marginesie. Szczeg61nie dokladnie powinny bye pisane indeksy 
(wskazniki) i oznaczenia pot~gowe. Nalei:y stosowae nawiasy okqgle. 

4. Spis literatury powinien bye podany na km:\.cu artykulu. Numery pozycji literatury w tekscie 
zaopatruje si~ w nawiasy kwadratowe. Pozycje literatury powinny zawierae nazwisko autora 
(autor6w) i pierwsze !itery imion oraz dokladny tytul pracy (w j~zyku orygina!u), a ponadto: 

a) przy wydawnictwach zwartych (ksi<'!i:ki)- miejsce i rok wydania oraz wydawc~; 
b) przy artyku!ach z czasopism: nazw~ .:zasopisma, numer tomu, rok wydania i numer biei:i!CY. 
Pozycje literatury radzieckiej nalei:y pisae alfabetem oryginalnym, czyli tzw. grai:dank<'!. 
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