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1 Introduction

Optimal control problems for the linear and nonlinear stationary quasi-optics equations or
linear and nonlinear nonstationary Schrodinger equations often arise in quantum mechanics,
nuclear physics, nonlinear optics, and in other areas of modern physics and technology, and
the study of these problems is of both theoretical and practical interest (Kiigiik et al., 2019;
Lions & Magenes, 1972; Tikhonov & Arsenin, 1979). One of these actual problems is the prob-
lem of the motion of charged particles the potential of which is unknown and must be determined.
It is known that if a charged particle in the constant uniform magnetic field moves and the di-
rection of the magnetic field is chosen along the axis z, then the motion of the particle occurs
in the plane (z,y) € E2 and this motion is usually described by the two-dimensional linear
Schrodinger equation with a special gradient term (see Kiigiik et al. (2019), p. 82). Similar op-
timal control problems for the linear nonstationary Schrédinger equation with a special gradient
term were previously studied in papers Goebel (1979); Yagub et al. (2017). Note that optimal
control problems for the linear and nonlinear nonstationary Schrédinger equations without a
special gradient term were previously studied in detail in, for example, papers Butkovsky &
Samoilenko (1984); Vorontsov & Shmalgauzen (1985); Zhuravlev (2001); Yagubov et al. (2012);
Iskenderov & Yagubov (1988); Zhang (2018); Pashaev et al. (2020) Iskenderov et al. (2017,
2016); Ibragimov (2012); Vasiliev (1981); Yosida (1967). Optimal control problems for the non-
linear nonstationary Schrédinger equation with a special gradient term and with a real-valued
potential, when the potential plays the role of control and is sought in the class of measurable
bounded functions and the coefficient in the nonlinear part of the equation is a purely imag-
inary number, investigated in papers (De la Vega & Rial, 2018; Aronna et al., 2019). At the
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same time it should be noted that the optimal control problem for the three-dimensional non-
linear non-stationary Schrodinger equation with a special gradient term and with a real-valued
potential, when the potential depends on both spatial and time variables plays the role of control
and is sought in the class of measurable bounded functions and the coefficient in the nonlinear
part of the equation is a complex number, was first investigated in Ibragimov (2010c). How-
ever, the problems of the optimal control problem for the stationary quasi-optics equation or
the nonstationary Schrédinger equation with a special gradient term, when the quality criteria
is an integral over the domain boundary, have been relatively less studied. A similar problem
of optimal control only for the one-dimensional nonlinear Schrodinger equation with a special
gradient term and with a complex potential, when the quality criteria is an integral over the
boundary of the domain, was first studied in Ibragimov (2010b).

The optimal control problem for the multidimensional linear Schrodinger equation with a
special gradient term and with a complex potential depending only on spatial variables, when
the quality criteria is an integral over the boundary of the domain and the controls are real
and imaginary parts of the complex potential and are selected from the class of measurable
bounded functions depending on spatial variables was investigated in Yagub et al. (2015). The
present work is devoted to the study of the optimal control problem for a multidimensional linear
stationary quasi-optics equation with a special gradient term, when the quality criteria is final
and integral over the boundary of the domain. As the control are considered the refraction and
absorption coefficients of the medium that are taken from the class of the quadratic-summable
functions having quadratic-summable derivatives depending on the distance variable z. It should
be noted that identification problems for linear and nonlinear stationary equations of quasi-optics
without a special gradient term were previously studied in detail in Yagubov & Musaeva (1997);
Baudouin et al. (2005); Aksoy et al. (2017).

2 Problem statement

Let D be a bounded convex domain from the n-dimensional Euclidean space R, with smooth
enough boundary I', z = (z1,x2,...,2,) is an arbitrary point of the domain D, L > 0 is a
given number, 0 < z < L, Q, = D x (0,2),Q = Q7,5 =T x (0,L) is a lateral surface of Q;
C* ([0,L], B) is a Banach space of the k- times continuously differentiable on the interval [0, L]
functions with values from the Banach space B; L, (D) is a Lebesque space of the functions,
summable over the module with order p > 1; Ly (0, L; B) is a Banach space of the functions
defined and quadratic summable over the order on the interval [0, L] with values from the Banach
space B; L (0, L; B) is a Banach space of the functions measurable and bounded on (0, L) with
values from the Banach space B; the Sobolev spaces Wlf (D) ,Wi’m (Q),p>1, k>0, m>0are
defined as, for example in Yagub & Boztepe (2018); Yagub et al. (2019); Ibragimov (2010a).
Consider the problem of minimizing the functional

Ja(v) = Bl = yll7,s) + Bo I (L) = yoll 7,y + e llv = wlF (1)

on the set
V= {v = v(2) = (vo (2),v1(2)) : vy € W3 (0,L), HUmHW21(07L) < b, m =0, 1}

under the conditions

z?;ﬁ + ap A +ia1 (2) Ve — a(x) + vo(2)Y + vy (2) ¥ = f(x,2), (z,2) €Q, 2)
_ oyl
¥(x,0) = ¢(x), x € D, 5 ) =0, (3)
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where ¢ = /—-1;L >0, b,, >0, m=0,1,a0 >0, a > 0,8 > 0,89 > 0 are the given numbers

2 2 2 ., .
such that 8+ 8y # 0; A = 88—33?+83—I%+...+8%% is the Laplace operator; V = (8%1, 8%2, - %) is
the nubla operator; v is the outward normal to the boundary I'; a (z) is a bounded measurable
function satisfying the condition

o
0<po <a(z) <pm, Yr €D, po,u = const >0, (4)
ay (z) = (a11 (x) ,a12 (x) , ...,a1, (z)) is a given vector-function the components of which satisfy
the conditions
Oayj(x , 0
@) < po, |28 < k=T Ve e D

ai (z)|p =0, po,pus = const > 0; (5)

o(x), f(z,2),y(& 2),yo () are complex-values functions satisfying

¢ eWHD). 52| =0 7 empt (@) ()
y € La(S),y0 € L2 (D) ; (7)

w € H is a given element, where H = W4 (0, L) x W4 (0, L) ; the symbol @ means “for almost
all”.

The problem of determining the function ¢ = ¢ (x,z) = ¢ (z,2;v) from conditions (2),
(3) for each v € V is the second initial-boundary value problem for a multidimensional linear
stationary quasi-optics equation with a special gradient term.

Definition 1. For each v € V as the solution of the second initial-boundary value problem (2),
(3) we mean the function ¢ = 1 (z,2) = ¢ (z,2;v) from the space By = C° ([0, L], W$ (D))
N CL([0,L], Ly (D))that satisfies equation (2) for almost all x € Dand anyz € [0, L], and the
initial and boundary conditions (3) for almost all x € D and for almost all (x,z) € S, corre-
spondingly.

Initial-boundary value problems for linear and nonlinear non-stationary Schro- dinger equa-
tions with a special gradient term were previously studied in papers Iskenderov & Yagubov
(2007); Iskenderov et al. (2012); Barbu et al. (2018); Yagub et al. (2017); Ibragimov (2010c);
Yagub et al. (2016); Yagubov et al. (2017); Iskenderov et al. (2018). Using the methodology of
those papers, the following statement was proved:

Theorem 1. Let the functionsa (z), a1 (z) , ¢ (z), f(x,2) satisfy conditions (4)-(6). Then
initial boundary value problem (2), (3) for each v € Vhas a unique solution from the space B
and this solution satisfies the estimate:

(-, 2) |7
I )z + | 2

< o (lellfvzy + 1By gy) V2 € 0., (8)
La2(D)

where Ag > 0 is a constant not depending on z .

It follows from this theorem and from the embedding of the space B; into the spaces
Ly (S), Lo (D) that functional (1) makes sense in the considered class of solutions Bj.
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3 Existence and uniqueness of a solution to the optimal control
problem

In this section, we study the existence and uniqueness of the solution to the optimal control
problem (1) - (3). Therefore, we first establish a result on the existence of a unique solution to
the problem. For this purpose, we give a well-known theorem on the existence and uniqueness
of a solution to nonconvex optimization problem.

Theorem 2. (Goebel, 1979). Let X bea uniformly convex space, U is a closed bounded set from
X, the functional I (v) be lower semicontinuous and lower bounded on U, a > 0, B > 1be a given
number. There exists dense subset G of the space X such that for any w € G the functional

Jo (v) =1 (v) +a o —w|}

reaches its lowest value at U. If B > 1 then the lowest value of the functional J, (v) on Uis
reached on the unique element.

Using this theorem, we prove the following statement:

Theorem 3. Let the functions a (), a1 (z), ¢ (z), f(z,2),y (& 2),y0 (z) satisfy conditions (4)-
(7). Let, in addition w € H. Then there exists a dense subset G of the space H such that, for
any w € G at o > 0 optimal control problem (1)-(3) has a unique solution.

Proof. First, we prove the continuity of the functional Jy (v) on the set V.
Jo () = BlIv = ylZ,es) + Bo ¥ (- L) = voll7, ) - (9)

Let the increment dv € H = W (0, L) x W (0, L) of any control v € V be such that v+ dv € V
and 09 = 0 (x,2) = ¢ (z, z;v + dv)— (x, z;v), where ¢ (z, z; v) is a solution to initial boundary
value problem (2), (3) at v € V. From conditions (2), (3) follows that the function 6y = % (z, 2)
is a solution to the following initial-boundary value problem

za;—j} + apAdY + a1 (x) Vi — a(x)d + (vo (2) + dvo (2)) 69 + i (v1 (2) + dvy (2)) 69 =
= —0vg (2) Y (x, 2) —idvy (2) ¢ (z,2), (z,2) € Q, (10)
51#(:L‘,0)=0,1‘6D,a;—w =0, (11)
Vs

where ¢5 = 5 (x,2) = 9 (x, z;v + Jv) is a solution to initial-boundary value problem (2), (3)
atv+dv eV, dv e B.

Let us establish an estimate for the solution of the initial-boundary value problem (10), (11).
For this purpose, we multiply both sides of equation (10) by the function ¢ (z, z) and integrate
the obtained equality over the domain €2,. Then using the formula for integration by parts and
the boundary condition from (11), we have

/ (z’a‘w&z ~ a0 [VOWP + oy (2) Voo
Q. 0z
—a (@) |8[ + (vo (7) + dvo (7)) |00 dedr+

H/(mﬁmwmumwﬁmmz
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=— Svo (7) Yépdrdr —i | dvy (1) Y&pdxdr,Vz € [0, L].
Q. Q
Subtracting its complex conjugation from this equality and applying the Cauchy-Bunyakovsky
inequality, using the initial and boundary conditions from (11), as well as the condition on the
function a; (z) we obtain the following inequality

169 (., )17,y < (a2 +2) [ 169 ()7, (py dr+
(D) ; (D)

+/ |5v0(7)]2\1/1(1:,7')\2d93d7+/ 0v1 (7)? |4 (, 7)|? dedT, ¥z € [0, L] .
Q. Qs

Hence, by virtue of estimate (8) and applying Gronwall’s lemma (see Ladyzhenskaya et al.
(1967), pp. 30-31), we obtain the estimate

18% (- 2) 20y < e1 (1600l 0.z + 190111E000.0) ) - ¥2 € 0, L, (12)

where ¢; > 0 is a constant not depending on dv.

Now we establish an estimate for the first partial derivatives with respect to the variables
z;,j = 1,n of the solution to initial-boundary value problem (10), (11). For this purpose, we
multiply both sides of (10) by the function L (z,z)and integrate the resulting equality over
the domain €2,. Then we have

/ (iaa(st&ﬁ — ag |LOY)? + iay (x) VYLD + (vo () + vg (7)) 5wL&Z> dzdr+
Q.

i / (01 (7) + Gv1 (7)) S LoPdadr =
Q.

=— Svo (1) Y Léydadr — z/ Sv1 (7)Y Lépdxdr, ¥z € [0, L],
Q. Q
where Lo (1, 2) = —agAv (z,2) + a () 5 (z, 2).
Using the formula for integration by parts and the boundary condition (11), this equality
can be written in the form:

/ (z’ao ovey Vi + ia () 8571/151/; —ap \L5w|2> dxdr+
Q. 0 0z

z

+/Q (—iapar (z) VoY ASY + iay (z) Vpa (z) 6¢) dedr+
+ag /Q ((vo (1) + dvo (1)) Vb)) Vépdadr+
—i—iao/ ((v1 (7) + vy (1)) V) VEpdadr+
Qz
—I—/ ((vo (T) + dvo (1)) 8%) a (x) SvpdxdT+
Qz
+i/ ((v1 (1) + 0v1 (7)) 0%) a (x) 6pdxdr =
Q
= —ag/ (dvo (1) Vop) Vopdwdr — iao/ (6v1 (1) V) Vopdrdr—

z z

—/ (dvo (1) V) a (z) dvdadr — z/ (6v1 (7)) a (z) d¢pdwdr,Vz € [0, L] .

z z
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Subtracting its complex conjugation from this equality, it is easy to obtain the validity of the
equality

/Q (aoaaz HV&pH%n — ag (a1 (x) VoY ASY + ay () V&[JA&/J) +
0 2

+a () P |00|7 ) dedT+

20 / (00 (7) + 6vn (7)) V862 dardr+

+2 /Q (a (@) (01 () + 801 (7)) |60 dadr+

2 [, Re (a1 (z) Vya (z) 6V drdr =

= —2a0/ Im (V (6vg (7)) V&) dudr—
Q

2a9 sz Re (V (v (1) ¢) Vo)) dadr—

—2/Q a(x) dvo (1) Im (Y6¢) dxdr—

2 Jo, a(x)dv (7) Re (¥6v) dadr,Vz € [0, L].

Now we transform the second term on the left-hand side of this equality as follows:

—ao /Q ((a1 () VOYASY + ay () VOPAY)) drdr =

dany, (x 8 HSY
= ap / ZZQ o, ( Oy, B, ) dxdr+

z =1 k=1
"9 a8 |?
+GO/Q Zzaixk ((l]_k (.f(f) 67[13] )dl’d’r—
Z j=1k=1
—ao/ iiw 90y 2al:BalT Vz € [0, L]
55 Oxy, | Ox; ’ ’

Taking into account the boundary conditions for the vector function ay (z) and dv (z, z), it is
easy to see that the second term on the right-hand side is equal to zero. Therefore, the last
equality may be written as follows

—ao / ((a1 (z) VOYAGP + ay () VOPASY)) dadr =
Qz

B Oayy, (x 961 O
_ao/zzz2 oz, (03% 8xj)dxd7'

71=1 k=1

B n 3a1k Oay (z)
ao/ Oz,

Zj= lkl

2
dxdr,Vz € [0, L].

257



ADVANCED MATHEMATICAL MODELS & APPLICATIONS, V.6, N.3, 2021

Taking into account this equality on the left-hand side of equality (13) we obtain:

g B
ag /Qz 2 IV (-ﬂ')”?{n dr + /Qz a(x) g (X% (.,7)||?%n dr =

= —ao/ 28a1k (x)Re <a5d) 86@0) dxdr+
Qe

=1 k=1 8$j afl‘k 8$j
n o n 2
+agp darr () | 90y dxdr—
Q. =1 k=1 8l‘k Oxj

94 / (00 (7) + dur (7)) [IV60 |12, dadr—
9 /Q Z (a2) (01 () + 80y (7)) 8 v -
—2/ Re (a1 (z) Véva (z) 6¢) dodr—

Q.

—2ag Im (6vo (1) Vh) V&/}) dxdr—

z

Re (6v1 (1) V) V&b) drdr—

z

2/ a(x)dvg (1) Im (1&51#) dxdr—

*20,0

S— 5~

—2/ a(x) évy (1) Re (Y6) dadr,Vz € [0, L] .
Qz

From this equality, under the accepted assumptions on the coefficients of the equation, using

0
the initial conditions 6% (z,0) = 0,V (x,0) = 0,Vx € D, as well as the Cauchy-Bunyakovsky
inequality, it is easy to establish the validity of the following inequality

ao IV (-, 2)[17 5oy + 10 6% (. 2) 13,0y <
< 3agusn /0 180 (7)1, ) dr+
200 [[o1 + 601l 0.1 /0 198 (. 712,y dr+
2 on + vl oz / 166 (. 72,y dr+
v/ / IV60 (DI ) dr + ppia/m / 160 (7)1, dr-+
2 2 2
+ao (1500l 0.+ 16011 o) [ 199 @) o dtr+

<200 [ IVED () dr+

s (150l 00+ 18011% o)) [ 10 G dodrs
z (14)
+2M1/ 169 (-, 7)1, 47, V2 € [0, L]
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Due to the fact that dv € H and v 4+ dv € V we can establish the validity of the inequalities

”5UmHLoo(o,L) < e H(S,UmHWQl(OJ) <c3,m=0,1, (15)

lvm + dvmll . 0,n) < callom + 5vaW21(0’l) < by, m =0, 1. (16)

By virtue of these inequalities and estimates (8), (12), from inequality (14) we can obtain the
following inequality

ag || Vo (wz)H%Q(D) < 4 (||5U0H12/v2}(071:) + ||51)1H12/v21(0,L)) +

—1—06/0 196 (. 712,y dr V= € 0, ).

If we divide both sides of this inequality by a¢ then apply Gronwall’s lemma, then we obtain
the validity of the estimate

1986 (. 2)1,00y < 7 (Iv0 30,0 + 1601130,y ) - V= € [0, 21, (17)

where A7 > 0 is a constant not depending on Jv. Summing this with estimate (12) and taking
into account that dv € H we obtain

169 (o 2) i3 oy < es 160l , V= € [0, L], (18)
from which follows the estimate
69112100y < eo 10011 (19)

where Ag > 0 is a constant not depending on dv. From this estimate, by virtue of the trace
theorem (see Ibragimov (2011), p.170), we can establish

169175y < co 180l . (20)

where Aqg > 0 is a constant not depending on dv.
Now let’s consider the increment of the functional Jy (v)on any element v € V. By formula
(9) we have

(5J0 (U) = J() ('U + 5'0) - Jo (1)) =

+260 [ Re [(v (2, L) = yo (x)) 80 (w, L)] de + Bo 69 (- L) 1, ) -

From this formula, applying the Cauchy-Bunyakovsky inequality and the trace theorem, using
estimates (8), (19), (20) and conditions (7), we obtain the inequality

80 @) < en (90l + 60l ) v € V,

where Aq; > 0 is a constant not depending on dv.

This inequality implies the continuity of the functional Jy (v) on the set V. The set V is
a closed, bounded and convex set in the uniform convex space H (Mikhailov, 1983). Then, by
virtue of Theorem 2, there exists a dense subset G of the space H such that for any w € G and
a > 0 optimal control problem (1)-(3) has a unique solution. Theorem 3 is proved.

Now let us show that for @ > 0 and for any w € H optimal control problem (1) - (3) has at
least one solution.
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Theorem 4. Let the conditions of Theorem 1 be satisfied. Then, for a > 0 and for any w € H
optimal control problem (1) - (3) has at least one solution.

Proof. Take any minimizing sequence {vk} cV:
lim J (0%) = Joo = inf Jo (0).
oo e \Y o = oy o (V)

Let ¢y, = ¢y (x,2) = (m,z;vk), k =1,2,.... By virtue of Theorem 1, for each v* € V initial-
boundary value problem (2), (3) has a unique solution ¥ (x, z) from the space Bp, and this
solution satisfies the estimate

5]
ot

< co (lell 2y + ||f||124/§vl<9)) ’

1k (- 2) 32y +
La(D) (22)

Vze[0,L],k=1,2,..,

where the right-hand side of the estimate does not depend on k.

Since V is a bounded set of the Hilbert space H = W4 (0, L) x W (0, L), from the sequence
{vk} C V one can choose such a subsequence {Ukp }, (which for the sake of simplicity we again
denote by {v*}), that satisfies

vF = v, m=0,1 weekly in Ly (0,L), (23)
Dy om0 ek in Ly (0, L) (24)
dz dz — Y Yy 2\Y,

at k — oo. Moreover, V is a closed convex set from H. Therefore, V is a weakly closed set i.e.
v € V. In addition, due to the compact embedding of space H = W3 (0,L) x W (0, L) into
space C [0, L] x C'[0, L] we can write the following relation:
lim v*, (2) = vy (2),m =0, 1 (25)
k—o0
uniformly relatively to z € [0, L] .
It follows from estimate (22) that the sequence {9y, (z, 2)} is uniformly bounded in the norm

of the space Bi. Then from this sequence one can choose a subsequence {wkp (z, z)} (which for
the sake of simplicity we again denote by {1y (z,2)}), such that

Ui (-, 2) = ¥ (-, 2) weekly in W3 (D) ; (26)

3% ('72) 81/} ('72)
0z ~ 0z

weekly in Ly (D), (27)

for each z € [0, L] at k — oo.
It is clear that each element {vy (x,z)} from B satisfies the identity

(2255 4 a0 (2.2) + o (0) Vi (0,) — alo) b o 2) +
D
o (2) (2, 2) + ik (2) ¥ (@,2) = f (0,2) ) 0 (@) de = 0,¥2 € [0,L] b = 1,2, (28)
for any function n = 7 (z) from Lo (D), initial condition
Y (,0) :go(w),@:ceD,kzl,Z,... (29)
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and boundary condition

Okl k=12, (30)
v |g

Due to the compactness of the embedding of the space By into C° ([0, L], Ly (D)) we have

Hwk (,Z) _¢<7Z)HL2(D) -0, (31)

uniformly relatively to z € [0, L] at k¥ — oco. Using this and limit relations (25), we can establish
the validity of the relations

| h@ o n@ s = [ o @00 dem =01, (32)
D D

for each z € [0, L] and for any n € Ly (D) at k — co. Using limit relations (26), (27), and (32),
passing to the limit in the integral identity (25), we obtain the identity:

/ <aw§” +apAy (2, 2) + ar (2) Vi (2,2) — a (@) ¥ (z, 2) +
D z

+vo (2) ¢ (2, 2) +iv1 (2) ¢ (2, 2) — f (2, 2)) 7 () de = 0 (33)

for each z € [0, L] and for any function n = n(x) from Lo (D). Hence it follows that the limit
function v (z, z) for each z € [0, L] and for almost all x € D satisfies (2). Satisfaction of the
initial condition follows from the limit relation (31) atz = 0 the initial condition (29) and from
the inequality:

19 (50) = @ll L,y < N9 (0) = (0l 0y + 195 (5 0) = @l £y ) -

Finally, let us prove that the limit function 1 (x, z) satisfies the second boundary condition
from (3). Indeed, by virtue of the theorem on traces (see Yagub et al. (2019), p.98; Ibragimov
(2010a)) for {t¢ (x, z)} from the space B; the following relation is valid

Wk

| €L2(8) k=12, .. (34)

S

Therefore, we can state that the following limit relation is valid

0y, oY ,
Yk °r
v | ~ 3, . weekly in Ly (S) (35)

at k — 0o. Then, using this and boundary condition (30), from the equality

8'¢ (f,Z) o 8,¢ (fv Z) N 31/% (f,Z) p Z
[ e g e e = [ (P8 P (6 g

+/ Mg (&, 2) dédz, Vg € Ly (S)
S

ov
with passing to limit, we obtain the validity of the boundary condition
o (§2) 0
5, — 0V €S

Thus, we have proved that the limit function 1 (x, z) is a solution to the initial-boundary value
problem (2), (3) corresponding to the limit function v € V ie. ¢ = ¢ (x,2) = ¢ (z,2;v). In
addition, this function satisfies estimate (8), which immediately follows from estimate (22) with
passing to limit along weakly converging subsequences {1, (z, z)}. By virtue of Theorem 1, such
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a solution uniquely belongs to the space Bi. Due to the compactness of the embedding of the
space Bj into the space L (S), we obtain the validity of the limit relation

Y — P strongly in Lo (S) at k — oo. (36)

Using this relation and (31), as well as the weak lower semicontinuity of the norms of the
spacesLs (S),Ly (D), H for Vao > 0 and Yw € H we obtain

Jox < Jo (v) < lim Jy (vg) = irel‘i;Ja (v) = Jax.

Hence it follows that v € V is the solution to optimal control problem (1)-(3) for Yoo > 0 and
Vw € H. Theorem 4 is proved.

4 Conclusion

Proved in this paper solvability theorems form the theoretical basis for the numerical solu-
tion of this optimal control problem for the Schrodinger equation. Along with these results,
it is also possible to apply variational methods to solve inverse problems of determining the
refractive index and absorption in the stationary uranium of quasi-optics, which describes the
motion of charged particles or light beams in an inhomogeneous medium (Kiigiik et al., 2019;
Lions & Magenes, 1972). It is known that the above considered optimal control problem for
a = 0 is from the class of ill-posed problems, in other words, this problem is unstable (see the
example in Iskenderov et al. (2016)). Along with these, it should be noted that when o = 0
i.e. when the influence of the term of the functional with a coefficient « is canceled, the solu-
tion of the problem under consideration is not only non-unique and, as shown above, unstable.
Therefore, the results obtained above regarding the solvability of the considered optimal control
problem make it possible to develop a stable algorithm for solving this problem (Ladyzhenskaya,
1973).
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