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Conditional stability and regularized solution of a boundary value
problem for a system of mixed type equations in three-dimensional
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Abstract. In this paper, we study the initial-boundary value problem for the system of second-order
mixed-type equations in three-dimensional space. Boundary value problems for equations of mixed type
are used in problems of gas dynamics, the theory of infinitesimal bending of surfaces, mathematical biology
and other fields. An a priory estimate of the solution is obtained. Theorems of uniqueness and conditional
stability are given. A regularized approximate solution is constructed in two cases, which is stable on the

set of correctness. Estimates of effectiveness of the regularization method are obtained and formula for
regularization parameter is derived.

1. Introduction

This work is devoted to the study of an ill-posed initial-boundary value problem for a system of mixed
type equations.

LetQr ={(x,y,z,t): (x,4,2)€Q0<t<T},Q={lx|]<m, 0<y<mn 0<z<m}
The system of equations of the form

uy = Lu+mu + o+ f(x,y,2,t), 1)
oy = Lo+ av+ bhu+ g(x,y,2,1),

is investigated on the region Qr N {x # 0}, where Lu = sign(x)u, + uy, + u, a1, az, b1, b are some bounded
constants, where (a1 — a2)2 +4b1b, >0, by # 0.

Let a pair of functions (u(x, v, z, t), v(x, y, z, t)) satisty the system of equations (1) on the region QrN{x # 0}
and the following conditions: initial

Uli=o = 1(%,,2), =g = Y1(x, y,2), )
, Xy, Q ’
il = (PZ(x’ ]/,Z), Ut|t=0 = l]bz(x, I/IZ), (x y Z) € 2)

2020 Mathematics Subject Classification. Primary 35R25; Secondary 35M32, 65M30

Keywords. Mixed type equation, ill-posed problem, priory estimate, set of correctness, regularization, estimate of effectiveness
Received: 28 December 2023; Revised: 01 May 2024; Accepted: 17 July 2024
Communicated by Ljubi$a D. R. Ko¢inac

* Corresponding author: Khajiev Ikrombek
Email addresses: kudratillo52@mail.ru (Fayazov Kudratillo), kh.ikrom@4@gmail . com (Khajiev Ikrombek)



K. Fayazov, I. Khajiev / Filomat 38:19 (2024), 6773-6784 6774

boundary
ulga =0, vlga =0, t € [0, T] )
and gluing conditions
%‘F—O:%'FW} i=0,1,0<y<m0<z<m 0<t<T, 4)

where @i(x, y,2), Pi(x, y, z) are given sufficient smooth functions, and they satisfy the matching conditions,
i=1,2, f(x,y,21), g(x,y,zt) are source functions.

The investigate of mixed-type differential equations was first studied in the works of F. Tricomi and S.
Gellerstedt. Later, many mathematicians researched various problems for this type of equation. You can
get acquainted with these studies through monographs [15], [16], [17] and the works in the list of references
cited in them.

Checking to conditional correctness and constructing a regularized approximate solution of ill-posed
problems for equations similar to equation (1) are studied in works [2]-[6]. Construction of the approximate
solution of mixed integral equations was studied in [9]-[12], [1].

In this paper, the initial-boundary value problem (1)-(4) is studied to well-posedness. Theorems on
uniqueness and conditional stability are presented. Then, a regularized approximate solution is constructed
on the set of correctness. Estimates of effectiveness of the regularization method are obtained and formula
for regularization parameter is derived.

2. Transformation of the problem (1)-(4)

Let us introduce the notation

a) — /\2 a — /\1 1
u= W — , v=——m——(w-19), 5
b - )" b (h - 1) = @Y ©
where w(x, y,z,t) and 9(x, y, z, t) are new functions, which we define later, A; and A, are the real roots of the
quadratic equation

/\2 - ((l1 + az))\ + aya; — b1b2 =0.

After transformation, we get the following tasks.
Problem 1. Find a function w(x, y, z, t) satisfying the equation

wy = Lo + hw + f(x,y,2,1),
as well as the following conditions
Wli=o = P1(x, Y, 2), wili=o = P2(x, Y, 2),
wlopa =0,
Wly=—g = Wli=10, Wxly=—0 = Wxlr=10
on the domain Qr N {x # 0}, where f(x,y,z,t) = bof + (A2 —a1) g, §1 = bop1 + (A2 —a1) Y1, P2 = by +

(A2 —aq) Yo,
Problem 2. Find a function 9(x, y, z, t) satisfying the equation

W =Ld+Md+7(xyzt),
as well as the following conditions
Slizo = Y1(x,y,2), Silizo = Pa(x,y,2)
Saa =0,
Oi=—0 = Olr=r0, xlv=—0 = Fxlx=+o

on the domain Qr N {x # 0}, where §(x,y,2z,t) = bof + (M —a1)g, Y1 = bapr + (A1 —a1) Y1, P2 = by +
(A1 —a1) Y.
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3. Auxiliary facts

To obtain the main result, we will need in the solutions of the following spectral problem: Find values
of & such that the problem

Lo(x,y,2) - EP(x,y,2) =0, (x,y,2) € QN {x #0},

(-1, y,2) =p(,y,2z) =0, y € [0; n], z € [0; 7],

¢(x,0,2) = p(x,m,2) =0, x € [-1; ], z € [0; 7], (6)
o(x,y,0) =dx,y,m1) =0, xe€[-m; ], y € [0; 7],

¢(=0,y,2) = (+0,vy,2), ¢x(=0,y,2) = $(+0,y,2), y € [0; 7], z € [0; 7]

has nontrivial solutions.
Let us denote (1, v) = f uvdxdydz the scalar product and the norm ||u|| = +/(u, u) in Ly(€2).
Q

Using the results of work [14], we can prove that problem (6) has & ., = pif —n*—m?, Eknm = puy —n?—m?,

0o

c Es < o . . . . T ot ©
{ (Ek/”rM}k,n,mzl’ {ék’n’m}k,n,nml eigenvalues and the corresponding eigenfunctions {qﬁk,n,m }k,n,mzl , {¢k’”’m}k,n,in:1 of
which can be represented as:

(@k,n,m(xl y,z) = X}j(x) “Yu(y) - Zm(2), 7)
(Pk,n,m(xr Y, Z) = X]:(x) ’ Y?l(y) : ZWI(Z)/

and they have the property

- - | 1L, k=rAn=sAm=yq, ~ - | -1, k=rAn=sAm=q,
((Pk'"’m’qbr’s'q) _{ 0, k#rvmn#s,Vvm#gq, ’ ((Pk'”’m’qb”s'q) _{ 0, k#rvn#svm#gq, '

(¢k,n,mr ¢r,s,q) = 0/ k/ n/ mr r/ S/q € N/

where
sin \/p;’(ern) sinh \lfy;(xﬂ'[)
,_T(SXSO, ’_T[Sx<0
X+( )= Vrcos \/ui X2 (x) = Vrcosh A/~
k X) = shAJf (x-m) s SWX) = sin A/~ (x=71) ’
————, O0<x<m, — " 0<x<m,

7
Vcosh \fuf

Vrcos /-y m

Y. (y) = \/% sin(ny), Zu(z) = \/% sin(mz). The numbers p;’, —u, form non-decreasing sequences and are
solutions to the transcendental equation tg  [+u;7 + th | £ = 0.

Solutions of the equation tg \[+u;m + th \[+p 7 = 0 can be easily found by using numerical methods.
For ¢ = 107'° with an error we calculate p = 0.56672194089, uy ~ 3.06251868904, uj =~ 7.56250005484,

up ~ 14.06250000014, ¥ ~ (k= 1),k > 4, 47 = —f, k € N. Note that 7 = (k- 1) + 0 (e-(+1r),

Let 61 = min |c§k,n,m + A4/, 5 = min |5k,,1,m + /\2| forany k,j € N.
kn,m kn,m

According to [14], we have

]2 = i (sign @, q‘bk,,,,m)rJr i (sign()a, Fenm)| -

kn,m=1 kn,m=1

(®)

From the results of [14] it follows that the eigenfunctions of the problem (6) form a Riesz basis in Hy and
the norm in the space L»((2), defined by equality (8), is equivalent to the original one.
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A generalized solution of the boundary value Problem 1 is a function w(x, y, z, t) belonging to W;’z(QT)
and satisfying the identity

f(sign(x) @ Vi + @, Vy + sign(x) wy, Vy + sign(x) w, Vz) dQr =
Qr

fsign(x)Vltzowtltzon—fsign(x)thtzoa)ltzonJrfsign(x)deQT )
Q

Q Qr

for any function V(x, y,z,t) € W§’2 (Qr) satisfying the conditions V|;.r =0, V.t =0, V]g = 0.

4. A priory estimate

Lemma 4.1. For solution to the Problem 1 at t € (0, T), the inequality

1-0(t)

1 2 ~ |12 0w T 2
f leox] drs(Tllaanll +7/1) f lodPdt + 1| o) (10)
0 0

T
holds, where y1 = (ZT2 + 3) ) Hf;”zdt + B,
0

2
s

pr =1 Tloall" + ol + @+ D T|R@A] + T + Tlo2en [ + T +1) [or2

0(t) = 1=, c(t) = exp (T + 1) U0z ),

1-eT

One can find the proof of the Lemma 4.1 in [3].
Similarly, for solution to the Problem 2 at t € (0, T) the inequality

1-0(t)

t o oo T
f 19:Pdr < (Tijoun | +72) f ISdPdt+ 72| o) (11)
0 0

T
holds, where y, = (ZT2 + 3) Of ”g‘tzdt + B2,

pr =TI + ol + @+ D TG + T [ + T2 + T + 1) J0uaia]

Let
2V2n(ay — Ap) 2V2m(ay — Ay) 2V2n
Ci=—F7i—7, G = , C3= .
by (A1 — Ay) by (A1 — Ay) (A1 =22)

For any function u € W)[-n, ©] with ul,__, = ul,_, = 0 the inequality

T T

f w’dx < 4m? f uldx

-7 =Tt

is true. Then using formula (5) we get

t t t
fIIMIIZdTSC%fllwaIZdT+C§f|I9x|I2dT, (12)
0 0 0
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t t t
f||v||2d7 <G [fllwxllsz + fllsxllsz] (13)
0 0 0
d

w = bzu + (Al - al)v, S = bzu + (/\2 - Ell)ZJ. (14)

an

Using inequalities (12) and (13) from (14) we have
; T 1-6()
2 2 _ |12 o0 2
f llulPdr < cl(T||ax(p1|| + yl) f Ibatix + (A1 —ap) oulPdt + 1| c(t)+
0 0
1-6()

2 G o T 2
cz(T||ax¢11| +y2) [batix + (A2 —ar) vulPdt +92 | c(t), (15)
0

; T 1-0(t)
2 2 _ 12 o) 2
f lloldr < Cie(t) (TH&xqoln +7/1) f Ibatty + (A1 = @) vl Pdt + 91 +
0 0

1-6(t)

T
e o)
(Toull* +2) [ f bzt + (A2 — ar) oslPt + 7/2] . ()
0
5. Main results
In the problem (1)-(4) we introduce the correctness set as follows
M= {(u, V) : ||ux(x, v,z T)” + ||vx(x, v,z T)H <M, M < oo}. 17)

Theorem 5.1. Let the solution of the problem (1)-(4) exist and (u, v) € M, then the solution of the problem is unique.

Let the pair of functions (u, v) be the solution of the problem (1)-(4) corresponding to the exact dates
pix,y,2), Yilx,y,2),1 = 1,2, f(x,y,2,1t), g(x,y,z,t), and let the pair of functions (u,, v.) be a solution of
the problem (1)-(4) corresponding to the approximate dates @i.(x,v,2), Vic(x,y,2), i = 1,2, fo(x,y,2,1),
9:(x, y,2, ).

Theorem 5.2. Let the solution of the problem (1)-(4) exist and (u,v), (ue,v:) € M. Let “<p1 - (plg” g,
ooz - (Pzé‘”w;“fo(u) S &l - lPlé‘”w;(Q) S &2 - l1l’2€||w;"/°(o) < e max |[f - fé‘“w;of"(o) < eand

te[0; T]
< €. Then the inequalities

W3(Q) =

sl

t
f llu — uelPPdt < C261(T, M, €) + C36,(T, M, €),
0

t
f o — vl < C2 (5(T, M, €) + (T, M, e)),
0
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¢] -0
are valid, where 51(T, M, &) = (T +C2) &2) (4(1bal + s - a1|)22m2T rcze?) e,

52(T, M, ¢) = (T +C2) )" (42l + 112 - ar V2T + C262) " "Vc(t), Cy = (bal + A1 — ) (2T° + @ 1Aa| +9) T +2),
1
Cs = (Ibal + A2 — ar]) (2T% + (2| A2] + 9) T + 2)°.

[N

The proofs of Theorem 1 and Theorem 2 one can obtain using Lemma 1 and inequalities (15), (16).

6. Approximate solution

We consider the construction of an approximate solution of the problem (1)-(4) in following cases.

I Let f(x,y,z,t) =0, g(x,y,2,t) = 0 and @1(x, y,2) = ‘” /\1 V1(x,y,2), p2(x,y,2) = ”1;2’\2 2(x,y,z). One can
get p1(x,y,2z) =d - P1(x, y,2), P2(x,y,2) =0, ¥1(x,y,2) =0, gbz(x Y,z) = —d - a(x,y,2), where d = A1 — A,.

Let the solution of the problem (1)-(4) exist. Using equation (9), the solution of the problem (1)-(4) can
be transformed to

U=Aiw-A29, v=A3(w-79), (18)
where

- i Dknm(t) - Prnm + Z Dt (t) - P

kn,m=1
d= Z ék,n,m(t) : q_ﬁk,n,m + Z ‘§k,n,m(t) . qu,n,mr
kn,m=1 kn,m=1
(ﬁk,,,m cos ( \ |§k,n,m + A )t) ’ gk,n,m + A1 <0,
Cf)k,n,m(t) = (ﬁk,n,m’ é_k,n,m +A1 =0,
(f)k,n,m COSh( \/ |gk,n,m +A |t) ’ Sk,n,m +A1 >0,
G G+ 2]t/
gk,n,m(t) = I;k,n,mt/ gk,n,m +A =0,
l;k,n,mSinh ( \/|é=k,rl,m + A2|t) / 2 > O,

(pk/”/m = d fSign(x)lzbl(xl ]// Z)(f)k,n,mdQ/ (Pk,n,m =—d fSign(x)lPl (X, y/ Z)(’ﬁk,n,mdQ, lﬁk,n/m =—d fsign(x)ybﬂx, y, Z)(Z)k,n,mdQ/
Q Q Q

D = d [ sign(x)ya(x, v, 2)Penmd, Ar =
Q

ai—A _1 —
2= As =g, d =M - Ao

Regularized approximate solution (uN ,oN ) we define by the formula:

uN = AN (x, Y,z t) — AN, y,2,t), O = AsoN (v, y,2,t) — AN (v, y, 2, 1), (19)

where

N o0
Z Z ()% nm(t) ¢knm+ Z wknm(t) ¢knmr

k=1 n,m=1 kn,m=1

SN:Z Z knm(t) ¢knm+ Z Sknm(t) Qbknm/

k=1 n,m=1 kn,m=1

z
8
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here N is an integer parameter of regularization. Then, regularized approximate solution with approximate
data will be define as

uy =A a)ly (x,y,z,t) - AQSSI (x,y,2,1), vly = A3(u§] (x,y,z,t) - Agslj (x,y,z,1), (20)

where

a_)ek,,,m (t) : J)k,n,m + Z d)sk,n/,n (t) ' d')k,n,m/

MEZ
1=
gk

k=1 n,m=1 kn,m=1
N 00 o
N _ - ~ ~
8 = Z Z Sgk,n,m(t) : ¢k,n,m + Z Sgk,n,m (t) : ¢k/”/m’
k=1 n,m=1 kn,m=1
(ﬁgk/”,m COS ( W’|€k,n,m + /\1|t), gk,n,m + /\1 < 0,
(:_)Ek,n,m (t) = qz)gk/nm, é_k,n,m + Al = 0’

qﬁgkmCOSh ( ﬂ |§k,n,m + Al't)r gk,n,m + Al > 0/

D, sin(\/ |Ek i + A2|t) / \/|§k,n,m + 7|, Eum + A2 <0,
§k,n,m(t) = l;gkwu £ gk,n,m + A, =0,
Ilzjsk,n,mSinh ( \/lgk,n,m + /\th) / \/lgk,n,m + Ay

(psk,,,,,,, = d fSign(x)lPlé’(xr ]/, Z)é)k,n,mdQ/ (Psk,,,,m = _d f Sign(x)ll)ls(x/ ]// Z)J)k,n,mdQ/ lpsk,,,lm = _d fSign(x)l#ZS (x/ ]// Z)ék,n,mdQ/
Q Q Q
d
Q

7 gk,n,m + /\2 > 0/

1lbgk,w,m =

dates, and let g1¢(x,¥,2) = "2 U1:(x, ¥, 2), 92:(%, Y, 2) = 200 (x, Y, 2).
Let [lp1(x,v,2) = p1c(x, 1, 2)||, < & |2, ¥, 2) — @2c(x, v, 2)||, < & |91 (x,v,2) = e, v, 2| < &,

Hlpz(x, Y,2) — ae(x, y, Z)H 0 S € and (1, v) € M. Then for the norm of the differences between the exact and
approximate solutions we have

Sign(x)lPZE (x/ ]/, Z)J)k,n,mdQ/ Since (Plg (x/ ]/, Z)/ (PZE (x/ ]// Z)/ ljblg(xl ]/, Z)/ IPZS(x/ ]// Z) are apprOXimate

N N N_ N
e = 0l = e =20l + [l =

” (21)

o= 2l < lo =l + [0 = o2l @)

First, let’s estimate the right-hand side of (21). So,
o =, = o = ], + Ao - ], @

Estimating the first expression on the right-hand side of (23) one can get

N 00 oo
¥ = ME =Y Y (@hn®) = 00 ) + Y (@) = @y, () <
k=1 n,m=1 kn.m=1
N 0 o
COShZ( |EN,1,1 + /\1|t) Z Z ((Pk,n,m - (Psk,n,m)z + Z ((pk,n,m - (pfk,n,m)zl <
k=1 n,m=1 kn,m=1

cosh2( (5_1\1,1,1 + )\1|t) 2 < 2 Vit 2.

Now we evaluate the expression “SN -9 ” , in the similar way and we have

|9~ - Si“liﬁ < 6,7 'sh? ( VIEna + /\z|t) €2 < 5y 1 Vlinualtg2,
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From (23) we obtain
i = ], < Are VIVl 1 A, 12 Vil
Let us proceed to estimating the first term on the right side of inequality (21)
= = Ao = @ + A2}9 = 97

provided (u,v) € M. Next we try to estimate the expression

lo-aE= Y Y 6,0

k=N+1n,m=1

under the conditions ”a)(x, v,z T)”0 < My,

6780

(24)

3, v,2,T)||, < Ma, where My = 27 (|bal + [A1 — ) M, M, =

21 (|ba| + [A2 — a1]) M. Now, to find the conditional extremum, we use the Lagrange multipliers method,

and we get
o = | W cosi™ (VIgmn+ A7), k= N+ 1,0 =1,m=1,
,m =
0, ksN+1,n+1, m=+1.
Then
My cosh ( N |5_N+1,1,1 + /\1|t) _
”a) _ wN” < 2Mye V|€N+1,l,l+/\1|(t_T)‘

: <
cosh ( N |E_N+1,1,1 + )\1|T)

By the same method we get

Mysinh ( VIEN+111 + A2 f) _
| | < MLC(T)e V|€N+1,1,1+A2|(t—T)/
sinh ( \ |5_N+1,1,1 + /\2|T)

where C»(T) = (1 —e2 ‘@T)_l. Combining estimates (25) and (26) we have

o =¥, <

||u _ uN”O < 2 Aqse V]éna1+4|E=T) + NHA,C(T)e V|§N+1,1,1+Az|(t*T)'

Substituting (27) and (24) into inequality (21) we obtain that

”u _ MIE\IHO < 2D Are VIéns1+M|(E=T) + MrA,C(T)e V|£N+1,L1+A2|(t—T)+

Aje ‘V|<§N,1,1+A1|t€ + A252*1/2e‘VlSN,1,1+/\z|t€.

Let us estimate inequality (22). Note that for the ”Z)N — o ” , expression the estimate
o =t = Al = + Ao 88, = g (e VT 4 e )

is true. For “v - UNHO we have

”’U _ vN“O < 29 Ase V]Ens111+41|(t-T) + N A3C(T)e VléN+1,l,1+A2|(t_T).

(25)

(26)

(27)

(28)
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Finally, we get

||Z) _ 018\7“0 < 24 Ase V]Ens111+A1|(E=T) + M A3C(T)e V|5N+1,1,1+Az|(f—T)+
As (E V]En1+At + 62_1/28 VlEN,1,1+/\2|t) e (29)

We minimize the right side of inequalities (28) and (29) with respect to N and find the corresponding
regularization parameters N.

IL. Let i(x, y,2) = 0, Yi(x, y,2) = 0,i = 1,2, f(x,y,2,t) = f(x,y,2), 9(x, y,2,t) = g(x, y,2). Then @;(x,y,z) =
0/ Ipi(x/ ]/,Z) = 0/ l = 1/ 2

Let the solution of the problem (1) - (4) exist. Then it can be represented in the form
u= Ala) - A2\9, 0= A3a) - Ags,

where

w = Z a_)k,n,m(t) : (i)k,n,m + Z (Dk,n,m(t) : qsk,n,m/

k,n,m=1 kn,m=1

9= Sk,n,m(if) : (Z)k,n,m + Z ‘gk,n,m(t) : J)k,n,mr

kn,m=1 kn,m=1
fzk”"’” 1 - cos |£= +A |t 5 +A1 <0
| ,E:’f o )\1| k,n,m 1 s k;n,m 1 7
Cf)k,n,m(t) = o t2/2, ék,n,m +A =0,

s

|=k k,n:lAl (cosh ( w’|§k,n,m + /\1|t) — 1), fk,n,m + /\1 > 0,
g = -
z k,n,:—l/\z| (1 - Cos(wllgk,mm + /\2|t)), Eknm + A2 <0,

§k,n,m(t) = ik, /2, gk,n,m + A2 =0,

|§k k/n:—u/\2| (COSh ( ﬂ|(§k,”/m + /\2|t) — 1), Sk,n,m + /\2 > O,
ﬁ(,n,m = fSign(x)f_(x/ Y, Z)qsk,n,mer ﬂ,n,m = _ISign(x)f_(xr y/z)qu,n,mer Jknm = fSig”(x)g_(x/ Y, Z)(f)k,n,mer
Q Q Q
Ginm = — [ sign(x)g(x, ¥, 2)PrnmdQ.
Q

.

o

In this case, we also construct a regularized approximate solution (uN ,oN ) and an approximate solution
(uy A ) based on approximate data in the same way as (19) and (20).

Let f.(x,y,2), g:(x, y, z) be approximate data. Then we denote ﬁ % y,z)=bofe +(Aa—m) g, §: (x,y,2) =
bafe + (A1 —a1) g.. Corresponding Fourier coefficients are:

fTEk,n,m = f51gn(x)ﬁ (x/ ]// Z)(ﬁk,n,mdQ/ ﬁk,n,rn = fSlgn(x)f_é (x/ y, Z)(’i)k,n,mdQ/

Q Q

g_ek,n,m = fszgn(x)g_é (x’ y’ Z)q_bkrn/mdg’ gfk,n,rn == fszgn(x)g_“- (x’ y’ Z)(’ﬁk/n,nde-
Q Q
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Let ||f _ff”o <g, g—gg”O < eand (4, v) € M. Then

N 00 e
N NI ~ B 2 ~ ~ 2
”a) — W ” < E E (a)knm_a)s ) + § (a)knm_ws ) <
0 (4 knm [ kn,m
k=1 n,m=1 k,n,m=1

coshz( )E_N,l,l + /\1|t) N o 7
52 [Z Z (fl_c,n,m feknm) Z (fk,n,m fék”m) < 61_2e2V|éN,1,1+}\1|t€2'
1

k=1 n,m=1 kn,m=1

In deriving this estimate, we used the maximum element replacement. Now, similarly evaluating the
expression ||9N — 9V ||0 we have

o -4, < o7V

Substituting the obtained estimates, we get
[ = ul|, < 1AL 617 e VIemittilte 445 5, e ViEwahalte, (30)

Let us move on to estimating ”u —ulN H , under the condition (1,v) € M. Then we come to an estimate of

the expression
”a) - wNHé = Z Z wknm’

k=N+1nm=1

under the condition ||a)(x, v,z T)”O <M. Then

0 2
- Y Yt |(cosh( o)1) <

k=N+1n,m=1 |£k,,m +A

gﬁ%COShZ ( |€N+1,1,1 + A1|t) -1

cosh? ( \/|5N+1,1,1 + /\1|T) -

where Cy(T) = (1 —e ‘/ET)_l. Similarly, evaluating the expressions || — 8V “0 we get

< CHT)MGe VIdwan+hile=D) (37

|9 = V]|, < Ca(T)Mpe VIEwaasale=), (32)
Combining estimates (31) and (32) we have

e = N, < Cr(T) 1Ag] Dty VIV 1D L (T) | 4] e VIV 21D, (33)
Substituting (33) and (30) into the inequality

oo = 26l = fle = 0y + e =

0/
we obtain that
e = ], < Cr(T) s g VIS 581D € (1) Ay e VIl
A1) 61 e VIEwu+hilte 1|4, 5,71 VIEnuthalte - (34)
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Let us estimate the inequality [[o — o|| o- Note that for the expression [[oN = oY Ho the estimate
[0 = o], < 145161 te VISwnithilte 1| 45) 5,7 e ViEwuihalre
is true. For [|o - vNHO we have

lo = 0], < Cr(1) 15| Wy VI3 6D) o (1) g e VI s 06D,

Finally we get

o = 0¥, < Cr (1) 45| My VIS0 6D) . () g e VBt el
|A3| 6, te VIEnua+ilte A5 5,71 VIEvuttalte - (35)

For this case, we also minimize the right-hand side of inequalities (35) and (34) with respect to N and
find the corresponding regularization parameter N.

7. Conclusion

In this paper, the ill-posed problem for the system of second-order mixed-type equations in three-
dimensional space was considered. On the base of Tikhonov definitions we have shown that this problem
has a unique and conditional stable solution on the set of correctness M. This gives us the ability to
construct an approximate solution of the problem using the regularization method. Calculations show
that approximate solution are close to exact solution if we choose parameter of regularization from the
minimization of the estimate norm of the difference between exact and approximated solutions.
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