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Abstract. In this paper, we investigated an analogue of the Tricomi problem for an equation of parabolic-
hyperbolic type of the second order with a heat conduction operator in the parabolicity region and with
a degenerate hyperbolic operator of the first kind in the hyperbolicity region. The type change line is
characteristic for a parabolic equation and non-characteristic for a hyperbolic one. The problem is studied
when the values of the sought function are given on non-characteristic segments of the boundary of a
parabolic parabolic equation, and a value is also given on the characteristic of the hyperbolic equation.
Previously, similar problems were the subject of research by many authors, such as, for example, the
works of A. M. Nakhushev and Kh. G. Bzhikhatlova, M. S. Salakhitdinov and A. S. Berdysheva. In this
paper, we prove uniqueness and existence theorems for a regular solution to the problem under study.
When proving the uniqueness theorem for the solution of the problem, modern methods of the theory of
fractional calculus are used, and the existence is proven using the method of integral equations. In the
case of when the coefficients of the equation under consideration are constant, the solution is found and
written out explicitly. The theorems proved generalize the previously obtained results both in terms of
sufficiency conditions for the uniqueness of a solution to an analogue of the Tricomi problem, and in terms
of the existence theorem.
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1. Introduction. Problem Statement

As we know [1, p. 440], electromagnetic field is characterized by the electric field intensity
vector F¥ and the magnetic field intensity vector H and the electrical induction vector B,
and magnetic induction vector D. The complete set of Maxwell’s equations relating these

quantities has the form
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div D = 4mp, (4)

where j is the volume current density, 7(¢) is the currents density induced by the third-party
voltage, p is the volume charge density, ¢ is the speed of light in vacuum.
Assuming that j(®) = 0, apply the rot to the equation (1). So we get:

0 4
rotrot H = E—1f0tE—i——7TJ rot F,
c Ot c

whence, by virtue of the equations (2)—(4) and the relation rotrot H = graddivH — AH

obtain: . )
. ew 0°H  4dmop OH
graddivH — AH = “Z e @ o

or, considering that div H = 0, by the later obtain
1 0°H  4mop OH ( 9 02>
—_— a‘ = .

AH = = 22
a? Ot? 2 Ot

Ep
The equation for F is derived similarly

1 0°E  4nop OE
AE_¥W+ 2 o (6)

In particular, the equation (5) or (6) is satisfied by the components E,, E,, E, and H,,

H,, H, of F and H:
2

-t ™

a? Ot c? Ot
where u is one of the components F,, E,, F, or H,, Hy, H, of £ and H.

The nature of the process is determined by the properties of the environment. If the
medium is non-conductive and o = 0, then from equation (7) arrive at the usual vibration
string equation

Au

1 0%u
PR TP
that is, electromagnetic waves propagate in a non-conductive medium without attenuation
at a speed of a = ¢/ /ep and, in particular, in empty space at the speed of light c.
If the medium is highly conductive, displacement currents can be neglected, unlike
conduction current, then from equation (7) we arrive at the heat conduction equation

_ Amop du

A .
Y 2 ot

Consider now the electric field in a domain filled with a low conductivity material. Since
gases in their natural state do not conduct electricity, any gas can serve as such a medium.
Let’s suppose that at some point in time some sort of ionizer became active on the gas.
For example, x-rays, ultraviolet rays, radioactive radiation, high temperature, etc could be
used as an ionizer. As a result of sufficiently large ionization, from a specified point in time,
the gas acquires greater conductivity. Hence, determining the electromagnetic field intensity
over the time period containing the ionizing moment in question involves solving a boundary
problem for the equation of the mixed parabolic-hyperbolic type. Boundary value problems for
model equations of parabolic-hyperbolic type were first studied in |2, 3]. Division of parabolic-
hyperbolic type equations into equations with characteristic and non-characteristic lines of
type change can be find in [4]. It should be mentioned the problem for model equation of
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parabolic-hyperbolic type with characteristic and uncharacteristic lines of type change are
studied in [2] and in [3] correspondingly. In the work of [5] an analogue of the Tricomi
problem is studied for a general equation of parabolic-hyperbolic type with sufficiently smooth
coefficients. An analogue of the Tricomi problem and some problems with displacement are
investigated in [6, 7] in relation to cases [5], where the solvability conditions of the studied
equation relative to the coefficients are violated. One of the sufficient conditions for the
solvability for equation (8) is a(x,0) < 0 (Vz € [0,r]). Various local and nonlocal boundary
value problems for equations of parabolic-hyperbolic type are investigated in the works of
T. D. Juraev, M. S. Salakhitdinov, T. Sh. Kalmenov, N. Yu. Kapustin, A. S. Berdyshev,
K. B. Sabitov, O. A. Repin, V. A. Nakhusheva, V. A. Eleev, S. K. Kumykov and their students.
The most complete review on boundary value problems for equations of parabolic-hyperbolic
type can be found in the monographs of |8, 9].

The paper studies an analogue of the Tricomi problem for one second order equation
of parabolic-hyperbolic type with a degenerate hyperbolic operator of the first kind in the
hyperbolic domain. Here we generalize the results obtained earlier in [6, 7] both in terms of
sufficiency conditions for the uniqueness of a solution to an analogue of the Tricomi problem,
and in terms of the existence theorem. In the case where the coefficients of the equation are
constant, the solution is found and written out explicitly. An analogue of the Tricomi problem
for a third-order parabolic-hyperbolic type equation was previously investigated by a similar
method in [10].

2. Statement of the Problem

In the Euclidean plane with independent variables x and y consider the equation
0= (_y)m Ugz — Uyy + A (_y)(m72)/2 Ug, y < 0’ (8)
Uze — uy + a(z,y)u — f(z,y), y >0,

where A, m are given numbers and m > 0, [A\| < %&; a(z,y), f = f(x,y) are given functions;
u = u(z,y) is the desired function.
For y < 0 the equation (8) coincides with a degenerate hyperbolic equation of the first
kind [11, p. 21]
m—2
(_y)m Ugg — Uyy +A (_y) 2 uy =0, (9)

and for y > 0 equation (8) is a parabolic inhomogeneous one

uxx_uy+a(x’y)u:f($ay)' (10)

Equation (8) is considered in the domain 2 = Qq U Qo U I, where 4 is the limited by the

characteristics o1 = AC' : = — miw (=)™ D/2 —0and 6y = CB: z+ mLH (—y) D2 —

2
of equation (9) for y < 0, coming out from a point C' = (1/2,y.), Y. = — @ e

through points A = (0,0), B = (r,0) and the segment I = AB of the straight line y = 0;
)y is the domain bounded by a rectangle with vertices A = (0,0), A9 = (0,h), By = (r,h)
and B = (1,0), h = const > 0; J = {(x,0) : 0 < x < r} is the interval of AB of the straight
line y = 0.

By Regular solution of the equation (8) in € name the function u = u(x,y) of the class
C(Q)NCH(Q)NC? (N UN), ug(x,0), uy(z,0) € L1(0,7), upon substitution of which the
equation (8) becomes the identity.

, passing
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PROBLEM 1: Find a regular solution to equation (8) in € that satisfies the conditions
U(07y) = @1(3/)7 u(7"7 y) = @2(3/)7 0< y < ha (11)

ulfo(a)] = v(x), 0<z<r (12)

where 0y(z) = (%, - (mTH)Q/(mJFm x2/(m+2)>; ©1(y), p2(y) given on the segment 0 < y < h

of the function; 1 (z) is the function given on the segment 0 < x < r with the condition

©1(0) = ¢(0) satisfied.

3. Uniqueness Theorem

Let there be a regular solution v = u(x,y) to equation (8) belonging to C () N C* ()
and let

u(z,0) =7(x), 0<z<r, (13)
uy(z,0) =v(r), 0<z<r. (14)

First, find the necessary fundamental relationships between the functions 7(z) and v(x),
brought from the domains €2; and Qs to the line J of type changing.

Passing in equation (8) to the limit at y — 40, taking into account notations of (13),
(14) and conditions (11) we immediately obtain the first functional relationship between the
functions 7(z) and v(z) brought from the parabolic part Q9 of the domain 2:

(x) — v(z) + a(z,0)7(x) = f(x,0), 0<z<r, (15)

7(0) = ¢1(0),  7(r) = ¥2(0). (16)
Next, we obtain the functional relationships between the functions 7(x) and v(x), brought
from the hyperbolicity part ; of the domain € to the line J For this, first note that in the

m+2 m+2 .
characteristic coordinates § = = — mi—f—Z (—y) 2 ,n=ua+ m+2 (—y) 2 equation (9) turns

into the Euler—Poisson—Darboux equation

d*u B Ou B2 Ou
ofon n—§0n n—§ 08

=0,

where 81 = m+2), P2 = +2) We also denote: 8 = 1 + B2 = +25.

Let |\ < %, 7(x) € C[O,T]HCQ(O,T), v(z) € CY(0,7)N L1(0,7). Then the regular solution
to the problem (13), (14) for equation (9) is written according to formula [12, p. 14]:

1
u(z,y) = /7’ B) (— y)l/(lfﬁ) (2t — 1)} P21 (1— t)Bl*l dt
’ 1 (17)
I'(2 v _ N/ (A=5) _ —B1 (1 _ ) B2
ra- /81 1 — B2) o/ B (=) (2t 1)} e A=)t

where I'(p) = [;° exp (—t) ?~1dt is the Euler integral of the second kind (Gamma function).
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When satisfying the (17) condition (12), find:

1

ulfo(7)] = u g,—@—?,@)ﬁil xl_ﬁ] /7— (xt) 2= 1 t)Bl*l dt
0
) B-1 1 ﬁr 2_ 1
@ (1@—& 1—ﬁ2 /u £t (1 —t) P2 dt = ¢(a).
0

Introducing the new integration variable z = zt, the last equality is rewritten in the form

(@) a8 [r(z)z%1  (2-20°' 1@ [ (2)
L(B1)T (B2) 0/ (:c—z)l’ﬁldz rt-p)r 1—52 /

0

= ().

In terms of the operator D%, of fractional integro-differentiation (in the sense of Riemann—
Liouville) [13, 14] the last equality can be rewritten as

r (5) xl_ﬁ —P1 o — (2 - 25)671 r (2 - 5) 2— 61|
WD%B {T(t) 18 1} _ N ng 1 {y(t)t B } = (). (18)

Inverse the equation (18) with respect to the function v(z), and find

v(w) = Dy, Pr(t) — v e Doy Pup(t), (19)
I'(1-81)T(B) (2—28)'# _ I(1-B1)(2—28)'*
where 71 = SRR — 0y = HEREEY

Relation (19) is the main functional relation between the sought functions 7(z) and v(z),

brought from €2; to the line of type change J when |A] < %.
-8
If X\ =7, then 8 =0, fo =3 = mi-f—Z’ Y1 =72 = % and the regular solution of
the problem (13), (14) for equation (9) are derived by formula [12, p. 15]:

2
o\ (m+2)/2

N mgi g / [x n mi 5 (_y)(m+2)/2 (2t — 1)} (1-— t)*ﬁ dt. (20)

Satisfying condition (12) in representation (20), we arrive at a functional relationship between
the functions 7(z) and v(z) of the following form

(2-28)""
T (2-B)

But if A = =%, then 51 =8 =15, 8 =0,11 =0, 72 = 21 (1 — 5)_5. The regular
solution to problem (13), (14) for equation (9) in this case has form [12, p. 15]:

v(z) = (D3, () — DY, Pui)| (21)

u(z,y) =7 |l — ——=

2
o\ (m+2)/2
m+ 2 (=) ]

1
L /1/ [:c 2 o a - e (22)
0
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From (22) under condition (12) we immediately find:
vie) = =20 (1- )77 27/ (2). (23)

Let’s proceed to the formulation and proof of the uniqueness theorem. The following
Theorem is true.

Theorem 1. Let with respect to the coefficient a(xz,y) of equation (8) the following
conditions be satisfied:

a(z,y) € C (Qg) ; (24)
0% _
a(z,0) < 5T (15) (r— m)ﬁ L' (v eo,r]). (25)

Then Problem 1 cannot have more than one regular solution in §2.

< To prove Theorem 1, consider a homogeneous problem corresponding to Problem 1,
that is, assume that ¢¥(z) =0 (Vz € [0,7]) and ¢1(y) = @2(y) =0 (Vy € [0,h]). Given that
7(0) = ©1(0) = 9(0) = 0 by relations (19), (21), (23) for different values of \ obtain the
corresponding equalities

v(w) =1 Dy, *7(t) = 1 D 7'()) = 95, (1), A < 5 (26)
o 1— o 1-8 m

o) = S Db = G o, A= 21)

v(z) =0, A= —%. (28)

For further reasoning, we use the following property of the operator 9§,¢(t) of fractional
differentiation (in the sense of Caputo) [15]: for any absolutely continuous function ¢ = ¢(x)
satisfying the condition ¢(0) = 0 on the segment [0, | the following inequality holds:

1
(2) Bop(t) = 5 " (1), 0<a <l (29)

Consider further the integral form

I= /T(ﬂ:)l/(:ﬂ) dx. (30)

For || < 7§ from (26) and (30) with (29) come to inequality

T T

I= /T(:U)V(ﬂ:) dr =7 /T(m)@éxﬁT(t) dx

0
71/6162 dﬂf_

/ 2P 2 (@) de. (31)
0
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On the other hand, for the corresponding to problem 1 homogeneous problem of (30)
in view of (15), (16) we have:

= /T(x)u(x) dx = /T(x) [7"(z) + a(z,0) 7(z)] dz
0 0
= —/ [T/($)]2d.%'+/a(.%'70)7'2(.%') dx. (32)
0 0

Taking into account (32) inequality (31) is rewritten as follows

T T

_O/ [T’(aﬂ)]Q dx —1—0/ [a(w,O) - 2;(1@ (r— x)ﬁ_l} 7*(z) da

WV

0. (33)

Under condition (25) inequality (33) occurs if and only if 7(2) =0 (Vz € [0,7]). Then using
ratios (15) and (26) we find that also v(z) = 0 for all € [0,r] and any A € (=% %).
Then, as follows from formula (17), in ©; the solution u(z,y) = 0 is like a solution to the
Cauchy homogeneous problem (13), (14) for equation (9). Besides in €9 the solution to the
first homogeneous boundary value problem (10), (11), (13) cannot differ from the trivial [16,
p. 352]. Thus, u(z,y) =0 in Q.

For A = £, using equation (29), when calculating integral (30) in view of (27), (28) lezlidﬂs
(2-28) —

to the same result, as in the case of [A| < %3, however 81 =0, By = 8 = 05, 11 = T

for)\:%andﬁlzﬁ:mLerﬂQ:()’fyl:()for)\:_%_
The theorem 1 is proved. >

4. Theorem of Existence

Let us proceed to the study of the existence of the regular solution to Problem 1.
The following theorem is true.

Theorem 2. Let the given functions a(x,y), f(x,y), p1(y), v2(y), ¥ (x) have the properties
of (24), (25) and, in addition, let

©1(y), p2(y) € Cl0,h];  Y(x) € C[0,7]NC*(0,r);  f(x,y) € C (). (34)

Then there is a regular solution to Problem 1.

<1 Indeed, from fundamental relations (15) and (19) obtained above for |A| < %, relative
to the sought functions 7(z) and v(z) we arrive at the following system of equations

(z) —v(z) + a(z,0)7(z) = f(z,0),
v(z) = ’YlDé;ﬁT(t) _ ,},2%51 Dé;/bw(t).

From where we try to find a regular solution relative to the function 7(z), to a second-order
ordinary differential equation with a fractional derivative in lower terms of the form

7 (x) — 71 Doy P(t) + a(x,0)7(x) = f(x,0) — v2 2P Dy, P(t), 0<az<r,  (35)
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satisfying conditions (16). The solution to problem (16) for equation (35) is equivalent to the
solution of the integral equation type

T

@) = 1 [ Dletyrte)de+ (1 - 2)%(0) + Zen(0)
0
+ [@-tF@®)dt -2 [ (r—t)Ft)dt,  (36)
/ -/
where

Lixt) = zK (rt), 0<x<t,

T K (r,t) — rK(z,t), t<z<r,

F(z) = f(2,0) — 122° DL P0(t), K(x,t) = a(t,0) (z —t) — ——(z — ).

rg+1)

Based on (24) property, as well as on (34) properties on the given functions ¢1(y), w2(y),
¥(z), f(x,y) we conclude equation (36) is the Fredholm integral equation of the second
kind with kernel L(z,t) € Lo ([0,7] x [0,7]) and with the right side belonging to the class
C[0,7] N C?(0,r). The unique and unconditional solvability of equation (36) under conditions
(24)—(25) follows from the uniqueness theorem proven above for Problem 1. The solution 7(x)
to equation (36), according to the general theory of Fredholm integral equations, is written
out using the resolvent R(z,t) of the kernel L(x,t). Moreover the resolvent R(z,t) as well
as the kernel L(z,t) belongs to the class R(x,t) € Lo ([0,7] x [0,7]). The solution 7(z) to
equation (36), as well as its right-hand side, belongs to the class 7(z) € C[0,7] N C?(0,7).
Once the solution 7(x) to (36) has been found, the second required function v(z) can be found
using relations (15) or (19). The theorem 2 is proved.

When a(z,0) of (35) is a constant real number, the solution to problem (35), (16), and,
therefore, the solution to integral equation (36) is written down explicitly.

Indeed, let us find a solution to problem (16) for equation (35), when a(z,0) = a = const.

Applying the operator D0_x2 to both sides of equation (35), we arrive at equivalent integral
equation (35):

x x x

TQIT—L T — BT a xXr — T =C1T C Tr —
(2) F(ﬁ+1)0/< 0 () dit + 0/( 1)r(t) de 1+2+0/< 0P dt. (37)

where ¢1, ¢y = const.
Equation (37) belongs to the class of convolution type Volterra integral equations of the
second kind. Using the definition of convolution of two functions, rewrite equation (37):

il

T(z) — m <x5 * T(m)) +a(zx1(x)) =crx+co+ (z* F(x)), (38)

where
X

(91(x) * ga(a)) = / 01(t) goler — £) dt = / g1(x — D)ga(t) dt
0

0

is the convolution of two functions g;(x) and go(x).
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Let T(p) and G(p) be the Laplace images of the desired function 7(z) and the right-hand
side F(x) of equation (38), respectively, that is

Then, applying the Laplace transform to equation (38), using the linearity property and
the multiplication theorem, we arrive at the following equation for T(p)

T(p) [1— n +“]:G(p)+01 e

prtt o p? PP p
whence o)
p) +c1+cap
T(p) = 39
() p* A(p) (3)
where A(p) =1 —yp P +ap™2
For sufficiently large values of the p parameter there is an equality:
oo
/ AP g = L
A(p)
0
With this in mind, formula (39) is rewritten as
oo
1) = [ 20 (G2 +ap e ] ds (40)
0

Now find the reverse Laplace transform First of all, note that p #e® R
V) (ﬁ,,u,z:cﬂ), where ¢ (&,m;2) = > 07, m is the Wright function [17]. Employing
the formula g1 (p)g2(p) = (q1(z) * g2(z)) by (40) find:

() :/BS{F(5'3) xx 3% [5'31/3¢ (5 +1, 2; 71SCCB+1>} * [x1/3¢<2, g; —asx2>] }ds
3 3
0
+a / {l‘é * [xwgb (6 +1, g;%swﬁ“ﬂ * [w”% <2, §5 —asx2>} } ds  (41)
0

+e / et [5'3_2/3¢ (5 +1, é;%(mﬁ“)} * |:$_2/3(J5 <2, é; —asx2>:| ds.
0

Further use the following notation [18]:

SE (x;21,22, s 2m; B1, B2y -+ s Bm) = ha(x) * ha(x) % ... * by (),

G!,fﬂ (.%';)\1,)\2,..., )\m;ﬂl,ﬁg,...,ﬂm) = /GSS#L (.%'; A1S, AaS, ..., AmS; 81, Ba, . .. ,ﬂm) ds,
0

where hi(z) = 271G (B, pis zpa™), k=1, ,my = Y1 e
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Rewrite with the above notation representation (41)

T(z) = /e_s [F(m) % 82 (x;—m18,a8;1, 8+ 1, 2)] ds
0

o o
+c1 /e_SS§ (x;—m18,as;1, 8+ 1,2) ds + ¢ / e_SS§ (x;—m18,as;1, 8+ 1,2) ds,
0 0

wherefrom

T(.%') = Cng (1’7 -7, a; 175 + 172) + CZG%, (1’, -1, Q; 175 + 172)

+ /Gg (x —t; =y, a;1, 4+ 1,2) F(t)dt.  (42)
0

Satisfying conditions (16) in (42), we find values of the unknowns ¢; and ¢z, and, therefore,
the function 7(z) becomes known, and with relations (15) or (19), as above, we find the second
required function v(x).

After the functions 7(z) and v(z) are found, the solution to Problem 1 in € is defined
as the solution to the Cauchy problem (13), (14) for equation (9) and we employ here one of
the formulas (17), (20) or (22). Thus in the domain Q9 we arrive at the first initial-boundary
value problem for equations of parabolic type (10) with conditions (11), (13), studied in [16,
p. 350.
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AHAJIOT BAJJAYN TPUKOMMU JJ15 YPABHEHN A CMEIITAHHOI'O
[TAPABOJIO-TUITEPBOJIMYECKOI'O TUITA BTOPOT'O TTOPAIKA

Bankuzos 7K. Al

! MacruryT npuxmnagaoi MaTemaruky u apromaruzanun KBHI] PAH,
Poccus, 360000, Hanpuuk, yia. llopranosa, 89 a

E-mail: giraslan@yandex.ru

AnHorauusi. B pabore wuccienoBaH aHajor 3ajadd TpPUKOMH Jiisi OJHOIO ypaBHeHusi napaboJio-
rUIepOOJINYECKOrO THIIA BTOPOTO IMOPSI/IKA C OIEPATOPOM TEIIONPOBOJHOCTU B OBJIACTH MAPAbOJIMYHOCTU U
C BBIPOK/TAIONIUMCS TUTIEPOOIMIECKIM OIIEPATOPOM IIEPBOTO pofa B obsactu runepboauanocTu. JIlunus m3me-
Henust Tuna y = 0 ABJIAETCS XapaKTePUCTUIECKOH JIJIs MapaboIMIecKoro ypaBHeH!sl U HeXapaKTePUCTUIECKOM
st runep6osmmaeckoro. Viceemyercs 3a1ada, KOria 3Ha9eHus HICKOMOM GyHKImn © = u(z,y) 3aJaHbl Ha Ipa-
HUIHBIX oTpe3kax AAg, BBy npampix € = 0u z = r, tne A = (0,0), Ao = (0,h), Bo = (r,h), B = (r,0),
r >0, h > 0, a Takxke 3aman0 3Hadenne v = u(z,y) Ha xapakrepuctuke o1 = AC : = — mi-u (fy)(mﬂ)/2 =0
runep6osinyeckoro ypasaenust npu y < 0. Panee nomo6Hble 3a1a4m ObLIN IIPEIMETOM UCCJIEIOBAHUI MHOTUX
aBTOPOB, Takux, HanpuMmep, kak paborbl A. M. Haxymesa u X. I'. Bxxuxarnosa, M. C. Camaxuraunosa u
A. C. Bepapimesa. B nanmnoit paGore joka3aHbl T€OpeMbl €IMHCTBEHHOCTH YW CYIIECTBOBAHWS PEryJIsIPDHOTO
pellleHnsl UCCeayeMoi 3aaun. 1Ipu J10Ka3aTelbCTBE TEOPEMbI €IUHCTBEHHOCTH PEIIEHUs 3319l UCIIOJIb3Y-
IOTCSI COBPEMEHHBIE METOJIBI TEOPUU JPOOHOrO MCIHMCIEHHs, a CYIECTBOBAHUE JOKa3aHa C IIOMOIIBI0 METO/Ia
WHTETPAJLHBIX ypaBHEHWIA. B ciydae, korjma Ko3hOUIUMEHTH pacCMaTPUBAEMOT0 YPABHEHUS SIBJISTIOTCS TIOCTO-
SIHHBIMU, PelleHre HaliIeHO U BBIUCAHO B IBHOM BHjE. JloKazaHHbIE TeopeMbl 0000IIAIOT MOJIyYeHHbIE PaHee
PE3yJIbTATHI KaK B IIJIAHE YCJIOBHI JOCTATOYHOCTH JJIsl €JIMHCTBEHHOCTH PEIeHWs] aHaJora 3ajaqu Tpukomu,

TakK U B IJIaHE TE€OPEMbI CylIIeCTBOBAHUSA.

KuioueBble cJiioBa: ypaBHEHHE CMENIAHHOTO TapabOsIo-THIIEPOOJTUIECKOTO TUIIA, BBIPOXKIAIONIECECS TH-
nepbosimieckoe ypaBHEHHE II€PBOro poja, 3ajada 1pukomu, meros Tpukomu, apobHOE HCUUCIEHHE, METO/L
MHTETPAJIBHBIX YPaBHEHWI, MHTErPAJIbHOE ypaBHeHne Boabreppa BTOPOro poja TUIA CBEPTKH, WHTEIPATIHLHOE
ypaBuenue DpesirosbMa BTOPOro pPojia.

AMS Subject Classification: 35M12.
O6pasern; nqutupoBauus: Balkizov Zh. A. Tricomi Problem Analogue for a Second Order Mixed Type

Equation // Baiagukaek. mar. xxypu.—2024.—T. 26, Ne 4.—C. 44-54 (in English). DOI: 10.46698 /s3616-5567-
7503-v.



