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Abstract: the following article deals with the provision of a unique solution of a problem
similar tu the Hellerstedt problem for a loaded parabolic-hyperbolic equation with a
breakdown within the field. The uniqueness of the solution of the AH problem is proved using
the extremum principle, and existence is proved by the method of integral equations. At
present, the range of problems under consideration for nondegenerate loaded equations of
hyperbolic, parabolic, hyperbolic-parabolic, and elliptic-parabolic types has expanded
significantly, also considered inverse problems posed equations of mixed type. Methods for
numerical solutions of these problems are given.

Keywords: a degenerate loaded equation, boundary value problems, the Hellerstedt problem, the
existence and uniqueness of a solution, equations of mixed types.

3AJTAYA AT JUTA HATPYKEHHOI'O YPABHEHHA
ITAPABOJ/IO-THIIEPBO/IMYECKOI'O THIIA,
BBIPOKJAIOHNIETI'OCS BHYTPH OBJTACTH
Kypaes @.M.

Hapaee vpram Myxumournosuy - ciapuiuii npenodasaniens,
raghedpa duppepenyuanvruIx YpagreHuil, Guzixo-uameMammuyecKuil Gaxyienent,
Byxapexaiii cocydapemeennviti yaugepcument, 2. byxapa, Pecivénuxa Vibexueman

AHHOmMauuA: 6 OaHHOll cmamve O00Ka3aHa OOHOSHAYHO paspetiiuMocmy  peuwleHta  3aoaull
Iemnepcmedma 018  HACPYHCEHHO20 — VPAGHEHUA  napadono-cunepéoiudeckoco  minag,
goiposcoaiouiecocs GHympl oéracmi. Eouncmeennocmy peutenua sadauu AIT dokaszvieaemen ¢
NOMOUbIO NPUHYUNA IKCPEMYMA, A CYUIECME06anile — MemodoM UHMESPATbHLIN YPasHeHil. B
Hacmosiee epeMa Kpye paccMampueéaemvlx 3d0au Ol HESbIPONCOAMUXCA  HASPYHCEHHBIX
VDasHeHIl 2UnepooINiecKo2o, NAPAGOIUYECKO20, 2UNEPEOTo-NapaboIuiecko2o 1 2TTUNMUKO-
napadoanieckoco munoe 3HAYUMETbHO PACHUPUTCA, MAKICe PACCMAMPUSAiomcsa obpamuvie
3adadil, NOCMAGIEHHbIE VPAGHEHUAM CMeUIaHHo20 mund. [aémesa Memood HUCIEHHBIX pelleHllil
IMUX 3a0a4.

Knrwuegvie cnosa: cvipoxcoaroujiie HAZPYIHCEHHbIE VPAGHEHUA, KPdAesdas 3addadd, 3adauda muna
LIernepcmedma, cyujecmeosaniie it eNHCMEEHHOCMD PellieHie, YPAGHEHUA CMEAHHO20 MUNGL.

UDC 517.956.6

Boundary value problems for nondegenerate loaded equations of mixed type of the second and
third order, when the loaded part contains a trace or a derivative of the deswred function, were
studied 1n the works of [1]-[4]. A three-dimensional analogue of the Tricomu problem for a loaded
parabolic-hyperbolic type equation was studied in the work of [5].
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As far as we know, boundary problems such as the Tricomi and Hellerstedt problems for a
degenerate loaded equation of mixed type of the second order have been studied relatively little.
We have considered the work of [6]-[9].

Now they study inverse problems posed to equations of mixed type [14]. [17]. Their numerical
solution 1s widely used [9], [11]- [13]. [15]. In some cases, by showing the equivalence of
equations of mixed type to systems of hyperbolic type, one can prove the existence and uniqueness
of a solution to the original problem [10], [16], [18].

Based on this, the present work 1s devoted to the formulation and study of a boundary value
problem such as the Hellerstedt problem for a loaded equation of parabolic-hyperbolic type,
degenerating inside the domain.

1. Statement of the AH problem

Lets consider the equation

u.. - |x|p u, = y;.u(x, 0), v >0,
0=1 (1)
u_ - (_y)f?? U+ yj.Jrzl!(x, 0); v <0,

where 171, D, }[f, ,L[). o-m, p, U, IL[}. Ly - any real numbers, moreover
m<0.p>0 >0 pu_,<0. (z‘:l_,2;j:l,4) (2,)

We mtroduce the following notation: 3, =€, M {(x_, V):x>0,y> O} .
0, =0, " {(x,»):x<0,y>0} Q,=Q VQ,UJ, T, ={(x,)):x=0,0<y< 1}

: X
J, ={ L0<x<le, y=0},J13:{(x,y):—°<x X, V= 0}
2 2
x, +1 . x +1
2 :{ ”‘y Xp<Xx < 02 5 .}’:0.}"]22:{(3::}]): 02 = }
0={ (x.0): 0<x<l, y=0}.Jl={.(x,y): 0<x<x,, y=0}.
J={(xr) x<x<l, y=0}. Q=0Q,0Q,0Q, U/,
¥
Jlnz{(x,y): —70<x<0, y=0},

Y

J,= {(x,y):—xo <x <%, V= 0},

x, +1

<x <X, y=0}» J, ={(x,y): —l<x<—x°2+1, y=0}=

J121 = {(x’y): —

Jlo :{(.X,_)))I —1 <.X<0., y:O}, Jll ={(x_,y):—x0 <X‘<O_, _}::0}_

le ={(x-;}') _l < x< XO, }.J = 0} . QZ = le ngz UQSE U JIO-
Q=0 uQ uQ,

After some designations, in the field Q) for the equation, (l} ) the following problem is

studied:



Task AH. Is required to find a function 4 ( X, y) that has the following properties:
D u(x,y) e C(Q)NCH Q) wQy, ) N CHQuQ,):
2) H(x, }‘)1‘5 a regular solution to the equation (l’ ) n areas QJI and Qj: (j :m):

3) u, e C(Qj) that H]_ (x,y) can handle infinity less order n 1 — 25 |A| 50, and\flxl ~51.1s

limited:;
Hu, e ('(QB) on the line of degeneration J, bonding conditions are met

limu_(x, y) = _\l_gg'ux (x,y), O.v)edJ, (3)

x40 X

5) 1(2x, ") satisfies boundary conditions
ul,, =@ () O=sy=l(4)
U)o, =vi(x) e T (5)
o, = (x)MeT ()
where @ (). w,(x).  w'(x),(i=12)- defined functions. morcover
v (x) = (%) v () =, (%)
o, (v)eC(ITHNC (J,). (7,)
y,(x)eC" (lxl eJ, ) nc: (lxl eJ,).
%%ﬂeCﬂﬂeZﬂﬂC%MeL;.@J

Here 2ﬂ = n 5 . that
m—

| _
0<ﬁ<5. (9)
2. The study of the AH problem for the equation (1?_ )

Theorem. If the conditions are 111et(2r), (71),(8(_) and (9) in the areas €2 solution of the

task AG exists and entire.
The uniqueness of the solution of the AG problem is proved using the extremum principle. and

existence 1s proved by the method of integral equations.
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