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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.

SAJTAYA AT IS HATPYKEHHOI'O YPABHEHU S
MMAPABOJIO-THIIEPBOJIHMYECKOT O THUIIA,
BBIPOXKJAIOIIETOCSA BHYTPHU OBJIACTH

Kypae ®.M.

JKypaes Dypram Myxumounosuy - cmapuiuii npenooaeamen,
Kaghedpa oughdhepenyuanvrbix ypasHenutl, usuro-mamemamuyeckutl axyivnem,
Byxapckuii cocyoapemeennviit ynueepcumem, 2. byxapa, Pecnybnuka ¥3bexucman

Aunomayua: & OaHHOU cmamve O00KA3AHA OO0HOZHAYHO PA3PEUUMOCHb  pPeuleHUa 3a0aiu
Tennepcmedma  0an  Haespysicennozo — ypaswenus — napabono-eunepboiuveckoeo  mund,
ghipodcoaruecoca eHympu obaacmu. Eduncmeennocms peuwtenus 3adauu Al' dokazvieaemcs c
HOMOWBIO NPUHYUNG DKCIMPEMYMA, d CYIECNEOBAHUEC — MEMOOOM UHMEZPATbHbIX VpasHeHull. B
Hacmosawee 6pems Kpye pacCMampugaemvix 3a0au ONs HeBbIPONCOAIOWUXCA HASPYICEHHBIX
VpasHenutt 2unepboIuNecKozo, Nnapaboruueckozo, cunepboro-napadoruieckoeo u IAIUNMUKO-
nApaboaUecKo2o MUNO8 3HAUUMENbHO PACWUPUICA, MAKdce PAaccMampusaroncs obpamHsie
3a0auu, NOCMAGAEHHbIEe VPABHEHUAM CMewanno2o munda. Haémcs mMemoo YucCIeHHbIX peuwienutll
2MUX 3a0aH.

Knrouesvie cnosa: sviposcoaroujue HazpyyceHHvle VpAeHeHUs, Kpaesds 3adaud, 3a0aud muna
Fennepcmeoma, cywjecmeosaite u eOUHCMEEHHOCb peulerie, YPAGHEeH U CMEUAHH020 Mund.

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 desired function, were
studied in the works of [1]-[4]. A three-dimensional analogue of the Tricomi 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 is 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 is 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|" U, — (x,0), >0,
uxx—(—y)muy + U +2u(x,0), y <0,
where M, p, U, ﬂj+2— m, p, 4, ,uj+2—any real numbers, moreover
m<0,p>0,yl.>0,,uj+2<0, (i:1,2;j:1,_4) (2)

We introduce the following notation: Qm = QO M {(x,y) X > U,y > ()} s
Q=0 N {(x,):x<0,y>0}, Qy=Q VQ, UJy, J, ={(x,y):x=0,0<y <1}

{ 0<x<?, y= 0} J, {(x,y): %<x<x0, y:O},

:{ :x0<x<x°2+1, yzO}a {(xy) }
{ .
={(

(x.y): x, <x<1, y:()}, Ql =Q,uQ,uQ, U,

' =1(x): —%<x<0, y=0},
iefencsct v
= x,y).—x0<x<?, v=0,,

JlZl:{(x’y): _XO2+1<x<x09 y:O}, JIZZ:{(xay): 0+1: yZO}’

:{(x,y): -1<x<0, y=0}, J'l:{(x,y):—x0<x<0, y:()},
lez{(x,y): -l<x<x, y:()}, Q,=0,0u0,uQ, U,
Q=0,uQ uQ,

After some designations, in the field Q)  for the equation, (li)the following problem is
studied:
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Task AH. Is required to find a function ¢, ( X, y) that has the following properties:
P 2,1 2 .
Du(x,y)eC(Q)NCE (Q), UQy,)NCHQUQ,):

2) u(x,y) is a regular solution to the equation (li) in areas le and sz (]- _ 0’3);

3) U, € C(Q),) that,, (x,y) can handle infinity less order in 1-25 |x] — 0. andv‘x| 1, is
limited;
4) u_ € C(£),) on the line of degeneration .J, bonding conditions are met

limu (x,y)z}i_)n_loux(x,y),(O,y) eJ; (3)

x—+0

5) (X, ) satisfies boundary conditions
ul,, = (y)-0sy=l — (4)
Ul =vi(x) Wed,  (5)
”‘Ezc,.2 =y, (x). [xe T (6,)
where @, (y).  w,(x). w'(x).((=12)- defined functions, moreover
W](xo)z‘Vz (xo)s%] (xo): 7 (xo)
2 (¥)eCUIHNC (). (1)
v, (x)eC'(]x]et,)NC(]x]eJ,).
v, (x)eC' (|x| e, ) nc: (|x| e, ) - (8,)

m

Here 2 ﬁ = , that

m—2

|
0< ﬂ < E . (9)
2. The study of the AH problem for the equation (]I_)

Theorem. If the conditions are met(2i_), (7"),(8[) and (9), in the areas €) 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 is proved by the method of integral equations.
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