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Abstract

In this paper the unique solvability of the analog of the Tricomi problem for the third
order loaded differential and integro-differential equations with parabolic-hyperbolic
operators is proved. The existence of a solution is proved by the reduction to the
integral equations with a shift of the second kind. We obtain necessary and sufficient
conditions for the existence of a unique solution.
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1 Introduction

The first fundamental research on the theory of mixed type equations are the works
of F Tricomi, S Gellerstedt, which were published in the 1920s. Due to the research of
FI Frankl, IN Vekua, MA Lavrent'ev, and AN Bitsadze, P Germain, R Bader, M Protter,
K Morawets, MS Salakhidinov, TD Djuraev, AM Nakhushev, and many other authors,
this theory became one of the main directions of the modern theory of partial differential
equations.

The necessity of the consideration of the parabolic-hyperbolic type equation was speci-
fied in 1956 by Gel‘fand [1]. He gave an example connected to the movement of the gas in
a channel surrounded by a porous environment. Inside the channel the movement of the
gas was described by the equation; outside by the diffusion equation.

Recently, loaded equations have been of great interest owing to intensive studying the
problems of optimal control of the agro-economical system, of long-term forecasting, and
regulating the subsoil waters layer and soil moisture. First, the most general definition
of the loaded equation was given by Nakhushev in 1978 [2]. He also gave notions and a
detailed classification for different loaded differential, loaded integral, loaded functional
equations and considered their numerical applications.

The following equation arises in problems of some mathematical models in problems of

particle transfer in the plane-parallel geometry:

1
1 dw(2) ' 2 dw(2) +o(z)oz) = o3(21) f w(z)dz; + f(2),
-1
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where w(z) = w(z1,23,23) is the density grain in the point z; at time z3 > 0 flying with speed
¢ under an angle 0, cos 0 = z;, to the straight line z3,z, = 0. Moreover, the functions o (z;),
os(z1), and f(z) are given.

Also the loaded equation will be the stationary unispeed equation of transport (see [3]),

1 9¢(y:2) s
a@ oz 04 /Kl@(z,%é)w(é,z)ds +F(,2)

in the phase domain {(y,2) : [y| = \/¥7 + 5 + 3 = 1,z € Q}. Here ¢(y,2) is an unknown func-
tion, which defines the density of particles flying into the direction of y, |y| = 1, from the
point z = (z1,23,23). The function «(z) is positive and bounded, which characterizes the
absorption of the medium; X is the spectral parameter; 6(z,y, &) and F(y, z) are given func-
tions.

Basic questions of the theory of boundary value problems for partial equations are the
same for the boundary value problems for the loaded equations. However, the existence of
the loaded operator does not always make it possible to apply directly the known theory
of boundary value problems.

What puts the considered problems in a class by itself is that the equation of the third or-
der with the most generalized parabolic-hyperbolic and loaded operator is studied. An in-
vestigation is in order of the existence and uniqueness of the solution of the stayed bound-
ary value problems for the loaded third order equations mixed type. One investigates the
proof of the existence and uniqueness of the solution of the boundary value problem for
the loaded differential and integro-differential equations of the mixed type for the analog
problems of Tricomi.

2 Preliminaries
In this section we give some formulas which will be used in what follows. We note that
the regular solutions of some hyperbolic equations are directly connected with Riemann-
Hadamard functions. Therefore, the basic properties such as the decomposition formulas,
formulas of the analytical continuation, the formula of the differentiation for the Riemann-
Hadamard function are necessary for studying of the regular solutions [4].

The following function is called the Riemann-Hadamard function [5]:

B, mx +y,x-y)

_JolVaa@ —x -y -x+y)], n>x+y,
JolvAaE —x =y —x+ P+ Jo[VrAan—x-y)E —x+y)], n<x+y,

where Jy[z] is the Bessel function [6].

The Riemann-Hadamard function has the following properties [5]:

1. B(&,n;&0,1n0) as function (&, n) is a solution equation to the conjugate equation
Li(2) =z, + %z =0 and as a function (&g, 779) is a solution’s characteristic equation
Lo(z) = zgy + 22=0;

2. (a) Biz(&,m:60,m0) = 0 for n = no;
(b) B1,(&,m;80,m0) = 0 for & = &;
(©) Bi(§,m560,m0) =1 at§ =& and n = 1o;

3. limg_ 040 [Biz(§, 80 + & 80, m0) — Boz (6,60 — €;60,10)] = 0, & € [0,&];
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4. Boy(&,1m;&0,m0) — Baz(&,m;&0,m0) = 0 at n = £, where B; and B, denote the
Riemann-Hadamard functions for n > & and n < &.

3 Formulating the problem and main functional relations

Consider the equation

0 | thux — 1ty — Mu — p1u(x,0),  y>0, M

 ox Uy — Uyy + ot — (a1 (%,0), y<0,

in the domain .

Q2 is a simple connected domain located in the plane of independent variables x and y,
bounded by y > 0 with segments AAq, BBy, AoBo (A(0,0), B(1,0), Ag(0,1), By(1,1)) and by
y < 0 with characteristics AC:x+y=0, BC:x—y=1o0f ().

We use the following:

Q=QN{y>0}, Q,=QN{y<0}, 1:{(x,y):0<x<1,y=0}.

In (1) Ax, ;i (k =1,2) are given real parameters.

We investigate the following problem.

Problem T, Find a function u(x, y) satisfying the conditions:
(1) ulx,y) € C(Q) N CHRAUACUAAG) N C2 () N CI2(Qy);
(2) u(x,y) satisfies equation (1) in €; and Q;

(3) u(x,y) satisfies the boundary conditions:

u(%,9) | aa, = 1), U (%, ¥) a4y = 029),

(2)
u(xly)|BBo =§03()/), 0 E)/SL
du(x,y) 1
y - , A R , 0<x<-—, 3
u(x,y)|ac = ¥1(x) o1 lac V() =x< 3)
where 7 is the interior normal, ¢1(y), ¢2(¥), 93(¥), ¥1(x), and Y2 (x) are given
real-valued functions, such that ¢;(0) = ¥(0).
Let A1 >0, >0, ur #0, k=1,2.
Equation (1) can be written as [7]
Uyx — Uy — Au — Mlu(x’o) = Wl(y)’ y> 0, (4)
Uy — Uyy + Aoth — pau(x,0) =wa(y), y<O, (5)
here w1 (y), wo(y) are arbitrary continuous functions.
We use the following:
ulx, £0)=t(x), (x,0)el, (6)

uy(x, £0) =v(x), (x,0) €l (7)
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It is known that every regular solution of (5) in £2;, with the first boundary condition (3)

and (7) is represented as [5]

x+y
uxy) = /0 V(EVo[v/iaE —x—9)E —x+9)]ds

-y
+91(0)o[(/ 22 (x> = %) ] + %/ w{(g)B(O, X+ 9,%—y)dn
0

x+y x—y —
+ i/o df;‘/S B(E,n;x+y,x—y)(wZ<é 5 n) +M2T<§¥))dﬂ, (8)

where B(&,n;x + y,x — y) is the Riemann-Hadamard function [5], Jo[z] is the Bessel func-
tion [6].
Using the second condition of (3), considering property 2, 3 of B(§, n; &1, m1) we get

’ b [ (7
[ttty sr@)de = Bvsor e 2 [ v mpui (2) dn
0 0

+ Aox1(0) — 20(0). 9)

Differentiating (9) with respect to x and replace variables with y (—% <y <0), bearing
in mind v(0) = %wz(O), we find the function w;(y):

Wa(y) = —paT(=y) = V205 (=) + Aai(=y), -= <y <0. (10)

Substituting (8) into (6) we have

r(x)=/0 v(é)]o[@(x—é)]dé+/0 Ilfl’(g)]o[ Aax(x — )] dn
Ol + /O de /E /o[\/)nz(é—x)(n—x)](ﬂzf< )

2

+W2<€;n>>d7), (11)

Substituting into (11) the expression of w,(y) by (10) and after some transformation we

find the main functional relation between the function 7(x) and v(x) on AB in the domain
Qz:

() - /0 VEVo[v/ A - £)] dE + / (e, )T (0) de

x
0

% x—2t
s /0 (1) /0 Jo[v/7a& 2 + 20 =) de dt

x—2

+ / ’ (A291(8) = V2ur5(0)) / Jo[VA2(& —2)(& —x +20)] dé dt
0 0

+ /0 U (%)]0 [V Aax(x — £)] dt + y1(0)o [V 2], (12)
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here

Joholy/ma(E —x)(2t & —x)]dE, 0<t=<¥,

s(x,t) = f;t,xjo [\/)LZ(E —x)(2t - £ —x)] dE, % <t<x

(13)

Passing to the limit in (4) at y — +0 considering u(x,y) € C(), (6), (7) we have [7]
(%) — v(x) — (A + )T (x) = wi(0), (14)
where w;(0) is an unknown constant, which will be found later on.

4 Main results
Theorem1 If

@m0 €C'0,1], ¢ eCl0,11NCY(0,1),  ¢s()eC'[0,1], (15)
w(x)eclol 06301 I//(x)EClol mc3ol (16)
1 ) 2 ) D) ’ 2 ) ) ) 2 )
then there exists a unique solution to the problem T.
Proof From (14) and (12), bearing in mind u(x,y) € CY(R),

n
7(0) = ¢1(0), 7'(0) = ¢2(0), t(n) = ¢1(0) + /0 t'(t)dt, 17)

using integration by parts, after some transformations we have

' (x) — ‘/X Ki(x,t)t' () dt — ,ugfj Ky (x, )7’ () dt = F1(x) + w1(0)Fy(x), (18)
0 0

here

Ki(x,t) =1+ VA [Via(x = 1)] + / (M1 + m)o[Vaa(x = £)] - pas(x, £)) d&,  (19)

5 x-2s
Ky(x,t) = f ds /0 Jo[VA2(& —x)(& —x +25)] dE, (20)

Fu) = - fo v <§>]0[\/)»2x(x ~)de - /O Y (v (0) + V2UY(0) - 1(0)) it

x—2t
« /0 Jo[v/32(E —%)(E —x + 20)] dE + @2(OVo[y/Aax] + ¢1(0)

x {1 —JolV/3ax] + /0 [0+ o[VAs - )] — pasten )] dt}, (21)
Fao) = [ o[ /7ale - )] 22)
0

Equation (18) is the Volterra type integral equation of the second kind with shift [8], s(x, §)
is defined by (13).

Page 5 of 12
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Setting

Dy (%) = Fi(x) + 1o / ’ Ky (x, t)T'(t) dt + wi(0)F,(x), (23)
0

equation (18) can be written as [9]

T'(%) — fol(x, 1)t (¢) dt = D1(x). (24)
0

From the representations of the functions Kj(x, ) and ®;(x), using some properties of
the Bessel function [6] based on the general theory of integral equation [7], one can easily

ensure that (24) has a unique solution, which is represented as

7'(x) = O1(x) + /x Ri(x,6)®1(2) dt, (25)
0

where R; (x, t) is the resolvent kernel of K (x, t).
Substituting (23) into (25), after some transformations we obtain a Volterra type integral

equation of the second kind with shift,

o) - / * Koo, )7 (0 dt = B (), (26)
0
Rl 1) = Kol ) + / " R DKa(s,£) ds, @7)
2t
() = Fi(x) + / Rl OF(8) dt + w1 0) (Fz (x) + / R OE () dt)‘ (28)
0 0

Taking into consideration (25), (28), (29) enclose
|I_(2(x, t)| < const, |CI>2(x)| < const. (29)

Using the method of successive approximations in (26), we examine the following se-

quence:

7o (%) = Pa(x)

) = 0a0) 2 [ Kalw)@alo)dt,
0

X

£5(x) = Do) + s fo " Ko, 07 ()

(%) = Do) + oo / Kol )7, (1) dit.
0

Page 6 of 12
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For proving the existence of the solution (26) it is enough to prove the uniform conver-
gence {1, (x)} -, which is equivalent to convergence as regards the following series [10]:

Nk

To(x) + [r,/l () — r,/l_l(x)]. (30)

=
Il
—_

Regarding max |K;(x, £)| = M, max,e[o,) |f (¥)| = m, estimate

T_ x

@) <m, |t -7 @)| < sz Kz(x,t)fé(t)dt‘ = lpalmM,
0
’ / %_ / / 2 2 x2
’tz(x) - tl(x)| = [MK2 Ky (x, t)[fl(t) - fo(t)] dt| < |ual“mM ﬁ;
0 .
5 n
1300 = 1) = [ [ Rt O a0) - w1 n] | < sand”
0 n2= 2

Consequently it is a sequential estimation of the series of (30) for each value p, with
absolute and uniform convergence and the function 7’(x) = lim,_, « 7, (%) is a solution of
(26) in [0,1].

For proving the unique solution equation (26) in class C[0,1] it is enough to prove that
the corresponding homogeneous equation has only a trivial solution in this class.

Let us consider the corresponding homogeneous equation,

x/2
) = 0o / Ko, /(0)dt = 0,
0

and denote maxye[o1) X1 (*) = m*. Consider x;(x), and we get the following inequality:
x/2 _
X < ol [ Kot (0] e = ottt
0

/ x/2_ ’ 202 *i
X1 @®)] < lal i |Ka(x, )| | x{(8)| dt < | 12> M*m 3"

M

x/2
|X@)] < |zl f Ko, 0| 10| dt < ol M —
0 n2=—2

Reducing the foregoing estimate for n — oo it follows that x;(x) = 0.
Thus the proof of (26) exists as a unique solution which is equivalent with problem Ty.
Taking account of (27), (28), (29) we get the solution equation (26) as

(%) = ¢1(0) + / [E(t) + 12 / "Roltys, a)Fi(s) dS} dt
0

0
1 (0) /0 [E(t) ‘s f * Ro(t,5, 1)) ds} a, (31)

0

where

Fi(w) = Fy(x) + / RwOE(O L Fyx) = Fo(x) + / R, OF:(0) dt,
0 0

Page 7 of 12
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Ry(x,t, 112) is the resolvent kernel of K (x,t). Here, by virtue of (15), (16), with regard to
(29) we enclose the function 7 (x) in the class C'[0,1] N C3(0,1).

After finding 7 (x) according to the condition (1) = ¢3(0), we can find the value of w; (0).

Using relation (11), (14) and taking into account (31) we uniquely define the functions
wy(y) and v(x).

After the determination of v(x) and w,(y) the solution of problem Ty in the domain €2,
would be reconstructed (reconstruction) just as the solution of the Cauchy [4] problem or
Darboux in (8) for (5).

It is obvious that the problem for (1) in €2; is an undetermined real function which
is equivalent to the following problem 7* for (4) with the boundary conditions (2) and
u(x, +0) = T(x).

Introduce the new unknown function z(x, y),

u(x,y) = z(x,y) - eV,

Therefore, the boundary value problem in €2; is reduced to the following boundary value
problem, which is called problem T* in €;:

0

a(zxx - Zy) =F(x,9),

z(x,y) |AA0 = ekly(pl(y% Z(%,) |AA0 = ehy(PZ(}’): Z(x;y)|330 = ekly(PS(y)x
z(x,0) = 7(x),

here F(x,y) = u1€M71t/(x), t/(x) is defined by (31).
The proof of the unique solvability of problem 7% can be found in [7]. Hence, problem
Ty has also unique solvability. Theorem 1 is proved. 0

Remark Analogously we can prove unique solvability for problem T, where 1; > 0,1 <0
and ug 70, k=1,2.

5 Problem T, for integro-differential equation

Let Q2 be a simple connected domain located in the plane of independent variables x and y,
bounded by y > 0 with segments AAq, BBy, AoBo (A(0,0), B(1,0), Ag(0,1), Bo(1,1)) and by
y < 0 with the characteristics

AC:§=x+y=0, BC:n=x-y=1,
of the equation

O | thx — 1ty — M = Y1y ai(x,9)Dgu(x,0),  y>0,

= — n . (32)
0% | thyx — Uyy — Aot — ) 1) b,«(x,y)Dgéu(E, 0), y<0,&=x+y,

here A1, Ay are given real parameters, D} (y; = a;, 8;) are integro-differential operators [2,
11].
We use the following:

Q=QN{y>0}, Q,=QN{y<0}, 1:{(x,y):0<x<1,y=0}.
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Problem T; Find a function u(x, y) satisfying the conditions:
(1) ulxy) € C(R) N CR) N CPAR);
(2) uy(uy) is continuous up to AAg UABUAC(ABU AC);
(3) the sewing condition
uy(x,—0) = uy(x,+0), O<x<l; (33)

(4) the boundary conditions

u® gy =010 w9 aa, = 0209,

(34)
u(x,y)ss, = @3(y), 0=<y<l,
du(x,y) 1
gl = ’ 4. = 4 0= = 35
u(®y)lac = ¥1(x) o L Y2 () Sx=o (35)
where # is the interior normal, ¢1(y), @2(¥), ¥3(y), ¥1(x), and ¥ (x) are given
real-valued functions, moreover, ¢;(0) = ¥1(0) = 0.
Theorem 2 If); >0, 1y >0, a;(x,y) > 0, (x,9) € Q, bi(x,y) > 0, (x,5) € Q, and
ai(xy) € C'(Q)NCHQY),  bilxy) e C()NC*(R) (i=T,n), (36)
o1, 93(9) € C'[0,1],  @a(y) € C[0,1] N C*(0,1), (37)
¢(x)eclol mc3ol x/f(x)eclol mc20l ; (38)
1 ) P ) 2 ) 2 ) ) ) ) )
then there exists a unique solution to problem T;.
Proof of Theorem 2 Equation (32) can be written as [12]
Ue =ty = Mt — Y ai(%,9)D%u(x, 0) = wi (y), (39)
i=1
n
Uyy — Myy - )\214 - Z b;(x:y)Dfé M(fiy 0) = W2(y): (40)
i=1
here w;(y), wa(y) are arbitrary continuous functions.
We use the following:
u(x,-0)=t(x), (x,0)€l, (41)
uy(x,—0) =v(x), (*,0)el (42)

It is well known that every regular solution of (40) in €2,, with the first boundary condi-
tion (35) and (42) is represented as in [4].
The solution of (40) in domain 5, with first boundary conditions (35) and (42) ex-

ists (condition (36) guarantees the existence of the Riemann-Hadamard functions for the

Page 9 of 12
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equation), a unique solution, representable in the form of

x+y
ul,y) = fo VEVo [V —x—9)E —x+7)]de

Y O[3 (a2 — 2)]+1/Hw/ "\ B(0, g5+ 9,5 - y) d
1 0 2 y 2/, 1\ 5 » 1 » y)an

1 xX+y xX=y —
+1/ dS/ B(S,n;xw,x—y)Wz(Ezn)dn
0 £

1[5ty , x—y _
vy pherae | B(s,n;xw,x—y)bi(E;T%)dn, (3)

where B(§,n;x + y,x — y) is a Riemann-Hadamard function [4], Jo[z] is a Bessel function
[6], and for the index we have the implied summation from 1 to n.
Satisfying (43), the second boundary condition of (35), and taking account of

(0) = Y1(0)=0,  ¥0)= %2%(0) (44)

and property 2, 3, and 4 the Riemann-Hadamard functions, after some transformation we
find wy(y):
wa(y) = =295 (=y) + Mat1(=9) + A2y (0), —= <y <0. (45)

By virtue of (41) from (43) we have

r(x)=/0 V(E)]o[\//\_z(x—f)]dé+/o W{(%)]o[vkzx(x—n)]dn
OVl + 5 [ dE/s wZ(E‘”)dn
0

2

‘s /0 Diir (&) de /%_ 10[\/x2(s—x)(n—x>]bi(s“ﬂﬁ)dn. (46)

2 2
Here w;(y) is determined by (45).
Passing to the limit in (39), y — +0, taking account of (2), (41), and (42), we obtain a

second functional relation between the function 7(x) and v(x), transferred from the Q; to
AB:

(%) —v(x) — AT (%) — Zai(x,O)Dg;r(x) =w(0), (47)

i=1

where w;(0) is an unknown constant to be defined.
Except the function v(x) in (46) and (47), in view of the sewing condition, we obtain an

integral equation with a shift [8] with respect to ' (x):

T'(x) - / K, (x,8)T' () dtt = 01(0)fi (%) + fo(x), (48)
0


http://www.boundaryvalueproblems.com/content/2014/1/211

Baltaeva Boundary Value Problems 2014, 2014:211 Page 11 of 12
http://www.boundaryvalueproblems.com/content/2014/1/211

here

K, t) =1+ aJo[Vaa(x—1)] + )»1/ Jo[VAa(x - &)] dt
! (- L‘)l"‘i/1 AoV o (x - t)A +v)] p
0

e v
L g [(Kotr om0
T R JCRLLEL “
Aj(x — )t
Ko, £) = 1+ /agJo[V/Aalx - ]+k1f Jo[V/ho(x - £)] d& m
_;(x_t)l—ﬁf‘/ Vl—a, [4 Jo[Vrax — (1 +v)]] dv
I-a)l(1-a) 0 ve
1-B;
"a (9;3; 15)(1 ﬂ,)/ gull(e (-0 0<apiel 6D

here A;(x), fi(x), f2(x), Ko(x,¢) depend on the given function, for the index implied sum-
mation from 1 to #n. w;(0) is an unknown constant to be defined.
Thus, the solution of (48), taking account of (38), (36), (49), and (50), has the form

T(x) = /xﬁ(t) |:1 + /x Ri(s, 1) ds:| dt + a)l(O)/xfz(t) |:1 + /x Ri(s, 1) ds] dt, (51)
0 t 0 t

where R;(x, £) is the resolvent of the kernel K;(x, ) (i = 1,2).

Hence, by virtue of the condition (1) = ¢3(0), w1(0) are determined uniquely, since,
using relations (47), (44), (45), and (51), v(x) are determined uniquely.

After finding t(x) and v(x), the solution of problem T; defined in €2, by a formula due
to Cauchy [4] or Darboux (see (43)). For the construction of the solution BVP A in ©; we
pass to the auxiliary problem A* [13] for (39) and similarly to [13] we prove the uniqueness
of the solution.

Problem Tj is uniquely solvable. Theorem 2 is proved. Analogously, one can prove the
uniqueness of the solution problem T; in the case where A; >0, A, < 0. d

Competing interests
The author declares that they have no competing interests.

Author’s contributions
The author read and approved the final manuscript.

Acknowledgements
The author is grateful to Professor B Islamov for drawing attention to these problems; she would also like to thank the
anonymous reviewers for their valuable suggestions.

Received: 30 November 2013 Accepted: 28 August 2014 Published online: 25 September 2014

References
1. Gel'fand, IM: Some questions of analysis and differential equations. Usp. Mat. Nauk 14(3(87)), 3-19 (1959)

. Nakhushev, AM: The Equations of Mathematical Biology. Vishaya Shkola, Moscow 301 p. (1995)

Nakhushev, AM: Loaded equations and their applications. Differ. Equ. 19(1), 86-94 (1983)

. Tikhonov, AN, Samarskij, AA: Equations of Mathematical Physics. Nauka, Moscow (1977)

. Sabytov, KB: Construction in an explicit form of solutions of the Darboux problems for the telegraph equation and
their application in generalizing integral equations. Differ. Equ. 25(6), 1023-1032 (1990)

. Bateman, G, Erdelji, A: Higher Transcendent Functions. Nauka, Moscow (1966)

[SF NV N

(o)}


http://www.boundaryvalueproblems.com/content/2014/1/211

Baltaeva Boundary Value Problems 2014, 2014:211 Page 12 of 12
http://www.boundaryvalueproblems.com/content/2014/1/211

7. Djuraev, TD: Boundary Value Problems for the Problems for the Mixed Type Equations. Fan, Tashkent (1971)
8. Salakhitdinov, MS: Equations of Mixed-Composite Types. Fan, Tashkent 155 p. (1974)
9. Baltaeva, Ul, Islomov, Bl: Boundary value problems for the loaded equations of the hyperbolic and mixed types. Ufim.
Mat. Zh. 3(3), 15-25 (2011)
10. Krasnov, ML: Integral Equations. Introduction to the Theory. Nauka, Moscow (1975)
11. Baltaeva, Ul, Islomov, Bl: Boundary value problems for the classical and mixed integro-differential equations with
Riemann-Liouville operators. Int. J. Partial Differ. Equ. 2013, Article ID 157947 (2013)
12. Dzhurayev, TD, Sopuev, A, Mamayhonov, M: Boundary Value Problems for the Problems for the Parabolic-Hyperbolic
Type Equations. Fan, Tashkent (1986)
13. Eshmatov, BE, Karimov, ET: Boundary value problems with continuous and gluing conditions for
parabolic-hyperbolic type equations. Cent. Eur. J. Math. 5(4), 741-750 (2007)

doi:10.1186/513661-014-0211-6
Cite this article as: Baltaeva: Solvability of the analogs of the problem Tricomi for the mixed type loaded equations
with parabolic-hyperbolic operators. Boundary Value Problems 2014 2014:211.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.boundaryvalueproblems.com/content/2014/1/211

	Solvability of the analogs of the problem Tricomi for the mixed type loaded equations with parabolic-hyperbolic operators
	Abstract
	Keywords

	Introduction
	Preliminaries
	Formulating the problem and main functional relations
	Main results
	Problem T1 for integro-differential equation
	Competing interests
	Author's contributions
	Acknowledgements
	References


