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ON THE PERIODIC SOLUTION OF THE GOURSAT PROBLEM
FOR A WAVE EQUATION OF A SPECIAL
FORM WITH VARIABLE COEFFICIENTS

Abstract. In this work the task of Goursat in a characteristic quadrangle for a wave equation of an express view
with variable coefficients is solved. The spectral impression of the decision not traditional for such Voltaire tasks is
gained. For this purpose as a vvvspomogoalny task the spectral task for the equation is used with we
otklonyashchitsya by an argument. It is shown that the oprator of a type of Su(x)=u(1-x) plays a role of the operator
Schmidt BcTpeuaronmeecs in decomposition of Voltaire operators.

Keywords: Volterra operators, indefinite metric, Goursat problem, similarity operators, spectrum, spectral
decomposition, Fourier method, orthogonal basis, the Hulbert-Schmidt theorem.

1. Introduction. The investigations of the Dirichlet problem for the string vibration equation in a
bounded region go back to J. Hadamard (Filler) who first noted the uniqueness of the solution in the
rectangle. D.Burgin and Duffin [2] considered the Dirichlet problem for the equation u,, = u;in the
rectangle { 0 <x <X ; 0<t<T}. It is shown that the un uniqueness of a solution in a certain space appears if
and only if X / T is rational. The existence theorems for a solution in classical spaces are established, and
the smoothness of the solution is as greater as the smoothness is larger of the boundary function and as
worse the number X / T is approximated to the rational numbers. Also the Neumann problem considered.
Later these results were refined and generalized by various authors (see, for example, [3], [4], [5], [6]).
Sobolev [7] constructed an example of a well-posed boundary value problem in a rectangle for a
hyperbolic system of equations, Yu.M. Berezanskii [8] constructed a class of regions with angles, a
change in the domain inside which leads to a continuous changing of solution of the Dirichlet problem.
For regions with a smooth boundary in smooth spaces, only the question of the uniqueness of solution of
the Dirichlet problem was studied (see, for example, the work of RA Aleksandryan [9]). In work [3],
Arnol'd, applying his results on the maps of the circle into itself, refines the results of [2], indicating that
the proof of theorems on the existence of classical solutions of the Dirichlet problem can be carried over
to the case of an ellipse. Row of investigations T.Sh. Kalmenov and M.A. Sadybekov’s are also devoted
to boundary value problems of hyperbolic equations [10] - [12], the results of these researches are
summarized in the monograph [13].

In [14], using the new general method, the properties of solutions of the Cauchy problem, are
researched as well as of the first, second and third boundary value problems in the disk for a second-order

— 34 ——
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hyperbolic equation with constant coefficients are investigated. The application of this method to higher-
order equations can be found in [15]. A new and relatively simple method for constructing a system of
polynomial solutions of the Dirichlet problem for second-order hyperbolic equations with constant
coefficients in the disk is proposed in [16], and it is also proposed to construct a complete set of
eigenfunctions for the Dirichlet problem for the string oscillation equation. The eigenfunctions
constructed in this paper coincide with the eigenfunctions constructed earlier by RA Aleksandaryan [9].
The analysis of the contents of these studies has shown that the spectral properties of these boundary-
value problems depend on the geometry of the region, in particular, on the group of motion of the region.
A non-equilateral triangle does not have a symmetry group, so we abandoned the characteristic triangle
and began to consider boundary value problems inside the characteristic quadrangle. In this case,
equations with deviating arguments appear naturally, which deserve a separate investigation [17] - [24].

1. Let- Q be the characteristic quadrangle of the wave equation,

wge — gy + 4 (52) (e + 1) + 2 (52) (e —w) + 0 () a (D w=r &m0

with the sides AB:§ +1n =0,BC:§ —n=2,CD:§+n=2,DA:{—n=0
(see Pic.1).

ATl

Pic. 1

Suppose that the right-hand side of equation (1) is a periodic function with some periods. The
question is whether equation (1) can have a periodic solution for the corresponding behavior of the
coefficients. It is known that a periodic problem is poorly posed for the wave equation because of the
presence of an infinite eigenvalue at the point A = 0. Therefore, we consider the Goursat problem for
equation (1) and study the possibilities of periodic continuability of the solution of this problem to the
whole (&, n)plane.
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Formulation of the problem. Find the periodic solution of the Goursat problem for the wave
equation

uge — g+ (F570) (e ) 40 ((50) (e~ ) + 0 () a (5 )u = rEm )
ulap = 0,ulgc = 0(2) (2)

To solve this problem, we make a variables of change. Assuming,

+ —_
X = an,y = Tn,we have

E=x+yn=x—y;ul¢,n) =ulx+yx—y) =ixy);

[N

1
uf=ux-x§+uy-y§=ux-z+uy-§=§(ux,uy);

~

1 1
ugg— [uxx Xg + Uyy " Ve + Uyy " xg + Uy, - yg] [uxx-§+uxy-z+uyx-§+uyy-E]

7 [ + 20y + 1y |

Uy = Uy xy + 0y, -y =ux-5—uy-§=§(ux,uy);

1[1A1 1 1

1
unn=§[”xx'xn+uxy'yn_qu'xn Ty - ¥y] = 5 | e 5 Ty 5 T Uyx s Uy o) =

1. - .
=12 [uxx — Zuxy + uyy];

Ugg — Uy = Ty
After the replacement, equation (1) takes the form

flyy + GO + POD, + PG A(x, y) = f(x, ).

After releasing the caps after the transformation, we get

[% + p(x)] : [;—y + q(x)] ulx,y) = f(xy).

This is a wave equation of a special form. Now let us consider the boundary conditions, and the

region of variation of the new variables x, y. The mapping x = =—, y =& n maps the domain € to the

domain D (see Pic.2).
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y
A
B(0,1) C(1,1)
» X
A (0,0) D (1.0)
Pic.2
Consequently, our original problem takes the following form
[Z+p0)]- [&+q@)] utey) = Fxy), (x,y) D (3)
ox p ay q 4 y ’ y 4 4 y
u|x=0 = 0,u|y=1 = 0. (4)

The aim of this paper is to solve the Goursat problem (3) - (4) using the methods of the spectral
theory of differential equations with deviating arguments [17-24], and the proof of the periodicity of the

obtained solution.
2. The researching methods

First we study the corresponding spectral problem:

{y'(x) +q@)y(x) =21-y(1—x),x € (0,1), Q)
y(0) = 0. (6)

where ¢g(x) —is a continuous function.
Question: under what conditions on g(x) the operator of problem (5) - (6) is similar to the operator of
problem

{y'(x) =21-y(1-x),x€(01), (5)
y(0) =0. (6)
Lemma 2.1. IfH=L(0,1) and
q(x) +q(1—-x) =0,

then the operators
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d
A=—DA) ={y(x) € w3, y(0) = 0}

B = :—x + q(x),D(B) = {z(x) € W4, z(0) = 0}

are similar to each other.
Proof. We seek the transformation operator in the form

2(x) = Ty(x) = elo 104 .y (),

Then we have z(0) = e° - y(0) = Ofory(x) € D(A). Hence the operator T takes the domain of the
operator A to the domain of the operator, that is, T: D(A) — D(B).

Further,
Z'(x) = y'(x) - el 1O 4 g(x) - y(x) - elo 9O = T[y'(x) + q(x) - y(x)] = TBy(x).
Consequently

Az = z'(x) = TBy(x) = ATy(x) = TBy(x),Vy(x) € D(B),T~*AT = B,

it was required to prove.
Lemma 2.2. If H=L,(0,1), and

(D gx)+q(1—-x)=0;
(2) Sy(x) = y(1 —x),Vy(x) € L,(0,1),

then the operators SA and SB are similar to each other, where

d
A=—,DA)={yx) e w3,y(0) = 0}

B = % + q(x),D(B) = {z(x) € W}, z(0) = 0}

Proof. Let
Ty(x) = el 94 . y(x),

then, by Lemma 1, we have AT = TB,Vy(x) € D(B). Acting using the operator S on this equality we
obtain

SAT = STB.

To prove the lemma it suffices that the operators S and 7" commute. Let us verify that when the
condition, q(x) + q(1 — x) = 0, is satisfied, the operators S and 7" commute.

STy(x) = Sek 10U - y(x) = e 9O y(1 — ),
TSy(x) = Ty(1 —x) = elo 9Ot . y(1 — x),

X 1-x —_
If STy(x) = TSy(x),10 ko 104 = lo a0 (X q(pyde — [ q(t)dt = 0.

Differentiating the last equation, we obtain

q(x) +q(1—x) =0.
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The previous equality follows from the last equality. In fact, if
q(x) +q(1-x) =0,

Jya@®adt — [y q(1 —tdt =0, %
fraa-ode =3 T A = - 1 a©ds = 1 a©ds = [} a@de - [} q(0des ®)
[a@ae =577 f = - at - g = a1 - 9de = o1 -9 = ~a(©)] =
= [y q(®d¢ = — [ q(®)dt, = [ q(t)dt = 0. )
It is obvious that (9), (8), and (7) imply the equality
pa 1-x
f q(t)dt—f q(t)dt = 0.
0 0

From the last equality implies the equality ST = 7S. The lemma is proved.
Lemma 2.3. Let

H = LZ(O: 1),
q(x) +q(1—x) =0,
and
d
A=—-D(A) = {y(x) € W},y(0) = 0}
B = :—x + q(x),D(B) = {z(x) € W4, z(0) = 0}

Then the spectra of the operators S4 and SB coincide.
Proof. By Lemma 2, we have the equality

SAT = STB,= SA = TSBT 1,

where
Ty(x) = elo 104 . (),

Then

SA—AU=T(SB—AD"Y= (SA—-ADN"=T(SB—AD"T™ 1.
Consequently, the resolvent sets of the operators S4 and SB coincide, so their spectra also coincide.
Now we investigate the spectrum of the operator SA, in view of their importance for applications, we

give detailed calculations.

Lemma 2.4.1f

H=Lx(0,1), Sy(x)=y(1-x),
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d
A=—,D(4) = {y(x) € W3,y(0) = 0},
that the operator S4 has an infinite set of eigenvalues
1
L= (D" (nr+5),n=0,4142,...
and their corresponding eigenfunctions

T
U, = V2sin (nﬂ + E) x, B, = const,

which form an orthonormal basis of the space H=L,(0,1).
Proof. Let then Au = uSu, therefore, we are dealing with a generalized spectral problem:

u'(x) = p-u(l—x),
{ 1(0) = 0. (10)

Differentiating equations (10), we obtain
W =—p Q-0 =p-pul)=—p* uk),>

{u"(x) = u? - u(x), (11)
u(0) = 0, (1) = 0. (12)

The general solution of equation (11) has the form

u(x) = Acosux + Bsinux, A, B — const (13)

Substituting (13) into the boundary conditions (12), we obtain

u(0) = A =0,u'(1) = [~udsinux + uBcosux]y—, = u - Bcosu = 0.
Since, B=0, then the eigenvalues of problem (11) + (12) are found from equation

A(u) = pcosux = 0, (14)

The trivial solution u (x)=0 corresponds to the value =0, therefore it is not an eigenvalue. From the

equation, cost =0, we find the eigenvalues of problem (11) + (12).

o =nT+2,n=0,11,%2, .. (15)

The square of each eigenvalue of problem (10) is an eigenvalue of the Sturm-Liouville problem (11) -
(12), and the corresponding eigenfunctions coincide. But problem (11) - (12) can have other eigenvalues
and corresponding eigenfunctions, so it is expedient to directly verify the eigenfunctions obtained.

Substituting the eigenfunctions, u,(x)=B,sinu,x, B,-const into equation (10), we have

— 4) ——
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urll(x) = UnBncosuyx,
un(l —x) = By - Sin.un(l —x) = Bn- Sin(.un - .unx) =

T
= B,, - siny, - cosy,x — cosy, - sing,x = B, - sin (nn + E) X - cosuyx = By, - cosnm - cosp,x =

= (—1)"B,, - cospu,x.

Consequently,

u;l(x) = (_l)n#nun(l - x):
Where

Up =N + g,n =0,+1,+2, ...

Let us show the completeness of the system of eigenfunctions obtained. Suppose that for some,
f(x) € L,(0, 1), the equalities

1
ff(x)un(x)dx =0n=12...
0

are exist. Then
1

ff(x)sm(nn+ )xdx—On—O +1,42,.

0
1

s
ff(x) sin (—nn +§) xdx =0,n=0,%+1,+2,....

Adding these two equalities, we have

1

X
ff(x) COSTSinT[xdx =0,n=0,+1,+2,...

Hence, in view of the completeness of the system of functions {sinnm x} in the space L,(0,1), we
obtain f(x)cos nz—x = 0 almost everywhere, hence f(x) = 0 almost everywhere.
The orthogonality of the resulting system is verified by direct calculation
1

fsin (nn + g) X+ sin (mn + g) xdx =

[cos(n —m)mx — cos(n + m + 1)mw x]dx =

NID—\
[ — o

1
= 0,npun # m.
0

1 [sin(n—-m)mx sin(n+m+1)nx]
2L (n-m)m (n+m+1)w

Calculating the norm of the eigenfunctions, we have
1

1
llu, I =2 - fsm nm + xdx = f[l — cos(2nm + m)x]dx = 1.
0 0
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Lemma 2.4 is proved.
Now we are able to prove the following theorem.
Theorem 2.1. If H = L,(0, 1) andq(x) is a continuous real function satisfying the condition,

q(x) +q(1—-x) =0,
then the eigenfunctions of the boundary value problem

{y'(x) +q@)y(x) =yl —x),

y(0) = 0 (9

form a Riesz basis in L, (0, 1).
Proof. Let u, (x) be the eigenfunctions of the boundary-value problem (10), then the functions

Yn(x) = e~ Jo a0ty ()

will be the eigenfunctions of problem (14). In fact,
Y (x) = u}l(x)e‘fch“)dt — q(x)un(x)e—f;CQ(t)dt’ N

Ya(6) + yn () q(x) = up (x)e o 4O,

Operating the operator Sy(x) = y(1 — x) by this equality, and taking into account the conditions of
the theorem, we have

s[7a00) + 3] = up(@)e ™o 1O =y (e o 1O = iy, (0, =
Y () + yn (0)q(Y) = pnyn(1 = 2),y,(0) = 0.
It remains only to note that the operator
Tu, (x) = P NIOLE 1, (x)

linear bounded, and invertible operator in the space L,(0,1). The theorem is proved.
We now proceed to the solution of the problem posed earlier, for this we first solve the spectral
problem

[z + P 55 + a0 uey) = 2@ - x,1-y)

(15)
Uly=o = 0,uly=y = 0.
(16)
We seek solutions of this problem in the form
ulx,y) =v() - wy). (17)

Then from the boundary condition we have

Uly=0 = v(0) - w(y) = 0,= v(0) = 0;
uly=1 = v(x) - w(1) = 0,= (1) = 0.

Substituting (17) into equation (15), we have
— 4) ——
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gz P v [g5+a0)]

= A
v(l—x) w(1-y)
Dividing the variables, we obtain two spectral problems:
I {v'(x) +p()v(x) = pr(1 —x),
' v(0) = 0.
1 {w'(x) +q(e®) =vol -y),
’ w(1) =0.
If u(y) is a solution of the spectral problem
u'(y) =vul —y),
{ u(1l) = 0. (18)
uq(y) + q(1 —y) = 0, then the function
1
0@ = el 1%y (y)
is a solution of the spectral problem II. Indeed
1 1
0' () = u (el 1% — g1y O%u(y), =
1
©' B + @) =u (e O,

Let Sy = y(1 — x), then
S['®) + awm)] = e 1O%Y A — ) = e 1O% . 21— y) = A0 (),

' +q®) = 1wl —y).

Further, u(1) = 0 implies w(1) = 0, so that it remains for us to solve the problem (18)

{u'(x) =vu(l —x),
u(l) =0.

To use the results already known, we make a change of variable, assuming
v =u(l-x),v () =—u(l—-x),—v(1-x)=u,

{—v'(l —x) = vw(x) R {v'(l —x) = —vv(x),
v(0)=0 v(0) = 0.

From Lemma 4 we know that

Up(x) = By, - sin (nﬂ + g) x,therefore,




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

Up(x) = v, (1 —x) =Bn-sin(nn+g)(1—x) =Bn-sin[nn+§—(nn+§)x] =
=B,, ' cos (nn + g) x+cosnmt = (—1)"B,, - cos (nn + g) x

We compute the eigenvalues

v, =B, (nn + %) * coS (nn + g) X,

v(1—-x) =B, sm(nn+ )(1—x) = (-1)"B, Cos(nn+2)
U, (nrr + )( 1)nvn(1 —x)=-— (m.[ + )( 1)n+1v (1-x),=
U, = (=)™ (nn + g)

Thus, the solution of the spectral problem (18) is the function

u, (y) = cpcos (nﬂ + )y,

but by the eigenvalues of the number: v, = (—1)"*1 (mr +§), where c,- are the normalization

coefficients. Let us calculate these coefficients

lu, lI? = |cn|2f cos (nn+ )ydy lcnlf [1+ cos(2nm + m)yldy=

_enl? sin(2nm + )y
2 y 2nm+m

2

|c;| -

0

For complete certainty, we verify the orthogonality of these eigenfunctions
1

(U, uy) =2 f cos (nn +
0

A

E)y-cos(mn+ )ydy—

cos mr+ +mn+g)y+cos(nn+g—mn——) dy =

o%’_‘

1

= f{cos (n+m)m + ]y + cos(n —m)my}dy =

_ [sm(n+m+1)y sin(n— m)rry” — 0, npu n # m.

n+m+1

We have proved the following Lemma 2.5.
Lemma 2.5. The eigenfunctions of the spectral problem

{w'(y) +q)w®) =vo(l -y),y € (0,1)
w(l) =0,

—— Y4 ——
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q)+q(1-y)=0
is a function

1 T
w(y) = 2efy 1@)E ., os (nn + E) y,n=0+14%2,..
and eigenvalues are
vy = ()™ (4 o), n = 0,41, 42, .
n 2 L L

Theorem 2.2. If H = L,(0, 1) and g(x)-continuous real function, satisflying condition.

qx) +q(1—-x) =0,

then the eigenfunctions of a boundary value problems

{y'(x) +q)y =vy(1—x),
y(1)=0

form a Riesz basis of the space L, (0, 1).
The proof of the theorem follows in an obvious way from Lemma 2.5. We summarize the results of
the lemmas obtained [2.1-2.5], in the form of the following theorem,

Theorem 2.3. If
H=1,00,1)mu
p(x) +p(1—x) =0,

q»)+q(1-y)=0
then the spectral problem

0 0
5+ 2|55+ 0] ux ) = 2utt - x,1- )
Uly=o = 0,uly=y =0

has an infinite set of eigenvalues:

1 1
Apm = m2(—=1)ntm+l (n + E) (m + E),n,m =0,+1,+2, ..

and the corresponding eigenfunctions:

1 X
Upm (X, y) = 2ely a®at-fyp®dt (nn + g) X cos (mn + g) y,
which form a Riesz basis of L,(D).
3. Results of the study Now we return to the original problem (3) + (4). Working Operator

S:Su(x,y) = u(1l — x,1 — y) on equation (3), we obtain

5 [f)a_x + p(x)] [% + q(Y)] ulx,y) =Sf,y)=f1-x,1-y). (19)
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Expanding the function u(x,y), and f(1 —x,1 — y) in the eigenfunctions of the spectral problem
(15) + (16), we have

f(l—x,l—y)= Z fnmunm(x:y):

nm=-—o

u(x, 3’) = :l_,OT(’)n=—OO Onm unm(xr Y)- (20)

where f,,m, @nm- are the corresponding Fourier coefficients. Substituting (20) into (19), we obtain

+o0 +o
z Am Qam Unm (X, ) = Z fam Unm (X, ¥), =
nm=—ow nm=-w

_ fam
Anm = _ﬂ. .
nm

Consequently,

u(x,y) = z ;n_munm(x':)’)-

nm=—wo

Theorem 3.1. If H = L,(0,1) and

(@)p(x) +p(1—x)=0,(b)q(y) +q(1 —x) =0,

then the Goursat problem

[;_x + p(x)] [% + q(y)] ulx,y) = f(x, ), (x,y) €D

u’lx:O = Olu|y=1 = 0

is strongly solvable in the space L,,(D)with weight, and for the solution u(x,y)we have the
representation

fnm

‘LL(X, }’) = ;%:—wmunm(xr 3’);
Upm (X, y) = 2exp [fyl q(t)dt — f;p(t)dt] - sin (nn + g) X ' cos (mn + g) y,

1 1
Apm = m2(—1)ntm+l (n + E) (m + E),n,m =0,+1,+2, ..

where f;,,,-are the Fourier coefficients of the function f(1 —x,1 —y) in the system {u,,,}.The scalar
product in the space L, ,(D)has the form

1 1 1 X
(f.9) = f f exp [ f q(O)dt - f p(©)de | £ (r, )9 (e y)dxdy.
0 0 y 0

Many people know the following lemma; nevertheless, for the sake of completeness, we
give its proof.

— 46 ——
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Lemma 3.1.
Let q(x)be a periodic function with period 1, that is, g(x + 1) = g(x).Then in order for the function
X

0 = [ aae
0
was a periodic function with a period equal to 1-c is necessary and sufficient that

1
fq(t)dt =0.
0

Proof.
(a) Necessity. Let Q (x) be a periodic function withperiod equal to one;

Q (x)=Q (1 +x). Then

[ q®de = [ q®)de = [ q®dt + [T q()dt;
1+x X

| awae =] L] = [ ac+ pae - f q(©)dt.
1 0 0

CregoBaTeabHO
X 1 X

[awae = [ q@ac+ [ a©as

0 0 0

Hence it is obvious thatfo1 q(t)dt = 0.

(b) The sufficiency. Assume that the following equalities hold: g(x) = q(x + 1), fol q(t)dt = 0.
Then

1+x 1 1+x
Q(1+x) = j q(t)dt = jq(t)dt + f q(t)dt =
0 0 1
1+x X X

= f q(t)dt = |tdjizgj :qu(1+f)df =qu(f)df = Q(x).

1

and it was required to prove.
Corollary 3.1. If p (x) and q (y) are real continuous functions satisfying the following conditions:

p(x) +p(1—-x)=0,q(y) +q(1—-y) =0,

functions
x 1

P(x) = j p(®)dt,Q(y) = f q(0)dt

0 y

are periodic with periods equal to one.
Proof. Lets show that if condition (1) is satisfied, we have
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1

fp(t)dt =0.
From condition (1), we have ’
1 1 1 f=1-t 0 1
[p@ac+ [pa-0ae=0; [ pa - oae =g = ae| = - [ p©at = [ p©at,
0 0 0 t=1-¢ 1 0
Consequently,

1 1
Zb’.p(t)dt= 0 :!p(t)dtz 0.

Further,

1 y y
Q) = fCI(t)dt+fq(t)dt = —fq(t)dt.
0 0 0

Corollary 3.2. The eigenfunctions of the spectral problem (15) + (16) are periodic with period T = 2.
Proof.

1 x
Upm (X, y) = 2exp f q(t)dt — f p(t)dt| - sin (nn + E) X cos (mn + E) y,

2 2
y 0

1 x
Upm(x + 2,y + 2) == 2exp f q(t)dt — f p(t)dt| - sin [Znn ++ (nn + g) x] .
y 0
cos [Zmn + T+ (mn + g) y] =

X

1
= 2exp jq(t)dt —fp(t)dt - sin (nn+z)x-cos (mn+z)y = Upm (X, ¥).
2 2 e
y 0

We now state the resulting final theorem.

Theorem 3.2. Let, H = L,(D),and p(x), q(y¥), f (x, y)be real continuous functions. If the following
conditions are true:

(@) p(x) +p(1—-x) =0,
b qly)+q(1-x)=0,
() f(x,y) € Co(D);

then the Goursat problem

0 ]
[+ 90 [@ +qO)|uy) = fG0), o) €D

ulx:() = Olu|y=1 = 0

has a unique periodic solution, with a period T = 2.

—— 48 ——
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4. Discussion. The incorrectness of the Dirichlet problem of the wave equation Uy, — Uy, = Oin

region D [see Pic.2] is well known, from the operator's point of view the wave operator has a continuous
spectrum, that is, zero is an infinite eigen value, the periodic problem has an analogous property, so we
have a periodic problem turned their attention to Goursat's problem.

5. Conclusions. Wave equations describe wave processes: propagation of sound, electromagnetic
waves, waves on water, radio waves, etc. There are cases when waves of small amplitude form giant
waves. This phenomenon is due to the duration of the wave propagation process, therefore the problem of
stabilizing the solutions of the wave equation as t — +oois of great practical importance. One of the signs
of wave stabilization is their periodicity. We have established that if the external perturbation is localized,
i.e. is finite, and the coefficients of the wave equation are periodic and odd, then the solution of the
Goursat problem admits a periodic extension to the whole plane of independent variables.
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O NEPUOJUYECKOM PEHIEHUU 3AJAYN I'YPCA JJIs1 BOJIHOBOI'O YPABHEHUSA
CIIEHUAJIBHOI'O BUJJA C HIEPEMEHHBIMHA KOY®OPUIIUEHTAMMA

AnHotanus. B jmanHOW paboTre pemeHa 3amada ['ypca B XapaKTEpUCTHYCCKOM YCTHIPEXYTOJBHUKE IS
BOJIHOBOTO YPaBHEHUS CIICIIUAIFHOTO BU/Ia C TIepeMEeHHBIMH K03 ¢urrieHTamu. [1oaydeHo crieKTpaabHOe MpecTaB-
JICHWE PEIICHUs, He TPAJAUIIMOHHOE JJII TaKUX BOJIBTEPPOBBHIX 3a1ad. [ 5TOro B Ka4eCTBE BBBCIIOMOTOAIBHOM
3a[1auy UCIIOJIb30BaHa CIICKTpaIbHAS 3a7ada Ul YpaBHEHHS C OTKIIOHAIIMMCS apryMeHToM. [Toka3aHo, 9To omparop
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