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We investigate the two-point in time boundary value problem for the partial differential
equations of the second-order with one spatial variable and constant coefficients. The prob-
lem is considered in in the spaces of functions which Fourier coefficients are characterized by
exponential behavior on the Cartesian product of the time interval and spatial domain R/27Z.

The correct solvability of the problem is established, the formulas for solutions are presented,
the kernel is described and the smoothness of the solution is established in the spaces of
functions that are periodic in one spatial variable. We have established the conditions which
are close to the necessary conditions of solvability of the problem in scale of spaces of functions
with exponentially increasing (or decreasing) Fourier coefficients. We also found the asymptotic
estimates demonstrating the absence of the problem of small denominators, which arises of
many spatial variables and makes the boundary value problem incorrect. We have established
sufficient conditions of the finite-dimensionality of the kernel of the problem and found upper
bounds for its dimension. The results are obtained under the condition of minimum smoothness
on the right-hand sides of two-point conditions, which is close to the necessary condition.

1. Introduction. The problem of finding a solution y(z) of the ordinary differential equation
of the nth order which satisfies the n-point conditions

y(x1> =Y, -, y(l’n) = Yn,

is called the Vallée-Poussin problem ([53]), but it was considered earlier in [44, 51|. It ari-
ses naturally in studying many physical, economic, demographic and other processes. This
problem was investigated in many papers, in particular, the linear case in [1, 2, 35|, the
nonlinear case in [18, 20, 40|, the degenerate case in [34, 36] etc. Some efficient methods of
constructing the approximate solutions were elaborated in [11, 52].

Recently much attention has been paid to the problems for the partial differential equati-
ons with multipoint in time conditions. The solution of such a problem is not unique unless
some additional conditions with respect to spatial variables are imposed. Solvability and
smoothness of the solutions are connected with the problem of small denominators. The
problems of this type are the examples of the ill-posed problems in sense of Hadamard.

The metric approach to studying the multipoint problems for the partial differential
equations was developed by B.Yo.Ptashnyk et al. [45, 46, 47|. The problems with the local
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multipoint conditions were considered in [48, 50|, with the nonlocal conditions in |22, 23, 27,
47] (in the complex domain in [28]), with the integral conditions in [25, 26]. The question
of how to estimate the small denominators with complicated nonlinear structure is common
for all types of multipoint problems ([24, 27, 47]).

The ill-posedness, in Hadamard’s sense, of multipoint problems for partial differential
equations is caused by the non-triviality (even by infinite-dimensionality) of the kernels. The
kernels of the problems for equation of the second order in time with two-point in time
conditions in the unbounded spatial domains are studied in [3, 8] (in the case of equations
of finite order in the spatial variables) and in [41, 42| (in the case of equations of infinite
order).

The unique solvability of the problems for partial differential equations in unbounded
domains with multipoint in time conditions in the spaces of functions of exponential growth
is established in [9, 38]. The operator method of studying the two-point problem in the strip
in the Sobolev spaces is described in [12]. The two-point nonlocal problems for the weakly
nonlinear differential-operator equations in the complex domain in the scales and specified
scales of Sobolev spaces as well as in the scales of Dirichlet—Taylor spaces are studied by
the Nash-Moser method in [29], [31] and [30], respectively. The solvability of the multipoint
problems for the systems of quasilinear hyperbolic equations is proved by applying some
fixed point theorems in [4, 5, 7, 10, 49].

The differential-symbol method of solving the Cauchy problem for partial differential
equation of finite or infinite order in spatial variables was proposed in [33, 39]. Afterwards
this method was used to solve the partial differential equation of the second-order in time
and of the infinite order in the spatial variables, see [43].

In the present paper we consider the two-point in time boundary value problem for
the partial differential equations of the second-order with one spatial variable. The correct
solvability of the problem is established, the formulas for solutions are presented, the kernel
is described and the smoothness of the solution is established in the spaces of functions that
are periodic in one spatial variable. We also found the asymptotic estimates demonstrating
the absence of the problem of small denominators, which arises in the case of many spatial
variables and makes the boundary value problem incorrect [45, 47]. The results are obtained
under the condition of minimum smoothness on the right-hand sides of two-point conditions,
which is close to the necessary condition.

2. Basic notations and statement of the problem. Let D = (0,h) x Q and let D =
[0, h] x Q, where h > 0, Q = R/277Z.

Denote by W' the linear space of finite sums v = v(z) = >, vpe'*®, where vy are the
complex coefficients and k& € Z. We call W a space of test functions.

The space W’ is dual to W; this is the space of generalized trigonometric functions
(the linear continuous functionals V: W — C), that are the formal trigonometric series
V(2) = > pep Vie™™ acting on the function v € W by the rule (V,v) = 3", Vi0x, where the
number 7y, is the complex conjugate of the number v, (|17, p. 59-61]).

For real numbers ¢, a, positive integer n and a function 5: [0, h] — R we consider the
following weighted function spaces:

e the Hilbert space Ef = EZ(Q) of periodic functions v = v(z)=3", _, vxe’* endowed
with the scalar product (v, w)gs = >, (1 + k?)1e*Mlopy, w = w(x)=Y", o, wie™™;

e the Banach space Eg? = E;?(D) of functions u = u(t, z) on D such that their parti-
al derivatives Oju(t,-) (where 0, = 0/0t) defined for r = 0,1,...,n by the formula
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Tu(t,z) =D pept (T)( t)e Zk’” belong to the Hilbert spaces E% )(Q2) for every.t, respecti—
vely, and are continuous in ¢ in these spaces. The squared norm of the function u in the

space B is calculated by the formula

lullfns = Z max [|07u(t, )| s -

< (€[0.h] B(t)

Note that if ¢» € EZ, then 92¢) € EZ* for all s € N (where 0, = 0/0x).
Consider in the domain D the following problem with two-point boundary conditions:

L(0y, 0, )u = 02u — 2a(0,)0yu + b(0,)u = 0, (1)
L1(0, 0 u}t o= = a1(0,)0u + bl(ax)u|t20 = o1, (2)
Ly(04, 0y u! _j, = a2(0:)0u + bg(@w)uhzh = (9, (3)
where
a(ax) :aoax + as, b(@w) :boai + blax + bg, {ao, as, bg, bl, bz} C (C

aa(ax) :aa[)ar + a1, ba(ax) :baoai + balax + ba?a {aa07 Qa1, baOa bala baQ} C C? o = 17 27

Yo = pal(z) are the given functions defined on 2 and u = u(t, x) is the unknown function.

The conditions (1) and (2) can be interpreted as fixing the spatial tensions for a one-
dimensional periodically oscillating body at two different moments of time [6, 13, 16, 37|.
These oscillation processes are described by the wave equation and some other equations
[19, p. 25], [32, p. 77] of the form (1). Problems with similar conditions were studied also in
14, 15].

In view of the form of D and €2, we impose the conditions of 27—periodicity with respect
to the variable x on the function u and functions ¢1, @2, and since

L(0:, 0;)u € By" (D), Li(D:, 0r)ul,_y € Bp)(Q). La(00,D:)ul_, € B ()

B(h)
for any element u € EZ’q(ﬁ), it is naturally to use the spaces EZ(Q2) and E;’q(l_)).

Definition 1. A function v € C?([0, h]; W') is called a solution of the problem (1)—-(3) if it
satisfies the equatlon (1) on [0,7], the conditions (2), (3) on the space W’ and belongs to
the space E (D).

The solution u depends on two vectors _
a = (ao, a1, a0, @11, G20, a21), b= (bo, b1, b2, bro, b11, b1z, bao, bay, baz).
The components of these vectors will be treated as the parameters of the problem which
change in the bounded fixed domain. For the existence of a solution of the problem in the
space E;’q(l_?) it is necessary that the right-hand sides of conditions (2), (3) have the following

smoothness: p; € E%ZOQ)(Q) and i, € Eq(Q)(Q)

3. Construction of solution and asymptotic estimates. We find a solution of problem
(1), (2) in the form of series in the space C*([0, h]; W’)

Z m zkx (4)

keZ
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where the coefficients wuy(t) are the unknown functions, which will be determined by the
method of separation of variables.

From the definition of solution of problem (1)—(3) it follows that the function uy = uy(t)
is the solution of the corresponding two-point problem for the ordinary differential equation

d
L(a, zk) wp =l — 2a(ik)l, + b(ik)up = 0, a(ik) = ikao + ai, (5)
d . . . o
L (E’ zk) wg|,_y = (k) (0) + by (ik)ur(0) = e, ar(ik) = ikag + an, (6)
d . . . .
Lo (d zk) uk|t L = ag(ik)uy (h) + ba(ik)up(h) = o, as(ik) = ikag + aa, (7)

where b(ik) = (ik)2bo + ikby + bs,
bi(ik) = (ik)%byo + ikbiy + bra,  by(ik) = (ik)bag + ikbay + bs,

and the complex numbers Q1y, o are the Fourier coefficients for the functions @1, vs.
The uniqueness of the solution u; of the problem (5)—(7) for the ordinary differential
equation in the space C2?[0,h| for all k& € Z is necessary and sufficient condition for the
uniqueness of the solution of the original problem in the space C*([0, h]; W’).
Denote by O4 (A > 0) the closed disk {z: |z] < A} C C of some radius A with center at
the origin of the the complex plane and assume for convenience that @ € Of and be 0.
In order to construct and estimate the solutions of problem (5)—(7) for k£ # 0 and a = 1, 2,
we introduce the following notations:

a(k) = (ik)a(ik),  ay(k) = k(a(k) — ao),
b(k) = (ik)°b(ik),  by(k) = k(B(k) — by).
o (k) = (ik) aa(ik), alo(k) = k(da(k) - aao).
bak) = (ik) ba(ik),  Bio(k) = k(Ba(k) — buo)

Then we have {a}(k),a’,(k

» Yal

{a(k), aa(k), b5(k), bio(k)} € Ozpa,  {b(k),ba(k)} C Oy

for all |k| > 2 and a = 1, 2.
The solutions A;(k), A2(k) of the quadratic equation

~—

} C O, for all k € Z and

Le(A) = A2 = 2a(k)A + b(k) = 0
are determined by the formula A\ o( )+ /D(k), where D(k) = a2(k) — b(k) and the
square root is chosen so that 1/1(]{:) 2 I/Q(k) WheNre Vl(k’> =ImX\ (k:), (k’) = Im Ay (k).
If |k| > 2, then the roots of the polynomial Ly satisfy [21, p. 365] the estimate
Ao (k)| < max {1+ 2a(k)], b(k) 1} <4
Since D(k) = Dy + (1/k)D;(k), where

Dy = a3 — by, D (k) = 2apag (k) + ai?(k)/k — by (k),
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we have A\ o(k) = A 20 + %A{Q;O, where

A1,2:0 = ag v/ Dy, Im Mg > Im Ay, |A120] <1+ V2,
and if Dy # 0, then z = %Dggk), where /1 + z ‘z:O =1, and
D§(k) D (k)
oo =al(k)+ 0 =a’(k) £ 0 .
1,2;0 0( ) D(lf)—f—\/D_o 0( ) \/ﬁo(\/l‘i‘—Z‘i‘l)
LIHI)\
V10 tel
Akl AN )
vio$------ B 1(k)
Ao
Vio—=¢&t------
Re )
----- 1Z0) aF £ 1+ \/§ 4 ©
Mo |,
Ao(kS ™ TUalk)
__cmn G

Figure 1: The location of roots of quadratic equations: \ig, Ao are located in the middle disk, \;(k),
A2(k) are in the big disk and if |k| > K (¢), then A (k) is located on the top small disk and Ay (k) is on the

bottom small disk.

It is obvious that |v/14 2z + 1| > 3/2 for all z € Og4 and that |Dj(k)| < 4 for all
k € Z\ {0}. Then

Aaol <1

16/3
for |k|2K1:maX{2, /}22.

4 8/3
+ <1+
VD VT z + 1] Do | Dol

From this estimate it follows that (see Figure 1) for any € > 0

1 *
[Aa (k) = Aao| = wlkaol <& a=12 (8)

if |k| > Ki(e) = max{%(l + j%),[(l}.

Let Lak(A) = La(\, ik) = —k2((ik) ‘@ (k) + ba(k)), where o = 1,2, and let K be the
set of integers k for which the polynomial Lj has a multiple root. Then D(k) # 0 and
M (k) # Xo(k) for ke Z\ K.

If we take 0 < € < (v10 — 129)/2, then we obtain, after using (8), that

K C IC1<€) = {k? € 7: |k’| < Kl(&f)}, |)\1(/€) — )\2(k5>| > 1/1(/{3) — Vg(k) > Vg — Voo — 2e > 0,
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where Vip = Im )\10, Voy — Im /\20.

Let K° be the set of k € Z for which det §;, = 0, where
det &y = (as(ik)by (ik) — a1 (ik)bs(ik) + hLiy(a(ik)) Lox(a(ik))) e ).
For k € K\ K° the solution of the problem (5)-(7) is given by the formula

. (51k<t) “ 52k(t) " . Ll ( (k)) al(zk‘)
ug(t) = ms@mﬂLm@zk, = (L%( ]Ezk)) ha(ik) (aQ(ik)+hL2k( (zk))) ha zk)) 9)

where d1x(t) = (a2(ik) + (h—t)Lgk( (zk))e(h“ ok) S (t) = (tle( (ik) —a; (@k;)) ta(ik)  For
ke (Z\K)\ K° the formula for solution has the form

Cow(®) . om(t) | (L (ikM (K)) L (ikAo(k))
Uk(t) - det 5k§01k + det 5k§02k7 5k - L%(ik/\l(k,))eikhh(k) L%(Z-k)\2(k))eikh)\2(k) ) (1())
where
det 0y = Luy, (ikA1 (k) Loy, (ik Ao (k)€™ 2 ®) — Ly (ikXg(k)) Lok (kA (k)™M 3,
Sin(t) = sz(lk)\g(k’) ik(th1 (k) +hi2 (k) _ L%( (k)ezk (hA1(k +t)\2(l<:)),

Oor(t) = Ly (i1 (k)) e™22®) — Ly (kAo (k)eA k),
If k € Z\ K and is such that kR;(k)Ry(k)b(k) # 0, where for v = 1,2,
Ro(k) = Lok (1M1 (k) Loy, (ikXo (k) = k* (a2 (k)b(k) + 2a(k)aa (k)ba(k) + b2(k))

is the resultant of the polynomials L.y and L(-,ik), then in the case k > 0 the formula for
solution (10) and its derivatives has the following form:

w9 (1) = eim'l(k)t Lug(ikXa(R) AL (D) Gk +€_m2('k)(h_t) Log(ikA (k) AL () @o (11)
’ A (k)  Ra(k) AT (k)T M (k) Ry(k)  Af (ik)=3°
where
: ki (k) A 5 (k) .
AIF(4) =1 — L3, (i GDE)(h=t) i 9
0 (o
: L3 (ikXa(R)) AV (k) .
A]+ H=1— 1k ~1 leD 7 — 17 27
2 ) Ri(k)  bi(k) J
LQ(@’W\()) (tkAi(K))
AT =1 - 2l 2 2k i2kD(k)h £ 0
: Ry (k)Ro(k)
and in the case k <0
W0y = € L) MO P e OO Ly (A1) A () 1
’ Nk Rk A, R ATk Re(k) A (k)
where

Lok (k) X (R) oo 5 o

MO =1-=5 0 bW |
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A= (1) = 1 — EEMED X R) e

Ri(k)  Bi(k) o I=1hs
- _ 1k(2k)‘1(k>>L%k(ik)‘2(k)) o—i2kD(k
Ap=1- Ry (k)Ry(k) " #0.

Let us estimate derivatives of the solution wy(t) of the problem (5)—(7). We use the
following relations:

Los (i6As(k)) =~k (Logo - (L/K) Ligo).  Ra(k) = K*(RaoH(1/W)RY).  {a. 5} C {1.2),
where

Lago = @aoAgo + bao, Ligo = ahoAso + aaoXsg + (1/k)aky N, Rao = a2 obo + 2a0aa0bao + b2,
R = (aa0 + a(k))aiobo + @*(k)b + 2(afaa0 + a(k)alg)bao + (2a(k)aa(k) + bao + b(k)) b,

from which it follows that |Lak(ikAs(k))| < 8k? for |k| > 2, |R%,| < 21, and also that
|Ro (k)| > k4 Rao|/2 for |k| > 42.
Using the obtained estimates and the inequality

Vog — € < Vg(k) <V t+eE<Vg—€e< I/l(k) < Vg t+ €, |]€| > K1<€),

for an arbitrary 0 < & < (v19 — v90)/2 and letting Ks(e) = max{K;(¢),42}, we find that

(7) < —k(vio—e)t 1k 1k k(u20+€)(h—t) 2k 2k )
|Uk ( )| N k27] ‘ |AZ_R10| ‘ |A:R20| o N 2(5) ( )

» 47+2 AL ()@ A (1)¢
[u ()] < S5 (e—’“”mg)t—’ |1A’f_< ]_%9?'“ 4 cktno-ai-o |21 (o] IZAk‘(IiiTH) for k< —Ks(e).
kL k
(14)

Basing on the estimates |AZ ()] < 14 277 /|Ryob)|, |AL(t)| < 1+ 27457 /|Ryob}|, we can
rewrite formulas (13) and (14) for the case

|k?| Z K3<8) = maX{K2(€), 81n 2/(V10 — Voo — 26)}

Lettlng Ol = 222/|R10R20|7 we get

) 202 .
[ (O < o (14K 2 (o 4 O 1) for k2 Kafe),
0
(15)
4 202 | . .
|u,(f)(t)|2 L (1 + k?)72 (62(V20+E)t‘k‘|901k|2 + 62(5_”10)(h_t)|k||s02k|2) for k < —K3(¢).

= |bo|*#

(16)

4. Solvability of the problem. The last step in solving the problem (1)—(3) is to determine
the solutions of the problem (5)—(7) for k € K, i.e., in the case of the degenerate matrix dy,
which rank is either zero (6, = 0, k € K%), or one (k € K'°). In this case the solution does

not exist or is not unique. To describe all solutions, we let J;, = <£;Ez§ g;igg >, and denote
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by G;;(k) the conjugate of the complex number I';;(k), and by (y1x, v2,) an arbitrary vector
in the space C2.

If & = 0 (k € K%), then the necessary and sufficient condition for the existence of
solution is that

1k = Par = 0. (17)
The space of solutions (the kernel of problem (5)—(7)), in this case, is two-dimensional and
consists of all the functions

uk(t) = €m(ik) (”ylk + t”ygk), ke IC, (18)
uk(t) = lkt/\l( )’}/ + elktAQ(k)’ng, k ¢ K. (19)

If §;, has rank one (k € K'9), then it also has nonzero row and nonzero column. The
necessary and sufficient condition for the solvability is the following condition of proportion-
ality:

L1 (k)P1k = i (k) P, Loa(k) @1k = Lia(k)Pak. (20)
The solutions of the problem in the case Sy (k) = [T'11(k)|* + |T12(k)|*> > 0 have the form:
)

o= 00 (G st + (entiocm o) () @

k)

for kelC. If Sl<k) = 0, then 2( ) |F21( )’2 + ‘Fgg(k)|2 > (0 and
)
)

: Gau(k)\ @2 Tg2(k)[? —Gau (k)T (k)\ (7ik
1) = ta(ik) 1 ¢ ( ( 21 ) < 29
u(t) = e (1 1) Gaa(k) ) Sa(k) * —T'91 (k) Gaa(k) T (k)[? Y2k (22)
for kek.
In the case k € K%\ K, we have the analogical formulas:

) = (@ 000) (G0 o (oot  Put >(”Z)<22,§

o= e oo (62 s Ciione ) (2))

Theorem 1 (Existence of formal solution). Let the functions ¢; and s belong to the space
W' and satisty the conditions (20) for k € K° as well as the condition (17) for k € K%, then
a solution of the problem (1)—(3) exists in the space C%([0, h]; W'). The solution is unique,
if KO =

Proof. The solution has the form (4) with the coefficients uy calculated by formulas (9) and
(10), if k € Z \ K°, and by formulas (21)—(24), if k € K°.

Assume that K° # @&. Then for any k& € K° the corresponding homogeneous problem
(1)—(3) has the nontrivial solution, that belongs to the set

{e"(IL1a(k)> — tGr11(k)T12(k)), " (|Daa(k)]* — tGor (k) T22(K)) },
if k € IC, or belongs to the set
{ePMO (Do (k) [P — e*2 WG ()T1a(k)), e MO Ty (k)P — e* M WGy (k)Ta2(k) }, (25)
itk ¢ K. 0
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Theorem 2 (Existence of solution). Let vectors @ and b of the problem (1)—~(3) satisfy the
condition by(Dy — a)RygRap # 0 for all « > 0. Then the problem (1)—(3) can have only
finite-dimensional kernel whose dimension is not greater than 4K3(e) — 2 for any 0 < ¢ <
(v10 — 1/20) /2. If the functions ¢, o satisfy the conditions of Theorem 1 and belong to the
space E,w /2(9), then the solution u = ue + uy + u_ of the problem (1)—(3) exists in the

space E;(D), where

Ue = Z up(t)e™™,  uy = Z ug(t)e®™,  u_ = Z u_p(t)e ke,
k=1—-K3s(e) k=Ks(e) k=Ks(e)

0(t) = min{(t — h/2)v}, (h/2 — t)v}}, v = max{e — vy0, 120 + €}, and the inequality
[ +U—H~2Eg,q < 2(1+ |bo| % + |bo|_4)012(||901||é2 7 + H902||Eq 3 ) (26)

holds.

Proof. From the conditions of the present theorem it follows that the solution of the problem
(5)—(7) is unique when |k| > Kj3(g). Hence, the kernel of the problem (1)—(3) is generated
by the (2K3(e) — 1)-element set {k € Z: |k| < K3(¢)} each element of which is associated
with two or one linear independent elements of kernel.

In order to prove the inequality (26), we use the formula

; 207 . *(h— 5
‘U](j)(t)‘ < |b |2 (1—|—]€2)J 2( 2vf t|k||€0 |2—|—€2V5(h t)|k||S02k|2)7 ’kl > Kg(E),

which is a consequence of (15), (16). Passing to the norms, we obtain the inequality

g +u- HE2 s S2BoCY Y (L4 k)R (PO gy 2y 2Ok 5, 12) - (27)
|k|>K3(e)

(where By = 1+ |bg| ™2 + |bo|~*) which proves (26). O

The condition bg(Dy — ) RigR20 # 0 of Theorem 2 means that the quadratic trinomial
A2 — 2ap\ + by does not have zero roots; its roots are not located on horizontal line and are
not the roots of the quadratic trinomial(ajgA + big) (@A + bao).

The following theorems demonstrate the increased smoothness of some parts of the so-
lution.

Theorem 3 (Increase of the solution smoothness). Let the conditions of Theorem 2 hold,
and let pq be a trigonometric polynomial. Then a solution of the problem (1)—(3) exists and
belongs to the space E(h/2 By (D). If ¢, is a trigonometric polynomial, then a solution of

the problem (1)—(3) also exists and belongs to the space E?t"ih 2 (D).

Proof. According to Theorem 1, the solution of the problem (1)—(3) exists. In particular,
U = Ue + Uy + Usx, Where u = u, and u,, are polynomials, and u, does not depend on the

function s, i.e., u, = Z|k|>K3 det%zg& etk
The estimate for u, is a consequence of the formula (27), where o = 0, namely

||u*H2 < 230012 Z (1 +k2)q—2€2((h/2—t)u§+u§t)|k||¢1k|2 _

Bibra-one Ik|>K5(<)
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=2B,C Y (LR Mo < 2B0CElpi gy s -
k|5 () :

Similarly, if ¢, is polynomial, then u = uqe + us + sy, where u = u, and u, are polynomials,

and the estimate ||U**||E?q - < 230012||902||qu2/ is obtained also from (27),if p; = 0. O
t—h/2)vE hvZk /2

It is obvious that the spaces Ei‘(lt_ W2y (D) are subspaces of the space Ez’(?e)y; (D), which
is used in Theorem 2. Hence the smoothness of the solution increases.

Let us separate the right-hand sides of the conditions (2), (3) into three parts ¢; =
w5+ goj + ¢ , where

K3(E)—1 o0 o0
QD; - Z @jk62k$7 90;_ = Z @jkeZkzu 90_7_ - Z @j,—ke_mr7 j - 17 2.
k=1-K3(¢) k=K3(¢g) k=K3(¢)

Theorem 4 (Increase of the solution smoothness). Let the conditions of Theorem 2 hold,

and let o] and @, be polynomials. Then for o} € E‘(];_Zym)h/?(Q), oy € E‘(]V_Q(2)+5)h/2(9) a

solution of the problem (1)~(3) exists in the space Ey*(D), where
0(t) = min{(e —v10)(h/2 = 1), (a0 +)(t = h/2)}.

If i and @5 are polynomials, then for o] € E‘(IV_Q(Q)JFE)}L/Q(Q), vy € E‘(I;zym)h/z(ﬂ), the solution

of the problem (1)~(3) exists in the space E;*(D), where
O(t) = min{(e — v10)(t — h/2), (vo0 +€)(h/2 — t)}.

Proof. To estimate uy and u_ one can use formulas (15) and (16). Further, the scheme of
proof is analogical to the schemes of proofs of Theorems 2 and 3. O
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