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On an Inverse Boundary Value Problem For a Third
Order Partial Differential Equation With Non-classical
Boundary Conditions

A L Ismayilov

Abstract. In this work the inverse boundary value problem with unknown time-dependent co-
efficient for a third-order partial differential equation with non-classical boundary conditions is
studied. The definition of the classical solution of the stated problem is given. The essence of
the problem is that it is required together with the solution to determine an unknown coefficient.
The problem is considered in the rectangular domain. When solving the initial inverse boundary
value problem, the transition from the initial inverse problem to some auxiliary inverse problem is
performed. With the help of contraction mappings, the existence and uniqueness of the solution
of an auxiliary problem are proved. Then the transition to the original inverse problem is made
again, and as a result, a conclusion is made about the solvability of the initial inverse problem.
Key Words and Phrases: inverse problem, third order equations, existence and uniqueness of
a classical solution.

1. Introduction

In the present work, by the inverse problem for partial differential equations we mean
such a problem in which, together with the solution, it is required to determine the right-
hand side or (and) one or another coefficient (coefficients) of the equation itself. Inverse
problems arise in the most diverse areas of human activity, such as seismology, mineral
exploration, biology, medicine, quality control of industrial products, etc., which puts
them in a series of actual problems of modern mathematics. If in the inverse problem the
solution and the right-hand side are unknown, then such as inverse problem will be linear;
if the solution and at least one of the coefficients are unknown, then the inverse problem
will be nonlinear

Various inverse problems for particular types of partial differential equations have been
studied in many papers. We note here, first of all, the works of A.N. Tikhonov [1], M.M.
Lavrent’ev [2,3], V.K. Ivanov [4] and their students. For more details, see the monograph
by A.M. Denisov [5].

The goal of this paper is to prove the existence and uniqueness of the solution of an
inverse boundary value problem for a third order differential equation with nonclassical
boundary conditions.
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2. Statement of the inverse boundary value problem
Consider an inverse boundary value problem for the equation
ui(2,t) = a(t)uee (2, ) = pt)ulz,t) + q(t)u(z, ) + f(2,1) (1)
in the domain Dy = {(z,t) : 0 <z <1, 0 <t < T} with initial conditions
u(@,0) = p(x), ug(x,0) =¢(x) (0<z<1), (2)
with Dirichlet boundary condition
u(0,)=0 (0<t<T), (3)
with non-classical boundary condition
uz(1, t) 4+ duge(1, £) =0 (0<t<T), (4)
and with an additional condition
u(zi,t) =hi(t) (i=1,2; 0<m,za<1, 1 #xo, 0<t<T), (5)

where d > 0 is a given number, a(t) > 0, f(z,t), ¢(x), ¥(x), hi(t) (i = 1,2)-are given
functions, u(x,t), p(t) and ¢(t) are required functions.
Let us introduce the notation

éz’Z(DT) = {u(z,t) : u(z,t) € C’Q(DT), Utz (2, 1) € C’Q(DT)}.

Definition 1. Under the classical solution of the inverse problem (1)-(5) we mean the

triple {u(z,t),p(t) ,q(1)} of the functions u(x,t), p(t) , q(t), if u(z,t) € C*>*(Dr), p(t) €
C[0,T], q(t) € C[0,T] and relations (1) - (5) are satisfied in the usual sense.

First consider the following spectral problem [6,7] :
Y(2) + Ay (@) =0 (0 <z <1),

y(0) =0, y'(1) =dry(1), d> 0. (6)

This problem has only eigenfunctions yi(x) = v2sin (vAzz), k=0, 1, 2, ..., with pos-
itive eigenvalues \j from the equation ctgv/A = dv/X. The zero index is as&gned to any
eigenfunction, and all the others are numbered in ascending order of eigenvalues.

The following theorem is true.

Theorem 1. Let f(x t) € C(Dr), ¢(x), v(z) € C[0, 1], hi(t) € C?[0,T] (i = 1,2),
h(t) = ha(t)hy(t) — he()hy(t) #0 (0 <t <T), ¢'(1) +dp"(1) =0,

1 ! :
+ FE—n /0 o(z) sin(v/ Aox)dz =0, (7)
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1 ! , B
v + 7= [ i) sin(y/ oo = 0. ®)
1 ! .
A0+ e /0 F (@, 1) sin(y/Aoz)dz =0 (0 < ¢ < T), (9)
and the conditions of matching are satisfied
p(zi) = hi(0), ¥ (x;) = hi(0) (i=1,2). (10)

Then the problem of finding a classical solution of problem (1) - (5) is equivalent to the
problem of determining the functions u(x,t) € C**(Dr), p(t) € C[0,T], q(t) € C[0,T],
satisfying the equation (1), conditions (2), (3) and the conditions

1 ! .
u(l, t) + M/o w(z,t)sin(y/ Noz)dz =0 (0<t<T), (11)

hi () = () (23, 1) = p(Oh(t) + q(ORi() + f(23,1) (i=1,2 0<t<T). (12

Proof. Let {u(x,t),p(t),q(t)} be any solution of problem (1) - (5). Then from equation
(1), with considering (9), we have:

[utt(l,t) ug(x, t) sin(y/ Aox dav} —

),
—al(t) [utm(l,t) dsm\ﬁ/ Utz (2, 1) sin(v/ Xo) d;c] =

() {u(l,t)—l—w / wl(z, ) sin(\/%x)dm} 4
+q(t) |:Ut(17t) dsm\ﬁ/ wg(x, 1) sin(y/ Aox) d:z] 0<t<T). (13)

Integrating in parts twice, in view of (3), with the help of easy transformations we
find:

Ugr(1,8) + dsm\/i/ Uz (, t) sin(v/Aoz)d ux(l t) + dug, (1,t)) —
1
—Xo [u(l,t) + clsirll\/rg/o u(x,t) sin(\/%m)da;] . (14)

Substituting (14) into (13), we get:

un(1,1) + (@, 1) sin(y/Roz) dx] ~a(t) le (g (1,8) + ditns (1,75))] _

b

1
= p(t) [u(l,t) + u(x,t) sin(\//\T)x)da:} +

1
dsinm/o
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) = Moa(®) [u(1,6) + dsm\ﬁ/ (e, ) sin(v/doz)dz| (0<t<T).  (15)
From (15), by virtue of (4), we find:
W (t) = p(thw(t) — g (t) = doa(t))w'(t) =0 (0 <t <T), (16)
where B . . |
w(t) =u(l,t)+ M/o w(z, t)sin(y/ Moz)de (0<t<T) . (17)
Further, by virtue of (2) and in view of (7), (8) we find :
1 ! _ B
0 (0) = 1)+ 7= [ o@sin(y/ Ko -
/ _ 1 ! : _
W (0) =9(1)+ M/O Y(z) sin(y/ANoz)de = 0. (18)

It is obvious that the problem (16), (18) has only a trivial solution, i.e. w(t) =0 (0 <
t < T). Therefore, it is clear from (17) that condition (11) is also satisfied.
Further, from (5) it is clear that
(

ug(wiyt) = hi(t), up(z,t) =hl({t) (1=1,2,0<t<T). (19)
Supplying = z; (i = 1,2) in equation (1)7 we have

From here, taking into account (5) and (19), we arrive at the fulfilment of (12).

Now, suppose that {u(x,t),p(t),q(t)} is a solution to problem (1) - (3), (11), (12), and
the condition of matching (10) is satisfied.

Then from (15), in view of (11) we have:

Uty (1,t) + dutgs (l,t) = 0. (21)
By virtue of (2) and ¢'(1) + dg”(1) = 0 it is obvious that
ug (1,0) + dug, (1,0) = ¢'(1) + de"(1) = 0. (22)

From (21) and (22) we arrive at the fulfilment of (4).
Further, from (12) and (20) we obtain:

di( (i, 1) — hi(t)) — (t)i( (i, 1) — hi(t))
a2 UL, i q dt UL, i
()l t) — () =0 (=1,% 0<t<T) (23

By virtue of (2) and condition of matching (10), we have:
u(zi, 0) = hi(0) = @(zi) — hi(0) =0,

u (i, 0) = hi(0) = ¢ (z;) — hi(0) = 0 (i = 1,2). (24)
From (23) and (24) we conclude that condition (5) is satisfied. The theorem is proved.
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3. Auxiliary facts

Solving the homogeneous problem corresponding to problem (1) - (3), (11), (12), by
the method of separation of variables we arrive at the spectral problem

y'(@)+Ay(z) =0 (0<z<1),

1 1
M/@ y(z) sin(y/ Aoz )dz = 0. (25)

It is known [6] that the spectral problem (25) is equivalent to the spectral problem (6)
without an eigenfunction corresponding to an eigenvalue \g. Consequently, the spectral
problem (25) has only eigenfunctions yy(z) = v2sin (VAzz), k = 1, 2, ... with positive
eigenvalues A, defined from the equation ctgv/A = dv/\, numbered in increasing order.

Consequently, the spectral problem (25) has only eigenfunctions yi(x) = v/2sin (v Axz) ,
k =1, 2, ... with positive eigenvalues A\, determined from the equation ctgv/A = dv/A,
numbered in increasing order.

The following statements were formulated and substantiated in [6,7].

y(0) =0, y(1) +

Lemma 1. Starting from some number N, the estimate

0 < /A — 7k < (drk)™". (26)

Corollary 1. Let vy(x) = /2 sin(y\/urz), where (/1 .k =1,2,3,.... Then the
following inequalities are true

Z () — 0k (@)2 0.y < 1/(9). (27)

Lemma 2. Biorthogonally conjugated system {zx(x)} to the system {yx(z)}, k=1,2,3,...,
1s determined by the formula

2i(z) = V2(sin(v/Apz) — sin /Mg (sin v/ Aoz) /(sin v/ X)) /(1 + dsin® /A (28)
Theorem 2. Systems {yi(z)}, k = 1,2, ..., form a Riesz basis for L2(0,1).

Now, let ni(z) = V2cos(vV i), &x(x) = V2cos(y/irx), k = 1,2,3,.... Then, simi-

larly to (27), the inequalities

Z I (2) = (@)1, 0,1) < 1/(9%), (29)

are true. Suppose that g(z) € L2(0,1). Then, in view of (27), we obtain

00 1 2\ 1/2
(Z (/0 g(w)ym)das)) < M [lg(@)ll 1y 00) - (30)

k=1
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where
1/2

N 1
M = [Z / yi(z)dz +2/ (9d%) + 2
k=1 "0

Similar to (30), taking into account (29), we find:

00 1 2\ 1/2
(Z(/O g<x>nk<x>d:c)> < M g(@)| 0 - (32)

k=1

Since the functions {yx(z)}, k = 1,2,3, ..., form a Riesz basis for space Ly(0,1), then
it is known that for any function g(z) € L2(0,1) the equality

9(@) = geyk(), (33)
k=1

is true, where
1
Ik = / g(x)zk(x)dx (k= 1,2,....).
0
Further, it is not difficult to see that
V2Tt cos v/ i 1
= i A de — ———= : \azd 34
= [/0 g(e) sin (VA da dv/ Xk sinyv/Ag Jo g(x)sin/Nozdz |, (34)

where
akZI—i—dsinQ A > 1.

Hence, in view of (30) we have:

o 1/2

(Z 91%) < My ||9(37)HL2(0,1) ; (35)
k=1
where
) ~ 1/2
My= |M+ ——Fr — V2. 36
’ d [sin /| (; )\k> (36)
Assume that g(z) € C[0,1], ¢'(x) € L2(0,1), g(0) = 0 and

1
J(g) = g(1) + dnlm / 9(2) sin(y/Doz)dz = 0.

Then from (34) we have:

v2 1t
gk = o) g () cos (\/ﬁx> dx. (37)
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9) we obtain:

- 1/2
(zm mnz) < M@ 0n -
k=1

Hence, in view of (2

(38)

0. Then from (37) we

Let g(z) € C'[0,1], ¢"(x) € L2(0,1), g(0) = 0 and J(g9) =
obtain: \[
1 ) cosvVAg
- _ Yo | dr — 1.
se= =22 [ [ @it Ayas - 20y ) (39)
Hence, we get:
( (Ae 19kl ) ) < m}g |+ \/§MH9/I(‘7:)HL2(O,1)’ (40)
3 1/2
where m = = (Zk:l ) -
1], g"(z) € L2(0,1), g(0) = 0, J(g) = 0, ¢"(0) =0

Now, suppose that g(z) € C?[0,
and dg”(1) + ¢'(1) = 0. Then from (39) we have:

— f //I
g = — o )\k\ﬁ/ cos(\/gx)dx

Hence, in view of (29) we have :
0 1/2
SV o) 2150l
k=1

33
1. Denote by By 7 [8], the set of all functions u(z,t) of the form

t) = up(t)ye()
k=1

considering in D7, where each of the functions wuy(t) is continuously differentiable on [0, 7]

and
1
2
< +00.

I(u) {Z (v N | (t) Ollegp,r) } +{Z(Akm\\%(t)ﬂcmf}
k=1 k=1

The norm on this set is defined as: ||u(z,t)|| 33 = I(u).
B3y

33
denote the space consisting of the topological product B22:,3 x C[0,T]

33
2. By E}?
clo,T]. Norm of the element z = {u, p, q} is defined by the formula

121l 5.3 = llu(@, Ol 5.5 +1lp@)lcom +1la@®llopr -
ET BQ,T

33 3
It is known that B227? and E7'? are Banach spaces.
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4. Solvability of an inverse boundary value problem

Taking into account Lemma 2 and Theorem 2, the first component u(x,t) of the
solution {u(z,t),p(t),q(t)} of the problem (1) - (3), (11), (12) we will be sought in the
form:

u(e,t) =Y ug(t)yr() (42)
k=1
where .
wun(t) :/O (e ) a(@)dz (k=1,2,..).

We apply the method of separation of variables to determine the desired functions
ug(t) (k=1,2,..;). Then from (1) and (2) we have:

ufl(t) + Apa(t)uy(t) = Fr(t;u,p,q) (k=1,2,..;0<t<T), (43)
where
1
Fy.(t;u,p,q) = fi(t) + p(t)ur(t) + q(t)ui(t), fr(t) = ; [z, t) 2k (2)dz,

1 1
o = /0 () (@), by = /0 b(a)a(@)dz (k=1,2,.).

Solving problem (43), (44), we find:

t t t
up(t) = or + ¢k/ e Mk Jo a(s)ds g +/ Fy(7;u,p,q) </ e~k JE a<s)dsd§) dr. (45)
0 0 T

Differentiating twice (45) we get:

t
() = e Jo aledds | / Fiu(riu,p,q)e M Jra®dsqr (p = 1,2, ), (46)
0

Wl(t) = —Apa(t)ppe M Jo als)ds
_ tF . A fi a(s)ds Fo(t: B A
Aka(t) k(T3 u,p, q)e I dr + Fi(t;u,p,q)(k=1,2,...). (47)
0

After substituting the expression ug(t) (k =1,2,...) from (45) into (42), we have:

© t
u(x,t) = Z {spk + ¢k/() e~ Jo a(s)dsdT+

k=1

t t
+ /O Fy(75u,p,q) (/T eI “(S)dsd£> dT} yi(z) . (48)
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Now from (12), in view of (42), we get:

plt) = (B0 {h(8) (R (1) — Flr, 1)) — B (2) (HE(H) — f (2 ) —
) iAku;@)(h;(t)yk(m)—h&(t)ym))} , (49)

a(t) = [h(t)] £h1<t> (R5(0) — f(2.1)) — ha(B)(R(2) — f(x1.))~
Zxkuk (t)yn(2) h2<t>yk<x1>>} , (50)

where
h(t) = hy(t)hs(t) — ha(t)h)(t) Z0(0 <t < T).

In order to obtain the equation for the second and third components p(t), ¢(¢) of the
solution {u(x,t),p(t),q(t)} of the problem (1)-(3), (11), (12) we substitute the expression
uy.(t) from (46) into (49), (50) respectively, we have:

p(t) = [0 {ho (1) (W () = fa1.8)) = Wy (2) (R (8) = f@a, 1))

—a(t) S MOy 1) — B (£ (22) x
k=1

o Jo als) ! G oM [ als)ds g
. (wk “+ [ Fitrura d )} (51)
q(t) = [h(O] " {ha(t) (B5(8) = f(x2,1)) = ha(O)(RY (1) — f(1,1))~

—a(t) Z Ak (h1(t)ye(@2) — ha(t)yr(z1))x

X <¢k€)‘k Jo a(s)ds / Fy(T;u,p,q)e —Ai [ a dsdT)} (52)
0

Thus, the solution of problem (1)-(3), (11), (12) was reduced to the solution of system
(48), (51), (52) with respect to unknown functions, u(zx,t),p(t) and ¢(t).

To study the question of the uniqueness of the solution of problem (1) - (3), (11), (12),
the following lemma plays an important role.

Lemma 3. If {u(x,t),p(t),q(t)} is any solution of the problem (1)-(3), (11), (12), then
the functions

1
ug(t) = / u(x, t)zg(x)dx(k =1,2,...)
0
satisfy on [0,T] the system (45).

Lemma 3 implies that the following holds.
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Corollary 2. Let system (48), (51), (52) have a unique solution. Then the problem (1)-
(3), (11), (12) cannot have more than one solution, i.e. if problem (1)-(3), (11), (12) has
a solution, then it is unique.

l\?\w
l\?\w

Now consider the operator in space £}’

(D(U,p, q) == {q)l(uﬂpv Q)7(I)2(u7p7 Q) ) (1)3(u7p7 Q)}7

where
(I)l(u7p7 - U .T t = Z q)Q(’U, p7 ) - (t)7 ®3(u7p7 Q) = Q(t)a

and g (t) (k = 1,2,...), p(t) and (t) are equal, respectively, right sides (45), (51) and
(52).
Using easy transformations, we find that inequalities

<Z(Akfuuk HC[OT)Q)Z\@(i(Ak@ m)z);+

k=1 k=1

+MST<“(AMF wk>>é+\/5T! </2Ak\ﬁyfk )dr)é—i-

0 k=1

1
2 2
+T [[p() | 0,17 ( (/\k\ﬁ [[uk(t) HC[OT) ) +

=1

k=1

+ T lla®)ll com (Z (Akm H“fk(t)Hc[O,TJZ) ] g (53)

(i (Aev/o Hamucm,ﬂ)f < (i (v W)?)i

k=1

1

VT (/OTki (Vev/Ae 1£el)l) d7>2 +

+2T

+T'[lp)ll o,y (Z (Ak\/> [ (t HCOT]>2> +

k=1

+ THQ(t)HC[O,T] (

k=1

()\k\/Yk H%(ﬂ”cm,ﬂf) ] ; (54)
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15O e < IO .. . >

et
x<{[[hy(t) (R () = f(w1,8) = By (E) (R (8) = f (22, ))| o0,y +

1

(iA ) D8 0] + 1350 o {(i Wi ,Wy):

k=1 k=1

T (/;i (3ev/3 1(r)])” d7> g
k=1

k=1

+T ()l o 11 (Z ()\k\/> | (t ||C’0T]>2> +

+ TH‘](t)Hc[QT] <Z (Akm H“;c(t)Hc[o,T]f) ] } ; (55)

i
12l < H[h(t)]_ch[o,T] -

< {[|ha(t) (W5(8) = f(@a, 1) = ha (@) (R (0) = Flar, )| oy +

<ZA ) la(O) (O] + h2(0) oy !(Z(Ak@ |wk|)2> T

[

k=1 k=1

2

T (/OTfj (v 1))’ d7> v
k=1

+T'[[p)ll o,y (Z (Ak\/> [ (t HCOT]>2> +

k=1

+ Tlla®)ll o1y (Z (Akm Hu;c(t)HC[O,T})2> ] }7 (56)
k=1

are true. Suppose that the data of the problem (1) - (3), (11), (12) satisfy the following
conditions:

1) ¢(x) € C?[0,1],¢"(x) € L(0,1), ¢(0) =0, J(p) =0,¢"(0) =0,
(D) +¢'(1)=0.

2) ¥(z) € C2[0,1],¢" () € L2(0,1), $(0) =0, J () = 0,4"(0) =0,

dy(1) +¢'(1) = 0.

/1

dp



110 A1 Ismayilov

3) flz, t) fo(2,1), fae(@,t) € C(Dr), feaa(x,t) € L2(Dr), f(0,2) = 0,J(f)

J22(0,1) =
Afus(1,8) + fo(1,1) =0 (0<t<T).

4) 0 < a(t) € C[0,T), hi(t) € C0,T] (i = 1,2),
h(t) = hy(t)h5(t) — ha(t)h)(t) #0(0 <t < T).
Then from (53) - (56), in view of (41), respectively, we obtain:

[a(z, )] 55 < AUT)+ BuUT)(lp®)llcp.r + la®ll o) lul, )]

3 % % )
2 )
B2,T BQ,T

1)l o < A2(T) + BaT)(lp(®) e,y + lla®)llcpo.m) IIU(M)HBg 3

la®licrozy = As(T) + Bs(T)(llp(®) oo,y + la®llcro) llul Ol g5

2,T

where
ALT) = VM [0 )+ (VT + DM @) 00, +

+(\/5T + 2)\/TM ”fm:x(gca t)HLQ(DT) vBl (T) = (\/5T + 2)T,
Ao(1) = | Ime)

‘C[O,T]
x{[[ra(t) (B{() = £ (a1, 8) = 4 () (5 (1) = f (@2, D) gy +

1

-H@(Ezwj @01+ BN oy [M 5@+
k=1

+ VTM Hf:rxx('xat)HLz(DT)} }’

=2 Hhil(t)HC[O,T] T (Z )‘1;1> [a(®) Ry (t)] + ’hé(t))‘HC[O,T] ;

)= e
x {th(t) (f(x2,8) — a1 (t)h(t)) — ha(t) (f(x1,t) — ar(h1 (1)) || oy T

(3

k=1

e

Al) D@+ Doy M@0+

+ \FM fowx(xvt)HLz(DT)} }’

=2 Hh_l(t)HC’[O,T] T ( )‘k1> [a@) (IR O] + [P )| og0.17 -
1

k=
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From inequalities (57) - (59) we conclude:

GOl 3.5 +15Olepr +1iOlep <
2,7
< A+ BOp®llcpz + 9@ leo) lu@ Dl g5 (60)
2.7

where
A(T) = Al(T) + AQ(T) + Ag(T), B(T) = Bl(T) + BQ(T) + Bg(T).
So, we can prove the following theorem:

Theorem 3. Let the conditions 1)- 4 ) be fulfilled and

B(T)(A(T) +2)* < 1. (61)
Then the problem (1)-(3), (11), (12) has the only solution in a ball K = KR(HZHET%% <
R = A(T) + 2) from space ET%%
Proof. In space EY%% we consider the equation
z = Pz, (62)

where z = {u,p,q}, components ®;(u,p,p)(i = 1,2,3) of operator ®(u,p,q) are defined
by the right-hand sides of equations (48), (51), (52), respectively.
Consider the operator ®(u,p,q) in the ball K = Kg(|[z|| 33 < R = A(T) + 2) from
EZ

EE% Similarly to (60), we obtain that for any z, 21, z2 € K valid the following estimates:
||‘I>ZHE§% < A(T) + B(T)(lp@li ooy + lla® o) IIU(w,t)HBQg’,Tg <
< A(T) + B(T)(A(T) +2)*, (63)
@21 — q)ZzllEq%,g < B(T)R (le(t) —p2()llcpor) +
+lla1(t) = a2l oy + lualz,t) - W(ﬂ?i)llBQg’%g) - (64)

Then, from estimates (63) and (64), taking into account (61), it follows that the
operator @ acts in a ball K = Kp and is contractive. Therefore, in the ball K = Kp,
the operator ® has a unique fixed point {u, p, ¢}, which is the unique solution of equation
(62), i.e. is the unique solution of the system (48), 3(531), (52) in the ball K = Kpg.

The function u(z,t), as an element of space BZ7?, is continuous and has continuous
derivatives ug(x,t), ugs(x,t), U (x,t), Uze(z,t) in Dp.
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From (43), by virtue of (38), it is not difficult to see that

1

(Z(\/EHUZ@)HC[O,T]y) <V2la®)ll ooy (Z(Ak\/guu?f(t)HC[o,T]y) +

k=1 k=1

M (1@, 6) + p(t)ua(@,8) + pO)uta(. Dl o HMO ) } :

It follows that wuy(z,t) is continuous in Dy.
It is easy to verify that equation (1) and conditions (2), (3), (11) and (12) are satisfied

in the usual sense. Consequently, {u(z,t),p(t), ¢(t)} is the solution of the problem (1) -

(3);

(11), (12). By virtue of Corollary 2 of Lemma 3, it is unique in the ball K = Kp.

The theorem is proved.

Using Theorem 1, we prove the following

Theorem 4. Let all the conditions of Theorem 8 be satisfied and the conditions of match-

ing

p(xi) = hi0), ¥ () = hi(0) (i=1,2).

Then problem (1) - (5) has a unique classical solution in ball K = KR(HZHE 3 <R=
3
2

3
55
T

3
A(T) +2) of space EF’
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