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We study the inverse problem for linear nonhomogeneous diffusion equation
with regulating fractional derivative of order 8 € (0,2) with respect to time
on a bounded cylindrical domain o X (0,7, the inverse problem on determi-
nation of a pair of functions: a classical solution u of the first boundary value
problem to such an equation and unknown, depending on time variable, conti-
nuous coefficient in young term of the equation under the over-determination
condition

/u(:)c,t)ap(m)dx =F(), telo,T]

Qo
with some given functions ¢ and F. The unique solvability of the problem is
established. The Green function method is used.

Key words: fractional derivative, inverse boundary value problem, the
Green vector function, operator equation.

1. Introduction. The conditions of classical solvability of the first boundary value
problem to the equation

DPu(z,t) — a®Au(z,t) = Fy(z,t), a® = const > 0

with regulating fractional derivative (see [1] — [3])

t
o u(x, u(z,0
(- /3)[af0f(t T)/)ad ( )}7 Be(0,1),

t

xT)dT

t—7)B

DPu(z,t) =

0

Urr(x,T ur(x,7 ut (x,0
D} u(x,t) = Ny ({ (t—T()ﬁ*)l dr = 55 [at f )7 Jedr — o= T)B)l}ﬁ for 5 € (1,2)

were obtained in [4], [5]. In [6]-[11] there were proved the existence and uniqueness
theorems and also the representations, by means of the Green functions, of classical solu-
tions of fractional Cauchy problems to equations of such kind. In [12]-[14] the solvability
of fractional Cauchy problems in spaces of generalizes functions was proved.
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In this note we prove the existence and uniqueness of the solution (u, b) of the inverse
boundary value problem

DPu— Au—b(t)u = Fo(z,t), (x,t) € Qo x (0,77, (1)
u(z, t) =0, (z,t) € Qo x[0,T], (2)
w(z,0) = Fi(z), wu(x,0) = Fy(z), z €, (3)
/u(w,t)gao(x)dx =F(), tel0,T] (4)

Qo

where 3 € (0,2), g is a bounded domain in RY, N > 3, with the boundary ; = 99 of
class C'*° s € (0,1), Fy, F1, s, F, ¢q are given functions. The second initial condition
in (3) is absent in the case 8 € (0, 1].

Note that for 8 = 1 (respectively, % in place of D}) the inverse boundary
value problems on determination of a pair of functions (u,b) were studied in [15]
and other works, where existence and uniqueness theorems were proved. Some inverse
boundary value problems to diffusion-wave equation with different unknown functions
or parameters were investigated, for example, in [16]-[23].

We shall use the Green function method to prove the solvability of this problem.

2. Main notations and auxiliary results. We shall use the following notations
Qz’ = x (07T]7 i=0,1, QQ :QOa

D(R™) is the space of indefinitely differentiable functions with compact supports in
R™ m=12,..., D(Qy) = {v € C®(Qy) : (&) vy =0, k=0,1,...},

D'(R™) and D'(Q,) are the spaces of linear continuous functionals (generalized
functions [24], p. 13-15) on D(R™) and D(Q,), respectively, (f,¢) is the value of f €
D'(R™) on the test function ¢ € D(R™) and also the value of f € ©'(Q,) onto ¢ €
D(Qo)-

We denote by * the operation of convolution of generalized functions f and g, use
the function

Sty =" for x>0 and  fa(t) = fi,(t) for A <0,

where I'(z) is the Gamma-function, 6(¢) the Heaviside function. The relation

fa* fu = fFrypholds.

Note that Riemann-Lioville derivative vt(ﬁ ) (z,t) of order § > 0 is defined by

vt(ﬁ) (x,t) = fp(t) xv(z,t)
and  DPv(x,t) = v\ (x,t) — fi_s(t)v(x,0) for B € (0,1),
Dlv(a,t) = v (@, t) — fi_s(t)v(z,0) — fo_s(t)ve(x,0) for B € (1,2).

Let C(Qo), C(Qy), C[0,T] be the classes of continuous functions on Qo, @, and
0,77, respectively, ~C7(€p) (C7(€2)) be the class of bounded continuous functions on
Qo (Qo) satisfying the Holder condition, C7(Q;) (C7(Q;)) be the class of bounded

continuous functions on @; (Q;) which for all ¢ € (0, T satisfy the Holder condition with
respect to the space variables, i = 0,1, Cy.3(Qo) = {v € C(Qo) | Av, D/v € C(Qo)},
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CQ’Q(Q()) = CQJ}(QO)OC(QO) in the case ﬂ S (0, ].], Czﬁ(@o) = {’U € CQﬁ(Qo) | U,V €
C(Qo)}if B e (1,2).
Suppose that the following assumptions hold:

(FO) FO € C’Y(QO)a oaSs (07 ]')a

(F].) F e CW(Q()), P’1|Q1 = O,
(F2) F, € C7(Q),
(

F) F,DPF € C[0,T),it exists f :== inf |F(t)| >0,
te[0,T

(®) o€ C*(Q), ¢ola, =0.

Definition 1. A pair of functions

(u,b) € M5(Qo) = Mg := C2,5(Qo) x C[0,T]
satisfying equation (1) on Qo and conditions (2)—(4) is called the solution of problem
(1)~(4)-

It follows from (3) and (4) the necessary concordance conditions

[ F@enlade =), [ Fa@g()iz = F0). (5)
Qo Qo
We introduce the operators
L: (Lv)(z,t) = U,Sﬁ)(a:,t) — Av(z, t), (z,t) € Qy, v €D'(Qy),
Lres: (L"9)(x,t) = Div(x,t) — Av(z,t),  (2,t) € Qy, v € Co5(Qo).

Definition 2. The vector-function (Go(x,t,y,7),G1(z,t,y), Ga(x,t,y)) such that under
rather reqular go, g1, g2 the function
t

u(e.t) = [dr [ Gota ooty + Y [ Gitatng . @€y (0)
Qo

0 =10,

is the classical (from Ca.5(Qo)) solution of the problem

L™u(z,t) = go(x,1), (2,1) € Qo, (7)
U(I7t) = Oa (JC,t) S Qh (8)
u(z,0) = g1(x), w(x,0) = go(z), z € 9)

is called the Green vector-function of this problem.
From Definition 2 it follows that
(LGo)(x,t,y,7) =6(x —y,t —7), (x,t),(y,7) € Qo where ¢ is the Dirac delta-function,
(L"9G)(z,t,y) =0, (z,t) € Qo, Yy € Qo, j=12, Gi(z,0,y) =6(x —y),
5G1(2,0,y) =0, Ga2(z,0,y) =0, FGa(w,0,y) =6(z —y), =,y € Q.
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Lemma 1. The following relations hold:
t _
Gj(x7ta y) = ffj_ﬁ(T)Go(l',t, y7T)dT} (I7t) € QO; RS QOa j:1}2
0

The lemma can be proved by using the scheme of the proof of the corresponding
result in [12].
Lemma [23]. The Green vector-function of the first boundary value problem (7)—(9)
exists.

Remark 1. From the maximum principle [4] and Lemma 1 it follows that
Go(z,t,y,7) >0 for (z,t),(y,7) € Qo, Gi(z,t,y) >0, (z,t)€Qo, yE&EQ,
From the results of [6], [11] it follows that

NP a0 (12108, 8)

i (I oven)

is the fundamental function of the operator L where

m,n (a17'}/1) (a » 7, ) : :
H (Z’(bhﬁﬁ (b; BZ) is the H-function of Fox (|25]).

Using the properties of the H-functions the following estimates are found (see, for
example, [6], [14]):

G(z,t) = (10)

C Cy . 2
|G(z,t)] < tm%a |fi-p(t) x G(x,1)] < W7 =12, |z> <4t
~ 3—3
Cot?’1  /lz|?\tzzem fc(i“"Qﬁ)Q ' Co
G(x,t)| < (7) 4agt < —0
Gl Ol s o (g ‘ = B2V

1

Gyt e\ —o(12)77 oy
|fi—p(t) * G(z,t)] < |] Lal (%)2@ D \wr <2
x

j=1,2, |z|*>4t°
where ¢, Cf, C;, C; (1 =0,1,2) are some positive constants.

Remark 2. According to Levy method we obtain the same kind of estimates for the
functions Go(z,t,y,7), Gj(z,t,y) as for G(z — y,t — 7), jfj,g(T)G(x —y,t — 7)dr,
7 =1,2, respectively. ’
From the results of [7], [8] it follows that the estimates
|Gi(z 4+ Az, t 4+ At,y, 1) — Gi(x, t,y,7)| < Ai(z, t,y, )| Az| + |AL|P/2]7 (11)

V(z,t), (x+ Az, t + At) € Qo, (y,7) € Qi, i=0,1,2
hold with some 0 < v < 1 where non-negative functions A;(x,t,y, ) have the same kind
of estimates as for G;(x,t,y,7), i = 0,1,2, respectively, and G;(x,t,y,7) = Gi(x,t,y),
Ai(z,t,y,7) = Ai(x,t,y) for i = 1,2. Note that for general parabolic boundary value
problem the Holder conditions for all components of the Green vector-function were
obtained in [26], [27].
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Theorem 1. If go € C7(Qo), v € (0,1), g; € C"(Q), 7 = 1,2, gila, = 0 then there
exists the unique solution u € Ca g(Qo) of the problem (7), (8), (9), it is defined by

u(z,t) = (Bogo) (z,t) + (G191)(z, 1) + (G292) (2, 1), (2,) € Qo (12)
where (Gogo)(z,6) = [ dr [ Gola.ty, T)go(y. 7y, (®59;)(a.6) = [ Gi(a,t,y)g;(y)dy,
0o Q Q
j=1,2. ’ ’
Proof. Taking into account Lemma 1 and Remark 2, as in [8], [13], [26], we show that
function (12) belongs to Cs g(Qo) and satisfies problem (1)—(3). Namely, we have

t
‘fd’r f Go(xatvya’r)gO(yaT)dy‘
0 D

t
< [dr / Go(w,t,y,7)lg0(y, 7)ldy
0 {(y,7)€Qo:ly—z|<2(t—7)#/2}
+ f Go(xvtay77)‘g0(y77—)|dy:|
{(y 7)€y —al>2(6-7)3/2)
t
< de[ S T =190y, 7)|dy
0 {(y,7)€Qo:ly—z|<2(t—7)P/2}
+ f @_ﬁ%\go(yﬁﬂdy}
{(y,7)€Qo:|y—z|>2(t—7)B/2}
t L 2(t—7’)5/2 diam$o ar
< Cf [m [ rdr+ m / 77] dr - [lgollc(o)
0 2(t—7)B/2
ot
Cof [(t =777 4 (¢ = )P ey Ldr - lgol ooy
< kot™ - llgollcige) V(1) € Qo,
where C*, C, C k: ko are some positive constants, §1 = 8 — o, ¢ is an arbitrary number
from (0, ), Hgol\cmg0 = sup |[go(w,t)|.
z,t)EQo

Similarly, we obtain the uniform convergence, and therefore continuity on Qq, of the
other term in the right-hand side of (12):
‘ ij(x,ty)gj(y)dy) < [ I Gj(z,t,y)dy+
Qo {(y,7)EQo:|ly—x|<2tB/2}
Gy(,t,y)dy] - gl
{(y,7)€Q0:|y—=|>2t5/2}
j-1-8
< ¢ S Wdy
{(y,7)€Q0:|y—=|<2tP/2}

p ly—=|? 2-8
I et
+{( T)EQ: \f |>2t8/2} fy=el™ ( a7 )2(2 e : dy 'HgﬂHC(Qo)
YT 0:|ly—x
diamQo aN ,*(ﬁ) 2-38
< kjt/ 1{14' [ rmE s e T\ dr} N1lle@o
2t8/2

< kjtji ng”C(Qo)v (:E,t) € QO’ J=12

where cg, ¢, l%j, k; (j = 1,2) are positive constants.
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As in [8], [27] we show that under conditions of the theorem function (12) belongs
to the required space and satisfies the problem. The uniqueness of the solution follows
from the maximum principle [4].

3. The existence and uniqueness theorems for inverse problem. We pass
to proof of the existence of the solution of inverse problem (1)—(4).

From Theorem 1 it follows that under assumptions (F0), (F1), (F2) and known
b € C[0,T)] the solution u € Cq,5(Qo) of the first boundary value problem (1)—(3) satisfies
the integral equation

U(Z,t) - (®O(bu + FO))(xat) + (®1F1)(:L',t) + (®2F2)($7t)7 (.’t,t) € Q07

that is
t

u( t) = / dr / Sole, by, b(r)uly, T)dy + h(w 1), (2,t) € Qo (13)
0 o

where
t

2

hat) = [ dr [ Golotey. ol iy + 3 [ G t) By, (2,0) € Qo. (19
0 Qo =1,

Conversely, any solution u € C7(Qo) of integral equation (13) (with known b € C[0,77)

belongs to the space Cs 5(Qo) and is a solution of problem (1)—(3).
From equation (1) and conditions (2), (®) it follows that

/Dfu(m7t)cpo(x)d:v = /u(nc,L‘)Aapo(x)dac—i—b(t)/u(gc,t)<,00(9c)alx—|—/Fo(gc,t)<,90(alc)alx7
Qo Qo Qo Q0
t € (0,7). Using condition (4) we obtain

DEF(t) = / (@, ) Ago(z)dz + b(t)F(t) + / Fol, oo (2)da
Qo Qo

and, using (F),

b(t) = [D{F(t) - / Fo(z,t)po(x)dz — / u(@, t)Apo(2)dz] [F(H)] ", te€(0,T]. (15)
Qo Qo
Note that, according to (15), b € C[0,T] for u € C7(Qp). By substituting the right-hand
side of (15) into (13) in place of b we obtain the following nonlinear integral equation for
unknown u € C7(£)
t

= -1 x T 4 T) — 2, T z)dz—
ula, 1) = / F(r)) d/ Go(z,t,y,7) [DI F(r) / Folz, 7)po(2)d (16)

- /u(z,T)Agoo(z)dz]u(y,T)dy + h(x,t), (z,t) € Qo.
Qo
We have reduced problem (1)-(4) to system (15), (16). The converse conclusion holds
and we obtain the following result.
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Theorem 2. Under assumptions (F0), (F1), (F2), (F), (®) and concordance condition
(5) a pair of functions (u,b) € Ma(Qo) is the solution of problem (1)-(4) if and only if
the function u € C7(Qo) is a solution of integral equation (16), b € C[0,T] is defined
by (15).

Theorem 3. Under assumptions (F0), (F1), (F2), (F), (®) and concordance condition
(5) there exists some T* € (0,T] (respectively, Q5 = Qo x (0,T%]) and the solution
(u,b) € M3(QF) = C2,5(Qf) x [0,T*] of problem (1)-(4): the function u is a solution of
integral equation (16), b is defined by (15).

Proof. Granting Theorem 2 it is enough to prove the solvability of equation (16) in the
class C7(Qo). Let
b = b(t
[16ll 1o, e, [b(£)],

l|lv||cv(gy) = max{ sup |v(z,1), sup W%}
(z,t)EQo (z,t)E€Qo,|Az|<1
Mp = Mr(Qo) ={v e C7(Qo) | |[vllcv(q, < R} for some R = const > 0.

We shall use the Schauder principle. On My we consider the operator

(Pv)(x,t) := [[F(r)]"tdr f Go(z,t, )[DBF fFO z,T)po(2)dz

Qo

f u\z, T A@O )dZ]U(y,T)dy + h(xvt)a (.’I,‘,t) € QOv v € Mp

O —

where the function h(LL‘, t) is defined by (14).

At the beginning we show the existence of R > 0, T* € (0,7}, and therefore M}, =
Mg (Qp) such that P : M}, — M.

Using the proof of Theorem 1, for v € Mg, (z,t) € Qo, we obtain

(Po)(a. )] < %tﬁlmm e R2) + W, 1))

h(z,8)] < kot™ || Folle(gy) + k1l Fillos) + k2tll Fallo@ey,  (2:t) € Qo.
Thus, [(Pv)(z,t)| < %tﬁl (c1R+ caR%) + By(t), (x,t) € Qo
where 1 = |[DPF — [ Fo(z,)po(2)dz|lcror), 2= [ [Apo(2)|dz,
Q Q

0 0
Bo(t) = kot™ | Follc(qo) + kil Fillog) + k2t Fall o @o)-
Also, we have
|((Po)(z + Az, t) — (Po)(z, )| _

|Az|Y -
CIR+02R2 / |G0 x+A$at7y’T) _Go(mat7y’7)| ‘h(l‘—‘y—ACC,t) _h($7t)|
< —F dy +
| Az |7 |Az|Y

9 _
S %/d’r /AO(Z,t,y,T)dy+ |h(m+A|:Z.i)7 h(x’t”ﬂ (“Bat) € QO'
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We used Remark 2. In just the same way we estimate the second term. As in the proof
of Theorem 1 for v € C7(Qo), (z,t) € Qo, |Az| < 1, we obtain

|(Pv)(z + Az, t) — (Pv)(x,t)] 5, 1R+ o R?
< esth' —— + By (t t
|A$"Y > C3 f + 1( )a (:L’, )GQO
where
Bi(t) = est™ | Follo(qo) + call Filleao) + esllFall o)
t

c3= sup t /4 de j Ao(z, t,y, 7)dy,

(z,t)€Qo 0 Q
Cq4 = SUup f Al(xatvy)dyy C5 = Sup t f AZ(lvtvy)dy

z€Qo Q z€Q

As a result we obtain: 1Pvllcv gy <

< max{ max [%tﬁl (c1 R+ caR?) + By(t)], max [573#31 (c1R+coR?)+ B1(t)]} Vv € Mp.
te[0,T] te[0,T]
In order the inequality
max{dot’ R? + By(t),dit"* R* + By (t),1} < R, Vt€[0,T*",] (17)

holds for some T* € (0,T], R > 1 with dy = kko, di = kecg and k = %, consider
the functions
fi(s) = djtﬁls2 —-s, >0, j=0,1.
We find fj(s) = 2d;t7's — 1 and prove that s; = [2d;t°*] " is the point of the minimum
of fj(s), = 0,1. Then the inequality [|Pv||c(qs) < R forall v e My s fulfilled for
some R >1 if djtﬁ15? —s5; < —B;(t) and [2d;t71]71 > 1 for all t € [0,#], 7 = 0,1 and
T* = min{¢}, t,T}.
We have djtﬁls? —5; = _ﬁa J = 0,1. There exists t; > 0 such that
o
4djt61 -

B;(t)

(that is 4k(kot®)2(|Follc(ge) + 4kki (kot™)||Fillc@, — 1 < 0 for all ¢ € [0,¢5] and
4k(63tﬁl)2”F0”C(Qo) +4k0364t61 HF1||C(Q0) -1 S Oforallt e [O,tik]) and also [detﬂl]il Z
1 for all t € [0,%7], j = 0, 1. They are

1
- —_ 1
: k1l Fillo@ fllFol - Br
% _ 0) Q) _ __f
tp = min { ol Follcan) 1+ (Cl+cg)kf|\F1H20(Qo) 1 7 | 2(c1+ca)ko ,

- N 1
. cal| Fillo(ag) fllFolle(qo) . P f B1
tr = mm{ e lFlowy \\/ 11 @readinltg, 1 | Hertenyes
if HFOHC(QO) > 07
- 1 1
% . f B1 f B1
to = mm{ _4(cl+cQ)k0k1HF1Hc(QO)i| ) [2(c1+02)k0} and

L 1
P ! Pr —
t] = min { {4(c1+02)6304|\F1Hc((zo)} ’ [2(01+02)53} }

in the case Fy(z,t) = 0, (x,t) € Qo.
Note that from (5) and (F) it follows that | /1] c(q,) > 0. We have proven the existence
of R>1,T* > 0 such that P: Mp — MF.
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The operator P is continuous on M} = {v € C(QF) | l[vlleqs) < R} (thus, on
M},). Namely, for vi,vs € J\;[I*%
|[Pv1 — Pua|c(qs) =

= sup /[F(T)]ldTQ/ Go(z,t,y,7) /vg(z,T)Agoo(z)dz[vg(y,T) —v1(z,7)]

(z,t)€Q A

0

— /[m (2,7) — va(z, 7)Ao (2)dz - v1(y, T) | dy
Qo

<es s / (F(r))\dr / Gola, t.y,)dy- [l loos) + lo2llows ] lon — vallewn
z,t)EQ]
0 Q0

Qkocg(T*)ﬁlR
< f”vl —vallo@z)-
Similarly we obtain that the operator P is compact on M}, (and thus on M}): the
uniform boundedness of the set

PMj}, == {(Pv)(a,t), (z,t) €Qf| ve Mg},
was established earlier; in addition, from the properties of Green operators and Remark 2
it follows that for all € > 0 there exists § = () such that for all (z,t) € QF, |Az| <4,
|At] < 6 and for all v € M},

sup |(Pv)(z + Az, t + At) — (Pv)(x,t)]
(2,t)€Qg

t
< M sup [dr [ |Go(x+ Az, t + At,z,7) — Go(,t, 2,7)|dz
(z,£)€Qg 0 Qo

+ sup |h(z+ Az, t+ At) — h(z, 1)
(z,t)eQg

< [<c1R+czR;>c3(T*>‘“ + Bi(T")] - [|Az] +|AtP2]Y <e.

As aresult, the operator P is equicontinuous on M}. According to the Schauder principle,
there exists the solution u € M}, of equation (16).

Theorem 4. Under condition F(t) # 0, t € [0,T], the solution (u,b) € Ms(Qo) of
problem (1)—(4) is unique.

Proof. Take two solutions (u1,b1), (uz,b2) € Mz(Qo) of problem (1)—(4) and substitute
them into equation (1). We obtain

Df(ul — UQ) = A(U,l - UQ) + b1u1 - bgUg,
D,@B(ul — UQ) = A(ul — ’U,g) + (b1 — bz)’u,l + bg(ul — ’U,g)
and for u = uy — ug, b =07 — bs

Dfu:Au+b2u+bu1.



INVERSE PROBLEM WITH UNKNOWN YOUNG COEFFICIENT ...
ISSN 2078-3744. Bicuuk JIpiB. yu-ry. Cepis mex.-mar. 2015. Bumyck 80 97

From the boundary condition it follows that
u(z,t) =0, €, tel0,T)
and from the initial condition
u(z,0) =0, u(z,0) =0, =z €.

Then, by Theorem 1, the function u(z,t) satisfies the equation
t

u(zw,t) = /dT/Go(x,t,y,T)(bg(T)u(y,T) +b(T)ur(y,7))dz, (x,t) € Qo
Qo

0

and belongs to Ca 5(Qo).
From over-determination condition (4) and from (15) it follows that

/u(a:,t)Agoo(x)dx =-b(t)F(t), tel0,T]. (18)
Qo

Then u(z,t) satisfies the integral equation

t
u(zx,t) = /dT/Go(I,t,y,T) ba(T)u(y, 7) — o dr
0 O

that is

u(x,t)/th/ Gola,t, 2,7)ba(7)
0 Qo

—ﬁ /Go(:c,t,yﬁ)ul(yﬁ)dy Apo(2) | u(z,7)dz, (z,t) € Qo.

By uniqueness of the solution of the second type linear Volterra integral equation with
integrable kernel we obtain wu(x,t) = 0, (z,t) € Qp. Then from (18) it follows that
b(t)F(t) = 0, ¢t € [0,T)]. Since F(t) # 0 on [0,7] (under assumption of the theorem),
b(t)=0,t€0,T).

Remark 3. The obtained result is correct in the case 8 € (0, 1] (without the second initial
condition u;(z,0) = Fy(x), € ) if in all formulas we put Fy(x) =0, z € Q.

A similar result holds for inverse problem on determination of a pair of functions:
the solution u of the second boundary value problem for such an equation and unknown
coefficient b(t) in the young term under the same over-determination condition (4).

We may study the cases N = 1,2 in just the same way.
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OBEPHEHA 3AJIAYA JJIsI PIBHAHHS IN®Y3II 3
TPOBOBOIO IMOXIJTHOIO
TA HEBIZIJOMWM MOJIOJIIINM KOE®IIIIEHTOM

l'anuna JIOIIYIIIAHCBKA, Bira PAIIITA

JIveicvruti Haytonaavrul yrieepcumem imens Ieana Ppanka,
sys. Yuisepcumemcoka, 1, JIveis, 79000
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Hocaimkeno obeprHeHy 3a7a4y [JIs JIHINHOTO HEOMHOPITHOTO PIBHAHHS TH-
dysii 3 peryssipuzosanolo 110xiHOIO0 gpobosoro nopsiaky 3 € (0,2) 3a yacom
B oOmexenomy mumiaapi o X (0,7] — 3amady mpo Bu3HaueHHA Tapu (QyH-
KIi#l: KJTACHYIHOTO PO3B’sI3Ky U MEPIIOi KPAHOoBOi 33739l 71 TAKOTO PiBHSIHHS
Ta, HEBIJOMOT0, 3aJIEKHOTO BiIl 9acy, HEITEPEPBHOTO KOeDIIiEHTa B MOJIOANIOMY
4jIeH] DIBHAHHA 33 YMOBU IE€PEBU3HAYCHHS

[ e @)z = F0), te o,
Qo
3 megkuMu 3amaHuMu GyHKIiaMu ¢ 1 F. Beranosieno omHO3HAYHY DPO3B’sa3-

HiCTB 3aa4i. BukopucroByemo meron dyukiii ['pina.

Karouosi caosa: moximaa gpobOOBOro mopsaaky, oOepHeHa KpaioBa 3a7a4a,
BekTOp-dyHKIis 'pina, oneparopHe piBHSHHS.



