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and for obtaining a closed-form solution of boundary value problems which incorporate an mth order linear ordinary Fredholm
integro-differential operator, or a differential operator, along with multipoint and integral boundary conditions. Here, we focus
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Introduction

In the article [1], we presented the development,
the applications and the necessity for studying
boundary values problems encompassing m' order
linear ordinary Fredholm integro-differential op-
erators and general nonlocal boundary conditions
such as multipoint and integral boundary condi-
tions. We proposed a direct constructive method
for examining the existence and uniqueness of
the solution and obtaining it in closed-form. The
method was based on the extension theory of line-
ar operators in Banach spaces, in particular on the
technique developed in [2] and [3] for solving exact-
ly linear and nonlinear, respectively, integro-dif-
ferential equations subject to initial and classical
boundary conditions.

In this paper, which is a sequel to [1], we study
separately a specific type of boundary value prob-
lems involving the composite square of an mth or-
der linear ordinary Fredholm integro-differential,

or differential, operator, and analogous multipoint
and integral boundary conditions. We establish the
requirements under which there exists a unique
solution and show how to construct it in closed-form
by decomposing and utilizing the extension method
described in [1].

The decomposition, or factorization, method for
problems embracing integro-differential operators
and unperturbed conventional boundary conditions
is studied in [4]. Therefore, the current work can be
seen also as an advancement of [4] where perturbed
boundary conditions are considered. Factorization
techniques find applications in several areas in
sciences and engineering, see, for example, in [5, 6].

The organization of the paper is as follows. We
first describe the decomposition-extension method
and then we apply the method to solve second and
fourth-order differential and integro-differential
problems which can be formulated as composite
squares of first and second-order problems, respec-
tively. Lastly, some conclusions are quoted.
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Decomposition-extension method

Let X be a complex Banach space, usually

X=Cla, b] (or X=L (@, b), p > 1), and A: X—)X
an mth order linear ordlnary differential operator,
namely:

Au=agu™ +aumD+ . +a u, (1)
where a,e R and u=u(x)e X%, where
X4 =C™[a, b] (or Xy =W,'(a, b)). Let the space
kerA be finite dlmensmnal and z= (2, .., 2,) be

a basis of it. Let A be a correct restriction of A,
specifically Au=Au forall uin

D(A)={ueD(A): ®(u)=0}, @)

where @ =col(dy, ..., ®,) is a vector of m bounded
linear functionals on X E , Which are biorthogonal
to 24, ..., 2, and describe some boundary conditions.

Consider the integro-differential operator B:
X->X:

Bu =Au — gF(Au),
D(B) = {u € D(A): D(w) = N¥()}, 3)

and the more complex integro-differential operator
B;: X > X:

Byu=A%u - qF(Au) - gF(A%u),
D(By) = {u € D(A?): O(u) = N¥(v),
®(Au) = DF(Au) + N¥(Aw), @)

where A2 is meant to be the composite product
A? = A(A), ¥=col(¥y, .., V) is a vector of n
bounded linear functionals on X7, F =col(Fy, ...,
F)) is a vector of n bounded linear functionals on
X, g8=(81 > &) 4 =(q5 > ) € X", qq5 oes G aTE
linearly independent vectors, and D, N are m xn
constant matrices. The equations ®(u)=NW¥(u)
and ®(Au)=DF(Au) + NWY(Au) symbolize general
boundary conditions including multipoint and
integral boundary conditions.

The boundary value problems Bu = f and B;u = f,
for any f € X, were studied and solved exactly by
utilizing the extension method in [1].

We contemplate here the special case of the
boundary value problem B;={f, Vfe X, when
B, = B?; B? is understood to be the composite prod-
uct: B2 = B(B). For this case we prove the following
theorem which provides solvability conditions and
describes the decomposition-extension procedure
for obtaining the solution in closed form.

Theorem. (i) The operator B, is decomposed in
B, = B%in the case if

g € D(A)", q=Ag — gF(Ag), D = d(g) — N¥(g). (5)

The operator B2is defined by
B2u = A%u - [Ag — gF(Ag)IF(Au) — gF(A%u),
D(B?) = {u € D(A?): ®u) = N¥(w),
O(Au) = [D(g) — N¥(g)]F(Au) + N¥(Auw)).  (6)
(ii) If the vectors q, g and matrices D, N satisfy
(5), then the operator B, is injective if and only if
detV =det[I, — ¥(z)N] = 0;
detW = det[I, — F(g)] # 0. @)
(iii) If the vectors q, g and matrices D, N satisfy
(5) and det V # 0, det W = 0, then the operator B;

is correct and the unique solution of the problem
Biu=fis

u=Bf :A‘zf+YF(A‘1f)+zNV_1‘I’(A_2f)+
#| AT+ YF(Y)+ 2NV (A 7Y) [F(7)+
+[A*1z+YF( )+2NV (A z)}NV hy(4 f) ®)

or

u=By'f= A f+YF(f)+2NV" 1‘11( f) )

where

f=A7lf+YF(f)+aNV (A7),
Y- [A*lg + zNV’l\I’(A’lg)]W’l. (10)

Proof: (i) First we prove the second formula in
(6). Denote by

D= {u € @(A2) :®(u)=N¥(u), ®(Au)=
=[®(g)-N¥(g) |F(Au)+N¥(Au)}.

Let u e ®(B2) and g e DA)". Then by defi-
nition, u € ®(B) and Bu € D(B), which since (3)
implies u € ®(4), ®@w)=NY@w) and Bu e D(4),
®(Bu) = N¥Y(Bu). From Bu=Au - gF(Au) € ®(4) it
follows that u € D(A2). Further from the equation
®(Bu) = N¥(Bu) is implied that ue®.

Conversely, let u e ®, then u € D(A2), D) = N¥(u)
and ®(Au) — [®(g) — N¥(2)][F(Au) = N¥(Au). Then
u € 9(B), BueD(A) and ®(Au) — O(g)F(Au) = NV(Au) +
+ NW¥(g)F(Au), which implies ®(Bu)=NY(Bu) or
Bu € ©(B). Hence u € ©(B2), and so (6) holds. Now
we prove the first formula in (6). Let u € D(B?),
y=Bu, g € D(A)". Then

B2u = By = Ay — gF(Ay) = ABu — gF(ABu) =

= A[Au — gF(Au)] - gF(A[Au — gF(Au)]) =
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= A2y — AgF(Au) — gF(A%u) + gF(Ag)F(Au).

Hence, B,u = B?u.
(ii) Let (5) holds and detV, detW = 0. By state-

ment (i), B; = B? and so D(B,) = D(B?). Since ®(z) =

=1, the relations in (6) can be written as
O(u - zN¥Y(w) =0,
D(Au - [g — zNY(2)|[F(Au) — zZNW¥(Au)) =0,

which taking into account (2) imply
u-zN¥(u)eD(A),
Au-[g-7N¥(g)|F(Au)-2N¥(4u)eD(4).
Then from (6), since z e [kerA]™, we obtain
A(Au-gF(Au)+2zN[¥(g)F(Au)-¥(Au)])+
+g[ (Ag)F(Au) F(Azu)}
Au-gF(Au) +zN[‘I’ )F(Au)-¥(Au) ]+
+A- g[ (A%ﬂ Al
A(u-2zN¥(u))-gF(Au) +zN[‘I’( F(Au)-¥(Au)]+

+ A Tg| F(Ag)F(Au)-F(4%)|=47,

and hence
u—-zN¥(u) —A_lgF(Au) +
+ A7 aN[ ¥ (g)F(Au)-¥(Au) |+

+A‘2g[F(Ag)F(Au)—F(A2u)} - A7,

and then
=[Ag - gF(Ag)IF(Au) + gF(A%u) + f,
-¥(Au)]-
- A’lg[F(Ag)F(Au)—F(Azu)}+A’1f,
u=2N¥(u)+ A 'gF(Au)-
~A7'2N[¥(g)F(Au)-¥(Au)]-

- A %g| F(Ag)F(Au)-F(A%) |+ A%,

Au=gF(Au)- zN[‘P(g)F(Au

Acting by the vectors F and ¥ we get
F(Au)=F(g)F(Au)-F(z)x
x N[ ¥(g)F(Au)-¥(Au)]-F(A 'g)x

x| F(g)F(Au)-F(a%)|+F(477),

W (Au)=¥(g)F(Au)-¥(z)x
«N[¥(g F(Au ~¥(Au)]-¥(Ag)x
<[ F(ag)P(n)-F(4%) | #(4717)
V¥ (u)=
- (A7)~ (A "2 N (g) - ¥(4 % )F(4g) |x
><F(Au)+‘I‘(A_1z)N‘I’(Au)+
+‘I—’(A_2g)F(A2u)+‘I—’(A_2f),
F(A%u) = [F(Ag) — F(2)F(Ag)IF(Au) +
+ F(g)F(A%u) + F(f),

(1, ~F(g)+ F(z)N¥(g)+ F(A g |F(Ag) |
xF(Au)-F(A g)F(A%)-
~F(z)N¥(Au)=F(A7'f),

V¥/(Au)-| V¥(g)-¥(Ag)F(4g) |F(Au)-
( I)F(Azu) (A7),

-¥(4 lz)N‘I—’(Au

) ~w(4? )F(Ag)]x
gJF (Az) (A7),

[F(Ag) — F(g)F(Ag)IF(Au) +

|4 ) (A
~¥(47

xF(

+[F(g) — L,JF(A%w) = —F(f).

Denoting
D; --V¥(g)+¥(4'g|F(4g);
D, =W +F(z)N¥(g)+F(A g |F(4g);
Dy =—¥(A'g)+¥(A 2N (g)+

+ ‘I’(A_2g)F(Ag),

we get
0, -F(z)N D, -F(A'g)
0, v D, —‘I’(A_lg) )
v —\P(A‘lz)N Dy —‘I/(A_zg)
0, 0, WF(Ag)  -W
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1-1
() | [F(47)
¥(Au) ‘I’(A‘lf)
| Flaw) |7 ) 11)
WA~
F(a%u) ( ! )
-F(f)
Designating the matrix the left by Ly, we have
0, -F(z)N D, -F(d'g
w( -1
detLgy =det O v Dy \P(A g |-
v —\P(A‘lz)N D; -¥(A’%
0, 0, WF(Ag) -W
v' o, o, o [0 -F@N D, -F(i'g)
-1 w( -1
a0 Y 0?1 0, |o, % D, ‘I‘(A g) VWi
0, 0, V 0, Vv —‘I—'(Ailz)N D4 —‘P(Adg)
-1
I 0, o0, 0, W 0, 0, WF(Ag) -W |
0, ~VIF@N VD, -VIF(ig) ~-V'F(z)N VD, —V‘lF(A‘lg)
v-ip, - -1
_det| . Dy V(4] VP [Wl=tdet| T, VD -ve(dlg)|v]|wl.

I, -V'¥(A2N VD, —V_I‘I’(A %]
0, 0, F(Ag)

0, F(Ag) 1

n

Multiplying from the right the third column of the determinant by the matrix F(Ag) and adding to the
second column, we obtain

~V'F(z)N V'Dy-V'F(Ag)F(4g) —V‘lF(A‘lg)
detLy =+det| 1, VD - Ve (A g )F(4ag) -ve(Ag)||[V]P[W]-
0, 0, 1,

—V’lF(z)N v [W + F(z)N‘i’(g)] —Vle(Ailg)

—det| 1, ~¥(g) -ve(Ag) VP W=
0, 0, I

n

_ det[—V_lF(z)N VI [W+F(z)N¥(g)]
I, -¥(g)

3
[
Finally, multiplying from the right the first column of the determinant by the matrix ¥(g) and adding to

the second column we get

-l -1
detL2=idet( v IF(Z)N VoW
n

3
]|V| wi-

=2V WP W)= v [ W

n
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So detL, = +[V2/W[2 = 0. Let u € kerB;. Then in
(11) £ =0 and Lycol(¥(v), ¥(Au), F(Au), F(A2u) =0,
which since detL, # 0, yields W(u) = W(Au) = F(Au) =
=TF(A2u) = 0. Substitution of these values into (6) im-
ply Byu = B%u = A%u =0, ®(u) = ®(Au) = 0. Taking into
account (2) we acquire u e D(Az ) and Bju= A%u=0.
By hypothesis A is correct and so u=0. Thus
kerB; = {0} and B, is injective.

Conversely, let detV = 0, then there exists a vec-
tor ¢ = col(cy, ..., ¢,) # 0 such that Ve = 0. Note that
u, =zNc # 0, otherwise, sincethecomponentsofzare
linearlyindependent, wehave Nc¢ = 0 and from Ve = 0
follows that ¢ =0 wich contradicts the hypothesis
¢ # 0. Substituting u into the first boundary con-
dition (6), we get ®(uy) — N¥(z,) = Ne — N¥(z)Ne =
=NI[I,— ¥(z)N]c =NVe=0. Substituting u, into
the second boundary condition, we obtain ®(Au,) —
—[D(g) ~N¥(g)IF(Au,) —N¥(Au,) =0, since z € kerA.
So u, € D(B?). It is evident that u, € kerB2. Hence
uy € D(B?) and u, € kerB2. So kerB? = kerB, # {0}
and B2 = B, is not injective.

Let now detV =0, but detW =0. Then there
exists a vector e=col(c;, ..., ¢,)#0 such that
We =0. Note that ge#0 because of g4, ..., g, is
a linearly independent set and that the element

Uy = [Ailg + zNVﬁl‘I’(Aflg)]c # 0, otherwise c=0.
For u, we obtain
D(up)-N¥(uy) =NV 1®(A lg)c-N¥(A lg)e -
~N¥(ZNV ¥ A lg)c=
=N[I,, -¥@NIV WA lg)c-N¥(A 1g)c=
=[N¥(Alg)-N¥(A lg)lc=0.

So u satisfies the first boundary condition (6).
For u, we also obtain

O(Auy) — [@(g) - N¥(2)IF(Auy) — N¥(Au,) =
=®(g)c — [D(g) — N¥(g)IF(g)c — N¥(g)c =

=®(g)[I, - F(g)lec - N¥(g)I, - F(g)lc=
= d(g)We — NW(g)We = 0.

So u, € D(B?). Moreover

B?uy=A%u, — [Ag — gF(Ag)IF(Au,) — gF(A%u) =
=Agc — [Ag — gF(Ag)IF(g)c — gF(Ag)c =
=Ag[l, - F(g)lc — gF(Ag)[L, — F(g)lc =
=AgWe — gF(Ag)We = 0.

Hence u,, € D(B?) and u,, € kerB2. So kerB? = {0}
and B2 is not injective. So we proved that B, isinjec-

tive if and only if detV = 0, detW = 0. The statement
(ii) holds.

(iii) Let the vectors q, g, v, w and matrices D,
N satisfy (5) and detV =0, detW = 0. Then, by the
statement (ii), the operator B, = B2 is injective and
the problem B,u = f has a unique solution. We recall
that by Theorem [1] the unique solution of the equa-
tion Bu = f for all f € X is given by

u=Blf=A"f+
+[A g+ 2NV WA g W IF(f) +

+zZNV (A1), (12)
Let Bju=B2?u=f, where fe X. Denoting by
Y=[A'g+zNV¥(A g )W and Ff=Bu, we

get Bf =f. Then by means of (12) the solution of
this equation is given by

f=B Y =A"f+YF({#)+zNV I¥(A ). (13)

Applying again (12) we find the solution of the
problem Bu =for Biu=f

u=B{lf =B =Af + YF(F)+zNV WA I]), (19)

which is equation (9). Substituting the value of f
from (13) into (14), we get
u=B;'f=B?f=B f=A2f+ A'YF(f)+
+ A LNV (A7) + YIF(A7L) + FOY)F(F) +
+F@NV I®(A1)]+ 2NV IP(A2f) +
+ YA+ P(A NV IR (A1) =
=A2f+ YFA ) +2NV WA 20 +
+[ATNY + YF(Y) + 2NV (A 1Y)IF(f) +
+[A 2+ YF(z) +zNV 1WA 1INV Iw(A L)),

which is the solution (8). In the above solutions f
is arbitrary, consequently, R(B;)=X. Since the
operators A_z, A7! and the functionals F and ¥
are bounded, from (8) or (9) follows the boundedness
of Bi'=B72, i. e. the operator B, is correct. The
theorem is proved.

The next corollary follows from the above theo-
rem in the case q = g = 0 and it is useful for solving a
class of differential equations with multipoint and
nonlocal boundary conditions.

Corollary. The differential operator B;: X — X
be defined by

Biu=A%u=f{,
D(B,) = {u € DA2): Ou) = NP(w),
O(Au) = N¥(Auw)}. (15)

Then the operator B, is correct if and only if
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detV =det[I, — ¥(z)N] =0 (16)
and the unique solution of (15) is given by
u=Bf=A2f+z2NV 1WA 2f)+
+[Az+zNV WA NV (A, 1)
Proof: For g=0 from (7) immediately follows
detW =detl, =1 # 0. Then by Theorem, the opera-

tor By is correct if and only if detV # 0. From (8) for
g = q = 0 follows the solution of this problem.

Examples

In this section we consider some examples
boundary value problems to explain the applica-
tion of the decomposition-extension method and to
demonstrate its efficiency.

First, we recall some known results. The problem

Au=u™ (2)=1(x)
D(A) ={ueC™[0, 1]: u(0)=
=u'(0)=...=u™1(0)=0},

is correct and its exact solution is given by

u(x)=A1(x)= [F(x-t)" f(t)de. (18)

(m—-1)!170

If the function u(x) € C"[a, b] and x € [a, b],
then the functionals T,(u) = u®*D(xy), k=1, ..., m,

and T(u)= z;nzl a,u'* (xy) are linear and bound-

ed on C*[a, b] and C™[a, b], respectively.

Example 1
Consider the differential boundary value prob-
lem u"(x) = f(x), x € [0, 1]:

u(0) = vu(1), u'(0) = vu'(1). (19)
By taking X = C[0, 1] and
Au =u'(x), D(4) = {u € CI[0, 1]},

A2y =u"(x), D(A2) = {u  C[0, 1]};
Au=Au, D(A)={ueD(4):u(0)=0},
A?u=A%u, D(A?)={uecD(4?%):u(0)=u'(0)=0},
we can put the problem (19) as in Corollary, equation

(15), namely:
Biu=A%u=f{,
D(B) = {u € D(A?): u(0) = vu(l), u'(0) = vu'(1)},

where ®(u) = (u(0)), Y(v) = (w(1)) and N = (v). Then
O(Au) = @'(0)) and W(Au) = ('(1)). Let z = (1) and
notice that ®(z) = z(0) = 1. If detV =det(1—v) #0
then the unique solution w=B; l¢ follows from
Corollary where

~_1 x ~A_9 x

AT =[f(t)de, A%f= [ (x-1)f(2)de,
by means of (18).
Example 2

Let the fourth-order differential boundary val-

ue problem with multipoint boundary conditions
u®(x) = f(x), x € [0, 1]:

u(0)= Vllu(%j +vyau(l);
1
u'(0)= Vzlu(EJ +vaau(1);
u"(0)= vllu”[%j +vyou"(1);
u'"(O):vzlu"(%J+v22u"(1). (20)

We recast the problem (20) into the form (15)
where X = C[0, 1] and
Au =u"(x), D(4) = {u € C?[0, 1]},
A2u = u®(x), D(A?) = {u e CHo0, 1]},
Au=Au, D(A)={ueD(4):u(0)=u'(0)=0},
Ay = Azu,

D(A%) = {u e D(A?):u(0)=u'(0)=u"(0)=u"(0)=0};

<p(u):[z’(0)} ¥ (u)= ‘;%) ,

oo (g w1

(D(u)zN‘I’(u):[:Z :;ZJ‘P(u); O(Au) = N¥(Au).

Let z = (1, x) and notice that ®(z) = z(0) = I,. If

1 1/2
detV =det| I, - 11 N |#0,

then the unique solution u=B; 1 f follows from
Corollary by making use of (18).
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Example 3

Contemplate the fourth-order Fredholm inte-
gro-differential boundary value problem with gen-
eral integral boundary conditions

u®) (x)+(ac2 —l)j;xu”(x)dx —(x2 +1)><
x j;xu(4) (x)dx=x-2,

x € [0, 1],
15 (1
u(0)=5 Ou(x)dx,
w(0) = 0;
" 1,1 " 151 " .
u (0)=Hj0xu (x)dx+ﬁj.0u (x)dx;
©"(0) = 0. @1)

We formulate the problem (21) as in (4). We take
X =CJ0, 1]and

Au=u"(x), D(A4) = {u e C2[0, 1]},

A%y = u(x), D(A2) = {u e CH0, 1]},
Au=Au, D(A)={ueD(A):u(0)=u'(0)=0},
APu=A%,
D(A%)={ueD(A?):u(0)=u'(0)=u"(0)=u"(0)=0};
flx) = x—2;
=1 - x?);g=(x%+1)

F(Au)= U;xu”(x)dxj; F(Azu) =U$xu(4) (x)dxj;

(I)(u)zN‘P(u)z(lE){)zzj‘I’(u);

®(Au)=DF(Au)+N¥(Au)=

:(1/;1JF(Au)+N‘I’(Au).

Observe that g=(x2+1) e D) and q=Ag -
- gF(Ag),

D =0(g) - N¥(g). (22)

Let z = (1, x). Then ®(z) = 1,, ¥(z)= [1, %j and
det V =det(I; —‘P(Z)N):%?& 0;

det W =det(I; —F(g))=i¢0. (23)

Bacause of (22) and (23), Theorem applies. Hence
the operator B; is correct which means that the
problem (21) admits a unique solution. By substitut-
ing into (8) or (9) and making use of (18), we get

1
*)=-317520

+212387x%+1169427x2 + 926 103).

(2352x6 ~2646x° +

Conclusion

By means of decomposition and the extension
method, we provided a ready to use formula for
constructing the solution in closed form of bound-
ary value problems involving the composite square
of an mth order integro-differential operator of
Fredholm type and nonlocal boundary conditions
such as appropriate multipoint and integral con-
ditions. The method is also applicable to boundary
value problems for the composite squared mt! order
linear ordinary differential operators.
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Beegenmue: B 1epBOii YaCTH CTATHY MIPECTABJIEH IPAMOI METOJ HCCJIeJOBAHNS IIPOOIEMBI PA3PEITUMOCTY U eTUHCTBEHHOCTH U IIOJIY-
YeHUA B 3aMKHYTOU (DOpMe penreHus KpaeBbIX 3a/1a4, BKJIIOYAIOINX JINHENHBIN 00BIKHOBEHHBII MHTErpo-audepeHIraabHbIi oIlepaTop
Dpeproapma nnu quddepeHuagbHbIN 0IepaTop Mm-ro IOPAAKa, a TaKyKe MHOIOTOUEUHbIE U MHTErPAIbHbIE FPAHUYHBIE YCIOBUS. 31eCh
MBI COCPEOTOUMMCS Ha CIIEIHAJLHOM KJacce KPaeBhIX 3a4ad, BKIOUAOIINX KBagpaT WHTerpo-guddepeHnnatsHoro oneparopa u co-
OTBETCTBYIOIIVX HEJOKAJbHBIX 'PAHUYHBIX ycaoBuil. Ilenb: mcciaeqoBaHre IOCTPOEHUA eIMHCTBEHHOTO PENIEeHUA KPAaeBBIX 3a4ad 2-TO
TIOpPAAKA B YaCTHOM CJIyYae OIIepaTopa, KOTOPHIH MOXKeT OBITH IIPEJCTaBIeH B BHJe KOMIO3UIUN KBaAPAaTOB OIEPATOPOB 60Jjiee HUSKUX
IOPAIKOB, a TaKKe padpaboTKa aJropuTMa MOCTPOEHUS TOUHOTO PEIlleHNUs B 9TOM YACTHOM ciIydae. Pe3yJbTaTsl: C IOMOIIBIO TEKOMIIO-
3UIWY U METO/ia PACIINPEHNs, ONMMNCAHHOIO B II€PBOM YaCTU, HAMU Pa3paboTaH aJrOPUTM AJIA IOJTYYEHUA TOYHOTO PEIIeHU KPAeBhIX 3a-
Iad I KBaApo-uHTerpo-quddepeHnalbHbIX 0IepaTopoB niu auddepeHnnaabHbIX OIIEPATOPOB C MHOTOTOYEUHBIMY 1 MHTEI'DAJTbHBIMU
TPAHUYHBIMY YCIOBUAMU. OTOT METOJ IIPOCT B UCIIOJb30BAHUN U MOYKET OBITH JIEI'KO MMILJIEMEHTHPOBAH B OOJBIINHCTBO COBPEMEHHBIX
CHCTEM KOMIIBIOTEPHOU aaredpsl.

Karouessie ciosa — nguddepeHnasbabie U (PearoabMoBbI HHTErpo-AuddepeHIInalbHbIe YPaBHEHUS, MHOTOTOUEUHbIEe U HEJIOKAJIb-
Hble HHTerpajIbHble FPAHUYHEIE YCIOBUS, PA3JIOKEHIE OIIeEPATOPOB, KOPPEKTHEIE OIIePATOPHI, TOUHBIE PEIIeHU .
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CrpaHuma Cronber, Crpoka Hamneuarano Cuemyer uuTarhb
15 IpaBBIA 8 cHu3y of () is of ) foray=1,04=...=0,=0,a=0is
15 paBbIid 6 cHu3y f(x) € Cla, b]. f(x) € CJ[O, b].
16 JIeBBIi 9 cHuU3y X™ 1 and respectively [X™1]* and X* respectively
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