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Abstract. The article studies some characteristic properties of self-adjoint partially integral operators
of Fredholm type in the Kaplansky—Hilbert module Lo [L2 (21)] over Lo (£22). Some mathematical tools
from the theory of Kaplansky—Hilbert module are used. In the Kaplansky—Hilbert module Lq [L2 (€21)] over
Lo (Q2) we consider the partially integral operator of Fredholm type 71 (€1 and Q2 are closed bounded
sets in R"' and R"2, v1,v2 € N, respectively). The existence of Lo (£22) nonzero eigenvalues for any self-
adjoint partially integral operator 71 is proved; moreover, it is shown that 771 has finite and countable
number of real Lo(€2)-eigenvalues. In the latter case, the sequence Lo (§22)-eigenvalues is order convergent
to the zero function. It is also established that the operator 71 admits an expansion into a series of
Vi-one-dimensional operators.
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1. Introduction

Linear equations and operators involving partial integrals appear in elasticity theory,
continuum mechanics, aerodynamics and in PDE theory [1]. Self-adjoint partial integral
operators arise in the theory of Schrodinger operators |2, 3|. Spectral properties of a discrete
Schrodinger operator H are closely related (see [3, 4]) to the partial integral operators which
participate in the presentation of operator H.

Let 1 and Q9 be closed bounded subsets in R*?* and R"2, respectively. Partial integral
operator (PIO) of Fredholm type in the space L,(£2; x €Q2), p > 1, is an operator of the
form [1]

T=Ty+T1+15+ K, (1)

where operators Ty, 11, 15 and K are defined by the following formulas

TOf(x7y) = kO(x7y)f(may)7
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Tyf(z,y) = / k(. 5,) (s,9) ds, 2)

Q1

TQf(x7y) = /kQ(.%',t,y)f(.%',t) dt,

Qo
Kf(z,y) = //k:(x,y;s,t)f(s,t) dsdt.
Q1 Q2
Here kg, ki1, ko and k are given measurable functions on €27 x o, Q% X g, Q1 X Q% and
(21 x 22)2, respectively, and all integrals have to be understood in the Lebesgue sense, where
ds = dui(s), dt = dus(t), pr(-) — the Lebesgue measure on the o-algebra of subsets (),
k=12

Furthermore, some simple solvability conditions for the equations T f = g were investigated
by several authors (see, for example, [1] and its references). Spectral properties of the given
operator has been studied in [1, 4, 5].

Nevertheless, the description of the spectra of self-adjoint PIOs with Lo kernels remains an
open question. Difficulty of this problem is connected with non-compactness of the operators
Ty and T5. The article studies some characteristic properties of self-adjoint partially integral
operators of Fredholm type in the Kaplansky—Hilbert module L [Ls (921)] over Lo (22). The
mathematical tools from the Kaplansky—Hilbert module is used as presented in [6].

The paper is organized as follows. In Section 3 we prove the existence of an Lg-eigenvalue
for the PIO T3.

In Section 4 we study existence of the countable consequence of real Lg-eigenvalues for
PIO T7. In Section 5 it is given the decomposition of the PIO T in series of V1-one-dimensional
operators. In Section 5 (in section 6) is given decomposition of the PIO T; (the PIO T5) in
series of V- (Va-) one-dimensional operators.

2. Kaplansky—Hilbert Module over Lg

Recall some notions and results from the theory of Kaplansky—Hilbert modules (see [6]).

Let (Q, Xk, k) be a space with complete finite measure ux, Lo(€2x)-algebra of equivalence
classes of all complex measurable functions on (Q, X, pix), where £ = 1,2. We denote by
Lo[L2(£21)] the set of equivalence classes of all complex measurable functions f(z,y) on £y X
s, which satisfies the condition: the integral

o) = [ @ )Pdu(z)
91

exists for almost all y € Q3 and ¢ € Lo(€s).
We consider the map (-, )1 : Lo[L2(1)] X Lo[L2(Q1)] — Lo(2) by rule

(f,901 = /f(s,y)g(&y) dpr(s).
951

It is clear, that the map (-,-); satisfies the conditions of Ly(£23)-valued inner product.
For each f € Ly[L2(21)] we define Ly-norm:

£l (w) = V(S Fhr(w).

Then Lo[L2(£21)] is Banach—Kantorovich space over Ly(£22) [6, 7]. Consequently, the space
Lo[L2(£21)] is Kaplansky—Hilbert module over Lg(€22) with the inner product (-,-); (w).
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If for the map A : Lo[L2(21)] = Lo[L2(Q1)] the equality A(a- f+8-g) =a-Af+5-Ag
is hold for all a, B € Lo(Q2), f,g € Lo[L2(£21)], then A is called Ly(£22)-linear operator.

If for the Lo(€22)-linear operator A there exists C' = C(w) € Lo(2) such that, ||Af]|1(w) <
C(W)|Ifll1(w) for all f € Lo[L2(£21)], then A is called Lo(§22)-bounded operator.

For each Lg(§22)-linear Ly(£22)-bounded operator A we define Ly(€2)-norm by the rule

[l = [All1(w) = sup{[[Af[l1(w) : [Ifllr < e}

We say the net (€4)aca C Lo(22) (0)-converges to the element & € Ly(£22), whenever
there is a decreasing net (eg)sep C Lo(£22) such that inf{eg : 5 € B} = 6 and for each f € B
there is an index a(f) € A with |, —&| < eg for all @ € A : a(B) < . In this case, the
element ¢ is called (0)-limit of the set (€4 )aca and we write £ = (0)-lim&,.

We know [8], that the (o0)-converges of the net (4)aca C Lo(€22) to the element £ is
equivalent to converges almost everywhere to the element £ of the net ({4)aca C Lo(£22).

The net (fo)aca in Lo[Lo(21)] is called (bo)-converging to f € Lo[L2(21)],
if (0)— lim HfOé - le =0 in Lo(Qg)

Let As be the Boolean algebra of idempotents in Lg(Qs2). If (fa)aca C Lo[L2(€1)] and
(Ta)acA is a partition of the unit in Ag, then the series ) 74 fo (bo)-converges in Lo[Lo(£21)]
and its sum is called the mizing of (fo)aca with respect to (7 )aca. We denote this sum by
mix (7my fo) - A subset K C Lg[L2(€)] is called cyclic, if mix (7, fo) € K for each (fo)aca C K
and any partition of the unit (74)aca in Ag. A subset K C Lo[L2(1)] is called cyclically
compact, if K is cyclic and every net in K has a cyclic subset that (bo)-converges to some
point of K. A subset is called relatively cyclically compact, if it is contained in a cyclically
compact set.

A Ly-linear operator in Lo[L2(£21)] is called cyclically compact, if for every Lo-bounded
set B in Ly[La(€21)] the set A(B) is relatively cyclically compact in Lo[La(€21)].

Let 77 be an operator in the Kaplansky—Hilbert module Lo[L2(£21)] over Lo(£22) given by
the formula

(Tuf) (2. y) = / Bz 5, 9)  (s,y) dyua (s). (3)
1951

Here, ki(z,s,y) is a measurable function on Q2 x Q.
Let the kernel ki (z, s,y) of the integral operator T} satisfy the condition

/ / (8, 9)|2 djan () dan () € Lo(9a). (4)

Q1

Then, the operator T; with values in Ly(£22) is linear and bounded on Lo[L2(§21)].
Also, let the kernel kq(z, s,y) satisfy the condition:

kl(ma 37y) = k1(87x7y)'

Then the operator T} is a self-adjoint operator on the Kaplansky—Hilbert module Lo[La(€21)],
1. e.,
<T1f7 g>1 = <f7 Tlg>1-

A system {fo(x,y)} C Lo[L2(21)] is Vi-orthogonal system, if (fq, f3)1 =6, o # 5. A Vy-or-
thogonal system { fo(x,y)} C Lo[L2(€21)] is said to be Vi-orthonormal system, if (fq, fa)1 = €.

Note that, the PIO T3 is a good example for cyclically compact operators on Kaplansky—
Hilbert module [7].
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3. Ly-Eigenvalue of the Partial Integral Operator T}

In this section we prove the existence of an Lg-eigenvalue for the PIO. Put 57 =

Lo[L2(21)].
Theorem 3.1. The partial integral operator T7 has non zero Lg-eigenvalue.

< Put
Dop=qweN: // k1 (2, 5,w)|? dpt () dpy (s) > 0
Q1

Then po(%y) = 0. For each f € S, f # 0 we define subset suppg, (f) with positive measure
by the following equality

supp(f) = {w € Qa: (f, f1(w) # 0}

Qo

Let fo € 2, ||foll1(w) # 0 for all w € Py and Ty fo # 0. It is clear, that 17" fo # 6 for all
n € N, as: if
T1kf0 # 0, leﬂfo =@, for some k > 1

then we get a contradiction
k k—
0= <T1 fo, T 1fo>1 (w) = <T1kfo,T1kfo>1 (w) # 6.

We construct two sequences { fj(x, w) teeNgs {fi(z,w) }ren, of functions from the Kaplansky—
Hilbert module Lo[L2(Q1)] (No =NUO0):

fk(x’w) = "
0, xTr € Qla w € QQ \ S%pp(fk)’
2

frr1(z,w) = (T fi) (2, w).

It follows from [9] that
1fkllh(@) < [ frsrli(w),  keN, (5)

and

I frerilli(@) - Ifklli(w) = (o1, frr)1 (@) = (fog1, fo—1)1(w), k€N (6)

On the other hand
IT1 fe-1ll1(w) < |Thl1(w), k€N,

where ||T1]]1(w) € Lo(22) is the Lo(€22) valued norm of the PIO T;. Consequently,

[ frlli(w) < [Tl (w), Kk €N.

Thus, for almost all w € Q5 the sequence {||fx||1(w)}ren has a finite limit A(w) > 0, i. e.,

klggonkHl(w) = AMw), (7)
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for almost all w € Qa. We have A(w) € Lo(Q2), as || frl1(w) € Lo(Q2), & € N. From the
relation (5) it follows that A # 6. Now, we define the family of integral operators {7} (w)}
on Ly(£21) by

Ty (w)e(x) = /k:l(x,s,w)go(s) dui(s), @ € La(1), w € Na.
951

Then, T (w) is a compact operator on Ly(£21) for almost all w € Q9. By the compactness of

the operator T} (w) there exists subsequence fy, (2,w) such that f, 11(z,w) = Ty (w) fn, (z,w)
has a limit g(z,w) in the Lo-norm || - ||1. It is clear g € # and g # 6. Analogously, for each
sequence

fni+2(x’w) =T (W)fnﬂrl(x’w)a fm+3(xaw) = Tl(w)ﬁlﬂr?(x’w)

we obtain fp,42 = h € J and f,, 43 — he A by the Lo-norm || - [|1.
Using the relations (6), (7) we obtain

I = gl3w) = B [l fuy = Fups )

= lim (I fuyal36) 1) = Ut 1)1 6) = Syt frrshi (@)} =0

for almost all w € Qs and so h = g. On the other hand, from the equalities

(T1() fy +1) (2,)

£ ( ) Fogtili@) re, we Slggp(fnk-i-l)a
np+2\T, W) =
* 0, r €, well \S%PP(fnkﬂ),
2
T (W) fn T,w
%a HAIS Qla w e Slsl]pp(fnk+2)a
frpts(z,w) = 2
0, T €M, we \s%pp(fnﬁz)
2
we have
anlel(W) : fnk+2(x7w) = (Tl(w)fnk-i-l)(x?w)v w e QQ? (8)
[ frptalli (@) - frprs(@,w) = (T1(W) frp+2) (T, w),  w € Qo 9)

It is clear that
T [y 111 () = (@) = Bim |yl () = [ ()
—00 k—oo

= lim [|fn 43/l (@) = (Al (@) = A@w).

From the equalities (8), (9) it follows that

A(w) : h(x’w) = Tl(w)g(xaw)’ )‘(W) : h(xaw) = Tl(w)h(x’w)a
o (Thg)(z,y) = Ay) - b(z,y), (T1h)(z,y) = A(y) - 9(z, ).
Hence it follows that
Ti(h+g)(z,y) = ANy) - (h+9)(z,y), Ti(h—g)(z,y) =—Ay) - (h—g)(z,y).

We know, that h # 6, g # 6. Hence we can conclude that: h + g # 6 or h — g # 6. It means
that the function A(y) is an Lg-eigenvalue of the PIO T3. >
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4. Spectral Properties of the Partial Integral Operator T3
on the Kaplansky—Hilbert Module Ly[L2(£2;)]

Theorem 4.1. For a PIO Tj the following function Ao(w) = supg,—e [{(T19, 9)1(w)| is
nonzero and either +Ao(w) or —A\o(w) is Lg-eigenvalue of the T7.

< Put

Q=qweN: //\kl(x,s,w)Pd,ul(x)d,ul(s)>O
Q1

From the 77 # 6 it follows that A\g(w) # 0 for all w € Qq, i. e., A\g # 0. It is clear, that there
is a sequence of Vi-normal functions {gy}22, in which a limit exists

(0)' 7}i_)ngo<Tlgnagn>1(w) = A(w)’

and A(w) is a real function on Qg, where A\(w) = +Ag(w) or —Ag(w). Consequently, \g € Lo(22)
and supp(A) = Q.
By cyclical compactness of the PIO T} there exists a subsequence {gy, }5°; with

(bo)- lim (T1gn,)(z,y) = h(z,y). (10)

lim
k—o0
Clearly, suppq, (h) = €. From the equality

HTlgnk - A Iny, H% = HTlgnkH% -2\~ <Tlgnk7gnk>1 + )‘2

we obtain

(0)- Jim [Tign, — A gu = 1R — 3 ()
However,

[T1gn M1 (w) < Ao(w) - [gn[l1(w) = [A(w)].
Therefore,

1Al (w) < [A(@)]-
From this and (11) we have ||Al];(w) = |A(w)|. Thus,

(0)- lim [|Tygn, — A gn,ll1 = 0. (12)
k—o0
Hence, it follows that
Tifo= X fo,
where
h)(\g(i’s), x € Q1, w € supp(N),
fo(z,w) = 22
0, x € Q, w e Qo \ supp(A). >
Qo
Put
1, w € supp(A),
mo(w) = 2

0, w € Ny )\ supp(A).
Qo

REMARK 4.1. Every element ¢ € Ly(Qs2), mo( = A is Lg-eigenvalue of the PIO T;.
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Theorem 4.2. The PIO 17 has a finite or countable sequence of Vi-orthonormal
eigenfunctions

¢1(§U,y), ¢2('Iay)’ oo ,an(x,y), .

corresponding to a system of real nonzero Lg-eigenvalues

A(w), (W), ..., \p(w), ...,
where
M@= Pa@)] = . > Pa@)] > .
Moreover, for each f(x,y) € Lo[L2(21)] the equality

1115 (w) = (0)- Y [{Fs ()]
k=1

holds.
< Put 4 = A and Tl(l) = T). By the Theorem 4.1 there is such element ¢;(x,y) € J4

that T gbl A1-¢1, where A is a real function on 2 and Ay (w) = £ supjig||, =e [(119; 9)1(w)|-
We deﬁne the Kaplansky—Hilbert submodule % = 4 ©1 {¢1}. It is clear that if f € J4,

then Tl(l) f € % from the equality (f, 1)1 = 0 it follows that
(rVy, ¢1), = (f,Tidp1)1 = (f, A1 - d1)1 = 0.
We define an operator T1(2) on the J% by
TP =1Vt fe .

The operator Tl(z) is a selfadjoint PIO on the 4. If T1(2) Z# 0, then we apply Theorem 4.1 to
the operator T1(2) and find an element ¢o(x,y) € %”2 such that T(2)¢2 = Ao - 2, where \g is a

real function on Q9 and A\p(w) =+  sup |<T1 9,9),(w)|. As da(x,y) € H5, ||¢2|l1 = e,
9EH?, |lglli=e

we have (¢, 1)1 = 0. Therefore,

M@= sup [(TMg9), @] < s [(TVg,9),(w)| = M(w)].
g€, ||gll1=e g€, ||gll1=e

Continuing this process we obtain a sequence of Kaplansky—Hilbert submodules 74,1 =
. ©1 {or}, where ¢ € 4, are eigenfunctions of the PIO T7 with T ¢ = Ag - ¢

If Tl(n) is a zero operator for some n € N then we obtain the finite system Vi-orthonormal
eigenfunctions ¢1(z,y), ¢2(z,y), ..., ¢n—1(x,y) corresponding to the system of nonzero L-
eigenvalues Aj(w), A2(w), ..., Ay—1(w), such that

M@ = M) = - = (A (w)]

and

M@= sup (T Mg, g),(w).
g€, |lglli=e

If T 7& 0 for each n € N then we obtain an infinite system Vi-orthonormal eigenfunctions
{qﬁk} n, corresponding to the system of Lo-eigenvalues A\, # 6. However, the equality

Ty (w)ok(z,w) = Ap(w) - dp(z,w), Kk EN,
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is correct for almost all w € Q9. It follows that limy .o Ag(w) = 0 for almost all w € o,
because T} (w) is a compact operator for almost all w € Qs.

Let f =Tih,h € A and g = h—3 ;" (h, ¢r)1- ¢k Here m is the number of eigenfunctions
of the system {¢x} when the system {¢;} is a finite set, and m is equal to arbitrary natural
number otherwise. By the equality

(9,001 =0, ke{l,2,...,m}

we have g € #,11. Consequently, we have

ITugll3 (@) < |7V @) - lal3 (@),
2
(@) < |TI™ VP @) - g3 (). (13)

1
We have (h, ¢i)1 - Thdr = (T1h, pi)1 - ¢x and ||g|[1 < ||h]]1. Hence by the inequality (13)

we obtain
‘ Z [ ok
(m+1)

If the number of elements of the system {¢y} is equal to m then T}
m
F=Y{f érh
k=1

If the sequence {¢y} is infinite then from the inequality (14) it follows that

Tyh— Z 1 - Tigx

2
W) < I TEVIE ) - (1813 (). (14)

1

= ¢ and we have

2

(@) <AL p1 (@) - [1R]IF (w),

1

Hf = (fdr)1 - b
k=1

<IFIF@) = D1 (@) < A (@) - 1] (@)
k=1

Thus as m — oo, we get

IF13 (@) = (0)- D 1(f, dn (). >
k=1

5. Decomposition of the Partial Integral Operator 7
in Series of V;-One-Dimensional Operators

DEFINITION 5.1. If for an operator A : & — ¢ there are Vi-orthonormal functions
{or}_ C A and some system of functions {gy}}_; C -, such that

Af = "(fgu ok, feEH

k=1

then the operator A is called the Vi-n-dimensional operator, here 5 = Lo[L2(€21)].
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Theorem 5.1. For the PIO T} there is a system of Vi-orthonormal functions {¢y(z,y)}
and a sequence of real Ly(§2g)-eigenvalues N\, (w) such that for all h € Ly[L2(§21)] the following
conditions hold:

1°. h = hy + (bO)— ZZOZIUL, ¢k>1 - ¢, ho € KGT(Tl).

2°. Thh = (bo)-Y poq Ak - (h, dr)1 - Pk

3° Ak (w)| = [Mer1(w)], k € N.

4°, (0)—limkﬁoo )‘k: =4.

< By Theorem 4.2 there are a system of Vj-orthonormal functions {¢x(z,y)} and a
sequence of Lg-eigenvalues A\(w) such that T'¢r = A\i - ¢ and for each f = T1h we get the
equality

0)- Y {f, k)1 bk,
k=1

where (f, op)1 = Mg - (b, dr)1-
Thus, for all h € 7

h = (bo)- Z Ak - (hy Gr)1 - Ok
k=1

If we denote hg = h — (bo)- Y _p2(h, Px)1 - Px, then

e}

h=ho+ (bo)- Y (h,di)r- b, Tiho=6.

k=1

The properties 3° and 4° follows from the Theorem 4.2. Theorem 5.1 can also be proven by
using Theorem 3.5 in the article of A. G. Kusraev [10]. >

Theorem 5.2. For all positive functions e(w) € Lo(2), p2(22\supp(e)) = 0 there exist
a Vi-finite dimensional operator .7° on the Kaplansky-Hilbert module Lo[L2(£21)], such that
1Ty = F¢h(w) < e(w).

< By the Theorem 5.1 there is a system of Vj-orthonormal functions {¢(z,y)} and
a sequence of Lo-eigenvalues A\i(w) for which the properties 1°-4° hold. We define the V-
finite dimensional operator .7° :

T =" M- (h,bp)1 - i

k=1
It follows that

ITah — FER|F(w) < X5 (@) - {I(h, @ra)1 (@) + [(By dpr2)1 (W) + -} S AR (w).
Hence, for |Ap41(w)| < e(w) we have ||T7 — <715||1(w) <e(w). >

6. Decomposition of the Partial Integral Operator 73
in Series of V3-One-Dimensional Operators

We denote by Lo[L2(§22)] the set of equivalence classes of all complex measurable functions
f(z,y) on Q; x Qq, which satisfied the condition: the integral

SR
Qo

exist for almost all z € Q1 and ¢ € Lo(£2y).
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We define Lo(2;)-valued inner product on Lg[L2(€22)] by

(frg)2 = / F(w, g 8) dpa ().
0

For each f € Lg[L2(Q2)] we define Lo-norm: || fll2(v) = /(f, f)2(v). Then Lo[L2(22)] is a
Banach—Kantorovich space over Ly(€2;). Consequently, the space Lo[L2(£22)] is a Kaplansky—
Hilbert module over Lg(£2;) with the inner product (-,-)2(v).

Let T be an operator in the Kaplansky—Hilbert module Lg[L2(£22)] over Lo(£21) given by
the formula

(Tof)(,y) = / k(e t, ) f () dpaa(2). (15)

Q2

Here, ko(x,t,y) is measurable function on 2y x Q%
Assume that the kernel ko(z,s,y) of the integral operator T; satisfies the condition

/ / a2 dpa(t) dpis(y) € Lo().

Qo Qo

Then, the operator T5 is linear and Ly(2;)-bounded operator on Lg[La(€22)]. If the kernel
ko(x, s,y) satisty of the condition ka(z,t,y) = ka(x,y,t), then the operator T is a self-adjoint
operator on the Kaplansky—Hilbert module Ly[L2(€22)], i. €.,

(Tof,9)2 = (f,T2g)2.

A system {fo(z,y)} € Lo[L2(€2)] is said Vy-orthogonal system, if (fo, fg)2 =0, a # 5. A Vo-
orthogonal system { fo(z,y)} C Lo[L2(€2)] is said Va-orthonormal system, if (f, fa)2 = €.

Note that, the PIO T3 is cyclically compact on the Kaplansky-Hilbert module
Lo[L2(€22)] [7].

Theorem 6.1. For the PIO T; there is a system of Va-orthonormal functions {iy(z,y)}
and a sequence of real Lo(€)1)-eigenvalues ((v) such that, for all h € Lg[La(£22)] the following
hold:

1°. h = hy + (bO)— Zzozl<h,¢k>1 -k, ho € KBT’(TQ);

2°. Tgh = (bO)—zzozl Ck . <h,1/1k>1 . wk, where

3% [ (V)] = [Ce41 (V)] k€N

4°, (0)—limkﬁoo Ck =4.
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YACTUYHO MHTET'PAJIbBHBIE OITEPATOPHI TUITA ®PEIT'OJIBMA
B MOJAVJIE KAIIJTAHCKOI'O — I'MJIBBEPTA HA/JI Ly
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Hocsauwaemes 80-aemuto npogeccopa
Cmegana 'pueopvesuva Camko

AnbHoranus. B crarbe M3yvaioTcsi HEKOTOPbIE XapPaKTEPUCTHYECKHE CBOWCTBA CAMOCOIPSI?KEHHBIX da-
CTHYHO WMHTerpajbHbIX omeparopos tuna Ppenrossma B Momyie Kamnanckoro — I'musbepra Lo [La (€1)]
Haz Lo (Q2). Vcnonssyercs maTemaTudecKnii MHCTpyMeHTapuii u3 Teopun Moysteit Kanmanckoro — I'nib6ep-
ta. B momyne Kamnanckoro — mis6epra Lo [L2 (Q21)] Hag Lo (Q2) paccMaTpuBaloTCst 9aCTUYIHO MHTEIPAJTHLHBIE
oneparopsl Tuna Ppegarospma T (Ql u (2 — 3aMKHyTbI€ OrpaHUYeHHble MHOKecTBa B RYT u R"2, vy, 10 € N
COOTBETCTBEHHO). B pabore nokasano cymecreoBanue Lo (§22)-COGCTBEHHBIX 3HAYEHUHN, OTIIMYHBIX OT HYJISI JJIs1
JII000T0 CaMOCOIPSI>KEHHOI'O YaCTUIHO HHTErPAJIbLHOTO oneparopa tuita Ppearonsma 17; 6osiee TOro, IOKa3aHO
CYIIECTBOBaHNE KOHEYHOIO HJIA CYETHOrO YHCJIA BEIIEeCTBEHHBIX Lo ({22)-cobcTBeHHBIX 3HadeHuit. B mocien-
HeM CJIydae, IHocjenoBaTeabHocT Lo (€22)-COGCTBEHHBIX 3HAYMEHUIT IOPSAKOBO CXOAATCA K HYJIEBOH (DyHKIMN.
YcraHosileHa TaKKe TeopeMa O Pa3JIOKUMOCTH oreparopa 11 B psg 1m0 Vi 0JHOMEDPHBIM OIepaTOpPaM.

KuroueBble cjioBa: 9aCTHYHO WHTETPAJIbHBIN omepaTop, Moaysib Kamnanckoro — ['mabbepra, Lo-cobet-
BEHHOE 3HAYEHUE.
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