
ÂIÑÍÈÊ ÍÀÖIÎÍÀËÜÍÎÃÎ ÓÍIÂÅÐÑÈÒÅÒÓ

�ËÜÂIÂÑÜÊÀ ÏÎËIÒÅÕÍIÊÀ�

�Ôiçèêî-ìàòåìàòè÷íi íàóêè�
Âèï.768 � 768, (2013) c. 46�52

JOURNAL OF NATIONAL UNIVERSITY
“LVIVSKA POLITECHNIKA”

“Physical & mathematical sciences”
Vol.768 No 768, (2013) 46–52

ON TRANSPORT OPERATOR WITH PRESCRIBED EIGENVALUE

Cheremnich E. V, Ivasyk G. V.

Lviv Polytechnic National University
12, S.Bandery Str., Lviv, 79013, Ukraine

(Received 18 october 2013)
For transport equation

−iµ
∂f

∂x
(x, µ) + c0(x)

1∫
−1

b(µ′)f(x, µ′)dµ′ = σf(x, µ), −∞ < x < ∞, x ∈ R, −1 < µ < 1

explicit examples of solution f(x, µ), function C0(x), b(µ) are given. The solution f(x, µ) is
presented as polynomial, or as series on Hermite polynomials, or as function of type f(x, µ) =

= h(x)g
(

x
µ

)
. Last examples give the solutions which belong to the space L2(D±), D± =

R± × (−1, 1) and correspond to bounded function C0x. For some type of coefficient C0(x), b(µ)
a condition of absence of eigenvalue σ in case of the space L2(D), D = R× (−1, 1) is given.
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Introduction

There are many works conserning point spectrum of
transport operator of different types, including the es-
timates for the number of eigenvalues (see for example
[1]-[2], where the reader can find other references).

Does there exist the operator of given type such that
point spectrum contains given set of numbers? We do
not say about difficult inverse problem. Particular ques-
tion conserning some part of point spectrum only may
be interesting too. Recall for example addition and elim-
ination eigen values of Sturm-Liouville operators (see
[3]). Close question relating to prescribed eigenvalues
was considered in [4]. In the work [5] the author sup-
poses that some transport operator has not spectral sin-
gularities. We do not know if considered operator may
have spectral singularities. The operators of like type
are considered in given note.

I. Statement of the problem

We will study the existence of the solution of trans-
port equation (see [5])

−iµ∂f∂x (x, µ)+c0(x)
1∫

−1

b(µ′)f(x, µ′)dµ′=σf(x, µ),

−∞ < x <∞,
(1)

where σ is a given number. Our aim is to indicate the
parameters c0(x), b(µ) and give the solution of the equa-
tion (1) for given value σ. We do not use directly the
notion of the operator. However, it is convenient for
us to consider f(x, µ) for every µ = const as an ele-
ment of some space of type L2

ρ(−∞,∞). We consider

two methods of construction of the solution f(x, µ). In
the beginning the value σ ̸= 0 is arbitrary complex num-
ber.

First method consists in representation of the solu-
tion as following series

f(x, µ) =
∞∑
k=0

fk(x)µ
k. (2)

Substituing in (1), we obtain formally

−iµ
∞∑
k=0

f ′k(x)µ
k + c0(x)

1∫
−1

b(µ′)f(x, µ′)dµ′ =

= σ
∞∑
k=0

fk(x)µ
k.

The coefficient at the powers µk gives

µ0 : c0(x)

1∫
−1

b(µ′)f(x, µ′)dµ′ = σf0(x) (3)

µk : −if ′k−1(x) = σfk(x), k = 1, 2, ...

Last equation gives obviously

fk(x) =
1

(iσ)k
f
(k)
0 (x), k = 0, 1, ... (4)

Then we rewrite (2) as

f(x, µ) =
∞∑
k=0

( µ
iσ

)k
f
(k)
0 (x) (5)

and (3) as

c0(x)
∞∑
t=0

βkfk(x) = σf0(x), (6)
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On transport operator with prescribed eigenvalue

where

βk =

1∫
−1

b(µ)µkdµ, k = 0, 1, ... (7)

So, this method consists in search for the function
f0(x) and b(µ) such that the series (2) converges and
the equality (6) permits to define the function c0(x).

Second method is given in n.4, but there σ is real
value, σ ̸= 0, ∞ < σ <∞.

II. Case of the space L2
ρ(∞,∞),

ρ(x) = exp(− |x|)

We search the solution f(x, µ) as polynomial on vari-
able x. Let f0(x) be arbitrary polynomial, degf0(x)=N.
Then (see(4)) fk(x) ≡ 0, k > N and

f(x, µ) =

N∑
k=0

fk(x)µ
k.

According to (5) we have

c0(x)
N∑
k=0

βkfk(x) = σf0(x), (8)

where

βk =

1∫
−1

b(µ)µkdµ, k = 0, 1, ...N. (9)

Now we choose arbitrary numbers βk such that the poly-

nomial
N∑
k=0

βkfk(x) has not real roots. Then we define

c0(x) from the equality (8) as rational function bounded
on real axis. Later we choose some function b(µ) inte-
grable on (−1, 1), which satisfies the relation (9). Ob-
viously, for every value µ ∈ (−1, 1) the function f(x, µ)
belongs to the space L2

ρ(−∞,∞).
So, we have following proposition.

Proposition. Let σ ̸= 0 be arbitrary complex value
and the coefficients c0(x), b(µ) of the equation (1) are
arbitrary functions which satisfies the relations (4), (8)-
(9), where f0(x), degf0(x) = N is arbitrary polynomial.
Then the polynomial

f(x, µ) =

N∑
k=0

1

(iσ)
k
f
(k)
0 (x)µk

is a solution of the equation (1).

III. Case of the space L2
ρ(∞,∞),

ρ(x) = exp
(
−x2

2

)
We search a serie on Hermite polynomials

f0(x) =
N∑
k=0

αkHk(x), −∞ < x <∞, (10)

(where αk are unknown coefficients) for the function
f0(x) in the relations (5)-(6). Recall that (see[6])
H0(x) = 1, H1(x) = 2x, H2(x) = 4x2 − 2, ... The
relation

H ′
n(x) = 2nHn−1(x), n = 1, 2, ...

permits to present the derivatives of f0(x) again as serie
on Hermite polynomials. We have formally

f ′0(x) =
∞∑
k=1

αkH
′
k(x) =

∞∑
k=1

2kαkHk−1(x) =

=
∞∑
k=0

2(k + 1)αk+1Hk(x).

If we repeat r times this calcul, we obtain

f
(r)
0 (x) =

N∑
k=0

α
(r)
k Hk(x), r = 1, 2, ..., (11)

where

α
(r)
k = 2r(k + r)(k + r − 1)...(k − 1)αk+r. (12)

Substituing (11) in (5) we obtain

f(x, µ) =
∞∑
k=0

( ∞∑
r=0

( µ
iσ

)r
α
(r)
k

)
Hk(x). (13)

Now we are looking for the conditions on the coefficient
αk, which guarantees the convergence of the series (10),
(11) and (13). We begin with the convergence of (13)
for every x = const. Using known estimate

|Hk(x)| < e
x2

2 2
k
2

√
k!, k ̸= 1, 2, ... (14)

we obtain corresponding majorant

∞∑
k=0

( ∞∑
k=0

∣∣∣µ
σ

∣∣∣r ∣∣∣α(r)
k

∣∣∣) 2
k
2

√
k!

or (see(12))

∞∑
k=0

( ∞∑
r=0

∣∣∣µ
σ

∣∣∣r |αk+r| 2r(k + r)...(k + 1)

)
2

k
2

√
k!.

As k
2 < k,

√
k! < k! we can rewrite the majorant

∞∑
k=0

∞∑
r=0

∣∣∣µ
σ

∣∣∣r |αk+r| 2k+r(k + r)! (15)

Denote by A arbitrary number such that

0 < A < min {1, |σ|} ,

such value A exists because σ ̸= 0. we suppose that
|µ| < 1, then

A
∣∣∣µ
σ

∣∣∣ < 1.
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Under the condition

|αk| 2kk! ≤M ·Ak, k = 1, 2, ...,M = const, (16)

where M > 0 is arbitrary value, the serie (14) is conver-
gent as

M
∞∑
k=0

∞∑
r=0

∣∣∣µ
σ

∣∣∣r Ak+r=M ( ∞∑
k=0

Ak

)( ∞∑
r=0

(
A
∣∣∣µ
σ

∣∣∣)r)<∞.
The series (10) is particular case of serie (11). So, we
must prove the convergence of the serie (11) for every
x = const and k = 0, 1, ... Corresponding majorant is
(see(14),(12))

∞∑
k=0

∣∣∣α(r)
k

∣∣∣ · |Hk(x)| ≤ e
x2

2

∞∑
k=0

∣∣∣α(r)
k

∣∣∣ 2 k
2

√
k! ≤

≤ 2re
x2

2

∞∑
k=0

(k + r)...(k + 1)
√
k!2

k
2 |αk+r| .

Under the condition (16) the serie

2r
∞∑
k=0

(k + r)...(k + 1)
√
k!2

k
2

MAk

2k+r(k + r)!
≤

≤M · 2r ·
∞∑
k=0

2
k
2

Ak

2k · 2r
=M

∞∑
k=0

(
A√
2

)k
<∞

converges as A < 1. The convergence is uniform in every
finite interval [a, b] of variable x. So, the function f0(x)
is indefinitely derivables and its derivates are given by
(11). Now we will prove that for every µ ∈ (−1, 1) the
function f(x, µ) (see(13)) as function on x belongs to

the space L2
ρ(−∞,∞), ρ(x) = exp

(
−x

2

2

)
.

Recall (see()) that

∞∫
−∞

e−
x2

2 Hn(x)Hm(x)dx =

{
0, m ̸= n√

π2nn!, m = n

and if

f(x) =
∞∑
k=0

ckHk(x), ck ∈ C (17)

then

∞∫
−∞

e−
x2

2 |f(x)|2 dx =
√
π

∞∑
k=0

2kk! |ck|2 , 0! = 1. (18)

If we compare the series (17) and (13), we see that it is
sufficient to prove the convergence the serie (18), where

ck =
∞∑
r=0

( µ
iσ

)r
α
(r)
k

and (see(12))

|ck|2·2kk!≤

( ∞∑
r=0

∣∣∣µ
σ

∣∣∣r |αk+r| · 2r(k+r)...(k+1)

)2(
2

k
2

√
k!
)2
≤

≤

( ∞∑
r=0

∣∣∣µ
σ

∣∣∣r |αk+r| · 2k+r(k + r)!

)2

.

In view of the condition (16), we have

|ck|2 · 2kk! ≤M2

( ∞∑
r=0

∣∣∣µ
σ

∣∣∣r Ak+r)2

=

=M2A2k

( ∞∑
r=0

∣∣∣µ
σ

∣∣∣r Ar)2

≤M1A
2k

for k = 0, 1, ... Therefore

∞∑
k=0

|ck|2 2kk! ≤M1

∞∑
k=0

A2k <∞

as A < 1. So, the serie (18) converges and

∞∫
−∞

e−
x2

2 |f(x, µ)|2 dx <∞.

We proved the following theorem

Theorem 1. Let σ ̸= 0 be arbitrary complex
value and the coefficients c0(x), b(µ) of the equation (1)
are arbitrary functions which satisfy the relations (4),
(6)–(7), where

f0(x) =
∞∑
k=0

αkHk(x), −∞ < x <∞

and the coefficients αk satisfy the condition (16).
Then the function (see(12))

f(x, µ) =

∞∑
k=0

( ∞∑
r=0

( µ
iσ

)r
α
(r)
k

)
Hk(x)

is a solution of the equatian (1). The solution f(x, µ) as
a function on x every µ ∈ (−1, 1) belongs to the space

L2
ρ(−∞,∞) with ρ(x) = exp

(
−x

2

2

)
.

IV. Case of the spaces L2(−∞, 0) and
L2(0,∞)

We consider the equation (1) for real value σ,
−∞ < σ < ∞. Our second method consists in search-
ing the solution as following product of two unknown
functions

f(x, µ) = h(x)g

(
x

µ

)
. (19)

Substituing (19) with ∂f
∂x (x, µ) = h′(x)g

(
x
µ

)
+

+h(x)g′
(
x
µ

)
· 1µ in the equation (1) we have

−iµh′(x)g
(
x

µ

)
− ih(x)g′

(
x

µ

)
+
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On transport operator with prescribed eigenvalue

+c0(x)

1∫
−1

b(µ′)h(x)g

(
x

µ′

)
dµ′ = σh(x)g

(
x

µ

)
and dividing by h(x) we obtain

−iµh
′(x)

h(x)
g

(
x

µ

)
− ig′(x)

(
x

µ

)
+

+c0(x)

1∫
−1

b(µ′)g

(
x

µ′

)
dµ′ = σg

(
x

µ

)
.

Denote
x

µ
= t

then

−i
(
µt
h′(µt)

h(µt)

)
g(t)

t
− ig′(t)+

+

c0(µt) 1∫
−1

b(µ′)g

(
µt

µ′

)
dµ′

 = σg(t)

Evidently, both expressions in brackets are constant
with respect to µt. Therefore

x
h′(x)

h(x)
= k, k = const (20)

c0(x)

1∫
−1

b(µ′)g

(
x

µ′

)
dµ′ = ik1, k1 = const (21)

−ik g(t)
t
− ig′(t) + ik1 = σg(t). (22)

As a solution of the equation (20) we take

h(x) = |x|k , k = −1

2
− ϵ, 0 < ϵ <

1

2
, x ̸= 0. (23)

We consider linear differential equation (22) in two
cases, where respectively t ∈ (−∞, 0) or (0,∞).

The equation

g′(t) +

(
k

t
− iσ

)
g(t) = k1 (24)

has corresponding homogeneous equation

g′(t) = −
(
k

t
− iσ

)
g(t),

from which we obtain

(ln g(t))
′
= −k

t
+ iσ

or g(t) = C |t|−k eiσt, C = const. So, we search the
solution of the equation (24) under the form

g(t) = C(t) |t|−k eiσt. (25)

As (|t|)′ = ±1 then
(
|t|−k

)′
= −k |t|−k

|t| ·(±1) = −k
|t|−k

t .

Therefore

g′(t) = C ′(t) |t|−k eiσt − k

t
g(t) + iσg(t).

Then it follows from (24) that

C ′(t) |t|−k eiσt = k1

so

C(t) = k1

t∫
0

|τ |k e−iστdτ + C±, t ∈ (−∞, 0) ∪ (0,∞).

The conditions C(+∞) = C(−∞) = 0 give evidently
the representations

C+(t) = −k1

∞∫
t

|τ |k e−iστdτ, t > 0 (26)

C−(t) = k1

t∫
−∞

|τ |k e−iστdτ, t < 0, (27)

where C+(t) defines C(t) for t > 0 and C−(t) respec-
tively for t > 0. The solution g(t) (see(25)) of the equa-
tion (22) in both intervals (−∞, 0), (0,∞) is

g(t) =

{
C+(t) |t|−k eiσt, t > 0

C−(t) |t|−k eiσt, t < 0
(28)

and the solution f(x, µ) (see(19), (23)) is

f(x, µ) =

 |µ|
k
C+

(
x
µ

)
eiσ

x
µ , xµ > 0

|µ|k C−

(
x
µ

)
eiσ

x
µ , xµ > 0

(29)

Note, that g(+0) = g(−0) = 0. Now we precise asymp-
totic behaviour when t→ ±∞. Integrating par part we
obtain

∞∫
t

τke−iστdτ =
tk

iσ
e−iσt +

k

iσ

∞∫
t

τk−1e−iστdτ, t > 0.

The change k → k − 1 gives

∞∫
t

τke−iστdτ =
tk

iσ
e−iσt +O

(
tk−1

)
, t→ +∞ (30)

and by analogy

t∫
−∞

|τ |k e−iστdτ =
|t|k

iσ
e−iσt +O

(
|t|k−1

)
, t→ −∞.

Then it follows from (26)-(28) that g(t) = −k1iσ+
+O

(
1
t

)
, |t| → ∞. The function g(t) is bounded if

t→∞ therefore

g(t) = −k1
iσ

+ r(t), −∞ < t <∞,

where

|r(t)| ≤ C

1 + |t|
, C = const.
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Substituing g(x) in (21) i.e.

c0(x)

1∫
−1

b(µ)

[
−k1
iσ

+ r

(
x

µ

)]
dµ = ik1,

where
∣∣∣r (xµ)∣∣∣ ≤ C

1+r| xµ |
< C

∣∣µ
x

∣∣ for x ̸= 0 we obtain

c0(x) =
σ

M0
+O

(
1

x

)
, |x| → ∞ (31)

if

M0 ≡
1∫

−1

b(µ)dµ ̸= 0

Now we consider the estimate of the solution (29) in
the case x > 0, µ > 0.

According to (26), (30)

C+(t) = −k1
[
tk

iσ
e−iσt +O

(
tk−1

)]
, t→ +∞

threrefore

|C+(t)| ≤
{
M(σ)tk, t > 1
M1(σ), 0 < t < 1

for some M(σ), M1(σ) = const independent from k.
Then it follows from (29)

|f(x, µ)| ≤
{

M(σ)xk, x > µ
M1(σ)µ

k, 0 < x < µ.

As consequence

∞∫
0

|f(x, µ)|2 dx =

 µ∫
0

+

∞∫
µ

 |f(x, µ)|2 dx ≤

≤M1(σ)
2µ2k

µ∫
0

dx+M(σ)2
∞∫
µ

x2kdx

or

∞∫
0

|f(x, µ)|2 dx ≤ C(σ)

µ2ϵ
, 0 < ϵ <

1

2
, µ ̸= 0. (32)

So, f(·, µ) ∈ L2(0,∞), µ ̸= 0. Denote R+ = (0,∞),
D+ = R+ × (−1, 1). Taking into account (32) we have
f ∈ L2(D+). In the case x ∈ (−∞, 0) the same esti-
mate (32) holds, respectively f ∈ L2(D−). So, we write
explicit form of the solution (see(26)-(27)) and (29)

f(x, µ) =


−k1 |µ|k e−iσ

x
µ

∞∫
x
µ

|τ |k e−iστdτ, x
µ>0

k1 |µ|k eiσ
x
µ

x
µ∫

−∞
|τ |k e−iστdτ, x

µ<0
(33)

and we can formulate following theorem.

Theorem 2. Let σ ∈ (−∞,∞), σ ̸= 0, k1 be arbi-
trary complex number and

k = −1

2
− ϵ, 0 < ϵ <

1

2
.

Then the function f(x, µ) defined by (33) is a solution in
the intervals (−∞, 0), (0,∞) of the equation (1) where
b(µ) is arbitrary function integrable in (−1, 1) and the
function c0(x) is defined by the relations (21), (28). The
solution f(x, µ) in the case x > 0 or x < 0 belongs re-
spectively to the space L2(D+) or L

2(D−). If the con-
dition

M0 =

1∫
−1

b(µ)dµ ̸= 0

holds, then the function c0(x) is in (−∞,∞) bounded
and

c0(x) =
σ

M0
+O

(
1

x

)
, |x| → ∞.

V. Absence of eigenvalues

We consider the equation (1), where σ ∈ (−∞,∞)

function b(µ)
µ is bounded and integrable in the interval

(−1, 1) and c0 ∈ L2(−∞,∞) ∩ L1(−∞,∞).
We suppose that there exists the solution f(x, µ) ̸=

0 of the equation (1) which belongs to the space
L2(D), D = R2 × (−1, 1).

At the beginning we verify that the function

F (x) = −c0(x)
1∫

−1

b(µ)f(x, µ)dµ (34)

is integrable in (−∞,∞). Really,

|F (x)| ≤ |c0(x)|

 1∫
−1

|b(µ)|2 dµ


1
2
 1∫
−1

|f(x, µ)|2 dµ


1
2

therefore

∞∫
−∞

|F (x)| dx ≤M
∞∫

−∞

|c0(x)|

 1∫
−1

|f(x, µ)|2 dµ


1
2

dx ≤

≤M

 ∞∫
−∞

|c0(x)|2 dx

 1
2
 ∞∫
−∞

1∫
−1

|f(x, µ)|2 dµdx


1
2

<∞,

(35)

where M =

(
1∫

−1

|b(µ)|2 dµ

) 1
2

.

Now we define the function C(x, µ) by the relation

f(x, µ) = C(x, µ)ei
σ
µx. (36)

Taking into account the notation (34) we write (1) as
following equation

−iµ∂f
∂x

(x, µ) = σf(x, µ) + F (x).
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Substituing (36) we obtain

∂C(x, µ)

∂x
=

i

µ
e−i

σ
µxF (x)

therefore

C(x, µ) =
i

µ

x∫
−∞

e−i
σ
µyF (y)dy + C1(µ). (37)

It follows from (35) that there exist the limit
lim

x→+∞
C(x, µ) = A. But right side if (36) belongs to

L2(R) therefore A = 0. Then from (37) it results that

C1(µ) = −
i

µ

∞∫
−∞

e−i
σ
µyF (y)dy

So, substituing in (37) we have

C(x, µ) = − i
µ

∞∫
x

e−i
σ
µyF (y)dy. (38)

Using again (35) we see that

sup
x,µ
|µC(x, µ)| <∞

then
M = sup

x,µ
|µf(x, µ)| <∞. (39)

Substituing (38), (34) in (36) we obtain

f(x, µ) =
i

µ
ei

σ
µx

∞∫
x

e−i
σ
µy

c0(y) 1∫
−1

b(µ′)f(y, µ′)dµ′

 dy

and later

|µf(x, µ)| ≤
∞∫

−∞

|c0(y)| 1∫
−1

∣∣∣∣b(µ′)

µ′

∣∣∣∣ · |µ′f(y, µ′)| dµ′

 dy.

According to the definition (39) of the value M we have

M ≤M
∞∫

−∞

|c0(y)| dy ·
1∫

−1

∣∣∣∣b(µ′)

µ′

∣∣∣∣ dµ′.

If f(x, µ) ̸= 0 then M > 0 and we obtain obligatory

1 ≤
∞∫

−∞

|c0(y)| dy ·
1∫

−1

∣∣∣∣b(µ)µ
∣∣∣∣ dµ.

As consequence we obtain following theorem.

Theorem 3. Let σ ∈ (−∞,∞), b(µ)
µ ∈ L1(−1, 1)

and c0 ∈ L2(−∞,∞) ∩ L1(−∞,∞).

If
1∫

−1

∣∣∣∣b(µ)µ
∣∣∣∣ dµ ·

∞∫
−∞

|c0(x)| dx < 1

then the equation (1) has in the space L2(D) trivial so-
lution f(x, µ) ≡ 0 only.

Instead of conclusion note that items n. 2,3,5 be-
longs to Iv. and n.4 to Cher.
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Î ÒÐÀÍÑÏÎÐÒÍÎÌ ÎÏÅÐÀÒÎÐÅ
ÈÇ ÇÀÄÀÍÍÛÌ ÑÎÁÑÒÂÅÍÍÛÌ ÇÍÀ×ÅÍÈÅÌ

×åðåìíûõ �. Â, Iâàñûê Ã. Â.

Íàöèîíàëüíûé óíèâåðñèòåò �Ëüâèâñüêà ïîëèòýõíèêà�,
óë. Ñ. Áàíäåðû, 12, Ëüâîâ, 79013, Óêðàèíà

Äëÿ íåêîòîðîãî òðàíñïîðòíîãî îïåðàòîðà

−iµ
∂f

∂x
(x, µ) + c0(x)

1∫
−1

b(µ′)f(x, µ′)dµ′ = σf(x, µ), −∞ < x < ∞, x ∈ R, −1 < µ < 1

ïðåäñòàâëåíî ÿâíûå ïðèìåðû ðåøåíèÿ f(x, µ), ôóíêöèè C0(x), b(µ). Ðåøåíèå f(x, µ)
ïðåäñòàâëåíî êàê ìíîãî÷ëåí, èëè, êàê ñåðèÿ ïîëèíîìîâ Ýðìèòà, èëè êàê ôóíêöèÿ òèïà

f(x, µ) = h(x)g
(

x
µ

)
. Â ïîñëåäíèõ ïðèìåðàõ ïðåäñòàâëåíû ðåøåíèÿ, êîòîðûå ïðèíàäëåæàò

ïðîñòðàíñòâó L2(D±), D± = R± × (−1, 1) è ñîîòâåòñòâóåò îãðàíè÷åííîé ôóíêöèè C0x.
Äëÿ íåêîòîðûõ òèïîâ êîýôôèöèåíòîâ C0(x), b(µ) ïîäàíî óñëîâèå îòñóòñòâèÿ ñîáñòâåííîãî
çíà÷åíèÿ σ â ñëó÷àå ïðîñòðàíñòâà L2(D), D = R× (−1, 1).

Êëþ÷åâûå ñëîâà: òðàíñïîðòíûé îïåðàòîð, ñïåêòð, òî÷å÷íûé ñïåêòð, ñîáñòâåííîå çíà÷åíèå.

2000 MSC: 26A24

ÓÄÊ: 517.9

ÏÐÎ ÒÐÀÍÑÏÎÐÒÍÈÉ ÎÏÅÐÀÒÎÐ
IÇ ÇÀÄÀÍÈÌ ÂËÀÑÍÈÌ ÇÍÀ×ÅÍÍßÌ

×åðåìíèõ �. Â., Iâàñèê Ã. Â.

Íàöiîíàëüíèé óíiâåpñèòåò �Ëüâiâñüêà ïîëiòåõíiêà�
âóë. Ñ. Áàíäåpè 12, 79013, Ëüâiâ, Óêðà¨íà

Äëÿ äåÿêîãî òðàíñïîðòíîãî îïåðàòîðà

−iµ
∂f

∂x
(x, µ) + c0(x)

1∫
−1

b(µ′)f(x, µ′)dµ′ = σf(x, µ), −∞ < x < ∞, x ∈ R, −1 < µ < 1

ïîäàíî ÿâíi ïðèêëàäè ðîçâ'ÿçàííÿ f(x, µ), ôóíêöi¨ C0(x), b(µ). Ðîçâ'ÿçîê f(x, µ) ïðåä-
ñòàâëåíî ÿê ìíîãî÷ëåí, àáî, ÿê ñåðiÿ ïîëiíîìiâ Åðìiòà, àáî ÿê ôóíêöiÿ òèïó f(x, µ) =

= h(x)g
(

x
µ

)
. Â îñòàííiõ ïðèêëàäàõ ïîäàíî ðîçâ'ÿçêè, ÿêi íàëåæàòü ïðîñòîðó

L2(D±), D± = R± × (−1, 1) i âiäïîâiäàþòü îáìåæåíié ôóíêöi¨ C0x. Äëÿ äåÿêèõ òèïiâ êî-
åôiöi¹íòiâ C0(x), b(µ) ïîäàíî óìîâó âiäñóòíîñòi âëàñíîãî çíà÷åííÿ σ ó âèïàäêó ïðîñòîðó
L2(D), D = R× (−1, 1).

Êëþ÷îâi ñëîâà: òðàíñïîðòíèé îïåðàòîð, ñïåêòð, òî÷êîâèé ñïåêòð, âëàñíå çíà÷åííÿ.

2000 MSC: 26A24

UDK: 517.9
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