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Äîñëiäæåíî àñèìïòîòèêó ðîçâ'ÿçêó ðiâíÿííÿ ìàðêîâñüêîãî âiä-
íîâëåííÿ äëÿ íàïiâìàðêîâñüêîãî ïðîöåñó çi ñêií÷åíèì ÷èñëîì ñòà-
íiâ çà óìîâè íåñêií÷åííîñòi ñåðåäíiõ ÷àñiâ ïåðåáóâàííÿ öüîãî ïðî-
öåñó â êîæíîìó ôiêñîâàíîìó ñòàíi. Çíàéäåíî óìîâè, ïðè ÿêèõ öåé
ðîçâ'ÿçîê ìà¹ ñêií÷åííó ãðàíèöþ.

ÂÑÒÓÏ

Íåõàé F � íåàðèôìåòè÷íèé iìîâiðíiñíèé ðîçïîäië íà [0, +∞) òàêèé, ùî
F (0) = 0. Äëÿ òàêîãî F àñèìïòîòèêà ðîçâ'ÿçêó âiäïîâiäíîãî ðiâíÿííÿ
âiäíîâëåííÿ äîñëiäæóâàëàñÿ ó [7, 8]. Çîêðåìà, ó ïðàöi [7] Åðiêñîí äîñëi-
äèâ àñèìïòîòè÷íó ïîâåäiíêó ðîçâ'ÿçêó ðiâíÿííÿ âiäíîâëåííÿ íà íåñêií-
÷åííîñòi, â ÿêîìó õâiñò ðîçïîäiëó 1− F ¹ ïðàâèëüíî çìiííîþ ôóíêöi¹þ
íà íåñêi÷åííîñòi ç ïîêàçíèêîì −α (0 ≤ α ≤ 1). Âií òàêîæ ðîçãëÿíóâ ïðî-
öåñ âiäíîâëåííÿ, äå ÷àñè ÷åêàííÿ ìàþòü ðîçïîäië, õâiñò ÿêîãî ïðàâèëüíî
çìiíþ¹òüñÿ íà íåñêií÷åííîñòi ç ïîêàçíèêîì −1. Çà óìîâè íåñêií÷åííîñ-
òi ñåðåäíüîãî öüîãî ðîçïîäiëó âií âñòàíîâèâ äåÿêi ãðàíè÷íi òåîðåìè äëÿ
ñóìiñíîãî ðîçïîäiëó âåëè÷èí íåäîñêîêó i ïåðåñêîêó. Ó [8] ðîçãëÿíóòî
ðiâíÿííÿ âiäíîâëåííÿ, â ÿêîìó 1− F ¹ ïðàâèëüíî çìiííîþ ôóíêöi¹þ íà
íåñêií÷åííîñòi ç ïîêàçíèêîì −α (1

2 < α ≤ 1), à âiëüíèé ÷ëåí ðiâíÿííÿ
¹ äîäàòíîþ íåçðîñòàþ÷îþ ôóíêöi¹þ, ÿêà ñêií÷åííà â íóëi i ïðàâèëüíî
çìiííà íà íåñêií÷åííîñòi ç ïîêàçíèêîì −β (0 ≤ β < 1). Ó [8] çíàéäåíî
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àñèìïòîòèêó ðîçâ'ÿçêó òàêîãî ðiâíÿííÿ âiäíîâëåííÿ íà íåñêií÷åííîñòi
çà óìîâè íåñêií÷åííîñòi ñåðåäíüîãî ðîçïîäiëó éìîâiðíîñòåé.

Ó äàíié ñòàòòi äîñëiäæåíî àñèìïòîòèêó ðîçâ'ÿçêó ðiâíÿííÿ âiäíîâ-
ëåííÿ, ïîáóäîâàíîãî çà íàïiâìàðêîâñüêèì ïðîöåñîì çi ñêií÷åíèì ÷èñëîì
ñòàíiâ, çà óìîâè íåñêií÷åííîñòi ñåðåäíiõ ÷àñiâ ïåðåáóâàííÿ íàïiâìàðêîâ-
ñüêîãî ïðîöåñó â êîæíîìó ôiêñîâàíîìó ñòàíi.

ÎÑÍÎÂÍÀ ×ÀÑÒÈÍÀ

Ðîçãëÿíåìî íàïiâìàðêîâñüêèé ïðîöåñ X(t), t ≥ 0, çi ñêií÷åííèì ÷èñëîì
ñòàíiâ {1, 2, . . . , m} òà íåïåðåðâíèì ÷àñîì. Çàäàìî ìîìåíòè τn, n ≥ 1,
ïåðåõîäó ïðîöåñó X(t) ç îäíîãî ñòàíó â iíøèé (àáî ìîìåíòè çìiíè ñòàíó):

τ1 = τ = inf{t > 0 : X(t) 6= X(0)}, . . . ,

τn = inf{t > τn−1 : X(t) 6= X(τn−1)}, n ≥ 2.

Ïîñëiäîâíiñòü âèïàäêîâèõ âåëè÷èí X(0), X(τ1), . . . , X(τn), . . . óòâîðþ¹
òàê çâàíèé âêëàäåíèé â X(t) ëàíöþã Ìàðêîâà ç ïåðåõiäíèìè éìîâiðíî-
ñòÿìè

pij = P{X(τ) = j | X(0) = i}, i, j = 1,m.

Ìàòðèöÿ P = ||pij ||mi,j=1 íåðîçêëàäíà, à îòæå, äëÿ íå¨ iñíó¹ ¹äèíèé ñòà-
öiîíàðíèé ðîçïîäië iìîâiðíîñòåé p1, p2, . . . , pm, òîáòî òàêèé, ùî

pi ≥ 0,
m∑

i=1

pi = 1, pj =
m∑

i=1

pipij = 1, j = 1,m. (1)

Ïîçíà÷èìî

Fij(t) = P{τ ≤ t, X(τ) = j | X(0) = i},

Fi(t) =
m∑

j=1

Fij(t) = P{τ ≤ t | X(0) = i}, i = 1,m.

Ââàæàòèìåìî, ùî ñåðåäíié ÷àñ ïåðåáóâàííÿ íàïiâìàðêîâñüêîãî ïðî-
öåñó X(t) â êîæíîìó ñòàíi ¹ íåñêií÷åííèì, òîáòî

Miτ =M(τ |X(0) = i) =
∫ ∞

0
xdFi(x) =

∫ ∞

0
(1−Fi(x))dx = +∞, i = 1,m.

Çàïèøåìî ðiâíÿííÿ ìàðêîâñüêîãî âiäíîâëåííÿ [3, c. 38]

Ui(t) = Bi(t) +
m∑

j=1

∫ t

0
Fij{dx}Uj(t− x), i = 1,m, t ≥ 0, (2)



Äîñëiäæåííÿ àñèìïòîòèêè ðîçâ'ÿçêó ðiâíÿííÿ âiäíîâëåííÿ 19

äå U = U(t) ≡ col(U1(t), . . . , Um(t)) � âåêòîð øóêàíèõ ôóíêöié, âèçíà-
÷åíèõ äëÿ t ≥ 0, B = B(t) ≡ col(B1(t), . . . , Bm(t)) � âåêòîð çàäàíèõ
âèìiðíèõ, îáìåæåíèõ íà êîæíîìó ñêií÷åíîìó iíòåðâàëi íåâiä'¹ìíî¨ ïiâ-
îñi, ôóíêöié, F (t) = ||Fij(t)||mi,j=1 � íàïiâìàðêîâñüêà ìàòðèöÿ [3, ñ. 7].

Ðîçâ'ÿçîê ðiâíÿííÿ (2) ìà¹ âèãëÿä [3, ñ. 40]

Ui(t) =
m∑

j=1

∫ t

0
Rij{dx}Bj(t− x) =

=
m∑

j=1

∫ 1

0
Rij{tdx}Bj(t(1− x)), i = 1,m, (3)

äå Rij{[0, t]} = Rij(t), i, j = 1,m, � åëåìåíòè ìàòðèöi âiäíîâëåííÿ R(t),
ÿêà ¹ àíàëîãîì ôóíêöi¨ âiäíîâëåííÿ, òîáòî

R(t) =
∞∑

n=0

Fn∗(t), (4)

äå F 0∗(t) = E ≡ ||δij ||mi,j=1 � îäèíè÷íà ìàòðèöÿ, F 1∗(t) = F (t),

F (n+1)∗(t) =
∫ t

0
Fn∗(t− u)F{du}, n ∈ N.

Òåîðåìà. Íåõàé L � íåñïàäíà ïîâiëüíî çìiííà ôóíêöiÿ íà íåñêií-
÷åííîñòi,

Bj(t) = t−βjL(t), t > 0, 0 ≤ βj < 1, Bj(0) < +∞, j = 1, m, (5)

i âèêîíó¹òüñÿ óìîâà

1− Fi(t) ∼ ait
−αL(t) ïðè t →∞, i = 1, m, 0 ≤ α < 1, (6)

äå a1, . . . , am � äåÿêi íåâiä'¹ìíi êîíñòàíòè. Òîäi ãðàíèöÿ lim
t→∞Ui(t) ¹

ñêií÷åííîþ, ÿêùî α ≤ βj, i, j = 1, m.
Äëÿ äîâåäåííÿ òåîðåìè âèêîðèñòà¹ìî íàñòóïíi ëåìè.
Ëåìà 1. Íåõàé ñiì'ÿ ìið {Rt, t > 0} ¹ ðiâíîìiðíî îáìåæåíîþ íà

[a, b], 0 ≤ a < b < +∞, à ìíîæèíà ôóíêöié {ft, t > 0} çáiãà¹òüñÿ ðiâíî-
ìiðíî íà [a, b] ïðè t →∞ äî ôóíêöi¨ f . Òîäi ãðàíèöÿ lim

t→∞
∫ b
a ft(x)Rt{dx}

iñíó¹ îäíî÷àñíî ç ãðàíèöåþ lim
t→∞

∫ b
a f(x)Rt{dx} i âîíè ðiâíi.
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Ëåìà 2. Íåõàé ñiì'ÿ ìið {Rt, t > 0} ñëàáêî çáiãà¹òüñÿ äî ñêií÷åííî¨
ìiðè ν ïðè t → ∞, ôóíêöiÿ L ¹ íåñïàäíîþ ïîâiëüíî çìiííîþ ôóíêöi¹þ
íà íåñêií÷åííîñòi, β ∈ [0, 1) � ôiêñîâàíå ÷èñëî. Òîäi
∫ 1

0
(1− x)−βL(t(1− x))Rt{dx} ∼ L(t)

∫ 1

0
(1− x)−βν{dx} ïðè t →∞.

Çàóâàæåííÿ. Çi ñëàáêî¨ çáiæíîñòi ñiì'¨ ìið âèïëèâà¹ ¨¨ ðiâíîìiðíà
îáìåæåíiñòü íà ôiêñîâàíîìó âiäðiçêó.

Äîâåäåííÿ. Íåõàé ñiì'ÿ ìið {Rt, t > 0} ñëàáêî çáiãà¹òüñÿ äî ñêií-
÷åííî¨ ìiðè ν ïðè t →∞, òîáòî

∫ ∞

0
g(x)Rt{dx} →

∫ ∞

0
g(x)ν{dx} ïðè t →∞

äëÿ áóäü-ÿêî¨ íåïåðåðâíî¨ îáìåæåíî¨ íà [0, +∞) ôóíêöi¨ g. Âiçüìåìî g ≡
1. Òîäi lim

t→∞Rt{[0, +∞)} = ν{[0,+∞)} < +∞. Çâiäñè âèïëèâà¹, ùî äëÿ
äîâiëüíîãî ε > 0 iñíó¹ ÷èñëî A òàêå, ùî

Rt{[0, +∞)} < ν{[0, +∞)}+ ε = M

äëÿ âñiõ t > A. Çàôiêñó¹ìî âiäðiçîê [a, b]. Î÷åâèäíî, ùî äëÿ áóäü-ÿêîãî
x ∈ [a, b] âèêîíó¹òüñÿ ñïiââiäíîøåííÿ Rt(x) = Rt{[0, x]} ≤ Rt{[0, +∞)} <
M . Îòæå, ñiì'ÿ ìið {Rt, t > A} ¹ ðiâíîìiðíî îáìåæåíîþ íà [a, b] [2, c. 104].

Çàóâàæåííÿ äîâåäåíî.
Äîâåäåííÿ òåîðåìè. ßê âèäíî ç (3), àñèìïòîòè÷íà ïîâåäiíêà ðîç-

â'ÿçêó U ðiâíÿííÿ (2) ïðè t →∞ âèçíà÷à¹òüñÿ âëàñòèâîñòÿìè ìàòðè÷íî¨
ìiðè R(tx) = ||Rij(tx)||i,j=1,m i âåêòîðà B(tx) ïðè t →∞, x ∈ [0, 1].

Çíàéäåìî àñèìïòîòèêó ìàòðè÷íî¨ ìiðè R(tx). Ïîçíà÷èìî ÷åðåç

R̂(λ) =
∫ ∞

0
e−λxR{dx}, λ > 0,

ïåðåòâîðåííÿ Ëàïëàñà ìiðè R, à ÷åðåç

F̂ (λ) =
∫ ∞

0
e−λxF{dx}, λ > 0, −

ïåðåòâîðåííÿ Ëàïëàñà ðîçïîäiëó F . Âðàõîâóþ÷è âëàñòèâîñòi ïåðåòâî-
ðåííÿ Ëàïëàñà [4, c. 500], ç ðiâíîñòi (4) îòðèìà¹ìî

R̂(λ) =
∞∑

n=0

(F̂ (λ))n.



Äîñëiäæåííÿ àñèìïòîòèêè ðîçâ'ÿçêó ðiâíÿííÿ âiäíîâëåííÿ 21

Îá÷èñëèìî íîðìó ìàòðèöi F̂ (λ):

||F̂ (λ)|| = sup
1≤i≤m

m∑

j=1

|F̂ij(λ)| = sup
1≤i≤m

m∑

j=1

∫ ∞

0
e−λxFij{dx} =

= sup
1≤i≤m

∫ ∞

0
e−λxFi{dx}.

Iíòåãðóþ÷è ÷àñòèíàìè, äiñòàíåìî
∫ ∞

0
e−λxFi{dx} = e−λxFi(x)

∣∣∣∣
∞

0

+λ

∫ ∞

0
Fi(x)e−λxdx =

=
∫ ∞

0
Fi

(
t

λ

)
e−tdt <

∫ ∞

0
e−tdt = 1, i = 1, m.

Îòæå,
||F̂ (λ)|| = sup

1≤i≤m

∫ ∞

0
Fi

(
t

λ

)
e−tdt < 1.

Òîìó çà òåîðåìîþ 5 iç [2, ñ. 216]
∞∑

n=0

(F̂ (λ))n = [E − F̂ (λ)]−1.

Òàêèì ÷èíîì,
R̂(λ) = [E − F̂ (λ)]−1. (7)

Ðîçãëÿíåìî ïðè t →∞ ïîñëiäîâíiñòü ìàòðèöü
{

F̂

(
λ

t

)}
, äå λ � ôiêñî-

âàíå ÷èñëî. Öå ìîíîòîííà ïîñëiäîâíiñòü ìàòðèöü ç íåâiä'¹ìíèìè åëåìåí-
òàìè, äëÿ ÿêî¨

F̂

(
λ

t

)
→ P ïðè t →∞,

äå P = ||pij ||mi,j=1 � ìàòðèöÿ ïåðåõiäíèõ éìîâiðíîñòåé âêëàäåíîãî ëàí-
öþãà Ìàðêîâà.

Îñêiëüêè P � ñòîõàñòè÷íà ìàòðèöÿ, òî, çãiäíî ç [1, c. 360], âîíà ìà¹
ïðàâèé âëàñíèé âåêòîð 1 = col(1, . . . , 1), ÿêèé âiäïîâiäà¹ ïåðîíîâîìó
êîðåíþ, ùî äîðiâíþ¹ îäèíèöi. Ç (1) âèäíî, ùî ëiâèì âëàñíèì âåêòîðîì
ìàòðèöi P , ÿêèé âiäïîâiäà¹ ïåðîíîâîìó êîðåíþ, ùî äîðiâíþ¹ îäèíèöi,
¹ âåêòîð p = col(p1, . . . , pm). Òàê ÿê P � íåðîçêëàäíà ìàòðèöÿ, òî çà
ëåìîþ ç [6, ñ. 599]

ct

(
E − F̂

(
λ

t

))−1

→ ||1 · pj ||mi,j=1 ïðè t →∞, (8)
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äå ct = 1−
(

p, F̂

(
λ

t

)
· 1

)
. Íåõàé

1− F̂i(λ)
λ

=
∫ ∞

0
e−λx(1− Fi(x))dx −

ïåðåòâîðåííÿ Ëàïëàñà ìiðè ç ìîíîòîííîþ ùiëüíiñòþ 1 − Fi, i = 1,m.
Âèêîðèñòîâóþ÷è (6) i òàóáåðîâó òåîðåìó [4, ñ. 513], îòðèìà¹ìî, ùî

1− F̂i(λ)
λ

∼ 1
λ1−α

Γ(1− α)L
(

1
λ

)
ai ïðè λ → 0, i = 1, m,

äå ñèìâîë Γ ïîçíà÷à¹ ãàììà-ôóíêöiþ: Γ(t) =
∫∞
0 xt−1e−xdx, t > 0. Çâiäñè

âèïëèâà¹, ùî

1− F̂i(λ) ∼ λαΓ(1− α)L
(

1
λ

)
ai ïðè λ → 0, i = 1,m. (9)

Âèêîðèñòîâóþ÷è (9), çíàéäåìî àñèìïòîòèêó ct ïðè t →∞:

ct = 1−
(

p, F̂

(
λ

t

)
·1

)
= 1−

m∑

i=1

pi

m∑

j=1

F̂ij

(
λ

t

)
=

=
m∑

i=1

pi

(
1− F̂i

(
λ

t

))
∼

m∑

i=1

pi

(
λ

t

)α

Γ(1− α)L
(

t

λ

)
ai.

Âðàõîâóþ÷è îçíà÷åííÿ ïîâiëüíî çìiííî¨ ôóíêöi¨, îòðèìà¹ìî

ct ∼ t−αλαΓ(1− α)L(t)
m∑

i=1

aipi ïðè t →∞. (10)

Íà ïiäñòàâi ôîðìóë (7), (10), iç (8) äiñòà¹ìî

t−αλαΓ(1− α)L(t)
m∑

i=1

aipi

∫ ∞

0
e−

λ
t
xR{dx} → ||1 · pj ||mi,j=1, t →∞,

òîáòî

t−αL(t)
∫ ∞

0
e−λuR{tdu} → 1

λαΓ(1− α)
m∑

i=1
aipi

· ||1 · pj ||mi,j=1, t →∞,
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çâiäêè

t−αL(t)
∫ ∞

0
e−λuRij{tdu} → pj

λαΓ(1− α)
m∑

i=1
aipi

, t →∞, i, j = 1, m.

Çà óçàãàëüíåíîþ òåîðåìîþ íåïåðåðâíîñòi [4, c. 499] âèðàç

pj

λαΓ(1− α)
m∑

i=1
aipi

¹ ïåðåòâîðåííÿì Ëàïëàñà äåÿêî¨ ìiðè pjµ, à ñàìå
∫ ∞

0
e−λuµ{du} =

1

λαΓ(1− α)
m∑

i=1
aipi

, λ > 0,

i äëÿ áóäü-ÿêîãî îáìåæåíîãî iíòåðâàëó íåïåðåðâíîñòi ìiðè µ

t−αL(t)Rij{tdu} → pj µ{du}, i, j = 1,m, ïðè t →∞. (11)

Çà Øèðÿ¹âèì [5, c. 331] öÿ çáiæíiñòü íàçèâà¹òüñÿ çáiæíiñòþ â îñíîâíîìó.
Òîìó çà òåîðåìîþ 1 iç [5, c. 331] îòðèìà¹ìî, ùî äëÿ áóäü-ÿêî¨ íåïåðåðâíî¨
îáìåæåíî¨ íà [0,∞) ôóíêöi¨ g

lim
t→∞ t−αL(t)

∫ ∞

0
g(u)Rij{tdu} = pj

∫ ∞

0
g(u)µ{du}, i, j = 1,m, (12)

òîáòî çáiæíiñòü (11) ¹ ñëàáêîþ.
Äîñëiäèìî àñèìïòîòè÷íó ïîâåäiíêó Ui(t), i = 1,m, ïðè t → ∞. Ç

ðiâíîñòåé (3) ìàòèìåìî

lim
t→∞Ui(t) = lim

t→∞

m∑

j=1

∫ 1

0
Bj(t(1− x))Rij{tdx} =

= lim
t→∞

m∑

j=1

∫ 1

0
(1− x)−βj t−βjL(t(1− x))Rij{tdx} =

=
m∑

j=1

lim
t→∞

1
tβj−α

∫ 1

0
(1− x)−βj

L(t(1− x))
L(t)

t−αL(t)Rij{tdx}, i = 1,m.
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Ïîçíà÷èìî Rt
ij(x) = t−αL(t)Rij(tx), t > 0, x ∈ [0, 1], 0 ≤ α < 1, i, j = 1,m.

Çãiäíî ç (11), ñiì'ÿ ìið Rt
ij , t > 0, i, j = 1,m, ñëàáêî çáiãà¹òüñÿ äî ìiðè

pjµ, j = 1,m. Òîìó çà ëåìîþ 2

lim
t→∞

∫ 1

0
(1− x)−βjL(t(1− x))Rij{tdx} = L(t)

∫ 1

0
(1− x)−βjpjµ{dx}

ïðè t →∞, i, j = 1,m. Çâiäñè

lim
t→∞

∫ 1

0
(1−x)−βj

L(t(1− x))
L(t)

Rij{tdx} = pj

∫ 1

0
(1−x)−βjµ{dx}, i, j = 1,m.

Îòæå,

lim
t→∞Ui(t) =

m∑

j=1

pj

∫ 1

0
(1− x)−βjµ{dx} 1

tβj−α
, i = 1,m.

ßêùî α = β1 = . . . = βm, òî

lim
t→∞Ui(t) =

m∑

j=1

pj

∫ 1

0
(1− x)−βjµ{dx} =

∫ 1

0
(1− x)−αµ{dx}, i = 1,m;

ÿêùî α < βj , j = 1,m, òî lim
t→∞Ui(t) = 0, i = 1,m; ÿêùî α > βj , j = 1,m,

òî lim
t→∞Ui(t) = ∞, i = 1,m.

Òåîðåìó äîâåäåíî.

ÂÈÑÍÎÂÊÈ

Ó ðîáîòàõ [7, 8] äîñëiäæåíî àñèìïòîòèêó ðîçâ'ÿçêó ðiâíÿííÿ âiäíîâëåí-
íÿ íà íåñêií÷åííîñòi äëÿ äîäàòíèõ íåçàëåæíèõ îäíàêîâî ðîçïîäiëåíèõ
âèïàäêîâèõ âåëè÷èí. Ìè äîñëiäèëè àñèìïòîòè÷íó ïîâåäiíêó ðîçâ'ÿçêó
ðiâíÿííÿ âiäíîâëåííÿ äëÿ íàïiâìàðêîâñüêîãî ïðîöåñó çi ñêií÷åíèì ÷èñ-
ëîì ñòàíiâ òà íåïåðåðâíèì ÷àñîì çà óìîâè íåñêií÷åííîñòi ñåðåäíüîãî ÷à-
ñó ïåðåáóâàííÿ öüîãî ïðîöåñó â êîæíîìó ôiêñîâàíîìó ñòàíi. Àíàëîãi÷íî
äî ïðàöi [8], âiëüíèé ÷ëåí íàøîãî ðiâíÿííÿ âiäíîâëåííÿ ¹ ôóíêöi¹þ, ñêií-
÷åííîþ â íóëi i ïðàâèëüíî çìiííîþ íà íåñêií÷åííîñòi ç ïîêàçíèêîì, ùî
ïðèéìà¹ çíà÷åííÿ ç âiäðiçêó [−1, 0], àëå õâiñò ðîçïîäiëó éìîâiðíîñòåé,
íà âiäìiíó âiä [8], ïðàâèëüíî çìiíþ¹òüñÿ íà íåñêií÷åííîñòi ç ïîêàçíèêîì
−α (0 ≤ α < 1). ßêùî ïîâiëüíî çìiííà ôóíêöiÿ íà íåñêií÷åííîñòi ¹ íå-
ñïàäíîþ, âñòàíîâëåíî óìîâè, ïðè ÿêèõ ðîçâ'ÿçîê ðiâíÿííÿ ìàðêîâñüêîãî
âiäíîâëåííÿ ìà¹ ñêií÷åííó ãðàíèöþ.
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INVESTIGATION OF AN ASYMPTOTIC OF THE SOLUTION
OF MARKOV RENEWAL EQUATION

Nataliya BUHRII

Ivan Franko Lviv National University,
1 Universytetska Str., Lviv 79602, Ukraine

An asymptotic of the solution of renewal equation for semi-Markov pro-
cess with �nite state space without �niteness condition of mean stay times
of this process in every �x state is investigating. There are established condi-
tions under which this solution has a �nite limit.




