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Ðîçãëÿíóòî ñèñòåìó îáñëóãîâóâàííÿ òèïó Mθ/G/1/m ç ãðóïîâèì íàä-
õîäæåííÿì çàìîâëåíü i ïîðîãîâèì áëîêóâàííÿì âõiäíîãî ïîòîêó. Áëîêó-
âàííÿ ïîòîêó çàìîâëåíü âiäáóâà¹òüñÿ, ÿêùî â ìîìåíò ïî÷àòêó îáñëóãîâó-
âàííÿ ÷åðãîâîãî çàìîâëåííÿ êiëüêiñòü çàìîâëåíü ó ñèñòåìi ïåðåâèùó¹ çà-
äàíèé ïîðîãîâèé ðiâåíü h. Âèçíà÷åíî ñåðåäíþ òðèâàëiñòü ÷àñòèí ïåðiîäó
çàéíÿòîñòi ç âiäñóòíiñòþ òà íàÿâíiñòþ áëîêóâàííÿ âõiäíîãî ïîòîêó, éìîâið-
íiñòü îáñëóãîâóâàííÿ çàìîâëåíü i ñòàöiîíàðíi õàðàêòåðèñòèêè ÷åðãè. Äî-
âåäåíî ìîíîòîííiñòü çàëåæíîñòåé ñåðåäíüî¨ òðèâàëîñòi ïåðiîäó çàéíÿòîñòi
òà éìîâiðíîñòi îáñëóãîâóâàííÿ âiä ïàðàìåòðiâ m i h.

Êëþ÷îâi ñëîâà: ñèñòåìè Mθ/G/1/m i Mθ/G/1, áëîêóâàííÿ âõiäíîãî
ïîòîêó, ïåðiîä çàéíÿòîñòi, ñòàöiîíàðíi õàðàêòåðèñòèêè.

1. Âñòóï. Ó ñòàòòi [1] äîñëiäæåíî ñèñòåìó îáñëóãîâóâàííÿ Mθ
h/G/1/m, ÿêà ¹

ñèñòåìîþ ç ãðóïîâèì íàäõîäæåííÿì çàìîâëåíü i ïîðîãîâèì áëîêóâàííÿì âõiäíîãî
ïîòîêó. Êîðîòêî îïèøåìî öþ ñèñòåìó.

ßêùî â ìîìåíò t ïî÷àòêó îáñëóãîâóâàííÿ ÷åðãîâîãî çàìîâëåííÿ âèêîíó¹òüñÿ
óìîâà ξ(t) > h, äå ξ(t) � êiëüêiñòü çàìîâëåíü ó ñèñòåìi, òî âiäáóâà¹òüñÿ áëîêóâàííÿ
âõiäíîãî ïîòîêó çàìîâëåíü, ÿêå òðèâà¹ äî ìîìåíòó t ïî÷àòêó îáñëóãîâóâàííÿ òîãî
çàìîâëåííÿ, äëÿ ÿêîãî ξ(t) ≤ h. Òóò h (1 ≤ h ≤ m − 1) � çàäàíèé ïîðîãîâèé ðiâåíü
áëîêóâàííÿ, m � ìàêñèìàëüíà êiëüêiñòü çàìîâëåíü, ÿêi ìîæóòü îäíî÷àñíî ïåðåáóâà-
òè ó ÷åðçi. Äëÿ òàêî¨ ñèñòåìè â [1] âèçíà÷åíî, çîêðåìà, ñåðåäíþ òðèâàëiñòü ïåðiîäó
çàéíÿòîñòi é îòðèìàíî ôîðìóëè äëÿ åðãîäè÷íîãî ðîçïîäiëó êiëüêîñòi çàìîâëåíü ó
ñèñòåìi.

Ìåòà íàøî¨ ïðàöi � ïðîäîâæèòè äîñëiäæåííÿ, ðîçïî÷àòi ó ñòàòòi [1]. Ìè ñòà-
âèìî çàâäàííÿ âèçíà÷èòè ñåðåäíþ òðèâàëiñòü òèõ ÷àñòèí ïåðiîäó çàéíÿòîñòi, êîëè

c⃝ Áðàòié÷óê Ì., Æåðíîâèé Þ., 2011
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íåìà¹ áëîêóâàííÿ âõiäíîãî ïîòîêó, êîëè âõiäíèé ïîòiê çàáëîêîâàíèé, òà ñòàöiîíàð-
íèõ iìîâiðíîñòåé âiäïîâiäíèõ ñòàíiâ ñèñòåìè. Öå äàñòü çìîãó îá÷èñëèòè éìîâiðíiñòü
îáñëóãîâóâàííÿ çàìîâëåíü ó ñèñòåìi. Âèçíà÷èìî òàêîæ ñòàöiîíàðíi õàðàêòåðèñòèêè
÷åðãè (ñåðåäíþ äîâæèíó ÷åðãè, ñåðåäíié ÷àñ î÷iêóâàííÿ) i âèâ÷èìî ïîâåäiíêó äåÿêèõ
ñòàöiîíàðíèõ õàðàêòåðèñòèê ÿê ôóíêöié ïàðàìåòðiâ m i h. ßê âèÿâèëè äîñëiäæåííÿ
(äèâ., çîêðåìà, [2-4]), ç'ÿñóâàííÿ õàðàêòåðó ìîíîòîííî¨ çàëåæíîñòi õàðàêòåðèñòèê
ñèñòåì îáñëóãîâóâàííÿ âiä âõiäíèõ ïàðàìåòðiâ âiäêðèâà¹ øëÿõ äî ðîçâ'ÿçàííÿ çà-
äà÷ îïòèìàëüíîãî ñèíòåçó ñèñòåì ç çàäàíèìè õàðàêòåðèñòèêàìè.

2. Ïåðiîä çàéíÿòîñòi: ÷àñòèíè ç âiäñóòíiñòþ òà íàÿâíiñòþ áëîêóâàííÿ.

Áóäåìî äîòðèìóâàòèñü âñiõ ïîçíà÷åíü, ââåäåíèõ ó ñòàòòi [1], i äîäàòêîâî âèêîðèñ-
òîâóâàòèìåìî ñèìâîë �õâèëüêà� íàä âåëè÷èíàìè, ÿêi îïèñóþòü òó ÷àñòèíó ïåðiîäó
çàéíÿòîñòi ñèñòåìè, êîëè âõiäíèé ïîòiê çàáëîêîâàíèé. Öå äàñòü çìîãó âèçíà÷èòè
÷àñòèíè ïåðiîäó çàéíÿòîñòi ç âiäñóòíiñòþ òà íàÿâíiñòþ áëîêóâàííÿ âõiäíîãî ïîòîêó
çàìîâëåíü.

Ïîâòîðþþ÷è ìiðêóâàííÿ, âèêëàäåíi ó ï. 3 ñòàòòi [1], äëÿ óìîâíî¨ éìîâiðíîñòi

φn(t, k) = Pn{ ξ(t) = k, τ(m) > t } ( 1 ≤ n, k ≤ m+ 1 )

íàÿâíîñòi ó ñèñòåìi k çàìîâëåíü ïiä ÷àñ ïåðiîäó çàéíÿòîñòi τ(m) = inf{ t ≥ 0 :
ξ(t) = 0 } äëÿ âèïàäêó h+ 1 ≤ n ≤ m îòðèìà¹ìî ñïiââiäíîøåííÿ

φn(t, k) =

t∫
0

P

{n−h∑
i=1

β̃i ∈ dx

}
φh(t− x, k)+

+I{h+ 1 ≤ k ≤ n}
t∫

0

P

{n−k∑
i=1

β̃i ∈ dx

}
F̃ (t− x).

Òóò β̃i = βi � ÷àñ îáñëóãîâóâàííÿ i�ãî çàìîâëåííÿ, F̃ (x) = F (x) = P{βi < x}
(x > 0 ), F (0) = 0, F (x) = 1− F (x).

Âiäïîâiäíi ðiâíÿííÿ äëÿ ôóíêöié

Φn(s, k) =

∞∫
0

e−stφn(t, k) dt, Re s > 0,

äëÿ h+ 1 ≤ n ≤ m íàáóäóòü âèãëÿäó

Φn(s, k) = f̃n−h(s)Φh(s, k) + I{h+ 1 ≤ k ≤ n}f̃n−k(s)
1− f̃(s)

s
, (1)

äå

f̃(s) =

∞∫
0

e−sxdF̃ (x) = f(s) =

∞∫
0

e−sxdF (x).

Ðiâíÿííÿ (5) i (7) äëÿ φn(t, k) i Φn(s, k) (1 ≤ n ≤ h) ñòàòòi [1] çàëèøàþòüñÿ íåçìií-
íèìè.
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Âèðàçèâøè ç (1) âñi Φn(s, k) äëÿ h + 1 ≤ n ≤ m i ïiäñòàâèâøè ¨õ ó ñïiââiäíî-
øåííÿ äëÿ Φn(s, k) (1 ≤ n ≤ h), îòðèìà¹ìî ðiâíÿííÿ

Φn(s, k)− f(s)
h−n−1∑
j=−1

pj(s)Φn+j(s, k) =

= f(s)Ln(s)Φh(s, k) +Mn(s, k), 1 ≤ n ≤ h.

(2)

Òóò

Ln(s) = f̃m−h(s)pm−n(s) +
m−1∑
j=h

pj−n(s)f̃
j−h(s);

Mn(s, k) = qk−n(s) + I{k = m+ 1}qm+2−n(s) +

(
I{h+ 1 ≤ k ≤ m}pm−n(s)f̃

m−k(s)+

+
m−1∑

j=h+1

pj−n(s)f̃
j−k(s)I{h+ 1 ≤ k ≤ j}

)
f(s)

1− f̃(s)

s
.

Øóêàþ÷è ðîçâ'ÿçêè ñèñòåìè ðiâíÿíü (2) ç ãðàíè÷íîþ óìîâîþ Φ0(s, k) = 0 òàê,
ÿê ó ñòàòòi [1], îäåðæèìî

Φn(s, k) = Dn(s)Φh(s, k)−
h−n∑
i=1

Ri(s)Mn+i(s, k), 1 ≤ n ≤ h. (3)

Òóò

Dn(s) = Rh−n(s)− f(s)
h−n∑
i=1

Ri(s)Ln+i(s), n ≥ 0;

Φh(s, k) =
1

D0(s)

h∑
i=1

Ri(s)Mi(s, k).

(4)

Âðàõîâóþ÷è, ùî

Mn(s) =
m+1∑
k=1

Mn(s, k) =
1− f(s)

s
+ f(s)

(
1− f̃m−h(s)

s
pm−n(s)+

+

m−1∑
j=h+1

pj−n(s)
1− f̃ j−h(s)

s

)
; lim

s→+0

1− f̃n(s)

s
= nm̃1,

äå

m̃1 =

∞∫
0

x dF̃ (x) = m1 =

∞∫
0

x dF (x),

âèêîðèñòîâóþ÷è ñïiââiäíîøåííÿ (3), (4) i ïîâòîðþþ÷è ìiðêóâàííÿ, âèêëàäåíi ó ï. 4
ñòàòòi [1], îòðèìà¹ìî ôîðìóëè äëÿ ñåðåäíüî¨ òðèâàëîñòi ïåðiîäó çàéíÿòîñòi

M τ(m) =
h∑

i=1

Ri

(
m1 + m̃1

(
(m− h)pm−i +

m−1∑
j=h+1

(j − h)pj−i

))
−
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−
h−1∑
n=1

an

h−n∑
i=1

Ri

(
m1 + m̃1

(
(m− h)pm−n−i +

m−1∑
j=h+1

(j − h)pj−n−i

))
+

+ m̃1

( m∑
n=h+1

(n− h)an + (m+ 1− h)am+1

) (5)

i äëÿ åðãîäè÷íîãî ðîçïîäiëó êiëüêîñòi çàìîâëåíü ó ñèñòåìi

ρ0(m) =
1

1 + λM τ(m)
;

ρk(m) =
λ

1 + λM τ(m)

( k∑
i=1

Riqk−i −
h−1∑
n=1

an

k−n∑
i=1

Riqk−n−i

)
( k = 1, h );

ρk(m) =
λ

1 + λM τ(m)

( h∑
i=1

Ri

(
qk−i + m̃1pk−i

)
−

−
h−1∑
n=1

an

h−n∑
i=1

Ri

(
qk−n−i + m̃1pk−n−i

)
+ m̃1ak

)
( k = h+ 1, m );

ρm+1(m) =
λ

1 + λM τ(m)

( h∑
i=1

Riqm+1−i −
h−1∑
n=1

an

h−n∑
i=1

Riqm+1−n−i + m̃1am+1

)
.

(6)

Çðîçóìiëî, ùî òi äîäàíêè ó ïðàâèõ ÷àñòèíàõ ñïiââiäíîøåíü (5) i (6), ÿêi ìiñ-
òÿòü ñïiâìíîæíèê m̃1, âiäïîâiäàþòü ïåðiîäó áëîêóâàííÿ âõiäíîãî ïîòîêó, àëå ëèøå
òié éîãî ÷àñòèíi, ÿêà ïî÷èíàëàñü âiä ìîìåíòó t ïî÷àòêó îáñëóãîâóâàííÿ ÷åðãîâîãî
çàìîâëåííÿ, äëÿ ÿêîãî âèêîíóâàëàñü óìîâà ξ(t) > h. Ùîá îòðèìàòè ç (5) ôîðìóëó
äëÿ ñåðåäíüî¨ òðèâàëîñòi òî¨ ÷àñòèíè ïåðiîäó çàéíÿòîñòi, êîëè âiäáóâà¹òüñÿ áëîêó-
âàííÿ âõiäíîãî ïîòîêó (ïîçíà÷èìî ¨¨ ÷åðåç τb(m)), òðåáà äî çàçíà÷åíî¨ ñóìè äîäàòè
âèðàç

M τ̃m+1(m) =
h∑

i=1

Riqm+1−i −
h−1∑
n=1

an

h−n∑
i=1

Riqm+1−n−i, (7)

ÿêèé âõîäèòü ó ÷èñåëüíèê ôîðìóëè äëÿ éìîâiðíîñòi ρm+1(m) i âiäòâîðþ¹ ñåðåäíþ
òðèâàëiñòü òi¹¨ ÷àñòèíè ïåðiîäó çàéíÿòîñòi, êîëè âõiäíèé ïîòiê çàáëîêîâàíî ÷åðåç
ïåðåâèùåííÿ êiëüêîñòi çàìîâëåíü ó ñèñòåìi ÷èñëà m, i âiäáóâà¹òüñÿ äîîáñëóãîâó-
âàííÿ çàìîâëåííÿ, â ìîìåíò t ïî÷àòêó îáñëóãîâóâàííÿ ÿêîãî âèêîíóâàëàñü óìîâà
ξ(t) ≤ h. Âîäíî÷àñ âèðàç (7) òðåáà âiäíÿòè âiä ñóìè òèõ äîäàíêiâ ïðàâî¨ ÷àñòèíè
ôîðìóëè (5), ÿêi íå ìiñòÿòü ñïiâìíîæíèêà m̃1, ùîá îòðèìàòè ñåðåäíþ òðèâàëiñòü
òî¨ ÷àñòèíè ïåðiîäó çàéíÿòîñòi, êîëè íåìà¹ áëîêóâàííÿ âõiäíîãî ïîòîêó (ïîçíà÷èìî
¨¨ ÷åðåç τnb(m)).

Ïîçíà÷èìî ÷åðåç ρk(b)(m) i ρk(nb)(m) òi ÷àñòèíè åðãîäè÷íîãî ðîçïîäiëó êiëü-
êîñòi çàìîâëåíü ó ñèñòåìi, ÿêi âiäïîâiäàþòü ñòàíàì ñèñòåìè, êîëè âõiäíèé ïîòiê
çàáëîêîâàíèé i, âiäïîâiäíî, íåçàáëîêîâàíèé. Ç íàâåäåíîãî òà î÷åâèäíî¨ ðiâíîñòi

h∑
i=1

Ri −
h−1∑
n=1

an

h−n∑
i=1

Ri =
h∑

i=1

Riah+1−i
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îäåðæèìî òàêå òâåðäæåííÿ.

Òåîðåìà 1. Ñåðåäíi çíà÷åííÿ âèïàäêîâèõ âåëè÷èí τnb(m), τb(m), âiäïîâiäíi ÷àñòè-
íè åðãîäè÷íîãî ðîçïîäiëó êiëüêîñòi çàìîâëåíü ó ñèñòåìi Mθ

h/G/1/m òà éìîâið-
íiñòü îáñëóãîâóâàííÿ çàìîâëåíü Psv(m) âèçíà÷àþòü çà ôîðìóëàìè:

M τnb(m) = m1

h∑
i=1

Riah+1−i −M τ̃m+1(m); (8)

M τb(m) = m1

( h∑
i=1

Ri

(
(m− h)pm−i +

m−1∑
j=h+1

(j − h)pj−i

)
−

−
h−1∑
n=1

an

h−n∑
i=1

Ri

(
(m− h)pm−n−i +

m−1∑
j=h+1

(j − h)pj−n−i

)
+

+

m∑
n=h+1

(n− h)an + (m+ 1− h)am+1

)
+M τ̃m+1(m);

(9)

ρ0(nb)(m) = ρ0(m); ρk(nb)(m) = ρk(m) ( k = 1, h ); ρm+1(nb)(m) = 0;

ρk(nb)(m) =
λ

1 + λM τ(m)

( h∑
i=1

Riqk−i −
h−1∑
n=1

an

h−n∑
i=1

Riqk−n−i

)
( k = h+ 1, m );

(10)

ρk(b)(m) = 0 ( k = 0, h ); ρm+1(b)(m) = ρm+1(m);

ρk(b)(m) =
λm1

1 + λM τ(m)

( h∑
i=1

Ripk−i−

−
h−1∑
n=1

an

h−n∑
i=1

Ripk−n−i + ak

)
( k = h+ 1, m );

(11)

Psv(m) =
1 + λM τnb(m)

1 + λM τ(m)
(a1 = 1; an = 0, n ≥ 2). (12)

Ðîçãëÿíåìî ñèñòåìó Mθ
h/G/1, äëÿ ÿêî¨ íåìà¹ óìîâè îáìåæåíîñòi äîâæèíè ÷åðãè

(m = ∞). Ïðèéíÿâøè m → ∞ ó ñïiââiäíîøåííÿõ (8)�(12), îäåðæèìî òàêå òâåðäæåí-
íÿ.

Òåîðåìà 2. Ñåðåäíi çíà÷åííÿ âèïàäêîâèõ âåëè÷èí τnb(∞), τb(∞), âiäïîâiäíi ÷àñòè-
íè åðãîäè÷íîãî ðîçïîäiëó êiëüêîñòi çàìîâëåíü ó ñèñòåìi Mθ

h/G/1 òà éìîâiðíiñòü
îáñëóãîâóâàííÿ çàìîâëåíü Psv(∞) âèçíà÷àþòü çà ôîðìóëàìè

M τnb(∞) = m1

h∑
i=1

Riah+1−i; M τb(∞) = m1

( h∑
i=1

Ri

∞∑
j=h+1

(j − h)pj−i−

−
h−1∑
n=1

an

h−n∑
i=1

Ri

∞∑
j=h+1

(j − h)pj−n−i +
∞∑

n=h+1

(n− h)an

)
;
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M τ(∞) = M τnb(∞) +M τb(∞); ρ0(nb)(∞) =
1

1 + λM τ(∞)
;

ρk(nb)(∞) =
λ

1 + λM τ(∞)

( k∑
i=1

Riqk−i −
h−1∑
n=1

an

k−n∑
i=1

Riqk−n−i

)
( k = 1, h );

ρk(nb)(∞) =
λ

1 + λM τ(∞)

( h∑
i=1

Riqk−i −
h−1∑
n=1

an

h−n∑
i=1

Riqk−n−i

)
( k ≥ h+ 1 );

ρk(b)(∞) = 0 ( k = 0, h );

ρk(b)(∞) =
λm1

1 + λM τ(∞)

( h∑
i=1

Ripk−i −
h−1∑
n=1

an

h−n∑
i=1

Ripk−n−i + ak

)
( k ≥ h+ 1 );

Psv(∞) =
1 + λM τnb(∞)

1 + λM τ(∞)
. (13)

3. Äîñëiäæåííÿ çàëåæíîñòåé M τ(m) âiä ïàðàìåòðiâ m i h. Íàãàäà¹ìî
äåÿêi ïîçíà÷åííÿ ç [1]

ρ = λm1b1, b1 =
∞∑

n=1

nan.

Òóò λ � ïàðàìåòð âõiäíîãî ïîòîêó; ai = P{θn = i}; θn � êiëüêiñòü çàìîâëåíü â n-é
ãðóïi.

Ëåìà 1. Äëÿ ïîñëiäîâíîñòåé {pi}, {Ri}, ââåäåíèõ â [1], ñïðàâäæóþòüñÿ òàêi ðiâ-
íîñòi:

∞∑
j=0

pj = ρ;

k∑
i=1

Ri

k−i∑
j=0

pj =

k∑
i=1

Ri − k. (14)

Äîâåäåííÿ. Âðàõîâóþ÷è, ùî çãiäíî ç îçíà÷åííÿì ïîñëiäîâíîñòi éìîâiðíîñòåé {pi}
(i ≥ −1)

∞∑
i=−1

(i+ 1)pi = ρ,

îäåðæèìî
∞∑

i=−1

(i+ 1)pi =
∞∑
j=0

(j + 1)pj =
∞∑
j=0

pj = ρ.

Âèêîðèñòîâóþ÷è ñïiââiäíîøåííÿ (äèâ. [1])

k∑
i=1

Ripk−i = Rk − 1, (15)

îòðèìó¹ìî

k∑
i=1

Ri

k−i∑
j=0

pj =

k−1∑
j=0

k−j∑
i=1

Riph−j−i =

k−1∑
j=0

(Rh−j − 1) =

k∑
i=1

Ri − k.

Ëåìó äîâåäåíî. �
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Ëåìà 2. Ñåðåäíi òðèâàëîñòi ïåðiîäiâ çàéíÿòîñòi ñèñòåì Mθ
h/G/1/m òà Mθ

h/G/1
âèçíà÷àþòü çà ôîðìóëàìè

M τ(m) = m1

(
b1 + ρ

h∑
i=1

Riah+1−i −
h∑

i=1

Ri

∞∑
j=m+1−i

pj+

+
h−1∑
n=1

an

h−n∑
i=1

Ri

∞∑
j=m+1−n−i

pj −
∞∑

n=m+2

(n−m− 1)an

)
;

(16)

M τ(∞) = m1

(
b1 + ρ

h∑
i=1

Riah+1−i

)
. (17)

Äîâåäåííÿ. Äëÿ âiäøóêàííÿ M τ(m) âèêîðèñòà¹ìî ñïiââiäíîøåííÿ (5), â ÿêîìó
m̃1 = m1. Âðàõîâóþ÷è ðiâíîñòi (14), ïiñëÿ íåñêëàäíèõ ïåðåòâîðåíü îòðèìà¹ìî

(m− h)pm−i +
m−1∑

j=h+1

(j − h)pj−i =
∞∑

j=h+1−i

pj −
∞∑

j=m+1−i

pj =

= ρ−
h−i∑
j=0

pj −
∞∑

j=m+1−i

pj ;

h∑
i=1

Ri

(
(m− h)pm−i +

m−1∑
j=h+1

(j − h)pj−i

)
=

h∑
i=1

Ri

(
ρ−

h−i∑
j=0

pj −
∞∑

j=m+1−i

pj

)
=

= h+
h∑

i=1

Ri

(
ρ− 1−

∞∑
j=m+1−i

pj

)
;

(18)

m∑
n=h+1

(n− h)an + (m+ 1− h)am+1 =

= b1 −
∞∑

n=1

nan +
m∑

n=h+1

nan − hah+1 + (m+ 1)am+1 =

= b1 −
∞∑

n=m+2

(n−m− 1)an −
h∑

n=1

nan − hah+1.

Ïiñëÿ àíàëîãi÷íèõ äî âèêîíàíèõ ó (18) ïåðåòâîðåíü âèðàçó

h−n∑
i=1

Ri

(
(m− h)pm−n−i +

m−1∑
j=h+1

(j − h)pj−n−i

)
çíàéäåìî

M τ(m) = m1

(
(1 + ρ)

h∑
i=1

Riah+1−i −
( h∑

i=1

Riah+1−i − h+
h−1∑
n=1

an(h− n)

)
−
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−
h∑

i=1

Ri

∞∑
j=m+1−i

pj +
h−1∑
n=1

an

h−n∑
i=1

Ri

∞∑
j=m+1−n−i

pj + b1−

−
∞∑

n=m+2

(n−m− 1)an −
h∑

n=1

nan − hah+1

)
.

Çâiäñè, âðàõîâóþ÷è, ùî

h−
h−1∑
n=1

(h− n)an = h−
h∑

n=1

(h− n)an = hah+1 +

h∑
n=1

nan,

îòðèìà¹ìî ôîðìóëó (16), à ïiñëÿ ïåðåõîäó â íié äî ãðàíèöi ïðè m → ∞ � ñïiââiäíî-
øåííÿ (17). Ëåìó äîâåäåíî. �

Òåîðåìà 3. A) M τ(m) çðîñòà¹ ÿê ôóíêöiÿ ïàðàìåòðà m. Á) M τ(m) i M τ(∞)
çðîñòàþòü ÿê ôóíêöi¨ ïàðàìåòðà h.

Äîâåäåííÿ. A) Ç ôîðìóëè (16) äëÿ M τ(m) âèïëèâà¹, ùî

lim
m→∞

M τ(m) = m1

(
b1 + ρ

h∑
i=1

Riah+1−i

)
.

Òîìó äëÿ äîâåäåííÿ ïåðøî¨ ÷àñòèíè òåîðåìè äîñòàòíüî äîâåñòè, ùî

h∑
i=1

Ri

∞∑
j=m+1−i

pj −
h−1∑
n=1

an

h−n∑
i=1

Ri

∞∑
j=m+1−n−i

pj +
∞∑

n=m+2

(n−m− 1)an > 0.

Îòðèìàëè

h∑
i=1

Ri

∞∑
j=m+1−i

pj −
h−1∑
n=1

an

h−n∑
i=1

Ri

∞∑
j=m+1−n−i

pj =

= ah

h∑
i=1

Ri

∞∑
j=m+1−i

pj +
h−1∑
n=1

an

( h∑
i=1

Ri

∞∑
j=m+1−i

pj −
h−n∑
i=1

Ri

∞∑
j=m+1−n−i

pj

)
=

= ah

h∑
i=1

Ri

∞∑
j=m+1−i

pj +

h−1∑
n=1

an

( n∑
i=1

Ri

∞∑
j=m+1−i

pj+

+
h−n∑
i=1

(Rn+i −Ri)
∞∑

j=m+1−n−i

pj

)
> 0,

îñêiëüêè Rn+1 −Rn > 0 äëÿ âñiõ íàòóðàëüíèõ çíà÷åíü n.
Á) Ïîçíà÷èìî ÷åðåç M τh+1(m) çíà÷åííÿ ïðàâî¨ ÷àñòèíè (16) ïiñëÿ çàìiíè h íà

h+ 1. Òîäi ç (16) îäåðæèìî

M τh+1(m)−M τ(m) = m1

(
ρ−

∞∑
j=m−h

pj

)(
Rh+1 −

h∑
i=1

Riah+1−i

)
> 0, (19)
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îñêiëüêè ρ =
∞∑
j=0

pj >
∞∑

j=m−h

pj , i ïîñëiäîâíiñòü Rn çðîñòà¹. Ç (19) îòðèìà¹ìî

M τh+1(∞)−M τ(∞) = m1ρ

(
Rh+1 −

h∑
i=1

Riah+1−i

)
> 0.

Òåîðåìó äîâåäåíî. �

4. Äîñëiäæåííÿ çàëåæíîñòåé iìîâiðíîñòi îáñëóãîâóâàííÿ âiä ïàðàìåò-

ðiâ m i h.

Òåîðåìà 4. A) Psv(∞) çðîñòà¹ ÿê ôóíêöiÿ ïàðàìåòðà h. Á) ßêùî a1 = 1, òî
Psv(m) çðîñòà¹ ÿê ôóíêöiÿ ïàðàìåòðà m.

Äîâåäåííÿ. A) Ñïiââiäíîøåííÿ (13) ìîæíà çàïèñàòè òàê:

Psv(∞) =

1 + λm1

h∑
i=1

Riah+1−i

1 + λM τ(∞)
. (20)

Ïîçíà÷èìî ÷åðåç Psv(h+1)(∞) çíà÷åííÿ ïðàâî¨ ÷àñòèíè (20) ïiñëÿ çàìiíè h íà h+ 1.
Òîäi çà äîïîìîãîþ (20) îäåðæèìî(

Psv(h+1)(∞)−Psv(∞)
)(
1 + λM τ(∞)

)(
1 + λM τh+1(∞)

)
=

=

(
1 + λm1

h+1∑
i=1

Riah+2−i

)(
1 + λM τ(∞)

)
−

(
1 + λm1

h∑
i=1

Riah+1−i

)
×

×
(
1 + λM τh+1(∞)

)
= (1− ρ)λm1

(
Rh+1 −

h∑
i=1

Riah+1−i

)
+

+(λm1)
2
h+1∑
i=1

Riah+2−i

(
b1 + ρ

h∑
i=1

Riah+1−i

)
−

−(λm1)
2

h∑
i=1

Riah+1−i

(
b1 + ρ

h+1∑
i=1

Riah+2−i

)
= λm1

(
Rh+1 −

h∑
i=1

Riah+1−i

)
> 0,

ùî é äîâîäèòü ïåðøó ÷àñòèíó òåîðåìè.
Á) Ó âèïàäêó, êîëè çàìîâëåííÿ íàäõîäÿòü ïî îäíîìó (a1 = 1), çi ñïiââiäíîøåíü

(12) i (16) îòðèìà¹ìî

Psv(m) =

1 + λ

(
m1Rh −Rhqm+1−h +

h−1∑
i=1

Riqm−i

)
1 + λM τ(m)

; (21)

M τ(m) = m1

(
1 + λm1Rh −Rh

∞∑
j=m+1−h

pj +
h−1∑
i=1

Ripm−i

)
. (22)
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Ïîçíà÷èìî ÷èñåëüíèê ïðàâî¨ ÷àñòèíè ôîðìóëè (21) ÷åðåç Pnum(m). Ç îçíà÷åíü ïîñ-
ëiäîâíîñòåé qi, pi [1] ó âèïàäêó, êîëè a1 = 1, ìîæíà âèâåñòè òàêi ñïiââiäíîøåííÿ:

λqi = pi ( i ≥ 0 ). (23)

Òîäi çà äîïîìîãîþ (21)-(23) îäåðæèìî

Pnum(m+ 1)−Pnum(m) = Rhpm+1−h −
h−1∑
i=1

Ripm−i;

M τ(m+ 1)−M τ(m) = m1

(
Rhpm+1−h −

h−1∑
i=1

Ripm−i

)
;(

Psv(m+ 1)−Psv(m)
)(
1 + λM τ(m)

)(
1 + λM τ(m+ 1)

)
=

=
(
Pnum(m+ 1)−Pnum(m)

)(
1 + λM τ(m)

)
− λPnum(m)

(
M τ(m+ 1)−

−M τ(m)
)
=

(
Rhpm+1−h −

h−1∑
i=1

Ripm−i

)(
1 + λM τ(m)− λm1Pnum(m)

)
=

= Rhpm+1−h −
h−1∑
i=1

Ripm−i > 0.

Òåîðåìó äîâåäåíî. �

5. Âèçíà÷åííÿ ñòàöiîíàðíèõ õàðàêòåðèñòèê ÷åðãè. Ðîçãëÿíåìî ñòàöiî-
íàðíi õàðàêòåðèñòèêè ÷åðãè: ñåðåäíþ äîâæèíó ÷åðãè MQ(m) òà ñåðåäíié ÷àñ î÷i-
êóâàííÿ Mw(m). Äëÿ ñèñòåìè ç îáìåæåíîþ ÷åðãîþ ¨õ çíàõîäèìî çà ôîðìóëàìè

MQ(m) =
m∑

k=1

kρk+1(m); Mw(m) =
MQ(m)

λb1Psv(m)
. (24)

Ñïiââiäíîøåííÿ äëÿMw(m) âèïëèâà¹ ç ôîðìóëè Ëiòòëà äëÿ ñèñòåì îáñëóãîâóâàííÿ
ç âòðàòàìè çàìîâëåíü. Ïåðåä òèì, ÿê ñêîðèñòàòèñÿ ôîðìóëàìè (24), òðåáà çíàéòè
éìîâiðíîñòi ρi(m) òà Psv(m), âèçíà÷åíi ñïiââiäíîøåííÿìè (6) i (12) (ïðè a1 = 1),
âiäïîâiäíî.

Ôîðìóëó (12) íå ìîæíà âèêîðèñòàòè ó âèïàäêó ãðóïîâîãî íàäõîäæåííÿ çàìîâ-
ëåíü (a1 < 1), òîìó ùî äëÿ ñèñòåìè ç îáìåæåíîþ ÷åðãîþ äåÿêi çàìîâëåííÿ, ÿêi ïðè-
áóâàþòü íà âõiä ñèñòåìè â ìîìåíò, êîëè âõiäíèé ïîòiê íå áëîêó¹òüñÿ, ìîæóòü áóòè
âòðà÷åíi. Âiäïîâiäíó ôîðìóëó äëÿ Psv(m) ìîæíà îòðèìàòè ÿê ãðàíèöþ ïðè T → ∞
âiäíîøåííÿ êiëüêîñòi îáñëóæåíèõ çàìîâëåíü äî êiëüêîñòi âñiõ, ùî íàäiéøëè çà ÷àñ
T . Ñåðåäíÿ êiëüêiñòü çàìîâëåíü, ÿêi ïðèáóëè íà âõiä ñèñòåìè çà ÷àñ T , äîðiâíþ¹
λb1T , à ñåðåäíÿ êiëüêiñòü îáñëóæåíèõ çà òîé ñàìèé ÷àñ ñòàíîâèòü

(
1− ρ0(m)

)
T/m1.

Ó ïiäñóìêó îäåðæèìî òàêó ôîðìóëó äëÿ éìîâiðíîñòi îáñëóãîâóâàííÿ:

Psv(m) =
M τ(m)

m1b1
(
1 + λM τ(m)

) .
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Ó âèïàäêó ñèñòåìè ç íåîáìåæåíîþ ÷åðãîþ ç (24) îòðèìà¹ìî ðiâíîñòi

MQ(∞) =
∞∑
k=1

kρk+1(∞); Mw(∞) =
MQ(∞)

λb1Psv(∞)
. (25)

Îòæå, äëÿ âiäøóêàííÿ MQ(∞) òðåáà çíàéòè ñóìó íåñêií÷åííîãî ðÿäó.
Âèçíà÷èìî MQ(∞) äëÿ âèïàäêó, êîëè çàìîâëåííÿ íàäõîäÿòü ïî îäíîìó

(a1 = 1), i ôîðìóëè äëÿ åðãîäè÷íîãî ðîçïîäiëó ρi(∞), îòðèìàíi ç (6) ïðè m → ∞,
ñïðîùóþòüñÿ

ρ0(∞) =
1

1 + λM τ(∞)
; ρ1(∞) =

R1

1 + λM τ(∞)
;

ρk(∞) =
Rk −Rk−1

1 + λM τ(∞)
( k = 1, h ); ρk(∞) =

λ

1 + λM τ(∞)

(
Rh(qk−h+

+m1pk−h) +

h−1∑
i=1

Ri(qk−i − qk−1−i −m1pk−1−i)

)
( k > h ).

(26)

Òåîðåìà 5. ßêùî a1 = 1 ( çàìîâëåííÿ íàäõîäÿòü ïî îäíîìó, ρ = λm1), òî ñåðåäíþ
äîâæèíó ÷åðãè äëÿ ñèñòåìè Mθ

h/G/1 âèçíà÷àþòü çà ôîðìóëîþ

MQ(∞) =
1

1 + λM τ(∞)

(h−1∑
i=1

(Rh −Ri) + (1 + ρ)

(
(h− 1)

(
1−

−Rh(1− ρ)
)
+

∞∑
k=1

(
Rh

∞∑
i=k

pi −
h−1∑
i=1

Riph+k−1−i

)))
.

(27)

Äîâåäåííÿ. Ââiâøè ïîçíà÷åííÿ ρk(∞) =
∞∑
i=k

ρi(∞), ïåðøó ç ôîðìóë (25) çàïèøåìî

ó âèãëÿäi

MQ(∞) =
∞∑
k=2

ρk(∞). (28)

Âèêîðèñòîâóþ÷è ïåðøó ç ðiâíîñòåé (14) òà ñïiââiäíîøåííÿ (15) i (23), çà äîïîìîãîþ
(26) ïîñëiäîâíî çíàõîäèìî

ρh+k(∞) =
1 + ρ

1 + λM τ(∞)

(
Rh

∞∑
i=k

pi −
h−1∑
i=1

Riph+k−1−i

)
( k ≥ 1 );

ρh+1(∞) =
1 + ρ

1 + λM τ(∞)

(
1−Rh(1− ρ)

)
;

ρk(∞) =
1

1 + λM τ(∞)

(
Rh −Rk−1 + (1 + ρ)

(
1−Rh(1− ρ)

))
( k = 2, h ).

Ïiäñòàâëÿþ÷è îäåðæàíi âèðàçè äëÿ ρk(∞) ó ôîðìóëó (28), îòðèìà¹ìî ñïiââiäíîøåí-
íÿ (27). Òåîðåìó äîâåäåíî. �

Äëÿ äåÿêèõ ðîçïîäiëiâ ÷àñó îáñëóãîâóâàííÿ ñóìè íåñêií÷åííèõ ðÿäiâ ó (27)
âäà¹òüñÿ çíàéòè. Ðîçãëÿíåìî äâà òàêi âèïàäêè.
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Òåîðåìà 6. Íåõàé a1 = 1 (çàìîâëåííÿ íàäõîäÿòü ïî îäíîìó). A) Ó âèïàäêó ïîêàç-
íèêîâîãî ðîçïîäiëó ÷àñó îáñëóãîâóâàííÿ (F (x) = 1− e−µx, x ≥ 0; ρ = λm1 = λ/µ)

MQ(∞) =
1

1 + λM τ(∞)

(h−1∑
i=1

(Rh −Ri) + (1 + ρ)

(
(h− 1)

(
1−

−Rh(1− ρ)
)
+Rhρ

2 − ρ
h−1∑
i=1

Ri

(
ρ

1 + ρ

)h−i))
.

(29)

Á) ßêùî ÷àñ îáñëóãîâóâàííÿ ðîçïîäiëåíèé çà çàêîíîì Åðëàíãà äðóãîãî ïîðÿäêó
(F (x) = 1− (1 + µx)e−µx, x ≥ 0; ρ = λm1 = 2λ/µ), òî

MQ(∞) =
1

1 + λM τ(∞)

(h−1∑
i=1

(Rh −Ri) + (1 + ρ)

(
(h− 1)

(
1−

−Rh(1− ρ)
)
+

3

4
Rhρ

2 −
h−1∑
i=1

Ri(ρ+ h+ 2− i)

(
ρ

2 + ρ

)h+1−i))
.

(30)

Äîâåäåííÿ. A) Äëÿ ÷àñó îáñëóãîâóâàííÿ, ðîçïîäiëåíîãî çà ïîêàçíèêîâèì çàêîíîì,
ç îçíà÷åííÿ ïîñëiäîâíîñòi {pi} (äèâ. [1]) îòðèìó¹ìî

pi =
µΛi+1

λ+ µ
, pi = Λi+1 ( i ≥ −1 ); Λ =

λ

λ+ µ
;

∞∑
i=k

pi = ρΛk;
∞∑
k=1

∞∑
i=k

pi = ρ2,

i ôîðìóëà (27) íàáóâà¹ âèãëÿäó (29).
Á) ßêùî F (x) = 1− (1 + µx)e−µx, x ≥ 0, òî

pi =
(i+ 2)µ2Λi+1

(λ+ µ)2
, pi =

(
λ+ (i+ 2)µ

)
Λi+1

λ+ µ
( i ≥ −1 );

∞∑
i=k

pi =

(
λ

µ

)2

×

×Λk−1
(
k + 2− 2(k + 1)Λ + kΛ2

)
;

∞∑
k=1

∞∑
i=k

pi = Λ
∞∑
k=1

kΛk + ρ
∞∑
k=1

Λk =
3

4
ρ2,

i ç (27) îäåðæó¹ìî ñïiââiäíîøåííÿ (30). Òåîðåìó äîâåäåíî. �

6. Ïðèêëàäè îá÷èñëåííÿ ñòàöiîíàðíèõ õàðàêòåðèñòèê. Ïðèïóñòèìî, ùî
÷àñ îáñëóãîâóâàííÿ ðîçïîäiëåíèé çà çàêîíîì Åðëàíãà äðóãîãî ïîðÿäêó ç ïàðàìåò-
ðîì µ (m1 = 2/µ). Äëÿ ñèñòåìè Mθ

h/G/1 ðîçãëÿíåìî âèïàäêè: a1 = 0, 75, a2 =
= 0, 25 (çàìîâëåííÿ íàäõîäÿòü ïî îäíîìó òà ïî äâî¹, ïðèêëàä 1); a1 = 1 (çàìîâëåííÿ
íàäõîäÿòü ïî îäíîìó, ïðèêëàä 2).

Ïîçíà÷èìî ÷åðåç PLS(∞) iìîâiðíiñòü âòðàòè çàìîâëåííÿ äëÿ ñèñòåìè Mθ
h/G/1,

òîäi

PLS(∞) = 1−Psv(∞). (31)

Íåõàé λ = 2, µ = 3. Ðåçóëüòàòè îá÷èñëåíü ñòàöiîíàðíèõ õàðàêòåðèñòèê ñèñòåìè,
îòðèìàíi äëÿ ïðèêëàäiâ 1 i 2 ç âèêîðèñòàííÿì ôîðìóë (17), (20), (25), (30) i (31),
íàâåäåíî â òàáëèöÿõ 1 i 2, âiäïîâiäíî. Äëÿ ïîðiâíÿííÿ ó öèõ òàáëèöÿõ çàïèñàíi òà-
êîæ çíà÷åííÿ äåÿêèõ õàðàêòåðèñòèê, îäåðæàíi çà äîïîìîãîþ ñèñòåìè iìiòàöiéíîãî
ìîäåëþâàííÿ GPSS World [5, 6] äëÿ çíà÷åíü ÷àñó ðîáîòè ñèñòåìè îáñëóãîâóâàííÿ
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t = 105 (òàáë. 1) i t = 3 · 105 (òàáë. 2). Ïðîãðàìè GPSS World, ÿêi âèêîðèñòîâóâà-
ëè äëÿ îá÷èñëåíü, ìîæíà çíàéòè â [1]. Â íèõ âíåñåíî íåâåëèêi çìiíè, ïîâ'ÿçàíi ç
îñîáëèâîñòÿìè íàäõîäæåííÿ çàìîâëåíü (ðîçïîäië {ai}) äëÿ ïðèêëàäiâ 1 i 2.

Òàáëèöÿ 1. Ñòàöiîíàðíi õàðàêòåðèñòèêè ñèñòåìè Mθ
h/G/1 (ïðèêë. 1)

h M τ(∞) PLS(∞) PLS(∞) (GPSS)
1 3,920 0,468 0,465
2 8,326 0,434 0,435
3 15,701 0,419 0,418
4 28,801 0,410 0,410
5 52,045 0,406 0,409
6 93,273 0,403 0,404
7 166,399 0,402 0,402

Òàáëèöÿ 2. Ñòàöiîíàðíi õàðàêòåðèñòèêè ñèñòåìè Mθ
h/G/1 (ïðèêë. 2)

h M τ(∞) PLS(∞) PLS(∞) (GPSS) Mw(∞) Mw(∞) (GPSS)
1 3,136 0,353 0,352 0,919 0,917
2 5,550 0,312 0,312 1,316 1,313
3 9,140 0,289 0,289 1,781 1,783
4 14,448 0,275 0,276 2,290 2,292
5 22,291 0,266 0,266 2,833 2,833
6 33,873 0,261 0,261 3,403 3,403
7 50,978 0,257 0,257 3,995 3,995

Îòðèìàíi ðåçóëüòàòè ïiäòâåðäæóþòü âèñíîâêè òåîðåì 3 i 4 ïðî õàðàêòåð ìî-
íîòîííî¨ çàëåæíîñòi õàðàêòåðèñòèê M τ(∞) i Psv(∞) âiä ïàðàìåòðà h. Ïîðiâíÿííÿ
äàíèõ òàáëèöü 1 i 2 çàñâiä÷ó¹, ùî ñåðåäíÿ òðèâàëiñòü ïåðiîäó çàéíÿòîñòi M τ(∞) i
éìîâiðíiñòü âòðàòè çàìîâëåííÿ PLS(∞) çìåíøóþòüñÿ çi çìåíøåííÿì íàâàíòàæåííÿ
íà ñèñòåìó (íàâàíòàæåííÿ áiëüøå äëÿ ïðèêëàäó 1, êîëè çàìîâëåííÿ ìîæóòü íàäõî-
äèòè é ïî äâî¹).

7. Ïðî ìîæëèâiñòü ðîçâ'ÿçàííÿ çàäà÷ îïòèìàëüíîãî ñèíòåçó. Iíôîðìà-
öiþ ïðî õàðàêòåð ìîíîòîííî¨ çàëåæíîñòi õàðàêòåðèñòèêè ñèñòåìè îáñëóãîâóâàííÿ
âiä îäíîãî ç ïàðàìåòðiâ ñèñòåìè ìîæíà âèêîðèñòàòè äëÿ ðîçâ'ÿçàííÿ çàäà÷i îïòè-
ìàëüíîãî ñèíòåçó ñèñòåìè ç çàäàíîþ õàðàêòåðèñòèêîþ. Ïîêàæåìî öå íà ïðèêëàäi
éìîâiðíîñòi âòðàòè çàìîâëåííÿ PLS(∞).

Ñôîðìóëþ¹ìî çàäà÷ó îïòèìàëüíîãî ñèíòåçó òàê: äëÿ ôiêñîâàíèõ çíà÷åíü ïà-
ðàìåòðiâ λ, m1 òà ai (i ≥ 1) çíàéòè òàêå íàéìåíøå çíà÷åííÿ ïîðîãà áëîêóâàííÿ
h, ïðè ÿêîìó PLS(∞) íå ïåðåâèùó¹ çàäàíîãî çíà÷åííÿ P0. Ç òåîðåìè 4 òà ôîðìóëè
(31) âèïëèâà¹, ùî PLS(∞) ñïàäà¹ ÿê ôóíêöiÿ ïàðàìåòðà h. Î÷åâèäíî, ùî ðîçâ'ÿçîê
ñôîðìóëüîâàíî¨ çàäà÷i âèçíà÷à¹òüñÿ çà àëãîðèòìîì

hopt = min {h ∈ N : PLS(h)(∞) ≤ P0 }, (32)
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äå PLS(h)(∞) = PLS(∞) äëÿ êîíêðåòíîãî çíà÷åííÿ h. Äëÿ ðåàëiçàöi¨ àëãîðèòìó (32)
äîñòàòíüî ìàòè ðåçóëüòàòè îá÷èñëåíü çíà÷åíü PLS(∞) äëÿ ðiçíèõ h, òàêi ÿê, íàïðèê-
ëàä, íàâåäåíi ó òàáëèöÿõ 1 i 2.

Òàáëèöÿ 3. Ðîçâ'ÿçêè çàäà÷i îïòèìàëüíîãî ñèíòåçó äëÿ äàíèõ ïðèêëàäó 1

P0 0,41 0,42 0,43 0,44 0,45 0,46 0,47
hopt 5 3 3 2 2 2 1

Òàáëèöÿ 4. Ðîçâ'ÿçêè çàäà÷i îïòèìàëüíîãî ñèíòåçó äëÿ äàíèõ ïðèêëàäó 2

P0 0,26 0,27 0,28 0,29 0,30 0,31 0,32 0,33 0,34 0,35 0,36
hopt 7 5 4 3 3 3 2 2 2 2 1

Ðîçâ'ÿçêè çàäà÷ îïòèìàëüíîãî ñèíòåçó äëÿ äàíèõ ïðèêëàäiâ 1 i 2, îòðèìàíi çà
äîïîìîãîþ òàáëèöü 1 i 2, ïîäàíî ó òàáëèöÿõ 3 i 4, âiäïîâiäíî.
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STATIONARY CHARACTERISTICS OF Mθ/G/1/m
AND Mθ/G/1 QUEUES WITH THRESHOLD BLOCKING

OF AN INPUT FLOW
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The Mθ/G/1/m queue with group arrivals and threshold blocking strategy
of an input �ow is considered. If at the moment of beginning the service
of the next customer the number of customers in the system exceeds some
level h, the input �ow is blocked while service process goes its own way. The
arrivals of the new customers resume when the number of customers in the
system decreases to the level h. Average duration of parts of the busy time
with absence and presence of blocking of input �ow, probability of service of
customers and stationary characteristics of queue are found. Monotonicity of
dependences of average duration of the busy time and probability of service on
the parameters m and h is proved.

Key words: the Mθ/G/1/m and Mθ/G/1 queueing systems, blocking of an
input �ow, busy time, stationary characteristics.
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Ðàññìîòðåíî ñèñòåìó îáñëóæèâàíèÿ òèïà Mθ/G/1/m ñ ãðóïïîâûì ïî-
ñòóïëåíèåì çàÿâîê è ïîðîãîâîé áëîêèðîâêîé âõîäíîãî ïîòîêà. Áëîêèðîâêà
ïîòîêà çàÿâîê îñóùåñòâëÿåòñÿ, åñëè â ìîìåíò íà÷àëà îáñëóæèâàíèÿ î÷å-
ðåäíîé çàÿâêè ÷èñëî çàÿâîê â ñèñòåìå ïðåâûøàåò çàäàííûé ïîðîãîâûé
óðîâåíü h. Îïðåäåëåíî ñðåäíþþ ïðîäîëæèòåëüíîñòü ÷àñòåé ïåðèîäà çàíÿ-
òîñòè ñ îòñóòñòâèåì è íàëè÷èåì áëîêèðîâêè âõîäíîãî ïîòîêà, âåðîÿòíîñòü
îáñëóæèâàíèÿ çàÿâîê è ñòàöèîíàðíûå õàðàêòåðèñòèêè î÷åðåäè. Äîêàçàíà
ìîíîòîííîñòü çàâèñèìîñòåé ñðåäíåé ïðîäîëæèòåëüíîñòè ïåðèîäà çàíÿòîñ-
òè è âåðîÿòíîñòè îáñëóæèâàíèÿ îò ïàðàìåòðîâ m è h.

Êëþ÷åâûå ñëîâà: ñèñòåìû Mθ/G/1/m è Mθ/G/1/m, áëîêèðîâêà âõîä-
íîãî ïîòîêà, ïåðèîä çàíÿòîñòè, ñòàöèîíàðíûå õàðàêòåðèñòèêè.


