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Àííîòàöèÿ�Ðàññìàòðèâàåòñÿ ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿ ñ ðåêóððåíòíûì âõîäÿùèì

ïîòîêîì, ýêñïîíåíöèàëüíûì ðàñïðåäåëåíèåì âðåìåíè îáñëóæèâàíèÿ, êîíå÷íûì íàêîïè-

òåëåì è ñëåäóþùèìè âàðèàíòàìè äèñöèïëèíû îáñëóæèâàíèÿ è îáîáù¼ííîãî îáíîâëåíèÿ

çàÿâîê: èíâåðñèîííûé ïîðÿäîê îáíîâëåíèÿ ïðè ïðÿìîì ïîðÿäêå îáñëóæèâàíèÿ, ïðÿìîé

è èíâåðñèîííûé ïîðÿäêè îáíîâëåíèÿ ïðè èíâåðñèîííîì ïîðÿäêå îáñëóæèâàíèÿ. Íàéäåíû

ñòàöèîíàðíûå âðåìåííûå õàðàêòåðèñòèêè ïðåáûâàíèÿ â íàêîïèòåëå ¾óáèòîé¿ è îáñëóæåí-

íîé çàÿâîê.

1. ÂÂÅÄÅÍÈÅ. ÎÏÈÑÀÍÈÅ ÑÈÑÒÅÌÛ

Ðàññìîòðèì n-ëèíåéíóþ ñèñòåìó ìàññîâîãî îáñëóæèâàíèÿ (ÑÌÎ) G/M/n/r ñ êîíå÷íûì
íàêîïèòåëåì ¼ìêîñòè r è îáîáù¼ííûì îáíîâëåíèåì.

Âõîäÿùèé â ñèñòåìó ïîòîê ÿâëÿåòñÿ ðåêóððåíòíûì, ïðè÷¼ì âðåìÿ ìåæäó ñîñåäíèìè ïî-
ñòóïëåíèÿìè çàÿâîê èìååò ïðîèçâîëüíóþ ôóíêöèþ ðàñïðåäåëåíèÿ (ÔÐ) A(x). Áóäåì ïðåäïî-

ëàãàòü, ÷òî ñðåäíåå âðåìÿ a =
∞∫
0

x dA(x) ìåæäó ïîñòóïëåíèÿìè çàÿâîê êîíå÷íî. Êðîìå òîãî,

äëÿ ïðîñòîòû èçëîæåíèÿ ïðè âûâîäå óðàâíåíèé áóäåì ñ÷èòàòü, ÷òî ÔÐ A(x) èìååò ïëîòíîñòü
ðàñïðåäåëåíèÿ a(x) = A′(x).

Âðåìåíà îáñëóæèâàíèÿ çàÿâîê íà ïðèáîðàõ ÿâëÿþòñÿ íåçàâèñèìûìè îäèíàêîâî ðàñïðåäå-
ë¼ííûìè ïî ýêñïîíåíöèàëüíîìó ñ ïàðàìåòðîì µ çàêîíó ñëó÷àéíûìè âåëè÷èíàìè. Çàÿâêà, çà-
ñòàâøàÿ â ìîìåíò ïîñòóïëåíèÿ â ñèñòåìå n çàÿâîê íà ïðèáîðàõ è r çàÿâîê â íàêîïèòåëå,
òåðÿåòñÿ.

Îáîáù¼ííîå îáíîâëåíèå îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì. Íàõîäÿùàÿñÿ íà ïðèáîðå çàÿâêà
â ìîìåíò îêîí÷àíèÿ îáñëóæèâàíèÿ îäíîâðåìåííî ñ óõîäîì èç ñèñòåìû ëèáî ñ âåðîÿòíîñòüþ
q(l), l = 0, r, ¾óáèâàåò¿ â íàêîïèòåëå ðîâíî l çàÿâîê, åñëè â íåì íàõîäèòñÿ áîëåå l çàÿâîê,

ëèáî ñ âåðîÿòíîñòüþ Q(l) =
r∑

k=l

q(k), l = 0, r − 1, ïîëíîñòüþ îïóñòîøàåò íàêîïèòåëü, åñëè

â íåì áûëî íå áîëåå l çàÿâîê. Âåðîÿòíîñòè q(l) ïðè l = 1, r áóäåì íàçûâàòü âåðîÿòíîñòÿìè

îáíîâëåíèÿ. Î÷åâèäíî, ÷òî Q(0) =
r∑

l=0

q(l) = 1, à p = q(0) � âåðîÿòíîñòü òîãî, ÷òî çàêîí÷èâøàÿ

îáñëóæèâàíèå íà ïðèáîðå çàÿâêà ïîêèäàåò ñèñòåìó, íå ¾óáèâàÿ¿ çàÿâîê â íàêîïèòåëå.

Â íàñòîÿùåé ðàáîòå áóäóò ïîëó÷åíû â òåðìèíàõ ïðåîáðàçîâàíèé Ëàïëàñà�Ñòèëòüåñà (ÏËÑ)
ñòàöèîíàðíûå ðàñïðåäåëåíèÿ âðåì¼í ïðåáûâàíèÿ â íàêîïèòåëå ¾óáèòîé¿ è îáñëóæåííîé çàÿâîê
äëÿ ñëåäóþùèõ âàðèàíòîâ äèñöèïëèíû îáñëóæèâàíèÿ è îáîáù¼ííîãî îáíîâëåíèÿ çàÿâîê:

1 Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (ãðàíò � 06-07-89056)
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èíâåðñèîííûé ïîðÿäîê îáîáù¼ííîãî îáíîâëåíèÿ (çàÿâêè ¾óáèâàþòñÿ¿ â íàêîïèòåëå â ïî-
ðÿäêå, îáðàòíîì ïîñòóïëåíèþ) ïðè äèñöèïëèíå îáñëóæèâàíèÿ â ïîðÿäêå ïîñòóïëåíèÿ (FIFO);

ïðÿìîé ïîðÿäîê îáîáù¼ííîãî îáíîâëåíèÿ (çàÿâêè ¾óáèâàþòñÿ¿ â íàêîïèòåëå â ïîðÿäêå ïî-
ñòóïëåíèÿ) ïðè èíâåðñèîííîì ïîðÿäêå îáñëóæèâàíèÿ (LIFO);

èíâåðñèîííûé ïîðÿäîê îáîáù¼ííîãî îáíîâëåíèÿ ïðè äèñöèïëèíå îáñëóæèâàíèÿè LIFO.

Îòìåòèì, ÷òî ïðè p = 1 ðàññìàòðèâàåìàÿ ñèñòåìà ïðåâðàùàåòñÿ â ñòàíäàðòíóþ ñèñòåìó
G/M/n/r (ñì., íàïðèìåð, [1]), à ïðè q(r) = 1 ïîëó÷àåì ñèñòåìó ñ îáíîâëåíèåì, èññëåäîâàâøó-
þñÿ â [2, 3, 4, 5].

Â ñëó÷àå ïðÿìîãî ïîðÿäêà îáíîâëåíèÿ è äèñöèïëèíû îáñëóæèâàíèÿ FIFO äàííàÿ ÑÌÎ
áûëà ðàññìîòðåíà â ðàáîòå [6], â êîòîðîé áûëè íàéäåíû ñëåäóþùèå ñòàöèîíàðíûå õàðàêòå-
ðèñòèêè: ðàñïðåäåëåíèÿ ïî âëîæåííîé öåïè Ìàðêîâà, îáðàçîâàííîé ÷èñëîì çàÿâîê â ñèñòåìå
â ìîìåíòû ïîñòóïëåíèÿ çàÿâîê, âåðîÿòíîñòè ïîòåðè èç íàêîïèòåëÿ è îáñëóæèâàíèÿ çàÿâîê,
ðàñïðåäåëåíèÿ âðåì¼í ïðåáûâàíèÿ â íàêîïèòåëå îáñëóæåííîé è ¾óáèòîé¿ çàÿâîê. Ïîñêîëüêó
íàéäåííûå â ðàáîòå [6] õàðàêòåðèñòèêè îñòàþòñÿ òåìè æå ñàìûìè è äëÿ ðàññìàòðèâàåìûõ â
íàñòîÿùåé ðàáîòå âàðèàíòîâ äèñöèïëèíû îáîáù¼ííîãî îáíîâëåíèÿ è îáñëóæèâàíèÿ, òî ôîð-
ìóëû äëÿ èõ âû÷èñëåíèÿ çäåñü íå ïðèâîäÿòñÿ.

2. ÏÐÅÄÂÀÐÈÒÅËÜÍÛÅ ÐÅÇÓËÜÒÀÒÛ

Ïðè èññëåäîâàíèè îïèñûâàåìîé ñèñòåìû áóäåì èñïîëüçîâàòü íàéäåííûå â [6] ñòàöèîíàð-
íûå ïî âëîæåííîé öåïè Ìàðêîâà ðàñïðåäåëåíèå âåðîÿòíîñòåé ~p− = (p−0 , . . . , p

−
n+r)

T , ãäå p−k ,
k = 0, n+ r, � ñòàöèîíàðíàÿ âåðîÿòíîñòü òîãî, ÷òî ïîñòóïèâøàÿ â ñèñòåìó çàÿâêà çàñòàëà â
íåé k äðóãèõ çàÿâîê, à òàêæå ñòàöèîíàðíûå âåðîÿòíîñòÿìè ploss ïîòåðè è pserv îáñëóæèâàíèÿ
ïðèíÿòîé â ñèñòåìó çàÿâêè.

Êðîìå òîãî, â äàííîé ðàáîòå áóäóò èñïîëüçîâàíû ñëåäóþùèå âåðîÿòíîñòè, îïðåäåë¼ííûå
â [6]:

πm(k), k = 1, n+ r, m = 1, k, � âåðîÿòíîñòü òîãî, ÷òî çà âðåìÿ x ñèñòåìó ïîêèíåò (áóäåò
îáñëóæåíî è ¾óáèòî¿) ðîâíî k çàÿâîê, ïðè óñëîâèè, ÷òî çà ýòî âðåìÿ îáñëóæèòñÿ ðîâíî m
çàÿâîê è íîâûå çàÿâêè â ñèñòåìó íå ïîñòóïÿò;

π̃m(k), k = 1, r, m = 1, k, � âåðîÿòíîñòü òîãî, ÷òî â êîíöå âðåìåííîãî èíòåðâàëà x â ñèñòåìå
îñòàíåòñÿ n−1 çàÿâîê, ïðè óñëîâèè, ÷òî â íà÷àëüíûé ìîìåíò âðåìåíè â ñèñòåìå áûëî n+k−1
çàÿâîê, çà âðåìÿ x îáñëóæèëîñü ðîâíî m çàÿâîê è íîâûå çàÿâêè â ñèñòåìó íå ïîñòóïèëè.

Îáîçíà÷èì ÷åðåç W (serv)(x) (W (loss)(x)) ñòàöèîíàðíîå ðàñïðåäåëåíèå âðåìåíè ïðåáûâàíèÿ â
íàêîïèòåëå îáñëóæåííîé (ñîîòâåòñòâåííî, ¾óáèòîé¿) çàÿâêè, à ÷åðåç W (serv)

i,j (x) (W (loss)
i,j (x)) �

âåðîÿòíîñòü òîãî, ÷òî äî ìîìåíòà âðåìåíè x çàÿâêà, ïåðåä êîòîðîé â íàêîïèòåëå ñòîèò i,
i = 0, r − 1, à ïîñëå íå¼ � åù¼ j, j = 0, r − 1− i, äðóãèõ çàÿâîê, íà÷í¼ò îáñëóæèâàòüñÿ
íà ïðèáîðå (áóäåò ¾óáèòà¿), ïðè óñëîâèè, ÷òî â íà÷àëüíûé ìîìåíò â ñèñòåìó ïîñòóïèëà çà-

ÿâêà. ×åðåç w(loss)
i,j (x) è w

(serv)
i,j (x) îáîçíà÷èì ïðîèçâîäíûå (ïëîòíîñòè) ôóíêöèé W

(loss)
i,j (x) è

W
(serv)
i,j (x), à ÷åðåç ω(loss)

i,j (s) è ω(serv)
i,j (s) � ÏËÑ ýòèõ ôóíêöèé.

Ïî ôîðìóëå ïîëíîé âåðîÿòíîñòè ïîëó÷àåì

W (loss)(x) =
1

(1− π)ploss

r−1∑
i=0

W
(loss)
i,0 (x)p−n+i, (1)

W (serv)(x) =
1

(1− π)pserv

r−1∑
i=0

W
(serv)
i,0 (x)p−n+i. (2)
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Çàìåòèì, ÷òî äëÿ äëÿ âñåõ òðåõ ïåðå÷èñëåííûõ âî ââåäåíèè âàðèàíòîâ äèñöèïëèíû îáñëó-
æèâàíèÿ è îáîáù¼ííîãî îáíîâëåíèÿ (à òàêæå äëÿ äëÿ ñëó÷àÿ ïðÿìîãî ïîðÿäêà îáíîâëåíèÿ è
äèñöèïëèíû îáñëóæèâàíèÿ FIFO, ðàññìîòðåííîãî â ðàáîòå [6]) ïîëó÷åííûå âûðàæåíèÿ (1)�(2)

îäíè è òå æå. Ðàçëè÷èå ñîñòîèò òîëüêî â âûðàæåíèÿõ äëÿ âåðîÿòíîñòåé W (serv)
i,j (x) (W (loss)

i,j (x)),
i = 0, r − 1, j = 0, r − 1− i. Íàõîæäåíèå ýòèõ âåðîÿòíîñòåé è ïðåäñòàâëÿåò îñíîâíóþ çàäà÷ó
íàñòîÿùåé ðàáîòû. Ýòà çàäà÷à äëÿ êàæäîãî èç òðåõ âàðèàíòîâ áóäåò ðåøåíà â ñëåäóþùèõ
ðàçäåëàõ.

Â çàêëþ÷åíèå ýòîãî ðàçäåëà îòìåòèì, ÷òî ôîðìóëû (1)�(2) â òåðìèíàõ ÏËÑ ïðèíèìàþò
ñëåäóþùèé âèä:

ω(loss)(s) =

∞∫
0

e−sxdW (loss)(x) =
1

(1− π)ploss

r−1∑
i=0

ω
(loss)
i,0 (s)p−n+i, (3)

ω(serv)(s) =

∞∫
0

e−sxdW (serv)(x) =
1

(1− π)pserv

r−1∑
i=0

ω
(serv)
i,0 (s)p−n+i. (4)

3. ÏÐßÌÎÉ ÏÎÐßÄÎÊ ÎÁÑËÓÆÈÂÀÍÈß Ñ ÈÍÂÅÐÑÈÎÍÍÛÌ ÏÎÐßÄÊÎÌ
ÎÁÎÁÙ�ÍÍÎÃÎ ÎÁÍÎÂËÅÍÈß

Ïðåæäå ÷åì ïåðåéòè ê âû÷èñëåíèþ ñòàöèîíàðíûõ ðàñïðåäåëåíèé, ñâÿçàííûõ ñ âðåìåíåì
ïðåáûâàíèÿ çàÿâêè â ñèñòåìå, ââåä¼ì âñïîìîãàòåëüíûå ôóíêöèè:

U0(x) � âåðîÿòíîñòü òîãî, ÷òî çà âðåìÿ x íå îáñëóæèòñÿ íè îäíà çàÿâêà;

Um,k(x), m ≥ 1, k ≥ 0, m + k = 0, r − 1, � óñëîâíàÿ âåðîÿòíîñòü òîãî, ÷òî çà âðåìÿ x
îáñëóæèòñÿ ðîâíî m çàÿâîê è áóäåò ¾óáèòî¿ ðîâíî k çàÿâîê, ïðè óñëîâèè, ÷òî â íà÷àëüíûé
ìîìåíò â íàêîïèòåëå áûëî áîëüøå m+ k çàÿâîê;

Ũm,j(x), m ≥ 1, j ≥ 0, m + j = 1, r, � óñëîâíàÿ âåðîÿòíîñòü òîãî, ÷òî m-ÿ îáñëóæåííàÿ
çàÿâêà ïîêèíåò ïðèáîð äî ìîìåíòà x, ïîñëå ìîìåíòà îêîí÷àíèÿ îáñëóæèâàíèÿ (m−1)-é çàÿâêè
áóäåò ¾óáèòî¿ ìåíåå j çàÿâîê, íî íåïîñðåäñòâåííî ïîñëå îêîí÷àíèÿ îáñëóæèâàíèÿ m-é çàÿâêè
áóäóò ¾óáèòû¿ âñå îñòàâøèåñÿ â íàêîïèòåëå çàÿâêè (âñåãî çà âðåìÿ x áóäåò óáèòî j çàÿâîê),
ïðè óñëîâèè, ÷òî â íà÷àëüíûé ìîìåíò â íàêîïèòåëå áûëî m + j çàÿâîê è çà âðåìÿ x íîâûå
çàÿâêè â ñèñòåìó íå ïîñòóïÿò;

U∗
m,j(x), m, j ≥ 0, m + j = 1, r − 1, � óñëîâíàÿ âåðîÿòíîñòü òîãî, ÷òî íåêîòîðàÿ çàÿâêà

ïîñòóïèò íà ïðèáîð, ïðè÷åì äî ìîìåíòà x, ïðè óñëîâèè, ÷òî â íà÷àëüíûé ìîìåíò â íàêîïèòåëå
ïåðåä ýòîé çàÿâêîé íàõîäèëîñü m, à ïîñëå íåå j çàÿâîê è íîâûå çàÿâêè çà âðåìÿ x â ñèñòåìó
íå ïîñòóïÿò.

×åðåç ũm,j(x) è u∗m,j(x) îáîçíà÷èì ïëîòíîñòè âåðîÿòíîñòåé Ũm,j(x) è U∗
m,j(x) ñîîòâåòñòâåííî.

Ôóíêöèè U0(x), Um,k(x), ũm,j(x) è u∗m,j(x) èìåþò âèä

U0(x) = e−µnx, Um,k(x) = πm(m+ k)
(µnx)m

m!
e−µnx, m ≥ 1, k ≥ 0, m+ k = 0, r − 1, (5)

ũm,j(x) = π̃m(m+ j)
(µn)mxm−1

(m− 1)!
e−µnx, m ≥ 1, j ≥ 0, m+ j = 1, r, (6)

u∗m,j(x) =
j∑

l=0

πm(m+ l)
(µn)mxm−1

m!
e−µnx, m ≥ 1, j ≥ 0, m+ j = 1, r. (7)
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Äëÿ äàëüíåéøåãî íàì ïîíàäîáÿòñÿ òàêæå ôóíêöèè ψ0(s) ψm,k(s), ψ̃m,j(s) è ψ∗m,j(s), êîòîðûå
â ñîîòâåòñòâèè ñ (5)�(7) èìåþò âèä

ψ0(s) =

∞∫
0

e−sxU0(x) dA(x) = α(µn+ s),

ψm,k(s) =

∞∫
0

e−sxUm,k(x) dA(x) =(−1)mπm(m+ k)
(µn)m

m!
α(m)(µn+ s),

m ≥ 1, k ≥ 0, m+ k = 0, r − 1,

(8)

ψ̃m,j(s) =

∞∫
0

e−sxũm,j(x)Ā(x) dx =

= π̃m(m+ j)
((

µn

µn+ s

)m

+ (−1)m (µn)m

(m− 1)!
α̃(m−1)(µn+ s)

)
,

m ≥ 1, j ≥ 0, m+ j = 1, r,

(9)

ψ∗m,j(s) =

∞∫
0

e−sxu∗m,j(x)Ā(x) dx =

=
j∑

l=0

πm(m+ l)
((

µn

µn+ s

)m

+ (−1)m (µn)m

(m− 1)!
α̃(m−1)(µn+ s)

)
,

m ≥ 1, j ≥ 0, m+ j = 1, r.

(10)

Çäåñü α(s) è α̃(s) � ÏËÑ è ïðåîáðàçîâàíèå Ëàïëàñà (ÏË) ÔÐ A(x).
Íàéä¼ì òåïåðü ñòàöèîíàðíîå ðàñïðåäåëåíèå âðåìåíè ïðåáûâàíèÿ â ñèñòåìå (â íàêîïèòåëå)

¾óáèòîé¿ çàÿâêè.

Ïëîòíîñòè âåðîÿòíîñòåé w(loss)
i,j (x), i = 0, r − 1, j = 0, r − 1− i, óäîâëåòâîðÿþò ñëåäóþùèì

ñîîòíîøåíèÿì:

w
(loss)
0,j (x) = ũ1,j+1(x)Ā(x) +

x∫
0

U0(y) dA(y)w(loss)
0,j+1(x− y), j = 0, r − 2, (11)

w
(loss)
0,r−1(x) = ũ1,r(x)Ā(x) +

x∫
0

U0(y) dA(y)w(loss)
0,r−1(x− y), (12)

w
(loss)
i,j (x) =

i+1∑
m=1

ũm,j+1(x)Ā(x) +
i∑

m=1

j∑
k=0

x∫
0

Um,k(y) dA(y)w(loss)
i−m,j−k+1(x− y) +

+

x∫
0

U0(y) dA(y)w(loss)
i,j+1(x− y), i = 1, r − 2, j = 0, r − i− 2,

(13)
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w
(loss)
i,r−i−1(x) =

i+1∑
m=1

ũm,r−i(x)Ā(x) +
i∑

m=1

r−i−1∑
k=0

x∫
0

Um,k(y) dA(y)w(loss)
i−m,r−i−k(x− y) +

+

x∫
0

U0(y) dA(y)w(loss)
i,r−i−1(x− y), i = 1, r − 2,

(14)

w
(loss)
r−1,0(x) =

r∑
m=0

ũm,1(x)Ā(x) +
i∑

m=1

x∫
0

Um,0(y) dA(y)w(loss)
r−1−m,1(x− y) +

+

x∫
0

U0(y) dA(y)w(loss)
r−1,0(x− y).

(15)

Ïîêàæåì, êàê ïîëó÷åíû ñîîòíîøåíèÿ (11)�(15), íà ïðèìåðàõ (13) è (14).

Ïóñòü ïåðåä íåêîòîðîé (âûäåëåííîé) çàÿâêîé â íàêîïèòåëå íàõîäèòñÿ i, i = 1, r − 2, à
ïîñëå íå¼ åù¼ j, j = 0, r − i− 2, çàÿâîê. Ýòà çàÿâêà ìîæåò áûòü ¾óáèòà¿ â ìîìåíò x åù¼ äî
ïîñòóïëåíèÿ íîâîé çàÿâêè â ñèñòåìó, åñëè â ìîìåíò x îáñëóæèòñÿ ïîñëåäíÿÿ,m-ÿ,m = 1, i+ 1,
èçm îáñëóæåííûõ çà âðåìÿ x çàÿâîê, äî åå óõîäà â íàêîïèòåëå áóäåò ¾óáèòî¿ ìåíåå j+1 çàÿâîê,

à ïîñëå óõîäà � íå ìåíåå j+1 çàÿâîê (ñ ïëîòíîñòüþ âåðîÿòíîñòåé
i+1∑
m=1

ũm,j+1(x)), à íîâàÿ çàÿâêà

íå ïîñòóïèò äî ìîìåíòà x (ñ âåðîÿòíîñòüþ Ā(x)). Òàêîé ñëó÷àé îòðàæåí ïåðâûì ñëàãàåìûì
(13). Åñëè æå íîâàÿ çàÿâêà ïîñòóïèò â ñèñòåìó â ìîìåíò y < x (ñ ïëîòíîñòüþ âåðîÿòíîñòåé
a(y)), òî çà âðåìÿ äî ïîñòóïëåíèÿ íîâîé çàÿâêè ìîãóò îáñëóæèòüñÿ m, m = 1, i, çàÿâîê è â

íàêîïèòåëå ìîæåò áûòü ¾óáèòî¿ k, k = 0, j, çàÿâîê (ñ âåðîÿòíîñòüþ
i∑

m=0

j∑
k=0

Um,k(y)). Òîãäà

ïîñëå ïðèõîäà â ñèñòåìó íîâîé çàÿâêè ïåðåä âûäåëåííîé çàÿâêîé â î÷åðåäè íà îáñëóæèâàíèå
áóäåò íàõîäèòüñÿ óæå i−m, à ïîñëå íå¼ j − k + 1 çàÿâîê, è âûäåëåííàÿ çàÿâêà áóäåò ¾óáèòà¿
â ìîìåíò x ñ ïëîòíîñòüþ âåðîÿòíîñòåé w(loss)

i−m,j−k+1(x− y). Ñóììèðóÿ ïî âñåì ïðîìåæóòî÷íûì
ìîìåíòàì y, ïîëó÷àåì âòîðîå ñëàãàåìîå (13). Íàêîíåö, åñëè äî ìîìåíòà y ïîñòóïëåíèÿ íîâîé
çàÿâêè â ñèñòåìó íè íà îäíîì èç ïðèáîðîâ íå çàêîí÷èòñÿ îáñëóæèâàíèå, òî ÷èñëî çàÿâîê,
ñòîÿùèõ ïîñëå âûäåëåííîé, óâåëè÷èòñÿ íà îäíó, ÷òî äàåò íàì òðåòüå ñëàãàåìîå (13).

Ïóñòü òåïåðü ñèñòåìà çàïîëíåíà ïîëíîñòüþ, ò.å. ïåðåä âûäåëåííîé çàÿâêîé íàõîäèòñÿ i,
i = 1, r − 2, à ïîñëå íå¼ r − i − 1 çàÿâîê. Îò ðàññìîòðåííîãî âûøå ýòîò ñëó÷àé îòëè÷àåòñÿ
òîëüêî òåì, ÷òî, åñëè çà âðåìÿ y íè íà îäíîì èç ïðèáîðîâ íå çàêîí÷èòñÿ îáñëóæèâàíèå, òî
ïîñòóïàþùàÿ â ñèñòåìó çàÿâêà áóäåò ïîòåðÿíà è ïåðåä âûäåëåííîé çàÿâêîé â íàêîïèòåëå ïî-
ïðåæíåìó áóäóò íàõîäèòüñÿ i, à ïîñëå íå¼ r − i − 1 çàÿâîê. Ýòè ðàññóæäåíèÿ ïðèâîäÿò ê
âûðàæåíèþ (14).

Ïåðåõîäÿ ê ÏËÑ, ïîëó÷àåì èç (11)�(15), ïîëó÷àåì ñëåäóþùóþ ñèñòåìó óðàâíåíèé:

ω
(loss)
0,j (s) = ψ̃1,j+1(s) + ψ0(s)ω

(loss)
0,j+1(s), j = 0, r − 2, (16)

ω
(loss)
0,r−1(s) = ψ̃1,r(s) + ψ0(s)ω

(loss)
0,r−1(s), (17)

ω
(loss)
i,j (s) =

i+1∑
m=1

ψ̃m,j+1(s) +
i∑

m=1

j∑
k=0

ψm,k(s)ω
(loss)
i−m,j−k+1(s) + ψ0(s)ω

(loss)
i,j+1(s),

i = 1, r − 2, j = 0, r − i− 2,

(18)
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ω
(loss)
i,r−i−1(s) =

i+1∑
m=1

ψ̃m,r−i(s) +
i∑

m=1

r−i−1∑
k=0

ψm,k(s)ω
(loss)
i−m,r−i−k(s) + ψ0(s)ω

(loss)
i,r−i−1(s),

i = 1, r − 2,

(19)

ω
(loss)
r−1,0(s) =

r∑
m=1

ψ̃m,1(s) +
r−1∑
m=1

ψm,0(s)ω
(loss)
r−1−m,1(s) + ψ0(s)ω

(loss)
r−1,0(s). (20)

Ðåøåíèå äàííîé ñèñòåìû ìîæíî íàéòè ñëåäóþùèì îáðàçîì. ÏËÑ ω(loss)
0,r−1(s) íåïîñðåäñòâåííî

îïðåäåëÿåòñÿ èç óðàâíåíèÿ (17). Çàòåì èç óðàâíåíèÿ (16) ïðè j = r − 2 ÏËÑ ω
(loss)
0,r−2(s) âûðà-

æàåòñÿ ÷åðåç ω(loss)
0,r−1(s), èç ýòîãî æå óðàâíåíèÿ ïðè j = r − 3 ÏËÑ ω

(loss)
0,r−3(s) âûðàæàåòñÿ ÷åðåç

ω
(loss)
0,r−2(s) è ò.ä. Òàêèì îáðàçîì, êàæäîå ÏËÑ ω

(loss)
0,j (s), j = 0, r − 2, îäíîçíà÷íî îïðåäåëÿåòñÿ

÷åðåç ω(loss)
0,r−1. Àíàëîãè÷íûì îáðàçîì èç ñîîòíîøåíèé (19), (18) ïîñëåäîâàòåëüíî ïî i = 1, r − 2

âû÷èñëÿþòñÿ ÷åðåç ω(loss)
0,r−1 ÏËÑ w

(loss)
i,j (x), à èç ñîîòíîøåíèÿ (20) � ÏËÑ ω

(loss)
r−1,0(s).

Äëÿ âû÷èñëåíèÿ â òåðìèíàõ ÏËÑ ω(loss)(s) ñòàöèîíàðíîãî ðàñïðåäåëåíèå âðåìåíè ïðåáû-
âàíèÿ â íàêîïèòåëå ¾óáèòîé¿ çàÿâêè îñòàëîñü âîñïîëüçîâàòüñÿ ôîðìóëîé (3).

Ïåðåéä¼ì ê íàõîæäåíèþ ñòàöèîíàðíîãî ðàñïðåäåëåíèÿ âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå
îáñëóæåííîé çàÿâêè.

Êàê è â ñëó÷àå ¾óáèòîé¿ çàÿâêè, äëÿ ïëîòíîñòåé w(serv)
i,j (x), i = 0, r − 1, j = 0, r − 1− i,

ìîæíî çàïèñàòü ñîîòíîøåíèÿ:

w
(serv)
0,j (x) = u∗1,j(x)Ā(x) +

x∫
0

U0(y) dA(y)w(serv)
0,j+1(x− y), j = 0, r − 2, (21)

w
(serv)
0,r−1(x) = u∗1,r−1(x)Ā(x) +

x∫
0

U0(y) dA(y)w(serv)
0,r−1(x− y), (22)

w
(serv)
i,j (x) = u∗i+1,j(x)Ā(x) +

i∑
m=1

j∑
k=0

x∫
0

Um,k(y) dA(y)w(serv)
i−m,j−k+1(x− y) +

+

x∫
0

U0(y) dA(y)w(serv)
i,j+1 (x− y), i = 1, r − 2, j = 0, r − i− 2,

(23)

w
(serv)
i,r−i−1(x) = u∗i+1,r−i−1(x)Ā(x) +

i∑
m=1

r−i−1∑
k=0

x∫
0

Um,k(y) dA(y)w(serv)
i−m,r−i−k(x− y) +

+

x∫
0

U0(y) dA(y)w(serv)
i,r−i−1(x− y), i = 0, r − 2,

(24)
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w
(serv)
r−1,0(x) = u∗r,0(x)Ā(x) +

r−1∑
m=1

x∫
0

Um,0(y) dA(y)w(serv)
r−1−m,1(x− y) +

+

x∫
0

U0(y) dA(y)w(serv)
r−1,0(x− y).

(25)

Íà ïðèìåðå âûðàæåíèé (23)�(24) ïîêàæåì, êàê ïîëó÷åíû ñîîòíîøåíèÿ (21)�(25).

Ñíîâà ðàññìîòðèì íåêîòîðóþ (âûäåëåííóþ) çàÿâêó, ïåðåä êîòîðîé â î÷åðåäè íà îáñëóæè-
âàíèå íàõîäèòñÿ i, i = 1, r − 2, à ïîñëå íå¼ � åù¼ j, j = 0, r − i− 2, çàÿâîê. Ýòà çàÿâêà ìîæåò
íà÷àòü îáñëóæèâàòüñÿ íà ïðèáîðå â ìîìåíò âðåìåíè x åù¼ äî ïîñòóïëåíèÿ íîâîé çàÿâêè â
ñèñòåìó, åñëè çà âðåìÿ x îáñëóæèòñÿ i + 1 çàÿâîê è ïðè ýòîì îíà íå áóäåò ¾óáèòà¿, ò.å. èç
íàêîïèòåëÿ áóäåò âûáèòî íå áîëåå j ñòîÿùèõ ïîñëå íå¼ çàÿâîê (ñ ïëîòíîñòüþ âåðîÿòíîñòåé

j∑
k=0

u∗i+1,k(x)), à íîâàÿ çàÿâêà íå ïîñòóïèò äî ìîìåíòà x (ñ âåðîÿòíîñòüþ Ā(x)). Ýòîò ñëó÷àé

ñîîòâåòñòâóåò ïåðâîìó ñëàãàåìîìó (23). Åñëè æå íîâàÿ çàÿâêà ïîñòóïèò â ñèñòåìó â ìîìåíò
âðåìåíè y < x (ñ ïëîòíîñòüþ âåðîÿòíîñòåé a(y)), òî çà âðåìÿ äî ïîñòóïëåíèÿ íîâîé çàÿâêè ìî-
ãóò îáñëóæèòüñÿ m, m = 0, i, çàÿâîê è èç íàêîïèòåëÿ ìîæåò áûòü ïîòåðÿíî k, k = 0, j, çàÿâîê

(ñ âåðîÿòíîñòüþ
i∑

m=0

j∑
k=0

Um,k(y)). Ïðè ýòîì ïîñëå ïðèõîäà íîâîé çàÿâêè ïåðåä âûäåëåííîé

çàÿâêîé â íàêîïèòåëå áóäåò íàõîäèòüñÿ i−m çàÿâîê, à ïîñëå íå¼ � j−k+1 çàÿâîê, è îíà ñìî-
æåò íà÷àòü îáñëóæèâàòüñÿ â ìîìåíò âðåìåíè x ñ ïëîòíîñòüþ âåðîÿòíîñòåé w(serv)

i−m,j−k+1(x− y).
Ñóììèðóÿ ïî âñåì ïðîìåæóòî÷íûì ìîìåíòàì y, ïîëó÷èì âòîðîå ñëàãàåìîå â (23). Íàêîíåö,
òðåòüå ñëàãàåìîå â (23) ñîîòâåòñòâóåò ñëó÷àþ, êîãäà äî ìîìåíòà y ïîñòóïëåíèÿ íîâîé çàÿâêè â
ñèñòåìó íè íà îäíîì èç ïðèáîðîâ íå çàêîí÷èòñÿ îáñëóæèâàíèå è ÷èñëî çàÿâîê, ñòîÿùèõ ïîñëå
âûäåëåííîé, óâåëè÷èòñÿ íà åäèíèöó.

Ïóñòü òåïåðü ñèñòåìà çàïîëíåíà ïîëíîòüþ, ò.å. ïåðåä âûäåëåííîé çàÿâêîé íàõîäèòñÿ i,
i = 1, r − 2, à ïîñëå íå¼ r − i − 1 çàÿâîê. Îò ðàññìîòðåííîãî âûøå ýòîò ñëó÷àé îòëè÷àåò-
ñÿ òîëüêî òåì, ÷òî, åñëè çà âðåìÿ y äî ïðèõîäà íîâîé çàÿâêè íè íà îäíîì èç ïðèáîðîâ íå
çàêîí÷èòñÿ îáñëóæèâàíèå, òî ïîñòóïàþùàÿ â ñèñòåìó çàÿâêà áóäåò ïîòåðÿíà è ïåðåä âûäå-
ëåííîé çàÿâêîé â íàêîïèòåëå ïî-ïðåæíåìó áóäóò íàõîäèòüñÿ i, à ïîñëå íå¼ r − i − 1 çàÿâîê.
Äàííûå ðàññóæäåíèÿ ïðèâîäÿò ê âûðàæåíèþ (24).

Ïåðåõîäÿ ê ÏËÑ, èç âûðàæåíèé (21)�(25), ñ ó÷¼òîì (8)�(10), ïîëó÷àåì ñëåäóþùóþ ñèñòåìó
óðàâíåíèé:

ω
(serv)
0,j (s) = ψ∗1,j(s) + ω

(serv)
0,j+1(s)ψ0(s), j = 0, r − 2, (26)

ω
(serv)
0,r−1(s) = ψ∗1,r−1(s) + w

(serv)
0,r−1(s)ψ0(s), (27)

ω
(serv)
i,j (s) = ψ∗i+1,j(s) +

i∑
m=1

j∑
k=0

ψm,k(s)ω
(serv)
i−m,j−k+1(s) + ψ0(s)ω

(serv)
i,j+1 (s),

i = 1, r − 2, j = 0, r − i− 2,

(28)

ω
(serv)
i,r−i−1(s) = ψ∗i+1,r−i−1(s) +

i∑
m=1

r−i−1∑
k=0

ψm,k(s)ω
(serv)
i−m,j−k+1(s) + ω

(serv)
i,r−i−1(s)ψ0(s),

i = 0, r − 2.

(29)
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ω
(serv)
r−1,0(s) = ψ∗r,0(s) +

r−1∑
m=1

ψm,0(s)ω
(serv)
r−1−m,1(s) + ω

(serv)
r−1,0(s)ψ0(s). (30)

Ðåøåíèå äàííîé ñèñòåìû ìîæíî íàéòè ñëåäóþùèì îáðàçîì. Ïðè j = 0 èç (26) ÏËÑ ω(serv)
0,1 (s)

âûðàæàåòñÿ ÷åðåç ω(serv)
0,0 (s). Ïîëîæèì j = 1. Òîãäà ω(serv)

0,2 (s) îïðåäåëÿåòñÿ ÷åðåç ω(serv)
0,1 (s) è,

òàêèì îáðàçîì, ÷åðåç ω(serv)
0,0 (s). Ïðè j = 2 èç óðàâíåíèÿ (26) íàõîäèì ω

(serv)
0,3 (s) ÷åðåç ω(serv)

0,1 (s)

è ω(serv)
0,2 (s), ò.å. ÷åðåç ω(serv)

0,0 (s), è ò.ä. Äëÿ îïðåäåëåíèÿ ω(serv)
0,0 (s) èñïîëüçóåòñÿ óðàâíåíèå (27).

Àíàëîãè÷íûì îáðàçîì èç ñîîòíîøåíèé (28)�(29) ïîñëåäîâàòåëüíî ïî j = 0, r − i− 1 ïðè

êàæäîì ôèêñèðîâàííîì çíà÷åíèè èíäåêñà i, i = 1, r − 2, âû÷èñëÿþòñÿ ÏËÑ ω
(serv)
i,j (s). Èç

ñîîòíîøåíèÿ (28) íàõîäèòñÿ ÏËÑ ω
(serv)
r−1,0(s).

Äëÿ òîãî ÷òîáû íàéòè â òåðìèíàõ ÏËÑ ω(serv)(s) ñòàöèîíàðíîå ðàñïðåäåëåíèå âðåìåíè ïðå-
áûâàíèÿ â íàêîïèòåëå îáñëóæåííîé çàÿâêè, îñòàëîñü âîñïîëüçîâàòüñÿ ôîðìóëîé (4).

4. ÈÍÂÅÐÑÈÎÍÍÛÉ ÏÎÐßÄÎÊ ÎÁÑËÓÆÈÂÀÍÈß Ñ ÏÐßÌÛÌ ÏÎÐßÄÊÎÌ
ÎÁÎÁÙ�ÍÍÎÃÎ ÎÁÍÎÂËÅÍÈß

Âîñïîëüçóåìñÿ ââåä¼ííûìè â ïðåäûäóùåì ðàçäåëå ôóíêöèÿìè U0(x), Um,k(x), ũm,k(x) è
u∗m,k(x), óäîâëåòâîðÿþùèìè (5)�(7), à òàêæå èõ ïðåîáðàçîâàíèÿìè (8)�(10) è íàéä¼ì ñòàöèî-
íàðíîå ðàñïðåäåëåíèå âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå ¾óáèòîé¿ çàÿâêè.

Ïëîòíîñòè âåðîÿòíîñòåé w(loss)
i,j (x), i = 0, r − 1, j = 0, r − 1− i, óäîâëåòâîðÿþò ñëåäóþùèì

ñîîòíîøåíèÿì:

w
(loss)
0,j (x) =

j+1∑
m=1

ũm,1(x)Ā(x) +
j∑

m=0

x∫
0

Um,0(y) dA(y)w(loss)
0,j−m+1(x− y), j = 0, r − 2, (31)

w
(loss)
0,r−1(x) =

r∑
m=1

ũm,1(x)Ā(x) +
r−1∑
m=1

x∫
0

Um,0(y) dA(y)w(loss)
0,r−m(x− y) +

+

x∫
0

U0(y) dA(y)w(loss)
0,r−1(x− y),

(32)

w
(loss)
i,j (x) =

j+1∑
m=1

ũm,i+1(x)Ā(x) +
j∑

m=1

i∑
k=1

x∫
0

Um,k(y) dA(y)w(loss)
i−k,j−m+1(x− y) +

+
j∑

m=0

x∫
0

Um,0(y) dA(y)w(loss)
i,j−m+1(x− y), i = 1, r − 2, j = 0, r − i− 2,

(33)

w
(loss)
i,r−i−1(x) =

r−i∑
m=1

ũm,i+1(x)Ā(x) +
r−i−1∑
m=1

i∑
k=1

x∫
0

Um,k(y) dA(y)w(loss)
i−k,r−i−m(x− y) +

+
r−i−1∑
m=1

x∫
0

Um,0(y) dA(y)w(loss)
i,r−i−m(x− y) +

x∫
0

U0(y) dA(y)w(loss)
i,r−i−1(x− y), i = 1, r − 2,

(34)
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w
(loss)
r−1,0(x) = ũ1,r(x)Ā(x) +

x∫
0

U0(y) dA(y)w(loss)
r−1,0(x− y). (35)

Ïîÿñíèì, êàê áûëè ïîëó÷åíû ñîîòíîøåíèÿ (31)�(35), íà ïðèìåðå âûðàæåíèé (33)�(34).

Ïóñòü ïåðåä âûäåëåííîé çàÿâêîé â íàêîïèòåëå íàõîäèòñÿ i, i = 1, r − 2, à ïîñëå íå¼ � åù¼
j, j = 0, r − i− 1, çàÿâîê. Âûäåëåííàÿ çàÿâêà ìîæåò áûòü ¾óáèòà¿ â ìîìåíò âðåìåíè x åù¼
äî ïðèõîäà íîâîé çàÿâêè â ñèñòåìó, åñëè îáñëóæèòñÿ õîòÿ áû îäíà èç j + 1 çàÿâîê è ïðè ýòîì

èç íàêîïèòåëÿ áóäåò âûáèòî i + 1 è áîëåå çàÿâîê (ñ ïëîòíîñòüþ âåðîÿòíîñòåé
j+1∑
m=1

ũm,i+1(x)),

à íîâàÿ çàÿâêà íå ïîñòóïèò â ñèñòåìó äî ìîìåíòà x (ñ âåðîÿòíîñòüþ Ā(x)). Ýòîò ñëó÷àé ñî-
îòâåòñòâóåò ïåðâîìó ñëàãàåìîìó âûðàæåíèÿ (33). Åñëè æå íîâàÿ çàÿâêà ïîñòóïèò â ñèñòåìó â
ìîìåíò y < x (ñ ïëîòíîñòüþ âåðîÿòíîñòåé a(y)), òî çà âðåìÿ äî ïðèõîäà íîâîé çàÿâêè ìîãóò
çàêîí÷èòü îáñëóæèâàíèå ðîâíî m, m = 1, j, çàÿâîê, ïðè ýòîì èç i çàÿâîê ìîæåò áûòü ¾óáè-
òî¿ ðîâíî k, k = 1, i, çàÿâîê (ñ âåðîÿòíîñòüþ Um,k(y)). Òîãäà ïîñëå ïðèõîäà íîâîé çàÿâêè â
íàêîïèòåëå áóäåò íàõîäèòüñÿ ïåðåä âûäåëåííîé çàÿâêîé i − k, à çà íåþ � j −m + 1 çàÿâîê,
è ðàññìàòðèâàåìàÿ çàÿâêà áóäåò ¾óáèòà¿ â ìîìåíò âðåìåíè x (ñ ïëîòíîñòüþ âåðîÿòíîñòåé

w
(loss)
i−k,j−m+1(x−y)). Ïðîñóììèðîâàâ ïî âñåì ïðîìåæóòî÷íûì ìîìåíòàì y, ïîëó÷èì âòîðîå ñëà-

ãàåìîå (33). Íàêîíåö, òðåòüå ñëàãàåìîå îòðàæàåò ñëó÷àé, êîãäà äî ïîñòóïëåíèÿ íîâîé çàÿâêè â
ñèñòåìó m, m = 0, j, îáñëóæèâøèìèñÿ çàÿâêàìè íå âûáèâàåòñÿ íè îäíà çàÿâêà èç íàêîïèòåëÿ.

Äëÿ âûâîäà âûðàæåíèÿ (34) ïðåäïîëîæèì, ÷òî ñèñòåìà çàïîëíåíà ïîëíîñòüþ. Òîãäà äàííûé
ñëó÷àé îò ðàññìîòðåííîãî âûøå áóäåò îòëè÷àòüñÿ òîëüêî òåì, ÷òî åñëè äî ïðèõîäà íîâîé
çàÿâêè â ñèñòåìó íè íà îäíîì èç ïðèáîðîâ íå çàêîí÷èòñÿ îáñëóæèâàíèå, òî ïîñòóïàþùàÿ â
ñèñòåìó çàÿâêà ïîòåðÿåòñÿ.

Ïåðåõîäÿ ê ÏËÑ è èñïîëüçóÿ (8)�(10), èç âûðàæåíèé (31)�(35) ïîëó÷àåì ñëåäóþùóþ ñè-
ñòåìó óðàâíåíèé:

ω
(loss)
0,j (s) =

j+1∑
m=1

ψ̃m,1(s) +
j∑

m=0

ψm,0(s)ω
(loss)
0,j−m+1(s), j = 0, r − 2, (36)

ω
(loss)
0,r−1(s) =

r∑
m=1

ψ̃m,1(x) +
r−1∑
m=1

ψm,0(s)ω
(loss)
0,r−m(s) + ω

(loss)
0,r−1(s)ψ0(s), (37)

ω
(loss)
i,j (s) =

j+1∑
m=1

ṽm,i+1(s) +
j∑

m=1

i∑
k=1

ψm,k(s)ω
(loss)
i−k,j−m+1(s) +

j∑
m=0

ψm,0(s)ω
(loss)
i,j−m+1(s),

i = 1, r − 2, j = 0, r − i− 2,

(38)

ω
(loss)
i,r−i−1(s) =

r−i∑
m=1

ψ̃m,i+1(x) +
r−i−1∑
m=1

i∑
k=1

ψm,k(s)ω
(loss)
i−k,r−i−m(s) +

+
r−i−1∑
m=1

ψm,0(s)ω
(loss)
i,r−i−m(s) + ω

(loss)
i,r−i−1(s)ψ0(s), i = 1, r − 2,

(39)

ω
(loss)
r−1,0(s) = ψ̃1,r(s) + ω

(loss)
r−1,0(s)ψ0(s). (40)
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Äàííàÿ ñèñòåìà ðåøàåòñÿ àíàëîãè÷íî ñèñòåìå óðàâíåíèé (26)�(30). Òåïåðü, äëÿ âû÷èñëåíèÿ
â òåðìèíàõ ÏËÑ ω(loss)(s) ñòàöèîíàðíîãî ðàñïðåäåëåíèÿ âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå
¾óáèòîé¿ çàÿâêè îñòàëîñü âîñïîëüçîâàòüñÿ ôîðìóëîé (3).

Ïåðåéä¼ì ê ñòàöèîíàðíîìó ðàñïðåäåëåíèþ âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå îáñëóæåííîé
çàÿâêè è âûïèøåì ñîîòíîøåíèÿ, êîòîðûì óäîâëåòâîðÿþò ïëîòíîñòè âåðîÿòíîñòåé w(serv)

i,j (x),
i = 0, r − 1, j = 0, r − i− 1:

w
(serv)
0,j (x) = u∗j+1,0(x)Ā(x) +

j∑
m=0

x∫
0

Um,0(y) dA(y)w(serv)
0,j−m+1(x− y), j = 0, r − 2. (41)

w
(serv)
0,r−1(x) = u∗r,0(x)Ā(x) +

r−1∑
m=1

x∫
0

Um,0(y) dA(y)w(serv)
0,r−m(x− y)+

+

x∫
0

U0(y) dA(y)w(serv)
0,r−1(x− y),

(42)

w
(serv)
i,j (x) = u∗j+1,i(x)Ā(x) +

j∑
m=1

i∑
k=1

x∫
0

Um,k(y) dA(y)w(serv)
i−k,j−m+1(x− y) +

+
j∑

m=0

x∫
0

Um,0(y) dA(y)w(serv)
i,j−m+1(x− y), i = 1, r − 2, j = 0, r − i− 2,

(43)

w
(serv)
i,r−i−1(x) = u∗r−i,i(x)Ā(x) +

r−i−1∑
m=1

i∑
k=1

x∫
0

Um,k(y) dA(y)w(serv)
i−k,r−i−m(x− y) +

+
r−i−1∑
m=1

x∫
0

Um,0(y) dA(y)w(serv)
i,r−i−m(x− y) +

x∫
0

U0(y) dA(y)w(serv)
i,r−i−1(x− y),

i = 1, r − 2,

(44)

w
(serv)
r−1,0(x) = u∗1,r−1(x)Ā(x) +

x∫
0

U0(y) dA(y)w(serv)
r−1,0(x− y). (45)

Â êà÷åñòâå ïðèìåðà âûâîäà ñîîòíîøåíèé (42)�(45) ïîÿñíèì, êàê ïîëó÷åíû (43)�(44).

Ñíîâà âûäåëèì íåêîòîðóþ çàÿâêó â íàêîïèòåëå, ïåðåä êîòîðîé íàõîäèòñÿ i, i = 0, r − 1,
ïîñòóïèâøèõ ðàíåå, à ïîñëå íå¼ åù¼ j, j = 0, r − i− 1, ïðèøåäøèõ ïîçæå çàÿâîê. Âûäåëåííàÿ
çàÿâêà ìîæåò íà÷àòü îáñëóæèâàòüñÿ íà ïðèáîðå â ìîìåíò x åù¼ äî ïîñòóïëåíèÿ â ñèñòåìó
íîâîé çàÿâêè, åñëè çà âðåìÿ x îáñëóæèòñÿ j + 1 çàÿâîê è ïðè ýòîì âñåìè j + 1 îáñëóæåííûìè
çàÿâêàìè â íàêîïèòåëå áóäåò ¾óáèòî¿ íå áîëåå i çàÿâîê (ñ ïëîòíîñòüþ âåðîÿòíîñòåé u∗j+1,i(x)),
à íîâàÿ çàÿâêà íå ïîñòóïèò äî ìîìåíòà âðåìåíè x (c âåðîÿòíîñòüþ Ā(x)). Òàêèì îáðàçîì ïî-
ëó÷àåì ïåðâîå ñëàãàåìîå (43). Åñëè æå íîâàÿ çàÿâêà ïîñòóïàåò â ñèñòåìó â íåêîòîðûé ìîìåíò
âðåìíè y < x (ñ ïëîòíîñòüþ âåðîÿòíîñòåé a(y)), òî çà âðåìÿ äî å¼ ïðèõîäà ìîãóò îáñëóæèòüñÿ
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ðîâíî m, m = 1, j, è áûòü âûáèòûìè èç íàêîïèòåëÿ ðîâíî k, k = 1, i, çàÿâîê (ñ âåðîÿòíîñòüþ
j∑

m=1

i∑
k=1

Um,k(y)). Òîãäà ïîñëå ïîñòóïëåíèÿ íîâîé çàÿâêè â íàêîïèòåëå áóäåò íàõîäèòüñÿ i − k

çàÿâîê äî âûäåëåííîé çàÿâêè è j −m + 1 ïîñëå, à âûäåëåííàÿ çàÿâêà ïåðåéä¼ò íà ïðèáîð â
ìîìåíò âðåìåíè x ñ ïëîòíîñòüþ âåðîÿòíîñòåé w(serv)

i−k,j−m+1(x − y). Äàííûé ñëó÷àé îïèñûâàåò-

ñÿ âòîðûì ñëàãàåìûì (43). Åñëè æå îáñëóæèâàíèå m, m = 0, j, çàÿâîê (äî ïðèõîäà íîâîé

çàÿâêè â ñèñòåìó) íå ïðèâåä¼ò ê ïîòåðå çàÿâîê èç íàêîïèòåëÿ (ñ âåðîÿòíîñòüþ
j∑

m=0
Um,0(y)),

òî âûäåëåííàÿ çàÿâêà â ìîìåíò âðåìåíè x íà÷í¼ò îáñëóæèâàòüñÿ ñ ïëîòíîñòüþ âåðîÿòíîñòåé
w

(serv)
i,j−m+1(x− y). Òàêèì îáðàçîì, ïîëó÷àåì ïîñëåäíåå ñëàãàåìîå âûðàæåíèÿ (43).

Åñëè ñèñòåìà çàïîëíåíà ïîëíîñòüþ, ò.å. ïåðåä âûäåëåííîé çàÿâêîé â íàêîïèòåëå íàõîäèòñÿ
i äðóãèõ çàÿâîê, à ïîñëå íå¼ � r − i − 1, i = 1, r − 2, çàÿâîê è äî ïîñòóïëåíèÿ íîâîé çàÿâêè
â ñèñòåìå íè íà îäíîì èç ïðèáîðîâ íå çàêîí÷èòñÿ îáñëóæèâàíèå, òî ïîñòóïàþùàÿ çàÿâêà
ïîòåðÿåòñÿ, ÷òî ïðèâîäèò ê (44).

Ïåðåõîä ê ÏËÑ ïðèâîäèò ê ñëåäóþùåé ñèñòåìå óðàâíåíèé:

ω
(serv)
0,j (s) = ψ∗j+1,0(s) +

j∑
m=0

ψm,0(s)ω
(serv)
0,j−m+1(s), j = 0, r − 2, (46)

ω
(serv)
0,r−1(s) = ψ∗r,0(s) +

r−1∑
m=0

ψm,0(s)ω
(loss)
0,r−m(s), (47)

ω
(serv)
i,j (s) = ψ∗j+1,i(s) +

j∑
m=1

i∑
k=1

ψm,k(s)ω
(serv)
i−k,j−m+1(s) +

j∑
m=0

ψm,0(s)ω
(serv)
i,j−m+1(s),

i = 1, r − 2, j = 0, r − i− 2,

(48)

ω
(serv)
i,r−i−1(s) = ψ∗r−i,i(s) +

r−i−1∑
m=1

i∑
k=1

ψm,k(s)ω
(serv)
i−k,r−i−m(s) +

r−i−1∑
m=1

ψm,0(s)ω
(serv)
i,r−i−m(s) +

+ψ0(s)ω
(serv)
i,r−i−1(s), i = 1, r − 2,

(49)

ω
(serv)
r−1,0(s) = ψ∗1,r−1(s) + ψ0(s)ω

(serv)
0,0 (s). (50)

Ðåøåíèå äàííîé ñèñòåìû àíàëîãè÷íî ðåøåíèþ ñèñòåìû (16)�(20). Äëÿ òîãî ÷òîáû âû÷èñ-
ëèòü â òåðìèíàõ ÏËÑ ω(serv)(s) ñòàöèîíàðíîå ðàñïðåäåëåíèå âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå
¾óáèòîé¿ çàÿâêè, îñòàëîñü âîñïîëüçîâàòüñÿ ôîðìóëîé (4).

5. ÈÍÂÅÐÑÈÎÍÍÛÉ ÏÎÐßÄÎÊ ÎÁÑËÓÆÈÂÀÍÈß Ñ ÈÍÂÅÐÑÈÎÍÍÛÌ ÏÎÐßÄÊÎÌ
ÎÁÎÁÙ�ÍÍÎÃÎ ÎÁÍÎÂËÅÍÈß

Ïåðåéä¼ì ê ïîñëåäíåìó ðàññìàòðèâàåìîìó â äàííîé ðàáîòå ñëó÷àþ, êîãäà èíâåðñèîííûìè
ÿâëÿþòñÿ êàê äèñöèïëèíà îáñëóæèâàíèÿ çàÿâîê íà ïðèáîðàõ, òàê è äèñöèïëèíà îáîáù¼ííîãî
îáíîâëåíèÿ.

Äëÿ íàõîæäåíèÿ ñòàöèîíàðíîãî ðàñïðåäåëåíèÿ âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå îáñëó-
æåííîé è ¾óáèòîé¿ çàÿâîê (â òåðìèíàõ ÏËÑ) ââåä¼ì âñïîìîãàòåëüíûå ôóíêöèè:
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Ũk(x), k = 0, r − 1, � óñëîâíàÿ âåðîÿòíîñòü òîãî, ÷òî ê ìîìåíòó âðåìåíè x çàÿâêà, ïîñëå
êîòîðîé â íàêîïèòåëå íàõîäèòñÿ k çàÿâîê, áóäåò ¾óáèòà¿, ïðè óñëîâèè, ÷òî íîâûå çàÿâêè â
ñèñòåìó íå ïîñòóïÿò;

Uk(x), k = 0, r − 1, � óñëîâíàÿ âåðîÿòíîñòü òîãî, ÷òî ê ìîìåíòó âðåìåíè x ñèñòåìó ïîêèíåò
ðîâíî k çàÿâîê, ïðè óñëîâèè, ÷òî íîâûå çàÿâêè â ñèñòåìó íå ïîñòóïÿò;

U∗
k (x), k = 0, r − 1, � óñëîâíàÿ âåðîÿòíîñòü òîãî, ÷òî ê ìîìåíòó âðåìåíè x çàÿâêà, ïîñëå

êîòîðîé â íàêîïèòåëå íàõîäèòñÿ k çàÿâîê, âñòàíåò íà îáñëóæèâàíèå, ñèñòåìó ïîêèíåò ðîâíî k
çàÿâîê, ïðè óñëîâèè, ÷òî íîâûå çàÿâêè â ñèñòåìó íå ïîñòóïÿò.

×åðåç ũk(x) è u∗k(x) îáîçíà÷èì ïðîèçâîäíûå ôóíêöèé Ũk(x) è U∗
k (x) ñîîòâåòñòâåííî. Ôóíê-

öèè ũk(x), Uk(x) è u∗k(x) èìåþò âèä:

U0(x) = e−µnx, Uk(x) =
k∑

m=1

πm(k)
(µnx)m

m!
e−µnx, k = 1, r − 1,

ũk(x) =
k+1∑
m=1

π̃m(k + 2)
(µn)mxm−1

(m− 1)!
e−µnx, k = 0, r − 1,

u∗k(x) =
k+1∑
m=1

πm(k + 1)
(nµ)mxm−1

(m− 1)!
e−µnx, k = 0, r − 1.

Âûïèøåì ïðåîáðàçîâàíèÿ, êîòîðûå ïîòðåáóþòñÿ â äàëüíåéøåì:

ψ0(s) = α(µn+ s), (51)

ψk(s) =

∞∫
0

e−sxUk(x) dA(x) =
k∑

m=1

(−1)mπm(k)
(µn)m

m!
α(m)(µn+ s), k = 1, r − 1, (52)

ψ̃k(s) =

∞∫
0

e−sxũk(x)Ā(x) dx =

=
k+1∑
m=1

π̃m(k + 2)
((

µn

µn+ s

)m

+ (−1)m (µn)m

(m− 1)!
α̃(m−1)(µn+ s)

)
, k = 0, r − 1,

(53)

ψ∗k(s) =

∞∫
0

e−sxu∗k(x)Ā(x) dx =

=
k+1∑
m=1

πm(k + 1)
((

µn

µn+ s

)m

+ (−1)m (µn)m

(m− 1)!
α̃(m−1)(µn+ s)

)
, k = 0, r − 1.

(54)

Ïëîòíîñòè âåðîÿòíîñòåé w(loss)
i,j (x), i = 0, r − 1, j = 0, r − i− 1, óäîâëåòâîðÿþò ñëåäóþùèì

ñîîòíîøåíèÿì:

w
(loss)
0,j (x) = ũj+1(x)Ā(x) +

j∑
k=0

x∫
0

Uk(y) dA(y)w(loss)
0,j−k+1(x− y), j = 0, r − 2, (55)
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w
(loss)
0,r−1(x) = ũr(x)Ā(x) +

r−1∑
k=1

x∫
0

Uk(y) dA(y)w(loss)
0,r−k(x− y) +

+

x∫
0

U0(y) dA(y)w(loss)
0,r−1(x− y),

(56)

w
(loss)
i,j (x) = ũj+1(x)Ā(x) +

j∑
k=0

x∫
0

Uk(y) dA(y)w(loss)
i,j−k+1(x− y),

i =1, r − 2, j = 0, r − i− 2,

(57)

w
(loss)
i,r−i−1(x) = ũr−i(x)Ā(x) +

r−i−1∑
k=1

x∫
0

Uk(y) dA(y)w(loss)
i,r−i−k(x− y) +

+

x∫
0

U0(y) dA(y)w(loss)
i,r−i−1(x− y), i = 1, r − 2,

(58)

w
(loss)
r−1,0(x) = ũ1(x)Ā(x) +

x∫
0

U0(y) dA(y)w(loss)
r−1,0(x− y). (59)

Íà ïðèìåðå âûðàæåíèé (57) è (58) ïîÿñíèì, êàê ïîëó÷åíû ñîîòíîøåíèÿ (55)�(59).

Ïóñòü ïåðåä íåêîòîðîé (âûäåëåííîé) çàÿâêîé â íàêîïèòåëå íàõîäèòñÿ i, i = 1, r − 2, à ïîñëå
íå¼ � j, j = 0, r − i− 2, çàÿâîê. Âûäåëåííàÿ çàÿâêà ìîæåò áûòü ¾óáèòà¿ â ìîìåíò âðåìåíè x
äî ïîñòóïëåíèÿ â ñèñòåìó íîâîé çàÿâêè çà ñ÷¼ò òîãî, ÷òî ñèñòåìó ïîêèíåò íå ìåíåå j+1 çàÿâîê
(ñ ïëîòíîñòüþ âåðîÿòíîñòåé ũj+1(x)), à íîâàÿ çàÿâêà íå ïîñòóïèò äî ìîìåíòà x (ñ âåðîÿòíîñòüþ
Ā(x)). Òàêèì îáðàçîì, ïîëó÷àåì ïåðâîå ñëàãàåìîå âûðàæåíèÿ (57). Åñëè æå íîâàÿ çàÿâêà
ïîñòóïàåò â ñèñòåìó â íåêîòîðûé ìîìåíò âðåìåíè y < x (ñ ïëîòíîñòüþ âåðîÿòíîñòåé a(y)),

òî äî å¼ ïðèõîäà ñèñòåìó ìîãóò ïîêèíóòü îò 0 äî j çàÿâîê (ñ âåðîÿòíîñòüþ
j∑

k=0

Uk(y)). Òîãäà

ïîñëå ïðèõîäà íîâîé çàÿâêè â íàêîïèòåëå ïîñëå âûäåëåííîé çàÿâêè áóäóò íàõîäèòüñÿ j−k+1
çàÿâîê, è âûäåëåííàÿ çàÿâêà áóäåò ¾óáèòà¿ â ìîìåíò âðåìåíè x ñ ïëîòíîñòüþ âåðîÿòíîñòåé
w

(loss)
i,j−k+1(x − y). Cóììèðóÿ ïî âñåì ïðîìåæóòî÷íûì ìîìåíòàì âðåìåíè y, ïîëó÷èì âòîðîå

ñëàãàåìîå (57).

Äëÿ âûâîäà (58) ïðåäïîëîæèì, ÷òî ñèñòåìà çàïîëíåíà ïîëíîñòüþ, ò.å. ïåðåä âûäåëåííîé
çàÿâêîé â íàêîïèòåëå íàõîäèòñÿ i, i = 1, r − 2, à ïîñëå íå¼ r− i−1 çàÿâîê. Îò ðàññìîòðåííîãî
âûøå ïðèìåðà ýòîò îòëè÷àåòñÿ òîëüêî òåì, ÷òî åñëè çà âðåìÿ y äî ïðèõîäà íîâîé çàÿâêè íè íà
îäíîì èç ïðèáîðîâ íå çàêîí÷èòñÿ îáñëóæèâàíèå, òî ïîñòóïàþùàÿ â ñèñòåìó çàÿâêà ïîòåðÿåòñÿ
è ïîñëå âûäåëåííîé çàÿâêè â íàêîïèòåëå ïî-ïðåæíåìó áóäåò íàõîäèòüñÿ r − i− 1 çàÿâîê.

Ïåðåõîäÿ ê ÏËÑ, èç âûðàæåíèé (55)�(56) ïîëó÷èì ñëåäóþùóþ ñèñòåìó óðàâíåíèé:

ω
(loss)
0,j (s) = ψ̃j(s) +

j∑
k=0

ψk(s)ω
(loss)
0,j−k+1(s) + ω

(loss)
0,j+1(s)ψ0(s), j = 0, r − 2, (60)
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ω
(loss)
0,r−1(s) = ψ̃r−1(s) +

r−1∑
k=1

ψk(s)ω
(loss)
0,r−k(s) + ω

(loss)
0,r−1(s)ψ0(s), (61)

ω
(loss)
i,j (s) = ψ̃j(s) +

j∑
k=1

ψk(s)ω
(loss)
i,j−k+1(s) + ψ0(s)ω

(loss)
i,j+1(s),

i = 1, r − 2, j = 0, r − i− 2,

(62)

ω
(loss)
i,r−i−1(s) = ψ̃r−i−1(s) +

r−i−1∑
k=1

ψk(s)ω
(loss)
i,r−i−k(s) + ψ0(s)ω

(loss)
i,r−i−1(s), i = 1, r − 2, (63)

ω
(loss)
r−1,0(s) = ψ̃1(s) + ψ0(s)ω

(loss)
r−1,0(s), (64)

ðåøåíèå êîòîðîé ìîæíî ïîëó÷èòü àíàëîãè÷íî ðåøåíèþ ñèñòåìû (16)�(20).

Äëÿ âû÷èñëåíèÿ â òåðìèíàõ ÏËÑ ω(loss)(s) ñòàöèîíàðíîãî ðàñïðåäåëåíèå âðåìåíè ïðåáû-
âàíèÿ â íàêîïèòåëå ¾óáèòîé¿ çàÿâêè îñòàëîñü âîñïîëüçîâàòüñÿ ôîðìóëîé (3).

Íàéäåì òåïåðü ñòàöèîíàðíîå ðàñïðåäåëåíèå âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå îáñëóæåííîé
çàÿâêè ïðè èíâåðñèîííîì ìåõàíèçìå îáîáù¼ííîãî îáíîâëåíèÿ.

Ïëîòíîñòè âåðîÿòíîñòåé w(serv)
i,j (x), i = 0, r − 1, j = 0, r − i− 1, óäîâëåòâîðÿþò ñëåäóþùèì

ñîîòíîøåíèÿì:

w
(serv)
0,j (x) = u∗j+1(x)Ā(x) +

j∑
k=0

x∫
0

Uk(y) dA(y)w(serv)
0,j−k+1(x− y), j = 0, r − 2, (65)

w
(serv)
0,r−1(x) = u∗r(x)Ā(x) +

r−1∑
k=1

x∫
0

Uk(y) dA(y)w(serv)
0,r−k(x− y) +

+

x∫
0

U0(y) dA(y)w(serv)
0,r−1(x− y),

(66)

w
(serv)
i,j (x) = u∗j+1(x)Ā(x) +

j∑
k=0

x∫
0

Uk(y) dA(y)w(serv)
i,j−k+1(x− y),

i =1, r − 2, j = 0, r − i− 2,

(67)

w
(serv)
i,r−i−1(x) = u∗r−i(x)Ā(x) +

r−i−1∑
k=1

x∫
0

Uk(y) dA(y)w(serv)
i,r−i−k(x− y) +

+

x∫
0

U0(y) dA(y)w(serv)
i,r−i−1(x− y), i = 1, r − 2,

(68)
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w
(serv)
r−1,0(x) = u∗1(x)Ā(x) +

x∫
0

U0(y) dA(y)w(serv)
r−1,0(x− y). (69)

Ïîêàæåì, êàê ïîëó÷åíû ñîîòíîøåíèÿ (65)�(69), íà ïðèìåðå (67)�(68).

Ïóñòü ïåðåä ðàññìàòðèâàåìîé (âûäåëåííîé) çàÿâêîé â íàêîïèòåëå íàõîäèòñÿ i, i = 1, r − 2
à ïîñëå íå¼ � åù¼ j, j = 0, r − i− 2, çàÿâîê. Âûäåëåííàÿ çàÿâêà ìîæåò íà÷àòü îáñëóæèâàòüñÿ
â ìîìåíò âðåìåíè x äî ïîñòóïëåíèÿ â ñèñòåìó íîâîé çàÿâêè, åñëè çà âðåìÿ x ñèñòåìó ïîêèíåò
ðîâíî j + 1 çàÿâîê ñ ïëîòíîñòüþ âåðîÿòíîñòåé u∗j+1(x)) è äî ìîìåíòà x íîâàÿ çàÿâêà â ñèñòå-
ìó íå ïîñòóïèò (ñ âåðîÿòíîñòüþ Ā(x)). Ýòîò ñëó÷àé îòðàæ¼í ïåðâûì ñëàãàåìûì (67). Åñëè
æå íîâàÿ çàÿâêà ïîñòóïèò â ñèñòåìó â íåêîòîðûé ïðîìåæóòî÷íûé ìîìåíò âðåìåíè y < x (ñ
ïëîòíîñòüþ âåðîÿòíîñòåé a(y)), òî çà âðåìÿ y ñèñòåìó ìîãóò ïîêèíóòü íå áîëåå j çàÿâîê (ñ

âåðîÿòíîñòüþ
j∑

k=0

Uk(y)). Ïîñëå ïðèõîäà íîâîé çàÿâêè â íàêîïèòåëå ïîñëå âûäåëåííîé áóäåò

íàõîäèòüñÿ j − k + 1 çàÿâîê è âûäåëåííàÿ çàÿâêà íà÷í¼ò îáñëóæèâàòüñÿ â ìîìåíò x ñ ïëîò-
íîñòüþ âåðîÿòíîñòåé w(serv)

i,j−k+1(x− y). Òàêèì îáðàçîì, ïîëó÷àåì âòîðîå ñëàãàåìîå âûðàæåíèÿ
(67).

Ñëó÷àé, êîãäà ñèñòåìà çàïîëíåíà ïîëíîñòüþ, îïèñûâàåìûé ôîðìóëîé (68), îòëè÷àåòñÿ îò
ðàññìîòðåííîãî òîëüêî òåì, ÷òî åñëè äî ìîìåíòà âðåìåíè y < x ïðèõîäà íîâîé çàÿâêè íè íà
îäíîì èç ïðèáîðîâ íå çàêîí÷èòñÿ îáñëóæèâàíèå, òî ïîñòóïàþùàÿ â ñèñòåìó çàÿâêà ïîòåðÿåòñÿ.

Ïåðåéä¼ì ê ÏËÑ. Âûðàæåíèÿ (65)�(69) ïðåîáðàçóþòñÿ â ñèñòåìó óðàâíåíèé

ω
(serv)
0,j (s) = ψ∗j (s) +

j∑
k=1

ψk(s)ω
(serv)
0,j−k+1(s) + ψ0(s)ω

(serv)
0,j+1(s), j = 0, r − 2, (70)

ω
(serv)
0,r−1(s) = ψ∗r−1(s) +

r−1∑
k=1

ψk(s)ω
(serv)
0,r−k(s) + ψ0(s)ω

(serv)
0,r−1(s), (71)

ω
(serv)
i,j (s) = ψ∗j (s) +

j∑
k=1

ψk(s)ω
(serv)
i,j−k+1(s) + ψ0(s)ω

(serv)
i,j+1 (s),

i = 1, r − 2, j = 0, r − i− 2,

(72)

ω
(serv)
i,r−i−1(s) = ψ∗r−i−1(s) +

r−i−1∑
k=1

ψk(s)ω
(serv)
i,r−i−k(s) + ψ0(s)ω

(serv)
i,r−i−1(s),

i = 1, r − 2,

(73)

ω
(serv)
r−1,0(s) = ψ∗1(s) + ψ0(s)ω

(serv)
r−1,0(s), (74)

ðåøåíèå êîòîðîé èùåòñÿ àíàëîãè÷íî ðåøåíèþ ñèñòåìû (26)�(30). Ñòàöèîíàðíîå ðàñïðåäåëåíèå
âðåìåíè ïðåáûâàíèÿ â íàêîïèòåëå îáñëóæåííîé çàÿâêè ìîæíî íàéòè â òåðìèíàõ ÏËÑ ω(serv)(s)
ïî ôîðìóëå (4).
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6. ÑÐÅÄÍÈÅ ÑÒÀÖÈÎÍÀÐÍÛÅ ÂÐÅÌÅÍÀ ÏÐÅÁÛÂÀÍÈß Â ÍÀÊÎÏÈÒÅËÅ
¾ÓÁÈÒÎÉ¿ È ÎÁÑËÓÆÅÍÍÎÉ ÇÀßÂÎÊ

Äèôôåðåíöèðîâàíèå ÏËÑ ω(serv)(s) (ω(loss)(s)) îáñëóæåííîé (¾óáèòîé¿) çàÿâêè ïîçâîëÿåò
íàéòè ìîìåíòû ñòàöèîíàðíîãî ðàñïðåäåëåíèÿ ïðåáûâàíèÿ â íàêîïèòåëå îáñëóæåííîé (¾óáè-
òîé¿) çàÿâêè, â ÷àñòíîñòè ñòàöèîíàðíîå ñðåäíåå âðåìÿ ïðåáûâàíèÿ â íàêîïèòåëå.

Äëÿ ¾óáèòîé¿ çàÿâêè äàííàÿ õàðàêòåðèñòèêà íàõîäèòñÿ ïî ôîðìóëå

ω̄(loss) =
1

(1− π)ploss

r−1∑
i=0

ω̄
(loss)
i p−n+i,

ãäå

ω̄
(loss)
i = −(ω(loss)

i,0 (s))′
∣∣∣
s=0

, i = 0, r − 1,

� ñòàöèîíàðíîå ñðåäíåå âðåìÿ ïðåáûâàíèÿ â ñèñòåìå ¾óáèòîé¿ çàÿâêè, çàñòàâøåé â ìîìåíò
ñâîåãî ïîñòóïëåíèÿ â ñèñòåìó â íàêîïèòåëå i çàÿâîê, à ploss � âåðîÿòíîñòü ïîòåðè çàÿâêè èç
íàêîïèòåëÿ, íàéäåííàÿ â [6].

Âû÷èñëèâ ÏËÑ ωloss
i,0 (s), i = 0, r − 1 èç ñèñòåì óðàâíåíèé (16), (18) è (20) äëÿ èíâåðñèîííîãî

ïîðÿäêà îáîáù¼ííîãî îáíîâëåíèÿ ïðè ïðÿìîì ïîðÿäêå îáñëóæèâàíèÿ, èç ñèñòåì óðàâíåíèé
(36), (38) è (40) äëÿ ïðÿìîãî ïîðÿäêà îáîáù¼ííîãî îáíîâëåíèÿ ïðè èíâåðñèîííîì ïîðÿäêå
îáñëóæèâàíèÿ, èç ñèñòåì óðàâíåíèé (60), (62) è (64) äëÿ èíâåðñèîííîãî ïîðÿäêà îáîáù¼ííîãî
îáíîâëåíèÿ ïðè èíâåðñèîííîì ïîðÿäêå îáñëóæèâàíèÿ è íàéäÿ çíà÷åíèÿ èõ ïðîèçâîäíûõ â
òî÷êå s = 0, ìîæíî íàéòè ñòàöèîíàðíîå ñðåäíåå âðåìÿ ïðåáûâàíèÿ â ñèñòåìå ïðèíÿòîé, íî
ïîòåðÿííîé çàÿâêè.

Àíàëîãè÷íûì îáðàçîì íàõîäèòñÿ ñòàöèîíàðíîå ñðåäíåå ω̄(serv) âðåìåíè ïðåáûâàíèÿ â íàêî-
ïèòåëå îáñëóæåííîé çàÿâêè:

ω̄(serv) =
1

(1− π)pserv

r−1∑
i=0

ω̄
(serv)
i p−n+i,

ãäå

ω̄
(serv)
i = −(ω(serv)

i,0 (s))′
∣∣∣
s=0

, i = 0, r − 1,

� ñòàöèîíàðíîå ñðåäíåå âðåìÿ ïðåáûâàíèÿ â íàêîïèòåëå îáñëóæåííîé çàÿâêè, çàñòàâøåé â
ìîìåíò ñâîåãî ïîñòóïëåíèÿ â ñèñòåìó â íàêîïèòåëå i çàÿâîê, à pserv � âåðîÿòíîñòü òîãî, ÷òî
ïîñòóïèâøàÿ â ñèñòåìó çàÿâêà áóäåò îáñëóæåíà, òàêæå íàéäåííàÿ â ðàáîòå [6].

Èñïîëüçóÿ ÏËÑ ω
(serv)
i,0 (s), i = 0, r − 1, íàéäåííûå èç ñèñòåì óðàâíåíèé (26), (28) è (30)

äëÿ èíâåðñèîííîãî ïîðÿäêà îáîáù¼ííîãî îáíîâëåíèÿ ïðè ïðÿìîì ïîðÿäêå îáñëóæèâàíèÿ, èç
ñèñòåì (46), (48) è (50) äëÿ ïðÿìîãî ïîðÿäêà îáîáù¼ííîãî îáíîâëåíèÿ ïðè èíâåðñèîííîì ïî-
ðÿäêå îáñëóæèâàíèÿ, (70), (72) è (74) äëÿ èíâåðñèîííîãî ïîðÿäêà îáîáù¼ííîãî îáíîâëåíèÿ
ïðè èíâåðñèîííîì ïîðÿäêå îáñëóæèâàíèÿ è âû÷èñëèâ çíà÷åíèÿ èõ ïðîèçâîäíûõ â òî÷êå s = 0,
ìîæíî íàéòè ñòàöèîíàðíîå ñðåäíåå âðåìÿ ïðåáûâàíèÿ â íàêîïèòåëå îáñëóæåííîé çàÿâêè.

7. ÇÀÊËÞ×ÅÍÈÅ

Â äàííîé ðàáîòå áûëà ðàññìîòðåíà n-ëèíåéíàÿ ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿ ñ ðåêóð-
ðåíòíûì âõîäÿùèì ïîòîêîì, ýêñïîíåíöèàëüíûì ðàñïðåäåëåíèåì âðåìåíè îáñëóæèâàíèÿ, êî-
íå÷íûì íàêîïèòåëåì è ñëåäóþùèìè âàðèàíòàìè äèñöèïëèíû îáîáù¼ííîãî îáíîâëåíèÿ è îá-
ñëóæèâàíèÿ:
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èíâåðñèîííûì ïîðÿäêîì îáíîâëåíèÿ ïðè ïðÿìîì ïîðÿäêå îáñëóæèâàíèÿ çàÿâîê;

ïðÿìîì ïîðÿäêåê îáíîâëåíèÿ ïðè èíâåðñèîííîì ïîðÿäêå îáñëóæèâàíèÿ çàÿâîê;

èíâåðñèîííîì ïîðÿäêå îáíîâëåíèÿ ïðè èíâåðñèîííîì ïîðÿäêå îáñëóæèâàíèè çàÿâîê.

Äëÿ êàæäîãî èç òð¼õ âûøåóêàçàííûõ ñëó÷àåâ îáîáù¼ííîãî îáíîâëåíèÿ è îáñëóæèâàíèÿ,
èñïîëüçóÿ ðåçóëüòàòû ðàáîòû [6], ïîëó÷åíû ñèñòåìû óðàâíåíèé (16)�(20), (36)�(40) è (60)�(64)
äëÿ ¾óáèòîé¿ çàÿâêè, ñèñòåìû (26)�(30), (46)�(50) è (70)�(74) äëÿ îáñëóæåííîé çàÿâêè, ïîçâî-
ëÿþùèå íàéòè â òåðìèíàõ ÏËÑ ñòàöèîíàðíûå ðàñïðåäåëåíèÿ âðåìåí ïðåáûâàíèÿ â íàêîïèòåëå
¾óáèòîé¿ è îáñëóæåííîé çàÿâîê ñîòâåòñòâåííî, óêàçàíû ñïîñîáû ðåøåíèÿ ïîëó÷åííûõ ñèñòåì
óðàâíåíèé.

Â ðàáîòå òàêæå ïîêàçàíî, êàê èñïîëüçóÿ íàéäåííûå ñîîòíîøåíèÿ âû÷èñëèòü ñðåäíèå ñòà-
öèîíàðíûå âðåìåíà ïðåáûâàíèÿ â íàêîïèòåëå ¾óáèòîé¿ è îáñëóæåííîé çàÿâîê.
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