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Áåñêîíå÷íîëèíåéíàÿ ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿñ âõîäÿùèì èíòåãðàëüíûì êóìóëÿòèâíûì ïîòîêîìÅ.Â. �ëóõîâàÌîñêîâñêèé �èçèêî-òåõíè÷åñêèé èíñòèòóò, �îññèÿe-mail: EVGlukhova�mail.ruÊ.À. �îðáåíêîÒîìñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò, �îññèÿe-mail: KirillGorbenko�narod.ruWe 
onsider a multilinear queuing system with a re
urrent servi
e and 
onditionalintensity of the input stream that integrally depends on the number of requests.1. Îïèñàíèå ñèñòåìûÂíèìàíèþ ïðåäëàãàåòñÿ áåñêîíå÷íîëèíåéíàÿ ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿ, îïèñû-âàåìàÿ äâóìÿ ñëó÷àéíûìè ïðîöåññàìè: N (t) � ÷èñëî çàÿâîê, ïîñòóïèâøèõ íà îáñëó-æèâàíèå çà âðåìÿ äëèòåëüíîñòüþ t, N (0) = 0; k (t) � ÷èñëî çàÿâîê, íàõîäÿùèõñÿ íàîáñëóæèâàíèè â ìîìåíò âðåìåíè t, k (0) = 0.Ïðåäïîëîæåíèÿ:1) âåðîÿòíîñòü ïîñòóïëåíèÿ çàÿâêè íà èíòåðâàëå [t, t + ∆t] ðàâíà
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= {N (τ) : 0 ≤ τ ≤ t};2) âðåìÿ îáñëóæèâàíèÿ çàÿâêè ìîäåëèðóåòñÿ íåçàâèñèìîé ñëó÷àéíîé âåëè÷èíîé ñ�óíêöèåé ðàñïðåäåëåíèÿ B (x).Â ðàáîòå [1℄ íàéäåíû ìàòåìàòè÷åñêîå îæèäàíèå m (t), äèñïåðñèÿ D (t) è êîâàðèàöèÿ
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mx (t) = M {x (t)} , Dx (t) = D {x (t)} , Cx {t1, t2} = cov {x (t1) , x (t2)} .Ñîãëàñíî [2℄ ââåäåì ïàðàìåòð T è ïðîöåññ n (t), ðàâíûé ÷èñëó çàÿâîê âõîäÿùåãî ïî-òîêà, ïðîñåÿííûõ â ìîìåíòû âðåìåíè ti ≤ t ñ âåðîÿòíîñòÿìè P (T − ti) = 1−B (T − ti),òîãäà

n (T ) = k (T ) . (1)Îòìåòèì î÷åâèäíûå ñâîéñòâà ïðîöåññà n (t):
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P (T − t) + o (∆t) .2. Ñðåäíåå çíà÷åíèå ïðîöåññà èçìåíåíèÿ ÷èñëà îáñëóæèâàåìûõçàÿâîê�àññìîòðèì ñîîòíîøåíèå
n (t + ∆t) = n (t) + ∆n (t) . (2)Ïðîâåäåì óñëîâíîå óñðåäíåíèå ïðàâîé è ëåâîé ÷àñòåé (2):
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 P (T − t)∆t + o (∆t) .Îñóùåñòâèì áåçóñëîâíîå óñðåäíåíèå è ýëåìåíòàðíûå ïðåîáðàçîâàíèÿ:
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.Âûïîëíèì ïðåäåëüíûé ïåðåõîä:

dmn (t)

dt
=

dm (t)

dt
P (T − t) .Äàëåå ïðîèíòåãðèðîâàâ è âîñïîëüçîâàâøèñü (1), ïîëó÷èì
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P (t − τ) dm (τ).3. Äèñïåðñèÿ ïðîöåññà èçìåíåíèÿ ÷èñëà îáñëóæèâàåìûõ çàÿâîêÒåîðåìà 1. Äèñïåðñèÿ Dk (t) ïðîöåññà k (t) îïðåäåëÿåòñÿ óðàâíåíèåì
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26 Å.Â. �ëóõîâà, Ê.À. �îðáåíêîÄîêàçàòåëüñòâî. Âîçâåäåì â êâàäðàò ïðàâóþ è ëåâóþ ÷àñòè (2):
n2 (t + ∆t) = n2 (t) + 2n (t) ∆n (t) + [∆n (t)]2 .Êàê è ïðåæäå, ïðîâåäÿ óñëîâíîå óñðåäíåíèå, ïîëó÷èì
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+ o (∆t) .Ïîñëå áåçóñëîâíîãî óñðåäíåíèÿ è ïðåäåëüíîãî ïåðåõîäà çàïèøåì
dmn2 (t)

dt
=

dmn (t)

dt
+ 2



λmn (t) + β

t
∫

0

M {N (τ) n (t)} exp {−δ (t − τ )} dτ



 P (T − t) .Äàëåå, èñïîëüçóÿ ñîîòíîøåíèå
dDn (t)

dt
=

dmn2 (t)

dt
− 2mn (t)

dmn (t)

dt
,ïîëó÷èì

dDn (t)

dt
=

dmn (t)

dt
+ 2βP (T − t)

t
∫

0

CNn {τ, t |T } exp {−δ (t − τ)} dτ.Èíòåãðèðóÿ ïîñëåäíåå óðàâíåíèå è èñïîëüçóÿ ñîîòíîøåíèå (1) ìåòîäà ïðîñåÿííîãîïîòîêà, ïîëó÷èì óòâåðæäåíèå òåîðåìû. �Òåîðåìà 2. Ôóíêöèÿ CNn {t1, t2 |T } îïðåäåëÿåòñÿ óðàâíåíèåì
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N (t1)n (t2 + ∆t2) = N (t1)n (t2) + N (t1) ∆n (t2)è ðàññóæäåíèÿ òåîðåìû 1, ïîëó÷èì óòâåðæäåíèå òåîðåìû. �Òåîðåìà 3. Ôóíêöèÿ CNn {t |T } îïðåäåëÿåòñÿ óðàâíåíèåì
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N (t + ∆t)n (t + ∆t) = N (t) n (t) + ∆N (t) n (t) + N (t) ∆n (t) + ∆N (t) ∆n (t) .Ïðèìåíÿÿ ñòàíäàðòíûå äåéñòâèÿ, ïðèäåì ê ñëåäóþùåìó óðàâíåíèþ:
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CNn {x |T } exp {−δ (t − x)} dx + A {t, T} ,äè��åðåíöèðóÿ êîòîðîå ïî t, ïîëó÷èì óòâåðæäåíèå òåîðåìû. �Çàêëþ÷åíèåÄëÿ ðàññìîòðåííîé ñèñòåìû ïîëó÷èëè ÿâíûé âèä ìàòåìàòè÷åñêîãî îæèäàíèÿ è äèñ-ïåðñèè ïðîöåññà èçìåíåíèÿ ÷èñëà îáñëóæèâàåìûõ çàÿâîê, ïðè ýòîì âûðàæåíèå äëÿäèñïåðñèè ñîäåðæèò �óíêöèþ, âèä êîòîðîé îïðåäåëÿåòñÿ íà îñíîâå äâóõ ïîñëåäíèõòåîðåì.Ñïèñîê ëèòåðàòóðû[1℄ �îðáåíêî Ê.À. Ñðåäíèå õàðàêòåðèñòèêè èíòåãðàëüíîãî êóìóëÿòèâíîãî ïîòîêà // Âåñò.Ò�Ó. Ïðèëîæåíèå. 2006. � 19. Ñ. 145�148.[2℄ Êóëèêîâà Î.À., Ìîèñååâà Ñ.Ï., Íàçàðîâ À.À. Ìåòîä ïðîñåÿííîãî ïîòîêà äëÿ íà-õîæäåíèÿ îäíîìåðíîãî ðàñïðåäåëåíèÿ âåðîÿòíîñòåé çíà÷åíèé ïðîöåññà èçìåíåíèÿ ÷èñëàçàÿâîê â ñèñòåìå M |G|∞ // Îáðàáîòêà äàííûõ è óïðàâëåíèå â ñëîæíûõ ñèñòåìàõ: Ñá. ñò.Òîìñê: Èçä-âî Ò�Ó, 2005. Âûï. 7. Ñ. 134�137. Ïîñòóïèëà â ðåäàêöèþ 28 ìàðòà 2008 ã.


