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Êëþ÷åâûå ñëîâà: ñèñòåìà îáñëóæèâàíèÿ òèïà [ | | | ]SM M N1 � , ñõåìà óñðåäíåíèÿ

è äèôôóçèîííîé àïïðîêñèìàöèè, ôëþêòóàöèè ïðîöåññà îáñëóæèâàíèÿ, ïîëóìàð-

êîâñêèé ïðîöåññ, ñòàöèîíàðíîå ôàçîâîå óêðóïíåíèå, êîìïåíñèðóþùèé îïåðàòîð,

ïîðîæäàþùèé îïåðàòîð, çàäà÷à ñèíãóëÿðíîãî âîçìóùåíèÿ .

Â ðàáîòå [1] ýâîëþöèÿ ïðîöåññà îáñëóæèâàíèÿ â ñåòè ñ ïîëóìàðêîâñêèì âõîä-

íûì ïîòîêîì òðåáîâàíèé òèïà [ | | ]SM M N� ðàññìàòðèâàåòñÿ íà âîçðàñòàþùèõ

èíòåðâàëàõ âðåìåíè, ÷òî ïîçâîëÿåò ïîëó÷èòü àïïðîêñèìàöèþ ïðîöåññà îáñëóæè-

âàíèÿ â âèäå äåòåðìèíèðîâàííîé ýâîëþöèè, êîòîðàÿ çàäàåòñÿ ðåøåíèåì ýâîëþ-

öèîííîãî óðàâíåíèÿ. Ïðè ýòîì âîçíèêàåò ïðîáëåìà èçó÷åíèÿ ôëþêòóàöèé ïðî-

öåññà îáñëóæèâàíèÿ îòíîñèòåëüíî óñðåäíåííîé äåòåðìèíèðîâàííîé ýâîëþöèè.

Â èòîãå ïðîöåññ îáñëóæèâàíèÿ â ñåòè àïïðîêñèìèðóåòñÿ äåòåðìèíèðîâàííîé

ýâîëþöèåé ñ ôëþêòóàöèÿìè, êîòîðûå îïèñûâàþòñÿ äèôôóçèîííûì ïðîöåññîì [2, 3].

Â äàííîé ðàáîòå âõîäíîé ïîëóìàðêîâñêèé ïîòîê òðåáîâàíèé çàäàåòñÿ â «èìïó-

ëüñíîé ôîðìå», ÷òî îçíà÷àåò íàëè÷èå â ïîòîêå ãðóïïîâûõ òðåáîâàíèé, âîçíèêàþ-

ùèõ ñ ìàëûìè âåðîÿòíîñòÿìè, óäîâëåòâîðÿþùèìè óñëîâèÿì ïóàññîíîâñêîé

àïïðîêñèìàöèè (ÏÀ) (ñì. [4, 5]).

Â ðåçóëüòàòå èìïóëüñíûé ïîòîê òðåáîâàíèé ðàñùåïëÿåòñÿ íà äâà ïîòîêà: ïî-

òîê «îäèíî÷íûõ» òðåáîâàíèé, êîòîðûé àïïðîêñèìèðóåòñÿ äåòåðìèíèðîâàííîé ýâî-

ëþöèåé, è ïîòîê «ãðóïïîâûõ» òðåáîâàíèé, êîòîðûé àïïðîêñèìèðóåòñÿ

ïóàññîíîâñêèì ñòîõàñòè÷åñêèì ïðîöåññîì.

Â ñâÿçè ñ ýòèì ôëþêòóàöèè ïðîöåññà îáñëóæèâàíèÿ ðàññìàòðèâàþòñÿ îòíîñè-

òåëüíî äåòåðìèíèðîâàííîé óñðåäíåííîé ýâîëþöèè áåç ó÷åòà ñòîõàñòè÷åñêîé ñî-

ñòàâëÿþùåé èìïóëüñíîãî ïîòîêà âõîäíûõ òðåáîâàíèé.

1. Èìïóëüñíûé ïîëóìàðêîâñêèé ïîòîê. Îïðåäåëÿåòñÿ ñóììîé
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Ñ÷èòàþùèé ïðîöåññ � �( ): max :t n tn� 
{ }, t � 0 , [5] ôèêñèðóåò ÷èñëî ìîìåí-

òîâ âîññòàíîâëåíèÿ � � �n n n� �� �1 1, n � 0 , äî ìîìåíòà t.

Ñëó÷àéíûå âåëè÷èíû �� ( )k , k E� �, çàäàþò íîðìèðîâàííîå ÷èñëî òðåáîâàíèé,

ïîñòóïàþùèõ â óçåë k E� �, è ïðèíèìàþò äâà çíà÷åíèÿ:

P k b k k Ek{ }� � �� ( ) ( ), �� �  �2 21 � ,

P k l k k Ek{� �� ( ) } ( ), �� � �2 � .

Îñòàòî÷íûå ÷ëåíû | ( )|��
� �k 0 , � � 0 . Ñ âåðîÿòíîñòüþ, áëèçêîé ê 1, â êàæäûé

óçåë ïîñòóïàåò ïî bk òðåáîâàíèé; ñ âåðîÿòíîñòÿìè �2 �( )k , k E� �, ÷èñëî òðåáîâàíèé

ðàâíî lk / �2 . Òàê ÷òî ñëó÷àéíûå âåëè÷èíû �� ( )k , k E� � óäîâëåòâîðÿþò óñëîâèÿì

ÏÀ (ñì. [2, ãë. 7]):

ÏÀ1: b E k b k k
k k b
� � �� � � �: ( ) [ ( )] ( )� � � �2 2� , (1)

ÏÀ2: g Eg k g l k k
k g
� � �� � � �: ( ( )) ( ) ( ) ( )� � �2 2� , g u C R( ) ( )� 3 . (2)

Èìïóëüñíûé ïîòîê òðåáîâàíèé â óñëîâèÿõ ÏÀ 1, 2 ðàñùåïëÿåòñÿ íà äâà ïîòîêà:

1) ïîòîê «îäèíî÷íûõ» òðåáîâàíèé
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2) ïîòîê ãðóïïîâûõ òðåáîâàíèé
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Ïðåäïîëàãàåòñÿ ñëåäóþùàÿ äèñöèïëèíà îáñëóæèâàíèÿ â ñåòè [6]. Îäèíî÷íûå

òðåáîâàíèÿ ïîñòóïàþò â î÷åðåäü íà îáñëóæèâàíèå; ãðóïïîâûå íàêàïëèâàþòñÿ â

ñïåöèàëüíîì íàêîïèòåëå äëÿ ãðóïïîâûõ òðåáîâàíèé.

Ýâîëþöèÿ òðåáîâàíèé â ñåòè çàäàåòñÿ ìàòðèöåé ìàðøðóòèçàöèè

P p k r E
kr0
0� � � 	; , � , � : { , , , }E N� 1 2 � è âåêòîðîì ýêñïîíåíöèàëüíî ðàñïðåäåëåííûõ

âðåìåí îáñëóæèâàíèÿ òðåáîâàíèÿ â óçëàõ ñèñòåìû 	 	� �( , � )k k E [7].

2. Ýâîëþöèÿ ïðîöåññà îáñëóæèâàíèÿ. Â ñåòè îíà îïèñûâàåòñÿ äâóìÿ êîìïî-

íåíòàìè: ïðîöåññ îáñëóæèâàíèÿ � �� �( ) ( ( ), � )t t k E
k

� � çàäàåò ÷èñëî òðåáîâàíèé

â ñåòè â ìîìåíò âðåìåíè t [8]; ïðîöåññ íàêîïëåíèÿ � �� �
l k

t t k E( ) ( ( ), � )� � çàäàåò ÷èñ-

ëî ãðóïïîâûõ òðåáîâàíèé â íàêîïèòåëå â ìîìåíò t.

Òåîðåìà. Ïóñòü ñóùåñòâóåò ïîëîæèòåëüíîå ðåøåíèå ñèñòåìû
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Ïðåäåëüíûé ïðîöåññ ôëþêòóàöèé 
( )t , t � 0 , çàäàåòñÿ ãåíåðàòîðîì
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3. Îáîñíîâàíèå ôëþêòóàöèè ïðîöåññà îáñëóæèâàíèÿ. Âõîäíîé ïîòîê îäè-
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Â ñîîòâåòñòâèè ñ çàêîíîì áîëüøèõ ÷èñåë [3] èìååò ìåñòî ñëàáàÿ cõîäèìîñòü
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Ïðîöåññ îáñëóæèâàíèÿ òðåáîâàíèé â ñåòè ïðåäñòàâëåí ñóììîé [9]
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Çäåñü �� ( ),t t � 0 , ìàðêîâñêèé ïðîöåññ ýâîëþöèè òðåáîâàíèé â ñåòè çàäàåòñÿ ãå-

íåðàòîðîì (ñì. [2])
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Âåêòîð è èíòåíñèâíîñòü ñêà÷êîâ îïðåäåëÿþòñÿ ïî ôîðìóëàì
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Ïðîöåññ ìàðêîâñêîãî âîññòàíîâëåíèÿ [5, 9, 10]
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çäåñü ïîëóãðóïïà �t
� , t � 0 , çàäàåòñÿ ãåíåðàòîðîì (5), à îïåðàòîð D k� ( ) ïðåäñòàâ-

ëÿåòñÿ â âèäå

D k u u b uk
� � � � �( ) ( ) ( ) ( )� � 2 .

Ëåììà 1. Èìååò ìåñòî àñèìïòîòè÷åñêîå ðàçëîæåíèå ÊÎ (7) íà äîñòàòî÷íî
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Ëåììà 2. Ôëþêòóàöèè ïðîöåññà îáñëóæèâàíèÿ â ñåòè
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Ëåììà 3. Èìååò ìåñòî àñèìïòîòè÷åñêîå ïðåäñòàâëåíèå ÊÎ (8)
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øåíèÿ ïðîáëåìû ñèíãóëÿðíîãî âîçìóùåíèÿ [2, ãë. 5] äëÿ óðåçàííîãî îïåðàòîðà
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Ñèñòåìà ëèíåéíûõ äèôôåðåíöèàëüíûõ óðàâíåíèé èìååò âèä
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