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Ïðåäëîæåíû äâå ñõåìû ðàçäåëåíèÿ êàíàëîâ â èíòåãðàëüíûõ ñîòîâûõ ñåòÿõ ñâÿçè, â êî-
òîðûõ îñóùåñòâëÿåòñÿ îáðàáîòêà óçêîïîëîñíûõ ðå÷åâûõ âûçîâîâ è âûçîâîâ äàííûõ,
ÿâëÿþùèõñÿ øèðîêîïîëîñíûìè. Â îáåèõ ñõåìàõ âåñü ïóë êàíàëîâ èçîëèðîâàííî ðàçäåëåí
ìåæäó ðàçíîòèïíûìè âûçîâàìè, èìååòñÿ îáùàÿ çîíà êàíàëîâ äëÿ îáñëóæèâàíèÿ ðàç-
íîòèïíûõ âûçîâîâ. Â îäíîé ñõåìå èíäèâèäóàëüíûå è îáùàÿ çîíû êàíàëîâ èñïîëüçóþòñÿ
ðàâíîïðàâíî âûçîâàìè ëþáîãî òèïà. Â äðóãîé ñõåìå èíäèâèäóàëüíûå çîíû èñïîëüçóþòñÿ
ñîãëàñíî ñòðàòåãèè ðåçåðâèðîâàíèÿ êàíàëîâ äëÿ ñîîòâåòñòâóþùèõ õýíäîâåð âûçîâîâ è â
îáùåé çîíå îáñëóæèâàþòñÿ ëèøü õýíäîâåð âûçîâû. Ðàçðàáîòàíû àëãîðèòìû ðàñ÷åòà
ïîêàçàòåëåé êà÷åñòâà îáñëóæèâàíèÿ êàæäîé ñõåìû ðàñïðåäåëåíèÿ êàíàëîâ ïðè çàäàííûõ
çíà÷åíèÿõ ÷èñëà êàíàëîâ è íàãðóçîê ðàçíîòèïíûõ âûçîâîâ. Ïðèâåäåíû ðåçóëüòàòû ÷èñ-
ëåííûõ ýêñïåðèìåíòîâ.
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ïîä³ëó êàíàë³â ïðè çàäàíèõ çíà÷åííÿõ ¿õ ê³ëüêîñò³ òà íàâàíòàæåíü ð³çíîòèïíèõ âèêëèê³â.
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Ðàçäåëåíèå îáùåãî ïóëà êàíàëîâ ìåæäó ðàçíîòèïíûìè âûçîâàìè ÿâëÿåòñÿ

ýôôåêòèâíûì ñðåäñòâîì äëÿ óäîâëåòâîðåíèÿ çàäàííûõ òðåáîâàíèé ê êà-

÷åñòâó îáñëóæèâàíèÿ (Quality of Service, QoS) â ñåòÿõ ñîòîâîé ñâÿçè (ÑÑÑ).

Ñîîòâåòñòâóþùèå ïðîáëåìû äåòàëüíî èçëîæåíû â ðàáîòàõ [1—10].
Ïðîáëåìû ðàñïðåäåëåíèÿ îáùåãî ïóëà êàíàëîâ ìåæäó ðàçíîòèïíûìè

âûçîâàìè ïîäðîáíî èçó÷åíû äëÿ ìîäåëåé ñ ðàçíîòèïíûìè âûçîâàìè, òðå-
áóþùèìè îäèíàêîâûõ ïîëîñ ïðîïóñêàíèÿ (êàíàëîâ). Âìåñòå ñ òåì, â ÑÑÑ
äëÿ ïåðåäà÷è âûçîâîâ äàííûõ òðåáóåòñÿ îäíîâðåìåííî íåñêîëüêî êàíàëîâ
(ò.å. âûçîâû äàííûõ ÿâëÿþòñÿ øèðîêîïîëîñíûìè), à äëÿ ïåðåäà÷è âûçîâîâ
ðå÷è äîñòàòî÷íî ëèøü îäíîãî ñâîáîäíîãî êàíàëà (ò.å. âûçîâû ðå÷è ÿâ-
ëÿþòñÿ óçêîïîëîñíûìè). Àíàëèç äîñòóïíîé ëèòåðàòóðû ïîêàçàë, ÷òî çàäà-
÷è ðàñïðåäåëåíèÿ îáùåãî ïóëà êàíàëîâ ìåæäó ðàçíîòèïíûìè âûçîâàìè â
òàêèõ ìîäåëÿõ íåäîñòàòî÷íî èçó÷åíû [11—14].

Îðèãèíàëüíàÿ ñõåìà (Dynamic Partition, DP) ðàçäåëåíèÿ êàíàëîâ â

ÑÑÑ ïðåäëîæåíà â ðàáîòå [15], ñîãëàñíî êîòîðîé îáùèé ïóë êàíàëîâ

äåëèòñÿ íà òðè èçîëèðîâàííûå çîíû: ïî îäíîé èíäèâèäóàëüíîé çîíå äëÿ

ðå÷åâûõ âûçîâîâ è âûçîâîâ äàííûõ è îáùàÿ çîíà äëÿ ñîâìåñòíîãî èñ-

ïîëüçîâàíèÿ. Â çîíå êàíàëîâ äëÿ ðå÷åâûõ âûçîâîâ îãðàíè÷èâàåòñÿ äîñòóï

íîâûõ âûçîâîâ ðå÷è, ò.å. òàêèå âûçîâû ïðèíèìàþòñÿ ëèøü òîãäà, êîãäà

÷èñëî çàíÿòûõ êàíàëîâ â ñîîòâåòñòâóþùåé èíäèâèäóàëüíîé çîíå ìåíüøå

îïðåäåëåííîé ïîðîãîâîé âåëè÷èíû. Îáùóþ çîíó ðàçíîòèïíûå âûçîâû

èñïîëüçóþò ðàâíîïðàâíî. Â êà÷åñòâå ìàòåìàòè÷åñêîé ìîäåëè ýòîé ñèñòå-

ìû èñïîëüçóåòñÿ òðåõìåðíàÿ öåïü Ìàðêîâà (ÖÌ), äëÿ ðàñ÷åòà ñòàöèî-

íàðíîãî ðàñïðåäåëåíèÿ êîòîðîé ðàçðàáîòàí ðåêóðñèâíûé ìåòîä. Ïîêà-

çàòåëè QoS ïðè èñïîëüçîâàíèè DP-ñõåìû ðàçäåëåíèÿ êàíàëîâ íàõîäÿò êàê

ñîîòâåòñòâóþøèå ìàðãèíàëüíûå ðàñïðåäåëåíèÿ ýòîé öåïè.

Ïðåäëàãàåìûå ñõåìû èçîëèðîâàííîãî ðàçäåëåíèÿ êàíàëîâ èäåéíî

áëèçêè ê DP-ñõåìå [15], íî èìåþò ñëåäóþùèå îòëè÷èÿ:

1) â íèõ ðàçëè÷àþòñÿ íîâûå è õýíäîâåð âûçîâû äàííûõ;

2) ïðåäïîëàãàåòñÿ, ÷òî îáùàÿ çîíà êàíàëîâ ìîæåò áûòü èñïîëüçîâàíà

ëèøü õýíäîâåð âûçîâàìè äàííûõ è ðå÷è;

3) çàäàåòñÿ îãðàíè÷åíèå íà ìàêñèìàëüíîå ÷èñëî õýíäîâåð âûçîâîâ

ðå÷è â îáùåé çîíå êàíàëîâ (ñ öåëüþ óìåíüøåíèÿ âåðîÿòíîñòè ïîòåðè

øèðîêîïîëîñíûõ âûçîâîâ äàííûõ).

Ãëàâíîå îòëè÷èå ñîñòîèò â òîì, ÷òî äëÿ èññëåäîâàíèÿ ýòîé ñõåìû ïðåä-

ëîæåí àíàëèòè÷åñêèé ïîäõîä, ïîäîáíûé èñïîëüçîâàííîìó â ðàáîòå [16], ãäå

èçó÷åíû ìîäåëè ÑÑÑ, â êîòîðûõ äëÿ ðàçíîòèïíûõ âûçîâîâ òðåáóþòñÿ îäèíà-

êîâûå ïîëîñû ïðîïóñêàíèÿ. Â îòëè÷èå îò [16] çäåñü ïîëó÷åíû ÿâíûå ôîð-

ìóëû äëÿ âû÷èñëåíèÿ ïîêàçàòåëåé QoS ñåòè ïðè èñïîëüçîâàíèè îáåèõ ñõåì

ðàçäåëåíèÿ êàíàëîâ è ïðîâåäåíû ÷èñëåííûå ýêñïåðèìåíòû.
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Îïèñàíèå ìîäåëåé è ïîñòàíîâêà çàäà÷è. Áàçîâàÿ ñòàíöèÿ èçîëè-

ðîâàííîé ñîòû ñåòè èìååò N �1 ðàäèîêàíàëîâ. Â ýòèõ êàíàëàõ îáðàáàòû-

âàþòñÿ ÷åòûðå ïóàññîíîâñêèõ ïîòîêà âûçîâîâ: õýíäîâåð ðå÷åâûå âûçîâû

(hv-âûçîâû), íîâûå ðå÷åâûå âûçîâû (ov-âûçîâû), õýíäîâåð âûçîâû äàí-

íûõ (hd-âûçîâû) è íîâûå âûçîâû äàííûõ (od-âûçîâû).

Äëÿ îáðàáîòêè âûçîâîâ ðå÷è (íîâûõ è õýíäîâåð) òðåáóåòñÿ ëèøü îäèí

êàíàë, à äëÿ îáðàáîòêè âûçîâîâ äàííûõ (íîâûõ è õýíäîâåð) òðåáóþòñÿ

îäíîâðåìåííî b, b > 1, êàíàëîâ. Âåñü ïóë êàíàëîâ ðàçäåëåí íà òðè ãðóïïû:

N v êàíàëîâ èç îáùåãî ÷èñëà N êàíàëîâ âûäåëÿþòñÿ ëèøü äëÿ ðå÷åâûõ

âûçîâîâ (v-âûçîâîâ), N d êàíàëîâ èç îáùåãî ÷èñëà N êàíàëîâ âûäåëÿþòñÿ

ëèøü äëÿ âûçîâîâ äàííûõ (d-âûçîâû), à îñòàëüíûå N N N Nvd v d� � � êà-

íàëîâ èñïîëüçóþòñÿ ñîâìåñòíî âûçîâàìè ðå÷è è äàííûõ. Èíûìè ñëîâàìè,

âåñü ïóë èç N êàíàëîâ äåëèòñÿ íà òðè çîíû: èíäèâèäóàëüíóþ çîíó èç N v

êàíàëîâ (v-çîíà ëèøü äëÿ v-âûçîâîâ), èíäèâèäóàëüíóþ çîíó èç N d êàíàëîâ

(d-çîíà ëèøü äëÿ d-âûçîâîâ) è îáùóþ èç N vd êàíàëîâ (vd-çîíà äëÿ v- è

d-âûçîâîâ). Èçîëèðîâàííîñòü ðàñïðåäåëåíèÿ êàíàëîâ îçíà÷àåò, ÷òî íè

îäèí êàíàë íå ìîæåò áûòü ïåðåâåäåí èç îäíîé çîíû â äðóãóþ. Ïðè ýòîì

äëÿ ýôôåêòèâíîãî èñïîëüçîâàíèÿ d-çîíû êàíàëîâ ïîëàãàåì, ÷òî b ÿâëÿåòñÿ

äåëèòåëåì N d , ò.å. N K bd d� , ãäå K d — ìàêñèìàëüíî âîçìîæíîå ÷èñëî

d-âûçîâîâ â óêàçàííîé çîíå êàíàëîâ.

Èíòåíñèâíîñòü x-âûçîâîâ ðàâíà � x , x hv ov hd od�{ , , , }. Ôóíêöèè ðàñ-

ïðåäåëåíèÿ âðåìåíè çàíÿòèÿ êàíàëîâ ðàçíîòèïíûìè âûçîâàìè ÿâëÿþòñÿ

ýêñïîíåíöèàëüíûìè, ñðåäíåå âðåìÿ çàíÿòèÿ êàíàëà äëÿ îäíîãî ðå÷åâîãî

âûçîâà (íîâîãî èëè õýíäîâåð) ðàâíî 1/�v , à ñîîòâåòñòâóþùèé ïîêàçàòåëü

äëÿ âûçîâîâ äàííûõ (íîâûõ èëè õýíäîâåð) ðàâåí1/�d . Èäåíòè÷íîñòü ñðåä-

íèõ âðåìåí çàíÿòèÿ êàíàëîâ íîâûõ è õýíäîâåð âûçîâîâ îáîèõ òèïîâ îáúÿñ-

íÿåòñÿ îòñóòñòâèåì ïàìÿòè ýêñïîíåíöèàëüíîãî ðàñïðåäåëåíèÿ. Ôóíêöèÿ

ðàñïðåäåëåíèÿ âðåìåíè çàíÿòèÿ êàíàëà v-âûçîâîì (d-âûçîâîì) êàæäîãî

òèïà â vd-çîíå òàêæå ÿâëÿåòñÿ ýêñïîíåíöèàëüíîé ñ òåì æå ñðåäíèì.

Ðàññìîòðèì äâå ñõåìû äîñòóïà âûçîâîâ â îáùóþ çîíó êàíàëîâ.

Ñ õ å ì à I. Â ýòîé ñõåìå íåò ðàçëè÷èé ìåæäó íîâûìè è õýíäîâåð

âûçîâàìè îáîèõ òðàôèêîâ. Ðàçíîòèïíûå âûçîâû èñïîëüçóþò êàíàëû ñîîò-

âåòñòâóþùèõ èíäèâèäóàëüíûõ çîí ñîãëàñíî ïîëíîäîñòóïíîé ñõåìå (Comp-

lete Sharing, CS), ò.å. åñëè â ìîìåíò ïîñòóïëåíèÿ âûçîâà ðå÷è (äàííûõ)

ëþáîãî òèïà èìååòñÿ õîòÿ áû îäèí ñâîáîäíûé êàíàë â ñîîòâåòñòâóþùåé

èíäèâèäóàëüíîé çîíå, òî îí çàíèìàåò ëþáîé ñâîáîäíûé êàíàë ýòîé çîíû,

èíà÷å — ïîèñê ñâîáîäíîãî êàíàëà îñóùåñòâëÿåòñÿ â îáùåé çîíå. Ýòî

îçíà÷àåò, ÷òî ïîñòóïèâøèé âûçîâ ðå÷è (íîâûé èëè õýíäîâåð) ïðèíèìàåòñÿ

â vd-çîíó, åñëè â ýòîé çîíå èìååòñÿ õîòÿ áû îäèí ñâîáîäíûé êàíàë, â

ïðîòèâíîì ñëó÷àå ïîñòóïèâøèé â vd-çîíó âûçîâ ðå÷è òåðÿåòñÿ. Òî÷íî
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òàêæå ïîñòóïèâøèé âûçîâ äàííûõ (íîâûé èëè õýíäîâåð) ïðèíèìàåòñÿ â

vd-çîíó, åñëè â ýòîé çîíå èìåþòñÿ õîòÿ áû b ñâîáîäíûõ êàíàëîâ, â ïðîòèâ-

íîì ñëó÷àå, ò.å. åñëè ÷èñëî ñâîáîäíûõ êàíàëîâ â îáùåé çîíå ìåíüøå b, òî

ïîñòóïèâøèé â vd-çîíó âûçîâ äàííûõ òåðÿåòñÿ.

Ñ õ å ì à II. Â ýòîé ñõåìå âíóòðè èíäèâèäóàëüíûõ çîí èñïîëüçóåòñÿ

ñòðàòåãèÿ ðåçåðâèðîâàíèÿ êàíàëîâ äëÿ ñîîòâåòñòâóþùèõ õýíäîâåð âûçî-

âîâ. Ýòî îçíà÷àåò, ÷òî åñëè â ìîìåíò ïîñòóïëåíèÿ hv-âûçîâà èìååòñÿ õîòÿ

áû îäèí ñâîáîäíûé êàíàë â v-çîíå, òî îí çàíèìàåò ëþáîé ñâîáîäíûé êàíàë

ýòîé çîíû. Åñëè â ìîìåíò ïîñòóïëåíèÿ ov-âûçîâà ÷èñëî çàíÿòûõ êàíàëîâ â

ýòîé çîíå ìåíüøåGov ,1	 	G Nov v , òî îí çàíèìàåò ëþáîé ñâîáîäíûé êàíàë

ýòîé çîíû. Â ïðîòèâíîì ñëó÷àå ïîèñê ñâîáîäíîãî êàíàëà ïðîèñõîäèò â

vd-çîíå.

Äîñòóï d-âûçîâîâ îñóùåñòâëÿåòñÿ ñëåäóþùèì îáðàçîì. Åñëè â ìî-

ìåíò ïîñòóïëåíèÿ hd-âûçîâà èìååòñÿ õîòÿ áû îäèí ñâîáîäíûé êàíàë â

d-çîíå, òî îí çàíèìàåò ëþáîé ñâîáîäíûé êàíàë ýòîé çîíû. Åñëè â ìîìåíò

ïîñòóïëåíèÿ od-âûçîâà ÷èñëî çàíÿòûõ êàíàëîâ â ýòîé çîíå ìåíüøå God ,

1	 	G Nod d , òî îí çàíèìàåò ëþáûå b ñâîáîäíûõ êàíàëîâ ýòîé çîíû. Â ïðî-

òèâíîì ñëó÷àå ïîèñê ñâîáîäíûõ êàíàëîâ îñóùåñòâëÿåòñÿ â vd-çîíå. Äàëåå

áóäåì ïîëàãàòü, ÷òî b ÿâëÿåòñÿ äåëèòåëåì Gd , ò.å. G R bod od� , ïðè ýòîì

R Kod d
 .

Ïðåäïîëîæèì, ÷òî ëèøü õýíäîâåð âûçîâû ðå÷è è äàííûõ ìîãóò îáðà-

áàòûâàòüñÿ â îáùåé çîíå ïðè îãðàíè÷åíèè íà ìàêñèìàëüíîå ÷èñëî õýíäî-

âåð ðå÷åâûõ âûçîâîâ â îáùåé çîíå. Ýòî îçíà÷àåò, ÷òî ïîñòóïèâøèé õýíäî-

âåð âûçîâ ðå÷è ïðèíèìàåòñÿ â vd-çîíó äëÿ îáñëóæèâàíèÿ, åñëè èìååòñÿ

õîòÿ áû îäèí ñâîáîäíûé êàíàë â ýòîé çîíå è ÷èñëî âûçîâîâ äàííîãî òèïà â

ýòîé çîíå ìåíüøå, ÷åì íåêîòîðûé ïîðîãîâûé ïàðàìåòð Rhv ,1	 	R Nhv vd . Â

îñòàëüíûõ ñëó÷àÿõ, ò.å. êîãäà âñå êàíàëû îáùåé çîíû çàíÿòû èëè ÷èñëî

âûçîâîâ ðå÷è ðàâíî Rhv , ïîñòóïèâøèé â vd-çîíó âûçîâ ðå÷è òåðÿåòñÿ.

Çäåñü, êàê è âûøå, îòñóòñòâóåò îãðàíè÷åíèå íà ÷èñëî õýíäîâåð âûçîâîâ

äàííûõ â îáùåé çîíå.
Îñíîâíûìè ïîêàçàòåëÿìè QoS ðàçíîòèïíûõ âûçîâîâ ÿâëÿþòñÿ âå-

ðîÿòíîñòè èõ ïîòåðè. Ïðîáëåìà ñîñòîèò â íàõîæäåíèè ïàðàìåòðîâ Px ,
x hv ov hd od�{ , , , } è C u — êîýôôèöèåíòà èñïîëüçîâàíèÿ êàíàëîâ îáùåé
çîíû.

Ìåòîä ðàñ÷åòà. Ñîãëàñíî ñõåìå I v- è d-âûçîâû, ïîëó÷èâøèå îòêàç â

ñâîåé (èíäèâèäóàëüíîé) çîíå êàíàëîâ, ïîñòóïàþò â îáùóþ çîíó. Èíòåí-

ñèâíîñòü ïîñòóïëåíèÿ v-âûçîâîâ (
~

)�v è d-âûçîâîâ (
~

)�d â îáùóþ çîíó îï-

ðåäåëÿþòñÿ òàê:
~ ( )� �v v v

iP� ,
~ ( )� �d d d

iP� , ãäå � � �v ov hv� � , � � �d od hd� � ;

Pv
i( ) è P

d

i( ) — âåðîÿòíîñòè ïîòåðè ñîîòâåòñòâåííî ov-âûçîâîâ è hv-âûçîâîâ

â v-çîíå êàíàëîâ. Î÷åâèäíî, ÷òî âåëè÷èíû Pv
i( ) è P

d

i( ) îïðåäåëÿþòñÿ êàê
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âåðîÿòíîñòè ïîòåðè â êëàññè÷åñêèõ ìîäåëÿõ Ýðëàíãà M M N v/ / /0 è

M M K d/ / /0 ñ íàãðóçêàìè ñîîòâåòñòâåííî vv v v�� �/ è vd d d�� �/ , ò.å. ñ

ïîìîùüþ Â-ôîðìóëû Ýðëàíãà:

P
v N

v k

i

i v
N

v

k

N

v
k

v

v

( ) / !

/ !

�

�
�

0

, P
v K

v k

d

i d

K
d

k

K

d
k

d

d

( ) / !

/ !

�

�
�

0

.

Ïîòåðÿííûå â èíäèâèäóàëüíûõ çîíàõ ðàçíîòèïíûå âûçîâû ïîñòóïàþò

â îáùóþ çîíó, êîòîðàÿ èìååò N vd �1êàíàëîâ. Ïîýòîìó íåîáõîäèìî èññëå-

äîâàòü ñèñòåìó îáñëóæèâàíèÿ ñ äâóìÿ ïóàññîíîâñêèìè ïîòîêàìè ñ èíòåí-

ñèâíîñòÿìè
~
�v è

~
�d . Ïîñêîëüêó ñðåäíèå âðåìåíà îáðàáîòêè íîâûõ è õýí-

äîâåð âûçîâîâ êàæäîãî òèïà îäèíàêîâû, ñîñòîÿíèå äàííîé ñèñòåìû â

ïðîèçâîëüíûé ìîìåíò âðåìåíè îïðåäåëÿåòñÿ äâóìåðíûì âåêòîðîì

n � ( , )n nd v , ãäå nd è nv — ñîîòâåòñòâåííî ñóììàðíîå ÷èñëî d-âûçîâîâ è

v-âûçîâîâ â îáùåé çîíå. Â ñõåìå ² ðàçíîòèïíûå âûçîâû ðàâíîïðàâíî

èñïîëüçóþò êàíàëû îáùåé çîíû, ïîýòîìó ôàçîâîå ïðîñòðàíñòâî ñîñòîÿ-

íèé (ÔÏÑ) ñîòû îïðåäåëÿåòñÿ òàê (ðèñ. 1): S n N bd vd1 0 1� �{ : , ,...,[ / ],n

n N n b n Nv vd d v vd� � 	0 1, ,..., ; }, ãäå [x] — öåëàÿ ÷àñòü x.

Ýëåìåíòû ïðîèçâîäÿùåé ìàòðèöû äàííîé äâóìåðíîé ÖÌ îáîçíà-

÷èì q1( , )n n
 . Ýòè âåëè÷èíû îïðåäåëÿþòñÿ èç ñëåäóþùèõ ñîîòíîøå-

íèé (ðèñ. 2):

q n

d

v

d d1

1

2

( , )

~
, ,

~
, ,

,n n

n n e

n n e


 �


 � �


 � �

�

�

�

åñëè

åñëè

åñëè 
 � �


 � �

�

�

�
�
�

n n e

n n e

1

2

0

,

, ,nv v� åñëè

â îñòàëüíûõ ñëó àÿõ,
�

�
�
�

(1)
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Ðèñ. 1. Âèä ÔÏÑ ìîäåëè ñîãëàñíî ñõåìå I ïðè b � 3 , N vd �10

÷



ãäå e1 0 1� ( , ), e 2 0 1� ( , ). Âåðîÿòíîñòü ñîñòîÿíèÿ ( , )n nd v îáîçíà÷èì ÷åðåç

p n nd v1( , ).

Óòâåðæäåíèå 1. Ñòàöèîíàðíîå ðàñïðåäåëåíèå âåðîÿòíîñòåé ñîñòîÿ-

íèé ñèñòåìû ïðè èñïîëüçîâàíèè ñõåìû I èìååò ñëåäóþùèé âèä:

p n n p
v

n

v

n
d v

d

n

d

v
n

v

d v

1 1 0 0( , ) ( , )
~

!

~

!
� , (2)

ãäå ~ ~
/vd d d�� � ; ~ ~

/vv v v�� � ; p1 0 0( , ) íàõîäèì èç óñëîâèÿ íîðìèðîâêè, ò.å.

( , )

( , )
n n S

d v

d v

p n n
�

� �
1

1 1.

Ä î ê à ç à ò å ë ü ñ ò â î. Èç òåîðåìû Êîëìîãîðîâà [17] îá îáðàòèìîñòè

äâóìåðíûõ ÖÌ âûòåêàåò, ÷òî â äàííîé ñèñòåìå ñóùåñòâóåò íóëåâàÿ öèð-

êóëÿöèÿ ìåæäó åå ñîñòîÿíèÿìè, ò.å. óäîâëåòâîðÿåòñÿ óñëîâèå ëîêàëüíîãî

áàëàíñà. Òîãäà ìîæíî âûðàçèòü âåðîÿòíîñòü ëþáîãî ñîñòîÿíèÿ ( , )n nd v

÷åðåç âåðîÿòíîñòü ñîñòîÿíèÿ (0, 0). Ïðè ýòîì ìîæíî âûáèðàòü ëþáîé ïóòü

ìåæäó ýòèìè äâóìÿ ñîñòîÿíèÿìè â ñîîòâåòñòâóþùåì ãðàôå ïåðåõîäîâ

ìåæäó ñîñòîÿíèÿìè öåïè. Òàêèì îáðàçîì, åñëè âûáðàí ïóòü ( , )0 0 , ( , )1 0 , ...

...,( , )nd 0 , ( , )nd 1 , ...,( , )n nd v ìåæäó ñîñòîÿíèÿìè ( , )0 0 è ( , )n nd v , òî ìóëüòèï-

ëèêàòèâíîå ïðåäñòàâëåíèå (2) ñïðàâåäëèâî äëÿ íàõîæäåíèÿ âåðîÿòíîñòåé

ñîñòîÿíèé èçó÷àåìîé ìîäåëè.

Ïîñêîëüêó ðå÷åâûå âûçîâû òåðÿþòñÿ â ñëó÷àå, êîãäà âñå êàíàëû îá-

ùåé çîíû çàíÿòû, âåðîÿòíîñòè ïîòåðè òàêèõ âûçîâîâ âû÷èñëÿåì ïî ñëå-

äóþùåé ôîðìóëå:

P p n n I n bn Nv

n n S

d v v d vd

d v

� � �
�

�
( , )

( , ) ( )

1

1 ,
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nd d�

n nv d�1,

n n +v d, 1

n + nv d1,

( 1)n +d d�

( 1)n +v v�
n nv d,

n nv d, 1�

nv v�

�d

�d

�v �v

Ðèñ. 2. Äèàãðàììà ïåðåõîäîâ ìåæäó ñîñòîÿíèÿìè ìîäåëè



ãäå I (A) — èíäèêàòîðíàÿ ôóíêöèÿ ñîáûòèÿ A. Âûçîâû äàííûõ òåðÿþòñÿ,

êîãäà ÷èñëî ñâîáîäíûõ êàíàëîâ îáùåé çîíû ìåíüøå b, ñëåäîâàòåëüíî,

âåðîÿòíîñòü ïîòåðè òàêèõ âûçîâîâ âû÷èñëÿåì ïî ôîðìóëå:

P p n n I N n bn bd

n n S

d v vd v d

d v

� � � 

�

�
( , )

( , ) ( )

1

1 .
(3)

Êîýôôèöèåíò èñïîëüçîâàíèÿ êàíàëîâ îáùåé çîíû îïðåäåëÿåòñÿ òàê:

C p n n n bn Nu

n n S

d v v d vd

d v

� �
�

�
�
�

�

�
�
�

�
�

( , )

( , )( )

1

1 . (4)

Ðàññìîòðèì ñõåìó II. Èíòåíñèâíîñòü ïîñòóïëåíèÿ ov-âûçîâîâ (
~

)�îv è

hv-âûçîâîâ (
~

)�hv â îáùóþ çîíó îïðåäåëÿåòñÿ òàê:

~ ( )� �ov ov ov
iP� ,

~ ( )� �hv hv hv

iP� , (5)

ãäå Pov
i( ) è P

hv

i( ) — âåðîÿòíîñòè ïîòåðè ov-âûçîâîâ è hv-âûçîâîâ â v-çîíå

êàíàëîâ. Àíàëîãè÷íî âû÷èñëÿåì èíòåíñèâíîñòè ïîñòóïëåíèÿ od-âûçîâîâ

(
~

)�od è hd-âûçîâîâ (
~

)�hd â îáùóþ çîíó:

~ ( )� �od od od

iP� ,
~ ( )� �hd hd hd

iP� , (6)

ãäå P
od

i( ) è P
hd

i( ) — âåðîÿòíîñòè ïîòåðè od- è hd-âûçîâîâ â d-çîíå êàíàëîâ.

Ðàññìîòðèì çàäà÷ó íàõîæäåíèÿ âåðîÿòíîñòåé ïîòåðè ov-âûçîâîâ è

hv-âûçîâîâ â v-çîíå êàíàëîâ. Ïîñêîëüêó ðàññìàòðèâàåòñÿ èçîëèðîâàííàÿ

ñõåìà ðàçäåëåíèÿ êàíàëîâ, ìîæíî èñïîëüçîâàòü ñèñòåìó îáñëóæèâàíèÿ ñ

äâóìÿ òèïàìè âûçîâîâ, â êîòîðîé èñïîëüçóåòñÿ ñõåìà ðåçåðâèðîâàíèÿ

êàíàëîâ äëÿ hv-âûçîâîâ. Ñîñòîÿíèå ýòîé ñèñòåìû ìîæåò áûòü çàäàíî ïàðà-

ìåòðîì i, i = 0, 1, ..., Nv, êîòîðûé óêàçûâàåò ÷èñëî çàíÿòûõ êàíàëîâ ñèñòå-

ìû. Ýòè ñîñòîÿíèÿ îáðàçóþò ïðîöåññ ðàçìíîæåíèÿ è ãèáåëè, ãäå èíòåí-

ñèâíîñòü ïåðåõîäà èç ñîñòîÿíèÿ i â ñîñòîÿíèå i + 1 ðàâíà � v , åñëè i Gov
 ,

èíà÷å — óêàçàííàÿ èíòåíñèâíîñòü ðàâíà � hv . Èíòåíñèâíîñòü ïåðåõîäà èç

ñîñòîÿíèÿ i â ñîñòîÿíèå i�1ðàâíà i v� .

Âåðîÿòíîñòü ñîñòîÿíèÿ i ýòîãî ïðîöåññà îáîçíà÷èì � v i( ). Òîãäà, èñ-

ïîëüçóÿ îáùåå ðåøåíèå äëÿ ïðîöåññîâ ðàçìíîæåíèÿ è ãèáåëè, ïîëó÷àåì

�

�

v

v
i

v ov

v

hv

G
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i

v

i
i G

v

v

v
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!
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ãäå vv ov hv v� �( ) /� � � ; vhv hv v�� �/ ;� v ( )0 íàõîäèì èç óñëîâèÿ íîðìèðîâêè,

� v

i

G
v
i

v

hv

G

i G

N
hv
iov

ov

ov

vv

i

v

v

v

i
( )

!
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0 1
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�
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!

�
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�

�

�
�

�1

.

Ñëåäîâàòåëüíî, èñêîìûå âåðîÿòíîñòè ïîòåðè ov-âûçîâîâ è hv-âûçîâîâ

â v-çîíå êàíàëîâ îïðåäåëÿþòñÿ òàê:

P iov
i

i G

N

v

ov

v
( ) ( )�

�
�� , P N

hv

i
v v

( ) ( )�� . (7)

Òåïåðü ðàññìîòðèì çàäà÷ó íàõîæäåíèÿ âåðîÿòíîñòåé ïîòåðè od-âûçî-

âîâ è hd-âûçîâîâ â d-çîíå êàíàëîâ. Ïîñêîëüêó d-âûçîâû òðåáóþò äëÿ îá-

ñëóæèâàíèÿ îäíîâðåìåííî b êàíàëîâ, ñîñòîÿíèå d-çîíû êàíàëîâ ìîæåò

áûòü çàäàíî ïàðàìåòðîì i, i = 0, 1, ..., Kd, êîòîðûé óêàçûâàåò ÷èñëî âûçîâîâ

â ýòîé çîíå. Ýòè ñîñòîÿíèÿ îáðàçóþò ïðîöåññ ðàçìíîæåíèÿ è ãèáåëè, ãäå

èíòåíñèâíîñòü ïåðåõîäà èç ñîñòîÿíèÿ i â ñîñòîÿíèå i �1 ðàâíà � d , åñëè

i Rod
 , èíà÷å óêàçàííàÿ èíòåíñèâíîñòü ðàâíà � hd . Èíòåíñèâíîñòü ïåðå-

õîäà èç ñîñòîÿíèÿ i â ñîñòîÿíèå i�1ðàâíà i d� . Òîãäà âåðîÿòíîñòè ñîñòîÿ-

íèé ýòîãî ïðîöåññà âû÷èñëÿþòñÿ òàê:
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Àíàëîãè÷íî (7) íàõîäèì âåðîÿòíîñòè ïîòåðè od-âûçîâîâ è hd-âûçîâîâ â

d-çîíå êàíàëîâ:

P i
od

i

i R

K

d

od

d
( ) ( )�

�
�� , P K

hd

i
d d

( ) ( )�� .
(8)

Ïîòåðÿííûå â èíäèâèäóàëüíûõ çîíàõ íîâûå âûçîâû ðå÷è è äàííûõ

îêîí÷àòåëüíî òåðÿþòñÿ. Ñëåäîâàòåëüíî, âåðîÿòíîñòè èõ ïîòåðè â äàííîé

ñõåìå îïðåäåëÿþòñÿ ïî ôîðìóëàì (7) è (8). Âìåñòå ñ òåì, â äàííîé ñõåìå
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ïîòåðÿííûå â èíäèâèäóàëüíûõ çîíàõ õýíäîâåð âûçîâû ïîñòóïàþò â îá-

ùóþ çîíó, êîòîðàÿ èìååò N vd �1 êàíàëîâ. Èññëåäóåì ñèñòåìó îáñëóæè-

âàíèÿ ñ N vd êàíàëàìè è äâóìÿ ïóàññîíîâñêèìè ïîòîêàìè ïðè èíòåí-

ñèâíîñòÿõ
~
�hv è

~
�hd (ñì. (5), (6)).

Êàê è ðàíåå, ñîñòîÿíèå äàííîé ñèñòåìû â ïðîèçâîëüíûé ìîìåíò âðåìå-

íè îïðåäåëÿåòñÿ äâóìåðíûì âåêòîðîì n � ( , )n nd v , ãäå nd è nv — ñóììàðíîå

÷èñëî d-âûçîâîâ è v-âûçîâîâ â îáùåé çîíå. Â ñõåìå ²² hd-âûçîâû ïðèíè-

ìàþòñÿ ïðè íàëè÷èè b ñâîáîäíûõ êàíàëîâ, à ìàêñèìàëüíîå ÷èñëî hv-âû-

çîâîâ â êàíàëàõ íå äîëæíî ïðåâûøàòü ïîðîãîâîå çíà÷åíèå Rv . Ñëåäîâà-

òåëüíî, ÔÏÑ ñîòû â äàííîé ñõåìå èìååò âèä S n N bd vd2 0 1� �{ : , ,...,[ / ],n

n R n b n Nv hv d v vd� � 	0 1, ,..., ; }(ðèñ. 3).

Ýëåìåíòû ïðîèçâîäÿùåé ìàòðèöû äàííîé äâóìåðíîé ÖÌ îïðåäå-

ëÿþòñÿ àíàëîãè÷íî (1):

q n
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Ïðè èñïîëüçîâàíèè ñõåìû ²² âåðîÿòíîñòü ñîñòîÿíèÿ ( , )n nd v îáîçíà-

÷èì ÷åðåç p n nd v2( , ).

Óòâåðæäåíèå 2. Ñòàöèîíàðíîå ðàñïðåäåëåíèå âåðîÿòíîñòåé ñîñòîÿ-

íèé ñèñòåìû ïðè èñïîëüçîâàíèè ñõåìû II èìååò ñëåäóþùèé âèä:

p n n p
v

n

v

n
d v

hd

n

d

hv

n

v

d v

2 2 0 0( , ) ( , )
~

!

~

!
� ,

ãäå ~ ~
/vhd hd d�� � ; ~ ~

/vhv hv v�� � ; p2 0 0( , ) íàõîäèòñÿ èç óñëîâèÿ íîðìèðîâêè.

Ä î ê à ç à ò å ë ü ñ ò â î àíàëîãè÷íî äîêàçàòåëüñòâó óòâåðæäåíèÿ 1.
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Ïðè èñïîëüçîâàíèè ñõåìû ²² âåðîÿòíîñòü ïîòåðè õýíäîâåð ðå÷åâûõ

âûçîâîâ â îáùåé çîíå êàíàëîâ îïðåäåëÿåòñÿ òàê:

P p n n n R n R I n bhv

n n S

d v v hv v hv v

d v

� � �
�

�
( , )

( , ) ( ( , ) ( , ) (

2

2 � � n Nd vd� )) ,

ãäå � ( , )i j — ñèìâîëû Êðîíåêåðà, � �( , ) ( , )i j i j� �1 . Âåðîÿòíîñòü ïîòåðè

õýíäîâåð âûçîâîâ äàííûõ è êîýôôèöèåíò èñïîëüçîâàíèÿ êàíàëîâ â îáùåé

çîíå îïðåäåëÿþòñÿ àíàëîãè÷íî (3) è (4).

Ðåçóëüòàòû ÷èñëåííûõ ýêñïåðèìåíòîâ. Ðàññìîòðèì èçìåíåíèÿ ïî-

êàçàòåëåé QoS â çàâèñèìîñòè îò îáúåìîâ ðàçëè÷íûõ çîí êàíàëîâ â êàæäîé

ñõåìå. Áóäåì ñ÷èòàòü íàãðóçî÷íûå ïàðàìåòðû ìîäåëè ôèêñèðîâàííûìè.

Ñ õ å ì à I. Ïðåäïîëîæèì, ÷òî îáùåå ÷èñëî êàíàëîâ ñèñòåìû N è ðàç-

ìåð çîíû äëÿ âûçîâîâ äàííûõ Nd ôèêñèðîâàíû, à ðàçìåð çîíû äëÿ âûçîâîâ

ðå÷è è, ñëåäîâàòåëüíî, ðàçìåð îáùåé çîíû — ðåãóëèðóåìûå ïàðàìåòðû.

Íàãðóçî÷íûå ïàðàìåòðû ìîäåëè ñëåäóþùèå [18]: � �ov hv� � 28, âûç/ñ;

� �od hd� � 5 4, âûç/ñ; �v
� �1 5 ñ; �d

� �1 2 ñ.
Ïîëîæèì, ÷òî 50% ñóììàðíîé èíòåíñèâíîñòè òðàôèêà âûçîâîâ êàæ-

äîãî òèïà ñîñòàâëÿþò õýíäîâåð âûçîâû. Ñèñòåìà èìååò 50 êàíàëîâ (N = 50), èç
íèõ 12 êàíàëîâ âûäåëåíû äëÿ d-çîíû (N d �12), à îñòàëüíûå êàíàëû ìîãóò
áûòü èñïîëüçîâàíû äëÿ v-çîíû è vd-çîíû. Áóäåì ñ÷èòàòü, ÷òî øèðîêîïîëîñ-
íûå âûçîâû äàííûõ òðåáóþò äëÿ îáñëóæèâàíèÿ îäíîâðåìåííî òðè êàíàëà
( )b �3 , à óçêîïîëîñíûå âûçîâû ðå÷è îáñëóæèâàþòñÿ îäíèì êàíàëîì.
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Ðèñ. 4. Çàâèñèìîñòè âåðîÿòíîñòåé ïîòåðè âûçîâîâ ðå÷è Pv è äàííûõ Pd , à òàêæå êîýô-
ôèöèåíòà èñïîëüçîâàíèÿ êàíàëîâ Cu îò N v



Íà ðèñ. 4 ïðåäñòàâëåíà çàâèñèìîñòü âåðîÿòíîñòè ïîòåðè ðàçíîòèïíûõ

âûçîâîâ îò èçìåíåíèÿ ïàðàìåòðà N v . Êàê âèäèì, ñ óâåëè÷åíèåì ðàçìåðà

v-çîíû óâåëè÷èâàþòñÿ âåðîÿòíîñòè ïîòåðè âûçîâîâ îáîèõ òèïîâ. Ýòîãî

ñëåäîâàëî îæèäàòü, òàê êàê ñ óâåëè÷åíèåì ÷èñëà êàíàëîâ â v-çîíå óìåíü-

øàåòñÿ ÷èñëî êàíàëîâ â vd-çîíå. Èç ãðàôèêà ñëåäóåò, ÷òî âåðîÿòíîñòü ïîòåðè

âûçîâîâ äàííûõ âñåãäà áîëüøå, ÷åì âåðîÿòíîñòü ïîòåðè âûçîâîâ ðå÷è. Ýòîò

ðåçóëüòàò èìååò ëîãè÷åñêîå îáúÿñíåíèå: äëÿ îáñëóæèâàíèÿ âûçîâîâ äàííûõ

òðåáóåòñÿ êàê ìèíèìóì òðè ñâîáîäíûõ êàíàëà, â òî âðåìÿ êàê âûçîâû ðå÷è

îáñëóæèâàþòñÿ ïðè íàëè÷èè îäíîãî ñâîáîäíîãî êàíàëà. Èç ðèñ. 4 òàêæå

âèäíî, ÷òî êîýôôèöèåíò èñïîëüçîâàíèÿ êàíàëîâ Ñ u â îáùåé çîíå ñ óâåëè-

÷åíèåì ðàçìåðà v-çîíû óâåëè÷èâàåòñÿ. Ýòî îáúÿñíÿåòñÿ òåì, ÷òî ñ óìåíü-

øåíèåì ÷èñëà êàíàëîâ óâåëè÷èâàåòñÿ êîýôôèöèåíò èõ èñïîëüçîâàíèÿ.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò òàêæå ðåøèòü çàäà÷ó âûáîðà ðàç-

ìåðîâ êàæäîé çîíû â äàííîé ñõåìå. Ðàññìîòðèì ñëåäóþùóþ çàäà÷ó.

Ïóñòü çàäàíû îãðàíè÷åíèÿ (ñâåðõó) íà âåðîÿòíîñòè ïîòåðè ðàçíîòèïíûõ

âûçîâîâ è íà êîýôôèöèåíò èñïîëüçîâàíèÿ êàíàëîâ îáùåé çîíû (ñíèçó),

ò.å. òðåáóåòñÿ âûïîëíåíèå ñëåäóþùèõ îãðàíè÷åíèé:

Pd d	 ! , (9)

Pv v	 ! , (10)

C u "#, (11)

ãäå! d ,! v #— çàäàííûå âåëè÷èíû. Òðåáóåòñÿ íàéòè òàêèå çíà÷åíèÿ Nv, ïðè

êîòîðûõ óäîâëåòâîðÿëèñü áû îãðàíè÷åíèÿ (9)—(11). Ýòà çàäà÷à ìîæåò

áûòü ðåøåíà ñ ïîìîùüþ ñëåäóþùåãî àëãîðèòìà.

Ø à ã 1. Íàéòè òàêîå ìàêñèìàëüíîå çíà÷åíèå ïàðàìåòðà Nv, ïðè êîòî-

ðîì óäîâëåòâîðÿëèñü áû îãðàíè÷åíèÿ (9) è (10). Îáîçíà÷èì åãî ÷åðåç N v
1.

Ø à ã 2. Íàéòè òàêîå ìàêñèìàëüíîå çíà÷åíèå ïàðàìåòðà Nv, ïðè êîòî-

ðîì óäîâëåòâîðÿëîñü áû îãðàíè÷åíèå (11). Îáîçíà÷èì åãî ÷åðåç N v
2.

Ø à ã 3. Åñëè N Nv v
1 2
 , òî ýòà çàäà÷à íå èìååò ðåøåíèÿ; èíà÷å —

ðåøåíèåì çàäà÷è ÿâëÿåòñÿ îòðåçîê [ , ]N Nv v
2 1 .

Ñ ó÷åòîì ìîíîòîííîñòè ôóíêöèé Pd, Pv è Cu îòíîñèòåëüíî ïàðàìåòðà

Nv äëÿ ðåøåíèÿ çàäà÷è â øàãàõ 1 è 2 ìîæåò áûòü èñïîëüçîâàí, â ÷àñòíîñòè,

ìåòîä äèõîòîìèè. Î÷åâèäíî, ÷òî ïðè îïðåäåëåííûõ çíà÷åíèÿõ âåëè÷èí

! d , ! v ,# çàäà÷à íå áóäåò èìåòü ðåøåíèÿ. Òàê, íàïðèìåð, åñëè ! d è ! v ìåíüøå,

÷åì ìèíèìàëüíûå çíà÷åíèÿ Pd è Pv, òî ýòà çàäà÷à íå èìååò ðåøåíèÿ.

Íåêîòîðûå ðåçóëüòàòû ðåøåíèÿ çàäà÷è (9)—(11) äëÿ óêàçàííûõ âûøå

èñõîäíûõ äàííûõ ïðèâåäåíû â òàáëèöå, ãäå ñèìâîë $ îçíà÷àåò, ÷òî çàäà÷à

íå èìååò ðåøåíèÿ.
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Ñ õ å ì à II ñîäåðæèò áîëüøîå ÷èñëî ðåãóëèðóåìûõ ïàðàìåòðîâ
( , ,N Nv d N G G Rvd ov od hv, , , ), ïîýòîìó èçó÷åíèå èçìåíåíèÿ ïîêàçàòåëåé
QoS ïðè èçìåíåíèè âñåõ ïàðàìåòðîâ — äîñòàòî÷íî òðóäîåìêàÿ çàäà÷à.
Áóäåì ïðåäïîëàãàòü, ÷òî ÷èñëî êàíàëîâ âî âñåõ çîíàõ ôèêñèðîâàíî, à
âàðüèðóåòñÿ ëèøü ïàðàìåòð Rhv . Íàãðóçî÷íûå ïàðàìåòðû ìîäåëè ñîõðà-
íÿþòñÿ áåç èçìåíåíèé, à äðóãèå ïàðàìåòðû ñëåäóþùèå: N � 50, N v �10,
N d �12, Gov � 5, God � 6.

Ì.È. Ôàòòàõîâà, Ã.Ì. Âåëèäæàíîâà, Ã.À. Êàäûðîâ

100 ISSN 0204–3572. Electronic Modeling. 2017. V. 39. ¹ 4

Ðåçóëüòàòû ðåøåíèÿ çàäà÷è

(9)—(11) (12)—(14)

!d !v # [ , ]N Nv v
2 1 !hd !hv #h [ , ]R Rhv hv

2 1

10–12 10–10 0,26 $ 10–4 10–2 0,21 $

10–7 10–9 0,24 [ 7, 8 ] 1,35%10–4 0,2 0,2 [ 2, 3 ]

10–9 10–10 0,22 [ 4, 6 ] 1,36%10–4 0,4 0,2 [ 1, 4 ]

10–9 10–11 0,2 [ 1, 5 ] 1,37%10–4 10–4 0,21 [ 6, 28 ]

10–6 10–8 0,235 [ 6, 10 ] 1,37%10–4 0,4 0,2 [ 1, 28 ]

10–6 10–8 0,21 [ 2, 10 ]

Ðèñ. 5. Çàâèñèìîñòü âåðîÿòíîñòåé ïîòåðè õýíäîâåð âûçîâîâ ðå÷è Phv è äàííûõ Phd , à òàêæå
êîýôôèöèåíòà èñïîëüçîâàíèÿ êàíàëîâ Cu îáùåé çîíû îò Rhv



Ïîñêîëüêó â äàííîé ñõåìå âåðîÿòíîñòè ïîòåðè íîâûõ âûçîâîâ äàííûõ

è ðå÷è íå çàâèñÿò îò ïàðàìåòðà Rhv , íà ðèñ. 5 ïðåäñòàâëåíû çàâèñèìîñòè

âåðîÿòíîñòåé ïîòåðè õýíäîâåð âûçîâîâ äàííûõ è ðå÷è îòíîñèòåëüíî èçìå-

íåíèÿ óêàçàííîãî ïàðàìåòðà. Êàê è ñëåäîâàëî îæèäàòü, ïðè óâåëè÷åíèè

ïàðàìåòðà Rhv óâåëè÷èâàþòñÿ øàíñû õýíäîâåð âûçîâîâ ðå÷è áûòü ïðèíÿ-

òûìè äëÿ îáñëóæèâàíèÿ. Îäíàêî ýòî îäíîâðåìåííî ïðèâîäèò ê óìåíüøå-

íèþ øàíñîâ õýíäîâåð âûçîâîâ äàííûõ äëÿ ïîñòóïëåíèÿ â îáùóþ çîíó

êàíàëîâ. Ïîýòîìó Phv ÿâëÿåòñÿ óáûâàþùåé ôóíêöèåé, à Phd , íàîáîðîò,

âîçðàñòàåò îòíîñèòåëüíî ïàðàìåòðà Rhv . Èç ðèñ. 5 òàêæå âèäíî, ÷òî ïðè

óâåëè÷åíèè ïàðàìåòðà Rhv óâåëè÷èâàåòñÿ çíà÷åíèå êîýôôèöèåíòà èñïîëü-

çîâàíèÿ êàíàëîâ îáùåé çîíû. Äàííûé ôàêò îáúÿñíÿåòñÿ òåì, ÷òî ñ óâåëè-

÷åíèåì çíà÷åíèÿ ïàðàìåòðà Rhv âîçðàñòàåò øàíñ óçêîïîëîñíûõ õýíäîâåð

âûçîâîâ ðå÷è áûòü ïðèíÿòûìè äëÿ îáñëóæèâàíèÿ è ïîýòîìó óâåëè÷è-

âàåòñÿ êîýôôèöèåíò èñïîëüçîâàíèÿ êàíàëîâ îáùåé çîíû.

Ñôîðìóëèðóåì è ðåøèì çàäà÷ó âûáîðà íàäëåæàùèõ çíà÷åíèé ïàðà-

ìåòðà Rhv äëÿ óäîâëåòâîðåíèÿ çàäàííûõ îãðàíè÷åíèé íà ïîêàçàòåëè êà-

÷åñòâà îáñëóæèâàíèÿ, èñïîëüçóÿ ñõåìó II. Ïóñòü, êàê è âûøå, çàäàíû

îãðàíè÷åíèÿ íà âåðîÿòíîñòè ïîòåðè ðàçíîòèïíûõ õýíäîâåð âûçîâîâ è íà

êîýôôèöèåíò èñïîëüçîâàíèÿ êàíàëîâ â îáùåé çîíå:

Phd hd	 ! , (12)

Phv hv	 ! , (13)

C u h"# , (14)

ãäå ! hd , ! hv è # h — çàäàííûå âåëè÷èíû. Òðåáóåòñÿ íàéòè òàêèå çíà÷åíèÿ

Rhv , ïðè êîòîðûõ óäîâëåòâîðÿëèñü áû îãðàíè÷åíèÿ (12)—(14). Ýòà çàäà÷à

ìîæåò áûòü ðåøåíà ñ ïîìîùüþ ñëåäóþùåãî àëãîðèòìà.

Ø à ã 1. Íàéòè òàêîå ìàêñèìàëüíîå çíà÷åíèå ïàðàìåòðà Rhv , êîòîðîå

óäîâëåòâîðÿëî áû îãðàíè÷åíèå (12). Îáîçíà÷èì åãî ÷åðåç Rhv
1 .

Ø à ã 2. Íàéòè òàêîå ìèíèìàëüíîå çíà÷åíèå ïàðàìåòðà Rhv , êîòîðîå

óäîâëåòâîðÿëî áû îãðàíè÷åíèå (13). Îáîçíà÷èì åãî ÷åðåç Rhv
2 .

Ø à ã 3. Åñëè R Rhv hv
1 2
 , òî ýòà çàäà÷à íå èìååò ðåøåíèÿ, èíà÷å —

ïåðåéòè ê ñëåäóþùåìó øàãó.

Ø à ã 4. Íàéòè òàêîå ìàêñèìàëüíîå çíà÷åíèå ïàðàìåòðà Rhv , êîòîðîå

óäîâëåòâîðÿëî áû îãðàíè÷åíèå (14). Îáîçíà÷èì åãî ÷åðåç Rhv
3 . Åñëè

R R Rhv hv hv
2 3 1	 	 , òî ðåøåíèåì çàäà÷è ÿâëÿåòñÿ îòðåçîê [ , ]R Rhv hv

3 1 , èíà÷å —

çàäà÷à íå èìååò ðåøåíèÿ.

Íåêîòîðûå ðåçóëüòàòû ðåøåíèÿ ýòîé çàäà÷è ïðèâåäåíû â òàáëèöå.
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Âûâîäû

Ïðåäëîæåííûå ñõåìû ðàçäåëåíèÿ êàíàëîâ â èíòåãðàëüíûõ ñîòîâûõ ñåòÿõ

ñâÿçè ïîçâîëÿþò áîëåå äåòàëüíî ó÷èòûâàòü ðàçëè÷èÿ â ìåõàíèçìàõ îáñëó-

æèâàíèÿ óçêîïîëîñíûõ ðå÷åâûõ âûçîâîâ è øèðîêîïîëîñíûõ âûçîâîâ äàí-

íûõ. Îòëè÷èòåëüíîé èõ îñîáåííîñòüþ ÿâëÿåòñÿ òî, ÷òî â îáåèõ ñõåìàõ âåñü

ïóë êàíàëîâ èçîëèðîâàííî ðàçäåëåí ìåæäó ðàçíîòèïíûìè âûçîâàìè, ïðè

ýòîì èìååòñÿ îáùàÿ çîíà êàíàëîâ äëÿ îáñëóæèâàíèÿ ðàçíîòèïíûõ âûçî-

âîâ. Ââåäåíèå ïîðîãîâûõ ïàðàìåòðîâ äëÿ ðàçíîòèïíûõ âûçîâîâ ïîçâîëÿåò

ó÷èòûâàòü çàäàííûå îãðàíè÷åíèÿ íà ïîêàçàòåëè QoS è âûáèðàòü îïòè-

ìàëüíûå ñõåìû ðàçäåëåíèÿ êàíàëîâ. Ýôôåêòèâíîñòü ïðåäëîæåííîãî ïîä-

õîäà ê àíàëèçó ðàçëè÷íûõ ñõåì ðàçäåëåíèÿ êàíàëîâ â ñîòîâûõ ñåòÿõ ñîñ-

òîèò â òîì, ÷òî îí ìîæåò áûòü èñïîëüçîâàí äëÿ àíàëèçà ñîòîâûõ ñåòåé ñ

ïðîèçâîëüíûì ÷èñëîì êàíàëîâ.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Chen H., Huang L., Kumar S., Kuo C.C. Radio resource management for multimedia QoS
supports in wireless networks. Boston: Kluwer Academic Publishers, 2004.

2. Yue W., Matsumoto Y. Performance analysis of multi-channel and multi-traffic on wireless
communication networks. Boston: Kluwer Academic Publishers, 2002.

3. Stasiak M., Glabowski M., Wishniewski A., Zwierzykowski P. Modeling and dimensioning of
mobile networks: From GSM to LTE. New York: John Wiley, 2011.

4. Ponomarenko L., Kim C.S., Melikov A. Performance analysis and optimization of multi-traf-
fic on communication networks. Heidelberg, Dordrecht, London, New York: Springer,
2010, 208 p.

5. Melikov A., Ponomarenko L. Multidimensional queueing models in telecommunication net-
works. Heidelberg, Dordrecht, London, New York: Springer, 2014, 202 p.

6. Ahmed M., Yanikomeroglu H. Call admission control in wireless networks // IEEE Commu-
nications Surveys, 2005, Vol. 7, N 1, p. 50—69.

7. Beigy H., Meybody M.R. Used-based call admission control policies for cellular mobile sys-
tems: A survey // J CSI Comput Sci Eng, 2003, Vol. 10, p. 45—58.

8. Ghaderi M., Boutaba R. Call admission control for voice/data integration in broadband wire-
less networks // IEEE Trans Mobile Comput., 2006, Vol. 5, N 3, ð. 193—207.

9. Schneps-Schneppe M., Iversen V.B. Call admission control in cellular networks // In Mobile
Networks (Ed. Ortiz J.H.). Intech, 2012, ð. 111—136.

10. Das Bit S, Mitra S. Challenges of computing in mobile cellular environment. A survey //
Computer Communications, 2006, Vol. 26, ð. 2090—2105.

11. Ogbonmwan S.E., Wei L. Multi-threshold bandwidth reservation scheme of an integrated
voice/data wireless network // Ibid, 2006, Vol. 29, N 9, p. 1504—1515.

12. Ìåëèêîâ À.Ç., Ôàòòàõîâà Ì.È., Âåëèäæàíîâà Ã.Ì. Ìåòîä ðàñ÷åòà ïàðàìåòðîâ èíòå-
ãðàëüíîé ñîòîâîé ñåòè ñâÿçè ñ èçîëèðîâàííûì ðàçäåëåíèåì êàíàëîâ // Ýëåêòðîí.

ìîäåëèðîâàíèå, 2014, 36, N 5, c. 37—48.

13. Melikov A.Z., Ponomarenko L.A., Velidzanova G.M. Analysis of integrated cellular network
model with virtual partitioning of channels // Cybernetics and System Analysis, 2014, Vol. 50,
N 6, p. 884—890.

Ì.È. Ôàòòàõîâà, Ã.Ì. Âåëèäæàíîâà, Ã.À. Êàäûðîâ

102 ISSN 0204–3572. Electronic Modeling. 2017. V. 39. ¹ 4



14. Melikov A.Z., Ponomarenko L.A. Analysis of models of the integral cellular communication
network with different schemes of channel partitioning // Automation and Remote Control,
2016, Vol. 77, N 5, p. 802—816.

15. Li B., Li L., Li B., Sivalingam K.M., Cao X.R. Call admission control for voice/data inte-
grated cellular networks: Performance analysis and comparative study // IEEE Journal of Se-
lected Areas on Communications, 2004, Vol. 22, N 4, p. 706—718.

16. Ìåëèêîâ À.Ç., Ïîíîìàðåíêî Ë.À., Âåëèäæàíîâà Ã.Ì. Ìíîãîïàðàìåòðè÷åñêèå ãèáðèä-
íûå ñõåìû èçîëèðîâàííîãî ðàçäåëåíèÿ êàíàëîâ â èíòåãðàëüíûõ ñîòîâûõ ñåòÿõ ñâÿçè //
Óïðàâëÿþùèå ñèñòåìû è ìàøèíû, 2016, N 1, c. 62—72.

17. Kolmogorov A. Zum theorie der Markoffschen ketten // Mathematische Annalen, 1936,
Vol. B112, p. 155—160.

18. Carvalho G.H.S., Martins V.S., Frances C.R.L. et al. Performance analysis of multi-service
wireless network: An approach integrating CAC, scheduling, and buffer management //
Computers and Electrical Engineering, 2008, Vol. 34, p. 346—356.

Ïîñòóïèëà 27.04.17

REFERENCES

1. Chen, H., Huang, L., Kumar, S. and Kuo, C.C. (2004), Radio resource management for mul-
timedia QoS supports in wireless networks, Kluwer Academic Publishers, Boston, USA.

2. Yue, W. and Matsumoto, Y. (2002), Performance analysis of multi-channel and multi-traf-
fic on wireless communication networks, Kluwer Academic Publishers, Boston, USA.

3. Stasiak, M. , Glabowski, M. , Wishniewski, A. and Zwierzykowski, P. (2011), Modeling
and dimensioning of mobile networks: From GSM to LTE, John Wiley, New York, USA.

4. Ponomarenko, L. , Kim, C.S. and Melikov, A. (2010), Performance analysis and optimi-
zation of multi-traffic on communication networks, Springer, Heidelberg, Dordrecht, Lon-
don, New York.

5. Melikov, A. and Ponomarenko, L. (2014) , Multidimensional queuing models in telecom-
munication networks, Springer, Heidelberg, Dordrecht, London, New York.

6. Ahmed, M. and Yanikomeroglu, H. (2005), Call admission control in wireless networks,
IEEE Communications Surveys, Vol. 7, no. 1, pp. 50-69.

7. Beigy, H. and Meybody, M.R. (2003), Used-based call admission control policies for cellu-
lar mobile systems: A survey, Journal CSI Comput. Sci. Eng., Vol. 10, pp. 45-58.

8. Ghaderi, M. and Boutaba, R. (2006), Call admission control for voice/data integration in
broadband wireless networks, IEEE Trans. Mobile Comput, Vol. 5, no. 3, pp. 193-207.

9. Schneps-Schneppe, M. and Iversen, V.B. (2012), Call admission control in cellular net-
works, In mobile networks, Ed. Ortiz J.H., Intech., p. 111-136.

10. Das Bit, S. and Mitra, S. (2006), Challenges of computing in mobile cellular environment. A
survey, Computer Communications, Vol. 26, pp. 2090-2105.

11. Ogbonmwan, S.E. and Wei, L. (2006), Multi-threshold bandwidth reservation scheme of an in-
tegrated voice/data wireless network, Computer Communications, Vol. 29, no. 9, pp. 1504-1515.

12. Melikov, A.Z., Fattakhova, M.I. and Velidzhanova, G.M. (2014), “Method of calculation of
parameters of the integral cellular communication network with isolated partition of chan-
nels, Elektronnoe modelirovanie, Vol. 36, no. 5, pp. 37-48.

13. Melikov, A.Z. , Ponomarenko, L.A. and Velidzhanova, G.M. (2014), Analysis of integrated
cellular network model with virtual partitioning of channels, Cybernetics and System Analysis,
Vol. 50, no. 6, pp. 884-890.

14. Melikov, A.Z. and Ponomarenko, L.A. (2016), Analysis of models of the integral cellular
communication network with different schemes of channel partitioning, Automation and Re-
mote Control, Vol. 77, no. 5, pp. 802-816.

Àíàëèç ñõåì ðàçäåëåíèÿ êàíàëîâ â ñîòîâûõ ñåòÿõ ñâÿçè áåç î÷åðåäåé

ISSN 0204–3572. Ýëåêòðîí. ìîäåëèðîâàíèå. 2017. Ò. 39. ¹ 4 103



15. Li, B., Li, L., Li, B., Sivalingam, K.M. and Cao, X.R. (2004), Call admission control for
voice/data integrated cellular networks: Performance analysis and comparative study, IEEE
Journal of Selected Areas on Communications, Vol. 22, no. 4, pp. 706-718.

16. Melikov, A.Z. , Ponomarenko, L.A. and Velidzhanova, G.M. (2016), “Multiparameter hy-
brid schemes of isolated partition of channels in the integral cellular communication sys-
tems”, Upravlyayushchie sistemy i mashiny, no. 1, pp. 62-72.

17. Kolmogorov, A. (1936), Zum theorie der Markoffschen ketten, Mathematische Annalen,
Vol. B112, pp. 155-160.

18. Carvalho, G.H.S., Martins, V.S., Frances, C.R.L., et al. (2008), Performance analysis of
multi-service wireless network: An approach integrating CAC, scheduling, and buffer man-
agement, Computers and Electrical Engineering, Vol. 34, pp. 346-356.

Received 27.04.17

M.I. Fattakhova, G.M. Velidzhanova, H.A. Kadyrov

ANALYSIS OF SCHEMES FOR PARTITION

OF CHANNELS IN CELLULAR NETWORKS WITHOUT QUEUE

Two isolated schemes for partition of common pool of channels in integral cellular network are
proposed. In this network narrow-band voice calls and wideband data calls are handled. In both
schemes the whole pool of channels is partitioned between various types of calls in accordance
with isolated rule and there is a common pool of channels for complete sharing. In one scheme,
individual zones and a common zone of channels are used in accordance with the complete shar-
ing rule. In the other scheme, the individual zones are used for the corresponding handover calls
due to the strategy of channel change-over, and a common zone is used for handover calls only.
The algorithms have been developed to calculate the service quality factors in the both schemes
under the given values of the number of channels and loads of the calls of different types. Results
of numerical experiments are demonstrated.

K e y w o r d s: cellular network, channels partition, service quality, calculation methods.
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