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ÐÅÇÞÌÅ

Ââåäåíèå. Ñîçäàíèå ðåçåðâîâ ìàòåðèàëüíûõ ðåñóðñîâ äëÿ ëèêâèäàöèè ïîñëåäñòâèé ÷ðåçâû÷àéíûõ ñèòóàöèé
(×Ñ) ïðèðîäíîãî è òåõíîãåííîãî õàðàêòåðà ÿâëÿåòñÿ îäíîé èç îñíîâíûõ çàäà÷ åäèíîé ãîñóäàðñòâåííîé ñèñ-
òåìû ïðåäóïðåæäåíèÿ è ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé. Äîñòàòî÷íûé îáúåì ìàòåðèàëüíûõ ðåñóðñîâ,
èõ ðàöèîíàëüíîå ðàçìåùåíèå, ïðàâèëüíîå õðàíåíèå è êà÷åñòâåííîå îáñëóæèâàíèå îáåñïå÷èâàþò âîçìîæ-
íîñòü îïåðàòèâíîãî óñòðàíåíèÿ íåïîñðåäñòâåííîé îïàñíîñòè äëÿ æèçíè è çäîðîâüÿ ëþäåé, îðãàíèçàöèè ïåð-
âîî÷åðåäíîãî æèçíåîáåñïå÷åíèÿ íàñåëåíèÿ â çîíå áåäñòâèÿ.
Öåëè è çàäà÷è. Âîçíèêàåò àêòóàëüíàÿ ïðîáëåìà ïðåäâàðèòåëüíîé îöåíêè, ó÷åòà è îáîñíîâàíèÿ ðåçåðâà çà-
ïàñíûõ ÷àñòåé äëÿ ðàáîòû ñïåöèàëüíîé òåõíèêè ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé â õîäå ëèêâèäàöèè
×Ñ, èñõîäÿ èç ïðèíöèïà íåîáõîäèìîé äîñòàòî÷íîñòè è ìàêñèìàëüíî âîçìîæíîãî èñïîëüçîâàíèÿ èìåþùèõñÿ
ñèë è ñðåäñòâ.
Ìåòîäû. Äëÿ ïëàíèðîâàíèÿ íåîáõîäèìîãî êîëè÷åñòâà çàïàñíûõ ÷àñòåé ñïåöèàëüíîé òåõíèêè ñ ó÷åòîì èõ ñòî-
èìîñòè, à òàêæå äëÿ îáîñíîâàíèÿ ðåøåíèÿ îá îïòèìàëüíîì ÷èñëå ðåìîíòíûõ áðèãàä, ñïîñîáíûõ îáåñïå÷èòü
ñâîåâðåìåííóþ çàìåíó âûøåäøèõ èç ñòðîÿ àãðåãàòîâ â óñëîâèÿõ ×Ñ èëè ïðè ëèêâèäàöèè åå ïîñëåäñòâèé,
ïðèìåíèìû ìåòîäû òåîðèè î÷åðåäåé è ñèñòåì ìàññîâîãî îáñëóæèâàíèÿ.
Ðåçóëüòàòû è èõ îáñóæäåíèå. Â ñòàòüå ïðåäëîæåíà ìåòîäèêà ðàñ÷åòà îïòèìàëüíîãî ðåçåðâà çàïàñíûõ ÷àñòåé
äëÿ îáåñïå÷åíèÿ íîðìàëüíîé ðàáîòû ñïåöèàëüíîé òåõíèêè ñ ýêîíîìè÷åñêèì îáîñíîâàíèåì, ó÷èòûâàþùèì
ìàòåðèàëüíûå çàòðàòû íà èõ ïðèîáðåòåíèå è íà ñîäåðæàíèå ðåìîíòíûõ áðèãàä. Ïðèâåäåíû ðàñ÷åòû, êîòî-
ðûå ïîçâîëÿþò íà ïðàêòèêå ïðåäâàðèòåëüíî ó÷èòûâàòü ðèñêè, ñâÿçàííûå ñ íåäîñòàòî÷íûì ðåçåðâîì çàïàñ-
íûõ ÷àñòåé è ñ âûíóæäåííûìè ïðîñòîÿìè ñïåöèàëüíîé òåõíèêè èç-çà îòñóòñòâèÿ âîçìîæíîñòè áûñòðî óñòðà-
íèòü íåèñïðàâíîñòè â õîäå ëèêâèäàöèè ×Ñ è ïðîâåäåíèÿ àâàðèéíî-ñïàñàòåëüíûõ ðàáîò. Âûðàáîòàíû
ïðàêòè÷åñêèå ðåêîìåíäàöèè ïî îïðåäåëåíèþ ýêîíîìè÷åñêè öåëåñîîáðàçíîãî êîëè÷åñòâà çàïàñíûõ ÷àñòåé è
÷èñëà îïåðàòîðîâ, ïðîèçâîäÿùèõ ðåìîíò ñïåöèàëüíîé òåõíèêè, ñ ó÷åòîì ìàòåðèàëüíûõ çàòðàò è ïîêàçàòåëåé
íàäåæíîñòè.
Çàêëþ÷åíèå. Ïðîáëåìàòèêà ñòàòüè îòâå÷àåò ñîâðåìåííûì íàïðàâëåíèÿì íàó÷íîãî îáåñïå÷åíèÿ îïåðàòèâ-
íîé äåÿòåëüíîñòè Ì×Ñ Ðîññèè è îáóñëîâëåíà íàëè÷èåì øèðîêîãî êðóãà çàäà÷, ñâÿçàííûõ ñ âîïðîñàìè ñîçäà-
íèÿ, õðàíåíèÿ, èñïîëüçîâàíèÿ è âîñïîëíåíèÿ ðåçåðâîâ ìàòåðèàëüíûõ ðåñóðñîâ â õîäå ëèêâèäàöèè ×Ñ ïðè-
ðîäíîãî è òåõíîãåííîãî õàðàêòåðà.
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ABSTRACT

Introduction. The creation of material resources reserves for the elimination of consequences of natural disasters
and technogenic accidents (emergency situations — ES) is one of the main tasks of United State system of preven-
tion and response to emergency situations. A sufficient amount of material resources, their rational placement,
proper storage and quality service ensures the ability quickly to liquidate the immediate danger to human life and
health, the organization of paramount life support for the population in the disaster area.
Aims and purposes. There is an actual problem of preliminary assessment, accounting and justification of the spare
parts reserve for work special technical means (STM) of the firefighting and rescue service in the course of emer-
gency response, based on the principle of the necessary sufficiency and the maximum possible use of the avail-
able forces and means.
Methods. For the planning the required amount of spare parts for STM, taking into account their cost, as well as for
substantiating the decision on the optimal number of repair teams capable of ensuring timely replacement of
failed units in an ES or its consequences, the methods of queuing theory and queuing systems are applicable.
Results and discussion. The article proposes a method of calculating the optimal reserve of spare parts to ensure
the normal operation of STM with economic justification, taking into account the material costs of their acquisition
and maintenance of repair teams. There are presented the calculations that allow in practice to take into account
the risks associated with insufficient reserve of spare parts and forced downtime of STM due to the inability to
quickly troubleshoot during ES response and rescue operations. Practical recommendations for determination of
economically expedient quantity of spare parts and number of the operators making repair of special equipment
taking into account material costs and indicators of reliability are developed.
Conclusions. The problems of the article correspond to the modern directions of scientific support of operational
activities of Emercom of Russia and due to the presence of a wide range of tasks related to the creation, storage,
use and replenishment of reserves of material resources during the liquidation of consequences of natural
disasters and technogenic accidents.

Keywords: reliability assessment; material resources; downtime of special technical means; optimal number of
repair teams; queuing theory; queuing systems.
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Ââåäåíèå

Ñîçäàíèå ðåçåðâîâ ìàòåðèàëüíûõ ðåñóðñîâ äëÿ ëèê-

âèäàöèè ïîñëåäñòâèé ÷ðåçâû÷àéíûõ ñèòóàöèé (×Ñ)

ïðèðîäíîãî è òåõíîãåííîãî õàðàêòåðà ÿâëÿåòñÿ îä-

íîé èç îñíîâíûõ çàäà÷ åäèíîé ãîñóäàðñòâåííîé ñè-

ñòåìû ïðåäóïðåæäåíèÿ è ëèêâèäàöèè ÷ðåçâû÷àéíûõ

ñèòóàöèé (ÐÑ×Ñ). Äåÿòåëüíîñòü ýòîé ñèñòåìû íà-

ïðàâëåíà íà ïîâûøåíèå ýôôåêòèâíîñòè äåéñòâèé

ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé â çîíàõ ñòè-

õèéíûõ áåäñòâèé èëè òåõíîãåííûõ àâàðèé, íà ôîð-

ìèðîâàíèå êîìïëåêñà ìåðîïðèÿòèé ïî ñíèæåíèþ

ðèñêîâ âîçíèêíîâåíèÿ ×Ñ è óìåíüøåíèþ òÿæåñòè

èõ ïîñëåäñòâèé [1].

Äîñòàòî÷íûé îáúåì ìàòåðèàëüíûõ ðåñóðñîâ, èõ

ðàöèîíàëüíîå ðàçìåùåíèå, ïðàâèëüíîå õðàíåíèå è

êà÷åñòâåííîå îáñëóæèâàíèå îáåñïå÷èâàþò âîçìîæ-

íîñòü îïåðàòèâíîãî óñòðàíåíèÿ íåïîñðåäñòâåííîé

îïàñíîñòè äëÿ æèçíè è çäîðîâüÿ ëþäåé, îðãàíèçà-

öèè ïåðâîî÷åðåäíîãî æèçíåîáåñïå÷åíèÿ íàñåëåíèÿ

â çîíå áåäñòâèÿ.

Íåëüçÿ íå ó÷èòûâàòü, ÷òî â êðàéíå ñëîæíîé îá-

ñòàíîâêå ÷ðåçâû÷àéíîé ñèòóàöèè è â õîäå óñòðàíå-

íèÿ åå ïîñëåäñòâèé ñ ïðèìåíåíèåì ðàçëè÷íûõ âèäîâ

ñïåöèàëüíîé òåõíèêè (ÑÒ) ñóùåñòâåííî âîçðàñòàåò

âåðîÿòíîñòü îòêàçîâ â åå ðàáîòå èç-çà âûõîäà èç

ñòðîÿ îòäåëüíûõ ôóíêöèîíàëüíûõ ÷àñòåé. Ýòî îáó-

ñëîâëåíî ïîâûøåííîé íàãðóçêîé íà ýòó òåõíèêó ïðè

ïðîâåäåíèè àâàðèéíî-ñïàñàòåëüíûõ ðàáîò (ÀÑÐ),

íåîáõîäèìîñòüþ åå òðàíñïîðòèðîâêè â çîíó áåäñò-

âèÿ, íåáëàãîïðèÿòíûìè óñëîâèÿìè ýêñïëóàòàöèè.

Öåëè è çàäà÷è èññëåäîâàíèÿ

Â ñâÿçè ñ âûøåñêàçàííûì âîçíèêàåò àêòóàëüíàÿ

ïðîáëåìà îáîñíîâàíèÿ ðåçåðâà çàïàñíûõ ÷àñòåé,

òðåáóåìîãî äëÿ îáåñïå÷åíèÿ áåñïåðåáîéíîé ðàáîòû

ñïåöèàëüíîé òåõíèêè ïîæàðíî-ñïàñàòåëüíûõ ïîä-

ðàçäåëåíèé (äàëåå — ÏÑÏ) â õîäå ëèêâèäàöèè ×Ñ,

èñõîäÿ èç ïðèíöèïà íåîáõîäèìîé äîñòàòî÷íîñòè è

ìàêñèìàëüíî âîçìîæíîãî èñïîëüçîâàíèÿ èìåþùèõ-

ñÿ ñèë è ñðåäñòâ [2].

Íåäîñòàòîê çàïàñíûõ ÷àñòåé âûçûâàåò âûíóæäåí-

íûå ïðîñòîè ÑÒ, â òî æå âðåìÿ ÷ðåçìåðíîå êîëè÷å-

ñòâî çàïàñíûõ ÷àñòåé íåðàöèîíàëüíî ñ ôèíàíñîâîé

òî÷êè çðåíèÿ. Îáîñíîâàíèå îïòèìàëüíîãî çàïàñà

æèçíåííî âàæíûõ äåòàëåé ìàøèí òðåáóåò ñåðüåç-

íîãî ýêîíîìè÷åñêîãî ïîäõîäà. Ïðè ðåøåíèè ñôîð-

ìóëèðîâàííîé çàäà÷è íóæíî ó÷èòûâàòü ñòàòèñòèêó

âûõîäà èç ñòðîÿ ÑÒ â ïðîöåññå åå ýêñïëóàòàöèè,

óðîâåíü ïîäãîòîâêè îáñëóæèâàþùåãî òåõíè÷åñêîãî

ïåðñîíàëà, âîçìîæíîñòè ïî âîññòàíîâëåíèþ âû-

øåäøèõ èç ñòðîÿ äåòàëåé, óçëîâ, áëîêîâ, à òàêæå

ýêîíîìè÷åñêèå ïîêàçàòåëè, ó÷èòûâàþùèå ìàòåðè-

àëüíûå çàòðàòû íà ñîäåðæàíèå ÑÒ.
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Ðåçåðâ çàïàñíûõ ÷àñòåé äëÿ ñïåöèàëüíîé òåõíè-

êè ÏÑÏ äîëæåí áûòü òàêèì, ÷òîáû îíà ðàáîòàëà ýô-

ôåêòèâíî è áåç ïðîñòîåâ, è ôèíàíñèðîâàíèå åå îá-

ñëóæèâàíèÿ áûëî ýêîíîìè÷åñêè îáîñíîâàíî [3].

Ïîñòàâëåííàÿ çàäà÷à ÿâëÿåòñÿ îïòèìèçàöèîííîé,

à çíà÷èò, ðåøàåìîé ñ ïîìîùüþ èçâåñòíûõ ìàòåìà-

òè÷åñêèõ ìåòîäîâ (ìåòîäîâ èññëåäîâàíèÿ îïåðàöèé).

Ïðèìåíåíèå ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ äëÿ

ïðîãíîçèðîâàíèÿ ðàçëè÷íûõ âàðèàíòîâ ðàçâèòèÿ ñî-

áûòèé â ñëîæíûõ óñëîâèÿõ ëèêâèäàöèè ïîñëåäñò-

âèé ×Ñ ïîçâîëÿåò îáåñïå÷èòü âûñîêóþ ýôôåêòèâ-

íîñòü ôîðìèðîâàíèÿ îïòèìàëüíûõ óïðàâëåí÷åñêèõ

ðåøåíèé, ÷òî ïîäòâåðæäàåòñÿ ìíîãîëåòíèì îòå÷å-

ñòâåííûì è çàðóáåæíûì îïûòîì [4–19].

Äëÿ ïëàíèðîâàíèÿ íåîáõîäèìîãî êîëè÷åñòâà çà-

ïàñíûõ ÷àñòåé ñïåöèàëüíîé òåõíèêè ñ ó÷åòîì èõ

ñòîèìîñòè, à òàêæå äëÿ îáîñíîâàíèÿ ðåøåíèÿ ïî

îïòèìàëüíîìó ÷èñëó ðåìîíòíûõ áðèãàä, ñïîñîáíûõ

îáåñïå÷èòü ñâîåâðåìåííóþ çàìåíó âûøåäøèõ èç

ñòðîÿ àãðåãàòîâ â óñëîâèÿõ ×Ñ èëè ïðè ëèêâèäàöèè

åå ïîñëåäñòâèé, ïðèìåíèìû ìåòîäû òåîðèè ìàññî-

âîãî îáñëóæèâàíèÿ [9, 10, 18, 19].

Â ÷àñòíîñòè, íîðìàëüíîå ôóíêöèîíèðîâàíèå ñïå-

öèàëüíîé òåõíèêè ÏÑÏ Ì×Ñ Ðîññèè, îáåñïå÷åííîå

íàëè÷èåì íåîáõîäèìîãî çàïàñà òåõíè÷åñêèõ ñðåäñòâ

è äîñòàòî÷íîãî êîëè÷åñòâà îáñëóæèâàþùåãî ïåð-

ñîíàëà (áðèãàä ìåõàíèêîâ), â îïðåäåëåííûõ óñëî-

âèÿõ ìîæíî ðàññìàòðèâàòü êàê ñèñòåìó ìàññîâîãî

îáñëóæèâàíèÿ (ÑÌÎ).

Ðàññìîòðèì ÑÌÎ, â êîòîðîé äîïóñêàåòñÿ îáñëó-

æèâàíèå ñ ðåçåðâîì, ò. å. ñ çàïàñíûìè ÷àñòÿìè, ãðóï-

ïû îäíîòèïíûõ ìàøèí (ñïåöèàëüíîé òåõíèêè). Íà-

çîâåì ôóíêöèîíàëüíûå ÷àñòè ìàøèí, êîòîðûå ìî-

ãóò âûõîäèòü èç ñòðîÿ âî âðåìÿ ðàáîòû, àãðåãàòàìè,

à ñïîñîá èõ ðåìîíòà è âîññòàíîâëåíèÿ â ðàáîòå —

àãðåãàòíûì.

Ïîñòàíîâêà çàäà÷è

Ïóñòü èìååòñÿ m îäíîòèïíûõ ìàøèí (ÑÒ). Â ïðî-

öåññå ðàáîòû àãðåãàòû, ïðèâîäÿùèå èõ â äâèæåíèå,

ìîãóò âûõîäèòü èç ñòðîÿ ñëó÷àéíûì îáðàçîì ñ ïî-

ñòîÿííîé ïëîòíîñòüþ�. Âðåìÿ âûõîäà èç ñòðîÿ ðàñ-

ïðåäåëåíî ïî ïîêàçàòåëüíîìó çàêîíó ñî ñðåäíèì

çíà÷åíèåì t í . Äëÿ çàìåíû ïðèøåäøèõ â íåãîäíîñòü

àãðåãàòîâ èìååòñÿ n çàïàñíûõ. Êàê òîëüêî àãðåãàò îò-

êàçûâàåò, âî èçáåæàíèå ïðîñòîåâ òåõíèêè åãî ñðàçó

çàìåíÿþò èñïðàâíûì çàïàñíûì, åñëè òàêîâîé èìå-

åòñÿ. Íåèñïðàâíûé àãðåãàò ïîñòóïàåò â ïóíêò ðå-

ìîíòà, êîòîðûé îáñëóæèâàþò c îïåðàòîðîâ. Âðåìÿ

âîññòàíîâëåíèÿ êàæäîãî àãðåãàòà îïðåäåëÿåòñÿ õà-

ðàêòåðîì íåèñïðàâíîñòè, îïûòîì îïåðàòîðà è äðó-

ãèìè ôàêòîðàìè è ìîæåò ðàññìàòðèâàòüñÿ êàê ñëó-

÷àéíàÿ âåëè÷èíà. Âðåìÿ ðåìîíòà íåèñïðàâíûõ

àãðåãàòîâ ðàñïðåäåëåíî ïî ïîêàçàòåëüíîìó çàêîíó

ñî ñðåäíèì çíà÷åíèåì tîáñ è ïàðàìåòðîì � (ãäå � —

èíòåíñèâíîñòü ïîòîêà îáñëóæèâàíèÿ çàÿâîê).

Ââåäåì îãðàíè÷åíèÿ. Áóäåì ñ÷èòàòü âõîäÿùèé

ïîòîê îáúåêòîâ â èññëåäóåìîé ÑÌÎ ïðîñòåéøèì

[20], ò. å. îáëàäàþùèì ñëåäóþùèì ñâîéñòâîì: ðå-

çóëüòàòîì ñëîæåíèÿ áîëüøîãî ÷èñëà îðäèíàðíûõ

ñòàöèîíàðíûõ ïîòîêîâ ñ ðàçëè÷íûìè ïîñëåäåéñò-

âèÿìè ÿâëÿåòñÿ ïîòîê îáúåêòîâ, ñêîëü óãîäíî áëèç-

êèé ê ïðîñòåéøåìó [21].

Â óêàçàííûõ óñëîâèÿõ íåîáõîäèìî îïðåäåëèòü

îñíîâíûå õàðàêòåðèñòèêè ÑÌÎ ñ ó÷åòîì âûõîäà èç

ñòðîÿ àãðåãàòîâ è èõ âîññòàíîâëåíèÿ ñ èñïîëüçîâà-

íèåì èìåþùèõñÿ â íàëè÷èè èñïðàâíûõ çàïàñíûõ

÷àñòåé. Ïî ðåçóëüòàòàì ðàñ÷åòîâ ñëåäóåò âûðàáî-

òàòü ðåêîìåíäàöèè ïî óëó÷øåíèþ ýòèõ õàðàêòåðè-

ñòèê äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè è íàäåæíîñòè

ðàáîòû ñèñòåìû â öåëîì, ò. å. ïðèíÿòü ìåðû, íàïðàâ-

ëåííûå íà óñòðàíåíèå èëè êîððåêòèðîâêó âîçìîæ-

íûõ ðèñêîâ, îáóñëîâëåííûõ íåäîñòàòî÷íûì êîëè-

÷åñòâîì çàïàñíûõ ÷àñòåé [1–6].

Ìåòîäû èññëåäîâàíèÿ

Äëÿ ðåøåíèÿ ñôîðìóëèðîâàííîé çàäà÷è âîñïîëü-

çóåìñÿ ðÿäîì èçâåñòíûõ ôîðìóë [22, 23].

Â ðàññìàòðèâàåìûõ óñëîâèÿõ âîçìîæíû ñëåäó-

þùèå ñîñòîÿíèÿ ÑÌÎ ñ îòêàçàìè:

S0 — âñå çàïàñíûå àãðåãàòû èñïðàâíû è âñå ìà-

øèíû ðàáîòàþò;

Sk — k çàïàñíûõ àãðåãàòîâ (1 � k � n) íåèñïðàâ-

íû è ëèáî ðåìîíòèðóþòñÿ âñå, ëèáî ÷àñòü ðå-

ìîíòèðóåòñÿ, à ÷àñòü îæèäàåò ðåìîíòà;

Sn+s — n çàïàñíûõ àãðåãàòîâ íåèñïðàâíû è s ìà-

øèí íå ðàáîòàþò (1 � s � m).

Îáîçíà÷èì âåðîÿòíîñòè ýòèõ ñîñòîÿíèé â ìî-

ìåíò âðåìåíè t ñîîòâåòñòâåííî ÷åðåç p0(t), pk(t),

pn+s(t). Ïîëó÷èì ñëåäóþùóþ ñèñòåìó äèôôåðåíöè-

àëüíûõ óðàâíåíèé:

� � � �
� � � � � �

p t p t p t

p t k p t p tk k k

0 0 1

1

( ) ( ) ( );

( ) ( ) ( ) ( )

� �
� � � �

� � � �
� � � � �

�

�

( ) ( ) ;

( ) ( ) ( ) (

k p t k c

p t c p t p

k

k k k

1 01

1

�
� � �

ïðè

t

c p t c k n

p t c p t p

k

n s n s

)

( ) ;

( ) ( ) ( )

�
� � � �

� � � � �
�

� �

�
� � �

1 1ïðè

n s

n s

n m n m

t

c p t s m

p t c p t

� �

� �

� �

�
� � �

� � � �

1

1 1

( )

( ) ;

( ) ( )

�
�

ïðè

� p tn m� �

	




�
�
�
�

�

�
�
�
�

1 ( ) ,

(1)

ãäå pn+m(t) — âåðîÿòíîñòü îòêàçà â îáñëóæèâàíèè,

êîãäà ñïåöèàëüíàÿ òåõíèêà ïðîñòàèâàåò èç-çà îò-

ñóòñòâèÿ çàïàñíûõ ÷àñòåé. Ýòà âåðîÿòíîñòü â äàí-

íîé ïîñòàíîâêå çàäà÷è ÿâëÿåòñÿ ðèñêîì, êîòî-

ðûé íåîáõîäèìî ìèíèìèçèðîâàòü [1–6].

Ââåäåì îáîçíà÷åíèå ��� = 
. Òîãäà ñ ó÷åòîì

íîðìèðóþùåãî óñëîâèÿ

p tk

k

n m

�

�

� �
0

1( )
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ïîëó÷èì äëÿ ñòàöèîíàðíîãî ðåæèìà ñëåäóþùèå ðå-

øåíèÿ:

1) âåðîÿòíîñòü òîãî, ÷òî âñå àãðåãàòû èñïðàâíû

è âñå ìàøèíû ðàáîòàþò:

P
k c c

k

k

c c k

k

n c

0

1 1

1

1� � � �
�
�

�
�
� �

�

�
�

� �

� �

� �
 
 

! !

� �
�
�

�
�
�

�

�
�

�

�

�

�
 


�

c c

n c c
k

k

m

!
( ;

2

1 (2)

2) âåðîÿòíîñòü òîãî, ÷òî âûøëè èç ñòðîÿ k àãðå-

ãàòîâ (èëè s ìàøèí, 1 � s � m):

P
k

Pk

k

�



!
0 ïðè k � c; (3)

P
c c

Pk

k c c

� �
�
�

�
�
�

�
 

!

0

ïðè c < k < n + 1, n + 1 � k � m + n;

(4)

3) ñðåäíåå ÷èñëî íåèñïðàâíûõ ìàøèí, îæèäà-

þùèõ ðåìîíòà:

N kPk n

k

m

0

1

� �
�
� ; (5)

4) êîýôôèöèåíò ïðîñòîÿ ìàøèí:

K0 = N0 �m; (6)

5) ñðåäíåå ÷èñëî íåèñïðàâíûõ àãðåãàòîâ:

N kPk

k

n m

ð �
�

�

�
1

. (7)

Ðàññìîòðåííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ðåøà-

åìîé çàäà÷è ÿâëÿåòñÿ çàìêíóòîé ÑÌÎ ñ î÷åðåäüþ

äëèíîé N0 (ñðåäíèì ÷èñëîì íåèñïðàâíûõ ìàøèí,

îæèäàþùèõ ðåìîíòà). Õàðàêòåðèñòèêè òàêîé ÑÌÎ

ìîæíî óëó÷øàòü, ìåíÿÿ çíà÷åíèÿ ïàðàìåòðîâ n, c,

tîáñ, äîáèâàÿñü êàê ìîæíî ìåíüøåãî çíà÷åíèÿ Pîòê =

= Pn+m.

Ïðèìåð îöåíêè íàäåæíîñòè ðàáîòû ãðóïïû
îäíîòèïíûõ ìàøèí (ñïåöèàëüíîé òåõíèêè)
ñ âîçìîæíîñòüþ ïðèìåíåíèÿ çàïàñíûõ ÷àñòåé

Äëÿ ïîâûøåíèÿ íàäåæíîñòè ðàáîòû ãðóïïû ïî-

æàðíî-ñïàñàòåëüíîé òåõíèêè â çîíå ëèêâèäàöèè ×Ñ,

ñîñòîÿùåé èç ÷åòûðåõ îäíîòèïíûõ ìàøèí (m = 4),

èìåþòñÿ â íàëè÷èè äâå çàïàñíûå ÷àñòè (n = 2). Ýòî

ìîãóò áûòü äâèãàòåëè, êîëåñà èëè äðóãèå âàæíûå

äåòàëè ÑÒ. Âî âðåìÿ ïðîâåäåíèÿ ÀÑÐ ýòè ôóíêöèî-

íàëüíûå ÷àñòè ìàøèí (àãðåãàòû) ìîãóò âûõîäèòü èç

ñòðîÿ è íàõîäèòüñÿ íåêîòîðîå âðåìÿ â ðåìîíòå. ×òî-

áû ïî ýòîé ïðè÷èíå íå âîçíèêàëè ïðîñòîè òåõíèêè,

âûøåäøèå èç ñòðîÿ àãðåãàòû ìãíîâåííî çàìåíÿþò-

ñÿ èñïðàâíûìè çàïàñíûìè ÷àñòÿìè, åñëè îíè åñòü.

Â ïðîòèâíîì ñëó÷àå ñïåöèàëüíàÿ òåõíèêà áåçäåé-

ñòâóåò. Ïðåäïîëîæèì, ÷òî ñðåäíåå âðåìÿ íàðàáîò-

êè àãðåãàòà íà îäèí îòêàç â ñëîæíûõ óñëîâèÿõ ×Ñ

t í � 100 ÷. Ðåìîíò ïðîèçâîäèòñÿ îäíîé áðèãàäîé

(ñ = 1). Ñðåäíåå âðåìÿ âîññòàíîâëåíèÿ îäíîãî àãðå-

ãàòà tîáñ � 10 ÷.

Îò òîãî, ñêîëüêî âðåìåíè â ñðåäíåì ñïåöèàëü-

íàÿ òåõíèêà áóäåò ïðîñòàèâàòü, çàâèñÿò ïîêàçàòåëè

íàäåæíîñòè è ýôôåêòèâíîñòè åå ðàáîòû.

Ïîëîæèì, ÷òî ïîêàçàòåëü íàäåæíîñòè �Í (%)

ïðîïîðöèîíàëåí ÷èñëó ðàáîòàþùèõ ìàøèí è âûðà-

æàåòñÿ çàâèñèìîñòüþ

�Í
m N

m
�

�
�0 100 ,

ãäå N0 — ñðåäíåå ÷èñëî ìàøèí, ïðîñòàèâàþùèõ èç-çà

îòñóòñòâèÿ èñïðàâíûõ çàïàñíûõ àãðåãàòîâ;

m — îáùåå ÷èñëî ìàøèí.

Îöåíèì ïîêàçàòåëè íàäåæíîñòè è ýôôåêòèâíî-

ñòè ðàáîòû ãðóïïû ìàøèí (ñïåöèàëüíîé òåõíèêè) â

ðàìêàõ ïðèâåäåííîãî ïðèìåðà, èñïîëüçóÿ ôîðìóëû

(1)–(7).

Ñðåäíÿÿ ïëîòíîñòü ïîòîêà íåèñïðàâíîñòåé � =

� � �4
1

100
0 04, . Òîãäà 
 = 0,04 � 10 = 0,4.

Ïî ôîðìóëå (2) îïðåäåëèì Ð0:

P0 1 0 4 0 4 0 4 016� � � � �[ , , ( , , )

� � � � ��0 4 0 4 016 0 064 0 0256 0 6011, , ( , , , )] , .

Ïî ôîðìóëå (3)âû÷èñëèì P1,ïî ôîðìóëå (4)—P2:

P1 = 0,4 � 0,601 � 0,2404;

P2 = 0,4 � 0,4 � 0,601 � 0,0962.

Âåëè÷èíó N0 ðàññ÷èòàåì ïî ôîðìóëå (5), ïðåä-

âàðèòåëüíî îïðåäåëèâ âåðîÿòíîñòè P3, P4, P5 è P6 ïî

ôîðìóëå (4):

P3 = (0,4)2 � 0,4 � 0,601 � 0,0385;

P4 = (0,4)3 � 0,4 � 0,601 � 0,0154;

P5 = (0,4)4 � 0,4 � 0,601 � 0,0061;

P6 = (0,4)5 � 0,4 � 0,601 � 0,0024.

Ïðîâåðèì âûïîëíåíèå íîðìèðóþùåãî óñëîâèÿ

ðàáîòû ÑÌÎ â ñòàöèîíàðíîì ðåæèìå:

� �p tk

k

n m

�

�

� �
0

1;

P0 + P1 + P2 + P3 + P4 + P5 + P6 =

= 0,601 + 0,2404 + 0,0962 + 0,0385 + 0,0154 +

+ 0,0061 + 0,0024 = 1.

Óñëîâèå âûïîëíåíî, ñëåäîâàòåëüíî, ðàñ÷åòû

âåðíû.

Íàéäåì ïî ôîðìóëå (5) ñðåäíåå ÷èñëî ìàøèí,

ïðîñòàèâàþùèõ èç-çà âûõîäà èç ñòðîÿ àãðåãàòîâ:

N0 = 1P3 + 2P4 + 3P5 + 4P6 � 0,097.

Òîãäà íàäåæíîñòü ðàáîòû ãðóïïû ìàøèí (ÑÒ)

�Í � � � �( , ) % , % .4 0 097 4 100 97 6
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Åñëè áû àãðåãàòû íå âûõîäèëè èç ñòðîÿ, òî íà-

äåæíîñòü ðàáîòû ñîñòàâèëà áû 100 %. Ñëåäîâàòåëü-

íî, 2,4 % ïîòåðÿíî èç-çà òîãî, ÷òî àãðåãàòû ðàáîòà-

þò íå âïîëíå íàäåæíî.

Ðàññ÷èòàåì, íàñêîëüêî ïîâûñèëàñü áû íàäåæ-

íîñòü ÑÒ, åñëè áû îíà ðàáîòàëà áåç çàïàñíûõ àãðå-

ãàòîâ, íî êàæäóþ ìàøèíó îáñëóæèâàëà áû ñâîÿ ðå-

ìîíòíàÿ áðèãàäà. Â ýòîì ñëó÷àå ïî óñëîâèÿì çàäà÷è

íà êàæäóþ åäèíèöó ÑÒ ïîñòóïàåò ïîòîê íåèñïðàâ-

íîñòåé ñ ïëîòíîñòüþ �0 = 1�100 = 0,01. Âðåìÿ âîñ-

ñòàíîâëåíèÿ tîáñ � 10 ÷.

Â ýòèõ óñëîâèÿõ ìàòåìàòè÷åñêàÿ ìîäåëü çàäà÷è

áóäåò ÿâëÿòüñÿ îäíîêàíàëüíîé ÑÌÎ ñ îòêàçàìè.

Òîãäà âåðîÿòíîñòü âûõîäà êàæäîé åäèíèöû ÑÒ èç

ñòðîÿ èç-çà íåèñïðàâíîñòè àãðåãàòà ìîæíî îïðåäå-

ëèòü ïî ôîðìóëå Ýðëàíãà, ãäå


0 = �0 t îáñ = 0,01 · 10 = 0,1.

Òîãäà

Pîòê = 0,1�(1 + 0,1) � 0,091.

Îòñþäà ñðåäíåå ÷èñëî ìàøèí, ïðîñòàèâàþùèõ

èç-çà âûõîäà èç ñòðîÿ àãðåãàòîâ, ñîñòàâèò:

N0 = 4Pîòê = 0,364.

Òîãäà

�Í �
�

� �
4 0 364

4
100 91

,
% % .

Òàêèì îáðàçîì, íàäåæíîñòü â ýòîì ñëó÷àå áóäåò

íà 6,6 % íèæå, ÷åì â ñëó÷àå ñ äâóìÿ çàïàñíûìè àã-

ðåãàòàìè. Êðîìå òîãî, ïîòðåáóåòñÿ â 4 ðàçà áîëüøå

ðåìîíòíûõ áðèãàä. Ó÷èòûâàÿ ñòîèìîñòü çàïàñíûõ

÷àñòåé, çàòðàòû íà ñîäåðæàíèå ðåìîíòíûõ áðèãàä,

äîõîä îò ïîâûøåíèÿ íàäåæíîñòè, ìîæíî îïðåäå-

ëèòü, êàêîé èç ýòèõ ñïîñîáîâ öåëåñîîáðàçåí ñ ýêî-

íîìè÷åñêîé òî÷êè çðåíèÿ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðîèçâåäåííûå â ðàìêàõ ðàññìîòðåííîãî ïðè-

ìåðà ðàñ÷åòû ïîêàçûâàþò, ÷òî íàäåæíîñòü ôóíêöè-

îíèðîâàíèÿ ñïåöèàëüíîé òåõíèêè íå âïîëíå óäîâ-

ëåòâîðèòåëüíà. Äëÿ ñíèæåíèÿ ðèñêà è ïîâûøåíèÿ

ýôôåêòèâíîñòè ðàáîòû ãðóïïû îäíîòèïíûõ ìàøèí

(ÑÒ) íåîáõîäèìî óâåëè÷èòü ÷èñëî çàïàñíûõ ÷àñòåé,

÷òîáû íàäåæíîñòü ðàáîòû ÑÒ ïðèáëèçèëàñü ê 99,9 %,

÷òî ñîîòâåòñòâóåò íîðìàòèâíîìó çíà÷åíèþ âåðîÿò-

íîñòè îòêàçà Pí = 0,001. Äëÿ ïîâûøåíèÿ íàäåæíî-

ñòè ìîæíî òàêæå óâåëè÷èòü êîëè÷åñòâî ðåìîíòíûõ

áðèãàä. Ñðåäè ðàçëè÷íûõ âàðèàíòîâ ðåøåíèÿ çàäà÷è

ñëåäóåò âûáðàòü îïòèìàëüíûé ïî ñòîèìîñòè.

Äëÿ îïðåäåëåíèÿ ýêîíîìè÷åñêè öåëåñîîáðàçíî-

ãî êîëè÷åñòâà çàïàñíûõ ÷àñòåé è ÷èñëà îïåðàòîðîâ,

ïðîèçâîäÿùèõ ðåìîíò ÑÒ, ïðåäëàãàåòñÿ âîñïîëüçî-

âàòüñÿ ôîðìóëîé, êîòîðàÿ ñðåäè âñåõ âàðèàíòîâ ïî-

çâîëèëà áû âûáðàòü òîò, êîòîðûé áû îáåñïå÷èâàë

ìèíèìóì ïîòåðü ïðè ýêñïëóàòàöèè ñïåöèàëüíîé òåõ-

íèêè [22]:

min ( ) ,C nC ñC C P T0 � � �çàï îï ïð îòê à

ãäå Ñçàï — ñòîèìîñòü çàïàñíûõ ÷àñòåé;

Ñîï — ñòîèìîñòü ñîäåðæàíèÿ îäíîãî îïåðàòîðà

â åäèíèöó âðåìåíè;

Ñïð — ñòîèìîñòü åäèíèöû âðåìåíè ïðîñòîÿ ÑÒ;

Òà — ñðåäíåå âðåìÿ àìîðòèçàöèè çàïàñíîãî áëî-

êà (÷àñòè).

Ðàñïîëàãàÿ ýêîíîìè÷åñêèìè ïîêàçàòåëÿìè (ñòî-

èìîñòü çàïàñíûõ ÷àñòåé, çàòðàòû íà ñîäåðæàíèå ðå-

ìîíòíûõ áðèãàä, ïîêàçàòåëè íàäåæíîñòè), ìîæíî

îïðåäåëèòü, êàêîé èç ïëàíîâ öåëåñîîáðàçåí ñ ýêîíî-

ìè÷åñêîé òî÷êè çðåíèÿ.

Çàêëþ÷åíèå

Ìåòîäû ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ íàõî-

äÿò øèðîêîå ïðèìåíåíèå äëÿ âûðàáîòêè îïòèìàëü-

íûõ óïðàâëåí÷åñêèõ ðåøåíèé â îïåðàòèâíîé äåÿ-

òåëüíîñòè Ì×Ñ Ðîññèè ïðè ïëàíèðîâàíèè ìåðîïðè-

ÿòèé ïî çàùèòå íàñåëåíèÿ è òåððèòîðèé îò ×Ñ.

Â íàñòîÿùåé ñòàòüå ñ ïðèìåíåíèåì ìàòåìàòè÷å-

ñêîãî àïïàðàòà òåîðèè î÷åðåäåé è ñèñòåì ìàññîâîãî

îáñëóæèâàíèÿ ðàññìîòðåí âàðèàíò ðåøåíèÿ àêòó-

àëüíîé çàäà÷è îáîñíîâàíèÿ ðåçåðâà çàïàñíûõ ÷àñòåé

äëÿ ñïåöèàëüíîé òåõíèêè ïîæàðíî-ñïàñàòåëüíûõ

ïîäðàçäåëåíèé, íåîáõîäèìîãî äëÿ ïðîâåäåíèÿ àâà-

ðèéíî-ñïàñàòåëüíûõ ðàáîò â çîíå ëèêâèäàöèè ×Ñ.

Ñôîðìóëèðóåì ðÿä çàäà÷ îïåðàòèâíîé äåÿòåëü-

íîñòè Ì×Ñ Ðîññèè, ðåøåíèå êîòîðûõ ìîæíî îñó-

ùåñòâèòü ñ ïðèìåíåíèåì ïðåäñòàâëåííîé ìåòîäèêè:

îáîñíîâàíèå ñòðóêòóðû è îðãàíèçàöèè ôóíêöèîíè-

ðîâàíèÿ ìîáèëüíîãî ãîñïèòàëÿ Ì×Ñ Ðîññèè [9];

îöåíêà ýôôåêòèâíîñòè ôóíêöèîíèðîâàíèÿ ïîñòà

ðàäèàöèîííî-õèìè÷åñêîãî è áèîëîãè÷åñêîãî íàáëþ-

äåíèÿ â çîíå ×Ñ [10]; ðàñ÷åò ïîêàçàòåëåé ýôôåêòèâ-

íîñòè ôóíêöèîíèðîâàíèÿ ïðîèçâîäñòâåííî-òåõ-

íè÷åñêîãî öåíòðà Ì×Ñ Ðîññèè; ìîäåëèðîâàíèå ìå-

ðîïðèÿòèé òåõíè÷åñêîé ýêñïëóàòàöèè ñðåäñòâ

ýëåêòðîííî-âû÷èñëèòåëüíîé è îðãòåõíèêè â ñèñòå-

ìå Ì×Ñ Ðîññèè [18]; îöåíêà ðèñêà îòêàçà â ðàáîòå

ñïåöèàëüíîé òåõíèêè â õîäå ëèêâèäàöèè ÷ðåçâû-

÷àéíîé ñèòóàöèè [19].
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