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Ðàññìîòðåíà âîçìîæíîñòü èññëåäîâàíèÿ îïàñíîñòåé, ñâÿçàííûõ ñ îòêàçàìè â ðàáîòå ñïåöèàëü-
íîé òåõíèêè â õîäå ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé. Ïðåäëîæåíà ìåòîäèêà îöåíêè ðèñêîâ
ñ ïðèìåíåíèåì òåîðèè î÷åðåäåé è ñèñòåì ìàññîâîãî îáñëóæèâàíèÿ. Âûðàáîòàíû ïðàêòè÷åñêèå
ðåêîìåíäàöèè äëÿ ïîâûøåíèÿ íàäåæíîñòè ðàáîòû ñïåöèàëüíîé òåõíèêè. Ïðèâåäåíû ðàñ÷åòû,
êîòîðûå ïîçâîëÿþò íà ïðàêòèêå ïðåäâàðèòåëüíî ó÷èòûâàòü ðèñêè, ñâÿçàííûå ñ âðåìåííî íå ðàáî-
òàþùåé è âîññòàíàâëèâàåìîé ñïåöèàëüíîé òåõíèêîé, è, ñëåäîâàòåëüíî, óïðàâëÿòü ýòèìè ðèñ-
êàìè äëÿ ïîääåðæàíèÿ ïîñòîÿííîé âûñîêîé ãîòîâíîñòè ñèë è ñðåäñòâ ïîæàðíî-ñïàñàòåëüíûõ
ïîäðàçäåëåíèé Ôåäåðàëüíîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ Ðîññèè, ïîâûøåíèÿ èõ íàäåæ-
íîñòè â õîäå ëèêâèäàöèè ×Ñ è ïðîâåäåíèÿ àâàðèéíî-ñïàñàòåëüíûõ ðàáîò. Îáîñíîâàí âûâîä
ôîðìóë, íà êîòîðûõ áàçèðóåòñÿ ìåòîäèêà; ïðèâåäåíû ïðèìåðû åå ïðàêòè÷åñêîé ðåàëèçàöèè.
Ñôîðìóëèðîâàí êðóã çàäà÷ îïåðàòèâíîé äåÿòåëüíîñòè Ì×Ñ Ðîññèè, ðåøèòü êîòîðûå ìîæíî ñ
ïðèìåíåíèåì ïðåäñòàâëåííîé ìåòîäèêè.
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DOI: 10.18322/PVB.2018.27.02-03.5-13

Ââåäåíèå

Îáåñïå÷åíèå ïîñòîÿííîé ãîòîâíîñòè ëè÷íîãî ñî-

ñòàâà è òåõíè÷åñêèõ ñðåäñòâ óïðàâëåíèÿ ñèëàìè è

ñðåäñòâàìè ê ñëîæíîé îáñòàíîâêå â õîäå ëèêâèäàöèè

÷ðåçâû÷àéíûõ ñèòóàöèé (×Ñ) ÿâëÿåòñÿ âàæíåéøèì

óñëîâèåì ñâîåâðåìåííîãî ðàçâåðòûâàíèÿ ñèñòåìû

óïðàâëåíèÿ, ýôôåêòèâíîãî è êà÷åñòâåííîãî åå ôóíê-

öèîíèðîâàíèÿ â õîäå âûïîëíåíèÿ àâàðèéíî-ñïàñà-

òåëüíûõ ðàáîò ïîäðàçäåëåíèÿìè Ì×Ñ Ðîññèè.

Äëÿ ðåøåíèÿ ýòîé çàäà÷è ðàçðàáàòûâàåòñÿ è îñó-

ùåñòâëÿåòñÿ êîìïëåêñ äåéñòâèé îðãàíèçàöèîííîãî,

òåõíè÷åñêîãî è ìåòîäîëîãè÷åñêîãî õàðàêòåðà.

Âàæíåéøèì îðãàíèçàöèîííûì ìåðîïðèÿòèåì,

ïðîâîäèìûì â öåëÿõ îáåñïå÷åíèÿ âûñîêîé ïîñòî-

ÿííîé ãîòîâíîñòè ëè÷íîãî ñîñòàâà è ñïåöèàëüíîé

òåõíèêè (äàëåå — ÑÒ) ê ðàáîòå, ÿâëÿåòñÿ îïðåäåëå-

íèå íåîáõîäèìîãî ñîñòàâà ñèë è ñðåäñòâ è àíàëèç èõ

íàäåæíîñòè â õîäå ëèêâèäàöèè ×Ñ è âûïîëíåíèÿ

àâàðèéíî-ñïàñàòåëüíûõ ðàáîò.

Ïðèìåíåíèå çíà÷èòåëüíîãî êîëè÷åñòâà ÑÒ âå-

äåò ê íåèçáåæíûì îòêàçàì, ïðè÷åì êàê òåõíè÷åñêèõ

ñðåäñòâ, òàê è ëè÷íîãî ñîñòàâà. Ïîýòîìó âàæíûì óñ-

ëîâèåì óñïåøíîãî ðåøåíèÿ çàäà÷è ÿâëÿåòñÿ îáåñ-

ïå÷åíèå ñâîåâðåìåííîãî è áåçîòêàçíîãî ôóíêöèî-

íèðîâàíèÿ ñïåöèàëüíîé òåõíèêè.

Âûõîä èç ñòðîÿ ÑÒ, à òàêæå âñåõ âèäîâ îáñëóæè-

âàþùèõ ñðåäñòâ ïðîèñõîäèò ïî ðÿäó ïðè÷èí, íàè-

áîëåå çíà÷èìûìè èç êîòîðûõ ÿâëÿþòñÿ íåèñïðàâ-

íîñòè, âîçíèêàþùèå â ïðîöåññå ïðèìåíåíèÿ ÑÒ ïî

íàçíà÷åíèþ, ïîâðåæäåíèÿ ïðè òðàíñïîðòèðîâêå, âîç-

äåéñòâèå íåáëàãîïðèÿòíûõ óñëîâèé (ìåòåîóñëîâèÿ,

óñëîâèÿ ìåñòíîñòè è ò. ï.).

Çíà÷èòåëüíàÿ äîëÿ îòêàçîâ â ðàáîòå ÑÒ ÿâëÿåòñÿ

ðåçóëüòàòîì íåäîñòàòî÷íîé ïîäãîòîâêè ëè÷íîãî ñî-
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ñòàâà (îñîáåííî â ïåðèîä îñâîåíèÿ íîâûõ îáðàçöîâ),

ïðèìåíåíèÿ íåêà÷åñòâåííî ðàçðàáîòàííîé òåõíè-

÷åñêîé äîêóìåíòàöèè, à òàêæå ñëîæíîñòè òåõíè÷å-

ñêèõ ñðåäñòâ.

Ñïåöèôèêó ñîâìåñòíîãî âëèÿíèÿ ìíîãèõ ôàêòî-

ðîâ íà âîçìîæíîñòü ñâîåâðåìåííîãî, áåçîòêàçíîãî

è áåçîøèáî÷íîãî ïðèìåíåíèÿ ÑÒ îáû÷íî îöåíè-

âàþò ïî êîëè÷åñòâåííûì õàðàêòåðèñòèêàì, îòíîñÿ-

ùèìñÿ ê ïîêàçàòåëÿì íàäåæíîñòè [1–6], â âèäå êîì-

áèíàöèè íåñêîëüêèõ ÷àñòíûõ ïîêàçàòåëåé.

Öåëè è çàäà÷è èññëåäîâàíèÿ

Îïðåäåëåíèå íåîáõîäèìîãî ñîñòàâà ñèë è ñðåäñòâ

äëÿ ðàçâåðòûâàíèÿ ñèñòåìû óïðàâëåíèÿ â õîäå ëèê-

âèäàöèè ×Ñ äîëæíî áàçèðîâàòüñÿ íà îñîáåííîñòÿõ

ðåàëüíîé îáñòàíîâêè. Â ñâÿçè ñ ýòèì àêòóàëüíîé ÿâ-

ëÿåòñÿ çàäà÷à ïðåäâàðèòåëüíîé îöåíêè, ó÷åòà è ïðå-

äóïðåæäåíèÿ ðèñêîâ, ñâÿçàííûõ ñ ïðèìåíåíèåì “íå-

íàäåæíîé”, ò. å. âðåìåííî íàõîäÿùåéñÿ â íåðàáî÷åì

ñîñòîÿíèè èëè â ñîñòîÿíèè ðåìîíòà, ñïåöèàëüíîé

òåõíèêè â ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèÿõ.

Ñîâðåìåííûå ìåòîäû ìàòåìàòè÷åñêîãî ìîäåëè-

ðîâàíèÿ ÿâëÿþòñÿ âåñüìà ýôôåêòèâíûì èíñòðóìåí-

òàðèåì â ñôåðå óïðàâëåíèÿ ðèñêàìè, ÷òî ïîäòâåðæ-

äàåòñÿ îòå÷åñòâåííûì è çàðóáåæíûì îïûòîì èññëå-

äîâàíèé [7–18].

Ðåøåíèå çàäà÷è îöåíêè ðèñêà îòêàçà â ðàáîòå

ñïåöèàëüíîé òåõíèêè â õîäå ëèêâèäàöèè ×Ñ ìîæíî

îñóùåñòâèòü ñ èñïîëüçîâàíèåì ìàòåìàòè÷åñêîãî

àïïàðàòà òåîðèè î÷åðåäåé, à èìåííî ñèñòåì ìàññî-

âîãî îáñëóæèâàíèÿ (ÑÌÎ) [7, 8, 16, 19–21].

Äåéñòâèòåëüíî, ýêñïëóàòàöèÿ ïîæàðíî-ñïàñà-

òåëüíûìè ïîäðàçäåëåíèÿìè Ì×Ñ Ðîññèè âîîðóæå-

íèÿ è ñïåöèàëüíîé òåõíèêè ïðåäïîëàãàåò âñåñòîðîí-

íþþ ïîäãîòîâêó ê ïðèìåíåíèþ ðàçíîîáðàçíûõ òåõ-

íè÷åñêèõ ñðåäñòâ, êîòîðûå â îïðåäåëåííûõ óñëîâèÿõ

è ðàçëè÷íûõ ñî÷åòàíèÿõ ìîãóò ðàññìàòðèâàòüñÿ êàê

ñèñòåìà ìàññîâîãî îáñëóæèâàíèÿ ñ îòêàçàìè.

Îïðåäåëåíèå ïîêàçàòåëåé íàäåæíîñòè ÑÌÎ ñ

îòêàçàìè ñ ó÷åòîì ÷àñòíûõ õàðàêòåðèñòèê ðàçëè÷-

íûõ îáðàçöîâ ñïåöèàëüíîé òåõíèêè ÿâëÿåòñÿ äîñòà-

òî÷íî òðóäîåìêèì ïðîöåññîì, ïîýòîìó äëÿ îöåíêè

íàäåæíîñòè ôóíêöèîíèðîâàíèÿ ñèñòåìû ìîæíî âîñ-

ïîëüçîâàòüñÿ êîñâåííûìè ñïîñîáàìè.

Ðàññìîòðèì ÑÌÎ ñ îòêàçàìè, â êîòîðîé äîïóñ-

êàåòñÿ ïðèìåíåíèå “íåíàäåæíûõ” óñëîâíûõ ñðåäñòâ

îáñëóæèâàíèÿ. Â òàêîé ñèñòåìå êàæäûé âíîâü ïî-

ñòóïèâøèé îáúåêò ìîæåò ïîëó÷èòü îòêàç íå òîëüêî

â ñëó÷àå çàíÿòîñòè âñåõ ñðåäñòâ îáñëóæèâàíèÿ, íî è

òîãäà, êîãäà ÷àñòü ñðåäñòâ çàíÿòà îáñëóæèâàíèåì

äðóãèõ îáúåêòîâ, à îñòàâøàÿñÿ ÷àñòü íàõîäèòñÿ â íå-

ðàáî÷åì ñîñòîÿíèè. Ïðè ýòîì ïðåäïîëàãàåòñÿ, ÷òî

âûõîä èç ñòðîÿ ñðåäñòâà îäèíàêîâî âîçìîæåí êàê íà

ýòàïå ïðèìåíåíèÿ, òàê è â ïåðèîä ïîäãîòîâêè åãî ê

èñïîëüçîâàíèþ.

Ïðè àíàëèçå ÑÌÎ â áîëüøèíñòâå ñëó÷àåâ ìîæ-

íî ïîëó÷èòü âïîëíå óäîâëåòâîðèòåëüíûå ðåçóëüòà-

òû, çàìåíÿÿ âõîäÿùèé ïîòîê ëþáîé ñòðóêòóðû ïðî-

ñòåéøèì ïîòîêîì îáúåêòîâ ñ òîé æå ïëîòíîñòüþ.

Âàæíûì ñâîéñòâîì ïðîñòåéøåãî ïîòîêà ÿâëÿåòñÿ òî,

÷òî ïðè ñóììèðîâàíèè áîëüøîãî ÷èñëà îðäèíàðíûõ

ñòàöèîíàðíûõ ïîòîêîâ ïðàêòè÷åñêè ñ ëþáûì ïîñëå-

äåéñòâèåì ïîëó÷àåòñÿ ïîòîê îáúåêòîâ, ñêîëü óãîäíî

áëèçêèé ê ïðîñòåéøåìó [20].

Ïåðåä ïðîâåäåíèåì íåêîòîðûõ ðàñ÷åòîâ öåëå-

ñîîáðàçíî óáåäèòüñÿ â òîì, ÷òî âõîäÿùèé ïîòîê îáú-

åêòîâ â èññëåäóåìîé ÑÌÎ â ïåðâîì ïðèáëèæåíèè

ÿâëÿåòñÿ ïðîñòåéøèì [22].

Ïðåäïîëîæèì, ÷òî ÑÌÎ èìååò n ñðåäñòâ îáñëó-

æèâàíèÿ îäíîãî è òîãî æå âèäà. Ñðåäñòâà îáñëóæè-

âàíèÿ ÿâëÿþòñÿ èçäåëèÿìè ìíîãîêðàòíîãî èñïîëü-

çîâàíèÿ, ñëåäîâàòåëüíî, â ïðîöåññå èõ ýêñïëóàòà-

öèè ïîÿâëÿþòñÿ íåèñïðàâíîñòè (îòêàçû).

Òàêèì îáðàçîì, ñî ñòîðîíû ñðåäñòâ îáñëóæèâà-

íèÿ áóäåò íàáëþäàòüñÿ ïîòîê îòêàçîâ. Ïðåäñòàâèì

ýòîò ïîòîê êàê ïðîñòåéøèé ñ ïàðàìåòðîì r, à âðåìÿ,

çàòðà÷èâàåìîå íà âîññòàíîâëåíèå ðàáîòîñïîñîáíî-

ñòè ñðåäñòâà, êàê ïîä÷èíÿþùååñÿ ïîêàçàòåëüíîìó

çàêîíó ðàñïðåäåëåíèÿ ñ ïàðàìåòðîì �.
Â ÑÌÎ ïîñòóïàåò ïîòîê çàÿâîê (îáúåêòîâ) ñ ïà-

ðàìåòðîì �. Âðåìÿ îáñëóæèâàíèÿ îáúåêòîâ òàêæå

ïðåäñòàâëÿåò ñîáîé ñëó÷àéíóþ âåëè÷èíó ñ ïîêàçà-

òåëüíûì çàêîíîì ðàñïðåäåëåíèÿ. Ïàðàìåòð ïðîèç-

âîäèòåëüíîñòè ñðåäñòâ îáñëóæèâàíèÿ îáîçíà÷èì�.

Â ñëó÷àå ïîïàäàíèÿ îáúåêòà â ñèñòåìó â ìîìåíò

âðåìåíè, êîãäà âñå ñðåäñòâà çàíÿòû îáñëóæèâàíèåì

èëè ðåìîíòèðóþòñÿ, îí ïîëó÷àåò îòêàç. Åñëè ñðåä-

ñòâî îáñëóæèâàíèÿ âûøëî èç ñòðîÿ âî âðåìÿ ðàáîòû

ñ îáúåêòîì, îí ìîæåò áûòü ñíîâà âîçâðàùåí â ÑÌÎ.

Â óêàçàííûõ óñëîâèÿõ íåîáõîäèìî îïðåäåëèòü

îñíîâíûå õàðàêòåðèñòèêè ñèñòåìû ñ ó÷åòîì ðàáî-

òû “íåíàäåæíûõ” ñðåäñòâ è ïðèíÿòü ìåðû äëÿ óëó÷-

øåíèÿ ýòèõ õàðàêòåðèñòèê è ïîâûøåíèÿ ýôôåêòèâ-

íîñòè è íàäåæíîñòè ðàáîòû ñèñòåìû â öåëîì, ò. å.

óñòðàíèòü èëè ñêîððåêòèðîâàòü ðèñêè, ñâÿçàííûå ñ

âîçìîæíûìè îòêàçàìè ÑÒ.

Ìåòîäû èññëåäîâàíèÿ

Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è âîñïîëüçó-

åìñÿ ðÿäîì èçâåñòíûõ ôîðìóë [19].

Âû÷èñëèì âåðîÿòíîñòü �k íàõîæäåíèÿ k ñðåäñòâ

îáñëóæèâàíèÿ â íåðàáî÷åì ñîñòîÿíèè â ìîìåíò âðå-

ìåíè t:

�
�

�k

k
n

k n k

r
�

�
�
�
	



�
�

!

! ( )!
0 ïðè 1 
 k 
 m, (1)

ãäå n — ÷èñëî ñðåäñòâ îáñëóæèâàíèÿ;

�0 — âåðîÿòíîñòü òîãî, ÷òî â ìîìåíò âðåìåíè t

â ñèñòåìå íå áóäåò íè îäíîãî ñðåäñòâà â íåðàáî-

÷åì ñîñòîÿíèè;
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m — ÷èñëî ñïåöèàëèñòîâ, ïðèâëåêàåìûõ äëÿ âîñ-

ñòàíîâëåíèÿ âûøåäøèõ èç ñòðîÿ ñðåäñòâ îáñëó-

æèâàíèÿ.

Âåðîÿòíîñòü �0 îïðåäåëÿåòñÿ èç íîðìèðóþùåãî

óñëîâèÿ:

�k

k

n

�
� �

0

1;

�
�

�k k m

k
n

m m n k

r
�

�

�
�
	



�
��

!

! ( )!
0 ïðè m < k 
 n. (2)

Âåðîÿòíîñòü Ðîòê1 òîãî, ÷òî îáúåêò íå áóäåò îáñëó-

æåí ñèñòåìîé, òàê êàê âñå ñðåäñòâà çàíÿòû èëè íàõî-

äÿòñÿ â íåðàáî÷åì ñîñòîÿíèè, ðàññ÷èòûâàåòñÿ êàê:

P Ps

s

n

n sîòê1

0

� �
�

�� � , (3)

ãäå s — òåêóùèé ïàðàìåòð;

Ps — âåðîÿòíîñòü òîãî, ÷òî â ìîìåíò âðåìåíè t

îáñëóæèâàíèåì îáúåêòîâ çàíÿòû s ñðåäñòâ;

�n–s — âåðîÿòíîñòü òîãî, ÷òî â ìîìåíò âðåìåíè t

n–s ñðåäñòâ îáñëóæèâàíèÿ íàõîäÿòñÿ â íåðàáî-

÷åì ñîñòîÿíèè.

Âåðîÿòíîñòü Ðîòê2 òîãî, ÷òî îáúåêò ïîêèíåò ñèñ-

òåìó íåîáñëóæåííûì, òàê êàê ñðåäñòâî îáñëóæèâà-

íèÿ âûøëî èç ñòðîÿ â ïðîöåññå ôóíêöèîíèðîâàíèÿ

ñèñòåìû, âû÷èñëèì êàê

P

r P kk

k

n

îòê2
1�

�
�
�

�
, (4)

ãäå Pk — âåðîÿòíîñòü òîãî, ÷òî â ìîìåíò âðåìåíè t

îáñëóæèâàíèåì îáúåêòîâ çàíÿòû k ñðåäñòâ.

Ñóììàðíàÿ âåðîÿòíîñòü îòêàçà â îáñëóæèâàíèè

îáúåêòîâ “íåíàäåæíîé” ñèñòåìîé ìîæåò áûòü âû-

÷èñëåíà ïî ôîðìóëå

P P P P

r P k

s

s

n

n s

k

k

n

îòê îòê îòê� � � � �

�

�
�

��
�

1 2

0

1�
�

. (5)

Ñóììàðíàÿ âåðîÿòíîñòü îòêàçà (5) ÿâëÿåòñÿ ðèñ-

êîì, êîòîðûé áóäåò âëèÿòü íà ýôôåêòèâíîñòü ðàáîòû

ñèñòåìû â öåëîì êàê ñîâîêóïíîñòè åäèíèö îáñëóæè-

âàþùåé ñïåöòåõíèêè, ïðèìåíÿåìîé â õîäå ëèêâèäà-

öèè ×Ñ ïîæàðíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè.

Ýòó âåðîÿòíîñòü, ò. å. ðèñê, íåîáõîäèìî óìåíüøàòü,

æåëàòåëüíî äî íîðìàòèâíîãî çíà÷åíèÿ, êîòîðîå ñî-

ñòàâëÿåò Ðí = 0,001 [1, 2].

Âåðîÿòíîñòü îáñëóæèâàíèÿ â ÑÌÎ âíîâü ïîñòó-

ïèâøåãî îáúåêòà Ðîáñë íàéäåì èç ñîîòíîøåíèÿ

Ðîáñë = 1 – Pîòê. (6)

Îïðåäåëèì ìàòåìàòè÷åñêèå îæèäàíèÿ:

à) ÷èñëà çàíÿòûõ ñðåäñòâ îáñëóæèâàíèÿ Ìç:

M P kk

k

n

ç � �
�
�

1

; (7)

á) ÷èñëà ñðåäñòâ, íàõîäÿùèõñÿ â íåðàáî÷åì ñî-

ñòîÿíèè, Ìí:

M s
s

n

sí � �
�
�

1

� ; (8)

â) ÷èñëà èñïðàâíûõ ñðåäñòâ, íå çàíÿòûõ îáñëó-

æèâàíèåì, Ì0:

M0 = n – Mç – Mí. (9)

Êîýôôèöèåíòû ïðîñòîÿ Kï è çàíÿòîñòè Kç ñðåäñòâ

îáñëóæèâàíèÿ âû÷èñëèì êàê:

Kï = M0�n; (10)

Kç = Mç�n. (11)

Êîýôôèöèåíò íàäåæíîñòè ñèñòåìû Kí, îïðåäå-

ëÿþùèé ñðåäíþþ äîëþ íåèñïðàâíûõ ñðåäñòâ ïî îò-

íîøåíèþ ê îáùåìó ÷èñëó ñðåäñòâ, çàäåéñòâîâàííûõ

äëÿ îáñëóæèâàíèÿ, íàéäåì èç âûðàæåíèÿ

Kí = Mí�n. (12)

Äëÿ ÑÌÎ ñ îòêàçàìè ïðè n = 1 è m = 1 îñíîâíû-

ìè ôîðìóëàìè äëÿ âûïîëíåíèÿ ðàñ÷åòîâ áóäóò [19]:

� � ��0 � �( ;r (13)

� ��1 � �r r( , (14)

ãäå �1 — âåðîÿòíîñòü òîãî, ÷òî â íåðàáî÷åì ñîñòîÿ-

íèè íàõîäèòñÿ òîëüêî îäíî ñðåäñòâî.

Òîãäà ìîæíî ðàññ÷èòàòü:
� âåðîÿòíîñòü òîãî, ÷òî âñå ñðåäñòâà îáñëóæèâà-

íèÿ ñâîáîäíû:

P
r

r r
0 �

�
� � �

�
� �� ��(

; (15)

� âåðîÿòíîñòü òîãî, ÷òî îáñëóæèâàíèåì îáúåêòîâ

çàíÿòî òîëüêî îäíî ñðåäñòâî:

P
r r

1 �
� � �

��
�� �� ��( (

. (16)

Ñóììàðíàÿ âåðîÿòíîñòü îòêàçà îáúåêòó â îáñëó-

æèâàíèè áóäåò îïðåäåëÿòüñÿ âûðàæåíèåì

P P
r

r r r
îòê1 � � �

�
�

� � �
�

�
��

�� �� ��1 1
( (

. (17)

Ïðèìåð îöåíêè íàäåæíîñòè ñòàíöèè
ñïåöèàëüíîé îáðàáîòêè

Ïóñòü ê îáñëóæèâàþùåìó ïðèáîðó (n = 1), ðàñ-

ïîëîæåííîìó íà ñòàíöèè ñïåöèàëüíîé îáðàáîòêè,

ïîñòóïàþò îáúåêòû (ñïåöèàëüíàÿ òåõíèêà) ñ ïëîò-

íîñòüþ � = 4 îáúåêòà â ÷àñ. Ñðåäíåå âðåìÿ îáðà-

áîòêè (îáñëóæèâàíèÿ) îáúåêòà tîáñë = 0,25 ÷. Ïðèáîð

ìîæåò ïåðèîäè÷åñêè âûõîäèòü èç ñòðîÿ.

Äîïóñòèì, ÷òî ñðåäíåå âðåìÿ ìåæäó âûõîäàìè

ïðèáîðà èç ñòðîÿ (îòêàçàìè) tîòê � 10 ÷. Âðåìÿ, çà-

òðà÷èâàåìîå íà âîññòàíîâëåíèå íåèñïðàâíîñòè tâîññò ,

ñëó÷àéíîå è â ñðåäíåì ðàâíî 0,2 ÷. Åñëè îáúåêò ïî-

ñòóïèò â òîò ìîìåíò, êîãäà ïðèáîð ïðîâîäèò îáñëó-
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æèâàíèå ðàíåå ïîñòóïèâøåãî îáúåêòà ëèáî íàõîäèò-

ñÿ â íåðàáî÷åì ñîñòîÿíèè, òî îáúåêò íàïðàâëÿåòñÿ

äëÿ îáðàáîòêè íà äðóãîé ïðèáîð, åñëè îí åñòü. Åñëè

ñòàíöèÿ îäíîêàíàëüíàÿ, òî îáúåêò ïîëó÷àåò îòêàç

â îáñëóæèâàíèè.

Ïîëîæèì òàêæå, ÷òî âîçíèêøóþ íåèñïðàâíîñòü

óñòðàíÿåò îäèí êâàëèôèöèðîâàííûé îïåðàòîð (m =1).

Òðåáóåòñÿ îïðåäåëèòü îñíîâíûå õàðàêòåðèñòèêè ñè-

ñòåìû ìàññîâîãî îáñëóæèâàíèÿ ñ ó÷åòîì íåíàäåæ-

íîñòè îäíîãî ïðèáîðà îáñëóæèâàíèÿ.

Äëÿ ðåøåíèÿ äàííîé çàäà÷è îïðåäåëèì ïàðàìåò-

ðû r, � è �:
r t� � �1 1 10 01îòê , ;

� � � �1 1 0 25 4t îáñë , ;

� � � �1 1 0 2 5t âîññò , .

Ïî ôîðìóëå (17) íàõîäèì âåðîÿòíîñòü òîãî, ÷òî

îáúåêò íå áóäåò îáðàáîòàí, òàê êàê ïðèáîð ëèáî íå-

èñïðàâåí, ëèáî çàíÿò îáñëóæèâàíèåì:

Pîòê1 � �
�

� � � �
�

01

51

4 5

01 5 01 4 4 5

,

, ( , ) ( , )

= 0,0196 + 0,4889 = 0,5085.
(18)

Òàê êàê ïðèáîð ìîæåò âûõîäèòü èç ñòðîÿ è âî âðå-

ìÿ ðàáîòû ñ îáúåêòîì, îáñëóæèâàíèå íåêîòîðîé ÷àñ-

òè îáúåêòîâ (ñïåöòåõíèêè) áóäåò ïðåðâàíî äî ïîëíî-

ãî âîññòàíîâëåíèÿ ðàáîòû ïðèáîðà.

Îïðåäåëèì ïðîöåíò íåîáðàáîòàííûõ îáúåêòîâ

èç-çà âûõîäà ïðèáîðà èç ñòðîÿ âî âðåìÿ îáñëóæèâà-

íèÿ ïî ôîðìóëå (4):

P
rP

îòê2
1 01 0 4889

4
0 0122� �

�
�

�
, ,

, .

Íà îñíîâàíèè ðåçóëüòàòîâ, ïîëó÷åííûõ ïðè ðàñ-

÷åòàõ, ìîæíî ñäåëàòü âûâîä î òîì, ÷òî ñ âåðîÿòíî-

ñòüþ 0,5085 îáðàáîòêà ïîñòóïàþùåãî îáúåêòà (ñïåö-

òåõíèêè) íå ñîñòîèòñÿ, òàê êàê îáñëóæèâàþùèé

ïðèáîð ëèáî íåèñïðàâåí, ëèáî çàíÿò îáñëóæèâàíèåì

äðóãîãî îáúåêòà. Ïðè ýòîì âåðîÿòíîñòü òîãî, ÷òî ïðè-

áîð íåèñïðàâåí, ðàâíà ïåðâîìó ñëàãàåìîìó ñóììû

(18), ò. å. 0,0196. Âåðîÿòíîñòü òîãî, ÷òî ïðèáîð çàíÿò

îáðàáîòêîé îäíîãî èç ïðåäøåñòâóþùèõ îáúåêòîâ,

ðàâíà âòîðîìó ñëàãàåìîìó ñóììû (18), ò. å. 0,4889.

Ïðàêòè÷åñêèå ðåêîìåíäàöèè

Ðåçóëüòàòû âûïîëíåííûõ ðàñ÷åòîâ ïîêàçûâàþò,

÷òî îáñëóæèâàþùèé ïðèáîð, êîòîðûé ïðîâîäèò îá-

ðàáîòêó ñïåöèàëüíîé òåõíèêè, ïåðåãðóæåí, òàê êàê

ñóììàðíàÿ âåðîÿòíîñòü îòêàçà îáúåêòàì â îáñëó-

æèâàíèè îêàçàëàñü ðàâíîé 0,5085, ÷òî çíà÷èòåëüíî

ïðåâûøàåò íîðìàòèâíîå çíà÷åíèå. Â ðàìêàõ ïðèâå-

äåííîãî ïðèìåðà ýòî îçíà÷àåò, ÷òî 51 % ïîñòóïà-

þùåé ñïåöòåõíèêè íå áóäåò îáñëóæåí, ÷òî êðàéíå

íåýôôåêòèâíî. Êðîìå òîãî, â 1,2 % ñëó÷àåâ ÷àñòü

îáúåêòîâ îñòàíåòñÿ áåç îáðàáîòêè ïî ïðè÷èíå âû-

õîäà èç ñòðîÿ ïðèáîðà âî âðåìÿ èõ îáñëóæèâàíèÿ.

Â ñâÿçè ñ ýòèì äëÿ ïîâûøåíèÿ ïðîïóñêíîé ñïî-

ñîáíîñòè ñòàíöèè ñïåöèàëüíîé îáðàáîòêè (ïðè âû-

øåïðèâåäåííûõ èñõîäíûõ äàííûõ) íåîáõîäèìî óâå-

ëè÷èòü ÷èñëî îáñëóæèâàþùèõ ïðèáîðîâ n è ÷èñëî

êâàëèôèöèðîâàííûõ ñïåöèàëèñòîâ m, èñïîëüçóÿ ìî-

äåëü ìíîãîêàíàëüíîé ÑÌÎ.

Äëÿ ïðîâåäåíèÿ òàêòè÷åñêèõ ðàñ÷åòîâ ðàáîòû

ÑÌÎ (ñ ó÷åòîì îòêàçîâ òåõíè÷åñêèõ ñðåäñòâ, îøè-

áîê, äîïóñêàåìûõ ëè÷íûì ñîñòàâîì ïðè èñïîëüçî-

×èñëî
êàíàëîâ

îáñëóæè-
âàíèÿ n

Number
of service
channels n

Ñðåäíåå âðåìÿ
îáñëóæèâàíèÿ

çàÿâêè tîáñë , ìèí

Average service
time of the appli-
cation tserv , min

Âåðîÿòíîñòü òîãî,
÷òî âñå êàíàëû

ñâîáîäíû Ð0

The probability
that all channels

are free Ð0

Âåðîÿòíîñòü
îòêàçà â îáñëó-
æèâàíèè Ðîòê

The probability
of denial of
service Pfail

×èñëî
çàíÿòûõ

êàíàëîâ Nç

Number
of busy

channels
Nbusy

×èñëî
ñâîáîäíûõ
êàíàëîâ N0

Number
of free

channels N0

Êîýôôèöèåíò
çàíÿòîñòè ñðåäñòâ
îáñëóæèâàíèÿ Kç

Coefficient
of employment

of facilities Kbusy

Êîýôôèöèåíò
ïðîñòîÿ ñðåäñòâ

îáñëóæèâàíèÿ Kï

Coefficient
of downtime
of facilities Kd

6 10,000 0,0003 0,4845 5,1549 0,8451 0,8591 0,1409

14 10,000 0,0000 0,0568 9,4318 4,5682 0,6737 0,3263

15 10,000 0,0000 0,0365 9,6350 5,3650 0,6423 0,3577

36 10,000 0,0000 0,0000 10,000 26,000 0,2778 0,7222

39 10,000 0,0000 0,0000 10,000 29,000 0,2564 0,7436

42 10,000 0,0000 0,0000 10,000 32,000 0,2381 0,7619

45 10,000 0,0000 0,0000 10,000 35,000 0,2222 0,7778

48 10,000 0,0000 0,0000 10,000 38,000 0,2083 0,7917

51 10,000 0,0000 0,0000 10,000 41,000 0,1961 0,8039

54 10,000 0,0000 0,0000 10,000 44,000 0,1852 0,8148

57 10,000 0,0000 0,0000 10,000 47,000 0,1754 0,8246

60 10,000 0,0000 0,0000 10,000 50,000 0,1667 0,8333

Òàáëèöà 1. Çíà÷åíèÿ ïîêàçàòåëåé ýôôåêòèâíîñòè ìíîãîêàíàëüíîé ÑÌÎ, � = 1, tîáñë = 10 ìèí

Table 1. Values of multichannel SMO performance indicators, � = 1, t serv = 10 min
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âàíèè ýòèõ ñðåäñòâ, è áèîëîãè÷åñêèõ îòêàçîâ) ìîæ-

íî âîñïîëüçîâàòüñÿ áîëåå îáùåé ìåòîäèêîé.

Íàäåæíîñòü ôóíêöèîíèðîâàíèÿ ñèñòåìû ìîæíî

îïðåäåëèòü ìåòîäîì ñîïîñòàâëåíèÿ ñðàâíèâàåìûõ

âåëè÷èí Ðîòê ïðè çàäàííûõ çíà÷åíèÿõ èñõîäíûõ äàí-

íûõ. Ïðè ýòîì áóäåì ïðåäïîëàãàòü, ÷òî

Pîòê i – Pîòê j = Pîòê i–j ,

ãäå Pîòê i — âåðîÿòíîñòü îòêàçà îáúåêòàì â îáñëó-

æèâàíèè ïðè óñëîâèè, ÷òî âñå n ñðåäñòâ ðàáîòî-

ñïîñîáíû;

Pîòê j — âåðîÿòíîñòü îòêàçà îáúåêòàì â îáñëó-

æèâàíèè ïðè óñëîâèè, ÷òî ÷àñòü ñðåäñòâ íåèñ-

ïðàâíà;

Pîòê i–j — õàðàêòåðèñòèêà èçìåíåíèÿ ñòåïåíè íà-

äåæíîñòè ôóíêöèîíèðîâàíèÿ ñèñòåìû.

Ðàññìîòðèì ïðèìåð îöåíêè íàäåæíîñòè ôóíê-

öèîíèðîâàíèÿ ñèñòåìû ìàññîâîãî îáñëóæèâàíèÿ ìå-

òîäîì ñîïîñòàâëåíèÿ ñðàâíèâàåìûõ âåëè÷èí Pîòê

ïðè çàäàííûõ çíà÷åíèÿõ èñõîäíûõ äàííûõ.

Ïðèìåð îöåíêè íàäåæíîñòè ñèñòåìû,
îáåñïå÷èâàþùåé ïåðåïðàâó
÷åðåç ðåêó â çîíó ×Ñ

Ïðè âûïîëíåíèè àâàðèéíî-ñïàñàòåëüíûõ ðàáîò,

íàïðèìåð ïðè ëèêâèäàöèè ïîñëåäñòâèé êðóïíîìàñ-

øòàáíûõ ×Ñ (çåìëåòðÿñåíèé, íàâîäíåíèé è ò. ï.), ñâÿ-

çàííûõ ñ ðàçðóøåíèÿìè îáúåêòîâ äîðîæíîé èíôðà-

ñòðóêòóðû, âîçíèêàåò çàäà÷à ñâîåâðåìåííîé äîñòàâêè

ëè÷íîãî ñîñòàâà ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäå-

ëåíèé è åäèíèö ñïåöèàëüíîé òåõíèêè â çîíó ×Ñ.

Â ÷àñòíîñòè, ðàññìîòðèì çàäà÷ó îöåíêè íàäåæ-

íîñòè ñèñòåìû, îáåñïå÷èâàþùåé ïåðåïðàâó ÷åðåç

ðåêó â çîíó ×Ñ â ðàéîíå, îòðåçàííîì îò êðàò÷àéøåé

ìàãèñòðàëè, ïî êîòîðîé èç ìåñò ïîñòîÿííîé äèñëî-

êàöèè ïðèáûâàþò ïîæàðíî-ñïàñàòåëüíûå ïîäðàçäå-

ëåíèÿ.

Ïðåäïîëîæèì, ÷òî íà ó÷àñòêå ôîðñèðîâàíèÿ ðåêè

ðàçâåðíóòî 15 îäíîòèïíûõ ïåðåïðàâî÷íûõ ñðåäñòâ

(n = 15). Ïîòîê ïîñòóïëåíèÿ òåõíèêè íà ïåðåïðàâó

â ñðåäíåì ñîñòàâëÿåò 1 îáúåêò â ìèíóòó (èíòåíñèâ-

íîñòü ïîòîêà çàÿâîê � = 1). Ñðåäíåå âðåìÿ ïåðåïðàâû

îäíîãî îáúåêòà (âðåìÿ îáñëóæèâàíèÿ) tîáñë = 10 ìèí

(â ñðåäíåå âðåìÿ âêëþ÷åíî è âðåìÿ âîçâðàùåíèÿ

ïåðåïðàâî÷íîãî ñðåäñòâà íàçàä).

Îïðåäåëèì îñíîâíûå õàðàêòåðèñòèêè ñèñòåìû è

îöåíèì íàäåæíîñòü åå ôóíêöèîíèðîâàíèÿ ñ ó÷åòîì

òîãî, ÷òî èç ñòðîÿ ìîæåò âûéòè îäíî ïåðåïðàâî÷íîå

ñðåäñòâî.

Ïî òàáë. 1 [21] ìîæíî íàéòè çíà÷åíèÿ ïîêàçàòå-

ëåé ýôôåêòèâíîñòè ìíîãîêàíàëüíîé ÑÌÎ äëÿ ðàç-

ëè÷íûõ èñõîäíûõ äàííûõ ïðè n = 15 è n = 14.

Îïðåäåëèì, íàñêîëüêî èçìåíèòñÿ âåðîÿòíîñòü

îòêàçà (ò. å. óâåëè÷èòñÿ ðèñê), åñëè îêàæåòñÿ íåèñ-

ïðàâíûì îäíî ïåðåïðàâî÷íîå ñðåäñòâî:

Pîòê14 – Pîòê15 = 0,0568 – 0,0365 = 0,0203. (19)

Ïðàêòè÷åñêèå ðåêîìåíäàöèè

Â ñîîòâåòñòâèè ñ ðàâåíñòâîì (19) ïðè âûõîäå èç

ñòðîÿ îäíîãî ïåðåïðàâî÷íîãî ñðåäñòâà ðèñê, ò. å. âå-

ðîÿòíîñòü îòêàçà â îáñëóæèâàíèè, âîçðàñòåò ñ 0,0365

äî 0,0568, à íàäåæíîñòü ðàáîòû âñåé ñèñòåìû óìåíü-

øèòñÿ íà 2 %. Ïîñëå âîññòàíîâëåíèÿ ïåðåïðàâî÷-

íîãî ñðåäñòâà íàäåæíîñòü ïåðåïðàâû ñíîâà âîçðàñ-

òåò íà òó æå âåëè÷èíó.

×èñëî
êàíàëîâ

îáñëóæè-
âàíèÿ n

Number
of service
channels n

Ñðåäíåå âðåìÿ
îáñëóæèâàíèÿ

çàÿâêè tîáñë , ìèí

Average service
time of the appli-
cation tserv , min

Âåðîÿòíîñòü òîãî,
÷òî âñå êàíàëû

ñâîáîäíû Ð0

The probability
that all channels

are free Ð0

Âåðîÿòíîñòü
îòêàçà â îáñëó-
æèâàíèè Ðîòê

The probability
of denial

of service Pfail

×èñëî
çàíÿòûõ

êàíàëîâ Nç

Number
of busy

channels
Nbusy

×èñëî
ñâîáîäíûõ
êàíàëîâ N0

Number
of free

channels N0

Êîýôôèöèåíò
çàíÿòîñòè ñðåäñòâ
îáñëóæèâàíèÿ Kç

Coefficient
of employment

of facilities Kbusy

Êîýôôèöèåíò
ïðîñòîÿ ñðåäñòâ

îáñëóæèâàíèÿ Kï

Coefficient
of downtime

of facilities Kd

6 15,000 0,0000 0,6341 5,4883 0,5117 0,9147 0,0853

14 15,000 0,0000 0,2200 11,7003 2,2997 0,8357 0,1643

15 15,000 0,0000 0,1803 12,2953 2,7047 0,8197 0,1803

36 15,000 0,0000 0,0000 0,1500 21,000 0,4167 0,5833

39 15,000 0,0000 0,0000 0,1500 24,000 0,3846 0,6154

42 15,000 0,0000 0,0000 0,1500 27,000 0,3571 0,6429

45 15,000 0,0000 0,0000 0,1500 30,000 0,3333 0,6667

48 15,000 0,0000 0,0000 0,1500 33,000 0,3125 0,6875

51 15,000 0,0000 0,0000 0,1500 36,000 0,2941 0,7059

54 15,000 0,0000 0,0000 0,1500 39,000 0,2778 0,7222

57 15,000 0,0000 0,0000 0,1500 42,000 0,2632 0,7368

60 15,000 0,0000 0,0000 0,1500 45,000 0,2500 0,7500

Òàáëèöà 2. Çíà÷åíèÿ ïîêàçàòåëåé ýôôåêòèâíîñòè ìíîãîêàíàëüíîé ÑÌÎ, � = 1, tîáñë = 15 ìèí

Table 2. Values of multichannel SMO performance indicators, � = 1, t serv = 15 min
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Íåîáõîäèìî îòìåòèòü, ÷òî çíà÷åíèÿ ïîêàçàòåëåé

ýôôåêòèâíîñòè äëÿ ìíîãîêàíàëüíîé ÑÌÎ ñ îòêàçà-

ìè ïðè ðàçëè÷íûõ èñõîäíûõ äàííûõ ìîæíî íàéòè

â ñïåöèàëüíîé ëèòåðàòóðå â âèäå òàáëèö [21]. Ýòî

çíà÷èòåëüíî óïðîùàåò ðåøåíèå çàäà÷è ïî îöåíêå

ðèñêîâ è íàäåæíîñòè ñèñòåìû.

Ïóñòü â óñëîâèÿõ ïðèìåðà, êðîìå óìåíüøåíèÿ

íà åäèíèöó êîëè÷åñòâà ïåðåïðàâî÷íûõ ñðåäñòâ —

ñ 15 äî 14, èçìåíèòñÿ è ñðåäíåå âðåìÿ ïåðåïðàâû

îäíîãî îáúåêòà (âðåìÿ îáñëóæèâàíèÿ) äî tîáñë =

= 15 ìèí. Ïî òàáë. 2 íàõîäèì âåðîÿòíîñòè îòêàçà

äëÿ íîâîãî âðåìåíè îáñëóæèâàíèÿ.

Òîãäà âåðîÿòíîñòü îòêàçà èçìåíèòñÿ íà âåëè-

÷èíó

Pîòê14 – Pîòê15 = 0,2200 – 0,1803 = 0,0397.

Ðàñ÷åòû ïîêàçàëè, ÷òî íåçíà÷èòåëüíîå èçìåíå-

íèå â èñõîäíûõ äàííûõ óâåëè÷èëî ðèñê â 2 ðàçà è

óìåíüøèëî íàäåæíîñòü ñèñòåìû íà 4 %.

Òàáëèöû çíà÷åíèé ïîêàçàòåëåé ýôôåêòèâíîñòè

ÑÌÎ, ïîäîáíûå òàáë. 1 è 2, ìîãóò áûòü èñïîëüçîâà-

íû â ñèñòåìàõ óïðàâëåíèÿ áàçàìè äàííûõ, ñîçäàâà-

åìûõ â öåëÿõ îïòèìèçàöèè ïðîöåññà óïðàâëåíèÿ

ðèñêàìè [21].

Âûâîäû

Àêòóàëüíàÿ ïðîáëåìà ïðåäâàðèòåëüíîé îöåíêè

ðèñêîâ, ñâÿçàííûõ ñ ïðèìåíåíèåì “íåíàäåæíûõ”

ñðåäñòâ âîîðóæåíèÿ è ñïåöèàëüíîé òåõíèêè ïîæàð-

íî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé, ðåøåíà â íàñòî-

ÿùåé ñòàòüå ñ ïðèìåíåíèåì ìàòåìàòè÷åñêîãî àïïà-

ðàòà òåîðèè î÷åðåäåé è ñèñòåì ìàññîâîãî îáñëóæè-

âàíèÿ ñ îòêàçàìè.

Ñôîðìóëèðóåì ðÿä çàäà÷ îïåðàòèâíîé äåÿòåëü-

íîñòè Ì×Ñ Ðîññèè, ðåøåíèå êîòîðûõ ìîæíî îñó-

ùåñòâèòü ñ ïðèìåíåíèåì ïðåäñòàâëåííîé ìåòîäèêè:

îáîñíîâàíèå ñòðóêòóðû è îðãàíèçàöèè ôóíêöèî-

íèðîâàíèÿ ìîáèëüíîãî ãîñïèòàëÿ Ì×Ñ Ðîññèè [7],

îöåíêà ýôôåêòèâíîñòè ôóíêöèîíèðîâàíèÿ ïîñòà ðà-

äèàöèîííîãî, õèìè÷åñêîãî è áèîëîãè÷åñêîãî íà-

áëþäåíèÿ â çîíå ×Ñ [8], ðàñ÷åò ïîêàçàòåëåé ýôôåê-

òèâíîñòè ôóíêöèîíèðîâàíèÿ ïðîèçâîäñòâåííî-

òåõíè÷åñêîãî öåíòðà Ì×Ñ Ðîññèè, ìîäåëèðîâàíèå

ìåðîïðèÿòèé òåõíè÷åñêîé ýêñïëóàòàöèè ñðåäñòâ

ýëåêòðîííî-âû÷èñëèòåëüíîé è îðãòåõíèêè â ñèñòå-

ìå Ì×Ñ Ðîññèè [16], ìîäåëèðîâàíèå ïðîöåññà ðàñ-

ïðåäåëåíèÿ ôèíàíñîâûõ ñðåäñòâ â èíòåðåñàõ ýô-

ôåêòèâíîé îðãàíèçàöèè ðàäèîñâÿçè â Ì×Ñ Ðîññèè.
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ABSTRACT

The most important condition for the timely deployment of the management system, its efficient and

high-quality operation in the course of emergency rescue operations by the units of Emercom of

Russia is to ensure the constant readiness of personnel and technical means of managing forces and

assets in a complex fire situation.

For this purpose, it is required to determine in advance the necessary composition of forces and

assets and to analyze their reliability in work during the liquidation of emergencies. Activities of

technical operation should ensure the timely and trouble-free operation of special technical means

(STM).

The use of a significant number of STM leads to inevitable failures, both of technical means and

personnel. The failure of the STM, as well as of all types of servicing facilities, occurs for a number of

reasons, the main of which are: malfunctions arising in the course of application as intended; damage

during transportation; exposure to adverse conditions. The specificity of the joint influence of many

factors on the possibility of timely, trouble-free and error-free application of STM is usually assessed

by quantitative characteristics relating to indicators of reliability and risk.

Therefore, the task of preliminary assessment of risks, their accounting and further elimination,

connected with the use of “unreliable”, that is temporarily in a non-working condition or in the state of

repair, special equipment of fire-rescue units, is urgent.

The purpose of this study is to demonstrate the possibility of assessing the risks caused by failures

in the work of special technical means during the liquidation of emergencies.

The article proposes a methodology for risk assessment using queuing theory and queuing

systems with failures. Practical recommendations have been developed to increase the reliability of

the STM operation. There are calculations that allow in practice to take into account the risks asso-

ciated with a temporarily idle and recoverable STM, and therefore, manage risks to maintain a constant

high readiness of the forces and means of fire and rescue units of the Federal Fire Fighting Service of

Emercom of Russia, increase their reliability in the process of liquidation of emergencies and carrying

out rescue operations. The conclusion of formulas on which the method is based is proved; examples

of its practical implementation are given.

Keywords: risk assessment; queuing theory; reliability; queuing systems; fire-rescue units.
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