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ÐÅÇÞÌÅ

Ââåäåíèå. Ñîâðåìåííîå èíôîðìàöèîííîå îáåñïå÷åíèå ïîæàðíûõ, âûïîëíÿþùèõ ðàáîòû â íåïðèãîäíîé

äëÿ äûõàíèÿ ñðåäå (ÍÄÑ), è òåõíè÷åñêîå îñíàùåíèå ñðåäñòâàìè ìîíèòîðèíãà êîíòðîëÿ ïàðàìåòðîâ áåçîïàñ-

íîñòè ïðè ðàáîòå ãàçîäûìîçàùèòíèêîâ ïîçâîëÿþò ðàçðàáîòàòü àâòîìàòèçèðîâàííóþ èíôîðìàöèîííî-

óïðàâëÿþùóþ ñèñòåìó, ìàòåìàòè÷åñêîé îñíîâîé êîòîðîé ÿâëÿåòñÿ ñòîõàñòè÷åñêèé ïîäõîä. Ðàçðàáîòàíà

ìîäóëüíàÿ ñòðóêòóðà âåðîÿòíîñòíîé ìîäåëè óïðàâëåíèÿ ñ îïèñàíèåì êàæäîãî ìîäóëÿ. Ñïåöèôèêà è ìíîãî-

îáðàçèå ðàáîò, âûïîëíÿåìûõ â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå, òðåáóþò ôîðìèðîâàíèÿ áàçû äàííûõ, â êîòî-

ðîé â ðàìêàõ îáúåêòíî-îðèåíòèðîâàííîãî ïîäõîäà áóäåò îñóùåñòâëÿòüñÿ ñèíòåç èíôîðìàöèîííûõ ðåñóðñîâ

ïîääåðæêè óïðàâëåíèÿ. Ïðåäñòàâëåí ìåòîä ôîðìèðîâàíèÿ èíôîðìàöèîííûõ ðåñóðñîâ, à òàêæå ñòðóêòóðà èí-

òåðôåéñà áàçû äàííûõ.

Ôîðìàëüíàÿ ïîñòàíîâêà çàäà÷è è ìåòîä ðåøåíèÿ. Ôîðìàëüíî çàäà÷à ïîääåðæêè óïðàâëåíèÿ áåçîïàñ-

íîñòüþ ïðè ðàáîòàõ â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå ñâîäèòñÿ ê ôîðìèðîâàíèþ áàçû äàííûõ èíôîðìàöèîí-

íûõ ðåñóðñîâ ïàðàìåòðîâ áåçîïàñíîñòè ãàçîäûìîçàùèòíèêîâ, ïðåäñòàâëåííûõ êàê â äåòåðìèíèðîâàííîé,

òàê è â âåðîÿòíîñòíîé ïîñòàíîâêå. Äëÿ ðåøåíèÿ äàííîé çàäà÷è ñôîðìèðîâàíà ìîäóëüíàÿ ñòðóêòóðà âåðîÿò-

íîñòíîé ìîäåëè óïðàâëåíèÿ, ãäå êàæäûé ìîäóëü íà ðàçëè÷íûõ ýòàïàõ ðàáîò âûïîëíÿåò îïðåäåëåííûå ôóíê-

öèè. Ñèíòåç èíôîðìàöèîííûõ ðåñóðñîâ îñíîâàí íà ìîíèòîðèíãå ïîêàçàòåëåé áåçîïàñíîñòè ðàáîòû ãàçî-

äûìîçàùèòíèêîâ. Ïîëó÷àåìûå ïðè ýòîì äàííûå ïîñòóïàþò â àíàëèòè÷åñêèé áëîê, â êîòîðîì ïðîèñõîäèò

ñîïîñòàâëåíèå îáðàáîòàííûõ ðåñóðñîâ ñ çàïëàíèðîâàííûìè ïîêàçàòåëÿìè.

Âûâîäû. Ðàçðàáîòàííûå èíôîðìàöèîííûå ðåñóðñû ïîääåðæêè óïðàâëåíèÿ áåçîïàñíîñòüþ ðàáîò â íåïðè-

ãîäíîé äëÿ äûõàíèÿ ñðåäå ïîñòðîåíû íà òåîðåòè÷åñêèõ îñíîâàõ óïðàâëåíèÿ ðèñêàìè ðåàëèçàöèè äåñòðóêòèâ-

íîãî ñîáûòèÿ, ñîñòîÿùåãî â íåõâàòêå äûõàòåëüíûõ ðåñóðñîâ â áàëëîíå äûõàòåëüíîãî àïïàðàòà. Èíôîðìàöè-

îííûå ðåñóðñû ïîääåðæêè óïðàâëåíèÿ áåçîïàñíîñòüþ ïîçâîëÿþò èñïîëüçîâàòü â êà÷åñòâå èñõîäíûõ äàííûõ

êàê ñîõðàíåííûå ðåçóëüòàòû ìîíèòîðèíãà ïîêàçàòåëåé áåçîïàñíîñòè, òàê è ðåçóëüòàòû, ïîëó÷åííûå â ðå-

æèìå ðåàëüíîãî âðåìåíè ïðè âûïîëíåíèè ðàáîò â ÍÄÑ îò òåëåìåòðè÷åñêèõ ñèñòåì. Äîñòîèíñòâîì èíôîð-

ìàöèîííûõ ðåñóðñîâ ÿâëÿåòñÿ âîçìîæíîñòü ïîëó÷åíèÿ, ñîõðàíåíèÿ è öèôðîâîé îáðàáîòêè äàííûõ, ïðèíàä-

ëåæàùèõ îïðåäåëåííîìó âèäó ðàáîò, ÷òî â äàëüíåéøåì ïîçâîëèò ñèíòåçèðîâàòü áîëüøîé îáúåì äàííûõ â

åäèíóþ èíôîðìàöèîííî-óïðàâëÿþùóþ ñèñòåìó áåçîïàñíîé ðàáîòû ãàçîäûìîçàùèòíèêîâ.
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ðîÿòíîñòíàÿ ìîäåëü.
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ABSTRACT

Introduction. Modern information support for firefighters performing work in unsuitable for breathing environment

and technical equipment monitoring means controls the safety parameters of gas and smoke protection makes
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MATHEMATICAL MODELING, NUMERICAL METHODS AND PROGRAM COMPLEXES

it possible to develop an automated information and control system, the mathematical basis of which is the sto-

chastic approach. The modular structure of the probabilistic management model with the description of each mo-

dule is developed. The specificity and diversity of work performed in unsuitable for breathing environment requires

the formation of a database in which the management information resources will be synthesized within an object-

oriented approach. The method of formation of information resources is presented, as well as the structure of

the database interface is presented.

Formal task description and solution method. Formally, the task of supporting safety management during work in

unsuitable for breathing environment is reduced to the formation of a database of information resources of the sa-

fety parameters of gas and smoke protection, presented in both deterministic and probabilistic formulation.

To solve this problem, a modular structure of the safety management model is formed, where each module per-

forms certain functions at different stages of work. The synthesis of information resources is based on the moni-

toring of gas and smoke protection safety indicators, the data from which are received in the analytical unit, which

compares the processed resources with the planned indicators.

Conclusions. The developed information resources to support the safety management of work in unsuitable for

breathing environment is based on the theoretical foundations of risk management for the implementation of

a destructive event consisting in the lack of respiratory resources in the cylinder of breathing apparatus. The infor-

mation resources of safety management support make it possible to use as source data both stored results of mo-

nitoring of safety indicators and those obtained in real time when working in unsuitable for breathing environment

from telemetry systems. The advantage of information resources is the possibility of obtaining, storing and digital

processing of data belonging to a certain type of work, which will further allow synthesizing a large amount of data

into a single information management system for the safe operation of gas and smoke protection.

Keywords: fire; fire fighters safety management; destructive events; risk analysis; probabilistic model.
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Ââåäåíèå

Áåçîïàñíîñòü ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëå-

íèé íà ïîæàðàõ è â äðóãèõ ÷ðåçâû÷àéíûõ ñèòóàöè-

ÿõ (×Ñ) îáåñïå÷èâàåòñÿ òåõíè÷åñêèìè ðåøåíèÿìè

— èñïîëüçîâàíèåì ñðåäñòâ çàùèòû îò îïàñíûõ ôàê-

òîðîâ ïîæàðà (ÎÔÏ) è ìîíèòîðèíãîì ïàðàìåòðîâ

ðàáîò, ïðîâîäèìûõ â ñðåäñòâàõ èíäèâèäóàëüíîé çà-

ùèòû îðãàíîâ äûõàíèÿ è çðåíèÿ (ÑÈÇÎÄ). Ïðåäó-

ñìîòðåííûå ñïîñîáû ñèñòåìû çàùèòû äîëæíû

ïðåäîòâðàùàòü âîçäåéñòâèå íà ïîæàðíûõ ÎÔÏ,

çíà÷åíèÿ êîòîðûõ âûøå êðèòè÷åñêèõ. Âñå ýòè ôàê-

òîðû ïðèâîäÿò ê äåñòàáèëèçàöèè ñèñòåìû óïðàâëå-

íèÿ â ïîñòîÿííî ìåíÿþùåéñÿ îáñòàíîâêå, ïîýòîìó

óïðàâëåíèå áåçîïàñíîñòüþ ðàáîò, ïðîâîäèìûõ â óñëî-

âèÿõ íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäû (ÍÄÑ), òðå-

áóåò íîâûõ ðåøåíèé ñ ó÷åòîì ôîðìèðîâàíèÿ íîâûõ

èíôîðìàöèîííûõ ðåñóðñîâ, ïîëó÷àåìûõ îò ñèñòåì

ìîíèòîðèíãà ïàðàìåòðîâ ñðåäñòâ çàùèòû [1–3].

Ïðè âåäåíèè ðàáîò â ÍÄÑ ó÷àñòíèêè òóøåíèÿ

ïîæàðà îãðàíè÷åíû âðåìåííûìè� ðåñóðñàìè. Äàííîå

îãðàíè÷åíèå íàïðÿìóþ ñâÿçàíî ñ âðåìåíåì çàùèò-

íîãî äåéñòâèÿ ÑÈÇÎÄ (ÃÎÑÒ Ð 53255–2009), à êðè-

òåðèåì óïðàâëåíèÿ áåçîïàñíîñòüþ â äàííîì ñëó÷àå

ÿâëÿåòñÿ êîëè÷åñòâåííàÿ îöåíêà äîïóñòèìîãî âðå-

ìåíè ïðåáûâàíèÿ è âûïîëíåíèÿ ðàáîò â íåïðèãîäíîé

äëÿ äûõàíèÿ ñðåäå. Â ïîëîæåíèÿõ [4] ïðè óïðàâ-

ëåíèè áåçîïàñíîñòüþ èñïîëüçóþòñÿ äåòåðìèíèðî-

âàííûå ïðîöåäóðû, êîòîðûå îñíîâàíû íà êà÷åñò-

âåííîì àíàëèçå êðèòåðèåâ [4–6]. Îäíàêî â ñîâðåìåí-

íûõ óñëîâèÿõ ìåòîäîëîãè÷åñêàÿ îñíîâà óïðàâëåíèÿ

áåçîïàñíîñòüþ íóæäàåòñÿ â ñîâåðøåíñòâîâàíèè ïî

ïðè÷èíå âíåäðåíèÿ â ïðàêòèêó áîðüáû ñ ïîæàðàìè

ñîâðåìåííûõ òåëåìåòðè÷åñêèõ ñèñòåì ìîíèòîðèí-

ãà ïàðàìåòðîâ áåçîïàñíîñòè ðàáîò, ïðîâîäèìûõ

ó÷àñòíèêàìè òóøåíèÿ ïîæàðà, è ïåðåõîäà îò êà÷å-

ñòâåííîãî àíàëèçà öèôðîâûõ äàííûõ ê êîëè÷å-

ñòâåííîìó. Ìåòðîëîãè÷åñêàÿ ñòðóêòóðà äàííûõ,

ïîëó÷àåìûõ îò òåëåìåòðè÷åñêèõ ñèñòåì, èìååò âå-

ðîÿòíîñòíóþ ïðèðîäó, à ïðèìåíåíèå äåòåðìèíèðî-

âàííûõ ìåòîäîâ ïðè öèôðîâîé îáðàáîòêå äàííûõ

íå âî âñåõ ñëó÷àÿõ îáåñïå÷èâàåò àäåêâàòíûé ðåçóëü-

òàò ïðè óïðàâëåíèè [7, 8].

Òàêèì îáðàçîì, öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿ-

åòñÿ ñèíòåç èíôîðìàöèîííûõ ðåñóðñîâ äëÿ ïîä-

äåðæêè óïðàâëåíèÿ áåçîïàñíîñòüþ ïðè ðàáîòàõ â

íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå íà îñíîâå îáùèõ

òåîðåòè÷åñêèõ ïîëîæåíèé óïðàâëåíèÿ ðèñêàìè.

Àíàëèç òåîðåòè÷åñêîé ìîäåëè ïîääåðæêè

óïðàâëåíèÿ áåçîïàñíîñòüþ ïðè ðàáîòàõ

â íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå

Àíàëèç íåïðåðûâíûõ ñëó÷àéíûõ âåëè÷èí [7–11]

ñ ó÷åòîì ìåòîäîëîãè÷åñêèõ îñíîâ ïîçâîëèë ðàçðà-

áîòàòü ìîäåëü óïðàâëåíèÿ áåçîïàñíîñòüþ äëÿ ó÷à-

ñòíèêîâ òóøåíèÿ ïîæàðîâ, êîòîðàÿ â ñâîþ î÷åðåäü

îáåñïå÷èâàåò êîíòðîëü óñëîâèé áåçîïàñíîé ðàáîòû

èõ â ÍÄÑ íà îñíîâå ñîïîñòàâëåíèÿ ðåàëüíûõ (òå-

êóùèõ) è ïëàíîâûõ çíà÷åíèé ðèñêà íàñòóïëåíèÿ äå-

ñòðóêòèâíîãî ñîáûòèÿ, ñâÿçàííîãî ñ íåõâàòêîé çà-

ïàñîâ äûõàòåëüíûõ ðåñóðñîâ. Â òåîðèè óïðàâëåíèÿ
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ðèñêàìè ýòà ìîäåëü ïîëó÷èëà øèðîêîå ðàçâèòèå êàê

â îòå÷åñòâåííûõ [11–13], òàê è â çàðóáåæíûõ [14–21]

ðàáîòàõ. Ïðàêòè÷åñêàÿ ðåàëèçàöèÿ ïðåäëîæåííîé

ìîäåëè â èíôîðìàöèîííîé ñèñòåìå ïîääåðæêè

óïðàâëåíèÿ ïîçâîëèò îáåñïå÷èòü âûïîëíåíèå ñî-

âðåìåííûõ òðåáîâàíèé ê óïðàâëåíèþ ñèëàìè è

ñðåäñòâàìè ïîæàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé

â ÷àñòè ðåàëèçàöèè öèôðîâîé îáðàáîòêè äàííûõ,

ïîëó÷àåìûõ îò äèñòàíöèîííûõ ñèñòåì ìîíèòîðèí-

ãà óðîâíÿ áåçîïàñíîñòè äëÿ ó÷àñòíèêîâ òóøåíèÿ

ïîæàðà, âåäóùèõ ðàáîòû â ÍÄÑ. Îñíîâíûì äîñòî-

èíñòâîì ïðåäëîæåííîé èíôîðìàöèîííîé ñèñòåìû

ÿâëÿåòñÿ âîçìîæíîñòü âàðüèðîâàíèÿ èíòåðâàëüíû-

ìè çíà÷åíèÿìè êðèòåðèåâ áåçîïàñíîñòè, ÷òî ïîçâî-

ëÿåò èñïîëüçîâàòü èõ ïëàíîâûå è ôàêòè÷åñêèå õà-

ðàêòåðèñòèêè è îñóùåñòâëÿòü óïðàâëåíèå êàê â

ðåæèìå ðåàëüíîãî âðåìåíè, òàê è íà ñòàäèè ïëàíè-

ðîâàíèÿ.

Äëÿ îïðåäåëåíèÿ çíà÷åíèé ðèñêà Q(S) è Qi(S)

âûïîëíÿåòñÿ ðàñ÷åò îáîáùåííîãî ïîêàçàòåëÿ Zi

äâóõ ñëó÷àéíûõ âåëè÷èí ñ ïàðàìåòðàìè T Di i, è

T Di iç ç, ïî ôîðìóëå

Z
T Ò

D D
i

i i

i i

�



�

ç

ç

, (1)

ãäå T Di i, — ñðåäíåå âðåìÿ ðàáîòû, âûïîëíÿåìîé

â ÍÄÑ, è åãî äèñïåðñèÿ;

T Di iç ç, — ñðåäíåå âðåìÿ çàùèòíîãî äåéñòâèÿ

ÑÈÇÎÄ è äèñïåðñèÿ ýòîãî âðåìåíè.

Âåëè÷èíà ðèñêà Qi(S) äëÿ ñëó÷àÿ, êîãäà Q �
� [0,01; 0,05], áóäåò îïðåäåëÿòüñÿ ýêñïîíåíöèàëü-

íûì ïðèáëèæåíèåì:

Q S a bZi i
n( ) exp ( ) ,� 
 (2)

ãäå a, b, n — êîíñòàíòû ìîäåëè;

à b n� � �0 5 12 125, ; , ; , .

Âåëè÷èíà ðèñêà Q(S) äëÿ êîìïëåêñà ðàáîò R

ðàññ÷èòûâàåòñÿ ïî ôîðìóëå

Q S Q Si

i

n

( ) ( ( )).� 
 

�
�1 1

1

(3)

Îáùàÿ ñòðóêòóðà âåðîÿòíîñòíîé ìîäåëè óïðàâ-

ëåíèÿ ðèñêîì ðåàëèçàöèè ñîáûòèÿ S ïðè âûïîë-

íåíèè êîìïëåêñà ðàáîò R â ÍÄÑ ïðåäñòàâëåíà íà

ðèñ. 1.

Ìåòîäû ïðîåêòèðîâàíèÿ è ïðàêòè÷åñêîé ðåàëè-

çàöèè àâòîìàòèçèðîâàííûõ ñèñòåì äëÿ ðåøåíèÿ çà-

äà÷ ïðåäóñìàòðèâàþò ïðèìåíåíèå äåêîìïîçèöîííî-

ãî ïîäõîäà, ïîçâîëÿþùåãî ïðåäñòàâèòü ñòðóêòóðó

ñèñòåìû â âèäå ñîâîêóïíîñòè ïîäñèñòåì — ìîäó-

ëåé. Èñõîäÿ èç ñïåöèôèêè çàäà÷, ñòîÿùèõ ïåðåä àâ-

òîìàòèçèðîâàííîé ñèñòåìîé, ìîæíî îïðåäåëèòü òðè

îñíîâíûõ ìîäóëÿ: èíôîðìàöèîííûé ìîäóëü êîíò-

ðîëèðóåìûõ ðåñóðñîâ ãàçîäûìîçàùèòíèêîâ; ìîäóëü

ñòðóêòóðèðîâàíèÿ è öèôðîâîé îáðàáîòêè èíôîðìà-

öèîííûõ ðåñóðñîâ; àíàëèòè÷åñêèé ìîäóëü óðîâíÿ

ðèñêà íàñòóïëåíèÿ äåñòðóêòèâíîãî ñîáûòèÿ S. Èí-

ôîðìàöèîííûé ìîäóëü âêëþ÷àåò â ñåáÿ ñðåäñòâà

ñáîðà äàííûõ î òåêóùèõ (ðåàëüíûõ) çíà÷åíèÿõ äû-

õàòåëüíûõ ðåñóðñîâ ãàçîäûìîçàùèòíèêîâ â áàëëîíå

äûõàòåëüíîãî àïïàðàòà (ÄÀ). Ñèíòåç èíôîðìàöè-

îííûõ ðåñóðñîâ ïîçâîëÿåò õðàíèòü, íàêàïëèâàòü è

îáîáùàòü ïîñòóïàþùèå äàííûå, à òàêæå èñïîëüçî-

âàòü èõ êàê â ñîâîêóïíîñòè, òàê è â âèäå ôðàãìåíòîâ

ïðè àíàëèçå ðèñêà íàñòóïëåíèÿ äåñòðóêòèâíîãî ñî-

áûòèÿ â ðàìêàõ îáúåêòíî-îðèåíòèðîâàííîãî ïîäõî-

äà. Â ñâîþ î÷åðåäü, àíàëèòè÷åñêèé ìîäóëü îöåíêè

óðîâíÿ ðèñêà ïîçâîëÿåò ïðîâîäèòü àíàëèç ôðàãìåí-

òîâ äàííûõ î òåêóùèõ çíà÷åíèÿõ äûõàòåëüíûõ ðå-

ñóðñîâ â áàëëîíå ÄÀ, ñðàâíèâàÿ èõ ñ ïðèåìëåìûìè

(ïëàíîâûìè) çíà÷åíèÿìè ðèñêà, çàâèñÿùèìè îò ñïå-

öèôèêè ðåàëèçàöèè ðàáîò, âûïîëíÿåìûõ â ÍÄÑ.

Ðèñ. 1. Ñòðóêòóðà âåðîÿòíîñòíîé ìîäåëè óïðàâëåíèÿ ðèñêîì � Fig. 1. Structure of probabilistic risk management model
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Ìåòîä ïîëó÷åíèÿ

èíôîðìàöèîííûõ ðåñóðñîâ

Äëÿ ñèíòåçà ïëàíîâûõ çíà÷åíèé ïàðàìåòðîâ áåç-

îïàñíîñòè ðàçðàáîòàí ìåòîä, âêëþ÷àþùèé â ñåáÿ

äèñêðåòíóþ ìîäåëü äâóõ ñëó÷àéíûõ âåëè÷èí äàí-

íûõ Õ è Y. Àòðèáóòàìè ìåòîäà ÿâëÿþòñÿ ñ÷åòíûå

ìíîæåñòâà:

R Ran X Y, , , , (4)

ãäå R — ìíîæåñòâî ýëåìåíòàðíûõ ðàáîò ñ ýëåìåí-

òàìè R R Rn1 2; ; ;

Ran — ìíîæåñòâî ñëó÷àéíûõ ðàâíîìåðíî ðàñ-

ïðåäåëåííûõ ÷èñåë; Ran � ��� ���

X Y, — ìíîæåñòâî äèñêðåòíûõ çíà÷åíèé èñ-

ñëåäóåìûõ ñëó÷àéíûõ âåëè÷èí.

Ïîêàæåì ïðèìåíåíèå ìåòîäà íà ïðèìåðå àíàëè-

çà ïðîñòåéøåé ýëåìåíòàðíîé ðàáîòû — äâèæåíèÿ

çâåíà ÃÄÇÑ íà äèñòàíöèþ 100 ì [22]. Íà îñíîâå ðå-

çóëüòàòîâ ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ ïðè

âûïîëíåíèè ýëåìåíòàðíîé ðàáîòû ðàñïðåäåëåíèÿ

ðåñóðñîâ âîçäóõà X è ðåñóðñîâ âðåìåíè Y îöåíåíû

èíòåãðàëüíûå ïëîòíîñòè ðàñïðåäåëåíèÿ ðåñóðñîâ

(ðèñ. 2).

Íà ðèñ. 2 ïîêàçàíî ôîðìèðîâàíèå èíôîðìàöè-

îííûõ ðåñóðñîâ ïîääåðæêè óïðàâëåíèÿ ñ èñïîëü-

çîâàíèåì ïîëó÷åííûõ â õîäå ýêñïåðèìåíòàëüíîãî

èññëåäîâàíèÿ äàííûõ. Èíôîðìàöèîííûå ðåñóðñû

äëÿ ïîääåðæêè óïðàâëåíèÿ ïðè âûïîëíåíèè çâåíîì

ãàçîäûìîçàùèòíîé ñëóæáû ýëåìåíòàðíîé ðàáîòû

— äâèæåíèÿ íà ðàññòîÿíèå 100 ì ïðåäñòàâëåíû

â òàáëèöå.

Òàêèì îáðàçîì, ðàñïðåäåëåíèÿ âåðîÿòíîñòåé çíà-

÷åíèé ïîòðåáëåíèÿ âîçäóõà è âðåìåíè ïðè âûïîë-

íåíèè ýëåìåíòàðíîé ðàáîòû, ïðåäñòàâëåííûå â òàá-

ëèöå, ÿâëÿþòñÿ èíôîðìàöèîííûìè ðåñóðñàìè äëÿ

ïðèíÿòèÿ ðåøåíèé ïðè óïðàâëåíèè áåçîïàñíîñòüþ

ðàáîò, ïðîâîäèìûõ â ÍÄÑ. Î÷åâèäíî, ÷òî ó÷åñòü âåñü

ïåðå÷åíü ðàáîò, âûïîëíÿåìûõ â ÍÄÑ, íå ïðåäñòàâ-

ëÿåòñÿ âîçìîæíûì, ïîýòîìó íåîáõîäèìî ïðåäëîæèòü

ñòðóêòóðó èíôîðìàöèîííûõ ðåñóðñîâ äëÿ èõ ýôôåê-

òèâíîãî íàïîëíåíèÿ è óòî÷íåíèÿ.

Ñòðóêòóðà èíôîðìàöèîííûõ ðåñóðñîâ

Íà îñíîâå ñèíòåçà ýìïèðè÷åñêèõ è òåîðåòè÷å-

ñêèõ ïàðàìåòðîâ ðàáîò â íåïðèãîäíîé äëÿ äûõàíèÿ

ñðåäå [7–9, 22] ñîñòàâëÿåòñÿ àðõèòåêòóðà áàçû äàí-

íûõ, êîòîðàÿ âêëþ÷àåò â ñåáÿ èíòåðôåéñ áàçû äàííûõ

(ðèñ. 3,à), ôðàãìåíòû èíôîðìàöèîííûõ ðåñóðñîâ

(ðèñ. 3,á) è ñõåìó äàííûõ (ðèñ. 3,â). Îñíîâíàÿ ÷àñòü

áàçû äàííûõ ïîçâîëÿåò ïðîèçâåñòè âûáîð ðàáîò (ñì.

ðèñ. 3,á). Ïîñëå ôîðìèðîâàíèÿ çàïðîñà âûïîëíÿåò-

ñÿ âûâîä äàííûõ â âåðîÿòíîñòíîì è äåòåðìèíèðî-

âàííîì âèäå (ñì. ðèñ. 3,à).

Ðàçðàáîòàííàÿ ñõåìà äàííûõ äàåò âîçìîæíîñòü

äîáàâëÿòü íîâûå âèäû ðàáîò ñ óêàçàíèåì âåðîÿòíî-

ñòåé ðàñïðåäåëåíèÿ çíà÷åíèé àíàëèçèðóåìûõ âèäîâ

ðåñóðñîâ. Èòîãîâûé çàïðîñ ïîçâîëÿåò âûâîäèòü íå-

îáõîäèìûå äàííûå äëÿ ðàáîòû ñèñòåìû ïîääåðæêè

X X1 X2 X3 X4

Õñð

Xaver

Ðåñóðñ, ë�(100 ì)

Resource, l�(100 m) 40 50 60 80

50Ðàñïðåäåëåíèå âåðîÿò-
íîñòåé

Probability distribution
0,16 0,50 0,84 1,00

Y Y1 Y2 Y3 Y4

Õñð

Xaver

Ðåñóðñ, ìèí�(100 ì)

Resource, min�(100 m) 1,0 1,2 1,4 1,6

1,2Ðàñïðåäåëåíèå âåðîÿò-
íîñòåé

Probability distribution
0,09 0,50 0,91 1,00

Èíôîðìàöèîííûé ðåñóðñ äëÿ ðåøåíèÿ çàäà÷ óïðàâëåíèÿ

Information resource for management tasks

Ðèñ. 2. Èíòåãðàëüíûå ïëîòíîñòè ðàñïðåäåëåíèÿ ðåñóðñîâ âîçäóõà X (à) è âðåìåíè Y (á)

Fig. 2. The integral density of the distribution of air X (a) and time Y (b) resources
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óïðàâëåíèÿ áåçîïàñíîñòüþ ïðè ðàáîòå ãàçîäûìîçà-

ùèòíèêîâ íà ïîæàðàõ â òåõíîãåííûõ ÷ðåçâû÷àéíûõ

ñèòóàöèÿõ, ïðèìåíÿåìîé äëÿ ïîâûøåíèÿ ýôôåêòèâ-

íîñòè ïîæàðíûõ ïîäðàçäåëåíèé ïðè òóøåíèè ïî-

æàðîâ è ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé.

Çàêëþ÷åíèå

Äåñòðóêòèâíûå ñîáûòèÿ, âîçíèêàþùèå ïðè ðàáî-

òå â ÍÄÑ, èìåþò âåðîÿòíîñòíóþ ïðèðîäó, ïîýòîìó

ïëàíèðîâàíèå áåçîïàñíîé ðàáîòû íåîáõîäèìî ïðî-

âîäèòü ñ èñïîëüçîâàíèåì òåîðèè óïðàâëåíèÿ ðèñêà-

ìè. Ïðè ðåøåíèè çàäà÷ ïëàíèðîâàíèÿ âàæíûì àñ-

ïåêòîì ÿâëÿåòñÿ îöåíêà íåîáõîäèìîãî çàïàñà âîç-

äóõà è åãî íîðìèðîâàíèå äëÿ áåçîïàñíîé ðàáîòû â

íåïðèãîäíîé äëÿ äûõàíèÿ ñðåäå. Äëÿ ðåøåíèÿ äàííîé

çàäà÷è ìîæåò áûòü èñïîëüçîâàíà ðàçðàáîòàííàÿ â [23]

ìîäåëü óïðàâëåíèÿ áåçîïàñíîñòüþ. Îäíàêî îáîñíî-

âàííîå ïðèìåíåíèå ýòîé ìîäåëè âîçìîæíî òîëüêî â

òîì ñëó÷àå, åñëè âõîäÿùèå ïàðàìåòðû ìîäåëè ÿâ-

ëÿþòñÿ íåïðåðûâíûìè ñëó÷àéíûìè âåëè÷èíàìè ñ

íîðìàëüíûì ðàñïðåäåëåíèåì [7–11]. Òàêèì îáðàçîì,

ðàçðàáîòàíà áàçà äàííûõ [24], ñîäåðæàùàÿ èíôîð-

ìàöèîííûå ðåñóðñû ñèñòåìû ïîääåðæêè óïðàâëåíèÿ

áåçîïàñíîñòüþ ãàçîäûìîçàùèòíèêîâ, âêëþ÷àþùàÿ

â ñåáÿ âåðîÿòíîñòíûå ìîäåëè ïîòðåáëåíèÿ âîçäóõà

ïðè ðàçëè÷íîé ïðîèçâîäèòåëüíîñòè ðàáîò â íåïðè-

ãîäíîé äëÿ äûõàíèÿ ñðåäå íà ïîæàðàõ â òåõíîãåí-

íûõ ÷ðåçâû÷àéíûõ ñèòóàöèÿõ.
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