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ÐÅÇÞÌÅ

Ââåäåíèå. Âîïðîñàì îðãàíèçàöèè ðàäèîñâÿçè íà ïîæàðå, êàê âàæíîé ÷àñòè ïðîöåññà óïðàâëåíèÿ ïîæàðíû-
ìè ïîäðàçäåëåíèÿìè, óäåëÿåòñÿ çíà÷èòåëüíîå âíèìàíèå. Ýôôåêòèâíîñòü óïðàâëåíèÿ íà ïîæàðå âî ìíîãîì
çàâèñèò îò óñòîé÷èâîé ðàáîòû ñåòè ðàäèîñâÿçè, â êîòîðîé â çàâèñèìîñòè îò ñëîæíîñòè ñèòóàöèè ìîãóò ðàáî-
òàòü ðàçëè÷íûå äîëæíîñòíûå ëèöà, óïðàâëÿþùèå ïðîöåññîì òóøåíèÿ ïîæàðà.
Ìåòîäû. Ìîäåëèðîâàíèå ðàáîòû ñåòè ðàäèîñâÿçè îñíîâûâàåòñÿ íà ìåòîäàõ òåîðèè ìàññîâîãî îáñëóæèâà-
íèÿ. Ñîñòàâëÿåòñÿ ïåðå÷åíü èç n ñîñòîÿíèé, â êîòîðûõ ìîæåò ïðåáûâàòü ñåòü ñâÿçè, è ñîîòâåòñòâóþùèé ãðàô
ïåðåõîäîâ. Ñ ó÷åòîì îáùåïðèíÿòûõ äîïóùåíèé íà îñíîâå ãðàôà ïåðåõîäîâ ñîñòàâëÿåòñÿ ñèñòåìà èç n äèôôå-
ðåíöèàëüíûõ óðàâíåíèé, ñâÿçûâàþùèõ âåðîÿòíîñòè ñîñòîÿíèé è èíòåíñèâíîñòè ïåðåõîäà â ýòè ñîñòîÿíèÿ.
Íà îñíîâå ïîëó÷åííûõ ðåøåíèé îöåíèâàåòñÿ ýôôåêòèâíîñòü ðàáîòû ñåòè ðàäèîñâÿçè.
Ðåçóëüòàòû. Â ñòàòüå ðàññìàòðèâàþòñÿ òðè âàðèàíòà, äëÿ êîòîðûõ îïèñàíû âîçìîæíûå ñîñòîÿíèÿ, ïîñòðîåíû
ãðàôû è ñîñòàâëåíû ñèñòåìû óðàâíåíèé. Â ïåðâîì âàðèàíòå â ñåòè ðàäèîñâÿçè âçàèìîäåéñòâóþò òðè äîëæ-
íîñòíûõ ëèöà, âî âòîðîì — ÷åòûðå, â òðåòüåì — òàêæå ÷åòûðå äîëæíîñòíûõ ëèöà, íî ñ èíîé èåðàðõèåé óïðàâ-
ëåíèÿ. Â ïåðâûõ äâóõ ñëó÷àÿõ ïîëó÷åíû àíàëèòè÷åñêèå ðåøåíèÿ äëÿ âåðîÿòíîñòåé ñîñòîÿíèé, äëÿ òðåòüåãî
ïðåäëàãàåòñÿ ðåøåíèå ñ èñïîëüçîâàíèåì ÷èñëåííûõ ìåòîäîâ. Äëÿ êàæäîãî ñëó÷àÿ îïðåäåëåíû êðèòè÷åñêèå
ñîñòîÿíèÿ, âëèÿþùèå íà óñòîé÷èâîñòü óïðàâëåíèÿ. Ïîëó÷åííûå ðåøåíèÿ ñîïðîâîæäàþòñÿ ïðèìåðàìè.
Âûâîäû. Ïîêàçàíà âîçìîæíîñòü ìîäåëèðîâàíèÿ ñåòè ðàäèîñâÿçè íà ïîæàðå, êàê âàæíåéøåãî ýëåìåíòà
óïðàâëåíèÿ äåéñòâèÿìè ïîæàðíûõ ïîäðàçäåëåíèé. Ðàññìîòðåíû òðè âàðèàíòà âçàèìîäåéñòâèÿ äîëæíîñòíûõ
ëèö ñ èñïîëüçîâàíèåì ñåòè ðàäèîñâÿçè. Ðàçðàáîòàííûå äëÿ ðàññìàòðèâàåìûõ ñëó÷àåâ ìàòåìàòè÷åñêèå ìî-
äåëè ïîçâîëÿþò îïðåäåëèòü âåðîÿòíîñòíûå õàðàêòåðèñòèêè ôóíêöèîíèðîâàíèÿ ñåòè ðàäèîñâÿçè è îöåíèòü
âîçìîæíîñòü ïîÿâëåíèÿ êðèòè÷åñêèõ ðåæèìîâ, âëèÿþùèõ íà ýôôåêòèâíîñòü óïðàâëåíèÿ äåéñòâèÿìè ïîæàð-
íûõ ïîäðàçäåëåíèé.
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ABSTRACT

Introduction. The organization of radio communication at the fire, as an important part of the fire units operating
management, should be given a considerable attention. The effectiveness of fire units operating management
depends largely on the steady of the radio network operation, in which, depending on the complexity of the situa-
tion, can work different officials who control the process of extinguishing the fire.
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MATHEMATICAL MODELING, NUMERICAL METHODS AND PROGRAM COMPLEXES

Methods. Modelling of radio network operation is based on Queuing theory methods. A list of n States in which
the communication network and the corresponding transition graph can is compiled. Taking into account the ge-
nerally accepted assumptions on the basis of the transition graph, a system of n differential equations connect-
ing the probabilities of States and the intensity of the transition to these States is compiled. The stationary case
is considered. Based upon the obtained solutions the efficiency of the radio network is estimated.
Results. The article presents three variants for which the possible States are described, graphs are constructed
and systems of equations are composed. In the first variant, three officials interact inside the radio network,
in the second, four officials interact. In the third variant the option of interaction between four fire units operating
management with other hierarchy of management is considered. In the first two cases, analytical solutions for
the States probabilities are obtained, for the third case, a solution using numerical methods is proposed. For each
case, the critical States affecting the control stability are determined. The obtained solutions are followed by
examples.
Conclusion. The possibility of modeling the radio communication network at the fire, as an important element
of controlling of fire departments operating is demonstrated. Three variants of interaction between officials with
use of a radio communication network are given. The mathematical models developed for the under consideration
cases allow to estimate the probably characteristics of the radio network functioning. It allows us to assess
the possibility of the probably of critical modes appearance that affect the effectiveness of the fire units operating
management and the success his implementation.

Keywords: radio communication at the fire; manage fire-fighting; queueing theory; mathematical model; transi-
tion graph.
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Ââåäåíèå

Âîïðîñàì óïðàâëåíèÿ ñèëàìè è ñðåäñòâàìè íà

ïîæàðå è òåõíîëîãèÿì ïîääåðæêè óïðàâëåí÷åñêèõ

ðåøåíèé óäåëÿåòñÿ çíà÷èòåëüíîå âíèìàíèå êàê â

íàøåé ñòðàíå [1–8], òàê è çà ðóáåæîì [9–16].

Äëÿ òîãî ÷òîáû óñïåøíî ðóêîâîäèòü òóøåíèåì

ïîæàðà, íåîáõîäèìî ýôôåêòèâíî èñïîëüçîâàòü

ñðåäñòâà ñâÿçè, îáåñïå÷èâàþùèå âçàèìîäåéñòâèå

äîëæíîñòíûõ ëèö.

Ïðè ýòîì íåîáõîäèìî ðåøèòü ðÿä çàäà÷ ïî îáåñ-

ïå÷åíèþ íåêîòîðûõ ñïåöèôè÷åñêèõ õàðàêòåðèñòèê

ñåòè ñâÿçè, îñîáîå ìåñòî ñðåäè êîòîðûõ çàíèìàþò

äîñòóïíîñòü è ïðîïóñêíàÿ ñïîñîáíîñòü. Âûïîë-

íåíèå ýòèõ òðåáîâàíèé ñâÿçàíî íå òîëüêî ñ ïðèìå-

íåíèåì ñðåäñòâ ñâÿçè, îáëàäàþùèõ íåîáõîäèìûìè

òåõíè÷åñêèìè õàðàêòåðèñòèêàìè, íî è c ïðàâèëü-

íîé îðãàíèçàöèåé ñâÿçè íà ìåñòå òóøåíèÿ ïîæàðà.

Ýôôåêòèâíîñòü óïðàâëåíèÿ íà ïîæàðå âî ìíîãîì

çàâèñèò îò óñòîé÷èâîé ðàáîòû ñåòè ñâÿçè, â êîòîðîé

â çàâèñèìîñòè îò ñëîæíîñòè ñèòóàöèè ìîãóò íàõî-

äèòüñÿ êîìàíäèðû çâåíüåâ (ÊÇ), ðóêîâîäèòåëü òó-

øåíèÿ ïîæàðà (ÐÒÏ), íà÷àëüíèê øòàáà (ÍØ). Ïðè

ýòîì êàæäûé èç ó÷àñòíèêîâ óïðàâëåíèÿ òóøåíèåì

ïîæàðà (àáîíåíò) äîëæåí èìåòü âîçìîæíîñòü íå-

çàìåäëèòåëüíî ñâÿçàòüñÿ ñ äðóãèì àáîíåíòîì â ñëó-

÷àå íåîáõîäèìîñòè, à âåðîÿòíîñòü çàäåðæêè (îæè-

äàíèÿ, åñëè ñåòü ñâÿçè çàíÿòà) äîëæíà áûòü ìèíè-

ìàëüíîé èëè íå âûõîäèòü çà ïðåäåëû äîïóñòèìûõ

çíà÷åíèé.

Êðîìå òîãî, îò ôóíêöèîíèðîâàíèÿ ñåòè ñâÿçè çà-

âèñèò íå òîëüêî óñïåøíîñòü âûïîëíåíèÿ áîåâîé

çàäà÷è ïî òóøåíèþ ïîæàðà, íî è æèçíü ñàìèõ ïî-

æàðíûõ, óðîâåíü ãèáåëè êîòîðûõ äîñòàòî÷íî âûñîê

íå òîëüêî â íàøåé ñòðàíå, íî è çà ðóáåæîì [17].

Ê ñîæàëåíèþ, âîïðîñàì ìîäåëèðîâàíèÿ ñâÿçè

íà ïîæàðå, ÿâëÿþùåéñÿ âàæíûì ñðåäñòâîì óïðàâ-

ëåíèÿ, ïîñâÿùåíî íå òàê ìíîãî ðàáîò [2, 6, 18, 19].

Îñòàåòñÿ íåèçó÷åííûì âîïðîñ îá óëó÷øåíèè âûøå-

óïîìÿíóòûõ õàðàêòåðèñòèê ñâÿçè (è ñâÿçàííîé ñ ýòèì

ýôôåêòèâíîñòè âûïîëíåíèÿ áîåâûõ äåéñòâèé ïî

òóøåíèþ ïîæàðà) ñ ïîìîùüþ îðãàíèçàöèîííûõ ðå-

øåíèé. Äëÿ ýòîãî, ïî íàøåìó ìíåíèþ, íåîáõîäèìî

ðåøèòü êîìïëåêñ çàäà÷ ïî îïðåäåëåíèþ âåðîÿòíî-

ñòíûõ õàðàêòåðèñòèê ñåòè ñâÿçè äëÿ ðàçëè÷íûõ âà-

ðèàíòîâ åå îðãàíèçàöèè. Ýòè âàðèàíòû áóäóò ðàñ-

ñìîòðåíû ñ ó÷åòîì òðåáîâàíèé Áîåâîãî óñòàâà ïî-

æàðíîé îõðàíû, óòâåðæäåííîãî â îêòÿáðå 2017 ã.

ïðèêàçîì Ì×Ñ Ðîññèè è îïðåäåëÿþùåãî ïîðÿäîê

îðãàíèçàöèè òóøåíèÿ ïîæàðîâ è ïðîâåäåíèÿ àâà-

ðèéíî-ñïàñàòåëüíûõ ðàáîò. Äëÿ äîñòèæåíèÿ ïîñòàâ-

ëåííîé öåëè íåîáõîäèìî ðåøèòü ñëåäóþùèå çàäà÷è:

� îïèñàòü âîçìîæíûå, íàèáîëåå ðàñïðîñòðàíåííûå

âàðèàíòû âçàèìîäåéñòâèÿ äîëæíîñòíûõ ëèö;

� ðàçðàáîòàòü ìàòåìàòè÷åñêèå ìîäåëè äëÿ ðàññìîò-

ðåííûõ âàðèàíòîâ âçàèìîäåéñòâèÿ;

� ñîñòàâèòü óðàâíåíèÿ, ñâÿçûâàþùèå âåðîÿòíîñòè

íàõîæäåíèÿ ñåòè ñâÿçè â ðàçëè÷íûõ ñîñòîÿíèÿõ

ñ èíòåíñèâíîñòüþ ïåðåäàâàåìûõ ñîîáùåíèé;

� íà îñíîâå ðåøåíèÿ óðàâíåíèé ïîëó÷èòü âåðîÿò-

íîñòíûå õàðàêòåðèñòèêè, ïîçâîëÿþùèå îðãàíè-

çîâàòü ðàöèîíàëüíîå èñïîëüçîâàíèå ñåòè ñâÿçè

äîëæíîñòíûìè ëèöàìè, ó÷àñòâóþùèìè â òóøå-

íèè ïîæàðà.

Àíàëèç ðàáîò [6, 18, 19] ïîäòâåðæäàåò, ÷òî äëÿ

ìîäåëèðîâàíèÿ ðàáîòû ñåòè ñâÿçè íà ïîæàðå ñ óñïå-

õîì ìîæåò áûòü èñïîëüçîâàíà òåîðèÿ ìàññîâîãî îá-

ñëóæèâàíèÿ (ÒÌÎ) [20].
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Îñíîâíûå ïîëîæåíèÿ òåîðèè

ìàññîâîãî îáñëóæèâàíèÿ ïðèìåíèòåëüíî

ê ìîäåëèðîâàíèþ ñåòè ñâÿçè

Îñíîâíîé ïðèíöèï ÒÌÎ ïðèìåíèòåëüíî ê ìî-

äåëèðîâàíèþ ðàçëè÷íûõ ïðîöåññîâ, â ÷àñòíîñòè

óïðàâëåíèÿ òóøåíèåì ïîæàðà, çàêëþ÷àåòñÿ â ñëå-

äóþùåì. Ñîñòàâëÿåòñÿ ïåðå÷åíü èç n ñîñòîÿíèé {S},

â êîòîðûõ ìîæåò ïðåáûâàòü ñèñòåìà (â äàííîì ñëó-

÷àå ñåòü ñâÿçè), è ñîîòâåòñòâóþùèé ãðàô ïåðåõîäîâ.

Ñ ó÷åòîì èçâåñòíûõ äîïóùåíèé [20] íà îñíîâå

ãðàôà ïåðåõîäîâ ñîñòàâëÿåòñÿ ñèñòåìà èç n îáûê-

íîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé:

d

d

p

t
f pi
i� ({ }, { }, { }),� � i n$ �[ ; ] ,0 1 (1)

ãäå t — âðåìÿ c ìîìåíòà íà÷àëà ðàáîòû (â äàííîì

ñëó÷àå ñåòè ñâÿçè);

{p} — âåðîÿòíîñòè ñîñòîÿíèé {S}, ïðè÷åì ð0 +

+ ð1 + … + ðn–1 = 1;

{�}, {�} — èíòåíñèâíîñòè ïåðåõîäîâ.

Ðåøåíèå ñèñòåìû îáûêíîâåííûõ äèôôåðåíöè-

àëüíûõ óðàâíåíèé (1) ñ ó÷åòîì íà÷àëüíûõ óñëîâèé

àíàëèòè÷åñêèìè èëè ÷èñëåííûìè ìåòîäàìè ïîçâî-

ëÿåò ïîëó÷èòü äèíàìèêó âåðîÿòíîñòåé {p(t)} ñîñòî-

ÿíèé ñåòè ñâÿçè, ñäåëàòü âûâîäû îá ýôôåêòèâíîñòè

åå ðàáîòû è ñôîðìóëèðîâàòü íåîáõîäèìûå ðåêîìåí-

äàöèè ïî åå ïîâûøåíèþ.

Âî ìíîãèõ ñëó÷àÿõ, ïîëàãàÿ, ÷òî ïðîöåññû ïðè-

åìà-îáñëóæèâàíèÿ âûçîâîâ óñòàíîâèâøèåñÿ (ò. å.

d{p}�dt = 0), ïðåîáðàçóåì ñèñòåìó îáûêíîâåííûõ

äèôôåðåíöèàëüíûõ óðàâíåíèé (1) â ñèñòåìó àëãåá-

ðàè÷åñêèõ óðàâíåíèé:

0 � f pi ({ }, { }, { }),� � i n$ �[ ; ] ,0 1 (2)

ðåøåíèå êîòîðîé ïîçâîëÿåò ïîëó÷èòü ÿâíûå âûðà-

æåíèÿ äëÿ âåðîÿòíîñòåé ñîñòîÿíèé {ð}.

Ìîäåëèðîâàíèå ñåòè ñâÿçè

ñ èñïîëüçîâàíèåì òåîðèè ìàññîâîãî

îáñëóæèâàíèÿ

Ñëó÷àé ïåðâûé. Åñëè íà ïîæàðå îðãàíèçîâàíû

äâà áîåâûõ ó÷àñòêà (ÁÓ1 è ÁÓ2), òî â ñåòè ñâÿçè ìîãóò

íàõîäèòüñÿ ÐÒÏ è íà÷àëüíèêè îáîèõ áîåâûõ ó÷àñò-

êîâ (ÍÁÓ1 è ÍÁÓ2). Òàêàÿ ñåòü ìîæåò ïðåáûâàòü

â ïÿòè ñîñòîÿíèÿõ S0–S4 (òàáë. 1) ñ âåðîÿòíîñòÿìè

ð0–ð4 ñîîòâåòñòâåííî. Ãðàô ïåðåõîäîâ ïðåäñòàâëåí

íà ðèñ. 1.

Ñèñòåìà óðàâíåíèé äëÿ ñòàöèîíàðíîãî ñëó÷àÿ â

ñîîòâåòñòâèè ñ ãðàôîì íà ðèñ. 1 èìååò âèä:
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pi
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0
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1,

ãäå �1, �2 — èíòåíñèâíîñòè íåîáõîäèìîñòè ïåðåãî-

âîðîâ ìåæäó ÐÒÏ è ÍÁÓ1�ÍÁÓ2 ñîîòâåòñòâåííî;

Ðèñ. 1. Ãðàô ïåðåõîäîâ äëÿ ñåòè ñâÿçè ÐÒÏ (âåðõíèé êðóæîê)

ñ ÍÁÓ1 (ëåâûé íèæíèé êðóæîê) è�èëè ÍÁÓ2 (ïðàâûé íèæíèé

êðóæîê)

Fig. 1. The transition graph for the communication network:

the officer in charge of fire extinguishing (upper circle) contacts

the chief of site 1 (lower left circle) and�or the chief of site 2

(lower right circle)

{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S0 Ñåòü ñâîáîäíà � Network is free

S1 ÍÁÓ1( ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing

S2 ÍÁÓ2( ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing

S3
ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

Çàäåðæêà â óïðàâëåíèè,
êðèòè÷åñêèé ñëó÷àé

Control delay, critical
caseS4

ÍÁÓ2( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ � The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing

Ï ð è ì å ÷ à í è å . Â òàáëèöàõ è íà ðèñóíêàõ À1(À2 — àáîíåíò À1 âåäåò ïåðåãîâîðû ñ àáîíåíòîì À2 (äâà ÷åðíûõ êðóæêà

ñâÿçàíû ëèíèåé); À1)À2 — àáîíåíò À1 æäåò ñâÿçè ñ àáîíåíòîì À2 (áåëûé êðóæîê ñâÿçàí ëèíèåé ñ ÷åðíûì êðóæêîì).

N o t e . Symbols here and further on: A 1(A2 — subscriber A1 negotiate with subscriber A2 (two black circles are connected by

a line); A1)A2 — subscriber A1 is waiting for connection with subscriber A2 (white circle is connected by a line with a black circle).

Òàáëèöà 1. Ñîñòîÿíèÿ ñåòè ñâÿçè â ñîîòâåòñòâèè ñ ãðàôîì ïåðåõîäîâ íà ðèñ. 1

Table 1. The status of the network connection in accordance with the transition graph in Fig. 1
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�1, �2 — ïàðàìåòðû, îáðàòíî ïðîïîðöèîíàëü-

íûå ñðåäíåìó âðåìåíè ïåðåãîâîðîâ ìåæäó ÐÒÏ

è ÍÁÓ1 �ÍÁÓ2 ñîîòâåòñòâåííî;

{ð} — âåðîÿòíîñòè ñîñòîÿíèé {S}.

Äëÿ ñèñòåìû óðàâíåíèé (3) ïîëó÷åíî òî÷íîå àíà-

ëèòè÷åñêîå ðåøåíèå:
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x

z
4 0

1 2
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�
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,

ãäå z = �1 �1 + �2 �2 + �1 �2;

x1 = �1 (�1 + �2 + �2);

x2 = �2 (�1 + �2 + �1).

Êðèòè÷íûìè ñ òî÷êè çðåíèÿ óïðàâëåíèÿ òóøå-

íèåì áóäóò ñîñòîÿíèÿ S3 è S4. Â ïåðâîì ñëó÷àå ÐÒÏ

âåäåò ïåðåãîâîðû ñ ÍÁÓ1, à ó ÍÁÓ2 â ýòî âðåìÿ òîæå

âîçíèêàåò íåîáõîäèìîñòü ñâÿçè ñ ÐÒÏ, íî îí âûíóæ-

äåí îæèäàòü, ÷òî ìîæåò ïðèâåñòè ê íåêîíòðîëèðó-

åìîìó ðàçâèòèþ ñèòóàöèè íà âòîðîì ÁÓ. Âåðîÿòíîñòü

ýòîãî ñîñòîÿíèÿ ð3. Àíàëîãè÷íàÿ ñèòóàöèÿ ìîæåò

âîçíèêíóòü ñ âåðîÿòíîñòüþ ð4: ÐÒÏ âåäåò ïåðåãîâî-

ðû ñ ÍÁÓ2, à ÍÁÓ1 âûíóæäåí îæèäàòü ñâÿçè ñ ÐÒÏ.

Òàêèì îáðàçîì, îáùàÿ âåðîÿòíîñòü êðèòè÷åñêî-

ãî ñîñòîÿíèÿ ñåòè ñâÿçè ðêð ìîæåò áûòü íàéäåíà èç

âûðàæåíèÿ

p p p
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z x x
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. (5)

Ïðèìåð 1. Åñëè �1 = 1; �2 = 2; �1 = 30; �2 = 40, òî

ð0 = 0,92027; ð1 = 0,03020; ð2 = 0,04636; ð3 = 0,00201;

ð4 = 0,00116; ðêð = 0,00317.

Ñëåäóåò èìåòü â âèäó, ÷òî ïðè �1 = �2 = � ñóùå-

ñòâóåò ÷àñòíîå ðåøåíèå ñèñòåìû óðàâíåíèé (3):

ð0 = (1 + 
1 + 
2 + 2
1
2)
–1;

ð1 = 
1 ð0;

ð2 = 
2 ð0;

ð3 = ð4 = 
1
2 ð0,

(6)

ãäå 
1, 
2 — ïðèâåäåííûå íàãðóçêè;


1 = �1��; 
2 = �2��.

Ïðèìåð 2. Åñëè �1 = 1; �2 = 2; �1 = �2 = 35, òî


1 = 0,02857;
2 = 0,05714; ð0 = 0,91829; ð1 = 0,02624;

ð2 = 0,05247; ð3 = ð4 = 0,00150; ðêð = 0,0030.

Ñëó÷àé âòîðîé. Åñëè íà ïîæàðå îðãàíèçîâàíû

òðè áîåâûõ ó÷àñòêà, òî â ñåòè ñâÿçè ìîãóò íàõîäèòü-

ñÿ ÐÒÏ è íà÷àëüíèêè áîåâûõ ó÷àñòêîâ — ÍÁÓ1,

{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S0 Ñåòü ñâîáîäíà � Network is free

S1 ÍÁÓ1( ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing

S2 ÍÁÓ2( ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing

S3 ÍÁÓ3( ÐÒÏ � The chief of site 3 with the officer in charge of fire extinguishing

S4 ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

S4–S9

Çàäåðæêà â óïðàâëåíèè

Control delayS5 ÍÁÓ1( ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S6 ÍÁÓ2( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ � The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing

S7 ÍÁÓ2( ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S8 ÍÁÓ3( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ � The chief of site 3 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing

S9 ÍÁÓ3( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 3 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

S10 ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 1 with the officer
in charge of fire extinguishing, the chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S10–S12

Êðèòè÷åñêèé ñëó÷àé

Critical case
S11 ÍÁÓ2( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ, ÍÁÓ3 ) ÐÒÏ � The chief of site 2 with the officer

in charge of fire extinguishing, the chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing

S12 ÍÁÓ3( ÐÒÏ, ÍÁÓ1 ) ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 3 with the officer
in charge of fire extinguishing, the chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

Òàáëèöà 2. Ñîñòîÿíèÿ ñåòè ñâÿçè â ñîîòâåòñòâèè ñ ãðàôîì ïåðåõîäîâ íà ðèñ. 2

Table 2. The status of the network connection in accordance with the transition graph in Fig. 2
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ÍÁÓ2 è ÍÁÓ3. Òàêàÿ ñåòü ìîæåò èìåòü 13 ñîñòîÿíèé

S0–S12 (òàáë. 2) ñ âåðîÿòíîñòÿìè ñîîòâåòñòâåííî

ð0–ð12. Ãðàô ïåðåõîäîâ ïðåäñòàâëåí íà ðèñ. 2.

Ñèñòåìà óðàâíåíèé äëÿ ñòàöèîíàðíîãî ñëó÷àÿ â

ñîîòâåòñòâèè ñ ãðàôîì íà ðèñ. 2 áóäåò èìåòü âèä:

0 = – (�1 + �2 + �3) ð0 + �1 ð1 + �2 ð2 + �3 ð3;

0 = �1 ð0 – (�2 + �3 + �1) ð1 + �2 ð6 + �3 ð8;

0 = �2 ð0 – (�1 + �3 + �2) ð2 + �1 ð4 + �3 ð9;

0 = �3 ð0 – (�1 + �2 + �3) ð3 + �1 ð5 + �2 ð7;

0 = �2 ð1 – (�3 + �1) ð4 + �3 ð12;

0 = �3 ð1 – (�2 + �1) ð5 + �2 ð11;

0 = �1 ð2 – (�3 + �2) ð6 + �3 ð12; (7)

0 = �3 ð2 – (�1 + �2) ð7 + �1 ð10;

0 = �1 ð3 – (�2 + �3) ð8 + �2 ð11;

0 = �2 ð3 – (�1 + �3) ð9 + �1 ð10;

0 = �3 ð4 + �2 ð5 – 2�1 ð10;

0 = �3 ð6 + �1 ð7 – 2�2 ð11;

0 = �2 ð8 + �1 ð9 – 2�3 ð12;

pi
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� 1

0

12

,

ãäå �1, �2, �3 — èíòåíñèâíîñòè íåîáõîäèìîñòè ïåðå-

ãîâîðîâ ìåæäó ÐÒÏ è ÍÁÓ1�ÍÁÓ2�ÍÁÓ3 ñîîò-

âåòñòâåííî;

�1, �2, �3 — ïàðàìåòðû, îáðàòíî ïðîïîðöèîíàëü-

íûå ñðåäíåìó âðåìåíè ïåðåãîâîðîâ ìåæäó ÐÒÏ

è ÍÁÓ1�ÍÁÓ2�ÍÁÓ3 ñîîòâåòñòâåííî.

Ðèñ. 2. Ãðàô ïåðåõîäîâ äëÿ ñåòè ñâÿçè ÐÒÏ (âåðõíèé êðóæîê)

ñ ÍÁÓ1 (ëåâûé íèæíèé êðóæîê), ÍÁÓ2 (ñðåäíèé íèæíèé

êðóæîê) è ÍÁÓ3 (ïðàâûé íèæíèé êðóæîê)

Fig. 2. The transition graph for the communication network:

the officer in charge of fire extinguishing (upper circle) contacts

the chief of site 1 (lower left circle), the chief of site 2 (lower

middle circle) and the chief of site 3 (lower right circle)

Ðèñ. 3. Ãðàô ïåðåõîäîâ äëÿ ñåòè ñâÿçè ÐÒÏ (âåðõíèé êðóæîê), ÍØ (ñðåäíèé êðóæîê), ÍÁÓ1 (ëåâûé íèæíèé êðóæîê) è ÍÁÓ2

(ïðàâûé íèæíèé êðóæîê)

Fig. 3. The transition graph for the communication network: the officer in charge of fire extinguishing (upper circle) contacts the chief of

headquarter (middle circle), the chief of site 1 (lower left circle), the chief of site 2 (lower right circle)
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{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S0 Ñåòü ñâîáîäíà � Network is free

S1 ÍÁÓ1( ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing

S2 ÍÁÓ1(ÍØ � The chief of site 1 with the chief of headquarter

S3 ÍØ( ÐÒÏ � The chief of headquarter with the officer in charge of fire extinguishing

S4 ÍÁÓ2(ÍØ � The chief of site 2 with the chief of headquarter

S5 ÍÁÓ2( ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing

S6 ÍÁÓ1( ÐÒÏ, ÍØ(ÍÁÓ2 � The chief of site 1 with the officer in charge of fire extinguishing,
the chief of headquarter with the chief of site 2

S7 ÍÁÓ2( ÐÒÏ, ÍØ(ÍÁÓ1 � The chief of site 2 with the officer in charge of fire extinguishing,
the chief of headquarter with the chief of site 1

S8 ÍÁÓ1( ÐÒÏ, ÍÁÓ2 ) ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing,
the chief of site 2 with the officer in charge of fire extinguishing

S8–S21

Çàäåðæêà
â óïðàâëåíèè

Control delay

S9 ÍÁÓ1( ÐÒÏ, ÍØ ) ÐÒÏ � The chief of site 1 with the officer in charge of fire extinguishing,
the chief of headquarter with the officer in charge of fire extinguishing

S10 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍØ � The chief of site 1 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of headquarter

S11 ÍÁÓ1(ÍØ, ÍÁÓ2) ÍØ � The chief of site 1 with the chief of headquarter, the chief of site
2 with the chief of headquarter

S12 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍÁÓ1 � The chief of site 1 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of site 1

S13 ÍØ( ÐÒÏ, ÍÁÓ1) ÍØ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 1 with the chief of headquarter

S14 ÍØ( ÐÒÏ, ÍÁÓ1) ÐÒÏ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 1 with the officer in charge of fire extinguishing

S15 ÍØ( ÐÒÏ, ÍÁÓ2) ÐÒÏ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 2 with the officer in charge of fire extinguishing

S16 ÍØ( ÐÒÏ, ÍÁÓ2) ÍØ � The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 2 with the chief of headquarter

S17 ÍÁÓ2(ÍØ, ÐÒÏ ) ÍÁÓ2 � The chief of site 2 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of site 2

S18 ÍÁÓ2(ÍØ, ÍÁÓ1) ÍØ � The chief of site 2 with the chief of headquarter, the chief of site
1 with the chief of headquarter

S19 ÍÁÓ2(ÍØ, ÐÒÏ ) ÍØ � The chief of site 2 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of headquarter

S20 ÍÁÓ2( ÐÒÏ, ÍØ ) ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing,
the chief of headquarter with the officer in charge of fire extinguishing

S21 ÍÁÓ2( ÐÒÏ, ÍÁÓ1) ÐÒÏ � The chief of site 2 with the officer in charge of fire extinguishing,
the chief of site 1 with the officer in charge of fire extinguishing

S22 ÍÁÓ1( ÐÒÏ, ÍØ ) ÐÒÏ, ÍÁÓ2) ÐÒÏ � The chief of site 1 with the officer in charge of
fire extinguishing, the chief of headquarter with the officer in charge of fire extinguishing,
the chief of site 2 with the officer in charge of fire extinguishing

S22–S30

Êðèòè÷åñêèé
ñëó÷àé

Critical caseS23 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍØ, ÍÁÓ2) ÍØ � The chief of site 1 with the chief of headquarter,
the officer in charge of fire extinguishing with the chief of headquarter, the chief of site 2 with
the chief of headquarter

S24 ÍÁÓ1(ÍØ, ÐÒÏ ) ÍÁÓ1, ÍÁÓ2) ÍØ � The chief of site 1 with the chief of headquarter,
the officer in charge of fire extinguishing with the chief of site 1, the chief of site 2 with
the chief of headquarter

S25 ÍØ( ÐÒÏ, ÍÁÓ1) ÐÒÏ, ÍÁÓ2) ÍØ � The chief of headquarter with the officer in
charge of fire extinguishing, the chief of site 1 with the officer in charge of fire extinguishing,
the chief of site 2 with the chief of headquarter

S26 ÍØ( ÐÒÏ, ÍÁÓ1) ÍØ, ÍÁÓ2) ÍØ � The chief of headquarter with the officer in charge
of fire extinguishing, the chief of site 1 with the chief of headquarter, the chief of site 2 with
the chief of headquarter

Òàáëèöà 3. Ñîñòîÿíèÿ ñåòè ñâÿçè â ñîîòâåòñòâèè ñ ãðàôîì ïåðåõîäîâ íà ðèñ. 3

Table 3. The status of the network connection in accordance with the transition graph in Fig. 3
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Î÷åâèäíî, ñîñòîÿíèÿ S4–S9 ñîîòâåòñòâóþò òîìó,

÷òî õîòÿ áû îäèí èç ÍÁÓ íå ìîæåò ñâÿçàòüñÿ ñ ÐÒÏ,

à ýòî ìîæåò ïðåäñòàâëÿòü íåêîòîðóþ ïðîáëåìó ïðè

óïðàâëåíèè òóøåíèåì ïîæàðà. Ñîñòîÿíèÿ S10–S12 ÿâ-

ëÿþòñÿ êðèòè÷åñêèìè, òàê êàê ñðàçó äâà ÍÁÓ íå ìî-

ãóò ñâÿçàòüñÿ ñ ÐÒÏ. Âåðîÿòíîñòü âîçíèêíîâåíèÿ òà-

êîé ñèòóàöèè

ðêð = ð10 + ð11 + ð12. (8)

Êàê è â ïðåäûäóùåì ñëó÷àå, ñóùåñòâóåò ÷àñòíîå

ðåøåíèå ñèñòåìû óðàâíåíèé (4) ïðè�1 =�2 =�3 =�:

ð0 = [1 + 
1 + 
2 + 
3 +

+ 2(
1
2 + 
1
3 + 
2
3) + 6
1
2
3]
–1;

ð1 = 
1 ð0;

ð2 = 
2 ð0;

ð3 = 
3 ð0; (9)

ð4 = ð6 = 
1
2 ð0;

ð5 = ð8 = 
1
3 ð0;

ð7 = ð9 = 
2
3 ð0;

ð10 = ð11 = ð12 = 2
1
2
3 ð0,

ãäå 
1, 
2, 
3 — ïðèâåäåííûå íàãðóçêè; 
1 = �1��;


2 = �2��; 
3 = �3��.

Ñëó÷àé òðåòèé. Åñëè â ñåòè ñâÿçè íàõîäÿòñÿ

ÐÒÏ, ÍØ, ÍÁÓ1 è ÍÁÓ2, òî òàêàÿ ñåòü ìîæåò èìåòü

31 ñîñòîÿíèå — S0–S30 (òàáë. 3). Ãðàô ïåðåõîäîâ

ïðåäñòàâëåí íà ðèñ. 3.

Ñèñòåìà óðàâíåíèé, ñâÿçûâàþùàÿ âåðîÿòíîñòè

ñîñòîÿíèé ñåòè è èíòåíñèâíîñòè ïåðåõîäîâ, äëÿ ñòà-

öèîíàðíîãî ñëó÷àÿ â ñîîòâåòñòâèè ñ ãðàôîì íà ðèñ. 3

èìååò âèä:

0 = – (�ð1 + �1ð + �ø1 + �1ø + �ðø + �øð + �ø2 + �2ø +

+ �ð2 + �2ð) ð0 + �ð1ð1 +�ø1ð2 + �ðøð3 + �ø2ð4 + �ð2ð5;

0 = (�ð1 + �1ð) ð0 – (�2ð + �øð + �ð1 + �ø2 + �2ø) ð1 +

+ �ø2ð6 + �ø1ð12 + �ðøð14 + �ð2ð21;

0 = (�ø1 + �1ø) ð0 – (�ð1 + �ðø + �2ø + �ð2 +

+ �2ð + �ø1) ð2 + �ð2ð7 + �ðøð13 + �ø2ð18;

0 = (�ðø + �øð) ð0 – (�1ð + �1ø + �2ð + �2ø + �ðø) ð3 +

+ �ð1ð9 + �ø1ð10 + �ø2ð19 + �ð2ð20;

0 = (�ø2 + �2ø) ð0 – (�1ð + �ð1 + �ø1 + �ð2 + �ðø +

�*�ø2) ð4 + �ð1ð6 + �ø1ð11 + �ðøð16;

0 = (�ð2 + �2ð) ð0 – (�1ð + �øð + �ð2 + �ø1 + �1ø) ð5 +

+ �ø1ð7 + �ð1ð8 + �ðøð15 + �ø2ð17;

0 = (�2ø + �ø2) ð1 + (�1ð + �ð1) ð4 – (�ø2 + �ð1) ð6 +

+ �ø1ð24 + �ðøð25;

0 = (�ð2 + �2ð) ð2 + (�1ø + �ø1) ð5 – (�ø1 + �ð2) ð7 +

�*�ðøð27 + �ø2ð28;

0 = �2ð ð1 – (�øð + �ð1) ð8;

0 = �øð ð1 – (�2ð + �ð1) ð9 + (1 – ð)�ð2 ð30;

0 = �ðø ð2 – (�2ø + �ø1) ð10 + (1 – ð)�ø2 ð29;

0 = �2ø ð2 – (�ð1 + �ðø + �ø1) ð11 + 0,5�ðø ð26;

0 = �ð1 ð2 – (�2ø + �ø1) ð12;

0 = �1ø ð3 – (�2ø + �ðø) ð13 + ð�ø2 ð29;

0 = �1ð ð3 – (�2ø + �ðø) ð14 + ð�ð2 ð30; (10)

0 = �2ð ð3 – (�1ø + �ðø) ð15 + ð�ð1 ð22;

0 = �2ø ð3 – (�1ø + �ðø) ð16 + ð�ø1 ð23;

0 = �ð2 ð4 – (�1ø + �ø2) ð17;

0 = �1ø ð4 – (�ð2 + �ðø + �ø2) ð18 + 0,5�ðø ð26;

0 = �ðø ð4 – (�1ø + �ø2) ð19 + (1 – ð)�ø1 ð23;

0 = �øð ð5 – (�1ð + �ð2) ð20 + (1 – ð)�ð1 ð22;

0 = �1ð ð5 – (�øð + �ð2) ð21;

0 = �øð ð8 + �2ð ð9 – �ð1 ð22;

0 = �2ø ð10 + �ðø ð11 – �ø1 ð23;

0 = �ðð1 ð11 + �2ø ð12 – �ø1 ð24;

0 = �2ø ð14 – �ðø ð25;

0 = �2ø ð13 + �1ø ð16 – �ðø ð26;

0 = �1ø ð15 – �ðø ð27;

0 = �1ø ð17 + �ð2 ð18 – �ø2 ð28;

0 = �ðø ð18 + �1ø ð19 – �ø2 ð29;

0 = �1ð ð20 + �øð ð21 – �ð2 ð30;

pi

i

�
�
� 1

0

30

,

ãäå {�}, {�} — ïàðàìåòðû ïåðåãîâîðîâ, ïðèâåäåí-

íûå â òàáë. 4.

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

{S} Ñîñòîÿíèå � Status Ïðèìå÷àíèå � Note

S27 ÍØ( ÐÒÏ, ÍÁÓ1) ÍØ, ÍÁÓ2) ÐÒÏ � The chief of headquarter with the officer in
charge of fire extinguishing, the chief of site 1 with the chief of headquarter, the chief of site 2
with the officer in charge of fire extinguishing

S22–S30

Êðèòè÷åñêèé
ñëó÷àé

Critical caseS28 ÍÁÓ2(ÍØ, ÍÁÓ1) ÍØ, ÐÒÏ ) ÍÁÓ2 � The chief of site 2 with the chief of headquarter,
the chief of site 1 with the chief of headquarter, the officer in charge of fire extinguishing with
the chief of site 2

S29 ÍÁÓ2(ÍØ, ÍÁÓ1) ÍØ, ÐÒÏ ) ÍØ � The chief of site 2 with the chief of headquarter,
the chief of site 1 with the chief of headquarter, the officer in charge of fire extinguishing with
the chief of headquarter

S30 ÍÁÓ2( ÐÒÏ, ÍÁÓ1) ÐÒÏ, ÍØ ) ÐÒÏ � The chief of site 2 with the officer in charge of
fire extinguishing, the chief of site 1 with the officer in charge of fire extinguishing, the chief
of headquarter with the officer in charge of fire extinguishing

Îêîí÷àíèå òàáë. 3 � End Table 3
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Ðåøåíèå ñèñòåìû ëèíåéíûõ àëãåáðàè÷åñêèõ

óðàâíåíèé (7) âîçìîæíî òîëüêî ÷èñëåííûìè ìåòî-

äàìè. Êàê ñëåäóåò èç òàáë. 3 è ãðàôà íà ðèñ. 3, êðè-

òè÷íûìè äëÿ óñòîé÷èâîñòè óïðàâëåíèÿ íà òàêîì

ïîæàðå áóäóò ñîñòîÿíèÿ S22–S30, âåðîÿòíîñòü ÷åãî

ð pi

i

êð �
�
� .

22

30

(11)

Âûâîäû

Òàêèì îáðàçîì, â ðàáîòå ïîêàçàíà âîçìîæíîñòü

ìîäåëèðîâàíèÿ âàæíåéøåãî ýëåìåíòà óïðàâëåíèÿ

äåéñòâèÿìè ïîæàðíûõ ïîäðàçäåëåíèé — ñåòè ñâÿçè

íà ïîæàðå ñ èñïîëüçîâàíèåì òåîðèè ìàññîâîãî îá-

ñëóæèâàíèÿ. Â êà÷åñòâå ïðèìåðîâ ðàññìîòðåíû íå-

ñêîëüêî âàðèàíòîâ ñåòåé ñâÿçè, â êîòîðûõ ðóêîâîäè-

òåëü òóøåíèÿ ïîæàðà âçàèìîäåéñòâóåò ñ íà÷àëüíè-

êàìè áîåâûõ ó÷àñòêîâ è íà÷àëüíèêîì øòàáà. Ðàçðà-

áîòàííûå äëÿ ðàññìàòðèâàåìûõ ñëó÷àåâ ìàòåìàòè-

÷åñêèå ìîäåëè ïîçâîëÿþò îïðåäåëèòü âåðîÿòíîñò-

íûå õàðàêòåðèñòèêè ôóíêöèîíèðîâàíèÿ ñåòè ñâÿçè

è îöåíèòü âîçìîæíîñòü ïîÿâëåíèÿ êðèòè÷åñêèõ ðå-

æèìîâ óïðàâëåíèÿ, êîãäà ó àáîíåíòîâ ñåòè âîçíèêà-

åò ýêñòðåííàÿ íåîáõîäèìîñòü ñâÿçàòüñÿ ñ äðóãèìè

ó÷àñòíèêàìè, êîòîðûå, â ñâîþ î÷åðåäü, óæå âåäóò

ïåðåãîâîðû ñ àáîíåíòàìè ñåòè.

Â äàëüíåéøåì ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì

ðàññìîòðåòü è äðóãèå âàðèàíòû îðãàíèçàöèè ñâÿçè

íà ïîæàðå, ïîëó÷èòü ÷èñëåííûå çíà÷åíèÿ âåðîÿò-

íîñòåé ñîñòîÿíèé ñåòè è ñôîðìóëèðîâàòü ïðåäëî-

æåíèÿ ïî îáåñïå÷åíèþ óñòîé÷èâîñòè ñâÿçè, â òîì

÷èñëå ñ ó÷åòîì íàäåæíîñòè òåõíè÷åñêèõ ñðåäñòâ.

{�}
Èíòåíñèâíîñòü íåîáõîäèìîñòè ñâÿçè

The intensity of the need for communication {�}

Ïàðàìåòð, îáðàòíûé âðåìåíè
ïåðåãîâîðîâ ìåæäó

Option backwards the time
of the negotiations between

�ðø ÐÒÏ ñ ÍØ ïî èíèöèàòèâå ÐÒÏ � Communication of the officer in charge
of fire extinguishing with the chief of headquarter at the initiative of the of-
ficer in charge of fire extinguishing

�ðø ÐÒÏ è ÍØ � The officer in
charge of fire extinguishing and
the chief of headquarter

�øð ÐÒÏ ñ ÍØ ïî èíèöèàòèâå ÍØ � Communication of the officer in charge
of fire extinguishing with the chief of headquarter at the initiative of the
chief of headquarter

�ð1 ÐÒÏ è ÍÁÓ1 � The officer in
charge of fire extinguishing and
the chief of site 1

�ð1 ÐÒÏ ñ ÍÁÓ1 ïî èíèöèàòèâå ÐÒÏ � Communication of the officer in charge
of fire extinguishing with the chief of site 1 at the initiative of the officer in
charge of fire extinguishing

�ð2 ÐÒÏ è ÍÁÓ2� The officer in
charge of fire extinguishing and
the chief of site 2

�1ð ÐÒÏ ñ ÍÁÓ1 ïî èíèöèàòèâå ÍÁÓ1 � Communication of the officer in
charge of fire extinguishing with the chief of site 1 at the initiative of the
chief of site 1

�ø1 ÍØ è ÍÁÓ1 � The chief of he-
adquarter and the chief of site 1

�ð2 ÐÒÏ ñ ÍÁÓ2 ïî èíèöèàòèâå ÐÒÏ � Communication of the officer in charge
of fire extinguishing with the chief of site 2 at the initiative of the officer in
charge of fire extinguishing

�ø2 ÍØ è ÍÁÓ2 � The chief of he-
adquarter and the chief of site 2

�2ð ÐÒÏ ñ ÍÁÓ2 ïî èíèöèàòèâå ÍÁÓ2 � Communication of the officer in charge
of fire extinguishing with the chief of site 2 at the initiative of the chief of site 2

ð Âåðîÿòíîñòü ïðèîðèòåòà ñâÿ-
çè ÐÒÏ � The probability of
communication priority of the
head of the officer in charge of
fire extinguishing

�ø1 ÍØ ñ ÍÁÓ1 ïî èíèöèàòèâå ÍØ � Communication of the chief of head-
quarter with the chief of site 1 at the initiative of the chief of headquarter

�1ø ÍØ ñ ÍÁÓ1 ïî èíèöèàòèâå ÍÁÓ1 � Communication of the chief of head-
quarter with the chief of site 1 at the initiative of the chief of site 1

�ø2 ÍØ ñ ÍÁÓ2 ïî èíèöèàòèâå ÍØ � Communication of the chief of head-
quarter with the chief of site 2 at the initiative of the chief of headquarter

�2ø ÍØ ñ ÍÁÓ2 ïî èíèöèàòèâå ÍÁÓ2 � Communication of the chief of head-
quarter with the chief of site 2 at the initiative of the chief of site 2

Òàáëèöà 4. Èíòåíñèâíîñòè íåîáõîäèìîñòè ñâÿçè è ïåðåãîâîðîâ ìåæäó äîëæíîñòíûìè ëèöàìè íà ïîæàðå

Table 4. The intensity of the need for communication and negotiations between the officials at a fire units operating management
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