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Ââåäåíèå

Ñîãëàñíî ÔÇ ¹ 184 “Î òåõíè÷åñêîì ðåãóëèðîâà-

íèè” [1] ïåðâîî÷åðåäíûìè öåëÿìè åãî ââåäåíèÿ ÿâ-

ëÿþòñÿ (ñò. 6, ï. 1):
� çàùèòà æèçíè è çäîðîâüÿ ãðàæäàí;
� ïðåäóïðåæäåíèå äåéñòâèé, ââîäÿùèõ â çàáëóæ-

äåíèå ïðèîáðåòàòåëåé.

Ðåàëèçóÿ ýòè öåëè, “Òåõíè÷åñêèé ðåãëàìåíò î

òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè” (ÔÇ-123) [2]

òðåáóåò (ñò. 79): “Ðèñê ãèáåëè ëþäåé â ðåçóëüòàòå âîç-

äåéñòâèÿ îïàñíûõ ôàêòîðîâ ïîæàðà (ÎÔÏ) äîëæåí

îïðåäåëÿòüñÿ ñ ó÷åòîì ôóíêöèîíèðîâàíèÿ ñèñòåì

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè çäàíèé, ñî-

îðóæåíèé è ñòðîåíèé” è íå äîëæåí ïðåâûøàòü:

Qâ.i & Q â
í = 1 , 10–6, (1)

ãäå Qâ.i — ðàñ÷åòíàÿ âåëè÷èíà èíäèâèäóàëüíîãî ïî-

æàðíîãî ðèñêà;

Qâ
í — íîðìàòèâíàÿ âåëè÷èíà èíäèâèäóàëüíîãî

ïîæàðíîãî ðèñêà.

Â ñîîòâåòñòâèè ñ ýòèìè òðåáîâàíèÿìè ðåãëà-

ìåíòà â “Ìåòîäèêå îïðåäåëåíèÿ ðàñ÷åòíûõ âåëè÷èí

ïîæàðíîãî ðèñêà â çäàíèÿõ, ñîîðóæåíèÿõ è ñòðîå-

íèÿõ ðàçëè÷íûõ êëàññîâ ôóíêöèîíàëüíîé ïîæàð-

íîé îïàñíîñòè”1 [3] çíà÷åíèå Qâ îïðåäåëÿåòñÿ ïî

ôîðìóëå

Qâ = Qï(1 – Ràï)Pïp(1 – Ðý)(1 – Pï.ç), (2)

ãäå Qï — ÷àñòîòà âîçíèêíîâåíèÿ ïîæàðà â çäàíèè â

òå÷åíèå ãîäà, çíà÷åíèÿ êîòîðîé äëÿ çäàíèé íåêî-

òîðûõ êëàññîâ ôóíêöèîíàëüíîé ïîæàðíîé

îïàñíîñòè, êîòîðûå ìîãóò âõîäèòü â êîìïëåêñû

âûñîòíûõ çäàíèé, ïðèâîäÿòñÿ â ïðèëîæåíèè

¹ 1 Ìåòîäèêè [3] â ÿâíîì âèäå; ïðè îòñóòñòâèè

ñòàòèñòè÷åñêèõ äàííûõ äîïóñêàåòñÿ (ï. 8) ïðè-

íèìàòü Qï = 4 , 10–2;

© Õîëùåâíèêîâ Â. Â., Ñåðêîâ Á. Á., 2017

1 Áóäåì ïðèäåðæèâàòüñÿ ýòîé ðåäàêöèè Ìåòîäèêè, ïîñêîëüêó

â åå ïîñëåäíåé ðåäàêöèè [4] âåðîÿòíîñòè R çàìåíåíû íà ñîîò-

âåòñòâóþùèå ïîñòîÿííûå êîýôôèöèåíòû K ñ òåìè æå çíà÷å-

íèÿìè, ÷òî íå èçìåíÿåò ñóòè ìåòîäèêè, íî óñóãóáëÿåò áåçâû-

õîäíîñòü ïîëîæåíèÿ: êàê áû íè ñîâåðøåíñòâîâàëèñü àâòîìà-

òè÷åñêèå ñèñòåìû, èõ íîðìèðóåìûå ïîêàçàòåëè — íàäåæíîñòü

è ýôôåêòèâíîñòü íå ïîâûøàþòñÿ.
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Ràï — âåðîÿòíîñòü ýôôåêòèâíîãî ñðàáàòûâàíèÿ

óñòàíîâîê àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ

(ÀÓÏÒ); îïðåäåëÿåòñÿ òåõíè÷åñêîé íàäåæíîñòüþ

ýëåìåíòîâ ÀÓÏÒ; ïðè îòñóòñòâèè ñâåäåíèé ïî

ïàðàìåòðàì òåõíè÷åñêîé íàäåæíîñòè äîïóñêà-

åòñÿ ïðèíèìàòü Ràï = 0,9 (ýòî îïòèìèñòè÷åñêàÿ,

áûñòðåå æåëàåìàÿ, ÷åì äåéñòâèòåëüíàÿ íà ñåãîä-

íÿøíèé äåíü îöåíêà, ïîñêîëüêó “â ñðåäíåì ýô-

ôåêòèâíîñòü âûïîëíåíèÿ çàäà÷ óñòàíîâîê ïîæàð-

íîé àâòîìàòèêè íåìíîãèì áîëåå 50 %” [5, 6]);

Ðïð — âåðîÿòíîñòü ïðèñóòñòâèÿ ëþäåé â çäàíèè;

Ðïð = tôóíêö �24;

tôóíêö — âðåìÿ íàõîæäåíèÿ ëþäåé â çäàíèè, ÷;

Ðý — âåðîÿòíîñòü ýâàêóàöèè ëþäåé;

Ðï.ç — âåðîÿòíîñòü ýôôåêòèâíîé ðàáîòû ñèñòå-

ìû ïðîòèâîïîæàðíîé çàùèòû, íàïðàâëåííîé íà

îáåñïå÷åíèå áåçîïàñíîé ýâàêóàöèè ëþäåé ïðè

ïîæàðå, êîòîðàÿ áëàãîäàðÿ ïðèâåäåííûì â Ìå-

òîäèêå [3] çíà÷åíèÿì âõîäÿùèõ â íåå ïàðàìåò-

ðîâ ìîæåò áûòü ëåãêî îïðåäåëåíà;

Ðï.ç = 1 – (1 – Rîáí RÑÎÓÝ) (1 – Rîáí RÏÄÇ); (3)

Rîáí — âåðîÿòíîñòü ýôôåêòèâíîãî ñðàáàòûâàíèÿ

ñèñòåìû ïîæàðíîé ñèãíàëèçàöèè; ïðèíèìàåòñÿ

ñîãëàñíî ï. 13 [3] Rîáí = 0,8;

RÑÎÓÝ — óñëîâíàÿ âåðîÿòíîñòü ýôôåêòèâíîãî

ñðàáàòûâàíèÿ ñèñòåìû îïîâåùåíèÿ ëþäåé î ïî-

æàðå è óïðàâëåíèÿ ýâàêóàöèåé ëþäåé â ñëó÷àå

ñðàáàòûâàíèÿ ñèñòåìû ïîæàðíîé ñèãíàëèçàöèè;

ïðèíèìàåòñÿ ñîãëàñíî ï. 25 [3] RÑÎÓÝ = 0,8;

RÏÄÇ — óñëîâíàÿ âåðîÿòíîñòü ýôôåêòèâíîãî ñðà-

áàòûâàíèÿ ñèñòåìû ïðîòèâîäûìíîé çàùèòû â

ñëó÷àå ñðàáàòûâàíèÿ ñèñòåìû ïîæàðíîé ñèãíàëè-

çàöèè; ïðèíèìàåòñÿ ñîãëàñíî ï. 26 [3] RÏÄÇ = 0,8.

Òàêèì îáðàçîì,

Ðï.ç = 1 – (1 – 0,8 , 0,8) (1 – 0,8 , 0,8) = 0,87.

Îöåíêà íàäåæíîñòè
èíæåíåðíûõ ñèñòåì

Ôîðìóëà (2) — ýòî ïðîèçâåäåíèå âåðîÿòíîñòåé

íàñòóïëåíèÿ ñîáûòèé — îòêàçîâ ñèñòåì (â ñêîá-

êàõ). Ñëåäîâàòåëüíî, â ëþáîì ñëó÷àå âåðîÿòíîñòü

îòêàçà ýëåìåíòîâ àâòîìàòè÷åñêèõ ñèñòåì ïðîòè-

âîïîæàðíîé çàùèòû Ðï ç
o
. è ïîæàðîòóøåíèÿ Ðàï

o

ñîñòàâëÿåò ñîîòâåòñòâåííî:

Ðï ç
o

. = (1 – 0,87) = 0,13;

Ðàï
o = (1 – 0,9) = 0,1,

ò. å. â 10–13 % ñëó÷àåâ âîçíèêíîâåíèÿ ïîæàðà îíè

íå ìîãóò âëèÿòü íà åãî ïîäàâëåíèå è íà îáåñïå÷åíèå

áåçîïàñíîñòè ëþäåé â çäàíèÿõ. Î÷åâèäíî, ÷òî â ýòèõ

ñëó÷àÿõ ëþäÿì îñòàåòñÿ ðàññ÷èòûâàòü òîëüêî íà óñ-

ïåøíóþ ýâàêóàöèþ, îñóùåñòâëÿåìóþ çà ñ÷åò èõ ñîá-

ñòâåííûõ ñèë è ïñèõîôèçè÷åñêèõ âîçìîæíîñòåé.

Ñâîåâðåìåííî çàäàòü âîïðîñ: ïðè êàêèõ æå çíà-

÷åíèÿõ âåðîÿòíîñòè áåçîòêàçíîãî ôóíêöèîíèðîâà-

íèÿ ýëåìåíòîâ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû

è ïîæàðîòóøåíèÿ îòïàäàåò íåîáõîäèìîñòü â ýâà-

êóàöèè ëþäåé? Ñ ó÷åòîì âîçìîæíîñòè òàêîé ñèòóà-

öèè ï. 3.1 ÃÎÑÒ 12.1.004–91 òðåáóåò ïåðâîíà÷àëüíî

ïðîâåðÿòü âûïîëíåíèå óñëîâèÿ (2) ïðè çíà÷åíèè Ðý,

ðàâíîì íóëþ.

Åñëè ïîæàð ïðîèçîøåë, ñëåäîâàòåëüíî, ìåðîïðè-

ÿòèÿ è ñèñòåìû ïàññèâíîé ïðîòèâîïîæàðíîé çàùè-

òû, íàïðàâëåííûå íà ïðåäîòâðàùåíèå ïîæàðà, íå ñðà-

áîòàëè. Âåðîÿòíîñòü ýòîãî ñîáûòèÿ â îáùåì ñëó÷àå

Qï = 4 , 10–2. Òîãäà âåðîÿòíîñòü îáåñïå÷åíèÿ áåç-

îïàñíîñòè ëþäåé òîëüêî çà ñ÷åò èíæåíåðíûõ ñèñòåì

ïîæàðíîé áåçîïàñíîñòè çäàíèé (ïðè Ðý = 0) äàæå ïðè

îïòèìèñòè÷åñêèõ îöåíêàõ (Ràï = 0,9) ñîñòàâëÿåò:
� ïðè êðóãëîñóòî÷íîì ïðåáûâàíèè ëþäåé â çäà-

íèè (Ðïð = 1):

Qâ = 0,04 , (1 – 0,9) , 1 , (1 – 0)(1 – 0,87) = 520 , 10
–6;

� ïðè ïðèñóòñòâèè ëþäåé â çäàíèè íåìíîãèì áî-

ëåå 9 ÷ (Ðïð = 0,385):

Qâ = 190 , 10
–6.

Êàê âèäíî, ýòè çíà÷åíèÿ íà íåñêîëüêî ïîðÿäêîâ

âûøå òðåáóåìîãî íîðìàòèâíîãî çíà÷åíèÿ Qâ
í = 1·10–6.

Ñëåäîâàòåëüíî, âñåãäà íåîáõîäèìà îðãàíèçàöèÿ ýâà-

êóàöèè ëþäåé èç çäàíèÿ.

Îïðåäåëèì çíà÷åíèå Ð iý
ò
. , òðåáóåìîå äëÿ âûïîë-

íåíèÿ óñëîâèÿ (1). Î÷åâèäíî, ÷òî Ð iý
ò
. � 1 – 1 , 10–6 :

: 5,2 ,10–4 = 0,9981, ò. å. âåðîÿòíîñòü îòêàçà â ñèñòåìå

“Ýâàêóàöèÿ” Ðý
o íå äîëæíà ïðåâûøàòü: Ð iý

o
. = (1 –

� Ð iý
ò
. ) = 1 – 0,9981 = 0,0019. Ïîýòîìó-òî çíà÷åíèå Ðý

è “ïðèíèìàåòñÿ” Ìåòîäèêîé ðàâíûì: Ðý = Ðí.ý + Ðð =

= 0,999.

Òàêèì îáðàçîì, ôàêòè÷åñêè íîðìèðóåìîå çíà÷å-

íèå îòêàçà â ñèñòåìå-ïðîöåññå “ýâàêóàöèè ëþäåé”

ñîñòàâëÿåò Ðý
o = 0,001, ò. å. áîëåå ÷åì íà äâà ïîðÿä-

êà íèæå (â 800 ðàç — 0,8�0,001), ÷åì â èíæåíåðíûõ

ñèñòåìàõ! È ýòî â ñèñòåìå, êîòîðóþ ñîçäàåò ïðèðîäà

— Áîã, à íå ÷åëîâåê — òâîðåö èíæåíåðíûõ ñèñòåì.

Ìèíèìàëüíûå òðåáóåìûå çíà÷åíèÿ âåðîÿòíîñòè ýâà-

êóàöèè äëÿ èñêëþ÷åíèÿ ïðåâûøåíèÿ íîðìàòèâíîãî

çíà÷åíèÿ ïîæàðíîãî ðèñêà â çäàíèÿõ ðàçëè÷íûõ êëàñ-

ñîâ ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè ïðèâåäå-

íû íà ðèñ. 1.

Â ðåçóëüòàòå èìååì ïðÿìî-òàêè ðîìàí “Äâåíàä-

öàòü ñòóëüåâ” — ïëàêàò íà ñòåíàõ çäàíèÿ â ã. Âàñþ-

êè: “Ñïàñåíèå óòîïàþùèõ — äåëî ðóê ñàìèõ óòîïà-

þùèõ”.

Ðàçâå íàñåëåíèå è ïîñåòèòåëè çäàíèé, îáîðóäî-

âàííûõ àâòîìàòè÷åñêèìè ñèñòåìàìè ïðîòèâîïîæàð-

íîé çàùèòû, êîòîðûå íàäåþòñÿ íà íèõ, íå ââîäÿòñÿ

â çàáëóæäåíèå îòíîñèòåëüíî îáåñïå÷åíèÿ ñîáñò-

âåííîé áåçîïàñíîñòè?!
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Ïðè ýòîì âåðîÿòíîñòü ýâàêóàöèè êàæäîãî ÷åëî-

âåêà íå ìîæåò íàçíà÷àòüñÿ èëè ïðèíèìàòüñÿ Ðý = 0,999

äàæå ïðè týâ = (tí.ý + tð) & 0,8táë è tñê & 6 ìèí [3, ï. 9].

Îíà äîëæíà îáåñïå÷èâàòüñÿ åãî èíäèâèäóàëüíûìè

ôèçè÷åñêèìè è ïñèõîôèçèîëîãè÷åñêèìè âîçìîæíî-

ñòÿìè è ó÷èòûâàòüñÿ ïðè ìîäåëèðîâàíèè ñòîõàñòè÷-

íîñòè ïðîöåññîâ ýâàêóàöèè è ðàñïðîñòðàíåíèÿ ÎÔÏ

(ðèñ. 2) [8].

Çäåñü-òî è ïðîÿâëÿåòñÿ ñî âñåé î÷åâèäíîñòüþ íå-

äîïóñòèìîñòü ïîäìåíû âåðîÿòíîñòè íå òîëüêî íà-

äåæíîãî ñðàáàòûâàíèÿ êîìïëåêñà àâòîìàòè÷åñêèõ

ñèñòåì ïðîòèâîïîæàðíîé çàùèòû, íî è ýôôåêòèâíî-

ñòè èõ ôóíêöèîíèðîâàíèÿ èõ ñðåäíèìè çíà÷åíèÿìè.

Ýôôåêòèâíîñòü
ïðîòèâîïîæàðíûõ ñèñòåì

Ñîãëàñíî òðåáîâàíèÿì Òåõíè÷åñêèõ ðåãëàìåíòîâ

â çäàíèÿõ è ñîîðóæåíèÿõ äîëæíî îáåñïå÷èâàòüñÿ

“îãðàíè÷åíèå îáðàçîâàíèÿ è ðàñïðîñòðàíåíèÿ îïàñ-

íûõ ôàêòîðîâ ïîæàðà â ïðåäåëàõ î÷àãà ïîæàðà”

(ñò. 8 [9]), à “àâòîìàòè÷åñêèå óñòàíîâêè ïîæàðî-

òóøåíèÿ äîëæíû îáåñïå÷èâàòü… ëèêâèäàöèþ ïî-

æàðà â ïîìåùåíèè äî âîçíèêíîâåíèÿ êðèòè÷åñêèõ

çíà÷åíèé îïàñíûõ ôàêòîðîâ ïîæàðà…” (ñò. 61 [2]).

×èñëåííîå ìîäåëèðîâàíèå äèíàìèêè ÎÔÏ [10],

ó÷èòûâàþùåå âàðèàíòû ðàçìåùåíèÿ êëàïàíîâ óäà-

ëåíèÿ äûìà è èõ ïðîèçâîäèòåëüíîñòè, ïîçâîëÿåò

îïðåäåëèòü âðåìÿ áëîêèðîâàíèÿ ýâàêóàöèè ëþäåé â

îôèñíûõ ïîìåùåíèÿõ âûñîòíûõ çäàíèé, õàðàêòåð-

íûõ äëÿ çäàíèé óïðàâëåíèÿ âñåõ îòðàñëåé íàðîäíî-

ãî õîçÿéñòâà. Â çàâèñèìîñòè îò ïëîùàäè ïîìåùåíèÿ

S îíî ìîæåò áûòü îïèñàíî óðàâíåíèåì táë = 9,45S 0,32

(ðèñ. 3).

Ñòîëü ìàëûå çíà÷åíèÿ týâ, îïðåäåëÿåìûå âðåìå-

íåì táë, ïîêàçûâàþò íåîáõîäèìîñòü ïîèñêà ñïîñî-

áîâ ïîäàâëåíèÿ ïîæàðà â åãî íà÷àëüíîé ñòàäèè.

Ñóùåñòâóþùèå, óñòàíàâëèâàåìûå â áîëüøèíñò-

âå çäàíèé è ñîîðóæåíèé àâòîìàòè÷åñêèå ñèñòåìû ïî-

æàðîòóøåíèÿ íà÷èíàþò ôóíêöèîíèðîâàòü íàìíîãî

ïîçæå çàâåðøåíèÿ ýâàêóàöèè èç ïîìåùåíèÿ è ïî-

Ðèñ. 1. Ìèíèìàëüíî íåîáõîäèìûå çíà÷åíèÿ âåðîÿòíîñòè ýâà-

êóàöèè äëÿ èñêëþ÷åíèÿ ïðåâûøåíèÿ íîðìàòèâíîãî çíà÷å-

íèÿ ïîæàðíîãî ðèñêà â çäàíèÿõ ðàçëè÷íûõ êëàññîâ ôóíêöè-

îíàëüíîé ïîæàðíîé îïàñíîñòè [7] (ãðóïïà çäàíèé ¹ 16 ñ

Qï = 0,04)

Fig. 1. The minimum required values of evacuation probability

to avoid exceeding the standard value of fire risk in buildings

of various classes of functional fire hazard [7] (the group of

buildings No. 16 in take with Qp = 0,04)

Ðèñ. 2. Èëëþñòðàöèÿ îáåñïå÷åíèÿ óñëîâèé ñâîåâðåìåííîé

ýâàêóàöèè ëþäåé [8]: à — ïðè äåéñòâèòåëüíîì ðàçâèòèè ïðî-

öåññîâ ýâàêóàöèè (týâ = tí.ý + tð) è îïàñíûõ ôàêòîðîâ ïîæàðà

(tíá), îïèñûâàåìûõ ïëîòíîñòÿìè ðàñïðåäåëåíèÿ âåðîÿòíî-

ñòåé âðåìåíè èõ äîñòèæåíèÿ Ð(t); á — ïðè äåòåðìèíèðî-

âàííîì îïèñàíèè ýòèõ ïðîöåññîâ, èãíîðèðóþùåì èõ äåéñò-

âèòåëüíûé (âåðîÿòíîñòíûé) õàðàêòåð (ñîîòíîøåíèå òîëüêî

ìåæäó ñðåäíèìè çíà÷åíèÿìè týâ & tíá)

Fig. 2. Illustration of the conditions of safe evacuation of people [8]:

a — by a actual development of the processes of evacuation

(tev = tn.e + tr) and harmful fire factors (tnb), described by proba-

bility density functions of time to achieve them; b — by a deter-

ministic description of these processes, ignoring their valid (pro-

babilistic) character (only the ratio between the average values

tev & tnb)

Ðèñ. 3. Çàâèñèìîñòü âðåìåíè áëîêèðîâàíèÿ îò ïëîùàäè ïî-

ìåùåíèÿ: táë = f (S ) [10]

Fig. 3. The relation of ASET against premises area: tbl = f (S ) [10]
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ýòîìó íå ìîãóò îêàçàòü âëèÿíèÿ íà îáåñïå÷åíèå áåç-

îïàñíîñòè íàõîäÿùèõñÿ â íèõ ëþäåé [11]. Ðåçóëü-

òàòû ìîäåëèðîâàíèÿ ïîêàçûâàþò, ÷òî äëÿ áûñòðîé

ëîêàëèçàöèè èñòî÷íèêà ãîðåíèÿ íåîáõîäèìî óìåíü-

øèòü âðåìÿ ñðàáàòûâàíèÿ ñèñòåì îáíàðóæåíèÿ, îïî-

âåùåíèÿ è èíåðöèîííîñòè ñèñòåìû ïîæàðîòóøå-

íèÿ. Òîëüêî â ýòîì ñëó÷àå ñèñòåìà ïðîòèâîäûìíîé

çàùèòû, óñòàíîâëåííàÿ â ïîìåùåíèè, ñìîæåò îáåñ-

ïå÷èòü åãî íåçàäûìëÿåìîñòü, ÷òî äàñò âîçìîæíîñòü

âûïîëíèòü òðåáîâàíèå ÷. 2 ñò. 61 [2] î ëèêâèäàöèè ïî-

æàðà äî âîçíèêíîâåíèÿ êðèòè÷åñêèõ çíà÷åíèé ÎÔÏ

â ïîìåùåíèè.

Ðàñïðîñòðàíèâøèñü èç ïîìåùåíèÿ â êîðèäîð ýòà-

æà çäàíèÿ, ÎÔÏ â áîëüøèíñòâå ñëó÷àåâ áëîêèðóþò

è âîçìîæíîñòü áåçîïàñíîé ýâàêóàöèè ëþäåé ñ ýòàæà

çäàíèÿ, íåñìîòðÿ íà åãî îáîðóäîâàíèå ñèñòåìàìè

ïðîòèâîïîæàðíîé çàùèòû (ðèñ. 4).

Ïðè ðàñïðîñòðàíåíèè ÎÔÏ â êîðèäîð ñèñòåìà

äûìîóäàëåíèÿ â êîðèäîðå ñ íîðìàòèâíûìè ðàñõî-

äàìè óâåëè÷èâàåò âðåìÿ áëîêèðîâàíèÿ íà 34 %. Ïîë-

íîå óäàëåíèå ïðîäóêòîâ ãîðåíèÿ èç êîðèäîðà âîç-

ìîæíî òîëüêî ïðè óâåëè÷åíèè ðàñõîäîâ â äåñÿòêè

ðàç. Èñïîëüçîâàíèå äðåí÷åðíîé ñèñòåìû ïåðåä âû-

õîäîì èç ïîìåùåíèé ïðè íîðìàòèâíûõ îáúåìàõ ïî-

äà÷è âîäû óâåëè÷èâàåò âðåìÿ áëîêèðîâàíèÿ âñåãî

íà 9 %. Ñîâìåñòíîå èñïîëüçîâàíèå äðåí÷åðíîé ñè-

ñòåìû è ñèñòåìû äûìîóäàëåíèÿ ïîçâîëÿåò óâåëè÷èòü

âðåìÿ áëîêèðîâàíèÿ íà 40 %. Òàêèì îáðàçîì, ðåçóëü-

òàòû ìîäåëèðîâàíèÿ ñâèäåòåëüñòâóþò î òîì, ÷òî ïðè

îòñóòñòâèè âîçäåéñòâèÿ íà î÷àã âîçãîðàíèÿ ïðîäóê-

òû ãîðåíèÿ, ðàñïðîñòðàíÿÿñü çà ïðåäåëû ïîìåùå-

íèÿ, â ñ÷èòàííûå ìèíóòû (ìåíåå tí.ý) áëîêèðóþò êîì-

ìóíèêàöèîííûå ïóòè íà ýòàæå, âíå çàâèñèìîñòè îò

ðàáîòû ñèñòåì ïðîòèâîïîæàðíîé çàùèòû.

Ïðè ýòîì íà ñîêðàùåíèå âðåìåíè ýâàêóàöèè ëþ-

äåé týâ (týâ = tí.ý + tð) çà ñ÷åò “ñîâåðøåíñòâîâàíèÿ”

ôèçè÷åñêèõ è ïñèõîôèçè÷åñêèõ âîçìîæíîñòåé ëþ-

äåé ðàññ÷èòûâàòü íå ïðèõîäèòñÿ, ïîñêîëüêó äàííûå

äåìîãðàôè÷åñêèõ èññëåäîâàíèé ÎÎÍ è ÂÎÇ îïðå-

äåëÿþò ïðîòèâîïîëîæíóþ ïåðñïåêòèâó [13, 14]: ðîñò

äîëè íàñåëåíèÿ â âîçðàñòå ñâûøå 65 ëåò ñ 20 %

ïî÷òè äî 50 % ê 2050 ã., óâåëè÷åíèå ÷èñëà èíâàëè-

äîâ, ðîñò êîëè÷åñòâà ëþäåé âñåõ âîçðàñòîâ, ñòðàäà-

þùèõ îæèðåíèåì, äî 50 % ê 2030 ã. (ðèñ. 5).

Ýòè äåìîãðàôè÷åñêèå ïîêàçàòåëè íàðîäîíàñå-

ëåíèÿ îêàçûâàþò çíà÷èòåëüíîå âëèÿíèå íà ïàðà-

Ðèñ. 4. Îáëàñòü âîçìîæíûõ ðåøåíèé ïî âûáîðó ñèñòåì ïîæàðíîé áåçîïàñíîñòè [12]:�— áåç ñèñòåì ïðîòèâîïîæàðíîé çàùè-

òû; �— èçìåíåíèå ðàñïîëîæåíèÿ ïîìåùåíèÿ î÷àãà ïîæàðà è êëàïàíà äûìîóäàëåíèÿ; �— èçìåíåíèå ðàñõîäà âîçäóõà ÷åðåç

êëàïàí äûìîóäàëåíèÿ;�— èçìåíåíèå ðàñõîäà âîäû ñèñòåìû ïîæàðîòóøåíèÿ (äðåí÷åðíàÿ çàâåñà);�— èçìåíåíèå ðàñõîäà

âîçäóõà ÷åðåç êëàïàí äûìîóäàëåíèÿ è ðàñõîäà äðåí÷åðíîé ñèñòåìû ïîæàðîòóøåíèÿ (äðåí÷åðíàÿ çàâåñà)

Fig. 4. Field of possible solutions for selection of fire safety systems [12]: �— without fire protection systems; �— change the loca-

tion of the premises of fire origin and smoke control valve;�— changing the flow of air through smoke control valve;�— changing

the water consumption of the fire-extinguishing system (deluge curtain);�— changing the flow of air through smoke control valve and

consumption of deluge fire extinguishing system (deluge curtain)
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ìåòðû ëþäñêîãî ïîòîêà, ñíèæàÿ ñêîðîñòü è, ñëåäî-

âàòåëüíî, èíòåíñèâíîñòü èõ äâèæåíèÿ íà 40–50 %.

Ñîîòâåòñòâóþùèå äàííûå, ïîëó÷åííûå â îòå÷åñò-

âåííûõ èññëåäîâàíèÿõ [16–18], ïðèâåäåíû íà

ðèñ. 6. Îíè îïóáëèêîâàíû â îòå÷åñòâåííîé è çàðó-

áåæíîé ïå÷àòè [7, 19–24], èñïîëüçóþòñÿ ïðè óñòà-

íîâëåíèè ðàñ÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà [4],

à òàêæå â ðàáîòàõ çàðóáåæíûõ ó÷åíûõ ïðè ïåðå-

ñìîòðå ìîäåëåé äâèæåíèÿ ëþäñêèõ ïîòîêîâ, âû-

çâàííûõ ïðîèñõîäÿùèìè äåìîãðàôè÷åñêèìè èçìå-

íåíèÿìè.

Âêëþ÷åíèå â ñîñòàâ âûñîòíûõ êîìïëåêñîâ æè-

ëûõ çäàíèé ñî ñìåøàííûì ñîñòàâîì ïîòîêà ïðè

ýâàêóàöèè òðåáóåò ó÷åòà äåìîãðàôè÷åñêèõ ãðóïï

íàñåëåíèÿ â ñîñòàâå îñíîâíîãî ôóíêöèîíàëüíîãî

êîíòèíãåíòà âûñîòíûõ çäàíèé [7]. Îäíàêî ýòî íèêàê

íå îòîáðàæåíî â ðàçðàáàòûâàåìîì ÑÏ “Çäàíèÿ è

êîìïëåêñû âûñîòíûå. Òðåáîâàíèÿ ïîæàðíîé áåç-

îïàñíîñòè” [25], õîòÿ ìíîãèå èç ýòèõ ëþäåé íå ñïî-

ñîáíû ê ïåøåõîäíîé ýâàêóàöèè ïî ëåñòíè÷íûì êëåò-

êàì, è èñïîëüçîâàíèå ëèôòîâ äëÿ èõ ýâàêóàöèè âî

âðåìÿ ïîæàðà ñòàíîâèòñÿ íåîáõîäèìûì. Äëÿ ýòîãî

íåäîñòàòî÷íî òîëüêî èñïîëüçîâàòü ëèôòû äëÿ òðàíñ-

ïîðòèðîâàíèÿ ïîæàðíûõ ïîäðàçäåëåíèé. Íåîáõîäè-

ìî åùå îáåñïå÷èòü èõ îïòèìàëüíîå èñïîëüçîâàíèå,

äëÿ ÷åãî òðåáóåòñÿ ñïåöèàëüíûé àëãîðèòì îðãàíè-

çàöèè èõ ðàáîòû â ñèñòåìå ïîýòàïíîé êîìáèíèðî-

âàííîé ýâàêóàöèè. Ïðèíöèïû ïîñòðîåíèÿ òàêîé

ñèñòåìû óæå ðàçðàáîòàíû [10, 26], íî â ïðåäñòàâ-

ëåííîé ðåäàêöèè ñâîäà ïðàâèë îíè, òåì íå ìåíåå,

îòñóòñòâóþò. Ïðè ýòîì ñëåäóåò ó÷èòûâàòü, ÷òî ñî-

êðàùåíèå â 2–3 ðàçà âðåìåíè ýâàêóàöèè âëèÿåò è

íà òåõíèêî-ýêîíîìè÷åñêèå ïîêàçàòåëè ñèñòåì, êîòî-

ðûìè ïðåäóñìàòðèâàåòñÿ îáîðóäîâàòü âûñîòíûå

çäàíèÿ (ï. 14.20 ÑÏ 267.1325800.2016 [27]), ÷åì îïðå-

äåëÿåòñÿ ìèíèìàëüíîå âðåìÿ èõ æèâó÷åñòè.

Ñîâðåìåííûå âîçìîæíîñòè
àâòîìàòè÷åñêèõ ñèñòåì â îáåñïå÷åíèè

ïðîòèâîïîæàðíîé áåçîïàñíîñòè
âûñîòíûõ çäàíèé

Àâòîìàòè÷åñêàÿ ñèñòåìà ïðîòèâîïîæàðíîé çà-

ùèòû âûñîòíîãî çäàíèÿ ñîñòîèò èç èñïîëíèòåëü-

íûõ ýëåìåíòîâ âõîäÿùèõ â íåå ïîäñèñòåì îáíàðó-

æåíèÿ î÷àãà âîçãîðàíèÿ, ïîæàðîòóøåíèÿ, ïðîòèâî-

äûìíîé âåíòèëÿöèè è ñèñòåìû ïåðåäà÷è äàííûõ è

êîîðäèíàöèè óïðàâëåíèÿ èõ ôóíêöèîíèðîâàíèåì.

Â íàñòîÿùåå âðåìÿ îòå÷åñòâåííûìè ó÷åíûìè è

ïðîèçâîäèòåëÿìè ñîçäàíû äàò÷èêè îáíàðóæåíèÿ

Ðèñ. 5. Ïîêàçàòåëè ñòåïåíè îæèðåíèÿ âçðîñëûõ ëþäåé â ðàç-

ëè÷íûõ ñòðàíàõ (1970–2010 ãã.) [15]

Fig. 5. Adult obesity rates in multiple OECD countries in 1970–

2010 years [15]

Ðèñ. 6. Çàêîíîìåðíîñòè ñâÿçè ìåæäó ïàðàìåòðàìè ïîòîêîâ

ëþäåé ðàçëè÷íûõ âîçðàñòíûõ ãðóïï: à — ñêîðîñòü — ïëîò-

íîñòü ïîòîêà; á — èíòåíñèâíîñòü äâèæåíèÿ — ïëîòíîñòü

ïîòîêà [16–18]

Fig. 6. The relationship between parameters of human flows for

different age demographics: a — walking speed vs density; b —

crowd flow rate vs density [16–18]
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âîçãîðàíèÿ íà ðàííåé ñòàäèè åãî âîçíèêíîâåíèÿ,

íà ïîðÿäîê ïðåâîñõîäÿùèå ïî ÷óâñòâèòåëüíîñòè è

íàäåæíîñòè ôóíêöèîíèðîâàíèÿ ëó÷øèå îáðàçöû

çàðóáåæíûõ äûìîâûõ òî÷å÷íûõ ïîæàðíûõ èçâåùà-

òåëåé [28].

Ñîçäàíû ñïðèíêëåðíûå ñèñòåìû “áûñòðîãî ðåà-

ãèðîâàíèÿ” àäðåñíîãî âîçäåéñòâèÿ íà î÷àã ïîæàðà,

ñïîñîáíûå åãî ïîäàâëÿòü äî îáðàçîâàíèÿ ÎÔÏ (òåì

áîëåå íà ðàííåé ñòàäèè åãî âîçíèêíîâåíèÿ) [29].

Óñòàíîâëåíû óíèâåðñàëüíûå ìåõàíèçìû òóøåíèÿ

ïîæàðà [30], ïîçâîëÿþùèå îïòèìèçèðîâàòü ðàñõî-

äû îãíåòóøàùèõ ìàòåðèàëîâ äëÿ äîñòèæåíèÿ ìè-

íèìàëüíîãî âðåìåíè ïîäàâëåíèÿ ïëàìåíè â çäàíè-

ÿõ è ñîîðóæåíèÿõ ðàçëè÷íîãî íàçíà÷åíèÿ (ðèñ. 7).

Ðàçðàáîòàíà [31] è îáùàÿ ñèñòåìà áåñïðîâîäíîé

ïåðåäà÷è ñèãíàëà, áàçèðóþùàÿñÿ íà ïðèíöèïå äè-

íàìè÷åñêîé ìàðøðóòèçàöèè ñèãíàëîâ è ãàðàíòèðó-

þùàÿ ïîâûøåíèå âåðîÿòíîñòè ôóíêöèîíèðîâàíèÿ

äî 0,999 (âìåñòî ñåãîäíÿøíèõ 0,76). Ïðè ýòîì êðè-

òåðèåì îöåíêè ñëóæèò âïåðâûå ðàçðàáîòàííûé êîì-

ïëåêñíûé êðèòåðèé, ó÷èòûâàþùèé ñîâîêóïíîñòü ïî-

êàçàòåëåé ôóíêöèîíèðîâàíèÿ àâòîìàòè÷åñêèõ ñèñ-

òåì:

Lîêê = a1Q + a2E + a3H + a4P + a5S + a6C, (4)

ãäå Q — îïåðàòèâíîñòü;

E — ýôôåêòèâíîñòü;

Í — ïîìåõîóñòîé÷èâîñòü;

Ð — íàäåæíîñòü;

S — ïëîùàäü îáñëóæèâàíèÿ;

Ñ — ýêîíîìè÷åñêàÿ öåëåñîîáðàçíîñòü.

Âûâîäû

Ýòè ðàçðàáîòêè äåìîíñòðèðóþò âîçìîæíîñòü ñî-

çäàíèÿ â íàñòîÿùåå âðåìÿ àâòîìàòè÷åñêèõ ñèñòåì

ïîæàðíîé çàùèòû, ñïîñîáíûõ îáåñïå÷èòü äîñòè-

æåíèå íîðìàòèâíîãî óðîâíÿ èíäèâèäóàëüíîãî ïî-

æàðíîãî ðèñêà è âûïîëíåíèå òðåáîâàíèé òåõíè÷å-

ñêèõ ðåãëàìåíòîâ îá îãðàíè÷åíèè ðàñïðîñòðàíåíèÿ

ÎÔÏ ïîìåùåíèåì âîçíèêíîâåíèÿ î÷àãà ïîæàðà.
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ABSTRACT

Considering the development Set of Rules “High-rise buildings and complexes. Fire safety require-

ments” it became very important, first of all, the choice of means and methods to protect people from

the impact of dangerous fire factors. The correct solution of these issues leads to the achievement of

the primary objective of the technical regulation “protection of life and health of citizens”.

The paper shows that these calculated values of fire risk focused on the parameters for automatic

systems of fire protection and fire extinguishing equipment of foreign production, do not allow

achieving this goal without evacuation of people. Calculations have shown, that the probability of

a successful evacuation should be 0.999, while the probability of failure-free operation (or safety

factor) of applied automated systems is about 0.8–0.9.

At the same time, the analysis of the demographic data of the UN and WHO shows that

the physical ability for the safety of pedestrian evacuation of the population in developed countries

over the past decade has declined significantly and they continue to degrade in connection with

the increase in the number of elderly people, rising disability among people and obesity spreading to

all age groups.
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Consideration of these demographic trends leads to the inevitable conclusion about the necessity

of improving the reliability and efficiency of functioning of the automated systems of fire protection.

The paper summarizes the presentations of Russian scientists and domestic manufacturers of

these systems, showing that over the last decade they’ve managed to make a number of innovative

inventions that are currently able to provide the domestic market with the products, which many times

exceed the value of the characteristics of the foreign samples.

Evaluation of the effectiveness and reliability of these systems and of new control algorithms

implemented a wireless transmission system, demonstrates the probability of their operation required

to ensure the standard level of the individual fire risk.

The article discusses an unconventional concept of fire safety of people by improving the re-

liability and efficiency of functioning of the elements and their governing systems. The principles of

this concept should form the basis for the design of fire protection systems of high-rise buildings.

Their implementation in conjunction with the organization of a combined phased evacuation (pedestrian

evacuation + protected elevator evacuation) will ensure the safety of high-rise buildings and decrease

the time of stay of people in these building in emergency situations.

Keywords: safety; high-rise buildings; fire protection system; fire extinguishing system; spot sensors;

sprinkler installation; fire extinguishing facilities; data transmission systems; wireless systems.
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