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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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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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Ââåäåíèå

Ïðîåêòèðîâàíèå îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà

â íàñòîÿùåå âðåìÿ, êàê ïðàâèëî, îñóùåñòâëÿåòñÿ â

ñîîòâåòñòâèè ñ òðåáîâàíèÿìè âåäîìñòâåííûõ íîð-

ìàòèâíûõ äîêóìåíòîâ, êîòîðûå áûëè ðàçðàáîòàíû

åùå âî âðåìåíà ÑÑÑÐ è ìíîãèå ïîëîæåíèÿ êîòîðûõ

óñòàðåëè è íóæäàþòñÿ â ñóùåñòâåííîé êîððåêòè-

ðîâêå è àêòóàëèçàöèè.

Â ñâÿçè ñ ýòèì â íàñòîÿùåå âðåìÿ ïðè ïðîåêòè-

ðîâàíèè ïðîòèâîïîæàðíîé çàùèòû îáúåêòîâ íåôòå-

ãàçîâîãî êîìïëåêñà äîñòàòî÷íî ÷àñòî ðàçðàáàòûâà-

þòñÿ â óñòàíîâëåííîì ïîðÿäêå ñïåöèàëüíûå òåõíè-

÷åñêèå óñëîâèÿ (ÑÒÓ).

Áîëüøîå êîëè÷åñòâî ÑÒÓ, ðàçðàáîòàííûõ èìåí-

íî äëÿ îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà, ñâèäåòåëü-

ñòâóåò î íàëè÷èè ïðîáëåìíûõ âîïðîñîâ, íåãàòèâíî

âëèÿþùèõ íà ñðîêè ïðîåêòèðîâàíèÿ îáúåêòîâ íåô-

òåãàçîâîãî êîìïëåêñà è ïðîõîæäåíèÿ ïðîöåäóðû ãî-

ñóäàðñòâåííîé ýêñïåðòèçû ïðîåêòíîé äîêóìåíòàöèè.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ ôîðìóëèðî-

âàíèå ïðåäëîæåíèé ïî ñîâåðøåíñòâîâàíèþ ñóùå-

ñòâóþùåé íîðìàòèâíîé áàçû â ÷àñòè îáåñïå÷åíèÿ

ïîæàðíîéáåçîïàñíîñòèîáúåêòîâíåôòåãàçîâîãîêîìï-

ëåêñà, ÷òî â äàëüíåéøåì áóäåò ñïîñîáñòâîâàòü, ïî ìíå-

íèþ àâòîðîâ, çíà÷èòåëüíîìó ñîêðàùåíèþ àäìèíè-

ñòðàòèâíûõ áàðüåðîâ è, êàê ñëåäñòâèå, óìåíüøåíèþ

ñðîêîâ ïðîåêòèðîâàíèÿ, ýêñïåðòèçû è ââîäà îáúåê-

òîâ â ýêñïëóàòàöèþ.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè àâòîðàìè

ïðåäëàãàåòñÿ ðåøèòü íåñêîëüêî çàäà÷, â ÷àñòíîñòè

ïðîâåñòè àíàëèç ñóùåñòâóþùèõ íîðìàòèâíûõ ïîëî-

æåíèé, êàñàþùèõñÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñ-

íîñòè îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà, à òàêæå

àíàëèç ïðîáëåìíûõ âîïðîñîâ, êîòîðûå ïðåäñòîèò

óðåãóëèðîâàòü â íîðìàòèâíîé áàçå.

Îñíîâàíèÿ äëÿ ÑÒÓ, òèïîâûå ðåøåíèÿ
è êîìïåíñèðóþùèå ìåðîïðèÿòèÿ

ïî îáåñïå÷åíèþ ïîæàðíîé áåçîïàñíîñòè

Ïîðÿäîê ðàçðàáîòêè è ñîãëàñîâàíèÿ ÑÒÓ äëÿ ðàç-

ðàáîòêè ïðîåêòíîé äîêóìåíòàöèè íà îáúåêò êàïè-

òàëüíîãî ñòðîèòåëüñòâà [1] îñíîâûâàåòñÿ íà ïîëîæå-

íèÿõ ÷. 8 ñò. 6 Òåõíè÷åñêîãî ðåãëàìåíòà î áåçîïàñ-

íîñòè çäàíèé è ñîîðóæåíèé (Ôåäåðàëüíûé çàêîí

© Êðàñàâèí À. Â., Êðåïûøåâ Ñ. À., Ìåäÿíèê Ì. Â., 2018



15ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 2-3

ÎÁÙÈÅ ÂÎÏÐÎÑÛ ÊÎÌÏËÅÊÑÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ

¹ 384-ÔÇ) (äàëåå — ÔÇ ¹ 384) [2] è îïðåäåëÿåò ïî-

ðÿäîê òðåáîâàíèé ê ðàçðàáîòêå è ñîãëàñîâàíèþ ÑÒÓ

ñ ó÷åòîì ñëåäóþùèõ ñëó÷àåâ:

1) òðåáóåòñÿ îòñòóïëåíèå îò îáÿçàòåëüíûõ òðå-

áîâàíèé íîðìàòèâíûõ äîêóìåíòîâ, ñîäåðæàùèõñÿ

â ïåðå÷íå íàöèîíàëüíûõ ñòàíäàðòîâ è ñâîäîâ ïðà-

âèë (÷àñòåé òàêèõ ñòàíäàðòîâ è ñâîäîâ ïðàâèë) [3];

2) òðåáîâàíèé ê íàäåæíîñòè è áåçîïàñíîñòè, óñòà-

íîâëåííûõ íàöèîíàëüíûìè ñòàíäàðòàìè è ñâîäàìè

ïðàâèë, íåäîñòàòî÷íî;

3) òðåáîâàíèÿ ê íàäåæíîñòè è áåçîïàñíîñòè îò-

ñóòñòâóþò.

Êðîìå òîãî, ÷. 1 ñò. 78 Òåõíè÷åñêîãî ðåãëàìåíòà

î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè (Ôåäåðàëü-

íûé çàêîí ¹ 123-ÔÇ) (äàëåå — ÔÇ ¹ 123) [4] óñòà-

íîâëåíî, ÷òî äëÿ çäàíèé è ñîîðóæåíèé, äëÿ êîòîðûõ

îòñóòñòâóþò íîðìàòèâíûå òðåáîâàíèÿ ïîæàðíîé áåç-

îïàñíîñòè, íà îñíîâå òðåáîâàíèé [4] äîëæíû áûòü

ðàçðàáîòàíû â óñòàíîâëåííîì ïîðÿäêå ÑÒÓ. Àäìè-

íèñòðàòèâíûé ðåãëàìåíò Ì×Ñ ïðåäîñòàâëåíèÿ ãîñó-

äàðñòâåííîé óñëóãè ïî ñîãëàñîâàíèþ ÑÒÓ óòâåðæ-

äåí ïðèêàçîì Ì×Ñ Ðîññèè îò 28.11.2011 ã. ¹ 710 [5].

Ïðîåêòèðîâàíèå ìíîæåñòâà ðàçëè÷íûõ îáúåêòîâ

íåôòåãàçîâîãî êîìïëåêñà îñóùåñòâëÿëîñü íà îñíî-

âàíèè òðåáîâàíèé ÑÒÓ ïî îáåñïå÷åíèþ ïîæàðíîé

áåçîïàñíîñòè, íàïðèìåð:

� íåôòåõèìè÷åñêèõ ïðåäïðèÿòèé (ÀÎ “Âîñòî÷íàÿ

íåôòåõèìè÷åñêàÿ êîìïàíèÿ”, ÎÀÎ “Îðñêíåôòå-

îðãñèíòåç” è äð.);

� îáúåêòîâ õðàíåíèÿ è òåõíîëîãè÷åñêîãî ðîçëèâà

íåôòåïðîäóêòîâ (îáúåêòû êîìïàíèé “Ãàçïðîì-

íåôòü”, “Ëóêîéë”, “Ðîñíåôòü” è äð.);

� ïðîèçâîäñòâåííûõ ïëîùàäîê ïðîèçâîäñòâà ñæè-

æåííîãî óãëåâîäîðîäíîãî ãàçà (ÑÓÃ), ñæèæåí-

íîãî ïðèðîäíîãî ãàçà (ÑÏÃ), ïðè÷àëüíûõ êîìï-

ëåêñîâ èõ ïîãðóçêè (îáúåêòû êîìïàíèè “Ñàõàëèí

Ýíåðäæè Èíâåñòìåíò Êîìïàíè Ëòä”, ÎÎÎ “Ãàç-

ïðîì èíâåñò”, ÎÎÎ “ÍÎÂÀÒÝÊ-Þðõàðîâíåôòå-

ãàç” è äð.);

� îáúåêòîâ ñ îáðàùåíèåì ïîëÿðíûõ âîäîðàñòâî-

ðèìûõ ãîðþ÷èõ æèäêîñòåé (Çàïàäíî-Ñèáèðñêèé

êîìïëåêñ ãëóáîêîé ïåðåðàáîòêè óãëåâîäîðîäíî-

ãî ñûðüÿ â ïîëèîëåôèíû, ÎÎÎ “Ñèáóð-Òîáîëüñê”

è äð.).

Äàííûå îáñòîÿòåëüñòâà â ïåðâóþ î÷åðåäü ñâÿçà-

íû ñ îòñóòñòâèåì òðåáîâàíèé ïîæàðíîé áåçîïàñíî-

ñòè äëÿ óêàçàííûõ îáúåêòîâ â íîðìàòèâíûõ äîêó-

ìåíòàõ. Ñëåäóåò îòìåòèòü, ÷òî â íàñòîÿùåå âðåìÿ â

äåéñòâóþùèõ ñâîäàõ ïðàâèë ïî ïîæàðíîé áåçîïàñ-

íîñòè, ðàçðàáîòàííûõ â ðàçâèòèå ÔÇ ¹ 123 [4], íà-

ïðèìåð ÑÏ 4.13130.2013 [6], íå íàõîäÿò îòðàæåíèå

îòäåëüíûå ïîëîæåíèÿ, ñîäåðæàùèåñÿ â âåäîìñòâåí-

íûõ íîðìàòèâíûõ äîêóìåíòàõ è îòðàñëåâûõ ðåêîìåí-

äàöèÿõ, òàêèõ êàê ÂÍÒÏ 03�170�567–87 [7]. Â ÷àñò-

íîñòè, íå îïðåäåëåíû òðåáîâàíèÿ:

� ê àâòîìàòè÷åñêîé ïîæàðíîé ñèãíàëèçàöèè, ñïî-

ñîáàì è ñðåäñòâàì ïðîòèâîïîæàðíîé çàùèòû è

ïîæàðîòóøåíèÿ ñîîðóæåíèé è íàðóæíûõ óñòàíî-

âîê íåôòåïåðåðàáàòûâàþùèõ è íåôòåõèìè÷åñêèõ

ïðåäïðèÿòèé (ÂÓÏÏ-88 [8], ÂÓÏ ÑÍÝ–87 [9]);

� ïî ïðîòèâîïîæàðíîé çàùèòå ïðè÷àëüíûõ êîìï-

ëåêñîâ äëÿ ïåðåãðóçêè íåôòè, íåôòåïðîäóêòîâ,

ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ è ñæèæåííî-

ãî ïðèðîäíîãî ãàçà (ÂÑÍ 12–87 [10]);

� ïî ïðîòèâîïîæàðíîé çàùèòå ïðîèçâîäñòâ, îáú-

åêòîâ õðàíåíèÿ ñ îáðàùåíèåì ïîëÿðíûõ æèäêî-

ñòåé [11, 12];

� ïîæàðíîé áåçîïàñíîñòè ê àâòîìàòèçèðîâàííûì

óñòàíîâêàì òàêòîâîãî íàëèâà æèäêèõ íåôòåïðî-

äóêòîâ; ïîæàðíîé áåçîïàñíîñòè ê ñëèâîíàëèâ-

íûì æåëåçíîäîðîæíûì ýñòàêàäàì ñæèæåííûõ

óãëåâîäîðîäíûõ ãàçîâ [13];

� ïîæàðíîé áåçîïàñíîñòè ê îáúåêòàì õðàíåíèÿ ñæè-

æåííûõóãëåâîäîðîäíûõãàçîâ (ÐÄ39-138–95[14]).

Áåçóñëîâíî, ðàçðàáîòêà è ââåäåíèå â äåéñòâèå òà-

êèõ íîðìàòèâíûõ äîêóìåíòîâ, êàê ÑÏ 231.1311500.

2015 [15], ÑÏ 240.1311500.2015 [16], ÑÏ 155.13130.2014

[17], îò÷àñòè ñïîñîáñòâîâàëè ñîêðàùåíèþ êîëè÷å-

ñòâà ÑÒÓ, îäíàêî “óçêèõ ìåñò” è ïðîáëåìíûõ âîïðî-

ñîâ, êîòîðûå ïðåäñòîèò óðåãóëèðîâàòü è îòðàçèòü â

íîðìàòèâíîé áàçå äëÿ ïðîåêòèðîâàíèÿ îáúåêòîâ íåô-

òåãàçîâîãî êîìïëåêñà, åùå äîñòàòî÷íî ìíîãî.

Ðàçðàáîòàííûå è ñîãëàñîâàííûå ÑÒÓ íà ïðîåê-

òèðîâàíèå ïðîòèâîïîæàðíîé çàùèòû îáúåêòîâ íåô-

òåãàçîâîé îòðàñëè âêëþ÷àþò øèðîêèé ñïåêòð òðå-

áîâàíèé, êàñàþùèõñÿ â òîì ÷èñëå:

� ïðîòèâîïîæàðíûõ ðàññòîÿíèé, âêëþ÷àÿ ýëå-

ìåíòû òåððèòîðèàëüíîãî ïëàíèðîâàíèÿ;

� ïðîòèâîïîæàðíîãî âîäîñíàáæåíèÿ (íàðóæíûé

è âíóòðåííèé ïðîòèâîïîæàðíûå âîäîïðîâîäû,

ñèñòåìû îðîøåíèÿ, âîäÿíûå çàâåñû è ïð.);

� îáúåìíî-ïëàíèðîâî÷íûõ è êîíñòðóêòèâíûõ ðå-

øåíèé çäàíèé è ñîîðóæåíèé;

� óñòðîéñòâà òåõíîëîãè÷åñêèõ óçëîâ è ñèñòåì ïðî-

òèâîïîæàðíîé çàùèòû.

Â ðàìêàõ ìåðîïðèÿòèé äëÿ îáåñïå÷åíèÿ òðåáó-

åìûõ ïðîòèâîïîæàðíûõ ðàçðûâîâ â ÑÒÓ, êàê ïðàâè-

ëî, ïðåäëàãàåòñÿ:

� çîíèðîâàíèå òåððèòîðèé ïðåäïðèÿòèé;

� óñòðîéñòâî äîïîëíèòåëüíûõ ïðîòèâîïîæàðíûõ

ïðåãðàä (ïðîòèâîïîæàðíûå ýêðàííûå ñòåíû è

ïðîòèâîïîæàðíûå âîäÿíûå çàâåñû);

� óñòðîéñòâî äîïîëíèòåëüíûõ ñòàöèîíàðíûõ ñè-

ñòåì îðîøåíèÿ îáîðóäîâàíèÿ;

� èçìåíåíèå ñîîòíîøåíèÿ øèðèíû è âûñîòû îáî-

ðóäîâàíèÿ â ñåêöèÿõ íàðóæíûõ óñòàíîâîê;

� óñòðîéñòâî äîïîëíèòåëüíûõ ëàôåòíûõ ñòâîëîâ.

Â êà÷åñòâå êîìïåíñèðóþùèõ è äîïîëíèòåëüíûõ

ìåðîïðèÿòèé ÑÒÓ â ÷àñòè ïðîòèâîïîæàðíîãî âîäî-
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ñíàáæåíèÿ îáû÷íî ïðåäëàãàþòñÿ ñëåäóþùèå ðå-

øåíèÿ:
� îïðåäåëåíèå ðàñõîäîâ âîäû äëÿ íóæä ïîæàðîòó-

øåíèÿ èñõîäÿ èç ðàññìàòðèâàåìîãî âîçìîæíîãî

ïîæàðà (ïðèìåíèòåëüíî äëÿ íåôòåïåðåðàáàòû-

âàþùèõ ïðîèçâîäñòâ ìàëîé ìîùíîñòè);
� óñòðîéñòâî ñèñòåì àâòîìàòè÷åñêîãî ïîæàðîòó-

øåíèÿ ðåçåðâóàðîâ ñ âîäîðàñòâîðèìûìè ãîðþ-

÷èìè (ïîëÿðíûìè) æèäêîñòÿìè ðàñòâîðîì ñèí-

òåòè÷åñêèõ ôòîðñîäåðæàùèõ ïëåíêîîáðàçóþùèõ

ïåíîîáðàçîâàòåëåé;
� óâåëè÷åíèå èíòåíñèâíîñòè ïîäà÷è (ðàñõîäà) îãíå-

òóøàùèõ âåùåñòâ.

Äîïîëíèòåëüíûå òðåáîâàíèÿ â ÷àñòè îáúåìíî-

ïëàíèðîâî÷íûõ è êîíñòðóêòèâíûõ ðåøåíèé â îñíîâ-

íîì ðåãëàìåíòèðóþò:
� ïîâûøåíèå òðåáóåìîé ñòåïåíè îãíåñòîéêîñòè è

êëàññà êîíñòðóêòèâíîé ïîæàðíîé îïàñíîñòè çäà-

íèé è ñîîðóæåíèé;
� ïîâûøåíèå ïðåäåëîâ îãíåñòîéêîñòè è õàðàêòå-

ðèñòèê îãíåñòîéêîñòè ïðîòèâîïîæàðíûõ ïðåãðàä

(íàïðèìåð, ïðåäúÿâëåíèå äîïîëíèòåëüíûõ òðå-

áîâàíèé ê äûìîãàçîíåïðîíèöàåìîñòè ñòåí è ïå-

ðåãîðîäîê è ïð.) è çàïîëíåíèÿ ïðîåìîâ â ýòèõ

ïðåãðàäàõ;
� óñòðîéñòâî äîïîëíèòåëüíûõ ýâàêóàöèîííûõ âû-

õîäîâ èç çäàíèé, äîïîëíèòåëüíûõ ëåñòíèö äëÿ

íàðóæíîãî îáîðóäîâàíèÿ.

Äîïîëíèòåëüíûìè òðåáîâàíèÿìè â ÑÒÓ â ÷àñòè

ïðîåêòèðîâàíèÿ òåõíîëîãè÷åñêèõ óçëîâ è ñèñòåì,

à òàêæå òåõíè÷åñêèõ ñèñòåì ïðîòèâîïîæàðíîé çà-

ùèòû, êàê ïðàâèëî, ÿâëÿþòñÿ:
� ïðèìåíåíèå áåçîïàñíîãî îáîðóäîâàíèÿ (ïå÷åé íà-

ãðåâà ñ çàêðûòûì êîíòóðîì, ðåçåðâóàðîâ ñ êîíò-

ðîëåì ìåæäóñòåííîãî ïðîñòðàíñòâà);
� óñòðîéñòâî ïîæàðíîé ñèãíàëèçàöèè íà íàðóæíûõ

óñòàíîâêàõ ñ ïðèìåíåíèåì òåïëîâûõ ëèíåéíûõ

ïîæàðíûõ èçâåùàòåëåé, àñïèðàöèîííûõ èçâåùà-

òåëåé è èçâåùàòåëåé ïëàìåíè;
� óñòðîéñòâî ñèñòåìû ãàçîâîé ôëåãìàòèçàöèè â òåõ-

íîëîãè÷åñêèõ åìêîñòÿõ;
� óñòðîéñòâî ñèñòåì îðîøåíèÿ (ïîæàðîòóøåíèÿ)

îáîðóäîâàíèÿ, íàõîäÿùåãîñÿ âíóòðè òåõíîëîãè-

÷åñêîé óñòàíîâêè, ïðè ïðåâûøåíèè åå ïëîùàäè

ïî ñðàâíåíèþ ñ ðåãëàìåíòèðóåìîé íîðìàòèâíû-

ìè òðåáîâàíèÿìè;

� ïðèìåíåíèå ñèñòåì àâàðèéíîãî îòêëþ÷åíèÿ ïðè

ðàçãåðìåòèçàöèè òðóáîïðîâîäîâ è îáîðóäîâàíèÿ.

Âûøåóêàçàííûå ìåðîïðèÿòèÿ ïðèìåíÿþòñÿ êàê

ïî îòäåëüíîñòè, òàê è êîìïëåêñíî è ñîäåðæàò îá-

îñíîâûâàþùèå ïîëîæåíèÿ, óñòàíîâëåííûå ñò. 8 ÔÇ

¹ 384 [2].

Çà÷àñòóþ ìåðîïðèÿòèÿ, ïðåäóñìîòðåííûå â ÑÒÓ,

íå ñîäåðæàò íîâèçíó â ïðîåêòèðîâàíèè ïðîòèâîïî-

æàðíîé çàùèòû, à íåîáõîäèìîñòü ðàçðàáîòêè ÑÒÓ

ÿâëÿåòñÿ ôîðìàëüíûì ïðèçíàêîì îòñóòñòâèÿ ñîîò-

âåòñòâóþùåé íîðìàòèâíîé áàçû.

Êðîìå òîãî, âî ìíîãèõ ñëó÷àÿõ äåéñòâóþùåå çà-

êîíîäàòåëüñòâî ïîçâîëÿåò îáîñíîâûâàòü ïðèíèìà-

åìûå ïðîåêòíûå ðåøåíèÿ (àëüòåðíàòèâíûå óñòàíîâ-

ëåííûì â äîêóìåíòàõ äîáðîâîëüíîãî ïðèìåíåíèÿ)

èíûìè ñïîñîáàìè, íå ïðèáåãàÿ ê ðàçðàáîòêå è ñî-

ãëàñîâàíèþ íà ôåäåðàëüíîì óðîâíå èíäèâèäóàëü-

íûõ íîðìàòèâîâ äëÿ êîíêðåòíîãî îáúåêòà êàïèòàëü-

íîãî ñòðîèòåëüñòâà.

Ïîëîæåíèÿìè ÔÇ ¹ 384 [2] óñòàíîâëåíî, ÷òî ñî-

ãëàñîâàííûå â óñòàíîâëåííîì ïîðÿäêå ÑÒÓ ìîãóò

ÿâëÿòüñÿ îñíîâàíèåì äëÿ âêëþ÷åíèÿ ñîäåðæàùèõñÿ

â íèõ òðåáîâàíèé ê çäàíèÿì è ñîîðóæåíèÿì, à òàêæå

ê ñâÿçàííûì ñî çäàíèÿìè è ñîîðóæåíèÿìè ïðîöåñ-

ñàì ïðîåêòèðîâàíèÿ (âêëþ÷àÿ èçûñêàíèÿ), ñòðîè-

òåëüñòâà, ìîíòàæà, íàëàäêè â íàöèîíàëüíûå ñòàí-

äàðòû è ñâîäû ïðàâèë, ïðèìåíåíèå êîòîðûõ áóäåò

îáåñïå÷èâàòü ñîáëþäåíèå òðåáîâàíèé ÔÇ ¹ 384 [2].

Çàêëþ÷åíèå

Ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì ñ øèðîêèì ïðè-

âëå÷åíèåì ïðîôåññèîíàëüíîãî ñîîáùåñòâà, áèçíåñ-

ñîîáùåñòâà, ýêñïåðòíûõ è íàäçîðíûõ îðãàíîâ ïðî-

âåñòè àíàëèç òðåáîâàíèé, ñîäåðæàùèõñÿ â ñîãëàñî-

âàííûõ ÑÒÓ, ïî ðåçóëüòàòàì êîòîðîãî îñóùåñòâèòü

àêòóàëèçàöèþ è�èëè ðàçðàáîòêó íåîáõîäèìûõ íîð-

ìàòèâíûõ äîêóìåíòîâ ïî ïîæàðíîé áåçîïàñíîñòè.

Àïðîáèðîâàííûå òåõíè÷åñêèå ðåøåíèÿ, ñîãëà-

ñîâàííûå â ðàìêàõ ÑÒÓ è ïîäòâåðäèâøèå ñâîþ ýô-

ôåêòèâíîñòü íà ðåàëèçîâàííûõ îáúåêòàõ, íàêîïëåí-

íûé îòå÷åñòâåííûé è çàðóáåæíûé îïûò [18–20] îáÿ-

çàòåëüíî äîëæíû íàéòè îòðàæåíèå â ñîîòâåòñòâó-

þùèõ ñâîäàõ ïðàâèë (àêòóàëèçèðîâàííûõ ðåäàêöè-

ÿõ âåäîìñòâåííûõ íîðìàòèâíûõ äîêóìåíòîâ), ÷òî â

çíà÷èòåëüíîé ñòåïåíè áóäåò ñïîñîáñòâîâàòü ñîêðà-
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ABSTRACT

At the moment provisions of the normative documents regulating design of objects of the oil and gas

sphere need cardinal updating.

The existing regulatory base of objects of an oil and gas complex is submitted mostly by the de-

partmental normative documents accepted and which are put into operation even at the time of

existence of the USSR. In process of development of technologies of fire extinguishing and fire-

prevention rationing, already in the twenty first century, a number of recommendations issued by

the leading scientific organizations of our country and directed to optimization and increase in

fire-prevention protection of objects of an oil and gas complex has been accepted.

At the same time it should be noted especially the fact that the above-stated departmental norms

and recommendations, despite their practical importance, cannot be reference documents according

to provisions of the Federal Law No. 384 and subordinate acts adopted to it.

Owing to the available perspective of design and passing of state examination of the specified

objects, development of the project documentation is preceded almost everywhere by the procedure

of development and coordination in accordance with the established procedure of special specifica-

tions on design of fire-prevention protection.

The feature of special specifications consists first of all in need of representation of those on

a concrete capital construction project that negatively influences terms of design and passing of

the state examination.

It is advisable to reflect the approved technical solutions coordinated within special specifications

and which have confirmed the efficiency on the realized objects in the corresponding sets of rules

(the updated versions of departmental normative documents) that will promote substantially reduc-

tion of administrative barriers.

Keywords: special specifications; fire safety; compensating measures; technical solutions; fire pro-

tection; objects of an oil and gas complex.
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ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÀß ÈÍÔÎÐÌÀÖÈÎÍÍÀß
ÑÈÑÒÅÌÀ ÑÂßÇÈ È ÓÏÐÀÂËÅÍÈß ÏÎÆÀÐÍÎ-
ÑÏÀÑÀÒÅËÜÍÛÌÈ ÏÎÄÐÀÇÄÅËÅÍÈßÌÈ

Ïðåäëîæåíà ôóíêöèîíàëüíàÿ ñòðóêòóðà è íà åå îñíîâå ðàçðàáîòàíà àâòîìàòèçèðîâàííàÿ èí-
ôîðìàöèîííàÿ ñèñòåìà ñâÿçè è óïðàâëåíèÿ ïîæàðíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè ïðè
òóøåíèè êðóïíûõ ïîæàðîâ. Ðàññìîòðåíà ñïåöèôèêà ïðèìåíåíèÿ ìîäóëüíîé òåõíîëîãèè ïðè
ôîðìèðîâàíèè àëãîðèòìè÷åñêîé ñîñòàâëÿþùåé ñòðóêòóðû èíôîðìàöèîííîé ñèñòåìû. Ñôîðìè-
ðîâàíà è àïðîáèðîâàíà â âèäå ïðîãðàììû äëÿ ÝÂÌ ñîâîêóïíîñòü òðåõ èíôîðìàöèîííî-àíàëè-
òè÷åñêèõ ìîäóëåé èíôîðìàöèîííîé ñèñòåìû: ìîäóëü äîêóìåíòàöèè ïî îðãàíèçàöèè ñâÿçè è
óïðàâëåíèÿ; ìîäóëü àâòîìàòèçèðîâàííîãî ôîðìèðîâàíèÿ ñõåì ïî îðãàíèçàöèè ñâÿçè; ìîäóëü
äèñòàíöèîííîãî ìîíèòîðèíãà ñîñòîÿíèÿ ïîæàðà íà îáúåêòå çàùèòû. Ïîñòàâëåíà è àíàëèòè÷åñêè
ðåøåíà çàäà÷à ðàíæèðîâàíèÿ çàäà÷ óïðàâëåíèÿ â èíôîðìàöèîííîé ñèñòåìå; ïðåäëîæåíû àëãî-
ðèòìû è ìåòîäèêà óïîðÿäî÷èâàíèÿ â ïîðÿäêå ïðåäïî÷òèòåëüíîñòè äëÿ ïðàêòè÷åñêîé ðåàëèçà-
öèè çàäà÷ óïðàâëåíèÿ â ðàññìàòðèâàåìîé ñèñòåìå. Ñäåëàíû âûâîäû ïî äàëüíåéøåìó ðàçâèòèþ
è ñîâåðøåíñòâîâàíèþ èíôîðìàöèîííîé ñèñòåìû â ÷àñòè ïîâûøåíèÿ àäàïòèâíîñòè ê ñòèëÿì
óïðàâëåíèÿ äîëæíîñòíûõ ëèö ïðè òóøåíèè êðóïíûõ ïîæàðîâ.

Êëþ÷åâûå ñëîâà: èíôîðìàöèîííàÿ ñèñòåìà; èíôîðìàöèîííûå ìîäóëè äàííûõ; ôóíêöèîíàëü-
íàÿ ñòðóêòóðà ñèñòåìû óïðàâëåíèÿ; àëãîðèòìû ðàíæèðîâàíèÿ èíôîðìàöèîííûõ äàííûõ; ñïå-
öèôèêà îðãàíèçàöèè ñâÿçè è óïðàâëåíèÿ; òóøåíèå ïîæàðîâ.

DOI: 10.18322/PVB.2018.27.02-03.20-26

Ââåäåíèå

Èíôîðìàöèîííîå ñîïðîâîæäåíèå â çíà÷èòåëüíîé

ñòåïåíè ñïîñîáñòâóåò óëó÷øåíèþ ïðîöåññà óïðàâ-

ëåíèÿ è âçàèìîäåéñòâèÿ ïîæàðíî-ñïàñàòåëüíûõ ïîä-

ðàçäåëåíèé ïðè âûïîëíåíèè îïåðàòèâíî-òàêòè÷å-

ñêèõ äåéñòâèé [1–3]. Îäíàêî èçáûòî÷íîñòü è ïðî-

òèâîðå÷èâîñòü èíôîðìàöèè çà÷àñòóþ ïðèâîäèò ê

ñíèæåíèþ îïåðàòèâíîñòè ïðèíÿòèÿ ðåøåíèé. Ñ ó÷å-

òîì ðÿäà òðåáîâàíèé, ïðåäúÿâëÿåìûõ ê èíôîðìàöè-

îííîìó îáåñïå÷åíèþ ðóêîâîäèòåëåé îïåðàòèâíûõ

ñëóæá, òàêèõ êàê ïîëíîòà, îáúåêòèâíîñòü, îïòèìàëü-

íîñòü è äîñòîâåðíîñòü èíôîðìàöèè ïðè òóøåíèè

êðóïíûõ ïîæàðîâ, íåîáõîäèìî òàêæå îáåñïå÷èòü

ñâîåâðåìåííîñòü ïîëó÷åíèÿ è îïåðàòèâíîñòü îáðà-

áîòêè èíôîðìàöèè. Äëÿ âûïîëíåíèÿ äàííûõ òðåáî-

âàíèé ìîæåò áûòü èñïîëüçîâàíà àâòîìàòèçèðîâàí-

íàÿ ñèñòåìà óïðàâëåíèÿ (äàëåå — ÀÑÓ) [4].

Íà ñîâðåìåííîì ýòàïå ðàçâèòèÿ ÀÑÓ äëÿ èõ ïðî-

åêòèðîâàíèÿ è ïðàêòè÷åñêîé ðåàëèçàöèè âûáðàí äå-

êîìïîçèöîííûé ïîäõîä, ïîçâîëÿþùèé ïðåäñòàâèòü

ñèñòåìó â âèäå ñîâîêóïíîñòè ïîäñèñòåì — ìîäó-

ëåé. Ïðè òóøåíèè êðóïíûõ ïîæàðîâ, â óñëîâèÿõ èí-

ôîðìàöèîííîãî êðèçèñà, ñâÿçàííîãî â ïåðâóþ î÷å-

ðåäü ñ èçáûòî÷íîñòüþ è ïðîòèâîðå÷èâîñòüþ ïîñòó-
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ïàþùåé èíôîðìàöèè, ñèñòåìà óïðàâëåíèÿ ìîæåò

ñîñòîÿòü èç êîíå÷íîãî ÷èñëà ìîäóëåé ñ âîçìîæíî-

ñòüþ ñòðóêòóðèðîâàíèÿ èíôîðìàöèîííûõ ðåñóðñîâ,

ïóòåì ðàíæèðîâàíèÿ èõ ïî ïðåäïî÷òåíèþ óïðàâëåí-

÷åñêèõ çàäà÷.

Ñïåöèôèêà óïðàâëåíèÿ äåéñòâèÿìè ïî òóøåíèþ

êðóïíûõ ïîæàðîâ ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî äëÿ

ýôôåêòèâíîãî ôóíêöèîíèðîâàíèÿ ÀÑÓ íåîáõîäèìî

è äîñòàòî÷íî âíåäðèòü â ôóíêöèîíàëüíóþ ñòðóêòó-

ðó ñèñòåìû òðè îñíîâíûõ ìîäóëÿ:
� ìîäóëü èñïîëíèòåëüíîé äîêóìåíòàöèè, îòðàæà-

þùèé õîä ðåàëèçàöèè äåéñòâèé ïî òóøåíèþ ïî-

æàðîâ è ïðèíÿòûå óïðàâëåí÷åñêèå ðåøåíèÿ [4];
� ìîäóëü îðãàíèçàöèè âçàèìîäåéñòâèÿ, ñâÿçè è îïî-

âåùåíèÿ ó÷àñòíèêîâ òóøåíèÿ ïîæàðà î ïðèíÿòûõ

ðåøåíèÿõ è ñïåöèôèêå èõ èñïîëíåíèÿ, à òàêæå î

ñîáëþäåíèè ìåð áåçîïàñíîñòè ïðè ðåàëèçàöèè

îïåðàòèâíî-òàêòè÷åñêèõ äåéñòâèé [3];
� ìîäóëü äèñòàíöèîííîãî ìîíèòîðèíãà ñîñòîÿíèÿ

ïîæàðà, ïîçâîëÿþùèé â óäîáíîì äëÿ âîñïðè-

ÿòèÿ âèäå ïðåäñòàâèòü äîëæíîñòíûì ëèöàì íà

ïîæàðå ðåçóëüòàòû ìîíèòîðèíãà îñíîâíûõ ïà-

ðàìåòðîâ îïåðàòèâíîé îáñòàíîâêè [2].

Òàêèì îáðàçîì, öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåò-

ñÿ ñîâåðøåíñòâîâàíèå èíôîðìàöèîííîãî îáåñïå÷å-

íèÿ ðóêîâîäèòåëåé îïåðàòèâíûõ ñëóæá ïðè òóøå-

íèè êðóïíûõ ïîæàðîâ íà îñíîâå ñòðóêòóðèðîâàíèÿ

èíôîðìàöèè â ïîðÿäêå åå ïðåäïî÷òèòåëüíîñòè äëÿ

ïðàêòè÷åñêîé ðåàëèçàöèè.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè íåîáõîäè-

ìî ðåøèòü äâå âçàèìîóâÿçàííûå çàäà÷è, à èìåííî:

1) ðàçðàáîòêà ìîäåëè ðàíæèðîâàíèÿ èíôîðìàöèîí-

íûõ çàäà÷ óïðàâëåíèÿ â ïîðÿäêå ïðåäïî÷òèòåëüíî-

ñòè äëÿ ïðàêòè÷åñêîé ðåàëèçàöèè; 2) âíåäðåíèå ìî-

äåëè â âèäå ìåòîäà â ñòðóêòóðó àâòîìàòèçèðîâàííîé

èíôîðìàöèîííîé ñèñòåìû ñâÿçè è óïðàâëåíèÿ ïî-

æàðíî-ñïàñàòåëüíûìè ïîäðàçäåëåíèÿìè ïðè òóøå-

íèè êðóïíûõ ïîæàðîâ.

Êîíöåïòóàëüíàÿ ìîäåëü ÀÑÓ

Â îñíîâå êîíöåïòóàëüíîé ìîäåëè ÀÑÓ íàõîäèò-

ñÿ ìîäóëüíàÿ ñòðóêòóðà, ñõåìàòè÷íî èçîáðàæåííàÿ íà

ðèñ. 1. Ñ ó÷åòîì òðåáîâàíèé, ïðåäúÿâëÿåìûõ ê óïðàâ-

ëåíèþ ïðè òóøåíèè êðóïíûõ ïîæàðîâ, è ôóíêöèî-

íàëüíîãî íàïîëíåíèÿ ñèñòåìû óïðàâëåíèÿ â ñòðóê-

òóðå ñèñòåìû ïðåäñòàâëåí íàáîð, ñîñòîÿùèé èç òðåõ

èíôîðìàöèîííûõ ìîäóëåé.

Ïåðâûé ìîäóëü ïîçâîëÿåò ïîëó÷èòü áûñòðûé

äîñòóï ê áàçå íîðìàòèâíî-ïðàâîâîé èíôîðìàöèè

ôåäåðàëüíîãî è ìåñòíîãî óðîâíÿ. Äëÿ óäîáñòâà ðà-

áîòû äîëæíîñòíûõ ëèö ñèñòåìû óïðàâëåíèÿ íà ïî-

æàðå ïðåäóñìàòðèâàåòñÿ âîçìîæíîñòü íàâèãàöèè

ïî ïîëíûì òåêñòàì äîêóìåíòîâ, à òàêæå îïåðàòèâ-

íûé ïðîñìîòð àííîòàöèé äîêóìåíòîâ è çàìåòîê,

ñäåëàííûõ äîëæíîñòíûìè ëèöàìè ðàíåå.

Âòîðîé ìîäóëü ïðåäíàçíà÷åí äëÿ àâòîìàòèçèðî-

âàííîãî ôîðìèðîâàíèÿ ñõåì, ñòðóêòóð è àëãîðèòìîâ

ñâÿçè, â ñîîòâåòñòâèè ñ êîòîðûìè ìîæíî íàèëó÷øèì

îáðàçîì îðãàíèçîâàòü ôóíêöèîíèðîâàíèå è âçàèìî-

äåéñòâèå ñèë è ñðåäñòâ ïîæàðíî-ñïàñàòåëüíûõ ïîä-

ðàçäåëåíèé. Â êà÷åñòâå äîïîëíèòåëüíîãî ýëåìåíòà

â äàííîì ìîäóëå ïðåäñòàâëåíû ïëàíû è ñõåìû îïî-

âåùåíèÿ ëè÷íîãî ñîñòàâà ïðè òóøåíèè ïîæàðîâ íà

ïîæàðîâçðûâîîïàñíûõ îáúåêòàõ.

Òðåòèé ìîäóëü îáåñïå÷èâàåò âçàèìîäåéñòâèå ñ

ñèñòåìàìè ìîíèòîðèíãà ñîñòîÿíèÿ ïîæàðà. Â êà÷å-

ñòâå èñòî÷íèêîâ èíôîðìàöèè ïðè ìîíèòîðèíãå âû-

ñòóïàþò èíôîðìàöèîííûå êîìïîíåíòû àâòîìàòè-

÷åñêèõ ñèñòåì îáíàðóæåíèÿ ïîæàðà, ñèñòåì îïîâå-

ùåíèÿ è óïðàâëåíèÿ ýâàêóàöèåé ïðè ïîæàðå, ñèñòåì

âèçóàëüíîãî êîíòðîëÿ è ïîääåðæêè óïðàâëåíèÿ, â òîì

÷èñëå ñèñòåì ïîääåðæêè ïðèíÿòèÿ ðåøåíèé.

Àïðîáàöèÿ ïðåäëîæåííîé ñòðóêòóðû àâòîìàòè-

çèðîâàííîé ñèñòåìû ñâÿçè è óïðàâëåíèÿ ïðîâîäè-

Ðèñ. 1. Ñòðóêòóðà àâòîìàòèçèðîâàííîé ñèñòåìû ñâÿçè è óïðàâ-

ëåíèÿ ïðè òóøåíèè êðóïíûõ ïîæàðîâ

Fig. 1. The structure of the automated communication and control

system when extinguishing large fires
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ëàñü ñ èñïîëüçîâàíèåì ïðîãðàììû äëÿ ÝÂÌ [3] â

ïðîöåññå ïîäãîòîâêè ñïåöèàëèñòîâ äëÿ ïðîòèâîïî-

æàðíîé ñëóæáû [5–8]. Ðåçóëüòàòû àïðîáàöèè ïîêà-

çàëè, ÷òî èíôîðìàöèîííî-àíàëèòè÷åñêàÿ ñîñòàâëÿ-

þùàÿ ñòðóêòóðû ñèñòåìû íóæäàåòñÿ â ñîâåðøåíñò-

âîâàíèè â ÷àñòè ñòðóêòóðèðîâàíèÿ èíôîðìàöèîííûõ

ðåñóðñîâ ñèñòåìû, äëÿ ÷åãî íåîáõîäèìà ðàçðàáîòêà

è âíåäðåíèå â ñòðóêòóðó ñèñòåìû ìîäåëè ðàíæèðî-

âàíèÿ èíôîðìàöèîííûõ çàäà÷ óïðàâëåíèÿ.

Ðàçðàáîòêà ìîäåëè ðàíæèðîâàíèÿ
çàäà÷ óïðàâëåíèÿ â ÀÑÓ

Ïîäõîäû ê ïîñòðîåíèþ ñòðóêòóð èíôîðìàöèîí-

íûõ ðåñóðñîâ â îáùåé ñâîåé ñîâîêóïíîñòè ñâîäÿòñÿ

ê ïàðíîìó ñðàâíåíèþ çàäà÷ óïðàâëåíèÿ â öåëÿõ ïî-

ñòðîåíèÿ äîìèíàíòíîé ñòðóêòóðû èëè æå ê óïîðÿ-

äî÷èâàíèþ çàäà÷ ñ èñïîëüçîâàíèåì ìåòîäîâ ðàíæè-

ðîâàíèÿ íà îñíîâå ïðåäñòàâëåíèé îá èõ ïðåäïî÷òè-

òåëüíîñòè. Èñõîäÿ èç ñîäåðæàòåëüíîé ïîñòàíîâêè

çàäà÷è ñòðóêòóðèðîâàíèÿ èíôîðìàöèîííûõ ðåñóð-

ñîâ â ÀÑÓ ïåðâûé ïîäõîä ê ïîñòðîåíèþ ñòðóêòóðû

èíôîðìàöèîííûõ ðåñóðñîâ íå óäîâëåòâîðÿåò òðå-

áîâàíèÿì îïåðàòèâíîñòè ïðèíÿòèÿ ðåøåíèé íà ïî-

æàðå.

Â ðàáîòå [9] âûäâèíóòà è äîêàçàíà ãèïîòåçà î

òîì, ÷òî â êà÷åñòâå îñíîâû äëÿ ðàçðàáîòêè ÀÑÓ ìî-

æåò âûñòóïàòü êîëè÷åñòâåííûé ïîäõîä ê îïèñàíèþ

ïðîáëåìíûõ ñèòóàöèé, ñâÿçàííûõ ñ âûáîðîì çàäà÷

ïî ïðåäïî÷òåíèþ.

Äëÿ ðàíæèðîâàíèÿ èíôîðìàöèîííûõ ðåñóðñîâ

ïðåäëàãàåòñÿ ìíîãîïàðàìåòðè÷åñêàÿ ìàòåìàòè÷å-

ñêàÿ ìîäåëü [9, 10], âêëþ÷àþùàÿ â ñåáÿ:
� ìíîæåñòâî âàðèàíòîâ çàäà÷ óïðàâëåíèÿ:

x i �X, i = 1, 2, …, n, n � 2;

� íàáîð îöåíî÷íûõ ïàðàìåòðîâ çàäà÷ óïðàâëåíèÿ:

Es�E, s = 1, 2, …, m, m � 2;

� ìíîæåñòâî êîìïëåêñíûõ îöåíîê çàäà÷ óïðàâ-

ëåíèÿ:

E(X) = E1(X) �E2(X) �…�Em(X),

ãäå E1(X) — îáëàñòü äîïóñòèìûõ çíà÷åíèé âàðèàí-

òîâ xi �X ïî ïàðàìåòðó E1;

E(xi) = (E1(x
i), E2(x

i), …, Em(xi)) — êîìïëåêñíàÿ

îöåíêà âàðèàíòà xi;

Es(x
i) — îöåíêà âàðèàíòà xi ïî ïàðàìåòðó Es.

Ôóíêöèÿ äëÿ ðàíæèðîâàíèÿ çàäà÷ óïðàâëåíèÿ

ïî ïðåäïî÷òåíèþ ðåàëèçóåòñÿ íà îñíîâå àääèòèâ-

íîé ôóíêöèè [11–14], âêëþ÷àþùåé â ñåáÿ âñå îöå-

íî÷íûå ïàðàìåòðû ñ ó÷åòîì èõ âàæíîñòè:

F Ei i

i

m

� �
�
� �

1

, (1)

ãäå �i — “âåñ” i-ãî ïàðàìåòðà Å; �i

i

m

�
� �

1

1;

m — îáùåå êîëè÷åñòâî îöåíî÷íûõ ïàðàìåòðîâ.

Âåñîâûå êîýôôèöèåíòû �i äëÿ êàæäîé êîìïî-

íåíòû âû÷èñëÿþòñÿ ïî ôîðìóëàì:
� ñ íîìåðîì i� IA:

�

�

i

ij

j

a b
�

�

�

�1

( )
,

1
� �j I B ; (2)

� ñ íîìåðîì j� IB:

�

�

j

ij

i

a

a b
�

�

�

�
( )

,
1

� �i I A , (3)

ãäå IA — ìíîæåñòâî íîìåðîâ i îöåíî÷íûõ ïîêàçà-

òåëåé;

IÂ — ìíîæåñòâî íîìåðîâ j îöåíî÷íûõ ïîêàçà-

òåëåé;

�ij — íîðìèðîâàííàÿ øêàëà ïðåâîñõîäñòâà â âàæ-

íîñòè ïîêàçàòåëÿ ñ íîìåðîì i íàä ïîêàçàòåëåì

ñ íîìåðîì j;

a — êîëè÷åñòâî îöåíî÷íûõ ïîêàçàòåëåé ñ íîìå-

ðàìè i;

b — êîëè÷åñòâî îöåíî÷íûõ ïîêàçàòåëåé ñ íîìå-

ðàìè j;

m = à + b.

Ðàíæèðîâàíèå â ïîðÿäêå ïðåäïî÷òèòåëüíîñòè

îñóùåñòâëÿåòñÿ ìåòîäîì, âêëþ÷àþùèì â ñåáÿ ñëå-

äóþùèå ýòàïû:

1) ôîðìèðîâàíèå êîìïëåêñíûõ îöåíîê çàäà÷

óïðàâëåíèÿ è âûÿâëåíèå âàæíîñòè îöåíî÷íûõ ïî-

êàçàòåëåé ñ èñïîëüçîâàíèåì íîðìèðîâàííîé øêàëû

âàæíîñòè;

2) äëÿ êàæäîé çàäà÷è óïðàâëåíèÿ îïðåäåëåíèå

çíà÷åíèÿ ôóíêöèè (1) ñ ó÷åòîì òîãî, ÷òî äëÿ êàæäîãî

îöåíî÷íîãî ïîêàçàòåëÿ ïî ôîðìóëàì (2) è (3) îïðå-

äåëåíû êîýôôèöèåíòû âàæíîñòè;

3) âûáîð çàäà÷ óïðàâëåíèÿ â ïîðÿäêå èõ ïðåä-

ïî÷òèòåëüíîñòè äëÿ ïðàêòè÷åñêîé ðåàëèçàöèè ïî

ôîðìóëå

C X F x
x X

( ) max ( ).�
�

arg (5)

Ñîâîêóïíîñòü ïðåäëîæåííûõ ýòàïîâ ðåàëèçàöèè

ìåòîäà ïîçâîëÿåò ñ èñïîëüçîâàíèåì ìèíèìàëüíîãî

êîëè÷åñòâà âû÷èñëèòåëüíûõ îïåðàöèé ïîñòðîèòü

ñòðóêòóðó èíôîðìàöèîííûõ ðåñóðñîâ â àâòîìàòè-

çèðîâàííîé ñèñòåìå ñâÿçè è óïðàâëåíèÿ, à òàêæå ïî-

ëó÷èòü ðåçóëüòàòû, êîòîðûå õîðîøî ñîãëàñóþòñÿ ñ

ðåçóëüòàòàìè èñïîëüçîâàíèÿ ìíîãîïàðàìåòðè÷å-

ñêîé ìîäåëè ïðè óïðàâëåíèè â ÷ðåçâû÷àéíûõ ñèòó-

àöèÿõ [15–20]. Îäíàêî ñòîèò îòìåòèòü, ÷òî îäíèì èç

ïåðñïåêòèâíûõ íàïðàâëåíèé ñîâåðøåíñòâîâàíèÿ

èíôîðìàöèîííîé ñèñòåìû ÿâëÿåòñÿ ó÷åò ñèñòåìû

ïðåäïî÷òåíèé äîëæíîñòíûõ ëèö — ïîëüçîâàòåëåé

ñèñòåìû. Ýòî ñëóæèò ïîáóäèòåëüíûì ìîòèâîì äëÿ

âíåäðåíèÿ â ñòðóêòóðó ñèñòåìû êàê îäíîãî èç íåîá-

õîäèìûõ êîìïîíåíòîâ áàçû äàííûõ ñ êîýôôèöèåíòà-
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ìè âàæíîñòè ïàðàìåòðîâ ðàíæèðîâàíèÿ çàäà÷ óïðàâ-

ëåíèÿ.
Âûâîäû

Â ðàáîòå äëÿ ðåøåíèÿ çàäà÷è, ñîñòîÿùåé â ñî-

âåðøåíñòâîâàíèè èíôîðìàöèîííîãî îáåñïå÷åíèÿ ðó-

êîâîäèòåëåé îïåðàòèâíûõ ñëóæá ïðè òóøåíèè

êðóïíûõ ïîæàðîâ, ðàçðàáîòàíà ìîäåëü è ìåòîä ñòðóê-

òóðèðîâàíèÿ èíôîðìàöèîííûõ ðåñóðñîâ ÀÑÓ â ïî-

ðÿäêå ïðåäïî÷òèòåëüíîñòè äëÿ ïðàêòè÷åñêîé ðåàëè-

çàöèè.

1. Ðàçðàáîòàíà ñòðóêòóðà àâòîìàòèçèðîâàííîé

ñèñòåìû óïðàâëåíèÿ äåéñòâèÿìè ïî òóøåíèþ êðóï-

íûõ ïîæàðîâ, ïðåäñòàâëÿþùàÿ ñîáîé ñîâîêóïíîñòü

òðåõ èíôîðìàöèîííûõ ìîäóëåé.

2. Äëÿ ñòðóêòóðèðîâàíèÿ èíôîðìàöèè â ÀÑÓ íà

îñíîâå ðàíæèðîâàíèÿ çàäà÷ óïðàâëåíèÿ â ïîðÿäêå

ïðåäïî÷òèòåëüíîñòè äëÿ ïðàêòè÷åñêîé ðåàëèçàöèè

ðåøåíèÿ ðàçðàáîòàíà èíôîðìàöèîííî-àíàëèòè÷å-

ñêàÿ ìîäåëü è ìåòîä.

Êîìïëåêñ ïîëó÷åííûõ ðåçóëüòàòîâ ïîçâîëÿåò ñî-

êðàòèòü âðåìÿ íà ïðèíÿòèå óïðàâëåí÷åñêîãî ðåøå-

íèÿ ïðè òóøåíèè êðóïíûõ ïîæàðîâ è òåì ñàìûì ïî-

âûñèòü êà÷åñòâî óïðàâëåíèÿ îïåðàòèâíûìè ïîäðàç-

äåëåíèÿìè ïîæàðíîé îõðàíû.
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ABSTRACT

The work is devoted to the topical issues of improving the information support for leaders of opera-

tional services when extinguishing large fires. The models are considered dealing with ranking of

information control tasks for the practical implementation, taking into account the characteristics of

their introduction in the structure of the fire and rescue team communication and control automated

information system when extinguishing large fires.

The automated system modular structure is proposed, which represents the aggregate of infor-

mation modules allowing to receive real time access to the legal information control database, to form

the communication structure and algorithms, as well as to interact with the fire monitoring instru-

ments.

The testing of the proposed structure showed that its information-analytical component needs to be

improved through the introduction of the information control tasks ranking. Such a control tasks

ranking model has been developed and a method has been proposed that implements it in the form of

consistent implementation of the following stages:
� the formation of integrated assessments of control tasks and identification of the importance of

estimated figures using the normalized importance scale;
� development of a linear combination of estimated figures, taking into account the additional infor-

mation about their importance for each control task;
� the distribution of control tasks in the order of their practical implementation.

The prospective directions of further improvement of the control tasks ranking model in the struc-

ture of the information system have been determined. The introduction of the database in the structure

of the system with additional information relating to the importance of estimated figures of control

tasks ranking.

The results of the improvement of information support of officials when extinguishing large fires

will increase the efficiency and quality of the forces and facilities of fire and rescue teams.

Keywords: information system; data modules; management system functional structure; data ranking

algorithms; particular characteristics of the communication and control; fire extinguishing.
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ÊÈÍÅÒÈ×ÅÑÊÈÉ ÏÎÄÕÎÄ ÏÐÈ ÐÀÑ×ÅÒÅ
ÏÀÐÀÌÅÒÐÎÂ ÏÎÆÀÐÎÂÇÐÛÂÎÎÏÀÑÍÎÑÒÈ
ÃÀÇÎÂÛÕ ÑÌÅÑÅÉ ÌÅÒÀÍÀ Ñ ÕËÎÐÎÌ

Ïðåäñòàâëåí ìåòîä ðàñ÷åòà ïîêàçàòåëåé ïîæàðîâçðûâîîïàñíîñòè ãàçîâûõ ñìåñåé, áàçèðóþùèé-
ñÿ íà óðàâíåíèè òåïëîïðîâîäíîñòè è ó÷èòûâàþùèé êèíåòèêó è ìåõàíèçì õèìè÷åñêîãî âçàèìî-
äåéñòâèÿ. Ïîêàçàíî, ÷òî äàííûé ìåòîä, àïðîáèðîâàííûé íà ãàçîâûõ ñìåñÿõ ìåòàíà è åãî õëîð-
ïðîèçâîäíûõ ñ õëîðîì, ïîçâîëÿåò îïðåäåëÿòü äëÿ íèõ ñðàçó íåñêîëüêî ïîêàçàòåëåé ïîæàðî-
âçðûâîîïàñíîñòè. Äëÿ ñìåñåé õëîðà ñ ìåòàíîì, õëîðìåòàíîì è äèõëîðìåòàíîì îïðåäåëåíû
êîíöåíòðàöèîííûå ïðåäåëû ôîòîâîñïëàìåíåíèÿ è êðèòè÷åñêèå èíòåíñèâíîñòè ÓÔ-èçëó÷åíèÿ.
Ðàññ÷èòàíû òåìïåðàòóðà ñàìîâîñïëàìåíåíèÿ ñìåñè ìåòàíà ñ õëîðîì è ìèíèìàëüíàÿ ôëåãìàòè-
çèðóþùàÿ êîíöåíòðàöèÿ ÷åòûðåõõëîðèñòîãî óãëåðîäà â ñìåñè õëîðìåòàíà è õëîðà. Ïîêàçàíî,
÷òî ðàñ÷åòíûå çíà÷åíèÿ ïàðàìåòðîâ â îñíîâíîì õîðîøî ñîãëàñóþòñÿ ñ ýêñïåðèìåíòàëüíûìè.

Êëþ÷åâûå ñëîâà: ìîäåëü ôîòîâîñïëàìåíåíèÿ; õëîðèðîâàíèå óãëåâîäîðîäîâ; ïîæàðíàÿ áåç-
îïàñíîñòü; ïîæàðîâçðûâîîïàñíîñòü ìåòàíà; ïîæàðîâçðûâîîïàñíîñòü õëîðìåòàíà; ïîæàðîâçðûâî-
îïàñíîñòü äèõëîðìåòàíà.

DOI: 10.18322/PVB.2018.27.02-03.27-36

Ââåäåíèå

Ìåðîïðèÿòèÿ ïî îáåñïå÷åíèþ ïîæàðíîé áåçîïàñ-

íîñòè ïðîìûøëåííîãî îáúåêòà, íà êîòîðîì îáðà-

ùàþòñÿ ãîðþ÷èå âåùåñòâà, áàçèðóþòñÿ íà ðàñ÷å-

òàõ, â êîòîðûõ èñïîëüçóþòñÿ ïîêàçàòåëè ïîæàðíîé

îïàñíîñòè (ÏÏÎ), òàêèå êàê êîíöåíòðàöèîííûå ïðå-

äåëû ðàñïðîñòðàíåíèÿ ïëàìåíè, òåìïåðàòóðà ñàìî-

âîñïëàìåíåíèÿ, ìèíèìàëüíàÿ ýíåðãèÿ çàæèãàíèÿ,

ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè, ìèíèìàëüíàÿ

ôëåãìàòèçèðóþùàÿ êîíöåíòðàöèÿ íåãîðþ÷åãî ãàçà

èëè èíãèáèòîðà è äð. Äëÿ ìíîãèõ ãîðþ÷èõ âåùåñòâ

îíè ýêñïåðèìåíòàëüíî óñòàíîâëåíû è ïðèâåäåíû â

ñïðàâî÷íîé ëèòåðàòóðå [1]. Áîëüøîé ìàññèâ ýêñïå-

ðèìåíòàëüíûõ äàííûõ ïîçâîëèë ðàçâèòü ðàñ÷åòíûå

ìåòîäû îïðåäåëåíèÿ ÏÏÎ ïî ýìïèðè÷åñêèì ôîðìó-

ëàì, ó÷èòûâàþùèì ýëåìåíòíûé ñîñòàâ ãîðþ÷åãî è

â íåêîòîðûõ ñëó÷àÿõ ñòðóêòóðó åãî ìîëåêóëû [2–12].

Ýòè ôîðìóëû äàþò âîçìîæíîñòü îïðåäåëÿòü ñ ðàç-

ëè÷íîé ñòåïåíüþ òî÷íîñòè ÷èñëåííûå çíà÷åíèÿ ÏÏÎ

äëÿ ãîðþ÷èõ âåùåñòâ, äëÿ êîòîðûõ îíè íåèçâåñòíû.

Êàê ïðàâèëî, áîëüøàÿ ñõîäèìîñòü ðåçóëüòàòîâ ðàñ-

÷åòà è ýêñïåðèìåíòà íàáëþäàåòñÿ â ïðåäåëàõ ãîìî-

ëîãè÷åñêîãî ðÿäà. Äàëüíåéøåå ðàçâèòèå ðàñ÷åòíûõ

ìåòîäîâ, ïî-âèäèìîìó, äîëæíî ó÷èòûâàòü äàííûå ïî

êèíåòèêå è ìåõàíèçìó õèìè÷åñêîãî âçàèìîäåéñòâèÿ

ãîðþ÷åãî ñ îêèñëèòåëåì, ÷òî, ïî ñóòè, è îïðåäåëÿåò

ñïîñîáíîñòü âåùåñòâà ê âîñïëàìåíåíèþ è ãîðåíèþ.

Öåëü íàñòîÿùåé ðàáîòû — ïîêàçàòü âîçìîæíîñòü

ðàñ÷åòà ïîêàçàòåëåé ïîæàðîâçðûâîîïàñíîñòè ãîðþ-

÷èõ ãàçîâûõ ñìåñåé ñ ïîìîùüþ ìîäåëè òåïëîâîãî

âîñïëàìåíåíèÿ, áàçèðóþùåéñÿ íà óðàâíåíèè òåï-

ëîïðîâîäíîñòè è êèíåòèêå ðàäèêàëüíî-öåïíîãî õè-

ìè÷åñêîãî âçàèìîäåéñòâèÿ.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ñôîðìóëè-

ðîâàíû ñëåäóþùèå çàäà÷è:

� ðàçðàáîòàòü ìàòåìàòè÷åñêóþ ìîäåëü, îïèñûâà-

þùóþ èçìåíåíèå òåìïåðàòóðû â ñèñòåìå ïðè ïðî-

òåêàíèè â íåé ãàçîôàçíîé ðàäèêàëüíî-öåïíîé

ðåàêöèè, äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ ïîæàðî-

âçðûâîîïàñíîñòè ãîðþ÷åé ãàçîâîé ñìåñè;

� ñðàâíèòü ðåçóëüòàòû ðàñ÷åòîâ ïîêàçàòåëåé ïîæà-

ðîâçðûâîîïàñíîñòè, âûïîëíåííûõ ñ ïîìîùüþ

ìàòåìàòè÷åñêîé ìîäåëè, ñ èõ çíà÷åíèÿìè, ïîëó-

÷åííûìè ýêñïåðèìåíòàëüíî.

© Ãðîõîòîâ Ì. À., Áåãèøåâ È. Ð., Êîìàðîâ À. À., Áåëèêîâ À. Ê., 2018
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Ìåòîä èññëåäîâàíèÿ

Âîçìîæíîñòü óâÿçàòü ïîêàçàòåëè ïîæàðíîé îïàñ-

íîñòè ñ õèìè÷åñêîé êèíåòèêîé ïðîöåññà ïðîäåìîí-

ñòðèðóåì íà ïðèìåðå ñìåñåé õëîðà ñ ìåòàíîì è ñ åãî

õëîðïðîèçâîäíûìè (õëîðìåòàíîì è äèõëîðìåòàíîì).

Òàêèå âçðûâîîïàñíûå ñìåñè ìîãóò îáðàçîâûâàòüñÿ

ïðè òåðìè÷åñêîì èëè ôîòîõèìè÷åñêîì õëîðèðîâà-

íèè ìåòàíà, õëîðìåòàíà èëè äèõëîðìåòàíà â õèìè-

÷åñêîì ðåàêòîðå. Äëÿ ñìåñåé, ñîäåðæàùèõ â êà÷åñò-

âå îêèñëèòåëÿ õëîð, ðàñ÷åòíûå ìåòîäû îïðåäåëåíèÿ

ïàðàìåòðîâ ïîæàðîâçðûâîîïàñíîñòè íå ðàçðàáî-

òàíû. Ðåàêöèÿ õëîðèðîâàíèÿ, òàê æå êàê è ðåàêöèÿ

îêèñëåíèÿ, ÿâëÿåòñÿ ðàäèêàëüíî-öåïíîé, îäíàêî öåïè

â íåé ëèáî íå ðàçâåòâëåíû, ëèáî ðàçâåòâëåíû î÷åíü

ñëàáî. Íà÷àëüíûìè àêòèâíûìè öåíòðàìè ðåàêöèè â

òàêèõ ñìåñÿõ ÿâëÿþòñÿ àòîìû õëîðà, îáðàçóþùèåñÿ

â ðåçóëüòàòå äèññîöèàöèè ìîëåêóë õëîðà, â êîòîðûõ

õèìè÷åñêàÿ ñâÿçü ñëàáåå, ÷åì ñâÿçè â ìåòàíå è â åãî

õëîðïðîèçâîäíûõ. Äèññîöèàöèÿ ìîëåêóëû õëîðà

ìîæåò ïðîèñõîäèòü ïðè íàãðåâå è â ðåçóëüòàòå äåé-

ñòâèÿ ÓÔ-èçëó÷åíèÿ. Ïðè íåâûñîêèõ òåìïåðàòóðàõ

(Ò < 300 °Ñ) ñêîðîñòü òåðìè÷åñêîãî èíèöèèðîâàíèÿ

ñëèøêîì íèçêà è âîñïëàìåíåíèå ñìåñè ìîæåò ïðî-

èñõîäèòü òîëüêî áëàãîäàðÿ äåéñòâèþ ÓÔ-èçëó÷åíèÿ.

Òàê, ïðè äåéñòâèè ÓÔ-èçëó÷åíèÿ, êîìíàòíîé òåì-

ïåðàòóðå è àòìîñôåðíîì äàâëåíèè ïðîèñõîäèò âîñ-

ïëàìåíåíèå ñìåñåé õëîðà ñ ìåòàíîì, õëîðìåòàíîì

è äèõëîðìåòàíîì. Â ðàáîòàõ [13–16] áûëè óñòàíîâ-

ëåíû êðèòè÷åñêèå ïàðàìåòðû ôîòîâîñïëàìåíåíèÿ:

êðèòè÷åñêàÿ èíòåíñèâíîñòü ÓÔ-èçëó÷åíèÿ, êîíöåíò-

ðàöèîííûå ïðåäåëû ôîòîâîñïëàìåíåíèÿ, à òàêæå

ìèíèìàëüíàÿ ôëåãìàòèçèðóþùàÿ êîíöåíòðàöèÿ

õëîðîôîðìà è ÷åòûðåõõëîðèñòîãî óãëåðîäà â ñìåñè

õëîðìåòàíà è õëîðà. Ýêñïåðèìåíòû ïðîâîäèëè â

ñòàëüíîì öèëèíäðè÷åñêîì ðåàêöèîííîì ñîñóäå.

Ñìåñü ÷åðåç êâàðöåâîå ñòåêëî, óñòàíîâëåííîå â òîð-

öå ñîñóäà, îáëó÷àëè ÓÔ-ñâåòîì. Î âîñïëàìåíåíèè

ñìåñè ñóäèëè ïî çàâèñèìîñòè òåìïåðàòóðû ðåàêöè-

îííîé ñìåñè, ðåãèñòðèðóåìîé ìèêðîòåðìîïàðàìè,

îò âðåìåíè.

Òåîðåòè÷åñêè óñëîâèÿ, ïðè êîòîðûõ ïðîèñõîäèò

âîñïëàìåíåíèå, ìîæíî óñòàíîâèòü ñ ïîìîùüþ ìî-

äåëè ôîòîòåïëîâîãî âîñïëàìåíåíèÿ, áàçèðóþùåéñÿ

íà óðàâíåíèè òåïëîïðîâîäíîñòè ñ èñòî÷íèêîì òåï-

ëà â âèäå ýêçîòåðìè÷åñêîé ðåàêöèè:

�
�

�
�

�
�

�
�

�
�
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�
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2

2

2

2

1 1( )
, (1)

ãäå Ò — òåðìîäèíàìè÷åñêàÿ òåìïåðàòóðà;

� — âðåìÿ;

�, c,�— êîýôôèöèåíò òåïëîïðîâîäíîñòè, ìîëÿð-

íàÿòåïëîåìêîñòüèïëîòíîñòüðåàêöèîííîéñìåñè;

x, r — êîîðäèíàòû òî÷êè â öèëèíäðè÷åñêîì ðå-

àêöèîííîì ñîñóäå;

q — ñêîðîñòü òåïëîâûäåëåíèÿ;

� — êîýôôèöèåíò òåïëîïîòåðü.

Ïðè èçâåñòíîé ñêîðîñòè òåïëîâûäåëåíèÿ óðàâ-

íåíèå (1) ïîçâîëÿåò íàõîäèòü èçìåíåíèå òåìïåðàòó-

ðû ðåàãèðóþùåé ñìåñè âî âðåìåíè â ëþáîé òî÷êå

ðåàêöèîííîãî ñîñóäà è ïî ýòîé çàâèñèìîñòè ñóäèòü,

ïðè êàêèõ óñëîâèÿõ ñìåñü áóäåò âîñïëàìåíÿòüñÿ.

Ðåàêöèÿ õëîðèðîâàíèÿ ìåòàíà ïðîòåêàåò â ÷åòû-

ðå (I–IV) ïîñëåäîâàòåëüíûå ñòàäèè çàìåùåíèÿ àòî-

ìîâ âîäîðîäà íà õëîð, êàæäàÿ èç êîòîðûõ ïðîòåêàåò

ñ ó÷àñòèåì àòîìîâ è ðàäèêàëîâ è îáðàçîâàíèåì ïðî-

äóêòîâ: õëîðìåòàíà (CH3Cl), äèõëîðìåòàíà (CH2Cl2),

õëîðîôîðìà (CHCl3), òåòðàõëîðìåòàíà (CCl4) è õëî-

ðèñòîãî âîäîðîäà (HCl):

I. CH4 + Cl2 � CH3Cl + HCl;

II. CH3Cl + Cl2 � CH2Cl2 + HCl;

III. CH2Cl2 + Cl2 � CHCl3 + HCl;

IV. CHCl3 + Cl2 � CCl4 + HCl.

Ìåõàíèçì êàæäîé èç ñòàäèé ìîæíî ïðåäñòàâèòü

â îáùåì âèäå ñ ýëåìåíòàðíûìè ðåàêöèÿìè ïðîäîë-

æåíèÿ è îáðûâà öåïåé:

ãäå R — ìåòèëüíûé èëè õëîðìåòèëüíûé ðàäèêàë;

Ì — òðåòüÿ ÷àñòèöà (ëþáàÿ).

Îáðûâ öåïåé â òàêèõ ñèñòåìàõ ïðåèìóùåñòâåí-

íî ïåðåêðåñòíûé, òàê êàê â øèðîêîì äèàïàçîíå èç-

ìåíåíèÿ êîíöåíòðàöèé ðåàãèðóþùèõ âåùåñòâ ñêî-

ðîñòü ðåàêöèè 4 âûøå, ÷åì ðåàêöèé 3 è 5. Ïîýòîìó

äëÿ óïðîùåíèÿ ðàñ÷åòîâ èñêëþ÷èì èç ðàññìîòðåíèÿ

êâàäðàòè÷íûå îáðûâû öåïåé ïðè ðåêîìáèíàöèè ìå-

òèëüíûõ è õëîðìåòèëüíûõ ðàäèêàëîâ (ðåàêöèÿ 3).

Òîãäà îáùàÿ ñõåìà ìåõàíèçìà õèìè÷åñêîé ðåàêöèè

áóäåò âûãëÿäåòü ñëåäóþùèì îáðàçîì:
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Àíàëèçèðóÿ âûøåïðèâåäåííûé ìåõàíèçì è èñ-

ïîëüçóÿ ïðèíöèï êâàçèñòàöèîíàðíîñòè êîíöåíòðà-

öèé àêòèâíûõ ÷àñòèö, à òàêæå ðàâåíñòâî ñêîðîñòåé

ðåàêöèé ïðîäîëæåíèÿ öåïè íà êàæäîé ñòàäèè, ïî-

ëó÷èì óðàâíåíèå äëÿ êîíöåíòðàöèè àòîìîâ õëîðà:

[ ] [ ] [ ] [ ]Cl Cl CH CH Cl2 3� � ��
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[ ] [ ] [ ]CH Cl CHCl2 2 3

0 5,

,

(2)

ãäå Wi — ñêîðîñòü èíèöèèðîâàíèÿ (ñêîðîñòü îáðà-

çîâàíèÿ àòîìîâ õëîðà), ìîëü�(ì3·ñ);

[…] — êîíöåíòðàöèÿ âåùåñòâà, ìî�ü�ì3;

ki — êîíñòàíòà ñêîðîñòè ïðîòåêàíèÿ ñîîòâåòñò-

âóþùåé ñòàäèè, ì3�(ìîëü·ñ).

Òîãäà óðàâíåíèå ñêîðîñòè ïðîòåêàíèÿ êàæäîé

ïîñëåäîâàòåëüíîé ñòàäèè õëîðèðîâàíèÿ áóäåò èìåòü

âèä:

W kI
3d CH Cl

d
CH Cl� �

[ ]
[ ] [ ] ;

� 11 4 (3)

W kII
2 2

3

d CH Cl

d
CH Cl Cl� �

[ ]
[ ] [ ] ;

� 21 (4)

W kIII
3

2 2

d CHCl

d
CH Cl Cl� �

[ ]
[ ] [ ] ;

� 31 (5)

W kIV
4

3

d CCl

d
CHCl Cl� �

[ ]
[ ] [ ] ,

� 41 (6)

à îáùàÿ ñêîðîñòü òåïëîâûäåëåíèÿ q áóäåò îïðåäå-

ëÿòüñÿ êàê

q = WIQI + WIIQII + WIIIQIII + WIVQIV, (7)

ãäå QI, QII, QIII, QIV — òåïëîâûå ýôôåêòû ñòàäèé,

ðàññ÷èòàííûå ïî çàêîíó Ãåññà.

Ñêîðîñòü èíèöèèðîâàíèÿ õèìè÷åñêîé ðåàêöèè

â ðàññìàòðèâàåìîì ñëó÷àå èìååò äâå ñîñòàâëÿþùèå

— ôîòîõèìè÷åñêóþ W
i

ô è òåðìè÷åñêóþ Wi
ò:

W W Wi i i� �ô ò .

Ôîòîõèìè÷åñêàÿ äèññîöèàöèÿ ïðîèñõîäèò ïðè

ïîãëîùåíèè ìîëåêóëîé õëîðà êâàíòà ýëåêòðîìàã-

íèòíîãî èçëó÷åíèÿ, ïðè ýòîì åå ñêîðîñòü óìåíüøà-

åòñÿ ïî ìåðå ïðîõîæäåíèÿ èçëó÷åíèåì ðåàêöèîííîé

ñðåäû â ðåçóëüòàòå åãî ïîãëîùåíèÿ ìîëåêóëÿðíûì

õëîðîì è ðàññåÿíèÿ ñâåòîâîãî ïîòîêà:

W I K x
i

ô
2 îñ 2Cl Cl� �2 0% %[ ] exp ( [ ] ) , (8)

ãäå %— êîýôôèöèåíò ïîãëîùåíèÿ èçëó÷åíèÿ õëîðîì,

ì2�ìîëü;

I0 — èíòåíñèâíîñòü èçëó÷åíèÿ íà âõîäå â ðåàê-

öèîííóþ ñìåñü; ýêñïåðèìåíòàëüíî ïîëó÷åíî I0 =

= 3,26 � 10–3 ìîëü�(ì2·ñ);

Kîñ — îñëàáëåíèå ñâåòîâîãî ïîòîêà çà ñ÷åò ðàñ-

ñåÿíèÿ; ýêñïåðèìåíòàëüíî óñòàíîâëåíî â íåïî-

ãëîùàþùåé ñðåäå Kîñ = I0 exp (–10,59x);

õ — ðàññòîÿíèå, ïðîéäåííîå èçëó÷åíèåì â ðåàê-

öèîííîì ñîñóäå, ì; èçìåíÿåòñÿ îò 0 äî L.

Òåðìè÷åñêàÿ äèññîöèàöèÿ ìîëåêóë õëîðà ïðî-

èñõîäèò ïðè ñòîëêíîâåíèè èõ ñ ëþáîé ìîëåêóëîé,

èìåþùåé èçáûòîê ýíåðãèè, ïðè ýòîì åå ñêîðîñòü ýêñ-

ïîíåíöèàëüíî âîçðàñòàåò ñ ïîâûøåíèåì òåìïåðà-

òóðû:

W k
E

RT
Mi

òò
ò Cl� ��

�
	



�
�2 2exp [ ] [ ] , (9)

ãäå kò — êîíñòàíòà ñêîðîñòè òåðìè÷åñêîé äèññîöè-

àöèè, ìîëü�(ì3·ñ);

Åò — ýíåðãèÿ àêòèâàöèè, Äæ�ìîëü;

R — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ,

Äæ�(ìîëü·Ê);

[M] — îáùàÿ êîíöåíòðàöèÿ ìîëåêóë â ñìåñè,

ìîëü�ì3.

Â îáùåì ñëó÷àå ñêîðîñòü èíèöèèðîâàíèÿ áóäåò

îïðåäåëÿòüñÿ êàê

W I K xi � � �2 2 0 2% %[ ] exp ( [ ] )Cl Clîñ

� ��
�
	



�
�2 2k

E

RT
Mò

ò Clexp [ ] [ ] .
(10)

Àíàëèç ôîòîõèìè÷åñêîé è òåðìè÷åñêîé ñîñòàâ-

ëÿþùèõ ñêîðîñòè èíèöèèðîâàíèÿ ïîçâîëÿåò çàêëþ-

÷èòü, ÷òî ïðè I0 = 3,26 � 10–3 ìîëü�(ì2·ñ) è òåìïåðà-

òóðå ñìåñè ìåíåå 500 °Ñ W Wi i

ò ô&& è ðåàêöèÿ áóäåò

ïðîòåêàòü êàê ôîòîõèìè÷åñêàÿ ñ ïîñòîÿííîé ñêîðî-

ñòüþ èíèöèèðîâàíèÿ W Wi i
� ô, à âçðûâ â ñèñòåìå

áóäåò ðàçâèâàòüñÿ êàê ÷èñòî òåïëîâîé, âûçâàííûé

ðàçáàëàíñèðîâàíèåì ñêîðîñòè òåïëîâûäåëåíèÿ è

òåïëîîòâîäà. Ïðè ïîâûøåíèè òåìïåðàòóðû ñìåñè

äî 900 Ê è äàëüíåéøåì åå ðîñòå ñêîðîñòü èíèöèè-

ðîâàíèÿ áóäåò îïðåäåëÿòüñÿ â îñíîâíîì óæå òåðìè-

÷åñêîé äèññîöèàöèåé, êîòîðàÿ ýêñïîíåíöèàëüíî

óâåëè÷èâàåòñÿ ñ ïîâûøåíèåì òåìïåðàòóðû. Ñ ýòîãî

ìîìåíòà â ðåàêöèîííîé ñìåñè áóäåò ïðîèñõîäèòü ïðî-

ãðåññèðóþùèé ðîñò ÷èñëà àêòèâíûõ ÷àñòèö, è ðàçâè-

âàþùèéñÿ â ñèñòåìå âçðûâ ñòàíåò öåïíî-òåïëîâûì.

Ïðè ðåøåíèè óðàâíåíèÿ òåïëîïðîâîäíîñòè çíà-

÷åíèÿ êîýôôèöèåíòà òåïëîïðîâîäíîñòè è òåïëîåì-

êîñòè ðàññ÷èòûâàëè äëÿ èñõîäíîãî ñîñòàâà ñìåñè,

à â õîäå õèìè÷åñêîãî ïðåâðàùåíèÿ ó÷èòûâàëè èõ

èçìåíåíèå òîëüêî â çàâèñèìîñòè îò òåìïåðàòóðû.

Êîýôôèöèåíò òåïëîïîòåðü � â ñîîòâåòñòâèè ñ

çàêîíîì Ñòåôàíà–Áîëüöìàíà ïðèíèìàëè ïðîïîðöè-

îíàëüíûì T 4 è íàõîäèëè åãî çíà÷åíèå, îñíîâûâàÿñü

íà âåëè÷èíå òåìïåðàòóðû ãîðåíèÿ è äîëå òåïëîïî-

òåðü, ïðèâåäåííûõ â ðàáîòå À. È. Ðîçëîâñêîãî [17].

Îíî ñîñòàâèëî � = 1,9 � 10–14 T 4.

Ëîêàëüíîå èçìåíåíèå ïëîòíîñòè ñìåñè ïðè åå

ðàçîãðåâå â çàìêíóòîì îáúåìå ó÷èòûâàëè ââåäåíèåì

ìíîæèòåëÿ Tv �Ti äëÿ êîíöåíòðàöèè êàæäîãî êîì-

ïîíåíòà ðåàãèðóþùåé ñìåñè. Çäåñü Tv — ñðåäíå-

îáúåìíàÿ òåìïåðàòóðà ñìåñè â ñîñóäå; Òi — òåìïå-
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ðàòóðà â ðàññìàòðèâàåìîé òî÷êå. Òåìïåðàòóðó ñòåíîê

ñîñóäà ïðèíèìàëè ïîñòîÿííîé, ðàâíîé T0.

Ðåøåíèå äèôôåðåíöèàëüíîãî óðàâíåíèÿ òåïëî-

ïðîâîäíîñòè ïðîâîäèëè ÷èñëåííûì ìåòîäîì ñ èñ-

ïîëüçîâàíèåì êîíå÷íûõ ðàçíîñòåé ñ ðàâíîìåðíîé

ñåòêîé è ÿâíîé êîíå÷íî-ðàçíîñòíîé ñõåìû. Øàã èí-

òåãðèðîâàíèÿ ïî âðåìåííîé êîîðäèíàòå âûáèðàëè

èç óñëîâèÿ óñòîé÷èâîñòè [18]:

'
'

�
�

�
&

c h2

2
, (11)

ãäå 'h — øàã ïî êîîðäèíàòå.

Íà êàæäîì âðåìåííîì øàãå, èìåÿ â êà÷åñòâå èñ-

õîäíûõ äàííûõ êîíöåíòðàöèþ õëîðà è òåìïåðàòóðó

â êàæäîé ðàññìàòðèâàåìîé òî÷êå, ïî óðàâíåíèþ (10)

óñòàíàâëèâàëè çíà÷åíèå ñêîðîñòè èíèöèèðîâàíèÿ.

Ïîòîì èç óðàâíåíèÿ (2) îïðåäåëÿëè êîíöåíòðàöèþ

àòîìîâ õëîðà â êàæäîé òî÷êå [Cl]i, j è, ïîäñòàâëÿÿ èõ

çíà÷åíèÿ â óðàâíåíèÿ (3)–(6), îïðåäåëÿëè ñêîðîñòü

ïðîòåêàíèÿ êàæäîé ïîñëåäîâàòåëüíîé ñòàäèè õëî-

ðèðîâàíèÿ. Ïðèðàùåíèå êîíöåíòðàöèè îáðàçîâàâ-

øèõñÿ âåùåñòâ çà âðåìÿ '� ('[CH3Cl]i, j, '[CH2Cl2]i, j,

'[CHCl3]i, j, '[CCl4]i, j), è êîíöåíòðàöèè êîìïîíåí-

òîâ ðåàêöèîííîé ñìåñè äëÿ ñëåäóþùåãî øàãà ðàñ-

ñ÷èòûâàëè òàê:

[CH4]i, j = [CH4]i, j – ' [CH3Cl]i, j ;

[CH3Cl]i, j = [CHCl3]i, j + ' [CH3Cl]i, j – ' [CH2Cl2]i, j ;

[CH2Cl2]i, j = [CH2Cl2]i, j + ' [CH2Cl2]i, j – ' [CH3Cl]i, j ;

[CHCl3]i, j = [CHCl3]i, j + ' [CHCl3]i, j – ' [CH2Cl2]i, j ;

[CCl4]i, j = [CCl4]i, j + ' [CCl4]i, j ;

[Cl2]i, j = [Cl2]i, j – ' [CH3Cl]i, j – ' [CH2Cl2]i, j –

– ' [CHCl3]i, j – ' [CCl4]i, j .

Ñêîðîñòü òåïëîâûäåëåíèÿ ðàññ÷èòûâàëè ïî óðàâ-

íåíèþ (7), â êîòîðîì

WI = ' [CH3Cl]i, j �'�; WII = ' [CH2Cl2]i, j �'�;

WIII = ' [CHCl3]i, j �'�; WIV = ' [CCl4]i, j �'�.

Ðåøàÿ óðàâíåíèÿ òåïëîïðîâîäíîñòè, ïîëó÷àëè

òåìïåðàòóðíûå ïîëÿ â ðåàêöèîííîì ñîñóäå íà ðàçëè÷-

íûå ìîìåíòû âðåìåíè. Ïðè ðåøåíèè çàäà÷è èñïîëü-

çîâàëè ñèñòåìó MATLAB è ïðîãðàììó äëÿ êîìïüþ-

òåðíîãî ñ÷åòà [19].

Ðåçóëüòàòû

Íà ðèñ. 1 ïðèâåäåíû òåìïåðàòóðíûå ïîëÿ, ïîêà-

çûâàþùèå ïðîöåññ ðàçâèòèÿ âîñïëàìåíåíèÿ ñìåñè

â öèëèíäðè÷åñêîì ñîñóäå ðàäèóñîì 1,8 � 10–2 ì è äëè-

íîé 4,0 � 10–2 ì.

Ïðè äåéñòâèè ÓÔ-ñâåòà ñìåñü íà÷èíàåò ðàçîãðå-

âàòüñÿ âáëèçè êâàðöåâîãî ñòåêëà (ñì. ðèñ. 1,à), à çà-

òåì ïðè äîñòèæåíèè îïðåäåëåííîé òåìïåðàòóðû ïðî-

Ðèñ. 1. Òåìïåðàòóðíîå ïîëå â ñìåñè 0,35CH4 + 0,65Cl2 íà ðàç-

ëè÷íûå ìîìåíòû âðåìåíè îò íà÷àëà îáëó÷åíèÿ ÓÔ-ñâåòîì

ìàêñèìàëüíîé èíòåíñèâíîñòè: à — 0,209 ñ; á — 0,293 ñ; â —

0,460 ñ

Fig. 1. Temperature profile in mix 0.35CH4 + 0.65Cl2 on various

instants from the beginning of radiation by UF-light of the maxi-

mal intensity: à — 0.209 s; b — 0.293 s; v — 0.460 s
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èñõîäèò åå âîñïëàìåíåíèå (ñì. ðèñ. 1,á) è ïîñëåäó-

þùåå ðàñïðîñòðàíåíèå ïëàìåíè â ãëóáü ñîñóäà (ñì.

ðèñ. 1,â).

Íà ðèñ. 2 ïðåäñòàâëåíû êðèâûå, ïîêàçûâàþùèå

èçìåíåíèå òåìïåðàòóðû ñìåñè ìåòàíà è õëîðà â

öåíòðå ðåàêöèîííîãî ñîñóäà â çàâèñèìîñòè îò âðå-

ìåíè. Êàê âèäíî èç ãðàôèêîâ, ñíèæåíèå èíòåíñèâ-

íîñòè îáëó÷åíèÿ ïðèâîäèò ê óìåíüøåíèþ ñêîðîñòè

òåïëîâûäåëåíèÿ è òåìïåðàòóðû ìàêñèìàëüíîãî ðàçî-

ãðåâà. Ïðè èíòåíñèâíîñòè I = 0,1I0 (êðèâàÿ 4) ìàê-

ñèìàëüíûé ðàçîãðåâ Òmax < Têð (ãäå Òêð — òåìïå-

ðàòóðà, ïðè êîòîðîé ñìåñü íå âîñïëàìåíÿåòñÿ), ïî-

ýòîìó ñìåñü íå âîñïëàìåíÿåòñÿ.

Íà ðèñ. 3 ïðèâåäåíû çàâèñèìîñòè ìàêñèìàëüíîé

òåìïåðàòóðû ðàçîãðåâà ñìåñè CH4 + Cl2 îò êîíöåíò-

ðàöèè ãîðþ÷åãî ïðè äåéñòâèè ÓÔ-èçëó÷åíèÿ ðàçëè÷-

íîé èíòåíñèâíîñòè.

Ìàêñèìàëüíàÿ ðàñ÷åòíàÿ òåìïåðàòóðà ðàçîãðåâà

ñìåñè ñîñòàâèëà 1532 Ê, ÷òî ñîãëàñóåòñÿ ñ ýêñïåðè-

ìåíòàëüíî íàáëþäàåìûìè çíà÷åíèÿìè. Êàê ñëåäóåò

èç ðèñ. 3, êðèòè÷íîñòü âûðàæåíà ñëàáî íà êîíöåíò-

ðàöèîííûõ ïðåäåëàõ è çàìåòíî íà÷èíàåò ïðîÿâëÿòü-

ñÿ ïðè óìåíüøåíèè èíòåíñèâíîñòè ÓÔ-èçëó÷åíèÿ

(êðèâàÿ 3). Íèçêóþ êðèòè÷íîñòü íà ïðåäåëàõ ôîòî-

âîñïëàìåíåíèÿ íàáëþäàëè è ïðè ýêñïåðèìåíòàëüíîì

èññëåäîâàíèè. Ïîýòîìó äëÿ îïðåäåëåíèÿ ðàñ÷åòíîé

êîíöåíòðàöèîííîé îáëàñòè ôîòîâîñïëàìåíåíèÿ çà

êðèòåðèé âîñïëàìåíåíèÿ, òàê æå êàê è ïðè îáðàáîò-

êå ýêñïåðèìåíòàëüíûõ ðåçóëüòàòîâ, ïðèíèìàëè ïðå-

äåëüíóþ òåìïåðàòóðó ãîðåíèÿ ïîäîáíûõ ñìåñåé,

ðàâíóþ 800 Ê (ïóíêòèðíàÿ ëèíèÿ), è ïî íåé îïðåäå-

ëÿëè êîíöåíòðàöèîííûå ïðåäåëû. Àíàëîãè÷íûå ðàñ-

÷åòíûå çàâèñèìîñòè áûëè ïîëó÷åíû è äëÿ ñìåñåé

õëîðà ñ õëîðìåòàíîì è äèõëîðìåòàíîì.

Íàëè÷èå òåðìè÷åñêîé ñîñòàâëÿþùåé â óðàâíå-

íèè äëÿ ñêîðîñòè èíèöèèðîâàíèÿ ïîçâîëÿåò ðàñ-

ñ÷èòûâàòü òåìïåðàòóðó ñàìîâîñïëàìåíåíèÿ ñìåñè.

Â îòñóòñòâèå ôîòîèíèöèèðîâàíèÿ W Wi i� ò , ïîýòî-

ìó çàðîæäåíèå öåïåé îáóñëîâëåíî ëèøü òåðìè÷åñêîé

äèññîöèàöèåé. Ìåíÿÿ òåìïåðàòóðó ñòåíîê ñîñóäà,

ò. å. ìîäåëèðóÿ ìåòîä âïóñêà, íàõîäèëè åå çíà÷åíèå,

ïðè êîòîðîì ïðîèñõîäèò ñàìîâîñïëàìåíåíèå ñìåñè.

Íà ðèñ. 4 ïðåäñòàâëåíû òåìïåðàòóðíûå ïîëÿ, ïîêà-

çûâàþùèå ïðîöåññ ðàçâèòèÿ ñàìîâîñïëàìåíåíèÿ

ñìåñè 0,2ÑÍ4 + 0,8Ñl2 ïðè òåìïåðàòóðå ñòåíîê ðå-

àêöèîííîãî ñîñóäà 613 Ê. Êàê âèäíî èç ðèñ. 4, ðàçî-

ãðåâ ñìåñè íà÷èíàåòñÿ ó ñòåíîê, à ïîñëåäóþùåå âîñ-

ïëàìåíåíèå ïðîèñõîäèò â öåíòðå ðåàêöèîííîãî ñî-

ñóäà.

Íà ðèñ. 5 ïðèâåäåíû ðàñ÷åòíûå çàâèñèìîñòè òåì-

ïåðàòóðû îò âðåìåíè â ñòåõèîìåòðè÷åñêîé ñìåñè

ìåòàíà ñ õëîðîì â öåíòðå ðåàêöèîííîãî ñîñóäà ïðè

òåìïåðàòóðå ñòåíîê 612 è 613 Ê. Íà ãðàôèêàõ êðè-

òè÷íîñòü ïðîöåññà òåïëîâîãî ñàìîâîñïëàìåíåíèÿ ïðè

èçìåíåíèè òåìïåðàòóðû ÿðêî âûðàæåíà. Ïîâûøåíèå

òåìïåðàòóðû ñòåíîê âñåãî íà 1 Ê ïðèâîäèò ê ñìåíå

ðåæèìà ïðîöåññà ñî ñòàöèîíàðíîãî íà âçðûâíîé.

Â òàáëèöó ñâåäåíû ðåçóëüòàòû âûïîëíåííûõ ðàñ-

÷åòîâ. Ñðàâíèâàÿ ðàñ÷åòíûå è ýêñïåðèìåíòàëüíûå

çíà÷åíèÿ ïàðàìåòðîâ, ìîæíî ïðèéòè ê âûâîäó, ÷òî

îíè â îñíîâíîì ñîãëàñóþòñÿ: ëó÷øå — ïî êîíöåíò-

ðàöèîííûì ïðåäåëàì è òåìïåðàòóðå ñàìîâîñïëàìå-

íåíèÿ, õóæå — ïî êðèòè÷åñêîé èíòåíñèâíîñòè ÓÔ-

èçëó÷åíèÿ. Ïîñëåäíåå, âîçìîæíî, ñâÿçàíî ñ ïîãðåø-

íîñòüþ ïðè îïðåäåëåíèè çíà÷åíèÿ I0.

Ïîìèìî óæå ïåðå÷èñëåííûõ êðèòè÷åñêèõ ïàðà-

ìåòðîâ âîñïëàìåíåíèÿ, ðàñ÷åòîì íàõîäèëè çàâèñè-

ìîñòü êîíöåíòðàöèîííûõ ïðåäåëîâ ôîòîâîñïëàìå-

Ðèñ. 2. Èçìåíåíèå òåìïåðàòóðû â ñìåñè 0,2ÑÍ4 + 0,8Ñl2 ïðè

èíòåíñèâíîñòè ÓÔ-èçëó÷åíèÿ, ðàâíîé: 1 — I0; 2 — 0,3I0; 3 —

0,15I0; 4 — 0,1I0

Fig. 2. Change of temperature in mix 0.2ÑÍ4 + 0.8Ñl2 at the in-

tensity of UV-radiation equal: 1 — I0; 2 — 0.3I0; 3 — 0.15I0;

4 — 0.1I0

Ðèñ. 3. Çàâèñèìîñòè ìàêñèìàëüíîé òåìïåðàòóðû ðàçîãðåâà

ñìåñè îò íà÷àëüíîãî ñîäåðæàíèÿ ìåòàíà (ã ïðè ðàçëè÷íîé

èíòåíñèâíîñòè ÓÔ-èçëó÷åíèÿ, ðàâíîé: 1 — I0; 2 — 0,25I0;

3 — 0,15I0; 4 — 0,1I0

Fig. 3. Dependences of the maximum temperature of a warming

up of mix on the initial content of methane (ã at various intensity

of UV-radiation equal: 1 — I0; 2 — 0.25I0; 3 — 0.15I0; 4 — 0.1I0
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íåíèÿ õëîðìåòàíà â ñìåñè ñ õëîðîì îò êîíöåíòðàöèè

ôëåãìàòèçàòîðà. Â êà÷åñòâå ïîñëåäíåãî èñïîëü-

çîâàëè ÷åòûðåõõëîðèñòûé óãëåðîä. Ðàñ÷åòíàÿ è ýêñ-

ïåðèìåíòàëüíàÿ çàâèñèìîñòè ïðèâåäåíû íà ðèñ. 6.

Ïî ðàñ÷åòíûì äàííûì çíà÷åíèå ìèíèìàëüíîé

ôëåãìàòèçèðóþùåé êîíöåíòðàöèè (ÌÔÊ) ÷åòûðåõ-

õëîðèñòîãî óãëåðîäà ñîñòàâèëî 32 % îá., à óñòàíîâ-

ëåííîå ðàíåå ýêñïåðèìåíòàëüíî — 34 % îá., ò. å. ïî

ÌÔÊ íàáëþäàåòñÿ ñîâïàäåíèå äîñòàòî÷íî õîðîøåå.

Òàêèì îáðàçîì, â ïðåäñòàâëåííîé ðàáîòå ïîêà-

çàíà ïðèíöèïèàëüíàÿ âîçìîæíîñòü ðàñ÷åòà êðèòè-

÷åñêèõ ïàðàìåòðîâ âîñïëàìåíåíèÿ ïî êèíåòè÷åñêèì

äàííûì î ìåõàíèçìå õèìè÷åñêîãî âçàèìîäåéñòâèÿ

è êîíñòàíòàì ñêîðîñòè ýëåìåíòàðíûõ ðåàêöèé.

Àíàëîãè÷íûé ïîäõîä ìîæåò áûòü èñïîëüçîâàí è

ïðè ðàñ÷åòå ïîêàçàòåëåé ïîæàðîâçðûâîîïàñíîñòè â

ñìåñÿõ, îêèñëèòåëåì â êîòîðûõ ÿâëÿåòñÿ êèñëîðîä.

Õîòÿ îòìåòèì, ÷òî â êèñëîðîäíûõ ñèñòåìàõ ìåõà-

íèçì ðåàêöèè ñóùåñòâåííî óñëîæíåí ðàçâåòâëåíè-

ÿìè öåïåé, èãðàþùèìè çíà÷èòåëüíóþ ðîëü ïðè âîñ-

ïëàìåíåíèè.

Ðèñ. 4. Èçìåíåíèå ïîëÿ òåìïåðàòóð âíóòðè ðåàêöèîííîãî

ñîñóäà â ñìåñè 0,2ÑÍ4 + 0,8Ñl2 ñî âðåìåíåì ïðè òåìïåðàòóðå

ñòåíîê 613 Ê

Fig. 4. Change of the field of temperatures in a reactionary vessel

in mix 0.2CH4 + 0.8Cl2 over time at a temperature of walls 613 K

Ðèñ. 5. Èçìåíåíèå òåìïåðàòóðû ñìåñè 0,2ÑÍ4 + 0,8Ñl2 ïðè òåì-

ïåðàòóðå ñòåíîê ðåàêöèîííîãî ñîñóäà: 1 — 612 Ê; 2 — 613 Ê

Fig. 5. Change of temperature of mix 0.2CH4 + 0.8Cl2 at a tem-

perature of walls of a reactionary vessel: 1 — 612 K; 2 — 613 K

Ðèñ. 6. Çàâèñèìîñòü êîíöåíòðàöèîííîé îáëàñòè ôîòîâîñïëà-

ìåíåíèÿ ñìåñè ÑÍ3Ñl + Ñl2 îò êîíöåíòðàöèè ÷åòûðåõõëîðè-

ñòîãî óãëåðîäà (ÑÑl4): 1 — ýêñïåðèìåíòàëüíàÿ; 2 — ðàñ÷åòíàÿ

Fig. 6. Dependence of concentration area of photoinflaming of

the mix CH3Cl + Cl2 on concentration of perchloromethane (CCl4):

1 — experimental; 2 — calculated
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Âûâîäû

1. Ðàçðàáîòàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü òåïëî-

âîãî âîñïëàìåíåíèÿ, áàçèðóþùàÿñÿ íà óðàâíåíèè

òåïëîïðîâîäíîñòè è ó÷èòûâàþùàÿ êèíåòè÷åñêèå

äàííûå î ìåõàíèçìå õèìè÷åñêîé ðåàêöèè, ïîçâîëÿ-

åò îïðåäåëÿòü ïîêàçàòåëè ïîæàðîâçðûâîîïàñíîñòè

ãàçîâûõ ñìåñåé.

2. Àïðîáàöèÿ ìîäåëè òåïëîâîãî âîñïëàìåíåíèÿ

íà ïðèìåðå ñìåñåé õëîðà ñ ìåòàíîì è åãî õëîðïðî-

èçâîäíûìè ïîêàçàëà õîðîøóþ ñõîäèìîñòü ðàñ÷åò-

íûõ è ýêñïåðèìåíòàëüíûõ äàííûõ ïî êîíöåíòðàöè-

îííûì ïðåäåëàì âîñïëàìåíåíèÿ, òåìïåðàòóðå ñàìî-

âîñïëàìåíåíèÿ è ìèíèìàëüíîé ôëåãìàòèçèðóþùåé

êîíöåíòðàöèè ÷åòûðåõõëîðèñòîãî óãëåðîäà.
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CH4 + Cl2 6,0–69,0 7,5–62,0 0,11I0 0,25I0 613 591 [20]

CH3Cl + Cl2 9,0–73,0 9,0–68,0 0,025I0 0,047I0 – –

CH2Cl2 + Cl2 21,0–54,0 17,0–53,0 0,33I0 0,25I0 – –

Êðèòè÷åñêèå ïàðàìåòðû âîñïëàìåíåíèÿ / Critical parameters of ignition
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ABSTRACT

Purpose. The computational method of indexes of fire-and-explosion hazard of gas mixtures

a kinetics and the mechanism of chemical interaction which is based on a heat conduction equation

and considering is considered. This method allows to define indicators of fire-and-explosion hazard

of substances which can enter among themselves chemical reaction. That methods where for defini-

tion of indexes of fire-and-explosion hazard of substances use a structure of molecules do not allow

and can be applied only to one homologous series.

Methods. Calculation of indicators of fire-and-explosion hazard was carried out by means of

the mathematical model of thermal ignition developed by authors in the environment of MATLAB.

Researches were conducted for gas mixes of methane, chlormethane and dichloromethane with

chlorine at ignition of these mixes heat and ultra-violet light, in a cylindrical vessel of long 0.04 m,

with a diameter of 0.036 m. For creation of model the chemical kinetics of elementary reactions of

these mixes is considered. Coefficients of heat conductivity and thermal capacity for initial composi-

tion of mix paid off, and during chemical transformations considered their change from temperature.

Results of calculation were compared to experimental data.

Findings. By means of model of thermal ignition for mixes of methane, chlormethane and

dichloromethane with chlorine concentration limits of photoignition and critical intensity of ultra-

violet light have been set. For chlormethane mix with chlorine the minimum phlegmatizing concent-

ration of four-chloride carbon is defined, and for methane with chlorine spontaneous ignition

temperature is calculated. Results of calculation of indicators of fire-and-explosion hazard for these

mixes enough with a good accuracy coincide with experimental data.

Conclusions. The model of thermal ignition which is based on the equation of heat conductivity

and considering kinetics and the mechanism of chemical reaction authentically reflects a physical

picture of ignition and gives the chance for chlorine mixes with methane and its chlorderivatives to

estimate such parameters as: concentration limits of photoignition, critical intensity of UV-light,

minimum phlegmatizing concentration and temperature of spontaneous ignition.

This method has shown a possibility of calculation of indicators of fire-and-explosion hazard of

gas substances for kinetic data on the mechanism of chemical interaction and to constants of speed of

elementary reactions.

Keywords: photoignition model; chlorination of hydrocarbons; fire safety; fire-and-explosion ha-

zard of methane; fire-and-explosion hazard of chlormethane; fire-and-explosion hazard of dichlor-

methane.
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ÎÑÎÁÅÍÍÎÑÒÈ ÎÏÐÅÄÅËÅÍÈß ÊÎÝÔÔÈÖÈÅÍÒÀ
ÄÈÍÀÌÈ×ÍÎÑÒÈ ÏÐÈ ÈÌÏÓËÜÑÍÛÕ ÍÀÃÐÓÇÊÀÕ

Ðàññìîòðåíà ìåòîäîëîãèÿ îöåíêè êîýôôèöèåíòà äèíàìè÷íîñòè ïðè óäàðíûõ íàãðóçêàõ, ñîïðî-
âîæäàþùèõ, íàïðèìåð, âçðûâû, ïàäåíèå ìàññèâíûõ òåë, ãèäðîóäàðû. Îòìå÷åíû îñîáåííîñòè,
ñâÿçàííûå ñ îïðåäåëåíèåì êîýôôèöèåíòà äèíàìè÷íîñòè ïðè èìïóëüñíûõ íàãðóçêàõ, ñâîéñò-
âåííûõ ìíîãèì ÷ðåçâû÷àéíûì ñèòóàöèÿì. Âûÿâëåíû íåäîñòàòêè ìåòîäà ïî îïðåäåëåíèþ êîýô-
ôèöèåíòà äèíàìè÷íîñòè ïðè èìïóëüñíûõ íàãðóçêàõ. Ïðîâåäåíî èíòåãðèðîâàíèå óðàâíåíèÿ äëÿ
íåñêîëüêèõ âèäîâ íàãðóçîê è ðàçëè÷íûõ ñîîòíîøåíèé ìåæäó äëèòåëüíîñòüþ íàãðóçêè è ïåðèî-
äîì ñîáñòâåííûõ êîëåáàíèé êîíñòðóêöèè. Îïðåäåëåíû çíà÷åíèÿ êîýôôèöèåíòà äèíàìè÷íîñòè
äëÿ ðàçëè÷íûõ ñîîòíîøåíèé ìåæäó äëèòåëüíîñòüþ íàãðóçêè è ïåðèîäîì ñîáñòâåííûõ êîëåáà-
íèé êîíñòðóêöèè ïðè íàãðóçêàõ ïÿòè âèäîâ. Ïðèâåäåíû êðèòåðèè, ïðè êîòîðûõ êîýôôèöèåíò
äèíàìè÷íîñòè îïðåäåëÿåòñÿ òîëüêî èìïóëüñîì óäàðíîé íàãðóçêè è íå çàâèñèò îò åå ôîðìû.
Óñòàíîâëåíû ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ êîýôôèöèåíòà äèíàìè÷íîñòè ïðè óäàðíûõ íàãðóç-
êàõ, ñîïðîâîæäàþùèõ ÷ðåçâû÷àéíûå ñèòóàöèè.

Êëþ÷åâûå ñëîâà: ñòàòè÷åñêàÿ íàãðóçêà; äèíàìè÷åñêàÿ íàãðóçêà; êîýôôèöèåíò äèíàìè÷íîñòè;
ðàñ÷åò ñòðîèòåëüíûõ êîíñòðóêöèé; òèïîâûå íàãðóçêè; ïåðèîä ñîáñòâåííûõ êîëåáàíèé êîíñòðóêöèè.

DOI: 10.18322/PVB.2018.27.02-03.37-43

Ââåäåíèå

Â ïðàêòèêå ñòðîèòåëüíîãî ïðîåêòèðîâàíèÿ ïðèíÿòî

ïðèâîäèòü íåñòàöèîíàðíûå íàãðóçêè ê ýêâèâàëåíò-

íûì ñòàòè÷åñêèì íàãðóçêàì [1–4]. Ïðè ðàñ÷åòàõ

ïîñëåäñòâèé äèíàìè÷åñêîãî âîçäåéñòâèÿ íà ñòðîè-

òåëüíûå êîíñòðóêöèè èñïîëüçóåòñÿ ñëåäóþùàÿ ìå-

òîäîëîãèÿ. Äèíàìè÷åñêàÿ íàãðóçêà çàìåíÿåòñÿ ýê-

âèâàëåíòíîé åé ïî äåéñòâèþ ñòàòè÷åñêîé íàãðóç-

êîé Ðý, êîòîðàÿ îïðåäåëÿåòñÿ ïî ôîðìóëå [5–10]:

Ðý = Pìàêñ Kä, (1)

ãäå Pìàêñ — ìàêñèìàëüíàÿ äèíàìè÷åñêàÿ íàãðóçêà;

Kä — êîýôôèöèåíò äèíàìè÷íîñòè, ðàâíûé ìàê-

ñèìàëüíîìó çíà÷åíèþ ôóíêöèè äèíàìè÷íîñòè

Ò(t), îïèñûâàþùåé äâèæåíèå (ïåðåìåùåíèå ñå-

÷åíèé) êîíñòðóêöèè âî âðåìåíè.

Êàê ñëåäóåò èç âûðàæåíèÿ (1), äëÿ çàìåíû äèíà-

ìè÷åñêîé íàãðóçêè ýêâèâàëåíòíîé åé ñòàòè÷åñêîé

íåîáõîäèìî îïðåäåëèòü êîýôôèöèåíò äèíàìè÷íî-

ñòè Kä. Âåëè÷èíó Kä ïðè íàãðóçêå òðåóãîëüíîé ôîð-

ìû ïðîåêòèðîâùèêè ÷àñòî îïðåäåëÿþò ïî ãðàôèêàì

(ðèñ. 1), ïðèâåäåííûì âî ìíîãèõ ñïðàâî÷íèêàõ ïî

ïðî÷íîñòíîìó ðàñ÷åòó ñîîðóæåíèé, ãäå êðóãîâàÿ ÷àñ-

òîòà îñíîâíîãî òîíà ñîáñòâåííûõ êîëåáàíèé êîíñò-

ðóêöèé�ê îïðåäåëÿåòñÿ ìåòîäàìè ñòðîèòåëüíîé ìå-

õàíèêè.

Èç ãðàôèêà ðèñ. 1 ñëåäóåò, ÷òî åñëè âåëè÷èíà �1

ñòðåìèòñÿ ê íóëþ (ïðè íàãðóçêå ïèëîîáðàçíîé ôîð-

ìû), òî ÷èñëåííîå çíà÷åíèå êîýôôèöèåíòà äèíàìè÷-

íîñòè ïðèáëèæàåòñÿ ê äâóì. Èñõîäÿ èç ýòèõ ñîîáðà-

æåíèé ïðîåêòèðîâùèêè ëþáóþ íàãðóçêó ïèëîîáðàç-

íîé ôîðìû ïðè ïðîâåäåíèè ñòàòè÷åñêèõ ðàñ÷åòîâ

óäâàèâàþò. Îäíàêî ýòîò ïîäõîä íåïðàâîìåðåí äëÿ

êðàòêîâðåìåííûõ (èìïóëüñíûõ) íàãðóçîê. Èìåííî

ýòîò âîïðîñ è ðàññìàòðèâàåòñÿ â íàñòîÿùåé ñòàòüå.

Ïðè ÷ðåçâû÷àéíûõ ñèòóàöèÿõ (×Ñ) äîñòàòî÷íî

÷àñòî âîçíèêàþò êðàòêîâðåìåííûå íàãðóçêè [11–14].

Ïðè âçðûâàõ çàðÿäîâ âçðûâ÷àòûõ âåùåñòâ (ÂÂ), ïðè

àâàðèéíîì ïàäåíèè ìàññèâíûõ òåë (íàïðèìåð, òðàíñ-

ïîðòíûõ êîíòåéíåðîâ â áàññåéíû âûäåðæêè íà ÀÝÑ),

© Êîìàðîâ À. À., Êîðîëü÷åíêî Ä. À., Ôàí Òóàí Àíü, 2018
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ïðè ãèäðîóäàðàõ è ò. ä. ôîðìèðóþòñÿ íàãðóçêè, äëè-

òåëüíîñòü êîòîðûõ èñ÷èñëÿåòñÿ ìèëëèñåêóíäàìè ïðè

î÷åíü âûñîêèõ äàâëåíèÿõ [15–20].

Öåëü íàøåé ðàáîòû çàêëþ÷àåòñÿ â âûÿâëåíèè íå-

êîòîðûõ îñîáåííîñòåé, ñâÿçàííûõ ñ ðàñ÷åòîì êîýô-

ôèöèåíòà äèíàìè÷íîñòè ïðè èìïóëüñíûõ íàãðóç-

êàõ, ñâîéñòâåííûõ ìíîãèì ÷ðåçâû÷àéíûì ñèòóàöè-

ÿì. Â ñâÿçè ñ ýòèì íåîáõîäèìî óñòàíîâèòü êðèòåðèè,

ïðè êîòîðûõ êîýôôèöèåíò äèíàìè÷íîñòè îïðåäåëÿ-

åòñÿ òîëüêî èìïóëüñîì óäàðíîé íàãðóçêè, à òàêæå

ïðèâåñòè ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ êîýôôèöè-

åíòà äèíàìè÷íîñòè ïðè óäàðíûõ íàãðóçêàõ, ñîïðî-

âîæäàþùèõ âçðûâû, ïàäåíèå ìàññèâíûõ òåë, ãèäðî-

óäàðû è ò. ä.

Òåîðåòè÷åñêèå ðàñ÷åòû

Ðàññìîòðèì ìåòîäîëîãèþ îöåíêè êîýôôèöèåíòà

äèíàìè÷íîñòè ïðè ïîäîáíûõ íàãðóçêàõ. Â ñâîèõ ðàñ-

ñóæäåíèÿõ áóäåì ïðèäåðæèâàòüñÿ ïðèíÿòûõ â äè-

íàìèêå ñîîðóæåíèé ïîäõîäîâ.

Èçâåñòíî, ÷òî äâèæåíèå êîíñòðóêöèè â ñòàäèè

óïðóãèõ äåôîðìàöèé îïèñûâàåòñÿ óðàâíåíèåì

d

d

2T

t
T f t

2

2 2� �� � ( ), (2)

ãäå T(t) — îòíîñèòåëüíîå ïåðåìåùåíèå êîíñòðóêöèè

èëè ôóíêöèÿ äèíàìè÷íîñòè; T(t) = S(t)�Sìàêñ;

S(t) — ñìåùåíèå êîíñòðóêöèè ïðè ñòàòè÷åñêîì

âîçäåéñòâèè íà íåå íàãðóçêè Ð;

Sìàêñ — ñìåùåíèå êîíñòðóêöèè ïðè ñòàòè÷åñêîì

âîçäåéñòâèè íà íåå íàãðóçêè Ðìàêñ;

�ê — êðóãîâàÿ ÷àñòîòà ñîáñòâåííûõ êîëåáàíèé

êîíñòðóêöèè;

f (t) — ôóíêöèÿ, îïèñûâàþùàÿ èçìåíåíèå áåç-

ðàçìåðíîé äèíàìè÷åñêîé íàãðóçêè âî âðåìåíè;

f (t) = P(t)�Pìàêñ.

Ðåøåíèå óðàâíåíèÿ (2) ïðè íóëåâûõ íà÷àëüíûõ

óñëîâèÿõ èìååò âèä:

T t f u t u u

t

( ) ( ) sin ( ( ))� � � �)� �
0

d

� �
�

�
	
	 � �)� � �sin ( ) cos ( )t f u u u

t

0

d (3)

� � �



�
�
�)cos ( ) sin ( ) ,� �t f u u u

t

0

d

ãäå u — ìîäóëü óïðóãîñòè êîíñòðóêöèè.

×èñëåííîå èíòåãðèðîâàíèå âûðàæåíèÿ (3) äàåò

ôóíêöèþ ïåðåìåùåíèÿ êîíñòðóêöèè ïîä äåéñòâèåì

ñèëû f (t) âî âðåìåíè. Ìàêñèìàëüíîå çíà÷åíèå ôóíê-

öèè ïåðåìåùåíèÿ T(t) åñòü êîýôôèöèåíò äèíàìè÷-

íîñòè Kä.

Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòà äèíàìè÷íîñòè

íåîáõîäèìî çíàòü ÷àñòîòó îñíîâíîãî òîíà ñîáñò-

âåííûõ êîëåáàíèé êîíñòðóêöèé�ê, êîòîðàÿ îïðåäå-

ëÿåòñÿ ïî ôîðìóëå [4]:

�
*

ê
ê

�
L

B

M2
, (4)

ãäå * — êîýôôèöèåíò, îïðåäåëÿåìûé ïî ñïðàâî÷-

íîé ëèòåðàòóðå (íàïðèìåð, [4]);

L — äëèíà ïðîëåòà êîíñòðóêöèè;

Â — èçãèáíàÿ æåñòêîñòü; B = EI;

Å — äèíàìè÷åñêèé ìîäóëü óïðóãîñòè;

I — îñåâîé ìîìåíò èíåðöèè ñå÷åíèÿ;

Ìê — ïîãîííàÿ ìàññà êîíñòðóêöèè; Ìê = q�g;

q — ïîãîííàÿ íàãðóçêà îò âçðûâà ïëþñ íàãðóçêà

îò ñîáñòâåííîãî âåñà êîíñòðóêöèè;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ.

Ðåøåíèå óðàâíåíèÿ (2) ìîæíî ïîëó÷èòü, ÷èñ-

ëåííî ðàçðåøèâ ñèñòåìó äèôôåðåíöèàëüíûõ óðàâ-

íåíèé ïåðâîãî ïîðÿäêà:

d

d

U

t
T f t� � �� �2 2 ( );

d

d

T

t
U� , (5)

ãäå U — ýíåðãèÿ óïðóãîé äåôîðìàöèè.

Ê íåäîñòàòêàì îïèñàííîãî ìåòîäà ñëåäóåò îòíå-

ñòè ñëåäóþùåå îáñòîÿòåëüñòâî. Â ðàñ÷åòàõ ïðåäïî-

ëàãàåòñÿ, ÷òî êîëåáàòåëüíûé ïðîöåññ êàæäîãî ýëå-

ìåíòà ïðîèñõîäèò íà îïðåäåëåííîé ÷àñòîòå (êàê

ïðàâèëî, íà ÷àñòîòå îñíîâíîãî òîíà), õîòÿ â äåéñò-

âèòåëüíîñòè êîëåáàíèÿ ïðîèñõîäÿò âî âñåì ñïåêòðå

Ðèñ. 1. Ãðàôèêè äëÿ îïðåäåëåíèÿ êîýôôèöèåíòà äèíàìè÷íîñòè

Kä: 1 — ���1 = 2; 2 — ���1 = 6; 3 — ���1 = 10; 4 — ���1 = 20;

5 — ���1 = 50; 6 — ���1 = 100; 7 — ���1 � 200; � è �1 — âðåìÿ

ñîîòâåòñòâåííî äåéñòâèÿ äèíàìè÷åñêîé íàãðóçêè è åå íàðàñ-

òàíèÿ äî ìàêñèìàëüíîé âåëè÷èíû;'Ð — âçðûâíàÿ íàãðóçêà

Fig. 1. Graphs for determining of dynamic amplification factors

Kdyn: 1 — ���1 = 2; 2 — ���1 = 6; 3 — ���1 = 10; 4 — ���1 =

20; 5 — ���1 = 50; 6 — ���1 = 100; 7 — ���1 � 200; � è �1 —

time respectively of the action of the dynamic load and its in-

crease to the maximum value+,'Ð — blast load
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ñîáñòâåííûõ ÷àñòîò óïðóãîãî ýëåìåíòà. Êðîìå òîãî,

â äàííîì ìåòîäå ïðîèçâîëüíûå ãðàíè÷íûå óñëîâèÿ

ìîæíî çàäàâàòü ñ îïðåäåëåííûìè ïðèáëèæåíèÿìè.

Òåì íå ìåíåå ïðè ðàñ÷åòàõ ñòðîèòåëüíûõ êîíñòðóê-

öèé íà ïðî÷íîñòü ïðè ×Ñ, êîãäà â êà÷åñòâå èñõîä-

íûõ äàííûõ ïðèíèìàþòñÿ ìàêñèìàëüíî âîçìîæíûå

íàãðóçêè, êîòîðûå ìàëîâåðîÿòíû, äàííûé ïîäõîä â

îïðåäåëåíèè Kä â íåêîòîðîé ñòåïåíè îïðàâäàí.

Íà ðèñ. 2 ïðèâåäåíû çíà÷åíèÿ êîýôôèöèåíòà

äèíàìè÷íîñòè äëÿ ðàçëè÷íûõ ñîîòíîøåíèé ìåæäó

äëèòåëüíîñòüþ äåéñòâèÿ íàãðóçêè Òíàãð è ïåðèîäîì

ñîáñòâåííûõ êîëåáàíèé êîíñòðóêöèè Ò0 ïðè íàãðóç-

êàõ ïÿòè òèïîâ.

Èç ðèñ. 2 âèäíî, ÷òî âðåìåííîé õàðàêòåð íàãðóç-

êè âëèÿåò íà êîýôôèöèåíò äèíàìè÷íîñòè òîëüêî ïðè

ñîîòíîøåíèè ìåæäó äëèòåëüíîñòüþ äåéñòâèÿ íà-

ãðóçêè è ïåðèîäîì ñîáñòâåííûõ êîëåáàíèé êîíñò-

ðóêöèè, ïðåâûøàþùåì 0,5Ò0. Ýòîò ôàêò, ñîáñòâåííî,

è îòðàæàåò ðèñ. 1, êîòîðûé ïîñòðîåí ïðèìåíèòåëü-

íî ê äîñòàòî÷íî ïðîäîëæèòåëüíûì (ïî îòíîøåíèþ

ê ïåðèîäó ñîáñòâåííûõ êîëåáàíèé êîíñòðóêöèé),

à íå èìïóëüñíûì íàãðóçêàì.

Íà ðèñ. 3 ïðèâåäåíû çíà÷åíèÿ êîýôôèöèåíòà

äèíàìè÷íîñòè äëÿ ðàçëè÷íûõ ñîîòíîøåíèé ìåæäó

äëèòåëüíîñòüþ äåéñòâèÿ íàãðóçêè è ïåðèîäîì ñîá-

ñòâåííûõ êîëåáàíèé êîíñòðóêöèè, ïðè íàãðóçêå óäàð-

íîãî âèäà K = 0 è íàãðóçêå, èìåþùåé òîëüêî ôàçó

íàðàñòàíèÿ, K = 1. Óñëîâíî èõ ìîæíî ñ÷èòàòü “êðàé-

íèìè” ôîðìàìè íàãðóçîê — óäàðíîé è ïëàâíîé.

Ðèñ. 2. Êîýôôèöèåíòû äèíàìè÷íîñòè ïðè íàãðóçêàõ ïÿòè òè-

ïîâ: 1 — K = 0,10; 2 — K = 0,25; 3 — K = 0,50; 4 — K = 0,75;

5 — K = 0,90; K = Ò1�Òíàãð; Ò1 — äëèòåëüíîñòü íàðàñòàíèÿ

íàãðóçêè; Òíàãð — äëèòåëüíîñòü äåéñòâèÿ íàãðóçêè

Fig. 2. Dynamic amplification factors under loads of five types:

1 — K = 0,10; 2 — K = 0,25; 3 — K = 0,50; 4 — K = 0,75; 5 —

K = 0,90; K = Ò1�Òload; Ò1 — load rise duration; Òload — load

action duration

Ðèñ. 3. Êîýôôèöèåíòû äèíàìè÷íîñòè ïðè íàãðóçêàõ äâóõ

“êðàéíèõ” òèïîâ — K = 0; K = 6

Fig. 3. Dynamic amplification factors under loads of two “extreme”

types — K = 0; K = 6

Ðèñ. 4. Êîýôôèöèåíòû äèíàìè÷íîñòè äëÿ T Tíàãð 0 & 0 5, ïðè íà-

ãðóçêàõ ïðÿìîóãîëüíîãî (1) è òðåóãîëüíîãî (2) òèïîâ

Fig. 4. Dynamic amplification factors for ratios of Òload �Ò0 < 0,5

under rectangular (1) or triangular (2) type of loads
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Äëÿ ñîîòíîøåíèé Òíàãð�Ò0 < 0,5, êàê óêàçûâà-

ëîñü ðàíåå (ñì. ðèñ. 2), ôîðìà íàãðóçêè íå âëèÿåò íà

÷èñëåííûå çíà÷åíèÿ êîýôôèöèåíòà äèíàìè÷íîñòè.

Îñíîâíîå âëèÿíèå íà íåãî îêàçûâàåò èìïóëüñ äàâ-

ëåíèÿ I P t t� ) ( ) .d Ýòî âèäíî èç ðèñ. 4, ãäå ïðèâåäå-

íû çíà÷åíèÿ êîýôôèöèåíòà äèíàìè÷íîñòè ïðè íà-

ãðóçêàõ òðåóãîëüíîé (I = 0,5PìàêñÒíàãð) è ïðÿìîóãîëü-

íîé (I = PìàêñÒíàãð) ôîðìû.

Â ðåçóëüòàòå ïðîâåäåííûõ ðàñ÷åòîâ áûëî ïîëó-

÷åíî, ÷òî êîýôôèöèåíò äèíàìè÷íîñòè ïðè êðàòêî-

âðåìåííûõ íàãðóçêàõ (Òíàãð�Ò0 < 0,5) ïðèáëèæåííî

ìîæíî îïðåäåëèòü ïî ñëåäóþùåé ôîðìóëå:
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Òîãäà èìååì:
� äëÿ íàãðóçêè òðåóãîëüíîé ôîðìû

(I = 0,5PìàêñÒíàãð):
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� äëÿ íàãðóçêè ïðÿìîóãîëüíîé ôîðìû

(I = PìàêñÒíàãð):
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íàãð� 2 0
2

0

, . (8)

Âûâîäû

Îòìå÷åíû îñîáåííîñòè, ñâÿçàííûå ñ îïðåäåëå-

íèåì êîýôôèöèåíòà äèíàìè÷íîñòè ïðè èìïóëüñíûõ

íàãðóçêàõ, ñâîéñòâåííûõ ìíîãèì ÷ðåçâû÷àéíûì ñè-

òóàöèÿì. Áûëî ïðîâåäåíî èíòåãðèðîâàíèå óðàâíå-

íèÿ (2) äëÿ ðàçëè÷íûõ ñîîòíîøåíèé ìåæäó äëèòåëü-

íîñòüþ íàãðóçêè Òíàãð è ïåðèîäîì ñîáñòâåííûõ êî-

ëåáàíèé êîíñòðóêöèè Ò0 ïðè íàãðóçêàõ íåñêîëüêèõ

òèïîâ. Ïðèâåäåíû êðèòåðèè, ïðè êîòîðûõ êîýôôè-

öèåíò äèíàìè÷íîñòè îïðåäåëÿåòñÿ òîëüêî èìïóëüñîì

óäàðíîé íàãðóçêè è íå çàâèñèò îò åå ôîðìû. Óñòà-

íîâëåíû ñîîòíîøåíèÿ äëÿ îïðåäåëåíèÿ êîýôôèöè-

åíòà äèíàìè÷íîñòè ïðè óäàðíûõ íàãðóçêàõ, ñîïðî-

âîæäàþùèõ ÷ðåçâû÷àéíûå ñèòóàöèè (âçðûâû ÂÂ,

ïàäåíèå ìàññèâíûõ òåë, ãèäðîóäàðû è ò. ä.).
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ABSTRACT

It is accepted to lead non-stationary loads to equivalent static loads in practice of construction design.

Different methodologies are used to calculate the effects of dynamic impact on building structures.

This article describes evaluation methodology of dynamic amplification factor under impact loads,

arising in case of explosions, falling of massive bodies, hydraulic impact. To calculate the dynamic

amplification factor it was determined frequency of fundamental tone of natural oscillation. A short-

coming of described evaluation method of dynamic amplification factor under impact loads is the as-

sumption that oscillation process of each element happens at a certain frequency (usually at the funda-

mental tone frequency); though in fact oscillations happen in all range of natural frequencies of elastic

element. Besides, any boundary conditions for this methodology can be set with certain approxima-

tions. Nevertheless structural analysis of building constructions in conditions of emergency situation,

when the maximum possible loadings have been taken as initial data, such approach in determination
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of Kdyn is justified in a certain degree. The integrating equations for different types of loads and

various ratios between load duration and natural oscillation period has allowed to determine values of

dynamic amplification factor for such ratios at five types of loads. It have been shown that temporality

of loading influences dynamic amplification factor only at certain ratios between load duration and

natural oscillation period. This fact can be attributed to a sufficiently long (in ratio to the natural oscilla-

tion period), but not to impulse loads. Values of dynamic amplification factor for various ratios between

load duration and natural oscillation period under the impact forces and under the growth phase load

were given. The type of load have not affect numerical values of dynamic amplification factor for

the presented ratios. The main influence on dynamic amplification factor is the pressure pulse.

Keywords: static load; dynamic load; dynamic amplification factor; structural analysis; typical loads;

natural oscillation period.
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ÎÃÍÅÇÀÙÈÒÀ ÄÅÔÎÐÌÀÖÈÎÍÍÛÕ È
ËÈÍÅÉÍÛÕ ØÂÎÂ ÇÄÀÍÈÉ È ÑÎÎÐÓÆÅÍÈÉ

Äàí îáçîð îãíåñòîéêèõ çàäåëîê äåôîðìàöèîííûõ øâîâ êàê çàðóáåæíûõ, òàê è îòå÷åñòâåííûõ
ïðîèçâîäèòåëåé. Ïîêàçàíî, ÷òî äëÿ çàùèòû äåôîðìàöèîííûõ øâîâ ïðè ïîæàðå ïðèìåíÿþòñÿ
îãíåñòîéêèå çàäåëêè, ñïåöèàëüíî ðàçðàáîòàííûå äëÿ ýòèõ öåëåé è ãàðàíòèðîâàííî ðàáîòà-
þùèå ïðè ñæàòèè, ðàñòÿæåíèè è ñäâèãå øâà. Îáîñíîâàíà íåîáõîäèìîñòü âûáîðà êîìïëåêñíîãî
ðåøåíèÿ, îáåñïå÷èâàþùåãî ìàêñèìàëüíîå óäîâëåòâîðåíèå ïîòðåáíîñòåé ïðè âûïîëíåíèè îãíå-
çàùèòíûõ ðàáîò ïî çàùèòå äåôîðìàöèîííîãî øâà ïðè âîçäåéñòâèè ïîæàðà. Ïîêàçàíî, ÷òî îñîáîå
âíèìàíèå ñëåäóåò óäåëÿòü òåõíîëîãèè ñîïðÿæåíèÿ êîíñòðóêöèé (èçäåëèé) îãíåñòîéêèõ çàïîë-
íåíèé ïðè èõ ìîíòàæå â äåôîðìàöèîííûå øâû ïî âñåé äëèíå, ãàðàíòèðîâàííî íå äîïóñêà-
þùåé ïîÿâëåíèÿ òåõíîëîãè÷åñêèõ çàçîðîâ è ïóñòîò.

Êëþ÷åâûå ñëîâà: çäàíèÿ; ñîîðóæåíèÿ; ñòðîèòåëüíûå êîíñòðóêöèè; íàïðÿæåíèÿ; ïîæàðíàÿ áåç-
îïàñíîñòü; äåôîðìàöèîííûå øâû; ëèíåéíûå øâû; îãíåçàùèòà.

DOI: 10.18322/PVB.2018.27.02-03.45-56

Ââåäåíèå

Ïî äàííûì Ì×Ñ çà 2016 ã. íà òåððèòîðèè Ðîññèè ïðî-

èçîøëî îêîëî 140 òûñ. ïîæàðîâ, óíè÷òîæåíî 35 òûñ.

è ïîâðåæäåíî 88 òûñ. çäàíèé [1]. Îãíåñòîéêîñòü çäà-

íèÿ, îäíà èç åãî êëàññèôèêàöèîííûõ õàðàêòåðèñòèê,

ðàññ÷èòûâàåòñÿ íà ýòàïå ïðîåêòèðîâàíèÿ. Ýòî ïðåä-

ñòàâëÿåò ñîáîé âàæíûé ýòàï â ìåðîïðèÿòèÿõ ïî

îáåñïå÷åíèþ ïîæàðíîé áåçîïàñíîñòè [2–5].

Ñîïðÿæåíèÿ ìåæäó îãðàæäàþùèìè êîíñòðóê-

öèÿìè çäàíèÿ, ê êîòîðûì ïðåäúÿâëÿþòñÿ òðåáîâà-

íèÿ ïîæàðíîé áåçîïàñíîñòè, äåëÿòñÿ íà äåôîðìà-

öèîííûå (ìåíÿþùèå ñâîè ãåîìåòðè÷åñêèå ðàçìåðû

ïîä âëèÿíèåì êàêèõ-ëèáî ôàêòîðîâ) è ëèíåéíûå,

èëè ñòðîèòåëüíûå (íå ìåíÿþùèå ñâîèõ ãåîìåòðè-

÷åñêèõ ðàçìåðîâ).

Äåôîðìàöèîííûå øâû îáåñïå÷èâàþò ñïîñîá-

íîñòü ìíîãîýòàæíûõ è ìíîãîñåêöèîííûõ çäàíèé

ñîïðîòèâëÿòüñÿ âîçäåéñòâèþ ðàçëè÷íûõ ôàêòîðîâ

â òå÷åíèå âñåãî ñðîêà èõ ýêñïëóàòàöèè áåç ñíèæåíèÿ

íåñóùåé ñïîñîáíîñòè êîíñòðóêöèé. Òàêèå âîçäåé-

ñòâèÿ ìîãóò îêàçûâàòü ðàçëè÷íûå ôàêòîðû, òàêèå

êàê ñåéñìè÷åñêàÿ àêòèâíîñòü, íåðàâíîìåðíàÿ ïëîò-

íîñòü ãðóíòà, ïåðåïàä òåìïåðàòóðû îêðóæàþùåé

ñðåäû, ïîâûøåííûå íàãðóçêè.

Â çàâèñèìîñòè îò íàèáîëåå õàðàêòåðíûõ âèäîâ

íàãðóçîê äåôîðìàöèîííûå øâû ìîæíî ðàçäåëèòü

íà 4 òèïà [5]:

1) òåìïåðàòóðíûå øâû, êîòîðûå ïðîíèçûâàþò

ñîîðóæåíèå ñâåðõó äîíèçó — îò ïîëà äî êðîâëè,

íî ôóíäàìåíò íå çàòðàãèâàþò; ïîçâîëÿþò ìîíîëèò-

íûì ìàòåðèàëàì ñâîáîäíî ñæèìàòüñÿ è ðàçæèìàòü-

ñÿ ïðè ïåðåïàäàõ òåìïåðàòóð;

2) îñàäî÷íûå øâû, ðàçäåëÿþùèå çäàíèå ïî âñåé

âûñîòå — îò ôóíäàìåíòà äî êðûøè, ÷òîáû èçáåæàòü

© Ïðóñàêîâ Â. À., Ãðàâèò Ì. Â., Òèìîôååâ Í. Ñ., Ñèìîíåíêî ß. Á., Ãóòîðîâ Ê. Â., Øåâ÷åíêî À. Ì. Ê. Ñ., 2018
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îïàñíûõ äåôîðìàöèé âñëåäñòâèå íåðàâíîìåðíîé äå-

ôîðìàöèè ãðóíòà;

3) óñàäî÷íûå øâû, èñïîëüçóåìûå â ìîíîëèò-

íîì ñòðîèòåëüñòâå (áåòîí, çàòâåðäåâàÿ, óñàæèâàåò-

ñÿ êðàéíå íåðàâíîìåðíî, ÷òî ïðèâîäèò ê ñîçäàíèþ

âíóòðåííåãî íàïðÿæåíèÿ è, êàê ñëåäñòâèå, ê îáðàçî-

âàíèþ òðåùèí);

4) àíòèñåéñìè÷åñêèå øâû, àêòèâíî ïðèìåíÿåìûå

â ñåéñìè÷åñêè àêòèâíûõ ðåãèîíàõ.

Ê äåôîðìàöèîííûì øâàì ïðåäúÿâëÿþòñÿ îïðå-

äåëåííûå òðåáîâàíèÿ ïî îãíåñòîéêîñòè, òàê æå êàê

è ê ïåðåêðûòèÿì, ñòåíàì è ïåðåãîðîäêàì, êîòîðûå

îïðåäåëÿþòñÿ ñîãëàñíî íîðìàòèâíîé äîêóìåíòàöèè

ïî ïîæàðíîé áåçîïàñíîñòè ñòðîèòåëüíîé êîíñòðóê-

öèè â öåëîì. Îòäåëüíûõ òðåáîâàíèé ïî îãíåçàùèòå

ïðè óñòðîéñòâå äåôîðìàöèîííûõ øâîâ â ðîññèé-

ñêîì çàêîíîäàòåëüñòâå íå ñóùåñòâóåò: èõ îãíåñòîé-

êîñòü ðåãëàìåíòèðóåòñÿ ëèøü â ñîâîêóïíîñòè ñ

îñòàëüíûìè ýëåìåíòàìè êîíñòðóêöèè [6–8]. Äëÿ

óâåëè÷åíèÿ îãíåñòîéêîñòè êîíñòðóêöèè ïðèìåíÿ-

þò ðàçëè÷íûå âèäû îãíåñòîéêîé çàäåëêè, êîòîðóþ

óñòàíàâëèâàþò âíóòðè äåôîðìàöèîííûõ øâîâ

(ðèñ. 1). Òàêèì îáðàçîì, ïîíÿòèå “îãíåñòîéêàÿ çà-

äåëêà” ìîæíî îïðåäåëèòü êàê ñïåöèàëüíîå îãíå-

ñòîéêîå çàïîëíåíèå ñòðîèòåëüíîãî øâà â óçëå ïðè-

ìûêàíèÿ îãðàæäàþùèõ êîíñòðóêöèé ñ íîðìèðî-

âàííûìè ïðåäåëàìè îãíåñòîéêîñòè.

Â çàðóáåæíîé è ðîññèéñêîé ñèñòåìàõ íîðìàòèâ-

íûõ äîêóìåíòîâ, óñòàíàâëèâàþùèõ òðåáîâàíèÿ ê

äåôîðìàöèîííûì øâàì, ìåòîäû èñïûòàíèé è

ïðèíöèïû êëàññèôèêàöèè ñðåäñòâ îãíåçàùèòû äëÿ

ñòðîèòåëüíûõ êîíñòðóêöèé èìåþò ñóùåñòâåííûå

îòëè÷èÿ, ïîýòîìó èçó÷åíèå äàííûõ äîêóìåíòîâ,

â ÷àñòíîñòè ïðîâåäåíèå ñðàâíèòåëüíîãî àíàëèçà,

â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íåîáõîäèìîé ÷àñòüþ

îáùåãî ïðîöåññà â îáëàñòè òåõíè÷åñêîãî ðåãóëèðî-

âàíèÿ â Ðîññèéñêîé Ôåäåðàöèè, íàïðàâëåííîãî íà

èçìåíåíèå íàöèîíàëüíîé ñèñòåìû ñòàíäàðòèçàöèè

è èíòåãðàöèþ ñ äðóãèìè ñèñòåìàìè åâðîïåéñêîãî è

ìèðîâîãî ñîîáùåñòâà [9].

Ðîññèéñêàÿ ìåòîäèêà èñïûòàíèé, íà îñíîâàíèè

êîòîðîé óñòàíàâëèâàþòñÿ ïðåäåëû îãíåñòîéêîñòè

êîíñòðóêöèè, èìåþùåé îãíåñòîéêóþ çàäåëêó äå-

ôîðìàöèîííûõ øâîâ, èçëîæåíà â ÃÎÑÒ 30247.0–94

è ÃÎÑÒ 30247.1–94. Ïðåäåëû îãíåñòîéêîñòè îïðå-

äåëÿþòñÿ ïî ïîòåðå öåëîñòíîñòè (Å) è ïîòåðå òåï-

ëîèçîëèðóþùåé ñïîñîáíîñòè (I).

Íàïðèìåð, â íàñòîÿùåå âðåìÿ èñïûòàíèÿ íà îã-

íåñòîéêîñòü ïðîâîäÿòñÿ äëÿ îãíåñòîéêîé çàäåëêè

äåôîðìàöèîííîãî êîíñòðóêòèâíîãî øâà, ñîñòîÿùåé

èç òåðìîðàñøèðÿþùåãîñÿ ãåðìåòèêà è âíóòðåííåãî

çàïîëíåíèÿ øâà ìèíåðàëüíîé âàòîé; ïðåäåëû îãíå-

ñòîéêîñòè, êàê ïðàâèëî, ìîãóò ñîñòàâëÿòü EI 90 ïðè

ïëîòíîñòè ìèíåðàëüíîé âàòû äî 110 êã�ì3 è ÅI 180

ïðè ïëîòíîñòè íå ìåíåå 110 êã�ì3 (ñîãëàñíî îôèöè-

àëüíûì äàííûì â ñåðòèôèêàòàõ ñîîòâåòñòâèÿ). Ïðè

óêàçàííûõ èñïûòàíèÿõ íå ó÷èòûâàåòñÿ ðàñòÿæåíèå

è ñæàòèå èëè ñäâèã äåôîðìàöèîííîãî øâà, â òîì ÷èñ-

ëå öèêëè÷åñêèå äåôîðìàöèè ðàñòÿæåíèå – ñæàòèå –

ñäâèã, íåèçáåæíî âîçíèêàþùèå â ïðîöåññå åãî ýêñ-

ïëóàòàöèè, ÷òî äåëàåò ðåçóëüòàòû èñïûòàíèé íåäî-

ñòàòî÷íî îáúåêòèâíûìè.

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ çàêëþ÷àåòñÿ â

ðàññìîòðåíèè òèïîâ äåôîðìàöèîííûõ øâîâ è â èçó-

÷åíèè ïðèìåíåíèÿ îãíåñòîéêîé çàäåëêè — ìàòåðè-

àëîâ (èçäåëèé), êîòîðûå óñòàíàâëèâàþòñÿ â ãîðè-

çîíòàëüíûå è âåðòèêàëüíûå äåôîðìàöèîííûå øâû

ìîíîëèòíûõ è ñáîðíûõ æåëåçîáåòîííûõ êîíñòðóê-

öèé çäàíèé è ñîîðóæåíèé ðàçëè÷íîãî íàçíà÷åíèÿ

è îáåñïå÷èâàþò íåðàñïðîñòðàíåíèå è ëîêàëèçàöèþ

ïîæàðà â òå÷åíèå òðåáóåìîãî ïåðèîäà âðåìåíè.

Íåîáõîäèìîñòü èñïîëüçîâàíèÿ
îãíåçàùèòû äåôîðìàöèîííûõ øâîâ

Ïðàâèëüíîå ïðîåêòèðîâàíèå, óñòðîéñòâî è ìîí-

òàæ äåôîðìàöèîííûõ øâîâ èìåþò áîëüøîå çíà÷å-

íèå ïðè ñòðîèòåëüñòâå, ïîñêîëüêó äàþò âîçìîæíîñòü

îáåñïå÷èòü äëèòåëüíûé ñðîê ñëóæáû îñíîâíûõ íå-

ñóùèõ è îãðàæäàþùèõ êîíñòðóêöèé çäàíèé, à òàêæå

ýëåìåíòîâ âíóòðåííåé è âíåøíåé îòäåëêè. Äåôîðìà-

öèîííûå øâû ÿâëÿþòñÿ ýëåìåíòàìè óçëîâ ïðèìû-

êàíèÿ ñòðîèòåëüíûõ êîíñòðóêöèé, òàêèõ êàê ñòåíû,

ïåðåãîðîäêè è ïåðåêðûòèÿ, äëÿ êîòîðûõ ñóùåñòâó-

þò òðåáîâàíèÿ ïî îãíåñòîéêîñòè. Â ñîîòâåòñòâèè

ñî ñò. 88 Ôåäåðàëüíîãî çàêîíà ¹ 123-ÔÇ [6] ìåñòà

ñîïðÿæåíèÿ ïðîòèâîïîæàðíûõ ñòåí, ïåðåêðûòèé è

ïåðåãîðîäîê ñ äðóãèìè îãðàæäàþùèìè êîíñòðóêöè-

ÿìè çäàíèÿ, ñîîðóæåíèÿ, ïîæàðíîãî îòñåêà äîëæíû

èìåòü ïðåäåë îãíåñòîéêîñòè íå ìåíåå, ÷åì ñîïðÿãà-

åìûå ïðåãðàäû [10]. Ñîãëàñíî ï. 5.2.1 ÑÏ 2.13130.2012

[11] äàííîå òðåáîâàíèå êàñàåòñÿ âñåõ êîíñòðóêöèé

Ðèñ. 1. Äåôîðìàöèîííûé øîâ áåç îãíåñòîéêîãî çàïîëíåíèÿ (à)

è ñ îãíåñòîéêèì çàïîëíåíèåì (á)

Fig. 1. Expansion joint without firestop cover (a) and expansion

joint with firestop cover (b)
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ñ íîðìèðóåìûìè ïðåäåëàìè îãíåñòîéêîñòè. Îñíîâ-

íàÿ ñëîæíîñòü çàêëþ÷àåòñÿ â òîì, ÷òî ïðèìåíåíèå

ðàñïðîñòðàíåííûõ íåãîðþ÷èõ ìàòåðèàëîâ íåâîç-

ìîæíî èç-çà äèíàìè÷åñêîé ðàáîòû äåôîðìàöèîííûõ

øâîâ (ñæàòèå, ðàñòÿæåíèå, ñäâèã), ÷òî ïðèâîäèò ê

óñêîðåííîìó èçíîñó ýòèõ ìàòåðèàëîâ [12, 13].

Äëÿ çàùèòû äåôîðìàöèîííûõ øâîâ â êîíñòðóê-

öèÿõ ïðè ïîæàðå ïðèìåíÿþòñÿ ñïåöèàëüíûå âèäû

îãíåñòîéêîé çàäåëêè, ðàçðàáîòàííûå äëÿ ýêñïëóà-

òàöèè â äåôîðìàöèîííûõ øâàõ. Êîíñòðóêöèè (èç-

äåëèÿ), â êîòîðûõ ïðèìåíÿåòñÿ òàêàÿ îãíåñòîéêàÿ çà-

äåëêà, âûïîëíÿþò ñâîè ôóíêöèè è ñîõðàíÿþò âñå

ïðîòèâîïîæàðíûå õàðàêòåðèñòèêè êàê ïðè ñæàòèè

øâà, òàê è ïðè åãî ðàñòÿæåíèè. Â îòëè÷èå îò ñïåöè-

àëüíîé çàäåëêè, íàïðèìåð, ìèíåðàëüíàÿ âàòà, óñòà-

íîâëåííàÿ â ÷èñòîì âèäå â øîâ, ïðè åãî ñæàòèè åùå

áóäåò ñîõðàíÿòü êàêèå-òî çàùèòíûå ñâîéñòâà, à ïðè

ðàñòÿæåíèè – ñäâèãå øâà íè î êàêîé ñåðüåçíîé çà-

ùèòíîé ôóíêöèè ãîâîðèòü íå ïðèõîäèòñÿ. Ïî ìíå-

íèþ àâòîðîâ, ìèíåðàëüíàÿ âàòà êàê êîíñòðóêòèâ-

íûé ýëåìåíò çàùèòû äåôîðìàöèîííîãî øâà îò îãíÿ

íå âûäåðæèò èñïûòàíèé â óñëîâèÿõ, èìèòèðóþùèõ

ðàáîòó äåôîðìàöèîííîãî øâà. Àíàëèç è èçó÷åíèå

ïîæàðîîïàñíûõ ñâîéñòâ ñòðîèòåëüíûõ ìàòåðèàëîâ,

îöåíêà “ïîâåäåíèÿ” êîíñòðóêöèé ïðè ïîæàðå, ïðî-

âåäåíèå ðàñ÷åòà ïðî÷íîñòè è óñòîé÷èâîñòè çäàíèé

ïðè îãíåâîì âîçäåéñòâèè — âñå ýòî ïîçâîëÿåò ðàç-

ðàáîòàòü è ïðåäëîæèòü ïîòðåáèòåëÿì âûñîêîýôôåê-

òèâíûå ñïîñîáû îãíåçàùèòû êîíñòðóêòèâíûõ ýëå-

ìåíòîâ [14–17].

Ñðåäè âåäóùèõ ïðîèçâîäèòåëåé ñèñòåì îãíå-

çàùèòû äåôîðìàöèîííûõ øâîâ ñëåäóåò óïîìÿíóòü

êîìïàíèè “Veda-France”, “Hilti”, ÎÎÎ “Îãíåçà”,

“Promat”, OOO “ÏÐÎÌÈÇÎË”. Êîíñòðóêòèâíûå ðå-

øåíèÿ ïðîòèâîïîæàðíûõ çàäåëîê êîìïàíèé “Veda-

France”, “Hilti”, “Promat”, âçÿòûå èç îòêðûòûõ èñ-

òî÷íèêîâ, ïðèâåäåíû íà ðèñ. 2–4.

Îãíåñòîéêèå çàïîëíåíèÿ óñòàíàâëèâàþò äëÿ êîì-

ïåíñàöèè âîçìîæíûõ èçìåíåíèé øèðèíû øâà îò

ïåðâîíà÷àëüíîé øèðèíû â ãîðèçîíòàëüíûå è âåð-

òèêàëüíûå äåôîðìàöèîííûå øâû ìîíîëèòíûõ è

ñáîðíûõ æåëåçîáåòîííûõ êîíñòðóêöèé çäàíèé è

ñîîðóæåíèé ðàçëè÷íîãî íàçíà÷åíèÿ, à òàêæå â çà-

çîðû ìåæäó òîðöîì âåðòèêàëüíûõ ñòåí è ìåæýòàæ-

íûõ ïåðåêðûòèé.

Ïðîòèâîïîæàðíàÿ çàäåëêà êîìïàíèè “Promat”

(ñì. ðèñ. 4) ìîæåò óñòàíàâëèâàòüñÿ ïî äâóì ñõåìàì.

Ïî ïåðâîé ñõåìå (ñì. ðèñ. 4,à) äëÿ çàùèòû óïëîò-

íèòåëüíîé ëåíòû 5 îò ïîæàðà ñòûê çàïîëíÿåòñÿ

ìèíåðàëüíîé âàòîé 4 ñî ñòîðîíû âîçìîæíîãî âîç-

äåéñòâèÿ îãíÿ. Çàãîòîâëåííûé ñòûêîâîé ýëåìåíò

PROMASEAL®-PL 1 óñòàíàâëèâàåòñÿ ïîâåðõ ìèíå-

ðàëîâàòíîãî íàïîëíåíèÿ 4. Áëàãîäàðÿ ïðîìåæóòî÷-

íûì ñëîÿì ïåíîìàòåðèàëà ñòûêîâîé ýëåìåíò óïðó-

ãî ñæèìàåòñÿ ïî øèðèíå è, ðàçæèìàÿñü â ïîëîñòè

ñòûêà, ïëîòíî óñòàíàâëèâàåòñÿ â íåì (ñì. ðèñ. 4,â).

Â ñëó÷àå ïîæàðà ïåíîìàòåðèàë ñãîðàåò, à âñïó÷è-

âàþùèéñÿ ìàòåðèàë PROMASEAL®-PL, ñèëüíî óâå-

ëè÷èâàÿñü â îáúåìå, îáðàçóåò îãíåñòîéêóþ ïåíó,

êîòîðàÿ çàïîëíÿåò ñòûê è çàäåëûâàåò åãî, ïðåäîò-

âðàùàÿ íàãðåâ è ïðîãîðàíèå óïëîòíèòåëüíîé ëåí-

òû. Ñòûêîâîé ýëåìåíò PROMASEAL®-PL íàêëåè-

âàåòñÿ êëååì Promat® K84 íà ìèíåðàëîâàòíóþ ïî-

ëîñó. Óñòàíîâëåííûå â ñòûêå ýëåìåíòû ïëîòíî

ñîåäèíÿþòñÿ ìåæäó ñîáîé òîðöàìè. Äëÿ çàùèòû îò

àòìîñôåðíûõ âîçäåéñòâèé èñïîëüçóåòñÿ ñèëèêîí

PROMASEAL®. Ïðè óñòàíîâêå ïî âòîðîé ñõåìå

(ñì. ðèñ. 4,á) ñòûêîâîé ýëåìåíò PROMASEAL®-PL

ìîæåò ïðèìåíÿòüñÿ òàêæå äëÿ óïëîòíåíèÿ äåôîð-

ìàöèîííûõ ñòûêîâ (áåç óïëîòíÿþùåé ëåíòû). Óñòà-

íîâêà ïðîèñõîäèò, êàê îïèñàíî âûøå, ñî ñòîðîíû

âîçìîæíîãî âîçäåéñòâèÿ ïîæàðà. Åñëè âîçäåéñòâèå

ïîæàðà âîçìîæíî ñ êàæäîé ñòîðîíû, ñòûêîâîé ýëå-

ìåíò 1 ñëåäóåò óñòàíàâëèâàòü ñ îáåèõ ñòîðîí.

Ðèñ. 2. Êîíñòðóêòèâíîå ðåøåíèå ïðîòèâîïîæàðíîé çàäåëêè

êîìïàíèè “Veda-France” (òîðãîâàÿ ìàðêà Vedafeu)

Fig. 2. The constructive solution of the fire barrier of “Veda-

France” (trademark Vedafeu)

Ðèñ. 3. Êîíñòðóêòèâíîå ðåøåíèå ïðîòèâîïîæàðíîé çàäåëêè

êîìïàíèè “Hilti”: à — øîâ â ñòåíå; á — øîâ â ïåðåêðûòèè;

â — øîâ ïðèìûêàíèÿ ñòåíû ê ïåðåêðûòèþ; ã — øîâ ïðèìû-

êàíèÿ ïåðåêðûòèÿ ê ñòåíå; 1 — ïðîòèâîïîæàðíûé ìàòåðèàë;

2 — ìèíåðàëüíàÿ âàòà; 3 — áåòîí

Fig. 3. The constructive solution of the fire barrier of “Hilti”:

a — joint in wall; b — joint in floor slab; v — coupling joint of

wall and floor slab; g — coupling joint of floor slab and wall; 1 —

fire protecting material; 2 — rock wool; 3 — concrete
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Ðàññìîòðèì òàêæå óñòàíîâêó èçäåëèé äëÿ çàùè-

òû äåôîðìàöèîííûõ øâîâ íà ïðèìåðå èçäåëèé ïðî-

èçâîäñòâà ÎÎÎ “ÏÐÎÌÈÇÎË” (ðèñ. 5). Èçäåëèå

“ÏÐÎÌÈÇÎË-Øîâ-Ø150�240” òèïà “øíóð” îáåñïå-

÷èâàåò îãíåçàùèòó äåôîðìàöèîííûõ øâîâ øèðèíîé

äî 100 ìì è îãíåñòîéêîñòüþ äî EI 240. Äëÿ îáåñïå-

÷åíèÿ çàäàííîé îãíåñòîéêîñòè ïîäîáíîãî èçäåëèÿ,

ïðåäíàçíà÷åííîãî äëÿ îãíåçàùèòû äåôîðìàöèîííî-

ãî øâà, âàæíî âûïîëíÿòü òðåáîâàíèÿ ïî ñîáëþäå-

íèþ ãëóáèíû åãî çàäåëêè ñ îáîãðåâàåìîé ñòîðîíû.

Äëÿ èçäåëèÿ “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240” òèïà

“øíóð” ýòî òðåáîâàíèå êðèòè÷íî äëÿ çàäåëêè äåôîð-

ìàöèîííûõ øâîâ øèðèíîé 30 ìì è ìåíåå. Ãëóáèíà

çàäåëêè â ýòîì ñëó÷àå ñîñòàâëÿåò íå ìåíåå 50 ìì.

Îãíåçàùèòà äåôîðìàöèîííîãî øâà øèðèíîé ñâû-

øå 100 ìì ïðîèçâîäèòñÿ èçäåëèåì “ÏÐÎÌÈÇÎË-

Øîâ-Ï150�240” òèïà “ïîäóøêà”, êîòîðîå òàêæå ïðåä-

íàçíà÷åíî äëÿ îáåñïå÷åíèÿ îãíåñòîéêîñòè êîíñòðóê-

öèè äî EI 240. Ñõåìàòè÷íî ðàçëè÷èÿ ìåæäó îãíå-

ñòîéêèìè çàäåëêàìè äåôîðìàöèîííûõ øâîâ òèïà

“ÏÐÎÌÈÇÎË-Øîâ-Ø(Ï)150�240” òèïîâ “øíóð” è

“ïîäóøêà” ïîêàçàíû íà ðèñ. 6 è 7.

Èñïûòàíèå íà ñåéñìè÷åñêîå âîçäåéñòâèå ãåðìå-

òèêà “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240” ïðîâîäèëîñü ïî

ÃÎÑÒ 30546.1, ÃÎÑÒ 30546.2, ÃÎÑÒ 30546.3 ìî-

äåëèðîâàíèåì ñåéñìè÷åñêîãî âîçäåéñòâèÿ 9 áàëëîâ

ïî øêàëå MSK-64. Ðåçóëüòàòîì èñïûòàíèé ñòàëà ðàç-

ðàáîòêà èçäåëèÿ “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240” â

ñåéñìè÷åñêîì èñïîëíåíèè (ñåðòèôèêàò ¹ POCC

RU.MO10.Í01245).

Äëÿ ïîíèìàíèÿ ïîâåäåíèÿ äåôîðìàöèîííîãî øâà

è åãî ñâîéñòâ ïðè ìåõàíè÷åñêèõ âîçäåéñòâèÿõ â

ïðîöåññå ýêñïëóàòàöèè ïðîâîäèëèñü èñïûòàíèÿ îá-

ðàçöîâ â íàòóðàëüíóþ âåëè÷èíó (äèàìåòð 80 ìì,

äëèíà 1000 ìì) íà èñïûòàòåëüíîì îáîðóäîâàíèè

ïðè óêàçàííûõ òåõíè÷åñêèõ ðåæèìàõ ñîãëàñíî ÒÓ

Ðèñ. 5. Îãíåñòîéêàÿ çàäåëêà äåôîðìàöèîííîãî øâà èçäåëèåì

“ÏÐÎÌÈÇÎË-Øîâ-Ø150�240-80”

Fig. 5. Filling expansion joint with firestop cover “PROMIZOL-

Shov-Sh150�240-80”

Ðèñ. 4. Êîíñòðóêòèâíîå ðåøåíèå ïðîòèâîïîæàðíîé çàäåëêè

êîìïàíèè “Promat”: à — äåôîðìàöèîííûé ñòûê ñ ÏÂÕ-

óïëîòíèòåëåì; á — áåç óïëîòíèòåëüíîé ëåíòû; â — ôðàã-

ìåíò çàäåëêè; 1 — ñòûêîâîé ýëåìåíò PROMASEAL®-PL;

2 — ñïåöèàëüíûé êëåé Promat® K84; 3 — ñïåöèàëüíûé

êðåìíèé PROMASEAL®; 4 — çàïîëíèòåëü — ìèíåðàëüíàÿ

âàòà; 5 — óïëîòíèòåëüíàÿ ëåíòà; 6 — áåòîí

Fig. 4. The constructive solution of the fire barrier of “Promat”:

à — expansion joint with PVC-sealing; b — expansion joint

without PVC-sealing; v — piece of expansion joint; 1 — coupling

piece PROMASEAL®-PL; 2 — special glue Promat® K84; 3 —

special silicon PROMASEAL®; 4 — rock wool; 5 — sealing cord;

6 — concrete
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23.99.19-00–2017 “Èñïûòàíèÿ íà ìåõàíè÷åñêóþ ïðî÷-

íîñòü ïðîòèâîïîæàðíîãî áàðüåðà äëÿ çàùèòû äåôîð-

ìàöèîííîãî øâà”, ðàçðàáîòàííûì ÎÎÎ “ÏÐÎÌÈ-

ÇÎË”. Ìåòîäèêà èñïûòàíèé çàêëþ÷àåòñÿ â ìíîãî-

êðàòíîì èçìåíåíèè ïðîåêòíîãî ðàçìåðà èìèòàòîðà

äåôîðìàöèîííîãî øâà ñ âìîíòèðîâàííûì èñïûòó-

åìûì èçäåëèåì. Ïðè ïðîâåäåíèè èñïûòàíèé ïîøà-

ãîâî óâåëè÷èâàåòñÿ íàãðóçêà â çàäàííîì íàïðàâëåíèè

(ñæàòèå, ðàñòÿæåíèå èëè ñäâèã) äî ïîÿâëåíèÿ õàðàê-

òåðíûõ ðàçðóøåíèé èëè íåîáðàòèìûõ èçìåíåíèé èç-

äåëèÿ. Èñïûòàíèÿ ïîêàçàëè, ÷òî “ÏÐÎÌÈÇÎË-Øîâ”

èìååò óñòîé÷èâûå äåôîðìàöèîííûå õàðàêòåðèñòè-

êè (ïðî÷íîñòü íà ñæàòèå — äî 60 %, ðàñòÿæåíèå —

äî 40 %, ñäâèã — äî 45 %), ïðè êîòîðûõ îòñóòñòâó-

þò ìåõàíè÷åñêèå ïîâðåæäåíèÿ è îñòàòî÷íàÿ äåôîð-

ìàöèÿ. Ïîëó÷åíû òàêæå ïîëîæèòåëüíûå ðåçóëüòà-

òû ïðè èñïûòàíèè íà öèêëè÷íîñòü ñæàòèå – ðàñòÿ-

æåíèå è íà ñäâèã. Äàííóþ ìåòîäèêó ìåõàíè÷åñêèõ

èñïûòàíèé çàïîëíåíèÿ äåôîðìàöèîííûõ øâîâ ìîæ-

íî èñïîëüçîâàòü äëÿ ïðîâåðêè ëþáûõ îáîëî÷íûõ

èçäåëèé, ïðåäíàçíà÷åííûõ äëÿ çàäåëêè äåôîðìàöè-

îííûõ øâîâ. Äëÿ çàäåëîê, êîòîðûå ïî ïðèíöèïó çà-

ïîëíåíèÿ èñïîëüçóþò ïðîñòî çàáèâêó (çà÷åêàíêó)

øâà, íåò ôèçè÷åñêîãî ñìûñëà â ïðîâåðêå èõ äåôîð-

ìàöèîííûõ ñâîéñòâ èç-çà îòñóòñòâèÿ çàäàííîé îä-

íîðîäíîñòè çàïîëíåíèÿ è êîíòðîëèðóåìûõ ãðàíèö.

Îãíåñòîéêèå çàïîëíèòåëè ÎÎÎ “ÏÐÎÌÈÇÎË”

— îäíè èç íåìíîãèõ ñèñòåì, êîòîðûå ðàçðàáàòûâà-

ëèñü ñïåöèàëüíî äëÿ ýêñïëóàòàöèè â äåôîðìàöèîí-

íûõ øâàõ. Îñíîâíîé çàäà÷åé ðàçðàáîò÷èêîâ ÿâëÿëîñü

îáåñïå÷åíèå íåðàñïðîñòðàíåíèÿ îãíÿ äàæå ïðè ðàñ-

êðûòèè øâà íà 50 %. Íàïðèìåð, ïðîòèâîïîæàðíàÿ

çàäåëêà “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240” òèïà “øíóð”

äëÿ çàùèòû äåôîðìàöèîííîãî øâà øèðèíîé îò 20

äî 100 ìì ñ ðåêîìåíäóåìûì äèàìåòðîì èçäåëèÿ îò

28 äî 140 ìì îáåñïå÷èâàåò ïðåäåë îãíåñòîéêîñòè

EI 150–240* (ñì. òàáëèöó). Îñîáóþ ðîëü äëÿ äîñòè-

æåíèÿ çàÿâëåííûõ äåôîðìàöèîííûõ è îãíåñòîéêèõ

õàðàêòåðèñòèê èãðàåò ïðåäâàðèòåëüíîå ñæàòèå èç-

äåëèÿ, êîòîðîå çàâèñèò îò ïðåäïîëàãàåìîé øèðèíû

çàùèùàåìîãî äåôîðìàöèîííîãî øâà.

Ïðè ïðîèçâîäñòâå ïðîòèâîïîæàðíîé çàäåëêè

“ÏÐÎÌÈÇÎË-Øîâ-Ø(Ï)150�240” èñïîëüçóåòñÿ âû-

ñîêîêà÷åñòâåííîå áàçàëüòîâîå ñâåðõòîíêîå âîëîêíî

(ÁÑÒÂ), ðàñïîëîæåííîå îñîáûì îáðàçîì. Êîíòðîëü

çà ñîäåðæàíèåì òâåðäûõ íåâîëîêíèñòûõ âêëþ÷åíèé

(òàê íàçûâàåìûõ “êîðîëüêîâ”) ðàçìåðîì ñâûøå

0,25 ìì, íå ïðåâûøàþùèì 10 % îò îáùåé äîëè çà-

ïîëíèòåëÿ, ïîçâîëÿåò ãàðàíòèðîâàòü ðàáîòó èçäåëèÿ

äëèòåëüíîå âðåìÿ, ñîèçìåðèìîå ñî ñðîêîì ýêñïëóà-

òàöèè ïðîåêòèðóåìûõ çäàíèé. Êðîìå òîãî, â ñèñòå-

ìó îãíåçàùèòû “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240” âõî-

äèò ñïåöèàëüíûé îãíåçàùèòíûé êëåé, ðàñõîä êîòî-

ðîãî çàâèñèò îò äèàìåòðà øíóðà.

Äëÿ ïðåäîòâðàùåíèÿ ïðîíèêíîâåíèÿ îãíÿ ÷åðåç

ñòûêè çàäåëêè ïðè ìîíòàæå îáúåêòîâ, ïðè îáðàáîò-

êå òîðöîâ ïðîòèâîïîæàðíûõ çàäåëîê “ÏÐÎÌÈÇÎË-

Øîâ-Ø(Ï)150�240” èñïîëüçóåòñÿ ñïåöèàëüíàÿ îãíå-

çàùèòíàÿ ñåòêà.

Äëÿ îãíåçàùèòû ëèíåéíûõ øâîâ òàêæå ïðèìåíÿ-

åòñÿ ïðîòèâîïîæàðíàÿ çàäåëêà “ÏÐÎÌÈÇÎË-Øîâ”.

Ïðèíöèï îãíåçàùèòû ëèíåéíûõ øâîâ àíàëîãè÷åí

îãíåçàùèòå äåôîðìàöèîííûõ øâîâ, íî ïðè ýòîì èñ-

ïîëüçóåòñÿ ìàòåðèàë, ìåíåå êðèòè÷íûé â ïëàíå ìíî-

ãîêðàòíîãî èçìåíåíèÿ ëèíåéíûõ ðàçìåðîâ. Òèïîâûå

ðåøåíèÿ ïî ïðèìåíåíèþ ïðîòèâîïîæàðíîé çàäåëêè

“ÏÐÎÌÈÇÎË-Øîâ-Ø150�240”ïîêàçàíûíàðèñ.8è9.

Òàêèì îáðàçîì, îãíåñòîéêàÿ çàäåëêà äëÿ äåôîð-

ìàöèîííûõ øâîâ ïðåäñòàâëÿåò ñîáîé êîìïëåêñ ìà-

òåðèàëîâ è ìåðîïðèÿòèé, êîòîðûå ïðåïÿòñòâóþò ïðî-

íèêíîâåíèþ îòêðûòîãî îãíÿ, ëó÷èñòîé ýíåðãèè è

ïðîäóêòîâ ãîðåíèÿ ÷åðåç äåôîðìàöèîííûå øâû è

âêëþ÷àþò â ñåáÿ:

Ðèñ. 6. Îãíåçàùèòà äåôîðìàöèîííîãî øâà øèðèíîé ìåíåå

100 ìì îãíåñòîéêîé çàäåëêîé “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240”

òèïà “øíóð”

Fig. 6. Fire protection of expansion joint with width less than

100 mm by firestop cord “PROMIZOL-Shov-Sh150�240”

Ðèñ. 7. Îãíåçàùèòà äåôîðìàöèîííîãî øâà øèðèíîé ñâûøå

100 ìì îãíåñòîéêîé çàäåëêîé “ÏÐÎÌÈÇÎË-Øîâ-Ï150�240”

òèïà “ïîäóøêà”

Fig. 7. Fire protection of expansion joint with width more than

100 mm by firestop cushion “PROMIZOL-Shov-P150�240”

* Èñïûòàíèÿ íà ïðåäåë îãíåñòîéêîñòè (EI) ïðîâîäèëèñü ïî

ÃÎÑÒ 30247.1 êàê íà îãíåñòîéêîñòü îãðàæäàþùåé êîíñòðóê-

öèè, â êîòîðîé áûë ïðåäóñìîòðåí íà âñþ äëèíó ïå÷è øîâ

ïðîåêòíîé øèðèíû, â êîòîðûé ñîãëàñíî ðåãëàìåíòó ïî ïðîèç-

âîäñòâó ðàáîò ïðåäâàðèòåëüíî áûëî âìîíòèðîâàíî èçäåëèå

“ÏÐÎÌÈÇÎË-Øîâ-Ø150/240”. Èñïûòàíèÿ ïîêàçàëè, ÷òî ïðå-

äåëû îãíåñòîéêîñòè (EI) ïðîòèâîïîæàðíîé çàäåëêè “ÏÐÎ-

ÌÈÇÎË-Øîâ-Ï150�240” òèïà “ïîäóøêà” ïðè øèðèíå äåôîð-

ìàöèîííîãî øâà îò 150 äî 400 ìì ñ ðåêîìåíäóåìûì ðàçìåðîì

ïðîòèâîïîæàðíîé çàäåëêè îò 220 äî 570 ìì ñîñòàâëÿåò îò 150

äî 240 ìèí.
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1) îãíåñòîéêóþ çàäåëêó, êîòîðàÿ ïðåäñòàâëÿåò

ñîáîé íå òîëüêî íåãîðþ÷èé ìàòåðèàë, íî è òåõíîëî-

ãè÷åñêè ñëîæíóþ êîíñòðóêöèþ, ðàáîòàþùóþ â óñëî-

âèÿõ öèêëè÷íîé äåôîðìàöèè;

2) ìàòåðèàë äëÿ ôèêñàöèè çàäåëêè ê ñìåæíûì

ñòðîèòåëüíûì êîíñòðóêöèÿì, âêëþ÷àþùèé â ñåáÿ

êëååâûå ñîñòàâû è ìîíòàæíûå íàáîðû (ïåðôîðèðî-

âàííûå ëåíòû è êðåïåæ);

3) ìàòåðèàëû äëÿ îãíåçàùèòû ñòûêîâ ñàìèõ çà-

äåëîê (êàê ïðàâèëî, äëÿ òèïîâîãî ñòðîèòåëüñòâà âû-

ïóñêàþòñÿ çàäåëêè îïðåäåëåííîé äëèíû, îáû÷íî

2,0 ì; äëÿ îáåñïå÷åíèÿ îãíåñòîéêîñòè ñòûêîâ äîïîë-

íèòåëüíî ïðèêëàäûâàåòñÿ ìàòåðèàë);

4) òåõíîëîãèþ ìîíòàæà;

5) ïðîâåäåíèå ìåõàíè÷åñêèõ èñïûòàíèé, ïîä-

òâåðæäàþùèõ âîçìîæíîñòü ñîõðàíåíèÿ ñâîéñòâ çà-

äåëêè â ïðîöåññå ýêñïëóàòàöèè, â òîì ÷èñëå ïðè ïî-

ñëåäóþùåì ïðîâåäåíèè îãíåâûõ èñïûòàíèé (ïîñëå

ìåõàíè÷åñêèõ).

Çàêëþ÷åíèå

Äëÿ çàùèòû äåôîðìàöèîííûõ øâîâ ïðè ïîæàðå

èñïîëüçóþòñÿ îãíåñòîéêèå çàäåëêè, ñïåöèàëüíî ðàç-

ðàáîòàííûå äëÿ ïðèìåíåíèÿ â äåôîðìàöèîííûõ øâàõ,

ãàðàíòèðîâàííî ðàáîòàþùèå ïðè öèêëè÷åñêèõ äå-

ôîðìàöèÿõ ñæàòèÿ, ðàñòÿæåíèÿ è ñäâèãà øâà. Ýòî èõ

îñíîâíîå îòëè÷èå îò îãíåñòîéêèõ çàäåëîê äëÿ êîí-

ñòðóêöèîííûõ (ëèíåéíûõ) øâîâ.

¹ ï�ï

No.

Ïàðàìåòð

Parameter

Çíà÷åíèå
ïàðàìåòðà

Parameter
value

1 Ïëîòíîñòü îñíîâíîãî èñïîëüçóåìîãî ìàòåðèàëà, êã�ì3 � Density of the main material used, kg�m3 75

2 Òåïëîïðîâîäíîñòü ïðè òåìïåðàòóðå (2035) °Ñ, Âò�(ì·Ê), íå áîëåå � Thermal conductivity at a tem-
perature of (2035) °C, W�(m·K), not more than

0,04

3 Âîäîïîãëîùåíèå çà 24 ÷, % îá., íå áîëåå � Water absorption for 24 hours, % by vol., not more than 2

4 Ñòîéêîñòü ê ïîÿâëåíèþ ïëåñåíè è ãðèáêîâ � Resistant to mold and fungi Äà � Yes

5 Âëàæíîñòü, % ìàññ., íå áîëåå � Humidity, % by mass, no more than 0,5

6 Ñåéñìîóñòîé÷èâîñòü � Seismic stability Äà � Yes

7 Âèáðîóñòîé÷èâîñòü � Vibration resistance Äà � Yes

8 Óïðóãîñòü, % � Elasticity, % 75,50

9 Ñòîéêîñòü ê áîëüøèíñòâó õèìè÷åñêèõ àãðåññèâíûõ âåùåñòâ � Resistance to most chemicals
aggressive substances

Äà � Yes

10 Ìèíèìàëüíûé ñðîê ýêñïëóàòàöèè, ëåò � Minimum service life, years 30–40

11 Ðåìîíòîïðèãîäíîñòü � Repairability Äà � Yes

Îñíîâíûå ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240”

Main performance characteristics “PROMIZOL-Shov-Sh150�240”

Ðèñ. 8. Óñòðîéñòâî ïðèìûêàíèÿ ïåðåãîðîäîê ê ïëèòå ïåðåêðû-

òèÿ øèðèíîé 50 ìì ñ ïðåäåëîì îãíåñòîéêîñòè EI 240: 1 —

ïðîòèâîïîæàðíûé áàðüåð “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240-80”;

2, 4 — íàùåëüíèê äåôîðìàöèîííîãî øâà (ïî ñîãëàñîâàíèþ

ñ çàêàç÷èêîì); 3 — êëååâàÿ îñíîâà “ÏÐÎÌÈÇÎË-Ê”

Fig. 8. The structure of adjoining partitions to a plate of over-

lapping width of 50 mm with of fire resistance EI 240: 1 — fire-

stop cover “PROMIZOL-Shov-Sh150�240-80”; 2, 4 — molding

for expansion joint; 3 — glue base “PROMIZOL-K”

Ðèñ. 9. Óñòðîéñòâî äåôîðìàöèîííîãî øâà øèðèíîé 30 ìì

ñ ïðåäåëîì îãíåñòîéêîñòè EI 240: 1 — æåëåçîáåòîííàÿ ïëè-

òà ïåðåêðûòèÿ; 2, 4 — íàùåëüíèê äåôîðìàöèîííîãî øâà

(ïî ñîãëàñîâàíèþ ñ çàêàç÷èêîì); 3 — ïðîòèâîïîæàðíûé áà-

ðüåð “ÏÐÎÌÈÇÎË-Øîâ-Ø150�240-50”; 5 — êëååâàÿ îñíîâà

“ÏÐÎÌÈÇÎË-Ê”; 6 — êèðïè÷íàÿ êëàäêà; 7 — îòäåëêà

Fig. 9. The structure of an expansion joint in width of 30 mm with

limit of fire resistance EI 240: 1 — reinforced concrete floor

slab; 2, 4 — molding for expansion joint; 3 — firestop cover

“PROMIZOL-Shov-Sh150�240-50”; 5 — glue base “PRO-

MIZOL-K”; 6 — brickwork; 7 — facing
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Ïðèìåíåíèå çàäåëîê ïîçâîëÿåò çàìåòíî ñîêðà-

òèòü òðóäîçàòðàòû ïðè ìîíòàæå óçëà çàïîëíåíèÿ äå-

ôîðìàöèîííîãî øâà, óìåíüøèòü çàâèñèìîñòü ïðî-

öåññà ìîíòàæà óçëà çàïîëíåíèÿ äåôîðìàöèîííîãî

øâà îò ÷åëîâå÷åñêîãî ôàêòîðà, ðåøèòü ëþáóþ çàäà-

÷ó ïî îãíåçàùèòå øâîâ è ïðèìûêàíèé.

Íà îñíîâàíèè èññëåäîâàíèÿ òåõíîëîãèé îãíåçà-

ùèòû äåôîðìàöèîííûõ øâîâ (ÃÎÑÒ Ð 54257–2010,

[18–32] àâòîðàìè îïðåäåëåíû îñíîâíûå òðåáîâà-

íèÿ ê äåôîðìàöèîííûì (ìåõàíè÷åñêèì) è îãíåçà-

ùèòíûì ñâîéñòâàì êîíñòðóêöèé (èçäåëèé), ïðåäíà-

çíà÷åííûõ äëÿ îãíåçàùèòû äåôîðìàöèîííîãî øâà

è îáåñïå÷èâàþùèõ êîìïëåêñíûå ýêñïëóàòàöèîííûå

õàðàêòåðèñòèêè.

Êîíñòðóêöèè (èçäåëèÿ), ïðåäíàçíà÷åííûå äëÿ îã-

íåçàùèòû äåôîðìàöèîííîãî øâà, äîëæíû îáåñïå-

÷èâàòü:
� ñòàáèëüíóþ ñîáñòâåííóþ ìåõàíè÷åñêóþ ïðî÷-

íîñòü íà ðàñòÿæåíèå íå ìåíåå 40 %; ïîñëå èñïû-

òàíèÿ êîíñòðóêöèÿ (èçäåëèå) íå äîëæíà èìåòü ìå-

õàíè÷åñêèõ ïîâðåæäåíèé è äåôîðìàöèè íàïîë-

íèòåëÿ;
� ñòàáèëüíóþ ñîáñòâåííóþ ìåõàíè÷åñêóþ ïðî÷-

íîñòü íà ñæàòèå íå ìåíåå 50 %; ïîñëå èñïûòàíèÿ

êîíñòðóêöèÿ (èçäåëèå) íå äîëæíà èìåòü ìåõàíè-

÷åñêèõ ïîâðåæäåíèé è äåôîðìàöèè íàïîëíèòåëÿ;
� ñòàáèëüíóþ äåôîðìàöèîííóþ (ìåõàíè÷åñêóþ)

ïðî÷íîñòü íà ñäâèã íå ìåíåå 20 %; ïîñëå èñïû-

òàíèÿ êîíñòðóêöèÿ (èçäåëèå) íå äîëæíà èìåòü ìå-

õàíè÷åñêèõ ïîâðåæäåíèé è äåôîðìàöèè íàïîë-

íèòåëÿ;
� ñîõðàíåíèå óïðóãèõ ñâîéñòâ ïðè çàÿâëåííîì èç-

ãîòîâèòåëåì ìàêñèìàëüíîì âîçäåéñòâèè íà èçäå-

ëèå ïðè ðàñòÿæåíèè – ñæàòèè – ñäâèãå íå ìåíåå

100 öèêëîâ; ïîñëå èñïûòàíèÿ êîíñòðóêöèÿ (èç-

äåëèå) íå äîëæíà èìåòü ìåõàíè÷åñêèõ ïîâðåæ-

äåíèé è äåôîðìàöèè íàïîëíèòåëÿ;
� çàÿâëåííóþ èçãîòîâèòåëåì îãíåñòîéêîñòü èçäå-

ëèÿ (EI), èñïûòàííóþ íå ìåíåå ÷åì ïðè 20 %-íîì

ðàñøèðåíèè è ñäâèãå îò ïðîåêòíîé øèðèíû äå-

ôîðìàöèîííîãî øâà, â òîì ÷èñëå ïîñëå ïðîâåäå-

íèÿ ìåõàíè÷åñêèõ èñïûòàíèé.

Ïåðå÷èñëåííûå ïàðàìåòðû ðåêîìåíäóåòñÿ ïðåä-

ñòàâëÿòü â òåõíè÷åñêîé äîêóìåíòàöèè èçãîòîâèòåëÿ

êîíñòðóêöèè (èçäåëèÿ) îãíåñòîéêîé çàäåëêè äëÿ

äåôîðìàöèîííîãî øâà. Âñå êîíñòðóêöèè (èçäåëèÿ),

ïàðàìåòðû êîòîðûõ íå ñîîòâåòñòâóþò òðåáîâàíèÿì,

îáîçíà÷åííûì âûøå, ñëåäóåò îòíîñèòü ê èçäåëèÿì

äëÿ çàùèòû íåäåôîðìàöèîííûõ øâîâ.

Ïðè ïðèìåíåíèè äðóãèõ íàïîëíèòåëåé äëÿ îãíå-

ñòîéêîãî çàïîëíåíèÿ øâà ðåêîìåíäóåòñÿ ñîáëþäàòü

âûøåóêàçàííûå òðåáîâàíèÿ, èñïîëüçóÿ ìàòåðèàë,

îáåñïå÷èâàþùèé äåôîðìàöèîííûå õàðàêòåðèñòèêè

êàê ïðè ñæàòèè øâà, òàê è ïðè åãî ðàñòÿæåíèè è

ñäâèãå â òå÷åíèå âñåãî ñðîêà ïðåäïîëàãàåìîé ýêñ-

ïëóàòàöèè çäàíèÿ. Îñîáîå âíèìàíèå ñëåäóåò óäåëÿòü

òåõíîëîãèè ñîïðÿæåíèÿ êîíñòðóêöèé (èçäåëèé) ïðè

ìîíòàæå îãíåñòîéêîãî çàïîëíåíèÿ â äåôîðìàöèîí-

íûå øâû ïî âñåé äëèíå, ãàðàíòèðîâàííî íå äîïóñêà-

þùåé ïîÿâëåíèÿ òåõíîëîãè÷åñêèõ çàçîðîâ è ïóñòîò.

Â óñëîâèÿõ îòêðûòîé ýêîíîìèêè è ëèáåðàëèçàöèè

âíåøíåé òîðãîâëè èíîñòðàííàÿ êîíêóðåíöèÿ èãðà-

åò ðîëü ôàêòîðà, ñòèìóëèðóþùåãî ñîçäàíèå áîëåå

ñîâåðøåííûõ ìåòîäîâ ïî çàùèòå çäàíèé è ñîîðóæå-

íèé îò ïîæàðà. Íà òåêóùèé ìîìåíò íà ðûíêå ñòðîè-

òåëüíûõ ìàòåðèàëîâ Ðîññèè ïðåäñòàâëåíî êðàéíå

ìàëî îòå÷åñòâåííûõ ïðîèçâîäèòåëåé, áîëüøèíñòâî

îãíåçàùèòíûõ çàïîëíåíèé (çàäåëîê) åâðîïåéñêîãî

ïðîèçâîäñòâà.

Â íàñòîÿùåå âðåìÿ ðîññèéñêèå ïîòðåáèòåëè îãíå-

çàùèòíîé ïðîäóêöèè âñå áîëüøå âíèìàíèÿ íà÷èíà-

þò óäåëÿòü åå êà÷åñòâó, à íå öåíå, ÷òî ñòèìóëèðóåò

îòå÷åñòâåííûõ ïðîèçâîäèòåëåé îãíåçàùèòû çàíè-

ìàòüñÿ íîâûìè ðàçðàáîòêàìè.

Íà îñíîâàíèè âûøåñêàçàííîãî ïðåäëàãàåòñÿ ðàç-

ðàáîòàòü íàöèîíàëüíûé ñòàíäàðò “Êîíñòðóêöèè

ñòðîèòåëüíûå. Îãíåçàùèòíîå çàïîëíåíèå äåôîðìà-

öèîííûõ øâîâ çäàíèé è ñîîðóæåíèé. Ìåòîäû èñïû-

òàíèé”, êîòîðûé áû êîíêðåòèçèðîâàë îñîáåííîñòè

èñïûòàíèé îãíåñòîéêèõ çàïîëíåíèé äåôîðìàöèîí-

íûõ øâîâ íà ïðåäåë îãíåñòîéêîñòè è äàë âîçìîæ-

íîñòü îòêàçàòüñÿ îò èñïûòàíèé ïîäîáíûõ èçäåëèé

ïî ÃÎÑÒ 30247.1, êîòîðûé íå â ïîëíîé ìåðå îòâå-

÷àåò òðåáîâàíèÿì ê îãíåñòîéêèì çàäåëêàì äåôîð-

ìàöèîííûõ øâîâ.
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ABSTRACT

Buildings and structures of complex architectural forms and large extent are subject to deformations

under the influence of fluctuations in the temperature of the outside air, uneven sedimentation of

the soil base, seismic phenomena and other causes. To prevent cracks in bearing and fencing

structures, expansion joints are provided that cut the building into compartments. Proper design,

construction and execution of expansion joints are of great importance in construction, as they provide

the opportunity to provide long service life and fire resistance of the main load-bearing and enclosing

structures of buildings, internal and external finishes.
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Normative requirements for the device and technical parameters of fire protection of expansion

joints do not currently exist, and since the expansion joints are elements of load-bearing and enclosing

structures, their fire resistance is determined in conjunction with the rest of the elements of fire

protection barriers, use and application is regulated by the norms of Russian federal legislation.

To increase the overall fire resistance of the construction, special fire barriers are used, which are

installed inside the expansion joints. The article gives an overview of the fire barriers of expansion

joints of both foreign and domestic producers. It is shown that for the protection of expansion joints in

a fire, fire barriers are used, specially designed for use in expansion joints, which are guaranteed

to work with compression, stretching and shear. It has been established that the production of

innovative fire-retardant materials is one of the main tasks of fire safety, this is also the way of

the consistent transformation of the idea into a product that passes through the stages of research,

design development, production and realization in civil and industrial buildings. It is necessary

to choose a comprehensive solution that ensures the maximum satisfaction of the requirements when

performing fire protection work to protect the expansion joint when exposed to a fire.

The authors declare that the structures (products) intended for fire protection of the expansion

joint should provide a stable own mechanical tensile strength of at least 40 %; at least 50 %

compression; for a shift of not less than 20 %, the retention of elastic properties at the manufacturer’s

declared maximum tensile-compressive stress per product of not less than 100 cycles. After the test,

the structures (articles) should not have mechanical damages and deformation of the filler, as well as

the manufacturer’s declared fire resistance tested with at least 20 % expansion from the design width

of the expansion joint.

The listed parameters are recommended to be presented in the technical documentation of

the manufacturer of the construction (product) of fireproof filling for the expansion joint. All designs

(products), whose parameters do not meet the requirements indicated above, should be attributed to

the products to protect the other types of joints.

When using other fillers for the fire barrier, it is recommended that the above requirements be met

using material that provides deformation characteristics, both in the compression of the joint and

during its stretching, and in the shear, during the entire period of the intended use. Particular attention

should be paid to the technology of interfacing the structures (products) of fire barriers when they are

installed in expansion joints along the entire length, which is guaranteed to prevent the appearance of

technological gaps and voids. Proceeding from the experience of operating such sealing products, it is

extremely important that the design of the fire-resistant seal allows during operation to observe the

possible formation of gaps between the protected surface of the structure and the deformation body of

the billet.

Keywords: buildings; constructions; building construction; tensions; fire safety; expansion joints;

linear joints; fire protection.
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Ê ÎÖÅÍÊÅ ÂÎÇÌÎÆÍÎÑÒÈ ÂÍÅÄÐÅÍÈß
ÝÊÐÀÍÍÛÕ ÑÒÅÍ ÍÀ ÎÁÚÅÊÒÀÕ
Ñ ÌÀÑÑÎÂÛÌ ÏÐÅÁÛÂÀÍÈÅÌ ËÞÄÅÉ

Ðàññìîòðåí íîâûé òèï ïðîòèâîïîæàðíûõ ïðåãðàä – ýêðàííûå ñòåíû, êîòîðûå ïðåäíàçíà÷åíû
äëÿ ïðåäîòâðàùåíèÿ ðàñïðîñòðàíåíèÿ ïîæàðà, à òàêæå äëÿ îáåñïå÷åíèÿ áåçîïàñíîé ýâàêóàöèè
ëþäåé. Îñóùåñòâëåíû âûáîð ìåòîäîâ èñïûòàíèé è ýêñïåðèìåíòàëüíîå îïðåäåëåíèå ïðåäïîëà-
ãàåìûõ ýëåìåíòîâ è ìàòåðèàëîâ. Ïðåäëîæåíà êîíñòðóêòèâíàÿ ñõåìà ýêðàííûõ ñòåí. Ïîêàçàíî,
÷òî òàêèå êîíñòðóêöèè ìîãóò áûòü èñïîëüçîâàíû â êà÷åñòâå îïòèìàëüíîãî ðåøåíèÿ äëÿ ïîâû-
øåíèÿ óðîâíÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè äëÿ îáúåêòîâ ðàçëè÷íûõ êëàññîâ ôóíêöèî-
íàëüíîé ïîæàðíîé îïàñíîñòè, â òîì ÷èñëå ñ ìàññîâûì ïðåáûâàíèåì ëþäåé.

Êëþ÷åâûå ñëîâà: ïðîòèâîïîæàðíûå ïðåãðàäû; ýêðàííûå ñòåíû; èñïûòàíèÿ íà îãíåñòîéêîñòü;
ãàðìîíèçàöèÿ; ðàñøèðåííîå ïðèìåíåíèå; ïîæàðíàÿ áåçîïàñíîñòü.

DOI: 10.18322/PVB.2018.27.02-03.57-66

Ââåäåíèå

Ãàðìîíèçàöèÿ ðîññèéñêèõ íîðìàòèâíûõ äîêóìåí-

òîâ ïî ïîæàðíîé áåçîïàñíîñòè ñ åâðîïåéñêèìè è

ìåæäóíàðîäíûìè ñòàíäàðòàìè ÿâëÿåòñÿ ïðèîðèòåò-

íûì íàïðàâëåíèåì â ñôåðå ñîâåðøåíñòâîâàíèÿ òåõ-

íè÷åñêîãî ðåãóëèðîâàíèÿ è ðàçâèòèÿ íàöèîíàëüíîé

ñèñòåìû ñòàíäàðòèçàöèè â îáëàñòè ïîæàðíîé áåç-

îïàñíîñòè â Ðîññèéñêîé Ôåäåðàöèè [1].

Àêòóàëüíîñòü çàäà÷è ãàðìîíèçàöèè îáóñëîâëåíà

íåîáõîäèìîñòüþ îáåñïå÷åíèÿ ñîîòâåòñòâèÿ îòå÷å-

ñòâåííîé ïðîäóêöèè ìåæäóíàðîäíûì òðåáîâàíèÿì

è ïîâûøåíèÿ åå êîíêóðåíòîñïîñîáíîñòè, óñòðàíå-

íèÿ òåõíè÷åñêèõ áàðüåðîâ â ìåæäóíàðîäíîé òîð-

ãîâëå, ñîçäàíèÿ áëàãîïðèÿòíîãî èíâåñòèöèîííîãî

êëèìàòà, èñïîëüçîâàíèÿ çàðóáåæíûõ íàó÷íî-òåõíè-

÷åñêèõ äîñòèæåíèé â öåëÿõ ïîâûøåíèÿ óðîâíÿ ïî-

æàðíîé áåçîïàñíîñòè â Ðîññèéñêîé Ôåäåðàöèè [2].

Â ðàìêàõ ýòîãî íàïðàâëåíèÿ â íàøåé ñòðàíå ïðî-

âîäèòñÿ çíà÷èòåëüíàÿ ðàáîòà ïî ðåàëèçàöèè è âíåä-

ðåíèþ â äåéñòâóþùèå íîðìàòèâíûå ïðàâîâûå àêòû

è íîðìàòèâíûå äîêóìåíòû ïî ïîæàðíîé áåçîïàñíî-

ñòè èííîâàöèîííûõ è èíûõ òåõíè÷åñêèõ ðåøåíèé,

ñîîòâåòñòâóþùèõ àêòóàëüíûì äîñòèæåíèÿì íàóêè

è òåõíèêè [3–5].

Òàê, â íàñòîÿùåå âðåìÿ Ôåäåðàëüíûì çàêîíîì

îò 29.07.2017 ã. ¹ 244-ÔÇ âíåñåíû îòäåëüíûå èçìå-

íåíèÿ â Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïî-

æàðíîé áåçîïàñíîñòè, ïîçâîëÿþùèå ðåàëèçîâàòü âîç-

ìîæíîñòü âûáîðà îïòèìàëüíûõ, ìàêñèìàëüíî îáî-

ñíîâàííûõ âàðèàíòîâ ïðîòèâîïîæàðíîé çàùèòû.

Â ÷àñòíîñòè, äàííûì çàêîíîì ïðåäëîæåí íîâûé

òèï ïðîòèâîïîæàðíûõ ïðåãðàä — ýêðàííûå ñòåíû.

Íåñìîòðÿ íà òî ÷òî àíàëîãè÷íûå êîíñòðóêöèè ïðè-

ìåíÿþòñÿ âî ìíîãèõ ðàçâèòûõ ñòðàíàõ, íà òåððè-

òîðèè Ðîññèéñêîé Ôåäåðàöèè ýêðàííûå ñòåíû ÿâ-

ëÿþòñÿ èííîâàöèîííûì òåõíè÷åñêèì ðåøåíèåì,

êîòîðîå ðàíåå íèêîãäà íå ïðèìåíÿëîñü.

Çà ðóáåæîì òðåáîâàíèÿ ê àíàëîãè÷íûì êîíñòðóê-

öèÿì óñòàíîâëåíû ñëåäóþùèìè ñòàíäàðòàìè [6, 7]:

� BS EN 1364–4:2014 “Fire resistance tests for non-

loadbearing elements. Part 4: Curtain walling —

Part configuration”;

� BS EN 1364–3:2014 “Fire resistance tests for non-

loadbearing elements. Part 3: Curtain walling — Full

configuration (complete assembly)”;

� BS EN 15254–6:2014 “Extended application of re-

sults from fire resistance tests — Non-loadbearing

walls. Part 6: Curtain walling” è äð.

Îñíîâíîé öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ýêñ-

ïåðèìåíòàëüíîå îïðåäåëåíèå äîïóñòèìîñòè ïðè-

ìåíåíèÿ ñóùåñòâóþùèõ ìàòåðèàëîâ è ðàçðàáîòêà

êîíñòðóêòèâíîé ñõåìû ýêðàííûõ ñòåí, ïðåäíàçíà-

÷åííûõ äëÿ ïðåäîòâðàùåíèÿ ðàñïðîñòðàíåíèÿ ïî-

æàðà íà îáúåêòàõ ñ ìàññîâûì ïðåáûâàíèåì ëþäåé,

â òîì ÷èñëå íà îáúåêòàõ òðàíñïîðòíîé èíôðàñòðóê-

òóðû. Ïðèìåíåíèå òàêèõ êîíñòðóêöèé ïîçâîëèò çíà-

÷èòåëüíî îïòèìèçèðîâàòü ôèíàíñîâûå çàòðàòû íà

ñòðîèòåëüñòâî ïîäîáíûõ îáúåêòîâ çàùèòû, à òàêæå

çíà÷èòåëüíî ðàñøèðèò îáëàñòü ïðèìåíåíèÿ âîçìîæ-

íûõ ïðèíèìàåìûõ ïðîåêòíûõ ðåøåíèé (óâåëè÷åíèå

© Åðåìèíà Ò. Þ., Ôàäååâ Â. Å., 2018
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ïëîùàäåé ïîæàðíûõ îòñåêîâ, óñòðîéñòâî îïòèìàëü-

íûõ ïóòåé ýâàêóàöèè, îãðàíè÷åíèå ðàñïðîñòðàíåíèÿ

ïîæàðîâ îò íàèáîëåå ïîæàðîîïàñíûõ ïîìåùåíèé

è ò. ï.) [7–11].

Â ðàìêàõ ðåàëèçàöèè îáîçíà÷åííûõ öåëåé ïåð-

âîî÷åðåäíûì âèäèòñÿ ðåøåíèå ñëåäóþùèõ ïðàêòè-

÷åñêèõ çàäà÷:
� ïîäáîð äîïóñòèìûõ ìåòîäîâ èñïûòàíèé, ïîä-

òâåðæäàþùèõ òðåáóåìóþ îáëàñòü ïðèìåíåíèÿ

ýêðàííûõ ñòåí è ôàêòè÷åñêèå ïîæàðíî-òåõíè-

÷åñêèå õàðàêòåðèñòèêè êîíñòðóêöèé è ìàòåðèà-

ëîâ çàïîëíåíèÿ;
� ýêñïåðèìåíòàëüíîå îïðåäåëåíèå ýëåìåíòîâ è ìà-

òåðèàëîâ, îáåñïå÷èâàþùèõ òðåáóåìûå ïîæàðíî-

òåõíè÷åñêèå õàðàêòåðèñòèêè è ïðèãîäíûõ ïî

ñâîèì ñâîéñòâàì äëÿ ïðèìåíåíèÿ â ýêðàííûõ

ñòåíàõ;
� âûáîð êîíñòðóêòèâíîé ñõåìû ýêðàííûõ ñòåí,

à òàêæå ýêñïåðèìåíòàëüíîå ïîäòâåðæäåíèå âîç-

ìîæíîñòè îáåñïå÷åíèÿ ïðåäëîæåííîé êîíñòðóê-

öèåé òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè.

Äëÿ ðåøåíèÿ îáîçíà÷åííûõ çàäà÷ ïðîâåäåí ðÿä

ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé, íàïðàâëåííûõ íà

îöåíêó ïðèãîäíîñòè ïðåäëîæåííûõ ìàòåðèàëîâ äëÿ

ïðèìåíåíèÿ â ýêðàííûõ ñòåíàõ. Äàííûå èññëåäîâà-

íèÿ îñíîâûâàëèñü íà îïðåäåëåíèè êðèòåðèåâ âëèÿ-

íèÿ òåïëîâîãî èçëó÷åíèÿ ïðè ïîæàðå íà ìàòåðèàëû

çàïîëíåíèÿ ïðåäëàãàåìûõ ýêðàííûõ ñòåí.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Â êà÷åñòâå ìàòåðèàëîâ äëÿ èññëåäîâàíèÿ áûëè

âûáðàíû ðåøåíèÿ, àíàëîãè÷íûå ðàíåå àïðîáèðî-

âàííûì ïðè èñïûòàíèè ïðîòèâîïîæàðíûõ äâåðåé,

êîòîðûå ïîäòâåðäèëè èõ âûñîêóþ ýôôåêòèâíîñòü

è ïðàêòè÷åñêóþ çíà÷èìîñòü (ìàòåðèàëû ÔÃÁÓ

ÂÍÈÈÏÎ Ì×Ñ Ðîññèè ïî èñïûòàíèÿì íà îãíå-

ñòîéêîñòü ïðîòèâîïîæàðíûõ äâåðåé, èçãîòîâëåííûõ

â ñîîòâåòñòâèè ñ ÒÓ 5262-001-11384469–2015 è ÒÓ

5284-001-47935838–2003) [12].

Â êà÷åñòâå òàêîãî ìàòåðèàëà ïðåäëàãàåòñÿ ìíî-

ãîñëîéíàÿ êîíñòðóêöèÿ — “ïèðîã”, ñîñòîÿùèé èç

äâóõ ñëîåâ ôîëüãèðîâàííîãî áàçàëüòîâîãî âîëîêíà

ÌÁÎÐ-5Ô, ñêëååííûõ ìåæäó ñîáîé (íåôîëüãèðî-

âàííûìè ñòîðîíàìè) îãíåçàùèòíûì ñîñòàâîì

ÎÂÏÔ-1Ì (ÒÓ 1523-025-47935838–2003 c èçì. 1).

Óêàçàííûé îãíåçàùèòíûé ñîñòàâ ïðåäñòàâëÿåò ñî-

áîé ìàñòèêó ñåðîãî öâåòà ñ ïëîòíîñòüþ 1,3–1,9 ã�ìë.

Ïðè äåéñòâèè âûñîêèõ òåìïåðàòóð íà ïîâåðõíîñòü,

íà êîòîðóþ íàíåñåí òàêîé ñîñòàâ, ïîêðûòèå âñïó÷è-

âàåòñÿ, îáðàçóÿ òåïëîèçîëèðóþùóþ ïåíó. Íàíåñåí-

íûé ñîñòàâ ïîçâîëÿåò óâåëè÷èòü ïðåäåë îãíåñòîé-

êîñòè êîíñòðóêöèè äî 2,5 ÷.

Ôîëüãèðîâàííîå áàçàëüòîâîå âîëîêíî ÌÁÎÐ-5Ô

ïðåäñòàâëÿåò ñîáîé òåïëîâîé èçîëÿòîð, êîòîðûé ñî-

çäàåò äâîéíîé óðîâåíü çàùèòû, ñ îäíîé ñòîðîíû,

ïðåïÿòñòâóÿ ïîòåðå òåïëà, à ñ äðóãîé — ñïîñîáñòâóÿ

îòðàæåíèþ òåïëîâîé ýíåðãèè.

Â êà÷åñòâå ìåòîäîâ èññëåäîâàíèÿ äëÿ îïðåäåëå-

íèÿ ïîæàðíî-òåõíè÷åñêèõ õàðàêòåðèñòèê ïðåäëî-

æåííîãî ìàòåðèàëà ðàññìîòðåíà âîçìîæíîñòü ïðè-

ìåíåíèÿ àïðîáèðîâàííûõ ìåòîäîâ îïðåäåëåíèÿ

òåïëîâîãî èçëó÷åíèÿ ïàäàþùåãî òåïëîâîãî ïîòîêà

[11–14], à òàêæå ìåòîäà èñïûòàíèé íà îãíåñòîéêîñòü

â ñîîòâåòñòâèè ñ ÃÎÑÒ 30247.1–94 [14–16].

Òåîðåòè÷åñêèå îñíîâû âëèÿíèÿ
ïàäàþùåãî òåïëîâîãî ïîòîêà

Â ñîîòâåòñòâèè ñ òåîðèåé ïðîöåññîâ ãîðåíèÿ ïà-

äàþùèé íà îáðàçåö òåïëîâîé ïîòîê ÷àñòè÷íî îòðà-

æàåòñÿ, ÷àñòè÷íî ïîãëîùàåòñÿ è ÷àñòè÷íî ïðîïóñ-

êàåòñÿ (ðèñ. 1).

Åñëè óêàçàííûå òåïëîâûå ïîòîêè îòíåñòè ê ïà-

äàþùåìó òåïëîâîìó ïîòîêó, òî óðàâíåíèå ñîõðàíå-

íèÿ ýíåðãèè çàïèñûâàåòñÿ ôîðìóëîé

qï = qR + qA + qD ,

ãäå qï — ïàäàþùèé òåïëîâîé ïîòîê, Âò�ì2;

qR — îòðàæåííûé òåïëîâîé ïîòîê, Âò�ì2;

qA — ïîãëîùåííûé òåïëîâîé ïîòîê, Âò�ì2;

qD — ïðîïóùåííûé ñêâîçü òåëî òåïëîâîé ïîòîê,

Âò�ì2.

×òîáû îïðåäåëèòü, êàêàÿ äîëÿ ïàäàþùåãî òåïëî-

âîãî ïîòîêà îòðàæàåòñÿ, ïîãëîùàåòñÿ èëè ïðîõîäèò

ñêâîçü îáðàçåö, ôîðìóëà ïðåäñòàâëÿåòñÿ â áåçðàç-

ìåðíîì âèäå (êàæäûé åå ÷ëåí äåëèòñÿ íà ïàäàþùèé

òåïëîâîé ïîòîê):

1 = R + A + D,

ãäå R, À, D — êîýôôèöèåíò îòðàæàòåëüíîé, ïîãëî-

ùàòåëüíîé è ïðîïóñêàþùåé ñïîñîáíîñòè òåëà

ñîîòâåòñòâåííî.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ýêñïåðèìåíòàëüíîå îïðåäåëåíèå
êîýôôèöèåíòîâ

Äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ îòðàæàòåëüíîé,

ïîãëîùàòåëüíîé è ïðîïóñêàþùåé ñïîñîáíîñòè îá-

Ðèñ. 1. Ñõåìà âçàèìîäåéñòâèÿ ïàäàþùåãî òåïëîâîãî ïîòîêà

ñ îáðàçöîì

Fig. 1. Scheme of interaction of the incident heat flux with

the sample
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ðàçöà ïðîâåäåíà ñåðèÿ ýêñïåðèìåíòîâ, â õîäå êîòîðûõ

ðàçðàáîòàíû ýêñïåðèìåíòàëüíûå ñòåíäû äëÿ îïðå-

äåëåíèÿ îáîçíà÷åííûõ êîýôôèöèåíòîâ [12]. Âíåø-

íèé âèä è ñõåìà ñòåíäîâ ïðåäñòàâëåíû íà ðèñ. 2.

Äàííûå ñ ïðèåìíèêà òåïëîâîãî ïîòîêà çàïè-

ñûâàëèñü íà êîìïüþòåð ñ ïîìîùüþ ìóëüòèìåòðà

UNI-T UT60A (ðèñ. 3). Äèàïàçîí èçìåðåíèÿ íàïðÿ-

æåíèÿ — îò 0,1 ìÂ äî 1000 Â. Ïîãðåøíîñòü ìóëüòè-

ìåòðà ïðè èçìåðåíèè íàïðÿæåíèÿ — 1 %.

Çàïèñü äàííûõ íà êîìïüþòåð ñ òåðìîïàð îñóùå-

ñòâëÿëàñü ñ ïîìîùüþ òåðìîìåòðà ìíîãîêàíàëüíîãî

ÒÌ 5131 (ðèñ. 4). Äèàïàçîí èçìåðåíèÿ òåìïåðàòóðû

— îò ìèíóñ 50 äî 2500 °Ñ. Ïîãðåøíîñòü ïðèáîðà —

0,25 %.

Èçìåðåíèå òåìïåðàòóðû ïîâåðõíîñòè îáðàçöà

ïðîâîäèëîñü ñ ïîìîùüþ õðîìåëü-àëþìåëåâûõ ëå-

ïåñòêîâûõ òåðìîïàð (ðèñ. 5). Äèàïàçîí èçìåðåíèÿ

— îò ìèíóñ 40 äî 600 °Ñ.

Òåìïåðàòóðà ñðåäû èçìåðÿëàñü õðîìåëü-àëþìå-

ëåâûìè êîðîëüêîâûìè òåðìîïàðàìè (ðèñ. 6). Äèàïà-

çîí èçìåðåíèÿ — îò ìèíóñ 40 äî 1000 °Ñ.

Ìàòåðèàë ïîäâåðãàëñÿ âîçäåéñòâèþ òåïëîâîãî

ïîòîêà â òå÷åíèå 45–65 ìèí. Ôèêñàöèÿ òåìïåðàòó-

ðû îñóùåñòâëÿëàñü êàæäóþ ñåêóíäó.

Fig. 2. Scheme (a) and appearance (b) of test bench for determination of the coefficients of reflective, absorptive and transmissive capa-

city: 1 — power supply; 2 — control unit; 3 — radiation panel; 4 — material sample; 5 — thermocouple 1; 6 — thermocouple 2;

7 — thermocouple 3; 8 — thermocouple 4; 9 — heat flux receiver; 10 — ruler to determine the distance from the panel to the sample

Ðèñ. 2. Cõåìà (à) è âíåøíèé âèä (á) ñòåíäà äëÿ îïðåäåëåíèÿ êîýôôèöèåíòîâ îòðà-

æàòåëüíîé, ïîãëîùàòåëüíîé è ïðîïóñêàþùåé ñïîñîáíîñòè: 1 — èñòî÷íèê ïèòàíèÿ

ýëåêòðîýíåðãèåé; 2 — áëîê óïðàâëåíèÿ; 3 — ðàäèàöèîííàÿ ïàíåëü; 4 — îáðàçåö

ìàòåðèàëà; 5 — òåðìîïàðà 1; 6 — òåðìîïàðà 2; 7 — òåðìîïàðà 3; 8 — òåðìîïàðà 4;

9 — ïðèåìíèê òåïëîâîãî ïîòîêà; 10 — ëèíåéêà äëÿ îïðåäåëåíèÿ ðàññòîÿíèÿ îò ïà-

íåëè äî îáðàçöà

Ðèñ. 3. Ìóëüòèìåòð UNI-T UT60A

Fig. 3. Multimeter UNI-T UT60A

Ðèñ. 4. Òåðìîìåòð ìíîãî-

êàíàëüíûé ÒÌ 5131

Fig. 4. Thermometer multi-

channel ÒÌ 5131

Ðèñ. 5. Õðîìåëü-àëþìåëåâûå ëåïåñòêîâûå òåðìîïàðû

Fig. 5. Chromel-alumel petal thermocouples

Ðèñ. 6. Õðîìåëü-àëþìåëåâûå êîðîëüêîâûå òåðìîïàðû

Fig. 6. Chromel-alumel korolkovia thermocouples
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Èñïûòàíèÿ ïðîâîäèëèñü äëÿ 9 îáðàçöîâ ðàçìå-

ðîì 20�20 ñì, òîëùèíîé 1,5 ñì. Çàïîëíåíèå îáðàç-

öà ñïåöèàëüíûì òåïëîèçîëÿöèîííûì ìàòåðèàëîì

ñîñòàâëÿëî îêîëî 85–90 %.

Â òàáëèöå ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåí-

òàëüíûõ èññëåäîâàíèé — çíà÷åíèÿ êðèòè÷åñêîé

ïëîòíîñòè qêð (êÂò�ì2) ïàäàþùåãî ëó÷èñòîãî òåï-

ëîâîãî ïîòîêà ïðè ðàçëè÷íûõ ïàðàìåòðàõ îáðàçöà â

çàâèñèìîñòè îò âðåìåíè âîçäåéñòâèÿ íà ìàòåðèàë.

Ïðåäëîæåííûé ìåòîä îïðåäåëåíèÿ òåïëîâîãî èç-

ëó÷åíèÿ íàïðàâëåí íà îöåíêó ïîâåäåíèÿ îáðàçöà ïðè

îãíåâîì âîçäåéñòâèè (â óñëîâèÿõ ïîæàðà) ïðè óñëî-

âèè ìàêñèìàëüíîãî çàïîëíåíèÿ êîíñòðóêöèè ñïå-

öèàëüíûì òåïëîèçîëÿöèîííûì ìàòåðèàëîì.

Â ðåçóëüòàòå ýêñïåðèìåíòà óñòàíîâëåíî, ÷òî ïðè

ïðèìåíåíèè ïðåäëàãàåìîãî ìàòåðèàëà êðèòè÷åñêèå

ïëîòíîñòè ïàäàþùåãî òåïëîâîãî ïîòîêà â ðàìêàõ

ïðîâåäåíèÿ èñïûòàíèÿ íå äîñòèãàþòñÿ. Ñëåäîâà-

òåëüíî, äàííûé ìàòåðèàë îáåñïå÷èâàåò òðåáóåìûå

ïîæàðíî-òåõíè÷åñêèå õàðàêòåðèñòèêè è ìîæåò áûòü

ðåêîìåíäîâàí äëÿ ïðèìåíåíèÿ â ñîñòàâå ýêðàííûõ

ñòåí.

Âìåñòå ñ òåì äëÿ îöåíêè ïîâåäåíèÿ ýêðàííîé

ñòåíû â öåëîì öåëåñîîáðàçíî ðàçðàáîòàòü ñîîòâåò-

ñòâóþùóþ êîíñòðóêòèâíóþ ñõåìó è îöåíèòü åå â ðàì-

êàõ êðóïíîìàñøòàáíûõ èñïûòàíèé.

Èñïûòàíèÿ íà îãíåñòîéêîñòü
ôðàãìåíòà ýêðàííîé ñòåíû

Ïðîâåäåíèå èñïûòàíèé ýêðàííûõ ñòåí ñ ó÷åòîì

ïðåäïîëàãàåìîé îáëàñòè èõ ïðèìåíåíèÿ, à òàêæå

ïðåäëàãàåìîé êîíñòðóêòèâíîé ñõåìû ïðåäóñìàòðè-

âàåòñÿ â ñîîòâåòñòâèè ñ ÃÎÑÒ 30247.1–94.

Äëÿ ðåàëèçàöèè îáîçíà÷åííîé çàäà÷è ïî îïðåäå-

ëåíèþ ïðåäåëüíîãî ñîñòîÿíèÿ ïðåäëàãàåìîé ýêðàí-

íîé ñòåíû ïî ïðèçíàêó ïîòåðè òåïëîèçîëèðóþùåé

ñïîñîáíîñòè ïîäãîòîâëåí îïûòíûé îáðàçåö ðàçìå-

ðîì â ïëàíå 2000�2000 ìì, ïðåäñòàâëÿþùèé ñîáîé

ìíîãîñëîéíóþ êîíñòðóêöèþ, ñîñòîÿùóþ èç êàðêàñà

è òåïëîèçîëèðóþùåé îáøèâêè. Äëÿ çàïîëíåíèÿ óêà-

çàííîé îáøèâêè ïðèìåíåíû ìàòåðèàëû, ïîëîæè-

òåëüíî çàðåêîìåíäîâàâøèå ñåáÿ â ðàìêàõ ïðåäâà-

ðèòåëüíî ïðîâåäåííûõ èñïûòàíèé ïî îïðåäåëåíèþ

êðèòè÷åñêîé ïëîòíîñòè òåïëîâîãî ïîòîêà.

Ðàçìåðû êàæäîãî èç ñîñòàâëÿþùèõ ýëåìåíòîâ

îáðàçöà — 100�100�(243) ñì, ìàññà îäíîãî îáðàçöà

— 8,5–9,3 êã.

Ñîáñòâåííî îäèíàðíûé ñòàëüíîé òîíêîñòåííûé

êàðêàñ èç îöèíêîâàííûõ ïðîôèëåé ÊÍÀÓÔ (ÒÓ

1121-012-04001508–2011) èçãîòîâëåí èç ñòîå÷íûõ

ïðîôèëåé ÏÑ 75�50 è íàïðàâëÿþùèõ ïðîôèëåé

ÏÍ 75�40. Òîëùèíà ñòåíîê ïðîôèëåé âñåõ òèïîâ

ñîñòàâëÿåò 0,6 ìì. Ñòîå÷íûå ïðîôèëè óñòàíîâëåíû

ñ øàãîì 500 ìì â íàïðàâëÿþùèå ïðîôèëè è ñêðåï-

ëåíû ñ ïîìîùüþ ñàìîíàðåçàþùèõ ñòàëüíûõ øóðó-

ïîâ äèàìåòðîì 3,5 ìì è äëèíîé 25 ìì.

Â êà÷åñòâå òåïëîèçîëèðóþùåé îáøèâêè ñ îáîãðå-

âàåìîé ñòîðîíû êîíñòðóêöèè óñòàíîâëåíû ÷åòûðå

ïàíåëè ñ ãàáàðèòíûìè ðàçìåðàìè 1000�1000 ìì,

òîëùèíîé îêîëî 30 ìì êàæäàÿ. Êàæäàÿ èç ïàíåëåé

ñîñòîèò èç äâóõ ñëîåâ ôîëüãèðîâàííîãî áàçàëüòîâîãî

âîëîêíà ÌÁÎÐ-5Ô, ñêëååííûõ (íåôîëüãèðîâàííû-

ìè ñòîðîíàìè) îãíåçàùèòíûì ñîñòàâîì ÎÂÏÔ-1Ì

(ÒÓ 1523-025-47935838–2003). Ðàñõîä îãíåçàùèòíî-

ãî ñîñòàâà — 8,0–8,7 êã�ì2 [17].

¹ ï�ï

No.

Òîëùèíà ïîêðûòèÿ
ÎÂÏÔ-1Ì, ìì

Thick of coating
OVPF-1M, mm

Ñðåäíåå çíà÷åíèå qêð, êÂò�ì2, ïðè ïðîäîëæèòåëüíîñòè îáëó÷åíèÿ, ìèí

Average value of qcr, kW�m2, at duration of irradiation, min

5 10 15 20 25 30

1 1 4,02 4,53 4,72 6,03 8,75 10,10

2 2 3,21 3,64 3,89 4,95 7,62 8,96

3 3 2,13 2,55 2,85 3,80 6,54 7,91

Êðèòè÷åñêàÿ ïëîòíîñòü ïàäàþùåãî ëó÷èñòîãî òåïëîâîãî ïîòîêà äëÿ ìàòåðèàëà çàïîëíåíèÿ îáðàçöà â âèäå ïàíåëè èç ñïå-
öèàëüíîãî òåïëîèçîëÿöèîííîãî ìàòåðèàëà òîëùèíîé (1531) ìì ñ ïîêðûòèåì ÎÂÏÔ-1Ì

Critical incident radiant heat flux density for sample filling material in the form of plate of special heat-insulating material
(15±1) mm thick with coating OVPF-1M

Ðèñ. 7. Ôðàãìåíò êîíñòðóêöèè ñ çàïîëíåíèåì ìàòåðèàëîì

îáðàçöà

Fig. 7. A fragment of the structure with the filling of the sample

material
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Êðåïëåíèå òåïëîèçîëèðóþùåé îáøèâêè ê êàð-

êàñó îñóùåñòâëÿëîñü “âíàõëåñò” ñ ïîìîùüþ ñàìî-

íàðåçàþùèõ ñòàëüíûõ øóðóïîâ äèàìåòðîì 3,5 ìì

è äëèíîé 25 ìì ñ êðóãëûìè òàðåëü÷àòûìè äåðæàòå-

ëÿìè “Òåõíîíèêîëü” äèàìåòðîì 50 ìì ñ øàãîì íå áî-

ëåå 200 ìì (ðèñ. 7) [18].

Äàííàÿ êîíñòðóêöèÿ ðàçðàáîòàíà âïåðâûå ñ ó÷å-

òîì ïðåäïîëàãàåìîé îáëàñòè ïðèìåíåíèÿ ýêðàííûõ

ñòåí, à òàêæå íàèáîëåå îïòèìàëüíîé êîíñòðóêòèâ-

íîé ñõåìû è íàèáîëåå öåëåñîîáðàçíûõ ìàòåðèàëîâ

çàïîëíåíèÿ, îáåñïå÷èâàþùèõ îæèäàåìûå ïîæàðíî-

òåõíè÷åñêèå õàðàêòåðèñòèêè [19, 20].

Â ïðîöåññå èñïûòàíèÿ îáðàçåö óñòàíàâëèâàëè â

ïðîåì êèðïè÷íîé ñòåíû òîëùèíîé 250 ìì è çàêðåï-

ëÿëè ñ ïîìîùüþ ñòàëüíûõ êðîíøòåéíîâ (ïî òðè íà

êàæäóþ ñòîðîíó). Îãíåâîå âîçäåéñòâèå íà îáðàçåö

ïðîèçâîäèëîñü ñî ñòîðîíû òåïëîèçîëèðóþùåé îá-

øèâêè.

Â ïðîöåññå ïðîâåäåíèÿ èñïûòàíèÿ áûëè îòìå-

÷åíû ñëåäóþùèå õàðàêòåðíûå îñîáåííîñòè ïîâåäå-

íèÿ êîíñòðóêöèè:

� 0 ìèí — íà÷àëî èñïûòàíèÿ (ðèñ. 8,à);

� 7-ÿ ìèíóòà — íà÷àëî îòñëàèâàíèÿ ôîëüãè ëåâîé

íèæíåé îãíåçàùèòíîé ïàíåëè ñ íåîáîãðåâàåìîé

ñòîðîíû;

� 14-ÿ ìèíóòà — îòñëàèâàíèå ôîëüãè íà âñåõ îãíå-

çàùèòíûõ ïàíåëÿõ ñ íåîáîãðåâàåìîé ñòîðîíû;

� 15-ÿ ìèíóòà — ÷àñòè÷íîå âûãîðàíèå ôîëüãè ñ

îáîãðåâàåìîé ñòîðîíû;

� 19-ÿ ìèíóòà — íà÷àëî âûäåëåíèÿ ãàçîîáðàçíûõ

ïðîäóêòîâ èç ñòûêîâ îãíåçàùèòíûõ ïàíåëåé ñ

íåîáîãðåâàåìîé ñòîðîíû;

� 24-ÿ ìèíóòà — óâåëè÷åíèå âûäåëåíèÿ ãàçîîá-

ðàçíûõ ïðîäóêòîâ èç ñòûêîâ îãíåçàùèòíûõ ïà-

íåëåé ñ íåîáîãðåâàåìîé ñòîðîíû;

� 47-ÿ ìèíóòà — íåçíà÷èòåëüíûé ïðîãèá îáðàçöà

â öåíòðàëüíîé ÷àñòè â îáîãðåâàåìóþ ñòîðîíó;

� 48–59-ÿ ìèíóòû — ïîâåäåíèå êîíñòðóêöèè áåç

ñóùåñòâåííûõ èçìåíåíèé;

� 60-ÿ ìèíóòà — èñïûòàíèå ïðåêðàùåíî (ðèñ. 8,á).

Èçìåíåíèå òåìïåðàòóð â êîíòðîëèðóåìûõ òî÷-

êàõ (ðèñ. 9, 10) ïðè èñïûòàíèè îáðàçöà ïðåäñòàâëå-

íû íà ðèñ. 11–15.

Èçáûòî÷íîå äàâëåíèå â îãíåâîé êàìåðå ïå÷è,

â âåðõíåì óðîâíå îáðàçöîâ, ÷åðåç 5 ìèí ñ ìîìåíòà

íà÷àëà èñïûòàíèé è äî èõ îêîí÷àíèÿ ñîñòàâëÿëî

(1032) Ïà.

Ðèñ. 8. Îáðàçåö äî èñïûòàíèé (à) è

ïîñëå ïðåêðàùåíèÿ èñïûòàíèé (á)

Fig. 8. Sample prior to testing (a) and

after termination of the test (b)

Ðèñ. 9. Ïîêàçàíèÿ òåðìîïàð ïðè ïðîâåäåíèè èñïûòàíèé

Fig. 9. The indications of thermocouples during testing

Ðèñ. 10. Ñõåìà ðàññòàíîâêè òåðìîýëåêòðè÷åñêèõ ïðåîáðàçî-

âàòåëåé íà íåîáîãðåâàåìîé ïîâåðõíîñòè îáðàçöà

Fig. 10. Àrrangement of thermoelectric converters on the sample
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Ïî ðåçóëüòàòàì îáðàáîòêè ýêñïåðèìåíòàëüíûõ

äàííûõ óñòàíîâëåíî:
� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ëåâîé âåðõíåé îãíåçàùèòíîé ïàíåëè

â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî èñ-

ïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèêñè-

ðîâàíî íà 49-é ìèíóòå èñïûòàíèÿ;
� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ïðàâîé âåðõíåé îãíåçàùèòíîé ïàíå-

ëè â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî

èñïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèê-

ñèðîâàíî íà 51-é ìèíóòå èñïûòàíèÿ;

� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ëåâîé íèæíåé îãíåçàùèòíîé ïàíåëè

â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî èñ-

Ðèñ. 11. Èçìåíåíèå òåìïåðàòóðû â îãíåâîé êàìåðå ïå÷è ïðè

èñïûòàíèè îáðàçöà: — — — — ñòàíäàðòíûé òåìïåðàòóð-

íûé ðåæèì; - - - - — âåðõíÿÿ è íèæíÿÿ ãðàíèöû ñòàíäàðò-

íîãî òåìïåðàòóðíîãî ðåæèìà; ——— — ñðåäíÿÿ òåìïåðà-

òóðà ñðåäû â îãíåâîé êàìåðå ïå÷è

Fig. 11. Temperature change in the furnace firing chamber during

the sample test: — — — — standard temperature conditions;

- - - - — upper and lower limits of standard temperature condi-

tions; ——— — average ambient temperature in the furnace

firing chamber

Ðèñ. 12. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé 1 è 5,

óñòàíîâëåííûõ íà ëåâîé âåðõíåé îãíåçàùèòíîé ïàíåëè ïðè

èñïûòàíèè îáðàçöà

Fig. 12. The testimony of thermoelectric converters of 1 and 5 in-

stalled on the top left fire retardant panel in the test sample

Ðèñ. 15. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêîãî ïðåîáðàçîâàòåëÿ 4,

óñòàíîâëåííîãî íà ïðàâîé íèæíåé îãíåçàùèòíîé ïàíåëè ïðè

èñïûòàíèè îáðàçöà

Fig. 15. Òhe testimony of thermoelectric converter 4 installed on

the lower right fire retardant panel in the test sample

Ðèñ. 14. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêîãî ïðåîáðàçîâàòåëÿ 3,

óñòàíîâëåííîãî íà ëåâîé íèæíåé îãíåçàùèòíîé ïàíåëè ïðè

èñïûòàíèè îáðàçöà

Fig. 14. The testimony of thermoelectric converter 3 installed on

the lower left flame retardant panel during the sample test

Ðèñ. 13. Ïîêàçàíèÿ òåðìîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé

2 è 6, óñòàíîâëåííûõ íà ïðàâîé âåðõíåé îãíåçàùèòíîé ïàíå-

ëè ïðè èñïûòàíèè îáðàçöà

Fig. 13. The testimony of thermoelectric converters 2 and 6 in-

stalled on the top right fire retardant panel in the test sample
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ïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèêñè-

ðîâàíî íà 31-é ìèíóòå èñïûòàíèÿ;
� ïîâûøåíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ïðàâîé íèæíåé îãíåçàùèòíîé ïàíå-

ëè â ñðàâíåíèè ñ òåìïåðàòóðîé êîíñòðóêöèè äî

èñïûòàíèÿ áîëåå ÷åì íà 180 °Ñ (195 °Ñ) çàôèê-

ñèðîâàíî íà 59-é ìèíóòå èñïûòàíèÿ.

Âûâîäû

Â õîäå ïðîâåäåíèÿ ýêñïåðèìåíòîâ óñòàíîâëåíî,

÷òî âðåìÿ äîñòèæåíèÿ ïðåäåëüíîãî ñîñòîÿíèÿ ïî

ïðèçíàêó ïîòåðè òåïëîèçîëèðóþùåé ñïîñîáíîñòè

îïûòíîãî îáðàçöà ôðàãìåíòà ïðîòèâîïîæàðíîé ýê-

ðàííîé ñòåíû ðàçìåðîì â ïëàíå 2000�2000 ìì ñî-

ñòàâëÿåò 31 ìèí.

Â õîäå ðàáîòû ðàññìîòðåí íîâûé òèï ïðîòèâî-

ïîæàðíîé ïðåãðàäû — ýêðàííûå ñòåíû, äëÿ îïðå-

äåëåíèÿ óñëîâèé âíåäðåíèÿ êîòîðûõ íà îáúåêòàõ ñ

ìàññîâûì ïðåáûâàíèåì ëþäåé:
� îñóùåñòâëåí âûáîð äîïóñòèìûõ ìåòîäîâ èñïû-

òàíèé, ïîäòâåðæäàþùèõ êàê òðåáóåìóþ îáëàñòü

ïðèìåíåíèÿ ýêðàííûõ ñòåí, òàê è ôàêòè÷åñêèå

ïîæàðíî-òåõíè÷åñêèå õàðàêòåðèñòèêè êîíñòðóê-

öèé è ìàòåðèàëîâ çàïîëíåíèÿ;
� ïðåäëîæåíû ìàòåðèàëû äëÿ çàïîëíåíèÿ ýêðàííûõ

ñòåí è ïðîâåäåíû èñïûòàíèÿ ïî ìåòîäó îïðåäå-

ëåíèÿ òåïëîâîãî èçëó÷åíèÿ ïàäàþùåãî òåïëîâî-

ãî ïîòîêà, ïîäòâåðæäàþùèå, ÷òî êðèòè÷åñêèå

ïëîòíîñòè ïàäàþùåãî òåïëîâîãî ïîòîêà íå äî-

ñòèãàþòñÿ;
� îñóùåñòâëåí âûáîð êîíñòðóêòèâíîé ñõåìû ýêðàí-

íûõ ñòåí, à òàêæå ïðîâåäåíû èñïûòàíèÿ íà îãíå-

ñòîéêîñòü, ïîäòâåðæäàþùèå îáåñïå÷åíèå ïðåä-

ëàãàåìîé êîíñòðóêöèåé òðåáóåìîãî ïðåäåëà îãíå-

ñòîéêîñòè íå ìåíåå EI 30.

Ïî ðåçóëüòàòàì ïðîâåäåííîé ðàáîòû ìîæíî ñäå-

ëàòü âûâîä, ÷òî ïðåäëàãàåìàÿ êîíñòðóêöèÿ ýêðàí-

íîé ñòåíû ïîçâîëèò îáåñïå÷èòü òðåáóåìûé óðîâåíü

ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ çàùèòû ïðè ìè-

íèìèçàöèè ôèíàíñîâûõ çàòðàò ïóòåì âíåäðåíèÿ èí-

íîâàöèîííûõ ðåøåíèé, ñîîòâåòñòâóþùèõ ïîñëåä-

íèì äîñòèæåíèÿì íàóêè è òåõíèêè â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè.

Êðîìå òîãî, â öåëÿõ èñêëþ÷åíèÿ íåîáõîäèìîñòè

ïðîâåäåíèÿ êðóïíîìàñøòàáíûõ äîðîãîñòîÿùèõ èñ-

ïûòàíèé ïî îïðåäåëåíèþ ðåêîìåíäóåìîé îáëàñòè

ïðèìåíåíèÿ ïîäîáíûõ ýêðàííûõ ñòåí öåëåñîîáðàçíà

ãàðìîíèçàöèÿ ñóùåñòâóþùåãî ìåæãîñóäàðñòâåí-

íîãî ñòàíäàðòà ÃÎÑÒ EN 15254-6 “Ðàñøèðåííîå ïðè-

ìåíåíèå ðåçóëüòàòîâ èñïûòàíèÿ íà îãíåñòîéêîñòü.

Íåíåñóùèå ñòåíû. ×àñòü 6. Ýêðàííûå ñòåíû”, êîòî-

ðûé çíà÷èòåëüíî ðàñøèðèò âîçìîæíóþ îáëàñòü ïðè-

ìåíåíèÿ ïîäîáíûõ êîíñòðóêöèé è ïîçâîëèò ðåàëè-

çîâàòü íàèáîëåå ýôôåêòèâíûå âàðèàíòû ïðîòèâîïî-

æàðíîé çàùèòû ñ ó÷åòîì îïòèìèçàöèè ìàòåðèàëüíûõ

çàòðàò íà îáåñïå÷åíèå ïîæàðíîé áåçîïàñíîñòè [21].
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TO THE ASSESSMENT OF THE POSSIBILITY OF THE INTRODUCTION
OF CURTAIN WALLING ON OBJECTS WITH MASS STAY OF PEOPLE
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Federation; e-mail: fadeev-nto@yandex.ru)

ABSTRACT

Currently, the current legislation of the Russian Federation includes provisions that allow to imple-

ment the possibility of choosing the best, most reasonable options for fire protection. In particular, it is

proposed a new type of fire barriers — curtain walling. Similar designs on the territory of the Russian

Federation are not applied.

To assess the possibility of implementing curtain walling:
� the choice of acceptable test methods confirming both the required scope of application of curtain

walling and the actual fire-technical characteristics of structures and filling materials is carried out;
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� there were suggested materials to fill the curtain walling and carried out tests according to the me-

thod of determination of thermal radiation incident heat flux, confirming that the critical density of

the incident heat flux is not achieved;
� the choice of the design scheme of curtain walling is carried out, and also the tests for fire

resistance confirming providing with the offered design of the required limit of fire resistance are

carried out.

According to the results of the work it was found that the proposed design of the curtain walling

provide the required level of fire safety protection facilities through the introduction of innovative

solutions corresponding to the latest achievements of science and technology in the field of fire safety.

In order to eliminate the need for large-scale expensive tests, it is proposed to introduce methods

for the extended application of fire test results, which will significantly expand the possible scope of

such structures and will allow to implement the most effective options for fire protection, taking into

account the optimization of material costs for fire safety.

Keywords: fire barriers; curtain walling; fire resistance tests; harmonization; extended application;

fire safety.
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ÏÐÈ ÎÃÍÅÂÎÌ ÂÎÇÄÅÉÑÒÂÈÈ ÏÎÄ ÍÀÃÐÓÇÊÎÉ

Ïðåäñòàâëåíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè ïðåäåëüíûõ ñîñòîÿíèé ïóñòîòíûõ ïëèò ïåðå-
êðûòèé ïðè êîìáèíèðîâàííîì âîçäåéñòâèè íà íèõ. Óñòàíîâëåíû çàâèñèìîñòè ïðîãðåâà àðìè-
ðóþùèõ ýëåìåíòîâ ïëèò (òðîñîâ) â òå÷åíèå âðåìåíè ïîä âîçäåéñòâèåì ñòàíäàðòíîãî ðåæèìà
ïîæàðà. Ïîêàçàíû çàâèñèìîñòè ïðîãðåâà ïëèò íà ãëóáèíå 150 è 200 ìì â òå÷åíèå âðåìåíè â
óñëîâèÿõ ñòàíäàðòíîãî ðåæèìà ïîæàðà, à òàêæå çàâèñèìîñòè ïðîãèáà ïëèò îò âðåìåíè ïîä âîç-
äåéñòâèåì ñòàíäàðòíîãî ðåæèìà ïîæàðà è ðàñ÷åòíîé íàãðóçêè. Óñòàíîâëåíî, ÷òî âðåìÿ äîñòè-
æåíèÿ ïðåäåëüíîãî ñîñòîÿíèÿ ïî ïîòåðå íåñóùåé ñïîñîáíîñòè (âåëè÷èíà ïðîãèáà è ñêîðîñòü
ïðîãèáà ïðè ïðîãðåâå ïëèòû è ïîä äåéñòâèåì ðàñ÷åòíîé íàãðóçêè) è ïîòåðå òåïëîèçîëèðóþùåé
ñïîñîáíîñòè ñîñòàâëÿåò áîëåå 65 ìèí. Ïîêàçàíî, ÷òî ïîòåðè íåñóùåé ñïîñîáíîñòè â òå÷åíèå
65 ìèí äîñòèãíóòî íå áûëî; ïðîãèá è ñêîðîñòü ïðîãèáà ïëèòû â ðåçóëüòàòå ïðîãðåâà è âîçäåé-
ñòâèÿ íà íåå ðàñ÷åòíîé íàãðóçêè ñîñòàâèëè 156 ìì è 2,5 ìì/ìèí ñîîòâåòñòâåííî, ïðè÷åì ýòè
çíà÷åíèÿ íå ÿâëÿþòñÿ êðèòè÷åñêèìè. Óñòàíîâëåíî òàêæå, ÷òî â òå÷åíèå 12 ÷ ïîñëå ïðåêðàùåíèÿ
îãíåâîãî âîçäåéñòâèÿ, íî ïðè íàëè÷èè ðàñ÷åòíîé íàãðóçêè îáðàòíîé äåôîðìàöèè (ïðîãèáà)
íå ïðîèçîøëî; êîëè÷åñòâî òðåùèí íà îáðàçöå è èõ ðàçìåðû íå ïðåâûñèëè íîðìàòèâíûõ; ïðî-
ãðåâà ïëèòû äî êðèòè÷åñêîé òåìïåðàòóðû 140 5Ñ íå íàáëþäàëîñü.

Êëþ÷åâûå ñëîâà: ïóñòîòíûå ïëèòû ïåðåêðûòèÿ; ïðåäåëüíûå ñîñòîÿíèÿ; îãíåâîå âîçäåéñòâèå
ïîä íàãðóçêîé; ïîòåðÿ íåñóùåé ñïîñîáíîñòè; ïîòåðÿ òåïëîèçîëèðóþùåé ñïîñîáíîñòè.

DOI: 10.18322/PVB.2018.27.02-03.67-74

Ââåäåíèå

Ïóñòîòíûå ïëèòû ïåðåêðûòèÿ èç æåëåçîáåòîíà äàâíî

è ïðî÷íî çàðåêîìåíäîâàëè ñåáÿ êàê íåçàìåíèìûé

ýëåìåíò ñîîðóæåíèé ïðè ñòðîèòåëüñòâå ðàçëè÷íûõ

îáúåêòîâ ãðàæäàíñêîãî è ïðîìûøëåííîãî íàçíà÷åíèÿ

[1–4]. Äàæå ïîÿâëåíèå íîâûõ òåõíîëîãèé ñòðîèòåëü-

ñòâà, ê êîòîðûì ìîæåò áûòü îòíåñåíî ìîíîëèòíîå

ñòðîèòåëüñòâî, íå óìåíüøèëî àêòóàëüíîñòè èñïîëü-

çîâàíèÿ ïóñòîòíûõ ïëèò ïåðåêðûòèÿ èç æåëåçîáå-

òîíà. Òàêèå ïëèòû ÿâëÿþòñÿ íåäîðîãèì è ïðî÷íûì

ñòðîèòåëüíûì ìàòåðèàëîì, ïðèîáðåñòè êîòîðûé ìî-

ãóò íå òîëüêî ñòðîèòåëüíûå êîìïàíèè, íî è ÷àñòíûå

ëèöà [5–9].

Ê îñíîâíûì ïðåèìóùåñòâàì ïóñòîòíûõ ïëèò

ïåðåêðûòèÿ ìîãóò áûòü îòíåñåíû: îïòèìàëüíàÿ ñòî-

èìîñòü èçäåëèÿ, âîçìîæíîñòü èñïîëüçîâàíèÿ ïðè

âîçâåäåíèè îáúåêòîâ ðàçëè÷íîãî íàçíà÷åíèÿ, âûñî-

êàÿ ïðî÷íîñòü, âûñîêèå èçîëÿöèîííûå õàðàêòåðèñ-

òèêè.

Áåòîííûå ïåðåêðûâàþùèå ïëèòû ÿâëÿþòñÿ íàè-

áîëåå âîñòðåáîâàííûìè â ñòðîèòåëüñòâå. Òàêîé ìà-

òåðèàë íåçàìåíèì ïðè âîçâåäåíèè æèëûõ, ïðîìûø-

ëåííûõ è àäìèíèñòðàòèâíûõ çäàíèé ëþáîé ýòàæíî-

ñòè. Îñîáåííî ïîïóëÿðíû ïóñòîòíûå ïåðåêðûòèÿ,

òàê êàê îíè èìåþò ìåíüøóþ ìàññó ïî ñðàâíåíèþ ñî

ñïëîøíûìè áåç ïîòåðü â ïðî÷íîñòè è íàäåæíîñòè.

Íàëè÷èå â ïëèòàõ ïóñòîò òàêæå íå ñêàçûâàåòñÿ íà

íåñóùèõ ñïîñîáíîñòÿõ êîíñòðóêöèè [10–13], à èõ

òåïëî- è çâóêîèçîëÿöèÿ íàìíîãî âûøå.

Îñíîâíîå íàçíà÷åíèå ïóñòîòíûõ ïëèò — èñïîëü-

çîâàíèå â êà÷åñòâå ïåðåêðûòèé íà ñòûêàõ ýòàæåé

ïðè ñòðîèòåëüñòâå äîìîâ èç êèðïè÷à, ñòåíîâûõ áëî-

êîâ è áåòîíà. Áëàãîäàðÿ ñâîèì ïðåèìóùåñòâàì ýòîò

âèä ïåðåêðûòèé ñòàë ñàìûì ïîïóëÿðíûì èç æåëå-

çîáåòîííûõ èçäåëèé (ÆÁÈ). Ïóñòîòíûå ïëèòû èñ-

ïîëüçóþò â êà÷åñòâå ïåðåêðûòèé â ìíîãîýòàæíûõ,

÷àñòíûõ è ìîíîëèòíûõ îáúåêòàõ, à çà÷àñòóþ â êà÷å-

ñòâå íåñóùèõ êàðêàñîâ. Â ïðîìûøëåííîñòè ÷àùå

© Êîñòþ÷åíêî Å. Ã., Çàõìàòîâ Â. Ä., 2018
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ïðèìåíÿþòñÿ ìíîãîïóñòîòíûå àðìèðîâàííûå ìîäè-

ôèêàöèè ïëèò èç òÿæåëûõ áåòîíîâ.

Ãëàâíûì ôàêòîðîì, îïðåäåëÿþùèì ïðåèìóùå-

ñòâà ïåðåêðûâàþùèõ êîíñòðóêöèé, ÿâëÿåòñÿ íàëè-

÷èå ïóñòîò. Áëàãîäàðÿ èì íà èçãîòîâëåíèå êîíñòðóê-

öèè òðåáóåòñÿ ìåíüøå ñòðîéìàòåðèàëà è, êàê ñëåä-

ñòâèå, ñíèæàåòñÿ ìàññà èçäåëèÿ, à çíà÷èò, è íàãðóçêà

îò ñîáñòâåííîãî âåñà êîíñòðóêöèè íà ôóíäàìåíò

óìåíüøàåòñÿ. Êðîìå òîãî, çà ñ÷åò çàïîëíåíèÿ ïóñòîò

âîçäóõîì ïåðåêðûòèÿ îáëàäàþò ïîâûøåííîé òåïëî-

è øóìîèçîëÿöèåé; îòâåðñòèÿ â ïëèòàõ ïðèìåíÿ-

þòñÿ äëÿ ïðîêëàäêè èíæåíåðíûõ êîììóíèêàöèé.

Èñïîëüçîâàíèå ïðåäâàðèòåëüíî-íàïðÿæåííîãî àðìà-

òóðíîãî êàðêàñà ïîâûøàåò ïðî÷íîñòíûå è ýêñïëó-

àòàöèîííûå ïîêàçàòåëè ïåðåêðûâàþùåãî èçäåëèÿ.

Ïðèìåíåíèå ìíîãîïóñòîòíîãî ñòðîéìàòåðèàëà ýêî-

íîìè÷åñêè îïðàâäàííî è ïîçâîëÿåò â ñæàòûå ñðîêè

âîçâîäèòü êàðêàñ äîìà. Îòäåëüíûì âèäîì ïóñòîòíûõ

æåëåçîáåòîííûõ ïåðåêðûòèé ÿâëÿåòñÿ ïëèòà ìàðêè

ÏÁ, ïîëó÷åííàÿ ïóòåì íåïðåðûâíîãî áåçîïàëóáî÷-

íîãî ôîðìîâàíèÿ íà äëèííûõ ñòåíäàõ. Åå íàçíà÷å-

íèå — îáåñïå÷åíèå îïîðû ïî äâóì ñòîðîíàì.

Îò ðàçìåðîâ ïóñòîò çàâèñÿò ýêñïëóàòàöèîííûå

õàðàêòåðèñòèêè ïåðåêðûâàþùåãî ýëåìåíòà. Äèàìåòð

êðóãëûõ îòâåðñòèé â ïëèòå êîëåáëåòñÿ â äèàïàçîíå

îò 140 äî 203 ìì. ×åì ìåíüøå ýòà âåëè÷èíà, òåì

ïðî÷íåå èçäåëèå. Íà ïðî÷íîñòü âëèÿåò òàêæå òîëùè-

íà ïåðåêðûòèÿ, êîòîðàÿ îáû÷íî ñîñòàâëÿåò 22 ñì.

Îäíàêî åñòü áîëåå ìàññèâíûå ïðîäóêòû, íàïðèìåð

ïëèòà 6ÏÊ, òîëùèíà êîòîðîé 30 ñì. Îáëåã÷åííûå ìî-

äèôèêàöèè ïðîèçâîäÿòñÿ èç ëåãêîãî áåòîíà è èìåþò

òîëùèíó 16 ñì. Èç òàêèõ ïëèò ñîîðóæàþò ìåæýòàæ-

íûå ïåðåãîðîäêè äëÿ ãàçîáëî÷íûõ èëè ïåíîáåòîí-

íûõ ñòåí.

Ñòàíäàðòíàÿ íåñóùàÿ ñïîñîáíîñòü òàêèõ èç-

äåëèé ñîñòàâëÿåò 800 êã�ì2, íî âñòðå÷àþòñÿ ìåæ-

ýòàæíûå ïåðåãîðîäêè, ðàññ÷èòàííûå íà íàãðóçêó

1200–1250 êã�ì2. Äëÿ ïîëó÷åíèÿ ïëèò ñ îòâåðñòèÿ-

ìè íåîáõîäèì áåòîííûé ðàñòâîð íà öåìåíòå ìàðîê

Ì300 è Ì400, êîòîðûé îáåñïå÷èâàåò âûñîêóþ ïðî÷-

íîñòü è ïëàñòè÷íîñòü ãîòîâîãî èçäåëèÿ. Öåìåíò Ì400

ïðèäàåò åìó ñòîéêîñòü ê ìîìåíòàëüíîé íàãðóçêå

400 êã íà 1 ñì3 â ñåêóíäó, à Ì300 — ñïîñîáíîñòü

íå ðàçðóøàòüñÿ ïðè ïðîãèáàõ [14–17].

Äëÿ ïîâûøåíèÿ ïðî÷íîñòíûõ õàðàêòåðèñòèê è

íåñóùåé ñïîñîáíîñòè áåòîííûõ ïåðåêðûòèé â èçäå-

ëèÿ ìîíòèðóþò ñòàëüíûå ïðóòû. Ñ ýòîé öåëüþ èñ-

ïîëüçóåòñÿ àðìàòóðà èç íåðæàâåþùåé ñòàëè êëàñ-

ñîâ À3 è À4. Òàêîé ìàòåðèàë îòëè÷àåòñÿ ïîâûøåí-

íîé êîððîçèîííîé ñòîéêîñòüþ è óñòîé÷èâîñòüþ ê

êîëåáàíèÿì òåìïåðàòóð â äèàïàçîíå îò ìèíóñ 40 äî

50 °C [18–20].

Íà ïðàêòèêå ÷àñòî ïðèìåíÿåòñÿ íàòÿæíàÿ àðìà-

òóðà. Ïðîöåññ àðìèðîâàíèÿ ïðîèñõîäèò â ÷åòûðå ñòà-

äèè: íàòÿæåíèå ñòàëüíûõ ïðóòüåâ â ôîðìå; óêëàäêà

àðìàòóðíîé ñåòêè â ôîðìó; çàëèâêà áåòîíîì; îáðåç-

êà èçëèøêà àðìàòóðíûõ ýëåìåíòîâ, âûñòóïàþùèõ èç

çàòâåðäåâøåãî áåòîíà. Òàêàÿ àðìàòóðà ïðèäàåò ïëè-

òàì ñïîñîáíîñòü âûäåðæèâàòü ìàêñèìàëüíîå äèíà-

ìè÷åñêîå è ñòàòè÷åñêîå äàâëåíèå áåç ïðîâèñàíèÿ è

ïðîãèáîâ [21–25]. Ïðè ýòîì â òîðöû, îïèðàþùèåñÿ

î ñòåíû, äîïîëíèòåëüíî ìîíòèðóþò äâîéíóþ àðìà-

òóðó, ÷òî íàäåëÿåò èçäåëèå óñòîé÷èâîñòüþ ê íàãðóç-

êàì îò ñîáñòâåííîãî âåñà è âåñà âåðõíèõ ñòåí áåç

äåôîðìàöèè. Ñ èñïîëüçîâàíèåì òàêèõ ïåðåêðûòèé

ñîîðóæàþòñÿ âûñîòíûå ïðîìûøëåííûå çäàíèÿ.

Öåëü íàñòîÿùåãî èññëåäîâàíèÿ — ïîëó÷èòü ýêñ-

ïåðèìåíòàëüíûå çàâèñèìîñòè ïðåäåëüíûõ ñîñòîÿ-

íèé ïóñòîòíûõ ïëèò ïåðåêðûòèé ïîä îãíåâûì âîç-

äåéñòâèåì è ðàñ÷åòíîé íàãðóçêîé. Ïðè ýòîì íåîá-

õîäèìî óñòàíîâèòü ïðåäåëüíîå ñîñòîÿíèå ïîòåðè

íåñóùåé ñïîñîáíîñòè, çàâèñèìîñòü âåëè÷èíû ïðî-

ãèáà è ñêîðîñòè ïðîãèáà îò ïðîãðåâà ïëèòû è ðàñ-

÷åòíîé íàãðóçêè, âîçìîæíîñòü îáðàòíîé äåôîðìà-

öèè (ïðîãèáà) ïîñëå ïðåêðàùåíèÿ îãíåâîãî âîçäåé-

ñòâèÿ ñ ðàñ÷åòíîé íàãðóçêîé, ïîòåðþ öåëîñòíîñòè,

çàâèñèìîñòü êîëè÷åñòâà òðåùèí è èõ ðàçìåðîâ îò

ïðîãðåâà è âëàæíîñòè ïëèòû, à òàêæå îò ðàñ÷åòíîé

íàãðóçêè, ïîòåðþ òåïëîèçîëèðóþùåé ñïîñîáíîñòè,

çàâèñèìîñòü ïðîãðåâà ïëèòû îò äëèòåëüíîñòè îãíå-

âîãî âîçäåéñòâèÿ.

Ìåòîä èñïûòàíèé

Äëÿ èñïûòàíèé áûëè èñïîëüçîâàíû ïóñòîòíûå

áåòîííûå ïëèòû ïåðåêðûòèé, êîòîðûå èìåëè ðàç-

ìåðû, ñîîòâåòñòâóþùèå ïðîåêòíûì, è ðàçëè÷àëèñü

òîëüêî ïî òîëùèíå (160 è 220 ìì) è ñïîñîáó àðìè-

ðîâàíèÿ. Ñîñòàâ áåòîíà, ñòðîèòåëüíîãî ðàñòâîðà è

àðìèðóþùèõ ýëåìåíòîâ íå ðàçëè÷àëñÿ. Åäèíñòâåí-

íûé ñïîñîá, êîòîðûì, ïî íàøåìó ìíåíèþ, ìîæíî

îáúåêòèâíî îöåíèòü ôàêòè÷åñêóþ ñòåïåíü îãíåñòîé-

êîñòè ïëèòû, — ýòî ýêñïåðèìåíòàëüíî ïîëó÷èòü

ãðàôèêè ïðåäåëüíûõ ñîñòîÿíèé êîíñòðóêöèè (REI).

Ïåðåä îãíåâûìè èñïûòàíèÿìè íà ãîðèçîíòàëü-

íóþ ïîâåðõíîñòü ïå÷è áûëè óñòàíîâëåíû òðè ïóñ-

òîòíûå áåòîííûå ïëèòû ïåðåêðûòèé (ÃÎÑÒ30247.0),

ñòûêè ìåæäó êîòîðûìè áûëè çàïîëíåíû ñòðîèòåëü-

íûì ðàñòâîðîì. Òîðöåâûå ñòîðîíû ïëèò òàêæå áûëè

çàïîëíåíû ðàñòâîðîì. Îïàëóáêîé ñëóæèë ëèñò ñòàëè

òîëùèíîé 5 ìì, êîòîðûé ôèêñèðîâàëñÿ ïóòåì ïðè-

âàðèâàíèÿ â íåñêîëüêèõ ìåñòàõ ê ãîðèçîíòàëüíîé ïî-

âåðõíîñòè ïå÷è. Íà íåîáîãðåâàåìîé ñòîðîíå ïëèò

áûëà ñäåëàíà ñòÿæêà èç òîãî æå ðàñòâîðà òîëùèíîé

20 ìì. Ïî áîêàì ïëèò ïðîèçâåäåíà çàêëàäêà èç ÿ÷å-

èñòûõ áëîêîâ äëÿ óñòðàíåíèÿ çàçîðà ìåæäó ïëèòîé

è ðàìêîé ãîðèçîíòàëüíîé ïå÷è. Ïîñëå óñòàíîâêè

ïëèòû6 äîëæíû îòñòîÿòüñÿ â òå÷åíèå ðàñ÷åòíîãî âðå-

ìåíè äëÿ çàòâåðäåâàíèÿ ñòðîèòåëüíîãî ðàñòâîðà.

Ñ ýòîãî ìîìåíòà âñå ïëèòû ñòàíîâÿòñÿ åäèíîé êîí-

ñòðóêöèåé, êîòîðóþ íàãðóæàþò â ñîîòâåòñòâèè ñ
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ðàñ÷åòíîé íàãðóçêîé. Â äàííîì èññëåäîâàíèè â êà-

÷åñòâå íàãðóçêè èñïîëüçîâàíû 18 áåòîííûõ áëîêîâ

ïëîùàäüþ 1 ì2 è ìàññîé 350 êã êàæäûé ïðè ïåðâîì

èñïûòàíèè ïëèò òîëùèíîé 160 ìì è 36 áëîêîâ —

ïðè âòîðîì èñïûòàíèè ïëèò òîëùèíîé 220 ìì. Çàòåì

óñòàíàâëèâàëè òðîñîâûé äàò÷èê ëèíåéíûõ ïåðåìå-

ùåíèé (ñ öèôðîâûì âûõîäîì) è òåðìîýëåêòðè÷å-

ñêèå ïðåîáðàçîâàòåëè (ÒÝÏ). Êàê ïðàâèëî, òðîñî-

âûå äàò÷èêè ðàçìåùàþò â öåíòðå êîíñòðóêöèè èç

òðåõ ïëèò (ðèñ. 1). Ñðåäíþþ òåìïåðàòóðó íà íåîáî-

ãðåâàåìîé ïîâåðõíîñòè ïëèò îïðåäåëÿþò êàê ñðåä-

íåå àðèôìåòè÷åñêîå ïîêàçàíèé íå ìåíåå ÷åì ïÿòè

òåðìîïàð. Îäíó òåðìîïàðó ðàñïîëàãàþò â öåíòðå,

à îñòàëüíûå — â òî÷êàõ ïåðåñå÷åíèÿ ïðÿìûõ, ñî-

åäèíÿþùèõ öåíòð è óãëû ïðîåìà ïå÷è (ðèñ. 2). Ïðè

ýòîì íåîáõîäèìî, ÷òîáû ñòûêîâûå ñîåäèíåíèÿ ïëèò

íå ñîâïàäàëè ñ ìåñòàìè óñòàíîâêè òåðìîïàð, ïðåä-

íàçíà÷åííûõ äëÿ èçìåðåíèÿ ñðåäíåé òåìïåðàòóðû

íåîáîãðåâàåìîé ïîâåðõíîñòè. Ìåñòà ðàñïîëîæåíèÿ

òåðìîïàð äëÿ èçìåðåíèÿ òåìïåðàòóðû íà íåîáîãðå-

âàåìîé ïîâåðõíîñòè îáðàçöà îãðàæäàþùåé êîíñò-

ðóêöèè äîëæíû ðàñïîëàãàòüñÿ íå áëèæå 100 ìì îò

êðàÿ ïðîåìà ïå÷è. Â ãëóáèíå ïëèò òåðìîýëåêòðè÷å-

ñêèå ïðåîáðàçîâàòåëè òèïà ÊÒÕÀ óñòàíàâëèâàþò

ïàðàìè: îäèí — â öåíòðå ïóñòîòû ïëèòû, âòîðîé —

íà ìèíèìàëüíîì ðàññòîÿíèè îò ïåðâîãî â íèæíåé

ïðîñëîéêå ïëèòû. Òåðìîýëåêòðè÷åñêèå ïðåîáðàçî-

âàòåëè, óñòàíàâëèâàåìûå íà òðîñû, êàñàþòñÿ èõ

(òðîñîâ) ðàáî÷èì ñïàåì; ââîä òåðìîýëåêòðè÷åñêèõ

ïðåîáðàçîâàòåëåé â ãëóáü ïëèòû ïðîèçâîäèòñÿ ñ íå-

îáîãðåâàåìîé ïîâåðõíîñòè ïóòåì âûñâåðëèâàíèÿ îò-

âåðñòèé. Ãëóáèííûå òåðìîïàðû ðàçìåùàþò â ëþáîì

ñâîáîäíîì îò íàãðóçêè ìåñòå ïëèòû.

Íåïîñðåäñòâåííî ïåðåä íà÷àëîì îãíåâîãî âîç-

äåéñòâèÿ èçìåðÿåòñÿ âëàæíîñòü ïëèòû, òåìïåðàòó-

ðà îêðóæàþùåãî âîçäóõà è àòìîñôåðíîå äàâëåíèå.

Ïîñëå íà÷àëà îãíåâîãî âîçäåéñòâèÿ â ðàáî÷åì ëèñò-

êå ôèêñèðóþòñÿ âñå èçìåíåíèÿ ñîñòîÿíèÿ ïëèòû (âè-

çóàëüíîå óâåëè÷åíèå ïðîãèáà, ïîÿâëåíèå òðåùèí,

èñïàðåíèå âëàãè, çâóêè è ò. ä.). Ðàññòîÿíèå ìåæäó

ïëèòîé è ìåñòîì åå íà÷àëüíîãî êðåïëåíèÿ èçìåðÿ-

åòñÿ ëèíåéêîé íåïîñðåäñòâåííî âî âðåìÿ èñïûòà-

íèé. Èçìåðåíèå äèíàìèêè ïðîãèáà è ñíÿòèå ïîêàçà-

íèé ñ òåðìîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé ïðî-

èçâîäèòñÿ ñ ïîìîùüþ àâòîìàòèçèðîâàííûõ ñðåäñòâ

èçìåðåíèé. Êðîìå òîãî, ôèêñèðóåòñÿ âðåìÿ îò íà÷à-

ëà îãíåâîãî âîçäåéñòâèÿ äî íàñòóïëåíèÿ îäíîãî èç

ïðåäåëüíûõ ñîñòîÿíèé. Ýòî âðåìÿ è åñòü ôàêòè÷å-

ñêèé ïðåäåë îãíåñòîéêîñòè.

Ïðè èñïûòàíèè íåñóùèõ è îãðàæäàþùèõ êîí-

ñòðóêöèé ðàçëè÷àþò ñëåäóþùèå ïðåäåëüíûå ñîñòî-

ÿíèÿ:

� ïîòåðÿ íåñóùåé ñïîñîáíîñòè (R) âñëåäñòâèå îá-

ðóøåíèÿ êîíñòðóêöèè èëè âîçíèêíîâåíèÿ ïðå-

äåëüíûõ äåôîðìàöèé;

� ïîòåðÿ òåïëîèçîëèðóþùåé ñïîñîáíîñòè (I) âñëåä-

ñòâèå ïîâûøåíèÿ òåìïåðàòóðû íà íåîáîãðåâà-

åìîé ïîâåðõíîñòè êîíñòðóêöèè â ñðåäíåì áîëåå

÷åì íà 140 °C èëè â ëþáîé òî÷êå ýòîé ïîâåðõíî-

ñòè áîëåå ÷åì íà 180 °Ñ â ñðàâíåíèè ñ òåìïåðà-

òóðîé êîíñòðóêöèè äî èñïûòàíèÿ ëèáî áîëåå ÷åì

íà 220 °Ñ íåçàâèñèìî îò òåìïåðàòóðû êîíñòðóê-

öèè äî èñïûòàíèÿ;

� ïîòåðÿ öåëîñòíîñòè (E) â ðåçóëüòàòå îáðàçîâà-

íèÿ â êîíñòðóêöèè ñêâîçíûõ òðåùèí èëè îòâåð-

ñòèé, ÷åðåç êîòîðûå íà íåîáîãðåâàåìóþ ïîâåðõ-

íîñòü ïðîíèêàþò ïðîäóêòû ãîðåíèÿ èëè ïëàìÿ.

Â ïðîöåññå èñïûòàíèÿ ïîòåðþ öåëîñòíîñòè îïðå-

äåëÿþò ñ ïîìîùüþ òàìïîíà (ïî ÃÎÑÒ 30247.0), êî-

òîðûé ïîìåùàþò â ìåòàëëè÷åñêóþ ðàìêó ñ äåðæà-

òåëåì, ïîäíîñÿò ê ìåñòàì, ãäå îæèäàåòñÿ ïðîíèêíî-

âåíèå ïëàìåíè èëè ïðîäóêòîâ ãîðåíèÿ, è â òå÷åíèå

10 ñ äåðæàò íà ðàññòîÿíèè 20–25 ìì îò ïîâåðõíîñòè

îáðàçöà. Âðåìÿ îò íà÷àëà èñïûòàíèÿ äî âîñïëàìå-

íåíèÿ òàìïîíà èëè âîçíèêíîâåíèÿ òëåíèÿ ñî ñâå÷å-

íèåì ÿâëÿåòñÿ ïðåäåëîì îãíåñòîéêîñòè êîíñòðóê-

öèè ïî ïðèçíàêó ïîòåðè öåëîñòíîñòè. Èñïûòàíèÿ

ïðîâîäÿòñÿ â óñëîâèÿõ ñòàíäàðòíîãî ðåæèìà ïîæà-

ðà (ðèñ. 3).

Ðèñ. 1. Ñõåìà ðàñïîëîæåíèÿ äàò÷èêà âåðòèêàëüíûõ ïåðåìå-

ùåíèé íà ïîâåðõíîñòè îáðàçöà èñïûòûâàåìîãî ïåðåêðûòèÿ

Fig. 1. Location scheme of vertical displacement sensor placed

on the surface of tested floor slab

Ðèñ. 2. Ñõåìà ðàñïîëîæåíèÿ ÒÝÏ íà íåîáîãðåâàåìîé ïîâåðõ-

íîñòè îáðàçöà èñïûòûâàåìîãî ïåðåêðûòèÿ

Fig. 2. Location scheme of the thermocouples on the unheated

surface of the test sample
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Ïîñëå èñïûòàíèÿ, êîãäà ãîðèçîíòàëüíàÿ ïîâåðõ-

íîñòü ïå÷è îñòûíåò äî òåìïåðàòóðû îêðóæàþùåé

ñðåäû, ôèêñèðóþò îáùåå êîëè÷åñòâî òðåùèí, èõ øè-

ðèíó è ïî âîçìîæíîñòè ãëóáèíó, êîëè÷åñòâî òðåùèí

íà åäèíèöó ïëîùàäè. Â òå÷åíèå ñóòîê ïîñëå ïðåêðà-

ùåíèÿ îãíåâîãî âîçäåéñòâèÿ ðåãèñòðèðóåòñÿ äèíà-

ìèêà ïðîãèáà, òàê êàê ìîæåò íà÷àòüñÿ îáðàòíàÿ äå-

ôîðìàöèÿ ïëèò.

Ðåçóëüòàòû èñïûòàíèé

Ïî ðåçóëüòàòàì ïðîâåäåííûõ èñïûòàíèé áûëè

ïîëó÷åíû ñëåäóþùèå çàâèñèìîñòè (ðèñ. 4–11).

Ïî ðåçóëüòàòàì îáðàáîòêè ýêñïåðèìåíòàëüíûõ

äàííûõ óñòàíîâëåíî, ÷òî ïîâûøåíèå òåìïåðàòóðû

íà íåîáîãðåâàåìîé ïîâåðõíîñòè ïëèòû íà÷èíàåòñÿ

ñ 17-é ìèíóòû è ê 60-é ìèíóòå äîñòèãàåò çíà÷åíèé íà

ðàçíûõ òåðìîïàðàõ îò 65 äî 77 °Ñ (ñì. ðèñ. 4). Ñðåä-

Ðèñ. 3. Çàâèñèìîñòü òåìïåðàòóðû ïðè ðåàëüíîì è ñòàíäàðò-

íîì ðåæèìàõ ïîæàðà îò âðåìåíè

Fig. 3. Time-temperature curves under actual and standard fire

conditions

Ðèñ. 4. Çàâèñèìîñòü ïðîãðåâà íåîáîãðåâàåìîé ñòîðîíû ïëèò

îò âðåìåíè â óñëîâèÿõ ñòàíäàðòíîãî ðåæèìà ïîæàðà

Fig. 4. Time dependence of warming up of the unheated side of

slabs under standard fire conditions

Ðèñ. 5. Ãðàôèê ñðåäíåãî çíà÷åíèÿ (ÒÝÏ 1–5) ïðîãðåâà ïëèò

â óñëîâèÿõ ñòàíäàðòíîãî ïîæàðà

Fig. 5. Curve of the average heating value (thermocouples 1–5)

for slabs under standard fire conditions

Ðèñ. 6. Çàâèñèìîñòü ïðîãðåâà ïëèò íà ãëóáèíå 150 ìì (ÒÝÏ 9,

ÒÝÏ 12) è 200 ìì (ÒÝÏ 10, ÒÝÏ 11) â òå÷åíèå âðåìåíè ïîä

âîçäåéñòâèåì ñòàíäàðòíîãî ðåæèìà ïîæàðà

Fig. 6. Dependence of heating up of slabs at the depth of 150 mm

(thermocouples 9 and 12) and 200 mm (thermocouples 10 and 11)

during the time of fire exposure

Ðèñ. 7. Çàâèñèìîñòü ïðîãðåâà àðìèðóþùèõ ýëåìåíòîâ ïëèò

(òðîñîâ) â òå÷åíèå âðåìåíè ïîä âîçäåéñòâèåì ñòàíäàðòíîãî

ðåæèìà ïîæàðà

Fig. 7. Dependence of heating up of the slab reinforcing elements

(ropes) during the time of fire exposure
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íåå çíà÷åíèå òåìïåðàòóðû íà íåîáîãðåâàåìîé ïî-

âåðõíîñòè ïëèòû ñîñòàâëÿåò 75 °Ñ (ñì. ðèñ. 5).

Ïðîãðåâ ïëèò ïðîèñõîäèò ïîñòåïåííî (ñì. ðèñ. 6

è 7), è òîëüêî ïîñëå 30 ìèí íà÷èíàåòñÿ ïîâûøåíèå

òåìïåðàòóðû ïî âñåé èõ òîëùèíå. Â òå÷åíèå ïîñëå-

äóþùèõ 30 ìèí òåìïåðàòóðà âíóòðè ïëèòû íà÷èíà-

åò ïîñòåïåííî ïîâûøàòüñÿ ñî 100 äî 300 °Ñ.

Ñ âîçðàñòàíèåì òåìïåðàòóðû â ïå÷è ïðîèñõîäèò

ïîñòåïåííûé ïðîãèá ïëèòû è ÷åðåç 60 ìèí, ïî îêîí-

÷àíèè ýêñïåðèìåíòà, ïðîãèá äîñòèãàåò 156 ìì, ÷òî

ïðàêòè÷åñêè â 2 ðàçà ìåíüøå âîçìîæíîãî ïðîãèáà

äëÿ ýòîãî òèïà ïëèò (ñì. ðèñ. 8), à ñêîðîñòü íàðàñòà-

íèÿ äåôîðìàöèè ïëèò â òå÷åíèå âðåìåíè òåïëîâîãî

è ñèëîâîãî âîçäåéñòâèÿ ïîñòåïåííî óìåíüøàåòñÿ è

ñîñòàâëÿåò â ñðåäíåì 2,5 ìì�ìèí.

Âûâîäû

Ïî ðåçóëüòàòàì ïðîâåäåííûõ èñïûòàíèé óñòà-

íîâëåíî, ÷òî âðåìÿ äîñòèæåíèÿ ïðåäåëüíîãî ñîñòî-

ÿíèÿ ïî ïîòåðå íåñóùåé ñïîñîáíîñòè (âåëè÷èíà

ïðîãèáà è ñêîðîñòü ïðîãèáà ïðè ïðîãðåâå ïëèòû è

âîçäåéñòâèè ðàñ÷åòíîé íàãðóçêè) è ïîòåðå òåïëî-

èçîëèðóþùåé ñïîñîáíîñòè ñîñòàâèëî áîëåå 65 ìèí.

Ïîòåðè íåñóùåé ñïîñîáíîñòè â òå÷åíèå 65 ìèí äî-

ñòèãíóòî íå áûëî; ïðîãèá è ñêîðîñòü ïðîãèáà ïëèòû

â ðåçóëüòàòå ïðîãðåâà è âîçäåéñòâèÿ íà íåå ðàñ÷åò-

íîé íàãðóçêè ñîñòàâèëè 156 ìì è 2,5 ìì�ìèí ñî-

îòâåòñòâåííî, ïðè÷åì ýòè çíà÷åíèÿ íå ÿâëÿþòñÿ

êðèòè÷åñêèìè. Â òå÷åíèå 12 ÷ ïîñëå ïðåêðàùåíèÿ

îãíåâîãî âîçäåéñòâèÿ, íî ïðè íàëè÷èè ðàñ÷åòíîé íà-

ãðóçêè îáðàòíîé äåôîðìàöèè (ïðîãèáà) íå ïðîèçî-

øëî. Êîëè÷åñòâî òðåùèí íà îáðàçöå è èõ ðàçìåðû

íå ïðåâûñèëè íîðìàòèâíûõ. Ïðîãðåâà ïëèòû äî êðè-

òè÷åñêîé òåìïåðàòóðû 140 °Ñ íå íàáëþäàëîñü.

Ðèñ. 8. Çàâèñèìîñòü ïðîãèáà ïëèò îò âðåìåíè ïîä âîçäåéñò-

âèåì ñòàíäàðòíîãî ðåæèìà ïîæàðà è ðàñ÷åòíîé íàãðóçêè

Fig. 8. Time dependence of deflection of the slabs under the stan-

dard fire conditions and specified load

Ðèñ. 9. Çàâèñèìîñòü ñêîðîñòè íàðàñòàíèÿ äåôîðìàöèè ïëèò

îò âðåìåíè ïîä âîçäåéñòâèåì ñòàíäàðòíîãî ðåæèìà ïîæàðà

è ðàñ÷åòíîé íàãðóçêè

Fig. 9. Time dependence of the strain rate value on slabs under

standard fire conditions and specified load
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ABSTRACT

Experimental dependences of limit states of the hollow core floor slabs under fire exposure and

specified load are presented in this work. It have been defined that the main advantages of hollow core

slabs are the cost effectiveness, wide application in construction of various objects, high durability

and insulating characteristics. The important advantage of floor slabs is presence of tubular voids that

allow reducing material consumption, mass of slabs and load on foundation consequently. Air-filled

tubular voids increase thermal and noise insulation of floor slabs and also can be used for laying

the service lines. Application of prestressed reinforcing cage raises strengthening and operational

indices of the slabs. Dependences of heating up of the slab reinforcing elements (ropes) under

standard fire conditions have been determined. Dependences of heating up of slabs at the depth of 150

and 200 mm during the time of fire exposure as well as dependence of their deflection on exposure

time and specified load are shown. As a result of fire load tests it was established that time until limit

state, when slab losses bearing and thermal insulating capacities, is more than 65 min. During 65 min

of the test bearing capacity wasn't loss; deflection and deflection rate of the slab were 156 mm and

2,5 mm�min accordingly, and these values weren’t critical. The reversed strain (deflection) didn't

become during 12 hours after fire exposure was finished. The number of cracks on a sample and their

sizes haven't exceeded standard. Heating of a slab to the critical temperature of 140 °C haven't

detected.

Key words: hollow core floor slabs; limit states; fire exposure under load; loss of bearing capacity;

loss of thermal insulating capacity.
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Ââåäåíèå

Ìèíèìèçàöèÿ ðèñêîâ âîçíèêíîâåíèÿ ÷ðåçâû÷àéíûõ

ñèòóàöèé (×Ñ) è èõ ïîñëåäñòâèé ÿâëÿåòñÿ îäíèì èç

âàæíûõ ïðèîðèòåòîâ ãîñóäàðñòâà. Äëÿ ýòèõ öåëåé

ðåàëèçóþòñÿ ðàçëè÷íûå óïðàâëåí÷åñêèå ðåøåíèÿ:

ìîíèòîðèíã è ïðîãíîçèðîâàíèå ×Ñ, ïîäãîòîâêà ñèë

è ñðåäñòâ, îáó÷åíèå íàñåëåíèÿ è äð. [1].

Íåìàëîâàæíîå çíà÷åíèå ïðè óïðàâëåíèè ðèñêà-

ìè èãðàåò àíàëèç ×Ñ, ïðîèñøåäøèõ â ïðåäûäóùèå

ãîäû [2–6]. Â íàñòîÿùåå âðåìÿ ñïåöèàëèñòàìè â îá-

ëàñòè ïðåäóïðåæäåíèÿ è ëèêâèäàöèè ×Ñ ïðîâîäÿò-

ñÿ ðàçëè÷íûå âèäû àíàëèçà.

Â íàñòîÿùåé ðàáîòå àâòîðàìè ïðåäëàãàåòñÿ ìà-

òåìàòè÷åñêèé àíàëèç ïîæàðîâ, ïðîèñøåäøèõ â Ðåñ-

ïóáëèêå Êàçàõñòàí [7].

Öåëü è çàäà÷à èññëåäîâàíèÿ — àäàïòàöèÿ ìå-

òîäîâ ìàòåìàòè÷åñêîãî àíàëèçà ê îöåíêå ïîæàðíîé

áåçîïàñíîñòè ìóíèöèïàëüíûõ îáðàçîâàíèé Ðåñ-

ïóáëèêè Êàçàõñòàí.

Ìåòîäîëîãèÿ

Ìåòîäîëîãè÷åñêîé îñíîâîé èññëåäîâàíèÿ ÿâëÿ-

åòñÿ òåîðèÿ ìàòåìàòè÷åñêîé ñòàòèñòèêè. Äî íàñòî-

ÿùåãî âðåìåíè â Ðåñïóáëèêå Êàçàõñòàí íå ïðîâî-

äèëèñü èññëåäîâàíèÿ ïî îöåíêå ïîæàðíîé áåçîïàñ-

íîñòè ñ ïðèìåíåíèåì ýëåìåíòîâ ìàòåìàòè÷åñêîé

ñòàòèñòèêè. Îäíàêî ðåøåíèå âîïðîñîâ ïî ïîâûøå-

íèþ óðîâíÿ ïîæàðíîé áåçîïàñíîñòè ðåãèîíîâ Ðåñ-

ïóáëèêè Êàçàõñòàí áåç ïîäîáíûõ èññëåäîâàíèé íå-

âîçìîæíî.

Â ñâÿçè ñ ýòèì âîçíèêëà íåîáõîäèìîñòü â àäàï-

òàöèè èçâåñòíûõ ìåòîäîâ ìàòåìàòè÷åñêîé ñòàòèñ-

òèêè ê îöåíêå ïîæàðíîé áåçîïàñíîñòè â Ðåñïóáëèêå

Êàçàõñòàí. Èñïîëüçîâàíèå ýëåìåíòîâ ìàòåìàòè÷å-

ñêîé ñòàòèñòèêè ïîçâîëèëî ïðîâåñòè îöåíêó ïîæàð-

íîé áåçîïàñíîñòè äëÿ 16 ðåãèîíîâ Ðåñïóáëèêè Êà-

çàõñòàí, ÷åì è îïðåäåëÿåòñÿ àêòóàëüíîñòü èññëå-

äîâàíèÿ [8]. Ïðèìåíåíèå ìåòîäîâ ìàòåìàòè÷åñêîé

ñòàòèñòèêè ê îöåíêå ïîæàðíîé áåçîïàñíîñòè íåîá-

õîäèìî äëÿ ïðèíÿòèÿ óïðàâëåí÷åñêèõ ðåøåíèé ïî

îáåñïå÷åíèþ íåîáõîäèìîãî óðîâíÿ ïîæàðíîé áåç-

îïàñíîñòè ðåãèîíîâ íà îñíîâàíèè ïðåäåëüíûõ èí-

òåðâàëüíûõ çíà÷åíèé.

Àâòîðàìè ïðîâåäåí ìàòåìàòè÷åñêèé àíàëèç ïðî-

èçâîäñòâåííûõ è áûòîâûõ ïîæàðîâ, ïðîèñøåäøèõ

â Ðåñïóáëèêå Êàçàõñòàí â ïåðèîä ñ 2005 ïî 2016 ãã.

(ðèñ. 1) [9].

Ñîñòàâèì âàðèàöèîííûé ðÿä (ò. å. ðàñïîëîæèì â

ïîðÿäêå âîçðàñòàíèÿ êîëè÷åñòâî ïîæàðîâ) ãåíåðàëü-

íîé ñîâîêóïíîñòè îáúåìîì n = 12 âûáîðîê (÷èñëî

ïîæàðîâ) [10]. Äëÿ íàãëÿäíîñòè ðàñïðåäåëåíèå êî-

© Ðàèìáåêîâ Ê. Æ., Êóñàèíîâ À. Á., 2018
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ëè÷åñòâà ïîæàðîâ ïî ãîäàì ñ 2005 ïî 2016 ãã. ïðåä-

ñòàâèì â âèäå ãèñòîãðàììû (ðèñ. 2).

Èç ðèñ. 2 âèäíî, ÷òî êîëè÷åñòâî ïîæàðîâ çà ïî-

ñëåäíèå ãîäû çíà÷èòåëüíî ñîêðàòèëîñü [12]: ñ 18401

(íàèáîëüøåå êîëè÷åñòâî ïîæàðîâ, çàðåãèñòðèðîâàí-

íîå â 2006 ã.) äî 13621 (íàèìåíüøåå êîëè÷åñòâî ïî-

æàðîâ, çàôèêñèðîâàííîå â 2013 ã.). Ñîîòâåòñòâåííî,

ðàçìàõ âûáîðêè (äëèíà îñíîâíîãî èíòåðâàëà, â êî-

òîðûé ïîïàäàþò âñå çíà÷åíèÿ âûáîðêè), ñîñòàâèë

4780 [13]. Ýòî äîñòàòî÷íî áîëüøàÿ ðàçíèöà ìåæäó

êîëè÷åñòâîì ïîæàðîâ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðîâåäåì ïåðâè÷íóþ îáðàáîòêó ñòàòèñòè÷åñêèõ

äàííûõ. Ðàçîáüåì îñíîâíîé èíòåðâàë íà 12 ïîäûí-

òåðâàëîâ, äëèíà êàæäîãî èç êîòîðûõ ñîñòàâèò hi =

Ðèñ. 1. Ïîëèãîí ðàñïðåäåëåíèÿ êîëè÷åñòâà ïîæàðîâ ïî ãî-

äàì [11]

Fig. 1. Polygon for the distribution of the number fires by year [11]

Ðèñ. 2. Âàðèàöèîííûé ðÿä êîëè÷åñòâà ïîæàðîâ

Fig. 2. Variational number of fires
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= 398,33 (i � 1 12, ) [14]. Îïðåäåëèì êîëè÷åñòâî ïîïà-

äàíèé çíà÷åíèé ÷èñëà ïîæàðîâ â êàæäûé ïîäûíòåð-

âàë (òàáë. 1).

Èç òàáë. 1 âèäíî, ÷òî íàèáîëüøåå ÷èñëî ïîæàðîâ

ïðîèñõîäèò â ïîäûíòåðâàëå îò 14417,66 äî 14815,99.

Äàëåå ïî ôîðìóëàì ni�n, ni�n·hi (ãäå ni — ÷àñ-

òîòà ýëåìåíòà âûáîðêè xi) âû÷èñëèì îòíîñèòåëü-

íûå ÷àñòîòû è ïëîòíîñòè îòíîñèòåëüíûõ ÷àñòîò [14]

(òàáë. 2). Â öåëÿõ âèçóàëüíîãî àíàëèçà ïîëó÷åííûõ

â òàáë. 2 äàííûõ ïîñòðîåíà ãèñòîãðàììà ïëîòíîñòè

îòíîñèòåëüíûõ ÷àñòîò (ðèñ. 3).

Ïî ýìïèðè÷åñêîìó çàêîíó ðàñïðåäåëåíèÿ âûáîð-

êè ðàññ÷èòàåì íåñìåùåííóþ îöåíêó ãåíåðàëüíîé

ñðåäíåé ñîâîêóïíîñòè xâ ïî ôîðìóëå [14]:

x
n

n xi

i

k

iâ � �
�
�1

1

. (1)

Ïîäñòàâëÿÿ çíà÷åíèÿ òàáë. 2 â ôîðìóëó (1), ïî-

ëó÷èì xâ = 16010. Äàííîå çíà÷åíèå äîñòàòî÷íî âå-

ëèêî, íî â ñâÿçè ñ òåì ÷òî êîëè÷åñòâî ïîæàðîâ â

ðåñïóáëèêå ñîêðàùàåòñÿ, ýòî çíà÷åíèå ñî âðåìåíåì

äîëæíî óìåíüøèòüñÿ [13].

Äàëåå ðàññ÷èòàåì ñìåùåííóþ îöåíêó ãåíåðàëüíîé

äèñïåðñèè (âûáîðî÷íàÿ äèñïåðñèÿ Dâ), íåñìåùåííóþ

äèñïåðñèþ (èñïðàâëåííàÿ äèñïåðñèÿ S2) è ñðåäíåå

êâàäðàòè÷íîå îòêëîíåíèå 7: Dâ = 2260986,1; S2 =

= 2466530,3 è 7 = 1571 [14].

Äîâåðèòåëüíûé èíòåðâàë äëÿ îöåíêè ñ íàäåæíî-

ñòüþ Ð = 0,95 êîëè÷åñòâà ïîæàðîâ Nï â ïåðèîä ñ 2005

ïî 2016 ãã. íàõîäèì ïî ôîðìóëå [15]:

x t
n

N x t
n

â ï â� & & � , (2)

ãäå t
n

� 8 òî÷íîñòü îöåíêè;

t — çíà÷åíèå àðãóìåíòà ôóíêöèè Ëàïëàñà Ô(t) [9].

Èç óñëîâèÿ (2) Ô(t) = 0,95 íàõîäèì, ÷òî t = 1,96.

Òîãäà òî÷íîñòü îöåíêè 8 = 890, è ôîðìóëà (2) ïðè-

ìåò âèä:

15120 < Nï < 16900. (3)

Ðèñ. 4. Ñðàâíèòåëüíûé àíàëèç èíòåðâàëüíûõ çíà÷åíèé äëÿ ðåãèîíîâ Êàçàõñòàíà (2005–2016 ãã.)

Fig. 4. Comparative analysis of interval values for regions of Kazakhstan (2005–2016)

Ðèñ.3.Ãèñòîãðàììà âûáîðêè ïëîòíîñòè îòíîñèòåëüíûõ ÷àñòîò

Fig. 3. The histogram of the sample of relative-frequency density
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Ñîãëàñíî ïîëó÷åííûì èíòåðâàëüíûì çíà÷åíè-

ÿì (3) ðàññ÷èòàåì ñðåäíèå èíòåðâàëüíûå çíà÷åíèÿ

äëÿ 16 ðåãèîíîâ Ðåñïóáëèêè Êàçàõñòàí:

945 < Nï(16) < 1056. (4)

Ïî ïîëó÷åííûì èíòåðâàëüíûì çíà÷åíèÿì (4) ïðî-

âåäåì ñðàâíèòåëüíûé àíàëèç ääëÿ 16 ðåãèîíîâ Ðåñ-

ïóáëèêè Êàçàõñòàí (ðèñ. 4).

Èç ðèñ. 4 âèäíî, ÷òî â Êàðàãàíäèíñêîé, Âîñòî÷íî-

Êàçàõñòàíñêîé, Ïàâëîäàðñêîé, Êîñòàíàéñêîé è Àë-

ìàòèíñêîé îáëàñòÿõ êîëè÷åñòâî ïîæàðîâ â ïåðèîä ñ

2005 ïî 2016 ãã. âûõîäèëî çà ïðåäåëû ïðàâîãî (êðè-

òè÷åñêîãî) çíà÷åíèÿ èíòåðâàëà (4). Íà îñíîâàíèè

ýòîãî äåëàåì âûâîä, ÷òî îáñòàíîâêó ñ ïîæàðàìè â

óêàçàííûõ ðåãèîíàõ ìîæíî îõàðàêòåðèçîâàòü êàê

êðèòè÷åñêóþ.

Â öåëÿõ îáåñïå÷åíèÿ îïðåäåëåííîãî óðîâíÿ ïî-

æàðíîé áåçîïàñíîñòè óïîëíîìî÷åííûì îðãàíàì â

îáëàñòè ïîæàðíîé áåçîïàñíîñòè íåîáõîäèìî, êàê ìè-

íèìóì, óäåðæèâàòü êîëè÷åñòâî ïîæàðîâ â ãðàíèöàõ

äîâåðèòåëüíîãî èíòåðâàëà (íî ïðè ýòîì îòíîñèòüñÿ

ê òàêîé ñèòóàöèè, êàê ê êðèòè÷åñêîé), à æåëàòåëüíåå

âñåãî — íèæå ïðàâîé ãðàíèöû äîâåðèòåëüíîãî èí-

òåðâàëà [16]. Äëÿ ýòîãî íåîáõîäèìî íà ïîñòîÿííîé

îñíîâå àíàëèçèðîâàòü è ïðîãíîçèðîâàòü îáñòàíîâêó

ñ ïîæàðàìè, ðàçðàáàòûâàòü è ðåàëèçîâûâàòü ñîîò-

âåòñòâóþùèå óïðàâëåí÷åñêèå ðåøåíèÿ, à òàêæå ïî-

âûøàòü êóëüòóðó áåçîïàñíîñòè îáùåñòâà [17, 18].

Âûâîäû

Ìàòåìàòè÷åñêèé àíàëèç ïîæàðíîé áåçîïàñíîñòè

â ðåãèîíàõ Ðåñïóáëèêè Êàçàõñòàí ïîêàçàë, ÷òî â 5

ðåãèîíàõ ðåñïóáëèêè (Êàðàãàíäèíñêîé, Âîñòî÷íî-

Êàçàõñòàíñêîé, Ïàâëîäàðñêîé, Êîñòàíàéñêîé è Àëìà-

òèíñêîé îáëàñòÿõ) óðîâåíü ïîæàðíîé áåçîïàñíîñòè

õóæå ñðåäíåðåñïóáëèêàíñêîãî ïîêàçàòåëÿ. Â ñâÿçè ñ

ýòèì ìåñòíûì èñïîëíèòåëüíûì îðãàíàì è óïîëíî-

ìî÷åííûì îðãàíàì â îáëàñòè ïîæàðíîé áåçîïàñíî-

ñòè óêàçàííûõ ðåãèîíîâ íåîáõîäèìî óñèëèòü ðàáîòó

ïî ðåàëèçàöèè óïðàâëåí÷åñêèõ ðåøåíèé ïî ìèíèìè-

çàöèè ïîæàðíîé îïàñíîñòè äî ãðàíèö äîâåðèòåëü-

íîãî èíòåðâàëà [19].

Ïðåäëîæåííûé ïîäõîä ê îöåíêå óðîâíÿ ïîæàð-

íîé áåçîïàñíîñòè öåëåñîîáðàçíî èñïîëüçîâàòü ïðè

ïðîåêòèðîâàíèè ïðîòèâîïîæàðíûõ ïîäðàçäåëåíèé

[20] è âûäåëåíèè ñðåäñòâ íà ðåàëèçàöèþ ìåðîïðè-

ÿòèé ïî ñíèæåíèþ ïîæàðíûõ ðèñêîâ íà ñîîòâåòñò-

âóþùèõ òåððèòîðèÿõ.
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ABSTRACT

Aims. The aim and objective of the study is to adapt the methods of mathematical analysis to the as-

sessment of fire safety of municipal entities of the Republic of Kazakhstan.

Methods. The methodological basis of the study is the theory of mathematical statistics. Up to date,

the fire safety assessment by means of mathematical statistics has not been carried out in the Republic

of Kazakhstan.

It is impossible to solve the problem of increasing the level of fire safety in the regions of the Re-

public of Kazakhstan without such studies. Therefore, there is a need to adapt the known methods of

mathematical statistics of fire safety in the Republic of Kazakhstan, to carry out such an assessment,

which makes it possible to characterize security for 16 regions of the Republic of Kazakhstan that

determines the relevance of the study. Applying the methodology of mathematical statistics of fire

safety is necessary for making managerial decisions to ensure the necessary level of fire safety of

regions on the basis of limit interval values.

Results. A sequential mathematical analysis of fire safety in the republic was carried out. On the basis

of the results of the study, limit interval values of fire safety for 16 regions of the Republic of Kazakh-

stan are justified. According to the results of the analysis, it is determined that the interval values of

fires for the regions of the republic are 945 < Nf(16) < 1056, in Karaganda, East Kazakhstan, Pavlodar,

Kostanay and Almaty regions, the number of fires in the period from 2005 to 2016 were beyond

the limits of the right value of the interval. In this connection, the situation with fires was worse in

these regions than in the republic.
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Field of application of scientific results. The obtained results can be used by both local executive

and authorized bodies in the field of fire safety when developing appropriate management solutions to

reduce the fire risk, as well as when developing a fire fighting service.

Conclusion. The conducted mathematical analysis of fire safety in the regions of the Republic of

Kazakhstan has shown that in the five regions of the republic (Karaganda, East Kazakhstan, Pavlodar,

Kostanay and Almaty regions) between 2005 and 2016, the level of fire safety was worse than

the average republican rate. In this connection, work on implementation of management decisions to

minimize fire danger to the boundaries of the confidence interval should be strengthened in the local

executive bodies and authorized bodies in the field of fire safety of these regions.

The proposed approach to assessing fire safety levels is advisable to use in the design of fire

departments and allocation of funds for the implementation of activities to reduce fire risks in the re-

levant territories.

Keywords: mathematical statistics; emergency situation; fire; emergencies monitoring; emergencies

prediction; empirical law of sample distribution.
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ÃÐÀÔÈÊÀ ÄËß ÐÀÑ×ÅÒÀ ÑÈË È ÑÐÅÄÑÒÂ
ÄËß ÒÓØÅÍÈß ÏÎÆÀÐÀ

Ðàññìîòðåíà çàäà÷à ïîñòðîåíèÿ óòî÷íåííîãî ñîâìåùåííîãî ãðàôèêà äëÿ ðàñ÷åòà ñèë è ñðåäñòâ
ïîæàðíîé îõðàíû, ïðèâëåêàåìûõ ê òóøåíèþ âîçìîæíîãî ïîæàðà, êîòîðûé ìîæåò èñïîëüçîâàòü-
ñÿ ïðè ðàçðàáîòêå ïëàíîâ òóøåíèÿ ïîæàðîâ äëÿ íàèáîëåå âàæíûõ çäàíèé è ñîîðóæåíèé â ãàð-
íèçîíàõ ïîæàðíîé îõðàíû. Ïîêàçàíî, ÷òî â îòëè÷èå îò ñòàíäàðòíîãî ñîâìåùåííîãî ãðàôèêà
óñîâåðøåíñòâîâàííûé ãðàôèê, ïîìèìî ïëîùàäè ïîæàðà, ïëîùàäè òóøåíèÿ, òðåáóåìîãî è ôàê-
òè÷åñêîãî ðàñõîäà îãíåòóøàùåãî âåùåñòâà, ó÷èòûâàåò ïåðèìåòð ïîæàðà ó îãíåñòîéêèõ îãðàæ-
äåíèé (ñòåí ïîìåùåíèÿ) è òåêóùèé îáúåì âîäû, ðàñõîäóåìûé íà òóøåíèå. Îöåíèâàåòñÿ äè-
íàìèêà ëèíåéíîé ñêîðîñòè ðàñïðîñòðàíåíèÿ ïîæàðà è ïóòü, ïðîéäåííûé åãî ôðîíòîì. Äëÿ
îáëåã÷åíèÿ è óñêîðåíèÿ ðàñ÷åòîâ ðàçðàáîòàíà ñïåöèàëüíàÿ êîìïüþòåðíàÿ ïðîãðàììà. Ïðèâå-
äåíû ïðèìåðû óñîâåðøåíñòâîâàííûõ ñîâìåùåííûõ ãðàôèêîâ.

Êëþ÷åâûå ñëîâà: ïîæàð; ïëàí òóøåíèÿ ïîæàðà; ñîâìåùåííûé ãðàôèê; ðàñ÷åò ñèë è ñðåäñòâ;
îãíåòóøàùåå âåùåñòâî; äåéñòâèÿ ïîæàðíûõ.

DOI: 10.18322/PVB.2018.27.02-03.82-92

Ââåäåíèå

Áîðüáà ñ ïîæàðàìè ÿâëÿåòñÿ îäíîé èç âàæíåéøèõ

ôóíêöèé ãîñóäàðñòâà, ââèäó ÷åãî 21.12.1994 áûë

ïðèíÿò ñïåöèàëüíûé Ôåäåðàëüíûé çàêîí ¹ 69-ÔÇ

“Î ïîæàðíîé áåçîïàñíîñòè” [1], ðàçðàáîòàíà íîð-

ìàòèâíàÿ áàçà, âêëþ÷àþùàÿ ÃÎÑÒû (íàïðèìåð,

ÃÎÑÒ 12.1.004–91*), òåõíè÷åñêèé ðåãëàìåíò [2],

ñâîäû ïðàâèë (ÑÏ) è äðóãèå äîêóìåíòû [3]. Ïîðÿ-

äîê òóøåíèÿ ïîæàðîâ ðåãëàìåíòèðîâàí ïðèêàçîì

Ì×Ñ îò 31.03.2011 ¹ 156 [4]. Îñîáåííîñòè òóøåíèÿ

ïîæàðîâ íà ðàçëè÷íûõ îáúåêòàõ èçëîæåíû â ó÷åá-

íèêàõ ïîæàðíîé òàêòèêè [5–8], ñïðàâî÷íèêàõ ðóêî-

âîäèòåëÿ òóøåíèÿ ïîæàðà [9] è íà÷àëüíèêà êàðàóëà

ïîæàðíîé ÷àñòè [10], ðóêîâîäñòâàõ [11] è äðóãèõ îòå-

÷åñòâåííûõ è çàðóáåæíûõ ðàáîòàõ [12–15].

Òåì íå ìåíåå ïðîöåññ òóøåíèÿ ïîæàðîâ ñâÿçàí

ñ ðèñêîì äëÿ æèçíè è çäîðîâüÿ ïîæàðíûõ êàê ó íàñ,

òàê è çà ðóáåæîì [16–18]. Â ñâÿçè ñ ýòèì áûë ïðîâå-

äåí ðàíåå è ïðîâîäèòñÿ â íàñòîÿùåå âðåìÿ áîëüøîé

îáúåì èññëåäîâàíèé â ÷àñòè ðàçâèòèÿ è òóøåíèÿ ïî-

æàðîâ [19–25], â òîì ÷èñëå ñ ïðèìåíåíèåì ðîáîòî-

òåõíè÷åñêèõ ñèñòåì [26].

Âàæíîå ìåñòî â îáåñïå÷åíèè ïîæàðíîé áåçîïàñ-

íîñòè çàíèìàåò ñîñòàâëåíèå ïëàíîâ òóøåíèÿ ïîæà-

ðîâ (ÏÒÏ) [27] ñ ðàñ÷åòîì íåîáõîäèìîãî êîëè÷åñòâà

ñèë è ñðåäñòâ (ÑèÑ) äëÿ íàèáîëåå çíà÷èìûõ îáúåê-

òîâ â ãàðíèçîíàõ ïîæàðíîé îõðàíû. Íåîòúåìëåìîé

ñîñòàâëÿþùåé ÏÒÏ ÿâëÿåòñÿ ïîñòðîåíèå ñîâìåùåí-

íîãî ãðàôèêà [5–8] äëÿ ðàñ÷åòà ñèë è ñðåäñòâ, íåîá-

õîäèìûõ äëÿ òóøåíèÿ ïðîãíîçèðóåìîãî ïîæàðà

êëàññà À [2] â ïîìåùåíèÿõ è çäàíèÿõ îáúåêòîâ.

Íà ñîâìåùåííîì ãðàôèêå â äåêàðòîâîé ñèñòåìå

êîîðäèíàò îäíîâðåìåííî îòîáðàæàåòñÿ èçìåíåíèå

âî âðåìåíè: ïëîùàäè ïîæàðà Sï(t), ïëîùàäè òóøå-

© Èùåíêî À. Ä., Êëþé Â. Â., Ïîëûíüêî Ñ. Â., Òàðàíöåâ À. À., 2018
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íèÿ Sò(t), òðåáóåìîãî ðàñõîäà îãíåòóøàùåãî âåùå-

ñòâà (ÎÒÂ) (÷àùå âñåãî âîäû) Qò(t) è åãî ôàêòè÷å-

ñêîãî ðàñõîäà Qô(t) íà òóøåíèå. Èñõîäíûìè äàí-

íûìè äëÿ ïîñòðîåíèÿ ñîâìåùåííîãî ãðàôèêà ÿâ-

ëÿþòñÿ: ãåîìåòðèÿ ïëîùàäè ïîìåùåíèÿ; ëèíåéíàÿ

ñêîðîñòü V ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõíî-

ñòè ïîæàðíîé íàãðóçêè; èíòåíñèâíîñòü ïîäà÷è ÎÒÂ

I [9, 10]; âèä ñòâîëîâ (êàê ïðàâèëî, “Á” äëÿ ïîìåùå-

íèé) è âðåìÿ ïîäà÷è èõ íà òóøåíèå. Ïðè ïîñòðîå-

íèè ñòàíäàðòíîãî ñîâìåùåííîãî ãðàôèêà ïðèíèìà-

þòñÿ ñëåäóþùèå îñíîâíûå äîïóùåíèÿ:

� ïîæàðíàÿ íàãðóçêà îäíîðîäíà è ðàâíîìåðíî ðàñ-

ïðåäåëåíà ïî ïëîùàäè ïîìåùåíèÿ;

� ëèíåéíàÿ ñêîðîñòü V(t) ðàñïðîñòðàíåíèÿ ïëà-

ìåíè â ïåðâûå 10 ìèí (ïîêà ïîæàðíàÿ íàãðóçêà

íå ïðîãðåëàñü) âäâîå ìåíüøå íîìèíàëüíîé Ví,

à çàòåì äîñòèãàåò ýòîé âåëè÷èíû;

� òóøåíèå ïîæàðà îñóùåñòâëÿåòñÿ â ãëóáèíó 5 ì

îò ôðîíòà ïîæàðà.

Ðàñ÷åòíûé ìåòîä ïîñòðîåíèÿ ñòàíäàðòíîãî ñî-

âìåùåííîãî ãðàôèêà ñîãëàñíî [5–8] ðåãëàìåíòèðó-

åò ñëåäóþùèå äåéñòâèÿ.

1. Èñõîäÿ èç ìåñòà ðàñïîëîæåíèÿ î÷àãà ïîæàðà

îïðåäåëÿåòñÿ ïóòü R, ïðîéäåííûé ôðîíòîì ïîæàðà:

R t V t t

t

( ) ( ) ,� ) d

0

(1)

ãäå t — âðåìÿ, îòñ÷èòûâàåìîå ñ ìîìåíòà íà÷àëà ïî-

æàðà.

2. Ïî çàâèñèìîñòè R(t) íà îñíîâå ãåîìåòðè÷åñêèõ

ñîîáðàæåíèé îïðåäåëÿþòñÿ ïëîùàäè Sï(t) è Sò(t).

Ïðè ýòîì ÷àùå âñåãî ðàññìàòðèâàþòñÿ òèïîâûå ñëó-

÷àè, êîãäà î÷àã ïîæàðà â öåíòðå ïîìåùåíèÿ, ó ñòåíû

èëè â óãëó.

3. Ïî âåëè÷èíå Sò(t) îïðåäåëÿåòñÿ òðåáóåìûé

ðàñõîä ÎÒÂ Qòð íà òóøåíèå ïîæàðà:

Qòð = Sò I. (2)

4. Ïî äàííûì î âèäå ïðèìåíÿåìûõ ñòâîëîâ (êàê

ïðàâèëî, “Á”) îïðåäåëÿåòñÿ èõ ìèíèìàëüíî íåîáõî-

äèìîå êîëè÷åñòâî NÁ äëÿ òóøåíèÿ:

NÁ = Ö(Qòð �q) + K, (3)

ãäå Ö(õ) — öåëàÿ ÷àñòü ÷èñëà õ, íàïðèìåð: Ö(5,7) = 5;

q — ðàñõîä ÎÒÂ èç ñòâîëà; äëÿ ñòâîëà “Á” q 9
9 3,7 ë/ñ;

K — ïàðàìåòð, ðàâíûé 1 äëÿ ñòàíäàðòíîãî ñî-

âìåùåííîãî ãðàôèêà.

5. Â ñîîòâåòñòâèè ñ ðàñïèñàíèåì âûåçäîâ (ðàñ-

ïîëîæåíèåì áëèæàéøèõ ïîæàðíûõ ÷àñòåé, ïðèâëå-

êàåìûõ ê òóøåíèþ äàííîãî ïîæàðà) îïðåäåëÿåòñÿ

âðåìÿ ïîäà÷è ñòâîëîâ è ñòðîèòñÿ ñîîòâåòñòâóþùàÿ

ñòóïåí÷àòàÿ ôóíêöèÿ NÁ(t).

6. Èñõîäÿ èç äèíàìèêè ïîäà÷è ñòâîëîâ íà òóøå-

íèå NÁ(t) îïðåäåëÿåòñÿ ôàêòè÷åñêèé ðàñõîä ÎÒÂ íà

òóøåíèå:

Qô(t) = NÁ(t) q. (4)

7. Ïðè âûïîëíåíèè óñëîâèÿ

Qô(t) > Qòð (5)

îïðåäåëÿåòñÿ âðåìÿ ëîêàëèçàöèè ïîæàðà të ïî ïðè-

çíàêó äîñòàòî÷íîñòè êîëè÷åñòâà ñòâîëîâ, ïîäàâà-

åìûõ íà òóøåíèå.

Òàêèì îáðàçîì, ñòàíäàðòíûé ñîâìåùåííûé ãðà-

ôèê ïðåäñòàâëÿåò ñîáîé íàáîð ôóíêöèé {Sï(t), Sò(t),

Qòð(t), NÁ(t), Qô(t)}, ðàñïîëàãàåìûõ ñîâìåñòíî â äå-

êàðòîâîé (ïðÿìîóãîëüíîé) ñèñòåìå êîîðäèíàò ñ ãî-

ðèçîíòàëüíîé îñüþ, ãäå îòëîæåíî âðåìÿ t, îòñ÷è-

òûâàåìîå ñ ìîìåíòà íà÷àëà âîçìîæíîãî ïîæàðà. Çà-

âèñèìîñòü Qô(t) ñîâìåñòíî ñ ðàñõîäîì ÎÒÂ Qçàù íà

çàùèòó êîíñòðóêöèé îò îïàñíûõ ôàêòîðîâ ïîæàðà [2]

èñïîëüçóåòñÿ ïðè ñîñòàâëåíèè ÏÒÏ äëÿ ðàñ÷åòà ÑèÑ

è ïðåäâàðèòåëüíîãî ïëàíèðîâàíèÿ äåéñòâèé ïî òó-

øåíèþ âîçìîæíîãî ïîæàðà, â òîì ÷èñëå äëÿ îöåíêè

äîñòàòî÷íîñòè âîäîñíàáæåíèÿ ïóòåì ñîïîñòàâëåíèÿ

ñóììàðíîãî ðàñõîäà ÎÒÂ Qòç = Qô + Qçàù ñ òàáëè÷-

íûì çíà÷åíèåì âîäîîòäà÷è Qòàá ñåòè íàðóæíîãî ïðî-

òèâîïîæàðíîãî âîäîïðîâîäà [9] è îïðåäåëåíèÿ ðàí-

ãà ïîæàðà.

Îáîáùåííàÿ ñõåìà ðàñ÷åòà ÑèÑ ñ ó÷åòîì ïîñòðî-

åíèÿ ñîâìåùåííîãî ãðàôèêà, ðàçðàáîòàííàÿ â [3],

ïðèâåäåíà íà ðèñ. 1.

Ïðîáëåìà

Òåì íå ìåíåå ñóùåñòâóþùèé ïîäõîä [5–8] ê ïî-

ñòðîåíèþ ñòàíäàðòíûõ ñîâìåùåííûõ ãðàôèêîâ èìå-

åò ðÿä íåäîñòàòêîâ:
� äèíàìèêà ïàðàìåòðîâ Sï(t), Sò(t), Qòð(t), NÁ(t) è

Qô(t) ïðè t > të îòîáðàæàåòñÿ âåñüìà óñëîâíî

(â ðàáîòå [28] ïðèâîäÿòñÿ ëèøü âûðàæåíèÿ, àíà-

ëîãè÷íûå (2)–(5), íî íå ñàì ãðàôèê; â ó÷åáíè-

êå [7] îãîâîðåíî, ÷òî ëèíåéíàÿ ñêîðîñòü V óáû-

âàåò ïî ìåðå ïîäà÷è ñòâîëîâ íà òóøåíèå, íî ðàñ-

ñìàòðèâàåòñÿ òîëüêî óïðîùåííûé ñëó÷àé ïîæà-

ðà ïðÿìîóãîëüíîé ôîðìû; â ðàáîòå [29] òàêæå

âåñüìà óñëîâíî ïîêàçàíà äèíàìèêà Sï è Sò ïðè

t > të);
� òàêîé óïðîùåííûé âèä ñîâìåùåííîãî ãðàôèêà

ïðè t > të íå äàåò îáúåêòèâíîé îöåíêè âðåìåíè

ïðåêðàùåíèÿ îòêðûòîãî ãîðåíèÿ è èçìåíåíèÿ

îáúåìà ÎÒÂ Ì(t), ðàñõîäóåìîãî íà òóøåíèå;
� íå ïðåäóñìàòðèâàåòñÿ îïðåäåëåíèå èçìåíåíèÿ

ïåðèìåòðà ñòåí ïîìåùåíèÿ (çäàíèÿ), ïîäâåðãà-

þùåãîñÿ âîçäåéñòâèþ ïëàìåíè (“îáîãðåâàåìîãî”

ïåðèìåòðà), è îöåíêà ðèñêà ïðåâûøåíèÿ ïðåäå-

ëîâ îãíåñòîéêîñòè ñòåí [30];
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� íå ðàññìàòðèâàþòñÿ âàðèàíòû ïîäà÷è èçáûòî÷-

íîãî êîëè÷åñòâà ñòâîëîâ íà òóøåíèå, êîãäà â âû-

ðàæåíèè (3) K > 1;

� îòìå÷àåòñÿ çíà÷èòåëüíàÿ òðóäîåìêîñòü ïîñòðî-

åíèÿ ñîâìåùåííîãî ãðàôèêà.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ ðàçðàáîòêà ìå-

òîäèêè ïîñòðîåíèÿ óñîâåðøåíñòâîâàííîãî ñîâìå-

ùåííîãî ãðàôèêà, ëèøåííîãî äàííûõ íåäîñòàòêîâ.

Äëÿ ýòîãî ðåøàþòñÿ ñëåäóþùèå çàäà÷è:

� ïðåäëàãàåòñÿ àíàëèòè÷åñêîå âûðàæåíèå äëÿ îöåíêè

âåëè÷èíû ëèíåéíîé ñêîðîñòè V ðàñïðîñòðàíåíèÿ

ôðîíòà ïëàìåíè âî âðåìåíè â çàâèñèìîñòè îò

êîëè÷åñòâà ñòâîëîâ, ïîäàâàåìûõ íà òóøåíèå;

� ïðåäëàãàåòñÿ âûðàæåíèå äëÿ èçìåíåíèÿ “îáî-

ãðåâàåìîãî” ïåðèìåòðà îãðàæäàþùèõ êîíñòðóê-

öèé âî âðåìåíè äëÿ îöåíêè èõ óñòîé÷èâîñòè

ïðè ïîæàðå ïðè èçâåñòíûõ ïðåäåëàõ îãíåñòîé-

êîñòè [30];

Ðèñ. 1. Îáîáùåííàÿ ñõåìà ðàñ÷åòà ÑèÑ äëÿ òóøåíèÿ ïîæàðà: Nò, Nçàù — ÷èñëî ñòâîëîâ, ïîäàâàåìûõ ñîîòâåòñòâåííî íà òóøåíèå

è çàùèòó; Nëñ — êîëè÷åñòâî ïðèâëåêàåìîãî ëè÷íîãî ñîñòàâà; ñåòü ÍÏÏÂ — ñåòü íàðóæíîãî ïðîòèâîïîæàðíîãî âîäîïðîâîäà

Fig. 1. General scheme of the calculation of forces and means to extinguish the fire: Nsupp, Nprot — the number of trunks on suppression

and protection, respectively; Npers — the number of involved personnel; EFPW network — external fire-prevention water network
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Òàáëèöà 1. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà â öåíòðå ïîìåùåíèÿ

Table 1. Parameters for the free development of the fire in the hearth in the center of the room
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� ðàçðàáîòàíà êîìïüþòåðíàÿ ïðîãðàììà äëÿ ïî-

ñòðîåíèÿ óñîâåðøåíñòâîâàííîãî ñîâìåùåííîãî

ãðàôèêà, ïîçâîëÿþùàÿ â èíòåðàêòèâíîì ðåæèìå

ìîäåëèðîâàòü ðàçâèòèå ïîæàðà è âàðèàíòû åãî òó-

øåíèÿ ïðè ðàçëè÷íîé äèíàìèêå ïîäà÷è ñòâîëîâ

íà òóøåíèå NÁ(t) ñ îöåíêîé èçìåíåíèÿ ïëîùàäåé

Sï(t) è Sò(t), ïåðèìåòðà ïîæàðà Ï(t), ôàêòè÷åñêî-

ãî ðàñõîäà Qô(t) è îáùåãî êîëè÷åñòâà Ì(t) ÎÒÂ.

Ïîñòðîåíèå óñîâåðøåíñòâîâàííîãî ñîâìåùåííî-

ãî ãðàôèêà çíà÷èòåëüíî îáëåã÷àåò ðàñ÷åò ÑèÑ ïðè

ñîñòàâëåíèè ÏÒÏ [4], à òàêæå ïðè ïîäãîòîâêå ïî-

æàðíûõ ñïåöèàëèñòîâ.
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Òàáëèöà 2. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà ó áîëüøåé ñòåíêè (2a > b)

Table 2. Parameters for the free development of the fire in the hearth most of the wall (2a > b)
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Òàáëèöà 3. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà ó áîëüøåé ñòåíêè (2a 
 b)

Table 3. Parameters for the free development of the fire in the hearth most of the wall (2a 
 b)
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Òàáëèöà 4. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè î÷àãå ó ìåíüøåé ñòåíêè

Table 4. Parameters for the free development of the fire in the hearth have a smaller wall

R, ì � R, m Sï, ì2 � Sf, m2 Ï, ì � Ï, m Ïò, ì � Ïsupp, m
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Òàáëèöà 5. Ïàðàìåòðû ñâîáîäíîãî ðàçâèòèÿ ïîæàðà ïðè ðàñïîëîæåíèè î÷àãà â óãëó ïîìåùåíèÿ

Table 5. Parameters for the free development of the fire in the hearth in corner of room
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Ïîñòðîåíèå óñîâåðøåíñòâîâàííîãî
ñîâìåùåííîãî ãðàôèêà

Äëÿ ïîñòðîåíèÿ óñîâåðøåíñòâîâàííîãî ñîâìå-

ùåííîãî ãðàôèêà ïðåäëîæåíî, ïîìèìî âûøåóïîìÿ-

íóòûõ äåéñòâèé 1–7, äàâàòü îöåíêó èçìåíåíèÿ ëè-

íåéíîé ñêîðîñòè ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïî-

æàðíîé íàãðóçêå ïî âûðàæåíèþ

V t V
Q t

Q
( )

( )
.� �

�

�
		




�
��í

ô

òð

1 (6)

Îòðèöàòåëüíûå çíà÷åíèÿ ñêîðîñòè V(t) ìîãóò ñâè-

äåòåëüñòâîâàòü î òîì, ÷òî ïëîùàäü ïîæàðà Sï ñòàëà

ñîêðàùàòüñÿ, ò. å. äîñòèãíóòî îäíî èç óñëîâèé åãî

ëîêàëèçàöèè.

Äëÿ óïðîùåíèÿ è óñêîðåíèÿ ðàñ÷åòîâ ðàçðàáîòàíà

ñïåöèàëüíàÿ êîìïüþòåðíàÿ ïðîãðàììà SPFIRE.EXE,

â êîòîðîé äèíàìèêà èçìåíåíèÿ ïëîùàäè Sï(t), “îáî-

ãðåâàåìîãî” ïåðèìåòðà ñòåí Ï(t) è ïåðèìåòðà òóøå-

íèÿ Ïò(t) îïðåäåëÿåòñÿ ïî ãåîìåòðè÷åñêèì ñîîòíî-

øåíèÿì èç òàáë. 1–5 ñ ó÷åòîì (1) è ïðåäåëüíîãî ñîîò-

íîøåíèÿ

S ab

Ï a b
ï ïðè
�

� �
�
�
	 


�
�

2( )

R

a b

a b
max

,

,�

�

�
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î àã â öåíòðå ïîìåùåíèÿ;

î àã ó á

õ

õ îëüøåé ñòåíû;
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î à
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2 2

, a b

a b

�

�

õ

õ ã â óãëó ïîìåùåíèÿ,

�

�

#
#
#

 

#
#
#

(7)

ãäå a, b — øèðèíà è äëèíà ïîìåùåíèÿ ñîîòâåòñò-

âåííî;

Rmax — ìàêñèìàëüíîå ðàññòîÿíèå îò î÷àãà ïî-

æàðà äî íàèáîëåå óäàëåííîé ÷àñòè ïîìåùåíèÿ.

Èñïîëüçóþòñÿ òàêæå èçâåñòíûå âûðàæåíèÿ (2)–(4)

è (6), à êîëè÷åñòâî ÎÒÂ, ðàñõîäóåìîå íà òóøåíèå,

îïðåäåëÿåòñÿ êàê:

M t Q t t

t

( ) ( ) .� ) ô d

0

(8)

Ñ ïîìîùüþ ïðîãðàììû SPFIRE.EXE ïðîâåäå-

íî ìîäåëèðîâàíèå ÷åòûðåõ âàðèàíòîâ âîçìîæíîãî

ïîæàðà (î÷àã â óãëó, ó ìåíüøåé ñòåíû, ó áîëüøåé

ñòåíû è â öåíòðå ïîìåùåíèÿ) íà ñêëàäå ðàçìåðîì

10�20 ì ñ ïîæàðíîé íàãðóçêîé, äëÿ êîòîðîé íîìè-

íàëüíàÿ ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìå-

íè Ví 9 1 ì/ìèí, èíòåíñèâíîñòü ïîäà÷è ÎÒÂ (âîäû)

íà òóøåíèå I = 0,2 ë/(ì2·ñ), è ïîñòðîåíû óñîâåðøåí-

ñòâîâàííûå ñîâìåùåííûå ãðàôèêè (ðèñ. 2). Íà íèõ

èçîáðàæåíû ñîâìåñòíî ïàðàìåòðû ïîæàðà è òóøå-

íèÿ {Sï(t), Sò(t), Qòð(t), Qô(t), Ï(t), Ì(t)}, ïîçâîëÿ-

þùèå îáúåêòèâíî (â ðàìêàõ îãîâîðåííûõ äîïóùå-

íèé) îöåíèòü âðåìÿ ëîêàëèçàöèè ïîæàðà të è âðåìÿ

ëèêâèäàöèè îòêðûòîãî ãîðåíèÿ, à òàêæå äèíàìèêó èç-

ìåíåíèÿ óêàçàííûõ ïàðàìåòðîâ ïðè ðàçëè÷íîì ÷èñëå

NÁ ïîäàâàåìûõ íà òóøåíèå ñòâîëîâ. Äëÿ ñïðàâêè:

íà ðèñ. 3 ïîêàçàíà äèíàìèêà ïîäà÷è ñòâîëîâ NÁ(t),

èçìåíåíèÿ ðàññòîÿíèÿ R(t) è ëèíåéíîé ñêîðîñòè

ôðîíòà ïîæàðà V(t). Íà ðèñ. 2,â, 2,ã è ðèñ. 3,â, 3,ã

ïóíêòèðîì ïîêàçàíû ïàðàìåòðû ïðè ïîäà÷å îäíîãî

ñâåðõíîðìàòèâíîãî ñòâîëà, íà ðèñ. 2,ã è 3,ã øòðèõ-

ïóíêòèðîì îòìå÷åíà äèíàìèêà ïàðàìåòðîâ ïðè ïî-

äà÷å äâóõ ñâåðõíîðìàòèâíûõ ñòâîëîâ (8 âìåñòî òðå-

áóåìûõ 6).

Âûâîäû

Òàêèì îáðàçîì, ïðîèëëþñòðèðîâàíà âîçìîæíîñòü

ïîñòðîåíèÿ óñîâåðøåíñòâîâàííûõ ñîâìåùåííûõ

ãðàôèêîâ ðàçâèòèÿ è òóøåíèÿ ïîæàðà, íà êîòîðûõ â

äèíàìèêå ñîâìåñòíî ïðåäñòàâëåíû îñíîâíûå ïàðà-

ìåòðû: {Sï(t), Sò(t), Qòð(t), Qô(t), Ï(t), Ì(t)}, ïîçâîëÿ-

þùèå îïðåäåëèòü íå òîëüêî âðåìÿ ëîêàëèçàöèè ïî-

æàðà, íî è âðåìÿ ëèêâèäàöèè îòêðûòîãî ãîðåíèÿ,

÷òî êðàéíå óñëîâíî äåëàëîñü â ñòàíäàðòíûõ ñîâìå-

ùåííûõ ãðàôèêàõ.

Ïîêàçàíà âîçìîæíîñòü ñîêðàùåíèÿ âðåìåíè ëèê-

âèäàöèè îòêðûòîãî ãîðåíèÿ è, êàê ñëåäñòâèå, îáùå-

ãî îáúåìà ÎÒÂ, èñïîëüçîâàííîãî ïðè ïîäà÷å ñâåðõ-

íîðìàòèâíîãî êîëè÷åñòâà ñòâîëîâ íà òóøåíèå. Îáåñ-

ïå÷åíà âîçìîæíîñòü îöåíêè âðåìåíè âîçäåéñòâèÿ

ïëàìåíè íà îãðàæäàþùèå êîíñòðóêöèè è ïîâðåæ-

äåííîé ïîæàðîì ïëîùàäè ïîìåùåíèÿ.

Óñîâåðøåíñòâîâàííûé ñîâìåùåííûé ãðàôèê ïî-

çâîëÿåò áîëåå êà÷åñòâåííî ïëàíèðîâàòü äåéñòâèÿ ïî

òóøåíèþ âîçìîæíîãî ïîæàðà, òàê êàê ñòàíîâèòñÿ

âîçìîæíûì ñïðîãíîçèðîâàòü âðåìÿ ëèêâèäàöèè îò-

êðûòîãî ãîðåíèÿ, íåîáõîäèìûé äëÿ òóøåíèÿ îáúåì

ÎÒÂ, îöåíèòü ðèñê ðàçðóøåíèÿ îãðàæäàþùèõ êîí-

ñòðóêöèé îò ïðîäîëæèòåëüíîñòè âîçäåéñòâèÿ ïëà-

ìåíè íà ïåðèìåòð ïîìåùåíèÿ è, ïðè íåîáõîäèìîñòè,

ïðåäëîæèòü ìåðû ïî çàùèòå îãðàæäàþùèõ êîíñòðóê-

öèé â çàâèñèìîñòè îò èõ ïðåäåëîâ îãíåñòîéêîñòè.

Ïðîöåññ ïîñòðîåíèÿ ñîâìåùåííîãî ãðàôèêà ðå-

àëèçîâàí â âèäå êîìïüþòåðíîé ïðîãðàììû, ÷òî ïî-

çâîëÿåò îïåðàòèâíî ðàññìîòðåòü ðàçëè÷íûå âàðè-

àíòû ðàçâèòèÿ è òóøåíèÿ ïîæàðà.

Íà îñíîâå ïðîâåäåííîãî ìîäåëèðîâàíèÿ ïîêàçà-

íî, ÷òî ñâåðõíîðìàòèâíàÿ ïîäà÷à ñòâîëîâ íà òóøåíèå

ïîæàðà õîòÿ è ïîòðåáóåò ñîîòâåòñòâåííî áîëüøåãî

ðàñõîäà ÎÒÂ è êîëè÷åñòâà ïîæàðíûõ, íî óñêîðèò

ëèêâèäàöèþ îòêðûòîãî ãîðåíèÿ è ïîçâîëèò ñýêîíî-

ìèòü îáùèé îáúåì ÎÒÂ, ÷òî èìååò ñóùåñòâåííîå

çíà÷åíèå ïðè îãðàíè÷åííûõ ðàçìåðàõ ïîæàðíûõ âî-

äîåìîâ è íåîáõîäèìîñòè çàùèòû íèæåëåæàùèõ ýòà-

æåé îò ïîâðåæäåíèÿ èçáûòî÷íûì êîëè÷åñòâîì âîäû.

Ðàññìîòðåííûé ïîäõîä ìîæåò èñïîëüçîâàòüñÿ êàê

ïðè ñîçäàíèè è ïåðåðàáîòêå ÏÒÏ, òàê è ïðè ïîä-

ãîòîâêå ñïåöèàëèñòîâ â îáëàñòè ïîæàðíîé áåçîïàñ-

íîñòè.
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Ðèñ. 2. Ïðèìåðû óñîâåðøåíñòâîâàííûõ ñîâìåùåííûõ ãðàôèêîâ äëÿ ïîæàðà êëàññà À â ïîìåùåíèè 10�20 ì ïðè Ví = 1 ì/ìèí

è I = 0,2 ë/(ì2·c) ïðè ðàñïîëîæåíèè î÷àãà ïîæàðà â óãëó ïîìåùåíèÿ (à), ó ìåíüøåé ñòåíû (á), ó áîëüøåé ñòåíû (â), â öåíòðå (ã)

Fig. 2. Examples of combined improved graphics for the fire class A in the room 10�20 m at Vn = 1 m/min and I = 0.2 l/(m2·s) in loca-

tion of the fire in the corner of premise (a), in a small wall (b), in most wall (v), in center (g)
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ABSTRACT

Article belongs to fire tactics, her materials can be used when calculating forces and means necessary

for suppression of the alleged fire of a class A at drawing up plans of fire extinguishing for the most

significant objects.

The existing order of drawing up the combined schedules (i. e. schedules on which it is at the same

time presented the loudspeaker of the fire area Sf, the area of suppression of Ssupp, demanded Qdem and

the actual Qfact of a consumption of fire extinguishing substance) for calculation of forces and means

has a number of shortcomings. Namely:
� doesn’t consider dynamics of perimeter of the protecting designs which are affected by dangerous

factors of the fire and having limited limits of fire resistance;
� doesn’t provide (as a rule) assessment of time of elimination of the open burning causing the ge-

neral duration of fire extinguishing;
� doesn’t consider the volume of the fire extinguishing substance (water) spent for suppression that

is important at the limited capacity of reservoirs;
� assumes carrying out labor-consuming calculations, and the computer programs convenient for

experts and students, are practically absent or sin with inaccuracies.
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In this regard the authors who are experts in the field of fire tactics have offered a method of

creation of the specified combined schedules in which besides the Sf, Ssupp, Qdem and Qfact parameters,

dynamics of the “warmed” perimeter and amount of the spent fire extinguishing substance is

considered. The method is based on the known provisions of fire and tactical calculations and allows

to estimate duration of impact of a flame on room walls, the general time of suppression and volume

(weight) of the spent fire extinguishing substance.

The method of creation of the specified combined schedule is realized in the form of the computer

program in a format of the EXE-file which isn’t demanding the specialized software and high

qualification of users. In article examples of creation of the specified combined schedules consistent

with experience of many specialists in suppression of the fires are given. The method and the program

have been successfully tested and used in the educational process.

Keywords: fire; fire extinguishing plan; combined schedule; forces and means calculation; extin-

guishing agent; firemen’s activity.
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ÂËÈßÍÈÅ ÌÅÆÔÀÇÍÎÃÎ ÍÀÒßÆÅÍÈß
ÍÀ ÈÍÒÅÍÑÈÂÍÎÑÒÜ ÏÎÄÀ×È È ÓÄÅËÜÍÛÉ
ÐÀÑÕÎÄ ÔÒÎÐÈÐÎÂÀÍÍÎÃÎ ÏÅÍÎÎÁÐÀÇÎÂÀÒÅËß
Ñ ÄÎÁÀÂÊÀÌÈ ÕËÎÐÈÄÀ ÀÌÌÎÍÈß

Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïðîöåññà òóøåíèÿ ïëàìåíè ãîðþ÷èõ æèäêîñòåé
îïðåäåëåíà êà÷åñòâåííî îñîáàÿ çàâèñèìîñòü ìåæäó ïîâåðõíîñòíûì è ìåæôàçíûì íàòÿæåíèåì
è îïòèìàëüíîé èíòåíñèâíîñòüþ ïîäà÷è ïåíû èç âîäíîãî ðàñòâîðà ôòîðèðîâàííîãî ïåíîîáðà-
çîâàòåëÿ ñ äîáàâêàìè õëîðèäà àììîíèÿ. Âûÿâëåíû çàâèñèìîñòè óäåëüíîãî ðàñõîäà ïåíîîáðà-
çîâàòåëÿ è èíòåíñèâíîñòè ïîäà÷è ïåíû îò êîýôôèöèåíòà ðàñòåêàíèÿ âîäíî-ñîëåâîãî ðàñòâîðà ïî
ïîâåðõíîñòè ãåïòàíà è ãåïòàíà ïî âîäíî-ñîëåâîìó ðàñòâîðó ïåíîîáðàçîâàòåëÿ ñ ñîäåðæàíèåì
õëîðèäà àììîíèÿ. Îïðåäåëåíî âëèÿíèå êîýôôèöèåíòà ðàñòåêàíèÿ âîäíî-ñîëåâîãî ðàñòâîðà íà
âðåìÿ òóøåíèÿ ãåïòàíà. Ïðåäñòàâëåíà çàâèñèìîñòü âðåìåíè òóøåíèÿ ïëàìåíè ãåïòàíà îò èíòåí-
ñèâíîñòè ïîäà÷è ïåíû, ïîëó÷åííîé èç âîäíî-ñîëåâîãî ðàñòâîðà ïåíîîáðàçîâàòåëÿ. Îïðåäåëåíà
çàâèñèìîñòü îïòèìàëüíîé èíòåíñèâíîñòè è ìèíèìàëüíîãî óäåëüíîãî ðàñõîäà ïåíîîáðàçîâàòå-
ëÿ îò âåëè÷èíû êîýôôèöèåíòà ðàñòåêàíèÿ âîäíî-ñîëåâîãî ðàñòâîðà ïî ïîâåðõíîñòè ãåïòàíà.
Óñòàíîâëåíî âëèÿíèå èçìåíåíèÿ êîíöåíòðàöèè ýëåêòðîëèòà – õëîðèäà àììîíèÿ íà ïîâåðõíî-
ñòíîå è ìåæôàçíîå íàòÿæåíèå è îãíåòóøàùóþ ýôôåêòèâíîñòü ïåíû. Âûÿâëåíî, ÷òî ñíèæåíèå
ñïîñîáíîñòè ãîðþ÷åãî ðàñòåêàòüñÿ ïî ðàñòâîðó ïåííûõ ïëåíîê ïðèâîäèò ê ïîâûøåíèþ îãíåòó-
øàùåé ýôôåêòèâíîñòè, ÷òî âûðàæàåòñÿ â ñíèæåíèè ìèíèìàëüíîãî óäåëüíîãî ðàñõîäà ðàñòâîðà
ïåíîîáðàçîâàòåëÿ è îïòèìàëüíîé èíòåíñèâíîñòè ïîäà÷è ïåíû, ïîëó÷åííîé èç ýòîãî ðàñòâîðà.

Êëþ÷åâûå ñëîâà: îãíåòóøàùàÿ ýôôåêòèâíîñòü; ôòîðèðîâàííûé ïåíîîáðàçîâàòåëü; êîýôôè-
öèåíò ðàñòåêàíèÿ; îïòèìàëüíàÿ èíòåíñèâíîñòü ïîäà÷è; ìèíèìàëüíûé óäåëüíûé ðàñõîä.

DOI: 10.18322/PVB.2018.27.02-03.93-98

Ââåäåíèå

Âîäíûå ðàñòâîðû ïåíîîáðàçîâàòåëÿ êðèñòàëëèçó-

þòñÿ ïðè íèçêîé òåìïåðàòóðå. Äëÿ ýôôåêòèâíîãî ïî-

íèæåíèÿ òåìïåðàòóðû çàìåðçàíèÿ âîäíûõ ðàñòâî-

ðîâ ïåíîîáðàçîâàòåëÿ ïðèìåíÿþò ïðîòèâîìîðîçíûå

äîáàâêè. Îäíîé èç òàêèõ ïðèñàäîê ÿâëÿåòñÿ õëîðèä

àììîíèÿ, ïðåäñòàâëÿþùèé ñîáîé áåñöâåòíîå êðèñ-

òàëëè÷åñêîå âåùåñòâî, ðàñòâîðèìîå â âîäå è îáëà-

äàþùåå íåáîëüøîé ãèãðîñêîïè÷íîñòüþ [1].

Õëîðèä àììîíèÿ îáëàäàåò ñïîñîáíîñòüþ ïîíè-

æàòü òî÷êó çàìåðçàíèÿ âîäíîãî ðàñòâîðà ïåíîîá-

ðàçîâàòåëÿ. Ïðè ýòîì òåìïåðàòóðà çàìåðçàíèÿ ðàñ-

òâîðà çàâèñèò îò êîíöåíòðàöèè õëîðèäà àììîíèÿ.

Óâåëè÷åíèå åãî êîíöåíòðàöèè â âîäíûõ ðàñòâîðàõ

ïðèâîäèò ê ïîíèæåíèþ òåìïåðàòóðû çàìåðçàíèÿ,

÷òî â ñâîþ î÷åðåäü ïðîèñõîäèò â ðåçóëüòàòå óâåëè-

÷åíèÿ ïîäâèæíîñòè àòîìîâ âîäîðîäà â ìîëåêóëàõ

âîäû. Áëàãîäàðÿ ýòîìó ðàñòâîð òðóäíåå ïåðåâåñòè â

òâåðäîå ñîñòîÿíèå.

Èíôîðìàöèÿ î ïðèìåíåíèè õëîðèäà àììîíèÿ

â êà÷åñòâå ïðîòèâîìîðîçíîé äîáàâêè äëÿ âîäíûõ

ðàñòâîðîâ ïåíîîáðàçîâàòåëåé, à òàêæå åå âëèÿíèå íà

òóøåíèå ãîðþ÷èõ è ëåãêîâîñïëàìåíÿþùèõñÿ æèä-

êîñòåé â ëèòåðàòóðå îòñóòñòâóåò. Â ñâÿçè ñ ýòèì íå-

îáõîäèìî ïðîâåñòè ðÿä ýêñïåðèìåíòîâ äëÿ èññëåäî-

âàíèÿ âëèÿíèÿ äîáàâîê õëîðèäà àììîíèÿ íà ïîâåðõ-

íîñòíîå è ìåæôàçíîå íàòÿæåíèå âîäíîãî ðàñòâîðà,

à òàêæå äëÿ ïîëó÷åíèÿ îïòèìàëüíîé èíòåíñèâíî-

ñòè ïîäà÷è ïåíû èç âîäíîãî ðàñòâîðà ôòîðèðîâàí-

íîãî ïåíîîáðàçîâàòåëÿ ñ äîáàâêàìè õëîðèäà àììî-

íèÿ äëÿ òóøåíèÿ ïëàìåíè.

Õëîðèä àììîíèÿ ÿâëÿåòñÿ ñèëüíûì ýëåêòðîëè-

òîì, ò. å. ýëåêòðîëèòîì, ñòåïåíü äèññîöèàöèè êîòî-

ðîãî â ðàñòâîðå ðàâíà åäèíèöå (ò. å. äèññîöèèðóåò

ïîëíîñòüþ) íåçàâèñèìî îò êîíöåíòðàöèè ðàñòâîðà.

Ïðè ïðîâåäåíèè ýêñïåðèìåíòàëüíûõ èññëåäîâà-

íèé ïðîöåññà òóøåíèÿ ãîðþ÷èõ æèäêîñòåé äëÿ îï-

ðåäåëåíèÿ çàâèñèìîñòè âðåìåíè òóøåíèÿ îò îïòè-

ìàëüíîé èíòåíñèâíîñòè ïîäà÷è ðàñòâîðà ïåíû

îãðîìíîå âíèìàíèå ñòîèò óäåëèòü âëèÿíèþ íà âðå-

ìÿ òóøåíèÿ ìåæôàçíîãî íàòÿæåíèÿ è êîýôôèöèåí-

òà ðàñòåêàíèÿ [2–6].

© Ìåëüíèêîâ À. È., 2018
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Èçâåñòíî, ÷òî ýëåêòðîëèòû ñíèæàþò ìåæôàçíîå

íàòÿæåíèå âîäíûõ ðàñòâîðîâ ïîâåðõíîñòíî-àêòèâ-

íûõ âåùåñòâ, íî ïðè ýòîì ðåçêî óâåëè÷èâàþò ïî-

âåðõíîñòíîå íàòÿæåíèå âîäíîãî ðàñòâîðà íà ãðà-

íèöå ñ âîçäóõîì [7–10]. Äëÿ äàííîãî èññëåäîâàíèÿ

ïåíîîáðàçîâàòåëü äîëæåí ñîäåðæàòü ôòîðèðîâàí-

íûå ñòàáèëèçàòîðû, êîòîðûå îáåñïå÷èâàþò ïîâåðõ-

íîñòíîå íàòÿæåíèå ìåíåå 20 ìÍ�ì. Â êà÷åñòâå òà-

êîé îñíîâû èñïîëüçîâàëè ñìåñü ïåðâè÷íûõ àëêèë-

ñóëüôàòîâ ñ äëèíîé óãëåðîäíîé öåïè 8–12 àòîìîâ

[11–15]. Ñîñòàâ ñîäåðæàë 0,05 % ìàññ. ïåðôòîðèðî-

âàííîãî ñóëüôîáåòàèíà ñ ðàäèêàëîì, ñîäåðæàùèì

6–8 ïåðôòîðèðîâàííûõ àòîìîâ óãëåðîäà. Êîíêðåò-

íóþ ôîðìóëó âåùåñòâà ïðîèçâîäèòåëè ïåíîîáðàçî-

âàòåëÿ äåðæàò â ñåêðåòå, íî îáùèé âèä ìîëåêóëû

îïèñàí â ðàáîòàõ [16–18]. Ïðîèçâîäñòâî ýòîãî êîì-

ïîíåíòà îãðàíè÷åíî â ñâÿçè ñ åãî îòðèöàòåëüíûì

âëèÿíèåì íà îêðóæàþùóþ ñðåäó [19, 20].

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îïðåäåëåíèå

âëèÿíèÿ ìåæôàçíîãî íàòÿæåíèÿ íà îïòèìàëüíóþ

èíòåíñèâíîñòü ïîäà÷è è ìèíèìàëüíûé óäåëüíûé

ðàñõîä âîäíîãî ðàñòâîðà ôòîðèðîâàííîãî ïåíîîáðà-

çîâàòåëÿ, ñîäåðæàùåãî äîáàâêè õëîðèäà àììîíèÿ.

Äëÿ ýòîãî íåîáõîäèìî âûÿâèòü çàâèñèìîñòè ïîâåðõ-

íîñòíîãî è ìåæôàçíîãî íàòÿæåíèÿ íà ãðàíèöå ñ ãåï-

òàíîì îò êîíöåíòðàöèè ïåíîîáðàçîâàòåëÿ â âîäíî-

ñîëåâîì ðàñòâîðå ñ ñîäåðæàíèåì õëîðèäà àììîíèÿ

è âðåìåíè òóøåíèÿ ïëàìåíè ãåïòàíà îò èíòåíñèâ-

íîñòè ïîäà÷è ïåíû, ïîëó÷åííîé èç âîäíî-ñîëåâîãî

ðàñòâîðà ïåíîîáðàçîâàòåëÿ ñ ðàçëè÷íîé êîíöåíòðà-

öèåé õëîðèäà àììîíèÿ.

Ìåòîäû èññëåäîâàíèÿ

Â êà÷åñòâå ïåíîîáðàçîâàòåëÿ èñïîëüçîâàëè ïëåí-

êîîáðàçóþùèé ïåíîîáðàçîâàòåëü “Øòîðì-Ì”, â êà-

÷åñòâå ýëåêòðîëèòà — õëîðèñòûé àììîíèé. Ïåðåä

îãíåâûìè èñïûòàíèÿìè áûëà óñòàíîâëåíà çàâèñè-

ìîñòü ïîâåðõíîñòíîãî è ìåæôàçíîãî íàòÿæåíèÿ îò

êîíöåíòðàöèè ïåíîîáðàçîâàòåëåé â âîäíîì ðàñòâî-

ðå. Èçìåðåíèå ïîâåðõíîñòíîãî íàòÿæåíèÿ ðàáî÷åãî

ðàñòâîðà ïåíîîáðàçîâàòåëÿ è ìåæôàçíîãî íàòÿæå-

íèÿ íà ãðàíèöå ðàáî÷åãî ðàñòâîðà ñ í-ãåïòàíîì ïðî-

âîäèëîñü ñ èñïîëüçîâàíèåì ìåòîäà Äå-Íóè.

Âðåìÿ òóøåíèÿ ïðè ïîäà÷å ïåíû â ñëîé ãîðþ÷åé

æèäêîñòè îïðåäåëÿëè ñëåäóþùèì îáðàçîì. Ïðèãî-

òàâëèâàëè ðàáî÷èé ðàñòâîð ïåíîîáðàçîâàòåëÿ. Çàòåì

â ãîðåëêó çàëèâàëè ãîðþ÷åå è çàæèãàëè åãî. Âðåìÿ

ñâîáîäíîãî ãîðåíèÿ ãîðþ÷åé æèäêîñòè ñîñòàâëÿëî

(6035) ñ. Ïîëó÷åííûé ðàñòâîð ïåíîîáðàçîâàòåëÿ çà-

ëèâàëè â ìèêñåð, ãäå â òå÷åíèå 30 ñ ïðîèñõîäèëî îá-

ðàçîâàíèå ïåíû. Ïîñëå ýòîãî ïåíó ïåðåëèâàëè â ðàçú-

åìíûé ãåðìåòè÷íûé êîíòåéíåð è âçâåøèâàëè íà

âåñàõ. Ïîä äåéñòâèåì ñæàòîãî âîçäóõà ïåíà ïîñòó-

ïàëà ÷åðåç òðóáîïðîâîä â íèæíþþ ÷àñòü ãîðåëêè,

íåïîñðåäñòâåííî â ãîðþ÷óþ æèäêîñòü. Íà÷àëîì îò-

ñ÷åòà âðåìåíè òóøåíèÿ ñëóæèë ìîìåíò, êîãäà ïåðâàÿ

ïîðöèÿ ïåíû ïîÿâëÿëàñü íà ïîâåðõíîñòè ãîðþ÷åãî,

à îêîí÷àíèåì — ïîëíàÿ ëèêâèäàöèÿ ïëàìåíè, âêëþ-

÷àÿ èñ÷åçíîâåíèå åãî ÿçû÷êîâ âäîëü áîðòà. Çà ðå-

çóëüòàò èçìåðåíèÿ ïðèíèìàëè ñðåäíåàðèôìåòè÷å-

ñêîå òðåõ çíà÷åíèé âðåìåíè òóøåíèÿ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Çàâèñèìîñòü ïîâåðõíîñòíîãî è ìåæôàçíîãî íà-

òÿæåíèÿ íà ãðàíèöå ñ ãåïòàíîì îò êîíöåíòðàöèè

ïåíîîáðàçîâàòåëÿ â âîäíî-ñîëåâîì ðàñòâîðå, ñîäåð-

æàùåì õëîðèä àììîíèÿ, ïðåäñòàâëåíà íà ðèñ. 1.

Ðåçóëüòàòû èçìåðåíèé ïîêàçàëè, ÷òî âåëè÷èíà ïî-

âåðõíîñòíîãî è ìåæôàçíîãî íàòÿæåíèÿ ðåçêî ñíèæà-

åòñÿ ñ ïîâûøåíèåì êîíöåíòðàöèè õëîðèäà àììîíèÿ

â ðàñòâîðå ïåíîîáðàçîâàòåëÿ — ñ 40,0 äî 15,0 ìÍ�ì

è ñ 12,0 äî 0,1 ìÍ�ì ñîîòâåòñòâåííî.

Ðåçóëüòàòû ýêñïåðèìåíòîâ ïîêàçàëè òàêæå, ÷òî

ðàñòâîðû ïåíîîáðàçîâàòåëÿ ñ êîíöåíòðàöèåé 2,0 %

ìàññ. è âûøå ïðèîáðåòàþò ïîëîæèòåëüíûé êîýô-

ôèöèåíò ðàñòåêàíèÿ. Äëÿ äàëüíåéøèõ èññëåäîâàíèé

âîçüìåì 2 %-íûé ðàñòâîð ïåíîîáðàçîâàòåëÿ ñ äî-

áàâêàìè õëîðèäà àììîíèÿ.

Ðåçóëüòàòû òóøåíèÿ ïëàìåíè ãåïòàíà ïîäà÷åé â

îñíîâàíèå ðåçåðâóàðà ïåíû, ïîëó÷åííîé èç âîäíî-

Ðèñ. 1. Çàâèñèìîñòü ïîâåðõíîñòíîãî (1–5) è ìåæôàçíîãî (1*–5*)

íàòÿæåíèÿ íà ãðàíèöå ñ ãåïòàíîì îò êîíöåíòðàöèè ïåíî-

îáðàçîâàòåëÿ â âîäíî-ñîëåâîì ðàñòâîðå ïðè ñîäåðæàíèè

õëîðèäà àììîíèÿ, % ìàññ.: 1, 1* — 0; 2, 2* — 2,0; 3, 3* — 5,0;

4, 4* — 10,0; 5, 5* — 20,0

Fig. 1. Dependence of surface (1–5) and interfacial (1*–5*) ten-

sions on a border with heptane on concentration of foaming agent

in aqueous salt solution containing ammonium chloride, % by mass:

1, 1* — 0; 2, 2* — 2.0; 3, 3* — 5.0; 4, 4* — 10.0; 5, 5* — 20.0
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ñîëåâîãî ðàñòâîðà ïåíîîáðàçîâàòåëÿ ñ òàêèìè æå

êîíöåíòðàöèÿìè õëîðèäà àììîíèÿ, ïðåäñòàâëåíû

íà ðèñ. 2.

Ýêñïåðèìåíòàìè óñòàíîâëåíî, ÷òî ïî ìåðå óâåëè-

÷åíèÿ êîíöåíòðàöèè ýëåêòðîëèòà — õëîðèäà àììî-

íèÿ ïîâåðõíîñòíîå è ìåæôàçíîå íàòÿæåíèå ñíèæàåò-

ñÿ, îãíåòóøàùàÿ ýôôåêòèâíîñòü ïåíû òàêæå óìåíü-

øàåòñÿ, ÷òî âûðàæàåòñÿ â ïîâûøåíèè óäåëüíîãî ðàñ-

õîäà ïåíîîáðàçóþùåãî ðàñòâîðà ñ 1,9 äî 5,0 êã�ì2 è

îïòèìàëüíîé èíòåíñèâíîñòè ïîäà÷è ïîëó÷åííîé èç

íåãî ïåíû ñ 0,045 äî 7,0 êã�(ì2·ñ) (ðèñ. 3 è 4).

Êàê âèäíî èç ðèñ. 4, êðèâûå èìåþò ÿâíî âûðà-

æåííûé ìèíèìóì, êîòîðûé ñìåùàåòñÿ ñ èçìåíåíè-

åì ìåæôàçíîãî íàòÿæåíèÿ. Ïî ìåðå ñíèæåíèÿ åãî

âåëè÷èíû âîçðàñòàåò ìèíèìàëüíûé ðàñõîä ïåíî-

îáðàçîâàòåëÿ è ïîâûøàåòñÿ îïòèìàëüíàÿ èíòåíñèâ-

íîñòü ïîäà÷è ïåíû. Ñèíõðîííî óìåíüøàåòñÿ è âðåìÿ

òóøåíèÿ.

Íà ðèñ. 5 ïðåäñòàâëåíà çàâèñèìîñòü óäåëüíîãî

ðàñõîäà ðàñòâîðà ïåíîîáðàçîâàòåëÿ è îïòèìàëüíîé

èíòåíñèâíîñòè ïîäà÷è ïåíû îò êîýôôèöèåíòà ðàñ-

òåêàíèÿ ãîðþ÷åãî ïî âîäíîìó ðàñòâîðó. Âåëè÷èíà

êîýôôèöèåíòà ðàñòåêàíèÿ ãîðþ÷åãî ïî ðàñòâîðó âîç-

ðàñòàåò. Ìåæôàçíîå íàòÿæåíèå ñíèæàåòñÿ ðåçêî —

ñ 2,0 äî 0,1 ìÍ�ì.

Ðèñ. 2. Çàâèñèìîñòü âðåìåíè òóøåíèÿ ïëàìåíè ãåïòàíà îò

èíòåíñèâíîñòè ïîäà÷è ïåíû, ïîëó÷åííîé èç 2 %-íîãî âîäíî-

ñîëåâîãî ðàñòâîðà ïåíîîáðàçîâàòåëÿ ñ êîíöåíòðàöèåé õëî-

ðèäà àììîíèÿ, % ìàññ.: 1 — 0; 2 — 2,0; 3 — 5,0; 4 — 10,0;

5 — 20,0

Fig. 2. The dependence of time of extinguishing flame of heptane

from the flow rate of foam obtained from 2 % aqueous-salt solu-

tion of foaming agent with a concentration of ammonium chlo-

ride, % by mass: 1 — 0; 2 — 2.0; 3 — 5.0; 4 — 10.0; 5 — 20.0

Ðèñ. 3. Çàâèñèìîñòü óäåëüíîãî ðàñõîäà ïåíîîáðàçîâàòåëÿ îò

èíòåíñèâíîñòè ïîäà÷è ïåíû, ïîëó÷åííîé èç åãî âîäíî-ñîëå-

âîãî ðàñòâîðà ñ êîíöåíòðàöèåé õëîðèäà àììîíèÿ, % ìàññ.:

1 — 0; 2 — 2,0; 3 — 5,0; 4 — 10,0; 5 — 20,0

Fig. 3. Dependence of specific consumption from flow rate of

foam supply obtained from the aqueous-salt solution of foaming

agent with the concentration of ammonium chloride, % by mass:

1 — 0; 2 — 2.0; 3 — 5.0; 4 — 10.0; 5 — 20.0

Ðèñ. 4. Âëèÿíèå ìåæôàçíîãî íàòÿæåíèÿ íà ìèíèìàëüíûé óäåëü-

íûé ðàñõîä (1) âîäíîãî ðàñòâîðà ïåíîîáðàçîâàòåëÿ, ñîäåð-

æàùåãî äîáàâêè õëîðèäà àììîíèÿ, è îïòèìàëüíóþ èíòåí-

ñèâíîñòü ïîäà÷è (2) ïîëó÷åííîé èç íåãî ïåíû

Fig. 4. The effect of interfacial tension on the minimum specific

consumption (1) of an aqueous solution of a foaming agent con-

taining ammonium chloride additives and the optimum intensity

of the supply (2) of the foam obtained from it

Ðèñ. 5. Çàâèñèìîñòü îïòèìàëüíîé èíòåíñèâíîñòè ïîäà÷è

ïåíû (1) è ìèíèìàëüíîãî óäåëüíîãî ðàñòâîðà ïåíîîáðàçîâà-

òåëÿ (2) îò âåëè÷èíû êîýôôèöèåíòà ðàñòåêàíèÿ

Fig. 5. Dependence of the optimum flow rate (1) and the minimum

specific consumption of the foam-generator (2) from the spreading

coefficient
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Êàê è îæèäàëîñü, ñíèæåíèå ñïîñîáíîñòè ãîðþ-

÷åãî ðàñòåêàòüñÿ ïî ðàñòâîðó ïåííûõ ïëåíîê ïðè-

âîäèò ê ïîâûøåíèþ îãíåòóøàùåé ýôôåêòèâíîñòè,

÷òî âûðàæàåòñÿ â ñíèæåíèè ìèíèìàëüíîãî óäåëü-

íîãî ðàñõîäà ðàñòâîðà ïåíîîáðàçîâàòåëÿ è îïòè-

ìàëüíîé èíòåíñèâíîñòè ïîäà÷è ïîëó÷åííîé èç íåãî

ïåíû.

Âûâîäû

Ðåçóëüòàòû ýêñïåðèìåíòîâ ïîêàçûâàþò, ÷òî âðåìÿ

ïåðåä ïîâòîðíûì âîñïëàìåíåíèåì ãåïòàíà èç-ïîä

ñëîÿ ïåíû òåñíî ñâÿçàíî ñ ñîîòíîøåíèåì êîýôôè-

öèåíòîâ ðàñòåêàíèÿ ðàñòâîðà ïî ãåïòàíó è ãåïòàíà

ïî ðàñòâîðó. Ïðè ïðèìåíåíèè ïðîòèâîìîðîçíîé äî-

áàâêè õëîðèäà àììîíèÿ äëÿ óìåíüøåíèÿ òåìïåðà-

òóðû êðèñòàëëèçàöèè ïåíîîáðàçîâàòåëÿ ñíèæàåòñÿ

óñòîé÷èâîñòü ïåíû, ÷òî ïðèâîäèò ê ñíèæåíèþ åå

îãíåòóøàùåé ýôôåêòèâíîñòè è óâåëè÷åíèþ âðåìå-

íè òóøåíèÿ ãåïòàíà. Íà îñíîâå ïðîâåäåííûõ èññëå-

äîâàíèé áûëî óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè

êîíöåíòðàöèè ýëåêòðîëèòà — õëîðèäà àììîíèÿ ïî-

âûøàåòñÿ îïòèìàëüíàÿ èíòåíñèâíîñòü ïîäà÷è ïåíû

èç ïåíîîáðàçóþùåãî ðàñòâîðà, ïðè ýòîì íàáëþäà-

åòñÿ óâåëè÷åíèå åãî óäåëüíîãî ðàñõîäà.
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English

INFLUENCE OF INTERFACIAL TENSION ON FLOW RATE AND
SPECIFIC CONSUMPTION OF FLUORINATED FOAMING AGENT,
CONTAINING ADDED AMMONIUM CHLORIDE

MELNIKOV A. I. Postgraduate Student of Department of Integrated Safety
in Civil Engineering, National Research Moscow State University of Civil
Engineering (Yaroslavskoe Shosse, 26, Moscow, 129337, Russian Federation;

e-mail: ICA_kbs@mgsu.ru)

ABSTRACT

In the work, the influence of surface and interfacial tension on the optimum flow rate of an aqueous

solution of a fluorinated — foaming agent with the addition of ammonium chloride was determined.

Also, the dependence of the time of extinguishing the flame of heptane from the flow rate of foam,

obtained from aqueous-salt solution of foaming agent was discovered. Therefore, the dependence of

the optimal flow rate and minimum specific foaming agent solution from the value of the coefficient

of the spreading of water-salt solution on the surface of heptane’s was defined. It was established that

with increasing concentration of the electrolyte (ammonium chloride), surface and interfacial tension

is reducing, the fire extinguishing efficiency of the foam is also declining, resulting in increasing of

the optimal flow rate of foaming solution and also in increasing of the specific consumption. It is

shown that as the interfacial tension decreases, the minimum consumption of the foaming agent and

the optimum flow rate of the foam supply increases, and the quench time decreases synchronously.

It is determined that with changing of the size of interfacial tension, the curves have a pronounced

minimum, which is shifted. It is revealed that the decrease in the ability of the fuel to spread over

a solution of foam films leads to an increase in the fire-extinguishing efficiency, which is manifested

in a reduction in the minimum specific consumption and the optimum flow rate of supply of the foaming

solution.

Keywords: fire extinguishing efficiency; fluorinated foaming agent; spreading coefficient; optimum

flow rate; minimum specific consumption.
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Ðàññìîòðåíû îñíîâíûå ïîëîæåíèÿ ìåòîäèê ïî ðàñ÷åòó ïîæàðíîãî ðèñêà íà ïðîèçâîäñòâåííûõ
îáúåêòàõ. Ïðîâåäåí àíàëèç íîðìàòèâíûõ äîêóìåíòîâ ïî îöåíêå âåðîÿòíîñòè ïîÿâëåíèÿ èñòî÷-
íèêà çàæèãàíèÿ è ìåð ïî åãî èñêëþ÷åíèþ. Îòìå÷åíà àêòóàëüíîñòü âîïðîñà ïî îöåíêå âåðîÿò-
íîñòè âîçíèêíîâåíèÿ ïîæàðà îò ýëåêòðîîáîðóäîâàíèÿ. Ïðåäñòàâëåí ïåðå÷åíü ïîòåíöèàëüíûõ
èñòî÷íèêîâ çàæèãàíèÿ, ó÷èòûâàåìûõ ïðè ðàñ÷åòå ïîæàðíîãî ðèñêà.

Êëþ÷åâûå ñëîâà: ïîæàðíûé ðèñê; ýëåêòðîîáîðóäîâàíèå; èñòî÷íèê çàæèãàíèÿ; ïðîèçâîäñòâåí-
íûå îáúåêòû; ïîæàðíàÿ áåçîïàñíîñòü.

ÂÎÏÐÎÑ:

Ñîãëàñíî Ìåòîäèêå (ïðèêàç Ì×Ñ Ðîññèè ¹ 404

îò 10.07.2009) ïðè îïðåäåëåíèè ðàñ÷åòíûõ âå-

ëè÷èí ïîæàðíîãî ðèñêà íà ïðîèçâîäñòâåííûõ îáú-

åêòàõ òðåáóåòñÿ ïðîâîäèòü àíàëèç ïîæàðíîé îïàñ-

íîñòè òåõíîëîãè÷åñêîé ñðåäû è ïàðàìåòðîâ òåõ-

íîëîãè÷åñêèõ ïðîöåññîâ íà îáúåêòå. Òàêîé àíàëèç

ïðåäóñìàòðèâàåò ñîïîñòàâëåíèå ïîêàçàòåëåé ïî-

æàðíîé îïàñíîñòè âåùåñòâ è ìàòåðèàëîâ, îáðàùà-

þùèõñÿ â òåõíîëîãè÷åñêîì ïðîöåññå, ñ åãî ïàðà-

ìåòðàìè. Ïî äàííûì ïàðàìåòðàì îïðåäåëÿåòñÿ

ïåðå÷åíü ïîòåíöèàëüíûõ èñòî÷íèêîâ çàæèãàíèÿ

ïîæàðîîïàñíîé òåõíîëîãè÷åñêîé ñðåäû ñ ó÷åòîì

ïîêàçàòåëåé ïîæàðíîé îïàñíîñòè âåùåñòâ è ìà-

òåðèàëîâ.

Ñ ýòîé öåëüþ óñòàíàâëèâàþòñÿ âîçìîæíûå ïðè-

÷èíû âîçíèêíîâåíèÿ ïîæàðîîïàñíûõ ñèòóàöèé,

êîòîðûå ìîãóò ïðèâåñòè ê îáðàçîâàíèþ ãîðþ÷åé

ñðåäû è ïîÿâëåíèþ èñòî÷íèêà çàæèãàíèÿ. Íàè-

áîëåå ÷àñòîé ïðè÷èíîé ÿâëÿåòñÿ íàðóøåíèå òåõ-

íîëîãè÷åñêîãî ïðîöåññà, íàïðèìåð èñòå÷åíèå æèä-

êîñòè èç åìêîñòè ïðè ñëèâîíàëèâíûõ îïåðàöèÿõ,

ðàçðóøåíèå êîðïóñà îáîðóäîâàíèÿ âñëåäñòâèå

ïðåâûøåíèÿ íîìèíàëüíîãî äàâëåíèÿ è òåìïå-

ðàòóðû, ïîÿâëåíèå èñòî÷íèêà çàæèãàíèÿ â ìåñòå

îáðàçîâàíèÿ ïîæàðîâçðûâîîïàñíûõ êîíöåíò-

ðàöèé ñìåñåé.

Â êà÷åñòâå ïðîìåæóòî÷íîé âåëè÷èíû äëÿ îïðå-

äåëåíèÿ ðàñ÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà íà

îáúåêòå èñïîëüçóþò çíà÷åíèÿ ñîîòâåòñòâóþùåãî

ïîòåíöèàëüíîãî ïîæàðíîãî ðèñêà äëÿ êîíêðåòíî-

ãî îáúåêòà èëè ïîìåùåíèÿ (ó÷àñòêà). Ïðè ðàññìîò-

ðåíèè íåñêîëüêèõ ñöåíàðèåâ âîçíèêíîâåíèÿ ïî-

æàðà ðàñ÷åòíóþ ÷àñòîòó âîçíèêíîâåíèÿ ïîæàðà

ïðèíèìàþò ðàâíîé ñóììàðíîé ÷àñòîòå ðåàëè-

çàöèè âñåõ âîçìîæíûõ â çäàíèè ñöåíàðèåâ âîç-

íèêíîâåíèÿ ïîæàðà. Äëÿ îïðåäåëåíèÿ ÷àñòîòû

ðåàëèçàöèè ïîæàðîîïàñíûõ ñèòóàöèé ìîãóò èñ-

ïîëüçîâàòüñÿ ñòàòèñòè÷åñêèå äàííûå ïî àâàðèé-

íîñòè èëè ðàñ÷åòíûå äàííûå ïî íàäåæíîñòè òåõíî-

ëîãè÷åñêîãî îáîðóäîâàíèÿ, ñîîòâåòñòâóþùèå ñïå-

öèôèêå ðàññìàòðèâàåìîãî îáúåêòà.

Êàêèì îáðàçîì ó÷èòûâàåòñÿ íàäåæíîñòü, ÷àñòîòà

è âåðîÿòíîñòü âîçíèêíîâåíèÿ ïîæàðà îò ýëåêòðî-

îáîðóäîâàíèÿ êàê ïîòåíöèàëüíîãî èñòî÷íèêà çà-

æèãàíèÿ ãîðþ÷åé ñðåäû?

ÎÒÂÅÒ:

Åæåãîäíî â Ðîññèè èç-çà íåïðàâèëüíîé ýêñ-

ïëóàòàöèè ýëåêòðîîáîðóäîâàíèÿ ïðîèñõîäèò áîëåå

40 òûñ. ïîæàðîâ (30 % îò îáùåãî ÷èñëà). Ýòîò ôàêò

òðåáóåò áîëåå ïðèñòàëüíîãî ðàññìîòðåíèÿ âîïðîñà

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ïðîèçâîäñò-

âåííûõ îáúåêòîâ, íà êîòîðûõ îäíèì èç îñíîâíûõ èñ-

òî÷íèêîâ çàæèãàíèÿ ÿâëÿåòñÿ ýëåêòðîîáîðóäîâàíèå.

Â ñò. 50 ÔÇ-123 [1] óêàçàíî, ÷òî èñêëþ÷èòü ïîÿâëå-

íèå â ãîðþ÷åé ñðåäå èñòî÷íèêà çàæèãàíèÿ ìîæíî

îäíèì èëè íåñêîëüêèìè ñïîñîáàìè, à èìåííî:

1) ïðèìåíåíèåì ýëåêòðîîáîðóäîâàíèÿ, ñîîòâåòñòâó-

þùåãî êëàññó ïîæàðîîïàñíîé è (èëè) âçðûâîîïàñ-

íîé çîíû, êàòåãîðèè è ãðóïïå âçðûâîîïàñíîé ñìåñè;

2) ïðèìåíåíèåì â êîíñòðóêöèè áûñòðîäåéñòâóþùèõ

ñðåäñòâ çàùèòíîãî îòêëþ÷åíèÿ ýëåêòðîóñòàíîâîê

èëè äðóãèõ óñòðîéñòâ, èñêëþ÷àþùèõ ïîÿâëåíèå èñ-

òî÷íèêîâ çàæèãàíèÿ;

3) ïðèìåíåíèåì îáîðóäîâàíèÿ è ðåæèìîâ ïðîâå-

äåíèÿ òåõíîëîãè÷åñêîãî ïðîöåññà ñ çàùèòîé îò ñòà-

òè÷åñêîãî ýëåêòðè÷åñòâà;

4) èñïîëüçîâàíèåì óñòðîéñòâ ìîëíèåçàùèòû çäàíèé,

ñîîðóæåíèé è îáîðóäîâàíèÿ;

5) ïîääåðæàíèåì áåçîïàñíîé òåìïåðàòóðû íàãðå-

âà âåùåñòâ, ìàòåðèàëîâ è ïîâåðõíîñòåé, êîòîðûå

êîíòàêòèðóþò ñ ãîðþ÷åé ñðåäîé;
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6) ïðèìåíåíèåì ñïîñîáîâ è óñòðîéñòâ îãðàíè÷å-

íèÿ ýíåðãèè èñêðîâîãî ðàçðÿäà â ãîðþ÷åé ñðåäå äî

áåçîïàñíûõ çíà÷åíèé;

7) èñïîëüçîâàíèåì èñêðîáåçîïàñíîãî èíñòðóìåíòà

ïðè ðàáîòå ñ ëåãêîâîñïëàìåíÿþùèìèñÿ æèäêîñòÿ-

ìè è ãîðþ÷èìè ãàçàìè.

Ïåðå÷èñëåííûå ñïîñîáû ïîçâîëÿþò ñíèçèòü âåðî-

ÿòíîñòü âîçíèêíîâåíèÿ ïîæàðà â ïîìåùåíèè îò

ýëåêòðîîáîðóäîâàíèÿ, íî íå äàþò êîíêðåòíûõ êîëè-

÷åñòâåííûõ äàííûõ äëÿ ðàñ÷åòà ïîæàðíîãî ðèñêà.

Íà ñåãîäíÿøíèé äåíü ìîæíî ãîâîðèòü î òîì, ÷òî ÷àñ-

òîòà âîçíèêíîâåíèÿ ïîæàðà îò ýëåêòðîîáîðóäîâà-

íèÿ ïðèíèìàåòñÿ ðàâíîé ÷àñòîòå ïîæàðîâ íà ýëåêò-

ðîñòàíöèÿõ, êîòîðàÿ ñîñòàâëÿåò 2,2 �10–5 ì–2 · ãîä–1.

Äàííîå óìîçàêëþ÷åíèå âûòåêàåò èç ïðèìåðà ðàñ-

÷åòà âåëè÷èíû ïîòåíöèàëüíîãî ïîæàðíîãî ðèñêà â

ïðîèçâîäñòâåííîì ïîìåùåíèè â ñëó÷àå âîçãîðàíèÿ

êàáåëåé, ïðåäñòàâëåííîãî â ïðîåêòå âòîðîé ðåäàê-

öèè Ïîñîáèÿ ïî îïðåäåëåíèþ ðàñ÷åòíûõ âåëè÷èí

ïîæàðíîãî ðèñêà äëÿ ïðîèçâîäñòâåííûõ îáúåêòîâ

(ï. 3.10 è òàáë. Ï.2.3) [2], ðàçðàáîòàííîãî â ðàçâè-

òèå Ìåòîäèêè [3]. Â Ïîñîáèè [2] óêàçàíû îñíîâíûå

ïîêàçàòåëè ïîæàðíîé îïàñíîñòè ïî òèïîâîé ãîðþ-

÷åé íàãðóçêå â ïîìåùåíèÿõ (ñì. òàáë. Ï.1.3, Ï.1.9 è

Ï.1.10 [2]), êîòîðûå ïîçâîëÿþò âûïîëíèòü ðàñ÷åò

êîëè÷åñòâà äûìà è òîêñè÷íûõ ãàçîîáðàçíûõ ïðî-

äóêòîâ, âûäåëÿåìûõ ïðè ãîðåíèè ýëåêòðè÷åñêèõ èç-

äåëèé (ïðîâîäà è êàáåëè). Äðóãîé èíôîðìàöèè î âå-

ðîÿòíîñòè âîçíèêíîâåíèÿ ïîæàðà èç-çà íåèñïðàâ-

íîñòè ýëåêòðîîáîðóäîâàíèÿ â Ìåòîäèêå [3] íåò.

Â ñîîòâåòñòâèè ñî ñò. 50 ÔÇ-123 [1] ïðè ðàñ÷åòå ïî-

æàðíîãî ðèñêà ñëåäóåò ó÷èòûâàòü âåðîÿòíîñòü âîç-

íèêíîâåíèÿ ïîæàðà íå òîëüêî îò íàðóøåíèé ïðè ýêñ-

ïëóàòàöèè ýëåêòðîîáîðóäîâàíèÿ, íî è îò ðàçðÿäîâ

ñòàòè÷åñêîãî ýëåêòðè÷åñòâà (â òîì ÷èñëå ìîëíèè).

Äëÿ âûïîëíåíèÿ òðåáîâàíèé äàííîé ñòàòüè ñëåäóåò

ïîëüçîâàòüñÿ ìåòîäîì ýêñïåðèìåíòàëüíîãî îïðå-

äåëåíèÿ âåðîÿòíîñòè âîçíèêíîâåíèÿ ïîæàðà îò

ýëåêòðè÷åñêèõ èçäåëèé, èçëîæåííûì â ïðèë. 5 ÃÎÑÒ

12.1.004–91 [4]. Ñîãëàñíî [4] âåðîÿòíîñòü âîçíèê-

íîâåíèÿ ïîæàðà îò ýëåêòðè÷åñêîãî îáîðóäîâàíèÿ

íå äîëæíà ïðåâûøàòü 10–6 â ãîä. Äëÿ ïîæàðîâçðû-

âîîïàñíîãî îáúåêòà åå ñëåäóåò îïðåäåëÿòü íà ýòàïå

åãî ïðîåêòèðîâàíèÿ, ñòðîèòåëüñòâà è ýêñïëóàòàöèè.

Â êà÷åñòâå âåðîÿòíûõ èñòî÷íèêîâ çàæèãàíèÿ â ÃÎÑÒå

[4] ðàññìàòðèâàþòñÿ:

� ðàçðÿä àòìîñôåðíîãî ýëåêòðè÷åñòâà (ïðÿìîé

óäàð ìîëíèè, åãî âòîðè÷íûå ïðîÿâëåíèÿ, çàíîñ

âûñîêîãî ïîòåíöèàëà);

� ýëåêòðè÷åñêàÿ èñêðà èëè äóãà, îáðàçóþùàÿñÿ ïðè

êîðîòêîì çàìûêàíèè, ïðè ïðîâåäåíèè ýëåêòðî-

ñâàðî÷íûõ ðàáîò, èñêðåíèè òîêîïðîâîäÿùèõ

÷àñòåé ýëåêòðîîáîðóäîâàíèÿ, à òàêæå â ðåçóëü-

òàòå ðàçðÿäà ñòàòè÷åñêîãî ýëåêòðè÷åñòâà;

� ôðèêöèîííûå èñêðû îò óäàðà è òðåíèÿ;

� îòêðûòîå ïëàìÿ è èñêðû ïðè ñæèãàíèè òîïëèâà â

ïå÷àõ, ïðîâåäåíèè ãàçîñâàðî÷íûõ è äðóãèõ îãíå-

âûõ ðàáîò, íåñîáëþäåíèè ðåæèìà êóðåíèÿ è ò. ä.;

� âåùåñòâà, îòäåëüíûå óçëû è ïîâåðõíîñòè òåõíî-

ëîãè÷åñêîãî îáîðóäîâàíèÿ, íàãðåòûå ñâûøå äî-

ïóñòèìîé òåìïåðàòóðû è êîíòàêòèðóþùèå ñ ãî-

ðþ÷åé ñðåäîé;

� ïåðåãðóçêà ýëåêòðè÷åñêèõ êîììóíèêàöèé è

ýëåêòðîîáîðóäîâàíèÿ ïðè íåèñïðàâíîñòè èëè íå-

ñîîòâåòñòâèè àïïàðàòîâ çàùèòû ýëåêòðè÷åñêèõ

ñåòåé, íåñîîòâåòñòâèè ñå÷åíèÿ æèë êàáåëüíûõ

èçäåëèé íàãðóçêå ýëåêòðîïðèåìíèêîâ, ïîâûøå-

íèè íàïðÿæåíèÿ â ñåòè è ò. ï.

Áóëüøàÿ ÷àñòü âåðîÿòíîñòåé ïîÿâëåíèÿ âûøåïåðå-

÷èñëåííûõ èñòî÷íèêîâ çàæèãàíèÿ íà ïðîåêòèðóåìûõ

îáúåêòàõ îïðåäåëÿåòñÿ ïî ñòàòèñòè÷åñêèì äàííûì,

ïîëó÷åíèå êîòîðûõ òðåáóåò çíà÷èòåëüíûõ ÷åëîâå÷å-

ñêèõ è âðåìåííûõ ðåñóðñîâ, íî âïîëíå ðåàëèçóåìà.

Ñáîðîì äàííûõ äîëæíà çàíèìàòüñÿ ïðîåêòíàÿ îð-

ãàíèçàöèÿ íà äåéñòâóþùèõ îáúåêòàõ. Äëÿ íàáëþ-

äåíèÿ âûáèðàþò îáîðóäîâàíèå, ðàáîòàþùåå â ïå-

ðèîä íîðìàëüíîé ýêñïëóàòàöèè è â óñëîâèÿõ, àíàëî-

ãè÷íûõ òåì, â êîòîðûõ áóäåò ýêñïëóàòèðîâàòüñÿ

ïðîåêòèðóåìîå èçäåëèå. Äëÿ ïîëó÷åíèÿ ñòàòèñòè÷å-

ñêèõ äàííûõ ñëåäóåò ó÷èòûâàòü èíôîðìàöèþ, ïðåä-

ñòàâëåííóþ â ðóêîâîäÿùèõ äîêóìåíòàõ, èíñòðóêöè-

ÿõ, æóðíàëàõ íåèñïðàâíîñòåé è âûÿâëåííûõ äåôåê-

òîâ â ðàáîòå îáîðóäîâàíèÿ, àêòàõ ïðîâåðîê îáúåêòà

îðãàíàìè Ãîñïîæíàäçîðà è ò. ï.

Íà îñíîâàíèè ïîëó÷åííûõ ñòàòèñòè÷åñêèõ äàííûõ

ðàññ÷èòûâàåòñÿ òàêæå êîýôôèöèåíò áåçîïàñíîñòè

Ká. Åãî ñëåäóåò ó÷èòûâàòü ïðè ðàñ÷åòå âåðîÿòíîñòè

ïîÿâëåíèÿ ãîðþ÷åãî âåùåñòâà îò êàæäîé èç ðàñ-

ñìàòðèâàåìûõ â ÃÎÑÒå [4] ïðè÷èí. Êîýôôèöèåíò áåç-

îïàñíîñòè íåîáõîäèì äëÿ îöåíêè âåðîÿòíîñòè îò-

êàçà ìîëíèåîòâîäîâ íà îáúåêòå è âåðîÿòíîñòè ñæè-

ãàíèÿ òîïëèâà â ïå÷àõ íà åãî îòäåëüíûõ ó÷àñòêàõ.

Ïðåäñòàâëåííûé â [4] ìåòîä îöåíêè âåðîÿòíîñòè

âîçíèêíîâåíèÿ ïîæàðà îò ýëåêòðè÷åñêèõ èçäåëèé,

à òàêæå îöåíêà âåðîÿòíîñòè ïîÿâëåíèÿ ïîòåíöèàëü-

íîãî èñòî÷íèêà çàæèãàíèÿ ïîëíîñòüþ ñîãëàñóþòñÿ ñ

ïîëîæåíèÿìè ñò. 50 ÔÇ-123 [1] è äîëæíû ïðèìå-

íÿòüñÿ ñîâìåñòíî ñ Ìåòîäèêîé [3] äëÿ áîëåå òî÷íîãî

îïðåäåëåíèÿ ðàñ÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà

íà ïðîèçâîäñòâåííûõ îáúåêòàõ.
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ABSTRACT

The main provisions of methods for calculating fire

risk at production facilities are considered. The ana-

lysis of normative documents on an estimation of

probability of occurrence of an ignition source and

measures on its exclusion is executed. Relevance of

the issue to assess the risk of fire from electrical

equipment is noted. A list of potential sources of igni-

tion, included in the calculation of fire risk is pre-

sented.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

íèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ óñòðîéñòâ è ïðîãðàììíî-èíôîð-

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû

óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

äîìñòâó, ôîðìó ñîáñòâåííîñòè, ñòàòóñ îðãàíèçàöèè (íàïðèìåð, “Ó÷-

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

âåííîå óíèòàðíîå ïðåäïðèÿòèå…”, “ÔÃÎÓ ÂÏÎ…” è ò. ï.), òàê êàê

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

ñâåäåíèÿ (êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñ-

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

ñêèé ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.4. Àííîòàöèÿ íà ðóññêîì ÿçûêå äîëæíà ñîñòîÿòü íå ìåíåå ÷åì èç

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé äëÿ ñòàòüè òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâ-

ëÿåò ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.:

“Èçó÷åíû…, ïðîàíàëèçèðîâàíû…, ïðåäñòàâëåíû…” è ò. ï.).

2.5. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� îðèãèíàëüíûì (íå áûòü êàëüêîé ñ ðóññêîÿçû÷íîé àííîòàöèè

ñ äîñëîâíûì ïåðåâîäîì);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 200–250 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

ââåäåíèå, öåëè è çàäà÷è, ìåòîäû, ðåçóëüòàòû, çàêëþ÷åíèå (âûâîäû).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

ñëåäóåò ïðèìåíÿòü â èñêëþ÷èòåëüíûõ ñëó÷àÿõ èëè äàâàòü èõ ðàñ-

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ðåêîìåíäóåòñÿ âêëþ÷àòü ñõåìû, òàáëèöû,

èëëþñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåí-

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

òåêñò àííîòàöèè êëþ÷åâûå ñëîâà è òåðìèíû èç îñíîâíîãî òåêñòà è

çàãëàâèÿ ñòàòüè.

2.6. Êëþ÷åâûå ñëîâà íà ðóññêîì è àíãëèéñêîì ÿçûêàõ (íå ìåíåå

5 ñëîâ èëè ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷êó ñ çàïÿ-

òîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü òåðìèíû

îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.), íå ÿâëÿ-

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

óïîòðåáëåíèÿ ñëîâ “and” (è), “of” (ïðåäëîã, óêàçûâàþùèé íà ïðè-

íàäëåæíîñòü), àðòèêëåé “a”, “the” è ò. ï.

2.7. Îñíîâíîé òåêñò ñòàòüè äîëæåí áûòü íàáðàí ÷åðåç 1,5 èíòåðâàëà

â ôîðìàòå Word. Ôîðìóëû äîëæíû áûòü íàáðàíû â Microsoft Equa-

tion èëè MathType.

Öèòèðóåìûé òåêñò èç äðóãèõ ïóáëèêàöèé ñëåäóåò áðàòü â êàâû÷êè.

Òàáëèöû, ðèñóíêè, ìåòîäû, ÷èñëåííûå äàííûå (çà èñêëþ÷åíèåì

îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Äëÿ äâóÿçû÷íîãî ïðåäñòàâëåíèÿ òàáëè÷íîãî è ãðàôè÷åñêîãî ìàòå-

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:

� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;

� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;

� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû, ññûëêè íà ñàéòû

êîìïàíèé è ò.ï.). Ïðè ýòîì êîëè÷åñòâî ññûëîê íà ñòàòüè èç èíîñòðàí-

íûõ íàó÷íûõ æóðíàëîâ è äðóãèå èíîñòðàííûå èñòî÷íèêè äîëæíî

áûòü íå ìåíåå 40 % îá îáùåãî êîëè÷åñòâà ññûëîê. Íå áîëåå ïîëî-

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

ÿçû÷íûõ íàó÷íûõ æóðíàëîâ, îñòàëüíîå — äðóãèå ïåðâîèñòî÷íèêè

íà ðóññêîì ÿçûêå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:

� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëüíî

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

(äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò ñâîé

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);

� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;

� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);

� âûõîäíûå äàííûå;

� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: Sokolov D. N., Vogman L. P., Zuykov V. A. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

(ò. å. îí íå äîëæåí áûòü ñâÿçàí ñ ìåñòîì ðàáîòû (ó÷åáû) àâòîðîâ

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

åãî Ô. È. Î., ó÷åíîãî çâàíèÿ, ó÷åíîé ñòåïåíè, äîëæíîñòè, ìåñòà ðà-

áîòû), çàâåðåíà îòäåëîì êàäðîâ (ó÷åíûì ñåêðåòàðåì) è ïå÷àòüþ.

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

4. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

5. Â ñëó÷àå ïîëó÷åíèÿ çàìå÷àíèé â õîäå âíóòðåííåãî ðåöåíçèðîâà-

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

âñå âîïðîñû è çàìå÷àíèÿ ðåöåíçåíòà. Íåñâîåâðåìåííûé, à òàêæå

íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòî-

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå÷àíèé ðåöåíçåíòîâ è íàó÷íûõ

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

ðåäàêöèè î ïåðåðàáîòêå ìàòåðèàëà íå îçíà÷àåò, ÷òî îí ïðèíÿò ê ïå÷àòè.

Ïðåäïå÷àòíàÿ ïîäãîòîâêà ñòàòåé îïëà÷èâàåòñÿ çà ñ÷åò ñðåäñòâ ïîä-

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

Ðåäàêöèÿ îñòàâëÿåò çà ñîáîé ïðàâî ñ÷èòàòü, ÷òî àâòîðû, ïðåäîñòà-

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!










