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ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

Ñ
25 ïî 27 îêòÿáðÿ 2017 ã. â Ñàíêò-Ïåòåðáóðãå â ÊÂÖ “ÝÊÑÏÎÔÎÐÓÌ” ñîñòîÿëàñü 26-ÿ Ìåæäó-

íàðîäíàÿ âûñòàâêà òåõíè÷åñêèõ ñðåäñòâ îõðàíû è îáîðóäîâàíèÿ äëÿ îáåñïå÷åíèÿ áåçîïàñ-

íîñòè è ïðîòèâîïîæàðíîé çàùèòû Securika St. Petersburg.

Â òîðæåñòâåííîé öåðåìîíèè îôèöèàëüíîãî îò-

êðûòèÿ âûñòàâêè ïðèíÿëè ó÷àñòèå:

� Îëåã Âëàäèìèðîâè÷ Ëàõèí, çàìåñòèòåëü ïðåäñåäà-

òåëÿ Êîìèòåòà ïî âîïðîñàì çàêîííîñòè, ïðàâîïî-

ðÿäêà è áåçîïàñíîñòè Ñàíêò-Ïåòåðáóðãà
� Ñåðãåé Áîðèñîâè÷ Êàðÿçèí, çàìåñòèòåëü ïðåäñåäà-

òåëÿ Êîìèòåòà ïðàâîïîðÿäêà è áåçîïàñíîñòè Ëåíèí-

ãðàäñêîé îáëàñòè — íà÷àëüíèê äåïàðòàìåíòà ïîæàð-

íîé áåçîïàñíîñòè è ãðàæäàíñêîé çàùèòû
� Äìèòðèé Âëàäèìèðîâè÷ Ñàõàðîâ, ðóêîâîäèòåëü

Óïðàâëåíèÿ Ôåäåðàëüíîé ñëóæáû ïî íàäçîðó â ñôå-

ðå ñâÿçè, èíôîðìàöèîííûõ òåõíîëîãèé è ìàññîâûõ

êîììóíèêàöèé ïî Ñåâåðî-Çàïàäíîìó ôåäåðàëüíî-

ìó îêðóãó
� Àëåêñàíäð Àëåêñàíäðîâè÷ Êðàñèëè÷, çàìåñòèòåëü

íà÷àëüíèêà Óïðàâëåíèÿ âíåâåäîìñòâåííîé îõðàíû

âîéñê íàöèîíàëüíîé ãâàðäèè Ðîññèéñêîé Ôåäåðà-

öèè ïî ã. Ñàíêò-Ïåòåðáóðãó è Ëåíèíãðàäñêîé îáëàñòè

� Àëåêñåé Âàëåíòèíîâè÷ Áîãäàíîâ, çàìåñòèòåëü ãå-

íåðàëüíîãî äèðåêòîðà Ãîñóäàðñòâåííîãî “Ýðìèòàæà”
� Åëåíà Âëàäèìèðîâíà Óáëèåâà, çàìåñòèòåëü ãåíåðàëü-

íîãî äèðåêòîðà êîìïàíèè “ÝêñïîÔîðóì-Èíòåðíåøíë”
� Èðèíà Àíàòîëüåâíà Ëþáèíà, äèðåêòîð êîìïàíèè

“ÏÐÈÌÝÊÑÏÎ”/ITE Ñàíêò-Ïåòåðáóðã

Îëåã Âëàäèìèðîâè÷ Ëàõèí çà÷èòàë ïðèâåòñòâåííîå

ñëîâî îò èìåíè ãóáåðíàòîðà Ñàíêò-Ïåòåðáóðãà Ãåîðãèÿ

Ñåðãååâè÷à Ïîëòàâ÷åíêî, à Ñåðãåé Áîðèñîâè÷ Êàðÿçèí

— îò èìåíè ãóáåðíàòîðà Ëåíèíãðàäñêîé îáëàñòè Àëåê-

ñàíäðà Þðüåâè÷à Äðîçäåíêî. Îáà ãóáåðíàòîðà ïîä÷åðê-

íóëè âàæíîñòü ïðîâåäåíèÿ âûñòàâêè äëÿ ðåøåíèÿ çàäà÷

ïî îáåñïå÷åíèþ áåçîïàñíîñòè âî âñåõ ñôåðàõ æèçíè è

ïðåäîòâðàùåíèþ ñîâðåìåííûõ óãðîç.

Àëåêñàíäð Àëåêñàíäðîâè÷ Êðàñèëè÷ îòìåòèë, ÷òî íà

âûñòàâêå øèðîêî ïðåäñòàâëåíû ðîññèéñêèå ðàçðàáîò-

êè, êîòîðûå ñòàëè äîñòîéíûìè àíàëîãàìè çàðóáåæíûõ

ðåøåíèé, à çà÷àñòóþ è ïðåâîñõîäÿò èõ ïî òåõíè÷åñêèì

õàðàêòåðèñòèêàì.
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ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

Ïîäòâåðäèë âîñòðåáîâàííîñòü îòå÷åñòâåííîé ïðî-

äóêöèè è Àëåêñåé Âàëåíòèíîâè÷ Áîãäàíîâ, êîòîðûé ïîä-

âåë èòîãè ïðîôåññèîíàëüíîãî êîíêóðñà “Ýòàëîí áåç-

îïàñíîñòè” è íàãðàäèë ïîáåäèòåëåé è ëàóðåàòîâ ïàìÿò-

íûìè äèïëîìàìè è ïðèçàìè.

Â ýòîì ãîäó íà ñóä ïðîôåññèîíàëüíîé êîíêóðñ-

íîé êîìèññèè áûëî ïðåäñòàâëåíî 10 èííîâàöè-

îííûõ ïðîäóêòîâ â îáëàñòè îáåñïå÷åíèÿ áåç-

îïàñíîñòè. Ïîáåäèòåëÿìè êîíêóðñà ñòàëè:

� â íîìèíàöèè “Òåõíè÷åñêèå ñðåäñòâà îáåñïå÷åíèÿ

áåçîïàñíîñòè” — êîìïàíèÿ ÎÎÎ “Ò8 Ñåíñîð” ñ ïðîäóê-

òîì “Ðàñïðåäåëåííûé àêóñòè÷åñêèé ñåíñîð “Äóíàé”;
� â íîìèíàöèè “Ñèñòåìû îõðàííîãî òåëåâèäåíèÿ è

íàáëþäåíèÿ” — êîìïàíèÿ ÎÎÎ “Ïåòðóì” ñ ïðîäóê-

òîì “Ethernet êîììóòàòîð ñ ïîääåðæêîé PoE+”;
� â íîìèíàöèè “Ñèñòåìû è ñðåäñòâà îáåñïå÷åíèÿ ïî-

æàðíîé áåçîïàñíîñòè” — ÎÎÎ “Õîëäèíã Ãåôåñò” ñ çà-

ÿâêîé “Àâòîíîìíîå óñòðîéñòâî ãàçîâîãî ïîæàðîòó-

øåíèÿ “AMFE JOB”.

Ëàóðåàòàìè êîíêóðñà ñòàëè êîìïàíèè: ÎÎÎ ÍÏÏ

“Ñèáèðñêèé Àðñåíàë”, ÎÎÎ “ÌÀÊÐÎÒÅÊ”, ÎÎÎ “Îãíåçà”,

ÎÎÎ “ÒÄ Åâðîòåõïëàñò”, ÎÎÎ “ÑÏÅÖÂÈÄÅÎÏÐÎÅÊÒ”.

Â âûñòàâêå Securika St. Petersburg ïðèíÿëè ó÷àñòèå

107 êîìïàíèé èç Ðîññèè, Ãåðìàíèè, Êèòàÿ, Òàéâàíÿ è

Óêðàèíû, â òîì ÷èñëå áîëåå 30 êîìïàíèé, íèêîãäà ðà-

íåå íå ïðèíèìàâøèõ ó÷àñòèå â âûñòàâêå.

Íà âûñòàâêå áûëè ïðåäñòàâëåíû îõðàííûå è ïîæàð-

íûå ñèãíàëèçàöèè, ñèñòåìû îõðàííîãî òåëåâèäåíèÿ è

íàáëþäåíèÿ, ñèñòåìû è ñðåäñòâà ïðîòèâîïîæàðíîé çà-

ùèòû, ñèñòåìû êîíòðîëÿ è óïðàâëåíèÿ äîñòóïîì, òåõíè-

÷åñêèå ñðåäñòâà îáåñïå÷åíèÿ áåçîïàñíîñòè, ñèñòåìû

ñâÿçè è îïîâåùåíèÿ, ðåøåíèÿ äëÿ çàùèòû èíôîðìàöèè.

Ìíîãèå êîìïàíèè ïðåäñòàâèëè íîâèíêè è îáíîâ-

ëåííûå âåðñèè óæå ïðèçíàííûõ íà ðûíêå ïðîäóêòîâ.

Â èõ ÷èñëå — ñèñòåìà ýëåêòðîííîãî êîíòðîëÿ, çàùèòû

è îðãàíèçàöèè äîñòóïà ñ ïîìîùüþ ñìàðòôîíà blue-

Compact íîâîãî ïîêîëåíèÿ, ðàçðàáîòàííàÿ êîìïàíèåé

Winkhaus; âçðûâîçàùèùåííûé ãåðìîáîêñ îò êîìïàíèè

“Áèê-Èíôîðì”; íîâûå óëè÷íûå è ñêîðîñòíûå êóïîëüíûå

IP-âèäåîêàìåðû BEWARD, ïðåäñòàâëåííûå òîðãîâûì

äîìîì “Àëüò-ÑÁ”; êîìáèíèðîâàííûå îãíåñòîéêèå êàáå-

ëè îò êîìïàíèè “ÒÏÄ Ïàðèòåò” è óíèâåðñàëüíûå ìîíòàæ-

íûå êàáåëè îò êîìïàíèè “ÑÏÊÁ Òåõíî”, à òàêæå äðóãèå

ïðîäóêòû è ðåøåíèÿ.

Çà 3 äíÿ âûñòàâêó ïîñåòèë 3831 ÷åëîâåê — ñïåöè-

àëèñòû ïðîåêòíûõ è ìîíòàæíûõ îðãàíèçàöèé, îõðàííûõ

ïðåäïðèÿòèé, ñòðîèòåëüíûõ êîìïàíèé, ïðåäïðèÿòèé îï-

òîâîé è ðîçíè÷íîé òîðãîâëè îáîðóäîâàíèåì äëÿ îáåñïå-

÷åíèÿ áåçîïàñíîñòè è ïðîòèâîïîæàðíîé çàùèòû, à òàê-

æå ñïåöèàëèñòû îòäåëîâ áåçîïàñíîñòè è ïðîòèâîïîæàð-

íîé çàùèòû ïðåäïðèÿòèé ðàçëè÷íûõ îòðàñëåé. Â èõ

÷èñëå — ïðåäñòàâèòåëè ÀÎ “Ëåíãèäðîïðîåêò”, ÏÀÎ “Íèæ-

íåêàìñêíåôòåõèì”, ÎÀ “Àòîìýíåðãî”, ÃÊ “Òåëðîñ”, êîì-

ïàíèÿ “ßíäåêñ”, ÎÎÎ “Ïðîåêòñåðâèñ”, ÏÀÎ “Ñáåðáàíê”,

ÀÎ “Ïðîåêòíûé èíñòèòóò ¹ 1”, ÎÀÎ “ËÅÍÍÈÈÏÐÎÅÊÒ”,

ÏÀÎ “Áàíê ÂÒÁ”, ÀÎ “ËÅÍÌÎÐÍÈÈÏÐÎÅÊÒ”, ÃÓÏ “Ïåòåð-

áóðãñêèé ìåòðîïîëèòåí”, ÎÎÎ “Ãàçïðîì ïðîåêòèðîâà-

íèå”, ÀÎ “Òðàíñíåôòü-Ñèáèðü”, êîìïàíèÿ “Ôèëèï Ìîððèñ

Èæîðà”, ÀÎ “Ðîñæåëäîðïðîåêò”, ÏÀÎ “Èæîðñêèå çàâîäû”,

ÎÎÎ “ËÅÍÌÎÍÒÀÆ”, êîìïàíèÿ “Ãàðàíò ÏÁ”, ÎÎÎ “Ïå-

òåðáóðãòåïëîýíåðãî”, ÓÊ àýðîïîðòà “Ïóëêîâî”, ÎÎÎ “Ãàç-

ïðîì ìåæðåãèîíãàç”, Ðóññêèé ìóçåé, ÏÀÎ “Áàíê “Ñàíêò-

Ïåòåðáóðã”, ÃÊ “ÒÅËÐÎÑ”, Ðóññêèé ìóçåé, ÎÀÎ “ÐÆÄ”,

ÑÇÔ ÏÀÎ “Ìåãàôîí”, ÀÎ “Ïåòðîýëåêòðîñáûò”, ÎÎÎ “Òèêêó-

ðèëà”, ÃÊ “ÄÎÐÀÄÎ”, ÏÀÎ “Âûìïåëêîì” (Áèëàéí), ÔÃÓÏ

“Ðîñìîðïîðò”, ÇÀÎ “Çåíèò-Àðåíà” è äðóãèõ êîìïàíèé.

Â ðàìêàõ äåëîâîé ïðîãðàììû âûñòàâêè ñîñòî-

ÿëèñü:

� Êîíôåðåíöèÿ “Íîâûå òðåáîâàíèÿ çàêîíîäàòåëüñò-

âà ïî îáåñïå÷åíèþ àíòèòåððîðèñòè÷åñêîé áåçîïàñ-

íîñòè îáúåêòîâ”
� Êîíôåðåíöèÿ “Ïîæàðíàÿ áåçîïàñíîñòü. Íîâîå â çà-

êîíîäàòåëüñòâå, âîïðîñû ïðîåêòèðîâàíèÿ è îáñëó-

æèâàíèÿ”
� Êîíôåðåíöèÿ äëÿ èíñòàëëÿòîðîâ “Âèäåîíàáëþäåíèå

â äåòàëÿõ: ïðàêòèêà ïðèìåíåíèÿ íîâûõ òåõíîëîãèé”.

Ñïîíñîð êîíôåðåíöèè: êîìïàíèÿ ITV/AxxonSoft
� Íàó÷íî-ïðàêòè÷åñêàÿ êîíôåðåíöèÿ “Èíôîðìàöè-

îííàÿ áåçîïàñíîñòü. Íåâñêèé äèàëîã”
� Ïðîôåññèîíàëüíûé êîíêóðñ “Ýòàëîí áåçîïàñíîñòè”;
� Ñåìèíàðû è òåõíè÷åñêèå ïðåçåíòàöèè êîìïà-

íèé-ó÷àñòíèêîâ âûñòàâêè

Ìåðîïðèÿòèÿ â ðàìêàõ äåëîâîé ïðîãðàììû âûñòàâ-

êè ïîñåòèëè áîëåå 600 ÷åëîâåê. Ñ ó÷åòîì âûñîêîãî èí-

òåðåñà ñïåöèàëèñòîâ ê ïðîâåäåííûì ìåðîïðèÿòèÿì

äåëîâàÿ ïðîãðàììà âûñòàâêè Securika St. Petersburg

2018 áóäåò åùå áîëåå íàñûùåííîé, ÷òî ïîçâîëèò îáñó-

äèòü áîëåå øèðîêèé êðóã àêòóàëüíûõ ïðîôåññèîíàëü-

íûõ âîïðîñîâ.

27-ÿ Ìåæäóíàðîäíàÿ âûñòàâêà òåõíè÷åñêèõ ñðåäñòâ îõðàíû è îáîðóäîâàíèÿ äëÿ îáåñïå÷åíèÿ

áåçîïàñíîñòè è ïðîòèâîïîæàðíîé çàùèòû Securika St. Petersburg ñîñòîèòñÿ 24–26 îêòÿáðÿ

2018 ã. â Ñàíêò-Ïåòåðáóðãå, â ÊÂÖ “ÝÊÑÏÎÔÎÐÓÌ”.
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ÎÁÙÈÅ ÂÎÏÐÎÑÛ ÊÎÌÏËÅÊÑÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ

À. Â. ÊÐÀÑÀÂÈÍ, êàíä. òåõí. íàóê, íà÷àëüíèê óïðàâëåíèÿ ïðîìûøëåííîé,
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ÏÐÎÁËÅÌÛ ÔÎÐÌÈÐÎÂÀÍÈß ÍÎÐÌÀÒÈÂÍÎÉ ÁÀÇÛ
ÂÛÑÎÒÍÎÃÎ ÑÒÐÎÈÒÅËÜÑÒÂÀ Â ×ÀÑÒÈ ÎÁÅÑÏÅ×ÅÍÈß
ÁÅÇÎÏÀÑÍÎÉ ÝÂÀÊÓÀÖÈÈ ÏÐÈ ÏÎÆÀÐÅ
È ÒÅÕÍÎÃÅÍÍÛÕ ÀÂÀÐÈßÕ

Ïðîâåäåí àíàëèç ïîëîæåíèé è íîðìàòèâíûõ òðåáîâàíèé ïðîåêòà ÑÏ “Çäàíèÿ è êîìïëåêñû âû-
ñîòíûå. Òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè” (äàëåå – ïðîåêò ÑÏ). Ïðîàíàëèçèðîâàíû ìåæäó-
íàðîäíûå ñòàíäàðòû â ÷àñòè îïðåäåëåíèÿ íîðìàòèâíûõ òðåáîâàíèé ê èñïîëüçîâàíèþ ëèôòîâ
äëÿ ýâàêóàöèè ëþäåé. Îñóùåñòâëåíà âåðèôèêàöèÿ ïîëîæåíèé è íîðìàòèâíûõ òðåáîâàíèé îòå-
÷åñòâåííûõ íîðìàòèâíûõ äîêóìåíòîâ â îáëàñòè ïðîåêòèðîâàíèÿ ïðîòèâîïîæàðíîé çàùèòû
âûñîòíûõ çäàíèé ñ ïîëîæåíèÿìè è íîðìàòèâíûìè òðåáîâàíèÿìè àíàëîãè÷íûõ ìåæäóíàðîä-
íûõ ñòàíäàðòîâ. Îïðåäåëåíû ïàðàìåòðû ðàñõîæäåíèÿ ïîëîæåíèé ïðîåêòà ÑÏ è íàïðàâëåííî-
ñòè ðàçâèòèÿ îòå÷åñòâåííûõ íîðìàòèâíûõ ïðàâîâûõ àêòîâ è íîðìàòèâíûõ äîêóìåíòîâ ïî ïî-
æàðíîé áåçîïàñíîñòè â ÷àñòè îðãàíèçàöèè ýâàêóàöèè (ñïàñåíèÿ) ëþäåé â âûñîòíûõ çäàíèÿõ è
êîìïëåêñàõ. Ïðåäëîæåíû ñïîñîáû ðåøåíèÿ ïðîáëåìû îáåñïå÷åíèÿ áåçîïàñíîé ýâàêóàöèè
(ñïàñåíèÿ) ëþäåé ïðè ïîæàðàõ è òåõíîãåííûõ àâàðèÿõ â âûñîòíûõ çäàíèÿõ è êîìïëåêñàõ, îïòè-
ìèçàöèè òðåáîâàíèé ê ïðåäåëàì îãíåñòîéêîñòè îñíîâíûõ íåñóùèõ êîíñòðóêöèé è ïðîòèâî-
ïîæàðíûõ ïðåãðàä. Îáîñíîâàíà íåîáõîäèìîñòü ðåàëèçàöèè ïðîöåññà ýâàêóàöèè ëþäåé íà îáú-
åêòàõ âûñîòíîãî ñòðîèòåëüñòâà ìåõàíè÷åñêèìè ñðåäñòâàìè âíóòðåííåãî òðàíñïîðòà.

Êëþ÷åâûå ñëîâà: âûñîòíûå çäàíèÿ; ïîæàðíàÿ áåçîïàñíîñòü; ýâàêóàöèÿ; ñïàñåíèå; ëèôòû äëÿ
ïåðåâîçêè ïîæàðíûõ ïîäðàçäåëåíèé.

DOI: 10.18322/PVB.2017.26.11.7-13

Ââåäåíèå

Â õîäå ìíîãîëåòíåé ïðàêòèêè ðåàëèçàöèè îáúåêòîâ
âûñîòíîãî ñòðîèòåëüñòâà íà òåððèòîðèè Ðîññèè âû-
ÿâëåíû îòäåëüíûå ïðîáëåìû, îäíîé èç êîòîðûõ
ÿâëÿåòñÿ îòñóòñòâèå íîðìàòèâíî-òåõíè÷åñêèõ äî-
êóìåíòîâ, îòâå÷àþùèõ òðåáîâàíèÿì ñîâðåìåííîãî
óðîâíÿ ðàçâèòèÿ ñòðîèòåëüíîé îòðàñëè, íåîáõîäè-
ìûì äëÿ ïðîåêòèðîâàíèÿ âûñîòíûõ çäàíèé è êîìï-
ëåêñîâ.

Ñòðîèòåëüíûì ñîîáùåñòâîì äëèòåëüíîå âðåìÿ
è íåîäíîêðàòíî ïîäíèìàëñÿ âîïðîñ î íåîáõîäèìî-
ñòè ðàçðàáîòêè è óòâåðæäåíèÿ íîðìàòèâíûõ äîêó-
ìåíòîâ â îáëàñòè âûñîòíîãî ñòðîèòåëüñòâà â öåëÿõ
ñíèæåíèÿ çàòðàò è ñîêðàùåíèÿ ñðîêîâ ïîäãîòîâêè
ïðîåêòíîé äîêóìåíòàöèè.

Íà ñåãîäíÿøíèé äåíü ïðè êîîðäèíàöèè Ìèíè-
ñòåðñòâà ñòðîèòåëüñòâà è æèëèùíî-êîììóíàëüíîãî
õîçÿéñòâà Ðîññèéñêîé Ôåäåðàöèè óòâåðæäåíû è âíå-
ñåíû â ïåðå÷åíü íàöèîíàëüíûõ ñòàíäàðòîâ è ñâîäîâ
ïðàâèë (÷àñòåé òàêèõ ñòàíäàðòîâ è ñâîäîâ ïðàâèë)
îòäåëüíûå ïîëîæåíèÿ, â ðåçóëüòàòå ïðèìåíåíèÿ êî-

òîðûõ íà äîáðîâîëüíîé îñíîâå îáåñïå÷èâàåòñÿ ñî-
áëþäåíèå òðåáîâàíèé Òåõíè÷åñêîãî ðåãëàìåíòà î
áåçîïàñíîñòè çäàíèé è ñîîðóæåíèé (Ôåäåðàëüíûé
çàêîí ¹ 384-ÔÇ), ÑÏ 267.1325800.2016 “Çäàíèÿ è
êîìïëåêñû âûñîòíûå. Ïðàâèëà ïðîåêòèðîâàíèÿ” è
ÑÏ 253.1325800.2016 “Èíæåíåðíûå ñèñòåìû âûñîò-
íûõ çäàíèé”.

Â íàñòîÿùåå âðåìÿ âåäåòñÿ àêòèâíîå îáñóæäå-
íèå âòîðîé ðåäàêöèè ïðîåêòà ñâîäà ïðàâèë “Çäàíèÿ
è êîìïëåêñû âûñîòíûå. Òðåáîâàíèÿ ïîæàðíîé áåç-
îïàñíîñòè” (äàëåå — Ïðîåêò ÑÏ). Ïðåäëàãàåìîå ñî-
äåðæàíèå è íàïîëíåíèå íîðìàòèâíûìè òðåáîâàíè-
ÿìè äàííîãî Ïðîåêòà ÑÏ [1] âûçûâàþò îçàáî÷åí-
íîñòü ïðîôåññèîíàëüíîãî ñîîáùåñòâà.

Öåëüþ íàïèñàíèÿ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ ïðè-
âëå÷åíèå ê ôîðìèðîâàíèþ ïîëîæåíèé è íîðìàòèâ-
íûõ òðåáîâàíèé óêàçàííîãî ñâîäà ïðàâèë íàèáîëü-
øåãî êîëè÷åñòâà ñïåöèàëèñòîâ, îðãàíèçàöèé, ïðî-
åêòíûõ è íàó÷íî-èññëåäîâàòåëüñêèõ èíñòèòóòîâ,
çàäåéñòâîâàííûõ â îáëàñòè âûñîòíîãî ñòðîèòåëüñò-
âà, â òîì ÷èñëå èìåþùèõ íàðàáîòêè èñïîëüçîâàíèÿ

© Êðàñàâèí À. Â., Êàðïîâ Â. Ë., 2017
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èííîâàöèîííûõ êîíñòðóêòîðñêèõ ðåøåíèé, ñîâðå-
ìåííûõ èíæåíåðíûõ ñèñòåì è ñòðîèòåëüíûõ ìàòå-
ðèàëîâ. Àâòîðàìè ïðîâåäåí àíàëèç íîðìàòèâíûõ
òðåáîâàíèé êàê îòå÷åñòâåííûõ, òàê è ìåæäóíàðîä-
íûõ ñòàíäàðòîâ â îáëàñòè âûñîòíîãî ñòðîèòåëüñò-
âà. Äëÿ îïðåäåëåíèÿ âåêòîðà äàëüíåéøåãî ðàçâèòèÿ
îòå÷åñòâåííûõ íîðìàòèâíûõ ïðàâîâûõ àêòîâ è íîð-
ìàòèâíûõ äîêóìåíòîâ ïî ïîæàðíîé áåçîïàñíîñòè
ïðåäñòàâëåíû íàó÷íûå èçûñêàíèÿ, ðåøåíèÿ è ìåðî-
ïðèÿòèÿ ïî îáåñïå÷åíèþ áåçîïàñíîé ýâàêóàöèè
ëþäåé ïðè ïîæàðàõ è òåõíîãåííûõ àâàðèÿõ, àïðî-
áèðîâàííûå íà ïîñòðîåííûõ è ââåäåííûõ â ýêñïëó-
àòàöèþ âûñîòíûõ çäàíèÿõ è êîìïëåêñàõ.

Àíàëèç ïðîåêòà ÑÏ
“Çäàíèÿ è êîìïëåêñû âûñîòíûå.

Òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè”

Àíàëèç ïðåäëàãàåìûõ íà îáñóæäåíèå âàðèàíòîâ
ðåäàêöèé Ïðîåêòà ÑÏ ïîêàçàë íàëè÷èå îáùèõ ïî-
ëîæåíèé è òðåáîâàíèé, ïîâòîðÿþùèõñÿ â òåõíè÷å-
ñêèõ ðåãëàìåíòàõ è èíûõ íàöèîíàëüíûõ ñòàíäàðòàõ
è ñâîäàõ ïðàâèë, ïðåäíàçíà÷åííûõ äëÿ ïðîåêòè-
ðîâàíèÿ îáúåêòîâ êàïèòàëüíîãî ñòðîèòåëüñòâà ðàç-
ëè÷íîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ ñ íîðìàòèâ-
íîé âûñîòîé. Îäíàêî îïðåäåëåíèÿ è ïîëîæåíèÿ, ñâÿ-
çàííûå ñ ðàñêðûòèåì ñïåöèôèêè âûñîòíîãî ñòðîè-
òåëüñòâà, ïðåäñòàâëåíû â îãðàíè÷åííîì îáúåìå,
÷òî íå ïîçâîëÿåò â ïîëíîé ìåðå ñôîðìèðîâàòü êîì-
ïëåêñ òðåáîâàíèé è ïîëîæåíèé, íåîáõîäèìûõ äëÿ
ïðîåêòèðîâàíèÿ ïðîòèâîïîæàðíîé çàùèòû âûñîò-
íûõ çäàíèé.

Ïðåäëîæåííûå â íîðìàòèâíîì äîêóìåíòå òðå-
áîâàíèÿ, ïî ìíåíèþ ïðîôåññèîíàëüíîãî ñîîáùåñò-
âà, íóæäàþòñÿ â äîðàáîòêå è ñîâåðøåíñòâîâàíèè.
Îòäåëüíûå ïîëîæåíèÿ âçÿòû èç ðàíåå èñïîëüçóåìûõ
ïðè ïðîåêòèðîâàíèè âûñîòíûõ çäàíèé òåððèòîðè-
àëüíûõ ñòðîèòåëüíûõ íîðìàòèâîâ è íàöèîíàëüíûõ
ñòàíäàðòîâ, òàêèõ êàê: ÌÃÑÍ 4.19–2005 “Âðåìåí-
íûå íîðìû è ïðàâèëà ïðîåêòèðîâàíèÿ ìíîãîôóíê-
öèîíàëüíûõ âûñîòíûõ çäàíèé è çäàíèé-êîìïëåêñîâ
â ãîðîäå Ìîñêâå”; ÒÑÍ 31-332–2006 “Æèëûå è îáùå-
ñòâåííûå âûñîòíûå çäàíèÿ”; ÑÒÎ ÍÎÑÒÐÎÉ 54–2011
“Ñèñòåìû îáåñïå÷åíèÿ êîìïëåêñíîé áåçîïàñíîñòè
âûñîòíûõ çäàíèé è ñîîðóæåíèé”.

Ñëîæèâøàÿñÿ â Ðîññèè ñèòóàöèÿ ñ òðàäèöèîííû-
ìè ïîäõîäàìè ê ïðîåêòèðîâàíèþ âûñîòíûõ çäàíèé
ïðèâîäèò ê íåîïðàâäàííîìó ðàñõîäîâàíèþ ñòðîè-
òåëüíûõ ìàòåðèàëîâ, ïîòåðå ïîëåçíîé ïëîùàäè, çà-
òðóäíåíèþ â âûáîðå ýôôåêòèâíûõ àðõèòåêòóðíûõ,
èíæåíåðíî-òåõíè÷åñêèõ, îáúåìíî-ïëàíèðîâî÷íûõ
è êîíñòðóêòèâíûõ ðåøåíèé.

Â ñâÿçè ñ ýòèì, ïðåæäå ÷åì îãðàíè÷èâàòü â ðîñ-
ñèéñêèõ íîðìàõ äîïóñòèìóþ âûñîòó çäàíèé, ïëî-
ùàäü ýòàæà, èñïîëüçîâàíèå äëÿ ýâàêóàöèè ëèôòîâ
èëè óñòàíàâëèâàòü ïîâûøåííûå (â ñðàâíåíèè ñ çà-

ðóáåæíûìè òðåáîâàíèÿìè) ïðåäåëû îãíåñòîéêîñòè
ñòðîèòåëüíûõ êîíñòðóêöèé çäàíèé è ïðîòèâîïîæàð-
íûõ ïðåãðàä, íåîáõîäèìî ðàçîáðàòüñÿ, ïî÷åìó â çà-
ðóáåæíûõ íîðìàõ äàííûå çàïðåòû è îãðàíè÷åíèÿ
îòñóòñòâóþò.

Ïî ìíåíèþ ïðîôåññèîíàëüíîãî ñòðîèòåëüíîãî
ñîîáùåñòâà, æåëàòåëüíî ïðåäóñìîòðåòü ïðîöåäóðó
íàïîëíåíèÿ (êîððåêòèðîâêè) ñâîäà ïðàâèë “Çäàíèÿ
è êîìïëåêñû âûñîòíûå. Òðåáîâàíèÿ ïîæàðíîé áåç-
îïàñíîñòè” ïîëîæåíèÿìè è òðåáîâàíèÿìè ñ ó÷åòîì
âíåäðåíèÿ èííîâàöèîííûõ òåõíîëîãèé è ðåøåíèé,
à òàêæå òåõíè÷åñêèõ õàðàêòåðèñòèê è ïàðàìåòðîâ
ñîâðåìåííûõ èíæåíåðíûõ ñèñòåì, ïîÿâëÿþùèõñÿ
íà ñòðîèòåëüíîì ðûíêå. Öåëåñîîáðàçíî òàêæå ïðå-
äóñìîòðåòü ñîçäàíèå â ðàçâèòèå (äîïîëíåíèå) óêà-
çàííîãî ñâîäà ïðàâèë ïîñòîÿííî îáíîâëÿþùåãîñÿ
ïðèëîæåíèÿ (ðååñòðà), ñèñòåìàòèçèðóþùåãî ñîãëà-
ñîâàííûå â ðàìêàõ âíîâü óòâåðæäàåìûõ ÑÒÓ ïðî-
åêòíûå ðåøåíèÿ ñ ñîîòâåòñòâóþùèìè êîìïåíñèðó-
þùèìè ìåðîïðèÿòèÿìè.

Ê ïðèìåðó, â ÑØÀ ïðàêòè÷åñêè êàæäûé ãîä îá-
íîâëÿåòñÿ NEC — National Electric Code (îí æå NFPA).
Â Àíãëèè ñ àíàëîãè÷íîé ÷àñòîòîé âûõîäÿò îáíîâ-
ëåíèÿ BS 7671.

Êàê ïîêàçûâàåò îïûò, íàïîëíåíèå íîðìàòèâíî-
ãî äîêóìåíòà êîíêðåòíûìè ÷èñëîâûìè òðåáîâàíè-
ÿìè, êàê ïðàâèëî, óñëîæíÿåò âíåäðåíèå ïðîãðåñ-
ñèâíûõ êîíñòðóêòèâíûõ ðåøåíèé è ñîâðåìåííûõ
ìàòåðèàëîâ. Îòñóòñòâèå âàðèàòèâíîñòè ïðèíÿòèÿ
âîçìîæíûõ ðåøåíèé îãðàíè÷èâàåò ïðîåêòèðîâùè-
êîâ è íå ïîçâîëÿåò èì â ïîëíîé ìåðå èñïîëüçîâàòü
èííîâàöèîííûå òåõíîëîãèè, à òàêæå âíåäðÿòü ñî-
âðåìåííûå èíæåíåðíûå ñèñòåìû.

Â êà÷åñòâå ðåøåíèé ïî óñòðîéñòâó àêòèâíîé ïðî-
òèâîïîæàðíîé çàùèòû öåëåñîîáðàçíî ðàññìàòðèâàòü
âîçìîæíîñòü èñïîëüçîâàíèÿ èííîâàöèîííûõ èíæå-
íåðíûõ ñèñòåì è óñòðîéñòâ, â òîì ÷èñëå:
� íàïðàâëåííûõ íå òîëüêî íà îáíàðóæåíèå, íî è íà

ïðåäóïðåæäåíèå âîçãîðàíèé (òåðìîïëàñòûðè
(òåðìîäàò÷èêè) ñèãíàëèçàöèè òåìïåðàòóðû ïðå-
äåëüíîãî íàãðåâà ýëåêòðè÷åñêèõ êàáåëåé), ïî-
çâîëÿþùèõ îáåñòî÷èâàòü ýëåêòðîîáîðóäîâàíèå
è ñåòè äî âîçíèêíîâåíèÿ êîðîòêèõ çàìûêàíèé ñ
ïîñëåäóþùèì âîçãîðàíèåì, à òàêæå îïîâåùàòü
òåõíè÷åñêèé ïåðñîíàë î âîçìîæíûõ íåèñïðàâ-
íîñòÿõ ýëåêòðîñåòåé è îáîðóäîâàíèÿ;

� èñïîëüçóþùèõ ïîíèæåííûé (ýêîíîìè÷íûé) ðàñ-
õîä âîäû íà âíóòðåííåå ïîæàðîòóøåíèå (àâòî-
ìàòè÷åñêèå ñèñòåìû âîäÿíîãî ïîæàðîòóøåíèÿ
è âíóòðåííåãî ïðîòèâîïîæàðíîãî âîäîïðîâîäà
òîíêîðàñïûëåííîé è òåìïåðàòóðíî-àêòèâèðîâàí-
íîé âîäîé), ñïîñîáñòâóþùèõ óïðîùåíèþ äî-
ñòàâêè îãíåòóøàùèõ âåùåñòâ ê î÷àãó ïîæàðà
â âûñîòíîé ÷àñòè çäàíèé, à òàêæå çíà÷èòåëüíî



óìåíüøàþùèõ ìàòåðèàëüíûé óùåðá îò ïðîëè-
òîé âîäû;

� íàïðàâëåííûõ íà îðãàíèçàöèþ ïðîöåññà êîìáè-
íèðîâàííîé ýâàêóàöèè, ñïàñåíèÿ (ñàìîñïàñåíèÿ)
ëþäåé ïðè ïîæàðàõ è òåõíîãåííûõ àâàðèÿõ.

Èñïîëüçîâàíèå ñïåöèàëèçèðîâàííîãî
âíóòðåííåãî òðàíñïîðòà (ëèôòîâ)

äëÿ îðãàíèçàöèè êîìáèíèðîâàííîé
ïîýòàïíîé ýâàêóàöèè ëþäåé

Îòå÷åñòâåííûå è çàðóáåæíûå íàó÷íûå èññëåäî-
âàíèÿ, êàñàþùèåñÿ îáåñïå÷åíèÿ áåçîïàñíîé ýâàêóà-
öèè ëþäåé èç âûñîòíûõ çäàíèé, äîêàçàëè íåîáîñíî-
âàííîñòü òðåáîâàíèé, ïðåäïèñûâàþùèõ ýâàêóàöèþ
ëþäåé èç âûñîòíûõ çäàíèé òîëüêî ïî ëåñòíè÷íûì
êëåòêàì. Ýòèìè èññëåäîâàíèÿìè [2–22] ñèñòåìàòè-
÷åñêè, íà ïðîòÿæåíèè 50 ëåò, äîêàçûâàåòñÿ íåîá-
õîäèìîñòü èñïîëüçîâàíèÿ ñïåöèàëèçèðîâàííûõ (ïî-
æàðîçàùèùåííûõ) ëèôòîâûõ óñòàíîâîê (êàáèíà
ëèôòà, ëèôòîâàÿ øàõòà, ëèôòîâûé õîëë, ìàøèííîå
îòäåëåíèå, ýëåêòðîñíàáæåíèå) äëÿ ýâàêóàöèè ëþäåé
èç âûñîòíûõ çäàíèé è êîìïëåêñîâ. Èñïîëüçîâàíèå
òàêèõ ëèôòîâ äëÿ ýâàêóàöèè ëþäåé ïîçâîëÿåò çíà-
÷èòåëüíî ñîêðàòèòü âðåìÿ èõ âûõîäà èç âûñîòíîãî
çäàíèÿ è òåì ñàìûì ïîâûøàåò óðîâåíü áåçîïàñíî-
ñòè ëþäåé ïðè ïîæàðàõ è òåõíîãåííûõ àâàðèÿõ íà
îáúåêòàõ âûñîòíîãî ñòðîèòåëüñòâà.

Â íàñòîÿùåå âðåìÿ ìåæäóíàðîäíûå ñòàíäàðòû
NFPA 101 “Life Safety Code”, NFPA 5000 “Building
Construction and Safety Code”, ISO/TR 25743:2010
“Lifts (elevators) — Study of the use of lifts for evacua-
tion during an emergency”, BTS (Building Traffic Simu-
lator, ELEVATE, ELVAC), BS 9999:2008 “Code of prac-
tice for fire safety in the design, management and use of
buildings”, IBC/2009 ICC International Building Code
ñîäåðæàò àëãîðèòì è òðåáîâàíèÿ ê èñïîëüçîâàíèþ
ëèôòîâ äëÿ ýâàêóàöèè ëþäåé ïðè ïîæàðå. Ýâàêóàöèÿ
ïðè ïîæàðàõ è òåõíîãåííûõ àâàðèÿõ ïîñðåäñòâîì
ëèôòîâ ðåàëèçîâàíà â òàêèõ âûñîòíûõ çäàíèÿõ, êàê
Stratosphere Tower â Ëîñ-Àíäæåëåñå, the Shaft â Ëîí-
äîíå, Eureka Tower â Ìåëüáóðíå, Burj Dubai Tower â
Äóáàå.

Îòå÷åñòâåííûì ïðîôåññèîíàëüíûì ñòðîèòåëü-
íûì ñîîáùåñòâîì íåîäíîêðàòíî ïîäíèìàëñÿ âîïðîñ
î íåîáõîäèìîñòè âíåñåíèÿ â íîðìàòèâíûå ïðàâî-
âûå àêòû è íîðìàòèâíûå äîêóìåíòû ïî ïîæàðíîé
áåçîïàñíîñòè â îáëàñòè ïðîåêòèðîâàíèÿ ïðîòèâî-
ïîæàðíîé çàùèòû âûñîòíûõ çäàíèé ïîëîæåíèé ïî
ýâàêóàöèè ëþäåé ñ ïîìîùüþ ñïåöèàëèçèðîâàííûõ
ëèôòîâ, èìåþùèõ ðåæèì “ïåðåâîçêè ïîæàðíûõ ïîä-
ðàçäåëåíèé”. Â 2017 ã. äàííàÿ ïðîáëåìà îáñóæäà-
ëàñü íà ìíîãèõ íàó÷íî-ïðàêòè÷åñêèõ êîíôåðåíöè-
ÿõ è ôîðóìàõ, ïîñâÿùåííûõ îáåñïå÷åíèþ ïîæàð-
íîé áåçîïàñíîñòè âûñîòíûõ çäàíèé.

Òåíäåíöèè ðàçâèòèÿ îòå÷åñòâåííûõ íîðìàòèâ-
íûõ ïðàâîâûõ àêòîâ è íîðìàòèâíûõ äîêóìåíòîâ ïî
ïîæàðíîé áåçîïàñíîñòè â îáëàñòè ïðîåêòèðîâàíèÿ
ïðîòèâîïîæàðíîé çàùèòû ïîäòâåðæäàþò íåîáõîäè-
ìîñòü èñïîëüçîâàíèÿ ñïåöèàëèçèðîâàííûõ ëèôòîâ
äëÿ ýâàêóàöèè (ñïàñåíèÿ) ëþäåé ïðè ïîæàðàõ, íà ÷òî
óêàçàíî â ÷. 15 ñò. 89 Òåõíè÷åñêîãî ðåãëàìåíòà î
òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè (Ôåäåðàëüíûé
çàêîí ¹ 123-ÔÇ), ÃÎÑÒ Ð 55966–2014 (EH 81-76:2011)
“Ëèôòû. Ñïåöèàëüíûå òðåáîâàíèÿ áåçîïàñíîñòè ê
ëèôòàì, èñïîëüçóåìûì äëÿ ýâàêóàöèè èíâàëèäîâ è
äðóãèõ ìàëîìîáèëüíûõ ãðóïï íàñåëåíèÿ”, ÃÎÑÒ Ð
22.9.11–2013 “Àâàðèéíî-ñïàñàòåëüíûå ñðåäñòâà
ñïàñåíèÿ èç âûñîòíûõ çäàíèé”, ÑÏ 59.13330.2016
“Äîñòóïíîñòü çäàíèé è ñîîðóæåíèé äëÿ ìàëîìî-
áèëüíûõ ãðóïï íàñåëåíèÿ. Àêòóàëèçèðîâàííàÿ ðå-
äàêöèÿ ÑÍèÏ 35-01–2001”, ÑÏ 158.13330.2014 “Çäà-
íèÿ è ïîìåùåíèÿ ìåäèöèíñêèõ îðãàíèçàöèé. Ïðàâè-
ëà ïðîåêòèðîâàíèÿ”, ÑÒÎ ÍÎÑÒÐÎÉ 2.35.73–2012
“Ñèñòåìû îáåñïå÷åíèÿ êîìïëåêñíîé áåçîïàñíîñòè
âûñîòíûõ çäàíèé è ñîîðóæåíèé”.

Çàðóáåæíûå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî èñ-
ïîëüçîâàíèå âíóòðåííåãî âåðòèêàëüíîãî òðàíñïîðòà
äëÿ ýâàêóàöèè ëþäåé ïðè ïîæàðå â âûñîòíûõ çäàíè-
ÿõ íå òîëüêî öåëåñîîáðàçíî, íî è íåîáõîäèìî [22–26].
Âûõîä ëþäåé â ïîýòàæíûå áåçîïàñíûå çîíû íå ÿâ-
ëÿåòñÿ çàâåðøàþùèì ýòàïîì ïðîöåññà ýâàêóàöèè
èç-çà âåðîÿòíîñòè äàëüíåéøåãî ðàçâèòèÿ ïîæàðà,
ñîïóòñòâóþùèõ åìó òåõíîãåííûõ àâàðèé è âîçìîæ-
íîãî îáðóøåíèÿ çäàíèÿ. Â äàííîì ñëó÷àå ëèôò ìî-
æåò îêàçàòüñÿ åäèíñòâåííûì ïóòåì ýâàêóàöèè (ñïà-
ñåíèÿ) äëÿ ëþäåé, âêëþ÷àÿ ìàëîìîáèëüíûå ãðóïïû
íàñåëåíèÿ, èç çäàíèÿ â öåëîì è èç çîí áåçîïàñíîñòè
â ÷àñòíîñòè.

Âûâîä

Ïîäâîäÿ èòîãè âûøåñêàçàííîãî, âàæíî åùå ðàç
îáðàòèòü âíèìàíèå ïðîôåññèîíàëüíîãî ñîîáùåñòâà
íà òî, ÷òî îêîí÷àòåëüíàÿ ðåäàêöèÿ ÑÏ “Çäàíèÿ è
êîìïëåêñû âûñîòíûå. Òðåáîâàíèÿ ïîæàðíîé áåç-
îïàñíîñòè” ïðèçâàíà ñîêðàòèòü êîëè÷åñòâî ðàçðàáà-
òûâàåìûõ ÑÒÓ, ÷òî îñîáåííî àêòóàëüíî äëÿ æèëûõ
çäàíèé âûñîòîé îò 75 äî 100 ì è îáùåñòâåííûõ
(ìíîãîôóíêöèîíàëüíûõ) — âûñîòîé îò 50 äî 100 ì.

Ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì ðàññìîòðåòü
íà ýòàïå îáñóæäåíèÿ ïðîåêòà ñâîäà ïðàâèë “Çäàíèÿ
è êîìïëåêñû âûñîòíûå. Òðåáîâàíèÿ ïîæàðíîé áåç-
îïàñíîñòè” âîçìîæíîñòü âêëþ÷åíèÿ ïîëîæåíèé ïî
îáåñïå÷åíèþ áåçîïàñíîé ýâàêóàöèè ëþäåé ïðè ïî-
æàðàõ è òåõíîãåííûõ àâàðèÿõ ñ ïîìîùüþ ëèôòîâ,
ôóíêöèîíèðîâàíèå êîòîðûõ â íà÷àëüíîé ñòàäèè ïî-
æàðà ýêâèâàëåíòíî ðåæèìó “ïåðåâîçêè ïîæàðíûõ
ïîäðàçäåëåíèé”.
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ABSTRACT

One of the locomotives for the development of the construction industry as a whole is the area of
high-rise construction. Often, it is in the process of implementing high-rise buildings that the search
for and approbation of innovative design solutions, engineering systems and technical commu-
nications, and modern building materials is carried out.

The main problem that prevents the implementation of high-rise buildings is the lack of regulatory
and technical documents that meet the requirements of the current level of development of the
construction industry. This problem is one of the reasons for the emergence of administrative barriers,
increasing costs and timing of preparation of project documentation for high-rise buildings, obstacles
to the introduction of innovative technologies and engineering systems.

The proposed content and filling with regulatory requirements, currently being developed codes
of rules for the design of high-rise buildings and complexes, including in terms of providing fire
safety, is a concern of the professional community.

Filling the regulatory requirements and provisions, newly developed documents of the domestic
regulatory framework, is not progressive enough and lags behind the level of proposed solutions of
similar international standards for the design of high-rise buildings.
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In contrast to international standards, there is no requirement and provision for evacuation
(rescue) of people in case of fire and man-made accidents from high-rise buildings and complexes by
specialized mechanical means of internal transport.

The relevance of this article is due to the need to introduce changes and additions to the evacuation
of people in high-rise buildings and complexes with the help of specialized mechanical means of
internal transport. This procedure is possible in view of the fact that the set of rules “Buildings and
high-rise complexes. Fire Safety Requirements”, not approved, currently under discussion.

Keywords: high-rise buildings; fire safety; evacuation; rescue; elevators for transportation of fire de-
partments.
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Ïðîâåäåí àíàëèç ìåòîäîâ îöåíêè íàäåæíîñòè è óñòîé÷èâîñòè ôóíêöèîíèðîâàíèÿ àâòîìàòèçè-
ðîâàííûõ ñèñòåì óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ) ïîæàðîâçðûâîîïàñíûõ
ïðåäïðèÿòèé. Ïîêàçàíî, ÷òî â íàñòîÿùåå âðåìÿ ïðè ïðîåêòèðîâàíèè äàííûõ ñèñòåì íà åäèíîé
ïðîãðàììíî-àïïàðàòíîé áàçå ïðèíèìàåòñÿ óñëîâèå, ÷òî ôèçèêî-òåõíè÷åñêèå õàðàêòåðèñòèêè
ýëåìåíòîâ ñèñòåì íå ìåíÿþòñÿ âî âðåìåíè. Îäíàêî â óñëîâèÿõ áûñòðîòåêóùèõ òåõíîëîãè÷åñêèõ
ïðîöåññîâ (âçðûâû, ïîæàðû íà ïðîìûøëåííûõ ïðåäïðèÿòèÿõ) èç-çà âðåìåííîé äåãðàäàöèè,
ïîìåõ, íåäîñòàòêîâ â ñáîðêå è ò. ä. òåîðåòè÷åñêèå ïîêàçàòåëè ýôôåêòèâíîñòè ìîãóò ñíèæàòüñÿ
äî 25 %. Âî èçáåæàíèå äàííûõ íåòî÷íîñòåé â ðàñ÷åòàõ ïðè ïðîåêòèðîâàíèè àâòîìàòèçèðîâàí-
íûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ) ïðîìûøëåííûõ ïðåäïðèÿòèé ïðåäëîæåíà ìà-

òåìàòè÷åñêàÿ ìîäåëü îöåíêè óñòîé÷èâîñòè ôóíêöèîíèðîâàíèÿ ýòèõ ñèñòåì, ÿâëÿþùèõñÿ ÷àñòüþ
ÀÑÓÒÏ, êîòîðàÿ îñíîâàíà íà èññëåäîâàíèÿõ â îáëàñòè óñòîé÷èâîñòè àâòîìàòè÷åñêèõ òåõíè÷å-
ñêèõ ñèñòåì Ý. Ðàóñà è ýíòðîïèéíûõ ìåòîäîâ À. Äæ. Âèëñîíà. Ïðîâåäåíî ìîäåëèðîâàíèå íà-
äåæíîñòè è óñòîé÷èâîñòè ôóíêöèîíèðîâàíèÿ êàíàëîâ ïåðåäà÷è èíôîðìàöèè äëÿ ðàçëè÷íûõ
âàðèàíòîâ ïîñòðîåíèÿ ÀÑÏÂÁ. Ïîêàçàíî, ÷òî äëÿ îïòèìèçàöèè çàòðàò ìîæåò áûòü èñïîëüçîâàí
êîìïëåêñíûé ïîäõîä, îñíîâàííûé íà èñïîëüçîâàíèè åäèíîé ïðîãðàììíî-àïïàðàòíîé ïëàò-
ôîðìû ìèêðîïðîöåññîðíîé ïëàòôîðìû ÀÑÓÒÏ.

Êëþ÷åâûå ñëîâà: àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâëåíèÿ òåõíîëîãè÷åñêèì ïðîöåññîì; ñèñ-
òåìíàÿ ìàãèñòðàëü ïåðåäà÷è äàííûõ; àâòîìàòèçèðîâàííûå ñèñòåìû ïîæàðîâçðûâîáåçîïàñíîñòè;
óñòîé÷èâîñòü è íàäåæíîñòü òåõíè÷åñêèõ ñèñòåì; ýíòðîïèÿ òåõíè÷åñêîé ñèñòåìû; ýíòðîïèéíàÿ
ìîäåëü îöåíêè óñòîé÷èâîñòè.

DOI: 10.18322/PVB.2017.26.11.14-20

Ââåäåíèå

Â óñëîâèÿõ ñîâðåìåííîãî ýêîíîìè÷åñêîãî ïîäúåìà
âîçðàñòàåò àêòóàëüíîñòü íàäåæíîãî ôóíêöèîíèðî-
âàíèÿ àâòîìàòèçèðîâàííûõ ñèñòåì óïðàâëåíèÿ òåõ-
íîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ) ïðîìûøëåí-
íûõ ïðåäïðèÿòèé, ÿâëÿþùèõñÿ êðèòè÷åñêè âàæíû-
ìè äëÿ ðîññèéñêîé ýêîíîìèêè.

Àâòîìàòèçèðîâàííûå ñèñòåìû ïîæàðîâçðûâîáåç-
îïàñíîñòè (ÀÑÏÂÁ) â íàñòîÿùåå âðåìÿ ñòàëè èãðàòü

êëþ÷åâóþ ðîëü â ñòðóêòóðå ÀÑÓÒÏ. Ïðè ýòîì îíè
ÿâëÿþòñÿ ñâåðõáûñòðîäåéñòâóþùèìè ïîäñèñòåìà-
ìè, ñïîñîáíûìè îáåñïå÷èòü äåòåêòèðîâàíèå èçáû-
òî÷íîãî äàâëåíèÿ âçðûâîîïàñíûõ òåõíîëîãè÷åñêèõ
óñòàíîâîê â òå÷åíèå 0,1 ìêñ. Â ýòîì ñëó÷àå âîçìîæíî
îñóùåñòâèòü â ðåàëüíûõ ìàñøòàáàõ âðåìåíè ñáðîñ
äàâëåíèÿ, ÷òîáû çàùèòèòü òåõíîëîãè÷åñêîå îáîðó-
äîâàíèå îò ðàçðóøåíèÿ è ïåðñîíàë ïðåäïðèÿòèÿ îò
ãèáåëè [1].

© Áóòóçîâ Ñ. Þ., Ïðàíîâ Á. Ì., Ïðóñ Þ. Â., Ñåìèêîâ Â. Ë., ßêîâëåâ Î. Â., 2017
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Îäíàêî ñîáëþäåíèå äàííîãî òðåáîâàíèÿ óâåëè÷è-
âàåò ÷àñòîòó îïðîñà äàò÷èêîâ äàâëåíèÿ ñâûøå 107 ñ–1,
÷àñòîòà ñèñòåìíîé ìàãèñòðàëè ïåðåäà÷è äàííûõ
äîëæíà ñîñòàâëÿòü áîëåå 10 ÌÃö, à äëÿ îáåñïå÷å-
íèÿ íàäåæíîãî äåòåêòèðîâàíèÿ èçáûòî÷íîãî äàâëå-
íèÿ — äî 100 ÌÃö. Â ýòîì ñëó÷àå àêòóàëüíûì ñòà-
íîâèòñÿ âîïðîñ óñòîé÷èâîé ðàáîòû øèíû ÀÑÏÂÁ,
à èìåííî êàíàëîâ ïåðåäà÷è èíôîðìàöèè [2].

Öåëüþ äàííîé ðàáîòû ÿâëÿåòñÿ ñîçäàíèå ìåòî-
äèêè îöåíêè íàäåæíîñòè ôóíêöèîíèðîâàíèÿ êàíà-
ëîâ ïåðåäà÷è èíôîðìàöèè íà îñíîâå ìîäåëèðîâàíèÿ
âåëè÷èíû ýíòðîïèè ÀÑÏÂÁ. Äëÿ äîñòèæåíèÿ äàí-
íîé öåëè ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ýíòðîïèéíàÿ
ìîäåëü, îñíîâàííàÿ íà íàó÷íûõ ðàáîòàõ À. Äæ. Âèë-
ñîíà [3] è Ý. Ðàóñà [4].

Òåîðåòè÷åñêèé àíàëèç

Àíàëèç íàó÷íî-òåõíè÷åñêîé ëèòåðàòóðû ïîêà-
çàë, ÷òî â íàñòîÿùåå âðåìÿ îòñóòñòâóþò ñèñòåìíûå
íàó÷íûå èññëåäîâàíèÿ óñòîé÷èâîñòè ôóíêöèîíè-
ðîâàíèÿ ÀÑÏÂÁ [5–8].

Äëÿ ðàñ÷åòîâ ÀÑÓÒÏ èñïîëüçóþòñÿ ìîäåëè,
ïðåäñòàâëåííûå â [9–11]. Äàííûå ðàñ÷åòíûå ìîäå-
ëè áàçèðóþòñÿ íà óñëîâèè, ÷òî òåõíè÷åñêèå õàðàê-
òåðèñòèêè ýëåìåíòîâ àâòîìàòèçèðîâàííîé ñèñòåìû
íå ìåíÿþòñÿ âî âðåìåíè, âíå çàâèñèìîñòè îò âîçäåé-
ñòâóþùèõ ôàêòîðîâ. Íàïðèìåð, òàêîé ïàðàìåòð, êàê
ñêîðîñòü ïåðåäà÷è äàííûõ, êîòîðûé ÿâëÿåòñÿ îñíîâ-
íûì ëèìèòèðóþùèì ïîêàçàòåëåì ñèñòåìû. Â ýòîì
ñëó÷àå ðàñ÷åò ñêîðîñòè ïåðåäà÷è äàííûõ ñòðîèòñÿ
íà îñíîâàíèè ïðîèçâåäåíèÿ Ð� (ãäå P — ðàçðÿä-
íîñòü ñèñòåìíîé øèíû; � — åå òàêòîâàÿ ÷àñòîòà).

Â ðåàëüíûõ æå óñëîâèÿõ íà ïðîèçâîäèòåëüíîñòü
ñèñòåìíîé ìàãèñòðàëè ïåðåäà÷è äàííûõ (øèíà) îêà-
çûâàþò âëèÿíèå âñåâîçìîæíûå ôàêòîðû: ïðîâîäè-
ìîñòü ìàòåðèàëîâ, êîòîðàÿ ìåíÿåòñÿ âî âðåìåíè, ïî-
ìåõè, íåäîñòàòêè êîíñòðóêöèè è ñáîðêè, à òàêæå ìíî-
ãèå äðóãèå ôàêòîðû. Ïî äàííûì, âçÿòûì èç [12, 13],
ðàçíîñòü ìåæäó òåîðåòè÷åñêîé ñêîðîñòüþ ïåðåäà÷è
äàííûõ è ïðàêòè÷åñêîé ìîæåò óìåíüøàòüñÿ äî
25 % îò ðàñ÷åòíîé âåëè÷èíû.

Â ñîâðåìåííûõ ÀÑÓÒÏ, ñîçäàâàåìûõ íà åäèíîé
ïðîãðàììíî-àïïàðàòíîé áàçå, ïðè âîçíèêíîâåíèè
÷ðåçâû÷àéíîé ñèòóàöèè âîçìîæåí êîíôëèêò ìåæäó
èíôîðìàöèîííûìè ïîòîêàìè ðàçëè÷íûõ ïîäñèñòåì.
Ìîæåò âîçíèêíóòü ñèòóàöèÿ, ïðè êîòîðîé ïåðâè÷-
íàÿ èíôîðìàöèÿ îò âûñîêîñêîðîñòíûõ âûñîêîïðî-
èçâîäèòåëüíûõ èñòî÷íèêîâ ìîæåò áûòü áëîêèðîâàíà
ìåíåå ïðîèçâîäèòåëüíîé ëèíèåé, ÷òî ïðèâåäåò ê ïîë-
íîìó îòêàçó ñèñòåìû [14].

Ðàçðàáîò÷èêè ÀÑÏÂÁ äëÿ íåäîïóùåíèÿ ïîäîá-
íîé ñèòóàöèè âûíóæäåíû ïðåäóñìàòðèâàòü ðåçåðâ-
íûå êàíàëû ïåðåäà÷è èíôîðìàöèè, ÷òî âëå÷åò çà ñî-
áîé óâåëè÷åíèå ïåðâîíà÷àëüíîé ñòîèìîñòè òåõíè-
÷åñêîãî ïðîåêòà.

Ðàçðàáîòàííàÿ â íàñòîÿùåé ðàáîòå ìîäåëü îöåí-
êè ïîìîæåò ïðîâîäèòü îïòèìèçàöèþ ñòðóêòóðû ñè-
ñòåìû, ÷òî, â ñâîþ î÷åðåäü, ïîâûñèò íàäåæíîñòü
ôóíêöèîíèðîâàíèÿ ñèñòåìû â öåëîì.

Ìåòîäèêà

Äëÿ ñîçäàíèÿ ìîäåëè îöåíêè óñòîé÷èâîñòè ôóíê-
öèîíèðîâàíèÿ èíôîðìàöèîííûõ êàíàëîâ ÀÑÏÂÁ,
îñíîâàííîé íà èçìåíåíèè âåëè÷èíû èíôîðìàöèîí-
íîé ýíòðîïèè ñèñòåìû [1], ïåðâîíà÷àëüíî íåîáõî-
äèìî ïîëó÷èòü õàðàêòåðèñòè÷åñêîå óðàâíåíèå ñèñ-
òåìû

D(S) = a0 Sn + a0 Sn – 1 + … + an – 1 S + an, (1)

ãäå à0, à1, …, àn — êîýôôèöèåíòû õàðàêòåðèñòè÷å-
ñêîãî óðàâíåíèÿ ñèñòåìû;
S — ýíòðîïèÿ ñèñòåìû;
n — êîëè÷åñòâî ïîäñèñòåì ÀÑÏÂÁ.
Èçâåñòíî [4], ÷òî íåîáõîäèìûì óñëîâèåì óñòîé-

÷èâîñòè ñèñòåìû ëþáîãî ïîðÿäêà ÿâëÿåòñÿ ïîëîæè-
òåëüíîñòü âñåõ êîýôôèöèåíòîâ õàðàêòåðèñòè÷åñêî-
ãî óðàâíåíèÿ (1): a0 > 0, a1 > 0, …, an > 0.

Äåéñòâèòåëüíî, óðàâíåíèå (1) ìîæíî ïðåäñòà-
âèòü â âèäå ïðîèçâåäåíèé ìíîæèòåëåé, ñîäåðæàùèõ
êîðíè S1, S2, …, Sn:

a0 (S – S1) · (S – S2) … (S – Sn) = 0. (2)

Åñëè âñå êîðíè õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ
áóäóò îòðèöàòåëüíû, òî âñå ìíîæèòåëè âûðàæåíèÿ
(2) áóäóò èìåòü âèä:

a0 (S + | a1|) · (S + | a2 |) ... (S + | an |) = 0, (3)

ãäå | ai | — çíà÷åíèÿ êîðíåé.
Ïðîèçâåäÿ óìíîæåíèå â (3), ïîëó÷èì (1), â êîòî-

ðîì âñå êîýôôèöèåíòû áóäóò îïðåäåëÿòüñÿ ïîëî-
æèòåëüíûìè ÷ëåíàìè | ai | âûðàæåíèÿ (3), ò. å. áóäóò
ïîëîæèòåëüíûìè.

Äëÿ ñèñòåì, â êîòîðûõ îäíà èëè äâå ïîäñèñòå-
ìû, íåîáõîäèìîå óñëîâèå óñòîé÷èâîñòè ÿâëÿåòñÿ è
äîñòàòî÷íûì óñëîâèåì. Äëÿ ñèñòåì, â êîòîðûõ òðè
è áîëåå ïîäñèñòåì, óñëîâèå ïîëîæèòåëüíîñòè êîýô-
ôèöèåíòîâ õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ ÿâëÿåò-
ñÿ íåîáõîäèìûì, íî íåäîñòàòî÷íûì óñëîâèåì.

Äëÿ òîãî ÷òîáû îöåíèòü óñòîé÷èâîñòü ñèñòåìû,
íåîáõîäèìî èñïîëüçîâàòü àëãîðèòì, îñíîâàííûé íà
èññëåäîâàíèÿõ àíãëèéñêîãî ìàòåìàòèêà Ý. Ðàóñà [4].
Äëÿ îöåíêè óñòîé÷èâîñòè ïîñòðîèì òàáëèöó.

Â ïåðâîé ñòðîêå òàáëèöû çàïèñûâàþò â ïîðÿäêå
âîçðàñòàíèÿ èíäåêñîâ êîýôôèöèåíòû õàðàêòåðèñ-
òè÷åñêîãî óðàâíåíèÿ (1), èìåþùèå ÷åòíûé èíäåêñ:
a0, a2, a4, a6, …, âî âòîðîé ñòðîêå — ñ íå÷åòíûì èí-
äåêñîì: a1, a3, a5, … .

Â äàííîì ñëó÷àå ÷èñëî ñòðîê òàáëèöû ðàâíî ñòå-
ïåíè õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ (1) ïëþñ åäè-
íèöà.
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Òîãäà óñëîâèå óñòîé÷èâîñòè ìîæíî ñôîðìóëè-
ðîâàòü òàê: äëÿ òîãî ÷òîáû ñèñòåìà áûëà óñòîé÷è-
âà, íåîáõîäèìî è äîñòàòî÷íî, ÷òîáû êîýôôèöèåíòû
ïåðâîãî ñòîëáöà òàáëèöû èìåëè îäèí è òîò æå çíàê.

Äàííûé ïðîöåññ ìîæåò áûòü ëåãêî àâòîìàòèçè-
ðîâàí â ñèëó ïðîñòîòû åãî ôîðìàëèçàöèè.

Îöåíèâàòü ðàáîòó ñèñòåìû ñëåäóåò ïðè ìîäåëè-
ðîâàíèè èíôîðìàöèîííîãî âîçäåéñòâèÿ. Ïðåäïî-
ëîæèì, ÷òî â ÀÑÏÂÁ îäíîâðåìåííî çàäåéñòâóþòñÿ
íåñêîëüêî èíôîðìàöèîííûõ êàíàëîâ.

Â ýòîì ñëó÷àå äëÿ ÀÑÏÂÁ, ïîñòðîåííîé ïî äè-

ñêðåòíîìó ïðèíöèïó, âåëè÷èíà ýíòðîïèè Sä îïðå-
äåëÿåòñÿ ïî ôîðìóëå [15]:

S p pi i

i=

n

ä � �� log ,2
1

(4)

ãäå pi — âåðîÿòíîñòü ïîÿâëåíèÿ ñèãíàëà â i-ì êà-
íàëå.
Èçâåñòíî [6], ÷òî â ÀÑÏÂÁ âñåãäà çàäåéñòâîâàí

õîòÿ áû îäèí èíôîðìàöèîííûé êàíàë (íàïðèìåð,
êàíàë ïåðåäà÷è çíà÷åíèÿ äàâëåíèÿ â òåõíîëîãè÷å-
ñêîì îáîðóäîâàíèè). Â ýòîì ñëó÷àå âåðîÿòíîñòü ïî-
ÿâëåíèÿ ñèãíàëà â äàííîì èíôîðìàöèîííîì êàíàëå
ðàâíà åäèíèöå. Åñëè ñèãíàëû â äðóãèõ êàíàëàõ îò-
ñóòñòâóþò, òî, î÷åâèäíî, âåðîÿòíîñòü ïîÿâëåíèÿ ñèã-
íàëîâ â íèõ ðàâíà íóëþ, ò. å. äëÿ çàðàíåå èçâåñòíîãî
èíôîðìàöèîííîãî ñîîáùåíèÿ âûðàæåíèå (4) áóäåò
ñîñòîÿòü èç ñëàãàåìûõ äâóõ âèäîâ: ëèáî 1·log21, ëèáî
0·log20. Ñëàãàåìîå ïåðâîãî âèäà ðàâíî íóëþ, à çíà-
÷èò, lim ( log )

x
x x

�
� �

0 2 0 è, ñëåäîâàòåëüíî, ýíòðîïèÿ çà-
ðàíåå èçâåñòíîãî ñîîáùåíèÿ ðàâíà íóëþ.

Ñëåäóåò îïðåäåëèòü, êàêîå ìàêñèìàëüíîå çíà÷å-
íèå ìîæåò ïðèíèìàòü ñëàãàåìîå –pi log2 pi. Äëÿ ýòî-
ãî ïðîäèôôåðåíöèðóåì óðàâíåíèå (4) è ïðèðàâíÿ-
åì ïðîèçâîäíóþ íóëþ:

( ) ( log )d (dp p pi i i� �2

� � � � �p p p p p ei i i i ilog ( ) log ,2 21 0
(5)

ò. å. pi = 1�e.

Òàê êàê âñå ñëàãàåìûå âûðàæåíèÿ (4) íå ïðåâû-
øàþò çíà÷åíèÿ (1�e) log2 e, òî èç ýòîãî ñëåäóåò, ÷òî
ýíòðîïèÿ ÀÑÏÂÁ åñòü âåëè÷èíà êîíå÷íàÿ ïðè ëþáîì
êîëè÷åñòâå èíôîðìàöèîííûõ ïîäñèñòåì. Î÷åâèäíî,
ïðè òàêîì ðàñïðåäåëåíèè âåðîÿòíîñòåé pi ýíòðîïèÿ
ïðèíèìàåò ìàêñèìàëüíîå çíà÷åíèå, ÷òî êîððåëèðó-
åò ñ ðåçóëüòàòàìè Ý. Ðàóñà.

Òåïåðü âîñïîëüçóåìñÿ ìåòîäîì íåîïðåäåëåííûõ
ìíîæèòåëåé Ëàãðàíæà è íàéäåì ìàêñèìóì ôóíêöèè
â âèäå ôîðìóëû (6), ñîñòàâëåííîé ñ ó÷åòîì äîïîë-

íèòåëüíîãî óñëîâèÿ pi

i

n

�
� �

1

1:

F p p p .i

i

n

i i

i

n

� � �
� �
� �

1
2

1

log � (6)

Äèôôåðåíöèðóÿ (6) ïî pi è ïðèðàâíèâàÿ ïðîèç-
âîäíóþ íóëþ, ïîëó÷àåì óðàâíåíèå (7) èëè (8):

d
d

F

p
p

p
p e

i
i

i
i� � � �

	



�
�
 � �log log ;2 2

1
0� (7)

� � �log log .2 2p ei � (8)

Àíàëèçèðóÿ âûðàæåíèå (6), ìîæíî ñäåëàòü âûâîä,
÷òî âåðîÿòíîñòü pi íå çàâèñèò îò ïåðåìåííîé ñóì-
ìèðîâàíèÿ, ÷òî ìîæåò áûòü òîëüêî â òîì ñëó÷àå, åñëè
âñå âåðîÿòíîñòè ðàâíû ìåæäó ñîáîé: p1 = p2 = … =
= pn = p = 1�n. Ñëåäîâàòåëüíî,

S
n n

n
i

n

ä
max � � �

�
� 1 1

1
2 2log log .

Èçâåñòíî [3], ÷òî ýíòðîïèÿ ñòðåìèòñÿ ê ñâîåìó
ìàêñèìàëüíîìó çíà÷åíèþ. Îñíîâûâàÿñü íà ýòîì, ìîæ-
íî çàêëþ÷èòü, ÷òî ýíòðîïèÿ ñèñòåìû äîñòèãàåò ìàê-
ñèìàëüíîãî çíà÷åíèÿ, êîãäà âåðîÿòíîñòè ïîÿâëåíèÿ
èíôîðìàöèîííûõ ñèãíàëîâ ðàâíû.

Ñëåäóåò îòìåòèòü, ÷òî ôîðìóëà (4) âåðíà â ñè-
òóàöèè, êîãäà çàðàíåå íåèçâåñòíî, êàêîå ñîîáùåíèå
áóäåò ïåðåäàíî â òîò èëè èíîé ìîìåíò âðåìåíè, ò. å.
âûáîð êîíêðåòíîãî ñîîáùåíèÿ äëÿ àäðåñàòà ñëó÷àåí.

Êîýôôèöèåíò ri

Coefficient ri

Ñòðîêà
Row

Ñòîëáåö / Column

1 2 3 4

– 1 a0 = c11 a2 = c21 a4 = c31 …

– 2 a1 = c12 a3 = c22 a5 = c32 …

r3 = a0�a1 3 c13 = a2 – r3a3 c23 = a4 – r4ñ33 c33 = a6 – r3a7 …

r4 = a1�c13 4 c14 = a3 – r4c23 c24 = a5 – r4c33 c34 = a7 – r4c43 …

r5 = c13�c14 5 c15 = c23 – r5c23 c25 = c33 – r5c33 c35 = c43 – r5c43 …

… … … … … …

r
c

ci
i

i

� �

�

1 2

1 1

,

,
i c1, i = c2, i – 2 – ri c2, i – 1 c2, i = c3, i – 2 – ri c3, i – 1 c3, i = c4, i – 2 – ri c4, i – 1 …

Ìàòðèöà êîýôôèöèåíòîâ õàðàêòåðèñòè÷åñêîãî óðàâíåíèÿ

The coefficient matrix of the characteristic equation
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Ïðèìåðîì èñïîëüçîâàíèÿ òàêîé ñèòóàöèè ìîæåò áûòü
ÀÑÏÂÁ, â êîòîðîé çàäåéñòâóþò åäèíûé èíôîðìà-
öèîííûé êàíàë. Ïðè ýòîì èíôîðìàöèîííûå ñèãíà-
ëû ïîñòóïàþò ê àäðåñàòó íåçàâèñèìî äðóã îò äðóãà.

Â ñëó÷àå ñîçäàíèÿ ÀÑÏÂÁ, â êîòîðîé ðÿä ñèãíà-
ëîâ çàâèñèò äðóã îò äðóãà, âåëè÷èíà èíôîðìàöèîí-
íîé ýíòðîïèè îïðåäåëÿåòñÿ ïî çàâèñèìîñòè, îòëè÷-
íîé îò (4).

Òîãäà ñèñòåìó ñèãíàëîâ (X, Y) ðàññìàòðèâàåì êàê
îäèí ñèãíàë, à ìíîæåñòâî ñîñòîÿíèé òàêîãî ñîâîêóï-
íîãî ñèãíàëà ïðåäñòàâèì ñîñòîÿùèìè èç ïàð âèäà
(xi, yj), ãäå i = 1, …, n, j = 1, …, n. Ïðè èçâåñòíûõ
âåðîÿòíîñòÿõ p(xi, yj) ïîÿâëåíèÿ ïàðû (xi, yj) ýíòðî-
ïèÿ ñèñòåìû ñèãíàëîâ (X, Y) îïðåäåëÿåòñÿ âûðàæå-
íèåì

S X Y p x y p x yi j i j

i

n

( , ) ( , ) log ( , ) .� �
�
� 2

1

(9)

Ñîãëàñíî òåîðåìå óìíîæåíèÿ âåðîÿòíîñòåé
èìååì:

p (xi, yj) = p ( yj) p (xi | yj); (10)

p (xi, yj) = p (xi) p ( yj | xi), (11)

ãäå p (xi), p ( yj) — âåðîÿòíîñòè ïîÿâëåíèÿ ñèãíàëîâ
ñîîòâåòñòâåííî x Xi � , y Yj � ;
p (xi | yj) — óñëîâíàÿ âåðîÿòíîñòü ïîÿâëåíèÿ ýëå-
ìåíòà x Xi � ïðè óñëîâèè, ÷òî óæå èìååòñÿ ñèã-
íàë y Yj � ;
p ( yj | xi) — óñëîâíàÿ âåðîÿòíîñòü ïîÿâëåíèÿ ñèã-
íàëà y Yj � ïðè óñëîâèè, ÷òî óæå èìååòñÿ ñèãíàë
x Xi � .
Ïîäñòàâëÿÿ â (9) âûðàæåíèå (10), ïîëó÷àåì ôîð-

ìóëó

S X Y p y p x | yj

j

n

i

n

i j( , ) ( ) ( )� � �
��
��

11

� log [ ( ) ( )].2 p y p x | yj i j

(12)

Ó÷èòûâàÿ, ÷òî log2 (p ( yj) p (xi | yj)) = log2 p ( yj) +
+ log2 p(xi | yj),ïîñëåäíåå âûðàæåíèå çàïèøåì â âèäå:

S X Y p y p y p x | yj j

j

n

i j

i

n

( , ) ( ) log ( ) ( )� � �
� �
� �2

1 1

�
��
�� p y p x | y p x | yj i j

i

n

i j

j

n

( ) ( ) log ( ) .
1

2
1

(13)

Èìåÿ â âèäó, ÷òî p x | yi j

i

n

( ) ,
�
� �

1

1 ïîëó÷àåì âûðà-

æåíèå

S X Y p y p yj j

j

n

( , ) ( ) log ( )� � �
�
� 2

1

�
��
�� p y p x | y p x | yj i j

i

n

i j

j

n

( ) ( ) log ( ) .
1

2
1

(14)

Â ñîîòâåòñòâèè ñ (4) ïåðâàÿ ñóììà (14) ïðåäñòàâ-
ëÿåò ñîáîé ýíòðîïèþ ñèãíàëà Y, à âòîðóþ ñóììó

âòîðîãî ÷ëåíà (14) ìîæíî ðàññìàòðèâàòü êàê ýíòðî-
ïèþ ñèãíàëà X ïðè óñëîâèè, ÷òî âòîðîé ñèãíàë Y

ïîëó÷èë êîíêðåòíîå çíà÷åíèå Yi. Ýòó óñëîâíóþ ýíò-
ðîïèþ îòíîñèòåëüíî ýëåìåíòà Yi ìîæíî íàçâàòü ÷à-
ñòíîé óñëîâíîé ýíòðîïèåé, êîòîðóþ îáîçíà÷èì êàê
S (X | yj).

Àíàëîãè÷íîå âûðàæåíèå ìîæíî ïîëó÷èòü è äëÿ
S (Y | xi).

Ñëåäóåò ïîêàçàòü, â êàêèõ ïðåäåëàõ ìîæåò èçìå-
íÿòüñÿ ýíòðîïèÿ îáúåäèíåíèÿ äâóõ èíôîðìàöèîííûõ
ñèãíàëîâ — X è Y. Âûðàæåíèå äëÿ óñëîâíîé ýíòðî-
ïèè áóäåò èìåòü âèä:

S X Y p y p x | y p x | yj

j

n

i

n

i j i j( | ) ( ) ( ) log ( ).� �
��
��

11
2 (15)

Èçâåñòíî [9], ÷òî äëÿ íåçàâèñèìûõ ñëó÷àéíûõ
ñîáûòèé óñëîâíûå âåðîÿòíîñòè ðàâíû áåçóñëîâíûì.
Åñëè ïðåäïîëîæèòü, ÷òî ñîñòàâëÿþùèå X è Y ñèãíà-
ëà (X, Y) íåçàâèñèìû, òî â âûðàæåíèè (14) âîçìîæ-
íà çàìåíà p (xi | yj) = p (xi), è òîãäà îíî ìîæåò áûòü
ïðåîáðàçîâàíî ê âèäó:

S X Y p x p x p yi i

i

n

j

j

n

( | ) ( ) log ( ) ( ) .� �
� �
� �2

1 1

(16)

Ó÷èòûâàÿ, ÷òî p yj

j

n

( ) ,
�
� �

1

1 èìååì âûðàæåíèå

S X Y p x p x S Xi i

i

n

( | ) ( ) log ( ) ( ) .� � �
�
� 2

1

(17)

Èíûìè ñëîâàìè, óñëîâíàÿ ýíòðîïèÿ ïðè íåçàâè-
ñèìûõ ñèãíàëàõ ðàâíà áåçóñëîâíîé ýíòðîïèè, ÷òî
ïðèâîäèò ê òîìó, ÷òî S(X, Y) = S(X) + S(Y).

Äëÿ ñëó÷àÿ, êîãäà èíôîðìàöèîííûå ñèãíàëû X

è Y ïîëíîñòüþ çàâèñèìû, çíà÷åíèÿ ýíòðîïèé ñèñòå-
ìû áóäóò îïðåäåëÿòüñÿ ñëåäóþùèì îáðàçîì.

Ïóñòü ñèãíàë Õ ïðèíÿë çíà÷åíèå xl, à ñèãíàë Y —
çíà÷åíèå yk. Â ýòîì ñëó÷àå óñëîâíàÿ âåðîÿòíîñòü
p (yk | xl) = 1, à âñå îñòàëüíûå ïðèíèìàþò íóëåâîå
çíà÷åíèå. Òîãäà â ôîðìóëó (15) áóäóò âõîäèòü ñëà-
ãàåìûå âèäà ëèáî p(xi)·1·log21, ëèáî p(xi)·0·log20.
Â ëþáîì ñëó÷àå ýòè ñëàãàåìûå ðàâíû íóëþ, ïîýòîìó
S X Y( | ) .� 0

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â ðåçóëüòàòå èññëåäîâàíèé ïîëó÷åíà ôîðìóëà (14),
ïîçâîëÿþùàÿ îöåíèâàòü âåëè÷èíó èíôîðìàöèîííîé
ýíòðîïèè äëÿ îöåíêè íàäåæíîñòè ôóíêöèîíèðîâà-
íèÿ êàíàëîâ ïåðåäà÷è èíôîðìàöèè.

Òåíäåíöèåé íàñòîÿùåãî âðåìåíè, ñâÿçàííîé ñ
óìåíüøåíèåì ôèíàíñîâûõ çàòðàò íà ÀÑÓÒÏ, ÿâëÿ-
åòñÿ ñîçäàíèå íà åäèíîé ïðîãðàììíî-àïïàðàòíîé
áàçå àâòîìàòèçèðîâàííûõ ñèñòåì ðàçëè÷íîãî òåõíî-
ëîãè÷åñêîãî íàçíà÷åíèÿ. Îäíàêî â äàííîì ñëó÷àå
íåîáõîäèìî ðàçáèðàòüñÿ â ïðîòèâîðå÷èÿõ, êîòîðûå
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ìîãóò âîçíèêàòü â ÷àñòè ôîðìóëèðîâàíèÿ òðåáîâà-
íèé ê òàêòîâîé ÷àñòîòå ïðîöåññîðà è òàêòîâîé ÷àñ-
òîòå ñèñòåìíîé ìàãèñòðàëè ïåðåäà÷è äàííûõ (ñèñ-
òåìíàÿ øèíà).

Çàâèñèìîñòü (14) äîëæíà ó÷èòûâàòüñÿ ïðîåêòè-
ðîâùèêàìè ÀÑÓÒÏ ïðîìûøëåííûõ ïðåäïðèÿòèé
ïðè ðàñ÷åòå êîëè÷åñòâà êàíàëîâ ïåðåäà÷è èíôîðìà-
öèè â èíòåãðèðîâàííûõ ñèñòåìàõ.

Ïîâûøåíèå íàäåæíîñòè ìîæåò áûòü äîñòèãíó-
òî çà ñ÷åò ñîçäàíèÿ äîïîëíèòåëüíûõ êàíàëîâ ïåðå-
äà÷è èíôîðìàöèè, êîòîðûå íå çàäåéñòâóþòñÿ â íîð-
ìàëüíûõ óñëîâèÿõ. Îäíàêî, åñëè âîçíèêàåò ñèãíàë
òðåâîãè, èäóùèé îò äàò÷èêîâ èçáûòî÷íîãî äàâëåíèÿ,
äàííûå êàíàëû áóäóò çàäåéñòâîâàíû, ÷òî íå ïîçâî-
ëèò äîïóñòèòü îòêàç ÀÑÏÂÁ â óñëîâèÿõ ÷ðåçâû÷àé-
íîé ñèòóàöèè, îáóñëîâëåííîé âçðûâàìè íà ïðîìûø-
ëåííîì ïðåäïðèÿòèè.

Âûâîäû

Òàêèì îáðàçîì, ïðåäñòàâëåííûå ðåçóëüòàòû ïî
îïðåäåëåíèþ ýíòðîïèé êàíàëîâ ïåðåäà÷è èíôîðìà-
öèè ÀÑÏÂÁ, ïîçâîëÿþò êîëè÷åñòâåííî îïðåäåëèòü
äàííûå ïàðàìåòðû, ÷òî, â ñâîþ î÷åðåäü, äàåò âîç-
ìîæíîñòü îöåíèòü óñòîé÷èâîñòü ôóíêöèîíèðîâàíèÿ
äàííîé ñèñòåìû [1].

Ðåçóëüòàòû íàñòîÿùåé ðàáîòû ñëåäóåò èñïîëüçî-
âàòü ïðè ïðîåêòèðîâàíèè èíôîðìàöèîííûõ êàíàëîâ
ÀÑÏÂÁ íà åäèíîé ìèêðîïðîöåññîðíîé àïïàðàòíîé
áàçå â öåëÿõ íåäîïóùåíèÿ ïðåâûøåíèÿ êðèòè÷å-
ñêîãî çíà÷åíèÿ ýíòðîïèè ñèñòåìû.

Äàííûé ïîäõîä ïîçâîëèò ïîâûñèòü íàäåæíîñòü
ôóíêöèîíèðîâàíèÿ ÀÑÏÂÁ, îñîáåííî â óñëîâèÿõ
âîçìîæíûõ äåñòàáèëèçèðóþùèõ âîçäåéñòâèé, ïðè
êîòîðûõ îáúåì èíôîðìàöèè â ñèñòåìå ìîæåò ðåçêî
âîçðàñòàòü.
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ABSTRACT

In the conditions of the modern economic growth, the urgency of the reliable functioning of the computer-
aided system of industrial enterprises, which are critical for the Russian economy, is growing.

The computer-aided fire-explosion safety systems now play a key role in the structure of computer-
aided system. At the same time, they are a superfast system that can detect overpressure of explosive
process units within 0.1 microseconds. In this case, it is possible to carry out a real-time pressure relief
to protect the technological equipment from destruction and the personnel of the enterprise from
destruction.

Computer-aided fire-explosion safety systems are part of computer-aided systems of tech-
nological processes. Value of operating frequency of system bus of these systems is approximately
100 MHz. So, sustainability assessment function of information transfer channel is important scien-
tific and technical problem.

There is mathematical model of assessment of the stability of information transfer channels in
the article. This model is based on scientific, theoretical and mathematical models of E. Rouse and on
entropy methods of A. Wilson.

Simulation was carried out of reliability of information transfer channels for various options for
building these systems. It is shown that an integrated approach based on the use of a single hardware/
software platform of a microprocessor platform can be used to optimize the single of creating an ASP.

Potential destabilizing effects have a negative impact on the sustainability of the work of ASIA.
Under these conditions, the amount of information sharply increases in the system. And the model of
estimating the entropy will allow the reliability of the automated system as a whole to depend.

Keywords: computer-aided process control systems; system data line; computer-aided fire-explo-
sion safety systems; stability and reliability of technical systems; entropy of technical system; entropy
evaluation model of sustainability.
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íà. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ íà ðàñòðîâîì ýëåêòðîííîì ìèêðîñêîïå JSM-6390LV
îáðàçöîâ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé ýëåêòðè÷åñêîé ñåòè ñ íàïðÿæåíèåì
12 Â, ïîäâåðãøèõñÿ âíåøíåìó âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ è òîêîâîé ïåðåãðóçêå. Äàíû
ñíèìêè ïîâåðõíîñòåé îïëàâëåíèÿ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ïîäâåðã-
øèõñÿ âîçäåéñòâèþ òîêà ïåðåãðóçêè è âûñîêèõ òåìïåðàòóð. Óñòàíîâëåíû õàðàêòåðíûå äèàãíîñ-
òè÷åñêèå ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ïðè÷èíó ïîâðåæäåíèÿ ïðè ïîæàðå (âûñî-
êîòåìïåðàòóðíîå âîçäåéñòâèå, òîêîâàÿ ïåðåãðóçêà) ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðà-
íèòåëåé â ýëåêòðè÷åñêîé öåïè ñ íàïðÿæåíèåì 12 Â. Óñòàíîâëåíî, ÷òî âûÿâëåííûå ïðèçíàêè
ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ àâòî-
ìîáèëÿ, ïîâðåæäåííîãî â ðåçóëüòàòå òåðìîâîçäåéñòâèÿ.

Êëþ÷åâûå ñëîâà: ïîæàð; ïðåäîõðàíèòåëü; ïëàâêàÿ âñòàâêà; òîêîâàÿ ïåðåãðóçêà; ìåäü; àëþìèíèé;
öèíê; ðàñòðîâàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ; äèàãíîñòè÷åñêèé ïðèçíàê; ìèêðîñëåä; ïîæàðíî-
òåõíè÷åñêàÿ ýêñïåðòèçà.
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Ââåäåíèå

Ïîæàðû ïðè÷èíÿþò çíà÷èòåëüíûé ìàòåðèàëüíûé
óùåðá, â ÷àñòíîñòè óíè÷òîæåíèå èëè ïîâðåæäåíèå
èìóùåñòâà, à òàêæå ïðèâîäÿò ê ãèáåëè è ðàíåíèþ
ëþäåé. Óùåðá îò ïîæàðîâ â ïðîìûøëåííî ðàçâè-
òûõ ñòðàíàõ ïðåâûøàåò 1 % íàöèîíàëüíîãî äîõîäà
è èìååò òåíäåíöèþ ê ïîñòîÿííîìó ðîñòó [1–3]. Ïî-
æàðû àâòîòðàíñïîðòíûõ ñðåäñòâ îòíîñÿòñÿ ê îñîáî
òÿæåëûì ïðîèñøåñòâèÿì. Â ÷àñòíîñòè, â ïðîìûø-
ëåííî ðàçâèòûõ ñòðàíàõ ïîæàðû àâòîìîáèëåé ñî-
ñòàâëÿþò îò 5 äî 15 % îò îáùåãî ÷èñëà ïîæàðîâ, ïðè
ýòîì ãèáåëü ëþäåé äîñòèãàåò 6–12 % îò îáùåãî ÷èñ-
ëà ïîãèáøèõ ïðè ïîæàðàõ. Â ñâÿçè ñ ýòèì ïðîáëåìà
ïîâûøåíèÿ ïîæàðíîé áåçîïàñíîñòè àâòîòðàíñïîðò-
íûõ ñðåäñòâ î÷åíü àêòóàëüíà [4–6].

Äàííîå îáñòîÿòåëüñòâî ïîäòâåðæäàåòñÿ ìèðîâîé
ïðàêòèêîé îòçûâà àâòîòðàíñïîðòíûõ ñðåäñòâ, â ÷à-
ñòíîñòè 231 òûñÿ÷è âíåäîðîæíèêîâ General Motors
èç-çà óãðîçû âîñïëàìåíåíèÿ âñëåäñòâèå êîðîòêîãî
çàìûêàíèÿ â äâåðÿõ. Îòçûâó ïîäëåæàò Chevrolet Trail-
blazer, GMC Envoy, Buick Rainier, SAAB 9-7x, Isuzu
Ascender, Chevrolet Trailblazer EXT è GMC Envoy XL
2005–2007 ìîäåëüíûõ ãîäîâ. Îñíîâíàÿ èõ ÷àñòü ýêñ-
ïëóàòèðóåòñÿ â ÑØÀ, 3546 âíåäîðîæíèêîâ çàðåãè-
ñòðèðîâàíî â Êàíàäå, 4876 — â Ìåêñèêå, åùå ïî-
ðÿäêà 30 òûñÿ÷ — â äðóãèõ ñòðàíàõ. Ïî äàííûì Ðîñ-

ñòàíäàðòà îôèöèàëüíûé ïðåäñòàâèòåëü Jeep, Dodge
è Chrysler â Ðîññèè êîìïàíèÿ “ÝôÑèÝé Ðóñ” îòçû-
âàåò 3019 àâòîìîáèëåé èç-çà âåðîÿòíîñòè êîðîòêîãî
çàìûêàíèÿ. Îòçûâó ïîäëåæàò ìîäåëè Jeep Compass,
Jeep Patriot, Dodge Caliber è Chrysler Sebring, ðåàëè-
çîâàííûå ñ àïðåëÿ 2010 ã. ïî äåêàáðü 2015 ã.

Êðîìå òîãî, íà ñàéòå Ðîññòàíäàðòà ðàçìåùåíà
èíôîðìàöèÿ î òîì, ÷òî ÏÀÎ “ÀâòîÂÀÇ” îòçûâàåò
19 668 àâòîìîáèëåé Lada Xray, ïðîäàííûõ ñ ôåâðàëÿ
2016 ã. Ïðè÷èíîé îòçûâà àâòîìîáèëåé Lada Xray ÿâ-
ëÿåòñÿ âîçìîæíîå ïåðåòèðàíèå æãóòà ïðîâîäîâ äâè-
ãàòåëÿ î êðîìêó àêêóìóëÿòîðíîé ïëîùàäêè. Êàê ñî-
îáùàåò Ðîññòàíäàðò, Óëüÿíîâñêèé àâòîìîáèëüíûé
çàâîä (âõîäÿùèé â ãðóïïó “Ñîëëåðñ”) îòçûâàåò â
Ðîññèè ïî÷òè 149,6 òûñ. àâòîìîáèëåé ÓÀÇ “Ïàòðè-
îò”, “Ïèêàï”, “Êàðãî” èç-çà íåêîððåêòíîé óêëàäêè
æãóòîâ ïðîâîäîâ äàò÷èêà êèñëîðîäà, òðóáîê ñöåï-
ëåíèÿ è òîðìîçíûõ øëàíãîâ.

Óìåñòíî íàïîìíèòü, ÷òî ïî äàííûì àãåíòñòâà
Reuters íåìåöêèé àâòîìîáèëüíûé êîíöåðí Daimler
îáúÿâèë, ÷òî îòçîâåò 1 ìëí. íîâûõ ìîäåëåé Mercedes-
Benz ïî âñåìó ìèðó èç-çà ðèñêà èõ âîçãîðàíèÿ. Â ñî-
îáùåíèè êîìïàíèè Daimler ñêàçàíî, ÷òî âñåãî áûë çà-
ôèêñèðîâàí 51 ñëó÷àé âîçãîðàíèÿ, êîòîðîå, ïî ïðåä-
âàðèòåëüíîé èíôîðìàöèè êîìïàíèè, ïðîèñõîäèò èç-çà
áðàêîâàííûõ ïðåäîõðàíèòåëåé. Â ñîîáùåíèè îòìå-
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÷àåòñÿ òàêæå, ÷òî ïðîèçâîäñòâî è ðåàëèçàöèÿ íîâûõ
àâòîìîáèëåé ïðèîñòàíîâëåíû. Îòçûâ çàòðîíåò àâòî-
ìîáèëè êëàññîâ Ñ è Å, à òàêæå êëàññîâ ÑLA, GLÀ è
GLC, âûïóùåííûõ â 2015–2017 ãã. È ýòîò ïåðå÷åíü
ìîæíî ïðîäîëæèòü.

Êàê ïðàâèëî, ñîâðåìåííûé ëåãêîâîé àâòîìîáèëü
èìååò äâà, à òî è òðè áëîêà ïðåäîõðàíèòåëåé, ïîýòî-
ìó áîëüøèíñòâî öåïåé ýëåêòðîîáîðóäîâàíèÿ (ýëåêò-
ðîäâèãàòåëè, ëàìïû, ýëåêòðîííûå óñòðîéñòâà) çà-
ùèùåíû ïëàâêèìè ïðåäîõðàíèòåëÿìè.

Òàêèì îáðàçîì, ðàçðàáîòêà ìåðîïðèÿòèé ïî ïðåä-
îòâðàùåíèþ ïîæàðîâ íà àâòîòðàíñïîðòå èìååò âàæ-
íîå çíà÷åíèå. Îäíèì èç âèäîâ ïðîôèëàêòè÷åñêèõ
ìåðîïðèÿòèé ÿâëÿåòñÿ ïîæàðíî-òåõíè÷åñêàÿ ýêñ-
ïåðòèçà.

Ïî ìíåíèþ àâòîðà [7], ýêñïåðòèçà ïîæàðîâ îñíî-
âàíà íà êîìïëåêñå ñïåöèàëüíûõ çíàíèé, íåîáõîäè-
ìûõ äëÿ èññëåäîâàíèÿ ìåñòà ïîæàðà, îòäåëüíûõ êîí-
ñòðóêöèé, ìàòåðèàëîâ, èçäåëèé è èõ îáãîðåâøèõ
îñòàòêîâ â öåëÿõ ïîëó÷åíèÿ èíôîðìàöèè, íåîáõî-
äèìîé äëÿ óñòàíîâëåíèÿ î÷àãà ïîæàðà, åãî ïðè÷è-
íû, ïóòåé ðàñïðîñòðàíåíèÿ ãîðåíèÿ, ïðèðîäû îáãî-
ðåâøèõ îñòàòêîâ, à òàêæå äëÿ ðåøåíèÿ íåêîòîðûõ
äðóãèõ çàäà÷, âîçíèêàþùèõ â õîäå àíàëèçà ïðè÷èí,
âûçâàâøèõ ïîæàð.

Ñëåäóåò óêàçàòü, ÷òî ïîäàâëÿþùåå ÷èñëî âûâî-
äîâ ñóäåáíûõ ýêñïåðòîâ îòíîñèòåëüíî òåõíè÷åñêèõ
ïðè÷èí âîçíèêíîâåíèÿ ïîæàðîâ íà àâòîòðàíñïîðòå
íîñèò ïðåäïîëîæèòåëüíûé (âåðîÿòíîñòíûé) õàðàê-
òåð, ÷òî íå ïîçâîëÿåò ðàçðàáàòûâàòü è âíåäðÿòü êîí-
êðåòíûå èíæåíåðíûå ðåøåíèÿ [8]. Ýòî ìîæíî îáú-
ÿñíèòü ìíîãèìè ïðè÷èíàìè, â òîì ÷èñëå îòñóòñò-
âèåì íàó÷íî îáîñíîâàííûõ ìåòîäèê.

Êàê íàãëÿäíî ïîêàçàíî àâòîðîì [7], åñëè â î÷à-
ãîâîé çîíå îáíàðóæåíû õàðàêòåðíûå ïðèçíàêè ðàç-
ðóøåíèÿ òîêîâåäóùèõ ïðîâîäîâ, òî íåèçáåæíî âîç-
íèêàåò âîïðîñ î ìåõàíèçìå ïîâðåæäåíèÿ (ýëåêòðî-
äóãîâîé èëè òåïëîâîé) è, â ÷àñòíîñòè, î ïåðâè÷íîñòè
èëè âòîðè÷íîñòè êîðîòêîãî çàìûêàíèÿ. Ïî ìíåíèþ
ìíîãèõ àâòîðîâ, äàííûé âîïðîñ äàëåêî íå ïðîñò.
Ïîïûòêè ðåøèòü åãî ñ ïîìîùüþ èíñòðóìåíòàëüíûõ
ìåòîäîâ êðèìèíàëèñòû ïðåäïðèíèìàëè åùå â 50-õ
ãîäàõ ïðîøëîãî ñòîëåòèÿ [7]. Ê ñîæàëåíèþ, àïðîáè-
ðîâàííàÿ è íàó÷íî îáîñíîâàííàÿ óíèâåðñàëüíàÿ
ìåòîäèêà îòñóòñòâóåò äî íàñòîÿùåãî âðåìåíè, íå-
ñìîòðÿ íà íàëè÷èå ðÿäà ðåøåííûõ ÷àñòíûõ çàäà÷
[9–14].

Íàïðèìåð, àâòîðû ðàáîòû [15] íà îñíîâå ìíîãî-
÷èñëåííûõ ýêñïåðèìåíòàëüíûõ äàííûõ ïðèõîäÿò ê
âûâîäó, ÷òî êðóãëûå ìåäíûå ãëîáóëû ñ ÷åòêèìè ëè-
íèÿìè ðàçãðàíè÷åíèÿ, òðàäèöèîííî îïðåäåëÿåìûå
êàê “íàïëûâû”, îáðàçîâûâàëèñü íå òîëüêî íà ïðîâî-
äàõ ïîä íàïðÿæåíèåì, íî è áåç íàïðÿæåíèÿ. Íà íå-
êîòîðûõ ïðîâîäàõ ïîä íàïðÿæåíèåì âîçíèêàëà äóãà,
ïðèâîäÿùàÿ ê îáðàçîâàíèþ êðóãëûõ ìåäíûõ ãëîáóë

ñ ÷åòêèìè ëèíèÿìè ðàçãðàíè÷åíèÿ. Â òî æå âðåìÿ ó
íåêîòîðûõ ïðîâîäîâ áåç íàïðÿæåíèÿ äóãà îòñóòñò-
âîâàëà, íî ýòè õàðàêòåðíûå íàïëûâû íàáëþäàëèñü
[15]. Ïîä ìèêðîñêîïîì íàïëûâû íåêîòîðûõ ïðî-
âîäîâ ïîä íàïðÿæåíèåì áûëè ïîðèñòûå è ñîäåðæà-
ëè áîëüøîå êîëè÷åñòâî âíóòðåííèõ ïîðîâûõ ïðî-
ñòðàíñòâ, â òî âðåìÿ êàê â äðóãèõ íàïëûâàõ ïîðîâûå
ïðîñòðàíñòâà îòñóòñòâîâàëè. Àâòîðû [15] îòìå÷àþò,
÷òî ýòà æå òåíäåíöèÿ áûëà õàðàêòåðíà è äëÿ ïðîâî-
äîâ áåç íàïðÿæåíèÿ.

Â ðàáîòå [15] íàãëÿäíî ïîêàçàíî, ÷òî ïðè èçó÷å-
íèè îáðàçöîâ ïîä ðàñòðîâûì ýëåêòðîííûì ìèêðî-
ñêîïîì óñòàíîâëåíî îòñóòñòâèå òåíäåíöèé â ñòðóê-
òóðå çåðíà èëè õèìè÷åñêèõ ñîñòàâàõ. Âíóòðåííèå
çåðíîâûå ñòðóêòóðû íàïëûâîâ áûëè èññëåäîâàíû
íà ïðåäìåò ñòðóêòóðíûõ ðàçìåðîâ, ïîðèñòîñòè è
îñíîâíûõ èçìåíåíèé. Íè îäèí èç èçó÷åííûõ ôèçè-
÷åñêèõ àñïåêòîâ íàïëûâîâ íå ïîêàçàë êàêèõ-ëèáî
îòëè÷èòåëüíûõ îñîáåííîñòåé ìåæäó ïðîâîäàìè ïîä
íàïðÿæåíèåì è áåç íåãî [15].

Â òî æå âðåìÿ íåîáõîäèìî îòìåòèòü, ÷òî â ðàáî-
òå [14] ïðèâåäåíû ôàêòè÷åñêèå äàííûå, ïîçâîëÿ-
þùèå ïî õàðàêòåðó èçëîìà ìåäíîãî ïðîâîäíèêà â
çîíå íàïëûâà äèôôåðåíöèðîâàòü ïðè÷èíó ðàçðóøå-
íèÿ, îáóñëîâëåííóþ ýëåêòðîäóãîâûì èëè òåïëîâûì
ïðîöåññîì. Íàñòîÿùàÿ ðàáîòà òàêæå ïîñâÿùåíà óñòà-
íîâëåíèþ ïðèçíàêîâ, ïîçâîëÿþùèõ èäåíòèôèöè-
ðîâàòü ïðè÷èíó ðàçðóøåíèÿ ïëàâêîé âñòàâêè àâòî-
ìîáèëüíîãî ïðåäîõðàíèòåëÿ.

Ñëåäóåò óêàçàòü, ÷òî ïðè îñìîòðå ìåñòà ïîæàðà
îäíèì èç ïåðâîî÷åðåäíûõ äåéñòâèé ÿâëÿåòñÿ âèçó-
àëüíîå èññëåäîâàíèå àïïàðàòîâ çàùèòû ýëåêòðî-
ñåòè, â òîì ÷èñëå àâòîìîáèëÿ [6, 7, 12, 16]. Åñëè áëîê
ïðåäîõðàíèòåëåé ïîëíîñòüþ íå âûãîðåë ïðè ïîæà-
ðå, äîçíàâàòåëü îáÿçàí â ïåðâóþ î÷åðåäü îòûñêàòü è
îñìîòðåòü ñîñòîÿíèå ïðåäîõðàíèòåëåé, ÷òî ìîæåò
ïîçâîëèòü îïðåäåëèòü ýëåêòðè÷åñêóþ öåïü, ïðîõî-
äÿùóþ â î÷àãå ïîæàðà. Â ðàáîòå [6] îòìå÷àåòñÿ, ÷òî
ïðè âîçíèêíîâåíèè â ýëåêòðè÷åñêîé öåïè ñâåðõ-
òîêà ïëàâêèé ïðåäîõðàíèòåëü äîëæåí îòêëþ÷èòü
àâàðèéíûé òîê ïðåæäå, ÷åì âîçíèêíóò êàêèå-ëèáî
íàðóøåíèÿ â öåïè. Ïðè ýòîì ïëàâêèé ýëåìåíò ïðåä-
îõðàíèòåëÿ ðàñïëàâëÿåòñÿ, òåðÿåò öåëîñòíîñòü, è íà
îáðàçîâàâøåìñÿ ïðîìåæóòêå èíèöèèðóåòñÿ ýëåêò-
ðè÷åñêàÿ äóãà. Ïî ìåðå ðàçâèòèÿ äóãè íà íåé ïðîèñ-
õîäèò ïîñòåïåííîå óâåëè÷åíèå ïàäåíèÿ íàïðÿæå-
íèÿ, êîòîðîå ïðèâîäèò ê óìåíüøåíèþ òîêà â öåïè
âïëîòü äî åãî ïðåêðàùåíèÿ. Â ýòîì ñëó÷àå íåîáõî-
äèìî çàôèêñèðîâàòü â ïðîòîêîëå îñìîòðà ñîñòîÿ-
íèå ïëàâêèõ ïðåäîõðàíèòåëåé (ñðàáîòàë, íå ñðàáî-
òàë) [7, 12]. Â ðàáîòå [6] óêàçûâàåòñÿ, ÷òî ïðîöåññ
ïåðåãîðàíèÿ ïëàâêîãî ýëåìåíòà áîðòîâîé ñåòè àâòî-
ìîáèëÿ â îñíîâíîì îïðåäåëÿåòñÿ òîëüêî ïðîöåññîì
ïëàâëåíèÿ. Íàïðèìåð, ïðè ïëàâëåíèè ïðîâîäíèêà
êîíöû åãî ðàçðóøåííûõ ó÷àñòêîâ îïëàâëåíû è èìå-
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þò íà êîíöàõ êàïëè çàñòûâøåãî ìåòàëëà. Ïðè îòíî-
ñèòåëüíî ìàëûõ òîêàõ êîðîòêîãî çàìûêàíèÿ ôîðìà
êàïåëü áëèçêà ê øàðîîáðàçíîé. Òàêóþ ôîðìó êîíöîâ
ìîæíî îáúÿñíèòü ñòÿãèâàíèåì æèäêîãî ìåòàëëà ïîä
äåéñòâèåì ñèë ïîâåðõíîñòíîãî íàòÿæåíèÿ, åñëè
èìååò ìåñòî ñìà÷èâàíèå ìåæäó æèäêèì è òâåðäûì
ìåòàëëîì. Ïðè áîëüøèõ âåëè÷èíàõ ñâåðõòîêà ìå-
òàëë ïëàâêîãî ýëåìåíòà ðàñïëàâëÿåòñÿ è ðàçáðûçãè-
âàåòñÿ â âèäå æèäêèõ êàïåëü, êîòîðûå ìîãóò îáëàäàòü
áîëüøîé êèíåòè÷åñêîé ýíåðãèåé [6]. Ê ñîæàëåíèþ,
ïðàêòè÷åñêàÿ äåÿòåëüíîñòü ïî ðàññëåäîâàíèþ ïðè-
÷èí ïîæàðîâ àâòîìîáèëåé ñâèäåòåëüñòâóåò î òîì, ÷òî
ñîòðóäíèêè îðãàíîâ äîçíàíèÿ êðàéíå ðåäêî èçûìà-
þò ïðåäîõðàíèòåëè, à åñëè îíè åñòü, òî èññëåäóþòñÿ
òîëüêî âèçóàëüíî è ïðè “ïåðåãîðàíèè” íå êîíêðåòè-
çèðóåòñÿ ïðè÷èíà, à ïðîñòî ôèêñèðóåòñÿ “àâàðèéíûé

ðåæèì ðàáîòû â çàùèùàåìîé äàííûì ïðåäîõðàíè-

òåëåì ýëåêòðîñåòè”. Îäíàêî ïðàêòèêà ïîêàçûâàåò,
÷òî äàæå ïðè êàðáîíèçèðîâàííîì êîðïóñå áëîêà
ïðåäîõðàíèòåëåé èìååòñÿ âîçìîæíîñòü îïðåäåëèòü
ñîñòîÿíèå ïëàâêèõ âñòàâîê è ïðè÷èíó èõ ðàçðóøå-
íèÿ. Â ÷àñòíîñòè, íà ðèñ. 1 ïîêàçàí êàðáîíèçèðî-
âàííûé êîðïóñ ìîíòàæíîãî áëîêà ìîòîðíîãî îòñåêà
àâòîìîáèëÿ Skoda Rapid è ðåçóëüòàò ýêñïåðèìåíòà
ïî íàãðåâó åãî ìåäíîé ïëàâêîé âñòàâêè.

Ïëàâêèé ýëåìåíò â õîäå ýêñïåðèìåíòà ïðèîáðåë
ñâåòëî-êðàñíûé öâåò, ÷òî ñîîòâåòñòâóåò ïðèìåðíî
800 °Ñ (ñì. ðèñ. 1,â). Ïðè òåìïåðàòóðå ïëàìåíè ãî-
ðåëêè â ñðåäíåì 1982 °C ìåäíàÿ ïëàâêàÿ âñòàâêà ñî-
õðàíÿëà öåëîñòíîñòü îêîëî 10 ìèí, ïîñëå ÷åãî ïðî-
èçîøëî åå ïëàñòè÷íîå ðàçðóøåíèå ïîä äåéñòâèåì
ñèëû òÿæåñòè.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ðàçðàáîòêà íàó÷íî îá-
îñíîâàííîãî ìåòîäà èññëåäîâàíèÿ ïëàâêèõ âñòà-
âîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ðàçðóøåí-
íûõ ñâåðõòîêîì èëè âíåøíèì âûñîêîòåìïåðàòóð-
íûì âîçäåéñòâèåì â ïðîöåññå ýêñïëóàòàöèè, äëÿ
óñòàíîâëåíèÿ ïðè÷èíû èõ ïîâðåæäåíèÿ â õîäå ïî-
æàðíî-òåõíè÷åñêîé ýêñïåðòèçû.

Èñõîäÿ èç óêàçàííîé öåëè ïîñòàâëåíû ñëåäó-
þùèå çàäà÷è èññëåäîâàíèÿ:
� ïðîâåñòè ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïî

ýëåêòðîäóãîâîìó è âûñîêîòåìïåðàòóðíîìó ðàç-
ðóøåíèþ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåä-
îõðàíèòåëåé;

� äîêàçàòü, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ïëàâ-
êèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé ìî-
ãóò áûòü âûÿâëåíû ïðèçíàêè, ïîçâîëÿþùèå èäåí-
òèôèöèðîâàòü ýëåêòðîäóãîâîé èëè âûñîêîòåìïå-
ðàòóðíûé ìåõàíèçì îáðàçîâàíèÿ ïîâðåæäåíèé;

� óñòàíîâèòü, ÷òî ïðèçíàêè, âûÿâëåííûå íà ïîâåðõ-
íîñòÿõ ðàçðóøåíèÿ ïëàâêèõ âñòàâîê àâòîìîáèëü-
íûõ ïðåäîõðàíèòåëåé, ÿâëÿþòñÿ óñòîé÷èâûìè è
íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ óñëî-
âèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ
ïðèçíàêîâ);

� ïîêàçàòü, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî èñ-
ïîëüçîâàòü ïðè èññëåäîâàíèè ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé â êà÷åñòâå îñ-
íîâíîãî ìåòîäà.
Â íàñòîÿùåé ñòàòüå ðàññìàòðèâàþòñÿ ôàêòè÷å-

ñêèå ïðèìåðû èññëåäîâàíèÿ ïëàâêèõ âñòàâîê àâòî-
ìîáèëüíûõ ïðåäîõðàíèòåëåé øòåêåðíîãî òèïà ñ íî-
ìèíàëüíûì òîêîì ñðàáàòûâàíèÿ 50, 30, 25, 20, 15
è 10 À, ïîäâåãøèõñÿ âûñîêîòåìïåðàòóðíîìó âîç-
äåéñòâèþ è òîêîâîé ïåðåãðóçêå. Ïðåäîõðàíèòåëè,
ïîäâåðãøèåñÿ òîêîâîé ïåðåãðóçêå, èçûìàëèñü èç ðå-
àëüíî ýêñïëóàòèðóåìûõ àâòîìîáèëåé, â òîì ÷èñëå
ïîäâåðãøèõñÿ âîçãîðàíèþ. Âûñîêîòåìïåðàòóðíîå
âîçäåéñòâèå ìîäåëèðîâàëîñü íà ãàçîâîé ãîðåëêå ïî
àíàëîãèè ñ èñïûòàòåëüíîé óñòàíîâêîé, îïèñàííîé
â ðàáîòå [15]. Êàê è â ðàáîòå [15], àäèàáàòè÷åñêàÿ òåì-
ïåðàòóðà äëÿ ãîðåëêè ñîñòàâëÿåò â ñðåäíåì 1982 °C
(3600 F), à òåìïåðàòóðà ïëàìåíè â ñðåäíåì 1300 °C.

Èññëåäîâàíèÿ îñóùåñòâëÿëèñü â Ðåãèîíàëüíîé
óíèâåðñèòåòñêîé ëàáîðàòîðèè èíæåíåðíîãî ïðîôè-
ëÿ “IÐÃÅÒÀÑ” Âîñòî÷íî-Êàçàõñòàíñêîãî ãîñóäàðñò-
âåííîãî òåõíè÷åñêîãî óíèâåðñèòåòà èì. Ä. Ñåðèê-
áàåâà ñ èñïîëüçîâàíèåì ðàñòðîâîãî ýëåêòðîííîãî
ìèêðîñêîïà JSM-6390LV ñ ïðèñòàâêîé ýíåðãîäèñ-
ïåðñèîííîãî ìèêðîàíàëèçà. Ïîâåðõíîñòè ðàçðóøå-
íèÿ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíè-
òåëåé ïîäâåðãàëèñü àíàëèçó áåç ïðåäâàðèòåëüíîé
ïðîáîïîäãîòîâêè.

Ôðàãìåíòû ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ
ïðåäîõðàíèòåëåé, ïðåäñòàâëåííûå íà ðèñ. 2,à, 2,á
è 2,â, èìåþò êëàññè÷åñêèå ïðèçíàêè, îïèñàííûå â
ðàáîòàõ [6, 7, 16] äëÿ ñëó÷àåâ êîðîòêîãî çàìûêàíèÿ
èëè òîêîâîé ïåðåãðóçêè ïðîâîäíèêîâ. Ïðè ýòîì âè-
çóàëüíûõ îòëè÷èé, îáóñëîâëåííûõ ìàòåðèàëîì ïðåä-
îõðàíèòåëÿ, íå âûÿâëåíî. Íà ðèñ. 2,ã ïðèâåäåí ôðàã-
ìåíò ïëàâêîé âñòàâêè, âûïîëíåííîé èç ìåäè è ïîä-
âåðãøåéñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ.

Â ðàáîòå [13] ïðèâåäåíû êàðòû ðàñ÷åòíîãî è
ôàêòè÷åñêîãî ðàñïðåäåëåíèé òåðìè÷åñêèõ ïîðàæå-
íèé êàïîòà ëåãêîâîãî àâòîìîáèëÿ, ïðè ýòîì ìàêñè-
ìàëüíàÿ òåìïåðàòóðà íå ïðåâûøàåò 950 °Ñ. Îáùå-
ïðèíÿòî ñ÷èòàòü, ÷òî ñðåäíåîáúåìíàÿ òåìïåðàòóðà
âî âòîðîé ôàçå ïîæàðà ëåãêîâîãî àâòîìîáèëÿ äî-
ñòèãàåò 850–950 °Ñ, ïîýòîìó â íàñòîÿùåé ñòàòüå ïîä
âûñîêîòåìïåðàòóðíûì âîçäåéñòâèåì ïîäðàçóìåâà-
åòñÿ èìåííî ýòîò äèàïàçîí.

Èç ñðàâíåíèÿ äàííûõ, ïðèâåäåííûõ íà ðèñ. 2,
ñëåäóåò âûâîä, ÷òî âèçóàëüíî óñòàíîâèòü îòëè÷èÿ â
ðàçðóøåíèè ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëåé, ïîä-
âåðãøèõñÿ òîêîâîé ïåðåãðóçêå èëè âûñîêîòåìïå-
ðàòóðíîìó âîçäåéñòâèþ, çàòðóäíèòåëüíî èëè äàæå
íåâîçìîæíî, ÷òî ïîäòâåðæäàåò ðåçóëüòàòû ðàáîòû
[15], äîêàçûâàþùèå òîò ôàêò, ÷òî ðàñïëàâëåííûé
ìåòàëë ñòðåìèòñÿ ïðèíÿòü øàðîâèäíóþ ôîðìó.
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Ìîðôîëîãè÷åñêèé àíàëèç ìåòîäîì
ðàñòðîâîé ýëåêòðîííîé ìèêðîñêîïèè

Â õîäå ìîðôîëîãè÷åñêîãî èññëåäîâàíèÿ ôðàã-
ìåíòîâ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðà-
íèòåëåé ïðè ïîìîùè ðàñòðîâîãî ìèêðîñêîïà JSM-
6390LV ñ íåáîëüøèì (� 50�) óâåëè÷åíèåì óñòàíîâ-
ëåíû ïðèçíàêè, õàðàêòåðíûå òîëüêî äëÿ ýëåêòðîäó-
ãîâîãî èëè âûñîêîòåìïåðàòóðíîãî ïðîöåññîâ ðàç-
ðóøåíèÿ (ðèñ. 3).

Â ÷àñòíîñòè, ïðè âûñîêîòåìïåðàòóðíîì âîçäåé-
ñòâèè îòìå÷àþòñÿ òàêèå ïðèçíàêè, êàê ïðîèçâîëü-

íàÿ ôîðìà, ïîðèñòîñòü, ñêëàäêè çàñòûâøåãî ìåòàë-
ëà, îáðàçóþùèåñÿ ïðè ðàçðóøåíèè ïëàâêîé âñòàâêè
ïîä äåéñòâèåì ñèëû òÿæåñòè (ñì. ðèñ. 3,ã). Â ñëó÷àå
æå ýëåêòðîäóãîâîãî ïðîöåññà îòìå÷àåòñÿ îêðóãëàÿ
ôîðìà èëè êîñîé ñðåç, ãëàäêàÿ, áåç ãàçîâûõ ïîð, ïî-
âåðõíîñòü (ñì. ðèñ. 3,à–3,â).

Ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè ïåðå÷èñëåí-
íûå âûøå ïðèçíàêè ÿâëÿþòñÿ ìèêðîñëåäàìè, íà-
ãëÿäíî äîêàçûâàþùèìè âîçäåéñòâèå âûñîêèõ òåì-
ïåðàòóð èëè ýëåêòðîäóãîâîãî ïðîöåññà íà èññëåäó-
åìóþ ïëàâêóþ âñòàâêó ïðåäîõðàíèòåëÿ.

Ðèñ. 2. Îáùèé âèä ôðàãìåíòîâ ïëàâêèõ âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé èç ìåäè (à), öèíêà (á) è àëþìèíèÿ (â), ïîä-
âåðãøèõñÿ òîêîâîé ïåðåãðóçêå (à–â), è âñòàâîê èç ìåäè, ïîäâåðãøèõñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ (ã)
Fig. 2. General view of fragments of fusible insertions of motor-car safety devices from a copper (à), zinc (b) and aluminium (v), expo-
sed to the current overload (à–v), and insertions from a copper, exposed to the high temperature influence (g)

Ðèñ. 3. Âèä ôðàãìåíòîâ ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëÿ, ïîäâåðãøèõñÿ òîêîâîé ïåðåãðóçêå (à–â) è âûñîêîòåìïåðàòóðíîìó
âîçäåéñòâèþ (ã): à — èç ìåäè, óâåëè÷åíèå 150�; á — èç öèíêà, óâåëè÷åíèå 37�; â — èç àëþìèíèÿ, óâåëè÷åíèå 35�; ã — èç ìåäè,
óâåëè÷åíèå 50�

Fig. 3. Type of fragments of the fusible insertions of safety device, exposed to the current overload (à–v) and high temperature influence (g):
a — from a copper, increase of 150�; b — from zinc, increase of 37�; v — from an aluminium, increase of 35�; g — from a copper, in-
crease of 50�

Ðèñ. 1. Îáùèé âèä êàðáîíèçèðîâàííîãî êîðïóñà ìîíòàæíîãî áëîêà ìîòîðíîãî îòñåêà àâòîìîáèëÿ Skoda Rapid (à), ñîñòîÿíèå
ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëåé ïðè âñêðûòîì êîðïóñå (á), ôðàãìåíò ýêñïåðèìåíòà ïî íàãðåâàíèþ ïëàâêîé âñòàâêè ìåäíîãî
ïðåäîõðàíèòåëÿ (â)
Fig. 1. General view of the carbonized housing of the engine compartment assembly of the Skoda Rapid car (a), the state of the fuse links
of the fuses with the housing opened (b), experiment on heating the fuse link of a copper fuse (v)
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Íåîáõîäèìî íàïîìíèòü, ÷òî â ðàáîòå [12] ïðèâå-
äåí ñíèìîê àëþìèíèåâîãî ïðîâîäíèêà ñî ñëåäàìè
áîëüøîãî ïåðåõîäíîãî ñîïðîòèâëåíèÿ â âèäå âîë-
íîîáðàçíûõ íàïëûâîâ è ìèêðîîïëàâëåíèé. Ñëåäóåò

óêàçàòü, ÷òî ïðè óâåëè÷åíèè ñâûøå 200õ âîëíîîá-
ðàçíûå íàïëûâû è ìèêðîîïëàâëåíèÿ íàáëþäàþòñÿ
íà ïîâåðõíîñòè ðàçðóøåíèÿ âñëåäñòâèå âîçäåéñò-
âèÿ ýëåêòðîäóãîâîãî ïðîöåññà íà ïëàâêèå âñòàâêè
ïðåäîõðàíèòåëåé, âûïîëíåííûå íå òîëüêî èç àëþ-
ìèíèÿ, íî è èç öèíêà (ðèñ. 4).

Â òàáë. 1–3 ïðèâåäåíû ðåçóëüòàòû ìèêðîàíàëè-
çà äëÿ ó÷àñòêîâ, èçîáðàæåííûõ íà ðèñ. 4.

Â ñëó÷àå òîêîâîé ïåðåãðóçêè íà ïîâåðõíîñòè
ïðåäîõðàíèòåëåé, âûïîëíåííûõ èç öèíêà èëè àëþ-
ìèíèÿ, íàáëþäàþòñÿ øàðîîáðàçíûå êàïëè ìåòàëëà
(ðèñ. 5). Ðåçóëüòàòû ìèêðîàíàëèçà äàííîãî ó÷àñòêà
ïðèâåäåíû â òàáë. 4.

Ðåçþìèðóÿ èçëîæåííîå, ìîæíî ñäåëàòü âûâîä,
÷òî ïî òåðìèíîëîãèè ìèêðîòðàñîëîãèè òàêèå ïðè-
çíàêè íà ïîâåðõíîñòè ðàçðóøåíèÿ ïëàâêèõ âñòàâîê
ïðåäîõðàíèòåëåé, âûïîëíåííûõ èç àëþìèíèÿ è
öèíêà, êàê âîëíîîáðàçíûå íàïëûâû, ìèêðîîïëàâ-
ëåíèÿ è øàðîîáðàçíûå êàïëè ìåòàëëà, ÿâëÿþòñÿ
ìèêðîñëåäàìè ýëåêòðîäóãîâîãî ïðîöåññà.

Íà ðèñ. 6 ïðèâåäåí âèä ïîâåðõíîñòè ðàçðóøåíèÿ
ïëàâêîé âñòàâêè ìåäíîãî ïðåäîõðàíèòåëÿ, ïîäâåðã-

Ðèñ. 4. Âèä ôðàãìåíòîâ ïëàâêèõ âñòàâîê ïðåäîõðàíèòåëÿ èç
öèíêà (à, á) è àëþìèíèÿ (â), ïîäâåðãøèõñÿ òîêîâîé ïåðå-
ãðóçêå: à — âîëíîîáðàçíûå íàïëûâû, óâåëè÷åíèå 950�; á —
ìèêðîîïëàâëåíèÿ, óâåëè÷åíèå 1900�; â — âîëíîîáðàçíûå
íàïëûâû, óâåëè÷åíèå 550�

Fig. 4. Type of fragments of fusible insertions of safety device
from the zinc (a, b) and aluminium (v), exposed to the current
overload: a — undulating influxes, increase of 950�; b — micro-
scopic burn-offs, increase of 1900�; v — undulating influxes, in-
crease of 550�

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Mg Al Si Ti Cu Zn

Ñïåêòð 1
Range1 1,81 0,18 3,14 0,23 0,11 0,23 94,31

Ñïåêòð 2
Range2 1,72 0,79 11,31 0,06 0,33 0,00 85,80

Ñïåêòð 3
Range 3 2,01 0,00 1,89 0,37 0,13 0,00 95,60

Ñïåêòð 4
Range 4 2,19 0,65 9,73 0,25 0,23 0,00 86,94

Òàáëèöà 1. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 4,à

Table 1. The results of the microanalysis of the section shown
in fig. 4,a

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Al P Ti Cu Zn

Ñïåêòð 1
Range 1 7,56 0,79 2,04 6,71 0,50 82,41

Ñïåêòð 2
Range 2 7,40 0,68 1,54 6,44 0,58 83,37

Ñïåêòð 3
Range 3 9,68 0,69 1,06 6,79 0,46 81,32

Òàáëèöà 2. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 4,á

Table 2. The results of the microanalysis of the section shown
in fig. 4,b
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øåãîñÿ ýêñïåðèìåíòó (ñì. ðèñ. 1,â è 3,ã). Â òàáë. 6
ïðåäñòàâëåíû ðåçóëüòàòû ìèêðîàíàëèçà.

Êàê âèäíî èç ðèñ. 6, ïîâåðõíîñòü ðàçðóøåíèÿ
îáëàäàåò ñëîæíûì ðåëüåôîì, íàñûùåííûì ïîðàìè.
Íåñìîòðÿ íà òî ÷òî îñíîâíîé ìàòåðèàë ïëàâêîé
âñòàâêè — ìåäü, ó÷àñòêè ÷èñòîé ìåäè íà ïîâåðõ-
íîñòè ðàçðóøåíèÿ ïðàêòè÷åñêè íå âñòðå÷àþòñÿ, òàê
êàê ïîêðûòû ñîåäèíåíèÿìè áîëåå ëåãêîïëàâêèõ ýëå-
ìåíòîâ, â ÷àñòíîñòè îëîâà, êîíñòðóêòèâíî ïðèñóò-
ñòâóþùåãî íà äàííîì ó÷àñòêå (ñì. òàáë. 6).

Ñëåäîâàòåëüíî, òàêèå ïðèçíàêè íà ïîâåðõíîñòè
ðàçðóøåíèÿ ìåäíîé ïëàâêîé âñòàâêè, êàê ÿðêî âû-
ðàæåííûé ðåëüåô, ïîðèñòîñòü è íàëè÷èå áîëåå ëåã-
êîïëàâêèõ ýëåìåíòîâ, íå îòíîñÿùèõñÿ ê îñíîâíîìó
ñîñòàâó ïðåäîõðàíèòåëÿ, ÿâëÿþòñÿ õàðàêòåðíûìè
äëÿ âûñîêîòåìïåðàòóðíîãî ìåõàíèçìà ðàçðóøåíèÿ.

Èññëåäîâàííûå îáðàçöû ïëàâêèõ âñòàâîê àâòî-
ìîáèëüíûõ ïðåäîõðàíèòåëåé õðàíèëèñü 3 ìåñ. (÷òî

ïðåâûøàåò ñðåäíèé ñðîê ðàññëåäîâàíèÿ äåë î ïî-
æàðàõ) â ðàçíûõ óñëîâèÿõ (â ïîìåùåíèè íà îòêðû-
òîì âîçäóõå, â ïîìåùåíèè â ãåðìåòè÷íîé óïàêîâêå,
â óëè÷íûõ óñëîâèÿõ áåç äîñòóïà âîäû â æèäêîì àã-
ðåãàòíîì ñîñòîÿíèè (íå ïîãðóæàëèñü â âîäó)). Ïðè
ñðàâíåíèè îáðàçöîâ óñòàíîâëåíî, ÷òî âûÿâëåííûå
ïðèçíàêè ÿâëÿþòñÿ óñòîé÷èâûìè è íå ïîäâåðæåíû
èçìåíåíèÿì â åñòåñòâåííûõ óñëîâèÿõ õðàíåíèÿ (áåç
óìûøëåííîãî óíè÷òîæåíèÿ ïðèçíàêîâ).

Òàêèì îáðàçîì, â ðåçóëüòàòå èññëåäîâàíèÿ ìåòî-
äîì ðàñòðîâîé ìèêðîñêîïèè ôðàãìåíòîâ ïëàâêèõ
âñòàâîê àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ïîäâåðã-
øèõñÿ âûñîêîòåìïåðàòóðíîìó âîçäåéñòâèþ èëè òî-
êîâîé ïåðåãðóçêå, óñòàíîâëåíû õàðàêòåðíûå ïðèçíà-
êè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ïðîöåññ, ïðè-
âåäøèé ê èõ ðàçðóøåíèþ.

Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü, ÷òî, ïî ìíå-
íèþ È. Ä. ×åøêî [7], èñïîëüçîâàíèå ðåçóëüòàòîâ èí-

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Mg Al Cu

Ñïåêòð 2
Range 2 23,06 3,84 71,38 1,72

Ñïåêòð 3
Range 3 25,82 3,40 60,26 10,53

Ñïåêòð 6
Range 6 20,73 4,03 72,84 2,40

Ñïåêòð 7
Range 7 28,28 3,73 56,80 11,18

Òàáëèöà 3. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 4,â

Table 3. The results of the microanalysis of the section shown
in fig. 4,v

Ðèñ. 5. Øàðîîáðàçíûå êàïëè ìåòàëëà íà ïîâåðõíîñòè ïðåäî-
õðàíèòåëÿ èç öèíêà, ïîäâåðãøåãîñÿ òîêîâîé ïåðåãðóçêå
Fig. 5. Ball-shaped metal droplets on the surface of a zinc fuse,
overloaded with current

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

Al Fe Zn O

Ñïåêòð 1
Range 1 4,29 0,51 73,30 21,90

Ñïåêòð 2
Range 2 4,23 0,27 73,65 21,86

Ñïåêòð 3
Range 3 3,88 0,38 74,05 21,69

Ñïåêòð 4
Range 4 3,97 0,44 73,87 21,73

Òàáëèöà 4. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 5

Table 4. The results of the microanalysis of the section shown
in fig. 5

Ðèñ. 6. Âèä ïîâåðõíîñòè ðàçðóøåíèÿ ìåäíîé ïëàâêîé âñòàâ-
êè ïðè óâåëè÷åíèè 200� (ñì. ðèñ. 3,ã)
Fig. 6. Surface of destruction by copper fuse insert, magnifica-
tion 200� (fig. 3,g)
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ñòðóìåíòàëüíûõ èññëåäîâàíèé â êà÷åñòâå “ïðîìå-
æóòî÷íîãî ïðîäóêòà” â ýêñïåðòíîì èññëåäîâàíèè
ïî ïîæàðó íå ñíèæàåò èõ öåííîñòè êàê âàæíåéøåãî
èñòî÷íèêà îáúåêòèâíîé èíôîðìàöèè, áåç êîòîðîé âû-
âîäû î ïðè÷èíå ïîæàðà áóäóò ìàëîóáåäèòåëüíûìè.

Çàêëþ÷åíèå

Äîêàçàíî, ÷òî íà ïîâåðõíîñòè ðàçðóøåíèÿ ìåä-
íûõ, àëþìèíèåâûõ è öèíêîâûõ ïëàâêèõ âñòàâîê àâòî-
ìîáèëüíûõ ïðåäîõðàíèòåëåé ìîãóò ôèêñèðîâàòüñÿ
ïðèçíàêè, ïîçâîëÿþùèå èäåíòèôèöèðîâàòü ýëåêò-

ðîäóãîâîé èëè âûñîêîòåìïåðàòóðíûé ìåõàíèçì îá-
ðàçîâàíèÿ ïîâðåæäåíèé.

Â ÷àñòíîñòè, òàêèå ïðèçíàêè, êàê îêðóãëàÿ ôîð-
ìà èëè êîñîé ñðåç, ãëàäêàÿ, áåç ãàçîâûõ ïîð ïîâåðõ-
íîñòü, âîëíîîáðàçíûå íàïëûâû è ìèêðîîïëàâëåíèÿ,
ÿâëÿþòñÿ ìèêðîñëåäàìè ýëåêòðîäóãîâîãî ïðîöåññà.

Ñ äðóãîé ñòîðîíû, òàêèå ïðèçíàêè, êàê ïðîèçâîëü-
íàÿ ôîðìà, ïîðèñòîñòü, ÿðêî âûðàæåííûé ðåëüåô è
ñêëàäêè çàñòûâøåãî ìåòàëëà, îáðàçóþùèåñÿ ïðè ðàç-
ðóøåíèè ïëàâêîé âñòàâêè ïîä äåéñòâèåì ñèëû òÿ-
æåñòè, íàëè÷èå íà ïîâåðõíîñòè ðàçðóøåíèÿ áîëåå
ëåãêîïëàâêèõ ýëåìåíòîâ, íå îòíîñÿùèõñÿ ê îñíîâíî-
ìó ñîñòàâó ïðåäîõðàíèòåëÿ, ÿâëÿþòñÿ ïðèçíàêàìè
âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ.

Ïîêàçàíî, ÷òî ðàñòðîâóþ ìèêðîñêîïèþ ìîæíî
èñïîëüçîâàòü ïðè èññëåäîâàíèè ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé íå òîëüêî â êà÷å-
ñòâå âñïîìîãàòåëüíîãî ìåòîäà, íî â ðÿäå ñëó÷àåâ è
â êà÷åñòâå îñíîâíîãî.

Íàñòîÿùèì èññëåäîâàíèåì óñòàíîâëåíî, ÷òî ïðè-
çíàêè, âûÿâëåííûå íà ïîâåðõíîñòÿõ ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, ÿâëÿþòñÿ óñòîé÷è-
âûìè è íå ïîäâåðæåíû èçìåíåíèÿì â åñòåñòâåííûõ
óñëîâèÿõ õðàíåíèÿ (áåç óìûøëåííîãî óíè÷òîæåíèÿ
ïðèçíàêîâ).

Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçî-
âàíû ïðè ýêñïåðòíîì èññëåäîâàíèè ïëàâêèõ âñòàâîê
àâòîìîáèëüíûõ ïðåäîõðàíèòåëåé, èçûìàåìûõ ñ ìåñò
ïîæàðîâ, óñòàíîâëåíèè ìåõàíèçìà èõ ïîâðåæäåíèÿ
è, â êîíå÷íîì ñ÷åòå, ïðè÷èíû ïîæàðà àâòîìîáèëÿ.
Â ñâîþ î÷åðåäü, çíàíèå òåõíè÷åñêîé ïðè÷èíû ïî-
æàðà äàñò âîçìîæíîñòü ðàçðàáîòàòü ïðîôèëàêòè÷å-
ñêèå ìåðîïðèÿòèÿ è òåõíè÷åñêèå ðåøåíèÿ, íàïðàâ-
ëåííûå íà åå óñòðàíåíèå.

Íîìåð òî÷êè
èçìåðåíèÿ

Measurement
point number

Õèìè÷åñêèé ýëåìåíò, % ìàññ.
Chemical element, % by mass

O Mg Al Cu Sn

Ñïåêòð 1
Range 1 15,22 3,23 0,49 6,81 74,25

Ñïåêòð 2
Range 2 16,66 5,05 8,51 30,86 38,92

Ñïåêòð 3
Range 3 20,26 3,16 18,72 26,25 31,60

Ñïåêòð 4
Range 4 9,90 5,46 1,66 59,37 23,61

Ñïåêòð 5
Range 5 7,41 0,00 1,24 57,05 34,30

Ñïåêòð 6
Range 6 8,48 3,90 0,31 45,77 41,54

Òàáëèöà 5. Ðåçóëüòàòû ìèêðîàíàëèçà ó÷àñòêà, ïðèâåäåí-
íîãî íà ðèñ. 6

Table 5. The results of the microanalysis of the section shown
in fig. 6
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ABSTRACT

The data given in the article indicate that vehicle fires belong to super severe accidents therefore
the problem of improving the fire safety of vehicles is very relevant.

In particular, Reuters reports that the German car concern Daimler has recalled 1 million new
Mercedes-Benz models around the world in 2017 due to the risk of ignition caused by defective fuses.
Daimler note in their report that in total 51 cases of fire have been recorded consequently car produc-
tion and sale are suspended.

These are the reasons why development of fire prevention actions for cars is of high importance.
Fire investigation is one of the preventive actions.

The article reports that the overwhelming number of firefighting experts’ findings concerning
the technical routes of car fires is of a presumable (probabilistic) nature. This does not allow deve-
loping and implementing specific engineering solutions. This can be explained by many reasons in-
cluding the lack of scientifically based methods.

In detail, the problem of identifying the electric arc or thermal processes that cause destruction of
a car fuse conductor or fuse strip has not been unequivocally solved despite the fact that attempts to
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solve this problem using instrumental control have been undertaken by criminologists since the fifties
of the last century and there is a number of particular solutions.

The article provides findings of the car fuse strip sample examination at the JSM-6390LV
scanning electron microscope for 12 V electric circuit exposed to external high temperature and
current overload. It also gives images of the strip fused surface for car fuses made of copper, zinc,
aluminum, and those exposed to the overload current and high temperature. The typical diagnostic
features in the form of wave-like inflows and micro-fusing have been found. They are used to identify
the cause of fire damage (high temperature, current overload) of fuse strips in the 12 V electrical
circuit. It has been found that the revealed features are stable and they are not subject to any changes in
the natural storage conditions of a car damaged by thermal exposure.

The data given in the article can be used by experts when examining fuse strips taken from the
locations of vehicle fires, determining the nature of their damage and, ultimately, finding the cause of
the car fire.

Keywords: fire; fuse; fuse strip; current overload; copper; aluminum; zinc; scanning electron micro-
scopy; diagnostic feature; ultratrace; fire investigation.
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ÓÑËÎÂÈß ÏÎÆÀÐÀ ÏÐÎËÈÂÀ ÍÅÔÒÅÏÐÎÄÓÊÒÎÂ
ÍÀ ÒÅÏËÎÈÇÎËßÖÈÞ ÐÅÇÅÐÂÓÀÐÎÂ

Èçó÷åíû óñëîâèÿ, ïðè êîòîðûõ ïîæàð ïðîëèâà ðàçâèâàåòñÿ ïî âåðòèêàëüíûì êîíñòðóêöèÿì öè-
ëèíäðè÷åñêèõ ðåçåðâóàðîâ íåôòè è íåôòåïðîäóêòîâ, äëÿ ÷åãî áûëè ïðîâåäåíû îãíåâûå èñïû-
òàíèÿ è ýêñïåðèìåíòû íà õîëîäíîì ãèäðàâëè÷åñêîì ñòåíäå. Âûïîëíåíî ôèçè÷åñêîå ìîäåëè-
ðîâàíèå àâàðèè è ïîæàðà ïðîëèâà ñ èñïîëüçîâàíèåì ïðîïèòêè òåïëîèçîëÿöèîííîãî ñëîÿ
áåíçèíîì, äèçåëüíûì òîïëèâîì è ìîòîðíûì ìàñëîì. Èçó÷åíî ðàñïðîñòðàíåíèå ïëàìåíè â âåí-
òèëèðóåìîì çàçîðå è òëåíèå ïðè îòñóòñòâèè çàçîðà ìåæäó îáøèâêîé è òåïëîèçîëÿöèîííûì
ñëîåì. Ïîêàçàíî, ÷òî äëÿ âñåõ êîíñòðóêòèâíûõ ðåøåíèé çàôèêñèðîâàí îïðåäåëåííûé òåïëîâîé
ýôôåêò, íî íàèáîëüøóþ îïàñíîñòü ïðåäñòàâëÿåò ñêðûòîå ðàñïðîñòðàíåíèå ãîðåíèÿ. Ïîëó÷åíû
äàííûå äëÿ îöåíêè îñòàòî÷íîãî ñîäåðæàíèÿ íåôòåïðîäóêòîâ â òåïëîèçîëÿöèîííîì ñëîå â çàâè-
ñèìîñòè îò âðåìåíè ïîñëå àâàðèè ïðîëèâà. Ïðåäëîæåíî ýòè äàííûå èñïîëüçîâàòü äëÿ ïðîãíîçà
äëèòåëüíîñòè è èíòåíñèâíîñòè ïîæàðà ïðîëèâà. Âûÿâëåíû ïðèçíàêè ïðîöåññîâ äèñòèëëÿöèè è
ðåêòèôèêàöèè íåôòåïðîäóêòîâ, êîòîðûå ìîãóò ñîïðîâîæäàòü âåðòèêàëüíûé ïîæàð ïðîëèâà è
ñïîñîáñòâîâàòü ðàñïðîñòðàíåíèþ ãîðåíèÿ ëåãêèõ ãàçîîáðàçíûõ ïðîäóêòîâ ââåðõó òåïëîèçîëÿ-
öèîííîãî ñëîÿ, à òàêæå ãîðåíèþ òÿæåëûõ ôðàêöèé â åãî íèæíåé ÷àñòè. Ñäåëàíû âûâîäû î òîì,
÷òî ïðè ñâîåâðåìåííîì ïðåêðàùåíèè àâàðèè ïðîëèâà ïðîöåññ äåñîðáöèè ñóùåñòâåííî ñíèæà-
åò ïîæàðíóþ íàãðóçêó òåïëîèçîëÿöèîííîãî ñëîÿ, îäíàêî äëèòåëüíîå âðåìÿ ñîõðàíÿåòñÿ îïàñ-
íîñòü âîçãîðàíèÿ, îñîáåííî â ñëó÷àå ïðîïèòêè ìèíåðàëüíîé âàòû âÿçêèìè íåôòåïðîäóêòàìè.
Îòìå÷åíî, ÷òî ïîâûøåíèå òåìïåðàòóðû âî âðåìÿ ïîæàðà ïðîëèâà ïðèâîäèò ê óìåíüøåíèþ âÿç-
êîñòè íåôòåïðîäóêòîâ, êîòîðûìè ïðîïèòàíà ìèíåðàëüíàÿ âàòà, â ðåçóëüòàòå ÷åãî óñèëèâàåòñÿ
äåñîðáöèÿ, óñêîðÿåòñÿ èñòå÷åíèå ãîðþ÷åé æèäêîñòè è ñòàíîâèòñÿ áîëåå âåðîÿòíûì ïåðåõîä
âåðòèêàëüíîãî ïîæàðà ïðîëèâà â ãîðèçîíòàëüíûé.

Êëþ÷åâûå ñëîâà: ïîæàð ïðîëèâà; ðåçåðâóàð; òåïëîèçîëÿöèÿ; ìèíåðàëüíàÿ âàòà; ïîæàðíàÿ
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Ââåäåíèå

Ðåçåðâóàðû, òðóáîïðîâîäû è äðóãóþ àïïàðàòóðó
÷àñòî âûïîëíÿþò ñ òåïëîèçîëÿöèåé èç ìèíåðàëüíîé
âàòû. Ýòîò ìàòåðèàë ïðîèçâîäèòñÿ èç íåîðãàíè÷å-
ñêèõ âîëîêîí ñ ïðîïèòêîé ñâÿçóþùèìè âåùåñòâà-
ìè, îáåñïå÷èâàþùèìè òðåáóåìûå ýêñïëóàòàöèîííûå
ñâîéñòâà, â òîì ÷èñëå ãèäðîôîáíîñòü â îòíîøåíèè
âîäû. Îäíàêî òàêàÿ òåõíîëîãèÿ ñîâåðøåííî íå çà-
ùèùàåò îò ñìà÷èâàíèÿ ìíîãèìè äðóãèìè æèäêî-
ñòÿìè: ìèíåðàëüíàÿ âàòà õîðîøî ñîðáèðóåò íåôòü,
íåôòåïðîäóêòû (ìîòîðíûå òîïëèâà, ìàñëà, ðàñòâî-

ðèòåëè, àíòèôðèçû è ò. ä.). Ïîýòîìó ïîæàðíàÿ îïàñ-
íîñòü ïðîëèâà ãîðþ÷èõ æèäêîñòåé (ÃÆ) íà ñòðîè-
òåëüíûå êîíñòðóêöèè ñ òåïëîèçîëÿöèîííûì ñëîåì
èç ìèíåðàëüíîé âàòû ñâÿçàíà ñ âîçìîæíîñòüþ ñêðû-
òîãî è îòêðûòîãî ðàñïðîñòðàíåíèÿ ãîðåíèÿ [1].

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ áûëî ðàçâèòèå
óêàçàííîé òåìû â ïëàíå ðàñêðûòèÿ íà÷àëüíûõ óñëî-
âèé, êîíñòðóêòèâíûõ ôàêòîðîâ è çíà÷èìîñòè ñâîéñòâ
íåôòåïðîäóêòîâ â ñëó÷àå âåðòèêàëüíîãî ïîæàðà ïðî-
ëèâà íà òåïëîèçîëÿöèè öèëèíäðè÷åñêèõ ðåçåðâóà-
ðîâ íåôòè è íåôòåïðîäóêòîâ. Äëÿ äîñòèæåíèÿ ïî-
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ñòàâëåííîé öåëè ðåøàëèñü çàäà÷è ìîäåëèðîâàíèÿ
êàê àâàðèè, òàê è ïîæàðà ïðîëèâà.

Îòìåòèì, ÷òî ðåçåðâóàðû è, ñîîòâåòñòâåííî, òåï-
ëîèçîëÿöèîííûé ñëîé ìîãóò èìåòü çíà÷èòåëüíóþ
âûñîòó (îò 6 äî 21 ì ïî ÃÎÑÒ Ð 52910–2008).

Ñöåíàðèè àâàðèé è ïîæàðîâ ïðîëèâà äëÿ ðàñ-
ñìàòðèâàåìûõ îáúåêòîâ íà÷èíàþòñÿ ñ ïåðåëèâà, íà-
ðóøåíèÿ ãåðìåòè÷íîñòè ðåçåðâóàðà, çàäâèæåê, ôëàí-
öåâûõ ñîåäèíåíèé è ïðîïèòêè òåïëîèçîëÿöèè [2].
Äàëüíåéøèå ñîáûòèÿ çàâèñÿò îò óñòðîéñòâà íåñóùåé
ïîäêîíñòðóêöèè, ðàçìåùåíèÿ îáøèâêè îòíîñèòåëü-
íî òåïëîèçîëÿöèîííîãî ìàòåðèàëà, ñâîéñòâ òåïëî-
èçîëÿöèîííîãî ìàòåðèàëà, ñâîéñòâ ãîðþ÷åé æèäêî-
ñòè, äëèòåëüíîñòè ïåðåðûâà ìåæäó ïðîëèâîì è ìî-
ìåíòîì ïîÿâëåíèÿ èñòî÷íèêà çàæèãàíèÿ.

Ñðåäè êîíñòðóêòèâíûõ ðåøåíèé îãðàíè÷èìñÿ
ðàññìîòðåíèåì äâóõ âàðèàíòîâ êðåïëåíèÿ ìåòàëëè-
÷åñêîé îáøèâêè. Ïåðâûé âàðèàíò ïðèìåíÿåòñÿ â
âåíòèëèðóåìûõ ôàñàäíûõ ñèñòåìàõ è ïðåäóñìàòðè-
âàåò çàçîð ìåæäó îáøèâêîé è òåïëîèçîëÿöèîííûì
ìàòåðèàëîì, âòîðîé ïðåäïîëàãàåò òàêîå ðàçìåùåíèå
îáðåøåòêè, ïðè êîòîðîì îáøèâêà êðåïèòñÿ âïëîò-
íóþ ïî òåïëîèçîëÿöèîííîìó ìàòåðèàëó, à ñëîéêà,
ñîñòîÿùàÿ èç ñòåíêè ðåçåðâóàðà, òåïëîèçîëÿöèè è
îáøèâêè, èìååò ñâîéñòâà ñýíäâè÷-ïàíåëè.

Ïðè ìîäåëèðîâàíèè ïðîöåññîâ, ñâÿçàííûõ ñ ïî-
æàðîì ïðîëèâà, óäîáíî èñïîëüçîâàòü ñîäåðæàíèå ÃÆ
â åäèíèöàõ ìàññû íà åäèíèöó îáúåìà òåïëîèçîëÿ-
öèîííîãî ìàòåðèàëà E (êã/ì3):

Emin < E < Emax, (1)

ãäå Emin — ìèíèìàëüíîå ñîäåðæàíèå ãîðþ÷åé æèä-
êîñòè (îñòàòî÷íîå âëàãîñîäåðæàíèå);
Emax — ñîðáöèîííàÿ åìêîñòü òåïëîèçîëÿöèîí-
íîãî ìàòåðèàëà.
Ïîêàçàòåëü E õàðàêòåðèçóåò îäíîâðåìåííî è ïðî-

ïèòêó (ò. å. ðåàëèçàöèþ ñîðáöèîííîé ñïîñîáíîñòè),
è ïîæàðíóþ íàãðóçêó òåïëîèçîëÿöèîííîãî ìàòåðè-
àëà ãîðþ÷åé æèäêîñòüþ.

Â ðàìêàõ íàñòîÿùåé ðàáîòû áóäåì ðàññìàòðè-
âàòü ñî÷åòàíèÿ ðàñïðîñòðàíåííîé ìèíåðàëüíîé âàòû
è åå ïðîïèòêó (ïîæàðíóþ íàãðóçêó) áåíçèíîì, äè-
çåëüíûì òîïëèâîì (ÄÒ) èëè ìîòîðíûì ìàñëîì.

Äëÿ ýòèõ ìîäåëüíûõ ñèñòåì çíà÷åíèÿ Emax ëåãêî
óñòàíîâèòü ìåòîäîì çàòîïëåíèÿ òåïëîèçîëÿöèîí-
íîãî ìàòåðèàëà. Â íîðìàëüíûõ óñëîâèÿõ (ïðè òåì-
ïåðàòóðå 0…25 °Ñ) îíè íàõîäÿòñÿ â ïðåäåëàõ, ïðè-
âåäåííûõ â òàáë. 1.

Ïðè ïðîìûøëåííîé àâàðèè ïîëíîå çàòîïëåíèå
ìèíåðàëüíîé âàòû íàñòóïàåò, êîãäà ðàñõîä ïðîëèâà
ÃÆ Lmax íà ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ òåïëî-
èçîëÿöèîííîãî ñëîÿ F äîñòèãàåò çíà÷åíèé, óêàçàí-
íûõ â òàáë. 1 (Lmax /F). Óâåëè÷åíèå ïëîòíîñòè îðî-
øåíèÿ âûøå ýòèõ çíà÷åíèé ïðèâîäèò ê ïåðåëèâó è
ñòåêàíèþ æèäêîñòè ïî ïîâåðõíîñòè. Îäíàêî ýòîò
ñëó÷àé âûõîäèò çà ðàìêè íàñòîÿùåé ðàáîòû: àâòî-
ðû îãðàíè÷èëèñü èçó÷åíèåì ïðîöåññà ïðîïèòêè ïî-
ñëå ïðåêðàùåíèÿ ïðîëèâà ñ ïëîòíîñòüþ îðîøåíèÿ,
áëèçêîé ê ìàêñèìàëüíîé. Òàêîé ïðîëèâ íåèçáåæíî
ñîïðîâîæäàåòñÿ äåñîðáöèåé è èñòå÷åíèåì æèäêî-
ñòè, ïîñêîëüêó êîíñòðóêòèâíûå ðåøåíèÿ íå ïðåäïî-
ëàãàþò ãåðìåòèçàöèþ òåïëîèçîëÿöèîííîãî ñëîÿ.

Àíàëîãè÷íûå òåìû èññëåäîâàíèé îòíîñÿòñÿ ê
îáëàñòè ãèäðîãåîëîãèè [3], ôèëüòðàöèè æèäêîñòè
÷åðåç òîëñòûå ñëîè îñàäêà è ò. ä., íî íàèáîëåå áëèç-
êèå íàïðàâëåíèÿ ìîæíî íàéòè â ïóáëèêàöèÿõ, ïî-
ñâÿùåííûõ ïðîöåññàì â ìàññîîáìåííûõ àïïàðàòàõ
ñ íåðåãóëÿðíîé íàñàäêîé [4], â èññëåäîâàíèÿõ ïðî-
öåññà ñóøêè [5] è êàïèëëÿðíûõ ÿâëåíèé âçàèìîäåé-
ñòâèÿ æèäêîñòåé ñ òåêñòèëüíûìè (òêàíûìè è íåòêà-
íûìè) ìàòåðèàëàìè [6].

Êàê èçâåñòíî, â ïðåäåëüíîì ðåæèìå îòñóòñòâèÿ
âçàèìîäåéñòâèÿ æèäêîñòè è òåïëîèçîëÿöèîííîãî
ñëîÿ ñêîðîñòü èñòå÷åíèÿ æèäêîñòè V (ì/ñ) îöåíèâà-
åòñÿ àíàëîãè÷íî ñêîðîñòè ñâîáîäíîãî ïàäåíèÿ òåëà
ñ âûñîòû h ïî ôîðìóëå Òîððè÷åëëè:

V gh� � 2 , (2)

ãäå � — êîýôôèöèåíò, ó÷èòûâàþùèé âëèÿíèå ôîð-
ìû è ðàçìåðà èñòåêàþùåãî ïîòîêà;
g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì/ñ2.
Åñëè ïðèíÿòü, ÷òî âçàèìîäåéñòâèå èñòåêàþùåé

æèäêîñòè è òåïëîèçîëÿöèîííîãî ñëîÿ àíàëîãè÷íî
âçàèìîäåéñòâèþ íåïðåðûâíîãî ïîòîêà è êàïèëëÿ-

Íåôòåïðîäóêò
Oil product

Ïëîòíîñòü �,
êã/ì3

Density �,
kg/m3

Êèíåìàòè÷åñêàÿ âÿçêîñòü �,
ìì2/ñ (ïðè òåìïåðàòóðå, °Ñ)

Kinematic viscosity �, mm2/s
(at temperature, °C)

Emax, êã/ì3 / Emax, kg/m3
Lmax /F,
êã/(c·ì2)
Lmax /F,

kg/(s·m2)
[1]

Äîïîëíåíî â íàñòî-
ÿùåì èññëåäîâàíèè

Added

Áåíçèí / Gasoline 738 0,65 (20) 536…548 555…765 2,5…3,7

Äèçåëüíîå òîïëèâî / Diesel oil 821 2,44 (20) 723…771 736…827 1,9…2,4

Ìîòîðíîå ìàñëî / Motor oil 870 15 (100) – 720…843 0,04…0,06

* Êàæóùàÿñÿ ïëîòíîñòü ìèíåðàëüíîé âàòû �ìâ = 87,4 êã/ì3 / Apparent mineral wool viscosity �mv = 87.4 kg/m3.

Òàáëèöà 1. Ñâîéñòâà íåôòåïðîäóêòîâ, ñîðáöèîííàÿ åìêîñòü è ïëîòíîñòü îðîøåíèÿ ìèíåðàëüíîé âàòû*

Table 1. Properties of oil products, sorptive capacity and density of mineral wool spraying*
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ðà, òî ñêîðîñòü èñòå÷åíèÿ ìîæíî îöåíèòü ïî ôîðìó-
ëå Ïóàçåéëÿ:

V = kh, (3)

ãäå k — êîýôôèöèåíò, ó÷èòûâàþùèé âÿçêîñòü æèä-
êîñòè, ãåîìåòðèþ è ìàòåðèàë êàïèëëÿðà.
Ðåàëüíûå óñëîâèÿ èñòå÷åíèÿ äàëåêè îò óêàçàí-

íûõ. Äåñîðáöèþ òîëüêî â íà÷àëüíûé êîðîòêèé ïå-
ðèîä âðåìåíè è òîëüêî â ïðåäåëüíî ïðîïèòàííîé
ìèíåðàëüíîé âàòå ìîæíî ïðåäñòàâèòü êàê íåïðå-
ðûâíîå è íåðàçðûâíîå èñòå÷åíèå. Ñðàçó ïîñëå ñíè-
æåíèÿ ñîäåðæàíèÿ æèäêîñòè E íèæå ñîðáöèîííîé
åìêîñòè Emax âíóòðè òåïëîèçîëÿöèîííîãî ñëîÿ ïðî-
èñõîäèò ðàçðûâ ñòåêàþùåé æèäêîñòè íà îòäåëüíûå
ïëåíêè, ñòðóè è êàïëè. Íåêîòîðûå èç íèõ óäåðæè-
âàþòñÿ âîëîêíàìè ìàòåðèàëà, à äðóãèå ó÷àñòâóþò â
êîàãóëÿöèè, èç-çà êîòîðîé âåñ îáðàçóþùèõñÿ áîëü-
øèõ àãðåãàòîâ ïðåâûøàåò êàïèëëÿðíûå ñèëû. Ôîð-
ìèðóåòñÿ êàïèëëÿðíî-êàïåëüíûé è ïëåíî÷íî-êàïåëü-
íûé ðåæèìû èñòå÷åíèÿ. Òåïëîèçîëÿöèîííûé ñëîé
çàïîëíÿåòñÿ èñòåêàþùèì ïîòîêîì íå ïîëíîñòüþ,
ïîýòîìó ñêîðîñòü èñòå÷åíèÿ òîëüêî óñëîâíî ìîæíî
ñ÷èòàòü îòíîñèòåëüíî ñâîáîäíîé ïëîùàäè ïîïåðå÷-
íîãî ñå÷åíèÿ. Ëîêàëüíûå ñêîðîñòè ìîãóò ìíîãîêðàò-
íî îòëè÷àòüñÿ îò ñðåäíèõ çíà÷åíèé.

Àíàëîãè÷íûé ïåðåõîä çàòîïëåííîé íåðåãóëÿð-
íîé íàñàäêè â ðàáî÷èé ðåæèì ÿâëÿåòñÿ ñòîõàñòè-
÷åñêèì ïðîöåññîì, çàâèñÿùèì îò ñâîéñòâ íàñàäêè,
ñâîéñòâ æèäêîñòè è òåìïåðàòóðû [4]. Èçó÷åíèå ïðî-
öåññà ñóøêè ïîêàçûâàåò òàêæå, ÷òî îñòàòî÷íîå âëàãî-
ñîäåðæàíèå Emin çàâèñèò îò ñîðáöèîííîé åìêîñòè
Emax, òåìïåðàòóðû è âûñîòû ñîðáåíòà (â íàøåì ñëó-
÷àå — îò âûñîòû ñëîÿ òåïëîèçîëÿöèîííîãî ìàòåðè-
àëà) [5].

Ñ ó÷åòîì èçâåñòíûõ îïóáëèêîâàííûõ ñâåäåíèé
[7–9] ïðàêòè÷åñêóþ öåííîñòü ïðåäñòàâëÿþò íîâûå
äàííûå, êàñàþùèåñÿ êîíêðåòíûõ êîíñòðóêöèé, ìàòå-
ðèàëîâ è âåùåñòâ. Äëÿ ýòîãî òðåáóåòñÿ ïîñòàíîâêà
ýêñïåðèìåíòà ñ óñëîâèÿìè èñòå÷åíèÿ, ïðèáëèæåí-
íûìè ê óñëîâèÿì ïîæàðà ïðîëèâà.

Ãèäðàâëè÷åñêèå èñïûòàíèÿ

Èññëåäîâàíèÿ ïðîâîäèëè íà óñòàíîâêå êîëîííî-
ãî òèïà, ãäå èìåëàñü âîçìîæíîñòü ñìîíòèðîâàòü èç
îáðàçöîâ âåðòèêàëüíóþ ìîäåëü âûñîòîé îò 1 äî 6 ì
(ðèñ. 1,a). Ê íà÷àëó ýêñïåðèìåíòà (ðèñ. 1,á) ñ ïîìî-
ùüþ ëàáîðàòîðíûõ âåñîâ îïðåäåëÿëè ìàññû ñóõèõ
îáðàçöîâ ìèíåðàëüíîé âàòû gi è íà÷àëüíóþ ìàññó
íåôòåïðîäóêòà Fmax.

Ðèñ. 1. Ñõåìà óñòàíîâêè (à) è ðàñ÷åòíûå ñõåìû äî èñïûòàíèÿ (á), â óñòàíîâèâøåìñÿ ðåæèìå îðîøåíèÿ (ïðîëèâà) (â), â ðåæèìå
äåñîðáöèè (ã): 1 — èññëåäóåìàÿ æèäêîñòü (íåôòåïðîäóêò); 2 — íàñîñ; 3 — ðåçåðâóàð; 4 — ëèíèÿ ïîäà÷è; 5 — îðîñèòåëü; 6 —
îáðàçöû ìèíåðàëüíîé âàòû; 7 — èññëåäóåìàÿ æèäêîñòü â ñáîðíèêå; 8 — ñáîðíèê; 9 — ëàáîðàòîðíûå âåñû; Fmax — íà÷àëüíàÿ
ìàññà æèäêîñòè; Fmin — îñòàòîê æèäêîñòè â ðåçåðâóàðå ïîñëå ïîëíîãî çàòîïëåíèÿ îáðàçöîâ, âêëþ÷àÿ îñòàòîê â ëèíèè ïîäà÷è;
L(t) — ðàñõîä æèäêîñòè â ìîìåíò âðåìåíè t; n — ÷èñëî îáðàçöîâ â êîëîííå; gi — ìàññà i-ãî îáðàçöà; Gi(t) — ìàññà æèäêîñòè â
i-ì îáðàçöå â ìîìåíò âðåìåíè t

Fig. 1. Installation diagram (à) and design diagrams before test (b), in the steady spraying mode (spill) (v), in the desorption mode (g):
1 — fluid under testing (petroleum product); 2 — pump; 3 — tank; 4 — supply line; 5 — spraying; 6 — mineral wool samples; 7 — fluid
under testing in the storage; 8 — storage; 9 — laboratory balance; Fmax — fluid initial mass; Fmin — fluid residue in the tank after
complete flooding of samples, including residue in the supply line; L(t) — fluid output in time unit t; n — number of samples in the co-
lumn; gi — mass of i sample; Gi(t) — fluid mass in i sample at time unit t
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Â õîäå ýêñïåðèìåíòà îñóùåñòâëÿëè ïðîëèâ íåô-
òåïðîäóêòà 1, êîòîðûé ïîäàâàëè ñ ïîìîùüþ íàñîñà 2

èç ðåçåðâóàðà 3 ïî ëèíèè 4 ê îðîñèòåëþ 5, óñòàíîâ-
ëåííîìó íà êîëîííå èç îáðàçöîâ 6 (ñì. ðèñ. 1,à).
Ðàñõîä íàñîñà ðåãóëèðîâàëè òàê, ÷òîáû îáåñïå÷èòü
ïîëíîå çàòîïëåíèå îáðàçöîâ ñ ìèíèìàëüíûì ïåðå-
ëèâîì. Îðîøåíèå êîëîííû ïðîâîäèëè äî âûõîäà íà
ñòàöèîíàðíûé ðåæèì, ò. å. äî ïîëíîãî çàòîïëåíèÿ
ìèíåðàëüíîé âàòû è ôîðìèðîâàíèÿ ñòàáèëüíîãî
ïîòîêà èñòå÷åíèÿ L(t0) âíèçó êîëîííû (ðèñ. 1,â). Çà-
òåì îðîøåíèå ïðåêðàùàëè, èçìåðÿëè êîëè÷åñòâî
îñòàòêà æèäêîñòè â ðåçåðâóàðå è ëèíèè îðîøåíèÿ
Fmin, à òàêæå îïðåäåëÿëè ðàñõîä æèäêîñòè, èñòåêà-
þùåé ñíèçó êîëîííû ïî âðåìåíè L(t) (ðèñ. 1,ã). Äëÿ
ýòîãî çà ïåðèîäû âðåìåíè �t îòáèðàëè æèäêîñòü 7

â ñáîðíèê 8 è îïðåäåëÿëè ìàññó ñëèâà ñ ïîìîùüþ
ëàáîðàòîðíûõ âåñîâ 9 (ñì. ðèñ. 1,à). Ïîñëå ïðåêðà-
ùåíèÿ äåñîðáöèè íà ìîìåíò âðåìåíè tmax âçâåøèâà-
íèåì óñòàíàâëèâàëè ìàññó ïðîïèòàííûõ îáðàçöîâ
Bi (tmax) è îñòàòî÷íóþ ìàññó æèäêîñòè â îáðàçöàõ:

Gi (tmax) = Bi (tmax) – gi, i = 1, 2,…, n. (4)

Äëÿ ðàñ÷åòà ìàññû æèäêîñòè â îáðàçöàõ Gi(t)
äëÿ âñåõ ìîìåíòîâ âðåìåíè t â äèàïàçîíå t0 � t �
� tmax(t0 = 0) èñïîëüçîâàëè ñëåäóþùèå óðàâíåíèÿ
ìàòåðèàëüíîãî áàëàíñà:

F F G ti

i

n

max min ( ) ;� �
�
�

1
0 (5)

F F G t L t ti

i

n t

max min ( ) ( ) ;� � � �
�
�

1 0
d (6)

F F G t L t ti

i

n t

max min max( ) ( ) .
max

� � � �
�
�

1 0
d (7)

Â ñèñòåìå (5)–(6) êîëè÷åñòâî èçìåðÿåìûõ ìàòå-
ðèàëüíûõ ïîòîêîâ èçáûòî÷íî îòíîñèòåëüíî ÷èñëà
óðàâíåíèé, ïîýòîìó äëÿ ïðåäîòâðàùåíèÿ ïîòåðè èí-
ôîðìàöèè ðåøåíèå îñóùåñòâëÿëè ìåòîäîì êâàäðà-
òè÷íîãî ïðîãðàììèðîâàíèÿ ñ êîððåêòèðîâêîé, ò. å.
ñ ó÷åòîì ïîïðàâîê, çàâèñÿùèõ îò ðàñïðåäåëåíèé ïî-
ãðåøíîñòåé èçìåðåíèé êîìïîíåíòîâ ìàòåðèàëüíî-
ãî áàëàíñà [10]. Òðåáóåìûå â òàêîì ìåòîäå ñòàòèñòè-
êè ðàñïðåäåëåíèé íàõîäèëè ïóòåì îáðàáîòêè äàí-
íûõ ïîâòîðíûõ ýêñïåðèìåíòîâ.

Îêîí÷àòåëüíîå ðåøåíèå ïîëó÷àëè â âèäå çíà÷å-
íèé ñîäåðæàíèé ãîðþ÷åé æèäêîñòè â åäèíèöå îáú-
åìà ìèíåðàëüíîé âàòû:
� äëÿ ïîëíîãî íàáîðà îáðàçöîâ â êîëîííå:

E t G t gi

i

n

i

i

n

( ) ( ) ;�
� �
� ��ìâ

1 1

(8)

� äëÿ êàæäîãî îáðàçöà â îòäåëüíîñòè:

E t G t gi i i( ) ( ) ,� �ìâ i = 1, 2, …, n. (9)

Ðåçóëüòàòû îáîáùàëè â âèäå ãðàôèêîâ, ïðèìåðû
êîòîðûõ ïîêàçàíû íà ðèñ. 2–4.

Çàìåòèì, ÷òî çàâèñèìîñòè îñòàòî÷íîãî ñîäåðæà-
íèÿ îò âðåìåíè ÿâëÿþòñÿ èíòåãðàëüíûìè õàðàê-
òåðèñòèêàìè, êîòîðûå ïðàêòè÷åñêè âñåãäà ìîíî-
òîííû è õîðîøî ñîâïàäàþò ïðè ïîâòîðåíèè ýêñïå-
ðèìåíòîâ.

Ðàññìàòðèâàÿ ýòè äàííûå, ñëåäóåò îáðàòèòü âíè-
ìàíèå íà ñóùåñòâåííóþ çàâèñèìîñòü õàðàêòåðà èñ-
òå÷åíèÿ èç ìèíåðàëüíîé âàòû îò âÿçêîñòè íåôòå-
ïðîäóêòîâ. Äëÿ ñðàâíåíèÿ âêëàäà ýòîãî ïàðàìåòðà
ãðàôèê íà ðèñ. 2 áûë ñïåöèàëüíî ðàñòÿíóò ïî îñè

Ðèñ. 2. Çàâèñèìîñòü ñîäåðæàíèÿ íåôòåïðîäóêòîâ â ìèíåðàëü-
íîé âàòå îò âðåìåíè äåñîðáöèè ïðè âûñîòå òåïëîèçîëÿöèîí-
íîãî ñëîÿ H = 1 ì
Fig. 2. Dependency of oil products content in mineral wool from
desorption time at heat insulation layer height of H = 1 m

Ðèñ. 3. Çàâèñèìîñòü ñîäåðæàíèÿ äèçåëüíîãî òîïëèâà â ìèíå-
ðàëüíîé âàòå îò âðåìåíè äåñîðáöèè ïðè ðàçëè÷íîé âûñîòå
òåïëîèçîëÿöèîííîãî ñëîÿ: H — âûñîòà êîëîííû èç îáðàçöîâ;
E0 — ñîäåðæàíèå äèçåëüíîãî òîïëèâà â íà÷àëå ýêñïåðèìåíòà
Fig. 3. Dependency of diesel oil content in mineral wool from va-
rious heat insulation layer heights: H — samples column height;
E0 — diesel oil content at the beginning of the experiment
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âðåìåíè. Áëàãîäàðÿ ýòîìó çàìåòíî, ÷òî îñòàòî÷íîå
ñîäåðæàíèå áåíçèíà çà 10 ìèí èñòå÷åíèÿ ìåíüøå
îñòàòî÷íîãî ñîäåðæàíèÿ äèçåëüíîãî òîïëèâà çà 1 ÷
è ìàñëà — çà 3 ÷. Ïîëó÷åííûå çíà÷åíèÿ, êîòîðûå
íå îòðàæåíû íà ãðàôèêå, ïîêàçûâàþò, ÷òî îñòàòî÷-
íîå ñîäåðæàíèå ìîòîðíîãî ìàñëà è çà 10 ÷ èñòå÷å-
íèÿ âûøå îñòàòî÷íîãî ñîäåðæàíèÿ äèçåëüíîãî òîï-
ëèâà çà 1 ÷ èñòå÷åíèÿ.

Âî âðåìÿ âåðòèêàëüíîãî ïîæàðà ïðîëèâà âÿç-
êîñòü íåôòåïðîäóêòîâ çàìåòíî óìåíüøàåòñÿ èç-çà
ïîâûøåíèÿ òåìïåðàòóðû, è ýòî ñëåäóåò ó÷èòûâàòü,
èñïîëüçóÿ çàâèñèìîñòè, ïîëó÷åííûå â èçîòåðìè÷å-
ñêèõ óñëîâèÿõ.

Äðóãîé ôàêòîð èñòå÷åíèÿ — âûñîòà òåïëîèçî-
ëÿöèîííîãî ñëîÿ. Êàê ïîêàçàíî íà ðèñ. 3, óâåëè÷å-
íèþ âûñîòû ñîîòâåòñòâóåò áîëåå ìåäëåííîå óìåíü-
øåíèå îñòàòî÷íîãî ñîäåðæàíèÿ íåôòåïðîäóêòà. Ïðè
îäèíàêîâûõ íà÷àëüíûõ óñëîâèÿõ è âðåìåíè èñòå÷å-
íèÿ ïîæàðíàÿ íàãðóçêà (íàãðóçêà íà åäèíèöó îáú-
åìà) òåïëîèçîëÿöèîííîãî ñëîÿ ïîñëå àâàðèè ïðî-
ëèâà áóäåò âûøå äëÿ òåïëîèçîëÿöèîííîãî ñëîÿ, èìå-
þùåãî áîëüøóþ âûñîòó.

Íà÷àëüíîå ñîäåðæàíèå íåôòåïðîäóêòà â ìèíå-
ðàëüíîé âàòå ÿâëÿåòñÿ âàæíûì óñëîâèåì, åñëè ïî-
æàð ïðîëèâà ñëó÷èëñÿ ñðàçó èëè â êîðîòêèé ïåðèîä
âðåìåíè ïîñëå àâàðèè. Êîãäà èñòå÷åíèå ãîðþ÷åé
æèäêîñòè ïðîäîëæàåòñÿ äî çàâåðøåíèÿ äåñîðáöèè,
ïîæàðíàÿ îïàñíîñòü (îñòàòî÷íîå ñîäåðæàíèå) ìàëî
çàâèñèò îò íà÷àëüíûõ óñëîâèé. Äëÿ ïîäòâåðæäåíèÿ
ýòîãî ñðàâíèâàëè ðàñïðåäåëåíèÿ ãîðþ÷èõ æèäêîñòåé
ïî âûñîòå òåïëîèçîëÿöèîííîãî ñëîÿ ïðè ðàçíîì íà-
÷àëüíîì ñîäåðæàíèè (ñì. ðèñ. 4).

Âàæíî îòìåòèòü, ÷òî çàìåäëåíèå (ïî÷òè ïîëíîå
ïðåêðàùåíèå) äåñîðáöèè íåôòåïðîäóêòîâ èç âåðòè-
êàëüíûõ îáðàçöîâ ìèíåðàëüíîé âàòû ïîçâîëÿåò ñäå-
ëàòü âûâîä î âûñîêîé ïîæàðíîé îïàñíîñòè ïðîïè-
òàííîãî òåïëîèçîëÿöèîííîãî ñëîÿ äàæå òîãäà, êîãäà

ïîñëå àâàðèè ïðîëèâà ïðîøëî çíà÷èòåëüíîå âðåìÿ.
Êðîìå òîãî, ðàññìàòðèâàÿ ïðîôèëè îñòàòî÷íîãî ñî-
äåðæàíèÿ ãîðþ÷èõ æèäêîñòåé (ñì. ðèñ. 4), ñëåäóåò
âûäåëèòü íèæíþþ ÷àñòü âåðòèêàëüíîãî òåïëîèçîëÿ-
öèîííîãî ñëîÿ, ãäå âåñ æèäêîñòè ñêîëü óãîäíî äîëãî
óðàâíîâåøèâàåòñÿ êàïèëëÿðíûìè ñèëàìè, à îñòà-
òî÷íîå ñîäåðæàíèå ñîèçìåðèìî ñ ñîðáöèîííîé åì-
êîñòüþ.

Äàëåå âûñîêàÿ îïàñíîñòü ïîæàðà ïðîëèâà ïðè
âíåñåíèè èñòî÷íèêà çàæèãàíèÿ áûëà ïîäòâåðæäåíà
äàæå äëÿ òåõ ó÷àñòêîâ ïî âûñîòå òåïëîèçîëÿöèîí-
íîãî ñëîÿ èç ìèíåðàëüíîé âàòû, íà êîòîðûõ îñòàòî÷-
íîå ñîäåðæàíèå íåôòåïðîäóêòà áûëî ìèíèìàëüíûì
(Emin � 50 êã/ì3).

Èñïûòàíèÿ íà ïîæàðíóþ îïàñíîñòü

Äëÿ âûáðàííûõ ìîäåëüíûõ ñèñòåì è êîíñòðóêöèé
áûëè ïðîâåäåíû îãíåâûå èñïûòàíèÿ. Ôîòîãðàôèè,
ôèêñèðóþùèå õîä èñïûòàíèé, è ïîëó÷åííûå ïðè
ýòîì òèïè÷íûå ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñ. 5–9.

Ïðè ïîäãîòîâêå èñïûòàíèé âûïîëíÿëè êîíñòðóê-
öèè ñ çàçîðîì S èç âåðòèêàëüíî óñòàíîâëåííûõ ïëî-

Ðèñ. 4. Ïðîôèëè ñîäåðæàíèÿ äèçåëüíîãî òîïëèâà E â ìèíå-
ðàëüíîé âàòå ïî âûñîòå òåïëîèçîëÿöèîííîãî ñëîÿ H ïðè çà-
âåðøåíèè äåñîðáöèè
Fig. 4. Profiles of diesel oil content E in mineral wool with regard
of heat insulation layer height H with the completion of desorption

Ðèñ. 5. Ðàçâèòèå ïîæàðà ïðîëèâà äèçåëüíîãî òîïëèâà â çàçî-
ðå 60 ìì ìåæäó âåðòèêàëüíûì îáðàçöîì ìèíåðàëüíîé âàòû
âûñîòîé 1 ì è ñòàëüíîé îáøèâêîé â ðàçëè÷íûå ìîìåíòû âðå-
ìåíè îò íà÷àëà ïîæàðà (ìèí:ñ) ïðè E = 164 êã/ì3

Fig. 5. Diesel oil spill fire development in the clearance of 60 mm
between vertical sample of mineral wool with height 1 m and
steel shell at different moments from the beginning of fire (min:s)
at E = 164 kg/m3
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ñêèõ îáðàçöîâ ìèíåðàëüíîé âàòû ñ ïàðàëëåëüíûì
ðàñïîëîæåíèåì îáøèâêè íà ðàññòîÿíèè 30, 60, 100
è 200 ìì. Óâåëè÷åííûå (ïðîòèâ ðåàëüíûõ) çíà÷åíèÿ
çàçîðîâ (100 è 200 ìì) èñïîëüçîâàëè äëÿ áîëåå ïîë-
íîãî àíàëèçà çàâèñèìîñòè òåïëîìàññîîáìåííûõ ïðî-
öåññîâ îò ýòîãî êîíñòðóêòèâíîãî ïàðàìåòðà.

Âî âñåõ ñëó÷àÿõ, êîãäà ìèíåðàëüíàÿ âàòà áûëà
ïðîïèòàíà ãîðþ÷åé æèäêîñòüþ, ïîñëå âíåñåíèÿ èñ-
òî÷íèêà çàæèãàíèÿ âîçíèêàëî ïëàìåííîå ãîðåíèå
â çàçîðå ìåæäó òåïëîèçîëÿöèîííûì ñëîåì è îá-
øèâêîé.

Âèäåîðåãèñòðàöèþ ïðîöåññà ãîðåíèÿ â õîäå èñ-
ïûòàíèé îñóùåñòâëÿëè ñ áîêîâîãî òîðöà ìîäåëè (ñì.
ðèñ. 5). Ýêñïåðèìåíòû ïðîâîäèëè, èçìåíÿÿ íà÷àëü-
íîå ñîäåðæàíèå ãîðþ÷èõ æèäêîñòåé E.

Âàæíî îòìåòèòü, ÷òî ïðè áîëüøèõ çíà÷åíèÿõ íà-
÷àëüíîãî ñîäåðæàíèÿ æèäêîñòåé (E > 250 êã/ì3) ñ
ïîâûøåíèåì òåìïåðàòóðû âî âðåìÿ ãîðåíèÿ íàáëþ-
äàëàñü èíòåíñèâíàÿ äåñîðáöèÿ. Âíà÷àëå âíèçó îá-
ðàçöà ìèíåðàëüíîé âàòû ñòåêàëè êàïëè è ñòðóè æèä-
êîñòè, à çàòåì ãîðÿùèå êàïëè. Òàêèì îáðàçîì, âåðòè-
êàëüíûé ïîæàð ïðîëèâà èìåë òåíäåíöèþ ïåðåõîäà
â ãîðèçîíòàëüíûé.

Òåìïåðàòóðû, çàðåãèñòðèðîâàííûå ïî âûñîòå îá-
øèâêè, îêàçàëèñü âî âñåõ ñëó÷àÿõ ïåðåìåííûìè,
óâåëè÷èâàÿñü ñ òå÷åíèåì âðåìåíè â íèæíåé ÷àñòè
ìîäåëè è óìåíüøàÿñü â âåðõíåé (ñì. ðèñ. 6). Ìàêñè-
ìàëüíûå çíà÷åíèÿ òåìïåðàòóð îæèäàåìî âîçðàñòà-
ëè ïðè óâåëè÷åíèè íà÷àëüíîãî ñîäåðæàíèÿ ãîðþ-
÷åé æèäêîñòè è ïðè óìåíüøåíèè çàçîðà (ñì. ðèñ. 7).
Òåì íå ìåíåå è ïðè ìèíèìàëüíîì çàçîðå èç-çà íåäî-
ñòàòêà êèñëîðîäà âîçäóõà òåìïåðàòóðû íå ïðåâû-
øàëè 600 °Ñ, ò. å. íàèáîëüøóþ îïàñíîñòü ïðåäñòàâ-
ëÿë íå òåïëîâîé ýôôåêò, à ñàìî ðàñïðîñòðàíåíèå
ãîðåíèÿ, ñêðûòîå îáøèâêîé.

Èçìåíåíèå ñîäåðæàíèÿ ãîðþ÷åé æèäêîñòè (åå âè-
äèìîå èñòå÷åíèå) ñâÿçûâàåò âåðòèêàëüíûé ïîæàð

Ðèñ. 6. Ïðîôèëè òåìïåðàòóð âåðòèêàëüíîé îáøèâêè, óñòà-
íîâëåííîé ñ çàçîðîì 30 ìì ïî âûñîòå îáðàçöà ìèíåðàëüíîé
âàòû, â ðàçëè÷íûå ìîìåíòû âðåìåíè äëÿ ïîæàðà ïðîëèâà äè-
çåëüíîãî òîïëèâà ïðè íà÷àëüíîì ñîäåðæàíèè ÄÒ â îáðàçöå
328 êã/ì3

Fig. 6. Temperature profiles of the vertical sheet, installed with
the clearance of 30 mm regarding height of mineral wool sample,
at various moments of time for the diesel oil spill fire at initial
content of diesel oil in the sample 328 kg/m3

Ðèñ. 7. Çàâèñèìîñòü ìàêñèìàëüíûõ òåìïåðàòóð îáøèâîê Tmax
âî âðåìÿ ïîæàðîâ ïðîëèâà îò íà÷àëüíîãî ñîäåðæàíèÿ äè-
çåëüíîãî òîïëèâà Å ïðè ðàçëè÷íûõ çàçîðàõ s ìåæäó îáøèâ-
êàìè è âåðòèêàëüíûìè îáðàçöàìè ìèíåðàëüíîé âàòû
Fig. 7. Dependencies of sheet maximum temperatures Tmax
during spill fires from initial content of diesel oil Å for various
values of clearance s between sheets and mineral wool vertical
samples

Ðèñ. 8. Ðàçðåçû îáðàçöîâ ìèíåðàëüíîé âàòû, ïîâðåæäåííûõ
â ðåçóëüòàòå òî÷å÷íîãî îãíåâîãî âîçäåéñòâèÿ íà ñòàëüíóþ
îáøèâêó, óñòàíîâëåííóþ áåç çàçîðà: à, á — îáðàçåö ñ ïðî-
ëèâîì äèçåëüíîãî òîïëèâà ñ ïîñëåäóþùèì òëåíèåì; â, ã —
ñóõîé îáðàçåö áåç ïîñëåäóþùåãî òëåíèÿ
Fig. 8. Sections of mineral wool, damaged as a result of point
fire impact on steel sheet, installed without clearance: a, b —
the sample with diesel oil spill with the following smoldering;
v, g — the dry sample without follow-up smoldering
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ïðîëèâà ñ óñëîâèÿìè ïåðåòîêà ñâåðõó âíèç ïî âåð-
òèêàëüíîìó òåïëîèçîëÿöèîííîìó ñëîþ. Îäíîâðå-
ìåííî âèäèìîå â çàçîðå äâèæåíèå ïàðîãàçîâîé ñìå-
ñè ñíèçó ââåðõ ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî èìååò
ìåñòî è ïðîòèâîòîê æèäêîñòè ñ ãàçîîáðàçíûìè ïðî-
äóêòàìè â òåëå òåïëîèçîëÿöèîííîãî ñëîÿ. Ýòî ïðî-
èñõîäèò ïîòîìó, ÷òî èñòå÷åíèå æèäêîñòè îñâîáîæ-
äàåò ÷àñòü îáúåìà ãàçîïðîíèöàåìîé ìèíåðàëüíîé
âàòû, è îíà âûõîäèò èç ðåæèìà çàõëåáûâàíèÿ. Êðîìå
òîãî, çà ñ÷åò òåïëà, âûäåëÿþùåãîñÿ ïðè ãîðåíèè,
æèäêîñòü èìååò òåìïåðàòóðó êèïåíèÿ.

Òîãäà â òåëå ìèíåðàëüíîé âàòû è íà åå ïîâåðõ-
íîñòè äîëæåí ïðîõîäèòü ìàññîîáìåííûé ïðîöåññ
îáîãàùåíèÿ ïàðîâ ëåãêèìè ôðàêöèÿìè, ñîäåðæàùè-
ìèñÿ â èñõîäíîì íåôòåïðîäóêòå, è ïðîöåññ îáîãà-
ùåíèÿ æèäêîñòè òÿæåëûìè ôðàêöèÿìè, ò. å. òàêîé æå
ïðîöåññ, êàê è ïðè îáû÷íîé ïåðèîäè÷åñêîé ðåêòè-
ôèêàöèè ìíîãîêîìïîíåíòíûõ (íåïðåðûâíûõ) ñìå-

ñåé â íàñàäî÷íîì ìàññîîáìåííîì àïïàðàòå [4]. Çäåñü
åùå ðàç âåðíåìñÿ ê çàðåãèñòðèðîâàííûì ïðîôèëÿì
òåìïåðàòóð (ñì. ðèñ. 6) è îòìåòèì, ÷òî íà çàâåðøà-
þùåé ñòàäèè ïîæàðà ïðîëèâà âî âñåõ ýêñïåðèìåíòàõ
îíè íàïîìèíàëè èçìåíåíèÿ òåìïåðàòóð ïî âûñîòå
ðåêòèôèêàöèîííîãî àïïàðàòà. Ðîëü ãàçîâ (ãàçîîáðàç-
íûõ ïðîäóêòîâ ãîðåíèÿ) â òàêîì ñëó÷àå àíàëîãè÷íà
ðîëè îòïàðèâàþùèõ àãåíòîâ, ñïîñîáñòâóþùèõ èç-
ìåíåíèþ ïàðöèàëüíîãî äàâëåíèÿ ïðè ðåêòèôèêà-
öèè [11].

Óêàçàííûå ïðèçíàêè äèñòèëëÿöèè è äàæå ðåêòè-
ôèêàöèè ïîçâîëÿþò ïðåäïîëîæèòü, ÷òî îáîãàùåíèå
òÿæåëûìè è ëåãêèìè ôðàêöèÿìè ñîîòâåòñòâåííî
æèäêîñòè è ïàðîâ ìîæåò îêàçûâàòü ñóùåñòâåííîå
âëèÿíèå íà ñàì ïðîöåññ ãîðåíèÿ è íà âåðîÿòíîñòü
ðàñïðîñòðàíåíèÿ ïîæàðà, ïîñêîëüêó âûñîòà òåïëî-
èçîëÿöèîííîãî ñëîÿ ðåçåðâóàðîâ ìíîãîêðàòíî ïðå-
âûøàåò åãî òîëùèíó, à ðàññìàòðèâàåìûå íåôòåïðî-
äóêòû ÿâëÿþòñÿ ìíîãîêîìïîíåíòíûìè ñìåñÿìè (øè-
ðîêèìè ôðàêöèÿìè óãëåâîäîðîäíîãî ñûðüÿ).

Òàêèì îáðàçîì, â âåðõíåé ÷àñòè òåïëîèçîëÿöè-
îííîãî ñëîÿ ïîæàð áóäåò ñâÿçàí ñ ãîðåíèåì ãàçîîá-
ðàçíûõ ïðîäóêòîâ, îáîãàùåííûõ ëåãêèìè ôðàêöè-
ÿìè, à â íèæíåé ÷àñòè âûñîêèé òåïëîâîé ýôôåêò
áóäåò îáóñëîâëåí ãîðåíèåì èñòåêàþùåé æèäêîñòè,
îáîãàùåííîé òÿæåëûìè ôðàêöèÿìè.

Ïîñëåäóþùèå èññëåäîâàíèÿ êàñàëèñü êîíñòðóê-
öèé, âûïîëíåííûõ áåç çàçîðà. Îíè âûÿâèëè ïðèí-
öèïèàëüíîå îòëè÷èå èõ îò êîíñòðóêöèé ñ çàçîðîì,
çàêëþ÷àþùååñÿ â òîì, ÷òî âîçäåéñòâèå âíåøíåãî
èñòî÷íèêà çàæèãàíèÿ íå ïðèâîäèëî ê ïëàìåííîìó
ãîðåíèþ.

Â ýêñïåðèìåíòàõ èñïûòûâàëèñü îáðàçöû ìèíå-
ðàëüíîé âàòû ñ îáðåøåòêîé è ïëîòíûì (áåç çàçîðîâ)
ðàñïîëîæåíèåì îáøèâîê, ò. å. îáðàçöû âûïîëíÿëèñü
ïîäîáíî ñýíäâè÷-ïàíåëÿì. Íà÷àëüíîå ñîäåðæàíèå
ÃÆ â òåïëîèçîëÿöèîííîì ñëîå èç ìèíåðàëüíîé âàòû
èìåëî ðàçëè÷íûå çíà÷åíèÿ. Ïðîïèòêó ìèíåðàëüíîé
âàòû íåôòåïðîäóêòàìè îñóùåñòâëÿëè òàê æå, êàê è
ïðè èñïûòàíèè êîíñòðóêöèé ñ çàçîðîì, íî ïðè ýòîì
èñïîëüçîâàëè íå îäíîêðàòíîå çàæèãàíèå, à äëèòåëü-
íîå îãíåâîå âîçäåéñòâèå íà îáøèâêó. Â õîäå èñïû-
òàíèé ðåãèñòðèðîâàëè òåìïåðàòóðó ïî òîëùèíå îá-
ðàçöîâ. Ïîñëå îãíåâîãî âîçäåéñòâèÿ è îõëàæäåíèÿ
ìàòåðèàëîâ èññëåäîâàëè ïîâðåæäåíèÿ òåïëîèçîëÿ-
öèîííîãî ñëîÿ.

Êîíòðîëü òåìïåðàòóð â õîäå èñïûòàíèÿ è âñêðû-
òèå îáðàçöîâ ïîñëå èñïûòàíèÿ âûÿâèëè ïðèçíàêè
ñêðûòîãî ðàñïðîñòðàíåíèÿ ãîðåíèÿ (òëåíèÿ) ïî ìè-
íåðàëüíîé âàòå, ñîäåðæàùåé ãîðþ÷èå æèäêîñòè.

Äëÿ ïðèìåðà íà ðèñ. 8 ñîïîñòàâëåíû ôîòîãðà-
ôèè ðàçðåçîâ îáðàçöîâ, ïîääåðæèâàþùèõ è íå ïîä-
äåðæèâàþùèõ òëåíèå. Èç ðèñóíêà âèäíî, ÷òî ïðè
îäèíàêîâîì îãíåâîì âîçäåéñòâèè ïîâðåæäåíèÿ îá-
ðàçöà, ïðîïèòàííîãî ãîðþ÷åé æèäêîñòüþ, ðàñïðî-

Ðèñ. 9. Èçìåíåíèÿ òåìïåðàòóð T ïî âðåìåíè t â òî÷êàõ óñòà-
íîâêè òåðìîïàð (ÒÏ) íà ðàçíîì ðàññòîÿíèè îò îáøèâîê, óñòà-
íîâëåííûõ áåç çàçîðà, äëÿ âåðòèêàëüíûõ îáðàçöîâ ìèíåðàëü-
íîé âàòû ïðè îãíåâîì âîçäåéñòâèè íà îáøèâêè (t < 52 ìèí) è
ïîñëå âîçäåéñòâèÿ: à — îáðàçåö ñ ïðîëèâîì äèçåëüíîãî òîï-
ëèâà, E = 50,5 êã/ì3; á — ñóõîé îáðàçåö
Fig. 9. Changes of temperatures T with time t in the points of
thermocouple (TP) installation at different distance from sheet,
installed without clearance, for vertical samples of mineral wool
during point fire impact on sheets (t < 52 min) and after impact:
a — sample with diesel oil spill, E = 50.5 kg/m3; b — dry sample
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ñòðàíèëèñü âãëóáü (ñì. ðèñ. 8,à è 8,á), à ñëåä òåïëî-
âîãî âîçäåéñòâèÿ íà ñóõîì îáðàçöå çàìåòíî ìåíüøå
(ñì. ðèñ. 8,â è 8,ã).

Ãðàôèêè òåìïåðàòóð, ïðåäñòàâëåííûå íà ðèñ. 9,
òàêæå ïîäòâåðæäàþò íàëè÷èå òëåíèÿ ïðîïèòàííîé
ìèíåðàëüíîé âàòû. Ïîñëå ïðåêðàùåíèÿ âíåøíåãî
ïîäâîäà òåïëà ýêçîòåðìè÷åñêàÿ ðåàêöèÿ â ïðîïè-
òàííîì îáðàçöå ïðîäîëæàëàñü åùå îêîëî 2 ÷, òîãäà
êàê òåìïåðàòóðà ñóõîãî îáðàçöà ñðàçó íà÷àëà ñíè-
æàòüñÿ.

Ïîñêîëüêó òåìïåðàòóðû ïðè òëåíèè íå ïðåâû-
øàëè 400 °Ñ, íàèáîëüøóþ îïàñíîñòü ïðåäñòàâëÿë
íå òåïëîâîé ýôôåêò, à ñàìî ñêðûòîå ðàñïðîñòðàíå-
íèå ãîðåíèÿ.

Íàãðåâ îáðàçöîâ è çäåñü ñîïðîâîæäàëñÿ âèäè-
ìûì ñíèçó óñèëåíèåì èñòå÷åíèÿ æèäêîñòè è âûõî-
äîì ãàçîîáðàçíûõ ïðîäóêòîâ ñâåðõó. Â ñëó÷àå òåïëî-
èçîëÿöèîííîãî ñëîÿ, ñîáðàííîãî áåç çàçîðîâ, âíóò-
ðè ìèíåðàëüíîé âàòû òàêæå ìîæíî ïðåäïîëîæèòü
íàëè÷èå óñëîâèé äëÿ äèñòèëëÿöèè è äàæå ðåêòèôè-
êàöèè íåôòåïðîäóêòà, ò. å. óñëîâèé ôîðìèðîâàíèÿ
ìàññîîáìåííîãî ïðîöåññà ñ îáîãàùåíèåì æèäêî-
ñòè òÿæåëûìè óãëåâîäîðîäàìè, à ïàðîâ — ëåãêèìè
ôðàêöèÿìè.

Ïîñëåäíåå ïîâûøàåò âåðîÿòíîñòü òðàíñëÿöèè
ïîæàðà, ò. å. âîçìîæíîñòü âîçãîðàíèÿ ïàðîâ ââåðõó
òåïëîèçîëÿöèîííîãî ñëîÿ, òåì áîëåå ÷òî ãîðþ÷åñòü

ãàçîîáðàçíûõ ïðîäóêòîâ, ïîêèäàþùèõ ìèíåðàëü-
íóþ âàòó, áûëà ïîäòâåðæäåíà â õîäå èñïûòàíèé.

Âûâîäû è ðåêîìåíäàöèè

1. Ïðîïèòêà òåïëîèçîëÿöèîííîãî ñëîÿ ÿâëÿåòñÿ
äîìèíèðóþùèì ôàêòîðîì ïîæàðíîé îïàñíîñòè êîí-
ñòðóêöèé òåïëîèçîëÿöèè ðåçåðâóàðîâ íåçàâèñèìî îò
ñïîñîáà êðåïëåíèÿ îáøèâêè (ñ çàçîðîì, áåç çàçîðà).

2. Ïðè ñâîåâðåìåííîì ïðåêðàùåíèè àâàðèè ïðî-
ëèâà ïðîöåññ äåñîðáöèè ñóùåñòâåííî ñíèæàåò ïî-
æàðíóþ íàãðóçêó òåïëîèçîëÿöèîííîãî ñëîÿ, îäíàêî
äëèòåëüíîå âðåìÿ ñîõðàíÿåòñÿ îïàñíîñòü âîçãîðà-
íèÿ, îñîáåííî â ñëó÷àå ïðîïèòêè ìèíåðàëüíîé âàòû
âÿçêèìè íåôòåïðîäóêòàìè.

3. Ïîâûøåíèå òåìïåðàòóðû âî âðåìÿ ïîæàðà
ïðîëèâà ïðèâîäèò ê óìåíüøåíèþ âÿçêîñòè íåôòå-
ïðîäóêòîâ, êîòîðûìè ïðîïèòàíà ìèíåðàëüíàÿ âàòà,
â ðåçóëüòàòå ÷åãî óñèëèâàåòñÿ äåñîðáöèÿ, óñêîðÿåò-
ñÿ èñòå÷åíèå ãîðþ÷åé æèäêîñòè è ñòàíîâèòñÿ áîëåå
âåðîÿòíûì ïåðåõîä âåðòèêàëüíîãî ïîæàðà ïðîëèâà
â ãîðèçîíòàëüíûé.

4. Çàñëóæèâàåò âíèìàíèÿ è èçó÷åíèÿ ïðîöåññ,
ñîïðîâîæäàþùèé âåðòèêàëüíûé ïîæàð ïðîëèâà è
èìåþùèé ïðèçíàêè äèñòèëëÿöèè èëè ðåêòèôèêàöèè,
ò. å. ïðîöåññ îáîãàùåíèÿ òÿæåëûìè ôðàêöèÿìè èñ-
òåêàþùåé æèäêîñòè è ëåãêèìè ôðàêöèÿìè ãàçîîá-
ðàçíûõ ïðîäóêòîâ.
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ABSTRACT

Tanks, pipelines and other items are often made using heat insulation from mineral wool, which
is made of non-organic fibers and binding to provide operational properties, including hydrophobic
property related to water. However this technology does not protect from wetting by many other fluids
and mineral is good in absorbing oil, petroleum products (motor oils, lubricants, solvents, anti-freezes
etc.). This is why fire safety of combustible fluids spill on building structures with heat insulating
layer from mineral wool is connected with possible fire spreading.

In order to study conditions under which spill fire is developed along vertical structures of
cylindrical oil and oil products tanks, fire tests and experiments were conducted on cold hydraulic rig.
For physical modeling of the accident and spill fire, heat insulating layer gasoline and motor oil dip
were used. Depending on the location of tank shell relative to heat insulating layer, fire propagation in
the ventilated gap and smoldering without gap were studied. For all constructive solutions a certain
heat effect was observed, but it has been indicated that concealed burning propagation is the ultimate
danger. Data for the evaluation of the residual content of petroleum products in the heat insulating
layer depending on the time after spill fire accident was obtained, this data is suggested to be used to
forecast duration and intensity of spill fire. Factors characterizing product viscosity of petroleum
product and dependence of viscosity from temperature were referred to as dominant. Signs of petro-
leum products distillation and rectification processes, which may accompany vertical spill fire and
facilitate to the propagation of combustion of gaseous products in the top of heat insulating layer as
well as combustion of heavy fractions in its lower part. Conclusions were drawn that with timely
cessation of spill accident, desorption process significantly reduces fire load on heat insulating layer,
but ignition hazard is present for a long time, especially in the cases when mineral wool is impregnated
with viscous oil products. It was also noted, that increase in temperature during spill fire leads to



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 1140

ÁÅÇÎÏÀÑÍÎÑÒÜ ÒÅÕÍÎËÎÃÈ×ÅÑÊÈÕ ÏÐÎÖÅÑÑÎÂ È ÎÁÎÐÓÄÎÂÀÍÈß

the decrease in oil products viscosity, with which mineral wool is impregnated, and as a result
desorption is enhanced, leakage of flammable liquid speeds up and transition of vertical spill fire into
horizontal becomes more probable.

Keywords: spill fire; tank; heat insulation; mineral wool; fire hazard; smoldering; propagation of
combustion; impregnation; petroleum products; fire tests; distillation; rectification; hydraulic tests;
sorption; desorption; outflow; sorption tank; combustible liquid content; fire load.

REFERENCES

1. Melnikov V. S., Kirillov S. V., Melnikov M. V., Vanin S. A., Vasilev V. G., Potemkin S. A. Mineral
wool — heat insulation of facade and roofing systems in conditions of spillage fire and smoldering.
Naukovedenie. Internet-zhurnal / Science of Science. Scientific Open Access Journal, 2016, vol. 8,
no. 6. 28 p. (in Russian). Available at: http://naukovedenie.ru/PDF/63TVN616.pdf (Accessed 20 Sep-
tember 2017).

2. Filippova A. G., Naumkin E. A., Bakirov I. K. Estimate the value of the tank farm fire risk. Informa-

tsionnyye tekhnologii. Problemy i resheniya / Information Technologies. Problems and Solutions,
2017, no. 1(4), pp. 39–44 (in Russian). Available at: https://elibrary.ru/download/elibrary_29300169_
98366830.pdf (Accessed 15 September 2017).

3. Ageev A. A., Volkov V. A., Zhigunova L. K., Zuev A. A. The hydrodynamics of the fluid in the capilla-
ries of the porous body. Vestnik MNEPU / Bulletin of MNEPU, 2015, vol. 7, pp. 8–18 (in Russian). Avai-
lable at: https://elibrary.ru/download/elibrary_27389241_91483895.pdf (Accessed 20 September 2017).

4. Aleksandrov I. A. Rektifikatsionnyye i absorbtsionnyye apparaty. Metody rascheta i osnovy konstruiro-

vaniya [Rectification and absorption apparatus. Methods of calculation and the basics of construction].
3rd ed. Moscow, Khimiya Publ., 1978. 280 p. (in Russian).

5. Lykov A. V. Teoriya sushki [Theory of drying]. Moscow, Energiya Publ., 1968. 472 p. (in Russsian).
6. Volkov V. A., Ageev A. A. Parameters capillary-porous bodies and the new method of calculating

distribution capillary space on the size of capillaries (on the example of textile materials). Wschodnio-

europejskie Czasopismo Naukowe (East European Scientific Journal), 2016, vol. 12, no. 2, pp. 81–87
(in Russian). Available at: https://elibrary.ru/download/elibrary_28082530_14681222.pdf (Accessed
20 September 2017).

7. Karimov R. R., Smirnova E. A., Perederey O. I. Perfection of means and methods of passive fire extin-
guishing in emergency oil spills. In: Geologiya i neftegazonosnost Zapadno-Sibirskogo megabasseyna

(opyt, innovatsii). Materialy Desyatoy mezhdunarodnoy nauchno-tekhnicheskoy konferentsii [Geology
and oil-and-gas content of the West Siberian megabasin (experience, innovation). Proceedings of Tenth
International Scientific and Technical Conference, 2016, vol. 1, pp. 171–172 (in Russian). Available at:
https://www.tyuiu.ru/wp-content/uploads/2016/08/Tom-1-GiN-2016.pdf (Accessed 15 September 2017).

8. Shvyrkov S. A., Yuryev Ya. I. The temperature of the fire to determine the limit of fire resistance of en-
closing walls of oil tanks. Tekhnologii tekhnosfernoy bezopasnosti / Technology of Technosphere

Safety, 2016, no. 4(68), pp. 50–56 (in Russian). Available at: http://agps-2006.narod.ru/ttb/2016-4/
20-04-16.ttb.pdf (Accessed 20 September 2017).

9. Babicheva L. K., Akmurzina D. E. Thermal insulation of tanks with oil and petroleum products. Alleya

nauki / Alley of Science, 2017, vol. 4, no. 9, pp. 283–288 (in Russian). Available at: https://elibrary.ru/
download/elibrary_29656014_27834603.pdf (Accessed 20 September 2017).

10. Melnikov V. S., Molokanov Yu. K. Razvitiye formulirovki ogranicheniy v zadache kvadratichnogo

programmirovaniya dlya korrektsii materialnykh balansov khimiko-tekhnologicheskikh podsistem

[Development of the formulation of constraints in the problem of quadratic programming for the correc-
tion of material balances of chemical and technological subsystems]. Moscow, TsINTIKhimneftemash
Publ., 1984. 21 p. (in Russian).

11. Melnikov V. S., Molokanov Yu. K., Osinina O. G. Hydrocarbon gases as a stripping agent in atmo-
spheric columns of AVT plants. Khimiya i tekhnologiya topliv i masel / Chemistry and Technology of

Fuels and Oils, 1984, no. 5, pp. 14–16 (in Russian).

For citation: Melnikov V. S., Melnikov M. V., Molchanov V. P., Bastrikov D. L. Conditions of petro-
leum products spill fire on the heat insulation of tanks. Pozharovzryvobezopasnost / Fire and Explo-

sion Safety, 2017, vol. 26, no. 11, pp. 31–40 (in Russian). DOI: 10.18322/PVB.2017.26.11.31-40.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 11 41

ÁÅÇÎÏÀÑÍÎÑÒÜ ÇÄÀÍÈÉ, ÑÎÎÐÓÆÅÍÈÉ, ÎÁÚÅÊÒÎÂ

Â. Í. ÔÈËÈÏÏÎÂ, ä-ð òåõí. íàóê, ïðîôåññîð, ïðîôåññîð êàôåäðû
“Âàãîíû è âàãîííîå õîçÿéñòâî”, Ðîññèéñêèé óíèâåðñèòåò òðàíñïîðòà
(ÌÈÈÒ) (Ðîññèÿ, 127994, ã. Ìîñêâà, óë. Îáðàçöîâà, 9, ñòð. 9;

e-mail: Filipovvn@gmail.com)

Þ. Í. ØÅÁÅÊÎ, ä-ð òåõí. íàóê, ïðîôåññîð, ãëàâíûé íàó÷íûé ñîòðóäíèê
îòäåëà ïîæàðíîé áåçîïàñíîñòè ïðîìûøëåííûõ îáúåêòîâ, òåõíîëîãèé
è ìîäåëèðîâàíèÿ òåõíîãåííûõ àâàðèé, Âñåðîññèéñêèé íàó÷íî-
èññëåäîâàòåëüñêèé èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû (Ðîññèÿ, 143903,

ã. Áàëàøèõà, Ìîñêîâñêàÿ îáëàñòü, ìêð. ÂÍÈÈÏÎ, 12; e-mail: yn_shebeko@mail.ru)

Â. Ì. ÏÎÍÎÌÀÐÅÂ, ä-ð òåõí. íàóê, ïðîôåññîð, çàâåäóþùèé êàôåäðû
“Óïðàâëåíèå áåçîïàñíîñòüþ â òåõíîñôåðå”, Ðîññèéñêèé óíèâåðñèòåò
òðàíñïîðòà (ÌÈÈÒ) (Ðîññèÿ, 127994, ã. Ìîñêâà, óë. Îáðàçöîâà, 9, ñòð. 9;

e-mail: ponomarev.valentin@inbox.ru)

Â. Þ. ÍÀÂÖÅÍß, ä-ð òåõí. íàóê, ïðîôåññîð êàôåäðû “Óïðàâëåíèå
áåçîïàñíîñòüþ â òåõíîñôåðå”, Ðîññèéñêèé óíèâåðñèòåò òðàíñïîðòà (ÌÈÈÒ)
(Ðîññèÿ, 127994, ã. Ìîñêâà, óë. Îáðàçöîâà, 9, ñòð. 9; e-mail: VNavtsenya@rtrn.ru)

Ñ. Â. ÁÅÑÏÀËÜÊÎ, ä-ð òåõí. íàóê, ïðîôåññîð, ïðîôåññîð êàôåäðû
“Âàãîíû è âàãîííîå õîçÿéñòâî”, Ðîññèéñêèé óíèâåðñèòåò òðàíñïîðòà (ÌÈÈÒ)

(Ðîññèÿ, 127994, ã. Ìîñêâà, óë. Îáðàçöîâà, 9, ñòð. 9; e-mail: besp-alco@yandex.ru)

Î. Â. ÏËÈÖÛÍÀ, êàíä. òåõí. íàóê, äîöåíò, äîöåíò êàôåäðû “Óïðàâëåíèå
áåçîïàñíîñòüþ â òåõíîñôåðå”, Ðîññèéñêèé óíèâåðñèòåò òðàíñïîðòà (ÌÈÈÒ)
(Ðîññèÿ, 127994, ã. Ìîñêâà, óë. Îáðàçöîâà, 9, ñòð. 9; e-mail: plitsa@yandex.ru)

ÓÄÊ 614.841

ÌÎÄÅËÈÐÎÂÀÍÈÅ ÏÎÂÅÄÅÍÈß ÆÅËÅÇÍÎÄÎÐÎÆÍÎÉ
ÖÈÑÒÅÐÍÛ Ñ ÑÓÃ Â Î×ÀÃÅ ÏËÀÌÅÍÈ

Ïðîâåäåíî òåîðåòè÷åñêîå è ýêñïåðèìåíòàëüíîå èññëåäîâàíèå ðàçëè÷íûõ ñïîñîáîâ ïðîòèâîïî-
æàðíîé çàùèòû æåëåçíîäîðîæíîé öèñòåðíû ñî ñæèæåííûìè óãëåâîäîðîäíûìè ãàçàìè (ÑÓÃ)
(ïðåäîõðàíèòåëüíûé êëàïàí, âñïó÷èâàþùååñÿ îãíåçàùèòíîå ïîêðûòèå, òåïëîâàÿ èçîëÿöèÿ).
Âûïîëíåíû ýêñïåðèìåíòû ïî èçó÷åíèþ ïîâåäåíèÿ áàëëîíîâ ñ ïðîïàíîì âìåñòèìîñòüþ 50 äì3

ñ óêàçàííûìè âûøå ýëåìåíòàìè ïðîòèâîïîæàðíîé çàùèòû äëÿ ñëó÷àÿ âîçäåéñòâèÿ ïëàìåíè ãî-
ðÿùåãî äèçåëüíîãî òîïëèâà. Ïîêàçàíî, ÷òî íàëè÷èå ïðåäîõðàíèòåëüíîãî êëàïàíà ïðåäîòâðà-
ùàåò âçðûâ ðåçåðâóàðà ñ ÑÓÃ â î÷àãå ïîæàðà, à íàëè÷èå âñïó÷èâàþùåãîñÿ îãíåçàùèòíîãî ïî-
êðûòèÿ ñóùåñòâåííî ñíèæàåò ñêîðîñòü ðîñòà äàâëåíèÿ â íåì è òåì ñàìûì çíà÷èòåëüíî
çàäåðæèâàåò ìîìåíò íà÷àëà ðàáîòû ïðåäîõðàíèòåëüíîãî êëàïàíà. Íàáëþäàåòñÿ óäîâëåòâîðè-
òåëüíîå ñîãëàñèå ýêñïåðèìåíòàëüíûõ äàííûõ ñ ðàñ÷åòíûìè, ïîëó÷åííûìè ñ ïîìîùüþ ðàçðàáî-
òàííîé ìàòåìàòè÷åñêîé ìîäåëè. Ïîêàçàíî, ÷òî ðåçóëüòàòû ðàáîòû ñâèäåòåëüñòâóþò î ïåðñïåê-
òèâíîñòè ðàññìîòðåííûõ ñïîñîáîâ ïðîòèâîïîæàðíîé çàùèòû äëÿ ïðåäîòâðàùåíèÿ âçðûâîâ
ðåçåðâóàðîâ ñ ÑÓÃ â î÷àãå ïîæàðà.

Êëþ÷åâûå ñëîâà: ìîäåëü æåëåçíîäîðîæíîé öèñòåðíû ñ ÑÓÃ; î÷àã ãîðåíèÿ; ìåòîäû çàùèòû îò
îãíÿ; ýêñïåðèìåíòàëüíàÿ àïðîáàöèÿ; ïðåäîõðàíèòåëüíûé êëàïàí; âñïó÷èâàþùèåñÿ îãíåçàùèò-
íûå ïîêðûòèÿ; òåïëîâàÿ äåôîðìàöèÿ; ïîëÿ òåïëîâûõ äåôîðìàöèé.

DOI: 10.18322/PVB.2017.26.11.41-51

Ââåäåíèå

Øèðîêîå èñïîëüçîâàíèå íà ïðàêòèêå ñæèæåííûõ
óãëåâîäîðîäíûõ ãàçîâ (ÑÓÃ) îáóñëîâèëî ïðèìåíåíèå
ðåçåðâóàðîâ äëÿ õðàíåíèÿ è òðàíñïîðòèðîâêè ýòèõ
ïðîäóêòîâ â ðàçëè÷íûõ îòðàñëÿõ ïðîìûøëåííîñòè
è â áûòó. Ðåçåðâóàðû ñ ÑÓÃ îáëàäàþò âûñîêîé ïî-
æàðíîé îïàñíîñòüþ, ÷òî ïîäòâåðæäàåòñÿ êðóïíû-
ìè èíöèäåíòàìè ñ èõ ó÷àñòèåì [1–6]. Çà÷àñòóþ ýòè
èíöèäåíòû ïðîòåêàþò ïî ñöåíàðèþ, ïðè êîòîðîì ðå-
çåðâóàð ñ ÑÓÃ ïîäâåðãàåòñÿ âîçäåéñòâèþ î÷àãà ïî-
æàðà, â ðåçóëüòàòå ÷åãî âîçìîæåí âçðûâ ðåçåðâóàðà

ñ ïîñëåäñòâèÿìè, ïîä÷àñ êàòàñòðîôè÷åñêèìè. Äëÿ
ïðåäîòâðàùåíèÿ òàêèõ àâàðèé ïðåäëàãàþòñÿ ðàçëè÷-
íûå ñïîñîáû ïðîòèâîïîæàðíîé çàùèòû ðåçåðâóàðîâ,
òàêèå êàê ïîäçåìíîå ðàñïîëîæåíèå ðåçåðâóàðîâ, òåï-
ëîâàÿ èçîëÿöèÿ èõ ñòåíîê, âîäÿíîå îðîøåíèå ñòå-
íîê [7], ïðåäîõðàíèòåëüíûå êëàïàíû [8]. Ýòè è äðó-
ãèå ìåðû ïî ïðîòèâîïîæàðíîé çàùèòå ðåçåðâóàðîâ
ðàññìîòðåíû òàêæå â ñòàòüÿõ [9–19] è öèòèðîâàííûõ
â íèõ ðàáîòàõ. Â ÷àñòíîñòè, â [17–19] ýêñïåðèìåí-
òàëüíî è òåîðåòè÷åñêè ïîêàçàíà ïåðñïåêòèâíîñòü
ïðèìåíåíèÿ òåïëîîãíåçàùèòíûõ îáîëî÷åê äëÿ ïðî-
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òèâîïîæàðíîé çàùèòû ðåçåðâóàðîâ ñ ÑÓÃ, îäíàêî
íå èçó÷åíî ñîâìåñòíîå äåéñòâèå òàêèõ ñðåäñòâ çà-
ùèòû, êàê îãíåçàùèòíîå ïîêðûòèå è ïðåäîõðàíè-
òåëüíûé êëàïàí, ÷òî ìîæåò áûòü âàæíûì ïðè èõ
ïðàêòè÷åñêîì ïðèìåíåíèè, òàê êàê èíåðöèîííîñòü
ïðîãðåâà ìåòàëëîêîíñòðóêöèè ðåçåðâóàðà ñóùåñò-
âåííûì îáðàçîì ìîæåò ñêàçûâàòüñÿ íà ðàáîòå ïðå-
äîõðàíèòåëüíîãî êëàïàíà.

Â ñâÿçè ñ ýòèì íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà òåî-
ðåòè÷åñêîìó è ýêñïåðèìåíòàëüíîìó èññëåäîâàíèþ
ñîâìåñòíîãî âëèÿíèÿ âñïó÷èâàþùåãîñÿ îãíåçàùèò-
íîãî ïîêðûòèÿ è ïðåäîõðàíèòåëüíîãî êëàïàíà íà
ïîâåäåíèå ñîñóäîâ ñ ÑÓÃ â î÷àãå ïîæàðà. Äëÿ ñðàâ-
íåíèÿ, íàðÿäó ñî âñïó÷èâàþùèìñÿ îãíåçàùèòíûì
ïîêðûòèåì, ðàññìîòðåí âàðèàíò íàëè÷èÿ íà ñòåí-
êàõ ðåçåðâóàðà òåïëîâîé èçîëÿöèè.

Â êîìïëåêñå ïðîáëåì, ñâÿçàííûõ ñ áåçîïàñíî-
ñòüþ öèñòåðí äëÿ îñîáî îïàñíûõ ãðóçîâ, îäíîé èç
íàèáîëåå âàæíûõ ÿâëÿåòñÿ ïðåäîòâðàùåíèå ïîâðåæ-
äåíèé êîòëîâ ïðè äåéñòâèè îòêðûòîãî ïëàìåíè, òàê
êàê èõ ðàçðóøåíèå ïî÷òè ñ íåèçáåæíîñòüþ ïðèâî-
äèò ê òàêèì ïîñëåäñòâèÿì, êàê ðàçãåðìåòèçàöèÿ,
ïðîëèâ âðåäíîãî äëÿ îêðóæàþùåé ñðåäû ïðîäóêòà
èëè âçðûâ [14–16, 20, 21].

Ñëåäóåò îòìåòèòü, ÷òî â íàñòîÿùåå âðåìÿ íà-
äåæíîñòü ïðåäîòâðàùåíèÿ âçðûâà îñòàåòñÿ êðàéíå
íèçêîé, ÷òî ïîêàçûâàåò àíàëèç ñòàòèñòè÷åñêèõ äàí-
íûõ. Â ëèòåðàòóðíûõ èñòî÷íèêàõ äàííàÿ ïðîáëåìà
èññëåäîâàíà íåäîñòàòî÷íî: äî íåäàâíåãî âðåìåíè ñî-
îòâåòñòâóþùèå íàó÷íî-èññëåäîâàòåëüñêèå ðàáîòû
ïðîâîäèëèñü íå ñèñòåìàòè÷åñêè. Êðîìå òîãî, â íà-
ó÷íî-òåõíè÷åñêîé ëèòåðàòóðå êðàéíå ìàëî îñâåùå-
íû âîïðîñû èñïîëüçîâàíèÿ êîìáèíèðîâàííûõ ñïî-
ñîáîâ ïðîòèâîïîæàðíîé çàùèòû ðåçåðâóàðîâ.

Â ïîñëåäíèå ãîäû àíàëèç ïîæàðîâçðûâîîïàñíî-
ñòè îáúåêòîâ òðàíñïîðòà, ñâÿçàííûõ ñ ïåðåâîçêîé
ñæèæåííûõ óãëåâîäîðîäíûõ ãàçîâ, ïðîâîäèëñÿ, êàê
ïðàâèëî, ñ ïîçèöèé ðèñê-îðèåíòèðîâàííîãî ïîäõî-
äà, íàïðàâëåííîãî íà ðàñ÷åò âåðîÿòíîñòè âîçíèê-
íîâåíèÿ ïîæàðîâçðûâîîïàñíîé ñèòóàöèè [15, 16].
Îäíàêî äëÿ ïðàêòèêè òàêèå ðàñ÷åòû ìàëîèíôîðìà-
òèâíû. Çäåñü òðåáóþòñÿ àïðîáèðîâàííûå èíæåíåð-
íî-òåõíè÷åñêèå ìåòîäû ïî îáåñïå÷åíèþ ïîæàðî-
âçðûâîáåçîïàñíîñòè æåëåçíîäîðîæíîé öèñòåðíû ñ
ÑÓÃ â î÷àãå ïîæàðà.

Â öåëÿõ ðàçðàáîòêè ñïîñîáîâ ïðåäîòâðàùåíèÿ
è ñíèæåíèÿ ïîñëåäñòâèé ïîäîáíûõ àâàðèé ÔÃÁÓ
ÂÍÈÈÏÎ ñîâìåñòíî ñ ÌÈÈÒ ïðîâåäåíû êîìïëåêñ-
íûå ýêñïåðèìåíòàëüíî-òåîðåòè÷åñêèå èññëåäîâàíèÿ
ïîâåäåíèÿ ìîäåëåé æåëåçíîäîðîæíûõ êîòëîâ-öèñ-
òåðí ñ ÑÓÃ â î÷àãå ïëàìåíè.

Ïîñòàíîâêà çàäà÷è

Îäíèì èç íàèáîëåå õàðàêòåðíûõ ñöåíàðèåâ àâà-
ðèé, èìåâøèõ ìåñòî ñ ñîñóäàìè ñ ÑÓÃ ïîä äàâëå-

íèåì (îñîáåííî â ñëó÷àå îòíîñèòåëüíî íåáîëüøèõ
òðàíñïîðòíûõ ðåçåðâóàðîâ), ÿâëÿåòñÿ âçðûâ ñîñóäà
ïðè âîçäåéñòâèè íà íåãî î÷àãà ïîæàðà. Äëÿ ïðåäîò-
âðàùåíèÿ âçðûâà ðåçåðâóàðà ñ ÑÓÃ â î÷àãå ïîæàðà
ïðåäëîæåíî íåñêîëüêî âîçìîæíûõ ñïîñîáîâ (èõ êðàò-
êèé àíàëèç ïðèâåäåí âûøå), ñðåäè êîòîðûõ íàèáî-
ëåå ïðîñòûì è íàäåæíûì ïðåäñòàâëÿåòñÿ èñïîëüçî-
âàíèå ïðåäîõðàíèòåëüíûõ êëàïàíîâ íåîáõîäèìîãî
ïðîõîäíîãî ñå÷åíèÿ (ñì., íàïðèìåð, [7, 8]). Ïðè ýòîì,
âåðîÿòíî, áîëüøîå çíà÷åíèå áóäåò èìåòü ìåñòîïî-
ëîæåíèå ïðåäîõðàíèòåëüíîãî êëàïàíà — â âåðõíåé
èëè íèæíåé ÷àñòè ñîñóäà (â çàâèñèìîñòè îò ýòîãî
ïðè ðàñêðûòèè êëàïàíà áóäåò âûòåêàòü ïàðîâàÿ èëè
æèäêàÿ ôàçà). Âîïðîñ ýòîò íå ñòîëü ïðîñò, êàê êà-
æåòñÿ íà ïåðâûé âçãëÿä. Ñ îäíîé ñòîðîíû, ìàññîâàÿ
óäåëüíàÿ ñêîðîñòü èñòå÷åíèÿ æèäêîé ôàçû ñóùåñò-
âåííî âûøå ïî ñðàâíåíèþ ñ ïàðîâîé ôàçîé, âñëåä-
ñòâèå ÷åãî âðåìÿ ñáðîñà ãàçà èç àâàðèéíîãî ðåçåð-
âóàðà ñóùåñòâåííî ìåíüøå. Ñ äðóãîé ñòîðîíû, ïðè
èñòå÷åíèè ïàðîâ èç ñîñóäà ïðîèñõîäèò èíòåíñèâíîå
èñïàðåíèå æèäêîé ôàçû [22], ñîïðîâîæäàþùååñÿ åå
îõëàæäåíèåì è óìåíüøåíèåì äàâëåíèÿ. Êàêîé èç
ôàêòîðîâ áóäåò ïðåâàëèðîâàòü, àïðèîðè íåÿñíî.

Âîçíèêàåò åùå îäèí âîïðîñ, ñâÿçàííûé ñ îöåí-
êîé òåïëîâîãî âîçäåéñòâèÿ î÷àãà ïîæàðà íà ðåçåð-
âóàð ñ ÑÓÃ. Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè íîðì
ïðåäîõðàíèòåëüíûå êëàïàíû òðàíñïîðòíîãî ñîñóäà
(íàïðèìåð, öèñòåðíû) äîëæíû áûòü ðàññ÷èòàíû íà
âîçäåéñòâèå íà ñòåíêè ðåçåðâóàðà âîçäóøíîé ñðåäû
ñ òåìïåðàòóðîé 600 °Ñ, èìèòèðóþùåé î÷àã ïîæàðà.
Äîñòàòî÷íî ëè àäåêâàòíî ýòî òåìïåðàòóðíîå âîç-
äåéñòâèå îïèñûâàåò âëèÿíèå ðåàëüíîãî ïîæàðà íà
ðåçåðâóàð ñ ÑÓÃ, îñòàåòñÿ íåÿñíûì. Ïðàêòèêà ïî-
êàçûâàåò, ÷òî ðàçãåðìåòèçàöèÿ æåëåçíîäîðîæíîé
öèñòåðíû ñ ÑÓÃ íàáëþäàåòñÿ ñïóñòÿ 18–22 ìèí ñ
ìîìåíòà ïîïàäàíèÿ â î÷àã ãîðåíèÿ, íåñìîòðÿ íà òî
÷òî ñòåíêè êîòëà-öèñòåðíû èìåþò òîëùèíó ïîðÿä-
êà 22–25 ìì. Öåëü äàííîé ðàáîòû çàêëþ÷àëàñü â èñ-
ñëåäîâàíèè ïîâåäåíèÿ ìîäåëè êîòëà-öèñòåðíû â
î÷àãå ãîðåíèÿ ïóòåì âîçäåéñòâèÿ íà íåãî ìîùíîãî
òåïëîâîãî ïîòîêà è â ðàçðàáîòêå ñïîñîáà ïðåäîò-
âðàùåíèÿ åãî ðàçðóøåíèÿ.

Ìåòîäèêà ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé ñ ðåçåðâóàðîì ÑÓÃ

Äëÿ èçó÷åíèÿ ðàçëè÷íûõ ñïîñîáîâ ïðîòèâîïî-
æàðíîé çàùèòû ðåçåðâóàðîâ ñ ÑÓÃ áûëà ïðîâåäå-
íà ñåðèÿ ýêñïåðèìåíòîâ â ðàçâèòèå èññëåäîâàíèé
[17–19]. Â êà÷åñòâå ìîäåëåé ðåçåðâóàðîâ èñïîëüçî-
âàëè ñòàíäàðòíûå áûòîâûå áàëëîíû ñ ïðîïàíîì âìåñ-
òèìîñòüþ 50 äì3, ñîäåðæàùèå 21 êã ÑÓÃ. Ñõåìà ýêñ-
ïåðèìåíòàëüíîé óñòàíîâêè ïðèâåäåíà íà ðèñ. 1.

Ìîäåëüíûå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ
ïðîâîäèëè íà áàëëîíàõ ñ ïðîïàíîì áåç çàùèòû,
ñ îãíåçàùèòíûì ïîêðûòèåì ÑÃÊ-1, ðàçðàáîòàííûì



43ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 11

ÁÅÇÎÏÀÑÍÎÑÒÜ ÇÄÀÍÈÉ, ÑÎÎÐÓÆÅÍÈÉ, ÎÁÚÅÊÒÎÂ

ÃÏ “Ìîñêîâñêèé èíñòèòóò òåïëîòåõíèêè” (ÌÈÒ),
ñ ïðåäîõðàíèòåëüíûì êëàïàíîì è îãíåçàùèòíûì
ïîêðûòèåì ÑÃÊ-1 èëè ìíîãîñëîéíûì ïîêðûòèåì,
ïðåäëîæåííûì ÍÏÎ “Ìàøèíîñòðîåíèå”.

Â ýêñïåðèìåíòàõ îïðåäåëÿëè: êðèòè÷åñêîå äàâ-
ëåíèå ðàçãåðìåòèçàöèè áàëëîíîâ, êèíåòèêó ðîñòà
äàâëåíèÿ è òåìïåðàòóðû íà âíåøíåé ïîâåðõíîñòè
ñòåíêè ñîñóäà è ìîìåíò ðàçðóøåíèÿ. Äîïîëíèòåëü-
íî äëÿ áàëëîíîâ ñ âàðèàíòàìè çàùèòû îïðåäåëÿëè:
èçáûòî÷íîå äàâëåíèå â áàëëîíå, ïðè êîòîðîì ïðî-
èñõîäèëî ñðàáàòûâàíèå ïðåäîõðàíèòåëüíîãî êëàïà-
íà, è òîëùèíó îãíåçàùèòíîãî ïîêðûòèÿ äî è ïîñëå
èñïûòàíèé.

Îãíåçàùèòíîå ïîêðûòèå ÑÃÊ-1 íàíîñèëè íà îáåç-
æèðåííóþ ïîâåðõíîñòü ðåçåðâóàðîâ â ñîîòâåòñòâèè
ñ òðåáîâàíèÿìè òåõíè÷åñêèõ óñëîâèé [23]. Òåïëîèçî-
ëÿöèÿ ïðåäñòàâëÿëà ñîáîé ïàêåò ìàòåðèàëîâ èç íå-
ñêîëüêèõ ñëîåâ, ïðåäëîæåííûé ÍÏÎ “Ìàøèíîñòðî-
åíèå”. Íåïîñðåäñòâåííî ê áàëëîíó ïðèëåãàë ñëîé
ïîëóæåñòêîãî âîëîêíèñòîãî ìàòåðèàëà, ñïîñîáíîãî
ê äëèòåëüíîé ðàáîòå ïðè òåìïåðàòóðå äî 450–500 °Ñ.
Äàëåå íàõîäèëñÿ ñëîé îáúåìíîé âûñîêîòåìïåðàòóð-
íîé òêàíè (ðàáî÷àÿ òåìïåðàòóðà äî 1100–1200 °Ñ),
îáëàäàþùåé õîðîøèìè òåïëîàêêóìóëèðóþùèìè
ñâîéñòâàìè, íî èìåþùåé ðûõëóþ ñòðóêòóðó. Ïî-
âåðõ âûñîêîòåìïåðàòóðíîé òêàíè áûëè óëîæåíû äâà
ñëîÿ ñòåêëîòêàíè, çà êîòîðûìè ñëåäîâàë ìåòàëëè-
÷åñêèé êîæóõ äëÿ ïðåäîòâðàùåíèÿ ìåõàíè÷åñêîãî
ïîâðåæäåíèÿ òåïëîèçîëÿöèîííîãî ñëîÿ.

Äëÿ îïðåäåëåíèÿ òåìïåðàòóðû ñòåíîê ðåçåðâóà-
ðîâ ïðèìåíÿëè òåðìîïàðû. Â ñëó÷àå íåçàùèùåí-
íûõ áàëëîíîâ è ïðè íàëè÷èè ïîêðûòèÿ ÑÃÊ-1 ñïàé
òåðìîïàðû çàùèùàëè îò ïðÿìîãî âîçäåéñòâèÿ ïëà-

ìåíè íàìîòêîé èç àñáåñòîâîé íèòè. Òåì íå ìåíåå,
ñóäÿ ïî ïîêàçàíèÿì òåðìîïàð, â áîëüøèíñòâå óêà-
çàííûõ îïûòîâ ïðÿìîå âîçäåéñòâèå ïëàìåíè âñå æå
èìåëî ìåñòî. Ïîýòîìó ïîëó÷åííûå äàííûå ïî òåì-
ïåðàòóðå ñòåíîê âûçûâàþò ñîìíåíèå è â íàñòîÿùåé
ñòàòüå íå ïðèâîäÿòñÿ. Íà ñòåíêàõ áàëëîíîâ ñ êîìïî-
çèöèîííûì òåïëîèçîëÿöèîííûì ñëîåì ñïàè òåðìî-
ïàð ïðèâàðèâàëè êîíòàêòíîé ñâàðêîé ê íèõðîìîâûì
ïëàñòèíêàì òîëùèíîé 0,15 ìì, êîòîðûå, â ñâîþ
î÷åðåäü, áûëè ïðèâàðåíû ê ñòåíêàì áàëëîíà. Ïðè
ýòîì òåïëîèçîëÿöèîííûé ñëîé îáåñïå÷èâàë íàäåæ-
íóþ çàùèòó ñïàÿ òåðìîïàð îò ïðÿìîãî êîíòàêòà ñ
ïëàìåíåì.

Äàâëåíèå ÑÓÃ èçìåðÿëè ñ ïîìîùüþ ìàíîìåò-
ðè÷åñêîãî ïðåîáðàçîâàòåëÿ ÌÏ-160 ñ âåðõíèì ïðå-
äåëîì èçìåðåíèÿ 16 ÌÏà, ñîåäèíåííîãî ñ ãîðëîâè-
íîé áàëëîíà òðóáêîé, ïðîõîäÿùåé ïîä ñëîåì ãðóíòà
äëÿ çàùèòû îò ïëàìåíè. Â êà÷åñòâå âòîðè÷íûõ ïðè-
áîðîâ äëÿ çàïèñè ñèãíàëîâ ñ òåðìîïàð è äàò÷èêà
äàâëåíèÿ èñïîëüçîâàëè ïîòåíöèîìåòðû òèïà ÊÑÏ-4.
Äîïîëíèòåëüíî ðåãèñòðèðîâàëè ïðîöåññ ñ ïîìîùüþ
âèäåîêàìåðû.

Îïûòû ïðîâîäèëè ñëåäóþùèì îáðàçîì. Â ãî-
ðèçîíòàëüíûé ìåòàëëè÷åñêèé ïîääîí ðàçìåðàìè
1,2�0,9�0,2 ì çàëèâàëè äèçåëüíîå òîïëèâî â êîëè÷å-
ñòâå îò 50 äî 100 ë â çàâèñèìîñòè îò òðåáóåìîé ïðî-
äîëæèòåëüíîñòè ãîðåíèÿ (îò 25 äî 50 ìèí). Áàëëîí ñ
ÑÓÃ óñòàíàâëèâàëè ãîðèçîíòàëüíî íà âûñîòå 0,3 ì
îò ïîâåðõíîñòè äèçåëüíîãî òîïëèâà òàêèì îáðàçîì,
÷òîáû èñêëþ÷èòü âîçäåéñòâèå î÷àãà ïëàìåíè íà çà-
ïîðíûé âåíòèëü (ñì. ðèñ. 1).

Ïîñëå óñòàíîâêè áàëëîíà, îòêðûòèÿ çàïîðíîãî
âåíòèëÿ è ïóñêà êîíòðîëüíî-èçìåðèòåëüíîé àïïà-
ðàòóðû ïðîèçâîäèëè çàæèãàíèå äèçåëüíîãî òîïëè-
âà. Ïðè ýòîì âûñîòà ïëàìåíè ñîñòàâëÿëà 0,8–1,2 ì,
÷òî îáåñïå÷èâàëî ïðàêòè÷åñêè ðàâíîìåðíûé îõâàò
ïëàìåíåì áîêîâîé ïîâåðõíîñòè áàëëîíà. Îïðåäåëÿ-
ëè çàâèñèìîñòè äàâëåíèÿ ÑÓÃ è òåìïåðàòóðû ñòå-
íîê îò âðåìåíè, à òàêæå ìîìåíòû íà÷àëà ðàáîòû
ïðåäîõðàíèòåëüíîãî êëàïàíà. Ïî êðèâîé äàâëåíèå –

âðåìÿ â ñîîòâåòñòâèè ñ ÃÎÑÒ 12.1.044–89 îïðåäå-
ëÿëè ñðåäíþþ ñêîðîñòü íàðàñòàíèÿ äàâëåíèÿ. Ïîñëå
ïðåêðàùåíèÿ ãîðåíèÿ ìîäåëüíîãî î÷àãà è îõëàæäå-
íèÿ áàëëîíà äî òåìïåðàòóðû îêðóæàþùåé ñðåäû
ïðè çàêðûòèè ïðåäîõðàíèòåëüíîãî êëàïàíà èçìå-
ðÿëè òîëùèíó ñëîÿ âñïó÷èâøåãîñÿ îãíåçàùèòíîãî
ïîêðûòèÿ, à ïîñëå âûïóñêà ãàçà èç áàëëîíà îöåíè-
âàëè ñîñòîÿíèå ñòåíîê, ïðåäîõðàíèòåëüíîãî êëàïà-
íà è çàïîðíîãî âåíòèëÿ.

Ýêñïåðèìåíòàëüíûå äàííûå
è èõ îáñóæäåíèå

Ïðèìåðû çàâèñèìîñòè òåìïåðàòóðû è äàâëåíèÿ
îò âðåìåíè ïîêàçàíû íà ðèñ. 2–4 ñîîòâåòñòâåííî
äëÿ áàëëîíà áåç çàùèòû, ñ îãíåçàùèòíûì ïîêðûòè-

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè: 1 — î÷àã ãîðå-
íèÿ; 2 — âèäåîêàìåðà; 3 — ïîäñòàâêà; 4 — áàëëîí; 5 — òåðìî-
ïàðû; 6 — äàò÷èê äàâëåíèÿ; 7 — ïîòåíöèîìåòð; 8 — ýëåêò-
ðè÷åñêèé ãåíåðàòîð; 9 — ïðåäîõðàíèòåëüíûé êëàïàí; 10 —
îãíåçàùèòíîå ïîêðûòèå
Fig. 1. Diagram of the experimental set-up: 1 — cavity with diesel
oil; 2 — video camera; 3 — base for location of the vessel with
LPG; 4 — vessel with LPG; 5 — thermocouples; 6 — pressure
detector; 7 — oscilloscope; 8 — generator of electric voltage;
9 — safety valve; 10 — thermal protection layer
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Ðèñ. 2. Çàâèñèìîñòü òåìïåðàòóðû íà ïîâåðõíîñòè áàëëîíà c ÑÓÃ (à) è äàâëåíèÿ â íåì (á) îò âðåìåíè: 1 — òåìïåðàòóðà íà
âíåøíåé áîêîâîé ïîâåðõíîñòè âáëèçè ãîðëîâèíû áàëëîíà; 2 — òåìïåðàòóðà âáëèçè äîííîé ÷àñòè; �Ò 1, ��Ò 1 — òåìïåðàòóðû, èç-
ìåðåííûå â ðàçíûå ìîìåíòû âðåìåíè
Fig. 2. Dependence of wall’s temperature vessel with LPG (a) and pressure of LPG (b) on time: 1 — temperature at external side surface
near the neck of vessel; 2 — temperature close to the bottom; �Ò 1, ��Ò 1 — temperatures measured at different points in time

Ðèñ. 4. Çàâèñèìîñòü òåìïåðàòóðû áîêîâîé ïîâåðõíîñòè áàë-
ëîíà (à) è äàâëåíèÿ ñ îãíåçàùèòíûì ïàêåòîì è ïðåäîõðàíè-
òåëüíûì êëàïàíîì (á) îò âðåìåíè: 1 — òåìïåðàòóðà íà âíåø-
íåé áîêîâîé ïîâåðõíîñòè âáëèçè ãîðëîâèíû áàëëîíà; 2 —
òåìïåðàòóðà âáëèçè äîííîé ÷àñòè

Fig. 4. Dependence of wall’s temperature vessel with LPG (a)
and pressure of LPG with thermal isolation and safety valve (b)
on time: 1 — temperature at external side surface near the neck
of the vessel; 2 — temperature close to the bottom

Ðèñ. 3. Çàâèñèìîñòü òåìïåðàòóðû áîêîâîé ïîâåðõíîñòè áàë-
ëîíà (à) è äàâëåíèÿ ñ îãíåçàùèòíûì ïîêðûòèåì ÑÃÊ-1 è
ïðåäîõðàíèòåëüíûì êëàïàíîì (á) îò âðåìåíè: 1 — òåìïå-
ðàòóðà íà âíåøíåé áîêîâîé ïîâåðõíîñòè âáëèçè ãîðëîâèíû
áàëëîíà; 2 — òåìïåðàòóðà âáëèçè äîííîé ÷àñòè
Fig. 3. Dependence of wall’s temperature vessel with LPG (a)
and pressure of LPG with intumescent fire retardant coating
SGK-1 and safety valve (b) on time: 1 — temperature at external
side surface near the neck of the vessel; 2 — temperature close
to the bottom
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åì ÑÃÊ-1 è ïðåäîõðàíèòåëüíûì êëàïàíîì, ñ çàùèò-
íûì ñëîåì (ÍÏÎ “Ìàøèíîñòðîåíèå”) è ïðåäîõðà-
íèòåëüíûì êëàïàíîì.

Íàëè÷èå íà ñòåíêàõ áàëëîíà âñïó÷èâàþùåãîñÿ
îãíåçàùèòíîãî ïîêðûòèÿ ÑÃÊ-1 èëè ñëîÿ òåïëîâîé
èçîëÿöèè ñóùåñòâåííî ñäâèãàåò âðåìÿ íà÷àëà ðà-
áîòû ïðåäîõðàíèòåëüíîãî êëàïàíà ñ 2 ìèí (áàëëîí
áåç òåïëîâîé çàùèòû) äî 14–20 ìèí — ñ ïîêðûòèåì
ÑÃÊ-1 è áîëåå ÷åì äî 40 ìèí — â ñëó÷àå ñëîÿ òåïëî-
âîé èçîëÿöèè. Ñêîðîñòü íàðàñòàíèÿ äàâëåíèÿ ñíèæà-
åòñÿ áîëåå ÷åì â 5 ðàç ïî ñðàâíåíèþ ñ íåçàùèùåí-
íûì áàëëîíîì â çàâèñèìîñòè îò âèäà ïîêðûòèÿ è åãî
òîëùèíû. Ñëåäóåò îòìåòèòü, ÷òî íàëè÷èå òåïëîâîé
çàùèòû íà ñòåíêàõ áàëëîíà õîðîøî ïðåäîõðàíÿåò
ñòåíêè îò âûñîêîòåìïåðàòóðíîãî âîçäåéñòâèÿ, ïî-
ñêîëüêó ïåðâîíà÷àëüíàÿ îêðàñêà áàëëîíà, ïîâåðõ êî-
òîðîé ñäåëàíà òåïëîâàÿ çàùèòà, íå ïîñòðàäàëà.

Îòìåòèì, ÷òî äëèòåëüíàÿ ýêñïëóàòàöèÿ æåëåç-
íîäîðîæíîé öèñòåðíû ïðèâîäèò ê äåôîðìàöèîííî-
ìó ñòàðåíèþ êîíñòðóêòèâíîé ñòàëè [24], ÷òî ñóùå-
ñòâåííûì îáðàçîì ñêàçûâàåòñÿ íà îãíåñòîéêîñòè
ìåòàëëîêîíñòðóêöèè æåëåçíîäîðîæíîé öèñòåðíû,
îñîáåííî ïðè ïîïàäàíèè “íåñìà÷èâàåìîé” îáîëî÷-
êè öèñòåðíû ÑÓÃ.

Ìåòîäèêà ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé ïîâåäåíèÿ “ñóõîé” îáîëî÷êè

ðåçåðâóàðà (áåç ÑÓÃ) â î÷àãå ãîðåíèÿ

Áûëè ïðîâåäåíû òàêæå ìîäåëüíûå ýêñïåðèìåí-
òû [25] ïî èññëåäîâàíèþ ïîâåäåíèÿ ïîäêðåïëåí-
íûõ ïëàñòèí ïðè âîçäåéñòâèè îòêðûòîãî ïëàìåíè.
Äàííàÿ ìåòîäèêà èìèòèðóåò ñèòóàöèþ ïîïàäàíèÿ
âàãîíà-öèñòåðíû áåç ÑÓÃ â î÷àã ãîðåíèÿ. Ñõåìà ýêñ-
ïåðèìåíòàëüíîé óñòàíîâêè ïîêàçàíà íà ðèñ. 5.

Áûëî ïðîâåäåíî äâà ýêñïåðèìåíòà. Â ïåðâîì èñ-
ïûòûâàëè ìîäåëü áåç çàùèòû, âî âòîðîì — ìîäåëü
ñ ïðåäâàðèòåëüíî íàíåñåííûì îãíåçàùèòíûì ïîêðû-

òèåì ÑÃÊ-2 (ðàçðàáîòêà ÌÈÈÒ). Î÷àã ïëàìåíè ñî-
çäàâàëè ïðîïàíîâîé ãîðåëêîé ñ ðåãóëèðîâàíèåì ðàñ-
õîäà ãàçà. Â õîäå ýêñïåðèìåíòîâ îïðåäåëÿëè òåìïå-
ðàòóðû è äåôîðìàöèè ïëàñòèíû.

Íà ðèñ. 6 ïðèâåäåíû ðåçóëüòàòû èçìåðåíèÿ òåì-
ïåðàòóð, à íà ðèñ. 7 — ïðîãèáû ïëàñòèí â íàãðåòîì
ñîñòîÿíèè.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî-
çâîëèëè êà÷åñòâåííî îöåíèòü ïîâåäåíèå îáîëî÷åê
â î÷àãå ïëàìåíè, îáîñíîâàòü ïðèìåíåíèå ñðåäñòâ çà-
ùèòû, à òàêæå óòî÷íèòü ïàðàìåòðû è ïðîâåðèòü ìå-
òîäèêè òåîðåòè÷åñêîãî ìîäåëèðîâàíèÿ ïîâåäåíèÿ
êîòëîâ-öèñòåðí â î÷àãå ïëàìåíè.

Çàäà÷ó ìîäåëèðîâàíèÿ ïîâåäåíèÿ êîòëà ïðè âîç-
äåéñòâèè ïëàìåíè [26] ðåøàëè â äâà ýòàïà. Íà ïåðâîì
ýòàïå îïðåäåëÿëè íåðàâíîìåðíîå íåñòàöèîíàðíîå
òåìïåðàòóðíîå ïîëå êîòëà ïðè âîçäåéñòâèè âíåøíå-
ãî òåïëîâîãî ïîòîêà. Íà âòîðîì ýòàïå ìîäåëèðîâàëè
íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå (ÍÄÑ) êîò-
ëà ïðè íåðàâíîìåðíîì íàãðåâå. Ïðè ýòîì ëîêàëüíîå
èçìåíåíèå òåìïåðàòóðû âûçûâàëî êàê ñîáñòâåííî
òåìïåðàòóðíûå íàïðÿæåíèÿ, òàê è èçìåíåíèå óïðó-
ãèõ è ïðî÷íîñòíûõ ñâîéñòâ ìàòåðèàëà îáîëî÷êè, ÷òî
òàêæå ó÷èòûâàëîñü ïðè îïðåäåëåíèè ÍÄÑ êîòëà.

Ðèñ. 5. Ñõåìà óñòàíîâêè äëÿ èñïûòàíèé ïëàñòèí: 1 — îïûò-
íàÿ ìîäåëü ïëàñòèíû; 2 — òåðìîïàðû; 3 — ñàìîïèøóùèå
ïîòåíöèîìåòðû; 4 — ãàçîâàÿ ãîðåëêà; 5 — ðàñõîäîìåð; 6 —
âåíòèëü ïîäà÷è ãàçà; 7 — áàëëîí ñ ïðîïàíîì
Fig. 5. Diagram of the test plates: 1 — experimental model of
the plate; 2 — thermocouple; 3 — recording potentiometers; 4 —
gas burner; 5 — meter; 6 — gas valve; 7 — vessel with propane

Ðèñ. 6. Çàâèñèìîñòü òåìïåðàòóðû ìîäåëè áåç çàùèòû (à) è
ñ ïîêðûòèåì ÑÃÊ-2 (á) îò âðåìåíè
Fig. 6. Dependence of temperature test plates without intumescent
fire retardant coating (a) and with coating SGK-2 (b) on time
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Ìåòîäèêà îïðåäåëåíèÿ òåìïåðàòóðíîãî ïîëÿ îñ-
íîâàíà íà ïðèìåíåíèè ñëåäóþùèõ ìåòîäîâ. ×åðåç
ðàññìîòðåíèå òåïëîâîãî áàëàíñà ýëåìåíòàðíîé äâó-
ìåðíîé îáëàñòè îáîëî÷êè ñîñòàâëÿåòñÿ óðàâíåíèå
òåïëîïðîâîäíîñòè, âèä êîòîðîãî ó÷èòûâàåò òèï èñ-
ñëåäóåìîé çîíû êîòëà, à òàêæå õàðàêòåð âíåøíåãî
òåïëîâîãî âîçäåéñòâèÿ. Äëÿ èíòåãðèðîâàíèÿ óðàâ-
íåíèÿ òåïëîïðîâîäíîñòè ïðèìåíÿëè âàðèàöèîííûé
ìåòîä. Áûë âûáðàí ñîîòâåòñòâóþùèé ôóíêöèîíàë,
äëÿ êîòîðîãî äàííîå óðàâíåíèå ÿâëÿåòñÿ óðàâíåíèåì
Ýéëåðà. Äàëåå â ðàñ÷åòå èñïîëüçîâàëè ìåòîä êîíå÷-
íûõ ýëåìåíòîâ ñ ïðèìåíåíèåì òðåóãîëüíûõ ïëîñêèõ
êîíå÷íûõ ýëåìåíòîâ ñ ëèíåéíîé àïïðîêñèìàöèåé
òåìïåðàòóðíîãî ïîëÿ. Èíòåãðèðîâàíèå ðàçðåøàþùåé
ñèñòåìû óðàâíåíèé ïî âðåìåíè ïðîâîäèëè ïðè ïî-
ìîùè èíòåðïîëÿöèîííîãî ìåòîäà Àäàìñà âòîðîãî
ïîðÿäêà.

Ìåòîäèêà îïðåäåëåíèÿ íàïðÿæåííî-äåôîðìèðî-
âàííîãî ñîñòîÿíèÿ êîòëà â î÷àãå ïëàìåíè îñíîâàíà
íà ïðèìåíåíèè ìîìåíòíîé òåîðèè îáîëî÷åê è âàðè-
àöèîííîãî ìåòîäà â âèäå ïðèíöèïà Ëàãðàíæà. Íå-
ðàâíîìåðíîå òåìïåðàòóðíîå ïîëå êîòëà âûçûâàåò
â íåì òåïëîâûå äåôîðìàöèè, êîòîðûå ó÷èòûâàþòñÿ
â ïîòåíöèàëüíîé ýíåðãèè äåôîðìàöèè. Â ðåçóëüòàòå
ýòîãî â ïðàâîé ÷àñòè ðàçðåøàþùåé ñèñòåìû óðàâ-
íåíèé ïîÿâëÿåòñÿ âåêòîð âíåøíèõ òåïëîâûõ âîçäåé-

ñòâèé. Ðàñ÷åò ñòðîèòñÿ íà îñíîâå ìåòîäà êîíå÷íûõ
ýëåìåíòîâ. Äëÿ îáîëî÷êè êîòëà ïðèíÿòû êîíå÷íûå
ýëåìåíòû â âèäå îáîëî÷å÷íûõ îòñåêîâ â ôîðìå óñå-
÷åííûõ êîíóñîâ, ñ àïïðîêñèìàöèåé ïåðåìåùåíèé â
âèäå ðÿäîâ Ôóðüå ïî îêðóæíîé êîîðäèíàòå è ïîëè-
íîìîâ îò ïðîäîëüíîé êîîðäèíàòû. Âëèÿíèå ïîâû-
øåíèÿ òåìïåðàòóðû îáîëî÷êè êîòëà íà åå ìåõàíè÷å-
ñêèå ñâîéñòâà ó÷èòûâàåòñÿ ïóòåì çàäàíèÿ ïåðåìåí-
íîãî ìîäóëÿ óïðóãîñòè, çàâèñÿùåãî îò òåìïåðàòóðû.

Ðàçðàáîòàííûå ìåòîäèêè ðåàëèçîâàíû â âèäå
ïàêåòà ïðîãðàìì äëÿ ÏÝÂÌ, íàïèñàííûõ íà ÿçûêå
Ñè++. Ñ ïîìîùüþ äàííûõ ïðîãðàììíûõ ñðåäñòâ
áûëè âûïîëíåíû ðàñ÷åòû êîòëà öèñòåðíû íà àâàðèé-
íîå âîçäåéñòâèå îòêðûòîãî ïëàìåíè. Íà ðèñ. 8 ïðè-
âåäåíû ðåçóëüòàòû ñðàâíåíèÿ òåìïåðàòóð, ïîëó÷åí-
íûõ ðàñ÷åòíûì ïóòåì, ñ äàííûìè ìîäåëüíîãî ýêñ-
ïåðèìåíòà.

Íà ðèñ. 9 ïîêàçàíî äåôîðìèðîâàííîå ñîñòîÿíèå
êîòëà-öèñòåðíû â î÷àãå ïëàìåíè, ïîëó÷åííîå ðàñ-
÷åòíûì ïóòåì ñ ïðèìåíåíèåì ðàçðàáîòàííîé ìåòî-
äèêè. Äëÿ ñðàâíåíèÿ êà÷åñòâåííîé êàðòèíû äåôîð-
ìàöèè íà ðèñ. 10 ïðèâåäåíà ôîòîãðàôèÿ ïîñëåäñò-
âèé íàõîæäåíèÿ êîòëà öèñòåðíû â î÷àãå ïëàìåíè.

Ðèñ. 7. Ïîëå òåïëîâûõ äåôîðìàöèé ìîäåëè áåç ïîêðûòèÿ (à)
è ñ ïîêðûòèåì ÑÃÊ-2 (á)
Fig. 7. The field thermal deformation of test plates without in-
tumescent fire retardant coating (a) and with coating SGK-2 (b)

Ðèñ. 8. Çàâèñèìîñòü òåìïåðàòóðû îáîëî÷êè êîòëà-öèñòåðíû
â öåíòðå î÷àãà ïëàìåíè îò âðåìåíè
Fig. 8. Dependence of temperature test plates of railway tank in
the center of the hearth flame on time

Ðèñ. 9. Äåôîðìàöèÿ îáîëî÷êè êîòëà öèñòåðíû â î÷àãå ïëàìåíè
Fig. 9. Deformation of the shell of railway tank in the hearth flame
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Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ
èññëåäîâàíèé è èõ îáñóæäåíèå

Ñ ó÷åòîì ñîâîêóïíîñòè ïîëó÷åííûõ ýêñïåðè-
ìåíòàëüíûõ äàííûõ è ðàññìîòðåíèÿ ïðîáëåìû ñ òå-
îðåòè÷åñêîé òî÷êè çðåíèÿ ïðåäëîæåí êîìáèíèðî-
âàííûé ñïîñîá ïðîòèâîïîæàðíîé çàùèòû áàëëîíîâ
ñ ÑÓÃ, â ÷àñòíîñòè âàãîíîâ-öèñòåðí ñ ÑÓÃ.

Ïðåäëàãàåìûé àâòîðàìè ñïîñîá ïîçâîëÿåò ðà-
äèêàëüíî óñòðàíèòü âîçìîæíîñòü âçðûâà âàãîíîâ-
öèñòåðí ñ ÑÓÃ ïðè ïîïàäàíèè â î÷àã ãîðåíèÿ. Íà îñíî-
âàíèè äàííûõ àâòîðîâ íàñòîÿùåé ñòàòüè è äðóãèõ
èññëåäîâàòåëåé [17–19, 27] ïî ñïîñîáàì è óñòðîé-
ñòâàì, ïîçâîëÿþùèì óâåëè÷èòü âðåìÿ ïðåáûâàíèÿ
áàëëîíîâ â î÷àãå ïîæàðà äî èõ ðàçðóøåíèÿ, ïðåäëî-
æåíî è ðåàëèçîâàíî êîìáèíèðîâàíèå äåéñòâèé îãíå-
çàùèòíîãî ïîêðûòèÿ (òåïëîèçîëÿöèîííîãî ïàêåòà)
è ïðåäîõðàíèòåëüíîãî êëàïàíà. Ïðîâåäåííûå ñåðèé-
íûå èñïûòàíèÿ ïîêàçàëè âûñîêóþ ýôôåêòèâíîñòü
ïðåäëîæåííîãî ïîäõîäà.

Ðåçóëüòàòû ñèñòåìàòè÷åñêèõ èññëåäîâàíèé äè-
íàìèêè èçìåíåíèÿ äàâëåíèÿ è òåìïåðàòóðû ñòåíîê
ìîäåëåé ðåçåðâóàðîâ ñ ÑÓÃ â î÷àãå ïîæàðà ïîêàçà-
ëè, ÷òî ýôôåêòèâíûì ñðåäñòâîì óâåëè÷åíèÿ âðåìå-
íè ïðåáûâàíèÿ â íåì ÿâëÿåòñÿ ïîêðûòèå èõ îãíåçà-
ùèòíûì ñîñòàâîì. Â êà÷åñòâå òàêîâîãî ïðåäëîæåí
è èñïûòàí ñîñòàâ îãíåçàùèòíûé âñïåíèâàþùèéñÿ
ÑÃÊ-1, ïîêàçàâøèé âûñîêóþ ýôôåêòèâíîñòü è õî-
ðîøî ñîãëàñóþùèéñÿ ñ ïðîãíîçîì. Äàííîå ðåøåíèå
âåñüìà ýôôåêòèâíî äëÿ îáúåêòîâ òðàíñïîðòà â ñèëó
îãðàíè÷åííûõ ìàññîãàáàðèòíûõ ïàðàìåòðîâ.

Ðàçðàáîòàíà ìåòîäèêà ýêñïåðèìåíòàëüíûõ èññëå-
äîâàíèé, ïîçâîëÿþùàÿ îöåíèòü îñíîâíûå õàðàêòå-
ðèñòèêè ïîâåäåíèÿ ìîäåëåé ðåçåðâóðîâ ñ ÑÓÃ â î÷àãå
ïîæàðà è îïðåäåëèòü íàèáîëåå ýôôåêòèâíîå îãíå-
çàùèòíîå ïîêðûòèå.

Ñôîðìóëèðîâàíû òåõíè÷åñêèå òðåáîâàíèÿ ê îã-
íåçàùèòíûì ïîêðûòèÿì â öåëÿõ âûáîðà íàèáîëåå
ýôôåêòèâíîãî ïîêðûòèÿ.

Ïîÿâëåíèå ñîâðåìåííûõ òåõíè÷åñêèõ ñðåäñòâ çà-
ùèòû è âûïóñê áîëåå 400 íîâûõ ìîäåëåé öèñòåðí
òðåáóþò ó÷åòà èçìåíåíèÿ êîíñòðóêöèè âàãîíîâ â êîì-
ïëåêñå íîðìàòèâíî-òåõíè÷åñêîé äîêóìåíòàöèè [28].
Â ÷àñòíîñòè, íàçðåëà íåîáõîäèìîñòü ïåðåðàáîòêè
ñïðàâî÷íèêà ñïåöèàëèçèðîâàííûõ öèñòåðí.

Îäíîâðåìåííî ñ ýòèì íåîáõîäèìî âíåñåíèå êîð-
ðåêòèâ â àëüáîì-ñïðàâî÷íèê “Ãðóçîâûå âàãîíû æå-
ëåçíûõ äîðîã êîëåè 1520 ìì”. 002È-2009 ÏÊÁ ÖÂ
(Ì. : ÏÊÁ ÖÂ, 2009. — 804 ñ.), êîòîðûé ñîäåðæèò
òîëüêî îáùèå âèäû è ïàðàìåòðû âàãîíîâ áåç îïèñà-
íèÿ àðìàòóðû è óñëîâèé ýêñïëóàòàöèè. Îòñóòñòâóþò
òàì è êðèîãåííûå öèñòåðíû. Íàçðåëà òàêæå íåîáõî-
äèìîñòü â ïåðåðàáîòêå è äîêóìåíòà “Ïðàâèëà áåç-
îïàñíîñòè è ïîðÿäîê ëèêâèäàöèè àâàðèéíûõ ñèòóà-
öèé ñ îïàñíûìè ãðóçàìè ïðè ïåðåâîçêå èõ ïî æåëåç-
íûì äîðîãàì” (óòâ. ïðèêàçîì Ì×Ñ ÐÔ îò 31.10.1996
¹ 9-733/3-2 è ÌÏÑ ÐÔ îò 25.11.1996 ¹ ÖÌ-407).

Íàêîíåö, òðåáóåò ïåðåðàáîòêè è äîêóìåíò “Ãðó-
çîâûå âàãîíû æåëåçíûõ äîðîã êîëåè 1520 ìì. Ðóêî-
âîäñòâî ïî äåïîâñêîìó ðåìîíòó” (ïðîòîêîë 54 çàñå-
äàíèÿ Ñîâåòà ïî æåëåçíîäîðîæíîìó òðàíñïîðòó îò
19.05.2011) ñ ó÷åòîì íîâûõ òåõíè÷åñêèõ ñðåäñòâ è
òåõíîëîãèé, â ÷àñòíîñòè ñëèâîíàëèâíûõ ïðèáîðîâ ñ
òðåìÿ ñòåïåíÿìè çàùèòû, òî÷å÷íûõ ñðåäñòâ íàëèâà.

Âûâîäû

1. Ïðîâåäåíû ìàñøòàáíûå ýêñïåðèìåíòàëüíûå
è òåîðåòè÷åñêèå èññëåäîâàíèÿ ïîâåäåíèÿ êîòëîâ æå-
ëåçíîäîðîæíûõ öèñòåðí â î÷àãå ïëàìåíè.

2. Ñìîäåëèðîâàíû îñíîâíûå ñöåíàðèè àâàðèé-
íûõ ðåæèìîâ, ñâÿçàííûõ ñ âîçäåéñòâèåì íà êîòëû
îòêðûòîãî ïëàìåíè.

3. Ðàçðàáîòàíû è èñïûòàíû ñðåäñòâà çàùèòû
êîòëîâ öèñòåðí îò ïîæàðà.

4. Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè âûñîêóþ
ýôôåêòèâíîñòü òàêèõ òåõíè÷åñêèõ ñðåäñòâ çàùèòû
êîòëîâ, êàê ïðåäîõðàíèòåëüíûå êëàïàíû è îãíåçà-
ùèòíûå ïîêðûòèÿ.

Ðèñ. 10. Ïîñëåäñòâèÿ íàõîæäåíèÿ êîòëà-öèñòåðíû â î÷àãå
ïëàìåíè
Fig. 10. The consequences of a finding railway tank in the hearth
flame
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ABSTRACT

Practice shows that the depressurization of railway tank LPG is observed after 18 to 22 minutes from
the moment of entering the fire burning, despite the fact that the walls of the vessels tank have
a thickness of about 22–25 mm. The aim of this work was to study the behavior of the model of
the vessels tank in the center of combustion by the action of powerful heat flow and the development
of means of preventing its destruction.

As a rule, to ensure fire safety is used or the method of heat-and-fire protection or discharge gas
from the vessel tank. However, of interest is the combination of these methods of fire safety for
vessels with LPG.
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The experimental investigations of various methods for fire protection of vessels with LPG (safety
relief valves, intumescent fire retardant coatings, thermal isolation) have been executed. The experi-
ments have been carried out, in order to investigate the behaviour of the vessels of volume of 50 dm3

with LPG at the total fire engulfment. These vessels were equipped with the fire protection tools
mentioned above. It has been found that the safety relief valves can prevent explosions of the vessels
with LPG at their engulfment by the pool fire even without any other protective measures. The in-
tumescent fire retardant coating or the thermal isolation reduce significantly a pressure rise rate and
give the remarkable delay of the time moment when the safety relief valves begin to operate. A reaso-
nably good agreement between the experimental and theoretical data was obtained. It has been
revealed that the proposed fire protection tools are promising for prevention of explosions of LPG
tanks at their engulfment by fires. Experimental and theoretical studies of the behavior of “non-
wetting” shell of LPG tank. It is shown that the presence of the shell of the railway tank fire-retardant
coatings can effectively reduce the influence of heat flux on the metal shell of the tank. Investigated
experimentally and theoretically field thermal deformation of the metal plate without and with the
application of intumescent fire protective coatings. Experiment on effects of heat flow on a metal plate
simulated the thermal effect on the dry shell model rail cars. The results indicate the prospects of the
considered methods of fire protection to prevent explosions of the LPG tanks fire, in particular,
of boilers railway tank cars with LPG.

Keywords: railway LPG tank model; fire burning; fire protection methods; experimental testing; sa-
fety valve; intumescent fire retardant coatings; thermal deformation; thermal deformations fields.
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Ïðîâåäåíà îöåíêà âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ïðîìåæóòêà âðåìåíè îò íà÷àëà ïîæàðà
äî åãî îáíàðóæåíèÿ ñðåäñòâàìè ïîæàðíîé àâòîìàòèêè (äî äîñòèæåíèÿ ïîðîãîâûõ çíà÷åíèé äëÿ
ïîæàðíûõ èçâåùàòåëåé) íà îñíîâå ñîâðåìåííûõ ïðîãðàììíûõ êîìïëåêñîâ, èñïîëüçóåìûõ äëÿ
ìîäåëèðîâàíèÿ äèíàìèêè ïîæàðà. Ïðîàíàëèçèðîâàíû ñöåíàðèè ðàçâèòèÿ ïîæàðà â çäàíèÿõ
ðàçëè÷íîãî íàçíà÷åíèÿ. Ïðåäñòàâëåíû ðåçóëüòàòû ìîäåëèðîâàíèÿ äèíàìèêè îïòè÷åñêîé ïëîò-
íîñòè äûìà. Óñòàíîâëåíî, ÷òî òåìï ðàçâèòèÿ ïîæàðà ÿâëÿåòñÿ îïðåäåëÿþùèì ôàêòîðîì, âëèÿ-
þùèì êàê íà âðåìÿ îáíàðóæåíèÿ ïîæàðà, òàê è íà íåîáõîäèìîå âðåìÿ ýâàêóàöèè â öåëîì. Ïî-
êàçàíî, ÷òî íåó÷åò âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ïðîèçâîäíîé îò òåìïà ðàçâèòèÿ ïîæàðà íà
îñíîâå ðàñ÷åòíûõ ìåòîäîâ ìîæåò ïðèâåñòè êàê ê óâåëè÷åíèþ íåîáõîäèìîãî âðåìåíè ýâàêóà-
öèè, òàê è ê óìåíüøåíèþ âðåìåíè íà÷àëà ýâàêóàöèè, ÷òî â ñâîþ î÷åðåäü âëå÷åò çà ñîáîé íåäî-
ñòîâåðíîñòü ïîëó÷åííûõ ðåçóëüòàòîâ.

Êëþ÷åâûå ñëîâà: âðåìÿ îáíàðóæåíèÿ ïîæàðà; òåìï ðàçâèòèÿ ïîæàðà; âðåìÿ íà÷àëà ýâàêóàöèè;
âðåìÿ ýâàêóàöèè; íåîáõîäèìîå âðåìÿ ýâàêóàöèè; âåðîÿòíîñòü ýâàêóàöèè; ïîæàðíûé ðèñê; îïòè-
÷åñêàÿ ïëîòíîñòü äûìà; ïðîòèâîïîæàðíàÿ çàùèòà.

DOI: 10.18322/PVB.2017.26.11.52-63

Ââåäåíèå

Ñîãëàñíî ñò. 6 Ôåäåðàëüíîãî çàêîíà ¹ 123 “Òåõíè-
÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñ-
íîñòè” (äàëåå — ÔÇ ¹ 123) [1] ïîæàðíàÿ áåçîïàñ-
íîñòü îáúåêòà çàùèòû ñ÷èòàåòñÿ îáåñïå÷åííîé ïðè
âûïîëíåíèè îäíîãî èç ñëåäóþùèõ óñëîâèé:

1) â ïîëíîì îáúåìå âûïîëíåíû òðåáîâàíèÿ ïî-
æàðíîé áåçîïàñíîñòè, óñòàíîâëåííûå òåõíè÷åñêè-
ìè ðåãëàìåíòàìè, ïðèíÿòûìè â ñîîòâåòñòâèè ñ Ôå-
äåðàëüíûì çàêîíîì “Î òåõíè÷åñêîì ðåãóëèðîâàíèè”,
è ïîæàðíûé ðèñê íå ïðåâûøàåò äîïóñòèìûõ çíà÷å-
íèé, óñòàíîâëåííûõ íàñòîÿùèì Ôåäåðàëüíûì çà-
êîíîì;

2) â ïîëíîì îáúåìå âûïîëíåíû òðåáîâàíèÿ ïî-
æàðíîé áåçîïàñíîñòè, óñòàíîâëåííûå òåõíè÷åñêè-
ìè ðåãëàìåíòàìè, ïðèíÿòûìè â ñîîòâåòñòâèè ñ Ôå-
äåðàëüíûì çàêîíîì “Î òåõíè÷åñêîì ðåãóëèðîâàíèè”
è íîðìàòèâíûìè äîêóìåíòàìè ïî ïîæàðíîé áåçîïàñ-
íîñòè.

Ïðè îáåñïå÷åíèè ïîæàðíîé áåçîïàñíîñòè îáú-
åêòà çàùèòû ïî ïåðâîìó óñëîâèþ òðåáóåòñÿ ðàñ÷åò
ïîæàðíîãî ðèñêà, ïðè÷åì åãî âåëè÷èíà íå äîëæíà
ïðåâûøàòü äîïóñòèìûõ çíà÷åíèé, à èìåííî 10–6

.

Îäíîé èç ñîñòàâëÿþùèõ èíäèâèäóàëüíîãî ïî-
æàðíîãî ðèñêà ñîãëàñíî Ìåòîäèêå îïðåäåëåíèÿ ðàñ-
÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà, óòâåðæäåííîé ïðè-
êàçîì Ì×Ñ Ðîññèè ¹ 382 (äàëåå — Ìåòîäèêà) [2],

ÿâëÿåòñÿ âåðîÿòíîñòü ýâàêóàöèè ëþäåé èç çäàíèé Ðý,i,
îïðåäåëÿåìàÿ ïî ôîðìóëå
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ãäå táë — âðåìÿ îò íà÷àëà ïîæàðà äî áëîêèðîâàíèÿ
ýâàêóàöèîííûõ ïóòåé â ðåçóëüòàòå ðàñïðîñòðà-
íåíèÿ íà íèõ îïàñíûõ ôàêòîðîâ ïîæàðà (ÎÔÏ),
èìåþùèõ ïðåäåëüíî äîïóñòèìûå äëÿ ëþäåé çíà-
÷åíèÿ (âðåìÿ áëîêèðîâàíèÿ ïóòåé ýâàêóàöèè),
ìèí;
tð — ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ëþäåé, ìèí;
tíý — âðåìÿ íà÷àëà ýâàêóàöèè (èíòåðâàë âðåìå-
íè îò âîçíèêíîâåíèÿ ïîæàðà äî íà÷àëà ýâàêóà-
öèè ëþäåé), ìèí;
tñê — âðåìÿ ñóùåñòâîâàíèÿ ñêîïëåíèé ëþäåé íà
ó÷àñòêàõ ïóòè, ìèí (ïëîòíîñòü ëþäñêîãî ïîòîêà
íà ïóòÿõ ýâàêóàöèè ïðåâûøàåò 0,5 ì2/ì2).
Âåðîÿòíîñòü Ðý,i ïðèíèìàåòñÿ ðàâíîé 0,999 ïðè

ñîáëþäåíèè äâóõ óñëîâèé:
� âî-ïåðâûõ, âðåìÿ ñóùåñòâîâàíèÿ ñêîïëåíèé ëþ-

äåé íà ó÷àñòêàõ ïóòè íå äîëæíî ïðåâûøàòü 6 ìèí;
� âî-âòîðûõ, ñóììà âðåìåíè íà÷àëà ýâàêóàöèè è

ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ëþäåé íå äîëæíà

© Êàëìûêîâ Ñ. Ï., Åñèí Â. Ì., 2017
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ïðåâûøàòü âðåìÿ îò íà÷àëà ïîæàðà äî áëîêèðî-
âàíèÿ ýâàêóàöèîííûõ ïóòåé â ðåçóëüòàòå ðàñïðî-
ñòðàíåíèÿ íà íèõ ÎÔÏ ñ ó÷åòîì êîýôôèöèåíòîì
çàïàñà 0,8.
Ñîãëàñíî ñò. 53 ÔÇ ¹ 123 [1] êàæäîå çäàíèå èëè

ñîîðóæåíèå äîëæíî èìåòü îáúåìíî-ïëàíèðîâî÷íîå
ðåøåíèå è êîíñòðóêòèâíîå èñïîëíåíèå ýâàêóàöèîí-
íûõ ïóòåé, îáåñïå÷èâàþùèå áåçîïàñíóþ ýâàêóàöèþ
ëþäåé ïðè ïîæàðå.

Áåçîïàñíàÿ ýâàêóàöèÿ ëþäåé èç çäàíèé è ñîîðó-
æåíèé ïðè ïîæàðå ñ÷èòàåòñÿ îáåñïå÷åííîé, åñëè
èíòåðâàë âðåìåíè îò ìîìåíòà îáíàðóæåíèÿ ïîæàðà
äî çàâåðøåíèÿ ïðîöåññà ýâàêóàöèè ëþäåé â áåçîïàñ-
íóþ çîíó íå ïðåâûøàåò íåîáõîäèìîãî âðåìåíè ýâà-
êóàöèè ëþäåé ïðè ïîæàðå.

Â ñâîþ î÷åðåäü, íåîáõîäèìîå âðåìÿ ýâàêóàöèè
— âðåìÿ ñ ìîìåíòà âîçíèêíîâåíèÿ ïîæàðà, â òå÷å-
íèå êîòîðîãî ëþäè äîëæíû ýâàêóèðîâàòüñÿ â áåç-
îïàñíóþ çîíó áåç ïðè÷èíåíèÿ âðåäà èõ æèçíè è çäî-
ðîâüþ â ðåçóëüòàòå âîçäåéñòâèÿ îïàñíûõ ôàêòîðîâ
ïîæàðà.

Äâà âûøåîïèñàííûõ ïîëîæåíèÿ, à èìåííî îïðå-
äåëåíèå âåðîÿòíîñòè ýâàêóàöèè ïðè ðàñ÷åòå ïîæàð-
íîãî ðèñêà (ñò. 6 [1]) è áåçîïàñíîé ýâàêóàöèè ëþäåé
(ñò. 53 [1]), èìåþò îáùèé ïîäõîä, â îñíîâó êîòîðîãî
ïîëîæåíî óñëîâèå ñâîåâðåìåííîñòè ýâàêóàöèè.
Îäíàêî â ïåðâîì ïîäõîäå íåîáõîäèìîå âðåìÿ ýâàêó-
àöèè ñðàâíèâàåòñÿ ñ âðåìåíåì ýâàêóàöèè ëþäåé,
êîòîðûå îïîâåùàþòñÿ î ïîæàðå ñïóñòÿ íåêîòîðîå
âðåìÿ îò âîçíèêíîâåíèÿ ïîæàðà äî åãî îáíàðóæå-
íèÿ, à âî âòîðîì — ïðèíèìàåòñÿ âàðèàíò, ïðè êîòî-
ðîì ïîæàð óæå îáíàðóæåí.

Ïðåäïîëîæèì, ÷òî âðåìÿ îò íà÷àëà ïîæàðà äî åãî
îáíàðóæåíèÿ ñîñòàâëÿåò 3 ìèí, âðåìÿ îò îáíàðóæå-
íèÿ ïîæàðà äî íàñòóïëåíèÿ ïðåäåëüíî äîïóñòèìûõ
çíà÷åíèé îïàñíûõ ôàêòîðîâ ïîæàðà — 3 ìèí, ñóì-
ìà âðåìåíè íà÷àëà ýâàêóàöèè è ðàñ÷åòíîãî âðåìåíè
ýâàêóàöèè ëþäåé — 5 ìèí.

Èç äàííîãî ïðåäïîëîæåíèÿ ñëåäóåò, ÷òî â ñîîò-
âåòñòâèè ñ ïîëîæåíèÿìè Ìåòîäèêè [2] âåðîÿòíîñòü
ýâàêóàöèè ëþäåé ñîñòàâèò 0,999, ò. å. âñå ëþäè ýâà-
êóèðóþòñÿ èç çäàíèÿ, à ñîãëàñíî ñò. 53 ÔÇ ¹ 123 [1]
áåçîïàñíàÿ ýâàêóàöèÿ ëþäåé èç çäàíèÿ íå îáåñïå÷è-
âàåòñÿ.

Ýòî ïðàâîâîé ïàðàäîêñ, êîòîðûé ìîæåò áûòü
ñëåäñòâèåì íåó÷åòà â ïîëíîé ìåðå èìåííî âðåìåíè
îáíàðóæåíèÿ ïîæàðà.

Âðåìÿ íà÷àëà ýâàêóàöèè

Çà÷àñòóþ âðåìÿ îáíàðóæåíèÿ ïîæàðà ðàñöåíè-
âàþò êàê ñîñòàâëÿþùóþ âðåìåíè íà÷àëà ýâàêóàöèè,
ïîýòîìó õîòåëîñü áû áîëåå ïîäðîáíî ðàññìîòðåòü
ýòîò ïàðàìåòð.

Ïîä âðåìåíåì íà÷àëà ýâàêóàöèè tíý ïîíèìàåòñÿ
èíòåðâàë âðåìåíè îò âîçíèêíîâåíèÿ ïîæàðà äî íà-
÷àëà ýâàêóàöèè ëþäåé [2]. Êàê óòâåðæäàåòñÿ â ðà-

áîòå [3], ýòî âðåìÿ ìîæåò çàíèìàòü äî 90 % âðåìåíè
ýâàêóàöèè. Îäíàêî â ðàçëè÷íûõ ëèòåðàòóðíûõ èñ-
òî÷íèêàõ ýòà âåëè÷èíà îïðåäåëÿåòñÿ ïî-ðàçíîìó,
è ïåðå÷åíü âëèÿþùèõ íà íåå ôàêòîðîâ ñèëüíî ðàç-
íèòñÿ.

Ñîãëàñíî Ìåòîäèêå [2] âðåìÿ íà÷àëà ýâàêóàöèè
äëÿ ïîìåùåíèÿ î÷àãà ïîæàðà îïðåäåëÿåòñÿ â çàâè-
ñèìîñòè îò ïëîùàäè ïîìåùåíèÿ, à äëÿ îñòàëüíûõ
ïîìåùåíèé — ïî òàáëè÷íûì çíà÷åíèÿì â çàâèñè-
ìîñòè îò íàëè÷èÿ èëè îòñóòñòâèÿ íà îáúåêòå ñèñòåì
îïîâåùåíèÿ è óïðàâëåíèÿ ýâàêóàöèåé ëþäåé ïðè
ïîæàðå (ÑÎÓÝ) è èõ òèïà.

Â ìåòîäèêå, óòâåðæäåííîé ïðèêàçîì Ì×Ñ Ðîññèè
¹ 404 [4], è â ÃÎÑÒ 12.1.004–91* óêàçûâàåòñÿ, ÷òî
âðåìÿ îò íà÷àëà ïîæàðà äî íà÷àëà ýâàêóàöèè ëþäåé
äëÿ çäàíèé áåç ñèñòåì îïîâåùåíèÿ îïðåäåëÿåòñÿ ïî
ðåçóëüòàòàì èññëåäîâàíèÿ ïîâåäåíèÿ ëþäåé ïðè ïî-
æàðàõ â çäàíèÿõ êîíêðåòíîãî íàçíà÷åíèÿ.

Ïðè íàëè÷èè â çäàíèè ñèñòåìû îïîâåùåíèÿ è
óïðàâëåíèÿ ýâàêóàöèåé ëþäåé ïðè ïîæàðå âðåìÿ
íà÷àëà ýâàêóàöèè ïðèíèìàåòñÿ ðàâíûì âðåìåíè
ñðàáàòûâàíèÿ ñèñòåìû ñ ó÷åòîì åå èíåðöèîííîñòè.
Ïðè îòñóòñòâèè íåîáõîäèìûõ èñõîäíûõ äàííûõ
âðåìÿ íà÷àëà ýâàêóàöèè â çäàíèÿõ áåç ÑÎÓÝ äîïóñ-
êàåòñÿ ïðèíèìàòü: äëÿ ýòàæà ïîæàðà — 0,5 ìèí, äëÿ
âûøåëåæàùèõ ýòàæåé — 2 ìèí [4].

Åñëè ìåñòîì âîçíèêíîâåíèÿ ïîæàðà âûñòóïàåò
çàëüíîå ïîìåùåíèå, ãäå ïîæàð ìîæåò áûòü îáíàðó-
æåí îäíîâðåìåííî âñåìè íàõîäÿùèìèñÿ â íåì ëþäü-
ìè, òî âðåìÿ íà÷àëà ýâàêóàöèè äîïóñêàåòñÿ ïðèíè-
ìàòü ðàâíûì íóëþ [4].

Ïî ìíåíèþ ðÿäà àâòîðîâ, âåëè÷èíà âðåìåíè íà-
÷àëà ýâàêóàöèè ïðåäñòàâëÿåò ñîáîé ñîâîêóïíîñòü
“òåõíè÷åñêîé” è “ïñèõîôèçè÷åñêîé” ñîñòàâëÿþùèõ.
Òàê, íàïðèìåð, â ñòàòüå [5] âðåìÿ íà÷àëà ýâàêóàöèè
tíý îïèñûâàåòñÿ ôîðìóëîé

tíý = (tîá + tîï) + tî + tïîä, (2)

ãäå tîá — âðåìÿ îáíàðóæåíèÿ î÷àãà ãîðåíèÿ, ìèí;
tîï — âðåìÿ îïîâåùåíèÿ, îáúÿâëåíèÿ òðåâîãè,
ìèí;
tî — èíòåðâàë âðåìåíè, íåîáõîäèìûé ÷åëîâåêó
äëÿ îñîçíàíèÿ èíôîðìàöèè è îöåíêè ñëîæèâ-
øåéñÿ ñèòóàöèè, ìèí;
tïîä — âðåìÿ íà ïîäãîòîâêó ê ýâàêóàöèè èëè ê çà-
ùèòå ïîìåùåíèÿ îò âîçäåéñòâèÿ ÎÔÏ, ìèí.
Â ñòàòüå [5] (tîá + tîï) ðàññìàòðèâàåòñÿ êàê òåõ-

íè÷åñêàÿ ñîñòàâëÿþùàÿ ôîðìèðîâàíèÿ âðåìåíè
íà÷àëà ýâàêóàöèè, çàâèñÿùàÿ îò íàëè÷èÿ ÑÎÓÝ, íà-
äåæíîñòè, èíåðöèîííîñòè è ýôôåêòèâíîñòè ôóíê-
öèîíèðîâàíèÿ åå ðàçëè÷íûõ òèïîâ.

Â áîëåå ðàííèõ èñòî÷íèêàõ, íàïðèìåð â [6], âðåìÿ
íà÷àëà ýâàêóàöèè tíý îïðåäåëÿëîñü òîëüêî òåõíè÷å-
ñêèìè ïàðàìåòðàìè ñèñòåì ïîæàðíîé àâòîìàòèêè è
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ÑÎÓÝ áåç ó÷åòà ïñèõîôèçè÷åñêèõ îñîáåííîñòåé ïî-
âåäåíèÿ ëþäåé ïðè ïîëó÷åíèè ñèãíàëà î ïîæàðå:

tíý = tîá + tèí.ÏÑ + tèí.ÑÎÓÝ, (3)

ãäå tîá — âðåìÿ îáíàðóæåíèÿ ïîæàðà ïîæàðíûì èç-
âåùàòåëåì;
tèí.ÏÑ — èíåðöèîííîñòü àâòîìàòè÷åñêîé óñòà-
íîâêè (ñèñòåìû) ïîæàðíîé ñèãíàëèçàöèè;
tèí.ÑÎÓÝ — èíåðöèîííîñòü ÑÎÓÝ.
Õîòåëîñü áû îòìåòèòü, ÷òî âñå äåéñòâèÿ ëþäåé,

îñíîâàííûå íà èõ ïñèõîôèçèîëîãè÷åñêèõ îñîáåí-
íîñòÿõ, ñâÿçàííûõ ñ âîñïðèÿòèåì ñèãíàëà î ïîæàðå,
ïðèíÿòèåì ðåøåíèÿ î íà÷àëå ýâàêóàöèè, à òàêæå ñ
ïîäãîòîâêîé ê ýâàêóàöèè, âîçíèêàþò òîëüêî ïîñëå
ïîëó÷åíèÿ ñèãíàëà î ïîæàðå îò ñðåäñòâ ïîæàðíîé
àâòîìàòèêè èëè ñâèäåòåëåé ñîáûòèÿ.

Âïîëíå âåðîÿòåí ñöåíàðèé ïîæàðà, ïðè êîòîðîì
â ïîìåùåíèè î÷àãà ïîæàðà ëþäè ìîãóò îòñóòñòâî-
âàòü è îáíàðóæåíèå ïîæàðà áóäåò çàâèñåòü òîëüêî
îò ñðåäñòâ àâòîìàòèêè (íàïðèìåð ïîæàð â æèëîì

ìíîãîêâàðòèðíîì äîìå, æèòåëè îäíîé èç êâàðòèð
êîòîðîãî îòñóòñòâóþò â ñâÿçè ñ íàõîæäåíèåì â îò-
ïóñêå).

C ó÷åòîì âûøåñêàçàííîãî ìîæíî ïðåäñòàâèòü
óñëîâèå, ïðè êîòîðîì âåðîÿòíîñòü ýâàêóàöèè [2] ïðè
ðàñ÷åòå ïîæàðíîãî ðèñêà ñîãëàñíî ñò. 6 [1] ñîñòàâ-
ëÿåò 0,999:

tîá + tèí + tîï + tî + tïîä + tð � 0,8táë è tñê � 6 ìèí, (4)

à òàêæå óñëîâèå áåçîïàñíîé ýâàêóàöèè ëþäåé â ñî-
îòâåòñòâèè ñî ñò. 53 [1]:

tèí + tîï + tî + tïîä + tð � 0,8táë , (5)

ãäå tèí — âðåìÿ èíåðöèîííîñòè àâòîìàòè÷åñêîé ïî-
æàðíîé ñèãíàëèçàöèè è ÑÎÓÝ, ìèí.
Èç ñðàâíåíèÿ ýòèõ óñëîâèé âèäíî, ÷òî îíè îò-

ëè÷àþòñÿ íà âåëè÷èíó âðåìåíè îáíàðóæåíèÿ ïîæà-
ðà tîá. Ýòîò ïðîìåæóòîê âðåìåíè â ïåðâîì óñëîâèè
(ôîðìóëà (4)) íå ó÷òåí â ÿâíîì âèäå, òàê êàê âðåìÿ
íà÷àëà ýâàêóàöèè ñîãëàñíî Ìåòîäèêå [2] çàâèñèò
òîëüêî îò ïëîùàäè ïîìåùåíèÿ ëèáî îò íàçíà÷åíèÿ

Ðèñ. 1. Ðàñïðåäåëåíèå âðåìåííûõ ñîáûòèé ïðè ïîæàðå
Fig. 1. Distribution of temporary events at the fire
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çäàíèÿ è íàëè÷èÿ èëè îòñóòñòâèÿ ÑÎÓÝ, à âî âòîðîì
óñëîâèè (ôîðìóëà (5)) îí îòñóòñòâóåò ïîëíîñòüþ.

Âñå ýòî ìîæåò ïðèâåñòè ê çàíèæåíèþ âðåìåíè
íà÷àëà ýâàêóàöèè â îáîèõ ñëó÷àÿõ è, ñîîòâåòñòâåí-
íî, ê íåäîñòîâåðíûì ðåçóëüòàòàì ïðè îïðåäåëåíèè
âñåãî âðåìåíè ýâàêóàöèè ëþäåé.

Åñëè èñõîäèòü èç òîãî, ÷òî ôàêòè÷åñêîå âðåìÿ
îáíàðóæåíèÿ ïîæàðà íà êîíêðåòíîì îáúåêòå, íàïðè-
ìåð, ïðèíèìàåòñÿ ðàâíûì 1 ìèí ïî ïàñïîðòíûì äàí-
íûì è â ðåàëüíîé ñèòóàöèè áóäåò ñîîòâåòñòâîâàòü
ýòîìó çíà÷åíèþ, à ïî ðàñ÷åòó ýòî âðåìÿ ñîñòàâèò
5 ìèí, òî ñîîòíîøåíèå ôàêòè÷åñêîé è ðàñ÷åòíîé
âåëè÷èí ñâèäåòåëüñòâóåò î òîì, ÷òî ïðè ðåàëüíîì
ïîæàðå ëþäè íà÷íóò ýâàêóèðîâàòüñÿ ðàíüøå, ÷åì ïðè
ìîäåëèðóåìîì ñöåíàðèè.

Â òî æå âðåìÿ ýòî ñâèäåòåëüñòâóåò è î òîì, ÷òî
ôàêòè÷åñêîå íåîáõîäèìîå âðåìÿ ýâàêóàöèè òàêæå èç-
ìåíèòñÿ â ìåíüøóþ ñòîðîíó è áóäåò îïðåäåëÿòüñÿ
äèíàìèêîé íàðàñòàíèÿ îïàñíûõ ôàêòîðîâ ïîæàðà.

Â îáùåì âèäå êàðòèíó âðåìåííûõ ñîáûòèé ïðè
ïîæàðå ìîæíî ïðåäñòàâèòü â âèäå ñõåìû, ïîêàçàí-
íîé íà ðèñ. 1.

Íåîáõîäèìîå è ðàñ÷åòíîå
âðåìÿ îáíàðóæåíèÿ ïîæàðà

Â ñò. 54 ÔÇ ¹ 123 [1] ãîâîðèòñÿ, ÷òî ñèñòåìû îá-
íàðóæåíèÿ ïîæàðà (óñòàíîâêè è ñèñòåìû ïîæàðíîé
ñèãíàëèçàöèè), îïîâåùåíèÿ è óïðàâëåíèÿ ýâàêóà-
öèåé ëþäåé ïðè ïîæàðå äîëæíû îáåñïå÷èâàòü àâòî-
ìàòè÷åñêîå îáíàðóæåíèå ïîæàðà çà âðåìÿ, íåîáõî-
äèìîå äëÿ âêëþ÷åíèÿ ñèñòåì îïîâåùåíèÿ î ïîæàðå
â öåëÿõ îðãàíèçàöèè áåçîïàñíîé (ñ ó÷åòîì äîïóñòè-
ìîãî ïîæàðíîãî ðèñêà) ýâàêóàöèè ëþäåé â óñëîâèÿõ
êîíêðåòíîãî îáúåêòà.

Àíàëîãè÷íîå òðåáîâàíèå ñîäåðæèòñÿ â ÑÏ [7],
â ñîîòâåòñòâèè ñ êîòîðûì ñóììàðíîå çíà÷åíèå âðå-
ìåíè îáíàðóæåíèÿ ïîæàðà ïîæàðíûìè èçâåùàòåëÿìè
è ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ëþäåé íå äîëæíî ïðå-
âûøàòü âðåìåíè íàñòóïëåíèÿ ïðåäåëüíî äîïóñòèìûõ
çíà÷åíèé ÎÔÏ.

Â ðåêîìåíäàöèÿõ ÂÍÈÈÏÎ [8] ïðîïèñàíà ôîð-
ìóëà äëÿ îïðåäåëåíèÿ íåîáõîäèìîãî âðåìåíè îáíà-
ðóæåíèÿ ïîæàðà  îá

í â çàùèùàåìîì ïîìåùåíèè:

 îá
í = Ká ( íá –  c –  ç –  ð), (6)

ãäå Ká — êîýôôèöèåíò áåçîïàñíîñòè;
 íá — íåîáõîäèìîå âðåìÿ ýâàêóàöèè ëþäåé, ñ;
 ñ — èíòåðâàë âðåìåíè îò ìîìåíòà îáíàðóæåíèÿ
ïîæàðà äî ñîîáùåíèÿ î ïîæàðå, ñ;
 ç — èíòåðâàë âðåìåíè îò ìîìåíòà ïîëó÷åíèÿ ñî-
îáùåíèÿ î ïîæàðå äî íà÷àëà ýâàêóàöèè ëþäåé, ñ;
 ð — ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ëþäåé èç çàùè-
ùàåìîãî ïîìåùåíèÿ, ñ.
Âñå âûøåóêàçàííûå òðåáîâàíèÿ êàñàþòñÿ íå-

îáõîäèìîãî âðåìåíè îáíàðóæåíèÿ ïîæàðà. Â ÐÍÄ

73-45–89 [6] ïðèâåäåí ïîðÿäîê îïðåäåëåíèÿ ôàêòè-
÷åñêîãî âðåìåíè îáíàðóæåíèÿ ïîæàðà.

Îäíàêî íà ïðàêòèêå âûâîä î áåçîïàñíîé ýâàêóà-
öèè ëþäåé èç çäàíèÿ ñîãëàñíî ñò. 53 [1] èëè âåðîÿò-
íîñòè ýâàêóàöèè ëþäåé èç çäàíèÿ [2] îïðåäåëÿåòñÿ
èñõîäÿ èç ðàñ÷åòíûõ ìåòîäîâ, â êîòîðûõ, êàê óæå îò-
ìå÷àëîñü âûøå, âðåìÿ îáíàðóæåíèÿ ïîæàðà íå ó÷è-
òûâàåòñÿ â ÿâíîì âèäå.

Ñêîðîñòü òåïëîâûäåëåíèÿ ïðè ïîæàðå

Â çàðóáåæíûõ èñòî÷íèêàõ, íàïðèìåð â [9, 10], ïðè
îöåíêå äèíàìèêè îïàñíûõ ôàêòîðîâ ïîæàðà ïðèíè-
ìàåòñÿ íåñòàöèîíàðíàÿ êàðòèíà, à èìåííî ðàçâèòèå
ïîæàðà âêëþ÷àåò â ñåáÿ íåñêîëüêî ñòàäèé (ðèñ. 2):
� âîçãîðàíèå;
� ñòàäèþ, ïðåäøåñòâóþùóþ âñïûøêå;
� âñïûøêó;
� ïîëíîñòüþ ðàçâèâøèéñÿ ïîæàð;
� çàòóõàíèå.

Ïðè÷åì â ôàçå ðàçâèòèÿ ïîæàðà âûäåëÿþòñÿ ñëå-
äóþùèå ýòàïû (ðèñ. 3):
� âîçãîðàíèå;
� èíêóáàöèîííûé ïåðèîä;
� ñòàäèÿ ýôôåêòèâíîãî (ïîñòîÿííîãî) ðîñòà;
� âñïûøêà.

×àùå âñåãî ïðè îöåíêå ïîæàðíîé îïàñíîñòè îáú-
åêòà èñïîëüçóþò ñöåíàðèé ïîæàðà ñ èçìåíåíèåì òåï-
ëîâûäåëåíèÿ ïî êâàäðàòè÷íîìó çàêîíó îò âðåìåíè,
òàê íàçûâàåìûé t-êâàäðàòè÷íûé ïîæàð. Ïðè ïîæà-
ðàõ ïîäîáíîãî òèïà âûäåëÿþò íåñêîëüêî èõ âèäîâ
â çàâèñèìîñòè îò ñêîðîñòè òåïëîâûäåëåíèÿ [10]
(ðèñ. 4, òàáë. 1).

Ñêîðîñòü òåïëîâûäåëåíèÿ ïðè t-êâàäðàòè÷íîì
ïîæàðå îïèñûâàåòñÿ çàâèñèìîñòüþ

q = ! t 2, (7)

ãäå ! — êîýôôèöèåíò, ó÷èòûâàþùèé ñêîðîñòü òåï-
ëîâûäåëåíèÿ, êÂò/ñ2;
t — âðåìÿ, ñ.

Ðèñ. 2. Èçìåíåíèå ìîùíîñòè òåïëîâûäåëåíèÿ ïðè íåêîíòðî-
ëèðóåìîì ïîæàðå â ïîìåùåíèè [9]
Fig. 2. Change of power of thermal emission at the uncontrollable
fire indoors [9]
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Â âûøåóêàçàííûõ äîêóìåíòàõ ðåãëàìåíòèðóåòñÿ
âðåìÿ ðàçâèòèÿ ïîæàðà â ïîìåùåíèÿõ ðàçëè÷íîãî
íàçíà÷åíèÿ è ïðè ãîðåíèè ðàçíûõ ìàòåðèàëîâ â îò-
äåëüíîñòè. Ýòî âðåìÿ ó÷èòûâàåòñÿ ïðè ìîäåëèðîâà-
íèè äèíàìèêè ïîæàðîâ.

Â íàøåé ñòðàíå òàêæå èìååòñÿ ïîäîáíàÿ ãðàäà-
öèÿ ïîæàðîâ ïî òåìïó èõ ðàçâèòèÿ. Òåïëîâóþ ìîù-
íîñòü î÷àãà ïîæàðà îïðåäåëÿþò ïî àíàëîãè÷íîé ôîð-
ìóëå ñ èçìåíåíèåì òåïëîâûäåëåíèÿ ïî êâàäðàòè÷-
íîìó çàêîíó îò âðåìåíè [8]:

Q = Kò  
2, (8)

ãäå Kò — êîýôôèöèåíò, õàðàêòåðèçóþùèé òåìï èç-
ìåíåíèÿ òåïëîâîé ìîùíîñòè î÷àãà ïîæàðà,
êÂò/c2;
 — âðåìÿ, ïðîøåäøåå ñ ìîìåíòà âîçíèêíîâå-
íèÿ ïëàìåííîãî ãîðåíèÿ, ñ.
Â çàâèñèìîñòè îò çíà÷åíèÿ êîýôôèöèåíòà Kò

ðàçëè÷àþò ñëåäóþùèå êëàññû ïîæàðîâ ïî òåìïó èõ

ðàçâèòèÿ, õàðàêòåðèçóþùåìóñÿ òåìïîì èçìåíåíèÿ
òåïëîâîé ìîùíîñòè î÷àãà ïîæàðà [8]:
� ìåäëåííûé òåìï — Kò � 0,01 êÂò/ñ2;
� ñðåäíèé òåìï — 0,01 < Kò � 0,03 êÂò/ñ2;
� áûñòðûé òåìï — 0,03 < Kò � 0,11 êÂò/ñ2;
� ñâåðõáûñòðûé òåìï — Kò > 0,11 êÂò/ñ2.

Â ïîñîáèè [14] ðàññìàòðèâàþòñÿ òðè âèäà ðàç-
âèòèÿ ïîæàðà: êðóãîâîå ðàñïðîñòðàíåíèå ïî òâåð-
äîé ãîðþ÷åé íàãðóçêå, ëèíåéíîå ðàñïðîñòðàíåíèå
ïî òâåðäîé ãîðþ÷åé íàãðóçêå è íåóñòàíîâèâøååñÿ
ãîðåíèå ãîðþ÷åé æèäêîñòè (ÃÆ).

Ñêîðîñòü âûãîðàíèÿ äëÿ ýòèõ ñëó÷àåâ îïðåäåëÿ-
åòñÿ ïî ôîðìóëàì [14]:
� äëÿ êðóãîâîãî ðàñïðîñòðàíåíèÿ ïîæàðà:

" = #óä $ v2t2;

� äëÿ ëèíåéíîãî ðàñïðîñòðàíåíèÿ ïîæàðà:

" = #óä 2vtb;

� äëÿ íåóñòàíîâèâøåãîñÿ ãîðåíèÿ ÃÆ:

" = #óä F t tñò ,

Ðèñ. 3. Èçìåíåíèå ìîùíîñòè òåïëîâûäåëåíèÿ â íà÷àëüíîé
ñòàäèè ïîæàðà: 1 Btu/ñ = 1055 Äæ/ñ [12]
Fig. 3. Change of power of thermal emission in an initial stage of
the fire: 1 Btu/s = 1055 J/s [12]

Ðèñ. 4. Èçìåíåíèå ñêîðîñòè òåïëîâûäåëåíèÿ ïðè ðàçëè÷íûõ
âèäàõ ïîæàðîâ
Fig. 4. Change of speed of thermal emission at different types of
the fires

Âèä ïîæàðà
Fire class

NFPA 92B [12] NFPA 72 [13]

!, êÂò/ñ2

!, kW/s2

tg, ñ*
tg, s*

!, êÂò/ñ2

!, kW/s2

tg, ñ
tg, s

Ìåäëåííûé / Slow 0,002778 600 ! � 0,0066 tg � 400

Ñðåäíèé / Medium 0,01111 300 0,0066 < ! � 0,0469 150 � tg < 400

Áûñòðûé / Fast 0,04444 150 ! > 0,0469 tg < 150

Ñâåðõáûñòðûé / Ultra-fast 0,1778 75 – –

* tg — âðåìÿ èçìåíåíèÿ òåïëîâîé ìîùíîñòè î÷àãà ïîæàðà äî 1000 Btu/ñ.
tg — time of change of rate of heat release up to 1000 Btu/s.

Òàáëèöà 1. Çíà÷åíèå êîíñòàíòû á ïðè ïîæàðàõ ñ èçìåíåíèåì ñêîðîñòè òåïëîâûäåëåíèÿ ïî êâàäðàòè÷íîìó çàêîíó îò âðåìåíè

Table 1. Value of a constant ! at the fires with change of speed of thermal emission under the square law from time
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ãäå #óä — óäåëüíàÿ ñêîðîñòü âûãîðàíèÿ (äëÿ æèä-
êîñòåé óñòàíîâèâøàÿñÿ), êã/(ñ·ì2);
v — ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè, ì/ñ;
b — øèðèíà ïîëîñû ãîðþ÷åé íàãðóçêè, ì;
tñò — âðåìÿ ñòàáèëèçàöèè ãîðåíèÿ ãîðþ÷åé æèä-
êîñòè, ñ;
F — ïëîùàäü î÷àãà ïîæàðà, ì2.
Â ñâÿçè ñ âûøåèçëîæåííûì öåëüþ íàñòîÿùåé

ðàáîòû ÿâëÿåòñÿ îöåíêà âðåìåíè îáíàðóæåíèÿ ïî-
æàðà êàê ïðîìåæóòêà îò íà÷àëà ïîæàðà äî åãî îáíà-
ðóæåíèÿ ñðåäñòâàìè ïîæàðíîé àâòîìàòèêè (äî äî-
ñòèæåíèÿ ïîðîãîâûõ çíà÷åíèé äëÿ ïîæàðíûõ èç-
âåùàòåëåé) íà îñíîâå ñîâðåìåííûõ ïðîãðàììíûõ
êîìïëåêñîâ, èñïîëüçóåìûõ äëÿ ìîäåëèðîâàíèÿ äè-
íàìèêè ïîæàðà.

Ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ)

Äëÿ îïèñàíèÿ òåðìîãàçîäèíàìè÷åñêèõ ïàðàìåò-
ðîâ ïîæàðà ïðèìåíÿþòñÿ òðè îñíîâíûõ ãðóïïû äå-
òåðìèíèñòè÷åñêèõ ìîäåëåé — èíòåãðàëüíûå, çîí-
íûå (çîíàëüíûå) è ïîëåâûå [2].

Â íàñòîÿùåå âðåìÿ â íàøåé ñòðàíå äëÿ îïðåäåëå-
íèÿ íåîáõîäèìîãî âðåìåíè ýâàêóàöèè âñå ÷àùå ïðè-
ìåíÿþòñÿ ïîëåâûå ìîäåëè ïîæàðà [15, 16], â ÷àñò-
íîñòè ïðîãðàììíûé êîìïëåêñ FDS [17].

Ñêîðîñòü òåïëîâûäåëåíèÿ â ïðîãðàììíîì êîì-
ïëåêñå FDS îïèñûâàåòñÿ ñëåäóþùåé ôîðìóëîé:

Q = Hf #óä S(t) = Hf #óä $v2t2, (9)

ãäå Hf — íèçøàÿ òåïëîòà ñãîðàíèÿ, ÌÄæ/êã;

S(t) — ïëîùàäü ãîðåíèÿ â òåêóùèé ìîìåíò âðå-
ìåíè, ì2.
Êðîìå êâàäðàòè÷íîãî çàêîíà, èçìåíåíèå òåïëî-

âûäåëåíèÿ ìîæåò áûòü çàäàíî ñ ïîìîùüþ ôóíêöèè
ãèïåðáîëè÷åñêîãî òàíãåíñà è â “ðó÷íîì” ðåæèìå ïî
ýêñïåðèìåíòàëüíûì çàâèñèìîñòÿì, ïðèâåäåííûì,
íàïðèìåð, â [18]. Ïîñëåäíèé èç ïåðå÷èñëåííûõ âà-
ðèàíòîâ è áûë èñïîëüçîâàí â íàñòîÿùåé ñòàòüå.

Íà ðèñ. 5 [18] ïðåäñòàâëåíû ýêñïåðèìåíòàëüíûå
äàííûå èçìåíåíèÿ òåïëîâûäåëåíèÿ ïðè ïîæàðå íà
àâòîñòîÿíêå.

Âðåìÿ îáíàðóæåíèÿ ïîæàðà îïðåäåëÿëîñü êàê
âðåìÿ äîñòèæåíèÿ ïîðîãîâûõ çíà÷åíèé êîíòðîëèðó-
åìûõ ïàðàìåòðîâ â òî÷êàõ ìîäåëè, ñîîòâåòñòâóþùèõ
ðàññòàíîâêå ïîæàðíûõ èçâåùàòåëåé. Èíåðöèîííîñòü
ïîæàðíûõ èçâåùàòåëåé è ñèñòåìû ïîæàðíîé àâòî-
ìàòèêè, ðàáîòà ñèñòåì àâòîìàòè÷åñêèõ ñèñòåì ïî-
æàðîòóøåíèÿ â ñòàòüå íå ðàññìàòðèâàëèñü.

Ðàññòàíîâêà ïîæàðíûõ èçâåùàòåëåé è âûáîð èõ
òèïà îñóùåñòâëÿëèñü â ñîîòâåòñòâèè ñÑÏ5.13130.2009
[7]. Ìîäåëèðîâàíèå äèíàìèêè ðàçâèòèÿ ïîæàðà ïðî-
âîäèëîñü äëÿ ïîìåùåíèé ñëåäóþùåãî ôóíêöèîíàëü-
íîãî íàçíà÷åíèÿ:
� æèëàÿ äâóõêîìíàòíàÿ êâàðòèðà;
� îôèñíîå ïîìåùåíèå;
� áàð/íî÷íîé êëóá;
� ìàãàçèí êîâðîâûõ èçäåëèé;
� ìàãàçèí ñóìîê;
� ìàãàçèí îäåæäû;

Ðèñ. 5. Ýêñïåðèìåíòàëüíûå äàííûå èçìåíåíèÿ òåïëîâûäåëåíèÿ ïðè ïîæàðå
Fig. 5. Experimental data of change of thermal emission at the fire
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� ðåñåïøåí;
� àâòîñòîÿíêà çàêðûòîãî òèïà.

Â æèëîé äâóõêîìíàòíîé êâàðòèðå ïðåäïîëàãà-
ëîñü ðàçìåùåíèå î÷àãà ïîæàðà â æèëîé êîìíàòå,
ïðè ýòîì äûìîâîé ïîæàðíûé èçâåùàòåëü (ÄÏÈ) ðàñ-
ïîëàãàëñÿ â ïðèõîæåé êâàðòèðû. Äâåðíûå ïðîåìû â
êâàðòèðå ïðèíèìàëèñü îòêðûòûìè. Â îñòàëüíûõ ðàñ-
÷åòíûõ ñöåíàðèÿõ ÄÏÈ ðàçìåùàëèñü íåïîñðåäñò-
âåííî â ïîìåùåíèÿõ î÷àãà ïîæàðà. Ãåîìåòðè÷åñêèå
ïàðàìåòðû ïîìåùåíèé óêàçàíû â òàáë. 2.

Âî âñåõ ìîäåëÿõ ïîìåùåíèé î÷àãà ïîæàðà áûëè
ïðåäóñìîòðåíû îêîííûå ïðîåìû, çà èñêëþ÷åíèåì
ïîìåùåíèÿ àâòîñòîÿíêè. Â íà÷àëüíûé ìîìåíò âðå-
ìåíè îêîííûå ïðîåìû íàõîäèëèñü â çàêðûòîì ñî-
ñòîÿíèè. Ïðè ïîâûøåíèè òåìïåðàòóðû â ïîìåùåíèè
ïðîèñõîäèëî âñêðûòèå îñòåêëåíèÿ â ñîîòâåòñòâèè ñ
çàêîíîìåðíîñòÿìè, îïèñàííûìè â [19, 20].

Â óêàçàííûõ ïîìåùåíèÿõ ïðåäïîëàãàëàñü óñòà-
íîâêà ÄÏÈ òèïà ÈÏ 212-45 ñ äîïóñòèìîé ÷óâñòâè-
òåëüíîñòüþ 0,20 äÁ/ì (ïî ÃÎÑÒ Ð 53325–2012). Êî-
ëè÷åñòâî ÄÏÈ îïðåäåëÿëîñü èñõîäÿ èç ðàññòîÿíèÿ
ìåæäó íèìè è îò íèõ äî ñòåí, âûñîòà ðàçìåùåíèÿ —
èç âûñîòû ïîìåùåíèÿ è óãëà íàêëîíà ïåðåêðûòèÿ.

Òàê êàê ïðÿìîå ìîäåëèðîâàíèå ðàáîòû îïòèêî-
ýëåêòðîííîãî äûìîâîãî ïîæàðíîãî èçâåùàòåëÿ ÿâ-
ëÿåòñÿ çàäà÷åé äîñòàòî÷íî ñëîæíîé, òî â êà÷åñòâå
àíàëîãèè â êîíòðîëüíûõ òî÷êàõ èçìåðÿëàñü äèíà-
ìèêà îïòè÷åñêîé ïëîòíîñòè äûìà.

Âðåìÿ îáíàðóæåíèÿ ïîæàðà ñîîòâåòñòâóåò âðåìå-
íè äîñòèæåíèÿ çíà÷åíèÿ îïòè÷åñêîé ïëîòíîñòè äûìà
â îäíîé èç êîíòðîëüíûõ òî÷åê, ðàâíîãî 0,0046 ì–1

è ñîîòâåòñòâóþùåãî äîïóñòèìîé ÷óâñòâèòåëüíîñòè
ÄÏÈ (ïî ÃÎÑÒ Ð 53325–2012).

Èçìåíåíèå ìîùíîñòè òåïëîâûäåëåíèÿ ïðèíèìà-
ëîñü â ñîîòâåòñòâèè ñ [18], êîëè÷åñòâî è âèä ïîæàð-
íîé íàãðóçêè — ïî [11, 14].

Íà ðèñ. 6 ïðåäñòàâëåíû ñõåìû íåêîòîðûõ èç ìî-
äåëèðóåìûõ ñöåíàðèåâ ïîæàðà, à èìåííî ïîæàðà â
îôèñíîì ïîìåùåíèè è äâóõêîìíàòíîé êâàðòèðå.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà ðèñ. 7–14 ïðåäñòàâëåíû ðåçóëüòàòû ìîäåëè-
ðîâàíèÿ äèíàìèêè ïîæàðà â óêàçàííûõ âûøå ïîìå-
ùåíèÿõ ñîãëàñíî òàáë. 2, à èìåííî äèíàìèêè èçìå-
íåíèÿ îïòè÷åñêîé ïëîòíîñòè äûìà â êîíòðîëüíîé
òî÷êå ñ êîîðäèíàòàìè, ñîîòâåòñòâóþùèìè ðàñïîëî-
æåíèþ äûìîâîãî ïîæàðíîãî èçâåùàòåëÿ, â êîòîðîé
âðåìÿ îò íà÷àëà ïîæàðà äî äîñòèæåíèÿ ïîðîãîâîãî
çíà÷åíèÿ ïî êîíòðîëèðóåìîìó ïàðàìåòðó ÿâëÿëîñü
íàèìåíüøèì ñðåäè äðóãèõ òî÷åê äëÿ êàæäîãî èç
ðàññìàòðèâàåìûõ ñöåíàðèåâ. Êðàñíîé ïóíêòèðíîé
ëèíèåé îáîçíà÷åíî ïîðîãîâîå çíà÷åíèå îïòè÷åñêîé
ïëîòíîñòè äûìà, äîïóñêàåìîå äëÿ ÄÏÈ (ÃÎÑÒ Ð
53325–2012).

Íàçíà÷åíèå ïîìåùåíèÿ
Room class

Ïëîùàäü, ì2

Area, m2
Âûñîòà, ì
Height, m

Æèëàÿ äâóõêîìíàò-
íàÿ êâàðòèðà
Two-room apartment

70 (22,3 — ïîìåùå-
íèå î÷àãà ïîæàðà)
70 (22,3 — room

of the fire)

3,0

Îôèñíîå
Office 625 3,5

Áàð/íî÷íîé êëóá
Bar/night club 625 3,5

Ìàãàçèí êîâðîâûõ
èçäåëèé
Shop of carpet products

625 3,5

Ìàãàçèí ñóìîê
Shop of bags 625 3,5

Ìàãàçèí îäåæäû
Clothing store 625 3,5

Ðåñåïøåí
Reception 625 6,0

Àâòîñòîÿíêà çàêðû-
òîãî òèïà
Car parking of closed
type

1255 2,5

Òàáëèöà 2. Ãåîìåòðè÷åñêèå ïàðàìåòðû ïîìåùåíèé

Table 2. Geometrical parameters of rooms

Ðèñ. 6. Ñõåìà ìîäåëèðóåìîãî ñöåíàðèÿ ïîæàðà â îôèñíîì
ïîìåùåíèè (à) è â äâóõêîìíàòíîé êâàðòèðå (á)
Fig. 6. The scheme of the modelled scenario of the fire in office
room (a) and in the two-room apartment (b)
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Îáîáùåííûå äàííûå ïî âðåìåíè îáíàðóæåíèÿ
ïîæàðà ïðèâåäåíû â òàáë. 3.

Ïðåäñòàâëåííûå âûøå ðåçóëüòàòû ÷èñëåííûõ
ýêñïåðèìåíòîâ ïîêàçûâàþò, ÷òî ïðîìåæóòîê âðå-
ìåíè îò íà÷àëà ïîæàðà äî äîñòèæåíèÿ ïîðîãîâûõ
çíà÷åíèé äëÿ ïîæàðíûõ èçâåùàòåëåé ÿâëÿåòñÿ âåñü-

ìà çíà÷èòåëüíûì. Òàê, íàïðèìåð, äëÿ ïîìåùåíèÿ àâ-
òîñòîÿíêè çàêðûòîãî òèïà ýòîò ïðîìåæóòîê ñîñòàâ-
ëÿåò 320 ñ, à äëÿ ìàãàçèíà êîâðîâûõ èçäåëèé — 324 ñ.
Áîëüøèå èíòåðâàëû âðåìåíè ìîãóò îáúÿñíÿòüñÿ ïðî-
äîëæèòåëüíûì èíêóáàöèîííûì ïåðèîäîì ïîæàðà
(ñì. ðèñ. 3).

Ðèñ. 7. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå â
êîíòðîëüíîé òî÷êå â æèëîé äâóõêîìíàòíîé êâàðòèðå
Fig. 7. Change of optical density of smoke at the fire in a control
point in the inhabited two-room apartment

Ðèñ. 8. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â îôèñíîì ïîìåùåíèè
Fig. 8. Change of optical density of smoke at the fire in a control
point in office room

Ðèñ. 9. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå â
êîíòðîëüíîé òî÷êå â áàðå/íî÷íîì êëóáå
Fig. 9. Change of optical density of smoke at the fire in a control
point in bar/night club

Ðèñ. 10. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ìàãàçèíà êîâðîâûõ èçäåëèé
Fig. 10. Change of optical density of smoke at the fire in a control
point in shop of carpet products

Ðèñ. 11. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ìàãàçèíà ñóìîê
Fig. 11. Change of optical density of smoke at the fire in a control
point in shop of bags

Ðèñ. 12. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ìàãàçèíà îäåæäû
Fig. 12. Change of optical density of smoke at the fire in a control
point in clothing store
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Èç ñðàâíåíèÿ ðåçóëüòàòîâ ÷èñëåííûõ ýêñïåðè-
ìåíòîâ ñî çíà÷åíèÿìè âðåìåíè íà÷àëà ýâàêóàöèè
äëÿ ïîìåùåíèé î÷àãà ïîæàðà, îïðåäåëåííûìè â ñî-
îòâåòñòâèè ñ Ìåòîäèêîé [2], âèäíî, ÷òî â ïîñëåäíåì
ñëó÷àå çíà÷åíèÿ âðåìåíè ñóùåñòâåííî ìåíüøå (ñì.
òàáë. 2).

Âûâîäû

Òåìï ðàçâèòèÿ ïîæàðà ÿâëÿåòñÿ îïðåäåëÿþùèì
ôàêòîðîì, âëèÿþùèì êàê íà âðåìÿ îáíàðóæåíèÿ
ïîæàðà, òàê è íà íåîáõîäèìîå âðåìÿ ýâàêóàöèè â
öåëîì.

Íåó÷åò âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ïðî-
èçâîäíîé îò òåìïà ðàçâèòèÿ ïîæàðà íà îñíîâå ðàñ-
÷åòíûõ ìåòîäîâ ìîæåò ïðèâåñòè êàê ê óâåëè÷åíèþ

íåîáõîäèìîãî âðåìåíè ýâàêóàöèè, òàê è ê óìåíüøå-
íèþ âðåìåíè íà÷àëà ýâàêóàöèè, ÷òî â ñâîþ î÷åðåäü
âëå÷åò çà ñîáîé íåäîñòîâåðíîñòü ïîëó÷åííûõ ðå-
çóëüòàòîâ.

Èç-çà îòñóòñòâèÿ ÷åòêèõ òðåáîâàíèé êî âðåìåíè
îáíàðóæåíèÿ ïîæàðà è ê òåìïó ðàçâèòèÿ ïîæàðà ñïå-
öèàëèñòû, âûïîëíÿþùèå ðàñ÷åòû ïîæàðíîãî ðèñêà,
ìîãóò ïîëüçîâàòüñÿ äàííûì ïðîáåëîì äëÿ èñêóññò-
âåííîé âàðèàöèè èñêîìûõ âåëè÷èí.

Ïî ìíåíèþ àâòîðîâ, ïðè îïðåäåëåíèè âåðîÿòíî-
ñòè ýâàêóàöèè â ñîîòâåòñòâèè ñ Ìåòîäèêîé [2] öåëå-
ñîîáðàçíî ó÷èòûâàòü òåìï ðàçâèòèÿ ïîæàðà äëÿ îöåí-
êè âðåìåíè îáíàðóæåíèÿ ïîæàðà êàê ñîñòàâëÿþùåé
âðåìåíè íà÷àëà ýâàêóàöèè.
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Æèëàÿ äâóõêîìíàòíàÿ
êâàðòèðà
Two-room apartment

57 11,25

Îôèñíîå ïîìåùåíèå
Office room 81 11,25

Áàð/íî÷íîé êëóá
Bar/night club 197 11,25

Ìàãàçèí êîâðîâûõ
èçäåëèé
Shop of carpet products

324 11,25

Ìàãàçèí ñóìîê
Shop of bags 106 11,25

Ìàãàçèí îäåæäû
Clothing store 40 11,25

Ðåñåïøåí
Reception 143 11,25

Àâòîñòîÿíêà
çàêðûòîãî òèïà
Car parking of closed
type

320 17,55

Òàáëèöà 3. Âðåìÿ îáíàðóæåíèÿ ïîæàðà â ìîäåëèðóåìûõ
ñöåíàðèÿõ

Table 3. Time of detection of the fire in the modelled scenarios

Ðèñ. 13. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè ðåñåïøåí
Fig. 13. Change of optical density of smoke at the fire in a control
point indoors a reception

Ðèñ. 14. Èçìåíåíèå îïòè÷åñêîé ïëîòíîñòè äûìà ïðè ïîæàðå
â êîíòðîëüíîé òî÷êå â ïîìåùåíèè àâòîñòîÿíêè çàêðûòîãî
òèïà
Fig. 14. Change of optical density of smoke at the fire in a control
point in car parking of the closed type
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ABSTRACT

According to the normative documents and normative legal acts on fire safety existing in Russian
Federations, each building or a construction has to have the space-planning solution and design of
evacuation ways providing safe evacuation of people at the fire.

Safe evacuation of people from buildings and constructions at the fire is considered provided if
time interval from the moment of detection of the fire before completion of process of evacuation of
people in a safe zone doesn’t exceed necessary time of evacuation of people at the fire.

People begin to be evacuated from the building at the fire later some period which is called time of
the beginning of evacuation. This size represents set of “technical” and “psychophysical” compo-
nents. One of “technical” parts is fire detection time.

Conclusion about safe evacuation of people from the building or the value of probability of eva-
cuation of people is defined proceeding from calculation methods in which time of detection of the fire
isn’t considered in an explicit form.

The purpose of the offered work is fire detection time assessment as period from the beginning of
the fire before his detection by means of fire alarm equipment (before achievement of threshold values
for fire detectors), on the basis of the modern program complexes used for modeling of dynamics of
the fire.

It is established that the growth rate of development of the fire is the defining factor influencing
both for the period of fire detection and for necessary time of evacuation in general. Not accounting of
time of detection of the fire as derivative of growth rate of development of the fire, on the basis of
calculation methods, can lead as to increase in necessary time of evacuation, and reduction of time of
the beginning of evacuation that in turn involves unauthenticity of the received results.

Keywords: fire detection time; fire growth rate; evacuation start time; evacuation time; necessary
evacuation time; probability of evacuation; fire risk; optical smoke density; fire safety.
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(Ðîññèÿ, 129337, ã. Ìîñêâà, ßðîñëàâñêîå øîññå, 26)

ÓÄÊ 614.841
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ÊÎÌÌÓÍÈÊÀÖÈÎÍÍÛÕ ÏÓÒÅÉ Â ÇÄÀÍÈßÕ
ËÅ×ÅÁÍÛÕ Ó×ÐÅÆÄÅÍÈÉ

Îïèñàíû ôóíêöèè è çàäà÷è êîììóíèêàöèîííûõ ïóòåé çäàíèé è ñîîðóæåíèé ëå÷åáíûõ ó÷ðåæäå-
íèé. Ïðåäñòàâëåíû ñõåìû êîììóíèêàöèîííûõ ïóòåé â çäàíèÿõ ëå÷åáíûõ ó÷ðåæäåíèé, à òàêæå
îáùàÿ ñõåìà òåõíîëîãè÷åñêîé âçàèìîñâÿçè ìåæäó ïîìåùåíèÿìè ïîäãîòîâêè ðåçóëüòàòîâ îá-
ñëåäîâàíèÿ ÷åëîâåêà è ïîñëåäîâàòåëüíîñòè ýòàïîâ åãî ëå÷åíèÿ. Ïðîàíàëèçèðîâàíû îñíîâíûå
êðèòåðèè îáåñïå÷åíèÿ áåçîïàñíîñòè ýâàêóàöèè ëþäåé ïðè ëþáûõ óñëîâèÿõ ýêñïëóàòàöèè
çäàíèé, à òàêæå êðèòåðèè êîìôîðòíîñòè èõ äâèæåíèÿ. Ïðèâåäåíû õàðàêòåðèñòèêè óðîâíåé
êîìôîðòíîñòè äâèæåíèÿ. Ñôîðìèðîâàíà àíàëèòè÷åñêàÿ òàáëèöà ñîñòàâà ïàöèåíòîâ ðàçëè÷íûõ
ãðóïï ìîáèëüíîñòè â îòäåëåíèÿõ ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëàäèìèðñêîãî. Ïðîâåäåí àíàëèç
îáúåìíî-ïëàíèðîâî÷íûõ ðåøåíèé çäàíèé êîìïëåêñà ó÷ðåæäåíèé îõðàíû ìàòåðèíñòâà è äåò-
ñòâà. Îïèñàí ïðîöåññ íà÷àëà ýâàêóàöèè ëþäåé èç çäàíèé ëå÷åáíûõ ó÷ðåæäåíèé. Óñòàíîâëåíà
âåëè÷èíà èíäèâèäóàëüíîãî ïîæàðíîãî ðèñêà äëÿ ëþäåé, íàõîäÿùèõñÿ â çäàíèÿõ ëå÷åáíûõ ó÷-
ðåæäåíèé. Îïèñàíû îñîáåííîñòè óñòàíîâëåíèÿ äàííîé âåëè÷èíû.

Êëþ÷åâûå ñëîâà: êîììóíèêàöèîííûå ïóòè; ÷ðåçâû÷àéíàÿ ñèòóàöèÿ; ýâàêóàöèÿ; áåçîïàñíîñòü;
ëþäñêîé ïîòîê; ìàëîìîáèëüíûå ãðóïïû íàñåëåíèÿ; ëå÷åáíûå ó÷ðåæäåíèÿ.
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Ââåäåíèå

Ëþáîå çäàíèå ïðåäíàçíà÷åíî äëÿ ðàçìåùåíèÿ â
íåì ó÷ðåæäåíèé, îñóùåñòâëÿþùèõ ñèñòåìó ôóíê-
öèîíàëüíûõ è òåõíîëîãè÷åñêèõ ïðîöåññîâ, íàïðàâ-
ëåííûõ íà óäîâëåòâîðåíèå òåõ èëè èíûõ æèçíåííûõ,
äóõîâíûõ èëè ñîöèàëüíûõ ïîòðåáíîñòåé ÷åëîâåêà.
Ïðè ýòîì ÷åëîâåê, êàê ïðàâèëî, ÿâëÿåòñÿ ñóáúåêòîì
ñèñòåìû, à ïðåäìåòû åãî ïîòðåáíîñòåé — åå îáú-
åêòàìè. Íàïðèìåð, â çäàíèÿõ ïðåäïðèÿòèé îáùå-
ñòâåííîãî ïèòàíèÿ îáúåêòàìè ñèñòåìû ÿâëÿþòñÿ
ðàçíîîáðàçíûå ïèùåâûå áëþäà, èçãîòîâëåííûå ïî
ñîîòâåòñòâóþùèì òåõíîëîãèÿì è äîñòàâëÿåìûå òåì
èëè èíûì ñïîñîáîì ÷åëîâåêó äëÿ óäîâëåòâîðåíèÿ
åãî ïîòðåáíîñòè â ïèòàíèè. Çäåñü èçãîòîâëåíèå è
äîñòàâêà áëþä — òåõíîëîãè÷åñêèå ïðîöåññû, ïîòðåá-
ëåíèå ïèùè ÷åëîâåêîì — ôóíêöèîíàëüíûé ïðî-
öåññ åãî îðãàíèçìà, îáåñïå÷èâàþùèé æèçíåííóþ
ïîòðåáíîñòü ÷åëîâåêà — åãî ôèçè÷åñêîå ñóùåñòâî-

âàíèå. Â ñâÿçè ñ ýòèì öåëåñîîáðàçíîñòü âçàèìíîãî
ðàñïîëîæåíèÿ ïîìåùåíèé â ñèñòåìå îáúåìíî-ïëà-
íèðîâî÷íûõ ðåøåíèé çäàíèé îáùåñòâåííîãî ïè-
òàíèÿ îïðåäåëÿåòñÿ ïðåæäå âñåãî óäîáñòâàìè îñó-
ùåñòâëåíèÿ ôóíêöèîíàëüíûõ ïðîöåññîâ ñóáúåêòîâ
ñèñòåìû (ëþäåé-ïîòðåáèòåëåé), à íå òåõíîëîãèåé
èçãîòîâëåíèÿ îáúåêòîâ èõ ïîòðåáëåíèÿ.

Îõðàíà çäîðîâüÿ — ïåðâîñòåïåííàÿ æèçíåííàÿ
ïîòðåáíîñòü ÷åëîâåêà, ñîïðîâîæäàþùàÿ åãî íà ïðî-
òÿæåíèè âñåé æèçíè ñ ñàìîãî ðîæäåíèÿ. Â ñîâðå-
ìåííîì îáùåñòâå ýòà ðîäîâàÿ ïîòðåáíîñòü ÷åëî-
âåêà óäîâëåòâîðÿåòñÿ ñèñòåìîé ëå÷åáíî-ïðîôèëàê-
òè÷åñêèõ ó÷ðåæäåíèé çäðàâîîõðàíåíèÿ ðàçëè÷íîãî
ïðîôèëÿ ñïåöèàëèçàöèè è ôîðìû ñîáñòâåííîñòè
(ãîñóäàðñòâåííûå, ìóíèöèïàëüíûå, ÷àñòíûå). Íå-
ñìîòðÿ íà ðàçëè÷èÿ â ïðîôåññèîíàëüíîé ñïåöèàëè-
çàöèè è îñîáåííîñòè, îáóñëîâëåííûå ôîðìîé ñîá-
ñòâåííîñòè, îáùèì õàðàêòåðíûì ïðèíöèïîì îðãà-

© Çîñèìîâà Î. Ñ., Ñåìèí À. À., Êîðîëü÷åíêî Ä. À., 2017
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íèçàöèè ýòèõ ó÷ðåæäåíèé ÿâëÿåòñÿ òî, ÷òî â íèõ
÷åëîâåê ñòàíîâèòñÿ îáúåêòîì, à íå ñóáúåêòîì ñèñòå-
ìû îáñëóæèâàíèÿ. Ïîýòîìó â îáúåìíî-ïëàíèðîâî÷-
íûõ ðåøåíèÿõ çäàíèé ýòèõ ó÷ðåæäåíèé ðåøàþùåå
çíà÷åíèå ïðèîáðåòàåò îðãàíèçàöèÿ öåëåñîîáðàçíîé
òåõíîëîãè÷åñêîé âçàèìîñâÿçè ìåæäó ïîìåùåíèÿ-
ìè ïîäãîòîâêè ðåçóëüòàòîâ îáñëåäîâàíèÿ ÷åëîâåêà
è ïîñëåäîâàòåëüíîñòè ýòàïîâ åãî ëå÷åíèÿ. Îáùàÿ
ñõåìà òàêîé òåõíîëîãè÷åñêîé âçàèìîñâÿçè ïðèâå-
äåíà íà ðèñ. 1.

Âíå çàâèñèìîñòè îò íàçíà÷åíèÿ çäàíèÿ è ôóíê-
öèîíàëüíî-òåõíîëîãè÷åñêîé îðãàíèçàöèè ïðîöåñ-
ñîâ, ïðîèñõîäÿùèõ â íåì, Ôåäåðàëüíûé çàêîí îò
30.12.2009 ã. ¹ 384 “Òåõíè÷åñêèé ðåãëàìåíò î áåç-
îïàñíîñòè çäàíèé è ñîîðóæåíèé” (äàëåå — ÔÇ
¹ 384) [1] òðåáóåò îáåñïå÷åíèÿ áåçîïàñíîé ýâàêóà-
öèè ëþäåé èç çäàíèé â ñëó÷àå ïîæàðà, îáåñïå÷åíèÿ
áåçîïàñíîñòè ëþäåé ïðè îïàñíûõ ïðèðîäíûõ âîç-
äåéñòâèÿõ, äëÿ ÷åãî ìîæåò ïîòðåáîâàòüñÿ ïðîâåäå-
íèå ïðåâåíòèâíîé ýâàêóàöèè, à ïðè ïîâñåäíåâíîé
ýêñïëóàòàöèè çäàíèÿ — îðãàíèçàöèÿ êîìôîðòíîãî
äâèæåíèÿ ëþäåé. Åñòåñòâåííî, ÷òî ðàçìåðû êîììó-
íèêàöèîííûõ ïóòåé çäàíèÿ, ðåàëèçóþùèõ âûïîë-

íåíèå ýòèõ òðåáîâàíèé, äîëæíû ïðîåêòèðîâàòüñÿ
èñõîäÿ èç ôèçè÷åñêèõ âîçìîæíîñòåé èñïîëüçóþùèõ
èõ ëþäåé (ñîñòàâà îñíîâíîãî ôóíêöèîíàëüíîãî êîí-
òèíãåíòà) è òðåáîâàíèé, óäîâëåòâîðÿþùèõ êðèòå-
ðèÿì îáåñïå÷åíèÿ áåçîïàñíîñòè ýâàêóàöèè ëþäåé
ïðè ëþáûõ óñëîâèÿõ ýêñïëóàòàöèè çäàíèé, ðàññìàò-
ðèâàåìûõ ÔÇ ¹ 384 [1].

Öåëü è çàäà÷è èññëåäîâàíèÿ

Öåëüþ ðàáîòû ÿâëÿåòñÿ èçó÷åíèå äîñòàòî÷íî-
ñòè ïàðàìåòðîâ íîðìèðîâàíèÿ êîììóíèêàöèîííûõ
ïóòåé â çäàíèÿõ ëå÷åáíûõ ó÷ðåæäåíèé êàê îäíèõ
èç êðèòåðèåâ áåñïðåïÿòñòâåííîé ýâàêóàöèè ëþäåé
èç çäàíèÿ. Â ñîîòâåòñòâèè ñ ïîñòàâëåííîé öåëüþ
èññëåäîâàíèÿ ñôîðìóëèðîâàíû ñëåäóþùèå çàäà÷è:
àíàëèç êðèòåðèåâ îáåñïå÷åíèÿ áåçîïàñíîñòè ýâàêó-
àöèè ëþäåé ïðè ëþáûõ óñëîâèÿõ ýêñïëóàòàöèè çäà-
íèé, â ÷àñòíîñòè àíàëèç âðåìåíè íà÷àëà ýâàêóàöèè,
è îáîñíîâàíèå íåîáõîäèìîñòè èñïîëüçîâàíèÿ ëèô-
òîâûõ óñòàíîâîê äëÿ ýâàêóàöèè ëþäåé â íà÷àëüíîé
ñòàäèè ðàçâèòèÿ ïîæàðà, à íå òîëüêî â óñëîâèÿõ íîð-
ìàëüíîé ýêñïëóàòàöèè çäàíèé.

Ðèñ. 1. Îáùàÿ ñõåìà òåõíîëîãè÷åñêîé âçàèìîñâÿçè ìåæäó ïîìåùåíèÿìè ïîäãîòîâêè ðåçóëüòàòîâ îáñëåäîâàíèÿ ÷åëîâåêà è
ïîñëåäîâàòåëüíîñòè ýòàïîâ åãî ëå÷åíèÿ: 1 — ïàöèåíò, íå òðåáóþùèé àìáóëàòîðíîãî ëå÷åíèÿ; 2 — ïàöèåíò, ïðîõîäÿùèé
àìáóëàòîðíîå ëå÷åíèå
Fig. 1. The scheme of the technological relationship between the areas of training of survey results human and sequence of treatment:
1 — patient requiring outpatient treatment; 2 — patient to outpatient treatment
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Êàêîâû æå ýòè êðèòåðèè?

Â íàñòîÿùåå âðåìÿ íàèáîëåå øèðîêî èçâåñòíû-
ìè èç ýòèõ êðèòåðèåâ ÿâëÿþòñÿ êðèòåðèè ñâîåâðå-
ìåííîé è áåñïðåïÿòñòâåííîé ýâàêóàöèè â ÷ðåçâû-
÷àéíûõ óñëîâèÿõ ïîæàðà:

týâ � táë; (1)

Di � D ïðè max qj, (2)

ò. å. âðåìÿ ýâàêóàöèè týâ íà ëþáîì ó÷àñòêå ïóòè äîëæ-
íî áûòü ìåíüøå âðåìåíè åãî áëîêèðîâàíèÿ táë îïàñ-
íûìè ôàêòîðàìè ïîæàðà (ÎÔÏ), à ïëîòíîñòü îáðà-
çóþùèõñÿ íà íèõ ëþäñêèõ ïîòîêîâ

D N f b ln i i� � ( ) (3)

íå äîëæíà áûòü âûøå çíà÷åíèÿ ïëîòíîñòè ïðè ìàê-
ñèìàëüíîé èíòåíñèâíîñòè äâèæåíèÿ (max qj) ïîòî-
êà äàííîãî ñîñòàâà, ïåðåìåùàþùåãîñÿ ïî ðàññìàò-
ðèâàåìîìó j-ìó âèäó ïóòè (ãîðèçîíòàëüíûé, ïðîåì,
ëåñòíèöà âíèç, ëåñòíèöà ââåðõ, ïàíäóñ). Çäåñü N —
êîëè÷åñòâî ëþäåé, èìåþùèõ ïëîùàäü ãîðèçîíòàëü-
íîé ïðîåêöèè fn (ì2/÷åë.), íà ó÷àñòêå, çàíèìàåìîì
ïîòîêîì ëþäåé, øèðèíîé bi (ì) è äëèíîé li (ì).

Ïîñêîëüêó êðèòåðèé (1) ìîæåò âûïîëíÿòüñÿ òîëü-
êî ïðè óñëîâèè

li �VD � táë, (4)

òî î÷åâèäíî, ÷òî ïëîòíîñòü ëþäñêîãî ïîòîêà Di íà
ëþáîì ó÷àñòêå ìàðøðóòà ýâàêóàöèè ëþäåé äîëæíà
áûòü òàêîé, ÷òîáû ñîîòâåòñòâóþùàÿ åé ñêîðîñòü äâè-
æåíèÿ VD áûëà íå ìåíåå li �táë, ò. å. äîëæíî îáåñïå-
÷èâàòüñÿ âûïîëíåíèå óñëîâèÿ

VD � li �táë. (5)

Ïðè íåâûïîëíåíèè ýòîãî óñëîâèÿ ëèáî äëèíà ðàñ-
ñìàòðèâàåìîãî ó÷àñòêà äîëæíà áûòü ñîêðàùåíà äî
ðàçìåðà, òðåáóåìîãî óñëîâèåì (5), ëèáî åãî øèðèíà
bi äîëæíà áûòü óâåëè÷åíà, ÷òîáû ïëîòíîñòü ïîòîêà
íà íåì óìåíüøèëàñü, à ñêîðîñòü äâèæåíèÿ ïîòîêà,
ñîîòâåòñòâåííî, óâåëè÷èëàñü äî çíà÷åíèÿ, îáåñïå-
÷èâàþùåãî âûïîëíåíèå óñëîâèÿ (5), ïîñêîëüêó ñêî-
ðîñòü äâèæåíèÿ ïîòîêà ïî ëþáîìó âèäó ïóòè ÿâëÿ-
åòñÿ ôóíêöèåé îáðàçóþùåéñÿ íà íåé ïëîòíîñòè ïî-
òîêà: Vj = � (Di ). Âèä ýòîé ôóíêöèè îïðåäåëÿåòñÿ [2]
ïñèõîôèçè÷åñêèìè çàêîíîìåðíîñòÿìè ðåàêöèè ëþ-
äåé íà âíåøíèå âîçäåéñòâèÿ [3, 4], êîòîðûìè â äàí-
íîì ñëó÷àå ÿâëÿþòñÿ ïëîòíîñòü ïîòîêà, âèä ïóòè è
óðîâåíü ýìîöèîíàëüíîãî ñîñòîÿíèÿ ëþäåé ïðè ñî-
îòâåòñòâóþùèõ óñëîâèÿõ ýêñïëóàòàöèè çäàíèÿ:

V V à
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D
D j j j
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0,
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�

	




�
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0 1 (6)

ãäå VD j,
ý — âåðîÿòíàÿ âåëè÷èíà ñêîðîñòè ëþäåé â

ýìîöèîíàëüíîì ñîñòîÿíèè ïðè ïëîòíîñòè ïîòî-
êà Di íà ó÷àñòêå j-ãî âèäà ïóòè;

V j0,
ý — ñëó÷àéíàÿ âåëè÷èíà èíäèâèäóàëüíîé

ñêîðîñòè ñâîáîäíîãî äâèæåíèÿ (ïðè îòñóòñòâèè
âëèÿíèÿ îêðóæàþùèõ ëþäåé), çàâèñÿùàÿ îò
âèäà ïóòè j è óðîâíÿ ýìîöèîíàëüíîãî ñîñòîÿíèÿ
ëþäåé;
aj — êîýôôèöèåíò, îïðåäåëÿþùèé ñòåïåíü âëèÿ-
íèÿ ïëîòíîñòè ïîòîêà ïðè äâèæåíèè ïî j-ìó âèäó
ïóòè;
Di — òåêóùåå çíà÷åíèå ïëîòíîñòè ïîòîêà;
D0, j — ïîðîãîâîå çíà÷åíèå ïëîòíîñòè ïîòîêà íà
ó÷àñòêå j-ãî âèäà ïóòè, ïî äîñòèæåíèè êîòîðîãî
ïëîòíîñòü ñòàíîâèòñÿ ôàêòîðîì, âëèÿþùèì íà
ñêîðîñòü äâèæåíèÿ.
Ïîñêîëüêó

q = DV, (7)

çíà÷åíèå D ïðè max qj îïðåäåëÿåòñÿ â òîé òî÷êå çàâè-
ñèìîñòè qi , j = Di [V j0,

ý (1 – aj ln Di �D0 , j )], â êîòîðîé
åå ïåðâàÿ ïðîèçâîäíàÿ ðàâíà 0, ò. å. ïî ôîðìóëå [5, 6]:

D e D eq

D

j

a aaj j j j

max
ln

,
( ), .� �

� � �1 01
0

1
(8)

Ôîðìóëà (8) ïîêàçûâàåò, ÷òî ïëîòíîñòü ïîòîêà,
ïðè êîòîðîé åãî èíòåíñèâíîñòü äâèæåíèÿ äîñòèãà-
åò ìàêñèìàëüíîãî çíà÷åíèÿ, îñòàåòñÿ ïîñòîÿííîé
ïðè ëþáîì óðîâíå ýìîöèîíàëüíîãî ñîñòîÿíèÿ ðàñ-
ñìàòðèâàåìîãî ôóíêöèîíàëüíîãî ñîñòàâà ëþäåé,
ò. å. âî âñåõ ðàññìàòðèâàåìûõ ñèòóàöèÿõ ýêñïëóàòà-
öèè çäàíèé.

Êðèòåðèè êîìôîðòíîñòè
äâèæåíèÿ ëþäåé

â îáùåñòâåííûõ çäàíèÿõ

Ýòîò ôàêò ÿâëÿåòñÿ èñõîäíûì ïðè èñïîëüçîâà-
íèè çíà÷åíèé Di , j äëÿ õàðàêòåðèñòèêè óðîâíÿ êîì-
ôîðòà äâèæåíèÿ ëþäåé â êàæäîé èç ýòèõ ñèòóàöèé è
äëÿ íàçíà÷åíèÿ ãåîìåòðè÷åñêèõ ðàçìåðîâ ó÷àñòêîâ,
ñîîòâåòñòâóþùèõ ìèíèìàëüíîìó òðåáóåìîìó çíà-
÷åíèþ Di , j. Îáåñïå÷åíèå ýòîãî çíà÷åíèÿ Di , j îñòàåò-
ñÿ îáÿçàòåëüíûì âî âñåõ ñèòóàöèÿõ. Òîãäà, ïîñêîëü-
êó ïëîòíîñòü ëþäñêîãî ïîòîêà, íåîáõîäèìàÿ äëÿ
êîìôîðòíîãî ïåðåäâèæåíèÿ ëþäåé, äîëæíà áûòü
D < 0,05, à äîïóñòèìàÿ äëÿ áåñïðåïÿòñòâåííîé ýâà-
êóàöèè â àâàðèéíûõ óñëîâèÿõ — D < 0,5, òî îêàçû-
âàåòñÿ, ÷òî èìåííî ïîâñåäíåâíûå óñëîâèÿ ýêñïëóà-
òàöèè çäàíèÿ (à íå óñëîâèÿ ýêñòðåííîé ñèòóàöèè)
äîëæíû îïðåäåëÿòü òðåáóåìóþ øèðèíó ýâàêóàöè-
îííîãî ïóòè. Òåì íå ìåíåå íîðìèðîâàíèå êîììóíè-
êàöèîííûõ ïóòåé â îáùåñòâåííûõ çäàíèÿõ, èñõîäÿ
èç òðåáîâàíèé êîìôîðòà ïðè ïîâñåäíåâíîì ïðåáû-
âàíèè â íèõ ëþäåé, îñòàåòñÿ áåç âíèìàíèÿ: â ñòðîè-
òåëüíûõ íîðìàõ è ïðàâèëàõ ïî ïðîåêòèðîâàíèþ îá-
ùåñòâåííûõ çäàíèé ïîêàçàòåëè êîìôîðòà äâèæåíèÿ
îòñóòñòâóþò, êàê, âïðî÷åì, è â ïðèøåäøèõ íà ñìåíó
èì ñâîäàõ ïðàâèë.
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Ïðåäñòàâëåíèå î êîìôîðòíîñòè äâèæåíèÿ ëþäåé
ïðè ðàçëè÷íûõ çíà÷åíèÿõ ïëîòíîñòè ïîòîêà äàþò
êëàññèôèêàöèè, ïðèâåäåííûå â òàáë. 1 è 2.

Îáîáùåíèå äàííûõ òàáë. 1 è 2 ïîçâîëÿåò ðåêî-
ìåíäîâàòü äëÿ îáùåñòâåííûõ çäàíèé êëàññèôèêà-
öèþ, ïðèâåäåííóþ â òàáë. 3. Ïðè ýòîì øèðèíó ó÷à-

ñòêîâ ïóòè äâèæåíèÿ ëþäåé ñëåäóåò íàçíà÷àòü êðàò-
íîé 0,3 ì.

Òàêèì îáðàçîì, äëÿ ñîáëþäåíèÿ êðèòåðèåâ ñâîå-
âðåìåííîé è áåñïðåïÿòñòâåííîé ýâàêóàöèè ëþäåé
øèðèíà ýâàêóàöèîííûõ ïóòåé è âûõîäîâ äîëæíà
óäîâëåòâîðÿòü ïðåæäå âñåãî òðåáîâàíèÿì îáåñïå-

Èíòåðâàë
ïëîòíîñòè, ì2/ì2

Interval density,
m2/m2

0–0,05 0,05–0,15 0,15–0,4 0,4–0,7 0,7–0,9 0,9–1,0 1,0–1,15

Óñëîâèÿ
äâèæåíèÿ
Movement
conditions

Èíäèâèäóàëüíîå
Individual

Ïîòî÷íîå
Stream

Ñâîáîäíîå
Stream

Ñâîáîäíîå
Stream

Áåç êîíòàêò-
íûõ ïîìåõ

Without
contact

interference

Êîíòàêòíûå
ïîìåõè
Contact
noise

Ñ ñèëîâûìè âîçäåéñòâèÿìè
With power impacts

Ñëèòíîå
Conjoint

Äåôîðìàöèÿ
òåë

Deformation
of the bodies

Ñäàâëèâàíèå
òåë

Squeezing
bodies

Òàáëèöà 1. Êëàññèôèêàöèÿ äâèæåíèÿ ëþäåé â èíòåðâàëàõ ïëîòíîñòè ïîòîêîâ [7]

Table 1. Classification of the movement of people in the intervals of density flows [7]
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Õàðàêòåðèñòèêà óðîâíÿ
Characteristics of the level

Ãîðèçîíòàëüíàÿ ïîâåðõíîñòü. Äâèæåíèå
Horizontal surface. Movement

0,3 A – Ñâîáîäà äâèæåíèÿ è âûáîðà
íàïðàâëåíèé
Freedom of movement and
choice of destinations

0,4 B –

0,7 C – Ñâîáîäà äâèæåíèÿ è âûáîðà
íàïðàâëåíèé îãðàíè÷åíà
Freedom of movement and
choice directions limited

1,1 D – Èíäèâèäóàëüíàÿ ñêîðîñòü
äâèæåíèÿ îãðàíè÷åíà.
Ïîòî÷íîå äâèæåíèå
Individual speed limited.
Flow movement

2,2 E – ×àñòîå èçìåíåíèå ðèòìà
äâèæåíèÿ. Äâèæåíèå ñ âû-
ñîêîé ñêîðîñòüþ òîëüêî
ìàíåâðèðîâàíèåì
Frequent change of rhythm
of the movement. The high
speed just maneuvering

Áîëåå
2,2

More
2.2

F – ×àñòûå íåèçáåæíûå êîíòàê-
òû ñ îêðóæàþùèìè
Frequent unavoidable contact
with others

Òàáëèöà 2. Õàðàêòåðèñòèêè óðîâíåé êîìôîðòíîñòè

Table 2. Characteristics of levels of comfort
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Õàðàêòåðèñòèêà óðîâíÿ
Characteristics of the level

Ãîðèçîíòàëüíàÿ ïîâåðõíîñòü.
Î÷åðåäü, çîíà îæèäàíèÿ, ñêîïëåíèå

Horizontal surface. The queue, waiting area, accumulation

0,8 A Ñâûøå 1,2
More 1.2

Ñâîáîäíîå äâèæåíèå â çîíå
îæèäàíèÿ
Free movement in the waiting
area

1,1 B 1,1–1,2 Îãðàíè÷åííîå äâèæåíèå â
çîíå îæèäàíèÿ áåç êîíòàê-
òîâ ñ îêðóæàþùèìè
Limited movement in
the waiting area without
contact with others

1,5 C 0,9–1,1

3,6 D 0,6–0,9 Ðàçìåùåíèå áåç òî÷å÷íûõ
êîíòàêòîâ ñ îêðóæàþùèìè
íåâîçìîæíî
With outpoint contacts with
others is not possible

5,4 E Ìåíåå 0,5
Less 0.5

Ðàçìåùåíèå ñ ÷àñòûìè êîí-
òàêòàìè
Accommodation in frequent
contact

Áîëåå
5,4

More
5.4

F Ôèçè÷åñêèé
êîíòàêò
Physical
contact

Òåñíûé ôèçè÷åñêèé êîíòàêò
ñ îêðóæàþùèìè
Close physical contact with
others

Îêîí÷àíèå òàáë. 2

End of table 2
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÷åíèÿ êîìôîðòíîñòè äâèæåíèÿ ïðè ïîâñåäíåâíîé
ýêñïëóàòàöèè çäàíèÿ (óðîâåíü êîìôîðòà À). Áóäåò
ëè îíà äîñòàòî÷íà äëÿ âûïîëíåíèÿ èõ â ÷ðåçâû÷àé-
íûõ ñèòóàöèÿõ, íàïðèìåð ïðè ïîæàðå (óðîâåíü êîì-
ôîðòà Â), ïðèðîäíûõ ×Ñ (äîïóñòèìûé óðîâåíü êîì-
ôîðòà Á), çàâèñèò îò ñõåìû ýâàêóàöèè ëþäåé â ýòèõ
óñëîâèÿõ è îò èõ êîëè÷åñòâà â îáðàçóþùèõñÿ ïðè
ýòîì ëþäñêèõ ïîòîêàõ.

Ñõåìû êîììóíèêàöèîííûõ ïóòåé
â çäàíèÿõ ëå÷åáíûõ ó÷ðåæäåíèé

Àíàëèç îáúåìíî-ïëàíèðîâî÷íûõ ðåøåíèé çäàíèé
êîìïëåêñà ó÷ðåæäåíèé çäðàâîîõðàíåíèÿ ïîêàçûâà-
åò, ÷òî èç ïÿòè ñëîæèâøèõñÿ â ìíîãîâåêîâîé ïðàê-
òèêå àðõèòåêòóðíî-ñòðîèòåëüíîãî ïðîåêòèðîâàíèÿ
ïëàíèðîâî÷íûõ ñõåì ýòàæåé çäàíèé ðàçëè÷íîãî íà-
çíà÷åíèÿ (àìôèëàäíàÿ, àòðèóìíàÿ, çàëüíàÿ, êîðè-
äîðíàÿ, ñåêöèîííàÿ) äëÿ íèõ õàðàêòåðíà êîðèäîð-
íàÿ ñõåìà. Â ýòîì ñëó÷àå ðàñ÷åòíîé ýâàêóàöèîííîé
ñõåìîé äâèæåíèÿ ëþäñêèõ ïîòîêîâ ÿâëÿåòñÿ, êàê èç-
âåñòíî [8, 9], îáùàÿ ñõåìà, ïðèâåäåííàÿ íà ðèñ. 2,à.
Ýòà ñõåìà êîððåêòíà äëÿ ýâàêóàöèè ëþäåé ïðè ïî-
æàðå ñ åå òðåáóåìîé îäíîíàïðàâëåííîñòüþ äâèæå-
íèÿ è íåäîïóùåíèåì âñòðå÷íûõ è ïåðåñåêàþùèõñÿ
ëþäñêèõ ïîòîêîâ. Äëÿ ïîâñåäíåâíûõ æå óñëîâèé ýêñ-
ïëóàòàöèè çäàíèé õàðàêòåðíî îáðàçîâàíèå âñòðå÷-
íûõ è ïåðåñåêàþùèõñÿ ëþäñêèõ ïîòîêîâ (ðèñ. 2,á).

Êàê èçâåñòíî [10], îáðàçîâàíèå âñòðå÷íûõ ïîòî-
êîâ òðåáóåò óâåëè÷åíèÿ øèðèíû êîììóíèêàöèîí-
íûõ ïóòåé íà 15 %. Â çîíå æå ïåðåñå÷åíèÿ ëþäñêèõ
ïîòîêîâ èõ ïëîòíîñòü íå äîëæíà ïðåâîñõîäèòü 0,2
[11–13].

Ïðè ñëèÿíèè ëþäñêèõ ïîòîêîâ (ðèñ. 3) â óñëîâè-
ÿõ, êîãäà êîìôîðò äâèæåíèÿ íå êîíòðîëèðóåòñÿ, äî-
ïóñêàåòñÿ èíòåíñèâíîñòü äâèæåíèÿ

q
q

qn
n n

n
�

�
� ��

1
1

%

%
ïðè D = 0,5, (9)

ãäå q — èíòåíñèâíîñòü äâèæåíèÿ, ì/ìèí;
%n — øèðèíà n-ãî ó÷àñòêà ïóòè, ì;

%n+1 — øèðèíà ó÷àñòêà ïóòè, ñëåäóþùåãî çà n-ì
ó÷àñòêîì.
Êàêóþ æå ðàñ÷åòíóþ âåëè÷èíó ïëîòíîñòè ëþä-

ñêèõ ïîòîêîâ ïðè èõ ñëèÿíèè ñëåäóåò ñ÷èòàòü äî-
ïóñòèìîé, ÷òîáû òðåáîâàíèÿ êîìôîðòà äâèæåíèÿ
áûëè îáåñïå÷åíû? Îòâåò íà ýòîò âîïðîñ îñîáåííî
àêòóàëåí äëÿ çäàíèé ëå÷åáíûõ ó÷ðåæäåíèé, â êî-
òîðûõ íàõîäèòñÿ áîëüøîå ÷èñëî ìàëîìîáèëüíûõ
ëþäåé. Â çäàíèÿõ æå ó÷ðåæäåíèé îõðàíû ìàòåðèí-
ñòâà è äåòñòâà ïðàêòè÷åñêè áîëüøèíñòâî ïîñåòè-
òåëåé îòíîñèòñÿ ê ìàëîìîáèëüíûì ãðóïïàì íàñå-
ëåíèÿ, ïðè÷åì ñðåäè íèõ çíà÷èòåëüíóþ ÷àñòü ñî-
ñòàâëÿþò áåðåìåííûå æåíùèíû. Ýòè îñîáåííîñòè
ñîñòàâà ëþäñêèõ ïîòîêîâ â çäàíèÿõ ó÷ðåæäåíèé îõ-
ðàíû ìàòåðèíñòâà è äåòñòâà âûäåëÿþò èõ â îñîáóþ
êàòåãîðèþ.

Äëÿ îïðåäåëåíèÿ íåîáõîäèìîé ïëîùàäè êîììó-
íèêàöèîííûõ ïóòåé ñ ó÷åòîì îðãàíèçàöèè êîìôîðò-
íîãî äâèæåíèÿ íåîáõîäèìî çíàòü êîëè÷åñòâî ëþäåé,
êîòîðûå ìîãóò îäíîâðåìåííî âîñïîëüçîâàòüñÿ èìè
â òîì è äðóãîì ñëó÷àå (ôîðìóëà (9) äåìîíñòðèðóåò
ýòî îñîáåííî íàãëÿäíî). Äëÿ ýòîãî òðåáóåòñÿ óñòà-
íîâèòü êîëè÷åñòâî ëþäåé, íàõîäÿùèõñÿ â ïîìåùå-
íèÿõ ðàçëè÷íîãî íàçíà÷åíèÿ â ðàçíûå ÷àñû ñóòîê.
Íà ïðèìåðå çäàíèé êîìïëåêñà ó÷ðåæäåíèé îõðàíû
ìàòåðèíñòâà è äåòñòâà íàèáîëåå ÿðêî âèäíî, ÷òî ñ
ýòîé òî÷êè çðåíèÿ ïîìåùåíèÿ ìîãóò ïîäðàçäåëÿòü-
ñÿ íà ïîìåùåíèÿ ñ ïîñòîÿííûì (êðóãëîñóòî÷íûì)
ïðåáûâàíèåì â íèõ ëþäåé (ïàëàòû äëÿ ðîæåíèö, ïà-
ëàòû äëÿ íîâîðîæäåííûõ äåòåé) è ïîìåùåíèÿ, ýêñ-
ïëóàòèðóåìûå òîëüêî â òå÷åíèå ðàáî÷åãî äíÿ.

Â ïîìåùåíèÿõ, ýêñïëóàòèðóåìûõ â òå÷åíèå ðàáî-
÷åãî äíÿ, ìîæåò áûòü ïîñòîÿííûé èëè ïåðåìåííûé
ñîñòàâ íàõîäÿùèõñÿ â íèõ ëþäåé. Â ïåðâîì ñëó÷àå,
íàïðèìåð â ëàáîðàòîðèÿõ, àäìèíèñòðàòèâíî-õîçÿé-
ñòâåííûõ ïîìåùåíèÿõ, ýòî — ñëóæàùèå, âî âòîðîì,
íàïðèìåð â êàáèíåòàõ âðà÷åé, ïîìåùåíèÿõ îæèäà-
íèÿ ïðè ðåãèñòðàòóðå, — ïîñåòèòåëè. Ïðîòèâîïî-
æàðíûå íîðìû íå ó÷èòûâàþò ýòîãî àñïåêòà ýêñïëó-
àòàöèè ïîìåùåíèé áåç ïîñòîÿííîãî ñîñòàâà ïðåáû-

Óðîâåíü
êîìôîðòà
Comfort

level

Õàðàêòåðèñòèêà óðîâíåé êîìôîðòà
Characteristics of levels of comfort

Èíòåðâàë ïëîò-
íîñòè D, ì2/ì2

Interval of
density D, m2/m2

À Ñâîáîäíîå èíäèâèäóàëüíîå äâèæåíèå áåç îãðàíè÷åíèÿ âûáîðà íàïðàâëåíèÿ
Free individual movement is not limited to selecting the direction

Äî 0,05

Á Ñâîáîäíîå äâèæåíèå â ïîòîêå â îáùåì íàïðàâëåíèè, îáãîí áåç êîíòàêòíûõ ïîìåõ
Free movement in the stream in the general direction, overtaking without contact interference

0,06–0,15

Â Ñòåñíåííîå äâèæåíèå áåç êîíòàêòíûõ ïîìåõ, îáãîí ñ ìàíåâðèðîâàíèåì ïðè êîíòàêòíûõ
ïîìåõàõ ñî ñòîðîíû îêðóæàþùèõ
Constrained movement without contact interference with the overtaking maneuver when the
contact interference from surrounding

0,15–0,40
(0,05–0,15)

Òàáëèöà 3. Õàðàêòåðèñòèêè óðîâíåé êîìôîðòà íà ïóòÿõ äâèæåíèÿ è â çîíàõ îæèäàíèÿ

Table 3. Characteristics of the levels of comfort on lines of traffic and waiting areas
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âàþùèõ â íèõ ëþäåé. Ïðè îïðåäåëåíèè ðàñ÷åòíîãî
êîëè÷åñòâà ýâàêóèðóþùèõñÿ èç òàêèõ ïîìåùåíèé
ëþäåé íîðìû èñõîäÿò èç ìèíèìàëüíîé ðàñ÷åòíîé
ïëîùàäè íà îäíîãî, ïîñòîÿííî íàõîäÿùåãîñÿ â íèõ
÷åëîâåêà, óñòàíàâëèâàåìîé òåõíîëîãè÷åñêèìè íîð-
ìàìè îðãàíèçàöèè ðàáî÷åãî ìåñòà ñîòðóäíèêà. Òàê, íà-
ïðèìåð, ÌÃÑÍ 4.19–2005 “Âðåìåííûå íîðìû è ïðà-
âèëà ïðîåêòèðîâàíèÿ ìíîãîôóíêöèîíàëüíûõ âûñîò-
íûõ çäàíèé è çäàíèé-êîìïëåêñîâ â ãîðîäå Ìîñêâå”
ïîòðåáîâàëè óâåëè÷åíèÿ íà 25 % ðàñ÷åòíîãî êîëè-
÷åñòâà ëþäåé, íàõîäÿùèõñÿ â îôèñíûõ ïîìåùåíèÿõ.
Î÷åâèäíî, ÷òî âî âñåõ ïîäîáíûõ ñëó÷àÿõ íåîáõî-
äèì ó÷åò âðåìåííîé äèíàìèêè ïîòîêîâ ëþäåé, ïî-
ñåùàþùèõ çäàíèÿ è ïîìåùåíèÿ ðàçëè÷íîãî íàçíà-
÷åíèÿ â òå÷åíèå ñóòîê [14, 15].

Íà ýòî î÷åâèäíîå ïîëîæåíèå ïðèõîäèòñÿ îáðà-
ùàòü âíèìàíèå, ïîñêîëüêó ïðîòèâîïîæàðíîå íîðìè-
ðîâàíèå íèêîãäà íå óêàçûâàåò ðàñ÷åòíîãî âðåìåíè
íàèáîëåå âåðîÿòíîãî âîçíèêíîâåíèÿ ïîæàðà. Ìåæäó
òåì äëÿ çäàíèé ó÷ðåæäåíèé çäðàâîîõðàíåíèÿ, îñî-
áåííî êîìïëåêñà çäàíèé ó÷ðåæäåíèé îõðàíû ìàòå-
ðèíñòâà è äåòñòâà, ýòîò àñïåêò ïðèîáðåòàåò àêòóàëü-
íîå çíà÷åíèå. Çäåñü äëÿ çäàíèÿ ñ ïàëàòàìè äëÿ ðî-
æåíèö è òîëüêî ÷òî ðîäèâøèõñÿ äåòåé (ðîäèëüíûå
îòäåëåíèÿ) íàèáîëåå îïàñíûì ïåðèîäîì âîçíèêíî-
âåíèÿ ïîæàðà ÿâëÿåòñÿ íî÷íîå âðåìÿ, à äëÿ çäàíèé,
ýêñïëóàòèðóåìûõ òîëüêî â òå÷åíèå ðàáî÷åãî äíÿ, —
äíåâíîå âðåìÿ, ò. å. ïåðèîä èõ ìàêñèìàëüíîãî ïî-
ñåùåíèÿ. Â òî æå âðåìÿ äëÿ çäàíèé ñ ðîäèëüíûìè
îòäåëåíèÿìè ìîæåò ïîòðåáîâàòüñÿ îðãàíèçàöèÿ
ïðåâåíòèâíîé ýâàêóàöèè â äíåâíîå âðåìÿ, ÷òî ïðî-

Ðèñ. 2. Îáùàÿ ðàñ÷åòíàÿ ñõåìà ýâàêóàöèîííûõ ïóòåé â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ (à) è ïðè îáû÷íûõ óñëîâèÿõ ýêñïëóàòàöèè (á)
Fig. 2. General design diagram of evacuation routes in case of an emergency (a) and under normal operating conditions (b)
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òèâîïîæàðíûì íîðìèðîâàíèåì íèêîãäà ïðåæäå
íå ïðåäóñìàòðèâàëîñü.

Äëÿ ïîñòðîåíèÿ ãðàôèêîâ ñóòî÷íîé äèíàìèêè
ëþäñêèõ ïîòîêîâ â çäàíèÿõ ëå÷åáíûõ ó÷ðåæäåíèé
ìîãóò èñïîëüçîâàòüñÿ äàííûå ñóùåñòâóþùèõ ñïå-
öèàëèçèðîâàííûõ ïîñîáèé äëÿ ïðîåêòèðîâàíèÿ è
äàííûå íîðìàòèâíî-òåõíè÷åñêèõ äîêóìåíòîâ, íî äëÿ
èõ íàäëåæàùåé äîñòîâåðíîñòè, îñîáåííî ó÷èòûâàÿ
ïîñëåäñòâèÿ ïðîâîäÿùèõñÿ ìåðîïðèÿòèé ïî ñîâåð-
øåíñòâîâàíèþ ñèñòåìû çäðàâîîõðàíåíèÿ, öåëåñî-
îáðàçíî ïðîâåñòè ìîíèòîðèíã èõ ïîñåùàåìîñòè.

Óñòàíîâëåííîå ðàñ÷åòíîå êîëè÷åñòâî ýâàêóèðó-
þùèõñÿ ëþäåé è èõ ðàñïðåäåëåíèå ïî ïîìåùåíèÿì
ðàçëè÷íîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ ÿâëÿþòñÿ
èñõîäíûìè äàííûìè äëÿ ëþáîé èç ìîäåëåé ëþäñêèõ
ïîòîêîâ, ïîñêîëüêó îíè îïðåäåëÿþò èõ êèíåìàòèêó
ïðè ëþáîì èç ðåæèìîâ èñïîëüçîâàíèÿ êîììóíèêà-
öèîííûõ ïóòåé. Íàèáîëåå ïðîñòûå êèíåìàòè÷åñêèå
ñîîòíîøåíèÿ èçìåíåíèÿ ïàðàìåòðîâ ëþäñêèõ ïîòî-
êîâ íà ïîñëåäîâàòåëüíî ðàñïîëîæåííûõ ó÷àñòêàõ
êîììóíèêàöèîííûõ (ýâàêóàöèîííûõ) ïóòåé îïèñû-
âàþòñÿ, êàê ïîêàçàë àíàëèç [16–18], óïðîùåííîé
àíàëèòè÷åñêîé ìîäåëüþ [19], ïîñòðîåííîé ïî äàí-
íûì íàó÷íûõ èññëåäîâàíèé, øèðîêî èñïîëüçóåìûõ
â ó÷åáíîé ëèòåðàòóðå. Îäíàêî ýòà ìîäåëü íå ïî-
çâîëÿåò ïîëó÷èòü êîëè÷åñòâî ëþäåé N1 íà ïåðâîì
ó÷àñòêå — ó÷àñòêå ôîðìèðîâàíèÿ ëþäñêîãî ïîòîêà
ïî ôîðìóëå, îïðåäåëÿþùåé åãî ïëîòíîñòü D1 íà ýòîì
ó÷àñòêå â ìîìåíò ti:

D1 = N1 /(b1 l1), (10)

ãäå b1, l1 — øèðèíà è äëèíà ó÷àñòêà ôîðìèðîâàíèÿ
ëþäñêîãî ïîòîêà, ì.

Ïðè÷èíà ýòîãî ïðîñòàÿ: ïðè ðàçðàáîòêå ÑÍèÏ
II-2–80 “Ïðîòèâîïîæàðíûå íîðìû ïðîåêòèðîâàíèÿ
çäàíèé è ñîîðóæåíèé”, îòêóäà áûëà çàèìñòâîâàíà ýòà
ôîðìóëà, âðåìÿ íà÷àëà ýâàêóàöèè ëþäåé íå ó÷èòû-
âàëîñü.

Ïðîöåññ íà÷àëà ýâàêóàöèè ëþäåé
èç çäàíèé ëå÷åáíûõ ó÷ðåæäåíèé

Ââåäåíèå â ÃÎÑÒ 12.1.004–91 “Ïîæàðíàÿ áåç-
îïàñíîñòü. Îáùèå òðåáîâàíèÿ” âðåìåíè íà÷àëà ýâà-
êóàöèè tíý êàê èíòåðâàëà âðåìåíè ñ ìîìåíòà âîçíèê-
íîâåíèÿ ïîæàðà äî ìîìåíòà, êîãäà êàæäûé èç ëþäåé
íà÷èíàåò äâèæåíèå ê âûõîäó èç ïîìåùåíèÿ, â êîòî-
ðîì îí íàõîäèòñÿ, ïîñòàâèëî âîïðîñ î çàêîíîìåðíî-
ñòÿõ ôîðìèðîâàíèÿ ýòîé ñëó÷àéíîé âåëè÷èíû [20].
Îòå÷åñòâåííûìè èññëåäîâàíèÿìè ïîêàçàíî, ÷òî âîç-
ìîæíî íîðìàëüíîå èëè ëîãàðèôìè÷åñêè íîðìàëü-
íîå è ðàâíîìåðíîå [20–23] ðàñïðåäåëåíèå ïëîòíîñòè
âåðîÿòíîñòè ýòîé âåëè÷èíû. Âûäâèíóòà ãèïîòåçà
î ïñèõîôèçè÷åñêîé îáóñëîâëåííîñòè èçìåíåíèÿ åå
íàáëþäàåìûõ çàêîíîâ ðàñïðåäåëåíèÿ è ïðèâîäÿòñÿ
äàííûå [20], ïîäòâåðæäàþùèå ýòó ãèïîòåçó. Îäíàêî
äàííûå î ðàñïðåäåëåíèè âðåìåíè íà÷àëà ýâàêóàöèè
ëþäåé èç ïîìåùåíèé ó÷ðåæäåíèé çäðàâîîõðàíåíèÿ
îòñóòñòâóþò, è äëÿ èõ óñòàíîâëåíèÿ ïðåäñòîèò ïðî-
âåñòè îáøèðíûå íàòóðíûå íàáëþäåíèÿ, ÷òî ñîïðÿ-
æåíî ñ áîëüøèìè îðãàíèçàöèîííûìè òðóäíîñòÿìè.

Âïîëíå ïîíÿòíî, ÷òî èíòåðâàë âðåìåíè ïîäãîòîâ-
êè ëþäåé ê íà÷àëó ýâàêóàöèîííîãî äâèæåíèÿ (åñëè
ïîíèìàòü ýâàêóàöèþ êàê îñâîáîæäåíèå ïîìåùåíèé
çäàíèÿ îò íàõîäÿùèõñÿ â íèõ ëþäåé) áóäåò çàâèñåòü
îò ðåæèìà ýêñïëóàòàöèè çäàíèÿ. Â íîðìàëüíûõ (ïî-
âñåäíåâíûõ) óñëîâèÿõ tíý — ýòî âðåìÿ âûõîäà

Ðèñ. 3. Ñõåìà ñëèÿíèÿ ëþäñêèõ ïîòîêîâ
Fig. 3. The merging of the human flows
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ëþäåé èç ïîìåùåíèé ïîñëå îêîí÷àíèÿ ðàáî÷åãî
äíÿ. Ðàñïðåäåëåíèå æå âðåìåíè ïîäãîòîâêè ëþäåé ê
ïðåâåíòèâíîé ýâàêóàöèè òðóäíî ïðåäóãàäàòü, ïî-
ñêîëüêó íåîáõîäèìûå äëÿ ýòîãî äàííûå íàòóðíûõ
íàáëþäåíèé îòñóòñòâóþò. Äîñòàòî÷íî î÷åâèäíî, ÷òî
ïðîäîëæèòåëüíîñòü ýòîãî èíòåðâàëà äëÿ òàêèõ óñëî-
âèé áóäåò çàâèñåòü ïðåæäå âñåãî îò óïðàâëåíèÿ îð-
ãàíèçàöèåé ýâàêóàöèè, êîòîðîå â íàñòîÿùåå âðåìÿ
íå ïðåäóñìàòðèâàåòñÿ íèêàêèìè íîðìàòèâíûìè äî-
êóìåíòàìè. Ó÷èòûâàÿ ðåçóëüòàòû èññëåäîâàíèé
ýòîé ñëó÷àéíîé âåëè÷èíû â çäàíèÿõ äðóãèõ êëàññîâ
ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè, ìîæíî îáî-
ñíîâàííî îæèäàòü, ÷òî è â çäàíèÿõ ó÷ðåæäåíèé
çäðàâîîõðàíåíèÿ îíà áóäåò èìåòü ðàñïðåäåëåíèå,
ïîäîáíîå ïðèâåäåííîìó íà ðèñ. 4. Êàê âèäíî, âðåìÿ
íà÷àëà ýâàêóàöèè tíý ôîðìèðóåòñÿ â äâà ýòàïà:

tíý = tî + tï, (11)

ãäå tî — ïðîäîëæèòåëüíîñòü ýòàïà ïðèåìà ÷åëîâå-
êîì ñîîáùåíèÿ î âîçíèêíîâåíèè ïîæàðà, ìèí;
tï — ïðîäîëæèòåëüíîñòü ýòàïà ïîäãîòîâêè ÷åëî-
âåêà ê íà÷àëó äâèæåíèÿ ê ýâàêóàöèîííîìó âûõî-
äó èç ïîìåùåíèÿ, ìèí; tï = max(tíý – tî).
Çíà÷åíèå tî çàâèñèò îò òèïà ñèñòåìû îïîâåùåíèÿ

è óïðàâëåíèÿ ýâàêóàöèåé ëþäåé ïðè ïîæàðå (ÑÎÓÝ),
êîòîðîé îáîðóäîâàíî ïîìåùåíèå, è ïñèõîôèçèîëî-
ãè÷åñêîãî ñîñòîÿíèÿ íàõîäÿùèõñÿ â íåì ëþäåé.

Ïðåäñòàâëÿåòñÿ åñòåñòâåííûì, ÷òî ïðè ðàñ÷åòàõ
(ìîäåëèðîâàíèè) ïðîöåññà ýâàêóàöèè ðàñ÷åòíîå
çíà÷åíèå tíý äîëæíî ïðèíèìàòüñÿ ðàâíûì max tíý,
ïîñêîëüêó ýòî çíà÷åíèå ìîìåíòà âðåìåíè, â êîòîðûé
íà÷àë äâèæåíèå ê ýâàêóàöèîííîìó âûõîäó ïîñëåä-
íèé èç íàõîäÿùèõñÿ â ïîìåùåíèè ëþäåé. Ïîýòîìó
ñîâåðøåííî íååñòåñòâåííî, êîãäà ïðè ðàñ÷åòàõ ïî-
æàðíîãî ðèñêà îáíàðóæèâàåòñÿ, ÷òî çíà÷åíèå tíý äëÿ
âñåõ ëþäåé íå òîëüêî â îäíîì, íî äàæå è â ñîñåäíèõ

ïîìåùåíèÿõ ïðèíÿòî îäèíàêîâûì (âñå æäóò ïîñëåä-
íåãî!). Îäíàêî òàêîå ïîâåäåíèå ïðîòèâîåñòåñòâåí-
íî äëÿ íå ñâÿçàííûõ ìåæäó ñîáîé ëþäåé. Îíî ïðî-
òèâîðå÷èò è ñìûñëó ðàñïðåäåëåíèÿ, ïðåäñòàâëåí-
íîãî íà ðèñ. 4: îíî ïîêàçûâàåò âåðîÿòíûé ïðîöåíò
ëþäåé, êîòîðûå íà÷èíàþò ýâàêóèðîâàòüñÿ â êàæäûé
èç èíòåðâàëîâ âðåìåíè tíý – tî.

Äëÿ óïðîùåíèÿ ðàñ÷åòîâ ìîæíî çàìåíèòü ñëîæ-
íîå ðàñïðåäåëåíèå ñëó÷àéíîé âåëè÷èíû ñîîòâåòñò-
âóþùèì åìó ðàâíîìåðíûì ðàñïðåäåëåíèåì. Òîãäà
êîëè÷åñòâî ëþäåé Nti, íà÷èíàþùèõ ýâàêóèðîâàòüñÿ
â êàæäóþ ìèíóòó ïåðèîäà âðåìåíè íà÷àëà ýâàêóà-
öèè, îïðåäåëèòñÿ ñîîòíîøåíèåì

Nti = N�(tíý – tî). (12)

Ñëåäîâàòåëüíî, è ïëîòíîñòü ëþäñêîãî ïîòîêà íà
ó÷àñòêå ôîðìèðîâàíèÿ, îïðåäåëÿåìàÿ ïî ôîðìóëå
(10), óìåíüøèòñÿ ïðîïîðöèîíàëüíî êîëè÷åñòâó îäíî-
âðåìåííî âûõîäÿùèõ íà íåãî ëþäåé. Ìåíüøàÿ ïëîò-
íîñòü ëþäñêîãî ïîòîêà íà ó÷àñòêå ôîðìèðîâàíèÿ
âåäåò ê ñîîòâåòñòâóþùåìó óâåëè÷åíèþ ñêîðîñòè V1

è ñíèæåíèþ èíòåíñèâíîñòè äâèæåíèÿ ïî íåìó q1,
à ýòî, â ñâîþ î÷åðåäü, â ñîîòâåòñòâèè ñ (9) — ê èç-
ìåíåíèþ ïàðàìåòðîâ äâèæåíèÿ ïî êîðèäîðó, ãäå ñëè-
âàþòñÿ ïîòîêè èç ïîìåùåíèé (ñì. ðèñ. 2), ê ñíèæå-
íèþ èõ âåëè÷èíû Ðij = qn+1 %n+1 (ãäå Pij — âåëè÷èíà
ëþäñêîãî ïîòîêà).

Ïðè ýâàêóàöèè â óñëîâèÿõ ïðèáëèæàþùèõñÿ ïðè-
ðîäíûõ êàòàêëèçìîâ èëè â ïîâñåäíåâíûõ óñëîâèÿõ
ýêñïëóàòàöèè çäàíèé ñóùåñòâóåò ïåðèîä âðåìåíè
ïîäãîòîâêè ëþäåé ê íà÷àëó ýâàêóàöèè, àíàëîãè÷íûé
âðåìåíè íà÷àëà ýâàêóàöèè ïðè ïîæàðå. Åãî ìîæíî
íàçâàòü âðåìåíåì ïîäãîòîâêè ê âûõîäó tïâ. Ýòîò ïå-
ðèîä çíà÷èòåëüíî áîëüøå âðåìåíè íà÷àëà ýâàêóà-
öèè ïðè ïîæàðå. Ïðè ïðèáëèæàþùèõñÿ ïðèðîäíûõ
êàòàêëèçìàõ åãî îòñ÷åò íà÷èíàåòñÿ ñ ìîìåíòà ïî-
äà÷è ñèãíàëà î íåîáõîäèìîñòè ýâàêóèðîâàòüñÿ (íà-
ïðèìåð, â ïîâñåäíåâíûõ óñëîâèÿõ — ñèãíàëà îá
îêîí÷àíèè ðàáî÷åãî äíÿ). Ïîñêîëüêó tïâ < tíý, êîëè-
÷åñòâî ëþäåé, âûõîäÿùèõ â åäèíèöó âðåìåíè íà
ó÷àñòîê ôîðìèðîâàíèÿ ëþäñêîãî ïîòîêà, áóäåò ãî-
ðàçäî ìåíüøå, ÷åì îïðåäåëåííîå ïî ôîðìóëå (12).
Ñîîòâåòñòâåííî, ñíèçèòñÿ è çíà÷åíèå ïëîòíîñòè
ïîòîêà íà ó÷àñòêå ôîðìèðîâàíèÿ. Ïðè ýòîì ñëåäóåò
ó÷èòûâàòü, ÷òî ïðè ýòèõ óñëîâèÿõ è óðîâåíü ýìîöè-
îíàëüíîãî ñîñòîÿíèÿ ëþäåé áóäåò èíîé, ÷åì â ÷ðåç-
âû÷àéíîé ñèòóàöèè ïîæàðà. Ñîîòâåòñòâåííî, áóäåò
èíîé è êàòåãîðèÿ ñâîáîäíîãî äâèæåíèÿ ëþäåé â ïî-
òîêå. Ìîæíî ñ÷èòàòü, ÷òî ïðè ïðåâåíòèâíîé ýâàêóà-
öèè âî âðåìÿ ïðèáëèæàþùåãîñÿ ïðèðîäíîãî áåäñò-
âèÿ ýòî áóäåò àêòèâíîå äâèæåíèå —V j0,

ý = 80 ì/ìèí
(ïðè äâèæåíèè ïî ãîðèçîíòàëüíîìó ïóòè è ïî ëåñò-
íèöå âíèç âçðîñëûõ çäîðîâûõ ëþäåé), à â ïîâñåä-
íåâíûõ óñëîâèÿõ — V j0,

ý = 60 ì/ìèí. Â ýòèõ óñëî-

Ðèñ. 4. Îæèäàåìûé âèä ðàñïðåäåëåíèÿ ñëó÷àéíîé âåëè÷èíû
âðåìåíè íà÷àëà ýâàêóàöèè â çäàíèÿõ êîìïëåêñà ëå÷åáíî-
ïðîôèëàêòè÷åñêèõ ó÷ðåæäåíèé
Fig. 4. The expected distribution of a random variable of start
time of evacuation in buildings of medical institutions
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âèÿõ ëþäè äðóãèõ ãðóïï ìîáèëüíîñòè áóäóò èìåòü
áîëåå íèçêèå ñêîðîñòè äâèæåíèÿ.

Òàêèì îáðàçîì, âûÿñíÿåòñÿ, ÷òî ìåòîäîëîãè÷å-
ñêàÿ íåêîððåêòíîñòü ó÷åòà âðåìåíè íà÷àëà ýâàêóà-
öèè ïðèâîäèò ê ïðèíöèïèàëüíûì îøèáêàì â îöåíêå
ïàðàìåòðîâ äâèæåíèÿ ëþäñêèõ ïîòîêîâ ïðè îïðåäå-
ëåíèè ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè tð.ýâ è èõ ñî-
îòâåòñòâèÿ êàê êðèòåðèÿì ñâîåâðåìåííîñòè è áåñ-
ïðåïÿòñòâåííîñòè ýâàêóàöèè ïðè ïîæàðå, òàê è óñëî-
âèÿì îáåñïå÷åíèÿ êîìôîðòíîñòè äâèæåíèÿ ëþäåé
â èíûõ óñëîâèÿõ ýêñïëóàòàöèè çäàíèé.

Äëÿ íåìîáèëüíûõ ëþäåé, ò. å. ëþäåé, ëèøåííûõ
âîçìîæíîñòè ñàìîñòîÿòåëüíîãî ïåðåäâèæåíèÿ, âðå-
ìÿ íà÷àëà ýâàêóàöèè (ôàêòè÷åñêè âðåìÿ íà÷àëà ñïà-
ñåíèÿ) òåñíåéøèì îáðàçîì ïåðåïëåòàåòñÿ ñ âðå-
ìåíåì èõ òðàíñïîðòèðîâêè òåì èëè èíûì ñïîñîáîì
(íà íîñèëêàõ, íà ðóêàõ, íà êðîâàòÿõ è ò. ï.) è îïðåäå-
ëÿåòñÿ ãëàâíûì îáðàçîì ÷èñëåííîñòüþ ïåðñîíàëà.
Äëÿ ðåøåíèÿ ýòîé çàäà÷è áûëè ïîëó÷åíû ñîîòâåòñò-
âóþùèå àíàëèòè÷åñêèå âûðàæåíèÿ [23–25]. Â ñâÿçè
ñ ýòèì âîçíèêàåò âîïðîñ î êîëè÷åñòâå ëþäåé ðàçíîé
ñòåïåíè ìîáèëüíîñòè â ïîìåùåíèÿõ ðàçëè÷íîãî íà-
çíà÷åíèÿ â çäàíèÿõ êîìïëåêñà ëå÷åáíî-ïðîôèëàê-
òè÷åñêèõ ó÷ðåæäåíèé, ïîñêîëüêó â ñîñòàâå ïîìå-
ùåíèé çäàíèé ëå÷åáíûõ ó÷ðåæäåíèé (â ÷àñòíîñòè,
çäàíèé ó÷ðåæäåíèé îõðàíû ìàòåðèíñòâà è äåòñòâà)
åñòü ïîìåùåíèÿ, îñíîâíîé ôóíêöèîíàëüíûé êîí-
òèíãåíò êîòîðûõ íå ìîæåò ýâàêóèðîâàòüñÿ ñàìîñòî-
ÿòåëüíî. Ýòî — ïàëàòû íîâîðîæäåííûõ, îïåðàöè-
îííûå. Èõ ýâàêóàöèÿ, îñóùåñòâëÿåìàÿ ïðè ïîìîùè
ïåðñîíàëà, ïðåâðàùàåòñÿ ôàêòè÷åñêè â ñïàñåíèå.
Äàííûõ î ìîáèëüíîñòè ïàöèåíòîâ â ðàçëè÷íûõ ïîä-
ðàçäåëåíèÿõ ëå÷åáíûõ ó÷ðåæäåíèé â íîðìàòèâíî-
òåõíè÷åñêèõ äîêóìåíòàõ ïðîòèâîïîæàðíîãî íîð-
ìèðîâàíèÿ â íàñòîÿùåå âðåìÿ íå îáíàðóæèâàåòñÿ.
Ïðåäñòàâëåíèå î íèõ ìîæåò áûòü ïîëó÷åíî ïî ðå-
çóëüòàòàì îäíîãî èç îáñëåäîâàíèé, ïðîâåäåííîãî â
ïîäðàçäåëåíèÿõ êîìïëåêñà çäàíèé Ìîñêîâñêîãî îá-
ëàñòíîãî íàó÷íî-èññëåäîâàòåëüñêîãî êëèíè÷åñêîãî
èíñòèòóòà èì. Ì. Ô. Âëàäèìèðñêîãî (òàáë. 4).

Îäíàêî íàèáîëåå îïàñíûì äëÿ ëþäåé, äàæå ïðè
ýêñïëóàòàöèè çäàíèé â íîðìàëüíûõ óñëîâèÿõ, îêà-
çûâàåòñÿ äâèæåíèå ïî ëåñòíèöàì. Òàê, äàâíî èçâå-
ñòíî [21], ÷òî “ïî àìåðèêàíñêèì äàííûì, â ðåçóëü-
òàòå íåñ÷àñòíûõ ñëó÷àåâ íà ëåñòíèöàõ ïðèìåðíî
800 òûñ. ÷åëîâåê ïîëó÷àþò òðàâìû è ïîâðåæäåíèÿ,
òðåáóþùèå ñòàöèîíàðíîãî ëå÷åíèÿ. Â 1978 ã. â òàêèõ
èíöèäåíòàõ ïîãèáëè îêîëî 3000 ÷åëîâåê. Êðîìå
òîãî, îòìå÷åíû öèôðû ïîðÿäêà 1,8–2,66 ìëí. òðàâì
è ïîâðåæäåíèé áîëåå ëåãêîãî õàðàêòåðà, ïîòðåáî-
âàâøèõ òîëüêî àìáóëàòîðíîãî ëå÷åíèÿ. Â ÑØÀ
åæåãîäíûé óùåðá îò íåñ÷àñòíûõ ñëó÷àåâ íà ëåñò-
íèöàõ îöåíèâàåòñÿ ïðèìåðíî â 2 ìëðä. äîëëàðîâ”.

Ïðè ñïóñêå ïî ëåñòíèöå ÷åëîâåê äîëæåí âèäåòü
ðàñïîëîæåííóþ íèæå ñòóïåíü, ÷òîáû íå îñòóïèòü-

ñÿ è íå óïàñòü, ñîñêîëüçíóâ ïî íåé. Ïðè âûñîêîé
ïëîòíîñòè ïîòîêà íèæíÿÿ ñòóïåíü çàíÿòà ÷åëîâåêîì,
òåëî êîòîðîãî äëÿ ïîääåðæàíèÿ ðàâíîâåñèÿ ê òîìó
æå íåñêîëüêî îòêëîíåíî íàçàä, ïîýòîìó ÷åëîâåê
íà âûøåðàñïîëîæåííîé ñòóïåíè ñíèæàåò ñêîðîñòü
ñâîåãî äâèæåíèÿ. Ïðè ïîäúåìå ïî ëåñòíèöå îïàñåíèÿ
óïàñòü, ñîñêîëüçíóâ ïî ñòóïåíè, ó ÷åëîâåêà íå âîç-
íèêàåò [26]. Ïîýòîìó â îïðåäåëåííîì èíòåðâàëå ïëîò-
íîñòè ñêîðîñòü äâèæåíèÿ ëþäåé ïî ëåñòíèöå âíèç
ñòàíîâèòñÿ íèæå, ÷åì ïî ëåñòíèöå ââåðõ, íåñìîòðÿ
íà òî ÷òî äâèæåíèå ïî ëåñòíèöå âíèç òðåáóåò ìåíü-
øèõ ýíåðãåòè÷åñêèõ çàòðàò ïî ñðàâíåíèþ ñ äâèæå-
íèåì ââåðõ (ñì. , íàïðèìåð, äàííûå J. J. Fruin [27]).

Îïàñåíèå óïàñòü íà ëåñòíèöå óñèëèâàåòñÿ ó ëþ-
äåé ñ îãðàíè÷åííûìè ôèçè÷åñêèìè âîçìîæíîñòÿìè.
Óäèâèòåëüíûé ôåíîìåí ïðîÿâëåíèÿ áîÿçíè óïàñòü
ïðè äâèæåíèè ïî ëåñòíèöå âíèç áûë çàôèêñèðîâàí
ïðè êèíîíàáëþäåíèè òðåíèðîâî÷íîé ýâàêóàöèè â
îäíîì èç çäàíèé ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëà-
äèìèðñêîãî. Íà ðèñ. 5 ïðåäñòàâëåíû êàäðû ñïóñêà
ïî ëåñòíèöå îäíîé èç ïîñåòèòåëüíèö ýòîãî ó÷ðåæ-
äåíèÿ, ïîâåðíóâøåéñÿ ñïèíîé ê íàïðàâëåíèþ îá-
ùåãî äâèæåíèÿ âíèç ïî ëåñòíèöå.

Ýòè êàäðû íàãëÿäíî ñâèäåòåëüñòâóþò î íåîáõî-
äèìîñòè èñïîëüçîâàíèÿ ìåõàíè÷åñêèõ ñðåäñòâ âíóò-
ðåííåãî òðàíñïîðòà (ëèôòîâ è ýñêàëàòîðîâ) íå òîëü-
êî â óñëîâèÿõ ïîâñåäíåâíîé ýêñïëóàòàöèè çäàíèÿ,
íî è ïðè âîçíèêíîâåíèè ÷ðåçâû÷àéíûõ ñèòóàöèé,
â òîì ÷èñëå ïîæàðà. Îäíàêî äî íåäàâíåãî âðåìåíè
ïðîòèâîïîæàðíûì íîðìèðîâàíèåì èñïîëüçîâàíèå
ëèôòîâ äëÿ ýâàêóàöèè ëþäåé âî âðåìÿ ïîæàðà áûëî
çàïðåùåíî. Íàó÷íûìè æå èññëåäîâàíèÿìè [28, 29]
åùå â êîíöå 60-õ ãîäîâ ïðîøëîãî âåêà óñòàíîâëåíà
íåîáõîäèìîñòü ñîçäàíèÿ óñëîâèé “äëÿ ïðîâåäåíèÿ
ïîýòàïíîé ýâàêóàöèè ñ èñïîëüçîâàíèåì ìåõàíè÷å-
ñêèõ ñðåäñòâ âíóòðåííåãî òðàíñïîðòà è âåðòèêàëü-
íûõ êîììóíèêàöèé äëÿ ïåøåõîäíîãî äâèæåíèÿ” [29].
Áûëî ïîêàçàíî, ÷òî äëÿ ýòîãî íåîáõîäèìî ôîðìèðî-
âàíèå òðàíñïîðòíî-êîììóíèêàöèîííîãî óçëà è çîíû
áåçîïàñíîñòè, êîòîðàÿ “äîëæíà áûòü îðãàíèçîâàíà
â ïðåäåëàõ ýòàæà è èìåòü äîñòàòî÷íî áîëüøóþ ïëî-
ùàäü” [29]. Ýòîò âîïðîñ íåîäíîêðàòíî ïîäíèìàëñÿ
è â ïîñëåäóþùèå ãîäû [30, 31], îäíàêî ïîòðåáîâà-
ëîñü áîëåå 30 ëåò, ÷òîáû âïåðâûå ðåàëèçîâàòü ýòè
ïîëîæåíèÿ â íîðìèðîâàíèè ïðè î÷åâèäíîé íåâîç-
ìîæíîñòè áåç èõ ñîáëþäåíèÿ îáåñïå÷èòü äîñòóï-
íîñòü çäàíèé è ñîîðóæåíèé äëÿ ìàëîìîáèëüíûõ
ãðóïï íàñåëåíèÿ.

Íàêîíåö-òî, â ðåäàêöèè îò 10.07.2012 ã. Ôåäå-
ðàëüíîãî çàêîíà ¹ 123 “Òåõíè÷åñêèé ðåãëàìåíò î
òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè” â ñò. 89 ïî-
ÿâèëñÿ ï. 15: “Äëÿ ýâàêóàöèè ñî âñåõ ýòàæåé çäàíèé
ãðóïï íàñåëåíèÿ ñ îãðàíè÷åííûìè âîçìîæíîñòÿìè
ïåðåäâèæåíèÿ äîïóñêàåòñÿ ïðåäóñìàòðèâàòü íà
ýòàæàõ âáëèçè ëèôòîâ, ïðåäíàçíà÷åííûõ äëÿ ãðóïï
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íàñåëåíèÿ ñ îãðàíè÷åííûìè âîçìîæíîñòÿìè ïåðå-
äâèæåíèÿ, è (èëè) íà ëåñòíè÷íûõ êëåòêàõ óñòðîé-
ñòâî áåçîïàñíûõ çîí, â êîòîðûõ îíè ìîãóò íàõîäèòü-
ñÿ äî ïðèáûòèÿ ñïàñàòåëüíûõ ïîäðàçäåëåíèé. Ïðè

ýòîì ê óêàçàííûì ëèôòàì ïðåäúÿâëÿþòñÿ òàêèå æå
òðåáîâàíèÿ, êàê ê ëèôòàì äëÿ òðàíñïîðòèðîâêè ïîä-
ðàçäåëåíèé ïîæàðíîé îõðàíû. Òàêèå ëèôòû ìîãóò
èñïîëüçîâàòüñÿ äëÿ ýâàêóàöèè ãðóïï íàñåëåíèÿ ñ
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ËÎÐ
ENT Specialist 18 22 1 2 – – – 8 4 55

Óðîëîãè÷åñêîå
Urological 18 21 – 3 – 3 – – – 49

Äåòñêàÿ õèðóðãèÿ
Pediatric Surgery – – – – – – – 27 12 39

Ñîñóäèñòàÿ õèðóðãèÿ
Vascular Surgery 3 21 2 1 – – – – – 27

Àáäîìèíàëüíàÿ õèðóðãèÿ
Abdominal Surgery 13 11 4 1 – 4 – – – 33

Ýíäîêðèííàÿ õèðóðãèÿ
Endocrine Surgery 8 10 1 1 – 2 – – – 22

Òîðàêàëüíàÿ õèðóðãèÿ
Thoracic Surgery 8 2 1 1 1 3 2 – – 17

Êàðäèîõèðóðãèÿ
Cardiac Surgery 15 28 2 1 – – – 7 – 53

Âçðîñëàÿ ðåàíèìàöèÿ ¹ 1
Adult Intensive Care No. 1 – – – – – 1 3 – – 4/12

Îôòàëüìîëîãèÿ
Ophthalmology 18 38 – 2 – – – 2 3 63

Òðàâìàòîëîãèÿ
Traumatology 7 – 1 – 38 1 – – – 47

Òåðàïåâòè÷åñêîå îòäåëåíèå ¹ 2
Therapeutic Department No. 2 2 26 4 – – – – – – 32

Íåéðîõèðóðãèÿ
Neurosurgery 8 11 4 – – 15 – – – 38

Íåâðîëîãèÿ
Neurology 16 22 5 1 1 2 – – – 47

Ðàäèîëîãèÿ
Radiology 29 76 1 – – – – – – 105

Òðàíñïëàíòàöèè è äèàëèçà
Transplantation and Dialysis 19 11 2 – – 1 – – – 30

Ïåäèàòðè÷åñêîå
Pediatric – – – – – – – 6 24 30

Òàáëèöà 4. Ñîñòàâ ïàöèåíòîâ ðàçëè÷íûõ ãðóïï ìîáèëüíîñòè â îòäåëåíèÿõ ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëàäèìèðñêîãî

Table 4. The composition of patients of various mobility groups in the offices of GBUZ MO MONIKI by M. F. Vladimirskiy
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îãðàíè÷åííûìè âîçìîæíîñòÿìè ïåðåäâèæåíèÿ âî
âðåìÿ ïîæàðà”. Îäíàêî íåäîñòàòî÷íî ÷åòêàÿ ðåäàê-
öèÿ ýòîãî ïóíêòà äîïóñêàåò, êàê ïîêàçûâàåò ïðàêòè-
êà, åãî êàçóèñòè÷åñêîå òîëêîâàíèå, êîòîðîå ïîçâî-
ëÿåò ïðåäñòàâèòåëÿì ïðîòèâîïîæàðíîé èíñïåêöèè
è ñåãîäíÿ ñ÷èòàòü íåäîïóñòèìûì èñïîëüçîâàíèå
ëèôòîâ äëÿ ýâàêóàöèè ëþäåé âî âðåìÿ ïîæàðà [32].

Ñêëàäûâàåòñÿ ïàðàäîêñàëüíàÿ ñèòóàöèÿ. Ïðè
ñòðåìëåíèè îáåñïå÷èòü äîñòóïíîñòü è êîìôîðò èñ-
êóññòâåííîé ñðåäû çäàíèé ëå÷åáíûõ ó÷ðåæäåíèé
äëÿ ëþäåé ñ îãðàíè÷åííûìè ôèçè÷åñêèìè âîçìîæ-
íîñòÿìè èñïîëüçóþòñÿ ëèôòû, äàþùèå èì âîçìîæ-
íîñòü ïîñåùàòü ïîìåùåíèÿ, ðàñïîëîæåííûå íà ýòà-
æàõ âûøå ïåðâîãî. Â ïåðèîä æå íàèáîëüøåé äëÿ íèõ
îïàñíîñòè, íàïðèìåð âî âðåìÿ ïîæàðà, ñàìîñòîÿ-
òåëüíî ïîëüçîâàòüñÿ ëèôòîì èì çàïðåùàåòñÿ, â ðå-
çóëüòàòå ÷åãî ëèôò ïðåâðàùàåòñÿ â äâåðöó ïîæàðíîé
ëîâóøêè äëÿ ëþäåé ñ îãðàíè÷åííûìè ôèçè÷åñêèìè
âîçìîæíîñòÿìè ïåðåäâèæåíèÿ.

Âûâîä

Â îáúåìíî-ïëàíèðîâî÷íûõ ðåøåíèÿõ çäàíèé ó÷-
ðåæäåíèé îõðàíû ìàòåðèíñòâà è äåòñòâà ðåøàþùåå
çíà÷åíèå ïðèîáðåòàåò îðãàíèçàöèÿ öåëåñîîáðàçíîé

òåõíîëîãè÷åñêîé âçàèìîñâÿçè ìåæäó ïîìåùåíèÿìè
ïîäãîòîâêè ðåçóëüòàòîâ îáñëåäîâàíèÿ ÷åëîâåêà è ïî-
ñëåäîâàòåëüíîñòè ýòàïîâ åãî ëå÷åíèÿ. Ðàçìåðû êîì-
ìóíèêàöèîííûõ ïóòåé çäàíèÿ, ðåàëèçóþùèõ âûïîë-
íåíèå òðåáîâàíèé êîìôîðòíîãî äâèæåíèÿ ëþäåé,
à òàêæå áåçîïàñíîé ýâàêóàöèè èõ â ñëó÷àå ïîæàðà,
äîëæíû ïðîåêòèðîâàòüñÿ èñõîäÿ èç ôèçè÷åñêèõ âîç-
ìîæíîñòåé ýòèõ ëþäåé (ñîñòàâà îñíîâíîãî ôóíêöè-
îíàëüíîãî êîíòèíãåíòà) è òðåáîâàíèé, óäîâëåòâîðÿ-
þùèõ êðèòåðèÿì îáåñïå÷åíèÿ áåçîïàñíîñòè èõ ýâà-
êóàöèè ïðè ëþáûõ óñëîâèÿõ ýêñïëóàòàöèè çäàíèé.
Ïîñêîëüêó ïëîòíîñòü ëþäñêîãî ïîòîêà, íåîáõîäèìàÿ
äëÿ êîìôîðòíîãî ïåðåäâèæåíèÿ ëþäåé, äîëæíà áûòü
D < 0,05, à äîïóñòèìàÿ äëÿ áåñïðåïÿòñòâåííîé ýâà-
êóàöèè â àâàðèéíûõ óñëîâèÿõ — D < 0,5, òî îêàçû-
âàåòñÿ, ÷òî òðåáóåìóþ øèðèíó ýâàêóàöèîííîãî ïóòè
äîëæíû îïðåäåëÿòü ïîâñåäíåâíûå óñëîâèÿ ýêñïëó-
àòàöèè çäàíèÿ, à íå óñëîâèÿ ýêñòðåííîé ñèòóàöèè.

Äëÿ íåìîáèëüíûõ ëþäåé, ò. å. ëþäåé, ëèøåííûõ
âîçìîæíîñòè ñàìîñòîÿòåëüíîãî ïåðåäâèæåíèÿ, âðåìÿ
íà÷àëà ýâàêóàöèè (ôàêòè÷åñêè âðåìÿ íà÷àëà ñïà-
ñåíèÿ) òåñíåéøèì îáðàçîì ïåðåïëåòàåòñÿ ñ âðåìå-
íåì èõ òðàíñïîðòèðîâêè òåì èëè èíûì ñïîñîáîì
(íà íîñèëêàõ, íà ðóêàõ, íà êðîâàòÿõ è ò. ï.) è îïðåäå-

Ðèñ. 5. Ñïóñê æåíùèíû ñïèíîé ïî ëåñòíèöå âíèç: à — ñ 5-ãî íà 4-é ýòàæ è äàëåå; á — ñ 3-ãî íà 2-é ýòàæ
Fig. 5. Descent women back at the stairs down to: a — from 5th to 4th floor and then; b — from the 3rd to the 2nd floor
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ëÿåòñÿ ãëàâíûì îáðàçîì ÷èñëåííîñòüþ ïåðñîíàëà.
Ïîýòîìó âîçíèêàåò âîïðîñ î êîëè÷åñòâå ëþäåé ðàç-
ëè÷íîé ñòåïåíè ìîáèëüíîñòè â ïîìåùåíèÿõ ðàçëè÷-
íîãî íàçíà÷åíèÿ â çäàíèÿõ êîìïëåêñà ëå÷åáíî-ïðî-
ôèëàêòè÷åñêèõ ó÷ðåæäåíèé, ïîñêîëüêó â ñîñòàâå
ïîìåùåíèé çäàíèé ëå÷åáíûõ ó÷ðåæäåíèé (â ÷àñò-
íîñòè, çäàíèé ó÷ðåæäåíèé îõðàíû ìàòåðèíñòâà è
äåòñòâà) åñòü ïîìåùåíèÿ, îñíîâíîé ôóíêöèîíàëü-
íûé êîíòèíãåíò êîòîðûõ íå ìîæåò ýâàêóèðîâàòüñÿ
ñàìîñòîÿòåëüíî. Ýòî — ïàëàòû íîâîðîæäåííûõ, îïå-
ðàöèîííûå. Èõ ýâàêóàöèÿ, îñóùåñòâëÿåìàÿ ïðè ïî-
ìîùè ïåðñîíàëà, ïðåâðàùàåòñÿ ôàêòè÷åñêè â ñïà-
ñåíèå.

Ðåçóëüòàòû òðåíèðîâî÷íûõ ýâàêóàöèé èç çäàíèé
ëå÷åáíûõ ó÷ðåæäåíèé ïîêàçûâàþò êðàéíå îãðàíè-
÷åííûå âîçìîæíîñòè óñïåøíîé ñàìîñòîÿòåëüíîé
ýâàêóàöèè ëþäåé ñ îãðàíè÷åííûìè (ïî ðàçëè÷íûì
ïðè÷èíàì) ôèçè÷åñêèìè âîçìîæíîñòÿìè è íåîáõî-
äèìîñòü ïðîâåäåíèÿ áîëüøîãî îáúåìà ñïàñàòåëüíûõ
ìåðîïðèÿòèé ïåðñîíàëîì äëÿ îáåñïå÷åíèÿ áåçîïàñ-

íîñòè ëþäåé, íåñïîñîáíûõ ýâàêóèðîâàòüñÿ ñàìîñòî-
ÿòåëüíî.

Ýòè ðåçóëüòàòû äèêòóþò ïðàêòè÷åñêóþ íåîáõî-
äèìîñòü èñïîëüçîâàíèÿ ëèôòîâûõ óñòàíîâîê äëÿ ýâà-
êóàöèè ëþäåé â íà÷àëå ïîæàðà, à íå òîëüêî â óñëî-
âèÿõ íîðìàëüíîé ýêñïëóàòàöèè çäàíèé. Ýòî àêòóà-
ëèçèðóåò ðàçðàáîòêó ëèôòîâ äëÿ ñàìîñòîÿòåëüíîãî
èñïîëüçîâàíèÿ ëþäüìè âî âðåìÿ ïîæàðà ñ ïîæàðíî-
òåõíè÷åñêèìè õàðàêòåðèñòèêàìè, ýêâèâàëåíòíûìè
ëèôòàì äëÿ ïåðåâîçêè ïîæàðíûõ ïîäðàçäåëåíèé.

Ñîâðåìåííîå íàïðàâëåíèå ìåðîïðèÿòèé ïî ïîâû-
øåíèþ ïîæàðîáåçîïàñíîñòè çäàíèé ëå÷åáíûõ ó÷-
ðåæäåíèé, êàê è çäàíèé äðóãèõ êëàññîâ ôóíêöèîíàëü-
íîé ïîæàðíîé îïàñíîñòè, ñâÿçàíî ñ ðàçðàáîòêîé ñî-
âðåìåííûõ àâòîìàòè÷åñêèõ ñèñòåì ïîæàðîòóøåíèÿ
è ïðîòèâîïîæàðíîé çàùèòû [33], ïîçâîëÿþùèõ óâå-
ëè÷èòü âðåìÿ áåçîïàñíîãî ïðåáûâàíèÿ ëþäåé ñ îãðà-
íè÷åíèÿìè ôèçè÷åñêèõ âîçìîæíîñòåé ëþáîé ñòå-
ïåíè, êîëè÷åñòâî êîòîðûõ âî âñåì ìèðå â ïîñëåäíèå
äåñÿòèëåòèÿ ðåçêî âîçðàñòàåò [34–37].
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ABSTRACT

Ensuring the implementation in the projection of numerical values the established safety criteria for
people when they are evacuated from health facilities in a fire, during natural emergencies and during
daily operation requires a careful analysis of the process of formation of human flows on the original
sections of the communication paths of the floor and their further movement. At the same time, it is
necessary to eliminate the erroneous interpretation technique of time of the beginning of the evacua-
tion as the moment of simultaneous evacuation of people from the premises, because it leads to an in-
appropriate reality of overestimating the amount of flows, which does not allow to analyze the fulfill-
ment of safety criteria. This analysis should be carried out taking into account the physical capabilities
of people in the buildings of medical institutions and the changes of their emotional state in accordance
with the situation.

The results of training evacuations from the buildings of medical institutions show extremely
limited opportunities for the successful independent evacuation of people with limited physical capa-
bilities (for various reasons) and the necessity of conducting of a large amount of rescue activities by
personnel to ensure the safety of people who are unable to evacuate on their own.

These results dictate the practical necessity of using elevator systems for evacuation of people
at the beginning of a fire, and not only in the normal operation of buildings. This actualizes the de-
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velopment of elevators for independent use by people during a fire with fire-technical characteristics
equivalent to elevators for transportation of fire departments.

The modern direction of measures, which are increase the fire safety of buildings of medical
institutions as editions of other classes of functional fire danger, is connected with the development of
modern automatic fire extinguishing and fire protection systems, allowing to increase the time of safe
stay of people with any degree of restriction of their physical capabilities, the number of which in
recent decades has increased dramatically in the whole world.

Keywords: communication paths; emergency; evacuation; security; human flow; immobile popula-
tion groups; medical institutions.
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Ðàññìîòðåíû îñíîâíûå îòëè÷èÿ â òåðìèíîëîãèè êàáåëåé, ïðèìåíÿåìûõ äëÿ îáåñïå÷åíèÿ áåç-
îïàñíîé ðàáîòû ðàçëè÷íûõ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû. Ïðîâåäåí àíàëèç ñóùåñòâóþùèõ
íîðìàòèâíûõ äîêóìåíòîâ î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè êàáåëüíûõ èçäåëèé. Ïðåäñòàâ-
ëåíû ïðèìåðû ðàçëè÷íûõ ñïîñîáîâ ñíèæåíèÿ ãîðþ÷åñòè êàáåëåé. Äàíû îïðåäåëåíèÿ ñõîæèõ
ïî çíà÷åíèþ òåðìèíîâ è óñòàíîâëåíû äîïóñòèìûå âàðèàíòû èõ ïðèìåíåíèÿ â ïðàêòè÷åñêîé
äåÿòåëüíîñòè. Óêàçàíû îñíîâíûå îòëè÷èÿ ìåæäó îãíåñòîéêèìè êàáåëÿìè è êàáåëÿìè, íå ðàñ-
ïðîñòðàíÿþùèìè ãîðåíèå.

Êëþ÷åâûå ñëîâà: êàáåëüíûå èçäåëèÿ; îãíåñòîéêîñòü; ïîæàðíàÿ áåçîïàñíîñòü; îáîëî÷êè êà-
áåëåé; êàòåãîðèè êàáåëåé.

ÂÎÏÐÎÑ:

Â öåëÿõ ýôôåêòèâíîé ðàáîòû ñèñòåì ïðîòèâîïîæàð-

íîé çàùèòû, à òàêæå ñèñòåì, îáåñïå÷èâàþùèõ áåç-

îïàñíóþ ýâàêóàöèþ ëþäåé ïðè ïîæàðå, â íàñòîÿùåå

âðåìÿ äîëæíû ïðèìåíÿòüñÿ êàáåëè, íå ðàñïðî-

ñòðàíÿþùèå ãîðåíèå. Â ðàçëè÷íûõ ëèòåðàòóðíûõ

è íîðìàòèâíûõ èñòî÷íèêàõ ìîæíî âñòðåòèòü èíûå

íàçâàíèÿ êàáåëåé, òàêèå êàê “íåãîðþ÷èå”, “îãíå-

ñòîéêèå” è äàæå “ïîæàðîñòîéêèå”. Åñòü ëè ðàçíèöà

ìåæäó ýòèìè íàçâàíèÿìè èëè ýòî îäèí è òîò æå âèä

êàáåëåé?

ÎÒÂÅÒ:

Òðåáîâàíèÿ ï. 4. ñò. 82 “Òåõíè÷åñêîãî ðåãëà-

ìåíòà î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè” [1]

ðàñïðîñòðàíÿþòñÿ íà êàáåëè, ïðîêëàäûâàåìûå îò-

êðûòî, ò. å. íà ëîòêàõ, òðîñàõ, ðîëèêàõ, èçîëÿòîðàõ,

ñâîáîäíûì ïîäâåøèâàíèåì è ò. ï. Ïðè ãðóïïîâîé ïðî-

êëàäêå òàêèå êàáåëè äîëæíû èìåòü â ìàðêèðîâêå

èíäåêñ “íã”, îïðåäåëÿþùèé èõ êàê “íå ðàñïðîñòðà-
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à òàêæå èç ðåçèí íà îñíîâå ïîëèõëîðîïðåíîâûõ è
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èìè ïðè ãîðåíèè áîëüøîãî êîëè÷åñòâà äûìà è âðåä-

íûõ äëÿ çäîðîâüÿ ÷åëîâåêà âåùåñòâ, òàêèõ êàê óãàð-
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Èç âûøåïåðå÷èñëåííûõ ìàòåðèàëîâ îáîëî÷åê êà-

áåëåé âèäíî, ÷òî èõ âûáîð ÿâëÿåòñÿ îñíîâíûì ñïî-

ñîáîì îáåñïå÷åíèÿ òðåáîâàíèé ïîæàðíîé áåçîïàñ-

íîñòè. Âìåñòå ñ òåì áîëüøîå ðàñïðîñòðàíåíèå ïî-

ëó÷èëè äîïîëíèòåëüíûå çàùèòíûå ýëåìåíòû êîíñò-

ðóêöèè êàáåëåé, êîòîðûå çàäàþò íåñêîëüêî ïóòåé

ñíèæåíèÿ ãîðþ÷åñòè êàáåëåé (ñì. ðèñóíîê).

Íàïðèìåð, â Ðîññèè äîñòàòî÷íî ðàñïðîñòðàíåíû êà-

áåëè ìàðîê ÂÁÂíã è ÀÂÁÂíã, ó êîòîðûõ äîñòèãàþòñÿ

ïðèåìëåìûå ïîêàçàòåëè ïî íåðàñïðîñòðàíåíèþ

ãîðåíèÿ ïðè ãðóïïîâîé ïðîêëàäêå çà ñ÷åò ïîêðûòèÿ

ÏÂÕ-îáîëî÷êè êàáåëåé ñòàëüíûìè ëåíòàìè, îáðàçó-

þùèìè áðîíåïîêðîâ (áðîíþ).

Ïóòè ñíèæåíèÿ ãîðþ÷åñòè êàáåëüíûõ èçäåëèé
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ÂÎÏÐÎÑ – ÎÒÂÅÒ

Ïëàìÿ ïðè ãîðåíèè êàáåëåé, íå ðàñïðîñòðàíÿþùèõ

ãîðåíèå, äîëæíî çàòóõàòü ïðè èñ÷åçíîâåíèè åãî èñ-

òî÷íèêà êàê ïðè îäèíî÷íîé, òàê è ïðè ãðóïïîâîé

ïðîêëàäêå. Òàêèå êàáåëè ñîãëàñíî ñåðèè ÃÎÑÒ IEC

60332 “Èñïûòàíèÿ ýëåêòðè÷åñêèõ è îïòè÷åñêèõ êà-

áåëåé â óñëîâèÿõ âîçäåéñòâèÿ ïëàìåíè” ðàçëè÷àþò-

ñÿ ïî êàòåãîðèÿì (A F/R, A, B, C, D) â çàâèñèìîñòè îò

ïðåäåëîâ ðàñïðîñòðàíåíèÿ îãíÿ äàëüøå èñòî÷íèêà

âîçãîðàíèÿ.

Äëÿ îáîçíà÷åíèÿ íå ðàñïðîñòðàíÿþùèõ ãîðåíèå êà-

áåëåé ÷àñòî ïðèìåíÿþò ñëîâîñî÷åòàíèå “íåãîðþ-

÷èé êàáåëü”, êîòîðîå íå ÿâëÿåòñÿ â îáùåì ñëó÷àå

òåðìèíîì, òàê êàê íå ïðèìåíÿåòñÿ â íîðìàòèâíûõ

äîêóìåíòàõ ïî êàáåëüíûì èçäåëèÿì.

Èìååòñÿ ñóùåñòâåííàÿ ðàçíèöà è ìåæäó òåðìèíà-

ìè “íå ðàñïðîñòðàíÿþùèé ãîðåíèå” è “îãíåñòîé-

êèé” êàáåëü. Ïîä îãíåñòîéêîñòüþ êàáåëÿ ïîíèìà-

åòñÿ ïàðàìåòð, õàðàêòåðèçóþùèé ñïîñîáíîñòü êà-

áåëüíîãî èçäåëèÿ ïðîäîëæàòü âûïîëíÿòü çàäàííûå

ôóíêöèè ïðè âîçäåéñòâèè è ïîñëå âîçäåéñòâèÿ íà

íåãî èñòî÷íèêà ïëàìåíè â òå÷åíèå çàäàííîãî ïå-

ðèîäà âðåìåíè [2]. Èíà÷å ãîâîðÿ, îãíåñòîéêîñòü êà-

áåëÿ — ýòî êðèòåðèé åãî ðàáîòîñïîñîáíîñòè, êîëè-

÷åñòâåííîé ìåðîé êîòîðîãî ÿâëÿåòñÿ ïðåäåë îãíå-

ñòîéêîñòè. Â òàáë. 1 ÃÎÑÒ 31565–2012 [2] óêàçàíî

âîñåìü ïðåäåëîâ îãíåñòîéêîñòè êàáåëåé, îòëè÷à-

þùèõñÿ äðóã îò äðóãà âðåìåíåì èõ ðàáîòîñïîñîáíî-

ñòè â óñëîâèÿõ âîçäåéñòâèÿ ïëàìåíè. Îãíåñòîéêèå

êàáåëè ñîãëàñíî [2] äîëæíû èìåòü â ñâîåé ìàðêè-

ðîâêå èíäåêñ “–FR”, ïîýòîìó êàáåëü ìîæåò áûòü îä-

íîâðåìåííî îãíåñòîéêèì è íå ðàñïðîñòðàíÿþùèì

ãîðåíèå ñ ìàðêèðîâêîé “íã-FR”.

Â çàêëþ÷åíèå õîòåëîñü áû îòìåòèòü, ÷òî â äåéñòâó-

þùèõ íîðìàòèâíûõ äîêóìåíòàõ, íàïðèìåð â ÍÏÁ

248–97 [3], îãíåñòîéêîñòü êàáåëÿ îáîçíà÷åíà òåð-

ìèíîì “ïîæàðîñòîéêîñòü”. Îí áûë ââåäåí ñ öåëüþ

ðàçãðàíè÷èòü ïîíÿòèÿ îãíåñòîéêîñòè ñòðîèòåëüíûõ

êîíñòðóêöèé è êàáåëåé. Ïîä òåðìèíîì “ïîæàðîñòîé-

êîñòü” â ÍÏÁ [3] ïîíèìàþò âðåìÿ, â òå÷åíèå êîòîðî-

ãî â êàáåëå èëè ïðîâîäå íå ïðîèñõîäèò êîðîòêîãî

çàìûêàíèÿ ìåæäó îòäåëüíûìè òîêîïðîâîäÿùèìè

æèëàìè, ïîäêëþ÷åííûìè ê ðàçëè÷íûì ôàçàì èñ-

òî÷íèêà íàïðÿæåíèÿ, ïðè âîçäåéñòâèè íà êàáåëü-

íîå èçäåëèå ñòàíäàðòíîãî î÷àãà ïîæàðà ïðè ïðîâå-

äåíèè èñïûòàíèé. Èç äàííîãî îïðåäåëåíèÿ ñëåäóåò,

÷òî îãíåñòîéêîñòü è ïîæàðîñòîéêîñòü êàáåëÿ — òåð-

ìèíû ïðàêòè÷åñêè èäåíòè÷íûå, íî áîëåå âåðíûì

ñ÷èòàåòñÿ òåðìèí “îãíåñòîéêîñòü”.
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ABSTRACT

The main differences in the terminology of cables

used to ensure the safe operation of various fire

protection systems are considered. The analysis of

existing normative documents on fire safety require-

ments for cable products is conducted. Examples of

various ways of reducing the flammability of cables

are presented. The definitions of similar terms are

given and the permissible variants of their application

in practice are established. The main differences bet-

ween fire-resistant cables and non-burning cables are

indicated.

Keywords: cable products; fire resistance; fire safety;

cable sheaths; cable categories.
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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 250–300 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 è ò. ï.). Ïðè ýòîì

ïðîöåíò ññûëîê íà ñòàòüè èç èíîñòðàííûõ íàó÷íûõ æóðíàëîâ è äðó-

ãèõ èíîñòðàííûõ èñòî÷íèêîâ äîëæåí áûòü íå íèæå 40 %. Âûïîëíå-

íèå äàííîãî òðåáîâàíèÿ áóäåò ñâèäåòåëüñòâîâàòü î òîì, ÷òî àâòîðû

èñïîëüçóþò ïðåäûäóùèå íàó÷íûå äîñòèæåíèÿ â íåîáõîäèìîé ìåðå.

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!








