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ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

Ðîññèéñêàÿ àêàäåìèÿ íàóê

Íàöèîíàëüíàÿ àêàäåìèÿ íàóê Ðåñïóáëèêè Áåëàðóñü

Ìèíèñòåðñòâî íàóêè è âûñøåãî îáðàçîâàíèÿ
Ðîññèéñêîé Ôåäåðàöèè

Ìèíèñòåðñòâî îáðàçîâàíèÿ Ðåñïóáëèêè Áåëàðóñü

Ìèíèñòåðñòâî Ðîññèéñêîé Ôåäåðàöèè ïî äåëàì
ãðàæäàíñêîé îáîðîíû, ÷ðåçâû÷àéíûì ñèòóàöèÿì
è ëèêâèäàöèè ïîñëåäñòâèè ñòèõèéíûõ áåäñòâèé

Ìèíèñòåðñòâî ïî ÷ðåçâû÷àéíûì ñèòóàöèÿì
Ðåñïóáëèêè Áåëàðóñü

Óíèâåðñèòåò ãðàæäàíñêîé çàùèòû
Ì×Ñ Ðåñïóáëèêè Áåëàðóñü

Èíñòèòóò õèìè÷åñêîé ôèçèêè
èì. Í. Í. Ñåìåíîâà ÐÀÍ

Àêàäåìèÿ Ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé
ñëóæáû Ì×Ñ Ðîññèè

Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé
èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè

Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ïîæàðíîé
áåçîïàñíîñòè è ïðîáëåì ÷ðåçâû÷àéíûõ ñèòóàöèé

Ì×Ñ Ðåñïóáëèêè Áåëàðóñü

Êîêøåòàóñêèé òåõíè÷åñêèé èíñòèòóò Ê×Ñ
ÌÂÄ Ðåñïóáëèêè Êàçàõñòàí

Âîëãîãðàäñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé
óíèâåðñèòåò

Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò
ôèçèêî-õèìè÷åñêèõ ïðîáëåì Áåëîðóññêîãî

ãîñóäàðñòâåííîãî óíèâåðñèòåòà

Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ïðîáëåì
ãîðåíèÿ Ðåñïóáëèêè Êàçàõñòàí

Ìîëîäåæíàÿ ïàëàòà ïðè Ïàðëàìåíòñêîì Ñîáðàíèè
Ñîþçà Áåëàðóñè è Ðîññèè

IX Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ

ÏÎËÈÌÅÐÍÛÅ
ÌÀÒÅÐÈÀËÛ

ÏÎÍÈÆÅÍÍÎÉ
ÃÎÐÞ×ÅÑÒÈ
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Ìåñòî ïðîâåäåíèÿ
êîíôåðåíöèè:

Óíèâåðñèòåò ãðàæäàíñêîé
çàùèòû Ì×Ñ Ðåñïóáëèêè
Áåëàðóñü.
Àäðåñ: Ðåñïóáëèêà Áåëàðóñü,
220118, ã. Ìèíñê, óë. Ìàøèíî-
ñòðîèòåëåé 25.

Äàòà ïðîâåäåíèÿ: 20–24 ìàÿ 2019 ã.

ÏÐÎÃÐÀÌÌÍÛÉ ÊÎÌÈÒÅÒ
ÊÎÍÔÅÐÅÍÖÈÈ

Ïðåäñåäàòåëü:

Áåðëèí À. À. Àêàäåìèê ÐÀÍ, Íàó÷íûé
ðóêîâîäèòåëü ÈÕÔ ÐÀÍ

Ñîïðåäñåäàòåëü:

Ïîëåâîäà È. È. Íà÷àëüíèê Óíèâåðñèòåòà
ãðàæäàíñêîé çàùèòû Ì×Ñ
Áåëàðóñè, ê. ò. í., äîöåíò

Ñîïðåäñåäàòåëü:

Ñóïðóíîâñêèé À. Ì. Íà÷àëüíèê Àêàäåìèè ÃÏÑ
Ì×Ñ Ðîññèè, ê. ò. í.

Çàìåñòèòåëè ïðåäñåäàòåëÿ:

Àëåøêîâ Ì. Â. Çàìåñòèòåëü íà÷àëüíèêà
Àêàäåìèè ÃÏÑ Ì×Ñ
Ðîññèè ïî íàó÷íîé ðàáîòå,
ä. ò. í., ïðîôåññîð

Ìàíñóðîâ Ç. À. Ãåíåðàëüíûé äèðåêòîð
Èíñòèòóòà ïðîáëåì ãîðå-
íèÿ, àêàäåìèê ÌÀÍ ÂØ,
ä. õ. í., ïðîôåññîð

Êàìëþê À. Í. Çàìåñòèòåëü íà÷àëüíèêà
Óíèâåðñèòåòà ãðàæäàí-
ñêîé çàùèòû Ì×Ñ Áåëà-
ðóñè ïî íàó÷íîé è èííî-
âàöèîííîé äåÿòåëüíîñòè,
ê. ô.-ì. í., äîöåíò

Øàðèïõàíîâ Ñ. Ä. Íà÷àëüíèê ÊÒÈ Ê×Ñ
ÌÂÄ Ðåñïóáëèêè Êàçàõ-
ñòàí, ä. ò. í.

Îðãàíèçàöèîííûé êîìèòåò:

Àñååâà Ð. Ì. Ïðîôåññîð, Àêàäåìèÿ ÃÏÑ
Ì×Ñ Ðîññèè, ä. õ. í.,
ïðîôåññîð

Àñêàäñêèé À. À. Ïðîôåññîð, ÈÍÝÎÑ ÐÀÍ,
ä. õ. í., ïðîôåññîð

Áîãäàíîâà Â. Â. Ïðîôåññîð, ÍÈÈ ÔÕÏ
ÁÃÓ, Áåëîðóññèÿ, ä. õ. í.,
ïðîôåññîð

Âàðôîëîìååâ Ñ. Ä. Íàó÷íûé ðóêîâîäèòåëü
ÈÁÕÔ ÐÀÍ, ÷ë.-êîð. ÐÀÍ

Ãàðàùåíêî À. Í. Ä. ò. í., äîöåíò, ÖÍÈÈÑÌ,
ã. Õîòüêîâî

Ãîðäèåíêî Ä. Ì. Íà÷àëüíèê ÂÍÈÈÏÎ
Ì×Ñ Ðîññèè, ê. ò. í.

Ãîí÷àðåíêî È. À. Ïðîôåññîð ÓÃÇ Ðåñïóá-
ëèêè Áåëàðóñü, ä. ô.-ì. í.

Êàäûêîâà Þ. À. Ïðîôåññîð, ÝÒÈ ÑÃÒÓ
èì. Ãàãàðèíà Þ. À.,
Ñàðàòîâñêèé ÃÒÓ, ä. ò. í.,
äîöåíò

Êàñïåðîâè÷ Î. Ì. Áåëîðóññêèé ãîñóäàðñò-
âåííûé òåõíîëîãè÷åñêèé
óíèâåðñèòåò, ê. ò. í.
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NEWS, CONFERENCES, EXHIBITIONS

Îñíîâíûå íàïðàâëåíèÿ
íàó÷íîé êîíôåðåíöèè:

� Òåðìîîêèñëèòåëüíàÿ äåñòðóêöèÿ è ïèðîëèç ïî-
ëèìåðîâ;

� Òåîðèÿ ãîðåíèÿ ïîëèìåðíûõ ìàòåðèàëîâ;
� Ìåõàíèçì äåéñòâèÿ è ñèíòåç íîâûõ âûñîêîýô-

ôåêòèâíûõ èíãèáèòîðîâ ãîðåíèÿ ïîëèìåðîâ;
� Ðàçðàáîòêà íîâûõ ïîëèìåðíûõ ìàòåðèàëîâ è

êîìïîçèöèé ïîíèæåííîé ãîðþ÷åñòè;
� Ýêîëîãè÷åñêàÿ è ïðîòèâîïîæàðíàÿ áåçîïàñíîñòü

ìàòåðèàëîâ è êîíñòðóêöèé;
� Òåõíèêà è ìåòîäû îöåíêè ïîæàðíîé áåçîïàñ-

íîñòè ïîëèìåðíûõ ìàòåðèàëîâ;
� Ìåòîäû è ñðåäñòâà îáåñïå÷åíèÿ òðåáóåìîé ïî-

æàðíîé áåçîïàñíîñòè êîíñòðóêöèé èç ïîëèìåð-
íûõ ìàòåðèàëîâ;

� Àíàëèç ÷ðåçâû÷àéíûõ ñèòóàöèé ïðèðîäíîãî è
òåõíîãåííîãî õàðàêòåðà;

� Íîðìàòèâíî-òåõíè÷åñêîå îáåñïå÷åíèå ïîæàðî-
áåçîïàñíîãî ïðèìåíåíèÿ ìàòåðèàëîâ è êîíñò-
ðóêöèé â ñòðîèòåëüñòâå.

Ïðîãðàììà êîíôåðåíöèè âêëþ÷àåò ñåðèþ ëåê-
öèé, äîêëàäîâ, äèñêóññèé è ñòåíäîâûõ ñåññèé, âû-
ñòàâêà, ïîäâåäåíèå èòîãîâ, çàÿâëåííûõ îðãêîìèòå-
òîì êîíêóðñà íà ëó÷øóþ ðàáîòó ìîëîäûõ ó÷åíûõ.

Â ïðîãðàììó êîíôåðåíöèè áóäóò âêëþ÷åíû ïëå-
íàðíûå, óñòíûå è ñòåíäîâûå äîêëàäû.

Êëþ÷åâûå äàòû
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Êñàíäîïóëî Ã. È. Ïî÷åòíûé äèðåêòîð
íñòèòóòà ïðîáëåì ãîðåíèÿ,
àêàäåìèê ÐÀÒÍ, ä. õ. í.,
ïðîôåññîð

Êîðîëü÷åíêî À. ß. Ïðîôåññîð, ÌÃÑÓ, ä. ò. í.,
ïðîôåññîð

Êîíñòàíòèíîâà Í. È. Ïðîôåññîð, ÂÍÈÈÏÎ
Ì×Ñ Ðîññèè, ä. ò. í.,
ïðîôåññîð

Ëåøåíþê Í. Ñ. Ïðîôåññîð ÓÃÇ Ðåñïóá-
ëèêè Áåëàðóñü, ä. ô.-ì. í.

Íîâàêîâ È. À. Àêàäåìèê ÐÀÍ, Ïðåçèäåíò
Âîëãîãðàäñêîãî ÃÒÓ

Ïàíîâà Ë. Ã. Ïðîôåññîð, Ñàðàòîâñêèé
ÃÒÓ, ä. ò. í., ïðîôåññîð

Ïåñåöêèé Ñ. Ñ. Èíñòèòóò ìåõàíèêè ìå-
òàëëîïîëèìåðíûõ ñèñòåì
èì. Â. À. Áåëîãî Ðåñïóá-
ëèêè Áåëàðóñü, ä. ò. í.,
ïðîôåññîð

Ïåòðîâ Â. Â. Ïðîôåññîð, ÞÔÓ, ä. ò. í.,
ïðîôåññîð

Ïîêðîâñêàÿ Å. Í. Ïðîôåññîð, ÌÃÑÓ, ä. ò. í.,
ïðîôåññîð

Ðàèìáåêîâ Ê. Æ. Çàìåñòèòåëü íà÷àëüíèêà
ÊÒÈ Ê×Ñ ÌÂÄ ÐÊ,
ê. ô.-ì. í.

Ñåðêîâ Á. Á. Ïðîôåññîð, Àêàäåìèÿ ÃÏÑ
Ì×Ñ Ðîññèè, ä. ò. í.,
ïðîôåññîð

Òóæèêîâ Î. È. Ïðîôåññîð, Âîëãîãðàäñêèé
ÃÒÓ, ä. õ. í., ïðîôåññîð

Øóòîâ Ô. À. Ïðîôåññîð, ÐÕÒÓ
èì. Ä. È. Ìåíäåëååâà,
ä. ò. í., ïðîôåññîð

Ó÷åíûå ñåêðåòàðè:

Àíîõèí Å. À. Àêàäåìèÿ ÃÏÑ Ì×Ñ
Ðîññèè, ê. ò. í.

Ëóêüÿíîâ À. Ñ. Óíèâåðñèòåò ãðàæäàíñêîé
çàùèòû Ì×Ñ Áåëàðóñè

Ïðîãðàììíûé êîìèòåò:

Ñîïðåäñåäàòåëü:

Ðåâà Î. Â. Äîöåíò êàôåäðû ÏÃèÂ
ÓÃÇ Ðåñïóáëèêè Áåëàðóñü,
ê. õ. í., äîöåíò

Ñîïðåäñåäàòåëü:

Ñèâåíêîâ À. Á. Ïðîôåññîð, Àêàäåìèÿ ÃÏÑ
Ì×Ñ Ðîññèè, ä. ò. í.,
ïðîôåññîð

×ëåíû ïðîãðàììíîãî êîìèòåòà:

Àëüìåíáàåâ Ì. Ì. Íà÷àëüíèê êàôåäðû ÊÒÈ
Ê×Ñ Ðåñïóáëèêè Êàçàõ-
ñòàí, ê. ò. í.

Êîáåëåâ À. À. Àêàäåìèÿ ÃÏÑ Ì×Ñ
Ðîññèè, ê. ò. í.

Ìàêèøåâ Æ. Ê. ÊÒÈ Ê×Ñ Ðåñïóáëèêè
Êàçàõñòàí, ê. ò. í.

Ïîëèùóê Å. Þ. Àêàäåìèÿ ÃÏÑ Ì×Ñ
Ðîññèè, ê. ò. í.

Òèõîíîâ Ì. Ì. ÓÃÇ Ðåñïóáëèêè Áåëà-
ðóñü, ê. ò. í.

Òóæèêîâ Î. Î. Çàâåäóþùèé êàôåäðîé,
Âîëãîãðàäñêèé ÃÒÓ,
ä. ò. í., äîöåíò

Ñåêðåòàðè:

Êðèâàëü Ä. Â. ÓÃÇ Ðåñïóáëèêè Áåëàðóñü

Íàçàðîâè÷ À. Í. ÓÃÇ Ðåñïóáëèêè Áåëàðóñü

16 èþëÿ 2018 ã. Ðàññûëêà ïåðâîãî öèðêóëÿðà

3 ñåíòÿáðÿ 2018 ã. Íà÷àëî ðåãèñòðàöèè ó÷àñòíè-
êîâ íà ñàéòå ÓÃÇ Ðåñïóáëè-
êè Áåëàðóñü http://pmpg.tech

8 ôåâðàëÿ 2019 ã. Ðàññûëêà âòîðîãî öèðêóëÿðà

15 àïðåëÿ 2019 ã. Îêîí÷àíèå ðåãèñòðàöèè
ó÷àñòíèêîâ íà ñàéòå
http://pmpg. tech

15 àïðåëÿ 2019 ã. Îêîí÷àíèå ïðèåìà òåçèñîâ
äîêëàäîâ è êîïèè ïëàòåæ-
íîãî ïîðó÷åíèÿ

20–24 ìàÿ 2019 ã. Ðàáîòà êîíôåðåíöèè
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ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

Ïðàâèëà îôîðìëåíèÿ ìàòåðèàëîâ

� Ìàòåðèàëû ïðåäñòàâëÿþòñÿ ïî ýëåêòðîííîé
ïî÷òå;

� Òåêñò äîëæåí áûòü íàáðàí â ðåäàêòîðå Word for
Windows(âåðñèÿ 6.0, ðóññêàÿ ðåäàêöèÿ) øðèô-
òîì “Times New Roman Cyr” ñ âûñîòîé øðèô-
òà 14, ìåæñòðî÷íûé èíòåðâàë 1,5;

� Ïîëÿ ñòðàíèöû: ñëåâà — 2,5 ñì, ñïðàâà — 1,5 ñì,
ñâåðõó è ñíèçó — 2 ñì;

� Ôîðìóëû íàáèðàþòñÿ â MS Equation 2.0;

� Ðèñóíêè è ñõåìû â òåêñòå äîëæíû áûòü ñãðóï-
ïèðîâàíû;

� Îáúåì òåçèñîâ äî òðåõ ñòðàíèö.

Ïîðÿäîê ïå÷àòè

Íàçâàíèå ñòàòüè ïî öåíòðó áåç ïåðåíîñà æèð-
íûì øðèôòîì ñòðî÷íûìè áóêâàìè, ÷åðåç èíòåðâàë
èíèöèàëû è ôàìèëèÿ àâòîðà ñòðî÷íûìè áóêâàìè,
íàïðèìåð: À. À. Ïåòðîâ, ÷åðåç èíòåðâàë ïîëíîå
íàçâàíèå ó÷åáíîãî çàâåäåíèÿ (îðãàíèçàöèè), äàëåå
÷åðåç èíòåðâàë òåêñò, â êîíöå ñòàòüè ïðèâåñòè ñïè-
ñîê ëèòåðàòóðû (íå áîëåå 2–3 íàèìåíîâàíèé).

Çà ñîäåðæàíèå äîêëàäîâ îòâåòñòâåííîñòü íåñóò
àâòîðû. Ïðîãðàììíûé êîìèòåò èìååò ïðàâî îòêëî-
íèòü äîêëàä. Âñå ìàòåðèàëû ïóáëèêóþòñÿ â àâòîð-
ñêîé ðåäàêöèè.

Îðãâçíîñ çà î÷íîå ó÷àñòèå â êîíôåðåíöèè è
ïóáëèêàöèþ òåçèñîâ îäíîãî äîêëàäà îáúåìîì äî
3 ñòð. ñîñòàâëÿåò 6000 ðîññèéñêèõ ðóá. Äëÿ ñòó-
äåíòîâ è àñïèðàíòîâ — 1500 ðîññèéñêèõ ðóá. Äëÿ
çàî÷íîãî ó÷àñòèÿ ñ ðàçìåùåíèåì ìàòåðèàëîâ êîí-
ôåðåíöèè â ñáîðíèêå — 1500 ðîññèéñêèõ ðóáëåé.
Çà êàæäóþ äîïîëíèòåëüíóþ ñòðàíèöó (êàæäóþ
ñòðàíèöó 2-ãî, 3-ãî è ïîñëåäóþùèõ òåçèñîâ äîêëà-
äà íàïðàâëåííûõ îò èìåíè àâòîðà ïðîøåäøåãî ðå-
ãèñòðàöèþ) — 100 ðîññèéñêèõ ðóá.

Áàíêîâñêèå ðåêâèçèòû

Àâòîíîìíàÿ íåêîììåð÷åñêàÿ îðãàíèçàöèÿ
“Íàó÷íî-èññëåäîâàòåëüñêèé öåíòð” Ìåæäóíàðîä-
íûé èíñòèòóò áåçîïàñíîñòè” (ÀÍÎ ÍÈÖ “Ìåæ-
äóíàðîäíûé èíñòèòóò áåçîïàñíîñòè”).
Àäðåñ: 117218, ã. Ìîñêâà, óë. Áîëüøàÿ ×åðåìóø-
êèíñêàÿ, ä. 20, êîðïóñ 4, ïîì. II, êîì. 2.
ÈÍÍ 7727280843
ÊÏÏ 772701001
Ðàñ÷åòíûé ñ÷åò 40703810702160000006
â ÀÎ “ÀËÜÔÀ-ÁÀÍÊ” ã. Ìîñêâà
Êîððåñïîíäåíòñêîé ñ÷åò 30101810200000000593
ÁÈÊ 044525593
ÎÃÐÍ 1167700050495
ÎÊÏÎ 52786375
ÎÊÒÌÎ 45397000
ÎÊÂÝÄ 74. 30
ÎÊÂÝÄ-2 71. 20
Ñ ïîìåòêîé “Çà ó÷àñòèå â ðàáîòå êîíôåðåíöèè
ÏÌÏÃ–2019”.

Àäðåñ ïðîâåäåíèÿ êîíôåðåíöèè:

220118, Ðåñïóáëèêà Áåëàðóñü, ã. Ìèíñê, óë. Ìà-
øèíîñòðîèòåëåé 25. Óíèâåðñèòåò ãðàæäàíñêîé çà-
ùèòû Ì×Ñ Áåëàðóñè.

Ïðîæèâàíèå ó÷àñòíèêîâ êîíôåðåíöèè áóäåò
îðãàíèçîâàíî â ãîñòèíèöàõ ã. Ìèíñêà (ñòîèìîñòü
îò 2800–3500 ðîññèéñêèõ ðóá. â îäíî- è äâóõìåñò-
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ÐÅÇÞÌÅ

Ââåäåíèå. Ðàññìîòðåíû ïóáëèêàöèè, îòðàæàþùèå îñîáåííîñòè ñîçäàíèÿ êîíñòðóêöèé èç ïîëèìåðíûõ êîì-

ïîçèöèîííûõ ìàòåðèàëîâ (ÏÊÌ) ñ òî÷êè çðåíèÿ îáåñïå÷åíèÿ òðåáóåìîãî óðîâíÿ èõ ïîæàðîáåçîïàñíîñòè. Îò-

ìå÷åíî, ÷òî ðàáîòàì ïî îáåñïå÷åíèþ òðåáóåìîãî óðîâíÿ îãíåñòîéêîñòè êîíñòðóêöèé èç ÏÊÌ óäåëÿåòñÿ íåäî-

ñòàòî÷íî âíèìàíèÿ, ÷òî ïðåïÿòñòâóåò èõ ïðèìåíåíèþ â ðàçëè÷íûõ ñôåðàõ, è â îñîáåííîñòè â ñòðîèòåëüñòâå.

Àíàëèòè÷åñêàÿ ÷àñòü. Ïðîâåäåí àíàëèç ïóáëèêàöèé ïî èññëåäîâàíèÿì ïîêàçàòåëåé îãíåçàùèòíîé ýôôåê-

òèâíîñòè âñïó÷èâàþùèõñÿ îãíåçàùèòíûõ ïîêðûòèé (ÎÇÏ) êàê îäíîãî èç âèäîâ ïîëèìåðîâ è ñðåäñòâ îãíå-

çàùèòû êîíñòðóêöèé èç ÏÊÌ. Îòìå÷àåòñÿ íåîáõîäèìîñòü ðåøåíèÿ íåïðîñòîé çàäà÷è ïî îáåñïå÷åíèþ òðåáó-

åìîé àäãåçèè ìåæäó ÎÇÏ è ÏÊÌ, à òàêæå ïî îáåñïå÷åíèþ ñòîéêîñòè êîíñòðóêöèé è äîëãîâå÷íîñòè ïîêðûòèé â

ïðîöåññå ýêñïëóàòàöèè. Ïðåäñòàâëåíû ðåçóëüòàòû, ñâèäåòåëüñòâóþùèå î âîçìîæíîñòè ñóùåñòâåííîãî óëó÷-

øåíèÿ ïîêàçàòåëåé ïîæàðíîé îïàñíîñòè ÏÊÌ ïðè îòíîñèòåëüíî ìàëîé òîëùèíå ïîêðûòèÿ.

Àíàëèç ïóáëèêàöèé ïîêàçàë âàæíóþ ðîëü è âîçìîæíîñòè òåïëîòåõíè÷åñêèõ ðàñ÷åòîâ äëÿ ìîäåëèðîâàíèÿ òåì-

ïåðàòóðíûõ ïîëåé â êîíñòðóêöèÿõ è îïðåäåëåíèÿ íåîáõîäèìûõ òîëùèí âñïó÷èâàþùèõñÿ ÎÇÏ è äðóãèõ ñðåäñòâ

îãíåçàùèòû. Ýòà ðîëü îáóñëîâëåíà, â ÷àñòíîñòè, òåì, ÷òî äëÿ êîíñòðóêöèé èç ÏÊÌ òàêèå èñïûòàíèÿ ïðàêòè÷å-

ñêè íå ïðîâîäÿòñÿ. Ïîêàçàíî, ÷òî ñóùåñòâóåò ìåòîäèêà, êîòîðàÿ óæå â íàñòîÿùåå âðåìÿ óñïåøíî èñïîëüçó-

åòñÿ äëÿ ðàñ÷åòîâ ïðîãðåâà êîíñòðóêöèé èç êîìïîçèòîâ è ìîæåò ðàññìàòðèâàòüñÿ â êà÷åñòâå îñíîâû äëÿ

äàëüíåéøåãî ñîâåðøåíñòâîâàíèÿ. Êàê âèäíî èç ïðåäñòàâëåííûõ ðåçóëüòàòîâ, íåñóùèå êîìïîçèòíûå êîíñò-

ðóêöèè íåîáõîäèìî êîíñòðóèðîâàòü îïòèìàëüíîé ôîðìû, ÷òî â ñî÷åòàíèè ñ îãíåçàùèòíûìè ïîêðûòèÿìè ïî-

çâîëèò îáåñïå÷èòü èõ çàäàííóþ îãíåñòîéêîñòü.

Âûâîäû. Òàêèì îáðàçîì, ïðåäñòàâëåíû ðåçóëüòàòû, äåìîíñòðèðóþùèå âîçìîæíûå ïóòè îáåñïå÷åíèÿ òðåáó-

åìîé ïîæàðîáåçîïàñíîñòè êàê ÏÊÌ, òàê è ñîçäàâàåìûõ èç íèõ êîíñòðóêöèé è èçäåëèé. Îòìå÷åíû çàäà÷è ïî

äàííîé âàæíîé è ïåðñïåêòèâíîé òåìàòèêå, êîòîðûå òðåáóþò ðåøåíèÿ.
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ABSTRACT

Introduction. Publications reflecting the peculiarities of creating structures made of polymer composite materials

(PCM) on determining the required fire-safety level are studied. It was noted that insufficient attention to ensuring

the required level of fire resistance of PCM structures, which prevents their use in various fields and, in particular,

in engineering is paid.

Analytical part. The analysis of publications on research flame retardant efficiency of intumescent flame-

retardant coatings (FRC) indicators as one of the polymer types and fire protection means of structures made of

PCM is carried out. The necessity of solving the urgent task of ensuring the required adhesion between the FRC

and PCM, as well as ensuring durability and durability of coatings during the operation period is noted. The results,

indicating the possibility of a significant improvement in the PCM fire risk indicators at a relatively low coating thick-

ness are presented.
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The analysis of publications showed the important role and possibilities of heat engineering calculations for mo-

deling temperature fields in structures and determining the required thicknesses of intumescent FRC and other

fire protection equipment. This role is partly associated with the fact of impossibility of testing such PCM structures

as well. It is shown that there is a technique that is currently being successfully used to calculate the heating of po-

lymer composite structures and can be considered as a basis for further improvement. As can be seen from

the presented simulation results, bearing composite structures have to be designed in an optimal shape, which,

in combination with fire-retardant coatings, will ensure their fire resistance.

Conclusion. The results, demonstrating possible ways to ensure the required fire safety indicators of the PCM

structures are presented. On this important and promising topic, tasks that need to be carried out are also noted.

Keywords: polymer composite materials; fire safety; fire hazard indices; fire resistance; fire protection; intumes-

cent coating; thermotechnical calculations.
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Ââåäåíèå

Ïîëèìåðíûå êîìïîçèöèîííûå ìàòåðèàëû (ÏÊÌ)
âñå â áîëüøåé ñòåïåíè çàìåíÿþò ìåòàëëû ïðè ïðî-
èçâîäñòâå ðàçëè÷íûõ êîíñòðóêöèé, èõ ýëåìåíòîâ,
à òàêæå ðàçíîîáðàçíûõ èçäåëèé èç íèõ. Ðàñòåò îáú-
åì èõ èñïîëüçîâàíèÿ ïðè èçãîòîâëåíèè îãðàæäà-
þùèõ êîíñòðóêöèé, îñíîâíîé ôóíêöèåé êîòîðûõ
ÿâëÿåòñÿ îáåñïå÷åíèå òðåáóåìîãî òåðìè÷åñêîãî ñî-
ïðîòèâëåíèÿ è îäíîâðåìåííî íåîáõîäèìûõ ïðî÷íî-
ñòíûõ, ýêñïëóàòàöèîííûõ, ýñòåòè÷åñêèõ è ïðî÷èõ
ïîêàçàòåëåé. Â ïîñëåäíåå âðåìÿ êîíñòðóêöèè èç
ÏÊÌ âñå ÷àùå ïðèìåíÿþòñÿ â êà÷åñòâå íåñóùèõ
êîíñòðóêöèé, ýêñïëóàòèðóåìûõ ïðè çíà÷èòåëüíûõ
ñèëîâûõ íàãðóçêàõ. Ïðè íåîáõîäèìîñòè îíè ìîãóò
ñîâìåùàòü ôóíêöèè íåñóùèõ è îãðàæäàþùèõ êîí-
ñòðóêöèé. Îäíàêî øèðîêîìó èñïîëüçîâàíèþ ÏÊÌ
â ðàçëè÷íûõ ñôåðàõ â çíà÷èòåëüíîé ñòåïåíè ïðå-
ïÿòñòâóþò èõ ïîêàçàòåëè ïîæàðíîé îïàñíîñòè.

Ïîæàðíàÿ îïàñíîñòü ÏÊÌ îïðåäåëÿåòñÿ ãîðþ-
÷åñòüþ (ò. å. ñïîñîáíîñòüþ ìàòåðèàëà çàãîðàòüñÿ,
ïîääåðæèâàòü è ðàñïðîñòðàíÿòü ïðîöåññ ãîðåíèÿ),
äûìîâûäåëåíèåì, òîêñè÷íîñòüþ ïðîäóêòîâ òåð-
ìè÷åñêîãî ðàçëîæåíèÿ, à êîíñòðóêöèé èç ÏÊÌ —
îãíåñòîéêîñòüþ (ò. å. ñïîñîáíîñòüþ ñîõðàíÿòü ïðè
âîçäåéñòâèè îãíÿ íåñóùèå, òåïëîèçîëèðóþùèå è
îãðàæäàþùèå ôóíêöèîíàëüíûå ñâîéñòâà ïî îòäåëü-
íîñòè èëè â ñî÷åòàíèè). Îäíàêî åñëè óëó÷øåíèþ è
ïîëó÷åíèþ çàðàíåå çàäàííûõ ïîêàçàòåëåé ïîæàðî-
áåçîïàñíîñòè ìàòåðèàëîâ íà ïîëèìåðíîé îñíîâå
òðàäèöèîííî óäåëÿëîñü çíà÷èòåëüíîå âíèìàíèå êàê
çà ðóáåæîì, òàê è â íàøåé ñòðàíå, òî èññëåäîâàíèÿ
ïî îöåíêå è îáåñïå÷åíèþ îãíåñòîéêîñòè êîíñòðóê-
öèé èç ïîëèìåðíûõ êîìïîçèòîâ ïðîâîäèëèñü â îãðà-
íè÷åííîì îáúåìå. Ñîîòâåòñòâåííî, è êîëè÷åñòâî
ïóáëèêàöèé ïî èõ îãíåñòîéêîñòè è âëèÿíèþ íà íåå
îãíåçàùèòû, â ÷àñòíîñòè âñïó÷èâàþùèõñÿ ïîêðû-
òèé, îòíîñèòåëüíî íåâåëèêî. Ïîäîáíûå ïóáëèêàöèè
àâòîðû ïîñòàðàëèñü îòìåòèòü â íàñòîÿùåì îáçîðå.

Ïîëèìåðíûå êîìïîçèòû ïðèìåíÿþòñÿ â ñòðîè-
òåëüñòâå, íà òðàíñïîðòå, ïðè ñîçäàíèè èçäåëèé âî-
åííîé òåõíèêè, â àâèàñòðîåíèè ïðè èçãîòîâëåíèè

ïàíåëåé, ñåãìåíòîâ êîðïóñà ôþçåëÿæà, ýëåìåíòîâ
êðûëà, îïåðåíèÿ, õâîñòîâîé ÷àñòè è ïð. Ìíîãîñëîé-
íûå ïàíåëè â âèäå îãíåñòîéêèõ è îãíåíåïðîíèöà-
åìûõ ýêðàíîâ ïðåäíàçíà÷åíû äëÿ ëîêàëèçàöèè âîç-
ìîæíûõ î÷àãîâ âîçãîðàíèÿ â “ïîæàðîîïàñíûõ çîíàõ”
è çàùèòû îò ïëàìåíè ðàçëè÷íûõ êîíñòðóêòèâíûõ
ýëåìåíòîâ ëåòàòåëüíûõ àïïàðàòîâ, åìêîñòåé, èíæå-
íåðíûõ ñèñòåì è ïð. Ìîæíî îòìåòèòü, ÷òî íàèáîëü-
øåå êîëè÷åñòâî ïóáëèêàöèé ïî âîïðîñàì îáåñïå÷å-
íèÿ ïîæàðîáåçîïàñíîñòè ïîëèìåðíûõ êîìïîçèòîâ
è êîíñòðóêöèé èç íèõ õàðàêòåðíî èìåííî äëÿ àâèà-
öèîííîé îòðàñëè. Êðîìå òîãî, êîìïîçèòû èñïîëüçó-
þòñÿ íà ìîðñêèõ ñóäàõ è â æåëåçíîäîðîæíûõ âàãî-
íàõ, íàïðèìåð, â âèäå ìíîãîñëîéíûõ îãðàæäàþùèõ
êîíñòðóêöèé, íåñóùèõ è ïðî÷èõ ýëåìåíòîâ.

Èç ÏÊÌ èçãîòàâëèâàþòñÿ îòâåòñòâåííûå ýëåìåí-
òû ðàçëè÷íûõ îáðàçöîâ âîåííîé òåõíèêè, òàêèå êàê
êîíòåéíåðû, áóíêåðû, åìêîñòè, áàêè, ýêðàíû äëÿ çà-
ùèòû ëè÷íîãî ñîñòàâà è òåõíèêè, àìîðòèçàòîðû è
ïð. Ê íåêîòîðûì èç íèõ ïðåäúÿâëÿþòñÿ òðåáîâàíèÿ
ïî îãíåñòîéêîñòè ïðè çàäàâàåìûõ óñëîâèÿõ îãíå-
âîãî âîçäåéñòâèÿ. Âñå áîëüøåå êîëè÷åñòâî êîíñòðóê-
öèé è èçäåëèé èç ÏÊÌ èñïîëüçóåòñÿ íà êîðàáëÿõ
ÂÌÔ (ïåðåáîðêè, íàäñòðîéêè, åìêîñòè, êîíòåéíå-
ðû è ò. ä.). Íà íàäâîäíûõ êîðàáëÿõ è â îñîáåííîñòè
íà ïîäâîäíûõ ëîäêàõ èìååòñÿ áîëüøîå êîëè÷åñòâî
ðåçèíîòåõíè÷åñêèõ, â ÷àñòíîñòè ãèäðîàêóñòè÷å-
ñêèõ, èçäåëèé è àìîðòèçàòîðîâ, ÷òî ïîâûøàåò âå-
ðîÿòíîñòü âîçãîðàíèé è ðàçâèòèÿ ïîæàðà â ïåðèîä
èõ ýêñïëóàòàöèè è îñîáåííî íà ñòàäèè ïðîâåäåíèÿ
ðåìîíòíî-âîññòàíîâèòåëüíûõ ðàáîò. Îäíàêî èíôîð-
ìàöèÿ ïî èñïîëüçîâàíèþ ÏÊÌ â âîåííîé òåõíèêå
è ðåçóëüòàòàì èññëåäîâàíèé ïî îáåñïå÷åíèþ òðå-
áóåìûõ ïîêàçàòåëåé ïîæàðîáåçîïàñíîñòè âî ìíîãèõ
ñëó÷àÿõ ñîäåðæèòñÿ â òåõíè÷åñêèõ îò÷åòàõ èëè èç-
äàíèÿõ, ê êîòîðûì íåò øèðîêîãî äîñòóïà. Íåêîòî-
ðûå èç ñòàòåé, îïóáëèêîâàííûõ â òàêèõ èçäàíèÿõ,
àíàëèçèðóþòñÿ â íàñòîÿùåì îáçîðå.

Íàèáîëüøèì ïîòåíöèàëîì äëÿ èñïîëüçîâàíèÿ
ïîëèìåðíûõ êîìïîçèòîâ îáëàäàåò ñòðîèòåëüíàÿ îò-
ðàñëü, ãäå îíè ïðèìåíÿþòñÿ âñå â áîëüøåì îáúåìå,
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è íå òîëüêî â âèäå îãðàæäàþùèõ ïàíåëåé, îáëèöî-
âîê è ò. ä., íî è â êà÷åñòâå íåñóùèõ êîíñòðóêöèé, çà-
ìåíÿÿ ñòàëü è æåëåçîáåòîí. Ñîâðåìåííûå òåõíî-
ëîãèè îáåñïå÷èâàþò âîçìîæíîñòü èçãîòîâëåíèÿ
êîìïîçèòíûõ ýëåìåíòîâ ðàçëè÷íîé ñòðóêòóðû, ÷òî
ïîçâîëÿåò ñîçäàâàòü èç ÏÊÌ êîëîííû, áàëêè, ìà÷òû,
íàñòèëû, çàùèòíûå ýêðàíû, îáäåëêè òîííåëåé, æå-
ëîáà, òðóáû, áàëëîíû è ïð. Ïðè èõ èçãîòîâëåíèè èñ-
ïîëüçóþòñÿ ðàçëè÷íûå òåõíîëîãèè (ôîðìîâàíèå,
ïîñëîéíîå íàíåñåíèå, íàìîòêà, âàêóóìíàÿ èíôó-
çèÿ, ïóëòðóçèÿ, âûêëàäêà, íàïûëåíèå, ëèòüå è ïð.).
Âîçìîæíîñòè èçãîòîâëåíèÿ ìåòîäîì ïóëòðóçèè
êîìïîçèòíûõ ïðîôèëåé ïðàêòè÷åñêè ëþáîé ôîðìû
ïðîäåìîíñòðèðîâàíû íà ðèñ. 1. Òàêèì îáðàçîì ìîæ-
íî èçãîòàâëèâàòü, íàïðèìåð, íåñóùèå êîëîííû è
áàëêè äâóòàâðîãî, êîðîá÷àòîãî èëè ëþáîãî äðóãîãî
ïðîôèëÿ. Êðîìå òîãî, ìîæíî óïîìÿíóòü îá èñïîëü-
çîâàíèè ñòåêëîïëàñòèêîâûõ è áàçàëüòîïëàñòèêî-
âûõ àðìèðóþùèõ ýëåìåíòîâ (íàïðèìåð, ñòåðæíåé)
â êîíñòðóêöèÿõ èç áåòîíà âìåñòî ñòàëüíîé àðìà-
òóðû. Áàíäàæè èç óãëåïëàñòèêà îáåñïå÷èâàþò óñè-
ëåíèå æåëåçîáåòîííûõ êîíñòðóêöèé ñ íåäîñòàòî÷-
íîé íåñóùåé ñïîñîáíîñòüþ. Íà ñòðîèòåëüíûõ è
ïðîìûøëåííûõ îáúåêòàõ, à òàêæå íà òðàíñïîðòå èñ-
ïîëüçóþòñÿ âèáðîäåìïôèðóþùèå è ïðî÷èå ýëåìåí-
òû è èçäåëèÿ èç ðåçèíû è ïîëèóðåòàíà.

Ñíèæåíèå ãîðþ÷åñòè è äðóãèõ ïîêàçàòåëåé ïî-
æàðíîé îïàñíîñòè ïîëèìåðíûõ ìàòåðèàëîâ ÷àùå
âñåãî äîñòèãàåòñÿ ñ ïîìîùüþ àíòèïèðåíîâ (çàìåä-
ëèòåëåé ãîðåíèÿ), à òàêæå â ðåçóëüòàòå ìîäèôèêà-
öèè èëè ñèíòåçà ìàëîãîðþ÷èõ ïîëèìåðîâ. Ïðè ýòîì
óëó÷øåíèå ïîêàçàòåëåé ãîðþ÷åñòè îáû÷íî ñîïðî-
âîæäàåòñÿ óõóäøåíèåì ôèçèêî-ìåõàíè÷åñêèõ õà-
ðàêòåðèñòèê ÏÊÌ è (èëè) óâåëè÷åíèåì ñòîèìîñòè
êîìïîçèòîâ. Îäíàêî äàæå åñëè óäàåòñÿ óëó÷øèòü
ïîêàçàòåëè ïîæàðíîé îïàñíîñòè ìàòåðèàëîâ, òî â
áîëüøèíñòâå ñëó÷àåâ ýòî ïðàêòè÷åñêè íå âëèÿåò íà
òàêóþ âàæíåéøóþ õàðàêòåðèñòèêó ïîæàðíîé îïàñ-
íîñòè ñàìèõ êîíñòðóêöèé, êàê îãíåñòîéêîñòü, ïîêà-
çàòåëåì êîòîðîé ÿâëÿåòñÿ ïðåäåë îãíåñòîéêîñòè.

Äëÿ îáåñïå÷åíèÿ òðåáóåìîãî óðîâíÿ ïðåäåëà îãíå-
ñòîéêîñòè íåîáõîäèìî ïðèìåíåíèå ñïåöèàëüíûõ
ìåð è ñðåäñòâ.

Ïðè îáåñïå÷åíèè ïîæàðîáåçîïàñíîñòè êîíñò-
ðóêöèé èç ÏÊÌ íåñîìíåííûé èíòåðåñ ïðåäñòàâ-
ëÿþò ðåçóëüòàòû, ïîëó÷åííûå ïðè èññëåäîâàíèÿõ
ïðèðîäíîãî ïîëèìåðíîãî êîìïîçèòà — äðåâåñèíû.
Ïîêàçàòåëüíî, ÷òî ïîñëå ìíîãîëåòíèõ èññëåäîâà-
íèé è ìíîãî÷èñëåííûõ ïóáëèêàöèé ïî õàðàêòåðè-
ñòèêàì ïîæàðíîé îïàñíîñòè ñàìîãî ìàòåðèàëà (êàê
ïðè îòñóòñòâèè, òàê è ïðè íàëè÷èè îãíåçàùèòû)
ñòàëè ïîÿâëÿòüñÿ ñòàòüè ïî îöåíêå è îáåñïå÷åíèþ
ñ ïîìîùüþ îãíåçàùèòû ïðèåìëåìûõ ïîêàçàòåëåé
(ïðåäåëîâ îãíåñòîéêîñòè è êëàññà ïîæàðíîé îïàñ-
íîñòè) äëÿ êîíñòðóêöèé èç äðåâåñèíû.

Òðàäèöèîííîé ïëîùàäêîé äëÿ îáñóæäåíèÿ ðàñ-
ñìàòðèâàåìûõ â îáçîðå âîïðîñîâ ÿâëÿåòñÿ ìåæ-
äóíàðîäíàÿ íàó÷íî-òåõíè÷åñêàÿ êîíôåðåíöèÿ “Ïî-
ëèìåðíûå ìàòåðèàëû ïîíèæåííîé ãîðþ÷åñòè”,
èìåþùàÿ ìíîãîëåòíþþ èñòîðèþ. Íà íåé, íàðÿäó ñ
ðàññìîòðåíèåì ïóòåé óëó÷øåíèÿ ïîêàçàòåëåé äëÿ
ðàçëè÷íûõ ïîëèìåðîâ, áîëüøå âíèìàíèÿ ñòàëî óäå-
ëÿòüñÿ îáåñïå÷åíèþ íåîáõîäèìîãî è çàðàíåå çàäà-
âàåìîãî óðîâíÿ ïîæàðîáåçîïàñíîñòè êîíñòðóêöèé
èç ÏÊÌ.

Ìèðîâàÿ òåíäåíöèÿ ê çíà÷èòåëüíîìó ðîñòó îáú-
åìîâ èñïîëüçîâàíèÿ ïîëèìåðíûõ êîìïîçèòîâ â ðàç-
ëè÷íûõ îòðàñëÿõ, à òàêæå ê óâåëè÷åíèþ íîìåíêëà-
òóðû êîíñòðóêöèé, ñîçäàâàåìûõ èç ÏÊÌ, òðåáóåò
ïîñòîÿííîãî ñîâåðøåíñòâîâàíèÿ ìåòîäîâ è ñðåäñòâ
ïî îáåñïå÷åíèþ òðåáóåìûõ ïîêàçàòåëåé ïîæàðîáåç-
îïàñíîñòè. Â íàñòîÿùåì îáçîðå àíàëèçèðóþòñÿ ïóá-
ëèêàöèè ïî ðàññìàòðèâàåìîé òåìàòèêå è ïðåäñòàâëå-
íû ñîîáðàæåíèÿ àâòîðîâ ïî íå ðåøåííîé íà äàííûé
ìîìåíò ïðîáëåìå ïîâûøåíèÿ ïîæàðîáåçîïàñíîñòè
êîíñòðóêöèé èç ÏÊÌ.

Ñîñòîÿíèå âîïðîñà

Îáåñïå÷åíèþ ïðèåìëåìîãî óðîâíÿ ïîæàðîîïàñ-
íûõ õàðàêòåðèñòèê ìàòåðèàëîâ íà ïîëèìåðíîé
îñíîâå ïîñâÿùåíû ìíîãî÷èñëåííûå èññëåäîâàíèÿ.
Â ðàçëè÷íûõ èñòî÷íèêàõ (â ÷àñòíîñòè, â [1–5]) ðàñ-
ñìàòðèâàþòñÿ ïîêàçàòåëè, îáóñëîâëåííûå ãîðþ÷å-
ñòüþ ïîëèìåðîâ è ñîïóòñòâóþùèìè ïðîöåññàìè.
Èçâåñòíî [2, 3], ÷òî âñå ìåòîäû ñíèæåíèÿ ãîðþ÷å-
ñòè îñíîâàíû íà ïðèíöèïàõ: 1) èçìåíåíèÿ òåïëîâî-
ãî áàëàíñà ïëàìåíè çà ñ÷åò óâåëè÷åíèÿ ðàçëè÷íîãî
ðîäà òåïëîïîòåðü; 2) óìåíüøåíèÿ ïîòîêà òåïëà îò
ïëàìåíè íà ïîëèìåð çà ñ÷åò ñîçäàíèÿ çàùèòíûõ
ñëîåâ, íàïðèìåð èç îáðàçóþùåãîñÿ êîêñà; 3) ñíèæå-
íèÿ ñêîðîñòè ãàçèôèêàöèè ïîëèìåðà; 4) èçìåíåíèÿ
ñîîòíîøåíèÿ ãîðþ÷èõ è íåãîðþ÷èõ ãàçîâ â ñòîðîíó
ïîñëåäíèõ.

Êëàññèôèêàöèÿ ìàòåðèàëîâ ïî ïîæàðíîé îïàñ-
íîñòè ñ óêàçàíèåì ìåòîäèê îïðåäåëåíèÿ ñîîòâåòñò-

Ðèñ. 1. Âèä ïðîôèëåé èç ñòåêëîïëàñòèêà, èçãîòîâëåííûõ ìåòî-
äîì ïóëòðóçèè Ïðîèçâîäñòâåííîé êîìïàíèåé “Àðìîïðîåêò”
Fig. 1. Appearance of fiberglass profiles made of pultrusion by
Manufacturing Company “Armoproject”
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âóþùèõ ïîêàçàòåëåé óñòàíîâëåíà Ôåäåðàëüíûì çà-
êîíîì ¹ 123-ÔÇ “Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâà-
íèÿõ ïîæàðíîé áåçîïàñíîñòè” (äàëåå — ÔÇ ¹ 123).
Êðîìå òîãî, îïðåäåëåíèå ïîêàçàòåëåé ïîæàðíîé
îïàñíîñòè ÏÊÌ è êîíñòðóêöèé èç íèõ ðåãëàìåíòè-
ðóåòñÿ ÃÎÑÒ Ð 56206–2014 (ÈÑÎ 25762:2009)
“Êîìïîçèòû ïîëèìåðíûå. Ìåòîäû îöåíêè ïîæàð-
íîé îïàñíîñòè è ïðåäåëîâ îãíåñòîéêîñòè”. Óêàçàíû
ìåòîäèêè, ïî êîòîðûì íåîáõîäèìî ïðîâîäèòü èñïû-
òàíèÿ: íà ãîðþ÷åñòü — ïî ÃÎÑÒ 30244–94; íà âîñ-
ïëàìåíÿåìîñòü — ïî ÃÎÑÒ 30402–96; íà ðàñïðî-
ñòðàíåíèå ïëàìåíè — ïî ÃÎÑÒ Ð 51032–97; íà îãíå-
ñòîéêîñòü — ïî ÃÎÑÒ 30247–94 è ÃÎÑÒ 30247.1–94.
Èñïîëüçóåòñÿ òàêæå ÃÎÑÒ 12.1.044–89 äëÿ èññëå-
äîâàíèÿ ãîðþ÷åñòè (ï. 4.3), ðàñïðîñòðàíåíèÿ ïëà-
ìåíè (ï. 4.19), îïðåäåëåíèÿ êîýôôèöèåíòà äûìî-
îáðàçîâàíèÿ (ï. 4.18) è ïîêàçàòåëÿ òîêñè÷íîñòè ïðî-
äóêòîâ ãîðåíèÿ ïîëèìåðíûõ ìàòåðèàëîâ (ï. 4.20).
Â [6–8] îòìå÷àåòñÿ, ÷òî ïðèìåíÿåìàÿ íà ïðàêòèêå
ìåòîäîëîãè÷åñêàÿ è íîðìàòèâíàÿ áàçà, ðåãëàìåíòè-
ðóþùàÿ îöåíêè ïîæàðíîé îïàñíîñòè ïîëèìåðíûõ
êîìïîçèòîâ, ñóùåñòâåííî çàâèñèò îò îáëàñòè èõ èñ-
ïîëüçîâàíèÿ è ôóíêöèîíàëüíîãî íàçíà÷åíèÿ.

Ñïåöèôèêà èñïûòàíèé è ïðèìåíåíèÿ ïîëè-
ìåðíûõ êîìïîçèòîâ â àâèàñòðîåíèè íàøëà îòðàæå-
íèå â ìíîãî÷èñëåííûõ ïóáëèêàöèÿõ, â ÷àñòíîñòè â
[6, 7, 9–13]. Äîïîëíèòåëüíî ê ïåðå÷èñëåííûì âûøå
ïîêàçàòåëÿì ïîæàðíîé îïàñíîñòè ìàòåðèàëîâ, èç êî-
òîðûõ â êà÷åñòâå ãëàâíîãî ðàññìàòðèâàåòñÿ ãîðþ-
÷åñòü, áîëüøîå âíèìàíèå óäåëÿåòñÿ îïðåäåëåíèþ
õàðàêòåðèñòèê òåïëîâûäåëåíèÿ. Ïîìèìî ìíîãî-
÷èñëåííûõ ðàáîò ïî îöåíêå ïîêàçàòåëåé ïîæàðíîé
îïàñíîñòè ÏÊÌ, â çíà÷èòåëüíîì îáúåìå ïðîâîäè-
ëèñü èñïûòàíèÿ êîíñòðóêöèé èç íèõ, â îñíîâíîì
â âèäå ìíîãîñëîéíûõ ïàíåëåé è ýêðàíîâ [11–13].
Â íèõ â êà÷åñòâå âíóòðåííåãî è íàðóæíîãî ñëîåâ
ïðèìåíÿþòñÿ ñòåêëî- è óãëåïëàñòèêè, à â êà÷åñòâå
âíóòðåííåãî ñëîÿ — ïåíîïîëèóðåòàí, ïåíîïîëèñòè-
ðîë èëè ñòåêëîïëàñòèêîâûå ñîòû. Ïî ìåòîäèêàì,
ðåãëàìåíòèðîâàííûì ìåæäóíàðîäíûìè àâèàöèîí-
íûìè ïðàâèëàìè, îöåíèâàëàñü îãíåñòîéêîñòü è îãíe-
íåïðîíèöàåìîñòü òàêèõ êîíñòðóêöèé [11–13].

Èñïûòàíèÿ íà îãíåñòîéêîñòü ìíîãîñëîéíûõ ïà-
íåëåé è ïðî÷èõ êîíñòðóêöèé èç ïîëèìåðíûõ êîìïî-
çèòîâ, ïðåäíàçíà÷åííûõ äëÿ ñóäîñòðîåíèÿ, ïðîâî-
äÿòñÿ ñ ó÷åòîì òðåáîâàíèé Ìåæäóíàðîäíîãî êî-
äåêñà ïî ïðèìåíåíèþ èñïûòàíèé íà îãíåñòîéêîñòü
2010 ã. (Êîäåêñ ÏÈÎ 2010). Ïðèìåíÿåìûå íà ñóäàõ
ìàòåðèàëû äîëæíû áûòü óñòîé÷èâûìè ê âîñïëàìå-
íåíèþ è ðàñïðîñòðàíåíèþ ãîðåíèÿ, îïðåäåëÿåìûì
â íàøåé ñòðàíå ïî ÃÎÑÒ 12.1.044–89 (ï. 4.19). Ìîæ-
íî îòìåòèòü, ÷òî íà îòå÷åñòâåííîì ðûíêå øèðîêî
ïðåäñòàâëåíû ìàòåðèàëû è ïðîòèâîïîæàðíûå êîì-
ïîçèòíûå êîíñòðóêöèè, ïðîèçâîäèìûå çàðóáåæ-
íûìè ôèðìàìè. Âî ìíîãîì ýòî îáóñëîâëåíî çíà÷è-

òåëüíûì îáúåìîì ïðîâîäèìûõ çà ðóáåæîì èñïû-
òàíèé, à òàêæå èñïûòàíèé êîíñòðóêöèé â îãíåâûõ
ïå÷àõ ïðè ñòàíäàðòíûõ ðåæèìàõ âîçäåéñòâèÿ. Èí-
ôîðìàöèÿ ïî íèì ñîäåðæèòñÿ â îò÷åòàõ èñïûòàòåëü-
íûõ öåíòðîâ, à ôîðìàëüíîå óïîìèíàíèå — â ðåê-
ëàìíûõ ïðîñïåêòàõ ôèðì – ïðîèçâîäèòåëåé èëè ïî-
ñòàâùèêîâ ìàòåðèàëîâ è êîíñòðóêöèé.

Îñîáåííîñòüþ èñïûòàíèé íà îãíåñòîéêîñòü êîí-
ñòðóêöèé, ïðèìåíÿåìûõ íà êîðàáëÿõ ÂÌÔ, ÿâëÿ-
åòñÿ òî, ÷òî çàäàâàåìûå ÷àùå âñåãî òåìïåðàòóðíûå
ðåæèìû îòëè÷àþòñÿ îò òàê íàçûâàåìîãî “ñòàíäàðò-
íîãî” ðåæèìà è ñîîòâåòñòâóþò ðàññìàòðèâàåìîìó
ñöåíàðèþ ðàçâèòèÿ ïîæàðà. Ðåçóëüòàòû òàêèõ èñ-
ïûòàíèé â îãíåâûõ ïå÷àõ, êàê ïðàâèëî, ñîäåðæàòñÿ
â íàó÷íî-òåõíè÷åñêèõ îò÷åòàõ îðãàíèçàöèé êîðàá-
ëåñòðîèòåëüíîé è ñóäîñòðîèòåëüíîé îòðàñëè, à äî-
ñòóïíûå ïóáëèêàöèè ïî ðåçóëüòàòàì ïîäîáíûõ èññëå-
äîâàíèé ïðàêòè÷åñêè îòñóòñòâóþò. Èìåþòñÿ òàêæå
ñåðòèôèêàòû è ðåêëàìíàÿ èíôîðìàöèÿ çàðóáåæíûõ
è îòå÷åñòâåííûõ ôèðì ïî ñðåäñòâàì îãíåçàùèòû
êîíñòðóêöèé (ïåðåáîðîê, ïàëóá è ïð.) áåç ïóáëèêà-
öèé â æóðíàëàõ ñ àíàëèçîì è îáîáùåíèåì ðåçóëü-
òàòîâ èññëåäîâàíèé. Â ñâîáîäíîì äîñòóïå íàõîäÿò-
ñÿ ïðåèìóùåñòâåííî äîêëàäû, ïðåäñòàâëåííûå íà
íàó÷íî-òåõíè÷åñêèõ êîíôåðåíöèÿõ è ïîñâÿùåííûå
ïðàêòèêå è ïåðñïåêòèâàì èñïîëüçîâàíèÿ ïîëèìåð-
íûõ êîìïîçèòîâ â ñóäîñòðîåíèè (íàïðèìåð, [14–16]).

Íåäîñòàòîê ïóáëèêóåìîé èíôîðìàöèè õàðàêòå-
ðåí òàêæå äëÿ ìàòåðèàëîâ è êîíñòðóêöèé èç êîì-
ïîçèòîâ, ïðèìåíÿåìûõ â âàãîíàõ æåëåçíîé äîðîãè
è ìåòðîïîëèòåíà. Àâòîðàìè [8] ðàññìîòðåíû òðå-
áîâàíèÿ ïîæàðíîé áåçîïàñíîñòè, ïðåäúÿâëÿåìûå ê
ìàòåðèàëàì íà ïîëèìåðíîé îñíîâå, êîòîðûå ñôîð-
ìóëèðîâàíû â Òåõíè÷åñêîì ðåãëàìåíòå Òàìîæåííî-
ãî ñîþçà (ÒÐ ÒÑ) “Î áåçîïàñíîñòè æåëåçíîäîðîæ-
íîãî ïîäâèæíîãî ñîñòàâà” (ÒÐ-ÒÑ-001–2012). Â ñî-
îòâåòñòâèè ñ íèì ïðåäóñìàòðèâàåòñÿ êîìïëåêñíàÿ
îöåíêà ìàòåðèàëîâ ïî ãðóïïå ãîðþ÷åñòè, êîýôôè-
öèåíòó äûìîîáðàçîâàíèÿ, èíäåêñó ðàñïðîñòðàíå-
íèÿ ïëàìåíè è òîêñè÷íîñòè ïðîäóêòîâ ãîðåíèÿ. Îò-
ìå÷àåòñÿ, ÷òî âî ìíîãèõ äðóãèõ ñëó÷àÿõ èñïîëüçî-
âàíèÿ ïîëèìåðíûõ êîìïîçèòîâ ìåòîä èñïûòàíèé ïî
îïðåäåëåíèþ ãîðþ÷åñòè ìàòåðèàëîâ è èõ êëàññèôè-
êàöèÿ óñòàíàâëèâàþòñÿ ñîãëàñíî ÃÎÑÒ 12.1.044–89
(ï. 4.3), è ýòî â çíà÷èòåëüíîé ñòåïåíè îòëè÷àåòñÿ îò
îïðåäåëåíèÿ ïàðàìåòðîâ ãîðþ÷åñòè ñòðîèòåëüíûõ
ìàòåðèàëîâ ïî ÃÎÑÒ 30244–94. ×òî êàñàåòñÿ èñïû-
òàíèé íà îãíåñòîéêîñòü ìíîãîñëîéíûõ ïàíåëåé, ïðè-
ìåíÿåìûõ â âàãîíàõ è èçãîòàâëèâàåìûõ ñ èñïîëü-
çîâàíèåì ÏÊÌ, èíôîðìàöèè î íèõ â äîñòóïíûõ èñ-
òî÷íèêàõ îáíàðóæèòü íå óäàëîñü.

Èçâåñòíî, ÷òî ïîëèìåðíûå êîìïîçèòû ïðèìåíÿ-
ëèñü ïðè ñîçäàíèè èçäåëèé âîåííîé òåõíèêè, ÷òî ïî-
çâîëèëî ñóùåñòâåííî ñíèçèòü èõ ìàññó è óëó÷øèòü
äðóãèå ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè. Äëÿ íå-
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êîòîðûõ èç íèõ òðåáîâàëîñü ïîäòâåðæäåíèå èõ ðà-
áîòîñïîñîáíîñòè ïðè îãíåâîì âîçäåéñòâèè. Ïðè
ïðîâåäåíèè èñïûòàíèé â áîëüøèíñòâå ñëó÷àåâ âîñ-
ïðîèçâîäèëèñü óñëîâèÿ âûñîêîòåìïåðàòóðíîãî
âîçäåéñòâèÿ, êîòîðûå îòëè÷àëèñü îò “ñòàíäàðòíûõ”
è çàäàâàëèñü äëÿ êîíêðåòíûõ ñöåíàðèåâ ðàçâèòèÿ
àâàðèéíûõ ñèòóàöèé. Èíôîðìàöèÿ ïî òàêèì èñïû-
òàíèÿì ñîäåðæèòñÿ â îñíîâíîì â íàó÷íî-òåõíè÷å-
ñêèõ îò÷åòàõ è ëèøü ÷àñòè÷íî îñâåùàåòñÿ â íåìíî-
ãî÷èñëåííûõ ïóáëèêàöèÿõ. Ê èõ ÷èñëó îòíîñÿòñÿ
ðàáîòû [17–24], ïðè÷åì íåêîòîðûå èç íèõ îïóá-
ëèêîâàíû â èçäàíèÿõ (æóðíàëàõ), êîòîðûå èìåþò
îãðàíè÷åííûé òèðàæ è ê àðõèâàì êîòîðûõ îãðàíè-
÷åí äîñòóï. Â ðàáîòå [17] ïðîäåìîíñòðèðîâàíà âîç-
ìîæíîñòü îáåñïå÷åíèÿ òðåáóåìîãî óðîâíÿ îãíå-
ñòîéêîñòè íåñóùèõ êîìïîçèòíûõ êîíñòðóêöèé íà
ïðèìåðå ãðåáíîãî âàëà èç ñòåêëîïëàñòèêà. Îãíå-
ñòîéêîñòü ïîäòâåðæäåíà äëÿ çàäàííîãî ðåæèìà ïî-
æàðà ñ ïîìîùüþ èñïûòàíèé ìîäåëüíûõ îáðàçöîâ â
îãíåâîé ïå÷è è òåïëîâûõ ðàñ÷åòîâ. Ðàáîòû [17–22]
ïîñâÿùåíû îáåñïå÷åíèþ îãíåñòîéêîñòè ìíîãî-
ñëîéíûõ îãðàæäàþùèõ êîíñòðóêöèé èç ÏÊÌ, ÿâëÿ-
þùèõñÿ îñíîâíûìè ýëåìåíòàìè êîíòåéíåðîâ, áóí-
êåðîâ, ïàíåëåé. Èìåþòñÿ òàêæå ïóáëèêàöèè (íà-
ïðèìåð, [23, 24]) ïî îöåíêå ñòîéêîñòè ïðè ïîæàðå
òàðû (óêóïîðêè) èç ÏÊÌ ïðè îòñóòñòâèè èëè ïðè
íàëè÷èè îãíåçàùèòû.

Â îáçîðå îñíîâíîå âíèìàíèå óäåëåíî àíàëèçó
ïóáëèêàöèé, ïîñâÿùåííûõ îáåñïå÷åíèþ òðåáóåìî-
ãî óðîâíÿ îãíåñòîéêîñòè êîíñòðóêöèé èç ÏÊÌ êàê
âàæíåéøåãî ïîêàçàòåëÿ èõ ïîæàðîáåçîïàñíîñòè.
Ïðè ýòîì ðàññìàòðèâàëèñü îñîáåííîñòè, õàðàêòåð-
íûå äëÿ íåñóùèõ êîíñòðóêöèé, êîòîðûå äî ïîñëåä-
íåãî âðåìåíè ïðèìåíÿëèñü è èññëåäîâàëèñü â ìåíü-
øåì îáúåìå ïî ñðàâíåíèþ ñ îãðàæäàþùèìè êîíñò-
ðóêöèÿìè èç ïîëèìåðíûõ êîìïîçèòîâ.

Êàê îòìå÷àëîñü âûøå, â ñîîòâåòñòâèè ñ ÔÇ ¹ 123
è ÃÎÑÒ Ð 56206–2014 èñïûòàíèÿ íà îãíåñòîéêîñòü
ïðåäïèñàíî ïðîâîäèòü ïî ÃÎÑÒ 30247.0–94 è ÃÎÑÒ
30247.1–94 â îãíåâûõ ïå÷àõ àêêðåäèòîâàííûõ èñ-
ïûòàòåëüíûõ öåíòðîâ ïðè “ñòàíäàðòíûõ” ðåæèìàõ
ïîæàðà. Îäíàêî äî íàñòîÿùåãî âðåìåíè ïîäàâëÿ-
þùåå áîëüøèíñòâî ýêñïåðèìåíòîâ ïî îïðåäåëåíèþ
ïðåäåëîâ îãíåñòîéêîñòè è ýôôåêòèâíîñòè ñðåäñòâ
îãíåçàùèòû ïðèõîäèëîñü íà êîíñòðóêöèè èç ñòàëè,
ïðèìåíÿåìûå â ñòðîèòåëüñòâå. ×òî êàñàåòñÿ êîíñò-
ðóêöèé èç ïîëèìåðíûõ êîìïîçèòîâ, òî, íåñìîòðÿ íà
èõ âàæíîñòü è ïåðñïåêòèâíîñòü, êîëè÷åñòâî òàêèõ
èñïûòàíèé äëÿ íèõ ïî óêàçàííûì ñòàíäàðòàì äî
ïîñëåäíåãî âðåìåíè áûëî ìèíèìàëüíûì. È ýòî íà
ôîíå òðàäèöèîííî áîëüøîãî îáúåìà èññëåäîâàíèé,
ïîñâÿùåííûõ ïîêàçàòåëÿì ïîæàðíîé îïàñíîñòè
ðàçëè÷íûõ ìàòåðèàëîâ íà ïîëèìåðíîé îñíîâå, è çà-
ñëóæåííîãî âíèìàíèÿ ê ðàáîòàì, íàïðàâëåííûì íà
óëó÷øåíèå ýòèõ ïîêàçàòåëåé [1–6].

Â õîäå àíàëèçà ïðåäñòàâëÿåòñÿ ëîãè÷íûì è ïî-
ëåçíûì óïîìÿíóòü ïóáëèêàöèè ïî äðåâåñèíå, ÿâëÿ-
þùåéñÿ ïðèðîäíûì ïîëèìåðíûì êîìïîçèòîì. Îíè
ñâèäåòåëüñòâóþò î òîì, ÷òî, íàðÿäó ñî çíà÷èòåëü-
íûì îáúåìîì èññëåäîâàíèé ïî îïðåäåëåíèþ ïîêà-
çàòåëåé ïîæàðíîé îïàñíîñòè ñàìîé äðåâåñèíû [25],
â ïîñëåäíèå ãîäû ñòàëè ÷àùå ïðîâîäèòüñÿ èñïûòà-
íèÿ â îãíåâûõ ïå÷àõ êîíñòðóêöèé èç íåå, ïðè÷åì
êàê ïðè îòñóòñòâèè, òàê è ïðè íàëè÷èè îãíåçàùèòû.
Èõ öåëüþ ÿâëÿëàñü îöåíêà ïðåäåëîâ îãíåñòîéêîñòè
è êëàññà ïîæàðíîé îïàñíîñòè. Â êà÷åñòâå ïðèìåðà
ìîæíî íàçâàòü ðàáîòû [26–30]. Ëîãè÷íî ïðåäïîëî-
æèòü, ÷òî ïðàêòèêà ïðîâåäåíèÿ è óâåëè÷åíèÿ îáú-
åìà ïîäîáíûõ èñïûòàíèé âïîñëåäñòâèè ñòàíåò õà-
ðàêòåðíîé è äëÿ ÏÊÌ. Ñëåäóåò îòìåòèòü ñëó÷àè
ïðèìåíåíèÿ â îãðàæäàþùèõ êîíñòðóêöèÿõ ñ êàðêà-
ñîì èç äðåâåñèíû íèçêîïëîòíîãî ïîëèìåðíîãî êîì-
ïîçèòà, ñîâìåùàþùåãî ôóíêöèè òåïëîèçîëÿöèè è
îãíåçàùèòû [31, 32]. Ìàòåðèàëû òàêîãî òèïà ìîãóò
èñïîëüçîâàòüñÿ è â êîìïîçèòíûõ êîíñòðóêöèÿõ
âìåñòî ïåíîïîëèñòèðîëîâ è ïåíîïëàñòîâ, ïîñêîëü-
êó îíè èìåþò áîëåå ïðèåìëåìûå ïîêàçàòåëè ïîæàð-
íîé îïàñíîñòè, ÷åì óêàçàííûå òðàäèöèîííî ïðèìå-
íÿåìûå ïîëèìåðû [31, 32].

Âàæíåéøåé çàäà÷åé ïðè îáåñïå÷åíèè òðåáóåìî-
ãî óðîâíÿ ïîæàðíîé áåçîïàñíîñòè (îãíåñòîéêîñòè)
êîíñòðóêöèé èç ïîëèìåðíûõ êîìïîçèòîâ ÿâëÿåòñÿ
îöåíêà ðîëè è âîçìîæíîñòåé îãíåçàùèòû. Íå âûçû-
âàåò ñîìíåíèé, ÷òî äîáèòüñÿ çíà÷èòåëüíîãî ïîâû-
øåíèÿ èõ ïîæàðîáåçîïàñíîñòè ìîæíî ïðè èñïîëü-
çîâàíèè êîíñòðóêòèâíîé îãíåçàùèòû (ïëèò, ìàòîâ)
ñîîòâåòñòâóþùåé òîëùèíû. Îäíàêî äëÿ ýëåìåíòîâ
èç ÏÊÌ íàèáîëåå ïðèåìëåìûìè ÿâëÿþòñÿ âñïó-
÷èâàþùèåñÿ îãíåçàùèòíûå ïîêðûòèÿ (ÎÇÏ) íà ïî-
ëèìåðíîé îñíîâå, ïðè ýòîì âîçíèêàþò âîïðîñû î
âîçìîæíîñòè è öåëåñîîáðàçíîñòè èõ ïðèìåíåíèÿ.
Â ñâÿçè ñ ýòèì àíàëèçó ðåçóëüòàòîâ èõ èññëåäî-
âàíèé è îñîáåííîñòÿì èñïîëüçîâàíèÿ íåîáõîäèìî
óäåëèòü äîëæíîå âíèìàíèå.

Ïðè íàãðåâå âñïó÷èâàþùèõñÿ (òåðìîðàñøèðÿ-
þùèõñÿ) ÎÇÏ îáðàçóåòñÿ äîñòàòî÷íî òîëñòûé è íèç-
êîòåïëîïðîâîäíûé ñëîé (ïåíîêîêñ), êîòîðûé ñïîñî-
áåí â òå÷åíèå îïðåäåëåííîãî âðåìåíè çíà÷èòåëüíî
óìåíüøèòü òåïëîâîé ïîòîê ê çàùèùàåìîé ïîâåðõ-
íîñòè êîíñòðóêöèè è îáåñïå÷èòü ñóùåñòâåííûé
òåïëîñúåì ñ íàãðåòîé äî âûñîêèõ òåìïåðàòóð ïî-
âåðõíîñòè ýòîãî ñëîÿ çà ñ÷åò èçëó÷åíèÿ. Ïðè òàêîì
ñïîñîáå îãíåçàùèòû ðåàëèçóþòñÿ ïðèíöèïû ñíè-
æåíèÿ ãîðþ÷åñòè è ïîâûøåíèÿ îãíåñòîéêîñòè, ïå-
ðå÷èñëåííûå â [2, 3]. Îäíàêî äëÿ âñïó÷èâàþùèõñÿ
ÎÇÏ íåîáõîäèìî ðåøèòü íåïðîñòóþ çàäà÷ó ïî îáåñ-
ïå÷åíèþ òðåáóåìîé àäãåçèè ìåæäó ïîêðûòèÿìè è
ÏÊÌ, à òàêæå èõ ýêñïëóàòàöèîííîé ñòîéêîñòè è
äîëãîâå÷íîñòè ïðè ýêñïëóàòàöèè. Òàêèå ìàòåðèàëû
ñàìè ÿâëÿþòñÿ ïîëèìåðíûìè êîìïîçèòàìè è ìîãóò
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áûòü îòíåñåíû ê ãðóïïå “ïîëèìåðîâ ïîíèæåííîé
ãîðþ÷åñòè” [2, 3]. Â îáçîðå àíàëèçèðóåòñÿ èíôîð-
ìàöèÿ ïî ñâîéñòâàì è âëèÿíèþ âñïó÷èâàþùèõñÿ
ïîêðûòèé íà ïîæàðîáåçîïàñíîñòü êîíñòðóêöèé èç
ÏÊÌ, à òàêæå äàåòñÿ îöåíêà âîçìîæíîñòè è öåëå-
ñîîáðàçíîñòè èõ èñïîëüçîâàíèÿ â êà÷åñòâå îãíå-
çàùèòû.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â íàñòîÿùåå âðåìÿ ïðîèçâîäèòñÿ áîëüøàÿ íî-
ìåíêëàòóðà âñïó÷èâàþùèõñÿ ÎÇÏ, ïðåäíàçíà÷åííûõ
äëÿ çàùèòû îò ïîæàðîâ êîíñòðóêöèé èç ðàçëè÷íûõ
ìàòåðèàëîâ (ñòàëè, äðåâåñèíû, ÏÊÌ). Èõ ìîæíî
óñëîâíî ðàçäåëèòü íà íåñêîëüêî ãðóïï. Â òàáëèöå
ïðèâåäåíû íåêîòîðûå òèïè÷íûå è âûïóñêàåìûå ñå-
ðèéíî ïðåäñòàâèòåëè ýòèõ ãðóïï ñ óêàçàíèåì îòíî-
ñèòåëüíîãî óðîâíÿ èõ îãíåçàùèòíîé ýôôåêòèâíîñòè.
Îíà îïðåäåëÿåòñÿ â çíà÷èòåëüíîé ñòåïåíè êðàòíî-
ñòüþ âñïó÷èâàíèÿ, ñòàáèëüíîñòüþ è ñòîéêîñòüþ âñïó-
÷åííîãî ñëîÿ (ïåíîêîêñà), à òàêæå åãî ñòðóêòóðîé è
òåïëîïðîâîäíîñòüþ. Â òàáëèöå óêàçàíî, êàêèå èç
ïîêðûòèé ñîâìåñòèìû ñ ÏÊÌ (ñòåêëîïëàñòèêàìè,
ðåçèíàìè, ïîëèóðåòàíàìè è ïð.). Âèäíî, ÷òî èìååò-
ñÿ êðàéíå îãðàíè÷åííîå ÷èñëî ñåðèéíî âûïóñêàå-
ìûõ âñïó÷èâàþùèõñÿ ÎÇÏ, êîòîðûå ìîãóò ðàñ-

ñìàòðèâàòüñÿ ïðè âûáîðå íàèáîëåå ïðèåìëåìîãî
âàðèàíòà îãíåçàùèòû êîìïîçèòíûõ êîíñòðóêöèé.

Àíàëèç ñîñòîÿíèÿ èññëåäîâàíèé è ïðàêòè÷åñêî-
ãî èñïîëüçîâàíèÿ âñïó÷èâàþùèõñÿ ÎÇÏ ñâèäåòåëü-
ñòâóåò î òîì, ÷òî ïðîáëåìîé ÿâëÿåòñÿ âûñîêàÿ ñòîè-
ìîñòü èñïûòàíèé â îãíåâûõ ïå÷àõ, íåîáõîäèìûõ äëÿ
ïîäòâåðæäåíèÿ çàäàííûõ ïðåäåëîâ îãíåñòîéêîñòè çà-
ùèùàåìûõ êîíñòðóêöèé. Ïðè÷åì îíè äàëåêî íå âñåãäà
ïîçâîëÿþò îïðåäåëèòü òîëùèíû îãíåçàùèòû, òðå-
áóåìûå äëÿ êîíêðåòíûõ êîíñòðóêöèé.

Êðîìå òîãî, âñå áîëåå î÷åâèäíîé ñòàíîâèòñÿ ïðî-
áëåìà, ñâÿçàííàÿ ñ çàâåðøåíèåì ãàðàíòèéíûõ ñðîêîâ
ýêñïëóàòàöèè ÎÇÏ. Âñïó÷èâàþùèåñÿ ñîñòàâû, êàê
è ëþáûå äðóãèå ìàòåðèàëû íà ïîëèìåðíîé îñíîâå,
ïîäâåðæåíû ñòàðåíèþ, â ðåçóëüòàòå ÷åãî èõ îñíîâ-
íûå õàðàêòåðèñòèêè ìîãóò ñóùåñòâåííî óõóäøèòü-
ñÿ. Ïðèõîäèòñÿ êîíñòàòèðîâàòü, ÷òî â ñòðîèòåëüíîé
îòðàñëè, ãäå èñïîëüçóåòñÿ îñíîâíîé îáúåì âûïóñ-
êàåìûõ ÎÇÏ, îòñóòñòâóåò åäèíûé ïîäõîä è ñîîòâåò-
ñòâóþùèå íîðìàòèâíûå äîêóìåíòû, íå ïðîâîäÿòñÿ
íåîáõîäèìûå èññëåäîâàíèÿ, ïîäòâåðæäàþùèå ñî-
õðàíåíèå (à òî÷íåå ñòåïåíü èçìåíåíèÿ) îñíîâíûõ
ñâîéñòâ, ãëàâíûì èç êîòîðûõ ÿâëÿåòñÿ îãíåçàùèò-
íàÿ ýôôåêòèâíîñòü. Çíàíèå äèíàìèêè åå èçìåíåíèÿ

Òèïè÷íûå ÎÇÏ
Typical fire-protective coatings

Îãíåçàùèòíàÿ
ýôôåêòèâíîñòü
Fire-protective

efficiency

Êðàòíîñòü
âñïó÷èâàíèÿ
Intumescence
multiplicity

Ýêñïëóàòàöèîí-
íàÿ ñòîéêîñòü

Service durability

Ìàòåðèàë çàùèùàåìîé
êîíñòðóêöèè

Protection structure material

Ôåíèêñ ÑÒÂ, Îãðàêñ-Â-ÑÊ, Nullifire
S-607 HB (âîäíî-äèñïåðñèîííûå)
Phenix STV, Ograx-Â-SÊ, Nullifire
S-607 HB (water-dispersion)

Âûñîêàÿ
High 40–45

Îòíîñèòåëüíî
íèçêàÿ

Relatively low

Ñòàëü
Steel

Ôåíèêñ ÑÒÑ, Nullifire S-606, Unitherm
ASR, Äæîêåð 521 (ðàñòâîðèòåëü)
Phenix SÒS, Nullifire S-606, Unitherm
ASR, Joker 521 (solvent)

Òî æå
The same

40–45
Ñðåäíÿÿ
Average

Òî æå
The same

Ôåíèêñ ÄÏ (âîäíî-äèñïåðñèîííîå)
Phenix DP (water-dispersion) “ 100–120

Îòíîñèòåëüíî
íèçêàÿ

Relatively low

Äðåâåñèíà
Wood

ÑÃÊ-1, ÑÃÊ-2, Îãðàêñ-ÌCÊ íà îñíîâå
õëîðñóëüôèðîâàííîãî ïîëèýòèëåíà è
òåðìîðàñøèðÿþùåãîñÿ ãðàôèòà (ðàñ-
òâîðèòåëü)
SGÊ-1, SGÊ-2, Ograx-ÌSK based on
chlorosulfonated polyethylene and
thermally expanding graphite (solvent)

Ñðåäíÿÿ
Average 20–25

Âûñîêàÿ
High

Ñòàëü, ÏÊÌ
Steel, PC

Ðóáåæ-Â íà îñíîâå ïåðõëîðâèíèëîâîé
ñìîëû (ðàñòâîðèòåëü)
Rubezh-V based on perchlorovinyl resin
(solvent)

Òî æå
The same 30–40

Òî æå
The same

Ñòàëü, ÏÊÌ (ñ ãðóíòîì)
Steel, PC (with the ground)

Îãðàêñ-ÑÊÝ, Chartec-7 íà ýïîêñèäíîé
îñíîâå (ðàñòâîðèòåëü)
Îgrax-SKE, Chartec-7 based on epoxy
resin (solvent)

Íèçêàÿ
Low 8–10 “

Ñòàëü, ÏÊÌ
Steel, PC

Íîìåíêëàòóðà òèïè÷íûõ âñïó÷èâàþùèõñÿ ïîêðûòèé � Typical foaming coatings spectrum
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òðåáóåòñÿ äëÿ îáîñíîâàííîãî íàçíà÷åíèÿ ïðîåêòíûõ
òîëùèí ÎÇÏ, ñðîêîâ èõ ýêñïëóàòàöèè è ðåãëàìåíòà-
öèè ìåðîïðèÿòèé ïî âîññòàíîâëåíèþ îãíåçàùèòû.
Ïðè îòñóòñòâèè ðåçóëüòàòîâ òàêèõ èññëåäîâàíèé
ãàðàíòèéíûå ñðîêè ýêñïëóàòàöèè âñïó÷èâàþùèõñÿ
ïîêðûòèé, ðåêîìåíäóåìûå ïðîèçâîäèòåëÿìè ìàòå-
ðèàëîâ, à òàêæå çàêëþ÷åíèÿ î âîçìîæíîñòè èõ ïðî-
äëåíèÿ íåëüçÿ ïðèçíàòü îáîñíîâàííûìè.

Ïðè ðåøåíèè ýòîé ïðîáëåìû äëÿ âñïó÷èâà-
þùèõñÿ ÎÇÏ, ïðèìåíÿåìûõ â ñòðîèòåëüñòâå, íåîáõî-
äèìî âîñïîëüçîâàòüñÿ ðåçóëüòàòàìè, èìåþùèìèñÿ
â ðàêåòíî-êîñìè÷åñêîé, àâèàöèîííîé, êîðàáëåñòðî-
èòåëüíîé îòðàñëÿõ, è àäàïòèðîâàòü ïðèìåíÿåìûå òàì
ìåòîäèêè èññëåäîâàíèé. Ðåçóëüòàòû, ïðåäñòàâëåí-
íûå â [13, 33–41], ñâèäåòåëüñòâóþò î òîì, ÷òî ïðî-
âåäåíèå óñêîðåííûõ êëèìàòè÷åñêèõ èñïûòàíèé è
îïðåäåëåíèå (ïîäòâåðæäåíèå) îñíîâíûõ õàðàêòåðè-
ñòèê ïðèìåíÿåìûõ ìàòåðèàëîâ íà ïîëèìåðíîé îñíî-
âå (íå òîëüêî êîíñòðóêöèîííûõ, íî è îãíåçàùèò-
íûõ) ñ ó÷åòîì äëèòåëüíîñòè è óñëîâèé ýêñïëóàòàöèè
äîëæíî ñòàòü îáÿçàòåëüíûì. Ýòî îáóñëîâëåíî òåì,
÷òî ïðè ýêñïëóàòàöèè, êàê îòìå÷àåòñÿ â [13, 33–41],
ìîæåò ïðîèñõîäèòü ñóùåñòâåííîå óõóäøåíèå õà-
ðàêòåðèñòèê ïîæàðíîé îïàñíîñòè çà ñ÷åò èçìåíå-
íèÿ ñòðóêòóðû ïîëèìåðíîé ìàòðèöû, â ðåçóëüòàòå
÷åãî ñíèæàåòñÿ òåðìîñòîéêîñòü, ëåã÷å ïðîòåêàåò
òåðìîäåñòðóêöèÿ, óäàëÿþòñÿ àíòèïèðèðóþùèå äî-
áàâêè è ò. ä.

Íåñìîòðÿ íà âûøåèçëîæåííîå, òîëüêî íåìíîãî-
÷èñëåííûå ðàáîòû [37–41] ïîñâÿùåíû îöåíêå âëèÿ-
íèÿ ýêñïëóàòàöèîííûõ ôàêòîðîâ íà ýôôåêòèâíîñòü
âñïó÷èâàþùèõñÿ ÎÇÏ è îãíåñòîéêîñòü çàùèùàåìûõ
èìè êîíñòðóêöèé. Êàê ïîêàçàíî â [40], ñî âðåìåíåì
ïðîèñõîäèò ñíèæåíèå îãíåçàùèòíîé ýôôåêòèâíî-
ñòè (äëÿ ïîêðûòèÿ ÑÃÊ-2 ïîðÿäêà 25 % çà 25 ëåò).
Ïîäîáíûå èçìåíåíèÿ îáúÿñíÿþòñÿ â îñíîâíîì ñíè-
æåíèåì ñî âðåìåíåì êðàòíîñòè âñïó÷èâàíèÿ ÎÇÏ
(â äàííîì ñëó÷àå ïðèáëèçèòåëüíî íà 25 %) [40].
Ó÷èòûâàÿ, ÷òî ÑÃÊ-2 ïî ñâîåé ïðèðîäå îòíîñèòñÿ ê
÷èñëó ìàòåðèàëîâ ñ íàèáîëüøåé ñòîéêîñòüþ ê âîç-
äåéñòâèþ âíåøíèõ ôàêòîðîâ, ìîæíî îæèäàòü ñóùå-
ñòâåííî áîëüøåãî âëèÿíèÿ äëèòåëüíîñòè è óñëîâèé
ýêñïëóàòàöèè íà ñíèæåíèå êðàòíîñòè âñïó÷èâàíèÿ
è îãíåçàùèòíîé ýôôåêòèâíîñòè áîëüøèíñòâà èç ïðè-
ìåíÿåìûõ ïîêðûòèé. Äàííûå, ïîäòâåðæäàþùèå
âîçìîæíîñòü ñíèæåíèÿ êðàòíîñòè âñïó÷èâàíèÿ ïî-
êðûòèé â íåñêîëüêî ðàç, ïðåäñòàâëåíû â [37–39].

Âàæíóþ ðîëü â îöåíêå îãíåçàùèòíîé ýôôåêòèâ-
íîñòè è, ñîîòâåòñòâåííî, îãíåñòîéêîñòè êîíñòðóê-
öèé ñî âñïó÷èâàþùèìèñÿ ÎÇÏ, à òàêæå â ïðîãíî-
çèðîâàíèè èõ èçìåíåíèÿ â ïðîöåññå ýêñïëóàòàöèè
ìîãëè áû ñûãðàòü òåïëîòåõíè÷åñêèå ðàñ÷åòû, ïî-
çâîëÿþùèå îöåíèâàòü óðîâåíü ïðîãðåâà êîíñòðóê-
öèé è îïðåäåëÿòü òîëùèíó ðàçëè÷íûõ ÎÇÏ. Îäíàêî
îáùåïðèíÿòûå ìåòîäèêè ðàñ÷åòîâ îòñóòñòâóþò,

à ìåòîäèêè, ðàññìîòðåííûå â îáçîðå, èñïîëüçóþòñÿ
ïîêà â íåäîñòàòî÷íîé ñòåïåíè.

Àíàëèçèðóÿ îñîáåííîñòè è ïåðñïåêòèâû ïðèìå-
íåíèÿ ÏÊÌ, ìîæíî óêàçàòü åùå íà ðÿä íåðåøåííûõ
âîïðîñîâ è íåèñïîëüçîâàííûõ âîçìîæíîñòåé â ÷àñ-
òè îáåñïå÷åíèÿ ïîæàðîáåçîïàñíîñòè êîíñòðóêöèé
èç ïîëèìåðíûõ êîìïîçèòîâ. Âî-ïåðâûõ, ýòî îãðàíè-
÷åííàÿ íîìåíêëàòóðà ñåðèéíî âûïóñêàåìûõ ÎÇÏ,
êîòîðûå áûëè áû ñîâìåñòèìû ñ êîíêðåòíûìè ïîëè-
ìåðíûìè êîìïîçèòàìè è ìîãëè áû ýôôåêòèâíî çà-
ùèùàòü êîíñòðóêöèè èç íèõ. Ìîæíî íàçâàòü òîëüêî
íåñêîëüêî ìàòåðèàëîâ íà îñíîâå õëîðñóëüôèðîâàí-
íîãî ïîëèýòèëåíà è ýïîêñèäíûõ ñìîë (ñì. òàáëèöó).
Êðàéíå æåëàòåëüíà ðàçðàáîòêà íîâûõ âñïó÷èâà-
þùèõñÿ ïîêðûòèé, ïðåäíàçíà÷åííûõ äëÿ ðàññìàò-
ðèâàåìûõ êîíñòðóêöèé. Âî-âòîðûõ, ýòî íåäîîöåíêà
íåîáõîäèìîñòè è âîçìîæíîñòè êîíñòðóèðîâàíèÿ
ôîðìû ýëåìåíòîâ èç ÏÊÌ ñ ÎÇÏ äëÿ îáåñïå÷åíèÿ
òðåáóåìûõ ïðåäåëîâ îãíåñòîéêîñòè íà áàçå èñïîëü-
çîâàíèÿ ñóùåñòâóþùèõ ìåòîäèê òåïëîòåõíè÷åñêèõ
è ñòàòè÷åñêèõ ðàñ÷åòîâ è èõ äàëüíåéøåãî ñîâåðøåí-
ñòâîâàíèÿ. Â-òðåòüèõ, ýòî íåäîñòàòî÷íàÿ èíôîðìè-
ðîâàííîñòü î ïåðñïåêòèâàõ ñíèæåíèÿ ïîêàçàòåëåé
ïîæàðíîé îïàñíîñòè ÏÊÌ (ñòåêëîïëàñòèêîâ, áàçàëü-
òîïëàñòèêîâ, óãëåïëàñòèêîâ, ðåçèí, ïîëèóðåòàíîâ
è ïð.) ñ ïîìîùüþ âñïó÷èâàþùèõñÿ ÎÇÏ. Îáðàòèì-
ñÿ ê ïóáëèêàöèÿì, ïîñâÿùåííûì òðåì ïåðå÷èñëåí-
íûì âîïðîñàì.

Îòíîñèòåëüíî âîçìîæíîñòè ñíèæåíèÿ ïîêàçàòå-
ëåé ïîæàðíîé îïàñíîñòè ïîëèìåðíûõ êîìïîçèòîâ ñ
ïîìîùüþ âñïó÷èâàþùèõñÿ ÎÇÏ ìîæíî îòìåòèòü,
÷òî íàêîïëåííûå ê íàñòîÿùåìó âðåìåíè ðåçóëüòà-
òû, ïîëó÷åííûå äëÿ ñòåêëîïëàñòèêîâ, ïîëèóðåòàíîâ è
ðåçèí, ñâèäåòåëüñòâóþò î ïåðñïåêòèâíîñòè òàêîãî
âàðèàíòà ñíèæåíèÿ ãîðþ÷åñòè è äðóãèõ ñòàíäàðò-
íûõ ïîêàçàòåëåé ìàòåðèàëîâ. Â êà÷åñòâå ïðèìåðà
ìîæíî ïðèâåñòè ðåçóëüòàòû èñïûòàíèé îáðàçöîâ
ñòåêëîïëàñòèêà íà îñíîâå ýïîêñèäíîãî ñâÿçóþùåãî,
ïðîâåäåííûå ïî ÃÎÑÒ 12.1.044–89 (ïï. 4.3, 4.18,
4.19, 4.20 — îïðåäåëåíèå ãðóïïû ãîðþ÷åñòè, äûìî-
îáðàçóþùåé ñïîñîáíîñòè, òîêñè÷íîñòè ïðîäóêòîâ
ðàçëîæåíèÿ, èíäåêñà ðàñïðîñòðàíåíèÿ ïëàìåíè) è
ïî ÃÎÑÒ 30402–96 (âîñïëàìåíÿåìîñòü) [42]. Îíè
ïîêàçàëè, ÷òî ïðè îòíîñèòåëüíî íåáîëüøîé òîë-
ùèíå âñïó÷èâàþùåãîñÿ ïîêðûòèÿ ÑÃÊ-2 (ïîðÿä-
êà 0,5 ìì) äîñòèãàåòñÿ ñóùåñòâåííîå óëó÷øåíèå
ñâîéñòâ ïî ñðàâíåíèþ ñ âàðèàíòîì áåç îãíåçàùèòû.
Óäàëîñü îáåñïå÷èòü ñëåäóþùèå ãðóïïû ñòàíäàðòè-
çîâàííûõ ïîêàçàòåëåé: Â1 (òðóäíîâîñïëàìåíÿåìûé
ìàòåðèàë) âìåñòî Â2 (óìåðåííîâîñïëàìåíÿåìûé);
òðóäíîãîðþ÷èé âìåñòî ãîðþ÷èé ñðåäíåé âîñïëàìå-
íÿåìîñòè; Ä2 è Ò2 (óìåðåííàÿ äûìîîáðàçóþùàÿ
ñïîñîáíîñòü è óìåðåííîîïàñíûé ìàòåðèàë ïî
òîêñè÷íîñòè ïðîäóêòîâ ãîðåíèÿ) ïðè ñóùåñòâåííîì
óëó÷øåíèè êîíòðîëüíûõ ïàðàìåòðîâ; ìåäëåííîå
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(ïðàêòè÷åñêè íóëåâîå) ðàñïðîñòðàíåíèå ïëàìåíè
âìåñòî áûñòðîãî ðàñïðîñòðàíåíèÿ ïëàìåíè [42].
Ðàíåå ïîäîáíûå ðåçóëüòàòû ïî ãîðþ÷åñòè ñòåêëî-
ïëàñòèêîâ áûëè ïîëó÷åíû äëÿ ÏÊÌ ñ ïîêðûòèåì
ÑÃÊ-1. Èñïîëüçîâàíèå ïîêðûòèé ÑÃÊ-1 è ÑÃÊ-2
òîëùèíîé ïîðÿäêà 0,5 ìì îáåñïå÷èëî ïåðåâîä òè-
ïè÷íîãî ëèòüåâîãî ïîëèóðåòàíà èç ãîðþ÷åãî ñðåä-
íåé âîñïëàìåíÿåìîñòè â òðóäíîãîðþ÷èé [42]. Ýòî
ñâèäåòåëüñòâóåò î òîì, ÷òî âî ìíîãèõ ñëó÷àÿõ ïðè-
ìåíåíèå òîíêîñëîéíûõ âñïó÷èâàþùèõñÿ ÎÇÏ ÿâëÿ-
åòñÿ ðåàëüíîé àëüòåðíàòèâîé òðàäèöèîííûì ñïîñî-
áàì, ïðåäóñìàòðèâàþùèì èñïîëüçîâàíèå àíòèïè-
ðåíîâ, ìîäèôèöèðîâàííûõ è îòíîñèòåëüíî äîðîãèõ
ñâÿçóþùèõ è ïð.

Äëÿ ïîäòâåðæäåíèÿ ïðåäåëîâ îãíåñòîéêîñòè íå-
ñóùèõ è îãðàæäàþùèõ êîíñòðóêöèé èç ëþáûõ ìà-
òåðèàëîâ ñ îãíåçàùèòîé (â äàííîì ñëó÷àå ñî âñïó-
÷èâàþùèìñÿ ïîêðûòèåì) ïî ÃÎÑÒ 30247.0–94 è
ÃÎÑÒ 30247.1–94 ïðåäóñìîòðåíî ïðîâåäåíèå èñ-
ïûòàíèé â îãíåâûõ ïå÷àõ. Îãíåçàùèòíàÿ ýôôåê-
òèâíîñòü ÎÇÏ îïðåäåëÿëàñü ïðè èñïûòàíèÿõ ïðå-
èìóùåñòâåííî êîíñòðóêöèé èç ñòàëè. Èçâåñòíî, ÷òî
òðåáóåòñÿ èñïûòàòü íåñêîëüêî (à èíîãäà çíà÷èòåëü-
íîå êîëè÷åñòâî) îáðàçöîâ ïðè ðàçëè÷íîé òîëùèíå
îãíåçàùèòû è ðàçëè÷íîé ìàññèâíîñòè êîíñòðóêöèé
(äëÿ êîíñòðóêöèé èç ñòàëè îíà õàðàêòåðèçóåòñÿ ïðè-
âåäåííîé òîëùèíîé ìåòàëëà).

Îäíàêî äàæå íåñêîëüêî èñïûòàíèé âî ìíîãèõ
ñëó÷àÿõ íå ïîçâîëÿþò îáîñíîâàííî ïåðåíîñèòü èõ
ðåçóëüòàòû íà êîíñòðóêöèè äðóãèõ òèïîðàçìåðîâ
è îïðåäåëÿòü òðåáóåìûå òîëùèíû îãíåçàùèòû ïðè
èíîé, ÷åì ïðè èñïûòàíèÿõ, äëèòåëüíîñòè îãíåâîãî
âîçäåéñòâèÿ (òåì áîëåå ïðè òåìïåðàòóðíûõ ðåæè-
ìàõ ïîæàðà, îòëè÷àþùèõñÿ îò “ñòàíäàðòíîãî”).
Äëÿ ýòîãî íåîáõîäèìà ìåòîäèêà ðàñ÷åòîâ, àïðîáè-
ðîâàííàÿ ñ èñïîëüçîâàíèåì ðåçóëüòàòîâ îãíåâûõ
èñïûòàíèé, ïîçâîëÿþùàÿ ìîäåëèðîâàòü ðàáîòó
âñïó÷èâàþùèõñÿ ïîêðûòèé è ïðîãðåâ çàùèùàåìûõ
èìè êîíñòðóêöèé. Åñòåñòâåííî, âîçìîæíîñòü åå èñ-
ïîëüçîâàíèÿ äîëæíà áûòü äîêàçàíà. Îäíàêî ïîêà ýòî
ðåàëèçóåòñÿ êðàéíå ðåäêî, è â ïîäàâëÿþùåì áîëü-
øèíñòâå ñëó÷àåâ òîëùèíû îãíåçàùèòû â òàáëèöàõ
èëè íîìîãðàììàõ, ðåêîìåíäóåìûõ ïðîèçâîäèòåëÿ-
ìè ìàòåðèàëîâ, íå îïðåäåëÿþòñÿ äîëæíûì îáðàçîì
è íå ìîãóò áûòü ïðèçíàíû îáîñíîâàííûìè.

Ðàáîòû ïî ñîçäàíèþ âàðèàíòîâ ìåòîäèê îòðà-
æåíû â îòå÷åñòâåííûõ è çàðóáåæíûõ ïóáëèêàöèÿõ
[18, 20, 22, 43–66]. Ïîêàçàòåëüíî, ÷òî â àâòîðèòåò-
íîì îáçîðå [45] ñäåëàí âûâîä î íåîáõîäèìîñòè ðàñ-
÷åòîâ äëÿ ìîäåëèðîâàíèÿ ðàáîòû è îïðåäåëåíèÿ
òîëùèí îãíåçàùèòû è âûñêàçàíî ïðåäïîëîæåíèå î
ñêîðîì ïîÿâëåíèè ìîäåëåé, êîòîðûå ñ äîñòàòî÷íîé
ñòåïåíüþ äîñòîâåðíîñòè áóäóò ïðåäñêàçûâàòü ïî-
âåäåíèå âñïó÷èâàþùèõñÿ ÎÇÏ â óñëîâèÿõ ïîæàðà.
Â îáçîðå îòìå÷àåòñÿ òàêæå, ÷òî ðàçâèòèå õèìèè è

òåõíîëîãèè îãíåçàùèòíûõ ìàòåðèàëîâ äîøëî äî òà-
êîãî óðîâíÿ, ÷òî ñîçäàíèå íîâûõ ìàòåðèàëîâ íåâîç-
ìîæíî ëèøü íà îñíîâå ýêñïåðèìåíòàëüíûõ äàííûõ,
áåç ïðèâëå÷åíèÿ ÷èñëåííûõ ìåòîäîâ. Äàííîå ïðåä-
ïîëîæåíèå îïðàâäàëîñü, è â íàøåé ñòðàíå ñòàëè ïî-
ÿâëÿòüñÿ ïîäîáíûå ìåòîäèêè.

Ñëåäóåò óïîìÿíóòü î òðåõ ìàòåìàòè÷åñêèõ ìî-
äåëÿõ è ìåòîäèêàõ ðàñ÷åòîâ êîíñòðóêöèé ñî âñïó-
÷èâàþùèìèñÿ ÎÇÏ. Ïðàâäà, îäíà èç íèõ [47] íå íà-
øëà ïðèìåíåíèÿ íà ïðàêòèêå. Â òî æå âðåìÿ ìå-
òîäèêà, óïîìèíàåìàÿ â [20–22, 40, 48] óñïåøíî
èñïîëüçîâàëàñü äëÿ ðàñ÷åòîâ ðàçëè÷íûõ êîíñòðóê-
öèé ñ ïîêðûòèÿìè ÑÃÊ-1 è ÑÃÊ-2, äëÿ ÷åãî áûë
îïðåäåëåí âåñü ïðåäóñìîòðåííûé â íåé êîìïëåêñ
õàðàêòåðèñòèê ýòèõ ìàòåðèàëîâ, âêëþ÷àÿ êðàòíîñòü
âñïó÷èâàíèÿ. Îäíàêî äëÿ äðóãèõ ÎÇÏ îíà ïðàêòè-
÷åñêè íå ïðèìåíÿëàñü, î ÷åì ñâèäåòåëüñòâóåò îò-
ñóòñòâèå ñîîòâåòñòâóþùèõ ïóáëèêàöèé.

Áîëåå óíèâåðñàëüíûìè è àïðîáèðîâàííûìè
ïðè ðàñ÷åòàõ ðàçëè÷íûõ âñïó÷èâàþùèõñÿ ïîêðû-
òèé îêàçàëèñü ìîäåëü è ìåòîäèêà ðàñ÷åòîâ, ïðåä-
ñòàâëåííûå â ðàáîòàõ [18, 46, 49–53]. Ìîæíî êîí-
ñòàòèðîâàòü, ÷òî ñ èõ ïîÿâëåíèåì ñòàëî âîçìîæíûì
ðåøåíèå áîëüøèíñòâà çàäà÷, íåîáõîäèìîñòü ðåøå-
íèÿ êîòîðûõ áûëà îãîâîðåíà â îáçîðå [45]. Êðîìå
òîãî, âûâîä î çíà÷èìîñòè ìåòîäèêè, óïîìèíàåìîé â
[18, 46, 49, 51–53], ñëåäóåò èç àíàëèçà, ïðîâåäåííîãî
â îáñòîÿòåëüíîì îáçîðå [60], ïîñâÿùåííîì âñïó÷è-
âàþùèìñÿ ÎÇÏ.

Ìåòîäèêó è êîìïüþòåðíóþ ïðîãðàììó, ïðåäñòàâ-
ëåííûå â [46, 49, 51–53], îòëè÷àåò îïòèìàëüíîå ñî-
÷åòàíèå ñëîæíîñòè ìàòåìàòè÷åñêîé ìîäåëè (ó÷è-
òûâàþòñÿ îñíîâíûå ôèçèêî-õèìè÷åñêèå ïðîöåññû,
ïðîèñõîäÿùèå âî âñïó÷èâàþùèõñÿ ìàòåðèàëàõ è â
èõ ïåíîêîêñå ïðè íàãðåâå) ñ âîçìîæíîñòüþ åå ÷èñ-
ëåííîé ðåàëèçàöèè è ðàçðàáîòêè êîìïüþòåðíîé
ïðîãðàììû, à òàêæå ìîäåëèðîâàíèÿ ïðîãðåâà ðàç-
ëè÷íûõ êîíñòðóêöèé ñ îãíåçàùèòîé è, â êîíå÷íîì
ñ÷åòå, îïðåäåëåíèÿ ïðîåêòíûõ òîëùèí ÎÇÏ. Â [46,
49, 51–53] îáîñíîâûâàåòñÿ âûáîð ïîðÿäêà ÷èñëåí-
íîé ðåàëèçàöèè èñõîäíîé ñèñòåìû óðàâíåíèé, ïðè-
âîäÿòñÿ ïîðÿäîê è ðåçóëüòàòû îïðåäåëåíèÿ êîìï-
ëåêñà ñâîéñòâ ÎÇÏ, íåîáõîäèìûõ äëÿ ïðîâåäåíèÿ
ðàñ÷åòîâ, à òàêæå äàþòñÿ ïðèìåðû àïðîáèðîâàíèÿ
ìåòîäèêè ïóòåì ñîïîñòàâëåíèÿ ðåçóëüòàòîâ ðàñ÷å-
òîâ ñ äàííûìè èñïûòàíèé êîíñòðóêöèé ñ êîíêðåò-
íûìè ÎÇÏ â îãíåâûõ ïå÷àõ.

Èñïîëüçóåìàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ó÷èòûâà-
åò â ÿâíîì âèäå òàêèå ôèçèêî-õèìè÷åñêèå ïðîöåñ-
ñû, ïðîèñõîäÿùèå â îãíåçàùèòíûõ è â êîíñòðóêöè-
îííûõ ìàòåðèàëàõ ïðè íàãðåâå, êàê òåðìè÷åñêàÿ
äåñòðóêöèÿ, ïîðîîáðàçîâàíèå, ôèëüòðàöèÿ ãàçîîá-
ðàçíûõ ïðîäóêòîâ òåðìîäåñòðóêöèè ïî òîëùèíå
âñïó÷åííîãî ñëîÿ. Ïðèíöèïèàëüíî âàæíûì ìîìåí-
òîì ÿâëÿåòñÿ âîçìîæíîñòü ó÷åòà äèíàìèêè èçìåíå-
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íèÿ òîëùèíû âñïó÷åííîãî ñëîÿ (ïåíîêîêñà), ò. å. ðîñò
è ïîñëåäóþùåå óìåíüøåíèå åãî òîëùèíû, îáóñëîâ-
ëåííîå âûãîðàíèåì è óñàäêîé [26, 46, 49, 51–53].
Êðîìå òîãî, çàäàåòñÿ òàêîé âèä çàâèñèìîñòåé äëÿ
òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê â ýòîì ñëîå, êîòî-
ðûé ïîçâîëÿåò ó÷åñòü èçìåíåíèå ëó÷èñòîé è êîí-
âåêòèâíîé ñîñòàâëÿþùèõ êîýôôèöèåíòà òåïëî-
ïðîâîäíîñòè íåïîñðåäñòâåííî â õîäå ÷èñëåííûõ
âû÷èñëåíèé ñ ó÷åòîì ïîðîîáðàçîâàíèÿ â ìàòåðèàëå
è äåôîðìèðîâàíèÿ ðàñ÷åòíîé îáëàñòè. Ìîæíî ïðî-
âîäèòü ðàñ÷åòû ïðè ðàçëè÷íûõ òåìïåðàòóðíûõ ðå-
æèìàõ ïîæàðà, ÷òî íåîáõîäèìî äëÿ îïðåäåëåíèÿ
ïðîåêòíûõ òîëùèí îãíåçàùèòû, à òàêæå äëÿ ó÷åòà
êîíêðåòíûõ óñëîâèé èñïûòàíèé â îãíåâûõ ïå÷àõ
ïðè àíàëèçå è îáîáùåíèè èõ ðåçóëüòàòîâ.

Ðàçðàáîòêà, àïðîáàöèÿ è ïðèìåíåíèå óêàçàííîé
ìåòîäèêè [46, 49, 51–53] ïåðâîíà÷àëüíî ïðåäóñìàò-
ðèâàëèñü äëÿ ñòðîèòåëüíûõ êîíñòðóêöèé èç ñòàëè.
Ìåòîäèêà ïîçâîëÿåò, â ÷àñòíîñòè, îáîñíîâàííî ïå-
ðåíîñèòü ðåçóëüòàòû èñïûòàíèé â îãíåâûõ ïå÷àõ
ïðè ñòàíäàðòíîì âîçäåéñòâèè íà äðóãèå óñëîâèÿ,
à òàêæå íà ìåòàëëîêîíñòðóêöèè äðóãèõ ãàáàðèòîâ.
Ýòî âàæíî, ïîñêîëüêó, êàê îòìå÷àëîñü ðàíåå, âî ìíî-
ãèõ ñëó÷àÿõ ïîòðåáèòåëÿì ïðåäëàãàþòñÿ òàáëèöû
è ãðàôèêè ñ ðåêîìåíäóåìûìè òîëùèíàìè ÎÇÏ áåç
äîëæíîãî îáîñíîâàíèÿ. Ìåòîäèêà èñïîëüçîâàëàñü
ïðè àíàëèçå è îáðàáîòêå ðåçóëüòàòîâ èñïûòàíèé ÎÇÏ
è âûïóñêå ïðîåêòîâ îãíåçàùèòû íåñóùèõ è îãðàæ-
äàþùèõ êîíñòðóêöèé äëÿ ìíîãî÷èñëåííûõ ñòðîè-
òåëüíûõ îáúåêòîâ, à òàêæå èçäåëèé ðàçëè÷íîãî íà-
çíà÷åíèÿ (â òîì ÷èñëå èç ÏÊÌ). Âìåñòå ñ òåì ìîæíî
êîíñòàòèðîâàòü, ÷òî äî ñèõ ïîð âîçìîæíîñòè ýòîé
ìåòîäèêè ÿâíî íåäîîöåíèâàëèñü. Ïîìèìî âîçìîæ-
íîñòè åå èñïîëüçîâàíèÿ óæå â íàñòîÿùåå âðåìÿ è
â áîëüøåì îáúåìå, îíà ìîæåò ðàññìàòðèâàòüñÿ â
êà÷åñòâå îñíîâû äëÿ äàëüíåéøåãî ñîâåðøåíñòâîâà-
íèÿ è ñîçäàíèÿ, â êîíå÷íîì ñ÷åòå, îáùåïðèíÿòîé
ìåòîäèêè, íåîáõîäèìîñòü êîòîðîé ñòàíîâèòñÿ âñå
áîëåå î÷åâèäíîé. Ïðè ýòîì ïîäðàçóìåâàåòñÿ, ÷òî åå
ïðèìåíåíèå äîëæíî áûòü ðåãëàìåíòèðîâàíî â íîð-
ìàòèâíûõ äîêóìåíòàõ.

Äàííàÿ ìåòîäèêà [46, 49, 51–53] ìîæåò èñïîëü-
çîâàòüñÿ äëÿ ðàçëè÷íûõ êîíñòðóêöèé èç ÏÊÌ, ýêñ-
ïëóàòèðóåìûõ êàê ïðè íàëè÷èè ïîêðûòèé, òàê è
áåç íèõ. Äàæå â àâèàöèîííîé îòðàñëè, ãäå èñïûòà-
íèÿ íà îãíåñòîéêîñòü ìíîãîñëîéíûõ êîìïîçèòíûõ
êîíñòðóêöèé ïðîâîäèëèñü è ïðîâîäÿòñÿ â áîëüøîì
îáúåìå [10–13], åå èñïîëüçîâàíèå ïðåäñòàâëÿåòñÿ
öåëåñîîáðàçíûì ïðè ìîäåëèðîâàíèè èõ ïðîãðåâà,
àíàëèçå ðåçóëüòàòîâ èñïûòàíèé, ïåðåíîñå èõ ðåçóëü-
òàòîâ íà äðóãèå óñëîâèÿ è îïðåäåëåíèè îïòèìàëü-
íûõ âàðèàíòîâ îãíåçàùèòû. Î íåîáõîäèìîñòè ïî-
äîáíîãî ìîäåëèðîâàíèÿ ñâèäåòåëüñòâóåò ïîïûòêà
ñîçäàíèÿ ðàñ÷åòíîé ìåòîäèêè äëÿ àâèàöèîííîé îò-
ðàñëè [13, 61]. Îäíàêî â õîäå ïðîâîäèìûõ àâòîðàìè

ýòîé ìåòîäèêè ðàñ÷åòîâ íå ó÷èòûâàëèñü îñîáåííî-
ñòè ðàáîòû ðàçëàãàþùèõñÿ è âñïó÷èâàþùèõñÿ
ìàòåðèàëîâ è ïîêðûòèé. Â ñâÿçè ñ ýòèì ïðåäñòàâëÿ-
åòñÿ öåëåñîîáðàçíûì è ïåðñïåêòèâíûì ñîçäàíèå
áîëåå ñîâåðøåííîé ìåòîäèêè òåïëîòåõíè÷åñêèõ ðàñ-
÷åòîâ, àäàïòèðîâàííîé ê ïîòðåáíîñòÿì àâèàöèîí-
íîé îòðàñëè.

Åñëè ðàññìàòðèâàòü ñèëîâûå êîíñòðóêöèè è èç-
äåëèÿ èç ÏÊÌ, òî ñëåäóåò îòìåòèòü, ÷òî äëÿ íèõ èñ-
ïûòàíèÿ â îãíåâûõ ïå÷àõ äî íàñòîÿùåãî âðåìå-
íè ïðàêòè÷åñêè íå ïðîâîäèëèñü. Â òàêîé ñèòóàöèè
ïðèìåíåíèå ìåòîäèêè, ïîäîáíîé ïðèâåäåííîé â
[46, 49, 51–53], ÿâëÿåòñÿ îñíîâíûì ïóòåì îáîñíîâà-
íèÿ èõ îãíåñòîéêîñòè è âûáîðà ñðåäñòâ îãíåçàùè-
òû. Ïðè åå èñïîëüçîâàíèè ïîÿâëÿåòñÿ âîçìîæíîñòü
ìîäåëèðîâàíèÿ òåìïåðàòóðíûõ ïîëåé è îöåíêè èõ
âëèÿíèÿ íà íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿ-
íèå, ÷òî äëÿ êîíñòðóêöèé èç êîìïîçèòîâ îñîáåííî
àêòóàëüíî.

Ïîêàçàòåëüíî, ÷òî ïîäîáíàÿ ñèòóàöèÿ õàðàêòåð-
íà òàêæå äëÿ êîíñòðóêöèé èç äðóãîãî ãîðþ÷åãî êîì-
ïîçèòíîãî ìàòåðèàëà — äðåâåñèíû. Äëÿ íèõ â îò-
ëè÷èå îò ïîëèìåðíûõ êîìïîçèòîâ èñïûòàíèÿ â
îãíåâûõ ïå÷àõ ïðîâîäÿòñÿ, íî â íåäîñòàòî÷íîì îáú-
åìå, ÷òî òàêæå ñâèäåòåëüñòâóåò î íåîáõîäèìîñòè
ñîîòâåòñòâóþùèõ ðàñ÷åòîâ. Óæå ïåðâûå ïîïûòêè
÷èñëåííîãî ìîäåëèðîâàíèÿ, ïðåäñòàâëåííûå â [26],
ñâèäåòåëüñòâóþò î òîì, ÷òî îíè ýôôåêòèâíû äëÿ
îïðåäåëåíèÿ âåëè÷èíû (ñêîðîñòè) îáóãëèâàíèÿ, âû-
áîðà ðàöèîíàëüíûõ âàðèàíòîâ îãíåçàùèòû, îöåíêè
ïðåäåëîâ îãíåñòîéêîñòè, à òàêæå äëÿ îïðåäåëåíèÿ
êëàññà ïîæàðíîé îïàñíîñòè êîíñòðóêöèé èç äðå-
âåñèíû.

Ñëåäóåò óïîìÿíóòü òàêæå åùå îá îäíîì ïîäõîäå
ê ìîäåëèðîâàíèþ ïðîãðåâà êîíñòðóêöèé ïðè ïîæà-
ðå è îïðåäåëåíèþ òîëùèíû îãíåçàùèòû. Îí ïðåä-
ñòàâëåí, â ÷àñòíîñòè, â ðàáîòàõ [62–66]. Â ìàòåìàòè-
÷åñêîé ìîäåëè àâòîðû èñïîëüçóþò óðàâíåíèå íå-
ñòàöèîíàðíîé òåïëîâîäíîñòè, êîòîðîå íå ó÷èòûâà-
åò ôèçèêî-õèìè÷åñêèõ ïðîöåññîâ, ïðîèñõîäÿùèõ â
ìàòåðèàëàõ ïðè íàãðåâå. Òàêèå ïðîöåññû êîñâåííî
ó÷èòûâàþòñÿ ïðè îïðåäåëåíèè ýôôåêòèâíûõ òåï-
ëîôèçè÷åñêèõ õàðàêòåðèñòèê îãíåçàùèòíûõ ìàòå-
ðèàëîâ, êîòîðûå óñòàíàâëèâàþòñÿ ïóòåì ðåøåíèÿ
îáðàòíîé çàäà÷è òåïëîïðîâîäíîñòè [63] ñ èñïîëüçî-
âàíèåì ðåçóëüòàòîâ èçìåðåíèÿ òåìïåðàòóðû â õîäå
íåñêîëüêèõ ñòàíäàðòíûõ èñïûòàíèé êîíñòðóêöèé
ñ îãíåçàùèòîé ïðè êîíêðåòíîì ðåæèìå îãíåâîãî
âîçäåéñòâèÿ. È åñëè äëÿ êîíñòðóêöèé ñ íå ðàçëàãà-
þùåéñÿ ïðè íàãðåâå êîíñòðóêòèâíîé îãíåçàùèòîé
ïðèìåíåíèå òàêîé ýêñïåðèìåíòàëüíî-ðàñ÷åòíîé
ìåòîäèêè îáîñíîâàíî (íàïðèìåð, [64, 66]), òî äëÿ
ðàçëàãàþùèõñÿ, à òåì áîëåå äëÿ âñïó÷èâàþùèõñÿ,
ìàòåðèàëîâ åå èñïîëüçîâàíèå [64–66] ÿâëÿåòñÿ,
ïî ñóùåñòâó, âûíóæäåííûì è ìîæåò áûòü îáúÿñíå-
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íî îòñóòñòâèåì âîçìîæíîñòè ïðèìåíåíèÿ áîëåå ñî-
âåðøåííûõ ìîäåëåé è ïðîãðàìì ðàñ÷åòîâ.

Òàêèì îáðàçîì, ñ ïîìîùüþ ìåòîäèêè, óïîìèíà-
åìîé â [46, 49, 51–53], ìîæíî ïðîâîäèòü ìîäåëèðî-
âàíèå ïðîãðåâà êîíñòðóêöèé è èçäåëèé ðàçëè÷íîãî
íàçíà÷åíèÿ èç ëþáûõ ìàòåðèàëîâ (ñòàëè, ñòåêëî-
ïëàñòèêà, ðåçèíû, ïîëèóðåòàíà, äðåâåñèíû, æåëåçî-
áåòîíà è ïð.), çàùèùåííûõ âñïó÷èâàþùèìèñÿ ÎÇÏ.
Èìåþòñÿ ìíîãî÷èñëåííûå ðåçóëüòàòû, äåìîíñòðè-
ðóþùèå íàó÷íóþ îáîñíîâàííîñòü, ïðàêòè÷åñêóþ
çíà÷èìîñòü è ïåðñïåêòèâû òàêèõ ðàñ÷åòîâ äëÿ îáåñ-
ïå÷åíèÿ òðåáóåìûõ ïîêàçàòåëåé ïîæàðîáåçîïàñíî-
ñòè êîíñòðóêöèé è èçäåëèé.

Ìîäåëèðîâàíèå â áîëüøîì îáúåìå ïðîâîäèëîñü
äëÿ ìåòàëëîêîíñòðóêöèé [46, 49, 51–53]. Ïîëó÷åíû
ðåçóëüòàòû, ïðåäñòàâëÿþùèå èíòåðåñ íå òîëüêî äëÿ
ïðîåêòèðîâùèêîâ îãíåçàùèòû, íî è (â ñîîòâåòñòâèè
ñ ïîæåëàíèÿìè è ïðåäïîëîæåíèÿìè, ñîäåðæàùèìè-
ñÿ â îáçîðå [45]) äëÿ ðàçðàáîò÷èêîâ âñïó÷èâàþùèõ-
ñÿ ñîñòàâîâ è èññëåäîâàòåëåé èõ îñíîâíûõ õàðàêòå-
ðèñòèê. Â [67] ïîëó÷åíà íàãëÿäíàÿ êîëè÷åñòâåííàÿ
èíôîðìàöèÿ î âëèÿíèè êðàòíîñòè âñïó÷èâàíèÿ è
óìåíüøåíèÿ òîëùèíû âñïó÷åííîãî ñëîÿ, à òàêæå
òåìïåðàòóðû íà÷àëà âñïó÷èâàíèÿ íà ïðîãðåâ çàùè-
ùàåìûõ êîíñòðóêöèé, ò. å. íà ýôôåêòèâíîñòü îãíå-
çàùèòû. Ïðèìåðû ïðåäñòàâëåíû íà ðèñ. 2 è 3.

Ðåçóëüòàòû ìîäåëèðîâàíèÿ ðîëè òåìïåðàòóðû
íà÷àëà âñïó÷èâàíèÿ, ñîõðàííîñòè è òîëùèíû ïåíî-
êîêñà [67] ÿâèëèñü äëÿ àâòîðîâ [68] îáîñíîâàíèåì
íåîáõîäèìîñòè èçó÷åíèÿ îñîáåííîñòåé ïðîòåêàíèÿ
ðåàêöèé è âûáîðà îïòèìàëüíîãî ñîîòíîøåíèÿ ïî-
ëèôîñôàòà àììîíèÿ è ïåíòàýðèòðèòà â êîìïîçèöèè,
îáåñïå÷èâàþùåãî ìèíèìàëüíóþ òåìïåðàòóðó âñïó-
÷èâàíèÿ. Ýòî ñîîòâåòñòâóåò ñîîáðàæåíèÿì, âûñêà-
çàííûì â îáçîðå [45] î ïîëîæèòåëüíîé ðîëè ðàñ÷å-
òîâ ïðè ðàçðàáîòêå íîâûõ ÎÇÏ.

Â [67] ïîëó÷åíû, â ÷àñòíîñòè, ðåçóëüòàòû, âî ìíî-
ãîì íå ñîîòâåòñòâóþùèå òðàäèöèîííîé òðàêòîâêå
ðîëè ïðîöåññîâ, âëèÿþùèõ íà îãíåçàùèòíóþ ýôôåê-
òèâíîñòü ÎÇÏ è, ñîîòâåòñòâåííî, íà âûáîð ïóòåé ïî-
âûøåíèÿ ýôôåêòèâíîñòè çà ñ÷åò îðãàíèçàöèè òàêèõ
ïðîöåññîâ. Áûëî óñòàíîâëåíî, ÷òî òåïëîâûå ýôôåêòû
òåðìîäåñòðóêöèè ìàòåðèàëà, à òàêæå òåïëîåìêîñòü
è ôèëüòðàöèÿ îáðàçóþùèõñÿ ãàçîîáðàçíûõ ïðîäóê-
òîâ ïðàêòè÷åñêè íå âëèÿþò íà óðîâåíü ïðîãðåâà êîí-
ñòðóêöèé, ò. å. íà ýôôåêòèâíîñòü ïîêðûòèé. Ýòî îáú-
ÿñíÿåòñÿ îòíîñèòåëüíî áîëüøîé äëèòåëüíîñòüþ ðàñ-
ñìàòðèâàåìûõ ïðîöåññîâ (äåñÿòêè ìèíóò), â òî âðåìÿ
êàê âëèÿíèå ýòèõ ôàêòîðîâ çàìåòíî ñêàçûâàåòñÿ ïðè
îòíîñèòåëüíî êðàòêîâðåìåííîì âûñîêîòåìïåðà-
òóðíîì âîçäåéñòâèè (ñåêóíäû), ÷òî õàðàêòåðíî, íà-
ïðèìåð, äëÿ óñëîâèé ýêñïëóàòàöèè òåïëîçàùèòû êîí-
ñòðóêöèé ðàêåòíî-êîñìè÷åñêîé òåõíèêè.

Òàêèì îáðàçîì, áûëî óñòàíîâëåíî [67], ÷òî îñíîâ-
íûìè ôàêòîðàìè, îïðåäåëÿþùèìè òàêîå âëèÿíèå,

ÿâëÿþòñÿ äèíàìèêà èçìåíåíèÿ òîëùèíû âñïó÷åííî-
ãî ñëîÿ è óðîâåíü åãî òåïëîïðîâîäíîñòè. Ìàêñè-
ìàëüíàÿ ýôôåêòèâíîñòü ÎÇÏ ðåàëèçóåòñÿ ïðè íàè-
áîëüøåé êðàòíîñòè âñïó÷èâàíèÿ è ñòàáèëüíîì ñëîå
ïåíîêîêñà (ñ ìèíèìàëüíûì âûãîðàíèåì è óñàäêîé,
à òàêæå áåç îòñëîåíèÿ è óäàëåíèÿ åãî ÷àñòåé). Íàè-
áîëåå æåëàòåëüíîé ÿâëÿåòñÿ ìåëêîïîðèñòàÿ ñòðóê-
òóðà, îáåñïå÷èâàþùàÿ íàèìåíüøèé óðîâåíü ëó-
÷èñòîé òåïëîïåðåäà÷è ïðè âûñîêèõ òåìïåðàòóðàõ.
Ïðèìåðîì ÎÇÏ ñ ìàêñèìàëüíîé êðàòíîñòüþ âñïó-
÷èâàíèÿ (100–120) ÿâëÿþòñÿ îãíåçàùèòíûå ëàêè
ÏÐÎÒÅÐÌ ÂÓÄ è Ôåíèêñ ÄÏ (ñì. òàáëèöó), èñïîëü-
çóåìûå â êà÷åñòâå îãíåçàùèòû êîíñòðóêöèé èç äðåâå-
ñèíû. Ýòè ìàòåðèàëû èìåþò è îòíîñèòåëüíî íèçêóþ
òåìïåðàòóðó íà÷àëà âñïó÷èâàíèÿ (ïîðÿäêà 130 °C),
÷òî, êàê íàãëÿäíî ïîêàçàíî â [26, 67, 68] è íà ðèñ. 3,
ÿâëÿåòñÿ ïîëîæèòåëüíûì ôàêòîðîì.

Ðèñ. 2. Çàâèñèìîñòü îò âðåìåíè òåìïåðàòóðû ãàçîâîé ñðåäû (1)
è ñòàëüíîé êîíñòðóêöèè (2–6) ïðè êðàòíîñòè âñïó÷èâàíèÿ,
ðàâíîé 20 (2), 40 (3), 60 (4), 80 (5) è 100 (6)
Fig. 2. Time dependences of temperature of gas (1) and steel
structure (2–6) with the intumescence multiplicity equal to 20 (2),
40 (3), 60 (4), 80 (5), and 100 (6)

Ðèñ. 3. Çàâèñèìîñòü îò âðåìåíè òåìïåðàòóðû êîíñòðóêöèé
ïðè òåìïåðàòóðå íà÷àëà âñïó÷èâàíèÿ 220 °C (1), 170 °C (2) è
120 °C (3)
Fig. 3. Time dependences of structure at foaming temperature
extremes equal to 220 °C (1), 170 °C (2), and 120 °C (3)
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Ê ñîæàëåíèþ, äëÿ êîíñòðóêöèé èç ÏÊÌ ïîêà îò-
ñóòñòâóþò ïîäîáíûå âûñîêîýôôåêòèâíûå ÎÇÏ ñ ìàê-
ñèìàëüíûì âñïó÷èâàíèåì è íèçêîé òåìïåðàòóðîé
íà÷àëà âñïó÷èâàíèÿ, ÷òî áûëî áû êðàéíå æåëàòåëüíî,
ó÷èòûâàÿ îòíîñèòåëüíî íèçêóþ òåðìîñòîéêîñòü ïî-
ëèìåðíûõ êîìïîçèòîâ. Ñóùåñòâåííàÿ ïîòåðÿ ïðî÷-
íîñòè äëÿ áîëüøèíñòâà èç íèõ ïðîèñõîäèò óæå ïðè
òåìïåðàòóðàõ ïîðÿäêà 100 °C. Ïî÷òè âñå ÎÇÏ, ïåðå-
÷èñëåííûå â òàáëèöå, èìåþò òåìïåðàòóðó íà÷àëà
âñïó÷èâàíèÿ 220–240 °C, à ïîêðûòèå ÑÃÊ-2, õîðî-
øî ñîâìåñòèìîå ñ ÏÊÌ, — ïîðÿäêà 165 °C (îäíàêî
êðàòíîñòü åãî âñïó÷èâàíèÿ âñåãî 25).

Ìîæíî îòìåòèòü ðåçóëüòàòû ïåðâûõ óñïåøíûõ
ïîïûòîê ïðîâåäåíèÿ òåïëîòåõíè÷åñêèõ ðàñ÷åòîâ äëÿ
êîíñòðóêöèé èç ÏÊÌ. Â ðàáîòàõ [69, 70] ðàññìàòðè-
âàëèñü ðàçëè÷íûå ñðåäñòâà îãíåçàùèòû, âêëþ÷àÿ
âñïó÷èâàþùèåñÿ ïîêðûòèÿ, è îöåíèâàëàñü èõ ðîëü
â ïîâûøåíèè îãíåñòîéêîñòè êîìïîçèòíûõ êîíñò-
ðóêöèé. Â ðàáîòå [71] ïðåäñòàâëåíû ðåçóëüòàòû ìî-
äåëèðîâàíèÿ ïðîãðåâà ñòåêëîïëàñòèêîâîé ñòîéêè â
âèäå òðóáû äèàìåòðîì 250 ìì è òîëùèíîé 10 ìì ñ
ïîêðûòèåì ÑÃÊ-2 òîëùèíîé 1,5 ìì. Ðàñ÷åòû ïîêà-
çàëè îòíîñèòåëüíî âûñîêèé (íåäîïóñòèìûé) óðî-
âåíü ïðîãðåâà ñòîéêè: òåìïåðàòóðà íà íàðóæíîé è
âíóòðåííåé ïîâåðõíîñòÿõ îáîëî÷êè ñîñòàâèëà ñî-
îòâåòñòâåííî 348 è 322 °C ïðè 30-ìèíóòíîì âîçäåé-
ñòâèè ïî ñòàíäàðòíîìó (äëÿ ïîæàðà) òåìïåðàòóð-
íîìó ðåæèìó. Ïîëó÷åíî ÷èñëåííîå ïîäòâåðæäåíèå
òîãî, ÷òî äîáèòüñÿ ñíèæåíèÿ óðîâíÿ ïðîãðåâà ñòåê-
ëîïëàñòèêà äî ïðèåìëåìîãî óðîâíÿ íå óäàåòñÿ äàæå
â ñëó÷àå óâåëè÷åíèÿ òîëùèíû ïîêðûòèÿ â 2 ðàçà
(ñîîòâåòñòâåííî 242 è 210 °C). Äàæå åñëè îäíîâðå-
ìåííî ñ ýòèì ïðîèçîéäåò ãèïîòåòè÷åñêîå óâåëè-
÷åíèå êðàòíîñòè âñïó÷èâàíèÿ ïîêðûòèÿ â äâà ðàçà
(ñ 25 äî 50) ïëþñ ãèïîòåòè÷åñêîå ñíèæåíèå òåì-
ïåðàòóðû íà÷àëà âñïó÷èâàíèÿ (ñî 165 äî 120 °C),
òî óðîâåíü ïðîãðåâà îáîëî÷êè îñòàíåòñÿ íåäîïóñ-
òèìî âûñîêèì (ñîîòâåòñòâåííî 183 è 157 °C). Ïîäîá-
íûå ðåçóëüòàòû ÿâëÿþòñÿ íàãëÿäíîé èëëþñòðàöèåé
íåâîçìîæíîñòè îáåñïå÷åíèÿ âûñîêèõ ïðåäåëîâ îãíå-
ñòîéêîñòè áîëüøèíñòâà êîíñòðóêöèé èç ÏÊÌ òîëü-
êî çà ñ÷åò ïðèìåíåíèÿ âñïó÷èâàþùèõñÿ ÎÇÏ.

Ñ ïîìîùüþ ïîäîáíûõ ðàñ÷åòîâ [69–71] ìîæíî
áûëî áû íàãëÿäíî è îïåðàòèâíî ïðîäåìîíñòðèðî-
âàòü íåâîçìîæíîñòü îáåñïå÷åíèÿ ñ ïîìîùüþ âñïó-
÷èâàþùèõñÿ ÎÇÏ ðàáîòîñïîñîáíîñòè (ïðè îãíåâîì
âîçäåéñòâèè) óãëåïëàñòèêîâûõ ýëåìåíòîâ â âèäå áàí-
äàæåé, ïðåäíàçíà÷åííûõ äëÿ óñèëåíèÿ æåëåçîáåòîí-
íûõ ñòðîèòåëüíûõ êîíñòðóêöèé ñ íåäîñòàòî÷íîé
íåñóùåé ñïîñîáíîñòüþ. Ðåçóëüòàòû ðàñ÷åòîâ ïðî-
ãðåâà êîëîííû äèàìåòðîì 500 ìì, óñèëåííîé ñëîåì
óãëåïëàñòèêà òîëùèíîé 1 ìì, çàùèùåííîãî ïîêðû-
òèåì òèïà ÑÃÊ-2 òîëùèíîé 2 ìì, ïîêàçàëè [69, 70],
÷òî äàæå ïðè ñóùåñòâåííîì îòâîäå òåïëà â ìàññèâ
æåëåçîáåòîíà (“óâåëè÷åíèå òåïëîïîòåðü” [2, 3])

óðîâåíü ïðîãðåâà êîìïîçèòíîãî áàíäàæà íåäîïóñòè-
ìî âåëèê, ÷òî ïðèâîäèò ê î÷åíü áûñòðîé óòðàòå èì
íåñóùåé ñïîñîáíîñòè. Ïðè 45-ìèíóòíîì âîçäåéñò-
âèè ïî ñòàíäàðòíîìó òåìïåðàòóðíîìó ðåæèìó óðî-
âåíü ïðîãðåâà áàíäàæà ñîñòàâèë 203–216 °C, à óæå
ïðè 15-ìèíóòíîì âîçäåéñòâèè — 155–168 °C, ò. å.
áàíäàæ â òàêîì èñïîëíåíèè íåðàáîòîñïîñîáåí. Òåì
íå ìåíåå âíà÷àëå íà ñòðîèòåëüíûõ îáúåêòàõ äîïóñ-
êàëîñü èñïîëüçîâàíèå îäíîãî èç âñïó÷èâàþùèõñÿ
ïîêðûòèé è òîëüêî ïîçäíåå âçàìåí íåãî ñòàëà ïðè-
ìåíÿòüñÿ êîíñòðóêòèâíàÿ îãíåçàùèòà, íåîáõîäè-
ìîñòü ÷åãî ìîæíî áûëî áû îáîñíîâàòü çàáëàãîâðå-
ìåííî.

Òàêèì îáðàçîì, ìîäåëèðîâàíèå ïðîãðåâà â óñëî-
âèÿõ ïîæàðîâ ðàçëè÷íûõ êîìïîçèòíûõ êîíñòðóê-
öèé ïîêàçàëî [69, 70], ÷òî ïðè èñïîëüçîâàíèè âñïó-
÷èâàþùåãîñÿ ïîêðûòèÿ òðåáóåìûå ïðåäåëû îãíå-
ñòîéêîñòè êîíñòðóêöèé èç ÏÊÌ â áîëüøèíñòâå
ñëó÷àåâ îáåñïå÷åíû áûòü íå ìîãóò. ×àñòè÷íî ñëîè,
ïðèëåãàþùèå ê ÎÇÏ, áóäóò ïåðåãðåâàòüñÿ è ïðàê-
òè÷åñêè íå ñìîãóò ó÷àñòâîâàòü â îáåñïå÷åíèè íå-
ñóùåé ñïîñîáíîñòè êîíñòðóêöèè. Ñëåäóåò îñîáî
îòìåòèòü, ÷òî óïîìèíàåìàÿ â [46, 49, 51–53] ìåòî-
äèêà ïîçâîëÿåò ðàññ÷èòûâàòü òåìïåðàòóðíûå ïîëÿ
íå òîëüêî â ÎÇÏ, íî è â ïðèëåãàþùèõ “æåðòâåííûõ”
ñëîÿõ êîìïîçèòíîé êîíñòðóêöèè. Ýòî âàæíî, åñëè
ó÷åñòü, ÷òî âñå óïîìÿíóòûå âûøå õàðàêòåðíûå äëÿ
ÎÇÏ ôèçèêî-õèìè÷åñêèå ïðîöåññû (êðîìå âñïó÷è-
âàíèÿ) ïðîèñõîäÿò è â ÏÊÌ ïðè íàãðåâå. Îïðåäå-
ëåíèå íåîáõîäèìîãî äëÿ òàêèõ ðàñ÷åòîâ íàáîðà õà-
ðàêòåðèñòèê ïîëèìåðíûõ êîìïîçèòîâ íå ÿâëÿåòñÿ
ïðîáëåìîé, îäíàêî ïîêà ïðàêòèêóåòñÿ ïðèìåíåíèå
ìåòîäèê, íå ó÷èòûâàþùèõ ýòè ïðîöåññû, ÷òî íåëüçÿ
ïðèçíàòü îïðàâäàííûì.

Óìåñòíî íàïîìíèòü, ÷òî íà íà÷àëüíîì ýòàïå ñî-
çäàíèÿ êîíñòðóêöèé è èçäåëèé èç ÏÊÌ äëÿ âîåííîé
òåõíèêè ïîïûòêè èñïîëüçîâàíèÿ ìíîãèõ ïîäõîäîâ
è ïðèåìîâ, òðàäèöèîííî ïðèìåíÿåìûõ ïðè ñîçäàíèè
èõ ìåòàëëè÷åñêèõ ïðîòîòèïîâ, íå óâåí÷àëèñü óñïå-
õîì. Ïîòðåáîâàëàñü íîâàÿ ìåòîäîëîãèÿ ïðîåêòèðî-
âàíèÿ è îòðàáîòêè. Ýòî õàðàêòåðíî è äëÿ íåñóùèõ
ïîæàðîáåçîïàñíûõ êîíñòðóêöèé èç ÏÊÌ. Ñòàëî î÷å-
âèäíûì, ÷òî äëÿ ìèíèìèçàöèè êîëè÷åñòâà “æåðòâåí-
íûõ” ñëîåâ òðåáóåòñÿ ñïåöèàëüíîå êîíñòðóèðîâàíèå
ôîðìû ñèëîâûõ ýëåìåíòîâ è íàëè÷èå îáëèöîâêè ñ íà-
íåñåíèåì íà åå ïîâåðõíîñòü âñïó÷èâàþùåãîñÿ ÎÇÏ,
êîòîðîå â äàííîì ñëó÷àå èãðàåò âàæíóþ, íî âñïîìî-
ãàòåëüíóþ ðîëü. Ñîçäàâàåìûå òàêèì îáðàçîì êîì-
ïîçèòíûå êîíñòðóêöèè ìîãóò îêàçàòüñÿ íå ñîâñåì
ïðèâû÷íîãî âèäà (ñ ìàññèâíûì ñèëîâûì ÿäðîì è
ñ îòíîñèòåëüíî òîíêèìè íàðóæíûìè “æåðòâåííû-
ìè” ñëîÿìè). Ñîâðåìåííûå òåõíîëîãèè ïîçâîëÿþò
ýòî ðåàëèçîâàòü: íà ðèñ. 1 äåìîíñòðèðóþòñÿ, â ÷àñò-
íîñòè, ðàçëè÷íûå ïðîôèëè, èçãîòàâëèâàåìûå ìåòî-
äîì ïóëòðóçèè.
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Â ðàáîòàõ [71–73] ïðåäñòàâëåíû ðåçóëüòàòû ìî-
äåëèðîâàíèÿ äâóõìåðíûõ òåìïåðàòóðíûõ ïîëåé â
íåñóùèõ êîíñòðóêöèÿõ êðóãëîé èëè êâàäðàòíîé ôîð-
ìû ñ íàðóæíîé îáîëî÷êîé (îáëèöîâêîé) è ñ ÎÇÏ
íà åå ïîâåðõíîñòè. Ðàñ÷åòû ïîêàçàëè çíà÷èòåëüíîå
ñíèæåíèå óðîâíÿ ïðîãðåâà âíóòðåííèõ ñèëîâûõ ýëå-

ìåíòîâ êîíñòðóêöèè, êîòîðûå äîëæíû îáåñïå÷è-
âàòü òðåáóåìûé ïðåäåë îãíåñòîéêîñòè, ò. å. çàäàí-
íóþ íåñóùóþ ñïîñîáíîñòü â òå÷åíèå âñåãî âðåìåíè
îãíåâîãî âîçäåéñòâèÿ.

Â ïîñëåäíåé ÷àñòè îáçîðà íà ïðèìåðå ðåçèí (ýëàñ-
òîìåðîâ) ðàññìàòðèâàåòñÿ âàðèàíò ñíèæåíèÿ ãîðþ-

Ðèñ. 4. Çàâèñèìîñòü îò âðåìåíè ãëóáèíû äåñòðóêöèè (à) è ìàññîâîé ñêîðîñòè âûäåëåíèÿ ãàçîîáðàçíûõ ïðîäóêòîâ òåðìè÷åñ-
êîãî ðàçëîæåíèÿ (á) äëÿ ýëàñòîìåðà ïðè êðàòíîñòè âñïó÷èâàíèÿ: 1 — 0; 2 — 2; 3 — 4; 4 — 6
Fig. 4. Time dependence of depth of destruction (a) and the mass rate of gaseous products of thermal decomposition release (b) for
the elastomer at the foaming multiplicity: 1 — 0; 2 — 2; 3 — 4; 4 — 6

Ðèñ. 5. Çàâèñèìîñòü îò âðåìåíè ãëóáèíû äåñòðóêöèè (à, á) è ìàññîâîé ñêîðîñòè âûäåëåíèÿ ãàçîîáðàçíûõ ïðîäóêòîâ òåðìè÷å-
ñêîãî ðàçëîæåíèÿ (â, ã) äëÿ ýëàñòîìåðà ñ êðàòíîñòüþ âñïó÷èâàíèÿ, ðàâíîé 2, ïðè íàëè÷èè ÎÇÏ ðàçëè÷íîé òîëùèíû: 1 — 0 ìì;
2 — 0,5 ìì; 3 — 1 ìì; 4 — 1,5 ìì
Fig. 5. Time dependence of depth of destruction (a, b) and the mass rate of release of gas thermal decomposition products (v, g) for an elasto-
mer with the foaming multiplicity of 2, in the presence of a flame-retardant coating of various thickness: 1 — 0 mm; 2 — 0.5 mm; 3 —

1 mm; 4 — 1.5 mm
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÷åñòè ïîëèìåðíîãî êîìïîçèòà çà ñ÷åò âñïó÷èâàíèÿ
ñàìîãî ìàòåðèàëà. Ïðè ýòîì ó÷èòûâàëîñü, ÷òî ïî äàí-
íûì ðàçðàáîò÷èêîâ çà ñ÷åò ìîäèôèêàöèè ìîæíî äî-
áèòüñÿ óâåëè÷åíèÿ òîëùèíû ýëàñòîìåðîâ â íåñêîëü-
êî ðàç. Ïî ðàçðàáîòàííîé ìåòîäèêå, íåçíà÷èòåëüíî
îòëè÷àþùåéñÿ îò óïîìèíàåìîé â [46, 49, 51–53],
âûïîëíåíû ðàñ÷åòíûå îöåíêè, ðåçóëüòàòû êîòîðûõ
ïðåäñòàâëåíû â [74, 75]. Óñòàíàâëèâàëàñü ìàññîâàÿ
ñêîðîñòü âûäåëåíèÿ ãàçîîáðàçíûõ ïðîäóêòîâ òåð-
ìè÷åñêîé äåñòðóêöèè, êîòîðàÿ îïðåäåëÿåò â çíà-
÷èòåëüíîé ñòåïåíè ãîðþ÷åñòü ìàòåðèàëà. Â äàííîì
ñëó÷àå ðåàëèçóåòñÿ ìåõàíèçì ñíèæåíèÿ ãîðþ÷åñòè
çà ñ÷åò “óìåíüøåíèÿ ñêîðîñòè ãàçèôèêàöèè ïîëè-
ìåðà” [2, 3]. Ïðîâåäåíû ÷èñëåííûå èññëåäîâàíèÿ
äëÿ ñëó÷àåâ îòñóòñòâèÿ îãíåçàùèòû ýëåìåíòîâ èç
òàêîãî ìàòåðèàëà, à òàêæå ïðè íàíåñåíèè íà ïîâåðõ-
íîñòü ýëàñòîìåðà äîïîëíèòåëüíîãî ñëîÿ èç ñîâìåñ-
òèìîãî ñ íèì âñïó÷èâàþùåãîñÿ ïîêðûòèÿ ÑÃÊ-2.

Ðåçóëüòàòû ìîäåëèðîâàíèÿ ãëóáèíû äåñòðóêöèè
(ïðîäâèæåíèÿ èçîòåðìû 300 °C) è ìàññîâîé ñêîðîñòè
ãàçîâûäåëåíèÿ èç ìîäèôèöèðîâàííîãî ýëàñòîìåðà
ïðè îòñóòñòâèè è íàëè÷èè íà ïîâåðõíîñòè äîïîë-
íèòåëüíîãî ÎÇÏ ïðåäñòàâëåíû íà ðèñ. 4 è 5 [74, 75].

×èñëåííûå èññëåäîâàíèÿ ïîêàçàëè [74, 75], ÷òî
âîçìîæíî óìåíüøåíèå ñêîðîñòè ãàçîâûäåëåíèÿ ìà-
òåðèàëà â 3 ðàçà çà ñ÷åò âñïó÷èâàíèÿ ýëàñòîìåðà è
ïî÷òè â 10 ðàç — ïðè íàëè÷èè äîïîëíèòåëüíîãî
ïîêðûòèÿ. Ýòè ðåçóëüòàòû äåìîíñòðèðóþò ýôôåê-
òèâíîñòü ìåõàíèçìà ñíèæåíèÿ ãîðþ÷åñòè çà ñ÷åò
“óìåíüøåíèÿ ñêîðîñòè ãàçèôèêàöèè ïîëèìåðà”
[2, 3]. Êàê âèäíî èç ðèñ. 4 è 5, ñîîòâåòñòâóþùèì îá-
ðàçîì çíà÷èòåëüíî óìåíüøàåòñÿ è óðîâåíü ãëóáèíû
äåñòðóêöèè ýëàñòîìåðà, ÷òî ñâèäåòåëüñòâóåò íå òîëü-
êî î ñíèæåíèè ãîðþ÷åñòè, íî è î âîçìîæíîñòè çíà-
÷èòåëüíîãî óâåëè÷åíèÿ ïðåäåëà îãíåñòîéêîñòè òà-
êèõ ýëåìåíòîâ. Ïîêàçàíî òàêæå, ÷òî ïðè íàëè÷èè ÎÇÏ
âîçìîæíà ñèòóàöèÿ, êîãäà â òå÷åíèå äëèòåëüíîãî
âðåìåíè âîçäåéñòâèÿ áóäåò îòñóòñòâîâàòü òåðìè÷å-
ñêàÿ äåñòðóêöèÿ ìàòåðèàëà. Ïîëó÷åííûå ðåçóëüòà-
òû èëëþñòðèðóþò íîâûå âîçìîæíîñòè ïîâûøåíèÿ
ïîæàðîáåçîïàñíîñòè ìàòåðèàëîâ íà ïîëèìåðíîé
îñíîâå, â ÷àñòíîñòè ïðåäåëîâ îãíåñòîéêîñòè ñî-
îòâåòñòâóþùèõ êîíñòðóêöèé è èçäåëèé. Ïîäîáíûì

îáðàçîì ìîæíî ïîâûñèòü ïîæàðîáåçîïàñíîñòü èç-
äåëèé, èçãîòàâëèâàåìûõ èç ðåçèíû è ïîëèóðåòàíà,
òàêèõ êàê àìîðòèçàòîðû, ãèäðîàêóñòè÷åñêèå èç-
äåëèÿ, òîïëèâíûå áàêè è ïð.

Âûâîäû

Ñóùåñòâóåò áîëüøîå êîëè÷åñòâî ïóáëèêàöèé ïî
èññëåäîâàíèÿì ñâîéñòâ è ïðèìåíåíèþ ïîëèìåðíûõ
êîìïîçèòîâ â ðàçëè÷íûõ ñôåðàõ. Îäíàêî ëèøü íå-
áîëüøàÿ ÷àñòü èõ ïîñâÿùåíà âîïðîñàì îáåñïå÷å-
íèÿ òðåáóåìîãî óðîâíÿ îãíåñòîéêîñòè êîíñòðóêöèé
èç ÏÊÌ. Îòìå÷åíî, ÷òî íàèáîëåå ïîëíî â ïå÷àòè
îòðàæåíû âîïðîñû ïîæàðîáåçîïàñíîñòè îãðàæäà-
þùèõ êîíñòðóêöèé èç ÏÊÌ, ïðèìåíÿåìûõ â àâèà-
ñòðîåíèè. Â òî æå âðåìÿ îùóùàåòñÿ íåäîñòàòîê èí-
ôîðìàöèè ïî âîçìîæíîñòÿì è ïóòÿì îáåñïå÷åíèÿ
òðåáóåìûõ ïîêàçàòåëåé ïîæàðîáåçîïàñíîñòè íå-
ñóùèõ êîìïîçèòíûõ êîíñòðóêöèé ñ îãíåçàùèòîé,
íàèáîëåå ïåðñïåêòèâíîé ñôåðîé ïðèìåíåíèÿ êîòî-
ðûõ ÿâëÿåòñÿ ñòðîèòåëüñòâî.

Ðàññìîòðåíû îñîáåííîñòè è ïîêàçàòåëè îãíåçà-
ùèòíîé ýôôåêòèâíîñòè âñïó÷èâàþùèõñÿ ìàòåðèà-
ëîâ êàê îäíîãî èç âèäîâ ïîëèìåðîâ ïîíèæåííîé ãî-
ðþ÷åñòè è îäíîãî èç ñðåäñòâ îãíåçàùèòû êîíñòðóê-
öèé èç ÏÊÌ. Ïîêàçàíà ðîëü è ïðîäåìîíñòðèðîâàíû
âîçìîæíîñòè òåïëîòåõíè÷åñêèõ ðàñ÷åòîâ, ïîçâîëÿ-
þùèõ ìîäåëèðîâàòü òåìïåðàòóðíûå ïîëÿ è îïðåäå-
ëÿòü òîëùèíû âñïó÷èâàþùèõñÿ è ïðî÷èõ ïîêðû-
òèé, ÷òî ñîçäàåò ïðåäïîñûëêè äëÿ êîíñòðóèðîâàíèÿ
îïòèìàëüíîé ôîðìû è îáåñïå÷åíèÿ çàäàííîé îãíå-
ñòîéêîñòè ýëåìåíòîâ èç ïîëèìåðíûõ êîìïîçèòîâ.
Îòìå÷åíû äîñòîèíñòâà ñóùåñòâóþùåé ìåòîäèêè,
êîòîðàÿ ìîæåò óæå â íàñòîÿùåå âðåìÿ èñïîëüçî-
âàòüñÿ äëÿ ðàñ÷åòîâ ïðîãðåâà êîíñòðóêöèé èç ÏÊÌ
è ðàññìàòðèâàòüñÿ â êà÷åñòâå îñíîâû äëÿ åå äàëü-
íåéøåãî ñîâåðøåíñòâîâàíèÿ è ñîçäàíèÿ, â èòîãå,
îáùåïðèíÿòîé ìåòîäèêè.

Ïðåäñòàâëåííûå â îáçîðå ðåçóëüòàòû äåìîíñò-
ðèðóþò âîçìîæíûå ïóòè îáåñïå÷åíèÿ òðåáóåìîãî
óðîâíÿ ïîæàðîáåçîïàñíîñòè êàê ÏÊÌ, òàê è ñîçäà-
âàåìûõ èç íèõ êîíñòðóêöèé è èçäåëèé. Ïåðå÷èñëåíû
çàäà÷è ïî äàííîé âàæíîé è ïåðñïåêòèâíîé òåìàòè-
êå, òðåáóþùèå ðåøåíèÿ.
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Ìàòåðèàëû è ìåòîäû. Â êà÷åñòâå îáúåêòà-íîñèòåëÿ áûë âûáðàí ïîëèóðåòàí (îáèâêà àâòîìîáèëüíûõ êðåñåë),

êîòîðûé ñïîñîáåí àäñîðáèðîâàòü íà ñâîåé ïîâåðõíîñòè æèäêîñòü, â êà÷åñòâå èíèöèàòîðà ãîðåíèÿ — äè-

çåëüíîå òîïëèâî êàê íàèáîëåå ðàñïðîñòðàíåííûé èíèöèàòîð ãîðåíèÿ. Äëÿ èññëåäîâàíèÿ ïðèìåíÿëñÿ ìåòîä

ôëóîðåñöåíòíîé ñïåêòðîñêîïèè.

Ðåçóëüòàòû èññëåäîâàíèÿ è èõ îáñóæäåíèå. Ïðîáû ïîëèóðåòàíà ñ äèçåëüíûì òîïëèâîì íà ïîâåðõíîñòè è áåç

íåãî îáæèãàëèñü â ìóôåëüíîé ïå÷è ïðè òåìïåðàòóðàõ îò 200 äî 300 °Ñ â òå÷åíèå 5–20 ìèí. Ïîñëå îáæèãà

ïðîâîäèëîñü ýêñòðàãèðîâàíèå èçìåëü÷åííûõ ïðîá, è íà ôëóîðèìåòðå ñíèìàëèñü ñïåêòðû ôëóîðåñöåíöèè.

Âûâîäû. Àíàëèç ðåçóëüòàòîâ èññëåäîâàíèé ïîêàçàë, ÷òî ïðè íàãðåâàíèè îáðàçöîâ ïîëèóðåòàíà, îáðàáîòàí-

íîãî äèçåëüíûì òîïëèâîì, äî 250 °Ñ âêëþ÷èòåëüíî â òå÷åíèå 5, 10, 15 è 20 ìèí âîçìîæíà èäåíòèôèêàöèÿ

èíèöèàòîðà ãîðåíèÿ êàê ñèëüíî âûãîðåâøåãî äèçåëüíîãî òîïëèâà. Ïðè íàãðåâàíèè îáðàçöîâ ïîëèóðåòàíà äî

òåìïåðàòóðû âûøå 250 °Ñ èäåíòèôèêàöèÿ èíèöèàòîðà ãîðåíèÿ êàê ñèëüíî âûãîðåâøåãî äèçåëüíîãî òîïëèâà

íåâîçìîæíà.
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Ââåäåíèå

Êîëè÷åñòâî ïîäæîãîâ â Ðîññèè ãîä îò ãîäà ðàñòåò
óãðîæàþùèìè òåìïàìè. Â ðåçóëüòàòå ýòîãî ïðåñòóï-
íîãî äåÿíèÿ óíè÷òîæàþòñÿ àâòîìîáèëè, íåäâèæè-
ìîñòü, äîêóìåíòû. Áîëåå òîãî, æåðòâàìè ïîäæîãà ñòà-
íîâÿòñÿ ëþäè [1]. Â íàñòîÿùåå âðåìÿ ïîäæîã â Ðîññèè
îòíîñèòñÿ ê íàèáîëåå äîñòóïíîìó è ïðîñòîìó ìåòîäó
ñâåäåíèÿ ñ÷åòîâ, óñòðàøåíèÿ, äàâëåíèÿ íà êîíêó-
ðåíòà èëè èíîå íåóãîäíîå ëèöî. “Êîëè÷åñòâî ïîäæî-
ãîâ íåóêëîííî óâåëè÷èâàåòñÿ, òàê êàê âåðîÿòíîñòü
ðàñêðûòèÿ ïðåñòóïëåíèÿ ïîñëå ïîæàðà, óíè÷òîæà-
þùåãî, ïî ìíåíèþ çëîóìûøëåííèêà, âñå ñëåäû, çíà-
÷èòåëüíî ñíèæàåòñÿ. Ïîäîáíàÿ òåíäåíöèÿ âåäåò ê
íåóêîñíèòåëüíîìó ðîñòó íåðàñêðûòûõ ïîæàðîâ, ïî-
ñêîëüêó âìåñòå ñ ðîñòîì ïîïóëÿðíîñòè ïîäæîãîâ
ñðåäè êðèìèíàëüíûõ ýëåìåíòîâ ðàñòåò è ìàñòåðñò-
âî ïîäæèãàòåëåé, ñîâåðøåíñòâóþòñÿ èõ ìåòîäû, ïðè-
ìåíÿþòñÿ íîâûå ïîäæèãàþùèå âåùåñòâà” [2].

Çàíåñåíèå îòêðûòîãî èñòî÷íèêà îãíÿ ñ ïðèìåíå-
íèåì èíèöèàòîðîâ ãîðåíèÿ ñëåäóåò îòíåñòè ê ñîöè-
àëüíî îïàñíûì ïðè÷èíàì ïîæàðà. Ïðîáëåìà îïðå-
äåëåíèÿ èíèöèàòîðîâ ãîðåíèÿ ñòàíîâèòñÿ âñå áîëåå

àêòóàëüíîé, ïðè ýòîì ðîëü ïîæàðíî-òåõíè÷åñêîãî ýê-
ñïåðòà ÿâëÿåòñÿ êëþ÷åâîé, òàê êàê îò åãî ãðàìîòíûõ
è áûñòðûõ äåéñòâèé çàâèñèò óñïåõ äàëüíåéøåãî ðàñ-
ñëåäîâàíèÿ.

Íàëè÷èå íåñêîëüêèõ î÷àãîâ, áûñòðîå ðàñïðîñòðà-
íåíèå ãîðåíèÿ, íåõàðàêòåðíîå äëÿ èìåþùèõñÿ íà
îáúåêòå ãîðþ÷èõ ìàòåðèàëîâ, ìîæåò áûòü ñëåäñò-
âèåì ïðèìåíåíèÿ èíèöèàòîðîâ ãîðåíèÿ, ÷àùå âñåãî
ëåãêîâîñïëàìåíÿþùèõñÿ æèäêîñòåé (ËÂÆ), ðåæå
ãîðþ÷èõ (ÃÆ), êîòîðûå è èñïîëüçóþòñÿ ïðåñòóïíè-
êàìè â êà÷åñòâå ñðåäñòâ ïîäæîãà [2].

Ìíîãèå ñïåöèàëèñòû ñ÷èòàþò, “÷òî ãëàâíûì ôàê-
òîðîì, êîòîðûé îïðåäåëÿåò ÷àñòîòó ïðèìåíåíèÿ òåõ
èëè èíûõ ëåãêîâîñïëàìåíÿþùèõñÿ è ãîðþ÷èõ æèä-
êîñòåé â êà÷åñòâå èíèöèàòîðîâ ãîðåíèÿ, ÿâëÿåòñÿ èõ
ðàñïðîñòðàíåííîñòü è äîñòóïíîñòü äëÿ ïîäæèãàòå-
ëåé, îñíîâíàÿ ìàññà êîòîðûõ èñïîëüçóåò ïåðâîå, ÷òî
ïîïàäàåòñÿ ïîä ðóêó. Èìåííî ïîýòîìó ÷àñòî ïðèìå-
íÿþòñÿ òàê íàçûâàåìûå ñâåòëûå íåôòåïðîäóêòû —
áåíçèíû, êåðîñèí, äèçåëüíûå òîïëèâà. Çà ïîñëåäíèå
òðè-÷åòûðå ãîäà ïîäæèãàòåëè èñïîëüçóþò äëÿ ñî-
âåðøåíèÿ ïðåñòóïëåíèÿ äèçåëüíûå òîïëèâà, àâòî-
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ìîáèëüíûå áåíçèíû, íî íàèáîëåå ÷àñòî ïðèìåíÿþò
ñìåñè ËÂÆ è ÃÆ (ñìåñü àâòîìîáèëüíîãî áåíçèíà ñ
äèçåëüíûì òîïëèâîì, ìîòîðíûì ìàñëîì: ñìåñü ìî-
òîðíîãî ìàñëà ñ äèçåëüíûì òîïëèâîì è ñìåñåâûì
ðàñòâîðèòåëåì)” [2, 3].

Óñòàíîâëåíèå î÷àãà è ïðè÷èíû ëþáîãî ïîæàðà —
çàäà÷à ñëîæíàÿ è òðåáóåò îò ñïåöèàëèñòà âûñîêîé
êâàëèôèêàöèè. Îäíîé èç ãëàâíûõ çàäà÷ ýêñïåðòà ïðè
èäåíòèôèêàöèè èíèöèàòîðîâ ãîðåíèÿ ÿâëÿåòñÿ îá-
íàðóæåíèå èõ â çîíå î÷àãà ïîæàðà, óñòàíîâëåíèå èõ
ïðè÷àñòíîñòè ê âîçíèêíîâåíèþ ãîðåíèÿ, îïðåäåëå-
íèå êîìïîíåíòíîãî ñîñòàâà. Çàäà÷à òðóäíîðàçðåøè-
ìàÿ, òàê êàê â óñëîâèÿõ ðàçâèâøåãîñÿ ïîæàðà îáíà-
ðóæèòü ñëåäû èíèöèàòîðîâ ãîðåíèÿ çàòðóäíèòåëüíî
ââèäó èõ áûñòðîãî âûãîðàíèÿ, íî åñòü âîçìîæíîñòü
îïðåäåëèòü èõ íà îáúåêòàõ-íîñèòåëÿõ. Â êà÷åñòâå
òàêèõ îáúåêòîâ âûñòóïàþò òâåðäûå ìàòåðèàëû, íà ïî-
âåðõíîñòè êîòîðûõ àäñîðáèðóþòñÿ îñòàòêè ËÂÆ
èëè ÃÆ [3]. Îäíèì èç òàêèõ ìàòåðèàëîâ ÿâëÿåòñÿ
ïîëèóðåòàí, øèðîêî ðàñïðîñòðàíåííûé êàê â áûòó,
òàê è â ïðîìûøëåííîñòè.

Íà îñíîâå ïîëèóðåòàíîâ ïîëó÷àþò âñåâîçìîæíûå
òèïû ìàòåðèàëîâ è èçäåëèé: íàïîëíåííûå, àðìèðî-
âàííûå, âñïåíåííûå, ëàìèíèðîâàííûå, â âèäå ïëèò,
ëèñòîâ, áëîêîâ, ïðîôèëåé, âîëîêîí, ïëåíîê. Áëàãî-
äàðÿ ðàçíîîáðàçèþ ôîðì, êîòîðûå ìîãóò ïðèíèìàòü
ïîëèóðåòàíû — îò ìÿãêèõ ïåíîïëàñòîâ äî òâåðäûõ
ìàòåðèàëîâ ñ ðàçëè÷íûìè ñâîéñòâàìè, îíè ïðèìå-
íÿþòñÿ â ïðîèçâîäñòâå ïðîäóêöèè äëÿ àâòîìîáèëü-
íîé è ýëåêòðîííîé ïðîìûøëåííîñòè, òîâàðîâ áû-
òîâîãî íàçíà÷åíèÿ, â ñîñòàâå èçîëÿöèîííûõ ìàòå-
ðèàëîâ è ò. ï.

Èçäåëèÿ è êîíñòðóêöèè íà îñíîâå ïîëèóðåòàíîâ
øèðîêî ïðèìåíÿþòñÿ âî âñåõ îòðàñëÿõ ïðîìûø-
ëåííîñòè áåç èñêëþ÷åíèÿ [4–7], ÷òî îáóñëàâëèâàåò
áîëüøóþ âåðîÿòíîñòü èõ èñïîëüçîâàíèÿ â êà÷åñòâå
îáúåêòîâ äëÿ ïîäæîãà ñ ïðèìåíåíèåì èíèöèàòîðîâ
ãîðåíèÿ.

Ïîëèóðåòàíû îòíîñÿòñÿ ê ìàòåðèàëàì, íà ïîâåðõ-
íîñòè êîòîðûõ ìîãóò àäñîðáèðîâàòüñÿ èíèöèàòîðû
ãîðåíèÿ ïðè ïîäæîãàõ. Èññëåäîâàíèå ïîëèóðåòàíà
â êà÷åñòâå îáúåêòà-íîñèòåëÿ, íà êîòîðîì àäñîðáè-
ðîâàëèñü îñòàòêè ËÂÆ èëè ÃÆ, ïîçâîëèò ïîëó÷èòü
çíà÷èìóþ èíôîðìàöèþ î ïðè÷èíàõ âîçíèêíîâåíèÿ
ïîæàðà.

Âûáîð â êà÷åñòâå îáúåêòà èññëåäîâàíèÿ ïîëè-
óðåòàíà, øèðîêî ïðèìåíÿåìîãî äëÿ îáèâêè àâòîìî-
áèëüíûõ êðåñåë, îáóñëîâëåí òåì ôàêòîðîì, ÷òî àâòî-
ìîáèëè (â òîì ÷èñëå àâòîìîáèëüíûå êðåñëà) ÷àñòî
ñòàíîâÿòñÿ îáúåêòàìè ïîäæîãîâ. Âûáîð äèçåëüíîãî
òîïëèâà äëÿ èññëåäîâàíèÿ ñâÿçàí ñ ÷àñòûì ïðèìå-
íåíèåì åãî çëîóìûøëåííèêàìè â êà÷åñòâå ñðåäñòâà
ïîäæîãà ââèäó äîñòóïíîñòè è íèçêîé ñòîèìîñòè.

Ïðè ãîðåíèè áîëüøèíñòâî ïîëèìåðíûõ ìàòåðè-
àëîâ ðàçëàãàåòñÿ ñ âûäåëåíèåì ðàçëè÷íûõ ïðîäóê-

òîâ ðàçëîæåíèÿ. Ïîëèóðåòàíû íå ÿâëÿþòñÿ èñêëþ-
÷åíèåì. Âûäåëÿþùèåñÿ ïðîäóêòû ãîðåíèÿ ìîãóò
ïîâëèÿòü íà ðåçóëüòàòû îïðåäåëåíèÿ ñëåäîâ è âèäà
èíèöèàòîðà ãîðåíèÿ.

Àêòóàëüíîñòü òåìû èññëåäîâàíèÿ ñîñòîèò â òîì,
÷òî ìåøàþùåå âëèÿíèå ïðîäóêòîâ ðàçëîæåíèÿ ïî-
ëèóðåòàíà íà èäåíòèôèêàöèþ èíèöèàòîðîâ ãîðåíèÿ,
ïðèìåíÿåìûõ ïðè ïîäæîãå, ðàíåå íå èçó÷àëîñü.
Âî âñÿêîì ñëó÷àå ìàòåðèàëîâ î ìåøàþùåì âëèÿ-
íèè ïðîäóêòîâ ðàçëîæåíèÿ ïîëèóðåòàíà íà ðåçóëü-
òàòû îïðåäåëåíèÿ íàëè÷èÿ è âèäà èíèöèàòîðîâ ãî-
ðåíèÿ íå îáíàðóæåíî.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ èññëåäîâà-
íèå âëèÿíèÿ ïðîäóêòîâ òåðìè÷åñêîãî ðàçëîæåíèÿ
ïîëèóðåòàíà íà îáíàðóæåíèå è èäåíòèôèêàöèþ èíè-
öèàòîðîâ ãîðåíèÿ.

Â ñîîòâåòñòâèè ñ ïîñòàâëåííîé öåëüþ ðåøàëèñü
ñëåäóþùèå çàäà÷è:
� èçó÷åíèå ñâîéñòâ ïîëèóðåòàíà è åãî ïîâåäåíèÿ

â óñëîâèÿõ ïîæàðà;
� èçó÷åíèå ìåòîäîâ èññëåäîâàíèÿ èíèöèàòîðîâ ãî-

ðåíèÿ è âûáîð íàèáîëåå îïòèìàëüíîãî;
� èññëåäîâàíèå ýêñòðàêòèâíûõ êîìïîíåíòîâ îáóã-

ëåííûõ îñòàòêîâ ïîëèóðåòàíà ìåòîäîì ôëóîðåñ-
öåíòíîé ñïåêòðîñêîïèè.
Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ èñïîëüçîâà-

ëèñü îáðàçöû ïîëèóðåòàíà, ïðèìåíÿåìîãî äëÿ îáèâ-
êè àâòîìîáèëüíûõ êðåñåë, îáðàáîòàííûå èíèöèà-
òîðîì ãîðåíèÿ.

Ìàòåðèàëû è ìåòîäû

Ïðè ïðîâåäåíèè ïîæàðíî-òåõíè÷åñêîé ýêñïåðòè-
çû ïðèìåíÿþòñÿ ðàçëè÷íûå ìåòîäû èññëåäîâàíèÿ.
Äëÿ îáíàðóæåíèÿ ñëåäîâ íåôòè è íåôòåïðîäóêòîâ
øèðîêî èñïîëüçóþòñÿ ìåòîäû ãàçîâîé, ãàçîæèäêî-
ñòíîé, òîíêîñëîéíîé õðîìàòîãðàôèè, èíôðàêðàñíîé,
ôëóîðåñöåíòíîé ñïåêòðîñêîïèè, ïîëåâûå ìåòîäû èñ-
ñëåäîâàíèÿ è äð. [8–19].

Ìåòîä ôëóîðåñöåíòíîé ñïåêòðîñêîïèè ÿâëÿåò-
ñÿ “áûñòðûì, ïðîñòûì è, âìåñòå ñ òåì, î÷åíü ÷óâñò-
âèòåëüíûì ìåòîäîì îáíàðóæåíèÿ ëåãêîâîñïëàìåíÿ-
þùèõñÿ è ãîðþ÷èõ æèäêîñòåé â îáúåêòàõ, èçûìà-
åìûõ ñ ìåñò ïîæàðà” [2, 3].

Ñïîñîáíîñòü íåôòè, îòäåëüíûõ íåôòÿíûõ ôðàê-
öèé è íåôòåïðîäóêòîâ, íàïðèìåð äèçåëüíîãî òîïëè-
âà, ëþìèíåñöèðîâàòü èçâåñòíà äàâíî. Ýòîò ýôôåêò
àêòèâíî èñïîëüçóåòñÿ íå òîëüêî â íàóêå, íî è â òåõ-
íèêå, ìåäèöèíå, ýêîëîãèè [12–22], íàïðèìåð ïðè îá-
íàðóæåíèè íåôòè è íåôòÿíûõ ïëàñòîâ â ãåîëîãèè,
íåôòåïðîäóêòîâ (ÍÏ) â ïðèðîäíûõ è ñòî÷íûõ âîäàõ,
èññëåäîâàíèè ëåêàðñòâåííûõ ïðåïàðàòîâ, ïðîèçâîä-
ñòâå àíàëèçîâ â àíàëèòè÷åñêèõ ïðèðîäîîõðàííûõ
ëàáîðàòîðèÿõ è ò. ï.

Ïðè äëèíå âîëíû âîçáóæäàþùåãî ñâåòà 255 íì â
îáëàñòè 270–300 íì ëþìèíåñöèðóþò ìîíîàðîìàòè-
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÷åñêèå óãëåâîäîðîäû (ÌÀÓ) — ãîìîëîãè áåíçîëà,
ãëàâíûì îáðàçîì äè- è òðèçàìåùåííûå àëêèëáåí-
çîëû; â îáëàñòè 300–330 íì — áèöèêëè÷åñêèå àðî-
ìàòè÷åñêèå óãëåâîäîðîäû (ÁÀÓ) — äèôåíèë, ãîìî-
ëîãè íàôòàëèíà, â òîì ÷èñëå ìîíî-, äè-, òðè- è
òåòðàçàìåùåííûå, è ò. ä. Äëèíà âîëíû ôëóîðåñöåí-
öèè àðîìàòè÷åñêèõ óãëåâîäîðîäîâ è åå èíòåíñèâ-
íîñòü óâåëè÷èâàþòñÿ ñ âîçðàñòàíèåì ÷èñëà êîëåö è
ñîïðÿæåííûõ äâîéíûõ ñâÿçåé [2, 3].

Èç ñîñòàâíûõ êîìïîíåíòîâ ËÂÆ (ÃÆ) ñïîñîá-
íîñòüþ ôëóîðåñöèðîâàòü ïîä äåéñòâèåì óëüòðàôè-
îëåòîâûõ ëó÷åé îáëàäàþò àðîìàòè÷åñêèå óãëåâîäî-
ðîäû: áèöèêëè÷åñêèå àðîìàòè÷åñêèå óãëåâîäîðîäû,
òðèöèêëè÷åñêèå àðîìàòè÷åñêèå óãëåâîäîðîäû (ÒÀÓ),
ïîëèöèêëè÷åñêèå àðîìàòè÷åñêèå óãëåâîäîðîäû
(ÏÀÓ). Âîçìîæíà ôëóîðåñöåíöèÿ àñôàëüòîâî-ñìî-
ëèñòûõ êîìïîíåíòîâ — ïðîäóêòîâ ïèðîëèçà èñõîä-
íûõ ËÂÆ, à òàêæå îáúåêòîâ-íîñèòåëåé îðãàíè÷å-
ñêîé ïðèðîäû. Ê òàêèì âåùåñòâàì è ìàòåðèàëàì îò-
íîñèòñÿ äèçåëüíîå òîïëèâî êàê èíèöèàòîð ãîðåíèÿ
è ïîëèóðåòàí êàê îáúåêò-íîñèòåëü [2, 3].

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîâîäèëèñü
â ñîîòâåòñòâèè ñ ìåòîäîì, èçëîæåííûì â [23].

Äëÿ èññëåäîâàíèÿ èñïîëüçîâàëè ïîëèóðåòàí,
ïðåäâàðèòåëüíî íàðåçàííûé íà îáðàçöû ðàçìåðîì
50�50 ìì (ðèñ. 1).

Áûëè ïîäãîòîâëåíû è èñïûòàíû îáðàçöû ïîëè-
óðåòàíà áåç íàíåñåíèÿ íà ïîâåðõíîñòü äèçåëüíîãî
òîïëèâà ïî òðè îáðàçöà íà êàæäûé ìîìåíò âðåìåíè
ïðè çàäàííîé òåìïåðàòóðå è îáðàçöû, íà ïîâåðõ-
íîñòü êîòîðûõ áûëî íàíåñåíî ïî 0,5 ìë äèçåëüíîãî
òîïëèâà ïî òðè îáðàçöà íà êàæäûé ìîìåíò âðåìåíè
ïðè çàäàííîé òåìïåðàòóðå. Ïîëó÷åííûå îáðàçöû îá-
æèãàëèñü â ìóôåëüíîé ïå÷è (ðèñ. 2) ïðè òåìïåðàòó-
ðàõ îò 200 äî 300 °Ñ â òå÷åíèå 5, 10, 15 è 20 ìèí.

Îáóãëåííûå îñòàòêè ïîëèóðåòàíà (ðèñ. 3) áûëè
îòîáðàíû äëÿ äàëüíåéøåãî èññëåäîâàíèÿ ìåòîäîì
ôëóîðåñöåíòíîé ñïåêòðîñêîïèè.

Ïîäãîòîâêà ïðîá äëÿ èññëåäîâàíèÿ ïðîâîäèëàñü
ïóòåì ðàñòâîðåíèÿ îñòàòêîâ ËÂÆ â ïîäõîäÿùåì
äëÿ ýòîé öåëè îðãàíè÷åñêîì ðàñòâîðèòåëå (ãåêñàí).
Ãåêñàí íå ñïîñîáåí ôëóîðåñöèðîâàòü, ïîýòîìó åãî
ïðèìåíÿþò ïðè èññëåäîâàíèè ìåòîäîì ôëóîðåñ-
öåíòíîãî àíàëèçà.

Èçìåëü÷åííûé ïîëèóðåòàí (áåç èíèöèàòîðà è ñ
èíèöèàòîðîì ãîðåíèÿ) ïîìåùàëè â ïëîñêîäîííóþ
êîëáó ñ ïðèòåðòîé ïðîáêîé è çàëèâàëè ìèíèìàëüíî
íåîáõîäèìûì êîëè÷åñòâîì ãåêñàíà òàêèì îáðàçîì,
÷òîáû ïðîáà áûëà ïîêðûòà ðàñòâîðèòåëåì, è â òå÷å-
íèå ïðèìåðíî 0,5 ÷ ïîäâåðãàëè âñòðÿõèâàíèþ (ðèñ.4).

Ðèñ. 1. Îáðàçåö
ïîëèóðåòàíà

Ðèñ. 2. Ìóôåëüíàÿ
ïå÷ü

Ðèñ. 3. Îáóãëåííûå îáðàçöû ïîëèóðåòàíà ïîñëå îáæèãà ïðè
t = 200 °Ñ â òå÷åíèå: 1 — 5 ìèí; 2 — 10 ìèí; 3 — 15 ìèí; 4 —

20 ìèí

Ðèñ. 4. Âñòðÿõèâàíèå èçìåëü÷åííîãî îáðàçöà ñ îñòàòêàìè
èíèöèàòîðà ãîðåíèÿ

Ðèñ. 5. Ôèëüòðîâàíèå ýêñòðàêòîâ
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Íåîáõîäèìîé ñòàäèåé ïîäãîòîâêè ïðîá ÿâëÿåò-
ñÿ ôèëüòðîâàíèå ïîäãîòîâëåííûõ ê èññëåäîâàíèþ
ýêñòðàêòîâ (ðèñ. 5).

Ñïåêòðîôëóîðèìåòðè÷åñêîå èññëåäîâàíèå àíàëè-
çèðóåìûõ ïðîá ïðîâîäèëè íà ñïåêòðîôëóîðèìåòðå
“Ôëþîðàò-02-Ïàíîðàìà” (ÒÓ 4321-001-20506233–94).
Àíàëèçèðóåìûå ïðîáû â îáúåìå 5 ìêë ñ ïîìîùüþ
ìèêðîøïðèöà ïîìåùàëè â êþâåòó âìåñòèìîñòüþ
3 ìë, çàïîëíåííóþ íà 3�4 ãåêñàíîì, è ïåðåìåøèâà-
ëè. Óñëîâèÿ ñúåìêè ñïåêòðîâ ôëóîðåñöåíöèè áûëè
ñëåäóþùèìè: ñïåêòðàëüíûé äèàïàçîí èçìåðåíèé —
270–450 íì, äëèíà âîëíû âîçáóæäåíèÿ — 255 íì,
øàã ñêàíèðîâàíèÿ — 1 íì, ÷èñëî âñïûøåê — 25,
÷óâñòâèòåëüíîñòü — íèçêàÿ.

Ðåçóëüòàòû èññëåäîâàíèÿ

è èõ îáñóæäåíèå

Äëÿ òîãî ÷òîáû âûäåëèòü îáëàñòè îñíîâíûõ ìàê-
ñèìóìîâ ñïåêòðà ôëóîðåñöåíöèè, íåîáõîäèìî íàéòè
ïî òàáë. 7 ([23], ñ. 51) êîìáèíàöèþ îáëàñòåé ìàê-
ñèìóìîâ ôëóîðåñöåíöèè, õàðàêòåðíóþ äëÿ ñïåêòðà
ôëóîðåñöåíöèè èññëåäóåìîãî îáúåêòà, è îòíåñòè àíà-
ëèçèðóåìûé îáúåêò ê ñîîòâåòñòâóþùåìó ýòîé êîì-
áèíàöèè êëàññó (ðàçíîâèäíîñòè) ËÂÆ èëè ÃÆ.

Íà ðèñ. 6 ïðåäñòàâëåí ñïåêòð, íà êîòîðîì íàáëþ-
äàåòñÿ èíòåíñèâíûé ïèê â îáëàñòè 270–290 íì, â êî-
òîðîé ëþìèíåñöèðóþò ÌÀÓ. Èíòåíñèâíîñòü ôëóî-
ðåñöåíöèè ñîñòàâëÿåò 0,15 îòí. åä. Óêàçàííûé ïèê ïðè
äàííîé èíòåíñèâíîñòè ñîîòâåòñòâóåò ñïåêòðó ôëóî-
ðåñöåíöèè ÷èñòîãî ãåêñàíà.

Íà ðèñ. 7 ïðåäñòàâëåí ñïåêòð ôëóîðåñöåíöèè äè-
çåëüíîãî òîïëèâà, â êîòîðîì íàáëþäàåòñÿ ìàêñèìóì
â îáëàñòè 300–330 íì. Íàëè÷èå äàííîãî ïèêà ñâèäå-
òåëüñòâóþò î ïðèñóòñòâèè â ïðîáå áèöèêëè÷åñêèõ
àðîìàòè÷åñêèõ óãëåâîäîðîäîâ, íàïðèìåð äèôåíèëà
è ãîìîëîãîâ íàôòàëèíà. Èíòåíñèâíîñòü ôëóîðåñöåí-
öèè ñîñòàâëÿåò 21 îòí. åä.

Ñïåêòð ôëóîðåñöåíöèè ïîëèóðåòàíà, íå ïîäâåð-
ãàâøåãîñÿ òåðìè÷åñêîìó âîçäåéñòâèþ, ïðèâåäåí íà
ðèñ. 8.

Íà ðèñ. 9 ïðåäñòàâëåí ñïåêòð ôëóîðåñöåíöèè îáóã-
ëåííîãî îáðàçöà ïîëèóðåòàíà ïîñëå îáæèãà ïðè òåì-
ïåðàòóðå 200 °Ñ â òå÷åíèå 5 ìèí.

Èçó÷åíèå ñïåêòðîâ, ïðåäñòàâëåííûõ íà ðèñ. 8 è 9,
ïîêàçàëî ñëåäóþùåå. Â ñïåêòðå îáðàçöà ÷èñòîãî ïîëè-
óðåòàíà (ñì. ðèñ. 8) íàáëþäàåòñÿ ïèê ìàêñèìàëüíîé
ôëóîðåñöåíöèè â îáëàñòè 370–385 íì, â êîòîðîé ëþ-
ìèíåñöèðóþò ÒÀÓ (íàïðèìåð, ôåíàíòðåí). Â ñïåêòðå
îáóãëåííîãî îáðàçöà ïîëèóðåòàíà (ñì. ðèñ. 9) íàáëþ-
äàåòñÿ ïëå÷î ìàêñèìàëüíîé ôëóîðåñöåíöèè â îáëà-

Ðèñ. 6. Ñïåêòð ôëóîðåñöåíöèè ÷èñòîãî ãåêñàíà: � — äëèíà
âîëíû, íì; i — èíòåíñèâíîñòü ôëóîðåñöåíöèè

Ðèñ. 7. Ñïåêòð ôëóîðåñöåíöèè äèçåëüíîãî òîïëèâà

Ðèñ. 8. Ñïåêòð ôëóîðåñöåíöèè ÷èñòîãî ïîëèóðåòàíà ïðè êîì-
íàòíîé òåìïåðàòóðå

Ðèñ. 9. Ñïåêòð ôëóîðåñöåíöèè îáóãëåííîãî ïîëèóðåòàíà ïîñëå
îáæèãà ïðè t = 200 °Ñ â òå÷åíèå 5 ìèí
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ñòè 310–330 íì, ñîîòâåòñòâóþùåé ëþìèíåñöåíöèè
ÁÀÓ, è ïèêè ìàêñèìàëüíîé ôëóîðåñöåíöèè â îáëàñòè
360–380 íì, õàðàêòåðíîé äëÿ ëþìèíåñöåíöèè ÒÀÓ.
Èíòåíñèâíîñòü ôëóîðåñöåíöèè â ñïåêòðå ÷èñòîãî ïî-
ëèóðåòàíà (ñì. ðèñ. 8) ñîñòàâëÿåò 3,6 îòí. åä., â ñïåêòðå
îáóãëåííîãî ïîëèóðåòàíà (ñì. ðèñ. 9) — 1,25 îòí. åä.
Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóåò îá óìåíü-
øåíèè ñîäåðæàíèÿ ÒÀÓ è ïîÿâëåíèè ÁÀÓ â ñïåêòðå
îáóãëåííîãî ïîëèóðåòàíà (ñì. ðèñ. 9).

Íà ðèñ. 10 ïîêàçàí ñïåêòð ôëóîðåñöåíöèè îá-
ðàçöà ïîëèóðåòàíà ñ íàíåñåííûì íà íåãî äèçåëüíûì
òîïëèâîì ïîñëå îáæèãà ïðè òåìïåðàòóðå 200 °Ñ â
òå÷åíèå 5 ìèí.

Â ñïåêòðå îáóãëåííîãî îáðàçöà ïîëèóðåòàíà ñ äè-
çåëüíûì òîïëèâîì (ñì. ðèñ. 10) íàáëþäàþòñÿ ïèêè
ìàêñèìàëüíîé ôëóîðåñöåíöèè â îáëàñòè 300–330 íì,
ñîîòâåòñòâóþùåé ëþìèíåñöåíöèè ÁÀÓ, â îáëàñòè
360–380 íì, õàðàêòåðíîé äëÿ ëþìèíåñöåíöèè ÒÀÓ,
è ïèê íåáîëüøîé èíòåíñèâíîñòè â îáëàñòè 285 íì,
õàðàêòåðíîé äëÿ ëþìèíåñöåíöèè ÌÀÓ. Èíòåíñèâ-
íîñòü ôëóîðåñöåíöèè â ñïåêòðå íà ðèñ. 9 ñîñòàâëÿåò
1,25 îòí. åä., â ñïåêòðå íà ðèñ. 10 — 11 îòí. åä., ÷òî
ñâèäåòåëüñòâóåò îá óâåëè÷åíèè ñîäåðæàíèÿ ÁÀÓ è
óìåíüøåíèè ÒÀÓ â ñïåêòðå íà ðèñ. 10. Ñîãëàñíî òàáë. 7
([23], ñ. 51) îáíàðóæåííûå â ñïåêòðå íà ðèñ. 10 ïèêè
ôëóîðåñöåíöèè â îáëàñòè ÁÀÓ è ÒÀÓ ïîçâîëÿþò
èäåíòèôèöèðîâàòü èíèöèàòîð ãîðåíèÿ êàê ñèëüíî
âûãîðåâøåå äèçåëüíîå òîïëèâî.

Íà ðèñ. 11 ïðåäñòàâëåíû ñïåêòðû ôëóîðåñöåí-
öèè îáðàçöîâ ïîëèóðåòàíà, íå ñîäåðæàùèõ äèçåëü-
íîå òîïëèâî è îáðàáîòàííûõ èì, ïîñëå íàãðåâàíèÿ
â ìóôåëüíîé ïå÷è â òå÷åíèå 10 ìèí ïðè òåìïåðàòó-
ðå 200 °Ñ.

Ðèñ. 10. Ñïåêòð îáðàçöà îáóãëåííîãî ïîëèóðåòàíà ñ äèçåëü-
íûì òîïëèâîì ïîñëå îáæèãà ïðè t = 200 °Ñ â òå÷åíèå 5 ìèí

Ðèñ. 11. Ñïåêòð ôëóîðåñöåíöèè îáóãëåííîãî ïîëèóðåòàíà ÷èñòîãî (à) è ñ äèçåëüíûì òîïëèâîì (á) ïîñëå îáæèãà ïðè t = 200 °Ñ
â òå÷åíèå 10 ìèí

Ðèñ. 12. Ñïåêòð ôëóîðåñöåíöèè îáóãëåííîãî ïîëèóðåòàíà ÷èñòîãî (à) è ñ äèçåëüíûì òîïëèâîì (á) ïîñëå îáæèãà ïðè t = 250 °Ñ
â òå÷åíèå 20 ìèí
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Â ñïåêòðå îáóãëåííîãî ïîëèóðåòàíà (ñì. ðèñ. 11,à)
íàáëþäàþòñÿ ïèêè ìàêñèìàëüíîé ôëóîðåñöåíöèè â
îáëàñòÿõ 315–330 è 335–355 íì, ñîîòâåòñòâóþùèõ
ëþìèíåñöåíöèè ÁÀÓ, à òàêæå â îáëàñòè 360–380 íì,
õàðàêòåðíîé äëÿ ëþìèíåñöåíöèè ÒÀÓ.

Â ñïåêòðå îáóãëåííîãî ïîëèóðåòàíà ñ äèçåëüíûì
òîïëèâîì (ðèñ. 11,á) íàáëþäàþòñÿ ïèêè ìàêñèìàëü-
íîé ôëóîðåñöåíöèè â îáëàñòè 310–325 íì, â êîòîðîé
ëþìèíåñöèðóþò ÁÀÓ, è â îáëàñòè 360–375 íì, õà-
ðàêòåðíîé äëÿ ëþìèíåñöåíöèè ÒÀÓ. Èíòåíñèâíîñòü
ôëóîðåñöåíöèè â ñïåêòðå íà ðèñ. 11,à ñîñòàâëÿåò
0,44 îòí. åä., â ñïåêòðå íà ðèñ. 11,á — 3,7 îòí. åä.,
÷òî ñâèäåòåëüñòâóåò îá óâåëè÷åíèè ñîäåðæàíèÿ ÁÀÓ
è óìåíüøåíèè ÒÀÓ â ñïåêòðå îáóãëåííîãî ïîëè-
óðåòàíà ñ äèçåëüíûì òîïëèâîì. Îáíàðóæåííûå â
ñïåêòðå íà ðèñ. 11,á ïèêè ôëóîðåñöåíöèè â îáëàñòè
ÁÀÓ è ÒÀÓ ïîçâîëÿþò èäåíòèôèöèðîâàòü èíèöèà-
òîð ãîðåíèÿ êàê ñèëüíî âûãîðåâøåå äèçåëüíîå òîï-
ëèâî ([23], ñ. 51, òàáë. 7).

Ñïåêòðû ôëóîðåñöåíöèè îáðàçöîâ ïîëèóðåòà-
íà, íåîáðàáîòàííûõ è îáðàáîòàííûõ äèçåëüíûì òîï-
ëèâîì, ïîñëå îáæèãà ïðè òåìïåðàòóðå 250 °Ñ â òå÷å-
íèå 20 ìèí ïðåäñòàâëåíû íà ðèñ. 12.

Â ñïåêòðå ôëóîðåñöåíöèè îáóãëåííîãî ïîëè-
óðåòàíà (ðèñ. 12,à) íàáëþäàþòñÿ ïèêè â îáëàñòè
315–345 íì, ñîîòâåòñòâóþùåé ëþìèíåñöåíöèè ÁÀÓ,
è â îáëàñòè 360–375 íì, õàðàêòåðíîé äëÿ ëþìèíåñ-
öåíöèè ÒÀÓ. Èíòåíñèâíîñòü ôëóîðåñöåíöèè ñî-
ñòàâëÿåò 0,15 îòí. åä. Òàê êàê èíòåíñèâíîñòü ôëóî-
ðåñöåíöèè íèæå 0,25 îòí. åä., äàííûé ðåçóëüòàò, êàê
ñ÷èòàåòñÿ, îòíîñèòñÿ ê ôîíîâûì çàãðÿçíåíèÿì.

Â ñïåêòðå ôëóîðåñöåíöèè îáóãëåííîãî ïîëè-
óðåòàíà ñ äèçåëüíûì òîïëèâîì (ðèñ. 12,á) íàáëþäà-
þòñÿ ïèêè ìàêñèìàëüíîé ôëóîðåñöåíöèè â îáëàñòè
310–325 íì, â êîòîðîé ëþìèíåñöèðóþò ÁÀÓ, è â îá-
ëàñòè 340–375 íì, õàðàêòåðíîé äëÿ ëþìèíåñöåí-
öèè ÒÀÓ. Èíòåíñèâíîñòü ôëóîðåñöåíöèè â ñïåêòðå
íà. ðèñ. 12,à ñîñòàâëÿåò 0,15 îòí. åä., â ñïåêòðå íà
ðèñ. 12,á — 3,0 îòí. åä., ÷òî ñâèäåòåëüñòâóåò îá óâå-
ëè÷åíèè êîëè÷åñòâà ÁÀÓ è óìåíüøåíèè ÒÀÓ â ñïåêò-
ðå íà ðèñ. 12,á. Ñîãëàñíî òàáë. 7 [23] îáíàðóæåííûå
â ñïåêòðå íà ðèñ. 12,á ïèêè ôëóîðåñöåíöèè â îáëàñ-
òè ÁÀÓ è ÒÀÓ ïîçâîëÿþò èäåíòèôèöèðîâàòü èíè-
öèàòîð ãîðåíèÿ êàê ñèëüíî âûãîðåâøåå äèçåëüíîå
òîïëèâî.

Ïðè íàãðåâàíèè îáðàçöîâ ïîëèóðåòàíà ñ äèçåëü-
íûì òîïëèâîì ïðè òåìïåðàòóðå 300 °Ñ ÷åðåç 3 ìèí
âíóòðè ìóôåëüíîé ïå÷è ïðîèçîøëà âñïûøêà, êîòî-
ðàÿ ñîïðîâîæäàëàñü íåñêîëüêèìè õëîïêàìè, òåìïå-

Ðèñ. 13. Âñïûøêà ïðè íàãðåâàíèè ïîëèóðåòàíà

Ðèñ. 14. Îáðàçåö ïîëèóðåòàíà ïîñëå îáæèãà ïðè òåìïåðàòó-
ðå 500 °C â òå÷åíèå 3 ìèí: à — ñ äèçåëüíûì òîïëèâîì; á —
áåç äèçåëüíîãî òîïëèâà

Ðèñ. 15. Ñïåêòð îáóãëåííîãî ïîëèóðåòàíà ÷èñòîãî (à) è ñ äè-
çåëüíûì òîïëèâîì (á) ïîñëå îáæèãà ïðè òåìïåðàòóðå 500 °Ñ
â òå÷åíèå 3 ìèí
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ðàòóðà ðåçêî óâåëè÷èëàñü äî 500 °Ñ (ðèñ. 13), ïðîè-
çîøëî ñàìîâîñïëàìåíåíèå ïàðîâ äèçåëüíîãî òîïëè-
âà è ïðîäóêòîâ ãîðåíèÿ ïîëèóðåòàíà. Ïîëèóðåòàí
âûãîðåë c îáðàçîâàíèåì ïîðèñòîãî îñòàòêà ÷åðíîãî
öâåòà.

Íà ðèñ. 14 ïîêàçàíû îáðàçöû ïîëèóðåòàíà áåç
äîáàâîê äèçåëüíîãî òîïëèâà è ñ äîáàâêîé èíèöèà-
òîðà ãîðåíèÿ ïîñëå âûäåðæêè â ìóôåëüíîé ïå÷è ïðè
500 °Ñ â òå÷åíèå 3 ìèí.

Àíàëèç ïîëó÷åííûõ ñïåêòðîâ (ðèñ. 15) ïîêàçû-
âàåò ñëåäóþùåå.

Â ñïåêòðå ôëóîðåñöåíöèè îáóãëåííîãî ïîëè-
óðåòàíà (ñì. ðèñ. 15,à) íàáëþäàþòñÿ ïèêè â îáëàñòè
315–335 íì, â êîòîðîé ëþìèíåñöèðóþò ÁÀÓ, è â îá-
ëàñòè 350–370 íì, õàðàêòåðíîé äëÿ ëþìèíåñöåí-
öèè ÒÀÓ. Èíòåíñèâíîñòü ôëóîðåñöåíöèè ñîñòàâëÿ-
åò ñîîòâåòñòâåííî 0,68 è 0,63 îòí. åä.

Â ñïåêòðå îáóãëåííîãî ïîëèóðåòàíà ñ äèçåëüíûì
òîïëèâîì (ðèñ. 15,á) íàáëþäàþòñÿ ïèêè â îáëàñòè
310–340 íì, â êîòîðîé ëþìèíåñöèðóþò ÁÀÓ, è â îá-
ëàñòè 360–375 íì, õàðàêòåðíîé äëÿ ëþìèíåñöåí-
öèè ÒÀÓ, êîòîðûå òàêæå íàáëþäàþòñÿ â ñïåêòðå ïî-
ëèóðåòàíà. Ìàêñèìàëüíàÿ èíòåíñèâíîñòü ôëóîðåñ-
öåíöèè ïðè ýòîì ñîñòàâëÿåò ñîîòâåòñòâåííî 0,6 è
0,68 îòí. åä. Òàêèì îáðàçîì, ïðè ñðàâíåíèè ñïåêòðîâ
ôëóîðåñöåíöèè, ïðåäñòàâëåííûõ íà ðèñ. 15, ìîæíî

ñäåëàòü âûâîä, ÷òî èäåíòèôèöèðîâàòü èíèöèàòîð ãî-
ðåíèÿ êàê äèçåëüíîå òîïëèâî â ýòîì ñëó÷àå íå ïðåä-
ñòàâëÿåòñÿ âîçìîæíûì.

Âûâîäû

1. Àíàëèç ïîëó÷åííûõ ðåçóëüòàòîâ èññëåäîâàíèé
ïîêàçàë, ÷òî ïðè íàãðåâàíèè îáðàçöîâ ïîëèóðåòàíà
äî 250 °Ñ âêëþ÷èòåëüíî è âûäåðæêå â ìóôåëüíîé
ïå÷è â òå÷åíèå 5, 10, 15 è 20 ìèí âîçìîæíà èäåíòè-
ôèêàöèÿ èíèöèàòîðà ãîðåíèÿ êàê ñèëüíî âûãîðåâ-
øåãî äèçåëüíîãî òîïëèâà.

2. Ïðè íàãðåâàíèè îáðàçöîâ ïîëèóðåòàíà äî òåì-
ïåðàòóðû âûøå 250 °Ñ èäåíòèôèêàöèÿ èíèöèàòîðà
ãîðåíèÿ êàê ñèëüíî âûãîðåâøåãî äèçåëüíîãî òîïëè-
âà íåâîçìîæíà.

3. Ïðè íàãðåâàíèè îáðàçöîâ ïîëèóðåòàíà ñ äè-
çåëüíûì òîïëèâîì äî òåìïåðàòóðû 250 °Ñ ïðîäóê-
òû ðàçëîæåíèÿ ïîëèóðåòàíà íå ìåøàþò èäåíòèôè-
êàöèè èíèöèàòîðà ãîðåíèÿ.

4. Ïðè íàãðåâàíèè îáðàçöîâ ïîëèóðåòàíà ñ äè-
çåëüíûì òîïëèâîì äî 300 °Ñ ïðîèñõîäèò âîñïëàìå-
íåíèå îáðàçöîâ ñ ðåçêèì ïîâûøåíèåì òåìïåðàòóðû
äî 500 °Ñ. Ïî ïîëó÷åííûì ñïåêòðàì ôëóîðåñöåí-
öèè óñòàíîâèòü èíèöèàòîð ãîðåíèÿ â äàííîì ñëó÷àå
íå ïðåäñòàâëÿåòñÿ âîçìîæíûì.
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ABSTRACT

Introduction. In most cases, the attackers use combustion initiators — affordable and cheap oil products (gasoline,

diesel fuel, engine oils, or their mixtures) to intensify combustion. In order to establish the cause of a criminal fire,

it is necessary to determine the presence of a fire initiator at the fire site. The study has been conducted in order to

establish the interfering effect of decomposition products of the carrier object on the determination of the presen-

ce of diesel fuel.

Materials and methods. Polyurethane (car upholstery), which is able to adsorb liquid on its surface, was chosen

as the carrier object, and diesel fuel was used as the combustion initiator, as the most common combustion initia-

tor. The method of fluorescence spectroscopy was used in the study process.

Study results and discussion. Polyurethane samples with diesel fuel on its surface and without it were burned in

a muffle furnace at temperatures from 200 to 300 °C for 5–20 min. After firing, the crushed samples were ex-

tracted, and fluorescence spectra were measured with the help of fluorimeter.

Conclusion. Analysis of the study results showed that when heating polyurethane samples covered with diesel

fuel, it is possible to identify the combustion initiator as a strongly burned diesel fuel up to 250 °C C inclusive for 5,

10, 15, and 20 min. When polyurethane samples are heated to temperatures above 250 °C, the identification of

the combustion initiator as highly burnt diesel fuel is impossible.
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bons; biaromatic hydrocarbons; light oil products; luminescence; diesel fuel.
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Introduction

In Russia, the number of arson attacks is increasing at
an alarming rate from year to year. Cars, real estate, do-
cuments are destroyed as a result of this criminal act.
Moreover, people become victims of arson attacks [1].
Nowadays, an arson attack in Russia is one of the most
accessible and simple method of settling accounts, inti-
midation, putting pressure on a competitor or other per-
sona non grata. “The number of arson attacks is steadily
increasing, since the probability of solving a crime after
a fire, which destroys all traces, in attacker’s opinion,
is significantly reduced. This trend leads to a rigorous
growth of undiscovered fires, as along with the growing
popularity of arson attacks among criminal elements,
the skill of the arsonists is growing, their methods are
improved, new igniting substances are used” [2].

The bringing of an open fire source with the use of
combustion initiators should be attributed to socially
dangerous causes of fire. The problem of determining

the combustion initiators is becoming ever more im-
portant, and a fire-technical expert plays the key role,
since the success of further investigation depends on
his�her competent and quick actions.

The presence of several fire areas, the rapid spread
of combustion, uncharacteristic for combustible mate-
rials, which are present at the facility, may be a conse-
quence of the use of combustion initiators, they are typi-
cally highly flammable liquid (HFL), less often flam-
mable liquid (FL), which are used by criminals as a me-
an for an arson attack [2].

Many experts believe that “the main factor that de-
termines the frequency of use of certain highly flam-
mable and flammable liquids as combustion initiators
is their prevalence and accessibility to arsonists, the ma-
jority of whom use the first thing that is ready at hand.
That is why so-called light oil products are often used
— gasolines, kerosene, diesel fuels. Over the past three
to four years, the arsonists use diesel fuels and motor
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gasolines to commit a crime, but most often they use
mixtures of HFL and FL (mixture of motor gasoline with
diesel fuel and engine oil: a mixture of engine oil with
diesel fuel and mixed solvent)” [2, 3].

Establishing the source and causes of any fire is
a complex task and requires highly qualified specia-
lists. One of the main tasks of the expert in identifying
the combustion initiators is to detect them in the fire
area, to establish their involvement in the beginning of
combustion, to determine the component composition.
The task is difficult to solve, since it is difficult to detect
traces of combustion initiators in the conditions of a de-
veloped fire due to its fast burning out, but it is possible
to identify them on carrier objects. Such objects are
solid materials on the surface of which residues of HFL
or FL are adsorbed [3]. One of such materials is poly-
urethane, which is widespread both in everyday life and
in industry.

Various types of materials and products are pro-
duced on the basis of polyurethane: filled, reinforced,
foamed, laminated, in the form of plates, sheets, blocks,
profiles, fibers, films. Due to the variety of forms that
polyurethanes can take — from soft foams to hard ma-
terials with different properties, they are used in the ma-
nufacture of products for the automotive and electronic
industries, household goods, as a part of insulation ma-
terials, etc.

Polyurethane-based products and structures are
widely used in all industries without exception [4–7],
which causes a high probability of their use as objects
for an arson attack with the use of combustion initiators.

Polyurethanes are materials on the surface of which
combustion initiators can be adsorbed during an arson
attack. The study of polyurethane as a carrier object,
which adsorbed the remnants of flammable liquids or
FL, will provide significant information about the causes
of the fire.

The choice of polyurethane as a study subject, which
is widely used for car upholstery, is due to the fact that
cars (including car seats) are often the targets of arson
attacks. The choice of diesel fuel for study is connected
with its frequent use by attackers as a means of an arson
attack due to its availability and low cost.

When burning, most polymeric materials decompo-
se with the release of various decomposition products.
Polyurethanes are no exception. The released combus-
tion products can affect the results of determining
the presence or type of combustion initiator.

The relevance of the study topic is that the inter-
fering effect of polyurethane decomposition products
on the identification of combustion initiators used
during an arson attack has not been previously studied.
In any case, materials on the interfering effect of the de-
composition products of polyurethane on the results of
determining the presence and type of combustion ini-
tiators has not been found.

The purpose of this work is to study the effect of poly-
urethane thermal decomposition products on the detec-
tion and identification of combustion initiators.

In accordance with the goal, the following tasks were
solved:
� study of the properties of polyurethane and its beha-

vior in fire conditions;
� study of research methods for combustion initiators

and the selection of the most optimal one;
� study of the extractive components of carbonized

polyurethane residues by fluorescence spectroscopy.
Some samples of polyurethane used for upholstery

of car seats covered with the combustion initiator were
used as study objects.

Materials and methods

When conducting a fire investigation, various re-
search methods are used. Gas, gas-liquid, thin layer
chromatography, infrared, fluorescence spectroscopy,
field research methods, etc. are widely used to detect
traces of oil and oil products [8–19].

The method of fluorescence spectroscopy is “a fast,
simple and, at the same time, a very sensitive method of
detecting highly flammable and flammable liquids in
objects taken from fire sites” [2, 3].

The ability of oil, separate petroleum fractions and
petroleum products, such as diesel fuel, to luminesce
has been known for a long time. This effect is actively
used not only in science, but also in engineering, medi-
cine, and ecology [12–22], for example, in the detection
of oil and oil reservoirs in geology, oil products (OP)
in natural and waste waters, the study of drugs, the car-
rying out of analyzes in analytical environmental labo-
ratories, etc.

At an excitation light wavelength of 255 nm in range
of 270–300 nm, monoaromatic hydrocarbons (MH) lu-
minesce — benzene homologues, mainly di- and tri-
substituted alkyl benzenes; in the range of 300–330 nm
— bicyclic aromatic hydrocarbons (BAH) — diphenyl,
naphthalene homologues, including mono-, di-, tri- and
tetrasubstituted, etc. The fluorescence wavelength of
aromatic hydrocarbons and its intensity increase with
increasing number of rings and conjugated double
bonds [2, 3].

Aromatic hydrocarbons have the ability to fluoresce
under the action of ultraviolet rays, from among the con-
stituent components of HFL (FL): bicyclic aromatic
hydrocarbons, tricyclic aromatic hydrocarbons (TAH),
polycyclic aromatic hydrocarbons (PAH). Fluorescence
of asphalt-resinous components is possible — products
of the pyrolysis of the original HFL, as well as organic
carrier objects. Such substances and materials include
diesel fuel as a combustion initiator and polyurethane
as a carrier object [2, 3].
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Experimental studies were conducted in accordance
with the method set out in [23].

Polyurethane pre-cut into samples with dimensions
of 50�50 mm was used for the study (Fig. 1).

Polyurethane samples were prepared and tested
without covering their surface with diesel fuel, there
were three samples at each time point at a given tempe-
rature, as well as samples covered with 0.5 ml of diesel
fuel, there were three samples at each time point at
given temperature.

The samples obtained were fired in a muffle furnace
(Fig. 2) at temperatures from 200 to 300 °C for 5, 10,
15, and 20 min.

Charred polyurethane residues (Fig. 3) were select-
ed for further study by fluorescence spectroscopy.

Sample preparation for the study was carried out
by dissolving residues of HFLs in an organic solvent
(hexane) being suitable for this purpose. Hexane is not
able to fluoresce, so it is used in the study by the fluores-
cence analysis method.

The crushed polyurethane (without initiator and with
the combustion initiator) was placed in a flat-bottomed
flask with a glass stopper and poured with the minimum

necessary amount of hexane so that the sample was
covered with solvent, and then shook for about 0.5 h
(Fig. 4).

The necessary stage of sample preparation is the ex-
tracts filtering prepared for the study (Fig. 5).

The spectrofluorimetric study of the analyzed sam-
ples was performed on a Fluorat-02-Panorama spectro-
fluorimeter (TU 4321-001-20506233–94). The analyz-
ed samples with a volume of 5 mcl were placed in a cu-
vette with a capacity of 3 ml filled with 3�4 hexane
using a microsyringe and mixed. The conditions for
the fluorescence spectra measurements were as follows:
the spectral range of measurements is 270–450 nm, the ex-
citation wavelength is 255 nm, the scanning step is 1 nm,
the number of flares is 25, and the sensitivity is low.

Study results and discussion

In order to highlight the areas of the main maxima
of the fluorescence spectrum, it is necessary to find in
the Table 7 ([23], p. 51) the combination of areas of
maxima of fluorescence, characteristic of the fluores-
cence spectrum of the object under study, and rank
the analyzed object (categories) of HFLs or FLs corres-
ponding to this combination.

Fig. 6 shows the spectrum on which an intense peak
is observed in the range of 270–290 nm, in which MH is
luminescent. The fluorescence intensity is 0.15 rel. units.

Fig. 1. Polyurethane
sample

Fig. 2. Muffle furnace

Fig. 3. Charred at t = 200 °C polyurethane samples: 1 — 5 min;
2 — 10 min; 3 — 15 min; 4 — 20 min

Fig. 4. Shaking the crushed sample with the residues of the com-
bustion initiator

Fig. 5. Extracts filtering
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This peak at a given intensity corresponds to the fluo-
rescence spectrum of pure hexane.

Fig. 7 shows the fluorescence spectrum of diesel
fuel, in which a maximum is observed in the range of
300–330 nm. The presence of this peak indicates the pre-
sence in the sample of bicyclic aromatic hydrocarbons,
such as diphenyl and naphthalene homologues. The fluo-
rescence intensity is 21 rel. units

The fluorescence spectrum of polyurethane that is
not exposed to thermal effects is shown in Fig. 8.

Fig. 9 shows the fluorescence spectrum of a poly-
urethane sample charred at 200 °C for 5 min.

The study of the spectra presented in Fig. 8 and 9
showed the following facts. In the spectrum of a sample
of pure polyurethane (see Fig. 8), there is a peak of
maximum fluorescence in the range of 370–385 nm,
in which TAH (for example, phenanthrene) is lumines-
cent. In the spectrum of a charred polyurethane sample
(see Fig. 9), there is an arm of maximum fluorescence
in the range of 310–330 nm, corresponding to the BAH
luminescence, and maximum fluorescence peaks in
the range of 360–380 nm characteristic of TAH lu-
minescence. The fluorescence intensity in the spectrum
of pure polyurethane (see Fig. 8) is 3.6 rel. units, in
the spectrum of charred polyurethane (see Fig. 9) —
1.25 rel. units. The obtained results indicate a decrease
in TAH and the appearance of BAH in the spectrum of
charred polyurethane (see Fig. 9).

Fig. 10 shows the fluorescence spectrum of a sample
of polyurethane covered with diesel fuel charred at a tem-
perature of 200 °C for 5 min.

The spectrum of a charred polyurethane sample with
diesel fuel (see Fig. 10) shows peaks of maximum fluo-
rescence in the range of 300–330 nm corresponding to
the BAH luminescence, in the range of 360–380 nm

Fig. 6. Fluorescence spectrum of pure hexane: � — wavelength,
nm; i — fluorescence intensity

Fig. 7. Fluorescence spectrum of diesel fuel

Fig. 8. Fluorescence spectrum of pure polyurethane at room tem-
perature

Fig. 9. Fluorescence spectrum of charred polyurethane at t =
= 200 °C for 5 min

Fig. 10. Spectrum of a charred polyurethane sample with diesel fuel
at t = 200 °C C for 5 min
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characteristic of TAH luminescence, and a peak of low
intensity in the range of 285 nm characteristic of MH
luminescence. The fluorescence intensity in the spectrum
in Fig. 9 is 1.25 rel. units, in the spectrum in Fig. 10 —
11 rel. units, which indicates an increase in BAH and
a decrease in TAH in the spectrum in Fig. 10. Accord-
ing to Table 7 ([23], p. 51) fluorescence peaks found
in the spectrum in Fig. 10 in the area of BAH and TAH
give a possibility to identify the combustion initiator as
a highly burned diesel fuel.

Fig. 11 shows the fluorescence spectra of polyure-
thane samples that do not contain diesel fuel and are co-
vered with it, after heating in a muffle furnace for 10 min
at a temperature of 200 °C.

In the spectrum of charred polyurethane (see Fig. 11,a),
peaks of maximum fluorescence are observed in the range
of 315–330 and 335–355 nm corresponding to the BAH
luminescence, as well as in the range of 360–380 nm
characteristic of TAH luminescence.

In the spectrum of charred polyurethane with diesel
fuel (Fig. 11,b), there are peaks of maximum fluores-
cence in the range of 310–325 nm, in which BAH is lumi-
nescent, and in the range of 360–375 nm characteristic
of TAH luminescence. The fluorescence intensity in
the spectrum in Fig. 11,a is 0.44 rel. units, in the spectrum

in Fig.11,b — 3.7 rel. units, indicating an increase in
BAH and a decrease in TAH in the spectrum of charred
polyurethane with diesel fuel. It is possible to identify
the combustion initiator as intensity burned diesel fuel
([23], p. 51, Table 7) on the basis of fluorescence peaks
discovered in the spectrum in Fig. 11,b in the area of
BAH and TAH.

Fluorescence spectra of polyurethane samples heat-
ed to a temperature of 250 °C for 20 min, which are
covered and uncovered with diesel fuel are shown in
Fig. 12.

In the fluorescence spectrum of charred polyure-
thane (Fig. 12,a), there are peaks in the range of
315–345 nm, corresponding to the BAH luminescence,
and in the range of 360–375 nm characteristic of the TAH
luminescence. The fluorescence intensity is 0.15 rel. units.
Since the fluorescence intensity is below 0.25 rel. units,
this result is considered to be related to background
contamination.

In the fluorescence spectrum of charred polyure-
thane with diesel fuel (Fig. 12,b), there are peaks of maxi-
mum fluorescence in the range of 310–325 nm, in which
BAH is luminescent, and in the range of 340–375 nm
characteristic of TAH luminescence. Fluorescence in-
tensity in the spectrum in Fig. 12,a is 0.15 rel. units,

Fig. 11. Fluorescence spectrum of pure carbonized polyurethane (a) and with diesel fuel (b) at t = 200 °C for 10 min

Fig. 12. Fluorescence spectrum of pure carbonized polyurethane (a) and with diesel fuel (b) at t = 250 °C for 20 min
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in the spectrum in Fig. 12,b — 3.0 rel. units, which in-
dicates an increase in the amount of BAH and a de-
crease in TAH in the spectrum in Fig. 12,b. According
to Table 7 [22], fluorescence peaks found in the spectrum
in Fig. 12,b in the area of BAH and TAH give a possi-
bility to identify the combustion initiator as a highly
burned diesel fuel.

When heating samples of polyurethane with diesel
fuel at a temperature of 300 °C, an outburst occurred
within 3 min inside the muffle furnace, which was ac-
companied by several claps, the temperature sharply in-
creased up to 500 °C (Fig. 13), the fumes of diesel fuel
and combustion products of polyurethane self-ignited.
Polyurethane burned out with the formation of a porous
black residue.

Fig. 14 shows samples of polyurethane without
the addition of diesel fuel and with the addition of
a combustion initiator after time-exposure in a muffle
furnace at 500 °C for 3 min.

An analysis of the spectra obtained (Fig. 15) shows
the following facts.

In the fluorescence spectrum of charred polyurethane
(see Fig. 15,a), there are observed peaks in the range of
315–335 nm, in which BAH is luminescent, and in
the range of 350–370 nm characteristic of TAH lumi-
nescence. The fluorescence intensity is 0.68 and 0.63
rel. units.

In the spectrum of charred polyurethane with diesel
fuel (Fig. 15,b ), there are observed peaks in the range
of 310–340 nm, in which BAHs are luminescent, and
in the range of 360–375 nm characteristic of the TAH
luminescence, which are also observed in the polyure-
thane spectrum. The maximum fluorescence intensity
is 0.6 and 0.68 rel. units in this case. Thus, when compa-
ring the fluorescence spectra presented in Fig. 15, it can
be concluded that it is not possible to identify the com-
bustion initiator as diesel fuel in this case.

Conclusions

1. Analysis of the obtained study results has shown
that when heating polyurethane samples up to 250 °C in-
clusive for 5, 10, 15, and 20 min, it is possible to identify
the combustion initiator as a highly burned diesel fuel.

2. When polyurethane samples are heated to tempe-
ratures above 250 °C, the identification of the combus-
tion initiator as intensely burnt diesel fuel is impossible.

3. When heating polyurethane samples with diesel
fuel to a temperature up to 250 °C, the decomposition
products of polyurethane do not interfere with the iden-
tification of the combustion initiator.

4. When heating polyurethane samples with diesel
fuel up to 300 °C, the samples ignite with a sharp rise in
temperature up to 500 °C. According to the obtained
fluorescence spectra, it is impossible to establish the
combustion initiator in this case.

Fig. 14. Polyurethane sample after heating at 500 °C for 3 min:
a — with diesel fuel; b — without diesel fuel

Fig. 15. Spectrum of pure charred polyurethane (a) and with diesel
fuel (b) when heated at a temperature of 500 °C for 3 min

Fig. 13. The outburst when heating polyurethane
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ÐÅÇÞÌÅ

Ââåäåíèå. Â îòðàñëåâîé ñòðóêòóðå óïðàâëåíèÿ Ðîññèè âàæíîå ìåñòî çàíèìàþò òåððèòîðèàëüíî ðàñïðåäåëåí-

íûå îáúåêòû (ôèëèàëû) êðóïíûõ ïðîèçâîäñòâåííûõ ïðåäïðèÿòèé òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ).

Ðàññìàòðèâàåìûå ïðåäïðèÿòèÿ â ñîîòâåòñòâèè ñ óòâåðæäåííûìè çàêîíîäàòåëüñòâîì êðèòåðèÿìè îòíîñÿòñÿ

ê êàòåãîðèè îïàñíûõ ïðîèçâîäñòâåííûõ îáúåêòîâ. Âàæíîé çàäà÷åé ÿâëÿåòñÿ îïðåäåëåíèå ïðè÷èíû âîçíèê-

íîâåíèÿ îïàñíîñòè.

Ìåòîäû èññëåäîâàíèÿ. Äëÿ îáíàðóæåíèÿ îïàñíîñòåé â ëþáûõ àâòîìàòèçèðîâàííûõ ñèñòåìàõ óïðàâëåíèÿ èñ-

ïîëüçóþòñÿ ìåòîäû, ñ ïîìîùüþ êîòîðûõ îñóùåñòâëÿåòñÿ ñáîð èíôîðìàöèè î ïàðàìåòðè÷åñêèõ çíà÷åíèÿõ

ôóíêöèîíèðîâàíèÿ ïðîèçâîäñòâåííûõ îáúåêòîâ. Äëÿ ïðîâåäåíèÿ èññëåäîâàíèé ïî îáíàðóæåíèþ îïàñíîñòåé

ïðèìåíÿåòñÿ ðÿä ïîäõîäîâ, îñíîâàííûõ: íà îïðåäåëåíèè ïàðàìåòðîâ (èíâàðèàíòîâ) ìîäåëåé êîíòðîëèðó-

åìûõ îáúåêòîâ; íà ðåøåíèè çàäà÷ ìîäåëèðîâàíèÿ (ïðîãíîçèðîâàíèÿ); íà èñïîëüçîâàíèè àíàëèòè÷åñêîé èç-

áûòî÷íîñòè. Ñóùåñòâóåò áåçìîäåëüíûé ìåòîä îáíàðóæåíèÿ îïàñíîñòåé â àâòîìàòèçèðîâàííûõ ñèñòåìàõ

óïðàâëåíèÿ, â îñíîâå êîòîðîãî çàëîæåíî ïðåäñòàâëåíèå òîëüêî äàííûõ ñèãíàëîâ óïðàâëåíèÿ è èçìåðåíèé

ïàðàìåòðîâ ôóíêöèîíèðîâàíèÿ äèíàìè÷åñêèõ îáúåêòîâ. Îí îñíîâàí íà àëãåáðàè÷åñêîì óñëîâèè ðàçðåøè-

ìîñòè çàäà÷è èäåíòèôèêàöèè ìàòåìàòè÷åñêîé ìîäåëè ôóíêöèîíèðîâàíèÿ äèíàìè÷åñêîãî îáúåêòà.

Ïîñòàíîâêà çàäà÷è. Òðåáóåòñÿ íà îñíîâå ðåçóëüòàòîâ èçìåðåíèé âõîäíûõ ñèãíàëîâ, ïîñòóïàþùèõ â àâòîìà-

òèçèðîâàííóþ ñèñòåìó óïðàâëåíèÿ, ðàçðàáîòàòü ïàðàìåòðè÷åñêèå çíà÷åíèÿ äëÿ êðèòè÷åñêîé çîíû âîçíèê-

íîâåíèÿ îïàñíîñòåé â öåëÿõ îòîáðàæåíèÿ èíôîðìàöèè íà äèñïëåå àâòîìàòèçèðîâàííîãî ðàáî÷åãî ìåñòà

îïåðàòîðà.

Ðåøåíèå çàäà÷è. Ïðåäëîæåíî ïðåäñòàâëÿòü ìîäåëè îáúåêòà â èñïðàâíîì è íåèñïðàâíîì ñîñòîÿíèÿõ â âèäå

ìàòðèö, ÷òî ïîçâîëèò ðåøàòü çàäà÷è èäåíòèôèêàöèè çàìêíóòûõ îáúåêòîâ äëÿ ëþáûõ âõîäíûõ ñèãíàëîâ, íåçà-

âèñèìî îò íàëè÷èÿ èíôîðìàöèè î ïàðàìåòðàõ ñèñòåìû óïðàâëåíèÿ. Áûñòðîäåéñòâèå è òî÷íîñòü îáíàðóæåíèÿ

ôàêòà è âðåìåíè âîçíèêíîâåíèÿ îïàñíîñòè (îòêàçà ñèñòåìû) îïðåäåëÿþòñÿ ÷àñòîòîé äèñêðåòèçàöèè ñèãíà-

ëîâ è ñîâïàäàþò ñ èíòåðâàëîì âðåìåíè ìåæäó äâóìÿ ïîñëåäîâàòåëüíûìè èçìåðåíèÿìè.

Çàêëþ÷åíèå. Äîñòîèíñòâîì ïðåäëàãàåìîãî ïîäõîäà ÿâëÿåòñÿ åãî íåçàâèñèìîñòü îò ïàðàìåòðîâ ìîäåëè êîíò-

ðîëèðóåìîãî îáúåêòà. Èñïîëüçîâàíèå ïðåäëàãàåìîãî ïîäõîäà äëÿ îáíàðóæåíèÿ äàåò âîçìîæíîñòü ïåðåâåñòè

ñèñòåìó óïðàâëåíèÿ áåçîïàñíîñòüþ ïðåäïðèÿòèÿ íà íîâûé êà÷åñòâåííûé óðîâåíü çà ñ÷åò ïîñòîÿííîé îòñëå-

æèâàåìîñòè ïðîöåññà ôóíêöèîíèðîâàíèÿ îáúåêòîâ ïðîèçâîäñòâà, ïîâûøåíèÿ ñêîðîñòè è äîñòîâåðíîñòè îá-

íàðóæåíèÿ ôàêòà è âðåìåíè âîçíèêíîâåíèÿ îïàñíîñòè.

Êëþ÷åâûå ñëîâà: ñèñòåìà óïðàâëåíèÿ áåçîïàñíîñòüþ ÒÝÑ; ìàòåìàòè÷åñêàÿ ìîäåëü; îöåíêà íàäåæíîñòè

ÒÝÑ; ðàñïðåäåëåííûå êàíàëû ïåðåäà÷è èíôîðìàöèè, îïàñíûå ôàêòîðû ÒÝÑ.

Äëÿ öèòèðîâàíèÿ: Ãâîçäåâ Å. Â., Áóòóçîâ Ñ. Þ., Ñóëèìà Ò. Ã., Àðèôäæàíîâ Ñ. Á. Ôîðìàëèçîâàííàÿ ìîäåëü

îöåíêè íàäåæíîñòè ôóíêöèîíèðîâàíèÿ òåïëîâûõ ýëåêòðè÷åñêèõ ñòàíöèé // Ïîæàðîâçðûâîáåçîïàñíîñòü/

Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 2. — Ñ. 47–56. DOI: 10.18322/PVB.2019.28.02.47-56.

� Ãâîçäåâ Åâãåíèé Âëàäèìèðîâè÷, e-mail: evgvozdev@mail.ru

Formal model of evaluating the reliability

of thermal power plants

© E. V. Gvozdev 1(�), S. Yu. Butuzov 2, T. G. Sulima1, S. B. Arifjanov 3

1 Civil Defence Academy of Emercom of Russia (md. Novogorsk, Khimki, Moscow Region, 141435, Russian Federation)

2 State Fire Academy of Emercom of Russia (Borisa Galushkina St., 4, Moscow, 129366, Russian Federation)

3 Kokshetau Technical Institute of the Committee for Emergency Situations of the Ministry of Internal Affairs

of the Republic of Kazakhstan (Akan-seri St., 136, Akmola Region, Kokshetau, 020000, Republic of Kazakhstan)

ABSTRACT

Introduction. In the branch structure of management of Russia an important place is occupied by geographically

distributed objects (branches) of large industrial enterprises of the fuel and energy complex. The considered enter-
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prises, in accordance with the criteria approved by the legislation, belong to the category of hazardous production

facilities. An important task is to determine the cause of the danger.

Methods of research. To detect hazards in any automated control systems used methods by which information is

collected on the parametric values of the functioning of production facilities. To conduct research on the detection

of hazards, a number of approaches are used: based to determine the parameters (invariants) of the models of

controlled objects; to solve the problems of modeling (forecasting); to use analytical redundancy. There is a model-

free method of hazard detection in automated control systems, which is based on the representation of only

the data of control signals and measurements of the parameters of the functioning of dynamic objects. It is based

on the algebraic condition of solvability of the problem of identification of a mathematical model of dynamic object

functioning.

Problem statement. It’s required on the basis of the measurement results the input signals coming into the auto-

mated control system, to develop a parametric value for the critical zone of occurrence of hazards with the aim of

displaying information on the display of the workstation operator.

Problem solution. It is offered to represent models of object, in serviceable and faulty States, in the form of mat-

rices that will allow solving problems of identification of the closed objects for any input signals, irrespective of

availability of information on parameters of control system. The speed and accuracy of detection of the fact and

time of danger (system failure) are determined by the sampling frequency of the signals and coincide with the time

interval between the two consecutive measurements.

Conclusion. The advantage of the proposed approach is its independence from the parameters of the controlled

object model. The use of the proposed approach for detection makes it possible to transfer the security manage-

ment system of the enterprise to a new qualitative level due to constant traceability of the process of functioning

of production facilities, increasing the speed and reliability of detection of the fact and time of danger.

Keywords: safety management system of TPP; mathematical model; reliability evaluation TPP; distributed com-

munication channels; hazards TPP.
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Ââåäåíèå

Â îòðàñëåâîé ñòðóêòóðå óïðàâëåíèÿ Ðîññèè âàæíîå
ìåñòî çàíèìàþò òåððèòîðèàëüíî ðàñïðåäåëåííûå
îáúåêòû (ôèëèàëû) êðóïíûõ ïðîèçâîäñòâåííûõ
ïðåäïðèÿòèé òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà
(ÒÝÊ). Ê îñíîâíûì îðãàíèçàöèÿì ÒÝÊ, îñóùåñòâëÿ-
þùèì ïðîèçâîäñòâî, ïåðåäà÷ó, ðàñïðåäåëåíèå òåï-
ëîâîé è ýëåêòðè÷åñêîé ýíåðãèè, îòíîñÿòñÿ òåïëîâûå
ýëåêòðè÷åñêèå ñòàíöèè (ÒÝÑ), êîòîðûå íå òîëüêî
ïðîèçâîäÿò ýëåêòðîýíåðãèþ, íî è ÿâëÿþòñÿ èñòî÷-
íèêàìè òåïëîâîé ýíåðãèè â öåíòðàëèçîâàííûõ ñèñ-
òåìàõ òåïëîñíàáæåíèÿ. Ðàññìàòðèâàåìûå ïðåäïðè-
ÿòèÿ â ñîîòâåòñòâèè ñ êðèòåðèÿìè, ïðîïèñàííûìè â
Ôåäåðàëüíîì çàêîíå ¹ 123-ÔÇ (äàëåå — ÔÇ ¹ 123),
îòíîñÿòñÿ ê êàòåãîðèè îïàñíûõ ïðîèçâîäñòâåííûõ
îáúåêòîâ (äàëåå — ÎÏÎ). Ïðèçíàêàìè îïàñíîñòè
ÎÏÎ ÿâëÿþòñÿ:
� èñïîëüçîâàíèå â ïðîèçâîäñòâåííîé äåÿòåëüíîñòè

àâàðèéíî-õèìè÷åñêèõ îòðàâëÿþùèõ âåùåñòâ
(ÀÕÎÂ);

� àêêóìóëèðîâàíèå è âîçìîæíûé íåñàíêöèîíèðî-
âàííûé âûáðîñ îãðîìíûõ çàïàñîâ êèíåòè÷åñêîé,
òåïëîâîé, àêóñòè÷åñêîé è âèáðàöèîííîé ýíåð-
ãèè èç-çà âûñîêîãî äàâëåíèÿ â òðóáîïðîâîäàõ ïî-
äà÷è ïàðà è ãîðÿ÷åé âîäû;

� èñïîëüçîâàíèå âîäîðîäà äëÿ îõëàæäåíèÿ îáìîò-
êè è âîçáóæäåíèÿ òóðáèí;

� õðàíåíèå çíà÷èòåëüíûõ çàïàñîâ ìàçóòà äëÿ èñ-
ïîëüçîâàíèÿ â êà÷åñòâå òîïëèâà â àâàðèéíûõ ñè-
òóàöèÿõ.

Â ïðîâåäåííûõ èññëåäîâàíèÿõ [1–4] àâòîð ïðåä-
ëàãàåò ðàññìàòðèâàòü áåçîïàñíîñòü ïðåäïðèÿòèé ÒÝÊ
â êîìïëåêñå, â âèäå ñîâîêóïíîñòè âçàèìîäåéñòâó-
þùèõ ôóíêöèîíàëüíûõ íàïðàâëåíèé áåçîïàñíîñòè
(ïðîìûøëåííîé è ïîæàðíîé áåçîïàñíîñòè, ïðåäó-
ïðåæäåíèÿ è ëèêâèäàöèè ×Ñ ïðèðîäíîãî è òåõíî-
ãåííîãî õàðàêòåðà, îõðàíû òðóäà è ýêîëîãè÷åñêîé
áåçîïàñíîñòè, àíòèòåððîðèñòè÷åñêîé çàùèùåííîñòè
è ò. ä.), ò. å. ïðåäñòàâëÿòü åå â âèäå ñèñòåìû êîìï-
ëåêñíîé òåõíîñôåðíîé áåçîïàñíîñòè (ÑÊÒÁ) ïðåä-
ïðèÿòèÿ äëÿ ðåàëèçàöèè ãëàâíîé öåëè, íàïðàâëåí-
íîé íà ìèíèìèçàöèþ (èñêëþ÷åíèå óñëîâèé) âåðîÿò-
íîñòè âîçíèêíîâåíèÿ îïàñíîñòåé (ðèñ. 1).

Áåçîïàñíîñòü ïðåäïðèÿòèÿ ÒÝÊ îïðåäåëÿåòñÿ
ñïîñîáíîñòüþ åãî òåððèòîðèàëüíî ðàñïðåäåëåííûõ
îáúåêòîâ (ôèëèàëîâ) ïðîòèâîñòîÿòü ðåàëèçàöèè äå-
ñòðóêòèâíûõ âîçäåéñòâèé, íå äîïóñêàòü êàòàñòðîôè-
÷åñêèõ ðàçðóøåíèé íà ýòàïàõ çàêðèòè÷åñêîãî ôóíê-
öèîíèðîâàíèÿ îáúåêòîâ çàùèòû ïîñëå äîñòèæåíèÿ
ïðåäåëüíûõ ñîñòîÿíèé. Ê èñòî÷íèêàì çàêðèòè÷å-
ñêîãî ôóíêöèîíèðîâàíèÿ îòíîñÿòñÿ:
� åñòåñòâåííàÿ âàðèàòèâíîñòü ïàðàìåòðîâ îáúåêòà

è âíåøíåé ñðåäû, îãðàíè÷åííîñòü çíàíèé î ñî-
áûòèÿõ è ïðîöåññàõ, ïðîòåêàþùèõ â ñëîæíûõ
òåõíè÷åñêèõ ñèñòåìàõ îáúåêòà;

� íåòî÷íîñòü èìåþùèõñÿ ñòàòèñòè÷åñêèõ äàííûõ
è îöåíîê;

� íåñîâåðøåíñòâî èñïîëüçóåìîãî êîíòðîëüíî-èç-
ìåðèòåëüíîãî îáîðóäîâàíèÿ è ìàòåìàòè÷åñêèõ
ìîäåëåé [5–7].
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Âîïðîñû îáåñïå÷åíèÿ áåçîïàñíîé ýêñïëóàòàöèè
ÎÏÎ ÿâëÿþòñÿ ïðèîðèòåòíûìè äëÿ ãîñóäàðñòâà.
Â ñâÿçè ñ ýòèì ðàçðàáàòûâàþòñÿ è ïðèíèìàþòñÿ ê
èñïîëíåíèþ îñíîâû åäèíîé ãîñóäàðñòâåííîé ïîëè-
òèêè äëÿ îòðàñëåâûõ íàïðàâëåíèé áåçîïàñíîñòè íà
äîëãîñðî÷íûé ïåðèîä, óòâåðæäàåìûå Óêàçàìè Ïðå-
çèäåíòà Ðîññèè. Íàïðèìåð, â äîêóìåíòå ñòðàòåãè÷å-
ñêîãî ïëàíèðîâàíèÿ “Îñíîâû ãîñóäàðñòâåííîé ïî-
ëèòèêè â îáëàñòè çàùèòû íàñåëåíèÿ è òåððèòîðèé
îò ÷ðåçâû÷àéíûõ ñèòóàöèé íà ïåðèîä äî 2030 ãîäà”,
óòâåðæäåííîì â ÿíâàðå 2018 ã. Óêàçîì Ïðåçèäåíòà
Ðîññèè, îïðåäåëåíà ãëàâíàÿ öåëü ïî ðåàëèçàöèè ðàñ-
ñìàòðèâàåìîãî íàïðàâëåíèÿ — îáåñïå÷åíèå óñòîé÷è-

âîãî ñîöèàëüíî-ýêîíîìè÷åñêîãî ðàçâèòèÿ ÐÔ, à òàê-

æå ïðèåìëåìîãî óðîâíÿ áåçîïàñíîñòè æèçíåäåÿòåëü-

íîñòè íàñåëåíèÿ â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ (×Ñ).
Ïðèåìëåìûé óðîâåíü áåçîïàñíîñòè æèçíåäåÿ-

òåëüíîñòè íàñåëåíèÿ â ×Ñ áóäåò ïîääåðæèâàòüñÿ çà
ñ÷åò òðåáóåìîãî óðîâíÿ çàùèùåííîñòè â ïîäñèñòå-
ìàõ áåçîïàñíîñòè (ñì. ðèñ. 1), ñîçäàíèÿ â íèõ çàïàñà
íàäåæíîñòè äëÿ óñòîé÷èâîãî ôóíêöèîíèðîâàíèÿ.

Ïðîèçâîäñòâåííûå ïðåäïðèÿòèÿ ÒÝÑ èìåþò ìíî-
æåñòâî ïëîùàäîê (òåððèòîðèé) ÎÏÎ, ïîñêîëüêó èõ
ïðîèçâîäñòâåííàÿ äåÿòåëüíîñòü ñâÿçàíà ñ òðàíñïîð-
òèðîâêîé è õðàíåíèåì óãëåâîäîðîäîâ, îáðàùåíèåì
â òåõíîëîãè÷åñêîì ïðîöåññå ÀÕÎÂ, àêêóìóëèðîâà-
íèåì è âîçìîæíûì íåñàíêöèîíèðîâàííûì âûáðî-
ñîì îãðîìíûõ çàïàñîâ êèíåòè÷åñêîé, òåïëîâîé, àêó-
ñòè÷åñêîé è âèáðàöèîííîé ýíåðãèè, ïîëó÷àåìîé ïðè
ïåðåðàáîòêå óãëåâîäîðîäîâ òåõíîëîãè÷åñêèì îáî-
ðóäîâàíèåì.

Ê òåõíîëîãè÷åñêîìó îáîðóäîâàíèþ ÒÝÑ îòíî-
ñÿòñÿ:
� òðóáîïðîâîäû, ðàáîòàþùèå ïîä äàâëåíèåì, äëÿ

ïîäà÷è óãëåâîäîðîäîâ;

� äèíàìè÷åñêîå îáîðóäîâàíèå (íàñîñû, êîìïðåñ-
ñîðû, òóðáèíû);

� ñòàòè÷åñêîå îáîðóäîâàíèå (âûñîêîíàãðóæåííûå
ñîñóäû, â òîì ÷èñëå êîëîííû, ñåïàðàòîðû, àäñîð-
áåðû, òåõíîëîãè÷åñêèå òðóáîïðîâîäû, ðàáîòà-
þùèå ïðè êðèîãåííûõ è âûñîêèõ òåìïåðàòóðàõ)
[8–10].
Äëÿ íàäåæíîé ðåàëèçàöèè êîíòðîëÿ è ðåãóëèðî-

âàíèÿ ðåæèìîâ ðàáîòû òåõíîëîãè÷åñêîãî îáîðóäî-
âàíèÿ ÒÝÑ èñïîëüçóþòñÿ ñïåöèàëüíûå àâòîìàòè-
çèðîâàííûå ñèñòåìû óïðàâëåíèÿ òåõíîëîãè÷åñêèì
ïðîöåññîì (ÀÑÓ ÒÏ), îáåñïå÷èâàþùèå íàäåæíûé
óðîâåíü èõ ôóíêöèîíèðîâàíèÿ â òå÷åíèå âñåãî ñðîêà
ýêñïëóàòàöèè ÒÝÑ. Ñ ýòîé æå öåëüþ ïðèíèìàþòñÿ
ìåðû ïî ìèíèìèçàöèè:
� îòêàçîâ â àïïàðàòóðå;
� âîçäåéñòâèÿ îòêàçîâ íà âûïîëíåíèå ôóíêöèé

óïðàâëåíèÿ è êîíòðîëÿ;
� âðåìåíè íà âîññòàíîâëåíèå àïïàðàòóðû [8,11–13].

Ðåàëèçàöèÿ óêàçàííûõ òðåáîâàíèé îáåñïå÷èâà-
åòñÿ çà ñ÷åò íàäåæíîãî èñïîëíåíèÿ ôóíêöèé êîíò-
ðîëÿ è óïðàâëåíèÿ â ÀÑÓ ÒÏ, â êîòîðûå âõîäèò èíäè-
âèäóàëüíàÿ çàùèòà ÀÑÓ ÒÏ è âîçìîæíîñòü îòêëþ÷å-
íèÿ âñåõ åå êàíàëîâ ââîäà�âûâîäà, à òàêæå êîíòðîëü
ñîñòîÿíèé àâòîìàòîâ çàùèòû êîíòðîëëåðíîé ÷àñòè
è çàïîðíî-ðåãóëèðóþùåé àðìàòóðû [14, 15].

Îòêàçû, âîçíèêàþùèå â ïðîöåññå ôóíêöèîíèðî-
âàíèÿ ïîäñèñòåì îáåñïå÷åíèÿ ÒÝÑ, ÿâëÿþòñÿ íàè-
áîëåå îïàñíûìè è ìîãóò ïðèâåñòè ê ÷ðåçâû÷àéíîé
ñèòóàöèè. Ïðè âîçíèêíîâåíèè òàêèõ îòêàçîâ èçìå-
íÿþòñÿ ïîêàçàòåëè ôóíêöèîíàëüíûõ ïàðàìåòðè÷å-
ñêèõ çíà÷åíèé îáåñïå÷èâàþùèõ ïîäñèñòåì, ìîìåíò-
íûå õàðàêòåðèñòèêè ïîäñèñòåì óïðàâëåíèÿ, ñòðóê-
òóðà ñèñòåìíûõ ñâÿçåé [11, 14, 16, 17].

Â ñëîæèâøèõñÿ óñëîâèÿõ ôóíêöèîíèðîâàíèÿ
îáúåêòîâ ÒÝÑ âîçíèêàåò íåîáõîäèìîñòü, íàðÿäó ñ ðå-
àëèçóåìûìè ìåòîäàìè îáåñïå÷åíèÿ áåçîïàñíîñòè
èõ òåõíîëîãè÷åñêîãî ïðîöåññà, äîïîëíèòåëüíî èñ-
ïîëüçîâàòü íàèáîëåå ïðîãðåññèâíûå ìåòîäû, àïðî-
áèðîâàííûå íà ìîäåëÿõ äðóãèõ äèíàìè÷åñêèõ îáú-
åêòîâ, äëÿ ðåøåíèÿ âàæíûõ çàäà÷ ïî ñâîåâðåìåííî-
ìó âûÿâëåíèþ (äî íàñòóïëåíèÿ àâàðèéíîé ñèòóàöèè)
ïðåäïîñûëîê ê äåñòðóêòèâíîìó âîçäåéñòâèþ íà ïåð-
ñîíàë, îáîðóäîâàíèå è èìóùåñòâî ÒÝÑ, ò. å. ñâîå-
âðåìåííîìó îïðåäåëåíèþ ìåñòà è ïðè÷èíû âîçíèê-
íîâåíèÿ îòêàçà [18–20].

Ìåòîäû èññëåäîâàíèÿ

Äëÿ îáíàðóæåíèÿ îòêàçîâ â ëþáûõ àâòîìàòèçè-
ðîâàííûõ ñèñòåìàõ óïðàâëåíèÿ (ÀÑÓ), êàê ïðàâèëî,
èñïîëüçóþòñÿ ìåòîäû [16, 21], ïðåäóñìàòðèâàþ-
ùèå íàëè÷èå àïðèîðíîé èíôîðìàöèè î ïàðàìåòðè-
÷åñêèõ çíà÷åíèÿõ ôóíêöèîíèðîâàíèÿ ïðîèçâîäñò-
âåííûõ îáúåêòîâ, êîòîðûå â íåêîòîðûõ ñëó÷àÿõ ïî-

Ðèñ. 1. Îòðàñëåâûå íàïðàâëåíèÿ áåçîïàñíîñòè â ñîñòàâå ÑÊÒÁ
ïðåäïðèÿòèÿ
Fig. 1. Industry security areas incoming the content of the enter-
prise SKTB
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ëó÷èòü áûâàåò äîñòàòî÷íî òðóäíî, à èíîãäà ïðèíöè-
ïèàëüíî íåâîçìîæíî.

Ñ òî÷êè çðåíèÿ ïðèíöèïîâ îáíàðóæåíèÿ îòêàçîâ
âûäåëÿåòñÿ ðÿä ïîäõîäîâ, îñíîâàííûõ:
� ïåðâûé, íàèáîëåå ïðèìåíÿåìûé â ÀÑÓ, — íà îïðå-

äåëåíèè ïàðàìåòðîâ (èíâàðèàíòîâ) ìîäåëåé êîíò-
ðîëèðóåìûõ îáúåêòîâ [9, 21];

� âòîðîé — íà ðåøåíèè çàäà÷ ìîäåëèðîâàíèÿ (ïðî-
ãíîçèðîâàíèÿ) [16, 18];

� òðåòèé — íà èñïîëüçîâàíèè àíàëèòè÷åñêîé èç-
áûòî÷íîñòè [6, 19].
Ïåðâûé ïðèíöèï òðåáóåò çíàíèÿ èíâàðèàíòîâ

îáúåêòà äèàãíîñòèðîâàíèÿ. Åãî ñóòü ñâîäèòñÿ ê âû-
ÿâëåíèþ íåêîòîðûõ õàðàêòåðèñòèê îáúåêòà, îñòàþ-
ùèõñÿ íåèçìåííûìè ïðè åãî íîðìàëüíîì ôóíêöèî-
íèðîâàíèè è èçìåíÿþùèõñÿ ïðè âîçíèêíîâåíèè
îòêàçîâ. Äàëåå ýòè õàðàêòåðèñòèêè èñïîëüçóþòñÿ â
êà÷åñòâå ïðÿìûõ èëè êîñâåííûõ äèàãíîñòè÷åñêèõ
ïðèçíàêîâ. Îíè ìîãóò áûòü äâóõ òèïîâ — ïàðàìåò-
ðè÷åñêèå è ñèãíàëüíûå (àëãåáðàè÷åñêèå). Îñíîâíàÿ
òðóäíîñòü ïðè êîíòðîëå ïî ïàðàìåòðè÷åñêèì èíâà-
ðèàíòàì ñâÿçàíà ñî ñëîæíîñòüþ èçìåðåíèÿ ðåàëü-
íûõ çíà÷åíèé ïàðàìåòðîâ, òîãäà êàê èõ íîìèíàëü-
íûå çíà÷åíèÿ áûâàþò èçâåñòíû. Ïðè êîíòðîëå ïî
ñèãíàëüíûì èíâàðèàíòàì ãëàâíàÿ ïðîáëåìà ñîñòîèò
â íåîáõîäèìîñòè íåïðåðûâíîãî îïðåäåëåíèÿ òåîðå-
òè÷åñêèõ çíà÷åíèé âûõîäíûõ ñèãíàëîâ, èñõîäÿ èç
èçâåñòíûõ òåêóùèõ çíà÷åíèé âõîäíûõ ñèãíàëîâ.

Âòîðîé ïðèíöèï êîíòðîëÿ îïèðàåòñÿ íà èñïîëü-
çîâàíèå ìîäåëåé ïðîâåðÿåìîãî îáúåêòà. Èçâåñòíû
äâà ãëàâíûõ ïîäõîäà ê ðåøåíèþ çàäà÷ îáíàðóæåíèÿ
îòêàçà òàêèìè ìåòîäàìè — â ïðîñòðàíñòâå ñèãíàëîâ
è â ïðîñòðàíñòâå ïàðàìåòðîâ. Îáíàðóæåíèå îòêàçîâ
ìîäåëüíûìè ìåòîäàìè â ïðîñòðàíñòâå ñèãíàëîâ îñó-
ùåñòâëÿåòñÿ ïóòåì ãåíåðàöèè òàê íàçûâàåìîé íå-
âÿçêè è ïîñëåäóþùåãî àíàëèçà åå ñòàòèñòè÷åñêèõ
ñâîéñòâ. Â êà÷åñòâå ãåíåðàòîðîâ íåâÿçêè èñïîëüçó-
þòñÿ äèàãíîñòè÷åñêèå íàáëþäàòåëè è äèàãíîñòè÷å-
ñêèå óñòðîéñòâà, îñíîâàííûå íà ñîîòíîøåíèè ïà-
ðèòåòà. Âî âòîðîì ïîäõîäå îïðåäåëÿþòñÿ îöåíêè
òåêóùèõ çíà÷åíèé ôèçè÷åñêèõ ïàðàìåòðîâ îáúåê-
òà, êîòîðûå ñðàâíèâàþòñÿ ñ íîìèíàëüíûìè. Ïîäõîä
ìîæåò áûòü ðåàëèçîâàí ñ èñïîëüçîâàíèåì ìåòîäîâ
ïàðàìåòðè÷åñêîé èäåíòèôèêàöèè. Îäíàêî ïðèìåíå-
íèå äàííûõ ìåòîäîâ ñóùåñòâåííî îãðàíè÷èâàåòñÿ
ïðîáëåìîé íåèäåíòèôèöèðóåìîñòè îáúåêòîâ óïðàâ-
ëåíèÿ ñ çàìêíóòîé îáðàòíîé ñâÿçüþ [22].

Òðåòèé ïðèíöèï êîíòðîëÿ ñâÿçàí ñ èñïîëüçîâà-
íèåì àíàëèòè÷åñêîé èçáûòî÷íîñòè. Ñîãëàñíî ýòîìó
ïðèíöèïó îáíàðóæåíèå îòêàçîâ îñóùåñòâëÿåòñÿ íà
îñíîâå ïðîâåðêè àíàëèòè÷åñêèõ çàâèñèìîñòåé, ñóùå-
ñòâóþùèõ ìåæäó èçìåðÿåìûìè âõîäàìè è âûõîäà-
ìè ñèñòåìû. Òàêèå çàâèñèìîñòè (èõ íàçûâàþò êîíò-
ðîëüíûìè óñëîâèÿìè èëè óðàâíåíèÿìè) ìîãóò ñâÿ-
çûâàòü ñèãíàëû, îòíîñÿùèåñÿ ê îäíîìó è òîìó æå

ìîìåíòó âðåìåíè, è òîãäà ãîâîðÿò îá àëãåáðàè÷å-
ñêèõ èíâàðèàíòàõ, ëèáî ê ðàçíûì ìîìåíòàì, è òîãäà
ãîâîðÿò î äèíàìè÷åñêèõ èíâàðèàíòàõ èëè âðåìåí-
íóé èçáûòî÷íîñòè. Â ñõåìàõ àíàëèòè÷åñêîé èçáû-
òî÷íîñòè ðåçóëüòèðóþùåå ðàçëè÷èå ôîðìèðóåòñÿ
èç ïðîâåðêè íà íåïðîòèâîðå÷èâîñòü ðàçëè÷íûõ ïå-
ðåìåííûõ, íàçûâàåìûõ ðàññîãëàñîâàíèÿìè. Ðàññî-
ãëàñîâàíèå äîëæíî áûòü ðàâíî íóëþ, êîãäà ñèñòåìà
ðàáîòàåò íîðìàëüíî, è îòëè÷àòüñÿ îò íóëÿ â ñëó÷àå
îòêàçà. Ýòî ñâîéñòâî ðàññîãëàñîâàíèÿ èñïîëüçóåòñÿ
äëÿ îïðåäåëåíèÿ òîãî, åñòü îòêàç â ñèñòåìå èëè íåò.

Ïðèìåíåíèå ìåòîäîâ, îñíîâàííûõ íà ìîäåëÿõ,
íåèçáåæíî ïðèâîäèò ê óâåëè÷åíèþ ïîðîãîâûõ çíà÷å-
íèé èñïîëüçóåìûõ êðèòåðèåâ ïðè íàëè÷èè îøèáîê
â ïàðàìåòðàõ ìîäåëåé. Ýòî, â ñâîþ î÷åðåäü, îáóñëàâ-
ëèâàåò óâåëè÷åíèå âðåìåíè îáíàðóæåíèÿ îòêàçîâ è
ñíèæåíèå äîñòîâåðíîñòè îïðåäåëåíèÿ âðåìåíè èõ
âîçíèêíîâåíèÿ. Ïðè ýòîì â íåêîòîðûõ ñëó÷àÿõ äî-
ñòîâåðíîå îïðåäåëåíèå âðåìåíè âîçíèêíîâåíèÿ îò-
êàçîâ ñòàíîâèòñÿ íåâîçìîæíûì â ïðèíöèïå [22, 23].

Øèðîêî èçâåñòíûå ìåòîäû, íå èñïîëüçóþùèå
àïðèîðíóþ èíôîðìàöèþ î ïàðàìåòðàõ ìîäåëè, òðå-
áóþò äëèòåëüíîãî îáó÷åíèÿ ëèáî èñïîëüçóþò ñòà-
òèñòè÷åñêèå âû÷èñëåíèÿ, êîòîðûå ñàìè ïîäâåðæåíû
íåèçáåæíûì îøèáêàì. Ïîëó÷åíèå òî÷íûõ è äîñòî-
âåðíûõ ðåøåíèé ñ ïîìîùüþ òàêèõ àëãîðèòìîâ òðå-
áóåò áîëüøîãî îáúåìà äàííûõ. Êðîìå òîãî, îíè õà-
ðàêòåðèçóþòñÿ âûñîêèìè âû÷èñëèòåëüíûìè çàòðà-
òàìè è íèçêèìè ïîêàçàòåëÿìè áûñòðîäåéñòâèÿ. Ýòè
ôàêòîðû îïðåäåëÿþò âûñîêóþ âåðîÿòíîñòü ëîæíîãî
ñðàáàòûâàíèÿ èëè ïðîïóñêà îòêàçîâ íà ïðàêòèêå.
Â óñëîâèÿõ ýêñïëóàòàöèè ïðèìåíåíèå òàêèõ ìåòî-
äîâ ìîæåò ïîòðåáîâàòü âðåìÿ, ïðåâûøàþùåå êðèòè-
÷åñêîå âðåìÿ ðåàêöèè ÀÑÓ ÒÏ, è ïîäñèñòåìû îáåñ-
ïå÷åíèÿ ÒÝÑ ìîãóò ïåðåéòè â íåâîññòàíàâëèâàåìîå
ñîñòîÿíèå [24].

Èçâåñòåí áåçìîäåëüíûé ìåòîä îáíàðóæåíèÿ îò-
êàçîâ â ñèñòåìàõ óïðàâëåíèÿ, â îñíîâå êîòîðîãî çàëî-
æåíî ïðåäñòàâëåíèå òîëüêî äàííûõ ñèãíàëîâ óïðàâ-
ëåíèÿ è èçìåðåíèé ïàðàìåòðîâ ôóíêöèîíèðîâàíèÿ
äèíàìè÷åñêèõ îáúåêòîâ [9, 23]. Îí íå òðåáóåò àïðè-
îðíîé èíôîðìàöèè î ïàðàìåòðàõ èõ ôóíêöèîíèðî-
âàíèÿ, íå èñïîëüçóåò ñòàòèñòè÷åñêèõ âû÷èñëåíèé è
îñíîâàí íà àëãåáðàè÷åñêîì óñëîâèè ðàçðåøèìîñòè
çàäà÷è èäåíòèôèêàöèè ôóíêöèîíèðîâàíèÿ äèíàìè-
÷åñêèõ îáúåêòîâ, ÷òî äåëàåò âîçìîæíûì åãî ïðèìå-
íåíèå â îòíîøåíèè ïîäñèñòåì îáåñïå÷åíèÿ ÒÝÑ ïðè
äåéñòâèè âîçìóùåíèé.

Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ íîâûé ïîäõîä
ê îáíàðóæåíèþ îòêàçîâ â ïîäñèñòåìàõ îáåñïå÷åíèÿ
ÒÝÑ, ïîçâîëÿþùèé èñïîëüçîâàòü òîëüêî äàííûå
èçìåðåíèé âõîäíûõ è âûõîäíûõ ñèãíàëîâ ñèñòåìû
óïðàâëåíèÿ. Îí, òàê æå êàê è óïîìÿíóòûé âûøå áåç-
ìîäåëüíûé ìåòîä, íå òðåáóåò àïðèîðíîé èíôîðìàöèè
î ïàðàìåòðàõ îáúåêòà, íå ïðåäóñìàòðèâàåò ðåøåíèÿ
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çàäà÷è ïðîãíîçèðîâàíèÿ, íå ïðèìåíÿåò ñòàòèñòè-
÷åñêèõ âû÷èñëåíèé, à îñíîâàí íà àëãåáðàè÷åñêîì
óñëîâèè ðàçðåøèìîñòè çàäà÷è èäåíòèôèêàöèè ìà-
òåìàòè÷åñêîé ìîäåëè ôóíêöèîíèðîâàíèÿ äèíàìè-
÷åñêîãî îáúåêòà.

Ïîñòàíîâêà çàäà÷è. Ïóñòü ìîäåëü èñïðàâíîãî
äèíàìè÷åñêîãî îáúåêòà ñ çàìêíóòîé ñèñòåìîé óïðàâ-
ëåíèÿ ïðåäñòàâëåíà â ïðîñòðàíñòâå ñîñòîÿíèé â
âèäå [23]:

xi+1 = Axi + B(ui + uo), (1)

ui = Kxi + Gvi , (2)

ãäå A, B, K, G — ìàòðèöû ñîîòâåòñòâåííî ñîáñòâåí-
íîé äèíàìèêè, ýôôåêòèâíîñòè óïðàâëåíèÿ, ðå-
ãóëÿòîðà è ïðåäêîìïåíñàòîðà;
x — âåêòîð ñîñòîÿíèÿ îáúåêòà ðàçìåðíîñòè nx;
u — ñèãíàë íà âûõîäå ÀÑÓ ÒÏ, ñîâïàäàþùèé
ïðè îòñóòñòâèè îïàñíîñòè (îòêàçà ñèñòåìû) ñ âåê-
òîðîì îòêëîíåíèÿ îðãàíà óïðàâëåíèÿ ðàçìåðíî-
ñòè nu;
v — âåêòîð âõîäíûõ ñèãíàëîâ ðàçìåðíîñòè nv;
uo — âåêòîð äîïóñòèìûõ îòêëîíåíèé ïàðàìåòðîâ,
çàïðîãðàììèðîâàííûõ è îòîáðàæàåìûõ â ÀÑÓ
ÒÏ, ñîîòâåòñòâóþùèõ ðàâíîâåñíîìó ñîñòîÿíèþ
äèíàìè÷åñêîãî îáúåêòà;
i I� �0 1, — äèñêðåòíîå âðåìÿ äî âîçíèêíîâå-
íèÿ îïàñíîñòè (îòêàçà ñèñòåìû);
I — ìîìåíò âîçíèêíîâåíèÿ îïàñíîñòè (îòêàçà
ñèñòåìû).
Çàïèøåì ìîäåëü (1) â âèäå:

xi+1 = Axi + But + mo (ui + uo), (3)

ãäå mo — âåêòîð ïîñòîÿííûõ êîýôôèöèåíòîâ, îáó-
ñëîâëåííûõ äîïóñòèìûìè îòêëîíåíèÿìè ïàðà-
ìåòðîâ, îòîáðàæàåìûõ â ÀÑÓ ÒÏ; mo = Buo;
ut — âåêòîð äîïóñòèìûõ îòêëîíåíèé ïàðàìåò-
ðîâ, çàïðîãðàììèðîâàííûõ è îòîáðàæàåìûõ â
ÀÑÓ ÒÏ, çà âðåìåííîé ïåðèîä t.
Ïðè âîçíèêíîâåíèè îïàñíîñòè (îòêàçà ñèñòåìû)

â ÀÑÓ ÒÏ ìîäåëü îáúåêòà áóäåò èìåòü âèä:

x Ax Bu m
j

f

j

f

j

f
o� � � �1 ; (4)

u K x Gvj j

f
i� � , (5)

ãäå j = 0, I + 1, … — äèñêðåòíîå âðåìÿ ïîñëå âîç-
íèêíîâåíèÿ îïàñíîñòè (îòêàçà ñèñòåìû);
x

j

f — âåêòîð ñîñòîÿíèÿ îïàñíîñòè (îòêàçà ñèñ-
òåìû), îòîáðàæàåìûé â êðèòè÷åñêîé çîíå îòêëî-
íåíèÿ ïàðàìåòðîâ, çàïðîãðàììèðîâàííûõ â ÀÑÓ
ÒÏ, êîòîðûå îïèñûâàþòñÿ âûðàæåíèåì

x Fu I F u
j

f
j o

f� � �( ) , (6)

F — ìàòðèöà âîçíèêíîâåíèÿ îïàñíîñòè (îòêàçà
ñèñòåìû) â óñëîâèÿõ ñíèæåíèÿ ýôôåêòèâíîñòè
óïðàâëåíèÿ áåçîïàñíîñòüþ ïðîèçâîäñòâåííûõ

òåððèòîðèàëüíî ðàñïðåäåëåííûõ îáúåêòîâ óïðàâ-
ëåíèÿ;

F = diag [ f (1) … f (k) … f (nu)]; (7)

uo
f — âåêòîð âîçíèêíîâåíèÿ îïàñíîñòè (îòêàçà

ñèñòåìû), îòîáðàæàåìûé â êðèòè÷åñêîé çîíå îò-
êëîíåíèÿ â ÀÑÓ ÒÏ;

uo
f = [uo

f(1) … uo
f(k) … uo

f(nu)]. (8)

Ïîäñòàâèì (6) â (4) è çàïèøåì ìîäåëü îáúåêòà
ñ íåèñïðàâíîé ñèñòåìîé óïðàâëåíèÿ uj:

x Ax B u m
j

f

j

f
f j o

f

� � � �1 , (9)

ãäå Bf — ìàòðèöà ýôôåêòèâíîñòè óïðàâëåíèÿ íå-
èñïðàâíîãî îáúåêòà; Bf = BF;
mo

f — ïîñòîÿííûé âåêòîð, õàðàêòåðèçóþùèé
ñîâîêóïíîå îòêëîíåíèå ïàðàìåòðîâ, çàïðîãðàì-
ìèðîâàííûõ â ÀÑÓ ÒÏ è îòîáðàæàåìûõ â êðè-
òè÷åñêîé çîíå; m B I F u mo

f
o
f

o� � �( ) .
Òðåáóåòñÿ íà îñíîâå ðåçóëüòàòîâ èçìåðåíèé âõîä-

íûõ ñèãíàëîâ, ïîñòóïàþùèõ â ÀÑÓ ÒÏ, ðàçðàáîòàòü
ïàðàìåòðè÷åñêèå çíà÷åíèÿ äëÿ êðèòè÷åñêîé çîíû
âîçíèêíîâåíèÿ îïàñíîñòåé (îòêàçà ñèñòåìû) â öåëÿõ
îòîáðàæåíèÿ èíôîðìàöèè íà äèñïëåå ÀÑÓ ÒÏ. Ýòî
ïîçâîëèò ëèöó, ïðèíèìàþùåìó ðåøåíèå (äàëåå —
ËÏÐ), ïðèíÿòü îáîñíîâàííîå ðåøåíèå äëÿ óñòðàíå-
íèÿ ïðè÷èí âîçíèêíîâåíèÿ îïàñíîñòè, ñêîððåêòèðî-
âàòü óïðàâëÿåìîå âîçäåéñòâèå íà îáúåêò óïðàâëåíèÿ,
ïîäâåðãàþùèéñÿ îïàñíîñòè (îòêàç ñèñòåìû).

Ðåøåíèå çàäà÷è. Ïðåäïîëîæèì, ÷òî íàáëþäå-
íèå çà îáúåêòîì âåäåòñÿ íà ïðîòÿæåíèè íåêîòîðîãî
âðåìåíè. Òîãäà ìîäåëè îáúåêòà â èñïðàâíîì (3) è íå-
èñïðàâíîì (9) ñîñòîÿíèÿõ áóäóò èìåòü ìàòðè÷íûé
âèä:

Xi+1 = AXi + BUt = moe;

X AX B U m e
j

f

j

f
f j o

f

� � � �1 ,

ãäå Xi = [xi
… xi+h]; X x x

j

f

j

f

j h

f
f� �

��
	

��

. . . ;

Ui = [ui
… ui+h]; U u u

j j j h
f� �

��
	

��

. . . ; e = [1…1];

h, h f — êîëè÷åñòâî øàãîâ íàáëþäåíèÿ çà îáúåê-
òîì ñîîòâåòñòâåííî â èñïðàâíîì è íåèñïðàâíîì
ñîñòîÿíèÿõ.
Ïðè ýòîì çàäà÷è èäåíòèôèêàöèè ïàðàìåòðîâ ìî-

äåëè êîíòðîëèðóåìîãî îáúåêòà â êàæäîì ñëó÷àå îïè-
ñûâàþòñÿ ëèíåéíûìè ïðàâîñòîðîííèìè ìàòðè÷íû-
ìè óðàâíåíèÿìè îòíîñèòåëüíî íåèçâåñòíûõ A, B, mo,
Bf , mo

f :

[ ] ;ABm

X

U

e

Xo

i

i i

�

�

�
�

	




�
�
� �1 [ ] .A B m

X

U

e

Xf o
f
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f

j j

f
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�
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�
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�
�
�
� �1 (10)
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Äëÿ ðåøåíèÿ ìàòðè÷íûõ óðàâíåíèé (10) âîñïîëü-
çóåìñÿ ðåçóëüòàòàìè ðàáîòû [14], ãäå ïîêàçàíî, ÷òî
ëèíåéíîå ìàòðè÷íîå óðàâíåíèå âèäà

XC = D

ñ èçâåñòíûìè ìàòðèöàìè C è D ðàçðåøèìî îòíîñè-
òåëüíî X òîãäà è òîëüêî òîãäà, êîãäà âûïîëíÿåòñÿ
óñëîâèå ðàçðåøèìîñòè

DC R � 0. (11)

Ïðè ýòîì âñå ìíîæåñòâî ðåøåíèé îïðåäåëÿåòñÿ
ôîðìóëîé

X DC C

C
DC CR

L

L

L� �
��

	

�
� �[

~
]

~ ~
,� � (12)

ãäå � — ïðîèçâîëüíàÿ ìàòðèöà;
C L , C R — ëåâûé è ïðàâûé äåëèòåëè íóëÿ ìàê-
ñèìàëüíîãî ðàíãà (ò. å. ìàòðèöû, äëÿ êîòîðûõ âû-
ïîëíÿþòñÿ óñëîâèÿ C CL � 0, C CR � 0);
~

,C L ~
C R — ëåâûé è ïðàâûé äåëèòåëè åäèíèöû

(
~ ~

);C C C IL R �
~ ~ ~
C C CR L� — îáîáùåííî-îáðàòíàÿ ìàòðèöà, îï-
ðåäåëÿåìàÿ ñ ïîìîùüþ êàíîíè÷åñêîãî ðàçëîæå-
íèÿ âèäà:

C C

C

I
C C

L

L

R R� �
��

	

�

�
��

	

�

�
�

~
[

~
] .

1
10

0 0
(13)

Êàíîíè÷åñêîå ðàçëîæåíèå (13) èìååò â îáùåì
ñëó÷àå íååäèíñòâåííûé âèä è ôàêòè÷åñêè ôîðìàëè-
çóåò ïðÿìûå è îáðàòíûå ýêâèâàëåíòíûå ïðåîáðàçî-
âàíèÿ ìàòðèöû [25]. Èñïîëüçîâàíèå êàíîíè÷åñêîãî
ðàçëîæåíèÿ ïîçâîëÿåò ïîëó÷àòü â àíàëèòè÷åñêîì âèäå
ìíîæåñòâî ðåøåíèé, èìåþùèõ ìèíèìàëüíûé ðàíã.

Òîãäà â ñîîòâåòñòâèè ñ (11) óñëîâèÿìè ðàçðåøè-
ìîñòè çàäà÷ èäåíòèôèêàöèè ìîäåëåé (10), ò. å. óñëî-
âèÿìè íàëè÷èÿ õîòÿ áû îäíîãî ðåøåíèÿ, ÿâëÿþòñÿ ýê-
âèâàëåíòíûå ñ òî÷íîñòüþ äî îáîçíà÷åíèÿ ïåðåìåí-
íûõ âûðàæåíèÿ:

X

X

U

e
i

i

i

R

�

�

�

�
�

	




�
�
�1 0; X

X

U

e
j

f
j

f

j

R

�

�

�

�
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�
�
�
�1 0. (14)

Ïðè âûïîëíåíèè óñëîâèé ðàçðåøèìîñòè (14) âñå
èäåíòèôèöèðîâàííûå ìîäåëè ñîãëàñíî (12) ìîãóò
áûòü çàïèñàíû â âèäå ìíîæåñòâ:

(15)

ãäå , � — ïðîèçâîëüíûå ìàòðèöû.

Â ñîîòâåòñòâèè ñ (15) óñëîâèÿìè èäåíòèôèöè-
ðóåìîñòè, ò. å. óñëîâèÿìè ïîëó÷åíèÿ åäèíñòâåííî-
ãî ðåøåíèÿ, ÿâëÿþòñÿ ðàâåíñòâà íóëþ ëåâûõ äåëè-
òåëåé íóëÿ:

X

U

e

i

i

L

�

�

�
�
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� 0;

X

U

e

j

f

j

L
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� 0. (16)

Äëÿ îïðåäåëåíèÿ óñëîâèé èõ ñóùåñòâîâàíèÿ ïîä-
ñòàâèì âûðàæåíèÿ äëÿ óïðàâëåíèé (2), (5) â (16):
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;
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0 0
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0 0 1
,

ãäå Vi = [vi
… vi+h]; V v vj j j h

f� �[ . . . ].
Òîãäà óñëîâèÿ èäåíòèôèöèðóåìîñòè (16) ïðèìóò

âèä äåëèòåëåé íóëÿ ïðîèçâåäåíèé áëî÷íûõ ìàòðèö:

I

K G

X

V

e

i

i

L
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0
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� ,

êîòîðûå ïðè íàëè÷èè ëåâîãî äåëèòåëÿ íóëÿ ìàòðèöû
ïðåäêîìïåíñàòîðà ( )G GL � 0 âñåãäà ìîãóò áûòü çà-
ïèñàíû â âèäå:

[ ] ;0 0
0 0

0
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Ìàòðèöà ïðåäêîìïåíñàòîðà ïðåîáðàçóåò âõîäíûå
ñèãíàëû â ñèãíàëû, ïîñòóïàþùèå íåïîñðåäñòâåííî
â ÀÑÓ ÒÏ. Â íàó÷íîì èñòî÷íèêå [23] ïîêàçàíî, ÷òî
â ýòîì ñëó÷àå ïðîáëåìà ïîëó÷åíèÿ åäèíñòâåííîãî
ðåøåíèÿ çàäà÷è èäåíòèôèêàöèè çàìêíóòûõ îáúåê-
òîâ áóäåò õàðàêòåðíà äëÿ ëþáûõ âõîäíûõ ñèãíàëîâ
íåçàâèñèìî îò íàëè÷èÿ èíôîðìàöèè î ïàðàìåòðàõ
ñèñòåìû óïðàâëåíèÿ. Ýòîò ôàêò ïîêàçûâàåò, ÷òî íà
ïðàêòèêå ïàðàìåòðè÷åñêèå ìåòîäû èäåíòèôèêàöèè
èñïîëüçóþòñÿ ëèáî ñ ó÷åòîì àïðèîðíîé èíôîðìà-
öèè î ìîäåëè îáúåêòà, ëèáî ñ ïîìîùüþ ïîäà÷è òåñ-
òîâûõ ñèãíàëîâ íåïîñðåäñòâåííî íà ÀÑÓ ÒÏ (îðãàí
óïðàâëåíèÿ) [24, 25].

Ïðîàíàëèçèðóåì áîëåå ïîäðîáíî óñëîâèÿ ðàç-
ðåøèìîñòè áåç íåïîñðåäñòâåííîãî ðåøåíèÿ çàäà÷
èäåíòèôèêàöèè. Âûðàæåíèÿ (14) ïîêàçûâàþò, ÷òî
çàäà÷à èäåíòèôèêàöèè ëèíåéíîé ìîäåëè îáúåêòà ðàç-
ðåøèìà êàê äî, òàê è ïîñëå âîçíèêíîâåíèÿ îïàñíî-
ñòåé (îòêàçà ñèñòåìû). Îäíàêî íåïîñðåäñòâåííî â ìî-

~

~
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ìåíò èõ âîçíèêíîâåíèÿ ïîâåäåíèå îáúåêòà íå ìîæåò
áûòü îïèñàíî ñ ïîìîùüþ åäèíîé ëèíåéíîé ìîäåëè:

[ ] [ ] [ ]X X A X X B U Ui j

f
i j

f
i j� � � � �1 1

� � �m e e B U m eo f j o
f[ ] [ ] [ ],� �0 0

ãäå �Bf = B(F – I); �m B I F uo
f

o
f� �( ) .

Â ñâÿçè ñ ýòèì çàäà÷à èäåíòèôèêàöèè â ýòîì
ñëó÷àå íå èìååò òî÷íîãî ðåøåíèÿ, è óñëîâèå ðàçðå-
øèìîñòè íå âûïîëíÿåòñÿ:

[ ]X X
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f
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i j
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0
0

0

(17)

Ýòîò ôàêò ïîçâîëÿåò èñïîëüçîâàòü íîðìó óñëî-
âèÿ (17), õàðàêòåðèçóþùóþ òî÷íîñòü ðåøåíèÿ çàäà-
÷è èäåíòèôèêàöèè [24]:
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1 1 (18)

ãäå îïðåäåëÿåòñÿ îðòîãîíàëüíûé äåëèòåëü íóëÿ ìàò-
ðèöû âõîäíûõ�âûõîäíûõ äàííûõ
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â êà÷åñòâå ïðîñòîãî è ýôôåêòèâíîãî êðèòåðèÿ âîç-
íèêíîâåíèÿ îòêàçîâ â ñèñòåìå óïðàâëåíèÿ äèíàìè-
÷åñêèì îáúåêòîì (1).

Íà ðèñ. 2 ïðèâåäåíà ñõåìà ðàáîòû àëãîðèòìà îá-
íàðóæåíèÿ îïàñíîñòè (îòêàçà ñèñòåìû) ñîãëàñíî ïðåä-
ëîæåííîìó ìåòîäó. Äëÿ ôîðìèðîâàíèÿ ìàòðèö âõîä-
íûõ�âûõîäíûõ äàííûõ â ñîîòâåòñòâèè ñ òðåáóåìîé
øèðèíîé îêíà èäåíòèôèêàöèè íåîáõîäèìî èñïîëü-
çîâàòü íàêîïèòåëè èíôîðìàöèè, äàííûå èç êîòîðûõ
ïîñòóïàþò â óñòðîéñòâî îáíàðóæåíèÿ îïàñíîñòè (îò-
êàçà ñèñòåìû), ãäå ðåàëèçîâàí àëãîðèòì âû÷èñëåíèÿ
íîðìû (18).

Äëÿ èñïðàâíîãî îáúåêòà çíà÷åíèå íîðìû (18)
áóäåò ðàâíî íóëþ èëè íåêîòîðîìó íàáîðó ÷èñåë, íà-
õîäÿùèõñÿ â ñåêòîðå äîïóñòèìûõ çíà÷åíèé, è âûé-
äåò çà ïðåäåëû äîïóñòèìûõ çíà÷åíèé ïðè îáíàðó-
æåíèè îïàñíîñòè (îòêàçà ñèñòåìû).

Ìîìåíò îòêëîíåíèÿ îò äîïóñòèìûõ çíà÷åíèé,
çàïðîãðàììèðîâàííûõ â ÀÑÓ ÒÏ, ñîâïàäàåò ñ âðå-
ìåíåì âîçíèêíîâåíèÿ îïàñíîñòè (îòêàçà ñèñòåìû)
â äàííîé ñèñòåìå ïîääåðæêè óïðàâëåíèÿ. Òàêèì îá-
ðàçîì, áûñòðîäåéñòâèå è òî÷íîñòü îáíàðóæåíèÿ ôàê-
òà è âðåìåíè âîçíèêíîâåíèÿ îïàñíîñòè (îòêàçà ñèñ-
òåìû) îïðåäåëÿþòñÿ ÷àñòîòîé äèñêðåòèçàöèè ñèãíà-
ëîâ è ñîâïàäàþò ñ èíòåðâàëîì âðåìåíè ìåæäó äâóìÿ
ïîñëåäîâàòåëüíûìè èçìåðåíèÿìè.

Çàêëþ÷åíèå

Â ðåçóëüòàòå èññëåäîâàíèé ðàçðàáîòàí íîâûé ïîä-
õîä äëÿ îáíàðóæåíèÿ ôàêòà è âðåìåíè âîçíèêíîâå-
íèÿ îïàñíîñòè (îòêàçà ñèñòåìû) â ïîäñèñòåìàõ ôóíê-
öèîíèðîâàíèÿ ÒÝÑ äëÿ ôîðìèðîâàíèÿ áàçû äàííûõ
èçìåðåíèé ñèãíàëîâ, ïîñòóïàþùèõ äëÿ îáðàáîòêè
â ÀÑÓ ÒÏ. Îñíîâíûì äîñòîèíñòâîì ïðåäëàãàåìîãî
ïîäõîäà ÿâëÿåòñÿ åãî íåçàâèñèìîñòü îò ïàðàìåòðîâ
ìîäåëè êîíòðîëèðóåìîãî îáúåêòà, ÷òî ãàðàíòèðóåò
ôàêò ïåðåäà÷è èíôîðìàöèè íà ÀÑÓ ÒÏ ïî îáíàðó-
æåíèþ îïàñíîñòè (îòêàçà ñèñòåìû) êàê äî ìîìåíòà
âîçíèêíîâåíèÿ, òàê è ïîñëå óñòðàíåíèÿ âûÿâëåí-
íûõ îòêëîíåíèé îò óñòàíîâëåííûõ ñèñòåìîé ïîêà-
çàòåëåé.

Èñïîëüçîâàíèå ïðåäëàãàåìîãî ïîäõîäà äëÿ îáíà-
ðóæåíèÿ îïàñíîñòè (îòêàçà ñèñòåìû) äàåò âîçìîæ-
íîñòü ïåðåâåñòè ñèñòåìó óïðàâëåíèÿ áåçîïàñíîñòüþ
ïðåäïðèÿòèÿ íà íîâûé êà÷åñòâåííûé óðîâåíü çà ñ÷åò
ïîñòîÿííîé îòñëåæèâàåìîñòè ïðîöåññà ôóíêöèîíè-
ðîâàíèÿ îáúåêòîâ ïðîèçâîäñòâà, ïîâûøåíèÿ ñêîðî-
ñòè è äîñòîâåðíîñòè îáíàðóæåíèÿ ôàêòà è âðåìåíè
âîçíèêíîâåíèÿ îïàñíîñòè (îòêàçà ñèñòåìû).

Ðèñ. 2. Ñõåìà îáíàðóæåíèÿ îïàñíîñòè (îòêàçà ñèñòåìû)
Fig. 2. The detection risk (system failure)
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ÐÅÇÞÌÅ

Ââåäåíèå. Îáåñïå÷åíèå áåçîïàñíîñòè ëþäåé â çäàíèÿõ òðåáóåò ñèñòåìàòè÷åñêîãî ìîíèòîðèíãà êàê ïðî÷-

íîñòè è óñòîé÷èâîñòè çäàíèé, ÷òî îáåñïå÷èâàåò èõ ìåõàíè÷åñêóþ áåçîïàñíîñòü, òàê è ïðîòèâîïîæàðíîé áåç-

îïàñíîñòè. Âàæíåéøèì ìåðîïðèÿòèåì â ñèñòåìå ìîíèòîðèíãà ïðîòèâîïîæàðíîé çàùèòû ëþäåé â çäàíèÿõ è

ñîîðóæåíèÿõ âñåõ êëàññîâ ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè ÿâëÿåòñÿ ðåãóëÿðíîå (íå ðåæå 1 ðàçà â ïîëó-

ãîäèå) ïðîâåäåíèå ïðàêòè÷åñêèõ òðåíèðîâîê ëèö, îñóùåñòâëÿþùèõ ñâîþ äåÿòåëüíîñòü íà îáúåêòå çàùèòû.

Ïðè ýòîì, êàê ïðàâèëî, ïðèìåíÿþòñÿ: ïå÷àòíàÿ èíôîðìàöèÿ, ëåêöèè, àóäèîçàïèñè, ñëàéäû, ïëàêàòû, êîäî-

ãðàììû, âèäåîôèëüìû, òåëåïðîãðàììû, ãðóïïîâûå äèñêóññèè, ìîäåëèðîâàíèå ñèòóàöèè, äåëîâûå èãðû. Îä-

íàêî íè îäíà èç ýòèõ ôîðì ïîäãîòîâêè íå äàåò âîçìîæíîñòè îöåíèòü ðåàëüíûé óðîâåíü çíàíèé è óìåíèé, äî-

ñòèãíóòûé ïåðñîíàëîì, òåì áîëåå â ñî÷åòàíèè ñ ïðîôèëàêòè÷åñêèìè ìåðîïðèÿòèÿìè ôóíêöèîíèðîâàíèÿ

àâòîìàòèçèðîâàííûõ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû.

Àíàëèòè÷åñêàÿ ÷àñòü. Â ñòàòüå ðàññìàòðèâàåòñÿ ñëó÷àé “íåâîëüíîãî ýêñïåðèìåíòà” — ïîæàðà îãðàíè÷åí-

íîãî ðàçìåðà â çäàíèè ëå÷åáíîãî ó÷ðåæäåíèÿ, êîòîðûé äàë âîçìîæíîñòü îöåíèòü äîñòèãíóòûé óðîâåíü ïðîòè-

âîïîæàðíîãî ìåíåäæìåíòà è ïðåäëîæèòü ðÿä ìåðîïðèÿòèé ïî åãî ïåðñïåêòèâíîìó ñîâåðøåíñòâîâàíèþ. Äëÿ

äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé ðåøàëñÿ ðÿä çàäà÷, à èìåííî: ïðîâåäåíî àíêåòèðîâàíèå ñîòðóäíèêîâ ëà-

áîðàòîðíîãî êîðïóñà, â êîòîðîì ïðîèçîøëî âîçãîðàíèå; âûïîëíåí êðàòêèé àíàëèç ñèñòåìû îáåñïå÷åíèÿ ïî-

æàðíîé áåçîïàñíîñòè ìåäèöèíñêîãî ó÷ðåæäåíèÿ; ñôîðìóëèðîâàíû âûâîäû ïî ñîñòîÿíèþ óðîâíÿ êóëüòóðû

áåçîïàñíîñòè â ìåäèöèíñêîì ó÷ðåæäåíèè; äàíû ðåêîìåíäàöèè ïî óñèëåíèþ ïðîòèâîïîæàðíîãî ðåæèìà

íà îáúåêòå.

Âûâîäû. Àíàëèç ñîñòîÿíèÿ îïåðàòèâíûõ ñëóæá îáúåêòà ïîêàçàë ãîòîâíîñòü ïåðñîíàëà ê äåéñòâèÿì ïðè âîç-

íèêíîâåíèè ÷ðåçâû÷àéíîé ñèòóàöèè. Âìåñòå ñ òåì ïîçäíåå îáíàðóæåíèå âîçãîðàíèÿ è â öåëîì íåýôôåêòèâ-

íîñòü ñèñòåì îáíàðóæåíèÿ ïîäòàëêèâàþò ñïåöèàëèñòîâ ê âûâîäàì î íåîáõîäèìîñòè ïðèìåíåíèÿ èííîâàöè-

îííûõ òåõíîëîãèé â ñèñòåìàõ ïîæàðíîé ñèãíàëèçàöèè äëÿ óìåíüøåíèÿ âðåìåíè íà÷àëà ýâàêóàöèè.
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ïðàêòè÷åñêèå òðåíèðîâêè; âðåìÿ íà÷àëà ýâàêóàöèè; ïîâåäåíèå ëþäåé; îïàñíûå ôàêòîðû ïîæàðà; ïðîòèâî-

ïîæàðíûé ìåíåäæìåíò.
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ABSTRACT

Introduction. Employees’ safety in buildings demands systematic monitoring of both the robustness and stability

of buildings, which provide its mechanical safety and fire safety. The most important event in the personnel’s fire-

safety monitoring system in building and facilities of all functional fire hazard classes are the systematic (not less

than once per six months) practical training of the people, which perform their work on hazard location. As a rule,

the following is applied: printed information, lections, audio recordings, slides, posters, code grams, video films,

TV shows, group discussions, situation modeling, game management. However not a single of those training types

gives the possibility for assessing the actual level of knowledge of skills achieved by personnel, all the more so

in combination with the prevention measures of automated fire safety systems functioning.

Analytical part. In this article we review the case of “involuntary experiment” — small-scale fire in a medical facility,

which provided the possibility to assess the achieved level of fire-safety management and offered the range of

the measures for its prospective improvement. The number of the problems was solved to achieve the goals,

namely: personnel survey of laboratory building, in which the fire outbreak happened; the brief analysis of fire
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safety system of the medical facility was conducted; the conclusions were made about the safety culture level in

the medical facility; the recommendations were given for enhancing the facility’s fire safety system.

Conclusion. The analysis of the facility’s operation unit condition showed the personnel’s readiness for action

during emergency. However, the late detection of fire and low efficiency of the fire detection systems made

the specialists think that it is necessary to use innovative technology in fire alarm systems to reduce the evacua-

tion start time.

Keywords: safety; automated fire safety system; personnel training; practical training; evacuation start time;

personnel behavior; dangerous fire factors; fire prevention management.

For citation: A. A. Semin. Full-scale verification of site personnel’s fire safety training. Pozharovzryvobezopasnost/
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Ââåäåíèå

Ñàìîñòîÿòåëüíîå ñïàñåíèå ÷åëîâåêà ïðè ïîæàðå çà-
âèñèò îò òîãî, íàñêîëüêî áûñòðî îí îáíàðóæèò î÷àã
âîçãîðàíèÿ, ñìîæåò ëè ïîäàâèòü åãî è, åñëè åìó
íå óäàåòñÿ ýòîãî ñäåëàòü, ñóìååò ëè ïîêèíóòü çäàíèå
äî âîçäåéñòâèÿ íà íåãî îïàñíûõ ôàêòîðîâ ïîæàðà
(ÎÔÏ), äîñòèãøèõ êðèòè÷åñêîãî äëÿ æèçíè óðîâíÿ.
Êàê âèäíî, âðåìÿ, èìåþùååñÿ ó íåãî äëÿ ñïàñåíèÿ
ñåáÿ (ñàìîñïàñåíèÿ) ïóòåì ýâàêóàöèè, ñêëàäûâàåò-
ñÿ èç äâóõ èíòåðâàëîâ: âðåìåíè äî íà÷àëà ýâàêóà-
öèè tí.ý è âðåìåíè äâèæåíèÿ ïîñëå íà÷àëà ýâàêóà-
öèè îò ìåñòà åãî íàõîæäåíèÿ äî âûõîäà èç çäàíèÿ
tý.ä, à çàòåì óäàëåíèÿ îò íåãî íà áåçîïàñíîå ðàññòîÿ-
íèå (âíå çîíû ïîðàæåíèÿ âòîðè÷íûìè ôàêòîðàìè
ïîæàðà è âîçìîæíîãî îáðóøåíèÿ çäàíèÿ) tä.âí.

Î÷åâèäíî, ÷òî âðåìÿ ýâàêóàöèè týâ ëþäåé èç çäà-
íèé (týâ = tí.ý + tý.ä), îáåñïå÷èâàþùåå èõ áåçîïàñ-
íîñòü, äîëæíî áûòü ìåíüøå íåîáõîäèìîãî âðåìåíè
ýâàêóàöèè tíá, ò. å. âðåìåíè, â òå÷åíèå êîòîðîãî
ëþäè ýâàêóèðóþòñÿ â áåçîïàñíóþ çîíó äî äîñòèæå-
íèÿ ÎÔÏ êðèòè÷åñêèõ óðîâíåé âîçäåéñòâèÿ. Ýòî
ñîîòíîøåíèå è íîðìèðóåòñÿ âñåìè Òåõíè÷åñêèìè
ðåãëàìåíòàìè â îáëàñòè îáåñïå÷åíèÿ ïîæàðíîé
áåçîïàñíîñòè â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ [1] è íîð-
ìàòèâíûìè äîêóìåíòàìè, äåòàëèçèðóþùèìè èõ òðå-
áîâàíèÿ [2].

Ýòè òðåáîâàíèÿ äîëæíû ñîáëþäàòüñÿ ïðè ïðî-
åêòèðîâàíèè çäàíèé è ñîîðóæåíèé. Îäíàêî ïðè ïî-
æàðå ìîæåò îêàçàòüñÿ, ÷òî týâ > tíá. Òàêàÿ ñèòóàöèÿ
ìîæåò âîçíèêíóòü êàê èç-çà íåýôôåêòèâíîãî ñðàáà-
òûâàíèÿ àâòîìàòèçèðîâàííûõ ñèñòåì ïðîòèâîïî-
æàðíîé çàùèòû, òàê è èç-çà íåäîñòàòî÷íîé ïîäãî-
òîâëåííîñòè ëþäåé, íàõîäÿùèõñÿ íà îáúåêòå, ê öåëå-
ñîîáðàçíûì äåéñòâèÿì ïðè ïîæàðå. Âî èçáåæàíèå
âîçíèêíîâåíèÿ òàêîé ñèòóàöèè íà îáúåêòå ñëåäóåò
ðåãóëÿðíî ïðîâîäèòü òðåíèðîâî÷íûå çàíÿòèÿ ïî
ýâàêóàöèè, â ïðîöåññå êîòîðûõ äîëæíî ïðîâåðÿòüñÿ
ôóíêöèîíèðîâàíèå àâòîìàòèçèðîâàííûõ ñèñòåì
ïðîòèâîïîæàðíîé çàùèòû, à òàêæå ïîäãîòîâëåí-
íîñòü ïåðñîíàëà è ïîñåòèòåëåé äàííîãî îáúåêòà. Ïðî-
âåñòè â ïîëíîì îáúåìå òðåíèðîâî÷íóþ ýâàêóàöèþ
âåñüìà ñëîæíî, ïðåæäå âñåãî èç-çà ïðîáëåì, ñâÿçàí-
íûõ ñ ïðèâëå÷åíèåì ê ó÷àñòèþ â íåé ïîñåòèòåëåé.
Ýòà çàäà÷à åùå áîëåå îñëîæíÿåòñÿ, åñëè ñðåäè ïî-

ñåòèòåëåé ìíîãî ëþäåé, èìåþùèõ ïðîáëåìû ñî çäî-
ðîâüåì, è�èëè íåñîâåðøåííîëåòíèõ. Äëÿ ïîñëåäíå-
ãî ñëó÷àÿ ýòè òðóäíîñòè îïèñàíû â èññëåäîâàíèÿõ
À. Ï. Ïàðôåíåíêî [3, 4] è Ð. Í. Èñòðàòîâà [5, 6].
(Íóæíî îòìåòèòü, ÷òî ïðîâåäåíèå òàêèõ èññëåäî-
âàíèé ñòàëî íåîæèäàííîñòüþ äëÿ çàðóáåæíûõ ñïå-
öèàëèñòîâ; ïóáëèêàöèè èõ ðåçóëüòàòîâ [7] ñòèìó-
ëèðîâàëè ïðîâåäåíèå ïîäîáíûõ èññëåäîâàíèé çà
ðóáåæîì.) ×òî êàñàåòñÿ ëå÷åáíûõ ó÷ðåæäåíèé, òðå-
íèðîâî÷íàÿ ýâàêóàöèÿ ñ ó÷àñòèåì ïàöèåíòîâ áûëà
ïðîâåäåíà âïåðâûå â ïîëèêëèíè÷åñêîì êîðïóñå
ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëàäèìèðñêîãî [8].
Îäíàêî ïåðå÷èñëåííûå ïðèìåðû ìîæíî ñ÷èòàòü óíè-
êàëüíûìè ñëó÷àÿìè. Â ñâÿçè ñ òðóäíîñòÿìè, âîçíè-
êàþùèìè ïðè ïðîâåäåíèè òðåíèðîâîê ïî ýâàêóà-
öèè, è òðåáîâàíèÿìè íîðìàòèâíûõ äîêóìåíòîâ ïðî-
âîäèòü èõ ðåãóëÿðíî íà îáúåêòàõ ìåäèöèíû òàêèå
òðåíèðîâêè îãðàíè÷èâàþòñÿ â îñíîâíîì âçàèìî-
äåéñòâèåì ñ ïåðñîíàëîì. Íåñîìíåííî, ïîâåäåíèå
ïåðñîíàëà — âàæíåéøàÿ ñîñòàâëÿþùàÿ îðãàíèçà-
öèè ýâàêóàöèè, âëèÿþùàÿ íà ñâîåâðåìåííîñòü åå
íà÷àëà. Ïîêàçàòåëüíî, ÷òî ISO�TR 16738:2009 [9]
óñòàíàâëèâàåò òðè óðîâíÿ ìåíåäæìåíòà (Ì1–Ì3)
â çàâèñèìîñòè îò ñòåïåíè ïîäãîòîâëåííîñòè ïåð-
ñîíàëà:
� Ì1 — âûñîêîïîäãîòîâëåííûé ê äåéñòâèÿì ïðè

ïîæàðå ïåðñîíàë, â òðåáóåìîì êîëè÷åñòâå; ïðî-
âîäèòñÿ íåçàâèñèìûé àóäèò ïîæàðíîé áåçîïàñ-
íîñòè;

� Ì2 — âûñîêîïîäãîòîâëåííûé ê äåéñòâèÿì ïðè
ïîæàðå ïåðñîíàë, íî â ìåíüøåì êîëè÷åñòâå, ÷åì
íåîáõîäèìî; íåçàâèñèìûé àóäèò ïîæàðíîé áåç-
îïàñíîñòè, êàê ïðàâèëî, ïðîâîäèòñÿ;

� M3 — ïåðñîíàë, ñïîñîáíûé âûïîëíèòü ìèíè-
ìàëüíûå òðåáîâàíèÿ ïî îáåñïå÷åíèþ ïîæàðíîé
áåçîïàñíîñòè; íåçàâèñèìûé àóäèò ïîæàðíîé áåç-
îïàñíîñòè íå ïðîâîäèòñÿ.
Ñ÷èòàåòñÿ, ÷òî ïðè óðîâíå ìåíåäæìåíòà Ì3 èí-

æåíåðíóþ îöåíêó ïîæàðíîé áåçîïàñíîñòè îáúåêòà
ïðîâîäèòü íåöåëåñîîáðàçíî.

Îäíàêî íè â ISO�TR 16738:2009, íè â îäíîì èç
îòå÷åñòâåííûõ íîðìàòèâíûõ äîêóìåíòîâ èëè ìåòî-
äè÷åñêèõ ïîñîáèé íå óêàçûâàþòñÿ ñïîñîáû ïîä-
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òâåðæäåíèÿ òîãî èëè èíîãî óðîâíÿ ìåíåäæìåíòà,
äîñòèãíóòîãî ïåðñîíàëîì êîíêðåòíîãî îáúåêòà.

Â ñâÿçè ñ ýòèì îñîáûé èíòåðåñ ïðåäñòàâëÿåò ïî-
æàð (ïëîùàäüþ 4 ì2), ïðîèñøåäøèé â ëàáîðàòîð-
íîì êîðïóñå ÌÎÍÈÊÈ 03.03.2018 ã. Ïîæàð áûë ïî-
òóøåí çà 9 ìèí ïðèáûâøèì ïîæàðíî-ñïàñàòåëüíûì
ïîäðàçäåëåíèåì (äàëåå — ÏÑÏ) Ì×Ñ.

Îñíîâíîé ôóíêöèîíàëüíûé êîíòèíãåíò â êîð-
ïóñå ñîñòàâëÿþò ñîòðóäíèêè ëàáîðàòîðèé (95 %),
ïàöèåíòîâ âñåãî 5 %. Ïîýòîìó â äàííîì ñëó÷àå ïî-
âåäåíèå ñîòðóäíèêîâ ïðè ïîæàðå ìîæíî ðàññìàò-
ðèâàòü êàê “íåâîëüíûé ýêñïåðèìåíò” ïî ïðîâåðêå
óðîâíÿ èõ ïîäãîòîâêè ê äåéñòâèÿì ïðè ïîæàðå.

Öåëÿìè íàïèñàíèÿ íàñòîÿùåé ñòàòüè ÿâëÿþòñÿ:
óñòàíîâëåíèå âðåìåíè íà÷àëà ýâàêóàöèè â ìåäè-
öèíñêèõ ó÷ðåæäåíèÿõ; îïðåäåëåíèå ïñèõîëîãè÷å-
ñêîãî ñîñòîÿíèÿ ñîòðóäíèêîâ âî âðåìÿ ýâàêóàöèè è
ïîñëå íåå; àíàëèç óðîâíÿ ïîäãîòîâêè ê äåéñòâèÿì
ïðè ïîæàðå äåæóðíîãî ïåðñîíàëà ìåäèöèíñêîãî ó÷-
ðåæäåíèÿ. Äëÿ äîñòèæåíèÿ ïîñòàâëåííûõ öåëåé ðå-
øàëèñü ñëåäóþùèå çàäà÷è: ïðîâîäèëîñü àíêåòèðî-
âàíèå ñîòðóäíèêîâ ëàáîðàòîðíîãî êîðïóñà, êîòîðûå
ÿâëÿëèñü íåïîñðåäñòâåííûìè ó÷àñòíèêàìè ñèòóà-
öèè; îñóùåñòâëÿëñÿ ìîíèòîðèíã ñîñòîÿíèÿ ñèñòåìû
îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ìåäèöèíñêî-
ãî ó÷ðåæäåíèÿ.

Íåâîëüíûé ýêñïåðèìåíò

Ïîæàð âîçíèê â ðåçóëüòàòå êîðîòêîãî çàìûêàíèÿ
â ýëåêòðîïèòàíèè êîìïüþòåðà, ðàñïîëîæåííîãî â ïî-
ìåùåíèè íà 1-ì ýòàæå êîðïóñà (ðèñ. 1). Ñðàáîòàëà
àâòîìàòè÷åñêàÿ ñèñòåìà îïîâåùåíèÿ, è ñîòðóäíèêè
îòäåëà ïîæàðíîé áåçîïàñíîñòè ÌÎÍÈÊÈ âûçâàëè
ñëóæáû Ì×Ñ ïî ïðÿìîé òåëåôîííîé ëèíèè, à ñàìè
âûäâèíóëèñü ê ìåñòó âîçíèêíîâåíèÿ ïîæàðà.

Ïðèáûâøèå ïîæàðíûå ïîäðàçäåëåíèÿ ïðè âúåç-
äå íà òåððèòîðèþ âñòðå÷àë ñîòðóäíèê îõðàíû. Îíè
äîñòàòî÷íî îïåðàòèâíî ïðîèçâåëè ðàçâåðòûâàíèå
ñèë è ñðåäñòâ, õîòÿ èç-çà ïëîòíîãî äûìà ïîïàñòü â ïî-
ìåùåíèå íå óäàëîñü è ïåðâûé ñòâîë íà ëîêàëèçàöèþ
âîçãîðàíèÿ ïðèøëîñü ïîäàâàòü ïî÷òè “íà îùóïü”.
Âîçãîðàíèå áûëî ïîëíîñòüþ ëèêâèäèðîâàíî â òå÷å-
íèå 9 ìèí (ðèñ. 2). Ïî îöåíêå òåõíèêà ÏÑÏ ïëîùàäü
ïîæàðà ñîñòàâèëà 4 ì2.

Ñïåöèàëüíûìè èññëåäîâàíèÿìè óñòàíîâëåíî [10],
÷òî âðåìÿ íà÷àëà ýâàêóàöèè îïðåäåëÿåòñÿ çàòðàòà-
ìè âðåìåíè íà îáíàðóæåíèå î÷àãà âîçãîðàíèÿ tîá;
îïîâåùåíèå è îáúÿâëåíèå òðåâîãè tîï; îñìûñëåíèå è
îöåíêó ñëîæèâøåéñÿ ñèòóàöèè ïîñëå îïîâåùåíèÿ tî;

Ðèñ. 1. Ìåñòî âîçíèêíîâåíèÿ î÷àãà âîçãîðàíèÿ â ïîìåùåíèè íà 1-ì ýòàæå êîðïóñà ¹ 13 ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëà-
äèìèðñêîãî â ã. Ìîñêâå
Fig. 1. Fire source origin in the premises on the 1st floor of the building No. 13 of the State-financed health institution, Moscow Region
Research and Development Clinical Institution named after M. F. Vladimirsky in Moscow

Ðèñ. 2. Î÷àã âîçãîðàíèÿ (êîìïüþòåð) ïîñëå òóøåíèÿ ïîæàðà
Fig. 2. Fire source origin (computer) after fire extinguishing
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ôèçè÷åñêóþ ïîäãîòîâêó tïîäã (ñáîð äîêóìåíòîâ, âå-
ùåé, âûêëþ÷åíèå îáîðóäîâàíèÿ è ò. ï.):

tí.ý = (tîá + tîï) + tî + tïîäã . (1)

Ñóììà (tîá + tîï) õàðàêòåðèçóåò íå òîëüêî òåõíè-
÷åñêóþ èíåðöèîííîñòü ñèñòåì îáíàðóæåíèÿ è îïî-
âåùåíèÿ î ïîæàðå [11], íî è èõ íàäåæíîñòü: ïðè
(tîá + tîï)�� èìååì ïðàêòè÷åñêèé îòêàç ñèñòåì.

Êîðïóñ ¹ 13 îáîðóäîâàí òðàäèöèîííîé ÑÎÓÝ
òèïà II, è åå ñðàáàòûâàíèå ñâèäåòåëüñòâóåò î íàäëå-
æàùåì ïðîâåäåíèè ïðîôèëàêòè÷åñêèõ ìåðîïðèÿòèé
ïðîòèâîïîæàðíîé ñëóæáîé ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ.

Â òî æå âðåìÿ êàêèìè áû ñèñòåìàìè ÑÎÓÝ íè áûë
îáîðóäîâàí îáúåêò, îíè íå ìîãóò ëèêâèäèðîâàòü âîç-
ãîðàíèå: äëÿ ýòîãî íóæíû àâòîìàòèçèðîâàííûå ñèñ-
òåìû ïîæàðîòóøåíèÿ. Îäíàêî îñíàùåíèå àâòîìàòè-
÷åñêèìè óñòàíîâêàìè ïîæàðîòóøåíèÿ çäàíèé çäðà-
âîîõðàíåíèÿ òàêîé ýòàæíîñòè, êàê êîðïóñ ¹ 13,
íîðìàòèâíûìè äîêóìåíòàìè íå ïðåäóñìàòðèâàåòñÿ.
Õîðîøî, ÷òî ïîæàðíî-ñïàñàòåëüíîå ïîäðàçäåëåíèå
10 Ï× 21-ãî îòðÿäà ÔÏÑ ïî ã. Ìîñêâå ñóìåëî (ïðè
ïðîáêàõ íà äîðîãàõ) ïðèáûòü â ÌÎÍÈÊÈ ñâîåâðå-
ìåííî. Òåì íå ìåíåå ê ýòîìó âðåìåíè âîçãîðàíèå
óæå ïåðåøëî â ñòàäèþ íà÷àëà àêòèâíîãî ðàñïðî-
ñòðàíåíèÿ ãîðåíèÿ ñ èíòåíñèâíûì âûäåëåíèåì ÎÔÏ.

Ê ìîìåíòó ïðèáûòèÿ ÏÑÏ Ì×Ñ âåñü ïåðñîíàë
êîðïóñà ¹ 13 óñïåë ýâàêóèðîâàòüñÿ. Äëÿ îêàçàíèÿ
ïîìîùè ïîñòðàäàâøèì, åñëè îíè åñòü, íà ìåñòî ×Ñ
ïðèáûë äåæóðíûé âðà÷ ñî ñïèñêîì ëþäåé, íàõîäèâ-
øèõñÿ â êîðïóñå. Ïåðåñ÷åò ýâàêóèðîâàâøèõñÿ ëþäåé
ïðîâîäèëñÿ ñòàðøåé ìåäèöèíñêîé ñåñòðîé è çà-
âåäóþùèì îòäåëåíèåì. Ïîñëåäóþùàÿ ïðîâåðêà ïî
ñïèñêàì, íå îñòàëñÿ ëè êòî-ëèáî â êîðïóñå, ïîäòâåð-
äèëà îòñóòñòâèå â íåì ëþäåé. Íèêòî èç ýâàêóèðî-
âàâøèõñÿ ëþäåé íå äåëàë ïîïûòîê è íå âûñêàçûâàë
æåëàíèÿ âåðíóòüñÿ â êîðïóñ âî âðåìÿ ïîæàðà è ïðè
åãî ëèêâèäàöèè.

Ñàìîïðîâåðêà ïåðñîíàëà

ñâîåé ãîòîâíîñòè ê äåéñòâèÿì ïðè ïîæàðå

Â ôîðìóëå (1) ó÷èòûâàþòñÿ íå òîëüêî òåõíè÷å-
ñêèå ïàðàìåòðû ôóíêöèîíèðîâàíèÿ ñèñòåì ïðîòè-
âîïîæàðíîé àâòîìàòèêè, íî è ôàêòîðû, êîòîðûå íà-
ïðÿìóþ çàâèñÿò îò ÷åëîâåêà. Ýòî âðåìÿ íà îñìûñëå-
íèå è îöåíêó ñèòóàöèè tî è âðåìÿ íà ïîäãîòîâêó ê
ýâàêóàöèè tïîäã . Çíà÷åíèÿ èìåííî ýòèõ ïàðàìåòðîâ
è îïðåäåëÿþò óðîâåíü ïîæàðíîãî ìåíåäæìåíòà
(ðèñ. 3).

Äëÿ àíàëèçà äîñòèãíóòîãî óðîâíÿ ïðîòèâîïî-
æàðíîãî ìåíåäæìåíòà ñîòðóäíèêàìè êîðïóñà ¹ 13 è
ðàçðàáîòêè ìåðîïðèÿòèé ïî åãî ïîâûøåíèþ ïîçæå
áûëî ðåøåíî ïðîâåñòè àíêåòíûé îïðîñ î âîñïðè-
ÿòèè ñîòðóäíèêàìè îáñòàíîâêè â ïåðèîä âîçíèêíî-
âåíèÿ ïîæàðà è îá èõ äåéñòâèÿõ. Âîïðîñû àíêåòû è
ñòðóêòóðà îòâåòîâ íà íèõ ïðèâåäåíû â òàáëèöå.

Àíêåòèðîâàíèå ïðîâîäèëîñü àíîíèìíî. Êîëè÷å-
ñòâî ïîäãîòîâëåííûõ àíêåò ðàâíÿëîñü ÷èñëó ñîòðóä-
íèêîâ, êîòîðûå çàáèðàëè èõ ñàìîñòîÿòåëüíî, áåç ïî-
ñòîðîííåãî êîíòðîëÿ. Âîçâðàùåíèå çàïîëíåííûõ
àíêåò òàêæå íå êîíòðîëèðîâàëîñü. Áûëî âîçâðàùåíî
50 % àíêåò, ÷òî ñîîòâåòñòâóåò ìåæäóíàðîäíîìó îïû-
òó ïðîâåäåíèÿ òàêîé ôîðìû àíêåòèðîâàíèÿ [12–15].
Ïîëó÷åííûå íà âîïðîñû àíêåòû îòâåòû ïîçâîëÿþò
ñôîðìóëèðîâàòü ñëåäóþùèå êîììåíòàðèè.

Âîïðîñ ¹ 1 ïðåäïîëàãàë òðè âàðèàíòà îòâåòîâ.
Îòâåòû íà íåãî ïîêàçûâàþò, ÷òî 40 % ñîòðóäíèêîâ
ïîëó÷èëè èíôîðìàöèþ î íà÷àëå ïîæàðå, îùóòèâ
çàïàõ ãàðè è äûìà. Ýòà ÷àñòü ëþäåé íàõîäèëàñü,
ïî-âèäèìîìó, áëèæå ê èñòî÷íèêó âîçãîðàíèÿ. Ñëå-
äîâàòåëüíî, ñèñòåìû îáíàðóæåíèÿ è îïîâåùåíèÿ
ñðàáîòàëè ïîçæå, ÷åì ïîÿâèëèñü ïðèçíàêè îïàñíûõ
ôàêòîðîâ ïîæàðà. Ýòîò ôàêò ãîâîðèò î ñëèøêîì âû-
ñîêîé èíåðöèîííîñòè ÑÎÓÝ, êîòîðîé îáîðóäîâàíî
çäàíèå.

Âîïðîñ ¹ 2 êàñàëñÿ ïåðâûõ äåéñòâèé ëþäåé
ïîñëå ïîëó÷åíèÿ èíôîðìàöèè î ïîæàðå è èìåë äëÿ
îòâåòà íà íåãî äâà âàðèàíòà ïîäñêàçêè: èñïóãàëñÿ,
ðàñòåðÿëñÿ. Ïðè òîì ÷òî 100 % ïåðñîíàëà äåéñòâî-
âàëè ðàöèîíàëüíî, ýòè ïîäñêàçêè ïîçâîëèëè âûÿâèòü
íàëè÷èå ñðåäè íèõ äâóõ êàòåãîðèé ëþäåé: ó ïåðâûõ
ðåàêöèåé íà ÷ðåçâû÷àéíóþ ñèòóàöèþ ÿâëÿåòñÿ ÷óâ-
ñòâî ðàñòåðÿííîñòè è ñòðàõà, âòîðûå ðåàãèðóþò íà
âîçíèêøóþ óãðîçó ÷åòêî è ðåøèòåëüíî. Ìîæíî êîíñ-
òàòèðîâàòü, ÷òî ïîëó÷åííûå îòâåòû õàðàêòåðèçóþò
âèäåíèå ñâîèõ ïåðâûõ äåéñòâèé íåïîñðåäñòâåííû-
ìè ó÷àñòíèêàìè ýâàêóàöèè âíå çàâèñèìîñòè îò èñ-
ïûòûâàåìûõ èìè ÷óâñòâ. Íóæíî îòìåòèòü èõ èñê-
ðåííîñòü â îòâåòàõ íà âîïðîñû àíêåòû.

Âîïðîñ ¹ 3 ïðåäëàãàåò ó÷àñòíèêàì ýâàêóàöèè
ñàìèì îöåíèòü, çà êàêîå âðåìÿ îíè ïîêèíóëè çäàíèå.
Â îòâåòàõ íà ýòîò âîïðîñ ïðîÿâëÿåòñÿ îòìå÷åííàÿ
ðàíåå ïðîô. Â. Â. Õîëùåâíèêîâûì [16] òàêàÿ îñî-
áåííîñòü, êàê îöåíêà ëþäüìè âðåìåíè íà îñíîâàíèè
èõ ñåíñîðíûõ îùóùåíèé, ïîä÷èíÿþùàÿñÿ ëîãà-
ðèôìè÷åñêîé çàâèñèìîñòè. Òàê, èç ïîëó÷åííûõ îò-
âåòîâ ñëåäóåò, ÷òî 60 % ëþäåé îöåíèâàþò ýòî âðåìÿ

Ðèñ. 3. Âëèÿíèå óðîâíÿ ïðîòèâîïîæàðíîãî ìåíåäæìåíòà íà
âðåìÿ íà÷àëà ýâàêóàöèè ëþäåé [9]
Fig. 3. The influence of fire safety management on evacuation
start time [9]
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â 3–5 ìèí (ñðåäíåå ñòàòèñòè÷åñêîé âûáîðêè), íåêî-
òîðûå — â 10 ìèí, à â îäíîé èç àíêåò áûëî óêàçàíî
äàæå 30 ìèí.

Êîíå÷íî, íèêòî èç ñîòðóäíèêîâ íå äîæèäàëñÿ
íà÷àëà îáùåé ýâàêóàöèè, êàê ïðåäëàãàåòñÿ ñ÷èòàòü
â ìåòîäèêå [17].

Âîïðîñ ¹ 4 äîñòàòî÷íî òðàäèöèîíåí äëÿ ïî-
äîáíûõ îïðîñîâ, ñîîòâåòñòâåííî è îòâåò, ïîëó÷åí-
íûé íà íåãî, òàêæå òðàäèöèîíåí.

Âîïðîñ ¹ 5 ñîäåðæèò ñêðûòóþ ïîäîïëåêó, ïî-
ñêîëüêó çàêðûòàÿ äâåðü îãðàíè÷èâàåò ïîñòóïëåíèå
êèñëîðîäà â ñðåäó ïîìåùåíèÿ è òåì ñàìûì òîðìî-
çèò ðåàêöèþ ãîðåíèÿ, íî åñòü ëè ðåçîí òðàòèòü âðåìÿ
íà çàêðûâàíèå äâåðè íà êëþ÷?

Âîïðîñ ¹ 6 ïîçâîëÿåò âûÿñíèòü äèíàìèêó ðàç-
âèòèÿ îïàñíûõ ôàêòîðîâ ïîæàðà è ýôôåêòèâíîñòü
ñèñòåìû ïðîòèâîäûìíîé âåíòèëÿöèè. Îòâåò íà íåãî

ñâèäåòåëüñòâóåò î íèçêîé ýôôåêòèâíîñòè àâòîìàòè-
çèðîâàííûõ ñèñòåì: âî-ïåðâûõ, îá èõ ïîçäíåì ñðà-
áàòûâàíèè; âî-âòîðûõ, î íåäîñòàòî÷íîé ïðîèçâî-
äèòåëüíîñòè ñèñòåìû ïðîòèâîäûìíîé âåíòèëÿöèè
äëÿ îãðàíè÷åíèÿ ðàñïðîñòðàíåíèÿ ÎÔÏ ïîìåùå-
íèåì î÷àãà ïîæàðà, êàê òîãî òðåáóþò Òåõíè÷åñêèå
ðåãëàìåíòû ¹ 123 [2] è ¹ 384 [1]. Íåñìîòðÿ íà òî
÷òî âñå ñèñòåìû îòðàáîòàëè â çàäàííîì ðåæèìå, îíè
íå ñìîãëè îïðåäåëèòü âîçãîðàíèå íà ðàííåé ñòàäèè
ïîæàðà è èíôîðìèðîâàòü ëþäåé î ïðîèñøåäøåì
âîçãîðàíèè â çäàíèè. Âî âñåõ íîðìàòèâíûõ äîêó-
ìåíòàõ ñ÷èòàåòñÿ, ÷òî äîñòàòî÷íî ïðîâåðÿòü òîëüêî
ôóíêöèîíèðîâàíèå èçâåùàòåëåé ìåòîäîì èçáûòî÷-
íîãî äàâëåíèÿ (íàïðèìåð, àýðîçîëü), ïðè ýòîì íè-
êîãäà íå îñóùåñòâëÿåòñÿ ïðîâåðêà íàèâàæíåéøåãî
ïàðàìåòðà — ôàêòè÷åñêîãî ïîðîãà ñðàáàòûâàíèÿ
[18]. Ìåæäó òåì â ïðîöåññå ýêñïëóàòàöèè ïîæàðíûå

Âîïðîñ � Question Âàðèàíò îòâåòà � Answer variant

×èñëî ðåñïîí-
äåíòîâ, %
Number of

surveyed, %

1. Èç êàêîãî èñòî÷íèêà âû óçíàëè î ïîæà-
ðå? � How did you learn about the fire?

Ñèñòåìà îïîâåùåíèÿ, ñîòðóäíèê ñëóæáû áåçîïàñíî-
ñòè � Public address system, safety department employee

60

Çàïàõ ãàðè è äûìà � Burning and smoke odor 40

2. Âàøè ÷óâñòâà (èñïóãàëñÿ, ðàñòåðÿëñÿ)
è ïåðâûå äåéñòâèÿ ïîñëå ïîëó÷åíèÿ èí-
ôîðìàöèè? � What are your reaction (fear,
was unfocused) and the first actions after
receiving information about the fire?

Ïîìîãàë ïîæèëûì ñîòðóäíèêàì è ïàöèåíòàì � Helped
elderly employees and patients

5

Îòêëþ÷èë ýëåêòðè÷åñòâî, ïðîèíôîðìèðîâàë êîëëåã �
Switched off electricity, informed colleagues

10

Ñðàçó ïîêèíóë çäàíèå � Immediately left the building 85

3. ×åðåç êàêîå âðåìÿ ïîñëå ïîëó÷åíèÿ èí-
ôîðìàöèè Âû âûøëè èç ïîìåùåíèÿ? �
How much time had passed when you left
the building after receiving the information
about the fire?

Ñðàçó æå � Immediately 25

3–5 ìèí � 3–5 minutes 60

Ïðî÷åå � Other 15

4. ×òî âû âçÿëè ñ ñîáîé ïðè ýâàêóàöèè
èç êîðïóñà? � What did you take during
the evacuation?

Ëè÷íûå âåùè (ñóìêà, âåðõíÿÿ îäåæäà) � Personal
belongings (bag, outdoor clothes)

100

5. Çàêðûâàëè ëè âû äâåðü ïîñëå âûõîäà èç
ïîìåùåíèÿ? � Did you close the door after
leaving the premises?

Äà � Yes 10

Íåò � No 90

6. ×óâñòâîâàëè ëè âû çàïàõ äûìà? �
Did you smell the smoke?

Äà � Yes 95

Íåò � No 5

7. Ïî êàêîé ëåñòíè÷íîé êëåòêå ïðîâîäè-
ëàñü ýâàêóàöèÿ? � What staircase was
used for evacuation?

Îñíîâíàÿ � Primary 90

Çàïàñíàÿ � Safety staircase 10

8. Ëåñòíè÷íàÿ êëåòêà áûëà ëè çàäûìëåíà? �
Was there smoke on the staircase?

Äà � Yes 70

Íåò � No 30

9 Êàêèå Âàøè ïåðâûå äåéñòâèÿ ïîñëå âû-
õîäà íà óëèöó? � What were your first
actions after getting outside?

Îæèäàëè, êîãäà çàêîí÷àò äåéñòâîâàòü ïîæàðíûå ïîä-
ðàçäåëåíèÿ; óøëè â äðóãèå êîðïóñà; îòîøëè íà áåçîïàñ-
íîå ðàññòîÿíèå � Waited until the fire-fighting team finishes
their work; went to other buildings; went to safe distance

80

Ñòóïîð è ãëóáîêîå äûõàíèå � Stupefaction and deep
breathing

10

Ïîçâîíèë êîëëåãàì è ðîäíûì � Called colleagues and
close relatives

10

Âîïðîñû àíêåòû è îòâåòû íà íèõ � Questions and answers in the questionnaire
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äûìîâûå äàò÷èêè òåðÿþò ñâîþ ÷óâñòâèòåëüíîñòü,
à òàêîé êðèòåðèé, êàê ïîðîã ñðàáàòûâàíèÿ, ñíèæà-
åòñÿ äî íåèçâåñòíî êàêèõ íèçêèõ çíà÷åíèé.

Âîïðîñû ¹ 7 è 8 âçàèìîñâÿçàíû, è áûëî áû
ëó÷øå èõ ñîâìåñòèòü, ïîñêîëüêó èñõîäÿ èç îòâåòà
íà âîïðîñ î çàäûìëåíèè ëåñòíè÷íîé êëåòêè òðóäíî
òî÷íî ðåøèòü, ê êàêîé èç äâóõ èñïîëüçîâàííûõ ëå-
ñòíè÷íûõ êëåòîê îí îòíîñèòñÿ. Îäíàêî, ïîñêîëüêó
10 % ëþäåé ýâàêóèðîâàëèñü ïî çàïàñíîé ëåñòíè÷-
íîé êëåòêå, áîëåå óäàëåííîé îò ïîìåùåíèÿ î÷àãà
ïîæàðà, òî ìîæíî ïîëàãàòü, ÷òî 10 % îòâåòîâ îá îò-
ñóòñòâèè äûìà îòíîñèòñÿ èìåííî ê ýòîé ëåñòíè÷-
íîé êëåòêå. Ñëåäîâàòåëüíî, 20 % ëþäåé èç 90 %
ýâàêóèðîâàâøèõñÿ ïî îñíîâíîé ëåñòíè÷íîé êëåòêå
øëè ïî íåé, êîãäà îíà óæå áûëà çàäûìëåíà. Ýòîò
ôàêò åùå ðàç ñâèäåòåëüñòâóåò î íåâûïîëíåíèè òðå-
áîâàíèé Òåõíè÷åñêèõ ðåãëàìåíòîâ ¹ 123 è ¹ 384
ïî ëîêàëèçàöèè ÎÔÏ â ïðåäåëàõ ïîìåùåíèÿ î÷àãà
ïîæàðà. Ïîñêîëüêó èçâåñòíî [19], ÷òî ïðè ðàñ÷åòàõ
èíäèâèäóàëüíîãî ïîæàðíîãî ðèñêà [20] ïîòåðÿ âè-
äèìîñòè â äûìó íàñòóïàåò ðàíüøå êðèòè÷åñêèõ óðîâ-
íåé âîçäåéñòâèÿ äðóãèõ ÎÔÏ, ôèêñàöèÿ áîëüøèí-
ñòâîì ýâàêóèðóþùèõñÿ ôàêòà çàäûìëåíèÿ ëåñòíè÷-
íîé êëåòêè â õîäå ýòîãî “íåâîëüíîãî ýêñïåðèìåíòà”
ñèãíàëèçèðóåò î íèçêîé ýôôåêòèâíîñòè øòàòíûõ
àâòîìàòè÷åñêèõ ñèñòåì è î âîçìîæíîñòè ãèáåëè
ëþäåé èç-çà ïîòåðè âèäèìîñòè íà ïóòè ýâàêóàöèè
ïðè áîëåå äëèòåëüíîì ðàçâèòèè ïîæàðà [21–24].

Âîïðîñ ¹ 9 êàñàåòñÿ ïðèíöèïèàëüíîãî ïîëî-
æåíèÿ — ðàöèîíàëüíîñòè ïîâåäåíèÿ ëþäåé ïîñëå
ýâàêóàöèè èç çäàíèÿ. Ïîêàçàòåëüíî, ÷òî äîëÿ ëþäåé
(10 %), êîòîðûå óêàçàëè â îòâåòå íà âîïðîñ ¹ 9
“ñòóïîð è ãëóáîêîå äûõàíèå”, ñîâïàäàåò ñ äîëåé
ëþäåé, êîòîðûå äîïîëíèòåëüíî óêàçàëè, ÷òî îíè èñ-
ïûòàëè “÷óâñòâî ðàñòåðÿííîñòè è ñòðàõà”. Ìîæíî
ïîëàãàòü, ÷òî ýòî áûëè îäíè è òå æå ëþäè.

Â òî æå âðåìÿ áîëåå ïðèíöèïèàëüíîå çíà÷åíèå
èìååò òî, ÷òî 80 % ýâàêóèðóþùèõñÿ îáðàçîâàëè òîëïó
“çåâàê”, ëþáîïûòñòâóþùèõ, ÷òî æå áóäåò äàëüøå.
À äàëüøå ìîãëî ïîñëåäîâàòü ðàçðóøåíèå çäàíèÿ,
è îíè ìîãëè áû ïîäâåðãíóòüñÿ âîçäåéñòâèþ âòîðè÷-
íûõ ôàêòîðîâ ïîæàðà [2]. Ñëåäîâàòåëüíî, âìåñòî
òîãî ÷òîáû ñîçäàâàòü “òîëêó÷êó”, èì ñëåäîâàëî âûéòè
èç çîíû âîçìîæíîãî îáðóøåíèÿ çäàíèÿ.

Âûâîäû

Àíàëèç äåéñòâèé ïîæàðíûõ ïîäðàçäåëåíèé
ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëàäèìèðñêîãî, Ì×Ñ
ã. Ìîñêâû è ïîâåäåíèÿ ñîòðóäíèêîâ êîðïóñà ¹ 13
ïîêàçûâàåò, ÷òî îíè äåéñòâîâàëè øòàòíî, â ñîîòâåò-
ñòâèè ñ òðåáîâàíèÿìè èíñòðóêöèé. Ñ ïîçèöèé ïðî-
òèâîïîæàðíîãî ìåíåäæìåíòà åãî ñîñòîÿíèå â êîð-
ïóñå ¹ 13 ìîæíî îòíåñòè ê óðîâíþ Ì1, íî ñ çàìå-
÷àíèÿìè. Îäíè èç íèõ ìîæíî îòíåñòè ê êàòåãîðèè
ðåêîìåíäóåìûõ äëÿ ïîâûøåíèÿ öåëåñîîáðàçíîñòè

ïîâåäåíèÿ ñîòðóäíèêîâ ó÷ðåæäåíèÿ ïðè ïîæàðå,
äðóãèå æå íàõîäÿòñÿ âíå ñôåðû âîçìîæíîñòåé îáó-
÷àåìûõ ñîòðóäíèêîâ, ïîñêîëüêó îíè êàñàþòñÿ èí-
íîâàöèé â ñôåðå ñîçäàíèÿ àâòîìàòèçèðîâàííûõ ñè-
ñòåì ïðîòèâîïîæàðíîé çàùèòû çäàíèÿ.

Ê ïåðâîé êàòåãîðèè îòíîñèòñÿ ðàçúÿñíåíèå ñî-
òðóäíèêàì íåîáõîäèìîñòè ñàìèì è ïàöèåíòàì ïîä
èõ ðóêîâîäñòâîì ïîñëå ýâàêóàöèè èç çäàíèÿ óäà-
ëèòüñÿ îò íåãî íà áåçîïàñíîå ðàññòîÿíèå èç-çà âîç-
ìîæíîñòè åãî îáðóøåíèÿ. Ìèíèìàëüíîå áåçîïàñíîå
ðàññòîÿíèå, íà êîòîðîå íóæíî óäàëèòüñÿ îò ãîðÿùå-
ãî çäàíèÿ, ñîñòàâëÿåò 1,5 åãî âûñîòû. Êëàññè÷åñêèì
ïðèìåðîì îáðóøåíèÿ çäàíèé ÿâëÿåòñÿ îáðóøåíèå
çäàíèé Âñåìèðíîãî òîðãîâîãî öåíòðà â Íüþ-Éîðêå
â ðåçóëüòàòå òåððîðèñòè÷åñêîé àòàêè. Êðîìå òîãî,
èìåþòñÿ ìíîãî÷èñëåííûå îòå÷åñòâåííûå ïðèìåðû
îáðóøåíèÿ çäàíèé, êîòîðûå â ïîñëåäíåå âðåìÿ àê-
òèâíî îáñóæäàþòñÿ â ÑÌÈ.

Â ïëàíå ïîâûøåíèÿ óðîâíÿ ãîòîâíîñòè ñîòðóä-
íèêîâ ê íàèáîëåå öåëåñîîáðàçíûì äåéñòâèÿì îñî-
áîå âíèìàíèå ñëåäóåò îáðàòèòü íà òîò ôàêò, ÷òî îêîëî
10 % èç íèõ èñïûòûâàþò ðàñòåðåííîñòü è ÷óâñòâî
ñòðàõà ïðè îáíàðóæåíèè ïðèçíàêîâ íà÷àëà ïîæàðà,
à ïîñëå îêîí÷àíèÿ ýâàêóàöèè ó íèõ íàáëþäàåòñÿ
“ñòóïîð è ãëóáîêîå äûõàíèå”. Ýòî ãîâîðèò î íåîáõî-
äèìîñòè äåëèêàòíîãî ïîäõîäà ê âûÿâëåíèþ ýòîé
ãðóïïû ëèö è îðãàíèçàöèè äëÿ íèõ ñïåöèàëüíîé
ïñèõîëîãè÷åñêîé ïîäãîòîâêè.

Âòîðàÿ êàòåãîðèÿ çàìå÷àíèé îáóñëîâëåíà äâóìÿ
ôàêòîðàìè — î÷åíü ïîçäíèì îáíàðóæåíèåì àâòî-
ìàòèçèðîâàííûìè ñèñòåìàìè çàãîðàíèÿ è èõ íåýô-
ôåêòèâíîñòüþ â ëîêàëèçàöèè î÷àãà ïîæàðà. Â íà-
ñòîÿùåå âðåìÿ èìåþòñÿ äâà ïóòè ïî óñòðàíåíèþ
ýòèõ íåäîñòàòêîâ. Äëÿ ïîâûøåíèÿ íàäåæíîñòè è
ñîêðàùåíèÿ âðåìåíè ñðàáàòûâàíèÿ ñèñòåì îáíàðó-
æåíèÿ ïîæàðà íåîáõîäèìî: âî-ïåðâûõ, îáîðóäîâàòü
èõ ñîâðåìåííûìè äàò÷èêàìè ñâåðõðàííåãî îáíàðó-
æåíèÿ [25], êîòîðûå óæå ïðîøëè óñïåøíîå èñïû-
òàíèå âî ÂÍÈÈÏÎ Ì×Ñ; âî-âòîðûõ, äåëàòü ñîâðå-
ìåííûå ñèñòåìû îïîâåùåíèÿ áåñïðîâîäíûìè [26].
Ïîäàâëåíèå î÷àãà ïîæàðà äîëæíî âûïîëíÿòüñÿ íà
ðàííèõ ñòàäèÿõ åãî âîçíèêíîâåíèÿ ñ èñïîëüçîâà-
íèåì àâòîìàòèçèðîâàííûõ ñèñòåì îïåðàòèâíîãî
ïîæàðîòóøåíèÿ [27].

Îáà ýòè íàïðàâëåíèÿ ïî âíåäðåíèþ èííîâàöèé
â îáëàñòè ïðîòèâîïîæàðíîé çàùèòû çäàíèé ñîîò-
âåòñòâóþò óêàçó Ïðåçèäåíòà î ðàçâèòèè ïðèîðèòåò-
íûõ òåõíîëîãèé è áåçîïàñíîñòè [28], íî òðåáóþò
çíà÷èòåëüíûõ ìàòåðèàëüíûõ çàòðàò, ôèíàíñîâûõ
ñðåäñòâ íà êîòîðûå, êàê âñåãäà, íå õâàòàåò. Ðóêîâîä-
ñòâó ó÷ðåæäåíèé è âëàäåëüöàì çäàíèé, â êîòîðûõ
îíè íàõîäÿòñÿ, ìîæíî ðåêîìåíäîâàòü ïîäóìàòü î
ñîçäàíèè ôîíäîâ íàêîïëåíèÿ íà ðåàëèçàöèþ ýòèõ
ìåðîïðèÿòèé. Ýòî áóäåò ñîîòâåòñòâîâàòü òåíäåíöè-
ÿì óñòîé÷èâîãî ðàçâèòèÿ ñðåäñòâ è ìåòîäîâ îáåñïå-
÷åíèÿ áåçîïàñíîñòè ëþäåé ñåãîäíÿ è â ïåðñïåêòèâå.
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Ìîäåëèðîâàíèå ïðîöåññà ýâàêóàöèè èç âûñîòíûõ çäàíèé

è ñîîðóæåíèé ñ èñïîëüçîâàíèåì ïàññàæèðñêèõ ëèôòîâ

© Ì. Â. Ãðàâèò 1, È. Í. Êàðüêèí2, È. È. Äìèòðèåâ 1(�), Ê. À. Êóçåíêîâ 1

1 Ñàíêò-Ïåòåðáóðãñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò Ïåòðà Âåëèêîãî

(Ðîññèÿ, 195251, ã. Ñàíêò-Ïåòåðáóðã, Ïîëèòåõíè÷åñêàÿ óë., 29)

2 FireCat (ÈÏ “Êàðüêèí È. Í.”) (Ðîññèÿ, 620062, Ñâåðäëîâñêàÿ îáë.,

ã. Åêàòåðèíáóðã, óë. Ïåðâîìàéñêàÿ, 66, êâ. 4)

ÐÅÇÞÌÅ

Ââåäåíèå. Â ñâÿçè ñ âîçðàñòàíèåì êîëè÷åñòâà ìíîãîýòàæíûõ çäàíèé è ñîîðóæåíèé è òåíäåíöèåé óâåëè÷åíèÿ

÷èñëà ïîæèëûõ ëþäåé îñîáåííî îñòðî âñòàåò âîïðîñ îá ýâàêóàöèè ëþäåé ñ îãðàíè÷åííîé ìîáèëüíîñòüþ èç òàêèõ

çäàíèé. Â âûñîòíûõ çäàíèÿõ ïóòè ýâàêóàöèè î÷åíü ïðîòÿæåííûå, ÷òî äåëàåò ïðîöåññ ýâàêóàöèè äëÿ äàííûõ

ãðóïï íå òîëüêî òðóäíûì è îïàñíûì, íî è ôèçè÷åñêè íåâîçìîæíûì. Ïðè ýòîì áîëüøèíñòâî ïðåïÿòñòâèé äëÿ

èñïîëüçîâàíèÿ ëèôòîâ â êà÷åñòâå îñíîâíîãî ïóòè ýâàêóàöèè óñòðàíåíî åñëè íå ïîëíîñòüþ, òî ÷àñòè÷íî.

Öåëü ñòàòüè — ìîäåëèðîâàíèå ýâàêóàöèè ëþäåé èç âûñîòíîãî çäàíèÿ ñ ïðèìåíåíèåì ëèôòîâ â êà÷åñòâå îäíî-

ãî èç îñíîâíûõ ïóòåé. Ïðè ýòîì ïîñòàâëåíû ñëåäóþùèå çàäà÷è: 1) îïðåäåëèòü çàâèñèìîñòü âðåìåíè ýâàêóà-

öèè îò ïàðàìåòðîâ äâèæåíèÿ ëþäåé ðàçíûõ ãðóïï ìîáèëüíîñòè; 2) ñðàâíèòü ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ïî

ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ.

Ìåòîäèêà. Ïðîãðàììíûé êîìïëåêñ Pathfinder ïðèìåíÿëñÿ äëÿ ðàñ÷åòà ýâàêóàöèè ëþäåé èç ñìîäåëèðîâàí-

íîãî çäàíèÿ. Âðåìÿ ýâàêóàöèè ðàññ÷èòûâàëîñü äëÿ ñëó÷àåâ ýâàêóàöèè êàê èñêëþ÷èòåëüíî ïî ëåñòíèöàì, òàê è

ïðè ÷àñòè÷íîì èñïîëüçîâàíèè ëèôòîâûõ óçëîâ. Ðàñ÷åòû ïðîâîäèëèñü ñ ó÷åòîì íàëè÷èÿ ìàëîìîáèëüíîé ãðóïïû

íàñåëåíèÿ.

Ðåçóëüòàòû è îáñóæäåíèå. Îïðåäåëåíî âëèÿíèå íà ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ñ èñïîëüçîâàíèåì ëèôòîâ ïà-

ðàìåòðîâ âðåìåíè (íà÷àëà ýâàêóàöèè è çàäåðæêè ïîäà÷è ñèãíàëà), ñîñòàâà ïîòîêà (ìîäåëèðîâàíèå ñ ó÷åòîì

ðàçëè÷íûõ ãðóïï ìîáèëüíîñòè), à òàêæå ýòàæà íà÷àëà ýâàêóàöèè äëÿ êàæäîé ãðóïïû. Âûïîëíåíî ñðàâíåíèå

âðåìåíè ýâàêóàöèè ïî ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ. Ïîëó÷åíû çàâèñèìîñòè íàèáîëåå îïòè-

ìàëüíîãî ïðîöåíòíîãî ñîîòíîøåíèÿ êîëè÷åñòâà ëþäåé, èñïîëüçóþùèõ ïåðâûé è âòîðîé âàðèàíòû ýâàêóàöèè.

Çàêëþ÷åíèå. Òðåáîâàíèÿ ê ïîæàðîáåçîïàñíîñòè ëèôòîâ ñòîëü æå âûñîêè, êàê è äëÿ íåçàäûìëÿåìûõ ëåñò-

íè÷íûõ êëåòîê. Â 60-ýòàæíûõ îôèñíûõ çäàíèÿõ (â îòëè÷èå îò 20-ýòàæíûõ) èñïîëüçîâàíèå ëèôòîâ è ìåðû ïî

óïðàâëåíèþ ëþäñêèì ïîòîêîì ñóùåñòâåííî ñîêðàùàþò ðàñ÷åòíîå âðåìÿ ýâàêóàöèè. Äëÿ âûñîòíûõ çäàíèé â

ïåðñïåêòèâå íåîáõîäèìî ðàññìàòðèâàòü îðãàíèçàöèþ ýâàêóàöèè ñ ïðèìåíåíèåì ëèôòîâ.
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ABSTRACT

Introduction. The number of multi-storey buildings and structures increases every year. Now there is an improving

tendency of elderly people who remains be able to work even in old age. The issue of evacuation people with re-

duced mobility is especially acute. In high-rise buildings, evacuation paths are very long, which makes the evacua-

tion process for these groups not only difficult and dangerous, but also physically impossible. At the same time,

most problems with using elevators as the main evacuation path have been almost solved.

The article’s purpose is to simulate the evacuation process from a high-rise building with using elevators as one

of the main path. Tasks: 1) determine the evacuation time dependence on the movement parameters of people

different mobility groups; 2) compare the evacuation time on the staircase and through the elevators.
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Methods. The Pathfinder PC was used to calculate the people evacuation from a modeled building. The evacuation

time was calculated using both ladders exclusively and with partial use of vertical elevator units. The calculations

were carried out taking into account the presence of the reduced mobility population group.

Results and discussion. The evacuation time was obtained using only the ladder and compared with the theore-

tical computation. The effect on evacuation time with time parameters (the evacuation start and signal delay),

the flow composition (various mobility groups), and the evacuation base level for each group are calculated.

The evacuation time is compared on the staircase and through elevators. Optimal percentage dependences of

people, who use the first and second versions of evacuation, are obtained.

Conclusion. The requirements for fire elevators safety are as high as for non-smoke-free staircases. In 60-storey

office buildings (in contrast to the 20-storey), the use of elevators and manage measures for the human flow signi-

ficantly reduce the evacuation time. For high-rise buildings in the future, it is necessary to consider the organiza-

tion of evacuation with the use of elevators.

Keywords: multi-storey buildings and structures; fire safety; fire simulation; evacuation; movement parameters of

people; dangerous fire factors; fire lift; mobility group.
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Ââåäåíèå

Íåñìîòðÿ íà ðàçâèòèå ñòðîèòåëüíûõ òåõíîëîãèé è
íàëè÷èå “óìíîé” ýëåêòðîíèêè â óíèêàëüíûõ è âû-
ñîòíûõ çäàíèÿõ è ñîîðóæåíèÿõ, âûïîëíåíèå òðåáî-
âàíèé ïîæàðíîé áåçîïàñíîñòè, à òàêæå ïðèíÿòèå
äîïîëíèòåëüíûõ ìåð ïî åå óñèëåíèþ ïðîäîëæàåò
îñòàâàòüñÿ îäíèì èç âàæíåéøèõ àñïåêòîâ êàê íà
ýòàïå ïðîåêòèðîâàíèÿ çäàíèé è ñîîðóæåíèé, òàê è
â ïðîöåññå ýêñïëóàòàöèè îáúåêòà. Ñ ðîñòîì ýòàæ-
íîñòè çäàíèé óâåëè÷èâàåòñÿ êîëè÷åñòâî ëþäåé, ïðî-
æèâàþùèõ â ïðåäåëàõ îäíîãî îáúåêòà, ÷òî ïðÿìî
ïðîïîðöèîíàëüíî ñêàçûâàåòñÿ íà ïëîòíîñòè ëþä-
ñêîãî ïîòîêà ïðè ýâàêóàöèè è, â ñâîþ î÷åðåäü, îòðè-
öàòåëüíî âëèÿåò íà ïîêàçàòåëü èíäèâèäóàëüíîãî
ïîæàðíîãî ðèñêà. È õîòÿ ïî äàííûì Ì×Ñ Ðîññèè
íàáëþäàåòñÿ òåíäåíöèÿ åæåãîäíîãî ñíèæåíèÿ êîëè-
÷åñòâà ïîæàðîâ è ÷èñëà ïîãèáøèõ (òàáë. 1), äàííàÿ
òåìà ïðîäîëæàåò îñòàâàòüñÿ àêòóàëüíîé [1].

Âàæíûì ïàðàìåòðîì, âëèÿþùèì íà ñêîðîñòü äâè-
æåíèÿ ëþäñêîãî ïîòîêà ïðè ýâàêóàöèè èç çäàíèÿ, ÿâ-
ëÿåòñÿ âîçðàñòíîé ñîñòàâ, òèï è êîëè÷åñòâî ìàëîìî-
áèëüíûõ ãðóïï íàñåëåíèÿ (ÌÃÍ). Ïî îöåíêàì World
Health Organization [2] ê 2050 ã. íà ïëàíåòå ÷èñëî ïî-

æèëûõ ëþäåé (â âîçðàñòå 60 ëåò è ñòàðøå) óâåëè-
÷èòñÿ â 3 ðàçà è äîñòèãíåò 2 ìëðä. ÷åë., à â Ðîññèè —
50 ìëí. ÷åë.

Ñóùåñòâóåò îáùåìèðîâàÿ íàïðàâëåííîñòü íà ìî-
äåðíèçàöèþ èíôðàñòðóêòóðû ñ öåëüþ îáåñïå÷èòü
åå àäàïòàöèþ äëÿ ìàëîìîáèëüíûõ ãðóïï íàñåëå-
íèÿ. Ñîâðåìåííûå íîðìû ïîæàðíîé áåçîïàñíîñòè
äîëæíû ó÷èòûâàòü äîñòóïíîñòü ýâàêóàöèè äëÿ ëèö
ïîæèëîãî âîçðàñòà è ÌÃÍ. Îäíàêî âîïðîñ îá ýô-
ôåêòèâíîé ýâàêóàöèè ìàëîìîáèëüíûõ ãðóïï íàñå-
ëåíèÿ íåäîñòàòî÷íî èçó÷åí [3]. Â ïåðâóþ î÷åðåäü ýòî
êàñàåòñÿ âûñîòíûõ çäàíèé, èç êîòîðûõ èíâàëèäû
èç-çà ñâîèõ ôèçè÷åñêèõ îñîáåííîñòåé (íèçêàÿ ñêî-
ðîñòü äâèæåíèÿ, íàðóøåíèå ðàâíîâåñèÿ, ðàññåÿíèå
âíèìàíèÿ, íåäîñòàòî÷íàÿ âûíîñëèâîñòü) íå ñïîñîá-
íû ýâàêóèðîâàòüñÿ íàðàâíå ñî çäîðîâûìè ëþäüìè
[4, 5]. Êðîìå òîãî, äèíàìè÷åñêèå ãàáàðèòû èíâàëè-
äà (çîíà, êîòîðóþ ÷åëîâåê çàíèìàåò ïðè äâèæåíèè
ñ ó÷åòîì âñïîìîãàòåëüíûõ ñðåäñòâ ïåðåäâèæåíèÿ)
ïðàêòè÷åñêè â 2 ðàçà ïðåâûøàþò ãàáàðèòû çäîðî-
âîãî ÷åëîâåêà, ÷òî îáóñëàâëèâàåò îïðåäåëåííûå òðóä-
íîñòè ïðè äâèæåíèè ëþäåé ñ îãðàíè÷åííûìè ôèçè-
÷åñêèìè âîçìîæíîñòÿìè â ïëîòíîì ïîòîêå, îñîáåí-
íî â ìåñòàõ ëîêàëüíûõ ñóæåíèé [6].

Ïðîòÿæåííîñòü ïóòåé ýâàêóàöèè â âûñîòíûõ çäà-
íèÿõ è ñîîðóæåíèÿõ äîñòàòî÷íî âåëèêà, ïðåâûøàåò
ïîðîé ñîòíþ ìåòðîâ. Ýòî äàæå ó çäîðîâûõ ëþäåé
ìîæåò âûçâàòü óñòàëîñòü, ðàññåÿíèå âíèìàíèÿ, íå-
îñòîðîæíîñòü, ÷òî â êîíå÷íîì ñ÷åòå ñòàíåò ïðè-
÷èíîé òðàâìàòèçìà. Äëÿ ïîæèëûõ ëþäåé è ÌÃÍ
äàííûé ñïîñîá ýâàêóàöèè ñòàíîâèòñÿ îñîáåííî
òðóäíûì, îïàñíûì è ïîðîé ôèçè÷åñêè íåâîçìîæ-
íûì [7].

Â [8] îòìå÷àåòñÿ, ÷òî ëåñòíèöû íå îáåñïå÷èâà-
þò äîñòàòî÷íóþ ïðîïóñêíóþ ñïîñîáíîñòü äëÿ áåç-
îïàñíîé ýâàêóàöèè ëþäåé èç âûñîòíîãî çäàíèÿ. Çà-
ïðåò íà èñïîëüçîâàíèå ëèôòîâûõ øàõò àðãóìåí-
òèðóåòñÿ íå òîëüêî òåì, ÷òî øàõòà ëèôòà ÿâëÿåòñÿ

Ïîêàçàòåëü � Index
Ãîä � Year

2015 2016 2017

Êîëè÷åñòâî ïîæàðîâ
Number of fires 145942 139475 132406

×èñëî ïîãèáøèõ ïðè ïî-
æàðàõ, ÷åë.
People died in fires, pers.

9405 8749 7782

Â òîì ÷èñëå äåòåé, ÷åë.
Including children, pers. 462 426 358

Òàáëèöà 1. Òåíäåíöèÿ ñíèæåíèÿ êîëè÷åñòâà ïîæàðîâ è ÷èñëà
æåðòâ â ïåðèîä 2015–2017 ãã.
Table 1. The tendency to reduce the number of fires and victims
in the period 2015–2017
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ïî ñóòè äîïîëíèòåëüíûì êàíàëîì äëÿ ðàñïðîñòðà-
íåíèÿ äûìà è ïðîäóêòîâ ãîðåíèÿ, íî è âîçìîæíî-
ñòüþ äåôîðìàöèè ñàìîé êîíñòðóêöèè, ÷òî ïðèâåäåò
ê àâàðèéíîé îñòàíîâêå óñòðîéñòâà â ìåæýòàæíîì
ïðîñòðàíñòâå, çàêëèíèâàíèþ äâåðåé. Îäíàêî ïðè
ïðàâèëüíîé âíóòðåííåé ïëàíèðîâêå âíóòðåííåãî
ïðîñòðàíñòâà è òðåáóåìîì ïðåäåëå îãíåñòîéêîñòè
êîíñòðóêöèé ëèôòîâîãî óçëà [9] øàõòà áóäåò èçîëè-
ðîâàíà îò âîçäåéñòâèÿ ïîæàðà, ÷òî îáåñïå÷èò áåç-
îïàñíîñòü åå èñïîëüçîâàíèÿ. Â íàñòîÿùåå âðåìÿ
ïðîåêòèðóþòñÿ ïîæàðíûå ëèôòû ñ ïðèìåíåíèåì
ñïåöèàëüíûõ îãíåñòîéêèõ ìàòåðèàëîâ [7], îäíàêî
â êà÷åñòâå ïóòåé ýâàêóàöèè èõ ðàññìàòðèâàòü íåëüçÿ,
òàê êàê ñîãëàñíî ñò. 89 [10] ëèôò íå ÿâëÿåòñÿ ñðåäñò-
âîì ýâàêóàöèè ïðè ïîæàðå (çà èñêëþ÷åíèåì ÌÃÍ
ãðóïïû ìîáèëüíîñòè Ì4).

Àíàëèç èñòî÷íèêîâ, ðàññìàòðèâàþùèõ ïðîöåññ
ýâàêóàöèè [11–13], ïîçâîëèë ñôîðìóëèðîâàòü ðÿä
ïðè÷èí, ïðåïÿòñòâóþùèõ ýôôåêòèâíîé ýâàêóàöèè
ëþäåé èç âûñîòíîãî çäàíèÿ:

1) îáðàçîâàíèå ñêîïëåíèé ëþäåé íà âõîäå â ëåñò-
íè÷íóþ êëåòêó èç-çà åå îãðàíè÷åííîé ïðîïóñêíîé
ñïîñîáíîñòè è íåâîçìîæíîñòè îáåñïå÷èòü áåñïðå-
ðûâíîå äâèæåíèå ëþäåé íà íèæíèõ ýòàæàõ èç-çà âû-
ñîêîé ïëîòíîñòè ïîòîêà. Áîëüøîå ñêîïëåíèå ëþäåé
â çàìêíóòîì ïðîñòðàíñòâå ïðèâîäèò ê íåõâàòêå âîç-
äóõà, ÷òî ìîæåò ñëóæèòü ïðè÷èíîé ãèáåëè îò êîìï-
ðåññèîííîé àñôèêñèè;

2) îòñóòñòâèå õîðîøåé ôèçè÷åñêîé ôîðìû ó ëþ-
äåé, ÷òî íå ïîçâîëÿåò èì ïðåîäîëåâàòü áîëüøèå ðàñ-
ñòîÿíèÿ ïî ëåñòíèöå è ÿâëÿåòñÿ ïðè÷èíîé åå íèçêîé
ïðîïóñêíîé ñïîñîáíîñòè;

3) ñëîæíîñòü òðàíñïîðòèðîâàíèÿ ëþäåé ñ ôèçè-
÷åñêèìè îãðàíè÷åíèÿìè êàòåãîðèè ÌÃÍ, â òîì ÷èñ-
ëå ëèö ïîæèëîãî âîçðàñòà.

Â êà÷åñòâå íåãàòèâíîãî ïðèìåðà, èëëþñòðèðó-
þùåãî âûøåñêàçàííîå, ìîæíî ïðèâåñòè ýâàêóàöèþ
ïðè ïîæàðå 1993 ã. â ÂÒÖ â Íüþ-Éîðêå, äëèâøóþñÿ
6 ÷. Äâèæåíèå ïî ëåñòíè÷íîé êëåòêå ëþäñêîãî ïî-
òîêà âûñîêîé ïëîòíîñòè ïðèâåëî ê òðàâìèðîâàíèþ
è ãèáåëè áîëüøîãî êîëè÷åñòâà ëþäåé [14].

Ñóùåñòâóåò ðÿä ïðè÷èí, ïðåïÿòñòâóþùèõ âíåä-
ðåíèþ ýâàêóàöèîííûõ ëèôòîâ, ÷àñòü êîòîðûõ ïðè-
âåäåíà â [7], à èìåííî:
� çàäûìëåíèå øàõòû è êàáèí ëèôòîâ;
� îòêëþ÷åíèå ýëåêòðîñíàáæåíèÿ;
� îñòàíîâêà ëèôòà íà ýòàæå, îõâà÷åííîì îãíåì;
� äåôîðìàöèÿ è çàêëèíèâàíèå äâåðåé ëèôòîâ íà

ýòàæå ïîæàðà;
� ïîïàäàíèå âîäû ïðè òóøåíèè ïîæàðà â øàõòó

ëèôòîâ;
� âîçìîæíîå ïåðåïîëíåíèå êàáèí ëèôòîâ ýâàêóè-

ðóþùèìèñÿ ëþäüìè.
Áîëüøèíñòâî èç ïåðå÷èñëåííûõ ïðîáëåì ðåøå-

íî åñëè íå ïîëíîñòüþ, òî ÷àñòè÷íî. Ê ïîæàðíîé áåç-

îïàñíîñòè ëèôòîâ ïðåäúÿâëÿþòñÿ òðåáîâàíèÿ ñòîëü
æå æåñòêèå, êàê è äëÿ ëåñòíè÷íûõ êëåòîê [7]. Ýô-
ôåêòèâíûå îáúåìíî-ïëàíèðîâî÷íûå ðåøåíèÿ ïîçâî-
ëÿþò ðàöèîíàëüíî ðàñïðåäåëÿòü ÷åëîâå÷åñêèå ïî-
òîêè ïî âñåì ïóòÿì ýâàêóàöèè [15], óáèðàÿ âîçìîæ-
íûå íåïðîõîäèìûå ïðåïÿòñòâèÿ íà ïóòè äâèæåíèÿ,
íåãàòèâíî âëèÿþùèå íà ïñèõîýìîöèîíàëüíîå ñîñòî-
ÿíèå ÷åëîâåêà è øàíñû åãî ýâàêóàöèè â öåëîì [16, 17].
Èññëåäîâàíèÿ ïîâåäåíèÿ ëþäåé âî âðåìÿ ïîæàðà
[18, 19] âûÿâèëè, ÷òî, åñëè ïðè ïîæàðå ëèôòû ïðî-
äîëæàþò ôóíêöèîíèðîâàòü, ÷àñòü ëþäåé èñïîëüçóåò
èõ ïðè ýâàêóàöèè. Â ïÿòèýòàæíûõ äîìàõ äîëÿ ëþäåé,
èñïîëüçóþùèõ ëèôòû, äîñòèãàåò 15 %, à â 20-ýòàæ-
íûõ çäàíèÿõ (â ñòàòüå ðàññìàòðèâàëèñü çäàíèÿ ãîñ-
òèíèö) — 67 %. Ñòîèò îòäåëüíî îòìåòèòü, ÷òî ýâà-
êóàöèÿ èç áàøåí-áëèçíåöîâ ïîñëå òåðàêòà 11 ñåí-
òÿáðÿ 2001 ã. ïðè ïîìîùè ëèôòîâ îáåñïå÷èëà
ñïàñåíèå îêîëî 3000 ÷åë. [20].

Â íàñòîÿùåå âðåìÿ, êîãäà óñòðàíåíî áîëüøèí-
ñòâî ïðè÷èí, íå ïîçâîëÿþùèõ èñïîëüçîâàòü ëèôò â
êà÷åñòâå îäíîãî èç îñíîâíûõ ïóòåé ýâàêóàöèè, èñ-
ñëåäîâàíèÿ ïîâåäåíèÿ ëþäåé â ñèòóàöèè ïîæàðà
ïîäòâåðæäàþò ïðåäðàñïîëîæåííîñòü èõ ê èñïîëüçî-
âàíèþ ëèôòà â êà÷åñòâå ïóòè ýâàêóàöèè. Èçâåñòíû
òàêæå ðåàëüíûå ñëó÷àè óñïåøíîãî ñïàñåíèÿ æèçíåé
ñ ïîìîùüþ äàííîãî òåõíè÷åñêîãî ñðåäñòâà. Â ñâÿçè
ñ ýòèì öåëåñîîáðàçíî ðàññìîòðåòü âîçìîæíîñòü ïðè-
ìåíåíèÿ ëèôòîâ, îñîáåííî â âûñîòíûõ çäàíèÿõ è
ñîîðóæåíèÿõ, â êà÷åñòâå îñíîâíîãî ïóòè ýâàêóàöèè
è ïåðåéòè ê êîìáèíèðîâàííîé ñèñòåìå ýâàêóàöèè
ëþäåé.

Ïðîãðàììíûå êîìïëåêñû, èñïîëüçóþùèå â îñíî-
âå ðàñ÷åòà èíäèâèäóàëüíî-ïîòî÷íóþ ìîäåëü äâèæå-
íèÿ, ïîëó÷èëè øèðîêîå ðàñïðîñòðàíåíèå âî ìíî-
ãèõ ñòðàíàõ. Â ñòàòüå [21] îïèñàíû íàèáîëåå èçâåñò-
íûå ïðåäñòàâèòåëè ðàñ÷åòíûõ ïðîãðàìì äàííîãî
êëàññà, ñðåäè êîòîðûõ Simulex (Àíãëèÿ), Pathfinder
(ÑØÀ), FDS+Evac (ÑØÀ – Ôèíëÿíäèÿ), ÑÈÒÈÑ
(Ðîññèÿ), Ñèãìà ÏÁ (Ðîññèÿ), Fenix 2+ (Ðîññèÿ) è äð.
[22–28].

Â [29] ïîä÷åðêèâàåòñÿ, ÷òî èç âûøåïåðå÷èñëåí-
íûõ ïðîãðàììíûõ êîìïëåêñîâ èìåííî â ìîäåëè Path-
finder ðåàëèçîâàí íàèáîëåå òî÷íûé àëãîðèòì, ïðåäó-
ñìàòðèâàþùèé èíòåëëåêòóàëüíîå äâèæåíèå ëþäåé
â ïîòîêå (ìàíåâðèðîâàíèå, óêëîíåíèå îò ñòîëêíî-
âåíèÿ, óñêîðåíèå ïðè íàëè÷èè ñâîáîäíîãî ïðîñòðàí-
ñòâà). Â áîëåå ïîçäíèõ èññëåäîâàíèÿõ [30] îáðàùà-
åòñÿ âíèìàíèå íà òî, ÷òî ê ðåçóëüòàòàì äèíàìèêè
ýâàêóàöèè, ïîëó÷åííûì â ïðîãðàììíûõ êîìïëåêñàõ,
ñòîèò ïîäõîäèòü ñ îñòîðîæíîñòüþ, òàê êàê äàííûé
ïðîöåññ ñèëüíî çàâèñèò îò àëãîðèòìà ïðîãðàììû.
Òàê, íàïðèìåð, àëãîðèòì ïðîãðàììíîãî êîìïëåêñà
Pathfinder ìîæåò çàâûøàòü èíòåíñèâíîñòü äâèæåíèÿ
ëþäñêîãî ïîòîêà â ìåñòàõ ëîêàëüíîãî ñóæåíèÿ, â ðå-
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çóëüòàòå ÷åãî ìîæåò áûòü çàíèæåíî ðàñ÷åòíîå âðåìÿ
ýâàêóàöèè.

Îäíèì èç ïðèìåðîâ óñïåøíîãî ìîäåëèðîâàíèÿ
ýâàêóàöèè â ïðîãðàììå Pathfinder ÿâëÿåòñÿ ðàñ÷åò
ïîæàðîáåçîïàñíîñòè áèáëèîòåêè óíèâåðñèòåòà â
Íàíêèíå [31].

Â ñòàòüå [32] óäåëÿåòñÿ îñîáîå âíèìàíèå òîìó,
÷òî íàëè÷èå ñïåöèàëüíûõ òðàíçèòíûõ çîí (óáåæèù)
âíóòðè çäàíèÿ ïðåâðàùàåò âûñîòíîå ñîîðóæåíèå â
ñåòü ïîæàðîáåçîïàñíûõ îòñåêîâ. Ïðîìåæóòî÷íûå
òåõíè÷åñêèå ýòàæè, ïîìèìî îñíîâíîãî íàçíà÷åíèÿ
— ðàñïîëîæåíèÿ ñåòåé è êîììóíèêàöèé çäàíèÿ,
ïðåâðàùàþòñÿ â çîíû äëÿ îòäûõà ëþäåé ïðè ýâàêóà-
öèè è áåçîïàñíûå ìåñòà, â êîòîðûõ ëþäè ìîãóò
óêðûòüñÿ îò ïîæàðà. Â ïðîåêòå ïðåäóñìîòðåíî äâå
çîíû áåçîïàñíîñòè — 20-é è 40-é ýòàæè.

Ñòîèò îòìåòèòü, ÷òî äëÿ ïîëó÷åíèÿ îêîí÷àòåëü-
íûõ äàííûõ ïî ðàñ÷åòíîìó âðåìåíè ýâàêóàöèè, áî-
ëåå ñîîòâåòñòâóþùèõ ðåàëüíîñòè, ê ïîëó÷åííîìó
ðåçóëüòàòó ñòîèò ïðèáàâèòü âðåìÿ, çàòðà÷åííîå íà
íà÷àëî ýâàêóàöèè. Â ñòàòüå [33] ïîä÷åðêèâàåòñÿ,
÷òî ÷åëîâåê òðàòèò ÷àñòü âðåìåíè íà àíàëèç àâàðèé-
íîé ñèòóàöèè, ïîïûòêè ñîáðàòü âåùè. Äàííàÿ çà-
äåðæêà, ïî ìíåíèþ àâòîðîâ [34], ÿâëÿåòñÿ îäíîé èç
îñíîâíûõ ïðè÷èí òðàâìèðîâàíèÿ è ãèáåëè ëþäåé.

Îñîáåííî àêòóàëüíà äàííàÿ ïîïðàâêà äëÿ îôèñ-
íûõ çäàíèé è òîðãîâûõ êîìïëåêñîâ. Íåñìîòðÿ íà
òîò ôàêò, ÷òî ëþäè íàõîäÿòñÿ â áîäðñòâóþùåì ñî-
ñòîÿíèè, ìíîãî âðåìåíè óõîäèò íà ðåàêöèþ ëþäåé
íà îïîâåùåíèå î ïîæàðå [35, 36], êîòîðàÿ â îôèñ-
íûõ çäàíèÿõ ñîñòàâëÿåò ïðèìåðíî 170 ñ ïîñëå ñðà-
áàòûâàíèÿ ñèñòåìû îïîâåùåíèÿ è óïðàâëåíèÿ ýâà-
êóàöèåé (ÑÎÓÝ) [37]. Ïðè ýòîì â [38] äîêàçûâàåòñÿ,
÷òî ñðåäíåå âðåìÿ íà÷àëà ýâàêóàöèè ìîæåò ñîñòàâ-
ëÿòü âñåãî 17 ñ ïðè ïðîôåññèîíàëüíîé ðàáîòå îá-
ñëóæèâàþùåãî ïåðñîíàëà áèçíåñ-öåíòðîâ. Äàííûé
ïàðàìåòð ÿâëÿåòñÿ êîìïëåêñíûì è çàâèñèò îò ìíî-
æåñòâà ôàêòîðîâ, âêëþ÷àþùèõ êàê ïîæàðíî-òåõíè-
÷åñêèå õàðàêòåðèñòèêè çäàíèÿ, òàê è êîñâåííûå, íà-
ïðèìåð óðîâåíü ïðîòèâîïîæàðíîé ïîëèòèêè ðóêî-
âîäñòâà (êóëüòóðû ïîæàðîáåçîïàñíîñòè) [39].

Ïðè îðãàíèçàöèè ïðîöåññà ýâàêóàöèè âàæíî ðàñ-
ñìàòðèâàòü ðåøåíèÿ, íàïðàâëåííûå íå òîëüêî íà ñî-
êðàùåíèå âðåìåíè ýâàêóàöèè, íî è íà ñíèæåíèå
ïëîòíîñòè ëþäñêèõ ïîòîêîâ. Ýòî äàñò âîçìîæíîñòü
ìèíèìèçèðîâàòü ðèñêè òðàâìàòèçìà ëþäåé è îáðà-
çîâàíèÿ ïîìåõ â ïðîöåññå äâèæåíèÿ. Â êà÷åñòâå
íàèáîëåå ýôôåêòèâíîãî ðåøåíèÿ ñòîèò ðàññìàòðè-
âàòü ïîýòàïíóþ ýâàêóàöèþ [11]. Ñõåìà îðãàíèçàöèè
ïîýòàïíîé ýâàêóàöèè îñíîâàíà íà ðàçäåëåíèè ïîòî-
êîâ ýâàêóèðóþùèõñÿ ëþäåé è ïðåäîòâðàùåíèè èõ
ïåðåñå÷åíèÿ. Ïðèìåð èíñòðóêöèè ïî îðãàíèçàöèè
ïåøåé ïîýòàïíîé ýâàêóàöèè (áåç èñïîëüçîâàíèÿ
ëèôòîâ) ïðèâåäåí â [40]. Íà îñíîâå ðåçóëüòàòîâ ìî-
äåëèðîâàíèÿ ðàññ÷èòàíà òàáëèöà âðåìåííûõ çàäåð-
æåê äëÿ êàæäîãî ýòàæà ðàññìàòðèâàåìîé ñåêöèè.

Öåëü íàñòîÿùåé ñòàòüè — ìîäåëèðîâàíèå ýâàêóà-
öèè ëþäåé èç âûñîòíîãî çäàíèÿ ñ ïðèìåíåíèåì ëèô-
òîâ â êà÷åñòâå îäíîãî èç îñíîâíûõ ïóòåé ýâàêóàöèè.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ðåøåíû ñëå-
äóþùèå çàäà÷è:
� îïðåäåëåíû çàâèñèìîñòè âðåìåíè ýâàêóàöèè îò

ïàðàìåòðîâ äâèæåíèÿ ëþäåé ðàçíûõ ãðóïï ìî-
áèëüíîñòè â ñìîäåëèðîâàííîì âûñîòíîì ìíîãî-
ýòàæíîì îôèñíîì çäàíèè â ÏÊ Pathfinder;

� ïðîâåäåíî ñðàâíåíèå âðåìåíè ýâàêóàöèè ïî ëåñò-
íè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ.

Ìåòîäèêà

Ïðîãðàììíûé êîìïëåêñ Pathfinder ïðèìåíÿëñÿ
äëÿ ðàñ÷åòà ýâàêóàöèè ëþäåé èç ñìîäåëèðîâàííîãî
çäàíèÿ. Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè âû÷èñëÿëîñü
äëÿ ñëó÷àåâ ýâàêóàöèè êàê èñêëþ÷èòåëüíî ïî ëåñò-
íèöàì, òàê è ïðè ÷àñòè÷íîì èñïîëüçîâàíèè ëèôòî-
âûõ óçëîâ. Ðàñ÷åòû ïðîâîäèëèñü ñ ó÷åòîì íàëè÷èÿ
ìàëîìîáèëüíîé ãðóïïû íàñåëåíèÿ. Çà åäèíèöó âðå-
ìåíè (âðåìåííîé øàã), îòâå÷àþùóþ çà òî÷íîñòü ìî-
äåëèðîâàíèÿ, ïðèíÿòî 0,50 ñ. Âðåìÿ íà÷àëà ýâàêóà-
öèè tíà÷.ýâ = 170 ñ.

Ñìîäåëèðîâàíî âûñîòíîå çäàíèå (ðèñ. 1 è 2) ñî
ñëåäóþùèìè ïàðàìåòðàìè:
� êîëè÷åñòâî ýòàæåé — 60;
� êîëè÷åñòâî ñåêöèé — òðè ïî 20 ýòàæåé;
� êîëè÷åñòâî æèëûõ ýòàæåé â ñåêöèè — 19 (20-é

ýòàæ — òåõíè÷åñêèé);
� âûñîòà ýòàæà — 3 ì;
� ïîëåçíàÿ ïëîùàäü ýòàæà — 600 ì2;
� ïëîòíîñòü 100 ÷åë. íà ýòàæ (èç ðàñ÷åòà 1 ÷åë. íà

6 ì2 ïîëåçíîé ïëîùàäè). Ñîîòíîøåíèå ëþäåé
ãðóïï ìîáèëüíîñòè Ì1, Ì2, Ì3, Ì4 ïðèíÿòî
ñîîòâåòñòâåííî 90, 4, 4 è 2 %. Ïðè ðàñ÷åòå ïðè-
íÿòî èçáûòî÷íîå êîëè÷åñòâî ëèö ÌÃÍ (10 %)

Ðèñ. 1. Ïëàí òèïîâîãî ýòàæà ìîäåëèðóåìîãî çäàíèÿ îôèñíîãî
öåíòðà
Fig. 1. The standard floor plan of the simulated office building
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èç-çà äåìîãðàôè÷åñêîé òåíäåíöèè ñîõðàíåíèÿ
ðàáîòîñïîñîáíîñòè íàñåëåíèÿ ïåíñèîííîãî
âîçðàñòà è â óñëîâèÿõ äîñòóïíîñòè ñðåäû;

� êîëè÷åñòâî ëþäåé â êàæäîé ñåêöèè — ïî 1900 ÷åë.;
âñåãî ëþäåé â çäàíèè — 5700 ÷åë.;

� äâå Ï-îáðàçíûå ëåñòíèöû òèïà Í3, ìàðø —
1350 ìì;

� 6 ëèôòîâ íà 13 ÷åë., ïåðåìåùàþùèåñÿ â ïðåäå-
ëàõ ñåêöèè (óñêîðåíèå à = 1,2 ì�ñ2, ìàêñèìàëü-
íàÿ ñêîðîñòü äâèæåíèÿ vmax = 2,5 ì�ñ);

� 4 ëèôòà-øàòòëà íà 26 ÷åë., ïî 2 íà ñåêöèþ (à =
= 1,2 ì�ñ2, vmax = 4 ì�ñ), êîòîðûå ÿâëÿþòñÿ âåð-
òèêàëüíûìè ñâÿçÿìè ìåæäó 1-ì ýòàæîì çäàíèÿ
è 1-ì ýòàæîì 2-é è 3-é ñåêöèé (20-ì è 40-ì ýòà-
æàìè ñîîòâåòñòâåííî).
Ïîäáîð ëèôòîâ ïðåäñòàâëåí â òàáë. 2.
Ìåòîäèêà ðàñ÷åòà âåðòèêàëüíîãî òðàíñïîðòà â

îáùåñòâåííûõ çäàíèÿõ ïðèâîäèòñÿ â ïðèë. 2 íå-
àêòóàëèçèðîâàííîãî íîðìàòèâíîãî äîêóìåíòà “Ïî-
ñîáèå ïî ïðîåêòèðîâàíèþ îáùåñòâåííûõ çäàíèé è
ñîîðóæåíèé ê ÑÍèÏ 2.08.02–85”. Ïðåäñòàâëåííûé
â Ïîñîáèè ðàñ÷åò àíàëîãè÷åí ðàñ÷åòó â ÃÎÑÒ Ð
52941–2008 (Ëèôòû ïàññàæèðñêèå. Ïðîåêòèðîâà-
íèå ñèñòåì âåðòèêàëüíîãî òðàíñïîðòà â æèëûõ çäà-
íèÿõ), ïîýòîìó, íåñìîòðÿ íà òî ÷òî ðàñ÷åò ïðèâåäåí
äëÿ æèëûõ çàäíèé, èñïîëüçóåì åãî è äëÿ îáùåñò-
âåííûõ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ðàññìîòðèì ýâàêóàöèþ îòäåëüíîé ñåêöèè (1–19-é
ýòàæè).

Ñîãëàñíî ñò. 89 [10] äëÿ ýâàêóàöèè ëþäåé, îòíî-
ñÿùèõñÿ ê ãðóïïå ìîáèëüíîñòè Ì4, èñïîëüçóþòñÿ

ëèôòû, ïðåäóñìîòðåííûå äëÿ òðàíñïîðòèðîâêè ïî-
æàðíûõ êîìàíä, îñòàëüíûì æå ãðóïïàì íàñåëåíèÿ
ïîëüçîâàòüñÿ ëèôòàìè çàïðåùåíî. Èõ ýâàêóàöèÿ èäåò
òîëüêî ïî ëåñòíè÷íûì êëåòêàì. Ðàñ÷åòíîå âðåìÿ ýâà-
êóàöèè äëÿ ãðóïï Ì1–Ì3 äëÿ ñåêöèè ïðåäñòàâëåíî
â òàáë. 3.

Ïîëó÷åííîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè íå ïðî-
òèâîðå÷èò òåîðåòè÷åñêèì ðåçóëüòàòàì, ïðåäñòàâëåí-
íûì â ñòàòüå [41] äëÿ îäíîé ëåñòíèöû è ïðèâåäåí-
íûì â òàáë. 4. Â ñåêöèè íàõîäèòñÿ 1900 ÷åë., ñëåäî-
âàòåëüíî, íà îäíó ëåñòíèöó ïðèõîäèòñÿ 950 ÷åë.
Ïðè ýòîì ñòîèò ó÷èòûâàòü, ÷òî â òàáë. 4 óêàçàíà
íèæíÿÿ ãðàíèöà âðåìåííîãî èíòåðâàëà.

Ðàññìîòðèì èçìåíåíèå ñêîðîñòè ýâàêóàöèè ïðè
èñïîëüçîâàíèè ëèôòîâ ãðóïïàìè ìîáèëüíîñòè Ì2
è Ì3 ïðè ðàçëè÷íûõ âàðèàíòàõ óðîâíÿ ïîñàäî÷íîãî
ýòàæà (òàáë. 5).

Èç òàáë. 5 âèäíî, ÷òî, ïîìèìî ñîêðàùåíèÿ âðå-
ìåíè ýâàêóàöèè ëèö ãðóïï Ì2 è Ì3 ïðè èñïîëüçî-
âàíèè èìè ëèôòà, íàèáîëåå ðàöèîíàëüíî çàáèðàòü
ëþäåé, íà÷èíàÿ ñ ïåðâûõ ýòàæåé. Ïðèìåì çà ýôôåê-
òèâíûé óðîâåíü íà÷àëà ýâàêóàöèè ëèö ãðóïï Ì2 è
Ì3 4-é ýòàæ.

Ðàññìîòðèì âëèÿíèå âðåìåííóé çàäåðæêè íà÷à-
ëà ýâàêóàöèè íà îáùåå âðåìÿ ýâàêóàöèè â ïðåäåëàõ
îäíîé ñåêöèè (òàáë. 6). Äàííàÿ ìåðà äîëæíà îáåñ-
ïå÷èòü óìåíüøåíèå ïëîòíîñòè ëþäñêîãî ïîòîêà è,
êàê ñëåäñòâèå, ïðåäîòâðàòèòü îáðàçîâàíèå çàòîðîâ,
ïðåïÿòñòâóþùèõ åãî ýôôåêòèâíîìó äâèæåíèþ. Çà-
äåðæêà äîñòèãàåòñÿ çà ñ÷åò çàäåðæêè ïîäà÷è ñèãíà-
ëà ÑÎÓÝ íà îïðåäåëåííûõ ýòàæàõ.

Ðèñ. 2. Ðàçðåç ìîäåëèðóåìîãî çäàíèÿ îôèñíîãî öåíòðà: à — äâèæåíèå ëèôòà-øàòòëà ñ 1-ãî ïî 20-é ýòàæ; á — äâèæåíèå ëèôòà-
øàòòëà ñ 1-ãî ïî 40-é ýòàæ; â — îáùèé ðàçðåç çäàíèÿ äëÿ îáîèõ ñëó÷àåâ
Fig. 2. Simulated office-building section: a — elevator-shuttle movement from the 1st to the 20th floor; b — elevator-shuttle movement
from the 1st to the 40th floor; v — common building section for both cases
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¹
ï�ï

No.

Ïîêàçàòåëü � Index

Âíóòðè-
ñåêöèîííûå

ëèôòû

Inside
section
elevator

Ëèôòû-øàòòëû
Elevator-shuttles

1-19-é
ýòàæè

1–19th

floors

1–40-é
ýòàæè

1–40th

floors

I Êîýôôèöèåíòû � Coefficients

1 Êîýôôèöèåíò âåðîÿòíîé âûñîòû ïîäúåìà ëèôòà � Coefficient of the probable
height of the elevator

0,7 0,7 0,7

2 Êîýôôèöèåíò çàïîëíåíèÿ êàáèíû ëèôòà ïðè ïîäúåìå � Coefficient of the ele-
vator car filling during the ascent

0,8 0,8 0,8

3 Êîýôôèöèåíò çàïîëíåíèÿ êàáèíû ëèôòà ïðè ñïóñêå � Coefficient of the eleva-
tor car filling during descent

1 1 1

4 Ïîêàçàòåëü èíòåíñèâíîñòè ïàññàæèðîïîòîêà1 � Indicator of the passenger traffic
intensity1

4 4 4

II Ïàðàìåòðû ëèôòà � Lift parameters

1 Ãðóçîïîäúåìíîñòü, êã � Elevator capacity, kg 1000 2000 2000

2 Íîìèíàëüíàÿ âìåñòèìîñòü êàáèíû2, ÷åë. � Nominal capacity of the cabin2, pers. 13,0 26,0 26,0

3 Ñêîðîñòü äâèæåíèÿ ëèôòà, ì�ñ � Elevator speed, m�sec 2,5 4,0 4,0

4 Ïóòü, ïðîõîäèìûé ëèôòîì ïðè ðàçãîíå äî íîìèíàëüíîé ñêîðîñòè è òîðìî-
æåíèè îò íîìèíàëüíîé ñêîðîñòè äî ïîëíîé îñòàíîâêè, ì � Elevator path
during acceleration to nominal speed and braking to the full stop, m

7,0 16,0 16,0

III Ðåçóëüòàòû ðàñ÷åòà êîëè÷åñòâà ëèôòîâ � Calculation results of the elevator number

1 Âûñîòà ïîäúåìà ëèôòà îò óðîâíÿ ïîëà îñíîâíîãî ïîñàäî÷íîãî ýòàæà äî
óðîâíÿ ïîëà âåðõíåãî îáñëóæèâàåìîãî ýòàæà, ì � Lifting elevator height from
the base level to the upper served floor, m

54,00 60,00 120,00

2 Âåðîÿòíàÿ âûñîòà ïîäúåìà ëèôòà, ì � Probable elevator lifting, m 37,80 42,00 84,00

3 ×èñëî âåðîÿòíûõ îñòàíîâîê ëèôòà âûøå îñíîâíîãî ïîñàäî÷íîãî ýòàæà ïðè
ïîäúåìå � The possible elevator stops number above the base floor during lifting

8,17 2,00 2,00

4 ×èñëî âåðîÿòíûõ îñòàíîâîê ëèôòà âûøå îñíîâíîãî ïîñàäî÷íîãî ýòàæà ïðè
ñïóñêå � The possible elevator stops number above the base floor during descent

9,59 2,00 2,00

5 ×èñëî âåðîÿòíûõ îñòàíîâîê ëèôòà çà êðóãîâîé ðåéñ âûøå îñíîâíîãî ïîñà-
äî÷íîãî ýòàæà � The possible elevator stops number of circular voyage is higher
than the main landing

17,76 4,00 4,00

6 Çàòðàòû âðåìåíè íà ðàçãîí ëèôòà äî íîìèíàëüíîé ñêîðîñòè, òîðìîæåíèå îò
íîìèíàëüíîé ñêîðîñòè äî ïîëíîé îñòàíîâêè, ïóñê ëèôòà, îòêðûâàíèå
è çàêðûâàíèå äâåðåé, ñ � The acceleration elevator time to the nominal speed,
deceleration from the nominal speed to a complete stop, the elevator start, the opening
and closing of the doors, sec

12,00 12,00 12,00

7 Âðåìÿ íà âõîä è âûõîä ïàññàæèðîâ ïðè ïîäúåìå, ñ � The entry and exit pas-
senger time during the ascent, sec

16,64 33,28 33,28

8 Âðåìÿ íà âõîä è âûõîä ïàññàæèðîâ ïðè ñïóñêå, ñ � The entry and exit passen-
ger time during the descent, sec

20,80 41,60 41,60

9 Âðåìÿ íà âõîä (âûõîä) îäíîãî ïàññàæèðà ïðè øèðèíå äâåðíîãî ïðîåìà
áîëåå 1000 ìì, ñ � Time to enter (exit) for one passenger with a doorway width
more than 1000 mm, sec

0,80 0,80 0,80

10 Ñóììàðíîå âðåìÿ çàäåðæêè, ñ � The total delay time, sec 262,61 134,88 134,88

11 Âðåìÿ êðóãîâîãî ðåéñà, ñ � Circular voyage time, sec 279,53 158,37 188,37

12 Ðàñ÷åòíûé ïÿòèìèíóòíûé ïàññàæèðîïîòîê ïðè ðàâíîìåðíîé çàñåëåííîñòè
ýòàæåé, ÷åë.�5 ìèí � Estimated five-minute passenger flow with uniform floor
occupancy, pers. per 5 min

72,00 76,00 76,00

13 Ðàñ÷åòíûé ÷àñîâîé ïàññàæèðîïîòîê, ñ � Estimated hourly passenger traffic, sec 864,00 912,00 912,00

14 Ïðîâîçíàÿ ñïîñîáíîñòü ëèôòà, ÷åë.-÷ � Elevator carrying capacity, pers. per hour 150,68 531,93 447,21

Òàáëèöà 2. Ïîäáîð ëèôòîâ ïî ÃÎÑÒ Ð 52941–2008
Table 2. Elevator selection in according to National Standard of the Russian Federation 52941–2008
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Ïîêàçàíî, ÷òî íàëè÷èå çàäåðæêè áëàãîïðèÿòíî
ñêàçûâàåòñÿ íà îáùåì âðåìåíè ýâàêóàöèè (830 < 859)
(ñì. òàáë. 6). Âïîñëåäñòâèè ïðè ðàñ÷åòå ìîäåëè ìîæ-
íî íàéòè íàèáîëåå ðàöèîíàëüíîå ñîîòíîøåíèå âðå-
ìåíè çàäåðæêè ñèãíàëà ÑÎÓÝ äëÿ êàæäîãî ýòàæà.

Ïðè àíàëèçå ãðàôèêà çàâèñèìîñòè êîëè÷åñòâà
ýâàêóèðîâàâøèõñÿ ëþäåé îò ðàñ÷åòíîãî âðåìåíè ýâà-
êóàöèè (ðèñ. 3) îòìå÷åíà òî÷êà ïåðåãèáà, ïîñëå ïðî-
õîæäåíèÿ êîòîðîé ôóíêöèÿ íàðàñòàåò áîëåå ïîëîãî,
÷òî ñâÿçàíî ñ íåîäíîâðåìåííûì çàâåðøåíèåì ýâà-
êóàöèè ïî ëåñòíèöå è íà ëèôòàõ.

Ïî çàâåðøåíèè èñïîëüçîâàíèÿ ëèôòîâ (Ì2, Ì3
è Ì4) åùå êàêîå-òî âðåìÿ ëþäè ãðóïïû ìîáèëüíî-
ñòè Ì1 ïðîäîëæàþò ñïóñêàòüñÿ ïî ëåñòíèöå, ÷òî
ïðèâîäèò ê óâåëè÷åíèþ îáùåãî âðåìåíè ýâàêóàöèè.

Äëÿ åãî ìèíèìèçàöèè íåîáõîäèìî ñîêðàòèòü äëè-
òåëüíîñòü äâèæåíèÿ ïî ëåñòíèöå, ò. å. ëèíåàðèçîâàòü
ãðàôèê.

Ðàññìîòðèì ñèòóàöèþ, êîãäà ÷àñòü ëþäåé ãðóï-
ïû Ì1 òàêæå èñïîëüçóåò ëèôò äëÿ ñïóñêà ê áàçîâî-
ìó ýòàæó (òàáë. 7). Äàííàÿ ìåðà äîëæíà ïðèâåñòè
â èäåàëüíîì ñëó÷àå ê îäíîâðåìåííîìó îêîí÷àíèþ
ýâàêóàöèè ïî ëåñòíè÷íûì êëåòêàì è íà ëèôòàõ.

Âûøåïðèâåäåííûå ðàñ÷åòû ïîêàçàëè, ÷òî ðåøå-
íèå íàçíà÷èòü 4-é ýòàæ óðîâíåì íà÷àëà ýâàêóàöèè
ëþäåé ãðóïï Ì2 è Ì3 íå ÿâëÿåòñÿ îïòèìàëüíûì äëÿ
çàïðîåêòèðîâàííîãî çäàíèÿ. Áîëüøîå ñêîïëåíèå ëþ-
äåé, îæèäàþùèõ ïðèáûòèÿ ëèôòà, ïðè óìåíüøåíèè
÷èñëà ýâàêóèðóþùèõñÿ ïî ëåñòíèöå ñîçäàåò ñóììàð-
íóþ çàäåðæêó, ïðèâîäÿùóþ ê òîìó, ÷òî ëèôòû ïðè-
åçæàþò íà áàçîâûé ýòàæ ïîçæå îêîí÷àíèÿ ýâàêóà-
öèè ïî ëåñòíè÷íûì êëåòêàì.

Ó÷èòûâàÿ äàííûå òàáë. 6, â êà÷åñòâå óðîâíÿ, ñ êî-
òîðîãî äîëæíà îñóùåñòâëÿòüñÿ ýâàêóàöèÿ ãðàæäàí
ãðóïï ìîáèëüíîñòè Ì2 è Ì3, ïðèíèìàåì 7-é ýòàæ.
Ïîäáåðåì òàêîå ñîîòíîøåíèå ëþäåé ãðóïïû Ì1 äëÿ
ýâàêóàöèè íà ëèôòå, ÷òîáû îáåñïå÷èòü ìèíèìàëü-
íîå ñóììàðíîå âðåìÿ ýâàêóàöèè (òàáë. 8).

Ñàìûì áûñòðûì ïî âðåìåíè ñòàë ñöåíàðèé ñ
÷àñòè÷íîé ýâàêóàöèåé 30 % ëþäåé ãðóïïû Ì1, êî-
òîðûå áûëè íàïðàâëåíû íà ëèôò ñ 7-ãî ïî 14-é ýòàæ,
è 40 % ãðóïïû Ì1 — ñ 15-ãî ïî 19-é ýòàæ (ðèñ. 4).

¹
ï�ï

No.

Ïîêàçàòåëü � Index

Âíóòðè-
ñåêöèîííûå

ëèôòû

Inside
section
elevator

Ëèôòû-øàòòëû
Elevator-shuttles

1-19-é
ýòàæè

1–19th

floors

1–40-é
ýòàæè

1–40th

floors

15 Íåîáõîäèìîå ÷èñëî ëèôòîâ â çäàíèè � Required elevator number in the building 5,73 1,71 2,04

16 Ïðèíèìàåìîå êîëè÷åñòâî ëèôòîâ � Accepted number of elevators 6,00 2,00 2,00

17 Èíòåðâàë äâèæåíèÿ ëèôòîâ, ñ � The interval of elevator movement, sec 46,59 79,18 94,18
1 Ïîêàçàòåëü èíòåíñèâíîñòè ïàññàæèðîïîòîêà õàðàêòåðèçóåò ÷èñëî ÷åëîâåê, ïîäëåæàùèõ ïåðåâîçêå â òå÷åíèå 5 ìèí, % îò

÷èñëà ëþäåé, ïîëüçóþùèõñÿ ëèôòàìè â çäàíèè. � The indicator of passenger traffic intensity characterizes the number of peop-
le to be transported for 5 minutes, % of the number of people using elevators in the building.

2 Îïðåäåëÿåòñÿ äåëåíèåì íîìèíàëüíîé ãðóçîïîäúåìíîñòè ëèôòà íà 75 (âåñ îäíîãî ïàññàæèðà). � It is determined by ratio
the nominal elevator capacity to 75 (passenger weight).

Îêîí÷àíèå òàáë. 2 � End Table 2

Ñöåíàðèé
Scenario

Ãðóïïà, íå èñ-
ïîëüçóþùàÿ

ëèôò
The group

that does not use
the elevator

Èñïîëüçîâàíèå ëèôòà
Using the elevator Âðåìÿ,

ñ
Time,

sec
Ãðóïïà
Group

Ïîñàäî÷-
íûé ýòàæ
Boarding

floor

1 Ì1, Ì2, Ì3 Ì4 (100 %) 1–19 1043

Òàáëèöà 3. Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç ñåêöèè ñ 1-ãî ïî
19-é ýòàæ áåç èñïîëüçîâàíèÿ ëèôòîâ
Table 3. Estimated evacuation time of a section 1–19 floor without
the use of elevators

Øèðèíà ìàðøà, ìì,
ïðîåêòíàÿ�ýôôåêòèâíàÿ
Width of the march, mm,

project � effective

Ìèíèìàëüíîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè, ìèí, ïðè êîëè÷åñòâå ëþäåé,
ýâàêóèðóþùèõñÿ ïî îäíîé ëåñòíèöå, ÷åë.

The minimum evacuation time, min, with the number of evacuating people on one staircase, pers.

500 1000 2000 3000 4000 5000 6000 7000

1078�882 9 17 33 50 66 83 99 115

1372�1176 7 13 25 36 48 60 72 84

1666�1470 6 10 19 29 38 48 57 66

Òàáëèöà 4. Ìèíèìàëüíîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç âûñîòíîãî îôèñíîãî çäàíèÿ
Table 4. Minimum evacuation time of a high-rise office building
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Ãðàôèê íà ðèñ. 4 ïðåäñòàâëÿåò ñîáîé ïðàêòè÷å-
ñêè ëèíåéíóþ ôóíêöèþ, ÷òî ñâèäåòåëüñòâóåò îá îä-
íîâðåìåííîì çàâåðøåíèè ýâàêóàöèè ïî ëåñòíè÷íîé
êëåòêå è íà ëèôòå. Áîëåå äåòàëüíî è òî÷íî âû÷èñ-
ëÿòü ïðîöåíòíîå ñîîòíîøåíèå ëþäåé ãðóïïû Ì1 íå-
ðàöèîíàëüíî, òàê êàê ïðè ýâàêóàöèè áîëüøàÿ òî÷-
íîñòü (íåñìîòðÿ íà ðàñ÷åòû) íå áóäåò äîñòèãíóòà.

Ñöåíàðèé
Scenario

Ãðóïïà ìîáèëüíîñòè,
èñïîëüçóþùàÿ ëèôò

Mobility group,
using the elevator

Ïîñàäî÷íûé
ýòàæ

Boarding
floor

Âðåìÿ,
ñ

Time,
sec

2
Ì4 (100 %) 1–19

867
Ì2, Ì3 (100 %) 2–19

3
Ì4 (100 %) 1–19

859
Ì2, Ì3 (100 %) 4–19

4
Ì4 (100 %) 1–19

888
Ì2, Ì3 (100 %) 7–19

5
Ì4 (100 %) 1–19

930
Ì2, Ì3 (100 %) 10–19

6
Ì4 (100 %) 1–19

985
Ì2, Ì3 (100 %) 13–19

Òàáëèöà 5. Âëèÿíèå íà ñóììàðíîå ðàñ÷åòíîå âðåìÿ ýâàêóà-
öèè èñïîëüçîâàíèÿ ëèôòîâ ãðóïïàìè Ì2 è Ì3 â ñåêöèè ñ
1-ãî ïî 19-é ýòàæ
Table 5. Influence on the total time of groups M2 and M3 people
evacuation through elevators in a separate section 1–19 floor

Ñöåíà-
ðèé

Scenario

Ñõåìà çàäåðæêè
ñèãíàëà*, ñ

Scheme of the delay
signal*, sec

Ãðóïïà
ìîáèëüíîñòè,

èñïîëüçó-
þùàÿ ëèôò

Mobility
group, using
the elevator

Ïîñà-
äî÷íûé

ýòàæ
Boarding

floor

Âðåìÿ,
ñ

Time,
sec

7 0-0-0
Ì4 (100 %) 1–19

859Ì2, Ì3
(100 %) 4–19

8 0-120-240
Ì4 (100 %) 1–19

850Ì2, Ì3
(100 %) 4–19

9 0-120-0-240-0-360
Ì4 (100 %) 1–19

830Ì2, Ì3
(100 %) 4–19

* Ñîãëàñíî ðàíåå ïðèíÿòûì äîïóùåíèÿì ýâàêóàöèÿ ëèö
ãðóïï Ì2 è Ì3 îñóùåñòâëÿåòñÿ íà÷èíàÿ ñ 4-ãî ýòàæà.
Ñèãíàë çàïàçäûâàåò öèêëè÷íî, íà÷èíàÿ ñî 2-ãî ýòàæà,
ñ ðàçëè÷íûìè ïðîìåæóòêàìè. Íàïðèìåð, ñõåìà çà-
äåðæêè ñèãíàëà ÑÎÓÝ â ñöåíàðèè 9 îïèñûâàåòñÿ êàê:
0-120-0-240-0-360, ãäå 0 — çàäåðæêà íà 2-ì ýòàæå, 120 ñ
— íà 3-ì ýòàæå, 0 — íà 4-ì ýòàæå, 240 ñ — íà 5 ýòàæå,
0 — íà 6-ì ýòàæå è 360 ñ — íà 7-ì ýòàæå. � According to
previously accepted assumptions, the evacuation of M2 and
M3 mobility groups is carried out starting from the 4th floor.
The signal is delayed cyclically with various intervals be-
ginning from the 2nd floor. For example, the delayed evacua-
tion alert in Scenario 9 is described as: 0-120-0-240-0-360,
where 0 is the delay on the 2nd floor, 120 sec — on the 3rd

floor, 0 — on the 4th floor, 240 sec — on the 5th floor, 0 — on
the 6th floor, and 360 sec — on the 7th floor.

Òàáëèöà 6. Âëèÿíèå íà ñóììàðíîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè
çàäåðæêè ñèãíàëà òðåâîãè â ñåêöèè ñ 1-ãî ïî 19-é ýòàæ
Table 6. Influence on the total evacuation time of the alarm delay
in a separate section 1–19 floor

Ñöåíàðèé
Scenario

Ãðóïïà ìîáèëüíîñòè,
èñïîëüçóþùàÿ ëèôò

Mobility group,
using the elevator

Ïîñàäî÷íûé
ýòàæ

Boarding
floor

Âðåìÿ, ñ
Time, sec

10

Ì4 (100 %) 1–19

780Ì2, Ì3 (100 %) 4–19

Ì1 (30 %) 7–19

11

Ì4 (100 %) 1–19

723Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–19

12

Ì4 (100 %) 1–19

735Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 10–19

13

Ì4 (100 %) 1–19

791Ì2, Ì3 (100 %) 7–19

Ì1 (40 %) 13–19

14

Ì4 (100 %) 1–19

788Ì2, Ì3 (100 %) 7–19

Ì1 (40 %) 7–19

15

Ì4 (100 %) 1–19

742Ì2, Ì3 (100 %) 7–19

Ì1 (40 %) 10–19

Òàáëèöà 7. Âëèÿíèå íà ñóììàðíîå âðåìÿ ýâàêóàöèè ÷àñòè÷-
íîãî èñïîëüçîâàíèÿ ëèôòà ãðóïïîé Ì1 â ñåêöèè ñ 1-ãî ïî
19-é ýòàæ
Table 7. Influence on the total evacuation time at partial using
elevators by group M1 in a section from 1st to 19th floor

Ðèñ. 3. Çàâèñèìîñòü êîëè÷åñòâà ýâàêóèðîâàâøèõñÿ ëþäåé îò
ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïðè èñïîëüçîâàíèè ëèôòà
ãðóïïàìè Ì2 è Ì3 íà÷èíàÿ ñ 4-ãî ýòàæà
Fig. 3. Dependence of the number of people evacuated from the es-
timated time of evacuation when using the elevator by groups M2
and M3 from the 4th floor
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Âû÷èñëèì ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç èñõîä-
íîãî âûñîòíîãî çäàíèÿ. Ðåçóëüòàòû ðàñ÷åòà ïðåäñòàâ-
ëåíû â òàáë. 9.

Ðàññìîòðèì ãðàôèê äâèæåíèÿ ëþäñêèõ ïîòîêîâ
ïðè ýâàêóàöèè èç âñåãî çäàíèÿ (ðèñ. 5). Íåðàâíîìåð-
íîñòü â êîíöå ãðàôèêà îáóñëîâëåíà îòñóòñòâèåì
íàñòðîåê ëþäñêîãî ïîòîêà îòíîñèòåëüíî øàòòëîâ,
ñâÿçûâàþùèõ áàçîâûé ýòàæ ñåêöèè è ïåðâûé ýòàæ
çäàíèÿ.

Åñëè ïðîäëèòü ãðàôèê äî èäåàëüíîãî ñëó÷àÿ ëè-
íåéíîé çàâèñèìîñòè, òî ìîæíî ïîëó÷èòü âðåìÿ,
êîãäà ýâàêóèðóþùèåñÿ íà ëèôòàõ-øàòòëàõ è ïî ëåñò-
íèöàì äîñòèãàþò 1-ãî ýòàæà îäíîâðåìåííî. Òàêèì

îáðàçîì, ìîæíî ïóòåì ïîñëåäîâàòåëüíîé èíòåðïî-
ëÿöèè çíà÷åíèé ãðàôèêà îïðåäåëèòü ìèíèìàëüíîå
ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ñ îäíîâðåìåííûì èñ-
ïîëüçîâàíèåì îáû÷íûõ ëèôòîâ è ëèôòîâ-øàòòëîâ,
ðàâíîå 1770 ñ [42, 43]. Ïàðàìåòðû ýâàêóàöèè èç ñåê-
öèè ñ 1-ãî ïî 19-é ýòàæ ïðèâåäåíû â òàáë. 10.

Ñöåíàðèè ñ èñïîëüçîâàíèåì ëèôòîâ ïîëó÷åíû ñ
ó÷åòîì ñõåìû çàäåðæêè ñèãíàëà ÑÎÓÝ (0–120–0–
240–0–360), îêàçàâøåéñÿ ïî ðåçóëüòàòàì òàáë. 6
íàèáîëåå ýôôåêòèâíîé.

Èñõîäÿ èç ðåçóëüòàòîâ, ïðåäñòàâëåííûõ â òàáë. 10,
âèäíî ïîñëåäîâàòåëüíîå óìåíüøåíèå ñóììàðíîãî
âðåìåíè ýâàêóàöèè ïðè èñïîëüçîâàíèè ìåð, ðåãóëè-
ðóþùèõ ëþäñêîé ïîòîê.

LIFE SAFETY

Ñöåíàðèé
Scenario

Ãðóïïà ìîáèëüíîñòè,
èñïîëüçóþùàÿ ëèôò
Mobility group, using

the elevator

Ïîñàäî÷íûé
ýòàæ

Boarding
floor

Âðåìÿ, ñ
Time, sec

16

Ì4 (100 %) 1–19

691
Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 10–14

Ì1 (40 %) 15–19

17

Ì4 (100 %) 1–19

754
Ì2, Ì3 (100 %) 4–19

Ì1 (30 %) 7–14

Ì1 (40 %) 15–19

18

Ì4 (100 %) 1–19

687
Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–14

Ì1 (40 %) 15–19

Òàáëèöà 8. Âëèÿíèå íà ñóììàðíîå ðàñ÷åòíîå âðåìÿ ýâàêóà-
öèè ðàñïðåäåëåííîãî äâèæåíèÿ ïîòîêà Ì1 ÷åðåç ëèôòû â
ñåêöèè ñ 1-ãî ïî 19-é ýòàæ
Table 8. Influence on the total evacuation time by distributed
partial movement of the M1 human flow through elevators in
a section 1–19 floor

Ñöåíàðèé
Scenario

Èñïîëüçîâàíèå ëèôòà
Using the elevator Âðåìÿ,

ñ
Time,

sec

Îáû÷íûé ëèôò
Ordinary
elevator

Ëèôò-øàòòë1

Elevator-
shuttle

19
Ì1-Ì3 — òîëüêî
ëåñòíèöà � only
the stairs

Ì4 (100 %)
1–19, 20–39, 40–59

2998

20
ñ âûáðàííûìè ðà-
íåå ïàðàìåòðàìè
(âíóòðè ñåêöèè) �
with the previously
selected parameters
(inside the section)

Ì4 (100 %)
1–19, 20–39,

40–59

Ì2, Ì3, Ì4
(100 %)

Ì1 (~30 %)

20322

1 Ëèôòû-øàòòëû äîñòàâëÿþò ëþäåé èç âåñòèáþëÿ êàæäîé
èç ñåêöèé íà ïåðâûé ýòàæ çäàíèÿ � Elevators-shuttles de-
liver people from the lobby sections to the first floor.

2 Áåç ïîäáîðà íàñòðîåê äëÿ øàòòëîâ � No choice of settings
for shuttles.

Òàáëèöà 9. Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç âñåãî âûñîòíîãî
çäàíèÿ
Table 9. Estimated evacuation time from the entire high-rise
building

Ðèñ. 4. Çàâèñèìîñòü êîëè÷åñòâà ýâàêóèðîâàâøèõñÿ ëþäåé
îò ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïðè èñïîëüçîâàíèè ëèôòà
ãðóïïàìè Ì2 è Ì3 íà÷èíàÿ ñ 7-ãî ýòàæà, 30 % Ì1 ñ 7-ãî ïî
14-é ýòàæ, 40 % Ì1 — ñ 15-ãî ïî 19-é ýòàæ
Fig. 4. Dependence of the number of people evacuated on the es-
timated time of evacuation when using the elevator by groups M2
and M3 from the 7th floor, 30 % M1 — 7–14 floors, 40 % M1
—15–19 floors

Ðèñ. 5. Çàâèñèìîñòü êîëè÷åñòâà ýâàêóèðîâàâøèõñÿ ëþäåé îò
ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè äëÿ âñåãî çäàíèÿ
Fig. 5. Dependence of the number evacuated people from esti-
mated evacuation time for the whole building
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ÁÅÇÎÏÀÑÍÎÑÒÜ ÆÈÇÍÅÄÅßÒÅËÜÍÎÑÒÈ

Ðåçóëüòàòû ñðàâíåíèÿ âðåìåíè ýâàêóàöèè ïî
ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ ñâå-

äåíû â òàáë. 11. Â êà÷åñòâå ïàðàìåòðîâ äâèæåíèÿ ëþ-
äåé ïðè èñïîëüçîâàíèè ëèôòîâ ïðèìåì ðàñïðåäåëå-
íèå, îïðåäåëÿåìîå ñëåäóþùåé ñõåìîé: Ì4 (100 %)
1–19; Ì2 è Ì3 (100 %) 7–19; Ì1 (30 %) 7–14;
Ì1 (40 %) 15–19.

Ïðèìåíåíèå ëèôòîâ â ñðåäíåì ïîçâîëÿåò ñîêðà-
òèòü ðàñ÷åòíîå âðåìÿ ýâàêóàöèè íà 30 %. Äëÿ 20-ýòàæ-
íîãî çäàíèÿ èñïîëüçîâàíèå ëèôòîâ è óïðàâëåíèå
ëþäñêèì ïîòîêîì óìåíüøàåò äëèòåëüíîñòü ýâàêóà-
öèè âñåãî íà 6 ìèí, ÷òî ñòàâèò ïîä ñîìíåíèå íåîá-
õîäèìîñòü ïðèìåíåíèÿ äàííîãî òåõíè÷åñêîãî ñðåä-
ñòâà â êà÷åñòâå îñíîâíîãî ýâàêóàöèîííîãî ïóòè.
Îäíàêî â âûñîòíîì 60-ýòàæíîì îôèñíîì çäàíèè ñ
áîëüøîé ïëîòíîñòüþ ëþäåé óëó÷øåíèå ðåçóëüòàòà
ïðåâûøàåò 15 ìèí (à ïðè äîïîëíèòåëüíîé íàñòðîéêå
ëþäñêèõ ïîòîêîâ ïðè èñïîëüçîâàíèè ëèôòîâ-øàòòëîâ
äî 20 ìèí).

Âûâîäû

Òðåáîâàíèÿ ê ïîæàðîáåçîïàñíîñòè ëèôòîâ ñòîëü
æå âûñîêè, êàê è äëÿ íåçàäûìëÿåìûõ ëåñòíè÷íûõ
êëåòîê. Áîëüøèíñòâî ïðîáëåì, ÿâëÿþùèõñÿ ïðè÷è-
íàìè çàïðåòà èñïîëüçîâàíèÿ ëèôòîâ â êà÷åñòâå îñíîâ-
íîãî ýâàêóàöèîííîãî ïóòè, ðåøåíî åñëè íå ïîëíî-
ñòüþ, òî ÷àñòè÷íî. Îïûò ìèðîâîãî ïðîåêòèðîâàíèÿ
ïîäòâåðæäàåò ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ëèôòîâ
ïðè îðãàíèçàöèè ýâàêóàöèè âî âðåìÿ ïîæàðà.

Ñðàâíåíèå ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïî
ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ ïî-
êàçàëî, ÷òî äëÿ 20-ýòàæíîãî çäàíèÿ èñïîëüçîâàòü
ëèôòîâóþ ñèñòåìó â êà÷åñòâå îäíîãî èç îñíîâíûõ
ýâàêóàöèîííûõ ïóòåé íåðàöèîíàëüíî. Äëÿ 60-ýòàæ-
íîãî îôèñíîãî çäàíèÿ, íàïðîòèâ, ìåðû ïî óïðàâëå-
íèþ ëþäñêèì ïîòîêîì ñóùåñòâåííî ñîêðàùàþò âðåìÿ
ïðåáûâàíèÿ ëþäåé â çäàíèè ñ î÷àãîì ïîæàðà, ïî-
ýòîìó äëÿ âûñîòíûõ çäàíèé â ïåðñïåêòèâå íåîáõî-
äèìî ðàññìàòðèâàòü îðãàíèçàöèþ ýâàêóàöèè ñ ïðè-
ìåíåíèåì ëèôòîâ.

Äëÿ ïîäòâåðæäåíèÿ ðåçóëüòàòîâ ìîäåëèðîâàíèÿ
íåîáõîäèìî ïðîâåäåíèå íàòóðíûõ èññëåäîâàíèé,
òàê êàê ëþáîå ïðåäïîëîæåíèå â îáëàñòè íîâûõ òåõ-
íè÷åñêèõ ðåøåíèé äîëæíî îáîñíîâûâàòüñÿ ýêñïå-
ðèìåíòàëüíîé ñõîäèìîñòüþ ðåçóëüòàòîâ ñ òåîðåòè-
÷åñêèìè âûêëàäêàìè. Íîâûå òåõíè÷åñêèå ðåøåíèÿ
ïî èñïîëüçîâàíèþ ëèôòîâ, ïîâûøàþùèå áåçîïàñ-
íîñòü ëþäåé â óñëîâèÿõ ÷ðåçâû÷àéíîé ñèòóàöèè,
ïîñëå òåîðåòè÷åñêîãî îáîñíîâàíèÿ è ýêñïåðèìåí-
òàëüíîãî äîêàçàòåëüñòâà ìîãóò áûòü ïîëó÷åíû è
óñîâåðøåíñòâîâàíû c ïîìîùüþ âû÷èñëèòåëüíîé
òåõíèêè.

Ñöåíà-
ðèé

Scenario

Òîëüêî
ëåñòíèöà

Only
the ladder

Èñïîëüçîâàíèå ëèôòà
Using the elevator Âðåìÿ,

ñ
Time,

sec

Ãðóïïà
ìîáèëüíîñòè

Mobility group

Ïîñàäî÷-
íûé ýòàæ
Boarding

floor

1 Ì1, Ì2, Ì3 Ì4 (100 %) 1–19 1043

4
Ì4 (100 %) 1–19

888
Ì2, Ì3 (100 %) 7–19

11

Ì4 (100 %) 1–19

723Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–19

18

Ì4 (100 %) 1–19

687
Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–14

Ì1 (40 %) 15–19

Òàáëèöà 10. Ñâîäíàÿ òàáëèöà ïàðàìåòðîâ ýâàêóàöèè èç ñåê-
öèè ñ 1-ãî ïî 19-é ýòàæ
Table 10. Summary of evacuation parameters for the section
1–19 floor

Îáúåêò
Object

Âðåìÿ ýâàêóàöèè, ñ
Evacuation time, sec

Óëó÷øåíèå âðåìåíè
Time of improvement

òîëüêî
ïî ëåñòíèöå
ladder only

ñ èñïîëüçîâà-
íèåì ëèôòîâ
with elevators

ñ (ìèí)
sec (min) %

Ñåêöèÿ
Section 1043 687 356 34

Çäàíèå
Building 2998 2032 (1770)* 966 (1228) 32 (41)

* Â ñêîáêàõ óêàçàíî ïîòåíöèàëüíî âîçìîæíîå ìèíèìàëü-
íîå çíà÷åíèå ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïîñëå íà-
ñòðîéêè ñèñòåìû ýâàêóàöèè è ðåàëèçàöèè áàëàíñà
ìåæäó ëþäüìè, ñïóñêàþùèìèñÿ ïåøêîì ïî ëåñòíèöå
è èñïîëüçóþùèìè ëèôòû. Ïîëó÷åíî ïóòåì ëèíåàðèçà-
öèè ãðàôèêà, ïðèâåäåííîãî íà ðèñ. 5. � The potential mi-
nimum value of the estimated evacuation time after setting
up the evacuation system and the implementation of a ba-
lance between people walking down the stairs and using
elevators is presented in parentheses. It is obtained by graph
linearizing from Fig. 5.

Òàáëèöà 11. Èòîãîâàÿ òàáëèöà ïàðàìåòðîâ ýâàêóàöèè èç îò-
äåëüíîé ñåêöèè (1–19 ýòàæè) è âñåãî çäàíèÿ (1–60 ýòàæè)
Table 11. Summary table of evacuation parameters of the section
(1–19 floors) and the whole building (1–60 floors)
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÷èñëî ïîæàðîâ?
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ÐÅÇÞÌÅ

Ââåäåíèå. Â ñòàòüå ïðèâåäåíî êðàòêîå* èçëîæåíèå îñíîâíûõ ðåçóëüòàòîâ èññëåäîâàíèÿ âëèÿíèÿ ïëàíîâûõ

ïðîâåðîê Ãîñïîæíàäçîðà íà êîëè÷åñòâî ïîæàðîâ è ÷èñëî æåðòâ ïðè ïîæàðàõ ïî ñåêòîðàì ýêîíîìèêè. Â áîëü-

øèíñòâå ñòðàí ïîñòñîâåòñêîãî ïðîñòðàíñòâà îñíîâíûì ïîäõîäîì ê ãîñóäàðñòâåííîìó ðåãóëèðîâàíèþ ñòàëà

òàê íàçûâàåìàÿ ñèñòåìà ðåôëåêòîðíîãî ðåãóëèðîâàíèÿ ðèñêîâ (Risk Regulation Reflex) (Blanc 2012). Ïëàíî-

âûå ïðîâåðêè ÿâëÿþòñÿ îäíîé èç îòëè÷èòåëüíûõ ÷åðò ýòîé ñèñòåìû. Ñðåäè âñåõ êîíòðîëüíî-íàäçîðíûõ îðãà-

íîâ è âèäîâ êîíòðîëÿ (íàäçîðà) íà äîëþ ÃÏÍ (Ãîñóäàðñòâåííûé ïîæàðíûé íàäçîð) è, ñîîòâåòñòâåííî, Ì×Ñ

ïðèõîäèòñÿ îêîëî òðåòè âñåõ ïëàíîâûõ ïðîâåðîê (N = 915 966). Â êà÷åñòâå îñíîâíûõ öåëåé ïðîâåðî÷íîé àê-

òèâíîñòè äåêëàðèðóåòñÿ ïðåäîòâðàùåíèå ïîæàðîâ è ñîõðàíåíèå ÷åëîâå÷åñêè æèçíåé.

Öåëü è çàäà÷è. Öåëü íàñòîÿùåé ðàáîòû — ïðîâåðêà íàëè÷èÿ ñòàòèñòè÷åñêè çíà÷èìîé ñâÿçè ìåæäó êîëè÷åñò-

âîì ïëàíîâûõ ïðîâåðîê â ðàìêàõ îñóùåñòâëåíèÿ Ãîñóäàðñòâåííîãî ïîæàðíîãî íàäçîðà è ÷èñëîì ïîæàðîâ/

æåðòâ.

Ìåòîä. Çàâèñèìîñòü ÷èñëà ïîæàðîâ îò êîëè÷åñòâà ïðîâåðîê ìîäåëèðóåòñÿ ñ ïîìîùüþ ìîäåëè Ïóàññîíà äëÿ

ïàíåëüíûõ äàííûõ ñ ôèêñèðîâàííûìè ýôôåêòàìè, à ÷èñëà æåðòâ — ñ ïîìîùüþ ìîäåëè ñðåäíåãî ïî ïîïóëÿ-

öèè äëÿ ïàíåëüíûõ äàííûõ ïðè ïðåäïîëîæåíèè îá îòðèöàòåëüíîì áèíîìèàëüíîì ðàñïðåäåëåíèè äëÿ ÷èñëà

æåðòâ. Â ðàáîòå èñïîëüçîâàíû äàííûå, àãðåãèðîâàííûå íà óðîâíå ðåãèîíà: ïî êîëè÷åñòâó ïîæàðîâ, ñìåðòåé,

ïëàíîâûõ ïðîâåðîê è êîëè÷åñòâó þðèäè÷åñêèõ ëèö.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Â ðåçóëüòàòå ðåãðåññèîííîãî ìîäåëèðîâàíèÿ íå áûëî îáíàðóæåíî íàëè÷èÿ ñòà-

òèñòè÷åñêè çíà÷èìîé ñâÿçè ìåæäó ïðîâåäåíèåì ïëàíîâûõ ïðîâåðîê è ïðåâåíöèåé ÷èñëà ïîæàðîâ è æåðòâ.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ïðîáëåìàòèçèðîâàòü ïðàêòèêó îñóùåñòâëåíèÿ ïîæàðíîãî íàäçîðà, ïîñêîëü-

êó ïëàíîâûå ïðîâåðêè ÿâëÿþòñÿ äîðîãîñòîÿùèì è òðóäîåìêèì èíñòðóìåíòîì êàê äëÿ áèçíåñ-ñîîáùåñòâà, òàê

è äëÿ ãîñóäàðñòâåííûõ ó÷ðåæäåíèé. Ïîëó÷åííûå ðåçóëüòàòû íåñêîëüêî êîíòðàñòèðóþò ñ ñóùåñòâóþùèìè èñ-

ñëåäîâàíèÿìè. Íàïðèìåð, ðåçóëüòàòû ñëó÷àéíîãî ýêñïåðèìåíòà ñ ðàñïðåäåëåíèåì èíñïåêöèé îäíîãî èç

êðóïíåéøèõ ðåãóëÿòîðíûõ îðãàíîâ ÑØÀ — OSHA ãîâîðÿò î òîì, ÷òî ïðîâåðêè ñïîñîáíû ïîâûøàòü óðîâåíü

áåçîïàñíîñòè áåç óùåðáà äëÿ ôèíàíñîâûõ ïîêàçàòåëåé ôèðìû (Ëåâèí è äð., 2012).

Çàêëþ÷åíèå. Ìû óòâåðæäàåì, ÷òî âûÿâëåííîå îòñóòñòâèå ñòàòèñòè÷åñêè çíà÷èìîãî ýôôåêòà ïðåâåíöèè èí-

ñïåêöèè îáóñëîâëåíî îáùåé íåýôôåêòèâíîñòüþ òåêóùåé ïðîöåäóðû ïëàíîâûõ ïðîâåðîê.
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STATISTICS AND SYSTEM ANALYSIS

ABSTRACT

Introduction. Most Post-Soviet countries share a method of regulation called RRR (Risk Regulation Reflex) (Blanc

2012). Scheduled inspections are one of the distinct features of this approach in Russia. GPN (Gosudarstvennyy

Pozharnyy Nadzor — State Fire Regulation) especially favors this type of inspections. This agency accounts for

one-third of all scheduled inspections in the country (N = 915 966). It cites fire prevention and the preservation of

life as the primary objectives of these activities.

Aims and purposes. Our goal is to check if scheduled inspections actually achieve these objectives. Thus we test

this normative statement empirically.

Methods. In order to do so, we use Poisson count regressions for panel-data and population-averaged panel-data

models by using General Estimating Equations. In order to perform this test, we turn to numerous administrative

data sources: regional data on the number of fires and its specifics, life loss, number of inspections and data on

inspected businesses.

Results and discussion. Our analysis demonstrates that there is no tangible proof of scheduled inspections help-

ing to avoid fires or victims during them. These results have serious implications as inspections are costly and

time-consuming both for business and governmental agencies. This result somewhat contrasts with an existing

scholarship. Randomized inspections by OSHA are proved to increase safety levels without damaging businesses'

financial results (Levine, et al. 2012).

Conclusion. We argue that this seeming contradiction occurs due to general ineffectiveness of current scheduled

inspections procedure.

Keywords: fire victims; Gospozhnadzor; risk regulation reflex; Russian Classification of Economic Activities; OSHA.
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Ââåäåíèå

Îäíèì èç îñíîâíûõ èíñòðóìåíòîâ êîíòðîëüíî-íàä-
çîðíîé äåÿòåëüíîñòè â ñôåðå îáåñïå÷åíèÿ ïîæàð-
íîé áåçîïàñíîñòè ÿâëÿåòñÿ ïëàíîâàÿ ïðîâåðêà [1].
Ïðîôèëàêòèêà ïîæàðîâ è ñîõðàíåíèå ÷åëîâå÷åñêèõ
æèçíåé, â òîì ÷èñëå ïîñðåäñòâîì ïëàíîâûõ ïðî-
âåðîê, çàêðåïëåíû â êà÷åñòâå ïðèîðèòåòîâ â ôåäå-
ðàëüíîì çàêîíîäàòåëüñòâå [2], ÷òî, â ÷àñòíîñòè, îò-
ðàæåíî â óñòàíîâëåíèè íîðìàòèâíîé âåëè÷èíû èí-
äèâèäóàëüíîãî ïîæàðíîãî ðèñêà: “Èíäèâèäóàëüíûé
ïîæàðíûé ðèñê â çäàíèÿõ è ñîîðóæåíèÿõ íå äîëæåí
ïðåâûøàòü çíà÷åíèå îäíîé ìèëëèîííîé â ãîä ïðè
ðàçìåùåíèè îòäåëüíîãî ÷åëîâåêà â íàèáîëåå óäà-
ëåííîé îò âûõîäà èç çäàíèÿ è ñîîðóæåíèÿ òî÷êå” [2].
Ïðè ýòîì ôàêòè÷åñêîå çíà÷åíèå èíäèâèäóàëüíîãî
ïîæàðíîãî ðèñêà îòëè÷àåòñÿ îò íîðìàòèâíîãî íà
ïîðÿäîê [3]: Ðîññèÿ íà ïðîòÿæåíèè ðÿäà ëåò ÿâëÿåò-
ñÿ ðåãèîíàëüíûì ëèäåðîì ïî êîëè÷åñòâó æåðòâ ïðè
ïîæàðàõ [4].

Îäíîâðåìåííî ñ ýòèì â Ðîññèè ñóùåñòâóåò âî
ìíîãîì óíèêàëüíûé äëÿ ìèðà ôîðìàò âñåîáùåé
è ðåãóëÿðíîé èíñïåêöèîííîé àêòèâíîñòè: êàæäàÿ
îðãàíèçàöèÿ íåçàâèñèìî îò ôîðìû ñîáñòâåííîñòè
äîëæíà áûòü ïîäâåðãíóòà ïðîâåðêå. Ýòà îñîáåí-
íîñòü èçíà÷àëüíî îãðàíè÷èâàåò ïîòåíöèàëüíûå âû-
ãîäû îò ïåðåõîäà íà ðèñê-îðèåíòèðîâàííûé ïîäõîä
ïðè ïëàíèðîâàíèè êîíòðîëüíûõ (íàäçîðíûõ) ìåðî-

ïðèÿòèé. Ì×Ñ â ëèöå Ãîñïîæíàäçîðà (èëè ÃÏÍ) ÿâ-
ëÿåòñÿ íàèáîëåå àêòèâíûì êîíòðîëüíî-íàäçîðíûì
îðãàíîì â ñòðàíå: íà åãî äîëþ ïðèøëîñü áîëåå òðåòè
âñåõ ïëàíîâûõ ïðîâåðîê çà 2012–2016 ãã. â ðàìêàõ
Ôåäåðàëüíîãî çàêîíà ¹ 294 [5].

Îñîáåííîñòè îñóùåñòâëåíèÿ ãîñóäàðñòâåííîãî
ïîæàðíîãî íàäçîðà, òàêèå êàê âñåîáùíîñòü è ðåãó-
ëÿðíîñòü êîíòðîëüíî-íàäçîðíîé äåÿòåëüíîñòè, çà-
êðåïëåíèå íîðìàòèâíîãî çíà÷åíèÿ èíäèâèäóàëüíîãî
ðèñêà, ñóùåñòâåííî îòëè÷àþùåãîñÿ îò ôàêòè÷åñêî-
ãî [3], íîðìàòèâíîå çàêðåïëåíèå êàòåãîðèè ðèñêà
äëÿ ñîöèàëüíî çíà÷èìûõ îáúåêòîâ [6], ñîñòàâëÿ-
þùèå ñóùåñòâåííóþ ÷àñòü ðàáîòû ÃÏÍ, ïîçâîëÿþò
îòíåñòè òàêîé ïîäõîä ê ãîñóäàðñòâåííîìó ðåãóëè-
ðîâàíèþ ê ðåôëåêòîðíîìó ðåãóëèðîâàíèþ ðèñêîâ,
èëè RRR (Risk Regulation Reflex) [7–12]. Îí ïîäðà-
çóìåâàåò, ÷òî ëþáàÿ óãðîçà âíå çàâèñèìîñòè îò åå
çíà÷èìîñòè è âåðîÿòíîñòè âîçíèêíîâåíèÿ äîëæíà
êîíòðîëèðîâàòüñÿ è ðåãóëèðîâàòüñÿ, íåâçèðàÿ íà
âîçìîæíûå èçäåðæêè. Â êà÷åñòâå èçäåðæåê ñëåäóåò
ó÷èòûâàòü íå òîëüêî ïðÿìûå çàòðàòû áþäæåòà íà
êîíòðîëüíî-íàäçîðíûå âåäîìñòâà, íî è ñíèæåíèå
ôèíàíñîâûõ è èíûõ ïîêàçàòåëåé ýôôåêòèâíîñòè
îðãàíèçàöèé, ïîäâåðãàåìûõ ïðîâåðêàì [13–18].

Èìåííî ïîýòîìó â íàñòîÿùåé ðàáîòå ïðåäïðè-
íÿòà ïîïûòêà âûÿâèòü ñòàòèñòè÷åñêè çíà÷èìóþ ñâÿçü
ìåæäó ïëàíîâûìè èíñïåêöèÿìè è ÷èñëîì ïîæàðîâ�
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æåðòâ, à òàêæå îòâåòèòü íà âîïðîñ î ðåëåâàíòíîñòè
ïëàíîâîé ïðîâåðêè êàê èíñòðóìåíòà ñîêðàùåíèÿ
÷èñëà ïîæàðîâ�æåðòâ.

Äàííûå

Äàííûå ïî ïîæàðàì âçÿòû èç åæåãîäíûõ ñòà-
òèñòè÷åñêèõ ñáîðíèêîâ “Ïîæàðû è ïîæàðíàÿ áåç-
îïàñíîñòü” [19] Âñåðîññèéñêîãî íàó÷íî-èññëåäî-
âàòåëüñêîãî èíñòèòóòà ïðîòèâîïîæàðíîé îáîðîíû
(ÂÍÈÈÏÎ) Ì×Ñ Ðîññèè. Ñáîðíèêè ñîäåðæàò èí-
ôîðìàöèþ î ãîäîâîì êîëè÷åñòâå ïîæàðîâ, ÷èñëå
æåðòâ è òðàâì â ðåãèîíàõ Ðîññèè, ïðåäñòàâëåííóþ
â âèäå íåñêîëüêèõ òåìàòè÷åñêèõ áëîêîâ.

Äàííûå ïî ïëàíîâûì ïðîâåðêàì, ïðîâîäèìûì
êîíòðîëüíî-íàäçîðíûìè îðãàíàìè, áûëè ñîáðàíû
ñ ñàéòîâ ñóáúåêòîâûõ è ñïåöèàëüíûõ ïðîêóðàòóð,
ïóáëèêóåìûå îðãàíàìè ïðîêóðàòóðû ñîãëàñíî ÔÇ
¹ 294 [5]. Â ïåðèîä ñ 2012 ïî 2016 ãã. áûëî ïðîâåäå-
íî íå ìåíåå 2 835 690 ïëàíîâûõ ïðîâåðîê. (Äàííàÿ
îöåíêà ìîæåò ðàññìàòðèâàòüñÿ â êà÷åñòâå íèæíåé
ãðàíèöû ïëàíîâîé ðåãóëÿòîðíîé íàãðóçêè, ïîñêîëü-
êó êîëè÷åñòâî ñóáúåêòîâûõ ïðîêóðàòóð, îïóáëèêî-
âàâøèõ ïëàíû ïðîâåðîê çà 2012–2016 ãã., âàðüèðó-
åòñÿ â äèàïàçîíå îò 56 äî 73 [20, 21].) Èç íèõ 915966
îñóùåñòâèë Ãîñïîæíàäçîð, ïðè÷åì 526 909 ïðî-
âåðîê áûëè ïðîâåäåíû â îòíîøåíèè îðãàíèçàöèé,
ïðèíàäëåæàùèõ ê îäíîìó èç ñåìè âûäåëåííûõ ðàç-
äåëîâ Îáùåðîññèéñêîãî êëàññèôèêàòîðà âèäîâ ýêî-
íîìè÷åñêîé äåÿòåëüíîñòè (ÎÊÂÝÄ).

Äàííûå ïî ýêîíîìè÷åñêîé ñïåöèàëèçàöèè îðãàíè-
çàöèé àïïðîêñèìèðîâàëèñü ÷åðåç êîä ÎÊÂÝÄ [22],
óêàçûâàåìûé ïðè ãîñóäàðñòâåííîé ðåãèñòðàöèè þðè-
äè÷åñêîãî ëèöà èëè èíäèâèäóàëüíîãî ïðåäïðèíè-
ìàòåëÿ. Äàííûå ÎÊÂÝÄ è äàííûå ïî ÷èñëó çàðåãè-
ñòðèðîâàííûõ îðãàíèçàöèé âçÿòû èç ïðàâîóñòàíàâ-
ëèâàþùèõ ðååñòðîâ Ôåäåðàëüíîé íàëîãîâîé ñëóæáû
— Åäèíîãî ãîñóäàðñòâåííîãî ðååñòðà þðèäè÷åñêèõ
ëèö (ÅÃÐÞË) è Åäèíîãî ãîñóäàðñòâåííîãî ðååñòðà
èíäèâèäóàëüíûõ ïðåäïðèíèìàòåëåé (ÅÃÐÈÏ). Íàìè
áûëè ñîïîñòàâëåíû òåìàòè÷åñêèå áëîêè ñòàòèñòè÷å-
ñêèõ ñáîðíèêîâ ÂÍÈÈÏÎ Ì×Ñ ñ ðàçäåëàìè ÎÊÂÝÄ.
Â ðåçóëüòàòå ìû ïîëó÷èëè ñîîòâåòñòâèÿ* ìåæäó ñåìüþ
áëîêàìè è ñåêòîðàìè ýêîíîìèêè — G (òîðãîâëÿ),

P (îáðàçîâàíèå), Q (çäðàâîîõðàíåíèå), R (êóëüòóðà),
C (ïðîèçâîäñòâî), A (ñåëüñêîå õîçÿéñòâî), F (ñòðîè-
òåëüñòâî).

Äëÿ ó÷åòà îáùåé ïîæàðíîé îáñòàíîâêè â ðåãèî-
íàõ áûëè èñïîëüçîâàíû äàííûå äèñòàíöèîííîãî çîí-

äèðîâàíèÿ [23]. Íà îñíîâå ñíèìêîâ Åâðîïåéñêîãî
êîñìè÷åñêîãî àãåíòñòâà, ñäåëàííûõ ñïóòíèêàìè
MODIS (Moderate Resolution Imaging Spectroradio-
meter), áûëà ðàññ÷èòàíà ïëîùàäü âîçãîðàíèÿ ëåñ-
íîãî ìàññèâà. Äàííûå ïî ýêîíîìè÷åñêîé àêòèâíî-

ñòè [24], èíôëÿöèè [25] è ÷èñëåííîñòè íàñåëåíèÿ [26]
ðåãèîíîâ Ðîññèè âçÿòû èç áàç äàííûõ Ðîññòàòà.

Ìîäåëü

Äëÿ ðåãðåññèîííîãî ìîäåëèðîâàíèÿ èçìåíåíèÿ
÷èñëà ïîæàðîâ áûëà ðåàëèçîâàíà ìîäåëü Ïóàññîíà
äëÿ ïàíåëüíûõ äàííûõ ñ ôèêñèðîâàííûìè ýôôåê-
òàìè ðåãèîíà è ãîäà [27]:

yit it i it~ ] ;Poisson [� � �� (1)

� ���it itx� �exp ( i = 1, …, n, t = 1, …, T,

ãäå � — ìàòåìàòè÷åñêîå îæèäàíèå;
�, � — êîýôôèöèåíòû ìîäåëè;
�xit — âåêòîð-ñòðîêà íåçàâèñèìûõ ïåðåìåííûõ;

i — ðåãèîí;
t — ãîä.
Äëÿ ìîäåëèðîâàíèÿ èçìåíåíèÿ êîëè÷åñòâà æåðòâ

ïðè ïîæàðàõ èñïîëüçîâàëàñü ìîäåëü (2) ñðåäíåãî ïî
ïîïóëÿöèè äëÿ ïàíåëüíûõ äàííûõ ñ ôèêñàöèåé ýô-
ôåêòà ãîäà ïðè ïðåäïîëîæåíèè îá îòðèöàòåëüíîì
áèíîìèàëüíîì ðàñïðåäåëåíèè [28]:

yit it i it~ [ ] ;NB � �  � (2)

 �it itx� �exp ( ), i = 1, …, n, t = 1, …, T,

ãäå NB — îòðèöàòåëüíîå áèíîìèàëüíîå ðàñïðåäå-
ëåíèå.
Âûáîð ñïåöèôèêàöèè ìîäåëè ñðåäíåãî ñ ïðåä-

ïîëîæåíèåì îá îòðèöàòåëüíîì áèíîìèàëüíîì ðàñ-
ïðåäåëåíèè äëÿ ÷èñëà æåðòâ îáóñëîâëåí îòíîñèòåëü-
íîé ðåäêîñòüþ ñîáûòèé. Êîëè÷åñòâî æåðòâ ïðè ïî-
æàðàõ â ñóììå ïî ñåìè ñåêòîðàì ÎÊÂÝÄ â ãîäîâîì
èçìåðåíèè âàðüèðóåò îò 200 äî 300 äëÿ Ðîññèè â
öåëîì. Â ïàíåëüíîì îòîáðàæåíèè ðåãèîí – ãîä è äåç-
àãðåãèðîâàííîì âèäå ïî ñåêòîðàì ýêîíîìèêè âîç-
íèêàåò ïðîáëåìà íóëåâîé âàðèàöèè — “ïóñòûõ” ïîä-
ãðóïï è îäèíî÷íûõ íàáëþäåíèé. Âûáðàííàÿ ñïåöè-
ôèêàöèÿ ïîçâîëÿåò ðåøèòü ýòè ïðîáëåìû: îöåíèòü
ýôôåêòû áåç èñêëþ÷åíèÿ “ïóñòûõ” êëàñòåðîâ-íàáëþ-
äåíèé è ó÷åñòü ðåäêîñòü ñîáûòèé. Îöåíêà ìîäåëåé
îñóùåñòâëÿëàñü â STATA 14.

Ðåçóëüòàòû

Íàðèñ.1è2ïðåäñòàâëåíûàãðåãèðîâàííûåäàííûå
ïî ïëàíîâûì ïðîâåðêàì è ÷èñëó ïîæàðîâ�ïîãèáøèõ

83

* Çäàíèÿ, ïîìåùåíèÿ çäðàâîîõðàíåíèÿ è ñîöèàëüíîãî îáñëóæè-
âàíèÿ — ðàçäåë Q: äåÿòåëüíîñòü â îáëàñòè çäðàâîîõðàíåíèÿ è
ñîöèàëüíûõ óñëóã; çäàíèÿ ïðåäïðèÿòèé òîðãîâëè è ñåðâèñíî-
ãî îáñëóæèâàíèÿ — ðàçäåë G: òîðãîâëÿ îïòîâàÿ è ðîçíè÷íàÿ,
ðåìîíò àâòîòðàíñïîðòíûõ ñðåäñòâ è ìîòîöèêëîâ; çäàíèÿ, ïî-
ìåùåíèÿ ó÷åáíî-âîñïèòàòåëüíîãî íàçíà÷åíèÿ — ðàçäåë P:
îáðàçîâàíèå; çäàíèÿ êóëüòóðíî-äîñóãîâîé äåÿòåëüíîñòè è ðå-
ëèãèîçíûõ îáðÿäîâ — ðàçäåë R: äåÿòåëüíîñòü â îáëàñòè êóëü-
òóðû, ñïîðòà, îðãàíèçàöèè äîñóãà è ðàçâëå÷åíèé; ñåëüñêî-
õîçÿéñòâåííûå çäàíèÿ è ñîîðóæåíèÿ — ðàçäåë A: ñåëüñêîå,
ëåñíîå õîçÿéñòâî, îõîòà, ðûáîëîâñòâî è ðûáîâîäñòâî; çäàíèÿ
ïðîèçâîäñòâåííîãî íàçíà÷åíèÿ — ðàçäåë C: îáðàáàòûâàþùèå
ïðîèçâîäñòâà; ñòðîÿùèåñÿ (ðåêîíñòðóèðóåìûå) çäàíèÿ (ñî-
îðóæåíèÿ) — ðàçäåë F: ñòðîèòåëüñòâî.
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STATISTICS AND SYSTEM ANALYSIS

Ðèñ. 1. Äèíàìèêà ÷èñëà ïëàíîâûõ ïðîâåðîê Ãîñïîæíàäçîðà
(——) è ïîæàðîâ (– – – –) â 2012–2016 ãã.
Fig. 1. Dynamics of planned inspections of the Gospozhnadzor
(——) and fires (– – – –) at 2012–2016
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Êîëè÷åñòâî ïîæàðîâ â ðåãèîíå â ãîä ïî îòðàñëÿì
Annual number of fires by region and industry

Òîðãîâëÿ
Retail

Îáðàçîâàíèå
Education

Çäðàâî-
îõðàíåíèå
Medicine

Êóëüòóðà è
ñïîðò

Culture & sports

Îáðàáàòûâàþùèå
ïðîèçâîäñòâà

Quarrying

Ñåëüñêîå
õîç-âî

Agriculture

Ñòðîè-
òåëüñòâî

Construction

Èíòåíñèâíîñòü ïðîâåðîê,
ëîãàðèôì
Inspection rate, logarithm

–0,017
(0,011)

–0,025
(0,023)

0,012
(0,031)

0,038
(0,036)

0,004
(0,012)

0,004
(0,025)

0,011
(0,032)

Ïëîùàäü ãîðåâøåé òåððè-
òîðèè â ðåãèîíå, %
Fire area, % from total area
of region

–0,003
(0,005)

–0,034
(0,025)

0,031
(0,033)

0,021
(0,033)

0,007
(0,009)

0,015
(0,015)

0,021
(0,015)

Ñîîòíîøåíèå ÷èñëà ãîñó-
äàðñòâåííûõ è ÷àñòíûõ
îðãàíèçàöèé, %
Ratio of state owned orga-
nizations to private ones, %

0,051***

(0,015)
–0,018
(0,093)

–0,140
(0,107)

0,074
(0,109)

0,011
(0,020)

0,098
(0,069)

–0,052
(0,044)

ÂÐÏ íà äóøó íàñåëåíèÿ,
ëîãàðèôì
GRP per capita, logarithm

0,030*

(0,016)
–0,030
(0,063)

–0,127
(0,117)

0,095
(0,079)

–0,038**

(0,017)
–0,077
(0,103)

0,025
(0,066)

2013
–0,041
(0,029)

–0,138
(0,113)

0,047
(0,110)

–0,015
(0,114)

–0,072***

(0,028)
0,020

(0,094)
0,090

(0,075)

2014
–0,139***

(0,033)
–0,313**

(0,125)
–0,145
(0,178)

–0,169
(0,119)

–0,088**

(0,041)
–0,238***

(0,078)
–0,003
(0,086)

2015
–0,205***

(0,029)
–0,078
(0,102)

–0,410***

(0,156)
–0,170
(0,139)

–0,176***

(0,037)
–0,337***

(0,091)
0,069

(0,105)

2016
–0,273***

(0,048)
–0,498***

(0,115)
–0,396**

(0,195)
–0,267**

(0,114)
–0,200***

(0,042)
–0,299***

(0,094)
–0,113
(0,159)

×èñëî íàáëþäåíèé N

Number of observations N 298 272 273 276 291 284 278

×èñëî ðåãèîíîâ
Number of regions 72 64 65 66 70 69 71

* p < 0,1, ** p < 0,05, *** p < 0,01.

Ï ð è ì å ÷ à í è å . Â êðóãëûõ ñêîáêàõ îòîáðàæåíû ñòàíäàðòíûå îøèáêè. � N o t e . In parentheses display the standard errors.

Òàáëèöà 1. Ðåçóëüòàòû ðåãðåññèîííîãî ìîäåëèðîâàíèÿ êîëè÷åñòâà ïîæàðîâ. Ìîäåëü Ïóàññîíà äëÿ ïàíåëüíûõ äàííûõ ñ ôèê-
ñèðîâàííûìè ýôôåêòàìè
Table 1. Results of regression modeling of the number of fires. Poisson panel model with fixed effects

Ðèñ. 2. Äèíàìèêà ÷èñëà ïëàíîâûõ ïðîâåðîê Ãîñïîæíàäçîðà
(——) è ïîãèáøèõ (– – – –) â 2012–2016 ãã.
Fig. 2. Dynamics of the number of planned inspections of the Gos-
pozhnadzor (——) and victims (– – – –) at 2012–2016
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ïî âûáðàííûì ñåêòîðàì ýêîíîìèêè. Â ïåðèîä ñ 2012
ïî 2016 ãã. ìîæíî íàáëþäàòü óñòîé÷èâóþ òåíäåí-
öèþ ê ñíèæåíèþ ÷èñëà ïîæàðîâ, êîòîðàÿ âèçóàëüíî
ñëàáî ñîîòíîñèòñÿ (êîýôôèöèåíò êîððåëÿöèè Ïèð-
ñîíà 0,2, ïðè÷åì ïîëîæèòåëüíûé, ÷òî íå èìååò ñî-
äåðæàòåëüíîãî ñìûñëà) ñ äèíàìèêîé ðåãóëÿòîðíîé
àêòèâíîñòè ÃÏÍ. Â òî æå âðåìÿ ãðàôèê èçìåíåíèÿ
÷èñëà æåðòâ ïðè ïîæàðàõ èìååò ñõîæèé êîíòóð ñ êî-
ëè÷åñòâîì ïðîâåðîê.

Ðåçóëüòàòû ðåãðåññèîííîãî ìîäåëèðîâàíèÿ ÷èñëà
ïîæàðîâ ïðåäñòàâëåíû â òàáë. 1, ÷èñëà ïîãèáøèõ ïðè
ïîæàðàõ — â òàáë. 2.

Èç ðåçóëüòàòîâ ðåãðåññèîííîãî ìîäåëèðîâàíèÿ,
ïðèâåäåííûõ â òàáë. 1 è 2, ñëåäóåò, ÷òî ñòàòèñòè÷å-
ñêè çíà÷èìàÿ ñâÿçü íà óðîâíå 10 % ìåæäó ÷èñëîì ïî-

æàðîâ�æåðòâ è ÷èñëîì ïðîâåðîê îòñóòñòâóåò, çà èñ-
êëþ÷åíèåì ñëàáîé çíà÷èìîé îòðèöàòåëüíîé ñâÿçè
â ñôåðå òîðãîâëè äëÿ ìîäåëè æåðòâ ïðè ïîæàðàõ.

Îáñóæäåíèå ðåçóëüòàòîâ

Íåñìîòðÿ íà îòñóòñòâèå ñòàòèñòè÷åñêè çíà÷èìîé
ñâÿçè ìåæäó èíòåíñèâíîñòüþ ïëàíîâîé àêòèâíîñòè
Ãîñïîæíàäçîðà è ÷èñëîì ïîæàðîâ�æåðòâ, ó íàñ íå-
äîñòàòî÷íî îñíîâàíèé óòâåðæäàòü, ÷òî èíñïåêòîð-
ñêèå ïðîâåðêè êàê èíñòðóìåíò íå îáëàäàþò ïðåâåí-
öèåé. Âîçìîæíî, ïëàíîâûå ïðîâåðêè â ñèëó âñåîáù-
íîñòè è ðåãóëÿðíîñòè íåèçáåæíî ïðåâðàùàþòñÿ â
äîêóìåíòàðíóþ ôîðìàëüíîñòü.

Èññëåäîâàíèÿ â îáëàñòè ðåãóëèðîâàíèÿ â ÑØÀ
ïîêàçàëè, ÷òî ãîñóäàðñòâåííûå ïðîâåðêè Óïðàâëå-
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Index

Êîëè÷åñòâî æåðòâ ïðè ïîæàðàõ â ðåãèîíå â ãîä ïî îòðàñëÿì
Annual number of fire victims by region and industry

Òîðãîâëÿ
Retail

Îáðàçîâàíèå
Education

Çäðàâî-
îõðàíåíèå
Medicine

Êóëüòóða
è ñïîðò

Culture&sports

Îáðàáàòûâàþùèå
ïðîèçâîäñòâà

Quarrying

Ñåëüñêîå
õîç-âî

Agriculture

Ñòðîè-
òåëüñòâî

Construction

Èíòåíñèâíîñòü ïðîâåðîê,
ëîãàðèôì
Inspection rate, logarithm

–0,373**

(0,175)
0,041

(0,239)
0,252

(0,249)
–0,007
(0,310)

0,055
(0,058)

–0,192
(0,133)

–0,081
(0,116)

Ïëîùàäü ãîðåâøåé òåððè-
òîðèè â ðåãèîíå, %
Fire area, % from total area
of region

0,006
(0,065)

–0,818
(0,654)

–0,250
(0,209)

–0,698*

(0,386)
–0,022
(0,032)

–0,015
(0,050)

–0,011
(0,041)

Ñîîòíîøåíèå ÷èñëà ãîñó-
äàðñòâåííûõ è ÷àñòíûõ
îðãàíèçàöèé, %
Ratio of state owned orga-
nizations to private ones, %

0,303
(0,260)

–0,895
(0,935)

1,689**

(0,717)
–1,631
(1,543)

0,058
(0,104)

0,272
(0,223)

0,073
(0,205)

ÂÐÏ íà äóøó íàñåëåíèÿ,
ëîãàðèôì
GRP per capita, logarithm

0,088
(0,284)

–0,746
(0,676)

0,318
(0,233)

–0,954*

(0,563)
0,204

(0,199)
–0,214
(0,261)

0,379*

(0,200)

2013
–0,359
(0,296)

1,283
(1,397)

1,501
(1,010)

11,394***

(1,415)
–0,488**

(0,215)
–0,121
(0,411)

0,011
(0,415)

2014
–1,323**

(0,530)
0,527

(1,569)
0,057

(0,930)
–3,674
(7,022)

–0,188
(0,185)

–0,675
(0,467)

–0,280
(0,405)

2015
–0,186
(0,460)

0,788
(1,397)

–1,124
(1,109)

11,493***

(1,033)
–0,397**

(0,185)
–1,121**

(0,524)
0,127

(0,387)

2016
–2,786***

(0,835)
0,797

(1,277)
–2,825
(2,776)

11,569***

(0,673)
–0,369
(0,242)

–0,701*

(0,406)
–0,297
(0,470)

×èñëî íàáëþäåíèé N

Number of observations N
302 293 288 292 297 293 287

×èñëî ðåãèîíîâ
Number of regions

76 76 75 76 76 76 76

* p < 0,1, ** p < 0,05, *** p < 0,01.

Ï ð è ì å ÷ à í è å . Â êðóãëûõ ñêîáêàõ îòîáðàæåíû ñòàíäàðòíûå îøèáêè. � N o t e . In parentheses display the standard errors.

Òàáëèöà 2. Ðåçóëüòàòû ðåãðåññèîííîãî ìîäåëèðîâàíèÿ êîëè÷åñòâà æåðòâ ïðè ïîæàðàõ. Ìîäåëü ñðåäíåãî ïî ïîïóëÿöèè äëÿ
ïàíåëüíûõ äàííûõ ïðè ïðåäïîëîæåíèè îá îòðèöàòåëüíîì áèíîìèàëüíîì ðàñïðåäåëåíèè
Table 2. Results of regression modeling of the number of fire victims. Population average model for panel data with assumption of
negative binomial distribution
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íèÿ ïî òåõíèêå áåçîïàñíîñòè è ãèãèåíå òðóäà Ìè-
íèñòåðñòâà òðóäà — OSHA (Occupational Safety and
Health Administration) ñïîñîáíû ïðèìåðíî íà 9,4 %
ñíèçèòü ðèñê òðàâìèðîâàíèÿ ðàáîòíèêîâ êîììåð÷å-
ñêèõ ïðåäïðèÿòèé áåç ñóùåñòâåííîãî ñíèæåíèÿ ôè-
íàíñîâûõ ïîêàçàòåëåé êîìïàíèè [29]. Îáùåå ÷èñëî
îòðàñëåâûõ èíñïåêòîðîâ (íå òîëüêî ñïåöèàëèñòîâ
ïî ïîæàðíîé áåçîïàñíîñòè), ðàáîòàþùèõ â ýòîé îð-
ãàíèçàöèè, ñîñòàâëÿåò âñåãî ïðèìåðíî 2100 ÷åë. íà
330 ìèëëèîíîâ íàñåëåíèÿ ÑØÀ.

Ýôôåêòèâíîñòü ðåãóëèðîâàíèÿ äîñòèãàåòñÿ çà
ñ÷åò âîâëå÷åíèÿ â ïðîöåññ îöåíêè ðèñêîâ ñòðàõîâûõ
êîìïàíèé. Òàê, áàçîâûå ñòàíäàðòû, èñïîëüçóåìûå
OSHAâ îáëàñòè ïðåâåíöèè ïîæàðîâ, íàïðÿìóþ ñêî-
ïèðîâàíû èç ñòàíäàðòîâ Íàöèîíàëüíîé àññîöèàöèè
ïî ïðîòèâîäåéñòâèþ ïîæàðàì — NFPA (National
Fire Prevention Association).

Ïîìèìî ýòîãî, â ÑØÀ ðàáîòàåò åùå ïîðÿäêà
14 òûñÿ÷ èíñïåêòîðîâ ïî ïîæàðíîé áåçîïàñíîñòè,
îñóùåñòâëÿþùèõ îáÿçàòåëüíóþ åæåãîäíóþ ïðî-
âåðêó æèëûõ çäàíèé è êîììåð÷åñêîé íåäâèæèìî-
ñòè, à òàêæå êîíòðîëü çà ëåñíûìè ïîæàðàìè. Ýòè
èíñïåêòîðà, îäíàêî, íå âõîäÿò â åäèíóþ ñòðóêòóðó,
à ðàáîòàþò, êàê ïðàâèëî, â ìåñòíûõ ïîæàðíûõ ñëóæ-
áàõ. Èíà÷å ãîâîðÿ, òàêèå ñëóæáû ïðîâåðÿþò òå îáú-
åêòû, êîòîðûå èì ñàìèì ïîòåíöèàëüíî ïðèäåòñÿ
òóøèòü (ýòî ðàäèêàëüíî îòëè÷àåòñÿ îò ðîññèéñêîé
ñèòóàöèè, â êîòîðîé ÃÏÍ ðàáîòàåò îòäåëüíî îò ìåñò-

íûõ ïîæàðíûõ ðàñ÷åòîâ). Ìåñòíûå ïîæàðíûå èí-
ñïåêòîðà òàêæå èñïîëüçóþò ñòàíäàðòû NFPA èëè
ðåãëàìåíòû, ðàçðàáîòàííûå íà èõ îñíîâå è ïðèíÿ-
òûå ëîêàëüíûìè ëåãèñëàòóðàìè.

Êðîìå òîãî, ó÷èòûâàÿ îãðàíè÷åííîñòü ñâîèõ ðå-
ñóðñîâ, OSHA èñïîëüçóåò îñîáûé ìåòîä äëÿ îòáîðà
îáúåêòîâ ïëàíîâûõ ïðîâåðîê. Ýòè ïðîâåðêè íàçíà-
÷àþòñÿ ñëó÷àéíûì îáðàçîì â îòíîøåíèè ïðåäïðè-
ÿòèé, èìåþùèõ âûñîêóþ êàòåãîðèþ ðèñêà. Ýòà êà-
òåãîðèÿ, â ñâîþ î÷åðåäü, ðàññ÷èòûâàåòñÿ íà îñíîâå
ïðîçðà÷íîãî ïîêàçàòåëÿ — êîýôôèöèåíòà òðàâìî-
îïàñíîñòè â äàííîé îòðàñëè, èñõîäÿ èç èñòîðèè íà-
áëþäåíèé: íàñêîëüêî ÷àñòî ëèöà, ðàáîòàþùèå íà äàí-
íûõ ïðåäïðèÿòèÿõ èëè ïîñåùàþùèå èõ, ìîãóò ïî-
ëó÷àòü òðàâìû.

Ìåòîäû ðàñ÷åòà êàòåãîðèè ðèñêà, èñïîëüçóåìûå
ÃÏÍ, íåñâîáîäíû îò íîðìàòèâíûõ ñóæäåíèé [2, 6].
Âêóïå ñî ñïåöèôèêîé îðãàíèçàöèè â Ðîññèè êîíò-
ðîëüíî-íàäçîðíîé äåÿòåëüíîñòè, ïðåäïîëàãàþùåé
âñåîáùíîñòü è ðåãóëÿðíîñòü ïðîâåðîê, îäíèì èç âå-
ðîÿòíûõ ñïîñîáîâ óëó÷øåíèÿ ïîæàðíîé ñèòóàöèè
ÿâëÿåòñÿ ìîáèëèçàöèÿ ðåñóðñîâ ÃÏÍ è ôîêóñèðîâêà
âíèìàíèÿ íà êîíêðåòíîì ñåêòîðå ýêîíîìèêè. Ïðåä-
ñòàâëÿåòñÿ, ÷òî äëÿ äîñòèæåíèÿ óñòîé÷èâîãî ïîëî-
æèòåëüíîãî ýôôåêòà îò ïëàíîâûõ èíñïåêöèé íåäî-
ñòàòî÷íî ïðîñòîé ïåðåôîêóñèðîâêè âíèìàíèÿ. Äëÿ
äîëãîñðî÷íîãî óëó÷øåíèÿ ïîæàðíîé ñèòóàöèè â
öåëîì òðåáóåòñÿ îòõîä îò ïîëèòèêè RRR.
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QUESTION – ANSWER

ÓÄÊ 621.315/614.84

Ýëåêòðîïðîâîäêà èç àëþìèíèåâûõ ñïëàâîâ

â æèëûõ è îáùåñòâåííûõ çäàíèÿõ

© À. Ñ. Õàðëàìåíêîâ 1(�)

1 Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)

ÀÍÍÎÒÀÖÈß

Ðàññìîòðåíû îñíîâíûå òðåáîâàíèÿ íîðìàòèâíûõ äîêóìåíòîâ ïî ïðîåêòèðîâàíèþ è ìîíòàæó êàáåëüíûõ èç-

äåëèé ñ òîêîïðîâîäÿùèìè æèëàìè èç àëþìèíèåâûõ ñïëàâîâ ñåðèè 8000. Îáîáùåíû äàííûå ïî áåçîïàñíûì

âàðèàíòàì êîíòàêòíûõ ñîåäèíåíèé ïðîâîäíèêîâ ìåæäó ñîáîé è ñ êîíòàêòàìè ýëåêòðîóñòàíîâî÷íûõ èçäåëèé.

Ïðåäñòàâëåíû äîïóñòèìûå ñïîñîáû ïðîêëàäêè ýëåêòðîïðîâîäêè èç àëþìèíèåâûõ ñïëàâîâ ìàðîê 8030 è

8176 â æèëûõ è îáùåñòâåííûõ çäàíèÿõ. Óêàçàíû ïðåèìóùåñòâåííûå îáëàñòè ïðèìåíåíèÿ è äîïóñòèìûå òî-

êîâûå íàãðóçêè ðàññìàòðèâàåìûõ êàáåëåé è ïðîâîäîâ. Äàíû ññûëêè íà çàðóáåæíûå íîðìàòèâíûå äîêóìåí-

òû, îïðåäåëÿþùèå ïîðÿäîê ïðèìåíåíèÿ ýëåêòðîïðîâîäêè èç àëþìèíèåâûõ ñïëàâîâ.

Êëþ÷åâûå ñëîâà: êàáåëüíûå èçäåëèÿ; ýëåêòðîïðîâîäêà; àëþìèíèåâûé ñïëàâ; ýëåêòðîóñòàíîâî÷íûå èçäåëèÿ;

êîíòàêòíûå ñîåäèíåíèÿ; ïîæàðíàÿ áåçîïàñíîñòü.

Äëÿ öèòèðîâàíèÿ: Õàðëàìåíêîâ À. Ñ. Ýëåêòðîïðîâîäêà èç àëþìèíèåâûõ ñïëàâîâ â æèëûõ è îáùåñòâåííûõ

çäàíèÿõ // Ïîæàðîâçðûâîáåçîïàñíîñòü/Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 2. — Ñ. 90–92.
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Electrical wiring from aluminum alloys in residential

and public buildings
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ABSTRACT

The main requirements of regulatory documents on the design and installation of cable products with the con-

ductors of aluminum alloy 8000 series are considered. Data on safe variants of contact connections of conductors

between themselves and with contacts of electrical accessories are summarized. The permissible methods of

laying electrical wiring of aluminum alloys of grades 8030 and 8176 in residential and public buildings are pre-

sented. Primary scopes and allowable current loads of the considered cables and wires are indicated. References

to regulatory documents of foreign countries that determine the procedure for the use of wiring from aluminum

alloys are given.

Keywords: cable products; electrical wiring; aluminum alloy; wiring accessories; contact connections; fire safety.
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ÂÎÏÐÎÑ:

Ðàñïðîñòðàíåííàÿ â çàðóáåæíûõ ñòðàíàõ ýëåêòðî-

ïðîâîäêà èç àëþìèíèåâûõ ñïëàâîâ äîáðàëàñü è

äî ðîññèéñêîãî ðûíêà. Íà ñåãîäíÿøíèé äåíü

óòâåðæäåí ðÿä íîðìàòèâíûõ äîêóìåíòîâ, äîïóñêà-

þùèõ ïðèìåíåíèå òàêîé ïðîâîäêè, ÷òî ñîãëàñîâà-

íî ñ âåäóùèìè íàó÷íî-èññëåäîâàòåëüñêèìè èíñòè-

òóòàìè — ÎÀÎ ÂÍÈÈ êàáåëüíîé ïðîìûøëåííîñòè,

ÂÍÈÈÏÎ Ì×Ñ Ðîññèè è Àññîöèàöèåé “Ðîñýëåêòðî-

ìîíòàæ”. Ïðè âñåõ îòìå÷åííûõ ïëþñàõ íîâûõ

âèäîâ ïðîâîäíèêîâ â èõ ñîñòàâ âõîäèò 99 % àëþ-

ìèíèÿ, à çíà÷èò, âîïðîñ îáåñïå÷åíèÿ ïîæàðíîé

áåçîïàñíîñòè êîíòàêòíûõ ñîåäèíåíèé îñòàåòñÿ àê-

òóàëüíûì.

Êàêèå íîðìàòèâíûå äîêóìåíòû îïðåäåëÿþò ïî-

ðÿäîê ìîíòàæà íîâûõ âèäîâ ïðîâîäîâ è êàáåëåé

èç àëþìèíèåâûõ ñïëàâîâ è òðåáîâàíèÿ ê èõ êîí-

òàêòíûì ñîåäèíåíèÿì?

ÎÒÂÅÒ:

Â ïðåäûäóùèõ âûïóñêàõ ðóáðèêè [1–3] áûëè ðàñ-

ñìîòðåíû âîïðîñû ïîæàðíîé áåçîïàñíîñòè àëþìè-

íèåâûõ ïðîâîäîâ, îñîáåííîñòè ïðèìåíåíèÿ ñïëàâîâ

ñåðèè 8000 â çàðóáåæíîé ïðàêòèêå è ìåð ïî èõ âíåä-

ðåíèþ â ñòðîèòåëüñòâå æèëûõ è îáùåñòâåííûõ çäàíèé.

Íà îñíîâàíèè îò÷åòà ÂÍÈÈÏÎ Ì×Ñ Ðîññèè î ïðèìå-

íåíèè ïðîâîäíèêîâ èç àëþìèíèåâûõ ñïëàâîâ ïîä-

ãîòîâëåíà ñòàòüÿ [4], â êîòîðîé îòìå÷åíà íåîáõîäè-

ìîñòü áîëåå âíèìàòåëüíî ðàññìîòðåòü ïðîáëåìó

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè êîíòàêòíûõ ñî-

åäèíåíèé íîâûõ âèäîâ ýëåêòðîïðîâîäêè.

Ïîðÿäîê ïðîåêòèðîâàíèÿ è ìîíòàæà êàáåëüíûõ èçäå-

ëèé â æèëûõ è îáùåñòâåííûõ çäàíèÿõ îïðåäåëÿåòñÿ

òðåáîâàíèÿìè ÑÏ 256.1325800.2016 [5], ñ èçì. ¹ 2

îò 20.03.2019 (äàëåå ÑÏ 256). Â íîâîé ðåäàêöèè
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ÂÎÏÐÎÑ – ÎÒÂÅÒ

ÑÏ 256 [5] îïðåäåëÿåòñÿ ïîðÿäîê ïðèìåíåíèÿ ýëåêò-

ðîïðîâîäêè èç àëþìèíèåâûõ ñïëàâîâ ìàðîê 8030 è

8176, âûïîëíÿåìîé ïî ÒÓ 16.Ê71-489–2016 ïðîâî-

äàìè ñ íîìèíàëüíûì ñå÷åíèåì æèë 2,5–16,0 ìì2 è

êàáåëÿìè — 2,5–50,0 ìì2.

Â ñîîòâåòñòâèè ñ íîâûìè òðåáîâàíèÿìè ÑÏ 256 [5]

âíóòðåííèå ýëåêòðè÷åñêèå ñåòè çäàíèé ìîãóò âûïîë-

íÿòüñÿ ïðîâîäàìè è êàáåëÿìè, íå ðàñïðîñòðàíÿþ-

ùèìè ãîðåíèå, ñ æèëàìè èç àëþìèíèåâûõ ñïëàâîâ,

â òîì ÷èñëå ñ ìèíèìàëüíûì ñå÷åíèåì æèë 10 ìì2

äëÿ ïîäêëþ÷åíèÿ îäíîôàçíûõ ýëåêòðè÷åñêèõ ïëèò â

æèëûõ äîìàõ. Â ÑÏ 256 [5] çíà÷èòåëüíîå âíèìàíèå

óäåëåíî äîïóñòèìûì ñïîñîáàì ïðîêëàäêè ýëåêòðî-

ïðîâîäêè ìàðîê 8030 è 8176 è áåçîïàñíûì âàðèàí-

òàì êîíòàêòíûõ ñîåäèíåíèé. Òàê, äëÿ ñîåäèíåíèÿ æèë

èç àëþìèíèåâûõ ñïëàâîâ ìåæäó ñîáîé èëè ñ êîíòàê-

òàìè ýëåêòðîóñòàíîâî÷íûõ èçäåëèé (ðîçåòêè, âûêëþ-

÷àòåëè, çàæèìû è ò. ï.), ýëåêòðè÷åñêèõ àïïàðàòîâ è

ïðèáîðîâ äîëæíû èñïîëüçîâàòüñÿ ñïåöèàëüíûå

êëåììû ïîäêëþ÷åíèÿ àëþìèíèåâûõ ïðîâîäíèêîâ ñ

ïðèìåíåíèåì âèíòîâûõ çàæèìîâ èëè àëþìèíèåâûõ

ãèëüç, ìåòîäîì îïðåññîâêè èëè ñâàðêè. Ïðè ýòîì ýëåêò-

ðîóñòàíîâî÷íûå èçäåëèÿ äîëæíû èìåòü ñïåöèàëüíóþ

ìàðêèðîâêó, óêàçûâàþùóþ íà âîçìîæíîñòü ïðèñî-

åäèíåíèÿ êàáåëüíûõ èçäåëèé ñ æèëàìè èç ìåäè è àëþ-

ìèíèåâûõ ñïëàâîâ — “Cu/Al” èëè “CO/ALR”, íàíåñåí-

íóþ íà êîðïóñ ýëåêòðîóñòàíîâî÷íîãî èçäåëèÿ. Â ñëó÷àå

îòñóòñòâèÿ òàêîé ìàðêèðîâêè ïðîèçâîäèòåëü äîëæåí

óêàçàòü â òåõíè÷åñêîì ïàñïîðòå ïðîäóêöèè âîçìîæ-

íûå ñïîñîáû ïîäêëþ÷åíèÿ ïðîâîäíèêîâ èç àëþìè-

íèÿ. Ñîâðåìåííûå òðåáîâàíèÿ ê ìàðêèðîâêå êîí-

òàêòíûõ ñîåäèíåíèé ïðåäñòàâëåíû â Íàöèîíàëüíîì

ýëåêòðîìîíòàæíîì êîäåêñå (NEC: National Electrical

Code) Íàöèîíàëüíîé àññîöèàöèè ïðîòèâîïîæàðíîé

çàùèòû ÑØÀ (National Fire Protection Association)

NFPA 70–2017 [6]. Òèïîâûå ïðèìåðû è ðåêîìåíäàöèè

áåçîïàñíûõ ñïîñîáîâ ñîåäèíåíèé àëþìèíèåâûõ

ïðîâîäíèêîâ ïðèâåäåíû â ÃÎÑÒ 10434–82 [7], à òàê-

æå â ñîâìåñòíûõ ïðàâèëàõ (ïðàêòèêàõ) NECA/AA

104–2012 Àññîöèàöèè ôèðì-ïðîèçâîäèòåëåé ýëåêòðî-

îáîðóäîâàíèÿ (NECA) è Àññîöèàöèè àëþìèíèÿ (AA),

ïðèíÿòûõ â êà÷åñòâå àìåðèêàíñêîãî íàöèîíàëüíîãî

ñòàíäàðòà (ANSI) [8].

Â ýëåêòðîóñòàíîâî÷íûõ èçäåëèÿõ, ñîäåðæàùèõ ìåä-

íûå èëè ëàòóííûå (êðîìå îöèíêîâàííûõ, ëóæåíûõ è

íèêåëèðîâàííûõ) êîíòàêòû, äëÿ ñòàáèëüíîñòè ñîåäèíå-

íèÿ ïðîâîäíèêîâ ñëåäóåò èñïîëüçîâàòü ýëåêòðîïðî-

âîäÿùèå ñìàçêè [5], íàïðèìåð ÝÏÑ–98 [9]. Ïðèìåíå-

íèå òðàäèöèîííîãî ìåòîäà ñîåäèíåíèÿ ïðîâîäíèêîâ

ìåòîäîì ñêðóòêè ñ èñïîëüçîâàíèåì ðàçëè÷íûõ òèïîâ

çàæèìîâ (íàïðèìåð, êîëïà÷êîâ ÑÈÇ èëè âèíòîâûõ

êëåììíèêîâ áåç èíãèáèòîðíîé ñìàçêè) â ÑÏ 256 [5]

íå ðàññìàòðèâàåòñÿ â êà÷åñòâå áåçîïàñíîãî ïî ïðè-

÷èíå íåóäîâëåòâîðèòåëüíûõ ðåçóëüòàòîâ èçìåðåíèé

ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ êîíòàêòíûõ ñîåäèíå-

íèé ïðè öèêëè÷åñêîì íàãðåâå äîïóñòèìûì òîêîì íà-

ãðóçêè 24 À [9]. Ñîåäèíåíèÿ òîêîïðîâîäÿùèõ æèë èç

ìåäè è àëþìèíèåâûõ ñïëàâîâ ñ ïîìîùüþ êîíòàêò-

íûõ âòû÷íûõ çàæèìîâ òèïà WAGO (ñî ñìàçêîé) äëÿ

ðàñïðåäåëèòåëüíûõ êîðîáîê äîïóñêàåòñÿ èñïîëüçî-

âàòü áåç äîïîëíèòåëüíûõ ìåð ïî ñòàáèëèçàöèè ïðè

íàãðóçêàõ äî 16 À [9].

Äëÿ íîâûõ âèäîâ èçîëèðîâàííûõ ïðîâîäîâ è êàáåëåé

â îáùåé îáîëî÷êå ÑÏ 256 [5] äîïóñêàåòñÿ òîëüêî

ñêðûòàÿ (íåñìåíÿåìàÿ çàìîíîëè÷åííàÿ) ïðîêëàäêà

â áîðîçäàõ ñòåí, ïåðåãîðîäîê, ïåðåêðûòèé, ïîä øòó-

êàòóðêîé, â ñëîå ïîäãîòîâêè ïîëà èëè â ïóñòîòàõ ñòðî-

èòåëüíûõ êîíñòðóêöèé.

Ìàðêè êàáåëüíûõ èçäåëèé ïî ÒÓ 16.Ê71-489–2016

ñ ïðåèìóùåñòâåííûìè îáëàñòÿìè èõ ïðèìåíåíèÿ

ïðåäñòàâëåíû â òàáë. 1.

Â öåëÿõ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè âàæíî

ó÷èòûâàòü äîïóñòèìûå òîêîâûå íàãðóçêè (äîïóñòèìûé

äëèòåëüíûé òîê) äëÿ ïðîâîäîâ è êàáåëåé ìàðîê 8030

è 8176, îïðåäåëÿþùèå ìàêñèìàëüíîå êîëè÷åñòâî

ïîäêëþ÷àåìûõ ê ñåòè ïîòðåáèòåëåé ýëåêòðîýíåðãèè

(òàáë. 2).

Òàêèì îáðàçîì, ýëåêòðîïðîâîäêà ñ æèëàìè èç àëþìè-

íèåâûõ ñïëàâîâ ìîæåò ýôôåêòèâíî èñïîëüçîâàòüñÿ â

Òèï êàáåëüíîãî

èçäåëèÿ

Ìàðêà êàáåëüíîãî

èçäåëèÿ
Ïðåèìóùåñòâåííàÿ îáëàñòü ïðèìåíåíèÿ

Ïðîâîä ÏóÀñÂ Äëÿ îäèíî÷íîé ïðîêëàäêè â êàáåëüíûõ ñîîðóæåíèÿõ çäàíèé è ñêðûòûõ ýëåêòðîïðî-

âîäêàõ â ñòðîèòåëüíûõ êîíñòðóêöèÿõ èç íåãîðþ÷èõ ìàòåðèàëîâ

ÏóÀñÂíã(À)-LS Äëÿ ãðóïïîâîé ïðîêëàäêè â çäàíèÿõ è ñîîðóæåíèÿõ âî âíóòðåííèõ ýëåêòðîóñòàíîâêàõ

Êàáåëü ÀñÂÂÃ Äëÿ îäèíî÷íîé ïðîêëàäêè êàáåëüíûõ ëèíèé â çäàíèÿõ è ñêðûòûõ ýëåêòðîïðîâîäêàõ â

ñòðîèòåëüíûõ êîíñòðóêöèÿõ èç íåãîðþ÷èõ ìàòåðèàëîâ

ÀñÂÂÃíã(À)-LS Äëÿ ãðóïïîâîé ïðîêëàäêè êàáåëüíûõ ëèíèé â çäàíèÿõ

ÀñÂÂÃíã(À)-LSLTx Äëÿ îäèíî÷íîé è ãðóïïîâîé ïðîêëàäêè â çäàíèÿõ êëàññîâ ôóíêöèîíàëüíîé ïîæàðíîé

îïàñíîñòè Ô1 (çäàíèÿ, ïðåäíàçíà÷åííûå äëÿ ïîñòîÿííîãî ïðîæèâàíèÿ è âðåìåííîãî

ïðåáûâàíèÿ ëþäåé) è Ô3 (çäàíèÿ îðãàíèçàöèé ïî îáñëóæèâàíèþ íàñåëåíèÿ)

ÀñÏÏÃíã(À)-HF Äëÿ îäèíî÷íîé è ãðóïïîâîé ïðîêëàäêè â çäàíèÿõ è ñîîðóæåíèÿõ, îñíàùåííûõ êîìïü-

þòåðíîé è ìèêðîïðîöåññîðíîé òåõíèêîé

Òàáëèöà 1. Îáëàñòè ïðèìåíåíèÿ ïðîâîäîâ è êàáåëåé èç àëþìèíèåâûõ ñïëàâîâ ìàðîê 8030 è 8176
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æèëûõ è îáùåñòâåííûõ çäàíèÿõ áåç ñíèæåíèÿ èõ óðîâ-

íÿ ïîæàðíîé áåçîïàñíîñòè ïðè ñîáëþäåíèè ïðàâèë

ïðîåêòèðîâàíèÿ è ìîíòàæà, èçëîæåííûõ â ÑÏ 256 [5],

ñ ó÷åòîì ïðàêòè÷åñêîãî îïûòà çàðóáåæíûõ ñòðàí.
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ñå÷åíèå,

ìì2

Äîïóñòèìûé äëèòåëüíûé òîê, À

Êàáåëü, ïðîêëàäûâàåìûé*
Ïðîâîä

â âîçäóõå â çåìëå

2,5 21 28 22

4 29 37 31

6 37 44 40

10 50 59 55

16 67 77 76

25 87 102 –

35 106 123 –

50 126 143 –

* Äëÿ îïðåäåëåíèÿ òîêîâûõ íàãðóçîê 4-æèëüíûõ êàáåëåé

ñ æèëàìè ðàâíîãî ñå÷åíèÿ â 4-ïðîâîäíûõ ñåòÿõ ïðè

íàãðóçêå âî âñåõ æèëàõ â íîðìàëüíîì ðåæèìå, à òàêæå

äëÿ 5-æèëüíûõ êàáåëåé óêàçàííûå â òàáëèöå çíà÷åíèÿ

äîëæíû áûòü óìíîæåíû íà êîýôôèöèåíò 0,93.

Òàáëèöà 2. Äîïóñòèìûå òîêîâûå íàãðóçêè êàáåëåé è ïðî-

âîäîâ èç àëþìèíèåâûõ ñïëàâîâ ìàðîê 8030 è 8176 ïî

ÒÓ 16.Ê71-489–2016
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Ðàññìîòðåíû áëàãîïðèÿòíûå ôàêòîðû, ñïîñîáñòâóþùèå ýôôåêòèâíîìó òóøåíèþ ïîæàðà, è íåáëàãîïðèÿò-

íûå ôàêòîðû, ïðåïÿòñòâóþùèå ýôôåêòèâíîìó òóøåíèþ ïîæàðà. Ïðåäñòàâëåíî ðàñïðåäåëåíèå ðàñõîäà êàæ-

äîãî îðîñèòåëÿ è îáùåãî ðàñõîäà ÀÓÏ äëÿ ðàçëè÷íûõ âàðèàíòîâ ðàñïðåäåëèòåëüíûõ ñåòåé ïðè ïîñëåäîâàòåëü-

íîé àêòèâàöèè âñåõ îðîñèòåëåé, íàõîäÿùèõñÿ íà êàæäîé èç çàùèùàåìûõ äèêòóþùèõ ïëîùàäåé, ïðè îáùåì

ðàñõîäå ÀÓÏ íå áîëåå 10 ë/ñ è íà÷àëüíîé èíòåíñèâíîñòè äèêòóþùåãî îðîñèòåëÿ iíîðì > iðàñ÷ = 0,06 ë/(ñ · ì2) è

iíîðì = 0,08 ë/(ñ · ì2). Ïîêàçàíî, ÷òî åñëè ïðàâèëüíî ïîäîáðàòü äèàìåòðû òðóáîïðîâîäîâ ðàñïðåäåëèòåëüíîé
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þùàÿ ïëîùàäü ïî ñðàâíåíèþ ñ íîðìàòèâíîé Síîðì = 60 ì2.
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ABSTRACT

Consider the enabling factors that contribute to an effective fire fighting, and adverse factors that hinder effective

fire fighting. The distribution of the flow rate of each irrigator and the total flow rate of AFES of different distribution

networks with sequential activation of all irrigators located on each of the protected dictating areas, with the total

flow rate of AFES not more than 10 l/s and at the initial intensity of the dictating sprinkler inorm > icalc = 0.06 l/(sec · m2)

and inorm = 0.08 l/(sec · m2). It is shown that if the diameters of the distribution network pipelines are chosen cor-

rectly, then even with the normative value of the intensity of irrigation of the dictating sprinkler, the total flow rate of

the AFES with the activation of four irrigators, calculated according to the method given in Set of rules

5.13130.2009, may be less than the normative value by about 1.5 times due to which the protected dictating area

is expanded compared to the normative Snorm = 60 m2.

Keywords: pressure; flow rate; dictating sprinkler; irrigation intensity; dictating protected area; irrigation plot;

effective fire extinguishing.
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QUESTION – ANSWER

ÂÎÏÐÎÑ

Ïðè ãèäðàâëè÷åñêîì ðàñ÷åòå ðàñïðåäåëèòåëüíîé

ñåòè ïîëó÷àåòñÿ ñòðàííàÿ ñèòóàöèÿ: èç-çà òîãî ÷òî

äèêòóþùèé îðîñèòåëü äîëæåí îáåñïå÷èòü íîðìà-

òèâíóþ èíòåíñèâíîñòü îðîøåíèÿ, ðàñõîä ïîñëåäó-

þùèõ àêòèâèðîâàííûõ îðîñèòåëåé âñå áîëüøå è

áîëüøå ïðåâûøàåò ðàñõîä äèêòóþùåãî îðîñèòåëÿ

è, êàê ñëåäñòâèå, îáùèé ðàñõîä ÀÓÏ íåîïðàâäàííî

óâåëè÷èâàåòñÿ. Ìîæåò áûòü, èñõîäÿ èç ýêîíîìèè

ðàñõîäà, äîñòàòî÷íî ñíèçèòü èíòåíñèâíîñòü îðî-

øåíèÿ äèêòóþùåãî îðîñèòåëÿ õîòÿ áû âäâîå?

ÎÒÂÅÒ:

Ðàññìîòðèì äâà âàðèàíòà ðàçâèòèÿ ïîæàðà äëÿ

ïîìåùåíèÿ,íàïðèìåð,ãðóïïû1ïîÑÏ5.13130.2009[1]:

� íåáëàãîïðèÿòíûå ôàêòîðû îòñóòñòâóþò, ÷òî ñïîñîá-

ñòâóåò ýôôåêòèâíîìó òóøåíèþ ïîæàðà;

� íàëè÷èå íåáëàãîïðèÿòíûõ ôàêòîðîâ ïðåïÿòñòâóåò

ýôôåêòèâíîìó òóøåíèþ ïîæàðà (íàïðèìåð, ìåðò-

âûõ çîí, â êîòîðûõ âîçäåéñòâèå ÎÒÂ íåïîñðåäñò-

âåííî íà ãîðÿùóþ ïîâåðõíîñòü çàòðóäíåíî).

Ïîæàð ìîæåò âîçíèêíóòü â ëþáîé çîíå çàùèùàåìîãî

îáúåêòà (ðèñ. 1).

Ïðè ñåòêå ðàñïðåäåëèòåëüíîé ñåòè íà çàùèùàåìîé

ïëîùàäè ðàçìåðîì 4�4 ì çà ðàñ÷åòíîå êîëè÷åñòâî

ïðèìåì ÷åòûðå îðîñèòåëÿ.

Åñëè ãèäðàâëè÷åñêèé ðàñ÷åò ðàñïðåäåëèòåëüíîé ñåòè

áûë âûïîëíåí ïî ìåòîäèêå, ïðèâåäåííîé â ÑÏ [1],

òî ïðè àêòèâàöèè ðàñ÷åòíîãî êîëè÷åñòâà îðîñèòåëåé

èíòåíñèâíîñòü îðîøåíèÿ íà äèêòóþùåì îðîñèòåëå 1

äîëæíà áûòü íå ìåíåå íîðìàòèâíîãî çíà÷åíèÿ, ò. å.

iíîðì ! 0,08 ë/(ñ·ì2). Òîãäà ïîæàð áóäåò óñïåøíî ëèê-

âèäèðîâàí ïðè àêòèâàöèè îò îäíîãî äî ðàñ÷åòíîãî êî-

ëè÷åñòâà îðîñèòåëåé ñ îáùèì ðàñõîäîì íå áîëåå

10 ë/ñ.

Åñëè äàæå ïîæàð íà÷íåòñÿ â çîíå äåéñòâèÿ äèêòó-

þùåãî îðîñèòåëÿ 1 (ñì. ðèñ. 1) ïðè ðàñ÷åòíîé èíòåí-

ñèâíîñòè îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ (íàïðèìåð,

iðàñ÷ = 0,06 ë/(ñ · ì2) âìåñòî íîðìàòèâíîãî çíà÷åíèÿ

iíîðì = 0,08 ë/(ñ · ì2) ïî ÑÏ [1]), òî ïðè åãî àêòèâàöèè

ðàñõîä è èíòåíñèâíîñòü ìîãóò â 2–3 ðàçà ïðåâûøàòü

ðàñ÷åòíîå çíà÷åíèå è, ñëåäîâàòåëüíî, áûòü íåñêîëü-

êî áîëüøå íîðìàòèâíîãî: iíîðì > 0,08 ë/(ñ · ì2). Òàêèì

îáðàçîì, â äàííîì ñëó÷àå èìåþòñÿ âñå ïðåäïîñûëêè

äëÿ óñïåøíîãî òóøåíèÿ ïîæàðà. Ïðè îòñóòñòâèè íå-

áëàãîïðèÿòíûõ ôàêòîðîâ, ïðåïÿòñòâóþùèõ ýôôåêòèâ-

íîìó òóøåíèþ ïîæàðà, ñ âûñîêîé äîëåé âåðîÿòíîñòè

ìîæíî ñ÷èòàòü, ÷òî ïîæàð áóäåò óñïåøíî ëèêâèäèðî-

âàí îäíèì–äâóìÿ îðîñèòåëÿìè.

Îäíàêî íà ïðàêòèêå ÷àùå âñåãî èìåþò ìåñòî íåáëà-

ãîïðèÿòíûå ôàêòîðû, íàïðèìåð ïðåïÿòñòâèÿ 16 (ñì.

ðèñ. 1) äëÿ íåïîñðåäñòâåííîãî âîçäåéñòâèÿ ÎÒÂ íà

ãîðÿùóþ ïîâåðõíîñòü.

Äîïóñòèì, èìååòñÿ óçêàÿ ìåðòâàÿ çîíà, êîòîðàÿ ïðî-

òÿíóëàñü îò äèêòóþùåãî îðîñèòåëÿ 1 äî îðîñèòåëÿ 4.

Â ñëó÷àå ïîæàðà ïîñëåäîâàòåëüíî íà÷íóò àêòèâèðî-

âàòüñÿ îðîñèòåëè 1, 2 è 3, ëèêâèäèðóÿ ïîæàð â çîíå

ñâîåãî äåéñòâèÿ, êðîìå ìåðòâîé çîíû (ñì. ðèñ. 1).

Â ýòîì ñëó÷àå ïîæàð ìîæåò áûòü ïîòóøåí, åñëè èí-

òåíñèâíîñòü îðîøåíèÿ îðîñèòåëÿ 4 íå áóäåò ðàâíà èñ-

õîäíîìó ðàñ÷åòíîìó çíà÷åíèþ iðàñ÷ = 0,06 ë/(ñ · ì2),

à áóäåò íå ìåíåå íîðìàòèâíîãî iðàñ÷ ! 0,08 ë/(ñ · ì2).

Èíà÷å íèêàêèõ íàäåæä ïîòóøèòü ïîæàð íå îñòàíåòñÿ.

Åñëè îðîñèòåëü 4 íå îáåñïå÷èâàåò íîðìàòèâíîé èí-

òåíñèâíîñòè îðîøåíèÿ, òî ïîæàð íà÷èíàåò ðàñïðî-

ñòðàíÿòüñÿ îò íåãî â ñòîðîíó îðîñèòåëåé 5 è 8. Åñòåñò-

âåííî, åñëè ïðè àêòèâàöèè îðîñèòåëÿ 4 íà êàæäîì

îðîñèòåëå èíòåíñèâíîñòü îðîøåíèÿ áóäåò ìåíüøå íîð-

ìàòèâíîãî çíà÷åíèÿ, òî è ñóììàðíûé ðàñõîä áóäåò

íèæå íîðìàòèâíîãî. Îñòàåòñÿ íåêîòîðûé çàïàñ ïî ðàñ-

õîäó, ÷òî äîïóñêàåò ñðàáàòûâàíèå åùå íåñêîëüêèõ

îðîñèòåëåé, ñìåæíûõ ñ îðîñèòåëåì 4, íàïðèìåð îä-

íîãî-òðåõ èç îðîñèòåëåé 5–10. Êàê ïðàâèëî, ñîçäàâà-

åìàÿ èìè èíòåíñèâíîñòü îðîøåíèÿ ìîæåò áûòü óæå

íèæå íîðìàòèâíîãî çíà÷åíèÿ, à çíà÷èò, ïîæàð ïîòó-

øåí íå áóäåò.

Äîïóñòèì, ÷òî, êîãäà àêòèâèðóåòñÿ, íàïðèìåð, îðîñè-

òåëü 6, èíòåíñèâíîñòü îðîøåíèÿ áóäåò äîñòàòî÷íîé,

÷òîáû ïîòóøèòü ïîæàð. Íî äî òîãî, êàê ñðàáîòàåò îðî-

ñèòåëü 6, ïîæàð óæå ðàñïðîñòðàíèòñÿ â ñòîðîíó îðî-

ñèòåëåé 8 è 9 è ñòàíåò íåóïðàâëÿåìûì.

Àíàëîãè÷íûé õàðàêòåð ðàñïðîñòðàíåíèÿ ïîæàðà è àë-

ãîðèòì àêòèâàöèè îðîñèòåëåé èìåþò ìåñòî ïðè âîç-

íèêíîâåíèè çàãîðàíèÿ ïîä îðîñèòåëåì 4 è âåêòîðîì

Ðèñ. 1. Ðàñïðåäåëåíèå èíòåíñèâíîñòè îðîøåíèÿ ïîñëå àê-

òèâàöèè ÷åòûðåõ îðîñèòåëåé: 1–14 — îðîñèòåëè; 15 — ìåñòî

âîçíèêíîâåíèÿ ïîæàðà; 16 — ïðåïÿòñòâèå äëÿ âîçäåéñòâèÿ

ÎÒÂ íåïîñðåäñòâåííî íà ãîðÿùóþ ïîâåðõíîñòü; 17 — êðóã-

ëàÿ ïëîùàäü îðîøåíèÿ 12 ì2; Vï — âåêòîð ðàñïðîñòðàíå-

íèÿ ïîæàðà
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ðàñïðîñòðàíåíèÿ ïîæàðà â ñòîðîíó äèêòóþùåãî îðî-

ñèòåëÿ 1.

Íåñêîëüêî áîëåå áëàãîïðèÿòíûå óñëîâèÿ äëÿ òóøå-

íèÿ ïîæàðà ñêëàäûâàþòñÿ ïðè åãî âîçíèêíîâåíèè íà

çíà÷èòåëüíîì ðàññòîÿíèè îò äèêòóþùåãî îðîñèòåëÿ,

íàïðèìåð îò îðîñèòåëÿ 14 â ñòîðîíó îðîñèòåëÿ 11,

íî âñå ðàâíî îñòàåòñÿ âûñîêàÿ äîëÿ âåðîÿòíîñòè, ÷òî

ïîæàð íå áóäåò ëèêâèäèðîâàí.

Ïîñêîëüêó îáùèé ðàñõîä è äàâëåíèå íà âûõîäå ýòîé

ïëîùàäè, à òàêæå êîëè÷åñòâî îðîñèòåëåé, óêëàäûâà-

þùèõñÿ â íîðìàòèâíûé ðàñõîä, çàâèñÿò îò âàðèàíòà

ñõåìû ðàñïðåäåëèòåëüíîé ñåòè (ñì. âîïðîñ 3 [2]), ðàñ-

ñìîòðèì, êàê èçìåíÿþòñÿ ýòè ïàðàìåòðû êàê ïðè ïðè-

íÿòîì çíà÷åíèè èíòåíñèâíîñòè îðîøåíèÿ äèêòóþùåãî

îðîñèòåëÿ 1 íèæå íîðìàòèâíîãî — iðàñ÷ = 0,06 ë/(ñ · ì2),

òàê è ïðè íîðìàòèâíîì — iíîðì = 0,08 ë/(ñ · ì2).

Çàâèñèìîñòü ìåæäó êîëè÷åñòâîì àêòèâèðîâàííûõ

îðîñèòåëåé ñ èíòåíñèâíîñòüþ îðîøåíèÿ äèêòóþùåãî

îðîñèòåëÿ iíîðì ! 0,08 ë/(ñ · ì2) è ïðèíÿòîé ïðè ãèä-

ðàâëè÷åñêèõ ðàñ÷åòàõ èíòåíñèâíîñòüþ îðîøåíèÿ

äèêòóþùåãî îðîñèòåëÿ iðàñ÷ ! 0,08 ë/(ñ · ì2) èëè

iðàñ÷ = 0,06 ë/(ñ · ì2) ïðèâåäåíà íà ðèñ. 2.

Íîìåð

îðîñèòåëÿ

Èíòåíñèâíîñòü îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ, ë/(ñ · ì2)

i
íîðì

= i
ðàñ÷

= 0,08 i
íîðì

> i
ðàñ÷

= 0,06

Ðàñõîä êàæäîãî

îðîñèòåëÿ, ë/ñ

Îáùèé ðàñõîä

îðîñèòåëåé, ë/ñ

Äàâëåíèå

íà ó÷àñòêàõ, ÌÏà

Ðàñõîä êàæäîãî

îðîñèòåëÿ, ë/ñ

Îáùèé ðàñõîä

îðîñèòåëåé, ë/ñ

Äàâëåíèå

íà ó÷àñòêàõ, ÌÏà

1 1,25 1,25 0,09 0,94 0,94 0,050

2 1,39 2,64 0,11 1,03 1,97 0,061

3 1,29 3,93 Pà 0,153 0,95 2,92 Ðà 0,085

4 1,42 5,35 Ðá 0,161 1,05 3,97 Ðá 0,090

5 1,43 6,78 1,07 5,04

6 1,57 8,35 Ðâ 0,197 1,17 6,21 Ðâ 0,110

7 1,71 10,06 1,28 7,49

8 1,89 11,95 Ðã 0,284 1,40 8,89 Ðã 0,158

9 1,47 10,36

10 Ðä 0,462 1,69 12,05 Ðä 0,209

Òàáëèöà 1. Ðåçóëüòàòû ðàñ÷åòà ãèäðàâëè÷åñêèõ ïàðàìåòðîâ ðàñïðåäåëèòåëüíîé ñåòè â çàâèñèìîñòè îò èíòåíñèâíî-

ñòè îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ

Ðèñ. 2. Àêòèâèðîâàííûå îðîñèòåëè ñ èíòåíñèâíîñòüþ îðî-

øåíèÿ i ! 0,08 ë/(ñ · ì2) ïðè ðàñ÷åòíîé èíòåíñèâíîñòè îðî-

øåíèÿ äèêòóþùåãî îðîñèòåëÿ iíîðì = 0,08 ë/(ñ · ì2) (à) è

ïðèíÿòîé èíòåíñèâíîñòè iðàñ÷ = 0,06 ë/(ñ · ì2) (á): 1 — äèêòó-

þùèé îðîñèòåëü; 2–10 — îðîñèòåëè; Lîð = Lð — ðàññòîÿíèå

ìåæäó îðîñèòåëÿìè è ðÿäêàìè; Sðàñ÷ — ìèíèìàëüíàÿ äèêòó-

þùàÿ ðàñ÷åòíàÿ çàùèùàåìàÿ ïëîùàäü;�S — äîïîëíèòåëü-

íàÿ ïëîùàäü, îðîøàåìàÿ äîïîëíèòåëüíûìè îðîñèòåëÿìè

ñ èíòåíñèâíîñòüþ i > 0,08 ë/(ñ · ì2)

Ðèñ. 3. Ðàñïðåäåëåíèå ðàñõîäà êàæäîãî îðîñèòåëÿ ïðè èõ

ïîñëåäîâàòåëüíîé àêòèâàöèè è îáùåãî ðàñõîäà ÀÓÏ ïðè àê-

òèâàöèè âñåõ îðîñèòåëåé, íàõîäÿùèõñÿ íà çàùèùàåìîé äèê-

òóþùåé ïëîùàäè, ïðè îáùåì ðàñõîäå ÀÓÏ íå áîëåå 10 ë/ñ:

1 — äèêòóþùèé îðîñèòåëü ñ iíîðì = iðàñ÷ = 0,08 ë/(ñ · ì2); 2 —

äèêòóþùèé îðîñèòåëü ñ iíîðì > iðàñ÷ = 0,06 ë/(ñ · ì2) (êðàñíàÿ

÷àñòü ñîîòâåòñòâóåò îðîñèòåëÿì, íå îáåñïå÷èâàþùèì íîð-

ìàòèâíóþ èíòåíñèâíîñòü); 3 — ëèíèÿ ðàçäåëà îðîøåíèÿ ñ

iíîðì = 0,08 ë/(ñ · ì2); çíà÷åíèÿ â ðàìêå — îáùèé ðàñõîä ïðè

ñðàáàòûâàíèè ñîîòâåòñòâóþùåãî êîëè÷åñòâà îðîñèòåëåé
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Â àíàëèçèðóåìûõ âàðèàíòàõ äèêòóþùèõ çàùèùàåìûõ

ïëîùàäåé ðàñïðåäåëèòåëüíîé ñåòè ðàññòîÿíèå ìåæäó

îðîñèòåëÿìè è ðÿäêàìè Lîð = Lð = 4 ì, äèàìåòð ïèòà-

þùåãî òðóáîïðîâîäà DN 40, äèàìåòð îòäåëüíûõ ó÷à-

ñòêîâ ðàñïðåäåëèòåëüíîé ñåòè ìåæäó îðîñèòåëÿìè

DN 25.

Ðåçóëüòàòû ãèäðàâëè÷åñêîãî ðàñ÷åòà ïðåäñòàâëåíû

â òàáë. 1 è íà ðèñ. 3.

Çà êðèòåðèé ýôôåêòèâíîñòè ÀÓÏ ïðèíèìàåì àêòèâà-

öèþ íà çàùèùàåìîé ïëîùàäè 64 ì2 íå ìåíåå ÷å-

òûðåõ îðîñèòåëåé ñ íîðìàòèâíîé èíòåíñèâíîñòüþ

iíîðì ! 0,08 ë/(ñ · ì2).

Ïðè ïðèíÿòîé èíòåíñèâíîñòè îðîøåíèÿ äèêòóþùåãî

îðîñèòåëÿ 1 iðàñ÷ = 0,06 ë/(ñ · ì2) ïîëîæèòåëüíûé ýô-

ôåêò, óêëàäûâàþùèéñÿ â íîðìàòèâíóþ èíòåíñèâíîñòü

îðîøåíèÿ íå ìåíåå íîðìàòèâíîé, ìîæåò áûòü äî-

ñòèãíóò òîëüêî ÷åòûðüìÿ îðîñèòåëÿìè (èç 10 àêòèâè-

ðîâàííûõ), íî ïðè ýòîì èõ ðàñõîä (12,05 ë/ñ) ïðå-

âûñèò íîðìàòèâíîå çíà÷åíèå (10 ë/ñ). Äàâëåíèå íà

âûõîäå â ýòîì ñëó÷àå Ðä = 0,209 ÌÏà. Â ïðåäåëàõ

íîðìàòèâíîãî ðàñõîäà 10 ë/ñ àêòèâèðîâàííûõ îðî-

ñèòåëåé ñ íîðìàòèâíîé èíòåíñèâíîñòüþ îðîøåíèÿ

iíîðì = 0,08 ë/(ñ · ì2) âñåãî òðè, ÷òî íåäîñòàòî÷íî äëÿ

ýôôåêòèâíîãî äåéñòâèÿ ÀÓÏ.

Ïðè ïðèíÿòîé èíòåíñèâíîñòè îðîøåíèÿ äèêòóþùåãî

îðîñèòåëÿ 1 iðàñ÷ = 0,08 ë/(ñ·ì2) ïîëîæèòåëüíûé ýô-

ôåêò, óêëàäûâàþùèéñÿ â íîðìàòèâíûé ðàñõîä 10 ë/ñ

(ïðàêòè÷åñêè íåñêîëüêî áîëüøå — 10,06 ë/ñ) è èíòåí-

ñèâíîñòü îðîøåíèÿ íå ìåíåå íîðìàòèâíîé, áóäåò äî-

ñòèãíóò ñåìüþ îðîñèòåëÿìè èç ñåìè àêòèâèðîâàííûõ.

Ñëåäóåò îòìåòèòü, ÷òî äàâëåíèå íà âûõîäå â ýòîì ñëó÷àå

Ðä = 0,462 ÌÏà, íî ïðè ýòîì ôàêòè÷åñêàÿ çàùèùà-

åìàÿ ïëîùàäü Sôàêò ñîñòàâèò:

Sôàêò = "N = 16 # 7 = 117 ì2,

ò. å. ïðàêòè÷åñêè áóäåò ðàâíà íîðìàòèâíîìó çíà÷å-

íèþ ïëîùàäè Síîðì = 120 ì2, ïðåäïèñàííîìó ðàíåå

â ÍÏÁ 88 [3].

Ïðèìåðíî òàêîé æå õàðàêòåð çàâèñèìîñòè àêòèâà-

öèè îðîñèòåëåé ñ èíòåíñèâíîñòüþ îðîøåíèÿ ó äèêòó-

þùåãî îðîñèòåëÿ 1 iðàñ÷ = 0,06 ë/(ñ · ì2) èëè iðàñ÷ =

= 0,08 ë/(ñ · ì2) èìååò ìåñòî ïðè èíûõ ãèäðàâëè÷å-

ñêèõ ñõåìàõ ðàñïðåäåëèòåëüíîé ñåòè ÀÓÏ (ðèñ. 4,

òàáë. 2).

Ñõåìà

ðèñ. 4

Èíòåíñèâíîñòü

îðîøåíèÿ îðîñè-

òåëÿ 1, ë/(ñ · ì2)

Ðàñõîä, ë/ñ Äàâëåíèå, ÌÏà

1 2 3 4 5 6 îáùèé*
íà äèêòóþùåì

îðîñèòåëå

íà âûõîäå

S
çàù

à

0,06 0,94 1,04 1,39 1,47 1,64 1,90 Q1–6 = 8,38 0,05 Ð6 0,204

0,08 1,25 1,39 1,85 1,96 2,11 2,46 Q1–5 = 8,56 0,09 Ð5 0,250

Q1–6 = 11,02 0,09 Ð6 0,340

á
0,06 0,94 1,04 1,39 1,39 1,04 0,94 Q1–6 = 6,70 0,05 Ðà 0,115

0,08 1,25 1,39 1,85 1,85 1,39 1,25 Q1–6 = 8,98 0,09 Ðà 0,208

â
0,06 0,94 1,04 1,39 0,99 1,10 1,47 Q1–6 = 6,93 0,05 Ðá 0,130

0,08 1,25 1,39 1,85 1,32 1,47 1,95 Q1–6 = 9,23 0,09 Ðá 0,230

* Q1–5, Q1–6 — îáùèé ðàñõîä ñîîòâåòñòâåííî ïÿòè è øåñòè àêòèâèðîâàííûõ îðîñèòåëåé.

Òàáëèöà 2. Ðåçóëüòàòû ðàñ÷åòà ãèäðàâëè÷åñêèõ ïàðàìåòðîâ ðàñïðåäåëèòåëüíîé ñåòè â çàâèñèìîñòè îò èíòåíñèâíî-

ñòè îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ

Ðèñ. 4. Âàðèàíòû ãèäðàâëè÷åñêèõ ñõåì çàùèùàåìîé äèêòóþùåé ïëîùàäè: à — ëó÷åâàÿ (ïîñëåäîâàòåëüíàÿ); á — ñèì-

ìåòðè÷íàÿ; â — íåñèììåòðè÷íàÿ îäíîñòîðîííÿÿ; 1–9 — îðîñèòåëè; D, d — ñîîòâåòñòâåííî íîìèíàëüíûå äèàìåòðû DN 40

è DN 25
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ÂÎÏÐÎÑ – ÎÒÂÅÒ

Ïðè ïðîåêòèðîâàíèè ÀÓÏ ìîæåò áûòü ïðèíÿòà ëó-

÷åâàÿ (ïîñëåäîâàòåëüíàÿ) ñõåìà, ïðèâåäåííàÿ íà

ðèñ. 4,à, ñ ðàñ÷åòíîé èíòåíñèâíîñòüþ äèêòóþùåãî

îðîñèòåëÿ ìåíåå íîðìàòèâíîé. Ñëåäóåò, ïðàâäà, îãî-

âîðèòüñÿ, ÷òî ëó÷åâûå ðàñïðåäåëèòåëüíûå òðóáîïðî-

âîäû ñ áîëüøèì êîëè÷åñòâîì îðîñèòåëåé ïðèìåíÿ-

þòñÿ êðàéíå ðåäêî.

Òàêèì îáðàçîì, â îáùåì ñëó÷àå ïðèíèìàòü ïðè ðàñ÷å-

òàõ èíòåíñèâíîñòü îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ

iðàñ÷ < iíîðì íåöåëåñîîáðàçíî, òàê êàê ïîëîæèòåëüíûé

ýôôåêò ïðè ýòîì ïðàêòè÷åñêè îòñóòñòâóåò, à ðèñêè íå-

óäîâëåòâîðèòåëüíîé ðàáîòû ÀÓÏ âåñüìà âåëèêè.

Íåîáõîäèìî ó÷èòûâàòü è åùå îäèí âàæíûé ôàêòîð:

îïðåäåëÿþùèìè ïàðàìåòðàìè ïî òóøåíèþ ïîæàðà

ñîãëàñíî ÑÏ 5.13130.2009 [1], ïîìèìî íîðìàòèâíî-

ãî çíà÷åíèÿ èíòåíñèâíîñòè îðîøåíèÿ, ÿâëÿþòñÿ íîð-

ìàòèâíûé ðàñõîä ÀÓÏ è íîðìàòèâíàÿ çàùèùàåìàÿ

äèêòóþùàÿ ïëîùàäü.

Ãèäðàâëè÷åñêèé ðàñ÷åò ïîêàçûâàåò, ÷òî åñëè ïðàâèëü-

íî ïîäîáðàòü äèàìåòðû òðóáîïðîâîäîâ ðàñïðåäå-

ëèòåëüíîé ñåòè, òî äàæå ïðè íîðìàòèâíîì çíà÷åíèè

èíòåíñèâíîñòè îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ 1

îáùèé ðàñõîä ÀÓÏ ïðè àêòèâàöèè ÷åòûðåõ îðîñèòå-

ëåé ìîæåò áûòü ìåíüøå íîðìàòèâíîãî çíà÷åíèÿ ïðè-

ìåðíî â 1,5 ðàçà, çà ñ÷åò ÷åãî ðàñøèðÿåòñÿ çàùèùà-

åìàÿ äèêòóþùàÿ ïëîùàäü ïî ñðàâíåíèþ ñ íîðìàòèâ-

íîé Síîðì = 60 ì2.

Ãèäðàâëè÷åñêèé ðàñ÷åò âîäÿíûõ è ïåííûõ ÀÓÏ ïî-

äðîáíî èçëîæåí òàêæå â ó÷åáíî-ìåòîäè÷åñêèõ ïîñî-

áèÿõ [4, 5].

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. ÑÏ 5.13130.2009. Ñèñòåìû ïðîòèâîïîæàðíîé çàùèòû.

Óñòàíîâêè ïîæàðíîé ñèãíàëèçàöèè è ïîæàðîòóøåíèÿ àâ-

òîìàòè÷åñêèå. Íîðìû è ïðàâèëà ïðîåêòèðîâàíèÿ (ðåä.

îò 01.06.2011). URL: http://base.garant.ru/195658/

(äàòà îáðàùåíèÿ: 10.01.2019).

2. Ìåøìàí Ë. Ì. ×àñòíûå âîïðîñû ïðè ïðîåêòèðîâàíèè

âîäÿíûõ ÀÓÏ // Ïîæàðîâçðûâîáåçîïàñíîñòü / Fire and

Explosion Safety. — 2019. — Ò. 29, ¹ 1. — Ñ. 80–88.

3. ÍÏÁ 88–2001*. Óñòàíîâêè ïîæàðîòóøåíèÿ è ñèãíàëè-

çàöèè. Íîðìû è ïðàâèëà ïðîåêòèðîâàíèÿ (ñ èçì. ¹ 1).

URL: http://docs.cntd.ru/document/1200016069 (äàòà

îáðàùåíèÿ: 10.01.2019).

4. Ìåøìàí Ë. Ì., Áûëèíêèí Â. À., Ãóáèí Ð. Þ., Ðîìàíî-

âà Å. Þ. Àâòîìàòè÷åñêèå âîäÿíûå è ïåííûå óñòàíîâêè

ïîæàðîòóøåíèÿ. Ïðîåêòèðîâàíèå : ó÷åá.-ìåòîä. ïîñîá.

— Ì. : ÂÍÈÈÏÎ, 2009. — 572 ñ.

5. Ìåøìàí Ë. Ì., Áûëèíêèí Â. À., Ãóáèí Ð. Þ., Ðîìàíî-

âà Å. Þ. Îðîñèòåëè âîäÿíûõ è ïåííûõ àâòîìàòè÷åñêèõ

óñòàíîâîê ïîæàðîòóøåíèÿ : ó÷åá.-ìåòîä. ïîñîá. — Ì. :

ÂÍÈÈÏÎ, 2002. — 315 ñ.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 20.01.2019

Received 20 January 2019

Èíôîðìàöèÿ îá àâòîðå Information about the author

ÌÅØÌÀÍ Ëåîíèä Ìóíååâè÷, êàíä. òåõí. íàóê, âåäóùèé íàó÷-

íûé ñîòðóäíèê, Âñåðîññèéñêèé íàó÷íî-èññëåäîâàòåëüñêèé

èíñòèòóò ïðîòèâîïîæàðíîé îáîðîíû Ì×Ñ Ðîññèè, ã. Áàëà-

øèõà Ìîñêîâñêîé îáë., Ðîññèéñêàÿ Ôåäåðàöèÿ; e-mail:

fire404@mail.ru

Leonid M. MESHMAN, Cand. Sci. (Eng.), Leading Researcher,

All-Russian Research Institute for Fire Protection of Emercom

of Russia, Balashikha, Moscow Region, Russian Federation;

e-mail: fire404@mail.ru



POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 298

ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE

AND EXPLOSION SAFETY” ñòàòüè äîëæíû ñîäåðæàòü ðåçóëüòàòû íà-

ó÷íûõ èññëåäîâàíèé è èñïûòàíèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ

óñòðîéñòâ è ïðîãðàììíî-èíôîðìàöèîííûõ ïðîäóêòîâ; îáçîðû,

êîììåíòàðèè ê íîðìàòèâíî-òåõíè÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå

ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ

èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

äîìñòâó, ôîðìó ñîáñòâåííîñòè, ñòàòóñ îðãàíèçàöèè (íàïðèìåð, “Ó÷-

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

âåííîå óíèòàðíîå ïðåäïðèÿòèå…”, “ÔÃÎÓ ÂÏÎ…” è ò. ï.), òàê êàê

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

ñâåäåíèÿ (êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñ-

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

ñêèé ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.4. Àííîòàöèÿ íà ðóññêîì ÿçûêå äîëæíà ñîñòîÿòü íå ìåíåå ÷åì èç

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé äëÿ ñòàòüè òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâ-

ëÿåò ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.:

“Èçó÷åíû…, ïðîàíàëèçèðîâàíû…, ïðåäñòàâëåíû…” è ò. ï.).

2.5. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� îðèãèíàëüíûì (íå áûòü êàëüêîé ñ ðóññêîÿçû÷íîé àííîòàöèè

ñ äîñëîâíûì ïåðåâîäîì);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 200–250 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

÷åòêî îáîçíà÷åííûå ïîäðàçäåëû Ââåäåíèå (Introduction), Öåëè è çà-

äà÷è (Aims and Purposes), Ìåòîäû (Methods), Ðåçóëüòàòû (Results),

Îáñóæäåíèå (Discussion), Çàêëþ÷åíèå (âûâîäû) (Conclusions).

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 ñëåäóåò âêëþ÷àòü ñõåìû, òàáëèöû, èëëþ-

ñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåííûå 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.
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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.

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Äëÿ äâóÿçû÷íîãî ïðåäñòàâëåíèÿ òàáëè÷íîãî è ãðàôè÷åñêîãî ìàòå-

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:
� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;
� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;
� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû, ññûëêè íà ñàéòû

êîìïàíèé è ò.ï.). Ïðè ýòîì êîëè÷åñòâî ññûëîê íà ñòàòüè èç èíîñòðàí-

íûõ íàó÷íûõ æóðíàëîâ è äðóãèå èíîñòðàííûå èñòî÷íèêè äîëæíî

áûòü íå ìåíåå 40 % îá îáùåãî êîëè÷åñòâà ññûëîê. Íå áîëåå ïîëî-

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

ÿçû÷íûõ íàó÷íûõ æóðíàëîâ, îñòàëüíîå — äðóãèå ïåðâîèñòî÷íèêè

íà ðóññêîì ÿçûêå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:
� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëüíî

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

(äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò ñâîé

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);
� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;
� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);
� âûõîäíûå äàííûå;
� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: D. N. Sokolov, L. P. Vogman, V. A. Zuykov. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

4. 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.

5. 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 “Ïîæàðîâçðûâî-

áåçîïàñíîñòü / Fire and Explosion Safety”, ñîãëàñíû ñ óñëîâèÿìè

ïóáëèêàöèè èëè îòêëîíåíèÿ ðóêîïèñè, à òàêæå ñ ïðàâèëàìè åå

îôîðìëåíèÿ!










