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Ââåäåíèå

Ìèíèñòåðñòâîì Ðîññèéñêîé Ôåäåðàöèè ïî äåëàì

ãðàæäàíñêîé îáîðîíû, ÷ðåçâû÷àéíûì ñèòóàöèÿì è

ëèêâèäàöèè ïîñëåäñòâèé ñòèõèéíûõ áåäñòâèé (Ì×Ñ

ÐÔ) 2017 ãîä îáúÿâëåí ãîäîì êóëüòóðû áåçîïàñíî-

ñòè. Â ñîîòâåòñòâèè ñ ýòèì ïðåäóñìîòðåíî:
� ïðîâåäåíèå èíôîðìàöèîííî-ïðîôèëàêòè÷å-

ñêèõ ìåðîïðèÿòèé;
� äíè îòêðûòûõ äâåðåé è óðîêè áåçîïàñíîñòè;
� ðàçâèòèå ó íàñåëåíèÿ òâåðäûõ òåîðåòè÷åñêèõ çíà-

íèé è ïðàêòè÷åñêèõ íàâûêîâ â îáëàñòè áåçîïàñ-

íîñòè æèçíåäåÿòåëüíîñòè;
� ïîëó÷åíèå ñïåöèàëèñòàìè âñåõ îðãàíîâ ãîñóäàð-

ñòâåííîé âëàñòè óíèêàëüíîãî îïûòà, íàêîïëåí-

íîãî ñîòðóäíèêàìè Ì×Ñ, â âîïðîñàõ çàùèòû íà-

ñåëåíèÿ è òåððèòîðèé îò ÷ðåçâû÷àéíûõ ñèòóàöèé.

Òðàãåäèÿ ñ ìàññîâîé ãèáåëüþ äåòåé â ã. Êåìåðî-

âî ïðèâëåêëà âíèìàíèå âñåõ ïðîôåññèîíàëîâ, çàèí-

òåðåñîâàííûõ â îáåñïå÷åíèè áåçîïàñíîñòè, è ïîêà-

çàëà íåîáõîäèìîñòü ðàçðàáîòêè ìåòîäè÷åñêèõ ðåêî-

ìåíäàöèé ïî ïðîâåäåíèþ ó÷åáíîé ýâàêóàöèè äåòåé

ðàçëè÷íîãî âîçðàñòà, êîòîðûå ìîãëè áû áûòü ðåàëè-

çîâàíû â íà÷àëå íîâîãî 2018�2019 ó÷åáíîãî ãîäà.

25 ìàðòà 2018 ã. â òîðãîâî-ðàçâëåêàòåëüíîì öåíò-

ðå “Çèìíÿÿ âèøíÿ” (Êåìåðîâî) ïðîèçîøåë ïîæàð,

ïîòóøèòü êîòîðûé óäàëîñü òîëüêî íà ñëåäóþùèé

äåíü. Ïîãèáëè 64 ÷åë., â òîì ÷èñëå 41 ðåáåíîê. Â çäà-

íèè “Çèìíåé âèøíè”, ïîñòðîåííîì â 1968 ã., èçíà-

÷àëüíî ðàçìåùàëàñü êîíäèòåðñêàÿ ôàáðèêà. Â 2013 ã.

çäàíèå áûëî ïåðåñòðîåíî ïîä òîðãîâî-ðàçâëåêàòåëü-

íûé öåíòð.

Ïîæàð íà÷àëñÿ â áàòóòíîé ÿìå íà òåððèòîðèè

äåòñêîé èãðîâîé çîíû. Ðàáî÷èå âåðñèè ïðè÷èíû ïî-

æàðà — ïîäæîã è êîðîòêîå çàìûêàíèå ýëåêòðîïðî-

âîäêè.

Ñòðåìèòåëüíîìó ðàñïðîñòðàíåíèþ îãíÿ ñïîñîá-

ñòâîâàëî íàëè÷èå ïóñòîò â ïåðåêðûòèÿõ è ñòàðàÿ

âåíòèëÿöèÿ. Ðàáîòà ïî òóøåíèþ îñëîæíÿëàñü çàïó-

òàííîé ïëàíèðîâêîé è îãðîìíûìè ðàçìåðàìè òîð-

ãîâîãî öåíòðà, à òàêæå íàëè÷èåì áàëëîíîâ, êîòîðûå

ïðèøëîñü âûíîñèòü è îõëàæäàòü. Â ðåçóëüòàòå ïðî-

èçîøåë îäèí âçðûâ.

© Åðåìèíà Ò. Þ., Þã À., 2018



7ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 4

ÎÁÙÈÅ ÂÎÏÐÎÑÛ ÊÎÌÏËÅÊÑÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ

Â ìîìåíò âîçíèêíîâåíèÿ ïîæàðà â çäàíèè íå ñðà-

áîòàëà íè îäíà èç ñèñòåì ïðîòèâîïîæàðíîé çàùè-

òû, çíàêè ýâàêóàöèîííûõ âûõîäîâ íå ñâåòèëèñü, àâà-

ðèéíîãî îñâåùåíèÿ íå áûëî, ýâàêóàöèîííûå âûõîäû

áûëè çàêðûòû.

Ïî îôèöèàëüíîé èíôîðìàöèè Äåïàðòàìåíòà íàä-

çîðíîé è ïðîôèëàêòè÷åñêîé äåÿòåëüíîñòè Ì×Ñ “ñèã-

íàëèçàöèÿ áûëà ïåðåâåäåíà â ðó÷íîå óïðàâëåíèå,

è ñèãíàë “ïîæàð” ïîñòóïèë ê îõðàííèêó íà ïóëüò íà

ïåðâûé ýòàæ. Åñëè áû ñèãíàëèçàöèÿ áûëà âêëþ÷åíà

â àâòîìàòè÷åñêîì ðåæèìå, òî ìãíîâåííî äîëæíû

áûëè âêëþ÷èòüñÿ ñèñòåìû äûìîóäàëåíèÿ, ëèôòû

îïóñòèòüñÿ íà ïåðâûé ýòàæ, âñå ýñêàëàòîðû äîëæíû

áûëè ïåðåêëþ÷èòüñÿ íà ñïóñê, à äâåðè ýâàêóàöèîí-

íûõ âûõîäîâ ðàçáëîêèðîâàíû. Íî ñèãíàëèçàöèÿ íà-

õîäèëàñü â ðó÷íîì óïðàâëåíèè, à ïîòîìó îõðàííèêó

ñàìîìó íóæíî áûëî íàæèìàòü íà ïóëüòå êíîïêè îïî-

âåùåíèÿ, îòêëþ÷åíèÿ ëèôòîâ è ýñêàëàòîðîâ. Íî îí

ýòîãî íå ñäåëàë è íå îïîâåñòèë Ì×Ñ î ïîæàðå” [1].

Èíöèäåíò â “Çèìíåé âèøíå” — íå ïåðâûé ñëó-

÷àé ìàññîâîé ãèáåëè äåòåé ïðè ïîæàðàõ â Ðîñ-

ñèéñêîé Ôåäåðàöèè. Ïðèâåäåì íåêîòîðûå èç íèõ

(http:��tass.ru�info�2503071):

7 àïðåëÿ 2003 ã. â ñ. Ñûäûáûë (ßêóòèÿ) â ðåçóëü-

òàòå ïîæàðà â ñðåäíåé øêîëå ïîãèáëè 22 ó÷åíèêà

5–11 êëàññîâ, è åùå 94 ÷åëîâåêà, â òîì ÷èñëå ÷åòûðå

ó÷èòåëÿ, ïîëó÷èëè îæîãè. Ïðè÷èíîé ïîæàðà ñòàëî

êîðîòêîå çàìûêàíèå;

10 àïðåëÿ 2003 ã. â Ìàõà÷êàëå (Äàãåñòàí) âñëåä-

ñòâèå çàìûêàíèÿ âîçíèê ïîæàð â øêîëå-èíòåðíàòå

äëÿ ãëóõîíåìûõ äåòåé. Îò îæîãîâ è îòðàâëåíèÿ ïðî-

äóêòàìè ãîðåíèÿ íà ìåñòå ïðîèñøåñòâèÿ ïîãèáëè

28 âîñïèòàííèêîâ çàâåäåíèÿ â âîçðàñòå îò 8 äî 14 ëåò,

åùå äâîå äåòåé ïîçäíåå ñêîí÷àëèñü â áîëüíèöå. Ïî-

ñòðàäàëî ïîðÿäêà 140 ÷åë.;

10 íîÿáðÿ 2004 ã. â îáùåæèòèè Êûçûëüñêîé ÒÝÖ

íà óë. Ïàðîòóðáèííîé â Êûçûëå (Ðåñïóáëèêà Òûâà)

çàìûêàíèå â ýëåêòðîðàñïðåäåëèòåëüíîì ùèòå âû-

çâàëî ïîæàð. Â ðåçóëüòàòå ×Ï ïîãèáëî 26 ÷åë. (â òîì

÷èñëå 12 äåòåé), ïîñòðàäàëî 189 ÷åë. Äâóõýòàæíîå

çäàíèå ïîñòðîéêè 1960-õ ãîäîâ áûëî ïîëíîñòüþ

óíè÷òîæåíî îãíåì.

Ñòàòèñòèêà ïîñëåäíèõ ëåò ïîêàçûâàåò, ÷òî óäà-

åòñÿ äîáèòüñÿ òåíäåíöèè ê ñíèæåíèþ êîëè÷åñòâà

ïîãèáøèõ è ïîñòðàäàâøèõ ïðè ïîæàðå äåòåé. Âìåñ-

òå ñ òåì íåîáõîäèìî èìåòü â âèäó, ÷òî çà ïåðèîä

2006–2010 ãã. èç 1 ìëí. ïîæàðîâ ïðèìåðíî 19 òûñ.

âîçíèêëè èç-çà äåòñêîé øàëîñòè ñ îãíåì; ïðè ýòîì

ïîãèáëî ñâûøå 75 òûñ. ÷åë., èç êîòîðûõ áîëåå 3 òûñ.

— äåòè (îêîëî 70 % â âîçðàñòå äî 6 ëåò), ñâûøå

6 òûñ. äåòåé ïîëó÷èëè òðàâìû [2–4].

Ïðîáëåìàì îáåñïå÷åíèÿ áåçîïàñíîé ýâàêóàöèè

ïîñâÿùåíû ìíîãèå ñîâðåìåííûå èññëåäîâàíèÿ

[5–7]. Ïðè ýòîì íåîáõîäèìî ïîìíèòü, ÷òî ïîâåäå-

íèå äåòåé âî âðåìÿ ýâàêóàöèè èìååò ñâîþ ñïåöè-

ôèêó è äîëæíî ðàññìàòðèâàòüñÿ îòäåëüíî îò ïîâå-

äåíèÿ âçðîñëûõ. Äåòè ÷àñòî ïîëàãàþòñÿ íà ñâîèõ

ðîäèòåëåé èëè ëèäåðà ãðóïïû, êîòîðûé âåäåò èõ,

à ðîäèòåëè, íåñîìíåííî, áóäóò èñêàòü äðóã äðóãà è

ñâîèõ äåòåé, ÷àñòî íå ïîä÷èíÿÿñü èíñòðóêöèÿì.

Â ðàáîòå ïðîàíàëèçèðîâàíû ñóùåñòâóþùèå ïîä-

õîäû ê îðãàíèçàöèè ó÷åáíîé ýâàêóàöèè â ñëó÷àå

ïîæàðà, âûäâèíóòû ïðåäëîæåíèÿ ïî àêòóàëèçàöèè

ó÷åáíî-ìåòîäè÷åñêèõ ìàòåðèàëîâ.

Îðãàíèçàöèÿ òðåíèðîâîê ïî ýâàêóàöèè

Ñðåäè îòå÷åñòâåííûõ ðàçðàáîòîê â äàííîé îá-

ëàñòè ìîæíî îòìåòèòü ñëåäóþùèå:
� Êèðèëëîâ Ã. Í., Íåíàøåâ Þ. Ï., Õîíäîæêî Þ. Ï.

Îðãàíèçàöèÿ òðåíèðîâîê ïî ýâàêóàöèè ïåðñî-

íàëà ïðåäïðèÿòèé è ó÷ðåæäåíèé ïðè ïîæàðå è

èíûõ ÷ðåçâû÷àéíûõ ñèòóàöèÿõ. Ìåòîäè÷åñêèå

ðåêîìåíäàöèè � Ïîä îáù. ðåä. Ã. Í. Êèðèëëîâà.

— Ì., 2007 (ðàññìàòðèâàþòñÿ òîëüêî âîïðîñû

ýâàêóàöèè âçðîñëûõ);
� Ó÷åáíî-ìåòîäè÷åñêîå ïîñîáèå ïî îðãàíèçàöèè

è ïðîâåäåíèþ çàíÿòèé ñ ïåðñîíàëîì îáðàçîâà-

òåëüíûõ ó÷ðåæäåíèé Ñàíêò-Ïåòåðáóðãà ïî ýâà-

êóàöèè ó÷àùèõñÿ è òóøåíèþ óñëîâíîãî ïîæàðà

(Ñàíêò-Ïåòåðáóðã, 2009);
� Ìåòîäè÷åñêèå ðåêîìåíäàöèè î ïîðÿäêå äåéñòâèé

ðàáîòíèêîâ ãîñóäàðñòâåííîãî îáðàçîâàòåëüíîãî

ó÷ðåæäåíèÿ ïî îáåñïå÷åíèþ ýâàêóàöèè ó÷àùèõ-

ñÿ ïðè ïîæàðå (Ñàíêò-Ïåòåðáóðãñêîå ãîñóäàð-

ñòâåííîå ó÷ðåæäåíèå “Ïîæàðíî-ñïàñàòåëüíûé

îòðÿä ïðîòèâîïîæàðíîé ñëóæáû Ñàíêò-Ïåòåð-

áóðãà ïî Öåíòðàëüíîìó ðàéîíó Ñàíêò-Ïåòåð-

áóðãà” (îòäåë ïðîôèëàêòèêè ïîæàðîâ è ïðåäó-

ïðåæäåíèÿ ×Ñ, 2014�15 ó÷. ãîä));
� Ìåòîäè÷åñêèå ðåêîìåíäàöèè ïî ïîäãîòîâêå äî-

êóìåíòîâ â öåëÿõ îðãàíèçàöèè è ïðîâåäåíèÿ

òðåíèðîâêè ïî ýêñòðåííîé ýâàêóàöèè ó÷àùèõñÿ,

ïðåïîäàâàòåëåé è òåõíè÷åñêîãî ïåðñîíàëà èç

ïîìåùåíèé è çäàíèé îáðàçîâàòåëüíûõ ó÷ðåæäå-

íèé â ñëó÷àå âîçíèêíîâåíèÿ ïîæàðà è äðóãèõ

÷ðåçâû÷àéíûõ ñèòóàöèé (Ìóíèöèïàëüíîå îáùå-

îáðàçîâàòåëüíîå ó÷ðåæäåíèå “Ñòàðîáåñîâñêàÿ

îñíîâíàÿ îáùåîáðàçîâàòåëüíàÿ øêîëà èìåíè

À. Ô. Þðòîâà”).

Ïðîâåäåííûé àíàëèç ìåòîäè÷åñêîé ëèòåðàòóðû

ïîçâîëÿåò çàêëþ÷èòü, ÷òî åäèíûå ìåòîäè÷åñêèå ðå-

êîìåíäàöèè ïî îðãàíèçàöèè ýâàêóàöèè äåòåé è òðå-

áîâàíèÿ ê íèì îòñóòñòâóþò.

Îáúåêòàìè èññëåäîâàíèÿ â äàííîé îáëàñòè ñòà-

ëè ñëåäóþùèå ðàáîòû:
� Ôîðìèðîâàíèå ó ïîäðîñòêîâ íàâûêîâ ïîæàðíîé

áåçîïàñíîñòè â ñèñòåìå äîïîëíèòåëüíîãî îáðà-

çîâàíèÿ [8] (ðàçðàáîòêà, òåîðåòè÷åñêîå îáîñíî-

âàíèå è ýêñïåðèìåíòàëüíàÿ ïðîâåðêà ìîäåëè äàí-

íîãî ïðîöåññà);
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� Ïðàêòèêóì â êóðñå “Îñíîâû áåçîïàñíîñòè æèç-

íåäåÿòåëüíîñòè” êàê óñëîâèå àäàïòàöèè ó÷àùèõ-

ñÿ ê ýêñòðåìàëüíûì ñèòóàöèÿì [9] (ðàçðàáîòêà

ìåòîäèêè ïðàêòèêóìà);

� Ïåäàãîãè÷åñêèå ñðåäñòâà ïðîåêòèðîâàíèÿ èíòåã-

ðàòèâíîãî êóðñà “Îñíîâû êóëüòóðû áåçîïàñíîé

æèçíåäåÿòåëüíîñòè” [10] (îáîñíîâàíèå ñèñòåìû

ïåäàãîãè÷åñêèõ ñðåäñòâ ïðîåêòèðîâàíèÿ ñîäåð-

æàíèÿ ó÷åáíîãî êóðñà, ðàñêðûâàþùåãî îñíîâ-

íûå ïîëîæåíèÿ êóëüòóðû áåçîïàñíîé æèçíåäåÿ-

òåëüíîñòè, è àïðîáàöèÿ åãî â îáðàçîâàòåëüíîé

äåÿòåëüíîñòè);

� Îáùåïåäàãîãè÷åñêèå îñíîâû ôèçè÷åñêîãî ñàìî-

ðàçâèòèÿ è áåçîïàñíîñòè æèçíåäåÿòåëüíîñòè ó÷à-

ùèõñÿ â ñîâðåìåííîì îáùåîáðàçîâàòåëüíîì ó÷-

ðåæäåíèè [11] (ðàçðàáîòêà îáùåïåäàãîãè÷åñêèõ

îñíîâ);

� Ïñèõîëîãî-ïåäàãîãè÷åñêîå îáåñïå÷åíèå ïðîöåñ-

ñà ôîðìèðîâàíèÿ íàâûêîâ áåçîïàñíîãî ïîâåäå-

íèÿ â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ ó ó÷àùèõñÿ îá-

ùåîáðàçîâàòåëüíûõ øêîë [12] (îïðåäåëåíèå,

îáîñíîâàíèå è ðåàëèçàöèÿ ïñèõîëîãî-ïåäàãîãè-

÷åñêîãî îáåñïå÷åíèÿ äàííîãî ïðîöåññà);

� Ïðîáëåìíî-òðåíèíãîâûå ñèòóàöèè êàê ñðåäñò-

âî ôîðìèðîâàíèÿ ïîæàðîáåçîïàñíîãî ïîâåäåíèÿ

ìëàäøèõ øêîëüíèêîâ [13] (âûÿâëåíèå, òåîðåòè-

÷åñêîå îáîñíîâàíèå è ïðîâåðêà îïûòíî-ïîèñêî-

âûì ïóòåì ïåäàãîãè÷åñêèõ âîçìîæíîñòåé ïðîá-

ëåìíî-òðåíèíãîâûõ ñèòóàöèé).

Äàííûå òåîðåòè÷åñêèå èññëåäîâàíèÿ òàê è íå áûëè

îáîáùåíû è ñâåäåíû â åäèíûå ìåòîäè÷åñêèå ðåêî-

ìåíäàöèè èëè ðóêîâîäñòâî, à ñòàëè òîëüêî ïðåäïî-

ñûëêàìè äëÿ ýòîãî.

Âîïðîñàì îðãàíèçàöèè è ïðîâåäåíèÿ ó÷åáíîé

ýâàêóàöèè ïîñâÿùåíû ìíîãèå çàðóáåæíûå èññëå-

äîâàíèÿ [14–21]. Ìåæäóíàðîäíûé îïûò ìîæíî ïðî-

àíàëèçèðîâàòü íà ïðèìåðå îñíîâíûõ ïîëîæåíèé

äîêóìåíòà, èñïîëüçóåìîãî ïåðñîíàëîì ó÷åáíûõ çà-

âåäåíèé è èíñïåêòîðàìè, ïðîâîäÿùèìè ïðîâåðêè

ïîæàðíîé áåçîïàñíîñòè, â øêîëàõ Áîñòîíà: “Super-

intendent’s Circular. Fire Safety Practices. Boston Public

Schools” (Èíñòðóêöèè ïî ïðîâåðêå îáåñïå÷åíèÿ ïî-

æàðíîé áåçîïàñíîñòè â ãîñóäàðñòâåííûõ îáùåîáðà-

çîâàòåëüíûõ øêîëàõ Áîñòîíà). Ñîãëàñíî ýòèì ïîëî-

æåíèÿì:

� ñ íà÷àëîì íîâîãî ó÷åáíîãî ãîäà àíàëèçèðóþòñÿ

è îáíîâëÿþòñÿ ïëàíû ïî ïðåäîòâðàùåíèþ ïî-

æàðîâ, îáåñïå÷åíèþ áåçîïàñíîñòè æèçíè è ýâà-

êóàöèè âî âñåõ øêîëàõ. Ýòà ðàáîòà âûïîëíÿåòñÿ

â ñîòðóäíè÷åñòâå ñ îðãàíàìè ïîæàðíîé îõðàíû;

� ðàçðàáàòûâàåòñÿ àêòóàëüíûé ÷åê-ëèñò ïî ïîæàð-

íîé áåçîïàñíîñòè, êîòîðûé ïðåäúÿâëÿåòñÿ ïðåä-

ñòàâèòåëÿì ïîæàðíîãî äåïàðòàìåíòà ïðè ïðîâåð-

êå çäàíèÿ;

� âñå ñèñòåìû ïîæàðíîé áåçîïàñíîñòè ïîñòîÿííî

ïîääåðæèâàþòñÿ â ðàáî÷åì ñîñòîÿíèè. Ñèãíàë

î âîçíèêíîâåíèè ïîæàðà àâòîìàòè÷åñêè ïåðå-

äàåòñÿ â ïîæàðíûé äåïàðòàìåíò, êîòîðûé îäíî-

âðåìåííî ñ ïîëó÷åíèåì ñèãíàëà îòïðàâëÿåò ïî-

æàðíûå ïîäðàçäåëåíèÿ â øêîëó;

� ïîñëå ýâàêóàöèè èç çäàíèÿ øêîëû èç-çà òðåâîãè

â íåãî íèêòî íå äîïóñêàåòñÿ áåç ðàçðåøåíèÿ ñî-

òðóäíèêà ïîæàðíîãî äåïàðòàìåíòà. Äèðåêòîð èëè

åãî óïîëíîìî÷åííûé ïðåäñòàâèòåëü â ðàìêàõ èí-

ñòðóêöèé ïî ïðîòèâîïîæàðíîé ïîäãîòîâêå óñ-

òàíàâëèâàåò ïðîöåäóðó ïðîâåäåíèÿ òàêèõ ýâà-

êóàöèé;

� ïî ïðèáûòèè ê ìåñòó ïîæàðà Áîñòîíñêîå ïîæàð-

íîå óïðàâëåíèå ïðåäïðèíèìàåò íåîáõîäèìûå

ìåðû äëÿ çàùèòû îò ïîæàðà ëþäåé è èìóùåñòâà.

Ýâàêóàöèîííûå ïóòè è âûõîäû â êàæäîé øêîëå

äîëæíû ïîääåðæèâàòüñÿ â ðàáîòîñïîñîáíîì ñîñòî-

ÿíèè:

� ïóòè è âûõîäû äîëæíû áûòü ñâîáîäíûìè â ëþ-

áîå âðåìÿ;

� èñïîëüçîâàíèå öåïåé, òðîñîâ, ùåêîëä, òàê íàçû-

âàåìûõ “ãîëëàíäñêèõ çàìêîâ” èëè ëþáûõ äðóãèõ

íåñàíêöèîíèðîâàííûõ óñòðîéñòâ, ïðåïÿòñòâó-

þùèõ ýâàêóàöèè, çàïðåùåíî âî âðåìÿ ïðîâåäå-

íèÿ çàíÿòèé â øêîëüíûõ çäàíèÿõ;

� äâåðè, êîòîðûå äîëæíû áûòü çàêðûòû, íå äîëæ-

íû íàõîäèòüñÿ â îòêðûòîì ñîñòîÿíèè; íèêàêèå

óñòðîéñòâà íå äîëæíû ïðåïÿòñòâîâàòü ôóíêöè-

îíèðîâàíèþ ïî íàçíà÷åíèþ äâåðåé ñ àâòîìàòè-

÷åñêèì çàêðûòèåì; çàïðåùàåòñÿ èñïîëüçîâàòü çà-

ïèðàþùèå óñòðîéñòâà, áëîêèðóþùèå êîðèäîðû

è ëåñòíè÷íûå êëåòêè;

� äâåðè ìåæäó ïîìåùåíèÿìè íå äîëæíû áûòü çà-

áëîêèðîâàíû èëè çàïåðòû.

Âñå øêîëû äîëæíû ñîáëþäàòü ñëåäóþùèå ïðà-

âèëà ïîæàðíîé áåçîïàñíîñòè:

� îòâåòñòâåííûé øêîëüíûé àäìèíèñòðàòîð äîëæåí

ðàçðàáîòàòü ïëàí çàùèòû è ýâàêóàöèè âñåõ ëèö

â ñëó÷àå ïîæàðà èëè äðóãîé ÷ðåçâû÷àéíîé ñèòó-

àöèè ñîâìåñòíî ñ ñîîòâåòñòâóþùèìè ïðåäñòà-

âèòåëÿìè Áîñòîíñêîãî ïîæàðíîãî óïðàâëåíèÿ è

ñîáñòâåííèêîì�óïðàâëÿþùèì îáúåêòà;

� äèðåêòîð èëè åãî óïîëíîìî÷åííûé ïðåäñòàâè-

òåëü äîëæåí óáåäèòüñÿ, ÷òî êàæäûé ñîòðóäíèê

ïåðåä âñòóïëåíèåì â äîëæíîñòü ïîëó÷àåò è èçó-

÷àåò èíñòðóêöèè î ïðîöåäóðå ýâàêóàöèè äëÿ ïî-

ìåùåíèÿ èëè ÷àñòè çäàíèÿ, â êîòîðîé ýòîò ñî-

òðóäíèê âûïîëíÿåò ñâîè îáÿçàííîñòè. Â øêîëå

äîëæåí õðàíèòüñÿ æóðíàë, â êîòîðîì äîêóìåí-

òèðóåòñÿ ïîëó÷åíèå ñîòðóäíèêàìè èíñòðóêöèé

è îçíàêîìëåíèå ñ òðåáîâàíèÿìè ïîæàðíîé áåç-

îïàñíîñòè;

� åæåêâàðòàëüíî (ñåíòÿáðü, äåêàáðü, ìàðò è èþíü)

äîëæíà ïðîâîäèòüñÿ ïðîòèâîïîæàðíàÿ ïîäãî-
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òîâêà ñ ó÷àñòèåì âñåõ ó÷àùèõñÿ è ñîòðóäíèêîâ.

Îò÷åò î ïðîâåäåíèè äîëæåí áûòü çàäîêóìåíòè-

ðîâàí ïî óñòàíîâëåííîé ôîðìå è õðàíèòüñÿ â

ðàçäåëå “Ïîæàðíàÿ áåçîïàñíîñòü” â Ïëàíå áåç-

îïàñíîñòè�äåéñòâèé â ÷ðåçâû÷àéíûõ ñèòóàöè-

ÿõ øêîëû;
� êàæäûé èç ó÷àùèõñÿ âî âñåõ øêîëàõ äîëæåí áûòü

ïðîèíôîðìèðîâàí î ïðîâåäåíèè ïðîòèâîïîæàð-

íîé ïîäãîòîâêè è ïðèíÿòü ó÷àñòèå â òðåíèðîâêå

â òå÷åíèå òðåõ äíåé ïîñëå íà÷àëà çàíÿòèé â øêî-

ëàõ â ñåíòÿáðå. Ïðîöåäóðà ïðîâåäåíèÿ ó÷åíèé

â ïîìåùåíèÿõ äîëæíà áûòü âûâåøåíà â êàæäîì

èç íèõ. Äîëæíû áûòü îòðàáîòàíû âñå âîçìîæ-

íûå ñöåíàðèè âîçíèêíîâåíèÿ ïîæàðà è ïðîâåäå-

íèÿ ýâàêóàöèè;
� â ñîîòâåòñòâèè ñ çàêîíîì øòàòà Ìàññà÷óñåòñ

CMR 527,10.09 íà÷àëüíèê ïîæàðíîé ñëóæáû èëè

íàçíà÷åííûé èì ñîòðóäíèê ïîñåùàåò êàæäóþ

øêîëó ÷åòûðå ðàçà â ãîä äëÿ åæåêâàðòàëüíûõ ïðî-

âåðîê, àíàëèçà ïëàíîâ ïîæàðíîé áåçîïàñíîñòè,

ïðîâåäåíèÿ ïîæàðíûõ ó÷åíèé è áåñåä ñ àäìèíè-

ñòðàòîðàìè. Ñåìèíàðû ìîãóò ïðîâîäèòüñÿ áåç

ïðåäâàðèòåëüíîãî ïðåäóïðåæäåíèÿ øêîëüíîãî

ïåðñîíàëà, êðîìå ëèöà, îòâåòñòâåííîãî çà øêîëó

â äàííîå âðåìÿ;
� ïëàíû ïîæàðíîé îõðàíû äîëæíû ó÷èòûâàòü ïðî-

âåäåíèå ýêñòðåííîé ýâàêóàöèè ó÷àùèõñÿ è ñî-

òðóäíèêîâ ñ îãðàíè÷åííûìè âîçìîæíîñòÿìè.

Ýòè ïðîöåäóðû òàêæå äîëæíû áûòü âêëþ÷åíû â

Ïëàí áåçîïàñíîñòè øêîëû�äåéñòâèé â ÷ðåçâû-

÷àéíûõ ñèòóàöèÿõ. Ýòîò ýëåìåíò ïëàíà äîëæåí

âêëþ÷àòü äàííûå îá ó÷àùèõñÿ è ñîòðóäíèêàõ ñ

îãðàíè÷åííûìè âîçìîæíîñòÿìè, òî÷íûå ñïèñêè

ïîñåùàåìîñòè êëàññîâ è êîíêðåòíûå ìåñòà äëÿ

ýâàêóàöèè.

Çàêëþ÷åíèå

Àâòîðàìè ñ ó÷åòîì ñëîæèâøåéñÿ îáñòàíîâêè

ïðåäëàãàåòñÿ ðàçðàáîòàòü îñíîâû äëÿ ïîäãîòîâêè

ìåòîäè÷åñêèõ ðåêîìåíäàöèé ïî îðãàíèçàöèè ýâàêó-

àöèè èç çäàíèé ðàçëè÷íîãî íàçíà÷åíèÿ ñ ìàññîâûì

ïðåáûâàíèåì äåòåé è àïðîáèðîâàòü èõ â òå÷åíèå ãîäà.

Äëÿ ýòîãî íåîáõîäèìî:

� ïðîàíàëèçèðîâàòü ìàêñèìàëüíîå êîëè÷åñòâî çäà-

íèé, â êîòîðûõ âîçìîæíî ìàññîâîå ñêîïëåíèå

äåòåé ðàçëè÷íîãî âîçðàñòà (äåòñêèå ñàäû, øêî-

ëû, áîëüíèöû, öåíòðû äîïîëíèòåëüíîãî îáðàçî-

âàíèÿ, ìóçûêàëüíûå, òâîð÷åñêèå øêîëû è ò. ï.),

è âðåìÿ íàõîæäåíèÿ â íèõ äåòåé;

� ðàçðàáîòàòü íîâóþ êëàññèôèêàöèþ çäàíèé è ïî-

ìåùåíèé ñ ìàññîâûì ïðåáûâàíèåì äåòåé ðàçëè÷-

íîãî âîçðàñòà;

� â çàâèñèìîñòè îò âðåìåíè ðåãëàìåíòèðîâàòü óñè-

ëåíèå ìåðîïðèÿòèé ïî îáåñïå÷åíèþ áåçîïàñíî-

ñòè; ïðåäóñìîòðåòü óâåëè÷åíèå êîëè÷åñòâà ñî-

îòâåòñòâóþùèõ ó÷åáíûõ òðåíèðîâîê âî âðåìÿ

êàíèêóë (ñ ó÷åòîì ìàññîâîãî ïîñåùåíèÿ äåòüìè

ìóçååâ, ðàçâëåêàòåëüíûõ öåíòðîâ, àêâàïàðêîâ è

ò. ï.), óâåëè÷åíèå ÷èñëåííîñòè ïåðñîíàëà ãîñó-

äàðñòâåííîãî ïîæàðíîãî íàäçîðà è ïðîøåäøèõ

ñïåöèàëüíóþ ïîäãîòîâêó âîëîíòåðîâ â ñôåðå ïî-

æàðíîé áåçîïàñíîñòè;

� ïðîàíàëèçèðîâàòü ïðîöåäóðó ïðîâåäåíèÿ òðåíè-

ðîâîê â ðàçëè÷íûõ çàâåäåíèÿõ äëÿ ìåòîäè÷åñêîé

ïðîðàáîòêè òðåáîâàíèé ïî îáåñïå÷åíèþ áåçîïàñ-

íîé ýâàêóàöèè äåòåé, äëÿ ñîçäàíèÿ ÷åê-ëèñòà;

� ðàçðàáîòàòü ñîîòâåòñòâóþùèé ñòàíäàðò Ðîññèé-

ñêîé Ôåäåðàöèè, âêëþ÷àþùèé ñëåäóþùèå îñíîâ-

íûå òðåáîâàíèÿ ê ó÷åáíîé ýâàêóàöèè äåòåé:

– òðåíèíãè ïî ýâàêóàöèè ïðîâîäèòü â íà÷àëå

ó÷åáíîãî ãîäà è êàæäîé ÷åòâåðòè (îòâåòñò-

âåííûå: äèðåêòîð øêîëû, ïåðñîíàë ó÷åáíîãî

çàâåäåíèÿ);

– íàçíà÷èòü îòâåòñòâåííîãî çà ýâàêóàöèþ äëÿ

êàæäîãî êëàññà (ïî äâà ñîòðóäíèêà ó÷åáíîãî

çàâåäåíèÿ);

– ïðîâîäèòü çàíÿòèÿ ñî øêîëüíèêàìè (òåîðåòè-

÷åñêèå ïîëîæåíèÿ è òðåíèíãè) ñ ïðåäâàðè-

òåëüíûì ñîãëàñîâàíèåì ïëàíà îðãàíèçàöèè

òàêèõ çàíÿòèé;

– òðåíèíã ïî ýâàêóàöèè ïðîâîäèòü îäèí ðàç â ìå-

ñÿö (â ïðèñóòñòâèè îòâåòñòâåííîãî çà îáúåêò

èíñïåêòîðà è äèðåêòîðà ó÷åáíîãî çàâåäåíèÿ).
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TRAINING FOR VARIOUSLY-AGED CHILDREN
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Institute of Integrated Safety in Construction, National Research Moscow State
University of Civil Engineering (Yaroslavskoye Shosse, 26, Moscow, 129337, Russian
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ABSTRACT

Fire in shopping center “Zimnyaya vishnya” on the 25th March 2018 claimed the lives of 64 people,

including 41 children.

The fire began at children play zone and spread very quickly because of cavities in ceilings and

out-dated ventilation system. Fire protection systems didn’t work, and many egress exits were

blocked.

Short-circuit failure was considered as one of the reason of this fire. Analysis of fires with mass

mortality in Russian Federation has shown that this reason is the most common.

It’s necessary to develop actual evaluation guidelines for evacuation training with variously-aged

children.

Russian developments in this field include evaluation guidelines for personal evacuation in case

of fire and other emergencies (only adult evacuation) and materials developed in different educational

institutions. There is no uniform evaluation guideline for variously-aged children evacuation and

requirements for them.

Evaluation guideline development should take into account appropriate international experience.

Fire safety inspections in schools of Boston (USA) are based on documents developed by school

personnel and fire safety inspectors. Actual fire safety check-list is developed. Egress means and exits

are inspected.

Fire drill must be conducted quarterly (September, December, March and June). All fire scenario

and evacuation routes are considered. Plans include information on evacuation for disable students

and staff.

Authors suggest to develop evacuation guidelines for variously-aged children and implement it.

Keywords: fire evacuation; egress mean; emergency exit; evacuation training; emergency response;

high occupancy buildings; variously-aged children.
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ïîâåäåíèå âûáðàííûõ îáúåêòîâ ïðè íàãðåâå. Èññëåäîâàíèå òåðìè÷åñêîãî ïîâåäåíèÿ ïîëèìåð-
íûõ òåïëîèçîëÿöèîííûõ ìàòåðèàëîâ (ÒÈÌ) îñíîâàíî íà îïðåäåëåíèè ýôôåêòèâíûõ êèíåòè÷å-
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Ââåäåíèå

Òåïëîèçîëÿöèîííûå ìàòåðèàëû (ÒÈÌ) íàõîäÿò øè-

ðîêîå ïðèìåíåíèå â ñòðîèòåëüíîé èíäóñòðèè Ðîññèè

è âñåãî ìèðà. Îáúåì ïðîèçâîäñòâà è ïîòðåáëåíèÿ

ÒÈÌ â ÐÔ, äîñòèãøèé â ïîñëåäíèå ãîäû 50 ìëí. ì3

[1, 2] â íàòóðàëüíîì âûðàæåíèè, õàðàêòåðèçóåòñÿ

ðàçíîíàïðàâëåííûìè êîëåáàíèÿìè, îáóñëîâëåííû-

ìè ïðè÷èíàìè, âûõîäÿùèìè çà ðàìêè èíòåðåñîâ äàí-

íîé ñòàòüè. Â ñòðóêòóðå ïðîèçâîäñòâà è ïîòðåáëå-

íèÿ ÒÈÌ íåîðãàíè÷åñêèå âîëîêíèñòûå ìàòåðèàëû

çàíèìàþò íà äàííûé ìîìåíò 69 %, îñòàëüíàÿ äîëÿ

ðûíêà ïðèõîäèòñÿ íà ãàçîíàïîëíåííûå ÒÈÌ íà îð-

ãàíè÷åñêîé îñíîâå.

Â ñòðóêòóðå ïðîèçâîäñòâà ÒÈÌ íà îðãàíè÷åñêîé

îñíîâå áåñïðåññîâûé ïåíîïîëèñòèðîë ñàìîçàòóõà-

þùèé (ÏÏÑ) çàíèìàåò 18 %, ýêñòðóäèðîâàííûé ïå-

íîïîëèñòèðîë (ÝÏÑ) — 11 %. Åùå 2 % ðûíêà ïðè-

õîäèòñÿ íà áûñòðîðàçâèâàþùååñÿ íàïðàâëåíèå ïî

ïðîèçâîäñòâó ïîëèóðåòàíîâûõ (ÏÓÐ, ÏÈÐ) òåïëî-

èçîëÿöèîííûõ ìàòåðèàëîâ [2].

Íàðÿäó ñ óæå èçâåñòíûìè òåïëîèçîëÿöèîííûìè

ìàòåðèàëàìè, íà ðûíêå ïîÿâèëèñü íîâûå êîìïîçè-

òû, êîòîðûå ïî çàÿâëåííûì ðàçðàáîò÷èêàìè õàðàê-

òåðèñòèêàì ìîãóò ïðåâîñõîäèòü òðàäèöèîííûå ïî-

ëèìåðíûå ïåíû ïî öåëîìó êîìïëåêñó õàðàêòåðèñòèê:

òåïëîèçîëèðóþùåé ñïîñîáíîñòè, ìåõàíè÷åñêèì

ñâîéñòâàì, ñòîéêîñòè ê âîçäåéñòâèþ îãíÿ. Îäíèì

èç òàêèõ íîâûõ ìàòåðèàëîâ ÿâëÿåòñÿ ïåíîêîìïîçèò

“Penocom”.

Penocom — ýòî èííîâàöèîííûé ìàòåðèàë, ýêî-

ëîãè÷åñêè áåçîïàñíûé ïðè èçãîòîâëåíèè è ïðèìå-

íåíèè, ïðîèçâîäèòñÿ ïî ýíåðãîñáåðåãàþùåé òåõíî-

ëîãèè áåç ïîäâîäà òåïëà è äàâëåíèÿ.

Ïðîäóêò ñ òàêèìè çàÿâëåííûìè ñâîéñòâàìè ìî-

æåò ÿâëÿòüñÿ õîðîøåé àëüòåðíàòèâîé òðàäèöèîí-

íûì òåïëîèçîëÿöèîííûì ìàòåðèàëàì ïðè õîðîøåì

ñî÷åòàíèè òåïëîôèçè÷åñêèõ, ìåõàíè÷åñêèõ è ïîæà-

ðîáåçîïàñíûõ õàðàêòåðèñòèê.

Öåëü íàñòîÿùåé ðàáîòû ñîñòîÿëà â èçó÷åíèè ìå-

õàíèçìà òåðìîîêèñëèòåëüíîé äåñòðóêöèè (ÒÎÄ) ïî-
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ëèìåðíîé òåïëîèçîëÿöèè ïîíèæåííîé ãîðþ÷åñòè

— äâóõ ïðîìûøëåííûõ îáðàçöîâ ÏÏÑ è òðóäíî-

ãîðþ÷åãî ïîëèìåðíîãî ïåíîêîìïîçèòà “Penocom”.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè íåîáõîäè-

ìî áûëî ðåøèòü ñëåäóþùèå çàäà÷è:
� ïðîâåñòè ñðàâíèòåëüíûé àíàëèç ôîðìîóñòîé÷è-

âîñòè ðàçíûõ âèäîâ ÒÈÌ, êàê íåñãîðàåìûõ íå-

îðãàíè÷åñêèõ, òàê è ïîëèìåðíûõ ïåíîïëàñòîâ

ïîíèæåííîé ãîðþ÷åñòè, ïðè äèíàìè÷åñêîì ðå-

æèìå íàãðåâà îò 25 äî 900 °C;
� îïðåäåëèòü ìåõàíèçì è ìàêðîêèíåòè÷åñêèå ïà-

ðàìåòðû ïèðîëèçà è òåðìîîêèñëèòåëüíîé äå-

ñòðóêöèè ãàçîíàïîëíåííûõ ÒÈÌ íà îñíîâå òåð-

ìîïëàñòè÷íîãî ñàìîçàòóõàþùåãî ïåíîïîëèñòè-

ðîëà, à òàêæå íåïëàâêîãî, êàðáîíèçóþùåãîñÿ,

òðóäíîñãîðàåìîãî ïåíîêîìïîçèòà “Penocom” íà

îñíîâå òåðìîðåàêòèâíûõ îëèãîìåðîâ.

Îáúåêòû è ìåòîäû èññëåäîâàíèÿ

Èñòî÷íèêîì ïîëèñòèðîëüíûõ ÒÈÌ ÿâëÿþòñÿ ïî-

ëèìåðû è ñîïîëèìåðû ñòèðîëà. Ñîâðåìåííûé îáú-

åì ïðîèçâîäñòâà ïîëèìåðîâ ñòèðîëà ïðèâåäåí â

òàáë. 1 [3].

Â ñòðîèòåëüíîé îòðàñëè ïîëèìåðû ñòèðîëà â íà-

ñòîÿùåå âðåìÿ èñïîëüçóþòñÿ â âèäå áåñïðåññîâîãî

(ÏÏÑ) è ýêñòðóäèðîâàííîãî (ÝÏÑ) ïåíîïîëèñòèðî-

ëà. ÏÏÑ ïðèìåíÿåòñÿ â êà÷åñòâå âñïåíåííûõ óòåï-

ëèòåëüíûõ ïëèò, â ñýíäâè÷-ïàíåëÿõ, îïàëóáêå, ôà-

ñàäíûõ ñèñòåìàõ, ÝÏÑ — äëÿ øóìî-, òåïëî- è

ãèäðîèçîëÿöèîííûõ ïëèò è ëèñòîâ, â êà÷åñòâå îá-

ëèöîâî÷íûõ è äåêîðàòèâíûõ ìàòåðèàëîâ (ïîòîëî÷-

íàÿ ïëèòêà, ïëèíòóñû è ïð.) [3].

Íåñìîòðÿ íà òî ÷òî ñòèðîë âïåðâûå áûë ïîëó÷åí

â 1831 ã., à ïåðâûå îáðàçöû ïåíîïîëèñòèðîëà —

â 1845 ã., åãî ïðàêòè÷åñêîå ïðèìåíåíèå è ðåøåíèå

ñâÿçàííûõ ñ ýòèì ïðîáëåì íà÷àëîñü òîëüêî â ÕÕ âåêå.

Â 40-õ ãîäàõ ïðîøëîãî âåêà ÏÏÑ â ïðîòèâîóäàðíîé

óïàêîâêå ïîÿâèëñÿ â òàêèõ ñòðàíàõ, êàê ÑØÀ è Ãåð-

ìàíèÿ, à â 50-õ ãîäàõ îí íà÷àë ïðèìåíÿòüñÿ è â äðó-

ãèõ ñòðàíàõ, â ÷àñòíîñòè â êà÷åñòâå òåïëîèçîëÿöèè

ôàñàäîâ çäàíèé [4, 5]. ÏÏÑ çàðåêîìåíäîâàë ñåáÿ

êàê äîëãîâå÷íûé, ýêîëîãè÷íûé, ýôôåêòèâíûé ìàòå-

ðèàë ïðè êîìïëåêñíîì óòåïëåíèè ìàëî- è ìíîãî-

ýòàæíûõ äîìîâ, ìîíòàæå ìåæýòàæíûõ ïåðåêðûòèé,

óòåïëåíèè ìàãèñòðàëüíûõ òðóáîïðîâîäîâ è ïð.

Â íàñòîÿùåå âðåìÿ â Ðîññèè ïðîèçâîäñòâî ïåíî-

ïîëèñòèðîëüíûõ òåïëîèçîëÿöèîííûõ ïëèò, èçãîòîâ-

ëÿåìûõ áåñïðåññîâûì ñïîñîáîì èç âñïåíèâàþùåãî-

ñÿ ïîëèñòèðîëà, ðåãëàìåíòèðóåòñÿ ÃÎÑÒ 15588–2014.

Â íîâîì ñòàíäàðòå âìåñòî êëàññèôèêàöèè ïî ïëîò-

íîñòè ìàòåðèàëà ââåäåíà íîâàÿ ñèñòåìà, ó÷èòûâà-

þùàÿ ïðî÷íîñòü íà ñæàòèå, èçãèá è ðàñòÿæåíèå, òåï-

ëîïðîâîäíîñòü, âëàæíîñòü, âîäîïîãëîùåíèå, âðåìÿ

ñàìîñòîÿòåëüíîãî ãîðåíèÿ. Ìàòåðèàë, íå ñîîòâåòñò-

âóþùèé âñåì ýòèì òðåáîâàíèÿì äëÿ çàäàííîé ìàð-

êè, íå ìîæåò ïîñòàâëÿòüñÿ íà ðûíîê.

Âñå òðåáóåìûå ñâîéñòâà èçëîæåíû â òàáëèöàõ

ÃÎÑÒ 15588–2014. Íàïðèìåð, ïåíîïîëèñòèðîëüíûå

ïëèòû òèïà “Ð” (ðåçàíûå èç êðóïíîãàáàðèòíûõ áëî-

êîâ) ìàðêè ÏÏÑ 10 äîëæíû îáëàäàòü ïëîòíîñòüþ

íå ìåíåå 10 êã�ì3, ïðî÷íîñòüþ íà ñæàòèå ïðè 10 %-

íîé ëèíåéíîé äåôîðìàöèè íå ìåíåå 40 êÏà, òåïëî-

ïðîâîäíîñòüþ â ñóõîì ñîñòîÿíèè ïðè òåìïåðàòóðå

(25�5) °C íå áîëåå 0,044 Âò�(ì·Ê).

Íàëè÷èå êîìïëåêñà òðåáîâàíèé ê ÏÏÑ â ÃÎÑÒ

15588–2014 ïîçâîëèëî ñîâðåìåííûì ïðîèçâîäèòå-

ëÿì çíà÷èòåëüíî ðàñøèðèòü íîìåíêëàòóðó ìàòåðè-

àëîâ ñ ó÷åòîì îáëàñòè èõ ïðèìåíåíèÿ è ñòåïåíè îò-

âåòñòâåííîñòè îáúåêòà. Â îñíîâíîì âñå ïðîèçâîäè-

òåëè ÏÏÑ, â òîì ÷èñëå íàèáîëåå êðóïíûå, ëèíåéêó

ïðîèçâîäèìûõ ìàòåðèàëîâ âûñòðàèâàþò â ñîîòâåò-

ñòâèè ñ ïðèëîæåíèåì ê ÃÎÑÒ 15588–2014, êîòîðîå

íîñèò ðåêîìåíäàòåëüíûé õàðàêòåð. Ðåêîìåíäóåìàÿ

îáëàñòü ïðèìåíåíèÿ ïåíîïîëèñòèðîëüíûõ ïëèò ñ ðàç-

ëè÷íûìè õàðàêòåðèñòèêàìè ïðèâåäåíà â òàáë. 2.

Â ñîîòâåòñòâèè ñ òàáë. 2 äëÿ ïåíîïîëèñòèðîëü-

íûõ ïëèò íà îáúåêòàõ áåç çíà÷èòåëüíûõ íàãðóçîê

òðåáóþòñÿ ìàòåðèàëû ñ ìàðêèðîâêîé îò ÏÏÑ 10

äî ÏÏÑ 23. Íàèáîëåå øèðîêî ïðèìåíÿþòñÿ ïëèòû

òèïà “Ð”. Ïëèòû ìàðîê ÏÏÑ 10, ÏÏÑ 12, ÏÏÑ 13

è ÏÏÑ 14 èñïîëüçóþòñÿ äëÿ òåïëîèçîëÿöèè â êàð-

êàñíûõ ñòåíàõ, ñêàòíûõ êðîâëÿõ, ñýíäâè÷-ïàíåëÿõ.

Ïëèòû ñ ìàðêèðîâêîé “Ô” ïðèìåíÿþòñÿ äëÿ òåïëî-

èçîëÿöèè â ôàñàäíûõ òåïëîèçîëÿöèîííûõ êîìïî-

çèöèîííûõ ñèñòåìàõ ñ íàðóæíûìè øòóêàòóðíûìè

ñëîÿìè ÔÒÊÑ (ÃÎÑÒ 33740–2016). Ïëèòû ìàðîê

ÏÏÑ 17, ÏÏÑ 20, ÏÏÑ 23 èñïîëüçóþòñÿ äëÿ òåïëî-

èçîëÿöèè îáîãðåâàåìûõ ïîëîâ, ïîëîâ ïî ãðóíòó, ïî-

ëîâ õîëîäèëüíèêîâ, â êðîâëÿõ è ñýíäâè÷-ïàíåëÿõ ïî-

âûøåííîé íàäåæíîñòè. Íàèáîëåå ïðî÷íûå ïëèòû

Ïîêàçàòåëü � Index
Ãîä � Year

2011 2012 2013 2014 2015 2016

Îáúåì ïðîèçâîäñòâà, òûñ. ò

Production volume, thousand tons 348 378 457 537 536 536

Òåìï ðîñòà, %�ãîä

Growth rate, %�year – 13 9 21 –0,2 0

Òàáëèöà 1. Îáúåì ïðîèçâîäñòâà ïîëèìåðîâ ñòèðîëà â ïåðèîä 2011–2016 ãã.

Table 1. The volume of production of styrene polymers in the period 2011–2016
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ìàðêè ÏÏÑ 35 îáû÷íî ïðèìåíÿþòñÿ â ïîëàõ ïðî-

ìûøëåííûõ è æèëûõ çäàíèé, ïîäâåðãàåìûõ çíà÷è-

òåëüíûì íàãðóçêàì ïðè ýêñïëóàòàöèè.

Íà ðûíêå òàêæå ïðèñóòñòâóþò áþäæåòíûå ðåøå-

íèÿ (âûõîäÿùèå çà òðåáîâàíèÿ ÃÎÑÒ 15588–2014),

â êîòîðûõ ïðåäóñìàòðèâàåòñÿ ïðèìåíåíèå ìàòåðèà-

ëîâ ñ ïëîòíîñòüþ è ïðî÷íîñòüþ íèæå òðåáóåìûõ

çíà÷åíèé. Òàêèå ìàòåðèàëû ðåêîìåíäóþòñÿ ïðîèç-

âîäèòåëÿìè äëÿ ìàëîýòàæíîãî äîìîñòðîåíèÿ.

Íåîáõîäèìî îòìåòèòü, ÷òî òåïëîèçîëÿöèîííûå

ìàòåðèàëû íà îðãàíè÷åñêîé ïîëèìåðíîé îñíîâå áûëè

èñêëþ÷åíû èç ðàññìîòðåíèÿ àâòîðàìè ðàáîò [6, 7].

Ìåæäó òåì îíè äîñòàòî÷íî øèðîêî èñïîëüçóþòñÿ â

ñòðîèòåëüñòâå, îñîáåííî ïåíîïîëèñòèðîë è åãî ìî-

äèôèêàöèè â êà÷åñòâå òåïëîèçîëÿöèè. Ñòàíäàðòíûå

èñïûòàíèÿ ïîæàðíîé îïàñíîñòè ïåíîïîëèñòèðîëà

ñ ïëîòíîñòüþ 25–50 êã�ì3 îò ðàçíûõ ïðîèçâîäèòå-

ëåé ïîêàçûâàþò, ÷òî âñå ìàòåðèàëû èìåþò ïîæàðíî-

òåõíè÷åñêèå õàðàêòåðèñòèêè Ã3, Â2, Ä3, Ò3. ÏÏÑ îá-

ëàäàþò âûñîêîé òåïëîòîé ñãîðàíèÿ Qí = 41,2 ÌÄæ�êã

è íèçêèì êèñëîðîäíûì èíäåêñîì ÊÈ = 20 %. Òåì-

ïåðàòóðà èõ ïëàâëåíèÿ ñîñòàâëÿåò îêîëî 150 °C, òåì-

ïåðàòóðà âîñïëàìåíåíèÿ — 310 °C. Òåïëîïðîâîä-

íîñòü ÏÏÑ â çàâèñèìîñòè îò ïëîòíîñòè íàõîäèòñÿ â

ïðåäåëàõ 0,033–0,044 Âò�(ì·Ê). Èñïûòàíèÿ â óñëî-

âèÿõ ñòàíäàðòíîãî òåìïåðàòóðíîãî ðåæèìà ïîæàðà

ôðàãìåíòîâ ñòåí èç òðåõñëîéíûõ ïàíåëåé ñî ñòàëü-

íûìè èëè àñáîöåìåíòíûìè îáøèâêàìè è ïëèòàìè

ÏÏÑ ñ ïëîòíîñòüþ 30–35 êã�ì3 ïîêàçàëè, ÷òî óòåï-

ëèòåëü âîñïëàìåíÿåòñÿ ÷åðåç 3–4 ìèí îäíîñòîðîí-

íåãî íàãðåâà, à çàòåì ïðîèñõîäèò ñêðûòîå ðàñïðî-

ñòðàíåíèå ãîðåíèÿ âíóòðè êîíñòðóêöèè, ñîïðîâîæ-

äàþùååñÿ îáðàçîâàíèåì ðàñïëàâà, äûìà è òîêñè÷íûõ

ãàçîâ. Ýòîò ïðîöåññ ïðîäîëæàåòñÿ äî ïîëíîãî âûãî-

ðàíèÿ òåïëîèçîëÿöèè, äàæå ïðè óäàëåíèè èñòî÷íèêà

òåïëîâîãî âîçäåéñòâèÿ íà êîíñòðóêöèþ. Íàâåñíûå

ñòåíû ñ îáøèâêàìè èç òîíêèõ ìåòàëëè÷åñêèõ ëèñòîâ

èëè àñáîöåìåíòíûõ ïëèò òîëùèíîé 10 ìì è òåïëî-

èçîëÿöèåé ÏÏÑ íåçàâèñèìî îò åå òîëùèíû îòíåñåíû

ê ãðóïïå ñãîðàåìûõ êîíñòðóêöèé ñ ïðåäåëîì îãíå-

ñòîéêîñòè 0,1–0,2 ÷. Òåïëîèçîëÿöèîííûå ìàòåðèàëû

èç “ñàìîçàòóõàþùåãî” ýêñòðóçèîííîãî è áëî÷íîãî

ïåíîïîëèñòèðîëà íå ðåêîìåíäîâàíû äëÿ ïðèìåíå-

íèÿ íà âàæíûõ ñòðîèòåëüíûõ îáúåêòàõ.

Ìåõàíèçìû ðåàêöèè è ìàêðîêèíåòè÷åñêèå ïàðà-

ìåòðû òåðìîîêèñëèòåëüíîé äåñòðóêöèè ïåíîïîëè-

ñòèðîëà áûëè èññëåäîâàíû ðàíåå â ðÿäå çàðóáåæíûõ

ðàáîò. Â íèõ óñòàíîâëåíà çàâèñèìîñòü ìàêðîêèíå-

òè÷åñêèõ ïàðàìåòðîâ òåðìè÷åñêîé è òåðìîîêèñëè-

òåëüíîé äåñòðóêöèè îò ñëåäóþùèõ ôàêòîðîâ: ñêîðî-

ñòè íàãðåâà, ìàññû íàâåñêè îáðàçöà, ðåàêöèîííîé

ñðåäû èñïûòàíèÿ (âîçäóõ, èíåðòíûé ãàç), ìåòîäà ðàñ-

÷åòà êèíåòè÷åñêèõ ïàðàìåòðîâ, íàëè÷èÿ àíòèïèðå-

íà [8–11]. Íàïðèìåð, â ðàáîòå Nishizaki [10] íà ïðè-

ìåðå òåðìîðàçëîæåíèÿ ïåíîïîëèñòèðîëà ñ ïîìîùüþ

ðÿäà èíòåãðàëüíûõ è äèôôåðåíöèàëüíûõ ìåòîäîâ

Ìàðêà ïëèò òèïà � Type of boards
Îáëàñòü ïðèìåíåíèÿ � Application area

Ð ÐÃ � PG Ò

ÏÏÑ 10 � EPS 10 – – Â êà÷åñòâå íåíàãðóæåííîé òåïëîâîé èçîëÿöèè â ñðåäíåì ñëîå
òðåõñëîéíûõ îãðàæäàþùèõ êîíñòðóêöèé

As an unloaded thermal insulation in the middle layer of three-layered
enclosing structures

ÏÏÑ 12 � EPS 12 – –

ÏÏÑ 13 � FPS 13 – –

ÏÏÑ 14 � FPS 14 – –

ÏÏÑ 16Ô
EPS 16F

ÏÏÑ 15Ô
EPS 15F

–
Äëÿ óòåïëåíèÿ âåðòèêàëüíûõ îãðàæäàþùèõ êîíñòðóêöèé ôà-
ñàäíûìè òåïëîèçîëÿöèîííûìè êîìïîçèöèîííûìè ñèñòåìàìè
ñ íàðóæíûìè øòóêàòóðíûìè ñëîÿìè

For insulation of vertical enclosing structures with facade thermal
insulation composite systems with external plaster layers

ÏÏÑ 20Ô
EPS 20F

–

ÏÏÑ 17 � EPS 17 – ÏÏÑ 15 � EPS 15 Äëÿ íàãðóæàåìîé òåïëîâîé èçîëÿöèè êðîâåëü, ïîëîâ è äðóãèõ
êîíñòðóêöèé

For loadable thermal insulation of roofs, floors and other structures

ÏÏÑ 20 � EPS 20 –

ÏÏÑ 23 � EPS 23 –

ÏÏÑ 25 � EPS 25 – ÏÏÑ20 / EPS 20 Â êà÷åñòâå òåïëîâîé èçîëÿöèè ïîâåðõíîñòåé, ïîäâåðãàåìûõ ïðè
ýêñïëóàòàöèè âîçäåéñòâèþ çíà÷èòåëüíûõ íàãðóçîê (ïîëû è
êðîâëè, ýêñïëóàòèðóåìûå â óñëîâèÿõ âîçäåéñòâèÿ ïåøåõîäíîé
è àâòîìîáèëüíîé íàãðóçîê, ôóíäàìåíòû, ïîëû ïîäâàëîâ, íóëåâûõ
è öîêîëüíûõ ýòàæåé çäàíèé, ãàðàæåé, àâòîñòîÿíîê, áàññåéíîâ,
õîëîäèëüíûõ êàìåð, ïîâåðõíîñòè èñêóññòâåííûõ êàòêîâ è äð.)

As thermal insulation of surfaces i. e. exposed to significant loads
(for floors and roofs, operated under pedestrian and automobile
loads, basement floors, foundations, semi-basement floors of buil-
dings, garages, car parkings, swimming pools, refrigerators, artifi-
cial ice rinks, etc.)

ÏÏÑ 30 � EPS 30 – ÏÏÑ 25 / EPS 25

ÏÏÑ 35 � EPS 35 – ÏÏÑ 30 / EPS 30

– – ÏÏÑ 35 / EPS 35

– – ÏÏÑ 40 / EPS 40

– – ÏÏÑ 45 / EPS 45

Òàáëèöà 2. Îáëàñòü ïðèìåíåíèÿ ïåíîïîëèñòèðîëüíûõ ïëèò ïî ÃÎÑÒ 15588–2014

Table 2. Field of application of expanded polystyrene (EPS) boards in appliance with State Standard 15588–2014
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îïðåäåëåíèÿ êèíåòè÷åñêèõ ïàðàìåòðîâ ïîêàçàíà ðàç-

íèöà â çíà÷åíèÿõ ïîðÿäêà ðåàêöèè n, ýíåðãèè àêòè-

âàöèè E è ïðåäýêñïîíåíöèàëüíîãî ìíîæèòåëÿ A.

Ïðè ýòîì çíà÷åíèÿ ýíåðãèè àêòèâàöèè, ðàññ÷èòûâà-

åìûå ðàçíûìè àíàëèòè÷åñêèìè ìåòîäàìè, ìîãóò íà-

õîäèòüñÿ â äèàïàçîíå 80–280 êÄæ�ìîëü.

Âòîðîé èññëåäóåìûé ìàòåðèàë — Penocom, ñåð-

òèôèöèðîâàííûé êàê ìàòåðèàë ñ ïîæàðíî-òåõíè÷å-

ñêèìè õàðàêòåðèñòèêàìè Ã1, Â2. Èçäåëèÿ èç ïåíî-

êîìïîçèòà “Penocom” ðàçíîé ïëîòíîñòè ìîãóò áûòü

ïîëó÷åíû êàê â çàâîäñêèõ óñëîâèÿõ â âèäå áëî÷íûõ

ïëèò áîëüøîãî ðàçìåðà, ñêîðëóï, èçäåëèé ñëîæíîãî

ïðîôèëÿ, òàê è íà ìåñòå âîçâåäåíèÿ ñòðîèòåëüíîãî

îáúåêòà ïðè òåìïåðàòóðàõ îò ìèíóñ 30 äî +50 °C.

Âàæíî îòìåòèòü, ÷òî ýòîò ìàòåðèàë ïðè îãíåâîì âîç-

äåéñòâèè îáóãëèâàåòñÿ, íå òåðÿÿ ôîðìû, à îáðàçî-

âàâøèéñÿ ïðè ýòîì ïåíîêîêñ íå òëååò ïîñëå óäàëåíèÿ

èñòî÷íèêà íàãðåâà è ïðîäîëæàåò âûïîëíÿòü â êîíñò-

ðóêöèè ôóíêöèþ òåðìîñòîéêîé òåïëîèçîëÿöèè. Áûëè

ïðîâåäåíû èñïûòàíèÿ îáðàçöîâ îãðàæäàþùèõ êîíñò-

ðóêöèé ñ òåïëîèçîëÿöèåé “Penocom” íà îãíåñòîé-

êîñòü â óñëîâèÿõ ñòàíäàðòíîãî òåìïåðàòóðíîãî ðåæè-

ìà ïîæàðà ïî ÃÎÑÒ 30247.0–94 è ÃÎÑÒ 30247.1–94.

Â êà÷åñòâå îáðàçöîâ èñïîëüçîâàëèñü ôðàãìåíòû íå-

íåñóùèõ ñòåí è ïåðåãîðîäîê äåðåâÿííûõ çäàíèé ëåã-

êîãî êàðêàñíîãî òèïà. Èñïûòàíèÿ ïîêàçàëè, ÷òî ïðè

òîëùèíå òåïëîèçîëÿöèè 150 ìì äîñòèãàåòñÿ ôàêòè-

÷åñêèé ïðåäåë îãíåñòîéêîñòè êîíñòðóêöèé ïî ïðè-

çíàêàì èõ öåëîñòíîñòè è òåïëîèçîëèðóþùåé ñïî-

ñîáíîñòè EI 90. Âûÿâëåíà òåíäåíöèÿ ê óâåëè÷åíèþ

ïðåäåëà îãíåñòîéêîñòè îãðàæäàþùèõ êîíñòðóêöèé

ñ óìåíüøåíèåì ïëîòíîñòè òåïëîèçîëÿöèè “Penocom”

[12–16].

Â òàáë. 3 ïðåäñòàâëåíû ôèçèêî-ìåõàíè÷åñêèå

ñâîéñòâà òðåõ ïîëèìåðíûõ ÒÈÌ.

Äëÿ ïðîâåäåíèÿ òåðìè÷åñêîãî àíàëèçà [17, 18]

ïîëèìåðíûõ ÒÈÌ â âîçäóøíîé è èíåðòíîé ñðåäàõ

ïðè íàãðåâå ñî ñêîðîñòüþ 5–20 °C�ìèí ïðèìåíÿëè

ïðèáîðû Ìettler Toledo TGA�DSC. Ôîðìîóñòîé-

÷èâîñòü è ëèíåéíóþ óñàäêó ÒÈÌ îöåíèâàëè ïðè

íàãðåâàíèè îáðàçöîâ íà âîçäóõå ñî ñêîðîñòüþ

12 °C�ìèí â ìóôåëüíîé ïå÷è.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà ðèñ. 1 ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòà

ïî îïðåäåëåíèþ ëèíåéíîé òåðìîóñàäêè ðàçíûõ ÒÈÌ

ïðè äèíàìè÷åñêîì íàãðåâå â ìóôåëüíîé ïå÷è.

Ïëàâëåíèå è óñàäêà ÏÏÑ àêòèâíî ïðîòåêàþò ïðè

òåìïåðàòóðå âûøå 80–100 °C, ÏÏÓ — íà÷èíàÿ ñî

170 °C. Ñòåêëîâîëîêíèñòàÿ òåïëîèçîëÿöèÿ ïëà-

âèòñÿ ïðè òåìïåðàòóðå âûøå 430 °C, à áàçàëüòîâàÿ

òåïëîèçîëÿöèÿ íå ìåíÿåò ôîðìó è îáúåì äî 650 °C.

Ïðè 700 è 900 °C óñàäêà áàçàëüòîâîé òåïëîèçîëÿ-

öèè ðàâíà ñîîòâåòñòâåííî 42 è 62 %. Ïîòåðÿ ìàññû

ñòåêëîâîëîêíèñòîé òåïëîèçîëÿöèè ñîñòàâëÿåò 6 %

ïðè 310 °C, ÷òî ïðîèñõîäèò çà ñ÷åò ðàçëîæåíèÿ ñâÿ-

çóþùåãî. Äàëåå ìàññà îáðàçöà îñòàåòñÿ ïîñòîÿííîé.

Áàçàëüòîâàÿ òåïëîèçîëÿöèÿ ê ìîìåíòó ïëàâëåíèÿ è

äîñòèæåíèÿ òåìïåðàòóðû 900 °C òåðÿåò ñîîòâåòñò-

Îáðàçåö
ÒÈÌ

Sample
TIM

Ïëîòíîñòü

�, êã�ì3

Density �,

kg�m3

Ïðî÷íîñòü íà ñæàòèå
ïðè 10 %-íîé ëèíåéíîé

äåôîðìàöèè, êÏà

Compressive strength at 10 %
linear deformation, kPa

Ïðåäåë
ïðî÷íîñòè

ïðè èçãèáå, êÏà

Tensile strength
in bending, kPa

Òåïëîïðîâîäíîñòü

� ïðè t = 25 °C,

Âò�(ì·Ê)

Thermal conductivity �
at t = 25 °C, W�(m·K)

Âîäîïîãëîùåíèå
çà 24 ÷, % îá.

Water absorption
for 24 hours,

% by vol.

Âðåìÿ ñàìî-
ñòîÿòåëüíîãî

ãîðåíèÿ, ñ

Self-burning
time, sec

ÏÏÑ 10

EPS 10
10 40 60 0,044 4,0 4

ÏÏÑ 14

EPS 14
14 80 150 0,040 3,0 4

Penocom 30–300 150–450 – 0,035–0,070 – –

Òàáëèöà 3. Îñíîâíûå ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà èññëåäóåìûõ îáðàçöîâ ÒÈÌ

Table 3. Basic physical and mechanical properties of the test samples of TIM

Ðèñ. 1. Âëèÿíèå òåìïåðàòóðû íà ëèíåéíóþ óñàäêó ÒÈÌ:

1* — ÏÏÑ 14 (� = 26 êã�ì3); 2 — ÏÏÓ (� = 30 êã�ì3); 3 —

ñòåêëîâîëîêíèñòàÿ ïëèòà (� = 12 êã�ì3); 4* — ïåíîêîìïîçèò

“Penocom” (� = 140 êã�ì3); 5 — áàçàëüòîâàÿ âîëîêíèñòàÿ

òåïëîèçîëÿöèÿ (� = 38 êã�ì3); 6* — Rockwool Ëàéò Áàòòñ

Ñêàíäèê (� = 36 êã�ì3). * Íàãðåâ ñî ñêîðîñòüþ 12 °C�ìèí íà

âîçäóõå

Fig. 1. The effect of temperature on the linear shrinkage of TIM:

1* — EPS 14 (� = 26 kg�m3); 2 — PUF (� = 30 kg�m3); 3 —

glass-fiber plate (� = 12 kg�m3); 4* — composite “Penocom”

(� = 140 kg�m3); 5 — basaltic fiber insulation (� = 38 kg�m3);

6* — Rockwool Light Batts Scandic (� = 36 kg�m3). * Heating

at a rate of 12 °C�min in air
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âåííî 3 è 6 % ìàññû. Îáðàçåö Rockwool Ëàéò Áàòòñ

Ñêàíäèê ÿâëÿåòñÿ íàèáîëåå òóãîïëàâêèì ÒÈÌ èç

èñïûòàííûõ â íàñòîÿùåé ðàáîòå. Åãî óñàäêà íà÷è-

íàåòñÿ ïðè òåìïåðàòóðå âûøå 750 °C. Îò áàçàëüòî-

âîëîêíèñòîãî ÒÈÌ (ñì. ðèñ. 1, êðèâàÿ 5) òåïëîèçî-

ëÿöèÿ ìàðêè Rockwool îòëè÷àåòñÿ, ïî-âèäèìîìó,

áîëåå âûñîêèì ñóììàðíûì ñîäåðæàíèåì îêñèäîâ

Si è Al è ïîíèæåííûì ñîäåðæàíèåì îêñèäîâ Ñà è Ìg.

Îáðàçåö ïåíîêîìïîçèòà “Penocom” íå ïëàâèòñÿ. Åãî

óñàäêà íà÷èíàåòñÿ ïðè òåìïåðàòóðå âûøå 470–480 °C

â ðåçóëüòàòå ÷àñòè÷íîãî “âûãîðàíèÿ” îáðàçóþùå-

ãîñÿ ïðè òåðìè÷åñêîì ðàçëîæåíèè ïåíîêîêñà è ïðè

äàëüíåéøåì ïîâûøåíèè òåìïåðàòóðû äî 600 °C

äîñòèãàåò 30 %. Òàêèì îáðàçîì, ïî ôîðìîóñòîé÷è-

âîñòè ïðè íàãðåâå ïåíîêîìïîçèò “Penocom” çàíè-

ìàåò ïðîìåæóòî÷íîå ïîëîæåíèå ìåæäó ñòåêëîâî-

ëîêíèñòîé è áàçàëüòîâîëîêíèñòîé òåïëîèçîëÿöèåé.

Òåðìè÷åñêèé àíàëèç ïðîâåäåí äëÿ äâóõ ïðîìûø-

ëåííûõ îáðàçöîâ áåñïðåññîâîãî ïåíîïîëèñòèðîëà

(ÏÏÑ 10, ÏÏÑ 14), à òàêæå äëÿ ïîëèìåðíîé òåïëî-

èçîëÿöèè “Penocom”. Îáðàçöû ÏÏÑ îòëè÷àëèñü

íå òîëüêî ïî ïëîòíîñòè, íî è ïî ñîäåðæàíèþ àíòè-

ïèðåíîâ. Èññëåäóåìûé îáðàçåö ïåíîêîìïîçèòà

“Penocom” èìåë ïëîòíîñòü � = 140 êã�ì3.

Èç àíàëèçà êðèâûõ ðàçëîæåíèÿ ÏÏÑ 10, ïîëó-

÷åííûõ ìåòîäîì òåðìîãðàôèè (ÒÃ), äèôôåðåíöè-

àëüíîé òåðìîãðàôèè (ÄÒÃ) è äèôôåðåíöèàëüíî-

ñêàíèðóþùåé êàëîðèìåòðèè (ÄÑÊ), ñëåäóåò, ÷òî åãî

ÒÎÄ ïðîòåêàåò ïîñëå ïëàâëåíèÿ ìàòåðèàëà â îäíó

ñòàäèþ â èíòåðâàëå òåìïåðàòóð 265–411 °C ñ ìàê-

ñèìàëüíîé ñêîðîñòüþ ïðè 370 °C (ðèñ. 2).

Ýòè ïðîöåññû õàðàêòåðèçóþòñÿ ýíäîòåðìè÷åñêèì

ýôôåêòîì: òåïëîòà ïëàâëåíèÿ �Hm = 69,5 Äæ�ã; ýí-

òàëüïèÿ ãàçèôèêàöèè �Hg = 533,25 Äæ�ã. Ðàçëîæå-

íèå ïåíîêîìïîçèòà “Penocom” íà âîçäóõå íà÷èíà-

åòñÿ ïðè òåìïåðàòóðàõ âûøå 250–260 °C è íà âñåì

ïðîòÿæåíèè ïðîòåêàåò ñ âûäåëåíèåì òåïëà, ïðîÿâëÿÿ

íàèáîëüøèé ýêçîòåðìè÷åñêèé ýôôåêò íà ïîñëåäíåì

ýòàïå, îòðàæàþùåì îêèñëåíèå ïåíîêîêñà, â èíòåð-

âàëå òåìïåðàòóð 450–530 °C. ÒÎÄ ïåíîêîìïîçèòà

“Penocom” èìååò ñëîæíûé õàðàêòåð. Íà ÄÒÃ-êðèâîé

â âèäå ãàóññèàíîâ âûäåëåíû ÷åòûðå ñòàäèè ñêîðî-

ñòè ïîòåðè ìàññû, ïåðåêðûâàþùèå äðóã äðóãà â òîé

èëè èíîé ñòåïåíè. Ìàêñèìóìû ýòèõ ñòàäèé ñîîòâåò-

ñòâóþò òåìïåðàòóðàì 343, 411, 456 è 498 °C (ðèñ. 3).

Íàáëþäàåìûé ïîëèõðîìàòè÷åñêèé õàðàêòåð

ÒÎÄ ïåíîêîìïîçèòà “Penocom”, ïî-âèäèìîìó, îáó-

ñëîâëåí îñîáåííîñòÿìè ìîðôîëîãè÷åñêîé ñòðóêòó-

ðû ÒÈÌ, ïîñëåäîâàòåëüíûì âêëþ÷åíèåì â ïðîöåññ

îêèñëåíèÿ îòêðûòûõ ìàêðî- è ìèêðîÿ÷ååê, à çàòåì

çàìêíóòûõ è, íàêîíåö, îòêðûòûõ ïîð ïåíîêîêñà ñ

áîëüøîé ïëîùàäüþ ïîâåðõíîñòè.

Ðèñ. 2. ÒÃ-, ÄÒÃ- è ÄÑÊ-êðèâûå òåðìîîêèñëèòåëüíîãî ðàçëîæåíèÿ ÏÏÑ 10 ïðè åãî íàãðåâàíèè ñî ñêîðîñòüþ 20 °C�ìèí

Fig. 2. TG-, DTG- and DSC-curves of thermooxidative decomposition of EPS 10 when it is heated at a rate of 20 °C�min
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Â èíåðòíîé ñðåäå ÏÏÑ ñîõðàíÿåò îäíîñòàäèéíûé,

ýíäîòåðìè÷åñêèé õàðàêòåð ðàçëîæåíèÿ. Ïðîöåññ ïðî-

òåêàåò ëèøü ïðè áîëåå âûñîêèõ òåìïåðàòóðàõ ïî

ñðàâíåíèþ ñ ÒÎÄ — â èíòåðâàëå 360–510 °C ñ ìàê-

ñèìàëüíîé ñêîðîñòüþ ïîòåðè ìàññû 46,8 %�ìèí

ïðè òåìïåðàòóðå 438 °C (ðèñ. 4). Õàðàêòåð ïèðîëèçà

ïåíîêîìïîçèòà “Penocom” ñóùåñòâåííî èçìåíÿåòñÿ.

Ïðîöåññ ïðîòåêàåò â äâå ñòàäèè — ïðè 260–430 °C

è 430–775 °C. Ïðè íàãðåâàíèè äî 800 °C îñòàåòñÿ

40 % êîêñà.

Ðàñ÷åò ìàêðîêèíåòè÷åñêèõ ïàðàìåòðîâ ðàçëîæå-

íèÿ âåùåñòâ ïî ÒÃ- è ÄÒÃ-êðèâûì, ïîëó÷åííûì â

äèíàìè÷åñêèõ óñëîâèÿõ ïðè ïîñòîÿííîé ñêîðîñòè

íàãðåâà, îñíîâàí íà óðàâíåíèè

d��dT = A exp (–E�RT ) f (�)��, (1)

èëè ïîñëå ðàçäåëåíèÿ ïåðåìåííûõ:

d��f (�) = (A��) exp (–E�RT ) dT, (2)

ãäå � — ñòåïåíü êîíâåðñèè;

Ò — òåìïåðàòóðà, Ê;

À — ïðåäýêñïîíåíöèàëüíûé ìíîæèòåëü;

Å — ýíåðãèÿ àêòèâàöèè;

R — óíèâåðñàëüíàÿ ãàçîâàÿ ïîñòîÿííàÿ,

Äæ�(ìîëü·Ê);

� — ñêîðîñòü íàãðåâà, °C�ìèí;

f (�) — ôóíêöèÿ, îïðåäåëÿþùàÿ ôèçè÷åñêèé

ìåõàíèçì ðàçëîæåíèÿ, èíäèâèäóàëüíûé çàêîí

ñêîðîñòè ðàçëîæåíèÿ âåùåñòâà îò ñòåïåíè êîí-

âåðñèè;

� = (m0 – mt)�(m0 – mk); (3)

m0, mt, mk — ìàññà âåùåñòâà ñîîòâåòñòâåííî â

íà÷àëüíûé, òåêóùèé è êîíå÷íûé ìîìåíòû ïå-

ðèîäà ðàçëîæåíèÿ.

Èíòåãðàë ëåâîé ÷àñòè óðàâíåíèÿ (2) îáîçíà÷àþò

ñèìâîëîì g(�) è íàçûâàþò èíòåãðèðîâàííîé ôóíê-

Ðèñ. 3. ÒÃ- è ÄÒÃ-êðèâûå òåðìîîêèñëèòåëüíîãî ðàçëîæåíèÿ ïåíîêîìïîçèòà “Penocom” ïðè åãî íàãðåâàíèè ñî ñêîðîñòüþ

10 °C�ìèí

Fig. 3. TG- and DTG-curves of thermo-oxidative decomposition of foam composite “Penocom”, when it is heated at a rate of 10 °C�min

Ðèñ. 4. ÒÃ- è ÄÒÃ-êðèâûå òåðìîðàçëîæåíèÿ ïåíîêîìïîçèòà

“Penocom” (———) è ÏÏÑ 14 (– · – · –)

Fig. 4. TG- and DTG-curves for thermal decomposition of the foam

composite “Penocom” (———) and EPS 14 (– · – · –)
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öèåé êîíâåðñèè. Èíòåãðèðîâàíèå ïðàâîé ÷àñòè óðàâ-

íåíèÿ (2) ïðåäñòàâëÿåò çíà÷èòåëüíûå òðóäíîñòè,

ïîýòîìó íå ðàç ïðåäëàãàëèñü ðàçíûå ïðèáëèæåí-

íûå ðåøåíèÿ [19–22]. Íàìè èñïîëüçîâàíà íàèáîëåå

òî÷íàÿ àïïðîêñèìàöèÿ Ãîðáà÷åâà, íà êîòîðóþ òàêæå

ññûëàþòñÿ â ñâîåé ðàáîòå Rogers è Ohlemiller [21],

â êîîðäèíàòàõ log[g(�)�T 2] – 1�T äëÿ îöåíêè ìàê-

ðîêèíåòè÷åñêèõ ïàðàìåòðîâ:

g(�) = {ART2�� (E + 2RT )} exp (–E�RT ) . (4)

Äëÿ ðåàëèñòè÷íîãî îïèñàíèÿ êèíåòèêè ðàçëî-

æåíèÿ ÒÈÌ íåîáõîäèìî îïðåäåëèòü ìåõàíèçì ãåòå-

ðîãåííîé ðåàêöèè ðàçëîæåíèÿ, ò. å. ôóíêöèþ g(�).

Ñ ýòîé öåëüþ èñïîëüçîâàí ïîäõîä, ðàçðàáîòàííûé

Ñriado [22] è îñíîâàííûé íà îöåíêå ïðèâåäåííîé

ñêîðîñòè ðàçëîæåíèÿ âåùåñòâà, ò. å. îòíåñåííîé ê

ñêîðîñòè åãî ïîëóðàñïàäà ïðè � = 0,5. Criado ïîêà-

çàë, ÷òî ïðèâåäåííàÿ ñêîðîñòü V = (T�T0,5)
2(d��dt)�

��(d��dt)0,5]
–1 íå çàâèñèò îò êèíåòè÷åñêèõ ïàðàìåò-

ðîâ ðàçëîæåíèÿ è ñêîðîñòè íàãðåâà, à çàâèñèò òîëü-

êî îò ìåõàíèçìà ðàçëîæåíèÿ âåùåñòâà. Òàê êàê âå-

ëè÷èíà (Ò�T0,5) áëèçêà ê 1, ïðèâåäåííóþ ñêîðîñòü

ìîæíî îïðåäåëèòü ïî ÄÒÃ-êðèâîé ïî ñîîòíîøå-

íèþ ðàññòîÿíèé ñîîòâåòñòâóþùèõ òî÷åê îò áàçîâîé

ëèíèè.

Äëÿ âûÿñíåíèÿ ìåõàíèçìà îñíîâíûõ ñòàäèé ÒÎÄ

è ïèðîëèçà îáðàçöîâ ÒÈÌ ìû âîñïîëüçîâàëèñü òàáó-

ëèðîâàííûìè çíà÷åíèÿìè ïðèâåäåííûõ ñêîðîñòåé

ðàçëîæåíèÿ ïðè � = 0,75, à òàêæå çíà÷åíèÿìè �max,

ñîîòâåòñòâóþùèìè ìàêñèìàëüíîé ïðèâåäåííîé

ñêîðîñòè ðàçëîæåíèÿ è èìåþùèìè äèàãíîñòè÷å-

ñêèé õàðàêòåð [21]. Ðåçóëüòàòû îïðåäåëåíèÿ ìåõà-

íèçìà è ìàêðîêèíåòè÷åñêèõ ïàðàìåòðîâ îòäåëüíûõ

ñòàäèé ÒÎÄ è ïèðîëèçà ÒÈÌ ïîíèæåííîé ãîðþ÷å-

ñòè ïðåäñòàâëåíû â òàáë. 4.

Ðàçëîæåíèå ñàìîçàòóõàþùåãî ïåíîïîëèñòèðîëà

â èíåðòíîé è âîçäóøíîé ñðåäàõ ïðîòåêàåò â æèäêîì

ñîñòîÿíèè ïî ðåàêöèè ïåðâîãî ïîðÿäêà, ìåõàíèçìó

íóêëåàöèè R(1), ïðè ðîñòå ÷èñëà ÿäåð (öåíòðîâ èíè-

öèèðîâàíèÿ äåñòðóêöèè) ïî çàêîíó ñëó÷àÿ. Èíòåãðè-

ðîâàííàÿ ôóíêöèÿ êîíâåðñèè â ýòîì ñëó÷àå îïèñû-

âàåòñÿ óðàâíåíèåì g(�) = [–ln (1 – �)]n = 1. Âûñîêîå

çíà÷åíèå ýíåðãèè àêòèâàöèè ïèðîëèçà ÏÏÑ 14 â èñ-

ñëåäóåìîì èíòåðâàëå òåìïåðàòóð ïðàêòè÷åñêè ñîâ-

ïàäàåò ñ ýôôåêòèâíîé ýíåðãèåé äåïîëèìåðèçàöèè

ïîëèñòèðîëà. Êèñëîðîä âîçäóõà óñêîðÿåò ðàçëîæå-

íèå ÏÏÑ 14, â òî æå âðåìÿ çàìåòåí áîëüøîé âêëàä

÷èñòî òåðìè÷åñêîãî íàïðàâëåíèÿ åãî ÒÎÄ ïî ñðàâ-

íåíèþ ñ ïîâåäåíèåì ÏÏÑ 10.

Ñëîæíûé õàðàêòåð ÒÎÄ è ïèðîëèçà íàáëþäàåò-

ñÿ ïðè íàãðåâå íåïëàâêîãî, êàðáîíèçóþùåãîñÿ ïå-

íîêîìïîçèòà “Penocom”. Â âîçäóøíîé ñðåäå íà âñåõ

ñòàäèÿõ ïðîöåññ ðàçëîæåíèÿ îñóùåñòâëÿåòñÿ ïî äèô-

ôóçèîííîìó ìåõàíèçìó D3 â ñôåðè÷åñêîé ãåîìåòðèè

è îïèñûâàåòñÿ óðàâíåíèåì g(�) = [1 – (1 – �)1�3]2,

â èíåðòíîé ñðåäå — ïî ðåàêöèè ïåðâîãî ïîðÿäêà è

ìåõàíèçìó íóêëåàöèè R(1) c âûñîêèìè çíà÷åíèÿìè

ýíòðîïèéíîãî ôàêòîðà.

Çàêëþ÷åíèå

Àíàëèç ðåçóëüòàòîâ èññëåäîâàíèé ìåòîäàìè

òåðìè÷åñêîãî àíàëèçà, à òàêæå îïðåäåëåíèå ôîðìî-

óñòîé÷èâîñòè îáðàçöîâ â óñëîâèÿõ äèíàìè÷åñêîãî

íàãðåâà ïîçâîëÿåò îïðåäåëèòü ïîâåäåíèå ðàçëè÷-

íûõ ÒÈÌ ïðè íàãðåâå. Óñòàíîâëåí ìíîãîñòàäèéíûé

õàðàêòåð ðàçëîæåíèÿ ÒÈÌ “Penocom” â èíåðòíîé

ñðåäå è íà âîçäóõå; îïðåäåëåíû ýôôåêòèâíûå êèíå-

òè÷åñêèå ïàðàìåòðû îòäåëüíûõ ñòàäèé ñ ó÷åòîì âû-

ÿâëåííîãî ìåõàíèçìà ãåòåðîãåííûõ ðåàêöèé. Ïîêà-

çàíî, ÷òî ÒÎÄ ïåíîêîìïîçèòà ïðîèñõîäèò ïî äèô-

ôóçèîííîìó ìåõàíèçìó D3 (ñ ïîðÿäêîì ðåàêöèè

n = 1�3) íà âñåõ ñòàäèÿõ ïðîöåññà. Ïèðîëèç ïîëè-

ìåðíîãî ïåíîêîìïîçèòà ïðîòåêàåò â äâå ñòàäèè, ñî-

ïðîâîæäàÿñü êàðáîíèçàöèåé, ïî ðåàêöèè ïåðâîãî ïî-

ðÿäêà (n = 1), ìåõàíèçìó íóêëåàöèè R(1) è ïðè ðîñòå

÷èñëà ÿäåð ïî çàêîíó ñëó÷àÿ. Îïðåäåëåíà ôîðìî-

óñòîé÷èâîñòü íåîðãàíè÷åñêèõ è ïîëèìåðíûõ ÒÈÌ.

ÒÈÌ

TIM

Ñðåäà

Environment

Èíòåðâàë òåìïåðàòóð
Tmax, °C *

Temperature range
Tmax, °C *

Ôèçè÷åñêèé ìåõàíèçì
òåðìîðàçëîæåíèÿ

Physical mechanism
of thermal degradation

Å, êÄæ�ìîëü

E, kJ�mol

log A, ìèí–1

log A, min-1

Ïîðÿäîê
ðåàêöèè

Reaction
order

ÏÏÑ 10 � EPS 10 Âîçäóõ

Air

260–420�370,3 R(1) 166,36 13,47 1

ÏÏÑ 14 � EPS 14 260–420�381,8 R(1) 198,9 15,87 1

“Penocom” 245–400�343 D3 122,38 8,28 1�3

433–536�498 D3 254,9 17,03 1�3

ÏÏÑ 14 � EPS 14 Àðãîí

Argon

330–500�438 R(1) 241,7 17,76 1

“Penocom” 260–430�355 R(1) 78,3 18,67 1

430–775�625 R(1) 72,3 14,63 1

* Ïîä ÷åðòîé óêàçàíà òåìïåðàòóðà ìàêñèìàëüíîé ñêîðîñòè ïîòåðè ìàññû, °C.

Under line show the temperature of the maximum rate of weight loss, °C.

Òàáëèöà 4. Ìàêðîêèíåòè÷åñêèå ïàðàìåòðû ðàçëîæåíèÿ ÏÏÑ è ïåíîêîìïîçèòà “Penocom”

Table 4. Macrokinetic parameters of the decomposition of EPS and foamed composite “Penocom”
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ABSTRACT

Introduction. Polymeric thermal-insulation materials (EPS, XPS, polyurethane foam etc.) is widely

used in buildings, including high-rise buildings. The fires in such buildings may lead to the mass death

of peoples.

Purpose and objectives. The aim of this work is studying the thermal behavior of the thermal

insulation from expandable polystyrene (EPS 10, EPS 14) and the new foamed composite

“Penocom”. For this purpose, effective kinetic parameters (activation energy, pre-exponential factor)

of thermal and thermo-oxidative degradation of the chosen polymeric materials were determined.

Also, physical mechanisms of degradation in the air and inert environment were determined. Also,

linear thermal shrinkage for a broader list of organic and mineral thermal insulation materials was

determined.

Methods. Processes of thermal degradation were investigated with thermogravimetric analyzer

Mettler Toledo TGA�DSC. Linear thermal shrinkage was determined with muffle furnace at heating

rate 12 °C�min.
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Results. Degradation of the EPS in the air and inert environment occurs in the liquid state.

Reaction order n = 1, nucleation mechanism R(1). The complex nature of thermal decomposition and

pyrolysis is observed when heating foamed composite “Penocom” with a bulk density� = 140 kg�m3.

In the air environment, the degradation process is carried out by diffusion mechanism D3, in the inert

environment — by nucleation mechanism R(1). The linear thermal shrinkage of EPS 14 was 100 %

at 170 °C, Penocom — 60 % at 650 °C.

Conclusions. Analysis of experimental results has allowed determining thermal behavior of

chosen polymeric thermal insulation materials. This results can be used, for instance, in fire modeling.

Keywords: expandable polystyrene; thermooxidizing destruction; macrokinetic parameters; activa-

tion energy; linear thermal shrinkage; thermogravimetric analysis.
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Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ ìîäèôèêàòîðîâ ïîâåðõíîñòíîãî ñëîÿ äðåâåñèíû,
â êà÷åñòâå êîòîðûõ èñïîëüçîâàíû ôîñôîðñîäåðæàùèå àíòèïèðåíû, íà ñòðóêòóðó è ñâîéñòâà
êîêñîâîãî ñëîÿ, îáðàçóþùåãîñÿ ïðè òåðìè÷åñêîì ðàçëîæåíèè. Äëÿ îöåíêè âëèÿíèÿ ìîäèôèêà-
òîðîâ íà ïðîöåññ îáðàçîâàíèÿ êîêñîâîãî ñëîÿ èññëåäîâàíû èñõîäíûå è ìîäèôèöèðîâàííûå
îáðàçöû äðåâåñèíû ñîñíû äî è ïîñëå òåðìè÷åñêîãî ðàçëîæåíèÿ ìåòîäàìè ýëåêòðîííîé ìèêðî-
ñêîïèè è àäñîðáöèè. Ïðîâåäåí òåðìè÷åñêèé àíàëèç ìåòîäàìè òåðìîãðàâèìåòðèè (ÒÃ), äèôôå-
ðåíöèàëüíîé òåðìîãðàâèìåòðèè (ÄÒÃ) è äèôôåðåíöèàëüíî-ñêàíèðóþùåé êàëîðèìåòðèè. Ñäåëà-
íû âûâîäû î âëèÿíèè ýôôåêòèâíûõ ìîäèôèêàòîðîâ íà ïðîòåêàíèå òåðìè÷åñêîãî ðàçëîæåíèÿ
äðåâåñèíû. Óñòàíîâëåíà âîçìîæíîñòü “ìÿãêîãî” òåðìè÷åñêîãî ðàçëîæåíèÿ â ñëó÷àå óêðåïëåíèÿ
ñòðóêòóðû äðåâåñèíû è óìåíüøåíèÿ åå ïîðèñòîñòè.

Êëþ÷åâûå ñëîâà: òåðìè÷åñêîå ðàçëîæåíèå; äðåâåñèíà; ìîäèôèöèðîâàíèå; òåðìîãðàâèìåòðèÿ;
ïîâåðõíîñòíûé ñëîé; êàðáîíèçîâàííûé ñëîé.

DOI: 10.18322/PVB.2018.27.04.24-31

Ââåäåíèå

Äðåâåñèíà ÿâëÿåòñÿ ïðèðîäíûì ñòðîèòåëüíûì ìà-

òåðèàëîì. Â íàñòîÿùåå âðåìÿ äåðåâÿííîå çîä÷åñò-

âî ïðèîáðåëî áîëüøîå çíà÷åíèå è àêòóàëüíîñòü â

Ðîññèè. Äðåâåñèíà ÿâëÿåòñÿ ëåãêîäîñòóïíûì ìà-

òåðèàëîì, êîòîðûé äîñòàòî÷íî ýêîíîìè÷åí ñ òî÷êè

çðåíèÿ åãî îáðàáîòêè è ïðîèçâîäñòâà äðåâåñíûõ

ñòðîèòåëüíûõ ìàòåðèàëîâ. Îäíà èç âàæíûõ õàðàê-

òåðèñòèê äðåâåñèíû — åå ýêîëîãè÷íîñòü. Ïðåáû-

âàíèå ÷åëîâåêà â çäàíèÿõ, ïîñòðîåííûõ ñ ïðèìåíå-

íèåì ñòðîèòåëüíûõ êîíñòðóêöèé èëè îòäåëêè èç

äðåâåñèíû, ïîëåçíî äëÿ çäîðîâüÿ ÷åëîâåêà. Êðîìå

òîãî, îäíî èç äîñòîèíñòâ äðåâåñèíû çàêëþ÷àåòñÿ

â âîçìîæíîñòè âòîðè÷íîãî èñïîëüçîâàíèÿ îòõîäîâ

ïðîèçâîäñòâà äðåâåñíûõ ñòðîèòåëüíûõ ìàòåðèàëîâ

[1–5].

Èñõîäíàÿ äðåâåñèíà îáëàäàåò âûñîêîé ïîæàð-

íîé îïàñíîñòüþ. Â ðÿäå ðàáîò èçó÷åíû ñòàäèè òåðìè-

÷åñêîãî ðàçëîæåíèÿ äðåâåñèíû. Â îáëàñòè íèçêèõ

òåìïåðàòóð ïðîèñõîäèò äåãèäðàòàöèÿ äðåâåñèíû,

ïðè ýòîì ïîòåðÿ ìàññû îáðàçöà ñîñòàâëÿåò îêîëî 7 %.

Êàðáîíèçàöèè äðåâåñèíû íà ýòîé ñòàäèè íå íàáëþ-

äàåòñÿ. Èçâåñòíî, ÷òî ïåðâàÿ ñòàäèÿ òåðìè÷åñêîãî

ðàçëîæåíèÿ äðåâåñèíû íà÷èíàåòñÿ ïðè òåìïåðàòó-

ðå 300–320 °Ñ. Íà ýòîé ñòàäèè ïðîèñõîäèò âûãîðà-

íèå îáðàçöà äðåâåñèíû áîëåå ÷åì íà 60 %, à òàêæå

êîêñîâàíèå åå ïîâåðõíîñòè. Ïðè òåìïåðàòóðå âûøå

420 °Ñ íàáëþäàåòñÿ äàëüíåéøåå âûãîðàíèå îáðàçöà.

Ïîòåðÿ ìàññû â ýòîé îáëàñòè äîñòèãàåò 25 %. Ïðåäåë

îãíåñòîéêîñòè äåðåâÿííûõ, â ÷àñòíîñòè âåðòèêàëü-

íûõ, êîíñòðóêöèé õàðàêòåðèçóåòñÿ âðåìåíåì äîñòè-

æåíèÿ ïðåäåëüíîãî ñå÷åíèÿ ïðè ãîðåíèè. Ïðè ýòîì

ïðîèñõîäèò ïîñëîéíîå âûãîðàíèå ìàòåðèàëà. Òåðìè-

÷åñêîå ðàçëîæåíèå áîëåå ãëóáîêèõ ñëîåâ äðåâåñèíû

íàáëþäàåòñÿ ïðè ÷àñòè÷íîì ðàçëîæåíèè è ìåõàíè-

÷åñêîì ðàçðóøåíèè íàðóæíûõ ñëîåâ. Èçâåñòíî, ÷òî

êàðáîíèçîâàííûé ñëîé äðåâåñèíû õàðàêòåðèçóåòñÿ

áóëüøåé ïîðèñòîñòüþ ïî ñðàâíåíèþ ñ äðåâåñèíîé äî

òåðìè÷åñêîãî ðàçëîæåíèÿ è õðóïêîñòüþ, òåì íå ìå-

íåå òàêîé ñëîé ìîæåò îáåñïå÷èòü óñòîé÷èâîñòü ïîä-

ëîæêè ê âîçäåéñòâèþ âûñîêèõ òåìïåðàòóð. Óâåëè÷å-

íèå óñòîé÷èâîñòè ïîâåðõíîñòíîãî ñëîÿ äðåâåñèíû

ê âîçäåéñòâèþ ïëàìåíè ÿâëÿåòñÿ ôàêòîðîì ïîâû-

øåíèÿ ïðåäåëà îãíåñòîéêîñòè [6–8].

Îäèí èç íàèáîëåå ýôôåêòèâíûõ ñïîñîáîâ èçìå-

íåíèÿ ñòðóêòóðû è ñâîéñòâ ïîâåðõíîñòè äðåâåñíûõ

ìàòåðèàëîâ — ïîâåðõíîñòíîå àäñîðáöèîííî-õèìè-

÷åñêîå ìîäèôèöèðîâàíèå. Ìîäèôèöèðîâàíèå äðå-

âåñèíû ïðîèñõîäèò ïðè ïîâåðõíîñòíîì íàíåñåíèè

ðåàêöèîííîñïîñîáíûõ ðàñòâîðîâ (10–30 %) ýëåìåí-

òîîðãàíè÷åñêèõ ñîåäèíåíèé (ôîñôîð-, êðåìíèé-

ñîäåðæàùèõ, áîðàçîòíûõ) â íîðìàëüíûõ óñëîâèÿõ

(t = 20�25 °C, P = 1 àòì). Ãëóáèíà ïðîïèòêè ïðè ýòîì

ñîñòàâëÿåò 0,5–1,0 ìì [9–11].

© Ïîðòíîâ Ô. À., 2018
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Íà îñíîâàíèè âûøåèçëîæåííîãî îïðåäåëåíà öåëü

íàñòîÿùåé ðàáîòû — îöåíêà âëèÿíèÿ ìîäèôèêàòî-

ðîâ ïîâåðõíîñòíîãî ñëîÿ äðåâåñèíû íà îáðàçîâàíèå

êîêñîâîãî ñëîÿ äðåâåñèíû ïðè åå òåðìè÷åñêîì ðàç-

ëîæåíèè è íà åãî õàðàêòåðèñòèêè. Äëÿ åå ðåàëèçà-

öèè íåîáõîäèìî ðåøèòü ñëåäóþùèå çàäà÷è:
� ïðîâåñòè îöåíêó ïðîöåññà òåðìè÷åñêîãî ðàçëî-

æåíèÿ äðåâåñèíû, ìîäèôèöèðîâàííîé ðàçëè÷-

íûìè ìîäèôèêàòîðàìè ïîâåðõíîñòíîãî ñëîÿ;
� îöåíèòü âëèÿíèå äèíàìèêè òåðìè÷åñêîãî ðàçëî-

æåíèÿ è ïðèðîäû ìîäèôèêàòîðà íà ñâîéñòâà è

ñòðóêòóðó îáðàçóþùåãîñÿ ïîâåðõíîñòíîãî êîê-

ñîâîãî ñëîÿ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ äðåâåñèíà çà-

áîëîíè ñîñíû. Â êà÷åñòâå ìîäèôèêàòîðîâ â ðàáîòå

áûëè èñïîëüçîâàíû 20 %-íûå ðàñòâîðû àëêèëüíûõ

ýôèðîâ êèñëîò ôîñôîðà: äèìåòèëôîñôèòà (ÄÌÔ), äè-

ýòèëôîñôèòà (ÄÝÔ), äèôåíèëôîñôèòà (ÄÔÔ) è ïî-

ëèôîñôàòà àììîíèÿ ÏÔÀ-1 (ñòåïåíü ïîëèìåðèçàöèè

n > 1000). Ñîñòàâû íàíîñèëèñü ïîâåðõíîñòíî ïðè íîð-

ìàëüíûõ óñëîâèÿõ â òðè ñëîÿ ñ ðàñõîäîì 300 ã�ì2.

Èññëåäîâàíèå âëèÿíèÿ ìîäèôèêàòîðîâ íà òåð-

ìè÷åñêîå ðàçëîæåíèå äðåâåñèíû ïðîâîäèëîñü ìå-

òîäîì òåðìè÷åñêîãî àíàëèçà ñ èñïîëüçîâàíèåì ïðè-

áîðà Netzsch STA 409C. Ýòîò ïðèáîð ïîçâîëÿåò

ïîëó÷èòü äàííûå ïî òåðìîãðàâèìåòðèè (ÒÃ), äèô-

ôåðåíöèàëüíîé òåðìîãðàâèìåòðèè (ÄÒÃ) è äèôôå-

ðåíöèàëüíî-ñêàíèðóþùåé êàëîðèìåòðèè (ÄÑÊ)

[12–15].

Àíàëèç ïîâåðõíîñòè êàðáîíèçîâàííîãî ñëîÿ äðå-

âåñèíû èñõîäíîé è ìîäèôèöèðîâàííîé ïîñëå òåð-

ìè÷åñêîãî ðàçëîæåíèÿ áûë ïðîâåäåí ìåòîäîì

ðàñòðîâîé ýëåêòðîííîé ìèêðîñêîïèè [16, 17].

Ñâîéñòâà ïîðèñòîé ñòðóêòóðû ñëîÿ èñõîäíîé è

ìîäèôèöèðîâàííîé äðåâåñèíû èçó÷àëèñü ìåòîäîì

ñîðáöèè ïàðîâ âîäû [18–20].

Ðåçóëüòàòû ýêñïåðèìåíòà

Íà ðèñ. 1–3 ïðåäñòàâëåíû äàííûå ïî òåðìè÷å-

ñêîìó ðàçëîæåíèþ èñõîäíîé, à òàêæå ìîäèôèöèðî-

âàííîé äðåâåñèíû. Íà ðèñ. 1 ïîêàçàíà çàâèñèìîñòü

Ðèñ. 2. Äèôôåðåíöèàëüíàÿ òåðìîãðàâèìåòðèÿ äðåâåñèíû

èñõîäíîé (1) è ìîäèôèöèðîâàííîé ÄÌÔ (2), ÄÝÔ (3), ÄÔÔ

(4) è ÏÔÀ-1 (5)

Fig. 2. Differential thermogravimetry of the original wood (1)

and wood modified by DMF (2), DEF (3), DFF (4) and APF-1 (5)

Ðèñ. 1. Òåðìîãðàâèìåòðèÿ äðåâåñèíû èñõîäíîé (1) è ìîäè-

ôèöèðîâàííîé ÄÌÔ (2), ÄÝÔ (3), ÄÔÔ (4) è ÏÔÀ-1 (5)

Fig. 1. Thermogravimetry of the original wood (1) and wood mo-

dified by DMF (2), DEF (3), DFF (4) and APF-1 (5)

Ðèñ. 3. Äèôôåðåíöèàëüíî-ñêàíèðóþùàÿ êàëîðèìåòðèÿ äðå-

âåñèíû èñõîäíîé (1) è ìîäèôèöèðîâàííîé ÄÌÔ (2), ÄÝÔ (3),

ÄÔÔ (4) è ÏÔÀ-1 (5)

Fig. 3. Differential-scanning calorimetry of the original wood (1)

and wood modified by DMF (2), DEF (3), DFF (4) and APF-1 (5)
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Ðèñ. 4. Êàðáîíèçîâàííûé ñëîé èñõîäíîé äðåâåñèíû ïðè óâå-

ëè÷åíèè 200õ

Fig. 4. Carbonized surface of the original wood at magnification

of 200õ

Ðèñ. 5. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÌÔ, ïðè óâåëè÷åíèè 300õ

Fig. 5. Carbonized surface of the wood modified by DMF at mag-

nification of 300õ

Ðèñ. 6. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÝÔ, ïðè óâåëè÷åíèè 200õ

Fig. 6. Carbonized surface of the wood modified by DEF at mag-

nification of 200õ

Ðèñ. 7. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÔÔ, ïðè óâåëè÷åíèè 200õ

Fig. 7. Carbonized surface of the wood modified by DFF at mag-

nification of 200õ

Ðèñ. 8. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÏÔÀ-1, ïðè óâåëè÷åíèè 200õ

Fig. 8. Carbonized surface of the wood modified by APF-1 at

magnification of 200õ

Ðèñ. 9. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÌÔ, ïðè óâåëè÷åíèè 5000õ

Fig. 9. Carbonized surface of the wood modified by DMF at mag-

nification of 5000õ
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ïîòåðè ìàññû îáðàçöà ïðè ðàâíîìåðíîì ïîâûøåíèè

òåìïåðàòóðû (10 °C�ñ), íà ðèñ. 2 — õàðàêòåðíûå ïèêè

òåðìè÷åñêîãî ðàçëîæåíèÿ, íà ðèñ. 3 — òåïëîâûå ýô-

ôåêòû òåðìè÷åñêîãî ðàçëîæåíèÿ.

Íà ðèñ. 4 è 5 ïðåäñòàâëåíû ðåçóëüòàòû ýëåêòðîí-

íîé ìèêðîñêîïèè — ñíèìêè ïîâåðõíîñòè èñõîäíîé

è ìîäèôèöèðîâàííîé äðåâåñèíû ïðè óâåëè÷åíèè 200

è 10000 êðàò ñîîòâåòñòâåííî.

Èçìåíåíèå ïîðèñòîé ñòðóêòóðû äî è ïîñëå òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ïîêàçàíî íà ðèñ. 13. Íà îñíî-

âàíèè èñïûòàíèé ìåòîäîì ñîðáöèè ïàðîâ âîäû áûëè

ïîëó÷åíû äàííûå ïî óäåëüíîé ïëîùàäè ïîâåðõíî-

ñòè ïîðèñòîé ñòðóêòóðû äðåâåñèíû (ñì. ðèñ. 13).

Ïðè èñïûòàíèÿõ ìåòîäîì àäñîðáöèè àçîòà áûëî ïî-

ëó÷åíî ðàñïðåäåëåíèå ïîð â ïîâåðõíîñòíîì êàðáî-

íèçîâàííîì ñëîå äðåâåñèíû.

Îáñóæäåíèå

Èç ýêñïåðèìåíòàëüíûõ äàííûõ âèäíî, ÷òî ïåðâàÿ

ñòàäèÿ òåðìè÷åñêîãî ðàçëîæåíèÿ ïðè ìîäèôèöèðî-

âàíèè äðåâåñèíû ôîñôîðñîäåðæàùèìè ìîäèôèêà-

òîðàìè ñìåùàåòñÿ â îáëàñòü ìåíüøèõ òåìïåðàòóð

(220–240 °Ñ), ïðè ýòîì èíòåíñèâíîñòü òåðìè÷åñêîãî

ðàçëîæåíèÿ çíà÷èòåëüíî ñíèæàåòñÿ ïî ñðàâíåíèþ ñ

èñõîäíîé äðåâåñèíîé. Âòîðàÿ ñòàäèÿ òåðìè÷åñêîãî

ðàçëîæåíèÿ ïðè ìîäèôèöèðîâàíèè ñìåùàåòñÿ â îá-

ëàñòü áóëüøèõ òåìïåðàòóð (510–530 °C) ïî ñðàâíå-

íèþ ñ èñõîäíîé äðåâåñèíîé (450 °Ñ). ÄÑÊ-êðèâûå

ïîêàçûâàþò, ÷òî ýêçîòåðìè÷åñêèå ýôôåêòû ðåàêöèè

òåðìè÷åñêîãî ðàçëîæåíèÿ çíà÷èòåëüíî ìåíåå âûðà-

æåíû äëÿ äðåâåñèíû, ìîäèôèöèðîâàííîé ôîñôîð-

ñîäåðæàùèìè ñîåäèíåíèÿìè. Ïðè ýòîì â ñëó÷àå èñ-

ïîëüçîâàíèÿ â êà÷åñòâå ìîäèôèêàòîðà äèýòèëôîñôèòà

òåðìè÷åñêîå ðàçëîæåíèå íà ïåðâîé ñòàäèè ïðîõî-

äèò áåç ÿðêî âûðàæåííûõ ýêçîòåðìè÷åñêèõ ïèêîâ,

Ðèñ. 10. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÝÔ, ïðè óâåëè÷åíèè 10000õ

Fig. 10. Carbonized surface of the wood modified by DEF at mag-

nification of 10000õ

Ðèñ. 11. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÔÔ, ïðè óâåëè÷åíèè 10000õ

Fig. 11. Carbonized surface of the wood modified by DFF at mag-

nification of 10000õ

Ðèñ. 12. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÏÔÀ-1, ïðè óâåëè÷åíèè 10000õ

Fig. 12. Carbonized surface of the wood modified by APF-1 at

magnification of 10000õ

Ðèñ. 13. Óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè Sóä ïîâåðõíîñòíîãî

ñëîÿ èñõîäíîé è ìîäèôèöèðîâàííîé äðåâåñèíû äî (�) è

ïîñëå (�) òåðìè÷åñêîãî ðàçëîæåíèÿ

Fig. 13. Specific surface area Sspec of the surface layer of the ori-

ginal and modified wood before (�) and after (�) thermal de-

composition
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÷òî ìîæíî îõàðàêòåðèçîâàòü êàê “ìÿãêîå” òåðìè÷å-

ñêîå ðàçëîæåíèå. Äëÿ èñõîäíîé äðåâåñèíû, à òàêæå

äðåâåñèíû, ìîäèôèöèðîâàííîé îñòàëüíûìè èç ðàñ-

ñìàòðèâàåìûõ ìîäèôèêàòîðîâ, ïåðâàÿ ñòàäèÿ òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ïðîòåêàåò ñ íàëè÷èåì äâóõ

ýêçîòåðìè÷åñêèõ ïèêîâ.

Ïðè àíàëèçå ñíèìêîâ, ïîëó÷åííûõ ïðè 200-êðàò-

íîì óâåëè÷åíèè ñ ïîìîùüþ ýëåêòðîííîãî ìèêðî-

ñêîïà, âèäíî, ÷òî â ñëó÷àå ïðèìåíåíèÿ â êà÷åñòâå

ìîäèôèêàòîðà ÄÌÔ íà ïîâåðõíîñòè äðåâåñèíû îá-

ðàçóåòñÿ ïëåíêà, âåðîÿòíî, èç ïðîäóêòîâ ðàçëîæåíèÿ

ìîäèôèêàòîðà, ñ îòêðûòûìè óñòüÿìè êàïèëëÿðîâ.

Ïðè èñïîëüçîâàíèè â êà÷åñòâå ìîäèôèêàòîðà ÄÔÔ è

ÏÔÀ-1 ñòðóêòóðà êàðáîíèçîâàííîãî ñëîÿ ÿâëÿåòñÿ

íåïîñòîÿííîé. Â óñëîâèÿõ “ìÿãêîãî” òåðìè÷åñêîãî

ðàçëîæåíèÿ ïðè èñïîëüçîâàíèè â êà÷åñòâå ìîäèôè-

êàòîðà ÄÝÔ ïðîèñõîäèò îáðàçîâàíèå ïîñòîÿííîé

ðàâíîìåðíîé ñòðóêòóðû êàðáîíèçîâàííîãî ñëîÿ. Ýòî

ñâÿçàíî ñ îòñóòñòâèåì ðàçðóøèòåëüíûõ ýêçîòåðìè-

÷åñêèõ ýôôåêòîâ ïðè òåðìè÷åñêîì ðàçëîæåíèè. Ïðè

óâåëè÷åíèè 10000 êðàò íàáëþäàåòñÿ ñëåäóþùàÿ êàð-

òèíà. Ïðè èñïîëüçîâàíèè ÄÌÔ íà ñíèìêàõ âèäíà

óïîìÿíóòàÿ âûøå ïëåíêà. Â ñëó÷àå ïðèìåíåíèÿ ÄÔÔ

è ÏÔÀ-1 íà ïîâåðõíîñòè êàðáîíèçîâàííîãî ñëîÿ îá-

íàðóæèâàþòñÿ ÷àñòèöû ìîäèôèêàòîðà, ÷òî õàðàêòå-

ðèçóåò íåïîëíîå âçàèìîäåéñòâèå ïîñëåäíåãî ñ ïî-

âåðõíîñòüþ äðåâåñèíû. Ïðè èñïîëüçîâàíèè ÄÝÔ

íàáëþäàåòñÿ ÿðêî âûðàæåííàÿ ïðî÷íàÿ êàðáîíèçî-

âàííàÿ ñòðóêòóðà.

Ïðè îöåíêå ñâîéñòâ ïîðèñòîé ñòðóêòóðû äðåâå-

ñèíû äî è ïîñëå òåðìè÷åñêîãî ðàçëîæåíèÿ íàèáîëü-

øàÿ óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè îáðàçöîâ, õà-

ðàêòåðèçóþùàÿ íàèáîëüøèé ðàçìåð ïîð, íàáëþäà-

åòñÿ â ñëó÷àå ïðèìåíåíèÿ â êà÷åñòâå ìîäèôèêàòîðà

ÄÌÔ. Ïðè èñïîëüçîâàíèè ÄÝÔ â êàðáîíèçîâàííîì

ñëîå îáðàçóåòñÿ ñòðóêòóðà ñ íàèìåíüøèì îáúåìîì

è ðàäèóñîì ïîð. Ïðè ýòîì íàèìåíüøàÿ óäåëüíàÿ

ïëîùàäü ïîâåðõíîñòè îáðàçöîâ òàêæå õàðàêòåðíà

äëÿ êàðáîíèçîâàííîãî ñëîÿ äðåâåñèíû, ìîäèôèöè-

ðîâàííîé ÄÝÔ.

Âûâîäû

Äèíàìèêà òåðìè÷åñêîãî ðàçëîæåíèÿ äðåâåñèíû

èçìåíÿåòñÿ â ñëó÷àå åå ìîäèôèöèðîâàíèÿ ýôôåê-

òèâíûìè ôîñôîðñîäåðæàùèìè ìîäèôèêàòîðàìè

ïîâåðõíîñòíîãî ñëîÿ. Îáùåé äëÿ âñåõ ðàññìîòðåí-

íûõ ñëó÷àåâ òåíäåíöèåé ÿâëÿåòñÿ ñìåùåíèå ïåðâîé

ñòàäèè òåðìè÷åñêîãî ðàçëîæåíèÿ â îáëàñòü ìåíüøèõ

òåìïåðàòóð, â óñëîâèÿõ êîòîðûõ ïðîèñõîäèò îáðà-

çîâàíèå áîëåå ïðî÷íîé ñòðóêòóðû êàðáîíèçîâàííî-

ãî ñëîÿ. Ýòî ïîäòâåðæäàåòñÿ óìåíüøåíèåì óäåëü-

íîé ïëîùàäè ïîâåðõíîñòè êàðáîíèçîâàííîãî ñëîÿ

è îáðàçîâàíèåì ðîâíîé, íåðàçðóøåííîé ñòðóêòóðû

ïîâåðõíîñòè â ñëó÷àå ïðèìåíåíèÿ ìîäèôèêàòîðîâ.

Ïðè èñïîëüçîâàíèè â êà÷åñòâå ìîäèôèêàòîðà ÄÝÔ

ïðîèñõîäèò “ìÿãêîå” òåðìè÷åñêîå ðàçëîæåíèå —

ïðîòåêàíèå ýòîãî ïðîöåññà áåç çíà÷èòåëüíûõ ýêçî-

òåðìè÷åñêèõ ýôôåêòîâ. Îáðàçóþùèéñÿ ïðè ýòîì

êàðáîíèçîâàííûé ñëîé èìååò ðàâíîìåðíóþ íåðàç-

ðóøåííóþ ñòðóêòóðó ñ íàèìåíüøèì ðàçìåðîì ïîð,

÷òî õàðàêòåðèçóåò äîñòàòî÷íóþ ïðî÷íîñòü ïîäîá-

íîé ñòðóêòóðû â óñëîâèÿõ ïîæàðà.
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INFLUENCE OF MODIFIERS ON COKED FOAM STRUCTURE AND
PROPERTIES FORMED WITH THERMAL DECOMPOSITION OF WOOD

PORTNOV F. A., Candidate of Technical Sciences, Senior Lecturer of
Department of Integrated Safety in Civil Engineering, National Research
Moscow State University of Civil Engineering (Yaroslavskoye Shosse, 26,

Moscow, 129337, Russian Federation; e-mail: wastingtimefilmart@gmail.com)

ABSTRACT

Introduction. Currently, wood-based construction materials are in high demand in the field of

construction around the globe. The study of the original wood composite in order to improve its

characteristics through various methods is scientific pre-requisity for such development. When wood

burns, it forms a surface coke layer, which can differ in mechanical and thermal stability. These
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parameters produce a significant effect on the fire resistance rating of building structures due to

a change in the reduction rate of the structure useful cross section.

Materials and methods. The studies carried out during the work are related to the evaluation of

the characteristics of coke layer formed during thermal decomposition of wood. Thermal analysis

methods, the scanning electron microscopy method and the water adsorption method were used.

The original sapwood of pine, as well as the wood modified with effective fire-retardant agents were

used in the course of work.

Results. Based on conducted experiments process graphic dependences of thermal decomposi-

tion have been obtained, as well as images, obtained by an electronic microscope. In addition, the de-

pendence of adsorptive capacity of wood after thermal decomposition has been obtained.

Discussions. As a result of the study, it was found that with the use of modifiers based on organo-

phosphorous compounds, entering into effective reaction with wood, structuring of the surface layer

occurs after thermal decomposition while reducing the size of specific surface area of wood.

Conclusions. Based on the analysis of experimental data, we can conclude that because of the use

of efficient wood surface layer modifiers, thermal decomposition takes place under “mild” conditions

that is the shift of the first stage of thermal decomposition to the area of lower temperatures with

non-severe exothermic effects. The loss of weight of samples during combustion is significantly

reduced. This causes high fire-retardant efficiency and low smoke-generating capacity.

Keywords: thermal decomposition; timber; modification; thermogravimetry; surface layer; coke layer.
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Â ÍÅÃÅÐÌÅÒÈ×ÍÎÉ ÅÌÊÎÑÒÈ Â ÏÐÎÖÅÑÑÅ
ÂÂÎÄÀ ÃÀÇÀ

Èçâåñòíû äâà ñïîñîáà îïðåäåëåíèÿ êîíöåíòðàöèè ãàçà â åìêîñòè: ïåðâûé îñíîâàí íà èçìåðå-
íèè èíôðàêðàñíûìè è ìàññ-ñïåêòðàëüíûìè ïðèáîðàìè ñ îòáîðîì ïðîá â íåñêîëüêèõ òî÷êàõ,
âòîðîé – íà èçìåðåíèè åãî îáúåìà ðàñõîäîìåðîì â íåãåðìåòè÷íîé åìêîñòè, çàïîëíåííîé âîç-
äóõîì, è ðàñ÷åòå êîíöåíòðàöèè. Ïðèíÿòî ñ÷èòàòü, ÷òî âòîðîé âàðèàíò óñòóïàåò ïî òî÷íîñòè ïåð-
âîìó, ÷òî îáúÿñíÿåòñÿ óòå÷êàìè ãàçà èç íåãåðìåòè÷íîé åìêîñòè â àòìîñôåðó. Óêàçàí ïóòü ïîâû-
øåíèÿ òî÷íîñòè îïðåäåëåíèÿ êîíöåíòðàöèè ãàçà âòîðûì ñïîñîáîì ïóòåì ðàñ÷åòà óòå÷êè ãàçà èç
åìêîñòè. Óòâåðæäàåòñÿ, ÷òî ñïîñîá îïðåäåëåíèÿ êîíöåíòðàöèè ãàçà ñ èñïîëüçîâàíèåì ðàñõîäî-
ìåðà è ðàñ÷åòà åãî ïîêàçàíèé ïî ïðåäëîæåííîìó âàðèàíòó íå óñòóïàåò ïî òî÷íîñòè ïðÿìûì
ïðèáîðíûì ìåòîäàì èçìåðåíèÿ, à ïðè âíåäðåíèè òðåáóåò çàòðàò íà ïîðÿäîê ìåíüøå, ÷òî äàåò
åìó î÷åâèäíûå êîíêóðåíòíûå ïðåèìóùåñòâà.

Êëþ÷åâûå ñëîâà: íåãåðìåòè÷íàÿ åìêîñòü; ðàñ÷åò êîíöåíòðàöèè ãàçà; ðàñõîäîìåð; ìàòåìàòè÷å-
ñêàÿ ìîäåëü; ïðîöåññ ïîäà÷è ãàçà.

DOI: 10.18322/PVB.2018.27.04.33-41

Ââåäåíèå

Ïðè ïðîâåäåíèè îïûòîâ ñî âçðûâàìè ãàçà â åìêî-

ñòÿõ âñåãäà âñòàåò âîïðîñ îá îïðåäåëåíèè åãî êîí-

öåíòðàöèè. Íà ïðàêòèêå ýòîò âîïðîñ ðåøàåòñÿ äâóìÿ

ñïîñîáàìè. Îäèí èç íèõ, ïðÿìîé, ïðèáîðíûé [1–3],

ïðåäóñìàòðèâàåò èñïîëüçîâàíèå äëÿ èçìåðåíèÿ êîí-

öåíòðàöèè ãàçà èíôðàêðàñíûõ è ìàññ-ñïåêòðàëü-

íûõ ïðèáîðîâ. Äðóãîé, øèðîêî ðàñïðîñòðàíåííûé,

ïðèáîðíî-ðàñ÷åòíûé [4–6], çàêëþ÷àåòñÿ â èçìåðå-

íèè ðàñõîäîìåðîì îáúåìà ãàçà, ïîäàííîãî â êàìåðó,

è ðàñ÷åòå êîíöåíòðàöèè ïî îòíîøåíèþ åãî îáúåìà

ê îáúåìó êàìåðû. Çàìåòèì, ÷òî ïðè ïðÿìîì èçìåðå-

íèè ïîãðåøíîñòü ñêëàäûâàåòñÿ èç äâóõ ôàêòîðîâ —

ïîãðåøíîñòè èçìåðèòåëüíîãî ïðèáîðà è ïîãðåøíî-

ñòè, ñâÿçàííîé ñ íåîäíîðîäíîñòüþ ãàçîâîé ñìåñè â

áîëüøîì îáúåìå. Ïðè ïðèáîðíî-ðàñ÷åòíîì âàðèàí-

òå ïîãðåøíîñòü ñêëàäûâàåòñÿ òàêæå èç äâóõ ôàêòî-

ðîâ — ïîãðåøíîñòè ðàñõîäîìåðà è ïîãðåøíîñòè

ìåòîäà ðàñ÷åòà. Ñðàâíèâàÿ îáà ìåòîäà, ìîæíî îòìå-

òèòü, ÷òî òî÷íîñòü îïðåäåëåíèÿ ïåðâûì ñïîñîáîì

âûøå, åñëè êîíöåíòðàöèÿ èçìåðÿåòñÿ â íåñêîëüêèõ

òî÷êàõ åìêîñòè. Â òî æå âðåìÿ ïåðâûé ìåòîä ÿâëÿ-

åòñÿ íàèáîëåå çàòðàòíûì. Åñëè óìåíüøèòü ïîãðåø-

íîñòü èçìåðåíèé ïðèáîðíî-ðàñ÷åòíûì ìåòîäîì ñ

ïðèìåíåíèåì ðàñõîäîìåðà, òî îí ñòàíåò íàèáîëåå

îïòèìàëüíûì.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ñíèæåíèå ïî-

ãðåøíîñòè îïðåäåëåíèÿ êîíöåíòðàöèè ãàçà â íåãåð-

ìåòè÷íîé åìêîñòè ïðè èñïîëüçîâàíèè ðàñõîäîìåðà

ãàçà íà âõîäå â íåå. Äîñòèæåíèå öåëè îæèäàåòñÿ

ïóòåì ñîâåðøåíñòâîâàíèÿ ìåòîäà ðàñ÷åòà ïîêàçà-

íèé ðàñõîäîìåðà. Äëÿ ýòîãî áûëà îïèñàíà ìàòåìà-

òè÷åñêàÿ ìîäåëü ïðîöåññà ïîäà÷è è íàêîïëåíèÿ ãàçà

â åìêîñòè è åãî ðàñõîäà â àòìîñôåðó.

Òåîðèÿ è ðàñ÷åòû.
Ìàòåìàòè÷åñêàÿ ìîäåëü

Äàííàÿ ìàòåìàòè÷åñêàÿ ìîäåëü ïðåäñòàâëÿåò

ñîáîé óðàâíåíèå íåðàçðûâíîñòè ïðèìåíèòåëüíî ê

ãàçó, íàõîäÿùåìóñÿ â åìêîñòè [7, 8]. Ïðè ðåøåíèè

óðàâíåíèÿ èñïîëüçîâàíî óñëîâèå ðàâåíñòâà ïðè-

õîäà ãàçà â åìêîñòü è åãî ðàñõîäà èç íåå. Â ïðàêòè÷å-

ñêèõ ñëó÷àÿõ âðåìÿ íàðóøåíèÿ ýòîãî ðàâåíñòâà íè-

÷òîæíî ìàëî ïî ñðàâíåíèþ ñî âðåìåíåì çàïîëíåíèÿ

åìêîñòè ãàçîì [9]. Îáîñíîâàíèå ìåòîäà ðàñ÷åòà ïðåä-

ëàãàåòñÿ â ôîðìå ðåøåíèÿ çàäà÷è.

Â çàïîëíåííóþ âîçäóõîì åìêîñòü ñ îòâåðñòèåì,

ñîîáùàþùèì åå îáúåì ñ àòìîñôåðîé, ïîñòóïàåò ãàç

© Ïîëàíäîâ Þ. Õ., Êîðîëü÷åíêî À. Ä., 2018
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ñ èçâåñòíûì ðàñõîäîì. ×åìó ðàâíà êîíöåíòðàöèÿ

ãàçà â åìêîñòè ÷åðåç ôèêñèðîâàííîå âðåìÿ ñ ìîìåí-

òà åãî ïîäà÷è?

Ïðåäâàðèòåëüíûå äîïóùåíèÿ:
� ãàçû â ãàçîäèíàìè÷åñêîì ïîíèìàíèè ïðèíÿòû

èäåàëüíûìè;
� ãàçîâàÿ ñìåñü, èñòåêàþùàÿ èç îòâåðñòèÿ, ïî ãàçî-

äèíàìè÷åñêèì õàðàêòåðèñòèêàì íå îòëè÷àåòñÿ

îò âîçäóõà è âåäåò ñåáÿ êàê íåñæèìàåìàÿ æèä-

êîñòü;
� õàðàêòåðíûå ðàçìåðû îòâåðñòèÿ ââîäà ãàçà è îò-

âåðñòèÿ ñòîêà â àòìîñôåðó ïî ñðàâíåíèþ ñ ðàç-

ìåðàìè åìêîñòè ïðåíåáðåæèìî ìàëû;
� ñìåñü ãàç – âîçäóõ îäíîðîäíà ïî êîíöåíòðàöèè

â îáúåìå åìêîñòè.

Óñëîâíûå îáîçíà÷åíèÿ:

V — îáúåì åìêîñòè, ì3;

v1 — ðàñõîä ãàçà íà âõîäå â åìêîñòü, ì3�ñ;

v2 — ðàñõîä ñìåñè ãàç – âîçäóõ â àòìîñôåðó èç åì-

êîñòè, ì3�ñ;

ð0 — àòìîñôåðíîå äàâëåíèå, Ïà;

ð — äàâëåíèå â åìêîñòè, Ïà;

� — ïëîòíîñòü âîçäóõà, êã�ì3;

F — ïëîùàäü ñå÷åíèÿ, ñîîáùàþùåãî îáúåì åì-

êîñòè ñ àòìîñôåðîé, ì2;

Vã0 — îáúåì ãàçà, ïîäàííîãî â åìêîñòü, ì3;

Vã — îáúåì ãàçà, îñòàâøåãîñÿ â åìêîñòè, ì3;

ñ — òî÷íàÿ ðàñ÷åòíàÿ êîíöåíòðàöèÿ ãàçà â åìêî-

ñòè;

ñ0 — êîíöåíòðàöèè ãàçà â åìêîñòè, ïîëó÷åííàÿ

ïóòåì óïðîùåííîãî ðàñ÷åòà;

ñ1 — êîíöåíòðàöèÿ ãàçà ïðè óñëîâèè îòñóòñòâèÿ

åãî óòå÷êè; c1 = (v1�V) t = Vã�V;

t — òåêóùåå âðåìÿ, ñ;


 — âåëè÷èíà óòå÷êè ãàçà èç åìêîñòè; 
 = ñ1 – ñ0.

1. Îáúåì ãàçà â åìêîñòè Vã ðàâåí ïðîèçâåäåíèþ

ñV, à åãî ðàñõîä â àòìîñôåðó — ñv2. Òîãäà óðàâíåíèå

íåðàçðûâíîñòè ïðèìåíèòåëüíî ê ãàçó â åìêîñòè ïðè

íà÷àëüíûõ óñëîâèÿõ t = 0, c = 0 áóäåò âûãëÿäåòü òàê:

d d( ) .cV t v v c� �1 2 (1)

Çäåñü ó÷òåíî, ÷òî êîíöåíòðàöèÿ ãàçà â ïîòîêå íà

âõîäå â åìêîñòü ðàâíà 1.

Ïî ìåðå ïîñòóïëåíèÿ ãàçà â åìêîñòü â íåé ðàñòåò

äàâëåíèå, ÷òî ïðèâîäèò ê ðàñõîäó èç åìêîñòè â àò-

ìîñôåðó ÷åðåç íåïëîòíîñòè èëè ñïåöèàëüíûå îò-

âåðñòèÿ [10]. Ýòî ïðîèñõîäèò äî òåõ ïîð, ïîêà äàâ-

ëåíèå â åìêîñòè íå ñòàáèëèçèðóåòñÿ, à ïðèõîä è

ðàñõîä ãàçîâ â åìêîñòè íå ñòàíóò ðàâíûìè ìåæäó

ñîáîé, ò. å.

v1 = v2. (2)

2. Îäíàêî âðåìÿ ïåðåõîäíîãî ïåðèîäà äëÿ äàâëå-

íèÿ íåâåëèêî, åñëè ñðàâíèâàòü åãî ñî âðåìåíåì çà-

ïîëíåíèÿ åìêîñòè ãàçîì äî íóæíîé êîíöåíòðàöèè.

Òàêàÿ çàäà÷à (ñðàâíåíèå) àíàëèòè÷åñêè âïîëíå ðàç-

ðåøèìà, íî äîñòàòî÷íî ãðîìîçäêà è ïîýòîìó íå ïðè-

âîäèòñÿ. Âîñïîëüçóåìñÿ ïðîñòûìè ðàññóæäåíèÿìè

íà êîíêðåòíîì ïðèìåðå.

Ïðèìåð 1

Ïóñòü V = 10 ì3, v1 = 0,001 ì3�ñ, F = 0,0001 ì2,

� = 1,23 êã�ì3.

Èçáûòî÷íîå äàâëåíèå â åìêîñòè íà ñòàöèîíàð-

íîì ðåæèìå

p – p0 = 0,5(v1�F)2� = 61,5 Ïà. (3)

Êîëè÷åñòâî ãàçà, êîòîðîå äîëæíî ïîñòóïèòü â

åìêîñòü, äîëæíî èìåòü îáúåì �V:

�V = ( p – p0)V�p0 = 0,00615 ì3. (4)

Äëÿ ïîñòóïëåíèÿ â åìêîñòü ãàçà â òàêîì êîëè÷å-

ñòâå ïîòðåáóåòñÿ �V�v1 = 6,15 ñ. Ñ äðóãîé ñòîðîíû,

âðåìÿ íàáîðà êîíöåíòðàöèè â åìêîñòè, ñêàæåì, 5 %

ïîòðåáóåòñÿ îêîëî 500 ñ. Îòñþäà âèäíî, ÷òî âðåìÿ

ñòàáèëèçàöèè íè÷òîæíî ìàëî ïî ñðàâíåíèþ ñî âðå-

ìåíåì çàïîëíåíèÿ åìêîñòè.

Çàìå÷àíèå. Óâåëè÷åíèå ðàçìåðà îòâåðñòèÿ ñòîêà

ïðèâîäèò ê óìåíüøåíèþ è äàâëåíèÿ â åìêîñòè, è ïå-

ðåõîäíîãî âðåìåíè.

3. Ïðåîáðàçóåì óðàâíåíèå (1) c ó÷åòîì ðàâåíñò-

âà (2):

V (dc�dt) = v1 (1 – c). (5)

Ðàçäåëèì ïåðåìåííûå:

dc�(1 – c) = (v1�V ) dt. (6)

Ïðîèíòåãðèðóåì îáå ÷àñòè óðàâíåíèÿ:

ln (1 – c) = – (v1�V) dt + A, (7)

ãäå À — ïðîèçâîëüíàÿ ïîñòîÿííàÿ.

Çíà÷åíèå À íàéäåì, èñïîëüçóÿ íà÷àëüíûå óñëî-

âèÿ: À = 0.

Ïðåîáðàçóåì óðàâíåíèå ìåòîäîì ïîòåíöèðîâà-

íèÿ è ïîëó÷èì èñêîìîå ðåøåíèå:

ñ
v

V
t� � �


�
�

�
�
�1 1exp ,d (8)

èëè â áåçðàçìåðíûõ ïåðåìåííûõ

ñ = 1 – exp (– ñ1). (9)

Îáà óðàâíåíèÿ, (8) è (9), ïîçâîëÿþò òî÷íî îöåíèòü

êîíöåíòðàöèþ ãàçà â åìêîñòè íà ëþáîì ýòàïå ââîäà

ãàçà (åñëè îáåñïå÷åíî õîðîøåå ïåðåìåøèâàíèå ñìå-

ñè â åìêîñòè) [11]. Îäíàêî ýòî âûðàæåíèå íå ñîâñåì

óäîáíî â èñïîëüçîâàíèè, ïîýòîìó óïðîñòèì åãî.

Ðàçëîæèì â ðÿä Ìàêëîðåíà ïðàâóþ ÷àñòü óðàâ-

íåíèÿ (9), îãðàíè÷èâøèñü òðåìÿ ÷ëåíàìè ðÿäà:

1 0 21 1 1
2� � � � �exp ( ) .c c c (10)

Îòñþäà âûòåêàåò óïðîùåííûé âàðèàíò ðàñ÷åòà

êîíöåíòðàöèè ñ0 ïî ñ1:
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c c c0 1 1
2 2� � , (11)

èëè (÷òî òî æå ñàìîå)

ñ ñ ñ0 1 11 2� �( ) . (12)

Íà ïðàêòèêå îáû÷íî ïðîùå çàäàâàòü çíà÷åíèå ñ0,

÷òîáû çíàòü, ñêîëüêî íàäî ïîäàòü ãàçà ñ ó÷åòîì åãî

ïîòåðü ïðè óòå÷êå [12, 13]. Äëÿ ýòîãî ïðåäñòàâèì

ðàâåíñòâî (12) â âèäå êâàäðàòíîãî óðàâíåíèÿ:

c c c1
2

1 02 2 0� � � . (13)

Ðàçðåøèì åãî îòíîñèòåëüíî ñ1 è ïîëó÷èì îêîí-

÷àòåëüíî:

ñ ñ1 01 1 2� � � , (14)

èëè, ÷òî òî æå ñàìîå, ñ èñïîëüçîâàíèåì ðàçìåðíûõ

âåëè÷èí

V V ñã � � �( ) .1 1 2 0 (15)

Ñîãëàñíî óðàâíåíèþ (15) ìîæíî, çàäàâøèñü íå-

îáõîäèìîé êîíöåíòðàöèåé ãàçà ñ0, ïðè èçâåñòíîì

îáúåìå åìêîñòè V ðàññ÷èòàòü ïîòðåáíûé äëÿ ýòîãî

îáúåì ãàçà Vã .

Ïðèìåð 2

Ïóñòü V = 10 ì3, à çàäàííàÿ êîíöåíòðàöèÿ ñ0 =

= 0,05. Òîãäà â åìêîñòü íåîáõîäèìî ïîäàòü îáúåì

ãàçà Vã � � � �10 1 1 2 0 05( , ) = 0,5132 ì3, èëè 513,2 ë,

÷òîáû â åìêîñòè îñòàëîñü 500 ë ãàçà.

Íà ðèñ. 1,à ïðèâåäåíû òðè ãðàôèêà, íà êîòîðûõ

ïî îñè àáñöèññ ïðèâåäåíà êîíöåíòðàöèÿ ãàçà áåç

ó÷åòà åãî óòå÷êè, êîòîðóþ ìîæíî ñ÷èòàòü ìåðîé ïî-

äàííîãî â åìêîñòü ãàçà. Èç ðèñ. 1,à âèäíî, ÷òî ïî

ìåðå çàïîëíåíèÿ åìêîñòè ãàçîì òåìï íàðàñòàíèÿ â

íåé åãî êîíöåíòðàöèè óìåíüøàåòñÿ. Îòìåòèì òàêæå,

÷òî çàâèñèìîñòè, ðàññ÷èòàííûå ïî òî÷íîé è óïðî-

ùåííîé ôîðìóëàì, íà÷èíàþò çàìåòíî ðàñõîäèòüñÿ

ïðè ñ1 > 0,4. Îäíàêî â íàèáîëåå èíòåðåñíîì ñ òî÷êè

çðåíèÿ ïðàêòèêè äèàïàçîíå çíà÷åíèé ñ1 [0; 0,08],

ïðèâåäåííîì íà ðèñ. 1,á, çíà÷åíèÿ îáîèõ ðàñ÷åòíûõ

ãðàôèêîâ ïðàêòè÷åñêè ñëèâàþòñÿ, è ïðè ñ1 = 0,08

ðàçíèöà ó ïðàâîé ãðàíèöû ìåæäó íèìè ñîñòàâëÿåò

ìåíåå 0,1 %, à â îñòàëüíûõ òî÷êàõ äèàïàçîíà — åùå

ìåíüøå.

Åñëè íå ó÷èòûâàòü óòå÷êó ãàçà è ñ÷èòàòü êîíöåíò-

ðàöèþ ãàçà â åìêîñòè ðàâíîé ñ1, òî ó ïðàâîé ãðàíè-

öû ðàáî÷åãî äèàïàçîíà ðàçíèöà ìåæäó ñ1 è ñ ñîñòà-

âèò îêîëî 2,6 %. Îòíîøåíèå ê ýòîé ïîãðåøíîñòè çà-

âèñèò îò ðåøàåìûõ çàäà÷, â òîì ÷èñëå â òåõ ñëó÷àÿõ,

â êîòîðûõ îíà íåïðèåìëåìà.

Ïîëó÷åíî ïðîñòîå àíàëèòè÷åñêîå ðåøåíèå, êî-

òîðîå íå çàâèñèò íè îò âåëè÷èíû ïðèõîäà ãàçà â åì-

êîñòü, íè îò ìàñøòàáà óòå÷êè â àòìîñôåðó.

Ìîæíî îáðàòèòü âíèìàíèå íà òî, ÷òî íà ðåçóëü-

òàò ðàñ÷åòà ïî âñåì ôîðìóëàì íå âëèÿåò ðàçìåð ïëî-

ùàäè ñå÷åíèÿ, ÷åðåç êîòîðîå ïðîèñõîäèò óòå÷êà ãàçà

[14, 15]. Ýòîò ðåçóëüòàò íå âïîëíå î÷åâèäåí, íî ñ ôè-

çè÷åñêîé òî÷êè çðåíèÿ âïîëíå îáúÿñíèì. Äåëî â òîì,

÷òî äàâëåíèå âíóòðè åìêîñòè âñåãäà áîëüøå àòìî-

ñôåðíîãî, òàê êàê â íåå âäóâàåòñÿ ãàç, ÷òîáû èñ-

êëþ÷èòü ïîïàäàíèå âîçäóõà â åìêîñòü [16, 17]. Ýòî

óòâåðæäåíèå ñïðàâåäëèâî äî òåõ ïîð, ïîêà ïî êàêîé-

ëèáî ïðè÷èíå, íàïðèìåð èç-çà íàïîðà âåòðà, äàâëå-

íèå ó îòâåðñòèÿ ñíàðóæè ñòàíåò âûøå, ÷åì â åìêî-

ñòè. Îäíàêî âëèÿíèå âåòðà ïðîäîëæèòåëüíûì áûòü

íå ìîæåò, òàê êàê äàâëåíèå â åìêîñòè íåïðåìåííî

âîçðàñòåò çà ñ÷åò äàëüíåéøåé ïîäà÷è ãàçà, ÷åì êîì-

ïåíñèðóåòñÿ íàïîð âåòðà.

Âûâîäû

Ðàññìîòðåííûé ñïîñîá îïðåäåëåíèÿ êîíöåíò-

ðàöèè ñ ïîìîùüþ ðàñõîäîìåðîâ ïðåäïî÷òèòåëüíåå

ñðåäñòâ èçìåðåíèÿ êîíöåíòðàöèè â îòäåëüíûõ òî÷-

êàõ ïðîñòðàíñòâà åìêîñòè, òàê êàê â ýòîì ñëó÷àå

îïðåäåëÿåòñÿ èíòåãðàëüíîå çíà÷åíèå ïàðàìåòðà ïî

âñåìó îáúåìó. Äðóãîå ïðåèìóùåñòâî ðàñõîäîìåðîâ

çàêëþ÷àåòñÿ â áîëåå íèçêîé ñòîèìîñòè ïî ñðàâíå-

íèþ ñ äðóãèìè ñðåäñòâàìè èçìåðåíèÿ [3, 18]. Ýòè

îáñòîÿòåëüñòâà â ñîâîêóïíîñòè ñ èñïîëüçîâàíèåì ïðè

ðàñ÷åòàõ ïî ôîðìóëå (14) èëè (15) äåëàåò ïðèìåíå-

íèå ðàñõîäîìåðîâ äëÿ îïðåäåëåíèÿ êîíöåíòðàöèè

ãàçà â íåãåðìåòè÷íûõ îáúåìàõ îäíèì èç ñàìûõ êîí-

êóðåíòîñïîñîáíûõ ñïîñîáîâ.

Ðèñ. 1. Ðàñ÷åòíûå ãðàôèêè ïî çàïîëíåíèþ åìêîñòè ãàçîì: 1 —

ñ c c0 1 11 2� �( ); 2 — ñ = 1 – exp (–ñ1); 3 — 
 = c1 – c0
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METHOD FOR CALCULATING CONCENTRATION
OF GAS IN A NON-TIGHT CONTAINER DURING
GAS INTRODUCTION

There are two known methods of determining gas concentration in a container: the first one is based
on IR and mass-spectrographic measurements with sample collection in several points; the second one
is based on measuring the gas volume in an air-filled non-tight container with a flowmeter and con-
centration calculation. It is believed that the second option provides lower accuracy than the first one
which is conditioned by gas leaking into the atmosphere from a non-tight container. We are showing
the way of increasing the accuracy of determining gas concentration by the second method by way of
calculating the leaked gas volume. It is maintained that the accuracy of the suggested method in-
volving gas concentration determination with a flowmeter followed by calculation of its readings
is not lower than the methods involving direct measurements, and that the cost of its implementation
is one order less which provides evident competitive advantage.

Keywords: non-tight container; gas concentration calculation; flowmeter; mathematical model; gas
supply process.
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Introduction

When tests involving gas explosion in containers are

conducted, the issue of determining its concentration

arises. In practice, this issue is solved in two methods.

One of them is a direct instrument method [1–3], in-

volving use of infra-red and mass-spectrographic in-

struments for measuring gas concentration. The other

one is the widely-spread instrumentation-and-calcula-

tion method [4–6], which involves measurement of

the volume of gas supplied to the chamber followed by

calculation of its concentration based on the relation

between its volume to the chamber capacity. It should be

noted that in case of the direct measurement, the error

is a combination of two factors — the error of the me-

asuring instrument and the error related to the inho-

mogeneity of a large volume of gas mixture. In case of

instrumentation-and-calculation method, the error shall

also be a combination of two factors — the error of

the flowmeter and the error of the calculation method.

By comparing both methods, is may be noted that the ac-

curacy of the first method is higher if the concentration

changes in several points of the container. At the same

time, the first method is more costly. If error of the inst-

rumentation-and-calculation method involving the use

of a flowmeter can be reduced, this method will become

the most optimal.
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The objective of this work is to reduce the error of

the method for determining gas concentration in a non-

tight container involving the use of a flowmeter to mea-

sure the output volume of gas. It is expected to reach

the objective by improving the flowmeter readings cal-

culation method. For this purpose, a mathematical model

of gas supply to the container, its accumulation and out-

flow to the atmosphere was described.

Theory and calculations.
Mathematical model

This mathematical model represents a conservation

equation applied to gas contained in a container [7, 8].

To solve the equation, the assumption was accepted that

the supplied volume of the gas equals the outflowing

volume. In practical cases, the time during which this

equation is not observed is negligible in comparison

with the time during which the container is filled with

gas [9]. The substantiation of the calculation method

is presented in the form of a problem solution.

The container filled with air with a whole through

which it contacts the atmosphere, is filled with gas at

a known flow rate. What will gas concentration in

the tank be after a fixed period of time from starting gas

supply?

Pre-assumptions:
� gases are considered ideal in gas-dynamic sense;
� the gas mixture flowing out of the hole are has gas

dynamic properties equal to those of the air and be-

haves like an incompressible fluid;
� the characteristic size of the gas input hole and

the size of the atmospheric output are negligible in

relation to the container size;
� the gas – air mixture has equal concentration throug-

hout the container volume.

Conventional symbols:

V — the tank capacity, m3;

v1 — gas flow rate at the tank input, m3�sec;

v2 — the flow rate of gas-air mixture flowing from

the tank to the atmosphere, m3�sec;

p0 — atmospheric pressure, Pa;

p — pressure inside the container, Pa;

� — air density, kg�m3;

F — the cross-section of contact between the con-

tainer and atmosphere, m2;

Vgas0 — the volume of gas supplied to the container, m3;

Vgas — the volume of gas remaining in the container,

m3;

c — the precise calculated concentration of gas in

the container;

c0 — the concentration of gas in the container ob-

tained by way of simplified calculation;

c1 — the concentration of gas if no leak is assumed;

c1 = (v1�V) t = V Vgas ;

t — the current time, sec;


 — the volume of gas leaking from the container;


 = c1 – c0.

1. The volume of gas in the container equals Vgas = cV,

whereas its outflow rate to the atmosphere equals cv2.

Then, conservation equation applied to gas in the con-

tainer at initial conditions t = 0, c = 0 shall be as follows:

d d( ) .cV t v v c� �1 2 (1)

It is considered here that the concentration of gas in

the output stream equals 1.

As gas is supplied to the container, its pressure in-

creases which leads to gas outflow to the atmosphere

through leakages or special holes [10]. This happens

until pressure in the container stabilizes and input and

output flowrates even out, i. e.

v1 = v2. (2)

2. However, the transition period is short compared

to the time period during which the container is filled

with gas until the required concentration is reached. This

task (comparison) is analytically completely solvable,

however, it is quite bulky and therefore is not shown.

Let’s use common reasoning with a specific example.

Example 1

Let V = 10 m3, v1 = 0.001 m3�sec, F = 0.0001 m2,

� = 1.23 kg�m3.

Overpressure in the container in stable conditions

shall be

p – p0 = 0.5 (v1�F )2 � = 61.5 Pa. (3)

The gas to be supplied to the container shall have

volume �V:

�V = ( p – p0) V�p0 = 0.00615 m3. (4)

The time to supply the required volume of gas shall

be �V�v1 = 6.15 sec. On the other hand, for gaining,

for example, 5 % concentration, about 500 sec will be

necessary. This indicates that the stabilization period

is negligible in comparison to the container filling time.

Remark. Increase of the outflow hole reduces both,

the pressure in the container, and the transition period.

3. Equation (1) is modified considering equation (2):

V (dc�dt) = v1 (1 – c). (5)

Dividing the variables:

dc�(1 – c) = (v1�V ) dt. (6)

Integrating both parts of the equation:

ln (1 – c) = – (v1�V) dt + A, (7)

where A is an arbitrary constant.

The value of A shall be found using the initial con-

ditions: A = 0.
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The equation shall be exponentiated to obtain the re-

quired solution:

ñ
v

V
t� � �


�
�

�
�
�1 1exp ,d (8)

or in numerical variables

ñ = 1 – exp (– ñ1). (9)

Both equations, (8) and (9), allow to determine

the exact concentration of gas in the container at any

stage of gas injection (if the mixture in the container

is well-mixed) [11]. However, it is not very convenient

to use this equation, therefore, it shall be simplified.

The right part of equation (9) shall be expanded

into a Maclaurin’s series, confining to three members

of the series:

1 0 21 1 1
2� � � � �exp ( ) .c c c (10)

From this follows the simplified method of calcu-

lating concentration c0 based on c1:

c c c0 1 1
2 2� � , (11)

or (which is the same)

ñ ñ ñ0 1 11 2� �( ) . (12)

In practice, it is usually easier to prescribe a value

to c0, so that the amount of gas to be supplied with

the account of leakage losses is known [12, 13]. For this

purpose, equation (12) shall be presented as a quadratic

equation:

c c c1
2

1 02 2 0� � � . (13)

By solving it in respect of c1, the final equation shall

be as follows:

ñ ñ1 01 1 2� � � , (14)

or, the same one, using dimension values

V V ñgas � � �( ) .1 1 2 0 (15)

Based on equation (15), it is possible, by setting

the required concentration of gas c0 at the known capa-

city V of the container, to calculate the required volume

of gas Vgas.

Example 2

Let V = 10 m3 and the preset concentration c0 = 0.05.

Then, in order for leave 500 l of gas in the container, vo-

lume Vgas � � � �10 1 1 2 0 05( . ) = 0.5132 m3 shall be

supplied to the container, which equals 513.2.

Fig. 1,a shows three diagrams where gas concentra-

tion without regard to leaking is shown along the x-axis,

and this may be considered the volume of gas supplied

to the container. It follows from Fig. 1,a that, as the con-

tainer is filled with gas, the pace of its concentration

build-up decreases. It should also be noted that the fun-

ctions calculated based on the accurate and the simpli-

fied formulas, start to deviate considerably at c1 > 0.4.

However, in the most practically interesting range of

values of c1 [0; 0.08] shown in Fig. 1,b, values of both

calculation charts are practically converged; whereas at

c1 = 0.08, the difference near the right limit is less than

0.1 % or even less for other points of the range.

If gas leak is not taken into consideration and gas

concentration in the container is considered to be c1,

then the difference between c1 and c near the right limit

of the operation range shall be around 2.6 %. This error

may be treated differently depending on tasks at hand,

including the cases where such error is unacceptable.

Asimple analytic solution was obtained which does

not depend on the volume of gas injected into the con-

tainer, or the volume of atmospheric leak.

It should be noted that calculation results based on

all the formulas are not influenced by the cross-section

of the gas leak [14, 15]. This result is not fully obvious,

but it is completely understandable from physical stand-

point. The fact is that pressure inside the container is

always higher than atmospheric pressure, because gas is

injected into the container to prevent air ingress [16, 17].

This statement holds until outside pressure near the hole

Fig. 1. Calculation charts for filling the container with gas: 1 —

ñ c c0 1 11 2� �( ); 2 — ñ = 1 – exp (–ñ1); 3 — 
 = c1 – c0
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becomes higher than pressure inside the container due

to any reasons, like wind pressure. However, wind pres-

sure cannot last long, because pressure inside the con-

tainer shall surely rise due further injection of gas which

would compensate the wind pressure.

Conclusions

The considered method for determining concent-

ration using flowmeters is more preferable than the me-

thod involving measurements in separate points of spa-

ce, because it allows to determine the integral para-

meter value throughout the volume. Another advantage

of using flowmeters is their lower cost in comparison

to other measurement instruments [3, 18]. These facts

combined with the use of formulas (14) or (15) for cal-

culations, make the use of flowmeters for determining

gas concentration in non-tight containers one of the most

competitive.
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Ââåäåíèå

Îäíèì èç àêòóàëüíûõ âîïðîñîâ ïîæàðíîé áåçîïàñ-

íîñòè ÿâëÿåòñÿ ðàçðàáîòêà îáúåìíî-ïëàíèðîâî÷íûõ

ðåøåíèé è êîíñòðóêòèâíîãî èñïîëíåíèÿ ýâàêóàöè-

îííûõ ïóòåé, îáåñïå÷èâàþùèõ áåçîïàñíóþ ýâàêóà-

öèþ ëþäåé ïðè ïîæàðå. Â ñîîòâåòñòâèè ñ òðåáîâàíè-

ÿìè Ôåäåðàëüíîãî çàêîíà ¹ 123-ÔÇ “Òåõíè÷åñêèé

ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè”

(äàëåå — ÔÇ ¹ 123) [1] áåçîïàñíàÿ ýâàêóàöèÿ ëþ-

äåé èç çäàíèÿ ñ÷èòàåòñÿ îáåñïå÷åííîé, åñëè èíòåð-

âàë âðåìåíè ñ ìîìåíòà îáíàðóæåíèÿ ïîæàðà äî çà-

âåðøåíèÿ ïðîöåññà ýâàêóàöèè ëþäåé â áåçîïàñíóþ

çîíó íå ïðåâûøàåò íåîáõîäèìîãî âðåìåíè ýâàêóà-

öèè ïðè ïîæàðå.

Ïðè ðàçðàáîòêå êîíöåïöèè ïîæàðíîé áåçîïàñ-

íîñòè îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ â Ðîññèè ðó-

êîâîäñòâóþòñÿ òðåáîâàíèÿìè äåéñòâóþùèõ íîðìà-

òèâíûõ äîêóìåíòîâ, â òîì ÷èñëå [1–5]. Òðåáîâàíèÿ

ñò. 4 ï. 4 ÔÇ ¹ 123 [2] ðàñïðîñòðàíÿþòñÿ íà îáúåê-

òû êóëüòóðíîãî íàñëåäèÿ â ÷àñòè, ñîîòâåòñòâóþùåé

îáúåìó ðàáîò ïî ðåêîíñòðóêöèè è ïðèñïîñîáëåíèþ,

åñëè ïðè ýòîì ñîîòâåòñòâóþùèå ÷àñòè çäàíèÿ íå îò-

íîñÿòñÿ ê ïðåäìåòàì îõðàíû. Â äîïîëíåíèå ê íîðìà-

òèâíûì äîêóìåíòàì èñïîëüçóþòñÿ òåððèòîðèàëüíûå

ñòðîèòåëüíûå íîðìû, íàïðèìåð [6, 7]. Ïîäðîáíûé

îáçîð ñîîòâåòñòâóþùèõ íîðìàòèâíûõ äîêóìåíòîâ

ïðèâåäåí â ðàáîòå [8]. Ñðåäè àíàëîãè÷íûõ ìåæäó-

íàðîäíûõ íîðìàòèâíûõ äîêóìåíòîâ ñëåäóåò îòìå-

òèòü CFPA E, NFPA 914, NFPA 909 [9–11].

Ñ äðóãîé ñòîðîíû, ïðåäëîæåíèÿ ïî ñèñòåìå ïðî-

òèâîïîæàðíîé çàùèòû îáúåêòîâ äîëæíû áûòü îá-

îñíîâàíû êîëè÷åñòâåííî. Â ýòîì ñëó÷àå èñïîëüçó-

åòñÿ êðèòåðèé áåçîïàñíîñòè ëþäåé — ïîæàðíûé

ðèñê, âåëè÷èíà êîòîðîãî íå äîëæíà ïðåâûøàòü äî-

ïóñòèìûõ çíà÷åíèé.

Îäíàêî èñïîëüçîâàíèå ìåòîäèêè ðàñ÷åòà èíäèâè-

äóàëüíîãî ïîæàðíîãî ðèñêà [12] äëÿ îáúåêòîâ êóëü-

òóðíîãî íàñëåäèÿ íå âñåãäà êîððåêòíî. Àðõèòåêòóð-

íî-ñòðîèòåëüíûå ðåøåíèÿ, ÿâëÿþùèåñÿ ïðåäìåòîì

îõðàíû, îãðàíè÷èâàþò ïðèìåíåíèå ìåòîäèêè ðàñ-

÷åòà ïîæàðíîãî ðèñêà. Â òàêèõ ñëó÷àÿõ íåîáõîäèìà

ðàçðàáîòêà àëüòåðíàòèâíûõ ìåòîäîâ îöåíêè ïîæàð-

íîé áåçîïàñíîñòè, â òîì ÷èñëå îöåíêè ïîæàðíîãî

© Ïðèñàäêîâ Â. È., Åðåìèíà Ò. Þ., Áîãäàíîâ À. Â., Ñóøêîâà Î. Â., Òèõîíîâà Í. Â., 2018
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ðèñêà, è ìåòîäîâ ñîâåðøåíñòâîâàíèÿ ïðîòèâîïîæàð-

íîé çàùèòû îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ [13–21].

Ìåòîäû êîëè÷åñòâåííîé îöåíêè ïîæàðíîé áåç-

îïàñíîñòè ìóçåéíûõ îáúåêòîâ ïîäðîáíî èññëåäî-

âàíû â ðàáîòå [22]. Â íàñòîÿùåé ðàáîòå äëÿ àíàëèçà

ïîæàðíîé áåçîïàñíîñòè îáúåêòà ïðåäëàãàåòñÿ:
� èñïîëüçîâàòü ÷åê-ëèñòû ñ èíôîðìàöèåé î ïîæàð-

íîé áåçîïàñíîñòè îáúåêòîâ;
� ïî ðåçóëüòàòàì ýêñïåðòíîé îöåíêè ðàñïðåäå-

ëèòü îáúåêòû ïî ãðóïïàì (êëàññèôèêàöèÿ îáú-

åêòîâ êóëüòóðíîãî íàñëåäèÿ);
� îïðåäåëèòü óðîâåíü ïîæàðíîé áåçîïàñíîñòè îáú-

åêòîâ è ðàçðàáîòàòü äëÿ êàæäîé ãðóïïû îïðåäå-

ëåííûé íàáîð ðåêîìåíäàöèé.

Ìàòåðèàëû è ìåòîäû

Ðàññìîòðèì îãðàíè÷åíèå èñïîëüçîâàíèÿ ìåòî-

äèêè ðàñ÷åòà èíäèâèäóàëüíîãî ïîæàðíîãî ðèñêà [12]

äëÿ îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ íà ñëåäóþùåì

ïðèìåðå.

Â èþëå 2017 ã. áûëî ïðîâåäåíî îáñëåäîâàíèå

îäíîãî èç îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ — äåé-

ñòâóþùåãî ìîíàñòûðÿ. Çäàíèå áûëî ïîñòðîåíî â

1900–1902ãã.Â 1923 ã. ìîíàñòûðü áûë çàêðûò, à çäàíèå

âïîñëåäñòâèè íåîäíîêðàòíî ïåðåäàâàëîñü â âåäå-

íèå ðàçëè÷íûì îðãàíèçàöèÿì. Òîëüêî ñïóñòÿ ïî÷òè

70 ëåò â îáèòåëè íà÷àëà âîçðîæäàòüñÿ ìîíàøåñêàÿ

æèçíü, è áûëè ïðîâåäåíû íåîáõîäèìûå ðåñòàâðà-

öèîííûå ðàáîòû.

Ìîíàñòûðü ñîñòîèò èç äâóõ öåðêâåé, ÷àñîâíè

è ñîáîðà; â ïîäâàëå ðàçìåùåí õðàì-óñûïàëüíèöà.

Áîãîñëóæåíèÿ ñîâåðøàþòñÿ åæåäíåâíî. Ìîíàñòûðü

îòêðûò äëÿ ïàëîìíèêîâ è òóðèñòîâ.

Íà îáúåêòå èìåþòñÿ ïîìåùåíèÿ êóëüòîâîãî íà-

çíà÷åíèÿ, ïîìåùåíèÿ äëÿ ïðîæèâàíèÿ, â ïîäâàëå

ðàñïîëîæåíû êîòåëüíàÿ è ïåêàðíÿ. Ïðè ìîíàñòûðå

äåéñòâóåò âîñêðåñíàÿ øêîëà äëÿ äåòåé è âçðîñëûõ,

â êîòîðîé ïðåïîäàþò ñâÿùåííîñëóæèòåëè ìîíàñòû-

ðÿ. Åñòü íåáîëüøîé ìóçåé, öåðêîâíûå ëàâêè.

Ïðè îáñëåäîâàíèè â ìîíàñòûðå áûëè âûÿâëåíû

ñëåäóþùèå îñíîâíûå îòñòóïëåíèÿ îò òðåáîâàíèé

íîðìàòèâíûõ äîêóìåíòîâ ïî ïîæàðíîé áåçîïàñ-

íîñòè:
� îòñóòñòâèå äåëåíèÿ êîðèäîðîâ äëèíîé áîëåå 60 ì

ïðîòèâîïîæàðíûìè ïåðåãîðîäêàìè 2-ãî òèïà íà

ó÷àñòêè, äëèíà êîòîðûõ íå ïðåâûøàåò 60 ì;
� îòêðûâàíèå âñåõ âíóòðåííèõ äâåðåé òàìáóðîâ

ýâàêóàöèîííûõ âûõîäîâ èç ëåñòíè÷íûõ êëåòîê

íàðóæó íå ïî íàïðàâëåíèþ âûõîäîâ èç çäàíèÿ;
� âûñîòà ðÿäà ýâàêóàöèîííûõ âûõîäîâ â ëåñòíè÷-

íóþ êëåòêó â ñâåòó — ìåíåå 1,9 ì, øèðèíà äâå-

ðåé â ñâåòó — ìåíåå 0,8 ì;
� íàëè÷èå íà ïóòÿõ ýâàêóàöèè ïåðåïàäîâ âûñîò

ìåíåå 45 ñì áåç óñòðîéñòâà ëåñòíèö ñ ÷èñëîì ñòó-

ïåíåé íå ìåíåå 3 èëè ïàíäóñîâ ñ óêëîíîì íå áî-

ëåå 1:6;

� îòñóòñòâèå â ÷àñòè ïîäâàëüíîãî ýòàæà ýâàêóàöè-

îííûõ âûõîäîâ, îáîñîáëåííûõ îò ëåñòíè÷íûõ

êëåòîê â íàäçåìíîé ÷àñòè çäàíèÿ;

� îòñóòñòâèå ó íåêîòîðûõ äâåðåé â ëåñòíè÷íûå

êëåòêè óñòðîéñòâ ñàìîçàêðûâàíèÿ è óïëîòíåíèÿ

â ïðèòâîðàõ;

� îòñóòñòâèå ïðîâåðêè êà÷åñòâà îãíåçàùèòíîé îá-

ðàáîòêè (ïðîïèòêè) äåðåâÿííûõ êîíñòðóêöèé

÷åðäàêà ñ ñîñòàâëåíèåì àêòà ïðîâåðêè;

� íåèñïðàâíîñòè â ðàáîòå ñèñòåìû àâòîìàòè÷åñêîé

ïîæàðíîé ñèãíàëèçàöèè (ÀÏÑ) è ñèñòåìû îïî-

âåùåíèÿ è óïðàâëåíèÿ ýâàêóàöèåé (ÑÎÓÝ);

� íàëè÷èå êîâðîâûõ äîðîæåê íà ïîëàõ èç äðåâå-

ñèíû;

� îòñóòñòâèå ïðîòèâîäûìíîé âåíòèëÿöèè èç êîðè-

äîðîâ áåç åñòåñòâåííîãî îñâåùåíèÿ;

� íàëè÷èå çàáåæíûõ ñòóïåíåé, îïóñêîâ íà ïóòÿõ

ýâàêóàöèè, ðàçáðîñû ïî âûñîòå ñòóïåíåê â ïðå-

äåëàõ ëåñòíè÷íûõ ìàðøåé;

� íàëè÷èå îòêðûòûõ ëåñòíèö, ñâÿçûâàþùèõ íàä-

çåìíûå è ïîäçåìíûå ýòàæè çäàíèÿ;

� íàëè÷èå îòäåëîê çàëüíûõ ïîìåùåíèé, ïóòåé ýâà-

êóàöèè, íå èìåþùèõ ïîäòâåðæäåíèÿ òðåáîâà-

íèÿì ÔÇ ¹ 123 [2];

� íàëè÷èå äåðåâÿííûõ ëåñòíèö íà êîëîêîëüíþ, øè-

ðîêîå èñïîëüçîâàíèå äðåâåñèíû â êîëîêîëüíå,

÷òî ñíèæàåò êëàññ êîíñòðóêòèâíîé ïîæàðíîé

îïàñíîñòè çäàíèÿ;

� íàëè÷èå îäíîãî ýâàêóàöèîííîãî âûõîäà èç ìî-

ëåëüíîãî çàëà ñîáîðà;

� óñòðîéñòâî åäèíñòâåííîãî âûõîäà ñî ñìîòðîâîé

ïëîùàäêè è êîëîêîëüíè íà âûñîòå áîëåå 15 ì.

Òàêèì îáðàçîì, íàëè÷èå êðèâîëèíåéíûõ ëåñò-

íèö, ðàçáðîñû ïî âûñîòå ñòóïåíåé â ïðåäåëàõ îäíîãî

ëåñòíè÷íîãî ìàðøà, øèðèíà ëåñòíè÷íûõ ìàðøåé

ìåíåå 0,8 ì, ïðåâûøåíèå íàêëîíà ëåñòíè÷íûõ ìàð-

øåé îòíîñèòåëüíî äîïóñòèìîãî ïî íîðìàì, ðàçðåç-

íûå ïëîùàäêè, âûñîòà ïðîõîäîâ íà ïóòÿõ ýâàêóà-

öèè ìåíåå 1,9 ì, çàáåæíûå ñòóïåíè è ò. ä. — âñå ýòî

îãðàíè÷èâàåò îáëàñòü ïðèìåíåíèÿ äëÿ ðÿäà îáúåê-

òîâ êóëüòóðíîãî íàñëåäèÿ ìåòîäèêè ðàñ÷åòà ïîæàð-

íîãî ðèñêà è, ñëåäîâàòåëüíî, âîçìîæíîñòè ðàñ÷åò-

íîãî ïîäòâåðæäåíèÿ òðåáîâàíèé áåçîïàñíîñòè

ëþäåé ïðè ïîæàðå.

Áîëüøèíñòâî ìåæäóíàðîäíûõ íîðìàòèâíûõ äî-

êóìåíòîâ, ðåãëàìåíòèðóþùèõ ïðàâèëà ïîæàðíîé

áåçîïàñíîñòè äëÿ îáúåêòîâ èñòîðè÷åñêîãî è êóëü-

òóðíîãî íàñëåäèÿ, ïðåäëàãàåò íåîáõîäèìûå ê ïðî-

âåðêå ïåðå÷íè õàðàêòåðèñòèê ìóçååâ — ÷åê-ëèñòû

(check-list). Â îñíîâíîì äàííûå ïåðå÷íè ó÷èòûâà-

þò äåëåíèå çäàíèÿ íà ïîæàðíûå îòñåêè, ñðåäñòâà

ïðåäîòâðàùåíèÿ ðàñïðîñòðàíåíèÿ äûìà è îãíÿ â

çäàíèè â ñëó÷àå ïîæàðà, ïðîâåðêó âûïîëíåíèÿ óñëî-

âèÿ áåçîïàñíîé ýâàêóàöèè, ïðîâåðêó ñèñòåì ïîæà-

ðîòóøåíèÿ íà îáúåêòå [3–5].
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Ñîâðåìåííûå ÷åê-ëèñòû ñîäåðæàò îáøèðíóþ èí-

ôîðìàöèþ ïî ðàçëè÷íûì íàïðàâëåíèÿì áåçîïàñíî-

ñòè îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ. Â íàñòîÿùåå

âðåìÿ, êàê ïðàâèëî, ïðåäóñìàòðèâàåòñÿ êà÷åñòâåí-

íûé è ñòàòèñòè÷åñêèé àíàëèç ÷åê-ëèñòîâ.

Â Ðîññèè àíàëîãè÷íàÿ ðàáîòà âûïîëíÿåòñÿ â

ðàìêàõ ðàçðàáîòêè äåêëàðàöèè ïîæàðíîé áåçîïàñ-

íîñòè. Âìåñòå ñ òåì íàì íåèçâåñòíû ñëó÷àè èñïîëü-

çîâàíèÿ äàííûõ äåêëàðàöèé â ïðèêëàäíûõ èññëåäî-

âàíèÿõ. Èñõîäÿ èç ñîâðåìåííûõ çàïðîñîâ ïðîôè-

ëàêòèêè è áîðüáû ñ ïîæàðàìè â Ðîññèè, íåîáõîäèìà

ðàçðàáîòêà îòå÷åñòâåííîãî èíæåíåðíîãî ìåòîäà

îöåíêè ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ êóëüòóð-

íîãî íàñëåäèÿ. Ïðè ýòîì ñëåäóåò èñïîëüçîâàòü îòå-

÷åñòâåííûé è çàðóáåæíûé îïûò èññëåäîâàíèé â îá-

ëàñòè êîëè÷åñòâåííîãî àíàëèçà ïîæàðíîé áåçîïàñ-

íîñòè îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ [9–11, 22].

Â ñòàíäàðòå NFPA 914 [10] ïðåäñòàâëåí ñöåíà-

ðèé èñïîëüçîâàíèÿ ìåòîäà îöåíêè. Ïàðàìåòðû îáú-

åêòà îöåíèâàþòñÿ îò 1 äî 5 áàëëîâ. Ïî ðåçóëüòàòàì

ýêñïåðòíîé îöåíêè îáúåêòû ïîäðàçäåëÿþò íà ãðóï-

ïû, äëÿ êàæäîé èç êîòîðûõ ðàçðàáàòûâàåòñÿ îïðå-

äåëåííûé íàáîð ðåêîìåíäàöèé.

Â ñâÿçè ñ ýòèì íàìè ïðåäëàãàåòñÿ ñëåäóþùàÿ

êëàññèôèêàöèÿ îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ, èñ-

ïîëüçóþùàÿ äâà ïðèçíàêà — çíà÷èìîñòü è ñîõðàí-

íîñòü èñòîðè÷åñêîé ñòðóêòóðû (òàáë. 1). Â ñîîòâåò-

ñòâèè ñ íåé âñå îáúåêòû êóëüòóðíîãî íàñëåäèÿ äå-

ëÿòñÿ íà 5�5 = 25 ãðóïï.

Äàëåå äëÿ êàæäîãî îáúåêòà èç ãðóïïû îïðåäåëÿ-

åòñÿ íà îñíîâå òàáë. 2 èíäèâèäóàëüíàÿ äåòåðìèíè-

ñòè÷åñêàÿ õàðàêòåðèñòèêà bij.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Â ðåçóëüòàòå îáñëåäîâàíèÿ îáúåêòà, îòíîñÿùå-

ãîñÿ ê îïðåäåëåííîìó êëàññó ïî òàáë. 2, âû÷èñëÿåò-

ñÿ åãî èíòåãðàëüíàÿ ïîæàðíàÿ õàðàêòåðèñòèêà:

B bi ij

j

�
�
�

1

5

, (1)

ãäå bij — çíà÷åíèå j-ãî ïðèçíàêà äëÿ i-ãî îáúåêòà,

i N� 1, . . . , ;

N — ÷èñëî îáñëåäîâàííûõ îáúåêòîâ èç àíàëè-

çèðóåìîé ãðóïïû.

Íà îñíîâå õàðàêòåðèñòèêè Bi ñòðîèòñÿ ãèñòî-

ãðàììà ðàñïðåäåëåíèÿ ÷èñëà îáúåêòîâ n(Bi) (ñì. ðè-

ñóíîê). Ïîæàðíàÿ îïàñíîñòü îáúåêòà âîçðàñòàåò ñ

óâåëè÷åíèåì åãî áàëëüíîé õàðàêòåðèñòèêè Bi.

Äàííóþ ãèñòîãðàììó ìîæíî àïïðîêñèìèðîâàòü

è íàéòè ïëîòíîñòü ðàñïðåäåëåíèÿ ìóçååâ â ãðóïïå

�(Bi).

Íà îñíîâå ðàñïðåäåëåíèÿ �(Bi) ìîæíî óñòàíî-

âèòü òðåáóåìûå óðîâíè ïîæàðíîé áåçîïàñíîñòè ìó-

çååâ, êîòîðûå áóäóò äèôôåðåíöèðîâàíû ïî ãðóïïàì

îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ.

Îïðåäåëèì òðåáóåìûé óðîâåíü ïîæàðíîé áåç-

îïàñíîñòè ìóçååâ Âòð êàê âåëè÷èíó (êâàíòèëü), îò-

âå÷àþùóþ çíà÷åíèþ 0,75, ò. å.

�( ) , .B Bi

B

i

5

0 75

òð

d� � (2)

¹ ï�ï

No.

Ïðèçíàê

Parameter

Êëàññèôèêàöèÿ

Classification

1 Çíà÷èìîñòü

Significance

Îáúåêò ìèðîâîãî
íàñëåäèÿ, íàöèî-
íàëüíûé ïàìÿòíèê
àðõèòåêòóðû

World heritage site,
national historic
landmark

Îáúåêò
íàöèîíàëüíîãî
çíà÷åíèÿ

Nationally
significant

Îáúåêò
ðåãèîíàëüíîãî
çíà÷åíèÿ

Regionally
significant

Îáúåêò
ìåñòíîãî
çíà÷åíèÿ

Locally
significant

Îáû÷íûé îáúåêò
(îòäåëüíûå ýëåìåíòû
èñòîðè÷åñêîãî íàñëåäèÿ)

Common; little or no local
significance, associative,
design, construction or
information value

2 Ñîõðàííîñòü
èñòîðè÷åñêîé
ñòðóêòóðû, %

Historic fabric
integrity, %

�90 �75 �50 <50 Ïðàêòè÷åñêè
íå ñîõðàíèëàñü

Little remaining historic
fabric

Òàáëèöà 1. Êëàññèôèêàöèÿ îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ / Table 1. Cultural heritage object classification

Ãèñòîãðàììà ÷èñëà îáúåêòîâ n(Bi) â çàâèñèìîñòè îò èíòåãðàëü-

íîé ïîæàðíîé õàðàêòåðèñòèêè îáúåêòà Bi: �(Bi) — ïëîòíîñòü

ðàñïðåäåëåíèÿ ïîæàðíîé õàðàêòåðèñòèêè îáúåêòà; Bòð —

òðåáóåìûé óðîâåíü ïîæàðíîé áåçîïàñíîñòè ìóçåéíîãî îáú-

åêòà

Histogram for objects number n(Bi) depending on integral fire cha-

racteristic value Bi: �(Bi) — fire characteristic distribution den-

sity; Breq — required fire safety level for museum
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Îòñþäà îïðåäåëÿåòñÿ òðåáóåìûé óðîâåíü ïî-

æàðíîé áåçîïàñíîñòè ìóçåéíûõ îáúåêòîâ Âòð, îòíî-

ñÿùèõñÿ ê îäíîé ãðóïïå. Ïðè òàêîì îïðåäåëåíèè

òîëüêî 25 % îáúåêòîâ áóäóò ïðåâûøàòü òðåáóåìûé

óðîâåíü áåçîïàñíîñòè.

Çàêëþ÷åíèå

Ïðåäëîæåííûé êîëè÷åñòâåííûé èíæåíåðíûé ìå-

òîäîöåíêè ïîæàðíîé áåçîïàñíîñòè ìóçååâ ïîçâîëÿåò:

1) óñòàíîâèòü ìåñòî êîíêðåòíîãî ìóçåÿ ñðåäè

äðóãèõ ìóçååâ ïî óðîâíþ ïîæàðíîé îïàñíîñòè (çà-

äà÷à àíàëèçà ïîæàðíîé îïàñíîñòè);

2) âûáðàòü ñ ó÷åòîì äàííûõ òàáë. 2 íàèáîëåå ýô-

ôåêòèâíûå ïðîòèâîïîæàðíûå ìåðîïðèÿòèÿ äëÿ êîíê-

ðåòíîãî îáúåêòà, ðåàëèçàöèÿ êîòîðûõ ïîçâîëèò ïå-

ðåâåñòè åãî â ãðóïïó îáúåêòîâ, äëÿ êîòîðûõ Bi < Bòð,

ò. å. îáúåêòîâ, ïðèåìëåìûõ ïî óðîâíþ ïîæàðíîé îïàñ-

íîñòè.
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ABSTRACT

Space-planning decision and structural design of egress paths must provide save evacuation for

people in case of fire. Some deviations from fire safety normative document requirements can be

justified by fire risk assessment. But approved technique use is not always correct for cultural heritage

objects: application is restricted by architectural elements which should be conserved as cultural

heritage elements. These restrictions are demonstrated in the paper with the results of fire safety

surveying in monastery. This object consists of premises with different classes of fire danger

functionality; it’s object with large people assembly (piligrims, tourists) and object with round-

the-clock presence. Conserved elements of the building don’t allow to fulfill reconstruction works,

which could provide normative level of fire safety.

Check-list use is analyzed in the work as the method of international normative documentation on

fire safety. In general these lists include fire compartmentation, resources for restriction of fire and

smoke spread in the building, safe evacuation confirmation, fire safety systems inspection.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 448

ÁÅÇÎÏÀÑÍÎÑÒÜ ÇÄÀÍÈÉ, ÑÎÎÐÓÆÅÍÈÉ, ÎÁÚÅÊÒÎÂ

In NFPA standards scenario of fire safety evaluation for cultural heritage objects are presented.

Different characteristics of the object are ranked, and objects form some groups on basis of this expert

evaluation. Then recommendations and additional safety measures are developed for each group.

Authors suggest cultural heritage objects classification by significance and historic structure

preservation. Individual deterministic characteristic is defined for each object from the group by its

marks. These values form distribution histogram for the number of objects evaluated, and required

fire safety level for museums from one group is defined.

Suggested method of fire safety evaluation for cultural heritage objects allows to arrange

museums by fire safety level and then to develop the most effective fire safety measures based on

evaluation results.

Keywords: cultural heritage object modern use; cultural heritage object fire safety; check-list; cultural

heritage object classification; required fire safety level.
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ÌÅÒÎÄÈÊÀ ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÎÃÎ ÌÎÍÈÒÎÐÈÍÃÀ
ËÈÍÅÉÍÛÕ ÎÁÚÅÊÒÎÂ ÍÅÔÒÅÃÀÇÎÂÎÃÎ ÊÎÌÏËÅÊÑÀ
Ñ ÁÅÑÏÈËÎÒÍÎÃÎ ÂÎÇÄÓØÍÎÃÎ ÑÓÄÍÀ

Ðàññìîòðåíà âîçìîæíîñòü àâòîìàòèçàöèè ðàñïîçíàâàíèÿ ïëàìåíè íà ëèíåéíûõ îáúåêòàõ ñ áîðòà
áåñïèëîòíîãî âîçäóøíîãî ñóäíà áåç ó÷àñòèÿ îïåðàòîðà ñ ïîìîùüþ ðàçðàáîòàííîé ìàòåìàòè÷å-
ñêîé ìîäåëè. Ïðåäëîæåí ëåòàòåëüíûé àïïàðàò îòå÷åñòâåííîãî ïðîèçâîäñòâà, êîòîðûé ïî ñâîèì
òàêòèêî-òåõíè÷åñêèì õàðàêòåðèñòèêàì ñïîñîáåí ðåàëèçîâàòü ïðåäëîæåííûé àëãîðèòì ìîíèòî-
ðèíãà. Ïðîâåäåí ðàñ÷åò óñëîâèé ýêñïëóàòàöèè ïî âûñîòå è ñêîðîñòè àïïàðàòà, â êîòîðûõ îáåñ-
ïå÷èâàþòñÿ ïîðîãîâûå çíà÷åíèÿ äîïóñêà ìîäåëè. Âûâåäåíà ðåãðåññèîííàÿ ìîäåëü èíòåðâàëà
çàõâàòà êàäðà â çàâèñèìîñòè îò ñêîðîñòè àïïàðàòà. Îáîáùåíû è ñâåäåíû â ìåòîäèêó àâòîìàòè-
çèðîâàííîãî ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà ýêñïëóàòàöèîííûå
îñîáåííîñòè âûáðàííîãî ëåòàòåëüíîãî àïïàðàòà è ãðàíè÷íûå óñëîâèÿ ðàçðàáîòàííîé ìàòåìà-
òè÷åñêîé ìîäåëè.

Êëþ÷åâûå ñëîâà: áåñïèëîòíîå âîçäóøíîå ñóäíî; ðàñïîçíàâàíèå ïëàìåíè; ñèñòåìà àâòîìàòè-
÷åñêîãî êîíòðîëÿ; àëãîðèòì ðàñïîçíàâàíèÿ; äðîí; ëèíåéíûé îáúåêò; íåôòåãàçîâàÿ îòðàñëü.

DOI: 10.18322/PVB.2018.27.04.50-57

Ââåäåíèå

Ëåòàòåëüíûå àïïàðàòû, êîíòðîëèðóåìûå â ïîëåòå

ïèëîòîì, íàõîäÿùèìñÿ âíå áîðòà âîçäóøíîãî ñóäíà,

ñ ðàçâèòèåì òåõíîëîãèé âûøëè çà ãðàíèöû âîåííîé

îòðàñëè â ñôåðó ãðàæäàíñêîãî ïðèìåíåíèÿ. Ïðàâî-

âîé ñòàòóñ äàííûõ îáúåêòîâ áûë óñòàíîâëåí Âîç-

äóøíûì êîäåêñîì Ðîññèéñêîé Ôåäåðàöèè (¹ 60-ÔÇ

îò 19.03.1997), êîòîðûé â ñò. 32 ââåë îïðåäåëåíèå

“áåñïèëîòíîå âîçäóøíîå ñóäíî” (ÁÂÑ), óñòðàíèâ ðàç-

ëè÷èÿ â ïðèìåíÿåìîé òåðìèíîëîãèè.

Ðàçâèòèå ïðîèçâîäñòâåííîãî êîìïëåêñà ïðèâå-

ëî ê ìàññîâîé êîìïëåêòàöèè Ì×Ñ Ðîññèè ëåãêèìè

áåñïèëîòíûìè âîçäóøíûìè ñóäàìè, ïðåäíàçíà÷åí-

íûìè äëÿ îïåðàòèâíîãî ìîíèòîðèíãà è ðàçâåäêè

ïðè ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé. Ïðèíöèï

ïðèíÿòèÿ ðåøåíèé ïðè èõ ýêñïëóàòàöèè ïîñòðîåí

íà ïîëó÷åíèè ôîòî- è âèäåîìàòåðèàëîâ â ðåæèìå

ðåàëüíîãî âðåìåíè îïåðàòîðîì, àíàëèçèðóþùèì è

âîñïðèíèìàþùèì èíôîðìàöèþ ñ ìîíèòîðà ïóëüòà

óïðàâëåíèÿ. Äàííàÿ ìåòîäèêà òåðÿåò ñâîþ ýôôåê-

òèâíîñòü ïðè ïðîâåäåíèè ìîíèòîðèíãà íà çíà÷èòåëü-

íûõ òåððèòîðèÿõ, ïðèìåðîì êîòîðûõ ìîãóò ÿâëÿòü-

ñÿ ëèíåéíûå îáúåêòû íåôòåãàçîâîé îòðàñëè.

Öåëüþ ðàáîòû ÿâëÿåòñÿ ñîçäàíèå ìåòîäèêè àâòî-

ìàòèçèðîâàííîãî ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ

íåôòåãàçîâîãî êîìïëåêñà, îñíîâàííîé íà ðàçðàáî-

òàííîé àâòîðàìè ìàòåìàòè÷åñêîé ìîäåëè ðàñïîçíà-

âàíèÿ ïëàìåíè ïî âèäåîïðîòîêîëó, ïîëó÷åííîìó ñ

áîðòà áåñïèëîòíîãî âîçäóøíîãî ñóäíà.

Äëÿ ýòîãî áûëè ïîäîáðàíû: ëåòíàÿ ïëàòôîðìà

îòå÷åñòâåííîãî ïðîèçâîäñòâà, ñïîñîáíàÿ ðåøàòü çà-

äà÷è ìîíèòîðèíãà; âûñîòà è ñêîðîñòü ïîëåòà; àëãî-

ðèòì âçàèìîäåéñòâèÿ ïðîãðàììû ðàñïîçíàâàíèÿ ñ

òåõíè÷åñêîé ÷àñòüþ àïïàðàòà; ïîñëåäîâàòåëüíîñòü

ìåòîäèêè ïðîâåäåíèÿ ìîíèòîðèíãà ñ ó÷åòîì ðàçðà-

áîòàííûõ ïàðàìåòðîâ, îáåñïå÷èâàþùèõ ñîáëþäåíèå

ãðàíè÷íûõ óñëîâèé ìîäåëè.

Àêòèâíîå ðàçâèòèå áåñïèëîòíûõ àïïàðàòîâ ñòà-

ëî âîçìîæíûì â òîì ÷èñëå áëàãîäàðÿ èñïîëüçîâà-

íèþ ìèêðîïðîöåññîðà, ðåàëèçóþùåãî êîìïëåêñ ïðî-

ãðàìì, óïðàâëÿþùèõ ïîëåòîì. Ïîìèìî íèõ, â ñî-

âðåìåííûõ ìîäåëÿõ èñïîëüçóþòñÿ òàêèå àëãîðèòìû,

© Âûòîâòîâ À. Â., Êàëà÷ À. Â., Òðîôèìåö Â. ß., 2018
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êàê ñëåäîâàíèå çà îáúåêòîì, îáëåò ïðåïÿòñòâèé, ðàñ-

ïîçíàâàíèå âîåííîé òåõíèêè è ÷åëîâåêà.

Íàó÷íàÿ íîâèçíà ïðåäëàãàåìîé ìåòîäèêè çàêëþ-

÷àåòñÿ â èñïîëüçîâàíèè ìàòåìàòè÷åñêîé ìîäåëè îá-

íàðóæåíèÿ ïëàìåíè ñ áîðòà áåñïèëîòíîãî âîçäóø-

íîãî ñóäíà ïî âèäåîèçîáðàæåíèþ, ðåàëèçîâàííîé â

ïðîãðàììíîì êîìïëåêñå “Âèäåîäåòåêòîð ïëàìåíè

2.0 FD”, ïîëó÷èâøåì ñâèäåòåëüñòâî î ðåãèñòðàöèè

ïðîãðàììû äëÿ ÝÂÌ. Àëãîðèòì îáíàðóæåíèÿ, ñî-

ñòîÿùèé èç ðÿäà âçàèìîñâÿçàííûõ ôèëüòðîâ, ïðåä-

ñòàâëåí â ðàáîòå [1]. Äàííîé ïðîáëåìå ïîñâÿùåíî

çàðóáåæíîå èññëåäîâàíèå COMETS [2, 3], â êîòîðîì

çàäà÷à îáíàðóæåíèÿ îãíÿ ðåøàëàñü íåñêîëüêèìè àï-

ïàðàòàìè îäíîâðåìåííî [4], â àëãîðèòìå ïðèíÿòèÿ

ðåøåíèÿ àíàëèçèðîâàëàñü èíôîðìàöèÿ ñ âèäåîêà-

ìåðû [5], òåïëîâèçîðà è èíôðàêðàñíîé êàìåðû, ðàñ-

ïîëîæåííûõ íà ðàçíûõ àïïàðàòàõ [6, 7]. Çàäà÷à îá-

íàðóæåíèÿ îãíÿ ïî âèäåîèçîáðàæåíèþ ñî ñòàòè÷íî

ðàñïîëîæåííîé êàìåðû áûëà ðåøåíà â ðàáîòå [8] è

ðåàëèçîâàíà íà ðÿäå îáúåêòîâ â ñèñòåìå âèäåîíàá-

ëþäåíèÿ. Ïðè ïîëó÷åíèè èíôîðìàöèè ñ áîðòà âîç-

äóøíîãî ñóäíà òî÷êà íàáëþäåíèÿ ïîñòîÿííî äâè-

æåòñÿ, ñîçäàâàÿ óñëîâèÿ, íåïðèìåíèìûå ê ðàçðàáî-

òàííûì ñèñòåìàì. Â îòå÷åñòâåííûõ èññëåäîâàíèÿõ

îòñóòñòâóþò ðàçðàáîòêè, íàïðàâëåííûå íà ðåøåíèå

ïîñòàâëåííîé çàäà÷è.

Ìàòåðèàëû è ìåòîäû

Ñóùåñòâóþò èíôðàêðàñíûå êàìåðû, ñïîñîáíûå

íà çíà÷èòåëüíîì ðàññòîÿíèè îïðåäåëÿòü òåìïåðàòó-

ðó è ñîîáùàòü îïåðàòîðó î ïðåâûøåíèè åå ïîðîãî-

âîãî çíà÷åíèÿ, îäíàêî èõ ñòîèìîñòü ãîðàçäî âûøå

ïî ñðàâíåíèþ ñ öèôðîâûìè âèäåîêàìåðàìè [9], êàê

ïðàâèëî, âõîäÿùèìè â áàçîâóþ êîìïëåêòàöèþ ëå-

òàòåëüíûõ àïïàðàòîâ. Èñïîëüçîâàíèå àâòîìàòèçèðî-

âàííîé ñèñòåìû îáíàðóæåíèÿ ïîçâîëÿåò óìåíüøèòü

íàãðóçêó íà îïåðàòîðà è ïðîâîäèòü àíàëèç âèäåîïî-

òîêà íà áîðòó àïïàðàòà áåç ïåðåäà÷è ñèãíàëà íà çåì-

ëþ. Çàäà÷à àâòîìàòèçàöèè ìîíèòîðèíãà ïðèîáðåòàåò

çíà÷èìîñòü ïðè äëèòåëüíîì îáñëåäîâàíèè ïðîòÿ-

æåííûõ ó÷àñòêîâ. Ïîâûøåíèþ ïîæàðíîé áåçîïàñ-

íîñòè äëÿ òàêèõ îáúåêòîâ ñ èñïîëüçîâàíèåì ïðèí-

öèïà àâòîìàòèçàöèè ïîñâÿùåíà ðàáîòà [10].

Ïðè âûáîðå áåñïèëîòíîé àâèàöèîííîé ñèñòåìû

äëÿ ðåàëèçàöèè ðàçðàáîòàííîãî àëãîðèòìà ó÷èòû-

âàëèñü ñëåäóþùèå òðåáîâàíèÿ: ëåòíàÿ ïëàòôîðìà

ñàìîëåòíîãî òèïà, âîçìîæíîñòü äâèæåíèÿ àïïàðàòà

â àâòîìàòèçèðîâàííîì ðåæèìå ïî ïîëåòíîìó çàäà-

íèþ, çíà÷èòåëüíàÿ äàëüíîñòü ïîëåòà, îòå÷åñòâåííîå

ïðîèçâîäñòâî.

Â êà÷åñòâå ëåòíîé ïëàòôîðìû áåñïèëîòíîãî âîç-

äóøíîãî ñóäíà, èñïîëüçóåìîãî äëÿ ìîíèòîðèíãà, ðàñ-

ñìîòðåí âîçäóøíûé àïïàðàò ñàìîëåòíîãî òèïà îòå÷å-

ñòâåííîãî ïðîèçâîäñòâà Supercam S350 (ã. Èæåâñê)

ñ ðàçìàõîì êðûëüåâ 3,2 ì è äàëüíîñòüþ ïîëåòà

íå ìåíåå 240 êì.

Òåîðåòè÷åñêèå îñíîâû

Èíòåðâàë âðåìåíè, ñ êîòîðûì ïåðâûé ôèëüòð

ïðîãðàììû çàõâàòûâàåò è îáðàáàòûâàåò èçîáðàæå-

íèå, âëèÿåò íà çàãðóæåííîñòü ìèêðîïðîöåññîðà è

çàâèñèò îò êîíêðåòíûõ ïàðàìåòðîâ ìîíèòîðèíãà.

Â íàñòîÿùåì èññëåäîâàíèè èñïîëüçîâàí àïïàðàò ñà-

ìîëåòíîãî òèïà Supercam S350. Äëÿ ïðîâåäåíèÿ ìî-

íèòîðèíãà âûáðàíû îïòèìàëüíûå óñëîâèÿ åãî ýêñ-

ïëóàòàöèè è ãðàíè÷íûå óñëîâèÿ, ëåæàùèå â îñíîâå

ýêñïåðèìåíòàëüíîé áàçû ìàòåìàòè÷åñêîé ìîäåëè

[11]. Óãîë îáçîðà êàìåðû àïïàðàòà — 94° [12]. Âè-

äåîèçîáðàæåíèå ïðåäñòàâëÿåò ñîáîé ïðÿìîóãîëü-

íèê ñ ñîîòíîøåíèåì ñòîðîí 16:9. Ðàáî÷àÿ âûñîòà íà-

áëþäåíèÿ äëÿ àïïàðàòà — 40 ì. Ïðè ýòîì îáëàñòü,

ïîïàäàþùàÿ â âèäåîèçîáðàæåíèå, èìååò ðàçìåðû

85,79�48,2 ì. Äëÿ óìåíüøåíèÿ èñêàæåíèÿ èçîáðà-

æåíèÿ â ðåçóëüòàòå ïåðñïåêòèâû è ñîáëþäåíèÿ

îãðàíè÷åíèÿ ìàêñèìàëüíîé óäàëåííîñòè 50 ì, çà-

ëîæåííîé â ìàòåìàòè÷åñêîé ìîäåëè îáíàðóæåíèÿ,

âûäåëèì çîíó, øèðèíà êîòîðîé ñîñòàâëÿåò 70 % îò

îáùåé øèðèíû. Ýòî ïðèâåäåò ê ñîêðàùåíèþ ó÷àñò-

êà ìîíèòîðèíãà äî 60 ì è îáåñïå÷èò àäåêâàòíóþ ðà-

áîòó ìîäåëè (ðèñ. 1).

Ðèñ. 1. Ïàðàìåòðû ìîíèòîðèíãà: à — ãåîìåòðè÷åñêèå ïàðà-

ìåòðû ñòàíäàðòíûõ óñëîâèé ìîíèòîðèíãà; á — àêñîíîìåò-

ðè÷åñêàÿ ïðîåêöèÿ çîíû ìîíèòîðèíãà

Fig. 1. Monitoring parameters: a — geometric parameters of

standard monitoring conditions; b — axonometric projection of

the monitoring zone
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Ïðè âûñîòå ïîëåòà, ïðåâûøàþùåé 40 ì, ïðî-

ãðàììà èñïîëüçóåò îïòè÷åñêîå ïðèáëèæåíèå íà âè-

äåîêàìåðå äëÿ ñîáëþäåíèÿ îãðàíè÷åíèé è àäåêâàò-

íîé ðàáîòû ìîäåëè [13]. Â ìåòîäèêå ïðèíÿòî óñëî-

âèå äîñòàòî÷íîñòè èññëåäîâàíèÿ îäíîé òî÷êè ñ äâóõ

ðàçëè÷íûõ ðàêóðñîâ [14]. Äëÿ äîñòèæåíèÿ êà÷åñòâà

è ðàâíîìåðíîñòè âèäåîôèêñàöèè êàæäîãî ñëåäó-

þùåãî ó÷àñòêà çåìíîé ïîâåðõíîñòè ïðåäóñìîòðåí

10 %-íûé ïåðåõëåñò çîí. Èñõîäÿ èç ïàðàìåòðîâ ìî-

íèòîðèíãà, çàõâàò èçîáðàæåíèÿ ïðîèñõîäèò ÷åðåç

êàæäûå 21,7 ì. Ðàáî÷àÿ ñêîðîñòü áåñïèëîòíîãî âîç-

äóøíîãî ñóäíà â èññëåäîâàíèè ñîñòàâëÿåò 50 êì�÷,

îäíàêî â ñâÿçè ñ ïîãîäíûìè óñëîâèÿìè (âñòðå÷íûé

âåòåð) ýòîò ïàðàìåòð ìîæåò çíà÷èòåëüíî îòëè÷àòü-

ñÿ îò äàííîãî çíà÷åíèÿ. Ïðåäñòàâèì ÷àñòîòó çàõâà-

òà êàäðà tf1 â âèäå çàâèñèìîñòè îò ñêîðîñòè s äëÿ èí-

òåðâàëà îò 20 äî 70 êì�÷:

tf1 = 8,637 – 0,3305s + 0,05239s2 – 0,00002935s3.

Â ñîîòâåòñòâèè ñ ïîëó÷åííîé çàâèñèìîñòüþ èí-

òåðâàë çàõâàòà êàäðà ïðè ñêîðîñòè 50 êì�÷ ñîñòàâ-

ëÿåò 1,5 ñ. Ãðàôè÷åñêàÿ ïðîâåðêà ïîäîáðàííîé ïîëè-

íîìèàëüíîé ðåãðåññèè òðåòüåé ñòåïåíè èçîáðàæåíà

íà ðèñ. 2.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Àëãîðèòì ìåòîäèêè àâòîìàòè÷åñêîãî ìîíèòîðèí-

ãà ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîé îòðàñëè ñ áîðòà

áåñïèëîòíîãî âîçäóøíîãî ñóäíà, îáåñïå÷èâàþùåé

ñíèæåíèå ïîæàðíîé îïàñíîñòè, ïðåäóïðåæäåíèå ïî-

æàðîâ è àâàðèé, ïðåäñòàâëåí â âèäå ñõåìû íà ðèñ. 3.

Àëãîðèòì ìåòîäèêè ðåàëèçóåòñÿ ñëåäóþùèì

îáðàçîì:

1) ïîäãîòîâêà ê âçëåòó: ñáîð àïïàðàòà, ýëàñòè÷íîé

êàòàïóëüòû, íàçåìíîé ñòàíöèè óïðàâëåíèÿ (ÍÑÓ),

íàçåìíîãî áëîêà àíòåíí äëÿ óïðàâëåíèÿ è òåëåìåò-

ðèè ñ ïðèåìíèêîì âèäåîñèãíàëà; çàãðóçêà êàðòû

ìåñòíîñòè ñ ïåðåïàäîì âûñîò; ïðîâåðêà àêêóìóëÿ-

òîðîâ ïèòàíèÿ ÍÑÓ èëè ïîäêëþ÷åíèÿ ê ñèñòåìå ïè-

òàíèÿ;

2) ïîäêëþ÷åíèå ïèòàíèÿ ê âîçäóøíîìó ñóäíó:

ïðîâåðêà ñâÿçè ñ ÍÑÓ, çàðÿäêè àêêóìóëÿòîðîâ; ïðî-

âåäåíèå ïðåäïîëåòíîé ïîäãîòîâêè, â òîì ÷èñëå ïðî-

âåðêà äàò÷èêîâ âîçäóøíîãî äàâëåíèÿ è îñâåùåííî-

ñòè; óñòàíîâêà íàâåñíîãî îáîðóäîâàíèÿ (êàìåðû) ñ

âûïîëíåíèåì ïðîâåðî÷íîãî ñíèìêà ñ ÍÑÓ;

3) ïðîâåðêà ïîãîäíûõ óñëîâèé íà ñîîòâåòñòâèå

ýêñïëóàòàöèîííûì îãðàíè÷åíèÿì: ñêîðîñòü âåòðà

íå âûøå 15 ì�ñ, òåìïåðàòóðà îêðóæàþùåãî âîçäóõà

îò ìèíóñ 40 äî +40 °Ñ, äîæäü èëè ñíåãîïàä óìåðåí-

íûé; íåäîïóñòèìî ýêñïëóàòèðîâàòü àïïàðàò â ãðîçó

èëè ïðè ñèëüíîé êó÷åâîé îáëà÷íîñòè;

4) çàïóñê áåñïèëîòíîãî âîçäóøíîãî ñóäíà äâó-

ìÿ îïåðàòîðàìè ñ ïëîùàäêè ðàçìåðîì íå ìåíåå

100�100 ì ñ ïîìîùüþ ýëàñòè÷íîé êàòàïóëüòû â ðå-

æèìå ìàêñèìàëüíîé ìîùíîñòè äâèãàòåëÿ; äî ïîäú-

åìà íà ðàáî÷óþ âûñîòó ðàçáëîêèðîâêà ïàðàøþòà

îïåðàòîðîì íà ÍÑÓ äëÿ ðàñêðûòèÿ åãî â ñëó÷àå

ïðîáëåì íà âçëåòå;

5) âûõîä àïïàðàòà íà êðóã ïðè äîñòèæåíèè ðà-

áî÷åé âûñîòû; çàãðóçêà ïîëåòíîãî çàäàíèÿ ïî ìîíè-

òîðèíãó ëèíåéíîãî îáúåêòà íåôòåãàçîâîé îòðàñëè,

â êîòîðîì ó÷èòûâàþòñÿ ïîâîðîòû òðóáîïðîâîäà

äëÿ îáåñïå÷åíèÿ ïëàâíîãî óãëà ïîâîðîòà âîçäóøíî-

ãî ñóäíà [15, 16]; çàäàíèå òî÷êè âîçâðàòà èñõîäÿ èç

ìàêñèìàëüíîãî ðàäèóñà ïåðåäà÷è ðàäèîâîëíû 90 êì;

6) âûõîä àïïàðàòà íà ïîëåòíîå çàäàíèå ñ ïîñëå-

äóþùèì âêëþ÷åíèåì àëãîðèòìà àâòîìàòè÷åñêîãî

ðàñïîçíàâàíèÿ ïëàìåíè, êîòîðîå ìîæåò âûïîëíÿòü-

ñÿ â ðó÷íîì ðåæèìå èëè àâòîìàòè÷åñêè â êîíòðîëü-

íûõ òî÷êàõ ïîëåòíîãî çàäàíèÿ;

7) îáðàáîòêà ïîñòóïàþùèõ äàííûõ: àëãîðèòì îá-

íàðóæåíèÿ ïëàìåíè ðàáîòàåò ñ âèäåîïîòîêîì, àíà-

ëèçèðóÿ åãî â ñîîòâåòñòâèè ñ èíòåðâàëîì çàõâàòà;

âèäåîïîòîê íå çàïèñûâàåòñÿ íà íîñèòåëü, à õðàíèò-

ñÿ â îïåðàòèâíîé ïàìÿòè â òå÷åíèå 2 ìèí ñ ìîìåíòà

çàïèñè; â ñëó÷àå ïîëîæèòåëüíîãî ðåøåíèÿ ïî ïåð-

âîìó ôèëüòðó ïðîãðàììà âûãðóæàåò ïðåäøåñòâó-

þùèé èíòåðâàë çàõâàòà è àíàëèçèðóåò âñå êàäðû ïî

àëãîðèòìó; â ñëó÷àå îáíàðóæåíèÿ ïëàìåíè íà òâåðäî-

òåëüíóþ ïàìÿòü çàïèñûâàåòñÿ 2 ìèí äî åãî îáíàðó-

æåíèÿ è 2 ìèí ïîñëå; â ñëó÷àå ïîëîæèòåëüíîãî ðå-

øåíèÿ ïî ïåðâîìó ôèëüòðó çàïèñûâàåòñÿ èíòåðâàë

çàõâàòà äî è äâà èíòåðâàëà ïîñëå;

8) îáíàðóæåíèå ãîðåíèÿ: ïî ðàäèîêàíàëó ïåðå-

äàåòñÿ ñèãíàë “ÒÐÅÂÎÃÀ, îáíàðóæåíî ãîðåíèå”, êî-

îðäèíàòû, âðåìÿ, âèä ïîæàðíîé íàãðóçêè, ôîòîãðà-

ôèÿ îáíàðóæåííîãî î÷àãà; ïðè íàëè÷èè âîçìîæíî-

ñòè ïðîèçâîäèòñÿ ïåðåäà÷à ôðàãìåíòà âèäåîïîòîêà

ñ îáíàðóæåííîé çîíîé ãîðåíèÿ; ìåñòî ãîðåíèÿ îáî-

çíà÷àåòñÿ ìàðêåðîì íà êàðòå ÍÑÓ;

9) ïðèíÿòèå îïåðàòîðîì ðåøåíèÿ ïî ïîëó÷åííîé

èíôîðìàöèè: çàõîä íà êðóã äëÿ ïðîâåðêè èíôîðìà-

Ðèñ. 2. Èçìåíåíèå èíòåðâàëà çàõâàòà êàäðà â çàâèñèìîñòè îò

ñêîðîñòè àïïàðàòà

Fig. 2. Changing the frame capture interval depending on the speed

of the unit
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öèè íà äðóãîé âûñîòå, èëè âèçóàëüíûé îñìîòð ìåñòà

ïîæàðà ñ ïîìîùüþ òåëåìåòðèè â ðåæèìå ðåàëüíîãî

âðåìåíè, èëè âûãðóçêà âèäåîïîòîêà çîíû îáíàðó-

æåíèÿ, èëè íàïðàâëåíèå àâàðèéíîé áðèãàäû íà ëèê-

âèäàöèþ ÷ðåçâû÷àéíîé ñèòóàöèè [17];

10) îêîí÷àíèå ïîëåòíîãî çàäàíèÿ, âîçâðàò íà òî÷-

êó âçëåòà, ïðèçåìëåíèå â àâòîìàòè÷åñêîì èëè ðó÷-

íîì ðåæèìå.

Òàêèì îáðàçîì, ìåòîäèêà àâòîìàòèçèðîâàííîãî

ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ íåôòåãàçîâîé îò-

ðàñëè ïîçâîëÿåò ïðîâîäèòü êîíòðîëü â ðåæèìå ðå-

àëüíîãî âðåìåíè [18], îáåñïå÷èâàÿ ñíèæåíèå óðîâíÿ

ïîæàðíîé îïàñíîñòè è ïðåäóïðåæäåíèå àâàðèé [19].

Çàêëþ÷åíèå

Ïðåäëîæåííàÿ ìåòîäèêà âûïîëíÿåò çàäà÷è èì-

ïîðòîçàìåùåíèÿ è ìàêñèìàëüíî ýôôåêòèâíî èñïîëü-

çóåò âîçìîæíîñòè ÁÂÑ, ïðîâîäÿ ìàòåìàòè÷åñêóþ

îáðàáîòêó âèäåîèçîáðàæåíèÿ ìèêðîïðîöåññîðîì,

íàõîäÿùèìñÿ íà áîðòó àïïàðàòà, áåç íåîáõîäèìîñòè

ïåðåäà÷è ñèãíàëà îïåðàòîðó. Àëãîðèòì èñïîëüçóåò

òàêæå öèôðîâóþ âèäåîêàìåðó ñòàíäàðòíîãî ðàçðå-

øåíèÿ, âûïîëíÿÿ çàäà÷ó îáíàðóæåíèÿ áåç ñïåöèà-

ëèçèðîâàííîãî îáîðóäîâàíèÿ. Ýòî ñóùåñòâåííî ñíè-

æàåò ñòîèìîñòü àïïàðàòà è îòêðûâàåò âîçìîæíîñòü

øèðîêîé èíòåãðàöèè â ñóùåñòâóþùèå ÁÂÑ [20]

çà ñ÷åò êðîññïëàòôîðìåííîñòè ïðîãðàììíîãî êîì-

ïëåêñà. Ýêñïåðèìåíòàëüíûå äàííûå, ïîêàçàíèÿ èç-

ìåðèòåëüíûõ ïðèáîðîâ, ïðåäñòàâëåííûå íà ïîðòàëå

ResearchGate â ïðîåêòå “Automatic flame detection

from drone”, ìîãóò áûòü èñïîëüçîâàíû äëÿ ïðîâåð-

êè îáîñíîâàííîñòè ñäåëàííûõ âûâîäîâ, ïðàâèëüíî-

ñòè ïîñòàíîâêè ýêñïåðèìåíòà, ðàçðàáîòêè äðóãèõ

ïîäõîäîâ ê îáíàðóæåíèþ ãîðåíèÿ.

Ðèñ. 3. Ñõåìà àëãîðèòìà ìåòîäèêè ïðèìåíåíèÿ áåñïèëîòíûõ âîçäóøíûõ ñóäîâ äëÿ ìîíèòîðèíãà ëèíåéíûõ îáúåêòîâ íåôòå-

ãàçîâîé îòðàñëè

Fig. 3. Schematic diagram of the technique of free aircraft for monitoring of linear objects of oil and gas industry
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ABSTRACT

Introduction. The aim of the work is to create a methodology for automated monitoring of linear

objects in the oil and gas complex based on the developed mathematical model of flame recognition

from a video protocol obtained from a free aircraft.

Materials and methods. In a typical solution for recognizing a flame from a free aircraft, an in-

frared camera is used which effectively solves the detection problem, but has a high cost and is an

additional attachments, which increases the weight of the apparatus and reduces its flight capabilities.

In existing systems with video camera, the operator makes a decision about the presence of combus-

tion, receiving information from the monitor of the control panel in real time.

Theoretical basis. To improve this principle, the algorithm for recognizing the flame in automatic

mode, implemented in the program “Video detector flame 2.0 FD”, its difference in the analysis of the

video protocol on-board. To implement the algorithm developed, the device of the Russian production

Supercam S350 was selected. The flight conditions for the implementation of the methodology were

chosen on the basis of the limitations of the underlying mathematical model, while the altitude was

40 m. The condition of sufficiency of the study of one point from two different angles with an overlap

of 10 % is accepted in the work. The operational speed of the aircraft during monitoring is 50 km�h.

Results and its discussion. To ensure the uniformity of capture of the frames of the underlying

surface, polynomial regression of the third degree is determined depending on the true speed in

the range from 20 to 70 km�h. The operational characteristics of the selected aircraft and the boundary

conditions of the developed mathematical model are generalized and summarized in the methodology

of automated monitoring of linear objects of the oil and gas complex.

Conclusions. The proposed algorithm uses a digital video camera of standard resolution, per-

forming the detection task without specialized equipment. This significantly reduces the cost of

the device and opens the possibility of broad integration into existing free aircraft due to cross-

platform software.

Keywords: free aircraft; flame recognition; automatic control system; recognition algorithm; drone;

linear object; oil and gas industry.
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ÎÑËÀÁËÅÍÈÅ ËÓ×ÈÑÒÎÃÎ ÒÅÏËÎÂÎÃÎ ÏÎÒÎÊÀ
ÏÐÎÒÈÂÎÏÎÆÀÐÍÎÉ ÏÐÅÃÐÀÄÎÉ “ÑÎÃÄÀ”

Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ñòàíäàðòíîé ïðîòèâîïîæàðíîé
ïðåãðàäû “ÑÎÃÄÀ” (ìîäåëü 1) ïðè “ñòàíäàðòíîì” ðåæèìå ïîæàðà. Ïðåäëîæåíà ìàòåìàòè÷åñêàÿ
ìîäåëü ðàñ÷åòà îñëàáëåíèÿ ëó÷èñòîãî òåïëîâîãî ïîòîêà ïðîòèâîïîæàðíîé ïðåãðàäîé. Âûïîë-
íåíà îöåíêà ôèçè÷åñêèõ ìåõàíèçìîâ îñëàáëåíèÿ ëó÷èñòîãî òåïëîâîãî ïîòîêà. Ïîëó÷åíû ýêñïå-
ðèìåíòàëüíûå çàâèñèìîñòè îò âðåìåíè ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà íà ðàññòîÿíèè
0,5 ì îò ãåîìåòðè÷åñêîãî öåíòðà íåîáîãðåâàåìîé ïîâåðõíîñòè êîíñòðóêöèè ïðåãðàäû. Ïðèâå-
äåíû ðåçóëüòàòû è àíàëèç ðàñ÷åòà êîýôôèöèåíòà ñíèæåíèÿ ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïî-
òîêà. Ïîêàçàíî, ÷òî â óñëîâèÿõ “ñòàíäàðòíîãî” ïîæàðà êîýôôèöèåíò îñëàáëåíèÿ ëó÷èñòîãî òåï-
ëîâîãî ïîòîêà âûøåóêàçàííîé ïðåãðàäîé èçìåíÿåòñÿ â çàâèñèìîñòè îò âðåìåíè, ïðîøåäøåãî
ñ íà÷àëà ãîðåíèÿ, â äèàïàçîíå îò 380 äî 80.

Êëþ÷åâûå ñëîâà: ïîæàð; áåçîïàñíîñòü; òåïëîçàùèòíûé ýêðàí; âîäÿíîå îðîøåíèå; ëó÷èñòûé
òåïëîîáìåí.

DOI: 10.18322/PVB.2018.27.04.58-66

Ââåäåíèå

Âûñîêàÿ ïëîòíîñòü òåïëîâîãî èçëó÷åíèÿ, âîçíèêà-

þùàÿ ïðè ãîðåíèè ïðèðîäíîãî ãàçà è äðóãèõ óãëå-

âîäîðîäíûõ òîïëèâ, ÿâëÿåòñÿ îäíîé èç ñåðüåçíûõ

ïðîáëåì ïðè îáåñïå÷åíèè ïîæàðíîé áåçîïàñíîñòè

îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà [1–3].

Â ðàáîòàõ [4–14] ïðåäëîæåíî äëÿ çàùèòû îò ëó-

÷èñòûõ òåïëîâûõ ïîòîêîâ èñïîëüçîâàòü âîäÿíóþ çà-

âåñó. Îäíàêî â ñòàòüÿõ [15–18] ïðåäñòàâëåíà áîëåå

ýôôåêòèâíàÿ èííîâàöèîííàÿ òåõíîëîãèÿ îñëàáëå-

íèÿ òåïëîâûõ ïîòîêîâ, ðåàëèçóåìàÿ ñ ïîìîùüþ òåï-

ëîçàùèòíîãî âîäîïëåíî÷íîãî ýêðàíà. Ýêñïåðèìåí-

òàëüíûå èññëåäîâàíèÿ, ïðîâåäåííûå ñ èñïîëüçîâà-

íèåì ðàçëè÷íûõ èñòî÷íèêîâ òåïëîâîãî èçëó÷åíèÿ,

ïîêàçàëè, ÷òî ýêðàí îñëàáëÿåò ëó÷èñòûé òåïëîâîé

ïîòîê íå ìåíåå ÷åì â 50 ðàç [16]. Îäíàêî ôèçè÷åñêèå

ìåõàíèçìû ýòîãî ïðîöåññà èçó÷åíû íåäîñòàòî÷íî.

Â ñâÿçè ñ ýòèì àêòóàëüíîé çàäà÷åé ÿâëÿåòñÿ ïðî-

âåäåíèå äàëüíåéøèõ ýêñïåðèìåíòàëüíûõ èññëåäî-

âàíèé â öåëÿõ ðàçðàáîòêè ôèçèêî-ìàòåìàòè÷åñêîé

ìîäåëè ðàñ÷åòà êîýôôèöèåíòà îñëàáëåíèÿ, ÷òî ïî-

çâîëèò îáîñíîâûâàòü òåõíè÷åñêèå õàðàêòåðèñòèêè

ýêðàíîâ ïîä çàäàííûå óñëîâèÿ èõ ðàáîòû.

Öåëü íàñòîÿùåé ñòàòüè — ýêñïåðèìåíòàëüíàÿ

è òåîðåòè÷åñêàÿ îöåíêà êîýôôèöèåíòà îñëàáëåíèÿ

ëó÷èñòîãî òåïëîâîãî ïîòîêà òåïëîçàùèòíûì âîäî-

ïëåíî÷íûì ýêðàíîì [15–18] ïðè “ñòàíäàðòíîì” ðå-

æèìå ïîæàðà [19]. Äëÿ åå äîñòèæåíèÿ ðåøàëèñü

ñëåäóþùèå çàäà÷è:
� ðàçðàáîòêà ìàòåìàòè÷åñêîé ìîäåëè ðàñ÷åòà êî-

ýôôèöèåíòà îñëàáëåíèÿ ëó÷èñòîãî òåïëîâîãî ïî-

òîêà ïðîòèâîïîæàðíîé ïðåãðàäîé;
� îöåíêà ôèçè÷åñêèõ ìåõàíèçìîâ îñëàáëåíèÿ ëó-

÷èñòîãî òåïëîâîãî ïîòîêà ïðîòèâîïîæàðíîé ïðå-

ãðàäîé;
� ïîëó÷åíèå ýêñïåðèìåíòàëüíûõ çàâèñèìîñòåé îò

âðåìåíè ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà

íà ðàññòîÿíèè 0,5 ì îò ãåîìåòðè÷åñêîãî öåíòðà

íåîáîãðåâàåìîé ïîâåðõíîñòè êîíñòðóêöèè ïðå-

ãðàäû â ìàëîãàáàðèòíîé ïå÷è, èñïîëüçóåìîé äëÿ

èñïûòàíèÿ ñòðîèòåëüíûõ êîíñòðóêöèé íà îãíå-

ñòîéêîñòü.

Êðàòêîå îïèñàíèå
ïðîòèâîïîæàðíîé ïðåãðàäû

Ñîãëàñíî òðåáîâàíèÿì òåõíè÷åñêèõ óñëîâèé (ÒÓ

4854-001-81399550–2016) ïðîòèâîïîæàðíàÿ ïðåãðà-

äà “ÑÎÃÄÀ” (ìîäåëü 1) ïðîèçâîäñòâà ÎÎÎ “Ñïåö-

ÏîæÒåõ” ïðåäíàçíà÷åíà äëÿ ðåøåíèÿ ñëåäóþùèõ

çàäà÷ ïîæàðíîé áåçîïàñíîñòè:
� çàùèòà îò òåïëîâîãî èçëó÷åíèÿ è îïàñíûõ ôàê-

òîðîâ ïîæàðà;

© Àõìåäîâ À. Á., Øèìêî Â. Þ., Ïóçà÷ Ñ. Â., 2018
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� ëîêàëèçàöèÿ è íåäîïóùåíèå ðàñïðîñòðàíåíèÿ

îãíÿ íà ïðîìûøëåííûõ è ãðàæäàíñêèõ îáúåê-

òàõ, â ðåçåðâóàðàõ ñ íåôòåïðîäóêòàìè, åìêîñòÿõ

ñî ñæèæåííûì ïðèðîäíûì ãàçîì (ÑÏÃ) è ñæè-

æåííûìè óãëåâîäîðîäíûìè ãàçàìè (ÑÓÃ);

� îãðàæäåíèå åìêîñòåé ñ òóøàùèì âåùåñòâîì;

� äåëåíèå âíóòðåííåãî îáúåìà ïîìåùåíèé íà ïðî-

òèâîïîæàðíûå îòñåêè.

Ñòàíäàðòíàÿ ïðîòèâîïîæàðíàÿ ïðåãðàäà “ÑÎÃÄÀ”

(ìîäåëü 1) ïðåäñòàâëÿåò ñîáîé âåðòèêàëüíóþ ñáîð-

íóþ îãðàæäàþùóþ êîíñòðóêöèþ, ñîñòîÿùóþ èç òåï-

ëîçàùèòíûõ áëîê-ïàíåëåé ñ ãàáàðèòíûìè ðàçìåðà-

ìè (äëèíà � øèðèíà � âûñîòà) (1940�10) � (80�5) �
� (1856�10) ìì. Ðàçìåðû áëîê-ïàíåëåé è êîíñòðóê-

öèè â öåëîì ìîãóò èçìåíÿòüñÿ â çàâèñèìîñòè îò ïî-

ñòàâëåííûõ çàäà÷.

Ñõåìà ïðîòèâîïîæàðíîé ïðåãðàäû “ÑÎÃÄÀ” (ìî-

äåëü 1) ïðèâåäåíà íà ðèñ. 1. Êàðêàñ 1 âûïîëíåí èç

ïðîôèëüíîé òðóáû ðàçìåðîì 80�80�4 ìì èç êîððî-

çèîííîñòîéêîé ñòàëè. Áëîê-ïàíåëè 2 ñîñòîÿò èç âåðõ-

íèõ è íèæíèõ òåïëîçàùèòíûõ ïàíåëåé, êàæäàÿ èç êî-

òîðûõ ïðåäñòàâëÿåò ñîáîé äâå ñîåäèíåííûå äðóã ñ

äðóãîì ðàìû (âíåøíþþ è âíóòðåííþþ), âûïîëíåí-

íûå èç ïðîôèëüíîé òðóáû ðàçìåðîì 20�20�1,5 ìì

èç êîððîçèîííîñòîéêîé ñòàëè 12Õ18Í10Ò. Íà ðàìàõ

çàêðåïëåíû ýêðàíèðóþùèå ñåò÷àòûå ïàíåëè èç ìå-

òàëëè÷åñêîé êîððîçèîííîñòîéêîé ñåòêè. Ìåæäó ñåò-

êàìè âíåøíåé è âíóòðåííåé ðàì ïî âñåé òîëùèíå

ïàíåëè íàõîäèòñÿ ñâîáîäíîå ïðîñòðàíñòâî.

Ñèñòåìà ïîäà÷è âîäû 3 ñîñòîèò èç ôèëüòðîâ ãðó-

áîé î÷èñòêè âîäû è òðóáîïðîâîäà, ñîåäèíÿþùåãî

ôèëüòðû ìåæäó ñîáîé.

Ñèñòåìà îðîøåíèÿ 4 òåïëîçàùèòíûõ áëîê-ïàíå-

ëåé ñîñòîèò èç ùåëåâûõ óäàðíî-ñòðóéíûõ ôîðñóíîê

ñ ëîïàòî÷íûì îòðàæàòåëåì, ïîñëåäîâàòåëüíî ñî-

åäèíåííûõ ìåæäó ñîáîé òðóáîïðîâîäíîé ìàãèñò-

ðàëüþ [20].

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà
è ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ

Îáðàçåö äëÿ ñåðòèôèêàöèîííûõ èñïûòàíèé ïðåä-

ñòàâëÿåò ñîáîé ñòàöèîíàðíóþ ïðîòèâîïîæàðíóþ

ïðåãðàäó ðàçìåðîì 1,5�1,5 ì. Êîíñòðóêöèÿ îáðàçöà

ïðåãðàäû ñîñòîèò èç îäíîé áëîê-ïàíåëè, ñ íåîáî-

ãðåâàåìîé ñòîðîíû êîòîðîé íàõîäÿòñÿ íàïîðíûå

øëàíãè äëÿ ïîäâîäà âîäû ê ðàñïûëÿþùèì ôîðñóí-

êàì, ðàñïîëîæåííûì â âåðõíåé ÷àñòè êîíñòðóêöèè.

Ðàáî÷åå äàâëåíèå â øëàíãàõ 0,4–0,6 ÌÏà. Íà èñïû-

òàíèÿõ áûëî ïðèíÿòî äàâëåíèå 0,4 ÌÏà. Â èñïûòû-

âàåìîé ïðåãðàäå èñïîëüçîâàëèñü ÷åòûðå ôîðñóíêè.

Ïðè ðàáî÷åì äàâëåíèè 0,4–0,6 ÌÏà ðàñõîä âîäû ñî-

ñòàâëÿë 0,10–0,13 ë�ñ íà êàæäóþ ôîðñóíêó.

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ï. 7.4 ÃÎÑÒ

30247.0–94 îáðàçåö ïîäâåðãàëñÿ âõîäíîìó êîíòðî-

ëþ, ïðè êîòîðîì áûëà âûÿâëåíà êîìïëåêòíîñòü

îáðàçöà è åãî ñîîòâåòñòâèå òåõíè÷åñêîé äîêóìåí-

òàöèè.

Èñïûòàíèÿ ïðîâîäèëèñü â ìàëîãàáàðèòíîé ïå÷è,

ïðåäíàçíà÷åííîé äëÿ èñïûòàíèÿ ñòðîèòåëüíûõ êîí-

ñòðóêöèé íà îãíåñòîéêîñòü (ðèñ. 2). Ðàçìåð îãíåâîãî

ïðîñòðàíñòâà ïå÷è ñîñòàâëÿåò 1,5�1,5�1,5 ì, âûñîòà

ïå÷è — 2 ì. Ïå÷ü ñíàáæåíà ÷åòûðüìÿ ãîðåëêàìè.

Â êà÷åñòâå ãîðþ÷åãî âåùåñòâà ïðèìåíÿåòñÿ ïðèðîä-

íûé ãàç ñ ðàñõîäîì 2 ì3�÷.

Ðèñ. 1. Ñõåìà ïðîòèâîïîæàðíîé ïðåãðàäû: 1 —

êàðêàñ ïðåãðàäû; 2 — áëîê-ïàíåëè; 3 — ñèñòåìà

ïîäà÷è âîäû; 4 — ñèñòåìà îðîøåíèÿ ñåò÷àòûõ

ïàíåëåé; 5 — ïîäêîñ êðåïëåíèÿ ïðåãðàäû

Fig. 1. Scheme of the fire barrier: 1 — framework of

the barrier; 2 — the block of the panel; 3 — water

supply system; 4 — irrigation system of mesh

panels; 5 — a hitch of fastening of the barrier
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Â õîäå èñïûòàíèé îñóùåñòâëÿþòñÿ àâòîìàòè÷å-

ñêèé êîíòðîëü è ðåãóëèðîâêà èçáûòî÷íîãî äàâëå-

íèÿ è ñîäåðæàíèÿ êèñëîðîäà â îãíåâîì ïðîñòðàíñò-

âå ïå÷è.

Èñïûòàíèÿ ïðåäñòàâëåííûõ îáðàçöîâ ïðîâî-

äèëèñü â èñïûòàòåëüíîé ëàáîðàòîðèè ÈÊÁÑ ÍÈÓ

ÌÃÑÓ ïðè òåìïåðàòóðå îêðóæàþùåé ñðåäû 8–15 �Ñ,

àòìîñôåðíîì äàâëåíèè 98,6–100,2 êÏà è îòíîñè-

òåëüíîé âëàæíîñòè îêðóæàþùåãî âîçäóõà 43–51 %.

Èçìåðåíèÿ âñåõ âûøåóêàçàííûõ ïàðàìåòðîâ îñó-

ùåñòâëÿëèñü ïåðåä íà÷àëîì èñïûòàíèé íà ðàññòî-

ÿíèè 1,2 ì îò íåîáîãðåâàåìîé ïîâåðõíîñòè èñïûòó-

åìîãî îáðàçöà.

Ôðàãìåíò èñïûòàíèé îáðàçöà ïðîòèâîïîæàðíîé

ïðåãðàäû “ÑÎÃÄÀ” (ìîäåëü 1) â ìàëîãàáàðèòíîé

ïå÷è ïîêàçàí íà ðèñ. 3.

Ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ çàêëþ÷à-

ëàñü â ñëåäóþùåì. Îáðàçåö ïðåãðàäû æåñòêî çàäå-

ëûâàëñÿ ïî ïåðèìåòðó èñïûòàòåëüíîé ðàìû ïóòåì

ïðèâàðèâàíèÿ ê íåé ñ èñïîëüçîâàíèåì ÷åòûðåõ ìå-

òàëëè÷åñêèõ ïëàñòèí è ïðèêðó÷èâàíèÿ ê ïîñëåäíèì

ñàìîðåçàìè ïî ìåòàëëó. Çàçîð ìåæäó òîðöàìè è

îáðàìëåíèåì äåðæàòåëÿ îáðàçöà çàäåëûâàëñÿ îãíå-

óïîðíûì êåðàìè÷åñêèì ñòåêëîâîëîêíîì. Ìîíòàæ

äåðæàòåëÿ ñ îáðàçöîì â òåõíîëîãè÷åñêîì ïðîåìå

âåðòèêàëüíîé ïå÷è è óñòàíîâêà òåðìîýëåêòðè÷åñêèõ

ïðåîáðàçîâàòåëåé ïðîâîäèëèñü ñïåöèàëèñòàìè èñ-

ïûòàòåëüíîé ëàáîðàòîðèè. Ãîðÿ÷èå ñïàè ïå÷íûõ òåð-

ìîýëåêòðè÷åñêèõ ïðåîáðàçîâàòåëåé óñòàíàâëèâàëèñü

ðàâíîìåðíî ïî ïëîùàäè âåðòèêàëüíîãî îãíåâîãî ïðî-

åìà íà óäàëåíèè íå ìåíåå 200 ìì îò ñòåí, ïîëà è ïî-

òîëêà îãíåâîé êàìåðû è íà ðàññòîÿíèè (100�10) ìì

îò îáîãðåâàåìîé ïîâåðõíîñòè îáðàçöà. Íà íåîáîãðå-

âàåìîé ïîâåðõíîñòè îäíó òåðìîïàðó ðàñïîëàãàëè

â öåíòðå, à îñòàëüíûå — íà ïåðåñå÷åíèè ïðÿìûõ,

ñîåäèíÿþùèõ öåíòð è óãëû îãíåâîãî ïðîåìà ïå÷è.

Èçìåðåíèÿ ïëîòíîñòè ïîòîêà òåïëîâîãî èçëó÷å-

íèÿ ïðîâîäèëèñü íà ðàññòîÿíèè 0,5 ì îò ãåîìåòðè-

÷åñêîãî öåíòðà íåîáîãðåâàåìîé ïîâåðõíîñòè êîí-

ñòðóêöèè ïðåãðàäû.

Äëÿ èñïûòàíèé ïðèìåíÿëîñü ìåòðîëîãè÷åñêè

àòòåñòîâàííîå èñïûòàòåëüíîå îáîðóäîâàíèå. Òåì-

ïåðàòóðíûé ðåæèì â ïå÷è ñîîòâåòñòâîâàë ðåæèìó

“ñòàíäàðòíîãî” ïîæàðà [19].

Ìàòåìàòè÷åñêàÿ ìîäåëü ðàñ÷åòà
îñëàáëåíèÿ ëó÷èñòîãî òåïëîâîãî ïîòîêà

Äëÿ ðàñ÷åòà óìåíüøåíèÿ ïëîòíîñòè òåïëîâîãî ïî-

òîêà çà ñ÷åò óñòàíîâêè ïðîòèâîïîæàðíîé ïðåãðàäû

“ÑÎÃÄÀ” (ìîäåëü 1) íåîáõîäèìî âûïîëíèòü ðàñ÷åò

òåïëîïåðåäà÷è îò îãíåâîãî ïðîñòðàíñòâà ìàëîãàáà-

ðèòíîé ïå÷è ÷åðåç åå ñòåíêè è âîäÿíóþ çàâåñó ê íà-

ðóæíîìó âîçäóõó.

Óìåíüøåíèå ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïî-

òîêà, ïðîõîäÿùåãî ÷åðåç ïðîòèâîïîæàðíóþ ïðåãðà-

äó, îöåíèì ïî âåëè÷èíå êîýôôèöèåíòà ñíèæåíèÿ

ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà:

kr = qr � qp, (1)

ãäå kr — êîýôôèöèåíò ñíèæåíèÿ ïëîòíîñòè ëó÷è-

ñòîãî òåïëîâîãî ïîòîêà;

qr — ïëîòíîñòü ëó÷èñòîãî òåïëîâîãî ïîòîêà, ïà-

äàþùåãî íà ïîâåðõíîñòü ïðîòèâîïîæàðíîé ïðå-

ãðàäû ñî ñòîðîíû îãíåâîãî ïðîñòðàíñòâà ïå÷è,

Âò�ì2;

qp — ïëîòíîñòü ëó÷èñòîãî òåïëîâîãî ïîòîêà íà

ðàññòîÿíèè 0,5 ì îò ãåîìåòðè÷åñêîãî öåíòðà íå-

îáîãðåâàåìîé ïîâåðõíîñòè êîíñòðóêöèè ïðåãðà-

äû, ïîëó÷åííàÿ â õîäå ýêñïåðèìåíòîâ, Âò�ì2.

Îñíîâîé äëÿ ðàñ÷åòà íàãðåâà ñòðîèòåëüíîé êîí-

ñòðóêöèè îò òåïëîâîãî èçëó÷åíèÿ ÿâëÿåòñÿ óðàâíå-

íèå ëó÷èñòîãî òåïëîîáìåíà Ñòåôàíà–Áîëüöìàíà [21]:
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ãäå  — ïðèâåäåííàÿ ñòåïåíü ÷åðíîòû ñèñòåìû;

Ðèñ. 2. Îáùèé âèä ýêñïåðèìåíòàëüíîé óñòàíîâêè — ìàëî-

ãàáàðèòíîé ïå÷è äëÿ èñïûòàíèÿ ñòðîèòåëüíûõ êîíñòðóêöèé

íà îãíåñòîéêîñòü

Fig. 2. General view of the experimental installation — the small-

sized furnace for testing building structures for fire resistance

Ðèñ. 3. Ôðàãìåíò èñïûòàíèÿ îáðàçöà ïðîòèâîïîæàðíîé ïðå-

ãðàäû “ÑÎÃÄÀ” (ìîäåëü 1) â ìàëîãàáàðèòíîé ïå÷è

Fig. 3. Fragment of the test of the fire barrier “SOGDA” (model 1)

in the small-sized furnace
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ñb — êîýôôèöèåíò èçëó÷åíèÿ àáñîëþòíî ÷åð-

íîãî òåëà; cb = 5,67 Âò�(ì2·Ê4);

Ti — òåìïåðàòóðà èçëó÷àþùåé ïîâåðõíîñòè, Ê;

To — òåìïåðàòóðà íà îáëó÷àåìîé ïîâåðõíîñòè

êîíñòðóêöèè, Ê;

"io — êîýôôèöèåíò îáëó÷åííîñòè ìåæäó èçëó-

÷àþùåé è îáëó÷àåìîé ïîâåðõíîñòÿìè, â êîòî-

ðûé â íåÿâíîé ôîðìå âõîäèò ðàññòîÿíèå r (ì) ïî

íîðìàëè ìåæäó èçëó÷àþùåé è îáëó÷àåìîé ïî-

âåðõíîñòÿìè.

Êîýôôèöèåíò îáëó÷åííîñòè äëÿ îäíîé ÷åòâåð-

òîé ÷àñòè ïëîùàäè ïîâåðõíîñòè ôàêåëà âû÷èñëÿåò-

ñÿ ïî ôîðìóëå [21]:
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(3)

ãäå à, b — äëèíû ñòîðîí ïðÿìîóãîëüíèêà ïëàìåíè

[21], ì.

Îöåíêà ôèçè÷åñêèõ ìåõàíèçìîâ
îñëàáëåíèÿ ëó÷èñòîãî òåïëîâîãî ïîòîêà

ïðîòèâîïîæàðíîé ïðåãðàäîé

Îöåíèì ôèçè÷åñêèå ìåõàíèçìû îñëàáëåíèÿ ëó-

÷èñòîãî òåïëîâîãî ïîòîêà ïðîòèâîïîæàðíîé ïðå-

ãðàäîé. Íà ðèñ. 4 ïðèâåäåíà ïðèíöèïèàëüíàÿ ñõåìà

îñëàáëåíèÿ ëó÷èñòîãî òåïëîâîãî ïîòîêà ïðîòèâî-

ïîæàðíîé ïðåãðàäîé.

Ïëîòíîñòü ëó÷èñòîãî òåïëîâîãî ïîòîêà, ïàäà-

þùåãî íà ïîâåðõíîñòü ïðîòèâîïîæàðíîé ïðåãðàäû,

ìîæíî çàïèñàòü â âèäå:

qr = qr.m + qr.h, (4)

ãäå qr.m — ïëîòíîñòü ÷àñòè ëó÷èñòîãî òåïëîâîãî ïî-

òîêà, ïàäàþùåé íà ìåòàëëè÷åñêóþ ïîâåðõíîñòü

ïðåãðàäû, îõëàæäàåìóþ âîäîé, Âò�ì2;

qr.h — ÷àñòü ëó÷èñòîãî òåïëîâîãî ïîòîêà, ïîïà-

äàþùàÿ íà îòâåðñòèÿ ìåòàëëè÷åñêîé ðåøåòêè,

Âò�ì2.

Èç ãåîìåòðè÷åñêèõ ñîîáðàæåíèé

qr.m = kf qr ; (5)

qr.h = (1 – kf ) qr , (6)

ãäå kf — êîýôôèöèåíò, ðàâíûé îòíîøåíèþ ïëîùà-

äè ïîâåðõíîñòè ïðåãðàäû, çàíèìàåìîé ìåòàëëîì

Fm (ì2), ê ñóììàðíîé ïëîùàäè ïîâåðõíîñòè ïðå-

ãðàäû F (ì2); kf = Fm �F.

Â äàííîì ýêñïåðèìåíòå êîýôôèöèåíò kf = 0,6213.

Òàêèì îáðàçîì, ìîæíî ñ÷èòàòü, ÷òî ïðèìåðíî 62 %

ñóììàðíîãî ëó÷èñòîãî òåïëîâîãî ïîòîêà, ïàäàþùåãî

íà ïðîòèâîïîæàðíóþ ïðåãðàäó, ïîëíîñòüþ ïîãëî-

ùàåòñÿ, îòðàæàåòñÿ è ðàññåèâàåòñÿ ìåòàëëè÷åñêîé

÷àñòüþ ÿ÷åéêè è îõëàæäàþùåé åå âîäîé.

Ýòîò âûâîä ïîäòâåðæäàåòñÿ ðåçóëüòàòàìè ýêñïå-

ðèìåíòîâ, ñîãëàñíî êîòîðûì òåìïåðàòóðà íà íàðóæ-

íîé ïîâåðõíîñòè ìåòàëëè÷åñêîé ñåòêè, íåïîñðåäñò-

âåííî êîíòàêòèðóþùåé ñ ãàçîâîé ñðåäîé ïå÷è, íå ïðå-

âûøàåò 367 �Ñ. Ïðè òàêîé òåìïåðàòóðå âåëè÷èíîé

ëó÷èñòîãî òåïëîâîãî ïîòîêà, èçëó÷àåìîãî íàðóæíîé

ïîâåðõíîñòüþ âûøåóêàçàííîé ìåòàëëè÷åñêîé ñåò-

êè âíóòðü ïðîòèâîïîæàðíîé ïðåãðàäû, ìîæíî ïðå-

íåáðå÷ü.

Ýêñïåðèìåíòàëüíîå çíà÷åíèå êîýôôèöèåíòà ñíè-

æåíèÿ ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà kr (âû-

ðàæåíèå (1)) ïðè òåìïåðàòóðå âíóòðè ïå÷è 1030 �Ñ
ïðè qr = 20 êÂò�ì2 è qp = 0,2 êÂò�ì2 ðàâíî 100.

Òîãäà êîýôôèöèåíò îñëàáëåíèÿ ÷àñòè ëó÷èñòîãî

òåïëîâîãî ïîòîêà, ïðîõîäÿùåãî ÷åðåç îòâåðñòèÿ â

ìåòàëëè÷åñêîé ðåøåòêå, ñ ó÷åòîì âûðàæåíèé (1) è

(6) ñîñòàâèò:

k
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Òàêèì îáðàçîì, ìîæíî ïðåäïîëîæèòü, ÷òî ïðè-

ìåðíî 37 % ïàäàþùåãî íà ïîâåðõíîñòü ïðåãðàäû

ëó÷èñòîãî òåïëîâîãî ïîòîêà îòðàæàåòñÿ è ðàññåèâà-

åòñÿ çà ñ÷åò äèôðàêöèîííûõ ÿâëåíèé âíóòðè ïðîòè-

âîïîæàðíîé ïðåãðàäû è ïîãëîùàåòñÿ ìåòàëëè÷åñêè-

ìè ñåòêàìè è îõëàæäàþùåé èõ âîäîé, òàê êàê ÷åðåç

îòâåðñòèÿ ïðåãðàäà ïðîïóñêàåò ïðèìåðíî 1�20 ÷àñòü

òåïëîâîãî ïîòîêà, ïîïàäàþùåãî íà íèõ.

Ýòîò âûâîä ìîæíî îáúÿñíèòü òåì, ÷òî äëèíà âîë-

íû òåïëîâîãî èçëó÷åíèÿ ñîïîñòàâèìà ñ ðàçìåðàìè

Ðèñ. 4. Ïðèíöèïèàëüíàÿ ñõåìà îñëàáëåíèÿ ëó÷èñòîãî òåïëî-

âîãî ïîòîêà ïðîòèâîïîæàðíîé ïðåãðàäîé

Fig. 4. Schematic diagram of the reduction of radiant heat flux

by the fire barrier
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êâàäðàòíîãî îòâåðñòèÿ ÿ÷åéêè ìåòàëëè÷åñêîé ñåòêè.

Ïîýòîìó ïðîöåññû îòðàæåíèÿ è ðàññåèâàíèÿ èçëó-

÷åíèÿ ïðåâûøàþò ïî ñâîåìó ýôôåêòó ïðîöåññ ïðî-

ïóñêàíèÿ ëó÷èñòîé òåïëîâîé ýíåðãèè [22, 23]. Ïî-

äðîáíûé ìåõàíèçì äèôðàêöèè íà âûøåóêàçàííûõ

îòâåðñòèÿõ òðåáóåò äîïîëíèòåëüíûõ èññëåäîâàíèé.

Òàêèì îáðàçîì, ïðîòèâîïîæàðíàÿ ïðåãðàäà â âû-

øåóêàçàííûõ óñëîâèÿõ ïðîâåäåíèÿ ýêñïåðèìåíòîâ

ïðè òåìïåðàòóðå âíóòðè ïå÷è 1030 �Ñ ïîãëîùàåò,

îòðàæàåò è ðàññåèâàåò 99 % ïàäàþùåãî íà íåå ëó-

÷èñòîãî òåïëîâîãî ïîòîêà.

Ðåçóëüòàòû è àíàëèç ðàñ÷åòà
êîýôôèöèåíòà ñíèæåíèÿ ïëîòíîñòè

ëó÷èñòîãî òåïëîâîãî ïîòîêà
ïðîòèâîïîæàðíîé ïðåãðàäîé

Âûïîëíèì îöåíî÷íûé ðàñ÷åò êîýôôèöèåíòà ñíè-

æåíèÿ ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà ïðî-

òèâîïîæàðíîé ïðåãðàäîé ïî âûðàæåíèþ (1) ñ èñ-

ïîëüçîâàíèåì ôîðìóë (2) è (3).

Ïðè ãîðåíèè ïðèðîäíîãî ãàçà îñíîâíîå âûäåëå-

íèå ïàðîâ âîäû è óãëåêèñëîãî ãàçà ïðîèñõîäèò ïðè

ðåàêöèè: ÑÍ4 + 2Î2 = ÑÎ2 + 2Í2Î. Ïðè ýòîì îáúåì-

íûå äîëè óãëåêèñëîãî ãàçà è ïàðîâ âîäû ñîñòàâëÿþò

ñîîòâåòñòâåííî rCO2
= 0,167; rÍ Î2

= 0,333.

Ñòåïåíü ÷åðíîòû ïðîäóêòîâ ãîðåíèÿ ïðèðîäíî-

ãî ãàçà ñ ó÷åòîì äîëåé óãëåêèñëîãî ãàçà è ïàðîâ âîäû

äëÿ ðàñ÷åòà ïðèâåäåííîé ñòåïåíè ÷åðíîòû  â âû-

ðàæåíèè (2) îïðåäåëÿëè ñ èñïîëüçîâàíèåì ñîîòâåò-

ñòâóþùèõ íîìîãðàìì [21].

Ðåçóëüòàòû ðàñ÷åòîâ ïëîòíîñòè ëó÷èñòîãî òåï-

ëîâîãî ïîòîêà ñ èñïîëüçîâàíèåì ôîðìóë (2) è (3) â

ñëó÷àå, êîãäà èçëó÷åíèå îò ãàçîâîé ñðåäû ïå÷è íà-

ðóæó ïðîèñõîäèò ÷åðåç îòêðûòóþ ñòåíêó (ïðîòèâî-

ïîæàðíîé ïðåãðàäû íåò), â óñëîâèÿõ “ñòàíäàðòíîãî”

ïîæàðà ïðèâåäåíû íà ðèñ. 5

Íà ðèñ. 5 ïðåäñòàâëåíà òàêæå çàâèñèìîñòü îò âðå-

ìåíè ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà íà ðàñ-

ñòîÿíèè 0,5 ì îò ãåîìåòðè÷åñêîãî öåíòðà íåîáîãðå-

âàåìîé ïîâåðõíîñòè êîíñòðóêöèè ïðåãðàäû, ïðèâå-

äåííàÿ â ïðîòîêîëå ñåðòèôèêàöèîííûõ èñïûòàíèé.

Çàâèñèìîñòü êîýôôèöèåíòà ñíèæåíèÿ ïëîòíî-

ñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà, îïðåäåëÿåìîãî ïî

ôîðìóëå (1), îò âðåìåíè, ïðîøåäøåãî ñ íà÷àëà “ñòàí-

Ðèñ. 5. Çàâèñèìîñòè ïëîòíîñòè òåïëîâîãî ïîòîêà îò âðåìåíè

ïðè “ñòàíäàðòíîì” ïîæàðå: 1 — ðàñ÷åòíàÿ çàâèñèìîñòü ïî

âûðàæåíèÿì (2) è (3) ïðè îòñóòñòâèè ïðîòèâîïîæàðíîé ïðå-

ãðàäû; 2 — ýêñïåðèìåíòàëüíàÿ çàâèñèìîñòü ïðè íàëè÷èè

ïðåãðàäû íà ðàññòîÿíèè 0,5 ì îò ãåîìåòðè÷åñêîãî öåíòðà åå

íåîáîãðåâàåìîé ïîâåðõíîñòè

Fig. 5. Dependences of the heat flux density on time for a “stan-

dard” fire: 1 — ñalculated dependence based on expressions (2)

and (3) at the absence of the fire barrier; 2 — the experimental

dependence in the presence of the fire barrier at the distance of

0.5 m from the geometric center of its unheated surface

Ïðîìåæóòîê

âðåìåíè $ îò
íà÷àëà èñïûòà-

íèé, ìèí

The time interval

$ from the begin-
ning of the test,

min

Äèàïàçîí èçìåíåíèÿ
ñðåäíåîáúåìíîé

òåìïåðàòóðû Ò, �Ñ
The range of the change

of medium volume
temperature Ò, °C

Êîýôôèöèåíò ñíè-
æåíèÿ ïëîòíîñòè
ëó÷èñòîãî òåïëî-

âîãî ïîòîêà kr

The reduction
coefficient of
the heat flux

density kr

0 < $ < 20 20 < T < 814,6 380–230

20 % $ < 40 814,6 % T < 884,7 230–170

40 % $ < 60 884,7 % T < 945,3 170–140

60 % $ < 80 945,3 % T < 988,4 140–120

80 % $ < 100 988,4 % T < 1021,8 120–105

100 % $ < 120 1021,8 % T < 1055,2 105–95

120 % $ < 140 1055,2 % T < 1092,1 95–90

140 % $ < 160 1055,2 % T < 1092,1 90–80

Èçìåíåíèå êîýôôèöèåíòà ñíèæåíèÿ ïëîòíîñòè òåïëîâîãî
ïîòîêà â çàâèñèìîñòè îò âðåìåíè è òåìïåðàòóðû ãàçîâîé
ñðåäû â ïå÷è

The change in the reduction coefficient of the heat flux density
as a function of time and temperature

Ðèñ. 6. Çàâèñèìîñòü êîýôôèöèåíòà ñíèæåíèÿ ïëîòíîñòè ëó-

÷èñòîãî òåïëîâîãî ïîòîêà îò âðåìåíè

Fig. 6. Dependence of the reduction coefficient of the radiant heat

flux density on time
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äàðòíîãî” ïîæàðà, ïðåäñòàâëåíà íà ðèñ. 6. Èç ðèñ. 6

âèäíî, ÷òî ýòà çàâèñèìîñòü îáðàòíî ïðîïîðöèîíàëü-

íà è äîñòàòî÷íî ñóùåñòâåííà.

Ðåçóëüòàòû ðàñ÷åòà çàâèñèìîñòè êîýôôèöèåíòà

ñíèæåíèÿ ïëîòíîñòè ëó÷èñòîãî òåïëîâîãî ïîòîêà îò

âðåìåíè è, ñîîòâåòñòâåííî, îò ñðåäíåîáúåìíîé òåì-

ïåðàòóðû ãàçîâîé ñðåäû âíóòðè ïå÷è ïðèâåäåíû

â òàáëèöå.

Èç òàáëèöû âèäíî, ÷òî ìèíèìàëüíîå çíà÷åíèå

âûøåóêàçàííîãî êîýôôèöèåíòà íà 160-é ìèíóòå ãî-

ðåíèÿ kr = 80.

Çàêëþ÷åíèå

Âûïîëíåííûé òåïëîôèçè÷åñêèé ðàñ÷åò óìåíü-

øåíèÿ ïëîòíîñòè òåïëîâîãî ïîòîêà, ïðîõîäÿùåãî

÷åðåç ïðîòèâîïîæàðíóþ ïðåãðàäó “ÑÎÃÄÀ” (ìî-

äåëü 1), è ðåçóëüòàòû ñåðòèôèêàöèîííûõ èñïûòàíèé

ïîêàçàëè, ÷òî â óñëîâèÿõ “ñòàíäàðòíîãî” ïîæàðà

êîýôôèöèåíò îñëàáëåíèÿ ëó÷èñòîãî òåïëîâîãî ïî-

òîêà âûøåóêàçàííîé ïðåãðàäîé èçìåíÿåòñÿ â çàâè-

ñèìîñòè îò ïðîìåæóòêà âðåìåíè, ïðîøåäøåãî ñ íà-

÷àëà ãîðåíèÿ, â äèàïàçîíå îò 380 äî 80.

Äàëüíåéøèå ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ

áóäóò íàïðàâëåíû íà áîëåå ïîäðîáíîå èçó÷åíèå òåï-

ëîôèçè÷åñêîãî ìåõàíèçìà îñëàáëåíèÿ ëó÷èñòîãî

òåïëîâîãî ïîòîêà â öåëÿõ ðàçðàáîòêè ìàòåìàòè÷å-

ñêîé ìîäåëè ðàñ÷åòà êîýôôèöèåíòà îñëàáëåíèÿ, ÷òî

ïîçâîëèò îáîñíîâûâàòü òåõíè÷åñêèå õàðàêòåðèñòè-

êè ýêðàíîâ ïîä çàäàííûå óñëîâèÿ èõ ðàáîòû áåç ïðî-

âåäåíèÿ äîïîëíèòåëüíûõ ýêñïåðèìåíòàëüíûõ èñ-

ñëåäîâàíèé.
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ABSTRACT

Introduction. The innovative technology of heat flux reduction implemented using the heat-

shielding water-film barrier “SOGDA” (model 1), according to the results of previous experimental

studies, allows to reduce the radiant heat flux by more than 50 times. However, the thermal and

physical mechanisms of this process are not sufficiently studied, which does not allow to justify

the technical characteristics of heat shields under given conditions for their operation.

Purposes and objectives. The purpose of the article is to evaluate experimentally and

theoretically the coefficient of the reduction of radiant heat flux by a heat-shielded water-film fire
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barrier under the “standard” fire mode. To achieve this, a mathematical model was developed for

calculating the coefficient of reduction of radiant heat flux by the fire barrier, an assessment was made

of the physical mechanisms of the reduction of radiant heat flux by a fire barrier, and an experimental

time dependence of the density of radiant heat flux passing from a small oven through the barrier

installed in one of its walls to the outside was obtained.

Methods. There are used a theoretical method for calculating radiant heat transfer based on

the Stefan–Boltzmann equation and an experimental method for studying the reduction of radiant

heat transfer in a small-sized furnace for testing building structures for fire resistance in the “standard”

fire mode.

Results. The physical mechanisms of the reduction of radiant heat flux by the fire barrier are

substantiated. It is shown that the fire barrier with a size of 1.5�1.5 m at a temperature inside

the furnace 1030 �C absorbs, reflects and disperses 99 % of the radiant heat flux incident on it.

Experimental time dependence of the density of the radiant heat flux at a distance of 0.5 m from

the geometric center of the unheated surface of the barrier is obtained.

It is found that in the case of the “standard” fire, the coefficient of reduction of radiant heat flux by

the fire barrier “SOGDA” (model 1) varies depending on the time from the onset of natural gas

combustion in the range from 380 to 80.

The conclusion. Further experimental studies will be aimed at a more detailed study of

the thermal and physical mechanisms for the reduction of a radiant heat flux through the barrier,

which will allow us to justify the technical characteristics of heat shields under given conditions for

their operation without additional experimental studies.

Keywords: fire; security; heat safety shield; water irrigation; radiant heat transfer.
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Â ñîîòâåòñòâèè ñ ñóùåñòâóþùèì çàêîíîäàòåëüñòâîì

çà áåçîïàñíîñòü è êà÷åñòâî ëþáîé ïðîäóêöèè, âûïóñ-

êàåìîé íà ðûíîê, îòâå÷àåò ïðîèçâîäèòåëü. Íà îðãàíå

ïî ñåðòèôèêàöèè ëåæèò îòâåòñòâåííîñòü çà òî, ÷òî

îí â äåéñòâèòåëüíîñòè, â ñîîòâåòñòâèè ñ èìåþùè-

ìèñÿ ïðîöåäóðàìè, ïðîâåë îöåíêó ñîîòâåòñòâèÿ ïðî-

äóêöèè óñòàíîâëåííûì òðåáîâàíèÿì, ïðåæäå ÷åì

âûäàòü ñåðòèôèêàò ñîîòâåòñòâèÿ. Çà ëþáûìè íåäîá-

ðîñîâåñòíûìè ñõåìàìè ïî âûäà÷å ñåðòèôèêàòîâ ñî-

îòâåòñòâèÿ ñòîÿò êîíêðåòíûå ëþäè — ýêñïåðòû. Íà-

÷èíàÿ ñ 2014 ã. è äî íàñòîÿùåãî âðåìåíè â îðãàíàõ

ïî ñåðòèôèêàöèè â îáëàñòè ïîæàðíîé áåçîïàñíîñòè

ðàáîòàþò ñïåöèàëèñòû, êîòîðûå íå ïðîøëè ñîîò-

âåòñòâóþùóþ çàêîííóþ àòòåñòàöèþ è òåì íå ìåíåå

èìåþò ïðàâî âûäàâàòü ñåðòèôèêàòû íà ïðîäóêöèþ,

çà÷àñòóþ íèçêîêà÷åñòâåííóþ è íåáåçîïàñíóþ, à ïî-

ðîé íå ñîîòâåòñòâóþùóþ òðåáîâàíèÿì Òåõíè÷åñêî-

ãî ðåãëàìåíòà î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíî-

ñòè (Ôåäåðàëüíûé çàêîí îò 22.07.2008 ¹ 123-ÔÇ)

(äàëåå — ÔÇ ¹ 123) [1].

Â ïîäï. 2 ï. 4 ñò. 148 ÔÇ ¹ 123 [1] èçëîæåíû äî-

ïîëíèòåëüíûå òðåáîâàíèÿ ê îðãàíàì ïî ñåðòèôèêà-

öèè â îáëàñòè ïîæàðíîé áåçîïàñíîñòè, êîòîðûå ïî-

ïðåæíåìó, íà÷èíàÿ ñ 2014 ã., èãíîðèðóþòñÿ Ðîñ-

àêêðåäèòàöèåé ïðè ïðîâåäåíèè ðàáîò ïî àêêðåäè-

òàöèè èõ â íàöèîíàëüíîé ñèñòåìå àêêðåäèòàöèè.

Â íàñòîÿùåå âðåìÿ òðåáîâàíèÿ íàñòîÿùåé ñòàòüè,

â ñîîòâåòñòâèè ñ êîòîðûìè â àêêðåäèòîâàííîì â íà-

öèîíàëüíîé ñèñòåìå àêêðåäèòàöèè îðãàíå ïî ñåðòè-

ôèêàöèè äîëæíû áûòü øòàòíûå ñïåöèàëèñòû (ýêñ-

ïåðòû), àòòåñòîâàííûå â ïîðÿäêå, óñòàíîâëåííîì

ôåäåðàëüíûì îðãàíîì èñïîëíèòåëüíîé âëàñòè,

óïîëíîìî÷åííûì íà ðåøåíèå çàäà÷ â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè, íè îäíèì èç ýêñïåðòîâ ïî àê-

êðåäèòàöèè, êîòîðûì áûëè ïîðó÷åíû ñîîòâåòñòâó-

þùèå ãîñóäàðñòâåííûå óñëóãè, íå ðåàëèçîâàíû.

Â ðåçóëüòàòå òàêîé äåÿòåëüíîñòè Ðîñàêêðåäèòà-

öèåé àêêðåäèòîâàíî â íàöèîíàëüíîé ñèñòåìå àêêðå-

äèòàöèè áîëåå 100 îðãàíîâ ïî ñåðòèôèêàöèè â îá-

ëàñòè ïîæàðíîé áåçîïàñíîñòè, êîòîðûå íå èìåþò â

øòàòå ïî îñíîâíîìó ìåñòó ðàáîòû íå ìåíåå òðåõ ðà-

áîòíèêîâ, ó÷àñòâóþùèõ â âûïîëíåíèè ðàáîò ïî ïîä-

òâåðæäåíèþ ñîîòâåòñòâèÿ è àòòåñòîâàííûõ â ïîðÿä-

êå, óñòàíîâëåííîì ôåäåðàëüíûì îðãàíîì èñïîëíè-

òåëüíîé âëàñòè, óïîëíîìî÷åííûì íà ðåøåíèå çàäà÷

â îáëàñòè ïîæàðíîé áåçîïàñíîñòè.

Ñïåöèàëèñòàìè â îáëàñòè ïîæàðíîé áåçîïàñíî-

ñòè âûðàæàåòñÿ ñåðüåçíàÿ îçàáî÷åííîñòü ñëîæèâøåé-

ñÿ ñèòóàöèåé. Äåëî â òîì, ÷òî äî ñèõ ïîð â ïðèêàç Ìèí-

ýêîíîìðàçâèòèÿ îò 23 ìàÿ 2014 ã. ¹ 291 “Îá óòâåðæ-

äåíèè ïåðå÷íÿ îáëàñòåé àòòåñòàöèè ýêñïåðòîâ ïî

àêêðåäèòàöèè” [2], â ïóíêòû 1.1 (Àêêðåäèòàöèÿ îð-

ãàíîâ ïî ñåðòèôèêàöèè â ñôåðàõ) è 5.1 (Àêêðåäèòà-

öèÿ èñïûòàòåëüíûõ ëàáîðàòîðèé (öåíòðîâ) â ñôåðå),

íå âíåñåíû íîâûå ïîäïóíêòû è òåðìèí “ïîæàðíàÿ

áåçîïàñíîñòü”.

Ïî ìíåíèþ ñïåöèàëèñòîâ â îáëàñòè ïîæàðíîé áåç-

îïàñíîñòè, íåïðèíÿòèå ïîïðàâîê â óêàçàííûé ïðèêàç

íàíîñèò óùåðá íàöèîíàëüíûì èíòåðåñàì, ñíèæàåò

óðîâåíü áåçîïàñíîñòè ãîñóäàðñòâà.

Äàííûå òðåáîâàíèÿ ñïåöèàëèñòîâ â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè îáîñíîâûâàþòñÿ íàëè÷èåì â

Ðîññèéñêîé Ôåäåðàöèè, íà÷èíàÿ ñ 1998 ã.:

� ïðîöåäóð àêêðåäèòàöèè îðãàíîâ ïî ñåðòèôèêà-

öèè è èñïûòàòåëüíûõ ëàáîðàòîðèé â îáÿçàòåëü-

íîé ñèñòåìå ñåðòèôèêàöèè â îáëàñòè ïîæàðíîé

áåçîïàñíîñòè è äîáðîâîëüíîé ñèñòåìå ñåðòèôè-

êàöèè óñëóã (ðàáîò), ñèñòåì ìåíåäæìåíòà êà÷å-

ñòâà â îáëàñòè ïîæàðíîé áåçîïàñíîñòè;

� òðåáîâàíèé ê ýêñïåðòàì ïî àêêðåäèòàöèè îðãà-

íîâ ïî ñåðòèôèêàöèè è èñïûòàòåëüíûõ ëàáîðà-

òîðèé, ýêñïåðòàì ïî ïîäòâåðæäåíèþ ñîîòâåòñò-

âèÿ ïðîäóêöèè è óñëóã, èñïûòàòåëÿì èñïûòàòåëü-

íûõ ëàáîðàòîðèé (öåíòðîâ) â îáëàñòè ïîæàðíîé

áåçîïàñíîñòè â ÷àñòè íàëè÷èÿ ïðîôåññèîíàëü-

íîãî îáðàçîâàíèÿ ïî ïðîôèëþ è îïðåäåëåííîãî

ñòàæà ðàáîòû;

� àêêðåäèòîâàííûõ îðãàíîâ ïî ñåðòèôèêàöèè è èñ-

ïûòàòåëüíûõ ëàáîðàòîðèé â óêàçàííûõ ñèñòåìàõ

êàê ïî ïðîäóêöèè, òàê è ïî óñëóãàì â îáëàñòè ïî-

æàðíîé áåçîïàñíîñòè.
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Êðîìå òîãî, â ñò. 148 ÔÇ ¹ 123 [1] òàêæå èçëîæå-

íû äîïîëíèòåëüíûå òðåáîâàíèÿ, ó÷èòûâàåìûå ïðè

àêêðåäèòàöèè îðãàíîâ ïî ñåðòèôèêàöèè è èñïûòà-

òåëüíûõ ëàáîðàòîðèé.

Â 2003 ã. ñîçäàíà è çàðåãèñòðèðîâàíà â Ãîñóäàð-

ñòâåííîì ðååñòðå Ñèñòåìà äîáðîâîëüíîé ñåðòèôè-

êàöèè óñëóã (ðàáîò), ñèñòåì ìåíåäæìåíòà êà÷åñòâà

â îáëàñòè ïîæàðíîé áåçîïàñíîñòè, â êîòîðîé ïðåäó-

ñìàòðèâàëàñü è ïðîâîäèëàñü ïðîöåäóðà àêêðåäè-

òàöèè îðãàíîâ ïî ñåðòèôèêàöèè è èñïûòàòåëüíûõ

ëàáîðàòîðèé óñëóã (ðàáîò) â îáëàñòè ïîæàðíîé áåç-

îïàñíîñòè.

Îäíîâðåìåííî õîòåëîñü áû çàìåòèòü, ÷òî â ñîîò-

âåòñòâèè ñ ïðèêàçîì Ìèíýêîíîìðàçâèòèÿ îò 23 ìàÿ

2014 ã. ¹ 285 [3] â ïåðå÷åíü îáëàñòåé ñïåöèàëèçàöèè

òåõíè÷åñêèõ ýêñïåðòîâ, â ðàçä. 1 “Òåõíè÷åñêèå ýêñ-

ïåðòû â îáëàñòè îöåíêè (ïîäòâåðæäåíèÿ) ñîîòâåò-

ñòâèÿ ïðîäóêöèè” âêëþ÷åí ïîäðàçä. 1.28 (Ïîæàð-

íî-òåõíè÷åñêàÿ ïðîäóêöèÿ); â ðàçä. 2 “Òåõíè÷åñêèå

ýêñïåðòû â îáëàñòè èññëåäîâàíèé (èñïûòàíèé), èç-

ìåðåíèé è àíàëèçà” — ïîäðàçä. 2.8 (Èñïûòàíèÿ â îá-

ëàñòè ïîæàðíîé áåçîïàñíîñòè) è 2.9 (Èñïûòàíèÿ ìà-

òåðèàëîâ ïîæàðíî-òåõíè÷åñêîãî íàçíà÷åíèÿ). Â òî æå

âðåìÿ íåïîíÿòíî, ïî êàêîé ïðè÷èíå â ñîîòâåòñòâèè

ñ ïðèêàçîì [2] â ïåðå÷íå îáëàñòåé àòòåñòàöèè ýêñïåð-

òîâ ïî àêêðåäèòàöèè íå ïðåäóñìîòðåíû:
� â ðàçä. 1 “Àêêðåäèòàöèÿ îðãàíîâ ïî ñåðòèôè-

êàöèè ïðîäóêöèè” — ñôåðà “ïîæàðíàÿ áåçîïàñ-

íîñòü”;
� â ðàçä. 5 “Àêêðåäèòàöèÿ èñïûòàòåëüíûõ ëàáîðà-

òîðèé “öåíòðîâ” — ñôåðà “ïîæàðíàÿ áåçîïàñ-

íîñòü, óñòàíîâêè ïîæàðîòóøåíèÿ, ñèñòåìû ïðî-

òèâîïîæàðíîãî âîäîñíàáæåíèÿ, îãíåçàùèòà

ñòðîèòåëüíûõ êîíñòðóêöèé, ìàòåðèàëû ïîæàð-

íî-òåõíè÷åñêîãî íàçíà÷åíèÿ”.

Â ñîîòâåòñòâèè ñ ïîäï. 1 ï. 4 ñò. 148 ÔÇ ¹ 123 [1]

îðãàíèçàöèÿ, ïðåòåíäóþùàÿ íà àêêðåäèòàöèþ â êà-

÷åñòâå îðãàíà ïî ñåðòèôèêàöèè íà ñîîòâåòñòâèå òðå-

áîâàíèÿì ïîæàðíîé áåçîïàñíîñòè, ìîæåò áûòü àê-

êðåäèòîâàíà, åñëè â ñîñòàâå ýòîé îðãàíèçàöèè èìå-

åòñÿ àêêðåäèòîâàííàÿ ëàáîðàòîðèÿ ñ àíàëîãè÷íîé

îáëàñòüþ àêêðåäèòàöèè. Ýòè òðåáîâàíèÿ áûëè âñå

æå ó÷òåíû Ðîñàêêðåäèòàöèåé è íàøëè ñâîå îòðàæå-

íèå â ï. 13 ïðèêàçà Ìèíýêîíîìðàçâèòèÿ Ðîññèè îò

30 ìàÿ 2014 ã. ¹ 326 [4].

Èñïûòàíèÿ â îáëàñòè ïîæàðíîé áåçîïàñíîñòè

èìåþò îòðàñëåâóþ ñïåöèôèêó, óñòàíîâëåííóþ ÔÇ

¹ 123 [1] è äðóãèìè íîðìàòèâíûìè äîêóìåíòàìè.

Èñïûòàòåëüíàÿ ëàáîðàòîðèÿ íåñåò îòâåòñòâåííîñòü

çà òî, ÷òîáû ïîëó÷åííûå îò îðãàíà ïî ñåðòèôèêàöèè

îáðàçöû ïðîäóêöèè áûëè èñïûòàíû ïî òåì ïîêàçà-

òåëÿì, êîòîðûå óêàçàíû îðãàíîì ïî ñåðòèôèêàöèè.

Çäåñü î÷åíü âàæíî, ÷òîáû ñïåöèàëèñò (ýêñïåðò) îð-

ãàíà ïî ñåðòèôèêàöèè áûë õîðîøî îáðàçîâàí, èìåë

âûñîêóþ òåõíè÷åñêóþ è ïðîôåññèîíàëüíóþ êâàëè-

ôèêàöèþ è ñîîòâåòñòâóþùèé îïûò â ñôåðå òåõíè-

÷åñêîé ñóùíîñòè ïðîöåññîâ ïîäòâåðæäåíèÿ ñîîò-

âåòñòâèÿ ïðîäóêöèè â îáëàñòè ïîæàðíîé áåçîïàñ-

íîñòè.

×òî êàñàåòñÿ àòòåñòàöèè ýêñïåðòîâ ïî àêêðåäè-

òàöèè, òî Ðîñàêêðåäèòàöèåé íå ïðåäóñìîòðåíà ïðî-

âåðêà çíàíèé â îáëàñòè ïîæàðíîé áåçîïàñíîñòè, à ñïå-

öèàëèñòîâ â äàííîé îáëàñòè íåò íè â îäíîé ñôåðå èç

óêàçàííûõ â ïðèëîæåíèè ê ïðèêàçó Ìèíýêîíîìðàç-

âèòèÿ [2]. Â ðåçóëüòàòå âîçíèêàþò áîëüøèå òðóäíîñòè

ñ âûáîðîì ýêñïåðòîâ ïî àêêðåäèòàöèè äëÿ âûïîë-

íåíèÿ ãîñóäàðñòâåííûõ óñëóã çàÿâèòåëåé, ïðåäñòà-

âèâøèõ â Ðîñàêêðåäèòàöèþ çàÿâëåíèå íà àêêðåäè-

òàöèþ îðãàíà ïî ñåðòèôèêàöèè èëè èñïûòàòåëüíîé

ëàáîðàòîðèè â îáëàñòè ïîæàðíîé áåçîïàñíîñòè.

Èç êîíöåïöèè ïîëèòèêè Ôåäåðàëüíîé ñëóæáû ïî

àêêðåäèòàöèè â îáëàñòè ïîäãîòîâêè è ïåðåïîäãîòîâ-

êè ýêñïåðòîâ ïî àêêðåäèòàöèè ñëåäóåò, ÷òî ýêñïåð-

òû ïî àêêðåäèòàöèè — ýòî îñíîâíîå çâåíî â äàííîé

ñèñòåìå. Ýòè ñïåöèàëèñòû äîëæíû áûòü õîðîøî îá-

ðàçîâàíû, èìåòü âûñîêóþ òåõíè÷åñêóþ è ïðîôåññè-

îíàëüíóþ êâàëèôèêàöèþ è ñîîòâåòñòâóþùèé îïûò

â ñôåðå íå òîëüêî ïðîöåäóðû àêêðåäèòàöèè, íî è òåõ-

íè÷åñêîé ñóùíîñòè ïðîöåññîâ ôóíêöèîíèðîâàíèÿ

àêêðåäèòóåìûõ ëèö.

Èç äîêëàäà çàìåñòèòåëÿ ðóêîâîäèòåëÿ Ôåäåðàëü-

íîé ñëóæáû ïî àêêðåäèòàöèè À. Ã. Ëèòâàêà ñëåäóåò,

÷òî êëþ÷åâóþ ðîëü â ôóíêöèîíèðîâàíèè íàöèîíàëü-

íîé ñèñòåìû àêêðåäèòàöèè èãðàþò ýêñïåðòû ïî àê-

êðåäèòàöèè, íà ðåçóëüòàòàõ ýêñïåðòèçû êîòîðûõ ñëóæ-

áà îñíîâûâàåò ñâîè ðåøåíèÿ. Ïðè ôîðìèðîâàíèè

íàöèîíàëüíîé ñèñòåìû àêêðåäèòàöèè â 2012 ã. ýêñ-

ïåðòû ïî àêêðåäèòàöèè ïåðåøëè â íåå èç öåëîãî ðÿäà

âåäîìñòâåííûõ ñèñòåì, íî òîëüêî íå èç Ì×Ñ Ðîññèè.

Â ñâÿçè ñ ýòèì îñîáîå âíèìàíèå äîëæíî áûòü óäå-

ëåíî ïîäãîòîâêå ýêñïåðòîâ, ïðèâåäåíèþ èõ óðîâíÿ

êîìïåòåíöèè è ïðàêòèê îöåíîê ê åäèíîìó çíàìåíà-

òåëþ. Êðîìå òîãî, íåîáõîäèìî ñîçäàòü ïîëíîöåííóþ

ñèñòåìó ìîíèòîðèíãà è îöåíêè äåÿòåëüíîñòè ýêñ-

ïåðòîâ.

Â ñâÿçè ñ ýòèì î÷åíü õîòåëîñü áû íàäåÿòüñÿ, ÷òî

â ýòîì ãîäó âûøåóêàçàííûå èçìåíåíèÿ íàêîíåö áó-

äóò âíåñåíû â ïðèëîæåíèå ê ïðèêàçó Ìèíýêîíîì-

ðàçâèòèÿ [2].
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ÒÐÅÁÎÂÀÍÈß ÁÎÅÂÎÃÎ ÓÑÒÀÂÀ ÏÎÄÐÀÇÄÅËÅÍÈÉ
ÏÎÆÀÐÍÎÉ ÎÕÐÀÍÛ Ê Ó×ÀÑÒÍÈÊÀÌ ÒÓØÅÍÈß ÏÎÆÀÐÀ
ÏÐÈ ÍÀËÈ×ÈÈ ÝËÅÊÒÐÎÓÑÒÀÍÎÂÎÊ ÏÎÄ ÍÀÏÐßÆÅÍÈÅÌ

Ðàññìîòðåíû íîðìàòèâíûå äîêóìåíòû ïî îðãàíèçàöèè è ïðîâåäåíèþ òóøåíèÿ ïîæàðîâ ïðè
äåéñòâóþùèõ ýëåêòðè÷åñêèõ ñåòÿõ è óñòàíîâêàõ. Äàí àíàëèç íîâûõ òðåáîâàíèé áîåâîãî óñòàâà
ïîäðàçäåëåíèé ïîæàðíîé îõðàíû. Îòìå÷åíà àêòóàëüíîñòü âîïðîñà çàçåìëåíèÿ ïîæàðíîé òåõ-
íèêè è ïîæàðíîãî èíâåíòàðÿ. Ïðåäñòàâëåí ïîðÿäîê äåéñòâèé ó÷àñòíèêîâ òóøåíèÿ ïîæàðà ïðè
íàëè÷èè ýëåêòðîóñòàíîâîê ïîä íàïðÿæåíèåì.

Êëþ÷åâûå ñëîâà: òóøåíèå ïîæàðà; ýëåêòðîîáîðóäîâàíèå; ýëåêòðè÷åñêèå ñåòè; çàçåìëåíèå;
îõðàíà òðóäà.

ÂÎÏÐÎÑ:

Â ïðåääâåðèè ïðàçäíîâàíèÿ 100-ëåòíåãî þáèëåÿ

Ñîâåòñêîé ïîæàðíîé îõðàíû âñòóïèë â ñèëó îá-

íîâëåííûé Áîåâîé óñòàâ ïîäðàçäåëåíèé ïîæàð-

íîé îõðàíû (ÁÓÏÎ), êîòîðûé èìååò 80-ëåòíþþ èñ-

òîðèþ, íà÷èíàÿ ñ ïðîåêòà ÁÓÏÎ 1937 ã. Äàííûé

ÁÓÏÎ çàìåíèë óòðàòèâøèé ñèëó 4 ìàðòà 2018 ã.

ïðèêàç Ì×Ñ Ðîññèè ¹ 156, êîòîðûé îïðåäåëÿë ïî-

ðÿäîê òóøåíèÿ ïîæàðîâ ïîäðàçäåëåíèÿìè ïîæàð-

íîé îõðàíû.

Â îáíîâëåííîì ÁÓÏÎ èçìåíåíèÿ êîñíóëèñü îò÷àñ-

òè è ïîðÿäêà òóøåíèÿ ïîæàðà, è ïðîâåäåíèÿ àâà-

ðèéíî-ñïàñàòåëüíûõ ðàáîò íà ñåòÿõ ýëåêòðîñíàá-

æåíèÿ.

Êàêèå òðåáîâàíèÿ ïðåäúÿâëÿþòñÿ ê ó÷àñòíèêàì

òóøåíèÿ ïîæàðà íà ýëåêòðîóñòàíîâêàõ â ñâåòå ïî-

ñëåäíåé ðåäàêöèè ÁÓÏÎ?

ÎÒÂÅÒ:

Îñíîâíûå òðåáîâàíèÿ ïîæàðíîé áåçîïàñíî-

ñòè ïðè òóøåíèè ýëåêòðîóñòàíîâîê ïîä íàïðÿæåíèåì

áûëè çàëîæåíû åùå â 1940 ã., êîãäà ïðîåêò ÁÓÏÎ

1937 ã. áûë çàìåíåí íà îôèöèàëüíûé ïðèêàçîì ÍÊÂÄ

ÑÑÑÐ ¹ 86. Â äàííîì äîêóìåíòå îòìå÷àëîñü, ÷òî ïðè

íàëè÷èè ýëåêòðîïðîâîäîâ è ýëåêòðîóñòàíîâîê ïîä òî-

êîì âûñîêîãî íàïðÿæåíèÿ (ñâûøå 250 Â) áîéöó ñëå-

äóåò èçáåãàòü ñîïðèêîñíîâåíèÿ ñ íèìè è íå äîïóñ-

êàòü êîíòàêòà êîìïàêòíîé ñòðóè ñ ýòèìè óñòàíîâêàìè.

Êðîìå òîãî, â ñëó÷àå íåîáõîäèìîñòè âûêëþ÷åíèÿ ýëåêò-

ðè÷åñêîãî òîêà íèçêîãî íàïðÿæåíèÿ (äî 250 Â) è íå-

âîçìîæíîñòè èñïîëüçîâàíèÿ äëÿ ýòîãî âûêëþ÷àþùèõ

ïðèñïîñîáëåíèé (ðóáèëüíèê, ïðåäîõðàíèòåëè è ò. ä.)

ðàçðåøàëîñü âûïîëíÿòü ïåðåðåçàíèå ýëåêòðîïðîâî-

äîâ ñ îáÿçàòåëüíîé çàùèòîé áîéöà, ïðîèçâîäÿùåãî

ýòó ðàáîòó, ðåçèíîâûìè (äèýëåêòðè÷åñêèìè) ïåð÷àò-

êàìè, ãàëîøàìè è ðåçèíîâûì êîâðèêîì. Ýëåêòðè÷å-

ñêèå ñåòè è ýëåêòðîóñòàíîâêè òðåáîâàëîñü îòêëþ÷àòü

â òîì ñëó÷àå, åñëè îíè ãîðÿò ñàìè, ïîâðåæäåíû èëè

ñîçäàþò îïàñíîñòü óâåëè÷åíèÿ ïëîùàäè ïîæàðà, ïðåä-

ñòàâëÿþò óãðîçó äëÿ ðàáîòàþùèõ íà ïîæàðå ëèáî ïðå-

ïÿòñòâóþò íîðìàëüíîé ðàáîòå ïî åãî òóøåíèþ. Âû-

êëþ÷åíèå òîêà âûñîêîãî íàïðÿæåíèÿ (ñâûøå 250 Â)

ðàçðåøàëîñü ïðîèçâîäèòü òîëüêî ïåðñîíàëó, îáñëóæè-

âàþùåìó óñòàíîâêè èëè ñåòè. Íà ýòîì ñïèñîê äåéñò-

âèé ïî òóøåíèþ ýëåêòðîóñòàíîâîê â ÁÓÏÎ 1940 ã. çà-

êàí÷èâàëñÿ.

Â ñîâðåìåííîé ðåäàêöèè ÁÓÏÎ (ïðèêàç Ì×Ñ Ðîññèè

îò 16.10.2017 ã. ¹ 444) [1] òðåáîâàíèÿ ê òóøåíèþ

ïîæàðîâ ïðè íàëè÷èè â íåïîñðåäñòâåííîé áëèçîñòè

ýëåêòðîóñòàíîâîê çíà÷èòåëüíî ðàñøèðèëèñü. Â ï. 127

[1] îòìå÷åíî, ÷òî âñå óñòàíîâêè (íèçêî- è âûñîêî-

âîëüòíûå), íàõîäÿùèåñÿ ïîä íàïðÿæåíèåì, äîëæíû

îòêëþ÷àòüñÿ ðàáîòíèêàìè ýêñïëóàòèðóþùåé îðãàíè-

çàöèè, èìåþùèìè ñîîòâåòñòâóþùóþ êâàëèôèêàöèþ

è äîïóñê ê ðàáîòå, ïðè ýòîì ëè÷íîìó ñîñòàâó ïîäðàç-

äåëåíèé Ôåäåðàëüíîé ïðîòèâîïîæàðíîé ñëóæáû Ãî-

ñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû (ÔÏÑ ÃÏÑ)

çàïðåùàåòñÿ ñàìîñòîÿòåëüíî ïðîèçâîäèòü êàêèå-ëèáî

îòêëþ÷åíèÿ è ïðî÷èå îïåðàöèè ñ ýëåêòðîîáîðóäîâà-

íèåì.

Îòêëþ÷åíèå îãíåáîðöàìè ýëåêòðîïðîâîäîâ ïóòåì ðåçêè

äîïóñêàåòñÿ ïðè ôàçíîì íàïðÿæåíèè ñåòè íå âûøå

220 Â (ò. å. ïðè ëèíåéíîì íàïðÿæåíèè ìåæäó ôàç-

íûìè ïðîâîäàìè íå âûøå 380 Â), êîãäà èíûìè ñïî-

ñîáàìè îáåñòî÷èòü ñåòü íåëüçÿ. Ðåçêó ìîãóò îñóùå-

ñòâëÿòü ó÷àñòíèêè áîåâûõ äåéñòâèé, ïðîøåäøèå ïðî-

âåðêó çíàíèé òðåáîâàíèé Ïðàâèë ïî îõðàíå òðóäà â

ýëåêòðîóñòàíîâêàõ [2], Ïðàâèë ïî îõðàíå òðóäà â ïîä-

ðàçäåëåíèÿõ ÔÏÑ ÃÏÑ [3] è äðóãèõ òðåáîâàíèé áåç-

îïàñíîñòè, ïðåäúÿâëÿåìûõ ê îðãàíèçàöèè è âûïîëíå-

íèþ ðàáîò íà ýëåêòðîóñòàíîâêàõ. Óêàçàííûå ñîòðóä-

íèêè äîëæíû èìåòü ãðóïïó ïî ýëåêòðîáåçîïàñíîñòè

íå íèæå II, à òàêæå çàïèñü â óäîñòîâåðåíèè î òîì, ÷òî

îíè ïðîøëè ïðîâåðêó çíàíèé ïðàâèë ðàáîòû ñ ýëåêò-

ðîóñòàíîâêàìè è èìåþò ïðàâî íà ïðîâåäåíèå ñïåöè-

àëüíûõ ðàáîò [1, 2]. Êðîìå òîãî, îíè äîëæíû ïðîõî-

äèòü îáó÷åíèå ïî îêàçàíèþ ïåðâîé ïîìîùè ïîñòðà-
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äàâøåìó íà ìåñòå òóøåíèÿ ïîæàðà è ïî âëàäåíèþ

ïðèåìàìè îñâîáîæäåíèÿ ïîñòðàäàâøåãî îò äåéñòâèÿ

ýëåêòðè÷åñêîãî òîêà (ñì. ï. 2.3, ãë. II [2]). Ïðè ðåçêå

ëèíèé ýëåêòðîïåðåäà÷, ðàñïîëîæåííûõ íà îïîðàõ

(ñòîëáàõ), ó÷àñòíèêàì òóøåíèÿ ïîæàðà ñëåäóåò ïðåä-

âàðèòåëüíî óêðåïèòü èõ äëÿ èñêëþ÷åíèÿ ïàäåíèÿ,

à òàêæå óñòàíîâèòü è îãîðîäèòü îïàñíóþ çîíó âîç-

ìîæíîãî ïàäåíèÿ îïîðû, â êîòîðîé çàïðåùåíî íà-

õîæäåíèå ëþäåé. Ðåçêà ïðîâîäà ñ ïîäúåìîì ÷åëîâå-

êà íà îïîðó çàïðåùåíà [1, 3].

Â ï. 108 [1] óêàçàíî, ÷òî ïîäà÷à ýëåêòðîïðîâîäÿùèõ

îãíåòóøàùèõ âåùåñòâ (ÎÒÂ) â ìåñòà ðàñïîëîæåíèÿ

ýëåêòðîñåòåé è óñòàíîâîê íàïðÿæåíèåì âûøå 380 Â

(äëÿ îáúåêòîâ ýíåðãåòèêè 400 Â) îñóùåñòâëÿåòñÿ ïîñëå

èõ îòêëþ÷åíèÿ ïðåäñòàâèòåëåì ñëóæá ýêñïëóàòàöèè

è ïîëó÷åíèÿ ïèñüìåííîãî ðàçðåøåíèÿ (äîïóñêà) íà

òóøåíèå ïîæàðà îò óïîëíîìî÷åííîãî äîëæíîñòíîãî

ëèöà. Òàêîå ðàçðåøåíèå ðóêîâîäèòåëþ òóøåíèÿ ïî-

æàðà (ÐÒÏ) äàåòñÿ è â òîì ñëó÷àå, êîãäà ïëàíèðóåòñÿ

ïîäàâàòü ÎÒÂ äëÿ òóøåíèÿ ýëåêòðîóñòàíîâîê ïîä íà-

ïðÿæåíèåì (ñì. ï. 109 [1] è ï. 343 [3]), íî òîëüêî ïîñëå

èíñòðóêòàæà ëè÷íîãî ñîñòàâà ïîæàðíûõ ïîäðàçäåëå-

íèé ïðåäñòàâèòåëåì ïðåäïðèÿòèÿ (ýíåðãîîáúåêòà) è

ñîçäàíèÿ óñëîâèé âèçóàëüíîãî êîíòðîëÿ çà ýëåêòðî-

óñòàíîâêàìè (ñì. ï. 28.7 [4] è ï. 110 [1]). Äëÿ îòâåòñò-

âåííîãî çà ýëåêòðîñíàáæåíèå îáúåêòà ðåêîìåíäóåò-

ñÿ îôîðìëÿòü ðàçðåøåíèå (äîïóñê) çàðàíåå ñ ó÷åòîì

òðåáîâàíèé îïåðàòèâíûõ êàðòî÷åê ïîæàðîòóøåíèÿ è

õðàíèòü åãî íà ùèòå óïðàâëåíèÿ (ñì. ï. 26.3 [4]). Îá-

ðàçåö ôîðìû äîïóñêà íà òóøåíèå ïîæàðà ýëåêòðî-

îáîðóäîâàíèÿ, íàõîäÿùåãîñÿ ïîä íàïðÿæåíèåì äî

400 Â, ïðåäñòàâëåí â ïðèë. 12 [4], à ôîðìà íà òó-

øåíèå ïîæàðà äëÿ îòêëþ÷åííîãî îáîðóäîâàíèÿ —

â ïðèë. 13 [4]. Íà îáúåêòû ñ ýíåðãåòè÷åñêèì îáîðóäî-

âàíèåì íàïðÿæåíèåì äî 400 Â, êîòîðîå íå ìîæåò

áûòü îáåñòî÷åíî ïðè ïîæàðå, ðàçðàáàòûâàþòñÿ ïëà-

íû (êàðòî÷êè) òóøåíèÿ ïîæàðà (ñì. ï. 342 [3]). Â êàð-

òî÷êàõ äîëæíû áûòü îòìå÷åíû âîçìîæíûå ïîçèöèè

ñòâîëüùèêîâ ñ ó÷åòîì áåçîïàñíûõ ðàññòîÿíèé äî

êîíêðåòíûõ ýëåêòðîóñòàíîâîê. Äàííûå ïîçèöèè è

ðàññòîÿíèÿ îïðåäåëÿþòñÿ ïðè ïðîâåäåíèè ñîâìåñò-

íûõ ó÷åíèé ñ îòðàáîòêîé äåéñòâèé ïî ëèêâèäàöèè ïî-

æàðîâ íà ýëåêòðîóñòàíîâêàõ. Ó÷åíèÿ äîëæíû ïðîâî-

äèòüñÿ íå ðåæå îäíîãî ðàçà â ãîä ñ èíñòðóêòàæåì ïî

òåõíèêå áåçîïàñíîñòè [3].

Òóøåíèå ïîæàðà íà îáîðóäîâàíèè, íàõîäÿùåìñÿ ïîä

íàïðÿæåíèåì äî 400 Â, äîïóñêàåòñÿ âûïîëíÿòü òîëü-

êî ðàñïûëåííûìè ñòðóÿìè âîäû, ïîäàâàåìûìè èç çà-

çåìëåííûõ ðó÷íûõ ïîæàðíûõ ñòâîëîâ ñ ðàññòîÿíèÿ

íå ìåíåå 5 ì. Òóøåíèå åãî êîìïàêòíûìè ñòðóÿìè âîäû

íå äîïóñêàåòñÿ (ñì. ï. 344 [3]). Ïðè òóøåíèè ýëåêòðî-

óñòàíîâîê ðàñïûëåííûìè ñòðóÿìè âîäû ëè÷íûé ñî-

ñòàâ ïîäðàçäåëåíèé ÔÏÑ äîëæåí ðàáîòàòü ñî ñðåä-

ñòâàìè ïîæàðîòóøåíèÿ â äèýëåêòðè÷åñêèõ ïåð÷àòêàõ

è áîòàõ (ñàïîãàõ), íàõîäèòüñÿ îò ýëåêòðîóñòàíîâîê

íà ðàññòîÿíèè, óêàçàííîì â òàáë. 1, 6, 8 [2], à òàêæå

îáåñïå÷èòü çàçåìëåíèå ïîæàðíûõ ñòâîëîâ è íàñîñà

ïîæàðíîãî àâòîìîáèëÿ.

Â ñëó÷àå òóøåíèÿ ýëåêòðîîáîðóäîâàíèÿ ïåíîé òðåáó-

åòñÿ çàçåìëåíèå ïåíîãåíåðàòîðîâ è íàñîñîâ ïîæàð-

íûõ àâòîìîáèëåé, à ïðè ïîäà÷å âîäû îò âíóòðåííåãî

âîäîïðîâîäà — òîëüêî ñòâîëîâ. Ïðè ýòîì âîäèòåëü ïî-

æàðíîãî àâòîìîáèëÿ äîëæåí ðàáîòàòü â äèýëåêòðè÷å-

ñêèõ áîòàõ è ïåð÷àòêàõ.

Â ëþáîì ñëó÷àå ðåøåíèå î ïîäà÷å ÎÒÂ ïðèíèìàåòñÿ

ÐÒÏ ïîñëå ïðîâåäåíèÿ èíñòðóêòàæà ïî ïðàâèëàì îõ-

ðàíû òðóäà è âûïîëíåíèÿ íåîáõîäèìûõ ìåð áåçîïàñ-

íîñòè, ê êîòîðûì îòíîñèòñÿ çàçåìëåíèå ïîæàðíûõ

ñòâîëîâ è íàñîñà ïîæàðíîé àâòîöèñòåðíû.

Ïîñëåäíåå òðåáîâàíèå åäèíîâðåìåííîãî çàçåìëåíèÿ

ïîæàðíûõ ñòâîëîâ è íàñîñà íå âñåãäà ìîæíî ðåàëè-

çîâàòü íà ïðàêòèêå, òàê êàê ñîãëàñíî íîðìàì òàáåëü-

íîé ïîëîæåííîñòè ïîæàðíî-òåõíè÷åñêîãî âîîðóæåíèÿ

è àâàðèéíî-ñïàñàòåëüíîãî îáîðóäîâàíèÿ äëÿ ñïåöè-

àëüíûõ ïîæàðíûõ àâòîìîáèëåé [5] ïðåäóñìîòðåíî

òîëüêî îäíî çàçåìëÿþùåå óñòðîéñòâî äëÿ êàæäîãî

âèäà (çà èñêëþ÷åíèåì àâòîìîáèëÿ àâàðèéíî-ñïàñà-

òåëüíîãî, äëÿ êîòîðîãî òðåáóåòñÿ òðè çàçåìëÿþùèõ

óñòðîéñòâà, à òàêæå àâòîìîáèëÿ îïåðàòèâíîé ñëóæ-

áû, ïîæàðíî-òåõíè÷åñêîãî àâòîìîáèëÿ è âîäîçàùèò-

íîãî àâòîìîáèëÿ, äëÿ êîòîðûõ çàçåìëÿþùåå óñòðîé-

ñòâî íå ïîëîæåíî). Äëÿ îñíîâíûõ ïîæàðíûõ àâòîìî-

áèëåé íîðìàìè [5] âîîáùå íå ïðåäóñìîòðåíî íàëè÷èå

óñòðîéñòâ çàçåìëåíèÿ. Ïîýòîìó íà ïðàêòèêå ëè÷íûé

ñîñòàâ ÔÏÑ èçûñêèâàåò ëþáóþ âîçìîæíîñòü äîóêîìï-

ëåêòîâàòü îñíîâíûå ïîæàðíûå àâòîìîáèëè õîòÿ áû

óñòðîéñòâàìè äëÿ çàçåìëåíèÿ íàñîñîâ. Ýòîò ôàêò íà-

ðóøàåò ïðàâèëà îõðàíû òðóäà â ïîäðàçäåëåíèÿõ ÔÏÑ [3] è

òðåáóåò âíåñåíèÿ â íîðìû òàáåëüíîé ïîëîæåííîñòè [5] íå-

îáõîäèìûõ êîððåêòèâîâ.

Ïðè áîåâîì ðàçâåðòûâàíèè ëè÷íûé ñîñòàâ ÔÏÑ ñíà-

÷àëà äîëæåí îïðåäåëèòü ìåñòà âîçìîæíîãî çàçåìëå-

íèÿ ñòâîëîâ, âûïîëíèòü èõ çàçåìëåíèå, à ïîñëå ïðî-

êëàäêè ðóêàâíîé ëèíèè îò ïîæàðíîãî àâòîìîáèëÿ äî

ïîçèöèè ñòâîëüùèêà çàçåìëèòü íàñîñ ÷åðåç ñòàöèî-

íàðíûé êîíòóð çàçåìëåíèÿ èëè èíûå çàçåìëÿþùèå

êîíñòðóêöèè. Ïîñëå ëèêâèäàöèè ãîðåíèÿ è ïðåêðàùå-

íèÿ ïîäà÷è ÎÒÂ ëè÷íûé ñîñòàâ äîëæåí îòñîåäèíèòü

ïîæàðíûé ñòâîë è íàñîñ îò çàçåìëèòåëÿ è îòîéòè ñ ïî-

çèöèé òóøåíèÿ ïî áåçîïàñíûì ìàðøðóòàì, óêàçàí-

íûì ÐÒÏ (ñì. ï. 348 [3]).

Ïîñëåäíèì âàæíûì íîâîââåäåíèåì â ÁÓÏÎ [1] ÿâëÿ-

åòñÿ ï. 111. Â íåì óêàçàíî, ÷òî ëè÷íûé ñîñòàâ ïðè-

âëåêàåòñÿ äëÿ òóøåíèÿ ïîæàðîâ ýëåêòðîîáîðóäîâà-

íèÿ ýëåêòðîñòàíöèé è ïîäñòàíöèé, íàõîäÿùåãîñÿ ïîä

íàïðÿæåíèåì äî 10 êÂ, ðàçìåùåííîãî íà îáúåêòàõ

èñïîëüçîâàíèÿ àòîìíîé ýíåðãèè è â ñïåöèàëüíûõ

ôîðòèôèêàöèîííûõ ñîîðóæåíèÿõ, òîëüêî ñ ïèñüìåí-

íîãî ñîãëàñèÿ íà äîáðîâîëüíîå ó÷àñòèå â òóøåíèè òà-

êèõ ýëåêòðîóñòàíîâîê. Îáðàçåö äîêóìåíòà ïðèâåäåí

â ïðèë. 2 ÁÓÏÎ [1].
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Îáúåêòû àòîìíîé ýíåðãåòèêè è ôîðòèôèêàöèîííûå ñî-

îðóæåíèÿ, î êîòîðûõ èäåò ðå÷ü â ï. 111 [1], ñîãëàñíî

ñò. 48.1 Ãðàäîñòðîèòåëüíîãî êîäåêñà Ðîññèéñêîé Ôå-

äåðàöèè [6] îòíîñÿòñÿ ê îñîáî îïàñíûì è òåõíè÷åñêè

ñëîæíûì (çäàíèÿ è ñîîðóæåíèÿ ïîâûøåííîãî óðîâíÿ

îòâåòñòâåííîñòè ïî ï. 2.1.16 ÃÎÑÒ Ð 22.0.02–2016 [7]

è ï. 8 ñò. 4 Ôåäåðàëüíîãî çàêîíà ¹ 384-ÔÇ [8]). Íà òà-

êèõ îáúåêòàõ ïðèõîäèòñÿ òóøèòü óñòàíîâêè, íàõîäÿ-

ùèåñÿ ïîä íàïðÿæåíèåì äî 10 êÂ, áåç èõ îòêëþ÷å-

íèÿ, òàê êàê ïîñëåäíåå ìîæåò ïðèâåñòè ê íàðóøåíèþ

ðàáîòû îáúåêòà è âûáðîñó ðàäèîàêòèâíûõ âåùåñòâ

è, êàê ñëåäñòâèå, ïîâëå÷ü çà ñîáîé ìàññîâóþ ãèáåëü

ëþäåé. Äëÿ ó÷àñòíèêîâ òóøåíèÿ ïîæàðà íà òàêèõ îáú-

åêòàõ îñíîâíóþ îïàñíîñòü ïðåäñòàâëÿåò âûñîêîå íà-

ïðÿæåíèå, è åñëè îãíåáîðåö íàðóøèò ïðàâèëà îõ-

ðàíû òðóäà, òî ýòî áóäåò ãðóáûì íàðóøåíèåì åãî

îáÿçàííîñòåé. Ïðè ïîëó÷åíèè áîéöîì ýëåêòðîòðàâ-

ìû ê îòâåòñòâåííîñòè áóäåò ïðèâëå÷åí è ÐÒÏ, òàê êàê

ñîãëàñíî ÁÓÏÎ [1] èìåííî îí äîëæåí êîíòðîëèðîâàòü

ñîáëþäåíèå ëè÷íûì ñîñòàâîì ïðàâèë îõðàíû òðóäà

ïðè âûïîëíåíèè ïîñòàâëåííûõ çàäà÷. Â ñëó÷àå ïîäïè-

ñàíèÿ äîáðîâîëüíîãî ñîãëàñèÿ ó÷àñòíèêîì òóøåíèÿ

ïîæàðà äàííàÿ îòâåòñòâåííîñòü ñ ÐÒÏ áóäåò ñíÿòà. Òà-

êîå ïèñüìåííîå ñîãëàñèå áîåö ïîäïèñûâàåò íåïî-

ñðåäñòâåííî íà ìåñòå òóøåíèÿ ïîæàðà, ïîñêîëüêó áåç

åãî ïîäïèñàíèÿ îí íå ñìîæåò âûïîëíÿòü ñâîè ïðÿìûå

îáÿçàííîñòè ïî òóøåíèþ ïîæàðà.
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30.12.2009 ¹ 384-ÔÇ; ïðèíÿò Ãîñ. Äóìîé 23.12.2009;

îäîáð. Ñîâ. Ôåäåðàöèè 25.12.2009 // Ñîáð. çàêîíî-

äàòåëüñòâà ÐÔ. — 2010. — ¹ 1, ñò. 5.

Äëÿ öèòèðîâàíèÿ: Õàðëàìåíêîâ À. Ñ. Òðåáîâàíèÿ

áîåâîãî óñòàâà ïîäðàçäåëåíèé ïîæàðíîé îõðàíû ê

ó÷àñòíèêàì òóøåíèÿ ïîæàðà ïðè íàëè÷èè ýëåêòðî-

óñòàíîâîê ïîä íàïðÿæåíèåì // Ïîæàðîâçðûâîáåç-

îïàñíîñòü / Fire and Explosion Safety. — 2018. —

Ò. 27, ¹ 4. — Ñ. 70–72.

English

REQUIREMENTS OF THE COMBAT

REGULATIONS OF THE FIRE BRIGADE

UNITS TO PARTICIPANTS IN FIREFIGHTING

IN THE PRESENCE OF ELECTRICAL

INSTALLATIONS UNDER VOLTAGE

KHARLAMENKOV A. S., Senior Lecturer,

Department of Special Electrical Engineering,

Automation Systems and Communication,

State Fire Academy of Emercom of Russia

(Borisa Galushkina St., 4, Moscow, 129366,

Russian Federation; e-mail: h_a_s@live.ru)

ABSTRACT
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Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

íèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ óñòðîéñòâ è ïðîãðàììíî-èíôîð-

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû

óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

ëèêîâàíû è/èëè ïðèíÿòû ê ïå÷àòè â äðóãèõ èçäàíèÿõ.

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

â ðåäàêöèþ â ýëåêòðîííîì âèäå ïî àäðåñó info@fire-smi.ru.

Ñòàòüÿ äîëæíà áûòü ÿñíî è ëàêîíè÷íî èçëîæåíà è ïîäïèñàíà âñåìè

àâòîðàìè (ñêàí ñòðàíèöû ñ ïîäïèñÿìè). Îñíîâíîé òåêñò ñòàòüè äîë-

æåí ñîäåðæàòü â ñåáå ÷åòêèå, ëîãè÷åñêè âçàèìîñâÿçàííûå ðàçäåëû.

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

âûäåëåííûìè ïîëóæèðíûì íà÷åðòàíèåì. Äëÿ íàó÷íîé ñòàòüè òðà-

äèöèîííûìè ÿâëÿþòñÿ ñëåäóþùèå ðàçäåëû:
� ââåäåíèå;
� ìàòåðèàëû è ìåòîäû (ìåòîäîëîãèÿ) — äëÿ íàó÷íî-ýìïèðè-

÷åñêîé ñòàòüè;
� òåîðåòè÷åñêèå îñíîâû (òåîðèÿ è ðàñ÷åòû) — äëÿ íàó÷íî-

òåîðåòè÷åñêîé ñòàòüè;
� ðåçóëüòàòû è èõ îáñóæäåíèå;
� çàêëþ÷åíèå (âûâîäû).

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

êîíêðåòíîé ñòàòüè (àíàëèòè÷åñêîé (îáçîðíîé), äèñêóññèîííîé,

ðåêëàìíîé) ïðè óñëîâèè ÷åòêîãî âûäåëåíèÿ ðàçäåëîâ:
� ââåäåíèå;
� îñíîâíàÿ (àíàëèòè÷åñêàÿ) ÷àñòü;
� çàêëþ÷åíèå (âûâîäû).

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

âûøå ðàçäåëîâ ñì. íà ñàéòå èçäàòåëüñòâà www. fire-smi.ru.

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿ äåñÿòè÷íàÿ êëàññèôèêàöèÿ).

2.2. Çàãëàâèå ñòàòüè (íà ðóññêîì è àíãëèéñêîì ÿçûêàõ). Çàãëàâèÿ íà-

ó÷íûõ ñòàòåé äîëæíû áûòü òî÷íûìè è ëàêîíè÷íûìè è â òî æå âðåìÿ

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

ñàåòñÿ òàêæå àííîòàöèé, àâòîðñêèõ ðåçþìå è êëþ÷åâûõ ñëîâ.

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

2.3.1. Èìåíà, îò÷åñòâà è ôàìèëèè âñåõ àâòîðîâ. Îíè äîëæíû ïðèâî-

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

ðàñïðîñòðàíåííîé (http: //fotosav.ru/services/transliteration.aspx).

Àâòîðàìè ÿâëÿþòñÿ ëèöà, ïðèíèìàâøèå ó÷àñòèå âî âñåé ðàáîòå èëè

â åå ãëàâíûõ ðàçäåëàõ. Ëèöà, ó÷àñòâîâàâøèå â ðàáîòå ÷àñòè÷íî,

óêàçûâàþòñÿ â ñíîñêàõ.

2.3.2. Ó÷åíûå ñòåïåíè, çâàíèÿ, äîëæíîñòü, ìåñòî ðàáîòû âñåõ àâòî-

ðîâ ñ ïîëíûì þðèäè÷åñêèì àäðåñîì (íà ðóññêîì è àíãëèéñêîì

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

îðãàíèçàöèè, ñòðàíó, èíäåêñ, ãîðîä, íàçâàíèå óëèöû, íîìåð äîìà,

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

äîìñòâó, ôîðìó ñîáñòâåííîñòè, ñòàòóñ îðãàíèçàöèè (íàïðèìåð, “Ó÷-

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

âåííîå óíèòàðíîå ïðåäïðèÿòèå…”, “ÔÃÎÓ ÂÏÎ…” è ò. ï.), òàê êàê

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

ñâåäåíèÿ (êðîìå íàèìåíîâàíèÿ óëèöû, êîòîðîå äîëæíî áûòü â òðàíñ-

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

ñêèé ÿçûê, â òîì ÷èñëå íàçâàíèå ãîðîäà è ñòðàíû.

Ïðèìåð: Institute for Problem in Mechanics, Russian Academy of Sciences

(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.4. Àííîòàöèÿ íà ðóññêîì ÿçûêå äîëæíà ñîñòîÿòü íå ìåíåå ÷åì èç

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé äëÿ ñòàòüè òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâ-

ëÿåò ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.:

“Èçó÷åíû…, ïðîàíàëèçèðîâàíû…, ïðåäñòàâëåíû…” è ò. ï.).

2.5. Ðàñøèðåííîå ðåçþìå íà ðóññêîì è àíãëèéñêîì ÿçûêàõ. Íåîáõî-

äèìî èìåòü â âèäó, ÷òî àâòîðñêîå ðåçþìå íà àíãëèéñêîì ÿçûêå â

ðóññêîÿçû÷íîì èçäàíèè ÿâëÿåòñÿ äëÿ èíîñòðàííûõ ó÷åíûõ è ñïå-

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

òàõ èññëåäîâàíèé. Ïîýòîìó àâòîðñêîå ðåçþìå äîëæíî áûòü:
� èíôîðìàòèâíûì (íå ñîäåðæàòü îáùèõ ñëîâ);
� îðèãèíàëüíûì (íå áûòü êàëüêîé ñ ðóññêîÿçû÷íîé àííîòàöèè

ñ äîñëîâíûì ïåðåâîäîì);
� ñîäåðæàòåëüíûì (äîëæíî îòðàæàòü ñóùåñòâåííûå ðåçóëü-

òàòû ðàáîòû; íå äîëæíî âêëþ÷àòü ìàòåðèàë, êîòîðûé îòñóò-

ñòâóåò â îñíîâíîé ÷àñòè ïóáëèêàöèè);
� ñòðóêòóðèðîâàííûì (ò. å. ñëåäîâàòü ëîãèêå îïèñàíèÿ ðåçóëü-

òàòîâ â ïóáëèêàöèè);
� ãðàìîòíûì (íàïèñàííûì êà÷åñòâåííûì àíãëèéñêèì ÿçûêîì,

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 200–250 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

ââåäåíèå, öåëè è çàäà÷è, ìåòîäû, ðåçóëüòàòû, çàêëþ÷åíèå (âûâîäû).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

ñëåäóåò ïðèìåíÿòü â èñêëþ÷èòåëüíûõ ñëó÷àÿõ èëè äàâàòü èõ ðàñ-

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ðåêîìåíäóåòñÿ âêëþ÷àòü ñõåìû, òàáëèöû,

èëëþñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåí-

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

òåêñò àííîòàöèè êëþ÷åâûå ñëîâà è òåðìèíû èç îñíîâíîãî òåêñòà è

çàãëàâèÿ ñòàòüè.

2.6. Êëþ÷åâûå ñëîâà íà ðóññêîì è àíãëèéñêîì ÿçûêàõ (íå ìåíåå

5 ñëîâ èëè ñëîâîñî÷åòàíèé). Îíè óêàçûâàþòñÿ ÷åðåç òî÷êó ñ çàïÿ-

òîé. Íåäîïóñòèìî â êà÷åñòâå êëþ÷åâûõ ñëîâ èñïîëüçîâàòü òåðìèíû

îáùåãî õàðàêòåðà (íàïðèìåð, ïðîáëåìà, ðåøåíèå è ò. ï.), íå ÿâëÿ-

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

óïîòðåáëåíèÿ ñëîâ “and” (è), “of” (ïðåäëîã, óêàçûâàþùèé íà ïðè-

íàäëåæíîñòü), àðòèêëåé “a”, “the” è ò. ï.

2.7. Îñíîâíîé òåêñò ñòàòüè äîëæåí áûòü íàáðàí ÷åðåç 1,5 èíòåðâàëà

â ôîðìàòå Word. Ôîðìóëû äîëæíû áûòü íàáðàíû â Microsoft Equa-

tion èëè MathType.

Öèòèðóåìûé òåêñò èç äðóãèõ ïóáëèêàöèé ñëåäóåò áðàòü â êàâû÷êè.

Òàáëèöû, ðèñóíêè, ìåòîäû, ÷èñëåííûå äàííûå (çà èñêëþ÷åíèåì

îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.
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Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

çîâàíèÿ è íàóêè Ðîññèéñêîé Ôåäåðàöèè è ò. ï., òî â êîíöå ñòàòüè

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

è íàçâàíèÿ ãðàíòà (íàó÷íîãî ïðîåêòà, ãîñêîíòðàêòà è ò. ä.).

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ ôèçè÷åñêèõ âåëè÷èí â òåêñòå

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

ñòàíäàðòàì. Ôîðìóëû è áóêâåííûå îáîçíà÷åíèÿ äîëæíû áûòü ÷åò-

êèìè è ÿñíûìè. Âñå áóêâåííûå îáîçíà÷åíèÿ, âõîäÿùèå â ôîðìóëû,

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

øåíèåì íå ìåíåå 300 dpi, ÷åðíî-áåëàÿ øòðèõîâàÿ ãðàôèêà — 600 dpi).

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

ïðîãðàììû, â êîòîðîé îíè ñîçäàíû, ëèáî ïå÷àòàòü PDF-ôàéë èç

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

ðàöèþ. ×åðòåæè è êàðòû â êà÷åñòâå èëëþñòðàöèé íåïðèåìëåìû.

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

òî÷íîñòüþ ýêñïåðèìåíòà. Ñâåäåíèÿ â òàáëèöàõ è íà ðèñóíêàõ íå äîëæ-

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

Äëÿ äâóÿçû÷íîãî ïðåäñòàâëåíèÿ òàáëè÷íîãî è ãðàôè÷åñêîãî ìàòå-

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:

� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;

� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;

� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

îáî âñåõ ïóáëèêàöèÿõ, óïîìèíàåìûõ â ñòàòüå, è íå äîëæåí ñîäåð-

æàòü óêàçàíèé íà ðàáîòû, íà êîòîðûå â òåêñòå íåò ññûëîê. Ëèòåðàòó-

ðà äîëæíà áûòü îôîðìëåíà â âèäå îáùåãî ñïèñêà â ïîðÿäêå óïî-

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

öèôðîé â êâàäðàòíûõ ñêîáêàõ, íàïðèìåð [1]. Áèáëèîãðàôè÷åñêèå

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

âàíèÿìè ÃÎÑÒ 7.1–2003 è ÃÎÑÒ Ð 7.0.5–2008.

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

Íàðÿäó ñ ýòèì äëÿ íàó÷íûõ ñòàòåé ñïèñîê ëèòåðàòóðû äîëæåí îòâå-

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 20 èñòî÷íèêîâ (â ýòî

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû, ññûëêè íà ñàéòû

êîìïàíèé è ò.ï.). Ïðè ýòîì êîëè÷åñòâî ññûëîê íà ñòàòüè èç èíîñòðàí-

íûõ íàó÷íûõ æóðíàëîâ è äðóãèå èíîñòðàííûå èñòî÷íèêè äîëæíî

áûòü íå ìåíåå 40 % îá îáùåãî êîëè÷åñòâà ññûëîê. Íå áîëåå ïîëî-

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

ÿçû÷íûõ íàó÷íûõ æóðíàëîâ, îñòàëüíîå — äðóãèå ïåðâîèñòî÷íèêè

íà ðóññêîì ÿçûêå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíî áûòü âêëþ÷åíî â îäèí èç

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

òèðîâàíèÿ eLibrary, Web of Science, Scopus, Chemical Abstracts,

MathSciNet, Springer è äð. Â ñëó÷àå ïðèñâîåíèÿ ïóáëèêàöèÿì öèô-

ðîâîãî èäåíòèôèêàòîðà îáúåêòà (DOI) åãî íåîáõîäèìî óêàçàòü, ÷òî

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

ïîëîâèíû ñîâðåìåííûõ (íå ñòàðøå 10 ëåò) ñòàòåé èç íàó÷íûõ æóð-

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

Â ñïèñêå ëèòåðàòóðû äîëæíî áûòü íå áîëåå 30 % èñòî÷íèêîâ, àâòî-

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

äîêòîðñêèõ), çàùèùåííûõ â ïîñëåäíèå ãîäû ïî áëèæàéøåé íàó÷-

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

ìåíäóåòñÿ èñïîëüçîâàòü ðåñóðñ http://www. dissercat.com.

Íå ñëåäóåò âêëþ÷àòü â ñïèñîê ëèòåðàòóðû ÃÎÑÒû; ññûëêè íà íèõ

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

Óáåäèòåñü, ÷òî óêàçàííàÿ â ñïèñêå ëèòåðàòóðû èíôîðìàöèÿ (Ô.È.Î.

àâòîðà, íàçâàíèå êíèãè èëè æóðíàëà, ãîä èçäàíèÿ, òîì, íîìåð è êî-

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

ùåíèÿ è ò. ï. íå ñëåäóåò óêàçûâàòü â ñïèñêå ëèòåðàòóðû, íî îíè ìî-

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

÷òî ïåðåâîä íàçâàíèÿ ñòàòåé ñëåäóåò äàâàòü òàê, êàê îí ïðîõîäèë

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:

� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

http://fotosav.ru/services/transliteration.aspx, îáÿçàòåëüíî

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

(äëÿ âèçû ÑØÀ)”; åñëè àâòîð öèòèðóåìîé ñòàòüè èìååò ñâîé

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);

� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;

� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

êîíôåðåíöèè è ò. ï.) â òðàíñëèòåðàöèè è íà àíãëèéñêîì

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);

� âûõîäíûå äàííûå;

� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

Íàïðèìåð: Sokolov D. N., Vogman L. P., Zuykov V. A. Microbiological

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

no. 1, pp. 35–48 (in Russian) (äðóãèå ïðèìåðû ñì. www.fire-smi.ru).

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

(ò. å. îí íå äîëæåí áûòü ñâÿçàí ñ ìåñòîì ðàáîòû (ó÷åáû) àâòîðîâ

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

åãî Ô. È. Î., ó÷åíîãî çâàíèÿ, ó÷åíîé ñòåïåíè, äîëæíîñòè, ìåñòà ðà-

áîòû), çàâåðåíà îòäåëîì êàäðîâ (ó÷åíûì ñåêðåòàðåì) è ïå÷àòüþ.

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

4. Ñòàòüè, ïðèñëàííûå íå â ïîëíîì îáúåìå, íà ðàññìîòðåíèå íå ïðè-

íèìàþòñÿ.

5. Â ñëó÷àå ïîëó÷åíèÿ çàìå÷àíèé â õîäå âíóòðåííåãî ðåöåíçèðîâà-

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

âñå âîïðîñû è çàìå÷àíèÿ ðåöåíçåíòà. Íåñâîåâðåìåííûé, à òàêæå

íåàäåêâàòíûé îòâåò íà çàìå÷àíèÿ ðåöåíçåíòîâ è íàó÷íûõ ðåäàêòî-

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

íåäîñòàòêîâ. Ïðè èãíîðèðîâàíèè çàìå÷àíèé ðåöåíçåíòîâ è íàó÷íûõ

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

ðåäàêöèè î ïåðåðàáîòêå ìàòåðèàëà íå îçíà÷àåò, ÷òî îí ïðèíÿò ê ïå÷àòè.

Ïðåäïå÷àòíàÿ ïîäãîòîâêà ñòàòåé îïëà÷èâàåòñÿ çà ñ÷åò ñðåäñòâ ïîä-

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

Ðåäàêöèÿ îñòàâëÿåò çà ñîáîé ïðàâî ñ÷èòàòü, ÷òî àâòîðû, ïðåäîñòà-

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!
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