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ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

âûñòàâêà Securika Moscow äåìîíñòðèðóåò íîâèíêè è äîñòèæåíèÿ îòå÷åñòâåííûõ è çà-

ðóáåæíûõ ïðîèçâîäèòåëåé è ïîñòàâùèêîâ òåõíè÷åñêèõ ñðåäñòâ îõðàíû è îáîðóäîâàíèÿ

äëÿ îáåñïå÷åíèÿ áåçîïàñíîñòè è ïðîòèâîïîæàðíîé çàùèòû. Çà ïðîøåäøèå äåñÿòèëåòèÿ

Securika Moscow ñòàëà íàèáîëåå àâòîðèòåòíûì ìåæäóíàðîäíûì âûñòàâî÷íûì ìåðîïðèÿòèåì â

ñôåðå áåçîïàñíîñòè. Òðàäèöèîííî íà 4 äíÿ â ãîäó âûñòàâêà ñòàíîâèòñÿ ìåñòîì âñòðå÷è ñïåöèàëè-

ñòîâ èíäóñòðèè áåçîïàñíîñòè, öåíòðîì äåëîâîãî îáùåíèÿ è ãëàâíûì ïðàçäíèêîì îòðàñëè. Ìû îãëÿ-

íóëèñü íàçàä è âñïîìíèëè, ñ ÷åãî âñå íà÷èíàëîñü è êàêèõ ðåçóëüòàòîâ óäàëîñü äîñòè÷ü.

Í
à÷àëî 90-õ ìîæíî íàçâàòü âðåìåíåì íà÷àëà ðàç-

âèòèÿ íàóêîåìêèõ îòðàñëåé ïðîìûøëåííîñòè. Ýòî

áûë î÷åíü òÿæåëûé äëÿ ðîññèéñêîé ýêîíîìèêè ïåðèîä.

Êîãäà ïîñëå 1991 ãîäà â Ðîññèþ õëûíóëà çàðóáåæíàÿ

òåõíèêà, ñòàëî ïîíÿòíî, ÷òî îòñòàâàíèå â “ìèðíîì” ñåã-

ìåíòå òåõíîëîãèé áåçîïàñíîñòè â ñòðàíå êîëîññàëüíîå.

Ñîçäàòü èííîâàöèîííóþ òåõíèêó íà îòå÷åñòâåííîé ýëå-

ìåíòíîé áàçå â 90-õ ãîäàõ ïðîøëîãî âåêà íå ïðåäñòàâ-

ëÿëîñü âîçìîæíûì. Â òî æå âðåìÿ ïðèìåíåíèå çàðó-

áåæíûõ êîìïëåêòóþùèõ çàòðóäíÿëîñü èç-çà äåôèöèòà

èíôîðìàöèè î êà÷åñòâåííûõ èçäåëèÿõ è âûñîêèõ òàìî-

æåííûõ ïîøëèí, êîòîðûå ñîñòàâëÿëè äî 30 % îò ñòîè-

ìîñòè ðàäèîýëåìåíòîâ. Äëÿ ïîïóëÿðèçàöèè íîâûõ ðàç-

ðàáîòîê è ïðåîäîëåíèÿ áàðüåðîâ â îáùåíèè ìåæäó

ñïåöèàëèñòàìè òðåáîâàëèñü çíà÷èòåëüíûå óñèëèÿ. Èìåí-

íî â ýòîò ïåðèîä ïîÿâèëàñü âûñòàâêà MIPS (c 2017 ã.

Securika Moscow), âîïëîòèâøàÿñÿ â ïëîùàäêó êîììó-

íèêàöèè äëÿ áóäóùèõ òåõíîëîãè÷åñêèõ ëèäåðîâ ðîññèé-

ñêîãî ðûíêà áåçîïàñíîñòè.

“Â ñåðåäèíå 90-õ Èíòåðíåò áûë äàëåêî íå òàêîé ñêî-

ðîñòíîé, êàê ñåé÷àñ, äà è èíôîðìàöèîííàÿ íàñûùåí-

íîñòü ãëîáàëüíîé ñåòè áûëà íà íåñêîëüêî ïîðÿäêîâ

ìåíüøå. Ïîýòîìó îñíîâíûì èñòî÷íèêîì èíôîðìàöèè

äëÿ ñïåöèàëèñòîâ ïî áåçîïàñíîñòè áûëè ñïåöèàëèçèðî-

âàííûå æóðíàëû, à îñíîâíûì ìåñòîì äëÿ âñòðå÷ ñ ïðî-

èçâîäèòåëÿìè — âûñòàâêè è ðåãèîíàëüíûå ñåìèíàðû”,

— ïîäåëèëñÿ âîñïîìèíàíèÿìè ãåíåðàëüíûé äèðåêòîð

êîìïàíèè ÍÂÏ “Áîëèä” Èãîðü Àëåêñàíäðîâè÷ Áàáàíîâ.
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Ïåðâàÿ âûñòàâêà ñîñòîÿëàñü â ìàðòå 1995 ãîäà âî

Âñåðîññèéñêîì âûñòàâî÷íîì öåíòðå (ÂÄÍÕ) â Ìîñêâå.

120 êîìïàíèé-ó÷àñòíèö âïåðâûå ïðîäåìîíñòðèðîâàëè

ñâîå îáîðóäîâàíèå, ñ êîòîðûì îçíàêîìèëèñü 4179 ïî-

ñåòèòåëåé. Ñðåäè ïåðâûõ ó÷àñòíèêîâ — áîëåå 25 ëåò

óñïåøíûå Àðãóñ-Ñïåêòð, Áîëèä, ÝÂÑ, ÀÀÌ Ñèñòåìç, Ìî-

äóñ-Í, ÀÂÑ Ýëåêòðîíèêñ. Äëÿ ìíîãèõ êîìïàíèé, êîòîðûå

íà ñåãîäíÿøíèé äåíü ïî ïðàâó ìîæíî íàçâàòü ôëàãìà-

íàìè ðîññèéñêîé èíäóñòðèè áåçîïàñíîñòè, âûñòàâêà

MIPS ñòàëà ïëàòôîðìîé äëÿ ðàçâèòèÿ. Ïîçæå âûñòàâêà

îáúåäèíèò óæå âñåõ êðóïíåéøèõ èãðîêîâ èíäóñòðèè,

÷èñëî ïîñåòèòåëåé è ýêñïîíåíòîâ óâåëè÷èòñÿ â 4 ðàçà.

Çà ïðîøåäøèå ãîäû Securika Moscow ïðî÷íî çà-

íÿëà ìåñòî ñòàáèëüíîãî ëèäåðà ñðåäè âûñòàâîê â ñôåðå

îáåñïå÷åíèÿ áåçîïàñíîñòè. Äàæå â ñàìûå ñëîæíûå ïå-

ðèîäû ðàçâèòèÿ íàøåé ñòðàíû âûñòàâêà îñòàâàëàñü

ýòàëîíîì êà÷åñòâà è ýôôåêòèâíîñòè. Àâòîðèòåò ñðåäè

îòå÷åñòâåííûõ ïðîèçâîäèòåëåé è èíñòàëëÿòîðîâ ñèñòåì

áåçîïàñíîñòè, ïðèçíàíèå ïðîôåññèîíàëüíîãî ñîîáùå-

ñòâà — çàêîíîìåðíûé èòîã åå ðàáîòû.

Íà ñåãîäíÿøíèé äåíü áîëåå 300 ðîññèéñêèõ è çàðó-

áåæíûõ êîìïàíèé ïîäòâåðäèëè ñâîå ó÷àñòèå â þáèëåé-

íîé âûñòàâêå, èç íèõ áîëåå 40 äåáþòàíòîâ: Àëüôà-

Èíæèíèðèíã, Àëãîðèòì Ñòàáèëüíîñòè, Carddex, Ôåíèêñ-

ïàðê, Èíôîìàòèêà, InSentry, ISD, Korufire, PAX ProAV

Group, Safe-Logic, Ñèìñ-2, SprayLab, ÑÒÀËÒ, Ñèíåçèñ,

Òåëåãðèí, Toshiba è äð.

Â âûñòàâêå Securika Moscow òðàäèöèîííî ïðèíè-

ìàþò ó÷àñòèå êðóïíåéøèå òîðãîâûå äîìà: ÀÐÌÎ, Ñàòðî-

Ïàëàäèí, Ëóèñ+, ÒÈÍÊÎ, ÍÏÀ Ðóáåæ, 3Ñ ÃÐÓÏÏ.

Ïàâèëüîí, ïîñâÿùåííûé ñèñòåìàì ïðîòèâîïîæàð-

íîé çàùèòû, íà ñåãîäíÿøíèé äåíü ïðåâûøàåò ïî ïëî-

ùàäè ñîîòâåòñòâóþùóþ ýêñïîçèöèþ âûñòàâêè 2018 ãîäà.

Ñðåäè ó÷àñòíèêîâ ðàçäåëà Ïîæòåõíèêà, ÎÑÊ Ãðóïï,

Ïëàçìà-Ò, Îãíåáîðåö, Ãåôåñò, Ýïîòîñ, Ýòàëîí, Ïîæàðíàÿ

àâòîìàòèêà, Ïîæàðíàÿ àâòîìàòèêà ñåðâèñ, ÌÑÑ, Wagner,

Flamax, Minimax Russia, Ýðèäàí, ÈÑÏ, Èñòà.

Óðîâåíü äîâåðèÿ ê áðåíäó þáèëåéíîé Securika

Moscow 2019 ñî ñòîðîíû ñïîíñîðîâ ÿâëÿåòñÿ ðå-

êîðäíûì. Â ýòîì ãîäó âûñòàâêó ïîääåðæèâàåò øåñòü

êîìïàíèé-ïàðòíåðîâ:
� ãåíåðàëüíûé ïàðòíåð — Hikvision;
� îôèöèàëüíûé ñïîíñîð ðàçäåëà “Ïðîòèâîïîæàðíàÿ

çàùèòà” — ÈÑ;
� cïîíñîð ëåíò-áåéäæåé äëÿ ïîñåòèòåëåé — Sigur;
� îôèöèàëüíûé ñïîíñîð — Dahua;
� îôèöèàëüíûé ñïîíñîð — Safe Logic;
� òåõíîëîãè÷åñêèé ïàðòíåð — Insentry.

Åñëè Âû õîòèòå ëè÷íî îöåíèòü âñå ïðåèìóùåñòâà ó÷àñòèÿ â Securika Moscow, ïîæàëóéñòà, ñâÿæè-

òåñü ñ íàìè ïî òåë.: +7 (499) 750-08-28 èëè ïî e-mail: security@ite-rusia.ru, ÷òîáû âûáðàòü ñâîáîä-

íûé ñòåíä è ðàññ÷èòàòü ñòîèìîñòü ó÷àñòèÿ.

Ïîäðîáíåå î âûñòàâêå ÷èòàéòå íà ñàéòå www.securika-moscow.ru.
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Ðîññèéñêàÿ àêàäåìèÿ íàóê

Íàöèîíàëüíàÿ àêàäåìèÿ íàóê Ðåñïóáëèêè Áåëàðóñü

Ìèíèñòåðñòâî íàóêè è âûñøåãî îáðàçîâàíèÿ
Ðîññèéñêîé Ôåäåðàöèè

Ìèíèñòåðñòâî îáðàçîâàíèÿ Ðåñïóáëèêè Áåëàðóñü

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

Ìèíèñòåðñòâî ïî ÷ðåçâû÷àéíûì ñèòóàöèÿì
Ðåñïóáëèêè Áåëàðóñü

Óíèâåðñèòåò ãðàæäàíñêîé çàùèòû
Ì×Ñ Ðåñïóáëèêè Áåëàðóñü

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

Àêàäåìèÿ Ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé
ñëóæáû Ì×Ñ Ðîññèè

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

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

Ì×Ñ Ðåñïóáëèêè Áåëàðóñü

Êîêøåòàóñêèé òåõíè÷åñêèé èíñòèòóò Ê×Ñ
ÌÂÄ Ðåñïóáëèêè Êàçàõñòàí

Âîëãîãðàäñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé
óíèâåðñèòåò

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

ãîñóäàðñòâåííîãî óíèâåðñèòåòà

Íàó÷íî-èññëåäîâàòåëüñêèé èíñòèòóò ïðîáëåì
ãîðåíèÿ Ðåñïóáëèêè Êàçàõñòàí

Ìîëîäåæíàÿ ïàëàòà ïðè Ïàðëàìåíòñêîì Ñîáðàíèè
Ñîþçà Áåëàðóñè è Ðîññèè

IX Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ

ÏÎËÈÌÅÐÍÛÅ
ÌÀÒÅÐÈÀËÛ

ÏÎÍÈÆÅÍÍÎÉ
ÃÎÐÞ×ÅÑÒÈ

Ìåñòî ïðîâåäåíèÿ
êîíôåðåíöèè:

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

Äàòà ïðîâåäåíèÿ: 20–24 ìàÿ 2019 ã.

ÏÐÎÃÐÀÌÌÍÛÉ ÊÎÌÈÒÅÒ
ÊÎÍÔÅÐÅÍÖÈÈ

Ïðåäñåäàòåëü:
Áåðëèí À. À. Àêàäåìèê ÐÀÍ, íàó÷íûé

ðóêîâîäèòåëü ÈÕÔ ÐÀÍ

Ñîïðåäñåäàòåëü:
Ïîëåâîäà È. È. Íà÷àëüíèê Óíèâåðñèòåòà

ãðàæäàíñêîé çàùèòû Ì×Ñ
Ðåñïóáëèêè Áåëàðóñü,
ê. ò. í., äîöåíò

Ñîïðåäñåäàòåëü:
Ñóïðóíîâñêèé À. Ì. Íà÷àëüíèê Àêàäåìèè ÃÏÑ

Ì×Ñ Ðîññèè, ê. ò. í.

Çàìåñòèòåëè ïðåäñåäàòåëÿ:
Àëåøêîâ Ì. Â. Çàìåñòèòåëü íà÷àëüíèêà

Àêàäåìèè ÃÏÑ Ì×Ñ
Ðîññèè ïî íàó÷íîé ðàáîòå,
ä. ò. í., ïðîôåññîð

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

Êàìëþê À. Í. Çàìåñòèòåëü íà÷àëüíèêà
Óíèâåðñèòåòà ãðàæäàí-
ñêîé çàùèòû Ì×Ñ Ðåñ-
ïóáëèêè Áåëàðóñü ïî íà-
ó÷íîé è èííîâàöèîííîé
äåÿòåëüíîñòè, ê. ô.-ì. í.,
äîöåíò

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

Îðãàíèçàöèîííûé êîìèòåò:
Àñååâà Ð. Ì. Ïðîôåññîð, Àêàäåìèÿ ÃÏÑ

Ì×Ñ Ðîññèè, ä. õ. í.,
ïðîôåññîð

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

Áîãäàíîâà Â. Â. Ïðîôåññîð, ÍÈÈ ÔÕÏ
ÁÃÓ, Ðåñïóáëèêà Áåëà-
ðóñü, ä. õ. í., ïðîôåññîð

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

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

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

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

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

Êàñïåðîâè÷ Î. Ì. Áåëîðóññêèé ãîñóäàðñò-
âåííûé òåõíîëîãè÷åñêèé
óíèâåðñèòåò, ê. ò. í.
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Îñíîâíûå íàïðàâëåíèÿ
íàó÷íîé êîíôåðåíöèè

� Òåðìîîêèñëèòåëüíàÿ äåñòðóêöèÿ è ïèðîëèç ïî-
ëèìåðîâ

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

ôåêòèâíûõ èíãèáèòîðîâ ãîðåíèÿ ïîëèìåðîâ
� Ðàçðàáîòêà íîâûõ ïîëèìåðíûõ ìàòåðèàëîâ è

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

ìàòåðèàëîâ è êîíñòðóêöèé
� Òåõíèêà è ìåòîäû îöåíêè ïîæàðíîé áåçîïàñ-

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

æàðíîé áåçîïàñíîñòè êîíñòðóêöèé èç ïîëèìåð-
íûõ ìàòåðèàëîâ

� Àíàëèç ÷ðåçâû÷àéíûõ ñèòóàöèé ïðèðîäíîãî è
òåõíîãåííîãî õàðàêòåðà
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Èñïàðåíèå æèäêîãî ìåòàíà ñ ìåòàëëè÷åñêîé ïîâåðõíîñòè
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ÐÅÇÞÌÅ

Ââåäåíèå. Ïðè àâàðèéíûõ ïðîëèâàõ æèäêîãî ìåòàíà íà ãðóíò â ðåçóëüòàòå åãî èíòåíñèâíîãî êèïåíèÿ âîçíè-

êàåò âçðûâîîïàñíàÿ ñèòóàöèÿ. Ïðè ïðîëèâå íà ìåòàëëè÷åñêèå ïîâåðõíîñòè êèïåíèå ïðîèñõîäèò â ïëåíî÷íîì

ðåæèìå, ïðè ýòîì ñêîðîñòü êèïåíèÿ çíà÷èòåëüíî ïðåâûøàåò ñêîðîñòü êèïåíèÿ íà ãðóíòå.

Ìåòîäû. Ðàñ÷åò ñêîðîñòè èñïàðåíèÿ æèäêîãî ìåòàíà âûïîëíÿåòñÿ â äâà ýòàïà: íà ïåðâîì — äëÿ çíà÷åíèé

÷èñëà Ôóðüå Fî < 0,5, êîãäà ïîâåðõíîñòü ìîæíî ñ÷èòàòü òåðìè÷åñêè òîëñòûì òåëîì, íà âòîðîì — äëÿ Fî � 0,5

âïëîòü äî Fî*, êîãäà òåìïåðàòóðà õîëîäíîé ïîâåðõíîñòè äîñòèãàåò âòîðîé êðèòè÷åñêîé Têð2 � 160,56 K è çà-

êàí÷èâàåòñÿ ïëåíî÷íîå êèïåíèå.

Ðåçóëüòàòû. Ïîäòâåðæäåíî íàáëþäåíèå, ÷òî êîýôôèöèåíò òåïëîïåðåäà÷è ïðè ïëåíî÷íîì êèïåíèè ñëàáî çà-

âèñèò îò òåìïåðàòóðíîãî íàïîðà è ôàêòè÷åñêè îñòàåòñÿ ïîñòîÿííûì âî âðåìÿ âñåãî ïðîöåññà ïëåíî÷íîãî êè-

ïåíèÿ. Â ýòîì ñëó÷àå ïðè òîëùèíå ñòàëüíîãî ëèñòà � � 2,5 ìì, ÷òî ñîîòâåòñòâóåò Bi � 0,1, åãî ìîæíî ñ÷èòàòü

òåðìè÷åñêè òîíêèì òåëîì. Ýòî îáñòîÿòåëüñòâî ïîäòâåðæäàåòñÿ ðàñ÷åòàìè ïðè Fî � 0,5. Îïðåäåëåíî âðåìÿ

ïëåíî÷íîãî êèïåíèÿ è ïîëó÷åíà ìàññà æèäêîñòè, èñïàðèâøåéñÿ çà ýòî âðåìÿ.

Çàêëþ÷åíèå. Ïðåäëîæåííûé ìåòîä ðàñ÷åòà èñïàðåíèÿ æèäêîãî ìåòàíà ñ ìåòàëëè÷åñêîé ïîâåðõíîñòè ïðèìå-

íèì è äëÿ äðóãèõ ïàð êðèîãåííàÿ æèäêîñòü – ìåòàëë. Ïðè ýòîì ñëåäóåò ó÷èòûâàòü èçìåíåíèå òåðìè÷åñêîé

àêòèâíîñòè ìåòàëëîâ (Ñð��) â çàâèñèìîñòè îò èõ òåìïåðàòóðû.

Êëþ÷åâûå ñëîâà: ïëåíî÷íîå êèïåíèå; òåïëîâîé ïîòîê; êðèîãåííàÿ æèäêîñòü; òåïëîâàÿ àêòèâíîñòü; ÷èñëî Áèî;

÷èñëî Ôóðüå; òåðìè÷åñêè òîíêîå òåëî.
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Evaporation of the liquid methane from the metal surface
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ABSTRACT

Introduction. At the emergency passages of a liquid methane on a soil there is its intensive boiling and the explo-

sive situation is formed. At the passage on metal surfaces boiling happens in the film mode and boiling speed con-

siderably exceeds boiling speed on a soil.

Methods. Calculation of rate of evaporation of a liquid methane is broken into two stages: the first stage — to value

of numbers Fî < 0.5, when the surface can be considered thermally thick body, the second stage — for Fî � 0.5

in flesh to Fo* when temperature of a cold surface reaches value of the second critical Tcr2 � 160.56 K and comes

to an end film boiling.

Results. Observation is confirmed, that the heat transfer coefficient at film boiling poorly depends on a temperatu-

re pressure and actually remains to constants during all process of film boiling. In this case at a thickness of a steel

sheet � � 2.5 mm, that corresponds to Bi � 0.1 of a leaf it is possible to consider thermally thin body. This circums-

tance is exposed calculations for Fî � 0.5. The dependence of mass of the evaporated liquid during film boiling is

received and time of film boiling is defined.

Conclusions. The offered computational method of evaporation of a liquid methane from a metal surface is appli-

cable for other couples cryogenic liquid – metal. At the same time it is necessary to consider change of thermal

activity of metals (Ñð��) with change of their temperature.

Keywords: film boiling; heat flux; cryogenic liquid; thermal activity; Biot’s number; number of Fourier; thermally

thin body.

For citation: V. A. Gorev, D. L. Ovsyannikov. Evaporation of the liquid methane from the metal surface. Pozharo-

vzryvobezopasnost � Fire and Explosion Safety, 2019, vol. 28, no. 1, pp. 14–21 (in Russian). DOI:

10.18322/PVB.2019.28.01.14-21.
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Ââåäåíèå

Â óñëîâèÿõ, êîãäà îáúåìû ïðîèçâîäñòâà ñæèæåí-

íîãî ïðèðîäíîãî ãàçà (ÑÏÃ) ðàñòóò, îáåñïå÷åíèå ïî-

æàðîâçðûâîáåçîïàñíîñòè ïðè åãî ïðîèçâîäñòâå,

õðàíåíèè è òðàíñïîðòèðîâêå ÿâëÿåòñÿ àêòóàëüíîé

çàäà÷åé. Ôîðìèðîâàíèå âçðûâîîïàñíîé ñèòóàöèè

íà÷èíàåòñÿ ñ íåêîíòðîëèðóåìîãî èñòå÷åíèÿ ÑÏÃ ñ

ïîñëåäóþùèì èñïàðåíèåì è ñìåøåíèåì ïàðîâ ñ

îêðóæàþùèì âîçäóõîì. Ñêîðîñòü èñïàðåíèÿ îïðå-

äåëÿåòñÿ ðåæèìîì òåïëîîáìåíà ìåæäó ÑÏÃ è ïîä-

ñòèëàþùåé ïîâåðõíîñòüþ è ìåæäó ÑÏÃ è îêðóæà-

þùèì âîçäóõîì. Òåïëîîáìåí ìåæäó ÑÏÃ è ïîäñòè-

ëàþùåé ïîâåðõíîñòüþ îïðåäåëÿåòñÿ ðåæèìîì

êèïåíèÿ, êîòîðûé çàâèñèò îò òåìïåðàòóðíîãî íàïîðà

ìåæäó ñðåäàìè [1–6]. Òåïëîîáìåí ìåæäó ÑÏÃ è îêðó-

æàþùèì âîçäóõîì îïðåäåëÿåòñÿ ñîñòîÿíèåì âîç-

äóøíîé ñðåäû, òåìïåðàòóðîé âîçäóõà è ñêîðîñòüþ

âåòðà, à òàêæå ðàçìåðîì î÷àãà èñïàðåíèÿ [7–10].

Â ðåãëàìåíòèðóþùèõ äîêóìåíòàõ [10, 11] èí-

òåíñèâíîñòü èñïàðåíèÿ ÑÏÃ �m (êã�(ì2·ñ)) ïðè åãî

ïðîëèâå îïèñûâàåòñÿ ñîîòíîøåíèåì

� ,

,

m
T T

r

C

t
�

� 	


�

�


�0

0 5
ê ��

�
(1)

ãäå T0, Tê — íà÷àëüíàÿ òåìïåðàòóðà ïîäñòèëàþùåé

ïîâåðõíîñòè è òåìïåðàòóðà êèïåíèÿ ÑÏÃ, Ê;

r — òåïëîòà èñïàðåíèÿ ÑÏÃ, Äæ�êã;

��Ñ — òåïëîâàÿ àêòèâíîñòü ìàòåðèàëà ïîäñòè-

ëàþùåé ïîâåðõíîñòè;

� — êîýôôèöèåíò òåïëîïðîâîäíîñòè ìàòåðèàëà

ïîäñòèëàþùåé ïîâåðõíîñòè, Âò�(ì·Ê);

� — ïëîòíîñòü ìàòåðèàëà, â íàøåì ñëó÷àå ìå-

òàëëà, êã�ì3;

C — óäåëüíàÿ òåïëîåìêîñòü ìàòåðèàëà,

Äæ�(êã·Ê).

Âûðàæåíèå (1) ïîëó÷åíî â ïðåäïîëîæåíèè, ÷òî

ïîäñòèëàþùàÿ ïîâåðõíîñòü ïðîñòèðàåòñÿ â ãëóáè-

íó íà áåñêîíå÷íîñòü, à õàðàêòåðíîå âðåìÿ èçìå-

íåíèÿ òåìïåðàòóðû ïîäñòèëàþùåé ïîâåðõíîñòè íà

ãðàíèöå êîíòàêòà íàìíîãî (ïî êðàéíåé ìåðå, â 8 ðàç)

ìåíüøå âðåìåíè, êîãäà ìîæíî èñïîëüçîâàòü âûðà-

æåíèå (1) [1, 6].

Äëÿ ìåòàëëè÷åñêèõ ïîâåðõíîñòåé íè îäíî èç ýòèõ

ïðåäïîëîæåíèé íå âûïîëíÿåòñÿ, ïîýòîìó èñïîëü-

çîâàíèå âûðàæåíèÿ (1) äëÿ îïðåäåëåíèÿ ñêîðîñòè

èñïàðåíèÿ â ýòîì ñëó÷àå íåäîïóñòèìî.

Âìåñòå ñ òåì ïðè òðàíñïîðòèðîâêå è ïðîèçâîä-

ñòâå ÑÏÃ åãî êîíòàêò ñ ìåòàëëè÷åñêèìè ïîâåðõíî-

ñòÿìè íåèçáåæåí êàê ïðè ñëó÷àéíûõ ïðîëèâàõ, òàê

è ïðè òåõíîëîãè÷åñêèõ îïåðàöèÿõ [12].

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ èçó÷åíèå ñêî-

ðîñòè èñïàðåíèÿ ÑÏÃ ñ ïîâåðõíîñòè ìåòàëëà â ðå-

æèìå ïëåíî÷íîãî êèïåíèÿ â çàâèñèìîñòè îò òîëùè-

íû ìåòàëëè÷åñêîé êîíñòðóêöèè. Òåïëîôèçè÷åñêèå

ñâîéñòâà ÑÏÃ ïðèíèìàþòñÿ êàê äëÿ æèäêîãî ìåòàíà,

à ñâîéñòâà ìåòàëëà — êàê äëÿ ìÿãêîé ñòàëè: Ñ =

= 460 Äæ�(êã·Ê),� = 53 Âò�(ì·Ê),� = 7800êã�ì3 [13].

Ìåòîäû èññëåäîâàíèÿ

Ñæèæåííûé ìåòàí õðàíèòñÿ ïðè òåìïåðàòóðå

êèïåíèÿ 111,66 Ê, è ïðè ïîïàäàíèè íà ìåòàëëè÷å-

ñêóþ ïîâåðõíîñòü ñ òåìïåðàòóðîé, êîòîðàÿ âûøå

ïðåäåëüíîé òåìïåðàòóðû ïåðåãðåâà æèäêîãî ìåòà-

íà Òï.ï = 166 Ê, ðåàëèçóåòñÿ ïëåíî÷íûé ðåæèì êè-

ïåíèÿ [2, 3, 14–16]. Ðåæèì ïëåíî÷íîãî êèïåíèÿ ñìå-

íÿåòñÿ ïåðåõîäíûì ðåæèìîì [2, 3, 14, 16] ïðè âòîðîé

êðèòè÷åñêîé òåìïåðàòóðå êèïåíèÿ Òêð2. Ýòó òåìïå-

ðàòóðó ìîæíî îöåíèòü èç óñëîâèÿ [2, 17–20]:

�Têð2 = Têð2 – Tê = Ñ (Òï.ï – Òê), (2)

ãäå Ñ = 0,8�1,0; â äàëüíåéøåì ïðèíèìàåì Ñ = 0,9

è â ðåçóëüòàòå ïîëó÷àåì: �Òêð2 = 48,9 Ê, à Òêð2 =

= 160,56 Ê.

Òåïëîâîé ïîòîê îò ïîäñòèëàþùåé ïîâåðõíîñòè

ïðè òåìïåðàòóðå ïîâåðõíîñòè, ñîîòâåòñòâóþùåé

Òêð2, íàçûâàåòñÿ âòîðûì êðèòè÷åñêèì ïîòîêîì qêð2

(Âò�ì2) è îïðåäåëÿåòñÿ ïî ñîîòíîøåíèþ [16, 21–23]:

q r
g

V
L V

L V

êð2 ý�
�

�
0 091

2
4,

( )

( )
,�

� � �

� �
(3)

ãäå rý — ýôôåêòèâíàÿ òåïëîòà ïàðîîáðàçîâàíèÿ ñ

ó÷åòîì íàãðåâàíèÿ ïàðà îò òåìïåðàòóðû êèïåíèÿ

Òê äî ñðåäíåé òåìïåðàòóðû ïàðà TV ;

�V — ïëîòíîñòü ïàðà ïðè òåìïåðàòóðå, ñðåäíåé

ìåæäó òåìïåðàòóðîé ïîâåðõíîñòè Òêð2 = 160,50 Ê

è òåìïåðàòóðîé êèïåíèÿ Òê = 111,66 Ê, êã�ì3;

Ò
Ò Ò

V �
�

�
�

�ê êð2

2

111 66 160 56

2

, ,
136,11 Ê;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2; g =

= 9,81 ì�ñ2;

�L — ïëîòíîñòü æèäêîñòè ïðè òåìïåðàòóðå êè-

ïåíèÿ, êã�ì3; �L = 426 êã�ì3;

� — ïîâåðõíîñòíîå íàòÿæåíèå æèäêîãî ìåòàíà

ïðè Òê = 111,66 Ê, Í�ì; � = 14·10–3 Í�ì.

Ïîäñòàâèâ ñîîòâåòñòâóþùèå çíà÷åíèÿ â (3), ïî-

ëó÷èì:

q êð2 � � � � �0 091 562 83 10 1443, , ,

�
� � �

�
�

�9 81 14 10 426 144

426 144
9858

3

2
4

, ( , )

( , )
Âò�ì2.

Èñõîäÿ èç îïðåäåëåíèÿ êîýôôèöèåíòà òåïëîîò-

äà÷è, åãî ìîæíî îöåíèòü ïðè óñëîâèè âòîðîãî êðè-

çèñà êèïåíèÿ:

� êð êð êð2 2 2 9858 48 9 2015� � �q Ò� , , Âò�(ì2·Ê).

Â ëèòåðàòóðå ïî ïëåíî÷íîìó êèïåíèþ îòìå÷à-

åòñÿ ñðàâíèòåëüíî ïîñòîÿííîå çíà÷åíèå êîýôôèöè-
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åíòà òåïëîîòäà÷è ïðè èçìåíåíèè òåìïåðàòóðíîãî

íàïîðà, åñëè îí íå íàñòîëüêî áîëüøîé, ÷òî íåîáõî-

äèìî ó÷èòûâàòü èçëó÷åíèå îò ïîâåðõíîñòè. Ïðè ðàñ-

ñìàòðèâàåìûõ íèçêèõ òåìïåðàòóðàõ âîïðîñ îá èç-

ëó÷åíèè îòïàäàåò. Êîýôôèöèåíò òåïëîîòäà÷è ïðè

ïëåíî÷íîì êèïåíèè �ïë íà ãîðèçîíòàëüíûõ ïîâåðõ-

íîñòÿõ ðàññ÷èòûâàåòñÿ ïî âûðàæåíèþ [2]:

�
� � �

�ïë

p�
�

0 25

2

3,
( )

,
V V L V

V

Ñ g
(4)

ãäå �V — êîýôôèöèåíò òåïëîïðîâîäíîñòè ïàðà ïðè

åãî òåìïåðàòóðå TV ;

ÑðV — òåïëîåìêîñòü ïàðà, Äæ�(êã·Ê);

�V — êîýôôèöèåíò êèíåìàòè÷åñêîé âÿçêîñòè

ïðè ÒV .

Äëÿ ñëó÷àÿ âòîðîãî êðèçèñà êèïåíèÿ, êîãäà TV =

= 136,11 Ê, íåçàâèñèìîå îïðåäåëåíèå êîýôôèöèåí-

òà òåïëîîòäà÷è äàåò ñëåäóþùåå çíà÷åíèå:

�ïë.êð2 = 0,25
� �0 015 9 81 426 144 212 10

3 78 10

2 3

6
3

, , , ,

,

� � � � �

�
�

�

= 201,75 Âò�(ì2·Ê).

Ïîäîáíîå âû÷èñëåíèå ïðè íà÷àëüíîì òåìïåðà-

òóðíîì íàïîðå�Ò0 = Ò0 –Òê = 293–111,66 = 181,34Ê,

êîãäà íà÷àëüíàÿ òåìïåðàòóðà ïîâåðõíîñòè Ò0 = 293 Ê,

à ñðåäíÿÿ òåìïåðàòóðà ïàðà TV = (293 + 111,66)�2 =

= 202,33 Ê, äàåò çíà÷åíèå �0 ïë = 199,5 Âò�(ì2·Ê).

Â äàëüíåéøåì ïðèíèìàåì �ïë = 200 Âò�(ì2·Ê) äëÿ

âñåãî äèàïàçîíà èçìåíåíèÿ òåìïåðàòóðíîãî íàïîðà

ïðè ïëåíî÷íîì êèïåíèè.

Ìåòàëëû îáëàäàþò âûñîêîé òåðìè÷åñêîé àêòèâ-

íîñòüþ, ïîýòîìó òåìïåðàòóðà îõëàæäàåìîé ïîâåðõ-

íîñòè ìåíÿåòñÿ ìåäëåííî ïî ñðàâíåíèþ ñ âðåìåíåì

èçìåíåíèÿ òåìïåðàòóðû ïîâåðõíîñòè ãðóíòà:

t
C

3 2 2

0 9 1200 830

200
� �

� �
�

��

� ïë

,
22,4 ñ.

Äëÿ ðàíåå âûáðàííûõ ïàðàìåòðîâ ìÿãêîé ñòàëè

�, � è Ñ õàðàêòåðíîå âðåìÿ èçìåíåíèÿ òåìïåðàòóðû

îõëàæäàåìîé ïîâåðõíîñòè ñîñòàâëÿåò [6]:

t 3
253 7800 460 200 4754 1� � � �( ) , c.

Îõëàæäåíèå ïîâåðõíîñòè ìåòàëëà ïðîèñõîäèò

ìåäëåííåå ïî ñðàâíåíèþ ñ ãðóíòîì â 212 ðàç, ïîýòî-

ìó è òåìïåðàòóðíûé íàïîð ïðè êèïåíèè íà ìåòàë-

ëè÷åñêîé ïîâåðõíîñòè áóäåò óìåíüøàòüñÿ ìåäëåí-

íåå, à êèïåíèå, íàîáîðîò, áóäåò èíòåíñèâíåå.

Èç àíàëèçà òåïëîîáìåíà íà ïëîñêèõ ïîâåðõíî-

ñòÿõ [1, 6] óñòàíîâëåíî, ÷òî âûðàæåíèå (1) äàåò ïðè-

åìëåìûå ðåçóëüòàòû ïðè t � t3. Ýòî çíà÷èò, ÷òî ïðè

ïðîëèâå íà ãëèíó âûðàæåíèå (1) áóäåò ñïðàâåäëèâî

óæå ÷åðåç 3 ìèí, à äëÿ ìåòàëëè÷åñêèõ ïîâåðõíîñòåé

— ÷åðåç 10,5 ÷.

Âûðàæåíèå (1) íåïðèåìëåìî äëÿ ìåòàëëè÷åñêèõ

ïîâåðõíîñòåé êîíå÷íîé òîëùèíû, ïîñêîëüêó äðóãîå

óñëîâèå ïðèìåíèìîñòè âûðàæåíèÿ (1) Fo < 0,5

áûñòðî íàðóøàåòñÿ.

Äàëåå ðàññìàòðèâàåòñÿ òåïëîîáìåí ïðè ïëåíî÷-

íîì êèïåíèè æèäêîãî ìåòàíà íà ìåòàëëè÷åñêèõ ïî-

âåðõíîñòÿõ òîëùèíîé � = 0,100; 0,050; 0,025; 0,010;

0,003 ì.

Òûëüíàÿ ñòîðîíà ïîâåðõíîñòè òåïëîèçîëèðîâàíà.

Â òàáë. 1 ñâåäåíû îñíîâíûå ïàðàìåòðû, êîòîðûå íå-

îáõîäèìû äëÿ ðàñ÷åòà òåïëîâîãî ðåæèìà ïðè êèïå-

íèè æèäêîãî ìåòàíà íà ïîâåðõíîñòè ìàëîóãëåðîäè-

ñòîé ñòàëè.

Ïàðàìåòð

Parameter

Çíà÷åíèå ïàðàìåòðà ïðè �, ì � Value of the parameter at �, m

0,100 0,050 0,025 0,010 0,003

Bi 0,3774 0,1887 0,0943 0,03774 0,01132

�2 0,33 0,1768 0,09134 0,03726 0,001128

t0,5, ñ � t0,5, sec 338,5 84,62 21,16 3,385 0,3

t0,5 �t3 0,0718 0,0178 0,00445 0,000718 6,31·10–5

t t0 5 3, 0,2668 0,1334 0,0667 0,00667 7,94·10–3

t2, c � t2, sec 1794 897 448,5 179,4 53,82

Ï ð è ì å ÷ à í è å . Bi — ÷èñëî Áèî, Bi ïë� � � � ; �2 3� �Bi (1 Bi ) ïðè Bi < 1,2 [6]; t0,5 — âðåìÿ, ïðè êîòîðîì Fo =

� ��
� �C

t

p
2

0 5, , ò. å. ïëîñêóþ êîíñòðóêöèþ ïðè Fo < 0,5 ìîæíî ñ÷èòàòü òåðìè÷åñêè òîëñòûì òåëîì [5, 6]; t0,5 =

� 0 5 2, ( ;� � ��Ñð t2 — õàðàêòåðíîå âðåìÿ îõëàæäåíèÿ êîíñòðóêöèè, ò. å. õàðàêòåðíîå âðåìÿ èçìåíåíèÿ åå ñðåäíåé òåìïåðà-

òóðû; t Ñ2 � p�� � .

N o t e . Bi – number Bio, Bi melt� � � � ; �2 3� �Bi (1 Bi ) at Bi < 1,2 [6]; t0.5 — time, at which Fo � ��
� �C

t

p
2

0.5, that is flat

design at Fo < 0.5 it is possible to consider thermally thick body [5, 6]; t Ñ0 5
20 5. . ( ;� � � ��ð t2 — characteristic cooling-off period of

a design, that is characteristic time of change of its average temperature; t Ñ2 � p�� � .

Òàáëèöà 1. Èñõîäíûå äàííûå äëÿ ðàñ÷åòà òåìïåðàòóðû ïîâåðõíîñòè ìåòàëëà

Table 1. Input data for calculation of surface temperature of metal
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Èç ðåçóëüòàòîâ [6] ñëåäóåò, ÷òî òåìïåðàòóðà

îõëàæäàåìîé ïîâåðõíîñòè Òï îïðåäåëÿåòñÿ ïî âû-

ðàæåíèÿì:
� ïðè t < t0,5 è îäíîâðåìåííî ïðè t�t3 < 0,5:
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� ïðè t � t0,5, ò. å. ïðè Fo � 0,5:
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ãäå �Tï — òåìïåðàòóðà îõëàæäàåìîé ïîâåðõíîñòè ê

ìîìåíòó Fo = 0,5;
��Tï — òåìïåðàòóðà îõëàæäàåìîé ïîâåðõíîñòè

ïðè Fo � 0,5.

Â äàëüíåéøåì ïðèìåì îáîçíà÷åíèå:
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Òåïëîâîé ïîòîê îò ìåòàëëè÷åñêîé ïîâåðõíîñòè

ê êèïÿùåé æèäêîñòè qïë (Âò�ì2) îïðåäåëÿåòñÿ âû-

ðàæåíèåì

qïë = �ïë (Tï – Tê).

Ïðè Fo < 0,5 ýòî âûðàæåíèå ïðèíèìàåò âèä:
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Îáùåå êîëè÷åñòâî òåïëà �q" (ÌÄæ�ì2), ïåðåøåä-

øåå îò ìåòàëëè÷åñêîé ïîâåðõíîñòè ê êèïÿùåé æèä-

êîñòè çà ïåðèîä âðåìåíè 0 – t0,5, îïðåäåëÿåòñÿ âûðà-

æåíèåì
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Ïîñëå èíòåãðèðîâàíèÿ ïîëó÷àåì:
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ãäå �Í" — èçáûòî÷íàÿ òåïëîâàÿ ýíòàëüïèÿ ìåòàë-

ëè÷åñêîé ïîäñòèëàþùåé ïîâåðõíîñòè; �H" =

= Cp��(T0 – Òê).

Âûðàæåíèå â êâàäðàòíûõ ñêîáêàõ â (9) åñòü äîëÿ

îò îáùåé èçáûòî÷íîé ýíòàëüïèè, êîòîðàÿ ðàñõî-

äóåòñÿ íà êèïåíèå çà ïåðèîä âðåìåíè îò t = 0 äî

t
Ñ

�
1

2

2� �

�
ð

(Fo = 0,5). Äëÿ èíòåðâàëà âðåìåíè, êî-

òîðûé ñîîòâåòñòâóåò óñëîâèþ Fo � 0,5, íî ìåíüøå

âðåìåíè îêîí÷àíèÿ ïëåíî÷íîãî ðåæèìà êèïåíèÿ,

óäåëüíûé òåïëîâîé ïîòîê ��q ïë (ÌÄæ�ì2) áóäåò îïðå-

äåëÿòüñÿ âûðàæåíèåì
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(10)

Îáùåå êîëè÷åñòâî ýíåðãèè (òåïëà) ��q" (ÌÄæ�ì2),

ïîñòóïèâøåå îò ïîâåðõíîñòè ê êèïÿùåé æèäêîñòè

çà èíòåðâàë âðåìåíè ìåæäó Fo = 0,5 è ÷èñëîì Fo*,

ñîîòâåòñòâóþùèì îêîí÷àíèþ ïëåíî÷íîãî êèïåíèÿ,

âû÷èñëÿåòñÿ ïî âûðàæåíèþ
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×èñëî Ôóðüå Fo*, ñîîòâåòñòâóþùåå îêîí÷àíèþ

ïëåíî÷íîãî êèïåíèÿ, îïðåäåëÿåòñÿ èç (6) ïðè �� �Tï

= Têð2:

Fo

Bi
êð

ê*

ln ( )

.� �
�

f
T

Ò Ò

� 2

0

2�
(12)

Ìåòàëëè÷åñêèå êîíñòðóêöèè ÷àñòî óäîâëåòâîðÿ-

þò óñëîâèÿì òåðìè÷åñêè òîíêîãî òåëà, êîãäà Bi < 0,1.

Â ðàññìàòðèâàåìûõ ïðèìåðàõ îáðàçöû ñ � = 0,025;

0,010; 0,003 ì êàê ðàç è ìîæíî ðàññìàòðèâàòü â êà÷å-

ñòâå òàêèõ. Äëÿ òåðìè÷åñêè òîíêèõ òåë òåìïåðàòóðà

T ïî òîëùèíå îäèíàêîâà è îïðåäåëÿåòñÿ âûðàæåíè-

åì [5, 6]:

T T

T T
e t�

�
� �ê

ê0

, (13)

ãäå t — áåçðàçìåðíîå âðåìÿ; t
t

t
�

2

(ñì. òàáë. 1).
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Îáñóæäåíèå ðåçóëüòàòîâ

èññëåäîâàíèé

Â òàáë. 2 ñâåäåíû ðåçóëüòàòû âû÷èñëåíèé îñíîâ-

íûõ âåëè÷èí, õàðàêòåðèçóþùèõ òåïëîîáìåí ïðè êè-

ïåíèè êðèîãåííûõ æèäêîñòåé íà ìåòàëëè÷åñêîé ïî-

âåðõíîñòè. Ïðèìåðû ïðèâåäåíû äëÿ ïàðû æèäêèé

ìåòàí – íèçêîóãëåðîäèñòàÿ ñòàëü.

Â òàáë. 1 ïðèíÿòû ñëåäóþùèå îáîçíà÷åíèÿ:�H" =

= Cp��(T0 – Tê) — èçáûòî÷íàÿ ýíòàëüïèÿ ïëîñêîé

ïëàñòèíû; Fo* — ÷èñëî Ôóðüå, ïðè êîòîðîì çàêàí-

÷èâàåòñÿ ïëåíî÷íîå êèïåíèå (ñì. (12)); �Tï — òåìïå-

ðàòóðà îõëàæäàåìîé ïîâåðõíîñòè ê ìîìåíòó Fo = 0,5

(ñì. (5)); ��Tï — òåìïåðàòóðà îõëàæäàåìîé ïîâåðõ-

íîñòè ïðè Fo � 0,5, îïðåäåëÿåòñÿ ïî (6); Tò — òåìïå-

ðàòóðà íåîõëàæäàåìîé ïîâåðõíîñòè ïðè Fo = 0,5

(ñì. (7)); Ò — òåìïåðàòóðà ïëàñòèíû â ïðåäïîëîæå-

íèè, ÷òî îíà ÿâëÿåòñÿ òåðìè÷åñêè òîíêèì òåëîì

(13); Têð2 — òåìïåðàòóðà îõëàæäàåìîé ïîâåðõíî-

ñòè, ñîîòâåòñòâóþùàÿ ìîìåíòó îêîí÷àíèÿ ïëåíî÷-

íîãî êèïåíèÿ ïðè Fo* (ñì. (2)); Tò2 — òåìïåðàòóðà

íà òûëüíîé ñòîðîíå ïëàñòèíû ïðè Fo*, ñîîòâåòñòâó-

þùåì îêîí÷àíèþ ïëåíî÷íîãî êèïåíèÿ (ñì. (7));

q0,5 — òåïëîâîé ïîòîê èç ïëàñòèíû, Âò�ì2, â ìîìåíò

t = t0,5 ïðè Fo = 0,5; �q ïë — òåïëîâîé ïîòîê îò ïîä-

ñòèëàþùåé ïîâåðõíîñòè ê êèïÿùåé æèäêîñòè; �q ïë =

= qêð2 (ñì. (3) è (8)); �q" — îáùåå êîëè÷åñòâî ýíåðãèè,

ïåðåøåäøåé èç ïëàñòèíû â çîíó êèïåíèÿ çà ïåðèîä

âðåìåíè îò t = 0 äî t0,5, ñîîòâåòñòâóþùåãî óñëîâèþ

Fo = �t�(Cp��
2) = 0,5 (ñì. (9�)); ��q" — îáùåå êîëè÷å-

ñòâî ýíåðãèè, ïåðåøåäøåé èç ïëàñòèíû â çîíó êè-

ïåíèÿ çà âðåìÿ èçìåíåíèÿ ÷èñëà Ôóðüå îò Fo = 0,5

äî Fo* (ñì. (11)); q� ��0,5, q� ��ïë — îñðåäíåííûå

òåïëîâûå ïîòîêè, q T Ò� � � �0 5, ( );� � �ï ê q� ��ïë =

� �� � ( )T Òêð2 ê . Ñðàâíåíèå èõ ñ òåïëîâûìè ïîòî-

êàìè èç ïëàñòèíû ñîîòâåòñòâåííî q0,5 è �q êð2 ïîêàçû-

âàåò, ÷òî èõ âåëè÷èíà q� ��0,5, q� ��ïë ñîñòàâëÿåò ïðè-

ìåðíî ïîëîâèíó ïîëíîãî ïîòîêà äëÿ ïëàñòèíû

òîëùèíîé 0,025; 0,050 è 0,100 ì êàê ïðè Fo = 0,5, òàê

è ïðè Fo*. Äëÿ ïëàñòèíû òîëùèíîé � = 0,01 ì

q� ��0,5< < 0,4q0,5, à ïðè Fo* q� ��ïë � �0 ïë, .5q Ñîâïàäå-

íèå çíà÷åíèé òåìïåðàòóðû îõëàæäàåìîé ïîâåðõ-

íîñòè, âû÷èñëåííûõ äëÿ âðåìåíè Fo = 0,5 ïî ñî-

îòíîøåíèÿì (5) è (6), ñïðàâåäëèâûì äëÿ ñëó÷àåâ

ñîîòâåòñòâåííî Fo < 0,5 è Fo � 0,5, óêàçûâàåò íà

ñïðàâåäëèâîñòü äîïóùåíèé, ñäåëàííûõ îòíîñèòåëü-

íî èçìåíåíèÿ ïðàâèëà âû÷èñëåíèÿ ýòîé òåìïåðàòó-

ðû ïðè Fo = 0,5.

Âûðàæåíèå äëÿ ïîëíîãî êîëè÷åñòâà ýíåðãèè, ïå-

ðåøåäøåé èç ïëàñòèíû â çîíó êèïåíèÿ ê ìîìåíòó

âðåìåíè t < t0,5, çàïèñûâàåòñÿ â âèäå:
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(14)

Â ìîìåíò t = t0,5 âûðàæåíèå (14) ñîâïàäàåò ñ ôîð-

ìóëîé (9).

Ïàðàìåòð

Parameter

Çíà÷åíèå ïàðàìåòðà ïðè �, ì � Value of the parameter at �, m

0,100 0,050 0,025 0,010 0,003

�H", ÌÄæ�ì2 � �H", MJ�m2 65,065 32,53 16,266 6,5065 1,952

Fo* 3,615 7,06 14,014 34,4 115,9

�Tï , Ê 248,64 268,52 280,1 289,99 292

��Tï , Ê 248,24 266,89 279,61 287,49 292

Ò, Ê 261,82 276,7 284,64 289,61 292

Òò, Ê 273,4 281,6 287,6 290,12 292

Òêð2, Ê1) 160,56 � 158,01 160,56 � 159,52 160,56 � 160,00 160,56 � 161,16 160,49

Òò2, Ê 169,91 164,94 162,86 161,49 110,49

�q" , ÌÄæ�ì2 � �q" , MJ�m2 10,2 2,78 0,73 0,12 0,011

��q", ÌÄæ�ì2 � ��q", MJ�m2 36,04 20,4 11,375 4,64 1,4

q0,5, Âò�ì2 � q0.5, W�m2 27316 31200 33686 35153 36070

q� ��0,5, Âò�ì2 � q� ��0.5, W�m2 13338,5 15593 16938 14273 –

qïë, Âò�ì2 � qmelt, W�m2 9858 9858 9858 9858 9766

q� ��ïë, Âò�ì2 � q� ��melt, W�m2
4955,5 4645,6 4876 4905 –

1) Íàä ÷åðòîé ïðèâåäåíû çíà÷åíèÿ, îïðåäåëåííûå ïî (2), ïîä ÷åðòîé — ïî (13), ò.å. äëÿ òåðìè÷åñêè òîíêîãî òåëà.
1) Over line the values, defined on (2), below the line — on (13), that is for thermally thin body are given.

Òàáëèöà 2. Òåìïåðàòóðà ïîâåðõíîñòè ìåòàëëà è òåïëîâûå ïîòîêè èç íåãî â ìîìåíòû âðåìåíè t0,5 è t*, ñîîòâåòñòâóþùèå Fo*

Table 2. Surface temperature of metal and heat fluxes from it in instants of t0.5 and t* the corresponding Fo*
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Ïðè îïðåäåëåíèè êîëè÷åñòâà òåïëîâîé ýíåðãèè,

ïåðåøåäøåé èç ìåòàëëà â çîíó êèïåíèÿ â ëþáîé ìî-

ìåíò âðåìåíè â èíòåðâàëå t0,5 < t < t*, íåîáõîäèìî

âìåñòî Fo*, ñîîòâåòñòâóþùåãî âðåìåíè t* è êîíöó

ïëåíî÷íîãî êèïåíèÿ, ïîäñòàâèòü òåêóùåå çíà÷åíèå

Fo = �t�(Cp��2).

Ìàññà ìåòàíà, èñïàðèâøåãîñÿ ê ìîìåíòó âðåìå-

íè t, îïðåäåëÿåòñÿ êîëè÷åñòâîì òåïëà, ïåðåøåäøå-

ãî ê ýòîìó ìîìåíòó â çîíó êèïåíèÿ, è êîëè÷åñòâîì

òåïëà, êîòîðîå óõîäèò íà èñïàðåíèå 1 êã ìåòàíà. Ïî-

ñëåäíèé ïàðàìåòð çàâèñèò îò ýôôåêòèâíîé òåïëîòû

èñïàðåíèÿ rýô (êÄæ�êã) è ó÷èòûâàåò òî îáñòîÿòåëü-

ñòâî, ÷òî ïàð ïîêèäàåò çîíó êèïåíèÿ ñ òåìïåðàòó-

ðîé âûøå òåìïåðàòóðû íàñûùåíèÿ. Ïîñêîëüêó òåì-

ïåðàòóðà ïîâåðõíîñòè ìåíÿåòñÿ îò Ò0 = 293 Ê äî

Òêð2 = 160,56 Ê, òåìïåðàòóðà ïàðà èçìåíÿåòñÿ. Åñëè

îðèåíòèðîâàòüñÿ íà òåìïåðàòóðó ïîâåðõíîñòè Òï =

= 160,56 Ê è ïðèíÿòü, ÷òî òåìïåðàòóðà ïàðà ðàâíà

ñðåäíåé (Tï + Tê)�2, à ïåðåãðåâ — (Tï – Tê)�2, òî

r r
T T

Ñ Výô
ï ê

p� �
�

�
2

� �
�

� �510
160 56 11166

2
212

, ,
, 561,8 êÄæ�êã,

ãäå r = 510 êÄæ�êã; ÑpV = 2,12 êÄæ�êã [4, 13].

Â òàáë. 3 ïðåäñòàâëåíû çíà÷åíèÿ ìàññû ìåòàíà,

èñïàðèâøåãîñÿ ê ìîìåíòó âðåìåíè t, â çàâèñèìîñòè

îò òîëùèíû ìåòàëëè÷åñêîé ïîäñòèëàþùåé ïîâåðõ-

íîñòè è îò òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ïîäñòè-

ëàþùåé ïîâåðõíîñòè.

Èç òàáë. 3 ìîæíî çàêëþ÷èòü, ÷òî çà âðåìÿ ïëå-

íî÷íîãî êèïåíèÿ ðàñõîäóåòñÿ �75 % òåïëîâîãî ðå-

ñóðñà êîíñòðóêöèè íà èñïàðåíèå ìåòàíà. Â äàëüíåé-

øåì ïðè ñìåíå ðåæèìà êèïåíèÿ òåïëîâîé ïîòîê áó-

äåò çíà÷èòåëüíî âîçðàñòàòü, íåñìîòðÿ íà ñíèæåíèå

òåïëîâîãî íàïîðà. Îñòàâøèåñÿ 25 % èñïàðÿòñÿ çíà-

÷èòåëüíî áûñòðåå. Ýòîò âîïðîñ áóäåò ðàññìîòðåí â

áóäóùåì.

Çàêëþ÷åíèå

Â çàêëþ÷åíèå íåîáõîäèìî îòìåòèòü, ÷òî ñîîò-

íîøåíèÿ, ïðåäëàãàåìûå äëÿ îïðåäåëåíèÿ ñêîðîñòè

èñïàðåíèÿ êðèîãåííûõ æèäêîñòåé [10, 11], íåïðèìå-

íèìû äëÿ ðàñ÷åòà ñêîðîñòè èñïàðåíèÿ ñ ïîâåðõíî-

ñòè ìåòàëëà. Ïðèâåäåííûé â ðàáîòå ïîäõîä ìîæíî

èñïîëüçîâàòü äëÿ âû÷èñëåíèÿ êàê ñêîðîñòè èñïàðå-

íèÿ äðóãèõ êðèîãåííûõ æèäêîñòåé (òàêèõ êàê âîäî-

ðîä, ýòàí è äð.), òàê è ñêîðîñòè çàõîëàæèâàíèÿ ìå-

òàëëè÷åñêèõ åìêîñòåé, íàïðèìåð, àçîòîì ïåðåä èõ

çàïîëíåíèåì ãîðþ÷èìè æèäêîñòÿìè èëè áîëåå äî-

ðîãèìè ãàçàìè (Í2, Íl). Íåîáõîäèìî èìåòü â âèäó,

÷òî ïðè áîëåå ãëóáîêîì îõëàæäåíèè è ïðè ðàññìîò-

ðåíèè äðóãèõ ìåòàëëè÷åñêèõ ïîâåðõíîñòåé ìîæåò

âîçíèêíóòü íåîáõîäèìîñòü ó÷èòûâàòü èçìåíåíèå èõ

òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ñ ïîíèæåíèåì òåì-

ïåðàòóðû.
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�, ì

�, m

Ìàññà ìåòàíà, êã, èñïàðèâøåãîñÿ ñ 1 ì2 ïîâåðõíîñòè ê ìîìåíòó t, ñ

The mass of the methane, kg, which evaporated form 1 m2 during t, sec

0,3 3,385 21,18 69,54 84,65 232,9 338,5 593,1 1194,8 2447,3

0,100 0,0196 0,73 3,168 – 4,96 – 18,160 – – 82,3*

0,050 0,0196 0,73 3,168 – 4,960 – – – 41,26* –

0,025 0,0196 0,73 3,1680 – – – – 23,4* – –

0,010 0,0196 0,730 – – – 9,8* – – – –

0,003 0,01960 – – 2,51 – – – -118,8 – –

% ìåò � % metal 2,67 8,98 22,46 40,7 – 74,4 – 11,93 173,66 248,54

% áåòîí � % concrete 0,27 0,9 2,25 4,1 – 7,48 – – 17,8 25,47

Ï ð è ì å ÷ à í è ÿ . 1. Çíà÷êîì “0” îòìå÷åíî çíà÷åíèå ìàññû â ìîìåíò âðåìåíè, ñîîòâåòñòâóþùèé Fo = 0,5, çíà÷êîì “*” —

âðåìåíè îêîí÷àíèÿ ïëåíî÷íîãî êèïåíèÿ. 2. % ìåò — “î÷åíü áîëüøàÿ” òîëùèíà ìåòàëëà; % áåòîí — “î÷åíü áîëüøàÿ” òîë-

ùèíà áåòîíà.

N o t e s . 1. The “0” badge noted value of weight in the instant corresponding to Fo = 0.5, the “*” badge — time of the end of film

boiling. 2. % metal — “very big” thickness of metal; % concrete — “very big” thickness of concrete.

Òàáëèöà 3. Ìàññà ìåòàíà èñïàðèâøåãîñÿ çà âðåìÿ t, êã�ì2

Table 3. The mass of the methane which evaporated during t, kg�m2
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Ôèçè÷åñêèé ìåõàíèçì è ñïîñîá òóøåíèÿ æèäêèõ

óãëåâîäîðîäîâ ìîäèôèöèðîâàííûìè ñóñïåíçèÿìè

âîäû ñ óãëåðîäíûìè íàíîñòðóêòóðàìè

© À. Â. Èâàíîâ1(�), Ä. Ï. Òîðîïîâ1, Ë. Â. Ìåäâåäåâà1, Å. Ñ. Êàëèíèíà1

1 Ñàíêò-Ïåòåðáóðãñêèé óíèâåðñèòåò ÃÏÑ Ì×Ñ Ðîññèè

(Ðîññèÿ, 196105, ã. Ñàíêò-Ïåòåðáóðã, Ìîñêîâñêèé ïðîñï., 149)

ÐÅÇÞÌÅ

Ââåäåíèå. Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îïðåäåëåíèå ìåõàíèçìà òóøåíèÿ æèäêèõ óãëåâîäîðîäîâ è ðàç-

ðàáîòêà ñïîñîáà èõ òóøåíèÿ âîäîñîäåðæàùèìè ñóñïåíçèÿìè ñ ÓÍÑ.

Ìàòåðèàëû. Â êà÷åñòâå íàíîìàòåðèàëîâ, äèñïåðãèðîâàííûõ â äèñòèëëèðîâàííóþ âîäó, èñïîëüçîâàëèñü íå-

ôóíêöèîíàëèçèðîâàííûå (non-funct) è ôóíêöèîíàëèçèðîâàííûå ìíîãîñëîéíûå óãëåðîäíûå íàíîòðóáêè

(MWCNT), à òàêæå àñòðàëåíû (Astr).

Ýêñïåðèìåíòàëüíàÿ ÷àñòü âêëþ÷àëà îïðåäåëåíèå pH ñóñïåíçèé; èññëåäîâàíèå íàíîñòðóêòóð ìåòîäîì

àòîìíî-ñèëîâîé ìèêðîñêîïèè; èçìåðåíèå ïîâåðõíîñòíîãî íàòÿæåíèÿ ñóñïåíçèé; îïðåäåëåíèå ñêîðîñòè èõ

íàãðåâà äî òåìïåðàòóðû êèïåíèÿ, óäåëüíîé òåïëîòû ïàðîîáðàçîâàíèÿ; èçìåðåíèå âðåìåíè òóøåíèÿ ìîäåëü-

íîãî î÷àãà êëàññà Â.

Ðåçóëüòàòû è îáñóæäåíèå. Ìåõàíèçì òóøåíèÿ ãîðÿùèõ æèäêèõ óãëåâîäîðîäîâ ñóñïåíçèÿìè âîäû ñ ÓÍÑ äî-

ñòèãàåòñÿ çà ñ÷åò èíòåíñèôèêàöèè ïðîöåññîâ òåïëîîòâîäà â çîíå ãîðåíèÿ ïàðîâ íåôòåïðîäóêòîâ. Äèñïåðãè-

ðîâàíèå ìàëûõ êîíöåíòðàöèé ÓÍÑ (MWCNT, Astr) 0,05–1,0 % îá. â âîäîñîäåðæàùèå ñîñòàâû ïðèâîäèò ê

óâåëè÷åíèþ ñêîðîñòè íàãðåâà äî òåìïåðàòóðû êèïåíèÿ è áîëåå èíòåíñèâíîìó ïàðîîáðàçîâàíèþ, óëó÷øå-

íèþ îãíåòóøàùèõ õàðàêòåðèñòèê ïðè ïîäà÷å ðàñïûëåííûõ êàïåëü ñóñïåíçèé â çîíó ãîðåíèÿ.

Â ñóñïåíçèÿõ DW + non-funct MWCNT è DW + MWCNT ñ êîíöåíòðàöèåé 0,8–1,0 % îá. ïîâûøåíèå îãíåòóøàùåé

ýôôåêòèâíîñòè äîñòèãàåòñÿ çà ñ÷åò óâåëè÷åíèÿ óäåëüíîé òåïëîòû ïàðîîáðàçîâàíèÿ äî 2300…2400 êÄæ�êã,

äëÿ DW + Astr ñ êîíöåíòðàöèåé 0,2–0,5 % îá. — 2400…2600 êÄæ�êã, äëÿ DW + Carbopol ETD 2020 + MWCNT

ñ êîíöåíòðàöèåé 0,5–1,0 % îá. — 1100…1400 êÄæ�êã.

Çàâèñèìîñòü âðåìåíè òóøåíèÿ îò ñêîðîñòè íàãðåâà äî òåìïåðàòóðû êèïåíèÿ èìååò ýêñòðåìóì â èíòåðâàëå

5,5…6,5 °Ñ�ìèí äëÿ ñóñïåíçèé DW+non-funct MWCNT è DW+MWCNT ñ êîíöåíòðàöèåé 0,8–1,0 % îá.,

5,5…6,5 °Ñ�ìèí äëÿ DW+Astr ñ êîíöåíòðàöèåé 0,2–0,5 % îá. è 6,0…8,0 °Ñ�ìèí äëÿ DW + Carbopol ETD 2020 +

+ MWCNT ñ êîíöåíòðàöèåé 0,5–1,0 % îá.

Çàêëþ÷åíèå. Ïðåäëîæåííûé ñïîñîá ïîæàðîòóøåíèÿ ïîçâîëÿåò çíà÷èòåëüíî ïîâûñèòü ýôôåêòèâíîñòü ÎÒÂ íà

îñíîâå âîäû ïðè òóøåíèè æèäêèõ óãëåâîäîðîäîâ çà ñ÷åò èíòåíñèôèêàöèè ïðîöåññîâ èñïàðåíèÿ è îõëàæäåíèÿ

çîíû ãîðåíèÿ.

Êëþ÷åâûå ñëîâà: îãíåòóøàùåå âåùåñòâî; ìíîãîñëîéíûå óãëåðîäíûå íàíîòðóáêè; àñòðàëåíû; ýëåêòðîôèçè-

÷åñêîå âîçäåéñòâèå; ãåëåîáðàçîâàòåëü; òåïëîïåðåäà÷à; ïàðîîáðàçîâàíèå; âàí-äåð-âààëüñîâû ñèëû.

Äëÿ öèòèðîâàíèÿ: Èâàíîâ À. Â., Òîðîïîâ Ä. Ï., Ìåäâåäåâà Ë. Â., Êàëèíèíà Å. Ñ. Ôèçè÷åñêèé ìåõàíèçì è

ñïîñîá òóøåíèÿ æèäêèõ óãëåâîäîðîäîâ ìîäèôèöèðîâàííûìè ñóñïåíçèÿìè âîäû ñ óãëåðîäíûìè íàíîñòðóê-

òóðàìè �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 1. — Ñ. 22–34. DOI:

10.18322/PVB.2019.28.01.22-34.

� Èâàíîâ Àëåêñåé Âëàäèìèðîâè÷, e-mail: spark002@mail.ru

Physical mechanism and method for fire liquid

hydrocarbons by modified water suspensions

of carbon nanostructures

© A. V. Ivanov1(�), D. P. Toropov1, L. V. Medvedeva1, E. S. Kalinina1

1 Saint Petersburg University of State Fire Service of Emercom of Russia

(Moscow Avenue, 149, Saint Petersburg, 196105, Russian Federation)

ABSTRACT

Introduction. The purpose of this work is to determine the mechanism for extinguishing liquid hydrocarbons and

develop a method for extinguishing them with water-based suspensions with carbon nanostructures.

Materials. Nonfunctionalized (non-funct) and functionalized multilayer carbon nanotubes (MWCNT), as well as

astralenes (Astr), were used as nanomaterials dispersed in distilled water.
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Experimental part. The experimental part included determining the pH of the suspensions; research of nanostruc-

tures by atomic force microscopy; measurement of surface tension suspensions; determining the rate of their

heating to the boiling point, the specific heat of vaporization; time measurement of extinguishing model hearth

class B.

Results and discussion. The burning liquid hydrocarbons extinguishing mechanism with water and carbon nano-

structures suspensions is achieved by intensifying the processes of heat removing from the petroleum product

vapors combustion zone. Dispersion of low concentrations of carbon nanostructures (MWCNT, Astralen)

0.05–1.0 % by vol. in aqueous compositions on the base of distillated water (DW) leads to increase the heating

rate to the reflux temperature and more intense steam generation, an improvement in the quenching characteris-

tics when sprayed drops are applied to the combustion zone.

In suspensions DW+non-funct MWCNT and DW+MWCNT with concentration 0.8–1.0 % by vol. fire extinguishing

efficiency increase by increasing the values of specific heat of vaporization up to the interval 2300…2400 kJ�kg,

for DW+Astralen with concentration 0.2–0.5 % by vol. — 2400…2600 kJ�kg, for DW + Carbopol ETD 2020 +

+ MWCNT with concentration 0.5–1.0 % by vol. — 1100…1400 kJ�kg.

The quenching time dependence of the heating rate to boiling point has a characteristic extremum in the range

of 5.5…6.5 °C�min for suspensions DW+non-funct MWCNT and DW + MWCNT with concentration of 0.8–1.0 %

by vol., 5.5…6.5 °C�min for DW + Astralen with concentration of 0.2–0.5 % by vol. and 6.0…8.0 °C�min for

DW + Carbopol ETD 2020 + MWCNT with concentration of 0.5–1.0 % by vol.

Conclusion. Proposed fire extinguishing method can significantly increase fire extinguishing agents effectiveness

to eliminate the liquid hydrocarbons burning due to water and carbon nanostructures suspensions droplets in-

tensive heating to the boiling point, evaporation and cooling of the combustion zone.

Keywords: fire extinguishing agent; multilayer carbon nanotubes; astralenes; electrophysical effects; gelling

agent; heat transfer; vaporization; van der Waals interactions.

For citation: A. V. Ivanov, D. P. Toropov, L. V. Medvedeva, E. S. Kalinina. Physical mechanism and method for fire

liquid hydrocarbons by modified water suspensions of carbon nanostructures. Pozharovzryvobezopasnost � Fire
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Ââåäåíèå

Òóøåíèå ïîæàðîâ æèäêèõ óãëåâîäîðîäîâ âîäîé

îñëîæíåíî íåäîñòàòî÷íûì òåïëîîòâîäîì â çîíå ãî-

ðåíèÿ, ïðîíèêíîâåíèåì âîäû ïîä ïîâåðõíîñòü ãî-

ðÿùåé æèäêîñòè, ðàçáðûçãèâàíèåì è óíîñîì êàïåëü

âîäû âñëåäñòâèå äåéñòâèÿ êîíâåêòèâíûõ ïîòîêîâ â

çîíå ãîðåíèÿ [1, 2].

Ïîâûøåíèå ýôôåêòèâíîñòè îãíåòóøàùèõ âå-

ùåñòâ (ÎÒÂ) íà îñíîâå âîäû ñâÿçàíî ñ ïðèìåíåíè-

åì ñìà÷èâàòåëåé, ïîçâîëÿþùèõ ñîçäàòü ïëåíêó íà

ïîâåðõíîñòè íåôòåïðîäóêòà, à òàêæå ñ âíåäðåíèåì

äîáàâîê, óâåëè÷èâàþùèõ èíòåíñèâíîñòü íàãðåâà êà-

ïåëü âîäû äî òåìïåðàòóðû êèïåíèÿ. Îäíèì èç ïåðñ-

ïåêòèâíûõ íàïðàâëåíèé èíòåíñèôèêàöèè òåïëîîò-

âîäà ÿâëÿåòñÿ ïðèìåíåíèå óãëåðîäíûõ íàíîñòðóêòóð

(ÓÍÑ) äëÿ óâåëè÷åíèÿ òåïëîïðîâîäíîñòè æèäêî-

ñòåé [3].

Îòäåëüíûå ðåçóëüòàòû ïî èñïîëüçîâàíèþ ÓÍÑ

äëÿ ÎÒÂ èçëîæåíû â [4]. Ïîêàçàíî, ÷òî âðåìÿ òóøå-

íèÿ íåôòåïðîäóêòîâ ñóñïåíçèÿìè íà îñíîâå âîäû ñ

íàíîìàòåðèàëîì MWCNT 1,0 % îá. â 5,5 ðàç ìåíüøå

âðåìåíè òóøåíèÿ âîäîé, à ïðè èñïîëüçîâàíèè ãèä-

ðîãåëåé (äèñòèëëèðîâàííàÿ âîäà (DW) + Carbopol

ETD 2020 0,2 % ìàññ.) ñ íàíîìàòåðèàëîì MWCNT

1,0 % îá. îíî ñîêðàùàåòñÿ äî 10 ðàç.

Ñëåäóåò îòìåòèòü, ÷òî ñóùåñòâåííûì îãðàíè÷å-

íèåì ïðèìåíåíèÿ ÓÍÑ â ñîñòàâå ñóñïåíçèé äëÿ ïî-

æàðîòóøåíèÿ ÿâëÿåòñÿ íåäîñòàòî÷íî áîëüøîå “âðå-

ìÿ æèçíè” ñóñïåíçèé (â ñðåäíåì äî 4 ÷) çà ñ÷åò

áûñòðîé àãëîìåðàöèè íàíî÷àñòèö, ÷òî ìîæåò ñóùå-

ñòâåííî ñíèçèòü èõ ýôôåêòèâíîñòü. Äàííàÿ ïðîáëå-

ìà ðåøàåòñÿ çà ñ÷åò èçìåíåíèÿ ýëåêòðîêèíåòè÷å-

ñêîãî ïîòåíöèàëà íà ãðàíèöå ðàçäåëà ôàç æèäêîñòü

– òâåðäîå âåùåñòâî èëè âíåäðåíèÿ ñóðôàêòàíòîâ

[3], ãåëåîáðàçóþùèõ êîìïîíåíòîâ [4], ïîçâîëÿþùèõ

ñòàáèëèçèðîâàòü ñóñïåíçèþ ñ ÓÍÑ íà áîëåå äëè-

òåëüíûé ñðîê èëè âåñü ïåðèîä èñïîëüçîâàíèÿ.

Öåëüþ íàñòîÿùåé ðàáîòû áûëî îïðåäåëåíèå ìå-

õàíèçìà òóøåíèÿ æèäêèõ óãëåâîäîðîäîâ è ðàçðà-

áîòêà ñïîñîáà èõ òóøåíèÿ âîäîñîäåðæàùèìè ñóñ-

ïåíçèÿìè ñ ÓÍÑ â óñëîâèÿõ ýëåêòðîôèçè÷åñêîé ñòà-

áèëèçàöèè íàíî÷àñòèö.

Ìàòåðèàëû è ìåòîäû

èññëåäîâàíèé

Â êà÷åñòâå íàíîìàòåðèàëîâ, äèñïåðãèðîâàííûõ

â äèñòèëëèðîâàííóþ âîäó, èñïîëüçîâàëèñü íåôóíê-

öèîíàëèçèðîâàííûå (non-funct) è ôóíêöèîíàëèçè-

ðîâàííûå ìíîãîñëîéíûå óãëåðîäíûå íàíîòðóáêè

(MWCNT), à òàêæå àñòðàëåíû (äàëåå — Astr).

MWCNT ïðåäñòàâëÿþò ñîáîé ïðîòÿæåííûå ÓÍÑ

äèàìåòðîì 25…180 íì è äëèíîé 1…3 ìêì. Íåôóíê-

öèîíàëèçèðîâàííûå MWCNT ïîëó÷åíû ìåòîäîì

êàòàëèòè÷åñêîãî ïèðîëèçà [5]. Ôóíêöèîíàëèçàöèÿ

MWCNT è î÷èñòêà îò ïîáî÷íûõ ïðîäóêòîâ ñèíòå-

çà îñóùåñòâëÿëèñü ïî ìåòîäèêå, îïèñàííîé â [6].

MWCNT ïîìåùàëè â ñìåñü 65 %-íîé àçîòíîé êèñ-

ëîòû (HNO3) (1 ã MWCNTíà 50 ìë HNO3) è 35 %-íîé

ñåðíîé êèñëîòû (H2SO4). Ïîñëå êèïÿ÷åíèÿ îêèñ-

ëåííûå MWCNT îòôèëüòðîâûâàëè, ïðîìûâàëè äè-

ñòèëëèðîâàííîé âîäîé äî íåéòðàëüíîãî pH ôèëüò-

ðàòà è âûñóøèâàëè ïðè òåìïåðàòóðå 70–80 °C.
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Àñòðàëåíû, ïîëó÷åííûå ìåòîäîì èñïàðåíèÿ ãðà-

ôèòîâûõ àíîäîâ â ýëåêòðîäóãîâîì ðàçðÿäå [7], èìåþò

ñòðóêòóðó, ñîñòîÿùóþ èç èçîãíóòûõ ãðàôèòîâûõ ñëîåâ

äèàìåòðîì 10…150 íì, ñ ðàññòîÿíèåì ìåæäó íèìè

0,336 íì è ñî ñðåäíèì ðàçìåðîì ïîð 20…60 íì.

Àñòðàëåíû õàðàêòåðèçóþòñÿ âûñîêîé òåðìè÷åñêîé

óñòîé÷èâîñòüþ è â ïîðîøêîîáðàçíîì âèäå ïðåä-

ñòàâëÿþò ñîáîé êðóïíûå àãëîìåðàòû ðàçìåðîì ïî-

ðÿäêà 0,5…3,0 ìêì [8].

Ïîäãîòîâêà ñóñïåíçèé ïðîâîäèëàñü ïóòåì äèñ-

ïåðãèðîâàíèÿ ÓÍÑ ñ îáúåìíîé êîíöåíòðàöèåé

0,05–1,60 % îá. â DW ïðè âîçäåéñòâèè èñòî÷íèêà

óëüòðàçâóêà (ìîùíîñòüþ 1,2 êÂò, ÷àñòîòîé 50–60 Ãö)

â òå÷åíèå 30 ìèí. ×àñòü îáðàçöîâ ïîäâåðãàëàñü âîç-

äåéñòâèþ ïåðåìåííîãî ýëåêòðè÷åñêîãî ïîëÿ ñ íà-

ïðÿæåííîñòüþ 1,5–2,0 êÂ�ì è ÷àñòîòîé 50 Ãö, ãå-

íåðèðîâàííîãî èñòî÷íèêîì ïåðåìåííî-÷àñòîòíîãî

ìîäóëèðóåìîãî ïîòåíöèàëà (Ï×ÌÏ) (äàëåå —

ýëåêòðîôèçè÷åñêîå âîçäåéñòâèå) [9]. Äëÿ ñòàáèëè-

çàöèè êëàñòåðîâ âîäû è ÓÍÑ ïðèìåíÿëñÿ ðåäêî-

ñøèòûé ïîëèìåð àêðèëîâîé êèñëîòû (ÐÀÀ) Ñarbo-

pol ETD 2020 ñ êîíöåíòðàöèåé ãåëåîáðàçóþùåãî

êîìïîíåíòà 0,2 % ìàññ., à òàêæå 10 %-íûé âîäíûé

ðàñòâîð ãèäðîêñèäà àììîíèÿ â êîëè÷åñòâå 10 ìë íà

1 ë ñóñïåíçèè. Â êà÷åñòâå êîíòðîëüíîãî îáðàçöà èñ-

ïîëüçîâàëàñü äèñòèëëèðîâàííàÿ âîäà â ñî÷åòàíèè ñ

non-funct MWCNTìàëîé êîíöåíòðàöèè (0,01 % îá.).

Â ðàáîòå ïðèìåíÿëèñü ñëåäóþùèå ìåòîäû: îïðå-

äåëåíèå pH-ïîêàçàòåëÿ âîäíûõ ðàñòâîðîâ ïî ÃÎÑÒ

33776–2016; èññëåäîâàíèå íàíîñòðóêòóð ìåòîäîì

àòîìíî-ñèëîâîé ìèêðîñêîïèè (ÀÑÌ) [10]; èçìåðå-

íèå êîýôôèöèåíòà ïîâåðõíîñòíîãî íàòÿæåíèÿ ìå-

òîäîì îòðûâà êàïåëü [11]; èññëåäîâàíèå êèíåòèêè

íàãðåâà ñóñïåíçèé äî òåìïåðàòóðû êèïåíèÿ [12];

èçìåðåíèå óäåëüíîé òåïëîòû ïàðîîáðàçîâàíèÿ ñóñ-

ïåíçèé [13]; èçìåðåíèå âðåìåíè òóøåíèÿ ìîäåëü-

íûõ î÷àãîâ ïîæàðà êëàññà B ïî ìåòîäèêå, èçëîæåí-

íîé â ðàáîòå [4].

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èññëåäîâàíèå pH ñóñïåíçèé

Â õîäå èçìåðåíèÿ ðÍ ñóñïåíçèé âûÿâëåíî

(òàáë. 1), ÷òî äîáàâëåíèå MWCNT è àñòðàëåíîâ â

äèñòèëëèðîâàííóþ âîäó íå âëèÿåò íà äàííûé ïî-

êàçàòåëü, à âíåäðåíèå â íåå non-funct MWCNT íå-

çíà÷èòåëüíî ñíèæàåò åãî (ñ 6,6 äî 6,4).

Èññëåäîâàíèå íàíîñòðóêòóð â ñóñïåíçèè
ìåòîäîì àòîìíî-ñèëîâîé ìèêðîñêîïèè

Íà ÀÑÌ-ñêàíå òâåðäîãî îñòàòêà MWCNT íàáëþ-

äàþòñÿ ïðîòÿæåííûå ñòðóêòóðû äèàìåòðîì ïîðÿäêà

110 íì è äëèíîé 1–3 ìêì (ðèñ. 1,à). Ïðè ýëåêòðîôè-

çè÷åñêîì âîçäåéñòâèè ïðîèñõîäèò áîëåå èíòåíñèâ-

íîå ðàçðóøåíèå àãëîìåðàöèé MWCNT è óìåíüøåíèå

ðàçìåðà ÷àñòèö ïðèáëèçèòåëüíî äî 90 íì (ðèñ. 1,á)

ñ èõ îäíîâðåìåííîé îðèåíòàöèåé.

Â õîäå èññëåäîâàíèÿ òîïîëîãèè òâåðäîãî îñòàò-

êà Astr íàáëþäàþòñÿ ñêîïëåíèÿ ÷àñòèö äèàìåòðîì

200–300 íì (ðèñ. 1,â). Ïðè ýëåêòðîôèçè÷åñêîì âîç-

äåéñòâèè äëÿ ñóñïåíçèé DW + Astr òàêæå îòìå÷åíî

óìåíüøåíèå ðàçìåðà ÷àñòèö â ñðåäíåì äî 100 íì

(ðèñ. 1,ã).

Èçìåðåíèå ïîâåðõíîñòíîãî
íàòÿæåíèÿ ñóñïåíçèé

Ïðè äèñïåðãèðîâàíèè â ñóñïåíçèè DW + non-funct

MWCNT (0,4–1,6 % îá.) ïîâåðõíîñòíîå íàòÿæåíèå

ñíèæàåòñÿ íà 25 % â ñðàâíåíèè ñ DW. Ïðè âîç-

äåéñòâèè Ï×ÌÏ íàáëþäàåòñÿ íåçíà÷èòåëüíîå (íà

2,0–2,5 %) óìåíüøåíèå ýòîãî ïîêàçàòåëÿ â ñðàâíå-

íèè ñ èñõîäíîé æèäêîñòüþ (ðèñ. 2,à). Â ñóñïåíçèÿõ

DW + MWCNT (0,4–1,6 % îá.) ïðîèñõîäèò óâåëè÷å-

íèå ïîâåðõíîñòíîãî íàòÿæåíèÿ íà 30 % (ðèñ. 2,á).

Äëÿ ñóñïåíçèé DW + Astr êàê áåç âîçäåéñòâèÿ,

òàê è ïðè âîçäåéñòâèè Ï×ÌÏ âûÿâëåíî ïîâûøåíèå

ïîâåðõíîñòíîãî íàòÿæåíèÿ íà 10–25 % ïðè óâåëè-

÷åíèè îáúåìíîé êîíöåíòðàöèè àñòðàëåíîâ ñ 0,05 äî

1,0 % îá. (ðèñ. 2,â).

Äëÿ ñóñïåíçèé DW+ Carbopol ETD2020+MWCNT

ïðè äèñïåðãèðîâàíèè MWCNT (0,1 % îá.) ïîâåðõ-

íîñòíîå íàòÿæåíèå ñíèæàåòñÿ ñ 0,062 äî 0,024 Í�ì,

à ïðè äàëüíåéøåì óâåëè÷åíèè êîíöåíòðàöèè ñ 0,1 äî

1,0 % îá. âîçðàñòàåò ñ 0,024 äî 0,037 Í�ì (ðèñ. 2,ã).

Èññëåäîâàíèå ñêîðîñòè íàãðåâà
ñóñïåíçèé äî òåìïåðàòóðû êèïåíèÿ

Ðåçóëüòàòû èçìåðåíèé ïîêàçûâàþò, ÷òî ñêîðîñòü

íàãðåâà ñóñïåíçèé DW + non-funct MWCNT äî òåì-

ïåðàòóðû êèïåíèÿ óâåëè÷èâàåòñÿ íà 70 % ïðè êîí-

öåíòðàöèè íàíîìàòåðèàëà 1,6 % îá. (ðèñ. 3,à).

Äëÿ ñóñïåíçèé ñ DW + MWCNT è DW + Astr íà

íà÷àëüíîé ñòàäèè íàãðåâà êèíåòèêà ðîñòà òåìïå-

ðàòóðû âåñüìà ñõîæà ñ ñóñïåíçèÿìè DW + non-funct

MWCNT, îäíàêî ïðè äàëüíåéøåì óâåëè÷åíèè êîí-

öåíòðàöèè ñêîðîñòü íàãðåâà îñòàåòñÿ íåèçìåííîé

(ðèñ. 3,á è 3,â). Ñêîðîñòü ðîñòà òåìïåðàòóðû îáðàçöà

DW + Carbopol ETD 2020 + MWCNT (0,1–1,0 % îá.)

íà 90 % âûøå â ñðàâíåíèè ñ DW (ðèñ. 3,ã).

¹ ï�ï

No.
Âåùåñòâî � Substance pH

1 DW 6,6

3 DW + non-funct MWCNT 6,4

4 DW + MWCNT 6,9

5 DW + Astr 6,6

6 DW + Carbopol ETD 2020 + MWCNT 10,0

Òàáëèöà 1. Ïîêàçàòåëü pH âîäíûõ ñóñïåíçèé ñ ÓÍÑ

Table 1. pH values of aqueous suspensions with carbon nano-

structures
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Èçìåðåíèå óäåëüíîé òåïëîòû
ïàðîîáðàçîâàíèÿ ñóñïåíçèé

Ðåçóëüòàòû îïðåäåëåíèÿ óäåëüíîé òåïëîòû ïàðî-

îáðàçîâàíèÿ ñóñïåíçèé ñâèäåòåëüñòâóþò î åå óâå-

ëè÷åíèè äî 20 % ïðè ðîñòå êîíöåíòðàöèé non-funct

MWCNT è MWCNT äî 1,0 % îá. êàê áåç âîçäåéñò-

âèÿ, òàê è ïðè âîçäåéñòâèè Ï×ÌÏ (ðèñ. 4,à è 4,á).

Ïðè ðîñòå êîíöåíòðàöèè Astr äî 0,5 % îá. ïðî-

èñõîäèò ïîâûøåíèå óäåëüíîé òåïëîòû ïàðîîáðàçî-

âàíèÿ äî 25 %, à äàëüíåéøåå óâåëè÷åíèå êîíöåíò-

ðàöèè ïðèâîäèò ê åå ðåçêîìó (íà 40 %) óìåíüøå-

íèþ. Ïðè ýòîì ñêîðîñòü íàãðåâà ñóñïåíçèé äî

òåìïåðàòóðû êèïåíèÿ âîçðàñòàåò âî âñåì íàáëþäà-

åìîì èíòåðâàëå êîíöåíòðàöèé è äîñòèãàåò 47 %

ïðè êîíöåíòðàöèè Astr 1,0 % îá. (ðèñ. 4,â).

Ïðè èñïîëüçîâàíèè ãåëåîáðàçîâàòåëÿ Ñarbopol

ETD 2020 ñ êîíöåíòðàöèåé MWCNT äî 0,1 % îá.

óäåëüíàÿ òåïëîòà ïàðîîáðàçîâàíèÿ ñíèæàåòñÿ ñ 2145

äî 900 êÄæ�êã â ñðàâíåíèè ñ DW, à ïðè ðîñòå êîí-

öåíòðàöèè ñ 0,4 äî 1,0 % îá. — óâåëè÷èâàåòñÿ ñ 900

äî 1350 êÄæ�êã (ðèñ. 4,ã).

Èçìåðåíèå âðåìåíè òóøåíèÿ
ìîäåëüíîãî î÷àãà ïîæàðà êëàññà B

Â õîäå ýêñïåðèìåíòîâ ïî îïðåäåëåíèþ âðåìåíè

òóøåíèÿ ìîäåëüíîãî î÷àãà êëàññà Â (äèàìåòð ïðî-

òèâíÿ 450 ìì, ãîðþ÷àÿ ñìåñü — áåíçèí àâòîìîáèëü-

íûé ñ îêòàíîâûì ÷èñëîì 95 è âîäà â ïðîïîðöèè 7:3)

âûÿâëåíî, ÷òî ñ ðîñòîì êîíöåíòðàöèè Astr äî 0,5 % îá.

è MWCNT äî 1,0 % îá. íàáëþäàåòñÿ ñîêðàùåíèå âðå-

ìåíè ëèêâèäàöèè ãîðåíèÿ íà 75–80 % â ñðàâíåíèè

ñ êîíòðîëüíûì îáðàçöîì. Ïðè êîíöåíòðàöèè ÓÍÑ

1,0 % îá. ïðîèñõîäèò óâåëè÷åíèå âðåìåíè òóøå-

íèÿ â 1,5 ðàçà â ñðàâíåíèè ñ èñõîäíîé æèäêîñòüþ

(ðèñ. 5,à–5,â).

Äëÿ ñóñïåíçèé DW + Carbopol ETD 2020 +

+ MWCNT ñ íàíîìàòåðèàëîì MWCNT 1,0 % îá. âðå-

ìÿ òóøåíèÿ ïîæàðà ñîêðàòèëîñü äî 10 ðàç (ðèñ. 5,ã).

Ïðè òóøåíèè ñóñïåíçèÿìè DW ñ ÓÍÑ ìîäåëü-

íûõ î÷àãîâ ïîæàðà êëàññà B íàáëþäàåòñÿ áîëåå èí-

Ðèñ. 1. ÀÑÌ-ñêàíû àãëîìåðàöèé ÓÍÑ ïðè äèñïåðãèðîâàíèè â DW: à — DW + MWCNT; á — DW + MWCNT + Ï×ÌÏ; â —

DW + Astr; ã — DW + Astr + Ï×ÌÏ

Fig. 1. AFM-scans of agglomerations of carbon nanostructures during dispersion in the DW: a — DW + MWCNT; b — DW +

+ MWCNT + VFMP; v — DW + Astr; g — DW + Astr + VFMP
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Ðèñ. 2. Êîýôôèöèåíò ïîâåðõíîñòíîãî íàòÿæåíèÿ ñóñïåíçèé DW ñ ÓÍÑ ïðè âîçäåéñòâèè Ï×ÌÏ (�) è áåç íåãî (�) : à — DW +

+ non-funct MWCNT; á — DW + MWCNT; â — DW + Astr; ã — DW + Carbopol ETD 2020 + MWCNT

Fig. 2. The surface tension coefficient of DW suspensions with carbon nanostructures under the action of VFMP (�) and without it (�):

a — DW + non-funct MWCNT; b — DW + MWCNT; v — DW + Astr; g — DW + Carbopol ETD 2020 + MWCNT

Ðèñ. 3. Ñêîðîñòü íàãðåâà ñóñïåíçèé DW ñ ÓÍÑ äî òåìïåðàòóðû êèïåíèÿ ïðè âîçäåéñòâèè Ï×ÌÏ (�) è áåç íåãî (�): à —

DW + non-funct MWCNT; á — DW + MWCNT; â — DW + Astr; ã — DW + Carbopol ETD 2020 + MWCNT

Fig. 3. The heating rate of DW suspensions with carbon nanostructures to boiling point when exposed VFMP (�) and without it (�):

a — DW + non-funct MWCNT; b — DW + MWCNT; v — DW + Astr; g — DW + Carbopol ETD 2020 + MWCNT
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Ðèñ. 5. Âðåìÿ òóøåíèÿ ìîäåëüíîãî î÷àãà ïîæàðà êëàññà Â ñóñïåíçèÿìè DW ñ ÓÍÑ ïðè âîçäåéñòâèè Ï×ÌÏ (�) è áåç íåãî (�):

à — DW + non-funct MWCNT; á — DW + MWCNT; â — DW + Astr; ã — DW + Carbopol ETD 2020 + MWCNT

Fig. 5. Time of extinguishing a model fire center of class B with DW suspensions with carbon nanostructures under the action of VFMP

(�) and without it (�): a — DW + non-funct MWCNT; b — DW + MWCNT; v — DW + Astr; g — DW + Carbopol ETD 2020 + MWCNT

Ðèñ. 4. Óäåëüíàÿ òåïëîòà ïàðîîáðàçîâàíèÿ ñóñïåíçèé DW ñ ÓÍÑ ïðè âîçäåéñòâèè Ï×ÌÏ (�) è áåç íåãî (�): à — DW +

+ non-funct MWCNT; á — DW + MWCNT; â — DW + Astr; ã — DW + Carbopol ETD 2020 + MWCNT

Fig. 4. Specific heat of vaporization of DW suspensions with carbon nanostructures when exposed VFMP (�) and without it (�): a —

DW + non-funct MWCNT; b — DW + MWCNT; v — DW + Astr; g — DW + Carbopol ETD 2020 + MWCNT
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òåíñèâíîå ïàðîîáðàçîâàíèå â çîíå ãîðåíèÿ ïî ñðàâ-

íåíèþ ñ êîíòðîëüíûì îáðàçöîì (ðèñ. 6).

Ñ óâåëè÷åíèåì êîíöåíòðàöèè ÓÍÑ äî 0,5 % íà-

áëþäàåòñÿ ïîâûøåíèå èíòåíñèâíîñòè ïàðîîáðàçî-

âàíèÿ. Ïðè äàëüíåéøåì ðîñòå êîíöåíòðàöèè ÓÍÑ

îáðàçîâàíèå ïàðîâ â çîíå ãîðåíèÿ ñòàíîâèòñÿ ìåíåå

èíòåíñèâíûì è îäíîâðåìåííî óâåëè÷èâàåòñÿ âðåìÿ

òóøåíèÿ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ôèçè÷åñêèé ìåõàíèçì òóøåíèÿ ïîæàðîâ
êëàññà B ðàñïûëåííûìè ñóñïåíçèÿìè
âîäû ñ ÓÍÑ

Ôèçè÷åñêèé ìåõàíèçì òóøåíèÿ ïîæàðîâ êëàññà

B ðàñïûëåííûìè ñóñïåíçèÿìè âîäû ñ ÓÍÑ îñíîâàí

íà ñíèæåíèè òåìïåðàòóðû â çîíå ãîðåíèÿ äî òåìïå-

ðàòóðû ïîòóõàíèÿ, ïðè êîòîðîé íå ïðîèñõîäèò âû-

äåëåíèÿ äîñòàòî÷íîãî êîëè÷åñòâà ïàðîâ óãëåâîäî-

ðîäîâ, íåîáõîäèìîãî äëÿ äàëüíåéøåãî ïðîäîëæå-

íèÿ ãîðåíèÿ. Â ñîîòâåòñòâèè ñ òåîðèåé ïîòóõàíèÿ

ïëàìåíè, ðàçðàáîòàííîé ß. Á. Çåëüäîâè÷åì, ñàìî-

ïðîèçâîëüíîå ãîðåíèå ñòàíîâèòñÿ íåâîçìîæíûì,

åñëè íàðóøàåòñÿ òåïëîâîå ðàâíîâåñèå â çîíå ãîðå-

íèÿ äî íåêîòîðîãî êðèòè÷åñêîãî çíà÷åíèÿ (àäèàáà-

òè÷åñêîé òåìïåðàòóðû ïîòóõàíèÿ Òïîò) [14]:

Òïîò = Òàä – �Ò, (1)

ãäå Òàä — àäèàáàòè÷åñêàÿ òåìïåðàòóðà, K;

�Ò — èçìåíåíèå òåìïåðàòóðû, K.

Óãëåðîäíûå íàíîñòðóêòóðû îáëàäàþò òðàíñïîðò-

íûìè õàðàêòåðèñòèêàìè íà óðîâíå ìåòàëëîâ, à òàê-

æå çíà÷èòåëüíîé õèìè÷åñêîé è òåðìè÷åñêîé ñòîé-

êîñòüþ [15]. ßâëÿÿñü ãèäðîôîáíûìè, èññëåäóåìûå

ÓÍÑ âçàèìîäåéñòâóþò ñ êëàñòåðàìè âîäû ïîñðåä-

ñòâîì âàí-äåð-âààëüñîâûõ ñèë. Ïðè ýòîì æèäêàÿ

âîäà âîêðóã íàíî÷àñòèö ÿâëÿåòñÿ êâàçèíåïîëÿðíîé

ñðåäîé, ê ñëàáîìó ýôôåêòó ïîëÿðèçàöèè ÓÍÑ [16]

(ðèñ. 7).

Çíà÷èìûì ôàêòîðîì â èçìåíåíèè ñâîéñòâ íàíî-

ñòðóêòóð ÿâëÿþòñÿ ãèãàíòñêèå ðåçîíàíñû ýëåêòðî-

ìàãíèòíûõ ïîëåé íà ïîâåðõíîñòè íàíî÷àñòèö [17],

÷òî îïðåäåëÿåò çíà÷èòåëüíîå èçìåíåíèå ñâîéñòâ íàíî-

ìàòåðèàëîâ ñ ìàëîé êîíöåíòðàöèåé ÓÍÑ ïîä äåé-

ñòâèåì âàí-äåð-âààëüñîâûõ ñèë [18].

Ìåõàíèçì ïåðåíîñà òåïëà â ñóñïåíçèÿõ ñ ÓÍÑ

îñíîâàí íà âëèÿíèè áðîóíîâñêîãî äâèæåíèÿ óãëå-

ðîäíûõ íàíî÷àñòèö è îáðàçîâàíèÿ âûñîêîòåïëîïðî-

âîäíîãî æèäêîãî ñëîÿ íà ãðàíèöå ðàçäåëà ôàç æèä-

êîñòü – òâåðäàÿ ÷àñòèöà [19]. Ïðîöåññ êèïåíèÿ

íàíîñóñïåíçèé çàâèñèò îò ñâîéñòâ áàçîâîé æèäêî-

ñòè, âèäà è êîíöåíòðàöèè ñîäåðæàùèõñÿ â íåé íàíî-

÷àñòèö, ÷òî âî ìíîãîì îïðåäåëÿåò õàðàêòåð òåïëî-

ìàññîïåðåíîñà ñ ôàçîâûìè ïðåâðàùåíèÿìè, ïðîöåññ

òåïëîîòäà÷è íà ïîâåðõíîñòè èñïàðÿþùèõñÿ êàïåëü

è õàðàêòåð êèïåíèÿ (ïëåíî÷íîå èëè ïóçûðüêîâîå)

â îáúåìå æèäêîñòè [20].

Ðèñ. 6. Ôðàãìåíòû ïðîöåññà òóøåíèÿ áåíçèíà ñóñïåíçèÿìè

DW ñ ÓÍÑ: à — DW + MWCNT (0,01 % îá.); á — DW +

+ MWCNT (0,5 % îá.)

Fig. 6. Fragments of the process of extinguishing gasoline with

suspensions of DW with carbon nanostructures: a — DW +

+ MWCNT (0,01 % by vol.); b — DW + MWCNT (0,5 % by vol.)

Ðèñ. 7. Äèñïåðãèðîâàííûå óãëåðîäíûå íàíîñòðóêòóðû â DW: à — ÏÝÌ-èçîáðàæåíèÿ DW + MWCNT (ïî äàííûì [15]); á —

ÏÝÌ-èçîáðàæåíèÿ DW + Astr; â — ðåçóëüòàòû ìîäåëèðîâàíèÿ âçàèìîäåéñòâèÿ àòîìîâ MWCNT â DW (ïî äàííûì [16])

Fig. 7. Carbon nanostructures when dispersed in DW: a — TEM images DW + MWCNT (according to [15]); b — TEM images

DW + Astr; v — modeling the interaction of MWCNT in DW (according to [16])
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Ðèñ. 8. Çàâèñèìîñòü âðåìåíè òóøåíèÿ ñóñïåíçèÿìè îò óäåëüíîé òåïëîòû ïàðîîáðàçîâàíèÿ ïðè âîçäåéñòâèè Ï×ÌÏ (�) è

áåç íåãî (�): à — DW + non-funct MWCNT; á — DW + MWCNT; â — DW + Astr; ã — DW + Carbopol ETD 2020 + MWCNT

Fig. 8. The dependence of the quenching time of suspensions on the specific heat of vaporization when exposed to VFMP (�) and

without it (�): a — DW + non-funct MWCNT; b — DW + MWCNT; v — DW + Astr; g — DW + Carbopol ETD 2020 + MWCNT

Ðèñ. 9. Çàâèñèìîñòü âðåìåíè òóøåíèÿ ñóñïåíçèÿìè îò êîýôôèöèåíòà ïîâåðõíîñòíîãî íàòÿæåíèÿ � ïðè âîçäåéñòâèè Ï×ÌÏ (�)

è áåç íåãî (�): à — DW + non-funct MWCNT; á — DW + MWCNT; â — DW + Astr; ã — DW + Carbopol ETD 2020 + MWCNT

Fig. 9. The dependence of the time of quenching suspensions of the surface tension coefficient when exposed to VFMP (�) and

without it (�): a — DW + non-funct MWCNT; b — DW + MWCNT; v — DW + Astr; g — DW + Carbopol ETD 2020 + MWCNT
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Çàâèñèìîñòü âðåìåíè òóøåíèÿ èññëåäóåìûìè

íàíîñóñïåíçèÿìè îò óäåëüíîé òåïëîòû ïàðîîáðà-

çîâàíèÿ èìååò õàðàêòåðíûé ýêñòðåìóì â èíòåðâà-

ëå 2300…2400 êÄæ�êã äëÿ ñóñïåíçèé DW + non-

funct MWCNT è DW + MWCNT ñ êîíöåíòðàöèåé

0,8–1,0 % îá., 2400…2600 êÄæ�êã — äëÿ DW + Astr

ñ êîíöåíòðàöèåé 0,2–0,5 % îá. è 1100…1400 êÄæ�êã

— äëÿ DW + Carbopol ETD 2020 + MWCNT ñ êîí-

öåíòðàöèåé 0,5–1,0 % îá. (ðèñ. 8).

Ïàðîîáðàçîâàíèå, ïðîèñõîäÿùåå â ïðîöåññå ðàç-

ðûâà ñâÿçè ìåæäó ñîñåäíèìè ìîëåêóëàìè æèäêî-

ñòè è ïåðåìåùåíèÿ èõ â ãàçîâóþ ñðåäó [21], çàâèñèò

îò ñèë ïîâåðõíîñòíîãî íàòÿæåíèÿ â æèäêîñòè. Çà-

âèñèìîñòü âðåìåíè òóøåíèÿ îò êîýôôèöèåíòà ïî-

âåðõíîñòíîãî íàòÿæåíèÿ èìååò õàðàêòåðíûé ýêñ-

òðåìóì â èíòåðâàëå 0,055…0,060 Í/ì äëÿ DW +

+ non-funct MWCNT ñ êîíöåíòðàöèåé 0,8–1,0 % îá.,

0,085…0,095 Í�ì — äëÿ DW + MWCNT ñ êîíöåíòðà-

öèåé 0,8–1,0 % îá., 0,080…0,090 Í�ì — äëÿ DW + Astr

ñ êîíöåíòðàöèåé 0,2–0,5 % îá. è 0,020…0,030 Í�ì

— äëÿ DW + Carbopol ETD 2020 + MWCNT ñ êîí-

öåíòðàöèåé 0,5–1,0 % îá. (ðèñ. 9).

Çàâèñèìîñòü âðåìåíè òóøåíèÿ îò ñêîðîñòè íà-

ãðåâà ñóñïåíçèé äî òåìïåðàòóðû êèïåíèÿ èìååò õà-

ðàêòåðíûé ýêñòðåìóì â èíòåðâàëå 5,5…6,5 °Ñ�ìèí

äëÿ DW + non-funct MWCNT è DW + MWCNT ñ

êîíöåíòðàöèåé 0,8–1,0 % îá., 5,5…6,5 °Ñ�ìèí —

äëÿ DW + Astr ñ êîíöåíòðàöèåé 0,2–0,5 % îá. è

6,0…8,0 °Ñ�ìèí — äëÿ DW + Carbopol ETD 2020 +

+ MWCNT ñ êîíöåíòðàöèåé 0,5–1,0 % îá. (ðèñ. 10).

Èñõîäÿ èç âûøåñêàçàííîãî ìîæíî ñäåëàòü âû-

âîä, ÷òî ñóñïåíçèè íà îñíîâå âîäû ñ ÓÍÑ ÿâëÿþòñÿ

îãíåòóøàùèìè âåùåñòâàìè ïðåèìóùåñòâåííî îõ-

ëàæäàþùåãî è ðàçáàâëÿþùåãî äåéñòâèÿ. Ïðè ïîïà-

äàíèè â îáëàñòü ãîðåíèÿ êàïåëü ñóñïåíçèé ïðîèñ-

õîäèò èõ èíòåíñèâíûé ðàçîãðåâ äî òåìïåðàòóðû êè-

ïåíèÿ ñ ïîñëåäóþùèì èñïàðåíèåì è îõëàæäåíèåì

çîíû ãîðåíèÿ. Ïðè äîñòàòî÷íîì êîëè÷åñòâå ïàðîâ

Ðèñ. 10. Çàâèñèìîñòü âðåìåíè òóøåíèÿ ñóñïåíçèÿìè îò ñêîðîñòè èõ íàãðåâà äî òåìïåðàòóðû êèïåíèÿ ïðè âîçäåéñòâèè Ï×ÌÏ (�)

è áåç íåãî (�): à — DW + non-funct MWCNT; á — DW + MWCNT; â — DW + Astr; ã — DW + Carbopol ETD 2020 + MWCNT

Fig. 10. Dependence of the time of quenching by suspensions on the rate of their heating to the boiling point when exposed to VFMP (�)

and without it (�): a — DW + non-funct MWCNT; b — DW + MWCNT; v — DW + Astr; g — DW + Carbopol ETD 2020 + MWCNT
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âîäû â çîíå ãîðåíèÿ íàáëþäàåòñÿ ïîòóõàíèå ïëàìå-

íè. Ïðè ýòîì ðîñò çíà÷åíèé óäåëüíîé òåïëîòû ïàðî-

îáðàçîâàíèÿ âëå÷åò çà ñîáîé óâåëè÷åíèå êîëè÷å-

ñòâà îòîáðàííîé èç çîíû ãîðåíèÿ òåïëîâîé ýíåðãèè.

Ïîâûøåíèå êîíöåíòðàöèè Astr äî 0,5 % îá. è MWCNT

äî 1,0 % îá. â ñóñïåíçèÿõ ñîêðàùàåò âðåìÿ òóøåíèÿ

ïîæàðà æèäêèõ óãëåâîäîðîäîâ â 3–5 ðàç â ñðàâíå-

íèè ñ êîíòðîëüíûìè îáðàçöàìè. Äàëüíåéøåå óâåëè-

÷åíèå êîíöåíòðàöèè íàíî÷àñòèö ïðèâîäèò ê àãðåãà-

öèè ÓÍÑ, ÷òî ñíèæàåò ýôôåêòèâíóþ òåïëîïðîâîä-

íîñòü ñóñïåíçèé è óäåëüíóþ òåïëîòó ïàðîîáðàçî-

âàíèÿ.

Ñïîñîá òóøåíèÿ ïîæàðîâ æèäêèõ
óãëåâîäîðîäîâ ðàñïûëåííûìè
ñóñïåíçèÿìè âîäû ñ ÓÍÑ

Ñïîñîá òóøåíèÿ ïîæàðîâ æèäêèõ óãëåâîäîðî-

äîâ ðàñïûëåííûìè ñóñïåíçèÿìè âîäû ñ ÓÍÑ îñíî-

âàí íà èíòåíñèôèêàöèè ïðîöåññîâ òåïëîîòâîäà èç

çîíû ãîðåíèÿ. Íà ïîâåðõíîñòè ãîðþ÷èõ âåùåñòâ

îáðàçóåòñÿ ñëîé êèïÿùåé æèäêîñòè, êîòîðàÿ èñïà-

ðÿÿñü ñíèæàåò òåìïåðàòóðó ãîðþ÷åé ñðåäû è òåì ñà-

ìûì ðåàëèçóåò ïîäàâëåíèå ïðîöåññà ãåòåðîãåííîãî

ãîðåíèÿ.

Ïðåäëàãàåìûé ñïîñîá òóøåíèÿ ïîæàðîâ êëàññà B

èìååò ìíîãîïðîôèëüíîå ïðèìåíåíèå è äàåò âîçìîæ-

íîñòü èñïîëüçîâàòü îãíåòóøàùèå ñóñïåíçèè â ñòàí-

äàðòíûõ óñòàíîâêàõ ïîæàðîòóøåíèÿ. Áëîê-ñõåìà ñïî-

ñîáà ëèêâèäàöèè ãîðåíèÿ æèäêèõ óãëåâîäîðîäîâ

ñóñïåíçèÿìè âîäû ñ ÓÍÑ ïðåäñòàâëåíà íà ðèñ. 11.

Îãíåòóøàùóþ ñóñïåíçèþ ïîëó÷àþò ïóòåì äèñ-

ïåðãèðîâàíèÿ ÓÍÑ (MWCNT, Astr) â âîäó. Ñóñïåíçèÿ

ñîñòîèò èç ðàñòâîðà âîäû ñ íàíîìàòåðèàëîì MWCNT,

ñòàáèëèçèðîâàííûì ãåëåîáðàçîâàòåëåì Ñarbopol

ETD 2020 ñ ìàññîâîé êîíöåíòðàöèåé 0,2 %.

Äëÿ ðåàëèçàöèè ñïîñîáà òóøåíèÿ ïîæàðîâ, ñâÿ-

çàííûõ ñ ãîðåíèåì æèäêèõ óãëåâîäîðîäîâ, ïðåäëî-

æåíû òåõíè÷åñêèå ðåêîìåíäàöèè ïî ïðèìåíåíèþ ìî-

äèôèöèðîâàííûõ ñóñïåíçèé âîäû ñ ÓÍÑ (òàáë. 2).

Òàêèì îáðàçîì, óêàçàííûé ñïîñîá ïîçâîëÿåò

çíà÷èòåëüíî ïîâûñèòü ýôôåêòèâíîñòü ïðèìåíåíèÿ

ÎÒÂ äëÿ ëèêâèäàöèè ãîðåíèÿ æèäêèõ óãëåâîäîðî-

äîâ çà ñ÷åò èíòåíñèâíîãî ðàçîãðåâà êàïåëü âîäû ñ

ÓÍÑ äî òåìïåðàòóðû êèïåíèÿ ñ ïîñëåäóþùèì èñ-

ïàðåíèåì è îõëàæäåíèåì çîíû ãîðåíèÿ. Îí ìîæåò

áûòü èñïîëüçîâàí â àâòîìàòè÷åñêèõ óñòàíîâêàõ ïî-

æàðîòóøåíèÿ, ïåðâè÷íûõ ñðåäñòâàõ ïîæàðîòóøå-

íèÿ, à òàêæå â ñòàíäàðòíîì ïîæàðíî-òåõíè÷åñêîì

îáîðóäîâàíèè, èñïîëüçóåìîì ïîäðàçäåëåíèÿìè ïî-

æàðíîé îõðàíû Ì×Ñ Ðîññèè.

Âûâîäû

Ïîëó÷åííûå ðåçóëüòàòû ñâèäåòåëüñòâóþò, ÷òî

ñóñïåíçèè âîäû ñ ÓÍÑ ÿâëÿþòñÿ ýôôåêòèâíûìè

ÎÒÂ äëÿ òóøåíèÿ ãîðÿùèõ æèäêèõ óãëåâîäîðîäîâ

ïðè îòíîñèòåëüíî ìàëîé êîíöåíòðàöèè ÓÍÑ. Äèñ-

ïåðãèðîâàíèå ÓÍÑ èíòåíñèôèöèðóåò òåïëîîáìåí â

ðàñïûëåííûõ êàïëÿõ ÎÒÂ, ÷òî âåäåò ê áîëåå áûñò-

ðîìó ðàçîãðåâó èõ â óñëîâèÿõ òåïëîâîãî âîçäåéñò-

âèÿ ïëàìåíè. Ïðåäëîæåííûé ñïîñîá òóøåíèÿ ïî-

çâîëÿåò çíà÷èòåëüíî ñîêðàòèòü âðåìÿ òóøåíèÿ

ïîæàðà ïóòåì ïîäà÷è ðàñïûëåííûõ êàïåëü âîäû â

çîíó ãîðåíèÿ ïàðîâ æèäêèõ óãëåâîäîðîäîâ, à òàêæå

äàåò âîçìîæíîñòü èñïîëüçîâàòü ðàçðàáîòàííûå

ÎÒÂ â ìîäóëüíûõ óñòàíîâêàõ è ïåðâè÷íûõ ñðåäñò-

âàõ ïîæàðîòóøåíèÿ.

Ðèñ. 11. Áëîê-ñõåìà ñïîñîáà ëèêâèäàöèè ãîðåíèÿ æèäêèõ

óãëåâîäîðîäîâ ñóñïåíçèÿìè âîäû ñ ÓÍÑ

Fig. 11. Block diagram of a method for eliminating the combus-

tion of liquid hydrocarbons with water suspensions with carbon

nanostructures
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¹ ï�ï

No.

Òåõíè÷åñêàÿ ðåêîìåíäàöèÿ

Technical recommendation

Îæèäàåìûé ðåçóëüòàò

Expected result

1 Îáîðóäîâàíèå ñèñòåì àâòîìà-
òè÷åñêîãî ïîæàðîòóøåíèÿ íà
îáúåêòàõ íåôòÿíîé ïðîìûø-
ëåííîñòè ðàñïûëåííûìè ñóñ-
ïåíçèÿìè âîäû ñ ÓÍÑ

Equipment of automatic fire ex-
tinguishing systems at the facili-
ties of the petroleum industry
with sprayed suspensions of water
with carbon nanostructures

1. Óìåíüøåíèå âðåìåíè òóøåíèÿ ïîæàðà.
2. Ñíèæåíèå ïîòðåáíîñòè â áîëüøîì êîëè÷åñòâå ÎÒÂ.
3. Èñïîëüçîâàíèå â ñòàíäàðòíûõ ìîäóëüíûõ óñòàíîâêàõ ïîæàðîòóøåíèÿ.
4. Èíòåíñèôèêàöèÿ îõëàæäåíèÿ çîíû ãîðåíèÿ çà ñ÷åò áûñòðîãî èñïàðåíèÿ
êàïåëü ÎÒÂ.
5. Äîñòèæåíèå ýôôåêòà òóøåíèÿ ïî âñåé ïëîùàäè ãîðåíèÿ.
6. Îáåñïå÷åíèå âûñîêîé òåðìè÷åñêîé ñòîéêîñòè íàíî÷àñòèö ïðè âîçäåé-
ñòâèè âûñîêèõ òåìïåðàòóð.
7. Ñíèæåíèå ðèñêà ýêîëîãè÷åñêèõ ïîñëåäñòâèé âñëåäñòâèå ïîïàäàíèÿ â
îêðóæàþùóþ ñðåäó òîêñè÷íûõ êîìïîíåíòîâ

1. Reducing the time of extinguishing the fire.
2. Reducing the need for large quantities of extinguishing agent.
3. Use in standard modular fire extinguishing installations.
4. Intensification of the cooling of the combustion zone due to the rapid evapo-
ration of OTF droplets.
5. Achieving the effect of quenching over the entire area of combustion.
6. Ensuring high thermal stability of nanoparticles when exposed to high tem-
peratures.

7. Reducing the risk of environmental effects due to the release of toxic compo-
nents into the environment

2 Èñïîëüçîâàíèå â ïåðâè÷íûõ
ñðåäñòâàõ ïîæàðîòóøåíèÿ

Use in primary fire extinguishing
equipment

1. Óìåíüøåíèå âðåìåíè òóøåíèÿ.
2. Ñíèæåíèå ðàñõîäà ÎÒÂ.
3. Âîçìîæíîñòü èñïîëüçîâàíèÿ îãíåòóøèòåëåé ìàëûõ ðàçìåðîâ.
4. Ñîõðàíåíèå ñòàáèëüíîñòè ñîñòàâà ÎÒÂ íà âåñü ïåðèîä èñïîëüçîâàíèÿ.
5. Ñíèæåíèå óðîâíÿ âîçäåéñòâèÿ îïàñíûõ ôàêòîðîâ ïîæàðà

1. Reducing quenching time.
2. Reducing the consumption of extinguishing agent.
3. The ability to use fire extinguishers of small sizes.
4. Maintaining the stability of the composition of the extinguishing agent for
the entire period of use.
5. Reducing the impact of fire hazards

Òàáëèöà 2. Òåõíè÷åñêèå ðåêîìåíäàöèè ïî ïðèìåíåíèþ ñóñïåíçèé âîäû ñ ÓÍÑ

Table 2. Technical recommendations for the use of water suspensions with carbon nanostructures
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ÐÅÇÞÌÅ

Ââåäåíèå. Îáîñíîâàíà íåîáõîäèìîñòü ïîëó÷åíèÿ ëèöàìè, ïðèíèìàþùèìè ðåøåíèÿ (ËÏÐ), ïîëíîé èíôîðìà-

öèè î ãîòîâíîñòè ê ðàáîòå îáîðóäîâàíèÿ àâòîìàòèçèðîâàííûõ ñèñòåì óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåñ-

ñàìè (ÀÑÓÒÏ) ïåðâîãî óðîâíÿ èíôîðìèðîâàíèÿ â ëþáîé ìîìåíò âðåìåíè. Äàííûå î ïðåäïîæàðíîì ñîñòîÿ-

íèè íà îáúåêòå òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ) ïåðåäàþòñÿ ñ ïîìîùüþ ýëåìåíòîâ óïðàâëåíèÿ

àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ) â ñîñòàâå ÀÑÓÒÏ. Ïîêàçàíà ñâÿçü îïðåäå-

ëåíèÿ ñîñòîÿíèÿ ãîòîâíîñòè îáîðóäîâàíèÿ ÀÑÏÂÁ ñî ñòåïåíüþ âûïîëíåíèÿ ïðîôèëàêòè÷åñêèõ ðàáîò. Öåëüþ

èññëåäîâàíèÿ ÿâëÿåòñÿ ïîëó÷åíèå íàó÷íî îáîñíîâàííîãî èíñòðóìåíòà îïðåäåëåíèÿ ãîòîâíîñòè îáîðóäîâà-

íèÿ ÀÑÏÂÁ ê ôóíêöèîíèðîâàíèþ.

Ìåòîäû èññëåäîâàíèÿ. Äëÿ ðåøåíèÿ çàäà÷è âûáðàíà ìîäåëü øåñòèóðîâíåâîãî ãðàôà ñòðàòåãè÷åñêîãî ïëà-

íèðîâàíèÿ, êîòîðûé ïðåäëàãàåòñÿ ËÏÐ äëÿ èñïîëüçîâàíèÿ â öåëÿõ îöåíêè ãîòîâíîñòè îáîðóäîâàíèÿ ÀÑÏÂÁ

ïåðâîãî óðîâíÿ ê ðàáîòå. Â îñíîâå èåðàðõèè ëåæèò ðåàëèçàöèÿ ïëàíîâ ïî îáñëóæèâàíèþ, ðåìîíòó è çàìåíå

îáîðóäîâàíèÿ. Ñ ïîìîùüþ ìåòîäà ïîñëåäîâàòåëüíûõ ïðèðàùåíèé ñìîäåëèðîâàíû ïðîâåðî÷íûå ìåðîïðèÿ-

òèÿ è âîññòàíàâëèâàþùèå ïðîöåäóðû. Ïðåäëîæåíû äâå çàäà÷è ìàòåìàòè÷åñêîãî ïðîãðàììèðîâàíèÿ — ëè-

íåéíàÿ è íåëèíåéíàÿ. Â ïåðâîì ñëó÷àå ïîëó÷åíà íîâàÿ ôîðìà öåëåâîé ôóíêöèè ñ ó÷åòîì ìàêñèìàëüíîé ýô-

ôåêòèâíîñòè äåÿòåëüíîñòè ïî âûïîëíåíèþ ïëàíîâ. Â íåëèíåéíîé ïîñòàíîâêå â ðàçíûõ ôîðìàõ ðàññìîòðåíà

ôóíêöèÿ ïîèñêà êðèòåðèÿ äëÿ îöåíêè ìàêñèìàëüíîé ýôôåêòèâíîñòè. Îïòèìàëüíûå ðåøåíèÿ çàäà÷ ïðåäñòàâ-

ëÿþò ñîáîé âûâîä îá èñïîëüçîâàíèè íåêîòîðîãî ðåñóðñà äëÿ îäíîãî îïðåäåëåííîãî ìåðîïðèÿòèÿ.

Ðåçóëüòàòû èññëåäîâàíèÿ. Cäåëàí âûâîä î öåëåñîîáðàçíîñòè èñïîëüçîâàíèÿ âñåãî ðåñóðñà äëÿ êîíêðåòíîãî

ìåðîïðèÿòèÿ. Ïðè ðåøåíèè çàäà÷è îïòèìèçàöèè â íåëèíåéíîé ïîñòàíîâêå îòìå÷åíà äèíàìè÷íîñòü ïàðà-

ìåòðîâ âåêòîðà ïëàíîâûõ ðàáîò ïî ïðèâåäåíèþ èñòî÷íèêîâ èíôîðìàöèè ïåðâîãî óðîâíÿ ÀÑÏÂÁ â òðåáóåìîå

ñîñòîÿíèå, à òàêæå âåêòîðà èíòåíñèâíîñòè ïðîâåäåíèÿ ðàáîò. Â èòîãå ïðåäëîæåíà ôîðìóëà èíòåãðàëüíîé

ãîòîâíîñòè ê ôóíêöèîíèðîâàíèþ îáîðóäîâàíèÿ ÀÑÏÂÁ äëÿ îïðåäåëåííîãî êîëè÷åñòâà âîññòàíàâëèâàþùèõ

ìåðîïðèÿòèé.

Çàêëþ÷åíèå. Ïîëó÷åí ìåòîä îöåíêè ýôôåêòèâíîñòè âîññòàíàâëèâàþùèõ ìåðîïðèÿòèé äëÿ ÀÑÏÂÁ ñ ó÷åòîì

îãðàíè÷åííîãî îñîáûìè óñëîâèÿìè ðåñóðñà. Ïðèìåíåíèå ìåòîäà ïîçâîëÿåò äåæóðíûì ñìåíàì îáúåêòà ÒÝÊ

îïåðàòèâíî ðåàãèðîâàòü íà ïðåäïîæàðíûå ñèòóàöèè.

Êëþ÷åâûå ñëîâà: àâòîìàòèçàöèÿ; ïîæàðíàÿ áåçîïàñíîñòü; àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâëåíèÿ òåõ-

íîëîãè÷åñêèìè ïðîöåññàìè; àâòîìàòèçèðîâàííûå ñèñòåìû ïîæàðîâçðûâîáåçîïàñíîñòè; òîïëèâíî-ýíåðãåòè-

÷åñêèé êîìïëåêñ; èíòåãðàëüíûé ïîêàçàòåëü; àíàëèç; èåðàðõèÿ; ñîñòîÿíèå ãîòîâíîñòè; ñòðàòåãè÷åñêîå ïëàíè-

ðîâàíèå; çíà÷èìîñòü; ïîæàðû; âçðûâû.
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Ââåäåíèå

Îáúåêòû òîïëèâíî-ýíåðãåòè÷åñêîãî êîìïëåêñà (ÒÝÊ)

ÿâëÿþòñÿ ïîñòîÿííûì èñòî÷íèêîì óãðîçû áåçîïàñ-

íîñòè, â òîì ÷èñëå ïîæàðíîé, îêðóæàþùåé ñðåäû.

Â ñâÿçè ñ ýòèì íåìàëîâàæíîé çàäà÷åé ÿâëÿåòñÿ ïðî-

ãíîçèðîâàíèå ãîòîâíîñòè ïîæàðíîé òåõíèêè ê âû-

ïîëíåíèþ ñâîèõ ôóíêöèé [1]. Îäíàêî, îáëàäàÿ ñòðà-

òåãè÷åñêîé çíà÷èìîñòüþ, ïðåäïðèÿòèÿ òîïëèâíîé

ïðîìûøëåííîñòè íóæäàþòñÿ â ïðåäâàðèòåëüíîì ïëà-

íèðîâàíèè è ôàêòè÷åñêîì êîíòðîëå óñòîé÷èâîãî è

áåçîïàñíîãî ôóíêöèîíèðîâàíèÿ [2, 3]. Êðàéíå âàæíî

èìåòü âîçìîæíîñòü ïðåäóïðåäèòü è âîâðåìÿ ïðåä-

îòâðàòèòü âîçíèêíîâåíèå ïîæàðîâçðûâîîïàñíîé ñè-

òóàöèè íà îáúåêòå ÒÝÊ ëþáîãî ìàñøòàáà. Äîâîëüíî

íåïðîñòóþ çàäà÷ó ïðåäñòàâëÿåò îïðåäåëåíèå îáú-

åìà ìîíèòîðèíãà ñèñòåì áåçîïàñíîñòè è ïðîòèâî-

ïîæàðíîé çàùèòû íà òàêèõ îáúåêòàõ. Ñîãëàñíî [4]

îïðåäåëåíèå ýòîãî îáúåìà íåîáõîäèìî ïðîâîäèòü

íà îñíîâå ýêñïåðòíûõ îöåíîê ñîòðóäíèêîâ, ó÷àñò-

âóþùèõ â ðàáîòå äàííûõ ñèñòåì. Ïðè íàëè÷èè îãðà-

íè÷åíèé íà ïîëó÷åíèå èíôîðìàöèè îöåíêè ìîãóò

áûòü âûïîëíåíû íåêîððåêòíî. Â êà÷åñòâå ïðèìåðà

ïðîöåññà ïîëó÷åíèÿ ïîäîáíûõ îöåíîê ìîæíî ïðè-

âåñòè ïîäðîáíûé àíàëèç äàííûõ [5], ïîëó÷åííûõ îò
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ýêñïåðòîâ-ñîòðóäíèêîâ ðàçëè÷íûõ óðîâíåé, ðàáîòà-

þùèõ íà ïîæàðîîïàñíûõ ó÷àñòêàõ îáúåêòîâ íåôòå-

ãàçîâîé îòðàñëè. Ëèöàì, ïðèíèìàþùèì ðåøåíèÿ

(ËÏÐ) íà îáúåêòàõ ÒÝÊ, íåîáõîäèìà îïåðàòèâíî

(â ðåàëüíîì ðåæèìå âðåìåíè) ïîäòâåðæäàåìàÿ èí-

ôîðìàöèÿ î ñîñòîÿíèè ãîòîâíîñòè ê ðàáîòå è íà-

äåæíîñòè ñðåäñòâ è ñèñòåì ïîæàðíîé àâòîìàòèêè,

ãàçîâûõ ïîæàðíûõ èçâåùàòåëåé [6], äàò÷èêîâ ñî-

ñòîÿíèÿ ñðåäû è äðóãèõ ñðåäñòâ îïîâåùåíèÿ î ïî-

æàðàõ èëè ïðåäïîæàðíûõ ðåæèìàõ [7, 8]. Îò ïîëíîòû

èíôîðìàöèè âî ìíîãîì çàâèñèò ñêîðîñòü ïðèíÿòèÿ

ËÏÐ âåðíîãî ñ òî÷êè çðåíèÿ ïîæàðíîé áåçîïàñíî-

ñòè (ÏÁ) ðåøåíèÿ [9]. Âñå óêàçàííûå èñòî÷íèêè èí-

ôîðìàöèè äëÿ ËÏÐ â àâòîìàòèçèðîâàííûõ ñèñòåìàõ

óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ)

ÿâëÿþòñÿ èíôîðìàòîðàìè ïåðâîãî óðîâíÿ. Êàê ïðà-

âèëî, íà îáúåêòàõ ÒÝÊ â ÀÑÓÒÏ âñòðîåíû àâòîìà-

òèçèðîâàííûå ñèñòåìû ïîæàðîâçðûâîáåçîïàñíî-

ñòè (ÀÑÏÂÁ). Ïðèíöèïû èõ ðàáîòû îñíîâàíû íà

ñâîåâðåìåííîì èíôîðìèðîâàíèè ËÏÐ î âîçìîæíûõ

îïàñíûõ ñèòóàöèÿõ [10]. Äëÿ âûÿñíåíèÿ ñîñòîÿíèÿ

ãîòîâíîñòè ê ôóíêöèîíèðîâàíèþ îáîðóäîâàíèÿ

ÀÑÏÂÁ ïåðâîãî óðîâíÿ íåîáõîäèìî ïëàíèðîâàíèå

ìåðîïðèÿòèé ïî åãî ïðèâåäåíèþ â ñîñòîÿíèå ãîòîâ-

íîñòè â îïàñíûõ ñèòóàöèÿõ. Ïðèîðèòåòíîé çàäà÷åé

äëÿ ËÏÐ â ýòîì ñëó÷àå ÿâëÿåòñÿ îöåíêà ñ ïîìîùüþ

ñðåäñòâ êîíòðîëÿ èëè âñòðîåííîãî ñïåöèàëüíîãî ïðî-

ãðàììíîãî îáåñïå÷åíèÿ ÀÑÏÂÁ [11] ñòåïåíè âûïîë-

íåíèÿ òåõ èëè èíûõ êîìïîíåíòîâ óêàçàííûõ ïëàíîâ

è âîçìîæíîñòè ïðîâåäåíèÿ è âàæíîñòè îòäåëüíûõ

èç âêëþ÷åííûõ â íèõ ìåðîïðèÿòèé. Îò óñïåøíîñòè

ïîäîáíûõ îöåíîê çàâèñèò êîëè÷åñòâî ïðåäîòâðà-

ùåííûõ ïîæàðîâ è âçðûâîâ íà îáúåêòàõ ÒÝÊ [12].

Ïðîâåäåíèå íà îáúåêòå ÒÝÊ ïðîôèëàêòè÷åñêèõ

ðàáîò ðåìîíòíûìè áðèãàäàìè äëÿ âûÿâëåíèÿ òðå-

áóåìîãî ðåìîíòà èëè çàìåíû îáîðóäîâàíèÿ ÀÑÏÂÁ

ÿâëÿåòñÿ ïðèîðèòåòíîé çàäà÷åé è ñòðàòåãè÷åñêîé

öåëüþ ïðè îöåíêå ñòåïåíè åãî ãîòîâíîñòè ê ðàáîòå.

Ðàçíîðîäíîñòü òàêîãî îáîðóäîâàíèÿ è äåÿòåëüíîñòè

ïî åãî îáñëóæèâàíèþ, ðåìîíòó è çàìåíå èìååò âòîðî-

ñòåïåííîå çíà÷åíèå. Îñíîâíûì êðèòåðèåì îöåíêè

ñëóæèò âîçìîæíîå âëèÿíèå òîãî èëè èíîãî ýëåìåí-

òà îáîðóäîâàíèÿ èíôîðìèðîâàíèÿ ÀÑÏÂÁ ïåðâîãî

óðîâíÿ íà ñòðàòåãè÷åñêóþ öåëü ËÏÐ ïî îáåñïå÷å-

íèþ ÏÁ íà îáúåêòå ÒÝÊ.

Ñåãîäíÿ íà ìíîãèõ ïðåäïðèÿòèÿõ ÒÝÊ èñïîëü-

çóþòñÿ ñèñòåìû êîíòðîëÿ è îáåñïå÷åíèÿ ïîæàðíîé

áåçîïàñíîñòè çàðóáåæíîãî ïðîèçâîäñòâà [13, 14].

Â [15] óòâåðæäàåòñÿ, ÷òî 80 % ýòîãî ðûíêà çàíÿòî

çàðóáåæíûìè ïðîèçâîäèòåëÿìè. Ïî îáúåìó äàííîé

ïðîäóêöèè ëèäèðóåò ×Ï “Àðòîí” (36 %), çà íèì ñëå-

äóþò Beijing PT Security Technology (33 %), Wizmart

Technology (11 %). Â ñòîèìîñòíîì âûðàæåíèè äîëè,

çàíèìàåìûå ïðîèçâîäèòåëÿìè íà ðûíêå äàííîé ïðî-

äóêöèè, ðàñïðåäåëÿþòñÿ ñëåäóþùèì îáðàçîì: Bosch

— 11 %, Hekatron — 9 %, Honeywell — 8 % [15].

Â ïîñëåäíåå âðåìÿ èç-çà ñàíêöèé íà îáúåêòû ÒÝÊ

âîçíèêàþò òðóäíîñòè ñ ïîñòàâêàìè èìïîðòíîãî îáî-

ðóäîâàíèÿ äëÿ ÀÑÏÂÁ, ïðåäíàçíà÷åííîãî äëÿ èí-

ôîðìèðîâàíèÿ ËÏÐ, äëÿ ìîäåðíèçàöèè ÀÑÓÒÏ

îáúåêòîâ èíôðàñòðóêòóðû. Òàê, íàïðèìåð, ïðè ïðî-

åêòèðîâàíèè ìîäåðíèçàöèè îäíîãî èç îáúåêòîâ ÒÝÊ

ñîãëàñíî [16] èçíîñ èçíà÷àëüíî ïîñòàâëåííîãî è

íåçàìåíåííîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ ñî-

ñòàâèë 80–100 %. Îò÷àñòè ýòî îáóñëîâëåíî òåì, ÷òî

ïðîöåññ çàìåíû îñëîæíÿåòñÿ èç-çà ñóùåñòâåííûõ

îãðàíè÷åíèé íà òðåáóåìûå ïîñòàâêè. Â ñâÿçè ñ ýòèì

ñëåäóåò çàìåòèòü, ÷òî âûÿâëåíèå íàèáîëåå âàæíûõ

ýëåìåíòîâ îáîðóäîâàíèÿ ïðèîáðåòàåò êîëîññàëüíîå

çíà÷åíèå. Óñëîâèÿ ôóíêöèîíèðîâàíèÿ îáúåêòîâ

ÒÝÊ, ïðè êîòîðûõ ñóùåñòâóþò îãðàíè÷åíèÿ íà ïî-

ñòàâêó, ñâîåâðåìåííóþ çàìåíó è ïîâåðêó îáîðóäî-

âàíèÿ, áóäåì íàçûâàòü îñîáûìè. Â ñëó÷àå íåâîç-

ìîæíîñòè ïðîâåäåíèÿ îòäåëüíûõ çàïëàíèðîâàííûõ

ìåðîïðèÿòèé öåëåñîîáðàçíî ðàçðàáàòûâàòü íîâûå

ìîäåëè îáåñïå÷åíèÿ ÏÁ íà îáúåêòàõ ÒÝÊ, ìåíÿÿ,

íàïðèìåð, õàðàêòåð ïåðåäà÷è èíôîðìàöèè âíóòðè

îáúåêòà èëè òî÷êè ìîíòàæà äàò÷èêîâ è èçâåùàòåëåé.

Õîòÿ ïîñëåäíåå ïðåäñòàâëÿåòñÿ íå ñëèøêîì öåëå-

ñîîáðàçíûì, òàê êàê ìîæåò ïðèâåñòè ê íàðóøåíèþ

îáùåé ñõåìû îïîâåùåíèÿ ïðè ïîæàðàõ è âçðûâàõ.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ ïîëó÷åíèå

îáîñíîâàííîãî èíñòðóìåíòà îöåíêè ýôôåêòèâíîñòè

ïëàíîâûõ ìåðîïðèÿòèé ïî âîññòàíîâëåíèþ îáîðó-

äîâàíèÿ íèæíåãî óðîâíÿ ÀÑÏÂÁ. Äëÿ åå äîñòèæåíèÿ

àâòîðàìè ïîñòàâëåíà çàäà÷à àíàëèçà è âûÿâëåíèÿ

ãîòîâíîñòè ê ðàáîòå îáîðóäîâàíèÿ ïî îáåñïå÷åíèþ

ïîæàðîâçðûâîáåçîïàñíîñòè àâòîìàòèçèðîâàííûì

îáðàçîì íà îáúåêòàõ ÒÝÊ. Ìîäåëèðîâàíèå âîññòà-

íàâëèâàþùèõ ìåðîïðèÿòèé âûïîëíÿåòñÿ ìåòîäîì

ïîñëåäîâàòåëüíûõ ïðèðàùåíèé ïðè ðàññìîòðåíèè

äâóõ çàäà÷ ìàòåìàòè÷åñêîãî ïðîãðàììèðîâàíèÿ —

ëèíåéíîé è íåëèíåéíîé. Îïèñàíî ïîëó÷åíèå èõ

îïòèìàëüíûõ ðåøåíèé, çàêëþ÷àþùååñÿ â ðåêîìåí-

äàöèè èñïîëüçîâàòü íåêîòîðûé ðåñóðñ äëÿ îäíîãî

îïðåäåëåííîãî ìåðîïðèÿòèÿ.

Ìåòîäû èññëåäîâàíèÿ

Äëÿ ìîäåëèðîâàíèÿ ñòåïåíè âàæíîñòè îòäåëü-

íûõ ìåðîïðèÿòèé ïðè îöåíêå ãîòîâíîñòè ê ðàáîòå

îáîðóäîâàíèÿ ÀÑÏÂÁ ïåðâîãî óðîâíÿ ïðèìåíÿëîñü

ñòðàòåãè÷åñêîå ïëàíèðîâàíèå [17, 18]. Îñíîâíûì

ïðàâèëîì, îïèñàííûì â [17, 18], ÿâëÿåòñÿ ãðàô ñòðà-

òåãè÷åñêîãî ïëàíèðîâàíèÿ, îñíîâàííûé íà èåðàðõèè

öåëåé, çàäà÷, íàïðàâëåíèé, êëàñòåðîâ, ìåðîïðèÿòèé

è ò. ï. Åãî àíàëèç ïðè ïðîâåäåíèè îöåíêè ãîòîâíî-

ñòè îáîðóäîâàíèÿ ÀÑÏÂÁ ïåðâîãî óðîâíÿ ÿâëÿåòñÿ

îñíîâíûì ìåòîäîì, êîòîðûé ñëåäóåò èñïîëüçîâàòü

ËÏÐ äëÿ äîñòèæåíèÿ íóæíîé öåëè.

Ðàññìîòðèì àíàëîã óêàçàííîãî ãðàôà. Ïîñòðîèì

íà îñíîâå èåðàðõèè ðåàëèçàöèè ïëàíîâ ïî îáñëó-
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æèâàíèþ, ðåìîíòó è çàìåíå óêàçàííîãî îáîðóäîâà-

íèÿ àíàëîãè÷íûé ãðàô (ñì. ðèñóíîê). Íàçîâåì åãî

ãðàôîì ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ äëÿ îöåíêè

ãîòîâíîñòè îáîðóäîâàíèÿ ÀÑÏÂÁ ïåðâîãî óðîâíÿ

îáúåêòà ÒÝÊ. Öåëüþ ËÏÐ è ïîêàçàòåëåì êà÷åñòâà

äëÿ âñåé ãðóïïû óêàçàííûõ ìåðîïðèÿòèé áóäåò ÿâ-

ëÿòüñÿ îöåíêà ËÏÐ ãîòîâíîñòè ê ðàáîòå îáîðóäîâà-

íèÿ ÀÑÏÂÁ â àâòîìàòèçèðîâàííîì ðåæèìå.

Ìàêñèìàëüíîé ãîòîâíîñòüþ îáîðóäîâàíèÿ àâòî-

ìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíî-

ñòè áóäåò òàêîå åãî ñîñòîÿíèå, ïðè êîòîðîì ëþáàÿ

îïàñíàÿ èëè ïîòåíöèàëüíî îïàñíàÿ ñèòóàöèÿ áóäåò

óñòðàíåíà äî âîçíèêíîâåíèÿ îïàñíûõ ïîñëåäñòâèé.

Äëÿ ýòîãî íåîáõîäèìî èìåòü ðåñóðñû ïî ïðèâåäåíèþ

îáîðóäîâàíèÿ èíôîðìèðîâàíèÿ ÀÑÓÒÏ ïåðâîãî

óðîâíÿ â íàèëó÷øåå ñîñòîÿíèå. Ïðîâåðêè è ïëàíî-

âûå ìåðîïðèÿòèÿ ïî âîññòàíàâëèâàþùèì ïðîöåäó-

ðàì äëÿ íåãî ìîãóò ìîäåëèðîâàòüñÿ ïî-ðàçíîìó.

Åñëè èñïîëüçîâàòü äëÿ ýòîãî ìåòîä ïîñëåäîâà-

òåëüíûõ ïðèðàùåíèé [19], òî ìîæíî ðàññìàòðèâàòü

äëÿ îïðåäåëåíèÿ ãîòîâíîñòè ê ðàáîòå îáîðóäîâàíèÿ

ÀÑÏÂÁ êàê ìèíèìóì äâå çàäà÷è ìàòåìàòè÷åñêîãî

ïðîãðàììèðîâàíèÿ. Ïåðâàÿ èç íèõ — çàäà÷à ëè-

íåéíîãî ïðîãðàììèðîâàíèÿ ñ îäíèì îãðàíè÷åíèåì.

Îñíîâíàÿ ìûñëü — íàéòè ìàêñèìóì àääèòèâíîé

öåëåâîé ôóíêöèè &(õý) äëÿ ïàðàìåòðîâ ãîòîâíîñòè,

çíà÷åíèÿ êîòîðûõ ìîãóò áûòü îïðåäåëåíû ïëàíàìè

ðåìîíòà, îáñëóæèâàíèÿ, âîññòàíîâëåíèÿ èëè çàìå-

íû èñòî÷íèêîâ èíôîðìàöèè ïåðâîãî óðîâíÿ ÀÑÏÂÁ,

ïðè îãðàíè÷åíèè íà çàäàííûé âèä ðåñóðñà b â ñâÿçè

ñ îñîáûìè óñëîâèÿìè. Ïðè ýòîì áóäåò îïðåäåëåí

îáùèé èíòåãðàëüíûé ïîêàçàòåëü ãîòîâíîñòè äëÿ

âñåãî èñêîìîãî îáîðóäîâàíèÿ ÀÑÏÂÁ.

Â òàêîé ïîñòàíîâêå çàäà÷à ìîæåò ðàññìàòðè-

âàòüñÿ êàê

&� &� �
&

x x xi

i

u

iý) max ) max ;� � �
'
(
)

*
+
,�

-
"

1

(1)

g x xi

i

n

i( ) ,� �
�
- .

1

(2)

ãäå õý — çíà÷åíèå âåêòîðà, ïðè êîòîðîì öåëåâàÿ ôóíê-

öèÿ &(õ) ïðèíèìàåò ìàêñèìàëüíîå çíà÷åíèå;

x — âåêòîð íåçàâèñèìûõ ïàðàìåòðîâ (ïëàíî-

âûõ ðàáîò ïî ïðèâåäåíèþ èñòî÷íèêîâ èíôîðìà-

öèè ïåðâîãî óðîâíÿ ÀÑÏÂÁ â “ïðàâèëüíîå” ñî-

ñòîÿíèå);

x = {x1, x2, …, xu }; (3)

u — ÷èñëî åäèíèö íåîáõîäèìîãî îáîðóäîâàíèÿ;

�i � 0 / i = 1, …, u — êîýôôèöèåíòû âàæíîñòè

ýëåìåíòîâ â öåëè; îïðåäåëÿþòñÿ â ñîîòâåòñòâèè

ñ ïîñòðîåííîé ðåøàþùåé ìàòðèöåé äëÿ âûáðàí-

íîé â ãðàôå ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ èåðàð-

õèè [20];

.i > 0 / i = 1, …, n — êîýôôèöèåíòû èíòåíñèâ-

íîñòè èñïîëüçîâàíèÿ ðåñóðñîâ ïðè ïðîâåäåíèè

ðàáîò â ñîîòâåòñòâèè ñ ïëàíàìè;

õi — íåêîòîðîå çíà÷åíèå íåçàâèñèìîãî ïàðàìåò-

ðà (ïëàíîâûõ ðàáîò ïî ïðèâåäåíèþ èñòî÷íèêîâ

èíôîðìàöèè ïåðâîãî óðîâíÿ ÀÑÏÂÁ â “ïðàâèëü-

íîå” ñîñòîÿíèå), ñîîòâåòñòâóþùåå îïðåäåëåí-

íîìó ÷èñëó åäèíèö îáîðóäîâàíèÿ;

g(x) � b, b > 0; (4)

b — ïðåäåëüíî äîïóñòèìàÿ âåëè÷èíà íåêîòî-

ðîãî ðåñóðñà ñ ó÷åòîì îñîáûõ óñëîâèé;

Øåñòèóðîâíåâûé ãðàô ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ äëÿ îöåíêè ãîòîâíîñòè îáîðóäîâàíèÿ ÀÑÏÂÁ ïåðâîãî óðîâíÿ îáúåêòà ÒÝÊ
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n — îáùåå ÷èñëî ìåðîïðèÿòèé, ïðîâîäèìûõ ñî-

ãëàñíî ïëàíàì (â îáùåì ñëó÷àå u è n íå ðàâíû,

òàê êàê â ñîîòâåòñòâèè ñ ãðàôîì ñòðàòåãè÷åñêî-

ãî ïëàíèðîâàíèÿ äëÿ åãî óðîâíåé, êîòîðûå âûøå

íèæíåãî, òàêæå ñëåäóåò ïðåäóñìîòðåòü çíà÷è-

ìîñòü; íå ðàâíû îíè áóäóò è â òîì ñëó÷àå, êîãäà

çàïëàíèðîâàííûå ìåðîïðèÿòèÿ áóäóò ïðîâåäåíû

íå â ïîëíîé ìåðå).

Ïðè ýòîì

� i

i

u

�
- �

1

1; (5)

.i

i

n

�
- �

1

1. (6)

Óñëîâèå (2) ðåãóëèðóåò çàãðóçêó ïåðñîíàëà, íà-

ëè÷èå ôèíàíñîâûõ èëè ìàòåðèàëüíûõ ñðåäñòâ ñ

ó÷åòîì (6) â ñîîòâåòñòâèè ñ äåðåâîì ìåðîïðèÿòèé,

îïèñûâàåìûì â ïëàíàõ. Ïðè ýòîì ñ÷èòàåòñÿ, ÷òî

ïðè èõ ðåàëèçàöèè ËÏÐ ñòðåìèòñÿ ê äîñòèæåíèþ

ïîñòàâëåííîé íà îïðåäåëåííîì íàïðàâëåíèè àãðå-

ãàòíîé öåëè (ñì. ðèñóíîê), â äàííîì ñëó÷àå ìàêñè-

ìàëüíîé ãîòîâíîñòè îáîðóäîâàíèÿ ÀÑÏÂÁ ê ðàáîòå

â îñîáûõ óñëîâèÿõ.

Ìàêñèìàëüíàÿ ýôôåêòèâíîñòü äåÿòåëüíîñòè â ñî-

îòâåòñòâèè ñ ïëàíàìè ïðè ðåøåíèè òàêîé çàäà÷è

(ôîðìóëû (1)–(4)) ðåàëèçóåòñÿ ïðè ðàâåíñòâå ëåâîé

è ïðàâîé ÷àñòåé â (4). Â ïðîòèâíîì ñëó÷àå äîñòèæå-

íèå ìàêñèìóìà &(x) îñòàâëÿåò îñòàòîê ðåñóðñà, ÷òî

äàåò âîçìîæíîñòü ïîëó÷àòü íîâûå ïðèðàùåíèÿ ëþáîé

êîìïîíåíòû xi, äëÿ êîòîðîé �i > 0, è ïðèðàùåíèå

öåëåâîé ôóíêöèè (1), ÷òî íå óêëàäûâàåòñÿ â èçíà-

÷àëüíóþ ôîðìóëèðîâêó çàäà÷è.

Åñëè ïîëó÷èòü èç óñëîâèÿ (2) xi è ó÷åñòü, ÷òî äëÿ

íåêîòîðîãî k îòíîøåíèå �k �.k ïðèìåò íàèáîëüøåå

çíà÷åíèå ïî ñðàâíåíèþ ñ îñòàëüíûìè çíà÷åíèÿìè

�i �.i, òî öåëåâàÿ ôóíêöèÿ &(õ) è óñëîâèå ïðèîáðå-

òóò òàêîé âèä [21]:

&� �
�
.

.
�
.

�
.

x b xk

k
i

i

i

k

ki

u

i� � �'
(
)

*
+
,�

-
1

; (7)

.
�
.

�
.i

i

i

k

k

�'
(
)

*
+
,

� 0. (8)

Â ýòîì ñëó÷àå ðåøàåòñÿ çàäà÷à ëèíåéíîãî ïðî-

ãðàììèðîâàíèÿ íà áåçóñëîâíûé ýêñòðåìóì, ïîòîìó

÷òî äëÿ âñåõ i 0 k çíà÷åíèÿ xi äîëæíû áûòü ðàâíû

íóëþ. Ýòî ñëåäóåò èç íîâîãî óñëîâèÿ (8), â ñîîòâåò-

ñòâèè ñ êîòîðûì ïðè âñåõ xi > 0 / i 0 k çíà÷åíèÿ &(õ)

áóäóò ìåíüøå ìàêñèìàëüíîãî.

Èç ýòîãî âûâîäà ñëåäóåò, ÷òî ðåñóðñ b ñëåäóåò íà-

ïðàâëÿòü íà ïðîâåäåíèå òîëüêî îäíîãî ìåðîïðèÿòèÿ,

ò. å. íà óâåëè÷åíèå îäíîãî ïàðàìåòðà âåêòîðà (3).

Ýòî ñïðàâåäëèâî äëÿ ëþáûõ, à íå òîëüêî íåîòðèöà-

òåëüíûõ çíà÷åíèé �i â ñëó÷àå íàëè÷èÿ ñðåäè íèõ

õîòÿ áû îäíîãî ïîëîæèòåëüíîãî.

Âî âòîðîì âàðèàíòå çàäà÷è, êîãäà ôóíêöèÿ &(õ)

íåëèíåéíà è ïðåäñòàâëÿåò ñîáîé âîãíóòóþ ôóíêöèþ,

à îãðàíè÷åíèå ëèíåéíî, ôóíêöèþ ïîèñêà êðèòåðèÿ

äëÿ îöåíêè ìàêñèìàëüíîé ýôôåêòèâíîñòè ìîæíî

çàïèñàòü â âèäå [22]:

&� &� �x x
x

ý ) max� (9)

ñ òåìè æå îãðàíè÷åíèÿìè (ñì. ôîðìóëû (2) è (4)):

g x x

g x b b

i

i

n

i( ) ;

( ) , .

� �

� 1

'
(
2

)2
�
- .

1

0

(10)

Ðåøåíèå ýòîé çàäà÷è, òàê æå êàê è ïðåäûäóùåé,

íàõîäèòñÿ íà ãðàíèöå, îïðåäåëÿåìîé îãðàíè÷åíèÿ-

ìè (10). Îáû÷íî çàäà÷è äàííîãî êëàññà ïðèíÿòî ðå-

øàòü ìåòîäîì Ëàãðàíæà [23], íî â äàííîì ñëó÷àå

óìåñòíî ïðèáåãíóòü ê äðóãîìó ðåøåíèþ ïîñòàâëåí-

íîé çàäà÷è.

Ïðåäïîëîæèì, ÷òî, ðàçáèâ ðåñóðñ b íà ÷àñòè �b,

ñîîòâåòñòâóþùèå åãî èñïîëüçîâàíèþ â îòäåëüíûõ

ìåðîïðèÿòèÿõ, ìû ñìîæåì ðàñïðåäåëèòü èõ ïîñëå-

äîâàòåëüíî. Ïðè ýòîì âðåìÿ èñïîëüçîâàíèÿ êàæäîé

äîëè ðåñóðñà íå áóäåò èìåòü ïðèíöèïèàëüíîãî çíà-

÷åíèÿ, êàê è ïîðÿäîê èñïîëüçîâàíèÿ óêàçàííûõ ñî-

ñòàâíûõ ÷àñòåé. Òîãäà íà íåáîëüøèõ ó÷àñòêàõ, ñîîò-

âåòñòâóþùèõ �b, çàäà÷ó â íåëèíåéíîé ïîñòàíîâêå

ìîæíî ðåøàòü êàê ëèíåéíóþ.

Ïî àíàëîãèè ñ íåé íàì íåîáõîäèìî íàéòè òàêîå

çíà÷åíèå &(õ), äëÿ êîòîðîãî ÷àñòíàÿ ïðîèçâîäíàÿ

ïî îäíîìó èç ïàðàìåòðîâ (ñì. ôîðìóëó (3)) ìàêñè-

ìàëüíà ñ ó÷åòîì óìíîæåíèÿ íà êîýôôèöèåíò 1�.k .

Òîãäà, âûáðàâ ìåðîïðèÿòèå xk , èñïîëüçóþùåå åãî

ðåñóðñ òàê, ÷òî

3
4
4

�
4
4

k
x

x

x

xk x ii

,
( )

max
( )

,
& &

(11)

ôóíêöèþ (9) ñëåäóåò ïåðåïèñàòü â âèäå

&� � &
.

.

.
x x x x

b
x xk

k

i

ki k

n

k n� � �
	



�

�



��

0
�-1 2 1 1, , , , , . . . ,� . (12)

Ñëåäîâàòåëüíî, ïðèðàùåíèå ôóíêöèè &(õ) íå-

îáõîäèìî îïðåäåëèòü òàê:

d&
.

4&
( )

( )
x

b x

xk k

�
4

�
�

�
4

�
4

'
(
)

*
+
,�

-
4& .

.
4&( ) ( )x

x

x

x
x

i

i

k ki

n

i

1

d ,

(13)

èëè

d&
.

4&
( )

( )
x

b x

xk k
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4
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4

�
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*
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4&
.

4&
i k

i
k

ki

n

i

x

x

x

x
x1 1

1

( ) ( )
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ãäå k
x

xi
i

i

�
4

	


�

�


�

'
(
)

*
+
,

�Arg max
( )

..
4&1 (15)

Èñõîäÿ èç òîãî ÷òî âñå âåëè÷èíû â (13) è (14) ïîä

çíàêîì ñóììû íå ïîëîæèòåëüíû, ïðè ðàñïðåäåëå-

íèè �b ìîæåì ñ÷èòàòü, êàê è â ïðåäûäóùåé ïîñòà-

íîâêå, ÷òî îïòèìàëüíîå ðåøåíèå â ýòîì ñëó÷àå ñî-

ñòîèò â èñïîëüçîâàíèè âñåãî ðåñóðñà �b òîëüêî äëÿ

îäíîãî ìåðîïðèÿòèÿ k.

Àíàëèç ðåçóëüòàòîâ

Ïîñëåäîâàòåëüíî ïðîâîäÿ ðåøåíèå äàííîé çà-

äà÷è äëÿ ðàçëè÷íûõ�b, ìîæíî âèäåòü, ÷òî â êàæäîì

ñëó÷àå çíà÷åíèå max ( )
x

x& áóäåò íàéäåíî äëÿ ðàç-

ëè÷íûõ ìåðîïðèÿòèé. À âûâîä î íåîáõîäèìîñòè èñ-

ïîëüçîâàíèÿ âñåãî ðåñóðñà �b íà k-å ìåðîïðèÿòèå

ãîâîðèò ëèøü î òîì, ÷òî íå ñëåäóåò ðàñïûëÿòü åãî

ìåæäó íåñêîëüêèìè ìåðîïðèÿòèÿìè.

Íåîáõîäèìî çàìåòèòü, ÷òî â ñëó÷àå ðåøåíèÿ çà-

äà÷è îïðåäåëåíèÿ ãîòîâíîñòè îáîðóäîâàíèÿ ÀÑÏÂÁ

â äàííîé ïîñòàíîâêå âîññòàíîâèòåëüíûå ìåðîïðè-

ÿòèÿ, ïðåäóñìîòðåííûå ïëàíàìè, áóäóò ïðîâîäèòü-

ñÿ òàê, ÷òî è ñàì âåêòîð (3) áóäåò ìåíÿòüñÿ, è â íåì

áóäóò ìåíÿòüñÿ ÷èñëî è õàðàêòåð ìåðîïðèÿòèé. Ýòî

ñâÿçàíî ñ òåì, ÷òî äëÿ êàæäîãî èç xk áóäåò íàõî-

äèòüñÿ ñâîå ìåðîïðèÿòèå, à äëÿ îñòàëüíûõ ðàñ÷åò

áóäåò âûïîëíÿòüñÿ áåç íåãî íà ñëåäóþùåì øàãå

ðàñïðåäåëåíèÿ �b. Â ýòîì ñëó÷àå äëÿ êàæäîãî øàãà

ïðè èñïîëüçîâàíèè ÷àñòè ðåñóðñà �b ñëåäóåò ïðå-

äóñìîòðåòü ñâîé âåêòîð ìåðîïðèÿòèé xt:

x x x xt t t
n
t� { , , . . . , },1 2 (16)

à òàêæå è ñâîé âåêòîð èíòåíñèâíîñòè èõ ïðîâåäåíèÿ:

. . . .t t t
n
t� { , , . . . , }.1 2 (17)

Òîãäà, ïðèíèìàÿ, ÷òî âñåãî áóäåò ðàñïðåäåëåíî

Ò ïîðöèé ðåñóðñà, ãäå

Ò = b��b, (18)

ìîæíî çàïèñàòü ñëåäóþùóþ ôîðìóëó èíòåãðàëüíîé

ãîòîâíîñòè îáîðóäîâàíèÿ ÀÑÏÂÁ äëÿ Ò âîññòàíî-

âèòåëüíûõ ìåðîïðèÿòèé, äëÿ êîòîðûõ âîçìîæíî èñ-

ïîëüçîâàíèå ðåñóðñà b, ïðè÷åì åãî ÷àñòè �b õâàòèò

äëÿ ïîëíîãî ïðîâåäåíèÿ óêàçàííûõ ìåðîïðèÿòèé:

d ý& .
4&� �t

k
t

t

T

k
t

x b
x

x
( ) ( ) ,�

4
�

�
-� 1

1

(19)

ãäå t — íîìåð øàãà;

k
t — èíäåêñ ìåðîïðèÿòèÿ èç ïëàíà, äëÿ êîòî-

ðîãî öåëåâàÿ ôóíêöèÿ íà t-ì øàãå ïðèíèìàåò

ìàêñèìàëüíîå çíà÷åíèå.

Çàêëþ÷åíèå

Çàäà÷à, ïðèâåäåííàÿ â äâóõ ðàçëè÷íûõ ïîñòàíîâ-

êàõ è ñ îäíèì îãðàíè÷åíèåì, ïîêàçûâàåò, êàê, èñ-

ïîëüçóÿ ïîñëåäîâàòåëüíûå ïðèðàùåíèÿ çíà÷åíèÿ ðå-

ñóðñà, îãðàíè÷åííîãî çà ñ÷åò îñîáûõ óñëîâèé, ìîæíî

îöåíèòü ýôôåêòèâíîñòü çàïëàíèðîâàííûõ ìåðîïðè-

ÿòèé ïî âîññòàíîâëåíèþ îáîðóäîâàíèÿ ÀÑÏÂÁ. Ïðè

ýòîì ïëàíèðîâàíèå ìåðîïðèÿòèé è îöåíêà èõ çíà÷è-

ìîñòè âûïîëíÿþòñÿ ñ ó÷åòîì èåðàðõèè, ïîëó÷àåìîé

â ðåçóëüòàòå ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ.

Ïðèâåäåííûå â íàñòîÿùåé ñòàòüå ïðåîáðàçîâà-

íèÿ ìîãóò áûòü ëåãêî ïðèìåíåíû äëÿ ñëó÷àÿ ðàçäå-

ëåíèÿ äàííîãî îáîðóäîâàíèÿ íà êëàññû è ïîäêëàññû,

à òàêæå ïðè èçìåíåíèè õàðàêòåðà îãðàíè÷åíèé èëè

èñïîëüçîâàíèè íåñêîëüêèõ îãðàíè÷åíèé. Òàêîå ìàñ-

øòàáèðîâàíèå ïîçâîëèò ñîçäàòü óäîáíûé àëãîðèòì

ïîääåðæêè óïðàâëåíèÿ ËÏÐ â ÀÑÏÂÁ, ÷òî â ñâîþ

î÷åðåäü ïðè íàëè÷èè îñîáûõ óñëîâèé ïîçâîëèò

ïîääåðæèâàòü ÏÁ îáúåêòà ÒÝÊ íà äîëæíîì óðîâíå.
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ABSTRACT

Introduction. The necessity of obtaining by decision makers (DM) of complete information on first level information

distribution equipment operating readiness of Automated Process Control Systems (APCS) at any time. Data on

the pre-fire condition at a facility of the fuel and energy complex (FEC) is transmitted using the control elements

of Automated Fire and Explosion Safety Systems (AFES) as a part of the APCS. The connection of determining

the state of readiness of the AFES equipment with the degree of preventive maintenance is shown. The aim of

the study is to obtain a scientifically based tool for determining AFES equipment operating readiness.

Research methods. In order to solve the problem, there was selected a six-level graph of strategic planning model

that is offered to a DM for use while evaluating the first level information distribution AFES equipment operating

readiness. The hierarchy is based on the implementation of plans for the maintenance, repair and replacement

of equipment. There were simulated verification measures and remedial procedures by using the method of

successive increments. Two problems of mathematical programming are proposed — linear and nonlinear one.

In the first case, a new form of the objective function was obtained, taking into account the maximum efficiency of

plans implementation. In the nonlinear formulation in different forms, the criterion search function is considered

to estimate the maximum efficiency. Optimal task solving is a conclusion about the use of a certain resource for

one specific event.

Study results. The conclusion was made about the feasibility of using the entire resource for a specific event. When

solving the optimization problem in the nonlinear formulation, the dynamism of the parameters of the planned

work vector to bring the first level AFES information sources in the required state, as well as the work performance

intensity vector, is noted. As a result, there was proposed an AFES equipment integral operating readiness formula

for a certain number of remedial measures.

Conclusion. A method for evaluating the effectiveness of remedial measures for AFES, taking into account the re-

source limited by special conditions, is obtained. The use of the method gives an opportunity for on-duty shifts of

the fuel and energy complex facility to promptly respond to pre-fire situations.

Keywords: automation; fire safety; automated process control systems; fire and explosion safety systems; fuel

and energy complex; integral index; analysis; hierarchy; readiness status; strategic planning; significance; fires;

explosions.
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Introduction

The facilities of the fuel and energy complex (FEC) are

a constant source of security threat, including fire, the en-

vironmental safety. In this regard, an important task is

to predict the readiness of fire equipment to perform its

functions [1]. However, having strategic significance,

fuel industry enterprises need preliminary planning and

actual control of sustainable and safe operation [2, 3].

It is extremely important to be able to anticipate and

timely prevent the occurrence of a fire and explosion

hazard situation at a fuel and energy complex of any

scale. A rather difficult task is to determine the scope of

monitoring of security systems and fire protection at

such facilities. According to [4], the definition of this

volume should be carried out on the basis of expert eva-

luations of employees participating in the operation of

these systems. If there are restrictions on obtaining in-

formation, estimates may not be performed correctly.

As an example of the process of obtaining such evalua-

tions, one can cite a detailed data analysis [5] received

from expert staff at various levels working in fire ha-

zardous areas of oil and gas facilities. Decision makers

(DM) at the fuel and energy facilities need prompt

(real-time) confirmed information on the state of readi-

ness for operation and reliability of fire automatics sys-

tems, gas fire detectors [6], environmental status sen-

sors and other fire alarm systems or pre-fire devices

[7, 8]. The decision making time required by DM to
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take the right decision in terms of fire safety (FS) [9]

largely depends on the completeness of the information.

All of these information sources for decision makers in

Automated Process Control Systems (APCS) are the first

level information distributors. As a rule, Automated Fire

and Explosion Safety Systems (AFES) are built into

the control system facilities at the fuel and energy com-

plex facilities. The principles of their work are based on

timely informing the decision maker of possible dange-

rous situations [10]. To find out the operating readiness

state of first level AFES equipment, it is necessary to

plan activities for bringing it in a ready state in dangerous

situations. In this case, the priority task for the decision-

maker is to evaluate the degree of implementation of

certain components of these plans and the possibility of

carrying out and the importance of some of the activi-

ties included in them with the help of monitoring tools or

special embedded AFES software [11]. The number of

fires and explosions prevented at fuel and energy facili-

ties depends on the success of such evaluations [12].

Preventive maintenance by the repair and main-

tenance team at the fuel and energy complex to identify

the required repair or replacement of AFES equipment

is a priority and strategic goal in evaluating its operat-

ing readiness. The heterogeneity of such equipment and

its maintenance, repair and replacement activities is of

secondary importance. The main evaluation criterion is

the possible influence of one or another unit of first level

information distribution AFES equipment on the stra-

tegic goal of decision makers to provide fire safety at

a facility of the fuel and energy complex.

Today, many enterprises of the fuel and energy

complex use control systems and ensure fire safety of

foreign production [13, 14]. In [15] it is claimed that

80 % of this market is occupied by foreign manufac-

turers. In terms of the volume of this product, PE Arton

takes the leading position (36 %), followed by Beijing

PT Security Technology (33 %) and Wizmart Techno-

logy (11 %). In terms of value, the shares occupied by

manufacturers on the market for this product are distri-

buted as follows: Bosch — 11 %, Hekatron — 9 %,

Honeywell — 8 % [15]. Recently, due to sanctions on

fuel and energy facilities, difficulties have arisen with

the supply of imported equipment for AFES intended

for sending information to decision makers, as well

as for upgrading the process control system at infra-

structure facilities. Thus, for example, when designing

the modernization of a fuel and energy complex facility

according to [16], the wear of the originally supplied

and non-replaced process equipment was about

80–100 %. This is partially due to the fact that the repla-

cement process is complicated due to significant restric-

tions on the required supplies. In this regard, it should

be noted that the identification of the most important

elements of the equipment is of paramount importance.

The conditions of operation of fuel and energy facili-

ties, under which there are restrictions on the supply,

timely replacement and verification of equipment, will

be called special ones. If it is impossible to conduct se-

parate planned activities, it is advisable to develop new

models for providing fire safety at the fuel and energy

complex facilities, changing, for example, the nature of

information transfer inside the facility or the mounting

points of sensors and detectors. Although the latter

measure does not seem to be very appropriate, as it may

cause violation of the general fire and explosion alarm

scheme.

The purpose of this article is to obtain a reasonable

tool for evaluating the effectiveness of planned me-

asures for the restoration of low-level AFES equipment.

To achieve it, the authors have set the task of analyzing

and identifying the equipment operating readiness for

ensuring fire and explosion safety in an automated way

at fuel and energy facilities. Simulation of remedial me-

asures is performed by the method of successive incre-

ments when considering two problems of mathematical

programming — linear and nonlinear one. Obtaining

their optimal solutions is described, which consists in

recommending the use of a certain resource for one spe-

cific event.

Research methods

In order to simulate the importance of individual

measures, strategic planning was used in evaluating first-

level AFES equipment operating readiness [17, 18].

The basic rule described in [17, 18] is a graph of stra-

tegic planning based on a hierarchy of goals, objectives,

directions, clusters, events, etc. Its analysis in conduct-

ing the evaluation of first level AFES equipment ope-

rating readiness is the main method that should be used

by a DM to achieve the desired goal.

Let us consider an analogue of the specified graph.

Let us construct a similar graph based on the hierarchy

of the implementation of the plans for the maintenance,

repair and replacement of the specified equipment (see

Figure). Let us call it a graph of strategic planning for

evaluating the first level AFES equipment operating

readiness of a fuel and energy complex facility. The goal

of the DM and the quality indicator for the entire group

of these activities will be the DM’s evaluation of AFES

equipment operating readiness in an automated mode.

The maximum level of AFES equipment operating

readiness will be its state that will let eliminate any

dangerous or potentially dangerous situation before

the onset of dangerous consequences. In order to do this,

it is necessary to have the resources to bring the first-

level information distribution AFES equipment in

the best condition. Inspections and planned measures

for the remedial procedures as for the equipment can be

simulated differently.

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ
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If we use the method of successive increments in

order to do this [19], then we can consider at least two

problems of mathematical programming to determine

the AFES equipment operating readiness. The first one

is a linear programming problem with one constraint.

The main idea is to find the maximum of the additive

objective function &(xe) for readiness parameters, the va-

lues of which can be determined by plans for the repair,

maintenance, restoration or replacement of information

sources of first level AFES, with a limit on the specified

resource type b due to special conditions. At the same

time, the overall integral readiness index for all the re-

quired AFES equipment will be determined.

In this formulation the problem can be considered as
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where õe is a vector value at which the objective func-

tion &(õ) takes the maximum value;

x — vector of independent parameters (of planned

work to bring information sources of first level

AFES in the “correct” state);

x = {x1, x2, …, xu }; (3)

u — the number of units of required equipment;

�i � 0 / i = 1, …, u — coefficients of elements im-

portance in the goal; are determined in accordance

with the constructed decision matrix for the hierarchy

selected in the graph of strategic planning [20];

.i > 0 / i = 1, …, n — resource utilization factors

for performing work in accordance with plans;

õi — a certain value of an independent parameter

(of planned work to bring information sources of

first level AFES equipment to “correct” state) corres-

ponding to a certain number of unit of equipment;

g(x) � b, b > 0; (4)

b — the maximum permissible value of a certain

resource taking into account special conditions;

n — the total number of activities carried out ac-

cording to the plans (in general u and n are not equal,

as in accordance with the graph of strategic planning

for its levels, which are higher than the lower one,

we should also take into account the significance;

they will not be equal even if the planned activities

will not be fully implemented).

At the same time
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�
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1; (5)
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n

�
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1. (6)

Condition (2) regulates the loading of personnel,

the availability of financial or material resources taking

into account (6) in accordance with the action tree de-

scribed in the plans. At the same time, it is considered

that during their implementation, the DM seeks to

achieve the aggregate goal set in a certain direction (see

Figure), in this case, this goal is the maximum readiness

of AFES equipment to work in special conditions.

Six-level graph of strategic planning for evaluating the first level AFES equipment operating readiness of a fuel and energy complex

facility
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The maximum efficiency of activities in accordance

with the plans in solving this problem (formulas (1)–(4))

is realized with equality of the left and right parts in (4).

Otherwise, reaching a maximum &(x) leaves the rest of

the resource, which makes it possible to get new incre-

ments of any component xi, for which �i > 0, and the in-

crement of the objective function (1), that does not fit

into the original formulation of the problem.

If it is obtained from the condition (2) xi and con-

sider that for some k a ratio �k�.k will take the greatest

value in comparison with other values �i�.i, then

the objective function &(õ) and the condition will take

this form [21]:
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In this case, the linear programming problem is

solved for an unconditional extremum, because for all

i 0 k the values xi must be zero. This follows from

the new condition (8), according to which at xi > 0 /
i � k the value &(õ) will be less than the maximum.

It follows from this conclusion that the resource b

should be directed to conduct only one event, i. e. to in-

crease one parameter of the vector (3). This is true for

any and not only for nonnegative values �i if there is

at least one positive one among them.

In the second variant of the problem, when the func-

tion &(õ) is not linear and is a concave function, and

the limitation is linear, the criterion search function for

evaluating maximum efficiency can be written as [22]:

&� &� �x xe
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with the same limitations (see formulas (2) and (4)):
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The solution to this problem, as well as to the pre-

vious one, is on the boundary determined by the restric-

tions (10). The class of these problems is usually solved

by the Lagrange method [23], but in this case it is ap-

propriate to resort to another solution of the problem.

Let us suppose that by dividing a resource b into

parts �b, appropriate to its use in individual events, we

will be able to distribute them consistently. At the same

time the use of each share of the resource will not be of

fundamental importance, as well as the use of these

components. Then for small sections corresponding

to �b, the problem in the nonlinear formulation can be

solved as a linear one.

By analogy with it, we need to find such a value

&(õ), for which the partial derivative with respect to

one of the parameters (see formula (3)) is maximum

taking into account multiplication by the coefficient

1�.k. Then, after choosing an event xk, using the re-

source in such a way that
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function (9) should be rewritten as

&� � &
.

.

.
x x x x

b
x xk

k

i

ki k

n

k n� � �
	



�

�



��

0
�-1 2 1 1, , , , , . . . ,� . (12)

Therefore, the function increment &(õ) should be

defined as:
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Assuming that all values in (13) and (14) under

index of summation are not positive, the distribution �b

we can assume, as in the previous formulation, that the

optimal solution in this case is to use the entire resource

�b for one event only k.

Results analysis

Consistently pursuing the solution of this problem

for various �b, it can be seen that in each case the value
max ( )

x
x& will be found for various events. And the con-

clusion about the need to use the entire resource �b for

k event says only that it should not be spread between

several events.

It should be noted that in the case of solving the pro-

blem of determining the AFES equipment readiness in

this formulation, the remedial measures provided for by

the plans will be carried out in such a way that the vector

itself (3) will change and the number and the nature of

the measures will change as well. This is due to the fact

that for each of xk will be its own event, and for the rest

ones, the calculation will be performed without it at

the next distribution step �b. In this case, for each step

when using a part of the resource �b one should provide

his�her own vector of events xt:

x x x xt t t
n
t� { , , . . . , },1 2 (16)
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as well as his�her own intensity vector of their conduc-

tion:

. . . .t t t
n
t� { , , . . . , }.1 2 (17)

Then, assuming that everything will be distributed

Ò resource portions, where

Ò = b��b, (18)

We can write the following formula for the integral

AFES equipment readiness for T remedial measures for

which resource b is possible, and its parts �b will be

enough to complete these activities:

d& .
4&� �t

e k
t

t

T

k
t

x b
x

x
( ) ( ) ,�

4
�

�
-� 1

1

(19)

where t — step number;

k
t — event index from the plan for which the objec-

tive function during the t step takes the maximum

value.

Summary

The problem, given in two different productions

and with one constraint, shows how, using successive

increments the value of the resource, limited by special

conditions, one can evaluate the effectiveness of the plan-

ned measures for the restoration of the AFES equip-

ment. At the same time, the planning of activities and

the evaluation of their significance are carried out taking

into account the hierarchy obtained as a result of stra-

tegic planning.

The transformations, which are given in this article

can be easily applied to the case of dividing this equip-

ment into classes and subclasses, as well as while chang-

ing the nature of the restrictions or using several restric-

tions. Such scaling will allow creating a convenient

algorithm for supporting the management of decision

makers while dealing with AFES system, which, in its turn,

under special conditions, will allow ensuring proper level

of fire safety at a facility of fuel and energy complex.
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Òåõíîëîãèÿ óñòðàíåíèÿ òå÷è â ãîðèçîíòàëüíî

ðàñïîëîæåííîì ðåçåðâóàðå

© À. Í. Äåíèñîâ1(�), Ñ. Í. Øåðåìåòüåâ2

1 Àêàäåìèÿ Ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ Ðîññèè

(Pîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)
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ÐÅÇÞÌÅ

Ââåäåíèå. Îäíèì èç ñàìûõ ðàñïðîñòðàíåííûõ ñïîñîáîâ óñòðàíåíèÿ òå÷è èç ñðåäñòâ õðàíåíèÿ (ðåçåðâóàðîâ)

è òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ ÿâëÿåòñÿ îñâîáîæäåíèå ðåçåðâóàðîâ, â êîòîðûõ îáíàðóæåíà òå÷ü, îò õðà-

íÿùèõñÿ â íèõ ïðîäóêòîâ. Ê äðóãèì ñïîñîáàì îòíîñèòñÿ ðåìîíò ðåçåðâóàðîâ ïóòåì çàäåëêè òðåùèí è ñêâîç-

íûõ îòâåðñòèé ñ ïîìîùüþ ïðèñïîñîáëåíèé, âêëþ÷àþùèõ ïðîäóêòîñòîéêèå íàêëàäêè è âñòàâêè (ïðîáêè), ñïå-

öèàëüíûå ñòÿæíûå áîëòû (çàêëåïêè) ñ øàéáàìè è ãàéêàìè, à òàêæå ââåäåíèå â ïðîäóêò îòðóáåé. Ýêñïåðè-

ìåíòàëüíûé è àíàëèòè÷åñêèé àíàëèç ñîñòàâà îïåðàöèé ïðè ïðèìåíåíèè ýòèõ ñïîñîáîâ ïîêàçàë, ÷òî îíè

îòëè÷àþòñÿ áîëüøîé òðóäîåìêîñòüþ, a ýòî óâåëè÷èâàåò âðåìÿ, çàòðà÷èâàåìîå íà óñòðàíåíèå òå÷è.

Ìåòîäû. Ñóùíîñòü òåõíîëîãèè çàêëþ÷àåòñÿ â òîì, ÷òî ìåæäó ñòàíäàðòíîé íàäóâíîé ïîäóøêîé ñ ïðîóøèíàìè â

óãëàõ è âåðõíèìè è íèæíèìè íàòÿæíûìè ðåìíÿìè ìîíòèðóåòñÿ ïðèñîåäèíèòåëüíûé óçåë, êîòîðûé ïîçâîëÿåò

èñïîëüçîâàòü íà äâà ðåìíÿ ìåíüøå. Â ñòàòüå ïðèâåäåíû ôîòîãðàôèè ïðèñîåäèíèòåëüíîãî óçëà è îñíîâíûõ

ýòàïîâ íàêëàäûâàíèÿ íàäóâíîé ïîäóøêè íà æåëåçíîäîðîæíóþ öèñòåðíó ïðè âåðòèêàëüíîì ðàñïîëîæåíèè

êðåïÿùèõ ðåìíåé.

Ðåçóëüòàòû è èõ îáñóæäåíèå. Ïðåäëàãàåìàÿ òåõíîëîãèÿ îáåñïå÷èâàåò äîñòèæåíèå ñîöèàëüíîãî, ýêîíîìè-

÷åñêîãî è òåõíè÷åñêîãî ðåçóëüòàòîâ, à èìåííî: ïîâûøåíèÿ áåçîïàñíîñòè ðàáîò ïî óñòðàíåíèþ òå÷è; ïîâûøå-

íèÿ îïåðàòèâíîñòè; ñîêðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è ïóòåì óñêîðåíèÿ ïðîöåññà óñòàíîâêè íàäóâíîé

ïîäóøêè; ïîâûøåíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè, áëàãîäàðÿ ñîêðàùåíèþ âðåìåíè, çàòðà÷èâàåìîãî íà

óñòðàíåíèå òå÷è; îáåñïå÷åíèÿ áîëåå âûñîêîãî óðîâíÿ áåçîïàñíîñòè ïóòåì èñêëþ÷åíèÿ ðàáîò íà âûñîòå è ñî-

êðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è; óïðîùåíèÿ îïåðàöèé è ñíèæåíèÿ èõ òðóäîåìêîñòè çà ñ÷åò ñîêðàùåíèÿ

îáùåãî êîëè÷åñòâà îïåðàöèé; óìåíüøåíèÿ âëèÿíèÿ ÷åëîâå÷åñêîãî ôàêòîðà íà âðåìÿ óñòðàíåíèÿ òå÷è.

Âûâîä. Ñðàâíèòåëüíûé õðîíîìåòðàæ óñòàíîâêè íàäóâíîé ïîäóøêè îáùåïðèíÿòûìè ñïîñîáàìè è ïîñðåä-

ñòâîì ïðåäëàãàåìîé òåõíîëîãèè ïîêàçàë ñëåäóþùåå: ïðîäîëæèòåëüíîñòü óñòðàíåíèÿ òå÷è èçâåñòíûì ñïîñî-

áîì ñîñòàâëÿåò 15–20 ìèí, à ïî ïðåäëàãàåìîé òåõíîëîãèè — 3–5 ìèí. Äëÿ îáåñïå÷åíèÿ èñêðîáåçîïàñíîñòè

ïðèñîåäèíèòåëüíûé óçåë îáðåçèíèâàåòñÿ.

Êëþ÷åâûå ñëîâà: íàäóâíàÿ ïîäóøêà; îïûò; ïðèñîåäèíèòåëüíûé óçåë; ðåçåðâóàð; òðóäîåìêîñòü; ÷åëîâå÷åñêèé

ôàêòîð.
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ABSTRACT

Introduction. One of the most common ways to eliminate leaks from storage facilities (tanks) and process equip-

ment is to release the tanks in which a leak is detected from the product stored in it. The following methods are

the repair of tanks-sealing cracks and through holes with the help of devices, including product-resistant lining

and inserts (plugs), special tie bolts (rivets) with washers and nuts, as well as the introduction of the product bran.

Experimental and analytical analysis of the composition of the operations of these methods showed that they have

a great complexity, which increases the time to eliminate leaks.

Technology. The essence of the technology lies in the fact that between the standard inflatable pillow with eyelets

in the corners and the upper and lower tension belts are attached to the connecting unit. The connecting node
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allows the use of two belts less. The article presents photos of the connecting unit and the main stages of the infla-

table pillow overlay at the vertical location of the fastening belts on the railway tank.

Results and discussion. The proposed technology ensures the achievement of social, economic and technical

results, consisting in: improving the safety of work to eliminate leaks; increasing efficiency; reducing the time of

elimination of leaks by accelerating the installation of an inflatable pillow; increasing environmental safety, by re-

ducing the time of elimination of leaks; providing a higher level of security by eliminating the actions at height and

reduce the time of elimination of leaks; simplification and reduction of labor intensity by reducing the total number

of operations; reducing the impact of human factors on the duration of time to eliminate leaks.

Conclusion. The comparative timing of the installation of an inflatable pillow by conventional methods and through

the proposed technology showed the following: the duration of the leak elimination by the known method was

15–20 minutes; the duration of the leak elimination by the considered technology was 3–5 minutes. To ensure

intrinsic safety, the connecting node is rubber-coated.

Keywords: inflatable pillow; experience; connecting node; tank; labor intensity; human factor.
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Ââåäåíèå

Îñíîâíîé ïðè÷èíîé óòå÷åê ïðîäóêòà èç ðåçåðâóàðà

äëÿ õðàíåíèÿ îïàñíûõ õèìè÷åñêèõ âåùåñòâ èëè

èõ ñîåäèíåíèé, “êîòîðûå ïðè ïîïàäàíèè â îêðóæà-

þùóþ ñðåäó ñïîñîáíû âûçâàòü ÷ðåçâû÷àéíóþ ñè-

òóàöèþ (×Ñ): çàðàçèòü âîçäóõ, âîäó, ïî÷âó, ïðèâåñòè

ê îòðàâëåíèþ è ãèáåëè ëþäåé, æèâîòíûõ, ðàñòåíèé,

õðàíÿùèõñÿ îáû÷íî â âèäå ãàçà èëè æèäêîñòè, ÿâëÿ-

åòñÿ ïëîõîå òåõíè÷åñêîå ñîñòîÿíèå ñðåäñòâ õðàíå-

íèÿ è òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ, âûçûâàåìîå

íåñâîåâðåìåííûì ïðîâåäåíèåì ïðîôèëàêòè÷åñêèõ

ðåìîíòîâ, íàðóøåíèåì ïðàâèë ýêñïëóàòàöèè è

íèçêîé òåõíè÷åñêîé êóëüòóðîé îáñëóæèâàþùåãî

ïåðñîíàëà” [1–8]. Óòå÷êà ýêîëîãè÷åñêè îïàñíîãî

ïðîäóêòà â ïðîöåññå íàêàïëèâàíèÿ ïðåäñòàâëÿåò

áîëüøóþ îïàñíîñòü êàê äëÿ îáñëóæèâàþùåãî ïåð-

ñîíàëà, òàê è äëÿ îêðóæàþùåé ñðåäû [9–13]. “Òàê,

ïðè ñêîðîñòè èñòå÷åíèÿ äâå êàïëè â ñåêóíäó óòå÷êà

áåíçèíà ñîñòàâëÿåò ïðèìåðíî 3,5 êã�ñóò. Â çàêðûòîì

ïîìåùåíèè ñêëàäà ïðè îòñóòñòâèè âåíòèëÿöèè îá-

ðàçóåòñÿ âçðûâîîïàñíàÿ ñìåñü, îáúåì êîòîðîé çà-

âèñèò” [1] íå òîëüêî îò ïåðèîäà âðåìåíè äî åå óñòðà-

íåíèÿ, íî è îò ïðîäîëæèòåëüíîñòè ïðîöåññà óñòðà-

íåíèÿ òå÷è. Òàêèì îáðàçîì, äëÿ ïðåäîòâðàùåíèÿ

âîçíèêíîâåíèÿ îïàñíîé ñèòóàöèè ïðè âîçíèêíîâå-

íèè òå÷è ðåçåðâóàðà îäíèì èç ðåøàþùèõ ìîìåíòîâ

ÿâëÿåòñÿ ìèíèìèçàöèÿ âðåìåíè óñòðàíåíèÿ òå÷è ðå-

çåðâóàðà.

Ê îäíèì èç ñàìûõ ðàñïðîñòðàíåííûõ ñïîñîáîâ

óñòðàíåíèÿ òå÷è îòíîñèòñÿ îñâîáîæäåíèå ðåçåðâó-

àðîâ, â êîòîðûõ îáíàðóæåíà òå÷ü, îò õðàíÿùèõñÿ â

íèõ ïðîäóêòîâ [14–16]. Îäíàêî â ýòîì ñëó÷àå òå÷ü,

â çàâèñèìîñòè îò åå ðàñïîëîæåíèÿ, ìîæåò ñîõðà-

íÿòüñÿ äî òåõ ïîð, ïîêà åìêîñòü ïðàêòè÷åñêè ïîëíî-

ñòüþ íå îñâîáîäèòñÿ îò ïðîäóêòà, ÷òî îòíþäü íå ñïî-

ñîáñòâóåò ðåøåíèþ ïðîáëåìû ñîêðàùåíèÿ âðåìåíè

ëèêâèäàöèè òå÷è.

Äðóãèìè ñïîñîáàìè óñòðàíåíèÿ òå÷è â ðåçåðâóà-

ðàõ ÿâëÿþòñÿ çàäåëêà òðåùèí è ñêâîçíûõ îòâåðñòèé

ñ ïîìîùüþ ïðèñïîñîáëåíèé, âêëþ÷àþùèõ ïðîäóê-

òîñòîéêèå íàêëàäêè è âñòàâêè (ïðîáêè), ñïåöèàëü-

íûå ñòÿæíûå áîëòû (çàêëåïêè) ñ øàéáàìè è ãàéêàìè

[17–19], à òàêæå ââåäåíèå â ïðîäóêò îòðóáåé, êîòî-

ðûå ïîòîêîì æèäêîñòè ïðèòÿãèâàþòñÿ ê îòâåðñòèþ

è çàêóïîðèâàþò åãî ïîä äàâëåíèåì æèäêîñòè. Â êà-

÷åñòâå îòðóáåé ïðèìåíÿþòñÿ ïëàñòìàññîâûå õëîïüÿ

ðàçìåðîì îò 1 äî 50 ìì [1]. Îäíàêî è â ýòîì ñëó÷àå

ñîõðàíÿåòñÿ ïðîáëåìà ñîêðàùåíèÿ âðåìåíè óñòðà-

íåíèÿ òå÷è, ïîñêîëüêó íà îáðàçîâàíèå ïðîáêè, çà-

êðûâàþùåé åå, òðåáóåòñÿ ìíîãî âðåìåíè. Ïðè ýòîì

íåò ãàðàíòèè, ÷òî òå÷ü áóäåò óñòðàíåíà ïîëíîñòüþ.

Ïðîáëåìà ñîêðàùåíèÿ âðåìåíè óñòðàíåíèÿ òå÷è

ðåøàåòñÿ ïðèìåíåíèåì ñïîñîáà åå óñòðàíåíèÿ â ãî-

ðèçîíòàëüíî ðàñïîëîæåííîì ðåçåðâóàðå äëÿ õðàíå-

íèÿ ãàçà èëè æèäêîñòè, êîòîðûé çàêëþ÷àåòñÿ â ñëå-

äóþùåì. Ê íàäóâíîé ïîäóøêå ñ âåðòèêàëüíûìè ïðî-

óøèíàìè ïðèñîåäèíÿþò ïî äâà âåðõíèõ è íèæíèõ

íàòÿæíûõ ðåìíÿ. Çàòåì íèæíèå ðåìíè ïîî÷åðåäíî

ïðîòàñêèâàþò ïîä ðåçåðâóàðîì íà ñòîðîíó, ïðîòè-

âîïîëîæíóþ ïîâðåæäåííîìó ó÷àñòêó. Ïîñëå ýòîãî

ñ âåðõíèìè íàòÿæíûìè ðåìíÿìè ïîäíèìàþòñÿ íà

ðåçåðâóàð è ïîäòÿãèâàþò èõ íà ñåáÿ äî òåõ ïîð, ïîêà

íàäóâíàÿ ïîäóøêà íå ïðèìåò âåðòèêàëüíîå ïîëîæå-

íèå è íå íàêðîåò ïîâðåæäåííûé ó÷àñòîê ðåçåðâóàðà.

Óäåðæèâàÿ ïîäóøêó â òàêîì ïîëîæåíèè, ïîî÷åðåäíî

ïåðåäàþò âåðõíèå ðåìíè íà ñòîðîíó, ïðîòèâîïîëîæ-

íóþ ïîâðåæäåííîìó ó÷àñòêó. Çàòåì ñî ñòîðîíû, ïðî-

òèâîïîëîæíîé ïîâðåæäåííîìó ó÷àñòêó, âåðõíèå è

íèæíèå íàòÿæíûå ðåìíè íàòÿãèâàþò òàê, ÷òîáû ïî-

äóøêà ïëîòíî ïðèëåãàëà ê ïîâðåæäåííîìó ó÷àñòêó

âíåøíåé îáîëî÷êè ðåçåðâóàðà, è ôèêñèðóþò èõ. Íà-

êîíåö, ïîäóøêó íàêà÷èâàþò âîçäóõîì äî äàâëåíèÿ,

îáåñïå÷èâàþùåãî óñòðàíåíèå òå÷è [20, 21].

Àíàëèç ñîñòàâà îïåðàöèé ïðè ýòîì ñïîñîáå è

ïîñëåäîâàòåëüíîñòè èõ âûïîëíåíèÿ ïîêàçàë, ÷òî îí

îòëè÷àåòñÿ áîëüøîé òðóäîåìêîñòüþ. Ýòî ïðèâîäèò

ê óñëîæíåíèþ ñïîñîáà è, êàê ñëåäñòâèå, ê óâåëè÷å-

íèþ âðåìåíè óñòðàíåíèÿ òå÷è. Êðîìå òîãî, ïðè ýêñ-
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òðåííîé çàäåëêå òå÷è â ðåæèìå äåôèöèòà âðåìåíè

èç-çà ÷åëîâå÷åñêîãî ôàêòîðà âîçìîæåí âàðèàíò ïåðå-

ïóòûâàíèÿ ðåìíåé â ìîìåíò ïåðåäà÷è èõ íà ïðîòè-

âîïîëîæíóþ ñòîðîíó, ÷òî ïîòðåáóåò ïîâòîðíîé óñòà-

íîâêè ïîäóøêè â òðåáóåìîå ïîëîæåíèå è ïðèâåäåò

ê óâåëè÷åíèþ âðåìåíè óñòðàíåíèÿ òå÷è. Ïîñêîëüêó

ïðè ýòîì ñïîñîáå ñíà÷àëà ïðèñîåäèíÿþò ê íàäóâ-

íîé ïîäóøêå íàòÿæíûå ðåìíè, à çàòåì íàäóâíóþ

ïîäóøêó íàêëàäûâàþò íà ïîâðåæäåííûé ó÷àñòîê,

ïîäòÿãèâàÿ íà ñåáÿ ïðèñòåãíóòûå ê íåé âåðõíèå íà-

òÿæíûå ðåìíè, ýòî ñîçäàåò áîëüøóþ âåðîÿòíîñòü

ïîïàäàíèÿ íà ðåìíè àãðåññèâíûõ ñðåä èç ïîâðåæ-

äåííîãî ó÷àñòêà ðåçåðâóàðà êàê â ïðîöåññå ïðèñî-

åäèíåíèÿ ê ïîäóøêå, òàê è ïðè óñòàíîâêå ïîäóøêè

ïî ìåñòó, ÷òî ñíèæàåò áåçîïàñíîñòü ñïîñîáà ïðè åãî

èñïîëüçîâàíèè. Êðîìå òîãî, ýòîò ñïîñîá âêëþ÷àåò

ðàáîòû íà âûñîòå.

Èçëîæåííûå ñïîñîáû óñòðàíåíèÿ òå÷è è èõ íå-

äîñòàòêè óêàçûâàþò íà àêòóàëüíîñòü èññëåäîâàíèÿ

â äàííîé îáëàñòè.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ îïèñàíèå àâ-

òîðñêîé òåõíîëîãèè óñòðàíåíèÿ òå÷è â ãîðèçîíòàëü-

íî ðàñïîëîæåííûõ ðåçåðâóàðàõ.

Ìåòîäîëîãèÿ

Àâòîðñêàÿ òåõíîëîãèÿ óñòðàíåíèÿ òå÷è ëèøåíà

âûøåïðèâåäåííûõ íåäîñòàòêîâ è ðåøàåò ïðîáëåìó

ñîêðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è.

Ñóùíîñòü ïðåäëàãàåìîé òåõíîëîãèè çàêëþ÷àåò-

ñÿ â ñëåäóþùåì. Ñíàðóæè íà ïîâðåæäåííûé ó÷àñ-

òîê îáîëî÷êè ðåçåðâóàðà íàêëàäûâàþò âåðòèêàëüíî

íàäóâíóþ ïîäóøêó ñ âåðòèêàëüíî çàêðåïëåííûìè

â óãëàõ ïðîóøèíàìè, ê êîòîðûì ïðèñîåäèíÿþò ïî

äâà âåðõíèõ è íèæíèõ íàòÿæíûõ ðåìíÿ. Ñî ñòîðîíû,

ïðîòèâîïîëîæíîé ïîâðåæäåííîìó ó÷àñòêó, íàòÿæ-

íûå ðåìíè íàòÿãèâàþò òàê, ÷òîáû ïîäóøêà ïëîòíî

ïðèëåãàëà ê ïîâðåæäåííîìó ó÷àñòêó îáîëî÷êè ðå-

çåðâóàðà, è ôèêñèðóþò èõ â òàêîì ïîëîæåíèè. Çàòåì

ïîäóøêó íàêà÷èâàþò âîçäóõîì äî äàâëåíèÿ, îáåñ-

ïå÷èâàþùåãî óñòðàíåíèå òå÷è. Íîâûì â ïðåäëàãà-

åìîé òåõíîëîãèè ÿâëÿåòñÿ òî, ÷òî íàòÿæíûå ðåìíè

ïðåäâàðèòåëüíî ðàçìåùàþò íà ñòîðîíå, ïðîòèâîïî-

ëîæíîé ïîâðåæäåííîìó ó÷àñòêó, íàäóâíóþ ïîäóø-

êó âðó÷íóþ íàêëàäûâàþò âåðòèêàëüíî íà ïîâðåæ-

äåííûé ó÷àñòîê îáîëî÷êè ðåçåðâóàðà è òàêæå âðó÷-

íóþ óäåðæèâàþò â íåîáõîäèìîì ïîëîæåíèè (ðèñ. 1),

à çàòåì íà ñòîðîíó, ïðîòèâîïîëîæíóþ ïîâðåæäåí-

íîìó ó÷àñòêó, ïåðåáðàñûâàþò ÷åðåç ðåçåðâóàð è ïîä

ðåçåðâóàðîì ñîîòâåòñòâåííî âåðõíèé è íèæíèé ïðè-

ñîåäèíèòåëüíûå óçëû (ðèñ. 2) ñ ïîìîùüþ çàêðåï-

Ðèñ. 1. Óäåðæèâàíèå íàäóâíîé ïîäóøêè â íåîáõîäèìîì ïî-

ëîæåíèè

Fig. 1. Holding the inflatable pillow in the required position

Ðèñ. 2. Ïðèñîåäèíèòåëüíûé óçåë ñ ïðèêðåïëåííûìè ê íåìó

çàìêàìè ïåðâîãî è âòîðîãî âåðõíèõ (íèæíèõ) íàòÿæíûõ

ðåìíåé

Fig. 2. Connecting unit with locks of the first and second upper

(lower) tension belts attached to it

Ðèñ. 3. Ïðèñîåäèíèòåëüíûé óçåë ñî ñðåäñòâàìè óäåðæàíèÿ

â íàòÿíóòîì ñîñòîÿíèè

Fig. 3. Connecting unit with means of holding in the tense state
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ëåííîãî íà êàæäîì èç íèõ ñðåäñòâà óäåðæàíèÿ, êî-

òîðîå ïîñëå äîñòèæåíèÿ ïðèñîåäèíèòåëüíûì óçëîì

ïðîòèâîïîëîæíîé ñòîðîíû ïðèâîäÿò â íàòÿíóòîå

ñîñòîÿíèå (ðèñ. 3). Çàòåì ê âåðõíåìó ïðèñîåäèíè-

òåëüíîìó óçëó ïðèêðåïëÿþò ïåðâûé è âòîðîé âåðõ-

íèå íàòÿæíûå ðåìíè, à ê íèæíåìó — ïåðâûé è âòî-

ðîé íèæíèå íàòÿæíûå ðåìíè òàêèì îáðàçîì, ÷òîáû

ðàññòîÿíèå ìåæäó íèìè ñîîòâåòñòâîâàëî ðàññòîÿ-

íèþ ìåæäó âåðòèêàëüíûìè ïðîóøèíàìè íàäóâíîé

ïîäóøêè. Ïîñëå ýòîãî ñ ïîìîùüþ ñîîòâåòñòâóþùå-

ãî ñðåäñòâà óäåðæàíèÿ ïðèñîåäèíèòåëüíûå óçëû ñ

ïðèêðåïëåííûìè ê íèì ðåìíÿìè ïåðåòàñêèâàþò íà

ñòîðîíó ïîâðåæäåííîãî ó÷àñòêà, ãäå, ïî-ïðåæíåìó

óäåðæèâàÿ âðó÷íóþ ïîäóøêó â ïåðâîíà÷àëüíî äî-

ñòèãíóòîì ïîëîæåíèè, ñíà÷àëà ïîî÷åðåäíî îòñîåäè-

íÿþò îò âåðõíåãî ïðèñîåäèíèòåëüíîãî óçëà ïåðâûé

è âòîðîé âåðõíèå íàòÿæíûå ðåìíè è ïðèñîåäèíÿþò

èõ ê ñîîòâåòñòâóþùèì âåðõíèì âåðòèêàëüíûì ïðî-

óøèíàì ïîäóøêè, à çàòåì ïîî÷åðåäíî îòñîåäèíÿþò

ïåðâûé è âòîðîé íèæíèå íàòÿæíûå ðåìíè îò íèæ-

íåãî ïðèñîåäèíèòåëüíîãî óçëà è ïðèñîåäèíÿþò èõ

ê ñîîòâåòñòâóþùèì íèæíèì âåðòèêàëüíûì ïðî-

óøèíàì ïîäóøêè. Çàòåì ñî ñòîðîíû, ïðîòèâîïî-

ëîæíîé ïîâðåæäåííîìó ó÷àñòêó, íàòÿæíûå ðåìíè

íàòÿãèâàþò òàê, ÷òîáû ïîäóøêà ïëîòíî ïðèëåãàëà ê

ïîâðåæäåííîìó ó÷àñòêó îáîëî÷êè ðåçåðâóàðà, è ôèê-

ñèðóþò èõ â òàêîì ïîëîæåíèè, ïîñëå ÷åãî ïðåêðà-

ùàþò ðó÷íóþ ôèêñàöèþ ïîäóøêè è íàêà÷èâàþò åå

âîçäóõîì äî äàâëåíèÿ, îáåñïå÷èâàþùåãî óñòðàíå-

íèå òå÷è.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðè äàííîé òåõíîëîãèè âûïîëíåíèå ïåðâîé îïå-

ðàöèè, ïðè êîòîðîé íàäóâíóþ ïîäóøêó âðó÷íóþ íà-

êëàäûâàþò âåðòèêàëüíî íà ïîâðåæäåííûé ó÷àñòîê

îáîëî÷êè ðåçåðâóàðà è òàê æå âðó÷íóþ óäåðæèâàþò

â òðåáóåìîì ïîëîæåíèè, ïîçâîëÿåò êðàòêîâðåìåííî

ïðåêðàòèòü óòå÷êó ïðîäóêòà èç ðåçåðâóàðà è îáåñ-

ïå÷èòü âîçìîæíîñòü âûïîëíåíèÿ îñòàëüíûõ îïåðà-

öèé. Ðåçóëüòàòû õðîíîìåòðèè ïîêàçàëè, ÷òî âðåìÿ

ðåàëèçàöèè ýòîé òåõíîëîãèè ñîñòàâëÿåò íå áîëåå

3–5 ìèí, ÷òî äàåò âîçìîæíîñòü çà ñ÷åò ìóñêóëüíîé

ñèëû ïðåêðàòèòü íà ýòî âðåìÿ âûõîä ïðîäóêòà èç

ðåçåðâóàðà è äåëàåò óäåðæàíèå ïîäóøêè âðó÷íóþ

ïðàêòè÷åñêè áåçîïàñíûì. Ïîñêîëüêó â îïèñûâàåìîé

òåõíîëîãèè èñïîëüçóþò íàäóâíóþ ïîäóøêó ñ âåð-

òèêàëüíî çàêðåïëåííûìè â óãëàõ ïðîóøèíàìè è íà-

êëàäûâàþò åå âåðòèêàëüíî íà ïîâðåæäåííûé ó÷àñ-

òîê îáîëî÷êè ðåçåðâóàðà, îáåñïå÷èâàåòñÿ âîçìîæ-

íîñòü çàêðåïëåíèÿ ïîäóøêè íà ïîâðåæäåííîì

ó÷àñòêå ðåçåðâóàðà ïîñðåäñòâîì îõâàòà ïîñëåäíåãî

ïî ïåðèìåòðó íàòÿæíûìè ðåìíÿìè ñ ïîñëåäóþùèì

èõ çàêðåïëåíèåì íà ñòîðîíå, ïðîòèâîïîëîæíîé òå÷è.

Ïðåäâàðèòåëüíîå ðàçìåùåíèå íàòÿæíûõ ðåìíåé

íà ñòîðîíå, ïðîòèâîïîëîæíîé ïîâðåæäåííîìó ó÷àñò-

êó, èñêëþ÷àåò îïåðàöèþ èõ ïåðåáðîñêè ñî ñòîðîíû

ïîâðåæäåííîãî ó÷àñòêà íà ïðîòèâîïîëîæíóþ ñòî-

ðîíó, ÷òî ñîêðàùàåò âðåìÿ óñòðàíåíèÿ òå÷è, ïîâû-

øàåò îïåðàòèâíîñòü, óïðîùàåò òåõíîëîãèþ, ñíè-

æàåò âëèÿíèå ÷åëîâå÷åñêîãî ôàêòîðà íà ïðîäîëæè-

òåëüíîñòü ïðîöåññà óñòðàíåíèÿ òå÷è.

Êðîìå òîãî, ïðåäëàãàåìîå èñõîäíîå ðàçìåùåíèå

íàòÿæíûõ ðåìíåé íà ñòîðîíå, ïðîòèâîïîëîæíîé ïî-

âðåæäåííîìó ó÷àñòêó ðåçåðâóàðà, îáåñïå÷èâàåò âîç-

ìîæíîñòü èñïîëüçîâàíèÿ â ýòîé òåõíîëîãèè âåðõíåãî

è íèæíåãî ïðèñîåäèíèòåëüíûõ óçëîâ. Ïåðåáðîñêà

íà ïðîòèâîïîëîæíóþ ñòîðîíó âåðõíåãî è íèæíåãî

ïðèñîåäèíèòåëüíûõ óçëîâ è èõ âîçâðàò îáåñïå÷èâà-

þòñÿ áëàãîäàðÿ çàêðåïëåíèþ íà êàæäîì èç íèõ ñðåä-

ñòâà óäåðæàíèÿ. Âåðõíèé è íèæíèé ïðèñîåäèíèòåëü-

íûå óçëû ïåðåáðàñûâàþò ñîîòâåòñòâåííî íàä ðåçåð-

âóàðîì è ïîä íèì, ÷òî îáåñïå÷èâàåò âîçìîæíîñòü

ïðèñîåäèíåíèÿ ê íèì ñîîòâåòñòâóþùèõ íàòÿæíûõ

ðåìíåé. Êðîìå òîãî, çàêðåïëåíèå ðåìíåé ñ ïðîòèâî-

ïîëîæíîé îò ïîâðåæäåííîãî ó÷àñòêà åìêîñòè ñòî-

ðîíû ïðàêòè÷åñêè ñâîäèò ê íóëþ âåðîÿòíîñòü ïîïà-

äàíèÿ íà íèõ àãðåññèâíûõ ñðåä èç ïîâðåæäåííîãî

ó÷àñòêà ïðè ìîíòàæå ê íàäóâíîé ïîäóøêå, ÷òî ïî-

âûøàåò áåçîïàñíîñòü ðàáîò. Ïîñëå äîñòèæåíèÿ ïðè-

ñîåäèíèòåëüíûì óçëîì ïðîòèâîïîëîæíîé ñòîðîíû

ñðåäñòâî óäåðæàíèÿ ïðèâîäÿò â íàòÿíóòîå ñîñòîÿ-

íèå, ÷òî ïîçâîëÿåò ñýêîíîìèòü âðåìÿ ïðè âîçâðàòå

ïðèñîåäèíèòåëüíîãî óçëà.

Íàòÿæíûå ðåìíè ïðèêðåïëÿþò ê ïðèñîåäèíè-

òåëüíîìó óçëó íà ðàññòîÿíèè äðóã îò äðóãà, ñîîòâåò-

ñòâóþùåì ðàññòîÿíèþ ìåæäó âåðòèêàëüíûìè ïðî-

óøèíàìè íàäóâíîé ïîäóøêè, ÷òî îáåñïå÷èâàåò èõ

ïåðåòàñêèâàíèå ïðàêòè÷åñêè ïàðàëëåëüíî äðóã äðóãó

è îïåðàòèâíîå ïðèêðåïëåíèå ê ïðîóøèíàì ïîäóø-

êè. Êðîìå òîãî, ïåðåòàñêèâàíèå íàòÿæíûõ ðåìíåé

ïîñðåäñòâîì ïðèñîåäèíèòåëüíûõ óçëîâ ïðàêòè÷å-

ñêè èñêëþ÷àåò ïåðåïóòûâàíèå ðåìíåé, òàê êàê îáåñ-

ïå÷èâàåòñÿ âîçìîæíîñòü ÷åòêîãî âèçóàëüíîãî êîíò-

ðîëÿ, ÷òî ïîâûøàåò îïåðàòèâíîñòü ðàáîòû. Â ðå-

çóëüòàòå ñíèæàåòñÿ âëèÿíèå ÷åëîâå÷åñêîãî ôàêòîðà

íà ïðîäîëæèòåëüíîñòü ïðîöåññà óñòðàíåíèÿ òå÷è,

ñîêðàùàåòñÿ âðåìÿ ëèêâèäàöèè óòå÷êè, ïîâûøàåò-

ñÿ îïåðàòèâíîñòü è, êàê ñëåäñòâèå, îáåñïå÷èâàåòñÿ

áåçîïàñíîñòü ðàáîòû è ýêîëîãè÷åñêàÿ áåçîïàñíîñòü.

Îäíîâðåìåííî óïðîùàåòñÿ ïðîöåññ è ñíèæàåòñÿ òðó-

äîåìêîñòü îïåðàöèé çà ñ÷åò ñîêðàùåíèÿ èõ îáùåãî

êîëè÷åñòâà ïî ñðàâíåíèþ ñ äðóãèìè ñïîñîáàìè.

Êðîìå òîãî, â ïðåäëàãàåìîé òåõíîëîãèè âîçìîæ-

íîñòü èñïîëüçîâàíèÿ ïðèñîåäèíèòåëüíîãî óçëà äëÿ

ïîäà÷è ê íàäóâíîé ïîäóøêå íàòÿæíûõ ðåìíåé èñ-

êëþ÷àåò íåîáõîäèìîñòü âûïîëíåíèÿ ðàáîò íà âû-

ñîòå ïðè ëèêâèäàöèè òå÷è â ãîðèçîíòàëüíî ðàñïî-

ëîæåííîì ðåçåðâóàðå, ÷òî óïðîùàåò ïðîöåññ è ïî-

âûøàåò áåçîïàñíîñòü ðàáîò.
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Ïîñêîëüêó â îïèñûâàåìîé òåõíîëîãèè ñíà÷àëà

ïîî÷åðåäíî îòñîåäèíÿþò îò âåðõíåãî ïðèñîåäèíè-

òåëüíîãî óçëà ïåðâûé è âòîðîé âåðõíèå íàòÿæíûå

ðåìíè è ïðèñîåäèíÿþò ê ñîîòâåòñòâóþùèì âåðõíèì

âåðòèêàëüíûì ïðîóøèíàì ïîäóøêè, à çàòåì ïîî÷å-

ðåäíî îòñîåäèíÿþò ïåðâûé è âòîðîé íèæíèå íàòÿæ-

íûå ðåìíè îò íèæíåãî ïðèñîåäèíèòåëüíîãî óçëà è

ïðèñîåäèíÿþò ê ñîîòâåòñòâóþùèì íèæíèì âåðòè-

êàëüíûì ïðîóøèíàì ïîäóøêè, èñêëþ÷àåòñÿ âîç-

ìîæíîñòü ñäåðãèâàíèÿ íàäóâíîé ïîäóøêè, óäåðæè-

âàåìîé ìóñêóëüíîé ñèëîé, ÷òî òàêæå ïîâûøàåò áåç-

îïàñíîñòü ðàáîòû è ñíèæàåò âëèÿíèå ÷åëîâå÷åñêîãî

ôàêòîðà íà ïðîäîëæèòåëüíîñòü ïðîöåññà óñòðàíå-

íèÿ òå÷è.

Çàêëþ÷åíèå

Ïðåäëàãàåìàÿ òåõíîëîãèÿ îáåñïå÷èâàåò äîñòè-

æåíèå ñîöèàëüíîãî, ýêîíîìè÷åñêîãî è òåõíè÷åñêî-

ãî ðåçóëüòàòîâ, à èìåííî: ïîâûøåíèÿ áåçîïàñíîñòè

ðàáîò ïî óñòðàíåíèþ òå÷è; ïîâûøåíèÿ îïåðàòèâíî-

ñòè; ñîêðàùåíèÿ âðåìåíè ëèêâèäàöèè òå÷è ïóòåì

óñêîðåíèÿ ïðîöåññà óñòàíîâêè íàäóâíîé ïîäóøêè;

ïîâûøåíèÿ ýêîëîãè÷åñêîé áåçîïàñíîñòè áëàãîäàðÿ

ñîêðàùåíèþ âðåìåíè óñòðàíåíèÿ òå÷è; îáåñïå÷åíèÿ

áîëåå âûñîêîãî óðîâíÿ áåçîïàñíîñòè ïóòåì èñêëþ-

÷åíèÿ ðàáîò íà âûñîòå è ñîêðàùåíèÿ âðåìåíè ëèê-

âèäàöèè òå÷è; óïðîùåíèÿ ïðîöåññà è ñíèæåíèÿ òðó-

äîåìêîñòè çà ñ÷åò ñîêðàùåíèÿ îáùåãî êîëè÷åñòâà

îïåðàöèé; ñíèæåíèÿ âëèÿíèÿ ÷åëîâå÷åñêîãî ôàêòî-

ðà íà âðåìÿ óñòðàíåíèÿ òå÷è.

Îïûòíûì ïóòåì óñòàíîâëåíî, ÷òî òåõíîëîãèÿ ïðè-

ìåíåíèÿ ïðèñîåäèíèòåëüíîãî óçëà ïðè ëèêâèäàöèè

òå÷è ïîñðåäñòâîì óñòàíîâêè íà òå÷ü íàäóâíîé ïî-

äóøêè íà ðåçåðâóàð ïðè âåðòèêàëüíîì ðàñïîëî-

æåíèè êðåïÿùèõ ðåìíåé íå òîëüêî îáëåã÷àåò, íî è

çíà÷èòåëüíî óñêîðÿåò ïðîöåññ óñòàíîâêè áàíäàæà.

Ñðàâíèòåëüíûé õðîíîìåòðàæ óñòàíîâêè íàäóâíîé

ïîäóøêè èçâåñòíûì îáùåïðèíÿòûì ñïîñîáîì [3, 4]

è ïîñðåäñòâîì ïðåäëàãàåìîé òåõíîëîãèè ñ èñïîëü-

çîâàíèåì ïðèñîåäèíèòåëüíîãî óçëà ïîêàçàë, ÷òî ïðî-

äîëæèòåëüíîñòü óñòðàíåíèÿ òå÷è èçâåñòíûì ñïîñî-

áîì ñîñòàâëÿåò 15–20 ìèí, à ïî çàÿâëåííîé òåõíî-

ëîãèè — 3–5 ìèí.

Äëÿ îáåñïå÷åíèÿ èñêðîáåçîïàñíîñòè ïðèñîåäè-

íèòåëüíûé óçåë îáðåçèíèâàþò.
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ÐÅÇÞÌÅ

Ââåäåíèå. Â íàñòîÿùåå âðåìÿ ìíîãèå îáúåêòû êóëüòóðíîãî íàñëåäèÿ ñòàëè ìíîãîôóíêöèîíàëüíûìè èñòîðè-

÷åñêèìè çäàíèÿìè, â êîòîðûõ îáåñïå÷èâàåòñÿ ñîõðàíåíèå àðõèòåêòóðíûõ è êîíñòðóêòèâíûõ ðåøåíèé, ïðîòèâî-

ðå÷àùèõ ñîâðåìåííûì íîðìàì ïîæàðíîé áåçîïàñíîñòè. Íà òàêèõ îáúåêòàõ ñ ìàññîâûì ïðåáûâàíèåì ëþäåé

äîëæíà îáåñïå÷èâàòüñÿ áåçîïàñíàÿ ýâàêóàöèÿ ïðè ïîæàðå, ÷òî îñëîæíÿåòñÿ ïðèñóòñòâèåì ðàçëè÷íûõ ãðóïï

ëþäåé (äåòåé, èíîñòðàíöåâ, ìàëîìîáèëüíûõ ëþäåé è ò. ï.). Â ñâÿçè ñ ýòèì íåîáõîäèìà ðàçðàáîòêà àêòóàëüíûõ

ìåòîäè÷åñêèõ ðåêîìåíäàöèé ïî ïðîâåäåíèþ òðåíèðîâîê ïî ýâàêóàöèè íà îáúåêòàõ êóëüòóðíîãî íàñëåäèÿ.

Ìåòîäû èññëåäîâàíèÿ. Ïðè ýâàêóàöèè â ñëó÷àå ïîæàðà ëþäñêèå ïîòîêè äîëæíû ïåðåìåùàòüñÿ ïî ñòðîãî

îïðåäåëåííûì ìàðøðóòàì â ñîîòâåòñòâèè ñ ïëàíàìè ýâàêóàöèè. Ýòî îáóñëàâëèâàåò îáÿçàòåëüíîñòü òðåíèðî-

âîê ïî ýâàêóàöèè äëÿ ïåðñîíàëà.

Ó÷åáíàÿ ýâàêóàöèÿ äëÿ ñîòðóäíèêîâ â Ãîñóäàðñòâåííîì Ýðìèòàæå ïðîâîäèòñÿ ðåãóëÿðíî. Ïîæàðíî-òåõíè÷å-

ñêîé êîìèññèåé ðàçðàáàòûâàþòñÿ ãîäîâîé ïëàí-ãðàôèê è ïëàí ó÷åáíîé ýâàêóàöèè; îöåíêà ýâàêóàöèè îòðà-

æàåòñÿ â èòîãîâîé ñïðàâêå.

5 àïðåëÿ 2018 ã. â çäàíèè Çèìíåãî äâîðöà Ãîñóäàðñòâåííîãî Ýðìèòàæà áûëà ïðîâåäåíà ó÷åáíàÿ ýâàêóàöèÿ

ïåðñîíàëà è ïîñåòèòåëåé. Â õîäå ýâàêóàöèè ïðîâåðÿëèñü: 1) âçàèìîäåéñòâèå äåæóðíûõ ñëóæá è ñîòðóäíèêîâ

ìóçåÿ ñ ñîòðóäíèêàìè Ì×Ñ è Ðîñãâàðäèè; 2) îðãàíèçàöèÿ ñïàñåíèÿ è ýâàêóàöèè ëþäåé; 3) îáåñïå÷åíèå ñî-

õðàííîñòè ìàòåðèàëüíûõ è êóëüòóðíûõ öåííîñòåé; 4) ñîñòîÿíèå ñèñòåì ïðîòèâîïîæàðíîé çàùèòû; 5) óêîìï-

ëåêòîâàííîñòü ïåðâè÷íûìè ñðåäñòâàìè ïîæàðîòóøåíèÿ è ñðåäñòâàìè îêàçàíèÿ ïåðâîé ìåäèöèíñêîé ïîìîùè.

Ðåçóëüòàòû è îáñóæäåíèå. Ó÷åáíàÿ ýâàêóàöèÿ áûëà îðãàíèçîâàíà â ñîîòâåòñòâèè ñ ïëàíîì; öåëè äîñòèãíóòû.

Ôàêòè÷åñêîå âðåìÿ ýâàêóàöèè íå ïðåâûñèëî íîðìàòèâíîãî è ðàñ÷åòíîãî. Ïðè ýòîì íåîáõîäèìî ó÷èòûâàòü,

÷òî ïîâåäåíèå ëþäåé â óñëîâèÿõ ðåàëüíîé ýâàêóàöèè ìîæåò îòëè÷àòüñÿ îò ïîâåäåíèÿ ïðè ó÷åáíîé ýâàêóàöèè.

Âûâîäû. Äëÿ ðàçðàáîòêè ìåòîäè÷åñêèõ ðåêîìåíäàöèé ïî ïðîâåäåíèþ ýâàêóàöèè íåîáõîäèìî èçó÷àòü äâèæå-

íèå ëþäñêèõ ïîòîêîâ, àíàëèçèðîâàòü ïåðèîäû, äëÿ êîòîðûõ âîçìîæíî ìàññîâîå ñêîïëåíèå íà îáúåêòå ëþäåé,

â îñîáåííîñòè äåòåé ðàçíîãî âîçðàñòà. Äëÿ òàêîãî àíàëèçà ìîæåò áûòü èñïîëüçîâàíà ñòàòèñòèêà ïîñåùåíèÿ

ìóçååâ.
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Evacuation procedure features for cultural heritage objects
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ABSTRACT

Introduction. Many cultural heritage objects are multifunctional historic buildings with protected architectural and

constructional solutions contradicting fire safety requirements. Safe evacuation should be provided for such ob-

jects with high occupancy, but it’s complicated by various occupant groups (children, foreigners, disabled people).

Development of evacuation training guidelines for cultural heritage objects is necessary.
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Methods. People in fire evacuation should follow strictly defined routes, according fire evacuation plans. This makes

evacuation training for personnel necessary.

Evacuation trainings for personnel are regularly organized in State Hermitage Museum. Fire safety commission

develops annual scheduled plan and training plan, evacuation training results are estimated in review.

Evacuation training for personnel and visitors was organized in Winter Palace of State Hermitage Museum on

thå 5th April 2018. Museum personnel, emergency service, Russian National Guard coordination, people evacua-

tion and rescue, cultural property salvage, fire protection systems condition, completeness with emergency fire-

fighting equipment and first aid treatment were checked.

Results and discussion. Evacuation training was organized according to plan, it was succeeding at goal. Visitor

evacuation training time didn’t exceed normative and calculated. But it’s necessary to take into account that

people behavior at real evacuation may vary and make stream movement difficult.

Conclusion. Evacuation training procedure improvement can be organized by investigation of people stream mo-

vement, analysis of high occupancy time intervals, especially for various-aged children. Such analysis should in-

clude museum visit statistical data.

Keywords: fire evacuation, egress mean, emergency exit, evacuation training, cultural heritage objects with high

occupancy, variously-aged children.

For citation: T. Yu. Eremina, A. V. Bogdanov, O. V. Sushkova, A. Jug. Evacuation procedure features for cultural

heritage objects. Pozharovzryvobezopasnost / Fire and Explosion Safety, 2019, vol. 28, no. 1, pp. 54–66 (in Rus-
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Ââåäåíèå

Îáúåêòû êóëüòóðíîãî íàñëåäèÿ Ðîññèè íå òîëüêî

ïðåäñòàâëÿþò îñîáóþ öåííîñòü äëÿ íàðîäîâ íàøåé

ñòðàíû, íî è ÿâëÿþòñÿ íåîòúåìëåìîé ÷àñòüþ âñåìèð-

íîãî êóëüòóðíîãî íàñëåäèÿ. Ê íèì îòíîñÿòñÿ è óíè-

êàëüíûå ïî ñâîåé àðõèòåêòóðå èñòîðè÷åñêèå çäàíèÿ

[1]. Èñïîëüçîâàíèå èñòîðè÷åñêèõ çäàíèé îñóùåñòâ-

ëÿåòñÿ îðãàíèçàöèÿìè, ïîäâåäîìñòâåííûìè Ìèíè-

ñòåðñòâó êóëüòóðû, à òàêæå îðãàíèçàöèÿìè äðóãèõ

ìèíèñòåðñòâ (çäðàâîîõðàíåíèÿ, îáðàçîâàíèÿ è íàóêè,

îáîðîíû, òðàíñïîðòà è äð.).

Êðîìå âåäîìñòâåííîé ïðèíàäëåæíîñòè, ýòè çäà-

íèÿ â çàâèñèìîñòè îò èõ èñòîðèêî-êóëüòóðíîãî çíà-

÷åíèÿ ìîãóò îòíîñèòüñÿ ê îáúåêòàì ôåäåðàëüíîãî,

ðåãèîíàëüíîãî, ìåñòíîãî èëè ìóíèöèïàëüíîãî çíà-

÷åíèÿ [2].

Â íàñòîÿùåå âðåìÿ ìíîãèå îáúåêòû êóëüòóðíîãî

íàñëåäèÿ ñòàëè ìíîãîôóíêöèîíàëüíûìè èñòîðè÷å-

ñêèìè çäàíèÿìè, â êîòîðûõ îáåñïå÷èâàåòñÿ ñîõðà-

íåíèå àðõèòåêòóðíûõ è êîíñòðóêòèâíûõ ðåøåíèé,

ïðè÷åì ïðè ìèíèìàëüíûõ çàòðàòàõ. Îäíàêî òàêèå

ðåøåíèÿ, ïðèíÿòûå ðàíåå è ñîõðàíÿåìûå ñåãîäíÿ,

ìîãóò ïðîòèâîðå÷èòü íîðìàì ïîæàðíîé áåçîïàñíî-

ñòè â ÷àñòè ñîáëþäåíèÿ òðåáîâàíèé ê ïîæàðíûì îò-

ñåêàì, ëåñòíè÷íûì êëåòêàì, ýâàêóàöèîííûì ïóòÿì

è âûõîäàì.

Íà îáúåêòàõ êóëüòóðíîãî íàñëåäèÿ ñ ìàññîâûì

ïðåáûâàíèåì ëþäåé, â ïåðâóþ î÷åðåäü, äîëæíà îáåñ-

ïå÷èâàòüñÿ èõ áåçîïàñíàÿ ýâàêóàöèÿ ïðè ïîæàðå,

äëÿ êîòîðîé õàðàêòåðíû ñëåäóþùèå ïðîáëåìíûå âî-

ïðîñû:
� ïðèñóòñòâèå ðàçëè÷íûõ ãðóïï ëþäåé (ñîöèàëü-

íûõ, âîçðàñòíûõ), â òîì ÷èñëå äåòåé ðàçíîãî âîç-

ðàñòà, èíîñòðàíöåâ, à òàêæå êàòåãîðèé ìàëîìî-

áèëüíûõ ëþäåé, èñïûòûâàþùèõ çàòðóäíåíèÿ ïðè

ñàìîñòîÿòåëüíîì ïåðåäâèæåíèè;

� ïåðèîäû, â êîòîðûå ñóùåñòâåííî óâåëè÷èâàåòñÿ

êîëè÷åñòâî ëþäåé íà îáúåêòå (äíè øêîëüíûõ êà-

íèêóë, ãîñóäàðñòâåííûõ ïðàçäíèêîâ, ïðîâåäåíèÿ

âðåìåííûõ âûñòàâîê è ò. ï.).

Ýâàêóàöèÿ îñëîæíÿåòñÿ åùå è òåì, ÷òî îáúåìíî-

ïëàíèðîâî÷íûå ðåøåíèÿ íà òàêèõ îáúåêòàõ íå ñîîò-

âåòñòâóþò òðåáîâàíèÿì, ïðåäúÿâëÿåìûì ê ïàðàìåò-

ðàì ýâàêóàöèîííûõ ïóòåé è âûõîäîâ. Â ÷àñòíîñòè,

ðàññìàòðèâàåìîå â íàñòîÿùåé ñòàòüå èñòîðè÷åñêîå

çäàíèå Ãîñóäàðñòâåííîãî Ýðìèòàæà — Çèìíèé

äâîðåö èìååò ðàññòîÿíèÿ ïî ïóòÿì ýâàêóàöèè äî áëè-

æàéøèõ âûõîäîâ, ïðåâûøàþùèå íîðìàòèâíûå çíà-

÷åíèÿ. Ñîãëàñíî ï. 6.1.20 ÑÏ 1.13130.2009 (Ñèñòåìû

ïðîòèâîïîæàðíîé çàùèòû. Ýâàêóàöèîííûå ïóòè è

âûõîäû) ïðè íàèìåíüøåé ïëîòíîñòè ëþäñêîãî ïî-

òîêà äëÿ çäàíèÿ êëàññà êîíñòðóêòèâíîé ïîæàðíîé

îïàñíîñòè Ñ0 ðàññòîÿíèå èç ïîìåùåíèé, ðàñïîëî-

æåííûõ ìåæäó ëåñòíè÷íûìè êëåòêàìè èëè íàðóæ-

íûìè âûõîäàìè, äî áëèæàéøèõ ýâàêóàöèîííûõ âû-

õîäîâ íå äîëæíî ïðåâûøàòü 60 ì, èç ïîìåùåíèé

ñ âûõîäàìè â òóïèêîâûé êîðèäîð èëè õîëë — 30 ì.

Ðàññòîÿíèÿ èç óäàëåííûõ îò âûõîäîâ ïîìåùåíèé

Çèìíåãî äâîðöà çíà÷èòåëüíî ïðåâûøàþò òðåáóåìûå

çíà÷åíèÿ (ðèñ. 1–3).

Ðàññòîÿíèå äî áëèæàéøèõ ýâàêóàöèîííûõ âûõî-

äîâ èç ïîìåùåíèé, îáîçíà÷åííûõ íà ïëàíå 1-ãî ýòà-

æà (ñì. ðèñ. 1), ñîñòàâëÿåò:

� îò À äî âûõîäîâ: ¹ 2 — 137 ì, ¹ 5 — 130 ì;

� îò Â äî âûõîäîâ: ¹ 2 — 69 ì, ¹3 — 93 ì;

� îò Ñ äî âûõîäîâ: ¹ 5 — 76 ì, ¹ 6 — 98 ì.

Ðàññòîÿíèå äî áëèæàéøèõ ëåñòíèö (Ë) èç ïîìå-

ùåíèé, îáîçíà÷åííûõ íà ïëàíå 2-ãî ýòàæà (ñì. ðèñ. 2),

ñîñòàâëÿåò:

� îò À äî Ë ¹ 3 –90 ì, Ë ¹ 4 — 94 ì;

� îò Â äî Ë ¹ 1 — 113 ì, Ë ¹ 2 — 87 ì;

� îò Ñ äî Ë ¹ 5 — 66 ì.
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Ðàññòîÿíèå äî áëèæàéøèõ ëåñòíèö èç ïîìåùå-

íèé, îáîçíà÷åííûõ íà ïëàíå 3-ãî ýòàæà (ñì. ðèñ. 3),

ñîñòàâëÿåò:

� îò À äî Ë ¹ 6 — 70 ì, Ë ¹ 4 — 90 ì;

� îò Â äî Ë ¹ 3 — 101 ì.

Òðàãåäèÿ â êåìåðîâñêîì òîðãîâîì öåíòðå “Çèìíÿÿ

âèøíÿ” ïðèâëåêëà âíèìàíèå ê ïðîáëåìå ðàçðàáîò-

êè è âíåäðåíèÿ ìåòîäè÷åñêèõ ðåêîìåíäàöèé ïî

ó÷åáíîé ýâàêóàöèè äåòåé ðàçëè÷íîãî âîçðàñòà [4].

Èññëåäîâàíèÿ îñîáåííîñòåé ïðîöåññà ýâàêóàöèè

ðàññìàòðèâàëèñü â ðàáîòàõ [3–8]. Îãðîìíàÿ ìåòîäî-

ëîãè÷åñêàÿ ðàáîòà ïðîäåëàíà â èññëåäîâàíèÿõ [9].

Äëÿ ðàçðàáîòêè ïðåäëîæåíèé ïî îáåñïå÷åíèþ áåç-

îïàñíîñòè ïîñåòèòåëåé Ãîñóäàðñòâåííîãî Ýðìèòàæà

íà ñëó÷àé âîçíèêíîâåíèÿ ïîæàðà â 1983 ã. ÂÍÈÈÏÎ

ÌÂÄ ÑÑÑÐ áûëè ïðîâåäåíû íàòóðíûå èññëåäî-

âàíèÿ äèíàìèêè äâèæåíèÿ ïîñåòèòåëåé â ðàçëè÷íûå

ïåðèîäû ðàáîòû ìóçåÿ. Äëÿ ýòîãî ðàññòàâëÿëèñü

êîíòðîëåðû-ñ÷åò÷èêè â “óçëîâûõ òî÷êàõ” — íàè-

áîëåå ïîñåùàåìûõ çàëàõ ìóçåÿ, à òàêæå íà âõîäå â

ìóçåé è âûõîäå èç íåãî. Ñîâîêóïíîñòü ïîëó÷åííûõ

çíà÷åíèé ÷èñëà ïîñåòèòåëåé N10ij(t), ïðîõîäÿùèõ

÷åðåç i-é êîíòðîëüíûé ïîñò â j-ì íàïðàâëåíèè çà ïî-

ñëåäîâàòåëüíûå èíòåðâàëû âðåìåíè �t = 10 ìèí,

ñîñòàâèëà èñõîäíûé ìàòåðèàë äëÿ àíàëèçà äèíàìè-

êè äâèæåíèÿ ïîñåòèòåëåé. Ïðè ýòîì ýâàêóàöèÿ ïî-

ñåòèòåëåé íå ïðîâîäèëàñü. Ðåçóëüòàòû íàòóðíûõ èñ-

ñëåäîâàíèé áûëè ïðîàíàëèçèðîâàíû è îòðàæåíû â

äèññåðòàöèè Ñ. À. Íèêîíîâà [8].

Â ñâÿçè ñ âûøåèçëîæåííûì íåîáõîäèìà ðàçðà-

áîòêà àêòóàëüíûõ ìåòîäè÷åñêèõ ðåêîìåíäàöèé ïî

ïðîâåäåíèþ òðåíèðîâî÷íîé ýâàêóàöèè íà îáúåêòàõ

êóëüòóðíîãî íàñëåäèÿ, ïðèñïîñîáëåííûõ äëÿ ñîâðå-

ìåííîãî èñïîëüçîâàíèÿ, â îñîáåííîñòè íà îáúåêòàõ

ñ ìàññîâûì ïðåáûâàíèåì ëþäåé è ïðè íàëè÷èè ðàç-

ëè÷íûõ ãðóïï ïîñåòèòåëåé. Ïîâåäåíèå ïðåäñòàâè-

òåëåé êàæäîé ãðóïïû âî âðåìÿ ýâàêóàöèè èìååò

ñâîþ ñïåöèôèêó è äîëæíî ðàññìàòðèâàòüñÿ îòäåëüíî.

Ìàòåðèàëû è ìåòîäû

Íàèáîëåå ñëîæíûìè ïðîáëåìàìè äëÿ îáúåêòîâ

îõðàííîãî ñòàòóñà ÿâëÿþòñÿ: íàëè÷èå çàóæåííûõ è

Ðèñ. 1. Ïëàí 1-ãî ýòàæà Çèìíåãî äâîðöà Ãîñóäàðñòâåííîãî Ýðìèòàæà

Fig. 1. First floor of Winter Palace (State Hermitage Museum)



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 1 57

ÁÅÇÎÏÀÑÍÎÑÒÜ ÆÈÇÍÅÄÅßÒÅËÜÍÎÑÒÈ

çàíèæåííûõ ýâàêóàöèîííûõ ïóòåé è âûõîäîâ; ïðå-

âûøåíèå ðàññòîÿíèé ïî ïóòÿì ýâàêóàöèè äî áëè-

æàéøåãî âûõîäà; óâåëè÷åííîå êîëè÷åñòâî ñòóïåíåé

â îäíîì ëåñòíè÷íîì ìàðøå; îòñóòñòâèå áåçîïàñíûõ

çîí. Òðåáîâàíèÿ ê ñîõðàíåíèþ îáúåêòà êóëüòóðíî-

ãî íàñëåäèÿ â ñîîòâåòñòâèè Ôåäåðàëüíûì çàêîíîì

¹ 73-ÔÇ “Îá îáúåêòàõ êóëüòóðíîãî íàñëåäèÿ íàðî-

äîâ Ðîññèéñêîé Ôåäåðàöèè” ïðåäóñìàòðèâàþò êîí-

ñåðâàöèþ, ðåìîíò è ðåñòàâðàöèþ îáúåêòà êóëüòóð-

íîãî íàñëåäèÿ, ïðèñïîñîáëåíèå åãî äëÿ ñîâðåìåí-

íîãî èñïîëüçîâàíèÿ ëèáî ñî÷åòàíèå óêàçàííûõ ìåð.

Ðàáîòû ïî ñîõðàíåíèþ îáúåêòà êóëüòóðíîãî íàñëå-

äèÿ ïðîâîäÿòñÿ â ñîîòâåòñòâèè ñ ðåñòàâðàöèîííûìè

íîðìàìè è ïðàâèëàìè, óòâåðæäàåìûìè ôåäåðàëü-

íûì îðãàíîì îõðàíû îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ.

Íîðìàòèâíûå äîêóìåíòû ïî ïîæàðíîé áåçîïàñíîñòè

ïðèìåíÿþòñÿ òîëüêî â òåõ ñëó÷àÿõ, êîòîðûå íå ïðî-

òèâîðå÷àò èíòåðåñàì ñîõðàíåíèÿ äàííîãî îáúåêòà

êóëüòóðíîãî íàñëåäèÿ.

Äëÿ îáåñïå÷åíèÿ áåçîïàñíîé ýâàêóàöèè ëþäåé

íà òàêèõ îáúåêòàõ íåîáõîäèìî ïðåäóñìîòðåòü òðå-

áóåìûå ïàðàìåòðû ýâàêóàöèîííûõ ïóòåé è âîçìîæ-

íîñòü èõ èñïîëüçîâàíèÿ. Ñðåäè îñíîâíûõ ïðè÷èí,

âûçûâàþùèõ ãèáåëü ëþäåé ïðè ïîæàðàõ, ñïåöèà-

ëèñòû íàçûâàþò îòêàç ñèñòåìû îïîâåùåíèÿ è, êàê

ñëåäñòâèå, íåâîçìîæíîñòü ñâîåâðåìåííî âîñïîëü-

çîâàòüñÿ çàïàñíûìè âûõîäàìè (äî áëîêèðîâàíèÿ èõ

îïàñíûìè ôàêòîðàìè ïîæàðà (ÎÔÏ)), â ðåçóëüòàòå

÷åãî ó ëþäåé âîçíèêàåò ïàíèêà, îáðàçóþòñÿ “ïðîá-

êè” íà ýâàêóàöèîííûõ ïóòÿõ.

Ïîñëå ïîæàðà, ñëó÷èâøåãîñÿ â êåìåðîâñêîì òîð-

ãîâîì öåíòðå “Çèìíÿÿ âèøíÿ” 25 ìàðòà 2018 ã., êîãäà

ïîãèáëè 64 ÷åë., â òîì ÷èñëå 41 ðåáåíîê, áûëè èíè-

öèèðîâàíû ïðîâåðêè èñïîëíåíèÿ òðåáîâàíèé çàêî-

íîäàòåëüñòâà â îáëàñòè ïîæàðíîé áåçîïàñíîñòè íà

îáúåêòàõ ñ ìàññîâûì ïðåáûâàíèåì ëþäåé. Ïðè ðàñ-

ñëåäîâàíèè òðàãåäèè óñòàíîâëåíî, ÷òî â çäàíèè òîð-

ãîâîãî öåíòðà ïîæàðíàÿ ñèãíàëèçàöèÿ è ñèñòåìà

îïîâåùåíèÿ î ïîæàðå íå ðàáîòàëè, äâåðè ýâàêóàöè-

îííûõ âûõîäîâ îêàçàëèñü çàêðûòû, îðãàíèçàöèÿ ýâà-

êóàöèè ñî ñòîðîíû àäìèíèñòðàöèè îáúåêòà íå ïðî-

âîäèëàñü.

Ðèñ. 2. Ïëàí 2-ãî ýòàæà Çèìíåãî äâîðöà Ãîñóäàðñòâåííîãî Ýðìèòàæà

Fig. 2. Second floor of Winter Palace (State Hermitage Museum)
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Áåçîïàñíàÿ ýâàêóàöèÿ ëþäåé èç çäàíèé ïðè ïî-

æàðå ñ÷èòàåòñÿ îáåñïå÷åííîé, åñëè èíòåðâàë âðå-

ìåíè ñ ìîìåíòà îáíàðóæåíèÿ ïîæàðà äî çàâåðøåíèÿ

ïðîöåññà ýâàêóàöèè ëþäåé â áåçîïàñíóþ çîíó íå ïðå-

âûøàåò íåîáõîäèìîãî âðåìåíè ýâàêóàöèè ëþäåé ïðè

ïîæàðå è îáåñïå÷èâàåòñÿ áåñïðåïÿòñòâåííîñòü äâè-

æåíèÿ ëþäñêèõ ïîòîêîâ. Íåîáõîäèìîå âðåìÿ ýâàêó-

àöèè — ðàñ÷åòíàÿ âåëè÷èíà, ìåòîäû îïðåäåëåíèÿ

êîòîðîé èçëîæåíû â [10].

Â ñîîòâåòñòâèè ñ ï. 6.1.31 ÑÏ 1.13130.2009 íå-

îáõîäèìîå âðåìÿ ýâàêóàöèè (èç ñïîðòèâíûõ çàëîâ ñ

òðèáóíàìè äëÿ çðèòåëåé è äðóãèõ çðèòåëüíûõ çàëîâ):

à) èç çàëüíîãî ïîìåùåíèÿ îáúåìîì W áîëåå

60 òûñ. ì3 äî áëèæàéøåãî ýâàêóàöèîííîãî âûõîäà*

äîëæíî îïðåäåëÿòüñÿ ïî ôîðìóëå tíáç = 0,115 W3 ,

íî íå äîëæíî ïðåâûøàòü 6 ìèí;

á) èç çäàíèÿ â öåëîì ñ çàëîì îáúåìîì áîëåå

60 òûñ. ì3 íå äîëæíî ïðåâûøàòü 10 ìèí.

Â ñîîòâåòñòâèè ñ ï. 6.22 ÑÏ 118.13330.2012*

(Îáùåñòâåííûå çäàíèÿ è ñîîðóæåíèÿ) íåîáõîäèìîå

âðåìÿ ýâàêóàöèè:

à) èç çàëüíîãî ïîìåùåíèÿ îáúåìîì 60 òûñ. ì3 äî

áëèæàéøåãî ýâàêóàöèîííîãî âûõîäà íå äîëæíî ïðå-

âûøàòü 4,5 ìèí;

á) íåïîñðåäñòâåííî íàðóæó èç çäàíèé êëàññîâ

êîíñòðóêòèâíîé ïîæàðíîé îïàñíîñòè Ñ0, Ñ1 âûñî-

òîé ñâûøå 17 äî 28 ì ñ çàëîì óêàçàííîãî îáúåìà ñëå-

äóåò ïðèíèìàòü ðàâíûì 10 ìèí.

Êðîìå òîãî, ñóùåñòâóþò ñëåäóþùèå ïðîáëåì-

íûå âîïðîñû ñ ó÷åòîì ñïåöèôèêè îáúåêòîâ êóëüòóð-

íîãî íàñëåäèÿ, êîòîðûå íåîáõîäèìî ïðîðàáàòûâàòü

äëÿ ñîâåðøåíñòâîâàíèÿ ìåòîäîëîãèè îöåíêè ïîæàð-

íîãî ðèñêà äëÿ òàêèõ îáúåêòîâ:

1) îòñóòñòâóåò ñâîä ïðàâèë äëÿ îáúåêòîâ êóëü-

òóðíîãî íàñëåäèÿ;

2) îòñóòñòâóþò êëàññèôèêàöèÿ îáúåêòîâ êóëü-

òóðíîãî íàñëåäèÿ è ñîîòâåòñòâóþùèå òðåáîâàíèÿ

ïî èõ çàùèòå ñ ó÷åòîì èõ îõðàííîãî ñòàòóñà;

3) îáúåìíî-ïëàíèðîâî÷íûå è êîíñòðóêòèâíûå ðå-

øåíèÿ îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ íå îïèñàíû

â Ìåòîäèêå [10], íå îòâå÷àþò òðåáîâàíèÿì ñîâðå-

Ðèñ. 3. Ïëàí 3-ãî ýòàæà Çèìíåãî äâîðöà Ãîñóäàðñòâåííîãî Ýðìèòàæà

Fig. 3. Third floor of Winter Palace (State Hermitage Museum)

* Òåðìèí “áëèæàéøèé ýâàêóàöèîííûé âûõîä” èñïîëüçóåòñÿ â

áîëüøèíñòâå ðàçäåëîâ ÑÏ 1.13130.2009; ïðåäïîëàãàåòñÿ, ÷òî

ëþäè â çàâèñèìîñòè îò èõ ìåñòîïîëîæåíèÿ â ìîìåíò íà÷àëà

ïîæàðà âûáèðàþò áëèæàéøèé ê íèì âûõîä, ÷åðåç êîòîðûé

ìîæíî ýâàêóèðîâàòüñÿ, è íà÷èíàþò äâèæåíèå ê íåìó.
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ìåííûõ íîðìàòèâíûõ äîêóìåíòîâ, ÷òî çàòðóäíÿåò

ðàñ÷åò èíäèâèäóàëüíîãî ïîæàðíîãî ðèñêà.

Â ðóêîâîäñòâå ïî îáåñïå÷åíèþ ïîæàðíîé áåç-

îïàñíîñòè íà îáúåêòàõ êóëüòóðíîãî íàñëåäèÿ [11]

ïðåäëàãàåòñÿ òàêæå ðàññìàòðèâàòü äëÿ íåêîòîðûõ

èç íèõ âîçìîæíîñòü ïîýòàïíîé ýâàêóàöèè. Â ýòîì

äîêóìåíòå â êà÷åñòâå îñíîâîïîëàãàþùèõ ïðèíöè-

ïîâ ïðîâåäåíèÿ ýâàêóàöèè óêàçàíû ñëåäóþùèå:

5 íå áåñïîêîèòü ïîñåòèòåëåé äî îêîí÷àòåëüíîãî

ïðèíÿòèÿ ðåøåíèÿ î ïðîâåäåíèè ýâàêóàöèè;

5 ýâàêóàöèþ ñëåäóåò íà÷èíàòü â òîò ìîìåíò,

êîãäà ñòàíîâèòñÿ î÷åâèäíîé åå íåèçáåæíîñòü;

5 ýâàêóàöèÿ äîëæíà áûòü ïðîâåäåíà ìàêñèìàëü-

íî áûñòðî è ýôôåêòèâíî.

Íåîáõîäèìî àíàëèçèðîâàòü êîëè÷åñòâî è êàòå-

ãîðèè (äåòè, ïåíñèîíåðû, ìàëîìîáèëüíûå ëþäè) âîç-

ìîæíûõ ïîñåòèòåëåé çäàíèÿ, ìåñòà è âåëè÷èíó ñêîï-

ëåíèé ëþäåé â ðàçëè÷íûõ ÷àñòÿõ çäàíèÿ. Ýòè äàííûå

ìîãóò ñóùåñòâåííî ðàçëè÷àòüñÿ äëÿ èñòîðè÷åñêèõ

çäàíèé, êîòîðûå ÷àñòî èñïîëüçóþòñÿ äëÿ ïðîâåäå-

íèÿ ðàçëè÷íûõ ìåðîïðèÿòèé (áàíêåòîâ, ñâàäåáíûõ

òîðæåñòâ, êîíöåðòîâ, ëåêöèé, êîíôåðåíöèé).

Îäíîâðåìåííàÿ ýâàêóàöèÿ (îáùåå îïîâåùåíèå).

Â èñòîðè÷åñêèõ çäàíèÿõ íåáîëüøîãî è ñðåäíåãî ðàç-

ìåðà ïðè ýâàêóàöèè ïðåäïîëàãàåòñÿ, ÷òî âñå ñëûøàò

îïîâåùåíèå îá îáíàðóæåíèè ïîæàðà è ïîêèäàþò

çäàíèå. Îäíîâðåìåííàÿ ýâàêóàöèÿ íà÷èíàåòñÿ ïî ñèã-

íàëó îáùåãî îïîâåùåíèÿ (ñèñòåìû ïîæàðíîé ñèã-

íàëèçàöèè) [11].

Óïðàâëÿåìàÿ ýâàêóàöèÿ (îïîâåùåíèå ïåðñîíàëà).

Â çäàíèÿõ ñ áîëüøèì êîëè÷åñòâîì ïîñåòèòåëåé, êî-

òîðûå íåçíàêîìû ñ èõ ïëàíèðîâêîé, íåîáõîäèìî èç-

áåãàòü ïàíèêè, êîòîðàÿ ìîæåò âîçíèêíóòü ïðè îäíî-

âðåìåííîé ýâàêóàöèè. Â ýòîì ñëó÷àå ðåêîìåíäóåòñÿ

óïðàâëÿåìàÿ ýâàêóàöèÿ, êîòîðàÿ îñíîâàíà íà õîðî-

øåé ïîäãîòîâêå ïåðñîíàëà è òùàòåëüíî ñïëàíèðî-

âàííîé ïðîöåäóðå ýâàêóàöèè: ïðè ñðàáàòûâàíèè ïî-

æàðíîé ñèãíàëèçàöèè îïîâåùàþò ïåðñîíàë, ñïå-

öèàëüíî íàçíà÷åííûå ñîòðóäíèêè óñòàíàâëèâàþò

ïðè÷èíó ñðàáàòûâàíèÿ è, åñëè ñèòóàöèÿ òðåáóåò

ýâàêóàöèè èç çäàíèÿ, îïîâåùàþò âñåõ ëþäåé, íàõî-

äÿùèõñÿ â çäàíèè [11].

Ýâàêóàöèÿ ïðîâîäèòñÿ îðãàíèçîâàííî, ïîä óïðàâ-

ëåíèåì ïåðñîíàëà, â ñîîòâåòñòâèè ñ ïðåäâàðèòåëüíî

ðàçðàáîòàííûì è ðåãóëÿðíî àïðîáèðóåìûì ïëàíîì.

Ïîýòàïíàÿ ýâàêóàöèÿ (ïîýòàïíîå îïîâåùåíèå).

Â áîëüøèõ ìóçåÿõ èëè äîñòàòî÷íî ñëîæíûõ èñòî-

ðè÷åñêèõ çäàíèÿõ ìîæíî ïðîâîäèòü ïîýòàïíóþ

ýâàêóàöèþ [11]. Ïîýòàïíàÿ ýâàêóàöèÿ îáëàäàåò ñëå-

äóþùèìè ïðåèìóùåñòâàìè:

� óìåíüøåíèåì ñêîïëåíèé ëþäåé íà ïóòÿõ ýâàêó-

àöèè, â îñîáåííîñòè íà ëåñòíèöàõ. Ïðè îäíîâðå-

ìåííîé ýâàêóàöèè âñåãî çäàíèÿ ëþäè îáû÷íî âû-

õîäÿò íà ëåñòíèöû íà âñåõ ýòàæàõ îäíîâðåìåí-

íî, ÷òî ìîæåò ïðèâåñòè ê îáðàçîâàíèþ çàòîðîâ;

� óìåíüøåíèåì âåðîÿòíîñòè âîçíèêíîâåíèÿ ïàíè-

êè. Ïðåäóïðåæäåíèå îá îïàñíîñòè ïðè îòñóòñò-

âèè âîçìîæíîñòè (èç-çà çàáëîêèðîâàííûõ âûõî-

äîâ) áûñòðî ïîêèíóòü çäàíèå ëåãêî âûçûâàåò

ïàíè÷åñêóþ ðåàêöèþ, êîòîðàÿ ìîæåò óñèëèòüñÿ

ïðè íàëè÷èè óçêèõ ïðîõîäîâ èëè ëåñòíèö â íå-

êîòîðûõ òèïàõ èñòîðè÷åñêèõ çäàíèé. Ïîñëåä-

ñòâèÿ òàêîé ïàíèêè ìîãóò îêàçàòüñÿ äàæå ãóáè-

òåëüíåå ïîñëåäñòâèé ñàìîãî ïîæàðà.

Ïîëíàÿ ýâàêóàöèÿ âñåãî çäàíèÿ ðåêîìåíäóåòñÿ

òîëüêî â òîì ñëó÷àå, åñëè ïîæàð âûõîäèò èç-ïîä êîíò-

ðîëÿ. Â áîëüøèíñòâå ñëó÷àåâ äîñòàòî÷íî ýâàêóèðî-

âàòü ëþäåé èç îäíîãî èëè íåñêîëüêèõ ïîæàðíûõ îò-

ñåêîâ.

Â ðóêîâîäñòâå [11] àíàëèçèðóåòñÿ íåîáõîäè-

ìîñòü îðãàíèçàöèè ðåàëüíîé ýâàêóàöèè â ñëó÷àå ïî-

æàðà. Ïðè ïðîâåäåíèè ó÷åáíîé ýâàêóàöèè ðàññìàò-

ðèâàåòñÿ íàèáîëåå îïàñíàÿ ñèòóàöèÿ, ïðè êîòîðîé

äîëæíû ýâàêóèðîâàòüñÿ âñå ïîñåòèòåëè è ñîòðóä-

íèêè.

1. Ñîãëàñíî ðóêîâîäñòâó [11] òðåíèðîâêè ïðîâî-

äÿòñÿ ñ ïåðñîíàëîì, áåç ïðèâëå÷åíèÿ ïîñåòèòåëåé,

òàê êàê þðèäè÷åñêèõ îñíîâàíèé äëÿ ýòîãî íåò.

2. Ñðàáàòûâàíèå ñèñòåìû îïîâåùåíèÿ ïðè ñðà-

áàòûâàíèè ïîæàðíûõ èçâåùàòåëåé — îáÿçàòåëüíîå

òðåáîâàíèå. Ïåðåäà÷à ñïåöèàëüíûõ òåêñòîâ äëÿ

ïåðñîíàëà ïðåäóñìîòðåíà òîëüêî äëÿ áîëüíèö è äî-

øêîëüíûõ ó÷ðåæäåíèé. Â ðàññìàòðèâàåìîé óïðàâ-

ëÿåìîé ýâàêóàöèè îïîâåùåíèå ñíà÷àëà ïðîâîäÿò äëÿ

ñîòðóäíèêîâ.

3. Âîçìîæíîñòü ðåàëèçàöèè íåñêîëüêèõ âàðèàí-

òîâ ýâàêóàöèè èç êàæäîé çîíû ïîæàðíîãî îïîâåùå-

íèÿ (ïîýòàïíîå îïîâåùåíèå) ïðåäóñìîòðåíà ñèñòå-

ìîé îïîâåùåíèÿ è óïðàâëåíèÿ ýâàêóàöèåé (ÑÎÓÝ)

V òèïà, ðåêîìåíäîâàíà ÑÎÓÝ IV òèïà, íî îêîí÷à-

òåëüíîå ðåøåíèå ïî âûáîðó âàðèàíòà ïðèíèìàåòñÿ

ïðîåêòíîé îðãàíèçàöèåé.

Òðåíèðîâêè ïî ýâàêóàöèè äëÿ ëèö, îñóùåñòâëÿ-

þùèõ ñâîþ äåÿòåëüíîñòü íà îáúåêòå, ðåãóëÿðíî

ïðîâîäÿòñÿ â Ãîñóäàðñòâåííîì Ýðìèòàæå. Â ñîîò-

âåòñòâèè ñ Ìåòîäè÷åñêèìè ðåêîìåíäàöèÿìè Ì×Ñ

Ðîññèè [12] ïîæàðíî-òåõíè÷åñêîé êîìèññèåé ðàçðà-

áàòûâàåòñÿ ïàêåò äîêóìåíòîâ, àäàïòèðîâàííûõ äëÿ

îáúåêòà (îòäåëüíûå çäàíèÿ è ïîìåùåíèÿ Ãîñóäàð-

ñòâåííîãî Ýðìèòàæà):

1) ãîäîâîé ïëàí-ãðàôèê â âèäå òàáëèöû ñ îïðå-

äåëåíèåì äàò è âðåìåíè ïðîâåäåíèÿ ó÷åáíîé ýâàêó-

àöèè, ìåñò åå ïðîâåäåíèÿ, îòâåòñòâåííûõ èñïîëíè-

òåëåé;

2) ïðèêàç î ïîäãîòîâêå è ïðîâåäåíèè ó÷åáíîé

ýâàêóàöèè, â êîòîðîì óêàçûâàþòñÿ äàòà è âðåìÿ åå

ïðîâåäåíèÿ; óêàçûâàþòñÿ ðóêîâîäèòåëü è íà÷àëü-

íèê øòàáà; óêàçûâàþòñÿ ñðîêè ïðåäîñòàâëåíèÿ äëÿ

óòâåðæäåíèÿ äîêóìåíòîâ ïî ïîäãîòîâêå è ïðîâåäå-
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íèþ çàíÿòèé è ó÷åáíîé ýâàêóàöèè; îïðåäåëÿþòñÿ

ìåðîïðèÿòèÿ è îòâåòñòâåííûé ïî îõðàíå òðóäà;

3) ïëàí ïðîâåäåíèÿ ó÷åáíîé ýâàêóàöèè, êîòîðûé

âêëþ÷àåò â ñåáÿ òåìó, öåëè, ñîñòàâ ó÷àñòíèêîâ è

ýòàïû ýâàêóàöèè;

4) ñïðàâêà (àêò) îá èòîãàõ îðãàíèçàöèè ïîäãî-

òîâêè è ïðîâåäåíèÿ ó÷åáíîé ýâàêóàöèè ñ óêàçàíèåì

íîìåðà ïðèêàçà, â ñîîòâåòñòâèè ñ êîòîðûì ïðîâîäè-

ëàñü ýâàêóàöèÿ, ïëàíà è ýòàïîâ ýâàêóàöèè, õðîíî-

ìåòðàæà è äåéñòâèé âñåõ ó÷àñòíèêîâ ýâàêóàöèè,

èòîãîâ è îöåíêè ïðîâåäåííîé ýâàêóàöèè ðóêîâîäè-

òåëåì.

Ìåòîäè÷åñêèå ðåêîìåíäàöèè [12] ïîäãîòîâëåíû

ÓÃÏÍ Ì×Ñ Ðîññèè â öåëÿõ ñîâåðøåíñòâîâàíèÿ ñè-

ñòåìû ïîäãîòîâêè ïåðñîíàëà îáúåêòîâ ê äåéñòâèÿì

â óñëîâèÿõ âîçíèêíîâåíèÿ ïîæàðîîïàñíûõ è èíûõ

÷ðåçâû÷àéíûõ ñèòóàöèé çà ñ÷åò ïîâûøåíèÿ ðîëè

òðåíèðîâîê, ìàêñèìàëüíî ïðèáëèæåííûõ ê âîçìîæ-

íûì ðåàëüíûì óñëîâèÿì; ïðèîáðåòåíèÿ ïåðñîíàëîì

îáúåêòîâ óñòîé÷èâûõ íàâûêîâ, íåîáõîäèìûõ äëÿ ïðè-

íÿòèÿ áûñòðûõ è ÷åòêèõ ðåøåíèé; âûïîëíåíèÿ äåé-

ñòâèé, íåîáõîäèìûõ äëÿ ïðåäóïðåæäåíèÿ îïàñíûõ

ïîñëåäñòâèé, êîòîðûå ìîãóò èìåòü ìåñòî ïðè âîç-

íèêíîâåíèè ïîæàðîâ è èíûõ ÷ðåçâû÷àéíûõ ñèòóà-

öèé. Â ñâÿçè ñ ýòèì äîëæíà ïðîâîäèòüñÿ òðåíèðîâî÷-

íàÿ, à íå ó÷åáíàÿ ýâàêóàöèÿ ïðè ïîæàðå, ïîýòîìó

îäèí èç ýâàêóàöèîííûõ âûõîäîâ äîëæåí áûòü çàáëî-

êèðîâàí.

5 àïðåëÿ 2018 ã. â çäàíèè Çèìíåãî äâîðöà Ãîñó-

äàðñòâåííîãî Ýðìèòàæà áûëà ïðîâåäåíà ó÷åáíàÿ ýâà-

êóàöèÿ ïåðñîíàëà è ïîñåòèòåëåé. Çèìíèé äâîðåö,

ïîñòðîåííûé â 1754–1762 ãã., ïðåäñòàâëÿåò ñîáîé

òðåõýòàæíîå çäàíèå, èìåþùåå ôîðìó êàðå ñ âíóòðåí-

íèì äâîðîì, III ñòåïåíè îãíåñòîéêîñòè, êëàññà êîí-

ñòðóêòèâíîé ïîæàðíîé îïàñíîñòè Ñ0, êëàññà ôóíê-

öèîíàëüíîé ïîæàðíîé îïàñíîñòè Ô2.2, Ô3.1, Ô5.1,

Ô5.2. Ïëîùàäü, çàíèìàåìàÿ çäàíèåì, — 36 572 ì2.

Â ïîìåùåíèÿõ Çèìíåãî äâîðöà ðàñïîëàãàþòñÿ âû-

ñòàâî÷íûå çàëû, õðàíèëèùà, íàó÷íûå îòäåëû, ìàñ-

òåðñêèå.

Îòëè÷èòåëüíîé îñîáåííîñòüþ äàííîé ýâàêóàöèè

áûëî òî, ÷òî îíà ïðîâîäèëàñü â ðåàëüíûõ óñëîâèÿõ

ðàáîòû ìóçåÿ, à çíà÷èò, ê ýâàêóàöèè áûëè ïðèâëå÷å-

íû ðàçëè÷íûå ãðóïïû ëþäåé: ðàáîòíèêè ìóçåÿ, ñî-

òðóäíèêè ñòîðîííèõ îðãàíèçàöèé, ðàñïîëîæåííûõ

â çäàíèè Çèìíåãî äâîðöà, ñîòðóäíèêè ïðîòèâîïîæàð-

íîé ñëóæáû, ñîòðóäíèêè Ðîñãâàðäèè è ïîñåòèòåëè

ìóçåÿ.

Â õîäå òðåíèðîâêè ïî ýâàêóàöèè äîëæíû áûòü

ïðîâåðåíû:

� âçàèìîäåéñòâèå äåæóðíûõ ñëóæá è ñîòðóäíèêîâ

ìóçåÿ ñ ñîòðóäíèêàìè Ì×Ñ è Ðîñãâàðäèè â ñëó÷àå

âîçíèêíîâåíèÿ ïîæàðà;

� ïðàâèëüíîñòü äåéñòâèé ïî âûçîâó ïîæàðíîé îõ-

ðàíû (îí äîëæåí áûòü íåìåäëåííûì), îðãàíèçà-

öèè ñïàñåíèÿ, ýâàêóàöèè ëþäåé è îáåñïå÷åíèþ

ñîõðàííîñòè ìàòåðèàëüíûõ è êóëüòóðíûõ öåí-

íîñòåé ïðè óãðîçå âîçíèêíîâåíèÿ ïîæàðà;

� ðåàëüíîñòü è ýôôåêòèâíîñòü ðàçðàáîòàííûõ ïëà-

íîâ ýâàêóàöèè;

� ñîñòîÿíèå ñèñòåì ïîæàðíîé ñèãíàëèçàöèè;

� ñîñòîÿíèå ÑÎÓÝ;

� ðàáîòà àâòîìàòè÷åñêîé ðàçáëîêèðîâêè äâåðåé

ýâàêóàöèîííûõ âûõîäîâ;

� âîçìîæíîñòü ñâîáîäíîãî ïîäúåçäà ê ïîæàðíûì

ãèäðàíòàì;

� óêîìïëåêòîâàííîñòü ïåðâè÷íûìè ñðåäñòâàìè ïî-

æàðîòóøåíèÿ;

� óêîìïëåêòîâàííîñòü ìóçåÿ ìåäèêàìåíòàìè è ñðåä-

ñòâàìè îêàçàíèÿ ïåðâîé ìåäèöèíñêîé ïîìîùè

â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ïðèêàçà Ìèí-

çäðàâñîöðàçâèòèÿ Ðîññèè îò 05.03.2011 ¹ 169í

“Îá óòâåðæäåíèè òðåáîâàíèé ê êîìïëåêòàöèè èç-

äåëèÿìè ìåäèöèíñêîãî íàçíà÷åíèÿ àïòå÷åê äëÿ

îêàçàíèÿ ïåðâîé ïîìîùè ðàáîòíèêàì”.

Ïðîâåäåíèþ òðåíèðîâêè ïðåäøåñòâîâàëî èçó÷å-

íèå ïëîòíîñòè ëþäñêèõ ïîòîêîâ â ðàçëè÷íûå âðåìåí-

íûå ïåðèîäû.

Â òàáë. 1 ïðåäñòàâëåíû ñâåäåíèÿ î åæåäíåâíîì

ïîñåùåíèè ìóçåÿ îðãàíèçîâàííûìè ãðóïïàìè â çà-

âèñèìîñòè îò ñåçîíà. Íàèáîëåå íàñûùåííûé ïî-

ñåòèòåëÿìè ñåçîí — âåñåííå-ëåòíèé. Â îòäåëüíóþ

ãðóïïó âûäåëåíû ïåðèîäû ïðîäîëæèòåëüíûõ âûõîä-

íûõ äíåé, êîãäà êîëè÷åñòâî ýêñêóðñèîííûõ ãðóïï â

ìóçåå óâåëè÷èâàåòñÿ.

Îáúåäèíÿþùèì ôàêòîðîì äëÿ äàííîé êàòåãîðèè

ïîñåòèòåëåé ÿâëÿåòñÿ òî, ÷òî â çäàíèè ñî ñëîæíîé è

íåçíàêîìîé äëÿ íèõ ïëàíèðîâêîé ïðîöåññ ýâàêóà-

öèè áóäåò ïðîõîäèòü îðãàíèçîâàííî â íóæíîì íà-

ïðàâëåíèè, òàê êàê ãðóïïó áóäåò íàïðàâëÿòü ãèä,

çíàêîìûé ñ îñîáåííîñòÿìè ìóçåÿ.

Êîëè÷åñòâî ëþäåé â ãðóïïå — íå áîëåå 25 ÷åë.

Ïðîäîëæèòåëüíîñòü îáçîðíîé ýêñêóðñèè ñîñòàâ-

ëÿåò 1 ÷ 40 ìèí. Èñõîäÿ èç ïðèâåäåííûõ â òàáë. 1

äàííûõ, ìîæíî óñòàíîâèòü, ÷òî êîëè÷åñòâî åäèíî-

âðåìåííî íàõîäÿùèõñÿ â ìóçåå ïîñåòèòåëåé â îðãà-

íèçîâàííûõ ãðóïïàõ ñîñòàâëÿåò â ñðåäíåì îêîëî

1500 ÷åë.

Â òàáë. 2 ïðåäñòàâëåíû ñâåäåíèÿ ïî êîëè÷åñòâó

ëþäåé â ìóçåå, ïðîøåäøèõ áèëåòíûé êîíòðîëü. Â äàí-

íîé òàáëèöå ó÷òåíû âñå ïîñåòèòåëè, ïîñåùàþùèå

ìóçåé êàê â îðãàíèçîâàííûõ ãðóïïàõ, òàê è ñàìî-

ñòîÿòåëüíî. Ñâåäåíèÿ ñîáèðàëèñü â òå÷åíèå îäíîãî

ìåñÿöà íàñûùåííîãî ïîñåòèòåëÿìè ñåçîíà.

Èç ïðåäñòàâëåííûõ â òàáë. 2 ñâåäåíèé ìîæíî

îïðåäåëèòü âðåìÿ, êîãäà êîëè÷åñòâî ïîñåòèòåëåé â

ìóçåå íàèáîëüøåå.

Êîëè÷åñòâî ïîñåòèòåëåé ðåçêî óâåëè÷èâàåòñÿ ê

11 ÷ 30 ìèí. Ýòî îáúÿñíÿåòñÿ òåì, ÷òî ìóçåé ñ 10 ÷

30 ìèí îòêðûâàåòñÿ äëÿ îäèíî÷íûõ ïîñåòèòåëåé.
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Èñõîäÿ èç àíàëèçà êîëè÷åñòâà ïîñåòèòåëåé â ðàç-

ëè÷íûå ïåðèîäû âðåìåíè, áûëî ïðèíÿòî ðåøåíèå

íà÷àòü ó÷åáíóþ òðåíèðîâêó ïî ýâàêóàöèè â 11 ÷àñîâ

â äåíü áåñïëàòíîãî ïîñåùåíèÿ ìóçåÿ. Ê ìîìåíòó

ñðàáàòûâàíèÿ ñèñòåìû îïîâåùåíèÿ â Çèìíåì äâîð-

öå íàõîäèëîñü 1800 ïîñåòèòåëåé, ïðîøåäøèõ áè-

ëåòíûé êîíòðîëü. Ñ ó÷åòîì íàëè÷èÿ ñðåäè ïîñåòè-

òåëåé èíîñòðàííûõ ãðàæäàí îïîâåùåíèå â ìóçåå

ïðîâîäèòñÿ íà ðóññêîì, àíãëèéñêîì è ôðàíöóçñêîì

ÿçûêàõ.

Ê ïðîâåäåíèþ ó÷åáíîé òðåíèðîâêè ïðèâëåêà-

ëèñü ñòàòèñòû, êîòîðûå áûëè ðàññòàâëåíû ó ýâàêóà-

öèîííûõ âûõîäîâ äëÿ ôèêñàöèè êîëè÷åñòâà ýâàêóè-

ðîâàííûõ ëþäåé è âðåìåíè ýâàêóàöèè.

Ñîãëàñíî ïëàíàì ýâàêóàöèè â çäàíèè Çèìíåãî

äâîðöà äëÿ ïîñåòèòåëåé èìååòñÿ 6 âûõîäîâ íåïî-

ñðåäñòâåííî íàðóæó, îòâå÷àþùèõ òðåáîâàíèÿì ïî-

æàðíîé áåçîïàñíîñòè. Êðîìå òîãî, èìåþòñÿ âûõîäû

èç ñëóæåáíûõ ïîìåùåíèé äëÿ ñîòðóäíèêîâ, à òàêæå

÷åòûðå ïåðåõîäà â äðóãîå çäàíèå (îäèí — íà ïåðâîì

ýòàæå è òðè — íà âòîðîì) (ñì. ðèñ. 1–3).

Â òàáë. 3 ñâåäåíû äàííûå ïî êîëè÷åñòâó ëþäåé,

ïðîøåäøèõ ÷åðåç ýâàêóàöèîííûå âûõîäû, è âðåìå-

íè ýâàêóàöèè.

×èñëî ýâàêóèðîâàííûõ ëþäåé â ñóììå ñîñòàâ-

ëÿåò 1410 ÷åë. Îñòàëüíûå ïîñåòèòåëè â êîëè÷åñòâå

390 ÷åë. ê ìîìåíòó ñðàáàòûâàíèÿ ñèñòåìû îïîâå-

ùåíèÿ ïåðåøëè â äðóãîå çäàíèå ìóçåÿ.

Ðåçóëüòàòû è îáñóæäåíèå

Äëÿ Çèìíåãî äâîðöà â 2012 ã. ñïåöèàëèñòàìè

Ñàíêò-Ïåòåðáóðãñêîãî ôèëèàëà ÔÃÁÓ ÂÍÈÈÏÎ

áûë âûïîëíåí ðàñ÷åò èíäèâèäóàëüíîãî ïîæàðíîãî

ðèñêà. Ïðè ïðîâåäåíèè ðàñ÷åòà ðàññìàòðèâàëèñü

äâå àâàðèéíûå ñèòóàöèè. Â ðåçóëüòàòå ïåðâîé ñèòó-

àöèè ïðîèñõîäèëî áëîêèðîâàíèå ëåñòíèö ¹ 1 è 2

è âûõîäîâ èç ïðàâîé ÷àñòè Çèìíåãî äâîðöà ¹ 1–4,

â ðåçóëüòàòå âòîðîé — áëîêèðîâàíèå ëåñòíèö ¹ 3–5

è ýâàêóàöèîííûõ âûõîäîâ èç ëåâîé ÷àñòè Çèìíåãî

äâîðöà ¹ 1, 2, 5 è 6.

Îäíîé èç öåëåé ó÷åáíîé òðåíèðîâêè áûëî îïðå-

äåëåíèå ðåàëüíîãî âðåìåíè ýâàêóàöèè ïîñåòèòåëåé

èç çäàíèÿ Çèìíåãî äâîðöà â óñëîâèÿõ ðàáîòû ìóçåÿ.

Îïàñíûìè ôàêòîðàìè ïîæàðà óñëîâíî áûë áëîêè-

ðîâàí ýâàêóàöèîííûé âûõîä äëÿ ñîòðóäíèêîâ ìóçåÿ

¹ 7, ðàñïîëîæåííûé â ïðàâîé ÷àñòè Çèìíåãî äâîð-

öà. Ìàêñèìàëüíîå âðåìÿ ýâàêóàöèè íåïîñðåäñòâåí-

íî íàðóæó èç çäàíèÿ ñîñòàâèëî 6 ìèí 37 ñ. Ñîãëàñíî

ðàñ÷åòàì ïî ïåðâîé àâàðèéíîé ñèòóàöèè ìèíèìàëü-

íîå âðåìÿ îò íà÷àëà ïîæàðà äî áëîêèðîâàíèÿ ýâà-

êóàöèîííûõ ïóòåé â ðåçóëüòàòå ðàñïðîñòðàíåíèÿ

íà íèõ ÎÔÏ ñîñòàâèëî: äëÿ âûõîäîâ ¹ 1 è 2 —

8 ìèí 6 c, ¹ 3 — 5 ìèí 36 c, ¹ 4 — áîëåå 10 ìèí.

Ïðîâåäåíèå òðåíèðîâêè ïî ýâàêóàöèè â ðåàëü-

íûõ óñëîâèÿõ ïîçâîëèëî ïðîñëåäèòü ïîâåäåíèå ðàç-

×àñû
ïîñåùåíèÿ

Visiting
hours

Êîëè÷åñòâî ãðóïï, ïîñåùàþùèõ ìóçåé â ïåðèîä

Group number for time period

Ñåíòÿáðü –
àïðåëü

September –
April

Ìàé – àâãóñò

May – August

Ïðàçäíè÷íûå
äíè (ÿíâàðñêèå,

ìàéñêèå)

Holidays
(January, May)

1
-é

â
õ
î
ä

1
st

en
tr

an
ce

2
-é

â
õ
î
ä

2
n
d

en
tr

an
ce

1
-é

â
õ
î
ä

1
st

en
tr

an
ce

2
-é

â
õ
î
ä

2
n
d

en
tr

an
ce

1
-é

â
õ
î
ä

1
st

en
tr

an
ce

2
-é

â
õ
î
ä

2
n
d

en
tr

an
ce

10:40 2

10:45 5 5 5 5 5

10:50 2

11:00 5 5 10

11:10 2

11:15 5 5 5 5 5

11:20 2

11:30 5 2 5 5

11:40 2

11:45 5 5 5 5 5

11:50 2

12:00 5 2 5 10

12:10 2

12:15 5 5 5 5 5

12:20 2

12:30 5 2 5 5

12:40 2

12:45 5 5 5 5 5

12:50 2

13:00 5 2 5 10

13:10 2

13:15 5 5 5 5 5

13:20 2

13:30 5 2 5 5

13:40 2

13:45 5 5 5 5 5

13:50 2

14:00 5 2 5 10

14:10 2

14:15 5 5 5 5 5

14:20 2

14:30 5 2 5 5

14:40 2

14:45 5 5 5 5 5

14:50 2

15:00 5 2 5 10

15:10 2

15:15 5 5 5 5 5

15:20 2

15:30 5 2 5 5

15:40 2

15:45 5 5 5 5 5

15:50 2

16:00 5 2 5 10

16:10 2

16:15 5 5 5 5 5

ÈÒÎÃÎ
TOTAL

115 68 115 60 145 60
183 175 205

Òàáëèöà 1. Ïîñåùåíèå ìóçåÿ îðãàíèçîâàííûìè ãðóïïàìè

(ñ ãèäîì) � Table 1. Visit to the museum (tourist groups with guide)
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ëè÷íûõ êàòåãîðèé ïîñåòèòåëåé, èõ ýìîöèîíàëüíóþ

è ïîâåäåí÷åñêóþ ðåàêöèþ, ïðîâåðèòü ñîîòâåòñòâèå

ðåàëüíîãî âðåìåíè ýâàêóàöèè íîðìàòèâíîìó, óñòà-

íîâëåííîìó ÑÏ 118.13330.2012*, à òàêæå ðàñ÷åò-

íîìó âðåìåíè îò íà÷àëà ïîæàðà äî áëîêèðîâàíèÿ

ýâàêóàöèîííûõ ïóòåé îïàñíûìè ôàêòîðàìè ïîæà-

ðà, ïðèâåäåííîìó â ðàñ÷åòàõ ïîæàðíîãî ðèñêà äëÿ

çäàíèÿ Çèìíåãî äâîðöà.

Íåîáõîäèìî îòìåòèòü, ÷òî ýâàêóàöèÿ ïîñåòèòå-

ëåé ïðîâîäèëàñü â õîðîøî îñâåùåííûõ ïîìåùåíè-

ÿõ, â óñëîâèÿõ îòñóòñòâèÿ ÎÔÏ è äðóãèõ ôàêòîðîâ,

êîòîðûå ìîãóò íåáëàãîïðèÿòíî ïîâëèÿòü íà ÷åëîâå-

êà. Â ýòèõ óñëîâèÿõ ïîñåòèòåëè ìóçåÿ íå ïðîÿâëÿëè

Äåíü ìåñÿöà

Day of the month

Êîëè÷åñòâî ïîñåòèòåëåé, ÷åë., â èíòåðâàëû âðåìåíè � Visitor number at time periods

9–10 10–11 11–12 12–13 13–14 14–15 15–16 16–17 17–18 18–19 19–20 20–21

1.07. Ñóááîòà � Saturday 660 2223 2334 2464 2497 2450 2768 2224 41 11 114

2.07. Âîñêðåñåíüå � Sunday 1393 2222 3098 2354 2388 3180 2524 1716 66

4.07. Âòîðíèê � Tuesday 1225 2274 3413 2485 2633 3020 3354 1944 40 40

5.07. Ñðåäà � Wednesday 554 2077 2705 2581 2235 2240 3008 2221 1615 1137 893 74

6.07. ×åòâåðã � Thursday 341 1686 2546 2041 2311 2579 2208 2937 306 70 48

7.07. Ïÿòíèöà � Friday 826 1399 2843 2083 1879 2081 2750 2218 1111 904 323 63

8.07. Ñóááîòà � Saturday 865 2170 2823 2057 2307 2474 2681 1445 68 56 89 292

9.07. Âîñêðåñåíüå � Sunday 1230 1816 2915 2358 2224 3176 2379 2038 17 27 115

11.07. Âòîðíèê � Tuesday 1200 3151 3297 3141 2328 2889 3009 1996 54 41

12.07. Ñðåäà � Wednesday 1204 2332 3754 2454 2564 2730 2813 2736 1840 1501 931 111

13.07. ×åòâåðã � Thursday 1246 1646 2940 1751 2024 2329 2042 1853 20 7 67

14.07. Ïÿòíèöà � Friday 742 1776 2683 2288 2249 2271 2615 2118 1368 969 696 10

15.07. Ñóááîòà � Saturday 886 2056 2623 2178 2125 2286 2681 1437 26 44

16.07. Âîñêðåñåíüå � Sunday 1130 1808 3026 1874 1874 2278 2853 1513 114

18.07. Âòîðíèê � Tuesday 810 1882 3491 2873 2492 2977 3364 2624 152 67

19.07. Ñðåäà � Wednesday 680 1541 3019 2298 1872 2094 2317 2323 1731 2047 704 81

20.07. ×åòâåðã � Thursday 196 1520 3012 2628 2432 3136 2695 2035 76

21.07. Ïÿòíèöà � Friday 451 1302 2437 2138 1873 2068 2075 2003 1082 1064 660 37

22.07. Ñóááîòà � Saturday 1641 2419 3369 2095 2466 2609 2804 1891 20 19 155 80

23.07. Âîñêðåñåíüå � Sunday 1035 2157 2737 2271 2596 2721 2746 1872 192

25.07. Âòîðíèê � Tuesday 1193 2072 3445 2817 2852 3105 3500 2528 223 44

26.07. Ñðåäà � Wednesday 937 1817 3286 2477 2102 2832 2749 2190 1305 1574 1168 94

27.07. ×åòâåðã � Thursday 744 1388 2325 1966 1747 1878 2380 963 59 2 58

28.07. Ïÿòíèöà � Friday 199 1130 2588 2135 1457 1576 2108 1442 758 1074 178 4

29.07. Ñóááîòà � Saturday 566 1276 2767 2385 2025 2019 2100 1510 30 30

30.07. Âîñêðåñåíüå � Sunday 550 1514 2796 2347 1700 2041 2386 919 57 29 83

ÈÒÎÃÎ � TOTAL 23162 48960 76527 61122 57361 65110 68986 50696 12371 10757 5882 846

Òàáëèöà 2. Êîëè÷åñòâî ïîñåòèòåëåé, ïðîøåäøèõ áèëåòíûé êîíòðîëü â Çèìíåì äâîðöå â òå÷åíèå ìåñÿöà

Table 2. Visitor number at ticket inspection in Winter Palace during the month

Íîìåð ýâàêóàöè-
îííîãî âûõîäà

Exit number

Âðåìÿ ýâàêóàöèè,
ìèí:ñ

Evacuation time,
min:sec

×èñëî ýâàêóèðîâàí-
íûõ ïîñåòèòåëåé, ÷åë.

Evacuating people

1 6:00 580

2 4:01 325

3 6:10 124

4 6:37 223

5 3:03 40

6 2:30 118

Òàáëèöà 3. ×èñëî ïîñåòèòåëåé è âðåìÿ ýâàêóàöèè

Table 3. Number of people and evacuation time
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ïàíè÷åñêèõ íàñòðîåíèé. Èç-çà ñëîæíîñòè ïëàíè-

ðîâêè çäàíèÿ, íàëè÷èÿ ðàçëè÷íûõ ïðîõîäîâ è ãàëå-

ðåé îñíîâíàÿ òðóäíîñòü, ñ êîòîðîé ñòîëêíóëèñü ïî-

ñåòèòåëè, — ïðîéòè êîðîòêèì ïóòåì ê áëèæàéøåìó

âûõîäó. Ñïðàâèòüñÿ ñ ýòèì ïîìîãàëè îáó÷åííûå ñî-

òðóäíèêè ñëóæáû áåçîïàñíîñòè ìóçåÿ è íàëè÷èå

çíàêîâ ÑÎÓÝ, ðàñïîëîæåííûõ íà ïóòÿõ ê âûõîäàì.

Â ðåçóëüòàòå ôàêòè÷åñêîå âðåìÿ ýâàêóàöèè ïîñåòè-

òåëåé èç çäàíèÿ ìóçåÿ ïðàêòè÷åñêè íå ïðåâûñèëî

íîðìàòèâíîå è ðàñ÷åòíîå.

Ñëåäóåò ó÷èòûâàòü, ÷òî â ðåàëüíûõ óñëîâèÿõ

ïðè âîçäåéñòâèè ÎÔÏ, â òåìíîå âðåìÿ ñóòîê, ïðè

íàëè÷èè íåîäíîçíà÷íîé ïëàíèðîâêè, à òàêæå ñëîæ-

íûõ ó÷àñòêîâ (ëåñòíèö ñ êîëè÷åñòâîì ñòóïåíåé â

îäíîì ìàðøå áîëåå 16) íà ïóòÿõ ýâàêóàöèè âåðîÿò-

íîñòü âîçíèêíîâåíèÿ ïàíèêè ó ïîñåòèòåëåé î÷åíü

âåëèêà, à ýòî ìîæåò ïîâëèÿòü íà âðåìÿ ýâàêóàöèè.

Íåîäíîðîäíîñòü ñîñòàâà ãðóïï ïîñåòèòåëåé â òàêîé

ñèòóàöèè òîæå ïðèâîäèò ê ñíèæåíèþ ñêîðîñòè äâè-

æåíèÿ ïîòîêà. Äëÿ ïðàâèëüíîé îöåíêè âðåìåíè ýâà-

êóàöèè íåîáõîäèìî çíàòü ÷èñëî ëþäåé â çäàíèè â

çàâèñèìîñòè îò âðåìåíè ãîäà, ñóòîê è ò. ï. Äëÿ âû-

ïîëíåíèÿ äàííîé çàäà÷è íåîáõîäèìî ïðîâîäèòü èçó-

÷åíèå äâèæåíèÿ è ìîäåëèðîâàíèå ëþäñêèõ ïîòîêîâ

ïðè ýâàêóàöèè èç çäàíèé [13–23].

Êðîìå òîãî, äëÿ ïðàâèëüíîé îöåíêè âðåìåíè

ýâàêóàöèè íåîáõîäèìî ó÷èòûâàòü èñòîðè÷åñêè ñëî-

æèâøèåñÿ àðõèòåêòóðíûå îñîáåííîñòè ìóçåÿ:
� íàëè÷èå âõîäîâ â ìóçåé â çäàíèÿõ Ìàëîãî Ýðìè-

òàæà è Áîëüøîãî Ýðìèòàæà;
� ñîåäèíåíèå âñåõ çäàíèé ìåæäó ñîáîé ãàëåðåÿìè

è ïåðåõîäàìè, íå èìåþùèìè ïðîòèâîïîæàðíûõ

ïðåãðàä.

Äàííàÿ îñîáåííîñòü ìóçåÿ ïîçâîëÿåò ïîñåòè-

òåëÿì áåñïðåïÿòñòâåííî ïåðåìåùàòüñÿ ìåæäó çäà-

íèÿìè ìóçåÿ, îäíàêî ýòî çàòðóäíÿåò ó÷åò êîëè÷åñò-

âà ïîñåòèòåëåé â îäíîì êîíêðåòíîì çäàíèè.

Âàæíî ïðîàíàëèçèðîâàòü ïåðèîäû, â êîòîðûå âîç-

ìîæíî ìàññîâîå ñêîïëåíèå íà îáúåêòå ëþäåé (íà-

ïðèìåð, ëåòîì, â äíè øêîëüíûõ êàíèêóë, ãîñóäàðñò-

âåííûõ ïðàçäíèêîâ, ïðè ïðîâåäåíèè âûñòàâîê è ò. ï.),

â îñîáåííîñòè äåòåé ðàçëè÷íîãî âîçðàñòà. Äëÿ òà-

êîãî àíàëèçà ìîæåò áûòü èñïîëüçîâàíà ñòàòèñòèêà

ïîñåùåíèÿ ìóçååâ (ðèñ. 5 è 6).

Íà îñíîâàíèè ðåçóëüòàòîâ òàêîãî àíàëèçà ïðå-

äóñìàòðèâàåòñÿ óñèëåíèå ìåðîïðèÿòèé ïî îáåñïå÷å-

íèþ áåçîïàñíîñòè è óâåëè÷åíèå ÷èñëåííîñòè ñîòðóä-

íèêîâ ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû è

âîëîíòåðîâ, ïðîøåäøèõ ñïåöèàëüíóþ ïîäãîòîâêó

â ñôåðå ïîæàðíîé áåçîïàñíîñòè.

Àíàëîãè÷íûé àíàëèç íåîáõîäèìî ïðîâåñòè äëÿ

ìàëîìîáèëüíûõ ãðóïï íàñåëåíèÿ è èíîñòðàíöåâ.

Âûâîäû

Àíàëèçèðóÿ èòîãè òðåíèðîâêè ïî ýâàêóàöèè, ìîæ-

íî âûäåëèòü ñëåäóþùèå íàïðàâëåíèÿ äàëüíåéøèõ

èññëåäîâàíèé:

Ðèñ. 5. Ïîñåùàåìîñòü Çèìíåãî äâîðöà (à) è Ìàëîãî Ýðìè-

òàæà (á) â ðàçíîå âðåìÿ ñóòîê (èþíü 2017 ã.)

Fig. 5. Visitor number in Winter Palace (a) and Small Hermitage (b)

depending on time of day (June 2017)

Ðèñ. 6. Ïîñåùàåìîñòü ìóçååâ ñ ðàñïðåäåëåíèåì ÷èñëà ïîñå-

òèòåëåé ïî âõîäàì (èþíü 2017 ã.)

Fig. 6. Visitor number distributing by entrances (June 2017)
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1) ñîâåðøåíñòâîâàíèå ìåòîäèêè îïðåäåëåíèÿ èí-

äèâèäóàëüíîãî ïîæàðíîãî ðèñêà äëÿ îáúåêòîâ êóëü-

òóðíîãî íàñëåäèÿ ñ ó÷åòîì èññëåäîâàíèÿ îñîáåííî-

ñòåé ïðîöåññà òðåíèðîâêè ïî ýâàêóàöèè è îõðàííî-

ãî ñòàòóñà îáúåêòà;

2) ðàññìîòðåíèå âîçìîæíîñòè âêëþ÷åíèÿ â ìå-

òîäèêó ýëåìåíòîâ âåðîÿòíîñòíîãî ïîäõîäà ê îïðå-

äåëåíèþ ðàñ÷åòíûõ âåëè÷èí èíäèâèäóàëüíîãî ïî-

æàðíîãî ðèñêà, èñïîëüçóåìîãî â ðÿäå ìåæäóíàðîä-

íûõ íîðìàòèâíûõ äîêóìåíòîâ;

3) äëÿ ïðîâåäåíèÿ àíàëèçà òèïîâûõ âàðèàíòîâ

îáúåìíî-ïëàíèðîâî÷íûõ è êîíñòðóêòèâíûõ ðåøå-

íèé äëÿ îáúåêòîâ êóëüòóðíîãî íàñëåäèÿ ââåäåíèå

êëàññèôèêàöèè èõ ýëåìåíòîâ, ÿâëÿþùèõñÿ ïðåäìå-

òîì îõðàíû, è ðàçðàáîòêà íà åå îñíîâå âîçìîæíûõ

òèïîâûõ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû;

4) îòäåëüíûé àíàëèç:
� ðàçëè÷íûõ ãðóïï ëþäåé (ñîöèàëüíûõ, âîçðàñò-

íûõ), â òîì ÷èñëå äåòåé ðàçëè÷íîãî âîçðàñòà, èíî-

ñòðàíöåâ, à òàêæå êàòåãîðèé ìàëîìîáèëüíûõ ëþ-

äåé, èñïûòûâàþùèõ çàòðóäíåíèÿ ïðè ñàìîñòîÿ-

òåëüíîì ïåðåäâèæåíèè;
� äîïóñòèìîãî êîëè÷åñòâà ïîñåòèòåëåé äëÿ îäíî-

ìîìåíòíîãî ïðåáûâàíèÿ âî âñåì êîìïëåêñå çäà-

íèé ñ ó÷åòîì íàëè÷èÿ ýâàêóàöèîííûõ âûõîäîâ

â ìóçåå.

Äëÿ òàêîãî àíàëèçà ìîãóò áûòü èñïîëüçîâàíû ñòà-

òèñòè÷åñêèå äàííûå ïî ïîñåùåíèþ ìóçååâ.
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ÐÅÇÞÌÅ

Ââåäåíèå. Ïðîåêòèðîâàíèå ëå÷åáíûõ ó÷ðåæäåíèé â Ðîññèéñêîé Ôåäåðàöèè îñóùåñòâëÿåòñÿ ñ ó÷åòîì òðåáî-

âàíèé Ôåäåðàëüíîãî çàêîíà îò 30.12.2009 ã. ¹ 384-ÔÇ “Òåõíè÷åñêèé ðåãëàìåíò î áåçîïàñíîñòè çäàíèé è

ñîîðóæåíèé”, à òàêæå Ôåäåðàëüíîãî çàêîíà îò 22.07.2008 ã. ¹ 123-ÔÇ “Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâà-

íèÿõ ïîæàðíîé áåçîïàñíîñòè”. Â Èòàëèè òåõíè÷åñêèå ïðàâèëà ïîæàðíîé áåçîïàñíîñòè ïðè ïðîåêòèðîâàíèè,

ñòðîèòåëüñòâå è ýêñïëóàòàöèè ãîñóäàðñòâåííûõ è ÷àñòíûõ ìåäèöèíñêèõ ó÷ðåæäåíèé óòâåðæäåíû Óêàçîì Ìè-

íèñòåðñòâà âíóòðåííèõ äåë Èòàëèè îò 18.09.2002 ã. ¹ 227. Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ èçó÷åíèå èòàëü-

ÿíñêèõ íîðì ïðîåêòèðîâàíèÿ ëå÷åáíûõ ó÷ðåæäåíèé äëÿ ïðîâåäåíèÿ ñðàâíèòåëüíîãî àíàëèçà ñ ðîññèéñêîé

íîðìàòèâíîé áàçîé â ÷àñòè îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ çäðàâîîõðàíåíèÿ.

Ìåòîäû. Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç îñíîâíûõ ïîëîæåíèé è öåëåé äîêóìåíòîâ òåõíè÷åñêîãî ðåãóëèðî-

âàíèÿ â îáëàñòè ïîæàðíîé áåçîïàñíîñòè è îáùèõ ïðèíöèïîâ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè â Èòàëèè

è Ðîññèè.

Ðåçóëüòàòû. Íåîáõîäèìî îòìåòèòü, ÷òî ïðàâèëà ïîæàðíîé áåçîïàñíîñòè, óòâåðæäåííûå Óêàçîì ¹ 227, íå ñî-

äåðæàò êîíêðåòíîãî ïîíÿòèÿ “ýâàêóàöèÿ” è íå îïèñûâàþò åå õàðàêòåðèñòèêè. Â ÔÇ ¹ 123 äîñòàòî÷íî ïîä-

ðîáíî ðàñêðûâàþòñÿ êàê ïîíÿòèå ýâàêóàöèè, òàê è åå õàðàêòåðèñòèêè. Òðåáîâàíèÿ, óñòàíîâëåííûå èòàëüÿí-

ñêèìè ñòðîèòåëüíûìè íîðìàìè ê ïîêàçàòåëÿì îãíåñòîéêîñòè ñòðîèòåëüíûõ êîíñòðóêöèé, ïðàêòè÷åñêè ñîâïà-

äàþò ñ îòå÷åñòâåííûìè òðåáîâàíèÿìè ïîæàðíîé áåçîïàñíîñòè ïî îãíåñòîéêîñòè.

Âûâîäû. Íåñìîòðÿ íà êîìïëåêñíûé õàðàêòåð ñèñòåìû îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè çäàíèé,

âêëþ÷àþùåé â ñåáÿ ñèñòåìó ïðåäîòâðàùåíèÿ ïîæàðà, ñèñòåìó ïðîòèâîïîæàðíîé çàùèòû è îðãàíèçàöèîííî-

òåõíè÷åñêèå ìåðîïðèÿòèÿ, ñëåäóåò îòìåòèòü ñõîæåñòü ïðèíöèïîâ è ïîäõîäîâ â îáåñïå÷åíèè ïîæàðíîé áåç-

îïàñíîñòè êàê â ðîññèéñêèõ íîðìàõ, òàê è â èòàëüÿíñêèõ ïðàâèëàõ ïðîåêòèðîâàíèÿ. Èìåþùèåñÿ îòëè÷èÿ

îáóñëîâëåíû, ïî ìíåíèþ àâòîðîâ, êëèìàòè÷åñêèìè, ñîöèàëüíî-ýêîíîìè÷åñêèìè è, âîçìîæíî, íàó÷íûìè è

êóëüòóðíûìè àñïåêòàìè, âëèÿþùèìè íà ïðèíÿòèå ðåøåíèé íîðìîòâîð÷åñêèìè îðãàíèçàöèÿìè è îáúåäè-

íåíèÿìè.
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ABSTRACT

Introduction. Design of medical institutions in the Russian Federation is carried out taking into account require-

ments of the Federal law of 30 December 2009 No. 384 “Technical regulations on safety of buildings and const-

ructions”, and also the Federal law of 22 July 2008 No. 123 “Technical regulations on requirements of fire safety”.

In Italy, the technical regulations on fire safety in the design, construction and operation of public and private me-

dical institutions were approved by Decree No. 227 of 18 September 2002 of the Ministry of Internal. The purpose

of this article is to study the Italian design standards of medical institutions for comparative analysis with the Rus-

sian regulatory framework in terms of fire safety of health facilities.
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Methods. A comparative analysis of the main provisions and objectives of the documents of technical regulation in

the field of fire safety and general principles of fire safety in Italy and Russia.

Results. It should be noted that the fire safety regulations approved by Decree No. 227 do not contain a specific

concept of “evacuation” and do not describe its characteristics. In Federal law No. 123, both the concept of eva-

cuation and its characteristics are disclosed in sufficient detail. The requirements established by the Italian build-

ing codes for fire resistance of building structures, practically coincide with the domestic fire safety requirements

for fire resistance.

Conclusion. Despite the complex nature of the system of fire safety of buildings, including fire prevention system,

fire protection system and organizational and technical measures, it should be noted the similarity of principles

and approaches in ensuring fire safety both in Russian standards and in the Italian design rules. The differences

are due, in the authors’ opinion, to climatic, socio-economic and, possibly, scientific and cultural aspects that influ-

ence the decision-making of standard-setting organizations and associations.

Keywords: evacuation; fire compartment; emergency; evacuation routes; design rules.
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Ââåäåíèå

Ïðîåêòèðîâàíèå ëå÷åáíûõ ó÷ðåæäåíèé â Ðîññèé-

ñêîé Ôåäåðàöèè îñóùåñòâëÿåòñÿ ñ ó÷åòîì òðåáîâà-

íèé Ôåäåðàëüíîãî çàêîíà ¹ 384-ÔÇ “Òåõíè÷åñêèé

ðåãëàìåíò î áåçîïàñíîñòè çäàíèé è ñîîðóæåíèé”

(äàëåå — ÔÇ ¹ 384) [1], à òàêæå Ôåäåðàëüíîãî çà-

êîíà ¹ 123-ÔÇ “Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâà-

íèÿõ ïîæàðíîé áåçîïàñíîñòè” (äàëåå — ÔÇ ¹ 123)

[2], êîòîðûå îïðåäåëÿþò îñíîâíûå ïîëîæåíèÿ òåõ-

íè÷åñêîãî ðåãóëèðîâàíèÿ â îáëàñòè ïîæàðíîé áåç-

îïàñíîñòè è îáùèå ïðèíöèïû îáåñïå÷åíèÿ ïîæàð-

íîé áåçîïàñíîñòè çäàíèé è ñîîðóæåíèé ðàçëè÷íîãî

êëàññà ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè.

Â Èòàëèè òåõíè÷åñêèå ïðàâèëà ïîæàðíîé áåç-

îïàñíîñòè ïðè ïðîåêòèðîâàíèè, ñòðîèòåëüñòâå è

ýêñïëóàòàöèè ãîñóäàðñòâåííûõ è ÷àñòíûõ ìåäèöèí-

ñêèõ ó÷ðåæäåíèé óòâåðæäåíû Óêàçîì Ìèíèñòåðñò-

âà âíóòðåííèõ äåë Èòàëèè ¹ 227 îò 18.09.2002 ã.

(äàëåå — Óêàç ¹ 227). Óêàç ¹ 227 íàïðàâëåí íà

ïðèíÿòèå ïîëîæåíèÿ î ïîæàðíîé áåçîïàñíîñòè ïðè

ïðîåêòèðîâàíèè, ñòðîèòåëüñòâå è ýêñïëóàòàöèè îáú-

åêòîâ çäðàâîîõðàíåíèÿ â çàâèñèìîñòè îò òèïà ïðå-

äîñòàâëÿåìûõ óñëóã:

à) îáúåêòîâ, êîòîðûå ïðåäîñòàâëÿþò ñòàöèîíàð-

íûå óñëóãè â íåïðåðûâíîì öèêëå è�èëè â äíåâíîå

âðåìÿ;

á) îáúåêòîâ, êîòîðûå ïðåäîñòàâëÿþò êðóãëîñó-

òî÷íûå óñëóãè ñ ïðåáûâàíèåì â ñòàöèîíàðå ïðè íå-

ïðåðûâíîì öèêëå è�èëè â äíåâíîå âðåìÿ;

â) îáúåêòîâ, êîòîðûå ïðåäîñòàâëÿþò ñïåöèàëè-

çèðîâàííûå óñëóãè ìåäèöèíñêîé ïîìîùè â àìáóëà-

òîðíûõ óñëîâèÿõ, â òîì ÷èñëå ïî ðåàáèëèòàöèè.

Îñíîâíûå çàäà÷è Óêàçà ¹ 227 çàêëþ÷àþòñÿ â

ñîõðàíåíèè áåçîïàñíîñòè ëþäåé è çàùèòå èìóùå-

ñòâà îò ïîæàðà â ìåäèöèíñêèõ ó÷ðåæäåíèÿõ è äî-

ñòèãàþòñÿ ïóòåì:

à) ñâåäåíèÿ ê ìèíèìóìó ïðè÷èí âîçíèêíîâåíèÿ

ïîæàðà;

á) îáåñïå÷åíèÿ óñòîé÷èâîñòè íåñóùèõ êîíñò-

ðóêöèé ïðè âîçíèêíîâåíèè ÷ðåçâû÷àéíîé ñèòóà-

öèè (×Ñ);

â) îãðàíè÷åíèÿ ðàçâèòèÿ è ðàñïðîñòðàíåíèÿ ïî-

æàðà âíóòðè ïîìåùåíèÿ;

ã) îãðàíè÷åíèÿ ðàñïðîñòðàíåíèÿ ïîæàðà íà ñî-

ñåäíèå çäàíèÿ è ñîîðóæåíèÿ;

ä) îáåñïå÷åíèÿ ýâàêóàöèè ëþäåé èç çäàíèÿ êàê

ñàìîñòîÿòåëüíî, òàê è ñ ïîìîùüþ âñïîìîãàòåëüíûõ

ñðåäñòâ [3];

å) îáåñïå÷åíèÿ áåçîïàñíîé ðàáîòû ñïàñàòåëüíûõ

ñëóæá.

Ñò. 4 Óêàçà ¹ 227 ïî ñîäåðæàíèþ äóáëèðóåò ÷. 3

ñò. 80 ÔÇ ¹ 123 [2], êîòîðàÿ ãëàñèò, ÷òî ïðè èçìåíå-

íèè ôóíêöèîíàëüíîãî íàçíà÷åíèÿ çäàíèé, ñîîðóæå-

íèé èëè îòäåëüíûõ ïîìåùåíèé â íèõ, à òàêæå ïðè

èçìåíåíèè îáúåìíî-ïëàíèðîâî÷íûõ è êîíñòðóêòèâ-

íûõ ðåøåíèé äîëæíî áûòü îáåñïå÷åíî âûïîëíåíèå

òðåáîâàíèé ïîæàðíîé áåçîïàñíîñòè, óñòàíîâëåí-

íûõ â ñîîòâåòñòâèè ñ ÔÇ ¹ 123 [2] ïðèìåíèòåëüíî

ê íîâîìó íàçíà÷åíèþ ýòèõ çäàíèé, ñîîðóæåíèé èëè

ïîìåùåíèé.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ èçó÷åíèå

èòàëüÿíñêèõ íîðì ïðîåêòèðîâàíèÿ ëå÷åáíûõ ó÷-

ðåæäåíèé äëÿ ïðîâåäåíèÿ ñðàâíèòåëüíîãî àíàëèçà

ñ ðîññèéñêîé íîðìàòèâíîé áàçîé â ÷àñòè îáåñïå÷å-

íèÿ ïîæàðíîé áåçîïàñíîñòè îáúåêòîâ çäðàâîîõðà-

íåíèÿ.

Ïðèâåäåì íåêîòîðûå òåðìèíû è îïðåäåëåíèÿ èç

Óêàçà ¹ 227:

à) òóïèêîâûé êîðèäîð: ÷àñòü êîðèäîðà, èç êîòî-

ðîãî ÷åëîâåê ìîæåò äâèãàòüñÿ â îäíîì íàïðàâëåíèè.

Äëèíà òóïèêîâîãî êîðèäîðà äîëæíà ðàññ÷èòûâàòü-

ñÿ ñ ìîìåíòà íà÷àëà äâèæåíèÿ äî êîíöà êîðèäîðà,

èç êîòîðîãî âîçìîæíà ýâàêóàöèÿ â äâóõ íàïðàâëå-

íèÿõ — ê ëåñòíèöå âíèç èëè äî áåçîïàñíîãî ìåñòà

(ïîíÿòèå òóïèêîâîãî êîðèäîðà â îòå÷åñòâåííûõ

íîðìàõ íå óñòàíîâëåíî);



á) áåçîïàñíàÿ çîíà: îòñåê, â êîòîðûé ÷åëîâåê ïå-

ðåìåùàåòñÿ, ïîêà ïîæàð íå ïîòóøåí èëè ïîêà ó íåãî

íå ïîÿâèòñÿ âîçìîæíîñòü ïðèñòóïèòü ê ïîñëåäó-

þùåé ýâàêóàöèè â áåçîïàñíîå ìåñòî (ñîãëàñíî ÔÇ

¹ 123 [2] “áåçîïàñíàÿ çîíà — çîíà, â êîòîðîé ëþäè

çàùèùåíû îò âîçäåéñòâèÿ îïàñíûõ ôàêòîðîâ ïî-

æàðà èëè â êîòîðîé îïàñíûå ôàêòîðû ïîæàðà îò-

ñóòñòâóþò ëèáî íå ïðåâûøàþò ïðåäåëüíî äîïóñ-

òèìûõ çíà÷åíèé”);

â) âíåøíÿÿ çîíà áåçîïàñíîñòè: çîíà ñíàðóæè,

îáîðóäîâàííàÿ ïåðèëàìè è ïîñòðîåííàÿ â ñîîòâåò-

ñòâèè ñ óñòàíîâëåííûìè êðèòåðèÿìè (â Èòàëèè

êëèìàòè÷åñêèå óñëîâèÿ ñóùåñòâåííî îòëè÷àþòñÿ

îò ðîññèéñêèõ, â ñâÿçè ñ ÷åì äàííîå òðåáîâàíèå äëÿ

Ðîññèè íåàêòóàëüíî).

Ïåðâîå, ÷òî íåîáõîäèìî îòìåòèòü, Óêàç ¹ 227

íå ñîäåðæèò êîíêðåòíîãî ïîíÿòèÿ “ýâàêóàöèÿ” è

íå îïèñûâàåò åå õàðàêòåðèñòèêè. Â ÔÇ ¹ 123 [2] äî-

ñòàòî÷íî ïîäðîáíî ðàñêðûâàþòñÿ êàê ïîíÿòèå ýâà-

êóàöèè, òàê è åå õàðàêòåðèñòèêè.

Êëàññèôèêàöèÿ çäàíèé è ïîìåùåíèé

â îáëàñòè çäðàâîîõðàíåíèÿ

Ñîãëàñíî òðåáîâàíèÿì ïîæàðíîé áåçîïàñíîñòè

èòàëüÿíñêèõ íîðìàòèâíûõ äîêóìåíòîâ, ñîäåðæà-

ùèìñÿ, â ÷àñòíîñòè, â Óêàçå ¹ 227, ïîìåùåíèÿ è

çäàíèÿ, îòíîñÿùèåñÿ ê îáúåêòàì çäðàâîîõðàíåíèÿ,

êëàññèôèöèðóþòñÿ ñëåäóþùèì îáðàçîì:
� òèï À — ïîìåùåíèÿ è ñîîðóæåíèÿ, èñïîëüçî-

âàíèå êîòîðûõ ñâÿçàíî ñ êîíêðåòíîé óçêîé æè-

ëèùíî-êîììóíàëüíîé äåÿòåëüíîñòüþ (íàïðèìåð,

êîòåëüíûå, ãåíåðàòîðû, ãàðàæè è ò. ä.);
� òèï B — ïîìåùåíèÿ, äîñòóï ê êîòîðûì îáåñïå-

÷èâàåòñÿ òîëüêî äëÿ ñîòðóäíèêîâ (íàïðèìåð, íà-

ó÷íî-èññëåäîâàòåëüñêèå ëàáîðàòîðèè, ñêëàäû,

ïðà÷å÷íûå è ò. ä.) è êîòîðûå ðàñïîëîæåíû â çäà-

íèÿõ òèïà Ñ è D;
� òèï Ñ — çäàíèÿ, ïðåäíàçíà÷åííûå äëÿ ìåäèöèí-

ñêèõ óñëóã (íàïðèìåð, àìáóëàòîðíûå, ïîëèêëèíè-

êè, ñïåöèàëèçèðîâàííûå öåíòðû, äèàãíîñòè÷å-

ñêèå öåíòðû, êëèíèêè è ò. ä.), â êîòîðûõ íå ïðå-

äóñìîòðåíà “çàïëàíèðîâàííàÿ ãîñïèòàëèçàöèÿ”;
� òèï D — îòäåëåíèÿ, êóäà ïîñòóïàþò íà ñòàöèî-

íàðíîå ëå÷åíèå (íàïðèìåð, îòäåëåíèÿ èíòåíñèâ-

íîé òåðàïèè, íåîíàòîëîãèè, ðåàíèìàöèè, îïåðà-

öèîííûå çàëû);
� òèï E — ïîìåùåíèÿ, ïðåäíàçíà÷åííûå äëÿ äðó-

ãèõ íóæä (íàïðèìåð, àäìèíèñòðàòèâíûå îôèñû,

êîíôåðåíö-çàëû, ñòîëîâàÿ, ìåñòà äëÿ ïîñåòèòå-

ëåé, âêëþ÷àÿ îãðàíè÷åííûå òîðãîâûå ïëîùàäè).

Â Ðîññèè íà äîáðîâîëüíîé îñíîâå [4] äåéñòâóåò

ÑÏ 158.13330.2014 [5], îäíàêî â íåì, íåñìîòðÿ íà

íàëè÷èå îòäåëüíîãî ðàçäåëà ïî ïîæàðíîé áåçîïàñ-

íîñòè, îòñóòñòâóåò äåòàëüíàÿ êëàññèôèêàöèÿ ïîìå-

ùåíèé è îáúåêòîâ çäðàâîîõðàíåíèÿ ñ òî÷êè çðåíèÿ

èäåíòèôèêàöèè ïî ïîæàðíîé áåçîïàñíîñòè. Â ÑÏ

158.13330.2014 [5] è ÔÇ ¹ 123 [2] âñå ïîìåùåíèÿ

ïîäðàçäåëÿþòñÿ â çàâèñèìîñòè îò ïðîèñõîäÿùèõ â

íèõ ôóíêöèîíàëüíûõ ïðîöåññîâ, à â öåëîì, ñîãëàñ-

íî îáùåïðèíÿòîé ñòðîèòåëüíîé êëàññèôèêàöèè, —

íà îñíîâíûå, âñïîìîãàòåëüíûå, îáñëóæèâàþùèå, òåõ-

íè÷åñêèå èëè êîììóíèêàöèîííûå.

Â çäàíèÿõ ëå÷åáíûõ ó÷ðåæäåíèé â Ðîññèè, â ÷àñò-

íîñòè, ñîãëàñíî òðåáîâàíèÿì ÑÏ 158.13330.2014 [5]

âûäåëÿþò ñëåäóþùèå ãðóïïû ïîìåùåíèé:
� ïàëàòû (îòäåëåíèÿ íîâîðîæäåííûõ, ïàëàòû äëÿ

ðîæåíèö);
� ïîìåùåíèÿ, îáùèå äëÿ âñåõ çäàíèé (ãèíåêîëî-

ãè÷åñêîå îòäåëåíèå, ÓÇÈ-êàáèíåò è ò. ä.);
� ñïåöèàëüíûå ïî íàçíà÷åíèþ ïîìåùåíèÿ;
� àäìèíèñòðàòèâíî-õîçÿéñòâåííûå ïîìåùåíèÿ (ðå-

ãèñòðàòóðà, ìîëî÷íàÿ êóõíÿ è ò. ä.).

Ðàñïîëîæåíèå çäàíèé

è ïàðàìåòðû ïîäúåçäà ê íèì

Äëÿ îáåñïå÷åíèÿ ðàáîòû èòàëüÿíñêèõ ïîæàðíî-

ñïàñàòåëüíûõ ñëóæá ïàðàìåòðû äîñòóïíîñòè ê çäà-

íèÿì äîëæíû îòâå÷àòü ñëåäóþùèì ìèíèìàëüíûì

òðåáîâàíèÿì:
� øèðèíà ïðîåçäà ê çäàíèþ íå ìåíåå 3,50 ì (ñî-

ãëàñíî ÑÏ 4.13130.2013 [6] îíà çàâèñèò îò âû-

ñîòû çäàíèÿ);
� âûñîòà ñêâîçíîãî ïðîåçäà (àðêè) ê çäàíèþ íå ìå-

íåå 4 ì (ñîãëàñíî ÑÏ 4.13130.2013 [6] — 4,5 ì);
� ðàäèóñ ïîâîðîòà äëÿ ïîæàðíûõ àâòîìîáèëåé

íå ìåíåå 13 ì (ñîãëàñíî ÑÏ 4.13130.2013 [6]

— 12 ì);
� óêëîí ïðîåçäîâ äëÿ ïîæàðíûõ àâòîìîáèëåé

íå áîëåå 10 % (ñîãëàñíî ÑÏ 4.13130.2013 [6] —

íå áîëåå 6 %);
� íàãðóçêè íà äîðîæíûå ïîêðûòèÿ, ïðåäíàçíà÷åí-

íûå äëÿ ïðîåçäà ïîæàðíûõ àâòîìîáèëåé, íå ìå-

íåå 20 ò, èç íèõ 8 ò — äëÿ ïåðåäíåé îñè ïîæàð-

íîãî àâòîìîáèëÿ è 12 ò — äëÿ çàäíåé (ñîãëàñíî

ÑÏ 4.13130.2013 [6], êàê ïðàâèëî, 16 ò íà îñü).

Ñòðîèòåëüíûå êîíñòðóêöèè

Ñòðîèòåëüíûå êîíñòðóêöèè ñîãëàñíî Óêàçó ¹ 227

äîëæíû ñîîòâåòñòâîâàòü ñëåäóþùèì òðåáîâàíèÿì

ïî îãíåñòîéêîñòè:
� â ïîäâàëàõ — R�REI 120 ;
� â çäàíèÿõ âûñîòîé äî 24 ì — R�REI 90;
� â çäàíèÿõ âûñîòîé ñâûøå 24 ì — R�REI 120,

ãäå R — ïîòåðÿ íåñóùåé ñïîñîáíîñòè; E — ïîòåðÿ

öåëîñòíîñòè; I — ïîòåðÿ òåïëîèçîëèðóþùåé ñïî-

ñîáíîñòè âñëåäñòâèå ïîâûøåíèÿ òåìïåðàòóðû íà

íåîáîãðåâàåìîé ïîâåðõíîñòè êîíñòðóêöèè äî ïðå-

äåëüíûõ çíà÷åíèé.

Òðåáîâàíèÿ, óñòàíîâëåííûå èòàëüÿíñêèìè ñòðî-

èòåëüíûìè íîðìàìè ê ïîêàçàòåëÿì îãíåñòîéêîñòè
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ñòðîèòåëüíûõ êîíñòðóêöèé, ïðàêòè÷åñêè ñîâïàäà-

þò ñ îòå÷åñòâåííûìè òðåáîâàíèÿìè ïîæàðíîé áåç-

îïàñíîñòè ïî îãíåñòîéêîñòè.

Ìàòåðèàëû

Ìàòåðèàëû, èñïîëüçóåìûå â èòàëüÿíñêèõ ëå÷åá-

íûõ ó÷ðåæäåíèÿõ, äîëæíû ñîîòâåòñòâîâàòü óêàçàí-

íûì íèæå òðåáîâàíèÿì:

à) â âåñòèáþëÿõ, â êîðèäîðàõ, íà ëåñòíèöàõ âîç-

ìîæíî èñïîëüçîâàíèå ìàòåðèàëîâ 1-ãî êëàññà íà ïëî-

ùàäè, ñîñòàâëÿþùåé 50 % èõ îáùåé ïëîùàäè (ïîë +

ñòåíû + ïîòîëîê + ïåðèëà). Îñòàëüíûå ìàòåðèàëû

äîëæíû áûòü 0-ãî êëàññà (íåãîðþ÷èå) (ñîãëàñíî

ÔÇ ¹ 123 [2] íå äîïóñêàåòñÿ èñïîëüçîâàíèå ãîðþ-

÷èõ ìàòåðèàëîâ äëÿ îòäåëêè ñòåí è ïîòîëêîâ âåñ-

òèáþëåé, ëåñòíè÷íûõ êëåòîê, ëèôòîâûõ õîëëîâ â

ëå÷åáíûõ ó÷ðåæäåíèÿõ);

á) âî âñåõ äðóãèõ ïîìåùåíèÿõ ìàòåðèàëû äîëæ-

íû áûòü íå íèæå 2-ãî êëàññà, åñëè â íàëè÷èè èìå-

åòñÿ àâòîìàòè÷åñêàÿ ñèñòåìà ïîæàðîòóøåíèÿ èëè

ñèñòåìà îáíàðóæåíèÿ äûìà (ñîãëàñíî ÔÇ ¹ 123 [2]

íå äîïóñêàåòñÿ ó÷èòûâàòü ïðè âûáîðå ìàòåðèàëîâ

îòäåëêè íàëè÷èå ñèñòåì ïîæàðîòóøåíèÿ è äûìî-

óäàëåíèÿ), è ò. ä.

Ñ ó÷åòîì ïðåäóñìîòðåííûõ â ïîäï. “à” îãðàíè-

÷åíèé âîçìîæíî óñòðîéñòâî ïîäâåñíûõ ïîòîëêîâ,

à òàêæå ïîêðûòèé èç èçîëÿöèîííûõ ìàòåðèàëîâ ïðè

óñëîâèè, ÷òî èõ êëàññ ïîæàðîîïàñíîñòè íå âûøå

1-ãî è îíè óòâåðæäàþòñÿ ñ ó÷åòîì ðåàëüíûõ óñëî-

âèé ïðèìåíåíèÿ â îòíîøåíèè âîçìîæíûõ èñòî÷íè-

êîâ çàæèãàíèÿ (äîïóñêàåòñÿ ïðîâåäåíèå íàòóðíûõ

èñïûòàíèé ïðè íåñîîòâåòñòâèè òðåáîâàíèÿì).

Ïîæàðíûå îòñåêè

Òðåáîâàíèÿ Óêàçà ¹ 227, ïîìèìî âñåãî ïðî÷åãî,

íàïðàâëåíû òàêæå íà îãðàíè÷åíèå ðàñïðîñòðàíå-

íèÿ ïîæàðà. Ñ ýòîé öåëüþ â ìåäèöèíñêèõ ó÷ðåæ-

äåíèÿõ äîëæíû áûòü ñîáëþäåíû òðåáîâàíèÿ, èçëî-

æåííûå íèæå.

Çäàíèÿ òèïà C äîëæíû áûòü ðàçäåëåíû íà îò-

ñåêè, ðàñïîëîæåííûå íà îäíîì è òîì æå ýòàæå, ïëî-

ùàäüþ íå áîëåå 1500 ì2 (ñîãëàñíî ÑÏ 2.13130.2012

[7] — íå áîëåå 1000 ì2).

Îòäåëåíèÿ òèïà D äîëæíû áûòü ðàçäåëåíû íà îò-

ñåêè, ðàñïîëîæåííûå íà îäíîì è òîì æå ýòàæå, ïëî-

ùàäüþ íå áîëåå 1000 ì2 (ñîãëàñíî ÑÏ 2.13130.2012

[7] — íå áîëåå 800 ì2).

Ïîìåùåíèÿ òèïà Å äîëæíû áûòü ðàçäåëåíû íà

ïîæàðíûå îòñåêè äëÿ æåíùèí (â ÑÏ 2.13130.2012

[7] äàííûå òðåáîâàíèÿ íå óñòàíîâëåíû).

Îòñåêè îòäåëåíèé òèïà D (íå áîëåå îäíîãî ïî-

ìåùåíèÿ îòäåëåíèÿ ðåàíèìàöèè, èíòåíñèâíîé òåðà-

ïèè, íåîíàòîëîãèè, îïåðàöèîííûå çàëû è ò. ä.) è Å

(êîíôåðåíö-çàëû è ñòîëîâàÿ) ìîãóò ñîåäèíÿòüñÿ ñ

äðóãèìè îòäåëåíèÿìè ñ ïîìîùüþ ãîðèçîíòàëüíûõ

è âåðòèêàëüíûõ ïóòåé ýâàêóàöèè (ó íàñ îáúåäèíåíèå

ïîìåùåíèé ðàçðåøàåòñÿ ñòðîãî â îòäåëüíûé ïî-

æàðíûé îòñåê) (ñîãëàñíî ÑÏ 2.13130.2012 [7] íå äî-

ïóñêàåòñÿ îáúåäèíåíèå îòñåêîâ).

Ðàñïîëîæåíèå ïîìåùåíèé

Ïîìåùåíèÿ, ðàñïîëîæåííûå íà âûñîòå îò –7,5

äî –10 ì è íèæå ïåðâîãî ýòàæà (ïîäâàë), äîëæíû

áûòü çàùèùåíû àâòîìàòè÷åñêîé ñèñòåìîé ïîæàðî-

òóøåíèÿ (â ÑÏ 5.13130.2009 [8] äàííîå òðåáîâàíèå

íå óñòàíîâëåíî).

Ïîäâàëüíûå ïîìåùåíèÿ íå ïðåäíàçíà÷åíû äëÿ

ïðîæèâàíèÿ (äàííîå òðåáîâàíèå ñîâïàäàåò ñ òðå-

áîâàíèåì ÑÏ 4.13130.2013 [6]).

Èòàëüÿíñêèå è ðîññèéñêèå íîðìû ñõîæè â ñëå-

äóþùèõ ïîëîæåíèÿõ:
� ëàáîðàòîðèè è ïîìåùåíèÿ ñ íàó÷íûì îáîðóäî-

âàíèåì ìîãóò áûòü ðàñïîëîæåíû â ïîäâàëàõ ïðè

óñëîâèè, ÷òî îíè îòäåëåíû äðóã îò äðóãà ôèëüò-

ðàìè îò äûìà;
� ïîìåùåíèÿ ñ îáîðóäîâàíèåì, ïðåäíàçíà÷åííûì

äëÿ âûñîêîé ýíåðãèè, íå ìîãóò áûòü ñìåæíûìè

ñ îòäåëåíèÿìè òèïà D.

Ëåñòíèöû

Îòå÷åñòâåííûå íîðìû ïðîåêòèðîâàíèÿ ëåñòíèö

è èòàëüÿíñêèå ðàçëè÷àþòñÿ â ñëåäóþùèõ ïîëîæå-

íèÿõ.

Ëåñòíèöû â ïîìåùåíèÿõ îòäåëåíèé òèïà D äîëæ-

íû áûòü íåçàäûìëÿåìûìè (ñîãëàñíî ÑÏ 1.13130.2009

[9] â çäàíèÿõ âûñîòîé äî 28 ì äîïóñêàåòñÿ äëÿ ýâà-

êóàöèè ëþäåé ïðîåêòèðîâàòü îáû÷íûå ëåñòíè÷íûå

êëåòêè).

Ëåñòíè÷íûå ìàðøè äîëæíû áûòü ïðÿìûìè, èìåòü

íå ìåíåå òðåõ ñòóïåíåé è íå áîëåå 15 (ñîãëàñíî ÑÏ

1.13130.2009 [9] — íå áîëåå 16 ñòóïåíåé).

Ñòóïåíè äîëæíû áûòü ïðÿìîóãîëüíûìè è èõ ïà-

ðàìåòðû äîëæíû áûòü ïîñòîÿííûìè íà âñåì ìàðøå:

øèðèíà — íå ìåíåå 17 ñì, âûñîòà — íå ìåíåå 30 ñì

[3] (ñîãëàñíî ÑÏ 1.13130.2009 [9] ñîîòâåòñòâåííî

22 è 25 ñì).

Ëåñòíè÷íûå êëåòêè áåç êàêèõ-ëèáî âåíòèëÿöè-

îííûõ îòâåðñòèé íà âíåøíåé ñòåíå äîëæíû áûòü

îáîðóäîâàíû âåíòèëÿöèîííûìè îòâåðñòèÿìè ïëî-

ùàäüþ íå ìåíåå 1 ì2, îêíà äîëæíû îòêðûâàòüñÿ âðó÷-

íóþ èëè àâòîìàòè÷åñêè ñ ïîìîùüþ ñèñòåìû îáíà-

ðóæåíèÿ è îïîâåùåíèÿ î ïîæàðå â íåïîñðåäñòâåí-

íîé áëèçîñòè ê ëåñòíèöå (ñîãëàñíî ÑÏ 1.13130.2009

[9] ïëîùàäü îòêðûâàåìûõ ïðîåìîâ äîëæíà áûòü

íå ìåíåå 1,2 ì2).

Ëèôòû

Èòàëüÿíñêèå íîðìàòèâíûå äîêóìåíòû óñòàíàâ-

ëèâàþò, ÷òî âî âðåìÿ ïîæàðà ïîëüçîâàòüñÿ ëèôòàìè

çàïðåùàåòñÿ, çà èñêëþ÷åíèåì ìåäèöèíñêîãî ïåðñî-
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íàëà è ñïàñàòåëüíûõ ñëóæá (ÃÎÑÒ Ð 53296–2009 ïðåä-

ïèñûâàåò èñïîëüçîâàíèå ñïåöèàëüíî ïðåäóñìîòðåí-

íûõ ëèôòîâ â ñëó÷àå âîçíèêíîâåíèÿ ïîæàðà è òîëü-

êî äëÿ ïîæàðíûõ ïîäðàçäåëåíèé).

Íèæåïåðå÷èñëåííûå òðåáîâàíèÿ îòå÷åñòâåííûõ

íîðì ê ëèôòàì ñõîæè ñ òðåáîâàíèÿìè Óêàçà ¹ 227.

Ñîãëàñíî ÑÏ 4.13130.2013 [6] çäàíèÿ òèïà D äîëæ-

íû áûòü îáîðóäîâàíû êàê ìèíèìóì îäíèì ëèôòîì

äëÿ èñïîëüçîâàíèÿ â ñëó÷àå ïîæàðà ñïàñàòåëüíûìè

ñëóæáàìè è ïåðñîíàëîì.

Ñîãëàñíî ÃÎÑÒ Ð 53296–2009 ëèôòû äîëæíû îò-

âå÷àòü ñëåäóþùèì òðåáîâàíèÿì:
� ëèôòîâîé õîëë äîëæåí áûòü ðàñïîëîæåí â áåç-

îïàñíîé çîíå;
� ëèôòîâûå øàõòû äîëæíû èìåòü ïðåäåë îãíå-

ñòîéêîñòè íå ìåíåå REI 120 è íå ìåíåå äâóõ èñ-

òî÷íèêîâ ýëåêòðîñíàáæåíèÿ;
� øàõòà äîëæíà áûòü çàùèùåíà îò äåéñòâèÿ îãíÿ,

ïî êðàéíåé ìåðå, â òå÷åíèå 120 ìèí;
� ëèôòîâàÿ êàáèíà äîëæíà áûòü îñíàùåíà ïåðå-

ãîâîðíûì óñòðîéñòâîì äëÿ ñâÿçè ñ îïåðàòîðîì.

Ïëîùàäè ïîìåùåíèé ñ ó÷åòîì

ãîðèçîíòàëüíîé ïðîåêöèè ÷åëîâåêà

Ïîìåùåíèÿ òèïà Ñ ïðîåêòèðóþòñÿ ñ ó÷åòîì ïëî-

ùàäè ãîðèçîíòàëüíîé ïðîåêöèè ÷åëîâåêà èç ðàñ-

÷åòà 0,1 ÷åë.�ì2, çàëû îæèäàíèÿ — 0,4 ÷åë.�ì2 (ñî-

ãëàñíî ÑÏ 1.13130.2009 [9] — 0,5 ÷åë.�ì2).

Ïàðàìåòðû ãîðèçîíòàëüíûõ ïóòåé

Äëèíà ãîðèçîíòàëüíîãî ïóòè, èçìåðÿåìàÿ îò

äâåðè ëþáîãî ïîìåùåíèÿ, à òàêæå ëþáîãî èç ïðî-

ñòðàíñòâ äëÿ îáùåãî ïîëüçîâàíèÿ íå ìîæåò ïðåâû-

øàòü 40 ì äî âûõîäà â áåçîïàñíóþ çîíó èëè íåïî-

ñðåäñòâåííî íàðóæó (ñîãëàñíî ÑÏ 1.13130.2009 [9]

äîïóñêàåòñÿ 60 ì, íî çàâèñèò îò êëàññà êîíñòðóê-

òèâíîé ïîæàðíîé îïàñíîñòè çäàíèÿ).

Äîïóñòèìî ïðîåêòèðîâàíèå òóïèêîâûõ êîðè-

äîðîâ, íî äëèíîé íå áîëåå 15 ì (ñîãëàñíî ÑÏ

1.13130.2009 [9] — íå áîëåå 30 ì).

Øèðèíà ãîðèçîíòàëüíûõ ïóòåé äîëæíà ðàññ÷è-

òûâàòüñÿ áåç ó÷åòà äëèíû øêàôîâ ñ îãíåòóøèòå-

ëÿìè (àíàëîãè÷íîå òðåáîâàíèå ñîäåðæèòñÿ è â ÑÏ

1.13130.2009 [9]).

Ïîëû è ñòóïåíè äîëæíû áûòü èç ìàòåðèàëîâ ñ

íåñêîëüçêîé ïîâåðõíîñòüþ.

Ãîðèçîíòàëüíûå ïóòè íå äîëæíû áûòü îáîðóäî-

âàíû çåðêàëàìè, êîòîðûå ìîãóò ââåñòè â çàáëóæäå-

íèå ïðè îïðåäåëåíèè âûõîäà (ÑÏ 1.13130.2009 [9]

òàêèõ òðåáîâàíèé íå ñîäåðæèò).

Íà êàæäîì ýòàæå çäàíèÿ äîëæíî áûòü íå ìåíåå

äâóõ âûõîäîâ, ðàñïîëîæåííûõ â ïðîòèâîïîëîæíûõ

ñòîðîíàõ (àíàëîãè÷íîå òðåáîâàíèå ñîäåðæèòñÿ è

â ÑÏ 1.13130.2009 [9]).

Äâåðè

Òðåáîâàíèÿ Óêàçà ¹ 227 óñòàíàâëèâàþò, ÷òî äâå-

ðè â îòêðûòîì ïîëîæåíèè íå äîëæíû ïðåïÿòñòâîâàòü

ïðîõîäó (àíàëîãè÷íîå òðåáîâàíèå ñîäåðæèòñÿ è

â ÑÏ 1.13130.2009 [9]).

Äâåðè óñòàíàâëèâàþòñÿ âäîëü ýâàêóàöèîííûõ

ïóòåé è äîëæíû îòêðûâàòüñÿ íàðóæó ïðîñòûì íà-

æàòèåì íà íèõ.

Ïðè íåîáõîäèìîñòè, ñâÿçàííîé ñ êîíêðåòíûìè

ïñèõîôèçèîëîãè÷åñêèìè õàðàêòåðèñòèêàìè ïàöè-

åíòîâ, â öåëÿõ çàùèòû îò íåíàäëåæàùåãî èñïîëüçî-

âàíèÿ âûõîäîâ âîçìîæíî â êà÷åñòâå àëüòåðíàòèâû

ïðèíÿòèå áåçîïàñíûõ ñèñòåì óïðàâëåíèÿ îòêðûâà-

íèåì äâåðåé. Â òàêèõ ñëó÷àÿõ âåñü ìåäèöèíñêèé ïåð-

ñîíàë äîëæåí áûòü îñâåäîìëåí î êîíêðåòíîé ñèñ-

òåìå îòêðûòèÿ äâåðåé è èìåòü âîçìîæíîñòü èñïîëü-

çîâàòü åå â ÷ðåçâû÷àéíûõ ñèòóàöèÿõ (ñîãëàñíî ÑÏ

1.13130.2009 [9] íå äîïóñêàåòñÿ ïðèìåíåíèå òàêèõ

äâåðåé).

Ïîìåùåíèÿ ëàáîðàòîðèé, ïîìåùåíèÿ,

â êîòîðûõ èñïîëüçóþòñÿ ðàäèîàêòèâíûå

âåùåñòâà, ïðà÷å÷íàÿ, ñòåðèëèçàöèîííàÿ,

êîòåëüíàÿ

Èòàëüÿíñêèå íîðìû ïðîåêòèðîâàíèÿ óêàçûâàþò,

÷òî â ñâÿçè ñ âûñîêèì óðîâíåì ðèñêà ïîìåùåíèÿ

ëàáîðàòîðèé, íàó÷íî-èññëåäîâàòåëüñêèõ ëàáîðàòî-

ðèé, ïîìåùåíèÿ, â êîòîðûõ èñïîëüçóþòñÿ ðàäèî-

àêòèâíûå âåùåñòâà, ïðà÷å÷íàÿ, ñòåðèëèçàöèîííàÿ,

êîòåëüíàÿ äîëæíû ðàñïîëàãàòüñÿ íà äîñòàòî÷íîì

ðàññòîÿíèè îò ïîìåùåíèé òèïà Ñ è D. Òàêèå ïîìå-

ùåíèÿ äîëæíû áûòü îáîðóäîâàíû îòäåëüíûìè äâå-

ðÿìè, îñíàùåííûìè ñàìîçàêðûâàþùèìèñÿ óñòðîé-

ñòâàìè, è èìåòü ïðåäåë îãíåñòîéêîñòè REI 90 (ñî-

ãëàñíî ÑÏ 2.13130.2012 [7] è ÑÏ 4.13130.2013 [6]

äîïóñêàåòñÿ REI 60).

Ïðà÷å÷íàÿ è ñòåðèëèçàöèîííàÿ, åñëè çíà÷åíèÿ

ïîæàðíîé íàãðóçêè â íèõ ïðåâûøàþò 30 êã�ì2, äîëæ-

íû áûòü çàùèùåíû ñèñòåìàìè àâòîìàòè÷åñêîãî ïî-

æàðîòóøåíèÿ (îòå÷åñòâåííûå íîðìû íå ñîäåðæàò

òàêèõ æåñòêèõ è, íà íàø âçãëÿä, èçáûòî÷íûõ ðå-

øåíèé).

Ñðåäñòâà ïîæàðîòóøåíèÿ

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè Óêàçà ¹ 227 âñå

ìåäèöèíñêèå ó÷ðåæäåíèÿ äîëæíû áûòü îñíàùåíû

äîñòàòî÷íûì êîëè÷åñòâîì ïåðåíîñíûõ îãíåòóøèòå-

ëåé, ðàâíîìåðíî ðàñïðåäåëåííûõ â îáëàñòè çàùèòû

äëÿ îáåñïå÷åíèÿ âîçìîæíîñòè áûñòðîãî èñïîëüçî-

âàíèÿ èõ â ñëó÷àå ïîæàðà.

Îãíåòóøèòåëè äîëæíû áûòü ðàñïîëîæåíû â ëåã-

êîäîñòóïíûõ è âèäèìûõ ìåñòàõ òàêèì îáðàçîì, ÷òî-

áû ðàññòîÿíèå, êîòîðîå ÷åëîâåê äîëæåí ïðåîäîëåòü

äî ìåñòà èõ ðàçìåùåíèÿ, íå ïðåâûøàëî 30 ì (îòå-
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÷åñòâåííûå íîðìû íå óñòàíàâëèâàþò òðåáîâàíèé

ê ðàññòîÿíèþ äî ìåñòà ðàñïîëîæåíèÿ îãíåòóøè-

òåëÿ).

Ïåðåíîñíûå îãíåòóøèòåëè äîëæíû áûòü óñòà-

íîâëåíû èç ðàñ÷åòà, ïî êðàéíåé ìåðå, ïî îäíîìó îãíå-

òóøèòåëþ íà êàæäûå 100 ì2 ïîìåùåíèÿ, íî íå ìåíåå

äâóõ íà ýòàæ (îòå÷åñòâåííûå íîðìû óñòàíàâëèâàþò

òðåáîâàíèÿ ê ïëîùàäè ïîìåùåíèÿ íå ìåíåå 300 ì2).

Ñèñòåìû âíóòðåííåãî ïîæàðîòóøåíèÿ äîëæíû

áûòü ðàññ÷èòàíû íà âðåìÿ ðàáîòû íå ìåíåå 60 ìèí

(ñîãëàñíî ÑÏ 10.13130.2009 [10] — íå ìåíåå 3 ÷).

Çàêëþ÷åíèå

Íåñìîòðÿ íà êîìïëåêñíûé õàðàêòåð ñèñòåìû

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè çäàíèé [11–14],

âêëþ÷àþùåé â ñåáÿ ñèñòåìó ïðåäîòâðàùåíèÿ ïî-

æàðà, ñèñòåìó ïðîòèâîïîæàðíîé çàùèòû [15, 16] è

îðãàíèçàöèîííî-òåõíè÷åñêèå ìåðîïðèÿòèÿ, ñëåäóåò

îòìåòèòü ñõîæåñòü ïðèíöèïîâ è ïîäõîäîâ â îáåñ-

ïå÷åíèè ïîæàðíîé áåçîïàñíîñòè êàê â ðîññèéñêèõ

íîðìàõ, òàê è â èòàëüÿíñêèõ ïðàâèëàõ ïðîåêòèðî-

âàíèÿ.

Èìåþùèåñÿ ðàçëè÷èÿ îáóñëîâëåíû, ïî ìíåíèþ

àâòîðîâ, êëèìàòè÷åñêèìè, ñîöèàëüíî-ýêîíîìè÷åñêè-

ìè, à âîçìîæíî, è íàó÷íûìè, êóëüòóðíûìè àñïåê-

òàìè, âëèÿþùèìè íà ïðèíÿòèå ðåøåíèé íîðìîòâîð-

÷åñêèìè îðãàíèçàöèÿìè è îáúåäèíåíèÿìè.

Àâòîðû èñêðåííå óáåæäåíû, ÷òî ïîäîáíîå îçíà-

êîìëåíèå ñ çàðóáåæíûì îïûòîì ïðîåêòèðîâàíèÿ îáú-

åêòîâ çäðàâîîõðàíåíèÿ è îáåñïå÷åíèÿ ïîæàðíîé áåç-

îïàñíîñòè ÿâëÿåòñÿ öåííûì íàó÷íî-ïðàêòè÷åñêèì

îïûòîì è áóäåò ñïîñîáñòâîâàòü äàëüíåéøåìó ðàç-

âèòèþ îòå÷åñòâåííîé íîðìàòèâíîé áàçû ïóòåì àê-

êóìóëèðîâàíèÿ è ñèíòåçà ïîëîæèòåëüíûõ àñïåêòîâ

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè, ñîäåðæàùèõ-

ñÿ â çàðóáåæíûõ èñòî÷íèêàõ.

Ïîëó÷åííûå â õîäå èññëåäîâàíèé ðåçóëüòàòû

[17, 18] áóäóò íàïðàâëåíû íà ðåàëèçàöèþ äîïîëíè-

òåëüíûõ ãàðàíòèé áåçîïàñíîñòè ñîãðàæäàí è ñîõðà-

íåíèÿ ìàòåðèàëüíûõ öåííîñòåé.
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Àðãóìåíòèðîâàííûé îòâåò íà çàìå÷àíèÿ ýêñïåðòà

ïî ïîëîæåíèÿì ñòàòüè “Ìåòîäèêà ðàñ÷åòà ïîæàðíîãî

ðèñêà íà ïðîèçâîäñòâåííûõ îáúåêòàõ ñ æèäêèìè

ìîòîðíûìè òîïëèâàìè ñ ó÷åòîì ïðèìåíåíèÿ

ïîðîøêîâûõ îãíåòóøèòåëåé”

© Ä. Ô. Êîæåâèí1 (�), Â. Ð. Íîâèêîâ1, À. Ñ. Ïîëÿêîâ1, À. Â. Êëåéìåíîâ2

1 Ñàíêò-Ïåòåðáóðãñêèé óíèâåðñèòåò ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ Ðîññèè

(Ðîññèÿ, 196105, ã. Ñàíêò-Ïåòåðáóðã, Ìîñêîâñêèé ïðîñï., 149)

2 Äåïàðòàìåíò ðàçâèòèÿ íåôòåïåðåðàáîòêè è íåôòåõèìèè, Äèðåêöèÿ íåôòåïåðåðàáîòêè

ÏÀÎ “Ãàçïðîì íåôòü” (190000, Ðîññèÿ, ã. Ñàíêò-Ïåòåðáóðã, óë. Ïî÷òàìòñêàÿ, 3-5)

Â 9-ì íîìåðå æóðíàëà “Ïîæàðîâçðûâîáåçîïàñíîñòü”

çà 2018 ãîä áûëî îïóáëèêîâàíî ìíåíèå ýêñïåðòà

È. Ê. Áàêèðîâà ïî ñòàòüå “Ìåòîäèêà ðàñ÷åòà ïîæàð-

íîãî ðèñêà íà ïðîèçâîäñòâåííûõ îáúåêòàõ ñ æèä-

êèìè ìîòîðíûìè òîïëèâàìè ñ ó÷åòîì ïðèìåíåíèÿ

ïîðîøêîâûõ îãíåòóøèòåëåé”. Ïðè èçëîæåíèè ñâîåé

ïîçèöèè óâàæàåìûé ýêñïåðò ïîäìåíèë ðÿä ïîíÿ-

òèé, êîòîðûå áûëè îáîçíà÷åíû â íàøåé ñòàòüå, ÷òî

ìîæåò ââåñòè ÷èòàòåëÿ â çàáëóæäåíèå. Äëÿ óñòðàíå-

íèÿ íåäîïîíèìàíèÿ ìû ñî÷ëè íåîáõîäèìûì â íà-

ñòîÿùåé ñòàòüå äàòü ñëåäóþùèé àðãóìåíòèðîâàí-

íûé îòâåò íà çàìå÷àíèÿ ýêñïåðòà.

Ýêñïåðòîì áûë ïðèâåäåí ðÿä ïîëîæåíèé, êîòî-

ðûå â îðèãèíàëüíîé ñòàòüå îòñóòñòâîâàëè. Íàïðè-

ìåð, óêàçûâàëîñü íà âîçìîæíîñòü â ïðîèçâîäñòâåí-

íûõ çäàíèÿõ îáðàçîâàíèÿ “îãíåííîãî øàðà”, õîòÿ

â ñîîòâåòñòâèè ñ [1] “îãíåííûé øàð — ýòî êðóïíî-

ìàñøòàáíîå äèôôóçèîííîå ãîðåíèå, ðåàëèçóåìîå

ïðè ðàçðûâå ðåçåðâóàðà ñ ãîðþ÷åé æèäêîñòüþ èëè

ãàçîì ïîä äàâëåíèåì ñ âîñïëàìåíåíèåì ñîäåðæè-

ìîãî ðåçåðâóàðà”, êîòîðûé â ïîìåùåíèè ðåàëèçî-

âàòüñÿ íå ìîæåò, è, êîíå÷íî, â èñõîäíîé ñòàòüå àâòî-

ðû íè â êîåé ìåðå íå ïðåäëàãàëè òóøèòü “îãíåííûé

øàð” îãíåòóøèòåëåì.

Îäíàêî îñíîâíîé ïðè÷èíîé íàøåãî ðåøåíèÿ íà-

ïèñàòü îòâåò ñòàë òåçèñ ýêñïåðòà î òîì, ÷òî “òàêîãî

ïîíÿòèÿ, êàê ïîñòåïåííîñòü îõâàòûâàíèÿ, äëÿ íåôòå-

ïðîäóêòîâ âîîáùå íå äîëæíî áûòü, ïîñêîëüêó îíè

âñåãäà îõâàòûâàþòñÿ ïëàìåíåì ìãíîâåííî èëè

áûñòðî”. Äàííûé òåçèñ ïðîõîäèò êðàñíîé íèòüþ

÷åðåç âñþ åãî ñòàòüþ è ìîæåò ââåñòè ÷èòàòåëÿ â çà-

áëóæäåíèå. Õîòåëîñü áû ïðåäëîæèòü ýêñïåðòó çà-

æå÷ü ïðè êîìíàòíîé òåìïåðàòóðå ìàøèííîå ìàñëî,

íàëèòîå â áëþäöå, è ïîñìîòðåòü, êàê äàííûé íåôòå-

ïðîäóêò “ìãíîâåííî èëè áûñòðî” áóäåò îõâà÷åí ïëà-

ìåíåì.

Óñëîâèÿ âîçíèêíîâåíèÿ è õàðàêòåð ðàñïðîñòðà-

íåíèÿ ãîðåíèÿ æèäêîñòè âî ìíîãîì îïðåäåëÿþòñÿ

åå ñâîéñòâàìè. Çäåñü ñëåäóåò ðàçëè÷àòü æèäêîñòè ñ

íèçêèìè òåìïåðàòóðàìè âñïûøêè (íàãðåòûå âûøå

òåìïåðàòóðû âñïûøêè) è æèäêîñòè ñ âûñîêèìè òåì-

ïåðàòóðàìè âñïûøêè (íàãðåòûå íèæå òåìïåðàòóðû

âñïûøêè) [2].

Æèäêîñòè ñ íèçêèìè òåìïåðàòóðàìè âñïûøêè,

ñîäåðæàùèå ëåòó÷èå êîìïîíåíòû, ïðåäñòàâëÿþò ïî-

æàðíóþ îïàñíîñòü óæå ïðè òåìïåðàòóðå îêðóæà-

þùåé ñðåäû. Ïðè ýòèõ óñëîâèÿõ íàä ïîâåðõíîñòüþ

ëåòó÷åãî íåôòåïðîäóêòà âñåãäà ïðèñóòñòâóåò ïàð, êî-

òîðûé íà îïðåäåëåííîì ðàññòîÿíèè îò çåðêàëà æèä-

êîñòè îáðàçóåò îäíîðîäíûå ïàðîâîçäóøíûå ñìåñè

ïî âñåé åãî ïëîùàäè. Ïåðâîíà÷àëüíî âîçíèêàåò êè-

íåòè÷åñêîå ãîðåíèå ïîäãîòîâëåííîé ñìåñè, ïåðåõî-

äÿùåå â äèôôóçèîííîå. Ðàñïðîñòðàíåíèå ïëàìåíè

ïðîèñõîäèò ïî ãîìîãåííîé ñìåñè è íè÷åì íå îòëè-

÷àåòñÿ îò ãîðåíèÿ ãàçîâîçäóøíîé ñìåñè. Ïîñëå òîãî

êàê ïîäãîòîâëåííàÿ ñìåñü ñãîðåëà, ïðè èíòåíñèâ-

íîñòè èñïàðåíèÿ, äîñòàòî÷íîé äëÿ ïîääåðæàíèÿ ãî-

ðåíèÿ, âîçíèêàåò äèôôóçèîííîå ïëàìÿ [2].

Æèäêîñòè ñ âûñîêèìè òåìïåðàòóðàìè âñïûø-

êè — ýòî æèäêîñòè, ó êîòîðûõ ãîðþ÷àÿ ñðåäà íàä

ïîâåðõíîñòüþ ïðè òåìïåðàòóðå îêðóæàþùåé ñðåäû

îòñóòñòâóåò. Îíà âîçíèêàåò ïîñòåïåííî, âñëåäñòâèå

ïîäîãðåâà òîïëèâà íåïîñðåäñòâåííî ïåðåä äâèæó-

ùèìñÿ ôðîíòîì ïëàìåíè. Ïåðâîíà÷àëüíûé ôðîíò

ïëàìåíè îáðàçóåòñÿ â ðåçóëüòàòå ëîêàëüíîãî òåïëî-

âîãî âîçäåéñòâèÿ. Ðàñïðîñòðàíåíèå ïëàìåíè ïî çåð-

êàëó æèäêîñòè äî ïîëíîãî îõâàòà åãî ïëîùàäè çàíè-

ìàåò âðåìÿ, êîòîðîå ñêëàäûâàåòñÿ èç âðåìåíè, òðå-

áóåìîãî äëÿ íàãðåâà ïîâåðõíîñòè äî òåìïåðàòóðû

âñïûøêè, äëÿ äàëüíåéøåãî ïðîãðåâà åå äî òåìïåðà-

òóðû âîñïëàìåíåíèÿ, è âðåìåíè ïðîäâèæåíèÿ ôðîí-

òà ïî âñåé ïëîùàäè æèäêîñòè [2].

Èñõîäíàÿ ñòàòüÿ ïîñâÿùåíà èìåííî æèäêîñòÿì,

íàãðåòûì íèæå òåìïåðàòóðû âñïûøêè, äëÿ êîòî-

ðûõ â ìåòîäèêàõ ðàñ÷åòà ïîæàðíûõ ðèñêîâ ðåàëèçó-

åòñÿ òîëüêî ïîæàð ïðîëèâà. Íàïðèìåð, ïðè ïðîëèâå

äèçåëüíîãî òîïëèâà ÄË ñ òåìïåðàòóðîé âñïûøêè

65 °Ñ [3] â ã. Ñàíêò-Ïåòåðáóðãå, ãäå â ñîîòâåòñòâèè
� Êîæåâèí Äìèòðèé Ôåäîðîâè÷,

e-mail: yagmort_kdf@mail.ru
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ñ [4] ìàêñèìàëüíàÿ òåìïåðàòóðà âîçäóõà â íàèáîëåå

òåïëûé ïåðèîä ãîäà ñîñòàâëÿåò 37 °Ñ, ïàðîâ íàä çåð-

êàëîì æèäêîñòè íåäîñòàòî÷íî äëÿ âîñïëàìåíåíèÿ

òîïëèâà ïðè âíåñåíèè â íåãî èñòî÷íèêà çàæèãàíèÿ.

Îäíàêî åñëè èñòî÷íèê çàæèãàíèÿ áóäåò âîçäåéñòâî-

âàòü íà æèäêîñòü äëèòåëüíîå âðåìÿ è ÷àñòü åå ïðî-

ãðååòñÿ äî òåìïåðàòóðû âñïûøêè è äàëåå äî òåì-

ïåðàòóðû âîñïëàìåíåíèÿ, òî ïëàìÿ ïî çåðêàëó æèä-

êîñòè áóäåò ðàñïðîñòðàíÿòüñÿ îò ìåñòà íàãðåâà ñî

ñêîðîñòüþ, êîòîðàÿ çíà÷èòåëüíî ìåíüøå íîð-

ìàëüíîé ñêîðîñòè ðàñïðîñòðàíåíèÿ ïëàìåíè ïî

ýòîé æå æèäêîñòè, íàãðåòîé äî òåìïåðàòóðû âîñ-

ïëàìåíåíèÿ. Â ýòîì ñëó÷àå, ïîêà ïëàìÿ íå îõâàòèëî

âñþ ïëîùàäü ïðîëèâà, à ãîðåíèå ïðîèñõîäèò íà ïëî-

ùàäÿõ, ñîðàçìåðíûõ ñ ïëîùàäÿìè ìîäåëüíûõ î÷àãîâ

ïîæàðà äëÿ çàäàííîãî îãíåòóøèòåëÿ, è âîçìîæíî

ïðèìåíåíèå îãíåòóøèòåëåé. Èìåííî äëÿ òàêèõ æèä-

êîñòåé àâòîðû è ïðåäëàãàëè ó÷èòûâàòü îãíåòóøè-

òåëè ïðè ðàñ÷åòå ïîæàðíîãî ðèñêà, íàïðèìåð, äëÿ

ðåçåðâóàðíûõ ïàðêîâ äèçåëüíûõ òîïëèâ, ìàñåë è ò. ä.

È òåì áîëåå àâòîðû íå ïðåäëàãàëè ïðèìåíÿòü îãíå-

òóøèòåëè ïðè òóøåíèè ïåðåãðåòûõ æèäêîñòåé (“ïðè

àâàðèÿõ, ñâÿçàííûõ ñ ïðîëèâîì ëåãêîâîñïëàìåíÿ-

þùèõñÿ è ãîðþ÷èõ æèäêîñòåé, äëÿ êîòîðûõ òåìïå-

ðàòóðà òåõíîëîãè÷åñêîãî ïðîöåññà â ïðîèçâîäñòâåí-

íîì îáîðóäîâàíèè âûøå òåìïåðàòóðû ñàìîâîñïëà-

ìåíåíèÿ æèäêîñòè”), ïîæàðû êîòîðûõ óâàæàåìûé

ýêñïåðò ïðèâîäèò â çàêëþ÷åíèå ñâîåãî îïóñà.

Êðîìå òîãî, àâòîðû íå ñîãëàñíû ñ ýêñïåðòîì â

òîì, ÷òî “öåëåñîîáðàçíîñòü ïðèìåíåíèÿ îãíåòó-

øèòåëåé îáúåêòèâíî çàâèñèò òîëüêî îò ïëîùàäè

ïðîëèâà óæå ãîðÿùåãî íåôòåïðîäóêòà è îïàñíîñòè

äàëüíåéøåãî ðàñïðîñòðàíåíèÿ îãíÿ, íî íèêàê íå îò

ñâîéñòâ íåôòåïðîäóêòà è íå îò ýòàïà ðàçâèòèÿ ïî-

æàðà”. Â ñîîòâåòñòâèè ñ [5, ñò. 2 ï. 19] “ïåðâè÷íûå

ñðåäñòâà ïîæàðîòóøåíèÿ — ñðåäñòâà ïîæàðîòóøå-

íèÿ, èñïîëüçóåìûå äëÿ áîðüáû ñ ïîæàðîì â íà÷àëü-

íîé ñòàäèè åãî ðàçâèòèÿ”, à îãíåòóøèòåëè îòíîñÿò-

ñÿ èìåííî ê ïåðâè÷íûì ñðåäñòâàì ïîæàðîòóøåíèÿ

[5, ñò. 43].

Àâòîðû èñêðåííå íàäåþòñÿ íà òî, ÷òî ýòà

ñòàòüÿ óñòðàíèò íåäîïîíèìàíèå ìåæäó àâòîðà-

ìè è ýêñïåðòîì è ïîçâîëèò ÷èòàòåëÿì îáúåêòèâíî

ðàññìîòðåòü îðèãèíàëüíóþ ñòàòüþ.
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© À. Ñ. Õàðëàìåíêîâ

Àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè (Ðîññèÿ, 129366, ã. Ìîñêâà, óë. Áîðèñà Ãàëóøêèíà, 4)

ÐÅÇÞÌÅ

Óêàçàíû îñíîâíûå êëàññû íàãðåâîñòîéêîñòè èçîëÿöèè. Ðàññìîòðåíû îñíîâíûå òðåáîâàíèÿ íîðìàòèâíûõ

äîêóìåíòîâ ê ïîðÿäêó âûáîðà è ýêñïëóàòàöèè ðàçëè÷íûõ èçîëÿöèîííûõ ìàòåðèàëîâ. Îòìå÷åíû îñîáåííîñòè

îöåíêè ñòåïåíè ðàçðóøåíèÿ èçîëÿöèè ïîä âîçäåéñòâèåì ïîâûøåííûõ òåìïåðàòóð. Âûïîëíåíî ñîïîñòàâëå-

íèå êëàññîâ èçîëÿöèè, ïðèâåäåííûõ â ðàçëè÷íûõ äåéñòâóþùèõ íîðìàõ. Ïðåäñòàâëåíû îñíîâíûå çàêîíîìåð-

íîñòè è ïðèìåðû ðàñ÷åòà âðåìåíè ñòàðåíèÿ èçîëÿöèè.

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ áåçîïàñíîñòü; äâèãàòåëè; ýëåêòðîïðîâîäêà; òåìïåðàòóðà; íàäåæíîñòü.

Äëÿ öèòèðîâàíèÿ: Õàðëàìåíêîâ À. Ñ. Íàãðåâîñòîéêîñòü èçîëÿöèè ýëåêòðîóñòàíîâîê // Ïîæàðîâçðûâîáåç-

îïàñíîñòü / Fire and Explosion Safety. — 2019. — Ò. 28, ¹ 1. — Ñ. 77–79.

Heat resistance of electrical installations

© A. S. Kharlamenkov

State Fire Academy of Emercom of Russia (Borisa Galushkina St., 4,

Moscow, 129366, Russian Federation)

ABSTRACT

The main classes of insulation resistance are indicated. Òhe basic requirements of normative documents on the

procedure for the selection and operation of a variety of insulating materials are considered. The features of the

assessment of the degree of destruction of insulation from exposure to elevated temperatures are noted. Compa-

rison of insulation classes according to active norms is carried out. The main regularities and examples of calcula-

tions of the insulation aging time are presented.

Keywords: fire safety; engines; wiring; temperature; reliability.

For citation: A. S. Kharlamenkov. Heat resistance of electrical installations. Pozharovzryvobezopasnost / Fire

and Explosion Safety, 2019, vol. 28, no. 1, pp. 77–79 (in Russian).

ÂÎÏÐÎÑ:

Ñîãëàñíî Ïðîãíîçó îáñòàíîâêè ñ ïîæàðàìè â Ðîñ-

ñèéñêîé Ôåäåðàöèè íà 2018 ã. [1] îòìå÷åíî ñíèæå-

íèå îáùåãî ÷èñëà ïîæàðîâ. Â òî æå âðåìÿ ïðîãíî-

çèðóåòñÿ ðîñò ÷èñëà ïîæàðîâ âñëåäñòâèå íàðóøå-

íèé óñòðîéñòâà è ýêñïëóàòàöèè ýëåêòðîîáîðóäîâà-

íèÿ. Â ïåðâóþ î÷åðåäü ýòî êàñàåòñÿ ïðîâîäîâ è

êàáåëåé, ýêñïëóàòàöèîííûå ïîêàçàòåëè êîòîðûõ

ÿâëÿþòñÿ âàæíîé ñîñòàâëÿþùåé èõ áåçîïàñíîãî

èñïîëüçîâàíèÿ. Ñðåäè íèõ ñëåäóåò âûäåëèòü ñðîê

ñëóæáû ýëåêòðè÷åñêîé èçîëÿöèè, êîòîðûé çàâèñèò

íå òîëüêî îò íåãàòèâíîãî âëèÿíèÿ íà ïîêðûòèå ïðî-

âîäíèêîâ èçâíå â âèäå âîäû, ïûëè èëè áîëåå àãðåñ-

ñèâíûõ ñðåä, íî è îò òåìïåðàòóðíûõ ðåæèìîâ ðà-

áîòû ýëåêòðîïðîâîäêè.

Êàêèì îáðàçîì ïîâûøåííàÿ òåìïåðàòóðà ïðîâîä-

íèêà è îêðóæàþùåé ñðåäû âëèÿåò íà ñîñòîÿíèå

èçîëÿöèè è åå ñðîê ñëóæáû?

ÎÒÂÅÒ:

Äîñòàòî÷íî äàâíî èçâåñòíî íåãàòèâíîå âëèÿíèå

âûñîêèõ òåìïåðàòóð íà ñîñòîÿíèå èçîëÿöèè. Åå ãëàâ-

íûì ïàðàìåòðîì ÿâëÿåòñÿ ñîïðîòèâëåíèå, îò êîòî-

ðîãî çàâèñèò êàê ñðîê ñëóæáû ñàìîé ýëåêòðîïðîâîä-

êè, òàê è âåðîÿòíîñòü âîçíèêíîâåíèÿ ïîæàðîîïàñ-

íîé ñèòóàöèè.

Åùå â 30-õ ãîäàõ ÕÕ âåêà ñ ïîÿâëåíèåì íîâûõ èçîëÿ-

öèîííûõ ìàòåðèàëîâ íà îñíîâå ñèëèêîíîâîé ñìîëû

áûëà îòìå÷åíà íåîáõîäèìîñòü îöåíêè ñêîðîñòè ðàç-

ðóøåíèÿ (ñòàðåíèÿ) ïîêðûòèé òîêîâåäóùèõ æèë ïðî-

âîäîâ è êàáåëåé. Äëÿ îïðåäåëåíèÿ ìàêñèìàëüíûõ

òåìïåðàòóðíûõ ðåæèìîâ ðàáîòû ýëåêòðîïðîâîäêè è

ýëåêòðè÷åñêèõ ìàøèí â ìåæäóíàðîäíûõ ñòàíäàðòàõ

áûë ââåäåí òåðìèí “òåìïåðàòóðíûé (òåðìè÷åñêèé,

òåïëîâîé) êëàññ èçîëÿöèè”, à â íàöèîíàëüíûõ ñòàí-

äàðòàõ — “êëàññ íàãðåâîñòîéêîñòè”. Ïîä íàãðåâîñòîé-

êîñòüþ ïîíèìàþò ñïîñîáíîñòü ýëåêòðè÷åñêîãî èçî-

ëÿöèîííîãî ìàòåðèàëà (ÝÈÌ) äëèòåëüíî âûäåðæèâàòü

îïðåäåëåííûå òåìïåðàòóðû áåç ñîêðàùåíèÿ ñðîêà åãî

ñëóæáû. Äëÿ êàæäîãî âèäà ÝÈÌ îïðåäåëåí òåðìè÷å-

ñêèé êëàññ, êîòîðûé îáîçíà÷àåòñÿ áóêâàìè ëàòèíñêî-

ãî àëôàâèòà èëè ÷èñëîâûì çíà÷åíèåì, è ñîîòâåòñòâó-

þùàÿ åìó ìàêñèìàëüíàÿ òåìïåðàòóðà. Ïîìèìî ÝÈÌ,

â ñòàíäàðòàõ èñïîëüçóåòñÿ äðóãîé òåðìèí — “ýëåêòðè-

÷åñêàÿ èçîëÿöèîííàÿ ñèñòåìà” (ÝÈÑ). Ýòîò òåðìèí

ðàñïðîñòðàíÿåòñÿ íà ýëåêòðè÷åñêèå ìàøèíû è àïïà-

ðàòû, â ñîñòàâ êîòîðûõ âõîäèò íåñêîëüêî ÝÈÌ.

Ñóùåñòâóåò íåñêîëüêî ñòàíäàðòîâ ñî ñõîæåé êëàññè-

ôèêàöèåé èçîëÿöèè ïî òåðìè÷åñêèì ïðèçíàêàì. Ê íèì

îòíîñÿòñÿ ÃÎÑÒ 8865–93 (ÌÝÊ 85-84) [2], ìåæäó-

íàðîäíûé ñòàíäàðò IEC 60085:2007 (èäåíòè÷íûé
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ÃÎÑÒ Ð ÌÝÊ 60085–2011 [3]) è ñòàíäàðò Íàöèîíàëü-

íîé àññîöèàöèè ïðîèçâîäèòåëåé ýëåêòðîîáîðóäîâà-

íèÿ ÑØÀ (NEMA MG-1) [4]. Îáîáùåííûå ñâåäåíèÿ ïî

òåìïåðàòóðíûì êëàññàì èçîëÿöèè ñâåäåíû â òàáë. 1.

Ïðè ðàáîòå ýëåêòðîóñòàíîâêè â íîðìàëüíîì ðåæèìå,

äëÿ êîòîðîãî ðàáî÷àÿ òåìïåðàòóðà íèæå Tmax, ñðîê

ñëóæáû åå èçîëÿöèè ìîæåò äîñòèãàòü 15–20 ëåò.

Ýëåêòðîïðîâîäêà è ýëåêòðè÷åñêèå ìàøèíû íå äîëæ-

íû ðàáîòàòü ïðè òåìïåðàòóðàõ âûøå Tmax, òàê êàê

êàæäîå ïîâûøåíèå òåìïåðàòóðû â ñðåäíåì íà 8 °Ñ

îòíîñèòåëüíî Tmax ñîêðàùàåò ñðîê ñëóæáû ÝÈÌ è ÝÈÑ

âäâîå. Äàííîå ïðàâèëî “âîñüìè ãðàäóñîâ” (ôîðìóëà

Ìîíòçèíãåðà) ïðèìåíÿåòñÿ äëÿ ÝÈÌ êëàññà À (áóìà-

ãà, ïðÿæà, øåëê). Äëÿ êëàññà B áëèæå çíà÷åíèå 10 °Ñ,

à äëÿ êëàññà H — 12 °Ñ [5]. Ñóùåñòâóåò óíèâåðñàëü-

íîå ïðàâèëî “ïÿòíàäöàòè ãðàäóñîâ”, ñîãëàñíî êîòîðî-

ìó ïðè ïðåâûøåíèè òåìïåðàòóðû ñâåðõ äîïóñòèìîé

íà 15 °Ñ ñðîê ñëóæáû èçîëÿöèè ëþáîãî êëàññà óìåíü-

øàåòñÿ â e = 2,72 ðàçà (îñíîâàíèå íàòóðàëüíîãî

ëîãàðèôìà) [6].

Äëÿ îöåíêè ñðîêà ñëóæáû èçîëÿöèè òàêæå èñïîëüçó-

åòñÿ ôîðìóëà Âàíò-Ãîôôà–Àððåíèóñà, ñ ïîìîùüþ

êîòîðîé ìîæíî îöåíèòü âðåìÿ ñòàðåíèÿ èçîëÿöèè

(ñêîðîñòü õèìè÷åñêîé ðåàêöèè) ïðè ðàçëè÷íûõ òåì-

ïåðàòóðíûõ ðåæèìàõ. Â îáùåì âèäå çàâèñèìîñòü

âûãëÿäèò ñëåäóþùèì îáðàçîì [5]:

ln k = A + B/T,

ãäå k — êîíñòàíòà ñêîðîñòè õèìè÷åñêîé ðåàêöèè;

À, B — ïîñòîÿííûå êîýôôèöèåíòû, õàðàêòåðèçóþùèå

õèìè÷åñêèé ñîñòàâ è ñòðóêòóðó âåùåñòâà, ó÷àñòâó-

þùåãî â ðåàêöèè (òàáëè÷íûå çíà÷åíèÿ äëÿ êàæäîãî

êëàññà èçîëÿöèè èìåþòñÿ â ñïðàâî÷íèêàõ);

T — àáñîëþòíàÿ òåìïåðàòóðà.

Ïîñëå íåîáõîäèìûõ ïðåîáðàçîâàíèé ìîæíî ïîëó÷èòü

àíàëîãè÷íîå óðàâíåíèå, ïîçâîëÿþùåå îïðåäåëèòü

ñðîê ñëóæáû èçîëÿöèè 62 (÷) äëÿ òðåáóåìîãî ïðåâû-

øåíèÿ òåìïåðàòóðû íàä ìàêñèìàëüíî äîïóñòèìîé

Òmax (�T = T – Tmax) ïðè èçâåñòíîì ñðîêå ñëóæáû èçîëÿ-

öèè 61 êîíêðåòíîãî êëàññà:

6 62 1
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ãäå C — áåçðàçìåðíûé êîýôôèöèåíò, ïîñòîÿííûé äëÿ

êàæäîãî òåìïåðàòóðíîãî êëàññà èçîëÿöèè (ñì. òàáë. 2

[6]).

Èç âûøåñêàçàííîãî ñëåäóåò, ÷òî òåìïåðàòóðíûå êëàñ-

ñû èçîëÿöèè íàïðÿìóþ ñâÿçàíû ñî ñðîêîì ñëóæáû

ýëåêòðîóñòàíîâîê. Íàïðèìåð, äâèãàòåëü, ðàáîòàþùèé

ïðè Ò = 185 °Ñ, áóäåò èìåòü îðèåíòèðîâî÷íûé ñðîê

ñëóæáû ïðè 61 = 20 000 ÷ è êëàññå èçîëÿöèè:

� À — 250 ÷;

� B — 950 ÷;

� F — 2 850 ÷;

� H — 13 800 ÷.

Ïðè îöåíêå íàäåæíîñòè ðàáîòû ýëåêòðîóñòàíîâîê

íå âñåãäà ìîæíî ó÷åñòü âñå íåãàòèâíûå ôàêòîðû âîç-

äåéñòâèÿ íà èçîëÿöèîííûé ìàòåðèàë. Ïîìèìî òåðìè-

÷åñêîãî ðàçëîæåíèÿ (ïèðîëèçà), ê íèì îòíîñÿòñÿ ãèä-

ðîëèç (îáìåííûå ðåàêöèè ñ âîäîé) è îêèñëåíèå ïîä

äåéñòâèåì êèñëîðîäà è äðóãèõ êèñëîò. Ñëåäîâàòåëüíî,

ñòàðåíèå èçîëÿöèè ñëåäóåò ðàññìàòðèâàòü êàê êîìï-

ëåêñíûé ïðîöåññ, ïðè êîòîðîì âàæíî îïèðàòüñÿ

íå òîëüêî íà ðàñ÷åòû, íî è íà îïûò ýêñïëóàòàöèè ïî-

äîáíîãî ðîäà èçäåëèé. Äëÿ íîâûõ âèäîâ ÝÈÌ è ÝÈÑ

ñëåäóåò ïîëüçîâàòüñÿ ðåçóëüòàòàìè èñïûòàíèé îò-

äåëüíûõ îáðàçöîâ è ðàñ÷åòíûìè îöåíêàìè. Äëÿ ýêñ-

ïðåññ-îöåíêè âðåìåíè “æèçíè” èçîëÿöèè ðàçðàáîòàíû

ÃÎÑÒ

8865–93

[2]

IEC 60085

[3]

NEMA MG-1

[4]
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,

°
C

Êëàññ

íàãðåâî-

ñòîéêîñòè

èçîëÿöèè

Òåðìè-

÷åñêèé

(òåìïåðà-

òóðíûé)

êëàññ1

Êëàññ

ñèñòåìû

èçîëÿöèè2

Y Y — 90 90–105

A A A 105 105–120

E E — 120 120–130

B B B 130 130–155

F F F 155 155–180

H H H 180 180–200

200 N — 200 200–220

220 R — 220 220–250

250 — — 2504 > 250

1 Áóêâåííîå îáîçíà÷åíèå êëàññà ìîæåò íå óêàçûâàòüñÿ

èëè äîáàâëÿòüñÿ â êðóãëûõ ñêîáêàõ, íàïðèìåð 180 (H) [3].

2 Äàííàÿ êëàññèôèêàöèÿ ðàñïðîñòðàíÿåòñÿ íà ÝÈÑ ýëåêò-

ðè÷åñêèõ äâèãàòåëåé, ðàáîòàþùèõ ïðè òåìïåðàòóðå

îêðóæàþùåé ñðåäû â äèàïàçîíå 0–40 °Ñ.

3 Îòíîñèòåëüíûé òåìïåðàòóðíûé èíäåêñ (ÎÒÈ) îïðåäå-

ëÿåò òåìïåðàòóðíûå ïðåäåëû, â êîòîðûõ íå ñíèæàåòñÿ

èçíà÷àëüíî çàëîæåííûé ýêñïëóàòàöèîííûé ïîêàçàòåëü

(ñðîê ñëóæáû) èñïûòûâàåìûõ îáðàçöîâ ÝÈÌ è ÝÈÑ

îòíîñèòåëüíî ýòàëîííîãî. Êàê ïðàâèëî, çà ýòàëîííûé

òåìïåðàòóðíûé èíäåêñ (ÒÈ) ïðèíèìàåòñÿ ñðîê ñëóæáû

èçîëÿöèè 20 000 ÷.

4 Äëÿ ïîñëåäóþùèõ êëàññîâ òåìïåðàòóðà Tmax, ïðåâûøà-

þùàÿ 250 °Ñ, äîëæíà ïîâûøàòüñÿ íà 25 °Ñ ñ ïðèñâî-

åíèåì ñîîòâåòñòâóþùåãî êëàññà [2].

Òàáëèöà 1. Òåìïåðàòóðíûå êëàññû èçîëÿöèîííûõ ìàòå-

ðèàëîâ è ñèñòåì

Êëàññ íàãðåâî-

ñòîéêîñòè
À E B F H

Êîýôôèöèåíò C 25,1 25,1 25,3 29,7 34,2

Òàáëèöà 2. Êîýôôèöèåíò Ñ äëÿ ðàçëè÷íûõ êëàññîâ íà-

ãðåâîñòîéêîñòè
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ñïåöèàëüíûå óñêîðåííûå èñïûòàíèÿ. Ìåòîäû òàêèõ

èñïûòàíèé èçëîæåíû â ñåðèè ÃÎÑÒ IEC 60034 [7] (îò-

äåëüíûå ÷àñòè), ìåæäóíàðîäíûõ ñòàíäàðòàõ ñåðèè

IEC 60216 (ÃÎÑÒ 10518–88 [8], ÃÎÑÒ 27710–88 [9]) è

IEC 60505 (ÃÎÑÒ 27905.1–88 [10]). Ñóùåñòâóåò ìíî-

æåñòâî ðàçëè÷íûõ ìîäåëåé ñòàðåíèÿ èçîëÿöèè (òðåõ-

è ÷åòûðåõïàðàìåòðè÷åñêèå, ìîäåëü “ñëàáåéøåãî çâå-

íà” è äð. [11]). Îíè ïîçâîëÿþò îöåíèòü íàäåæíîñòü

è òåõíè÷åñêîå ñîñòîÿíèå èçîëÿöèè íà ïðîòÿæåíèè

âñåãî âðåìåíè ýêñïëóàòàöèè îáîðóäîâàíèÿ.
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ÐÅÇÞÌÅ

Ðàññìîòðåíû îñíîâíûå ïðèíöèïèàëüíûå ðàçëè÷èÿ ìåæäó êîýôôèöèåíòîì ïðîèçâîäèòåëüíîñòè è K-ôàê-

òîðîì. Ïðèâåäåíû ôîðìóëû ïåðåñ÷åòà K-ôàêòîðà, âûðàæåííûå â àìåðèêàíñêîé è åâðîïåéñêîé ñèñòåìàõ

åäèíèö, â êîýôôèöèåíò ïðîèçâîäèòåëüíîñòè, èñïîëüçóåìûé äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ äèêòóþùåãî è ïî-

ñëåäóþùèõ îðîñèòåëåé ïðè ãèäðàâëè÷åñêèõ ðàñ÷åòàõ ðàñïðåäåëèòåëüíûõ ñåòåé ÀÓÏ ïî ìåòîäèêå, ïðèâåäåí-

íîé â ÑÏ 5.13130.2009. Îïèñàí àëãîðèòì âûáîðà íà ãèäðàâëè÷åñêîé ñõåìå ðàñïðåäåëèòåëüíûõ ñåòåé ÀÓÏ

äèêòóþùåãî îðîñèòåëÿ è äèêòóþùåé çàùèùàåìîé ïëîùàäè. Îòìå÷åíà ðàçíèöà ìåæäó íîðìàòèâíîé, äîïóñòè-

ìîé è ñðåäíåé èíòåíñèâíîñòüþ îðîøåíèÿ. Ïðåäñòàâëåí õàðàêòåð âàðèàöèè êàê îáùåãî ðàñõîäà ÀÓÏ, òàê è

ðàñõîäà êàæäîãî èç îðîñèòåëåé, íàõîäÿùèõñÿ íàä çàùèùàåìîé ïëîùàäüþ, ïðè èõ ïîñëåäîâàòåëüíîé àêòèâà-

öèè. Ïîêàçàíî, ÷òî ðàñõîä, à ñëåäîâàòåëüíî, è èíòåíñèâíîñòü îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ, åñëè îí ñðà-

áîòàë ïåðâûì, â íåñêîëüêî ðàç áîëüøå ðàñ÷åòíûõ çíà÷åíèé. Ïî ìåðå àêòèâàöèè ïîñëåäóþùèõ îðîñèòåëåé,

íàõîäÿùèõñÿ íàä çàùèùàåìîé ïëîùàäüþ, ðàñõîä ñíèæàåòñÿ, è, êîãäà ñðàáàòûâàåò ïîñëåäíèé ïðèíÿòûé â

ðàñ÷åò îðîñèòåëü, ïàðàìåòðû äèêòóþùåãî è ïîñëåäóþùèõ îðîñèòåëåé ñòàíîâÿòñÿ ðàâíûìè ðàñ÷åòíûì.

Êëþ÷åâûå ñëîâà: äàâëåíèå; ðàñõîä; äèêòóþùèé îðîñèòåëü; èíòåíñèâíîñòü îðîøåíèÿ; êîýôôèöèåíò ïðîèçâî-

äèòåëüíîñòè; K-ôàêòîð; äèêòóþùàÿ çàùèùàåìàÿ ïëîùàäü; ýïþðà îðîøåíèÿ.
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Special issues on design water AFEI
© L. M. Ìåshman

All-Russian Research Institute for Fire Protection

(12, VNIIPO, Balashikha, Mosñow Region, 143903)

ABSTRACT

The main principal differences between the coefficient of productivity and the K-factor are considered. The for-

mulas for the conversion of the K-factor expressed in the American and European system of units in the coefficient

of productivity used to determine the parameters of the dictating and subsequent irrigators in the hydraulic

calculations of distribution networks AFEI (automatic fire extinguishing installation) by the method given in

Set of rules 5. 13130.2009. The algorithm of selection of hydraulic scheme of distribution of networks AFEI dic-

ates of the sprinkler and dictating the protected area. The difference between the normative, permissible and

average intensity of irrigation is noted. The article presents the variation of both the total flow rate of the AFEI and

the flow rate of each sprinkler located above the protected area with successive activation of the sprinklers. It is

shown that the flow rate and, consequently, the intensity of irrigation of the dictating irrigator, if it was the first one,

is several times higher than the calculated values. As the activation is the lasting of sprinklers located above

the protected area, the flow rate is reduced and when triggered last adopted in the calculation of the sprinkler,

the parameters dictating and subsequent sprinklers is equal to the estimated.

Keywords: pressure; flow rate; dictating irrigator; irrigation intensity; performance factor; K-factor; dictating pro-

tected area; irrigation diagram.

For citation: L. M. Meshman. Special issues on design water AFEI. Pozharovzryvobezopasnost / Fire and Explo-

sion Safety, 2019, vol. 28, no. 1, pp. 80–88 (in Russian).

ÂÎÏÐÎÑ 1:

Èìååì: ñïðèíêëåðíûé îðîñèòåëü òèïà TY365 ñ

K-ôàêòîðîì K = 80, äàâëåíèå ïåðåä îðîñèòåëåì

Ð = 0,18 ÌÏà. Íóæíî îïðåäåëèòü ðàñõîä îãíåòóøà-

ùåãî âåùåñòâà (ÎÒÂ).

Ñîãëàñíî ÑÏ 5.13130.2009 ðàñõîä ÎÒÂ ÷åðåç äèê-

òóþùèé îðîñèòåëü q (ë/ñ) âû÷èñëÿåòñÿ ïî ôîðìóëå

q = 10K(Ð)0,5, (1)

ãäå K — êîýôôèöèåíò ïðîèçâîäèòåëüíîñòè îðîñè-

òåëÿ, ïðèíèìàåìûé ïî òåõíè÷åñêîé äîêóìåíòàöèè

íà èçäåëèå, ë/(ñ·ì2);

Ð — äàâëåíèå ïåðåä îðîñèòåëåì, ÌÏà.

Îòñþäà q = 80(0,18)0,5 � 340 ë/ñ!!! Ýòî íåðåàëüíûé

ðàñõîä. Òåì íå ìåíåå äàííàÿ ôîðìóëà ïðèâåäåíà

â ÑÏ 5.13130.2009, à çíà÷èò, âñå ðàñ÷åòû ïî ìåòî-

äèêå ýòîãî ñòàíäàðòà îøèáî÷íû!?

ÎÒÂÅÒ:

Çäåñü ìû èìååì äåëî ñ äîâîëüíî ðàñïðîñòðà-

íåííîé îøèáêîé íà÷èíàþùèõ è íåîïûòíûõ ïðîåêòè-

ðîâùèêîâ. ×àñòè÷íî âèíó ìîæíî âîçëîæèòü è íà íå-

êîòîðûõ ïðîèçâîäèòåëåé îðîñèòåëåé, êîòîðûå â òåõ-
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íè÷åñêèõ ïàñïîðòàõ èëè ïðîñïåêòàõ íà îðîñèòåëè

íå óêàçûâàþò ðàçìåðíîñòü K-ôàêòîðà. Òåðìèí “K- ôàê-

òîð” èñïîëüçóåòñÿ çà ðóáåæîì ïðè ãèäðàâëè÷åñêèõ ðàñ-

÷åòàõ ðàñïðåäåëèòåëüíîé ñåòè ÀÓÏ. Ñèíîíèìîì “K-ôàê-

òîðà” â îòå÷åñòâåííîé ïðàêòèêå ïî ôèçè÷åñêîé ñóù-

íîñòè, íî íå ïî ðàçìåðíîñòè ÿâëÿåòñÿ êîýôôèöèåíò

ïðîèçâîäèòåëüíîñòè.

Ñîãëàñíî ìåæäóíàðîäíîìó ñòàíäàðòó ISO 6182-1 [1],

åâðîïåéñêîìó ñòàíäàðòó EN 12259-1 [2], ñòàíäàðòó

Âåëèêîáðèòàíèè Loss Prevention Standard (LPS) [3] è

ñòàíäàðòó ÔÐÃ Verband der Sachversicherere V. (VdS)

[4] ðàñõîä q îïðåäåëÿåòñÿ ïî ôîðìóëå K = q/Ð0,5 è

âûðàæàåòñÿ â ë/ìèí, à äàâëåíèå Ð — â áàð. Îòñþäà

ïîëó÷àåì ðàçìåðíîñòü K-ôàêòîðà (ñîîòâåòñòâåííî

KISO, KEN, KLPS, KVdS) ë/(ìèí·áàð0,5).

Ïî ñòàíäàðòó ÑØÀ Underwriters Laboratories Inc. (UL) [5]

è Factory Mutual System (FM) [6] ðàñõîä q â ôîðìóëå

K = q/Ð0,5 âûðàæàåòñÿ â ãàëîí/ìèí (1 ãàëîí = 3,785 ë),

à äàâëåíèå Ð — â psi (1 psi = 6,895 êÏà). Òîãäà ðàçìåð-

íîñòü K-ôàêòîðà (KUSA) áóäåò ãàë/(ìèí·psi0,5). Ñîãëàñíî

ÑÏ 5.13130.2009 [7] ðàñõîä q â ôîðìóëå K = q/Í0,5

âûðàæàåòñÿ â ë/ñ, äàâëåíèå Í — â ì âîä. ñò., à â ôîð-

ìóëå K = 10q/(10Ð0,5) ñîîòâåòñòâåííî â ë/ñ è ÌÏà

(1 ÌÏà = 100 ì âîä. ñò.). Ðàçìåðíîñòü êîýôôèöèåí-

òà ïðîèçâîäèòåëüíîñòè KÐÔ â îáîèõ ñëó÷àÿõ áóäåò

ë/(ñ·ì0,5).

Â ñâÿçè ñ ýòèì ïðè ãèäðàâëè÷åñêèõ ðàñ÷åòàõ ïî ÑÏ

5.13130.2009 [7] çíà÷åíèå êîýôôèöèåíòà ïðîèçâîäè-

òåëüíîñòè â ñîîòâåòñòâèè ñ ïðèâåäåííûìè âûøå ìåæ-

äóíàðîäíûì, åâðîïåéñêèì è íàöèîíàëüíûìè ñòàí-

äàðòàìè íåîáõîäèìî ïðèíèìàòü ðàâíûì:

KÐÔ ðàñ÷ = KISO /190 = KEN /190 =

= KLPS /190 = KVdS /190,

èëè KÐÔ ðàñ÷ = KUSA /13,2 = KFM /13,2 = KUL /13,2.

À ìîæíî ëè îïðåäåëèòü, ê êàêîé ñèñòåìå ñòàíäàðòîâ

(ìåæäóíàðîäíîé, åâðîïåéñêîé èëè íàöèîíàëüíîé) îò-

íîñèòñÿ êîýôôèöèåíò ïðîèçâîäèòåëüíîñòè èëè K-ôàê-

òîð, åñëè åãî ðàçìåðíîñòü íå óêàçàíà?

Äà, ýòî îïðåäåëèòü íåñëîæíî, åñëè âîñïîëüçîâàòüñÿ

ñâåäåíèÿìè, ïðèâåäåííûìè â òàáë. 1.

Òàêèì îáðàçîì, ñïðèíêëåðíûé îðîñèòåëü òèïà TY365

ñ K-ôàêòîðîì K = 80 ñîîòâåòñòâóåò KISO, KEN, KLPS, KVdS

è èìååò ðàçìåðíîñòü ë/(ìèí·áàð0,5).

Òîãäà ìîæíî ðàññ÷èòàòü KÐÔ:

KÐÔ ðàñ÷ = KISO /190 = 80/190 = 0,42 ë/(ñ·ì0,5).

Åñëè ñðàâíèòü ðàñõîä îðîñèòåëÿ ìîäåëè ÑÂÂ-12 èëè

ÑÂÍ-12 Áèéñêîãî ÇÀÎ “ÏÎ “Ñïåöàâòîìàòèêà” ñ êîýô-

ôèöèåíòîì ïðîèçâîäèòåëüíîñòè KÐÔ = 0,42 ë/(ñ·ì0,5)

ñ ðàñõîäîì óíèâåðñàëüíîãî îðîñèòåëÿ ìîäåëè TY365

ôèðìû TYCO ñ êîýôôèöèåíòîì ïðîèçâîäèòåëüíîñòè

KISO = 80 ë/(ìèí·áàð0,5), òî èõ ðàñõîä ïðè òîì æå äàâ-

ëåíèè 0,18 ÌÏà (18 ì âîä. ñò.) ñîñòàâèò:

qÐÔ = 10K(Ð)0,5 = 10 � 0,42(0,18)0,5 7 1,78 ë/ñ,

èëè

qISO = K(Ð)0,5 = 80(1,8)0,5 7 107,3 ë/ìèí = 1,79 ë/ñ.

ÂÎÏÐÎÑ 2:

Â ïðîåêòå íîâîé ðåäàêöèè ÑÏ 5.13130 (ï. Â.1.1.8)

ïðåäëàãàåòñÿ äëÿ ãèäðàâëè÷åñêîãî ðàñ÷åòà ðàñ-

ïðåäåëèòåëüíîé ñåòè âûäåëèòü íà ïëàíå èëè ãèä-

ðàâëè÷åñêîé ñõåìå ÀÓÏ äèêòóþùóþ çàùèùàåìóþ

îðîøàåìóþ ïëîùàäü, íà êîòîðîé ðàñïîëîæåí äèê-

òóþùèé îðîñèòåëü. Çà ïëîùàäü îðîøåíèÿ îðîñè-

òåëÿ ñ èíòåíñèâíîñòüþ îðîøåíèÿ íå ìåíåå íîð-

ìàòèâíîé ïðèíèìàåòñÿ êâàäðàò ñ äëèíîé ñòîðîíû:

4 ì — S = 4 � 4 = 16 ì2;

3 ì — S = 3 � 3 = 9 ì2 è ò. ä.

×òî äåëàòü ñ ýòèì êâàäðàòîì? Ïðè÷åì çäåñü êâàä-

ðàò, åñëè èçâåñòíî, ÷òî íîðìàòèâíàÿ èíòåíñèâíîñòü

îðîøåíèÿ îðîñèòåëåì äîëæíà îáåñïå÷èâàòüñÿ íà

ïëîùàäè êðóãà (ðàäèóñîì 2 ì) S = 12 ì2?

ÎÒÂÅÒ:

Âñå îðîñèòåëè ñåðòèôèöèðóþò ïî ÃÎÑÒ Ð

51043.2002 [8]. Îñíîâíûå ãèäðàâëè÷åñêèå ïàðàìåò-

ðû îðîñèòåëåé òèïà ÑÂÍ è ÑÂÂ (èíòåíñèâíîñòü è ðàâ-

íîìåðíîñòü îðîøåíèÿ) ïðè ñåðòèôèêàöèîííûõ èñ-

ïûòàíèÿõ èçìåðÿþò íà ïðèâåäåííîé êðóãëîé ïëîùà-

äè712 ì2, ò. å. ïðè äèàìåòðå D74 ì. Âñëåäñòâèå ýòîãî

â çàâîäñêîì òåõíè÷åñêîì ïàñïîðòå íà îðîñèòåëü óêà-

çûâàþò ïëîùàäü îðîøåíèÿ òàêæå 12 ì2. Ïðè ýòîì â

ïðåäåëàõ ýòîé ïëîùàäè ñðåäíÿÿ èíòåíñèâíîñòü îðî-

øåíèÿ äîëæíà áûòü íå ìåíåå íîðìàòèâíîé.

Äîïóñòèì, íåîáõîäèìî ïðîâåñòè ãèäðàâëè÷åñêèé ðàñ-

÷åò ñïðèíêëåðíîé ÀÓÏ äëÿ ðàñïðåäåëèòåëüíîé ñåòè

ïîìåùåíèÿ, îòíîñÿùåãîñÿ ê ãðóïïå ïîìåùåíèé 1 ïî

ÑÏ 5.13130.2009 [7]. Íîðìàòèâíàÿ ïëîùàäü äîëæíà

áûòü íå ìåíåå 60 ì2. Ñ ó÷åòîì àðõèòåêòóðíûõ è îáú-

åìíî-ïëàíèðîâî÷íûõ îñîáåííîñòåé çàùèùàåìîãî

Îáîçíà÷åíèå K ïî ñîîòâåòñòâóþùåé

ñèñòåìå ñòàíäàðòîâ

Çíà÷åíèå K ïî ñîîòâåòñòâóþùåé

ñèñòåìå ñòàíäàðòîâ

Êîëè÷åñòâî öèôð â ÷èñëîâîì

çíà÷åíèè K äî çàïÿòîé

Äèàïàçîí

çíà÷åíèé K
ÐÔ

KISO, KEN, KLPS, KVdS 45,6–363,0 2–3 (K � 40) 0,24–1,91

KUSA 3,2–35,2 1–2 (K � 40) 0,24–1,91

KÐÔ 0,21–1,91 0–1 (K � 2) 0,21–1,91

Òàáëèöà 1. Äèàïàçîí çíà÷åíèé è îñîáåííîñòü öèôðîâîãî îáîçíà÷åíèÿ êîýôôèöèåíòà ïðîèçâîäèòåëüíîñòè KÐÔ è

K-ôàêòîðîâ ïðè äèàìåòðàõ âûõîäíîãî îòâåðñòèÿ îðîñèòåëåé îò 8 äî 25 ìì
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ïîìåùåíèÿ ïðèíèìàåì ñåòêó ðàññòàíîâêè îðîñèòå-

ëåé ñ ðàññòîÿíèåì â ðÿäêå Lîð è ìåæäó ðÿäêàìè Lð.

Ñîãëàñíî ÑÏ 5.13130.2009 (òàáë. 5.1) [7] ìàêñèìàëü-

íîå ðàññòîÿíèå ìåæäó îðîñèòåëÿìè íå äîëæíî ïðåâû-

øàòü 4 ì. Ìèíèìàëüíîå ðàññòîÿíèå ìåæäó ñïðèíê-

ëåðíûìè îðîñèòåëÿìè â çàâèñèìîñòè îò âûñîòû ìîí-

òàæà íå ðåêîìåíäóåòñÿ ïðèíèìàòü ìåíåå 2,0–2,5 ì.

Ìèíèìàëüíîå ðàññòîÿíèå ìåæäó äðåí÷åðíûìè îðî-

ñèòåëÿìè íå ðåãëàìåíòèðóåòñÿ.

Ñåòêà ðàññòàíîâêè îðîñèòåëåé ìîæåò áûòü êàê êâàä-

ðàòíîé, òàê è ïðÿìîóãîëüíîé. Íàïðèìåð, ïðè êâàäðàò-

íîé ïëîùàäè ïðè Lîð = Lð = 3 èëè 4 ì óñëîâíàÿ ðàñ-

÷åòíàÿ ïëîùàäü îðîøåíèÿ, ïðèõîäÿùàÿñÿ íà îäèí îðî-

ñèòåëü, ñîñòàâëÿåò ñîîòâåòñòâåííî 8 = 3�3 = 9 ì2 èëè

8 = 4�4 = 16 ì2, à ïðè ïðÿìîóãîëüíîé — 8 = Lîð�Lð =

= 4�3 ì = 12 ì2 èëè8 = L�Â = 3,5�2,5 = 8,75 ì2 è ò. ä.

Ðàññòîÿíèå îò îðîñèòåëåé äî ñòåí ïîìåùåíèé ãðóï-

ïû 1 ñîãëàñíî ÑÏ 5.13130.2009 (òàáë. 5.1) [7] äîëæíî

ñîñòàâëÿòü íå áîëåå ïîëîâèíû íîðìàòèâíîãî ìàêñè-

ìàëüíîãî ðàññòîÿíèÿ ìåæäó ñïðèíêëåðíûìè îðîñè-

òåëÿìè. Ïðè 8 = 4�3 = 12 ì2 è 8 = 4�4 = 16 ì2 ýòî

ðàññòîÿíèå ïðèíèìàþò ðàâíûì 2 ì, à ïðè 8 = 3�3 =

= 9 ì2 è 8 = 3,5�2,5 = 8,75 ì2 — 1,5 è 1,75 ì è ò. ä.

Îïðåäåëèì ìåñòîïîëîæåíèå äèêòóþùåãî îðîñèòåëÿ.

Ïðåäâàðèòåëüíî íàìåòèì ìåñòî ïîëîæåíèÿ ïðîá-

ëåìíîé äèêòóþùåé çàùèùàåìîé îðîøàåìîé çîíû*

ïëîùàäüþ Sä íå ìåíåå íîðìàòèâíîé ïëîùàäè, ò. å.

Sä � Síîðì = 60 ì2, íà êîòîðîé ðàñïîëîæåíû íàèáîëåå

óäàëåííûå îò âîäîïèòàòåëÿ îðîñèòåëè, â òîì ÷èñëå

äèêòóþùèé îðîñèòåëü 1 (ðèñ. 1).

Åñëè çàùèùàåìàÿ íîðìàòèâíàÿ ïëîùàäü ñîñòàâëÿåò

Síîðì = 60 ì2 è 8= Lîð�Lð = 4�4 ì2, òî äëèíà ðÿäêà

Lä = 16 ì, à äèêòóþùàÿ çàùèùàåìàÿ ïëîùàäü Sä =

= 64 ì2, è íà ýòîé ïëîùàäè áóäåò ðàçìåùåíî ÷åòûðå

îðîñèòåëÿ (1–4). Åñëè 8 = Lîð�Lð = 3�4 = 12 ì2 èëè

8 = Lîð�Lð = 4�3 = 12 ì2, òî äëèíà ðÿäêà èëè äëèíà

ó÷àñòêà ñîñòàâèò òàêæå 16 ì, à Sä = 64 ì2, íî íà ýòîé

ïëîùàäè áóäåò ðàñïîëîæåíî óæå ïÿòü îðîñèòåëåé (1–5).

Òàêèì îáðàçîì, íà ôàêòè÷åñêîé çàùèùàåìîé îðîøå-

íèåì äèêòóþùåé ïëîùàäè ïðè ïðÿìîóãîëüíîé ñåòêå

ìîæåò ðàñïîëàãàòüñÿ ðàçíîå êîëè÷åñòâî îðîñèòåëåé.

Â îáùåì ñëó÷àå êîëè÷åñòâî îðîñèòåëåé N, ðàñïî-

ëîæåííûõ íà äèêòóþùåé çàùèùàåìîé ïëîùàäè ïî

êâàäðàòíîé ñåòêå è îáåñïå÷èâàþùèõ ôàêòè÷åñêèé

ðàñõîä ñïðèíêëåðíîé ÀÓÏ ñ èíòåíñèâíîñòüþ îðîøå-

íèÿ íå ìåíåå íîðìàòèâíîé, îïðåäåëÿþò ïî ôîðìóëå

N � Síîðì /8,

ãäå N — ìèíèìàëüíîå êîëè÷åñòâî îðîñèòåëåé, ðàñïî-

ëîæåííûõ â ôàêòè÷åñêîé çàùèùàåìîé îðîøåíèåì

äèêòóþùåé çîíå è îáåñïå÷èâàþùèõ íîðìàòèâíûé ðàñ-

õîä âîäÿíîé èëè ïåííîé ÀÓÏ ñ èíòåíñèâíîñòüþ îðî-

øåíèÿ íå ìåíåå íîðìàòèâíîé;

Síîðì — ìèíèìàëüíàÿ íîðìàòèâíàÿ ïëîùàäü îðîøå-

íèÿ ÀÓÏ, ïðèâåäåííàÿ â òàáë. 5.1 ÑÏ 5.13130.2009

[7], ì2;

8 — óñëîâíàÿ ðàñ÷åòíàÿ ïëîùàäü îðîøåíèÿ ñ èíòåí-

ñèâíîñòüþ îðîøåíèÿ íå ìåíåå íîðìàòèâíîé, ïðèõî-

äÿùàÿñÿ ñîãëàñíî ñåòêå ðàñïðåäåëèòåëüíîé ñåòè íà

îäèí îðîñèòåëü, ì2.

Åñëè ÷àñòíîå ïîëó÷àåòñÿ äðîáíûì, òî åãî ñëåäóåò îêðóã-

ëèòü äî öåëîãî â áóëüøóþ ñòîðîíó, íåçàâèñèìî îò çíà-

÷åíèÿ îñòàòêà è, ñîîòâåòñòâåííî, îòêîððåêòèðîâàòü

çíà÷åíèå çàùèùàåìîé îðîøàåìîé ïëîùàäè.

ÂÎÏÐÎÑ 3:

Êàê âûáðàòü äèêòóþùèé îðîñèòåëü, ïîíÿòíî: íàè-

áîëåå âûñîêî ðàñïîëîæåííûé è/èëè íàèáîëåå óäà-

ëåííûé îò íàñîñíîé óñòàíîâêè. Íî êàêèì îáðàçîì

íà ãèäðàâëè÷åñêîé ñõåìå ðàñïðåäåëèòåëüíîé ñåòè

âûáðàòü äèêòóþùóþ çàùèùàåìóþ ïëîùàäü: ïðèíè-

ìàòü â îäèí èëè áîëåå ðÿäêîâ îðîñèòåëåé ïî ãîðè-

çîíòàëè èëè ïî âåðòèêàëè? Ìîæíî ëè îïðåäåëèòü

ìåñòî ïîëîæåíèÿ ýòîé ïëîùàäè áåç ñðàâíèòåëüíûõ

ðàñ÷åòîâ?

ÎÒÂÅÒ:

Äîïóñòèì, ÷òî çàùèùàåìîå ïîìåùåíèå îòíî-

ñèòñÿ ïî ÑÏ 5.13130.2009 [7] ê ãðóïïå ïîìåùåíèé 1.

Äëÿ ýòîé ãðóïïû íîðìàòèâíàÿ çàùèùàåìàÿ ïëîùàäü

äîëæíà áûòü Síîðì � 60 ì2, êîýôôèöèåíò ïðîèçâîäè-

òåëüíîñòè îðîñèòåëÿ K = 0,42 ë/(ñ·ì0,5), èíòåíñèâíîñòü

îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ iä � 0,08 ë/(ñ·ì2),

ðàññòîÿíèå ìåæäó îðîñèòåëÿìè è ðÿäêàìè Lîð = Lð =

= 4 ì, äèàìåòð òðóáîïðîâîäîâ âî âñåõ ðÿäêàõ DN 25,

à äèàìåòð ïèòàþùèõ òðóáîïðîâîäîâ DN 40, óäåëüíîå

ñîïðîòèâëåíèå òðóáîïðîâîäà À ñîñòàâëÿåò ñîîòâåòñò-

âåííî 0,306 è 0,0312 ñ2/ë2.

* Âûáîð ìåñòà ïîëîæåíèÿ ïðîáëåìíîé äèêòóþùåé çàùè-

ùàåìîé îðîøàåìîé ïëîùàäè Sä ïîäðîáíî îïèñàí â îò-

âåòå íà âîïðîñ 3.

Ðèñ. 1. Ïëàí ðàñïîëîæåíèÿ îðîñèòåëåé (1–14) íà ðàñïðå-

äåëèòåëüíîé ñåòè: L
îð

— ðàññòîÿíèå ìåæäó îðîñèòåëÿìè â

ðÿäêå; L
ð

— ðàññòîÿíèå ìåæäó ðÿäêàìè; L
A

— ðàññòîÿíèå îò

êðàéíèõ îðîñèòåëåé äî ñòåíû À (L
À
� L

îð
/2); L

Á
— ðàññòîÿ-

íèå îò íàèáîëåå óäàëåííîãî ðÿäêà äî ñòåíû Á (L
Á

= L
ð

/2);

S
ä

— äèêòóþùàÿ çàùèùàåìàÿ ïëîùàäü
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Äåéñòâèòåëüíî, èíîãäà ïî ñõåìå ðàñïðåäåëèòåëüíîé

ñåòè âðîäå áû íå âñåãäà ìîæíî âûáðàòü ïðàâèëüíûé

âàðèàíò äèêòóþùåé çàùèùàåìîé ðàñ÷åòíîé ïëîùà-

äè, äëÿ êîòîðîé ïîòðåáóåòñÿ, ñîîòâåòñòâåííî, íàèáîëü-

øèé ðàñõîä è ìàêñèìàëüíîå äàâëåíèå.

Ðàñõîä è äàâëåíèå íà äèêòóþùåì è ïîñëåäóþùèõ îðî-

ñèòåëÿõ, îáùèé ðàñõîä è äàâëåíèå íà âûõîäå ðàñ÷åò-

íîé çàùèùàåìîé ïëîùàäè îïðåäåëÿþò ïî ìåòîäèêå,

ïðèâåäåííîé â ïðèëîæåíèè B ÑÏ 5.13130.2009 [7].

Ãèäðàâëè÷åñêèé ðàñ÷åò âîäÿíûõ è ïåííûõ ÀÓÏ ïî-

äðîáíî èçëîæåí òàêæå â ó÷åáíî-ìåòîäè÷åñêèõ ïîñî-

áèÿõ [9, 10].

Ãèäðàâëè÷åñêèå ñõåìû ðàñïðåäåëèòåëüíîé ñåòè ÀÓÏ

ìîãóò èìåòü ðàçëè÷íóþ êîíôèãóðàöèþ. Íàïðèìåð,

âàðèàíòû ïðåäïîëàãàåìûõ äèêòóþùèõ ó÷àñòêîâ ðàñ-

÷åòíîé çàùèùàåìîé ïëîùàäè ãèäðàâëè÷åñêîé ñõåìû

ðàñïðåäåëèòåëüíîé ñåòè ñ ÷åòûðüìÿ îðîñèòåëÿìè â

êàæäîì èç òðåõ ðÿäêîâ ñ ïîäà÷åé ÎÒÂ ïî ñòðåëêå “ä”

ïðèâåäåíû íà ðèñ. 2.

Äèêòóþùèì îðîñèòåëåì äëÿ âñåõ âàðèàíòîâ Sðàñ÷1,

Sðàñ÷2 è Sðàñ÷3 ÿâëÿåòñÿ îäèí è òîò æå îðîñèòåëü 1,

è ýòî ïîíÿòíî, òàê êàê îí ñàìûé óäàëåííûé.

Ïðè ðàññòîÿíèè ìåæäó îðîñèòåëÿìè è ðÿäêàìè Lîð =

= Lð = 4 ì óñëîâíàÿ ïëîùàäü, çàùèùàåìàÿ êàæäûì

îðîñèòåëåì, ñîñòàâèò:8 = 4�4 = 16 ì2 (ñì. ðèñ. 2). Ñëå-

äîâàòåëüíî, êîëè÷åñòâî îðîñèòåëåé N, îáåñïå÷èâà-

þùèõ çàùèòó ïëîùàäè Síîðì, ïðèíèìàåì: N = Síîðì /8 =

= 60 : 16 = 3,75. Îêðóãëèâ ïîëó÷åííîå çíà÷åíèå äî

öåëîãî ÷èñëà, ïîëó÷èì êîëè÷åñòâî îðîñèòåëåé N = 4,

ïðè ýòîì çàùèùàåìàÿ ôàêòè÷åñêàÿ ðàñ÷åòíàÿ ïëî-

ùàäü ñîñòàâèò 64 ì2.

Çà äèêòóþùóþ çàùèùàåìóþ ðàñ÷åòíóþ ïëîùàäü ñëå-

äóåò ïðèíèìàòü ïëîùàäü, êîòîðàÿ õàðàêòåðèçóåòñÿ

ìàêñèìàëüíûì ðàñõîäîì Q è, ñîîòâåòñòâåííî, ìàê-

ñèìàëüíûì äàâëåíèåì P íà åå âûõîäå. Çà çàùèùà-

åìóþ äèêòóþùóþ ðàñ÷åòíóþ ïëîùàäü ìîæíî ïðèíÿòü

(ñì. ðèñ. 2):

� Sðàñ÷1 (SÀÂDÑ): â íåå âõîäÿò îðîñèòåëè 1–4; âñå îðî-

ñèòåëè íàõîäÿòñÿ íà îäíîì ðÿäêå I; ïîäà÷à ÎÒÂ

ïî ñòðåëêå “ä”;

� Sðàñ÷2 (SÀEGFMJ): â íåå âõîäÿò îðîñèòåëè 1, 2, 5 è 9.

Îðîñèòåëè 1 è 2 íàõîäÿòñÿ íà ðÿäêå I, îðîñèòåëü 6

— íà ðÿäêå II, îðîñèòåëü 9 — íà ðÿäêå III; ïîäà÷à

ÎÒÂ ïî ñòðåëêå “ä”;

� Sðàñ÷3 (SÀHKJ): â íåå âõîäÿò îðîñèòåëè 1, 2, 5 è 6.

Îðîñèòåëè 1 è 2 íàõîäÿòñÿ íà ðÿäêå I, îðîñèòåëè

5 è 6 — íà ðÿäêå II; ïîäà÷à ÎÒÂ ïî ñòðåëêå “ä”.

Ðèñ. 2. Âàðèàíòû ïðåäïîëàãàåìûõ äèêòóþùèõ ó÷àñòêîâ ðàñ-

÷åòíîé çàùèùàåìîé ïëîùàäè ãèäðàâëè÷åñêîé ñõåìû ðàñ-

ïðåäåëèòåëüíîé ñåòè: S
ðàñ÷1

(S
ÀÂDC

), S
ðàñ÷2

(S
ÀEGFMJ

), S
ðàñ÷3

(S
ÀHKJ

)

— ïðåäïîëàãàåìûå äèêòóþùèå ðàñ÷åòíûå çàùèùàåìûå

ïëîùàäè; 1–12 — îðîñèòåëè; à–ä — âåðîÿòíûå ìåñòà ïîä-

ñîåäèíåíèÿ ïèòàþùåãî òðóáîïðîâîäà; I–III — íîìåðà ðÿäêîâ;

L
îð

— ðàññòîÿíèå ìåæäó îðîñèòåëÿìè

Ðàñõîä êàæäîãî îðîñèòåëÿ, ë�ñ Äàâëåíèå íà êàæäîì îðîñèòåëå, ÌÏà

Îáùèé

ðàñõîä

Q
ä
, ë�ñ

Äàâëåíèå

íà âûõîäå

Pä, ÌÏà

Äèêòóþùàÿ ðàñ÷åòíàÿ ïëîùàäü Sðàñ÷1 (SÀÂDÑ)

q1 q2 q3 q4 qà qâ Ð1 Ð2 Ð3 Ð4 Ðà
7,25 1,314

1,25 1,39 1,84 2,78 7,25 7,25 0,089 0,108 0,193 0,438 1,183

Äèêòóþùàÿ ðàñ÷åòíàÿ ïëîùàäü Sðàñ÷2 (SÀEGFMJ)

q1 q2 q5 q9 qà qâ Ð1 Ð2 Ðà Ðâ Ðä
6,30 0,435

1,25 1,39 1,74 1,86 2,63 4,37 0,089 0,108 0,372 0,381 0,435

Äèêòóþùàÿ ðàñ÷åòíàÿ ïëîùàäü Sðàñ÷3 (SÀHKJ)

q1 q2 q5 q6 qà qâ Ð1 Ð2 Ðà Ðâ Ðä
5,29 0,416

1,25 1,39 1,27 1,41 2,63 5,29 0,089 0,108 0,372 0,381 0,416

Òàáëèöà 2. Ðåçóëüòàòû ðàñ÷åòà ãèäðàâëè÷åñêèõ ïàðàìåòðîâ ðàñïðåäåëèòåëüíîé ñåòè ãèäðàâëè÷åñêèõ ñõåì ïðåäïî-

ëàãàåìûõ äèêòóþùèõ ïëîùàäåé
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Â ñëó÷àå åñëè èìååòñÿ ãèäðàâëè÷åñêàÿ ñõåìà ïðåäïî-

ëàãàåìûõ äèêòóþùèõ ó÷àñòêîâ ðàñïðåäåëèòåëüíîé ñåòè

ñ ðàâíîìåðíî ðàñïîëîæåííûìè îðîñèòåëÿìè, òî äèê-

òóþùóþ çàùèùàåìóþ ðàñ÷åòíóþ ïëîùàäü âðîäå áû

îïðåäåëèòü äîâîëüíî ïðîñòî — ïî íàèáîëüøåìó

ãèäðàâëè÷åñêîìó ñîïðîòèâëåíèþ íà ó÷àñòêå ïèòà-

þùåãî òðóáîïðîâîäà “à–ä”.

Íàïðèìåð, åñëè ïîäà÷à îñóùåñòâëÿåòñÿ ïî íàïðàâëå-

íèþ “à” èëè “á”, òî äèêòóþùåé áóäåò ïëîùàäü ñ îðî-

ñèòåëÿìè 9–12 (ðÿäîê III); åñëè ïî íàïðàâëåíèþ “â”,

òî ñ îðîñèòåëÿìè 1–4 (ðÿäîê I) èëè 9–12 (ðÿäîê III);

åñëè ïî íàïðàâëåíèþ “ã” èëè “ä”, òî ñ îðîñèòåëÿìè

1–4 (ðÿäîê I). Íî, ìîæåò áûòü, äèêòóþùåé ïëîùàäüþ

áóäåò ÿâëÿòüñÿ ïëîùàäü ñ äðóãîé ñîâîêóïíîñòüþ îðî-

ñèòåëåé, ðàñïîëîæåííûõ íà ðàçíûõ ðÿäêàõ?

Ðåçóëüòàòû ãèäðàâëè÷åñêîãî ðàñ÷åòà ðàñïðåäåëèòåëü-

íîé ñåòè ãèäðàâëè÷åñêèõ ñõåì ñ ðàâíîìåðíî ðàñïî-

ëîæåííûìè îðîñèòåëÿìè, ïðåäñòàâëåííûõ íà ðèñ. 2,

ñâåäåíû â òàáë. 2.

Ñîãëàñíî ðàñ÷åòàì íàèáîëåå âûñîêèå çíà÷åíèÿ ãèä-

ðàâëè÷åñêèõ ïàðàìåòðîâ (ðàñõîäà Q è äàâëåíèÿ Ð )

ó äèêòóþùåé çàùèùàåìîé ïëîùàäè Sðàñ÷1, à çàòåì

ïî óáûâàþùåé — ó Sðàñ÷2 è Sðàñ÷3. Ñëåäîâàòåëüíî, äèê-

òóþùåé çàùèùàåìîé ïëîùàäüþ äîëæíà áûòü ïðè-

íÿòà Sðàñ÷1(SÀÂDÑ), â êîòîðóþ âõîäÿò îðîñèòåëè 1–4,

íàõîäÿùèåñÿ íà îäíîì ðÿäêå I.

Òàêèì îáðàçîì, êëþ÷îì äëÿ îïåðàòèâíîãî ðàñïîçíà-

âàíèÿ èñòèííîé äèêòóþùåé çàùèùàåìîé ïëîùàäè

äàííîé ãèäðàâëè÷åñêîé ñõåìû ðàñïðåäåëèòåëüíîé

ñåòè ÀÓÏ ñ ÷åòûðüìÿ îðîñèòåëÿìè â êàæäîì èç òðåõ

ðÿäêîâ ÿâëÿåòñÿ ìàêñèìàëüíîå êîëè÷åñòâî îðîñèòå-

ëåé, âêëþ÷àÿ äèêòóþùèé, ðàñïîëîæåííûõ íà îäíîì

ðÿäêå, è ìàêñèìàëüíàÿ äëèíà ïèòàþùåãî òðóáîïðî-

âîäà.

Ïðèñóùà ëè ïîëó÷åííàÿ ëîãè÷åñêàÿ îáîñíîâàííîñòü

ïðèñóùà òîëüêî ïðèâåäåííîé ãèäðàâëè÷åñêîé ñõåìå

èëè ÿâëÿåòñÿ îáùåé çàêîíîìåðíîñòüþ äëÿ èíûõ âà-

ðèàíòîâ ñõåì?

Ðàññìîòðèì, íàïðèìåð, åùå âîçìîæíûå âàðèàíòû

äèêòóþùèõ ó÷àñòêîâ ðàñ÷åòíîé çàùèùàåìîé ïëî-

ùàäè ãèäðàâëè÷åñêîé ñõåìû ñ íåñèììåòðè÷íîé ðàñ-

ïðåäåëèòåëüíîé ñåòüþ (ðèñ. 3), ñ ïÿòüþ îðîñèòåëÿìè

â êàæäîì èç ïÿòè ðÿäêîâ è ñ ïîäà÷åé ÎÒÂ ïî ñòðåë-

êå“ä”. Ïðè÷åì äëÿ âñåõ âàðèàíòîâ äëèíà ïèòàþùåãî

òðóáîïðîâîäà “à–ä”ïðèíÿòà îäèíàêîâîé — Là–ä = 16ì.

Äèêòóþùèì îðîñèòåëåì äëÿ âñåõ âàðèàíòîâ ñõåì

Sðàñ÷1, Sðàñ÷2 è Sðàñ÷3 ÿâëÿåòñÿ îäèí è òîò æå îðîñèòåëü 1.

Òàê æå, êàê è äëÿ ñõåì, ïðèâåäåííûõ íà ðèñ. 2, óñëîâ-

íàÿ ïëîùàäü, çàùèùàåìàÿ êàæäûì îðîñèòåëåì, ñî-

ñòàâëÿåò 8 = 4�4 = 16 ì2. Çàùèùàåìàÿ ôàêòè÷åñêàÿ

ðàñ÷åòíàÿ ïëîùàäü ïðèíèìàåòñÿ Sðàñ÷ = 64 ì2, à êî-

ëè÷åñòâî îðîñèòåëåé, ðàñïîëàãàåìûõ íàä çàùèùà-

åìîé ïëîùàäüþ, N = 4. Äèêòóþùåé çàùèùàåìîé

ðàñ÷åòíîé ïëîùàäüþ ñëåäóåò ñ÷èòàòü ïëîùàäü, êîòî-

ðàÿ õàðàêòåðèçóåòñÿ ìàêñèìàëüíûì ðàñõîäîì Q è,

ñîîòâåòñòâåííî, ìàêñèìàëüíûì äàâëåíèåì P íà åå

âûõîäå.

Çàùèùàåìûå äèêòóþùèå ðàñ÷åòíûå ïëîùàäè èìå-

þò ñëåäóþùèå õàðàêòåðèñòèêè:

� Sðàñ÷1 (SÀEGF): îðîñèòåëè 1–4 íàõîäÿòñÿ íà îäíîì

ðÿäêå I; ïîäà÷à ÎÒÂ — ìåæäó 3-ì è 4-ì îðîñèòå-

ëÿìè;

� Sðàñ÷2 (SÀHKJ): îðîñèòåëè 1 è 2 íàõîäÿòñÿ íà ðÿäêå I,

îðîñèòåëè 6 è 7 — íà ðÿäêå II; ïîäà÷à ÎÒÂ — â ðÿ-

äîê I â ò. “à”, â ðÿäîê II â ò. “á”;

� Sðàñ÷3 (SÀBDÑ): â êàæäîì èç ÷åòûðåõ ðÿäêîâ íàõîäèò-

ñÿ òîëüêî ïî îäíîìó îðîñèòåëþ: â I — 1, âî II — 6,

â III — 11, â IV — 16; ïîäà÷à ÎÒÂ — â ðÿäîê I â ò. “à”,

â ðÿäîê II â ò. “á”, â ðÿäîê III â ò. “â”, â ðÿäîê IV â ò. “ã”.

Ïî ïðèâåäåííûì âàðèàíòàì äèêòóþùåé çàùèùàåìîé

ðàñ÷åòíîé ïëîùàäè ñõåìû ðàñïðåäåëèòåëüíîé ñåòè,

íà ïåðâûé âçãëÿä, äåéñòâèòåëüíî ñëîæíî âûáðàòü èñ-

òèííóþ äèêòóþùóþ ïëîùàäü, äëÿ êîòîðîé ïîòðåáóåò-

ñÿ, ñîîòâåòñòâåííî, íàèáîëüøèé ðàñõîä è ìàêñèìàëü-

íîå äàâëåíèå.

Ðåçóëüòàòû ãèäðàâëè÷åñêîãî ðàñ÷åòà ïðèâåäåííûõ

íà ðèñ. 3 âàðèàíòîâ äèêòóþùåé çàùèùàåìîé ðàñ-

÷åòíîé ïëîùàäè ðàñïðåäåëèòåëüíîé ñåòè ñâåäåíû â

òàáë. 3.

Ñîãëàñíî ðàñ÷åòàì íàèáîëåå âûñîêèå çíà÷åíèÿ ãèä-

ðàâëè÷åñêèõ ïàðàìåòðîâ (ðàñõîäà Q è äàâëåíèÿ Ð )

Ðèñ. 3. Âàðèàíòû ïðåäïîëàãàåìûõ äèêòóþùèõ ó÷àñòêîâ ðàñ-

÷åòíîé çàùèùàåìîé ïëîùàäè ãèäðàâëè÷åñêîé ñõåìû ðàñ-

ïðåäåëèòåëüíîé ñåòè: S
ðàñ÷1

(S
ÀEGF

), S
ðàñ÷2

(S
ÀHKJ

), S
ðàñ÷3

(S
ÀBDÑ

) —

ïðåäïîëàãàåìûå äèêòóþùèå ðàñ÷åòíûå çàùèùàåìûå ïëî-

ùàäè; 1–25 — îðîñèòåëè; à–ä — òî÷êè ñîåäèíåíèÿ ðÿäêîâ

ñ ïèòàþùèì òðóáîïðîâîäîì; I–V — íîìåðà ðÿäêîâ; L
îð

—

ðàññòîÿíèå ìåäó îðîñèòåëÿìè
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ó äèêòóþùåé çàùèùàåìîé ïëîùàäè Sðàñ÷1, à çàòåì

ïî óáûâàþùåé — ó Sðàñ÷2 è Sðàñ÷3. Ñëåäîâàòåëüíî, äèê-

òóþùåé çàùèùàåìîé ïëîùàäüþ äîëæíà áûòü ïðè-

íÿòà Sðàñ÷1 (SAEGF), â êîòîðóþ âõîäÿò îðîñèòåëè 1–4,

íàõîäÿùèåñÿ íà îäíîì ðÿäêå I.

Ïîïðîáóåì îáîñíîâàòü ñïîñîá ëîãè÷åñêîãî àíàëèòè-

÷åñêîãî âûáîðà ïîëîæåíèÿ èñòèííîé äèêòóþùåé çà-

ùèùàåìîé ïëîùàäè.

Ñðàâíèì Sðàñ÷1 íà ðèñ. 2 è Sðàñ÷1 íà ðèñ. 3. Èõ ãèäðàâ-

ëè÷åñêèå ïàðàìåòðû q1–q3 è Ð1–Ð3 îäèíàêîâû. Ñëå-

äîâàòåëüíî, îòëè÷èå çàêëþ÷àåòñÿ òîëüêî â çíà÷åíèÿõ

q4, íî ðàñõîä çàâèñèò îò äàâëåíèÿ: q = 10KP 0,5. Äàâ-

ëåíèå íà îðîñèòåëå 4 îïðåäåëÿåòñÿ ïî ôîðìóëàì:

� äëÿ Sðàñ÷1 íà ðèñ. 2: P4 = P3 + A(Q1–3)2 L;

� äëÿ Sðàñ÷1 íà ðèñ. 3: P4 < Pà = P3 + A(Q1–3)2 L/2.

Ïîñêîëüêó

(P4 Sðàñ÷1(ðèñ. 2)
– P4 Sðàñ÷1(ðèñ. 3)

) 7
7 (P3 + A(Q1–3)2 L)(ðèñ. 2) – (P3 + A(Q1–3)2 L/2)(ðèñ. 3),

òî q4 Sðàñ÷1(ðèñ. 2)
> q4 Sðàñ÷1(ðèñ. 3)

.

Ñëåäîâàòåëüíî, ïðè îäíèõ è òåõ æå îðîñèòåëÿõ è îäè-

íàêîâûõ äèàìåòðàõ òðóáîïðîâîäîâ ðàññìàòðèâàåìûõ

äèêòóþùèõ çàùèùàåìûõ ïëîùàäåé ìîæíî, íå ïðè-

áåãàÿ ê ãèäðàâëè÷åñêîìó ðàñ÷åòó, óñòàíîâèòü, ÷òî äëÿ

Sðàñ÷1, ïðèâåäåííîé íà ðèñ. 2, îáùèé ðàñõîä è äàâ-

ëåíèå áóäóò âûøå, ÷åì äëÿ Sðàñ÷1, ïðèâåäåííîé íà

ðèñ. 3, ò. å.:

ÐSðàñ÷1(ðèñ. 2)
> ÐSðàñ÷1(ðèñ. 3)

è

QSðàñ÷1(ðèñ. 2)
> QSðàñ÷1(ðèñ. 3)

.

Ñðàâíèì Sðàñ÷1 è Sðàñ÷2, ïðèâåäåííûå íà ðèñ. 3. Èõ ãèä-

ðàâëè÷åñêèå ïàðàìåòðû q1 è q2, Ð1 è Ð2 îäèíàêîâû.

Ïðîâåäåì îöåíêó äàâëåíèé â ò. “à” äëÿ Sðàñ÷1 è â ò. “á”

äëÿ Sðàñ÷2.

Ïðèðàùåíèå äàâëåíèÿ �Ð2–à â ò. “à” îïðåäåëÿåòñÿ

ñëåäóþùèì îáðàçîì:

� äëÿ Sðàñ÷1:

�Ð2–à = A25(Q1–2)2 L + A25(Q1–3)2 L/2;

P3 = Ð2 + A25(Q1–2)2 L; q3 = 10KP3
0 5, ;

Q1–3 = q1 + q2 + q3 ;

� äëÿ Sðàñ÷2:

�P2–à = A25(Q1–2)2 1,5L; Q1–2 = q1 + q2;

�Ðà Sðàñ÷1
– �Ðà Sðàñ÷2

= A25(Q1–2)2 L + A25(Q1–3)2 L/2 –

– A25(Q1–2)2 1,5L = A25(Q1–3)2 L/2 – A25(Q1–2)2 L/2.

Îäíàêî ïîñêîëüêó A25(Q1–3)2 L/2 ãîðàçäî áîëüøå

A25(Q1–2)2 L/2, òî Ðà Sðàñ÷1
> Ðà Sðàñ÷2

.

Ïðèðàùåíèå äàâëåíèÿ �Ðà–á â ò. “á” äëÿ Sðàñ÷2 îïðå-

äåëÿåòñÿ ïî âûðàæåíèþ

�Ðà–á = Ðà – Ðá = A40(Q6–7)2 L.

Ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå òðóá DN 40 ïî÷òè â

10 ðàç ìåíüøå ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ òðóá

DN 25 (A40 7 0,031 ñ2/ë2, A25 = 0,306 ñ2/ë2) è íà ó÷àñò-

êå “à–á” ñ ó÷åòîì ðàñõîäà äâóõ îðîñèòåëåé 1 è 2 ñî-

ñòàâëÿåò âñåãî 0,86 ì âîä. ñò. (èëè 0,0086 ÌÏà). Ïî-

ýòîìó ( q1 + q2)7 ( q6 + q7), ò. å. q17 q6, à q2 7 q7. Îäíàêî

äàâëåíèå è ðàñõîä íà îðîñèòåëå 3 (Ð3 è q3) è òåì áî-

ëåå íà îðîñèòåëå 4 (Ð4 è q4) íà ïëîùàäè Sðàñ÷1 ãîðàçäî

áîëüøå, ÷åì äàâëåíèå è ðàñõîä íà îðîñèòåëå 6 (Ð6

è q6) è íà îðîñèòåëå 7 (Ð7 è q7) íà ïëîùàäè Sðàñ÷2.

Ñëåäîâàòåëüíî, ïðè îäíèõ è òåõ æå îðîñèòåëÿõ è îäèíà-

êîâûõ äèàìåòðàõ òðóáîïðîâîäîâ ðàññìàòðèâàåìûõ

äèêòóþùèõ çàùèùàåìûõ ïëîùàäåé ìîæíî, íå ïðè-

áåãàÿ ê ãèäðàâëè÷åñêîìó ðàñ÷åòó, óñòàíîâèòü, ÷òî äëÿ

Sðàñ÷1 îáùèé ðàñõîä è äàâëåíèå áóäóò âûøå, ÷åì äëÿ

Sðàñ÷2, ò. å.

ÐSðàñ÷1
> ÐSðàñ÷2

è QSðàñ÷1
> QSðàñ÷2

.

Ñðàâíèì Sðàñ÷2 è Sðàñ÷3, ïðèâåäåííûå íà ðèñ. 3. Èõ ãèä-

ðàâëè÷åñêèå ïàðàìåòðû q1 è Ð1 îäèíàêîâû.

Ðàñõîä êàæäîãî îðîñèòåëÿ, ë/ñ Äàâëåíèå íà êàæäîì îðîñèòåëå, ÌÏà
Îáùèé ðàñõîä

Q
îáù

, ë/ñ

Äàâëåíèå íà

âûõîäå Pä , ÌÏà

Äèêòóþùàÿ ðàñ÷åòíàÿ ïëîùàäü Sðàñ÷1 (SÀEGF)

q1 q2 q3 q4 Ð1 Ð2 Ð3 Ðà
6,72 0,544

1,25 1,39 1,85 2,24 0,089 0,108 0,193 0,318

Äèêòóþùàÿ ðàñ÷åòíàÿ ïëîùàäü Sðàñ÷2 (SÀHKJ)

q1 q2 q6 q7 Ð1 Ð2 Ðà Ðá
5,34 0,313

1,25 1,39 1,28 1,42 0,089 0,108 0,197 0,206

Äèêòóþùàÿ ðàñ÷åòíàÿ ïëîùàäü Sðàñ÷3 (SÀÂDÑ)

q1 q6 q11 q16 Ð1 Ðà Ðá Ðâ (Ðã)
5,19 0,190

1,25 1,26 1,29 1,38 0,089 0,128 0,130 0,138 (0,156)

Òàáëèöà 3. Ðåçóëüòàòû ðàñ÷åòà ãèäðàâëè÷åñêèõ ïàðàìåòðîâ ðàñïðåäåëèòåëüíîé ñåòè ãèäðàâëè÷åñêèõ ñõåì ïðåäïîëà-

ãàåìûõ äèêòóþùèõ ïëîùàäåé
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Ïðîâåäåì îöåíêó äàâëåíèé â ò. “à” äëÿ Sðàñ÷2 è Sðàñ÷3.

Ïðèðàùåíèå äàâëåíèÿ �Ð1–à â ò. “à” äëÿ Sðàñ÷2 îïðå-

äåëÿåòñÿ ñëåäóþùèì îáðàçîì:

�P1–à = A25(Q1)2 L + A25(Q1–2)2 1,5L;

Q1–2 = q1 + q2, ïðè÷åì q1 < q2.

Åñëè äîïóñòèòü, ÷òî q1 = q2, òî

�P1–à = A25(Q1)2 L + A25(2Q1)2 1,5L = A25(Q1)2 7L.

Ïðèðàùåíèå äàâëåíèÿ �P1–à â ò. “à” äëÿ Sðàñ÷3 îïðå-

äåëÿåòñÿ ñëåäóþùèì îáðàçîì:

�P1–à = A25(Q1)2 2,5L; Q1 = q1.

Òàêèì îáðàçîì,�P1–à Sðàñ÷2
–�P1–à Sðàñ÷3

= A25(Q1)2 7L –

– A25(Q1)2 2,5L, ò. å. ïðèðàùåíèå �P1–à Sðàñ÷2
ïî÷òè â

3 ðàçà áîëüøå, ÷åì ïðèðàùåíèå �P1–à Sðàñ÷3
. Ñëåäî-

âàòåëüíî, Ðà Sðàñ÷2
> Ðà Sðàñ÷3

.

Äàâëåíèå Ðá Sðàñ÷2
è Ðá Sðàñ÷3

â ò. “á” ñîîòâåòñòâåííî

äëÿ Sðàñ÷2 è Sðàñ÷3 îïðåäåëÿåòñÿ êàê:

Ðá Sðàñ÷2
= Ða Sðàñ÷2

+ A40(Q1–2)2 L;

Ðá Sðàñ÷3
= Ða Sðàñ÷3

+ A40(Q1)2 L.

Êàê âèäíî, ïîòåðè â òðóáîïðîâîäå ðàñïðåäåëèòåëüíîé

ñåòè Sðàñ÷2 íà ó÷àñòêå “à–á” çàâèñÿò îò êâàäðàòà ñóì-

ìàðíîãî ðàñõîäà äâóõ îðîñèòåëåé — (q1 + q2)2, à ïî-

òåðè â òðóáîïðîâîäå ðàñïðåäåëèòåëüíîé ñåòè Sðàñ÷3 —

òîëüêî îò êâàäðàòà ðàñõîäà îäíîãî îðîñèòåëÿ — (q1)2.

Ãèäðàâëè÷åñêîå ñîïðîòèâëåíèå òðóá DN 40 ïî÷òè â

10 ðàç ìåíüøå ãèäðàâëè÷åñêîãî ñîïðîòèâëåíèÿ òðóá

DN 25 (A40 7 0,031 ñ2/ë2, A25 = 0,306 ñ2/ë2) è ñî-

ñòàâëÿåò ïðè ðàñõîäå äâóõ îðîñèòåëåé (q1 + q2) âñåãî

0,86 ì âîä. ñò. (èëè ~0,009 ÌÏà), à ïðè ðàñõîäå òîëüêî

îäíîãî îðîñèòåëÿ (q1) è òîãî ìåíüøå — 0,19 ì âîä. ñò.

(èëè ~0,002 ÌÏà). Ïîýòîìó äëÿ ëîãè÷åñêèõ ðàññóæäå-

íèé ìîæíî ïðèíÿòü: q1 7 q6.

Ñëåäîâàòåëüíî, äàâëåíèå Ðá Sðàñ÷2
è îáùèé ðàñõîä

Qá Sðàñ÷2
íà âûõîäå Sðàñ÷2 â ò. “á” áóäóò áîëüøå, ÷åì

äàâëåíèå è îáùèé ðàñõîä íà âûõîäå Sðàñ÷3 â ò. “ã”.

Òàêèì îáðàçîì, ïðè îäíèõ è òåõ æå îðîñèòåëÿõ è îäè-

íàêîâûõ äèàìåòðàõ òðóáîïðîâîäîâ ðàññìàòðèâàåìûõ

äèêòóþùèõ çàùèùàåìûõ ïëîùàäåé ìîæíî, íå ïðè-

áåãàÿ ê ãèäðàâëè÷åñêîìó ðàñ÷åòó, óñòàíîâèòü, ÷òî äëÿ

Sðàñ÷2 îáùèé ðàñõîä è äàâëåíèå áóäóò âûøå, ÷åì äëÿ

Sðàñ÷3, ò. å.

ÐSðàñ÷2
> ÐSðàñ÷3

è QSðàñ÷2
> QSðàñ÷3

.

Ðåçóëüòàòû àíàëèçà ãèäðàâëè÷åñêîãî ðàñ÷åòà äèêòó-

þùåé çàùèùàåìîé ïëîùàäè ñâèäåòåëüñòâóþò î òîì,

÷òî îáùèé ðàñõîä è äàâëåíèå íà âûõîäå ýòîé ïëîùà-

äè, à òàêæå êîëè÷åñòâî îðîñèòåëåé, óêëàäûâàþùèõñÿ

â íîðìàòèâíûé ðàñõîä, çàâèñÿò íå òîëüêî îò äèàìåò-

ðîâ òðóáîïðîâîäîâ ðàñïðåäåëèòåëüíîé ñåòè, íî è îò

ïðèíÿòîé ñõåìû ïîñëåäíåé.

ÂÎÏÐÎÑ 4:

Ïðîøó ðàçúÿñíèòü, êàêèì îáðàçîì ñëåäóåò òðàêòî-

âàòü ï. 5.1.4 òàáë. 5.1 ÑÏ 5.13130.2009 â ÷àñòè òðå-

áîâàíèé ê èíòåíñèâíîñòè îðîøåíèÿ çàùèùàåìîé

ïëîùàäè — êàê òðåáîâàíèÿ ê ìèíèìàëüíî äîïóñòè-

ìîé èíòåíñèâíîñòè èëè êàê òðåáîâàíèÿ ê ñðåäíåé

èíòåíñèâíîñòè ïî ïëîùàäè?

Äàííîå òðåáîâàíèå òðàêòóåòñÿ íàìè êàê íåîáõî-

äèìîñòü îáåñïå÷èòü èíòåíñèâíîñòü îðîøåíèÿ âî-

äÿíîé ÀÓÏ íå ìåíåå 0,08 ë/(ñ·ì2) â ëþáîé òî÷êå çà-

ùèùàåìîé ïëîùàäè.

Â òî æå âðåìÿ ïîäðÿäíàÿ îðãàíèçàöèÿ, ñ êîòîðîé

ìû ðàáîòàåì, òðàêòóåò äàííîå òðåáîâàíèå êàê íå-

îáõîäèìîñòü îáåñïå÷èòü ñðåäíþþ èíòåíñèâíîñòü

ïî ïëîùàäè çàùèùàåìûõ ïîìåùåíèé íå íèæå

0,08 ë/(ñ·ì2), ò. å. äîïóñêàåòñÿ ñèòóàöèÿ, êîãäà íà

íåêîòîðûõ ó÷àñòêàõ çàùèùàåìûõ ïîìåùåíèé èí-

òåíñèâíîñòü áóäåò íèæå 0,08 ë/(ñ·ì2) ïðè óñëîâèè,

÷òî ñðåäíÿÿ èíòåíñèâíîñòü îðîøåíèÿ çàùèùàåìîé

ïëîùàäè â öåëîì ñîñòàâèò íå ìåíåå 0,08 ë/(ñ·ì2).

ÎÒÂÅÒ:

Èíòåíñèâíîñòü îðîøåíèÿ, óêàçàííàÿ â ï. 5.1.4

è â òàáë. 5.1 ÑÏ 5.13130.2009 [7], äîëæíà ñîîòâåò-

ñòâîâàòü èíòåíñèâíîñòè äèêòóþùåãî îðîñèòåëÿ ïðè

ñðàáàòûâàíèè âñåõ çàïëàíèðîâàííûõ îðîñèòåëåé

ñïðèíêëåðíîé ÀÓÏ íà ðàñ÷åòíîé çàùèùàåìîé ïëî-

ùàäè. Ïîñêîëüêó ðàñõîä êàæäîãî ïîñëåäóþùåãî îðî-

ñèòåëÿ (ïîñëå äèêòóþùåãî) óâåëè÷èâàåòñÿ, òî, ñëåäî-

âàòåëüíî, è èíòåíñèâíîñòü îðîøåíèÿ â èõ çîíå äåé-

ñòâèÿ òàêæå ïîñëåäîâàòåëüíî ïîâûøàåòñÿ (íå íàäî

ïóòàòü ñ ìîìåíòîì, êîãäà ñðàáàòûâàåò òîëüêî îäèí

ïåðâûé îðîñèòåëü) (ðèñ. 4).

Êîãäà ñðàáàòûâàåò ïåðâûì äèêòóþùèé îðîñèòåëü 1

(èëè ëþáîé äðóãîé îðîñèòåëü) ñïðèíêëåðíîé ÀÓÏ, åãî

ðàñõîä â ýòîò ìîìåíò ãîðàçäî áîëüøå ðàñ÷åòíîãî çíà-

÷åíèÿ äèêòóþùåãî îðîñèòåëÿ q1(1) = q1 ìàêñ > q1 ðàñ÷,

à ñëåäîâàòåëüíî, è ìàêñèìàëüíàÿ èíòåíñèâíîñòü îðî-

øåíèÿ â çîíå åãî äåéñòâèÿ íàèâûñøàÿ. Ïîñëå ñðàáà-

òûâàíèÿ îðîñèòåëÿ 2 åãî ðàñõîä q2(1–2) ñòàíîâèòñÿ

áîëüøå èçìåíèâøåãîñÿ â ìåíüøóþ ñòîðîíó ðàñõîäà

q1(1–2). Àíàëîãè÷íûì îáðàçîì, êîãäà ñðàáàòûâàåò îðî-

ñèòåëü 3, åãî ðàñõîä q3(1–3) ñòàíîâèòñÿ áîëüøå, ðàñõîä

îðîñèòåëåé 1 è 2 ñíèæàåòñÿ äî óðîâíÿ ñîîòâåòñò-

âåííî q1(1–3) è q2(1–3). Íàêîíåö, êîãäà íà ðàñ÷åòíîé

ïëîùàäè ñðàáîòàåò ïîñëåäíèé îðîñèòåëü 4, ðàñõîä Q

âûõîäèò íà ðàñ÷åòíîå çíà÷åíèå. Ïðè ýòîì ðàñõîäû

q1(1–4), q2(1–4) è q3(1–4) îðîñèòåëåé 1–3 îïÿòü ñíèæàþò-

ñÿ è òàêæå âûõîäÿò íà êîíå÷íîå ðàñ÷åòíîå çíà÷åíèå.

Àíàëîãè÷íûì îáðàçîì ñíèæàåòñÿ è èíòåíñèâíîñòü îðî-

øåíèÿ ïðåäûäóùèõ îðîñèòåëåé ïî ìåðå ñðàáàòûâà-

íèÿ êàæäîãî ïîñëåäóþùåãî.

Ðàñõîä äèêòóþùåãî îðîñèòåëÿ q1(1–4), õîòÿ è ÿâëÿåòñÿ

ìèíèìàëüíûì ïî ñðàâíåíèþ ñ ðàñõîäàìè q2(1–4), q3(1–4)

è q4(1–4), äîëæåí îáåñïå÷èòü èíòåíñèâíîñòü îðîøå-

íèÿ íå ìåíåå íîðìàòèâíîãî çíà÷åíèÿ: i � iíîðì.
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Òàêèì îáðàçîì, ïðè ñðàáàòûâàíèè ÷åòûðåõ îðîñè-

òåëåé ïîëó÷èì: q1 < q2 < q3 < q4, à ñëåäîâàòåëüíî, è

iíîðì � i1 < i2 < i3 < i4.

Åñëè áû ïîñëå ýòîãî, ïîìèìî îðîñèòåëåé 1–4, ñðàáî-

òàëè åùå îäèí èëè íåñêîëüêî îðîñèòåëåé, íå ïðèíÿ-

òûõ â ðàñ÷åò, òî èíòåíñèâíîñòü îðîøåíèÿ îðîñèòåëåé

1–4 ñíèçèëàñü áû äî çíà÷åíèé i1 < iíîðì, i2 < iíîðì èëè

äàæå i3 < iíîðì è i4 < iíîðì.

Â ñâÿçè ñ ýòèì ïîäðÿäíàÿ îðãàíèçàöèÿ òðàêòóåò ï. 5.1

ÑÏ 5.13130.2009 [7] íåïðàâèëüíî: åñëè íåîáõîäèìî

îáåñïå÷èòü ñðåäíþþ èíòåíñèâíîñòü îðîøåíèÿ

0,08 ë/(ñ·ì2), òî òàêàÿ èíòåíñèâíîñòü îðîøåíèÿ (íå ìå-

íåå) äîëæíà áûòü ïîä äèêòóþùèì îðîñèòåëåì, à íà

îñòàëüíîé ðàñ÷åòíîé ïëîùàäè èíòåíñèâíîñòü áóäåò

áîëåå 0,08 ë/(ñ·ì2).

Ïðè æåëàíèè îáåñïå÷èòü èíòåíñèâíîñòü îðîøåíèÿ,

áëèçêóþ ê íîðìàòèâíîé, íà âñåé äèêòóþùåé çàùè-

ùàåìîé ïëîùàäè (à ñëåäîâàòåëüíî, íå çàâûøàòü çíà-

÷èòåëüíî îáùèé ðàñõîä ÀÓÏ) íåîáõîäèìî óâåëè÷èòü

äèàìåòð òðóáîïðîâîäîâ ðàñïðåäåëèòåëüíîé ñåòè.

×åì áîëüøå áóäåò èõ äèàìåòð, òåì íèæå áóäåò îáùèé

ðàñõîä ÀÓÏ è òåì ìåíüøå áóäåò îòëè÷àòüñÿ èíòåíñèâ-

íîñòü îðîøåíèÿ äèêòóþùåãî îðîñèòåëÿ îò èíòåíñèâ-

íîñòè îðîøåíèÿ îñòàëüíûõ îðîñèòåëåé.

ÂÎÏÐÎÑ 5:

Åñëè ïðîèçâîäèòåëü ïðèâîäèò äàííûå, ñîãëàñíî êî-

òîðûì ó îðîñèòåëÿ 70 % ðàñõîäà âîäû ïðè äàâëå-

íèè 1,5 áàð ïðèõîäèòñÿ íà çîíó ðàäèóñîì 1,75 ì,

òî êàêîå ñëåäóåò ïðèíÿòü äàâëåíèå íà îðîñèòåëå,

÷òîáû èíòåíñèâíîñòü îðîøåíèÿ íà ïëîùàäè 12 ì2

áûëà íå ìåíåå 0,12 ë/(ñ·ì2)?

ÎÒÂÅÒ:

Ïðèíèìàåì äîïóùåíèå, ÷òî ôîðìà ïîòîêà ÎÒÂ,

äèñïåðãèðóåìîãî èç îðîñèòåëÿ, íå çàâèñèò îò äàâ-

ëåíèÿ.

Êðóãëàÿ çîíà ðàäèóñîì 1,75 ì èìååò ïëîùàäü S =

= 9,6 ì2.

Åñëè ïðèíÿòü ïðè äàâëåíèè 0,15 ÌÏà (1,5 áàð) íà ïëî-

ùàäè S9,6 èíòåíñèâíîñòü îðîøåíèÿ i = 0,12 ë/(ñ·ì2),

òî 70 % ðàñõîäà q9,6, ïðèõîäÿùåãîñÿ íà ýòó ïëîùàäü,

ñîñòàâèò:

q9,6 = i S9,6 = 0,12 · 9,6 ~ 1,15 ë/ñ.

Òîãäà îáùèé ðàñõîä îðîñèòåëÿ qîáù ïðè äàâëåíèè

1,5 áàð äîëæåí áûòü íå ìåíåå:

qîáù = q9,6 /0,7 = 1,65 ë/ñ.

Êàê ïðàâèëî, îáùàÿ ïëîùàäü îðîøåíèÿ ïðèìåðíî

íà 10–70 % áîëüøå S12 = 12 ì2. Ïðè ãèäðàâëè÷åñêèõ

ðàñ÷åòàõ ðåêîìåíäóåòñÿ îáùóþ ïëîùàäü, îðîøàåìóþ

îäíèì îðîñèòåëåì, S ïðèíèìàòü íà 30 % áîëüøå S12

(÷òî ñîîòâåòñòâóåò êîýôôèöèåíòó ðàñïðåäåëåíèÿ ðàñ-

õîäà ÎÒÂ ïî îðîøàåìîé ïëîùàäè9 = 1,3), ò. å. îáùàÿ

îðîøàåìàÿ ïëîùàäü S = 9S12 = S12 + �S (ðèñ. 9).

Ïðè ýòîì ñëåäóåò èìåòü â âèäó, ÷òî èíòåíñèâíîñòü

îðîøåíèÿ ýòîãî ïåðèôåðèéíîãî êîëüöà êðàéíå íå-

ðàâíîìåðíà è íà ãðàíèöå êðàéíèõ êàïåëü ñòðåìèòñÿ

ê i = 0.

Ñëåäîâàòåëüíî, ðàñõîä q12ö, ïðèõîäÿùèéñÿ íà ïëîùàäü

S = 12 ì2, ïðè êîýôôèöèåíòå ðàñïðåäåëåíèÿ ðàñõî-

äà ÎÒÂ ïî îðîøàåìîé ïëîùàäè 9 = 1,3 ñîñòàâèò:

q12ö = qîáù /9 = 1,65/1,3 = 1,27 ë/ñ.

Îäíàêî ðàñõîä q12, ïðèõîäÿùèéñÿ íà ïëîùàäü S =12 ì2,

ïðè ñðåäíåé èíòåíñèâíîñòè îðîøåíèÿ 0,12 ë/(ñ·ì2)

äîëæåí ñîñòàâëÿòü:

q12 � i S12 � 1,44 ë/ñ,

ò. å. ïîëó÷àåòñÿ áîëüøå, ÷åì ðàñõîä q12ö, ïîëó÷åííûé

ïðè äàâëåíèè 1,5 áàð è êîýôôèöèåíòå ðàñïðåäåëå-

íèÿ ðàñõîäà ÎÒÂ ïî îðîøàåìîé ïëîùàäè 9 = 1,3.

Îáùèé ðàñõîä îðîñèòåëÿ ñ èíòåíñèâíîñòüþ îðîøå-

íèÿ 0,12 ë/(ñ·ì2) íà ïëîùàäè S = 12 ì2 ñ ó÷åòîì

9 = 1,3 äîëæåí áûòü:

qîáù � 9q12 � 1,3 · 1,44 = 1,87 ë/ñ.

Ðèñ. 4. Òèïè÷íûé õàðàêòåð èçìåíåíèÿ ðàñõîäà ïî ìåðå ïî-

ñëåäîâàòåëüíîãî ñðàáàòûâàíèÿ îðîñèòåëåé íà çàùèùà-

åìîé äèêòóþùåé ïëîùàäè ñïðèíêëåðíîé ÀÓÏ: 1 — ðàñõîä

äèêòóþùåãî îðîñèòåëÿ ïðè åãî àêòèâàöèè è ïî ìåðå ïîñëå-

äóþùåãî ñðàáàòûâàíèÿ ñîîòâåòñòâåííî îðîñèòåëåé 2–4;

2 — ðàñõîä îðîñèòåëåé 1 è 2 ïðè èõ àêòèâàöèè è ïî ìåðå ïî-

ñëåäóþùåãî ñðàáàòûâàíèÿ ñîîòâåòñòâåííî îðîñèòåëåé

3 è 4; 3 — ðàñõîä îðîñèòåëåé 1–3 ïðè èõ àêòèâàöèè è ïî

ìåðå ïîñëåäóþùåãî ñðàáàòûâàíèÿ îðîñèòåëÿ 4; 4 — ðàñ-

õîä îðîñèòåëåé 1–4 ïðè èõ àêòèâàöèè; Q — îáùèé ðàñõîä

îðîñèòåëåé 1–4 ïðè èõ àêòèâàöèè (îáùèé ðàñõîä ÀÓÏ);

q
1
–q

4
— ðàñõîä êàæäîãî èç îðîñèòåëåé 1–4 ïðè èõ îáùåé

àêòèâàöèè; q
1(1)

–q
3(1–4)

— ðàñõîä êàæäîãî èç îðîñèòåëåé

1–3 (ïåðâàÿ öèôðà èíäåêñà îçíà÷àåò íîìåð àêòèâèðîâàí-

íîãî îðîñèòåëÿ, öèôðû â ñêîáêàõ — ïðè êàêèõ íîìåðàõ àê-

òèâèðîâàííûõ îðîñèòåëåé óêàçàí ýòîò ðàñõîä)



88 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 1

ÂÎÏÐÎÑ – ÎÒÂÅÒ

Ïîñêîëüêó êîýôôèöèåíò ïðîèçâîäèòåëüíîñòè îðî-

ñèòåëÿ

KÐÔ = qîáù /(10Ð0,5) = 1,65/(10(0,15)0,5) =

= 0,42 ë/(ñ·ì0,5),

äàâëåíèå Ð, îáåñïå÷èâàþùåå èíòåíñèâíîñòü îðîøå-

íèÿ 0,12 ë/(ñ·ì2) íà ïëîùàäè S = 12 ì2, äîëæíî áûòü

íå ìåíåå:

Ð = ( qîáù /(10K))2 =

=(1,87/(10 · 0,42))2 = 0,2 ÌÏà.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE

AND EXPLOSION SAFETY” ñòàòüè äîëæíû ñîäåðæàòü ðåçóëüòàòû íà-

ó÷íûõ èññëåäîâàíèé è èñïûòàíèé, îïèñàíèÿ íîâûõ òåõíè÷åñêèõ

óñòðîéñòâ è ïðîãðàììíî-èíôîðìàöèîííûõ ïðîäóêòîâ; îáçîðû,

êîììåíòàðèè ê íîðìàòèâíî-òåõíè÷åñêèì äîêóìåíòàì, ñïðàâî÷íûå

ìàòåðèàëû è ò. ï. Àâòîðû äîëæíû óêàçàòü, ê êàêîìó òèïó îòíîñèòñÿ

èõ ñòàòüÿ:
� íàó÷íî-òåîðåòè÷åñêàÿ;
� íàó÷íî-ýìïèðè÷åñêàÿ;
� àíàëèòè÷åñêàÿ (îáçîðíàÿ);
� äèñêóññèîííàÿ;
� ðåêëàìíàÿ.

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

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

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

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

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

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

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

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

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

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

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

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

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

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

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

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

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

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

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

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

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

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

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

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

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

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

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

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

÷åòêî îáîçíà÷åííûå ïîäðàçäåëû Ââåäåíèå (Introduction), Öåëè è çà-

äà÷è (Aims and Purposes), Ìåòîäû (Methods), Ðåçóëüòàòû (Results),

Îáñóæäåíèå (Discussion), Çàêëþ÷åíèå (âûâîäû) (Conclusions).

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

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

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

Â àâòîðñêîå ðåçþìå íå ñëåäóåò âêëþ÷àòü ñõåìû, òàáëèöû, èëëþ-

ñòðàöèè, ôîðìóëû, à òàêæå ññûëêè íà ïóáëèêàöèè, ïðèâåäåííûå â

ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

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

çàãëàâèÿ ñòàòüè.

2.5. 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.

2.6. 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
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îáùåèçâåñòíûõ âåëè÷èí), îïóáëèêîâàííûå ðàíåå, äîëæíû ñîïðî-

âîæäàòüñÿ ññûëêàìè.

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

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

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

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

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

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

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

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

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

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

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

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

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

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

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

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

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

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

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:

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

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;

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

ïèñåé íà ñàìîì ðèñóíêå;

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

2.7. 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.

2.8. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

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

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:
� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

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

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

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

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);
� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;
� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

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

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);
� âûõîäíûå äàííûå;
� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

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

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

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

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

íèìàþòñÿ.

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

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

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

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

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

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

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

5. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

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

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

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

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

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâî-

áåçîïàñíîñòü / Fire and Explosion Safety”, ñîãëàñíû ñ óñëîâèÿìè

ïóáëèêàöèè èëè îòêëîíåíèÿ ðóêîïèñè, à òàêæå ñ ïðàâèëàìè åå

îôîðìëåíèÿ!
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