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ÎÁÅÑÏÅ×ÅÍÈÅ ÁÅÇÎÏÀÑÍÎÑÒÈ ËÞÄÅÉ
Â ÆÈËÛÕ ÇÄÀÍÈßÕ ÏÎÂÛØÅÍÍÎÉ ÝÒÀÆÍÎÑÒÈ

Äàí àíàëèç ïîæàðíîé îïàñíîñòè âûñîòíûõ æèëûõ çäàíèé. Ïðèâåäåíû òðåáîâàíèÿ äåéñòâóþùèõ
íîðìàòèâíûõ äîêóìåíòîâ â îáëàñòè îáåñïå÷åíèÿ áåçîïàñíîñòè ëþäåé â æèëûõ çäàíèÿõ ïîâû-
øåííîé ýòàæíîñòè. Àíàëèçèðóåòñÿ ïðàêòèêà ïðèìåíåíèÿ óêàçàííûõ íîðìàòèâíûõ òðåáîâàíèé
â Ðîññèéñêîé Ôåäåðàöèè. Ñðàâíèâàþòñÿ äåéñòâóþùèå îòå÷åñòâåííûå íîðìû è íîðìû Íàöèî-
íàëüíîé àññîöèàöèè ïðîòèâîïîæàðíîé çàùèòû (NFPA) ÑØÀ â ÷àñòè ïðîåêòèðîâàíèÿ æèëûõ
çäàíèé. Ðàññìàòðèâàþòñÿ òåõíè÷åñêèå õàðàêòåðèñòèêè è îñîáåííîñòè ïðèìåíåíèÿ ïîæàðíî-
ñïàñàòåëüíîé òåõíèêè, ïðåäíàçíà÷åííîé äëÿ èñïîëüçîâàíèÿ ïðè ïîæàðàõ â âûñîòíûõ æèëûõ
çäàíèÿõ. Ïðåäëîæåíû ìåðîïðèÿòèÿ ïî ïîâûøåíèþ ïðîòèâîïîæàðíîé çàùèòû âûñîòíûõ æèëûõ
çäàíèé.

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ îïàñíîñòü; áåçîïàñíîñòü ëþäåé; æèëûå çäàíèÿ ïîâûøåííîé ýòàæ-
íîñòè; íîðìàòèâíûå òðåáîâàíèÿ; ïîæàðíî-ñïàñàòåëüíàÿ òåõíèêà; ïðîòèâîïîæàðíàÿ çàùèòà;
àâòîìàòè÷åñêàÿ óñòàíîâêà ïîæàðîòóøåíèÿ; ñðåäñòâî àâòîìàòè÷åñêîãî îáíàðóæåíèÿ è ïðåäó-
ïðåæäåíèÿ ïîæàðà.
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Ââåäåíèå

Åæåãîäíî íà æèëîé ñåêòîð ïðèõîäèòñÿ îêîëî 70 %

îò îáùåãî ÷èñëà ïîæàðîâ â Ðîññèéñêîé Ôåäåðàöèè.

Îñíîâíîå êîëè÷åñòâî ïîæàðîâ â æèëüå ïðîèñõîäèò

ïî òàê íàçûâàåìûì íåïðîôèëàêòèðóåìûì ïðè÷èíàì,

ò. å. ïî âèíå ëþäåé, íàõîäÿùèõñÿ â ñîñòîÿíèè îãðà-

íè÷åííîé äååñïîñîáíîñòè [1].

Â æèëûõ äîìàõ ãèáíåò áîëåå 90 % îò îáùåãî êî-

ëè÷åñòâà ïîãèáøèõ â Ðîññèéñêîé Ôåäåðàöèè. Îñíîâ-

íîé ïðè÷èíîé ãèáåëè ëþäåé ïðè ïîæàðàõ ÿâëÿåòñÿ

äåéñòâèå ïðîäóêòîâ ãîðåíèÿ (äî 68 % îò îáùåãî

÷èñëà ïîãèáøèõ) è âûñîêîé òåìïåðàòóðû (äî 7 % îò

îáùåãî ÷èñëà ïîãèáøèõ). Îñíîâíûì ôàêòîðîì, îáó-

ñëàâëèâàþùèì ãèáåëü ëþäåé ïðè ïîæàðàõ, ïî-ïðåæ-

íåìó îñòàåòñÿ ñîñòîÿíèå àëêîãîëüíîãî (íàðêîòè÷å-

ñêîãî) îïüÿíåíèÿ (áîëåå 40 % îò îáùåãî ÷èñëà ïî-

ãèáøèõ).

Äëÿ çäàíèé ïîâûøåííîé ýòàæíîñòè (äàëåå —

ÇÏÝ) õàðàêòåðíî áûñòðîå ðàçâèòèå ïîæàðà ïî âåð-

òèêàëè è áîëüøàÿ ñëîæíîñòü ñïàñàòåëüíûõ ðàáîò.

Ïðîäóêòû ãîðåíèÿ ðàñïðîñòðàíÿþòñÿ â ñòîðîíó ëåñò-

íè÷íûõ êëåòîê è øàõò ëèôòîâ ñî ñêîðîñòüþ áîëåå

10 ì/ìèí. Â òå÷åíèå íåñêîëüêèõ ìèíóò çäàíèå ïîë-

íîñòüþ çàäûìëÿåòñÿ, è íàõîäèòüñÿ â ïîìåùåíèÿõ

áåç ñðåäñòâ çàùèòû îðãàíîâ äûõàíèÿ íåâîçìîæíî.

Íàèáîëåå èíòåíñèâíî ïðîèñõîäèò çàäûìëåíèå âåðõ-

íèõ ýòàæåé, îñîáåííî ñ ïîäâåòðåííîé ñòîðîíû.

Îò âûñîêîé òåìïåðàòóðû óïðàâëåíèå ëèôòàìè

âûõîäèò èç ñòðîÿ è êàáèíû áëîêèðóþòñÿ â øàõòàõ.

Áûñòðî óñòàíîâèòü ìåñòî íàõîæäåíèÿ ëèôòà ïðè îò-

êëþ÷åííîì ýëåêòðîïèòàíèè íå ïðåäñòàâëÿåòñÿ âîç-

ìîæíûì è íàõîäÿùèåñÿ â íèõ ëþäè ïîãèáàþò. Ïðè

ïîæàðå íà âåðõíèõ ýòàæàõ áîëüøóþ ñëîæíîñòü ïðåä-

ñòàâëÿåò ðàçâåäêà ïîæàðà, ñïàñåíèå ëþäåé è ïîäà÷à

ñðåäñòâ òóøåíèÿ.

Êàê ïîêàçûâàþò îïûòû, âèäèìîñòü ïðè ïîæàðå

â ìåæêâàðòèðíîì êîðèäîðå áëèçêà ê íóëþ, à òåìïå-

ðàòóðà ó ïîëà äîñòèãàåò 70–80 °Ñ. Ïðè îòêðûâàíèè

äâåðè ìåæäó êîðèäîðîì è ëåñòíè÷íîé êëåòêîé ïî-

ñëåäíÿÿ íà÷èíàåò ñèëüíî çàäûìëÿòüñÿ. Ñêîðîñòü äâè-

æåíèÿ äûìà â ëåñòíè÷íîé êëåòêå ñîñòàâëÿåò îò 0,5

äî 1,0 ì/ñ.

Ñëåäóåò òàêæå äîáàâèòü, ÷òî ôàêòîðîì, ñóùåñò-

âåííî ïîâûøàþùèì ïîæàðíóþ îïàñíîñòü ìíîãî-

ýòàæíûõ çäàíèé è ÇÏÝ, ÿâëÿåòñÿ âûñîêàÿ âåðîÿò-

íîñòü ïîçäíåãî îáíàðóæåíèÿ ïîæàðà â ñëó÷àå îò-

ñóòñòâèÿ èëè íàõîæäåíèÿ â íåèñïðàâíîì ñîñòîÿíèè

ñîîòâåòñòâóþùèõ ñèñòåì ïîæàðíîé àâòîìàòèêè.

© Êîïûëîâ Í. Ï., Ïèâîâàðîâ Â. Â., Ïðîíèí Ä. Ã., 2017
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Ýòî îáñòîÿòåëüñòâî âêóïå ñ âûñîêîé ïëîòíîñòüþ

ïðîæèâàþùèõ îáóñëàâëèâàåò íåîáõîäèìîñòü îòíå-

ñåíèÿ ìíîãîýòàæíûõ æèëûõ çäàíèé ê îáúåêòàì ïî-

âûøåííîãî ðèñêà.

Íàñûùåíèå æèëûõ çäàíèé ãîðþ÷èìè ïðåäìåòà-

ìè, ñèíòåòè÷åñêèìè èçäåëèÿìè è ðàçíîîáðàçíîé áû-

òîâîé òåõíèêîé, ñ îäíîé ñòîðîíû, óâåëè÷èâàåò ïî-

òåíöèàëüíóþ âåðîÿòíîñòü âîçíèêíîâåíèÿ ïîæàðà,

à ñ äðóãîé — äåëàåò äàæå ñàìûé íåçíà÷èòåëüíûé

ïîæàð îïàñíûì äëÿ æèçíè è çäîðîâüÿ ëþäåé èç-çà

âûäåëåíèÿ ÿäîâèòûõ ãàçîâ ïðè ãîðåíèè ñèíòåòè÷å-

ñêèõ ìàòåðèàëîâ.

Ñóùåñòâåííûìè èñòî÷íèêàìè ïîæàðíîé îïàñíî-

ñòè ÿâëÿþòñÿ ïîäâàëû, ÷åðäàêè, ñàíèòàðíî-êóõîííûå

óçëû.

Â ñâÿçè ñ èçëîæåííûì ïðåäñòàâëÿåòñÿ öåëåñî-

îáðàçíûì ïðîâåñòè àíàëèç íîðìàòèâíûõ äîêóìåí-

òîâ, óñòàíàâëèâàþùèõ òðåáîâàíèÿ ê îáåñïå÷åíèþ

áåçîïàñíîñòè ëþäåé â æèëûõ çäàíèÿõ ïîâûøåííîé

ýòàæíîñòè, îñîáåííîñòåé ïîæàðíî-ñïàñàòåëüíîé òåõ-

íèêè è ïðàêòèêè åå ïðèìåíåíèÿ â öåëÿõ âûðàáîòêè

ïðåäëîæåíèé ïî ïîâûøåíèþ ïðîòèâîïîæàðíîé çà-

ùèòû âûñîòíûõ æèëûõ çäàíèé.

Òàêèì îáðàçîì, çàäà÷åé íàñòîÿùåé ðàáîòû ÿâëÿ-

åòñÿ ïðîâåäåíèå àíàëèçà íîðìàòèâíûõ äîêóìåíòîâ,

óñòàíàâëèâàþùèõ òðåáîâàíèÿ ê îáåñïå÷åíèþ áåç-

îïàñíîñòè ëþäåé â æèëûõ çäàíèÿõ ïîâûøåííîé

ýòàæíîñòè, îñîáåííîñòåé ïîæàðíî-ñïàñàòåëüíîé

òåõíèêè è ïðàêòèêè åå ïðèìåíåíèÿ. Öåëü ðàáîòû —

ïîäãîòîâêà ïðåäëîæåíèé ïî ïîâûøåíèþ ïðîòèâî-

ïîæàðíîé çàùèòû âûñîòíûõ æèëûõ çäàíèé.

Íîðìàòèâíûå òðåáîâàíèÿ

Â íàñòîÿùåå âðåìÿ ïðîåêòèðîâàíèå æèëûõ çäà-

íèé ïîâûøåííîé ýòàæíîñòè ðåãëàìåíòèðóåòñÿ òðå-

áîâàíèÿìè ÑÏ 54.13330.2011 [2]. Äåéñòâèå äîêó-

ìåíòà ðàñïðîñòðàíÿåòñÿ íà ïðîåêòèðîâàíèå æèëûõ

çäàíèé âûñîòîé äî 75 ì. Â ÑÏ 4.13130.2013 [3] òàê-

æå óñòàíàâëèâàåòñÿ îãðàíè÷åíèå îáëàñòè ïðèìåíå-

íèÿ 75 ì.

Äëÿ æèëûõ çäàíèé âûñîòîé áîëåå 75 ì, çäàíèé

èíîãî ôóíêöèîíàëüíîãî íàçíà÷åíèÿ âûñîòîé áîëåå

50 ì, à òàêæå äëÿ îñîáî ñëîæíûõ è óíèêàëüíûõ çäà-

íèé, êðîìå ñîáëþäåíèÿ òðåáîâàíèé äåéñòâóþùèõ

íîðìàòèâíûõ äîêóìåíòîâ, äîëæíû ðàçðàáàòûâàòüñÿ

ñïåöèàëüíûå òåõíè÷åñêèå óñëîâèÿ, îòðàæàþùèå

ñïåöèôèêó èõ ïðîòèâîïîæàðíîé çàùèòû, âêëþ÷àÿ

êîìïëåêñ äîïîëíèòåëüíûõ èíæåíåðíî-òåõíè÷å-

ñêèõ è îðãàíèçàöèîííûõ ìåðîïðèÿòèé.

Àíàëèç îòå÷åñòâåííûõ è çàðóáåæíûõ ïðîòèâîïî-

æàðíûõ òðåáîâàíèé â îáëàñòè ïðîåêòèðîâàíèÿ æè-

ëûõ çäàíèé ïîêàçûâàåò, ÷òî êîíöåïòóàëüíî îòå÷åñò-

âåííûå íîðìû áëèçêè ê àìåðèêàíñêèì (NFPA) [4].

Â ñâÿçè ñ ýòèì ïðåäñòàâëÿåò èíòåðåñ ñîïîñòàâëåíèå

äåéñòâóþùèõ ïðîòèâîïîæàðíûõ òðåáîâàíèé Ðîññèé-

ñêîé Ôåäåðàöèè è ÑØÀ, òåì áîëåå ÷òî â ÑØÀ íà-

áëþäàåòñÿ ñóùåñòâåííàÿ ïîëîæèòåëüíàÿ äèíàìèêà

ïî îáñòàíîâêå ñ ïîæàðàìè â æèëîì ñåêòîðå.

Ñðàâíèòåëüíûé àíàëèç îòå÷åñòâåííûõ è àìåðè-

êàíñêèõ òðåáîâàíèé ïîêàçûâàåò, ÷òî íîðìû NFPA

ïî ðÿäó âîïðîñîâ ñóùåñòâåííî æåñò÷å. Òðåáîâàíèÿ

NFPA äîïóñêàþò ïðåäóñìàòðèâàòü îäèí ýâàêóàöè-

îííûé âûõîä èç æèëîãî áëîêà äëÿ ïðîåêòèðóåìûõ è

ñóùåñòâóþùèõ ìíîãîêâàðòèðíûõ çäàíèé ëèøü â òåõ

ñëó÷àÿõ, êîãäà çäàíèÿ çàùèùåíû àâòîìàòè÷åñêèìè

óñòàíîâêàìè ïîæàðîòóøåíèÿ (ÀÓÏ) ëèáî êîãäà áåç-

îïàñíàÿ ýâàêóàöèÿ ïî åäèíñòâåííîìó ïóòè ýâàêóà-

öèè ÿâëÿåòñÿ ïðàêòè÷åñêè ãàðàíòèðîâàííîé.

×òî êàñàåòñÿ îòå÷åñòâåííûõ íîðì, òî çäåñü ïðî-

ñëåæèâàåòñÿ ðàñ÷åò íà ðàáîòó ñïàñàòåëüíîé ïîæàð-

íîé òåõíèêè. Ê ñîæàëåíèþ, ïðàêòèêà ïîêàçûâàåò,

÷òî òàêîé ðàñ÷åò íå âñåãäà îïðàâäàí è ïðèâîäèò çà-

÷àñòóþ ê òðàãè÷åñêèì ïîñëåäñòâèÿì. Ýòî â ïåðâóþ

î÷åðåäü îòíîñèòñÿ ê ÇÏÝ.

Â ñîîòâåòñòâèè ñ íîðìàìè NFPA ìíîãîêâàðòèð-

íûå çäàíèÿ âûñîòîé áîëåå 3 ýòàæåé è êîëè÷åñòâîì

æèëûõ áëîêîâ áîëåå 11 ñëåäóåò îáîðóäîâàòü ñèñòå-

ìàìè îáíàðóæåíèÿ è îïîâåùåíèÿ î ïîæàðå çà èñ-

êëþ÷åíèåì ñëó÷àåâ, êîãäà êàæäûé æèëîé áëîê îò-

äåëåí îò ñìåæíûõ æèëûõ áëîêîâ ïðîòèâîïîæàðíû-

ìè ïðåãðàäàìè ñ ïðåäåëîì îãíåñòîéêîñòè íå ìåíåå

45 ìèí, à òàêæå êàæäûé æèëîé áëîê èìååò ñîáñò-

âåííûé íåçàâèñèìûé âûõîä èëè íåçàâèñèìóþ ëåñò-

íèöó (ðàìïó), âåäóùóþ ê îòìåòêå çåìëè.

Íåçàâèñèìî îò êîëè÷åñòâà ýòàæåé è ÷èñëà êâàð-

òèð â êàæäîì æèëîì áëîêå äîëæíû áûòü óñòàíîâ-

ëåíû äûìîâûå ïîæàðíûå èçâåùàòåëè. Â ñëó÷àå èõ

ñðàáàòûâàíèÿ äîëæåí âûäàâàòüñÿ ñèãíàë, ñëûøè-

ìûé â ñïàëüíûõ êîìíàòàõ æèëîãî áëîêà. Òàêèå èç-

âåùàòåëè óñòàíàâëèâàþòñÿ â äîáàâëåíèå ê ñïðèíê-

ëåðíûì ñèñòåìàì è ñèñòåìàì îïîâåùåíèÿ.

Àâòîíîìíûå äûìîâûå èçâåùàòåëè (äëÿ çäàíèé,

íå çàùèùåííûõ ÀÓÏ) ñëåäóåò óñòàíàâëèâàòü â ñïàëü-

íûõ êîìíàòàõ.

Òðåáîâàíèÿ ïî îáîðóäîâàíèþ æèëûõ çäàíèé ñè-

ñòåìàìè îïîâåùåíèÿ î ïîæàðå è óïðàâëåíèÿ ýâàêó-

àöèåé èçëîæåíû â ÑÏ 3.13130.2009 [5]. Â ñîîòâåò-

ñòâèè ñ óêàçàííûìè äîêóìåíòàìè äëÿ æèëûõ çäàíèé

ñåêöèîííîãî òèïà âûñîòîé ìåíåå 10 ýòàæåé ïðå-

äóñìàòðèâàòü ñèñòåìû îïîâåùåíèÿ íå òðåáóåòñÿ. Äëÿ

æèëûõ çäàíèé ñåêöèîííîãî òèïà âûñîòîé 10 ýòà-

æåé è áîëåå íåîáõîäèìî ïðåäóñìàòðèâàòü îïîâå-

ùåíèå î ïîæàðå çâóêîâûì ñèãíàëîì. Äîïóñêàåòñÿ

òàêæå óñòàíîâêà ñâåòîóêàçàòåëåé íàïðàâëåíèÿ äâè-

æåíèÿ è óêàçàòåëåé “ÂÛÕÎÄ”.

Àíàëèç ïåðå÷èñëåííûõ òðåáîâàíèé ïîêàçûâàåò,

÷òî íîðìàìè ÑØÀ ïðåäóñìîòðåíî îáîðóäîâàíèå

ñðåäñòâàìè àâòîìàòè÷åñêîãî îáíàðóæåíèÿ è îïîâå-

ùåíèÿ î ïîæàðå ïðàêòè÷åñêè âñåõ æèëûõ çäàíèé.

Óêàçàííûé ýëåìåíò ïðîòèâîïîæàðíîé çàùèòû îêà-
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çûâàåò ñóùåñòâåííîå âëèÿíèå íà îáåñïå÷åíèå áåç-

îïàñíîñòè ëþäåé ïðè ïîæàðå. Òàê, ïî äàííûì ñòà-

òèñòèêè ÑØÀ óâåëè÷åíèå ÷èñëà óñòàíîâîê îáíàðó-

æåíèÿ è îïîâåùåíèÿ î ïîæàðå â æèëûõ äîìàõ ñ 5 äî

60 % â òå÷åíèå 15 ëåò ïðèâåëî ê ñíèæåíèþ ãèáåëè

ëþäåé â ðåçóëüòàòå ïîæàðîâ ñ 12000 äî 5000 ÷åë.

åæåãîäíî.

Â ñîîòâåòñòâèè ñ íîðìàìè NFPA âñå íîâûå ìíî-

ãîêâàðòèðíûå çäàíèÿ äîëæíû áûòü çàùèùåíû ÀÓÏ.

Â êà÷åñòâå ÀÓÏ â æèëûõ çäàíèÿõ èñïîëüçóþò âîäÿ-

íûå ñïðèíêëåðíûå óñòàíîâêè ïîæàðîòóøåíèÿ, êî-

òîðûå áîëåå ÷åì çà âåêîâîé ïåðèîä ïðèìåíåíèÿ ïî-

êàçàëè ñâîþ ýôôåêòèâíîñòü è íàäåæíîñòü.

Äàííûå óñòàíîâêè êîíñòðóêòèâíî ïðîñòû è ñî-

ñòîÿò èç òðóáîïðîâîäîâ, çàïîëíåííûõ âîäîé ïîä

äàâëåíèåì, è óñòàíîâëåííûõ íà íèõ ñïðèíêëåðíûõ

îðîñèòåëåé. Ñïðèíêëåðíûå óñòàíîâêè (äàëåå — ÑÓ)

îáåñïå÷èâàþò îáíàðóæåíèå ïîæàðà, ñèãíàëèçàöèþ

è òóøåíèå èëè ëîêàëèçàöèþ. Îòëè÷èòåëüíîé îñî-

áåííîñòüþ ÑÓ, ïðèìåíÿåìûõ â æèëîì ñåêòîðå, ÿâëÿ-

åòñÿ èñïîëüçîâàíèå â íèõ ñïåöèàëüíûõ ñïðèíêëåð-

íûõ îðîñèòåëåé, èìåþùèõ èíåðöèîííûå õàðàêòå-

ðèñòèêè â òðè ðàçà íèæå ïî ñðàâíåíèþ ñ îáû÷íûìè.

Êðîìå òîãî, â ïîñëåäíèå ãîäû ðàçðàáîòàíû îðîñè-

òåëè äëÿ ïîëó÷åíèÿ òîíêîðàñïûëåííûõ ñòðóé, ÷òî

ïîçâîëÿåò ðåçêî ñíèçèòü ðàñõîä âîäû íà ïîæàðîòó-

øåíèå, áûñòðî è ñ ìàëûìè ïðîëèâàìè ëîêàëèçîâàòü

è ëèêâèäèðîâàòü î÷àã ïîæàðà.

Â íàøåé ñòðàíå ðàçðàáîòàíà è âûïóñêàåòñÿ ýëå-

ìåíòíàÿ áàçà ÑÓ, îòâå÷àþùàÿ òðåáîâàíèÿì ìåæäó-

íàðîäíûõ íîðì ê æèëûì ïîìåùåíèÿì. Íàêîïëåí

îïûò ñîçäàíèÿ ñèñòåì áûñòðîãî ñðàáàòûâàíèÿ ñ ïî-

äà÷åé òîíêîðàñïûëåííûõ ñòðóé. Òàêèìè óñòàíîâêà-

ìè ïîæàðîòóøåíèÿ çàùèùåíû, íàïðèìåð, Îñòàíêèí-

ñêàÿ òåëåáàøíÿ, âûñîòíîå êíèãîõðàíèëèùå Ðîññèé-

ñêîé ãîñóäàðñòâåííîé áèáëèîòåêè.

Îäíàêî øèðîêîìó âíåäðåíèþ ÀÓÏ â æèëûõ çäà-

íèÿõ ìåøàåò îòñóòñòâèå íîðìàòèâíîé áàçû. Åå ñî-

çäàíèå òðåáóåò ïðîâåäåíèÿ êîìïëåêñà íàó÷íî-èññëå-

äîâàòåëüñêèõ ðàáîò ïî øèðîêîìó êðóãó âîïðîñîâ,

ñâÿçàííûõ ñî ñòðîèòåëüñòâîì è îáåñïå÷åíèåì çäàíèé

òåõíè÷åñêèìè ñðåäñòâàìè ïîæàðíîé áåçîïàñíîñòè.

Â îòå÷åñòâåííûõ íîðìàõ ÑÏ 5.13130.2009 [6]

òðåáîâàíèå îá îáÿçàòåëüíîì îáîðóäîâàíèè àâòîìà-

òè÷åñêîé ïîæàðíîé ñèãíàëèçàöèåé ïðåäúÿâëÿåòñÿ

ëèøü ê æèëûì çäàíèÿì âûñîòîé áîëåå 28 ì, à òàêæå

ê îáùåæèòèÿì è ñïåöèàëèçèðîâàííûì æèëûì äî-

ìàì äëÿ ïðåñòàðåëûõ è èíâàëèäîâ.

Ñëåäóåò îòìåòèòü, ÷òî â íàñòîÿùåå âðåìÿ ñäåëàí

ñåðüåçíûé øàã ïî óæåñòî÷åíèþ òðåáîâàíèé, íà-

ïðàâëåííûõ íà çàùèòó æèëüÿ îò ïîæàðà. Òàê, â ÑÏ

54.13330.2011 [2] âêëþ÷åíû òðåáîâàíèÿ ïî çàùèòå

æèëûõ ïîìåùåíèé àâòîíîìíûìè äûìîâûìè ïîæàð-

íûìè èçâåùàòåëÿìè. Â ñîñòàâ íîðì âêëþ÷åíî òàêæå

òðåáîâàíèå ïî îáîðóäîâàíèþ êâàðòèð îòäåëüíûì

êðàíîì â êîìïëåêòàöèè ñ ïîæàðíûì ðóêàâîì äëÿ

öåëåé ïîæàðîòóøåíèÿ íà íà÷àëüíîé ñòàäèè ïîæàðà

äî ïðèáûòèÿ îïåðàòèâíûõ ïîäðàçäåëåíèé.

Â 2016 ã. íà îñíîâàíèè ïðîâåäåííûõ èññëåäîâà-

íèé [7, 8] áûë ðàçðàáîòàí ÑÏ 267.1325800.2016 [9],

êîòîðûé ñîäåðæèò ðàçäåë ïî ïîæàðíîé áåçîïàñíî-

ñòè, â îñíîâíîì ñ òðåáîâàíèÿìè ê êîíñòðóêòèâíûì

ðåøåíèÿì. Â íàñòîÿùåå âðåìÿ âåäåòñÿ ðàçðàáîòêà

ñâîäà ïðàâèë, ïîëíîñòüþ ïîñâÿùåííîãî âîïðîñàì

ïîæàðíîé áåçîïàñíîñòè âûñîòíûõ çäàíèé.

Íåñìîòðÿ íà òðåáîâàíèÿ íîðìàòèâíûõ äîêóìåí-

òîâ â îáëàñòè îñíàùåíèÿ âûñîòíûõ çäàíèé ñðåäñò-

âàìè ïîæàðíîé àâòîìàòèêè, æèëîé ñåêòîð ïðàêòè-

÷åñêè íå îáåñïå÷åí òåõíè÷åñêèìè ñðåäñòâàìè äëÿ

ñâîåâðåìåííîãî îáíàðóæåíèÿ çàãîðàíèé è ïåðåäà-

÷è èíôîðìàöèè î ïîæàðå, ÷òî íå ïîçâîëÿåò îïåðà-

òèâíî îïîâåùàòü ïîæàðíûå ÷àñòè. Â ðåçóëüòàòå ïî-

æàðíûå ïîäðàçäåëåíèÿ ïðèáûâàþò ê ìåñòó ïîæàðà

íà íåîïðàâäàííî ïîçäíåé ñòàäèè åãî ðàçâèòèÿ.

Èìåþùèåñÿ íîðìàòèâíûå äîêóìåíòû, çàòðàãè-

âàþùèå âîïðîñû îñíàùåíèÿ æèëûõ çäàíèé ñèñòå-

ìàìè ïîæàðíîé ñèãíàëèçàöèè, îïðåäåëÿþò òîëüêî

îáùèå âîïðîñû ïî íåîáõîäèìîñòè íàëè÷èÿ ýòèõ ñè-

ñòåì è íå îïðåäåëÿþò èõ ñîñòàâ, ïîðÿäîê âûáîðà è

ðàçìåùåíèÿ òåõíè÷åñêèõ ñðåäñòâ îáíàðóæåíèÿ çà-

ãîðàíèé ñ ó÷åòîì îñîáåííîñòåé ðàçâèòèÿ ïîæàðîâ â

æèëîì ñåêòîðå.

Äåéñòâóþùàÿ çàêîíîäàòåëüíàÿ áàçà íå îáÿçûâà-

åò ãðàæäàí ïðèìåíÿòü êàêèå-ëèáî ìåðû ïî ïðîòèâî-

ïîæàðíîé çàùèòå æèëûõ ïîìåùåíèé, ÷òî ÿâëÿåòñÿ

îäíîé èç îñíîâíûõ ïðè÷èí îòñóòñòâèÿ ñðåäñòâ îá-

íàðóæåíèÿ ïîæàðà â êâàðòèðàõ æèëîãî ñåêòîðà. Ïðî-

ïàãàíäà ñðåäè íàñåëåíèÿ íåîáõîäèìîñòè îñíàùå-

íèÿ ñâîåãî æèëüÿ ñðåäñòâàìè ïîæàðíîé ñèãíàëèçà-

öèè íàõîäèòñÿ íà íåäîïóñòèìî íèçêîì óðîâíå.

Äàæå åñëè â êâàðòèðàõ âûñîòíûõ çäàíèé â ñîîò-

âåòñòâèè ñ äåéñòâóþùåé íîðìàòèâíîé áàçîé óñòà-

íîâëåíû ïîæàðíûå èçâåùàòåëè, îíè â áîëüøèíñòâå

ñëó÷àåâ äåìîíòèðóþòñÿ êâàðòèðîñúåìùèêîì â ïðî-

öåññå ðåìîíòíûõ ðàáîò è, êàê ïðàâèëî, ïîñëå èõ çà-

âåðøåíèÿ íå âîññòàíàâëèâàþòñÿ. Òàêèì îáðàçîì, æè-

ëûå ïîìåùåíèÿ îêàçûâàþòñÿ ëèøåííûìè ñðåäñòâ

ïîæàðíîé ñèãíàëèçàöèè.

Â íîðìàòèâíûõ äîêóìåíòàõ íå ðåøåíû âîïðî-

ñû, êàñàþùèåñÿ îðãàíèçàöèîííûõ ìåð ïî îáåñïå-

÷åíèþ òðåáóåìîãî óðîâíÿ òåõíè÷åñêîãî îáñëóæèâà-

íèÿ ñèñòåì ïîæàðíîé ñèãíàëèçàöèè â æèëîì ñåêòî-

ðå, ïåðèîäè÷íîñòè ïðîâåðîê èõ ôóíêöèîíèðîâàíèÿ,

ïî îïåðàòèâíîìó ðåøåíèþ âîïðîñîâ ðåìîíòà äàí-

íûõ ñèñòåì.

Ïîìèìî îðãàíèçàöèîííûõ âîïðîñîâ, îñòàþòñÿ

íåðåøåííûìè è ýêîíîìè÷åñêèå àñïåêòû, òàêèå êàê

ôèíàíñèðîâàíèå ïðèîáðåòåíèÿ, ìîíòàæà, òåõíè÷å-

ñêîãî îáñëóæèâàíèÿ è ðåìîíòà ñèñòåì ïîæàðíîé

ñèãíàëèçàöèè, â ÷àñòíîñòè âîïðîñû âçàèìîäåéñòâèÿ
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êâàðòèðîñúåìùèêîâ è ñòðóêòóð æèëèùíî-êîììó-

íàëüíîãî õîçÿéñòâà, îòâåòñòâåííûõ çà ýêñïëóàòà-

öèþ ñèñòåì ïîæàðíîé ñèãíàëèçàöèè.

Òàêèì îáðàçîì, íåñìîòðÿ íà òðåáîâàíèÿ íîðìà-

òèâíûõ äîêóìåíòîâ, ïîäàâëÿþùàÿ ÷àñòü âûñîòíûõ

æèëûõ çäàíèé íå îñíàùåíà ñèñòåìàìè ïîæàðíîé

ñèãíàëèçàöèè ëèáî ýòè ñèñòåìû íàõîäÿòñÿ â íåðà-

áîòîñïîñîáíîì ñîñòîÿíèè.

Â æèëîì ñåêòîðå, îñíàùåííîì ñèñòåìàìè ïîæàð-

íîé ñèãíàëèçàöèè, ïðè÷èíû íåýôôåêòèâíîé ðàáîòû

óñòàíîâîê è, êàê ðåçóëüòàò, ãèáåëü ëþäåé, ðàçâèòèå

êðóïíûõ ïîæàðîâ ìîãóò áûòü îáúÿñíåíû íåñîâåð-

øåíñòâîì íîðìàòèâíûõ äîêóìåíòîâ, óñòàíàâëèâà-

þùèõ íîðìû è ïðàâèëà ïðîåêòèðîâàíèÿ, ìîíòàæà

è ýêñïëóàòàöèè ñèñòåì àâòîìàòè÷åñêîé ïîæàðíîé

ñèãíàëèçàöèè â æèëûõ çäàíèÿõ.

Äëÿ ïîâûøåíèÿ ïðîòèâîïîæàðíîé çàùèòû âû-

ñîòíûõ æèëûõ çäàíèé ïðåäñòàâëÿåòñÿ öåëåñîîáðàç-

íûì ïðîâåñòè êîìïëåêñ îïðåäåëåííûõ ìåðîïðèÿ-

òèé. Â ïåðâóþ î÷åðåäü íåîáõîäèìî ðàçðàáîòàòü è

óòâåðäèòü ðÿä íîðìàòèâíûõ äîêóìåíòîâ, îïðåäåëÿ-

þùèõ òðåáîâàíèÿ ê ïîðÿäêó âûáîðà òåõíè÷åñêèõ

ñðåäñòâ îáíàðóæåíèÿ çàãîðàíèé â æèëûõ çäàíèÿõ è

èõ ðàñïîëîæåíèþ, ñ ó÷åòîì îñîáåííîñòåé ðàçâèòèÿ

ïîæàðîâ â æèëîì ñåêòîðå. Â ýòèõ íîðìàòèâíûõ äî-

êóìåíòàõ ñëåäóåò îòðàçèòü âîïðîñû, ñâÿçàííûå ñ

ðàçìåùåíèåì ïðèåìíî-êîíòðîëüíîé àïïàðàòóðû è

ñðåäñòâ îïîâåùåíèÿ, à òàêæå ñ ïåðåäà÷åé òðåâîæ-

íîé èíôîðìàöèè íà öåíòðàëüíûå ïóëüòû ïîæàðíîé

ñèãíàëèçàöèè.

Íåîáõîäèìî îáðàòèòü îñîáîå âíèìàíèå íà ïðè-

íÿòèå îðãàíèçàöèîííûõ ìåð ïî îáåñïå÷åíèþ òðåáó-

åìîãî óðîâíÿ òåõíè÷åñêîãî îáñëóæèâàíèÿ ñèñòåì

ïîæàðíîé ñèãíàëèçàöèè â æèëîì ñåêòîðå, ïåðèîäè÷-

íîñòè ïðîâåðîê èõ ôóíêöèîíèðîâàíèÿ, à òàêæå ïî

îïåðàòèâíîìó ðåøåíèþ âîïðîñîâ ðåìîíòà äàííûõ

ñèñòåì.

Íå ìåíåå âàæíî îïðåäåëèòü ýêîíîìè÷åñêèå è ïðà-

âîâûå àñïåêòû, ò. å. êòî îáåñïå÷èâàåò ôèíàíñèðîâà-

íèå ïðèîáðåòåíèÿ òåõíè÷åñêèõ ñðåäñòâ, èõ ìîíòàæ,

ïóñêîíàëàäî÷íûå ðàáîòû, ýêñïëóàòàöèþ è òåõíè÷å-

ñêîå îáñëóæèâàíèå, à òàêæå êòî è êàêóþ îòâåòñò-

âåííîñòü íåñåò çà ñâîåâðåìåííîå è ïîëíîå ïðîâåäå-

íèå äàííûõ ðàáîò.

Â íîðìàòèâíûõ è ïðàâîâûõ àêòàõ ñëåäóåò îïðå-

äåëèòü îòâåòñòâåííîñòü ãðàæäàí çà ïîääåðæàíèå

òåõíè÷åñêèõ ñðåäñòâ ïîæàðíîé ñèãíàëèçàöèè, óñòà-

íîâëåííûõ â èõ êâàðòèðàõ, â ðàáîòîñïîñîáíîì ñî-

ñòîÿíèè. Ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì ââåñòè

ñèñòåìó øòðàôîâ çà äåìîíòàæ è îñîçíàííûé âûâîä

èç ñòðîÿ ñðåäñòâ ïîæàðíîé ñèãíàëèçàöèè, óñòàíîâ-

ëåííûõ â êâàðòèðàõ, õîëëàõ, âåñòèáþëÿõ è íà ëåñò-

íè÷íûõ êëåòêàõ æèëûõ çäàíèé.

Ïåðñïåêòèâíûì ÿâëÿåòñÿ èñïîëüçîâàíèå àíàëî-

ãîâûõ è àäðåñíî-àíàëîãîâûõ óñòðîéñòâ â êà÷åñòâå

òåõíè÷åñêèõ ñðåäñòâ ïîæàðíîé ñèãíàëèçàöèè, òàêèõ

êàê èçâåùàòåëè è ïðèåìíî-êîíòðîëüíûå ïðèáîðû.

Ïðèìåíåíèå àíàëîãîâîé òåõíèêè äàåò âîçìîæíîñòü

îòñëåäèòü äèíàìèêó ðàçâèòèÿ âîçãîðàíèé, ÷òî ïî-

çâîëÿåò îáíàðóæèòü ïîæàð íà íà÷àëüíîé ñòàäèè åãî

ðàçâèòèÿ. Èñïîëüçîâàíèå àäðåñíûõ ïðèáîðîâ îáåñ-

ïå÷èâàåò âîçìîæíîñòü îäíîçíà÷íîãî îïðåäåëåíèÿ

ìåñòà âîçíèêíîâåíèÿ âîçãîðàíèé.

Ïîæàðíî-ñïàñàòåëüíàÿ òåõíèêà

Èç ìîáèëüíîé òåõíèêè äëÿ òóøåíèÿ ïîæàðîâ è

ïðîâåäåíèÿ ñïàñàòåëüíûõ ðàáîò â ÇÏÝ íàèáîëüøåå

ðàñïðîñòðàíåíèå ïîëó÷èëè ïîæàðíûå àâòîëåñò-

íèöû (ÀË), ïîäúåìíèêè è âåðòîëåòû. Äëÿ ïîäà÷è

îãíåòóøàùèõ âåùåñòâ íà òóøåíèå â âûñîòíûõ çäà-

íèÿõ è ñîîðóæåíèÿõ èñïîëüçóþòñÿ ïîæàðíûå àâòî-

ìîáèëè ñ íàñîñàìè âûñîêîãî äàâëåíèÿ è ñïåöèàëü-

íûì ãèäðàâëè÷åñêèì îáîðóäîâàíèåì. Äëÿ îáåñïå-

÷åíèÿ äûìîóäàëåíèÿ ñ ïóòåé ýâàêóàöèè ëþäåé â ðÿäå

ñëó÷àåâ ìîæåò ïðèìåíÿòüñÿ ìîáèëüíàÿ òåõíèêà äû-

ìîóäàäåíèÿ.

Â ÷åðòå ãîðîäñêîé çàñòðîéêè èñïîëüçóþò ñïàñà-

òåëüíûå óñòðîéñòâà íà àâòîìîáèëüíûõ øàññè: àâòî-

ëåñòíèöû, êîëåí÷àòûå èëè òåëåñêîïè÷åñêèå àâòî-

ïîäúåìíèêè (ÀÏÊ), à â ïîñëåäíåå âðåìÿ — êîì-

áèíàöèþ äâóõ ñïàñàòåëüíûõ ìåõàíèçìîâ — êîëåí

àâòîëåñòíèöû è òåëåñêîïè÷åñêîãî ïîäúåìíèêà (ÒÏË).

Àâòîëåñòíèöû òðàäèöèîííî ïðèìåíÿþò â ñòðà-

íàõ Åâðîïû. Èõ îñíîâíîå íàçíà÷åíèå — ñïàñàíèå

ïîñòðàäàâøèõ èç çäàíèé. Ê ïðåèìóùåñòâàì àâòî-

ëåñòíèö îòíîñÿòñÿ: îòíîñèòåëüíî íåáîëüøèå ãàáà-

ðèòû, ìàíåâðåííîñòü, ìîáèëüíîñòü; íàëè÷èå ñïàñà-

òåëüíîãî ëèôòà, ïîçâîëÿþùåãî òðàíñïîðòèðîâàòü

ïîñòðàäàâøåãî áåç ñêëàäûâàíèÿ êîëåí; íàëè÷èå àóò-

ðèãåðîâ (îïîð) ñ ðåãóëèðóåìîé øèðèíîé, ïîçâîëÿ-

þùåé ìàøèíå ðàáîòàòü â óçêèõ ïåðåóëêàõ (èëè â

óñëîâèÿõ, êîãäà ïîäõîäû ê ãîðÿùåìó çäàíèþ çàãðî-

ìîæäåíû) ïðè ñîîòâåòñòâóþùåì îãðàíè÷åíèè ðà-

áî÷åãî ïîëÿ; âîçìîæíîñòü ðàáîòàòü íà óêëîíàõ ñ

ãðàäèåíòîì äî 15°.

Íàèáîëüøåå ðàñïðîñòðàíåíèå â Ñêàíäèíàâñêèõ

ñòðàíàõ è ÑØÀ ïîëó÷èëè àâòîïîäúåìíèêè, ïðè-

ìåíÿåìûå äëÿ òóøåíèÿ ïîæàðîâ, ñ äîïîëíèòåëüíîé

ôóíêöèåé — ñïàñåíèåì ïîñòðàäàâøèõ.

Ê ïðåèìóùåñòâàì àâòîïîäúåìíèêîâ îòíîñÿòñÿ:

ýôôåêòèâíîñòü ïðè ëîêàëèçàöèè è òóøåíèè ïîæà-

ðîâ â çäàíèÿõ ïîâûøåííîé ýòàæíîñòè, áîëåå âûñî-

êàÿ ìàíåâðåííîñòü è îïåðàòèâíîñòü ðàçâåðòûâàíèÿ

ñòðåëû; âûñîêàÿ ãðóçîïîäúåìíîñòü ñïàñàòåëüíîé

êîðçèíû (400 êã), ïîçâîëÿþùàÿ òðàíñïîðòèðîâàòü

äî 5 ÷åë. îäíîâðåìåííî; áåçîïàñíîñòü ïîñàäêè ïî-

ñòðàäàâøèõ â ñïàñàòåëüíóþ êîðçèíó, êîòîðàÿ ìîæåò

ïîâîðà÷èâàòüñÿ âïðàâî-âëåâî äëÿ ïàðàëëåëüíîãî êîí-

òàêòà ñ îáúåêòîì; íàëè÷èå âñòðîåííîãî âîäîïðîâîäà

â ñòðåëå, îáåñïå÷èâàþùåãî îïåðàòèâíîñòü òóøåíèÿ
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è ïðîâåäåíèÿ ñïàñàòåëüíûõ îïåðàöèé; âîçìîæíîñòü

ðàáîòàòü â òåíåâûõ çîíàõ îáúåêòà (çà êîíüêîì êðû-

øè, â îêíàõ è ò. ï.).

Àâòîëåñòíèöû ñ ÒÏË ÿâëÿþòñÿ îòíîñèòåëüíî

íîâûì âèäîì ñïàñàòåëüíîé òåõíèêè è ïîëó÷àþò âñå

áîëüøåå ðàñïðîñòðàíåíèå êàê â Åâðîïå, òàê è â

ÑØÀ [10].

Àâòîðàì êîíöåïöèè ÒÏË óäàëîñü ñîåäèíèòü ïðå-

èìóùåñòâà ÀË è ÀÊÏ â åäèíîé êîíñòðóêöèè è ñî-

çäàòü ìàøèíó, îäèíàêîâî ýôôåêòèâíóþ êàê ïðè ïðî-

âåäåíèè ñïàñàòåëüíûõ îïåðàöèé, òàê è ïðè ëîêàëè-

çàöèè è òóøåíèè ïîæàðîâ â âûñîòíûõ çäàíèÿõ.

Ýòè ïðåèìóùåñòâà ïîçâîëèëè îòêàçàòüñÿ îò ïðî-

èçâîäñòâà â Åâðîïå êîëåí÷àòûõ ïîäúåìíèêîâ (äëÿ

íóæä ïîæàðíîé îõðàíû) è ïîëíîñòüþ ïåðåéòè íà

âûïóñê âûñîòíûõ òåëåñêîïè÷åñêèõ ïîäúåìíèêîâ ñ

ëåñòíèöåé, à â ïîñëåäíåå âðåìÿ — è ñóïåðâûñîòíûõ

ìîäåëåé ñåðèè HDT (ñ âûñîòîé ïîäúåìà äî 88 ì).

Â ìèðîâîé ïðàêòèêå äëÿ òóøåíèÿ ïîæàðîâ è

ïðîâåäåíèÿ ñïàñàòåëüíûõ ðàáîò â ÇÏÝ (íà óðîâíå

10–28-ãî ýòàæåé) ðåàëèçîâàí ìîäåëüíûé ðÿä âû-

ñîòíûõ ñïàñàòåëüíûõ àâòîìîáèëåé îò 37 äî 112 ì.

Â Ðîññèè îñóùåñòâëÿåòñÿ ïðîèçâîäñòâî ÀË ñ âûñî-

òîé ïîäúåìà îò 30 äî 62 ì è ÀÏÊ — 30–50 ì. Îäíàêî

ïîòðåáíîñòü ãàðíèçîíîâ ïîæàðíîé îõðàíû ñ ó÷åòîì

èíòåíñèâíîãî ñòðîèòåëüñòâà â ïîñëåäíèå ãîäû æè-

ëûõ ÇÏÝ â ÀË è ÀÏÊ óäîâëåòâîðÿåòñÿ íå â ïîëíîé

ìåðå. Ñòðóêòóðà ïàðêà ïîæàðíûõ àâòîìîáèëåé (ÏÀ)

â ãîðîäàõ ñ æèëûìè ÇÏÝ äîëæíà áûòü èçìåíåíà â

ñòîðîíó óâåëè÷åíèÿ êîëè÷åñòâà ÀË è ÀÏÊ â ñðàâ-

íåíèè ñ äðóãèìè âèäàìè ÏÀ.

Â ïîñëåäíåå âðåìÿ íà ðûíêå ïðîäàæ ÏÀ ïîÿâè-

ëàñü ìîáèëüíàÿ ïîæàðíî-ñïàñàòåëüíàÿ òåõíèêà, îá-

ëàäàþùàÿ ñâîéñòâàìè ïîæàðíîé àâòîöèñòåðíû è

àâòîëåñòíèöû. Òàê, ðÿä îòå÷åñòâåííûõ ïðåäïðèÿòèé

îñâîèë ïðîèçâîäñòâî ïîæàðíûõ àâòîöèñòåðí, èìå-

þùèõ çàïàñ âîäû 3–4 ì3 è ëåñòíèöó âûñîòîé 18–32 ì.

Â ñâÿçè ñ îãðàíè÷åíèåì òåõíè÷åñêèõ âîçìîæíî-

ñòåé ïîæàðíûõ àâòîëåñòíèö è àâòîïîäúåìíèêîâ â

ïîñëåäíèå ãîäû ïîæàðíàÿ îõðàíà ìíîãèõ ñòðàí ïðî-

ÿâëÿåò ïîâûøåííûé èíòåðåñ ê èñïîëüçîâàíèþ àâèà-

öèîííîé òåõíèêè äëÿ òóøåíèÿ ïîæàðîâ è ñïàñàíèÿ

ëþäåé â ÇÏÝ.

Â áîëüøèíñòâå ðàçâèòûõ ñòðàí ñîçäàíû ñïåöè-

àëüíûå ïîæàðíî-ñïàñàòåëüíûå ñëóæáû èëè êîîðäè-

íàöèîííûå öåíòðû ïî áîðüáå ñ êðóïíûìè àâàðèÿ-

ìè, ñòèõèéíûìè áåäñòâèÿìè è ïîæàðàìè, èìåþùèå

â ñâîåì ðàñïîðÿæåíèè ñàìîëåòû è âåðòîëåòû ñî

ñïåöèàëüíûì îáîðóäîâàíèåì èëè àðåíäóþùèå èõ ó

àâèàöèîííûõ êîìïàíèé è ÷àñòíûõ ëèö. Îíè îáëåã-

÷àþò ðàçâåäêó ïîæàðà è ðóêîâîäñòâî òóøåíèåì, îñó-

ùåñòâëÿþò òðàíñïîðòèðîâêó ïîæàðíûõ è ñíàðÿæå-

íèÿ, ÷òî îñîáåííî âàæíî â ãîðîäàõ ñ èíòåíñèâíûì

óëè÷íûì äâèæåíèåì.

Ïðè îòñóòñòâèè âîäîåìà âáëèçè ìåñòà ïîæàðà ñ

ïîìîùüþ âåðòîëåòà ìîæåò îñóùåñòâëÿòüñÿ òðàíñ-

ïîðòèðîâêà è ïîñëåäóþùåå íàïîëíåíèå âîäîé ñïå-

öèàëüíûõ áàêîâ èëè ïîäâåñíûõ óñòðîéñòâ.

Ñîâðåìåííûå àâèàòåõíîëîãèè ëèêâèäàöèè ïî-

æàðîâ ñ ïîìîùüþ âåðòîëåòîâ ðàçâèâàþòñÿ â äâóõ

íàïðàâëåíèÿõ — òóøåíèå ñ èñïîëüçîâàíèåì âîäî-

ñáðàñûâàþùèõ óñòðîéñòâ è òàê íàçûâàåìûé ãîðè-

çîíòàëüíûé ñïîñîá òóøåíèÿ.

Èñïîëüçîâàíèå âåðòîëåòîâ ïîâûøàåò òî÷íîñòü

äîñòàâêè ñðåäñòâ ïîæàðîòóøåíèÿ â î÷àã ïîæàðà, íî

âåðòèêàëüíûé ñáðîñ âîçìîæåí òîëüêî ïðè îòêðûòîì

î÷àãå ãîðåíèÿ, ÷òî íåïðèìåíèìî äëÿ òóøåíèÿ çäà-

íèé. Â ñâÿçè ñ ýòèì ïîÿâèëèñü ðàçðàáîòêè ïîæàð-

íûõ óñòàíîâîê äëÿ ãîðèçîíòàëüíîãî ñïîñîáà òóøå-

íèÿ ïîæàðîâ.

Ñïîñîá òóøåíèÿ ñ âåðòîëåòà (ñ íàêëîíîì ñòðóè

45° ê ãîðèçîíòó) áûë ïðåäëîæåí è ðåàëèçîâàí â Ãåð-

ìàíèè, ãäå íà ëåãêèé âåðòîëåò áûëà óñòàíîâëåíà

èìïóëüñíàÿ ñèñòåìà ïîæàðîòóøåíèÿ. Îäíàêî îíà

íå ïîëó÷èëà ðàñïðîñòðàíåíèÿ èç-çà âûñîêîé ñòîè-

ìîñòè, çíà÷èòåëüíîé îòäà÷è, îòñóòñòâèÿ âîçìîæíî-

ñòè ðåãóëèðîâàòü ïàðàìåòðû ñòðóè è òî÷íîñòü ïî-

ïàäàíèÿ, à òàêæå çíà÷èòåëüíîãî âîçäåéñòâèÿ ñàìîãî

âîäÿíîãî çàðÿäà íà çàùèùàåìûé îáúåêò. Êðîìå òîãî,

îíà ìîæåò ðàáîòàòü òîëüêî èìïóëüñàìè.

Ïðîâåäåííûå â ÑÑÑÐ è çàòåì â Ðîññèè èñïûòà-

íèÿ ïî èñïîëüçîâàíèþ âåðòîëåòîâ äëÿ ñïàñàòåëü-

íûõ ðàáîò è òóøåíèÿ ïîæàðîâ ïîêàçàëè èõ äîñòà-

òî÷íóþ ýôôåêòèâíîñòü. Äëÿ îáåñïå÷åíèÿ ýâàêóàöèè

ñ ïîìîùüþ âåðòîëåòîâ ïðåäïðèÿòèÿìè Ðîññèè èç-

ãîòîâëåíû ñïåöèàëüíûå óñòðîéñòâà. Òàê, ðàçðàáî-

òàíà ñïåöèàëüíàÿ ñïàñàòåëüíàÿ êîðçèíà äëÿ âåðòî-

ëåòîâ ãðóçîïîäúåìíîñòüþ 2000 êã è ìàññîé 350 êã.

Ïðè èñïîëüçîâàíèè âåðòîëåòà Ìè-8 â íåé ìîæíî

ðàçìåñòèòü 16 ÷åë., âåðòîëåòà Ê-32 — 25 ÷åë.

Íåêîòîðûå ìîäåëè âåðòîëåòîâ îñíàùàþòñÿ ãàçî-

äèíàìè÷åñêèìè âîäÿíûìè óñòàíîâêàìè ëèáî ñïå-

öèàëüíûìè âîäÿíûìè ìîíèòîðàìè.

Ðàíåå îòìå÷àëîñü, ÷òî ïðîòèâîäûìíàÿ çàùèòà

çäàíèé è íåçàäûìëÿåìîñòü ïóòåé ýâàêóàöèè îáåñ-

ïå÷èâàþòñÿ ãëàâíûì îáðàçîì àðõèòåêòóðíî-ïëàíè-

ðîâî÷íûìè ðåøåíèÿìè è ñòàöèîíàðíûìè ñèñòåìà-

ìè ïðîòèâîäûìíîé çàùèòû. Îäíàêî ñóùåñòâóåò âå-

ðîÿòíîñòü îòêàçà ñèñòåì äûìîçàùèòû ïðè ïîæàðå

ïî ðàçëè÷íûì ïðè÷èíàì, à â çäàíèÿõ ñòàðîé ïî-

ñòðîéêè äûìîçàùèòà ìîæåò âîîáùå îòñóòñòâîâàòü.

Â ýòèõ ñëó÷àÿõ ìîæåò áûòü ýôôåêòèâíûì ïðèìåíå-

íèå ìîáèëüíîé òåõíèêè äûìîóäàëåíèÿ.

Îòå÷åñòâåííûå ïðîèçâîäèòåëè ïðåäëàãàþò àâòî-

ìîáèëè äûìîóäàëåíèÿ (ÀÄ) ñ ðàñõîäîì âåíòèëÿòîð-

íîé óñòàíîâêè 90–120 òûñ. ì3/÷. Çà ðóáåæîì ïðîèç-

âîäÿò ÀÄ ñ ðàñõîäîì âåíòèëÿòîðíîé óñòàíîâêè áî-

ëåå 200 òûñ. ì3/÷.

Òåõíè÷åñêàÿ îñíàùåííîñòü, âûñîêèé óðîâåíü

ïðîôåññèîíàëüíîé ïîäãîòîâêè ëè÷íîãî ñîñòàâà, âîç-
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ìîæíîñòü â êðàò÷àéøåå âðåìÿ ñîñðåäîòî÷èòü íåîá-

õîäèìîå êîëè÷åñòâî ñèë è ñðåäñòâ ÿâëÿþòñÿ òåìè

ïðè÷èíàìè, ïî êîòîðûì ïåðåäâèæíàÿ òåõíèêà â

îáîçðèìîé ïåðñïåêòèâå íåñîìíåííî áóäåò ïðèìå-

íÿòüñÿ ïðè òóøåíèè ïîæàðîâ â âûñîòíûõ çäàíèÿõ.

Âìåñòå ñ òåì îáðàùàåò íà ñåáÿ âíèìàíèå òî îáñòîÿ-

òåëüñòâî, ÷òî åñëè êîíñòðóêòèâíûå, ïëàíèðîâî÷íûå

è òåõíè÷åñêèå ìåðîïðèÿòèÿ, îáåñïå÷èâàþùèå ïî-

æàðíóþ áåçîïàñíîñòü âûñîòíûõ çäàíèé, ïîñòîÿííî

ðàçâèâàþòñÿ è ñîâåðøåíñòâóþòñÿ, òî ñïåöèàëüíàÿ

ïåðåäâèæíàÿ ïîæàðíàÿ òåõíèêà òóøåíèÿ äëÿ ýòèõ

æå öåëåé ðàçâèâàåòñÿ ìåíåå äèíàìè÷íî.

Â ïåðâóþ î÷åðåäü ýòî îòíîñèòñÿ ê ãèäðàâëè÷å-

ñêîìó îáîðóäîâàíèþ è íàñîñíûì óñòàíîâêàì ïî-

æàðíûõ àâòîìîáèëåé. Òîëüêî ñ ñåðåäèíû 90-õ ãîäîâ

ïîÿâèëñÿ îòå÷åñòâåííûé íàñîñ âûñîêîãî äàâëåíèÿ

ñ ñîîòâåòñòâóþùèì ãèäðàâëè÷åñêèì îáîðóäîâàíè-

åì (íàïîð äî 200 ì âîä. ñò.), ÷òî îáåñïå÷èâàåò ïîäà-

÷ó âîäû äëÿ ðàáîòû ðó÷íûõ ñòâîëîâ íà âûñîòó îêîëî

100 ì.

Ïðè âûõîäå èç ñòðîÿ ñòàöèîíàðíîé ñèñòåìû ïî-

æàðîòóøåíèÿ äëÿ òóøåíèÿ ïîæàðà íà áîëüøîé âû-

ñîòå ìîãóò áûòü ïðèìåíåíû ïîæàðíûå àâòîìîáèëè

ñ ïîæàðíûì íàñîñîì íîðìàëüíîãî è âûñîêîãî äàâ-

ëåíèÿ.

Ïðè òóøåíèè ïîæàðà ñ ïðèìåíåíèåì ÏÀ ñ íàñî-

ñîì íîðìàëüíîãî äàâëåíèÿ â êîìïëåêòàöèþ äîëæ-

íû áûòü äîïîëíèòåëüíî âêëþ÷åíû: åìêîñòü, ðàñ-

ïîëàãàåìàÿ ïðè òóøåíèè íà ïðîìåæóòî÷íîì ýòàæå,

â êîòîðóþ ïîäàåòñÿ âîäà èç öèñòåðíû; ìîòîïîìïà

äëÿ ïîäà÷è âîäû èç ïðîìåæóòî÷íîé åìêîñòè.

Äàííàÿ ñõåìà èìååò ñëåäóþùèå îñíîâíûå íåäî-

ñòàòêè: ïîòðåáíîñòü â äîïîëíèòåëüíîì îáîðóäîâà-

íèè, àãðåãàòàõ è îáñëóæèâàþùåì ïåðñîíàëå; âîç-

ìîæíîñòü îòêàçîâ ðàáîòû ìîòîïîìïû â óñëîâèÿõ

çàäûìëåíèÿ; ñëîæíîñòü äîñòàâêè îáîðóäîâàíèÿ íà

ïðîìåæóòî÷íóþ âûñîòó âûñîòíîãî çäàíèÿ.

Áîëåå ïåðñïåêòèâíûì è ýôôåêòèâíûì òåõíè÷å-

ñêèì ñðåäñòâîì äëÿ òóøåíèÿ ïîæàðîâ â âûñîòíûõ

çäàíèÿõ è ñîîðóæåíèÿõ ÿâëÿåòñÿ àâòîìîáèëü ñ íà-

ñîñîì âûñîêîãî äàâëåíèÿ è ñïåöèàëüíûì ãèäðàâëè-

÷åñêèì îáîðóäîâàíèåì.

Â çàðóáåæíîé è îòå÷åñòâåííîé ïðàêòèêå ïîæà-

ðîòóøåíèÿ âñå øèðå ñòàëè ïðèìåíÿòü òåõíîëîãèè

ñ èñïîëüçîâàíèåì ïåíû, îáðàçîâàííîé êîìïðåññè-

îííûì ñïîñîáîì (òåõíîëîãèè CÀFS), êîòîðóþ ìîæ-

íî ïîäàâàòü ïî ðóêàâàì ê ñòâîëàì íà âûñîòó áîëåå

200 ì.

Èñõîäÿ èç îñîáåííîñòåé îòå÷åñòâåííîãî ñòðîè-

òåëüíîãî íîðìèðîâàíèÿ, ïðåäñòàâëÿåòñÿ âàæíûì

èñïîëüçîâàíèå òåõíè÷åñêèõ ñðåäñòâ ñïàñåíèÿ ëþäåé.

Äëÿ ñïàñåíèÿ ÷åëîâåêà íåîáõîäèìî:

� îáåñïå÷èòü åãî èíäèâèäóàëüíóþ çàùèòó îò îïàñ-

íûõ ôàêòîðîâ ïîæàðà çà âðåìÿ äâèæåíèÿ äî îñ-

íîâíûõ ïóòåé ýâàêóàöèè, íàïðèìåð äî íåçàäûì-

ëÿåìûõ ëåñòíè÷íûõ ïðîëåòîâ, è ïðè íåîáõîäè-

ìîñòè âî âðåìÿ äâèæåíèÿ ïî îñíîâíûì ïóòÿì

ýâàêóàöèè;

� ïðåäóñìîòðåòü ðàçìåùåíèå äîïîëíèòåëüíûõ

ñðåäñòâ ýâàêóàöèè (ñïàñàòåëüíîãî îáîðóäîâàíèÿ),

ðàçâåðòûâàåìûõ íà âíåøíåé ñòîðîíå çäàíèÿ âî

âðåìÿ ïîæàðà, â ñëó÷àå åñëè íåâîçìîæíî âîñ-

ïîëüçîâàòüñÿ îñíîâíûìè ïóòÿìè ýâàêóàöèè.

Áåçîïàñíîå ñëåäîâàíèå ÷åëîâåêà äî ïóòåé ýâà-

êóàöèè ìîæåò áûòü îáåñïå÷åíî ïðèìåíåíèåì èçî-

ëèðóþùèõ è ôèëüòðóþùèõ ñàìîñïàñàòåëåé äëÿ çà-

ùèòû îðãàíîâ äûõàíèÿ è çðåíèÿ è îãíåñòîéêèõ íà-

êèäîê äëÿ çàùèòû êîæíûõ ïîêðîâîâ îò îòêðûòîãî

ïëàìåíè è òåïëîâîãî èçëó÷åíèÿ.

Èçîëèðóþùèå ñàìîñïàñàòåëè ìîãóò ïðèìåíÿòü-

ñÿ âíå çàâèñèìîñòè îò ñîäåðæàíèÿ êèñëîðîäà è òîê-

ñè÷íûõ âåùåñòâ â îêðóæàþùåé ñðåäå, à èñïîëüçî-

âàíèå ôèëüòðóþùèõ ñàìîñïàñàòåëåé äîïóñêàåòñÿ

ïðè êîíöåíòðàöèè êèñëîðîäà íå íèæå 17 %.

Â ñîîòâåòñòâèè ñ íîðìàòèâíûìè äîêóìåíòàìè

ñðîê çàùèòíîãî äåéñòâèÿ èçîëèðóþùèõ ñàìîñïàñà-

òåëåé ñîñòàâëÿåò îò 20 äî 50 ìèí â çàâèñèìîñòè îò

íàçíà÷åíèÿ è óñëîâèé ïðèìåíåíèÿ; ìàññà — îò 1,5

äî 2,5 êã.

Âðåìÿ çàùèòíîãî äåéñòâèÿ ôèëüòðóþùèõ ñàìî-

ñïàñàòåëåé ïî îêñèäó óãëåðîäà ñîñòàâëÿåò íå ìåíåå

15 ìèí. Ïðèìåíåíèå èõ îãðàíè÷åíî.

Âñå ñàìîñïàñàòåëè, çà èñêëþ÷åíèåì ñàìîñïàñà-

òåëåé ñî ñæàòûì âîçäóõîì, ÿâëÿþòñÿ ñðåäñòâîì èí-

äèâèäóàëüíîé çàùèòû îäíîðàçîâîãî äåéñòâèÿ è ìî-

ãóò áåç ïðåäâàðèòåëüíîãî îáó÷åíèÿ èñïîëüçîâàòüñÿ

ëþäüìè ñòàðøå 12 ëåò, â òîì ÷èñëå èìåþùèìè áî-

ðîäó, óñû, äëèííûå âîëîñû, î÷êè.

Ñåðòèôèöèðîâàííûå ñàìîñïàñàòåëè ñåðèéíî

âûïóñêàþòñÿ îòå÷åñòâåííûìè è çàðóáåæíûìè ôèð-

ìàìè.

Îãíåñòîéêàÿ íàêèäêà îáåñïå÷èâàåò êðàòêîâðå-

ìåííóþ (äî 5 ñ) çàùèòó îò âîçäåéñòâèÿ îòêðûòîãî

ïëàìåíè è òåïëîâîãî èçëó÷åíèÿ ñ ïîâåðõíîñòíîé

ïëîòíîñòüþ äî 14 êÂò/ì2. Êîíñòðóêòèâíîå èñïîë-

íåíèå íàêèäêè ïîçâîëÿåò ðåãóëèðîâàòü åå ðàçìåðû

â øèðîêîì äèàïàçîíå.

Äëÿ áîëåå ýôôåêòèâíîãî èñïîëüçîâàíèÿ ñàìî-

ñïàñàòåëåé è çàùèòíûõ íàêèäîê è ñíèæåíèÿ ïîêà-

çàòåëÿ ãèáåëè ëþäåé íåîáõîäèìî:

� ðàçðàáîòàòü è ââåñòè â äåéñòâèå íîðìàòèâíûå äî-

êóìåíòû, ïðåäóñìàòðèâàþùèå îáÿçàòåëüíîå ðàç-

ìåùåíèå óêàçàííûõ ñðåäñòâ çàùèòû â àäìèíè-

ñòðàòèâíûõ è æèëûõ ÇÏÝ;

� êîìïëåêòîâàòü ñàìîñïàñàòåëÿìè è íàêèäêàìè ïî-

æàðíûå àâòîìîáèëè.

Ñïàñàòåëüíîå îáîðóäîâàíèå ÿâëÿåòñÿ äîïîëíè-

òåëüíûì ñðåäñòâîì ýâàêóàöèè ëþäåé ïðè ïîæàðàõ â

çäàíèÿõ è ñîîðóæåíèÿõ. Ðàñ÷åò ñèë è âûáîð äîïîë-

íèòåëüíûõ ñðåäñòâ ýâàêóàöèè äîëæíû îñóùåñòâ-
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ëÿòüñÿ èñõîäÿ èç âîçìîæíîñòåé îñíîâíûõ ïóòåé

ýâàêóàöèè êàæäîãî êîíêðåòíîãî îáúåêòà ñ ó÷åòîì

êîíòèíãåíòà íàõîäÿùèõñÿ â íåì ëþäåé.

Ñïàñàòåëüíîå îáîðóäîâàíèå äîëæíî îáåñïå÷è-

âàòü âîçìîæíîñòü ýêñòðåííîé ýâàêóàöèè ðàñ÷åòíî-

ãî êîëè÷åñòâà ëþäåé, íå âîñïîëüçîâàâøèõñÿ îñíîâ-

íûìè ïóòÿìè ýâàêóàöèè, çà âðåìÿ, â òå÷åíèå êîòî-

ðîãî îïàñíûå ôàêòîðû ïîæàðà åùå íå äîñòèãàþò

êðèòè÷åñêèõ çíà÷åíèé â çîíå íàõîæäåíèÿ ñïàñàåìûõ.

Äëÿ æèëûõ è îáùåñòâåííûõ çäàíèé ýòî âðåìÿ ìîæåò

ñîñòàâëÿòü îò 5 äî 15 ìèí.

Íåîáõîäèìî ïîä÷åðêíóòü, ÷òî íàáîð òåõíè÷åñêèõ

ñðåäñòâ äëÿ ýâàêóàöèè ëþäåé èç ÇÏÝ îãðàíè÷åí.

Íàèáîëåå ïåðñïåêòèâíûìè è ýôôåêòèâíûìè

ñðåäñòâàìè ñïàñåíèÿ, êîòîðûå øèðîêî âíåäðÿþòñÿ

â ïðîìûøëåííî ðàçâèòûõ ñòðàíàõ, ÿâëÿþòñÿ ñïàñà-

òåëüíûå óñòðîéñòâà íà áàçå ýëàñòè÷íûõ ðóêàâîâ.

Ñïàñàòåëüíûé ðóêàâ — óñòðîéñòâî, ïðèíöèï ðà-

áîòû êîòîðîãî îñíîâàí íà ñîçäàíèè äîñòàòî÷íîé

ñèëû òðåíèÿ çà ñ÷åò ñæàòèÿ ðóêàâîì äâèæóùåãîñÿ

â íåì òåëà. Ñêîðîñòü ñïóñêà â ðóêàâå ìîæåò ðåãóëè-

ðîâàòüñÿ íåïîñðåäñòâåííî ñïàñàåìûì çà ñ÷åò èçìå-

íåíèÿ ïîëîæåíèÿ ÷àñòåé òåëà, ñïàñàòåëÿìè, íàõîäÿ-

ùèìèñÿ íà çåìëå, ïóòåì ðàçëè÷íûõ òàêòè÷åñêèõ

äåéñòâèé ñ ðóêàâîì, à òàêæå çà ñ÷åò ðàçëè÷íîãî êîí-

ñòðóêòèâíîãî èñïîëíåíèÿ ñàìîãî ðóêàâà.

Óñòðîéñòâà íà áàçå ýëàñòè÷íîãî ñïàñàòåëüíîãî

ðóêàâà â ñðàâíåíèè ñ äðóãèìè ñïàñàòåëüíûìè óñòðîé-

ñòâàìè èìåþò ñëåäóþùèå ïðåèìóùåñòâà:

� îáåñïå÷èâàþò ñïàñåíèå ëþäåé ïðàêòè÷åñêè ñ

ëþáîé âûñîòû ÇÏÝ;

� ñîõðàíÿþò ðàáîòîñïîñîáíîñòü ïðè ëþáûõ ïîãîä-

íûõ óñëîâèÿõ, êëèìàòå, âðåìåíè ãîäà è ñóòîê;

� èìåþò âûñîêîå áûñòðîäåéñòâèå è áîëüøóþ ïðî-

ïóñêíóþ ñïîñîáíîñòü (äî 15 ÷åë./ìèí);

� íå òðåáóþò îò ñïàñàåìûõ êàêîé-ëèáî ïîäãîòîâ-

êè äëÿ èõ èñïîëüçîâàíèÿ;

� íå òðåáóþò òðåíèðîâêè è îáó÷åíèÿ ñïàñàåìûõ,

à òàêæå ñïåöèàëüíîãî ñíàðÿæåíèÿ äëÿ íèõ;

� îáåñïå÷èâàþò âîçìîæíîñòü ñïàñåíèÿ ëþäåé ëþ-

áîãî âîçðàñòà è ïîëà íåçàâèñèìî îò èõ ôèçè÷å-

ñêîãî è ïñèõîëîãè÷åñêîãî ñîñòîÿíèÿ;

� ñíèæàþò ñòðàõ âûñîòû ó ñïàñàåìûõ.

Ðóêàâíîå ñïàñàòåëüíîå óñòðîéñòâî ìîæåò áûòü

ðàçìåùåíî êàê ñíàðóæè, òàê è âíóòðè çäàíèÿ ñ âõî-

äîì ñ îäíîãî èëè íåñêîëüêèõ óðîâíåé îäíîâðåìåí-

íî, ìîæåò äîñòàâëÿòüñÿ ê ìåñòó íåïîñðåäñòâåííî

ïîæàðíûìè èëè ðàçìåùàòüñÿ íà àâòîëåñòíèöàõ èëè

â ëþëüêàõ êîëåí÷àòûõ ïîäúåìíèêîâ.

Â íàñòîÿùåå âðåìÿ ðóêàâíûìè ñïàñàòåëüíûìè

óñòðîéñòâàìè îáîðóäîâàíû: âûñîòíîå çäàíèå ãîñ-

òèíèöû “Óêðàèíà”, ãîñòèíè÷íûé êîìïëåêñ “Èçìàé-

ëîâî”, àäìèíèñòðàòèâíîå çäàíèå íà Ùåëêîâñêîì

øîññå â ã. Ìîñêâå, çäàíèå ÎÀÎ “ÃÀÇÏÐÎÌ”, êîñìî-

äðîì “Âîñòî÷íûé” è äð.

Âûâîäû

Ó÷èòûâàÿ èçëîæåííîå, â öåëÿõ îáåñïå÷åíèÿ áåç-

îïàñíîñòè ëþäåé ïðè ïîæàðàõ â ÇÏÝ öåëåñîîáðàçíî:

1) ðàññìîòðåòü âîçìîæíîñòü âêëþ÷åíèÿ â ñîñòàâ

îáÿçàòåëüíûõ ïðîòèâîïîæàðíûõ òðåáîâàíèé çàùè-

òó æèëûõ ïîìåùåíèé òàêèõ çäàíèé íå òîëüêî ñðåä-

ñòâàìè ïîæàðíîé ñèãíàëèçàöèè è îïîâåùåíèÿ î ïî-

æàðå, íî è ÀÓÏ; èñïîëüçîâàòü ñïðèíêëåðíûå óñòà-

íîâêè ïîæàðîòóøåíèÿ òîíêîðàñïûëåííîé âîäîé;

2) îáåñïå÷èòü æèëûå çäàíèÿ ïîâûøåííîé ýòàæ-

íîñòè ýâàêóàöèîííûìè ñïàñàòåëüíûìè óñòðîéñòâà-

ìè ãðóïïîâîãî è èíäèâèäóàëüíîãî äåéñòâèÿ, à òàêæå

èçîëèðóþùèìè è ôèëüòðóþùèìè ñàìîñïàñàòåëÿ-

ìè â çàâèñèìîñòè îò óñëîâèé ïðèìåíåíèÿ; ðàçðàáî-

òàòü íîðìàòèâíûå äîêóìåíòû, ïðåäóñìàòðèâàþùèå

îáÿçàòåëüíîå ðàçìåùåíèå â æèëûõ çäàíèÿõ ïîâû-

øåííîé ýòàæíîñòè òåõíè÷åñêèõ ñðåäñòâ ñïàñåíèÿ

ëþäåé;

3) ïåðåñìîòðåòü íîðìàòèâíûå äîêóìåíòû, îïðå-

äåëÿþùèå òðåáîâàíèÿ ïî ñòðîèòåëüñòâó ïîæàðíûõ

äåïî ñ èõ òåõíè÷åñêèì îñíàùåíèåì ñîâðåìåííîé

ìîáèëüíîé ïîæàðíî-ñïàñàòåëüíîé òåõíèêîé;

4) ðåøèòü âîïðîñ îáåñïå÷åíèÿ ïîäðàçäåëåíèé

ÃÏÑ ñîâðåìåííîé ìîáèëüíîé ïîæàðíîé òåõíèêîé

äëÿ òóøåíèÿ ïîæàðîâ è ïðîâåäåíèÿ ñïàñàòåëüíûõ

ðàáîò ïðè ïîæàðàõ â æèëûõ ÇÏÝ:

� ïîæàðíûìè àâòîëåñòíèöàìè è àâòîïîäúåìíèêà-

ìè ñ âûñîòîé ïîäúåìà 50 ì è âûøå;

� ïîæàðíûìè âåðòîëåòàìè, ñíàáæåííûìè ýôôåê-

òèâíûìè ñðåäñòâàìè ïîæàðîòóøåíèÿ è ñïàñàíèÿ

ëþäåé;

� ïîæàðíûìè àâòîìîáèëÿìè ñ íàñîñàìè âûñîêîãî

äàâëåíèÿ è êîìïëåêòîì âûñîêîíàïîðíîãî ãèäðàâ-

ëè÷åñêîãî îáîðóäîâàíèÿ;

� ïîæàðíûìè àâòîìîáèëÿìè äûìîóäàëåíèÿ, îáåñ-

ïå÷èâàþùèìè ïîäà÷ó âîçäóõà ñ ðàñõîäîì áîëåå

100 òûñ. ì3/÷ ïðè äàâëåíèè áîëåå 1500 Ïà, à òàêæå

ïåðåíîñíûìè äûìîñîñàìè ñ ðàñõîäîì âîçäóõà

áîëåå 30 òûñ. ì3/÷;

� ïîæàðíûìè àâòîöèñòåðíàìè ñ ïîäà÷åé ïåíû êîì-

ïðåññèîííûì ñïîñîáîì;

� ïîæàðíûìè àâòîöèñòåðíàìè ñ ëåñòíèöàìè;

5) ðàçðàáîòàòü ñâîä ïðàâèë, ó÷èòûâàþùèé ñïå-

öèôèêó ïîæàðíîé îïàñíîñòè æèëûõ ÇÏÝ;

6) îáåñïå÷èòü ïðàâîâóþ îñíîâó äåÿòåëüíîñòè

ÃÏÑ ïî ïðåäóïðåæäåíèþ ïîæàðîâ â æèëîì ñåêòî-

ðå, è â ïåðâóþ î÷åðåäü â ÇÏÝ; ðåøèòü âîïðîñû, ñâÿ-

çàííûå ñ ïîâûøåíèåì ýôôåêòèâíîñòè ïðîöåäóðû

âõîäà â æèëûå ïîìåùåíèÿ è êîíòðîëÿ èõ ïðîòèâî-

ïîæàðíîãî ñîñòîÿíèÿ;

7) â äîãîâîðàõ ïî íàéìó (ïðèîáðåòåíèþ) æèëîé

ïëîùàäè â ÇÏÝ â îáÿçàòåëüíîì ïîðÿäêå îòðàæàòü

âîïðîñû, êàñàþùèåñÿ îáÿçàòåëüñòâ íàíèìàòåëÿ (ïðè-

îáðåòàòåëÿ) â ÷àñòè âûïîëíåíèÿ òðåáîâàíèé ïî ïî-
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æàðîáåçîïàñíîé ýêñïëóàòàöèè, à òàêæå â ïåðèîä

âíóòðèêâàðòèðíîãî ðåìîíòà; ïðàâà è îáÿçàííîñòè

àðåíäîäàòåëåé è îðãàíèçàöèé, ýêñïëóàòèðóþùèõ æè-

ëîé ôîíä;

8) îðãàíèçîâàòü øèðîêóþ èíôîðìàöèîííî-ïðî-

ïàãàíäèñòñêóþ ðàáîòó ïî âíåäðåíèþ â ñîçíàíèå ëþ-

äåé ñàìîãî ñóùåñòâîâàíèÿ ïðîáëåìû ïîæàðîâ êàê

áåäñòâèÿ, ñïîñîáíîãî ïðîèçîéòè â ëþáîé ñåìüå, â ëþ-

áîì æèëèùå, ïî ôîðìèðîâàíèþ ó ëþäåé ïñèõîëîãè-

÷åñêèõ óñòàíîâîê íà íåòåðïèìîñòü ê ñëó÷àÿì ãðó-

áîãî íàðóøåíèÿ ïðîòèâîïîæàðíîãî ðåæèìà è òðåáî-

âàíèé ïîæàðíîé áåçîïàñíîñòè, ïî ïîäãîòîâêå ëþäåé

ê ïðàâèëüíûì äåéñòâèÿì â ñëó÷àå âîçíèêíîâåíèÿ

ïîæàðà.
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ABSTRACT

Annually, the residential sector accounts for about 70 % of the total number of fires in the Russian

Federation. In the apartment houses killed more than 90 % of the total number of deaths in the Russian

Federation.

Factor that significantly increases fire hazard in high-rise buildings is the high probability of late

detection of fire in case of absence or being in a failed state of systems of fire automatics.

Currently, the design of residential high-rise buildings in the Russian Federation is regulated by

the requirements of Set of rules 54.13330.2011 “Residential Buildings. The updated edition of SNiP

31-01–2003”.

By US regulations automatic detection and notification of fire is necessary in almost all residential

buildings. In accordance with the NFPAstandards, all new apartment buildings should be protected by

automatic fire extinguishing systems.

The widespread implementation of the automatic fire extinguishing systems in residential buil-

dings in our country is hindered by the lack of regulatory framework.

In 2016 Set of rules 267.1325800.2016 “Buildings and complexes high-rise. Design rules” was

developed, which contains a section on fire safety, mainly devoted to requirements of design solu-

tions. Currently is developing a set of rules devoted to questions of fire safety of high-rise buildings.

For fighting fires and conducting rescue operations in the high-rise buildings fire ladders, mobile

aerial towers and helicopters are widely used. To supply fire extinguishing substances in high-rise

buildings fire trucks with high pressure pumps and special hydraulic equipment are used. To ensure

the removal of smoke from escape routes of people in some cases mobile smoke exhaustion equip-

ment can be used.

To ensure the safety of people at fires in high-rise buildings it is advisable:

� consider the possibility of inclusion in the compulsory fire security demands the requirements of

the protection of premises with fire alarms and automatic fire extinguishing systems;

� to provide high-rise residential buildings with emergency rescue devices of group and individual

actions, as well as isolating and filtering self-rescuers, depending on the conditions of use; to de-

velop normative documents with demands of mandatory placement in a residential high-rise

buildings of the technical means of human salvation;

� to review the regulatory documents that define requirements for the construction of fire stations

with their equipment of modern mobile firefighting and rescue equipment;

� to develop a set of rules tailored to the fire hazard of high-rise residential buildings;

� to provide the legal basis for the activities of fire service in the prevention of fires in the residential

sector and primarily in the high-rise buildings.

Keywords: fire danger; people’s safety; residential high-rise buildings; regulatory requirements;

rescue and firefighting equipment; fire protection; automatic fire extinguishing system; automatic

detection and notification of fire.
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Î ÂÇÐÛÂÎÎÏÀÑÍÎÑÒÈ ÀÝÐÎÂÇÂÅÑÈ ÌÅËÀÌÈÍÀ

Äàí àíàëèç îñîáåííîñòåé îïàñíîñòè ïûëè, ìàêñèìàëüíîå äàâëåíèå âçðûâà àýðîâçâåñè êîòîðîé
Pmax ñîïîñòàâèìî ñ âåëè÷èíîé 100 êÏà. Ïðåäëîæåíî òàêóþ ïûëü ñ÷èòàòü ïûëüþ ñ íèçêîé âçðûâî-
îïàñíîñòüþ â îòëè÷èå îò ïûëè ñ âûñîêîé âçðûâîîïàñíîñòüþ, ó àýðîâçâåñè êîòîðîé Pmax >> 100 êÏà.
Ïîêàçàíî, ÷òî äëÿ ïûëè ñ íèçêîé âçðûâîîïàñíîñòüþ ìèíèìàëüíîå âçðûâîîïàñíîå ñîäåðæàíèå
êèñëîðîäà (LOC) áëèçêî ê ñîäåðæàíèþ êèñëîðîäà â àòìîñôåðå COX,0 = (20,7�0,1) % îá., è äëÿ
îöåíêè âçðûâîîïàñíîñòè òàêîé ïûëè ðàçóìíî, íàðÿäó ñ íîðìàòèâíûì ïàðàìåòðîì Pmax, èñïîëü-
çîâàòü ïàðàìåòð �OX = COX,0 – LOC. Äëÿ ïûëè ñ íèçêîé âçðûâîîïàñíîñòüþ 0 < �OX < 0,5 % îá.
Èëëþñòðàöèþ ðåçóëüòàòîâ ðàáîòû ïðîâîäèëè ñ èñïîëüçîâàíèåì èçâåñòíûõ äàííûõ èññëåäîâà-
íèÿ â 20-ë è 1000-ë êàìåðàõ âçðûâîîïàñíîñòè àýðîâçâåñåé òðåõ îáðàçöîâ ìåëàìèíà ñî ñðåäíèì
ðàçìåðîì ÷àñòèö dm ìåíåå 10, 19 è 52 ìêì ñîîòâåòñòâåííî. Ïîêàçàíî, ÷òî âçâåñè âñåõ ðàññìîò-
ðåííûõ îáðàçöîâ ìåëàìèíà â àòìîñôåðíîì âîçäóõå ÿâëÿþòñÿ íåâçðûâîîïàñíûìè ïðè íîðìàëü-
íûõ óñëîâèÿõ (àáñîëþòíîì äàâëåíèè P0 = 100 êÏà, òåìïåðàòóðå T0 = 25 �Ñ). Ïîñêîëüêó èññëå-
äîâàíèå ïûëè â 20-ë êàìåðå ôàêòè÷åñêè ïðîèçâîäèòñÿ ïðè ïîâûøåííûõ íà÷àëüíûõ çíà÷åíèÿõ
òåìïåðàòóðû è äàâëåíèÿ (Ïîëåòàåâ, 2017), óäàëîñü îïðåäåëèòü, ÷òî íàãðåâ íåâçðûâîîïàñíîé
àýðîâçâåñè îáðàçöà ìåëàìèíà ñ dm = 19 ìêì äî 68 �Ñ çàâåäîìî ïåðåâîäèò åå â àýðîâçâåñü ñ âû-
ñîêîé âçðûâîîïàñíîñòüþ. Ïîêàçàíî òàêæå, ÷òî äëÿ íåâçðûâîîïàñíîé àýðîâçâåñè, ó êîòîðîé
LOC � COX,0, àíàëîãè÷íûé ïåðåõîä âîçìîæåí ïðè íàãðåâå âñåãî íà 10…20 �Ñ.

Êëþ÷åâûå ñëîâà: âçðûâ ïûëè; êðèòåðèé âçðûâà; íèçêàÿ âçðûâîîïàñíîñòü; âûñîêîå LOC; ìå-
ëàìèí.
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Ââåäåíèå

Ìåëêîäèñïåðñíûé ìåëàìèí ÿâëÿåòñÿ ñûðüåì äëÿ

ïðîèçâîäñòâà ìíîãèõ ïîëèìåðíûõ èçäåëèé, ñòîéêèõ

ê ìåõàíè÷åñêèì, òåìïåðàòóðíûì è õèìè÷åñêèì âîç-

äåéñòâèÿì. Â òî æå âðåìÿ ñâåäåíèÿ îá îïàñíîñòè ìå-

ëàìèíà âåñüìà îãðàíè÷åíû è ïðîòèâîðå÷èâû. Â ÷àñò-

íîñòè, êàê ñëåäóåò èç íèæåèçëîæåííîãî, äî ñèõ ïîð

íåò äàæå ôîðìàëüíîãî îòâåòà íà âîïðîñ: ÿâëÿåòñÿ

ëè ïûëü ìåëàìèíà âçðûâîîïàñíîé?

Ïîä âçðûâîîïàñíîé ãîðþ÷åé ïûëüþ (ÂÃÏ) ïðè-

íÿòî ïîíèìàòü òîíêîèçìåëü÷åííûé òâåðäûé ãîðþ-

÷èé ìàòåðèàë, âçâåñü êîòîðîãî â âîçäóõå âíóòðè ãåð-

ìåòè÷íîãî îáúåìà ïðè íîðìàëüíûõ íà÷àëüíûõ ïà-

ðàìåòðàõ ñîñòîÿíèÿ (àáñîëþòíîì äàâëåíèè P0 =

= 100 êÏà, òåìïåðàòóðå T0 = 298 Ê) è òèïè÷íîì ñî-

äåðæàíèè êèñëîðîäà â àòìîñôåðíîì âîçäóõå COX,0 =

= (20,7�0,1) % îá. ñïîñîáíà â îïðåäåëåííîì äèàïà-

çîíå êîíöåíòðàöèé ãîðþ÷åãî ðàñïðîñòðàíÿòü ïëàìÿ,

ïðåäñòàâëÿþùåå îïàñíîñòü ðàçðóøåíèÿ îáîëî÷êè

äàííîãî îáúåìà äàâëåíèåì ïðîäóêòîâ ãîðåíèÿ [1].

Ñ ó÷åòîì äàííîãî îïðåäåëåíèÿ òåðìèíà ÂÃÏ ðå-

çóëüòàò ñòàíäàðòíîãî èñïûòàíèÿ àýðîâçâåñè â ãåð-

ìåòè÷íîé êàìåðå [2–7] îòíîñÿò ê âçðûâó, åñëè ìàê-

ñèìàëüíîå óâåëè÷åíèå äàâëåíèÿ Pm, âîçíèêàþùåå

â êàìåðå ïîñëå èíèöèèðîâàíèÿ ïèðîòåõíè÷åñêîãî

èñòî÷íèêà çàæèãàíèÿ, ïðåâûøàåò ïîðîãîâóþ âåëè-

÷èíó Pm
* :

Pm > Pm
* . (1)

Êðèòåðèé âçðûâà àýðîâçâåñè (1) ïîçâîëÿåò îïðå-

äåëèòü ãðàíèöû äèàïàçîíà âçðûâîîïàñíûõ êîíöåíò-

ðàöèé ïûëè â àýðîâçâåñè, èìåíóåìûå íèæíèì (LEL)

è âåðõíèì (UEL) êîíöåíòðàöèîííûìè ïðåäåëàìè

âçðûâà (ðàñïðîñòðàíåíèÿ ïëàìåíè).

Èç (1) è îïðåäåëåíèÿ òåðìèíà ÂÃÏ ñëåäóåò êðè-

òåðèé âçðûâîîïàñíîñòè ïûëè:

Pmax > Pm
* , (2)

ãäå Pmax — íàèáîëüøåå èç çíà÷åíèé Pm, ïîëó÷åííûõ

â îïûòàõ ñ ðàçëè÷íûìè êîíöåíòðàöèÿìè ïûëè

â àýðîâçâåñè (áîëåå ïîäðîáíîå îïèñàíèå ýêñïå-

ðèìåíòàëüíîãî îïðåäåëåíèÿ Pm è äðóãèõ ïàðà-

ìåòðîâ èññëåäóåìîé àýðîâçâåñè ïðèâîäèòñÿ â

ðàçä. 1.3).

Îñîáåííîñòüþ ñîâðåìåííîé ñèñòåìû îöåíêè

âçðûâîîïàñíîñòè ïûëè ÿâëÿåòñÿ îòñóòñòâèå åäèíî-

ãî ìíåíèÿ î âåëè÷èíå Pm
* . Â ÷àñòíîñòè, äëÿ èññëåäî-

âàíèÿ â 1000-ë êàìåðå, ðåçóëüòàòû êîòîðîãî ñ÷èòà-

þòñÿ íàèáîëåå íàäåæíûìè, åâðîïåéñêèìè íîðìàìè

óñòàíàâëèâàåòñÿ Pm
* = 30 êÏà [2–5], à íîðìàìè ÑØÀ

© Ïîëåòàåâ Í. Ë., 2017
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— Pm
* = 100 êÏà [6, 7]. Ïðè èñïûòàíèè ìåëàìèíà

ñî ñðåäíèì ðàçìåðîì ÷àñòèö ìåíåå 10 ìêì â 1000-ë

êàìåðå ïîëó÷åíî Pmax = 50 êÏà [8]. Ñëåäîâàòåëüíî,

äàííûé îáðàçåö ìåëàìèíà ïî åâðîïåéñêèì íîðìàì

îòíîñèòñÿ ê ÂÃÏ, à ïî íîðìàì ÑØÀ ñ÷èòàåòñÿ íå-

âçðûâîîïàñíîé ãîðþ÷åé ïûëüþ (ÍÃÏ).

Ïðåæäå ÷åì ðàññìàòðèâàòü âûâîäû èç óïîìÿíó-

òîãî âûøå ïðîòèâîðå÷èÿ íîðì, îòìåòèì íåñîâåð-

øåíñòâî òåðìèíîëîãèè ðàññìàòðèâàåìîé çäåñü îá-

ëàñòè îöåíêè âçðûâîîïàñíîñòè ïûëè. Äåéñòâèòåëü-

íî, â îïðåäåëåíèè òåðìèíà “âçðûâîîïàñíàÿ ãîðþ÷àÿ

ïûëü (ÂÃÏ)” ïåðå÷èñëÿþòñÿ ôàêòè÷åñêè ïðèçíàêè

âçðûâîîïàñíîñòè àýðîâçâåñè ãîðþ÷åé ïûëè. Âî èç-

áåæàíèå ïðîòèâîðå÷èé ïðè äàëüíåéøåì èçëîæåíèè

áóäåì, íå âäàâàÿñü â òîíêîñòè îòëè÷èé êðèòåðèåâ (1)

è (2), ïðè óïîìèíàíèè òåðìèíà ÂÃÏ ïîäðàçóìåâàòü,

÷òî ðå÷ü èäåò î âçðûâîîïàñíîñòè âçâåñè ÂÃÏ â âîç-

äóõå. Ñ ó÷åòîì ñäåëàííîãî çàìå÷àíèÿ ïåðåéäåì ê

àíàëèçó óïîìÿíóòîãî ïðîòèâîðå÷èÿ è ïîïûòêàì åãî

ðàçðåøåíèÿ.

Êðèòåðèé (2) ïðèâîäèò ê åñòåñòâåííîìó ðàçäå-

ëåíèþ ÂÃÏ (è, ñëåäîâàòåëüíî, àýðîâçâåñåé ÂÃÏ) íà

äâå ãðóïïû. Ê ïåðâîé ãðóïïå îòíîñÿòñÿ ïûëè (àýðî-

âçâåñè) ñ âûñîêîé âçðûâîîïàñíîñòüþ (Pmax >> Pm
* ),

êî âòîðîé — ïûëè (àýðîâçâåñè) ñ íèçêîé âçðûâî-

îïàñíîñòüþ, äëÿ êîòîðûõ Pmax è Pm
* ÿâëÿþòñÿ âåëè-

÷èíàìè îäíîãî ïîðÿäêà. Ìîæíî çàìåòèòü, ÷òî èçëî-

æåííîå âûøå ïðîòèâîðå÷èå íîðì êàñàåòñÿ ïûëåé

ñ íèçêîé âçðûâîîïàñíîñòüþ, è êîððåêòíîìó îïðå-

äåëåíèþ âçðûâîîïàñíîñòè òàêèõ ïûëåé äîëæíî

ïðåäøåñòâîâàòü óòî÷íåíèå êðèòåðèÿ (2).

Â ðàáîòàõ [9] è [10] âûñêàçàíû ðåêîìåíäàöèè ïî

óòî÷íåíèþ êðèòåðèÿ (2) äëÿ ñëó÷àÿ èñïûòàíèÿ ïûëè

ñ íèçêîé âçðûâîîïàñíîñòüþ â 20-ë êàìåðå US Bureau

of Mines è â 20-ë êàìåðå Ð. Ñèâåêà (R. Siwek) ñîîò-

âåòñòâåííî. Îáå ðåêîìåíäàöèè ñâîäÿòñÿ ê äîïîë-

íåíèþ êðèòåðèÿ (2) óñëîâèåì äëÿ íîðìèðîâàííîãî

çíà÷åíèÿ ìàêñèìàëüíîé ñêîðîñòè íàðàñòàíèÿ äàâ-

ëåíèÿ â êàìåðå Kst :

K Kst st� � , (3)

ãäå Kst
* – ìèíèìàëüíîå èç çíà÷åíèé Kst , îòâå÷à-

þùèõ âçðûâó àýðîâçâåñè, ÌÏà·ì/ñ.

Íåñìîòðÿ íà ðàçóìíîå îáúÿñíåíèå ôèçè÷åñêîãî

ñìûñëà äîïîëíèòåëüíîãî óñëîâèÿ âçðûâîîïàñíîñòè

ïûëè (3) è ýôôåêòèâíîñòü ïðèìåíåíèÿ ýòîãî óñëî-

âèÿ ê íåêîòîðûì ïûëÿì, îíî íå âîøëî â äåéñòâó-

þùèå íîðìû èç-çà òîãî, ÷òî íå áûëà âûÿâëåíà ñâÿçü

ìåæäó Kst
* , îñîáåííîñòÿìè ìåòîäèêè èññëåäîâàíèÿ

è ðàçíîâèäíîñòüþ ïûëè.

Áîëåå ñîâåðøåííûé ïîäõîä ê óòî÷íåíèþ êðèòå-

ðèÿ âçðûâîîïàñíîñòè ïûëè èçëîæåí â [11]. Â ýòîé

ðàáîòå ïðåäëîæåíî îñíîâíîé õàðàêòåðèñòèêîé âçðû-

âîîïàñíîñòè ïûëè ñ÷èòàòü íå ñòîëüêî âåëè÷èíó Pmax,

ñ êîòîðîé ñâÿçàíî òîëêîâàíèå òåðìèíà ÂÃÏ, ñêîëüêî

âåëè÷èíó �OX (% îá.), îïðåäåëÿåìóþ âûðàæåíèåì

�OX = COX,0 – LOC, (4)

ãäå LOC — ìèíèìàëüíîå âçðûâîîïàñíîå ñîäåðæà-

íèå êèñëîðîäà â àýðîâçâåñè, % îá.

Êðèòåðèé âçðûâîîïàñíîñòè ïûëè â ýòîì ñëó÷àå

ïðèíèìàåò ñëåäóþùèé î÷åâèäíûé âèä:

Ïûëü

âçðûâîîïàñíà,

åñëè 0 % îá. ;

âçðûâîáåçîïàñíà,

�OX �

åñëè 0 % îá.�OX �

�

	



�



Ïûëè ñ íèçêîé âçðûâîîïàñíîñòüþ õàðàêòåðèçó-

þòñÿ ïîëîæèòåëüíûì çíà÷åíèåì �OX, áëèçêèì ê 0.

Èìåííî òàêîé ïîäõîä ê îöåíêå âçðûâîîïàñíîñòè

ïûëè è áóäåò ïðèìåíÿòüñÿ â íàñòîÿùåé ðàáîòå.

Â äàëüíåéøåì èçëîæåíèè ïîòðåáóåòñÿ èñïîëü-

çîâàòü ïîíÿòèå âçðûâîîïàñíîñòè äëÿ àýðîâçâåñè ïðè

äàâëåíèè P� P0 è òåìïåðàòóðå T � T0. Â ñâÿçè ñ ýòèì

îáñòîÿòåëüñòâîì, à òàêæå âî èçáåæàíèå ïðîòèâîðå-

÷èé òèïà “âçðûâîîïàñíàÿ àýðîâçâåñü íåâçðûâîîïàñ-

íîé ïûëè” â íàñòîÿùåé ðàáîòå èñïîëüçóåòñÿ óòî÷-

íåííîå îïðåäåëåíèå òåðìèíà ÂÃÏ. Óòî÷íåíèå ñî-

ñòîèò â òîì, ÷òî âçðûâîîïàñíîñòü ïûëè ñ÷èòàåòñÿ

çàâèñÿùåé îò íà÷àëüíûõ ïàðàìåòðîâ ñîñòîÿíèÿ àýðî-

âçâåñè P è T, êîòîðûå èñïîëüçóþòñÿ âìåñòî P0 è T0

â çàèìñòâîâàííîì èç [1] îïðåäåëåíèè òåðìèíà ÂÃÏ.

Òàêèì îáðàçîì, ïàðàìåòð �OX èç (4) äëÿ ïûëè çà-

äàííîãî õèìè÷åñêîãî ñîñòàâà íå áóäåò ïîñòîÿííîé

âåëè÷èíîé, ïîñêîëüêó LOC çàâèñèò êàê îò ôèçè÷å-

ñêèõ õàðàêòåðèñòèê ïûëè (íàïðèìåð, ðàñïðåäåëåíèÿ

÷àñòèö ïî ðàçìåðàì), òàê è îò ïàðàìåòðîâ íà÷àëü-

íîãî ñîñòîÿíèÿ àýðîâçâåñè (íàïðèìåð, òåìïåðàòó-

ðû) [12].

Íàñòîÿùàÿ ðàáîòà ïîñâÿùåíà:
� îöåíêå ìèíèìàëüíîãî çíà÷åíèÿ Pm äëÿ ñëó÷àÿ

âçðûâà ïûëè â êàìåðå;
� îïðåäåëåíèþ äèàïàçîíà çíà÷åíèé �OX äëÿ ïûëåé

ñ íèçêîé âçðûâîîïàñíîñòüþ;
� îïðåäåëåíèþ âçðûâîîïàñíîñòè ïûëè ìåëàìèíà

ïî èçâåñòíûì ðåçóëüòàòàì èñïûòàíèé â 1000-ë

è 20-ë êàìåðàõ;
� îöåíêå óâåëè÷åíèÿ òåìïåðàòóðû àýðîâçâåñè ìå-

ëàìèíà, êîòîðîå ïðèâîäèò ê ïåðåõîäó îò íåâçðû-

âîîïàñíîé àýðîâçâåñè ê àýðîâçâåñè ñ âûñîêîé

âçðûâîîïàñíîñòüþ.

1. Èçâåñòíûå ñâåäåíèÿ î ìåëàìèíå

1.1. Ñïðàâî÷íûå äàííûå [13]

Õèìè÷åñêèé ñîñòàâ ìåëàìèíà îïèñûâàåòñÿ âû-

ðàæåíèåì 1,3,5-òðèàçèí-2,4,6-òðèàìèí; áðóòòî-

ôîðìóëà èìååò âèä C3H6N6. Ïëîòíîñòü 1571 êã/ì3.

Òåïëîåìêîñòü ïðè íîðìàëüíîé òåìïåðàòóðå cD =

= 1230 Äæ/(êã·K). Òåìïåðàòóðà ïëàâëåíèÿ 364 °Ñ,
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ïðè÷åì ïëàâëåíèå ñîïðîâîæäàåòñÿ ïðèçíàêàìè ðàç-

ëîæåíèÿ âåùåñòâà. Òåïëîòà ñãîðàíèÿ â ÷èñòîì êèñ-

ëîðîäå ñîñòàâëÿåò 15,67 ÌÄæ/êã è îòâå÷àåò îêèñëå-

íèþ ìåëàìèíà ïî ñëåäóþùåé ðåàêöèè:

C3H6N6 + 4,5O2 
 3CO2 + 3H2O + 3N2.

1.2. Ñâåäåíèÿ î ïîæàðíîé îïàñíîñòè

Â ëèñòàõ áåçîïàñíîñòè, âûäàííûõ íà ìåëàìèí

ðàçëè÷íûìè ïðîèçâîäèòåëÿìè, ñâåäåíèÿ î ïîæàðî-

îïàñíûõ ñâîéñòâàõ âåñüìà îãðàíè÷åíû. Ìåëàìèí, êàê

ïðàâèëî, îòíîñÿò ê ïîæàðîáåçîïàñíûì âåùåñòâàì,

ñïîñîáíûì ïðîÿâëÿòü ïîæàðíóþ îïàñíîñòü ëèøü ïðè

î÷åíü âûñîêîé òåìïåðàòóðå. Êîñâåííûì ïîäòâåðæ-

äåíèåì ãîðþ÷åñòè ìåëàìèíà ÿâëÿåòñÿ âåñüìà âûñî-

êàÿ òåïëîòà ñãîðàíèÿ. Çíà÷åíèÿ ìèíèìàëüíûõ òåì-

ïåðàòóð ñàìîâîñïëàìåíåíèÿ àýðîâçâåñè è àýðîãåëÿ

ìåëàìèíà íàñòîëüêî âûñîêè, ÷òî â ïðîöåññå èçìå-

ðåíèé ïî ñòàíäàðòíûì ìåòîäàì [14] îíè íå äîñòèãà-

þòñÿ è ñîãëàñíî [8] èìåþò çíà÷åíèÿ ñîîòâåòñòâåííî

áîëåå 850 è áîëåå 450 °C.

ÄÑÊ-àíàëèç [15] âûÿâëÿåò äâå ýíäîòåðìè÷åñêèå

çîíû ðàçëîæåíèÿ ìåëàìèíà — 350–400 è 450–500 °Ñ.

Èòîãîâûé ðåçóëüòàò ðàçëîæåíèÿ ìîëåêóëû ìåëàìè-

íà îïèñûâàåòñÿ ðåàêöèåé

C3H6N6 
 2NH3 + C3N4. (5)

Îáðàçóþùèéñÿ ïðè ðàçëîæåíèè ìåëàìèíà òåð-

ìîñòàáèëüíûé ïîëèìåð (C3N4)n ïðåäñòàâëÿåò ñîáîé

òâåðäîå ïîðèñòîå âåùåñòâî, âñïó÷åííîå âûäåëèâ-

øèìñÿ àììèàêîì.

1.3. Ñâåäåíèÿ î âçðûâîîïàñíîñòè

Â äàííîì ðàçäåëå ñîîáùàåòñÿ îá èçâåñòíûõ àâ-

òîðó ðåçóëüòàòàõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé

âçðûâîîïàñíîñòè ìåëàìèíà â 20-ë è 1000-ë êàìåðàõ.

Äëÿ ëó÷øåãî ïðåäñòàâëåíèÿ î ñóùíîñòè ýòèõ ðå-

çóëüòàòîâ íà ðèñ. 1 ïðèâîäÿòñÿ óïðîùåííàÿ ñõåìà

ýêñïåðèìåíòàëüíîé óñòàíîâêè äëÿ èññëåäîâàíèÿ

âçðûâîîïàñíîñòè àýðîâçâåñè (ñì. ðèñ. 1,a) è òèïè÷-

íàÿ äèàãðàììà èçìåíåíèÿ äàâëåíèÿ â êàìåðå P ñî

âðåìåíåì t íà ïðîòÿæåíèè åäèíè÷íîãî îïûòà (ñì.

ðèñ. 1,á), ñîïðîâîæäàåìûå íåîáõîäèìûìè ïîÿñíå-

íèÿìè.

Îñíîâíàÿ ÷àñòü ýêñïåðèìåíòà (ñì. ðèñ. 1) íà÷è-

íàåòñÿ ñ îòêðûòèÿ ýëåêòðîïíåâìîêëàïàíà íà òðóáî-

ïðîâîäå, ñîåäèíÿþùåì çàïîëíåííûé ñæàòûì âîç-

äóõîì ðåñèâåð ñ êàìåðîé. Îáðàçåö ïûëè ìàññîé mD,

ïðåäâàðèòåëüíî ðàçìåùåííûé ó âûõîäíîãî îòâåðñòèÿ

ðåñèâåðà, ïîòîêîì âîçäóõà âûáðàñûâàåòñÿ â êàìåðó,

ãäå îáðàçóåò òóðáóëåíòíóþ àýðîâçâåñü. Çà âðåìÿ tr

äàâëåíèå â ñèñòåìå ðåñèâåð – êàìåðà ïðèõîäèò ê ðàâ-

íîâåñíîìó çíà÷åíèþ Pi, ïðåâûøàþùåìó íà÷àëüíîå

äàâëåíèå â êàìåðå Pc0. Êîíöåíòðàöèÿ ïûëè â àýðî-

âçâåñè ïðèíèìàåòñÿ ðàâíîé åå ñðåäíåîáúåìíîìó çíà-

÷åíèþ CD = mD �V (ãäå V — îáúåì êàìåðû). Ñ çàäåðæ-

êîé tci > tr ïðîèñõîäèò ñðàáàòûâàíèå ïèðîòåõíè÷å-

ñêîãî èñòî÷íèêà çàæèãàíèÿ (ÈÇ), ïîñëå ÷åãî ôèêñè-

ðóåòñÿ ðîñò äàâëåíèÿ â êàìåðå, âûçâàííûé âûãîðà-

íèåì ÈÇ è âçâåøåííîé ïûëè. Íà÷èíàÿ ñ ìîìåíòà tci,

ãðàôèê P(t) ïðèíÿòî õàðàêòåðèçîâàòü ïàðàìåòðàìè

Pm è (dP�dt)m, ïðåäñòàâëÿþùèìè ñîáîé ìàêñèìàëü-

íîå óâåëè÷åíèå äàâëåíèÿ è ìàêñèìàëüíûé íàêëîí êà-

ñàòåëüíîé ê êðèâîé P(t) ñîîòâåòñòâåííî (ñì. ðèñ. 1,á).

Ïîñëåäíèé ïàðàìåòð âûðàæàþò â íîðìèðîâàííîì

âèäå Km = (dP�dt)mV 1�3, ïðåäïîëàãàþùåì íåçàâè-

ñèìîñòü îò îáúåìà êàìåðû.

Â ýêñïåðèìåíòàõ â 20-ë êàìåðå åå îáúåì ïðåäâà-

ðèòåëüíî îòêà÷èâàåòñÿ äî óðîâíÿ (îáû÷íî äî 40 êÏà

àáñîëþòíûõ), ïðè êîòîðîì äàâëåíèå â êàìåðå ê ìî-

ìåíòó èíèöèèðîâàíèÿ ñðàáàòûâàíèÿ èñòî÷íèêà çà-

æèãàíèÿ Pi ñîâïàäåò ñ àòìîñôåðíûì äàâëåíèåì P0.

Â ýêñïåðèìåíòàõ â 1000-ë êàìåðå ñòàíäàðòàìè [2–5]

äîïóñêàåòñÿ îòñóòñòâèå ïðåäâàðèòåëüíîé îòêà÷êè

îáúåìà êàìåðû. Â ýòîì ñëó÷àå Pc0 = P0 è Pi ñîñòàâÿò

îêîëî 10 êÏà èçáûòî÷íûõ.

Çíà÷åíèå Pm â 20-ë êàìåðå ïîäâåðãàþò êîððåê-

òèðîâêå, ïðèáëèæàþùåé çíà÷åíèå äàííîãî ïàðàìåò-

ðà ê îæèäàåìîìó çíà÷åíèþ ïî ðåçóëüòàòàì èñïûòà-

íèÿ àýðîâçâåñè â 1000-ë êàìåðå [16]:

Ðèñ. 1. Ñõåìà óñòàíîâêè äëÿ èññëåäîâàíèÿ âçðûâîîïàñíîñòè

àýðîâçâåñè (a) è ïðèìåð äèàãðàììû èçìåíåíèÿ äàâëåíèÿ â

êàìåðå P ñî âðåìåíåì t â åäèíè÷íîì îïûòå (á)

Fig. 1. Schematic image of equipment for dust explosion investi-

gation (a) and an example of a diagram of the pressure change in

chamber P with time t in a single experiment (b)
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(6)

ãäå Pm,20l , Pm,cal — èñõîäíîå è ðàñ÷åòíîå (ñêîððåê-

òèðîâàííîå) çíà÷åíèÿ äàâëåíèÿ ñîîòâåòñòâåííî,

êÏà;

Pci — ðàñ÷åòíîå çíà÷åíèå èçìåíåíèÿ äàâëåíèÿ â

20-ë êàìåðå, âûçâàííîå ãîðåíèåì ïèðîòåõíè÷å-

ñêîãî ÈÇ, êÏà;

Pci = 1,6 · 10–2Eci; (7)

Eci — çàïàñ ýíåðãèè ÈÇ, Äæ.

Ïî ðåçóëüòàòàì îïðåäåëåíèÿ Pm (èëè, êàê â ñëó-

÷àå 20-ë êàìåðû, Pm,cal) è Km â øèðîêîì äèàïàçîíå

êîíöåíòðàöèé ïûëè CD íàõîäÿò èõ ìàêñèìàëüíî âîç-

ìîæíûå çíà÷åíèÿ, êîòîðûå îáîçíà÷àþò ñîîòâåòñòâåí-

íî Pmax (ìàêñèìàëüíîå äàâëåíèå âçðûâà) è Kst [2, 3].

Ïåðåéäåì ê èçâåñòíûì ñâåäåíèÿì î âçðûâîîïàñ-

íîñòè ìåëàìèíà. Ñâåäåíèÿ, êîòîðûå áóäóò èñïîëü-

çîâàíû â äàëüíåéøåì èçëîæåíèè, ïðåäñòàâëåíû â

òàáë. 1. Çäåñü dm — ñðåäíèé ðàçìåð ÷àñòèö, êîòîðûé

äåëèò ïîëèäèñïåðñíûé ìàòåðèàë íà ðàâíûå ïî ìàñ-

ñå ôðàêöèè “ìåíåå dm” è “áîëåå dm” (ìêì); COX —

íà÷àëüíîå ñîäåðæàíèå êèñëîðîäà â ãàçîâîé ôàçå

àýðîâçâåñè (% îá.). Âëàãîñîäåðæàíèå èññëåäîâàí-

íûõ îáðàçöîâ ìåëàìèíà íå áîëåå 0,4 % ìàññ. Îïðå-

äåëåíèå LEL, Pmax è Kst ïðîâîäèëîñü ïî ñòàíäàðòàì

[2–4].

Â áàçå äàííûõ IFA [17] ìîæíî îáíàðóæèòü èí-

ôîðìàöèþ î âçðûâîîïàñíîñòè åùå ÷åòûðåõ îáðàçöîâ

ìåëàìèíà. Ê ñîæàëåíèþ, ýòîé èíôîðìàöèåé íåëüçÿ

çäåñü âîñïîëüçîâàòüñÿ èç-çà îòñóòñòâèÿ íåîáõîäè-

ìûõ ñâåäåíèé îá ýíåðãèè ÈÇ è îáúåìå ðåàêöèîííîé

êàìåðû, â êîòîðîé äàííûå îáðàçöû ìåëàìèíà èñ-

ñëåäîâàëèñü. Íåêîòîðûå ñâåäåíèÿ î âçðûâîîïàñíî-

ñòè ìåëàìèíà, èññëåäîâàííîãî â 20-ë êàìåðå, ìîæíî

íàéòè â ìîíîãðàôèè [12], àâòîð êîòîðîé ïîçàèìñò-

âîâàë èõ èç äèññåðòàöèè [18]. Îäíàêî àâòîð [12] ðå-

çóëüòàòû, ïîëó÷åííûå ïî ðÿäó ïðèçíàêîâ äëÿ îäíîãî

è òîãî æå âåùåñòâà, îòíîñèò òî ê ìåëàìèíó, òî ê ïî-

ëèìåðó ìåëàìèíà. Ïîñêîëüêó ïîêàçàòåëè âçðûâî-

îïàñíîñòè ìåëàìèíà è ïîëèìåðà ìåëàìèíà ðàçëè÷à-

þòñÿ [8], ñâåäåíèÿ î ìåëàìèíå èç [12] â íàñòîÿùåé

ðàáîòå òàêæå íå ïðèíèìàþòñÿ âî âíèìàíèå.

2. Óñëîâèå ïîÿâëåíèÿ ìàëûõ Pmax

Êàê ñîîáùàëîñü âî ââåäåíèè, ïûëè ñ íèçêîé âçðû-

âîîïàñíîñòüþ õàðàêòåðèçóþòñÿ ìàëûì çíà÷åíèåì

Pmax — ïîðÿäêà 30…100 êÏà. Â íàñòîÿùåì ðàçäåëå

áóäåò ñôîðìóëèðîâàíî óñëîâèå ïîÿâëåíèÿ òàêèõ çíà-

÷åíèé ïàðàìåòðà. Èç-çà îòñóòñòâèÿ òåîðèè òóðáó-

ëåíòíîãî ãîðåíèÿ [19] äëÿ âûÿâëåíèÿ è îáúÿñíåíèÿ

óñëîâèé ïîÿâëåíèÿ ìàëûõ Pmax áóäåì èñïîëüçîâàòü

ýìïèðè÷åñêèå çàêîíîìåðíîñòè òóðáóëåíòíîãî ãîðå-

íèÿ àýðîâçâåñåé, ðàñïðîñòðàíåííûå äîïóùåíèÿ è

ðàçóìíûå ïðåäïîëîæåíèÿ.

Â [20] óñòàíîâëåíî ýìïèðè÷åñêîå ïðàâèëî, ñî-

ãëàñíî êîòîðîìó òåìïåðàòóðà ãîðåíèÿ àýðîâçâåñè ïðè

íîðìàëüíûõ íà÷àëüíûõ óñëîâèÿõ ñîñòàâëÿåò íå ìå-

íåå Tmin � 1300 Ê. Ïðèáëèçèòåëüíóþ îöåíêó òàêîãî

çíà÷åíèÿ Tmin ìîæíî ïîëó÷èòü íà îñíîâå äàííûõ î

LOC è ïðåäïîëîæåíèÿ î ïîëíîì âûãîðàíèè îêèñëè-

òåëÿ íà ýòîì ïðåäåëå.

Èç óïîìÿíóòîãî ïðàâèëà è óðàâíåíèÿ ñîñòîÿíèÿ

ãàçîâîé ôàçû, ðàññìàòðèâàåìîé â ïðèáëèæåíèè èäå-

àëüíîãî ãàçà ñ ïîñòîÿííûì ÷èñëîì ìîëåé, äëÿ ñëó÷àÿ

îäíîðîäíîãî ðàñïðåäåëåíèÿ ïûëè ïî îáúåìó 1000-ë

êàìåðû ñëåäóþò äâà íåðàâåíñòâà:

Pm � Pmin , (8)

è, ïîñêîëüêó Pmax � Pm,

Pmax � Pmin , (9)

ãäå Pmin � P0(Tmin – T0)�T0 � 330 êÏà.

Íîìåð
îáðàçöà

No.
dust

V, ë

V, l

Eci,
êÄæ

Eci, kJ

Ñîäåðæàíèå, % ìàññ., ôðàêöèé, ìêì

Content, % by weight,

of fractions, �m
dm,
ìêì

dm, �m

COX ,
% îá.

COX ,
% by vol.

Ïîêàçàòåëè
âçðûâîîïàñíîñòè

Indicators
of explosion hazard

Èñòî÷íèê
ñâåäåíèé

Source of
information

<140 <100 <63 <32 <20
LEL, ã/ì3

LEL, g/m3

Ðmax, êÏà

Ðmax, kPa

Kst , ÌÏà·ì/ñ

Kst , MPa·m/s

1 1000 10 … … … 95 88 <10 COX,0 1000 50 0,1 [8]

2 1000 10 90 78 58 33 23 52 COX,0 … 10 0,0 *

3 20 2 … 100 96 69 51 19

COX,0 … 690 3,0

**18 … 20 0,6

17 … 10 0,0

* INBUREX, Germany, Möhnesee, 2017 ã.

** TÜV SÜD Schweiz AG, Swiss, Basel, 2017 ã.

Òàáëèöà 1. Ñâåäåíèÿ î ïîêàçàòåëÿõ âçðûâîîïàñíîñòè ìåëàìèíà

Table 1. Information on the indicators of explosion hazard of melamine
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Íà ïðàêòèêå, îäíàêî, íåðàâåíñòâî (8) ìîæåò íà-

ðóøàòüñÿ. Ýòî ïðîèñõîäèò âáëèçè êîíöåíòðàöèîí-

íîãî ïðåäåëà ðàñïðîñòðàíåíèÿ ïëàìåíè (äëÿ îïðå-

äåëåííîñòè LEL), ãäå ìîæíî ïîëó÷èòü çíà÷åíèÿ Pm,

êîòîðûå íàìíîãî ìåíüøå Pmin. Äàííûé ýôôåêò ìàëûõ

Pm èëëþñòðèðóåòñÿ íà ðèñ. 2 çàâèñèìîñòÿìè Pm(CD)

äëÿ áóðîãî óãëÿ, ïîëó÷åííûìè â [21] äëÿ ðàçëè÷íûõ

COX â 1000-ë êàìåðå ïðè íà÷àëüíîé òåìïåðàòóðå

àýðîâçâåñè îêîëî 420 Ê (150 °Ñ). Îòìåòèì, ÷òî îò-

íîñèòåëüíàÿ (ê âåëè÷èíå LEL) ïðîòÿæåííîñòü äèà-

ïàçîíà êîíöåíòðàöèé ãîðþ÷åãî �c , â ïðåäåëàõ êîòî-

ðîãî íå ñîáëþäàåòñÿ (8), ìîæåò äîñòèãàòü 0,5.

Ðàçóìíî ïðåäïîëîæèòü, ÷òî ýôôåêò ìàëûõ Pm

âáëèçè LEL îáúÿñíÿåòñÿ íåîäíîðîäíîñòüþ ðàñïðåäå-

ëåíèÿ ÷àñòèö ïî îáúåìó êàìåðû. Èññëåäîâàíèÿ ïðî-

ñòðàíñòâåííîãî ðàñïðåäåëåíèÿ êîíöåíòðàöèè ÷àñòèö

â êàìåðå ê ìîìåíòó çàæèãàíèÿ óêàçûâàþò íà ñóùå-

ñòâîâàíèå â àýðîâçâåñè çàìåòíûõ îáúåìîâ, â êîòîðûõ

ñðåäíÿÿ êîíöåíòðàöèÿ ïûëè îòëè÷àåòñÿ îò CD (ñðåä-

íåé êîíöåíòðàöèè ïûëè ïî îáúåìó âñåé êàìåðû) íà

äåñÿòêè ïðîöåíòîâ [22]. Â ñâÿçè ñ ýòèì åñòåñòâåííî

ïîëàãàòü, ÷òî äëÿ CD âáëèçè LEL ðàñïðîñòðàíåíèå

ïëàìåíè îõâàòûâàåò íå âñþ àýðîâçâåñü, à òîëüêî òó

åå íåïðåðûâíóþ ÷àñòü, â ïðåäåëàõ êîòîðîé ñîäåð-

æèòñÿ èñòî÷íèê çàæèãàíèÿ è ëîêàëüíàÿ êîíöåíò-

ðàöèÿ ïûëè ïðåâûøàåò LEL. Îòìåòèì, ÷òî â ïîëüçó

ïðàâîìåðíîñòè ïðåäïîëîæåíèÿ î âåäóùåé ðîëè íå-

îäíîðîäíîñòè ðàñïðåäåëåíèÿ ÷àñòèö ñâèäåòåëüñò-

âóåò ðåçêîå (íà ïîðÿäîê) óìåíüøåíèå �ñ ïðè çàìåíå

äèñïåðñíîãî ãîðþ÷åãî íà îäíîðîäíî ðàñïðåäåëåí-

íûé ãîðþ÷èé ãàç [23].

Ïðèáëèçèòåëüíóþ îöåíêó ìèíèìàëüíîãî çíà÷å-

íèÿ Pm ïðè ÷àñòè÷íîì âûãîðàíèè àýðîâçâåñè âáëèçè

LEL, íî ñ ñîõðàíåíèåì âîçìîæíîñòè íåîãðàíè÷åí-

íîãî ðàñïðîñòðàíåíèÿ ïëàìåíè ìîæíî âûïîëíèòü íà

îñíîâå òåîðèè ïðîòåêàíèÿ (percolation theory) [16].

Ýôôåêò òåîðèè ïðîòåêàíèÿ äåìîíñòðèðóåòñÿ ñëå-

äóþùèì îïûòîì. Êóáè÷åñêèé êîíòåéíåð ñ äâóìÿ

ïðîòèâîïîëîæíûìè ãðàíÿìè èç ïðîâîäÿùåãî ýëåêò-

ðè÷åñêèé òîê ìàòåðèàëà ñëó÷àéíûì îáðàçîì çàïîë-

íÿþò îäèíàêîâûìè øàðàìè äâóõ âèäîâ (èç ïðîâîäÿ-

ùåãî ýëåêòðè÷åñêèé òîê ìàòåðèàëà è èç äèýëåêòðèêà)

ñ äèàìåòðîì, íàìíîãî ìåíüøèì äëèíû ðåáðà êóáà.

Øàðû îáðàçóþò ñòðóêòóðó ñ ñèììåòðèåé êóáè÷åñêîé

ðåøåòêè. Ê óïîìÿíóòûì ãðàíÿì êóáà ïðèëàãàåòñÿ

ýëåêòðè÷åñêîå íàïðÿæåíèå. Òîê ìåæäó ýòèìè ãðà-

íÿìè âîçíèêàåò, êîãäà îòíîøåíèå ÷èñëà ïðîâîäÿùèõ

øàðîâ ê îáùåìó ÷èñëó øàðîâ ïðåâûøàåò 0,3. Äàëü-

íåéøåå óâåëè÷åíèå ÷èñëà ïðîâîäÿùèõ øàðîâ áûñò-

ðî ïðèáëèæàåò äîëþ òàêèõ øàðîâ, íàõîäÿùèõñÿ ïîä

ýëåêòðè÷åñêèì íàïðÿæåíèåì, ê åäèíèöå.

Â ðàìêàõ àíàëîãèè ñ îïèñàííûì îïûòîì ðàçóì-

íî ïîëàãàòü, ÷òî â êà÷åñòâå “ïðîâîäÿùåé ñòðóêòóðû”

â íåîäíîðîäíîé àýðîâçâåñè âûñòóïàþò ó÷àñòêè îáú-

åìà ñ ãîðþ÷åé (ò. å. ñïîñîáíîé ðàñïðîñòðàíÿòü ïëà-

ìÿ) àýðîâçâåñüþ. Êðèòè÷åñêèé (äëÿ ñêîëü óãîäíî

äàëåêîãî ðàñïðîñòðàíåíèÿ ïëàìåíè) îòíîñèòåëüíûé

îáúåì òàêèõ ó÷àñòêîâ äîëæåí ïðåâûøàòü 0,3. Ïðè-

ðîñò äàâëåíèÿ â êàìåðå äîëæåí ïðåâûøàòü òàêóþ æå

îòíîñèòåëüíóþ (ê ñëó÷àþ âûãîðàíèÿ âñåé àýðîâçâå-

ñè) âåëè÷èíó, ò. å.

Pm
* > 0,3Pmin � 100 êÏà,

îòêóäà ñëåäóåò, ÷òî âåëè÷èíà Pm
* â íîðìàõ ÑØÀ

(ñì. ââåäåíèå) èìååò áîëåå ðåàëèñòè÷íîå çíà÷åíèå,

÷åì â åâðîïåéñêèõ íîðìàõ, ïîýòîìó â ïîñëåäóþùåì

èçëîæåíèè ïîëàãàåì Pm
* = 100 êÏà.

Êà÷åñòâåííîå ïðåäñòàâëåíèå î õàðàêòåðå çàâè-

ñèìîñòè Pm(CD) âáëèçè òåîðåòè÷åñêîãî çíà÷åíèÿ ïðå-

äåëà (LEL0) â àýðîâçâåñè ñ ðàâíîìåðíûì è ðåàëüíûì

ðàñïðåäåëåíèåì ÷àñòèö ïî îáúåìó êàìåðû äàþò ãðà-

ôèêè íà ðèñ. 2. Äëÿ ñëó÷àÿ ðåàëüíîãî ðàñïðåäåëå-

íèÿ ÷àñòèö ãðàôèê õàðàêòåðèçóåò óñðåäíåííóþ ïî

äèàïàçîíó âîçìîæíûõ çíà÷åíèé âåëè÷èíó Pm.

Ïåðåéäåì ê óñëîâèÿì íàðóøåíèÿ íåðàâåíñòâà (9).

Çàâèñèìîñòè íà ðèñ. 3 äåìîíñòðèðóþò âûïîëíåíèå

ýòîãî íåðàâåíñòâà. Ïî ìíåíèþ àâòîðà, äëÿ îáíàðó-

æåíèÿ óñëîâèé íàðóøåíèÿ íåðàâåíñòâà (9) òðåáóåò-

ñÿ áîëåå òùàòåëüíîå èññëåäîâàíèå, ÷åì òî, êîòîðîå

âûïîëíåíî â [21]. Äëÿ îáîñíîâàíèÿ òàêîãî ìíåíèÿ

ïðèâîäÿòñÿ ñëåäóþùèå äîâîäû.

Çàâèñèìîñòè íà ðèñ. 3 ïîçâîëÿþò â êîîðäèíàòàõ

(COX, CD) ïîñòðîèòü ãðàíèöó, ðàçäåëÿþùóþ âçðûâî-

îïàñíûå àýðîâçâåñè áóðîãî óãëÿ îò íåâçðûâîîïàñ-

íûõ àýðîâçâåñåé. Òàêàÿ ãðàíèöà, ïîñòðîåííàÿ íà

îñíîâå êðèòåðèÿ (1) ñ Ðm
* = 100 êÏà, ïðåäñòàâëåíà

Ðèñ. 2. Êà÷åñòâåííîå ïðåäñòàâëåíèå çàâèñèìîñòåé ìàêñè-

ìàëüíîãî äàâëåíèÿ â êàìåðå Pm îò êîíöåíòðàöèè ïûëè CD

â àýðîâçâåñè ñ ðàâíîìåðíûì (– – – –) è ðåàëüíûì (——) ðàñ-

ïðåäåëåíèåì ÷àñòèö: 1 — âçðûâ; 2 — ëîêàëüíîå ãîðåíèå èñ-

òî÷íèêà çàæèãàíèÿ è àýðîâçâåñè (â îêðåñòíîñòè ïëàìåíè èñ-

òî÷íèêà çàæèãàíèÿ)

Fig. 2. A qualitative representation of the dependences of the ma-

ximum pressure in the chamber Pm on the dust concentration CD

in the dust/air mixture with a uniform (– – – –) and real (——)

particle distribution: 1 — explosion; 2 — local burning of the ig-

nition source and dust/air mixture (in the vicinity of the ignition

source flame)
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êðèâîé 1 íà ðèñ. 4. Íèæíÿÿ è âåðõíÿÿ âåòâè êðèâîé

îòâå÷àþò çàâèñèìîñòÿì ñîîòâåòñòâåííî LEL è UEL

îò COX. Ïóíêòèðíàÿ ÷àñòü êðèâîé 1 ïðåäñòàâëÿåò

ñîáîé ïîïûòêó àïïðîêñèìàöèè ãðàíèöû äëÿ äèàïà-

çîíà 11 % îá. < COX < 11,5 % îá., â êîòîðîì èññëåäî-

âàíèÿ [21] íå ïðîâîäèëèñü. Ðàçóìíî ïðåäïîëîæèòü,

÷òî èìåííî â ýòîì äèàïàçîíå íàðóøàåòñÿ íåðàâåí-

ñòâî (9), êîãäà ñ óìåíüøåíèåì COX ñ 11,5 % îá. äî

LOC1 âåëè÷èíà Pmax ðåçêî óìåíüøàåòñÿ ñ 340 äî

10 êÏà. Îáúÿñíåíèå ýòîãî ïðåäïîëîæåíèÿ ïðîâîäèò-

ñÿ ïî àíàëîãèè ñ îáúÿñíåíèåì ýôôåêòà ìàëûõ Pm â

îïûòàõ ïðè CD � LEL è ñîñòîèò â ñëåäóþùåì.

Â ñîîòâåòñòâèè ñ ôîðìîé êðèâîé 1 íà ðèñ. 4 ðàñ-

ïðîñòðàíåíèå ïëàìåíè ïî àýðîâçâåñè áóðîãî óãëÿ

ïðè êîíêðåòíîì çíà÷åíèè COX âîçìîæíî ëèøü â

îïðåäåëåííîì äèàïàçîíå êîíöåíòðàöèé ïûëè:

LEL(COX) < CD < UEL(COX). Ïîëàãàþò, ÷òî ïðè íå-

ðàâíîìåðíîì ðàñïðåäåëåíèè ïûëè ïî îáúåìó êà-

ìåðû ðàñïðîñòðàíåíèå ïëàìåíè çàòðîíåò òîëüêî òå

ó÷àñòêè àýðîâçâåñè, ëîêàëüíàÿ êîíöåíòðàöèÿ ïûëè

â êîòîðûõ ñîîòâåòñòâóåò ýòîìó äèàïàçîíó. Ïî ìåðå

ïðèáëèæåíèÿ COX ê LOC1 ðàñïðîñòðàíåíèå ïëàìå-

íè ïî àýðîâçâåñè ñòàíîâèòñÿ âîçìîæíûì âî âñå áî-

ëåå óçêîì äèàïàçîíå CD, à îáúåì àýðîâçâåñè, îõâà-

÷åííîé ïëàìåíåì, è, ñëåäîâàòåëüíî, Pmàõ ñòðåìÿòñÿ

ê íóëåâîìó çíà÷åíèþ.

Ïðîòÿæåííîñòü äèàïàçîíà COX, â ïðåäåëàõ êîòî-

ðîãî îæèäàåòñÿ ðåçêîå ñíèæåíèå Pmax àýðîâçâåñè,

äëÿ áóðîãî óãëÿ óäîâëåòâîðÿåò íåðàâåíñòâó

�COX < 0,5 % îá. (10)

Âûïîëíåíèå íåðàâåíñòâà (10) ïîäòâåðæäàþò òàê-

æå èññëåäîâàíèÿ çàâèñèìîñòè âçðûâîîïàñíîñòè èñ-

ïàíñêîãî ëèãíèòà îò íà÷àëüíîãî ñîäåðæàíèÿ êèñ-

ëîðîäà â 1000-ë êàìåðå ïðè íà÷àëüíîé òåìïåðàòóðå

293 Ê (20 °Ñ) [24]. Ãðàíèöà, ðàçäåëÿþùàÿ âçðûâî-

îïàñíûå àýðîâçâåñè ýòîé ïûëè îò íåâçðûâîîïàñíûõ,

ïðåäñòàâëåíà íà ðèñ. 4 êðèâîé 2. Ïóíêòèðíàÿ ÷àñòü

ýòîé êðèâîé ÿâëÿåòñÿ åñòåñòâåííîé àïïðîêñèìàöèåé

äëÿ äèàïàçîíà 15 % îá. < COX < 15,5 % îá., ñ êîòî-

ðûì â [24] íå ðàáîòàëè. Íà ãðàíèöàõ ýòîãî äèàïàçîíà

COX äëÿ Pmax ïîëó÷åíû çíà÷åíèÿ îêîëî 10 è 610 êÏà

ñîîòâåòñòâåííî.

Ñïðàâåäëèâîñòü (10) äëÿ áóðîãî óãëÿ è èñïàí-

ñêîãî ëèãíèòà, ó êîòîðûõ çíà÷åíèÿ LOC ñóùåñòâåííî

ðàçëè÷àþòñÿ (11 è 15 % îá. ñîîòâåòñòâåííî), ïîðîæ-

äàåò óâåðåííîñòü â âîçìîæíîñòè ðàñïðîñòðàíåíèÿ

äåéñòâèÿ (10) íà ìåëàìèí, ó êîòîðîãî LOC � COX,0.

Â äàëüíåéøåì áóäåì ïðåäïîëàãàòü, ÷òî �COX äëÿ

ìåëàìèíà òàêæå óäîâëåòâîðÿåò ïðàâèëó (10), õîòÿ

ìàëî÷èñëåííîñòü îïóáëèêîâàííûõ èññëåäîâàíèé çà-

âèñèìîñòè Pmax îò COX â 1000-ë êàìåðå íå ïîçâîëÿ-

åò íàçâàòü òàêîå îáîáùåíèå ñòàòèñòè÷åñêè îáîñíî-

âàííûì.

Î÷åâèäíî, ÷òî ïðîòÿæåííîñòü äèàïàçîíà COX,

â ïðåäåëàõ êîòîðîãî íàáëþäàþòñÿ ìàëûå çíà÷åíèÿ

Pmax, ìåíüøå �COX è, ñëåäîâàòåëüíî, íå ïðåâûøàåò

Ðèñ. 3. Çàâèñèìîñòü ìàêñèìàëüíîãî óâåëè÷åíèÿ äàâëåíèÿ Pm

â 1000-ë êàìåðå îò êîíöåíòðàöèè ïûëè áóðîãî óãëÿ CD ïðè

ðàçëè÷íîì íà÷àëüíîì ñîäåðæàíèè êèñëîðîäà â âîçäóõå, ðàç-

áàâëåííîì àçîòîì, % îá.: 1 — COX,0; 2 — 14; 3 — 12; 4 — 11,5;

5 — 11 [21]

Fig. 3. Dependence of the maximum increase in pressure Pm in

a 1000-l chamber on the concentration of dust of brown coal CD

at a different initial oxygen content in air diluted with nitrogen,

% by vol.: 1 — COX,0; 2 — 14; 3 — 12; 4 — 11,5; 5 — 11 [21]

Ðèñ. 4. Ãðàíèöà ìåæäó îáëàñòÿìè íåâçðûâîîïàñíûõ (A) è

âçðûâîîïàñíûõ (B) àýðîâçâåñåé áóðîãî óãëÿ (1) [21] è èñ-

ïàíñêîãî ëèãíèòà (2) [24]. Ñòðåëêè óêàçûâàþò êîîðäèíàòû

(CD, COX), îòâå÷àþùèå êîíöåíòðàöèè ïûëè CD, ïðè êîòîðîé

äëÿ çàäàííîãî â îïûòàõ ñîäåðæàíèÿ êèñëîðîäà COX â âîçäó-

õå ïîëó÷åíî ïðèâîäèìîå çíà÷åíèå ìàêñèìàëüíîãî äàâëåíèÿ

Pmax

Fig. 4. The boundary between the areas of non-explosive (A) and

explosive (B) brown coal (1) [21] and Spanish lignite (2) [24]

dust/air mixture. The arrows indicate the coordinates (CD, COX)

corresponding to the CD dust concentration, at which the maxi-

mum pressure Pmax is given for the COX oxygen content specified

in the experiments
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0,5 % îá. Îòñþäà ñ ó÷åòîì (4) âûòåêàþò ñëåäóþùèå

îãðàíè÷åíèÿ íà âåëè÷èíó LOC äëÿ ïûëåé ñ íèçêèì

óðîâíåì âçðûâîîïàñíîñòè:

COX,0 > LOC > COX,0 – 0,5. (11)

3. Àíàëèç ñâåäåíèé
î âçðûâîîïàñíîñòè ìåëàìèíà

3.1. Ðåçóëüòàòû, ïîëó÷åííûå â 1000-ë êàìåðå

Îáðàòèìñÿ ê íàäåæíûì ðåçóëüòàòàì èññëåäî-

âàíèÿ ìåëàìèíà â 1000-ë êàìåðå, ïðåäñòàâëåííûì

äâóìÿ ïåðâûìè ñòðîêàìè òàáë. 1. Ðàñ÷åò ïî ìåòîäàì,

èçëîæåííûì â [11], ïîêàçûâàåò, ÷òî îòëè÷èåì ðåàëü-

íûõ óñëîâèé îáðàùåíèÿ àýðîâçâåñè èññëåäóåìîé

ïûëè â 1000-ë êàìåðå îò íîðìàëüíûõ óñëîâèé ìîæ-

íî ïðåíåáðå÷ü: ïîâûøåíèå íà÷àëüíîé òåìïåðàòóðû

(ìåíåå 5 °Ñ) è íà÷àëüíîãî äàâëåíèÿ (ìåíåå 3 êÏà)

óêëàäûâàåòñÿ â äèàïàçîí âîçìîæíûõ èçìåíåíèé êîì-

íàòíîé òåìïåðàòóðû è àòìîñôåðíîãî äàâëåíèÿ.

Ðàññìîòðèì äàííûå òàáë. 1 äëÿ îáðàçöà ìåëà-

ìèíà ¹ 2 ñ dm = 52 ìêì. Äëÿ ýòîãî îáðàçöà ìåëàìèíà

Ðmax èìååò âåëè÷èíó, êîòîðàÿ â ïðåäåëàõ äîïóñòè-

ìîé òî÷íîñòè èçìåðåíèé (�10 êÏà [2]) ñîâïàäàåò c

îöåíêîé (7) äëÿ ñêà÷êà äàâëåíèÿ, âûçâàííîãî ñðàáà-

òûâàíèåì ÈÇ:�Pci � 3,2 êÏà. Òàêèì îáðàçîì, ðàçóì-

íî, íå ïðèáåãàÿ ê êðèòåðèþ (2), ïîëàãàòü, ÷òî îáðà-

çåö ¹ 2 îòíîñèòñÿ ê ÍÃÏ.

Ðàññìîòðèì äàííûå òàáë. 1 äëÿ îáðàçöà ¹ 1 ñ

dm < 10 ìêì. Äëÿ ýòîãî îáðàçöà Pmax = 50 êÏà. Ïî-

ñêîëüêó Pmax < Ðm
* = 100 êÏà, äàííûé îáðàçåö ìåëà-

ìèíà òàêæå îòíîñèòñÿ ê ÍÃÏ.

3.2. Ñðàâíåíèå ðåçóëüòàòîâ,
ïîëó÷åííûõ â 1000-ë è 20-ë êàìåðàõ

Ðàññìîòðèì òðè îáðàçöà ìåëàìèíà, èññëåäîâàâ-

øèõñÿ ïðè îäèíàêîâîì íà÷àëüíîì ñîäåðæàíèè êèñ-

ëîðîäà â âîçäóõå COX,0. Ñâåäåíèÿ î âçðûâîîïàñíîñòè

äàííûõ îáðàçöîâ ïðèâîäÿòñÿ â ïåðâûõ òðåõ ñòðîêàõ

òàáë. 1. Ïðèìåíèì ê äàííûì îáðàçöàì èçâåñòíîå ýì-

ïèðè÷åñêîå ïðàâèëî [8, 12], ñîãëàñíî êîòîðîìó âçðû-

âîîïàñíîñòü àýðîâçâåñè ëþáîãî êîíêðåòíîãî äèñ-

ïåðñíîãî ìàòåðèàëà ìîíîòîííî ñíèæàåòñÿ (ïî íà-

ïðàâëåíèþ ñòðåëîê) ñ óâåëè÷åíèåì ðàçìåðà ÷àñòèö:

îáðàçåö ¹ 1 
 îáðàçåö ¹ 3 
 îáðàçåö ¹ 2.

Äàííîå ïðàâèëî ðàñïðîñòðàíÿåòñÿ íå òîëüêî íà

çíà÷åíèÿ ïàðàìåòðà Pmax (óáûâàþò), íî è íà çíà-

÷åíèÿ òàêèõ ïàðàìåòðîâ, êàê LOC (ðàñòåò) èëè LEL

(ðàñòåò).

Ïîñêîëüêó â ðàññìàòðèâàåìîé ãðóïïå îáðàçöîâ

ìåëàìèíà äèñïåðñíîñòü îáðàçöà ¹ 3 çàíèìàåò ïðî-

ìåæóòî÷íîå çíà÷åíèå, èç óïîìÿíóòîãî ïðàâèëà ñëå-

äóåò, ÷òî ïàðàìåòð Pmax äëÿ àýðîâçâåñè ýòîãî îáðàç-

öà äîëæåí óäîâëåòâîðÿòü ñîîòíîøåíèþ

50 êÏà � Pmax � 10 êÏà. (12)

Ýòî îçíà÷àåò, ÷òî àýðîâçâåñü îáðàçöà ìåëàìèíà

¹ 3 äîëæíà îòíîñèòüñÿ ê íåâçðûâîîïàñíûì àýðî-

âçâåñÿì. Ñ ó÷åòîì (11) äëÿ àýðîâçâåñè îáðàçöà ¹ 3

äîëæíî âûïîëíÿòüñÿ íåðàâåíñòâî

LOC > COX,0 = (20,7�0,1) % îá. (13)

3.3. Ðåçóëüòàòû èññëåäîâàíèÿ
îáðàçöà ¹ 3 â 20-ë êàìåðå

3.3.1. Ñëó÷àé COX = COX,0

Ðåçóëüòàò èññëåäîâàíèÿ îáðàçöà ¹ 3 â 20-ë êàìå-

ðå ïðîòèâîðå÷èò âûâîäàì ïðåäûäóùåãî ïîäðàçäåëà,

äåìîíñòðèðóÿ âûñîêóþ âçðûâîîïàñíîñòü äàííîãî

îáðàçöà: Pmax = 690 êÏà. Ïîëó÷åííîå ðàñõîæäåíèå

îöåíîê âçðûâîîïàñíîñòè îáðàçöà ¹ 3 îáóñëîâëåíî

îñîáåííîñòÿìè ìåòîäèêè èñïûòàíèé ïûëè â 20-ë

êàìåðå. Â îòëè÷èå îò èñïûòàíèé â 1000-ë êàìåðå,

êîòîðûì ïîäâåðãàëèñü îáðàçöû ¹ 1 è 2, èñïûòàíèå

â 20-ë êàìåðå ïðîâîäèòñÿ ôàêòè÷åñêè ïðè ïîâûøåí-

íûõ (ïî îòíîøåíèþ ê P0 è T0) çíà÷åíèÿõ íà÷àëüíûõ

ïàðàìåòðîâ ñîñòîÿíèÿ àýðîâçâåñè [11]. Óâåëè÷åíèå

íà÷àëüíûõ çíà÷åíèé òåìïåðàòóðû è äàâëåíèÿ èññëå-

äóåìîé àýðîâçâåñè â 20-ë êàìåðå ïðèâîäèò ê ðîñòó

âçðûâîîïàñíîñòè àýðîâçâåñè, ÷òî è ïðîäåìîíñòðè-

ðîâàíî äàííûìè òàáë. 1.

Òàêèì îáðàçîì, ðåàëüíàÿ âçðûâîîïàñíîñòü îá-

ðàçöà ìåëàìèíà ¹ 3, îòâå÷àþùàÿ íîðìàëüíûì íà-

÷àëüíûì óñëîâèÿì èñïûòàíèÿ åãî àýðîâçâåñè, íàõî-

äèòñÿ â ñîîòâåòñòâèè ñ îöåíêàìè (12) è (13). Ðåçóëü-

òàòû èññëåäîâàíèÿ àýðîâçâåñè îáðàçöà ìåëàìèíà ¹ 3

â 20-ë êàìåðå èíòåðåñíû òåì, ÷òî ïîçâîëÿþò îöåíèòü

íà÷àëüíûå ïàðàìåòðû ñîñòîÿíèÿ àýðîâçâåñè ýòîãî

îáðàçöà, ïðè êîòîðûõ íàáëþäàåòñÿ îòìå÷åííûé âûøå

ïåðåõîä îò íåâçðûâîîïàñíîé àýðîâçâåñè ê àýðîâçâå-

ñè ñ âûñîêîé âçðûâîîïàñíîñòüþ. Íèæå ñ ýòîé öåëüþ

èñïîëüçóþòñÿ ðàñ÷åòíî-ýêñïåðèìåíòàëüíûå ìåòîäû

îïðåäåëåíèÿ óâåëè÷åíèÿ íà÷àëüíûõ çíà÷åíèé òåì-

ïåðàòóðû è äàâëåíèÿ èññëåäóåìîé àýðîâçâåñè â 20-ë

êàìåðå, ïðåäëîæåííûå â [11].

Äëÿ 20-ë êàìåðû, ðåêîìåíäîâàííîé ñòàíäàðòà-

ìè [2–5], ïåðâè÷íîå óâåëè÷åíèå íà÷àëüíîé òåìïå-

ðàòóðû àýðîâçâåñè ìåëàìèíà íà �T1 ïðîèñõîäèò ñ

ìîìåíòà íà÷àëà ðàñïûëåíèÿ ïîðîøêà â êàìåðå äî

ìîìåíòà ñðàáàòûâàíèÿ ÈÇ. Äàííîå óâåëè÷åíèå òåì-

ïåðàòóðû îáÿçàíî â îñíîâíîì ðàáîòå ïî âûòåñíå-

íèþ âîçäóõà èç ðåñèâåðà â îáúåì êàìåðû. Ýòó ðàáîòó

ñîâåðøàåò òà ÷àñòü ñæàòîãî âîçäóõà, êîòîðàÿ íå ïî-

êèäàåò ðåñèâåð. Îöåíêà �T1 èìååò âèä:
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Ê,

ãäå � — îòíîøåíèå òåïëîñîäåðæàíèé ôàç àýðî-

âçâåñè; � = cDCD �cV Ca;

cD, cV — ñðåäíÿÿ òåïëîåìêîñòü ñîîòâåòñòâåííî

ïûëè è âîçäóõà äëÿ ðàññìàòðèâàåìîãî äèàïàçîíà
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òåìïåðàòóð àýðîâçâåñè îò 298 äî 353 Ê (îò 25 äî

80 °Ñ); cD = 1230 Äæ/(êã·K); cV = 720 Äæ/(êã·K);

PR,0 — íà÷àëüíîå àáñîëþòíîå äàâëåíèå â ðåñè-

âåðå; PR,0 = 2100 êÏà;

VR — îáúåì ðåñèâåðà; VR = 0,6 ë;

Ca, CD — íà÷àëüíàÿ êîíöåíòðàöèÿ ñîîòâåòñòâåí-

íî âîçäóõà è ìåëàìèíà â àýðîâçâåñè, äëÿ êî-

òîðîé ïîëó÷åíî Pmax = 50 êÏà; Ca = 1,2 êã/ì3;

çíà÷åíèå CD íåèçâåñòíî, íî ñ ó÷åòîì âûñîêîãî

LEL = 1 êã/ì3 äëÿ ðàññìàòðèâàåìîãî îáðàçöà ¹ 3

ïðåäïîëàãàåì, ÷òî CD " 1,5 êã/ì3.

Äîïîëíèòåëüíîå ïîâûøåíèå òåìïåðàòóðû ñâå-

æåé àýðîâçâåñè íà �T2 âîçíèêàåò ïðè åå àäèàáàòè-

÷åñêîì ñæàòèè âî âðåìÿ ãîðåíèÿ ÈÇ è ëîêàëüíîãî

âûãîðàíèÿ âçâåøåííîé ïûëè â íåêîòîðîé îêðåñòíî-

ñòè ïëàìåíè ÈÇ. Îöåíêà �T2 èìååò âèä:
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(14)

ãäå ! — ïîêàçàòåëü àäèàáàòû äëÿ âîçäóõà; ! = 1,4;

P* — ìàêñèìàëüíîå ðåãèñòðèðóåìîå â îïûòàõ

äàâëåíèå â êàìåðå, ïðè êîòîðîì âçðûâ àýðîâçâå-

ñè íå ñîñòîÿëñÿ.

Èç ïðåäñòàâëåííûõ â òàáë. 2 äàííûõ ñëåäóåò, ÷òî

óâåëè÷åíèå òåìïåðàòóðû àýðîâçâåñè ïðè àäèàáàòè÷å-

ñêîì ñæàòèè äî èçáûòî÷íîãî äàâëåíèÿ Pm,20l � #$ êÏà

îêàçûâàåòñÿ íåäîñòàòî÷íûì äëÿ ïåðåõîäà àýðîâçâå-

ñè âî âçðûâîîïàñíîå ñîñòîÿíèå. Ïîäñòàâëÿÿ â (14)

P* = 50 êÏà è � = 0,72 (äëÿ CD = 500 ã/ì3), ïîëó÷èì

�T2 = 15 Ê. Òàêèì îáðàçîì, àýðîâçâåñü îáðàçöà ìå-

ëàìèíà ¹ 3 äëÿ ðàññìàòðèâàåìûõ êîíöåíòðàöèé ãî-

ðþ÷åãî íå âçðûâàåòñÿ ïðè äàâëåíèè P = 50 êÏà è

òåìïåðàòóðå T = T0 + �T1 + �T2 = 323 Ê (èëè 50 °Ñ).

Îïûò, îòâå÷àþùèé êðèâîé 2 íà ðèñ. 5, ïðèâîäèò

ê çíà÷åíèþ Pm,cal > Pmax
* è îòíîñèòñÿ ê ñëó÷àþ âçðû-

âà àýðîâçâåñè. Èìåÿ åäèíñòâåííûé îïûò ñî âçðûâîì

àýðîâçâåñè, öåëåñîîáðàçíî âåðõíåé îöåíêîé P* ñ÷è-

òàòü óðîâåíü äàâëåíèÿ 60 êÏà (ïóíêòèð íà ðèñ. 5),

êîòîðîìó ñîîòâåòñòâóåò ïåðâûé ïåðåãèá ãðàôèêà P(t).

Äî ýòîãî óðîâíÿ âòîðàÿ ïðîèçâîäíàÿ çàâèñèìîñòè

P(t) îòðèöàòåëüíà, ÷òî õàðàêòåðíî äëÿ îïûòîâ, â êî-

òîðûõ âçðûâ àýðîâçâåñè îòñóòñòâîâàë (êðèâûå 1 è 3

íà ðèñ. 5). Ñ ïðåâûøåíèåì óðîâíÿ 60 êÏà âîçíèêàåò

óñêîðåííûé ðîñò P(t), õàðàêòåðíûé äëÿ ñëó÷àÿ âçðû-

âà. Ïîäñòàâëÿÿ â (14) P* = 60 êÏà è � = 0,72, ïîëó-

÷èì �T2 = 26 Ê. Òàêèì îáðàçîì, àýðîâçâåñü îáðàçöà

ìåëàìèíà ¹ 3 ïðè êîíöåíòðàöèè ãîðþ÷åãî 500 ã/ì3,

äàâëåíèè 50 êÏà è òåìïåðàòóðå T0 +�T1 +�T2 = 334 Ê

(èëè 61 °Ñ) îòíîñèòñÿ ê àýðîâçâåñÿì ñ âûñîêîé âçðû-

âîîïàñíîñòüþ.

Ñîãëàñíî [11] âëèÿíèå íà LOC óâåëè÷åíèÿ íà-

÷àëüíîãî äàâëåíèÿ ìîæåò èìåòü ðàçëè÷íûå çíàêè,

íî íå ïðåâûøàåò âëèÿíèÿ, êîòîðîå áóäåò îêàçûâàòü

(ïðè íåèçìåííîì äàâëåíèè) äîïîëíèòåëüíîå óâåëè-

÷åíèå íà÷àëüíîé òåìïåðàòóðû íà�T3 =0,25�T2 =7Ê.

Ïàðàìåòð

Parameter

Çíà÷åíèå ÑÎÕ , % îá. / Value COX , % by vol.

COX,0 18 17

ïðè CD , ã/ì3 / at CD , g/m3

30 60 125 250 500 750 1000 125 250 500 125 250 500

Pm,20l, êÏà

Pm,20l, kPa … … … 50 670 50 … … 50 50 … … …

Pm,cal, êÏà

Pm,cal, kPa 0 0 0 10 690 10 0 0 20 10 10 10 0

Ï ð è ì å ÷ à í è å . Âçðûâîîïàñíîñòü îáðàçöà ¹ 3 ìîæåò ïðîÿâèòüñÿ ïðè ýíåðãîåìêîì (10 êÄæ) ÈÇ.

N o t e . Explosibility of sample No. 3 can occur with 10 kJ ignition source.

Òàáëèöà 2. Ðåçóëüòàòû èñïûòàíèé îáðàçöà ìåëàìèíà ¹ 3 â 20-ë êàìåðå ñ ó÷åòîì (6) (ïî äàííûì TÜV SÜD Schweiz AG)

Table 2. Test results of melamine sample No. 3 in a 20-liter chamber, taking into account (6) (according to TÜV SÜD Schweiz AG)

Ðèñ. 5. Çàâèñèìîñòü èçáûòî÷íîãî äàâëåíèÿ P â 20-ë êàìåðå

îò âðåìåíè t ïðè íà÷àëüíîì ñîäåðæàíèè êèñëîðîäà â âîçäóõå

COX = 20,8 % îá. äëÿ òðåõ êîíöåíòðàöèé ìåëàìèíà CD â àýðî-

âçâåñè: 1 — 250 ã/ì3; 2 — 500 ã/ì3; 3 — 750 ã/ì3 (ïî äàííûì

TÜV SÜD Schweiz AG)

Fig. 5. Dependence of overpressure P in the 20-l chamber on

the time t with the initial oxygen content in the air COX = 20.8 %

by vol. for three concentrations of melamine CD in dust/air mix-

ture: 1 — 250 g/m3; 2 — 500 g/m3; 3 — 750 g/m3 (Data provided

by TÜV SÜD Schweiz AG)
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Ñëåäîâàòåëüíî, â ðàìêàõ êîíñåðâàòèâíîãî ïðè-

áëèæåíèÿ ñëåäóåò îæèäàòü, ÷òî ïðè àáñîëþòíîì äàâ-

ëåíèè 100 êÏà è îáû÷íîì ñîäåðæàíèè êèñëîðîäà â

âîçäóõå COX,0 àýðîâçâåñü îáðàçöà ìåëàìèíà ¹ 3 áó-

äåò çàâåäîìî âçðûâîîïàñíîé, åñëè åå òåìïåðàòóðà

ïðåâûñèò T0 + �T1 + �T2 + �T3 = 341 Ê (èëè 68 °Ñ).

Ïðåíåáðåãàÿ ñëàáûì âëèÿíèåì äàâëåíèÿ íà âçðû-

âîîïàñíîñòü àýðîâçâåñè, îòìåòèì â çàâåðøåíèå ñëå-

äóþùåå âàæíîå îáñòîÿòåëüñòâî. Ïîâûøåíèå òåìïå-

ðàòóðû äî 50 °Ñ (â ðåçóëüòàòå ñîâìåñòíîãî âëèÿíèÿ

ðàñïûëåíèÿ è àäèàáàòè÷åñêîãî ñæàòèÿ) îêàçàëîñü

íåäîñòàòî÷íûì äëÿ ïåðåõîäà íåâçðûâîîïàñíîé àýðî-

âçâåñè ìåëàìèíà â ñîñòîÿíèå âçðûâîîïàñíîé àýðî-

âçâåñè. Â òî æå âðåìÿ ïîâûøåíèå òåìïåðàòóðû äî

61…68 °Ñ ïåðåâîäèò íåâçðûâîîïàñíóþ àýðîâçâåñü

ìåëàìèíà â àýðîâçâåñü ñ âûñîêîé âçðûâîîïàñíîñòüþ.

3.3.2. Ñëó÷àé COX < COX,0

Ñ ó÷åòîì âûâîäîâ ï. 3.3.1 è ïðàâèëà (10) äëÿ àýðî-

âçâåñè îáðàçöà ìåëàìèíà ¹ 3 ñïðàâåäëèâî ñîîòíî-

øåíèå (11). Â ñâÿçè ñ ýòèì ðåçóëüòàòû èññëåäîâàíèé,

ïîäòâåðæäàþùèå âçðûâîîïàñíîñòü äàííîãî îáðàçöà

ïðè íà÷àëüíîì ñîäåðæàíèè êèñëîðîäà â àýðîâçâåñè

íèæå 20,2 % îá., ÿâëÿþòñÿ îøèáî÷íûìè. Â ÷àñò-

íîñòè, çàêëþ÷åíèå ñïåöèàëèñòîâ ôèðìû TÜV SÜD

Schweiz AG î òîì, ÷òî äëÿ îáðàçöà ìåëàìèíà ¹ 3 â

ñîîòâåòñòâèè ñ äàííûìè òàáë. 1 LOC = 17 % îá., ÿâ-

ëÿåòñÿ îøèáî÷íûì. Èìåþòñÿ ñëåäóþùèå äâå ïðè-

÷èíû òàêîé îøèáêè.

1. Äëÿ ïûëè ñ íèçêîé âçðûâîîïàñíîñòüþ íåëüçÿ

èñïîëüçîâàòü ôîðìàëüíûé êðèòåðèé âçðûâà àýðî-

âçâåñè â 20-ë êàìåðå âèäà (1) ñ Pm
* = 30 êÏà. Ñîîò-

âåòñòâåííî, íåëüçÿ äëÿ ýòîé ïûëè ïîëüçîâàòüñÿ ïðà-

âèëîì (6) ïðè êîððåêòèðîâêå ðåçóëüòàòà èññëåäî-

âàíèÿ.

2. Èññëåäîâàíèå â 20-ë êàìåðå ïðîèñõîäèò ïðè ïî-

âûøåííûõ çíà÷åíèÿõ íà÷àëüíîé òåìïåðàòóðû àýðî-

âçâåñè è äàâëåíèÿ âîçäóõà, êîòîðûå ïðèâîäÿò ê ðîñòó

âçðûâîîïàñíîñòè ïûëè. Ïðè ýòîì âîçìîæíî âîçíèê-

íîâåíèå êà÷åñòâåííîé îøèáêè, êîãäà íåâçðûâîîïàñ-

íàÿ ïðè íîðìàëüíûõ íà÷àëüíûõ óñëîâèÿõ âçâåøåí-

íàÿ ïûëü áóäåò ïî ðåçóëüòàòàì èññëåäîâàíèé â 20-ë

êàìåðå êëàññèôèöèðîâàíà êàê ïûëü ñ âûñîêîé âçðû-

âîîïàñíîñòüþ.

4. Îáñóæäåíèå ðåçóëüòàòîâ

Íåêîòîðûå ðåçóëüòàòû äàííîé ðàáîòû, èçëîæåí-

íûå â ïðåäûäóùèõ ðàçäåëàõ, ïî ìíåíèþ àâòîðà, íå-

òðèâèàëüíû è íóæäàþòñÿ â ïîÿñíåíèÿõ ëèáî â ïî-

ïûòêå îáúÿñíåíèÿ, êîòîðûå ïðèâîäÿòñÿ â íàñòîÿùåì

ðàçäåëå.

4.1. Ñîãëàñíî ñïðàâî÷íûì äàííûì (ñì. ïîä-

ðàçä. 1.1) ìåëàìèí èìååò çíà÷èòåëüíóþ òåïëîòó

ñãîðàíèÿ è â ñîîòâåòñòâèè ñ ýìïèðè÷åñêèìè ïðàâè-

ëàìè [20] àýðîâçâåñü ìåëêîäèñïåðñíîãî îáðàçöà

(dm < 10 ìêì) äîëæíà îáëàäàòü âûñîêîé âçðûâî-

îïàñíîñòüþ (Pmax) è íèçêèì ðàñ÷åòíûì çíà÷åíèåì

LEL (îêîëî 0,1 êã/ì3). Îäíàêî â äåéñòâèòåëüíîñòè

ýòîãî íå íàáëþäàåòñÿ (ñì. òàáë. 1).

Ïî ìíåíèþ àâòîðà, èñêëþ÷åíèå ìåëàìèíà èç îá-

ùèõ ïðàâèë ìîæíî îáúÿñíèòü ñïåöèôèêîé åãî òåð-

ìè÷åñêîãî ðàçëîæåíèÿ, êîòîðîå îïèñûâàåòñÿ ðåàê-

öèåé (5). Èç äâóõ ïðîäóêòîâ ðàçëîæåíèÿ ìåëàìèíà

ðåàëüíîå ó÷àñòèå â ðåàêöèè ãîðåíèÿ ïðèíèìàåò òîëü-

êî àììèàê, íà êîòîðûé ïðèõîäèòñÿ îêîëî 25 % îò

âñåãî çàïàñà õèìè÷åñêîé ýíåðãèè èñõîäíîãî ìåëà-

ìèíà. Âòîðîé ïðîäóêò ðàçëîæåíèÿ ìåëàìèíà, ïðåä-

ñòàâëÿþùèé ñîáîé òåðìîñòàáèëüíûé ïîëèìåð

(C3N4)n, ëèáî íå ó÷àñòâóåò â ðåàêöèè ãîðåíèÿ, ëèáî

ó÷àñòâóåò, íî ñ òàêèì îïîçäàíèåì, ïðè êîòîðîì ýòî

ó÷àñòèå íå äàåò ñóùåñòâåííîãî âêëàäà â ìåõàíèçì

ñàìîïîääåðæèâàþùåãîñÿ äâèæåíèÿ ïëàìåíè ïî

àýðîâçâåñè ìåëàìèíà. Ïîäîáíûé ìåõàíèçì ÷àñòè÷-

íîãî ó÷àñòèÿ ãîðþ÷åé ìàññû äèñïåðñíîãî ìàòåðèà-

ëà âî âçðûâå íå óíèêàëåí è îòìå÷àåòñÿ, íàïðèìåð,

äëÿ óãîëüíîé ïûëè, ãîðåíèå êîòîðîé â óñëîâèÿõ ïû-

ëåâîãî âçðûâà îãðàíè÷èâàåòñÿ â îñíîâíîì ëåòó÷åé

ñîñòàâëÿþùåé [12].

Ãèïîòåçà îá ó÷àñòèè â ãîðåíèè àýðîâçâåñè òîëü-

êî àììèà÷íîé ñîñòàâëÿþùåé ïðîäóêòîâ ðàçëîæåíèÿ

ìåëàìèíà â ñîîòâåòñòâèè ñ ýìïèðè÷åñêèìè ïðàâè-

ëàìè [20] ïðèâîäèò ê çíà÷åíèþ LELïîðÿäêà 0,4 êã/ì3.

Ïîñêîëüêó òàêîå çíà÷åíèå LEL ïîäòâåðæäàåòñÿ ðå-

çóëüòàòàìè èññëåäîâàíèÿ ìåëàìèíà â 1000-ë è 20-ë

êàìåðàõ (ñì. òàáë. 1 è 2), âûñêàçàííàÿ ãèïîòåçà ïî-

ëó÷àåò ýêñïåðèìåíòàëüíîå ïîäòâåðæäåíèå. Äîïîëíè-

òåëüíàÿ òåðìîäèíàìè÷åñêàÿ îöåíêà äàâëåíèÿ âçðû-

âà àýðîâçâåñè ìåëàìèíà ñ êîíöåíòðàöèåé 500 êã/ì3

â 20-ë êàìåðå ïîêàçûâàåò, ÷òî ó÷àñòèå âòîðîãî êîì-

ïîíåíòà ðàçëîæåíèÿ ìåëàìèíà (C3N4)n â óâåëè÷åíèè

äàâëåíèÿ âçðûâà ñîñòàâëÿåò íå áîëåå 20 % ìàññ.

4.2. Èñïîëüçîâàííûé â íàñòîÿùåé ðàáîòå ïîä-

õîä [11] ê îöåíêå íèçêîé âçðûâîîïàñíîñòè ïûëè ñ

èñïîëüçîâàíèåì ïàðàìåòðà �OX (4) íàçâàí áîëåå ñî-

âåðøåííûì ïî ñðàâíåíèþ ñ ïîäõîäîì [9, 10], èñ-

ïîëüçóþùèì êðèòåðèé (3). Ýòî îáúÿñíÿåòñÿ òåì, ÷òî

íåîïðåäåëåííàÿ â êðèòåðèè (3) âåëè÷èíà Kst
* ìîæåò

áûòü ðàññ÷èòàíà â ÿâíîì âèäå íà îñíîâå ðåçóëüòà-

òîâ, ïîëó÷åííûõ â [11].

Ñõåìà ðàñ÷åòà èëëþñòðèðóåòñÿ ãåîìåòðè÷åñêè-

ìè ïîñòðîåíèÿìè íà ðèñ. 6. Ãðàôèê Kst(COX) èìååò

âèä ëó÷à, áåðóùåãî íà÷àëî â òî÷êå íà îñè COX , îò-

âå÷àþùåé çíà÷åíèþ LOC [12]. Ïðè íîðìàëüíûõ íà-

÷àëüíûõ óñëîâèÿõ èñïûòàíèé ãðàôèê Kst(COX) äëÿ

íåâçðûâîîïàñíîé àýðîâçâåñè (1) ïîëíîñòüþ ðàñïî-

ëîæåí â îáëàñòè COX > COX,0. Óâåëè÷åíèå íà÷àëüíûõ

çíà÷åíèé òåìïåðàòóðû è äàâëåíèÿ ïðèâîäèò ê ïà-

ðàëëåëüíîìó îñè COX ñìåùåíèþ äàííîãî ãðàôèêà â

ñòîðîíó, óêàçàííóþ ñòðåëêàìè (ñ ó÷åòîì ìàëûõ

èçìåíåíèé äàâëåíèÿ è òåìïåðàòóðû óãîë % ïðåä-

ïîëàãàåòñÿ ïîñòîÿííûì, à âëèÿíèå íà èçìåíåíèå
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LOC — ëèíåéíûì). Ñìåùåíèå ïðèâîäèò ê òîìó, ÷òî

LOC(T, P) îïóñêàåòñÿ íèæå COX,0, è àýðîâçâåñü ñòà-

íîâèòñÿ âçðûâîîïàñíîé. Äëÿ òàêîé àýðîâçâåñè çíà-

÷åíèå èíäåêñà âçðûâîîïàñíîñòè, îòâå÷àþùåãî COX,0,

ñîïîñòàâèìî ñ âåëè÷èíîé Kst
* .

Â ðàìêàõ ïðèíÿòûõ äîïóùåíèé è ñ ó÷åòîì ñîîò-

íîøåíèÿ ìåæäó âëèÿíèåì �T è �P íà LOC [11] ïî-

ëó÷èì:

K T
T

P
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LOC d
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ãäå �T, �P — èçìåíåíèå íà÷àëüíûõ çíà÷åíèé òåì-

ïåðàòóðû è äàâëåíèÿ èññëåäóåìîé àýðîâçâåñè â

ïðîöåññå èñïûòàíèé ïî êîíêðåòíîé ìåòîäèêå (íà-

ïðèìåð, â 20-ë êàìåðå Bureau of Mines [9] èëè â

20-ë êàìåðå R. Siwek [10]);�T = T – T0,�P = P – P0;

�
'
'

�
�
�

�
�
�

LOC

T P

� 2·10–2 % îá./K;

d

d

K

C

st

OX

— íàêëîí çàâèñèìîñòè Kst(COX) â îáëàñ-

òè COX > LOC.

4.3. Ìàëàÿ ïðîòÿæåííîñòü äèàïàçîíà COX, îòâå-

÷àþùåãî àýðîâçâåñÿì ñ íèçêîé âçðûâîîïàñíîñòüþ

(ñëåäóåò äîïóñêàòü, ÷òî ýòà ïðîòÿæåííîñòü áûâàåò

çàìåòíî ìåíüøå 0,5 % îá.), ñâèäåòåëüñòâóåò î ïðèí-

öèïèàëüíîé ðîëè ðàâíîìåðíîãî ðàñïðåäåëåíèÿ êèñ-

ëîðîäà ïî îáúåìó êàìåðû. Ðàçóìíî ïðåäïîëîæèòü,

÷òî òàêàÿ ðîëü îáóñëîâëåíà ñóùåñòâîâàíèåì ïðåäå-

ëà (ïî COX) äëÿ ãîðåíèÿ îäèíî÷íîé ÷àñòèöû.

Â ïîëüçó ïðåäïîëîæåíèÿ î ìèêðîñêîïè÷åñêîé

ïðèðîäå âåëè÷èíû LOC ñâèäåòåëüñòâóåò áëèçîñòü

çíà÷åíèé ýòîãî ïàðàìåòðà, ïîëó÷åííûõ äëÿ àýðî-

âçâåñè îäíîãî è òîãî æå îáðàçöà ïûëè â êàìåðàõ ðàç-

ëè÷íîãî îáúåìà è êîíñòðóêöèè [12].

Ìàëàÿ ïðîòÿæåííîñòü äèàïàçîíà COX äîëæíà ó÷è-

òûâàòüñÿ ïðè îáåñïå÷åíèè âçðûâîáåçîïàñíîñòè ïðåä-

ïðèÿòèé, íà êîòîðûõ îáðàùàåòñÿ íåâçðûâîîïàñíàÿ

àýðîâçâåñü, èìåþùàÿ LOC � COX,0. Ïðè âåñüìà íåçíà-

÷èòåëüíîì íàãðåâå òàêîé àýðîâçâåñè (íà 10…20 °Ñ)

ïðîèñõîäèò åå ïåðåõîä â àýðîâçâåñü ñ âûñîêîé âçðû-

âîîïàñíîñòüþ (ñ Pmax >> 100 êÏà).

Çàêëþ÷åíèå

Ñëåäóåò îæèäàòü, ÷òî âçðûâ àýðîâçâåñè ïðè ñòàí-

äàðòíûõ èñïûòàíèÿõ â êàìåðàõ îáúåìîì 20 è 1000 ë

ñîïðîâîæäàåòñÿ ñêà÷êîì äàâëåíèÿ, ïðåâûøàþùèì

100 êÏà.

Äëÿ àýðîâçâåñè ñ íèçêîé âçðûâîîïàñíîñòüþ, ò. å.

èìåþùåé ìàêñèìàëüíîå äàâëåíèå âçðûâà Pmax ïî-

ðÿäêà 100 êÏà, ìèíèìàëüíîå âçðûâîîïàñíîå ñîäåð-

æàíèå êèñëîðîäà (LOC) ïðåâûøàåò 20,2 % îá. Äëÿ

òàêîé àýðîâçâåñè íåëüçÿ èñïîëüçîâàòü ïðàâèëî åâ-

ðîïåéñêèõ è àìåðèêàíñêèõ ñòàíäàðòîâ ïî êîððåêòè-

ðîâêå ðåçóëüòàòà îïðåäåëåíèÿ Pmax â 20-ë êàìåðå ñ

öåëüþ ïðèâåñòè ýòîò ðåçóëüòàò â ñîîòâåòñòâèå ñ îæè-

äàåìûì ðåçóëüòàòîì èññëåäîâàíèÿ â 1000-ë êàìåðå.

Íåëüçÿ òàêæå èñïîëüçîâàòü ïðåäëàãàåìûé åâðîïåé-

ñêèìè ñòàíäàðòàìè ôîðìàëüíûé êðèòåðèé âçðûâà

àýðîâçâåñè íà îñíîâå òðåáîâàíèÿ î ïðåîäîëåíèè ïî-

ðîãîâîãî çíà÷åíèÿ äàâëåíèÿ, ðàâíîãî 30 êÏà.

Àíàëèç èçâåñòíûõ ðåçóëüòàòîâ èññëåäîâàíèÿ

àýðîâçâåñåé òðåõ îáðàçöîâ ìåëàìèíà ñî ñðåäíèì

ðàçìåðîì ÷àñòèö dm ñîîòâåòñòâåííî ìåíåå 10, 19 è

52 ìêì ïîêàçàë, ÷òî ïðè íîðìàëüíûõ óñëîâèÿõ (àá-

ñîëþòíîì äàâëåíèè P0 = 100 êÏà, òåìïåðàòóðå T0 =

= 25 °Ñ) è ñîäåðæàíèè êèñëîðîäà â âîçäóõå COX,0 =

= (20,7�0,1) % îá. äàííûå àýðîâçâåñè ÿâëÿþòñÿ íå-

âçðûâîîïàñíûìè. Â ñâÿçè ñ ýòèì ðåçóëüòàòû èññëåäî-

âàíèÿ àýðîâçâåñè îáðàçöà ìåëàìèíà ñ dm = 19 ìêì

ñïåöèàëèñòàìè TÜV SÜD Schweiz AG, Swiss, Basel

â 20-ë êàìåðå Ð. Ñèâåêà, ñîãëàñíî êîòîðûì ïîëó÷åíî

çíà÷åíèå LOC = 17 % îá., ñëåäóåò ïðèçíàòü îøèáî÷-

íûìè. Îøèáî÷íûì òàêæå ÿâëÿåòñÿ óòâåðæäåíèå ýòèõ

ñïåöèàëèñòîâ î òîì, ÷òî àýðîâçâåñü îáðàçöà ìåëà-

ìèíà ñ dm = 19 ìêì ìîæåò ïðîÿâèòü ñåáÿ êàê àýðî-

âçâåñü c âûñîêîé âçðûâîîïàñíîñòüþ ïðè óñëîâèè åå

âîñïëàìåíåíèÿ èñòî÷íèêîì çàæèãàíèÿ ñ áîëüøèì

çàïàñîì ýíåðãèè (10 êÄæ).

Àýðîâçâåñü îáðàçöà ìåëàìèíà ñ dm = 19 ìêì ïå-

ðåõîäèò â ñîñòîÿíèå àýðîâçâåñè ñ âûñîêîé âçðûâî-

îïàñíîñòüþ (Pmax >> 100 êÏà) ïðè íàãðåâå. Ñëåäóåò

îæèäàòü, ÷òî òàêîé ïåðåõîä çàâåäîìî ïðîèçîéäåò

Ðèñ. 6. Çàâèñèìîñòè èíäåêñà âçðûâîîïàñíîñòè Kst îò ñî-

äåðæàíèÿ êèñëîðîäà â âîçäóõå COX âáëèçè òèïè÷íîãî äëÿ

àòìîñôåðíîãî âîçäóõà çíà÷åíèÿ ïàðàìåòðà (COX,0) äëÿ àýðî-

âçâåñè, íåâçðûâîîïàñíîé ïðè íîðìàëüíûõ óñëîâèÿõ (1), è äëÿ

òîé æå àýðîâçâåñè ïðè ïîâûøåííûõ çíà÷åíèÿõ òåìïåðàòó-

ðû Ò è äàâëåíèÿ P (2)

Fig. 6. Dependences of the explosion index Kst on the oxygen

content in air COX near the typical value for atmospheric air of

the parameter value (COX,0) for dust/air mixture, non-explosive

under normal conditions (1), and for the same dust/air mixture

with elevated temperatures T and pressure P (2)
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ïðè óâåëè÷åíèè òåìïåðàòóðû àýðîâçâåñè äî 68 °Ñ.

Âàæíîñòü äàííîãî ðåçóëüòàòà îáóñëîâëåíà òåì, ÷òî

â ïðîèçâîäñòâå äèñïåðñíîãî ìåëàìèíà äîïóñêàåòñÿ

òðàíñïîðòèðîâêà ãîòîâîãî ïðîäóêòà âîçäóõîì ñ òåì-

ïåðàòóðîé ñâûøå 100 °Ñ.

Òåìïåðàòóðà, ïðè êîòîðîé àýðîâçâåñü ìåëàìèíà

ñ dm = 52 ìêì ïåðåõîäèò â ñîñòîÿíèå àýðîâçâåñè ñ

âûñîêîé âçðûâîîïàñíîñòüþ, âûøå, ÷åì äëÿ îáðàçöà

ìåëàìèíà ñ dm = 19 ìêì. Äëÿ óòî÷íåíèÿ òåìïåðàòó-

ðû òàêîãî ïåðåõîäà òðåáóåòñÿ ïðîâåäåíèå äîïîëíè-

òåëüíûõ èññëåäîâàíèé.

Ñëåäóåò îæèäàòü, ÷òî íåâçðûâîîïàñíàÿ àýðî-

âçâåñü, ó êîòîðîé LOC � COX,0, ïðè íàãðåâå íà

10…20 °Ñ ïåðåõîäèò â àýðîâçâåñü ñ âûñîêîé âçðû-

âîîïàñíîñòüþ.

Ïåðå÷åíü èñïîëüçîâàííûõ ñîêðàùåíèé
è îñíîâíûõ îáîçíà÷åíèé

ÂÃÏ (ÍÃÏ) — âçðûâîîïàñíàÿ (íåâçðûâîîïàñíàÿ) ãî-

ðþ÷àÿ ïûëü;

ÈÇ — èñòî÷íèê çàæèãàíèÿ;

CD — êîíöåíòðàöèÿ ïûëè â àýðîâçâåñè;

COX (�COX) — êîíöåíòðàöèÿ (äèàïàçîí êîíöåíòðà-

öèé) êèñëîðîäà â âîçäóõå;

COX,0 — êîíöåíòðàöèÿ êèñëîðîäà â àòìîñôåðíîì

âîçäóõå;

�OX — COX,0 – LOC;

dm — ñðåäíèé ðàçìåð ÷àñòèö ïûëè;

Eci — ýíåðãèÿ èñòî÷íèêà çàæèãàíèÿ;

Km — (dP/dt)mV 1/3;

Kst — íàèáîëüøåå çíà÷åíèå Km â îïûòàõ ñ ðàçëè÷-

íûìè CD;

Kst
* — ìèíèìàëüíîå çíà÷åíèå Kst â îïûòàõ ñî âçðû-

âîì àýðîâçâåñè;

LOC — ìèíèìàëüíîå âçðûâîîïàñíîå ñîäåðæàíèå

êèñëîðîäà â âîçäóõå;

LEL (UEL) — íèæíèé (âåðõíèé) êîíöåíòðàöèîí-

íûé ïðåäåë âçðûâà;

P — èçáûòî÷íîå äàâëåíèå â êàìåðå;

P* — ìàêñèìàëüíîå çíà÷åíèå P â îïûòàõ áåç âçðûâà

àýðîâçâåñè;

Pm, (dP/dt)m — ìàêñèìóì çàâèñèìîñòåé P(t) è (dP/dt)

â åäèíè÷íîì îïûòå;

Pm
* — ìèíèìàëüíîå çíà÷åíèå Pm ïðè âçðûâå àýðî-

âçâåñè;

Pi — çíà÷åíèå P ê ìîìåíòó èíèöèèðîâàíèÿ ÈÇ;

Pmax — íàèáîëüøåå èç çíà÷åíèé Pm â îïûòàõ ñ ðàç-

ëè÷íûìè CD;

Pc0 — íà÷àëüíîå çíà÷åíèå P;

Pci — èçìåíåíèå P ïðè ñðàáàòûâàíèè ÈÇ â îòñóòñò-

âèå ïûëè;

P0, T0 — íîðìàëüíûå çíà÷åíèÿ àáñîëþòíîãî äàâëå-

íèÿ è òåìïåðàòóðû;

t — âðåìÿ ñ ìîìåíòà íà÷àëà ñîçäàíèÿ àýðîâçâåñè â

êàìåðå;

tci — ìîìåíò èíèöèèðîâàíèÿ ÈÇ;

tr — ìîìåíò âûðàâíèâàíèÿ äàâëåíèÿ â ñèñòåìå êà-

ìåðà – ðåñèâåð;

T — òåìïåðàòóðà â êàìåðå;

Tmin — îæèäàåìàÿ ìèíèìàëüíàÿ òåìïåðàòóðà ãîðå-

íèÿ àýðîâçâåñè;

�T1 — ïðèðîñò òåìïåðàòóðû â êàìåðå âî âðåìÿ ðàñ-

ïûëåíèÿ ïîðîøêà;

�T2 — ïðèðîñò òåìïåðàòóðû â êàìåðå, âûçâàííûé

ãîðåíèåì â îêðåñòíîñòè ÈÇ;

V — îáúåì âçðûâíîé êàìåðû;

� — îòíîøåíèå òåïëîñîäåðæàíèé ôàç àýðîâçâåñè.
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ABSTRACT

The work is mainly devoted to the analysis of dust hazard features, whose test in a standard

blasting chamber with a volume of 20 liters to 1 m3 leads to a maximum pressure Pmax comparable to

a value of 100 kPa. Such dust is suggested to be considered dust with a low explosion hazard, in

contrast to dust with high explosion hazard (Pmax >> 100 kPa). The choice of the critical pressure level

(�100 kPa), indicating the flame propagation over a considerable distance from the ignition source,

is based on the analogy between the models of percolation theory and the simplified combustion

scheme for a macroscopically inhomogeneous dust/air mixture.

For dust with low explosion hazard (Poletaev, 2017), the limiting oxygen concentration (LOC)

is close to the normal oxygen content in the atmosphere COX,0 = (20.7 � 0.1) % by vol. It was proposed

to use the parameter �OX = COX,0 – LOC to evaluate the dust explosion hazard along with the standard

parameter Pmax. It is shown that for dust with a low explosion hazard 0 < �OX < 0.5 % by vol.

An illustration of the conclusions of the work was carried out using the known results of a study in

20-l and 1000-l blasting chambers of three melamine samples with an average particle size dm of less

than 10, 19 and 52 �m, respectively. It is shown that the mixtures of all the examined melamine

samples with atmospheric air are non-explosive under normal conditions (absolute pressure 100 kPa,

temperature 25 °C). To explain the non-explosive of melamine dust having a high calorific value

(15.67 MJ/kg), it has been suggested that the volatile component of its thermal decomposition

products (ammonia) is burned, which allows an analogy between the combustion of melamine and

coal particles. On the basis of the fact that a study of dust in a 20-liter chamber is actually performed at

elevated initial values of temperature and pressure (Cashdollar and Chatrathi, 1993, Poletaev, 2017),

the temperature at which a melamine sample (dm = 19 �m) forms dust/air mixture with a high

explosive hazard was determined (68 °C). The importance of this result is due to the fact that in the

production of dispersed melamine, the finished product can be transported by air with a temperature of

over 100 °C.

In European standards EN 14034, the correction of the value of Pmax obtained in a 20-liter chamber

is proposed with the aim of predicting the value of this parameter, expected from the results of tests in a

1000-liter chamber. The above test feature in a 20-liter chamber makes such an adjustment erroneous

in the case of dust with low explosion hazard. Taking into account this peculiarity and a number of

empirical regularities of turbulent combustion of an dust/air mixture, an estimate of the minimum

value of the index Kst, corresponding to the case of an explosion in a 20-liter chamber, is performed.

It is shown that for a subcritical non-explosive dust/air mixture (LOC � COX,0) the transition to

a state of high explosion hazard is possible with heating by only 10…20 °C.

Keywords: dust explosion; explosion criterion; low explosibility; high LOC; melamine.
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Ïðîàíàëèçèðîâàíà áàçîâàÿ ìåòîäèêà ðàñ÷åòà êàòåãîðèè ïîìåùåíèé ïî âçðûâîïîæàðíîé è ïî-
æàðíîé îïàñíîñòè. Óñòàíîâëåíî, ÷òî îíà ÿâëÿåòñÿ îãðàíè÷åííîé ââèäó îòñóòñòâèÿ â íåé äîñòî-
âåðíûõ ñïðàâî÷íûõ äàííûõ, â ÷àñòíîñòè ïî ìàêñèìàëüíîìó äàâëåíèþ âçðûâà âåùåñòâà, ÷òî
âëèÿåò íà êîíå÷íûé ðåçóëüòàò èçáûòî÷íîãî äàâëåíèÿ. Ïðèíÿòî ðåøåíèå óñîâåðøåíñòâîâàòü åå
ïóòåì âíåäðåíèÿ ìåòîäèêè ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ ïðîäóêòîâ íåôòåïåðåðà-
áîòêè íà îñíîâå ìîëåêóëÿðíûõ äåñêðèïòîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé. Â êà÷åñòâå âå-
ðèôèêàöèè ñïðîãíîçèðîâàíî ìàêñèìàëüíîå äàâëåíèå âçðûâà äëÿ ðÿäà êèñëîðîäñîäåðæàùèõ
ïðîèçâîäíûõ óãëåâîäîðîäîâ è ïðîâåäåí ðàñ÷åò êàòåãîðèè ñ ó÷åòîì ïîëó÷åííûõ çíà÷åíèé. Óñòà-
íîâëåíî, ÷òî âíîâü ïîëó÷åííûå çíà÷åíèÿ èçáûòî÷íîãî äàâëåíèÿ íèæå çàÿâëåííûõ, à ñëåäîâà-
òåëüíî, ôèíàíñîâûå çàòðàòû íà ðàçðàáîòêó ñèñòåìû îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè òàêæå
áóäóò ñíèæåíû.

Êëþ÷åâûå ñëîâà: ïðîãíîçèðîâàíèå; ïîæàðîîïàñíûå ñâîéñòâà; íåôòåïåðåðàáîòêà; ïîæàðíàÿ
áåçîïàñíîñòü; ëåãêîâîñïëàìåíÿþùèåñÿ æèäêîñòè; íåéðîííûå ñåòè.

DOI: 10.18322/PVB.2017.26.09.29-34

Ââåäåíèå

Ïðè ïðîåêòèðîâàíèè íîâûõ ïðîìûøëåííûõ ïðåä-

ïðèÿòèé, ñêëàäñêèõ è ëàáîðàòîðíûõ ïîìåùåíèé îáú-

åêòîâ íåôòåãàçîâîé îòðàñëè, â êîòîðûõ ïðèìåíÿþò-

ñÿ èëè õðàíÿòñÿ ëåãêîâîñïëàìåíÿþùèåñÿ æèäêîñòè

(ËÂÆ), äîëæåí ïðîâîäèòüñÿ ðàñ÷åò èçáûòî÷íîãî äàâ-

ëåíèÿ âîçìîæíîãî âçðûâà. Çíà÷åíèå äàííîãî ïîêà-

çàòåëÿ ïîçâîëèò îïðåäåëèòü êàòåãîðèþ ïîìåùåíèÿ

ïî âçðûâîïîæàðíîé è ïîæàðíîé îïàñíîñòè.

Îñíîâíîé öåëüþ òàêîé êëàññèôèêàöèè ÿâëÿåòñÿ

âûáîð ñèñòåìû îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíî-

ñòè, ò. å. îïðåäåëåíèå òðåáîâàíèé, îáåñïå÷èâàþùèõ

ïðåäîòâðàùåíèå âåðîÿòíîñòè âîçíèêíîâåíèÿ ïîæà-

ðà, à òàêæå îáåñïå÷åíèå ïðîòèâîïîæàðíîé çàùèòû

ëþäåé è èìóùåñòâà â ñëó÷àå âîçíèêíîâåíèÿ ïîæàðà

â çäàíèÿõ, ñîîðóæåíèÿõ è ïîìåùåíèÿõ íåôòåãàçî-

âîãî ñåêòîðà [1].

Äëÿ ðàñ÷åòà èçáûòî÷íîãî äàâëåíèÿ �Ð (êÏà) ãàçî-

è ïàðîâîçäóøíûõ ñìåñåé â ñâîäàõ ïðàâèë [2] ïðåä-

ëàãàåòñÿ ñëåäóþùåå âûðàæåíèå:

�P P P
mZ

V C K
� �( ) ,max 0

100 1

ñâ ï ñò í(

ãäå Ðmax — ìàêñèìàëüíîå äàâëåíèå, ðàçâèâàåìîå ïðè

ñãîðàíèè ñòåõèîìåòðè÷åñêîé ãàçî- èëè ïàðîâîç-

äóøíîé ñìåñè â çàìêíóòîì îáúåìå, îïðåäåëÿåìîå

ýêñïåðèìåíòàëüíî èëè ïî ñïðàâî÷íûì äàííûì

â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè; ïðè îòñóòñòâèè

äàííûõ äîïóñêàåòñÿ ïðèíèìàòü Ðmax = 900 êÏà;

Ð0 — íà÷àëüíîå äàâëåíèå, êÏà; äîïóñêàåòñÿ ïðè-

íèìàòü Ð0 = 101 êÏà [2];

m — ìàññà ãîðþ÷èõ ïàðîâ ËÂÆ èëè ãîðþ÷èõ

æèäêîñòåé (ÃÆ), êã;

© Êàëà÷ À. Â., Êðóòîëàïîâ À. Ñ., Êîðîëåâ Ä. Ñ., Êàëà÷ Å. Â., 2017
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Z — êîýôôèöèåíò ó÷àñòèÿ ãîðþ÷èõ ãàçîâ è ïà-

ðîâ â ãîðåíèè; äëÿ ËÂÆ Z = 0,3 [2];

Vñâ — ñâîáîäíûé îáúåì ïîìåùåíèÿ, ì3;

(ï — ïëîòíîñòü ïàðà ËÂÆ ïðè ðàñ÷åòíîé ðàáî-

÷åé òåìïåðàòóðå tp (°Ñ), êã/ì3;

(ï �
�

M

V t0 1 0 00367( , )
;

ð

V0 — ìîëüíûé îáúåì, ì3/êìîëü;

V0 = 22,413 ì3/êìîëü [2];

Ññò — ñòåõèîìåòðè÷åñêàÿ êîíöåíòðàöèÿ ïàðîâ

ËÂÆ/ÃÆ, % (îá.);

Kí — áåçðàçìåðíûé êîýôôèöèåíò, ó÷èòûâàþùèé

íåãåðìåòè÷íîñòü ïîìåùåíèÿ è íåàäèàáàòè÷-

íîñòü ïðîöåññà ãîðåíèÿ; Kí = 3 [2].

Îòìåòèì, ÷òî ïðîâåäåíèå ðàñ÷åòîâ ïî êàæäîìó

ñëó÷àþ äîñòàòî÷íî òðóäîåìêàÿ çàäà÷à, êîòîðàÿ áûëà

ðåøåíà íàìè â ðàáîòå [3]. Ê òîìó æå äàííàÿ ìåòîäè-

êà ìîæåò áûòü îãðàíè÷åííîé â ñâÿçè ñ îòñóòñòâèåì

äîñòîâåðíûõ ñïðàâî÷íûõ äàííûõ ïî ôèçèêî-õèìè-

÷åñêèì ñâîéñòâàì âåùåñòâ, èñïîëüçóåìûõ ïðè ðàñ-

÷åòå êàòåãîðèè ïîìåùåíèÿ ïî âçðûâîïîæàðíîé è

ïîæàðíîé îïàñíîñòè.

Íà ñåãîäíÿøíèé äåíü èçâåñòíî ñâûøå 100 ìëí.

èíäèâèäóàëüíûõ îðãàíè÷åñêèõ âåùåñòâ. Îäíàêî èõ

ïîæàðîîïàñíûå ñâîéñòâà èçó÷åíû ÷àñòè÷íî è ëèøü

äëÿ íåñêîëüêèõ òûñÿ÷ êèñëîðîäñîäåðæàùèõ îðãàíè-

÷åñêèõ ñîåäèíåíèé. Ýòî ñâÿçàíî â ïåðâóþ î÷åðåäü ñ

òåì, ÷òî çàòðàòû íà ýêñïåðèìåíòàëüíîå îïðåäåëå-

íèå ïîëíîãî ïåðå÷íÿ ïîæàðîîïàñíûõ õàðàêòåðèñòèê

äëÿ êàæäîãî âåùåñòâà ñóùåñòâåííû [2].

Â íàñòîÿùåå âðåìÿ äëÿ ðåøåíèÿ çàäà÷è, ñâÿçàí-

íîé ñ äîñòîâåðíûì îïðåäåëåíèåì êàòåãîðèè ïîìå-

ùåíèÿ ïî âçðûâîïîæàðíîé è ïîæàðíîé îïàñíîñòè,

ïðèìåíÿþòñÿ ðàçëè÷íûå ðàñ÷åòíûå ìåòîäû, ïîçâî-

ëÿþùèå ïðîãíîçèðîâàòü ïîæàðîîïàñíûå ñâîéñòâà

âåùåñòâ, è â ïåðâóþ î÷åðåäü íåôòåïðîäóêòîâ è ïðî-

äóêòîâ íåôòåïåðåðàáîòêè, ÷òî íå ïðîòèâîðå÷èò òðå-

áîâàíèÿì çàêîíîäàòåëüñòâà Ðîññèéñêîé Ôåäåðà-

öèè [1]. Ðàñ÷åòíûå ìåòîäû ìîãóò ðàññìàòðèâàòüñÿ

êàê àëüòåðíàòèâà ýêñïåðèìåíòàëüíîìó ïîäõîäó ê íà-

êîïëåíèþ äàííûõ ïî ïîêàçàòåëÿì ïîæàðíîé îïàñ-

íîñòè âåùåñòâ è ìàòåðèàëîâ. Ôåäåðàëüíûé çàêîí

¹ 123-ÔÇ è ÃÎÑÒ 12.1.044, âõîäÿùèé â ïåðå÷åíü

íàöèîíàëüíûõ ñòàíäàðòîâ íà ïîäòâåðæäåíèå ïîëî-

æåíèé “Òåõíè÷åñêîãî ðåãëàìåíòà î òðåáîâàíèÿõ ïî-

æàðíîé áåçîïàñíîñòè”, äîïóñêàþò òàêîé ïóòü ðå-

øåíèÿ ýòîé ïðîáëåìû.

Ðàññìàòðèâàÿ ñîâðåìåííûå ðàñ÷åòíûå ìåòîäè-

êè ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ ïðî-

äóêòîâ íåôòåïåðåðàáîòêè [4], óñòàíîâèëè, ÷òî âñå

îíè ñâÿçàíû ñ òåõíè÷åñêèìè òðóäíîñòÿìè, ñëîæíî-

ñòüþ ðåøåíèÿ àïïðîêñèìàöèîííûõ óðàâíåíèé è ðà-

áîòàþò òîëüêî â ïðåäåëàõ îäíîãî êëàññà ðàññìàòðè-

âàåìûõ îðãàíè÷åñêèõ ñîåäèíåíèé [5, 6]. Â ñâÿçè ñ

ýòèì íåîáõîäèìîñòü ñîçäàíèÿ íîâîãî êîíêóðåíòî-

ñïîñîáíîãî ïîäõîäà äëÿ ðàñ÷åòà ïîæàðîâçðûâîîïàñ-

íûõ ñâîéñòâ êèñëîðîäñîäåðæàùèõ îðãàíè÷åñêèõ ñî-

åäèíåíèé ÿâëÿåòñÿ àêòóàëüíîé.

Â êà÷åñòâå àëüòåðíàòèâû ñóùåñòâóþùèì ìåòî-

äàì áûëî ðåøåíî èñïîëüçîâàòü ìåòîäèêó ïðîãíîçè-

ðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ ïðîäóêòîâ íåôòå-

ïåðåðàáîòêè íà îñíîâå ìîëåêóëÿðíûõ äåñêðèïòîðîâ

[7, 8] è èñêóññòâåííûõ íåéðîííûõ ñåòåé [9, 10].

Îñíîâíîé öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïðî-

ãíîçèðîâàíèå ìàêñèìàëüíîãî äàâëåíèÿ âçðûâà ïðî-

äóêòîâ íåôòåïåðåðàáîòêè, à îñíîâíîé çàäà÷åé —

îïðåäåëåíèå êàòåãîðèè ïîìåùåíèÿ ïî âçðûâîïî-

æàðíîé è ïîæàðíîé îïàñíîñòè ñ ó÷åòîì ñïðîãíîçè-

ðîâàííûõ çíà÷åíèé.

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ âûáðàíû êèñ-

ëîðîäñîäåðæàùèå ïðîèçâîäíûå ïðåäåëüíûõ óãëå-

âîäîðîäîâ, îáðàùàþùèåñÿ â íåôòåãàçîâîé îòðàñ-

ëè. Òàê, êåòîíû ïðèìåíÿþòñÿ äëÿ äåïàðàôèíèçàöèè

íåôòåïðîäóêòîâ è õàðàêòåðèçóþòñÿ îñîáîé ïîæàð-

íîé îïàñíîñòüþ.

Ìåòîäîëîãèÿ

Îäíèì èç ïåðñïåêòèâíûõ íàïðàâëåíèé ÿâëÿåòñÿ

ìåòîäèêà ïðîãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ

ïðîäóêòîâ íåôòåïåðåðàáîòêè, îñíîâàííàÿ íà èñ-

ïîëüçîâàíèè ìîëåêóëÿðíûõ äåñêðèïòîðîâ è èñêóñ-

ñòâåííûõ íåéðîííûõ ñåòåé.

Ïðåäëàãàåìàÿ ìåòîäèêà ëèøåíà òàêèõ ïðîáëåì,

êàê áîëüøèå âðåìåííûå è ðåñóðñíûå çàòðàòû, ñëîæ-

íîñòè ïðè ðàñ÷åòàõ. Êðîìå òîãî, îíà ïîçâîëÿåò â ðå-

æèìå ðåàëüíîãî âðåìåíè áåç ïðåðûâàíèÿ ïðîöåññà

ïðîãíîçèðîâàòü ïîæàðîîïàñíûå ñâîéñòâà ïðîäóê-

òîâ íåôòåïåðåðàáîòêè. Ñõåìàòè÷åñêè äàííàÿ ìåòî-

äèêà ïðåäñòàâëåíà íà ðèñ. 1.

Óñëîâíûé ñöåíàðèé ðåàëèçàöèè ïðåäëàãàåìîé

ìåòîäèêè âêëþ÷àåò â ñåáÿ ÷åòûðå îñíîâíûõ ýòàïà:

� ýòàï 1: àíàëèç òåõíè÷åñêîé äîêóìåíòàöèè íà îáú-

åêò çàùèòû è òåõíîëîãè÷åñêèé ïðîöåññ, îñóùå-

ñòâëÿåìûé â ïîìåùåíèè;

� ýòàï 2: îïðåäåëåíèå íàèáîëåå ïîæàðîâçðûâî-

îïàñíîãî âåùåñòâà, èñïîëüçóåìîãî íà îáúåêòå çà-

ùèòû, è óñòàíîâëåíèå åãî ïîæàðîîïàñíûõ õà-

ðàêòåðèñòèê;

� ýòàï 3: ðàñ÷åò èçáûòî÷íîãî äàâëåíèÿ è îïðåäå-

ëåíèå êàòåãîðèè ïîìåùåíèÿ ïî âçðûâîïîæàðíîé

è ïîæàðíîé îïàñíîñòè;

� ýòàï 4: ôîðìèðîâàíèå ïîëó÷åííûõ ðåçóëüòàòîâ.

Ñ ïîìîùüþ ïðîãðàììíîãî êîìïëåêñà CODESSA

PRO äëÿ îáó÷àþùåé âûáîðêè ðàññ÷èòàíî 38 òèïî-

ëîãè÷åñêèõ äåñêðèïòîðîâ. Íà îñíîâå êðèòè÷åñêî-

ãî àíàëèçà ïîëó÷åííûõ êîððåëÿöèîííûõ çàâèñèìî-

ñòåé ýòèõ äåñêðèïòîðîâ áûëè ðàññ÷èòàíû çíà÷åíèÿ

ìàêñèìàëüíîãî äàâëåíèÿ âçðûâà, ïðåäñòàâëåííûå â

òàáë. 1.
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Â òàáë. 2 ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà êàòåãî-

ðèè ïîìåùåíèÿ ïðè âñåõ ðàâíûõ óñëîâèÿõ.

Ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà èçáûòî÷íî-

ãî äàâëåíèÿ, îïðåäåëåííîãî ïî ÑÏ 12.13130.2009 è

ïðåäëàãàåìîé ìåòîäèêå, ïðèâåäåíû íà ðèñ. 2.

Èç ðèñ. 2 âèäíî, ÷òî ïðåäëàãàåìàÿ è äåéñòâó-

þùàÿ ìåòîäèêè ïîçâîëÿþò ïîëó÷àòü ñîïîñòàâèìûå

çíà÷åíèÿ èçáûòî÷íîãî äàâëåíèÿ äëÿ êèñëîðîäñîäåð-

æàùèõ ïðîèçâîäíûõ ïðåäåëüíûõ óãëåâîäîðîäîâ.

Âûâîäû

Àíàëèçèðóÿ çíà÷åíèÿ, ïîëó÷åííûå â ðåçóëüòàòå

ðàñ÷åòà èçáûòî÷íîãî äàâëåíèÿ âçðûâà, èç ïðåäñòàâ-

ëåííîãî íà ðèñ. 2 ãðàôèêà âèäèì, ÷òî ìåòîäèêà ïðî-

ãíîçèðîâàíèÿ ïîæàðîîïàñíûõ ñâîéñòâ ïðîäóêòîâ

íåôòåïåðåðàáîòêè íà îñíîâå ìîëåêóëÿðíûõ äåñêðèï-

òîðîâ è èñêóññòâåííûõ íåéðîííûõ ñåòåé íå èñêëþ-

÷àåò ñóùåñòâóþùåé ìåòîäèêè ïî îïðåäåëåíèþ êà-

Íîìåð
âåùåñòâà

Substance
number

Êèñëîðîäñîäåðæàùèå
ïðîèçâîäíûå ïðåäåëüíûõ

óãëåâîäîðîäîâ

Oxygen-containing derivatives
of saturated hydrocarbons

Ïðîãíîçèðóåìûå
çíà÷åíèÿ
Ðmax, êÏà

Projected values
Ðmax, kPa

1 2-Ïåíòàíîí / 2-Pentanone 748

2 2-Îêòàíîí / 2-Octanone 879

3 2-Äåêàíîí / 2-Decanonå 689

4 4-Ãåïòàíîí / 4-Heptanone 870

5 2-Äîäåêàíîí / 2-Dodecanone 753

* Ñïðàâî÷íûå äàííûå äëÿ ýòèõ ïðîèçâîäíûõ îòñóòñòâó-

þò [11, 12].

Reference data for these derivatives are absent [11, 12] .

Òàáëèöà 1. Ðåçóëüòàòû ïðîãíîçèðîâàíèÿ ìàêñèìàëüíîãî
äàâëåíèÿ âçðûâà ïðåäåëüíûõ êåòîíîâ

Table 1. Results of forecasting the maximum burst pressure
of limiting ketones

Ðèñ. 1. Ìåòîäèêà ðàñ÷åòà êàòåãîðèè ïîìåùåíèÿ íà îñíîâå äàííûõ î äåñêðèïòîðàõ

Fig. 1. The procedure for calculating the category of the room on the basis of data on descriptors

Ðèñ. 2. Ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà ðàñ÷åòíîãî èçáû-

òî÷íîãî äàâëåíèÿ

Fig. 2. Results of the comparative analysis of the calculated excess

pressure
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òåãîðèè ïîìåùåíèÿ ïî âçðûâîïîæàðíîé è ïîæàðíîé

îïàñíîñòè, ïðåäñòàâëåííîé â ÑÏ 12.13130.2009 [2],

à äîïîëíÿåò åå. Îòìåòèì, ÷òî ñîâìåñòíîå ïðèìå-

íåíèå äâóõ ìåòîäèê ïîçâîëèò äîïîëíèòü è ïðîâå-

ðèòü ñóùåñòâóþùèå áàçû äàííûõ ïî ïîêàçàòåëÿì

ïîæàðîâçðûâîîïàñíîñòè îðãàíè÷åñêèõ ñîåäèíåíèé,

à òàêæå ðàçðàáîòàòü áîëåå îáîñíîâàííûé ïåðå÷åíü

ìåðîïðèÿòèé, íàïðàâëåííûõ íà îáåñïå÷åíèå ïî-

æàðíîé áåçîïàñíîñòè ïðåäïðèÿòèé íåôòåãàçîâîãî

ñåêòîðà.

Êèñëîðîäñîäåðæàùèå ïðîèçâîä-
íûå ïðåäåëüíûõ óãëåâîäîðîäîâ

Oxygen-containing derivatives
of saturated hydrocarbons

Ì,
êã/êìîëü

M,
kg/kmol

Píàñ, êÏà
(38 °Ñ)

Pnas, kPa
(38 °Ñ)

Ññò, %

Ñst, %

Ðmax1�Ðmax2,
êÏà

Ðmax1�Ðmax2,
kPa

(ï , êã/ì3

(p, kg/m3

m, êã

m, kg

�Ð1, êÏà

�Ð1, kPa

�Ð2, êÏà

�Ð2, kPa

2-Ïåíòàíîí / 2-Pentanone 88,15 1,58 1,93 768/900 4,157 10 4,3 7,4

2-Îêòàíîí / 2-Octanone 128,2 0,5 6,44 879/900 1,804 10 4,9 5,1

2-Äåêàíîí / 2-Decanonå 88,104 9,351 3,97 689/900 3,450 10 3,7 5,8

4-Ãåïòàíîí / 4-Heptanone 114,3 1,442 3,33 870/900 2,902 10 5,0 5,5

2-Äîäåêàíîí / 2-Dodecanone 98,3 1,78 3,47 753/900 3,305 10 4,4 5,3

Òàáëèöà 2. Ðåçóëüòàòû ðàñ÷åòà êàòåãîðèè ïîìåùåíèÿ

Table 2. Results of calculating the category of premises
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ABSTRACT

The article raises the urgent issue — the lack of physicochemical properties of the new synthesized

substances. These properties will allow employees of supervisory activities to develop fire safety

systems at security facilities. The efficiency of such systems is achieved by eliminating the com-

bustible environment or the ignition source.

Using the example of oxygen-containing hydrocarbons, which are used practically in all areas of

industry and are produced according to reference data in the amount of more than several tens of

millions of tons per year, it was possible to predict the maximum explosion pressure, i. e. one of

the most important fire hazard properties of a substance, with the help of a technique for predicting

the fire hazard properties of oil refining products based on molecular descriptors and artificial neural

networks. The proposed methodology is implemented using the author’s computer program “Neuro-

Packet KDS 1.0”.

The program “NeuroPacket KDS 1.0” allows you to: download and view databases containing

the structures of chemical compounds and their properties; to correlate the input data; to evaluate

the received models statistically; use the obtained neuronet models to predict the properties of

substances without conducting a complex experiment.

This approach to predicting the fire hazard property of refined products describes the structure of

the molecule with the help of molecular descriptors and establishes quantitative correlations between

the values found using artificial neural networks.

Based on some reference data, data was verified. In addition, the maximum explosion pressure

was predicted for substances that are not known in the reference and regulatory literature. This makes

it possible to build on the values obtained in the development of fire safety systems.

Based on the results obtained, the category of premises for explosion and fire hazard was

calculated. It was found that the estimated value of excess pressure was less than the claimed value,

and therefore the financial costs of developing a fire safety system would also be reduced.

It should be noted that the methodology for predicting the fire-hazardous properties of oil refining

products based on the use of molecular descriptors and artificial neural networks allows us to con-

clude that this technique can be used to predict other fire-hazardous properties of organic substances.

Keywords: forecasting; fire hazard properties; oil refining; fire safety; flammable liquids; neural net-

works.
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ÓÑËÎÂÈß ÑÒÀÁÈËÈÇÀÖÈÈ ÍÀÍÎÑÒÐÓÊÒÓÐ
ÄËß ÁÅÇÎÏÀÑÍÎÉ ÒÐÀÍÑÏÎÐÒÈÐÎÂÊÈ
ËÅÃÊÎÂÎÑÏËÀÌÅÍßÞÙÈÕÑß ÆÈÄÊÎÑÒÅÉ

Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé ñïîñîáîâ ñòàáèëèçàöèè íàíîæèäêîñòåé íà îñíîâå ýòà-
íîëà; îïðåäåëåíû ãðàíè÷íûå óñëîâèÿ äëÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ïðîöåññîâ òðàíñ-
ïîðòèðîâêè ìîäèôèöèðîâàííûõ ëåãêîâîñïëàìåíÿþùèõñÿ æèäêîñòåé (ËÂÆ). Ìåòîäàìè ðàìàíîâ-
ñêîé ñïåêòðîñêîïèè óñòàíîâëåíî èçìåíåíèå íàäìîëåêóëÿðíîé ñòðóêòóðû ýòàíîëà ïðè ýëåêòðî-
ôèçè÷åñêîì âîçäåéñòâèè íà 10…20 ñì–1. Ïî ïîëó÷åííûì äàííûì îá èçìåíåíèè èíòåíñèâíîñòè
èñïàðåíèÿ ýòàíîëà ñ îòêðûòîé ïîâåðõíîñòè óñòàíîâëåíî, ÷òî èíòåíñèâíîñòü èñïàðåíèÿ çàâèñèò
îò êîíöåíòðàöèè MWCNT è ñíèæàåòñÿ â òå÷åíèå ïåðâûõ 4 ÷ â ñðåäíåì íà 24 % ïîñëå ïîëó÷åíèÿ
ñòàáèëüíîé íàíîæèäêîñòè. Ïîêàçàíî, ÷òî ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè ñóùåñòâåííîå
ñíèæåíèå èíòåíñèâíîñòè èñïàðåíèÿ ñîõðàíÿåòñÿ â òå÷åíèå 5–6 ÷, ÷òî îáúÿñíÿåòñÿ áîëüøåé ñòà-
áèëüíîñòüþ íàíî÷àñòèö â æèäêîñòè è ñíèæåíèåì ñêîðîñòè îáðàçîâàíèÿ ãîðþ÷åé ñðåäû. Óñòà-
íîâëåíî, ÷òî ïðè âîçðàñòàíèè êîíöåíòðàöèè MWCNT â æèäêîñòè íàáëþäàåòñÿ ñíèæåíèå åå
óäåëüíîãî ñîïðîòèâëåíèÿ íà 48 %, à ïðè âîçäåéñòâèè Ï×ÌÏ ðîñò óäåëüíîãî ýëåêòðîñîïðîòèâ-
ëåíèÿ æèäêîñòè çàìåäëÿåòñÿ, ÷òî ñâÿçàíî ñ áîëåå ìåäëåííûì ïðîöåññîì àãëîìåðàöèé íàíî-
÷àñòèö ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè. Ñäåëàí âûâîä î âîçìîæíîñòè ïðèìåíåíèÿ óãëå-
ðîäíûõ íàíî÷àñòèö â êà÷åñòâå ïðèñàäîê.

Êëþ÷åâûå ñëîâà: ëåãêîâîñïëàìåíÿþùèåñÿ æèäêîñòè; ýòàíîë; ìíîãîñëîéíûå óãëåðîäíûå íàíî-
òðóáêè; ñòàáèëèçàöèÿ; ïåðåìåííûé ÷àñòîòíî-ìîäóëèðîâàííûé ïîòåíöèàë; èíòåíñèâíîñòü èñïà-
ðåíèÿ; ñòàòè÷åñêîå ýëåêòðè÷åñòâî.

DOI: 10.18322/PVB.2017.26.09.35-43

Ââåäåíèå

Õðàíåíèå, ïåðåêà÷êà è ïåðåâîçêà ÿâëÿþòñÿ îñíîâ-

íûìè òåõíîëîãè÷åñêèìè îïåðàöèÿìè ïðè òðàíñ-

ïîðòå ëåãêîâîñïëàìåíÿþùèõñÿ æèäêîñòåé (ËÂÆ).

Ê íàèáîëåå âåðîÿòíûì ïîñëåäñòâèÿì âîçíèêíîâå-

íèÿ àâàðèéíûõ ñèòóàöèé ïðè òðàíñïîðòå ËÂÆ îòíî-

ñèòñÿ îáðàçîâàíèå ãîðþ÷åé ñðåäû â ðåçóëüòàòå èñ-

ïàðåíèÿ æèäêîñòè ïðè ðàçãåðìåòèçàöèè àïïàðàòîâ è

òðóáîïðîâîäîâ, âîñïëàìåíåíèå ïàðîãàçîâîé ñìåñè

îò ðàçëè÷íûõ èñòî÷íèêîâ çàæèãàíèÿ, â òîì ÷èñëå îò

ðàçðÿäîâ ñòàòè÷åñêîãî ýëåêòðè÷åñòâà.

Îäíèì èç ñïîñîáîâ ñíèæåíèÿ ïîæàðíîé îïàñ-

íîñòè ïðîöåññîâ òðàíñïîðòà ËÂÆ ÿâëÿåòñÿ ðàçðà-

áîòêà òåõíè÷åñêèõ è òåõíîëîãè÷åñêèõ ðåøåíèé

ïî èçìåíåíèþ òåïëî- è ýëåêòðîôèçè÷åñêèõ ñâîéñòâ

æèäêîñòåé ïóòåì áåçðåàãåíòíîé ìîäèôèêàöèè [1]

ëèáî äåïîíèðîâàíèåì â áàçîâóþ æèäêîñòü óãëåðîä-

íûõ íàíîñòðóêòóð [2, 3]. Ïîëó÷åííûå íàíîæèäêîñòè

© Èâàíîâ À. Â., Ìèôòàõóòäèíîâà À. À., Íåôåäüåâ Ñ. À., Ñèìîíîâà Ì. À., Ìàñëàêîâ Ì. Ä., 2017
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ïðåäñòàâëÿþò ñîáîé êîëëîèäíûå äâóõôàçíûå ñèñ-

òåìû ñ èçìåíåííûìè ôèçè÷åñêèìè ñâîéñòâàìè (òåï-

ëîïðîâîäíîñòüþ, âÿçêîñòüþ, ýëåêòðîïðîâîäíîñòüþ

è äð.).

Âìåñòå ñ òåì ïðèìåíåíèå ýëåêòðîôèçè÷åñêîãî

ìåòîäà óïðàâëåíèÿ [4] ñâîéñòâàìè íàíîæèäêîñòåé

ìîæåò áûòü îãðàíè÷åíî óñëîâèÿìè è äëèòåëüíî-

ñòüþ åå òðàíñïîðòèðîâêè. Ñïîñîá äåïîíèðîâàíèÿ

íàíîñòðóêòóð òàêæå ñòàëêèâàåòñÿ ñ ïðîáëåìîé àã-

ëîìåðàöèè íàíî÷àñòèö â æèäêîñòè [5].

Ñóùåñòâóþò ðàçëè÷íûå ñïîñîáû ïîäãîòîâêè íà-

íîæèäêîñòåé, îïðåäåëÿþùèå â äàëüíåéøåì èõ ñòà-

áèëüíîñòü è ñîõðàíåíèå ôèçè÷åñêèõ ñâîéñòâ. Ê îñ-

íîâíûì ìîæíî îòíåñòè îäíîñòóïåí÷àòûé è äâóõ-

ñòóïåí÷àòûé ñïîñîáû (òàáë. 1).

Îäíîñòóïåí÷àòûé ñïîñîá çàêëþ÷àåòñÿ â ñèíòå-

çå íàíî÷àñòèö â îáúåìå áàçîâîé æèäêîñòè è ïîçâî-

ëÿåò ñóùåñòâåííî óâåëè÷èòü “âðåìÿ æèçíè” íàíî-

æèäêîñòåé, îäíàêî ìàëîïðèìåíèì â ïðîìûøëåííûõ

ìàñøòàáàõ è òðåáóåò çíà÷èòåëüíîãî óñëîæíåíèÿ

òåõíîëîãèè. Êðîìå òîãî, â íàíîæèäêîñòè ìîãóò ïðè-

ñóòñòâîâàòü ïðèìåñè ðåàãåíòîâ, íå ó÷àñòâóþùèõ

â ñèíòåçå.

Äâóõñòóïåí÷àòûé ñïîñîá âêëþ÷àåò â ñåáÿ ïî-

ñëåäîâàòåëüíóþ ïîäãîòîâêó íàíî÷àñòèö ñ ïîñëåäó-

þùèì äåïîíèðîâàíèåì â áàçîâóþ æèäêîñòü. Äàííûé

ñïîñîá ÿâëÿåòñÿ íàèáîëåå ïðàêòè÷íûì ïðè ïîëó÷å-

íèè íàíîæèäêîñòåé â ïðîìûøëåííûõ ìàñøòàáàõ,

îäíàêî õàðàêòåðèçóåòñÿ èíòåíñèâíîé àãëîìåðàöèåé

íàíî÷àñòèö ñ âûñîêîé óäåëüíîé ïëîùàäüþ ïîâåðõ-

íîñòè.

Ê ñïîñîáàì ñòàáèëèçàöèè íàíîæèäêîñòåé ìîæ-

íî îòíåñòè ïðèìåíåíèå ïîâåðõíîñòíî-àêòèâíûõ âå-

ùåñòâ (ÏÀÂ), õèìè÷åñêóþ ôóíêöèîíàëèçàöèþ íàíî-

ìàòåðèàëîâ (îáðàáîòêà íàíîìàòåðèàëîâ õèìè÷åñêèìè

ðåàãåíòàìè), â òîì ÷èñëå ñîäåðæàùèõ ìíîãîñëîéíûå

óãëåðîäíûå íàíîòðóáêè (MWCNT), à òàêæå ýëåêò-

ðîñòàòè÷åñêóþ ñòàáèëèçàöèþ [5].

Îáîáùåííûå ñâåäåíèÿ î íåêîòîðûõ ñïîñîáàõ

ñòàáèëèçàöèè íàíîñòðóêòóð è “âðåìåíè æèçíè” íà-

íîæèäêîñòåé ñ MWCNT ïðèâåäåíû â òàáë. 1.

Â ðàáîòå [6] ïðèâåäåíû ñâåäåíèÿ, ÷òî MWCNT,

ïîìåùåííûå â óãëåâîäîðîäíûå æèäêîñòè â êîíöåíò-

ðàöèè 1,6 % ìàññ., áåç ïðèìåíåíèÿ äîïîëíèòåëüíûõ

ìåòîäîâ ñòàáèëèçàöèè â òå÷åíèå 24 ÷ â áîëüøåé

÷àñòè (äî 95…99 %) îñàæäàþòñÿ íà äíå åìêîñòè.

Íåáîëüøàÿ ÷àñòü ÓÍÒ (1…3 %) íàõîäèòñÿ íà ïî-

âåðõíîñòè æèäêîñòè â âèäå ôðàêòàëüíûõ àãðåãàöèé

ðàçìåðîì 5…10 ìêì. Àãðåãàöèè ÓÍÒ ñ ôðàêòàëüíû-

ìè ðàçìåðàìè 8…15 ìêì íàõîäÿòñÿ â îáúåìå æèä-

êîñòè âáëèçè åå ïîâåðõíîñòè.

¹
ï/ï

No.

Èñòî÷íèê

Source

Õàðàêòåðèñòèêà
íàíîìàòåðèàëà

Characteristics
of nanomaterials

Êîíöåíòðàöèÿ íàíî÷àñòèö,
ñïîñîá ïîäãîòîâêè

Concentration of nanoparticles,
preparation method

Áàçîâàÿ æèäêîñòü

Base fluid

Ñåäèìåíòàöèîííàÿ
ñòàáèëüíîñòü

íàíîæèäêîñòè, ÷

Sedimentation stability
of a nanofluid, hours

1 [6] MWCNT (d = 10…30 íì,
l = 10…50 ìêì)

MWCNT (d = 10…30 nm,
l = 10…50 �m)

1,6 % ìàññ., óëüòðàçâóêî-
âîå äèñïåðãèðîâàíèå

1.6 % by mass, ultrasonic
dispersing

Òîëóîë

Toluene

0,3

Àöåòîí

Acetone

0,3

2 [7] MWCNT (d = 10…30 íì,
l = 10…50 ìêì)

MWCNT (d = 10…30 nm,
l = 10…50 �m)

0…1 % îá., óëüòðàçâóêî-
âîå äèñïåðãèðîâàíèå

0…1 % by vol., ultrasonic
dispersing

Äèñòèëëèðîâàííàÿ âîäà
ñ äîäåöèëñóëüôàòîì
íàòðèÿ

Distilled water with
sodium dodecyl sulfate

2,0

3 [8] MWCNT (d = 20…30 íì,
l = 5…10 ìêì)

MWCNT (d = 20…30 nm,
l = 5…10 �m)

0,0036 % ìàññ., óëüòðà-
çâóêîâîå äèñïåðãèðîâà-
íèå ñ äîáàâëåíèåì ÏÀÂ

0.0036 % by mass, ultra-
sonic dispersion with
the addition of surfactants

Èçîïðîïèëîâûé ñïèðò

Isopropyl alcohol

2,5

Òîëóîë

Toluene

0,2

n-Êñèëîë

n-Xylene

0,1

4 [9] MWCNT (d = 10 íì,
l = 5…10 ìêì)

MWCNT (d = 10 nm,
l = 5…10 �m)

0,25 % ìàññ., óëüòðàçâó-
êîâîå äèñïåðãèðîâàíèå
ñ äîáàâëåíèåì ÏÀÂ

0.25 % by mass, ultrasonic
dispersion with the addition
of surfactants

Äèñòèëëèðîâàííàÿ âîäà

Distilled water

30

Òàáëèöà 1. Ñâåäåíèÿ î ñïîñîáàõ ñòàáèëèçàöèè íàíîæèäêîñòåé

Table 1. Information on the methods of stabilization of nanofluids
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Èñïîëüçóÿ äîïóùåíèå, ÷òî ôîðìà àãðåãàöèé íà-

íî÷àñòèö áëèçêà ê ñôåðè÷åñêîé, ñêîðîñòü îñàæäå-

íèÿ íàíîìàòåðèàëîâ V ìîæíî îïèñàòü ñ ïîìîùüþ

çàêîíà Ñòîêñà:

V
R

gp L� �
2

9

2

�
( (( ) , (1)

ãäå R — ðàäèóñ íàíî÷àñòèö;

� — âÿçêîñòü æèäêîñòè;

(L, (ð — ñðåäíÿÿ ïëîòíîñòü æèäêîñòè è íàíî-

÷àñòèö ñîîòâåòñòâåííî;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ [10].

Íåìàëîâàæíûìè ôàêòîðàìè ñòàáèëèçàöèè íàíî-

æèäêîñòåé ÿâëÿåòñÿ èõ òåìïåðàòóðà [7].

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâà-

íèÿ ñïîñîáîâ ñòàáèëèçàöèè íàíîæèäêîñòåé íà îñíî-

âå ýòàíîëà, à òàêæå îïðåäåëåíû ãðàíè÷íûå óñëîâèÿ

äëÿ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ïðîöåñ-

ñîâ òðàíñïîðòèðîâêè ìîäèôèöèðîâàííûõ ËÂÆ.

Öåëüþ íàñòîÿùåãî èññëåäîâàíèÿ áûëî óñòàíîâ-

ëåíèå óñëîâèé ñòàáèëèçàöèè óãëåðîäíûõ íàíî-

÷àñòèö â æèäêîñòÿõ äëÿ îáåñïå÷åíèÿ óñëîâèé áåç-

îïàñíîé òðàíñïîðòèðîâêè ËÂÆ íà ïðèìåðå ýòàíî-

ëà. Â õîäå èññëåäîâàíèÿ ðàññìàòðèâàëèñü ñïîñîáû

ïîäãîòîâêè íàíîæèäêîñòåé è ìåòîäû ñòàáèëèçàöèè

óãëåðîäíûõ íàíî÷àñòèö â ËÂÆ, à òàêæå èçó÷àëèñü

íåêîòîðûå ñâîéñòâà ìîäèôèöèðîâàííûõ íàíîæèä-

êîñòåé ñ öåëüþ îáîñíîâàíèÿ ïðèìåíåíèÿ òåõíîëî-

ãè÷åñêèõ ðåøåíèé äëÿ îáåñïå÷åíèÿ ïîæàðíîé áåç-

îïàñíîñòè ïðè îáðàùåíèè ñ ËÂÆ.

Ìàòåðèàëû è ìåòîäû
èññëåäîâàíèé

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ áûëè âûáðàíû

óãëåðîäíûå íàíîìàòåðèàëû, ñîäåðæàùèå MWCNT

(l = 10)20 ìêì, d = 10)30 íì), êîòîðûå áûëè ïî-

ëó÷åíû ìåòîäîì êàòàëèòè÷åñêîãî ïèðîëèçà íà óñòà-

íîâêå “CVDomna” [8]. Â êà÷åñòâå áàçîâîé æèäêîñòè

èñïîëüçîâàëñÿ ýòàíîë (ÃÎÑÒ 18300–87). Ñâîäíûå

äàííûå ïî ñâîéñòâàì áàçîâîé æèäêîñòè ïðèâåäåíû

â òàáë. 2.

Íàíîæèäêîñòè ïîëó÷åíû ïóòåì äèñïåðãèðîâà-

íèÿ íàíîìàòåðèàëîâ ñ MWÑNT â áàçîâîé æèäêîñòè

(ñ êîíöåíòðàöèåé 0,5 è 1,0 % ìàññ.) ïðè âîçäåéñòâèè

èñòî÷íèêà óëüòðàçâóêà ñ ÷àñòîòîé 100 êÃö â òå÷åíèå

1 ÷ ïðè òåìïåðàòóðå 40 °Ñ. Â õîäå ýêñïåðèìåíòîâ

îòäåëüíûå îáðàçöû íàíîìàòåðèàëîâ ïîäâåðãàëèñü

ýëåêòðîôèçè÷åñêîìó âîçäåéñòâèþ [4] ñ ïàðàìåòðà-

ìè ïåðåìåííîãî ÷àñòîòíî-ìîäóëèðîâàííîãî ïîòåí-

öèàëà (Ï×ÌÏ) 56 Â, 50 Ãö. Îñàæäåíèå MWCNT â

íàíîæèäêîñòÿõ íàáëþäàëîñü â òå÷åíèå 240 ìèí.

Ìîæíî îòìåòèòü, ÷òî â íàíîæèäêîñòÿõ ïðè âîçäåé-

ñòâèè Ï×ÌÏ íàáëþäàåòñÿ ìåíüøåå êîëè÷åñòâî êðóï-

íûõ àãëîìåðàöèé íàíîìàòåðèàëà, ÷òî õàðàêòåðèçó-

åò äàííûå æèäêîñòè êàê áîëåå ñòàáèëüíûå (ðèñ. 1).

Îöåíêà ñòðóêòóðû íàíîæèäêîñòåé c MWÑNT ïðè

èõ ìîäèôèêàöèè ïðîâîäèëàñü ìåòîäîì ðàìàíîâñêîé

ñïåêòðîñêîïèè íà óñòàíîâêå Ntegra Spectra c äëèíîé

âîëíû ëàçåðà 532 íì. Îáúåì èññëåäóåìîé æèäêîñòè

ñîñòàâëÿë 10 ìë, òåìïåðàòóðà 20 °Ñ.

Äëÿ èññëåäîâàíèÿ âëèÿíèÿ ñòàáèëüíîñòè íàíî-

÷àñòèö â æèäêîñòÿõ íà èíòåíñèâíîñòü èõ èñïàðåíèÿ

¹
ï/ï

Ñâîéñòâî

Property

Çíà÷åíèå

Value

1 Ìîëÿðíàÿ ìàññà, êã/êìîëü

Molar mass, kg/mol

46,069

2 Òåìïåðàòóðà âñïûøêè, °Ñ

Flash point, °Ñ

13

3 Ïëîòíîñòü, êã/ì3

Density, kg/m3

789

4 Ïîâåðõíîñòíîå íàòÿæåíèå, Í/ì

Surface tension, N/m

22,391·103

5 Óäåëüíàÿ ýëåêòðîïðîâîäíîñòü, Ñì/ì

Specific electrical conductivity, S/m

0,769·10–4

Òàáëèöà 2. Ñâîéñòâà áàçîâîé æèäêîñòè (ýòàíîëà)

Table 2. Properties of the base liquid (ethanol)

Ðèñ. 1. Íàíîæèäêîñòè ñ MWCNT â íàíî-

æèäêîñòè ÷åðåç 240 ìèí ïîñëå äèñïåðãè-

ðîâàíèÿ: à — 0,5 % ìàññ., íåìîäèôèöèðî-

âàííûå; á — 0,5 % ìàññ., ïðè âîçäåéñòâèè

Ï×ÌÏ; â — 1,0 % ìàññ., íåìîäèôèöèðî-

âàííûå; ã — 1,0 % ìàññ. ïðè âîçäåéñòâèè

Ï×ÌÏ

Fig.1.Nano-fluids with MWCNT in the nano-

fluid after 240 minutes after dispersion: à —

0.5 % by mass, unmodified; b — 0.5 % by mass,

when exposed to a VFMP; v — 1.0 % by mass,

unmodified; g — 1.0 % by mass, when ex-

posed to VFMP
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ñ îòêðûòîé ïîâåðõíîñòè íàíîæèäêîñòè ïîìåùàëèñü

â åìêîñòè ñ îòêðûòîé ïîâåðõíîñòüþ äèàìåòðîì

46 ìì è âûñîòîé 72 ìì. Èñïàðåíèå æèäêîñòåé ïðî-

èñõîäèëî â âûòÿæíîì øêàôó ðàçìåðîì 1,5*1,2*2,5 ì

ïðè òåìïåðàòóðå âîçäóõà 25 °Ñ è êðàòíîñòè âîçäóõî-

îáìåíà 2 ÷–1. Ïîòåðÿ ìàññû ôèêñèðîâàëàñü íà ëà-

áîðàòîðíûõ âåñàõ ìàðêè “ÌÀÑÑÀ ÂÊ-150.1” â òå-

÷åíèå 24 ÷.

Èññëåäîâàíèå çàâèñèìîñòè ýëåêòðîïðîâîäíîñòè

íàíîæèäêîñòåé îò óñëîâèé ñòàáèëèçàöèè â íåé íà-

íî÷àñòèö MWCNT ïðîâîäèëîñü â èçìåðèòåëüíîé

ÿ÷åéêå òåðàîììåòðà Å6-13À [11]. Ïðåäâàðèòåëüíî

ïîäãîòîâëåííóþ íàíîæèäêîñòü ïîìåùàëè â èçìå-

ðèòåëüíóþ ÿ÷åéêó, ãäå îñóùåñòâëÿëè èçìåíåíèå åå

óäåëüíîãî ýëåêòðîñîïðîòèâëåíèÿ êàæäûå 30 ìèí â

òå÷åíèå 4 ÷.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Èññëåäîâàíèå íàäìîëåêóëÿðíîé
ñòðóêòóðû íàíîìàòåðèàëîâ ìåòîäîì
ðàìàíîâñêîé ñïåêòðîñêîïèè

Â òàáë. 3 ïðèâåäåíû çíà÷åíèÿ îñíîâíûõ õàðàê-

òåðèñòè÷åñêèõ ïèêîâ èññëåäóåìûõ âåùåñòâ.

Â ðàìàíîâñêîì ñïåêòðå íàíîæèäêîñòè íà îñíîâå

ýòàíîëà è óãëåðîäíûõ íàíîòðóáîê õàðàêòåðèñòè÷å-

ñêèå ïèêè MWCNT íå íàáëþäàþòñÿ, ÷òî ñâèäåòåëü-

ñòâóåò îá îòñóòñòâèè íàíî÷àñòèö â ïðèïîâåðõíî-

ñòíîì ñëîå æèäêîñòè â êîíöåíòðàöèè, äîñòàòî÷íîé

äëÿ èõ èäåíòèôèêàöèè (ðèñ. 2).

Äëÿ îáðàçöîâ ýòàíîëà, íàõîäÿùåãîñÿ â óñëîâèÿõ

ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ, ïðîèñõîäèò ñìå-

ùåíèå õàðàêòåðèñòè÷åñêèõ ïèêîâ íà 10…20 ñì–1

ïðè îäíîâðåìåííîì îòíîñèòåëüíîì óâåëè÷åíèè èõ

èíòåíñèâíîñòè â ñðàâíåíèè ñ íåìîäèôèöèðîâàííîé

æèäêîñòüþ (ðèñ. 3).

Ìîæíî ïðåäïîëîæèòü, ÷òî äàííûé ýôôåêò âîç-

ìîæåí â ñëó÷àå, êîãäà â ðåçóëüòàòå ýëåêòðîôèçè-

¹
ï/ï

Âåùåñòâî

Substance

Êîëåáàòåëüíàÿ ïîëîñà

Vibrational band

×àñòîòà ïîëîñû
ñïåêòðà, ñì–1

Frequency of the
spectrum band,

cm–1

Èñòî÷íèê

Source

1 MWCNT D-ïîëîñà óãëåðîäíûõ ìàòåðèàëîâ / D-band of carbon materials 1250–1450 [12]

G-ïîëîñà (òàíãåíöèàëüíûå êîëåáàíèÿ â ïëîñêîñòè ãðàôåíîâîãî ñëîÿ) /

The G-band (tangential oscillations in the plane of the graphene layer)

1500–1600

G+-ïîëîñà (ïåðâûé îáåðòîí D-ïîëîñû) /

The G+-band (the first overtone of the D-band)

2450–2650

2 Ýòàíîë

Ethanol

Ïîëîñà êîëåáàíèé ÑÎ-ãðóïïû / The band of oscillations of the CO group 950–1250 [13]

Ïîëîñà êîëåáàíèé ÑÍ2-ãðóïïû / The vibration band of the CH2 group 2800–3000

Ïîëîñà êîëåáàíèé ÑÍ3-ãðóïïû / The vibration band of the CH3 group 3000–3100

Ïîëîñà êîëåáàíèé ÎÍ-ãðóïïû / The OH band oscillation band 3250–3550

Òàáëèöà 3. Çíà÷åíèÿ îñíîâíûõ õàðàêòåðèñòè÷åñêèõ ïèêîâ èññëåäóåìûõ âåùåñòâ

Table 3. Characteristic peaks of test substances

Ðèñ. 2. Ðàìàíîâñêèé ñïåêòð MWÑNT: à — èñõîäíûé ìàòå-

ðèàë; á — MWÑNT â ýòàíîëå â êîíöåíòðàöèè 1,0 % ìàññ.

Fig. 2. Raman spectrum of MWCNT: a — source material; b —

MWCNT in ethanol at a concentration of 1.0 % by mass
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÷åñêîãî âîçäåéñòâèÿ ïðîèñõîäèò èçìåíåíèå íàäìî-

ëåêóëÿðíîé ñòðóêòóðû âåùåñòâà [4]. Â òå÷åíèå 4 ÷

ïîñëå ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ ðàìàíîâñêèé

ñïåêòð ýòàíîëà ñòàíîâèëñÿ ïðàêòè÷åñêè èäåíòè÷åí

ñïåêòðó íåìîäèôèöèðîâàííîé æèäêîñòè.

Èññëåäîâàíèå âëèÿíèÿ ñòàáèëüíîñòè
íàíî÷àñòèö â æèäêîñòÿõ íà èíòåíñèâíîñòü
èõ èñïàðåíèÿ ñ îòêðûòîé ïîâåðõíîñòè

Ïî ðåçóëüòàòàì èçìåðåíèé ìîæíî ñäåëàòü âûâîä,

÷òî èíòåíñèâíîñòü èñïàðåíèÿ çàâèñèò îò êîíöåíò-

ðàöèè MWCNT è ñíèæàåòñÿ â òå÷åíèå ïåðâûõ 4 ÷

â ñðåäíåì íà 24 % ïîñëå ïîëó÷åíèÿ ñòàáèëüíîé íà-

íîæèäêîñòè. Ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè

ñóùåñòâåííîå ñíèæåíèå èíòåíñèâíîñòè èñïàðåíèÿ

ñîõðàíÿåòñÿ â òå÷åíèå 5…6 ÷ (ðèñ. 4), ÷òî îáúÿñíÿ-

åòñÿ áîëüøåé ñòàáèëüíîñòüþ íàíî÷àñòèö â æèäêî-

ñòè. Âåðîÿòíî, ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè

óñèëèâàþòñÿ êóëîíîâñêèå ñèëû îòòàëêèâàíèÿ ìåæ-

äó íàíî÷àñòèöàìè, ÷òî ñíèæàåò àãëîìåðàöèþ ÷àñòèö

è ïîâûøàåò ñòàáèëüíîñòü MWCNT â æèäêîñòè [5].

Èññëåäîâàíèå ýëåêòðîïðîâîäíîñòè
â óñëîâèÿõ ñòàáèëèçàöèè íàíîæèäêîñòåé

Äàííûå èññëåäîâàíèé ïîêàçûâàþò, ÷òî ïðè âîç-

ðàñòàíèè êîíöåíòðàöèè MWCNT â æèäêîñòè íà-

áëþäàåòñÿ ñíèæåíèå åå óäåëüíîãî ñîïðîòèâëåíèÿ

â ñðåäíåì íà 45 %. Â óñëîâèÿõ âîçäåéñòâèÿ Ï×ÌÏ

ïðîèñõîäèò áîëåå ìåäëåííûé (äî 3 ÷) ðîñò óäåëüíî-

ãî ýëåêòðîñîïðîòèâëåíèÿ æèäêîñòè, ÷òî, î÷åâèäíî,

ñâÿçàíî ñ áîëåå ìåäëåííûì ïðîöåññîì àãëîìåðà-

öèè íàíî÷àñòèö ïðè ýëåêòðîôèçè÷åñêîì âîçäåé-

ñòâèè (ðèñ. 5). Ìîæíî òàêæå ïðåäïîëîæèòü, ÷òî ðå-

øàþùèì ôàêòîðîì ñòàáèëèçàöèè íàíîæèäêîñòè

Ðèñ. 3. Ðàìàíîâñêèé ñïåêòð ýòàíîëà íåìîäèôèöèðîâàííîãî, ïðè âîçäåéñòâèè Ï×ÌÏ â òå÷åíèå 1 ÷ è ÷åðåç 4 ÷ ïîñëå âîçäåé-

ñòâèÿ Ï×ÌÏ â äèàïàçîíå: à — 0…1700 ñì–1; á — 2700…3400 ñì–1

Fig. 3. Raman spectrum of ethanol unmodified, when exposed to VFMP for 1 hour and in 4 hours, after the impact of the VFMP: a —

in the range 0…1700 cm–1; b — in the range of 2700…3400 cm–1



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 940

ÁÅÇÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

ÿâëÿåòñÿ íàëè÷èå îäíîèìåííîãî ýëåêòðè÷åñêîãî

çàðÿäà íà ïîâåðõíîñòè íàíî÷àñòèö, ÷òî ñíèæàåò

ïðîöåññ èõ àãëîìåðàöèè [5].

Ðåçóëüòàòû èññëåäîâàíèÿ çàâèñèìîñòè ýëåêòðî-

ïðîâîäíîñòè îò óñëîâèé ñòàáèëèçàöèè íàíî÷àñòèö

â æèäêîñòè ïîêàçûâàþò, ÷òî ñ òå÷åíèåì âðåìåíè

óäåëüíîå ñîïðîòèâëåíèå íàíîæèäêîñòè âîçðàñòàåò

è ñòàíîâèòñÿ ñõîäíûì ñ óäåëüíûì ñîïðîòèâëåíè-

åì áàçîâîé æèäêîñòè ïðåèìóùåñòâåííî â òå÷åíèå

2,0…2,5 ÷, ÷òî îáóñëîâëåíî îñåäàíèåì ÷àñòèö â æèä-

êîñòè. Ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè ïðî-

öåññ àãëîìåðàöèè íàíî÷àñòèö çàìåäëÿåòñÿ (äî 3 ÷),

÷òî îáóñëîâëåíî íàëè÷èåì îäíîèìåííîãî çàðÿäà íà

ïîâåðõíîñòè ÷àñòèö. Íàëè÷èå ýëåêòðè÷åñêîãî çàðÿ-

äà íà ïîâåðõíîñòè ÷àñòèö ÿâëÿåòñÿ îñíîâíûì èñ-

òî÷íèêîì êèíåòè÷åñêîé ñòàáèëüíîñòè [5].

Âûâîäû

1. Ýëåêòðîôèçè÷åñêîå âîçäåéñòâèå èçìåíÿåò íàä-

ìîëåêóëÿðíóþ ñòðóêòóðó óãëåâîäîðîäíûõ æèäêî-

ñòåé, ÷òî íàáëþäàëîñü íà îáðàçöàõ ñ ýòàíîëîì ïðè

èññëåäîâàíèè ìåòîäîì ðàìàíîâñêîé ñïåêòðîñêîïèè.

Â ðåçóëüòàòå âîçäåéñòâèÿ Ï×ÌÏ ïðîèñõîäèò ñäâèã

îñíîâíûõ õàðàêòåðèñòè÷åñêèõ ïèêîâ ðàìàíîâñêîãî

ñïåêòðà ýòàíîëà â äèàïàçîíå 10…20 ñì–1. Â òå÷åíèå

4 ÷ ïîñëå ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ ðàìà-

íîâñêèé ñïåêòð âåùåñòâà ñòàíîâèòñÿ èäåíòè÷åí èñ-

õîäíîìó.

2. Èíòåíñèâíîñòü èñïàðåíèÿ ìîäèôèöèðîâàííûõ

óãëåâîäîðîäíûõ íàíîæèäêîñòåé ñíèæàåòñÿ äî 30 %

ïðè óâåëè÷åíèè êîíöåíòðàöèè MWÑNT â äèàïà-

çîíå 0,5…1,0 % ìàññ. â òå÷åíèå ïåðâûõ 6 ÷ ïîñëå

äèñïåðãèðîâàíèÿ íàíî÷àñòèö. Äëÿ îáðàçöîâ íàíî-

æèäêîñòåé, ïîëó÷åííûõ â óñëîâèÿõ ýëåêòðîôèçè-

÷åñêîãî âîçäåéñòâèÿ, íàáëþäàåòñÿ äîïîëíèòåëüíîå

(äî 50 %) ñíèæåíèå èíòåíñèâíîñòè èñïàðåíèÿ, îáó-

ñëîâëåííîå èçìåíåíèåì ýëåêòðîôèçè÷åñêèõ ñâîéñòâ

áàçîâîé æèäêîñòè [14].

3. Íàíîæèäêîñòè ñ MWCNT, ïîëó÷åííûå â óñëî-

âèÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ, õàðàêòåðèçó-

þòñÿ áîëåå âûñîêîé ñòàáèëüíîñòüþ è ïîíèæåííîé

(äî 50 %) ýëåêòðîïðîâîäíîñòüþ. Ïðîöåññ àãëîìåðàöèè

íàíî÷àñòèö, ïðèâîäÿùèé ê óâåëè÷åíèþ óäåëüíîãî

ñîïðîòèâëåíèÿ íàíîæèäêîñòè, ïðîèñõîäèò ìåäëåííåå

ïðè âîçäåéñòâèè Ï×ÌÏ è ñîñòàâëÿåò ïîðÿäêà 3 ÷.

4. Ïðèìåíåíèå óãëåðîäíûõ íàíî÷àñòèö â êà÷åñò-

âå ïðèñàäîê äëÿ ñíèæåíèÿ èíòåíñèâíîñòè èñïàðåíèÿ

æèäêîñòåé â ñî÷åòàíèè ñ ýëåêòðîôèçè÷åñêèì âîç-

äåéñòâèåì ïîçâîëÿåò ñíèçèòü ïîæàðíóþ îïàñíîñòü

ïðîöåññîâ õðàíåíèÿ è òðàíñïîðòèðîâêè ëåãêîâîñ-

ïëàìåíÿþùèõñÿ æèäêîñòåé. Âûÿâëåííûå âðåìåííûå

îãðàíè÷åíèÿ ñîõðàíåíèÿ ñâîéñòâ íàíîæèäêîñòåé ñ

çàäàííûìè ýêñïëóàòàöèîííûìè õàðàêòåðèñòèêàìè

ïîçâîëÿò îáîñíîâàòü ïðèìåíåíèå òåõíîëîãè÷åñêèõ

ðåøåíèé ïî äîïîëíèòåëüíîé ñòàáèëèçàöèè íàíî-

÷àñòèö ïðè òðàíñïîðòèðîâêå ËÂÆ.

Ðèñ. 4. Çàâèñèìîñòü èíòåíñèâíîñòè èñïàðåíèÿ ýòàíîëà îò âðå-

ìåíè ñòàáèëèçàöèè MWCNT â óñëîâèÿõ ýëåêòðîôèçè÷åñêîãî

âîçäåéñòâèÿ: 1 — 0 % ìàññ.; 2 — 0,5 % ìàññ.; 3 — 1 % ìàññ.

Fig. 4. Dependence of the intensity of evaporation of ethanol on

the time of stabilization of MWCNT under conditions of electrop-

hysical exposure: 1 — 0 % by mass; 2 — 0.5 % by mass; 3 — 1 %

by mass

Ðèñ. 5. Çàâèñèìîñòü óäåëüíîãî ñîïðîòèâëåíèÿ íàíîæèäêîñòè

íà îñíîâå ýòàíîëà îò âðåìåíè ñòàáèëèçàöèè MWCNT â óñëî-

âèÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ: 1 — 0 % ìàññ.; 2 —

0,5 % ìàññ.; 3 — 1 % ìàññ.

Fig. 5. Dependence of the resistivity of a nanofluid based on

ethanol on the stabilization time of MWCNT under conditions of

electrophysical influence: 1 — 0 % by mass; 2 — 0.5 % by mass;

3 — 1 % by mass
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ABSTRACT

Emergency situations during transportation of petroleum products are caused by the formation of

a combustible medium during draining operations and the further ignition of the vapor-gas mixture

from discharges of static electricity.

To date, the method of reducing the fire hazard of the transportation of flammable liquids is the de-

velopment of technical and technological solutions to change the thermophysical and electrophysical

properties of liquids.

The methods of stabilization of ethanol-based nanofluids by means of a non-reactive modification

of a liquid under the action of variable frequency modulated potential (VFMP) were investigated.

It is established, for ethanol samples, at electrophysical action, the characteristic peaks shift by

10…20 cm–1 in comparison with the unmodified liquid. The absence of nanoparticles in the surface

layer of the liquid in a concentration sufficient for their identification was revealed.

The results of measurements of the intensity of evaporation reflect that the evaporation intensity

depends on the concentration of MWCNT and decreases during the first 4 hours on average by 24 %

after the creation of the nanofluid. With electrophysical action, a significant decrease in the intensity

of evaporation persists for 5–6 hours. This change is explained by the strengthening of Columbic

repulsion force between the nanoparticles, which reduces the aggregation of particles and increases

the stability of MWCNT in the liquid.

The dependence of the electrical conductivity of nanofluids on the conditions for the stabilization

of MWCNT nanoparticles in it consists in an increase in the concentration of MWCNT in the liquid,

due to which its resistivity decreases by 48 %. However, within 2 hours, the resistivity of the nanofluid

becomes similar to the base fluid. Under the influence of the VFMP, the process of agglomeration of

the nanoparticles slows down, a slower (up to 3 hours) increase in the specific resistivity of the liquid

takes place. Reduction of agglomeration of particles is due to the presence of an electric charge on

the surface of nanoparticles.

The data of the research results reflect the possibility of using carbon nanoparticles as additives to

reduce the fire hazard of storage and transport processes of flammable liquids. The revealed time

constraints for preserving the properties of nanofluids with specified performance characteristics will

allow us to justify the application of technological solutions for additional stabilization of nano-

particles to ensure fire and explosion safety and electrostatic safety when handling flammable liquids.
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Ââåäåíèå

Ñîãëàñíî ÔÇ ¹ 184 “Î òåõíè÷åñêîì ðåãóëèðîâà-

íèè” [1] ïåðâîî÷åðåäíûìè öåëÿìè åãî ââåäåíèÿ ÿâ-

ëÿþòñÿ (ñò. 6, ï. 1):
� çàùèòà æèçíè è çäîðîâüÿ ãðàæäàí;
� ïðåäóïðåæäåíèå äåéñòâèé, ââîäÿùèõ â çàáëóæ-

äåíèå ïðèîáðåòàòåëåé.

Ðåàëèçóÿ ýòè öåëè, “Òåõíè÷åñêèé ðåãëàìåíò î

òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè” (ÔÇ-123) [2]

òðåáóåò (ñò. 79): “Ðèñê ãèáåëè ëþäåé â ðåçóëüòàòå âîç-

äåéñòâèÿ îïàñíûõ ôàêòîðîâ ïîæàðà (ÎÔÏ) äîëæåí

îïðåäåëÿòüñÿ ñ ó÷åòîì ôóíêöèîíèðîâàíèÿ ñèñòåì

îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè çäàíèé, ñî-

îðóæåíèé è ñòðîåíèé” è íå äîëæåí ïðåâûøàòü:

Qâ.i & Q â
í = 1 , 10–6, (1)

ãäå Qâ.i — ðàñ÷åòíàÿ âåëè÷èíà èíäèâèäóàëüíîãî ïî-

æàðíîãî ðèñêà;

Qâ
í — íîðìàòèâíàÿ âåëè÷èíà èíäèâèäóàëüíîãî

ïîæàðíîãî ðèñêà.

Â ñîîòâåòñòâèè ñ ýòèìè òðåáîâàíèÿìè ðåãëà-

ìåíòà â “Ìåòîäèêå îïðåäåëåíèÿ ðàñ÷åòíûõ âåëè÷èí

ïîæàðíîãî ðèñêà â çäàíèÿõ, ñîîðóæåíèÿõ è ñòðîå-

íèÿõ ðàçëè÷íûõ êëàññîâ ôóíêöèîíàëüíîé ïîæàð-

íîé îïàñíîñòè”1 [3] çíà÷åíèå Qâ îïðåäåëÿåòñÿ ïî

ôîðìóëå

Qâ = Qï(1 – Ràï)Pïp(1 – Ðý)(1 – Pï.ç), (2)

ãäå Qï — ÷àñòîòà âîçíèêíîâåíèÿ ïîæàðà â çäàíèè â

òå÷åíèå ãîäà, çíà÷åíèÿ êîòîðîé äëÿ çäàíèé íåêî-

òîðûõ êëàññîâ ôóíêöèîíàëüíîé ïîæàðíîé

îïàñíîñòè, êîòîðûå ìîãóò âõîäèòü â êîìïëåêñû

âûñîòíûõ çäàíèé, ïðèâîäÿòñÿ â ïðèëîæåíèè

¹ 1 Ìåòîäèêè [3] â ÿâíîì âèäå; ïðè îòñóòñòâèè

ñòàòèñòè÷åñêèõ äàííûõ äîïóñêàåòñÿ (ï. 8) ïðè-

íèìàòü Qï = 4 , 10–2;

© Õîëùåâíèêîâ Â. Â., Ñåðêîâ Á. Á., 2017

1 Áóäåì ïðèäåðæèâàòüñÿ ýòîé ðåäàêöèè Ìåòîäèêè, ïîñêîëüêó

â åå ïîñëåäíåé ðåäàêöèè [4] âåðîÿòíîñòè R çàìåíåíû íà ñîîò-

âåòñòâóþùèå ïîñòîÿííûå êîýôôèöèåíòû K ñ òåìè æå çíà÷å-

íèÿìè, ÷òî íå èçìåíÿåò ñóòè ìåòîäèêè, íî óñóãóáëÿåò áåçâû-

õîäíîñòü ïîëîæåíèÿ: êàê áû íè ñîâåðøåíñòâîâàëèñü àâòîìà-

òè÷åñêèå ñèñòåìû, èõ íîðìèðóåìûå ïîêàçàòåëè — íàäåæíîñòü

è ýôôåêòèâíîñòü íå ïîâûøàþòñÿ.
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Ràï — âåðîÿòíîñòü ýôôåêòèâíîãî ñðàáàòûâàíèÿ

óñòàíîâîê àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ

(ÀÓÏÒ); îïðåäåëÿåòñÿ òåõíè÷åñêîé íàäåæíîñòüþ

ýëåìåíòîâ ÀÓÏÒ; ïðè îòñóòñòâèè ñâåäåíèé ïî

ïàðàìåòðàì òåõíè÷åñêîé íàäåæíîñòè äîïóñêà-

åòñÿ ïðèíèìàòü Ràï = 0,9 (ýòî îïòèìèñòè÷åñêàÿ,

áûñòðåå æåëàåìàÿ, ÷åì äåéñòâèòåëüíàÿ íà ñåãîä-

íÿøíèé äåíü îöåíêà, ïîñêîëüêó “â ñðåäíåì ýô-

ôåêòèâíîñòü âûïîëíåíèÿ çàäà÷ óñòàíîâîê ïîæàð-

íîé àâòîìàòèêè íåìíîãèì áîëåå 50 %” [5, 6]);

Ðïð — âåðîÿòíîñòü ïðèñóòñòâèÿ ëþäåé â çäàíèè;

Ðïð = tôóíêö �24;

tôóíêö — âðåìÿ íàõîæäåíèÿ ëþäåé â çäàíèè, ÷;

Ðý — âåðîÿòíîñòü ýâàêóàöèè ëþäåé;

Ðï.ç — âåðîÿòíîñòü ýôôåêòèâíîé ðàáîòû ñèñòå-

ìû ïðîòèâîïîæàðíîé çàùèòû, íàïðàâëåííîé íà

îáåñïå÷åíèå áåçîïàñíîé ýâàêóàöèè ëþäåé ïðè

ïîæàðå, êîòîðàÿ áëàãîäàðÿ ïðèâåäåííûì â Ìå-

òîäèêå [3] çíà÷åíèÿì âõîäÿùèõ â íåå ïàðàìåò-

ðîâ ìîæåò áûòü ëåãêî îïðåäåëåíà;

Ðï.ç = 1 – (1 – Rîáí RÑÎÓÝ) (1 – Rîáí RÏÄÇ); (3)

Rîáí — âåðîÿòíîñòü ýôôåêòèâíîãî ñðàáàòûâàíèÿ

ñèñòåìû ïîæàðíîé ñèãíàëèçàöèè; ïðèíèìàåòñÿ

ñîãëàñíî ï. 13 [3] Rîáí = 0,8;

RÑÎÓÝ — óñëîâíàÿ âåðîÿòíîñòü ýôôåêòèâíîãî

ñðàáàòûâàíèÿ ñèñòåìû îïîâåùåíèÿ ëþäåé î ïî-

æàðå è óïðàâëåíèÿ ýâàêóàöèåé ëþäåé â ñëó÷àå

ñðàáàòûâàíèÿ ñèñòåìû ïîæàðíîé ñèãíàëèçàöèè;

ïðèíèìàåòñÿ ñîãëàñíî ï. 25 [3] RÑÎÓÝ = 0,8;

RÏÄÇ — óñëîâíàÿ âåðîÿòíîñòü ýôôåêòèâíîãî ñðà-

áàòûâàíèÿ ñèñòåìû ïðîòèâîäûìíîé çàùèòû â

ñëó÷àå ñðàáàòûâàíèÿ ñèñòåìû ïîæàðíîé ñèãíàëè-

çàöèè; ïðèíèìàåòñÿ ñîãëàñíî ï. 26 [3] RÏÄÇ = 0,8.

Òàêèì îáðàçîì,

Ðï.ç = 1 – (1 – 0,8 , 0,8) (1 – 0,8 , 0,8) = 0,87.

Îöåíêà íàäåæíîñòè
èíæåíåðíûõ ñèñòåì

Ôîðìóëà (2) — ýòî ïðîèçâåäåíèå âåðîÿòíîñòåé

íàñòóïëåíèÿ ñîáûòèé — îòêàçîâ ñèñòåì (â ñêîá-

êàõ). Ñëåäîâàòåëüíî, â ëþáîì ñëó÷àå âåðîÿòíîñòü

îòêàçà ýëåìåíòîâ àâòîìàòè÷åñêèõ ñèñòåì ïðîòè-

âîïîæàðíîé çàùèòû Ðï ç
o
. è ïîæàðîòóøåíèÿ Ðàï

o

ñîñòàâëÿåò ñîîòâåòñòâåííî:

Ðï ç
o

. = (1 – 0,87) = 0,13;

Ðàï
o = (1 – 0,9) = 0,1,

ò. å. â 10–13 % ñëó÷àåâ âîçíèêíîâåíèÿ ïîæàðà îíè

íå ìîãóò âëèÿòü íà åãî ïîäàâëåíèå è íà îáåñïå÷åíèå

áåçîïàñíîñòè ëþäåé â çäàíèÿõ. Î÷åâèäíî, ÷òî â ýòèõ

ñëó÷àÿõ ëþäÿì îñòàåòñÿ ðàññ÷èòûâàòü òîëüêî íà óñ-

ïåøíóþ ýâàêóàöèþ, îñóùåñòâëÿåìóþ çà ñ÷åò èõ ñîá-

ñòâåííûõ ñèë è ïñèõîôèçè÷åñêèõ âîçìîæíîñòåé.

Ñâîåâðåìåííî çàäàòü âîïðîñ: ïðè êàêèõ æå çíà-

÷åíèÿõ âåðîÿòíîñòè áåçîòêàçíîãî ôóíêöèîíèðîâà-

íèÿ ýëåìåíòîâ ñèñòåì ïðîòèâîïîæàðíîé çàùèòû

è ïîæàðîòóøåíèÿ îòïàäàåò íåîáõîäèìîñòü â ýâà-

êóàöèè ëþäåé? Ñ ó÷åòîì âîçìîæíîñòè òàêîé ñèòóà-

öèè ï. 3.1 ÃÎÑÒ 12.1.004–91 òðåáóåò ïåðâîíà÷àëüíî

ïðîâåðÿòü âûïîëíåíèå óñëîâèÿ (2) ïðè çíà÷åíèè Ðý,

ðàâíîì íóëþ.

Åñëè ïîæàð ïðîèçîøåë, ñëåäîâàòåëüíî, ìåðîïðè-

ÿòèÿ è ñèñòåìû ïàññèâíîé ïðîòèâîïîæàðíîé çàùè-

òû, íàïðàâëåííûå íà ïðåäîòâðàùåíèå ïîæàðà, íå ñðà-

áîòàëè. Âåðîÿòíîñòü ýòîãî ñîáûòèÿ â îáùåì ñëó÷àå

Qï = 4 , 10–2. Òîãäà âåðîÿòíîñòü îáåñïå÷åíèÿ áåç-

îïàñíîñòè ëþäåé òîëüêî çà ñ÷åò èíæåíåðíûõ ñèñòåì

ïîæàðíîé áåçîïàñíîñòè çäàíèé (ïðè Ðý = 0) äàæå ïðè

îïòèìèñòè÷åñêèõ îöåíêàõ (Ràï = 0,9) ñîñòàâëÿåò:
� ïðè êðóãëîñóòî÷íîì ïðåáûâàíèè ëþäåé â çäà-

íèè (Ðïð = 1):

Qâ = 0,04 , (1 – 0,9) , 1 , (1 – 0)(1 – 0,87) = 520 , 10
–6;

� ïðè ïðèñóòñòâèè ëþäåé â çäàíèè íåìíîãèì áî-

ëåå 9 ÷ (Ðïð = 0,385):

Qâ = 190 , 10
–6.

Êàê âèäíî, ýòè çíà÷åíèÿ íà íåñêîëüêî ïîðÿäêîâ

âûøå òðåáóåìîãî íîðìàòèâíîãî çíà÷åíèÿ Qâ
í = 1·10–6.

Ñëåäîâàòåëüíî, âñåãäà íåîáõîäèìà îðãàíèçàöèÿ ýâà-

êóàöèè ëþäåé èç çäàíèÿ.

Îïðåäåëèì çíà÷åíèå Ð iý
ò
. , òðåáóåìîå äëÿ âûïîë-

íåíèÿ óñëîâèÿ (1). Î÷åâèäíî, ÷òî Ð iý
ò
. � 1 – 1 , 10–6 :

: 5,2 ,10–4 = 0,9981, ò. å. âåðîÿòíîñòü îòêàçà â ñèñòåìå

“Ýâàêóàöèÿ” Ðý
o íå äîëæíà ïðåâûøàòü: Ð iý

o
. = (1 –

� Ð iý
ò
. ) = 1 – 0,9981 = 0,0019. Ïîýòîìó-òî çíà÷åíèå Ðý

è “ïðèíèìàåòñÿ” Ìåòîäèêîé ðàâíûì: Ðý = Ðí.ý + Ðð =

= 0,999.

Òàêèì îáðàçîì, ôàêòè÷åñêè íîðìèðóåìîå çíà÷å-

íèå îòêàçà â ñèñòåìå-ïðîöåññå “ýâàêóàöèè ëþäåé”

ñîñòàâëÿåò Ðý
o = 0,001, ò. å. áîëåå ÷åì íà äâà ïîðÿä-

êà íèæå (â 800 ðàç — 0,8�0,001), ÷åì â èíæåíåðíûõ

ñèñòåìàõ! È ýòî â ñèñòåìå, êîòîðóþ ñîçäàåò ïðèðîäà

— Áîã, à íå ÷åëîâåê — òâîðåö èíæåíåðíûõ ñèñòåì.

Ìèíèìàëüíûå òðåáóåìûå çíà÷åíèÿ âåðîÿòíîñòè ýâà-

êóàöèè äëÿ èñêëþ÷åíèÿ ïðåâûøåíèÿ íîðìàòèâíîãî

çíà÷åíèÿ ïîæàðíîãî ðèñêà â çäàíèÿõ ðàçëè÷íûõ êëàñ-

ñîâ ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè ïðèâåäå-

íû íà ðèñ. 1.

Â ðåçóëüòàòå èìååì ïðÿìî-òàêè ðîìàí “Äâåíàä-

öàòü ñòóëüåâ” — ïëàêàò íà ñòåíàõ çäàíèÿ â ã. Âàñþ-

êè: “Ñïàñåíèå óòîïàþùèõ — äåëî ðóê ñàìèõ óòîïà-

þùèõ”.

Ðàçâå íàñåëåíèå è ïîñåòèòåëè çäàíèé, îáîðóäî-

âàííûõ àâòîìàòè÷åñêèìè ñèñòåìàìè ïðîòèâîïîæàð-

íîé çàùèòû, êîòîðûå íàäåþòñÿ íà íèõ, íå ââîäÿòñÿ

â çàáëóæäåíèå îòíîñèòåëüíî îáåñïå÷åíèÿ ñîáñò-

âåííîé áåçîïàñíîñòè?!
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Ïðè ýòîì âåðîÿòíîñòü ýâàêóàöèè êàæäîãî ÷åëî-

âåêà íå ìîæåò íàçíà÷àòüñÿ èëè ïðèíèìàòüñÿ Ðý = 0,999

äàæå ïðè týâ = (tí.ý + tð) & 0,8táë è tñê & 6 ìèí [3, ï. 9].

Îíà äîëæíà îáåñïå÷èâàòüñÿ åãî èíäèâèäóàëüíûìè

ôèçè÷åñêèìè è ïñèõîôèçèîëîãè÷åñêèìè âîçìîæíî-

ñòÿìè è ó÷èòûâàòüñÿ ïðè ìîäåëèðîâàíèè ñòîõàñòè÷-

íîñòè ïðîöåññîâ ýâàêóàöèè è ðàñïðîñòðàíåíèÿ ÎÔÏ

(ðèñ. 2) [8].

Çäåñü-òî è ïðîÿâëÿåòñÿ ñî âñåé î÷åâèäíîñòüþ íå-

äîïóñòèìîñòü ïîäìåíû âåðîÿòíîñòè íå òîëüêî íà-

äåæíîãî ñðàáàòûâàíèÿ êîìïëåêñà àâòîìàòè÷åñêèõ

ñèñòåì ïðîòèâîïîæàðíîé çàùèòû, íî è ýôôåêòèâíî-

ñòè èõ ôóíêöèîíèðîâàíèÿ èõ ñðåäíèìè çíà÷åíèÿìè.

Ýôôåêòèâíîñòü
ïðîòèâîïîæàðíûõ ñèñòåì

Ñîãëàñíî òðåáîâàíèÿì Òåõíè÷åñêèõ ðåãëàìåíòîâ

â çäàíèÿõ è ñîîðóæåíèÿõ äîëæíî îáåñïå÷èâàòüñÿ

“îãðàíè÷åíèå îáðàçîâàíèÿ è ðàñïðîñòðàíåíèÿ îïàñ-

íûõ ôàêòîðîâ ïîæàðà â ïðåäåëàõ î÷àãà ïîæàðà”

(ñò. 8 [9]), à “àâòîìàòè÷åñêèå óñòàíîâêè ïîæàðî-

òóøåíèÿ äîëæíû îáåñïå÷èâàòü… ëèêâèäàöèþ ïî-

æàðà â ïîìåùåíèè äî âîçíèêíîâåíèÿ êðèòè÷åñêèõ

çíà÷åíèé îïàñíûõ ôàêòîðîâ ïîæàðà…” (ñò. 61 [2]).

×èñëåííîå ìîäåëèðîâàíèå äèíàìèêè ÎÔÏ [10],

ó÷èòûâàþùåå âàðèàíòû ðàçìåùåíèÿ êëàïàíîâ óäà-

ëåíèÿ äûìà è èõ ïðîèçâîäèòåëüíîñòè, ïîçâîëÿåò

îïðåäåëèòü âðåìÿ áëîêèðîâàíèÿ ýâàêóàöèè ëþäåé â

îôèñíûõ ïîìåùåíèÿõ âûñîòíûõ çäàíèé, õàðàêòåð-

íûõ äëÿ çäàíèé óïðàâëåíèÿ âñåõ îòðàñëåé íàðîäíî-

ãî õîçÿéñòâà. Â çàâèñèìîñòè îò ïëîùàäè ïîìåùåíèÿ

S îíî ìîæåò áûòü îïèñàíî óðàâíåíèåì táë = 9,45S 0,32

(ðèñ. 3).

Ñòîëü ìàëûå çíà÷åíèÿ týâ, îïðåäåëÿåìûå âðåìå-

íåì táë, ïîêàçûâàþò íåîáõîäèìîñòü ïîèñêà ñïîñî-

áîâ ïîäàâëåíèÿ ïîæàðà â åãî íà÷àëüíîé ñòàäèè.

Ñóùåñòâóþùèå, óñòàíàâëèâàåìûå â áîëüøèíñò-

âå çäàíèé è ñîîðóæåíèé àâòîìàòè÷åñêèå ñèñòåìû ïî-

æàðîòóøåíèÿ íà÷èíàþò ôóíêöèîíèðîâàòü íàìíîãî

ïîçæå çàâåðøåíèÿ ýâàêóàöèè èç ïîìåùåíèÿ è ïî-

Ðèñ. 1. Ìèíèìàëüíî íåîáõîäèìûå çíà÷åíèÿ âåðîÿòíîñòè ýâà-

êóàöèè äëÿ èñêëþ÷åíèÿ ïðåâûøåíèÿ íîðìàòèâíîãî çíà÷å-

íèÿ ïîæàðíîãî ðèñêà â çäàíèÿõ ðàçëè÷íûõ êëàññîâ ôóíêöè-

îíàëüíîé ïîæàðíîé îïàñíîñòè [7] (ãðóïïà çäàíèé ¹ 16 ñ

Qï = 0,04)

Fig. 1. The minimum required values of evacuation probability

to avoid exceeding the standard value of fire risk in buildings

of various classes of functional fire hazard [7] (the group of

buildings No. 16 in take with Qp = 0,04)

Ðèñ. 2. Èëëþñòðàöèÿ îáåñïå÷åíèÿ óñëîâèé ñâîåâðåìåííîé

ýâàêóàöèè ëþäåé [8]: à — ïðè äåéñòâèòåëüíîì ðàçâèòèè ïðî-

öåññîâ ýâàêóàöèè (týâ = tí.ý + tð) è îïàñíûõ ôàêòîðîâ ïîæàðà

(tíá), îïèñûâàåìûõ ïëîòíîñòÿìè ðàñïðåäåëåíèÿ âåðîÿòíî-

ñòåé âðåìåíè èõ äîñòèæåíèÿ Ð(t); á — ïðè äåòåðìèíèðî-

âàííîì îïèñàíèè ýòèõ ïðîöåññîâ, èãíîðèðóþùåì èõ äåéñò-

âèòåëüíûé (âåðîÿòíîñòíûé) õàðàêòåð (ñîîòíîøåíèå òîëüêî

ìåæäó ñðåäíèìè çíà÷åíèÿìè týâ & tíá)

Fig. 2. Illustration of the conditions of safe evacuation of people [8]:

a — by a actual development of the processes of evacuation

(tev = tn.e + tr) and harmful fire factors (tnb), described by proba-

bility density functions of time to achieve them; b — by a deter-

ministic description of these processes, ignoring their valid (pro-

babilistic) character (only the ratio between the average values

tev & tnb)

Ðèñ. 3. Çàâèñèìîñòü âðåìåíè áëîêèðîâàíèÿ îò ïëîùàäè ïî-

ìåùåíèÿ: táë = f (S ) [10]

Fig. 3. The relation of ASET against premises area: tbl = f (S ) [10]
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ýòîìó íå ìîãóò îêàçàòü âëèÿíèÿ íà îáåñïå÷åíèå áåç-

îïàñíîñòè íàõîäÿùèõñÿ â íèõ ëþäåé [11]. Ðåçóëü-

òàòû ìîäåëèðîâàíèÿ ïîêàçûâàþò, ÷òî äëÿ áûñòðîé

ëîêàëèçàöèè èñòî÷íèêà ãîðåíèÿ íåîáõîäèìî óìåíü-

øèòü âðåìÿ ñðàáàòûâàíèÿ ñèñòåì îáíàðóæåíèÿ, îïî-

âåùåíèÿ è èíåðöèîííîñòè ñèñòåìû ïîæàðîòóøå-

íèÿ. Òîëüêî â ýòîì ñëó÷àå ñèñòåìà ïðîòèâîäûìíîé

çàùèòû, óñòàíîâëåííàÿ â ïîìåùåíèè, ñìîæåò îáåñ-

ïå÷èòü åãî íåçàäûìëÿåìîñòü, ÷òî äàñò âîçìîæíîñòü

âûïîëíèòü òðåáîâàíèå ÷. 2 ñò. 61 [2] î ëèêâèäàöèè ïî-

æàðà äî âîçíèêíîâåíèÿ êðèòè÷åñêèõ çíà÷åíèé ÎÔÏ

â ïîìåùåíèè.

Ðàñïðîñòðàíèâøèñü èç ïîìåùåíèÿ â êîðèäîð ýòà-

æà çäàíèÿ, ÎÔÏ â áîëüøèíñòâå ñëó÷àåâ áëîêèðóþò

è âîçìîæíîñòü áåçîïàñíîé ýâàêóàöèè ëþäåé ñ ýòàæà

çäàíèÿ, íåñìîòðÿ íà åãî îáîðóäîâàíèå ñèñòåìàìè

ïðîòèâîïîæàðíîé çàùèòû (ðèñ. 4).

Ïðè ðàñïðîñòðàíåíèè ÎÔÏ â êîðèäîð ñèñòåìà

äûìîóäàëåíèÿ â êîðèäîðå ñ íîðìàòèâíûìè ðàñõî-

äàìè óâåëè÷èâàåò âðåìÿ áëîêèðîâàíèÿ íà 34 %. Ïîë-

íîå óäàëåíèå ïðîäóêòîâ ãîðåíèÿ èç êîðèäîðà âîç-

ìîæíî òîëüêî ïðè óâåëè÷åíèè ðàñõîäîâ â äåñÿòêè

ðàç. Èñïîëüçîâàíèå äðåí÷åðíîé ñèñòåìû ïåðåä âû-

õîäîì èç ïîìåùåíèé ïðè íîðìàòèâíûõ îáúåìàõ ïî-

äà÷è âîäû óâåëè÷èâàåò âðåìÿ áëîêèðîâàíèÿ âñåãî

íà 9 %. Ñîâìåñòíîå èñïîëüçîâàíèå äðåí÷åðíîé ñè-

ñòåìû è ñèñòåìû äûìîóäàëåíèÿ ïîçâîëÿåò óâåëè÷èòü

âðåìÿ áëîêèðîâàíèÿ íà 40 %. Òàêèì îáðàçîì, ðåçóëü-

òàòû ìîäåëèðîâàíèÿ ñâèäåòåëüñòâóþò î òîì, ÷òî ïðè

îòñóòñòâèè âîçäåéñòâèÿ íà î÷àã âîçãîðàíèÿ ïðîäóê-

òû ãîðåíèÿ, ðàñïðîñòðàíÿÿñü çà ïðåäåëû ïîìåùå-

íèÿ, â ñ÷èòàííûå ìèíóòû (ìåíåå tí.ý) áëîêèðóþò êîì-

ìóíèêàöèîííûå ïóòè íà ýòàæå, âíå çàâèñèìîñòè îò

ðàáîòû ñèñòåì ïðîòèâîïîæàðíîé çàùèòû.

Ïðè ýòîì íà ñîêðàùåíèå âðåìåíè ýâàêóàöèè ëþ-

äåé týâ (týâ = tí.ý + tð) çà ñ÷åò “ñîâåðøåíñòâîâàíèÿ”

ôèçè÷åñêèõ è ïñèõîôèçè÷åñêèõ âîçìîæíîñòåé ëþ-

äåé ðàññ÷èòûâàòü íå ïðèõîäèòñÿ, ïîñêîëüêó äàííûå

äåìîãðàôè÷åñêèõ èññëåäîâàíèé ÎÎÍ è ÂÎÇ îïðå-

äåëÿþò ïðîòèâîïîëîæíóþ ïåðñïåêòèâó [13, 14]: ðîñò

äîëè íàñåëåíèÿ â âîçðàñòå ñâûøå 65 ëåò ñ 20 %

ïî÷òè äî 50 % ê 2050 ã., óâåëè÷åíèå ÷èñëà èíâàëè-

äîâ, ðîñò êîëè÷åñòâà ëþäåé âñåõ âîçðàñòîâ, ñòðàäà-

þùèõ îæèðåíèåì, äî 50 % ê 2030 ã. (ðèñ. 5).

Ýòè äåìîãðàôè÷åñêèå ïîêàçàòåëè íàðîäîíàñå-

ëåíèÿ îêàçûâàþò çíà÷èòåëüíîå âëèÿíèå íà ïàðà-

Ðèñ. 4. Îáëàñòü âîçìîæíûõ ðåøåíèé ïî âûáîðó ñèñòåì ïîæàðíîé áåçîïàñíîñòè [12]:�— áåç ñèñòåì ïðîòèâîïîæàðíîé çàùè-

òû; �— èçìåíåíèå ðàñïîëîæåíèÿ ïîìåùåíèÿ î÷àãà ïîæàðà è êëàïàíà äûìîóäàëåíèÿ; �— èçìåíåíèå ðàñõîäà âîçäóõà ÷åðåç

êëàïàí äûìîóäàëåíèÿ;�— èçìåíåíèå ðàñõîäà âîäû ñèñòåìû ïîæàðîòóøåíèÿ (äðåí÷åðíàÿ çàâåñà);�— èçìåíåíèå ðàñõîäà

âîçäóõà ÷åðåç êëàïàí äûìîóäàëåíèÿ è ðàñõîäà äðåí÷åðíîé ñèñòåìû ïîæàðîòóøåíèÿ (äðåí÷åðíàÿ çàâåñà)

Fig. 4. Field of possible solutions for selection of fire safety systems [12]: �— without fire protection systems; �— change the loca-

tion of the premises of fire origin and smoke control valve;�— changing the flow of air through smoke control valve;�— changing

the water consumption of the fire-extinguishing system (deluge curtain);�— changing the flow of air through smoke control valve and

consumption of deluge fire extinguishing system (deluge curtain)
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ìåòðû ëþäñêîãî ïîòîêà, ñíèæàÿ ñêîðîñòü è, ñëåäî-

âàòåëüíî, èíòåíñèâíîñòü èõ äâèæåíèÿ íà 40–50 %.

Ñîîòâåòñòâóþùèå äàííûå, ïîëó÷åííûå â îòå÷åñò-

âåííûõ èññëåäîâàíèÿõ [16–18], ïðèâåäåíû íà

ðèñ. 6. Îíè îïóáëèêîâàíû â îòå÷åñòâåííîé è çàðó-

áåæíîé ïå÷àòè [7, 19–24], èñïîëüçóþòñÿ ïðè óñòà-

íîâëåíèè ðàñ÷åòíûõ âåëè÷èí ïîæàðíîãî ðèñêà [4],

à òàêæå â ðàáîòàõ çàðóáåæíûõ ó÷åíûõ ïðè ïåðå-

ñìîòðå ìîäåëåé äâèæåíèÿ ëþäñêèõ ïîòîêîâ, âû-

çâàííûõ ïðîèñõîäÿùèìè äåìîãðàôè÷åñêèìè èçìå-

íåíèÿìè.

Âêëþ÷åíèå â ñîñòàâ âûñîòíûõ êîìïëåêñîâ æè-

ëûõ çäàíèé ñî ñìåøàííûì ñîñòàâîì ïîòîêà ïðè

ýâàêóàöèè òðåáóåò ó÷åòà äåìîãðàôè÷åñêèõ ãðóïï

íàñåëåíèÿ â ñîñòàâå îñíîâíîãî ôóíêöèîíàëüíîãî

êîíòèíãåíòà âûñîòíûõ çäàíèé [7]. Îäíàêî ýòî íèêàê

íå îòîáðàæåíî â ðàçðàáàòûâàåìîì ÑÏ “Çäàíèÿ è

êîìïëåêñû âûñîòíûå. Òðåáîâàíèÿ ïîæàðíîé áåç-

îïàñíîñòè” [25], õîòÿ ìíîãèå èç ýòèõ ëþäåé íå ñïî-

ñîáíû ê ïåøåõîäíîé ýâàêóàöèè ïî ëåñòíè÷íûì êëåò-

êàì, è èñïîëüçîâàíèå ëèôòîâ äëÿ èõ ýâàêóàöèè âî

âðåìÿ ïîæàðà ñòàíîâèòñÿ íåîáõîäèìûì. Äëÿ ýòîãî

íåäîñòàòî÷íî òîëüêî èñïîëüçîâàòü ëèôòû äëÿ òðàíñ-

ïîðòèðîâàíèÿ ïîæàðíûõ ïîäðàçäåëåíèé. Íåîáõîäè-

ìî åùå îáåñïå÷èòü èõ îïòèìàëüíîå èñïîëüçîâàíèå,

äëÿ ÷åãî òðåáóåòñÿ ñïåöèàëüíûé àëãîðèòì îðãàíè-

çàöèè èõ ðàáîòû â ñèñòåìå ïîýòàïíîé êîìáèíèðî-

âàííîé ýâàêóàöèè. Ïðèíöèïû ïîñòðîåíèÿ òàêîé

ñèñòåìû óæå ðàçðàáîòàíû [10, 26], íî â ïðåäñòàâ-

ëåííîé ðåäàêöèè ñâîäà ïðàâèë îíè, òåì íå ìåíåå,

îòñóòñòâóþò. Ïðè ýòîì ñëåäóåò ó÷èòûâàòü, ÷òî ñî-

êðàùåíèå â 2–3 ðàçà âðåìåíè ýâàêóàöèè âëèÿåò è

íà òåõíèêî-ýêîíîìè÷åñêèå ïîêàçàòåëè ñèñòåì, êîòî-

ðûìè ïðåäóñìàòðèâàåòñÿ îáîðóäîâàòü âûñîòíûå

çäàíèÿ (ï. 14.20 ÑÏ 267.1325800.2016 [27]), ÷åì îïðå-

äåëÿåòñÿ ìèíèìàëüíîå âðåìÿ èõ æèâó÷åñòè.

Ñîâðåìåííûå âîçìîæíîñòè
àâòîìàòè÷åñêèõ ñèñòåì â îáåñïå÷åíèè

ïðîòèâîïîæàðíîé áåçîïàñíîñòè
âûñîòíûõ çäàíèé

Àâòîìàòè÷åñêàÿ ñèñòåìà ïðîòèâîïîæàðíîé çà-

ùèòû âûñîòíîãî çäàíèÿ ñîñòîèò èç èñïîëíèòåëü-

íûõ ýëåìåíòîâ âõîäÿùèõ â íåå ïîäñèñòåì îáíàðó-

æåíèÿ î÷àãà âîçãîðàíèÿ, ïîæàðîòóøåíèÿ, ïðîòèâî-

äûìíîé âåíòèëÿöèè è ñèñòåìû ïåðåäà÷è äàííûõ è

êîîðäèíàöèè óïðàâëåíèÿ èõ ôóíêöèîíèðîâàíèåì.

Â íàñòîÿùåå âðåìÿ îòå÷åñòâåííûìè ó÷åíûìè è

ïðîèçâîäèòåëÿìè ñîçäàíû äàò÷èêè îáíàðóæåíèÿ

Ðèñ. 5. Ïîêàçàòåëè ñòåïåíè îæèðåíèÿ âçðîñëûõ ëþäåé â ðàç-

ëè÷íûõ ñòðàíàõ (1970–2010 ãã.) [15]

Fig. 5. Adult obesity rates in multiple OECD countries in 1970–

2010 years [15]

Ðèñ. 6. Çàêîíîìåðíîñòè ñâÿçè ìåæäó ïàðàìåòðàìè ïîòîêîâ

ëþäåé ðàçëè÷íûõ âîçðàñòíûõ ãðóïï: à — ñêîðîñòü — ïëîò-

íîñòü ïîòîêà; á — èíòåíñèâíîñòü äâèæåíèÿ — ïëîòíîñòü

ïîòîêà [16–18]

Fig. 6. The relationship between parameters of human flows for

different age demographics: a — walking speed vs density; b —

crowd flow rate vs density [16–18]



49ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 9

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

âîçãîðàíèÿ íà ðàííåé ñòàäèè åãî âîçíèêíîâåíèÿ,

íà ïîðÿäîê ïðåâîñõîäÿùèå ïî ÷óâñòâèòåëüíîñòè è

íàäåæíîñòè ôóíêöèîíèðîâàíèÿ ëó÷øèå îáðàçöû

çàðóáåæíûõ äûìîâûõ òî÷å÷íûõ ïîæàðíûõ èçâåùà-

òåëåé [28].

Ñîçäàíû ñïðèíêëåðíûå ñèñòåìû “áûñòðîãî ðåà-

ãèðîâàíèÿ” àäðåñíîãî âîçäåéñòâèÿ íà î÷àã ïîæàðà,

ñïîñîáíûå åãî ïîäàâëÿòü äî îáðàçîâàíèÿ ÎÔÏ (òåì

áîëåå íà ðàííåé ñòàäèè åãî âîçíèêíîâåíèÿ) [29].

Óñòàíîâëåíû óíèâåðñàëüíûå ìåõàíèçìû òóøåíèÿ

ïîæàðà [30], ïîçâîëÿþùèå îïòèìèçèðîâàòü ðàñõî-

äû îãíåòóøàùèõ ìàòåðèàëîâ äëÿ äîñòèæåíèÿ ìè-

íèìàëüíîãî âðåìåíè ïîäàâëåíèÿ ïëàìåíè â çäàíè-

ÿõ è ñîîðóæåíèÿõ ðàçëè÷íîãî íàçíà÷åíèÿ (ðèñ. 7).

Ðàçðàáîòàíà [31] è îáùàÿ ñèñòåìà áåñïðîâîäíîé

ïåðåäà÷è ñèãíàëà, áàçèðóþùàÿñÿ íà ïðèíöèïå äè-

íàìè÷åñêîé ìàðøðóòèçàöèè ñèãíàëîâ è ãàðàíòèðó-

þùàÿ ïîâûøåíèå âåðîÿòíîñòè ôóíêöèîíèðîâàíèÿ

äî 0,999 (âìåñòî ñåãîäíÿøíèõ 0,76). Ïðè ýòîì êðè-

òåðèåì îöåíêè ñëóæèò âïåðâûå ðàçðàáîòàííûé êîì-

ïëåêñíûé êðèòåðèé, ó÷èòûâàþùèé ñîâîêóïíîñòü ïî-

êàçàòåëåé ôóíêöèîíèðîâàíèÿ àâòîìàòè÷åñêèõ ñèñ-

òåì:

Lîêê = a1Q + a2E + a3H + a4P + a5S + a6C, (4)

ãäå Q — îïåðàòèâíîñòü;

E — ýôôåêòèâíîñòü;

Í — ïîìåõîóñòîé÷èâîñòü;

Ð — íàäåæíîñòü;

S — ïëîùàäü îáñëóæèâàíèÿ;

Ñ — ýêîíîìè÷åñêàÿ öåëåñîîáðàçíîñòü.

Âûâîäû

Ýòè ðàçðàáîòêè äåìîíñòðèðóþò âîçìîæíîñòü ñî-

çäàíèÿ â íàñòîÿùåå âðåìÿ àâòîìàòè÷åñêèõ ñèñòåì

ïîæàðíîé çàùèòû, ñïîñîáíûõ îáåñïå÷èòü äîñòè-

æåíèå íîðìàòèâíîãî óðîâíÿ èíäèâèäóàëüíîãî ïî-

æàðíîãî ðèñêà è âûïîëíåíèå òðåáîâàíèé òåõíè÷å-

ñêèõ ðåãëàìåíòîâ îá îãðàíè÷åíèè ðàñïðîñòðàíåíèÿ

ÎÔÏ ïîìåùåíèåì âîçíèêíîâåíèÿ î÷àãà ïîæàðà.
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ABSTRACT

Considering the development Set of Rules “High-rise buildings and complexes. Fire safety require-

ments” it became very important, first of all, the choice of means and methods to protect people from

the impact of dangerous fire factors. The correct solution of these issues leads to the achievement of

the primary objective of the technical regulation “protection of life and health of citizens”.

The paper shows that these calculated values of fire risk focused on the parameters for automatic

systems of fire protection and fire extinguishing equipment of foreign production, do not allow

achieving this goal without evacuation of people. Calculations have shown, that the probability of

a successful evacuation should be 0.999, while the probability of failure-free operation (or safety

factor) of applied automated systems is about 0.8–0.9.

At the same time, the analysis of the demographic data of the UN and WHO shows that

the physical ability for the safety of pedestrian evacuation of the population in developed countries

over the past decade has declined significantly and they continue to degrade in connection with

the increase in the number of elderly people, rising disability among people and obesity spreading to

all age groups.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 952

ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÅ ÑÈÑÒÅÌÛ È ÑÐÅÄÑÒÂÀ

Consideration of these demographic trends leads to the inevitable conclusion about the necessity

of improving the reliability and efficiency of functioning of the automated systems of fire protection.

The paper summarizes the presentations of Russian scientists and domestic manufacturers of

these systems, showing that over the last decade they’ve managed to make a number of innovative

inventions that are currently able to provide the domestic market with the products, which many times

exceed the value of the characteristics of the foreign samples.

Evaluation of the effectiveness and reliability of these systems and of new control algorithms

implemented a wireless transmission system, demonstrates the probability of their operation required

to ensure the standard level of the individual fire risk.

The article discusses an unconventional concept of fire safety of people by improving the re-

liability and efficiency of functioning of the elements and their governing systems. The principles of

this concept should form the basis for the design of fire protection systems of high-rise buildings.

Their implementation in conjunction with the organization of a combined phased evacuation (pedestrian

evacuation + protected elevator evacuation) will ensure the safety of high-rise buildings and decrease

the time of stay of people in these building in emergency situations.

Keywords: safety; high-rise buildings; fire protection system; fire extinguishing system; spot sensors;

sprinkler installation; fire extinguishing facilities; data transmission systems; wireless systems.
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Ïðåäëîæåíî îáîñíîâûâàòü êîëè÷åñòâåííûå ðåøåíèÿ ïðè ïðîåêòèðîâàíèè è ýêñïëóàòàöèè ñèñòåì
áåçîïàñíîñòè àâòîíîìíûõ îáúåêòîâ íà îñíîâå ìåòîäîâ òåîðèè ìàññîâîãî îáñëóæèâàíèÿ. Ðàñ-
ñìîòðåíû çàäà÷è àíàëèçà è ñèíòåçà ñèñòåì ìàññîâîãî îáñëóæèâàíèÿ ïðè ðåøåíèè çàäà÷ îáåñ-
ïå÷åíèÿ áåçîïàñíîñòè îáúåêòîâ (íàïðèìåð, ñèñòåì ïðîòèâîïîæàðíîé èëè ïðîòèâîàâàðèéíîé
çàùèòû àâòîíîìíîãî óäàëåííîãî îáúåêòà), îñîáåííîñòüþ êîòîðûõ ÿâëÿåòñÿ íàëè÷èå ðàçëè÷íûõ
òèïîâ çàÿâîê, òðåáóþùèõ ðàçíîãî âðåìåíè îáñëóæèâàíèÿ (íàïðèìåð, ïîæàðíî-ñïàñàòåëüíûìè
ïîäðàçäåëåíèÿìè èëè ðåìîíòíî-âîññòàíîâèòåëüíûìè áðèãàäàìè). Ïîëó÷åíû àíàëèòè÷åñêèå âû-
ðàæåíèÿ äëÿ âåðîÿòíîñòåé ñîñòîÿíèé ñèñòåì îáñëóæèâàíèÿ. Ñôîðìóëèðîâàíà çàäà÷à àíàëèçà
êàê íàõîæäåíèå âåðîÿòíîñòè îòêàçà ñèñòåìû â ïðèåìå çàÿâêè êàêîãî-ëèáî òèïà ïî ïðè÷èíå çà-
íÿòîñòè âñåõ êàíàëîâ îáñëóæèâàíèÿ, êîãäà èçâåñòíû èíòåíñèâíîñòè ïîñòóïëåíèÿ çàÿâîê è ñêî-
ðîñòè èõ îáñëóæèâàíèÿ. Ñôîðìóëèðîâàíà çàäà÷à ñèíòåçà êàê íàõîæäåíèå íåîáõîäèìîãî ÷èñëà
êàíàëîâ îáñëóæèâàíèÿ ïðè çàäàííûõ îãðàíè÷åíèÿõ íà âåðîÿòíîñòè îòêàçà â ïðèåìå çàÿâîê.
Ïðèâåäåíû ïðèìåðû ðàñ÷åòà äàííûõ õàðàêòåðèñòèê äëÿ îäíî-, äâóõ- è òðåõêàíàëüíîé ñèñòåì
ìàññîâîãî îáñëóæèâàíèÿ ñ äâóìÿ è òðåìÿ òèïàìè çàÿâîê.
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Ââåäåíèå

Â íàñòîÿùåå âðåìÿ îñîáåííî àêòóàëüíûìè ñòàíî-

âÿòñÿ âîïðîñû îáåñïå÷åíèÿ áåçîïàñíîñòè àâòî-

íîìíûõ èëè òðóäíîäîñòóïíûõ îáúåêòîâ (íàïðèìåð,

â ñåâåðíûõ ðàéîíàõ èëè â Àðêòè÷åñêîé çîíå) [1–4].

Ïðè ïðîåêòèðîâàíèè è ýêñïëóàòàöèè ñèñòåì áåç-

îïàñíîñòè ýòèõ îáúåêòîâ íåîáõîäèìî îáîñíîâûâàòü

ðåøåíèÿ ïî èõ êîëè÷åñòâåííûì ïîêàçàòåëÿì. Â êà-

÷åñòâå òàêèõ ïîêàçàòåëåé ìîæåò ðàññìàòðèâàòüñÿ

÷èñëî óíèâåðñàëüíûõ àâàðèéíî-íàëàäî÷íûõ è ïî-

æàðíî-ñïàñàòåëüíûõ ïîäðàçäåëåíèé, ïðèíèìàþùèõ

ó÷àñòèå â ëèêâèäàöèè ÷ðåçâû÷àéíûõ ñèòóàöèé (×Ñ)

ðàçëè÷íîãî õàðàêòåðà, à òàêæå âåðîÿòíîñòíî-âðå-

ìåííûå õàðàêòåðèñòèêè èõ ðåàãèðîâàíèÿ íà ×Ñ. Ýòè

ðåøåíèÿ ìîãóò áûòü îáîñíîâàíû ñ èñïîëüçîâàíèåì

ìåòîäîâ òåîðèè ìàññîâîãî îáñëóæèâàíèÿ.

Òåîðèÿ ìàññîâîãî îáñëóæèâàíèÿ øèðîêî ïðèìå-

íÿåòñÿ äëÿ ðåøåíèÿ ìíîãèõ ïðèêëàäíûõ çàäà÷ â ðàç-

ëè÷íûõ îáëàñòÿõ íàóêè è òåõíèêè, â òîì ÷èñëå â ñè-

ñòåìàõ ïîæàðíîé è ïðîìûøëåííîé áåçîïàñíîñòè

[5–9]. Ïðàêòè÷åñêèé èíòåðåñ â ýòèõ ñëó÷àÿõ ïðåä-

ñòàâëÿþò â îñíîâíîì çàäà÷è äâóõ âèäîâ — àíàëèç è

ñèíòåç [6, 10, 11]. Â ïåðâîì ñëó÷àå, èñõîäÿ èç èçâå-

ñòíûõ èíòåíñèâíîñòåé (÷àñòîò) âîçíèêíîâåíèÿ ïî-

æàðîâ èëè äðóãèõ ÷ðåçâû÷àéíûõ ñèòóàöèé (êîòîðûå

ïðåäñòàâëÿþòñÿ êàê çàÿâêè, ïîñòóïàþùèå íà îá-

ñëóæèâàíèå) {-}, ñêîðîñòåé èõ ëèêâèäàöèè (îáñëó-

æèâàíèÿ) {�}, ÷èñëà n êàíàëîâ îáñëóæèâàíèÿ (ÊÎ),

â êà÷åñòâå êîòîðûõ ðàññìàòðèâàþòñÿ òàêèå ðåñóðñû

ñèñòåìû áåçîïàñíîñòè, êàê: êîëè÷åñòâî åäèíèö òåõ-

íèêè, ëè÷íîãî ñîñòàâà, ìàòåðèàëüíûõ ñðåäñòâ è ìåñò

â î÷åðåäè íà îáñëóæèâàíèå m, îïðåäåëÿþòñÿ âåðî-

© Òàðàíöåâ À. À., Õîëîñòîâ À. Ë., Òàðàíöåâ À. À., 2017
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ÿòíîñòè {ð} ñîñòîÿíèé ñèñòåìû ìàññîâîãî îáñëó-

æèâàíèÿ (ÑÌÎ) (êîòîðûå ìîãóò ðàññìàòðèâàòüñÿ

êàê ïîêàçàòåëè âîçìîæíîñòè âûïîëíåíèÿ ñèñòåìîé

áåçîïàñíîñòè ñâîèõ ôóíêöèé). Èç ýòèõ ñîñòîÿíèé

ïðåäñòàâëÿþò èíòåðåñ êëþ÷åâûå: S0 — ïðîáëåì-

íûõ ñèòóàöèé íå âîçíèêëî (çàÿâîê íå ïîñòóïèëî),

âñå ÊÎ ñâîáîäíû; Sí — ñâîáîäåí õîòÿ áû îäèí ÊÎ,

ñïîñîáíûé îòðåàãèðîâàòü íà ïðîáëåìó (îáñëóæèòü

çàÿâêó); Sîòê — âñå n ÊÎ çàíÿòû, íà âîçíèêøóþ ïðîá-

ëåìó íåò âîçìîæíîñòè îòðåàãèðîâàòü (çàÿâêà ïîëó-

÷àåò îòêàç â îáñëóæèâàíèè), òàêàÿ ñèòóàöèÿ ìîæåò

ïðèâåñòè ê êàòàñòðîôè÷åñêèì ïîñëåäñòâèÿì. Âåðî-

ÿòíîñòè òàêèõ ñîñòîÿíèé ñîîòâåòñòâåííî ð0, ðí è

ðîòê. Ïîñëå êîëè÷åñòâåííîãî îïðåäåëåíèÿ êëþ÷å-

âûõ âåðîÿòíîñòåé ïîÿâëÿåòñÿ âîçìîæíîñòü ñäåëàòü

âûâîä î òîì, íàñêîëüêî ýôôåêòèâíî ñèñòåìà ìîæåò

îáåñïå÷èòü áåçîïàñíîñòü çàùèùàåìîãî îáúåêòà.

Âî âòîðîì ñëó÷àå (çàäà÷à ñèíòåçà ÑÌÎ) ïî çàäàí-

íûì äîïóñòèìûì çíà÷åíèÿì âåðîÿòíîñòåé ð0, ðí è

ðîòê è èçâåñòíûì ÷àñòîòàì {-} ïîäáèðàþòñÿ íåîá-

õîäèìûå êîëè÷åñòâåííûå õàðàêòåðèñòèêè ñèñòåìû,

òàêèå êàê ÷èñëî ÊÎ n, ÷èñëî ìåñò â î÷åðåäè è/èëè

ñêîðîñòè îáñëóæèâàíèÿ {�} [5].

Ðåøåíèå çàäà÷, ñâÿçàííûõ ñ ôóíêöèîíèðîâàíè-

åì ÑÌÎ, ïîäðîáíî ðàññìàòðèâàåòñÿ â ñïåöèàëüíîé

ëèòåðàòóðå [5, 6, 12–17]. Äëÿ óäîáñòâà ñôîðìóëèðî-

âàíû îáùåïðèíÿòûå äîïóùåíèÿ. Â ÷àñòíîñòè, ñ÷è-

òàåòñÿ [5], ÷òî, ïîñêîëüêó ïîòîê çàÿâîê ïðîñòåéøèé,

âðåìÿ îáñëóæèâàíèÿ ïîä÷èíåíî ýêñïîíåíöèàëü-

íîìó çàêîíó, ïðîöåññû ïðèåìà-îáñëóæèâàíèÿ óñòà-

íîâèâøèåñÿ, êàæäûé ÊÎ îáñëóæèâàåò çàÿâêó ñàìî-

ñòîÿòåëüíî, çàäà÷à ñèíòåçà ìíîãîêàíàëüíîé ÑÌÎ ñ

î÷åðåäüþ ìîæåò ðåøàòüñÿ ñ èñïîëüçîâàíèåì íîìî-

ãðàìì [6, 10], à çàäà÷à àíàëèçà — ïî äîñòàòî÷íî

ïðîñòûì àíàëèòè÷åñêèì âûðàæåíèÿì [5, 6].

Òåîðåòè÷åñêèå îñíîâû
(ïîñòàíîâêà çàäà÷è)

Â ðàáîòå [11] ðàññìîòðåíû çàäà÷è àíàëèçà è

ñèíòåçà ÑÌÎ ñ íåñêîëüêèìè òèïàìè çàÿâîê, äëÿ îá-

ñëóæèâàíèÿ êîòîðûõ òðåáóåòñÿ ïðèâëå÷åíèå îäíî-

ãî, äâóõ, òðåõ èëè áîëåå ÊÎ. Ñ ó÷åòîì îñîáåííîñòåé

ôóíêöèîíèðîâàíèÿ ñèñòåì áåçîïàñíîñòè ñòàíîâèò-

ñÿ àêòóàëüíîé ðàçðàáîòêà ìàòåìàòè÷åñêîé ìîäåëè

ñèñòåìû áåçîïàñíîñòè êàê ÑÌÎ, â êîòîðóþ ïîñòó-

ïàþò m ïîòîêîâ ðàçíîðîäíûõ çàÿâîê ñ èíòåíñèâíî-

ñòÿìè (÷àñòîòàìè) -1, …, -m, îáñëóæèâàåìûõ óíè-

âåðñàëüíûìè ÊÎ ñî ñêîðîñòÿìè �1, …, �m ñîîòâåò-

ñòâåííî. Íàëè÷èå òàêîé ìàòåìàòè÷åñêîé ìîäåëè

ïîçâîëÿåò ðåøàòü çàäà÷è àíàëèçà è ñèíòåçà ñèñòåìû

áåçîïàñíîñòè êàê ÑÌÎ äëÿ øèðîêîãî êðóãà óäàëåí-

íûõ àâòîíîìíûõ îáúåêòîâ (íàïðèìåð, â Àðêòè÷å-

ñêîé çîíå), èñïîëüçóÿ íåçíà÷èòåëüíûå äîïóùåíèÿ è

óïðîùåíèÿ.

Â ïåðâîì ñëó÷àå (çàäà÷à àíàëèçà) ïî èçâåñòíûì

çíà÷åíèÿì -1, …, -m, �1, …, �m è ÷èñëå ÊÎ n ïðîâî-

äèòñÿ îöåíêà âåðîÿòíîñòåé íàèáîëåå âàæíûõ ñîñòî-

ÿíèé ÑÌÎ — ð0, ðí è ðîòê, ÷òî ïîçâîëÿåò ñäåëàòü çà-

êëþ÷åíèå î êà÷åñòâå ôóíêöèîíèðîâàíèÿ ÑÌÎ.

Çàäà÷à ñèíòåçà ïðåäïîëàãàåò íàëè÷èå èíôîðìà-

öèè î âåëè÷èíàõ -1, …, -m è çàäàíèå äîïóñòèìûõ

âåðîÿòíîñòåé îñíîâíûõ ñîñòîÿíèé è ñîîòâåòñòâó-

þùèõ òðåáîâàíèé:

p p0 �
0

äîï è/èëè p pí í
äîï� è/èëè p pîòê îòê

äîï& . (1)

Ïðè ýòîì ìîæåò áûòü äâå ôîðìóëèðîâêè çàäà÷è

ñèíòåçà:
� ïî äàííûì î ñêîðîñòÿõ îáñëóæèâàíèÿ �1, …, �m

è òðåáîâàíèÿì (1) îïðåäåëèòü íåîáõîäèìîå ÷èñëî

ÊÎ n;
� ïðè èçâåñòíîì ÷èñëå ÊÎ n è òðåáîâàíèÿì (1)

íàéòè íåîáõîäèìûå ñêîðîñòè îáñëóæèâàíèÿ

�1, …, �m.

Ñèñòåìà áåçîïàñíîñòè êàê ÑÌÎ
ñ çàÿâêàìè äâóõ òèïîâ

1. Åñëè â îäíîêàíàëüíóþ (n = 1) ÑÌÎ ïîñòóïà-

þò çàÿâêè äâóõ òèïîâ, ò. å. m = 2 (íàïðèìåð, çàÿâêè

1-ãî òèïà — àâàðèè (îòêàçû îáîðóäîâàíèÿ), 2-ãî òèïà

— ïîæàðû), òî îíà ìîæåò ïðåáûâàòü â îäíîì èç

òðåõ ñîñòîÿíèé: S0, S1 è S2 (ñì. òàáë. 1, n = 1). Ãðàô

ïåðåõîäîâ äëÿ òàêîé ÑÌÎ ïðåäñòàâëåí íà ðèñ. 1.

Ïðè ðàíåå îãîâîðåííûõ äîïóùåíèÿõ [5, 6] òàêîìó

ãðàôó ïåðåõîäîâ ñîîòâåòñòâóåò ñèñòåìà èç òðåõ ëè-

íåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé, ïðèâåäåííàÿ â

ãðàôå 2 òàáë. 2 äëÿ n = 1. Åå ðåøåíèå, ïîëó÷åííîå â

àíàëèòè÷åñêîì âèäå, ïðåäñòàâëåíî â 3-é ãðàôå òàáë. 2

è ìîæåò íåïîñðåäñòâåííî èñïîëüçîâàòüñÿ äëÿ ðå-

øåíèÿ çàäà÷è àíàëèçà. Â çàäà÷å ñèíòåçà óñëîâèÿ (1)

ìîãóò áûòü ñâåäåíû ê âèäó:

-
�

-
�

1

1

2

2
0

1
1

1
1

1
� & � �

�

�

�
�min ; ;

p p

p

päîï
í
äîï

îòê
äîï

îòê
äîï�

�

�
�
�

. (2)

Ïðèìåð 1. Ïðîåêòèðóåòñÿ îäíîêàíàëüíàÿ (n = 1)

ÑÌÎ, â êîòîðóþ ïîñòóïàåò äâà òèïà (m = 2) çàÿâîê

ñ ÷àñòîòàìè -1 è -2. Òðåáóåòñÿ íàéòè ñêîðîñòè îá-

ñëóæèâàíèÿ �1 è �2, åñëè çàäàíû äîïóñòèìûå çíà÷å-

Ðèñ. 1. Ãðàô ïåðåõîäîâ îäíîêàíàëüíîé (n = 1) ÑÌÎ ñ äâóìÿ

òèïàìè (m = 2) çàÿâîê

Fig. 1. The transition graph of a single-channel queuing (n = 1)

system with two types (m = 2) of applications
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íèÿ âåðîÿòíîñòåé p
0

äîï = 0,95, pí
äîï = 0,99 è pîòê

äîï =

= 0,001.

Âîñïîëüçîâàâøèñü âûðàæåíèåì (2), ïîëó÷àåì:

-
�

-
�

1

1

2

2

1

0 95
1

1

0 99
1

0 001

1 0 001
� & � �

�
�
�
�

�
�
� �min

,
;

,
;

,

,

= min (0,0526; 0,0101; 0,001) = 0,001.

Êðèòè÷íûì çäåñü ÿâëÿåòñÿ óñëîâèå pîòê & pîòê
äîï =

= 0,001. Ïîëó÷åííûé ðåçóëüòàò ñâèäåòåëüñòâóåò î íå-

îáõîäèìîñòè ïðåäúÿâëåíèÿ äîñòàòî÷íî æåñòêèõ

òðåáîâàíèé ê ñêîðîñòÿì îáñëóæèâàíèÿ: [�1, µ2]
ò >

> 1000[-1, -2]
ò.

2. Åñëè â äâóõêàíàëüíóþ (n = 2) ÑÌÎ ïîñòóïà-

þò çàÿâêè äâóõ òèïîâ (m = 2), òî ïðè óñëîâèè, ÷òî

ÊÎ óíèâåðñàëüíû, îíà ìîæåò ïðåáûâàòü â îäíîì èç

øåñòè ñîñòîÿíèé — S0–S5 (ñì. òàáë. 1, n = 2). Ãðàô

ïåðåõîäîâ äëÿ òàêîé ÑÌÎ ïðåäñòàâëåí íà ðèñ. 2.

Ïðè ðàíåå îãîâîðåííûõ äîïóùåíèÿõ [5, 6] òàêîìó

ãðàôó ïåðåõîäîâ ñîîòâåòñòâóåò ñèñòåìà èç øåñòè

ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé, ïðèâåäåííàÿ

äëÿ n = 2 â ãðàôå 2 òàáë. 2. Åå ðåøåíèå, ïîëó÷åííîå

â àíàëèòè÷åñêîì âèäå, ïðåäñòàâëåíî â ãðàôå 3 òàáë. 2

è ìîæåò íåïîñðåäñòâåííî èñïîëüçîâàòüñÿ äëÿ ðå-

øåíèÿ çàäà÷è àíàëèçà. Â çàäà÷å ñèíòåçà óñëîâèÿ (1)

ìîãóò áûòü ñâåäåíû ê âèäó:

n
Ñîñòîÿíèå {S}

State {S}

Sí , Sîòê

Su , Sref

1 2 3

n = 1
(ðèñ. 1 /
fig. 1)

S1 — ïîñòóïèëà çàÿâêà 1-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S1 — the 1st type of application was received and serviced in the service channel;

S2 — ïîñòóïèëà çàÿâêà 2-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S2 — the 2nd type of application was received and serviced in the service channel

Sí = S0

Su = S0;

Sîòê = S1 � S2

Sref = S1 � S2

n = 2
(ðèñ. 2 /
fig. 2)

S1 — ïîñòóïèëà çàÿâêà 1-ãî òèïà, îäèí ÊÎ çàíÿò, äðóãîé ñâîáîäåí

S1 — the 1st type of application was received, one service channel is busy, the other is free;

S2 — ïîñòóïèëà çàÿâêà 2-ãî òèïà, îäèí ÊÎ çàíÿò, äðóãîé ñâîáîäåí

S2 — the 2nd type of application was received, one service channel is busy, the other is free;

S3 — ïîñòóïèëè 2 çàÿâêè 1-ãî òèïà, îáà ÊÎ çàíÿòû

S3 — received 2 applications of the 1st type, both service channels are occupied;

S4 — ïîñòóïèëè çàÿâêè 1-ãî è 2-ãî òèïîâ, îáà ÊÎ çàíÿòû

S4 — applications of the 1st and 2nd types were received, both service channels are occupied;

S5 — ïîñòóïèëè 2 çàÿâêè 2-ãî òèïà, îáà ÊÎ çàíÿòû

S5 — received 2 applications of the 2nd types, both service channels are occupied

S S i
i

í �
�0

2

�

S Su i
i

�
�0

2

� ;

S S i
i

îòê �
�3

5

�

S Sref i
i

�
�3

5

�

n � 3 S0 — çàÿâîê íå ïîñòóïèëî, âñå ÊÎ ñâîáîäíû

S0 — there were no requests, all channels of service are free

Òàáëèöà 1. Ñîñòîÿíèÿ ÑÌÎ, îáñëóæèâàþùåé äâà òèïà çàÿâîê

Table 1. States of the queuing systems with two types of applications

n Ñèñòåìà óðàâíåíèé / System of equations Àíàëèòè÷åñêîå ðåøåíèå / Analytical expressions

1 2 3

1 0 = – (-1 + -2) ð0 + �1 ð1 + �2 ð2;

0 = -1 ð0 – �1 ð1; 0 = -2 ð0 – �2 ð2

ð0
1

1 21� � � �% % ; ð1 = %1 ð0; ð2 = %2 ð0; ðí = ð0;

ðîòê = ð1 + ð2 = (%1 + %2) ð0

2 0 = – (-1 + -2) ð0 + �1 ð1 + �2 ð2;

0 = -1 ð0 – (�1 + -1 + -2) ð1 + 2�1 ð3 + �2 ð5;

0 = -2 ð0 – (�2 + -1 + -2) ð1 + 2�2 ð4 + �1 ð5;

0 = -1 ð1 – 2�1 ð3; 0 = -2 ð1 + -1 ð2 – (�1 + �2) ð5;

0 = -2 ð2 + 2�2 ð4

ð0
1

1 2 1
2

1 2 2
21 0 5 0 5� � � � � � �% % % % % %, , ;

ð1 = %1 ð0; ð2 = %2 ð0; ð ð3 1
2

00 5� , ;%
ð4 = %1%2 ð0; ð ð5 2

2
00 5� , ;%

ðîòê = 0,5(%1 + %2)
2 ð0

Ï ð è ì å ÷ à í è å . %1 = -1��1, %2 = -2 ��2 — ïðèâåäåííûå íàãðóçêè; pi
i

C

�
. �

0

1; C C m
m� �2 1.

N o t e . %1 = -1��1, %2 = -2 ��2 — given load; pi
i

C

�
. �

0

1; C C m
m� �2 1.

Òàáëèöà 2. Âûðàæåíèÿ äëÿ îïðåäåëåíèÿ âåðîÿòíîñòåé ñîñòîÿíèé ÑÌÎ ñ çàÿâêàìè äâóõ òèïîâ (m = 2)

Table 2. Expressions for the probabilities of the states of the queuing systems with two types (m = 2) of applications



57ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2017 ÒÎÌ 26 ¹ 9

ÑÒÀÒÈÑÒÈÊÀ È ÑÈÑÒÅÌÍÛÉ ÀÍÀËÈÇ

-
�

-
�

1

1

2

2

2
1 1� & �

�

�

�
�

�min ;
ð

0

äîï

1 1 2� � �ð ð

ð

í
äîï

í
äîï

í
äîï

( )
; (3)

ð ð ð

ð

îòê
äîï

îòê
äîï

îòê
äîï

îòê
äîï

� �

�

�

�

�
�

( )
.

2

1

Ïðèìåð 2. Ïðîåêòèðóåòñÿ äâóõêàíàëüíàÿ (n = 2)

ÑÌÎ, â êîòîðóþ ïîñòóïàåò äâà òèïà (m = 2) çàÿâîê

ñ ÷àñòîòàìè -1 è -2. Òðåáóåòñÿ íàéòè ñêîðîñòè îá-

ñëóæèâàíèÿ �1 è �2, åñëè çàäàíû äîïóñòèìûå çíà÷å-

íèÿ âåðîÿòíîñòåé p
0

äîï = 0,95, pí
äîï = 0,99 è pîòê

äîï =

= 0,001.

Âîñïîëüçîâàâøèñü âûðàæåíèåì (3), ïîëó÷àåì:

-
�

-
�

1

1

2

2

2

0 95
1 1� & � �

�

�
�
�min

,
;

1 0 99 1 0 9801

0 99

0 001 0 001 2 0 001

1 0 001

� � � � �
�

�

�
�, ,

,
;

, , ( , )

, � �

= min (0,0513; 0,526; 0,0458) = 0,0458.

Êðèòè÷íûì çäåñü òàêæå ÿâëÿåòñÿ óñëîâèå pîòê &
& pîòê

äîï = 0,001. Ïîëó÷åííûé ðåçóëüòàò ñâèäåòåëüñò-

âóåò î íåîáõîäèìîñòè ïðåäúÿâëåíèÿ ñëåäóþùèõ òðå-

áîâàíèé ê ñêîðîñòÿì îáñëóæèâàíèÿ: /�1, µ2]ò >

> 21,83[-1, -2]
ò. Êàê âèäèì, ïî ñðàâíåíèþ ñ îäíî-

êàíàëüíûì âàðèàíòîì ýòè òðåáîâàíèÿ îòëè÷àþòñÿ

ìåíüøåé æåñòêîñòüþ.

Ñèñòåìà áåçîïàñíîñòè êàê ÑÌÎ
ñ çàÿâêàìè òðåõ òèïîâ

1. Åñëè â îäíîêàíàëüíóþ (n = 1) ÑÌÎ ïîñòóïà-

þò çàÿâêè òðåõ òèïîâ, ò. å. m = 3 (íàïðèìåð, çàÿâêè

1-ãî òèïà — àâàðèè (îòêàçû îáîðóäîâàíèÿ), 2-ãî

òèïà — ïîæàðû, 3-ãî òèïà — óòå÷êè èç ïðîäóêòî-

ïðîâîäîâ), òî îíà ìîæåò ïðåáûâàòü â îäíîì èç

÷åòûðåõ ñîñòîÿíèé — S0– S3 (ñì. òàáë. 3, n = 1).

Ãðàô ïåðåõîäîâ äëÿ òàêîé ÑÌÎ ïðåäñòàâëåí íà

ðèñ. 3. Ïðè ðàíåå îãîâîðåííûõ äîïóùåíèÿõ [5, 6]

òàêîìó ãðàôó ïåðåõîäîâ ñîîòâåòñòâóåò ñèñòåìà èç

÷åòûðåõ ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé, ïðè-

âåäåííàÿ äëÿ n = 1 â ãðàôå 2 òàáë. 4. Åå ðåøåíèå,

ïîëó÷åííîå â àíàëèòè÷åñêîì âèäå, ïðåäñòàâëåíî â

ãðàôå 3 òàáë. 4 è ìîæåò èñïîëüçîâàòüñÿ äëÿ ðåøå-

íèÿ çàäà÷è àíàëèçà. Â çàäà÷å ñèíòåçà óñëîâèÿ (1)

ìîãóò áûòü ñâåäåíû ê âèäó, àíàëîãè÷íîìó (2):

-
�

-
�

-
�

1

1

2

2

3

3

1
1

1
1

1
� � & � �

�
min ; ;

p ð

ð

ð
0

äîï
í
äîï

îòê
äîï

îòê
äîï

�

�
�
�

�

�
�
�. (4)

Ïðèìåð 3. Ïðîåêòèðóåòñÿ îäíîêàíàëüíàÿ (n = 1)

ÑÌÎ, â êîòîðóþ ïîñòóïàåò òðè òèïà (m = 3) çàÿâîê

ñ ÷àñòîòàìè -1, -2 è -3. Òðåáóåòñÿ íàéòè ñêîðîñòè

îáñëóæèâàíèÿ �1, �2 è �3, åñëè çàäàíû äîïóñòèìûå

çíà÷åíèÿ âåðîÿòíîñòåé: p
0

äîï = 0,95, pí
äîï = 0,99 è

pîòê
äîï = 0,001.

Êàê è â ïðèìåðå 1, ïîëó÷àåì:

-
�

-
�

-
�

1

1

2

2

3

3

� � &

& � �
�

�
�
�

�
�
� �min

,
;

,
;

,

,

1

0 95
1

1

0 99
1

0 001

1 0 001

= min (0,0526; 0,0101; 0,001) = 0,001.

Ïîëó÷åííûé ðåçóëüòàò ñâèäåòåëüñòâóåò î íåîá-

õîäèìîñòè ïðåäúÿâëåíèÿ äîñòàòî÷íî æåñòêèõ òðå-

áîâàíèé ê ñêîðîñòÿì îáñëóæèâàíèÿ: [�1, �2, �3]
ò >

> 1000 [-1, -2, -3]
ò.

2. Åñëè â äâóõêàíàëüíóþ (n = 2) ÑÌÎ ïîñòóïàþò

çàÿâêè òðåõ òèïîâ (m = 3), òî îíà ìîæåò ïðåáûâàòü

â îäíîì èç 10 ñîñòîÿíèé: S0–S9 (ñì. òàáë. 3, n = 2).

Ãðàô ïåðåõîäîâ äëÿ òàêîé ÑÌÎ ïðåäñòàâëåí íà ðèñ. 4.

Ïðè ðàíåå îãîâîðåííûõ äîïóùåíèÿõ [5, 6] òàêîìó

ãðàôó ïåðåõîäîâ ñîîòâåòñòâóåò ñèñòåìà èç 10 ëèíåé-

íûõ àëãåáðàè÷åñêèõ óðàâíåíèé, ïðèâåäåííàÿ â ãðà-

ôå 2 òàáë. 4 äëÿ n = 2. Åå ðåøåíèå, ïîëó÷åííîå â

àíàëèòè÷åñêîì âèäå, ïðèâåäåíî â ãðàôå 3 òàáë. 4 è

ìîæåò íåïîñðåäñòâåííî èñïîëüçîâàòüñÿ äëÿ ðåøå-

Ðèñ. 3. Ãðàô ïåðåõîäîâ îäíîêàíàëüíîé (n = 1) ÑÌÎ ñ òðåìÿ

òèïàìè (m = 3) çàÿâîê

Fig. 3. The transition graph of a single-channel queuing (n = 1)

system with three types (m = 3) of applications

Ðèñ. 2. Ãðàô ïåðåõîäîâ äâóõêàíàëüíîé (n = 2) ÑÌÎ ñ äâóìÿ

òèïàìè (m = 2) çàÿâîê

Fig. 2. The transition graph a two-channel queuing (n = 2) system

with two types (m = 2) of applications
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n
Ñîñòîÿíèå {S}

State {S}

Sí , Sîòê

Su , Sref

n = 1
(ðèñ. 3 /
fig. 3)

S1 — ïîñòóïèëà çàÿâêà 1-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S1 — the 1st type of application was received and serviced in the service channel;

S2 — ïîñòóïèëà çàÿâêà 2-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S2 — the 2nd type of application was received and serviced in the service channel;

S3 — ïîñòóïèëà çàÿâêà 3-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S3 — the 3rd type of application was received and serviced in the service channel

Sí = S0

Su = S0;

S Si
i

îòê �
�1

3

�

S Sref i
i

�
�1

3

�

n = 2
(ðèñ. 4 /
fig. 4)

S1 — ïîñòóïèëà çàÿâêà 1-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S1 — the 1st type of application was received and serviced in the service channel;

S2 — ïîñòóïèëà çàÿâêà 2-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S2 — the 2nd type of application was received and serviced in the service channel;

S3 — ïîñòóïèëà çàÿâêà 3-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S3 — the 3rd type of application was received and serviced in the service channel;

S4 — ïîñòóïèëè 2 çàÿâêè 1-ãî òèïà, îáà ÊÎ çàíÿòû

S4 — received 2 applications of the 1st type, both service channels are occupied;

S5 — ïîñòóïèëè çàÿâêè 1-ãî è 2-ãî òèïîâ, îáà ÊÎ çàíÿòû

S5 — applications of the 1st and 2nd types were received, both service channels are occupied;

S6 — ïîñòóïèëè çàÿâêè 1-ãî è 3-ãî òèïîâ, îáà ÊÎ çàíÿòû

S6 — received applications of the 1st and 3rd types, both service channels are occupied;

S7 — ïîñòóïèëè 2 çàÿâêè 2-ãî òèïà, îáà ÊÎ çàíÿòû

S7 — received 2 applications of the 2nd type, both service channels are occupied;

S8 — ïîñòóïèëè çàÿâêè 2-ãî è 3-ãî òèïîâ, îáà ÊÎ çàíÿòû

S8 — received applications of the 2nd and 3rd types, both service channels are occupied;

S9 — ïîñòóïèëè 2 çàÿâêè 3-ãî òèïà, îáà ÊÎ çàíÿòû

S9 — received 2 applications of the 3rd type, both service channels are occupied

S Si
i

í �
�0

3

�

S Su i
i

�
�

;
0

3

�

S Si
i

îòê �
�4

9

�

S Sref i
i

�
�4

9

�

n = 3
(ðèñ. 5 /
fig. 5)

S1 — ïîñòóïèëà çàÿâêà 1-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S1 — the 1st type of application was received and serviced in the service channel;

S2 — ïîñòóïèëà çàÿâêà 2-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S2 — the 2nd type of application was received and serviced in the service channel;

S3 — ïîñòóïèëà çàÿâêà 3-ãî òèïà, îáñëóæèâàåòñÿ â ÊÎ

S3 — the 3rd type of application was received and serviced in the service channel;

S4 — ïîñòóïèëè 2 çàÿâêè 1-ãî òèïà, îáà ÊÎ çàíÿòû

S4 — received 2 applications of the 1st type, both service channels are occupied;

S5 — ïîñòóïèëè çàÿâêè 1-ãî è 2-ãî òèïîâ, îáà ÊÎ çàíÿòû

S5 — applications of the 1st and 2nd types were received, both service channels are occupied;

S6 — ïîñòóïèëè çàÿâêè 1-ãî è 3-ãî òèïîâ, îáà ÊÎ çàíÿòû

S6 — received applications of the 1st and 3rd types, both service channels are occupied;

S7 — ïîñòóïèëè 2 çàÿâêè 2-ãî òèïà, îáà ÊÎ çàíÿòû

S7 — received 2 applications of the 2nd type, both service channels are occupied;

S8 — ïîñòóïèëè çàÿâêè 2-ãî è 3-ãî òèïîâ, îáà ÊÎ çàíÿòû

S8 — received applications of the 2nd and 3rd types, both service channels are occupied;

S9 — ïîñòóïèëè 2 çàÿâêè 3-ãî òèïà, îáà ÊÎ çàíÿòû

S9 — received 2 applications of the 3rd type, both service channels are occupied;

S10 — ïîñòóïèëè 3 çàÿâêè 1-ãî òèïà, âñå ÊÎ çàíÿòû

S10 — received 3 applications of the 1st type, all service channels are occupied;

S11 — ïîñòóïèëè 2 çàÿâêè 1-ãî òèïà è çàÿâêà 2-ãî òèïà, âñå ÊÎ çàíÿòû

S11 — received 2 applications of the 1st type and the application of the 2nd type, all service
channels are occupied;

S12 — ïîñòóïèëà çàÿâêà 1-ãî òèïà è 2 çàÿâêè 2-ãî òèïà, âñå ÊÎ çàíÿòû

S12 — received application of the 1st type and 2 applications of the 2nd type, all the service
channels are occupied;

S Si
i

í �
�0

9

�

S Su i
i

�
�

;
0

9

�

S Si
i

îòê �
�10

19

�

S Sref i
i

�
�10

19

�

Òàáëèöà 3. Ñîñòîÿíèÿ ÑÌÎ, îáñëóæèâàþùåé òðè òèïà çàÿâîê

Table 3. States of the queuing systems with three types of applications
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íèÿ çàäà÷è àíàëèçà. Â çàäà÷å ñèíòåçà óñëîâèÿ (1)

ìîãóò áûòü ñâåäåíû ê âèäó, àíàëîãè÷íîìó (3):

-
�

-
�

-
�

1

1

2

2

3

3

2
1 1� � & �

�

�

�
�

�min ;
ð

0

äîï

1 1 22� � � � �ð ð

ð

ð ð ðí
äîï

í
äîï

í
äîï

îòê
äîï

îòê
äîï

îòê
äîï( )

;
( )

1�

�

�

�
�ðîòê

äîï
. (5)

3. Åñëè â òðåõêàíàëüíóþ (n = 3) ÑÌÎ ïîñòóïà-

þò çàÿâêè òðåõ òèïîâ (m = 3), òî ïðè óñëîâèè, ÷òî ÊÎ

óíèâåðñàëüíû, îíà ìîæåò ïðåáûâàòü â îäíîì èç 20

ñîñòîÿíèé — S0–S19 (ñì. òàáë. 3, n = 3). Ãðàô ïåðå-

õîäîâ äëÿ òàêîé ÑÌÎ ïðåäñòàâëåí íà ðèñ. 5. Ïðè

ðàíåå îãîâîðåííûõ äîïóùåíèÿõ [5, 6] òàêîìó ãðàôó

ïåðåõîäîâ ñîîòâåòñòâóåò ñèñòåìà èç 20 ëèíåéíûõ

àëãåáðàè÷åñêèõ óðàâíåíèé, ïðèâåäåííàÿ äëÿ n = 3

â ãðàôå 2 òàáë. 4. Åå ðåøåíèå, ïîëó÷åííîå â àíàëè-

òè÷åñêîì âèäå, ïðåäñòàâëåíî â ãðàôå 3 òàáë. 4 è ìî-

æåò íåïîñðåäñòâåííî èñïîëüçîâàòüñÿ äëÿ ðåøåíèÿ

çàäà÷è àíàëèçà. Â çàäà÷å ñèíòåçà íåîáõîäèìî íàéòè

ïðèâåäåííûå íàãðóçêè %0, %í è %îòê èç ðåøåíèÿ êó-

áè÷åñêèõ óðàâíåíèé:

% % %0
3

0
2

03 6 6
1

1 0� � � �
�

�
�
�

�

�
�
�
�

p
0

äîï
; (6)

p

p

í
äîï

í
äîï í í í

1
3 6 6 03 2

�

�

�
��

�

�
�� � � � �% % % ; (7)

1
1 3 6 6 03

ðîòê
äîï îòê îòê

2
îòê�

�

�
��

�

�
�� � � � �% % % . (8)

n
Ñîñòîÿíèå {S}

State {S}

Sí , Sîòê

Su , Sref

S13 — ïîñòóïèëè çàÿâêè 1, 2 è 3-ãî òèïîâ, âñå ÊÎ çàíÿòû

S13 — received applications of the 1st, 2nd and 3rd types, all service channels are occupied;

S14 — ïîñòóïèëè 2 çàÿâêè 1-ãî òèïà è çàÿâêà 3-ãî òèïà, âñå ÊÎ çàíÿòû

S14 — received 2 applications of the 1st type and the application of the 3rd type, all service
channels are occupied;

S15 — ïîñòóïèëè 2 çàÿâêè 3-ãî òèïà è çàÿâêà 1-ãî òèïà, âñå ÊÎ çàíÿòû

S15 — received 2 applications of the 3rd type and the application of the 1st type, all service
channels are occupied;

S16 — ïîñòóïèëè 3 çàÿâêè 2-ãî òèïà, âñå ÊÎ çàíÿòû

S16 — received 3 applications of the 2nd type, all service channels are occupied;

S17 — ïîñòóïèëè 2 çàÿâêè 2-ãî òèïà è çàÿâêà 3-ãî òèïà, âñå ÊÎ çàíÿòû

S17 — received 2 applications of the 2nd type and the application of the 3rd type, all service
channels are occupied;

S18 — ïîñòóïèëè çàÿâêà 2-ãî òèïà è 2 çàÿâêè 3-ãî òèïà, âñå ÊÎ çàíÿòû

S18 — received application of the 2nd type and 2 applications of the 3rd type, all the service
channels are occupied;

S19 — ïîñòóïèëè 3 çàÿâêè 3-ãî òèïà, âñå ÊÎ çàíÿòû

S19 — received 3 applications of the 3rd type, all service channels are occupied

n � 4 S0 — çàÿâîê íå ïîñòóïàëî, âñå ÊÎ ñâîáîäíû

S0 — there were no requests, all channels of service are free

Îêîí÷àíèå òàáë. 3 / End of Table 3

Ðèñ. 4. Ãðàô ïåðåõîäîâ äâóõêàíàëü-

íîé (n = 2) ÑÌÎ ñ òðåìÿ òèïàìè

(m = 3) çàÿâîê

Fig. 4. The transition graph a two-

channel queuing (n = 2) system with

three types (m = 3) of applications
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Óñëîâèÿ (1) ìîãóò áûòü ñâåäåíû ê âèäó:

-
�

-
�

-
�

% % %1

1

2

2

3

3
0� � & min ( ; ; ),í îòê (9)

ãäå %0 1 1
2

1

3
2 0 5 8 20� � � � � �, B B B

� � � � � �2 0 5 8 20 11 1
2

1

3
, ;B B B

%í � � � � � � �
�

�
�� �

1
1 3 3 1 9 10 3

2
2
2

2 2 2
2

2

3

B
B B B B B

� � � � � �
�

�
��3 3 1 9 10 32

2
2 2 2

2
2

3
B B B B B ;

% îòê � � � � � � �
�

�
�� �

1
1 3 3 1 9 10 3

3
3
2

3 3 3
2

3

3

B
B B B B B

� � � � � �
�

�
��3 3 1 9 10 33

2
3 3 3

2
3

3
B B B B B .

Ïðèìåð 4. Ïðîåêòèðóåòñÿ òðåõêàíàëüíàÿ (n = 3)

ÑÌÎ, â êîòîðóþ ïîñòóïàåò òðè òèïà (m = 3) çàÿâîê

ñ ÷àñòîòàìè -1, -2 è -3. Òðåáóåòñÿ íàéòè ñêîðîñòè

îáñëóæèâàíèÿ �1, �2 è �3, åñëè çàäàíû äîïóñòèìûå

çíà÷åíèÿ âåðîÿòíîñòåé p
0

äîï = 0,95, pí
äîï = 0,99 è

pîòê
äîï = 0,001.

Íàõîäèì: Â1 = 0,3158; Â2 = 99; Â3 = 999. Èç (6)–(9)

ïîëó÷àåì:

-
�

-
�

-
�

1

1

2

2

3

3

0 051 0 455 0194 0 051� � & �min ( , ; , ; , ) , .

Ýòî ñâèäåòåëüñòâóåò î êðèòè÷íîñòè óñëîâèÿ p0 >

� �ð
0

äîï 0 95, è íåîáõîäèìîñòè ïðåäúÿâëåíèÿ òðåáî-

âàíèé ê ñêîðîñòÿì îáñëóæèâàíèÿ: [�1, �2, �3]
ò >

> 19,6[-1, -2, -3]
ò.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Îáîáùàÿ ïîëó÷åííûå ðåçóëüòàòû, äëÿ äàííîãî

òèïà ÑÌÎ ìîæíî âûâåñòè ñëåäóþùèå óíèâåðñàëü-

íûå âûðàæåíèÿ:

ð
i

i

n

j

j

m
i

0

1 1

1

1
1

� �
�

�
�
�

�

�
�
�

�

�

�
�

�

�

 
 � �

�

. .
!

;% (10)

n Ñèñòåìà óðàâíåíèé / System of equations Àíàëèòè÷åñêîå ðåøåíèå / Analytical expressions

1 2 3

1 0 = – ð0 (-1 + -2 + -3) + �1 ð1 + �2 ð2 + �3 ð3;

0 = -1 ð0 – �1 ð1; 0 = -2 ð0 – �2 ð2; 0 = -3 ð0 – �3 ð3

p0
1

1 2 31� � � � �% % % ; ð1 = %1 ð0; ð2 = %2 ð0;

ð3 = %3 ð0; ðí = ð0; ðîòê = (%1 + %2 + %3) ð0

2 0 = – ð0 (-1 + -2 + -3) + �1 ð1 + �2 ð2 + �3 ð3;

0 = -1 ð0 – (�1 + -1 + -2 + -3) ð1 + 2�1 ð4 + �2 ð5 + �3 ð6;

0 = -2 ð0 – (�2 + -1 + -2 + -3) ð2 + �1 ð5 + 2�2 ð7 + �3 ð8;

0 = -3 ð0 – (�3 + -1 + -2 + -3) ð3 + �1 ð6 + �2 ð8 + 2�3 ð9;

0 = -1 ð1 – 2�1 ð4; 0 = -1 ð1 – (�1 + �2) ð5 + -1 ð2;

0 = -3 ð1 + -1 ð3 – (�1 + �3) ð6; 0 = -2 ð2 – 2�2 ð7;

0 = -3 ð2 + -2 ð3 – (�2 + �3) ð8; 0 = -3ð3 – 2�3ð9

ð0
1

1 2 3 1
2

2
2

3
21 0 5� � � � � � � � �% % % % % %, ( )

� � �% % % % % %1 2 1 3 2 3;

ð1 = %1 ð0; ð2 = %2 ð0; ð3 = %3 ð0;

ð ð4 1
2

00 5� , ;% ð5 = %1%2 ð0; ð6 = %1%3 ð0;

ð ð7 2
2

00 5� , ;% ð8 = %2%3 ð0; ð ð9 3
2

00 5� , ;%
ðí = ð0 (1 + %1 + %2 + %3);

ðîòê = 0,5(%1 + %2 + %3)
2ð0

3 0 = – ð0 (-1 + -2 + -3) + �1 ð1 + �2 ð2 + �3 ð3;

0 = -1 ð0 – (�1 + -1 + -2 + -3) ð1 + 2�1 ð4 + �2 ð5 + �3 ð6;

0 = -2 ð0 – (�2 + -1 + -2 + -3) ð2 + �1 ð5 + 2�2 ð7 + �3 ð8;

0 = -3 ð0 – (�3 + -1 + -2 + -3) ð3 + �1 ð6 + �2 ð8 + 2�3 ð9;

0 = -1 ð1 – (2�1 + -1 + -2 + -3) ð4 + 3�1 ð10 + �2 ð11 + �3 ð14;

0 = -2 ð1 + -1 ð2 – (�1 + -1 + -2 + -3) ð5 + 2�1 ð11 + 2�2 ð12 + �3 ð13;

0 = -3 ð1 + -1 ð3 – (�3 + -1 + -2 + -3) ð6 + �2 ð13 + 2�1 ð14 + 2�3 ð15;

0 = -2 ð2 – (2�2 + -1 + -2 + -3) ð7 + �1 ð12 + 3�2 ð16 + �3 ð17;

0 = -3 ð2 + -2 ð3 – (�2 + �3 + -1 + -2 + -3) ð8 + �1ð13 + 2�2 ð17 + 2�3 ð18;

0 = -3 ð3 – (2�3 + -1 + -2 + -3) ð9 + �1 ð15 + �2 ð18 + 3�3 ð19;

0 = -1 ð4 – 3�1 ð10; 0 = -2 ð4 + -1 ð5 – (2�1 + �2) ð11;

0 = -2 ð5 + -1 ð7 – (�1 + 2�2) ð12;

0 = -3 ð5 + -2 ð6 + -1 ð8 – (�1 + �2 + �3) ð9 + �1 ð13;

0 = -3 ð4 + -1 ð6 – (2�1 + �3) ð14; 0 = -3 ð6 + -1 ð9 – (�1 + 2�3) ð15;

0 = -2 ð7 – 3�2 ð16; 0 = -3 ð7 + -2 ð8 – (2�2 + �3) ð17;

0 = -3 ð8 + -2 ð9 – (�2 + 2�3) ð18; 0 = -3 ð9 – 3�3 ð19

ð0
1

1 2 3 1 2 3
21 0 5� � � � � � � � �% % % % % %, ( )

� � �( ) ;% % %1 2 3
3 6

ð1 = %1 ð0; ð2 = %2 ð0; ð3 = %3 ð0;

ð ð4 1
2

00 5� , ;% ð5 = %1%2 ð0; ð6 = %1%3 ð0;

ð ð7 2
2

00 5� , ;% ð8 = %2%3 ð0; ð ð9 3
2

00 5� , ;%
ð ð10 1

3
0 6�% ; ð ð11 1

2
2 00 5� , ;% %

ð ð12 1 2
2

00 5� , ;% % ð13 = %1%2 %3 ð0;

ð ð14 1
2

3 00 5� , ;% % ð ð15 1 3
2

00 5� , ;% %
ð ð16 2

3
0 6�% ; ð ð17 2

2
3 00 5� , ;% %

ð ð18 2 3
2

00 5� , ;% % ð ð19 3
3

0 6�% ;

ðí = ð0 [1 + %1 + %2 + %3 + 0,5(%1 + %2 + %3)
2];

ðîòê = ð0 (%1 + %2 + %3)
3�6

Ï ð è ì å ÷ à í è å . %1 = -1��1, %2 = -2 ��2, %3 = -3 ��3 — ïðèâåäåííûå íàãðóçêè; pi
i

C

�
. �

0

1; C C m
m� �2 1.

N o t e . %1 = -1��1, %2 = -2 ��2, %3 = -3 ��3 — given load; pi
i

C

�
. �

0

1; C C m
m� �2 1.

Òàáëèöà 4. Âûðàæåíèÿ äëÿ îïðåäåëåíèÿ âåðîÿòíîñòåé ñîñòîÿíèé ÑÌÎ c çàÿâêàìè òðåõ òèïîâ (m = 3)

Table 4. Expressions for the probabilities of the states of the queuing systems with three types (m = 3) of applications
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ð ð
i

i

n

j

j

m
i

í � �
�

�
�
�

�

�
�
�

�

�

�
�

�

�

 
 �

�

�
. .0

1

1

1

1
1

!
;% (11)

ð p
p

n
k

k N

N

j

j

m
n

îòê � �
�

�
�
�

�

�
�
�

� �
. .

1

2
0

1
!

.% (12)

Ýòî ïîçâîëÿåò ñôîðìóëèðîâàòü ñëåäóþùóþ òåî-

ðåìó: äëÿ n-êàíàëüíîé ÑÌÎ áåç î÷åðåäè ïðè ñòàí-

äàðòíûõ äîïóùåíèÿõ (ïðîöåññû ïðèåìà-îáñëóæè-

âàíèÿ çàÿâîê óñòàíîâèâøèåñÿ, ïîòîêè çàÿâîê ïðî-

ñòåéøèå, âðåìåíà îáñëóæèâàíèÿ çàÿâîê êàæäîãî òèïà

ïîä÷èíåíû ýêñïîíåíöèàëüíûì çàêîíàì: 0(tj) = �j *
* exp (– �j tj), êàæäûé ÊÎ îáñëóæèâàåò çàÿâêó ñàìî-

ñòîÿòåëüíî), â êîòîðóþ ïîñòóïàþò çàÿâêè m òèïîâ

ñ ÷àñòîòàìè l1, …, l
m

, îáñëóæèâàåìûå ñî ñêîðî-

ñòÿìè m1, …, m
m

ñîîòâåòñòâåííî, âåðîÿòíîñòè íå-

çàíÿòîñòè êàíàëà îáñëóæèâàíèÿ, îòêàçà â ïðèåìå

çàÿâêè è ïðèåìå çàÿâêè ê íåìåäëåííîìó îáñëó-

æèâàíèþ ìîãóò áûòü íàéäåíû ïî âûðàæåíèÿì

ñîîòâåòñòâåííî:

ð
i
Ñ
i

i

n

0

1

1

1� �
�

�
��

�

�
��

�

�

.
%

!
; (13)

ð ð
i
Ñ
i

i

n

í � �
�

�
��

�

�
��

�

�

.0

1

1

1
%

!
; (14)

ð ð n Ñ
n

îòê � ( !) ,0 % (15)

ãäå %Ñ — îáùàÿ ïðèâåäåííàÿ íàãðóçêà; %
-

�Ñ
j

jj

m

�
�
.

1

.

Äîêàçàòåëüñòâî òåîðåìû äëÿ m = 1 (çàÿâêè îä-

íîãî òèïà) çàêëþ÷àåòñÿ â òîì î÷åâèäíîì ôàêòå, ÷òî

âûðàæåíèÿ (10)–(12) ïðèâîäÿòñÿ ê îáùåèçâåñòíîìó

âèäó [5] äëÿ ñòàíäàðòíûõ îäíî- è ìíîãîêàíàëüíûõ

ÑÌÎ ñ îòêàçàìè. Äëÿ m = 2 (çàÿâêè äâóõ òèïîâ) äîêà-

çàòåëüñòâî ïðåäñòàâëåíî â òàáë. 2, äëÿ m = 3 (çàÿâêè

òðåõ òèïîâ) — â òàáë. 4. Ïîäîáíûì îáðàçîì ïîëó÷å-

íû äîêàçàòåëüñòâà è äëÿ m � 4, íî ââèäó ãðîìîçäêî-

ñòè âûðàæåíèé îíè çäåñü íå ïðèâîäÿòñÿ.

Çàäà÷à àíàëèçà ðàññìàòðèâàåìîé ÑÌÎ ìîæåò ðå-

øàòüñÿ íåïîñðåäñòâåííûì âû÷èñëåíèåì ïî âûðà-

æåíèÿì (11)–(12) âåðîÿòíîñòåé ð0, ðí è ðîòê ïðè èç-

âåñòíûõ ÷àñòîòàõ ïîñòóïëåíèÿ çàÿâîê -1, …, -m, ñêî-

ðîñòÿõ èõ îáñëóæèâàíèÿ �1, …, �m è ÷èñëå ÊÎ n.

Çàäà÷à ñèíòåçà, êàê ïîêàçàíî âûøå, ñâîäèòñÿ ê

òîìó, ÷òî ïî çàäàííûì äîïóñòèìûì çíà÷åíèÿì âå-

ðîÿòíîñòåé p
0

äîï , pí
äîï è pîòê

äîï è èçâåñòíûì ÷àñòîòàì

-1, …, -m ïîäáèðàþòñÿ íåîáõîäèìûå çíà÷åíèÿ ÷èñëà

ÊÎ n è/èëè ñêîðîñòåé îáñëóæèâàíèÿ �1, …, �m.

Âûâîäû

Òàêèì îáðàçîì, ïîëó÷åíû ìàòåìàòè÷åñêèå ìî-

äåëè äëÿ ñèñòåì áåçîïàñíîñòè îáúåêòîâ íà îñíîâå

n-êàíàëüíûõ ÑÌÎ, â êîòîðûå ïîñòóïàþò ïðîñòåé-

øèå ïîòîêè ðàçíîòèïíûõ çàÿâîê. Äàííûå ìàòåìàòè-

÷åñêèå ìîäåëè ìîãóò áûòü èñïîëüçîâàíû äëÿ ðåøå-

íèÿ çàäà÷ àíàëèçà è ñèíòåçà òàêèõ ÑÌÎ.

Ïîëó÷åííûå ðåçóëüòàòû àêòóàëüíû ïðè ðàññìîò-

ðåíèè ñèñòåì áåçîïàñíîñòè àâòîíîìíûõ îáúåêòîâ

(íàïðèìåð, â ñåâåðíûõ ðàéîíàõ èëè Àðêòè÷åñêîé

çîíå), ãäå ìîãóò âîçíèêàòü ðàçëè÷íûå òèïû ÷ðåçâû-

Ðèñ. 5. Ãðàô ïåðåõîäîâ òðåõêàíàëüíîé (n = 3) ÑÌÎ ñ òðåìÿ òèïàìè (m = 3) çàÿâîê

Fig. 5. The transition graph a three-channel queuing (n = 3) system with three types (m = 3) of applications
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÷àéíûõ ñèòóàöèé (îòêàçû îáîðóäîâàíèÿ, àâàðèè, ïî-

æàðû, óòå÷êè ýíåðãîíîñèòåëåé), äëÿ óñòðàíåíèÿ êî-

òîðûõ ñîçäàþòñÿ óíèâåðñàëüíûå àâàðèéíî-íàëàäî÷-

íûå è ïîæàðíî-ñïàñàòåëüíûå áðèãàäû.
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ABSTRACT

It was proposed to substantiate quantitative solutions in the design and operation of safety systems of

autonomous objects on the basis of methods of the theory of queuing systems.

The article deals with the problems of analysis and synthesis of the queuing systems when solving

the problems of ensuring the safety of objects (for example, fire-fighting or emergency protection

systems of an autonomous remote object), which feature is the availability of different types of appli-

cations that require different maintenance time (for example, fire and rescue units or repair and

recovery teams).

While solving problems of analysis the probability p of finding the system in key states deter-

mines. S0 — there were no problematic situations, all the service channels are free; Su — at least one

service channel is available, capable of responding to the problem (service request); Sref — all n

service channels are busy, there is no possibility to react to the problem that has arisen (the application

receives a denial of service).

While solving the synthesis problem, the necessary quantitative characteristics of the system, such

as the number of service channels n, the number of queues and the speed of service {-}, are selected

from the given permissible values of probabilities p0, pu and pref and known frequencies {�}.

Step by step systems are considered with applications of two types — one-channel and two-

channel applications and a system with applications of three types — one-channel, two-channel and

three-channel applications.

Graphs and equations describing the states of the system and analytical solutions for finding

the probabilities of the ground states are given for each of the considered types of systems.

Universal expressions are obtained for finding the probabilities of key states for an n-channel

queuing system without a queue under standard assumptions for m type applications. The justification

of the obtained expressions is given.

Examples of characteristics calculation for one-channel, two-channel and three-channel queuing

systems with two and three types of applications are given. In particular, the probability of finding

a system in a state when no applications are received ( p0) is calculated, when the requests arrive and

one service channel ( pu) is left and when all the service channels are occupied ( pref ).

Examples of solving problems of analysis and synthesis are given for each of the considered types

of systems.

The article clearly demonstrates the possibility of applying the above methods to the problems of

creating integrated security systems for remote autonomous objects, in particular, located in the Far

North and in the Arctic zone.

This work is a logical continuation of the article Tarantsev A. A., Kholostov A. L., Ishchenko A. D.,

Potapenko V. V. Problems of analysis and synthesis of application service systems of several types.

Pozharovzryvobezopasnost / Fire and Explosion Safety, 2017, vol. 26, no. 3, pp. 31–38.

Keywords: fires; emergency; diverse application; queuing system; security system of the object.
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Ââåäåíèå

Ïîæàðû íåôòåïðîäóêòîâ ïðèçíàíî ñ÷èòàòü îäíèìè

èç ñàìûõ ñëîæíûõ. Êàê ïðàâèëî, åñëè íå óäàëîñü

ïîòóøèòü çàãîðàíèå â íà÷àëüíîé ñòàäèè, òî ïîæàð

ïåðåõîäèò â çàòÿæíóþ ñòàäèþ è äëÿ åãî ëèêâèäàöèè

ïîòðåáóåòñÿ áîëüøîå êîëè÷åñòâî ëþäñêèõ è ìàòåðè-

àëüíûõ ðåñóðñîâ. Äîñòàòî÷íî ÷àñòî òóøåíèå òàêèõ

ïîæàðîâ íå èìååò óñïåõà. Âèíîé ýòîìó ìîãóò áûòü

ìíîãèå ïðè÷èíû, îäíîé èç êîòîðûõ ÿâëÿåòñÿ îòñóò-

ñòâèå òðåáóåìîé êðàòíîñòè âîçäóøíî-ìåõàíè÷åñêîé

ïåíû. Äëÿ ñèñòåì ïîäñëîéíîãî ïîæàðîòóøåíèÿ

êîíòðîëü êðàòíîñòè ïåíû íàèáîëåå àêòóàëåí, òàê

êàê îòñóòñòâóåò âîçìîæíîñòü âèçóàëüíîãî êîíòðîëÿ

ñòðóêòóðû ïåíû, ïîëó÷àåìîé ñ ïîìîùüþ âûñîêîíà-

ïîðíûõ ïåíîãåíåðàòîðîâ âî âðåìÿ òóøåíèÿ. Íà êðàò-

íîñòü ïåíû áóäóò îêàçûâàòü âëèÿíèå òàêèå ïàðà-

ìåòðû, êàê êà÷åñòâî ïåíîîáðàçîâàòåëÿ, æåñòêîñòü

èñïîëüçóåìîé âîäû, ïðàâèëüíîå äîçèðîâàíèå è ðà-

áîòà ñàìèõ âûñîêîíàïîðíûõ ïåíîãåíåðàòîðîâ. Âñå

ìîäåëè ãåíåðàòîðîâ èìåþò øèðîêèé äèàïàçîí íà-

ïîðíî-ðàñõîäíûõ õàðàêòåðèñòèê. Â çàâèñèìîñòè îò

äàâëåíèÿ ðàñõîä èçìåíÿåòñÿ â ïðåäåëàõ íåñêîëüêèõ

äåñÿòêîâ ïðîöåíòîâ. Áåçóñëîâíî, â ýòîì ñëó÷àå íåâîç-

ìîæíî îáåñïå÷èòü ñòàáèëèçàöèþ êðàòíîñòè ïåíû.

Êàê ïðàâèëî, ïðè ïðîâåäåíèè èñïûòàíèé âûñîêîíà-

ïîðíûõ ïåíîãåíåðàòîðîâ îá ýòîì íå çàäóìûâàþòñÿ,

îïðåäåëÿåòñÿ ëèøü âîçìîæíîñòü îáåñïå÷åíèÿ êðàò-

íîñòè ïåíû ïî íèæíåé ãðàíèöå, ñîîòâåòñòâóþùåé 4.

Èññëåäîâàíèåì ìåõàíèçìà òóøåíèÿ ãîðþ÷èõ æèä-

êîñòåé ïåíîé, ïîëó÷åííîé íà îñíîâå ïåíîîáðàçîâà-

òåëåé ðàçëè÷íîé ïðèðîäû, çàíèìàëèñü ìíîãèå ó÷å-

íûå [1–6].

Åùå â 70-õ ãîäàõ [1] êëàññèêàìè ïåííîãî ïîæàðî-

òóøåíèÿ áûëà âûÿâëåíà çàêîíîìåðíîñòü, ñîãëàñíî

êîòîðîé íà êðèòè÷åñêóþ èíòåíñèâíîñòü òóøåíèÿ ïëà-

ìåíè íåôòåïðîäóêòîâ âëèÿåò êðàòíîñòü ïåíû. Â îä-

íîé èç ðàáîò îñóùåñòâëÿëîñü òóøåíèå áåíçèíà ïîäà-

÷åé ñâåðõó âîçäóøíî-ìåõàíè÷åñêîé ïåíû ðàçëè÷íîé

êðàòíîñòè, ïîëó÷åííîé íà îñíîâå óãëåâîäîðîäíîãî

ïåíîîáðàçîâàòåëÿ ÏÎ-6. Â õîäå èññëåäîâàíèé áûëî

óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè êðàòíîñòè ïåíû

çíà÷èòåëüíî ñíèæàåòñÿ êðèòè÷åñêàÿ èíòåíñèâíîñòü

åå ïîäà÷è.

© Ôåùåíêî À. Í., Ìàêàðîâ Ñ. À., Ìîë÷àíîâ Â. Ï., Òðåòüÿêîâ À. Â., Âîåâîäà Ñ. Ñ., 2017
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È. Ô. Áåçðîäíûé [3], àíàëèçèðóÿ ïðè÷èíû áåç-

óñïåøíîãî òóøåíèÿ ïîæàðîâ íåôòåïðîäóêòîâ âîç-

äóøíî-ìåõàíè÷åñêîé ïåíîé, ïðèõîäèò ê âûâîäó,

÷òî îäíîé èç âàæíûõ ïðè÷èí ÿâëÿåòñÿ íåñïîñîá-

íîñòü ïåíîãåíåðèðóþùåãî óñòðîéñòâà îáåñïå÷èòü

è ïîääåðæèâàòü íà äîëæíîì óðîâíå òðåáóåìóþ

êðàòíîñòü ïåíû.

Âëèÿíèå êðàòíîñòè ôòîðñîäåðæàùåé ïëåíêîîá-

ðàçóþùåé ïåíû íà îñíîâíûå ïàðàìåòðû ïîäñëîé-

íîãî ïîæàðîòóøåíèÿ øèðîêî îáñóæäàåòñÿ è â ïî-

ñëåäíåå âðåìÿ [7–9]. Òàê, Å. Í. Äåãàåâ è Ä. À. Êî-

ðîëü÷åíêî â ðàáîòå [7] èññëåäóþò âëèÿíèå êðàòíîñòè

ïåíû íà îñíîâíûå ïàðàìåòðû ïîäñëîéíîãî ïîæàðî-

òóøåíèÿ ïðè èçìåíåíèè êðàòíîñòè îò 4 äî 16. Â õîäå

ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé áûëà âûÿâëåíà

çàêîíîìåðíîñòü, ñîãëàñíî êîòîðîé ïðè óâåëè÷åíèè

êðàòíîñòè ïåíû åå îãíåòóøàùàÿ ýôôåêòèâíîñòü â îò-

äåëüíûõ ñëó÷àÿõ óâåëè÷èâàåòñÿ äî äâóõ ðàç. Ñäåëàí

âûâîä î ñóùåñòâåííîì âëèÿíèè êðàòíîñòè ïåíû íà

ðåçóëüòàòû ïîæàðîòóøåíèÿ.

Å. È. Õèëü [8] èññëåäîâàë âëèÿíèå êðàòíîñòè

ôòîðèðîâàííûõ ïëåíêîîáðàçóþùèõ ïåíîîáðàçîâà-

òåëåé íà ìèíèìàëüíûé óäåëüíûé ðàñõîä ïåíîîáðà-

çóþùåãî ðàñòâîðà è îïòèìàëüíóþ èíòåíñèâíîñòü

ïîäà÷è ïåíû â ñëîé ãîðþ÷åãî. Â êà÷åñòâå ãîðþ÷åé

æèäêîñòè èñïîëüçîâàëñÿ í-ãåïòàí. Äëÿ ïîëó÷åíèÿ

ïåíû íèçêîé êðàòíîñòè ïðèìåíÿëèñü ñëåäóþùèå ïå-

íîîáðàçîâàòåëè: Ansulite AFFF, Hydral AFFF, Shtamex

AFFF, Ultraguard AFFF, Light Water FS 201, Multifoam

AFFF. Óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè êðàòíîñòè

ïåíû ñ 4 äî 10 îïòèìàëüíàÿ èíòåíñèâíîñòü åå ïî-

äà÷è ñíèæàåòñÿ â äâà ðàçà. Ïðåäëîæåíà òàêæå ïîëó-

ýìïèðè÷åñêàÿ ôîðìóëà (1), êîòîðàÿ ïîêàçûâàåò, ÷òî

ñíèæåíèå ìèíèìàëüíîãî óäåëüíîãî ðàñõîäà ïåíû

îáðàòíî ïðîïîðöèîíàëüíî êîðíþ êâàäðàòíîìó èç

êðàòíîñòè ïåíû:

Iîïò = 2,5Iêð, (1)

ãäå Iîïò — îïòèìàëüíàÿ èíòåíñèâíîñòü ïîäà÷è

ïåíû, êã/(ì2·ñ);

Iêð — êðèòè÷åñêàÿ èíòåíñèâíîñòü ïîäà÷è ïåíû,

îïðåäåëÿåìàÿ ñêîðîñòüþ òåðìè÷åñêîãî è êîí-

òàêòíîãî ðàçðóøåíèÿ ïåíû ïðè ðàñòåêàíèè ïî

ãîðÿùåé ïîâåðõíîñòè æèäêîñòè, êã/(ì2·ñ).

Íà îñíîâå êîìïëåêñíûõ èññëåäîâàíèé îãíåòó-

øàùåé ýôôåêòèâíîñòè, ïðîâåäåííûõ ñ èñïîëüçîâà-

íèåì áîëüøîãî êîëè÷åñòâà ðàçëè÷íûõ ôòîðèðîâàí-

íûõ ïëåíêîîáðàçóþùèõ ïåíîîáðàçîâàòåëåé, âûïó-

ñêàåìûõ â Ðîññèè è çà ðóáåæîì, ýêñïåðèìåíòàëüíî

äîêàçàíî, ÷òî ïðè ïîäñëîéíîì ïîæàðîòóøåíèè óâå-

ëè÷åíèå êðàòíîñòè ïåíû ïðèâîäèò ê ñîêðàùåíèþ

âðåìåíè òóøåíèÿ. Ïðè êðàòíîñòè ìåíåå 3,5–4 ïðè

ïîäñëîéíîì ñïîñîáå ïîäà÷è âîçäóøíî-ìåõàíè÷å-

ñêîé ïåíû áóäåò ïðîèñõîäèòü îòñëîåíèå ðàñòâîðà

ïåíîîáðàçîâàòåëÿ îò ïåíû, ñòðåìÿùåéñÿ ââåðõ ê

ïîâåðõíîñòè ãîðþ÷åé æèäêîñòè, ïîýòîìó êîíòðîëü

êðàòíîñòè ïåíû â òå÷åíèå âñåãî âðåìåíè òóøåíèÿ

î÷åíü âàæåí [9].

Ïðîâåäåííûé àíàëèç ðàáîò ïîçâîëÿåò ãîâîðèòü

î òîì, ÷òî âëèÿíèå êðàòíîñòè ïîäàâàåìîé íà ïîæà-

ðîòóøåíèå ïåíû âåñüìà ñóùåñòâåííî.

Ëàáîðàòîðíûå èññëåäîâàíèÿ ïî òóøåíèþ íåô-

òåïðîäóêòîâ ïîäñëîéíûì ñïîñîáîì â áîëüøèíñòâå

ñëó÷àåâ ïðîâîäÿò íà ñòàíäàðòèçîâàííîé ìîäåëüíîé

óñòàíîâêå ñîãëàñíî ÃÎÑÒ Ð 53280.2–2010. Ñõåìà

äàííîé óñòàíîâêè ïðåäñòàâëåíà íà ðèñ. 1.

Ïåíó ïîëó÷àþò íà ýëåêòðîìåõàíè÷åñêîì óñòðîé-

ñòâå 10 â òå÷åíèå 30 ñ. Çàòåì îïðåäåëÿþò êðàòíîñòü,

ïîñëå ÷åãî ïåðåêëàäûâàþò åå â åìêîñòü 6. Åìêîñòü

âçâåøèâàþò íà âåñàõ, ðåçóëüòàò çàïèñûâàþò â æóð-

íàë, à åìêîñòü çàêðó÷èâàþò ãåðìåòè÷íîé êðûøêîé.

Äàëåå îñóùåñòâëÿþò ïîäà÷ó ñæàòîãî âîçäóõà, âûòàë-

êèâàþùåãî èç åìêîñòè 6 ïåíó, êîòîðàÿ ïî òðóáîïðî-

âîäó èäåò â ìîäåëüíûé ðåçåðâóàð 1. Ïåíà ïîäàåòñÿ

èç íèæíåé ÷àñòè åìêîñòè. Ñ ìîìåíòà îáðàçîâàíèÿ

è äî íà÷àëà ïîäà÷è ïåíû ïðîõîäèò çíà÷èòåëüíîå

âðåìÿ, çà êîòîðîå â ïðîöåññå ñèíåðåçèñà îáåçâîæè-

âàþòñÿ âåðõíèå ñëîè ïåíû, èçìåíÿåòñÿ îáúåì è, ñî-

îòâåòñòâåííî, êðàòíîñòü ïåíû. Çà ýòî âðåìÿ ìîæåò

âïîëíå îáðàçîâàòüñÿ îòñåê. Òàêèì îáðàçîì, êðàòíîñòü

ïåíû, êîòîðóþ îïðåäåëÿþò íà óñòðîéñòâå 10 â ìî-

ìåíò åå ïîëó÷åíèÿ, è êðàòíîñòü ïåíû, êîòîðîé ïðî-

Ðèñ. 1. Ñõåìà óñòàíîâêè, èñïîëüçóåìîé ïðè ïðîâåäåíèè ëà-

áîðàòîðíûõ èñïûòàíèé ïî òóøåíèþ íåôòåïðîäóêòîâ ïîä-

ñëîéíûì ñïîñîáîì: 1 — ìîäåëü ðåçåðâóàðà; 2 — òðóáîïðî-

âîä äëÿ ïîäà÷è ïåíû â ðåçåðâóàð; 3 — òðóáîïðîâîä äëÿ

ïîäà÷è âîçäóõà â åìêîñòü ñ ïåíîé; 4 — èçìåðèòåëü ðàñõîäà

âîçäóõà (ðîòàìåòð); 5 — ðåãóëèðóþùèé âåíòèëü; 6 — ïðî-

ìåæóòî÷íàÿ åìêîñòü ñ ïåíîé; 7 — êîìïðåññîð; 8 — ñåêóíäî-

ìåð; 9 — îäíî÷àøå÷íûå âåñû; 10 — óñòðîéñòâî äëÿ ïîëó÷å-

íèÿ ïåíû

Fig. 1. Installation diagram of the setup which is used in the labo-

ratory during testing for extinguishing petroleum subsurface:

1 — tank model; 2 — pipeline for supplying foam to the tank;

3 — pipeline for supplying air to the vessel with foam; 4 — area

flowmeter; 5 — regulating valve; 6 — intermediate tank with

foam; 7 — compressor; 8 — stopwatch; 9 — libra; 10 — device

for producing foam
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âîäÿò òóøåíèå, èìåþò ðàçíûå çíà÷åíèÿ. Â ñâÿçè ñ

ýòèì íå ñîâñåì êîððåêòíî èñïîëüçîâàòü çíà÷åíèÿ

êðàòíîñòè, ïðèíÿòûå â íà÷àëå ýêñïåðèìåíòà, äëÿ ïî-

ëó÷åíèÿ ðàçëè÷íûõ çàâèñèìîñòåé.

Â íàñòîÿùåå âðåìÿ êðàòíîñòü ïåíû îïðåäåëÿþò

âåñîâûì ñïîñîáîì. Â ÃÎÑÒ Ð 53290–2009 ïðåäñòàâ-

ëåí èìåííî òàêîé ñïîñîá, ñ ïîìîùüþ êîòîðîãî èñïû-

òûâàþò âûñîêîíàïîðíûå ãåíåðàòîðû ïåíû íèçêîé

êðàòíîñòè äëÿ ïîäñëîéíîãî ïîæàðîòóøåíèÿ. Íà ðèñ. 2

ïðèâåäåíà ñõåìà óñòàíîâêè äëÿ èñïûòàíèÿ âûñîêî-

íàïîðíûõ ãåíåðàòîðîâ. Ïîäðîáíîå îïèñàíèå äàííîé

óñòàíîâêè ïðåäñòàâëåíî â ÃÎÑÒ Ð 53290–2009.

Ñóùíîñòü ìåòîäà èçìåðåíèÿ êðàòíîñòè ïåíû çà-

êëþ÷àåòñÿ â ñëåäóþùåì. Ïðèãîòàâëèâàþò ðàñòâîð

ïåíîîáðàçîâàòåëÿ â çàäàííîé êîíöåíòðàöèè. Èñïû-

òàíèå äëÿ îïðåäåëåíèÿ êðàòíîñòè ïåíû íà÷èíàþò

ïðîâîäèòü òîëüêî ïîñëå ñîçäàíèÿ ïåðåä ãåíåðàòîðîì

ðàáî÷åãî äàâëåíèÿ. Çà ñ÷åò ïåðåêðûòèÿ òðóáîïðîâî-

äà ñ ïîìîùüþ çàäâèæêè 5 â ïåíîïðîâîäå ñîçäàþò

äàâëåíèå, ñîñòàâëÿþùåå 40 % ðàáî÷åãî äàâëåíèÿ

ðàñòâîðà ïåíîîáðàçîâàòåëÿ. Äàâëåíèå ðàñòâîðà ïå-

íîîáðàçîâàòåëÿ è ïåíû ôèêñèðóþòñÿ ïî ìàíîìåò-

ðàì 2. Ïîñëå äîñòèæåíèÿ íåîáõîäèìîãî äàâëåíèÿ â

ïåíîêàìåðå îòêðûâàåòñÿ øàðîâîé êðàí 9 è çàïîëíÿ-

åòñÿ åìêîñòü îáúåìîì (10,0�0,1) ë. Çàòåì ïóòåì

âçâåøèâàíèÿ îïðåäåëÿþò ìàññó ïåíû m (êã). Êðàò-

íîñòü ïåíû K ðàññ÷èòûâàþò ïî ôîðìóëå

K = Vï �Vp , (2)

ãäå Vï — îáúåì ïåíû, ë;

Vp — îáúåì ðàñòâîðà ïåíîîáðàçîâàòåëÿ, ÷èñëåí-

íî ðàâíûé ìàññå ïåíû, ë.

Íåäîñòàòêîì äàííîãî ìåòîäà ÿâëÿåòñÿ ñóùåñò-

âåííîå ðàçëè÷èå çíà÷åíèé êðàòíîñòè ïåíû âíóòðè

îñíîâíîãî òðóáîïðîâîäà è êðàòíîñòè ïåíû â åìêî-

ñòè. Çàäâèæêà 5 äëÿ èìèòàöèè ïðîòèâîäàâëåíèÿ ñïî-

ñîáñòâóåò äîïîëíèòåëüíîìó ïåíîîáðàçîâàíèþ. Ïðè

îòáîðå ïåíû â åìêîñòü ïðîèñõîäèò åå áàðáîòèðîâà-

íèå âîçäóõîì. Â äàííîì ñïîñîáå íå ó÷èòûâàåòñÿ âëè-

ÿíèå âûñîêîãî âñòðå÷íîãî äàâëåíèÿ, êîòîðîå ïðè ïîä-

cëîéíîì ïîæàðîòóøåíèè ñîçäàåòñÿ ñëîåì ãîðþ÷åé

æèäêîñòè. Ïðè âûñîòå ñëîÿ æèäêîñòè â ðåçåðâóàðå

12 ì îíî ïðèáëèçèòåëüíî ñîñòàâëÿåò 0,85 àòì.

Â ðàáîòå [10] äëÿ ðåøåíèÿ ïðîáëåìû áàðáîòè-

ðîâàíèÿ âîçäóõà ïðè îòáîðå ïåíû â åìêîñòü ïðåäëà-

ãàåòñÿ ïðèìåíÿòü óçåë îòáîðà, â êîòîðîì â âûõîä ïðî-

áîîòáîðíèêà ââîäÿò ìåòàëëè÷åñêóþ òðóáêó. Òðóáêà

îïóùåíà â åìêîñòü äî óðîâíÿ 3 ñì âûøå äíà. Ýòîò

ñïîñîá ÷àñòè÷íî ïðåäîòâðàùàåò áàðáîòèðîâàíèå â

ìîìåíò îòáîðà ïåíû, íî íå ó÷èòûâàåò âëèÿíèÿ ïðî-

òèâîäàâëåíèÿ. Òàêèì îáðàçîì, êðàòíîñòü ïîëó÷åí-

íîé ïåíû áóäåò îòëè÷àòüñÿ îò ôàêòè÷åñêîé êðàòíî-

ñòè ïåíû, ïîäàâàåìîé â ðåçåðâóàð.

Êðîìå òîãî, ìåòîäèêè íå ó÷èòûâàþò èçìåíåíèÿ

êðàòíîñòè ïåíû âî âðåìÿ ïîäà÷è è ïðè íåñòàáèëü-

íîì ðàáî÷åì äàâëåíèè. Â ëó÷øåì ñëó÷àå âåñîâîé

ñïîñîá ïîäðàçóìåâàåò îïðåäåëåíèå ñðåäíèõ çíà÷å-

íèé êðàòíîñòè, â õóäøåì îïðåäåëÿåòñÿ êðàòíîñòü íà

êàêîì-ëèáî ó÷àñòêå ðàáî÷åãî äèàïàçîíà äàâëåíèé.

Ñîçäàâàåìîå ïðè òàêèõ èñïûòàíèÿõ ïðîòèâîäàâëå-

íèå ÿâëÿåòñÿ óñëîâíûì, òàê êàê ïåíà â ðåçóëüòàòå

âñå ðàâíî ïîïàäàåò â ìåðíóþ åìêîñòü, à ïåííûå ïó-

çûðè “îêðóæàåò” äàâëåíèå, ñîîòâåòñòâóþùåå àòìî-

ñôåðíîìó (ò. å. ïðîòèâîäàâëåíèå ñòîëáà æèäêîñòè

îòñóòñòâóåò). Â ðåàëüíûõ óñëîâèÿõ ïîñëå ïîëó÷åíèÿ

ïåíû íà âûñîêîíàïîðíîì ãåíåðàòîðå è ïðè ïîäà÷å

åå â îñíîâàíèå ðåçåðâóàðà êðàòíîñòü ïåíû áóäåò

èíîé, òàê êàê ê àòìîñôåðíîìó äàâëåíèþ äîáàâëÿ-

åòñÿ äàâëåíèå ñòîëáà ãîðþ÷åé æèäêîñòè. Â ñâÿçè ñ

ýòèì âîçíèêëà íåîáõîäèìîñòü îïðåäåëåíèÿ êðàòíî-

ñòè ïåíû, ïîñòóïàþùåé â îñíîâàíèå ðåçåðâóàðà âî

âðåìÿ ïîäñëîéíîé ïîäà÷è.

Öåëü äàííîé ðàáîòû — ïðåäëîæèòü óñòðîéñòâî

äëÿ èçìåðåíèÿ êðàòíîñòè ïåíû ïðè ïîäñëîéíîì ïî-

æàðîòóøåíèè íåïðåðûâíî, íà ïðîòÿæåíèè âñåãî âðå-

ìåíè ïîäà÷è.

Äëÿ âûïîëíåíèÿ öåëè íåîáõîäèìî ðåøèòü ñëå-

äóþùèå çàäà÷è:

1) âûïîëíèòü àíàëèç ñóùåñòâóþùèõ ìåòîäèê

îïðåäåëåíèÿ êðàòíîñòè ïåíû;

2) íà îñíîâå ñäåëàííîãî àíàëèçà ïðåäëîæèòü

ñïîñîá îïðåäåëåíèÿ êðàòíîñòè ïåíû âíóòðè

òðóáîïðîâîäà;

3) ðàçðàáîòàòü êîíñòðóêöèþ ýêñïåðèìåíòàëüíîé

óñòàíîâêè èçìåðåíèÿ êðàòíîñòè ïåíû äëÿ ïîä-

ñëîéíîãî ïîæàðîòóøåíèÿ.

Îñíîâíàÿ ÷àñòü

Èäåÿ èñïîëüçîâàíèÿ äëÿ îïðåäåëåíèÿ êðàòíîñòè

ïåíû ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ áûëà âûäâè-

íóòà Â. Ê. Òèõîìèðîâûì. Îí ïðåäëàãàë îïðåäåëÿòü

ñðåäíþþ êðàòíîñòü ïåíû, èñïîëüçóÿ óñòðîéñòâî,

â ñîñòàâ êîòîðîãî âõîäèò ýëåêòðîõèìè÷åñêàÿ ÿ÷åé-

Ðèñ. 2. Ñõåìà óñòàíîâêè äëÿ èñïûòàíèÿ âûñîêîíàïîðíûõ ãå-

íåðàòîðîâ [6]: 1 — ðàñõîäîìåð; 2 — ìàíîìåòðû; 3 — ïåíî-

ãåíåðàòîð; 4 — îñíîâíîé òðóáîïðîâîä; 5 — çàäâèæêà; 6 —

ýëàñòè÷íûå ðóêàâà; 7 — åìêîñòü 200 ë; 8 — åìêîñòü 8 ë; 9 —

øàðîâîé êðàí; 10 — äîïîëíèòåëüíûé òðóáîïðîâîä

Fig. 2. Diagram of the setup for testing high-pressure generators:

1 — flow fluid meter; 2 — pressure gauges; 3 — foam generator;

4 — main pipeline; 5 — valve; 6 — elastic hose; 7 — capacity

200 l; 8 — capacity 8 l; 9 — ball valve; 10 — additional pipeline
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êà, ñîåäèíåííàÿ ñ èçìåðèòåëåì ýëåêòðîñîïðîòèâëå-

íèÿ, ñ ïîìîùüþ êîòîðîãî îïðåäåëÿþò êðàòíîñòü ïî

ñëåäóþùåìó ðàñ÷åòíîìó ñîîòíîøåíèþ:

K = 0,67(ï �(p , (3)

ãäå (ï, (p — óäåëüíîå ýëåêòðîñîïðîòèâëåíèå ñîîò-

âåòñòâåííî ïåíû è èñõîäíîãî ðàñòâîðà [11].

Äàííûé ìåòîä ïðè óâåëè÷åíèè êðàòíîñòè íå ó÷è-

òûâàåò èçìåíåíèÿ êîýôôèöèåíòà ïðîïîðöèîíàëü-

íîñòè.

À. Ô. Øàðîâàðíèêîâûì è Å. Â. Êîêîðåâûì áûëî

ïðåäëîæåíî óñòðîéñòâî äëÿ èçó÷åíèÿ ïåí âûñîêîé

êðàòíîñòè [12]. Íà ðèñ. 3 èçîáðàæåíà ñõåìà óñòà-

íîâêè, êîòîðàÿ ðàáîòàåò ñëåäóþùèì îáðàçîì. Äàò-

÷èêè 2 è 3 ïîãðóæàþòñÿ â ðàñòâîð, è â ýòîò ìîìåíò

íà áëîêå 4 ïîÿâëÿåòñÿ ñèãíàë, ïðîïîðöèîíàëüíûé

ýëåêòðîñîïðîòèâëåíèþ èñõîäíîãî ðàñòâîðà. Äàëåå

ýòîò ñèãíàë ïîñòóïàåò â áëîê êîððåêöèè 5, ãäå ñî-

âåðøàåòñÿ êàëèáðîâêà ðàñòâîðà ïî ýëåêòðîñîïðî-

òèâëåíèþ èñõîäíîãî ðàñòâîðà. Ïîñëå òîãî êàê ïðî-

âåäåíà êàëèáðîâêà óñòðîéñòâà, äàò÷èêè 2 è 3 îïóñ-

êàþò â ïåíó. Ýëåêòðîñîïðîòèâëåíèå ïåíû çàâèñèò îò

ïðîâîäèìîñòè ðàñòâîðà â ïåííûõ ïëåíêàõ è îò ïî-

âåðõíîñòíîé ïðîâîäèìîñòè, êîòîðàÿ â ñâîþ î÷åðåäü

îáóñëîâëåíà íàëè÷èåì äâîéíîãî ýëåêòðè÷åñêîãî ñëîÿ

â ïåíå.

Êðàòíîñòü ïåíû îïðåäåëÿåòñÿ ïî óðàâíåíèþ

K = ((ï �(p)1, (4)

ãäå 1 — êîýôôèöèåíò, ïðîïîðöèîíàëüíûé âåëè÷è-

íå ñîïðîòèâëåíèÿ ðàñòâîðà;

1 = 0,22 + 0,087(p. (5)

Ôîðìóëà (4) ó÷èòûâàåò êîýôôèöèåíò ïðîïîð-

öèîíàëüíîñòè, êîòîðûé èçìåíÿåòñÿ ïðè èçìåðåíèè

ñðåäíåé è âûñîêîé êðàòíîñòè ïåíû.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Íàìè ïðåäëàãàåòñÿ óñòðîéñòâî, ïîçâîëÿþùåå â

ðåæèìå ðåàëüíîãî âðåìåíè êîíòðîëèðîâàòü êðàò-

Ðèñ. 3. Óñòðîéñòâî äëÿ îïðåäåëåíèÿ êðàòíîñòè: 1 — ãåíåðà-

òîð ãàðìîíè÷åñêèõ êîëåáàíèé; 2, 3 — äàò÷èêè ýëåêòðîïðî-

âîäíîñòè ïåíû; 4 — áëîê äåëåíèÿ ñèãíàëîâ; 5 — áëîê êîð-

ðåêöèè; 6 — áëîê ëèíåéíîãî âûïðÿìèòåëÿ; 7 — óêàçàòåëü

êðàòíîñòè

Fig. 3. Device for the multiplicity determining: 1 — generator

of harmonic oscillations; 2, 3 — foam conductivity sensors;

5 — correction unit; 6 — block linear rectifier; 7 — multiplicity

pointer

Ðèñ. 4. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè äëÿ îïðåäåëåíèÿ êðàòíîñòè â ðåæèìå ðåàëüíîãî âðåìåíè: 1, 2 — òðóáà èç äè-

ýëåêòðè÷åñêîãî ìàòåðèàëà; 3 — òðóáà ñ ãîðþ÷åé æèäêîñòüþ; 4 — ìåòàëëè÷åñêèå ïëàñòèíû; 5 — ýëåêòðîäû; 6 — èçìåðèòåëü

óäåëüíîé ýëåêòðîïðîâîäíîñòè; 7 — êîìïüþòåð; 8 — âîçäóøíûé ïàòðóáîê; 9 — ðàñõîäîìåð ïî ðàñòâîðó; 10 — ðàñõîäîìåð

ïî âîçäóõó; 11 — êîìïðåññîð; 12 — îáðàòíûé êëàïàí

Fig. 4. Installation diagram of the experimental setup for determining the multiplicity of the foam in real time: 1, 2 — pipe of dielectric

material; 3 — pipe with flammable liquid; 4 — metal plates, 5 — electrodes; 6 — meter conductivity; 7 — computer; 8 — air pipe;

9 — flow fluid meter (for the solution); 10 — area flowmeter for air; 11 — compressor; 12 — check valve
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íîñòü ïåíû âíóòðè òðóáîïðîâîäà ïðè ïîäñëîéíîì

ïîæàðîòóøåíèè. Â îñíîâå ëåæèò èçâåñòíîå ñâîéñò-

âî èçìåíåíèÿ ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ ïåíû

â çàâèñèìîñòè îò åå êðàòíîñòè [11]. Íà ðèñ. 4 ïðåä-

ñòàâëåíà ñõåìà óñòàíîâêè.

Óñòàíîâêà ñîñòîèò èç äâóõ òðóá 1 è 2, âûïîëíåí-

íûõ èç äèýëåêòðè÷åñêîãî ìàòåðèàëà, äâóõ ïàðíûõ

ïëàñòèí 4 èç íåðæàâåþùåé ñòàëè, óñòàíîâëåííûõ

âíóòðè òðóá. Ïëàñòèíû ïëîùàäüþ 25 ñì2 êàæäàÿ

ðàñïîëîæåíû äðóã íàïðîòèâ äðóãà. Òûëüíûå ñòîðî-

íû ïëàñòèí (ðàñïîëîæåííûå âîçëå òðóáû) ïîêðûòû

äèýëåêòðè÷åñêèì ìàòåðèàëîì. Ê êàæäîé èç ïëàñòèí

ïîäêëþ÷åíû ýëåêòðîäû 5, êîòîðûå ñîåäèíåíû ñ èç-

ìåðèòåëåì ýëåêòðè÷åñêîãî ñîïðîòèâëåíèÿ 6. Äàííûå

âûâîäÿòñÿ íà ðåãèñòðàòîð 7. Íà âõîäå ïåðâîé òðóáû

óñòàíîâëåí ðàñõîäîìåð ïî ðàñòâîðó 9, íà âõîäå âòî-

ðîé òðóáû — âîçäóøíûé ïàòðóáîê 8, â êîòîðîì ðàñ-

ïîëîæåí ðàñõîäîìåð ïî âîçäóõó 10. Âîçäóõ ïîäàåò-

ñÿ êîìïðåññîðîì 11 ïðèíóäèòåëüíî, ÷òî ïîçâîëÿåò

ðåãóëèðîâàòü åãî êîëè÷åñòâî. Îáúåì ïîäàâàåìîãî

ðàñòâîðà ïåíîîáðàçîâàòåëÿ êîíòðîëèðóåòñÿ âîäÿ-

íûì ðàñõîäîìåðîì. Â òðóáå çà ãåíåðàòîðîì 3 óñòà-

íîâëåí îáðàòíûé êëàïàí 12.

Äëÿ êîððåêòíîé ðàáîòû óñòàíîâêè åå íåîáõîäè-

ìî ïðåäâàðèòåëüíî íàñòðîèòü. Äëÿ ýòîãî èñïîëü-

çóþò êàëèáðîâàííóþ ÿ÷åéêó, ñõåìà êîòîðîé ïðåä-

ñòàâëåíà íà ðèñ. 5. Ñ ïîìîùüþ ÿ÷åéêè îïðåäåëÿþò

óäåëüíóþ ýëåêòðîïðîâîäíîñòü ðàñòâîðà ïåíîîá-

ðàçîâàòåëÿ. Äëÿ ýòîãî ïðèìåíÿþò ìîñò ñ ÷àñòîòîé

íå ìåíåå 1000 Ãö. Â êà÷åñòâå ìîñòà èñïîëüçóåòñÿ

ïðèáîð Å7-8, ñïîñîáíûé â àâòîìàòè÷åñêîì ðåæèìå

ðàçäåëÿòü àêòèâíóþ è ðåàêòèâíóþ ñîñòàâëÿþùèå.

Â êà÷åñòâå êàëèáðîâî÷íîé æèäêîñòè ïðèìåíÿåòñÿ

âîäíûé ðàñòâîð ÊÑl. Ñîëü â çàäàííîé êîíöåíòðà-

öèè ðàñòâîðÿåòñÿ â äèñòèëëèðîâàííîé âîäå è ïî-

ìåùàåòñÿ â ÿ÷åéêó. Óäåëüíóþ ýëåêòðîïðîâîäíîñòü

ðàñòâîðà õëîðèäà êàëèÿ ÊÑl â äàííîé êîíöåíòðàöèè

îïðåäåëÿþò ïî òàáëèöàì ñïðàâî÷íèêà õèìèêà [13].

Òàáëè÷íûå çíà÷åíèÿ óäåëüíîé ýëåêòðîïðîâîä-

íîñòè ñðàâíèâàþò ñ ïîëó÷åííûìè çíà÷åíèÿìè åå

â ÿ÷åéêå. Íàõîäÿò êîýôôèöèåíò ÿ÷åéêè äëÿ ðàçëè÷-

íûõ çíà÷åíèé ñîïðîòèâëåíèé ðàñòâîðà (îòíîøåíèå

èñòèííîãî çíà÷åíèÿ ýëåêòðîïðîâîäíîñòè ê ïîëó÷åí-

íîìó â ýêñïåðèìåíòå). Ìàòåìàòè÷åñêàÿ çàâèñèìîñòü

èçìåíåíèÿ êîýôôèöèåíòà ÿ÷åéêè À (ì–1) âûãëÿäèò

ñëåäóþùèì îáðàçîì:

A = – 0,0021R + 32,4, (6)

ãäå R — ñîïðîòèâëåíèå ìåæäó ýëåêòðîäàìè, Îì.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íà ðèñ. 6 ïðåäñòàâëåíû ôàêòè÷åñêèå çíà÷åíèÿ

çàâèñèìîñòè êîýôôèöèåíòà ÿ÷åéêè îò ñîïðîòèâëå-

íèÿ âîäíîãî ðàñòâîðà õëîðèäà êàëèÿ ìåæäó ýëåêò-

ðîäàìè.

Â ÿ÷åéêó çàëèâàþò ðàáî÷èé ðàñòâîð ïåíîîáðàçî-

âàòåëÿ çàäàííîé êîíöåíòðàöèè, êîòîðàÿ âàðüèðóåò-

ñÿ îò 0,5 äî 10 % ìàññ. Çàòåì îïðåäåëÿþò óäåëüíóþ

ýëåêòðîïðîâîäíîñòü ðàáî÷åãî ðàñòâîðà ïåíîîáðàçî-

âàòåëÿ è ñòðîÿò ãðàäóèðîâî÷íóþ êðèâóþ ¹ 1 ñîîòâåò-

ñòâèÿ ñîïðîòèâëåíèÿ ìåæäó ýëåêòðîäàìè ÿ÷åéêè ñ

ðàñòâîðîì ïåíîîáðàçîâàòåëÿ â çàäàííîé êîíöåíò-

ðàöèè è ôàêòè÷åñêîé óäåëüíîé ýëåêòðîïðîâîäíîñòè

ýòîãî ðàñòâîðà. Ãðàäóèðîâî÷íàÿ çàâèñèìîñòü äëÿ ðàñ-

òâîðà ôòîðèðîâàííîãî ïåíîîáðàçîâàòåëÿ ïðèâåäåíà

íà ðèñ. 7.

Ïîñëå ýòîãî èñïîëüçóþò óñòàíîâêó, ïðåäñòàâëåí-

íóþ íà ðèñ. 4. Ïðè ýòîì â òðóáå 3 îòñóòñòâóåò æèä-

êîñòü — â ñèñòåìå íåò ïðîòèâîäàâëåíèÿ. Â òðóáó 1

ïîäàþò ðàñòâîð ïåíîîáðàçîâàòåëÿ çàäàííîé êîí-

öåíòðàöèè è ïðîâîäÿò èçìåðåíèÿ ýëåêòðè÷åñêîãî

ñîïðîòèâëåíèÿ ðàñòâîðà ðàçëè÷íîé êîíöåíòðàöèè.

Çàòåì ðàññ÷èòûâàþò åãî óäåëüíîå ñîïðîòèâëåíèå.

Ïîñëå ýòîãî, çíàÿ óäåëüíóþ ýëåêòðîïðîâîäíîñòü äàí-

íîãî ðàñòâîðà, îïðåäåëÿþò êîýôôèöèåíò ÿ÷åéêè äëÿ

ó÷àñòêà óñòàíîâêè â òðóáå 1.

Òàê êàê ó÷àñòîê óñòàíîâêè 1 è ó÷àñòîê óñòàíîâ-

êè 2 (ñì. ðèñ. 4) êîíñòðóêòèâíî âûïîëíåíû îäèíà-

êîâî, êîýôôèöèåíòû ÿ÷ååê äëÿ ýòèõ ó÷àñòêîâ áóäóò

Ðèñ. 5. ß÷åéêà äëÿ îïðåäåëåíèÿ óäåëüíîé ýëåêòðîïðîâîä-

íîñòè

Fig. 5. The cell to determine of the specific resistance

Ðèñ. 6. Çàâèñèìîñòü êîýôôèöèåíòà ÿ÷åéêè îò ñîïðîòèâëåíèÿ

âîäíîãî ðàñòâîðà õëîðèäà êàëèÿ ìåæäó ýëåêòðîäàìè

Fig. 6. The dependence of a cell coefficient on resistance between

electrodes of an aqueous solution of potassium chloride
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ðàçëè÷àòüñÿ â ïðåäåëàõ ïîãðåøíîñòè èçìåðåíèé. Äëÿ

îïðåäåëåíèÿ óäåëüíîé ýëåêòðîïðîâîäíîñòè ïåíû,

ïîëó÷àåìîé íà ó÷àñòêå òðóáû 2, ìîæíî áóäåò âîñ-

ïîëüçîâàòüñÿ ìàòåìàòè÷åñêîé çàâèñèìîñòüþ (3). Íà-

õîäèì ýëåêòðîñîïðîòèâëåíèå îáðàçîâàâøåéñÿ ïåíû

ìåæäó ýëåêòðîäàìè è åå êðàòíîñòü â òðóáå 2. Êðàò-

íîñòü ðàññ÷èòûâàåòñÿ êàê îòíîøåíèå îáúåìà ïåíû ê

îáúåìó ðàñòâîðà ïåíîîáðàçîâàòåëÿ. Çíà÷åíèÿ îáú-

åìîâ óñòàíàâëèâàþò ïî ïîêàçàòåëÿì ðàñõîäîìåðîâ

9 è 10 (ñì. ðèñ. 4). Îïðåäåëÿþò óäåëüíóþ ýëåêòðî-

ïðîâîäíîñòü ïåíû, èñïîëüçóÿ êîýôôèöèåíòû ÿ÷åé-

êè, ïîëó÷åííûå ïðè ïîìîùè óðàâíåíèÿ (6). Ñòðîèò-

ñÿ ãðàäóèðîâî÷íàÿ êðèâàÿ ¹ 2, èëëþñòðèðóþùàÿ

èçìåíåíèå êðàòíîñòè ïåíû îò îòíîøåíèÿ óäåëüíîé

ýëåêòðîïðîâîäíîñòè ïåíû ê óäåëüíîé ýëåêòðîïðî-

âîäíîñòè ðàáî÷åãî ðàñòâîðà (ðèñ. 8).

Èç ãðàôèêà ðèñ. 8 âèäíî, ÷òî êðàòíîñòü ïåíû îò

ñîîòíîøåíèÿ óäåëüíûõ ýëåêòðîïðîâîäíîñòåé ïåíû

è ðàñòâîðà èìååò ëèíåéíóþ çàâèñèìîñòü [11]. Ìà-

òåìàòè÷åñêîå âûðàæåíèå èìååò ñëåäóþùèé âèä:

K = 0,62((ï �(p). (7)

Äàëåå òðóáó 3 íàïîëíÿþò æèäêîñòüþ è ïîäàþò

ðàñòâîð â òðóáó 1. Ïðè ýòîì íåò íåîáõîäèìîñòè ïðè-

ñóòñòâèÿ â óñòàíîâêå òàêèõ ïðèáîðîâ, êàê ðàñõîäî-

ìåðû ïî âîçäóõó, ðàñõîäîìåð ïî ðàñòâîðó, êîìïðåñ-

ñîð äëÿ ïðèíóäèòåëüíîé ïîäà÷è âîçäóõà. Îïðåäåëÿ-

þò óäåëüíóþ ýëåêòðîïðîâîäíîñòü îáðàçîâàâøåéñÿ

ïåíû è ïî óðàâíåíèþ (7) ðàññ÷èòûâàþò åå êðàòíîñòü.

Òàêèì îáðàçîì, ïîëó÷åííîå çíà÷åíèå êðàòíîñòè ó÷è-

òûâàåò âëèÿíèå ïðîòèâîäàâëåíèÿ.

Çàêëþ÷åíèå

Èñïîëüçîâàíèå ïðåäëîæåííîãî ñïîñîáà îïðåäå-

ëåíèÿ êðàòíîñòè ïåíû ïðè ïîäñëîéíîì ïîæàðîòó-

øåíèè ïîçâîëèò:

1) óëó÷øèòü òî÷íîñòü èçìåðåíèÿ êðàòíîñòè

âíóòðè òðóáîïðîâîäà;

2) êîíòðîëèðîâàòü êðàòíîñòü ïîëó÷àåìîé ïåíû

íà ïðîòÿæåíèè âñåãî âðåìåíè ïîäà÷è;

3) îöåíèòü âëèÿíèå ïðîòèâîäàâëåíèÿ ñòîëáà æèä-

êîñòè íà ïàðàìåòðû ïîäñëîéíîãî ïåííîãî ïî-

æàðîòóøåíèÿ.
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ABSTRACT

This work contains the review of the literature about influence of frequency rate of foam on effecti-

veness of fire extinguishing. It is known that the frequency rate of foam significantly influences key

parameters of fire extinguishing. Foam generators do not allow to maintain up-to-the-mark frequency

rate of foam with changing pressure. As a result the frequency rate changes during time of its giving,
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and for its monitoring when carrying out tests it requires the device which is capable to measure

frequency rate in real time.

Some ways of determination of frequency rate of foam in laboratory, and in the conditions of

carrying out actual tests are analysed. In the main way is weighted one. Its weak spot consists in

inaccuracy of determination of values of frequency rate of foam. At suppression with ready foam in

laboratory a key indicator is its stability. During actual tests with application of high-head foam

generators the essential error arises because of air barbotage. Earlier methods of determination of

frequency rate on a direct-current conductivity of foam were used. However, despite accuracy of these

methods, they did not find application in the standardized techniques. Common weak spot of the

existing ways of determination of frequency rate of foam is that they do not consider a counter

pressure in system which arises at sublayer fire extinguishing.

The purpose of this work — to offer the device, which is able to measured of frequency rate of

foam at sublayer fire extinguishing uninterrupted, throughout all time of giving.

There were two steps of researches. At the first stage the calibration cell was used. The depen-

dence of coefficient of a cell on resistance between electrodes is established, using an aqueous solu-

tion of chloride of a potassium with the known direct-current conductivity was fixed. Then the spe-

cific resistance of working solution of the fluorinated film-forming foamer was defined.

At the second stage a set-up which allowed to reveal dependence of frequency rate of foam on

the size of the relation of a direct-current conductivity of foam to a direct-current conductivity of

working solution was piked up.

As a result of the conducted researches the mathematical dependence allowing to determine

values of frequency rate of foam by the relation of a direct-current conductivity of foam to a direct-

current conductivity of working solution was offered. The constant of proportionality for determina-

tion of low frequency rate of foam is established. The technique allowing to define frequency rate of

the given foam at sublayer fire extinguishing is offered, throughout all time of giving taking into

account a counterpressure at the exit of a high-head foam generator.

Keywords: sublayer fire extinguishing; frequency rate of foam; fire extinguishing of oil products;

direct-current conductivity of foam; test of high-head foam generators.
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ÂÎÏÐÎÑ – ÎÒÂÅÒ

ÂÎÏÐÎÑ:

Ñ ââåäåíèåì â çàêîííóþ ñèëó Ôåäåðàëüíîãî

çàêîíà “Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ

ïîæàðíîé áåçîïàñíîñòè” (ÔÇ-123) èçìåíèëàñü

ñèñòåìà îöåíêè âçðûâîîïàñíûõ çîí, â òî æå âðå-

ìÿ êëàññèôèêàöèÿ ïîæàðîîïàñíûõ çîí ïðàêòè-

÷åñêè íå ïðåòåðïåëà èçìåíåíèé. Ìàðêèðîâêà

âçðûâîîïàñíûõ çîí êëàññîâ Â-II è Â-IIà ïî Ïðà-

âèëàì óñòðîéñòâà ýëåêòðîóñòàíîâîê (ÏÓÝ) áûëà

çàìåíåíà íà êëàññû çîí 21 è 22 ïî ÔÇ-123.

Â ÏÓÝ îòìå÷åíî, ÷òî äëÿ êëàññà çîíû Â-IIà â îò-

íîøåíèè ýëåêòðè÷åñêèõ ìàøèí, àïïàðàòîâ è

ñòàöèîíàðíûõ ñâåòèëüíèêîâ äîïóñêàåòñÿ ïðè-

ìåíåíèå îáîðóäîâàíèÿ áåç ñðåäñòâ âçðûâî-

çàùèòû ñî ñòåïåíüþ çàùèòû ñîîòâåòñòâåííî

IP44(54), IP54 è IP53.

Âîçìîæíî ëè ïðèìåíåíèå ýëåêòðîîáîðóäîâàíèÿ

áåç ñðåäñòâ âçðûâîçàùèòû â çîíå êëàññà 22?

ÎÒÂÅÒ:

Â ÔÇ-123 [1] â ï. 1 ñò. 82 óêàçàíî, ÷òî ýëåêòðî-

îáîðóäîâàíèå äîëæíî ñîîòâåòñòâîâàòü êëàññó ïî-

æàðî- èëè âçðûâîîïàñíîé çîíû, êàòåãîðèè è ãðóïïå

ãîðþ÷åé ñìåñè. Èç ýòîãî ñëåäóåò, ÷òî äëÿ ïîìåùåíèé

ñ íàëè÷èåì âçðûâîîïàñíûõ ïûëåâûõ ñðåä äîëæíî

ïðèìåíÿòüñÿ âçðûâîçàùèùåííîå îáîðóäîâàíèå

(Ex-îáîðóäîâàíèå), èìåþùåå ñîîòâåòñòâóþùóþ ìàð-

êèðîâêó. Ïîðÿäîê åå âûïîëíåíèÿ ïðåäñòàâëåí â

ñò. 23 ÔÇ-123 [1]. Â äàííîé ñòàòüå îòñóòñòâóåò èí-

ôîðìàöèÿ î ìàðêèðîâêå îáîðóäîâàíèÿ, ïðåäíàçíà-

÷åííîãî äëÿ ðàáîòû âî âçðûâîîïàñíûõ ïûëåâûõ

ñðåäàõ.

Â Òåõíè÷åñêîì ðåãëàìåíòå Òàìîæåííîãî Ñîþçà

(ÒÐ ÒÑ 012/2011) [2] ïðåäñòàâëåíû ñâåäåíèÿ ïî

îáîðóäîâàíèþ ãðóïïû III, ïðèìåíÿåìîìó âî âçðû-

âîîïàñíûõ ïûëåâûõ ñðåäàõ. Äëÿ îáåñïå÷åíèÿ áåç-

îïàñíîé ðàáîòû â òàêèõ óñëîâèÿõ äîïóñêàåòñÿ ïðè-

ìåíÿòü ñëåäóþùèå âèäû âçðûâîçàùèòû:

� t (ta, tb, tc) — çàùèòà îáîëî÷êîé;

� i (ia, ib) — èñêðîáåçîïàñíîñòü (èñêðîáåçîïàñíàÿ

ýëåêòðè÷åñêàÿ öåïü);

� m (ma, mb, mc) — ãåðìåòèçàöèÿ êîìïàóíäîì;

� p — çàïîëíåíèå èëè ïðîäóâêà îáîëî÷êè ïîä èçáû-

òî÷íûì äàâëåíèåì;

� s — ñïåöèàëüíûé âèä âçðûâîçàùèòû.

Êàæäûé âèä âçðûâîçàùèòû èìååò ñîáñòâåííûå ñòàí-

äàðòû ïî åãî ïðèìåíåíèþ, èñïûòàíèÿì, êîíñòðóèðî-

âàíèþ è ò. ä. Â ñòàíäàðòàõ íà âèäû âçðûâîçàùèòû

i, m, p, s èçëîæåíû òðåáîâàíèÿ ê çàùèòå îáîðóäîâà-

íèÿ îò ïûëè è âëàãè ñ êîäîì IP â êà÷åñòâå äîïîëíå-

íèÿ ê îñíîâíîé çàùèòå. Â ïåðâóþ î÷åðåäü ýòî êà-

ñàåòñÿ êàáåëüíûõ ââîäîâ, ñîåäèíåíèé, óïëîòíåíèé,

ãäå òðåáóåòñÿ îáåñïå÷åíèå ãåðìåòè÷íîñòè ñîåäèíå-

íèÿ îòäåëüíûõ êîìïîíåíòîâ ýëåêòðîóñòàíîâêè. Òðå-

áîâàíèÿ ê ìàðêèðîâêå âçðûâîçàùèòû ñ äîïîëíè-

òåëüíûì êîäîì IP ïðåäúÿâëÿþòñÿ è ê âðàùàþùèìñÿ

ýëåêòðè÷åñêèì ìàøèíàì ñ ó÷åòîì ÃÎÑÒ IEC 60034-5

[3]. Óêàçàííûå âèäû âçðûâîçàùèòû (i, m, p, s) ìîãóò

èñïîëüçîâàòüñÿ ñîâìåñòíî ñ çàùèòîé ïî êîäó IP â

êîíñòðóêöèè Ex-îáîðóäîâàíèÿ äëÿ ïðèìåíåíèÿ âî

âçðûâîîïàñíûõ ïûëåâûõ ñðåäàõ, ÷òî èñêëþ÷àåò

âîçìîæíîñòü èñïîëüçîâàíèÿ îáîðóäîâàíèÿ áåç

ñðåäñòâ âçðûâîçàùèòû âî âçðûâîîïàñíûõ çîíàõ

êëàññà 22 (ïî àíàëîãèè ñ êëàññîì Â-II ïî ÏÓÝ).

Èíàÿ ñèòóàöèÿ ñêëàäûâàåòñÿ äëÿ âèäà t (çàùèòà

îáîëî÷êîé). Ïî òðåáîâàíèÿì ÒÐ ÒÑ 012/2011 [2] t

— ýòî âèä âçðûâîçàùèòû, ïðè êîòîðîì îáîðóäîâà-

íèå çàùèùåíî îáîëî÷êîé, îáåñïå÷èâàþùåé çàùè-

òó îò ïðîíèêíîâåíèÿ ïûëè, è ñðåäñòâàìè ïî îãðà-

íè÷åíèþ òåìïåðàòóðû ïîâåðõíîñòè. Ïðè ýòîì â

îáîðóäîâàíèè ãðóïïû III, âêëþ÷àÿ êàáåëüíûå ââîäû

è ñîåäèíåíèÿ, ïûëü íå äîëæíà îáðàçîâûâàòü âçðû-

âîîïàñíûå ñìåñè ñ âîçäóõîì èëè îïàñíûå ñêîïëå-

íèÿ âíóòðè îáîðóäîâàíèÿ. Òðåáîâàíèÿ äëÿ âèäà âçðû-

âîçàùèòû t ïðåäñòàâëåíû â ÃÎÑÒ IEC 60079-31 [4].

Â êà÷åñòâå âçðûâîçàùèòû â ñòàíäàðòå [4] ðàññìàò-

ðèâàþòñÿ îáîëî÷êè ñ êîäîì IP â çàâèñèìîñòè îò

óðîâíÿ âçðûâîçàùèòû è ïîäãðóïïû îáîðóäîâàíèÿ III

(ñì. òàáëèöó)

Èç òàáëèöû âèäíî, ÷òî îáîðóäîâàíèå ñ çàùèòîé IP

ìîæåò èñïîëüçîâàòüñÿ äëÿ ëþáîãî óðîâíÿ âçðûâîçà-

ùèòû, à çíà÷èò, è äëÿ ëþáîãî êëàññà çîí (20, 21, 22).

Íåîáõîäèìî ó÷èòûâàòü, ÷òî ñòåïåíü çàùèòû îáîëî÷åê

(IP) îò âíåøíèõ âîçäåéñòâèé ñ÷èòàåòñÿ äîñòàòî÷íîé

è âûïîëíÿåò ôóíêöèþ âçðûâîáåçîïàñíîñòè òîëüêî

ïðè ñîáëþäåíèè äîïîëíèòåëüíûõ òðåáîâàíèé ñòàí-

äàðòà [4] ê êîíñòðóêöèè, ìàêñèìàëüíîé òåìïåðàòóðå

ïîâåðõíîñòè è âíóòðåííåìó äàâëåíèþ, à òàêæå îãðà-

íè÷åíèé ïî òîêó êîðîòêîãî çàìûêàíèÿ è ò. ä. Ïîýòîìó

îáîðóäîâàíèå ñ âèäîì âçðûâîçàùèòû t àíàëîãè÷íî

äðóãèì âèäàì áóäåò èìåòü ìàðêèðîâêó âçðûâîçà-

ùèòû ïî ÃÎÑÒ 31610.0–2014 [5] c äîïîëíèòåëüíîé

ìàðêèðîâêîé IP, êîòîðàÿ â ñòàíäàðòå [4] íàçûâàåò-

ñÿ îñíîâíûì ñïîñîáîì çàùèòû.

Èç âûøåïðåäñòàâëåííîé èíôîðìàöèè ñëåäóåò, ÷òî

îáîðóäîâàíèå ñ çàùèòîé IP çàïðåùåíî ïðèìåíÿòü

âî âçðûâîîïàñíîé çîíå äëÿ ëþáîãî ýëåêòðîîáîðó-

äîâàíèÿ áåç äîïîëíèòåëüíûõ ñïîñîáîâ âçðûâîçà-

ùèòû, êîòîðûå äîëæíû áûòü óêàçàíû â ìàðêèðî-

âî÷íîé òàáëèöå.

Óðîâåíü

âçðûâî-

çàùèòû

Âèä

âçðûâîçà-

ùèòû

Ïîäãðóïïà Ex-îáîðóäîâàíèÿ

IIIÑ IIIB IIIA

Da ta IP6X IP6X IP6X

Db tb IP6X IP6X IP5X

Dc tc IP6X IP5X IP5X

Ñîîòâåòñòâèå óðîâíÿ âçðûâîçàùèòû, ãðóïïû ýëåêòðîîáî-

ðóäîâàíèÿ è ñòåïåíè çàùèòû îáîëî÷êè îò âíåøíèõ âîç-

äåéñòâèé
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ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåç-

îïàñíîñòè (â ðåä. îò 29.07.2017) : Ôåäåð. çàêîí ÐÔ îò

22.07.2008 ¹ 123-ÔÇ; ïðèíÿò Ãîñ. Äóìîé 04.07.2008;

îäîáð. Ñîâ. Ôåäåðàöèè 11.07.2008 // Ñîáð. çàêîíîäà-

òåëüñòâà ÐÔ. — 2008. — ¹ 30 (÷. I), ñò. 3579.

2. ÒÐ ÒÑ 012/2011. Òåõíè÷åñêèé ðåãëàìåíò Òàìîæåí-

íîãî ñîþçà. Î áåçîïàñíîñòè îáîðóäîâàíèÿ äëÿ ðàáîòû

âî âçðûâîîïàñíûõ ñðåäàõ (â ðåä. îò 13.05.2014) : óòâ.

ðåøåíèåì Êîìèññèè Òàìîæåííîãî ñîþçà îò 18.10.2011

¹ 825; ââåä. 15.02.2013. URL: http://docs.cntd.ru/do-

cument/902307910 (äàòà îáðàùåíèÿ: 15.08.2017).

3. ÃÎÑÒ IEC 60034-5–2011. Ìàøèíû ýëåêòðè÷åñêèå

âðàùàþùèåñÿ. ×àñòü 5. Êëàññèôèêàöèÿ ñòåïåíåé çà-

ùèòû, îáåñïå÷èâàåìûõ îáîëî÷êàìè âðàùàþùèõñÿ

ýëåêòðè÷åñêèõ ìàøèí (Êîä IP). — Ââåä. 01.01.2013. —

Ì. : Ñòàíäàðòèíôîðì, 2013.

4. ÃÎÑÒ IEC 60079-31–2013. Âçðûâîîïàñíûå ñðåäû.

×àñòü 31. Îáîðóäîâàíèå ñ çàùèòîé îò âîñïëàìåíåíèÿ

ïûëè îáîëî÷êàìè “t”. — Ââåä. 01.12.2016. — Ì. : Ñòàí-

äàðòèíôîðì, 2015.

5. ÃÎÑÒ 31610.0–2014 (IEC 60079-0:2011). Âçðûâî-

îïàñíûå ñðåäû. ×àñòü 0. Îáîðóäîâàíèå. Îáùèå òðåáî-

âàíèÿ. — Ââåä. 01.07.2015. – Ì. : Ñòàíäàðòèíôîðì,

2014.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

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

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

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

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

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

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

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

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

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

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

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

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

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

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

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

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

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

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

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

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

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

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (óíèâåðñàëüíàÿäåñÿòè÷íàÿêëàññèôèêàöèÿ).

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

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

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

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

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

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

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

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

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

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

óêàçûâàþòñÿ â ñíîñêàõ.

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

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

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

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

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

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

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

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

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

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

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

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

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

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

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

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

âûáðàííîé â ñòàòüå òåìå. Àííîòàöèÿ ê íàó÷íîé ñòàòüå ïðåäñòàâëÿåò

ñîáîé êðàòêîå îïèñàíèå ñîäåðæàíèÿ èçëîæåííîãî òåêñòà (ò. å.: “Èçó-

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

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

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

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

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

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

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

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

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

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

áåç èñïîëüçîâàíèÿ ïðîãðàìì àâòîìàòèçèðîâàííîãî ïåðåâîäà);
� îáúåìîì íå ìåíåå 250–300 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

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

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

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

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

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

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

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

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

çàãëàâèÿ ñòàòüè.

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

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

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

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

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

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

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

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

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

tion èëè MathType.

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

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

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

âîæäàòüñÿ ññûëêàìè.
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

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

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

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

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

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

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

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

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

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

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

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

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

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

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

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

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

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

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:
� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;
� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;
� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

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

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

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

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

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

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

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

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

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

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

Ñïèñîê ëèòåðàòóðû äîëæåí ñîäåðæàòü íå ìåíåå 10 èñòî÷íèêîâ

(â ýòî ÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû è ò. ï.),

â òîì ÷èñëå íå ìåíåå 3 èíîñòðàííûõ. Âûïîëíåíèå äàííîãî òðåáîâà-

íèÿ áóäåò ñâèäåòåëüñòâîâàòü î òîì, ÷òî àâòîðû èñïîëüçóþò ïðåäû-

äóùèå íàó÷íûå äîñòèæåíèÿ â íåîáõîäèìîé ìåðå.

Íå ìåíåå ïîëîâèíû èñòî÷íèêîâ äîëæíû áûòü âêëþ÷åíû 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 (ÔÈÎ

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

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

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

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

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

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:
� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

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

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

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

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);
� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;
� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

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

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);
� âûõîäíûå äàííûå;
� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

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

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

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

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

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

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

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

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

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

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

íèìàþòñÿ.

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

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

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

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

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

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

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

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

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

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

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

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!



Âëàäèìèð Íèêîëàåâè÷ ×ÅÐÊÀÑÎÂ
12.07.1923 – 01.08.2017

1 àâãóñòà 2017 ã. íà 94-ì ãîäó æèçíè
ñêîí÷àëñÿ êàíäèäàò òåõíè÷åñêèõ

íàóê, ïðîôåññîð, àêàäåìèê ÍÀÍÏÁ
Âëàäèìèð Íèêîëàåâè÷ ×ÅÐÊÀÑÎÂ.

Âëàäèìèð Íèêîëàåâè÷ ðîäèëñÿ
12 èþëÿ 1923 ã. â ñåëå ×óõóð-Þðä Øå-
ìàõèíñêîãî ðàéîíà Àçåðáàéäæàíñêîé
ÑÑÐ. Â 1941 ã. áûë çà÷èñëåí â Âûñøåå
âîåííî-ìîðñêîå Îðäåíà Ëåíèíà Êðàñ-
íîçíàìåííîå ó÷èëèùå èì. Ôðóíçå â
ã. Ëåíèíãðàäå, à â ñåíòÿáðå–äåêàáðå
ïðèíèìàë ó÷àñòèå â îáîðîíå Ëåíèí-
ãðàäà â ñîñòàâå èñòðåáèòåëüíîãî áà-
òàëüîíà âîåííî-ìîðñêîãî ïîãðàíè÷-
íîãî ó÷èëèùà ÍÊÂÄ ÑÑÑÐ. Óêàçîì ÏÂÑ ÑÑÑÐ îò
22 äåêàáðÿ 1941 ã. íàãðàæäåí ìåäàëüþ “Çà îáîðîíó
Ëåíèíãðàäà”.

Â îêòÿáðå 1942 ã. Âëàäèìèðó Íèêîëàåâè÷ó áûëî
ïðèñâîåíî çâàíèå ëåéòåíàíòà, ïîñëå ÷åãî îí áûë íà-
çíà÷åí êîìàíäèðîì ñòðåëêîâîãî âçâîäà îôèöåðñêî-
ãî çàïàñíîãî ïîëêà 28-é àðìèè. Â íîÿáðå ×åðêàñîâ
áûë íàïðàâëåí íà Ñòàëèíãðàäñêèé ôðîíò â 169-þ
ñòðåëêîâóþ äèâèçèþ 556-ãî ñòðåëêîâîãî ïîëêà 64-é
àðìèè è íàçíà÷åí êîìàíäèðîì àâòîìàò÷èêîâ.

Â êîíöå ÿíâàðÿ 1943 ã. Âëàäèìèð Íèêîëàåâè÷
áûë òÿæåëî ðàíåí è îêàçàëñÿ â ãîñïèòàëå â ã. Ñòà-
ëèíñêå Êåìåðîâñêîé îáëàñòè. Ïîñëå âûçäîðîâëåíèÿ
îí áûë îòïðàâëåí â ã. Áàêó è çà÷èñëåí íà ôàêóëüòåò
èíæåíåðîâ ïðîòèâîïîæàðíîé îáîðîíû ÌÂÄ ÑÑÑÐ.

Ñ 1948 ïî 1962 ãã. ×åðêàñîâ ÿâëÿëñÿ ïðåïîäàâà-
òåëåì ïîæàðíîé ïðîôèëàêòèêè â Õàðüêîâñêîì ÏÒÓ
ÌÂÄ ÑÑÑÐ, à äàëåå — â Âûñøåé øêîëå ÌÂÄ ÑÑÑÐ
(ã. Ìîñêâà).

Â 1964 ã. Âëàäèìèð Íèêîëàåâè÷ çàùèòèë êàíäè-
äàòñêóþ äèññåðòàöèþ ïî òåìå “Èññëåäîâàíèå íå-
êîòîðûõ âîïðîñîâ ìîëíèåçàùèòû âçðûâîîïàñíûõ
çäàíèé è íàðóæíûõ âçðûâîîïàñíûõ óñòàíîâîê”.

Ïðèñòóïèâ ïîñëå çàùèòû äèññåðòàöèè ê ðàáîòå
íà êàôåäðå òåõíèêè áåçîïàñíîñòè è ïðîòèâîïî-
æàðíîé òåõíèêè ÂÈÏÒØ ÌÂÄ ÑÑÑÐ, îí ðàçðàáîòàë
íàó÷íóþ îñíîâó íîâîé äèñöèïëèíû “Ïîæàðíàÿ
ïðîôèëàêòèêà ýëåêòðîóñòàíîâîê”, ïîäãîòîâèë ïðî-
ãðàììó äèñöèïëèíû, íàïèñàë ó÷åáíèê “Ïîæàðíàÿ
ïðîôèëàêòèêà ýëåêòðîóñòàíîâîê”, ïîäãîòîâèë çà-
äà÷íèê è ëàáîðàòîðíûé ïðàêòèêóì, ñîçäàë ëàáî-
ðàòîðèþ.

Ñ 1985 ïî 1988 ãã. Âëàäèìèð Íèêîëàåâè÷ ÿâëÿëñÿ
÷ëåíîì Ñîâåòñêîé ÷àñòè Òåõíè÷åñêîãî êîìèòåòà
Ìåæäóíàðîäíîé ýëåêòðîòåõíè÷åñêîé êîìèññèè ïî
ðàçðàáîòêå ìåæäóíàðîäíîãî ñòàíäàðòà ïî ìîëíèå-
çàùèòå, à òàêæå ÷ëåíîì ìåæâåäîìñòâåííîé êîìèñ-

ñèè ïî ïåðåðàáîòêå è óëó÷øåíèþ ïðà-
âèë óñòðîéñòâà ýëåêòðîóñòàíîâîê.

Â 2000 ã. ðåøåíèåì ÂÀÊ Âëàäèìèð
Íèêîëàåâè÷ óòâåðæäåí â çâàíèè “ïðî-
ôåññîð”. Â 2003 ã. Â. Í. ×åðêàñîâó
ïðèñâîåíî çâàíèå àêàäåìèêà Íàöèî-
íàëüíîé àêàäåìèè íàóê ïîæàðíîé áåç-
îïàñíîñòè (ÍÀÍÏÁ).

Âëàäèìèð Íèêîëàåâè÷ ÿâëÿåòñÿ
ñîàâòîðîì â èçîáðåòåíèè óñòðîéñòâà
çàçåìëåíèÿ àâòîöèñòåðí (ÓÇÀ), êîòî-
ðîå â îáÿçàòåëüíîì ïîðÿäêå ïðèìåíÿ-
åòñÿ íà âñåõ ÀÇÑ Ðîññèè äëÿ çàùèòû
îò íàêîïëåíèÿ çàðÿäîâ ñòàòè÷åñêîãî

ýëåêòðè÷åñòâà ïðè ñëèâå-íàëèâå íåôòåïðîäóêòîâ â
æåëåçíîäîðîæíûå è àâòîöèñòåðíû.

Â. Í. ×åðêàñîâûì íàïèñàíî è îïóáëèêîâàíî áî-
ëåå 80 íàó÷íûõ è ó÷åáíî-ìåòîäè÷åñêèõ ðàáîò, â òîì
÷èñëå 4 ó÷åáíèêà, 1 ìîíîãðàôèÿ, 22 ó÷åáíûõ ïî-
ñîáèÿ, 1 ñïðàâî÷íîå ïîñîáèå, 33 ñòàòüè, 18 ó÷åáíî-
ìåòîäè÷åñêèõ ïîñîáèé ïî îáåñïå÷åíèþ ïîæàðíîé
áåçîïàñíîñòè ýëåêòðîóñòàíîâîê, çàùèòå îò ñòàòè-
÷åñêîãî ýëåêòðè÷åñòâà è ìîëíèåçàùèòå.

Âëàäèìèð Íèêîëàåâè÷ âíåñ îãðîìíûé âêëàä â
ñîâåðøåíñòâîâàíèå íîðìàòèâíîé áàçû â îáëàñòè ïî-
æàðíîé ïðîôèëàêòèêè ýëåêòðîóñòàíîâîê è ìîëíèå-
çàùèòû çäàíèé è ñîîðóæåíèé. Çà ñâîþ äîëãóþ æèçíü
îí ïîäãîòîâèë áîëüøîå êîëè÷åñòâî âûñîêîêâàëè-
ôèöèðîâàííûõ èíæåíåðîâ, ñïåöèàëèñòîâ è áàêà-
ëàâðîâ ïî ñïåöèàëüíîñòÿì “ïîæàðíàÿ è òåõíîñôåð-
íàÿ áåçîïàñíîñòü”. Â. Í. ×åðêàñîâ ïîëüçîâàëñÿ àâ-
òîðèòåòîì è óâàæåíèåì ó êîëëåã è îáó÷àþùèõñÿ.
Îí îñòàâèë ÿðêèé ñëåä â èñòîðèè êàôåäðû ñïåöè-
àëüíîé ýëåêòðîòåõíèêè, àâòîìàòèçèðîâàííûõ ñèñ-
òåì è ñâÿçè Àêàäåìèè ÃÏÑ Ì×Ñ Ðîññèè.

Ðåäàêöèÿ æóðíàëà “Ïîæàðîâçðûâîáåçîïàñ-
íîñòü” ÷àñòî îáðàùàëàñü ê Âëàäèìèðó Íèêîëàåâè÷ó
ñ ïðîñüáîé î ðåöåíçèðîâàíèè ñòàòåé è âñåãäà ïî-
ëó÷àëà äåòàëüíûé àíàëèç ðóêîïèñåé. Êðîìå òîãî,
Â. Í. ×åðêàñîâ ÿâëÿëñÿ ðåçèäåíòîì æóðíàëà è ðóá-
ðèêè “Âîïðîñ – Îòâåò” ñ 2012 ã., êîòîðàÿ áóäåò ïóá-
ëèêîâàòüñÿ è äàëåå.

Ñâîèì óñåðäèåì, öåëåóñòðåìëåííîñòüþ, îòçûâ-
÷èâîñòüþ è íåèññÿêàåìûì îïòèìèçìîì Âëàäèìèð
Íèêîëàåâè÷ âîñïèòàë îòëè÷íûõ ïðååìíèêîâ ñâîåãî
äåëà, êîòîðûå âûñîêî íåñóò çíàìÿ çíàíèé äëÿ áó-
äóùèõ ïîêîëåíèé.

Ñâåòëàÿ ïàìÿòü î Âëàäèìèðå Íèêîëàåâè÷å
×ÅÐÊÀÑÎÂÅ íàâñåãäà ñîõðàíèòñÿ â ñåðäöàõ åãî
êîëëåã, äðóçåé, ó÷åíèêîâ è âñåõ, êòî åãî çíàë.










