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ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

Òåõíîëîãèè íåïðåðûâíî ðàçâèâàþòñÿ. Îò ñîçäàíèÿ ïðîñòûõ êàìåííûõ èíñòðóìåíòîâ äî ñëîæíûõ èíòåãðè-
ðîâàííûõ ñèñòåì áåçîïàñíîñòè ÷åëîâå÷åñòâî ðàñøèðÿåò òåõíîëîãè÷åñêèå ãðàíèöû. Íèãäå ýòî íå îùó-

ùàåòñÿ òàê îñòðî, êàê â ñôåðå áåçîïàñíîñòè.

Íà âûñòàâêå Securika Moscow, ñàìîé êðóïíîé â Ðîññèè ìåæäóíàðîäíîé âûñòàâêå îáåñïå÷åíèÿ áåçîïàñ-
íîñòè, äåìîíñòðèðóþòñÿ îáîðóäîâàíèå, òåõíîëîãèè áåçîïàñíîñòè è íîâåéøèå ðåøåíèÿ îò êðóïíåéøèõ
ðîññèéñêèõ è çàðóáåæíûõ ïðîèçâîäèòåëåé. Êàêîâû ýòè ðåøåíèÿ? Êàê áåçîïàñíîñòü áóäåò âûãëÿäåòü ÷å-
ðåç 5, 10, 15 ëåò? Äàâàéòå âûÿñíèì ýòî.

Èñêóññòâåííûé èíòåëëåêò

è ãëóáîêîå îáó÷åíèå

Ïî äàííûì Online Trust Alliance ÷èñëî ãëîáàëüíûõ êè-

áåðèíöèäåíòîâ, íàöåëåííûõ íà áèçíåñ, ïî÷òè óäâîèëîñü:

ñ 82 000 â 2016 ã. äî 159 700 â 2017 ã. Áóëüøàÿ ÷àñòü

ýòèõ èíöèäåíòîâ áûëà âûçâàíà àòàêàìè êèáåðâûìîãà-

òåëåé. Ñòèâåí Ðåéíäæåð, èñïîëíèòåëüíûé ðåäàêòîð æóð-

íàëà Techrepublic, ñ÷èòàåò, ÷òî òàêèå àòàêè ñî âðåìåíåì

èç áèçíåñà ïåðåéäóò â ëè÷íóþ ñôåðó. Áåí Õàììåðñëè,

áðèòàíñêèé ôóòóðîëîã è ïðîïàãàíäèñò íîâûõ öèôðîâûõ

òåõíîëîãèé, â ðàìêàõ ïðîøåäøåãî íà Securika Ôîðóìà

Áåçîïàñíîñòè ïðèâåë òàêèå ïðèìåðû: “Òîëüêî êîãäà êîì-

ïàíèÿ ñòàëêèâàåòñÿ ñ òÿæåëûìè ïîñëåäñòâèÿìè êèáåð-

ïðåñòóïëåíèé, òîï-ìåíåäæåðû çàäóìûâàþòñÿ, ÷òî äëÿ

áîðüáû ïðîòèâ ïðîäâèíóòûõ ìåòîäîâ âçëîìà òðåáóåòñÿ

íå÷òî áîëüøåå, ÷åì ÷åëîâå÷åñêàÿ èíòóèöèÿ”.

×òî æå èìåííî? ÈÑÊÓÑÑÒÂÅÍÍÛÉ ÈÍÒÅËËÅÊÒ!
Èñêóññòâåííûé èíòåëëåêò (ÈÈ) è ãëóáîêîå îáó÷åíèå ÿâ-

ëÿþòñÿ ïîñëåäíèì îðóæèåì â âîéíå ïðîòèâ êèáåðïðå-

ñòóïíîñòè.

Â âàëëèéñêîé êîìïàíèè AMPLYFI Ltd. èñïîëüçóþò

ïîäõîä ìàøèííîãî îáó÷åíèÿ äëÿ âûÿâëåíèÿ è íåéòðàëè-

çàöèè îíëàéí-óãðîç.

“Â êèáåðáåçîïàñíîñòè ÈÈ ìîæåò àâòîìàòè÷åñêè

èäåíòèôèöèðîâàòü ïîòåíöèàëüíî âðåäîíîñíîå ïîâåäå-

íèå ïðîãðàììíîãî îáåñïå÷åíèÿ, âåêòîðû àòàê è ñâÿçàí-

íûå ñ íèìè àíîìàëèè â ðåæèìå ðåàëüíîãî âðåìåíè, ÷òî

ïîçâîëÿåò ïîñòîÿííî àäàïòèâíîìó ìåõàíèçìó çàùèòû

âûÿâëÿòü è çàêðûâàòü âòîðæåíèÿ áûñòðåå è ïðîùå, ÷åì

êîãäà-ëèáî ïðåæäå”, — ãîâîðèò ãåíåðàëüíûé äèðåêòîð

AMPLYFI Ltd. Êðèñ Ãàíæå. — Ýòîò òåõíîëîãè÷åñêèé ïðî-

ãðåññ íå òîëüêî çíà÷èòåëüíî ñîêðàùàåò êîëè÷åñòâî íà-

ðóøåíèé êèáåðáåçîïàñíîñòè, íî è äàåò àíàëèòèêàì

âîçìîæíîñòü ëó÷øå ñôîêóñèðîâàòü ñâîå âðåìÿ è óñêî-

ðèòü ïðîöåññ âûÿâëåíèÿ íàðóøåíèé îò ñîòåí äíåé äî

íåñêîëüêèõ ÷àñîâ.”

Óìíûå òåõíîëîãèè ïðîêëàäûâàþò ïóòü ê áîëåå áåç-

îïàñíîìó ìèðó.

Ïîæàðíûå äðîíû

Áåñïèëîòíûå ëåòàòåëüíûå àïïàðàòû (ÁËÀ), èëè áåñ-

ïèëîòíèêè, ôîðìèðóþò ìíîæåñòâî àñïåêòîâ ñîâðåìåí-

íîé æèçíè, â òîì ÷èñëå ìåíÿþò êàðòèíó ñîâðåìåííûõ

âîåííûõ äåéñòâèé, èñïîëüçóþòñÿ â ïîãðàíè÷íîé ñëóæáå,

îïòèìèçèðóþò ðàáîòó òðàíñïîðòà è ëîãèñòèêó ïî âñåìó

ìèðó è äàæå ïðåäîñòàâëÿþò “ëåòàþùèå” òî÷êè äîñòóïà

Wi-Fi.

Îäíèì èç íàèáîëåå âîñòðåáîâàííûõ íàïðàâëåíèé

ïðèìåíåíèÿ áåñïèëîòíèêîâ ÿâëÿåòñÿ áîðüáà ñ ëåñíûìè

ïîæàðàìè. Â Ðîññèè äî ïîÿâëåíèÿ ÁËÀ äëÿ ìîíèòîðèíãà

ëåñíûõ ïîæàðîâ â îñíîâíîì èñïîëüçîâàëàñü àâèàöèÿ:

áîëåå 310 ñàìîëåòîâ è âåðòîëåòîâ åæåãîäíî îñóùåñòâ-

ëÿëè ìîíèòîðèíã ïîæàðîîïàñíîé ñèòóàöèè.

Íèêîëàé Êîðøóíîâ, çàâåäóþùèé êàôåäðîé îõðàíû

ëåñîâ îò ïîæàðîâ ÔÀÓ ÄÏÎ ÂÈÏÊËÕ, ïðèâîäèò ñëåäó-

þùèå âàðèàíòû èñïîëüçîâàíèÿ ÁËÀ äëÿ áîðüáû ñ ïîæà-

ðàìè: “Âñå, íà÷èíàÿ îò îöåíêè ïîñëå èíöèäåíòîâ, ïîèñêà

è ñïàñåíèÿ, ôàêòè÷åñêîãî ïîæàðîòóøåíèÿ è ìîíèòîðèí-

ãà ïëîùàäêè, ìîæåò áûòü îáðàáîòàíî áåñïèëîòíûìè ëå-

òàòåëüíûìè àïïàðàòàìè”.

ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8 7

ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

19 % âñåõ ýêñòðåííûõ ñëóæá îðãàíèçàöèé ÑØÀ, êî-

òîðûå êóïèëè äðîíû ìåæäó 2009–2017 ãã., áûëè ïîæàð-

íûå. Â Ëàòâèè êîìïàíèåé Aerones LTD â íàñòîÿùåå âðå-

ìÿ ðàçðàáàòûâàåòñÿ ìîäåëü äðîíà äëÿ èñïîëüçîâàíèÿ â

áîðüáå ñ ïîæàðàìè â âûñîòíûõ çäàíèÿõ. Ïðîòîòèï ìî-

äåëè êîìïàíèè èìååò ãðóçîïîäúåìíîñòü 114 êã, ïî-

ýòîìó îí ñïîñîáåí ïîäíÿòü âîäÿíîé øëàíã íà âûñîòó

îêîëî 400 ì. Â ñëó÷àå óñïåõà èñïîëüçîâàíèå ïðîòîòèïà

Aerones ìîæåò ñòàòü íîâûì ìåòîäîì â áîðüáå ñ ïîæàðà-

ìè, ïðîèñõîäÿùèìè íà áîëüøèõ âûñîòàõ.

Îáëà÷íûå òåõíîëîãèè

Âñå áîëüøå ïðåäïðèÿòèé ïðè âûáîðå èíôîðìàöè-

îííûõ òåõíîëîãèé (ÈÒ) ïðåäïî÷èòàþò îáëà÷íûå òåõíî-

ëîãèè, ïðè ýòîì ðàçðàáîò÷èêè ïåðåõîäÿò îò ñòðàòåãèè

cloud-first (îáëàêî ïðåæäå âñåãî) ê ïðèíöèïó cloud-only

(òîëüêî îáëà÷íûå ðåøåíèÿ). Â áóäóùåì îáëàêà ñòàíóò

îñíîâíûì ñïîñîáîì ïîòðåáëåíèÿ ÈÒ, îäíàêî ýòîò ïðî-

öåññ ðàñòÿíåòñÿ íà äîëãèé ïåðèîä, ÷òî îáåñïå÷èò ñòà-

áèëüíûé ðîñò íàïðàâëåíèé IaaS è SaaS â áëèæàéøèå

ãîäû. Ðàñõîäû íà SaaS ñåé÷àñ ïðåâûøàþò áþäæåòû

IaaS, îäíàêî ïîñëåäíèé ñåãìåíò ðàçâèâàåòñÿ áûñòðåå.

Ïðè ýòîì äëÿ Ðîññèè õàðàêòåðíà ïîñòåïåííàÿ ìèãðàöèÿ

ñ èíîñòðàííûõ ñåðâèñîâ IaaS íà ðîññèéñêèå.

Ãëîáàëüíûå ïîñòàâêè îáëà÷íûõ ðåøåíèé ïðîäîë-

æàþò ðàñòè îïåðåæàþùèìè òåìïàìè ïî îòíîøåíèþ ê

îñòàëüíîìó ñåãìåíòó ðûíêà èíôîðìàöèîííî-êîììóíè-

êàöèîííûõ òåõíîëîãèé. Æåëàíèå îïòèìèçèðîâàòü èçäåðæ-

êè è íåîáõîäèìîñòü òðàíñôîðìàöèè áèçíåñà áóäóò èã-

ðàòü íà ðóêó îáëà÷íûì ïðîâàéäåðàì: ñîãëàñíî ïðîãíîçó

Gartner ê 2020 ã. áîëåå ïîëîâèíû ñäåëîê ïî ÈÒ-àóòñîð-

ñèíãó áóäóò ïðåäïîëàãàòü ðàçâåðòûâàíèå îáëàêîâ. “Îðãà-

íèçàöèè ïåðåõîäÿò íà îáëà÷íóþ ñòðàòåãèþ èç-çà êîìï-

ëåêñíîé âûãîäû, êîòîðóþ ïðåäîñòàâëÿþò îáëàêà, âêëþ÷àÿ

ãèáêîñòü, ìàñøòàáèðóåìîñòü, ðåíòàáåëüíîñòü, èííîâàöèè

è ðîñò áèçíåñà”, — óòâåðæäàåò äèðåêòîð ïî èññëåäîâà-

íèåì Gartner Ñèä Íýã (Sid Nag). Ïî åãî ñëîâàì, â 2016 ã.

íà îáëàêà ïðèøëàñü ïðèìåðíî îäíà øåñòàÿ (èëè îêîëî

17 %) âñåõ çàòðàò íà èíôðàñòðóêòóðó, ïðèëîæåíèÿ, ìåæ-

ïëàòôîðìåííîå ÏÎ è ñåðâèñû ïî àâòîìàòèçàöèè áèçíåñ-

ïðîöåññîâ, ïðè ýòîì ê 2021 ã. ýòà öèôðà âîçðàñòåò

äî 28 %.

Ðåøåíèå çàäà÷ ïî îáåñïå÷åíèþ áåçîïàñíîñòè, ñâÿ-

çàííûõ ñ ýêñïëóàòàöèåé ïðèëîæåíèé â íîâîé ñðåäå, òðå-

áóåò îñîáîãî ïîäõîäà. Ìíîãèå òèïû óãðîç (ñåòåâûå àòàêè,

óÿçâèìîñòè â ïðèëîæåíèÿõ îïåðàöèîííûõ ñèñòåì, âðå-

äîíîñíîå ïðîãðàììíîå îáåñïå÷åíèå è ò. ï.) äîñòàòî÷-

íî èçó÷åíû, è äëÿ íèõ ðàçðàáîòàíû ñðåäñòâà çàùèòû,

îäíàêî èõ åùå íóæíî àäàïòèðîâàòü äëÿ èñïîëüçîâàíèÿ

â îáëàêå.

Óëüòðà-HD CCTV

Äîñòèæåíèÿ â îáëàñòè êà÷åñòâà èçîáðàæåíèÿ è çâóêà

ñäåëàëè îáû÷íûé ïðîñìîòð òåëåâèçîðà è ôèëüìîâ èñ-

êëþ÷èòåëüíûì îïûòîì. Âíå äîìà ìèð âèäåîíàáëþäåíèÿ

òàêæå íàõîäèòñÿ íà ïîðîãå ïîëíîé ðåâîëþöèè — òåõíî-

ëîãèè 4k.



8 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8

ÍÎÂÎÑÒÈ, ÊÎÍÔÅÐÅÍÖÈÈ, ÂÛÑÒÀÂÊÈ

Êîíå÷íî, ýòà òåõíîëîãèÿ áûëà àäàïòèðîâàíà äëÿ èñ-

ïîëüçîâàíèÿ â öåëÿõ áåçîïàñíîñòè, êàê òîëüêî îíà ñòàëà

äîñòóïíîé. Âåäóùèå ìèðîâûå ïðîèçâîäèòåëè ñèñòåì

âèäåîíàáëþäåíèÿ, òàêèå êàê Hikvision, Samsung è Axis,

ïðåäñòàâèëè íà âûñòàâêå âåñü äèàïàçîí ñâîèõ äîñòèæå-

íèé, èñïîëüçóþùèõ ýòó òåõíîëîãèþ. Ñëåäóåò çàìåòèòü,

÷òî, êàê è âî ìíîãèõ îòðàñëÿõ ïðîìûøëåííîñòè, òåïåðü

äîñòóïíî ìàññîâîå ïðîèçâîäñòâî òàêèõ ñèñòåì â áîëü-

øèõ ìàñøòàáàõ.

Äëÿ ïîòðåáèòåëÿ, ò. å. îðãàíèçàöèé è ïîêóïàòåëåé, íóæ-

äàþùèõñÿ â áåçîïàñíîñòè ïåðèìåòðà ìèðîâîãî êëàññà,

4k ïðåäëàãàåò îãðîìíûå ïðåèìóùåñòâà. Âî-ïåðâûõ, êà-

÷åñòâî èçîáðàæåíèÿ. ßðêóþ, ÷åòêóþ êàðòèíêó äàåò âû-

ñîêîå ðàçðåøåíèå äèñïëååâ, äîñòèãàåìîå çà ñ÷åò îãðîì-

íîãî êîëè÷åñòâà ïèêñåëåé. Ýòî çíà÷èò, ÷òî êîíòðîëü è

èäåíòèôèêàöèÿ, îáíàðóæåíèå ëèöà èëè íîìåðíîãî çíàêà

àâòîìîáèëÿ çíà÷èòåëüíî óïðîùàþòñÿ.

Åùå îäíèì ïðåèìóùåñòâîì äàííîé òåõíîëîãèè ÿâ-

ëÿåòñÿ ñîêðàùåíèå êîëè÷åñòâà êàìåð, íåîáõîäèìûõ äëÿ

ïîêðûòèÿ îäíîé òî÷êè. Äâå HD-êàìåðû ìîãóò óäâîèòü

êîëè÷åñòâî êàìåð ñòàíäàðòíîé ÷åòêîñòè, ÷òî ìîæåò ïðè-

âåñòè ê ýêîíîìèè ñðåäñòâ.

Ëàçåðíîå îãðàæäåíèå

Êîãäà âû äóìàåòå îá îãðàæäåíèè è çàùèòå ïåðèìåò-

ðà ôèçè÷åñêè, òî ïðåäñòàâëÿåòå, âåðîÿòíî, îãðàæäåíèå

èëè ñòåíû ñ êîíòðîëüíî-ïðîïóñêíûì ïóíêòîì. Îäíàêî

íå âñå ïåðèìåòðû ðàâíû. Ðåëüåô è äëèíà èãðàþò îãðîì-

íóþ ðîëü â îïðåäåëåíèè òîãî, êàêàÿ ñèñòåìà ïîäõîäèò â

êàæäîì êîíêðåòíîì ñëó÷àå.

Ëàçåðíîå îãðàæäåíèå àêòèâíî ïðèìåíÿåòñÿ â êîì-

ìåð÷åñêîé ñôåðå è èñïûòûâàåòñÿ â âîåííîé èíäóñòðèè

äëÿ çàùèòû çîíû âäîëü ãðàíèöû.

Ýòî ñâèäåòåëüñòâóåò î òîì, ÷òî áåçîïàñíîñòü ïåðå-

õîäèò îò ñöåíàðèÿ lo-tech ê áîëåå ñëîæíûì ñöåíàðèÿì

îáåñïå÷åíèÿ ìèðîâîé áåçîïàñíîñòè.

Ïîçíàêîìèòüñÿ ñ ïîñëåäíèìè òåíäåíöèÿìè â ñôåðå îáåñïå÷åíèÿ áåçîïàñíî-

ñòè ìîæíî íà Ìîñêîâñêîé ìåæäóíàðîäíîé âûñòàâêå Securika Moscow, êîòîðàÿ

ñîñòîèòñÿ ñ 19 ïî 22 ìàðòà 2019 ã. â ÖÂÊ “Ýêñïîöåíòð”.

Íà ñåãîäíÿøíèé äåíü Securika Moscow ÿâëÿåòñÿ ñàìûì ïðåäñòàâèòåëüíûì áèçíåñ-ìåðîïðèÿòèåì ìåæäóíà-

ðîäíîãî óðîâíÿ â èíäóñòðèè áåçîïàñíîñòè Ðîññèè è ñòðàí ÑÍÃ. Íà âûñòàâêå ïðåäñòàâëåíû âñå âåäóùèå êîì-

ïàíèè îòðàñëè, èç íèõ 30 % — èíîñòðàííûå ïðîèçâîäèòåëè. Securika Moscow òðàäèöèîííî ÿâëÿåòñÿ ïëîùàä-

êîé äëÿ äåìîíñòðàöèè íîâèíîê â îáëàñòè îõðàíû, áåçîïàñíîñòè è ïðîòèâîïîæàðíîé çàùèòû, ïåðâàÿ ïðåçåí-

òàöèÿ êîòîðûõ ïðîõîäèò âî âðåìÿ ðàáîòû âûñòàâêè.

Õîòèòå ñòàòü ýêñïîíåíòîì è ïðîäåìîíñòðèðîâàòü ñâîþ ïðîäóêöèþ áîëüøîìó êîëè÷åñòâó ïðîôèëüíûõ ñïåöèà-

ëèñòîâ, çàèíòåðåñîâàííûõ â åå ïðèîáðåòåíèè? Çàêàæèòå ñâîé ñòåíä ïî àäðåñó: http://www.securika-moscow.ru/
ru-RU/exhibitors/book.aspx.

Êðîìå òîãî, ñâÿæèòåñü ñ íàøåé êîìàíäîé äëÿ ïîëó÷åíèÿ äîïîëíèòåëüíîé èíôîðìàöèè î ãëàâíîì ðîññèéñêîì

ìåðîïðèÿòèè ïî îáåñïå÷åíèþ áåçîïàñíîñòè è ïðîòèâîïîæàðíîé çàùèòû: Karina.Vorontsova@ite-russia.ru.
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ÎÁ ÓÑËÎÂÈßÕ ÐÀÇÂÈÒÈß ÂÈÁÐÀÖÈÎÍÍÎÃÎ ÃÎÐÅÍÈß
ÏÐÈ ÃÀÇÎÂÎÌ ÂÇÐÛÂÅ Â ÍÅÇÀÌÊÍÓÒÎÌ ÎÁÚÅÌÅ

Ïîëó÷åíî, ÷òî ïðè ãàçîâûõ âçðûâàõ â êàìåðàõ, èìåþùèõ ëåãêîñáðàñûâàåìóþ ïàíåëü, âîçìîæíî
ðàçâèòèå âèáðàöèîííîãî ãîðåíèÿ ïîñëå ñáðîñà ïàíåëè. Çàìå÷åíî, ÷òî íà÷àëî ðàçâèòèÿ âèáðà-
öèîííîãî ãîðåíèÿ ñîâïàäàåò ñ ìîìåíòîì ïðèáëèæåíèÿ ôðîíòà ïëàìåíè ê ñòåíêàì êàìåðû. Âû-
ÿâëåíî, ÷òî ìåñòî çàæèãàíèÿ ñìåñè ñèëüíî âëèÿåò íà èíòåíñèâíîñòü êîëåáàíèé: â ñëó÷àå ïðè-
áëèæåíèÿ óñòðîéñòâà çàæèãàíèÿ ê öåíòðó êàìåðû ðàçìàõ êîëåáàíèé âîçðàñòàåò è ìîæåò
äîñòè÷ü çíà÷åíèé, â íåñêîëüêî ðàç (îò 5 äî 10 ðàç) ïðåâûøàþùèõ äàâëåíèå ñáðîñà ïàíåëè, ÷òî
îáîçíà÷àåò âèáðàöèîííîå ãîðåíèå êàê î÷åíü îïàñíûé ôàêòîð.

Êëþ÷åâûå ñëîâà: ãàçîâûå âçðûâû; âèáðàöèîííîå ãîðåíèå; îïàñíîñòü; ôèçè÷åñêèé ýêñïåðè-
ìåíò; ìåñòî çàæèãàíèÿ.

DOI: 10.18322/PVB.2018.27.07-08.9-23

Ââåäåíèå.
Àêòóàëüíîñòü èññëåäîâàíèÿ

Ñîãëàñíî ñòàòèñòèêå [1] áîëåå 95 % ãàçîâûõ âçðû-

âîâ ïðîèñõîäèò â áûòó. Ýòî îáñòîÿòåëüñòâî îòìå÷à-

åì ïîòîìó, ÷òî âçðûâ â áûòîâîì ïîìåùåíèè èìååò

ñâîè, õàðàêòåðíûå äëÿ ýòîãî ñëó÷àÿ, óñëîâèÿ ðàçâè-

òèÿ, è ïðåæäå âñåãî ïîòîìó, ÷òî âçðûâ ïðîèñõîäèò â

ñðàâíèòåëüíî íåáîëüøèõ ïî ðàçìåðó ïîìåùåíèÿõ,

èìåþùèõ îãðàíè÷åííîå ðàçíîîáðàçèå ôîðì. Ñâåäå-

íèÿ, ñîäåðæàùèåñÿ â íîðìàòèâàõ (â òîì ÷èñëå â òà-

êèõ îñíîâîïîëàãàþùèõ, êàê ÃÎÑÒ Ð 12.3.047–2012,

BS EN 14994:2007, NFPA 68) è ïóáëèêàöèÿõ î ñðåä-

ñòâàõ ñíèæåíèÿ ðèñêîâ ïðè âîçìîæíûõ ãàçîâûõ âçðû-

âàõ â òàêèõ ïîìåùåíèÿõ, ñâîäÿòñÿ ê ðåêîìåíäàöèè

èñïîëüçîâàòü îêíà â êà÷åñòâå ëåãêîñáðàñûâàåìûõ

êîíñòðóêöèé (ËÑÊ), êîòîðûå ñïîñîáíû ðàçðóøàòü-

ñÿ ïðè ïîâûøåíèè äàâëåíèÿ âíóòðè ïîìåùåíèÿ,

îáåñïå÷èâàÿ òåì ñàìûì ñîåäèíåíèå îáúåìà ïîìå-

ùåíèÿ ñ àòìîñôåðîé. Ðåêîìåíäàöèè, êîòîðûå ñî-

äåðæàòñÿ â äàííûõ ñòàíäàðòàõ, îñíîâàíû íà ðåçóëü-

òàòàõ èññëåäîâàíèé âçðûâîâ ñ çàæèãàíèåì ñìåñè

ãàç – âîçäóõ â ñåðåäèíå ïîìåùåíèé, áëèçêèõ ïî ñâîåé

ôîðìå ê êóáó. Â íèõ æå äàþòñÿ ïîïðàâêè íà “òóðáó-

ëèçàöèþ ïëàìåíè” è íà ñëó÷àé âçðûâà â ïîìåùåíè-

ÿõ, èìåþùèõ ôîðìó, îòëè÷íóþ îò êóáè÷åñêîé è äð.

[2–9]. Î âîçìîæíîì âëèÿíèè òàêîãî ÿâëåíèÿ, êàê âèá-

ðàöèîííîå ãîðåíèå, óïîìèíàåòñÿ òîëüêî â ÃÎÑÒ Ð

12.3.047, äà è òî â ñàìûõ îáùèõ ÷åðòàõ. Ïðè ýòîì

ðàçâèòèå äàííîãî âàðèàíòà âçðûâà ñâÿçûâàåòñÿ ñî

ñêîðîñòüþ ñáðîñà ëåãêîñáðàñûâàåìîé êîíñòðóêöèè:

“ìãíîâåííîå” âñêðûòèå ñáðîñíîãî ñå÷åíèÿ ïîâû-

øàåò âåðîÿòíîñòü âîçíèêíîâåíèÿ âèáðàöèîííîãî

ãîðåíèÿ âíóòðè àïïàðàòà. Àìïëèòóäà â àêóñòè÷å-

ñêîé âîëíå âèáðàöèîííîãî ãîðåíèÿ ìîæåò äîñòè-

ãàòü çíà÷åíèé �0,1 ÌÏà. Ïåðåìåøèâàíèå ñìåñè, íà-

ïðèìåð, âåíòèëÿòîðîì â ïðîöåññå ðàçâèòèÿ âçðûâà

ïðèâîäèò ê óìåíüøåíèþ àìïëèòóäû êîëåáàíèé

äàâëåíèÿ…”. Ñëåäóåò îáðàòèòü âíèìàíèå íà òî, ÷òî

çíà÷åíèå äàâëåíèÿ, óïîìÿíóòîå â öèòàòå, áîëåå ÷åì

íà ïîðÿäîê ïðåâûøàåò íîðìàòèâû íà äîïóñòèìîå

äàâëåíèå â ïîìåùåíèÿõ, äà è òî òîëüêî òåõ, êîòîðûå

îòíîñÿòñÿ ê êàòåãîðèè ïî ïîæàðîâçðûâîáåçîïàñíî-

ñòè À èëè Á. Î äðóãèõ ôàêòîðàõ, êðîìå “ìãíîâåííî-

ãî âñêðûòèÿ” è “ïåðåìåøèâàíèÿ ñìåñè”, âëèÿþùèõ

íà âîçíèêíîâåíèå è ðàçâèòèå âèáðàöèîííîãî ãîðå-

íèÿ, â äîêóìåíòå íå óïîìèíàåòñÿ. Òåì íå ìåíåå ýòî

óòâåðæäåíèå ñòàâèò ïîä ñîìíåíèå ýôôåêòèâíîñòü

ìåð âçðûâîáåçîïàñíîñòè, íå ðàññ÷èòàííûõ íà ðàç-

âèòèå ýòîãî îïàñíîãî òèïà ãîðåíèÿ.

Îòâå÷àÿ íà âîïðîñ î âîçìîæíîñòè ñóùåñòâîâà-

íèÿ âèáðàöèîííîãî ãîðåíèÿ ïðè ãàçîâûõ âçðûâàõ â

áûòîâûõ ïîìåùåíèÿõ, îáðàòèì âíèìàíèå íà òî, ÷òî

çàðåãèñòðèðîâàííûå â ýêñïåðèìåíòàõ ñëó÷àè âèá-

ðàöèîííîãî ãîðåíèÿ îòíîñÿòñÿ ê îáúåìàì, áëèçêèì

ïî ôîðìå ê áûòîâûì ïîìåùåíèÿì [10, 11]. Ýòî äàåò

îñíîâàíèå óòâåðæäàòü, ÷òî íå èñêëþ÷åíî, ÷òî ýòî

ÿâëåíèå èìååò ìåñòî è â ðåàëüíîñòè.

© Ïîëàíäîâ Þ. Õ., Êîðîëü÷åíêî À. Ä., 2018
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Êîðîòêî î âèáðàöèîííîì ãîðåíèè

Ïåðâûå ñâåäåíèÿ î âèáðàöèîííîì ãîðåíèè êàê

ëàáîðàòîðíîì ýôôåêòå âîñõîäÿò êî âðåìåíàì Õèã-

ãèíñà è Ðèéêå (XIX âåê) [12]. Íàëè÷èå ýòîãî ýôôåê-

òà íà ïðàêòèêå èçâåñòíî ïî ïóáëèêàöèÿì, â êîòîðûõ

ðàññìàòðèâàëîñü ñæèãàíèå óãëåâîäîðîäíûõ òîïëèâ

â ïðîìûøëåííûõ òîïêàõ è êàìåðàõ ñãîðàíèÿ àâèàöè-

îííûõ è ðàêåòíûõ äâèãàòåëåé. Â îäíèõ ñëó÷àÿõ âèá-

ðàöèîííîå ãîðåíèå îáîçíà÷åíî êàê ïðîáëåìà [12, 13],

òàê êàê îíî ïðèâîäèò ê ðàçðóøåíèþ êîíñòðóêöèè,

à â äðóãèõ — êàê ñïîñîá ôîðñèðîâàíèÿ ïðîöåññà

ãîðåíèÿ [14]. Çàìåòèì, ÷òî â ýòèõ ñëó÷àÿõ èìååò

ìåñòî ãîðåíèå, õàðàêòåð êîòîðîãî äîëæåí áûòü ñòà-

öèîíàðíûì èëè êâàçèñòàöèîíàðíûì. Äðóãîå äåëî

ðàññìàòðèâàåìûé îáúåêò — ãàçîâûé âçðûâ, êîòîðûé

äëèòñÿ îáû÷íî íå áîëåå 1 ñ è èìååò âûðàæåííûé íå-

ñòàöèîíàðíûé õàðàêòåð. Îêàçûâàåòñÿ, ÷òî âî âðåìÿ

ýòîãî áûñòðîòåêóùåãî ïðîöåññà ïðè îïðåäåëåííûõ

óñëîâèÿõ òàêæå ìîæåò ðàçâèòüñÿ âèáðàöèîííîå ãî-

ðåíèå, ÷òî ïîêàçàíî â ýêñïåðèìåíòàõ, ïðîâåäåííûõ

ó íàñ, â Ðîññèè [10], è çà ðóáåæîì [11]. Ñîãëàñíî ðå-

çóëüòàòàì ýòèõ ýêñïåðèìåíòîâ ïðè âèáðàöèîííîì

ãîðåíèè íå òîëüêî àìïëèòóäà êîëåáàíèé, íî è ñðåä-

íåå äàâëåíèå âçðûâà ðåçêî (èíîãäà êðàòíî) âîçðàñ-

òàëî ïî ñðàâíåíèþ ñ îáû÷íûì âçðûâîì, ÷òî íå òîëü-

êî ñîãëàñóåòñÿ ñ ïðèâåäåííîé öèòàòîé, íî è ðàñøè-

ðÿåò ãðàíèöû îïàñíîñòè. Ïðèìåíèòåëüíî ê ðåàëèÿì

ýòî îçíà÷àåò, ÷òî, ñ îäíîé ñòîðîíû, îïàñíîñòü ðàç-

ðóøåíèÿ ïîìåùåíèé è ðèñêè, îöåíèâàåìûå ëþä-

ñêèìè è ìàòåðèàëüíûìè ïîòåðÿìè, íàìíîãî âûøå

òåõ, íà ÷òî ðàññ÷èòàíû íîðìàòèâû, à ñ äðóãîé — èñ-

ñëåäîâàíèå âèáðàöèîííîãî ãîðåíèÿ ïðè ãàçîâûõ

âçðûâàõ äîëæíî áûòü âîçâåäåíî â ðàíã ïðîáëåìû.

Î âîçìîæíîñòè ïðîãíîçèðîâàíèÿ
âèáðàöèîííîãî ãîðåíèÿ

Åñòü ëè íà ñàìîì äåëå ðåæèì âèáðàöèîííîãî ãî-

ðåíèÿ ïðè ðåàëüíûõ ãàçîâûõ âçðûâàõ â áûòó èëè

íåò? Ýòîò òåçèñ íåâîçìîæíî íè îïðîâåðãíóòü, íè ïîä-

òâåðäèòü, òàê êàê áûòîâûå ïîìåùåíèÿ íå îñíàùåíû

ñîâðåìåííûìè ñðåäñòâàìè èçìåðåíèÿ è ðåãèñòðàöèè.

Ïðîãíîçèðîâàòü âîçíèêíîâåíèå è ðàçâèòèå âèá-

ðàöèîííîãî ãîðåíèÿ íà îñíîâå ìàòåìàòè÷åñêèõ ìî-

äåëåé, ñîñòàâëåííûõ â “äî÷èñëîâîå, äîêîìïüþòåð-

íîå” âðåìÿ è îñíîâàííûõ íà îïèñàíèè “ìåõàíèçìîâ

îáðàòíîé ñâÿçè” [12–14], ïðàêòè÷åñêè íåâîçìîæíî.

Ýòî ñâÿçàíî ïðåæäå âñåãî ñ òåì, ÷òî êîëåáàíèÿ, ðàç-

âèâàþùèåñÿ ïðè âèáðàöèîííîì ãîðåíèè, íîñÿò íå-

ëèíåéíûé õàðàêòåð, è ìåõàíèçìû, èõ âîçáóæäà-

þùèå, òàêæå ñóãóáî íåëèíåéíû. Êîðî÷å ãîâîðÿ, ýòî

àâòîêîëåáàíèÿ. À óðàâíåíèÿ, êîòîðûìè îïèñûâàëè

ïðîöåññ â òå ãîäû, ìîãëè áûòü òîëüêî ëèíåéíûìè

èëè, â êðàéíåì ñëó÷àå, äîëæíû áûëè èìåòü ìàëûå

íåëèíåéíîñòè. È íå òîëüêî ïîýòîìó. Äåëî â òîì, ÷òî

àêóñòè÷åñêèå êîëåáàíèÿ, èìåþùèå ìåñòî ïðè âèá-

ðàöèîííîì ãîðåíèè, ïðåäñòàâëÿþò ñîáîé ïðîöåññ

ñ ðàñïðåäåëåííûìè ïàðàìåòðàìè è ìîãóò áûòü îïè-

ñàíû óðàâíåíèÿìè â ÷àñòíûõ ïðîèçâîäíûõ, ðåøå-

íèå êîòîðûõ âîçìîæíî òîëüêî ÷èñëåííûìè ìåòî-

äàìè. Â íàñòîÿùåå âðåìÿ áîëüøèå íàäåæäû âîçëà-

ãàþòñÿ íà ÷èñëåííûå ìåòîäû CFD (Computational

Fluid Dynamics), îäíàêî ýòè íàäåæäû ïîêà íå îïðàâ-

äûâàþòñÿ, òàê êàê äî ñèõ ïîð ñ èõ ïîìîùüþ îäíèì àâ-

òîðàì íå óäàëîñü îïèñàòü ýòè àâòîêîëåáàíèÿ [15–17],

à äðóãèì óäàëîñü ëèøü îáîçíà÷èòü êîëåáàòåëüíûå

êîíòóðû [18, 19].

Òåì íå ìåíåå íàì [8] óäàëîñü ñìîäåëèðîâàòü

âîçáóæäåíèå àêóñòè÷åñêèõ êîëåáàíèé, èñïîëüçîâàâ

îòå÷åñòâåííûé ìåòîä “êðóïíûõ ÷àñòèö” [21] ïðè

îïèñàíèè ãàçîâîãî âçðûâà â öèëèíäðè÷åñêîé òðóáå.

Ïðè ýòîì â ñèñòåìå óðàâíåíèé, îïèñûâàþùåé ïðî-

öåññ ðàçâèòèÿ âçðûâà, íå áûëè çàëîæåíû íèêàêèå

“îáðàòíûå ñâÿçè”: îíè âñïëûëè ñàìè â ðåçóëüòàòå

ýâîëþöèè ðåøåíèÿ. Ê ñîæàëåíèþ, â îáúåìàõ, ãåî-

ìåòðè÷åñêè ïîäîáíûõ áûòîâûì ïîìåùåíèÿì, îïè-

ñàòü àâòîêîëåáàíèÿ ïîêà íå óäàëîñü.

Åñòåñòâåííî, äëÿ èññëåäîâàíèÿ ïðîöåññà âèáðà-

öèîííîãî ãîðåíèÿ îñòàåòñÿ èçáðàòü çàòðàòíûé è ìà-

ëîïðîèçâîäèòåëüíûé ìåòîä — ýêñïåðèìåíòàëüíûé,

ïðè ðåàëèçàöèè êîòîðîãî èññëåäóåòñÿ ïîî÷åðåäíî

âëèÿíèå êàæäîãî èç ôàêòîðîâ íà ðàçâèòèå âèáðàöè-

îííîãî ãîðåíèÿ ïðè ãàçîâîì âçðûâå.

Â íàñòîÿùåé ðàáîòå èññëåäîâàíî âëèÿíèå ìåñòà

âîñïëàìåíåíèÿ ñòåõèîìåòðè÷åñêîé ãàçîâîé ñìåñè

íà ðàçâèòèå âèáðàöèîííîãî ãîðåíèÿ â íåçàìêíóòîì

îáúåìå, ðàçìåð è ôîðìà êîòîðîãî ïðèáëèæåíû ê ðå-

àëüíûì áûòîâûì ïîìåùåíèÿì.

Ñðåäñòâà ýêñïåðèìåíòàëüíîãî
èññëåäîâàíèÿ

Èñïûòàòåëüíûé ñòåíä. Ýêñïåðèìåíò ïðîâîäèë-

ñÿ íà áàçå Èíñòèòóòà êîìïëåêñíîé áåçîïàñíîñòè â

ñòðîèòåëüñòâå ïðè ÍÈÓ ÌÃÑÓ ñ èñïîëüçîâàíèåì

âçðûâíîé êàìåðû êóáè÷åñêîé ôîðìû îáúåìîì 10 ì3,

ñîîòâåòñòâóþùåé ÃÎÑÒ Ð 56289–2014, ñî ñáðîñ-

íûì îêíîì ïëîùàäüþ 2 ì2 (ðèñ. 1) [20]. Â êàìåðó

ïîäàâàëñÿ ïðîïàí äëÿ ïîëó÷åíèÿ ñìåñè ñ âîçäóõîì,

áëèçêîé ê ñòåõèîìåòðè÷åñêîìó ñîñòàâó. Âíóòðè êà-

ìåðû óñòàíîâëåíû âåíòèëÿòîð äëÿ ïåðåìåøèâàíèÿ

ñìåñè è óñòðîéñòâî äëÿ åå âîñïëàìåíåíèÿ. Óñòðîé-

ñòâî çàæèãàíèÿ â õîäå ýêñïåðèìåíòà ïåðåìåùàëîñü

âäîëü îñè êàìåðû îò êëàïàíà äî çàäíåé ñòåíêè. Ñî-

ãëàñíî ïëàíó ýêñïåðèìåíòà çàæèãàíèå ïðîèçâîäè-

ëîñü â ïÿòè òî÷êàõ: â ïëîñêîñòè îêíà, ïî öåíòðó êà-

ìåðû, ó çàäíåé ñòåíêè è â ïðîìåæóòêàõ ìåæäó

íèìè.

Äëÿ îáåñïå÷åíèÿ çàìêíóòîñòè îáúåìà ìàëîé êà-

ìåðû â ïðîöåññå ïðèãîòîâëåíèÿ ñìåñè ñáðîñíîå

îêíî êàìåðû çàêðûâàëîñü êëàïàíîì ìíîãîðàçîâîãî

äåéñòâèÿ, èçãîòîâëåííûì èç ìíîãîñëîéíîé ôàíåðû
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ñ ïîâåðõíîñòíîé ïëîòíîñòüþ 5 êã�ì2. Ïðè âçðûâå

êëàïàí îòêðûâàëñÿ, è ãàçû ñáðàñûâàëèñü â àòìîñôå-

ðó. Êëàïàí ïðèæèìàëñÿ ê êîðïóñó ñ ïîìîùüþ äâóõ

êàëèáðîâàííûõ ïðîâîëîê äèàìåòðîì 1,2 ìì, ðàçìå-

ùåííûõ â âåðõíåé ÷àñòè êëàïàíà è ðàçðóøàþùèõñÿ

ïðè íàðàñòàíèè äàâëåíèÿ â åìêîñòè. Íèæíÿÿ ÷àñòü

êëàïàíà ïðèæèìàëàñü ÷åòûðüìÿ ïðîâîëîêàìè òîãî

æå äèàìåòðà, ÷òî îáåñïå÷èâàëî âíà÷àëå ðàçðóøåíèå

âåðõíèõ ïðîâîëîê, à çàòåì è íèæíèõ. Òàêàÿ ïîñëå-

äîâàòåëüíîñòü ñðàáàòûâàíèÿ ðàçðóøàþùèõñÿ ýëå-

ìåíòîâ ïîçâîëÿëà âîñïðîèçâîäèòü ïåðâûå ïèêè äàâ-

ëåíèÿ ïðè âçðûâàõ â êàìåðå äîñòàòî÷íî óâåðåííî.

Ñðåäñòâà èçìåðåíèÿ. Â ñîñòàâ ñèñòåìû èçìåðå-

íèÿ äàâëåíèÿ âõîäèëè ñëåäóþùèå óñòðîéñòâà: òðè

ïüåçîìåòðè÷åñêèõ äàò÷èêà äàâëåíèÿ MPX5050GP

(íà çàäíåé ñòåíêå, íà áîêîâîé ñòåíêå ïî öåíòðó è íà

ïåðåäíåé ñòåíêå ðÿäîì ñ îêíîì); áëîê ïèòàíèÿ äàò-

÷èêîâ ÁÏ04Á-42; àíàëîãîâî-öèôðîâîé ïðåîáðàçî-

âàòåëü ËÀ-20 USB (ïðîèçâîäñòâî ÇÀÎ “Ðóäíåâ–

Øèëÿåâ”) è ïåðñîíàëüíûé êîìïüþòåð. Ïðè îáðà-

áîòêå áàçû äàííûõ è ïîñòðîåíèÿ ãðàôèêîâ èñïîëü-

çîâàëàñü ñòàíäàðòíàÿ ïðîãðàììà Excel 2010.

Êîíöåíòðàöèÿ ãàçà â åìêîñòè îïðåäåëÿëàñü èç-

ìåðåíèåì åãî îáúåìíîãî ðàñõîäà ñ ïîìîùüþ áûòî-

âîãî ñ÷åò÷èêà ãàçà BK G4Ò äèàôðàãìåííîãî òèïà

(èçãîòîâèòåëü — “Elster-Gmbh”, Ãåðìàíèÿ). Ñ÷åò÷èê

ñíàáæåí óñòðîéñòâîì òåðìîêîìïåíñàöèè äëÿ ñíè-

æåíèÿ âëèÿíèÿ òåìïåðàòóðû íàðóæíîãî âîçäóõà, ÷òî

îáåñïå÷èâàåò ïðèåìëåìóþ ïîãðåøíîñòü èçìåðåíèÿ

âî âñåì ðàáî÷åì äèàïàçîíå — íå áîëåå 1,5 %.

Îäíàêî åñòü è äðóãàÿ ïîãðåøíîñòü, êîòîðàÿ ôîð-

ìèðóåòñÿ â ïðîöåññå çàïîëíåíèÿ êàìåðû ãàçîì. Äåëî

â òîì, ÷òî ïðè ýòîì â êàìåðå íàðàñòàåò äàâëåíèå, ÷òî

ïðèâîäèò ê èñòå÷åíèþ èç íåå ãàçîâîçäóøíîé ñìåñè

÷åðåç âñÿêîãî ðîäà íåïëîòíîñòè è îòâåðñòèÿ, êîòî-

ðûå ÷àùå âñåãî îáðàçóþòñÿ â ìåñòàõ ñòûêà êëàïàíà

è êîðïóñà. Ýòà óòå÷êà ñíèæàåò ðåàëüíîå çíà÷åíèå

êîíöåíòðàöèè ãàçà â åìêîñòè; ïîãðåøíîñòü ïðè ýòîì

ìîæåò ñîñòàâëÿòü äî 2,5 %. Çà ñ÷åò òî÷íîãî ðåøå-

íèÿ çàäà÷è î âåëè÷èíå óòå÷êè ãàçà óäàëîñü ðàçðàáî-

òàòü èíæåíåðíóþ ìåòîäèêó åå ðàñ÷åòà [8]. Ìåòîäè-

êà ïîçâîëÿåò ðàññ÷èòàòü ïîòðåáíûé îáúåì ãàçà,

êîòîðûé íåîáõîäèìî ïîäàòü â êàìåðó, ÷òîáû ïîëó-

÷èòü çàäàííóþ êîíöåíòðàöèþ:

V V cã � � �( ) ,1 1 2

ãäå Vã — îáúåì ïîäàâàåìîãî ãàçà, ì3;

V — îáúåì êàìåðû, ì3;

ñ — îæèäàåìàÿ êîíöåíòðàöèÿ.

Íàïðèìåð, â èñïîëüçóåìóþ â ýêñïåðèìåíòå êà-

ìåðó îáúåìîì V = 10 ì3 äëÿ äîñòèæåíèÿ êîíöåíò-

ðàöèè 5 % íåîáõîäèìî íàïðàâèòü 513,3 ë ãàçà.

Àíàëèç òèïè÷íîãî îïûòà

Íà ðèñ. 2 ïðèâåäåíû âèäåîêàäðû âçðûâà ïðè çà-

æèãàíèè â òî÷êå 2, íà êîòîðûõ âèäíî íà÷àëî âñêðû-

òèÿ êëàïàíà, åãî ïîëîæåíèå è ôîðìà ðàñêðûòèÿ èñ-

òåêàþùåé èç êàìåðû ñòðóè â ðàçíûå ìîìåíòû âðå-

ìåíè îò íà÷àëà âçðûâà. Íåîòôèëüòðîâàííûå çàïèñè

ïîêàçàíèé òðåõ êàíàëîâ ðåãèñòðàöèè äàâëåíèÿ ïðè-

âåäåíû íà ðèñ. 3. Íà ðèñóíêå ìîæíî âûäåëèòü òðè

ñòàäèè ðàçâèòèÿ âçðûâà. Òî÷êà “0” îçíà÷àåò ïîäà÷ó

ñèãíàëà íà âçðûâ, äàëåå â òå÷åíèå ïåðâûõ 0,25 ñ äàâ-

ëåíèå â êàìåðå íàðàñòàåò äî 1500 Ïàè, à çàòåì â ðå-

çóëüòàòå îòêðûòèÿ êëàïàíà ðåçêî ñíèæàåòñÿ, îáðàçóÿ

òåì ñàìûì ïåðâûé ïèê äàâëåíèÿ. Ðåçêèé ñïàä äàâ-

ëåíèÿ âûçûâàåò åãî êîëåáàíèÿ, êîòîðûå ïîñòåïåí-

íî çàòóõàþò. Ýòè êîëåáàíèÿ èçâåñòíû è íîñÿò èìÿ

Ãåëüìãîëüöà. Îñíîâàíèåì äëÿ òàêîãî óòâåðæäåíèÿ

ñëóæèò ôàêò ïðàêòè÷åñêîãî ñîâïàäåíèÿ àìïëèòóä è

÷àñòîò êîëåáàíèé ìåæäó âñåìè äàò÷èêàìè äàâëåíèÿ,

ò. å. îáúåì êàìåðû âåäåò ñåáÿ êàê åäèíîå öåëîå. Ýòîò

ýôôåêò õîðîøî èçâåñòåí è îïèñàí. Ãîâîðÿ î ïðàê-

òè÷åñêîì ñîâïàäåíèè àìïëèòóä, òåì íå ìåíåå çàìå-

òèì, ÷òî íà÷àëüíîå äàâëåíèå ó çàäíåé ñòåíêè â òî÷-

êå À è, ñîîòâåòñòâåííî, àìïëèòóäà êîëåáàíèé â ýòîì

ìåñòå íåñêîëüêî áîëüøå, ÷åì â äðóãèõ òî÷êàõ êàìå-

Ðèñ. 1. Ñõåìà âçðûâíîéêàìåðû(à) è åå èñõîäíîå ñîñòîÿíèå (á):

— äàò÷èêè äàâëåíèÿ; 1–5 — ïîçèöèè èñòî÷íèêà çàæè-

ãàíèÿ ñìåñè; ñòðåëêîé óêàçàíî íà êëàïàí
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ðû. Íî ýòî è ïîíÿòíî, ïîñêîëüêó ïåðåïàä äàâëåíèÿ

òî ñ èçáûòêîì, òî ñ äåôèöèòîì ÿâëÿåòñÿ äâèæóùåé

ñèëîé êîëåáàíèÿ ïîòîêîâ ãàçà ïðè åãî äâèæåíèè èç

êàìåðû è â íåå.

Êîëåáàíèÿ çàòóõàþò ïî ìåðå ñíèæåíèÿ ñðåäíåãî

äàâëåíèÿ â êàìåðå ïðàêòè÷åñêè äî íóëÿ, íî ïðîöåññ

âçðûâà íà ýòîì íå çàêàí÷èâàåòñÿ. Êàê çàìåòèëè

àâòîðû ïóáëèêàöèé Â. À. Ãîðåâ è äð. [10] è C. Regis

Bauwens, Sergey B. Dorofeev [18], ïðè ïðèáëèæåíèè

ôðîíòà ïëàìåíè ê óãëàì êàìåðû â íåé íà÷èíàþò

ðàçâèâàòüñÿ àêóñòè÷åñêèå êîëåáàíèÿ (ó÷àñòîê ÁÂ).

Â òîì, ÷òî ýòî àêóñòè÷åñêèå êîëåáàíèÿ, ñîìíåíèé

íåò, òàê êàê èõ ÷àñòîòà, âî-ïåðâûõ, íàìíîãî âûøå ïî

ñðàâíåíèþ ñ ÷àñòîòîé Ãåëüìãîëüöà è, âî-âòîðûõ, íå-

ñìîòðÿ íà îäèíàêîâóþ ÷àñòîòó êîëåáàíèé â ðàçíûõ

òî÷êàõ êàìåðû, ó íèõ è àìïëèòóäû ðàçíûå (íî îäíî-

ãî ïîðÿäêà). Ñ äîãîðàíèåì ñìåñè çàòóõàþò àêóñòè-

÷åñêèå êîëåáàíèÿ â êàìåðå, íà ÷åì ïðîöåññ âçðûâà

çàâåðøàåòñÿ. Îäèíàêîâàÿ ÷àñòîòà êîëåáàíèé (÷òî

ôèêñèðóåòñÿ äàò÷èêàìè, ðàñïîëîæåííûìè â ðàç-

ëè÷íûõ ìåñòàõ êàìåðû) ñâèäåòåëüñòâóåò î åäèíîì

êîëåáàòåëüíîì ïðîöåññå âíóòðè êàìåðû, ÷òî âîç-

ìîæíî ïðè ðàäèàëüíîì òèïå êîëåáàíèé ñ óçëàìè

ñòîÿ÷åé âîëíû íà ñòåíêàõ êàìåðû.

Àíàëèç ðåçóëüòàòîâ ýêñïåðèìåíòà

Íà ðèñ. 4 ïðèâåäåíû ðåçóëüòàòû îáðàáîòêè 20

îïûòíûõ âçðûâîâ ïðè 4 %-íîé îáúåìíîé êîíöåíò-

ðàöèè ãàçà ïðè ïÿòè ïîëîæåíèÿõ óñòðîéñòâà çàæè-

ãàíèÿ (ñì. ðèñ. 1). Îáðàùàåò íà ñåáÿ âíèìàíèå ñëà-

áàÿ âîñïðîèçâîäèìîñòü îïûòîâ, íåñìîòðÿ íà ïîâòî-

ðåíèå èñõîäíûõ óñëîâèé ïðè ïîäãîòîâêå êàæäîãî èç

íèõ. Ýòî îáñòîÿòåëüñòâî ïîäòâåðæäàåò ñëîæíîñòü

èçó÷åíèÿ òàêîãî ÿâëåíèÿ, êàê àêóñòè÷åñêèå êîëåáà-

íèÿ ïðè âçðûâàõ. Íåêîòîðûì îïðàâäàíèåì ìîæåò

ñëóæèòü òî, ÷òî äðóãèå èññëåäîâàòåëè îáõîäÿò ýòîò

âîïðîñ, ïîýòîìó ñðàâíèâàòü ýòîò âàæíûé ôàêòîð

íå ñ ÷åì.

Åäèíûé êîëåáàòåëüíûé ïðîöåññ êîëåáàíèé è

âîçìîæíîñòü çíà÷èòåëüíîãî ðîñòà èõ ðàçìàõà ïðè

öåíòðàëüíîì ïîëîæåíèè óñòðîéñòâà çàæèãàíèÿ

(òî÷êà 3 íà ðèñ. 1) ïîçâîëÿþò ïîëàãàòü, ÷òî ýòè êî-

ëåáàíèÿ íîñÿò ðàäèàëüíûé õàðàêòåð. Ýòà ãèïîòåçà

íå ïðîòèâîðå÷èò ðàñ÷åòó ÷àñòîòû êîëåáàíèé, åñëè

ïîëîæèòü, ÷òî, ñ îäíîé ñòîðîíû, ñêîðîñòü ðàñïðî-

ñòðàíåíèÿ çâóêà â ïðîäóêòàõ ñãîðàíèÿ a kRT� �
� � �1 4 290 1660, � 800 ì�ñ (ãäå k — ïîñòîÿííàÿ

Áîëüöìàíà, k = 1,4; R — ãàçîâàÿ ïîñòîÿííàÿ, äëÿ

âîçäóõà ìîæíî ïðèíÿòü R = 290 Äæ�(êã·Ê); Ò —

òåìïåðàòóðà ãàçà, Ê), à ñ äðóãîé — â êàìåðå óñòàíàâ-

ëèâàåòñÿ ñòîÿ÷àÿ âîëíà, ÷åòâåðòü äëèíû êîòîðîé

ðàâíà ïîëîâèíå äëèíû êàìåðû (ðàäèóñó). Â ýòîì

ñëó÷àå äëèíà âîëíû L (ì) ñîñòàâëÿåò 4 ì, è ïîòîìó

÷àñòîòà êîëåáàíèé f = L�a = 4�800 = 200 ñ–1, ÷òî ïðàê-

òè÷åñêè ñîâïàäàåò ñ ðåçóëüòàòàìè îïûòîâ. Ñêîðîñò-

Ðèñ. 2. Âèäåîêàäðû âçðûâà ïðè çàæèãàíèè ñìåñè â òî÷êå 2

â ðàçíûå ìîìåíòû âðåìåíè îò íà÷àëà âçðûâà: à — 0,12 ñ; á —

0,20 ñ; â — 0,30 ñ; ã — 0,70 ñ



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8 13

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

íîé ñúåìêîé âíóòðè êàìåðû çàôèêñèðîâàíî [10, 11],

÷òî êîëåáàíèÿ âîçíèêàþò òîãäà, êîãäà ôðîíò ïëàìå-

íè ïðèáëèæàåòñÿ ê ñòåíêàì êàìåðû.

Íà ðèñ. 4 âèäíà îò÷åòëèâàÿ òåíäåíöèÿ óâåëè÷å-

íèÿ ðàçìàõà êîëåáàíèé ñ ïðèáëèæåíèåì óñòðîéñòâà

çàæèãàíèÿ ê öåíòðó êàìåðû. Íåñìîòðÿ íà áîëüøîé

ðàçáðîñ ðåçóëüòàòîâ, îñîáåííî ïðè çàæèãàíèè â öåíò-

ðå êàìåðû, ìîæíî îæèäàòü, ÷òî èìåííî ïðè ýòîì âà-

ðèàíòå çàæèãàíèÿ âîçìîæíî íàèáîëåå îïàñíîå ðàç-

âèòèå âçðûâà.

Ñìåùåíèå ìåñòà çàæèãàíèÿ îò öåíòðà êàìåðû

äåëàåò íåñèììåòðè÷íûì ðàñïðîñòðàíåíèå ôðîíòà

ïëàìåíè îòíîñèòåëüíî öåíòðà, ÷òî ïðèâîäèò ê “íå-

ñîãëàñîâàííîñòè” âîçäåéñòâèÿ åãî íà êîëåáàòåëüíûé

ïðîöåññ ôðîíòà ïëàìåíè, íåâîçìîæíîñòè ðàçâèòèÿ

ðåçîíàíñà íà ÷àñòîòå ðàäèàëüíûõ êîëåáàíèé. Ýòîò

ôàêò ïîäòâåðæäàåòñÿ òàêæå ðåçóëüòàòàìè äðóãèõ

èññëåäîâàòåëåé [10, 11].

Ïðè çàìåíå ëåãêîãî ôàíåðíîãî êëàïàíà íà ËÑÊ

òèïà ïàíåëè ñ ïîâåðõíîñòíîé ïëîòíîñòüþ 30 êã�ì2 [8]

íå íàáëþäàëîñü ñêîëüêî-íèáóäü çíà÷èòåëüíûõ êî-

ëåáàíèé Ãåëüìãîëüöà è íå áûëî äàæå ïðèçíàêîâ

àêóñòè÷åñêèõ êîëåáàíèé (ðèñ. 5). Ýòè ðåçóëüòàòû õî-

ðîøî âîñïðîèçâîäèëèñü.

Èçâåñòíî, ÷òî â çàìêíóòûõ (áåç ñáðîñà ãàçîâ) êà-

ìåðàõ âèáðàöèîííîå ãîðåíèå íå ðàçâèâàåòñÿ [5].

×òî êàñàåòñÿ “ìãíîâåííîãî âñêðûòèÿ ñáðîñíîãî ñå-

÷åíèÿ” è “ïåðåìåøèâàíèÿ ñìåñè”, óïîìÿíóòûõ â

ÃÎÑÒ Ð 12.3.047, òî, âî-ïåðâûõ, î÷åâèäíî, ÷òî àâòî-

ðû ïðèíÿëè êîëåáàíèÿ Ãåëüìãîëüöà çà àêóñòè÷åñêèå

êîëåáàíèÿ, à âî-âòîðûõ, ôàêò âëèÿíèÿ êà÷åñòâà “ïåðå-

ìåøèâàíèÿ ñìåñè” íà âèáðàöèîííîå ãîðåíèå íóæ-

äàåòñÿ â ýêñïåðèìåíòàëüíîé ïðîâåðêå.

Èíòåðåñåí åùå îäèí ýôôåêò, çàìå÷åííûé ïðè

çàæèãàíèè ñìåñè ó çàäíåé ñòåíêè (ðèñ. 6) è õîðîøî

âîñïðîèçâîäèìûé. Ýòî — êîëåáàíèÿ Ãåëüìãîëüöà

áîëüøîé àìïëèòóäû, êîòîðûå ïðåäñòàâëåíû íà

ðèñ. 6 äâóìÿ ïèêàìè íà ôîíå àêóñòè÷åñêèõ êîëåáà-

íèé (âèáðàöèîííîãî ãîðåíèÿ) ñ íåáîëüøîé àìïëè-

òóäîé. Âîçìîæíî, ýòî ñâÿçàíî ñ òåì, ÷òî â ýòîì ñëó-

÷àå èç êàìåðû âûáðàñûâàåòñÿ ïîäàâëÿþùàÿ ÷àñòü

ãàçîâîçäóøíîé ñìåñè, êîòîðàÿ çàòåì âçðûâàåòñÿ

ñðàçó çà îêíîì (ýíåðãèÿ âçðûâíîé âîëíû ïðè ýòîì

ìîæåò âûçâàòü ðàçðóøåíèå îñòåêëåíèÿ â ñîñåäíèõ

çäàíèÿõ). Äàâëåíèå âçðûâíîé âîëíû íà âðåìÿ âçðû-

âà “çàïèðàåò” ñå÷åíèå îêíà, ÷òî ïðèâîäèò ê ðîñòó

äàâëåíèÿ â êàìåðå è âîçíèêíîâåíèþ äâóõ ïèêîâ äàâ-

ëåíèÿ ñ ÷àñòîòîé Ãåëüìãîëüöà. Ìàêñèìàëüíîå äàâ-

ëåíèå â ýòèõ ïèêàõ íåçíà÷èòåëüíî ïðåâûøàåò çíà-

÷åíèå ïåðâîãî ïèêà.

Âî âñåõ ýêñïåðèìåíòàõ, ãäå íàáëþäàëîñü âèáðà-

öèîííîå ãîðåíèå [10, 11], îáúåì ïîìåùåíèÿ è ïëî-

ùàäü îêíà èìåëè áëèçêèå çíà÷åíèÿ áåçðàçìåðíîãî

êðèòåðèÿ Á F V� 3
= 0,53�0,60 (ãäå F — ïëîùàäü

ïðîåìà îêíà, V — îáúåì êàìåðû). Ïðè çíà÷åíèÿõ

ýòîãî êðèòåðèÿ ìåíåå 0,5 âèáðàöèîííîãî ãîðåíèÿ

íå íàáëþäàëîñü [7, 16].

Ðèñ. 3. Ðàçâèòèå äàâëåíèÿ â êàìåðå ïðè çàæèãàíèè ãàçà â òî÷êå 2:— — äàâëåíèå ó çàäíåé ñòåíêè;— — íà áîêîâîé ñòåíêå;

— — íà ïåðåäíåé ñòåíêå

Ðèñ. 4. Çàâèñèìîñòü ìàêñèìàëüíûõ çíà÷åíèé ðàçìàõîâ êîëå-

áàíèé îò ïîçèöèè çàæèãàíèÿ
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Óñëîâèÿ, ïðè êîòîðûõ
âîçìîæíî âèáðàöèîííîå ãîðåíèå

ïðè ãàçîâîì âçðûâå

Ïîëó÷åííûå îïûòíûå äàííûå äîïîëíèëè îïóá-

ëèêîâàííûå ðåçóëüòàòû, êàñàþùèåñÿ âèáðàöèîííî-

ãî ãîðåíèÿ ïðè âçðûâàõ. Ýòî äàëî âîçìîæíîñòü âû-

ÿâèòü óñëîâèÿ, ïðè êîòîðûõ âîçìîæíî âèáðàöèîí-

íîå ãîðåíèå:

� ðàçìåð êàìåðû íå èãðàåò ðîëè, âî âñÿêîì ñëó÷àå

ýòîò òèï ãîðåíèÿ íàáëþäàëñÿ è ïðè V = 1 ì3 [10],

è ïðè V = 10 ì3, è ïðè V = 63 ì3 [11];

� ôîðìà êàìåð áëèçêà ê êóáè÷åñêîé [10, 11];

� ãàçîâîçäóøíàÿ ñìåñü ïî ñîñòàâó áëèçêà ê ñòåõè-

îìåòðè÷åñêîé [11];

� çíà÷åíèå êðèòåðèÿ Á ïðåâûøàåò 0,53;

� êëàïàí (ËÑÊ) èìååò ïîâåðõíîñòíóþ ïëîòíîñòü

ìåíåå 5 êã�ì2;

� çàæèãàíèå ãàçîâîé ñìåñè ïðîèçâîäèòñÿ â öåíòðå

êàìåðû.

Îòêëîíåíèå îò ýòèõ óñëîâèé âåäåò ê óìåíüøå-

íèþ àìïëèòóäû êîëåáàíèé äàâëåíèÿ ïðè âçðûâå

âïëîòü äî íåçíà÷èòåëüíûõ ïðîÿâëåíèé ïðèçíàêîâ

òàêîãî òèïà ãîðåíèÿ. Íàñêîëüêî óñëîâèÿ âîçíèêíî-

âåíèÿ âèáðàöèîííîãî ãîðåíèÿ ìîãóò áûòü ðåàëèçî-

âàíû â áûòîâîì ïîìåùåíèè, ñêàçàòü îäíîçíà÷íî

ñëîæíî.

Íàáëþäàåìûå êîëåáàíèÿ äàâëåíèÿ Ãåëüìãîëüöà

íå èìåþò îòíîøåíèÿ ê âèáðàöèîííîìó ãîðåíèþ.

Ðèñ. 5. Ðàçâèòèå äàâëåíèÿ ïðè ñáðîñå ïàíåëè ìàññîé 60 êã: — — äàâëåíèå ó çàäíåé ñòåíêè; — — íà áîêîâîé ñòåíêå;

— — íà ïåðåäíåé ñòåíêå

Ðèñ. 6. Ðàçâèòèå äàâëåíèÿ ïðè çàæèãàíèè ó çàäíåé ñòåíêè êàìåðû:— — äàâëåíèå ó çàäíåé ñòåíêè;—— íà áîêîâîé ñòåíêå;

— — íà ïåðåäíåé ñòåíêå
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Èõ âîçíèêíîâåíèå îáóñëîâëåíî ðåçêèì ïàäåíèåì

äàâëåíèÿ â êàìåðå ïðè ðàñêðûòèè îêíà èëè ãàçîäè-

íàìè÷åñêèì çàïèðàíèåì ïðîåìà îêíà ïðè ãàçîâîì

âçðûâå âíå êàìåðû. Àìïëèòóäà ýòèõ êîëåáàíèé â

ïåðâîì ñëó÷àå íå ïðåâûøàåò ïåðâîãî ïèêà äàâëå-

íèÿ, à âî âòîðîì (ïðè âçðûâàõ âíå êàìåðû) — ïðå-

âûøàåò åãî íåçíà÷èòåëüíî.

Âûâîäû

Âèáðàöèîííîå ãîðåíèå ïðè ãàçîâîì âçðûâå ïî-

âûøàåò ðèñêè. Äëÿ èõ ñíèæåíèÿ íåîáõîäèìî âû-

ÿâèòü îñíîâíûå óñëîâèÿ, ïðè êîòîðûõ âîçíèêàåò

âèáðàöèîííîå ãîðåíèå. Íàéäåíî, ÷òî íàèáîëåå èí-

òåíñèâíûìè êîëåáàíèÿ äàâëåíèÿ áûâàþò â êàìåðå

îêîëîêóáè÷åñêîé ôîðìû ïðè çàæèãàíèè ãàçîâîç-

äóøíîé ñìåñè â åå öåíòðå. Íà ðàçìàõ êîëåáàíèé

âëèÿþò òàêæå ðàçìåð îêíà, ìàññà ËÑÊ, êà÷åñòâî ñìå-

ñè è äðóãèå ôàêòîðû. Õàðàêòåðíûìè äëÿ òàêîãî òèïà

ãîðåíèÿ ÿâëÿþòñÿ ðàäèàëüíûå àêóñòè÷åñêèå êîëå-

áàíèÿ ñ ÷àñòîòîé ïî ïåðâîé ìîäå. Âèáðàöèîííîå ãî-

ðåíèå âîçíèêàåò â ìîìåíò ïðèáëèæåíèÿ ôðîíòà

ïëàìåíè ê ñòåíêàì êàìåðû. Ïðè ñäâèãå èñòî÷íèêà

çàæèãàíèÿ îò öåíòðà êàìåðû, óâåëè÷åíèè ìàññû

ËÑÊ, óìåíüøåíèè ïëîùàäè îêíà, ñíèæåíèè êîí-

öåíòðàöèè ãàçà êîëåáàíèÿ îñëàáåâàþò.

Áëàãîäàðíîñòü. Ýêñïåðèìåíòàëüíûå äàííûå

ïîëó÷åíû ïðè ïîääåðæêå è íà îáîðóäîâàíèè Èíñòè-

òóòà êîìïëåêñíîé áåçîïàñíîñòè â ñòðîèòåëüñòâå

ÍÈÓ ÌÃÑÓ.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Âçðûâû ãàçà ñ ÷åëîâå÷åñêèìè æåðòâàìè â ìíîãîêâàðòèðíûõ äîìàõ â ÐÔ ñ 2014 ïî 2017 ãîä.

Äîñüå � Èíôîðìàöèîííîå àãåíòñòâî Ðîññèè ÒÀÑÑ. URL: http:��tass.ru�info�4255543 (äàòà îáðà-

ùåíèÿ: 05.06.2018).

2. Risto Lautkaski. Modelling of vented gas explosions � Research Report VTT-R-04600-09. — 2009. —

52 p. URL: inf�julkaisut�muut�2009�VTT-R-04600-09.pdf (äàòà îáðàùåíèÿ: 05.06.2018).

3. Molkov V., Baratov A., Korolchenko A. Dynamics of gas explosions in vented vessels; review and pro-

gress �� Dynamic Aspects of Explosion Phenomena, Progress in Astronautics and Aeronautics � Kuhl A. L.,

Leyer J.-C., Borisov A. A., Sirignano W. A. (eds.). — 1993. — Vol. 154. — P. 117–131. DOI:

10.2514�5.9781600866272.0117.0131.

4. Molkov V. V. Explosions in buildings: modeling and interpretation of real accidents �� Fire Safety Journal.

— 1999. — Vol. 33, Issue 1. — P. 45–56. DOI: 10.1016�s0379-7112(99)00003-x.

5. Ìîëüêîâ B. B., Íåêðàñîâ Â. Ï. Äèíàìèêà ñãîðàíèÿ ãàçà â ïîñòîÿííîì îáúåìå ïðè íàëè÷èè èñòå÷å-

íèÿ �� Ôèçèêà ãîðåíèÿ è âçðûâà. — 1981. — Ò. 17, ¹ 4. — Ñ. 17–24.

6. Zalosh R. Explosion venting data and modeling literature review. — Batterymarch Park, Quincy, MA :

Fire Protection Research Foundataion, 2008. — 52 p.

7. Ïîëàíäîâ Þ. Õ., Áàáàíêîâ Â. À., Äîáðèêîâ Ñ. À. Îñîáåííîñòè ðàçâèòèÿ ãàçîâîãî âçðûâà â ïîìå-

ùåíèè ïðè íàëè÷èè ñìåæíîé êîìíàòû �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety.

— 2016. — Ò. 25, ¹ 1. — Ñ. 38–46. DOI: 10.18322�PVB.2016.25.01.38-46.

8. Ïîëàíäîâ Þ. Õ., Äîáðèêîâ C. À., Êóêèí Ä. À. Ðåçóëüòàòû èñïûòàíèé ëåãêîñáðàñûâàåìûõ êîíñò-

ðóêöèé �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety. — 2017. — Ò. 26, ¹ 8. —

Ñ. 5–14. DOI: 10.18322�PVB.2017.26.08.5-14.

9. Bauwens C. R., Chaffee J., Dorofeev S. B. Effect of ignition location, vent size, and obstacles on vented

explosion overpressures in propane-air mixtures �� Combustion Science and Technology. — 2010. —

Vol. 182, Issue 11–12. — P. 1915–1932. DOI: 10.1080�00102202.2010.497415.

10. Ãîðåâ Â. À., Áåëÿåâ Â. Â., Ôåäîòîâ Â. Í. Óñëîâèå íà÷àëà âèáðàöèîííîãî ãîðåíèÿ â ðàçãåðìåòèçè-

ðîâàííîì ñîñóäå ïðÿìîóãîëüíîé ôîðìû �� Ôèçèêà ãîðåíèÿ è âçðûâà. — 1989. — Ò. 25, ¹ 1. —

Ñ. 36–39.

11. Bauwens C. R., Dorofeev S. B. Parameters affecting flame-acoustic flame instabilities in vented explo-

sions �� 24th ICDERS (July 28 – August 2, 2013, Taiwan, Taipei). — 6 p. URL: http:��www.icders.org�
ICDERS2013�PapersICDERS2013�ICDERS2013-0216.pdf (äàòà îáðàùåíèÿ: 05.06.2018).

12. Ðàóøåíáàõ Á. Â. Âèáðàöèîííîå ãîðåíèå. — Ì. : Ôèçìàòãèç, 1961. — 500 ñ.

13. Êðîêêî Ë., Ñèíü-è ×æåíü. Òåîðèÿ íåóñòîé÷èâîñòè ãîðåíèÿ â æèäêîñòíûõ ðàêåòíûõ äâèãàòåëÿõ �
Ïåð. ñ àíãë. — Ì. : Èçä-âî èíîñòð. ëèò., 1958. — 351 ñ.

14. Ëàðèîíîâ Â. Ì., Çàðèïîâ Ð. Ã. Àâòîêîëåáàíèÿ ãàçà â óñòàíîâêàõ ñ ãîðåíèåì. — Êàçàíü : Èçä-âî

Êàçàí. ãîñ. òåõí. óí-òà, 2003. — 227 ñ.

15. Pedersen H. H., Middha P. Modelling of vented gas explosions in the CFD tool FLACS �� Chemical

Engineering Transactions. — 2012. — Vol. 26. — P. 357–362. DOI: 10.3303�CET1226060.

16. Êîìàðîâ À. À., Áàæèíà Å. Â. Îïðåäåëåíèå ïàðàìåòðîâ äèíàìè÷åñêèõ íàãðóçîê îò àâàðèéíûõ

âçðûâîâ, äåéñòâóþùèõ íà çäàíèÿ è ñîîðóæåíèÿ âçðûâîîïàñíûõ ïðîèçâîäñòâ �� Âåñòíèê ÌÃÑÓ.

— 2013. — ¹ 12. — Ñ. 14–19.



16 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

17. Ping Tang, Juncheng Jiang. Numerical simulation of duct-vented gas explosion �� Procedia Engineering.

— 2011. — Vol. 18. — P. 25–30. DOI: 10.1016�j.proeng.2011.11.005.

18. Bauwens C. R., Chaffee J., Dorofeev S. Experimental and numerical study of methane-air deflagra-

tions in a vented enclosure �� Fire Safety Science. — 2008. — Vol. 9. — P. 1043–1054. DOI:

10.3801�IAFSS.FSS.9-1043.

19. Bauwens L., Bauwens C. R. L., Wierzba I. Oscillating flames: multiple-scale analysis �� Proceedings

of the Royal Society. A: Mathematical, Physical and Engineering Sciences. — 2009. — Vol. 465,

Issue 2107. — P. 2089–2110. DOI: 10.1098�rspa.2008.0388.

20. Ïîëàíäîâ Þ. Õ., Äîáðèêîâ Ñ. À., Êîðîëü÷åíêî À. ß. Âçðûâ ãàçà â öèëèíäðè÷åñêîé òðóáå ñ îòâåð-

ñòèåì íà áîêîâîé ïîâåðõíîñòè �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety. —

2016. — Ò. 25, ¹ 11. — Ñ. 17–26. DOI: 10.18322�PVB.2016.25.11.17-26.

21. Áåëîöåðêîâñêèé Î. Ì., Äàâûäîâ Þ. Ì. Ìåòîä êðóïíûõ ÷àñòèö â ãàçîâîé äèíàìèêå. — Ì. : Íàóêà,

1982. — 392 ñ.
Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 15 èþíÿ 2018 ã.

Äëÿ öèòèðîâàíèÿ: Ïîëàíäîâ Þ. Õ., Êîðîëü÷åíêî À. Ä. Îá óñëîâèÿõ ðàçâèòèÿ âèáðàöèîííîãî

ãîðåíèÿ ïðè ãàçîâîì âçðûâå â íåçàìêíóòîì îáúåìå �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and

Explosion Safety. — 2018. — Ò. 27, ¹ 7–8. — Ñ. 9–23. DOI: 10.18322/PVB.2018.27.07-08.9-23.



17ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

Yu. Kh. POLANDOV, Doctor of Technical Sciences, Professor, Head of
Scientific-Educational Center “Fluid Mechanics. Combustion”, Orel State
University named after I. S. Turgenev (Komsomolskaya St., 95, Orel, 302026,

Russian Federation; e-mail: polandov@yandex.ru)

A. D. KOROLCHENKO, Engineer of Testing Laboratory of Institute of
Integrated Safety in Construction, National Research Moscow State
University of Civil Engineering (Yaroslavskoye Shosse, 26, Moscow, 129337,

Russian Federation; e-mail: ikbs@mgsu.ru)

UDC 614.83;536.46

ON CONDITIONS ENABLING RESONANT COMBUSTION
IN GAS EXPLOSION IN NON-ENCLOSED VOLUME

It has been observed, that resonant combustion may develop in gas explosions taking place in chambers
with light relief panel after the panel is removed. It has been noted, that initiation of the resonant
combustion coincides with the moment of the combustion wave approaching the chamber walls. It has
been found out that the location of the ignition point has a great influence over the oscillation inten-
sity: when the ignition happens closer to the center of the chamber, the amplitude increases and may
reach the values that are from 5 to 10 times higher than the panel removal pressure, thus signifying
the resonant combustion as a highly hazardous factor.
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Introduction. Rationale

Statistics shows that over 95 % of gas explosions take

place in households [1]. This circumstance is notable,

as an explosion in domestic space has characteristic de-

velopment conditions, primarily because the explosion

takes place in relatively small rooms that have a limited

variety of forms. Information in regulatory documents

(including the fundamental ones, such as GOST R

12.3.047–2012, BS EN 14994:2007, NFPA 68) and

published papers covering risk reduction for possible

gas explosion in such premises amounts to a recommen-

dation to use windows as relief structures (RS) that are

destructible when the pressure inside increases, thus pro-

viding connection of the inner volume with the atmo-

sphere. Recommendations in these standards are based

upon studies of explosions with ignition of gas-air mix-

ture in the middle of approximately cubic rooms. They also

have corrections for flame-generated turbulence in case

of explosion at premises with the form deviating from

cubic one, etc. [2–9]. Only GOST R 12.3.047 passingly

mentions a possible influence of resonant combustion

and only. At that, development of this variant of explo-

sion is linked with the relief structure removal speed:

“momentary” breaking of relief section increases pro-

bability of resonant combustion arising inside the appa-

ratus. Amplitude in the acoustic wave of resonant com-

bustion may attain ±0.1 MPa. Actuating the mixture, e. g.,

with a fan during the development of the explosion leads

to decrease in amplitude of pressure oscillations…”.

It should be noted, that the value of pressure stated in

this quotation is more than an order of magnitude higher

than the allowable pressure indoors and only for pre-

mises that are in category Aor B of fire-explosion safety.

The document mentions no other factors influencing

appearance and development of resonant combustion

other than momentary breaking and actuating the mix-

ture. Nevertheless, this statement puts the efficiency of

fire and explosion safety measures in question, if they

do not cover development of this dangerous type of

combustion.

Answering the question whether the resonant com-

bustion is possible in gas explosions in residential pro-

perties, let us note that the experimentally registered

events of resonant combustion refer to volumes that are

close to those of residential properties [10, 11]. It gives

us ground to suppose that such phenomenon may take

place in real life.

Resonant combustion in brief

The first reports of resonant combustion as a labora-

tory effect date back to the times of Higgins and Rijke

(XIX century) [12]. Appearance of this effect is known

from publications that analyzed burning of hydrocarbon

fuels in industrial furnaces and combustion chambers

of aircraft and rocket engines. In some cases the resonant

combustion was marked as a problem [12, 13], as it

leads to destruction of the structure, in others — as a way

to boost the combustion process [14]. Let us note that in

those cases there was a combustion with a stationary or

quazistationary nature. Gas explosion, which lasts for

less than one second and has a pronouncedly non-sta-

tionary nature, is a different story. In turns out that

during this fast process, under certain conditions the re-
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sonant combustion may develop as well, as it is evident

from experiments conducted both in Russia [10] and

abroad [11]. According to the results of these expe-

riments, under resonant combustion conditions, both

amplitude of oscillations and the average explosion

pressure underwent abrupt increase (sometimes several-

fold) in comparison to a regular explosion, which is not

only supportive of the quote above, but also extends

the hazard boundary. With respect to real-life situa-

tions, it means that, on the one hand, the hazard of build-

ing destruction and both loss of life and loss of property

risks are significantly higher than those stated in the re-

gulations, and on the other hand, that studying the re-

sonant combustion in gas explosions shall be seen as

a viable problem.

On possibility of predicting
the resonant combustion

Is there a resonant combustion mode in real-life do-

mestic gas explosions? This thesis is impossible to con-

test, neither support, as the residential accommodations

are not equipped with modern means of measurement

and recording.

It is virtually impossible to predict appearance and

development of the resonant combustion from mathe-

matical models that were created before the rise of com-

puters and digital technologies and based upon feed-

back mechanism [12–14]. This is primarily due to the fact

that the oscillations that develop during the resonant

combustion have non-linear characteristics and mecha-

nisms of their actuation are also exclusively non-linear.

In short, they are self-sustained oscillations. During those

years, the equations used for process description were

almost exclusively linear, or, if absolutely necessary

those of low non-linearity. It is also not the only cause.

The thing is, acoustic oscillations appearing in the reso-

nant combustion are a process with distributed parame-

ters and they may be described with partial differential

equations, which may be solved only numerically. Cur-

rently, there are great hopes for CFD (Computational

Fluid Dynamics) numerical methods, however as of now

these hopes have been fruitless, as one group of authors

failed to describe these self-sustained oscillations using

the methods [15–17], while another group of authors

succeeded only after marking the oscillating contours

[18, 19].

Nevertheless, the authors of [8] succeeded in mo-

deling acoustic oscillation excitation when describing

a gas explosion in a cylindrical tube while applying the

large-particle method having been developed in Russia

[21]. At that, the system of equations used to describe

the explosive development did not have any feedback

loops: they appeared on their own, as a result of evolu-

tion of the solution. Unfortunately, self-sustained oscil-

lations are still not described for volumes similar to

those of accommodation spaces.

Naturally, to study the resonant combustion process

we shall select an expensive and inefficient experimen-

tal method, aiming at thoroughly looking through each

factor that may influence the resonant combustion de-

velopment under gas explosion conditions.

This paper studies influence of the stoichiometric

mixture ignition point location in open volume with

a size and form close to those of real-life accommoda-

tions.

Experimental means

Test bench. The experiment was carried out at the pre-

mises of Moscow State Construction University’s Insti-

tute of Complex Construction Safety with the help of

a cubic explosion chamber with the volume of 10 m3,

complying with the requirements of GOST R 56289–2014

and provided with a relief window with the area of 2 m2

(Fig. 1) [20]. Propane was fed into the chamber until

a mixture with air close to stoichoimetric was obtained.

Inside the chamber, there was a fan for mixture agita-

tion and an ignition device. During the experiment,

Fig. 1. Diagram of the chamber (a) and its initial state (b):

— pressure sensors; 1–5 — locations of ignition device;

the arrow shows the valve location
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the ignition device was moved along the chamber axis

from the valve to the back wall. According to the design

of the experiment, ignition happened in five various po-

ints: in the window plane, in the center of the chamber,

at the back wall and in the midway from the center.

To provide enclosed nature of the small chamber

when preparing the mixture, the relief window were

locked with a multi-use valve made of laminated wood

with the surface density of 5 kg�m2. During the explo-

sion, the valve is opened and the gases are releases to

the atmosphere. The valve was pressed against the body

with two calibrated 1.2 mm wires located in the upper

part of the valve and breaking when the pressure in

the enclosure rises. The lower part of the valve was

similarly pressed with four wires of the same diameter,

thus ensuring that the top wires to be broken first and

the bottom ones last. Such a sequence of actuation of

collapsing elements allowed rather confidently re-

producing the first pressure peaks of explosions in

the chamber.

Measuring equipment. The pressure measuring sys-

tem included the following devices: three piezometric

pressure transmitters MPX5050GP (at the back wall,

as the center of the sidewall and at the front wall near

the window); transmitter power supply BP04B-42;

ADC LA-20 USB (manufactured by ZAO Rudnev–

Shilyayev) and a PC. A standard version of Microsoft

Excel 2010 was used for data processing and plotting.

Gas concentration in the volume was determined by

measuring its voluminous flow with a household-grade

orifice gas meter BK G4Ò (manufactured by Elster-

Gmbh, Germany). The meter is provided with a thermal

compensation device to reduce the influence of ambient

air temperature, thus ensuring admissible error of measu-

rement throughout the working range: 1.5 % maximum.

However, there is another type of error due to

the process of filling the chamber with gas. The thing is,

the pressure in the chamber increases, leading to gas-air

mixture leaving the chamber through any type of leaks

and openings, usually at the joint between the valve and

the body. This leakage reduces the real value of gas con-

centration in the room, the error may reach up to 2.5 %.

Thanks to accurate solution of the gas leakage problem,

an engineering method for its calculation has been de-

veloped [8]. The method allows calculating the gas vo-

lume that shall be supplied to the chamber to obtain

a required concentration:

V V cg � � �( ) ,1 1 2

where Vg is the volume of supplied gas, m3;

V is the chamber volume, m3;

ñ is the required concentration.

For instance, for the chamber with the V = 10 m3

that was employed in the experiments, to attain 5 % con-

centration, is was necessary to supply 513.3 liter of gas.

Analysis of typical experiment

Fig. 2 shows video capture of an explosion with

ignition in Point 2, where one may see the beginning of

valve cracking, its location and the expansive form of

the jet exiting the chamber in various moments from

the beginning of the explosion. Unfiltered recordings of

the three channels of pressure measurement are given

in Fig. 3. Three stages of explosion development may be

distinguished in the figure. Point 0 means the signaling

of the explosion, then, during the first 0.25 sec pressure

in the chamber increases to 1500 Pag, then, as a result

of valve opening it drops abruptly, forming the first

pressure peak. The abrupt drop in pressure causes

oscillations that gradually fade. These are Helmholtz

oscillations. This statement is grounded in the fact that

the oscillation amplitudes and frequencies are virtually

the same for all the pressure transmitters, that is,

the chamber volume behaves as an integral whole. This

effect is well-known and described. Speaking of virtual

equality of the amplitudes, we shall nevertheless note

that the initial pressure (and oscillation amplitude) at

the back wall in Point À is somewhat higher than in other

points of the chamber. However, this is understandable,

as pressure difference with its excesses and deficien-

cies is the moving force behind the gas flow oscillations

when the gas proceeds into the chamber and out of it.

The oscillations fade as the average pressure in

the chamber falls to zero, but the explosion process

does not end there. As it has been noted by V. A. Gorev

et al [10] and C. Regis Bauwens, Sergey B. Dorofeev [18],

when the combustion wave approach the corners of

the chamber, acoustic oscillations arise (segment BC).

There is no doubt that they are acoustic oscillation, as,

first, their frequency is much higher than the Helmholtz

frequency, and second, despite the same frequency of

the oscillation in various points of the chamber, its am-

plitudes differ (but are of the same order of magnitude).

The acoustic oscillations fade with afterburning of

the mixture in the chamber, thus ending the explosion

process. The same frequency of oscillations (registered

by transmitters in various locations of the chamber) is

the evidence of an integral oscillatory process inside

the chamber, which is possible for radial type of oscilla-

tions with standing pressure wave nodes at the chamber

walls.

Analysis of the experimental results

Fig. 4 shows the results of processing 20 experi-

mental explosions at 4 % by vol. concentration of gas

and five locations of the ignition device (see Fig. 1).

Weak repeatability of the experiment is notable, despite

the same starting conditions used in its preparation.

This circumstance support the complicated nature of

studying such a phenomenon as acoustic oscillations in

explosions. It may be excused by the fact that other re-



20 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8

ÏÐÎÖÅÑÑÛ ÃÎÐÅÍÈß, ÄÅÒÎÍÀÖÈÈ È ÂÇÐÛÂÀ

searchers stay away from this issue, so there is nothing

to compare this important factor to.

The common oscillatory process and the possibility

for a significant growth of their excursion in case of

central location of the ignition device (Point 3 in Fig. 1)

allow assuming that these oscillations have a radial nature.

This hypothesis is in agreement with frequency calcu-

lation, if we assume that, on the one hand, the speed

of sound in the combustion products is a kRT� �

� � � �14 290 1660. 800 m�s (where k is Boltzmann’s

constant, k = 1.4; R is the gas constant, for air we may

take R = 290 J�(kg·K); Ò is the gas temperature, Ê),

on the other hand, there is a standing wave in the chamber

with its quarter-wavelength equal to the half of the cham-

ber’s length (radius). In this case, the wavelength L (m)

is 4 m, and thus frequency of oscillation f = L�a =

= 4�800 = 200 sec–1, which is virtually the same as in

the experimental results. High-speed filming inside

Fig. 3. Pressure evolution in the chamber when igniting the gas in Point 2:— — pressure at the back wall;—— pressure at the side

wall; — — pressure at the front wall

Fig. 2. Still frames from mixture ignition in Point 2 at various moments from the beginning of the explosion: a — 0.12 sec; b — 0.20 sec;

c — 0.30 sec; d — 0.70 sec
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the camera [10, 11] has shown that the oscillations arise

when the combustion wave approaches the walls of

the chamber.

In Fig. 4 there is a vivid trend to increased excursion

of the oscillations when the ignition device is located

closer to the center of the chamber. Despite the wide

scatter of the results, especially when igniting in the center

of the chamber, one may expect that this variant of igni-

tion results in a possibly most hazardous development

of the explosion.

Moving the ignition away from the center of chamber

makes the combustion wave asymmetric with respect

to the center, thus leading to mismatch of its action upon

the oscillatory process of the combustion wave and im-

possibility to develop a resonance at the radial oscilla-

tion frequency. This fact is also supported by results

from other researchers [10, 11].

When replacing the light plywood valve with RS

with a surface density of 30 kg�m2 [8], there were no

significant Helmholtz oscillations recorded and no symp-

toms of acoustic oscillations at all (Fig. 5). These re-

sults had good repeatability.

It is known, that in closed (without gas relief) cham-

bers the resonant combustion never develops [5]. Speak-

ing of momentary break of relief section and mixture

actuation mentioned in GOST R 12.3.047, first, it is

evident that the authors of the standard took Helmholtz

oscillations for acoustic ones, and second, influence of

actuation onto resonant combustion requires further ex-

perimental verification.

There is another interesting effect that was noted

when igniting the mixture near the back wall (Fig. 6)

and which is well repeatable. It is Helmholtz oscilla-

tions of large amplitude represented in Fig. 6 with two

peaks against the acoustic oscillations (resonant com-

bustion) of low amplitude. It is possible that it is due to

the fact that in this case the most of the gas-air mixture

is ejected from the chamber and then immediately ex-

plode outside the window (energy of this explosion may

cause destruction of glazing in nearby buildings). Ex-

plosive pressure during the explosion locks the window

section, leading to increased pressure in the chamber

and appearance of two pressure peaks with the Helm-

holtz frequency. Maximum pressure in these peaks is

insignificantly higher than the value of the first peak.

In all the experiments where resonant combustion

was observed [10, 11], the volume of the room and

the area of the window had close values of the dimension-

less factor criterion B F V� 3 = 0,53�0,60 (where F

is the window area, V is the chamber volume). When

this criterion is less than 0.5, no resonant combustion

was observed [7, 16].

Fig. 4. Maximum excursion of oscillations depending on loca-

tion of ignition

Fig. 5. Pressure evolution when relieving a panel with a weight of 60 kg: — — pressure at the back wall; — — pressure at

the side wall; — — pressure at the front wall
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Conditions that enable resonant
combustion in gas explosion

The experimental data obtained allowed to comple-

ment the previously published results pertaining to re-

sonant combustion in explosion. It allowed identifying

the conditions that make the resonant combustion pos-

sible:
� the size of the chamber is on no importance: this

type of combustion was observed for chambers

with V = 1 m3 [10], V = 10 m3, and V = 63 m3 [11];
� chamber forms is close to cubic one [10, 11];
� gas-air mixture is close to stoichoimetric one [11];
� the value of criterion B is higher than 0.53;
� the valve (RS) has the surface density lower than

5 kg�m2;
� ignition of the gas mixture takes place in the center

of the chamber.

Deviation from these conditions leads to reduced

amplitude of the oscillations in explosion, down to in-

significant manifestations of such type of combustion.

It is hard to tell, how well these resonant-combustion-

enabling conditions may be implemented in an accom-

modation space.

The Helmholtz oscillations of pressure are irrele-

vant to the resonant combustion. They arise due to an

abrupt drop in pressure when the window is opened, or

when the window section is under gas-dynamic lock

due to a gas explosion outside the chamber. The ampli-

tude of these oscillations in the first case never exceeds

the first pressure peak, while in the second case (explo-

sions outside the chamber) it exceeds the first peak in-

significantly.

Conclusions

Resonant combustion in gas explosion increases

hazard level. To reduce the hazard, it is necessary to

identify the main conditions enabling the resonant

combustion. It has been found out, that the oscillations

of the highest intensity are observed in chambers that

approach cube in theirs form and when the gas-air mix-

ture is ignited in the center of the chamber. Window

size, RS weight, quality of the mixture and other factors

also influence the amplitude. Radial acoustic oscillati-

ons with the frequency of the first mode are characteris-

tic for this type of combustion. The resonant combusti-

on arises when the combustion wave approaches the

walls of the chamber. The oscillations are weakened if

the ignition source moved away from the center of the

chamber, RS weight is increased, window area is redu-

ced or gas concentration is reduced.
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ÏËÎÑÊÎÑÒÈ ÐÀÂÍÛÕ ÄÀÂËÅÍÈÉ ÏÐÈ ÏÎÆÀÐÅ

Âûïîëíåíà òåîðåòè÷åñêàÿ îöåíêà âëèÿíèÿ íåîäíîðîäíîãî ðàñïðåäåëåíèÿ òåìïåðàòóð ïî âûñîòå
ïîìåùåíèÿ íà âûñîòó ïëîñêîñòè ðàâíûõ äàâëåíèé ïðè ïîæàðå. Ïîêàçàíî, ÷òî â îòêðûòîì ïðîåìå
ìîãóò ñóùåñòâîâàòü äâå íåéòðàëüíûå ïëîñêîñòè. Ïîëó÷åíû ýêñïåðèìåíòàëüíûå çàâèñèìîñòè
ðàñïðåäåëåíèÿ òåìïåðàòóð ïî âûñîòå è âûñîòû ïëîñêîñòè ðàâíûõ äàâëåíèé îò âðåìåíè. Ïðîâå-
äåíî ñðàâíåíèå òåîðåòè÷åñêèõ ðàñïðåäåëåíèé òåìïåðàòóð ïî âûñîòå ýêñïåðèìåíòàëüíîãî îáú-
åìà, ïîëó÷åííûõ ñ ó÷åòîì è áåç ó÷åòà íåîäíîðîäíîãî ðàñïðåäåëåíèÿ òåìïåðàòóð, ñ ýêñïåðèìåí-
òàëüíûìè äàííûìè. Ýêñïåðèìåíòàëüíî ïîäòâåðæäåíî ñóùåñòâîâàíèå äâóõ ïëîñêîñòåé ðàâíûõ
äàâëåíèé íà íà÷àëüíîé ñòàäèè ðàçâèòèÿ ïîæàðà. Ïîêàçàíî, ÷òî äëÿ äîñòîâåðíîãî îáîñíîâàíèÿ
âðåìåíè ñðàáàòûâàíèÿ ïîæàðíûõ òåìïåðàòóðíûõ èçâåùàòåëåé íåîáõîäèìî ó÷èòûâàòü íåîäíî-
ðîäíîñòü òåìïåðàòóðíîãî ïîëÿ ïî âûñîòå ïîìåùåíèÿ.

Êëþ÷åâûå ñëîâà: ïîæàð; òåðìîãàçîäèíàìèêà; ïëîñêîñòü ðàâíûõ äàâëåíèé; ðàñïðåäåëåíèå òåì-
ïåðàòóð; òåïëîìàññîîáìåí ÷åðåç ïðîåì.

DOI: 10.18322/PVB.2018.27.07-08.24-31

Ââåäåíèå

Òåïëîìàññîîáìåí ÷åðåç îòêðûòûå ïðîåìû ÿâëÿåòñÿ

îäíèì èç íàèáîëåå çíà÷èìûõ ôàêòîðîâ òåðìîãàçî-

äèíàìè÷åñêîé êàðòèíû ïîæàðà, îïðåäåëÿþùèõ äè-

íàìèêó ðàçâèòèÿ îïàñíûõ ôàêòîðîâ ïîæàðà â ïîìå-

ùåíèè [1–21].

Ïîä âîçäåéñòâèåì ïåðåïàäà äàâëåíèé âíóòðè è

ñíàðóæè ïîìåùåíèÿ ïðîèñõîäèò åñòåñòâåííûé ãàçî-

îáìåí ÷åðåç ïðîåìû. Íà ðàñïðåäåëåíèå äàâëåíèÿ

âíóòðè ïîìåùåíèÿ ïî åãî âûñîòå è, ñëåäîâàòåëüíî,

íà âûñîòó ðàñïîëîæåíèÿ ïëîñêîñòè ðàâíûõ äàâëåíèé

(èëè íåéòðàëüíîé ïëîñêîñòè), à òàêæå íà ìàññîâûå

ðàñõîäû ãàçîâ, âûõîäÿùèõ ÷åðåç ïðîåìû íàðóæó,

è âîçäóõà, ïîñòóïàþùåãî â ïîìåùåíèå, ðåøàþùåå

âëèÿíèå îêàçûâàåò íåîäíîðîäíîñòü òåìïåðàòóðíî-

ãî ïîëÿ ïî âûñîòå ïîìåùåíèÿ.

Â ïåðâîì ïðèáëèæåíèè â èíòåãðàëüíîé ìîäåëè

ðàñ÷åòà äèíàìèêè ðàçâèòèÿ îïàñíûõ ôàêòîðîâ ïîæà-

ðà òåìïåðàòóðà ïî âûñîòå ïîìåùåíèÿ ïðèíèìàåòñÿ

ïîñòîÿííîé è ðàâíîé åå ñðåäíåîáúåìíîìó çíà÷å-

íèþ [1]. Îäíàêî â ðàáîòàõ [2–4] ïîêàçàíî, ÷òî òåì-

ïåðàòóðà ñóùåñòâåííî èçìåíÿåòñÿ ïî âûñîòå, à ðàñ-

ïðåäåëåíèå äàâëåíèé ïî âûñîòå âíóòðè ïîìåùåíèÿ

íå ÿâëÿåòñÿ ëèíåéíûì, êàê ïðèíÿòî â ðàáîòå [1].

Öåëü íàñòîÿùåé ñòàòüè — ýêñïåðèìåíòàëüíàÿ è

òåîðåòè÷åñêàÿ îöåíêà âëèÿíèÿ íåîäíîðîäíîãî ðàñ-

ïðåäåëåíèÿ òåìïåðàòóð ïî âûñîòå ïîìåùåíèÿ íà

âûñîòó ðàñïîëîæåíèÿ íåéòðàëüíîé ïëîñêîñòè.

Äëÿ äîñòèæåíèÿ öåëè áûëè ïðîâåäåíû òåîðåòè-

÷åñêèå è ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ðàñïðå-

äåëåíèÿ òåìïåðàòóð ïî âûñîòå, à òàêæå îïðåäåëåíèÿ

ïîëîæåíèÿ ïëîñêîñòè ðàâíûõ äàâëåíèé íà íà÷àëü-

íîé ñòàäèè ðàçâèòèÿ ïîæàðà.

© Ïóçà÷ Ñ. Â., Ñèòíèêîâ È. Â., Ëåáåä÷åíêî Î. Ñ., Êîìðàêîâ Ï. Â., Äî Òõàíü Òóíã, 2018
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Ðàñïðåäåëåíèå òåìïåðàòóð
ïî âûñîòå ïîìåùåíèÿ ïðè ïîæàðå

Â ðàáîòå [1] âûðàæåíèå ðàñïðåäåëåíèÿ òåìïåðà-

òóð ïî âûñîòå ïîìåùåíèÿ èìååò âèä:
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ãäå T — ëîêàëüíàÿ òåìïåðàòóðà íà âûñîòå z îò óðîâ-

íÿ ïîëà ïîìåùåíèÿ, Ê;

Tñð — ñðåäíåîáúåìíàÿ òåìïåðàòóðà ãàçîâîé ñðå-

äû ïîìåùåíèÿ, Ê;

T0 — íà÷àëüíàÿ òåìïåðàòóðà â ïîìåùåíèè, Ê;

h — ïîëîâèíà âûñîòû ïîìåùåíèÿ, ì.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî-

êàçûâàþò, ÷òî ðàñïðåäåëåíèå òåìïåðàòóð ïî âûñîòå

ïîìåùåíèÿ âî ìíîãèõ ñëó÷àÿõ ìîæíî àïïðîêñèìè-

ðîâàòü ñëåäóþùåé çàâèñèìîñòüþ [3]:
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ãäå a — ýêñïåðèìåíòàëüíûé áåçðàçìåðíûé êîýôôè-

öèåíò, ó÷èòûâàþùèé íåîäíîðîäíîå ðàñïðåäå-

ëåíèå òåìïåðàòóð ïî âûñîòå.

Âûñîòà ðàñïîëîæåíèÿ ïëîñêîñòè ðàâíûõ äàâëå-

íèé [3] îïðåäåëÿåòñÿ êàê:
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ãäå z íï — áåçðàçìåðíàÿ âûñîòà íåéòðàëüíîé ïëîñ-

êîñòè; z z híï íï� ;

zíï — âûñîòà íåéòðàëüíîé ïëîñêîñòè, ì;

�ñð — ñðåäíåîáúåìíàÿ ïëîòíîñòü ãàçîâîé ñðåäû

ïîìåùåíèÿ, êã�ì3;

�â — ïëîòíîñòü íàðóæíîãî âîçäóõà, êã�ì3;

pñð — ñðåäíåîáúåìíîå äàâëåíèå â ãàçîâîé ñðåäå

ïîìåùåíèÿ, Ïà;

pâ — äàâëåíèå àòìîñôåðíîãî âîçäóõà íà âûñîòå,

ðàâíîé ïîëîâèíå âûñîòû ïîìåùåíèÿ, Ïà;

g — óñêîðåíèå ñâîáîäíîãî ïàäåíèÿ, ì�ñ2.

Èç ôîðìóëû (3) âèäíî, ÷òî â ïîìåùåíèè ìîãóò

ñóùåñòâîâàòü äâå íåéòðàëüíûõ ïëîñêîñòè. Íàïðèìåð,

â ÷àñòíîì ñëó÷àå, êîãäà �ñð = 1 êã�ì3, �â = 1,2 êã�ì3,

pñð – pâ = 3,2 Ïà, h = 3 ì, a = 0,3, äâå ïëîñêîñòè ðàâ-

íûõ äàâëåíèé ðàñïîëîæåíû íà âûñîòå zíï1 = 0,9 ì

è zíï2 = 2,1 ì.

Ýòî ïîäòâåðæäàåòñÿ ðàñ÷åòàìè ñ èñïîëüçîâàíè-

åì ïîëåâîé òðåõìåðíîé ìîäåëè ðàñ÷åòà òåïëîìàñ-

ñîîáìåíà ïðè ïîæàðå [2, 22], â êîòîðûõ ïîêàçàí

ñëó÷àé âîçíèêíîâåíèÿ äâóõ ïëîñêîñòåé ðàâíûõ

äàâëåíèé â äâåðíîì ïðîåìå ïîìåùåíèÿ ðàçìåðàìè

35�15�6 ì ÷åðåç 30 ñ îò íà÷àëà ãîðåíèÿ êåðîñèíà

(ðèñ. 1 [2, 22]).

Èç ðèñ. 1 âèäíî, ÷òî ñóùåñòâóþò äâå ïîâåðõíî-

ñòè, ãäå ñêîðîñòè ðàâíû íóëþ. Âáëèçè óðîâíÿ ïîëà

îáðàçóåòñÿ çîíà òå÷åíèÿ ãàçîâ íàðóæó.

Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà
è ìåòîäèêà ïðîâåäåíèÿ ýêñïåðèìåíòîâ

Ýêñïåðèìåíòû ïðîâîäèëèñü íà äâóõ îïûòíûõ

óñòàíîâêàõ. Ñõåìà óñòàíîâêè ¹ 1 ïðåäñòàâëåíà íà

ðèñ. 2.

Ðèñ. 1. Ïîëÿ ñêîðîñòåé â ïëîñêîñòè ïðîåìà, ðàñïîëîæåííîãî

â íèæíåé ÷àñòè ïîìåùåíèÿ ðàçìåðîì 35�15�6 ì, ÷åðåç 30 ñ

îò íà÷àëà ãîðåíèÿ êåðîñèíà: 1 — âåðõíÿÿ ïëîñêîñòü ðàâíûõ

äàâëåíèé; 2 — òî æå, íèæíÿÿ; x — êîîðäèíàòà âäîëü äëèíû

ïîìåùåíèÿ

Fig. 1. The velocity fields in the plane of the opening located in

the lower part of the premise with a size of 35�15�6 m after

30 sec from the start of kerosene combustion: 1 — the upper

plane of equal pressures; 2 — the same, lower; x — coordinate

along the length of the room

Ðèñ. 2. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 1: 1 — äàò-

÷èê òåìïåðàòóðû; 2 — îòâåðñòèå äëÿ åñòåñòâåííîãî ïðèòîêà

âîçäóõà; 3 — ëàáîðàòîðíàÿ ÷àøêà èç àëþìèíèÿ (ïîääîí);

4 — äûìîïðèåìíîå îòâåðñòèå

Fig. 2. Scheme of the experimental installation no. 1: 1 — tempe-

rature sensor; 2 — hole for natural air inflow; 3 — laboratory cup

made of aluminum (pallet); 4 — smoke inlet
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Â êà÷åñòâå ìàòåðèàëà ñòåí èñïîëüçîâàëñÿ ñòåê-

ëîìàãíèåâûé ëèñò òîëùèíîé 10 ìì.

Ðàçìåðû ýêñïåðèìåíòàëüíîãî îáúåìà ñîñòàâëÿ-

ëè 1�0,8�0,8 ì, îòâåðñòèÿ äëÿ åñòåñòâåííîãî ïðèòî-

êà âîçäóõà — 0,4�0,18 ì.

Â êà÷åñòâå ãîðþ÷åãî âåùåñòâà èñïîëüçîâàëñÿ

ýòèëîâûé ñïèðò, êîòîðûì çàïîëíÿëè ëàáîðàòîðíóþ

÷àøêó èç àëþìèíèÿ (ïîääîí) äèàìåòðîì 0,09 ì, óñòà-

íîâëåííóþ íà äîïîëíèòåëüíîé ïëàòôîðìå â öåíòðå

óñòàíîâêè.

Ñìåñü ïðîäóêòîâ ãîðåíèÿ è âîçäóõ óäàëÿëèñü

ñèñòåìîé ïðîòèâîäûìíîé âåíòèëÿöèè ÷åðåç äûìî-

ïðèåìíîå îòâåðñòèå. Ñèñòåìà âûòÿæíîé ïðîòèâî-

äûìíîé âåíòèëÿöèè ïðåäñòàâëÿëà ñîáîé ðàäèàëü-

íûé âåíòèëÿòîð ìîùíîñòüþ 216 Âò, ïîäñîåäèíåí-

íûé ê óñòàíîâêå ñ ïîìîùüþ ãîôðèðîâàííîé òðóáû

äèàìåòðîì 0,1 ì. Ñêîðîñòü ïîòîêà ãàçîâîé ñðåäû

ðåãóëèðîâàëàñü ïîñðåäñòâîì âûñîêîòî÷íîãî ÷àñòîò-

íîãî ïðåîáðàçîâàòåëÿ ôèðìû Lenze, ïîäêëþ÷åííî-

ãî ÷åðåç ýëåêòðè÷åñêóþ ñåòü ê âåíòèëÿòîðó.

Äëÿ êîíòðîëÿ òåìïåðàòóðû ãàçîâîé ñðåäû âíóò-

ðè ýêñïåðèìåíòàëüíîé ìîäåëè ïîìåùåíèÿ èñïîëü-

çîâàëñÿ ìíîãîêàíàëüíûé èçìåðèòåëü òåìïåðàòóðû

ÒÌ-12Ì ñ âûñîêèì (II) êëàññîì òî÷íîñòè. Èçìåðå-

íèå òåìïåðàòóðû ïðîâîäèëîñü ñ ïîìîùüþ 12 òåðìî-

ïàð, ðàñïîëîæåííûõ â öåíòðå óñëîâíûõ ðàâíîâåëè-

êèõ îáúåìîâ ôèçè÷åñêîé ìîäåëè íà òðåõ óðîâíÿõ îò

ïîëà óñòàíîâêè (0,2; 0,4 è 0,6 ì). Äàò÷èêè êðåïè-

ëèñü íà ìåäíóþ ïðîâîëîêó, íàòÿíóòóþ ìåæäó ãðà-

íÿìè ìîäåëè. Âðåìåííîé èíòåðâàë ðåçóëüòàòîâ èç-

ìåðåíèÿ ñîñòàâëÿë 5 ñ.

Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 2 ïðè-

âåäåíà íà ðèñ. 3.

Â êà÷åñòâå ãîðþ÷åãî âåùåñòâà èñïîëüçîâàëàñü

äðåâåñèíà (ñîñíà), êîòîðàÿ çàêëàäûâàëàñü â ïîääîí 4.

Èç-çà íåäîñòàòî÷íîãî êîëè÷åñòâà òåðìîïàð âíóòðè

ýêñïåðèìåíòàëüíîãî îáúåìà íà äàííîé óñòàíîâêå

èçìåðÿëè òîëüêî ïîëîæåíèå ïëîñêîñòè ðàâíûõ äàâ-

ëåíèé. Äëÿ ýòîãî ïî öåíòðó îòêðûòîãî ïðîåìà 9

÷åðåç êàæäûå 20 ñ èñïûòàíèé â âåðòèêàëüíîì íà-

ïðàâëåíèè ïîäíèìàëàñü ãîðÿùàÿ ñâå÷à. Ïî îòêëî-

íåíèþ ïëàìåíè ñ ïîìîùüþ âèäåîñúåìêè íàõîäèëè

âûñîòó ðàñïîëîæåíèÿ ïëîñêîñòåé ðàâíûõ äàâëåíèé.

Ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî
èññëåäîâàíèÿ

Ðàñïðåäåëåíèÿ îòíîñèòåëüíûõ, ñðåäíèõ ïî êàæ-

äîìó óðîâíþ çíà÷åíèé òåìïåðàòóð ïî âûñîòå ýêñ-

ïåðèìåíòàëüíîé óñòàíîâêè ¹ 1 â ìîìåíòû âðåìå-

íè 60, 90, 120, 150, 180 è 240 ñ îò íà÷àëà ãîðåíèÿ

ïðåäñòàâëåíû íà ðèñ. 4.

Ñðåäíåîáúåìíàÿ òåìïåðàòóðà tñð â ìîìåíò âðå-

ìåíè � = 60 ñ ñîñòàâëÿëà 36,9  Ñ, ïðè � = 240 ñ —

57,8 °Ñ.

Èç ðèñ. 4 âèäíî, ÷òî ðàñ÷åò ïî ôîðìóëå (2) ïðè

êîýôôèöèåíòå à = 0,1 (êðèâàÿ 1) ñîâïàäàåò ñ ýêñïå-

ðèìåíòàëüíûìè äàííûìè ñ ïîãðåøíîñòüþ, íå ïðå-

âûøàþùåé 3 %.

Ïîãðåøíîñòü ðàñ÷åòà ñ èñïîëüçîâàíèåì ôîðìó-

ëû (1) ïî ñðàâíåíèþ ñ ðåçóëüòàòàìè, ïîëó÷åííûìè

Ðèñ. 3. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 2: 1 — êîìïü-

þòåð; 2 — ýëåêòðîííûå âåñû; 3 — øòîê; 4 — ïîääîí; 5 —

òåðìîïàðû; 6 — çîíò ñèñòåìû âåíòèëÿöèè; 7 — ìàêåò ïîìå-

ùåíèÿ; 8 — øòàáåëü; 9 — îòêðûòûé ïðîåì; 10 — ïëàòôîðìà

âåñîâ

Fig. 3. Scheme of the experimental installation no. 2: 1 — com-

puter; 2 — electronic scales; 3 — stock; 4 — pallet; 5 — thermo-

couples; 6 — umbrella of the ventilation system; 7 — model

of the premise; 8 — stack; 9 — opening; 10 — weighing plat-

form

Ðèñ. 4. Ðàñïðåäåëåíèå ñðåäíèõ ïî êàæäîìó óðîâíþ çíà÷åíèé

òåìïåðàòóð ïî âûñîòå ýêñïåðèìåíòàëüíîé óñòàíîâêè ¹ 2,

îïðåäåëÿåìûõ ïî ôîðìóëå (1) (1 — à = 0,1; 2 — à = 0,28),

ïî ôîðìóëå (2) (3 — � = 60 ñ; 4 — � = 240 ñ); ñèìâîëû — ýêñ-

ïåðèìåíò

Fig. 4. Distribution of the mean values temperatures for each

level of measurements along the height of the experimental in-

stallation no. 2, determined by the formula (1) (1 — a = 0.1; 2 —

a = 0.28), by the formula (2) (3 — � = 60 sec, 4 — � = 240 sec);

symbols — experiment
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ïî ôîðìóëå (2), íà óðîâíå ïåðåêðûòèÿ ïîìåùåíèÿ

íå ïðåâûøàåò 10 % ïðè � = 60 ñ è 26 % — ïðè

� = 240 ñ. Îòñþäà âèäíî, ÷òî ñ òå÷åíèåì âðåìåíè

ðàçâèòèÿ ïîæàðà òî÷íîñòü ôîðìóëû (1) ñíèæàåòñÿ.

Òàêèì îáðàçîì, èñïîëüçóåìàÿ â ðàáîòå [1] è â íîð-

ìàòèâíûõ äîêóìåíòàõ ïî ïîæàðíîé áåçîïàñíîñòè

(íàïðèìåð, â Ìåòîäèêå îïðåäåëåíèÿ ðàñ÷åòíûõ âå-

ëè÷èí ïîæàðíîãî ðèñêà â çäàíèÿõ, ñîîðóæåíèÿõ è

ñòðîåíèÿõ ðàçëè÷íûõ êëàññîâ ôóíêöèîíàëüíîé ïî-

æàðíîé îïàñíîñòè [23]) ôîðìóëà (1) òðåáóåò êîð-

ðåêòèðîâêè. Ïîãðåøíîñòü, êîòîðàÿ ìîæåò äîñòèãàòü

26 % íà óðîâíå ïåðåêðûòèÿ ïîìåùåíèÿ, íå ïîçâî-

ëÿåò äîñòîâåðíî îáîñíîâàòü âðåìÿ ñðàáàòûâàíèÿ

ïîæàðíûõ òåìïåðàòóðíûõ èçâåùàòåëåé. Ïðè ýòîì

ðàñ÷åòíîå âðåìÿ ñðàáàòûâàíèÿ âûøåóêàçàííûõ èç-

âåùàòåëåé áóäåò çàíèæàòüñÿ, ÷òî ïðèâåäåò ê íåäî-

îöåíêå ïîæàðíîé îïàñíîñòè, íàïðèìåð ê çàíèæåíèþ

âðåìåíè íà÷àëà ýâàêóàöèè èëè âêëþ÷åíèÿ ñèñòåì

ïîæàðíîé áåçîïàñíîñòè.

Çàâèñèìîñòè âûñîòû ðàñïîëîæåíèÿ ïëîñêîñòåé

ðàâíûõ äàâëåíèé îò âðåìåíè èñïûòàíèé â ýêñïåðè-

ìåíòàëüíîé óñòàíîâêå ¹ 2 ïðèâåäåíû íà ðèñ. 5.

Èç ðèñ. 5 âèäíî, ÷òî íà íà÷àëüíîé ñòàäèè ðàçâè-

òèÿ ïîæàðà ñóùåñòâóþò äâå íåéòðàëüíûå ïëîñêî-

ñòè. ×åðåç 3 ìèí îò íà÷àëà ãîðåíèÿ íèæíÿÿ ïëîñ-

êîñòü ðàâíûõ äàâëåíèé èñ÷åçàåò.

Ýòî îáúÿñíÿåòñÿ òåì, ÷òî ñ ðîñòîì òåìïåðàòóðû

è äàâëåíèÿ âíóòðè ýêñïåðèìåíòàëüíîãî îáúåìà âå-

ëè÷èíà âòîðîãî ñëàãàåìîãî (âûðàæåíèå âíóòðè

êâàäðàòíîãî êîðíÿ) ïðàâîé ÷àñòè óðàâíåíèÿ (3) âîç-

ðàñòàåò. Ïîýòîìó âûñîòà ðàñïîëîæåíèÿ íèæíåé

íåéòðàëüíîé ïëîñêîñòè, âû÷èñëÿåìàÿ ïðè çíàêå “–”

ïåðåä âòîðûì ñëàãàåìûì, óìåíüøàåòñÿ è ñòàíîâèò-

ñÿ îòðèöàòåëüíîé (íèæå óðîâíÿ ïîëà ïîìåùåíèÿ).

Çàêëþ÷åíèå

Ðàñïðåäåëåíèå òåìïåðàòóðû ïî âûñîòå ïîìåùå-

íèÿ, ó÷èòûâàþùåå íåîäíîðîäíîñòü òåìïåðàòóðíîãî

ïîëÿ è ñóùåñòâåííî âëèÿþùåå íà òåïëîìàññîîáìåí

÷åðåç îòêðûòûé ïðîåì ãàçîâîé ñðåäû ïîìåùåíèÿ ñ

îêðóæàþùåé ñðåäîé, óäîâëåòâîðèòåëüíî ñîâïàäàåò

ñ ýêñïåðèìåíòàëüíûìè äàííûìè.

Âûøåóêàçàííàÿ çàâèñèìîñòü ïîçâîëÿåò îáîñíî-

âàòü îäíîâðåìåííîå ñóùåñòâîâàíèå äâóõ ïëîñêî-

ñòåé ðàâíûõ äàâëåíèé, ÷òî ýêñïåðèìåíòàëüíî ïîä-

òâåðæäåíî äëÿ íà÷àëüíîé ñòàäèè ðàçâèòèÿ ïîæàðà â

îïûòíîé óñòàíîâêå.
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ABSTRACT

Introduction. Heat and mass transfer through open holes is influenced significantly by the tempe-

rature distribution over the height of the premise. In the first approximation in the integral model of

calculating the dynamics of dangerous fire factors, the temperature along the height of the premise is

assumed to be constant and equal to its average volume value. However, the temperature varies

significantly along height, and the distribution of pressures along the height inside the premise is not

linear. Therefore, it is necessary to conduct further experimental and theoretical studies of the in-

fluence of the inhomogeneity of the temperature field inside the premise on the parameters of heat and

mass transfer through the openings.

Goals and objectives. The purpose of the paper is to evaluate experimentally and theoretically

the influence of the inhomogeneity of the temperature distribution along the height of the premise

upon the height of the neutral plane. To achieve this, we used the formula for the temperature distribu-

tion along the altitude, which includes the empirical coefficient of the inhomogeneity of the tempera-

ture field. Experimental studies were carried out that made it possible to refine the above-mentioned

coefficient and determine the position of the plane of equal pressures at the initial stage of the fire.

Methods. A theoretical method for calculating the temperature distribution over the height of

the premise and the height of the neutral plane is used, as well as an experimental method for studying

heat and mass transfer in a small experimental installation.

Results. Experimental dependences of the temperature distribution along the height of the experi-

mental volume at different times and the height of the plane of equal pressures on time are obtained.

A comparison is made between experimental data and the theoretical temperature distributions along

the height obtained with and without allowance for temperature inhomogeneity. The existence of two

planes of equal pressures at the initial stage of the fire is experimentally confirmed. It is shown that for

a reliable justification of the response time of fire temperature detectors it is necessary to take into

account the inhomogeneity of temperature along the height of the premise.

Conclusion. The temperature distribution along the height of the premise, taking into account

the inhomogeneity of the temperature field, is in satisfactory agreement with the experimental data.

The above dependence allows us to justify the simultaneous existence of two planes of equal pressures,

which has been experimentally confirmed for the initial stage of a fire in a pilot installation.

Keywords: fire; thermal and gas dynamics; plane of equal pressure; temperatures distribution; heat

and mass transfer through an open holes.
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Ê ÂÎÏÐÎÑÓ ÎÁ ÎÖÅÍÊÅ ÝÔÔÅÊÒÈÂÍÎÑÒÈ
ÎÃÍÅÇÀÙÈÒÛ ÏÎËÈÌÅÐÍÛÕ ÌÀÒÅÐÈÀËÎÂ

Ïðåäñòàâëåíû îñíîâíûå òðåáîâàíèÿ, ðåãëàìåíòèðóþùèå ïîæàðîáåçîïàñíîå èñïîëüçîâàíèå
ïëàñòìàññ â ñòðîèòåëüñòâå, ïðîìûøëåííîñòè è íà òðàíñïîðòå. Ðàññìîòðåíû âîïðîñû ìåòîäîëî-
ãèè îöåíêè ýôôåêòèâíîñòè îãíåçàùèòû ïîëèìåðíûõ ìàòåðèàëîâ (ÏÌ) ñîãëàñíî ñóùåñòâóþùåé
íîðìàòèâíî-òåõíè÷åñêîé áàçå. Ïîêàçàíî, ÷òî â çàâèñèìîñòè îò îáëàñòè ïðèìåíåíèÿ è ôóíêöèî-
íàëüíîãî íàçíà÷åíèÿ ê ÏÌ ïðåäúÿâëÿþòñÿ ðàçíûå òðåáîâàíèÿ ïî ýôôåêòèâíîñòè îãíåçàùèòû.
Óñòàíîâëåíî, ÷òî, èñïîëüçóÿ ñðàâíèòåëüíóþ èíôîðìàöèþ î ïðîöåññàõ äåñòðóêöèè è òåðìîðàç-
ëîæåíèè ÏÌ â ïðèñóòñòâèè ðàçëè÷íûõ çàìåäëèòåëåé ãîðåíèÿ è îá èõ óñòîé÷èâîñòè ê îãíåâîìó
âîçäåéñòâèþ, íà ýòàïå ëàáîðàòîðíûõ èññëåäîâàíèé ìîæíî ñ äîñòàòî÷íî áîëüøîé âåðîÿòíîñòüþ
ïðîãíîçèðîâàòü ïîâåäåíèå ïîëèìåðíîé êîìïîçèöèè â óñëîâèÿõ ïðîâåäåíèÿ ñòàíäàðòíûõ èñ-
ïûòàíèé. Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïî ðàçðàáîòêå ïîëè-
ìåðîâ ïîíèæåííîé ãîðþ÷åñòè. Âûÿâëåíî, ÷òî âåñüìà àêòóàëüíî ïðîâåäåíèå èññëåäîâàíèÿ âîç-
ìîæíîñòè êîððåëÿöèè ïàðàìåòðîâ ãîðþ÷åñòè ñ èñïîëüçîâàíèåì ìàëîìàñøòàáíûõ è êðóïíî-
ìàñøòàáíûõ ìåòîäîâ èñïûòàíèé ïðè ðàçðàáîòêå êîìïîçèöèé ïîíèæåííîé ïîæàðíîé
îïàñíîñòè. Ñôîðìóëèðîâàíû âûâîäû î öåëåñîîáðàçíîñòè ðàçðàáîòêè êîìïëåêñíîãî ïîäõîäà ê
îöåíêå ñâîéñòâ ïîæàðíîé îïàñíîñòè îãíåçàùèùåííûõ ïîëèìåðîâ íà ëàáîðàòîðíîì ýòàïå èõ
ñîçäàíèÿ.

Êëþ÷åâûå ñëîâà: íîðìàòèâíàÿ áàçà; ïîæàðîáåçîïàñíîå ïðèìåíåíèå ïëàñòìàññ; ïîëèìåðíûå
ìàòåðèàëû; ìåòîäû îöåíêè ïîæàðíîé îïàñíîñòè; ýôôåêòèâíîñòü îãíåçàùèòû.

DOI: 10.18322/PVB.2018.27.07-08.32-42

Ââåäåíèå

Ðàçâèòèå ïðîèçâîäñòâà ïîëèìåðíûõ ìàòåðèàëîâ (ÏÌ)

è èõ äîñòàòî÷íî øèðîêîå ïðèìåíåíèå â ðàçëè÷íûõ

îòðàñëÿõ ñòðîèòåëüñòâà, ïðîìûøëåííîãî ïðîèçâîä-

ñòâà, íà òðàíñïîðòå âûäâèãàþò çàäà÷è ðàçðàáîòêè è

ñîçäàíèÿ ìàòåðèàëîâ ïîíèæåííîé ïîæàðíîé îïàñ-

íîñòè è ìàòåðèàëîâ ñ çàðàíåå çàäàííûìè ïîæàðî-

îïàñíûìè ñâîéñòâàìè â ðÿä ïðèîðèòåòíûõ.

Ñóùåñòâóþùàÿ íîðìàòèâíàÿ áàçà ïîæàðîáåç-

îïàñíîãî ïðèìåíåíèÿ ÏÌ â Ðîññèè è çà ðóáåæîì

îñíîâûâàåòñÿ íà îáëàñòè èõ èñïîëüçîâàíèÿ è ôóíê-

öèîíàëüíîì íàçíà÷åíèè. Âûáîð ìåòîäîâ îöåíêè è

ïàðàìåòðû ïîæàðíîé îïàñíîñòè ÏÌ çàâèñÿò îò òðå-

áîâàíèé íîðìàòèâíûõ äîêóìåíòîâ, ðåãëàìåíòèðó-

þùèõ èõ ïðèìåíåíèå [1].

Ñëåäóåò îòìåòèòü, ÷òî ðàçëè÷íûå óñëîâèÿ ïðî-

âåäåíèÿ èñïûòàíèé è êëàññèôèêàöèîííûå êðèòåðèè

â äåéñòâóþùèõ ñòàíäàðòíûõ ìåòîäàõ îöåíêè ïî-

æàðíîé îïàñíîñòè ÏÌ â çàâèñèìîñòè îò îáëàñòè èõ

èñïîëüçîâàíèÿ óñòàíàâëèâàþò âîçìîæíîñòü îáåñ-

ïå÷åíèÿ ðàçëè÷íîé ñòåïåíè èõ ýôôåêòèâíîé îãíå-

çàùèòû [2].

Â íàñòîÿùåé ñòàòüå ïðåäëîæåí îïòèìàëüíûé ñ

òî÷êè çðåíèÿ âûáîðà ìåòîäîâ è îïðåäåëÿåìûõ ïî-

êàçàòåëåé ïîäõîä ê îöåíêå ïîæàðíîé îïàñíîñòè ÏÌ

ïîíèæåííîé ãîðþ÷åñòè çà ñ÷åò ââåäåíèÿ â èõ ðåöåï-

òóðû çàìåäëèòåëåé ãîðåíèÿ (ÇÃ). Äëÿ îáîñíîâàíèÿ

ïîñòàíîâêè çàäà÷ áûëà ó÷òåíà íîìåíêëàòóðà äåé-

ñòâóþùèõ ìåòîäîâ èñïûòàíèé, õàðàêòåðíûå ýêñ-

ïëóàòàöèîííûå îñîáåííîñòè îòäåëüíûõ âèäîâ ÏÌ.

Ê îñíîâíûì ðåøàåìûì çàäà÷àì â ðàáîòå ñëåäóåò

îòíåñòè àíàëèç ïðèãîäíîñòè ýêñïåðèìåíòàëüíûõ

ìåòîäèê, îöåíêó ïîæàðíîé îïàñíîñòè ïîëèìåðíûõ

êîìïîçèöèé, èçó÷åíèå ìåõàíèçìà äåéñòâèÿ èíåðò-

íûõ íàïîëíèòåëåé (íà ïðèìåðå àëþìèíèåâûõ êîì-

ïîçèòíûõ ïàíåëåé ôàñàäíûõ ñèñòåì) è çàìåäëè-

òåëåé ãîðåíèÿ (íà ïðèìåðå ìàòåðèàëîâ íà îñíîâå

ÏÂÕ).

© Êîíñòàíòèíîâà Í. È., Ñìèðíîâ Í. Â., Øåáåêî À. Þ., 2018
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Ìåòîäîëîãè÷åñêàÿ áàçà
îöåíêè ïîæàðíîé îïàñíîñòè ÏÌ

Êëàññèôèêàöèÿ ñòðîèòåëüíûõ, òåêñòèëüíûõ, êî-

æåâåííûõ ìàòåðèàëîâ, à òàêæå ñòðîèòåëüíûõ êîí-

ñòðóêöèé ïî ïîæàðíîé îïàñíîñòè óñòàíîâëåíà Ôå-

äåðàëüíûì çàêîíîì ¹ 123-ÔÇ “Òåõíè÷åñêèé ðåã-

ëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè”

(äàëåå — ÔÇ ¹ 123). Îñíîâíûìè ñâîéñòâàìè ïî-

æàðíîé îïàñíîñòè, íàïðèìåð, äëÿ ñòðîèòåëüíûõ ìà-

òåðèàëîâ ÿâëÿþòñÿ ãðóïïû âîñïëàìåíÿåìîñòè, ãî-

ðþ÷åñòè, ðàñïðîñòðàíåíèÿ ïëàìåíè ïî ïîâåðõíîñòè,

äûìîîáðàçóþùàÿ ñïîñîáíîñòü è òîêñè÷íîñòü ïðî-

äóêòîâ ãîðåíèÿ, îïðåäåëÿåìûå ïî ÃÎÑÒ 30402–95,

ÃÎÑÒ30244–94,ÃÎÑÒÐ51032–95,ÃÎÑÒ12.1.044–89.

Íåêîòîðûå òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè,

ïðåäúÿâëÿåìûå ê ïîëèìåðíûì ìàòåðèàëàì äëÿ îò-

äåëêè, â òîì ÷èñëå òåêñòèëüíûì, íå âîøåäøèå â

ÔÇ ¹ 123, îòðàæåíû â íîðìàòèâíûõ äîêóìåíòàõ ïî

ïîæàðíîé áåçîïàñíîñòè. Â ÷àñòíîñòè, â ÑÏ 4.13130

èçëîæåíû òðåáîâàíèÿ ïî ãîðþ÷åñòè è òîêñè÷íîñòè

ïðîäóêòîâ ãîðåíèÿ ê ìàòåðèàëàì äëÿ ñèäåíèé íà

òðèáóíàõ ñïîðòèâíûõ ñîîðóæåíèé è â çàëüíûõ ïî-

ìåùåíèÿõ êóëüòóðíî-çðåëèùíûõ îáúåêòîâ.

Îñíîâíûå òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè,

ïðåäúÿâëÿåìûå ê ÏÌ äëÿ âàãîíîâ æåëåçíîé äîðîãè

è ìåòðîïîëèòåíà, ñôîðìóëèðîâàíû â Òåõíè÷åñêîì

ðåãëàìåíòå Òàìîæåííîãî ñîþçà (ÒÐ ÒÑ) “Î áåç-

îïàñíîñòè æåëåçíîäîðîæíîãî ïîäâèæíîãî ñîñòàâà”

(ÒÐ ÒÑ-001–2011), ÃÎÑÒ Ð 54893–2012, ÃÎÑÒ Ð

55183–2012, ÍÏÁ 109 è îñíîâûâàþòñÿ íà ðåçóëüòà-

òàõ êîìïëåêñíîé îöåíêè ìàòåðèàëîâ ïî ãðóïïå ãî-

ðþ÷åñòè, êîýôôèöèåíòó äûìîîáðàçîâàíèÿ, èíäåêñó

ðàñïðîñòðàíåíèÿ ïëàìåíè è òîêñè÷íîñòè ïðîäóê-

òîâ ãîðåíèÿ. Ñëåäóåò îòìåòèòü, ÷òî ìåòîä èñïû-

òàíèé ïî îïðåäåëåíèþ ãîðþ÷åñòè ìàòåðèàëîâ è èõ

êëàññèôèêàöèÿ óñòàíàâëèâàþòñÿ ñîãëàñíî ÃÎÑÒ

12.1.044–89 (ï. 4.3) è â çíà÷èòåëüíîé ñòåïåíè îòëè-

÷àþòñÿ îò îïðåäåëåíèÿ ïàðàìåòðîâ ãîðþ÷åñòè ñòðî-

èòåëüíûõ ìàòåðèàëîâ ïî ÃÎÑÒ 30244–94 (ìåòîä 2),

ïîýòîìó íà îáúåêòàõ ñòðîèòåëüñòâà è â âàãîíîñòðî-

åíèè ìîãóò ïðèìåíÿòüñÿ ïîëèìåðíûå ìàòåðèàëû,

ðàçëè÷àþùèåñÿ ïî ñòåïåíè îãíåçàùèùåííîñòè.

Ìàòåðèàëû, ïðèìåíÿåìûå íà ìîðñêèõ ñóäàõ,

äîëæíû ñîîòâåòñòâîâàòü òðåáîâàíèÿì, èçëîæåííûì

â Ìåæäóíàðîäíîì êîäåêñå ïî ïðèìåíåíèþ ïðîöå-

äóð èñïûòàíèÿ íà îãíåñòîéêîñòü 2010 ã. (Êîäåêñ

ÏÈÎ 2010, ðåçîëþöèÿ MSC.307(88) ÈÌÎ)1, è áûòü

óñòîé÷èâûìè ê âîñïëàìåíåíèþ è ðàñïðîñòðàíåíèþ

ïëàìåíè ïî ïîâåðõíîñòè.

Ïîæàðíàÿ îïàñíîñòü ìàòåðèàëîâ â çàâèñèìîñòè

îò èõ ôóíêöèîíàëüíîãî íàçíà÷åíèÿ (îòäåëêà è îá-

ëèöîâêà, íàïîëüíûå ïîêðûòèÿ, øòîðû, îáèâêà ìÿã-

êîé ìåáåëè, ïîñòåëüíûå ïðèíàäëåæíîñòè) îöåíè-

âàåòñÿ ñîîòâåòñòâóþùèìè ìåæäóíàðîäíûìè ìå-

òîäèêàìè èñïûòàíèé (÷àñòè 1, 2, 5, 7–9 Êîäåêñà

ÏÈÎ 2010), èñïûòàòåëüíîå îáîðóäîâàíèå è îïðåäå-

ëÿåìûå ïàðàìåòðû êîòîðûõ ñóùåñòâåííî îòëè÷à-

þòñÿ îò äåéñòâóþùèõ îòå÷åñòâåííûõ ñòàíäàðòíûõ

ìåòîäîâ îöåíêè ïîæàðíîé îïàñíîñòè óêàçàííûõ ìà-

òåðèàëîâ.

Ïîæàðíàÿ îïàñíîñòü îòäåëî÷íûõ ìàòåðèàëîâ è

ïîêðûòèé, ïðèìåíÿåìûõ íà ñóäàõ âíóòðåííåãî ïëà-

âàíèÿ, ðåãëàìåíòèðîâàíà Ïðàâèëàìè Ðîññèéñêîãî

ðå÷íîãî ðåãèñòðà (ò. 2, ÷. Õ) ïî òàêèì êðèòåðèÿì,

êàê ðàñïðîñòðàíåíèå ïëàìåíè ïî ïîâåðõíîñòè, äû-

ìîîáðàçóþùàÿ ñïîñîáíîñòü è òîêñè÷íîñòü ïðîäóê-

òîâ ãîðåíèÿ, êîòîðûå îïðåäåëÿþòñÿ ïî ìåòîäèêàì

ÃÎÑÒ 12.1.044–89.

Íîðìàòèâíûå òðåáîâàíèÿ ê èñïûòàíèÿì, íàïðè-

ìåð, ìàòåðèàëîâ îòäåëêè èíòåðüåðà àâòîòðàíñïîðò-

íûõ ñðåäñòâ îñíîâàíû íà îïðåäåëåíèè ñêîðîñòè ãî-

ðåíèÿ è èçëîæåíû â ÃÎÑÒ 25076–81.

Ìàòåðèàëû äëÿ ñïåöèàëüíîé ðàáî÷åé îäåæäû,

ïîäâåðæåííîé òåðìè÷åñêèì ðèñêàì, ïðîõîäÿò èñïû-

òàíèÿ â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ÒÐ ÒÑ 019�2011

“Î áåçîïàñíîñòè ñðåäñòâ çàùèòíîé îäåæäû”.

Òàêèì îáðàçîì, ñóùåñòâóþùàÿ ìåòîäîëîãè÷å-

ñêàÿ áàçà îöåíêè ïîæàðíîé îïàñíîñòè ÏÌ ñóùåñò-

âåííî çàâèñèò îò îáëàñòè èõ èñïîëüçîâàíèÿ è ôóíê-

öèîíàëüíîãî íàçíà÷åíèÿ. Ýòî îáóñëàâëèâàåò ðàç-

ëè÷íûå ïîäõîäû ê îöåíêå èõ ïîæàðíîé îïàñíîñòè

è, ñëåäîâàòåëüíî, òðåáóåò ïðè ðàçðàáîòêå îãíåçà-

ùèùåííûõ êîìïîçèöèé ÏÌ ýòî îáñòîÿòåëüñòâî

ó÷èòûâàòü.

Ìàòåðèàëû è ìåòîäû

Àêòóàëüíîé çàäà÷åé ïðè ñîçäàíèè ìàòåðèàëîâ

ïîíèæåííîé ãîðþ÷åñòè ÿâëÿåòñÿ îáîñíîâàííûé

âûáîð ïðîãíîçíûõ ìàëîìàñøòàáíûõ ìåòîäîâ èñ-

ñëåäîâàíèÿ ñâîéñòâ ïîæàðíîé îïàñíîñòè ÏÌ è êðè-

òåðèåâ, êîòîðûå áóäóò êîððåëèðîâàòü èëè ñîîòâåò-

ñòâîâàòü ñòàíäàðòíûì êðèòåðèÿì è òðåáîâàíèÿì,

îáåñïå÷èâàþùèì áåçîïàñíîå ïðèìåíåíèå ÏÌ â òîé

èëè èíîé ñôåðå.

Ïðè èññëåäîâàíèÿõ ïî âûáîðó çàìåäëèòåëåé ãî-

ðåíèÿ äëÿ ÏÌ ìîæíî ïîëó÷àòü èíôîðìàöèþ îá èõ

ýôôåêòèâíîñòè ïðè èçó÷åíèè òåðìè÷åñêîãî ðàçëî-

æåíèÿ, íàïðèìåð ïðè ïðîâåäåíèè òåðìè÷åñêîãî àíà-

ëèçà ïî ÃÎÑÒ Ð 53293, ñ ïîìîùüþ êà÷åñòâåííûõ è

çíà÷èìûõ èäåíòèôèêàöèîííûõ õàðàêòåðèñòèê [3].

Ïîëó÷àÿ äàííûå ïî ïàðàìåòðàì, õàðàêòåðèçó-

þùèì ïðîöåññû òåðìîäåñòðóêöèè è òåðìîîêèñëå-

íèÿ ÏÌ â ïðèñóòñòâèè ÇÃ (â ÷àñòíîñòè, ïî èíòåðâà-

ëàì òåìïåðàòóð, â êîòîðûõ ïðîòåêàþò óêàçàííûå

ïðîöåññû, ïî òåïëîâûì ýôôåêòàì, êîòîðûìè îíè

ñîïðîâîæäàþòñÿ), ìîæíî îöåíèòü ñòåïåíü âëèÿíèÿ

ÇÃ íà äàííûå ïðîöåññû â ãàçîâîé è êîíäåíñèðîâàí-

íîé ôàçàõ [4].

1 International Code for Application of Fire Test Procedures, 2010

(2010 FTR Code, IMO resolution MSC.307(88)).
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Ê çíà÷èìûì èäåíòèôèêàöèîííûì òåðìîàíàëè-

òè÷åñêèì õàðàêòåðèñòèêàì îòíîñÿòñÿ: òåìïåðàòóðû

ïðè ôèêñèðîâàííûõ ïîòåðÿõ ìàññû, òåìïåðàòóðû

ïðè ìàêñèìóìàõ ñêîðîñòè ïîòåðè ìàññû; ñêîðîñòü

ïîòåðè ìàññû; êîêñîâûé îñòàòîê, êîòîðûé îïðåäå-

ëÿåòñÿ ïî îêîí÷àíèè ïðîöåññà ïèðîëèçà â èíåðòíîé

àòìîñôåðå èëè ïðè ôèêñèðîâàííîé òåìïåðàòóðå;

çîëüíûé îñòàòîê, êîòîðûé îïðåäåëÿåòñÿ ïî îêîí÷à-

íèè ïðîöåññà òåðìîîêèñëåíèÿ ïðè ôèêñèðîâàííîé

òåìïåðàòóðå; òåìïåðàòóðà ïëàâëåíèÿ è ñîîòâåòñò-

âóþùèå òåïëîâûå ýôôåêòû, êîòîðûå ìîãóò èñïîëü-

çîâàòüñÿ äëÿ ñðàâíåíèÿ ýôôåêòèâíîñòè äåéñòâèÿ ÇÃ,

èñïîëüçóåìîãî â ÏÌ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Èíòåðåñíû ðåçóëüòàòû èññëåäîâàíèé ïî ðàçðà-

áîòêå ïîëèìåðîâ ïîíèæåííîé ãîðþ÷åñòè, èñïîëü-

çóåìûõ â êà÷åñòâå âíóòðåííåãî ñëîÿ àëþìîêîìïî-

çèòíûõ ïàíåëåé (ÀÊÏ), ïðèìåíÿåìûõ â ñòðîèòåëü-

ñòâå, â ÷àñòíîñòè â íàâåñíûõ ôàñàäíûõ ñèñòåìàõ ñ

âîçäóøíûì çàçîðîì. Äëÿ ñíèæåíèÿ ãîðþ÷åñòè òà-

êîãî ðîäà ìàòåðèàëîâ ïðîâîäÿò íàïîëíåíèå ïîëè-

ìåðíîé ìàòðèöû íà îñíîâå ñìåñè ïîëèýòèëåíà è ñî-

ïîëèìåðîâ ýòèëåíà êîìïîíåíòàìè, â ñîñòàâ êîòî-

ðûõ âõîäÿò çàìåäëèòåëè ãîðåíèÿ ðàçëè÷íîãî òèïà,

â òîì ÷èñëå ðàçðàáîòàííûå è àïðîáèðîâàííûå â ïî-

ñëåäíèå ãîäû [5–10]. Ðàçðàáîòêà ðåöåïòóð ïîäîáíî-

ãî ðîäà ìàòåðèàëîâ ÿâëÿåòñÿ äîñòàòî÷íî ñëîæíîé è

ìíîãîêîìïîíåíòíîé çàäà÷åé, êîòîðàÿ äîëæíà ó÷è-

òûâàòü òåõíîëîãè÷åñêóþ ñîâìåñòèìîñòü êîìïîçèòà

ñ êîíêðåòíûì ïðîèçâîäñòâåííûì îáîðóäîâàíèåì,

à òàêæå ñòîèìîñòü, êà÷åñòâî è äîñòóïíîñòü âõîäÿ-

ùèõ â åãî ñîñòàâ êîìïîíåíòîâ. Èìåííî ïîýòîìó íà

ñòàäèè ðàçðàáîòêè îïòèìàëüíîé ðåöåïòóðû ïîëè-

ìåðíîé êîìïîçèöèè öåëåñîîáðàçíî ïðîâåñòè îáîñ-

íîâàííûé âûáîð ìàëîìàñøòàáíûõ ìåòîäîâ èññëå-

äîâàíèÿ, ðåçóëüòàòû èñïûòàíèé ïî êîòîðûì ïîçâî-

ëÿò ïðîãíîçèðîâàòü ïîâåäåíèå ìàòåðèàëîâ, íàïðè-

ìåð, ïðè ïðîâåäåíèè ñðåäíåìàñøòàáíûõ èñïûòàíèé

ïî ÃÎÑÒ 31251, ðåãëàìåíòèðóþùåìó êëàññèôèêà-

öèþ ôàñàäíûõ ñèñòåì çäàíèé è ñîîðóæåíèé ïî ïî-

æàðíîé îïàñíîñòè [11].

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé [12]

áûëî óñòàíîâëåíî, ÷òî îöåíêà òàêèõ ñâîéñòâ ïîæàð-

íîé îïàñíîñòè êîìïîçèòîâ, êàê òåïëîòà ñãîðàíèÿ ïî

ÃÎÑÒ Ð 56027–14 è çíà÷èìûå òåðìîàíàëèòè÷åñêèå

õàðàêòåðèñòèêè ïî ÃÎÑÒ Ð 53293, ñ äîñòàòî÷íî áîëü-

øîé âåðîÿòíîñòüþ ïîçâîëÿþò ïðîãíîçèðîâàòü èõ

ïîâåäåíèå ïðè îãíåâîì âîçäåéñòâèè â ðàìêàõ ñòàí-

äàðòíûõ ìåòîäîâ ïðîâåäåíèÿ èñïûòàíèé. Â òàáë. 1

è 2 ïðåäñòàâëåíû ðåçóëüòàòû ñðàâíèòåëüíûõ êîìï-

ëåêñíûõ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ïîêàçà-

òåëåé ïîæàðíîé îïàñíîñòè ïðè ðàçðàáîòêå ðåöåï-

òóð ïîëèìåðíîãî êîìïîçèòà ïîíèæåííîé ãîðþ÷åñòè

äëÿ èçãîòîâëåíèÿ ÀÊÏ.

Àíàëèç õàðàêòåðèñòèê òåðìîäåñòðóêöèè, ïîëó-

÷åííûõ ïî êðèâûì òåðìè÷åñêîãî àíàëèçà îáðàçöà

âíóòðåííåãî ñëîÿ ÀÊÏ (ñì. òàáë. 1), ïîçâîëÿåò âû-

ÿâèòü òîò ôàêò, ÷òî îáðàçåö ¹ 1 ÿâëÿåòñÿ íàèìåíåå

ãîðþ÷èì êîìïîçèòíûì ìàòåðèàëîì, ñ ìàëûì çíà÷å-

íèåì òåïëîòû ñãîðàíèÿ (2,7 ÌÄæ�êã), ñ íåâûñîêèìè

çíà÷åíèÿìè ñêîðîñòè òåðìîðàçëîæåíèÿ (3,0 %�ìèí)

è èíòåíñèâíîñòè òåïëîâûäåëåíèÿ (äî 0,25 °Ñ/ìã),

íî ñ áîëüøèì êîêñîâûì îñòàòêîì (äî 68 %). Ñîîò-

âåòñòâåííî, äëÿ ìàòåðèàëà, îòíîñÿùåãîñÿ ê êëàññó

ñèëüíîãîðþ÷èõ (ãðóïïû ãîðþ÷åñòè Ã4), õàðàêòåðíû

âûñîêèå çíà÷åíèÿ òåïëîâûäåëåíèÿ è ñêîðîñòè òåð-

ìîðàçëîæåíèÿ, à òàêæå íåçíà÷èòåëüíîå êîëè÷åñòâî

(1,1 %) êîêñîâîãî îñòàòêà.

Íåñìîòðÿ íà òî ÷òî îáðàçöû ¹ 1 è ¹ 2 îòíîñÿò-

ñÿ ê îäíîé è òîé æå ãðóïïå ãîðþ÷åñòè (Ã1), ïî çíà÷å-

íèÿì òåïëîòû ñãîðàíèÿ ìîæíî âûäåëèòü íàèìåíåå

ïîæàðîîïàñíûé ìàòåðèàë.

Â òàáë. 2 ïðèâåäåíû ðåçóëüòàòû îáîáùåíèÿ ìíî-

ãî÷èñëåííûõ ýêñïåðèìåíòàëüíûõ è àíàëèòè÷åñêèõ

èññëåäîâàíèé ïî îöåíêå âåëè÷èíû òåïëîòû ñãîðàíèÿ

â çàâèñèìîñòè îò ïðîöåíòíîãî ñîäåðæàíèÿ ðàçëè÷-

íîãî òèïà ÇÃ, âõîäÿùèõ â ñîñòàâ êîìïîçèòîâ, è ñî-

ïîñòàâëåíèÿ èõ ãðóïïû ãîðþ÷åñòè ñ êëàññàìè ïîæàð-

íîé îïàñíîñòè ñòðîèòåëüíûõ ìàòåðèàëîâ, ïðèíÿòû-

ìè â åâðîïåéñêîì ñòàíäàðòå EN 13501 (÷àñòü 1).

Òàê, îáðàçöû òèïà ¹ 1, èìåÿ íàïîëíåííîñòü êîì-

ïîçèöèîííîé ñèñòåìû ïîëèìåðíîãî ñëîÿ èíåðòíû-

ìè êîìïîíåíòàìè è àíòèïèðåíàìè íå ìåíåå 80 %,

ïî åâðîïåéñêîé êëàññèôèêàöèè ïîæàðíîé îïàñíî-

ñòè ñòðîèòåëüíûõ îòäåëî÷íûõ ìàòåðèàëîâ (ñ òåïëî-
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1 2,7 3,0 (441) 0,25 (450) 0,89 68,5

2 8,2 4,3 (498) 0,83 (545) 3,90 48,9

3 15,7 54,9 (439) 0,58 (526) 0,92 1,1
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1 Áîëåå 85 Ìåíåå 3,0 Ã1 À2

2 70–80 9,0–3,0 Ã1 Â

3 Ìåíåå 65 Áîëåå 15,0 Ã4 Ñ

Òàáëèöà 2. Ñðàâíèòåëüíûå äàííûå ïî ïîæàðíîé îïàñíî-
ñòè ÀÊÏ
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òîé ñãîðàíèÿ âíóòðåííåãî ñëîÿ íå áîëåå 4 ÌÄæ�êã)

âõîäÿò â ãðóïïó ïîæàðîáåçîïàñíûõ ìàòåðèàëîâ êëàñ-

ñà À2.

Ðàçðàáîò÷èêè ÇÃ äëÿ ÏÌ äëÿ îöåíêè ýôôåêòà

îãíåçàùèòû ÷àùå âñåãî èñïîëüçóþò íàèáîëåå ðàñ-

ïðîñòðàíåííûé ìàëîìàñøòàáíûé ñðàâíèòåëüíûé

ìåòîä îöåíêè êèñëîðîäíîãî èíäåêñà (ÊÈ) (ÃÎÑÒ

12.1.044, ISO 4589-2–1996, ASTM D 2863-13, ISO

4589-3–1996, [13–16]). Îäíàêî ïî ïîëó÷åííîìó çíà-

÷åíèþ ÊÈ äëÿ ÏÌ ïîíèæåííîé ãîðþ÷åñòè íåëüçÿ

ñäåëàòü âûâîä î ñîîòâåòñòâèè åãî ñâîéñòâ íîðìàòèâ-

íûì òðåáîâàíèÿì ïîæàðîáåçîïàñíîãî ïðèìåíåíèÿ.

Èçâåñòíû ðàáîòû, ãäå, íàðÿäó ñî ñòàíäàðòíûìè ïà-

ðàìåòðàìè, ïðèâîäÿòñÿ çíà÷åíèÿ ÊÈ, êîòîðûå ìîãóò

áûòü èñïîëüçîâàíû äëÿ ïðîãíîçà ãðóïïû ãîðþ÷å-

ñòè ÏÌ, íî êàñàþòñÿ îíè âåñüìà îãðàíè÷åííîãî ïå-

ðå÷íÿ ñòðîèòåëüíûõ ìàòåðèàëîâ [17]. Â ñâÿçè ñ ýòèì

â íàñòîÿùåå âðåìÿ ïðîâåäåíèå ðàáîò ïî èññëåäîâà-

íèþ âîçìîæíîñòè êîððåëÿöèè ïàðàìåòðîâ ãîðþ÷å-

ñòè, ïîëó÷åííûõ ìàëîìàñøòàáíûìè è êðóïíîìàñ-

øòàáíûìè ìåòîäàìè èñïûòàíèé, ïðè ðàçðàáîòêå

êîìïîçèöèé ïîíèæåííîé ïîæàðíîé îïàñíîñòè ïðåä-

ñòàâëÿåòñÿ âåñüìà àêòóàëüíûì.

Â ÷àñòíîñòè, ïðè ðàçðàáîòêå îãíåçàùèùåííûõ

ïîëèìåðíûõ ìàòåðèàëîâ ñòðîèòåëüíîãî íàçíà÷åíèÿ

îêîí÷àòåëüíóþ îöåíêó ñëåäóåò ïðîâîäèòü ïî ãðóïïå

ãîðþ÷åñòè ïî ÃÎÑÒ 30244–94 (ìåòîä 2), ïðåäóñìàò-

ðèâàþùåìó èñïûòàíèÿ îáðàçöîâ äîñòàòî÷íî áîëüøèõ

ðàçìåðîâ (1000�190 ìì). Èç ìíîãîëåòíåãî îïûòà ýêñ-

ïåðèìåíòàëüíîé ðàáîòû ÂÍÈÈÏÎ áûëè ïîëó÷åíû

äàííûå ïî êîððåëÿöèè ðåçóëüòàòîâ èñïûòàíèé ïî

ìåòîäàì ÃÎÑÒ 12.1.044–89 è ÃÎÑÒ 30244–94 (ìå-

òîä 2), êîòîðûå ñâèäåòåëüñòâóþò î òîì, ÷òî, êàê ïðà-

âèëî, ãðóïïû ãîðþ÷åñòè ñòðîèòåëüíûõ ìàòåðèàëîâ

Ã1 è Ã2 ñîîòâåòñòâóþò ãðóïïå òðóäíîãîðþ÷èõ ïî

ÃÎÑÒ 12.1.044–89.

Òàêèì îáðàçîì, ïðè ïðîâåäåíèè èññëåäîâàíèé

ïî ïîäáîðó îïòèìàëüíîé ðåöåïòóðû êîìïîçèòîâ ïðè

îöåíêå èõ ãîðþ÷åñòè öåëåñîîáðàçíî èñïîëüçîâàòü

â ñîâîêóïíîñòè äâà ìåòîäà — ìåòîä ÊÈ è ìåòîä

ýêñïåðèìåíòàëüíîãî îïðåäåëåíèÿ ãðóïïû òðóäíî-

ãîðþ÷èõ è ãîðþ÷èõ âåùåñòâ è ìàòåðèàëîâ ïî ÃÎÑÒ

12.1.044–89 (ñîîòâåòñòâåííî, ïï. 4.14 è 4.3).

Áûëè ïðîâåäåíû òàêæå ýêñïåðèìåíòàëüíûå èñ-

ñëåäîâàíèÿ ïî îïðåäåëåíèþ âîçìîæíîñòè ñíèæåíèÿ

ãîðþ÷åñòè ïëàñòèôèöèðîâàííîãî ïîëèâèíèëõëîðè-

äà (ÏÂÕ) çà ñ÷åò ïðèìåíåíèÿ õèìè÷åñêè àêòèâíûõ

àíòèïèðåíîâ è íàïîëíèòåëåé [18]. Ïðè ýòîì âàæ-

íûì óñëîâèåì ÿâëÿëîñü âëèÿíèå àíòèïèðåíà â ïðî-

öåññå ïåðåðàáîòêè ïîëèìåðà íà åãî òåðìîñòàáèëü-

íîñòü, òåìïåðàòóðó ïëàâëåíèÿ, êà÷åñòâî ôîðìèðîâà-

íèÿ ïîëèìåðíîé ìàòðèöû. Ïîýòîìó äëÿ ïîëó÷åíèÿ

ÏÂÕ-êîìïîçèöèè ïîíèæåííîé ïîæàðíîé îïàñíîñòè

ñ êîìïëåêñîì òðåáóåìûõ ñâîéñòâ ïîòðåáîâàëîñü èç-

ãîòîâëåíèå äîñòàòî÷íî áîëüøîãî êîëè÷åñòâà îáðàç-

öîâ ýêñïåðèìåíòàëüíûõ ïàðòèé ÏÂÕ-ïëåíêè ðàç-

ëè÷íûõ ðåöåïòóð êàê â ëàáîðàòîðíûõ óñëîâèÿõ, òàê

è íà ïðîìûøëåííîì îáîðóäîâàíèè.

Â òàáë. 3 ïðèâåäåíû ýêñïåðèìåíòàëüíûå äàííûå

ïî ïàðàìåòðàì ãîðþ÷åñòè ðÿäà îáðàçöîâ êîìïîçè-

öèé ÏÂÕ, ìîäèôèöèðîâàííûõ â ðàçëè÷íîì ñîîòíî-

øåíèè ãèäðîêñèäîì ìàãíèÿ è ôîñôîðàçîòñîäåðæà-

ùèì êîìïëåêñíûì ÇÃ.

Ïðåäñòàâëåííûå â òàáë. 3 ýêñïåðèìåíòàëüíûå

äàííûå óêàçûâàþò íà çíà÷èòåëüíîå èçìåíåíèå êèñ-

ëîðîäíîãî èíäåêñà è ïàðàìåòðîâ ãîðþ÷åñòè, ÷òî

ñâèäåòåëüñòâóåò î ñíèæåíèè ïîæàðíîé îïàñíîñòè

ÏÂÕ-êîìïîçèöèè ïðè ââåäåíèè ÇÃ. Êðîìå òîãî, èñ-

ñëåäîâàíèÿ ïîçâîëèëè ïðîâåñòè ñîïîñòàâëåíèå ðå-

çóëüòàòîâ ëàáîðàòîðíûõ è ñðåäíåìàñøòàáíûõ ìå-

òîäîâ èñïûòàíèé è óñòàíîâèòü îðèåíòèðîâî÷íîå

çíà÷åíèå ÊÈ äëÿ ïðîãíîçà ãðóïïû ãîðþ÷åñòè ðàçðà-

áàòûâàåìûõ îáðàçöîâ, â äàííîì ñëó÷àå òðóäíîãî-

ðþ÷åé ÏÂÕ-ïëåíêè.

Ñ ïîìîùüþ ñóùåñòâóþùèõ ñòàíäàðòíûõ ìåòî-

äîâ îöåíêè óñòîé÷èâîñòè ê âîñïëàìåíåíèþ îò ìàëî-

êàëîðèéíûõ èñòî÷íèêîâ çàæèãàíèÿ íåðåäêî îïðå-

äåëÿþò ñòåïåíü îãíåçàùèòû ïîëèìåðíûõ ìàòåðèà-

ëîâ è èçäåëèé. Íàïðèìåð, äëÿ ïëàñòìàññ èñïîëüçóþò

ìåòîäû îïðåäåëåíèÿ ñòîéêîñòè ê ãîðåíèþ ïî ÃÎÑÒ

28157–89 èëè UL 94, äëÿ òêàíåé — âîñïëàìåíÿ-

åìîñòè ïî ÃÎÑÒ Ð 53294–09 èëè ÃÎÑÒ Ð 50810–96.

Ìåòîäèêà ÃÎÑÒ Ð 56027–14 ïîçâîëÿåò óñòàíî-

âèòü ãðóïïó ãîðþ÷èõ ëåãêîâîçãîðàåìûõ ñòðîèòåëü-

íûõ ìàòåðèàëîâ, â ÷àñòíîñòè âûäåëèòü ãðóïïó íàè-

áîëåå ïîæàðîîïàñíûõ ÑÌ, â òîì ÷èñëå îáëàäàþùèõ

ñïîñîáíîñòüþ ê îáðàçîâàíèþ ðàñïëàâà è ïàäåíèþ

ãîðÿùèõ êàïåëü. Ïîýòîìó ïðè ïðîâåäåíèè èññëåäî-

âàíèé ïî îãíåçàùèòå òåðìîïëàñòè÷íûõ ïîëèìåðîâ

ñ ïîìîùüþ äàííîãî ìåòîäà ìîæíî îöåíèòü ýôôåêò

Îáðàçåö
ÏÂÕ-ïëåíêè

ÊÈ ïî ÃÎÑÒ
12.1.044–89 (ï. 4.14)

Ãðóïïà ãîðþ÷åñòè ïî ÃÎÑÒ 12.1.044–89 (ï. 4.3) Ãðóïïà ãîðþ÷åñòè
ïî ÃÎÑÒ 30244–94

(ìåòîä 2)
Ìàêñèìàëüíàÿ

òåìïåðàòóðà Tmax, °C
Ïîòåðÿ ìàññû

!m, %

Âðåìÿ ñàìîñòîÿòåëü-

íîãî ãîðåíèÿ �, ñ

Èñõîäíûé 21,4 465 67 120 Ã4

¹ 1 28,7 390 54 30 Ã4

¹ 2 36,2 270 45 – Ã3

¹ 3 42,1 240 30 – Ã2

Òàáëèöà 3. Ýêñïåðèìåíòàëüíûå äàííûå ïî ïàðàìåòðàì ãîðþ÷åñòè îãíåçàùèùåííûõ êîìïîçèöèé ÏÂÕ
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êàðáîíèçàöèè ìàòåðèàëà, èñêëþ÷àþùèé ïðîöåññ

ïàäåíèÿ ãîðÿùèõ êàïåëü, êàê áûëî ïîêàçàíî, íàïðè-

ìåð, â ðàáîòå [19].

Âûâîäû

Ïðè ïðîâåäåíèè ðàáîò ïî âûáîðó è îïòèìèçà-

öèè ðåöåïòóð ÏÌ â öåëÿõ äîñòèæåíèÿ èõ ýôôåêòèâ-

íîé îãíåçàùèòû öåëåñîîáðàçíî ïðîèçâîäèòü âûáîð

ëàáîðàòîðíûõ (ìàëîìàñøòàáíûõ) ìåòîäîâ èññëå-

äîâàíèé è èñïûòàíèé, ðåçóëüòàòû êîòîðûõ ïîçâî-

ëÿò ïðîãíîçèðîâàòü ïîâåäåíèå ÏÌ ïðè ïðîâåäåíèè

ñðåäíå- è êðóïíîìàñøòàáíûõ èñïûòàíèé, à òàêæå

â óñëîâèÿõ ðåàëüíîãî ïîæàðà.

Ïðè îáîñíîâàíèè âûáîðà ìåòîäèêè èñïûòàíèé

ïî îöåíêå ãîðþ÷åñòè (âîñïëàìåíÿåìîñòè) ìîäèôè-

öèðîâàííûõ ïîëèìåðíûõ ñèñòåì íåîáõîäèìî ó÷è-

òûâàòü îáëàñòü ïðèìåíåíèÿ è ôóíêöèîíàëüíîå íà-

çíà÷åíèå ìàòåðèàëà â êîìïëåêñå ñ íîðìèðóåìûìè

ïîêàçàòåëÿìè.

Èñïîëüçóÿ ñðàâíèòåëüíóþ èíôîðìàöèþ î ïðî-

öåññàõ äåñòðóêöèè è òåðìîîðàçëîæåíèè ÏÌ â ïðè-

ñóòñòâèè ðàçëè÷íûõ ÇÃ è èõ óñòîé÷èâîñòè ê îãíå-

âîìó âîçäåéñòâèþ, íà ýòàïå ëàáîðàòîðíûõ èññëåäî-

âàíèé ìîæíî ñ äîñòàòî÷íî áîëüøîé âåðîÿòíîñòüþ

ïðîãíîçèðîâàòü ïîâåäåíèå ïîëèìåðíîé êîìïîçèöèè

â óñëîâèÿõ ïðîâåäåíèÿ ñòàíäàðòíûõ èñïûòàíèé.

Ñ ó÷åòîì íåäîñòàòêà ñîîòâåòñòâóþùèõ ðàáîò

öåëåñîîáðàçíî ïðîäîëæèòü ïðîâåäåíèå êîìïëåêñ-

íûõ èññëåäîâàíèé â öåëÿõ âíåäðåíèÿ íîâûõ ïîäõî-

äîâ ê îöåíêå ñâîéñòâ ïîæàðíîé îïàñíîñòè ðàçëè÷-

íûõ îãíåçàùèùåííûõ ïîëèìåðîâ íà ëàáîðàòîðíîì

ýòàïå èõ ñîçäàíèÿ.

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Troitzsch J. Plastics flammability handbook. Principles, regulations, testing, and approval. — 3rd ed. —

Munich : Carl Hanser Verlag GmbH & Co. KG, 2004. — 774 p. DOI: 10.3139�9783446436695.

2. Ñìèðíîâ Í. Â., Êîíñòàíòèíîâà Í. È. Ñîñòîÿíèå è ïåðñïåêòèâû ðàçâèòèÿ íîðìàòèâíîé áàçû ïî-

æàðîáåçîïàñíîãî ïðèìåíåíèÿ ïîëèìåðíûõ ìàòåðèàëîâ �� Èçâåñòèÿ ÞÔÓ. Òåõíè÷åñêèå íàóêè.

— 2014. — ¹ 1(150). — Ñ. 249–252.

3. Íàãàíîâñêèé Þ. Ê. Ñîâåðøåíñòâîâàíèå ìåòîäîâ èäåíòèôèêàöèè è êîíòðîëÿ ïîæàðîîïàñíûõ

ñâîéñòâ ñòðîèòåëüíûõ ìàòåðèàëîâ è ñðåäñòâ îãíåçàùèòû : äèñ. … êàíä. òåõí. íàóê. — Áàëàøèõà,

2007. — 215 ñ.

4. Beyler C. L., Hirschler M. M. Thermal decomposition of polymers �� SFPE Handbook of Fire Protec-

tion Engineering. — 3th ed. — Quincy, Massachusetts : NFPA, 2002. — Ch. 7. — P. 1�110–1�131.

5. Shibin Nie, Yuan Hu, Lei Song, Shuqing He, Dandan Yang. Study on a novel and efficient flame re-

tardant synergist-nanoporous nickel phosphates VSB-1 with intumescent flame retardants in poly-

propylene �� Polymers for Advanced Technologies. — 2008. — Vol. 19, Issue 6. — P. 489–495. DOI:

10.1002�pat.1088.

6. Ãîí÷èêæàïîâ Ì. Á., Ïàëåöêèé À. À., Òåðåùåíêî À. Ã., Øóíäðèíà È. Ê., Êóéáèäà Ë. Â., Øìàêîâ À. Ã.,

Êîðîáåéíè÷åâ Î. Ï. Ñòðóêòóðà ïëàìåíè ñâåðõâûñîêîìîëåêóëÿðíîãî ïîëèýòèëåíà â ïðîòèâîòîêå

âîçäóõà �� Ôèçèêà ãîðåíèÿ è âçðûâà. — 2016.—Ò.52,¹ 3.—Ñ.8–22.DOI:10.15372�FGV20160302.

7. Korobeinichev O. P., Paletsky A. A., Kuibida L. V., Gonchikzhapov M. B., Shundrina I. K. Reduction of

flammability of ultrahigh-molecular-weight polyethylene by using triphenyl phosphate additives ��

Proceedings of the Combustion Institute. — 2013. — Vol. 34, Issue 2. — P. 2699–2706. DOI:

10.1016�j.proci.2012.06.045.

8. Ïàëåöêèé À. À., Ãîí÷èêæàïîâ Ì. Á., Øóíäðèíà È. Ê., Êîðîáåéíè÷åâ Î. Ï. Ìåõàíèçì ñíèæåíèÿ

ãîðþ÷åñòè ïîëèýòèëåíà ðàçëè÷íîãî ìîëåêóëÿðíîãî âåñà äîáàâêàìè ôîñôîðñîäåðæàùèõ ñîåäè-

íåíèé �� Èçâåñòèÿ ÞÔÓ. Òåõíè÷åñêèå íàóêè. — 2013. — ¹ 8(145). — C. 57–67.

9. Shuyu Liang, Patrick Hemberger, N. Matthias Neisius, Andras Bodi, Hansjörg Grützmacher, Joelle

Levalois-Grützmacher, Sabyasachi Gaan. Elucidating the thermal decomposition of dimethyl methyl-

phosphonate by vacuum ultraviolet (VUV) photoionization: pathways to the PO radical, a key species in

flame-retardant mechanisms �� Chemistry — A European Journal. — 2015. — Vol. 21, Issue 3. —

P. 1073–1080. DOI: 10.1002�chem.201404271.

10. Reilly T., Beard A. Additives used in flame retardant polymer formulations: current practice & trends.

Fire retardants and their potential impact on fire fighter health. — Gaithersburg, MD USA : Workshop at

NIST, 30 September 2009. URL: https:��www.nist.gov�document-7987 (äàòà îáðàùåíèÿ: 20.06.2018).

11. Õàñàíîâ È. Ð., Êîñà÷åâ À. À., Ãîëüöîâ Ê. Í. Îñîáåííîñòè ïîæàðíîé îïàñíîñòè íàâåñíûõ ôàñàä-

íûõ ñèñòåì ñ âîçäóøíûì çàçîðîì �� ÑòðîéÏÐÎÔÈëü. — 2010. — ¹ 3(81). — Ñ. 16–24.

12. Êîíñòàíòèíîâà Í. È., Ñìèðíîâ Í. Â. Ê âîïðîñó î ïîæàðíîé îïàñíîñòè àëþìîêîìïîçèòíûõ ïà-

íåëåé â íàâåñíûõ ôàñàäíûõ ñèñòåìàõ �� Ïðîìûøëåííîå è ãðàæäàíñêîå ñòðîèòåëüñòâî. — 2014.

— ¹ 12. — Ñ. 69–72.



37ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8

ÁÅÇÎÏÀÑÍÎÑÒÜ ÂÅÙÅÑÒÂ È ÌÀÒÅÐÈÀËÎÂ

13. Õàëòóðèíñêèé H. A., Ðóäàêîâà T. A. Ôèçè÷åñêèå àñïåêòû ãîðåíèÿ ïîëèìåðîâ è ìåõàíèçì äåé-

ñòâèÿ èíãèáèòîðîâ �� Õèìè÷åñêàÿ ôèçèêà. — 2008. — Ò. 27, ¹ 6. — Ñ. 73–84.

14. Lewin Ì. Synergism and catalysis in flame retardancy of polymers �� Polymers for Advanced Techno-

logies. — 2001. — Vol. 12, No. 3–4. — P. 215–222. DOI: 10.1002�pat.132.

15. ×åðíîâà Í. Ñ. Õèìè÷åñêèå ïðåâðàùåíèÿ è ìåõàíèçì îãíåçàùèòíîãî äåéñòâèÿ âñïó÷èâàþùèõñÿ

êîìïîçèöèé : äèñ. … êàíä. òåõí. íàóê. — ÑÏá., 2010. — 139 ñ.

16. Åãèíà Þ. Ñ. Ðàçðàáîòêà ñîñòàâîâ è òåõíîëîãèè ñèíòåçà ìîäèôèöèðîâàííûõ ïîëèìåðíûõ ãåëåâûõ

ñëîåâ äëÿ ñîçäàíèÿ ïîæàðîáåçîïàñíûõ ñâåòîïðîçðà÷íûõ ìíîãîñëîéíûõ êîíñòðóêöèé : äèñ. …

êàíä. òåõí. íàóê. — Ñàðàòîâ, 2009. — 163 ñ.

17. Óøêîâ Â. À., Ñîêîðåâà Å. Â., Ñëàâèí À. Ì., Îðëîâà À. Ì. Òåðìîñòîéêîñòü è ïîæàðíàÿ îïàñíîñòü

ñòðîèòåëüíûõ ïåíîïëàñòîâ íà îñíîâå ðåàêöèîííîñïîñîáíûõ îëèãîìåðîâ �� Ñòðîèòåëüíûå ìàòå-

ðèàëû. — 2014. — ¹ 11. — Ñ. 28–32.

18. Smirnov N. V., Konstantinova N. I., Gordon E. P., Poedintsev E. A. Reduction of fire hazard in materials

for irrigators and water collectors in cooling towers �� Power Technology and Engineering. — 2016. —

Vol. 50, No. 3. — P. 306–308. DOI: 10.1007�s10749-016-0701-z.

19. Konstantinova N. I., Weber C., Afanaseva G. V., Spitsyn A. B. Evaluation of fire retardant properties of

polymeric membrane on the base of polyethylene �� Book of Abstracts of the 9th International Seminar

on Flame Structure (Novosibirsk, Russia, 10–14 July, 2017). — P. 106. URL: http:��kinetics.nsc.ru�
kcp�9ISFS�9ISFS_Book_of_abstracts.pdf (äàòà îáðàùåíèÿ: 20.06.2018).

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 2 èþëÿ 2018 ã.

Äëÿ öèòèðîâàíèÿ: Êîíñòàíòèíîâà Í. È., Ñìèðíîâ Í. Â., Øåáåêî À. Þ. Ê âîïðîñó îá îöåíêå

ýôôåêòèâíîñòè îãíåçàùèòû ïîëèìåðíûõ ìàòåðèàëîâ �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and

Explosion Safety. — 2018. — Ò. 27, ¹ 7–8. — Ñ. 32–42. DOI: 10.18322/PVB.2018.27.07-08.32-42.

English

N. I. KONSTANTINOVA, Doctor of Technical Sciences, Professor, Chief Researcher,
All-Russian Research Institute for Fire Protection of Emercom of Russia (VNIIPO, 12,

Balashikha, Moscow Region, 143903, Russian Federation; e-mail: firelab_vniipo@mail.ru)

N. V. SMIRNOV, Doctor of Technical Sciences, Professor, Chief Researcher, All-Russian
Research Institute for Fire Protection of Emercom of Russia (VNIIPO, 12, Balashikha,

Moscow Region, 143900, Russian Federation; e-mail: firelab_vniipo@mail.ru)

A. Yu. SHEBEKO, Ñandidade of Technical Sciences, Head of Department of Fire Safety
of Building Materials, All-Russian Research Institute for Fire Protection of Emercom of
Russia (VNIIPO, 12, Balashikha, Moscow Region, 143900, Russian Federation)

UDC 614.841

REVISITING THE ASSESSMENT OF POLYMERIC
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It was demonstrated that, depending on the field of application and the functional purpose, various
requirements are imposed on PMs as related to fire protection efficiency. It was established that,
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Introduction

The development of polymeric materials (PM) produc-

tion and their broad application in various sectors of

construction, industrial production and transport are

bringing the tasks of developing and creating materials

having reduced fire hazards and the materials with pre-

determined fire hazard properties into a line with the pri-

oritized ones.

The existing normative base of fire-safe application

of PMs in Russia and abroad relies on their field of use

and functional purpose. The assessment methods and

fire hazard parameters of PMs selected depend on

the requirements of regulatory documents regulating

their use [1].

It should be noted that the various test conditions

and classification criteria in the current standard me-

thods for assessing the fire hazards of PMs allow the pos-

sibility of ensuring various degrees of their fire protec-

tion efficiency depending on their field of use [2].

The present paper includes an approach that is opti-

mal in terms of selecting methods and determinable pa-

rameters for assessing the fire hazards of low combus-

tible PMs by introducing flame retardants (FR) into

their formulations. To validate formulation of tasks,

the nomenclature of the effective test methods and indi-

cative operational features of certain types of PMs was

taken into account. The analysis of suitability of experi-

mental techniques, the assessment of fire hazards of po-

lymer compositions, the study of mechanism of inert

fillers (by the example of aluminum composite panels

for front systems) and flame retardants (by the example

of the PVC-based materials) should be considered as

the main tasks to be solved.

Methodological basis
for assessing the fire hazards of PMs

Classification of construction, textile, tanning ma-

terials, as well as of building structures for fire hazards,

was established by Federal Law No. 123-FZ “Technical

Regulations on Fire Safety Requirements” (hereinafter

referred to as FZ No. 123). The main properties of

fire hazard, e. g. for construction materials (CM), are

the groups of flammability, combustibility, surface flame

propagation, smoke-generating capacity and combus-

tion products toxicity determined in accordance with

GOST 30402–95, GOST 30244–94, GOST R 51032–95

and GOST 12.1.044–89.

Some fire safety requirements for finishing poly-

meric materials, including the textile ones, not included

in FZ No. 123, are reflected in the regulatory documents

on fire safety. Particularly, SP 4.13130 sets out the re-

quirements to the materials for seats in the stands of

sports facilities and in the halls of cultural and entertain-

ment facilities, in terms of combustibility and toxicity

of combustion products.

The main fire safety requirements for PMs for rail-

road and subway cars are specified in the Technical

Regulations of the Customs Union (TR CU) “On safety

of railway rolling stock” (TR CU-001–2011), GOST R

54893–2012, GOST R 55183–2012, NPB 109 and are

based on the results of a comprehensive assessment of

materials by combustibility group, smoke-generating

index, flame propagation index and combustion pro-

ducts toxicity. It should be noted that the test method for

determining the combustibility of materials and their

classification are established in accordance with GOST

12.1.044–89 (para. 4.3) and significantly deviate in terms

of determining the flammability parameters of construc-

tion materials as per GOST 30244–94 (method 2). There-

fore, polymeric materials varying in the fire resistance

degree can be used at construction sites and in car build-

ing sector.

Materials used on marine vessels should comply

with the requirements set forth in the International Code

for Application of Fire Test Procedures as of 2010

(2010 FTP Code, IMO Resolution MSC.307(88)) 1, and

be resistant to ignition and surface flame propagation.

Fire hazards of materials depending on their func-

tional purpose (finishing and facing, floor coverings,

curtains, upholstery, bedding items) is assessed using

the relevant international test procedures (parts 1, 2, 5,

7–9 of the 2010 FTP Code), test equipment and deter-

minable parameters of which substantially differ from

the existing domestic standard methods for assessing

the fire hazards of these materials.

The fire hazard of finishing materials and coatings

used on inland waterways vessels is regulated by the Rules

of the Russian River Register (Volume 2, Part X), ac-

cording to the criteria such as surface flame propagation,

smoke-generating capacity and combustion products

toxicity determined by the methods specified in GOST

12.1.044–89.

Regulatory test requirements, for example, interior

finishing materials for motor vehicles are based on de-

termination of burning rate and are set out in GOST

25076–81.

Materials for special working clothes subject to

thermal risks are tested in accordance with the require-

ments of TR CU 019�2011 “On the Safety of Protective

Clothing”.

Thus, the existing methodological basis for assess-

ing the fire hazards of PMs largely depends on their

field of use and functional purpose. This results in dif-

ferent approaches to the assessment of their fire hazards

and, therefore, requires considering this fact when de-

veloping fireproof PM compositions.

1 International Code for Application of Fire Test Procedures, 2010

(2010 FTR Code, IMO Resolution MSC.307(88)).
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Methods and materials

The actual task when creating low combustible ma-

terials is a well-founded choice of predictive small-

scale methods for investigating the fire hazard proper-

ties of PMs and the criteria that will correlate or meet

the standard criteria and the requirements that ensure

the safe use of PMs in one field or another.

In the studies on the selection of flame retardants

for PMs, the information on their efficiency in terms

of the study of thermal decomposition can be obtained,

for example, when performing thermal analysis accord-

ing to GOST R 53293, using qualitative and valuable

identification characteristics [3].

When obtaining the data on the parameters cha-

racterizing the processes of thermal destruction and

thermal oxidation of PMs in the presence of FRs (part-

icularly, over the temperature ranges in which these

processes occur, according to the thermal effects by

which they are accompanied), it is possible to estimate

the degree of influence of FRs on these processes in

gaseous and condensed states [4].

Significant identification thermal analytical cha-

racteristics include: temperatures at fixed mass losses,

temperatures at maximum mass loss rates; mass loss rate;

coke residue, which is determined at the end of the py-

rolysis process in an inert atmosphere or at a fixed

temperature; ash residue, which is determined after

the thermal oxidation process at a fixed temperature;

melting temperature and corresponding thermal effects,

which can be used to compare the effectiveness of an FR

used in PMs.

Results and discussion of them

The results of studies on the development of low-

flammability polymers used as an internal layer of alu-

minum composite panels (ACP) applied in construc-

tion, particularly in air spaced curtain wall systems are

of concern. To reduce the combustibility of such mate-

rials, the polymeric matrix is filled on the basis of

a mixture of polyethylene and ethylene copolymers with

components containing flame retardants of various types,

including those developed and tested in recent years

[5–10]. The development of formulations for such ma-

terials is a quite complex and multicomponent task,

which must take into account the technological compa-

tibility of a composite with the specific production

equipment, as well as the cost, quality and availability

of its constituents. For this very reason, it is advisable

to make a reasonable selection of small-scale research

methods at the stage of developing an optimal formula-

tion of the polymer composition, the test results of

which will allow predicting the behavior of materials,

for example, when carrying out medium-scale tests in

accordance with GOST 31251, which regulates the clas-

sification of front systems of buildings and structures in

terms of fire hazard [11].

As a result of the undertaken studies [12] it was

found that the assessment of such fire hazardous proper-

ties of a composite as combustion heat in accordance

with GOST R 56027–14, and significant thermal analy-

tical characteristics in accordance with GOST R 53293,

allow reasonably likely to predict their behavior under

fire exposure within the standard methods of testing.

Tables 1 and 2 show the results of comparative complex

experimental studies of fire hazard indices in the deve-

lopment of formulations of a low combustible polymer

composite for ACPs manufacturing.

The analysis of thermal degradation characteristics

obtained from the curves of the thermal analysis of

a sample of the ACP inner layer (see Table 1) allows to

identify the fact that the sample No. 1 is the least com-

bustible composite material having a low heat combus-

tion value (2.7 MJ�kg) with low heat emission values

(up to 0.25 °Ñ�mg) and thermal decomposition rate

(3.0 %�min) and high coke residue (up to 68 %). Cor-

respondingly, the material classified as highly combus-

tible (combustibility groups G4) is characterized by

high heat emission values and thermal decomposition

rates, as well as a small amount (1.1 %) of coke residue.

Despite the fact that samples Nos. 1 and 2 refer to

the same combustibility group (G1), the least flam-

mable material can be identified by the heat combus-

tion values.

Table 2 shows the summarizing results of numerous

experimental and analytical studies on the assessment

of heat combustion value, depending on the percentage

of various types of FRs contained in composites and

the comparison of their combustibility groups with

the fire hazard classes of construction materials adopted

in the European Standard EN 13501 (Part 1).

Thus, samples of type No. 1, having a polymer layer

composition system filled with inert components and

flame retardants of at least 80 %, are included into

the group of fireproof materials of Class A2 according

Sample
number

Combustion

heat, ÌJ�kg
Mass losses velocity, %�min

(for temperature, °Ñ)

Maximum of exo- and endothermal

effects, °C�mg (for temperature, °Ñ)

Relational heat

emission, °Ñ·min�mg
Coke

residuum, %

1 2.7 3.0 (441) 0.25 (450) 0.89 68.5

2 8.2 4.3 (498) 0.83 (545) 3.90 48.9

3 15.7 54.9 (439) 0.58 (526) 0.92 1.1

Table 1. The combustion heat and thermo analysis characteristics material of internal layer for aluminum composite panels AKP
with different level of fireproof
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to the European Classification of fire hazards of const-

ruction finishing materials (with inner layer combus-

tion heat of not more than 4 MJ�kg).

To assess the fire protection effect, developers of

FRs for PMs typically use the most common small-

scale comparative method for estimating the oxygen

index (OI) (GOST 12.1.044, ISO 4589-2–1996, ASTM

D 2863-13, ISO 4589-3-1996, [13–16]). However, ac-

cording to the obtained value of OI for low combustible

PMs, it cannot be concluded that its properties corres-

pond to the regulatory requirements for fire-safe appli-

cation. There are the papers known, which along with

standard parameters present OI values that can be used

to predict the PM’s combustibility group, but they ad-

dress a very limited list of construction materials [17].

Consequently, now, it seems to be highly relevant to

conduct the work on investigation of the possibility of

correlating the flammability parameters obtained by

small-scale and large-scale test methods in the develop-

ment of compositions having reduced fire hazard.

In particular, when developing fireproof polymeric

materials for construction, the final assessment should

be carried out according to the combustibility group in

accordance with GOST 30244–94 (Method 2), which

provides testing of samples of sufficiently large dimen-

sions (1000�190 mm). Based on many years of expe-

rience in the experimental work, Fire Safety Research

Institute obtained the data on correlation of test results

with the methods of GOST 12.1.044–89 and GOST

30244–94 (Method 2), which indicate that, as a rule,

the combustibility groups of construction materials

G1, G2 correspond to the group of fire-resistant mate-

rials according to GOST 12.1.044–89.

Thus, when carrying out studies on the selection of

an optimal composite formulation for the assessment of

their combustibility, it is advisable to use two methods

collectively — the OI method and the method of experi-

mental determination of the groups of fire-resistant and

combustible substances and materials in accordance with

GOST 12.1.044–89 (para. 4.14 and 4.3, respectively).

Experimental studies have also been carried out

to determine the possibility of reducing the combusti-

bility of plasticized polyvinyl chloride (PVC) by the use of

reactive flame retardants and fillers [18]. An important

condition in so doing was the effect of flame retardant

in the processing of a polymer on its thermal stability,

melting point and the quality of polymeric matrix for-

mation. Therefore, to obtain a PVC composition with

a reduced fire hazard and a set of required properties,

it was required to produce a fairly large number of

samples of experimental batches of PVC film of various

formulations, both in laboratory conditions and on in-

dustrial equipment.

Table 3 shows experimental data on the flammabi-

lity parameters of a number of samples of PVC compo-

sitions modified in a different ratio by magnesium hydro-

xide and a phosphorus-nitrogen-containing complex FR.

Experimental data set forth in Table 3 demonstrate

a significant change in the oxygen index and flamma-

bility parameters, which indicates a decrease in the fire

hazard of the PVC composition when FR is introduced.

In addition, the studies made it possible to compare

the results of laboratory and medium-scale test me-

thods and establish an approximate value of the OI to

predict the combustibility group of the samples deve-

loped; in this case a fire-resistant PVC film.

Fire resistance rating polymeric materials and pro-

ducts is often determined using the existing standard me-

thods for assessing the resistance to ignition from low-

calorie ignition sources. For example, for plastics, me-

thods for determination of the combustion resistance in

accordance with GOST 28157–89 or UL 94 are used,

and for fabrics, flammability resistance is determined

according to GOST R 53294–09 or GOST R 50810–96.

A group of combustible highly flammable construction

materials is identified using the GOST R 56027–14

method.

Sample
number

Content of inert additives and fire-
retardant agents in internal layer, %

Combustion heat of

internal layer, ÌJ�kg
Combustibility group,

GOST 30244–94 (method 2)
Class of fire hazard,

ÅN 13501

1 More 85 Less 3.0 G1 À2

2 70–80 9.0–3.0 G1 Â

3 Less 65 More 15.0 G4 Ñ

Table 2. Comparative data îf fire hazard for aluminum composite panels (AÑP)

PVC film
sample

OI, GOST 12.1.044–89
(para. 4.14))

Combustibility group, GOST 12.1.044–89 (para. 4.3) Combustibility group,
GOST 30244–94 (method 2)Maximal temperature Tmax, °C Mass losses !m, % Burn time �, sec

Base 21.4 465 67 120 G4

No. 1 28.7 390 54 30 G4

No. 2 36.2 270 45 – G3

No. 3 42.1 240 30 – G2

Table 3. Experimental date of combustibility fireproof PVC film composition
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The procedure applied in GOST R 56027–14 allows

to establish a group of combustible highly flammable

construction materials, particularly, to identify a group

of the most fire hazardous CMs, including those with

the ability to cause a molten mass formation and burn-

ing dropping. Therefore, when carrying out studies on

the fire protection efficiency of thermoplastic polymers

using this method, one can estimate the effect of mate-

rial carbonization, excluding the burning dropping pro-

cess, as it was shown, for example, in the paper [19].

Conclusions

When conducting the work on selecting and optimi-

zing PMs’ formulations to achieve their effective fire

protection, it is advisable to select laboratory (small-scale)

research and testing methods, the results of which will

allow to predict the behavior of PMs during medium- and

large-scale tests, as well as under real fire conditions.

When justifying the selection of a test procedure for

assessing the combustibility (flammability) of modi-

fied polymer systems, it is necessary to take into ac-

count the scope of application and functional purpose

of the material along with the specified parameters.

It is reasonably likely to predict the behavior of a po-

lymer composition under standard testing conditions

using comparative information on the processes of de-

struction and thermal decomposition of PMs in the pre-

sence of various FRs and their resistance to fire effect.

Considering the lack of appropriate work, it is advis-

able to continue carrying out complex studies to intro-

duce new approaches to assessing fire hazard proper-

ties of various flame retardant polymers at their labo-

ratory production stage.
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Ââåäåíèå

Îäíîé èç îñíîâíûõ òåíäåíöèé óñòîé÷èâîãî ðàçâè-

òèÿ íàöèîíàëüíîé ýêîíîìèêè ÿâëÿåòñÿ ïîâûøåíèå

ýíåðãåòè÷åñêîé ýôôåêòèâíîñòè ïðîöåññîâ è ïðîèç-

âîäñòâ ïðè îäíîâðåìåííîì îáåñïå÷åíèè ïîæàðíîé

è ïðîìûøëåííîé áåçîïàñíîñòè, ðàöèîíàëüíîãî èñ-

ïîëüçîâàíèÿ ïðèðîäíûõ ðåñóðñîâ, ñíèæåíèÿ íåãà-

òèâíîãî òåõíîãåííîãî âîçäåéñòâèÿ. Ðîñò êîëè÷åñòâà

è êà÷åñòâà ïîòðåáëÿåìîé ýíåðãèè îáóñëîâëåí âíåä-

ðåíèåì íîâûõ òåõíîëîãèé, óâåëè÷åíèåì ìàñøòàáîâ

ïðîèçâîäñòâà, ÷òî, â ñâîþ î÷åðåäü, îïðåäåëÿåò ïîèñê

ïóòåé ýôôåêòèâíîãî èñïîëüçîâàíèÿ ðåñóðñîâ è ñíè-

æåíèÿ óðîâíÿ ðàçëè÷íûõ âèäîâ îïàñíîñòè.

Ïåðñïåêòèâíûì ìåòîäîì ïîâûøåíèÿ ýíåðãåòè-

÷åñêîé ýôôåêòèâíîñòè è ïðîãíîñòè÷åñêîé äîñòî-

âåðíîñòè ÿâëÿåòñÿ ýêñåðãåòè÷åñêèé àíàëèç [1].

Öåëü íàñòîÿùåé ðàáîòû — îáîñíîâàíèå âîçìîæ-

íîñòè è ïðåèìóùåñòâ èñïîëüçîâàíèÿ ýêñåðãåòè÷å-

ñêîãî ïîäõîäà ê êîìïëåêñíîé îöåíêå ýíåðãîýêîëî-

ãè÷åñêîé ýôôåêòèâíîñòè è ïîæàðíîé îïàñíîñòè ãðó-

çîâûõ ïåðåâîçîê íà æåëåçíîäîðîæíîì òðàíñïîðòå.

Äëÿ äîñòèæåíèÿ äàííîé öåëè áûëè ðåøåíû ñëåäó-

þùèå çàäà÷è:
� îïðåäåëåíèå îáëàñòåé ïðèìåíåíèÿ ýêñåðãåòè÷å-

ñêîãî ìåòîäà àíàëèçà;
� óñòàíîâëåíèå ñâÿçè ìåæäó ýêñåðãèåé è ïîêàçà-

òåëÿìè ïîæàðîâçðûâîîïàñíîñòè äëÿ âåùåñòâ

òîïëèâíî-ýíåðãåòè÷åñêîãî íàçíà÷åíèÿ, îáðàùà-

þùèõñÿ íà æåëåçíîäîðîæíîì òðàíñïîðòå;
� âûÿâëåíèå ïðåèìóùåñòâ ýêñåðãåòè÷åñêîãî ïîä-

õîäà.

Òåîðåòè÷åñêèå îñíîâû

Íàèáîëåå òî÷íîå îïðåäåëåíèå ýêñåðãèè áûëî

ñôîðìóëèðîâàíî â êíèãå [2]: “Ýêñåðãèÿ ðàâíà ðàáîòå

îáðàòèìîãî ïðîöåññà, ïðîòåêàþùåãî â êîíêðåòíûõ

óñëîâèÿõ ìåæäó ñèñòåìîé è îêðóæàþùåé ñðåäîé

© Êîðîëåâà Ë. À., Õàéäàðîâ À. Ã., Èâàõíþê Ã. Ê., Êîâàëü Ä. Í., 2018
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âïëîòü äî çàäàííûõ êîíêðåòíûõ óñëîâèé ðàâíîâå-

ñèÿ ñ ýòîé ñðåäîé, ïàðàìåòðû êîòîðîé íå çàâèñÿò îò

ðàáîòû èçó÷àåìîé ñèñòåìû è ìàêñèìàëüíî áëèçêè

ê ñîîòâåòñòâóþùèì ïàðàìåòðàì îêðóæàþùåé ïðè-

ðîäû”.

Ñ ââåäåíèåì ýêñåðãèè â òåðìîäèíàìèêó âîçíèê-

ëî ïîíÿòèå “îêðóæàþùàÿ ñðåäà”, îïèñûâàåìîå ÷åðåç

åå òåìïåðàòóðó, äàâëåíèå è ñîñòàâ. Ïðè íàëè÷èè

äâóõ ñèñòåì, íàõîäÿùèõñÿ â ðàçíûõ ñîñòîÿíèÿõ, ïî-

ÿâëÿåòñÿ âîçìîæíîñòü âûïîëíåíèÿ ðàáîòû ïðè ïåðå-

õîäå ê ñîñòîÿíèþ ðàâíîâåñèÿ.

Ýêñåðãèÿ ñèñòåìû Å (Äæ) ìîæåò áûòü ðàçäåëåíà

íà ðÿä êîìïîíåíòîâ:

E = Åê + Åï + Åô + Åõ, (1)

ãäå Åê, Åï, Åô, Åõ — êèíåòè÷åñêàÿ, ïîòåíöèàëüíàÿ,

ôèçè÷åñêàÿ è õèìè÷åñêàÿ ñîñòàâëÿþùèå ýêñåð-

ãèè ñîîòâåòñòâåííî.

Äëÿ áîëüøèíñòâà ðåàëüíûõ òåõíè÷åñêèõ ñèñòåì

êèíåòè÷åñêàÿ è ïîòåíöèàëüíàÿ ñîñòàâëÿþùèå â ôîð-

ìóëå (1) ìàëû è ïîýòîìó íå èìåþò ïðàêòè÷åñêîãî

çíà÷åíèÿ, çà èñêëþ÷åíèåì òàêèõ îáúåêòîâ, êàê, íà-

ïðèìåð, ãèäðîýëåêòðîñòàíöèè, èñïîëüçóþùèå ïî-

òåíöèàëüíóþ ýêñåðãèþ âîäû. Ñëåäîâàòåëüíî, âûðà-

æåíèå (1) äëÿ òèïè÷íîé òåðìîäèíàìè÷åñêîé ñèñòå-

ìû ìîæíî çàïèñàòü â âèäå:

E S T T V p p ni

i

N

i� � � � � �
�
"( ) ( ) ( ) ,0 0

1

0# # (2)

ãäå S — ýíòðîïèÿ, Äæ�Ê;

Ò, Ò0 — òåìïåðàòóðà ñîîòâåòñòâåííî ñèñòåìû è

îêðóæàþùåé ñðåäû, Ê;

V — îáúåì ñèñòåìû, ì3;

p, p0 — äàâëåíèå ñîîòâåòñòâåííî â ñèñòåìå è

îêðóæàþùåé ñðåäå, Ïà;

N — îáùåå êîëè÷åñòâî âåùåñòâ — êîìïîíåíòîâ

ñèñòåìû;

ni — ÷èñëî ìîëåé i-ãî âåùåñòâà, ìîëü;

#i, #0 — õèìè÷åñêèå ïîòåíöèàëû i-ãî âåùåñòâà

— ñîîòâåòñòâåííî êîìïîíåíòà ñèñòåìû è îêðó-

æàþùåé ñðåäû (ñðåäû îòñ÷åòà), Äæ�ìîëü.

Â îòëè÷èå îò ýíåðãèè ýêñåðãèÿ íå ïîä÷èíÿåòñÿ

çàêîíó ñîõðàíåíèÿ, äèññèìèëèðóÿñü èëè çàòðà÷èâà-

ÿñü âñëåäñòâèå íåîáðàòèìîñòè ëþáûõ ðåàëüíûõ ïðî-

öåññîâ. Ïîòåðè ýêñåðãèè ïðÿìî ïðîïîðöèîíàëüíû

óâåëè÷åíèþ ýíòðîïèè. Ýêñåðãèÿ îòðàæàåò êà÷åñòâî è

ìàñøòàáû ïðåîáðàçîâàíèé ýíåðãèè âíóòðè ñèñòåìû.

Ïðîâåäåíèå ýêñåðãåòè÷åñêîãî àíàëèçà îðèåíòè-

ðîâàíî íà ïîëó÷åíèå ìàêñèìàëüíîé ïîëåçíîé ðàáî-

òû, êîòîðóþ ìîæåò ñîâåðøèòü ñèñòåìà. Åãî îáúåêòîì

ìîãóò áûòü òåõíîëîãè÷åñêèå ïðîöåññû, òåõíèêî-

ýêîíîìè÷åñêèå ñèñòåìû, îòðàñëè ïðîìûøëåííîñòè,

à òàêæå ïðîãíîçèðîâàíèå òåðìîäèíàìè÷åñêèõ ïðî-

öåññîâ äëÿ ðàçëè÷íûõ ñèñòåì.

Ýêñåðãèÿ âûñòóïàåò ìåðîé îòêëîíåíèÿ ïàðàìåò-

ðîâ ñîñòîÿíèÿ òåðìîäèíàìè÷åñêîé ñèñòåìû îò óñëî-

âèé îêðóæàþùåé ñðåäû, ÷òî âèäíî èç ôîðìóëû (2).

Îíà îòðàæàåò êàê ðåñóðñíûé ïîòåíöèàë äàííîé òåð-

ìîäèíàìè÷åñêîé ñèñòåìû, âîçìîæíîñòü åå èñïîëü-

çîâàíèÿ, òàê è èçìåíåíèÿ, êîòîðûå ìîãóò ïðîèçîéòè

â îêðóæàþùåé ñðåäå, îïàñíîñòü ñèñòåìû. Â ëèòåðà-

òóðå ðàññìàòðèâàþò òðè âèäà âîçìîæíûõ âçàèìî-

äåéñòâèé ñ îêðóæàþùåé ñðåäîé:

� òåðìè÷åñêîå (òåìïåðàòóðíûé ïîòåíöèàë) — èñ-

òî÷íèê âòîðè÷íîãî òåïëà èëè òåïëîâîãî çàãðÿç-

íåíèÿ;

� äåôîðìàöèîííîå (ïîòåíöèàë — ðàçíèöà äàâëå-

íèé) — íàïðèìåð, ðàáîòà ðàñøèðåíèÿ ãàçîâ â äâè-

ãàòåëÿõ âíóòðåííåãî ñãîðàíèÿ (êîíòðîëèðóåìîå

èñïîëüçîâàíèå) è âçðûâ (íåêîíòðîëèðóåìîå);

� õèìè÷åñêîå (õèìè÷åñêèé ïîòåíöèàë) — èñïîëü-

çîâàíèå ñûðüåâûõ è òîïëèâíûõ ðåñóðñîâ, èñòî÷-

íèê õèìè÷åñêîãî çàãðÿçíåíèÿ.

Â ñîâðåìåííûõ èññëåäîâàíèÿõ ïîíÿòèå ýêñåðãèè

ñâÿçûâàþò ñ “ïðàâèëîì òðåõ “Ý”: ýôôåêòèâíîñòü,

ýêîíîìè÷íîñòü, ýêîëîãè÷åñêàÿ öåëåñîîáðàçíîñòü [3].

Ýêñåðãåòè÷åñêèé àíàëèç ïîçâîëÿåò ïîëó÷èòü õàðàê-

òåðèñòèêó âíóòðåííåãî êà÷åñòâà ýíåðãåòè÷åñêîãî èëè

ïðîèçâîäñòâåííîãî îáúåêòà, ïðîãíîç îáúåìà ýíåð-

ãèè, îïðåäåëèòü ñòåïåíü åãî áåçîòõîäíîñòè êàê ïî

ìàòåðèàëüíîìó, òàê è ïî òåðìîäèíàìè÷åñêîìó áà-

ëàíñó, ýôôåêòèâíîñòü ïî âåùåñòâó è ýíåðãèè [4].

Æåëåçíîäîðîæíûé òðàíñïîðò ïðèçíàí â ìèðå

îäíèì èç ýíåðãåòè÷åñêè ýôôåêòèâíûõ è ýêîëîãè÷å-

ñêè ÷èñòûõ âèäîâ òðàíñïîðòà — ïî óäåëüíûì ïîêà-

çàòåëÿì ïîòðåáëåíèÿ ýíåðãèè è âûáðîñîâ çàãðÿçíÿ-

þùèõ âåùåñòâ íà åäèíèöó ïåðåâîçî÷íîé ðàáîòû [3].

Â òî æå âðåìÿ òðàíñïîðòíûå ñèñòåìû, â òîì ÷èñëå

æåëåçíîäîðîæíûé òðàíñïîðò, ìîæíî ðàññìàòðèâàòü

êàê êðóïíûå ýíåðãåòè÷åñêèå êîìïëåêñû, êîòîðûå

èñïîëüçóþò áîëüøîå êîëè÷åñòâî òîïëèâíî-ýíåðãå-

òè÷åñêèõ ðåñóðñîâ è îêàçûâàþò íåãàòèâíîå âîçäåé-

ñòâèå íà îêðóæàþùóþ ñðåäó è ÷åëîâåêà. Æåëåçíî-

äîðîæíûé òðàíñïîðò ïîòðåáëÿåò äî 6 % ïðîèçâîäè-

ìîãî â íàøåé ñòðàíå äèçåëüíîãî òîïëèâà, îêîëî 90 %

îò ýòîãî êîëè÷åñòâà ðàñõîäóåòñÿ íà òÿãó ïîåçäîâ [5].

Êðîìå òîãî, æåëåçíîäîðîæíûì òðàíñïîðòîì îñóùå-

ñòâëÿþòñÿ ïåðåâîçêè áîëüøîãî êîëè÷åñòâà îïàñíûõ

ãðóçîâ, â òîì ÷èñëå òîïëèâíî-ýíåðãåòè÷åñêîãî íà-

çíà÷åíèÿ.

Ñîãëàñíî ñòàòèñòè÷åñêèì äàííûì ÷ðåçâû÷àéíûå

ñèòóàöèè ïðè ïåðåâîçêå íåôòè è íåôòåïðîäóêòîâ íà

æåëåçíîäîðîæíîì òðàíñïîðòå ñâÿçàíû ñ ìåõàíè÷å-

ñêèì ïîâðåæäåíèåì ñïåöèàëüíûõ öèñòåðí è âûõî-

äîì âåùåñòâ â îêðóæàþùóþ ñðåäó ñ ïîñëåäóþùèì

âîñïëàìåíåíèåì è (èëè) çàãðÿçíåíèåìòåððèòîðèé[6].

Ïîæàðíàÿ îïàñíîñòü ãðóçîâîãî ïîäâèæíîãî ñî-

ñòàâà îïðåäåëÿåòñÿ íàëè÷èåì áîëüøîãî êîëè÷åñòâà

îïàñíûõ ãðóçîâ, áûñòðûì ðàñïðîñòðàíåíèåì ïîæà-
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ðîâ íà áîëüøèå ïëîùàäè, âçðûâàìè, çàòðóäíåííî-

ñòüþ ïîäúåçäà ïîæàðíûõ ïîäðàçäåëåíèé, âîçìîæ-

íîñòüþ çàäåðæêè ââåäåíèÿ îãíåòóøàùèõ âåùåñòâ

äî âûÿñíåíèÿ ôèçèêî-õèìè÷åñêèõ ñâîéñòâ ãðóçîâ è

îáåñòî÷èâàíèÿ ýëåêòðîêîíòàêòíîé ñåòè è äðóãèìè

ôàêòîðàìè. Ðîçëèâû íåôòè è íåôòåïðîäóêòîâ ïðè

îñóùåñòâëåíèè ïåðåâîçîê ñîçäàþò íàèáîëåå îïàñ-

íûå ñèòóàöèè, êîòîðûå ìîãóò ïðèâåñòè ê òÿæåëûì

ïîñëåäñòâèÿì.

Â íî÷ü íà 31 ÿíâàðÿ 2012 ã. â Àìóðñêîé îáë. íà

Çàáàéêàëüñêîé æåëåçíîé äîðîãå ïðîèçîøåë ñèëüíåé-

øèé ïîæàð. Èç-çà îáðûâà êîíòàêòíûõ ïðîâîäîâ ñî-

øëè ñ ðåëüñîâ è îïðîêèíóëèñü 17 öèñòåðí ñ íåôòüþ,

13 èç êîòîðûõ çàãîðåëèñü. Ïîåçäíîé áðèãàäå óäà-

ëîñü îòöåïèòü ãîðÿùèå öèñòåðíû è îòîãíàòü îñíîâ-

íîé ñîñòàâ íà áåçîïàñíîå ðàññòîÿíèå. Âñåãî òðàíñ-

ïîðòèðîâàëîñü 68 öèñòåðí ñ íåôòüþ. Ïîñòðàäàâøèõ

è ïîãèáøèõ íå áûëî.

6 èþëÿ 2013 ã. â ã. Ëÿê-Ìåæàíòèê (Êàíàäà), ðàñ-

ïîëîæåííîì â 250 êì îò Ìîíðåàëÿ, èç-çà íåèñïðàâ-

íîñòè ðó÷íîãî òîðìîçà ïîòåðïåë êðóøåíèå ïîåçä,

ñîñòîÿùèé èç 70 öèñòåðí ñ ñûðîé íåôòüþ. Ñîñòàâ

ñêàòèëñÿ ñ õîëìà, öèñòåðíû îòîðâàëèñü îò ëîêîìî-

òèâà è, íàáðàâ ñêîðîñòü, ñîøëè ñ ðåëüñîâ â öåíò-

ðàëüíîé ÷àñòè ãîðîäà ñ íàñåëåíèåì îêîëî 6000 ÷åë.

Â ðåçóëüòàòå âîçãîðàíèÿ ïðîèçîøëà ñåðèÿ èç øåñòè

ìîùíûõ âçðûâîâ, ðàçðóøèâøèõ öåíòðàëüíóþ ÷àñòü

ãîðîäà. Èç îïàñíîãî ðàéîíà ïðèøëîñü ýâàêóèðîâàòü

áîëåå 1,5 òûñ. ÷åë. Ìíîãèå ëèøèëèñü ñâîåãî èìó-

ùåñòâà, 47 ÷åë. ïîãèáëè.

9 ìàÿ 2013 ã. íà ñòàíöèè Áåëàÿ Êàëèòâà Ðîñòîâ-

ñêîé îáë. ñîøåë ñ ðåëüñîâ ëîêîìîòèâ, à âñëåä çà íèì

— 51 öèñòåðíà ñ íåôòåïðîäóêòàìè, â òîì ÷èñëå ñ

ïðîïàíîì. Ïîñëåäîâàë âçðûâ, ïîñëå ÷åãî íà÷àëñÿ

ïîæàð: çàãîðåëîñü ìàñëî, íàõîäèâøååñÿ â ðÿäå åìêî-

ñòåé. Èç îäíîé ïîâðåæäåííîé öèñòåðíû ïðîèçîøëà

óòå÷êà ìåòèëåíõëîðèäà. Áûëî ýâàêóèðîâàíî 2,7 òûñ.

÷åë., ãîñïèòàëèçèðîâàíî — 30.

Àíàëèçó ýôôåêòèâíîñòè èñïîëüçîâàíèÿ ýíåðãî-

ðåñóðñîâ íà òðàíñïîðòå, îöåíêå íåãàòèâíîãî âîçäåé-

ñòâèÿ òðàíñïîðòíûõ ñèñòåì íà îêðóæàþùóþ ñðåäó

ïîñâÿùåíî áîëüøîå êîëè÷åñòâî èññëåäîâàíèé. Îä-

íàêî îíè ïðàêòè÷åñêè íå çàòðàãèâàþò âîïðîñîâ ïî-

æàðíîé áåçîïàñíîñòè. Ýêñåðãåòè÷åñêèé ìåòîä ïî-

ëó÷èë ïðèìåíåíèå äëÿ èññëåäîâàíèÿ òðàíñïîðòíûõ

ñèñòåì â ðàçëè÷íûõ ñòðàíàõ, íàïðèìåð â Òóðöèè,

Àíãëèè, Êàíàäå, Êèòàå, Èòàëèè, Èðàíå [7–13].

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ïðîöåññû èñïîëüçîâàíèÿ è ïåðåâîçêè òîïëèâ-

íî-ýíåðãåòè÷åñêèõ ðåñóðñîâ íà æåëåçíîäîðîæíîì

òðàíñïîðòå ñîïðÿæåíû ñ ïîæàðíûì ðèñêîì. Íàìè

ðàññìîòðåíà âîçìîæíîñòü ïðèìåíåíèÿ ýêñåðãåòè-

÷åñêîãî ïîäõîäà äëÿ îöåíêè ïîæàðíîé îïàñíîñòè

ïðîöåññîâ, ïðîèñõîäÿùèõ íà æåëåçíîäîðîæíîì

òðàíñïîðòå, ïóòåì óñòàíîâëåíèÿ ñâÿçè òåðìîäèíàìè-

÷åñêèõ õàðàêòåðèñòèê è ïîêàçàòåëåé ïîæàðîâçðûâî-

îïàñíîñòè. Îáúåêòàìè èññëåäîâàíèÿ âûáðàíû óã-

ëåâîäîðîäû, ÿâëÿþùèåñÿ îñíîâíûìè êîìïîíåíòà-

ìè æèäêîãî è ãàçîîáðàçíîãî òîïëèâà.

Êàê èçâåñòíî, äëÿ âîçíèêíîâåíèÿ è ðàçâèòèÿ ïðî-

öåññîâ ãîðåíèÿ íåîáõîäèìû ãîðþ÷åå âåùåñòâî,

îêèñëèòåëü è îïðåäåëåííûå òåïëîôèçè÷åñêèå óñëî-

âèÿ (äàëåå — ÒÔÓ) [14]. Ìîäåëü “ïîæàðíûé òðå-

óãîëüíèê” êàê ïðîñòåéøåå ïðåäñòàâëåíèå îá óñëî-

âèÿõ âîçíèêíîâåíèÿ ïîæàðà ìîæíî äîïîëíèòü åùå

îäíîé ñîñòàâëÿþùåé — ýêñåðãåòè÷åñêîé (ðèñ. 1).

Â íàñòîÿùåå âðåìÿ ýíåðãåòè÷åñêèé ïîòåíöèàë

ãîðþ÷èõ âåùåñòâ îöåíèâàåòñÿ âåëè÷èíîé òåïëîòû

ñãîðàíèÿ, êîòîðàÿ ìîæåò áûòü îïðåäåëåíà ýêñïåðè-

ìåíòàëüíî è ðàñ÷åòíûìè ìåòîäàìè. Îòäåëüíûå èñ-

ñëåäîâàíèÿ ïîñâÿùåíû âûÿâëåíèþ ñâÿçè ìåæäó òåï-

ëîòîé ñãîðàíèÿ è ýêñåðãèåé, íàïðèìåð, äëÿ óãëÿ [15],

ïëàñòìàññîâûõ îòõîäîâ [16]. Äàííûå ïî òåïëîòå

ñãîðàíèÿ èñïîëüçóþò ïðè ðàñ÷åòå ïîæàðíîé íàãðóç-

êè è êàòåãîðèðîâàíèè ïîìåùåíèé ïî âçðûâîïîæàð-

íîé è ïîæàðíîé îïàñíîñòè.

Íà îñíîâå ïðåäñòàâëåííûõ â òàáë. 1 äàííûõ íàìè

áûëà óñòàíîâëåíà çàâèñèìîñòü ìåæäó óäåëüíîé õè-

ìè÷åñêîé ýêñåðãèåé, ïðèõîäÿùåéñÿ íà 1 ìîëü âåùå-

ñòâà, åõ è íèçøåé òåïëîòîé ñãîðàíèÿ Qí óãëåâîäî-

ðîäîâ, îïðåäåëåííîé ïî ñïðàâî÷íèêó [17].

Íà ðèñ. 2 ïðåäñòàâëåíà çàâèñèìîñòü ìåæäó óäåëü-

íîé õèìè÷åñêîé ýêñåðãèåé åõ óãëåâîäîðîäîâ, ÿâ-

ëÿþùèõñÿ êîìïîíåíòàìè ãàçîîáðàçíîãî è æèäêîãî

òîïëèâà, è Qí . Çíà÷åíèÿ Qí ìåíÿþòñÿ îò 802,0 äî

11263,0 êÄæ�ìîëü, ïðè ýòîì ïàðàìåòð åõ âàðüèðóåò

îò 831,7 äî 11937,4 êÄæ�ìîëü:

Qí = 0,937ex + 66,7 (831,7 $ ex $ 11937,4).

Ìàêñèìàëüíàÿ îòíîñèòåëüíàÿ ïîãðåøíîñòü ïðè

ýòîì ñîñòàâëÿåò 6 %. Êîýôôèöèåíò êîððåëÿöèè R2 =

= 0,999.

Ðèñ. 1. Ìåñòî ýêñåðãèè â “ïîæàðíîì òðåóãîëüíèêå”

Fig. 1. Position of exergy in the “Fire triangle”
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1 Ìåòàí
Methane

ÑÍ4 831,7 18 802,0

2 Àöåòèëåí
Acetylene

Ñ2Í2 1265,8 18 1301,0

3 Ýòèëåí
Ethylene

Ñ2Í4 1361,1 18 1318,0

4 Ýòàí
Ethan

Ñ2Í6 1495,8 18 1576,0

5 Ìåòèëàöåòèëåí
Methylacetylene

Ñ3Í4 1899,5 18 1939,0

6 Ïðîïåí
Propene

Ñ3Í4 2003,9 18 1919,0

7 Öèêëîïðîïàí
Cyclopropane

Ñ3Í6 2043,2 18 2091,0

8 Ïðîïàí
Propane

Ñ3Í8 2154,0 18 2044,0

9 1,3-Áóòàäèåí
1,3-Butadiene

Ñ4Í6 2500,0 20 2411,0

10 1-Áóòèí
1-Butyne

Ñ4Í6 2552,3 18 2599,0

11 Öèêëîáóòàí
Cyclobutane

Ñ4Í8 2516,2 18 2544,0

12 2-Ìåòèë-1-ïðîïåí
2-Methyl-1-propene

Ñ4Í8 2646,0 19 2577,0

13 Öèñáóòåí-2
Cis-2-butene

Ñ4Í8 2652,0 19 2528,0

14 Áóòåí-1
1-Butylene

Ñ4Í8 2659,7 18 2542,6

15 Òðàíñáóòåí-2
Trans-2-butene

Ñ4Í8 2650,0 19 2525,0

16 Èçîáóòàí
Isobutane

Ñ4Í10 2804,0 19 2649,0

17 í-Áóòàí
n-Butane

Ñ4Í10 2805,8 18 2657,0

18 3-Ìåòèë-1-áóòåí
3-Methyl-l-butene

Ñ5Í10 3307,0 19 3143,0

19 Öèêëîïåíòàí
Cyclopentane

Ñ5Í10 3268,0 19 3071,0

20 2-Ìåòèë-2-áóòåí
2-Methyl-2-butene

Ñ5Í10 3291,0 19 3175,0

21 Ïåíòåí-1
1-Pentene

Ñ5Í10 3310,0 19 3154,0

22 í-Ïåíòàí
n-Pentane

Ñ5Í12 3461,8 18 3272,0

23 2,2-Äèìåòèëïðîïàí
2,2-Dimethylpropane

Ñ5Í12 3453,0 19 3253,0

24 2-Ìåòèëáóòàí
2-Methylbutane

Ñ5Í12 3453,0 19 3264,0

Òàáëèöà 1. Çíà÷åíèÿ åx è Qí äëÿ óãëåâîäîðîäîâ

Table 1. Values of exergy and LHV (lower heating value) for
hydrocarbons
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25 Áåíçîë
Benzol

Ñ6Í6 3294,0 20 3169,4

26 Ãåêñåí-1
1-Hexylene

Ñ6Í12 3967,9 18 3767,7

27 Ìåòèëöèêëîïåíòàí
Methylcyclopentane

Ñ6Í12 3910,8 18 3705,0

28 Öèêëîãåêñàí
Cyclohexane

Ñ6Í12 3909,2 18 3689,0

29 3-Ìåòèëïåíòàí
3-Methylpentane

Ñ6Í14 4110,0 19 3882,0

30 2,3-Äèìåòèëáóòàí
2,3-Dimethlybutane

Ñ6Í14 4108,0 19 3868,0

31 í-Ãåêñàí
n-Hexane

Ñ6Í14 4114,5 18 3887,0

32 2,2-Äèìåòèëáóòàí
2,2-Dimethylbutane

Ñ6Í14 4100,2 19 3868,0

33 Òîëóîë
Toluene

Ñ7Í8 3931,0 18 3771,9

34 Ìåòèëöèêëîãåêñàí
Methylcyclohexane

Ñ7Í14 4556,9 18 4293,0

35 2,3-Äèìåòèëïåíòàí
2,3-Dimethylpentane

Ñ7Í16 4755,0 19 4490,0

36 2,4-Äèìåòèëïåíòàí
2,4-Dimethylpentane

Ñ7Í16 4758,0 19 4487,0

37 2,2,3-Òðèìåòèëáóòàí
2,2,3-Trimethylbutane

Ñ7Í16 4759,0 19 4484,0

38 í-Ãåïòàí
n-Heptane

Ñ7Í16 4761,7 18 4501,0

39 2-Ìåòèëãåêñàí
2-Methylhexane

Ñ7Í16 4759,0 19 4494,0

40 ï-Êñèëîë
p-Xylene

Ñ8Í10 4573,0 19 4375,0

41 Ýòèëáåíçîë
Ethylbenzene

Ñ8Í10 4587,9 18 4386,9

42 o-Êñèëîë
o-Xylene

Ñ8Í10 4573,1 18 4376,0

43 Ýòèëöèêëîãåêñàí
Ethylcyclohexane

Ñ8Í16 5205,9 19 4911,0

44 2,2,4-Òðèìåòèëïåíòàí
2,2,4-Trimethylpentane

Ñ8Í18 5413,0 18 5100,0

45 2,4-Äèìåòèëãåêñàí
2,4-Dimethylhexane

Ñ8Í18 5411,0 19 5105,0

46 2,2,3-Òðèìåòèëïåíòàí
2,2,3-Trimethylpentane

Ñ8Í18 5416,0 19 5104,0

47 í-Îêòàí
n-Octane

Ñ8Í18 5413,1 18 5116,0

48 2,3-Äèìåòèëãåêñàí
2,3-Dimethylhexane

Ñ8Í18 5416,0 19 5111,0

49 2-Ìåòèë-3-ýòèëïåíòàí
2-Methyl-3-ethylpentane

Ñ8Í18 5420,0 19 5113,0

Ïðîäîëæåíèå òàáë. 1 / Continued Table 1
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Ïî ìåæäóíàðîäíûì ñòàíäàðòàì ISO 3679 è ISO

13736 òåìïåðàòóðà âñïûøêè Òâñï íå ÿâëÿåòñÿ êîí-

ñòàíòîé äëÿ ôèçèêî-õèìè÷åñêèõ ñâîéñòâ âåùåñòâà

èëè ìàòåðèàëà: åå çíà÷åíèÿ, ïîëó÷åííûå ýêñïåðèìåí-

òàëüíûì ïóòåì, çàâèñÿò îò àïïàðàòóðíîãî îôîðìëå-

íèÿ, ìåòîäèêè îïðåäåëåíèÿ è ìîãóò èìåòü çíà÷èòåëü-

íûé ðàçáðîñ [21]. Êðîìå òîãî, íå äëÿ âñåõ âåùåñòâ

íàéäåíû ýêñïåðèìåíòàëüíûå çíà÷åíèÿ òåìïåðàòóðû

âñïûøêè. Îñíîâíûì íàçíà÷åíèåì ðàññìàòðèâàåìîãî

ïîêàçàòåëÿ ïîæàðîâçðûâîîïàñíîñòè âî ìíîãèõ ñòðà-

íàõ ÿâëÿåòñÿ åãî ïðèìåíåíèå â êà÷åñòâå êðèòåðèÿ ïðè

äåëåíèè âîñïëàìåíÿþùèõñÿ æèäêîñòåé íà ëåãêîâîñ-

ïëàìåíÿþùèåñÿ (ËÂÆ) è ãîðþ÷èå (ÃÆ). Çíà÷åíèå

òåìïåðàòóðû âñïûøêè èñïîëüçóåòñÿ ïðè îïðåäåëå-

íèè êàòåãîðèé ïîìåùåíèé ïî âçðûâîïîæàðíîé è ïî-

æàðíîé îïàñíîñòè. Ïðè îöåíêå ïîæàðíîé îïàñíî-

ñòè â ñîîòâåòñòâèè ñ ÃÎÑÒ 12.1.044–89 äîïóñêàåòñÿ

èñïîëüçîâàòü êàê ýêñïåðèìåíòàëüíûå, òàê è ðàñ÷åò-

íûå çíà÷åíèÿ òåìïåðàòóðû âñïûøêè. Ìåòîäû ðàñ-

¹

ï�ï

No.

Íàçâàíèå
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50 Êóìîë
Cumene

Ñ9Í12 5233,0 20 5268,1

51 1,3,5-Òðèìåòèëáåíçîë
1,3,5-Trimethylbenzene

Ñ9Í12 5213,0 18 4993,0

52 í-Ïðîïèëáåíçîë
n-Propylbenzene

Ñ9Í12 5249,1 18 4996,9

53 l-Ìåòèë-2-ýòèëáåíçîë
l-Methyl-2-ethylbenzene

Ñ9Í12 5226,0 19 4993,0

54 1,2,3-Òðèìåòèëáåíçîë
1,2,3-Trimethylbenzne

Ñ9Í12 5216,0 19 4993,0

55 l-Ìåòèë-4-ýòèëáåíçîë
l-Methyl-4-ethylbenzene

Ñ9Í12 5222,0 18 4993,0

56 1,2,4-Òðèìåòèëáåíçîë
1,2,4-Trimethylbenzene

Ñ9Í12 5211,0 19 4993,0

57 l-Ìåòèë-3-ýòèëáåíçîë
l-Methyl-3-ethylbenzene

Ñ9Í12 5222,0 19 4993,0

58 í-Ïðîïèëöèêëîãåêñàí
n-Propylcyclohexane

Ñ9Í18 5857,7 18 5525,0

59 í-Íîíàí
n-Nonane

Ñ9Í20 6064,9 18 5731,0

60 Íàôòàëèí
Naphthalene

Ñ10Í8 5255,0 18 5050,0

61 í-Áóòèëáåíçîë
n-Butylbenzene

Ñ10Í14 5892,0 18 5608,9

62 í-Áóòèëöèêëîãåêñàí
n-Butylcyclohexane

Ñ10Í20 6511,5 18 6134,0

63 í-Äåêàí
n-Decane

Ñ10Í22 6716,8 18 6346,0

64 Ïåíòàìåòèëáåíçîë
Pentamethylbenzene

Ñ11Í16 6516,0 18 6224,6

65 í-Óíäåêàí
n-Undecane

Ñ11Í24 7376,9 18 6960,0

66 í-Äîäåêàí
n-Dodecane

Ñ12Í26 8029,4 18 7575,0

67 í-Òðèäåêàí
n-Tridecane

Ñ13Í28 8682,0 18 8190,0

68 1,1-Äèôåíèëýòàí
1,1-Diphenylethane

Ñ14Í14 7665,9 18 7330,0

69 í-Òåòðàäåêàí
n-Tetradecane

Ñ14Í30 9334,5 18 8804,0

70 í-Ïåíòàäåêàí
n-Pentadecane

Ñ15Í32 9984,8 18 9419,0

71 í-Ãåêñàäåêàí (öåòàí)
n-Hexadecane

Ñ16Í34 10639,7 18 10034,0

72 í-Îêòàäåêàí
n-Octadecane

Ñ18Í38 11937,4 18 11263,0

73 Òðèôåíèëìåòàí
Triphenylmethane

Ñ19Í16 10109,2 18 9660,0

Îêîí÷àíèå òàáë. 1 / End Table 1

Ðèñ. 2. Çàâèñèìîñòü çíà÷åíèé Qí è åõ äëÿ óãëåâîäîðîäîâ

Fig. 2. Correlation between LHV (lower heating value) and exergy

for hydrocarbons

Ðèñ. 3. Çàâèñèìîñòü Tâñï îò âåëè÷èíû åõ äëÿ àëêàíîâ

Fig. 3. Correlation between flash point and exergy for alkanes
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÷åòà è ïðîãíîçèðîâàíèÿ äàííîãî ïîêàçàòåëÿ ÿâëÿ-

þòñÿ ïðåäìåòîì ñîâðåìåííûõ èññëåäîâàíèé.

Íàìè ïðîàíàëèçèðîâàíà ñâÿçü ìåæäó òåìïåðàòó-

ðîé âñïûøêè äëÿ óãëåâîäîðîäîâ ðàçëè÷íûõ êëàññîâ

è èõ õèìè÷åñêîé ýêñåðãèåé. Â ÷àñòíîñòè, äëÿ àëêà-

íîâ äàííàÿ çàâèñèìîñòü ïðèâåäåíà íà ðèñ. 3.

Âàæíûì ïîêàçàòåëåì ïîæàðîâçðûâîîïàñíîñòè

ÿâëÿþòñÿ êîíöåíòðàöèîííûå ïðåäåëû ðàñïðîñòðà-

íåíèÿ ïëàìåíè, îïðåäåëÿåìûå ýêñïåðèìåíòàëüíî

è ðàñ÷åòíûì ïóòåì. Èõ ñóùåñòâîâàíèå ÿâëÿåòñÿ

ôóíäàìåíòàëüíûì ñâîéñòâîì ãîðþ÷èõ ñìåñåé. Ðàñ-

ñìàòðèâàåìûé ïîêàçàòåëü â ñîîòâåòñòâèè ñ ÃÎÑÒ

12.1.044–89 ïðèìåíÿþò ïðè îïðåäåëåíèè ðàçìåðîâ

âçðûâîîïàñíûõ çîí, ðàñ÷åòå è îáîñíîâàíèè âçðûâî-

îïàñíûõ êîíöåíòðàöèé âåùåñòâ âíóòðè òåõíîëîãè-

÷åñêîãî îáîðóäîâàíèÿ, ïðè îïðåäåëåíèè êàòåãîðèè

ïîìåùåíèé ïî âçðûâîïîæàðíîé è ïîæàðíîé îïàñ-

íîñòè. Çàâèñèìîñòü íèæíåãî (ÍÊÏÐ) è âåðõíåãî

(ÂÊÏÐ) êîíöåíòðàöèîííûõ ïðåäåëîâ ðàñïðîñòðà-

íåíèÿ ïëàìåíè îò óäåëüíîé õèìè÷åñêîé ýêñåðãèè

äëÿ àëêàíîâ ïðåäñòàâëåíà íà ðèñ. 4.

Åùå îäíèì âàæíûì ïîêàçàòåëåì ïîæàðîâçðûâî-

îïàñíîñòè âåùåñòâ ÿâëÿþòñÿ òåìïåðàòóðíûå ïðå-

äåëû ðàñïðîñòðàíåíèÿ ïëàìåíè. Èõ ó÷èòûâàþò ïðè

ðàñ÷åòå ïîæàðîâçðûâîáåçîïàñíûõ òåìïåðàòóðíûõ

ðåæèìîâ ðàáîòû òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ;

ïðè îöåíêå àâàðèé, ñâÿçàííûõ ñ ïðîëèâîì ãîðþ÷èõ

è ëåãêîâîñïëàìåíÿþùèõñÿ æèäêîñòåé; ïðè ðàñ÷åòå

ÂÊÏÐ è ÍÊÏÐ (ÃÎÑÒ 12.1.044–89). Çàâèñèìîñòü

âåðõíåãî (ÂÒÏÐ) è íèæíåãî (ÍÒÏÐ) òåìïåðàòóðíûõ

ïðåäåëîâ ðàñïðîñòðàíåíèÿ ïëàìåíè îò óäåëüíîé õè-

ìè÷åñêîé ýêñåðãèè äëÿ àëêàíîâ ïðèâåäåíà íà ðèñ. 5.

Â òàáë. 2 ïðåäñòàâëåíû ôîðìóëû, ïîëó÷åííûå

äëÿ ðàñ÷åòà ïîêàçàòåëåé ïîæàðîâçðûâîîïàñíîñòè

âåùåñòâ — êîìïîíåíòîâ æèäêèõ è ãàçîîáðàçíûõ

òîïëèâ, ïðèìåíÿåìûõ è ïðåðåâîçèìûõ íà æåëåçíî-

äîðîæíîì òðàíñïîðòå.

Âñëåäñòâèå ðàñøèðåíèÿ ñïåêòðà îáðàùàþùèõñÿ

âåùåñòâ è ìàòåðèàëîâ ýêñïåðèìåíòàëüíîå îïðåäå-

ëåíèå ïîêàçàòåëåé ïîæàðîâçðûâîîïàñíîñòè ÷àñòî

çàòðóäíèòåëüíî, ïîýòîìó èñïîëüçóþò ðàñ÷åòíûå ìå-

òîäû èõ îïðåäåëåíèÿ. Íàéäåíû çàâèñèìîñòè ìåæäó

õèìè÷åñêîé ýêñåðãèåé è ïîêàçàòåëÿìè ïîæàðîâçðû-

âîîïàñíîñòè âåùåñòâ. Êðîìå òîãî, âûÿâëåíû ïðå-

èìóùåñòâà èñïîëüçîâàíèÿ ýêñåðãåòè÷åñêîãî ìåòîäà

àíàëèçà, âêëþ÷àþùèå àñïåêòû îáåñïå÷åíèÿ ïîæàð-

íîé áåçîïàñíîñòè (ðèñ. 6).

Ðèñ. 5. Çàâèñèìîñòü ÂÒÏÐ (1) è ÍÒÏÐ (2) îò âåëè÷èíû åõ äëÿ

àëêàíîâ

Fig. 5. Correlation between upper (1) and lower (2) temperature

limits of flame propagation and exergy for alkanes

¹ ï�ï

No.

Ïîêàçàòåëü

Property

Ôîðìóëà äëÿ ðàñ÷åòà

Formula R2

1 Òåìïåðàòóðà âñïûøêè � Flash point Ò e åx õâñï (FP) � � � �112 10 0 0407 1788 2– , 0,990

2 ÍÊÏÐ � Lower concentration limit of flame propagation ÍÊÏÐ (LFL) � �37511 0 968, ,ex 0,950

3 ÂÊÏÐ � Upper concentration limit of flame propagation ÂÊÏÐ (UFL) � 692 45 0 551, ,ex 0,988

4 ÍÒÏÐ � Lower temperature limit of flame propagation ÍÒÏÐ (LTFL) � � � �119 10 0 0408 1748 2– ,e åx õ 0,999

5 ÂÒÏÐ � Upper temperature limit of flame propagation ÂÒÏÐ (UTFL) � � � �159 10 0 0494 1738 2– ,e åx õ 0,999

Òàáëèöà 2. Ôîðìóëû äëÿ ðàñ÷åòà ïîêàçàòåëåé ïîæàðîâçðûâîîïàñíîñòè àëêàíîâ

Table 2. Formulas for calculating fire and explosion ratio for alkanes

Ðèñ. 4. Çàâèñèìîñòü ÂÊÏÐ (1) è ÍÊÏÐ (2) îò âåëè÷èíû åõ äëÿ

àëêàíîâ

Fig. 4. Correlation between upper (1) and lower (2) concentration

limits of flame propagation and exergy for alkanes
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Çàêëþ÷åíèå

Ïðåäëàãàåìûé ýêñåðãåòè÷åñêèé ïîäõîä ïîçâîëÿåò

êîìïëåêñíî ðàññìàòðèâàòü âîïðîñû ýíåðãîýêîëîãè÷å-

ñêîé ýôôåêòèâíîñòè è ïîæàðíîé îïàñíîñòè ãðóçîâûõ

ïåðåâîçîê æåëåçíîäîðîæíûì òðàíñïîðòîì. Êðîìå

òîãî, îí äàåò âîçìîæíîñòü âûÿâèòü ñâÿçè òåðìîäèíà-

ìè÷åñêèõ õàðàêòåðèñòèê ñ òåõíèêî-ýêîíîìè÷åñêèìè,

ýêîëîãè÷åñêèìè ïîêàçàòåëÿìè è ïðîâåñòè îöåíêó ïî-

æàðîâçðûâîîïàñíîñòè îáðàùàþùèõñÿ íà æåëåçíîäî-

ðîæíîì òðàíñïîðòå âåùåñòâ è ìàòåðèàëîâ.

Èñïîëüçîâàíèå ýêñåðãåòè÷åñêîãî ïîäõîäà îïðå-

äåëÿåòñÿ åãî óíèâåðñàëüíîñòüþ è âîçìîæíîñòüþ

ïðåîäîëåíèÿ ìåòîäîëîãè÷åñêèõ ïðîáëåì ïðè íåîá-

õîäèìîñòè ó÷åòà ðàçëè÷íûõ ïîêàçàòåëåé â åäèíîé

ñèñòåìå.

Ïîëó÷åííûå çàâèñèìîñòè ïîçâîëÿþò ðàíæèðî-

âàòü îáðàùàþùèåñÿ íà æåëåçíîäîðîæíîì òðàíñïîð-

òå âåùåñòâà òîïëèâíî-ýíåðãåòè÷åñêîãî íàçíà÷åíèÿ

ïî ïîêàçàòåëÿì èõ ýíåðãåòè÷åñêîé ýôôåêòèâíîñòè

è ïîæàðíîé îïàñíîñòè.

Ðèñ. 6. Ïðåèìóùåñòâà èñïîëüçîâàíèÿ ýêñåðãåòè÷åñêîãî ìåòîäà àíàëèçà � Fig. 6. Using the exergy analysis for fire safety
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ABSTRACT

Introduction. One of the main trends in the sustainable development of the national economy is an in-

crease in the energy efficiency of processes and industries, fire and industrial safety, rational use of

natural resources, and reduction of negative man-made impact. A method for improving energy

efficiency and predictive reliability is exergy analysis. However, it is not enough specified for fire

safety.

Theoretical basis. Exergy is a thermodynamic concept, used for many years within engineering

analysis of chemical and mechanical processes and systems. In modern science the concept of exergy

is associated with efficiency, economy, and environmental feasibility. However, exergy analysis is

practically does not affect issues related to fire safety.

Result and discussion. Consider the possibility of using an exergy approach to assess the fire

danger of rail transport. At first we establish relationships between thermodynamic characteristics

and fire and explosion hazard ratio. The objects of research are hydrocarbons, which are the main

components of liquid and gaseous fuels.

Exergy is considered as one of the conditions for the occurrence of a fire.

We have determined the dependencies between the specific chemical exergy and the fire and

explosion hazard ratio of substances for railway transport. Specific chemical exergy was found from

literature sources.

Lower heat of combustion, flash point, temperature limits of flame propagation, concentration

limits of flame propagation parameters were considered. Formulas for calculation are proposed.

The correlation of determination R2 was calculated (from 0.950 to 0.999).

Using the exergy method of analysis has some preference for fire safety.

Conclusions. The offered approach allows to consider in a complex way the questions of

energy-ecological efficiency and fire danger of cargo transportations of a railway transportation.

It also makes it possible to identify the links between thermodynamic characteristics and technical,

economic and environmental indicators and to assess the fire and explosion hazard of substances and

materials for railway transport. The obtained dependences allow to rank substances of fuel and energy

purpose in terms of their energy efficiency and fire hazard.

Keywords: exergy; railway transport; fuel; energy-ecological efficiency; fire danger; LHV; flash point;

concentration limits of flame propagation; temperature limits of flame propagation.
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ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÈ

Ïðîàíàëèçèðîâàíà ðîëü ÷åëîâåêà (ïðîãðàììèñòà) â ïðîöåññå ýêñïëóàòàöèè è ñèíòåçà ñïåöè-
àëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè
(ÑÏÎ ÀÑÏÂÁ). Ðàññìîòðåíà ìîäåëü îöåíêè âëèÿíèÿ ÷åëîâåêà (ïðîãðàììèñòà) íà óñòîé÷èâîñòü
ÑÏÎ ÀÑÏÂÁ íåôòåïåðåðàáàòûâàþùèõ ïðîèçâîäñòâ íà ïðèìåðå åäèíè÷íîé ïðîãðàììíîé ñèñòå-
ìû (ÅÏÑ). Ïîêàçàíî, ÷òî âëèÿíèå ïðîãðàììèñòà íà ÅÏÑ ÀÑÏÂÁ çàäàåòñÿ âåêòîðîì ïåðå÷èñëåíèÿ
âíåøíåé, êîíöåïòóàëüíîé è âíóòðåííåé ñõåì äàííûõ è ôîðìàëèçîâàíî ïóòåì âûâîäà îáùåé
ôóíêöèè âëèÿíèÿ ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ ÷åðåç òðóäîçàòðàòû íà ðåàëèçàöèþ. Ñäåëàí âûâîä,
÷òî âëèÿíèå ÷åëîâåêà íà óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ íå çàâèñèò îò êîëè÷åñòâà èñïîëüçóåìûõ åäè-
íè÷íûõ ïðîãðàììíûõ ñèñòåì.

Êëþ÷åâûå ñëîâà: ñïåöèàëüíîå ïðîãðàììíîå îáåñïå÷åíèå; àâòîìàòèçèðîâàííàÿ ñèñòåìà ïî-
æàðîâçðûâîáåçîïàñíîñòè; åäèíè÷íàÿ ïðîãðàììíàÿ ñèñòåìà; íåôòåïåðåðàáàòûâàþùèå ïðåä-
ïðèÿòèÿ; îáúåêòíî-îðèåíòèðîâàííîå ïðîãðàììèðîâàíèå.

DOI: 10.18322/PVB.2018.27.07-08.53-59

Ââåäåíèå

Íåôòåãàçîâûé êîìïëåêñ èãðàåò êëþ÷åâóþ ðîëü â ýêî-

íîìèêå Ðîññèéñêîé Ôåäåðàöèè. Åãî âêëàä â ýêîíî-

ìèêó ñòðàíû â 2017 ã. ñîñòàâèë îêîëî 20 % âàëîâîãî

âíóòðåííåãî ïðîäóêòà, 50 % äîõîäîâ ôåäåðàëüíîãî

áþäæåòà, 67 % îáúåìà ýêñïîðòà. Â òî æå âðåìÿ ïî-

æàðû è âçðûâû áûëè è îñòàþòñÿ îäíîé èç íàèáîëåå

îïàñíûõ óãðîç ïðè ðàáîòå íåôòåïåðåðàáàòûâàþùèõ

ïðåäïðèÿòèé (ÍÏÏ). Äëÿ èõ ïðåäîòâðàùåíèÿ, ñâîå-

âðåìåííîãî îáíàðóæåíèÿ è ëîêàëèçàöèè èñïîëüçó-

þòñÿ ðàçëè÷íûå ñïîñîáû. Íàèáîëåå ýôôåêòèâíûì

ñðåäñòâîì îñòàåòñÿ ïðèìåíåíèå àâòîìàòèçèðîâàííûõ

ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ) [1, 2].

Èõ ñîñòàâíîé ÷àñòüþ, ðàáîòà êîòîðîé íàèáîëüøèì

îáðàçîì âëèÿåò íà óñïåøíîñòü ðàáîòû ÀÑÏÂÁ â

öåëîì, ÿâëÿåòñÿ ïðîãðàììíîå îáåñïå÷åíèå (ÏÎ).

Âíóòðè äàííîãî îáúåêòà îñîáî âûäåëÿåòñÿ ñïåöèàëü-

íîå ÏÎ (ÑÏÎ), ïîä êîòîðûì ïðèíÿòî ïîíèìàòü ïðî-

ãðàììû, ðàçâîðà÷èâàåìûå íà àâòîìàòèçèðîâàííûõ

ðàáî÷èõ ìåñòàõ (ÀÐÌ) îïåðàòîðîâ ÀÑÏÂÁ. ÑÏÎ âû-

ïîëíÿåò ÷àñòü ôóíêöèé îïåðàòîðîâ ÀÑÏÂÁ â àâòî-

ìàòèçèðîâàííîì ðåæèìå è îáåñïå÷èâàåò øòàòíîå

ôóíêöèîíèðîâàíèå åå îñíîâíûõ ïîäñèñòåì. Ïîýòî-

ìó îò òîãî, íàñêîëüêî íàäåæíîé è óñòîé÷èâîé áóäåò

ðàáîòà ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ

âíóòðè ÀÑÏÂÁ, çàâèñèò íàäåæíîñòü è óñòîé÷èâîñòü

ÀÑÏÂÁ ÍÏÏ â öåëîì.

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îöåíêà âëèÿ-

íèÿ ÷åëîâåêà (ïðîãðàììèñòà) íà óñòîé÷èâîñòü ñïå-

öèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ àâòîìàòèçè-

ðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè ÍÏÏ.

Äëÿ äîñòèæåíèÿ ýòîé öåëè áûëè ïîñòàâëåíû è ðå-

øåíû ñëåäóþùèå çàäà÷è: àíàëèç ðîëè ÷åëîâåêà (ïðî-

ãðàììèñòà) â ïðîöåññå ñèíòåçà è ýêñïëóàòàöèè ñïå-

öèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ ÀÑÏÂÁ ÍÏÏ;

ðàçðàáîòêà ìîäåëè îöåíêè âëèÿíèÿ ÷åëîâåêà íà

óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ íåôòåïåðåðàáàòûâàþùèõ

ïðîèçâîäñòâ.

© Òîïîëüñêèé Í. Ã., Êðþ÷êîâ À. Â., Ìèõàéëîâ Ê. À., Íãóåí Òóàí Àíü, 2018
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Òåîðåòè÷åñêèå îñíîâû

Ïðè ñèíòåçå ïðîãðàìì ÑÏÎ â àâòîìàòèçèðîâàí-

íîé ñèñòåìå óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåñ-

ñàìè (ÀÑÓÒÏ), ñîñòàâíîé ÷àñòüþ êîòîðîé ÿâëÿåòñÿ

ÀÑÏÂÁ [1, 2], íåîáõîäèìî çàäåéñòâîâàòü áîëüøîå

÷èñëî òåõíè÷åñêèõ ñïåöèàëèñòîâ â îáëàñòè ðàçðà-

áîòêè ÑÏÎ. Êðîìå òîãî, â ñèëó ïîñòîÿííûõ èçìå-

íåíèé â ïðàâèëàõ è ïîðÿäêå ýêñïëóàòàöèè òîãî èëè

èíîãî îáîðóäîâàíèÿ ÍÏÏ â ÑÏÎ ñëåäóåò ïåðèîäè-

÷åñêè âíîñèòü èçìåíåíèÿ. Çà÷àñòóþ äëÿ îòäåëüíûõ

÷àñòåé ÑÏÎ ÀÑÏÂÁ (ââèäó ìàñøòàáíîñòè äàííîãî

ïðîåêòà) íåîáõîäèìî ïðîâîäèòü ñèíòåç íà èíôîð-

ìàöèîííûõ òåõíîëîãèÿõ, ïðèíöèïû ðàáîòû êîòî-

ðûõ îòëè÷àþòñÿ îò ïðèíöèïîâ äåéñòâèÿ óæå ðàáî-

òàþùåãî ÑÏÎ [3–5]. Ýòî ïðèâîäèò ê íàðóøåíèþ

óñòîé÷èâîñòè ðàáîòû ÑÏÎ êàê íà îòäåëüíûõ ÀÐÌ,

òàê è â ÀÑÏÂÁ â öåëîì. Òàêèå ïðîÿâëåíèÿ ñâÿçàíû

ïðåæäå âñåãî ñ ÷åëîâå÷åñêèì ôàêòîðîì. Âëèÿíèå

÷åëîâåêà íà ïðîöåññû ñèíòåçà è ìîäåðíèçàöèè íå-

îáõîäèìî ïðàâèëüíî îöåíèòü, ïîýòîìó ñëåäóåò ïî-

ñòðîèòü ìîäåëü îöåíêè âëèÿíèÿ ÷åëîâåêà íà ÑÏÎ

ÀÑÏÂÁ.

Äëÿ ïîñòðîåíèÿ ìîäåëè áóäåì ñ÷èòàòü, ÷òî ÑÏÎ

ÀÑÏÂÁ ñîñòîèò èç ìíîæåñòâà îäèíàêîâûõ ïî ñòðóê-

òóðå ýëåìåíòîâ — åäèíè÷íûõ ïðîãðàììíûõ ñèñòåì

(ÅÏÑ). Êàæäàÿ èç íèõ âûïîëíÿåò ðîëü ïðîãðàììíîé

îáîëî÷êè íà ÀÐÌ îïåðàòîðà ÀÑÏÂÁ. Ðàññìîòðèì

ïîñòðîåíèå èñêîìîé ìîäåëè äëÿ îäíîé ÅÏÑ.

Ñîãëàñíî [6] ìîäåëü ðåàëèçàöèè ïðîãðàìì ñ ïî-

ìîùüþ ÿçûêà âûñîêîãî óðîâíÿ ìîæåò áûòü ñâåäåíà

ê ñõåìå, ïðåäñòàâëåííîé íà ðèñóíêå. Ñõåìà âêëþ÷à-

åò äâà áëîêà, ñâÿçàííûå ñ ÅÏÑ, ðåàëèçóþùåé ôóíê-

öèè îáðàáîòêè äàííûõ êîíêðåòíîé ïðåäìåòíîé îá-

ëàñòè. Ïåðâûé áëîê îòíîñèòñÿ ê ìîäåëè äàííûõ

ïðåäìåòíîé îáëàñòè, âòîðîé — ê ïðîãðàììàì îáðà-

áîòêè äàííûõ.

Ìîäåëü äàííûõ ïðåäìåòíîé îáëàñòè âêëþ÷àåò

â ñåáÿ òðè ïðåäñòàâëåíèÿ: âíåøíåå, êîíöåïòóàëüíîå

è âíóòðåííåå, à ìîäåëü ïðîãðàìì (òî÷íåå ñêàçàòü

ïðîãðàììû ÑÏÎ ÀÑÏÂÁ, òàê êàê î ìîäåëÿõ ïðî-

ãðàìì ãîâîðèòü íå ïðèíÿòî) ñîäåðæèò îòðàæåíèå

òðåáîâàíèé ñïåöèàëèñòîâ (ñì. ðèñóíîê): îïåðàòîðà,

çàêàç÷èêà (òåõíè÷åñêîãî ïèñàòåëÿ, ïðîåêòèðîâùè-

êà), êîäèðîâùèêà (ïðîãðàììèñòà), òåñòèðîâùèêà,

ñïåöèàëèñòà â îáëàñòè áåçîïàñíîñòè äàííûõ è ïðî-

ãðàìì. Ïîìèìî íèõ, â äàííîì áëîêå ìîãóò áûòü ñî-

áðàíû òðåáîâàíèÿ ê ôóíêöèÿì äðóãèõ ðîëåé ó÷àñò-

íèêîâ ïðîöåññà ñèíòåçà ÑÏÎ ÀÑÏÂÁ â ñîîòâåòñò-

âèè ñ ïðåäëàãàåìîé íûíå ìîäåëüþ òåõíîëîãè÷åñêîé

çðåëîñòè îðãàíèçàöèé [7] èëè Capability Maturity

Model (CMM) [8, 9].

Îáùåå ÷èñëî ðîëåé ó÷àñòíèêîâ ïðîöåññà ñèíòåçà

ÑÏÎ â ÑÌÌ [7–9] îáû÷íî áîëüøå. Îäíàêî â íàøåì

ñëó÷àå ÷èñëî ðîëåé ó÷àñòíèêîâ çíà÷åíèÿ íå èìååò,

òàê êàê â ðàññìàòðèâàåìûõ â ñòàòüå ìîäåëÿõ áóäåò

ìåíÿòüñÿ ëèøü ðàçìåðíîñòü ñîîòâåòñòâóþùèõ ìíî-

æåñòâ.

Ìîäåëü ïðîöåññà ñèíòåçà ÑÏÎ ÀÑÏÂÁ â òåð-

ìèíàõ ðåëÿöèîííîé àëãåáðû äëÿ ïðèâåäåííîãî íà

ðèñóíêå îòîáðàæåíèÿ ìîæåò áûòü ìàòåìàòè÷åñêè

ïðåäñòàâëåíà â âèäå ñóïåðïîçèöèè äâóõ ìíîæåñòâ.

Â èõ ñîñòàâ äîëæíû âõîäèòü îïðåäåëÿþùèå èõ

ïðåäñòàâëåíèÿ, êàæäîå èç êîòîðûõ ÿâëÿåòñÿ ñëîæ-

íûì ìíîæåñòâîì, ñîñòîÿùèì èç íåñêîëüêèõ óðîâ-

íåé èåðàðõèè. Ðàññìàòðèâàÿ ïîñëåäîâàòåëüíî êàæ-

äóþ èç äâóõ ãðóïï ïðåäñòàâëåíèé, âõîäÿùèõ â ìî-

äåëü ñèíòåçà ÑÏÎ ÀÑÏÂÁ, ìîæíî ïîëó÷èòü äâå

ãðóïïû áëèçêèõ ïî ôîðìå ôîðìóë äëÿ ôóíêöèè âëè-

Ñõåìà îòîáðàæåíèÿ ïðåäìåòíîé îáëàñòè íà åäèíè÷íîé ïðîãðàììíîé ñèñòåìå

Diagram of displaying the subject domain on single program system
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ÿíèÿ ÷åëîâåêà. Ðàçíèöà ìåæäó íèìè áóäåò òîëüêî â

÷èñëå èñïîëüçóåìûõ â ìîäåëÿõ ïðåäñòàâëåíèé. Ïî-

ýòîìó ðàññìîòðèì òîëüêî ïðåäñòàâëåíèÿ è ôîðìó-

ëû â ìîäåëè äàííûõ ïðåäìåòíîé îáëàñòè. Ôîðìóëû

ìîäåëè ïðîãðàìì ìîãóò áûòü âûâåäåíû àíàëîãè÷-

íûì îáðàçîì.

Äëÿ ìîäåëè ïðåäìåòíîé îáëàñòè óêàçàííûå íà

ðèñóíêå ïðåäñòàâëåíèÿ ÿâëÿþòñÿ ñòðóêòóðèðîâàí-

íûìè ìíîæåñòâàìè. Îíè ñîäåðæàò âëîæåííûå îïè-

ñàíèÿ îáúåêòîâ ïðåäìåòíîé îáëàñòè íà ÿçûêå êîíê-

ðåòíîé ïðåäìåòíîé îáëàñòè è îïðåäåëåíèÿ èõ

ñâÿçåé ìåæäó ñîáîé è ñ îêðóæàþùèì ìèðîì. Ðàñ-

ñìîòðèì âûðàæåíèå ýòîãî âçàèìîäåéñòâèÿ â ôîð-

ìóëàõ:

V R Râíåø îá
âíåø

ñâ
âíåø� { , }; (1)

V R Râíóòð îá
âíóòð

ñâ
âíóòð� { , }; (2)

V R Rêîíö îá
êîíö

ñâ
êîíö� { , }, (3)

ãäå Vâíåø, Vâíóòð, Vêîíö — ïðåäñòàâëåíèÿ, ñîîòâåòñò-

âóþùèå ïåðå÷èñëåííûì íà ðèñóíêå òèïàì ìî-

äåëåé äàííûõ;

Rîá
âíåø , Rîá

âíóòð, Rîá
êîíö — ìíîæåñòâî îáúåêòîâ â

ïðåäñòàâëåíèÿõ;

Rñâ
âíåø , Rñâ

âíóòð, Rñâ
êîíö — ìíîæåñòâî ñâÿçåé â

ïðåäñòàâëåíèÿõ.

Â òî æå âðåìÿ êàæäîå èç ìíîæåñòâ Rîá è Rñâ

( ,Rîá
âíåø R

îá

âíóòð, R
îá

êîíö ) â ôîðìóëàõ (1)–(3) ìîæåò

áûòü ïðåäñòàâëåíî ôîðìóëàìè:

Rîá = {Î1, Î2, …, În}; (4)

Rcâ = {(Î11, Î12, T1), (Î21, Î22, T2), …, (În1, În2, Tn)}, (5)

ãäå Î1, Î2, …, În, Îi1, Îi2 (i = 1,2, …, n) — îáúåê-

òû Rîá;

T1, T2, …, Tn — òèïû ñâÿçåé (îòíîøåíèÿ) ìåæäó

îáúåêòàìè În1, În2.

Ñîãëàñíî èäåîëîãèè îáúåêòíî-îðèåíòèðîâàí-

íîãî ïðîãðàììèðîâàíèÿ [10, 11] óêàçàííûå â (4) îáú-

åêòû ñîäåðæàò ìíîæåñòâà ñâîéñòâ, ìåòîäîâ è ñî-

áûòèé. Êàæäîå èç íèõ ìîæåò â ñâîþ î÷åðåäü ïðåä-

ñòàâëÿòü ñîáîé êàê îáúåêò, òàê è äåðåâî îáúåêòîâ.

Íà áàçå ìíîæåñòâ (1)–(3) íåîáõîäèìî îïðåäåëèòü

îäíó èëè íåñêîëüêî ôóíêöèé, èññëåäîâàíèå êîòîðûõ

äàñò èíñòðóìåíò äëÿ îïðåäåëåíèÿ êîëè÷åñòâåííîé

îöåíêè âëèÿíèÿ ÷åëîâåêà íà ïðîöåññ ñèíòåçà ÑÏÎ.

Ñ ýòîé öåëüþ, èñõîäÿ èç òîãî ÷òî äëÿ ïîëó÷åíèÿ

çàêîí÷åííîé ìîäåëè ïðåäìåòíîé îáëàñòè íåîáõî-

äèìà ñóïåðïîçèöèÿ ïðåäñòàâëåíèé Vâíåø, Vâíóòð,

Vêîíö, ðàññìîòðèì ïîñëåäîâàòåëüíîå îòîáðàæåíèå

èõ äðóã íà äðóãà. Òàêîé ïîäõîä äàñò íàì ñëåäóþùóþ

ãðóïïó ôîðìóë:

Vêîíö = fêîíö (Vâíåø); (6)

Vâíóòð = fâíóòð (Vêîíö); (7)

Vâíóòð = fâíóòð (fêîíö (Vâíåø)), (8)

ãäå fêîíö, fâíóòð — ôóíêöèè ïðåîáðàçîâàíèÿ âíåø-

íåé ìîäåëè â êîíöåïòóàëüíóþ è êîíöåïòóàëü-

íîé ìîäåëè âî âíóòðåííþþ.

Òàêèì îáðàçîì, ñóïåðïîçèöèÿ ìíîæåñòâ (1)–(3)

ñ ó÷åòîì ïðèâåäåííûõ âûøå ðàññóæäåíèé, îïèñàí-

íûõ â (6)–(8), áóäåò âûãëÿäåòü êàê ïðåäñòàâëåíèå

Wä (îáùåå ïðåäñòàâëåíèå ìîäåëè äàííûõ):

Wä = fâíóòð (fêîíö (Vâíåø)). (9)

Â ïîëó÷åííîé ñóïåðïîçèöèè Vâíåø — àðãóìåíò

ïðåäñòàâëåíèÿ Wä. Â (9) ïîëó÷åí àðãóìåíò äëÿ ôóíê-

öèè âëèÿíèÿ Wä, ñ ïîìîùüþ êîòîðîãî ñòåïåíü âëèÿ-

íèÿ Zä ìîæåò áûòü ðàññ÷èòàíà êàê

Zä = fä(Wä), (10)

ãäå fä — ôóíêöèÿ, îïðåäåëÿþùàÿ çàâèñèìîñòü ñòå-

ïåíè âëèÿíèÿ Zä îò ôóíêöèè âëèÿíèÿ Wä.

Ôóíêöèÿ-îáîáùåíèå ñ ó÷åòîì ñêàçàííîãî ìîæåò

áûòü îïðåäåëåíà ëèáî êàê âåêòîð ïåðå÷èñëåíèåì

ñëåäóþùèõ ñõåì äàííûõ:

Z Z Z Z Z ZNä
âíåø âíåø âíåø êîíö êîíö�{ , , . . . , , , , . . . ,1 2 1 2

Z Z Z Z
M L

êîíö âíóòð âíóòð âíóòð, , , . . . , },
1 2

(11)

ëèáî êàê ìàòðèöà (ñì. íèæå ôîðìóëó (12)).

Âëèÿíèå ÷åëîâåêà íà ñèíòåç â ÅÏÑ ÀÑÏÂÁ òðåõ

ìîäåëåé äàííûõ çàäàíî â (11) âåêòîðîì ïåðå÷èñëå-

íèÿ: âíåøíåé, êîíöåïòóàëüíîé è âíóòðåííåé ñõåì

äàííûõ. Òàê êàê êîëè÷åñòâî êîìïîíåíò, ðåàëèçó-

åìûõ íà êàæäîì èç ýòàïîâ àïðèîðè, ðàçëè÷íî, îá-

ùàÿ ôóíêöèÿ âëèÿíèÿ ìîæåò áûòü ðåàëèçîâàíà ñ ïî-

ìîùüþ ñóììû (ñâåðòêè), îïðåäåëÿþùåé ïîëíóþ

ñòåïåíü âëèÿíèÿ â (11).

Ïðè ïåðåõîäå îò ÅÏÑ ê ÑÏÎ, ñîñòîÿùåé èç k

ÅÏÑ, íà îñíîâå (11) ìîæåò áûòü ïîëó÷åíà ìàòðèöà

ñëåäóþùåãî âèäà:

Z Z Z Z
L1

1

1

1

1

1 1( ) ( ) ( ) ( ), . . . , , . . . , , . . . ,âíåø êîíö âíóòð âíóòð

âíåø êîíö âíóòðZ Z Z Z
L1

2

1

2

1

2 2( ) ( ) ( ) (, . . . , , . . . , , . . . , )

( ) ( ) ( )

. . .

, . . . , , . . . , , . .

âíóòð

âíåø êîíö âíóòðZ Z Zk k k

1 1 1
. , ( )Z

L

k âíóòð

(12)

Îáùàÿ ôóíêöèÿ Z k

ÈÑ

( ) (ÈÑ — èíôîðìàöèîííûå

ñèñòåìû) âëèÿíèÿ ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ (÷åðåç

òðóäîçàòðàòû íà ðåàëèçàöèþ), ñîñòîÿùåé èç k ÅÏÑ,

îïðåäåëÿåòñÿ ñóììèðîâàíèåì âñåõ òðóäîçàòðàò â ìàò-

ðèöå (12) ñâåðòêîé äàííîé ìàòðèöû:

Z Z Z Zk
i

i

N

i
i

M

i
i

L

ÈÑ

âíåø êîíö âíóòð( ) .� � �
� � �
" " "

1 1 1

(13)

Ñíèæåíèå âëèÿíèÿ ñîãëàñíî (13) ìîæåò äîñòè-

ãàòüñÿ çà ñ÷åò ñîêðàùåíèÿ êîëè÷åñòâà ýëåìåíòîâ

ìàòðèöû (N, M, L) èëè óìåíüøåíèÿ êîýôôèöèåíòîâ

òðóäîåìêîñòè â êàæäîé èç ñòðîê. Íåêîòîðûå çíà÷å-

íèÿ ýëåìåíòîâ ìàòðèöû (12) ìîãóò îáðàùàòüñÿ â íîëü
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â ñëó÷àå, åñëè ýëåìåíò, êîòîðîìó îíè äîëæíû ñîîò-

âåòñòâîâàòü, óæå ðàçðàáîòàí è ìîæåò èñïîëüçîâàòü-

ñÿ áåç äîïîëíèòåëüíûõ “óñèëèé”.

Â [12] ïðèâåäåíû ñõîäíûå ìàòåìàòè÷åñêèå ïî-

ñòðîåíèÿ. Îíè ñâÿçàíû ñ ìåòîäàìè ñèñòåìíîãî àíàëè-

çà (ïðîåêòèðîâàíèÿ) [13, 14] è îöåíêè ýôôåêòèâíîñòè

èíôîðìàöèîííûõ ñèñòåì ñåòè ñâÿçè ñ ðàäèàëüíî-

êîëüöåâîé ñòðóêòóðîé, êîòîðàÿ ïî ñóòè íàïîìèíàåò

ñòðóêòóðó ÑÏÎ ÀÑÏÂÁ. Òåì íå ìåíåå îíè ìîãóò áûòü

èñïîëüçîâàíû äëÿ ïîñòðîåíèÿ îáîáùåííîãî ïîêà-

çàòåëÿ ýôôåêòèâíîñòè âëèÿíèÿ íà ÑÏÎ (ñ. 31 [12])

ëèøü ÷àñòè÷íî. Ýòî ñâÿçàíî ñ òåì, ÷òî ñàì ïî ñåáå

ïðîöåññ ñèíòåçà ÑÏÎ [15–20] ñóùåñòâåííî îòëè÷à-

åòñÿ îò ïðîöåññà ñîçäàíèÿ ñèñòåìû ïåðåäà÷è èíôîð-

ìàöèè.

Ïîìèìî ôîðìóë (12) è (13), äëÿ îöåíêè âëèÿíèÿ

ìîæíî èñïîëüçîâàòü è äðóãèå ìåòîäû, íàïðèìåð ïî-

ñòðîåíèå íàãðóæåííîãî ãðàôà è ïîèñê ïóòè â íåì

ìåòîäàìè ãåíåòè÷åñêèõ àëãîðèòìîâ [21–24]. Â ýòîì

ñëó÷àå â ãðàôå íåîáõîäèìî áóäåò íàéòè îïòèìàëü-

íûé ïóòü ñ ïîìîùüþ èñïîëüçóåìûõ âåêòîðîâ ïî-

èñêà (õðîìîñîì), ðàçìåð êîòîðûõ íå ôèêñèðîâàí.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ïîñòðîåíèå ìàòåìàòè÷åñêîé ìî-

äåëè îöåíêè âëèÿíèÿ ÷åëîâåêà íà óñòîé÷èâîñòü

ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ àâòîìà-

òèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè

[1, 2, 4, 19], îñíîâàííîé íà îòîáðàæåíèè ïðåäñòàâ-

ëåíèé äàííûõ, ïîçâîëÿåò ïîëó÷èòü ôîðìóëó êîëè-

÷åñòâåííîé îöåíêè ôóíêöèè âëèÿíèÿ ÷åëîâåêà íà

ÑÏÎ ïðè åãî ñèíòåçå. Ïðè ýòîì êîëè÷åñòâî åäèíè÷-

íûõ ïðîãðàììíûõ ñèñòåì â ÀÑÏÂÁ äëÿ ïîëó÷åí-

íûõ ôîðìóë çíà÷åíèÿ íå èìååò. Èç íèõ, â ÷àñòíîñòè,

ñëåäóåò, ÷òî ðåøåíèå âîïðîñà î ñíèæåíèè âëèÿíèÿ

÷åëîâåêà íà óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ ëåæèò â ïëîñ-

êîñòè óâåëè÷åíèÿ êîëè÷åñòâà ìíîãîêðàòíî èñïîëü-

çóåìûõ ýëåìåíòîâ — áàçîâûõ ýëåìåíòîâ ïðîãðàìì

äëÿ ñèíòåçà ÅÏÑ. Ñíèæåíèå âëèÿíèÿ äîñòèãàåòñÿ

òàêæå â òîì ñëó÷àå, åñëè òàêèå ýëåìåíòû ñîçäàþòñÿ

îòäåëüíî îò ñèíòåçà ÅÏÑ íà êîíêðåòíîì èíñòðóìåí-

òàëüíîì ñðåäñòâå. Âëèÿíèå ÷åëîâåêà íà óñòîé÷èâîñòü

â ïîñëåäíåì ñëó÷àå ïðè ñèíòåçå íîâûõ âåðñèé ÑÏÎ

ÀÑÏÂÁ äëÿ íîâûõ èíôîðìàöèîííûõ òåõíîëîãèé

áóäåò çíà÷èòåëüíî íèæå.
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ABSTRACT

Introduction. The oil and gas industry plays a key role in the Russian economy. In this regard, it is

necessary to ensure the safety of facilities in this industry, in particular the fire safety of oil refineries.

Computer-aided fire-explosion safety systems play an important role in protecting objects and

detecting fires on them. At the same time, a key element in these systems is special software and the

success of the computer-aided fire-explosion safety system depends on it. Since the software is

developed and operated by a person, there is a scientific and technical problem, which is expressed in

determining the function of human influence on the special software of computer-aided fire-explosion

safety systems.

The work purpose is to assess the impact of human (programmer) on the stability of special

software for computer-aided fire-explosion safety systems of oil refineries.

Methods. The article presents a model of human impact assessment on the stability of special

software for computer-aided fire-explosion safety systems. The model is based on the methods of

system analysis and object-oriented programming.

Results. A mathematical model of human impact assessment on the stability of special software

for computer-aided fire-explosion safety systems is developed. This model allows us to obtain a for-

mula for quantitative evaluation of the function of human influence on special software in its synthesis.

Discussion. The article shows that the reduction of human (programmer) influence on the stability

of special software of computer-aided fire and explosion safety systems lies in the plane of increasing

the number of reusable elements — the basic elements of programs for the synthesis of single software

systems. The reduction of influence is also achieved if such elements are created separately from

the synthesis of single software systems on a particular tool.

Conclusions. The results obtained by the authors can be used to assess the impact of human

(programmer) on the stability of special software for computer-aided fire-explosion safety systems of

oil refineries. In the synthesis of single software systems it is necessary to repeatedly use the basic

elements of the programs. At the same time, the human impact on the stability in the synthesis of new

versions of special software for computer-aided fire-explosion safety systems will be significantly

lower.

Keywords: special software, computer-aided fire-explosion safety systems, single software system,

oil refineries, object oriented programming.
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ÌÅÒÎÄ ÊÎËÈ×ÅÑÒÂÅÍÍÎÃÎ ÐÀÑ×ÅÒÀ
ÑÎÂÎÊÓÏÍÎÃÎ ÔÀÊÒÎÐÀ ÂËÈßÍÈß ÏÅÐÑÎÍÀËÀ
ÍÀ ÓÑÒÎÉ×ÈÂÎÑÒÜ ÑÏÅÖÈÀËÜÍÎÃÎ ÏÐÎÃÐÀÌÌÍÎÃÎ
ÎÁÅÑÏÅ×ÅÍÈß ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÕ ÑÈÑÒÅÌ
ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÈ

Ïðîâåäåí àíàëèç îñîáåííîñòåé ñîçäàíèÿ è ôóíêöèîíèðîâàíèÿ ñïåöèàëüíîãî ïðîãðàììíîãî
îáåñïå÷åíèÿ (ÑÏÎ) â àâòîìàòèçèðîâàííûõ ñèñòåìàõ ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ).
Èçó÷åíû è ïðîàíàëèçèðîâàíû îñîáåííîñòè ñèíòåçà ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ
äëÿ ÀÑÏÂÁ. Ïðèâåäåíû îñîáåííîñòè ðàçäåëåíèÿ ñëîæíûõ ïðîãðàììíûõ ïðîäóêòîâ íà åäèíè÷-
íûå ïðîãðàììíûå ñèñòåìû, à òàêæå èññëåäîâàíû óñëîâèÿ ïðîòåêàíèÿ ïðîöåññà ñèíòåçà ïðî-
ãðàììíûõ ïðîåêòîâ. Ïîêàçàíà íåîáõîäèìîñòü è öåëåñîîáðàçíîñòü ïðèìåíåíèÿ ìåòîäîëîãèè
ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ äëÿ îáåñïå÷åíèÿ ýôôåêòèâíîé îðãàíèçàöèè ñèíòåçà ÑÏÎ è
îáåñïå÷åíèÿ åãî óñòîé÷èâîãî ôóíêöèîíèðîâàíèÿ. Ïðåäëîæåí ìåòîä êîëè÷åñòâåííîãî ðàñ÷åòà
ñîâîêóïíîãî ôàêòîðà âëèÿíèÿ ïåðñîíàëà íà óñòîé÷èâîñòü ÑÏÎ äëÿ èñïîëüçîâàíèÿ â àâòîìàòè-
çèðîâàííûõ ñèñòåìàõ ïîæàðîâçðûâîáåçîïàñíîñòè â öåëÿõ îáåñïå÷åíèÿ èõ óñòîé÷èâîé ðàáîòû.

Êëþ÷åâûå ñëîâà: àâòîìàòèçàöèÿ; ïîæàðîâçðûâîáåçîïàñíîñòü; ñïåöèàëüíîå ïðîãðàììíîå îáåñ-
ïå÷åíèå; ñèíòåç; ýêñïåðòíàÿ îöåíêà; íåôòåïåðåðàáàòûâàþùåå ïðîèçâîäñòâî; ïëàíèðîâàíèå;
óñòîé÷èâîñòü; ïðîãðàììèðîâàíèå; òðóäîçàòðàòû, òðóäîåìêîñòü.
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Ââåäåíèå

Íàó÷íî-òåõíè÷åñêèé ïðîãðåññ äèêòóåò âñå íîâûå è

íîâûå òðåáîâàíèÿ ê óñëîâèÿì è îñîáåííîñòÿì ðà-

áîòû ñîâðåìåííûõ ïðîèçâîäñòâ. Òàê, óæå ïî÷òè ïî-

âñåìåñòíî äëÿ èõ óñòîé÷èâîé ðàáîòû â ñîâðåìåí-

íûõ óñëîâèÿõ èñïîëüçóþòñÿ àâòîìàòèçèðîâàííûå

ñèñòåìû óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññà-

ìè (ÀÑÓÒÏ), íåîòúåìëåìîé ñîñòàâíîé ÷àñòüþ êî-

òîðûõ ÿâëÿåòñÿ ñïåöèàëüíîå ïðîãðàììíîå îáåñïå-

÷åíèå (ÑÏÎ) [1–3].

Íåôòåïåðåðàáàòûâàþùèå ïðîèçâîäñòâà (ÍÏÏ) —

âàæíàÿ ñîñòàâëÿþùàÿ ñîâðåìåííîé íåôòåãàçîâîé

ïðîìûøëåííîñòè. Â ñîñòàâ ÀÑÓÒÏ ýòèõ ïðîèçâîäñòâ

âõîäÿò, ïîìèìî ïðî÷åãî, àâòîìàòèçèðîâàííûå ñèñ-

òåìû ïîæàðîâçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ). Äàííûå

ñèñòåìû ñîñòîÿò èç îáåñïå÷èâàþùèõ ñèñòåì è ôóíê-

öèîíàëüíûõ àâòîìàòèçèðîâàííûõ ñèñòåì (ÀÑ) íèæå-

ñòîÿùåãî óðîâíÿ: ÀÑ ïðåäîòâðàùåíèÿ ïîæàðîâ è

âçðûâîâ, ÀÑ ïîæàðîâçðûâîçàùèòû, ÀÑ îáùåãî íà-

çíà÷åíèÿ [4].

Êàê ïðàâèëî, óñòîé÷èâàÿ ðàáîòà ïåðå÷èñëåííûõ

ÀÑ îáåñïå÷èâàåòñÿ â íàñòîÿùåå âðåìÿ çà ñ÷åò óñòîé-

÷èâîé ðàáîòû ÑÏÎ, ïîýòîìó ñëåäóåò îñîáîå âíèìà-

íèå óäåëèòü ìåòîäàì åãî ñèíòåçà [1]. Äëÿ êðóïíûõ

ïðåäïðèÿòèé ñèíòåç ÑÏÎ ÀÑÏÂÁ ïðåäñòàâëÿåò ñî-

áîé êðàéíå òðóäíóþ è íåòðèâèàëüíóþ çàäà÷ó [5].

Ó÷èòûâàÿ, ÷òî ÑÏÎ ÀÑÏÂÁ ÿâëÿåòñÿ ñëîæíûì èí-

òåëëåêòóàëüíûì ïðîäóêòîì, ñëåäóåò ðàçäåëèòü åãî

íà ñîñòàâíûå ÷àñòè — åäèíè÷íûå ïðîãðàììíûå ñè-

ñòåìû (ÅÏÑ) [3, 6]. ÅÏÑ äîëæíû âûïîëíÿòü îïðå-

äåëåííûå ôóíêöèè îïåðàòîðîâ ÀÑÏÂÁ íà àâòîìà-

òèçèðîâàííûõ ðàáî÷èõ ìåñòàõ (ÀÐÌ) â îòäåëüíûõ

ïîìåùåíèÿõ èëè öåõàõ ÍÏÏ. Ïðè ýòîì îñîáîå âíè-

ìàíèå íåîáõîäèìî óäåëèòü ìèíèìèçàöèè âëèÿíèÿ

ïåðñîíàëà è ðàçðàáîò÷èêîâ íà ÅÏÑ [7].

© Áóòóçîâ Ñ. Þ., Êðþ÷êîâ À. Â., Ñàìàðèí È. Â., 2018
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Îáùèõ ôóíêöèîíàëüíûõ çàäà÷ ó ÅÏÑ íåò, òàê êàê

êàæäàÿ èç íèõ îòâå÷àåò çà ñâîé íåáîëüøîé ó÷àñòîê.

Îäíàêî íåîáõîäèìî îáåñïå÷èòü ôóíêöèîíàëüíîñòü

ÅÏÑ òàêèì îáðàçîì, ÷òîáû âñå îíè îáåñïå÷èâàëè

óñòîé÷èâóþ ðàáîòó ÀÑÏÂÁ â öåëîì, îñîáåííî ïðè

âîçíèêíîâåíèè íåøòàòíûõ ñèòóàöèé.

Ïðåäîòâðàùåíèå ïîæàðîâ è âçðûâîâ íà ÍÏÏ —

ñîñòàâíàÿ ÷àñòü ðàáîòû âñåõ âìåñòå âçÿòûõ ÅÏÑ â

ÑÏÎ ÀÑÏÂÁ. Ïîýòîìó íåîáõîäèìî îáåñïå÷èòü òàêèå

óñëîâèÿ ñèíòåçà ÅÏÑ, êîòîðûå ïîçâîëÿò äîáèòüñÿ

íóæíîé óñòîé÷èâîñòè â èõ ðàáîòå [8].

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ îïèñàíèå ïðåä-

ëàãàåìîãî êîëè÷åñòâåííîãî ðàñ÷åòà ñîâîêóïíîãî

ôàêòîðà âëèÿíèÿ ïåðñîíàëà íà óñòîé÷èâîñòü ÑÏÎ

ÀÑÏÂÁ. Äîñòèæåíèå ïîñòàâëåííîé öåëè îáåñïå÷è-

âàåòñÿ ïóòåì îöåíêè òðóäîçàòðàò íà ñèíòåç ÅÏÑ.

Ïîëó÷åííûå îöåíêè ìîãóò îõàðàêòåðèçîâàòü ñòåïåíü

óñòîé÷èâîñòè òîé èëè èíîé ÅÏÑ ê äåñòðóêòèâíîìó

âëèÿíèþ ñïåöèàëèñòîâ, åå ñèíòåçèðóþùèõ. Êðîìå

òîãî, çíà÷èìîñòü ìåðîïðèÿòèé ïî âûÿâëåíèþ òðó-

äîçàòðàò íà ñèíòåç ÅÏÑ ïðåäëîæåíî îïðåäåëÿòü

c ïîìîùüþ ìåòîäîâ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ

[9–11].

Ìåòîäû èññëåäîâàíèÿ

Òàê êàê ÅÏÑ ïðåäñòàâëÿåò ñîáîé ïðîãðàììó,

ïðîñòàÿ ôîðìóëà äëÿ ðàñ÷åòà òðóäîçàòðàò ïðè ñèí-

òåçå ïðîãðàììíîãî ïðîåêòà åäèíè÷íîé ïðîãðàìì-

íîé ñèñòåìû (ÏÏ ÅÏÑ) ìîæåò âûãëÿäåòü òàê:

Zîáù = Zñáï + ZÅÏÑ , (1)

ãäå Zîáù — îáùèå òðóäîçàòðàòû íà ðåàëèçàöèþ ÏÏ

ÅÏÑ;

Zñáï — çàòðàòû íà ðåàëèçàöèþ èíñòðóìåíòàðèÿ;

ZÅÏÑ — òðóäîçàòðàòû íà ðåàëèçàöèþ ÅÏÑ.

Ïîä òðóäîçàòðàòàìè çäåñü è äàëåå áóäåì ïîíèìàòü

áåçðàçìåðíûå óñèëèÿ, ïðèëîæåííûå ïðîãðàììèñòîì

ïðè âûïîëíåíèè êàêîé-ëèáî ÷àñòè ðàáîòû. Óñëîâèÿ

ïðîòåêàíèÿ ïðîöåññà ñèíòåçà ïðîãðàììíîãî ïðîåêòà

ÅÏÑ äëÿ ïðîãðàììèñòà ìîæíî ðàçäåëèòü íà òåõ-

íè÷åñêèå è îðãàíèçàöèîííûå [12]. Ïðè èçìåíåíèè

òåõíè÷åñêèõ (íî íå îðãàíèçàöèîííûõ) íà÷àëüíûõ

óñëîâèé äàííîãî ïðîöåññà (çàìåíà ïðîãðàììèñòà, èç-

ìåíåíèå ñîñòàâà êîìàíäû ïðîãðàììèñòîâ, èíñòðó-

ìåíòàëüíîãî ñðåäñòâà ïðè ðåàëèçàöèè ÅÏÑ) èçìå-

íÿòñÿ è òðóäîçàòðàòû [13]. Òîãäà

% � % � %Z Z Zîáù ñáï ÅÏÑ , (2)

ãäå %Zîáù — îáùèå òðóäîçàòðàòû íà ðåàëèçàöèþ ÏÏ

ÅÏÑ â íîâûõ óñëîâèÿõ;
%Zñáï — çàòðàòû íà ðåàëèçàöèþ äðóãîãî èíñòðó-

ìåíòàðèÿ;
%ZÅÏÑ — äðóãèå òðóäîçàòðàòû íà ðåàëèçàöèþ ÅÏÑ

â íîâûõ óñëîâèÿõ.

Ñðàâíåíèå ZÅÏÑ è %ZÅÏÑ ïîêàçûâàåò, ÷òî

ZÅÏÑ = F (Zñáï). (3)

Èíûìè ñëîâàìè, òðóäîçàòðàòû, íåîáõîäèìûå äëÿ

ñîçäàíèÿ ÅÏÑ, çàâèñÿò îò òîãî, íàñêîëüêî “õîðîøî”

áûë ïîñòðîåí èíñòðóìåíòàðèé. Äàííàÿ çàâèñèìîñòü

ìîæåò íå áûòü ëèíåéíîé è ñêëàäûâàòüñÿ èç ìíîãèõ

ôàêòîðîâ ïàðàìåòðè÷åñêîãî õàðàêòåðà. Âî âñÿêîì

ñëó÷àå òðóäîçàòðàòû â ôîðìóëå (3) íàïðÿìóþ çàâè-

ñÿò îò ïîëíîòû ñîñòàâëåíèÿ óíèâåðñàëüíîãî íàáîðà

ýëåìåíòîâ èíòåðôåéñà, äåðåâà èíôîðìàöèîííîé

ñõåìû ïðèëîæåíèÿ è ïðîðàáîòêè èíñòðóìåíòàðèÿ

ïðîãðàììèñòîì [14].

Àíàëèç ïðîñòûõ ôîðìóë (1)–(3) è èõ ñìûñëîâîãî

ñîäåðæàíèÿ ïîêàçûâàåò, ÷òî åñëè Zñáï è %Zñáï íå îòëè-

÷àþòñÿ äðóã îò äðóãà èëè îòëè÷àþòñÿ íåçíà÷èòåëü-

íî, òî ðàçíèöà ìåæäó òðóäîçàòðàòàìè íà ÏÏ ÅÏÑ

Zîáù è %Zîáù ìîæåò áûòü çíà÷èòåëüíîé. Ïðè÷èíîé

ýòîìó ìîæåò ñëóæèòü íàëè÷èå ìíîæåñòâà òðåáîâà-

íèé ïî àòðèáóòàì èíôîðìàöèîííîé åäèíèöû õðà-

íåíèÿ (ÈÅÕ) [3, 15], à òàêæå áîëüøîãî êîëè÷åñòâà

îò÷åòîâ è äàííûõ â íèõ, áîëüøîãî îáúåìà ðàñ÷åòîâ

è äàííûõ ïðîìåæóòî÷íîãî àíàëèçà. Îäíàêî ïðè íà-

ëè÷èè èíñòðóìåíòàðèÿ ïðîãðàììèñòà òðóäîçàòðà-

òû è âðåìÿ ðåàëèçàöèè ÏÏ ÅÏÑ íà÷èíàþò çàâèñåòü

òîëüêî îò ïàðàìåòðà ZÅÏÑ.

Ðàññìîòðèì áîëåå äåòàëüíî ïðîöåññ ñèíòåçà ïðî-

ãðàììèñòîì ÅÏÑ áåç èñïîëüçîâàíèÿ óêàçàííîãî èí-

ñòðóìåíòàðèÿ. Ïðè ðàáîòå â ñòóäèè ïðîãðàììíîãî

èíñòðóìåíòàëüíîãî ñðåäñòâà ïðîãðàììèñò ïðè êîäè-

ðîâàíèè ïðîãðàììíîãî îáåñïå÷åíèÿ âûíóæäåí îïè-

ñûâàòü áîëüøîå êîëè÷åñòâî ìåëêèõ ñâîéñòâ è ïåðå-

íàñòðàèâàòü (ïîäñòðàèâàòü) ìíîæåñòâî ìåòîäîâ îáú-

åêòîâ (êîìïîíåíò) [2, 5]. Ïðîèëëþñòðèðîâàòü äàííûå

äåéñòâèÿ ìîæíî êîíêðåòíûì ÷àñòíûì ïðèìåðîì ïðè

ðåàëèçàöèè ïðèëîæåíèÿ ñ èñïîëüçîâàíèåì ñèñòåìû

óïðàâëåíèÿ áàçàìè äàííûõ (ÑÓÁÄ). Îïóñòèì íåêî-

òîðûå äåòàëè è ñîñðåäîòî÷èìñÿ íà ÷àñòè ðåàëèçà-

öèè, ñâÿçàííîé ñ ââîäîì è êîððåêòèðîâêîé äàííûõ â

îäíî èç ïîëåé [3]. Äëÿ ïðèìåðà ìîæíî âçÿòü ñòóäèþ

ðàçðàáîòêè îäíîãî èç èíñòðóìåíòàëüíûõ ñðåäñòâ

Delphi èëè Visual Basic.

Â îáîèõ ñëó÷àÿõ ïîñëå îïèñàíèÿ áàçû äàííûõ

(ÁÄ) â êîíñòðóêòîðå èëè ïðîâîäíèêå, êîãäà ñòðóêòó-

ðà èíôîðìàöèè, îãðàíè÷åíèÿ è ïðàâèëà ñîðòèðîâêè

óæå îïèñàíû íà ýòàïå ïðîåêòèðîâàíèÿ ÁÄ, ïðè ðå-

àëèçàöèè ñèñòåìû ââîäà äàííûõ â ÁÄ íåîáõîäèìî â

ñòóäèè ðàçðàáîò÷èêà ñîçäàòü íåêóþ ôîðìó, ïîçâî-

ëÿþùóþ â èíòåðàêòèâíîì ðåæèìå ìàíèïóëèðîâàòü

äàííûìè â ÁÄ. Äëÿ ýòîãî íåîáõîäèìî ïðè êëàññè÷å-

ñêîì ñïîñîáå ðàçðàáîòêè, øèðîêî îïèñûâàåìîì â

òåõíè÷åñêîé ëèòåðàòóðå [16, 17], ïîìåñòèòü íà ôîðìó

ââîäà íåñêîëüêî (îò 20 äî 100 â ðåàëüíûõ ÅÏÑ) îáú-

åêòîâ óïðàâëåíèÿ, ñâÿçàííûõ ñ ïîëÿìè ÁÄ. Íî ýòî

òîëüêî âèäèìàÿ ÷àñòü àéñáåðãà. Ðåàëüíî æå, ïðåæäå
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÷åì îïèñûâàòü ñâÿçü êîíêðåòíîãî îáúåêòà âèçóàëè-

çàöèè èíôîðìàöèè â ïîëå ÁÄ ñ ïîëåì ÁÄ â ôàéëå íà

äèñêå, äëÿ ðåàëèçàöèè ñâÿçè ñ ÁÄ íåîáõîäèìî [17]:

� óñòàíîâèòü ñîåäèíåíèå ñ ÁÄ;

� îòêðûòü ñåññèþ;

� ïðîâåñòè çàïðîñ ïî îòáîðó ñîîòâåòñòâóþùåé èí-

ôîðìàöèè;

� óñòàíîâèòü (äëÿ ïåðâè÷íîãî ââîäà äàííûõ â ïîëå)

äàííûå ïî óìîë÷àíèþ;

� îïèñàòü îáúåêòû, ñâÿçàííûå ñ ðåàëèçàöèåé äàí-

íûõ ôóíêöèé, äëÿ âñåãî íàáîðà ïîëåé è äëÿ íå-

êîòîðûõ èç íèõ îòäåëüíî è ò. ä.

Áåç ñòóäèè ýòà ÷àñòü îïåðàöèé âûïîëíÿåòñÿ ïðè

ïîìîùè îïåðàòîðîâ ÿçûêà SQL. Îáùèé îáúåì òàêîé

ðàáîòû ìîæåò áûòü îöåíåí 5–7 ñòðîêàìè êîäà íà

îäíî ïîëå òàáëèöû ÁÄ [16]. Ñëåäóåò îòìåòèòü, ÷òî

ðåàëüíàÿ ÅÏÑ ñîäåðæèò äåñÿòêè òàáëèö ÁÄ.

Ïðåäâàðèòåëüíàÿ ðàáîòà, âûïîëíÿåìàÿ äëÿ ðå-

àëèçàöèè âðîäå áû ïðîñòîé ôóíêöèè, ñòàíîâèòñÿ

èíîãäà äëÿ ïðîãðàììèñòîâ â ÏÏ ÅÏÑ íåïðåîäîëè-

ìûì ïðåïÿòñòâèåì, ïîòîìó ÷òî èäåîëîãèÿ íîâîãî

èíñòðóìåíòàëüíîãî ñðåäñòâà (ïàðàäèãìà ïðîãðàììè-

ðîâàíèÿ) íå ñîîòâåòñòâóåò åãî ïðåäûäóùåìó îïûòó

[15]. Â ðåçóëüòàòå ïðîãðàììèðîâàíèå ïðîñòûõ ôóí-

êöèé è èõ ñâÿçûâàíèå ñ ñîîòâåòñòâóþùåé èíôîðìà-

öèåé íà äèñêå ïðåâðàùàåòñÿ â äëèòåëüíîå ÷òåíèå

ïðîãðàììíîé äîêóìåíòàöèè ïî ñîîòâåòñòâóþùåìó

âîïðîñó, ÷òî óâåëè÷èâàåò Zñáï â ðàçû. Èñõîäÿ èç

âñåãî ýòîãî, òðóäîçàòðàòû íà îïèñàíèå ïîâåäåíèÿ

îáúåêòîâ óïðàâëåíèÿ íà îäíîé ýêðàííîé ôîðìå â

ÏÏ ÅÏÑ ìîæíî ñìåëî óìíîæàòü íà ïÿòü.

Ïðåäïîëîæèì, ðåøåíèå êîíêðåòíîãî âîïðîñà ïðî-

ãðàììèñòîì íàéäåíî è ñâÿçóþùèå ôóíêöèè â ÅÏÑ

îïèñàíû. Òåì íå ìåíåå çàäà÷à îïèñàíèÿ ââîäà äàííûõ

ïî-ïðåæíåìó àêòóàëüíà è òðåáóåò ðåøåíèÿ. Äëÿ ñâÿçè

îáúåêòà óïðàâëåíèÿ (ÎáÓ) ñ ïîëåì ÁÄ íà äèñêå ñëå-

äóåò îïèñàòü ïîâåäåíèå îáúåêòà [1]. Äëÿ ýòîãî íåîá-

õîäèìî îïèñàòü îêîëî 10 ñâîéñòâ è íàïèñàòü 2–3 ìå-

òîäà. “Íàïèñàòü” â äàííîì ñëó÷àå îçíà÷àåò ñîçäàíèå

äîïîëíèòåëüíîé ïðîãðàììû, ðåàëèçóþùåé çàäàííóþ

ôóíêöèîíàëüíîñòü, ñâÿçàííóþ ñ êîíêðåòíûì ñâîé-

ñòâîì (ñîáûòèåì èëè äðóãîé õàðàêòåðèñòèêîé) îáú-

åêòà. Òàêàÿ ïðîãðàììà ìîæåò ïðåäñòàâëÿòü ñîáîé

ïðîöåäóðó èëè íàáîð èç íåñêîëüêèõ ïðîöåäóð (ôóíê-

öèé, òðèããåðîâ ÑÓÁÄ è ò. ï.).

Òàêèì îáðàçîì, òðóäîçàòðàòû íà îïèñàíèå îäíî-

ãî ÎáÓ â ÏÏ ÅÏÑ, èñõîäÿ èç ýêñïåðòíûõ îöåíîê,

ìîæíî îïðåäåëèòü ïî ñëåäóþùåé ôîðìóëå:

ZOáÓ ÅÏÑ = 10Zñâ + 2Zìåò , (4)

ãäå ZÎáÓ ÅÏÑ — òðóäîçàòðàòû íà ðåàëèçàöèþ ÎáÓ

íà ôîðìå;

Zñâ — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ñâîéñòâà;

Zìåò — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ìåòîäà.

Ïðè ýòîì åñëè ñâîéñòâî ìîæåò áûòü îïèñàíî âî

âðåìåííîì èíòåðâàëå, êîòîðûé ñîñòàâëÿåò îò íåñêîëü-

êèõ äåñÿòêîâ äî íåñêîëüêèõ ñîòåí ñåêóíä, òî îïèñà-

íèå ìåòîäîâ ìîæåò ïîòðåáîâàòü âðåìåíè äî íåñêîëü-

êèõ äåñÿòêîâ ìèíóò èëè íåñêîëüêèõ ÷àñîâ. Ýòî çà-

âèñèò îò ñòåïåíè çíàíèÿ “ìàò÷àñòè” (èäåîëîãèè

ïðîãðàììèðîâàíèÿ íà äàííîì èíñòðóìåíòàëüíîì

ñðåäñòâå è ìåòîäîâ ðàçðàáîòêè ïðîãðàìì ñ åãî ïî-

ìîùüþ) ïðîãðàììèñòîì è íåîáõîäèìîñòè åå îïåðà-

òèâíîãî ïåðåó÷èâàíèÿ [18]. Ðàçáðîñ ïî âðåìåíè è

ïî òðóäîåìêîñòè èñïîëíåíèÿ ÎáÓ çàñòàâëÿåò ãîâî-

ðèòü î ñðåäíèõ âåëè÷èíàõ ýòèõ õàðàêòåðèñòèê â êî-

ëè÷åñòâåííûõ ôîðìóëàõ.

Ñðåäíÿÿ òðóäîåìêîñòü (ìàòåìàòè÷åñêîå îæèäà-

íèå òðóäîåìêîñòè) ñîçäàíèÿ ÎáÓ íà êîíêðåòíîé ôîð-

ìå â êîíêðåòíîé ÅÏÑ ìîæåò áûòü âû÷èñëåíà ïî ôîð-

ìóëå

Z
N

Z i

i

N

ôîðì ñð ÎáÓ ÅÏÑ. ,�
�
"1

1

(5)

ãäå Zôîðì.ñð — ñðåäíèå òðóäîçàòðàòû íà ðåàëèçàöèþ

ÎáÓ ôîðìû;

N — ÷èñëî ÎáÓ íà ôîðìå;

ZÎáÓ ÅÏÑ i — òðóäîçàòðàòû íà îïèñàíèå îäíîãî

ÎáÓ íà ôîðìå.

×èñëî ôîðì äëÿ ââîäà è âûâîäà èíôîðìàöèè îïðå-

äåëÿåòñÿ â ñîîòâåòñòâèè ñ òåõíè÷åñêèì çàäàíèåì íà

ÏÏ ÅÏÑ. Äëÿ êàæäîé êîíêðåòíîé ÅÏÑ îíî ñâîå.

Ïîìèìî ôîðì, â ñîñòàâ ÅÏÑ âõîäÿò è äðóãèå êîìïî-

íåíòû, ïîýòîìó îáùàÿ òðóäîåìêîñòü ZÅÏÑ ìîæåò

áûòü îïðåäåëåíà ïî ôîðìóëå

ZÅÏÑ = Nôîðì Zôîðì + Nîò÷ Zîò÷ +

+ Nðàñ÷ Zðàñ÷ + ZÁÄ + Zäîï.ôóíê,
(6)

ãäå Nôîðì, Nîò÷, Nðàñ÷ — ÷èñëî ñîîòâåòñòâåííî ôîðì,

îò÷åòîâ è ðàñ÷åòîâ;

Zôîðì, Zîò÷, Zðàñ÷ — òðóäîçàòðàòû íà ðåàëèçàöèþ

ñîîòâåòñòâåííî îäíîé ôîðìû, îäíîãî îò÷åòà, îä-

íîãî ðàñ÷åòà;

ZÁÄ — òðóäîçàòðàòû íà ðåàëèçàöèþ ñòðóêòóðû è

àäìèíèñòðèðîâàíèå ÁÄ è ÅÏÑ;

Zäîï.ôóíê — òðóäîçàòðàòû íà ðåàëèçàöèþ îñòàëü-

íûõ êîìïîíåíòîâ ÅÏÑ, íå âêëþ÷àþùèõ â ñåáÿ

ïåðå÷èñëåííûå â äàííîé ôîðìóëå îáúåêòû êîì-

ïîíåíòîâ.

Ôîðìóëû äëÿ ðàñ÷åòà òðóäîåìêîñòåé äëÿ îò-

÷åòîâ Zîò÷ àíàëîãè÷íû ôîðìóëàì (5) è (4). Òðóäîçà-

òðàòû ïî êàæäîé èç íèõ îïðåäåëÿþòñÿ êàê ñóììû

òðóäîçàòðàò îòäåëüíûõ ñîñòàâíûõ ÷àñòåé ïî êàæäî-

ìó èç âõîäÿùèõ â íèõ ýëåìåíòîâ. Òàê, òðóäîçàòðàòû

íà îäèí îò÷åò ìîãóò ðàññ÷èòûâàòüñÿ ñëåäóþùèì

îáðàçîì:

Zîò÷ = Zìîä + Nýë Zýë , (7)

ãäå Zîò÷ — òðóäîçàòðàòû íà ðåàëèçàöèþ îäíîãî îò-

÷åòà â ÅÏÑ;
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Zìîä — òðóäîçàòðàòû íà ñîçäàíèå ýëåêòðîííîãî

áëàíêà îò÷åòà;

Nýë — ÷èñëî ýëåìåíòîâ âûâîäà (ÝÂ) â äàííîì

îò÷åòå;

Zýë — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ýëåìåí-

òà âûâîäà.

Ïîä ýëåìåíòîì âûâîäà â îò÷åòå ïîäðàçóìåâà-

åòñÿ îäíî ïîëå äëÿ âûâîäà èíôîðìàöèè (íàïðèìåð,

â îäíîé ñòðîêå è â îäíîé ãðàôå äëÿ îò÷åòà òàáëè÷-

íîé ôîðìû). ÝÂ ìîæåò ñîäåðæàòü èíôîðìàöèþ èç

îäíîãî ïîëÿ ÁÄ, îáðàáîòàííóþ êàêèì-ëèáî îáðàçîì;

ñóììó ïîëåé; äàííûå îäíîé èç ïåðåìåííûõ, ââîäè-

ìûõ íåïîñðåäñòâåííî ïðè âûâîäå îò÷åòà; äàííûå

ñâÿçàííîãî ñ ýòèì ïîëåì ðàñ÷åòà, îïðåäåëÿåìîãî â

ïàñïîðòå ÈÅÕ. Êàê è äëÿ ýëåìåíòà óïðàâëåíèÿ, äëÿ

ýëåìåíòà âûâîäà ìîãóò áûòü ðàññ÷èòàíû òðóäîçà-

òðàòû íà åãî ñîçäàíèå. Îíè òàêæå îïðåäåëÿþòñÿ íà

îñíîâàíèè ýêñïåðòíûõ îöåíîê:

Zýë = Nñâ Zñâ + Nìåò Zìåò , (8)

ãäå Zýë — òðóäîçàòðàòû íà îïèñàíèå îäíîãî ÝÂ;

Nñâ — ñðåäíåå ÷èñëî èçìåíÿåìûõ ñâîéñòâ ÝÂ

â äàííîì îò÷åòå;

Zñâ — ñðåäíèå òðóäîçàòðàòû íà îïèñàíèå îäíîãî

ñâîéñòâà ÝÂ;

Nìåò — ñðåäíåå ÷èñëî ñîçäàâàåìûõ ìåòîäîâ ÝÂ

â äàííîì îò÷åòå;

Zìåò — ñðåäíèå òðóäîçàòðàòû íà ñîçäàíèå îäíî-

ãî ìåòîäà ÝÂ.

Òðóäîçàòðàòû íà ðåàëèçàöèþ ñòðóêòóðû è àäìè-

íèñòðèðîâàíèå ÁÄ è ÅÏÑ ZÁÄ ìîãóò áûòü âû÷èñëå-

íû ïî ôîðìóëå

ZÁÄ = Zäèñï + Zðåàë , (9)

ãäå Zäèñï — òðóäîçàòðàòû íà îïèñàíèå âñåõ äàííûõ â

ÏÏ ÅÏÑ;

Zðåàë — ñðåäíèå òðóäîçàòðàòû íà ðåàëèçàöèþ

ýòèõ äàííûõ â ÑÓÁÄ.

Ôîðìóëà äëÿ ðàñ÷åòà òðóäîåìêîñòåé äëÿ Zðàñ÷

ìîæåò áûòü çàïèñàíà ñëåäóþùèì îáðàçîì:

Zðàñ÷ = Nýë Zýë , (10)

ãäå Zðàñ÷ — òðóäîçàòðàòû íà ðåàëèçàöèþ îäíîãî ðàñ-

÷åòà â ÅÏÑ;

Zýë — ñðåäíèå òðóäîçàòðàòû íà îïèñàíèå îäíîãî

ðàñ÷åòíîãî ýëåìåíòà;

Nýë — ñðåäíåå ÷èñëî ðàñ÷åòíûõ ýëåìåíòîâ â

äàííîì ðàñ÷åòå.

Èòàê, ðàññìîòðåí â îáùåì âèäå êîëè÷åñòâåííûé

ðàñ÷åò ñîâîêóïíîãî ôàêòîðà âëèÿíèÿ ïåðñîíàëà

íà óñòîé÷èâîñòü ÑÏÎ ÀÑÏÂÁ íà îñíîâå îöåíîê

òðóäîçàòðàò íà ñèíòåç ÏÏ ÅÏÑ. Äàííûå ôîðìóëû

ìîãóò èñïîëüçîâàòüñÿ äëÿ ðàñ÷åòà êàëüêóëÿöèé íà

ÅÏÑ (îòäåëüíûå ñîñòàâíûå ÷àñòè ÑÏÎ ÀÑÏÂÁ),

òðóäîçàòðàò ðàçðàáîò÷èêîâ è ñòåïåíè âëèÿíèÿ ïåð-

ñîíàëà íà ðàçðàáàòûâàåìîå ÑÏÎ â ÀÑÏÂÁ ñ âûñî-

êîé òî÷íîñòüþ. Ýòî äàåò âîçìîæíîñòü îïðåäåëÿòü

ñìåòû íà ñèíòåçèðóåìîå ÑÏÎ, à òàêæå îäíîçíà÷íî

îöåíèòü ðåàëüíîå âëèÿíèå ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ

è, ñëåäîâàòåëüíî, ïîâûñèòü åãî óñòîé÷èâîñòü.

Àíàëèç ðåçóëüòàòîâ

Òàêèì îáðàçîì, îäíà èç çàäà÷ ïðîâîäèìûõ ðàñ-

÷åòîâ — óñòàíîâèòü êîëè÷åñòâåííûå ïîêàçàòåëè

âëèÿíèÿ ÷åëîâåêà íà ñèíòåçèðóåìîå â ÀÑÏÂÁ ÑÏÎ.

Ïðèíèìàÿ âî âíèìàíèå, ÷òî êîëè÷åñòâî ÏÏ ÅÏÑ â

ÑÏÎ ÀÑÏÂÁ ìîæåò èñ÷èñëÿòüñÿ äåñÿòêàìè òûñÿ÷

åäèíèö, à ðóêîâîäèòåëè ïðîåêòîâ ïî ñèíòåçó ÑÏÎ

äîëæíû íåñòè îòâåòñòâåííîñòü çà ñáîè, ïðèìåíå-

íèå äàííîé òåõíîëîãèè îöåíêè â îðãàíèçàöèè ïðî-

öåññà ñèíòåçà ÑÏÎ ïîìîæåò èì ïðàâèëüíî ðàñïðå-

äåëèòü ðåñóðñû. Ëîãè÷íî ïðè ýòîì èñïîëüçîâàòü

ìåòîäîëîãèþ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ [9–11].

Åå ïðèìåíåíèå â òîì âèäå, â êàêîì îíà îïèñàíà â

äàííûõ èñòî÷íèêàõ, äàåò âîçìîæíîñòü îòâåòñòâåí-

íûì çà ïðîöåññ ëèöàì äåòàëüíî åãî êîíòðîëèðî-

âàòü. Ïðè÷åì ýòî ñòàíîâèòñÿ âîçìîæíûì äàæå ïðè

ðåçêîì âîçðàñòàíèè îáúåìîâ ïðîèçâîäñòâåííûõ

ìîùíîñòåé è îáðàáàòûâàåìîé èíôîðìàöèè, à òàêæå

îãðàíè÷åíèé íà ïðèìåíÿåìîå îáîðóäîâàíèå íà ïî-

æàðîîïàñíûõ îáúåêòàõ, ÷òî ïîçâîëèò îáåñïå÷èòü äî-

ñòèæåíèå íåîáõîäèìîãî óðîâíÿ êîìïëåêñíîé áåç-

îïàñíîñòè â ÀÑÏÂÁ íà ÍÏÏ [19, 20].

Ðàññ÷èòàííûå ïîêàçàòåëè çíà÷èìîñòåé ìåðîïðè-

ÿòèé ïî îïðåäåëåíèþ òðóäîçàòðàò íà âñå ÏÏ ÅÏÑ

ìîãóò èñïîëüçîâàòüñÿ â êà÷åñòâå îñíîâû äëÿ àíàëèçà

ãîòîâíîñòè ê èñïîëüçîâàíèþ ÑÏÎ ÀÑÏÂÁ íà ÍÏÏ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, öåëåñîîáðàçíî âêëþ÷èòü îïè-

ñàííóþ òåõíîëîãèþ îöåíêè òðóäîçàòðàò ñ èñïîëü-

çîâàíèåì ìåòîäîâ ñòðàòåãè÷åñêîãî ïëàíèðîâàíèÿ â

ñîñòàâíûå ÷àñòè ÀÑÏÂÁ: ÀÑ ïðåäîòâðàùåíèÿ ïî-

æàðîâ è âçðûâîâ, ÀÑ ïîæàðîâçðûâîçàùèòû è ÀÑ

îáùåãî íàçíà÷åíèÿ [4]. Ïðåäëîæåííûé ìåòîä êîëè-

÷åñòâåííîãî ðàñ÷åòà ñîâîêóïíîãî ôàêòîðà âëèÿíèÿ

ïåðñîíàëà íà óñòîé÷èâîñòü ñïåöèàëüíîãî ïðîãðàìì-

íîãî îáåñïå÷åíèÿ ïîçâîëèò îáåñïå÷èòü óñòîé÷èâóþ

ðàáîòó ÀÑÏÂÁ.
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ABSTRACT

Introduction. This paper considers the analysis of features of creation and functioning of the special

software in the automated systems of fire and explosion safety. There is generalized structure of

the automated systems of fire and explosion safety in the introduction: the automated system of pre-

vention of fires and explosions, the automated system of fire and explosion protection, the automated

system of general purpose. It is necessary to keep in mind that automated system of fire and explosion

protection is a part automated control system of technological process.

Methodology. The features of synthesis of special software for automated fire and explosion

safety systems for ensuring stable operation of special software are studied and analyzed. The features

of division of complex software products into single software systems are given. Single software

systems must perform certain functions of operators of the automated system of fire and explosion

safety in automated workplaces in separate rooms or workshops of oil refining production. The impact

of developers on individual software systems is very large. There are no common functional tasks for

individual software systems, as each of them is responsible for its own small area. It is important that

all individual software systems ensure stable operation of the automated fire and explosion safety

system as a whole, especially in certain situations. For this purpose, the paper proposes a method of

quantitative calculation of the total factor of personnel influence on the stability of a special software

for use in automated fire and explosion safety systems in order to ensure their stable operation during

the synthesis. Moreover, to estimate the total work scope the example of application implementation

using a database management system is considered. This example shows the process of synthesis of

single software systems.

Results. Given the large number of automated workplaces in the operation of automated fire

and explosion safety systems, the necessity and expediency of using the methodology of strategic

planning to ensure effective organization of the synthesis is shown.

Conclusion. The proposed method of quantitative calculation of the total factor of personnel

influence on the stability of a special software for use in automated fire and explosion safety systems

will ensure their stable operation. This method is recommended for using in the component of

the automated systems of fire and explosion safety on oil refining production.

Keywords: automation; fire and explosion safety; special software; synthesis; expert evaluation; oil

refining production; planning; stability; programming; labor expenditures; laboriousness.
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ÎÏÐÅÄÅËÅÍÈÅ ÑÎÑÒÀÂÀ ÏÐÎÃÐÀÌÌ Â ÑÏÅÖÈÀËÜÍÎÌ
ÏÐÎÃÐÀÌÌÍÎÌ ÎÁÅÑÏÅ×ÅÍÈÈ ÀÂÒÎÌÀÒÈÇÈÐÎÂÀÍÍÛÕ
ÑÈÑÒÅÌ ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÈ ÎÁÚÅÊÒÎÂ

Ðàññìîòðåíû åäèíè÷íûå ïðîãðàììíûå ñèñòåìû (ÅÏÑ) àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðî-
âçðûâîáåçîïàñíîñòè (ÀÑÏÂÁ) îáúåêòîâ. Äàíî îäíî èç âîçìîæíûõ ìàòåìàòè÷åñêèõ îïðåäåëå-
íèé ïðîãðàìì ÅÏÑ è èõ õàðàêòåðèñòèê. Ïðîâåäåíà îöåíêà êîëè÷åñòâà ôîðìóë â ñïåöèàëüíîì
ïðîãðàììíîì îáåñïå÷åíèè (ÑÏÎ) ÀÑÏÂÁ è àâòîìàòèçèðîâàííûõ ñèñòåì óïðàâëåíèÿ òåõíîëîãè-
÷åñêèìè ïðîöåññàìè â öåëîì. Îïèñàí ïðîöåññ ïîèñêà óíèôèêàòîðà â ÅÏÑ íà ìíîæåñòâå ôîðìóë
ÑÏÎ ÀÑÏÂÁ. Ïîêàçàíî, ÷òî äëÿ åãî îïðåäåëåíèÿ íåîáõîäèìî ïðîâåñòè ðàçáèåíèå ÅÏÑ íà áàçî-
âûå ãðóïïû ôóíêöèîíàëüíîñòè, ïðåäñòàâëÿþùèå ñîáîé íåäåëèìûå íà ÷àñòè ýëåìåíòû.

Êëþ÷åâûå ñëîâà: àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè;
ñïåöèàëüíîå ïðîãðàììíîå îáåñïå÷åíèå; àâòîìàòèçèðîâàííûå ñèñòåìû ïîæàðîâçðûâîáåçîïàñ-
íîñòè; åäèíè÷íàÿ ïðîãðàììíàÿ ñèñòåìà; áàçîâûå ãðóïïû ôóíêöèîíàëüíîñòè.

DOI: 10.18322/PVB.2018.27.07-08.67-73

Ââåäåíèå

Íàó÷íî-òåõíè÷åñêèé ïðîãðåññ äèêòóåò âñå íîâûå è

íîâûå òðåáîâàíèÿ ê ïðèíöèïàì ðàáîòû ïðîèçâîä-

ñòâåííûõ ìîùíîñòåé ñîâðåìåííûõ ïðåäïðèÿòèé.

Äëÿ èõ óñòîé÷èâîé ðàáîòû â ñîâðåìåííûõ óñëîâèÿõ

èñïîëüçóþòñÿ àâòîìàòèçèðîâàííûå ñèñòåìû óïðàâ-

ëåíèÿ òåõíîëîãè÷åñêèìè ïðîöåññàìè (ÀÑÓÒÏ), ñî-

ñòàâíîé ÷àñòüþ êîòîðûõ ÿâëÿåòñÿ ñïåöèàëüíîå ïðî-

ãðàììíîå îáåñïå÷åíèå (ÑÏÎ).

Òàêèì îáðàçîì, öåëü íàñòîÿùåé ðàáîòû — îïðå-

äåëåíèå ñîñòàâà ïðîãðàìì â ÑÏÎ àâòîìàòèçèðîâàí-

íûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè îáúåêòîâ

(ÀÑÏÂÁ). Ïðè ýòîì ïîñòàâëåíû è ðåøåíû ñëåäó-

þùèå çàäà÷è: îïèñàíèå ìàòåìàòè÷åñêîãî îïðåäåëå-

íèÿ åäèíè÷íûõ ïðîãðàììíûõ ñèñòåì (ÅÏÑ) è èõ

õàðàêòåðèñòèê; îöåíêà êîëè÷åñòâà ôîðìóë â ÑÏÎ

àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåç-

îïàñíîñòè; îïèñàíèå (ñ ôîðìàëüíîé òî÷êè çðåíèÿ)

ïîèñêà óíèôèêàòîðà â åäèíè÷íîé ïðîãðàììíîé ñè-

ñòåìå.

Îáùàÿ ïîñòàíîâêà çàäà÷è
èññëåäîâàíèÿ

Íåôòåïåðåðàáàòûâàþùèå ïðîèçâîäñòâà (ÍÏÏ)

— âàæíàÿ ñîñòàâëÿþùàÿ ñîâðåìåííîé ïðîìûø-

ëåííîñòè. Îíè, ïîìèìî âñåãî ïðî÷åãî, ìîãóò èìåòü

â ñîñòàâå ÀÑÓÒÏ àâòîìàòèçèðîâàííûå ñèñòåìû ïî-

æàðîâçðûâîáåçîïàñíîñòè [1, 2]. Â äàííûå ñèñòåìû

âõîäÿò îáåñïå÷èâàþùèå ñèñòåìû, à òàêæå ôóíêöè-

îíàëüíûå àâòîìàòèçèðîâàííûå ñèñòåìû (ÀÑ) íèæå-

ñòîÿùåãî óðîâíÿ, âêëþ÷àþùèå â ñåáÿ [1, 2] (ñì. ðè-

ñóíîê):
� ÀÑïðåäîòâðàùåíèÿïîæàðîâèâçðûâîâ (ÀÑÏÏÂ);
� ÀÑ ïîæàðîâçðûâîçàùèòû (ÀÑÏÂÇ);
� ÀÑ îðãàíèçàöèîííî-òåõíè÷åñêèõ ìåðîïðèÿòèé

(ÀÑÎÒÌ).

Êàê ïðàâèëî, óñòîé÷èâàÿ ðàáîòà ïåðå÷èñëåííûõ

ÀÑ îáåñïå÷èâàåòñÿ â íàñòîÿùåå âðåìÿ çà ñ÷åò óñòîé-

÷èâîé ðàáîòû ÑÏÎ, ïîýòîìó îñîáîå âíèìàíèå ñëå-

äóåò óäåëèòü ìåòîäàì åãî ñèíòåçà [3–14]. Ó÷èòûâàÿ,

÷òî ÑÏÎ ÀÑÏÂÁ ïðåäñòàâëÿåò ñîáîé ñëîæíûé èí-

© Òîïîëüñêèé Í. Ã., Êðþ÷êîâ À. Â., Ãðà÷åâ Ä. Ñ., Ìèõàéëîâ Ê. À., 2018
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òåëëåêòóàëüíûé ïðîäóêò, ñëåäóåò ðàçäåëèòü åãî íà

ñîñòàâíûå ÷àñòè — åäèíè÷íûå ïðîãðàììíûå ñèñ-

òåìû. ÅÏÑ äîëæíû âûïîëíÿòü îïðåäåëåííûå ôóíê-

öèè îïåðàòîðîâ ÀÑÏÂÁ íà àâòîìàòèçèðîâàííûõ ðà-

áî÷èõ ìåñòàõ (ÀÐÌ) â îòäåëüíûõ ïîìåùåíèÿõ èëè

öåõàõ ÍÏÏ. Ïðè ýòîì âëèÿíèå íà ÅÏÑ èõ ðàçðàáîò-

÷èêîâ î÷åíü âåëèêî.

Îáùèõ ôóíêöèîíàëüíûõ çàäà÷ ó ÅÏÑ íåò, òàê êàê

êàæäàÿ èç íèõ îòâå÷àåò çà ñâîé íåáîëüøîé ó÷àñòîê.

Îäíàêî íóæíî, ÷òîáû âñå îíè îáåñïå÷èâàëè óñòîé-

÷èâóþ ðàáîòó ÀÑÏÂÁ â öåëîì, îñîáåííî â îïðåäå-

ëåííûõ ñèòóàöèÿõ. Ïðåäîòâðàùåíèå ïîæàðîâ è

âçðûâîâ íà ÍÏÏ — ñîñòàâíàÿ ÷àñòü ðàáîòû âñåõ

âìåñòå âçÿòûõ ÅÏÑ â ÑÏÎ ÀÑÏÂÁ. Â ñâÿçè ñ ýòèì

íåîáõîäèìî îáåñïå÷èòü òàêèå óñëîâèÿ ñèíòåçà ÅÏÑ

[4–6], êîòîðûå ïîçâîëÿò äîáèòüñÿ íóæíîé óñòîé÷è-

âîñòè â èõ ðàáîòå. Äëÿ ýòîãî ñëåäóåò äåòàëüíî ðàñ-

ñìîòðåòü ìàòåìàòè÷åñêîå îïðåäåëåíèå ïðîãðàìì

ÅÏÑ è èõ õàðàêòåðèñòèê [15–20], ïî êîòîðûì ìîæíî

óñòàíîâèòü, íàñêîëüêî òà èëè èíàÿ ÅÏÑ óñòîé÷èâà ê

äåñòðóêòèâíîìó âëèÿíèþ ëþäåé, åå ñèíòåçèðóþùèõ.

Òåîðåòè÷åñêèå îñíîâû

Ïîñêîëüêó ÅÏÑ ïðåäñòàâëÿåò ñîáîé ïðîãðàììó,

ðàññìîòðèì îäíî èç åå âîçìîæíûõ ìàòåìàòè÷åñêèõ

îïðåäåëåíèé. Ñîãëàñíî [21] ïðîãðàììà ôîðìàëüíî

îïðåäåëåíà, åñëè çàäàíû âõîäíîé âåêòîð (ïåðå÷åíü

âõîäíûõ äàííûõ), âûõîäíîé âåêòîð (ïåðå÷åíü âû-

õîäíûõ äàííûõ), âíóòðèïðîãðàììíûé âåêòîð (ïåðå-

÷åíü ïåðåìåííûõ, èñïîëüçóåìûõ äëÿ ïðîìåæóòî÷-

íûõ âû÷èñëåíèé) è îðèåíòèðîâàííûé ãðàô, êîòîðûé

îïðåäåëÿåò ïîðÿäîê ïåðåõîäà îò âõîäíûõ äàííûõ ê

âûõîäíûì ÷åðåç ïðîìåæóòî÷íûå:

{INp, OUTp, SOLEp, (Up, Rp)}, (1)

ãäå INp — âõîäíîé âåêòîð;

OUTp — âûõîäíîé âåêòîð;

SOLEp — âíóòðèïðîãðàììíûé âåêòîð;

(Up, Rp) — îðèåíòèðîâàííûé ãðàô;

Up — íåïóñòîå ìíîæåñòâî óçëîâ (âåðøèí) ãðàôà

ñîñòîÿíèé;

Rp — íåïóñòîå ìíîæåñòâî ðåáåð (ñòðåëîê), íà-

ãðóæåííûõ äàííûìè î âåðîÿòíîñòè ðàçâèòèÿ ïðî-

öåññà ïî äàííîìó ðåáðó.

Ïðè ýòîì äîëæíî ñóùåñòâîâàòü îòîáðàæåíèå íà-

ïðàâëåííîé èíöèäåíòíîñòè D(r), îïðåäåëåííîå íà

ìíîæåñòâå ïàð óçëîâ (âåðøèí) ãðàôà Rp, ñóòü êîòî-

ðîãî ñîñòîèò â îïðåäåëåíèè âîçìîæíûõ ïåðåõîäîâ

ìåæäó âåðøèíàìè:

� D(r) (Up, Up), (2)

ãäå (Up, Up) � Rp. (3)

Ñåìàíòèêà ïðîãðàììíîé êîíñòðóêöèè ìîæåò

áûòü òàêæå îïèñàíà ñ ïîìîùüþ äâóõ ïðåäèêàòîâ

[19, 20]:

Wp (Sp, Rp) (ïðåäóñëîâèå);

Rp (ïîñòóñëîâèå),
(4)

ãäå Wp (Sp, Rp) — ìíîæåñòâî íà÷àëüíûõ ñîñòîÿíèé

(ïðåäóñëîâèå);

Rp — ìíîæåñòâî ñîñòîÿíèé, âîçíèêàþùèõ â ðå-

çóëüòàòå ïðèìåíåíèÿ îïåðàòîðà (ïðåäèêàòà) Sp â

êà÷åñòâå ïðåîáðàçîâàòåëÿ ìíîæåñòâà íà÷àëüíûõ

ñîñòîÿíèé (ïîñòóñëîâèå).

Åñëè ãîâîðèòü î êàêîé-òî îäíîé ïðåäìåòíîé îá-

ëàñòè, òî ïðåäñòàâëåííûå âûøå ôîðìóëû áóäóò ìî-

äåëèðîâàòü îäíó èç åå ôóíêöèîíàëüíûõ õàðàêòåðè-

ñòèê. Äëÿ ìàòåìàòè÷åñêîãî îïèñàíèÿ ñïåöèôèêàöèè

(ôóíêöèîíàëüíîé õàðàêòåðèñòèêè) ìîæåò ðàññìàò-

ðèâàòüñÿ ñëåäóþùàÿ ôîðìóëà [21]:

F a Z
P a

( )
( )
&� ïðè R(a, Z), (5)

ãäå F(a) — ñïåöèôèêàöèÿ îäíîãî èç òðåáîâàíèé, îïè-

ñûâàþùèõ åäèíè÷íóþ õàðàêòåðèñòèêó ïðåäìåò-

íîé îáëàñòè;

a — âõîä ïðîãðàììíîé êîíñòðóêöèè;

Z — âûõîä ïðîãðàììíîé êîíñòðóêöèè;

P(a) — âõîäíîå óñëîâèå;

R(a, Z) — âûõîäíîå óñëîâèå.

Â ñâîþ î÷åðåäü ïðîãðàììíàÿ êîíñòðóêöèÿ, âû-

âîäèìàÿ èç òàêîé ñïåöèôèêàöèè, ìîæåò áûòü ïðåä-

ñòàâëåíà êàê ïðåäèêàò âèäà

(�a) ('Z) åñëè P(a) òî R(a, Z). (6)

Ñ ôîðìàëüíîé òî÷êè çðåíèÿ “óíèôèêàöèÿ — ýòî

ïðîöåññ îòûñêàíèÿ îáùåé ÷àñòè äâóõ âûðàæåíèé”

[21]. Â [21] ïðèâîäèòñÿ ôîðìàëüíîå îïðåäåëåíèå ñïå-

öèôèêàöèè àëãîðèòìà óíèôèêàöèè. Àëãîðèòì óíè-

ôèêàöèè — ýòî ïðîöåäóðà îòûñêàíèÿ íàèáîëåå îá-

ùåãî óíèôèêàòîðà äëÿ äâóõ âûðàæåíèé, åñëè äëÿ íèõ

âîîáùå òàêîâîé ñóùåñòâóåò. Óíèôèêàòîð — ýòî íà-

áîð ñõîäíûõ õàðàêòåðèñòèê ãðóïïû âûðàæåíèé [21].

Òàêîé ïîäõîä âïîëíå îïðàâäàí, êîãäà ðå÷ü èäåò

î íåáîëüøèõ ïðîãðàììíûõ ñèñòåìàõ (íå áîëåå 100

ñòðîê). Ïðè ýêñïëóàòàöèè ÑÏÎ ÀÑÏÂÁ è ÀÑÓÒÏ

ÍÏÏ â öåëîì äëÿ çàäàííîãî êëàññà çàäà÷ ïðèõîäèò-

ñÿ èìåòü äåëî ñ áóëüøèì (êàê ïðàâèëî, çíà÷èòåëüíî

áîëåå 100) ÷èñëîì ÀÐÌ, êàæäîå èç êîòîðûõ ïðåä-

ñòàâëÿåò ñîáîé íàáîð ïðîãðàìì ñ ÷èñëîì ñòðîê äî

30 òûñÿ÷. Â ñâÿçè ñ ýòèì àëãîðèòì óíèôèêàöèè ïðè-

ìåíèì ëèøü ïðè ðàññìîòðåíèè íåáîëüøîé â ñìûñ-

ëå êîëè÷åñòâà ôóíêöèîíàëüíîé õàðàêòåðèñòèêè ÅÏÑ,

à äëÿ ÑÏÎ ÀÑÏÂÁ è ÀÑÓÒÏ ÍÏÏ â öåëîì åãî ñëå-

äóåò ïðèìåíÿòü ñ áîëüøîé îñòîðîæíîñòüþ.

Îöåíèì êîëè÷åñòâî ôîðìóë â ÑÏÎ. Ïðèìåì â

êà÷åñòâå äîïóùåíèÿ, ÷òî îáúåì êîäà â ÅÏÑ íåìíîãî

ñâûøå 10 òûñÿ÷ ñòðîê. Èñõîäÿ èç ðàñ÷åòîâ, âûïîë-

íåííûõ àâòîðàìè, ìîæíî óòâåðæäàòü, ÷òî êàæäàÿ ðå-

àëèçàöèÿ ÑÏÎ ñîäåðæèò íàáîð èç 100 è áîëåå ïðî-

ãðàìì, ñåìàíòèêà ïðîãðàììíîé êîíñòðóêöèè êîòî-
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ðûõ îïðåäåëÿåòñÿ ôîðìóëîé (4), à ñàìèõ ïðîãðàìì

— ôîðìóëîé (1). Ïðè ïðîâåäåíèè ñóïåðïîçèöèè ýòèõ

ìîäåëåé âîçìîæíî ïîëó÷åíèå íàáîðà èç 100 ôîð-

ìóë íà îäíó ïðîãðàììó. Äëÿ ÑÏÎ ÀÑÏÂÁ è ÀÑÓÒÏ

â öåëîì íåîáõîäèìî îêîëî ìèëëèîíà ôîðìóë. Èìåÿ

ìàòðèöó òàêîãî ðàçìåðà, áóäåò ñëîæíî ïðîâåñòè ðàñ-

÷åòû, íî àëãîðèòì óíèôèêàöèè âñåé ãðóïïû ÅÏÑ â

ÑÏÎ ÀÑÏÂÁ (ïîèñê óíèôèêàòîðà äàííîé ãðóïïû)

ñëåäóåò ðàññìàòðèâàòü êàê ïðàâèëüíîå íàïðàâëåíèå

ïî ïîâûøåíèþ åãî óñòîé÷èâîñòè.

Òàêèì îáðàçîì, â òåðìèíàõ îïðåäåëåíèÿ ïðî-

ãðàìì, ïðèâîäèìûõ â [21], ïðåäâàðèòåëüíàÿ çàäà÷à

èññëåäîâàíèÿ ìîæåò áûòü îïðåäåëåíà êàê ïîèñê

óíèôèêàòîðà íà ìíîæåñòâå ôîðìóë ÑÏÎ ÀÑÏÂÁ.

Â íåé ìîãóò ðàññìàòðèâàòüñÿ äâå ïîäçàäà÷è: ïîèñê

óíèôèêàòîðîâ êàæäîé ÅÏÑ íà ìíîæåñòâå ôóíêöèî-

íàëüíûõ õàðàêòåðèñòèê ïðåäìåòíîé îáëàñòè è ïîèñê

óíèôèêàòîðà ÑÏÎ íà ìíîæåñòâå âñåõ íàéäåííûõ

óíèôèêàòîðîâ ÅÏÑ.

Äëÿ îïðåäåëåíèÿ óíèôèêàòîðà â ÅÏÑ íåîáõîäè-

ìî ïðîâåñòè ðàçáèåíèå ÅÏÑ íà áàçîâûå ãðóïïû ôóíê-

öèîíàëüíîñòè (ÁÃÔ), êàæäàÿ èç êîòîðûõ áóäåò ïðåä-

ñòàâëÿòü ñîáîé íåðàçáèâàåìóþ íà ÷àñòè ïðîãðàììó,

óäîâëåòâîðÿþùóþ óñëîâèÿì ïðèâåäåííûõ âûøå

ôîðìóë. Åñëè ðàññìàòðèâàòü ÅÏÑ ñ òàêèõ ïîçèöèé,

òî åå ìîæíî ïðåäñòàâèòü ìíîæåñòâîì

{F1, F2, …, FM}, (7)

ãäå F1, F2, …, FM — íàáîð áàçîâûõ ãðóïï ôóíê-

öèîíàëüíîñòè ÅÏÑ.

Òîãäà, ó÷èòûâàÿ, ÷òî M — ÷èñëî ãðóïï ôóíêöèî-

íàëüíîñòè ÅÏÑ, à N — ÷èñëî ÅÏÑ â ÀÑÏÂÁ, ÑÏÎ

ìîæíî ïðåäñòàâèòü êàê ñóïåðïîçèöèþ âñåõ ÅÏÑ.

Â ýòîì ñëó÷àå ìû ïîëó÷àåì ìàòðèöó “íåî÷èùåí-

íûõ” áàçîâûõ ãðóïï ôóíêöèîíàëüíîñòè, äëÿ êîòî-

ðûõ íåîáõîäèìî ïðîâåñòè óíèôèêàöèþ:

F11, F21, …, FM1;

F12, F22, …, FM2;

… (8)

…

F1N, F2N, …, FMN .

Â ýòîì ñëó÷àå ñ ôîðìàëüíîé òî÷êè çðåíèÿ äëÿ

ïîèñêà óíèôèêàòîðà ãðóïïû ÅÏÑ íåîáõîäèìî âû-

äåëèòü òîëüêî òàêèå áàçîâûå ãðóïïû ôóíêöèîíàëü-

íîñòè ðàçëè÷íûõ ÅÏÑ, êîòîðûå áóäóò îáëàäàòü

ñõîäíûìè õàðàêòåðèñòèêàìè. Òàêèì îáðàçîì, âû-

äåëåííûå â (8) ãðóïïû ôóíêöèîíàëüíîñòè áóäóò îò-

íåñåíû ê áàçîâûì. Äðóãèìè ñëîâàìè, ýòî ìîãóò áûòü

áàçîâûå ýëåìåíòû ïðîãðàìì, ñîîòâåòñòâóþùèå áà-

çîâûì ãðóïïàì ôóíêöèîíàëüíîñòè. Èõ íàáîð ïî-

çâîëèò ñôîðìèðîâàòü ïðîñòðàíñòâî ãðóïï ôóíêöè-

îíàëüíîñòè ÅÏÑ. Â ýòîì ñëó÷àå ìû ïîëó÷èì àíàëî-

ãè÷íóþ (8) ìàòðèöó áàçîâûõ ýëåìåíòîâ ïðîãðàìì,

êîòîðûì ìîãóò ñîîòâåòñòâîâàòü ôóíêöèè áèáëèî-

òåê ïîäïðîãðàìì èëè ýëåìåíòû ðåïîçèòîðèÿ êîì-

ïîíåíòîâ:

F1Á, F2Á, …, FMÁ1;

F1Á, F2Á, …, FMÁ2;

… (9)

…

F1Á, F2Á, …, FMÁN .

×àñòü ãðóïï ôóíêöèîíàëüíîñòè (ôóíêöèé) ðàç-

íûõ ÅÏÑ ìîæåò áûòü ðåàëèçîâàíà îäèíàêîâî ñ ïî-

ìîùüþ áàçîâûõ ýëåìåíòîâ ïðîãðàìì, à ÷àñòü íå ìî-

æåò, òàê êàê êàæäàÿ èç ÅÏÑ èñïîëüçóåòñÿ äëÿ îïðå-

äåëåííîé ïðåäìåòíîé îáëàñòè. Ìíîæåñòâî òàêèõ

áàçîâûõ ãðóïï ôóíêöèîíàëüíîñòè ïðåäñòàâëÿåò ñî-

áîé óíèôèêàòîð ãðóïïû ÅÏÑ, êîòîðûé ìîæíî îïðå-

äåëèòü êàê

{F1Á, F2Á, …, FKÁ}( Rf , (10)

ãäå F1Á, F2Á, …, FKÁ — íàáîð èç K áàçîâûõ ãðóïï

ôóíêöèîíàëüíîñòè;

Rf — ïðîñòðàíñòâî ãðóïï ôóíêöèîíàëüíîñòè.

Îòñþäà ñëåäóåò, ÷òî âûÿâëåíèå ãðóïï áàçîâûõ

ýëåìåíòîâ ïðîãðàìì ïîçâîëÿåò îäíîçíà÷íî ñíèçèòü

âëèÿíèå ÷åëîâåêà íà ÑÏÎ ÀÑÏÂÁ è, ñëåäîâàòåëüíî,

ïîâûñèòü åãî íàäåæíîñòü [22, 23].

Çàêëþ÷åíèå

Òàêèì îáðàçîì, çàäà÷à îïðåäåëåíèÿ ñîñòàâà ïðî-

ãðàìì â ÑÏÎ ÀÑÏÂÁ îáúåêòîâ ìîæåò áûòü îïðåäå-

ëåíà êàê ïîèñê ïîäìíîæåñòâà áàçîâûõ ýëåìåíòîâ

ïðîãðàìì (ÁÝÏ) íà ïðîñòðàíñòâå ãðóïï ôóíêöèî-

íàëüíîñòè åäèíè÷íûõ ïðîãðàììíûõ ñèñòåì. Åå ðå-

øåíèåì áóäåò ìíîæåñòâî ãðóïï ÁÝÏ íà äèñêðåòíîì

ïðîñòðàíñòâå ÅÏÑ. Ñóïåðïîçèöèÿ ãðóïï ÁÝÏ è íå-

êîòîðûõ äîïîëíèòåëüíûõ óíèôèöèðîâàííûõ ïðî-

ãðàììíûõ ýëåìåíòîâ (êîíôèãóðàöèé, êîìïîíåíò,

ïðîöåäóð è ôóíêöèé, ýëåìåíòîâ èíòåðôåéñà, áàç

äàííûõ è ò. ï.), ñïåöèôèöèðóþùèõ äàííîå îáîáùå-

íèå äëÿ êîíêðåòíîé ïðåäìåòíîé îáëàñòè, ñîçäàñò

îáúåêò ÅÏÑ. Íåäîñòàòêàìè òàêîé ìàòåìàòè÷åñêîé

êîíñòðóêöèè ÿâëÿþòñÿ áîëüøàÿ ðàçìåðíîñòü ìàò-

ðèöû (9) è îòñóòñòâèå ó÷åòà èåðàðõèé íàáîðîâ òðå-

áîâàíèé. Â ñâÿçè ñ ýòèì ëîãè÷íûì ïðîäîëæåíèåì

ïðîöåññà ìàòåìàòè÷åñêîé ïîñòàíîâêè çàäà÷è îïðå-

äåëåíèÿ ñîñòàâà ïðîãðàìì â ÑÏÎ àâòîìàòèçèðîâàí-

íûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè îáúåêòîâ

ìîæåò ñòàòü ìîäåëèðîâàíèå èåðàðõè÷åñêèõ õàðàê-

òåðèñòèê ÑÏÎ ñ ïîìîùüþ ãðàôîâ.



71ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Òîïîëüñêèé Í. Ã. Îñíîâû àâòîìàòèçèðîâàííûõ ñèñòåì ïîæàðîâçðûâîáåçîïàñíîñòè îáúåêòîâ. —

Ì. : ÌÈÏÁ ÌÂÄ Ðîññèè, 1997. — 164 ñ.

2. Àáðîñèìîâ À. À., Òîïîëüñêèé Í. Ã., Ô¸äîðîâ À. Â. Àâòîìàòèçèðîâàííûå ñèñòåìû ïîæàðîâçðûâî-

áåçîïàñíîñòè íåôòåïåðåðàáàòûâàþùèõ ïðîèçâîäñòâ. — Ì. : ÌÈÏÁ ÌÂÄ Ðîññèè, 1999. — 239 ñ.

3. Ãàïëàåâ À. À.-Á. Àâòîìàòèçèðîâàííûé êîìïëåêñ êîíòðîëÿ è èñïûòàíèé ñèñòåìû óïðàâëåíèÿ

ïðîòèâîïîæàðíîé çàùèòû íåôòåïåðåðàáàòûâàþùèõ ïðîèçâîäñòâ : äèñ. … êàíä. òåõí. íàóê. —

Ì., 2018. — 226 ñ.

4. Êðþ÷êîâ À. Â. Îáîáùåíèå îïûòà ñèíòåçà ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ íà ðàçëè÷-

íûõ èíñòðóìåíòàëüíûõ ñðåäñòâàõ �� Òåõíîëîãèè òåõíîñôåðíîé áåçîïàñíîñòè. — 2015. —

Âûï. 3(61). — C. 252–263. URL: http:��agps-2006.narod.ru�ttb�2015-3�41-03-15.ttb.pdf (äàòà îá-

ðàùåíèÿ: 03.06.2018).

5. Gajski D. D., Abdi S., Gerstlauer A., Schimer G. Software synthesis �� Embedded System Design. —

Boston, MA : Springer, 2009. — P. 155–197. DOI: 10.1007�978-1-4419-0504-8_5.

6. Êðþ÷êîâ À. Â. Ìåòîäîëîãèÿ óíèâåðñàëèçàöèè ñèíòåçà ñïåöèàëüíîãî ïðîãðàììíîãî îáåñïå÷åíèÿ

êðóïíîé àâòîìàòèçèðîâàííîé ñèñòåìû óïðàâëåíèÿ ïðåäïðèÿòèåì �� Òåõíîëîãèè òåõíîñôåðíîé

áåçîïàñíîñòè. — 2015. — Âûï. 3(61). — Ñ. 264–268. URL: http:��agps-2006.narod.ru�ttb�2015-3�
40-03-15.ttb.pdf (äàòà îáðàùåíèÿ: 03.06.2018).

7. Stolz V. Special issue: Harnessing theories for tool support in software �� Innovations in Systems and

Software Engineering. — 2013. — Vol. 9, Issue 1. — P. 1–2. DOI: 10.1007�s11334-012-0193-4.

8. Ìàêêîííåëë Ñ. Ïðîôåññèîíàëüíàÿ ðàçðàáîòêà ïðîãðàììíîãî îáåñïå÷åíèÿ: ñîêðàùåíèå ñðîêîâ,

ïîâûøåíèå êà÷åñòâà ïðîäóêòà, áîëüøå óäà÷íûõ ïðîåêòîâ, ðàñøèðåíèå âîçìîæíîñòåé óñïåøíîé

êàðüåðû � Ïåð. ñ àíãë. — ÑÏá. : Ñèìâîë&Ïëþñ, 2006. — 240 ñ.

9. Âåíäðîâ À. Ì. Ïðîåêòèðîâàíèå ïðîãðàììíîãî îáåñïå÷åíèÿ ýêîíîìè÷åñêèõ èíôîðìàöèîííûõ

ñèñòåì. — Ì. : Ôèíàíñû è ñòàòèñòèêà, 2006. — 545 c.

10. Zheng Qin, Xiang Zheng, Jiankuan Xing. Software Architecture �� Advanced Topics in Science and

Technology in China. — Berlin, Heidelberg : Springer, 2008. — 337 p. DOI: 10.1007�978-3-540-74343-9.

11. Bass L., Clements P., Kazman R. Software architecture in practice. — 3rd Edition. — Addison-Wesley

Professional, 2012. — 640 p.

12. Rozanski N., Woods E. Software systems architecture: working with stakeholders using viewpoints and

perspectives. — 2nd Edition. — Addison-Wesley Professional, 2012. — 704 p.

13. Almeida J. B., Frade M. J., Pinto J. S., Melo de Sousa S. Rigorous software development. — London :

Springer-Verlag, 2011. — 307 p. DOI: 10.1007�978-0-85729-018-2.

14. Crookshanks E. Practical Software Development Techniques: Tools and techniques for building enter-

prise software. — Berkeley, CA : Apress, 2014. — 212 p. DOI: 10.1007�978-1-4842-0728-4.

15. Ãðèñ Ä. Íàóêà ïðîãðàììèðîâàíèÿ � Ïåð. ñ àíãë.; ïîä ðåä. À. Ï. Åðøîâà. — Ì. : Ìèð, 1984.

— 416 ñ.

16. ×åíü ×., Ëè Ð. Ìàòåìàòè÷åñêàÿ ëîãèêà è àâòîìàòè÷åñêîå äîêàçàòåëüñòâî òåîðåì � Ïåð. ñ àíãë.;

ïîä ðåä. Ñ. Þ. Ìàñëîâà. — Ì. : Íàóêà, 1983. — 360 ñ.

17. Äèéêñòðà Ý., Áîëüå Ë., Õîîð Ê., Äàë Ó.-È. ßçûêè ïðîãðàììèðîâàíèÿ � Ðåä. Ô. Æåíþè; ïåð. ñ àíãë.

Â. Ï. Êóçíåöîâà, ïîä ðåä. Â. Ì. Êóðî÷êèíà. — Ì. : Ìèð, 1972. — 410 ñ.

18. Óìðèõèí Þ. Ä. Îïòèìèçàöèÿ ñëîæíûõ èíôîðìàöèîííûõ ñèñòåì. — Ì. : Ìèíèñòåðñòâî ðàäèî-

ïðîìûøëåííîñòè ÑÑÑÐ, 1983. — 125 ñ.

19. Êëèìåíêî È. Ñ. Òåîðèÿ ñèñòåì è ñèñòåìíûé àíàëèç. — Ì. : ÐîñÍÎÓ, 2014. — 264 ñ.

20. Øèõàíîâè÷ Þ. À. Ââåäåíèå â ñîâðåìåííóþ ìàòåìàòèêó. Íà÷àëüíûå ïîíÿòèÿ. — Ì. : Íàóêà,

1965. — 376 ñ.

21. Èëüèí Â. Ä. Ñèñòåìà ïîðîæäåíèÿ ïðîãðàìì. — Ì. : Íàóêà, 1989. — 257 ñ.

22. De Lucia A., Ferrucci F. Software engineering. — Berlin, Heidelberg : Springer-Verlag, 2013. — 237 p.

DOI: 10.1007�978-3-642-36054-1.

23. Peled D. A. Software reliability methods. — New York : Springer-Verlag, 2001. — 332 p. DOI:

10.1007�978-1-4757-3540-6.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 15 èþíÿ 2018 ã.

Äëÿ öèòèðîâàíèÿ: Òîïîëüñêèé Í. Ã., Êðþ÷êîâ À. Â., Ãðà÷åâ Ä. Ñ., Ìèõàéëîâ Ê. À. Îïðåäåëåíèå

ñîñòàâà ïðîãðàìì â ñïåöèàëüíîì ïðîãðàììíîì îáåñïå÷åíèè àâòîìàòèçèðîâàííûõ ñèñòåì ïî-

æàðîâçðûâîáåçîïàñíîñòè îáúåêòîâ �� Ïîæàðîâçðûâîáåçîïàñíîñòü � Fire and Explosion Safety.

— 2018. — Ò. 27, ¹ 7–8. — Ñ. 67–73. DOI: 10.18322/PVB.2018.27.07-08.67-73.



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-872

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ, ×ÈÑËÅÍÍÛÅ ÌÅÒÎÄÛ È ÊÎÌÏËÅÊÑÛ ÏÐÎÃÐÀÌÌ

DETERMINATION OF THE COMPOSITION OF PROGRAMS
IN A SPECIAL SOFTWARE OF THE COMPUTER-AIDED
FIRE-EXPLOSION SAFETY SYSTEMS OF OBJECTS

TOPOLSKIY N. G., Doctor of Technical Sciences, Professor, Honoured Science
Worker of Russian Federation, Professor of Department of Information Technology,
State Fire Academy of Emercom of Russia (Borisa Galushkina St., 4, Moscow, 129366,

Russian Federation; e-mail: ntopolskii@mail.ru)

KRYUCHKOV A. V., Candidate of Technical Sciences, Assistant Professor of
Department of Complex Security of Critical Objects, Gubkin Russian State
University of Oil and Gas (National Research University) (Leninskiy Avenue, 65,

Bldg. 1, Moscow, 119991, Russian Federation; e-mail: kruchkov.a@gubkin.ru)

GRACHEV D. S., Competitor of Faculty of Scientific and Pedagogical Staff,
Department of Information Technology, State Fire Academy of Emercom
of Russia (Borisa Galushkina St., 4, Moscow, 129366, Russian Federation)

MIKHAYLOV K. A., Postgraduate Student of Faculty of Scientific and
Pedagogical Staff, Department of Information Technology, State Fire Academy
of Emercom of Russia (Borisa Galushkina St., 4, Moscow, 129366, Russian Federation;

e-mail: mihkir.94@mail.ru)

ABSTRACT

Introduction. For the sustainable operation of modern industries, in particular oil refineries, com-

puter-aided process control systems are used. One of the key components of these systems are

the computer-aided fire-explosion safety systems. A crucial role in these systems is played by special

software, the reliability of which depends on the successful functioning of the computer-aided fire-

explosion safety systems and in general oil refineries.

The work purpose is to determine the composition of programs in special software for computer-

aided fire-explosion safety systems of objects. The following tasks are solved: the mathematical

definition of single software systems and their characteristics is described; the number of formulas in

the special software of computer-aided fire-explosion safety systems is estimated; from the formal

point of view, the identification of the unifier in a single software system is described.

Methods. The article uses the methods of mathematical logic, graph theory for the formal

description of single software systems and their functional characteristics.

Results and discussion. One of the possible mathematical definitions of single software systems

of computer-aided fire-explosion safety systems and their characteristics is given. The assesment of

quantity of formulas for the special software of the computer-aided fire-explosion safety systems and

computer-aided process control systems in general which about one million is necessary is carried out.

It is shown that to determine the unifier in a single program system, it is necessary to divide it into

basic groups of functionality. The basic functionality groups are meant as basic elements of programs.

Conclusions. In the end, the identification of groups of basic elements of programs allows to

define unambiguously the required structure of programs of the special software of the computer-

aided fire-explosion safety systems of objects, increase its reliability and simplify the work with it.

Keywords: computer-aided process control systems; computer-aided fire-explosion safety systems;

synthesis of special software; single software system; basic functionality groups.
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Ââåäåíèå

Çàùèòà çäîðîâüÿ — îäíà èç ïðèîðèòåòíûõ æèçíåí-

íûõ ïîòðåáíîñòåé ÷åëîâåêà [1]. Äëÿ åå óäîâëåòâî-

ðåíèÿ ñîçäàåòñÿ ñåòü ìåäèöèíñêèõ ó÷ðåæäåíèé ñïå-

öèàëèçèðîâàííîãî ïðîôèëÿ. Ýòîò ïðîôèëü îïðåäå-

ëÿþò âèä ïîðàæåííîãî îðãàíà ÷åëîâåêà, õàðàêòåð

åãî ïîðàæåíèÿ è âèä îêàçàíèÿ ìåäèöèíñêîé ïîìî-

ùè [2]:

1) ïåðâè÷íàÿ ìåäèêî-ñàíèòàðíàÿ ïîìîùü;

2) ñïåöèàëèçèðîâàííàÿ, â òîì ÷èñëå âûñîêîòåõ-

íîëîãè÷íàÿ, ìåäèöèíñêàÿ ïîìîùü;

3) ñêîðàÿ, â òîì ÷èñëå ñêîðàÿ ñïåöèàëèçèðîâàí-

íàÿ, ìåäèöèíñêàÿ ïîìîùü;

4) ïàëëèàòèâíàÿ ìåäèöèíñêàÿ ïîìîùü.

Ìåäèöèíñêàÿ ïîìîùü ìîæåò îêàçûâàòüñÿ:

1) âíå ìåäèöèíñêîé îðãàíèçàöèè (ïî ìåñòó âû-

çîâà áðèãàäû ñêîðîé, â òîì ÷èñëå ñêîðîé ñïåöèàëè-

çèðîâàííîé, ìåäèöèíñêîé ïîìîùè, à òàêæå â òðàíñ-

ïîðòíîì ñðåäñòâå ïðè ìåäèöèíñêîé ýâàêóàöèè);

2) àìáóëàòîðíî (â ñëó÷àÿõ, íå ïðåäóñìàòðèâà-

þùèõ êðóãëîñóòî÷íîãî ìåäèöèíñêîãî íàáëþäåíèÿ

è ëå÷åíèÿ), â òîì ÷èñëå íà äîìó ïðè âûçîâå ìåäè-

öèíñêîãî ðàáîòíèêà;

3) â äíåâíîì ñòàöèîíàðå (â ñëó÷àÿõ, ïðåäóñìàò-

ðèâàþùèõ ìåäèöèíñêîå íàáëþäåíèå è ëå÷åíèå â

äíåâíîå âðåìÿ, íî íå òðåáóþùèõ êðóãëîñóòî÷íîãî

ìåäèöèíñêîãî íàáëþäåíèÿ è ëå÷åíèÿ);

4) ñòàöèîíàðíî (â ñëó÷àÿõ, òðåáóþùèõ êðóãëî-

ñóòî÷íîãî ìåäèöèíñêîãî íàáëþäåíèÿ è ëå÷åíèÿ).

Ñåòü ìåäèöèíñêèõ ó÷ðåæäåíèé ðåàëèçóåò èåðàð-

õè÷åñêè îðãàíèçîâàííóþ ñèñòåìó âçàèìîñâÿçàííûõ

è âçàèìîäîïîëíÿþùèõ ó÷ðåæäåíèé çäðàâîîõðàíå-

íèÿ, ðàçìåùåííûõ íà òåððèòîðèè ãîðîäñêèõ è ñåëü-

ñêèõ ïîñåëåíèé, ïðèçâàííûõ óäîâëåòâîðèòü ìíîãî-
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îáðàçíûå ïîòðåáíîñòè â ìåäèöèíñêîì îáñëóæèâà-

íèè âñåãî íàñåëåíèÿ ñòðàíû.

Îáúåìíî-ïëàíèðîâî÷íûå ðåøåíèÿ çäàíèé, â êî-

òîðûõ ðàçìåùàþòñÿ ýòè ó÷ðåæäåíèÿ, çàâèñÿò îò

ðàçëè÷íûõ ñî÷åòàíèé ïîêàçàòåëåé ÷èñëåííîñòè îá-

ñëóæèâàåìîãî íàñåëåíèÿ, îáúåìà è âèäà îêàçûâà-

åìîé åìó ìåäèöèíñêîé ïîìîùè, íîðìàòèâíî-ðàñ-

÷åòíûõ ïîêàçàòåëåé ïîòðåáíîñòè â ðàçëè÷íûõ òèïàõ

ëå÷åáíî-ïðîôèëàêòè÷åñêèõ óñëóã è îïòèìàëüíîé

ìîùíîñòè ìåäèöèíñêèõ ó÷ðåæäåíèé, âêëþ÷àÿ èõ

ïðîïóñêíóþ ñïîñîáíîñòü è êà÷åñòâî ìåäèöèíñêîãî

è èíæåíåðíî-òåõíè÷åñêîãî îáîðóäîâàíèÿ.

Â àðõèòåêòóðíî-ñòðîèòåëüíîì ïðîåêòèðîâàíèè

ëîãèêà êëàññèôèêàöèè çäàíèé è ñîîðóæåíèé èñõî-

äèò èç èõ ôóíêöèîíàëüíîãî íàçíà÷åíèÿ, îïðåäåëÿ-

þùåãî òèïîëîãèþ èõ îáúåìíî-ïëàíèðîâî÷íûõ ðå-

øåíèé. Ïðè ýòîì âàæíåéøèìè ïîêàçàòåëÿìè ýòèõ

ðåøåíèé ÿâëÿþòñÿ êîå÷íûé ôîíä è øòàòíîå ðàñ-

ïèñàíèå îòäåëåíèé, óñòàíàâëèâàåìûå ñ ó÷åòîì

óòâåðæäåííûõ ñàíèòàðíûõ íîðì è ïðàâèë è, ñîîò-

âåòñòâåííî, ìèíèìàëüíîé ïîòðåáíîñòè â ïëîùàäè

ïîìåùåíèé è êîììóíèêàöèîííûõ ïóòåé â íèõ. Ïðè

óñòàíîâëåíèè ìèíèìàëüíîé ïëîùàäè ïîìåùåíèé

äîëæíî ó÷èòûâàòüñÿ ïðîñòðàíñòâî, íåîáõîäèìîå

äëÿ öåëåñîîáðàçíîãî ðàçìåùåíèÿ ôóíêöèîíàëüíî

îðãàíèçîâàííûõ ðàáî÷èõ ìåñò, óäîáñòâî ñâÿçåé è

ïåðåäâèæåíèÿ (êîììóíèêàöèé) ìåæäó íèìè. Ôóíê-

öèîíàëüíàÿ îðãàíèçàöèÿ îïðåäåëÿåòñÿ ìíîæåñòâîì

ðàçëè÷íûõ âèäîâ äåÿòåëüíîñòè (ïðîèçâîäñòâåííûõ

ïðîöåññîâ). Ñóììà ôóíêöèîíàëüíî ñâÿçàííûõ ìè-

íèìàëüíûõ ïëîùàäåé îïðåäåëÿåò â èòîãå öåëåñîîá-

ðàçíîñòü îáúåìíî-ïëàíèðîâî÷íûõ ðåøåíèé çäàíèé

ðàçëè÷íîãî íàçíà÷åíèÿ, â ÷àñòíîñòè çäàíèé ó÷ðåæ-

äåíèé çäðàâîîõðàíåíèÿ.

Êëàññèôèêàöèÿ çäàíèé è ñîîðóæåíèé ïî ôóíê-

öèîíàëüíîé ïîæàðíîé îïàñíîñòè íàêëàäûâàåò íà

àðõèòåêòóðíî-ñòðîèòåëüíóþ êëàññèôèêàöèþ äîïîë-

íèòåëüíî íåîáõîäèìîñòü ó÷åòà ñîñòàâà îñíîâíîãî

ôóíêöèîíàëüíîãî êîíòèíãåíòà íàõîäÿùèõñÿ â íèõ

ëþäåé. Èõ êîëè÷åñòâî, ïñèõîôèçèîëîãè÷åñêèå êà-

÷åñòâà è ôóíêöèîíàëüíîå ñîñòîÿíèå îïðåäåëÿþò

âîçìîæíîñòè ñâîåâðåìåííîé è áåñïðåïÿòñòâåííîé

ïåøåõîäíîé ýâàêóàöèè, ò. å. åäèíñòâåííîãî, ïðåäó-

ñìîòðåííîãî Òåõíè÷åñêèì ðåãëàìåíòîì î òðåáîâà-

íèÿõ ïîæàðíîé áåçîïàñíîñòè (Ôåäåðàëüíûé çàêîí

¹ 123) [3] ñïîñîáà ñàìîñòîÿòåëüíî èçáåæàòü êðè-

òè÷åñêèõ óðîâíåé âîçäåéñòâèÿ îïàñíûõ ôàêòîðîâ

ïîæàðà â åãî íà÷àëüíîé ñòàäèè ðàçâèòèÿ. Ïðè ýòîì

ñîãëàñíî ï. 14 ñò. 89 [3] “ýâàêóàöèîííûå ïóòè íå äîëæ-

íû âêëþ÷àòü ëèôòû, ýñêàëàòîðû…”.

Â òî æå âðåìÿ “â Ðîññèéñêîé Ôåäåðàöèè â íàñòî-

ÿùåå âðåìÿ íàñ÷èòûâàåòñÿ îêîëî 13 ìëí. èíâàëè-

äîâ, ÷òî ñîñòàâëÿåò îêîëî 8,8 ïðîöåíòà íàñåëåíèÿ

ñòðàíû, è áîëåå 40 ìëí. ìàëîìîáèëüíûõ ãðàæäàí —

27,4 ïðîöåíòà íàñåëåíèÿ” [4]. Â ñîâðåìåííîì ìèðå

ê ñòàðåíèþ íàñåëåíèÿ äîáàâëÿåòñÿ ïðîáëåìà îæè-

ðåíèÿ ëþäåé âñåõ âîçðàñòîâ ñ ñîïóòñòâóþùèìè åìó

îãðàíè÷åíèÿìè ïîäâèæíîñòè [5–7]. Ýòè ëþäè îáðà-

çóþò äåìîãðàôè÷åñêèå ãðóïïû íàñåëåíèÿ ñ îãðàíè-

÷åíèÿìè âîçìîæíîñòè ïåðåäâèæåíèÿ ðàçëè÷íîé ñòå-

ïåíè, êàæäàÿ èç êîòîðûõ òðåáóåò íåòðàäèöèîííûõ

ôîðì îðãàíèçàöèè ïåøåõîäíîé ýâàêóàöèè, èñïîëü-

çîâàíèÿ ìåõàíè÷åñêèõ ñðåäñòâ âíóòðåííåãî òðàíñ-

ïîðòà è ïîâûøåíèÿ íàäåæíîñòè è ýôôåêòèâíîñòè

ôóíêöèîíèðîâàíèÿ ñèñòåì ïðîòèâîïîæàðíîé çà-

ùèòû.

Âñåìèðíàÿ îðãàíèçàöèÿ çäðàâîîõðàíåíèÿ (ÂÎÇ)

ñëåäóþùèì îáðàçîì îïðåäåëÿåò äàííûå ïîíÿòèÿ:
� èíâàëèä — “ëèöî, êîòîðîå èìååò íàðóøåíèå çäî-

ðîâüÿ ñî ñòîéêèì ðàññòðîéñòâîì ôóíêöèé îðãà-

íèçìà, îáóñëîâëåííîå çàáîëåâàíèÿìè, ïîñëåä-

ñòâèÿìè òðàâì èëè äåôåêòàìè, ïðèâîäÿùåå ê

îãðàíè÷åíèþ æèçíåäåÿòåëüíîñòè è âûçûâàþùåå

íåîáõîäèìîñòü åãî ñîöèàëüíîé çàùèòû”;
� îãðàíè÷åíèå æèçíåäåÿòåëüíîñòè — ïîëíàÿ èëè

÷àñòè÷íàÿ óòðàòà ëèöîì ñïîñîáíîñòè èëè âîç-

ìîæíîñòè îñóùåñòâëÿòü ñàìîîáñëóæèâàíèå, ñà-

ìîñòîÿòåëüíî ïåðåäâèãàòüñÿ, îðèåíòèðîâàòüñÿ,

îáùàòüñÿ, êîíòðîëèðîâàòü ñâîå ïîâåäåíèå, îáó-

÷àòüñÿ è çàíèìàòüñÿ òðóäîâîé äåÿòåëüíîñòüþ.

Ìèíèñòåðñòâîì òðóäà è ñîöèàëüíîãî ðàçâèòèÿ

Ðîññèéñêîé Ôåäåðàöèè è Ìèíèñòåðñòâîì çäðàâî-

îõðàíåíèÿ â 1997 ã. áûëà óòâåðæäåíà êëàññèôèêà-

öèÿ íàðóøåíèé îñíîâíûõ ôóíêöèé îðãàíèçìà ÷åëî-

âåêà:
� ïñèõè÷åñêèõ ôóíêöèé (âîñïðèÿòèÿ, âíèìàíèÿ,

ïàìÿòè, ìûøëåíèÿ, ðå÷è, ýìîöèé, âîëè);
� ñåíñîðíûõ ôóíêöèé (çðåíèÿ, ñëóõà, îáîíÿíèÿ,

îñÿçàíèÿ);
� ñòàòîäèíàìè÷åñêîé ôóíêöèè (ïîðàæåíèå îïîð-

íî-äâèãàòåëüíîãî àïïàðàòà è íåðâíîé ñèñòåìû);
� ôóíêöèé êðîâîîáðàùåíèÿ, äûõàíèÿ, ïèùåâàðåíèÿ,

âûäåëåíèÿ, îáìåíà âåùåñòâ è ýíåðãèè, âíóòðåí-

íåé ñåêðåöèè.

Êàê âèäíî, ýòè îïðåäåëåíèÿ íåñêîëüêî øèðå ïðè-

íÿòîãî â îòå÷åñòâåííîì íîðìèðîâàíèè ïîíÿòèÿ

“ìàëîìîáèëüíûå ãðóïïû íàñåëåíèÿ”, âïåðâûå ââå-

äåííîãî ÑÍèÏ 35-01–2001 [8] è îïðåäåëÿåìîãî êàê

“ëþäè, èñïûòûâàþùèå çàòðóäíåíèÿ ïðè ñàìîñòîÿ-

òåëüíîì ïåðåäâèæåíèè, ïîëó÷åíèè óñëóãè, íåîáõî-

äèìîé èíôîðìàöèè èëè ïðè îðèåíòèðîâàíèè â ïðî-

ñòðàíñòâå”.

Àíàëèòè÷åñêàÿ ÷àñòü

Â ñâÿçè ñ âûøåèçëîæåííûì ñòàíîâèòñÿ î÷åâèä-

íîé àêòóàëüíîñòü äèôôåðåíöèàöèè ôàêòè÷åñêîãî

îñíîâíîãî ôóíêöèîíàëüíîãî êîíòèíãåíòà ëþäåé â

çäàíèÿõ ìåäèöèíñêèõ ó÷ðåæäåíèé ðàçëè÷íîãî íà-

çíà÷åíèÿ, ñðåäè ïàöèåíòîâ êîòîðûõ äîëÿ ëþäåé ñ

ïîñòîÿííî èëè âðåìåííî îãðàíè÷åííûìè âîçìîæ-
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íîñòÿìè ïåðåäâèæåíèÿ ïðèáëèæàåòñÿ ê 100 %. Òåì

íå ìåíåå ýòîò ôàêò íå íàõîäèò äîëæíîãî îòðàæåíèÿ

â ñîâðåìåííîé êëàññèôèêàöèè ôóíêöèîíàëüíîãî

ñîñòàâà çäàíèé è ñîîðóæåíèé [9]. Èññëåäîâàíèÿ æå

ýâàêóàöèè ýòîé êàòåãîðèè ëþäåé êàê â Ðîññèè, òàê

è çà ðóáåæîì îãðàíè÷èâàþòñÿ ïðåäåëàìè ýòàæà

çäàíèÿ ìåäèöèíñêîãî ó÷ðåæäåíèÿ è íå çàòðàãèâàþò

îðãàíèçàöèè ýâàêóàöèè íåòðàíñïîðòàáåëüíûõ ïà-

öèåíòîâ.

Òàêàÿ äèôôåðåíöèàöèÿ òåñíî ñâÿçàíà ñ ôóíêöè-

îíàëüíîé òèïîëîãèåé îáúåìíî-ïëàíèðîâî÷íûõ ðå-

øåíèé çäàíèé ðàçëè÷íîãî ïðîôèëÿ ëå÷åáíûõ ó÷ðåæ-

äåíèé. Îäíàêî ñðàâíèòåëüíûé àíàëèç ñîöèàëüíî-

äåìîãðàôè÷åñêîé äèôôåðåíöèàöèè êîíòèíãåíòà

ëþäåé â îòäåëüíûõ çäàíèÿõ ðàçëè÷íûõ êëàññîâ

ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè çíà÷èòåëüíî

óñëîæíÿåòñÿ èç-çà ðàçëè÷èÿ èõ êîëè÷åñòâåííûõ ïî-

êàçàòåëåé â çàâèñèìîñòè îò ïîëîæåíèÿ â èåðàðõèè

ëå÷åáíûõ çàâåäåíèé (ñðàâíèòü, íàïðèìåð, ïîñåëêî-

âóþ ïîëèêëèíèêó è ïîëèêëèíèêó àäìèíèñòðàöèè

ïðåçèäåíòà). Ýòî ðàçëè÷èå íèâåëèðóåòñÿ, åñëè çäà-

íèÿ ðàçëè÷íîãî íàçíà÷åíèÿ íàõîäÿòñÿ â ñîñòàâå

åäèíîãî ìíîãîïðîôèëüíîãî ìåäèöèíñêîãî öåíòðà.

Â êà÷åñòâå ïðèìåðà òàêîãî öåíòðà ìîæåò áûòü ðàñ-

ñìîòðåíî Ãîñóäàðñòâåííîå áþäæåòíîå ó÷ðåæäåíèå

çäðàâîîõðàíåíèÿ Ìîñêîâñêîé îáëàñòè Ìîñêîâñêèé

îáëàñòíîé íàó÷íî-èññëåäîâàòåëüñêèé êëèíè÷åñêèé

èíñòèòóò èì. Ì. Ô. Âëàäèìèðñêîãî (ÃÁÓÇ ÌÎ

ÌÎÍÈÊÈ èì. Ì. Ô. Âëàäèìèðñêîãî) — ñòàðåéøåå

â Ðîññèè (1773 ã.) ìåäèöèíñêîå ìíîãîïðîôèëüíîå

ó÷ðåæäåíèå, íà òåððèòîðèè êîòîðîãî â íàñòîÿùåå

âðåìÿ ðàñïîëîæåíî 15 êîðïóñîâ ñïåöèàëèçèðîâàí-

íûõ ìåäèöèíñêèõ ó÷ðåæäåíèé (ðèñ. 1).

Ïðåäñòàâëÿåòñÿ öåëåñîîáðàçíûì ðàçäåëèòü îñíîâ-

íîé êîíòèíãåíò ëþäåé, íàõîäÿùèõñÿ â çäàíèÿõ ëå÷åá-

íûõ ó÷ðåæäåíèé, ïðåæäå âñåãî íà äâå ñîöèàëüíî-

äåìîãðàôè÷åñêèå ãðóïïû â çàâèñèìîñòè îò òîé ðîëè,

êîòîðóþ îíè èãðàþò â ïðîöåññå ëå÷åíèÿ:

� ïàöèåíòû, ò. å. îáúåêòû ëå÷åíèÿ;

� ïåðñîíàë, ò. å. ñóáúåêòû ïðîöåññà ëå÷åíèÿ.

Ðèñ. 1. Ñõåìà ãåíåðàëüíîãî ïëàíà ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëàäèìèðñêîãî

Fig. 1. Master layout of Vladimirskiy Moscow Regional Scientific Research Clinical Institute (MONIKI)



77ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 7-8

ÁÅÇÎÏÀÑÍÎÑÒÜ ÆÈÇÍÅÄÅßÒÅËÜÍÎÑÒÈ

×èñëåííîñòü ýòèõ ãðóïï â íåêîòîðûõ çäàíèÿõ ìå-

äèöèíñêèõ ó÷ðåæäåíèé â ìîìåíò íà÷àëà ïîæàðà

ìîæåò áûòü îäèíàêîâîé. Â çäàíèÿõ æå äðóãèõ òèïîâ

êîëè÷åñòâî ïàöèåíòîâ íà ïîðÿäîê ïðåâîñõîäèò ÷èñ-

ëåííîñòü îáñëóæèâàþùåãî ïåðñîíàëà.

Äèôôåðåíöèàöèÿ ïàöèåíòîâ ïî ñòåïåíè
îãðàíè÷åíèÿ âîçìîæíîñòè ïåðåäâèæåíèÿ

Òàêàÿ äèôôåðåíöèàöèÿ ïàöèåíòîâ (òàáë. 1) ìî-

æåò áûòü ïîñòðîåíà íà îñíîâå ïðèíöèïîâ ðàñòóùèõ

ãðàäàöèé, ïðîñìàòðèâàþùèõñÿ â öèòèðóåìûõ äî-

êóìåíòàõ, è ìåòîäè÷åñêèõ ïðèíöèïîâ íîðìèðîâà-

íèÿ, ðàçðàáîòàííûõ ïî ðåçóëüòàòàì âûïîëíåííûõ

ðàíåå èññëåäîâàíèé [10] äâèæåíèÿ ìàëîìîáèëüíûõ

ãðóïï íàñåëåíèÿ.

Äèôôåðåíöèàöèÿ ïåðñîíàëà

Â êà÷åñòâå êëàññèôèêàöèîííûõ ïðèçíàêîâ ïåð-

ñîíàëà ìîãóò áûòü èñïîëüçîâàíû èõ ïðîôåññèîíàëü-

íàÿ ïðèíàäëåæíîñòü è ó÷àñòèå â ïðîöåññå ìåäèöèí-

ñêîãî îáñëóæèâàíèÿ ïàöèåíòîâ ñ îãðàíè÷åíèÿìè

âîçìîæíîñòè ïåðåäâèæåíèÿ ðàçëè÷íîé ñòåïåíè èëè

ó÷àñòèå â äåëîâîé è òåõíè÷åñêîé ýêñïëóàòàöèè çäà-

íèé (òàáë. 2).

Çäåñü ñòåïåíüþ îãðàíè÷åíèÿ âîçìîæíîñòè ïå-

ðåäâèæåíèÿ ïåðñîíàëà öåëåñîîáðàçíî ïðåíåáðå÷ü,

ñ÷èòàÿ â ïåðâîì ïðèáëèæåíèè, ÷òî âåñü åãî ñîñòàâ

îòíîñèòñÿ ê ãðóïïàì ëþäåé íîðìàëüíîé ìîáèëüíî-

ñòè. Òåì íå ìåíåå ñëåäóåò èìåòü â âèäó, ÷òî ñïåöèàëü-

íûå èññëåäîâàíèÿ [11] ïîêàçàëè âûñîêèé ïðîöåíò

ëþäåé, ñòðàäàþùèõ îæèðåíèåì è îäûøêîé, ñðåäè

îôèñíûõ ðàáîòíèêîâ, çàíèìàþùèõñÿ ðàçëè÷íûìè

âèäàìè äåëîïðîèçâîäñòâà.

Â ñâÿçè ñ ýòèì äèôôåðåíöèàöèþ êîíòèíãåíòà ìå-

äèöèíñêèõ ó÷ðåæäåíèé öåëåñîîáðàçíî ñâÿçàòü íå-

ïîñðåäñòâåííî ñ ðåæèìîì ôóíêöèîíàëüíîé ýêñïëó-

àòàöèè çäàíèé, à íå ñ ïðîñòðàííûì ïåðå÷íåì íîìåí-

êëàòóðû ìåäèöèíñêèõ ó÷ðåæäåíèé ïî íàçíà÷åíèþ

(áîëåå 100) è ïî òåððèòîðèàëüíîìó ïðèçíàêó (5), óñ-

òàíîâëåííûì íîìåíêëàòóðîé ìåäèöèíñêèõ îðãàíè-

çàöèé [2]:

1) ïî âèäó äåÿòåëüíîñòè: ëå÷åáíî-ïðîôèëàêòè÷å-

ñêèå (87 âèäîâ); ìåäèöèíñêèå îñîáîãî òèïà (15 âè-

äîâ); ìåäèöèíñêèå ïî îðãàíèçàöèè íàäçîðà â ñôåðå

¹

ï�ï

No.

Ñòåïåíü
îãðàíè÷åíèÿ

Reduction
degree

Ïðèçíàêè

Symptoms

Êàòåãîðèÿ äâèæåíèÿ

(ñêîðîñòü V0, ì�ìèí)

Traffic category
(speed V0, m/min)

Èñïîëüçîâàíèå
ëèôòîâ c ýòàæà

Use of lifts
from the floor

1 Íà÷àëüíàÿ

Original

Èçáûòî÷íûé âåñ, îäûøêà, ïåðèîäè÷åñêèå áîëè
â îðãàíàõ è ñóñòàâàõ, áûñòðàÿ óòîìëÿåìîñòü, äå-
ôåêòû ñëóõà è çðåíèÿ

Overweight, shortness of breath, periodic pain in
the organs and joints, fatigue, hearing and vision
defects

Àêòèâíîå (80) âìåñòî
ïîâûøåííîé àêòèâíî-
ñòè (100)

Active (80) instead of
increased activity (100)

Ïðåäïî÷òè-
òåëüíî

Preferably

2 Ïîñòîÿííàÿ

Permanent

Èíâàëèäû ñðåäíåãî âîçðàñòà: íà ïðîòåçàõ, ñ îïî-
ðàìè; ñ íàðóøåíèÿìè çðåíèÿ, ïîëüçóþùèåñÿ áåëîé
òðîñòüþ; ëþäè ñ ïñèõè÷åñêèìè îòêëîíåíèÿìè

Disabled persons of middle age: moving using
prostheses, with supports; visual impaired, using
a white cane; mental disabled persons

Àêòèâíîå (80)

Active (80)

Òî æå

The same

Èíâàëèäû ïî ñòàðîñòè ñ òåìè æå ïðèçíàêàìè

Old age disabled persons, the same signs

Ñïîêîéíîå (70)

Calm (70)

Îáÿçàòåëüíî

Mandatory

3 Ëåæà÷èå òðàíñ-
ïîðòàáåëüíûå

Bed carriageab-
le patients

Òðàíñïîðòèðóåìûå íà íîñèëêàõ

Carried on stretchers

Ïåðåíîñêà ïåðñîíàëîì

Carrying by staff

Òî æå

The same

Òðàíñïîðòèðóåìûå òîëüêî íà êðîâàòÿõ

Carried only on beds

Ïî ãîðèçîíòàëüíîìó
ïóòè

On a horizontal path

"

4 Ýêñòðåííî
íåòðàíñïîðòà-
áåëüíûå

Non-carriageable
urgently

Ïîòðåáíîñòü â èíòåíñèâíîé òåðàïèè è àïïàðàòàõ
æèçíåîáåñïå÷åíèÿ (ïðè ñåðäå÷íî-ñîñóäèñòîé è
(èëè) äûõàòåëüíîé íåäîñòàòî÷íîñòè)

Need for intensive care and life support equipment
(cardiovascular and�or respiratory failure)

Òðàíñïîðòèðîâêà íà
êðîâàòÿõ â ñîïðîâîæ-
äåíèè ìåäïåðñîíàëà ñî
ñïåöìåäîáîðóäîâàíèåì

Transportation on beds
accompanied by medical
staff with special medical
equipment

"

Òàáëèöà 1. Äèôôåðåíöèàöèÿ ïàöèåíòîâ ïî ñòåïåíè îãðàíè÷åíèÿ âîçìîæíîñòè ïåðåäâèæåíèÿ

Table 1. Patient differentiation according a mobility reduction degree
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çàùèòû ïðàâ ïîòðåáèòåëåé è áëàãîïîëó÷èÿ ÷åëîâå-

êà (5 âèäîâ);

2) ïî òåððèòîðèàëüíîìó ïðèçíàêó: ôåäåðàëü-

íûå, êðàåâûå, ðåñïóáëèêàíñêèå, îáëàñòíûå, îêðóæ-

íûå, ìóíèöèïàëüíûå, ìåæðàéîííûå, ðàéîííûå, ãî-

ðîäñêèå.

Òåì áîëåå ÷òî, íåñìîòðÿ íà ðàçëè÷íóþ âûñîò-

íîñòü ýòèõ çäàíèé, â ïëàíèðîâî÷íîé ñòðóêòóðå ýòà-

æåé èñïîëüçóåòñÿ èñïîêîí âåêîâ ëèøü îäíà èç âîç-

ìîæíûõ ÷åòûðåõ ïëàíèðîâî÷íûõ ñõåì, îòðàáîòàííûõ

ìíîãîâåêîâîé ïðàêòèêîé àðõèòåêòóðíî-ñòðîèòåëü-

íîãî ïðîåêòèðîâàíèÿ, — êîðèäîðíàÿ.

Òîãäà âñå ìíîãîîáðàçèå âîçìîæíûõ âçàèìíûõ

ñî÷åòàíèé ïîêàçàòåëåé íîìåíêëàòóðû ìîæåò áûòü

ñâåäåíî ê òðåì âèäàì áëîêîâ çäàíèé ïî ðåæèìó èõ

ýêñïëóàòàöèè: àìáóëàòîðíî-ïîëèêëèíè÷åñêèå êîð-

ïóñà, êîðïóñà ñòàöèîíàðíîãî (õèðóðãè÷åñêîãî è òå-

ðàïåâòè÷åñêîãî òèïà) ëå÷åíèÿ è ëàáîðàòîðíî-äè-

àãíîñòè÷åñêèå (èññëåäîâàòåëüñêèå) êîðïóñà. Êðè-

òåðèÿìè òàêîé êëàññèôèêàöèè ÿâëÿþòñÿ:

1) ïðîäîëæèòåëüíîñòü ïåðèîäà èíòåíñèâíîé ýê-

ñïëóàòàöèè çäàíèÿ â ñóòî÷íîì áèîðèòìå æèçíè ÷å-

ëîâåêà:

– íåïîëíûé ïåðèîä ñóòî÷íîãî áèîðèòìà (1–2 ðà-

áî÷èõ ñìåíû ïåðñîíàëà);

– êðóãëîñóòî÷íàÿ ôóíêöèîíàëüíàÿ ýêñïëóàòà-

öèÿ;

2) ìàêñèìàëüíàÿ ïðîäîëæèòåëüíîñòü ïðåáûâà-

íèÿ ïàöèåíòà â çäàíèè:

– íåñêîëüêî ÷àñîâ (íå áîëåå îäíîé ðàáî÷åé ñìå-

íû ïåðñîíàëà);

– êðóãëîñóòî÷íîå ïðåáûâàíèå;

– ýïèçîäè÷åñêîå ïðèñóòñòâèå â òå÷åíèå ïåðèîäà

âðåìåíè ïðèåìà ñïåöèàëèñòà;

3) âûäåëåíèå êðóãëîñóòî÷íûõ ñòàöèîíàðîâ õè-

ðóðãè÷åñêîãî ïðîôèëÿ, èìåþùèõ îòäåëåíèÿ àíåñòå-

çèîëîãèè è ðåàíèìàöèè ñ ïàëàòàìè ðåàíèìàöèè è

èíòåíñèâíîé òåðàïèè.

Ñòàíîâèòñÿ î÷åâèäíûì, ÷òî â ñîîòâåòñòâèè ñ

ýòèìè ýêñïëóàòàöèîííûìè õàðàêòåðèñòèêàìè çäà-

íèé ïðîèñõîäèò è äèôôåðåíöèàöèÿ íàõîäÿùèõñÿ â

íèõ ïàöèåíòîâ ïî ñòåïåíè îãðàíè÷åíèÿ âîçìîæíî-

ñòè ïåðåäâèæåíèÿ, è äèôôåðåíöèàöèÿ ïåðñîíàëà â

çàâèñèìîñòè îò èõ ó÷àñòèÿ â ïðîöåññàõ ëå÷åíèÿ ïà-

öèåíòîâ è ýêñïëóàòàöèè çäàíèé.

Ïðè ýòîì äåëåíèå îñíîâíîãî ôóíêöèîíàëüíîãî

êîíòèíãåíòà íà ñîöèàëüíûå ãðóïïû ïðîèñõîäèò âî

âõîäíîì áëîêå ïîìåùåíèé — îáùåì äëÿ áëîêîâ

çäàíèé, ïîäðàçäåëÿåìûõ ïî ðåæèìó èõ ýêñïëóàòàöèè

(ðèñ. 2). Ýòîò áëîê ïîìåùåíèé äîëæåí ñîäåðæàòü

çîíû ðåãèñòðàòóðû è îæèäàíèÿ, à òàêæå êîíòðîëüíî-

ïðîïóñêíûå ïóíêòû (ÊÏÏ). Çîíû ðåãèñòðàòóðû è

îæèäàíèÿ ïðîåêòèðóþòñÿ èñõîäÿ èç òîãî, ÷òî êîíò-

ðîëü âõîäîâ è âûõîäîâ — ýòî ìåðîïðèÿòèå, îáåñïå-

÷èâàþùåå ïîðÿäîê âñåãî ìåäèöèíñêîãî ïðîöåññà.

Äëÿ òîãî ÷òîáû ðåãèñòðàòóðà è ÊÏÏ âûïîëíÿëè

óïðàâëåí÷åñêèå ôóíêöèè, íåîáõîäèìî äîñòàòî÷íîå

äëÿ ýòîãî êîëè÷åñòâî ñîòðóäíèêîâ è ïîñòîÿííûé

êîíòàêò ñ ìåäèöèíñêîé çîíîé (äâóñòîðîííÿÿ âíóò-

ðåííÿÿ ñâÿçü). Â çîíå îæèäàíèÿ ïðîåêòèðóþòñÿ ïà-

íîðàìíûå îêíà äëÿ ñâÿçè ïåðñîíàëà ðåãèñòðàòóðû ñ

ïàöèåíòàìè, à òàêæå îïòè÷åñêèå èëè àêóñòè÷åñêèå

ñèãíàëèçàòîðû, íà êîòîðûå ëþäè ìîãëè áû îðèåí-

òèðîâàòüñÿ è â íîðìàëüíûõ óñëîâèÿõ ýêñïëóàòàöèè,

è â ñëó÷àå âîçíèêíîâåíèÿ ÷ðåçâû÷àéíûõ ñèòóàöèé.

Ïðîõîäÿ ÷åðåç ÊÏÏ, ïàöèåíòû íàïðàâëÿþòñÿ â

áëîêè ïîìåùåíèé, â êîòîðûõ èì îêàçûâàþòñÿ ìåäè-

öèíñêèå óñëóãè, ñîîòâåòñòâóþùèå ñòåïåíè îãðàíè-

÷åíèÿ âîçìîæíîñòåé èõ ïåðåäâèæåíèÿ, à ïåðñîíàë

— â ïîìåùåíèÿ, ãäå îí âûïîëíÿåò ñâîè ïðîôåññèî-

íàëüíûå îáÿçàííîñòè. Òàêîå ðàñïðåäåëåíèå è îïðå-

äåëÿåò ñîñòàâ ïîòîêà îñíîâíîãî ôóíêöèîíàëüíîãî

¹

ï�ï

No.

Âèä ïåðñîíàëà

Staff type

Ïðîôåññèîíàëüíàÿ ïðèíàäëåæíîñòü

Professional affiliation

Êàòåãîðèÿ äâèæåíèÿ
ïðè ýâàêóàöèè ïî ãîðèçîí-
òàëüíîìó ïóòè è ëåñòíèöå

Movement category
when evacuating using

a horizontal path and stairs

Èñïîëüçîâàíèå ëèôòîâ
äëÿ ýâàêóàöèè èç çäàíèé
íèæå ñðåäíåé ýòàæíîñòè

Use of elevators for
building evacuation

below average height

1 Ìåäèöèíñêèé

Medical

Âðà÷è, ìåäèöèíñêèå ñåñòðû

Doctors, nurses

Ïîâûøåííîé àêòèâíîñòè

High activity

Íåîáÿçàòåëüíî

No mandatory

2 Îôèñíûå
ðàáîòíèêè

Office workers

Äåëîïðîèçâîäèòåëè, àäìèíèñòðàòèâíî-
õîçÿéñòâåííûå ðàáîòíèêè

Clerks, administrative and household workers

Òî æå

The same

Òî æå

The same

3 Èíæåíåðíî-
òåõíè÷åñêèé

Engineering
and technical

Èíæåíåðû, òåõíèêè, ðàáî÷èå, óáîðùèêè

Engineers, technicians, workers, janitors

" "

4 Íàó÷íûé

Scientific

Íàó÷íûå ðàáîòíèêè, ëàáîðàíòû

Scientists, laboratory assistants

" "

Òàáëèöà 2. Äèôôåðåíöèàöèÿ ïåðñîíàëà � Table 2. Staff differentiation
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êîíòèíãåíòà â çàâèñèìîñòè îò äèôôåðåíöèàöèè ïà-

öèåíòîâ â êàæäîì èç âûäåëåííûõ òèïîâ çäàíèé.

Àìáóëàòîðíî-ïîëèêëèíè÷åñêèé êîðïóñ

Â àìáóëàòîðíî-ïîëèêëèíè÷åñêîì êîðïóñå ïàöè-

åíòàì îêàçûâàþò ïëàíîâóþ ìåäèöèíñêóþ ïîìîùü,

ïîýòîìó ïîòîê áóäåò èìåòü ñëåäóþùèé ñîñòàâ:
� ïåðñîíàë — 30 %;
� ïàöèåíòû — 70 %, èç íèõ ñ ïîòåðåé ìîáèëüíî-

ñòè 1-é ñòåïåíè — 80 %, 2-é ñòåïåíè — 20 %.

Îñíîâíûì ôóíêöèîíàëüíî-òåõíîëîãè÷åñêèì

ïðîöåññîì, ïðîòåêàþùèì â àìáóëàòîðíî-ïîëèêëè-

íè÷åñêîì êîðïóñå, ÿâëÿåòñÿ îêàçàíèå ïîëèêëèíè-

÷åñêèõ ìåäèöèíñêèõ óñëóã. Ñëåäîâàòåëüíî, îñíîâ-

íûìè òèïàìè ïîìåùåíèé â ýòîì êîðïóñå áóäóò:

êàáèíåòû ïðèåìà âðà÷à; ïðîöåäóðíûå êàáèíåòû;

äèàãíîñòè÷åñêèå êàáèíåòû.

Íà áàçå ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ èì. Ì. Ô. Âëàäè-

ìèðñêîãî áûëè ïðîâåäåíû ïîæàðíî-òàêòè÷åñêèå ó÷å-

íèÿ ñ ýâàêóàöèåé ïàöèåíòîâ è ïåðñîíàëà èç 11-ýòàæ-

íîãî çäàíèÿ ïîëèêëèíèêè.

Íåèçâåñòíûìè â îïèñàíèè çàêîíîìåðíîñòåé

ñâÿçè V = f (D) ìåæäó ïàðàìåòðàìè ëþäñêîãî ïîòîêà

òàêîãî ñîñòàâà ïðè ýâàêóàöèè ÿâëÿþòñÿ êîýôôèöè-

åíòû ñîîòâåòñòâóþùåé ìàòåìàòè÷åñêîé ôîðìóëû.

Âèä æå çàâèñèìîñòè óñòàíîâëåí [12, 13] è ïîäòâåðæ-

äåí ðåçóëüòàòàìè ìíîãî÷èñëåííûõ ñåðèé íàòóðíûõ

íàáëþäåíèé [9, 14–30], ïðîâåäåííûõ â çäàíèÿõ ðàç-

ëè÷íîãî íàçíà÷åíèÿ. Ýòî — ýëåìåíòàðíàÿ ñëó÷àé-

íàÿ ôóíêöèÿ:

V V à
D

D
Dj j j

i

j

ý ý

0

� �
�

	




�

�


0 1 ln , (1)

ãäå VDj
ý — âåðîÿòíàÿ âåëè÷èíà ñêîðîñòè ëþäåé â

ýìîöèîíàëüíîì ñîñòîÿíèè ïðè ïëîòíîñòè ïîòî-

êà Di íà ó÷àñòêå j-ãî âèäà ïóòè;

V j0
ý — ñëó÷àéíàÿ âåëè÷èíà èíäèâèäóàëüíîé

ñêîðîñòè ñâîáîäíîãî äâèæåíèÿ (ïðè îòñóòñòâèè

âëèÿíèÿ îêðóæàþùèõ ëþäåé), çàâèñÿùàÿ îò

âèäà ïóòè j è óðîâíÿ ýìîöèîíàëüíîãî ñîñòîÿíèÿ

ëþäåé;

aj — êîýôôèöèåíò, îïðåäåëÿþùèé ñòåïåíü âëè-

ÿíèÿ ïëîòíîñòè ïîòîêà ïðè äâèæåíèè ïî j-ìó

âèäó ïóòè;

Di — òåêóùåå çíà÷åíèå ïëîòíîñòè ïîòîêà;

D0j — ïîðîãîâîå çíà÷åíèå ïëîòíîñòè ïîòîêà íà

ó÷àñòêå j-ãî âèäà ïóòè, ïî äîñòèæåíèè êîòîðîãî

ïëîòíîñòü ñòàíîâèòñÿ ôàêòîðîì, âëèÿþùèì íà

ñêîðîñòü äâèæåíèÿ.

Ñòàöèîíàðíî-òåðàïåâòè÷åñêèé êîðïóñ

Â êîðïóñà ñòàöèîíàðíî-òåðàïåâòè÷åñêîãî íàçíà-

÷åíèÿ íàïðàâëÿþòñÿ ïàöèåíòû äëÿ îêàçàíèÿ èì òåðà-

ïåâòè÷åñêîé ïîìîùè. Òåðàïèÿ (äð.-ãðå÷.)*�+,* +
�

í —

âðà÷åáíûé óõîä, ëå÷åíèå) — ïðîöåññ, öåëüþ êîòîðî-

ãî ÿâëÿåòñÿ îáëåã÷åíèå, ñíÿòèå èëè óñòðàíåíèå ñèìï-

òîìîâ òîãî èëè èíîãî çàáîëåâàíèÿ. Âñå ìåäèöèíñêèå

ìàíèïóëÿöèè ïðîòåêàþò áåç õèðóðãè÷åñêîãî âìåøà-

òåëüñòâà, ïîýòîìó îñíîâíûìè òèïàìè ïîìåùåíèÿ

áóäóò: òåðàïåâòè÷åñêàÿ ïàëàòà, ïðîöåäóðíûå, äèàã-

íîñòè÷åñêèå êàáèíåòû.

Â ñîñòàâå ëþäñêîãî ïîòîêà ïîÿâëÿþòñÿ ïàöèåí-

òû ñ 3-é ñòåïåíüþ îãðàíè÷åíèÿ äâèæåíèÿ, êîòîðûõ

íåîáõîäèìî ýâàêóèðîâàòü íà íîñèëêàõ:
� ïàöèåíòû — 80 %, èç íèõ ñ ïîòåðåé ìîáèëüíî-

ñòè 1-é ñòåïåíè — 70 %, 2-é ñòåïåíè — 20 %,

3-é ñòåïåíè — 10 %;
� ïåðñîíàë — 20 %.

Ðàñ÷åòíîå âðåìÿ tñï.ð (ìèí) ñïàñåíèÿ ëþäåé, íå-

ñïîñîáíûõ ê ñàìîñòîÿòåëüíîìó ïåðåäâèæåíèþ, ñ ýòà-

æà çäàíèÿ îïðåäåëÿåòñÿ [31, 32] ïî ôîðìóëå, ñóììè-

ðóþùåé çàòðàòû âðåìåíè íà ïîñëåäîâàòåëüíûå

îïåðàöèè, ñîñòàâëÿþùèå ïðîöåññ ñïàñåíèÿ:

t t t
L

V

L

V

L

V

L

V
ñï.ð ï ï

� � � � � �
�

	




�

�


 �1 2

1

1

2

2

1

1

2

2

� � ��
	



�
�



N

N

L

V

L

V
íì

ñï0 5
1

1

2

2,
,

(2)

ãäå t1 — âðåìÿ óêëàäûâàíèÿ ÷åëîâåêà, íåñïîñîáíîãî

ê ñàìîñòîÿòåëüíîé ýâàêóàöèè, íà íîñèëêè, ìèí;

t2 — âðåìÿ ïåðåêëàäûâàíèÿ ÷åëîâåêà, íåñïîñîá-

íîãî ê ñàìîñòîÿòåëüíîé ýâàêóàöèè, ñ íîñèëîê íà

ïîäãîòîâëåííóþ ãîðèçîíòàëüíóþ ïîâåðõíîñòü,

ìèí;

L1 — äëèíà ïóòè ñïàñåíèÿ ïî ãîðèçîíòàëè, ì;

L2 — äëèíà ïóòè ñïàñåíèÿ ïî ëåñòíèöå, ì;

V1 — ñêîðîñòü ïåðåäâèæåíèÿ ìåäïåðñîíàëà

(ñïàñàòåëåé) ïî ãîðèçîíòàëüíîìó ïóòè ñ íîñèë-

êàìè áåç ñïàñàåìîãî ÷åëîâåêà, ì�ìèí;

V1
ï — ñêîðîñòü ïåðåäâèæåíèÿ ìåäïåðñîíàëà ïî

ãîðèçîíòàëè ñî ñïàñàåìûì ÷åëîâåêîì, ëåæàùèì

íà íîñèëêàõ, ì�ìèí;

V2 — ñêîðîñòü ïåðåäâèæåíèÿ ìåäïåðñîíàëà ïî

ëåñòíèöå ââåðõ ñ íîñèëêàìè áåç ñïàñàåìîãî ÷å-

ëîâåêà, ì�ìèí;

V2
ï — ñêîðîñòü ïåðåäâèæåíèÿ ìåäïåðñîíàëà ïî

ëåñòíèöå âíèç ñî ñïàñàåìûì ÷åëîâåêîì, ëåæàùèì

íà íîñèëêàõ, ì�ìèí;

Níì — ÷èñëî ëþäåé, íåñïîñîáíûõ ê ñàìîñòîÿ-

òåëüíîé ýâàêóàöèè;

Nñï — êîëè÷åñòâî ñïàñàòåëåé.

Âûðàæåíèå äëÿ îïðåäåëåíèÿ çàâèñèìîñòè âðåìå-

íè tïê (ìèí) ïåðåêëàäûâàíèÿ ëþäåé ñïàñàòåëÿìè ñ

êðîâàòè íà íîñèëêè îò ìàññû (ðèñ. 3) èìååò âèä:

t
V à m m

ïê
0

�
�

60

10[ ln ( )]
, (3)

ãäå V0 — ñëó÷àéíàÿ âåëè÷èíà ñêîðîñòè ñâîáîäíîãî

ïåðåêëàäûâàíèÿ ÷åëîâåêà ñ êðîâàòè íà íîñèëêè

ñïàñàòåëÿìè (ïðè ìàññå ïåðåêëàäûâàåìîãî ÷å-

ëîâåêà m $ m0), ì�ìèí;
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m — ìàññà ñïàñàåìîãî ÷åëîâåêà ïðè ïåðåêëàäû-

âàíèè åãî ñ êðîâàòè íà íîñèëêè, êã;

m0 — ïîðîãîâîå çíà÷åíèå ìàññû ñïàñàåìîãî ÷åëî-

âåêà ïðè ïåðåêëàäûâàíèè åãî ñ êðîâàòè íà íîñèë-

êè, ïî äîñòèæåíèè êîòîðîãî ìàññà íà÷èíàåò îêà-

çûâàòü âëèÿíèå íà ñêîðîñòü ïåðåêëàäûâàíèÿ, êã;

a — êîýôôèöèåíò àäàïòàöèè ñïàñàòåëÿ ê ïåðå-

êëàäûâàíèþ ÷åëîâåêà ñ êðîâàòè íà íîñèëêè ïðè

óâåëè÷åíèè ìàññû ñïàñàåìîãî.

Çàâèñèìîñòü ñêîðîñòè ïåðåíîñêè ëþäåé ñïàñà-

òåëÿìè íà íîñèëêàõ Vïí j (ì�ìèí) ïî ãîðèçîíòàëü-

íîìó ïóòè è ïî ëåñòíèöå âíèç îò ìàññû ñïàñàåìîãî

÷åëîâåêà (ðèñ. 4 è 5) ìîæåò áûòü îïèñàíà â îáùåì

âèäå ñëó÷àéíîé ôóíêöèåé:

V V à m mj j j j jïí 0� �0 1[ ln ( ] , (4)

ãäå V0j — ñëó÷àéíàÿ âåëè÷èíà ñêîðîñòè ñâîáîäíî-

ãî äâèæåíèÿ ñïàñàòåëÿ ïî j-ìó âèäó ïóòè ïðè

ïåðåíîñêå ÷åëîâåêà íà íîñèëêàõ (ïðè åãî ìàññå

mj $ m0j), ì�ìèí;

mj — ìàññà ñïàñàåìîãî ÷åëîâåêà ïðè ïåðåíîñêå

åãî íà íîñèëêàõ ïî j-ìó âèäó ïóòè, êã;

Ðèñ. 4. Çàâèñèìîñòü ñêîðîñòè ïåðåíîñêè ñïàñàòåëÿìè ìóæñêîãî è æåíñêîãî ïîëà ïàöèåíòîâ íà íîñèëêàõ ïî ãîðèçîíòàëüíîìó

ïóòè îò èõ ìàññû

Fig. 4. Dependence between patient carrying speed on stretchers on the horizontal path by male�female rescuers and weight of the patients

Ðèñ. 3. Çàâèñèìîñòü âðåìåíè ïåðåêëàäûâàíèÿ ñïàñàòåëÿìè ìóæñêîãî è æåíñêîãî ïîëà ïàöèåíòîâ ñ êðîâàòè íà íîñèëêè îò èõ ìàññû

Fig. 3. Dependence between the time for a patient to be put on stretcher from bed by male/female rescuers and weight of the patients
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m0j — ïîðîãîâîå çíà÷åíèå ìàññû ñïàñàåìîãî ÷å-

ëîâåêà ïðè ïåðåíîñêå åãî íà íîñèëêàõ ïî j-ìó âèäó

ïóòè, ïî äîñòèæåíèè êîòîðîãî ìàññà íà÷èíàåò

îêàçûâàòü âëèÿíèå íà ñêîðîñòü ïåðåíîñêè, êã;

aj — êîýôôèöèåíò àäàïòàöèè ñïàñàòåëåé ê äâè-

æåíèþ ïðè ïåðåíîñêå ïî j-ìó âèäó ïóòè ïðè óâå-

ëè÷åíèè ìàññû ñïàñàåìîãî.

Ýêñïåðèìåíòàëüíî óñòàíîâëåíî [33], ÷òî ìàêñè-

ìàëüíîå êîëè÷åñòâî ðåéñîâ ïî ñïàñåíèþ, îñóùåñò-

âëÿåìîå îäíîé ïàðîé ñïàñàòåëåé, ñîñòàâëÿåò: ñ 3-ãî

ýòàæà çäàíèÿ — íå áîëåå 8, ñî 2-ãî — íå áîëåå 11,

ñ 1-ãî — íå áîëåå 20.

Ïðèâåäåííûé ñîñòàâ ïîòîêà îïðåäåëåí àíàëèçîì

ñîñòàâà ïàöèåíòîâ îòäåëåíèé â ÃÁÓÇ ÌÎ ÌÎÍÈÊÈ

èì. Ì. Ô. Âëàäèìèðñêîãî íà îñíîâàíèè åæåäíåâ-

íûõ îò÷åòîâ çà 2016 ã. (ðèñ. 6).

Ñòàöèîíàðíî-õèðóðãè÷åñêèé êîðïóñ

Îòëè÷èåì çäàíèé ñòàöèîíàðíî-õèðóðãè÷åñêîãî

ïðîôèëÿ ÿâëÿåòñÿ íàëè÷èå â êîðïóñå îòäåëåíèÿ àíå-

ñòåçèîëîãèè è ðåàíèìàöèè ñ ïàëàòàìè ðåàíèìàöèè

è èíòåíñèâíîé òåðàïèè (ÎÐÈÒ), à òàêæå îïåðàöè-

îííîãî áëîêà. Â ñâÿçè ñ ýòèì ñîñòàâ ïîòîêà áóäåò

ñëåäóþùèì:

� ïàöèåíòû — 80 %, èç íèõ ñ ïîòåðåé ìîáèëüíî-

ñòè 1-é ñòåïåíè — 60 %, 2-é ñòåïåíè — 20 %,

3-é ñòåïåíè — 15 %, 4-é ñòåïåíè — 5 %;

� ïåðñîíàë — 20 %.

Ðèñ. 6. Ïðèìåð äèàãðàììû ïîìåñÿ÷íîé ÷èñëåííîñòè ïàöèåíòîâ ñ ðàçíîé ñòåïåíüþ ïîòåðè ïîäâèæíîñòè â íåâðîëîãè÷åñêîì

îòäåëåíèè ñòàöèîíàðíî-òåðàïåâòè÷åñêîãî êîðïóñà

Fig. 6. An example of a month number of patients with different degrees of mobility loss in a neurological section of therapeutic building

Ðèñ. 5. Çàâèñèìîñòü ñêîðîñòè ïåðåíîñêè ñïàñàòåëÿìè ìóæñêîãî è æåíñêîãî ïîëà ïàöèåíòîâ íà íîñèëêàõ ïî ëåñòíèöå âíèç îò

èõ ìàññû

Fig. 5. Dependence between patient carrying speed on stretchers down the stairs by male�female rescuers and weight of the patients
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Îñíîâíûì ôóíêöèîíàëüíî-òåõíîëîãè÷åñêèì

ïðîöåññîì ðåàíèìàöèîííîãî áëîêà ÿâëÿåòñÿ ïðîâå-

äåíèå êîìïëåêñà ìåðîïðèÿòèé ïî ïîääåðæàíèþ

ôóíêöèè æèçíåííî âàæíûõ îðãàíîâ è ñèñòåì ïàöè-

åíòîâ. Â îñíîâíîì ýòè ìåðîïðèÿòèÿ íàïðàâëåíû íà

ñòàáèëèçàöèþ äåÿòåëüíîñòè ñåðäå÷íî-ñîñóäèñòîé

è äûõàòåëüíîé ñèñòåì çà ñ÷åò íåïðåðûâíîãî ââåäå-

íèÿ ëåêàðñòâåííûõ ïðåïàðàòîâ è ðàñòâîðîâ, à òàêæå

ïðîâåäåíèÿ èñêóññòâåííîé âåíòèëÿöèè ëåãêèõ (äà-

ëåå — ÈÂË) (ðèñ. 7).

Â ìîìåíò èñêóññòâåííîé âåíòèëÿöèè ëåãêèõ

áîëüíûå íàõîäÿòñÿ â ñîñòîÿíèè ìåäèêàìåíòîçíîé

ñåäàöèè (“ñíà”) ñ îòêëþ÷åíèåì äâèãàòåëüíûõ è ÷óâ-

ñòâèòåëüíûõ ôóíêöèé îðãàíèçìà. Ïðè ýòîì ðåàêöèÿ

íà áîëü ñèëüíî ïðèòóïëÿåòñÿ ëèáî ñîâñåì îòñóòñò-

âóåò. Â ìîìåíò ïðîâåäåíèÿ èñêóññòâåííîé âåíòèëÿ-

öèè ëåãêèõ æèçíü ïàöèåíòà ïîëíîñòüþ çàâèñèò îò

ïðàâèëüíîãî ôóíêöèîíèðîâàíèÿ àïïàðàòà ÈÂË.

Äàííàÿ êàòåãîðèÿ ïàöèåíòîâ íåñïîñîáíà ê ñàìîñòî-

ÿòåëüíîé ýâàêóàöèè è ìîæåò ïåðåìåùàòüñÿ â ïðåäå-

ëàõ ìåäèöèíñêîãî ó÷ðåæäåíèÿ â ëåæà÷åì ïîëîæå-

íèè òîëüêî â ñîïðîâîæäåíèè ìåäèöèíñêîãî ïåðñî-

íàëà ñ èñïîëüçîâàíèåì ñïåöèàëüíîé ìåäèöèíñêîé

òåõíèêè: äûõàòåëüíûõ ìåøêîâ “ÀÌÁÓ” (ÈÂË ïðî-

âîäèòñÿ ìåäïåðñîíàëîì âðó÷íóþ) èëè òðàíñïîðò-

íûõ àïïàðàòîâ ÈÂË. Ñëåäóåò èìåòü â âèäó, ÷òî ïðè

âîçíèêíîâåíèè ÷ðåçâû÷àéíîé ñèòóàöèè íåëüçÿ ãà-

ðàíòèðîâàòü àáñîëþòíîé áåçîïàñíîñòè ýêñòðåííîé

ýâàêóàöèè ýòèõ ïàöèåíòîâ.

Ïëîùàäü ãîðèçîíòàëüíîé ïðîåêöèè ïàöèåíòà

íà êðîâàòè-êàòàëêå â ñîïðîâîæäåíèè ìåäèöèíñêîãî

ïåðñîíàëà f = 1,68 ì2 (äëèíà c = 2,10 ì, øèðèíà

a = 1,21 ì) (ðèñ. 8).

Äëÿ ñòîëü ñïåöèôè÷åñêîé êàòåãîðèè ïàöèåíòîâ

íåîáõîäèìî îáåñïå÷èâàòü çîíû áåçîïàñíîñòè â ñàìèõ

ðåàíèìàöèîííûõ ïàëàòàõ, à ýôôåêòèâíàÿ ýâàêóàöèÿ

òàêèõ ïàöèåíòîâ âîçìîæíà òîëüêî ñ èñïîëüçîâàíèåì

èíæåíåðíî-òåõíè÷åñêèõ ñðåäñòâ (ëèôòîâ) [34]. Â öå-

ëÿõ îáåñïå÷åíèÿ áåçîïàñíîñòè òðàíñïîðòèðîâêè ïà-

öèåíòîâ íåîáõîäèìà êîîðäèíàöèÿ äåéñòâèé ìåäèöèí-

ñêèõ ðàáîòíèêîâ â ðåàíèìàöèîííûõ ïàëàòàõ, ðàáîòû

ëèôòîâ è îðãàíèçàöèÿ ïðèåìà ïàöèåíòîâ âíå çîíû

çäàíèÿ. Â ñâÿçè ñ ýòèì íåîáõîäèìî âûäåëèòü ñîñòàâ

àâàðèéíî-ñïàñàòåëüíîé ñëóæáû Ì×Ñ äëÿ öåëåíà-

ïðàâëåííîé ýâàêóàöèè ðåàíèìàöèîííîãî áëîêà. Ýâà-

êóèðîâàòü òàêèõ ïàöèåíòîâ ìîæíî íà êðîâàòÿõ-êà-

òàëêàõ è áðèãàäàìè ñêîðîé ìåäèöèíñêîé ïîìîùè â

îòäåëåíèå ðåàíèìàöèè è èíòåíñèâíîé òåðàïèè ñî-

ñåäíèõ êîðïóñîâ ó÷ðåæäåíèÿ, à òàêæå ðåàíèìàöè-

îííûìè áðèãàäàìè â äðóãèå ìåäèöèíñêèå ó÷ðåæäå-

íèÿ ãîðîäà.

Êàêèì æå îáðàçîì ìîæíî îáåñïå÷èòü áåçîïàñ-

íîñòü ðåàíèìàöèîííûõ ïàöèåíòîâ â óæå ââåäåííûõ

â ýêñïëóàòàöèþ ñòàöèîíàðíî-õèðóðãè÷åñêèõ çäàíè-

ÿõ, åñëè â ðàíåå ïîñòðîåííûõ çäàíèÿõ îòñóòñòâóþò

è çîíû áåçîïàñíîñòè, è ëèôòû äëÿ òðàíñïîðòèðîâ-

êè ïîæàðíûõ ïîäðàçäåëåíèé, à íà ðåêîíñòðóêöèþ

ýòèõ çäàíèé ôèíàíñèðîâàíèÿ â áþäæåòå íå ïðåäó-

ñìîòðåíî? Ïîêà ÷òî êîððåêòíîãî îòâåòà íå äàþò äàæå

â Ãëàâíîì óïðàâëåíèè Ì×Ñ ïî ã. Ìîñêâå.

Ëàáîðàòîðíî-èññëåäîâàòåëüñêèé êîðïóñ

Ñïåöèôèêîé ëàáîðàòîðíîãî êîðïóñà ÿâëÿåòñÿ ïî÷-

òè ïîëíîå îòñóòñòâèå ïàöèåíòîâ â çäàíèè, ïîýòîìó

ñîñòàâ ïîòîêà áóäåò ñëåäóþùèì: ïàöèåíòû — 5 %;

ïåðñîíàë — 95 %.

Âûâîäû

1. Â çäàíèÿõ ñòàöèîíàðíî-òåðàïåâòè÷åñêîãî áëîêà

ïðèñóòñòâóåò çíà÷èòåëüíîå ÷èñëî ëþäåé ñ îãðàíè-

÷åíèÿìè âîçìîæíîñòè ïåðåäâèæåíèÿ 3-é ñòåïåíè,

òðàíñïîðòèðîâêà êîòîðûõ îñóùåñòâëÿåòñÿ ïåðñî-

íàëîì íà íîñèëêàõ ïî ïåøåõîäíûì ïóòÿì èëè ñ ïî-

ìîùüþ ëèôòîâ.

Ïðåäâàðèòåëüíûå ðàñ÷åòû ïîêàçûâàþò, ÷òî áåç-

îïàñíîñòü ýòîé ãðóïïû ïàöèåíòîâ ïðè ïîæàðå íå ìî-

æåò áûòü îáåñïå÷åíà ïóòåì ïåøåõîäíîé òðàíñïîð-

òèðîâêè èõ ïðè ïîìîùè ïåðñîíàëà â áåçîïàñíóþ

çîíó âíå çäàíèÿ, òåì áîëåå â íî÷íîå âðåìÿ, ïðè íà-

ëè÷èè ìàëîãî êîëè÷åñòâà ìåäèöèíñêîãî ïåðñîíàëà.

Ïîýòîìó âîçìîæíîñòü âûïîëíåíèÿ ãîñóäàðñòâåííîé

ïðîãðàììû “Äîñòóïíàÿ ñðåäà” ïðèìåíèòåëüíî ê

Ðèñ. 7. Ïàöèåíòû, æèçíåîáåñïå÷åíèå êîòîðûõ ïîääåðæè-

âàåòñÿ ñ ïîìîùüþ àïïàðàòà èñêóññòâåííîé âåíòèëÿöèè

ëåãêèõ

Fig. 7. Patients whose life is supported with artificial lung ventila-

tion equipment

Ðèñ. 8. Ïëîùàäü ãîðèçîíòàëüíîé ïðîåêöèè ðåàíèìàöèîííî-

ãî ïàöèåíòà ñ ìåäèöèíñêèì ïåðñîíàëîì

Fig. 8. Area of horizontal projection of the intensive care patients

with medical personnel
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çäàíèÿì ëå÷åáíûõ ó÷ðåæäåíèé òðåáóåò ðàçðåøåíèÿ

èñïîëüçîâàòü ëèôòû íà íà÷àëüíîé ñòàäèè ðàçâèòèÿ

ïîæàðà äëÿ ýâàêóàöèè òðàíñïîðòàáåëüíûõ ïàöèåí-

òîâ è ñðî÷íîé ðàçðàáîòêè ìåðîïðèÿòèé ïî îáåñïå-

÷åíèþ ïðîòèâîïîæàðíîé çàùèòû ëèôòîâûõ óñòà-

íîâîê â çäàíèÿõ ëå÷åáíûõ ó÷ðåæäåíèé.

2. Â ñîñòàâ ïàöèåíòîâ â çäàíèÿõ ñòàöèîíàðíî-

õèðóðãè÷åñêîãî áëîêà âõîäèò çíà÷èòåëüíîå ÷èñëî

ëþäåé, òðàíñïîðòèðîâàíèå êîòîðûõ ïî ýâàêóàöèîí-

íûì ïóòÿì âîçìîæíî òîëüêî íà êðîâàòÿõ-êàòàëêàõ

èëè âîîáùå íåâîçìîæíî (ïàöèåíòû ñ 4-é ñòåïåíüþ

îãðàíè÷åíèé âîçìîæíîñòè ïåðåäâèæåíèÿ). Èõ íà-

ëè÷èå îïðåäåëÿåò íåîáõîäèìîñòü èñïîëüçîâàòü ïðè

ïîæàðå ëèôòîâûå óñòàíîâêè äëÿ ïîæàðíûõ.

Äëÿ ïàöèåíòîâ ýòîé êàòåãîðèè öåëåñîîáðàçíà îð-

ãàíèçàöèÿ çîí ïðîòèâîïîæàðíîé áåçîïàñíîñòè â ïî-

ìåùåíèÿõ èõ ïîñòîÿííîãî íàõîæäåíèÿ [32, 34]. Â íà-

ñòîÿùåå âðåìÿ ìåòîäîëîãèÿ ïðîåêòèðîâàíèÿ òàêèõ

çîí îòñóòñòâóåò íå òîëüêî â íàøåé ñòðàíå, íî è â äðó-

ãèõ ñòðàíàõ ìèðà.

3. Ïðèáûâàþùèå íà òóøåíèå ïîæàðíûå ïîäðàç-

äåëåíèÿ íå èìåþò ñèë è ñðåäñòâ, íåîáõîäèìûõ äëÿ

ñïàñåíèÿ èìè âñåãî êîíòèíãåíòà ïàöèåíòîâ ñ 3-é è 4-é

ñòåïåíüþ îãðàíè÷åíèÿ ïîäâèæíîñòè, íàõîäÿùèõñÿ

â ëå÷åáíûõ ó÷ðåæäåíèÿõ.

4. Íåîáõîäèìà îðãàíèçàöèÿ ìåñò áåçîïàñíîñòè â

ïðåäåëàõ ýòàæà çäàíèé ëå÷åáíûõ ó÷ðåæäåíèé, êî-

òîðàÿ äîëæíà ïðåäóñìàòðèâàòü:

– äåëåíèå ýòàæà íà äâå ïðîòèâîïîæàðíûå çîíû

ñòåíîé, èìåþùåé ïðåäåë îãíåñòîéêîñòè 2 ÷;

– îáåñïå÷åíèå íå ìåíåå äâóõ ïóòåé äëÿ ïåðåõî-

äà èç îäíîé ÷àñòè ýòàæà â äðóãóþ ÷åðåç ïðî-

òèâîïîæàðíóþ ñòåíó;

– çàùèòó êàæäîãî ïðîõîäà äâóìÿ äâåðÿìè, îò-

êðûòûìè ïðè íîðìàëüíîé ýêñïëóàòàöèè è àâ-

òîìàòè÷åñêè çàêðûâàþùèìèñÿ ñ ïîìîùüþ

ìàãíèòíûõ çàùåëîê ïî ñèãíàëó îò ïîæàðíîãî

èçâåùàòåëÿ;

– ðàçìåùåíèå ëèôòîâ â äâóõ ãðóïïàõ, ïî îäíîé

ñ êàæäîé ñòîðîíû ïðîòèâîïîæàðíîé ïåðåãî-

ðîäêè, ñ ðàñïîëîæåíèåì âáëèçè îò êàæäîé èç

ãðóïï ïî îäíîé ëåñòíè÷íîé êëåòêå.

Ïðåäóñìàòðèâàåòñÿ, ÷òî ëèôòû ãðóïïû, ðàñïîëî-

æåííîé íà ñòîðîíå ïîæàðà, íà ãîðÿùåì ýòàæå íå îñòà-

íàâëèâàþòñÿ.Òàêîåðåøåíèåïîçâîëÿåòîáåñïå÷èâàòü:

– ãîðèçîíòàëüíûå ïóòè ýâàêóàöèè â áåçîïàñíóþ

çîíó, ãäå áóäåò äîñòàòî÷íî âðåìåíè äëÿ îðãà-

íèçàöèè ýâàêóàöèè â áîëåå ñïîêîéíîé îáñòà-

íîâêå;

– âîçìîæíîñòü èñïîëüçîâàíèÿ ãðóïïû ëèôòîâ,

ðàñïîëîæåííûõ â çîíå, çàùèùåííîé îò ðàñïðî-

ñòðàíåíèÿ ïîæàðà, äëÿ ýâàêóàöèè ëþäåé è ïîäú-

åìà ïîæàðíîé êîìàíäû, êîòîðàÿ áóäåò èìåòü

íà ãîðÿùåì ýòàæå ñâîáîäíóþ îò îãíÿ çîíó.

Öåëåñîîáðàçíî ïðîåêòèðîâàòü ïîæàðîáåçîïàñ-

íûå çîíû â âèäå åäèíîãî òðàíñïîðòíî-êîììóíèêà-

öèîííîãî óçëà.

5. Íåîáõîäèìà îðãàíèçàöèÿ çîíû áåçîïàñíîñòè

íà òåððèòîðèè âíå ðàäèóñà âîçìîæíîãî îáðóøåíèÿ

çäàíèÿ.

6. Íàçðåëà êðàéíÿÿ íåîáõîäèìîñòü ïðèâåäåíèÿ

íîðìàòèâíûõ äîêóìåíòîâ ïî îáåñïå÷åíèþ ïîæàð-

íîé áåçîïàñíîñòè â ñîîòâåòñòâèå ñ Ãîñóäàðñòâåííîé

ïðîãðàììîé Ðîññèéñêîé Ôåäåðàöèè “Äîñòóïíàÿ ñðå-

äà” è ðåàëüíûì äåìîãðàôè÷åñêèì ñîñòàâîì íàñåëå-

íèÿ ñòðàíû.
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ABSTRACT

Foreword. The article considers a very urgent and complex issue: ensuring fire safety of patients

during their evacuation from multi-field healthcare institutions. According to official data, there are

about 13 million disabled people and 40 million low-mobile people in our country, and no one knows

how many such people will be in healthcare institutions in a certain period of time. However, even

without understanding of composition of the flow in healthcare institutions, it is evident that filling of

healthcare institutions by people of reduced mobility will be many times more than in any other

buildings.

Analytical part. Apatient differentiation has been developed for classification of patients, as well

as a personnel differentiation. The patient differentiation is carried out for various degrees of mobility

limitations. The category of people who cannot move without special medical equipment and medical

personnel is considered for the first time.

All possible spatial planning structures in healthcare institution buildings are brought to one

solution — a corridor system, and a huge number of functional directions in the medicine can be

brought to three sections of buildings. The oldest healthcare institution Vladimirskiy GBUZ MO

MONIKI is considered as an object of research. All buildings of different medical nomenclatures are

consolidated in this healthcare organization, and the main building sections are outpatient-polyclinic,

stationary-surgical, stationary-therapeutic, and laboratory sections. Composition of the main func-
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tional contingent and the main types of rooms are determined for each section. Creating of the base of

the composition of the main functional contingent in rooms was started, depending on their trans-

portability, including the intensive care section, taking into account long-term statistics.

Conclusion. After getting acquainted with specifics of the problem, it becomes obvious that

without timely and effective means of fire protection are required. Besides, it is clear that such

vulnerable population groups cannot be evacuated without means of transportation, therefore, safety

zones shall be designed for patients to wait for arrival of fire units, since using of lifts as evacuation

means is strictly forbidden in our country.

Keywords: communication paths; human flows; evacuation; rescue; safety; lift units; persons of

reduced mobility; intensive care patients; contingent classification; space-planning solutions; multi-

field healthcare institutions; safety zones; accessible environment.
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ÒÐÅÁÎÂÀÍÈß ÏÎÆÀÐÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ
Ê ÊÓËÜÒÎÂÛÌ ÑÎÎÐÓÆÅÍÈßÌ

Ðàññìîòðåíû íîðìàòèâíûå äîêóìåíòû ïî ïîæàðíîé áåçîïàñíîñòè êóëüòîâûõ ñîîðóæåíèé. Ïðåä-
ñòàâëåíà íåîáõîäèìàÿ èíôîðìàöèÿ îá îñîáåííîñòÿõ ïðîåêòèðîâàíèÿ è ñòðîèòåëüñòâà îáú-
åêòîâ ðåëèãèîçíîãî íàçíà÷åíèÿ. Äàíû ïîÿñíåíèÿ ïî ïîðÿäêó ïðèìåíåíèÿ ñóùåñòâóþùèõ íîðì è
ïðàâèë ïîæàðíîé áåçîïàñíîñòè äëÿ êóëüòîâûõ çäàíèé ñ ìàññîâûì ïðåáûâàíèåì ëþäåé. Îòìå-
÷åíû òðóäíîñòè, âîçíèêàþùèå ïðè ïîëüçîâàíèè äåéñòâóþùèìè ïðîòèâîïîæàðíûìè òðåáîâà-
íèÿìè ê âûøåóêàçàííûì îáúåêòàì.

Êëþ÷åâûå ñëîâà: êóëüòîâûå ñîîðóæåíèÿ; ïîæàðíàÿ áåçîïàñíîñòü; ïðîòèâîïîæàðíûé ðåæèì;
çäàíèÿ ñ ìàññîâûì ïðåáûâàíèåì ëþäåé; íîðìàòèâíûå äîêóìåíòû.

ÂÎÏÐÎÑ:

Íà òåððèòîðèè Ðîññèéñêîé Ôåäåðàöèè ðàñïîëîæå-

íî îãðîìíîå êîëè÷åñòâî êóëüòîâûõ ñîîðóæåíèé,

ê êîòîðûì îòíîñÿòñÿ ñâÿòèëèùà, õðèñòèàíñêèå

öåðêâè, ìóñóëüìàíñêèå ìå÷åòè, èóäàèñòñêèå ñèíà-

ãîãè è áóääèéñêèå õðàìû. Äëÿ ïîñòðîéêè óêàçàí-

íûõ îáúåêòîâ èñïîëüçîâàëàñü êàê äðåâåñèíà, òàê

è äðóãèå, ìåíåå ãîðþ÷èå ñòðîèòåëüíûå ìàòåðèà-

ëû. Íåçàâèñèìî îò ýòîãî âíóòðåííÿÿ ïîæàðíàÿ íà-

ãðóçêà âñåãäà âåëèêà èç-çà íàëè÷èÿ êîâðîâûõ ïî-

êðûòèé, èêîí è ôðåñîê, à òàêæå äåðåâÿííûõ ïðåä-

ìåòîâ (ñêàìüè, èêîíîñòàñû, ìèíáàðû è ò. ï.). Âñå

òèïû êóëüòîâûõ çäàíèé èìåþò ñâîè îñîáåííîñòè

ïðè ïðîåêòèðîâàíèè è ñòðîèòåëüñòâå, à òàêæå ÿâ-

ëÿþòñÿ ìåñòàìè çíà÷èòåëüíîãî ñêîïëåíèÿ ëþäåé,

ïîýòîìó âîïðîñ îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñ-

íîñòè äëÿ òàêèõ îáúåêòîâ ÿâëÿåòñÿ àêòóàëüíûì.

Êàêèìè íîðìàòèâíûìè äîêóìåíòàìè îáåñïå÷è-

âàåòñÿ âûïîëíåíèå òðåáîâàíèé ïîæàðíîé áåç-

îïàñíîñòè ê êóëüòîâûì ñîîðóæåíèÿì?

ÎÒÂÅÒ:

Èç-çà áîëüøîãî ÷èñëà ïîñåòèòåëåé ðåëèãèîç-

íûå çäàíèÿ è ñîîðóæåíèÿ ñëåäóåò îòíåñòè ê îáúåêòàì

ñ ìàññîâûì ïðåáûâàíèåì ëþäåé, â êîòîðûõ îäíî-

âðåìåííî ìîæåò íàõîäèòüñÿ 50 ÷åë. è áîëåå1. Äëÿ òà-

êèõ ïîìåùåíèé äîëæíû ïðåäóñìàòðèâàòüñÿ áîëåå

æåñòêèå òðåáîâàíèÿ ïî îáåñïå÷åíèþ ïîæàðíîé áåç-

îïàñíîñòè èç-çà âûñîêîé ñòåïåíè ðèñêà ãèáåëè ëþäåé

ïðè ïîæàðå.

Äî ìàÿ 2009 ã. íà òåððèòîðèè ÐÔ äåéñòâîâàëè ÍÏÁ

108–96 “Êóëüòîâûå ñîîðóæåíèÿ. Ïðîòèâîïîæàðíûå

òðåáîâàíèÿ”, êîòîðûå îïðåäåëÿëè ïåðå÷åíü ìåðî-

ïðèÿòèé òåõíè÷åñêîãî è ïðîôèëàêòè÷åñêîãî õàðàêòå-

ðà, îáåñïå÷èâàþùèõ íåîáõîäèìûé ïðîòèâîïîæàðíûé

ðåæèì. Óêàçàííûé äîêóìåíò óòðàòèë þðèäè÷åñêóþ

ñèëó ñ ìîìåíòà âñòóïëåíèÿ â äåéñòâèå “Òåõíè÷åñêîãî

ðåãëàìåíòà î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè”

(Ôåäåð. çàêîí ¹ 123-ÔÇ) (äàëåå — ÔÇ ¹ 123) [1], ÷òî

îòìå÷åíî â ïèñüìå ÔÃÓ ÂÍÈÈÏÎ Ì×Ñ Ðîññèè îò

09.06.2009 ¹ 15-1-04/2061 “Î ðàçúÿñíåíèÿõ ïî

ñâîäàì ïðàâèë”: “ÍÏÁ è äðóãèå îòðàñëåâûå íîðìà-

òèâíûå äîêóìåíòû (ÑÍèÏû, ÂÍÏÏ, ÂÓÏÏ è ò. ä.) â îá-

ëàñòè ïîæàðíîé áåçîïàñíîñòè ñ 1 ìàÿ 2009 ã. íå ïðè-

ìåíÿþòñÿ, òàê êàê èõ ïðèìåíåíèå íå ïîäòâåðæäàåò

òðåáîâàíèé òåõíè÷åñêîãî ðåãëàìåíòà”.

Òàêèì îáðàçîì, â ïåðèîä ñ 2009 ïî 2017 ãã. ñëîæè-

ëàñü ñèòóàöèÿ, êîãäà òðåáîâàíèÿ ïî ïîæàðíîé áåç-

îïàñíîñòè äëÿ êóëüòîâûõ ñîîðóæåíèé îòñóòñòâîâàëè.

Äëÿ ïðàâîñëàâíûõ õðàìîâ ñ 1999 ã. äåéñòâóåò ÑÏ

31-103–99 (äàëåå – ÑÏ 31) [2], â ï. 4.8 êîòîðîãî óêà-

çàíî, ÷òî “ïðîåêòèðîâàíèå ïðîòèâîïîæàðíîé çàùè-

òû çäàíèé, ñîîðóæåíèé è êîìïëåêñîâ ïðàâîñëàâíûõ

õðàìîâ, à òàêæå ñîáëþäåíèå ïðîòèâîïîæàðíîãî ðå-

æèìà äîëæíû îñóùåñòâëÿòüñÿ â ñîîòâåòñòâèè ñ òðå-

áîâàíèÿìè ÑÍèÏ 21–01, ÍÏÁ 108, ÏÏÁ 01, è äðóãèìè

äåéñòâóþùèìè íîðìàìè è ïðàâèëàìè”. Óêàçàííûå

â ÑÏ 31 [2] íîðìàòèâíûå äîêóìåíòû ñ 2009 ã. óòðàòè-

ëè ñèëó, à íîâûå òàê è íå áûëè ïðèíÿòû, çà èñêëþ-

÷åíèåì Ïðàâèë ïðîòèâîïîæàðíîãî ðåæèìà (äàëåå —

ÏÏÐ) [3], â êîòîðûõ ïðèâåäåíû òðåáîâàíèÿ ïîæàðíîé

áåçîïàñíîñòè òîëüêî ê ìåñòàì ñ ìàññîâûì ïðåáûâà-

íèåì ëþäåé. Â 2014 ã. ïîÿâèëàñü íîâàÿ ðåäàêöèÿ

ï. 32à ÏÏÐ [3]. Â íåì óêàçûâàëîñü, ÷òî â êóëüòîâûõ

ñîîðóæåíèÿõ ïðè ïðîâåäåíèè ìåðîïðèÿòèé ñ ìàñ-

ñîâûì ïðåáûâàíèåì ëþäåé â ïîìåùåíèÿõ äîïóñêà-

åòñÿ ïðèìåíÿòü ïèðîòåõíè÷åñêèå èçäåëèÿ, äóãîâûå

ïðîæåêòîðû, à òàêæå îòêðûòûé îãîíü è ñâå÷è. Òàêèì

îáðàçîì, ýòîò ïóíêò òîæå íèêîèì îáðàçîì íå ñïîñîá-

ñòâîâàë ïîâûøåíèþ óðîâíÿ ïîæàðíîé áåçîïàñíîñòè

äàííûõ îáúåêòîâ.

1 Â íîðìàòèâíûõ äîêóìåíòàõ èñïîëüçóþòñÿ ðàçëè÷íûå, ïðî-

òèâîðå÷àùèå äðóã äðóãó îïðåäåëåíèÿ òåðìèíà “çäàíèå

(ïîìåùåíèå) ñ ìàññîâûì ïðåáûâàíèåì ëþäåé”. Îòìå-

÷åííûå îñîáåííîñòè òðàêòîâîê òåðìèíà áóäóò ðàññìîò-

ðåíû â ðóáðèêå “Âîïðîñ – Îòâåò” ¹ 9 æóðíàëà.
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Â 2017 ã. âñòóïèë â äåéñòâèå ÑÏ 258.1311500.2016

“Îáúåêòû ðåëèãèîçíîãî íàçíà÷åíèÿ. Òðåáîâàíèÿ ïî-

æàðíîé áåçîïàñíîñòè” (äàëåå — ÑÏ 258) [4], óñòàíàâ-

ëèâàþùèé òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè ïðè

ïðîåêòèðîâàíèè, ñòðîèòåëüñòâå íîâûõ è ðåêîíñòðóê-

öèè ñóùåñòâóþùèõ çäàíèé, ñîîðóæåíèé è ïîìåùåíèé

îáúåêòîâ ðåëèãèîçíîãî íàçíà÷åíèÿ. Äëÿ òîãî ÷òîáû

ìîæíî áûëî ïðèìåíÿòü ÑÏ 258 [4] ñîâìåñòíî ñ ÔÇ

¹ 123 [1], â ïîñëåäíèé áûë âêëþ÷åí íîâûé êëàññ

ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè çäàíèé è ñîîðó-

æåíèé — Ô3.7 “îáúåêòû ðåëèãèîçíîãî íàçíà÷åíèÿ”.

Â òî æå âðåìÿ ÑÏ 258 [4] äî ñèõ ïîð íå âêëþ÷åí â Ïå-

ðå÷åíü äîêóìåíòîâ â îáëàñòè ñòàíäàðòèçàöèè [5],

à çíà÷èò, íå ÿâëÿåòñÿ äîêóìåíòîì, îáåñïå÷èâàþùèì

ñîáëþäåíèå òðåáîâàíèé ÔÇ ¹ 123 [1] (ïî ôîðìàëüíî-

ìó ïðèçíàêó). Ïðè ýòîì ñîãëàñíî ïèñüìó ÔÃÓ ÂÍÈÈÏÎ

Ì×Ñ Ðîññèè îò 14.03.2017 ¹ 1347ýï-13-4-4 “Î ðàçú-

ÿñíåíèè òðåáîâàíèé íîðìàòèâíûõ äîêóìåíòîâ ïî ïî-

æàðíîé áåçîïàñíîñòè” ãîâîðèòñÿ î òîì, ÷òî ÑÏ 258

[4] “ââåäåí â äåéñòâèå è ïîäëåæèò ïðèìåíåíèþ ñ

1 ÿíâàðÿ 2017 ã.”. Ïåðå÷åíü [5] ïåðèîäè÷åñêè äîïîë-

íÿåòñÿ, ïîýòîìó óêàçàííîå âûøå íåñîîòâåòñòâèå â

ñêîðîì âðåìåíè äîëæíî áûòü óñòðàíåíî.

Â çàêëþ÷åíèå ñëåäóåò îòìåòèòü, ÷òî ñîáñòâåííèê

âïðàâå ñàìîñòîÿòåëüíî ðåøàòü, êàêèì èç ïóòåé îí

îáåñïå÷èò ñîáëþäåíèå òðåáîâàíèé ïîæàðíîé áåç-

îïàñíîñòè. Â ñëó÷àå îòñóòñòâèÿ âîçìîæíîñòè ðåàëè-

çàöèè âñåõ ïîëîæåíèé íîðìàòèâíûõ äîêóìåíòîâ äëÿ

êóëüòîâûõ çäàíèé è ñîîðóæåíèé ñ ìàññîâûì ïðåáû-

âàíèåì ëþäåé ñîáñòâåííèê ìîæåò âûïîëíèòü ðàñ÷åò

ïîæàðíîãî ðèñêà (ñì. ï. 8.1.2 ÑÏ 258 [4]).
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ABSTRACT

The normative documents on fire safety of religious

buildings are considered. The necessary information

on the specifics of the design and construction of re-

ligious facilities is presented. Clarifications on the pro-

cedure for applying existing norms and rules of fire

safety for the religious buildings with the massive stay

of people are given. Inconsistencies when using exist-

ing fire safety requirements for the above objects are

noted.
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Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

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

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

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

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

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

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

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

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

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

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

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

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

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

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

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

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

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

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

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

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

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

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

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

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

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

äîñòàòî÷íî èíôîðìàòèâíûìè; â íèõ ìîæíî èñïîëüçîâàòü òîëüêî

îáùåïðèíÿòûå ñîêðàùåíèÿ. Â ïåðåâîäå çàãëàâèé ñòàòåé íà àíãëèé-

ñêèé ÿçûê íåäîïóñòèìà òðàíñëèòåðàöèÿ ñ ðóññêîãî ÿçûêà, êðîìå

íåïåðåâîäèìûõ íàçâàíèé ñîáñòâåííûõ èìåí, ïðèáîðîâ è äðóãèõ

îáúåêòîâ, èìåþùèõ ñîáñòâåííûå íàçâàíèÿ, à òàêæå íåïåðåâîäèìûé

ñëåíã, èçâåñòíûé òîëüêî ðóññêîãîâîðÿùèì ñïåöèàëèñòàì. Ýòî êà-

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

2.3. Èíôîðìàöèÿ îá àâòîðàõ.

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

äèòüñÿ ïîëíîñòüþ íà ðóññêîì ÿçûêå è â òðàíñëèòåðàöèè â ñîîòâåò-

ñòâèè ñ ñèñòåìîé, êîòîðàÿ â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ íàèáîëåå

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

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

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

óêàçûâàþòñÿ â ñíîñêàõ.

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

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

ÿçûêàõ). Çäåñü íåîáõîäèìî óêàçàòü: ïîëíîå îôèöèàëüíîå íàçâàíèå

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

à òàêæå êîíòàêòíûå òåëåôîíû è ýëåêòðîííûé àäðåñ âñåõ èëè õîòÿ

áû îäíîãî èç àâòîðîâ. Ïðè ýòîì íå ñëåäóåò ïðèâîäèòü ñîñòàâíûå

÷àñòè íàçâàíèé îðãàíèçàöèé, îáîçíà÷àþùèå ïðèíàäëåæíîñòü âå-

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

ðåæäåíèå Ðîññèéñêîé àêàäåìèè íàóê…”, “Ôåäåðàëüíîå ãîñóäàðñò-

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

ýòî çàòðóäíÿåò èäåíòèôèêàöèþ îðãàíèçàöèè. Îáðàùàåì Âàøå âíè-

ìàíèå, ÷òî ïðè ïåðåâîäå íåîáõîäèìî óêàçûâàòü îôèöèàëüíî ïðè-

íÿòîå íàçâàíèå îðãàíèçàöèè íà àíãëèéñêîì ÿçûêå. Âñå ïî÷òîâûå

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

ëèòåðèðîâàííîì âèäå) äîëæíû áûòü òàêæå ïåðåâåäåíû íà àíãëèé-

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

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

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

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

5–7 ïðåäëîæåíèé è íå äîëæíà ñîäåðæàòü îáîáùåííûå äàííûå ïî

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

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

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

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

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

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

öèàëèñòîâ îñíîâíûì è, êàê ïðàâèëî, åäèíñòâåííûì èñòî÷íèêîì

èíôîðìàöèè î ñîäåðæàíèè ñòàòüè è îá èçëîæåííûõ â íåé ðåçóëüòà-

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

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

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

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

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

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

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

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

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

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

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

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

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

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

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

çàãëàâèÿ ñòàòüè.

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

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

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

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

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

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

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

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

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

tion èëè MathType.

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

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

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

âîæäàòüñÿ ññûëêàìè.
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Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

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

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

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

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

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

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

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

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

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

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

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

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

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

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

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

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

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

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:

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

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;

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

ïèñåé íà ñàìîì ðèñóíêå;

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

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

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

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

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

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

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

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

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

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

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

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

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

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

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

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

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

âèíû îò îñòàâøèõñÿ 60 % äîëæíû ñîñòàâëÿòü ñòàòüè èç ðóññêî-

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

íà ðóññêîì ÿçûêå.

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

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

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

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

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

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

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

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

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

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

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

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

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

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

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

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

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

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

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

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

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

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:

� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

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

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

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

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);

� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;

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

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

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);

� âûõîäíûå äàííûå;

� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

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

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

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

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

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

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

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

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

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

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

íèìàþòñÿ.

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

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

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

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

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

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

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

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

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

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

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

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!








