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Ïîêàçàíî, ÷òî ðàçìåùåíèå ìíîãèõ òûñÿ÷ ÷åëîâåê íà ýòàæàõ ñîâðåìåííûõ âûñîòíûõ çäàíèé,
ðàñïîëîæåííûõ íà âûñîêèõ îòíîñèòåëüíî çåìëè óðîâíÿõ, ñòàëî âîçìîæíûì òîëüêî ïîñëå èçîá-
ðåòåíèÿ áåçîïàñíîãî â ýêñïëóàòàöèè ýëåêòðè÷åñêîãî ëèôòà. Îòìå÷åíî, ÷òî ïîæàðîíåçàùèùåí-
íûå ëèôòîâûå óñòàíîâêè ÿâëÿþòñÿ êàíàëàìè èíòåíñèâíîãî ðàñïðîñòðàíåíèÿ îïàñíûõ ôàêòîðîâ
ïîæàðà, ïîýòîìó äîëãîå âðåìÿ äëÿ ýâàêóàöèè ëþäåé ïðåäóñìàòðèâàëèñü òîëüêî íåçàäûìëÿ-
åìûå ëåñòíè÷íûå êëåòêè. Ïîêàçàíî, ÷òî îäíîâðåìåííàÿ ýâàêóàöèÿ âñåãî íàñåëåíèÿ âûñîòíîãî
çäàíèÿ ïî ëåñòíè÷íûì êëåòêàì ïðîäîëæàåòñÿ íåñêîëüêî ÷àñîâ è íå ìîæåò îáåñïå÷èòü áåçîïàñ-
íîñòè ëþäåé, â ïåðâóþ î÷åðåäü èç-çà îáðàçîâàíèÿ ïëîòíîñòåé ëþäñêèõ ïîòîêîâ 7–8 ÷åë./ì2.
Âûÿâëåíà âûñîêàÿ ýôôåêòèâíîñòü îðãàíèçàöèè ïîýòàïíîé êîìáèíèðîâàííîé (ïåøåõîäíîé +
ïîæàðîçàùèùåííûå ëèôòû) ýâàêóàöèè ëþäåé, ÷òî ïîçâîëÿåò â ðàçû ñîêðàòèòü åå ïðîäîëæèòåëü-
íîñòü è îáåñïå÷èòü äâèæåíèå ëþäñêèõ ïîòîêîâ â ëåñòíè÷íûõ êëåòêàõ ïðè ïëîòíîñòÿõ, íå ïðå-
âûøàþùèõ 3 ÷åë./ì2. Âûÿâëåíà ñìûñëîâàÿ èäåíòè÷íîñòü òåðìèíîâ “ýâàêóàöèÿ” è “ñïàñåíèå”,
èç-çà êàçóèñòèêè òðàêòîâêè êîòîðûõ îòå÷åñòâåííîå ïðîòèâîïîæàðíîå íîðìèðîâàíèå, çàïðåùàÿ
èñïîëüçîâàíèå ëèôòîâ â ñîñòàâå ïóòåé ýâàêóàöèè, íà ïðîòÿæåíèè äåñÿòèëåòèé îáðåêàåò íàñå-
ëåíèå âûñîòíûõ çäàíèé íà ïîâûøåííóþ óãðîçó æèçíè ïðè ïîæàðå, à òàêæå ÿâëÿåòñÿ ïðåïÿòñò-
âèåì íà ïóòè âíåäðåíèÿ ñîâðåìåííûõ ïðîãðåññèâíûõ òåõíè÷åñêèõ ñðåäñòâ è îðãàíèçàöèîííûõ
ðåøåíèé äëÿ ïðîòèâîïîæàðíîé çàùèòû ëþäåé â âûñîòíûõ çäàíèÿõ.
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Ââåäåíèå

Â ìíîãîâåêîâîé ïðàêòèêå ãðàäîñòðîèòåëüñòâà äî
íåäàâíåãî âðåìåíè îòñóòñòâîâàëè êîëè÷åñòâåííûå
ïîêàçàòåëè êëàññèôèêàöèè çäàíèé ïî âûñîòå, ïî-
ýòîìó åùå â êîíöå XIX â. ê âûñîòíûì îòíîñèëè òå
çäàíèÿ, êîëè÷åñòâî ýòàæåé â êîòîðûõ çíà÷èòåëüíî
îòëè÷àëîñü îò ýòàæíîñòè îêðóæàþùåé çàñòðîéêè.
Èñõîäÿ èç ýòîãî, ïåðâûìè âûñîòíûìè çäàíèÿìè
ñëåäóåò ñ÷èòàòü èíñóëû (îò ëàò. Insula — îñòðîâ),
ïîÿâèâøèåñÿ â Ðèìå â III âåêå äî íàøåé ýðû, â ïå-
ðèîä ñòàíîâëåíèÿ Ðèìà êàê ñîöèàëüíîãî, ðåëèãèîç-
íîãî è òîðãîâîãî öåíòðà èìïåðèè, ñîïðîâîæäàâøå-
ãîñÿ ðîñòîì åãî íàñåëåíèÿ (ïåðâûé â ìèðå ãîðîä ñ
íàñåëåíèåì áîëåå ìèëëèîíà ÷åëîâåê). Âèòðóâèé1 ïè-

ñàë: “ñàìè îáñòîÿòåëüñòâà çàñòàâèëè èñêàòü ïîìîùè
â âîçâåäåíèè âåðõíèõ ýòàæåé”. Òàê â äðåâíåì Ðèìå
ïîÿâèëñÿ ìíîãîýòàæíûé æèëîé äîì ñ êîìíàòàìè è
êâàðòèðàìè, ïðåäíàçíà÷åííûìè äëÿ ñäà÷è âíàåì.
Òàêèå äîìà íà îòäåëüíûõ ó÷àñòêàõ ãîðîäñêèõ çåìëå-
âëàäåëüöåâ îòäåëÿëèñü äðóã îò äðóãà óçêîé ïîëîñîé
ñâîáîäíîé çåìëè, êàê îñòðîâ ïðîëèâîì (îòñþäà, ïî-
âèäèìîìó, è ïîÿâèëîñü íàçâàíèå insula). Íà ïåðâîì
ýòàæå áîëüøèíñòâà èíñóë ðàñïîëàãàëèñü òîðãîâûå
ëàâêè, ðåìåñëåííûå ìàñòåðñêèå, çàêóñî÷íûå è òà-
âåðíû. Çàæèòî÷íûå ëþäè ñíèìàëè áîëåå êîìôîðòà-
áåëüíûå êâàðòèðû íà íèæíèõ (2-ì è 3-ì) ýòàæàõ.
Êâàðòèðû íà ýòàæàõ, ðàñïîëîæåííûõ âûøå, ïðåä-
íàçíà÷àëèñü äëÿ áîëåå áåäíûõ ñúåìùèêîâ. Òàê, íà-
ïðèìåð, èçâåñòíûé äðåâíåðèìñêèé ãîñóäàðñòâåííûé
äåÿòåëü Ñóëëà (êîíñóë â 88 è 80 ãã. äî í. ý., çàòåì èì-
ïåðàòîð) â ìîëîäîñòè ïëàòèë çà ñêðîìíóþ êâàðòèðó

© Õîëùåâíèêîâ Â. Â., 2018

1 Âèòðóâèé (Marcus Vitruvius Pollio) — ðèìñêèé àðõèòåêòîð, èí-
æåíåð, òåîðåòèê àðõèòåêòóðû âòîðîé ïîëîâèíû I â. äî í. ý.
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3 òûñÿ÷è ñåñòåðöèåâ â ãîä, òîãäà êàê âîëüíîîòïóùåí-
íèê çà êâàðòèðó òàêîãî æå ðàçìåðà, íî ýòàæîì âûøå
— 2 òûñÿ÷è. Ïîòîëêè íà âåðõíèõ ýòàæàõ èíñóë áûëè
íàñòîëüêî íèçêèå, ÷òî èõ æèëüöàì ïðèõîäèëîñü õî-
äèòü ñîãíóâøèñü.

Äåôèöèò ñòîëè÷íîãî æèëüÿ (ñîõðàíèëèñü ñâåäå-
íèÿ, ÷òî íåêîòîðûå ñåíàòîðû äàæå ïðîïóñêàëè çàñå-
äàíèÿ ñåíàòà èç-çà ïîèñêà êâàðòèð) ïîðîäèë äîðîãî-
âèçíó êâàðòèð, ñïåêóëÿöèþ ó÷àñòêàìè ïîä ñòðîè-
òåëüñòâî è óâåëè÷åíèå âûñîòû çäàíèé. Âëàäåëüöû
ó÷àñòêà ñòàðàëèñü âûñòðîèòü íåäîðîãîé ìíîãî-
êâàðòèðíûé äîì è áûñòðî ïîëó÷èòü äîõîä, ñäàâ åãî
çà âûñîêóþ àðåíäíóþ ïëàòó. Ñúåìùèêè èçâëåêàëè
âûãîäó èç ïîñëåäóþùåãî ïîäíàåìà: ïîñðåäíèêè ñíè-
ìàëè âåñü äîì è çàòåì ïðåäëàãàëè äëÿ àðåíäû îò-
äåëüíûå ýòàæè; ñúåìùèêè ýòèõ ýòàæåé, â ñâîþ î÷å-
ðåäü, ñäàâàëè óæå îòäåëüíûå êâàðòèðû, à ñúåìùèêè
êâàðòèð — îòäåëüíûå êîìíàòû èëè óãëû. Äëÿ ïåðå-
ñúåìùèêîâ äîìîâ è êâàðòèð ïðèáûëü ìîãëà ñîñòà-
âèòü îêîëî 20–33 %. Èñòîðèêè ñ÷èòàþò, ÷òî âûñîòà
ðèìñêèõ èíñóë áûëà íå ìåíåå 5 ýòàæåé. Íåêîòîðûå
èç íèõ áûëè ãîðàçäî âûøå, íî äàæå ñðåäè íèõ âûäå-
ëÿëàñü insula Felicies. Íåêîòîðûå èññëåäîâàòåëè ñ÷è-
òàþò, ÷òî îíà ãîñïîäñòâîâàëà íàä çàñòðîéêîé Ðèìà,
êàê 102-ýòàæíîå çäàíèå Empire State Building íàä
Ìàíõåòòåíîì 30-õ ãîäîâ ïðîøëîãî âåêà (ðèñ. 1).

Ñòðåìëåíèå ê äåøåâèçíå è ïðîñòîòå â ñòðîèòåëü-
ñòâå äîõîäíûõ äîìîâ ïðèâåëî ê òîìó, ÷òî äåòàëè èç
îáðàáîòàííîãî êàìíÿ â èíñóëàõ ÿâëÿëèñü ðåäêîñòüþ.
Îñíîâó êîíñòðóêöèé áîëüøèíñòâà èç íèõ ñîñòàâëÿë
êèðïè÷-ñûðåö è ôàõâåðê èç äåðåâÿííûõ áðóñüåâ
ñ çàïîëíåíèåì èç ïëåòåíûõ ìàòîâ, ïåðåêðûòèÿ —

ïî äåðåâÿííûì áàëêàì. Òàêîå êîíñòðóêòèâíîå ðåøå-
íèå ïðèâîäèëî ê òîìó, ÷òî èíñóëû ÷àñòî ðàçðóøà-
ëèñü èç-çà íåäîñòàòî÷íîé ïðî÷íîñòè ñòðîèòåëüíûõ
ìàòåðèàëîâ ïðè èõ ïîäìûâå â ðåçóëüòàòå ðàçëèâà
Òèãðà, à òàêæå ê ÷àñòûì ïîæàðàì. Î ïîñòîÿííûõ ïî-
æàðàõ â Ðèìå ïèñàëè Ñòðàáîí, Öèöåðîí, Þâåíàë è
äðóãèå àíòè÷íûå àâòîðû. Äðåâíåãðå÷åñêèé ôèëîñîô
Ïëóòàðõ (îêîëî 46–120 ãã.) íàçûâàë ïîæàðû è îáâàëû
“ñîæèòåëÿìè Ðèìà”. Ñòðîèòåëüñòâî èíñóë ïðåêðà-
òèëîñü ñ ðàñïàäîì Ðèìñêîé èìïåðèè (V â).

Ñòðîèòåëüñòâî âûñîòíûõ çäàíèé (â ïîíèìàíèè
ïîçàïðîøëîãî âåêà) âîçîáíîâèëîñü â êîíöå XIX â.
â ÑØÀ áëàãîäàðÿ èçîáðåòåíèþ â 1852 ã. Ý. Îòèñîì2

ëîâèòåëåé êàáèíû ëèôòà (ïðè îáðûâå òðîñîâ) è çà-
ïàòåíòîâàííîìó èì â 1861 ã. ýëåêòðè÷åñêîìó ëèôòó.
(Îäíàêî ïåðâûé ýëåêòðè÷åñêèé ïàññàæèðñêèé
ëèôò, êîòîðûé ìîã ïîäíèìàòüñÿ ââåðõ íà 22 ì âñåãî
çà 11 ñ, áûë èçãîòîâëåí íåìåöêîé ôèðìîé “Siemens
and Halske” â 1880 ã.) Ýòè òåõíè÷åñêèå äîñòèæåíèÿ
îáåñïå÷èëè äëÿ ëþäåé ëþáûõ ôèçè÷åñêèõ âîçìîæ-
íîñòåé äîñòóïíîñòü ñêîëü óãîäíî âûñîêî ðàñïîëî-
æåííûõ ýòàæåé çäàíèÿ, è çäàíèÿ ñòàëè “ðàñòè” âñëåä
çà ñîâåðøåíñòâîâàíèåì ëèôòîñòðîåíèÿ è ñèñòåìû
îðãàíèçàöèè ôóíêöèîíèðîâàíèÿ ëèôòîâ. Ïîÿâèëèñü
“íåáîñêðåáû” Íüþ-Éîðêà, ôîðìèðóþùåãîñÿ öåíò-
ðà ìèðîâîãî áèçíåñà. Óæå â 1931 ã. íà Ìàíõåòòåíå
áûëî ïîñòðîåíî 102-ýòàæíîå îôèñíîå çäàíèå Empire

State Building âûñîòîé 443 ì (ñì. ðèñ. 1). Íà ïåðâûõ
85 ýòàæàõ ýòîãî çäàíèÿ ðàñïîëîæåíî áîëåå 1000 îôè-
ñîâ, â êîòîðûõ ðàáîòàåò 21 òûñ. ÷åë. Çäàíèå îáñëó-
æèâàþò 73 ñêîðîñòíûõ ëèôòà, ïîçâîëÿþùèå ïîä-
íÿòüñÿ íà 80-é ýòàæ çà 45 ñ (äëèíà ïóòè ïî ëåñòíèöå
ñîñòàâëÿåò 1860 ñòóïåíåé).

Ñóòü àìåðèêàíñêèõ íåáîñêðåáîâ òà æå, ÷òî è
äðåâíåðèìñêèõ èíñóë. Ýòî äîõîäíûå äîìà XIX âåêà,
“òàê êàê íåçàñòðîåííàÿ çåìëÿ äëÿ ñïåêóëÿíòîâ ïîòå-
ðÿííàÿ çåìëÿ” [1], à “÷èñëî “ñ÷àñòëèâûõ” ó÷àñòêîâ
ìîæíî áëàãîäàðÿ íåáîñêðåáó óìíîæàòü äî ïðåäåëà,
ïðîäàâàÿ âñå òó æå çåìëþ” [2, c. 127].

“Çà 50–70 ëåò ïîäàâëÿþùàÿ ÷àñòü çäàíèé äåëî-
âîãî öåíòðà Ìàíõåòòåíà ñìåíÿëàñü òðèæäû. Íà êàæ-
äîì èç ýòèõ ýòàïîâ êàæäîå íîâîå çäàíèå çàìûøëÿëîñü
è çàêàç÷èêàìè, è àðõèòåêòîðàìè êàê ïîòåíöèàëüíî
âå÷íîå. Îäíàêî ñòèõèÿ ñâîáîäíîãî ïðåäïðèíèìàòåëü-
ñòâà ïîíóæäàëà ñíîñèòü ïî÷òè íåàìîðòèçèðîâàí-
íûå çäàíèÿ íà ó÷àñòêàõ çîí ïðåñòèæà, öåíà êîòîðûõ
âñå âðåìÿ âîçðàñòàëà: íà ìåñòå çäàíèé â ñåìü–äåñÿòü
ýòàæåé âûðàñòàëè çäàíèÿ â 20–25 ýòàæåé, äëÿ òîãî
÷òîáû ÷åðåç äåñÿòîê ëåò óñòóïèòü ìåñòî 40- èëè
50-ýòàæíûì” [3], à â áóäóùåì — çäàíèÿì âûñîòîé
100 ýòàæåé è áîëåå.

Ðèñ. 1. Empire State Building â çàñòðîéêå Ìàíõåòòåíà 30-õ ãî-
äîâ ïðîøëîãî âåêà
Fig. 1. Empire State Building during Manhattan development
the 30s years of the last century

2 Ýëèøà Ãðåéâñ Îòèñ (Elisha Graves Otis) (1811–1861) — ñìåíèë
ìíîãî ïðîôåññèé: áûë ñòðîèòåëüíûì ðàáî÷èì, ðàáîòàë íà ëåñî-
ïèëêå, ñòðîèë êàðåòû, ñëóæèë íà ìåáåëüíîé ôàáðèêå. Â 1853 ã.
îòêðûë ñîáñòâåííóþ ìàñòåðñêóþ ïî èçãîòîâëåíèþ ëèôòîâ.
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Â Ðîññèè ïåðâûé ëèôò áûë ïîñòàâëåí â ïðåñòèæ-
íîì äîõîäíîì äîìå Í. È. Ñèëóàíîâà, ïîñòðîåííîì
â 1904 ã. ïî ïðîåêòó àðõèòåêòîðà Ï. À. Çàðóöêîãî â
Ìîñêâå íà Ðîæäåñòâåíñêîì áóëüâàðå (ä. 17) (ðèñ. 2).

Ñòðîèòåëüñòâî ìíîãîýòàæíûõ çäàíèé â Ðîññèè
òàêæå íà÷àëîñü ñ äîõîäíûõ äîìîâ: â ïåðèîä ñ 1905
ïî 1912 ãã. ñàìûì âûñîêèì æèëûì çäàíèåì Ìîñêâû
(8 ýòàæåé � 35 ì) áûë äîõîäíûé äîì Àôðåìîâà íà
óë. Ñàäîâàÿ-Ñïàññêàÿ, 19 (àðõèòåêòîð Î. Î. Øèø-
êîâñêèé); â 1912 ã. áûë ïîñòðîåí ïåðâûé “íåáî-
ñêðåá” Ìîñêâû — 10-ýòàæíûé (� 40 ì) äîõîäíûé
äîì Ýðíåñòà Íèðíçåå (ðèñ. 3).

Äîì Íèðíçåå, êîòîðûé ìîæíî íàçâàòü îáðàçîì
ìîñêîâñêîé èíñóëû íà÷àëà XX â., èìååò êîðèäîðíóþ
ïëàíèðîâêó. Êîðèäîð ñîåäèíÿåò íåáîëüøèå êâàðòè-
ðû (îò 28 äî 57 ì2), íå èìåþùèå êóõîíü, áëàãîäàðÿ
÷åìó ñíèæàëàñü ñúåìíàÿ ïëàòà. Êâàðòèðîñúåìùè-
êàì æå ïðåäëàãàëîñü ïèòàòüñÿ â ðåñòîðàíå íà 11-ì
ýòàæå çäàíèÿ, ò. å. íà ïëîñêîé êðûøå. Ïðè ðåñòî-
ðàíå ðàáîòàë òåàòð ìèíèàòþð ñ ìóçûêîé. Íà êðûøå
áûëè òàêæå óñòðîåíû âåëîòðåê, ñêâåð, ñìîòðîâàÿ
ïëîùàäêà. Ïîäúåì íà êðûøó ñ 5 ÷ âå÷åðà îñóùåñòâ-
ëÿëñÿ íà ëèôòå; âõîäíàÿ ïëàòà íà êðûøó ñ ïðàâîì
ïîäúåìà ñîñòàâëÿëà 20 êîï. Â ïîäâàëå äîìà áûë îò-
êðûò òåàòð ìèíèàòþð “Ëåòó÷àÿ ìûøü”, à òàêæå ðàç-
ìåùàëèñü òåàòðàëüíàÿ ìàñòåðñêàÿ è îáùåñòâåííàÿ
ñòîëîâàÿ.

Ñòðîèòåëüñòâî ïåðâûõ âûñîòíûõ çäàíèé â ÑÑÑÐ
íà÷àëîñü â ãîä 800-ëåòèÿ Ìîñêâû â ñîîòâåòñòâèè
ñ ïîñòàíîâëåíèåì Ñîâåòà Ìèíèñòðîâ ÑÑÑÐ îò
13.01.1947 “Î ñòðîèòåëüñòâå âûñîòíûõ çäàíèé â
Ìîñêâå”, ïîäïèñàííûì È. Â. Ñòàëèíûì. Ýòèì ïî-
ñòàíîâëåíèåì ïåðåä àðõèòåêòîðàìè è ñòðîèòåëÿìè
áûëà ïîñòàâëåíà çàäà÷à ñîçäàíèÿ â Ìîñêâå ðÿäà âû-
ñîòíûõ çäàíèé, êîòîðûå, îáîçíà÷èâ îñíîâíûå àð-

õèòåêòóðíûå îñè ãîðîäà, äîëæíû áûëè èçìåíèòü
ñèëóýò ñòîëèöû.

Îäíàêî íå òîëüêî “ñòèõèÿ ñâîáîäíîãî ïðåäïðè-
íèìàòåëüñòâà” èëè íåîáõîäèìîñòü îáîçíà÷èòü îñ-
íîâíûå àðõèòåêòóðíûå îñè ïîáóæäàåò ãîðîäà ðàñòè
ââåðõ. Ýòî ñîöèàëüíàÿ ïðîáëåìà3, à èìåííî: íåîáõî-
äèìîñòü ïðîòèâîñòîÿòü òåððèòîðèàëüíîìó ðàñïîë-
çàíèþ ïðè ìàëîýòàæíîé çàñòðîéêå âûíóæäàåò ãîðîä
ïåðåéòè ê ñòðîèòåëüñòâó çäàíèé ïîâûøåííîé ýòàæ-
íîñòè, äàæå ïðè îòñóòñòâèè öåíû íà çåìëþ. Â ñâÿçè
ñ ýòèì ïðè ðàçðàáîòêå Òåõíèêî-ýêîíîìè÷åñêèõ îñíîâ
Ãåíåðàëüíîãî ïëàíà ðàçâèòèÿ Ìîñêâû íà 1961–
1970 ãîäû “…íà îñíîâå òùàòåëüíîãî àíàëèçà öåëå-
ñîîáðàçíîé çàñòðîéêè áûëî ïðèíÿòî ðåøåíèå îñó-
ùåñòâèòü â Ìîñêâå ñòðîèòåëüñòâî çäàíèé âûñîòîé
9–16 ýòàæåé, à íà îòäåëüíûõ ó÷àñòêàõ… çäàíèé è
áîëüøåé ýòàæíîñòè” [4]. Â ÑÑÑÐ íà÷àëñÿ ýòàï ìàñ-
ñîâîãî ðàçâèòèÿ âûñîòíîãî ñòðîèòåëüñòâà îáùåñò-
âåííûõ è æèëûõ çäàíèé.

Áóì âûñîòíîãî ñòðîèòåëüñòâà â Ðîññèè âîçíèê
ïîñëå ïåðåñòðîéêè. Â Ìîñêâå, à çàòåì è â äðóãèõ

Ðèñ. 2. Äîõîäíûé äîì Ñèëóàíîâà (Ðîæäåñòâåíñêèé áóëüâ., 17)
Fig. 2. Siluanov’s tenement building (Rozhdestvenskiy Blvd., 17)

Ðèñ. 3. Äîì Íèðíçåå (Áîëüøîé Ãíåçäíèêîâñêèé ïåðåóëîê, 10):
à — 1934 ã. (ôîòî âçÿòî ñ ñàéòà “Ìîñêâà, êîòîðîé íåò”, íà êðû-
øå äîìà ñòîèò òðèàíãóëÿöèîííàÿ âûøêà); á — ïàìÿòíàÿ
äîñêà íà ôàñàäíîé ñòåíå äîìà Íèðíçåå
Fig. 3. House of Nirnsee (Bolshoy Gnezdnikovskiy Side-street, 10):
a — 1934 (picture from “Moskva, kotoroy net” web-site, trian-
gulation tower on house roof); b — memorial plate on Nirnsee
house facade wall

3 Ñîöèàëüíûå ïðîáëåìû, îáùåñòâåííûå ïðîáëåìû — âîïðîñû
è ñèòóàöèè, êîòîðûå ïðÿìî èëè êîñâåííî âëèÿþò íà çíà÷è-
òåëüíîå êîëè÷åñòâî ÷ëåíîâ ñîîáùåñòâà è ïîýòîìó òðåáóþò
êîëëåêòèâíûõ óñèëèé ïî èõ ïðåîäîëåíèþ.
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êðóïíûõ ãîðîäàõ ñòðàíû ñòàëà âíåäðÿòüñÿ òî÷å÷íàÿ
çàñòðîéêà ìíîãîýòàæíûìè çäàíèÿìè óæå çàñòðî-
åííûõ òåððèòîðèé (ÿêîáû “íåçàñòðîåííàÿ çåìëÿ”,
à íà ñàìîì äåëå — ñâîáîäíàÿ ïî óñëîâèÿì èíñîëÿ-
öèè), à çàòåì è ìàññîâàÿ âûñîòíàÿ çàñòðîéêà òåððè-
òîðèé Íîâîé Ìîñêâû. Ê ýòîìó æå ïåðèîäó îòíîñèòñÿ
ñòðîèòåëüñòâî âûñîòíûõ çäàíèé Ìîñêîâñêîãî ìåæ-
äóíàðîäíîãî äåëîâîãî öåíòðà (ÌÌÄÖ). Íåêîòîðûå
èç íèõ íà ìîìåíò îêîí÷àíèÿ ñòðîèòåëüñòâà ÿâëÿëèñü
ñàìûìè âûñîêèìè â Åâðîïå, íàïðèìåð 75-ýòàæíîå
çäàíèå Ìåðêóðèé Ñèòè Òàóýð (2006 ã.) âûñîòîé 339 ì
(ðèñ. 4, “çîëîòîå” çäàíèå).

Ïîêàçàòåëüíî, ÷òî “ïðè ðàñ÷åòíîé êîíöåíòðàöèè
ëþäåé íà òåððèòîðèè êîìïëåêñà ÌÌÄÖ (�500 000 ÷å-
ëîâåê) ïëîòíîñòü îäíîâðåìåííî íàõîäÿùèõñÿ ëþäåé
íà íåáîëüøîì ïÿòà÷êå ïëîùàäüþ 40 ãà ñîñòàâèò âå-
ëè÷èíó â 1 100 000 ÷åëîâåê íà 1 êì2! Ñåãîäíÿ òàêîé
ïëîòíîñòè îäíîâðåìåííîãî íàõîæäåíèÿ ëþäåé íà
ïëîùàäè 1 êì2 íåò íèãäå â ìèðå!” [5]. Ïðè ýòîì òåð-
ðèòîðèÿ ÌÌÄÖ, íàõîäÿñü âñåãî â 4–5 êì îò Êðåìëÿ,
èìååò êðàéíå íèçêèé óðîâåíü òðàíñïîðòíîé èíôðà-
ñòðóêòóðû. Ñåãîäíÿ âëàñòè Ìîñêâû âûíóæäåíû âêëà-
äûâàòü îãðîìíûå ôèíàíñîâûå ðåñóðñû â ðàçâèòèå
òðàíñïîðòíîé èíôðàñòðóêòóðû è îãðàíè÷èâàòü âû-
ñîòíîñòü çàñòðîéêè.

Öåëü íàñòîÿùåé ïóáëèêàöèè îçíàêîìèòü ÷èòàòå-
ëåé ñ ðåçóëüòàòàìè àíàëèçà:
� íåîáõîäèìîñòè èñïîëüçîâàíèÿ ëèôòîâ äëÿ ýâàêó-

àöèè ëþäåé ïðè ïîæàðå â âûñîòíîì çäàíèè;
� ïîñëåäñòâèé çàïðåòà ïðîòèâîïîæàðíûìè íîðìà-

ìè èñïîëüçîâàíèÿ ëèôòîâ äëÿ ýâàêóàöèè;
� ïóòåé ïîâûøåíèÿ ïðîòèâîïîæàðíîé çàùèòû ëþ-

äåé â âûñîòíûõ çäàíèÿõ.
Ýòà öåëü àêòóàëèçèðóåòñÿ â íàñòîÿùåå âðåìÿ ðàç-

ðàáîòêîé ñâîäîâ ïðàâèë ïî ïðîåêòèðîâàíèþ è îáåñ-
ïå÷åíèþ ïðîòèâîïîæàðíîé áåçîïàñíîñòè âûñîòíûõ
çäàíèé.

Ïðîáëåìà áåçîïàñíîé ýâàêóàöèè ëþäåé
ïðè ïîæàðå â âûñîòíîì çäàíèè

Â ïåðèîä ìàññîâîãî ðàçâèòèÿ âûñîòíîãî ñòðîè-
òåëüñòâà â ÑÑÑÐ áûëî îáðàùåíî âíèìàíèå íà òî,
÷òî â ïîèñêàõ öåëåñîîáðàçíîãî èñïîëüçîâàíèÿ ãî-
ðîäñêîé çåìëè ïóòåì ïîâûøåíèÿ âûñîòíîñòè åå çà-
ñòðîéêè, êàê è ïðè ñïåêóëÿòèâíîì èñïîëüçîâàíèè åå
ñòîèìîñòè, èãíîðèðóþòñÿ ïðîáëåìû îáåñïå÷åíèÿ
áåçîïàñíîñòè ýâàêóàöèè ëþäåé èç âûñîòíûõ çäàíèé
ïðè ïîæàðå.

Íà ñóùåñòâîâàíèå ýòîé ïðîáëåìû óêàçûâàëîñü
åùå â 30-å ãîäû ïðè èññëåäîâàíèÿõ ýâàêóàöèè ëþ-
äåé èç çäàíèé ìàññîâîãî íàçíà÷åíèÿ, êîòîðûå ïðî-
âîäèëèñü Èíñòèòóòîì àðõèòåêòóðû Âñåðîññèéñêîé
àêàäåìèè õóäîæåñòâ [6]. Îíà áûëà îáîçíà÷åíà ñëå-
äóþùèì îáðàçîì. “Îòäåëüíóþ êàòåãîðèþ ïî óñëî-
âèÿì ìàññîâîé ýâàêóàöèè ïðåäñòàâëÿþò çäàíèÿ òèïà
íåáîñêðåáîâ, íåçàâèñèìî îò èõ íàçíà÷åíèÿ è îò âìå-
ñòèìîñòè îòäåëüíûõ ïîìåùåíèé. Ýòîò òèï çäàíèé
ïîëó÷èë â ïîñëåäíåå âðåìÿ ñòîëü øèðîêîå ðàñïðî-
ñòðàíåíèå â êðóïíûõ íàñåëåííûõ öåíòðàõ, ÷òî âî-
ïðîñû ýâàêóàöèè èõ íå ìîãóò áûòü îáîéäåíû ìîë-
÷àíèåì.

Âîçìîæíîñòü óäîáíîãî ïîëüçîâàíèÿ ïîìåùå-
íèÿìè, ðàñïîëîæåííûìè íà âûñîêèõ óðîâíÿõ, îáó-
ñëîâëåíà ìåõàíèçàöèåé ñîîáùåíèé âíóòðè çäàíèÿ.
Òîëüêî ïðè òàêîé ìåõàíèçàöèè âîçìîæíà êîíöåíò-
ðèðîâàííàÿ ãðóïïèðîâêà çíà÷èòåëüíîãî ÷èñëà ïî-
ìåùåíèé íà ìàëîé ïëîùàäè. Âìåñòå ñ òåì, ââèäó
îòñóòñòâèÿ óâåðåííîñòè â áåçîòêàçíîì äåéñòâèè ìå-
õàíèçìîâ, ñòàíîâèòñÿ ðèñêîâàííûì îñíîâûâàòü áåç-
îïàñíîñòü ìàññîâîé ýâàêóàöèè íà îäíèõ òîëüêî ìå-
õàíèçèðîâàííûõ ñðåäñòâàõ ñîîáùåíèÿ, à òðåáóåòñÿ,
ïîìèìî íèõ, òàêæå íàëè÷èå ýâàêóàöèîííûõ ïóòåé
îáû÷íîãî òèïà. Ïðè îãðàíè÷åííûõ ðàçìåðàõ è çíà-
÷èòåëüíîì ÷èñëå ýòàæåé îñíîâíûì ýëåìåíòîì ýòèõ
ïóòåé ñëóæàò ëåñòíèöû — â êîëè÷åñòâå, ïî îáùåìó
ïðèíöèïó áåçîïàñíîñòè, íå ìåíåå äâóõ, óñòàíîâëåí-
íûå òàê, ÷òîáû ÷àñòè÷íîå èëè ïîëíîå çàäûìëåíèå
îäíîé íå ðàñïðîñòðàíÿëîñü íà äðóãóþ. Ïîýòîìó ïðè
íàëè÷èè íåñêîëüêèõ ëåñòíèö ýâàêóàöèÿ ðàññ÷èòû-
âàåòñÿ ïðè óñëîâèè èñêëþ÷åíèÿ èç ïîëüçîâàíèÿ îä-
íîé ëåñòíè÷íîé êëåòêè” [6, ñ. 62].

Ñëåäîâàíèå ýòîé êîíöåïöèè ïðèâåëî ê òîìó, ÷òî
âî âñåì ìèðå ïðè ýâàêóàöèè ëþäåé âî âðåìÿ ïîæàðà
â ìíîãîýòàæíûõ è òåì áîëåå â âûñîòíûõ çäàíèÿõ
ëèôòû áûëè èñêëþ÷åíû èç ñîñòàâà âîçìîæíûõ
ïóòåé ýâàêóàöèè ëþäåé: ñîãëàñíî ï. 6.24 [7] “ýâàêó-
àöèîííûå ïóòè íå äîëæíû âêëþ÷àòü ëèôòû, ýñêàëà-
òîðû…”. Íà äâåðÿõ âûõîäîâ èç íîìåðîâ 4–5-çâåç-
äî÷íûõ âûñîòíûõ îòåëåé Ìàíõåòòåíà èëè ×èêàãî è
ñåãîäíÿ íàêëååíû ïðåäóïðåæäåíèÿ î íåäîïóñòèìî-
ñòè ïîëüçîâàíèÿ ëèôòàìè ïðè ïîæàðå.

Ïîïàäàÿ â ëèôòîâûé õîëë (âåñòèáþëü) æèëüöû
îòåëÿ âîî÷èþ óáåæäàþòñÿ â êîððåêòíîñòè òàêîãî

Ðèñ. 4. Îäèí èç âèäîâ íà Ìîñêîâñêèé ìåæäóíàðîäíûé äåëî-
âîé öåíòð
Fig. 4. One of views on Moscow International Business Centre



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1 9

ÎÁÙÈÅ ÂÎÏÐÎÑÛ ÊÎÌÏËÅÊÑÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ

ïðåäóïðåæäåíèÿ, ïîñêîëüêó âèäÿò, ÷òî ëèôòîâûå
âåñòèáþëè ÿâëÿþòñÿ ëèøü óøèðåííîé ÷àñòüþ êî-
ðèäîðà, ñîåäèíÿþùåãî âñå íîìåðà ýòàæà (ðèñ. 5).
Ñòàíîâèòñÿ ïîíÿòíî, ÷òî ïðè ïîæàðå â îäíîì èç íèõ
îïàñíûå ôàêòîðû ïîæàðà (ÎÔÏ) áûñòðî ðàñïðî-
ñòðàíÿòñÿ ïî êîðèäîðó, óñòðåìëÿÿñü â ëèôòîâûå
øàõòû, êàê â òðóáó, ïðîíèçûâàþùóþ 30–40-ýòàæ-
íîå çäàíèå.

Ó÷èòûâàÿ åñòåñòâåííóþ àýðîäèíàìèêó ãàçîâîç-
äóøíîé ñìåñè, îòå÷åñòâåííûå íîðìàòèâíûå äîêó-
ìåíòû ðåêîìåíäîâàëè èñïîëüçîâàòü øàõòû ëèôòîâ
â êà÷åñòâå äûìîîòâîäÿùèõ êàíàëîâ êàê â æèëûõ, òàê
è â îáùåñòâåííûõ çäàíèÿõ: “Â êà÷åñòâå äûìîîòâî-
äÿùèõ êàíàëîâ ìîãóò áûòü èñïîëüçîâàíû øàõòû ëèô-
òîâ…” [8].

Òàêèì îáðàçîì, äëÿ ýâàêóàöèè ëþäåé â ñëó÷àå
ïîæàðà îñòàâàëèñü òîëüêî ëåñòíè÷íûå êëåòêè —

“â êîëè÷åñòâå, ïî îáùåìó ïðèíöèïó áåçîïàñíîñòè,
íå ìåíåå äâóõ” [6, c. 62]. Ïîýòîìó îñíîâíîå âíèìà-
íèå ïðîåêòèðîâùèêîâ áûëî íàïðàâëåíî íà îáåñïå-
÷åíèå íåçàäûìëÿåìîñòè ëåñòíè÷íûõ êëåòîê “â çäà-
íèÿõ âûñîòîé 10 ýòàæåé è áîëåå”.

Ëþáîïûòíûå ìîãóò ïîèñêàòü ëåñòíè÷íûå êëåòêè
(áîëüøèíñòâî ðàáîòíèêîâ îôèñîâ íå çíàþò, ãäå íà-
õîäÿòñÿ ëåñòíèöû, ïîñêîëüêó íèêîãäà èìè íå ïîëü-
çóþòñÿ). Ñàìûå íàñòîé÷èâûå, ïðåäóñìîòðèòåëüíûå
ãîñòè îòåëÿ ìîãóò íàéòè îäíó èç ëåñòíè÷íûõ êëåòîê
(ðèñ. 6). (Îäíàêî íå ñòîèò çàõëîïûâàòü äâåðü: îíà
íå îòêðûâàåòñÿ ñ âíóòðåííåé ñòîðîíû ëåñòíè÷íîé
êëåòêè.)

×òî æå ïðîèñõîäèò â íåçàäûìëÿåìîé ëåñòíè÷-
íîé êëåòêå âûñîòíîãî çäàíèÿ ïðè òàêîé îðãàíèçà-
öèè ýâàêóàöèè ëþäåé?

Óñëîâèÿ äâèæåíèÿ ëþäñêèõ ïîòîêîâ â ëåñòíè÷-
íîé êëåòêå ïðè èõ îäíîâðåìåííîé ýâàêóàöèè ñ ýòà-
æåé âûñîòíûõ çäàíèé âïåðâûå óäàëîñü ñïðîãíîçè-
ðîâàòü â èññëåäîâàíèÿõ, ïðîâåäåííûõ â 1967–1969 ãã.
[9], íà îñíîâàíèè óñòàíîâëåííûõ ê òîìó âðåìåíè

çàêîíîìåðíîñòåé èçìåíåíèÿ çíà÷åíèé ïàðàìåòðîâ
ëþäñêèõ ïîòîêîâ ïðè ïåðåõîäå ÷åðåç ñìåæíûå ó÷àñò-
êè ïóòè, ïðè èõ ñëèÿíèè è ïåðåôîðìèðîâàíèè [10].
Â ýòèõ èññëåäîâàíèÿõ áûëè ïðîàíàëèçèðîâàíû âîç-
ìîæíûå ïëàíèðîâî÷íûå ðåøåíèÿ îñíîâíûõ ðàáî-
÷èõ è âñïîìîãàòåëüíûõ ïîìåùåíèé, ýòàæåé îôèñíûõ
âûñîòíûõ çäàíèé, èõ âåðòèêàëüíûå êîììóíèêàöèè
(âêëþ÷àÿ ëèôòû). Íà îñíîâàíèè ïðîâåäåííîãî àíà-
ëèçà áûëè âûÿâëåíû ðàñ÷åòíûå ñõåìû ýâàêóàöèè,
îáùàÿ ñòðóêòóðà êîòîðûõ íàïîìèíàåò ãðåáåíêó,
çóáöàìè êîòîðîé ÿâëÿþòñÿ èñòî÷íèêè ëþäñêèõ ïî-
òîêîâ. Èç ýòèõ èñòî÷íèêîâ ëþäè âûõîäÿò íà îáùèé
ýâàêóàöèîííûé ïóòü. Ïðèìåíèòåëüíî ê ëåñòíè÷íûì
êëåòêàì èñòî÷íèêàìè ÿâëÿþòñÿ ýòàæè çäàíèÿ, îáùèì
ýâàêóàöèîííûì ïóòåì — ëåñòíè÷íàÿ êëåòêà.

Îãðàíè÷åííàÿ øèðèíà ëåñòíèö (1,05–1,35 ì), áîëü-
øàÿ âåëè÷èíà ëþäñêèõ ïîòîêîâ ñ ýòàæåé, èõ ñëèÿíèå
è áîëåå íèçêàÿ ìàêñèìàëüíàÿ èíòåíñèâíîñòü äâèæå-
íèÿ ïî ëåñòíèöå âíèç, ÷åì ïî ãîðèçîíòàëüíûì ïó-
òÿì è ÷åðåç ïðîåì, ïðèâîäÿò ê îáðàçîâàíèþ â ëåñò-
íè÷íûõ êëåòêàõ ìíîãîýòàæíûõ çäàíèé ëþäñêèõ
ïîòîêîâ ñ ìàêñèìàëüíîé ïëîòíîñòüþ. Íàãëÿäíîå
ïðåäñòàâëåíèå îá èçìåíåíèÿõ ïëîòíîñòè ëþäñêîãî
ïîòîêà â ëåñòíè÷íîé êëåòêå ïðè îäíîâðåìåííîé ýâà-
êóàöèè ëþäåé ñ ýòàæà äàþò äèàãðàììû, ïðèâåäåí-
íûå íà ðèñ. 7. Â îáðàçóþùèõñÿ ñêîïëåíèÿõ ëþäåé ñ
ìàêñèìàëüíîé ïëîòíîñòüþ (7–8 ÷åë./ì2) âîçìîæíî
âîçíèêíîâåíèå êîìïðåññèîííîé àñôèêñèè (îòñóòñò-
âèå ïóëüñà, óäóøüå, îáóñëîâëåííîå êèñëîðîäíûì ãî-
ëîäàíèåì è èçáûòêîì óãëåêèñëîòû â êðîâè è òêàíÿõ
ïðè ñäàâëèâàíèè äûõàòåëüíûõ ïóòåé èçâíå), çàòàï-
òûâàíèå óïàâøèõ ëþäåé â îáðàçóþùèõñÿ ñâàëêàõ.
Ñêîðîñòü äâèæåíèÿ ïîòîêà ïðè òàêîé ïëîòíîñòè ñíè-
æàåòñÿ äî 6–7 ì/ìèí.

Îïèñàííûé âûøå õîä ïðîöåññà ïîäòâåðæäàåòñÿ
íå òîëüêî ýêñïåðèìåíòàëüíî [11–16], íî è, ê ñîæà-
ëåíèþ, ïðàêòè÷åñêè, î ÷åì íàèáîëåå ÿðêî ñâèäåòåëü-
ñòâóþò îò÷åòû [17, 18] ïî ðàññëåäîâàíèþ ïîñëåä-

Ðèñ. 5. Ñõåìà ïëàíèðîâî÷íîãî ðåøåíèÿ ëèôòîâîãî õîëëà êàê
óøèðåíèÿ ÷àñòè îáùåãî êîðèäîðà
Fig. 5. Layout of planning concept of the elevator hall as wi-
dening of a part of common corridor

Ðèñ. 6. Îòåëü Wyndham (ã. ×èêàãî): à — âõîä â íåçàäûìëÿ-
åìóþ ëåñòíè÷íóþ êëåòêó; á — ìåòàëëè÷åñêàÿ ëåñòíèöà
Fig. 6. Hotel Wyndham (Chicago): a — entrance to smokeproof
stairway; b — steel stairs
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Ðèñ. 7. Ïðèìåð èçìåíåíèÿ ïëîòíîñòè ëþäñêîãî ïîòîêà íà ëåñòíèöàõ ïðè îäíîâðåìåííîé ýâàêóàöèè ëþäåé ñ ýòàæåé ÷åðåç
0,5 ìèí (à), 1 ìèí (á), 1,5 ìèí (â) è 2 ìèí (ã)
Fig. 7. Example of dynamics of a change of people flow density on stairs at simultaneous people evacuation from floors in 0.5 min (a),
1 min (b ), 1.5 min (v) and 2 min (g)
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ñòâèé òåððîðèñòè÷åñêèõ àêòîâ 1993 è 2001 ãã. âî
Âñåìèðíîì òîðãîâîì öåíòðå (ÂÒÖ) â Íüþ-Éîðêå.

Â 1993 ã., 26 ôåâðàëÿ, â ïîäçåìíîì ãàðàæå Ñå-
âåðíîé áàøíè áûë âçîðâàí ãðóçîâèê ñ 680 êã âçðûâ-
÷àòêè. Â ðåçóëüòàòå âçðûâà â ïåðåêðûòèÿõ ïÿòè ïîä-
çåìíûõ ýòàæåé îáðàçîâàëàñü äûðà äèàìåòðîì 30 ì.
Ïî äàííûì Âèêèïåäèè “øåñòü ÷åëîâåê áûëî óáèòî
(â òîì ÷èñëå âî âðåìÿ äàâêè ïðè âûõîäå) è åùå
50 000 ðàáî÷èõ è ïîñåòèòåëåé èñïûòûâàëè ïðîáëåìû
ñ äûõàíèåì èç-çà íåõâàòêè êèñëîðîäà íà 110 ýòàæàõ
áàøåí. Ìíîãèì ëþäÿì, íàõîäèâøèìñÿ âíóòðè Ñå-
âåðíîé áàøíè, ïðèøëîñü ñïóñêàòüñÿ âíèç ïî òåìíûì
ëåñòíèöàì”. Ýâàêóàöèÿ ïðîäîëæàëàñü îêîëî 4 ÷.

Ïðè ýâàêóàöèè èç ÂÒÖ â 2001 ã. ëèôòàìè, êîòî-
ðûå ôóíêöèîíèðîâàëè äî ìîìåíòà îáðóøåíèÿ áà-
øåí, ñóìåëè âîñïîëüçîâàòüñÿ “áîëåå 3 òûñ. ÷åëîâåê”
[18]. À âîò âîñïîìèíàíèå îäíîãî èç ó÷àñòíèêîâ
ýâàêóàöèè ïî ëåñòíèöå: “…÷àñòü ëþäåé, è ÿ âìåñòå
ñ íèìè, ïîøëè ïî ëåñòíèöàì ïîæàðíîãî âûõîäà.
Íà ëåñòíèöàõ áûëî ïîëíî ëþäåé. Íà íåêîòîðûõ ýòà-
æàõ ñèëüíî ïàõëî äûìîì, ãàðüþ. Ïîñòåïåííî ÿ ïå-
ðåøåë íà áåã. Âîêðóã âñå êðè÷àëè, áåæàëè, íåêîòî-
ðûå äàæå äðàëèñü è õâàòàëè çà îäåæäó. Ëåñòíèöû
òðÿñëèñü, ñëûøàëñÿ íàðàñòàþùèé ñêðåæåò ìåòàëëà
è áåòîíà. Ãäå-òî ñî çâîíîì âûëåòàëè îêíà. ß ïëîõî
ïîìíþ, êàê äîáåæàë äî íèæíåãî ýòàæà è âûáåæàë
èç çäàíèÿ” [19, c. 143, 144].

Ýòî ãîâîðèò äîâîëüíî ìîëîäîé ÷åëîâåê, êîòîðûé
ìîã áåæàòü ïî ëåñòíèöå. À òå, êòî íå ìîã áåæàòü, “äàæå
äðàëèñü è õâàòàëè çà îäåæäó”. Äîëÿ òàêèõ ëþäåé â
áóäóùåì áóäåò óâåëè÷èâàòüñÿ, ïîñêîëüêó ÎÎÍ ôèê-
ñèðóåò ðîñò äîëè ïîæèëûõ ëþäåé â áîëüøèíñòâå
ðåãèîíîâ ìèðà, à âîçðàñò íàïðÿìóþ âëèÿåò íà óõóä-
øåíèå ôèçè÷åñêèõ, ïñèõè÷åñêèõ è íåâðîëîãè÷å-
ñêèõ ôóíêöèé [20, 21], âåäóùåå ê èíâàëèäíîñòè4

.

“Ëåñòíè÷íûå êëåòêè áûëè ïðîñòî ïåðåïîëíåíû
ëþäüìè. Ìíîãèå ëþäè íå ìîãëè ñïóñòèòüñÿ áåç ïîä-
äåðæêè ïîæàðíûõ è ñïàñàòåëåé. Áåðåìåííûå æåí-
ùèíû, ïîæèëûå ëþäè, ëþäè ñ ñåðäå÷íîé íåäîñòà-
òî÷íîñòüþ, ôèçè÷åñêè ñëàáûå — âñåì òðåáîâàëàñü
ïîìîùü. Ïîæàðíûå íåñëè ëþäåé, ïîìåùàÿ èõ íà
îôèñíûå ñòóëüÿ, èíâàëèäíûå êîëÿñêè, ýâàêóàöè-
îííûå ñòóëüÿ” [18]. Îòå÷åñòâåííûìè è çàðóáåæíû-
ìè èññëåäîâàíèÿìè [22–28] ïîêàçàíî, ÷òî ñêîðîñòü
ñïóñêà ïîæèëûõ ëþäåé ïî ëåñòíèöå (ñ ïîñòîðîííåé
ïîìîùüþ èëè áåç íåå) ìîæåò áûòü íà 40–50 % íèæå
ïî ñðàâíåíèþ ñî çäîðîâûìè âçðîñëûìè ëþäüìè.

Îðãàíèçàöèåé Îáúåäèíåííûõ Íàöèé 9 äåêàáðÿ
1971 ã. ïðèíÿòà “Äåêëàðàöèÿ î ïðàâàõ èíâàëèäîâ”,
êîòîðàÿ ðàòèôèöèðîâàíà Ðîññèéñêîé Ôåäåðàöèåé
10 ìàÿ 1998 ã. Ïî äàííûì îïóáëèêîâàííîãî â 2012 ã.
“Âñåìèðíîãî îò÷åòà îá èíâàëèäíîñòè” [29] â íàñòî-
ÿùåå âðåìÿ â ìèðå íàñ÷èòûâàåòñÿ îêîëî 1 ìëðä. èí-
âàëèäîâ. (Â Ðîññèéñêîé Ôåäåðàöèè â íàñòîÿùåå âðå-
ìÿ íàñ÷èòûâàåòñÿ îêîëî 13 ìëí. èíâàëèäîâ, ÷òî ñî-
ñòàâëÿåò îêîëî 8,8 % íàñåëåíèÿ ñòðàíû, è áîëåå
40 ìëí. ìàëîìîáèëüíûõ ãðàæäàí — 27,4 % íàñåëå-
íèÿ [30, 31]). Â ñîâðåìåííîì ìèðå ê ñòàðåíèþ íàñå-
ëåíèÿ äîáàâëÿåòñÿ ïðîáëåìà îæèðåíèÿ ëþäåé âñåõ
âîçðàñòîâ ñ ñîïóòñòâóþùèìè åìó îãðàíè÷åíèÿìè
ïîäâèæíîñòè [29, 32–34].

Ñëåäóåò îòìåòèòü, ÷òî äâèæåíèå ëþäåé ïî ëåñò-
íèöàì îêàçûâàåòñÿ äîñòàòî÷íî îïàñíûì äàæå ïðè
ýêñïëóàòàöèè çäàíèé â íîðìàëüíûõ óñëîâèÿõ. Òàê,
“ïî àìåðèêàíñêèì äàííûì, â ðåçóëüòàòå íåñ÷àñò-
íûõ ñëó÷àåâ íà ëåñòíèöàõ ïðèìåðíî 800 òûñÿ÷ ÷å-
ëîâåê ïîëó÷àþò òðàâìû è ïîâðåæäåíèÿ, òðåáóþùèå
ñòàöèîíàðíîãî ëå÷åíèÿ. Â ÑØÀ åæåãîäíûé óùåðá
îò íåñ÷àñòíûõ ñëó÷àåâ íà ëåñòíèöàõ îöåíèâàåòñÿ
ïðèìåðíî â 2 ìëðä. äîëëàðîâ” [35].

×òî æå ñëåäóåò èç ïðèâåäåííûõ äàííûõ?

Ëèôò, îáåñïå÷èâ ëþäÿì âñåõ âîçðàñòîâ è ôè-

çè÷åñêèõ äàííûõ äîñòóï íà ýòàæè çäàíèé, ïîäúåì

íà êîòîðûå ïðåâîñõîäèò èõ ïðèðîäíûå âîçìîæíî-

ñòè, îêàçàëñÿ äëÿ íèõ ïðèìàíêîé â îãíåííîé ëîâóø-

êå âûñîòíîãî çäàíèÿ ïðè ïîæàðå — “ñûðîì â ìû-

øåëîâêå”.

Êîíöåïöèè îáåñïå÷åíèÿ
áåçîïàñíîñòè ëþäåé ïðè ýâàêóàöèè

âî âðåìÿ ïîæàðà â âûñîòíîì çäàíèè

Íåíîðìàëüíîñòü ñîçäàâøåéñÿ ñèòóàöèè òðåáî-
âàëà ïîèñêà âûõîäà èç íåå. Îí áûë óêàçàí â òåõ æå
èññëåäîâàíèÿõ 70-õ ãîäîâ ïðîøëîãî âåêà [9]. Ýòî:
� ïðîòèâîïîæàðíàÿ çàùèòà ëèôòîâûõ óñòàíîâîê,

ïðåæäå âñåãî ïðîòèâîäûìíàÿ;
� îðãàíèçàöèÿ ïîýòàæíûõ çîí âðåìåííîé ïðîòè-

âîïîæàðíîé áåçîïàñíîñòè, âêëþ÷àþùèõ òðàíñ-
ïîðòíî-êîììóíèêàöèîííûé óçåë;

� îðãàíèçàöèÿ ïîýòàïíîé êîìáèíèðîâàííîé ýâà-
êóàöèè (ïåøåõîäíàÿ + èñïîëüçîâàíèå ëèôòîâ).
Êîíöåïöèÿ íåîáõîäèìîñòè èñïîëüçîâàíèÿ ëèô-

òîâ äëÿ ýâàêóàöèè ëþäåé íà íà÷àëüíîé ñòàäèè ïî-
æàðà â âûñîòíîì çäàíèè áûëà îïåðàòèâíî äîâåäåíà
äî øèðîêîãî êðóãà îòå÷åñòâåííûõ [36–38] è çàðó-
áåæíûõ ñïåöèàëèñòîâ.

Îäíèì èç ïåðâûõ çàðóáåæíûõ îòêëèêîâ íà íî-
âóþ êîíöåïöèþ ìîæíî ñ÷èòàòü ñëîâà R. M. Patton

(èç åãî ñòàòüè 1971 ã. [39]): “Ïðîâåäåííûå èññëåäî-
âàíèÿ ïîêàçàëè, ÷òî, êðîìå îïàñíîñòè ñåðäå÷íûõ
ïðèñòóïîâ, èñïîëüçîâàíèå ëåñòíèö ïëîõî åùå è ïî-
òîìó, ÷òî îíè íå îáåñïå÷èâàþò ïðîïóñêíóþ ñïîñîá-

4 Èíâàëèä — ëèöî, êîòîðîå èìååò íàðóøåíèå çäîðîâüÿ ñî ñòîé-
êèì ðàññòðîéñòâîì ôóíêöèé îðãàíèçìà, îáóñëîâëåííîå çàáî-
ëåâàíèÿìè, ïîñëåäñòâèÿìè òðàâì èëè äåôåêòàìè, ïðèâî-
äÿùåå ê îãðàíè÷åíèþ æèçíåäåÿòåëüíîñòè è âûçûâàþùåå íå-
îáõîäèìîñòü åãî ñîöèàëüíîé çàùèòû.
Îãðàíè÷åíèå æèçíåäåÿòåëüíîñòè — ïîëíàÿ èëè ÷àñòè÷íàÿ
óòðàòà ëèöîì ñïîñîáíîñòè èëè âîçìîæíîñòè îñóùåñòâëÿòü
ñàìîîáñëóæèâàíèå, ñàìîñòîÿòåëüíî ïåðåäâèãàòüñÿ, îðèåíòè-
ðîâàòüñÿ, îáùàòüñÿ, êîíòðîëèðîâàòü ñâîå ïîâåäåíèå, îáó÷àòü-
ñÿ è çàíèìàòüñÿ òðóäîâîé äåÿòåëüíîñòüþ.
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íîñòü, íåîáõîäèìóþ äëÿ âûñîòíûõ çäàíèé. Ñóùå-
ñòâóþùèå íîðìû ïðåäïèñûâàþò îäèíàêîâîå ÷èñëî
ëåñòíè÷íûõ êëåòîê êàê äëÿ 2-õ, òàê è 102-ýòàæíûõ
çäàíèé. Îôèöèàëüíàÿ ïîëèòèêà â îáëàñòè ïðîòèâî-
ïîæàðíîé çàùèòû çàêëþ÷àåòñÿ â òîì, ÷òî â ñëó÷àå
ïîæàðà äëÿ ýâàêóàöèè ëþäåé äîëæíû áûòü èñïîëü-
çîâàíû ëåñòíè÷íûå êëåòêè, à íå ëèôòû. Êàæäûé,
êòî ñïóñêàëñÿ õîòÿ áû ðàç â ëèôòå, à òàêæå ïåøêîì
ïî 50-ýòàæíîé ëåñòíèöå, ìîæåò ñêàçàòü, ÷òî ïðàâèëü-
íûì ÿâëÿåòñÿ îáðàòíîå ðåøåíèå”. Íàñåëåíèå âû-
ñîòíûõ çäàíèé çà ðóáåæîì, ïîõîæå, äàâíî “ïðîãî-
ëîñîâàëî” çà èñïîëüçîâàíèå ëèôòîâ äëÿ ýâàêóàöèè:
“…â ìíîãîýòàæíûõ çäàíèÿõ ëèôòû èñïîëüçóþòñÿ
÷àñòüþ ëþäåé, à èíîãäà è áîëüøèíñòâîì, äëÿ ýâàêó-
àöèè äî òåõ ïîð, ïîêà îíè äåéñòâóþò” [40]. Äàæå â
5-ýòàæíûõ çäàíèÿõ äî 15 % ëþäåé èñïîëüçóþò èõ
äëÿ ýâàêóàöèè ïðè ïîæàðå [41]. Ðåçóëüòàòû àíêåò-
íîãî îïðîñà â ßïîíèè ïîêàçàëè, ÷òî äî 67 % ëþäåé
â 20-ýòàæíîì çäàíèè ñ àïàðòàìåíòàìè èñïîëüçîâà-
ëè ëèôòû äëÿ ýâàêóàöèè ïðè ïîæàðå [42]. Ïðè÷èíó
òàêîãî ïîâåäåíèÿ ëþäåé âî ìíîãîì îáúÿñíÿþò äàí-
íûå îïðîñîâ, ïîêàçàâøèõ, ÷òî äàæå ïðè ñâîáîäíîì
äâèæåíèè ïî ëåñòíèöå ëþäè èñïûòûâàþò óñòàëîñòü
ïîñëå 5 ìèí ñïóñêà, à ïðè ñïóñêå ïðèáëèçèòåëüíî ñ
18-ãî ýòàæà îíè “ñòðàäàþò îò óñòàëîñòè” [43, 44].

Çà ðóáåæîì ïðåäëîæåíèå îá èñïîëüçîâàíèè ëèô-
òîâ ïðè ïîæàðå âïåðâûå áûëî âûñêàçàíî V. Bazjanac

â 1974 ã. [45]. Ïîçæå Íàöèîíàëüíîé ïðîòèâîïîæàð-
íîé àññîöèàöèåé (National Fire Protection Associa-
tion) NFPA(ÑØÀ) áûë ðàçðàáîòàí ïîäðîáíûé ñïèñîê
ïðîáëåì, ñâÿçàííûõ ñ âîçìîæíîñòüþ èñïîëüçîâàíèÿ
ëèôòîâ ïðè ïîæàðå [46]. Â 1992 è 1995 ãã. çà ðóáå-
æîì áûëè ïðîâåäåíû äâå ïðåäñòàâèòåëüíûå êîíôå-
ðåíöèè, ïîñâÿùåííûå ðåøåíèþ ïðîáëåìû èñïîëü-
çîâàíèÿ ëèôòîâ ïðè ïîæàðå [47, 48]. Çà ïðåäøå-
ñòâóþùèå èì òðè äåñÿòèëåòèÿ çà ðóáåæîì áûëî
íàïèñàíî áîëüøîå êîëè÷åñòâî ðàáîò ïî ýòîé ïðîá-
ëåìå (ñïèñîê ðàáîò, êîòîðûé áûë ïðåäñòàâëåí NIST5

ïðè îöåíêå âîçìîæíîñòè èñïîëüçîâàíèÿ ëèôòà, èìå-
åòñÿ â ñâîáîäíîì äîñòóïå â èíòåðíåòå).

Äëÿ ðàçðàáîòêè òåõíè÷åñêèõ òðåáîâàíèé, ñîçäà-
þùèõ âîçìîæíîñòè äëÿ èñïîëüçîâàíèÿ ëèôòîâ ïðè
÷ðåçâû÷àéíûõ ñèòóàöèÿõ (×Ñ) ïåðñîíàëîì çäàíèÿ è
ïîæàðíûìè, â ìàðòå 2004 ã. ñîâìåñòíûìè ðåøåíèÿ-
ìè ASME6, NIST, NFPA, ICC7 è IAFF8 áûëà ñîçäàíà

ñïåöèàëüíàÿ ãðóïïà ñïåöèàëèñòîâ. Ðåçóëüòàòîì åå
ðàáîòû ìîæíî ñ÷èòàòü òî, ÷òî â çàðóáåæíûõ ñòðà-
íàõ èñïîëüçîâàíèå ëèôòà ïðè ïîæàðå ñåãîäíÿ óæå
ñòàëî íîðìîé, îïðåäåëÿåìîé íîðìàòèâíûìè äîêó-
ìåíòàìè â ÑØÀ [46, 49], Âåëèêîáðèòàíèè [50] è â
ìèðîâîì ñîîáùåñòâå â öåëîì [51]. Â BS 9999:2008
[50], à âñëåä çà íèì è â ISO/TR 25743:2010 ââåäåíî
ïîíÿòèå “ýâàêóàöèîííûé ëèôò”, à òàêæå ðåãëàìåí-
òèðîâàíû òðåáîâàíèÿ ê êîíñòðóêòèâíîìó ðåøåíèþ
òàêîãî ëèôòà è îðãàíèçàöèè åãî èñïîëüçîâàíèÿ.

Â ðåçóëüòàòå öåëåíàïðàâëåííîé ñîâìåñòíîé ðà-
áîòû çàðóáåæíûå ñïåöèàëèñòû ïðèøëè ê âûâîäó, ÷òî

â âûñîòíîì çäàíèè ëèôò ÿâëÿåòñÿ îñíîâíûì ñðåä-

ñòâîì ýâàêóàöèè ëþäåé, à ëåñòíèöû èìåþò âñïîìî-

ãàòåëüíîå çíà÷åíèå. Òàêîâî îáùåå ðåøåíèå ìåæäó-
íàðîäíîé êîíôåðåíöèè “Âûñîòíîå ñòðîèòåëüñòâî”
[52], ïðîøåäøåé â ã. Äóáàè, íà ðîäèíå ñàìîãî âûñî-
êîãî íà ñåãîäíÿ çäàíèÿ Áóðäæ-Õàëèôà (828 ì). Äî-
ñòèæåíèå ýôôåêòèâíîñòè ýâàêóàöèè ëþäåé ïðè ïî-
æàðå îáåñïå÷èâàåòñÿ çà ñ÷åò óâåëè÷åíèÿ ñêîðîñòè
ëèôòîâ è ðàöèîíàëèçàöèè ñèñòåìû èõ ôóíêöèîíèðî-
âàíèÿ. Èçâåñòíî, ÷òî äâà ñàìûõ ñêîðîñòíûõ ëèôòà
âìåñòèìîñòüþ ïî 24 ÷åë. (à âñåãî â çäàíèè 61 ëèôò è
50 ýñêàëàòîðîâ) óñòàíîâëåíû â çäàíèè Taipei 101 â
ñòîëèöå Òàéâàíÿ: îíè ðàçâèâàþò ñêîðîñòü 16,83 ì/ñ.

Â îòëè÷èå îò òàêèõ ñîâìåñòíûõ äåéñòâèé îðãà-
íèçàöèé ðàçëè÷íîé þðèäè÷åñêîé ïîä÷èíåííîñòè,
êàæäàÿ èç êîòîðûõ áûëà ïî-ñâîåìó çàèíòåðåñîâàíà
â ñîçäàíèè óñëîâèé âîçìîæíîñòè èñïîëüçîâàíèÿ
ëèôòîâ äëÿ ýâàêóàöèè ëþäåé ïðè ïîæàðå, â ÑÑÑÐ,
à çàòåì â Ðîññèè îðãàíû, îòâåòñòâåííûå çà ïðîòèâî-
ïîæàðíóþ çàùèòó ëþäåé è ñòðîèòåëüñòâî, íà ïðî-
òÿæåíèè ýòèõ ëåò íå ïðîâîäèëè ïîäîáíûõ ìåðîïðè-
ÿòèé, êîîðäèíèðóþùèõ äåÿòåëüíîñòü îðãàíèçàöèé,
ñïîñîáíûõ âíåñòè ÿñíîñòü â ðåøåíèå ýòîé ïðîáëå-
ìû. Ðàçëè÷íûå àñïåêòû ýòîé ïðîáëåìû ðåøàëèñü
ôàêòè÷åñêè óñèëèÿìè îòäåëüíûõ ýíòóçèàñòîâ, êîòî-
ðûå ïîëó÷åííûìè ðåçóëüòàòàìè ýïèçîäè÷åñêè áóäî-
ðàæèëè èíôîðìàöèîííîå ïîëå íîðìîòâîð÷åñêèõ îð-
ãàíèçàöèé [53–60]. Áëàãîäàðÿ ýòîìó ðóêîâîäÿùèå
îðãàíèçàöèÿìè ÷èíîâíèêè âñïîìèíàëè îá èìåþùèõ-
ñÿ ðåçóëüòàòàõ, êàê ãîâîðÿò â íàðîäå, “êîãäà ïðèñïè-
÷èò”. Òàêèå ñèòóàöèè âîçíèêàëè äâàæäû.

Â ïåðâûé ðàç ýòî ñëó÷èëîñü ïðè ðàçðàáîòêå ÑÍèÏ
35-01–2000 [61]. Â ðåçóëüòàòå âïåðâûå â èñòîðèè
íîðìèðîâàíèÿ â íàøåé ñòðàíå â ýòîò äîêóìåíò âî-
øëè ñëåäóþùèå ïóíêòû, îáåñïå÷èâàþùèå âîçìîæ-
íîñòü èñïîëüçîâàíèÿ ëèôòîâ äëÿ ýâàêóàöèè ëþäåé
ïðè ïîæàðå:

“3.43. ×èñëî ëèôòîâ, íåîáõîäèìûõ äëÿ ýâàêóàöèè
è ñïàñåíèÿ èíâàëèäîâ, íåñïîñîáíûõ ê ýâàêóàöèè ïî
ëåñòíèöàì, óñòàíàâëèâàåòñÿ ñîãëàñíî îáÿçàòåëüíî-
ìó ïðèëîæåíèþ Â.

3.44. Åñëè ïî ïðîåêòó íåâîçìîæíî îáåñïå÷èòü
ýâàêóàöèþ ÌÃÍ â ðàñ÷åòíîå âðåìÿ, òî äëÿ èõ ñïàñå-
íèÿ íåîáõîäèìî ïðåäóñìàòðèâàòü ïîæàðîáåçîïàñíóþ

5 NIST (The National Institute of Standards and Technology) — Íà-
öèîíàëüíûé èíñòèòóò ñòàíäàðòîâ è òåõíîëîãèé ÑØÀ, ïîä-
ðàçäåëåíèå Óïðàâëåíèÿ ïî òåõíîëîãèÿì Ìèíèñòåðñòâà òîð-
ãîâëè ÑØÀ; ñ 1901 ïî 1988 ãã. íàçûâàëñÿ Íàöèîíàëüíûì áþðî
ñòàíäàðòîâ ÑØÀ.

6 ASME (The American Society of Mechanical Engineers) — Àìå-
ðèêàíñêîå îáùåñòâî èíæåíåðîâ ìåõàíèêîâ.

7 ICC (International Chamber of Commerce) — Ìåæäóíàðîäíàÿ
òîðãîâàÿ ïàëàòà (ÌÒÏ).

8 IAFF (International Association of Fire Fighters) — ïðîôñîþç, ïðåä-
ñòàâëÿþùèé ïðîôåññèîíàëüíûõ ïîæàðíûõ è ïåðñîíàë ñêîðîé
ìåäèöèíñêîé ïîìîùè â Ñîåäèíåííûõ Øòàòàõ è Êàíàäå.
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çîíó, èç êîòîðîé îíè ìîãóò ýâàêóèðîâàòüñÿ áîëåå
ïðîäîëæèòåëüíîå âðåìÿ èëè íàõîäèòüñÿ äî ïðèáû-
òèÿ ñïàñàòåëüíûõ ïîäðàçäåëåíèé.”

“3.46. Ïîæàðîáåçîïàñíûå çîíû ñëåäóåò ïðåäó-
ñìàòðèâàòü âáëèçè âåðòèêàëüíûõ êîììóíèêàöèé
èëè ïðîåêòèðîâàòü èõ êàê åäèíûé óçåë ñ âûõîäîì â
ëåñòíè÷íóþ êëåòêó òèïà Í1.”

“3.49. Äëÿ ñïàñåíèÿ ÌÃÍ èç ïîæàðîáåçîïàñíîé
çîíû ñëåäóåò èñïîëüçîâàòü ëèôòû, îñíàùåííûå ñè-
ñòåìàìè óïðàâëåíèÿ è ïðîòèâîäûìíîé çàùèòû, ñî-
îòâåòñòâóþùèå òðåáîâàíèÿì ÍÏÁ 250–97.

Â øàõòàõ ëèôòîâ, èìåþùèõ âûõîäû â ïîæàðî-
áåçîïàñíóþ çîíó, äîëæåí áûòü ñîçäàí ïîäïîð âîç-
äóõà, ñîîòâåòñòâóþùèé òðåáîâàíèÿì ÑÍèÏ 2.04.05.

Êîíñòðóêòèâíûå
è èíæåíåðíûå ðåøåíèÿ

Construction and engineering
solutions

Ëåñòíè÷íàÿ êëåòêà
Staircase

Ëèôòîâûå óñòàíîâêè
Elevator units

Õàðàêòåðèñòèêà
Specification

Íîðìàòèâíûå äîêóìåíòû
Regulating documents

Õàðàêòåðèñòèêà
Specification

Íîðìàòèâíûå äîêóìåíòû
Regulating documents

Íåñóùèå êîíñòðóêöèè
Load-bearing structures

REI 180 ÌÃÑÍ 4.19, ï. 4.24
Moscow city construction

norms 4.19, par. 4.24

– –

Êîíñòðóêöèè øàõò ëèôòîâ
Constructions of elevator
shafts

– – REI 120, 180 ÌÃÑÍ 4.19, ï. 4.24
Moscow city construction

norms 4.19, par. 4.24

Ïëîùàäêè, êîñîóðû, ìàðøè
Stairs landings, notch-boards,
flights

R 60 ÌÃÑÍ 4.19, ï. 4.24
Moscow city construction

norms 4.19, par. 4.24

– –

Âíóòðåííèå íåíåñóùèå
êîíñòðóêöèè
Internal non-bearing structures

– – EI 60, 120 ÌÃÑÍ 4.19, ï. 4.24
Moscow city construction

norms 4.19, par. 4.24

Äâåðè
Doors

60, 90 ÌÃÑÍ 4.19, ï. 4.29
Moscow city construction

norms 4.19, par. 4.29

EI 60, 90
ïðîòèâîïîæàð-
íûå, äûìîãàçî-
íåïðîíèöàåìûå

EI 60, 90
fire-proof, smoke-

and-gas tight

ÌÃÑÍ 4.19, ï. 4.29;
ÑÍèÏ 21.01, ï. 8.10

Moscow city construction
norms 4.19, par. 4.29;
Construction rules and

regulations 21.01,
par. 8.10

Ñèñòåìû ïðèòî÷íîé ïðîòè-
âîäûìíîé çàùèòû, ïîäïîð
âîçäóõà
Systems of inflow smoke
protection, space air over-
pressure

Í2 ÑÍèÏ 21.01, ï. 5.15;
ÌÃÑÍ 4.19, ï. 4.24

Construction rules and
regulations 21.01, par. 5.15;
Moscow city construction

norms 4.19, par. 4.24

Øàõòû
Shafts

ÑÍèÏ 21.01, ï. 8.15á
Construction rules and re-
gulations 21.01, par. 8.15b

Õîëëû
Halls

ÌÃÑÍ 4.19,
ïï. 14.58, 14.60

Moscow city construction
norms 4.19,

par. 14.58, 14.60

Àäðåñíûå äûìîâûå èçâå-
ùàòåëè
Address smoke detector

Äà
Yes

– Äà
Yes

ÌÃÑÍ 4.19, ï. 13.2.43
Moscow city construction
norms 4.19, par. 13.2.43

Ñèñòåìû ÷ðåçâû÷àéíîé
îïåðàòèâíîé òåëåôîííîé
ñâÿçè
Extraordinary operative phone
communication systems

– – Ëèôòû, õîëëû
Elevators, halls

ÌÃÑÍ 4.19, ï. 13.2.51
Moscow city construction
norms 4.19, par. 13.2.51

Ìàòåðèàëû îòäåëêè ïîëîâ
Materials for floor finish

Íåãîðþ÷èå
Non-combus-

tible

ÌÃÑÍ 4.19, ï. 14.33
Moscow city construction

norms 4.19, par. 14.33

Íåãîðþ÷èå
Non-combustible

ÌÃÑÍ 4.19, ï. 14.70
Moscow city construction

norms 4.19, par. 14.70

Ñèñòåìà ïîæàðíîé ñèãíà-
ëèçàöèè
Fire-alarm system

– – Õîëëû, øàõòû
Halls, shafts

ÌÃÑÍ 4.19, ï. 13.2.40
Moscow city construction
norms 4.19, par. 13.2.40

Òàáëèöà 1. Ñîïîñòàâëåíèå óðîâíåé îáåñïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè ëåñòíè÷íûõ êëåòîê Í2 è ëèôòîâûõ óñòàíîâîê

Table 1. Comparison of fire-safety ensurance levels of staircases H2 and elevator units
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3.50. …Ïîæàðîáåçîïàñíàÿ çîíà äîëæíà áûòü íå-
çàäûìëÿåìîé. Ïðè ïîæàðå â íåé äîëæíî ñîçäàâàòü-
ñÿ èçáûòî÷íîå äàâëåíèå 20 Ïà ïðè îäíîé îòêðûòîé
äâåðè ýâàêóàöèîííîãî âûõîäà.”

Âòîðè÷íî ïîäîáíàÿ ñèòóàöèÿ ñîçäàëàñü ïðè ðàç-
ðàáîòêå ÌÃÑÍ 4.19–2005 [62]. Çäåñü ñèòóàöèÿ êàñà-
ëàñü óæå íå òîëüêî ÌÃÍ, à áîëåå øèðîêîãî êðóãà
ëþäåé [30].

Â ÌÃÑÍ 4.19–2005 [62] óðîâåíü ïðîòèâîïîæàð-
íîé çàùèòû ëèôòîâûõ óñòàíîâîê áûë óñòàíîâëåí
èäåíòè÷íûì óðîâíþ çàùèòû íåçàäûìëÿåìûõ ëåñò-
íè÷íûõ êëåòîê òèïà Í2 (òàáë. 1).

Â ñâÿçè ñ ýòèì ÌÃÑÍ 4.19–2005 (ï.16.2.2) ïðå-
äîñòàâëÿëè øèðîêèå è îáîñíîâàííûå âîçìîæíîñòè
äëÿ îïòèìèçàöèè ïðîåêòíûõ ðåøåíèé ïî îáåñïå-
÷åíèþ áåçîïàñíîñòè ëþäåé ïðè èõ ýâàêóàöèè èç âû-
ñîòíûõ çäàíèé: “Ñòðóêòóðà è ðàçìåðû ýâàêóàöè-
îííûõ ïóòåé è âûõîäîâ äîëæíû îáåñïå÷èâàòü áåñ-
ïðåïÿòñòâåííóþ è ñâîåâðåìåííóþ, ïîëíóþ èëè
÷àñòè÷íóþ, îäíîâðåìåííóþ èëè ïîýòàïíóþ, ïåøå-
õîäíóþ èëè ïðè ïîìîùè ëèôòîâ, â çàâèñèìîñòè îò
òèïà ÷ðåçâû÷àéíîé ñèòóàöèè, ýâàêóàöèþ ëþäåé èç
ëþáîé ÷àñòè âûñîòíîãî çäàíèÿ íåçàâèñèìî îò âîç-
ðàñòà è ôèçè÷åñêîãî ñîñòîÿíèÿ ëþäåé” [62].

Ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ëèôòîâ â öåëÿõ
óìåíüøåíèÿ ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ìîæíî

îöåíèòü íà ïðèìåðå ïðîâåäåííîãî ÷èñëåííîãî ìî-
äåëèðîâàíèÿ ýâàêóàöèè èç çäàíèÿ âîñòî÷íîé áàøíè
êîìïëåêñà “Ôåäåðàöèÿ” (101 ýòàæ, âûñîòà 374 ì)
â ÌÌÄÖ “Ìîñêâà-Ñèòè” (ðèñ. 8), ðåçóëüòàòû êîòî-
ðîãî ïðèâåäåíû â òàáë. 2 [63].

Îòìåòèì, ÷òî ìîäåëèðîâàíèå òàêèõ æå âàðèàí-
òîâ ýâàêóàöèè èç 88-ýòàæíûõ çäàíèé-áëèçíåöîâ â
ã. Êóàëî-Ëóìïóð (ñòîëèöà Ìàëàéçèè) ïîêàçàëî [64]
èäåíòè÷íûé õàðàêòåð ñîîòíîøåíèÿ ìåæäó çíà÷åíè-
ÿìè âðåìåíè îêîí÷àíèÿ ýâàêóàöèè (ðèñ. 9).

Òàêèì îáðàçîì, ÌÃÑÍ 4.19–2005 [62] íå òîëüêî
ãàðìîíèçèðîâàëè ïðèíöèïû îòå÷åñòâåííîãî ïðîòè-
âîïîæàðíîãî íîðìèðîâàíèÿ ñ çàðóáåæíûìè ïîäõî-
äàìè, íî è ñîçäàëè ïðåäïîñûëêè äëÿ îáåñïå÷åíèÿ
âîçìîæíîñòè ýâàêóèðîâàòü ìàëîìîáèëüíûå ãðóï-
ïû íàñåëåíèÿ.

Ðèñ. 8. Ïðèìåð èñïîëíåíèÿ òðàíñïîðòíî-êîììóíèêàöèîí-
íîãî óçëà ïðè îðãàíèçàöèè ýâàêóàöèè ëþäåé ñ 35-ãî ýòàæà
áàøíè Á êîìïëåêñà “Ôåäåðàöèÿ”: 1 — ëåñòíè÷íûå êëåòêè;
2 — ëèôòîâîé õîëë (çîíà áåçîïàñíîñòè); 3 — òàìáóð-øëþç
ñ ïîäïîðîì âîçäóõà ïðè ïîæàðå
Fig. 8. Example of the execution of a transport and communi-
cation hub in the organization of evacuation of people from
the 35th floor of the Tower B of the Federation complex: 1 —
staircases; 2 — elevator hall (security zone); 3 — through space
between the doors with air support in case of fire

Âèä ýâàêóàöèè
Evacuation type

Ìàêñèìàëüíàÿ
ïëîòíîñòü, ÷åë./ì2

Maximal density,
people/m2

Âðåìÿ ýâà-
êóàöèè, ìèí
Evacuation
time, min

Îäíîâðåìåííàÿ
Simultaneous 9 80

Ïîýòàïíàÿ ïåøåõîäíàÿ
Step-by-step pedestrian 3 42

Ïîýòàïíàÿ ñ èñïîëüçî-
âàíèåì ëèôòîâ
Step-by-step with use
of elevators

3 24

Òàáëèöà 2. Ðåçóëüòàòû ìîäåëèðîâàíèÿ âàðèàíòîâ îðãàíè-
çàöèè ýâàêóàöèè

Table 2. Simulation results of evacuation arrangement variants

Ðèñ. 9. Âðåìÿ ýâàêóàöèè ëþäåé èç âûñîòíîãî çäàíèÿ (Twin

towers Petronas) â çàâèñèìîñòè îò ñöåíàðèÿ ýâàêóàöèè: 1 —

ïåøåõîäíàÿ ýâàêóàöèÿ ïî ëåñòíè÷íûì êëåòêàì; 2 — ýâàêóà-
öèÿ âñåõ ëþäåé ñ ïîìîùüþ ëèôòîâ; 3 — êîìáèíèðîâàííàÿ
ýâàêóàöèÿ ñ ïîìîùüþ ëèôòîâ (65 %) è ïî ëåñòíè÷íûì êëåò-
êàì [64]
Fig. 9. Time of people evacuation from a high-rise building
(Twin towers Petronas) depending on evacuation scenario: 1 —
foot evacuation through stairways; 2 — evacuation of all people
using elevators; 3 — combined evacuation using elevators (65 %)
and through stairways [64]
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Â ïåðèîä äåéñòâèÿ ÌÃÑÍ 4.19–2005 áûë óòâåðæ-
äåí Ôåäåðàëüíûé çàêîí ¹ 123 “Òåõíè÷åñêèé ðåãëà-
ìåíò î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè” [65],
êîòîðûé ðåàëèçîâàë ïåðâîî÷åðåäíóþ öåëü òåõíè-
÷åñêîãî ðåãóëèðîâàíèÿ [66, ñò. 6], à èìåííî “çàùèòó
æèçíè è çäîðîâüÿ ãðàæäàí”. Äàííûé äîêóìåíò òðå-
áóåò ðàññ÷èòûâàòü èíäèâèäóàëüíûé ïîæàðíûé ðèñê,
êîòîðûé äîëæåí âûïîëíÿòüñÿ â ñîîòâåòñòâèè ñ Ìå-
òîäèêîé [67]. Îäíàêî ðåäàêöèÿ Ìåòîäèêè [67], óò-
âåðæäåííàÿ ïðèêàçîì Ì×Ñ Ðîññèè îò 30.06.2009 ã.
¹ 382, íå ñîäåðæàëà ðàñ÷åòíûõ çíà÷åíèé ïàðàìåò-
ðîâ ëþäñêèõ ïîòîêîâ, ñîñòîÿùèõ èç äåòåé äîøêîëü-
íîãî âîçðàñòà è ïîæèëûõ ëþäåé ñ ðàçëè÷íûìè âîç-
ìîæíîñòÿìè ïåðåäâèæåíèÿ. Â òî âðåìÿ îíè áûëè
íåèçâåñòíû â ìèðîâîé ïðàêòèêå [68]. Èñïîëüçóÿ âîç-
ìîæíîñòü ýâàêóàöèè ýòèõ ãðóïï ëþäåé ïðè ïîìîùè
ëèôòîâ, ÌÃÑÍ 4.19–2005 [62] êîìïåíñèðîâàëè âû-
ÿâèâøèéñÿ íåäîñòàòîê çíàíèé. (Ýòè çíà÷åíèÿ áûëè
óñòàíîâëåíû ïîçæå â ðåçóëüòàòå ðàáîò [22–25, 69–71]
è âîøëè äîïîëíèòåëüíî â ðåäàêöèþ Ìåòîäèêè îò
02.12.2015 ã.)

Îäíàêî îðãàíû ïðîòèâîïîæàðíîãî íàäçîðà îò-
êàçûâàëèñü âèçèðîâàòü ïðîåêòû âûñîòíûõ çäàíèé,
ïðåäóñìàòðèâàþùèå ýâàêóàöèþ ëþäåé ñ èñïîëüçî-
âàíèåì ëèôòîâ, ìîòèâèðóÿ ýòî òåì, ÷òî ñîãëàñíî äî-
êóìåíòó ôåäåðàëüíîãî óðîâíÿ — ÑÍèÏ 21-01–97* [7]
“ýâàêóàöèîííûå ïóòè íå äîëæíû âêëþ÷àòü ëèôòû”.

×òî æå èìååòñÿ â ôåäåðàëüíûõ äîêóìåíòàõ
ïî ïîæàðíîé áåçîïàñíîñòè ëþäåé

â íàñòîÿùåå âðåìÿ?

Ñò. 89 “Òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè ê
ýâàêóàöèîííûì ïóòÿì, ýâàêóàöèîííûì è àâàðèé-
íûì âûõîäàì” ÔÇ ¹ 123 [65] ñîäåðæèò ñëåäóþùèå
ïóíêòû.

“14. Ýâàêóàöèîííûå ïóòè (çà èñêëþ÷åíèåì ýâà-
êóàöèîííûõ ïóòåé ïîäçåìíûõ ñîîðóæåíèé ìåòðî-
ïîëèòåíà, ãîðíîäîáûâàþùèõ ïðåäïðèÿòèé, øàõò)
íå äîëæíû âêëþ÷àòü ëèôòû è ýñêàëàòîðû…

15. Äëÿ ýâàêóàöèè ñî âñåõ ýòàæåé çäàíèé ãðóïï
íàñåëåíèÿ ñ îãðàíè÷åííûìè âîçìîæíîñòÿìè ïåðå-
äâèæåíèÿ äîïóñêàåòñÿ ïðåäóñìàòðèâàòü íà ýòàæàõ
âáëèçè ëèôòîâ, ïðåäíàçíà÷åííûõ äëÿ ãðóïï íàñåëå-
íèÿ ñ îãðàíè÷åííûìè âîçìîæíîñòÿìè ïåðåäâèæå-
íèÿ, è (èëè) íà ëåñòíè÷íûõ êëåòêàõ óñòðîéñòâî áåç-
îïàñíûõ çîí, â êîòîðûõ îíè ìîãóò íàõîäèòüñÿ äî
ïðèáûòèÿ ñïàñàòåëüíûõ ïîäðàçäåëåíèé. Ïðè ýòîì ê
óêàçàííûì ëèôòàì ïðåäúÿâëÿþòñÿ òàêèå æå òðåáî-
âàíèÿ, êàê ê ëèôòàì äëÿ òðàíñïîðòèðîâêè ïîäðàç-
äåëåíèé ïîæàðíîé îõðàíû. Òàêèå ëèôòû ìîãóò èñ-
ïîëüçîâàòüñÿ äëÿ ñïàñåíèÿ ãðóïï íàñåëåíèÿ ñ
îãðàíè÷åííûìè âîçìîæíîñòÿìè ïåðåäâèæåíèÿ âî
âðåìÿ ïîæàðà”.

Ïðîòèâîðå÷èâîñòü ýòèõ äâóõ ïóíêòîâ âûçûâàåò
âîïðîñ, êîãäà æå ìîæíî, à êîãäà íåëüçÿ èñïîëüçî-

âàòü ëèôò äëÿ ýâàêóàöèè ïðè ïîæàðå è ïî÷åìó, ïî-
ñêîëüêó ïðèíöèïèàëüíîå ðàçëè÷èå ìåæäó ïàññàæèð-
ñêèì ëèôòîì è ëèôòîì äëÿ ïåðåâîçêè ïîæàðíûõ
ïîäðàçäåëåíèé îáíàðóæèâàåòñÿ ëèøü â àëãîðèòìå
ñèñòåìû èõ óïðàâëåíèÿ [72]. Ïðè ïîëó÷åíèè ñèã-
íàëà “ïîæàðíàÿ îïàñíîñòü” âñå êàáèíû ëèôòîâ ïðè-
íóäèòåëüíî ñïóñêàþòñÿ íà îñíîâíîé ïîñàäî÷íûé
ýòàæ, ãäå îíè è îñòàþòñÿ ñ îòêðûòûìè äâåðÿìè.
Âêëþ÷åíèå æå ðåæèìà “ïåðåâîçêà ïîæàðíûõ ïîä-
ðàçäåëåíèé” äîëæíî ïðîèçâîäèòüñÿ ïðè ïîìîùè
ñïåöèàëüíîãî êëþ÷à, êîòîðûé âñòàâëÿåòñÿ â ãíåçäî,
ðàñïîëîæåííîå íà ïàíåëè óïðàâëåíèÿ èëè ðÿäîì
ñ íåé [72, ï. 6.6.1].

Òàêîé âîïðîñ è áûë çàäàí íà çàñåäàíèè êðóãëîãî
ñòîëà “Ïðîåêòèðîâàíèå è ñîçäàíèå äîñòóïíîé ñðåäû”
7-é Ìåæäóíàðîäíîé ñïåöèàëèçèðîâàííîé âûñòàâ-
êè “Ðåàáèëèòàöèÿ. Äîñòóïíàÿ ñðåäà 2017”, îðãàíè-
çîâàííîé ÎÎÎ “Èíâà Ýêñïî” 9–11 íîÿáðÿ 2017 ã. â
Ñîêîëüíèêàõ ãîñóäàðñòâåííîìó ýêñïåðòó ïî ïîæàð-
íîé áåçîïàñíîñòè È. Ñ. Êóäðèíó ïîñëå åãî äîêëàäà
“Íàðóøåíèÿ ïðàâ ìàëîìîáèëüíûõ ãðóïï íàñåëåíèÿ,
âûÿâëÿåìûå ïðè ãîñóäàðñòâåííîé ýêñïåðòèçå ïðî-
åêòíîé äîêóìåíòàöèè”. Îí îáúÿñíèë èñòîëêîâàíèå
ýòîé äâîéñòâåííîñòè, áûòóþùåå â îðãàíàõ ïîæàð-
íîãî íàäçîðà. Åå ñóòü ñîñòîèò â òîì, ÷òî â ï. 14 ñò. 89
ÔÇ ¹ 123 [65] ðå÷ü èäåò îá ýâàêóàöèè, à â ï. 15 —

î ñïàñåíèè ëþäåé. Òàêîå ãëóáîêîìûñëèå çàñòàâëÿåò
îáðàòèòüñÿ ê òåðìèíîëîãèè, ê îïðåäåëåíèþ ýòèõ
äâóõ ïîíÿòèé, ëèøàþùèõ ëþäåé ïðàâà èñïîëüçî-
âàòü çàùèùåííûå îò âîçäåéñòâèé îïàñíûõ ôàêòîðîâ
ïîæàðà ëèôòîâûå óñòàíîâêè äëÿ ñîõðàíåíèÿ ñâîåé
æèçíè è çäîðîâüÿ.

Òåðìèíîëîãèÿ

“Ýâàêóàöèÿ — ïðîöåññ îðãàíèçîâàííîãî ñàìî-
ñòîÿòåëüíîãî äâèæåíèÿ ëþäåé íåïîñðåäñòâåííî íà-
ðóæó èëè â áåçîïàñíóþ çîíó èç ïîìåùåíèé, â êîòî-
ðûõ èìååòñÿ âîçìîæíîñòü âîçäåéñòâèÿ íà ëþäåé
îïàñíûõ ôàêòîðîâ ïîæàðà” [65, ñò. 2, ï. 50].

“Ñïàñåíèå ïðåäñòàâëÿåò ñîáîé âûíóæäåííîå ïå-
ðåìåùåíèå ëþäåé íàðóæó ïðè âîçäåéñòâèè íà íèõ
îïàñíûõ ôàêòîðîâ ïîæàðà èëè ïðè âîçíèêíîâåíèè
íåïîñðåäñòâåííîé óãðîçû ýòîãî âîçäåéñòâèÿ. Ñïà-
ñåíèå îñóùåñòâëÿåòñÿ ñàìîñòîÿòåëüíî, ñ ïîìîùüþ
ïîæàðíûõ ïîäðàçäåëåíèé èëè ñïåöèàëüíî îáó÷åí-
íîãî ïåðñîíàëà, â òîì ÷èñëå ñ èñïîëüçîâàíèåì ñïà-
ñàòåëüíûõ ñðåäñòâ, ÷åðåç ýâàêóàöèîííûå è àâàðèé-
íûå âûõîäû” [73, ï. 4.1.2].

Èòàê, èìååì: ýâàêóàöèÿ — ïðîöåññ äâèæåíèÿ
ëþäåé, ñïàñåíèå — ïåðåìåùåíèå ëþäåé. Ðàçëè÷èå
òîëüêî â ñëîâàõ, âûðàæàþùèõ îäèí è òîò æå ñìûñë
ðåàëüíîãî ÿâëåíèÿ — ïåðåäâèæåíèÿ ëþäåé, åñëè îíî
îñóùåñòâëÿåòñÿ ñàìîñòîÿòåëüíî. À ýòî âîçìîæíî,
êàê âèäèì, è ïðè ýâàêóàöèè, è ïðè ñïàñåíèè. Êîãäà
îíî îñóùåñòâëÿåòñÿ? Ïðè ýâàêóàöèè: êîãäà “èìååò-
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ñÿ âîçìîæíîñòü âîçäåéñòâèÿ” ÎÔÏ, à ïðè ñïàñåíèè
— “ïðè âîçíèêíîâåíèè íåïîñðåäñòâåííîé óãðîçû
ýòîãî âîçäåéñòâèÿ”, ò. å. ðàçëè÷èå ñîñòîèò â òîì, ÷òî
â îäíîì ñëó÷àå “èìååòñÿ âîçìîæíîñòü”, à â äðóãîì
— “ïðè âîçíèêíîâåíèè íåïîñðåäñòâåííîé óãðîçû”.
Ïîñêîëüêó ïîíÿòèå “âîçìîæíîñòü âîçäåéñòâèÿ”
óæå ïîäðàçóìåâàåò ñóùåñòâîâàíèå óãðîçû âîçäåé-
ñòâèÿ, òî ðàçëè÷èå â ýòèõ äâóõ âûðàæåíèÿõ ìîæåò
çàêëþ÷àòüñÿ òîëüêî â îöåíêå âåëè÷èíû âåðîÿòíîñòè
âîçäåéñòâèÿ ÎÔÏ Ð(tíá) — íà ëþäåé â ðàçíûõ ñèòó-
àöèÿõ.

Äëÿ ýòîãî Ìåòîäèêà [67] èñïîëüçóåò îöåíêó ïî
ôîðìóëå (4): Ð(tý,i) � Ð(tíá). Ïðè týâ = tð + tíý � 0,8tíá

è tñê � 6 ìèí (ãäå týâ — âðåìÿ ýâàêóàöèè; tð — ðàñ÷åò-
íîå âðåìÿ äâèæåíèÿ ëþäåé äî ýâàêóàöèîííîãî âû-
õîäà ñ ýòàæà; tíý — âðåìÿ íà÷àëà ýâàêóàöèè ëþäåé;
tñê — ïðîäîëæèòåëüíîñòü ñóùåñòâîâàíèÿ ñêîïëå-
íèé ëþäåé) áåçîïàñíîñòü ýâàêóàöèè îáåñïå÷èâàåò-
ñÿ ñ âåðîÿòíîñòüþ Ð(tý,i) = 0,999. Ïðè tð � 0,8tíá èëè
tñê > 6 ìèí — Ð(tý,i) = 0, ò. å. ëþäè ïîäâåðãàþòñÿ âîç-
äåéñòâèþ êðèòè÷åñêèõ óðîâíåé ÎÔÏ. Ýòè ñîîòíî-
øåíèÿ è îïðåäåëÿþò êîëè÷åñòâåííî òå ñëîâåñíûå
îïèñàíèÿ óñëîâèé, êîòîðûå èñïîëüçóþòñÿ â òåðìè-

íîëîãè÷åñêèõ õàðàêòåðèñòèêàõ ýâàêóàöèè è ñïàñå-
íèÿ. Ïðèìåíåíèå ñîâðåìåííûõ ïðîãðàììíî-âû÷èñ-
ëèòåëüíûõ êîìïëåêñîâ ìîäåëèðîâàíèÿ ðàñïðîñò-
ðàíåíèÿ ÎÔÏ ïîçâîëÿåò ïîëó÷èòü íàãëÿäíóþ îöåí-
êó (ðèñ. 10) âðåìåíè áëîêèðîâàíèÿ táë (táë = 0,8tíá)
ó÷àñòêîâ ïóòåé ýâàêóàöèè â êîðèäîðå âûñîòíîãî
îôèñíîãî çäàíèÿ [12] ïðè ðàçëè÷íûõ âàðèàíòàõ
ôóíêöèîíèðîâàíèÿ àâòîìàòè÷åñêèõ ñèñòåì ïðîòè-
âîïîæàðíîé çàùèòû (75 ñöåíàðèåâ ÷èñëåííîãî ìî-
äåëèðîâàíèÿ).

Íèæíÿÿ, íåçàòåíåííàÿ, ÷àñòü ýòîãî ðèñóíêà ïî-
êàçûâàåò òó îáëàñòü çíà÷åíèé tíá (âåðòèêàëüíàÿ îñü)
äëÿ êàæäîãî ó÷àñòêà (ãîðèçîíòàëüíàÿ îñü) êîðèäîðà
ýòàæà, â êîòîðóþ äîëæíû ïîïàñòü çíà÷åíèÿ týâ, âêëþ-
÷àþùèå â ñåáÿ âðåìÿ íà÷àëà ýâàêóàöèè ëþäåé tíý

è ðàñ÷åòíîå âðåìÿ èõ äâèæåíèÿ äî ýâàêóàöèîííîãî
âûõîäà ñ ýòàæà tð. Êàê âèäíî, çíà÷åíèÿ 0,8tíá îïðå-
äåëÿþò âåñüìà óçêóþ îáëàñòü (îò 40 äî 60 ñ) äëÿ
ñîáëþäåíèÿ óñëîâèÿ: tð + tíý � 0,8tíá. Ïðè tíý � 30 ñ
(÷òî íåèçáåæíî êàê â æèëûõ, òàê è â îáùåñòâåííûõ
çäàíèÿõ) ïðè ýâàêóàöèè ïîñòîÿííî ñóùåñòâóåò íå-
ïîñðåäñòâåííàÿ óãðîçà âîçäåéñòâèÿ íà ëþäåé îïàñ-

Ðèñ. 10. Îáëàñòü âîçìîæíûõ ðåøåíèé ïî âûáîðó ñèñòåì ïîæàðíîé áåçîïàñíîñòè [12]: �— áåç ñèñòåì ïðîòèâîïîæàðíîé çà-
ùèòû;�— èçìåíåíèå ðàñïîëîæåíèÿ ïîìåùåíèÿ î÷àãà ïîæàðà è êëàïàíà äûìîóäàëåíèÿ;�— èçìåíåíèå ðàñõîäà âîçäóõà ÷å-
ðåç êëàïàí äûìîóäàëåíèÿ;�— èçìåíåíèå ðàñõîäà âîäû ñèñòåìû ïîæàðîòóøåíèÿ (äðåí÷åðíàÿ çàâåñà);�— èçìåíåíèå ðàñõî-
äà âîçäóõà ÷åðåç êëàïàí äûìîóäàëåíèÿ è ðàñõîäà äðåí÷åðíîé ñèñòåìû ïîæàðîòóøåíèÿ (äðåí÷åðíàÿ çàâåñà)
Fig. 10. Field of possible solutions for selection of fire safety systems [12]:�— without fire protection systems;�— change the loca-
tion of the premises of fire origin and smoke control valve;�— changing the flow of air through smoke control valve;�— changing
the water consumption of the fire-extinguishing system (deluge curtain);�— changing the flow of air through smoke control valve and
consumption of deluge fire extinguishing system (deluge curtain)
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íûõ ôàêòîðîâ ïîæàðà. Ïðè tý,i = tíá ýâàêóàöèÿ áóäåò
ïðîèñõîäèòü ïðè âîçäåéñòâèè íà ëþäåé îïàñíûõ
ôàêòîðîâ ïîæàðà. Â ýòèõ óñëîâèÿõ, “êàê ïîêàçûâàþò
îïûòû, âèäèìîñòü ïðè ïîæàðå â ìåæêâàðòèðíîì êî-
ðèäîðå áëèçêà ê íóëþ, à òåìïåðàòóðà ó ïîëà äîñòè-
ãàåò 70–80 °Ñ” [74, ñ. 5].

Ñëåäîâàòåëüíî, ïðè íåâûïîëíåíèè òðåáîâàíèé
ñò. 8 [75] ïî “îãðàíè÷åíèþ îáðàçîâàíèÿ è ðàñïðîñòðà-
íåíèÿ îïàñíûõ ôàêòîðîâ ïîæàðà â ïðåäåëàõ î÷àãà
ïîæàðà” è ñò. 61 [65], ñîãëàñíî êîòîðîé “àâòîìàòè÷å-
ñêèå óñòàíîâêè ïîæàðîòóøåíèÿ äîëæíû îáåñïå÷è-
âàòü… ëèêâèäàöèþ ïîæàðà â ïîìåùåíèè äî âîçíèê-
íîâåíèÿ êðèòè÷åñêèõ çíà÷åíèé îïàñíûõ ôàêòîðîâ
ïîæàðà”, ýâàêóàöèÿ “ïðåäñòàâëÿåò ñîáîé âûíóæäåí-
íîå ïåðåìåùåíèå ëþäåé íàðóæó”, îñóùåñòâëÿåìîå
ñàìîñòîÿòåëüíî. Â ýòèõ óñëîâèÿõ, êàê âèäíî èç äàí-
íûõ ðèñ. 9, ýâàêóàöèÿ ïðåäñòàâëÿåò ñîáîé ñïàñåíèå
ëþäåé, îñóùåñòâëÿåìîå ñàìîñòîÿòåëüíî. Òàê ïî÷åìó
æå ïðè ýòîì òðåáîâàíèÿ ï. 14 ñò. 89 ÔÇ ¹ 123 [65]
ëèøàþò ýâàêóèðóþùèõñÿ ëþäåé âîçìîæíîñòè ïîëü-
çîâàòüñÿ ëèôòîâûìè óñòàíîâêàìè, èìåþùèìè çà-
ùèòó îò ïîæàðà, èäåíòè÷íóþ çàùèòå, êîòîðàÿ ïðè-
ñóùà íåçàäûìëÿåìûì ëåñòíè÷íûì êëåòêàì òèïà Í2
è Í3?

Âûÿâèâøèåñÿ ñîôèçì9 è êàçóèñòèêà10 òðåáîâà-
íèé ïï. 14 è 15 ñò. 89 â ÔÇ ¹ 123 [65] íà ïðîòÿæåíèè
äåñÿòèëåòèé ÿâëÿþòñÿ ïðåïÿòñòâèåì îáúåêòèâíî íå-
îáõîäèìîãî èñïîëüçîâàíèÿ ëèôòîâ äëÿ ýâàêóàöèè
ëþäåé èç âûñîòíûõ çäàíèé ïðè ïîæàðå è îïðåäå-
ëÿþò ïðîôåññèîíàëüíóþ èäåîëîãèþ ðàçðàáîò÷èêîâ
ÑÏ 267.1325800.2016 [76] è ïðîåêòà ÑÏ “Çäàíèÿ è
êîìïëåêñû âûñîòíûå. Ïðîòèâîïîæàðíûå òðåáîâà-
íèÿ”, êîòîðûå äîëæíû ðàçúÿñíÿòü [77] èõ íåîáúÿñ-
íèìûå ïîëîæåíèÿ.

Ðàçðàáîò÷èêè ýòèõ ñâîäîâ ïðàâèë íàñòîëüêî óñåðä-
ñòâîâàëè â ñâîåì ðâåíèè ïðîïàãàíäèðîâàòü ýòè èñ-
õîäíûå ïîëîæåíèÿ ÔÇ ¹ 123 [65], ÷òî èñêëþ÷èëè
âîçìîæíîñòü èñïîëüçîâàíèÿ ëèôòîâ ïðè ýâàêóàöèè
äàæå â íåïîæàðîîïàñíûõ ñèòóàöèÿõ [76, ï. 14.18].
Ïðè ýòîì îíè íå ïðèâîäÿò çíà÷åíèé ðàñ÷åòíûõ çà-
âèñèìîñòåé ìåæäó ïàðàìåòðàìè ëþäñêèõ ïîòîêîâ
äëÿ ýòèõ ñèòóàöèé, êîòîðûå áóäóò, êàê èçâåñòíî [78],
ãîðàçäî íèæå çíà÷åíèé, ïðîãíîçèðóåìûõ âî âðåìÿ
ýâàêóàöèè ëþäåé ïðè ïîæàðå. Ñëåäîâàòåëüíî, ïðî-

äîëæèòåëüíîñòü òàêèõ ïðåâåíòèâíûõ ïåøåõîäíûõ
ýâàêóàöèé, íàïðèìåð, ïðè ïðèáëèæåíèè óãðîçû ïðè-
ðîäíîãî êàòàêëèçìà [75, ñò. 9] áóäåò çíà÷èòåëüíî ïðå-
âîñõîäèòü çíà÷åíèå tý, i ïðè ïîæàðå è ìîæåò îêàçàòüñÿ
áîëüøå èíòåðâàëà âðåìåíè ìåæäó ìîìåíòîì ïðåäó-
ïðåæäåíèÿ î íàäâèãàþùåéñÿ êàòàñòðîôå è åå íàñòóï-
ëåíèåì. Â ðåçóëüòàòå áåçîïàñíîñòü ëþäåé íå áóäåò
îáåñïå÷åíà. Â ñâÿçè ñ ýòèì óêàçàíèÿ ðàçðàáîò÷èêîâ
ÑÏ [76]: “äëÿ îáåñïå÷åíèÿ áåñïðåïÿòñòâåííîé ñâîå-
âðåìåííîé ýâàêóàöèè íåîáõîäèìî ïðîâîäèòü ðàñ-
÷åòû âàðèàíòîâ ýâàêóàöèè èç âûñîòíîãî çäàíèÿ”
[76, ï. 14.19] è “ðåçóëüòàòû ðàñ÷åòîâ âàðèàíòîâ ýâà-
êóàöèè ñëåäóåò èñïîëüçîâàòü äëÿ íàçíà÷åíèÿ æè-
âó÷åñòè èíæåíåðíûõ ñèñòåì è ñèñòåì îáåñïå÷åíèÿ
áåçîïàñíîñòè â ×Ñ” [76, ï. 14.20] — îñòàþòñÿ ëèøü
áëàãèìè ïîæåëàíèÿìè, íå ïîäêðåïëåííûìè ôàêòè-
÷åñêèìè äàííûìè.

Âûâîäû

1. Èñòîðèÿ ïîêàçûâàåò, ÷òî âûñîòíîå ãðàäîñòðî-
èòåëüñòâî — ñîöèàëüíîå ÿâëåíèå, îáóñëîâëåííîå
êîíöåíòðàöèåé äåëîâîé è îáùåñòâåííîé àêòèâíî-
ñòè â êðóïíåéøèõ è êðóïíûõ ãîðîäàõ.

2. Âîçìîæíîñòè ïîâñåäíåâíîé ýêñïëóàòàöèè ñî-
âðåìåííîãî âûñîòíîãî çäàíèÿ îïðåäåëÿþòñÿ óñòà-
íîâêàìè áåçîïàñíîãî ýëåêòðè÷åñêîãî ëèôòà. Îäíàêî
òàêîé ëèôò ñòàíîâèòñÿ ïðîâîäíèêîì îïàñíûõ ôàê-
òîðîâ ïîæàðà, à èìåþùèåñÿ â çäàíèè ëåñòíè÷íûå
êëåòêè íå äàþò âîçìîæíîñòè îáåñïå÷èòü áåçîïàñ-
íîñòü ýâàêóàöèè ïðè ïîæàðå íàõîäÿùèõñÿ â íåì
òûñÿ÷ ëþäåé, òàê êàê ïðè ýâàêóàöèè îáðàçóþòñÿ
ñêîïëåíèÿ ñ ìàêñèìàëüíîé ïëîòíîñòüþ ëþäñêèõ ïî-
òîêîâ (8–9 ÷åë./ì2), ñîïðîâîæäàþùèåñÿ ôèçè÷åñêèì
òðàâìàòèçìîì ëþäåé, è, êàê ñëåäñòâèå, îíà ïðîäîë-
æàåòñÿ íåñêîëüêî ÷àñîâ.

3. Ðåøåíèå ïðîáëåìû áûëî íàéäåíî â íàøåé ñòðà-
íå åùå â 1969 ã. Îíî çàêëþ÷àåòñÿ â îðãàíèçàöèè ïî-
ýòàïíîé êîìáèíèðîâàííîé ýâàêóàöèè ñ èñïîëüçîâà-
íèåì ëèôòîâûõ óñòàíîâîê, çàùèùåííûõ îò âîçäåé-
ñòâèÿ ÎÔÏ. Òàêîå ðåøåíèå ïîçâîëÿåò ñîêðàòèòü
âðåìÿ ýâàêóàöèè ëþäåé â 3–4 ðàçà è îáåñïå÷èòü èõ
áåñïðåïÿòñòâåííîå äâèæåíèå. Â íàñòîÿùåå âðåìÿ
ýòî ðåøåíèå ïðèìåíÿåòñÿ âî âñåõ çàðóáåæíûõ ñòðà-
íàõ, à ëèôòû ñ÷èòàþòñÿ îñíîâíûì ñðåäñòâîì ýâàêó-
àöèè. Â íàøåé æå ñòðàíå òàêîìó ðåøåíèþ ïðåïÿò-
ñòâóþò àðõàè÷íûå òðåáîâàíèÿ ïðîòèâîïîæàðíîãî
íîðìèðîâàíèÿ, çàïðåùàþùèå èñïîëüçîâàòü ëèôòû
äëÿ ýâàêóàöèè ïðè ïîæàðå. Îäíàêî ïðèçíàíèå Ãî-
ñóäàðñòâåííîé ïðîãðàììîé “Äîñòóïíàÿ ñðåäà” [30]
35 % íàñåëåíèÿ ñòðàíû èíâàëèäàìè è ëþäüìè ñ
îãðàíè÷åííûìè âîçìîæíîñòÿìè ïåðåäâèæåíèÿ âû-
íóäèëî ââåñòè â ïðîòèâîïîæàðíîå íîðìèðîâàíèå
ïóíêò, äîïóñêàþùèé èñïîëüçîâàíèå äëÿ èõ ñïàñå-
íèÿ ëèôòîâ, ïðåäíàçíà÷åííûõ äëÿ òðàíñïîðòèðîâà-
íèÿ ïîæàðíûõ ïîäðàçäåëåíèé.

9 Ñîôèçì (ãðå÷. sophisma — õèòðàÿ óëîâêà, èçìûøëåíèå) —

ðàññóæäåíèå, êàæóùååñÿ ïðàâèëüíûì, íî ñîäåðæàùåå ñêðû-
òóþ ëîãè÷åñêóþ îøèáêó è ñëóæàùåå äëÿ ïðèäàíèÿ âèäèìî-
ñòè èñòèííîñòè ëîæíîìó óòâåðæäåíèþ.

10 Êàçóèñòèêà (àíãë. casuistry) — ó÷åíèå ñðåäíåâåêîâûõ ñõî-
ëàñòîâ î ïðèìèðåíèè ñî ñâîåé ñîâåñòüþ ïðè ñòîëêíîâåíèè
ðàçíûõ íîðì è îáÿçàííîñòåé. Ïîçäíåå ýòî ó÷åíèå íàøëî ÿð-
êîå ðàçâèòèå è ïðàêòè÷åñêîå ïðèìåíåíèå ó èåçóèòîâ, îïðàâ-
äûâàâøèõ áåçíðàâñòâåííûå è ïðåñòóïíûå äåÿíèÿ, íàïðèìåð,
íà îñíîâå ïðèíöèïà “öåëü îïðàâäûâàåò ñðåäñòâà”. Â ïåðåíîñ-
íîì ñìûñëå — èçâîðîòëèâîñòü â äîêàçàòåëüñòâå ñîìíèòåëü-
íûõ ïîëîæåíèé; êðþ÷êîòâîðñòâî (Ïñèõîëîãè÷åñêèé ñëîâàðü).
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4. Àíàëèç òåðìèíîâ “ýâàêóàöèÿ” è “ñïàñåíèå”
ïîêàçûâàåò èäåíòè÷íîñòü èõ ñóòè. Â ñâÿçè ñ ýòèì
çàïðåùåíèå èñïîëüçîâàíèÿ ëèôòîâûõ óñòàíîâîê
äëÿ ýâàêóàöèè ïðè ïîæàðå ÿâëÿåòñÿ àíàõðîíèçìîì
îòå÷åñòâåííîãî ïîæàðíîãî íîðìèðîâàíèÿ è äîëæíî
áûòü óñòðàíåíî, êàê ïðîòèâîðå÷àùåå ïðîãðåññó òåõ-
íè÷åñêèõ ðåøåíèé ïî îáåñïå÷åíèþ áåçîïàñíîñòè
ëþäåé â âûñîòíûõ çäàíèÿõ è ïðåïÿòñòâóþùåå äî-
ñòèæåíèþ èìè áåçîïàñíîé çîíû.

5. Ïðîãðåññ òåõíè÷åñêèõ ðåøåíèé ïî îáåñïå-
÷åíèþ áåçîïàñíîñòè ëþäåé â âûñîòíûõ çäàíèÿõ, êî-
òîðîìó äîëæíû ñîäåéñòâîâàòü ðàçðàáàòûâàåìûå

ñâîäû ïðàâèë ïî ïðîåêòèðîâàíèþ è ïîæàðíîé áåç-
îïàñíîñòè âûñîòíûõ çäàíèé, â íàñòîÿùåå âðåìÿ
ñîñòîèò:
� â ïîâûøåíèè íàäåæíîñòè è ýôôåêòèâíîñòè àâ-

òîìàòè÷åñêèõ ñèñòåì ïîæàðîòóøåíèÿ è ïðîòè-
âîïîæàðíîé çàùèòû, ñïîñîáíûõ îãðàíè÷èòü ðàñ-
ïðîñòðàíåíèå ïîæàðà ïîìåùåíèåì î÷àãà åãî âîç-
íèêíîâåíèÿ;

� â èñïîëüçîâàíèè ëèôòîâ äëÿ îðãàíèçàöèè áåñ-
ïðåïÿòñòâåííîé è ìàêñèìàëüíî áûñòðîé ýâàêó-
àöèè ëþäåé íåçàâèñèìî îò èõ âîçðàñòà è ôèçè-
÷åñêîãî ñîñòîÿíèÿ.
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ABSTRACT

Pre-historic (with respect to the progress of elevator unit fire protection) understandings of the early
last century, of CEOs of the national fire safety standardisation system like “Effected by high tempe-
ratures, elevator control gets out of order and elevators are blocked inside elevator shafts. It is im-
possible to quickly identify the elevator position when the power is switched off; the people being
inside elevators, die” for decades such concept doomed population of multistoried buildings in our
country to foot evacuation at forcedly deactivated elevator units. Recognition by the State programme
“Accessible environment” 35 % of country population as disabled persons and persons with reduced
mobility compelled them to permit using elevators for transporting fire-fighting units to rescue such
people. However, as before, two thirds of multistoried building population are still forced to escape
from fire hazard through staircases. At the same time, elevator units, not designated for transporting
fire-fighting brigades, will be idle waiting, with open doors, at the ground floor; although, the fire
protection level of both types of elevators is the same.

The data provided in the article demonstrate that elevator units in the high-rise building must be
not only the means which within everyday operation of high-rise buildings, provide for to all the de-
mographic categories of the population accessibility of business and residential environment which
is located hundreds of metres high from the ground level. They must guarantee as well availability of
safety zones for them on the ground at occurrence of emergency situations as provided by the Tech-
nical Regulations on Safety of Buildings and Structures.

In the meantime, this paradox turns into codes of regulations for designing and fire-safety
protection of high-rise buildings, which development is funded by the Ministry of Construction,
Housing and Utilities of the Russian Federation.

To-date regulations of high-rise building fire safety must implement the requirement that auto-
matic fire-extinguishing systems must extinguish fire inside premises prior to occurrence of critical
values of fire hazards. In such a case, criteria of safe evacuation will be complied with throughout
the evacuation ways, including elevators; thus, there will be excluded a necessity of getting out to
burning building facade in search of escaping from impact of fire hazards using individual rescue
means or mobile fire-rescue equipment, which is traditional for ideology of fire-fighting organisation.
Currently, national manufacturers of fire-fighting protection and fire-extinguishing systems
demonstrate a capability to ensure effective functioning of this system complex with a probability of
0.999. The fire-extinguishing systems being developed are intended to reveal these opportunities in
designing practice — only then they will be in accordance with the Decree of the President of
the Russian Federation dated 01.01.2018 No. 2 “On approval of Fundamentals of the State Policies of
the Russian Federation in the area of fire safety for the period of up to 2010”.

Keywords: high-rise buildings; fire safety; persons with reduced mobility; evacuation safety; rescue;
elevator units; fire protection systems; automatic fire suppression.
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Ïîêàçàíî, ÷òî ñîâðåìåííûå ìåòîäèêè ðàñ÷åòà âåëè÷èíû ïîæàðíîãî ðèñêà íå ó÷èòûâàþò ýôôåê-
òà îò ïðèìåíåíèÿ îãíåòóøèòåëåé, õîòÿ “Òåõíè÷åñêèé ðåãëàìåíò î òðåáîâàíèÿõ ïîæàðíîé áåç-
îïàñíîñòè” ðàññìàòðèâàåò èõ êàê îäèí èç ñïîñîáîâ çàùèòû ëþäåé è èìóùåñòâà îò ïîæàðà. Óñòà-
íîâëåíà íåîáõîäèìîñòü îöåíêè âëèÿíèÿ ïðèìåíåíèÿ îãíåòóøèòåëåé íà ðàñ÷åòíóþ âåëè÷èíó
ïîæàðíîãî ðèñêà. Ïðîâåäåí àíàëèç îñíàùåííîñòè îáúåêòîâ íåôòåáàç îãíåòóøèòåëÿìè. Ïîñòðîåíû
ëîãè÷åñêèå äåðåâüÿ ñîáûòèé äëÿ ðàçëè÷íûõ ñöåíàðèåâ àâàðèè. Ïðåäëîæåíà ìåòîäèêà îïðåäå-
ëåíèÿ ïîæàðíîãî ðèñêà ïðè ïðîëèâå íåôòåïðîäóêòîâ, ó÷èòûâàþùàÿ ýôôåêòèâíîñòü ïðèìåíå-
íèÿ ïîðîøêîâûõ îãíåòóøèòåëåé ðàçëè÷íîãî òèïîðàçìåðà. Â êà÷åñòâå ïðèìåðà ïðèâåäåí ðàñ÷åò
ïîòåíöèàëüíîãî ðèñêà äëÿ íàñîñíîé ñòàíöèè ñ ó÷åòîì ïðåäëîæåííîé ìåòîäèêè. Ïîêàçàíî, ÷òî
ïðèìåíåíèå ïîðîøêîâûõ îãíåòóøèòåëåé ìîæåò îêàçàòü ñóùåñòâåííîå âëèÿíèå íà âåëè÷èíó ïî-
òåíöèàëüíîãî ðèñêà, ëåæàùåãî â îñíîâå ðàñ÷åòà âåëè÷èíû ïîæàðíîãî ðèñêà (èíäèâèäóàëüíîãî
è ñîöèàëüíîãî).

Êëþ÷åâûå ñëîâà: ïîæàðíûé ðèñê; îãíåòóøèòåëü; ýôôåêòèâíîñòü îãíåòóøèòåëåé; íåôòåãàçî-
âûé êîìïëåêñ; áåçîïàñíîñòü.

DOI: 10.18322/PVB.2018.27.01.27-34

Ââåäåíèå

Îáùèå òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè ê ïðî-
èçâîäñòâåííûì îáúåêòàì îïðåäåëåíû íà ãîñóäàðñò-
âåííîì óðîâíå, â òîì ÷èñëå â âèäå âåëè÷èí èíäèâè-
äóàëüíîãî ðèñêà [1, ñò. 93]. Â òåõ ñëó÷àÿõ, êîãäà íå-
âîçìîæíî (ïî îáúåêòèâíûì ïðè÷èíàì) îáåñïå÷èòü
íîðìèðîâàííîå çíà÷åíèå ðèñêà, äëÿ ïðîèçâîäñòâåí-
íûõ îáúåêòîâ äîïóñêàåòñÿ ïðåâûøåíèå åãî (õîòÿ ýòî
êðàéíå íåæåëàòåëüíî), ÷òî äîëæíî áûòü âñåñòîðîííå
îáîñíîâàíî.

Â ñâÿçè ñ ýòèì îñîáóþ îáåñïîêîåííîñòü ñïåöèà-
ëèñòîâ âûçûâàåò ïîæàðíàÿ áåçîïàñíîñòü îáúåêòîâ
íåôòåãàçîâîãî êîìïëåêñà Ðîññèè, ãäå, íåñìîòðÿ íà
ïðèíèìàåìûå ìåðû, åæåãîäíî ïðîèñõîäèò 13–18 àâà-
ðèé, ïðèâîäÿùèõ ê ìíîãîìèëëèîííîìó óùåðáó [2, 3].

Â ñîîòâåòñòâèè ñ òðåáîâàíèÿìè ñò. 52 [1] îäíèì
èç ñïîñîáîâ çàùèòû ëþäåé è èìóùåñòâà îò âîçäåé-
ñòâèÿ îïàñíûõ ôàêòîðîâ ïîæàðà ÿâëÿþòñÿ ïåðâè÷-
íûå ñðåäñòâà ïîæàðîòóøåíèÿ. Êðîìå òîãî, ñîãëàñíî
[4, 5] ïðîèçâîäñòâåííûå è ñêëàäñêèå îáúåêòû íåôòå-
ãàçîâîãî êîìïëåêñà ïîäëåæàò îñíàùåíèþ îãíåòóøè-
òåëÿìè. Ïðè ýòîì èõ ïðèìåíåíèå íå ó÷èòûâàåòñÿ ïðè
ðàñ÷åòå âåëè÷èíû ïîæàðíîãî ðèñêà [6].

Â çàðóáåæíûõ èñòî÷íèêàõ ïðè ðàñ÷åòå ïîæàð-
íîãî ðèñêà è ïðè àíàëèçå ïîæàðíîé îïàñíîñòè ïðè-
ìåíåíèå ïåðâè÷íûõ ñðåäñòâ ïîæàðîòóøåíèÿ ëèáî
íå ó÷èòûâàåòñÿ âîâñå, ëèáî ðåêîìåíäîâàíî ó÷èòû-
âàòü âîçìîæíîå ïðèìåíåíèå îãíåòóøèòåëåé è ïîæàð-
íûõ êðàíîâ òîëüêî ïðè íàëè÷èè ïîäãîòîâëåííîãî
ïåðñîíàëà [7, 8]. Â ðàáîòå [9] ïðè ðàñ÷åòå ïîæàðíîãî
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ðèñêà ðåêîìåíäóåòñÿ ó÷èòûâàòü èñïîëüçîâàíèå îãíå-
òóøèòåëåé, ïðè÷åì íà ñòàäèè ïîñòðîåíèÿ ëîãè÷å-
ñêîãî äåðåâà ñîáûòèé.

Öåëè è çàäà÷è

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îïðåäåëåíèå
ïîëåçíîãî ýôôåêòà (ïî âåëè÷èíå ïîæàðíîãî ðèñêà)
îò ïðèìåíåíèÿ ïîðîøêîâûõ îãíåòóøèòåëåé íà îáú-
åêòàõ íåôòåãàçîâîãî êîìïëåêñà.

Â ñâÿçè ñ ýòèì íàìè ïðåäëîæåíà ìåòîäèêà îïðå-
äåëåíèÿ ïîæàðíîãî ðèñêà ñ ó÷åòîì ýôôåêòèâíîñòè
ïðèìåíåíèÿ îãíåòóøèòåëåé ïðè òóøåíèè ïðîëèâîâ
íåôòåïðîäóêòîâ ñ âûñîêîé òåìïåðàòóðîé âñïûøêè
è èçëîæåíû åå îñíîâû.

Äëÿ æèäêîñòåé, òåìïåðàòóðà âñïûøêè êîòîðûõ
âûøå òåìïåðàòóðû îêðóæàþùåé ñðåäû, êîëè÷åñòâà
ïàðîâ, îáðàçóþùèõñÿ íàä çåðêàëîì æèäêîñòè, äëÿ
âñïûøêè è/èëè âîñïëàìåíåíèÿ íåäîñòàòî÷íî. Îáðà-
çîâàíèå èõ âîçìîæíî òîëüêî ïðè äëèòåëüíîì âîç-
äåéñòâèè èñòî÷íèêà íàãðåâàíèÿ (îòñðî÷åííîå çà-
æèãàíèå), ïðè÷åì ïðîãðåâ ýòîé æèäêîñòè áóäåò íå-
ðàâíîìåðíûì. Ñíà÷àëà ëîêàëüíî (âîçëå èñòî÷íèêà
çàæèãàíèÿ) îíà íàãðååòñÿ äî òåìïåðàòóðû âñïûøêè
è äàëåå — äî òåìïåðàòóðû âîñïëàìåíåíèÿ, è ëèøü
ïîòîì ïîñòåïåííî ïëàìÿ áóäåò îõâàòûâàòü ïðîëèâ.
Òîëüêî íà ýòîé ñòàäèè, ïîêà ïëàìÿ íå îõâàòèëî âåñü
ïðîëèâ è ïëîùàäü ãîðåíèÿ îòíîñèòåëüíî íåâåëèêà,
öåëåñîîáðàçíî ïðèìåíåíèå îãíåòóøèòåëåé.

Ïðè àâàðèÿõ, ñâÿçàííûõ ñ ïðîëèâîì æèäêîñòåé,
òåìïåðàòóðà âñïûøêè êîòîðûõ íèæå òåìïåðàòóðû
îêðóæàþùåé ñðåäû, ãîðþ÷àÿ ïàðîâîçäóøíàÿ ñìåñü
îáðàçóåòñÿ íàä çåðêàëîì æèäêîñòè ñðàçó ïîñëå ðàç-
ãåðìåòèçàöèè àïïàðàòà. Ïðè âíåñåíèè èñòî÷íèêà çà-
æèãàíèÿ ëèáî ñðàçó (ìãíîâåííîå âîñïëàìåíåíèå),
ëèáî ÷åðåç íåêîòîðîå âðåìÿ (âîñïëàìåíåíèå ñ çà-
äåðæêîé) ïðîèçîéäåò åå êèíåòè÷åñêîå ñãîðàíèå, è âñÿ
ïëîùàäü ïðîëèâà áóäåò îõâà÷åíà ïëàìåíåì (äèôôó-
çèîííîå ãîðåíèå). Â ýòîì ñëó÷àå ïðèìåíåíèå îãíå-
òóøèòåëåé áåñïîëåçíî.

Â ñò. 144 [1] ïðåäóñìîòðåíî íåñêîëüêî ôîðì îöåí-
êè ñîîòâåòñòâèÿ îáúåêòîâ çàùèòû òðåáîâàíèÿì ïî-
æàðíîé áåçîïàñíîñòè, â òîì ÷èñëå:
� äåêëàðèðîâàíèå ïîæàðíîé áåçîïàñíîñòè;
� íåçàâèñèìàÿ îöåíêà ïîæàðíîãî ðèñêà (àóäèò ïî-

æàðíîé áåçîïàñíîñòè).
Â îáîèõ ñëó÷àÿõ â ñîîòâåòñòâèè ñî ñò. 6 ÷. 6 [1]

ñîñòàâíîé ÷àñòüþ îöåíêè ñîîòâåòñòâèÿ îáúåêòîâ çà-
ùèòû òðåáîâàíèÿì ïîæàðíîé áåçîïàñíîñòè ÿâëÿåò-
ñÿ ðàñ÷åò âåëè÷èíû ïîæàðíîãî ðèñêà, â ðåçóëüòàòå
êîòîðîãî äîëæíà áûòü äàíà ïîëíàÿ îöåíêà ðèñêà
âîçíèêíîâåíèÿ ïîæàðîâ íà ïðîèçâîäñòâåííûõ îáú-
åêòàõ. Äàííàÿ îöåíêà âêëþ÷àåò:
� àíàëèç ïîæàðíîé îïàñíîñòè òåõíîëîãè÷åñêîé ñðå-

äû è ïàðàìåòðîâ òåõíîëîãè÷åñêèõ ïðîöåññîâ íà
ïðîèçâîäñòâåííîì îáúåêòå;

� îïðåäåëåíèå ïåðå÷íÿ ïîæàðîîïàñíûõ àâàðèéíûõ
ñèòóàöèé è ïàðàìåòðîâ äëÿ êàæäîãî òåõíîëîãè-
÷åñêîãî ïðîöåññà;

� îïðåäåëåíèå ïåðå÷íÿ ïðè÷èí, âîçíèêíîâåíèå êî-
òîðûõ ïîçâîëÿåò õàðàêòåðèçîâàòü ñèòóàöèþ êàê
ïîæàðîîïàñíóþ, äëÿ êàæäîãî òåõíîëîãè÷åñêîãî
ïðîöåññà;

� ïîñòðîåíèå ñöåíàðèåâ âîçíèêíîâåíèÿ è ðàçâè-
òèÿ ïîæàðîâ [1, ñò. 94].
Èñõîäÿ èç âûøåèçëîæåííîãî ðåøåíû ñëåäóþùèå

çàäà÷è:
� îïðåäåëåíà ýôôåêòèâíîñòü ïðèìåíåíèÿ ïîðîø-

êîâûõ îãíåòóøèòåëåé íà íà÷àëüíîé ñòàäèè òó-
øåíèÿ ïîæàðà ïðîëèâà íåôòåïðîäóêòîâ;

� ðàçðàáîòàíà ìåòîäèêà îöåíêè ïîæàðíîãî ðèñêà ñ
ó÷åòîì ïðèìåíåíèÿ ïîðîøêîâûõ îãíåòóøèòåëåé.

Òåîðèÿ è ðàñ÷åòû

Â ñîîòâåòñòâèè ñ [6] äëÿ êàæäîé ïîæàðîîïàñíîé
ñèòóàöèè íà îáúåêòå ïðèâîäèòñÿ îïèñàíèå ïðè÷èí
åå âîçíèêíîâåíèÿ è ðàçâèòèÿ, ìåñòà åå âîçíèêíîâå-
íèÿ è îïàñíûõ ôàêòîðîâ ïîæàðà, ïðåäñòàâëÿþùèõ
óãðîçó æèçíè è çäîðîâüþ ëþäåé â ìåñòàõ èõ ïðåáû-
âàíèÿ.

Äëÿ îïðåäåëåíèÿ âåëè÷èíû ïîæàðíîãî ðèñêà íå-
îáõîäèìî ïîñòðîèòü ëîãè÷åñêîå äåðåâî ñîáûòèé,
ó÷èòûâàþùåå ìíîãèå ôàêòîðû, íàïðèìåð:
� ïîæàðîîïàñíûå ñèòóàöèè, ïðèâîäÿùèå ê àâàðèÿì

è äàëüíåéøåìó ðàñïðîñòðàíåíèþ ïîæàðà;
� âåðîÿòíîñòè ðàñïðîñòðàíåíèÿ ïîæàðà è ðàçëè÷-

íûå óñëîâèÿ åãî ðàçâèòèÿ â çàâèñèìîñòè îò îêðó-
æàþùåé îáñòàíîâêè;

� óñëîâèÿ, êîòîðûå ïîçâîëÿò ïðåäóñìîòðåòü âîç-
ìîæíûå ñöåíàðèè ðàçâèòèÿ ïîæàðà â çàâèñèìî-
ñòè îò ïðèìåíÿåìûõ ìåð ïî åãî òóøåíèþ.
Ó÷åò ðîëè ïðèìåíåíèÿ îãíåòóøèòåëåé ïðè ðàñ-

÷åòå âåëè÷èíû ïîæàðíîãî ðèñêà íà ïðîèçâîäñòâåí-
íûõ îáúåêòàõ íåîáõîäèìî îñóùåñòâëÿòü íà ýòàïå ïî-
ñòðîåíèÿ ëîãè÷åñêîãî äåðåâà ñîáûòèé.

Ïîäîáíàÿ ìåòîäèêà ïðèìåíÿåòñÿ ïðè ðàñ÷åòå âåëè-
÷èíû ïîæàðíîãî ðèñêà íà îáúåêòàõ çàùèòû ñ íàëè÷è-
åì ñèñòåì àâòîìàòè÷åñêîãî ïîæàðîòóøåíèÿ (ÀÓÏÒ)
[10]. Â ýòîì ñëó÷àå óñëîâíóþ âåðîÿòíîñòü èõ ýôôåê-
òèâíîãî ñðàáàòûâàíèÿ ïðèíèìàþò ðàâíîé 0,8 [10]
áåç ó÷åòà ïðèìåíåíèÿ îãíåòóøèòåëåé.

Òàêèì îáðàçîì, âîçíèêàåò íåîáõîäèìîñòü â îïðå-
äåëåíèè ýôôåêòèâíîñòè ïðèìåíåíèÿ îãíåòóøèòåëåé
Ðýô äëÿ îáåñïå÷åíèÿ òóøåíèÿ ïîæàðà ïðîëèâà íà íà-
÷àëüíîé ñòàäèè. Îíà ìîæåò áûòü îïðåäåëåíà ïî çà-
âèñèìîñòè, íå ïðîòèâîðå÷àùåé çàêîíàì òåîðèè âå-
ðîÿòíîñòè [9–13]:

Ðýô = P1 P2 P3 P4, (1)

ãäå Ð1 — âåðîÿòíîñòü íàõîæäåíèÿ k-ãî êîëè÷åñòâà
îïåðàòîðîâ, ïðèìåíÿþùèõ îãíåòóøèòåëè, ðÿäîì
ñ ìåñòîì àâàðèè;
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Ð2 — âåðîÿòíîñòü óìåíèÿ îïåðàòîðà ïðèìåíÿòü
îãíåòóøèòåëü;
Ð3 — íîðìàòèâíàÿ âåðîÿòíîñòü òóøåíèÿ îãíåòó-
øèòåëåì çàäàííîãî ìîäåëüíîãî î÷àãà ïîæàðà,
îïðåäåëÿåìàÿ â ñîîòâåòñòâèè ñ ï. Â.3.3.6 ÃÎÑÒ
Ð 51057–2001;
Ð4 — âåðîÿòíîñòü òóøåíèÿ âîçãîðàíèÿ.
Âåðîÿòíîñòü òóøåíèÿ ïðîïîðöèîíàëüíà íîðìà-

òèâíîé ïëîùàäè òóøåíèÿ îãíåòóøèòåëåì çàÿâëåííî-
ãî òèïîðàçìåðà (îãíåòóøàùàÿ ñïîñîáíîñòü îãíåòó-
øèòåëÿ) è îáðàòíî ïðîïîðöèîíàëüíà ïîòåíöèàëüíîé
ïëîùàäè ïîæàðà ïðîëèâà, êîòîðóþ ìîæåò ëèêâè-
äèðîâàòü îãíåòóøèòåëü. Îãíåòóøàùàÿ ñïîñîáíîñòü
îïðåäåëÿåòñÿ íà ìîäåëüíûõ î÷àãàõ ïîæàðà è ÿâëÿåò-
ñÿ âåëè÷èíîé ñðàâíèòåëüíîé, ò. å. õàðàêòåðèçóþùåé
îòíîñèòåëüíóþ ýôôåêòèâíîñòü îãíåòóøèòåëåé ðàç-
íûõ òèïîðàçìåðîâ. Ïîýòîìó äëÿ îöåíêè âåðîÿòíîñòè
òóøåíèÿ íåîáõîäèìî ðàññìàòðèâàòü êàæäóþ ñèòóà-
öèþ (ïðîëèâ êàæäîé îáðàùàþùåéñÿ æèäêîñòè) èí-
äèâèäóàëüíî ñ ó÷åòîì ïîòåíöèàëüíîé ïëîùàäè ïî-
æàðà ïðîëèâà, êîòîðóþ âîçìîæíî ëèêâèäèðîâàòü îã-
íåòóøèòåëåì:

P4 = Síîðì �S*, (2)

ãäå Síîðì — ïëîùàäü òóøåíèÿ îãíåòóøèòåëåì, ðàâ-
íàÿ ïëîùàäè ìîäåëüíîãî î÷àãà ïîæàðà (ÃÎÑÒ Ð
51057–2001, [14]), ì2;
S* — ïîòåíöèàëüíàÿ ïëîùàäü ïðîëèâà íåôòå-
ïðîäóêòà, ì2.
Ñ ó÷åòîì ôîðìóëû (2) âûðàæåíèå (1) ïðèìåò âèä:

P P P P S Sýô íîðì� 1 2 3 ( ).* (3)

Ïîòåíöèàëüíóþ ïëîùàäü ïðîëèâà íåôòåïðîäóê-
òà S*, äëÿ òóøåíèÿ êîòîðîé öåëåñîîáðàçíî ïðèìåíÿòü
îãíåòóøèòåëè ñòàíäàðòíîãî òèïîðàçìåðà, ìîæíî âû-
÷èñëèòü ïî ïðåäëîæåííîé àâòîðàìè ôîðìóëå, êîòî-
ðàÿ îïðåäåëåíà ïî îáùåíàó÷íîìó ìåòîäó àíàëèçà ðàç-
ìåðíîñòè [15–19]:

S
m Q V

WQ
* ,�

�

�
��

	



��� çàð ïîð

íèçø

2

3 (4)

ãäå mçàð — ìàññà çàðÿäà îãíåòóøàùåãî ïîðîøêà â
îãíåòóøèòåëå, êã;

¹ ï/ï
No.

Ïîêàçàòåëü
Property

Îáîçíà-
÷åíèå

Identity

Åä. èçì.
Units

Çíà÷åíèå
Value

1 Ïëîùàäü òóøåíèÿ äëÿ îãíåòóøèòåëÿ çàÿâëåííîãî òèïîðàçìåðà
Area suppression for a fire extinguisher of the stated size

Síîðì

Snorm

ì2

m2
2,25

2 Óäåëüíàÿ ìàññîâàÿ ñêîðîñòü âûãîðàíèÿ íåôòåïðîäóêòà
The mass rate of burning out of oil

W êã/(ì2·ñ)
kg/(m2·s)

0,048

3 Ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìåíè
The linear velocity of flame propagation

V ì/ñ
m/s

0,45

4 Íèçøàÿ òåïëîòà ñãîðàíèÿ äèçòîïëèâà
The lowest calorific value of diesel fuel

Qíèçø

Qlow

ÌÄæ/êã
MJ/kg

43

5 Òèïîðàçìåð îãíåòóøèòåëåé
The size of fire extinguishers

– – ÎÏ-5
OP-5

6 Òåïëîïîãëîùåíèå ïîðîøêà
The absorption of the powder

Qïîð

Qpow

ÌÄæ/êã
MJ/kg

3,3

7 Âåðîÿòíîñòü íàõîæäåíèÿ îïåðàòîðà íà îáúåêòå çàùèòû
The probability of finding the operator on the object of protection

Ð1 – 1,00*

8 Âåðîÿòíîñòü óìåíèÿ îïåðàòîðà ïðèìåíÿòü îãíåòóøèòåëü
The probability of the ability to use a fire extinguisher by the operator

Ð2 – 1,00**

9 Íîðìàòèâíàÿ âåðîÿòíîñòü òóøåíèÿ îãíåòóøèòåëåì çàäàííîãî ìîäåëüíîãî
î÷àãà ïîæàðà
Normative probability of extinguishing a fire extinguisher of a given model of fire

Ð3 – 1/3***

10 Ìàññà çàðÿäà îãíåòóøàùåãî ïîðîøêà â îäíîì îãíåòóøèòåëå
The weight of the charge of fire extinguishing powder within the extinguisher

m êã
kg

5

* Ñ ó÷åòîì êðóãëîñóòî÷íîé ðàáîòû íàñîñíîé ñòàíöèè / Given the round-the-clock operation of the pump station.
** Âñå ñîòðóäíèêè îáó÷åíû ïðèìåíåíèþ îãíåòóøèòåëåé / All staff is trained in the use of fire extinguishers.

*** Ïî ÃÎÑÒ Ð 51057–2001, ï. Â.3.3.6 / State standard of the Russian Federation 51057–2001, par. V.3.3.6.

Ï ð è ì å ÷ à í è å . Âñå çíà÷åíèÿ ïðèâåäåíû â ñîîòâåòñòâèè ñ îïóáëèêîâàííûìè äàííûìè.
N o t e . All values are given in accordance with the published data.

Èñõîäíûå äàííûå äëÿ ðàñ÷åòà ýôôåêòèâíîñòè ïðèìåíåíèÿ îãíåòóøèòåëåé äëÿ ãèïîòåòè÷åñêîãî îáúåêòà

Data for calculation of efficiency of the use of fire extinguishers for a hypothetical object
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Qïîð — êîëè÷åñòâî òåïëîòû, îòíèìàåìîå îãíå-
òóøàùèì ïîðîøêîì èç çîíû ãîðåíèÿ, Äæ/êã;
V — ëèíåéíàÿ ñêîðîñòü ðàñïðîñòðàíåíèÿ ïëàìå-
íè ïî íåôòåïðîäóêòó, ì/ñ;
W — ìàññîâàÿ ñêîðîñòü èñïàðåíèÿ íåôòåïðî-
äóêòà, êã/(ì2·ñ);
Qíèçø — íèçøàÿ òåïëîòà ñãîðàíèÿ íåôòåïðîäóê-
òà, Äæ/êã.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ñ èñïîëüçîâàíèåì ôîðìóë (1)–(4) îïðåäåëåí ïî-
òåíöèàëüíûé ðèñê äëÿ ãèïîòåòè÷åñêîãî îáúåêòà çà-
ùèòû, â êà÷åñòâå êîòîðîãî ïðèíÿòà íàñîñíàÿ ñòàí-
öèÿ ïî ïåðåêà÷êå äèçåëüíîãî òîïëèâà.

Èñõîäíûå äàííûå äëÿ ðàñ÷åòîâ ñâåäåíû â òàá-
ëèöó.

Ïëîùàäü ïðîëèâà íåôòåïðîäóêòà, íà êîòîðîé öå-
ëåñîîáðàçíî ïðèìåíÿòü îãíåòóøèòåëü èìåþùåãîñÿ
òèïîðàçìåðà, âû÷èñëåííàÿ ïî ôîðìóëå (4), ñîñòàâ-
ëÿåò:

S * ,
, ,

,
,�


 




�
�
�

	


� �314

5 3 3 0 45
0 048 43

3 43
2

3 ì2.

Ñ ó÷åòîì çíà÷åíèé, ïîëó÷åííûõ â ðåçóëüòàòå âû-
÷èñëåíèé ïî ôîðìóëå (4), ýôôåêòèâíîñòü ïðèìå-
íåíèÿ îãíåòóøèòåëåé ïðè òóøåíèè ïðîëèâà íåôòå-
ïðîäóêòîâ â íàñîñíîé ñòàíöèè ïî ôîðìóëå (3) ñî-
ñòàâèò:

Ðýô � 
 
 
 �1 1
1
3

2 25
3 43

0 22
,
,

, .

Èñõîäÿ èç èìåþùèõñÿ äàííûõ, ïîñòðîåíî ëîãè-
÷åñêîå äåðåâî ñîáûòèé äëÿ äâóõ ñöåíàðèåâ: 1) ñ ïðè-
ìåíåíèåì îãíåòóøèòåëåé (ðèñ. 1); 2) áåç èõ ïðèìå-
íåíèÿ (ðèñ. 2).

Ïî ïîëó÷åííûì äàííûì îïðåäåëåíà âåëè÷èíà
ïîòåíöèàëüíîãî ïîæàðíîãî ðèñêà äëÿ êàæäîãî ñöå-
íàðèÿ ïî ôîðìóëå [6]:

P Q Qi j

j

j

dij� 

�

�
1

,

ãäå j — ÷èñëî ñöåíàðèåâ âîçíèêíîâåíèÿ ïîæàðà â
çäàíèè;

Qj — ÷àñòîòà ðåàëèçàöèè â òå÷åíèå ãîäà j-ãî ñöå-
íàðèÿ ïîæàðà, ãîä–1;
Qdij — óñëîâíàÿ âåðîÿòíîñòü ïîðàæåíèÿ ÷åëîâå-
êà ïðè åãî íàõîæäåíèè â i-ì ïîìåùåíèè ïðè ðå-
àëèçàöèè j-ãî ñöåíàðèÿ ïîæàðà [6].
Äëÿ ðàñ÷åòíîé àâàðèè ïðèíÿòà ÷àñòîòà ðàçãåð-

ìåòèçàöèè íàñîñà, ðàâíàÿ 1,0 
 10–4 ãîä–1 (ñîãëàñíî
òàáë. Ï 1.1 â [6]), ò. å. ïðîèçîøëî ïîëíîå ðàçðóøå-
íèå íàñîñà, ïåðåêà÷èâàþùåãî äèçåëüíîå òîïëèâî,
à óñëîâíàÿ âåðîÿòíîñòü ïîðàæåíèÿ ÷åëîâåêà Qdij =
= 1,00. Òîãäà ïîòåíöèàëüíûé ðèñê áóäåò ñîñòàâëÿòü:
� äëÿ ñöåíàðèÿ ñ ïðèìåíåíèåì îãíåòóøèòåëåé:

Pîãí = 9,5 
 10–7 ãîä–1;

� äëÿ ñöåíàðèÿ áåç ïðèìåíåíèÿ îãíåòóøèòåëåé:

Pá/îãí = 12,2 
 10–7 ãîä–1.

Ðàçíèöà â âåëè÷èíå ïîòåíöèàëüíîãî ðèñêà ñî-
ñòàâèò:

�P = Pá/îãí – Pîãí =

= 12,2 
 10–7 – 9,5 
 10–7 = 2,7 
 10–7 ãîä–1.

Ñëåäîâàòåëüíî, âåëè÷èíà èíäèâèäóàëüíîãî ïî-
æàðíîãî ðèñêà Rm ïðÿìî ïðîïîðöèîíàëüíà ïîòåíöè-
àëüíîìó ðèñêó P. Îòíîñèòåëüíîå èçìåíåíèå âåëè-
÷èíû èíäèâèäóàëüíîãî ïîæàðíîãî ðèñêà ïðè ïðè-
ìåíåíèè è áåç ïðèìåíåíèÿ îãíåòóøèòåëåé áóäåò
ñîñòàâëÿòü:

R R

R

m m

m

( ) ( )

( )

, % .
á /îãí îãí

á /îãí

�
� 22 1

Çàêëþ÷åíèå

Ïðåäñòàâëåííûå â ñòàòüå äàííûå ñâèäåòåëüñò-
âóþò î òîì, ÷òî ïðèìåíåíèå ïîðîøêîâûõ îãíåòó-
øèòåëåé ìîæåò îêàçàòü ñóùåñòâåííîå âëèÿíèå (ïî-
ðÿäêà 20 %) íà ðàñ÷åòíóþ âåëè÷èíó ïîæàðíîãî
ðèñêà. Â ñâÿçè ñ ýòèì íåîáõîäèìî ó÷èòûâàòü èõ
ïðèìåíåíèå ïðè ðàñ÷åòàõ ïîæàðíîãî ðèñêà íà ïðî-
èçâîäñòâåííûõ îáúåêòàõ ñ æèäêèìè ìîòîðíûìè
òîïëèâàìè, äëÿ êîòîðûõ ïðåäóñìîòðåíî îñíàùåíèå
ïîðîøêîâûìè îãíåòóøèòåëÿìè.
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ABSTRACT

Under this science article took place an analysis of the usage of powder fire extinguishers in the calcu-
lation of fire risk and the conduct of a quantitative analysis of the risk of accidents at hazardous
production facilities in the Russian Federation and in foreign countries. Based on above mentioned
analysis method of calculation fire risk is offered. That method taking into account the usage of
powder fire extinguishers at production facilities of the oil and gas complexes, where flammable and
combustible liquids, with a flash point higher than the ambient temperature. The method is based on
the determination of the useful effect of the usage of powder fire extinguishers in the potential area of
the oil spill, where it is suitable to use the specified type of fire extinguishers.

The article provide an example of determining the potential risk at a pumping station for deliver
diesel fuel, taking into account the application and without it.

The object of the research is the effectiveness of the usage of powder fire extinguishers in
extinguishing fires in oil product spills at oil and gas production facilities.

The subject of the research is improvement of the fire risk calculation methodology taking into
account the effectiveness of the usage of powder fire extinguishers at the production facilities of
the oil and gas complex.

Methods. The general scientific methods of research (system analysis, probability theory, heat
exchange, formalization, statistics and analogy) are applied when the work is performing.

Results:
1. Through the article the effectiveness of the usage of powder fire extinguishers to extinguish

the fire of the spill of oil products at the initial stage of its development is determined.
2. Amethodology for assessing fire risk at production facilities of the oil and gas complex has been

developed, taking into account the use of powder fire extinguishers.
Scope of application of the results: the results obtained make it possible to increase the reliability

of the safety assessment of oil and gas facilities by taking into account the effectiveness of powder fire
extinguishers in case changes are made in legal acts and methods for calculating fire risk.

Conclusions. The application of the proposed methodology for calculating fire risk, considering
the usage of powder extinguishers at oil and gas facilities, increases the objectivity of fire hazard
analysis of protection facilities, which is justified by calculating the contribution from the use of fire
extinguishers in calculating fire risk.

Keywords: fire risk; fire extinguisher; efficiency of fire extinguishers; oil and gas facilities; safety.
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ÌÅÒÎÄ ÎÖÅÍÊÈ ÄÎÑÒÎÂÅÐÍÎÑÒÈ
ÊÎËÈ×ÅÑÒÂÅÍÍÎÃÎ ÀÍÀËÈÇÀ ÐÈÑÊÀ
ÍÀ ÎÁÚÅÊÒÀÕ ÍÅÔÒÅÃÀÇÎÂÎÉ ÎÒÐÀÑËÈ

Èññëåäîâàíû ñóùåñòâóþùèå ïðàêòè÷åñêèå ìåòîäû îöåíêè äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíà-
ëèçà ðèñêîâ íà îáúåêòàõ íåôòåãàçîâîé îòðàñëè. Ïðåäëîæåíî èñïîëüçîâàòü ìåòîä, îñíîâàííûé
íà îáåñïå÷åíèè êà÷åñòâà ñàìîãî ïðîöåññà àíàëèçà ðèñêà. Âûÿâëåíû ôàêòîðû, îáåñïå÷èâàþùèå
êà÷åñòâî ïðîöåññà àíàëèçà ðèñêà íà îáúåêòàõ íåôòåãàçîâîé îòðàñëè. Ïðåäñòàâëåí ìåòîä îöåíêè
äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà, îñíîâàííûé íà ïðèìåíåíèè íàèâíîãî áàéåñîâ-
ñêîãî êëàññèôèêàòîðà. Ïðåäëîæåí ïîäõîä ê îöåíêå êà÷åñòâà ðàáîòû ñàìîãî êëàññèôèêàòîðà,
îñíîâàííûé íà ïåðåêðåñòíîé ïðîâåðêå ñ ïîñëåäîâàòåëüíûì èñêëþ÷åíèåì îäíîãî ýêçåìïëÿðà
äàííûõ îáó÷åíèÿ.

Êëþ÷åâûå ñëîâà: êîëè÷åñòâåííûé àíàëèç ðèñêà; äîñòîâåðíîñòü; íàäåæíîñòü; íàèâíûé áàéåñîâ-
ñêèé êëàññèôèêàòîð; äàííûå îáó÷åíèÿ; ðèñê.

DOI: 10.18322/PVB.2018.27.01.35-49

Ââåäåíèå

Êîëè÷åñòâåííûé àíàëèç ðèñêîâ äëÿ ïîääåðæêè ïðè-
íÿòèÿ ðåøåíèé, ñâÿçàííûõ ñ áåçîïàñíîñòüþ [1–3],
øèðîêî ïðèìåíÿåòñÿ â ðàçëè÷íûõ îáëàñòÿõ, íàïðè-
ìåð â õèìè÷åñêîé ïðîìûøëåííîñòè [4], àòîìíîé
ïðîìûøëåííîñòè [5, 6], íà ìàãèñòðàëüíîì òðóáîïðî-
âîäíîì òðàíñïîðòå [7] è ò. ï. Îñîáûé èíòåðåñ ïðåä-
ñòàâëÿþò âîïðîñû àíàëèçà è îöåíêè ðèñêîâ íà îñîáî
îïàñíûõ îáúåêòàõ íåôòåãàçîâîé ïðîìûøëåííîñòè
êàê íà ñòàäèè ïðîåêòèðîâàíèÿ, òàê è â ïðîöåññå ýêñ-
ïëóàòàöèè [8–10]. È â ðîññèéñêîé, è â ìåæäóíàðîä-
íîé ïðàêòèêå ðàçðàáîòàíû ðàçëè÷íûå ìåòîäû äëÿ
êîëè÷åñòâåííîãî àíàëèçà ðèñêîâ [11, 12].

Â òî æå âðåìÿ ñóùåñòâóþò ïðîáëåìû, ñâÿçàííûå
ñ îöåíêîé äîñòîâåðíîñòè ðåçóëüòàòîâ, ïîëó÷åííûõ
ïðè êîëè÷åñòâåííîì àíàëèçå ðèñêîâ. Îñòàåòñÿ îòêðû-
òûì âîïðîñ, â êàêîé ñòåïåíè ëèöî, ïðèíèìàþùåå
ðåøåíèå (ËÏÐ), ìîæåò äîâåðÿòü ïîëó÷åííûì ðåçóëü-
òàòàì. Ýòîò âîïðîñ èìååò ïåðâîñòåïåííîå çíà÷åíèå
â ïðàêòèêå ïðîåêòèðîâàíèÿ è ýêñïëóàòàöèè îáúåê-
òîâ íåôòåãàçîâîé îòðàñëè. Òîëüêî äîñòîâåðíûå è
íàäåæíûå ðåçóëüòàòû, ïîëó÷åííûå â ïðîöåññå êîëè-

÷åñòâåííîãî àíàëèçà ðèñêîâ, ìîãóò áûòü ïîëåçíû
äëÿ ïîääåðæêè ïðèíÿòèÿ ðåøåíèé.

Äàííàÿ ñîâîêóïíîñòü ôàêòîðîâ îïðåäåëèëà àê-
òóàëüíîñòü ïðîâîäèìûõ èññëåäîâàíèé, à öåëü íà-
ñòîÿùåé ðàáîòû ñîñòîèò â ïîâûøåíèè îáúåêòèâíî-
ñòè ïðè îöåíêå äîñòîâåðíîñòè ðåçóëüòàòîâ êîëè÷å-
ñòâåííîãî àíàëèçà ðèñêà íà îáúåêòàõ íåôòåãàçîâîé
îòðàñëè. Äîñòèæåíèå äàííîé öåëè ïðåäïîëàãàåò ðå-
øåíèå çàäà÷è àíàëèçà ñóùåñòâóþùèõ ïîäõîäîâ ê
îöåíêå, âûÿâëåíèÿ èõ äîñòîèíñòâ è íåäîñòàòêîâ,
à òàêæå íåïîñðåäñòâåííî ðàçðàáîòêè ôîðìàëüíîãî
è êîëè÷åñòâåííîãî ìåòîäà îöåíêè äîñòîâåðíîñòè ðå-
çóëüòàòîâ êîëè÷åñòâåííîãî àíàëèçà ðèñêà.

Àíàëèç ïîäõîäîâ ê îöåíêå
äîñòîâåðíîñòè ðåçóëüòàòîâ

êîëè÷åñòâåííîãî àíàëèçà ðèñêà

Âîïðîñû îöåíêè äîñòîâåðíîñòè ðåçóëüòàòîâ êî-
ëè÷åñòâåííîãî àíàëèçà ðèñêîâ áûëè ðàññìîòðåíû â
ðàáîòàõ [9, 13, 14]. Èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñó-
ùåñòâóþùèå ìåòîäû îöåíêè äîñòîâåðíîñòè êîëè-

© Ìàòâååâ À. Â., Ìàêñèìîâ À. Â., Ùåðáàêîâ Î. Â., Ñìèðíîâ À. Ñ., 2018
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÷åñòâåííîãî àíàëèçà ðèñêîâ ìîãóò áûòü â öåëîì ðàç-
äåëåíû íà ÷åòûðå ãðóïïû, â îñíîâå êîòîðûõ ëåæèò:

1) ñðàâíåíèå ñ êîíòðîëüíûìè ïàðàìåòðàìè (ñðàâ-
íåíèå ñ ýòàëîíîì);

2) ïðîâåðêà â ðåàëüíûõ óñëîâèÿõ (ýêñïåðèìåíò
ñ ðåàëüíûì îáúåêòîì íåôòåãàçîâîé îòðàñëè èëè
ñðàâíåíèå ñî ñòàòèñòè÷åñêèìè äàííûìè);

3) íåçàâèñèìàÿ ýêñïåðòíàÿ îöåíêà;
4) îáåñïå÷åíèå êà÷åñòâà ïðè àíàëèçå ðèñêîâ.
Ìåòîäû ïåðâîé ãðóïïû îñíîâàíû íà ñðàâíåíèè

íåñêîëüêèõ ðåçóëüòàòîâ, ïîëó÷åííûõ ïðè ïðîâåäå-
íèè ïàðàëëåëüíûõ àíàëèçîâ ðèñêîâ äëÿ îïðåäåëå-
íèÿ äîñòîâåðíîñòè. Êàê ïðàâèëî, ïðè ñîïîñòàâëå-
íèè ðàññìàòðèâàþòñÿ äâà êðèòåðèÿ — íàäåæíîñòü
è äîñòîâåðíîñòü [14]. Íàïðèìåð, äîñòîâåðíîñòü êî-
ëè÷åñòâåííîãî àíàëèçà ðèñêîâ íà õðàíèëèùå àì-
ìèàêà îöåíèâàåòñÿ ïóòåì ñðàâíåíèÿ ñåìè êîíòðîëü-
íûõ ïàðàìåòðîâ [15].

Âòîðàÿ ãðóïïà ìåòîäîâ ïðîâåðêè äîñòîâåðíî-
ñòè ïðåäïîëàãàåò îöåíêó äîñòîâåðíîñòè ðåçóëüòà-
òîâ, ïîëó÷åííûõ ïðè êîëè÷åñòâåííîì àíàëèçå ðèñ-
êà, ïóòåì ñðàâíåíèÿ èõ ñ ðåàëüíûìè äàííûìè ëèáî
ñî ñòàòèñòè÷åñêèìè äàííûìè, êàñàþùèìèñÿ ðàáî-
òû èññëåäóåìîé ñèñòåìû èëè ïðîöåññà. Òèïè÷íûé
ïðèìåð ïðåäñòàâëåí â [16], ãäå ñòàòèñòè÷åñêèå äàí-
íûå î ðåàëüíûõ àâàðèÿõ è ïðîèñøåñòâèÿõ ñðàâíè-
âàþòñÿ ñ èíäåêñàìè ðèñêà, ðàññ÷èòàííûìè ïðè èñ-
ïîëüçîâàíèè êîíêðåòíîãî ìåòîäà êîëè÷åñòâåííîãî
àíàëèçà ðèñêà.

Â íåçàâèñèìûõ ìåòîäàõ ýêñïåðòíîé îöåíêè ïðî-
öåññ êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà îáúåêòàõ
íåôòåãàçîâîé îòðàñëè è åãî ðåçóëüòàòû ðàññìàòðè-
âàþòñÿ íåçàâèñèìûìè ýêñïåðòàìè, êîòîðûå îöåíè-
âàþò èõ, îñíîâûâàÿñü íà ðÿäå çàðàíåå îïðåäåëåííûõ
òðåáîâàíèé ê êà÷åñòâó, è îïðåäåëÿþò òàêèì îáðà-
çîì íàäåæíîñòü êîëè÷åñòâåííîãî àíàëèçà ðèñêà.

Ìåòîäû îáåñïå÷åíèÿ êà÷åñòâà ïðåäïîëàãàþò
êîíòðîëü êà÷åñòâà â êàæäîé ôàçå ïðîöåññà êîëè÷å-
ñòâåííîãî àíàëèçà ðèñêà, ÷òî â öåëîì îáåñïå÷èâàåò
êà÷åñòâî âñåãî ïðîöåññà àíàëèçà ðèñêà [14]. Èìåí-
íî ïðèìåíåíèå äàííîãî ïîäõîäà äàåò äîñòîâåðíûå
è íàäåæíûå ðåçóëüòàòû îöåíêè ðèñêà. Íàïðèìåð,
àâòîðû [17] îáîáùèëè îáùèå íåäîñòàòêè íà êàæäîì
ýòàïå ïðîöåññà êîëè÷åñòâåííîãî àíàëèçà ðèñêà è
ðàçðàáîòàëè ïîäõîä, îñíîâàííûé íà êîíòðîëüíûõ
ñïèñêàõ, äëÿ îáåñïå÷åíèÿ åãî êà÷åñòâà.

Ñðåäè ÷åòûðåõ ðàññìîòðåííûõ ãðóïï ìåòîäû
ïåðâûõ äâóõ îñíîâûâàþòñÿ íà èñïîëüçîâàíèè ðåò-
ðîñïåêòèâíûõ äàííûõ, ò. å. îöåíêè äîñòîâåðíîñòè
óñòàíàâëèâàþòñÿ â îñíîâíîì ïóòåì ñîïîñòàâëåíèÿ
êîíå÷íûõ ðåçóëüòàòîâ àíàëèçà ñ ðåçóëüòàòàìè óæå
àïðîáèðîâàííûõ è äîñòîâåðíûõ ìåòîäîâ èëè èìå-
þùèìèñÿ ñòàòèñòè÷åñêèìè äàííûìè ïî îáúåêòàì
íåôòåãàçîâîé îòðàñëè. Ìåòîäû, îñíîâàííûå íà íå-
çàâèñèìîé ýêñïåðòíîé îöåíêå è îáåñïå÷åíèè êà÷å-

ñòâà ïðè àíàëèçå ðèñêîâ, íàïðîòèâ, ÿâëÿþòñÿ ïðîàê-
òèâíûìè â òîì ñìûñëå, ÷òî âìåñòî ïðÿìîé îöåíêè
êîíå÷íûõ ðåçóëüòàòîâ îíè îöåíèâàþò ñòðóêòóðó è
ïîòåíöèàëüíûå âîçìîæíîñòè ñàìîãî ïðîöåññà êî-
ëè÷åñòâåííîãî àíàëèçà ðèñêà (ñ òî÷êè çðåíèÿ åãî êà-
÷åñòâà).

Ïåðâûå äâå ãðóïïû ìåòîäîâ â íåêîòîðîì ñìûñëå
ïðåäïî÷òèòåëüíåå ïî ïðè÷èíå òîãî, ÷òî îíè áîëåå
îáúåêòèâíû, ïîñêîëüêó ïîçâîëÿþò îöåíèâàòü äîñòî-
âåðíîñòü ðåçóëüòàòîâ àíàëèçà íåïîñðåäñòâåííî ïóòåì
ñðàâíåíèÿ ñ èìåþùèìèñÿ îáúåêòèâíûìè äàííûìè.
Îäíàêî ñóùåñòâóåò äâà îñíîâíûõ íåäîñòàòêà, êîòî-
ðûå ìîãóò îãðàíè÷èòü ïðèìåíèìîñòü äàííûõ ìåòî-
äîâ. Âî-ïåðâûõ, ýòè ìåòîäû î÷åíü ÷àñòî ñëîæíî ðå-
àëèçîâàòü èç-çà òðåáîâàíèé ê îïðåäåëåííîìó îáúåìó
ðåòðîñïåêòèâíîé ñòàòèñòè÷åñêîé èíôîðìàöèè èëè
ê íàëè÷èþ äîñòîâåðíûõ è íàäåæíûõ ðåçóëüòàòîâ
ïðè èñïîëüçîâàíèè äðóãèõ àïðîáèðîâàííûõ ïðî-
öåäóð êîëè÷åñòâåííîãî àíàëèçà ðèñêà. Âî-âòîðûõ,
ýòè ìåòîäû ïðè àíàëèçå ðèñêîâ ïîçâîëÿþò ó÷èòû-
âàòü äàííûå òîëüêî ïî óæå ðåàëèçîâàííûì ôàêòî-
ðàì, ïðèâîäÿùèì ê àâàðèÿì è íåøòàòíûì ñèòóàöè-
ÿì íà îáúåêòàõ. Â ýòèõ óñëîâèÿõ îãðàíè÷èâàåòñÿ
âîçìîæíîñòü ñîâåðøåíñòâîâàíèÿ ïðîöåññà êîëè÷å-
ñòâåííîãî àíàëèçà ðèñêà â öåëÿõ ïîâûøåíèÿ äîñòî-
âåðíîñòè è íàäåæíîñòè ïóòåì âêëþ÷åíèÿ â ïðîöåññ
àíàëèçà êàêèõ-òî íîâûõ ôàêòîðîâ ðèñêà è ÿâëåíèé,
ïî êîòîðûì ôàêòè÷åñêè îòñóòñòâóþò ñòàòèñòè÷åñêèå
äàííûå [18]. Â ñâÿçè ñ ýòèì ïðåäëîæåíî àêöåíò â
ïðîâîäèìûõ èññëåäîâàíèÿõ ñäåëàòü íà òàê íàçûâà-
åìûõ ïðîàêòèâíûõ (óïðåæäàþùèõ) ìåòîäàõ êîëè-
÷åñòâåííîãî àíàëèçà ðèñêà.

Â äàííûõ ìåòîäàõ äîñòîâåðíîñòü îöåíèâàåòñÿ
(ôàêòè÷åñêè ïðîãíîçèðóåòñÿ) íà îñíîâå âîçìîæíî-
ñòåé (ñ òî÷êè çðåíèÿ êà÷åñòâà) ïðîöåññà êîëè÷åñò-
âåííîãî àíàëèçà ðèñêà íà îáúåêòàõ íåôòåãàçîâîé
îòðàñëè. Ïðè ðàçðàáîòêå òàêèõ ìåòîäîâ âîçíèêàåò
äâà ãëàâíûõ âîïðîñà:
� êàê îöåíèòü ïîòåíöèàëüíûå âîçìîæíîñòè (ñ òî÷-

êè çðåíèÿ êà÷åñòâà) ïðîöåññà êîëè÷åñòâåííîãî
àíàëèçà ðèñêà;

� êàê ñîîòíåñòè äîñòîâåðíîñòü êîëè÷åñòâåííîãî
àíàëèçà ðèñêà ñ åãî ïîòåíöèàëüíûìè âîçìîæíî-
ñòÿìè?
Â ëèòåðàòóðå äîâîëüíî ïîäðîáíî èçó÷åí ïåðâûé

âîïðîñ: îñíîâíûå ôàêòîðû, âëèÿþùèå íà êà÷åñòâî
ïðîöåññà êîëè÷åñòâåííîãî àíàëèçà ðèñêà, ðàññìîò-
ðåíû, íàïðèìåð, â ðàáîòå [12]. Âòîðîìó âîïðîñó â
íàó÷íîé ëèòåðàòóðå óäåëåíî çíà÷èòåëüíî ìåíüøå
âíèìàíèÿ. Â áîëüøèíñòâå ñóùåñòâóþùèõ èññëå-
äîâàíèé (íàïðèìåð, [19]) ñîîòíîøåíèå ìåæäó äî-
ñòîâåðíîñòüþ è êà÷åñòâîì ïðîöåññà àíàëèçà ðèñêà
îöåíèâàåòñÿ ïî ïðèíöèïó “÷åðíîãî ÿùèêà”, ò. å.
íå ðàññìàòðèâàåòñÿ âíóòðåííÿÿ ñòðóêòóðà ïðîöåñ-
ñà àíàëèçà, à ïðîâîäèòñÿ ëèøü àíêåòèðîâàíèå ýêñ-
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ïåðòîâ, â ðåçóëüòàòå êîòîðîãî îñóùåñòâëÿåòñÿ ðàí-
æèðîâàíèå çíà÷èìîñòè êàæäîãî îòäåëüíîãî ýëåìåíòà
(çàäà÷è) ïðîöåññà àíàëèçà. Íà îñíîâå ïîëó÷åííûõ
ðåçóëüòàòîâ äàåòñÿ îöåíêà äîñòîâåðíîñòè ðåçóëü-
òàòîâ àíàëèçà ðèñêà. Êàê ïðàâèëî, îíà ôîðìèðóåòñÿ
íà îñíîâå ïðîñòîé ïðîöåäóðû, îñíîâàííîé íà îöåí-
êå ñîãëàñîâàííîñòè ìíåíèé ýêñïåðòîâ ïî êàæäîìó
èç êðèòåðèåâ è ñðàâíåíèè êîëè÷åñòâà ñîãëàñîâàí-
íûõ êðèòåðèåâ êà÷åñòâà ñ îïðåäåëåííûì ïîðîãî-
âûì çíà÷åíèåì. Òàêîé ïðîöåññ îáëàäàåò âûñîêîé
ñòåïåíüþ ñóáúåêòèâèçìà è íåïðîçðà÷åí â ïëàíå
ôîðìèðîâàíèÿ âûâîäîâ îá îöåíêå äîñòîâåðíîñòè
ðåçóëüòàòîâ àíàëèçà [18]. Äëÿ ïîâûøåíèÿ îáúåê-
òèâíîñòè ïðè îöåíêå äîñòîâåðíîñòè íåîáõîäèì
ôîðìàëüíûé è êîëè÷åñòâåííûé ìåòîä, ðàçðàáîòêà
êîòîðîãî è ñîñòàâëÿåò öåëü èññëåäîâàíèé, ïðåä-
ñòàâëåííûõ â íàñòîÿùåé ñòàòüå.

Ôàêòè÷åñêè îöåíêà äîñòîâåðíîñòè ìîæåò ðàñ-
ñìàòðèâàòüñÿ êàê ïðîáëåìà ðàñïîçíàâàíèÿ îáðàçîâ,
îñíîâàííîãî íà ïðåöåäåíòàõ [20]. Ðåøåíèå äàííîé
çàäà÷è ïðåäëàãàåòñÿ îñóùåñòâëÿòü ïóòåì ïîñòðîå-
íèÿ êëàññèôèêàòîðà, ÿâëÿþùåãîñÿ îòîáðàæåíèåì
õàðàêòåðèñòèê è ïîòåíöèàëüíûõ âîçìîæíîñòåé ïðî-
öåññà êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà ïîêàçàòåëü
äîñòîâåðíîñòè åãî ðåçóëüòàòîâ è îñíîâàííîãî íà
íàáîðå äàííûõ îáó÷åíèÿ, êîòîðûå ïðåäâàðèòåëüíî
îöåíèâàþòñÿ ýêñïåðòàìè. Äëÿ ðåøåíèÿ çàäà÷è êëàñ-
ñèôèêàöèè ïðåäëàãàåòñÿ èñïîëüçîâàòü íàèâíûé
áàéåñîâñêèé êëàññèôèêàòîð (ÍÁÊ) äëÿ ôîðìàëüíîé
è êîëè÷åñòâåííîé îöåíêè äîñòîâåðíîñòè è íàäåæ-
íîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà.

ÍÁÊ — ïðîñòîé, íî äîñòàòî÷íî ýôôåêòèâíûé
êëàññèôèêàòîð, øèðîêî ïðèìåíÿåìûé â ïðèëîæå-
íèÿõ ìàøèííîãî îáó÷åíèÿ [21], íàïðèìåð äëÿ êëàñ-
ñèôèêàöèè òåêñòà [22]. Äàííûé êëàññèôèêàòîð
îñíîâàí íà èñïîëüçîâàíèè òåîðåìû Áàéåñà ñî ñòðî-
ãèìè (íàèâíûìè) ïðåäïîëîæåíèÿìè î íåçàâèñèìî-
ñòè ïðèçíàêîâ. Â çàâèñèìîñòè îò òî÷íîé ïðèðîäû
âåðîÿòíîñòíîé ìîäåëè ÍÁÊ ìîæåò îáó÷àòüñÿ î÷åíü
ýôôåêòèâíî. Âî ìíîãèõ ïðàêòè÷åñêèõ ïðèëîæåíè-
ÿõ äëÿ îöåíêè ïàðàìåòðîâ äëÿ íàèâíûõ áàéåñîâûõ
ìîäåëåé èñïîëüçóþò ìåòîä ìàêñèìàëüíîãî ïðàâäî-
ïîäîáèÿ. Íåñìîòðÿ íà íàèâíûé âèä è, íåñîìíåííî,
î÷åíü óïðîùåííûå óñëîâèÿ, ÍÁÊ ÷àñòî çíà÷èòåëü-
íî ýôôåêòèâíåå ïðè ðåøåíèè ìíîãèõ ñëîæíûõ ïðè-
êëàäíûõ çàäà÷. Äîñòîèíñòâîì ÍÁÊ ÿâëÿåòñÿ ñðàâíè-
òåëüíî íåáîëüøîå êîëè÷åñòâî äàííûõ äëÿ îáó÷åíèÿ,
íåîáõîäèìûõ äëÿ îöåíêè ïàðàìåòðîâ, òðåáóåìûõ
äëÿ êëàññèôèêàöèè.

Ñëåäóåò îòìåòèòü, ÷òî â ðåøåíèè ïîñòàâëåííîé
çàäà÷è îöåíêè êà÷åñòâà ðåçóëüòàòîâ êîëè÷åñòâåííî-
ãî àíàëèçà ðèñêà êëàññèôèêàòîð èñïîëüçóåòñÿ íå íà-
ïðÿìóþ äëÿ îöåíêè êà÷åñòâà, à ñêîðåå, êàê èíñòðó-
ìåíò äëÿ ïîñòðîåíèÿ êðèòåðèåâ îöåíêè, íà îñíî-

âå êîòîðûõ îïðåäåëÿþòñÿ äîñòîâåðíîñòü è íàäåæ-
íîñòü.

Òåîðåòè÷åñêèå îñíîâû îöåíêè
äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà
ðèñêà íà îáúåêòàõ íåôòåãàçîâîé îòðàñëè

1. Ñòðóêòóðà îöåíêè

Ðàññìîòðèì ïðåäëàãàåìûé ïîäõîä ê îöåíêå äî-
ñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà îñíî-
âå êëàññèôèêàöèè ñ èñïîëüçîâàíèåì ÍÁÊ. Ïóñòü D —
ïîêàçàòåëü äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëè-
çà ðèñêà. Ïðåäïîëàãàåì, ÷òî D îïðåäåëÿåòñÿ êà÷åñò-
âîì ïðîöåññà àíàëèçà ðèñêà. Òèïîâîé ïðîöåññ êîëè-
÷åñòâåííîãî àíàëèçà ðèñêà ìîæíî óñëîâíî ðàçáèòü
íà âîñåìü ïîäïðîöåññîâ [23] (ðèñ. 1). Êà÷åñòâåííîå
âûïîëíåíèå êàæäîãî èç äàííûõ ïîäïðîöåññîâ ÿâëÿ-
åòñÿ íåîáõîäèìûì óñëîâèåì äëÿ îáåñïå÷åíèÿ êà÷å-
ñòâà âñåãî ïðîöåññà àíàëèçà ðèñêà â öåëîì. Ïðåä-
ëàãàåìàÿ ñòðóêòóðà îöåíêè äîñòîâåðíîñòè êàæäîãî
èç ïîäïðîöåññîâ êîëè÷åñòâåííîãî àíàëèçà ðèñêà
ïðåäñòàâëåíà íà ðèñ. 2.

Äîñòîâåðíîñòü è íàäåæíîñòü êîëè÷åñòâåííî-
ãî àíàëèçà ðèñêà ôîðìèðóþòñÿ ïîä âîçäåéñòâèåì
ñëåäóþùèõ ïÿòè áàçîâûõ êðèòåðèåâ (ïðèçíàêîâ) xi

(i = 1, …, 5):
� ïîëíîòà ó÷åòà âñåõ îïàñíûõ ôàêòîðîâ x1;
� ïîëíîòà îõâàòà ïîòåíöèàëüíûõ ñöåíàðèåâ àâà-

ðèé x2;
� öåëåñîîáðàçíîñòü ïðèìåíåíèÿ êîíêðåòíûõ ìå-

òîäîâ àíàëèçà x3;
� äîñòîâåðíîñòü è òî÷íîñòü ñîâîêóïíîñòè èñõîä-

íûõ äàííûõ x4;
� òî÷íîñòü èñïîëüçóåìûõ ìåòîäîâ ïðè ðàñ÷åòå ïî-

êàçàòåëåé ðèñêà x5.
Äàííûå êðèòåðèè îòðàæàþò ñîâîêóïíîñòü òðå-

áîâàíèé ê äîñòîâåðíîñòè è íàäåæíîñòè â ïðîöåññå
êîëè÷åñòâåííîãî àíàëèçà ðèñêà. Çíà÷åíèå êàæäîãî
êðèòåðèÿ êîëè÷åñòâåííî îöåíèâàåòñÿ äèñêðåòíîé
âåëè÷èíîé, ïðèíèìàåìîé èç òðåõ âîçìîæíûõ çíà-
÷åíèé, êàæäîå èç êîòîðûõ ñîîòâåòñòâóåò çíà÷åíèþ
ëèíãâèñòè÷åñêîé ïåðåìåííîé: íåóäîâëåòâîðèòåëü-
íî (xi = 0), ïðèåìëåìî (xi = 1) è óäîâëåòâîðèòåëüíî
(xi = 2) — íà îñíîâå ìíîæåñòâà çàðàíåå ïðåäîïðåäå-
ëåííûõ ïðàâèë ïðåîáðàçîâàíèÿ èñõîäíîé ýêñïåðò-
íîé èíôîðìàöèè â çíà÷åíèÿ ëèíãâèñòè÷åñêîé ïåðå-
ìåííîé (òàáë. 1). Áàéåñîâñêèé ïîäõîä îñíîâûâàåòñÿ
íà ïðåäïîëîæåíèè î ñóùåñòâîâàíèè íåêîòîðîãî ðàñ-
ïðåäåëåíèÿ âåðîÿòíîñòåé äëÿ êàæäîãî êðèòåðèÿ.

Ïîêàçàòåëü äîñòîâåðíîñòè D òàêæå áûëî ïðåä-
ëîæåíî ðàçäåëèòü íà òðè äèñêðåòíûõ óðîâíÿ: D �

� {0, 1, 2}. Êà÷åñòâåííîå îïèñàíèå äàííûõ óðîâíåé
ïðåäñòàâëåíî â òàáë. 2. Òàêèì îáðàçîì, ïðîáëåìà
îöåíêè äîñòîâåðíîñòè áûëà ñôîðìóëèðîâàíà êàê
ïðîáëåìà êëàññèôèêàöèè: ó÷èòûâàÿ çíà÷åíèÿ ïÿòè
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Ðèñ. 1. Òèïîâàÿ ñõåìà êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 1. Typical scheme for quantitative risk analysis

Ðèñ. 2. Ñòðóêòóðà îöåíêè íàäåæíîñòè è äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 2. Structure of reliability assessment and quantitative risk analysis
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Çíà÷åíèå / Value Îïèñàíèå / Description

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x1 / Rules for coding indicator x1

x1 = 0 Â äîêóìåíòàöèè ïî àíàëèçó ðèñêà îòñóòñòâóþò ñëåäóþùèå ýëåìåíòû:
� öåëè è çàäà÷è êîëè÷åñòâåííîãî àíàëèçà ðèñêà;
� ïîëíîå îïèñàíèå èññëåäóåìîãî îáúåêòà;
� îáîñíîâàíèå èñïîëüçóåìûõ ìåòîäîâ àíàëèçà;
� èñõîäíûå äàííûå, íåîáõîäèìûå äëÿ àíàëèçà è ðàñ÷åòîâ;
� îò÷åò î ðåçóëüòàòàõ àíàëèçà

The documentation for risk analysis does not contain the following elements:
� goals and objectives of quantitative risk analysis;
� complete description of the object under study;
� justification of the methods of analysis used;
� initial data necessary for analysis and calculation;
� report on the results of the analysis

x1 = 1 Â äîêóìåíòàöèè ïî àíàëèçó ðèñêà ïðèñóòñòâóåò, ïî êðàéíåé ìåðå, îäèí èç ñëåäóþùèõ íåäîñòàòêîâ:
� îïèñàíèÿ çàäà÷ ÿâëÿþòñÿ íåïîëíûìè èëè äâóñìûñëåííûìè;
� îïèñàíèå èññëåäóåìîãî îáúåêòà íå â ïîëíîé ìåðå ïîíÿòíî;
� îáîñíîâàíèå ïðèìåíÿåìûõ ìåòîäîâ àíàëèçà ðàñïëûâ÷àòî è íåî÷åâèäíî;
� ïðåäñòàâëåííûå ðåçóëüòàòû ÿâëÿþòñÿ íåïîëíûìè (íàïðèìåð, íå ó÷èòûâàþòñÿ ôàêòîðû íåîïðå-

äåëåííîñòè) èëè íåîäíîçíà÷íûìè
The documentation for risk analysis has at least one of the following drawbacks:
� descriptions of tasks are incomplete or ambiguous;
� description of the investigated object is not fully understandable;
� rationale for the methods of analysis used is vague and not obvious;
� reported results are incomplete (for example, uncertainties are not taken into account) or ambiguous

x1 = 2 Îò÷åòíàÿ äîêóìåíòàöèÿ ïî àíàëèçó ðèñêà ñîäåðæèò ïîëíóþ è äîñòàòî÷íóþ èíôîðìàöèþ, â òîì
÷èñëå îòñóòñòâóþò íåäîñòàòêè, ïåðå÷èñëåííûå äëÿ óðîâíÿ x1 = 1
Reporting documentation on risk analysis contains complete and sufficient information, including
no shortcomings listed for level x1 = 1

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x2 / Rules for coding indicator x2

x2 = 0 Íå èäåíòèôèöèðîâàíû íåêîòîðûå îïàñíûå ôàêòîðû, à òàêæå ñöåíàðèè àâàðèé è ïðîèñøåñòâèé:
� ïðîâåðêà ïîêàçàëà, ÷òî íåêîòîðûå ïîðàæàþùèå ôàêòîðû íå ó÷èòûâàþòñÿ;
� îòñóòñòâóåò îáîñíîâàíèå ðàññìîòðåííûõ àâàðèéíûõ è íåøòàòíûõ ñèòóàöèé;
� ïðîâåðêà ïîêàçàëà, ÷òî íåêîòîðûå êðèòè÷åñêèå ñöåíàðèè àâàðèéíûõ ñèòóàöèé îòñóòñòâóþò
Some dangerous factors have not been identified, as well as scenarios of accidents and incidents:
� verification showed that some damaging factors are not taken into account;
� there is no justification for the considered emergency and abnormal situations;
� verification showed that some critical emergency scenarios are missing

x2 = 1 Ïðîâåðêà ïîêàçàëà, ÷òî âñå îïàñíûå ïîðàæàþùèå ôàêòîðû è êðèòè÷åñêèå ñöåíàðèè àâàðèé è ïðî-
èñøåñòâèé èäåíòèôèöèðîâàíû, íî ïðîâåðêà ïðîâîäèòñÿ íà îñíîâå ýêñïåðòíîé îöåíêè, à íå èñïîëü-
çîâàíèÿ ðåàëüíûõ ñòàòèñòè÷åñêèõ äàííûõ
The audit showed that all dangerous damaging factors and critical scenarios of accidents and incidents
were identified, but the verification is carried out on the basis of expert judgment, and not the use of real
statistics

x2 = 2 Ïðîâåðêà ïîêàçàëà, ÷òî âñå êðèòè÷åñêèå ñöåíàðèè àâàðèé è ïðîèñøåñòâèé èäåíòèôèöèðîâàíû è
èõ äîñòîâåðíîñòü ïîäòâåðæäàåòñÿ èñïîëüçîâàíèåì ðåàëüíûõ ñòàòèñòè÷åñêèõ äàííûõ
The audit showed that all critical scenarios of accidents and incidents identified and their validity is con-
firmed by the use of real statistics

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x3 / Rules for coding indicator x3

x3 = 0 Âûáðàííûå ìåòîäû àíàëèçà íå óäîâëåòâîðÿþò òðåáîâàíèÿì ïðîâîäèìîãî èññëåäîâàíèÿ:
� èñïîëüçóåìûå ìåòîäû íå ó÷èòûâàþò íåêîòîðûõ îñîáåííîñòåé ðåàëüíîãî ïðîöåññà, ïðîòåêàþ-

ùåãî íà îáúåêòå èññëåäîâàíèÿ (íàïðèìåð, íå ó÷èòûâàþò äèíàìèêó èçìåíåíèÿ âî âðåìåíè îïðå-
äåëåííûõ õàðàêòåðèñòèê, ðàññìàòðèâàÿ èõ ñòàöèîíàðíûìè, è ò. ä.);

� ìåòîäû òðåáóþò áîëüøå ðåñóðñîâ (íàïðèìåð, êîëè÷åñòâà èñõîäíûõ äàííûõ, âû÷èñëèòåëüíîé
ìîùíîñòè è ò. ä.), ÷åì ìîæåò áûòü ïðåäîñòàâëåíî

Òàáëèöà 1. Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëåé áàçîâûõ êðèòåðèåâ

Table 1. Rules for coding indicators of basic criteria
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Çíà÷åíèå / Value Îïèñàíèå / Description

The chosen methods of analysis do not meet the requirements of the research:
� methods used do not take into account some features of the actual process occurring at the research object

(for example, do not take into account the dynamics of the change in time of certain characteristics,
considering them stationary, etc.);

� methods require more resources (for example, amount of raw data, processing power, etc.) than can be
provided

x3 = 1 Îñîáåííîñòè âûáðàííîãî ìåòîäà àíàëèçà óäîâëåòâîðÿþò òðåáîâàíèÿì ïîñòàâëåííîé ïðîáëåìû,
íî âûâîä î åãî èñïîëüçîâàíèè ñîñòàâëåí íà îñíîâå ýêñïåðòíîãî îïûòà
The features of the chosen method of analysis satisfy the requirements of the problem posed, but conclu-
sion about its use is compiled on the basis of expert experience

x3 = 2 Âûáðàííûå ìåòîäû àíàëèçà óäîâëåòâîðÿþò òðåáîâàíèÿì ïðîâîäèìîãî èññëåäîâàíèÿ è óæå áûëè
óñïåøíî àïðîáèðîâàíû ïðè àíàëèçå ðèñêà íà ïîäîáíûõ îáúåêòàõ
The selected methods of analysis satisfy the requirements of the conducted research and have already
been successfully tested in the risk analysis of similar objects

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x4 / Rules for coding indicator x4

x4 = 0 � Îòñóòñòâóåò äîñòàòî÷íàÿ áàçà ñòàòèñòè÷åñêèõ äàííûõ (íåäîñòàòîê ðåïðåçåíòàòèâíîñòè äàííûõ),
è èñõîäíûå äàííûå îïðåäåëåíû èñêëþ÷èòåëüíî íà îñíîâå ýêñïåðòíûõ îöåíîê;

� â ââîäèìûõ ýêñïåðòàìè èñõîäíûõ äàííûõ íå ó÷èòûâàåòñÿ èõ ýïèñòåìè÷åñêàÿ íåîïðåäåëåí-
íîñòü [24, 25];

� åñòü ñóùåñòâåííûå ïîãðåøíîñòè â èçìåðåíèè èñõîäíûõ äàííûõ
� There is no sufficient statistical database (lack of data representativeness), and the baseline data are

determined exclusively on the basis of expert assessments;
� the initial data input by experts does not take into account their epistemic uncertainty [24, 25];
� there are significant errors in the measurement of the original data

x4 = 1 � Îòñóòñòâóåò äîñòàòî÷íàÿ áàçà ñòàòèñòè÷åñêèõ äàííûõ (íåäîñòàòîê ðåïðåçåíòàòèâíîñòè äàííûõ);
� èñõîäíûå äàííûå îñíîâàíû íà ýêñïåðòíûõ îöåíêàõ ñ ïîëíûì ó÷åòîì ýïèñòåìè÷åñêîé íåîïðå-

äåëåííîñòè;
� åñòü íåçíà÷èòåëüíûå ïîãðåøíîñòè â èçìåðåíèè èñõîäíûõ äàííûõ
� There is no sufficient statistical database (lack of data representativeness);
� baseline data is based on expert estimates with full consideration of epistemic uncertainty;
� there are insignificant errors in the measurement of the initial data

x4 = 2 � Äëÿ àíàëèçà ðèñêîâ èñïîëüçîâàíû èñõîäíûå äàííûå, ñôîðìèðîâàííûå íà îñíîâå äîñòàòî÷íî
áîëüøîãî îáúåìà ýìïèðè÷åñêîé èíôîðìàöèè;

� îòñóòñòâóþò ïîãðåøíîñòè â èçìåðåíèè èñõîäíûõ äàííûõ
� For the analysis of risks, the initial data generated based on a sufficiently large amount of empirical

information are used;
� there are no errors in the measurement of the initial data

Ïðàâèëà êîäèðîâàíèÿ ïîêàçàòåëÿ x5 / Rules for coding indicator x5

x5 = 0 � Ïðîöåññ ðàñ÷åòà ðèñêà ñîäåðæèò ñåðüåçíûå îøèáêè;
� âîçíèêëà ðàññîãëàñîâàííîñòü â ðåçóëüòàòàõ ðàñ÷åòîâ ñ ðåçóëüòàòàìè èçâåñòíûõ çíà÷åíèé (îò-

êëîíåíèÿ ðåçóëüòàòîâ îò ýòàëîíà)
� The process of calculating the risk contains serious errors;
� there was a mismatch in the results of calculations with the results of known values (deviation of re-

sults from the standard)

x5 = 1 � Ïðîöåññ ðàñ÷åòà ðèñêà íå ñîäåðæèò ñåðüåçíûõ îøèáîê;
� ìîãóò ñóùåñòâîâàòü òîëüêî ïîãðåøíîñòè ñàìîãî ïðîöåññà ðàñ÷åòà (íàïðèìåð, òî÷íîñòü ìîäåëè-

ðîâàíèÿ ïî ìåòîäó Ìîíòå-Êàðëî èëè èñïîëüçîâàíèÿ êàêèõ-ëèáî ÷èñëåííûõ ìåòîäîâ);
� íåîïðåäåëåííîñòè, âûçâàííûå ïîãðåøíîñòÿìè, íå ìîäåëèðóþòñÿ
� The process of calculating the risk does not contain serious errors;
� there can only exist errors in the calculation process itself (for example, the accuracy of the Monte

Carlo simulation or the use of any numerical methods);
� uncertainties due to errors are not modeled

x5 = 2 � Ìîãóò ñóùåñòâîâàòü òîëüêî ïîãðåøíîñòè ñàìîãî ïðîöåññà ðàñ÷åòà (íàïðèìåð, òî÷íîñòü ìîäå-
ëèðîâàíèÿ ïî ìåòîäó Ìîíòå-Êàðëî èëè èñïîëüçîâàíèÿ êàêèõ-ëèáî ÷èñëåííûõ ìåòîäîâ);

� íåîïðåäåëåííîñòè, âûçâàííûå ïîãðåøíîñòÿìè, êîððåêòíî ñìîäåëèðîâàíû
� There can only exist errors in the calculation process itself (for example, the accuracy of the Monte

Carlo simulation or the use of any numerical methods);
� uncertainties caused by errors, correctly modeled

Îêîí÷àíèå òàáë. 1 / End of table 1
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êðèòåðèåâ x1, x2, …, x5, îïðåäåëèòü ñîîòâåòñòâóþùèé
óðîâåíü äëÿ íàäåæíîñòè è äîñòîâåðíîñòè D.

Ñëåäóåò îòìåòèòü, ÷òî è ñòðóêòóðà îöåíêè, ïðåä-
ñòàâëåííàÿ íà ðèñ. 2, è ïðàâèëà êîäèðîâàíèÿ (ñì.
òàáë. 1 è 2) ïîñòðîåíû â îáùåì âèäå äëÿ äåìîíñò-
ðàöèè âîçìîæíîñòåé ïðåäëàãàåìîãî ïîäõîäà. Áåçó-
ñëîâíî, îíè ìîãóò áûòü àäàïòèðîâàíû ýêñïåðòàìè â
ïðàêòè÷åñêîì ïðèìåíåíèè ïðè ðåøåíèè êàêèõ-ëèáî
ñïåöèôè÷åñêèõ ÷àñòíûõ çàäà÷.

2. Îöåíêà íàäåæíîñòè, îñíîâàííàÿ
íà íàèâíîì áàéåñîâñêîì êëàññèôèêàòîðå

Ñíà÷àëà ðàññìîòðèì îáùèé ïîäõîä ê êëàññè-
ôèêàöèè íà îñíîâå ÍÁÊ, à çàòåì îïèøåì ìåòîä íà
îñíîâå ÍÁÊ, ïðåäëàãàåìûé íåïîñðåäñòâåííî äëÿ
îöåíêè äîñòîâåðíîñòè è íàäåæíîñòè êîëè÷åñòâåí-
íîãî àíàëèçà ðèñêà îáúåêòîâ íåôòåãàçîâîé îòðàñëè.

2.1. Íàèâíûé áàéåñîâñêèé êëàññèôèêàòîð

Îïðåäåëèì x = [x1, x2, …, xn] � X êàê âõîäíîé
âåêòîð ïðèçíàêîâ ôóíêöèè êëàññèôèêàöèè, ãäå X —
ïðîñòðàíñòâî ïðèçíàêîâ. Ñîîòâåòñòâåííî, êëàññèôè-
êàòîð (ÍÁÊ) — ýòî ôóíêöèÿ fÍÁÊ, êîòîðàÿ îòîáðà-

æàåò âõîäíîé âåêòîð ïðèçíàêîâ x � X â âûõîäíîå
çíà÷åíèå êëàññà D � {0, 1, …, K}. Îáû÷íî âåêòîð
ïðèçíàêîâ òàêæå ïðèíèìàåò äèñêðåòíûå çíà÷åíèÿ,
ò. å. xi � {0, 1, …, ni }, ãäå i = 1, 2, …, n. Ó÷èòûâàÿ õà-
ðàêòåðèñòèêè âåêòîðà x, ÍÁÊ êëàññèôèöèðóåò ïðè-
íàäëåæíîñòü îáúåêòà ê ñîîòâåòñòâóþùåìó êëàññó ñ
ìàêñèìàëüíîé àïîñòåðèîðíîé âåðîÿòíîñòüþ [26]:

D P D x
D

� arg max ( | ), (1)

ãäå P(D |x) — àïîñòåðèîðíàÿ âåðîÿòíîñòü äàííîãî
êëàññà D (ò. å. äàííîãî çíà÷åíèÿ äîñòîâåðíîñòè
è íàäåæíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà)
ïðè äàííîì çíà÷åíèè ïðèçíàêà x.
Çíà÷åíèå âåðîÿòíîñòè â (1) ðàññ÷èòûâàåòñÿ íà

îñíîâå ïðèìåíåíèÿ òåîðåìû Áàéåñà ñî ñòðîãèìè
(íàèâíûìè) ïðåäïîëîæåíèÿìè î íåçàâèñèìîñòè [27]:
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ãäå P(D) — àïðèîðíàÿ âåðîÿòíîñòü äàííîãî êëàññà;

Óðîâåíü äîñòîâåðíîñòè
Level of reliability Îïèñàíèå / Description

D = 0: íåíàäåæíûé
D = 0: unreliable

� Ðåçóëüòàò êîëè÷åñòâåííîãî àíàëèçà ðèñêà îáúåêòà íåêà÷åñòâåííûé;
� íèêàêèå äàëüíåéøèå ñóæäåíèÿ î äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà íåâîç-

ìîæíû;
� ðåçóëüòàòû êîëè÷åñòâåííîãî àíàëèçà ðèñêà íå äîëæíû èñïîëüçîâàòüñÿ äëÿ ïîääåðæêè

ïðèíÿòèÿ ðåøåíèé

� The result of a quantitative risk analysis of the object is substandard;
� no further judgment on the reliability of quantitative risk analysis is possible;
� the results of a quantitative risk analysis should not be used to support decision making

D = 1: íàäåæíûé,
íî íå â ïîëíîé ìåðå
äîñòîâåðíûé
D = 1: reliable but
not fully reliable

� Ðåçóëüòàò êîëè÷åñòâåííîãî àíàëèçà ðèñêà êà÷åñòâåííûé, íî:
— íåêîòîðûå êðèòè÷åñêèå ôàêòîðû è ÿâëåíèÿ íå èäåíòèôèöèðóþòñÿ è íå àíàëèçèðóþòñÿ;
— èëè íåêîòîðûå âàæíûå ðèñêè íåòî÷íî îïðåäåëåíû.

� Ðåçóëüòàòû òàêîãî êîëè÷åñòâåííîãî àíàëèçà ðèñêà ìîãóò èñïîëüçîâàòüñÿ äëÿ ïîääåðæêè
ïðèíÿòèÿ íåêîòîðûõ ðåøåíèé, íî íå äëÿ ïðèíÿòèÿ êðèòè÷åñêè âàæíûõ äëÿ áåçîïàñíîñòè
îáúåêòîâ ðåøåíèé

� The result of a quantitative risk analysis is qualitative, but:
— some critical factors and phenomena are not identified and analyzed;
— or some important risks are not accurately determined.

� The results of such a quantitative risk analysis can be used to support the adoption of certain
decisions, but not to make decisions critical to the security of objects

D = 2: íàäåæíûé
è äîñòîâåðíûé
D = 2: reliable and
veracious

� Ðåçóëüòàò êîëè÷åñòâåííîãî àíàëèçà ðèñêà êà÷åñòâåííûé:
— âñå êðèòè÷åñêèå ôàêòîðû è ÿâëåíèÿ èäåíòèôèöèðîâàíû è ó÷èòûâàþòñÿ ïðè àíàëèçå

ðèñêà;
— âñå âàæíûå ðèñêè (è èõ íåîïðåäåëåííîñòè) òî÷íî îïðåäåëåíû.

� Ðåçóëüòàòû òàêîãî êîëè÷åñòâåííîãî àíàëèçà ðèñêà ìîãóò èñïîëüçîâàòüñÿ äëÿ ïîääåðæêè
ïðèíÿòèÿ âàæíûõ ðåøåíèé

� The result of quantitative risk analysis is qualitative:
— all critical factors and phenomena are identified and taken into account in risk analysis;
— all important risks (and their uncertainties) are precisely defined.

� The results of this quantitative risk analysis can be used to support the adoption of important
decisions

Òàáëèöà 2. Óðîâíè äîñòîâåðíîñòè è íàäåæíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà

Table 2. Levels of reliability and quantitative risk analysis
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P(x|D) — ïðàâäîïîäîáèå, ò. å. âåðîÿòíîñòü äàí-
íîãî çíà÷åíèÿ ïðèçíàêà ïðè äàííîì êëàññå;
P(x) — àïðèîðíàÿ âåðîÿòíîñòü äàííîãî çíà÷å-
íèÿ ïðèçíàêà;
P(x, D) — àïîñòåðèîðíàÿ âåðîÿòíîñòü äàííîãî
çíà÷åíèÿ ïðèçíàêà ïðè äàííîì êëàññå.
Ñ óñëîâèåì íåçàâèñèìîñòè ïðèçíàêîâ äëÿ êëàñ-

ñèôèêàöèè äåéñòâóåò àïîñòåðèîðíîå ïðàâèëî ïðè-
íÿòèÿ ðåøåíèÿ. Â ýòîì ñëó÷àå ÷èñëèòåëü â (2) ïðå-
îáðàçóåòñÿ ê âèäó:

P x D P D P D P x Di

i

n

( | ) ( ) ( ) ( | ).�
�
�

1

(3)

Çàìåòèì, ÷òî çíàìåíàòåëü â (2) îäèíàêîâûé äëÿ
âñåõ âîçìîæíûõ çíà÷åíèé D. Ñîîòâåòñòâåííî, êëàñ-
ñèôèêàòîð — ýòî ôóíêöèÿ, îïðåäåëåííàÿ ñëåäó-
þùèì îáðàçîì:

D P D P x D
D

i

i

n

�
�
�arg max ( ) ( | ).

1

(4)

Äëÿ ïðèìåíåíèÿ ÍÁÊ âåðîÿòíîñòè P(D) è P(xi|D)
â (4) íåîáõîäèìî îöåíèòü íà îñíîâå äàííûõ îáó÷å-
íèÿ. Äàííûå îáó÷åíèÿ ïðåäñòàâëÿþò ñîáîé íàáîðû
îáðàçöîâ, äëÿ êîòîðûõ èçâåñòíû çíà÷åíèÿ ïðèçíàêîâ
è ñîîòâåòñòâèå ïðè ýòîì D îïðåäåëåííîìó êëàññó.
Ïðåäïîëîæèì, ÷òî ó íàñ åñòü Nîáó÷ äàííûõ äëÿ îáó-
÷åíèÿ, îáîçíà÷åííûõ (x(q), D(q)), q = 1, 2, …, Nîáó÷.
Â ýòîì ñëó÷àå òðåáóåìûå âåðîÿòíîñòè àïïðîêñèìè-
ðóþòñÿ îòíîñèòåëüíûìè ÷àñòîòàìè èç íàáîðà äàí-
íûõ îáó÷åíèÿ:

� �

P D k

I D k

N

q

q

N

( )

( )

;� �

�
�

�
1

îáó

îáó

õ

õ

(5)

� �

� �

P x j D k

I x j D k

I D k
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q q

q

N

q

q

N
( | )

( , )
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( )

� � �

� �

�

�

�

�
1

1

îáó

îáó

õ

õ

�
, (6)

ãäå I(…) — èíäèêàòîðíàÿ (õàðàêòåðèñòè÷åñêàÿ) ôóíê-
öèÿ; i = 1, 2, …, n; j = 0, 1, …, ni; k = 0, 1, …, K.
Ñóùåñòâóåò îäíà ïîòåíöèàëüíàÿ ïðîáëåìà ïðè

îöåíêå âåðîÿòíîñòåé ñ èñïîëüçîâàíèåì âûðàæåíèé
(5) è (6). Ïðåäïîëîæèì, ÷òî äàííûé êëàññ k è çíà÷å-
íèÿ êàêîãî-ëèáî ïðèçíàêà j íèêîãäà íå âñòðå÷àþòñÿ
âìåñòå â íàáîðå äàííûõ îáó÷åíèÿ, òîãäà îöåíêà,
îñíîâàííàÿ íà âåðîÿòíîñòÿõ, áóäåò ðàâíà íóëþ, ò. å.

� �I x j D k
i

q q

q

N

( , ) .( ) � � �
�

�
1

0
îáóõ

Â ýòîì ñëó÷àå P(xi =

= j|D = k) = 0, ÷òî ñîãëàñíî (3) ïðèâîäèò ê P(x|D) = 0
íåçàâèñèìî îò çíà÷åíèé âåðîÿòíîñòåé äëÿ äðóãèõ
ïðèçíàêîâ. Òàêèì îáðàçîì, ïðè ïåðåìíîæåíèè íó-
ëåâàÿ îöåíêà ïðèâåäåò ê ïîòåðå èíôîðìàöèè î äðó-
ãèõ âåðîÿòíîñòÿõ. Äàííàÿ ïðîáëåìà äîñòàòî÷íî ÷àñòî

âñòðå÷àåòñÿ â ïðàêòè÷åñêèõ çàäà÷àõ êëàññèôèêà-
öèè, ïîýòîìó ïðåäïî÷òèòåëüíî ââîäèòü íåáîëüøèå
ïîïðàâêè âî âñå îöåíêè âåðîÿòíîñòåé òàê, ÷òîáû
íèêàêàÿ âåðîÿòíîñòü íå áûëà ñòðîãî ðàâíà íóëþ.
×òîáû èçáåæàòü äàííîé ïðîáëåìû, ïðè îöåíêå
P(D = k) è P(xi = j|D = k) ÷àñòî ïðèìåíÿåòñÿ ìåòîä
ñãëàæèâàíèÿ ïî Ëàïëàñó [27]:
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ãäå � � (0, 1] — êîýôôèöèåíò êîððåêòèðîâêè, ââåäåí-
íûé äëÿ êîìïåíñàöèè âîçìîæíûõ íóëåâûõ çíà-
÷åíèé âåðîÿòíîñòåé;
(K + 1), (ni + 1) — ÷èñëî âîçìîæíûõ çíà÷åíèé ñî-
îòâåòñòâåííî äëÿ D è ïðèçíàêà xi.

2.2. Îöåíêà äîñòîâåðíîñòè
ðåçóëüòàòîâ àíàëèçà ðèñêà

Ðàññìîòðèì âîçìîæíîñòü ïðèìåíåíèÿ ÍÁÊ äëÿ
ðàçðàáîòêè êëàññèôèêàòîðà ïðè ðåøåíèè çàäà÷è îöåí-
êè äîñòîâåðíîñòè, ñòðóêòóðà êîòîðîé ïðåäñòàâëåíà
íà ðèñ. 2. Â ýòîì ñëó÷àå ó íàñ åñòü ïÿòü ïðèçíàêîâ,
ò. å. x = [x1, x2, …, x5]. Êàæäûé ïðèçíàê èìååò òðè
äèñêðåòíûõ óðîâíÿ: xi � {0, 1, 2}, i = 1, 2, …, 5. Ñëå-
äîâàòåëüíî, X = {0, 1, 2}� … �{0, 1, 2} = {0, 1, 2}5.
Äîñòîâåðíîñòü D ìîæåò ïðèíàäëåæàòü îäíîìó èç òðåõ
âîçìîæíûõ êëàññîâ (ñì. òàáë. 2), ò. å. D � {0, 1, 2}.
Ïðîöåññ êëàññèôèêàöèè îñóùåñòâëÿåòñÿ â òðè ýòàïà
(ðèñ. 3).

Ñáîð äàííûõ îáó÷åíèÿ

Áàéåñîâñêèé ïîäõîä îñíîâàí íà òåîðåìå, óòâåðæ-
äàþùåé, ÷òî åñëè ïëîòíîñòè ðàñïðåäåëåíèÿ çíà÷å-
íèé êàæäîãî èç ïðèçíàêîâ èçâåñòíû, òî èñêîìûé àëãî-
ðèòì ìîæíî âûïèñàòü â ÿâíîì àíàëèòè÷åñêîì âèäå.
Áîëåå òîãî, ýòîò àëãîðèòì îïòèìàëåí, ò. å. îáëàäàåò
ìèíèìàëüíîé âåðîÿòíîñòüþ îøèáîê. Íà ïðàêòèêå
ïëîòíîñòè ðàñïðåäåëåíèÿ ÷àùå âñåãî íåèçâåñòíû.

Ðèñ. 3. Ñõåìà íàèâíîãî áàéåñîâñêîãî êëàññèôèêàòîðà äëÿ
îöåíêè äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 3. The scheme of a naive Bayesian classifier for assessing
the reliability of a quantitative risk analysis
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Èõ íåîáõîäèìî îöåíèâàòü (âîññòàíàâëèâàòü) ïî îáó-
÷àþùåé âûáîðêå. Â ðåçóëüòàòå áàéåñîâñêèé àëãî-
ðèòì ïåðåñòàåò áûòü îïòèìàëüíûì, òàê êàê âîññòà-
íîâèòü ïëîòíîñòü ïî âûáîðêå ìîæíî ëèøü ñ íåêîòî-
ðîé ïîãðåøíîñòüþ.

Ïîñêîëüêó X = {0, 1, 2}5, òî âåêòîð ïðèçíàêîâ x

ìîæåò ïðèíèìàòü 35 = 243 ðàçíûõ çíà÷åíèÿ. ×àñòü èç
íèõ, îáîçíà÷àåìàÿ x(q), q = 1, 2, …, Nîáó÷, âûáèðàåòñÿ
â êà÷åñòâå îáðàçöîâ îáó÷åíèÿ. Äîñòîâåðíîñòü ýòèõ
ó÷åáíûõ îáðàçöîâ, îáîçíà÷åííûõ D(q), q = 1, 2, …,
Nîáó÷, îöåíèâàåòñÿ ýêñïåðòàìè ñîãëàñíî îïèñàíèþ,
ïðåäñòàâëåííîìó â òàáë. 1. Çàòåì äàííûå îáó÷åíèÿ
èñïîëüçóþòñÿ äëÿ ïîñòðîåíèÿ ÍÁÊ, êîòîðûé äàëåå
çàìåíÿåò ýêñïåðòà ïðè îöåíêå äîñòîâåðíîñòè êîëè-
÷åñòâåííîãî àíàëèçà ðèñêà íà îáúåêòàõ íåôòåãàçî-
âîé îòðàñëè.

Ïîñêîëüêó ÍÁÊ îáó÷àåòñÿ íà äàííûõ îáó÷åíèÿ
íà îñíîâå ýêñïåðòíîé îöåíêè, âàæíî, ÷òîáû èñïîëü-
çóåìûå äàííûå îáó÷åíèÿ â ïîëíîé ìåðå oõâàòûâàëè
âñå ïðîñòðàíñòâî ïðèçíàêîâ. Ñ äðóãîé ñòîðîíû, õî-
÷åòñÿ ìàêñèìàëüíî ñîêðàòèòü êîëè÷åñòâî äàííûõ
îáó÷åíèÿ, ïîñêîëüêó çà÷àñòóþ ïðîöåññ ñáîðà äàí-
íûõ äëÿ îáó÷åíèÿ ÿâëÿåòñÿ âåñüìà òðóäîçàòðàòíûì
è òðåáóåò ìíîãî âðåìåíè. Ïëàí îáó÷åíèÿ äîëæåí
áûòü ñîñòàâëåí òàêèì îáðàçîì, ÷òîáû ñîáðàííûå
äàííûå îáó÷åíèÿ áûëè îäèíàêîâî ðàñïðåäåëåíû è
ïðåäñòàâëÿëè âñå ïðîñòðàíñòâî X.

Äðóãîé âîïðîñ, êîòîðûé íåîáõîäèìî ó÷èòûâàòü
ïðè ðàçðàáîòêå ñõåìû ñáîðà äàííûõ îáó÷åíèÿ, — ýòî
ðàçìåð âûáîðêè Nîáó÷. Áîëüøîå çíà÷åíèå Nîáó÷ ïî-
âûñèëî áû ýôôåêòèâíîñòü ðàçðàáîòàííîãî êëàññè-
ôèêàòîðà ñ òî÷êè çðåíèÿ åãî òî÷íîñòè. Ñ äðóãîé ñòî-
ðîíû, áîëüøîå êîëè÷åñòâî äàííûõ îáó÷åíèÿ Nîáó÷

òðóäîçàòðàòíî ïðè ñáîðå äàííûõ (ýêñïåðòàì ïðè-
äåòñÿ îöåíèâàòü ñëèøêîì ìíîãî ñöåíàðèåâ). Ñëåäî-
âàòåëüíî, íåîáõîäèìî íàéòè êàêîé-òî êîìïðîìèññ
ïðè îïðåäåëåíèè êîëè÷åñòâà äàííûõ îáó÷åíèÿ Nîáó÷.

Ïîñòðîåíèå êëàññèôèêàòîðà

Ñòðóêòóðíàÿ ñõåìà ïîñòðîåíèÿ ÍÁÊ ïðåäñòàâ-
ëåíà íà ðèñ. 4. Íà ýòàïå ïîäãîòîâêè ðàçìåð âûáîðêè
äàííûõ îáó÷åíèÿ è ñõåìû èõ ñáîðà îïðåäåëÿþòñÿ
ñ èñïîëüçîâàíèåì ìåòîäîâ, îïèñàííûõ âûøå. Çàòåì
äàííûå îáó÷åíèÿ (õ(q), D(q)), q = 1, 2, …, Nîáó÷ îáðà-
áàòûâàþòñÿ ýêñïåðòàìè ïî ïðàâèëàì êîäèðîâàíèÿ
(ñì. òàáë. 2). Íà ýòàïå îáó÷åíèÿ êëàññèôèêàòîð ñòðî-
èòñÿ ïóòåì îöåíêè P(D) è P(xi|D) èç äàííûõ îáó÷å-
íèÿ ñ èñïîëüçîâàíèåì ñîîòâåòñòâåííî âûðàæåíèé (7)
è (8). Íà ýòàïå îöåíêè ïîñòðîåííûé ÍÁÊ ïðèìåíÿ-
åòñÿ äëÿ çàìåíû ðîëè ýêñïåðòîâ è îïðåäåëåíèÿ äî-
ñòîâåðíîñòè ðåçóëüòàòîâ íîâîãî êîëè÷åñòâåííîãî
àíàëèçà ðèñêà. Ïðè ðàññìîòðåíèè ñòðóêòóðû îöåí-
êè íàäåæíîñòè è äîñòîâåðíîñòè àíàëèçà ðèñêà çíà-
÷åíèÿ ïðèçíàêîâ îïðåäåëÿþòñÿ ñíà÷àëà íà îñíîâå
ïðàâèë êîäèðîâàíèÿ, ïðèâåäåííûõ â òàáë. 2. Â êî-

íå÷íîì ñ÷åòå äîñòîâåðíîñòü è íàäåæíîñòü ðåçóëüòà-
òîâ àíàëèçà ðèñêà óñòàíàâëèâàþòñÿ íà îñíîâå ïî-
ñòðîåííîãî êëàññèôèêàòîðà ñîãëàñíî âûðàæåíèþ (4).

Ïðîâåðêà êëàññèôèêàòîðà

Íà ïðàêòèêå ðàçìåð âûáîðêè äàííûõ îáó÷åíèÿ,
äîñòóïíûõ äëÿ ïîñòðîåíèÿ ÍÁÊ, ìîæåò îêàçàòüñÿ
íåçíà÷èòåëüíûì, ÷òî ïðèâåäåò ê ñíèæåíèþ òî÷íî-
ñòè êëàññèôèêàòîðà. Åñëè ÍÁÊ íåäîñòàòî÷íî òî÷åí,
òî, ïî âñåé âåðîÿòíîñòè, îí íå ñìîæåò êîððåêòíî
“èìèòèðîâàòü” ïîâåäåíèå ýêñïåðòà ïðè îöåíêå äî-
ñòîâåðíîñòè. Ïîýòîìó íàì íåîáõîäèìî ðàññìîòðåòü
âîïðîñ î ïðîâåðêå ðàçðàáîòàííîãî ÍÁÊ, ò. å. óáå-
äèòüñÿ â òîì, ÷òî êëàññèôèêàòîð ìîæåò àäåêâàòíî
îòðàæàòü ìíåíèå ýêñïåðòîâ.

Ðèñ. 4. Ñõåìà ïîñòðîåíèÿ ÍÁÊ äëÿ îöåíêè äîñòîâåðíîñòè
êîëè÷åñòâåííîãî àíàëèçà ðèñêà
Fig. 4. Scheme of NBC construction for assessing the reliability
of quantitative risk analysis
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Òåñòèðîâàíèå êëàññèôèêàòîðà ìîæíî ïðîâîäèòü
íà îñíîâå ïåðåêðåñòíîé ïðîâåðêè (êðîññ-âàëèäàöèÿ,
cross-validation) ìåòîäà îöåíêè êà÷åñòâà êëàññè-
ôèêàòîðà è åãî ïîâåäåíèÿ íà íåçàâèñèìûõ äàííûõ
[28–30]. Ïðè îöåíêå êëàññèôèêàòîðà èìåþùèåñÿ â
íàëè÷èè äàííûå ðàçáèâàþòñÿ íà k ÷àñòåé. Çàòåì íà
(k – 1) ÷àñòÿõ äàííûõ ïðîèçâîäèòñÿ îáó÷åíèå êëàñ-
ñèôèêàòîðà, à îñòàâøàÿñÿ ÷àñòü äàííûõ ó÷àñòâóåò â
òåñòèðîâàíèè. Ïðîöåäóðà ïîâòîðÿåòñÿ k ðàç; â èòîãå
êàæäàÿ èç k ÷àñòåé äàííûõ èñïîëüçóåòñÿ äëÿ òåñòè-
ðîâàíèÿ. Â ðåçóëüòàòå ïîëó÷àåòñÿ îöåíêà êà÷åñòâà
ðàçðàáîòàííîãî êëàññèôèêàòîðà ñ íàèáîëåå ðàâíî-
ìåðíûì èñïîëüçîâàíèåì èìåþùèõñÿ äàííûõ.

×àñòíûì ñëó÷àåì ÿâëÿåòñÿ “ñêîëüçÿùèé êîíò-
ðîëü”, èëè ïåðåêðåñòíàÿ ïðîâåðêà, ñ ïîñëåäîâàòåëü-
íûì èñêëþ÷åíèåì îäíîãî ýêçåìïëÿðà äàííûõ (leave-

oneout CV, LOOCV), ò. å. k = n. Ïðè ýòîì ñòðîèòñÿ n

ìîäåëåé ïî (n – 1) âûáîðî÷íûì çíà÷åíèÿì, à èñêëþ-
÷åííûé ýêçåìïëÿð äàííûõ êàæäûé ðàç èñïîëüçóåò-
ñÿ äëÿ ðàñ÷åòà îøèáêè ïðè êëàññèôèêàöèè. Â [31, 32]
òåîðåòè÷åñêè îáîñíîâàíî ïðèìåíåíèå “ñêîëüçÿùå-
ãî êîíòðîëÿ” è ïîêàçàíî, ÷òî åñëè èñõîäíûå âûáîð-
êè íåçàâèñèìû, òî ñðåäíÿÿ îøèáêà ïåðåêðåñòíîé
ïðîâåðêè äàåò íåñìåùåííóþ îöåíêó îøèáêè êëàñ-
ñèôèêàöèè.

Òî÷íîñòü ðåçóëüòàòîâ êëàññèôèêàöèè èçìåðÿåò-
ñÿ âåðîÿòíîñòüþ (PD) òîãî, ÷òî êëàññèôèêàòîð ïðà-
âèëüíî îïðåäåëèë äîñòîâåðíîñòü è íàäåæíîñòü ðå-
çóëüòàòîâ àíàëèçà ðèñêà. “Ñêîëüçÿùèé êîíòðîëü”
èñïîëüçóåòñÿ â ðàáîòå äëÿ îöåíêè PD, ãäå îäèí ýê-
çåìïëÿð äàííûõ îáó÷åíèÿ îñòàåòñÿ äëÿ ïðîâåðêè
êëàññèôèêàòîðà, à îñòàëüíûå èñïîëüçóþòñÿ äëÿ îáó-
÷åíèÿ. Àëãîðèòì ðåàëèçàöèè äàííîãî ìåòîäà èçî-
áðàæåí íà ðèñ. 5, ãäå (x(q), D(q)), q = 1, 2, …, Nîáó÷ ÿâ-
ëÿþòñÿ äàííûìè îáó÷åíèÿ, fÍÁÊ, i — êëàññèôèêà-
òîð, ïîëó÷åííûé ïîñëå óäàëåíèÿ äàííûõ îáó÷åíèÿ
(x(i), D(i)), PD — îöåíêà òî÷íîñòè êëàññèôèêàöèè.

Çàêëþ÷åíèå

1. Íåñìîòðÿ íà ñóùåñòâóþùèé àðñåíàë ðàçëè÷-
íûõ ìåòîäîâ êîëè÷åñòâåííîãî àíàëèçà ðèñêîâ êàê â
ðîññèéñêîé, òàê è â ìåæäóíàðîäíîé ïðàêòèêå, çà÷à-
ñòóþ îñòàåòñÿ îòêðûòûì âîïðîñ îöåíêè äîñòîâåð-
íîñòè, à òàêæå âîçìîæíîñòè äîâåðèÿ ñî ñòîðîíû
ëèö, ïðèíèìàþùèõ óïðàâëåí÷åñêèå ðåøåíèÿ, ïî-
ëó÷åííûì ðåçóëüòàòàì.

2. Ïðåäëàãàåòñÿ ïîäõîä ê îöåíêå íàäåæíîñòè è
äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà íà
îáúåêòàõ íåôòåãàçîâîé îòðàñëè, îñíîâàííûé íà ñè-
ñòåìå êëàññèôèêàöèè, à èìåííî íà ïðèìåíåíèè íà-
èâíîãî áàéåñîâñêîãî êëàññèôèêàòîðà, êîòîðûé ïî-
çâîëÿåò ñàìîñòîÿòåëüíî äàâàòü ýêñïåðòíóþ îöåíêó
äîñòîâåðíîñòè è íàäåæíîñòè ðåçóëüòàòîâ àíàëèçà
ðèñêà, çàìåíÿÿ ïðè ýòîì ñàìîãî ýêñïåðòà.

3. Ê äîñòîèíñòâàì ïðèìåíåíèÿ ÍÁÊ äëÿ îöåíêè
äîñòîâåðíîñòè êîëè÷åñòâåííîãî àíàëèçà ðèñêà
ìîæíî îòíåñòè òî, ÷òî êëàññèôèêàöèÿ âûïîëíÿåòñÿ
äîñòàòî÷íî ëåãêî è áûñòðî, ïðåâîñõîäèò ìíîãèå
äðóãèå àëãîðèòìû è ïðè ýòîì òðåáóåò ìåíüøåãî
îáúåìà îáó÷àþùèõ äàííûõ. ÍÁÊ î÷åíü õîðîøî ðà-
áîòàåò ñ êàòåãîðèéíûìè ïðèçíàêàìè, ÷òî êàê ðàç è
íàøëî ñâîå îòðàæåíèå â íàñòîÿùåé ðàáîòå.

4. Îñíîâíûì îãðàíè÷åíèåì ïðèìåíåíèÿ ÍÁÊ
ÿâëÿåòñÿ ïðåäïîëîæåíèå î òîì, ÷òî âñå êðèòåðèè
ïðè êëàññèôèêàöèè íåçàâèñèìû äðóã îò äðóãà. Íà
ïðàêòèêå, îäíàêî, ìåæäó êðèòåðèÿìè ìîãóò ñóùå-
ñòâîâàòü ðàçëè÷íûå çàâèñèìîñòè. Ó÷åò äàííûõ çà-
âèñèìîñòåé áóäåò ðàññìîòðåí â ñëåäóþùèõ èññëå-
äîâàíèÿõ. Êðîìå òîãî, îöåíêè êðèòåðèåâ x1, x2, …,
x5 ñâÿçàíû ñî ìíîæåñòâîì ñóáúåêòèâíûõ ñóæäåíèé,

Ðèñ. 5. Àëãîðèòì ïåðåêðåñòíîé ïðîâåðêè êëàññèôèêàòîðà
Fig. 5. Algorithm for cross checking the classifier
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à çíà÷èò ñóùåñòâóþò íåîïðåäåëåííîñòè ïðè èõ
îöåíêå. Ó÷åò äàííûõ íåîïðåäåëåííîñòåé òàêæå áó-
äåò ðàññìîòðåí â áóäóùèõ èññëåäîâàíèÿõ.
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ABSTRACT

Despite the existing arsenal of various methods of quantitative risk analysis both in Russian and
international practice, problems arise related to the assessment of the reliability of the results obtained
during their practical application, including at oil and gas facilities. The question remains to what
extent the decision-maker can trust the results. The article considers the problem of assessing the
reliability of quantitative risk analysis at oil and gas facilities. Existing methods for estimating relia-
bility are investigated. It is proposed to use an approach based on ensuring the quality of the process of
risk analysis itself. To increase the objectivity in assessing the reliability of the results of a risk
analysis, a formal quantitative method was proposed. The article introduces 5 criteria that ensure the
quality of the process of risk analysis at oil and gas facilities. Asystem of rules for coding the values of
each of the basic criteria into three discrete qualitative levels was developed. The solution of the task
was accomplished by constructing a classifier in which the reliability index of a quantitative risk
analysis of oil and gas industry objects is a function of the values of the basic criteria. The reliability of
the risk analysis was evaluated on the basis of a naive Bayesian classifier that takes into account
the values of the five basic criteria in the evaluation framework. The results of the classifier work are
based on a variety of training data that were previously evaluated by experts. The article suggests an
approach to the assessment of the quality of the classifier itself, based on a cross-checking with
successive exclusion of one copy of the training data. The merits of using the naive Bayesian classifier
for assessing the reliability of quantitative risk analysis in oil and gas industry objects include the fact
that the classification is carried out quite easily and quickly, surpasses many other algorithms, and re-
quires a smaller amount of training data. A naive Bayesian classifier works very well with categorical
features, which is exactly what is reflected in this article.

Keywords: quantitative risk analysis; reliability; trustworthiness; naive Bayesian classifier; training
data; risk.
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ÏÐÎÁËÅÌÛ ÏÐÈÌÅÍÅÍÈß ÑÒÀËÜÍÛÕ È
ÆÅËÅÇÎÁÅÒÎÍÍÛÕ ÍÅÑÓÙÈÕ ÊÎÍÑÒÐÓÊÖÈÉ
ÂÛÑÎÒÍÛÕ ÇÄÀÍÈÉ Ñ ÒÎ×ÊÈ ÇÐÅÍÈß
ÈÕ ÎÃÍÅÑÒÎÉÊÎÑÒÈ

Ðàññìîòðåíû ïðåäïîñûëêè ïåðåõîäà íà ïðèìåíåíèå ñòàëüíûõ êîíñòðóêöèé ïðè ïðîåêòèðîâà-
íèè è ñòðîèòåëüñòâå âûñîòíûõ çäàíèé. Ïðèâåäåíû ïðèìåðû ïîæàðîâ ñ àíàëèçîì èõ ïîñëåäñò-
âèé äëÿ íåñóùèõ ñòðîèòåëüíûõ êîíñòðóêöèé. Ïðåäñòàâëåíû ñâåäåíèÿ î êîíñòðóêòèâíûõ îñîáåí-
íîñòÿõ è ðåçóëüòàòàõ ðàññëåäîâàíèÿ ïðè÷èí îáðóøåíèÿ áàøåí Âñåìèðíîãî òîðãîâîãî öåíòðà â
ÑØÀ. Ïðîâåäåíî ñðàâíåíèå ñòàëüíûõ è æåëåçîáåòîííûõ êîíñòðóêöèé ïðè îöåíêå èõ îãíåñòîé-
êîñòè. Ñäåëàíû âûâîäû î âîçìîæíîñòè ïðèìåíåíèÿ ñòàëüíûõ êîíñòðóêöèé ïðè ïðîåêòèðîâàíèè
è ñòðîèòåëüñòâå âûñîòíûõ çäàíèé.

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ áåçîïàñíîñòü; âûñîòíûå çäàíèÿ; îãíåñòîéêîñòü; íåñóùèå êîíñòðóê-
öèè; ïðèìåðû ïîæàðîâ; ñòàëåæåëåçîáåòîí.

DOI: 10.18322/PVB.2018.27.01.50-57

Ââåäåíèå

Íåáîñêðåá êàê òèï çäàíèÿ âîçíèê â ÑØÀ áëàãîäàðÿ
âíåäðåíèþ ñòàëüíîãî ïðîêàòà è ñîçäàíèþ êîíñò-
ðóêöèè ñòàëüíîãî êàðêàñà â XIX âåêå [1], è äî íàñòî-
ÿùåãî âðåìåíè â ÑØÀ ñòàëü îñòàåòñÿ ëèäèðóþùèì
ìàòåðèàëîì íåñóùèõ êîíñòðóêöèé. Çäàíèÿ èç æå-
ëåçîáåòîíà ñòàëè àêòèâíî âîçâîäèòüñÿ ëèøü ïîñëå
Âòîðîé ìèðîâîé âîéíû, à â ïåðâîé ïîëîâèíå ÕÕ âåêà
ñòðîèëèñü ýïèçîäè÷åñêè [2]. Îäíàêî äàæå â ÑØÀ
ìîíîëèòíûå æåëåçîáåòîííûå êîíñòðóêöèè ñòàëè âû-
òåñíÿòü ñòàëüíûå ïðè âîçâåäåíèè 30–50-ýòàæíûõ
çäàíèé.

Íåñìîòðÿ íà ýòî òðåáîâàíèÿ ïî îáåñïå÷åíèþ ïî-
æàðíîé áåçîïàñíîñòè òàêèõ çäàíèé äî ñèõ ïîð íå ðàç-
ðàáîòàíû â ïîëíîì îáúåìå. Â ïåðâóþ î÷åðåäü ðå÷ü
èäåò î íåîáõîäèìîñòè ñîõðàíåíèÿ îñíîâíûìè ñòðî-
èòåëüíûìè êîíñòðóêöèÿìè çäàíèÿ íåñóùåé ñïîñîá-
íîñòè è, ñîîòâåòñòâåííî, î âûðàáîòêå ðåêîìåíäàöèé
ïî âûáîðó ìàòåðèàëà íåñóùèõ êîíñòðóêöèé.

Äëÿ ðåøåíèÿ äàííîãî âîïðîñà ïðîâåäåí àíàëèç
ïîæàðîâ è èõ ïîñëåäñòâèé â çäàíèÿõ, âîçâåäåííûõ
ñ ïðèìåíåíèåì ñòàëüíûõ è æåëåçîáåòîííûõ êîíñò-
ðóêöèé; âûïîëíåíà îöåíêà íîðìàòèâíûõ è ðàñ÷åò-
íûõ îñîáåííîñòåé ïðè ïðèìåíåíèè óêàçàííûõ ìà-
òåðèàëîâ; äàí îòâåò íà âîïðîñ, êàêèå ïðåèìóùåñòâà
èìåþò îáà ìàòåðèàëà ïðè ñòðîèòåëüñòâå âûñîòíûõ
çäàíèé.

Îöåíêà ïîñëåäñòâèé íàèáîëåå çíà÷èìûõ
ïîæàðîâ â âûñîòíûõ çäàíèÿõ

Ïîÿâëåíèå íîâûõ âîçìîæíîñòåé â ñòðîèòåëüñò-
âå âûñîòíûõ ñîîðóæåíèé âûçâàëî íåîáõîäèìîñòü
âûðàáîòêè íîâûõ ïîäõîäîâ ê îáåñïå÷åíèþ áåçîïàñ-
íîñòè ëþäåé, íàõîäÿùèõñÿ â íèõ, à òàêæå ê ñîõðàíå-
íèþ ýêñïëóàòàöèîííûõ ñâîéñòâ çäàíèé â ÷ðåçâû÷àé-
íûõ ñèòóàöèÿõ, ïîñêîëüêó èõ ñíîñ èëè ðåêîíñòðóê-
öèÿ ñîïðÿæåíà ñ ãîðàçäî áîëåå âûñîêèìè çàòðàòàìè
è ñëîæíîñòÿìè ïî ñðàâíåíèþ ñ îñòàëüíûìè òèïàìè
çäàíèé.

Íàèáîëåå ðàñïðîñòðàíåííîé ÷ðåçâû÷àéíîé ñèòó-
àöèåé, êîòîðàÿ ïðèâîäèò ê ïîâðåæäåíèþ êîíñòðóê-
öèé âûñîòíûõ çäàíèé, ÿâëÿåòñÿ ïîæàð [3]. Ïî äàííûì
çàðóáåæíîé ñòàòèñòèêè ïðè ïîæàðå â çäàíèè âûñî-
òîé áîëåå 25 ýòàæåé ïîãèáàåò â 3–4 ðàçà áîëüøå
ëþäåé, ÷åì â 9–16-ýòàæíîì äîìå [4].

Ñðàâíèì íåñêîëüêî íàèáîëåå çíà÷èìûõ ïîæàðîâ
â çäàíèÿõ ñ íåñóùèìè êîíñòðóêöèÿìè èç æåëåçîáå-
òîíà è ñòàëè.

Ñòàëüíûå êîíñòðóêöèè áåç îãíåçàùèòû ïëîõî
ïðîòèâîñòîÿò ïîæàðó. Íà ïîæàðå â 32-ýòàæíîì îôèñ-
íîì çäàíèè “Windsor Tower’s” âûñîòîé 106 ì â Ìàä-
ðèäå â 2005 ã. ïîæàð ðàñïðîñòðàíèëñÿ ñ 1-ãî äî 32-ãî
ýòàæà. Â çäàíèè áûëî ïðåäóñìîòðåíî öåíòðàëüíîå
æåëåçîáåòîííîå ÿäðî è âíåøíèé ñòàëüíîé êàðêàñ,
êîòîðûé âî âðåìÿ ïîæàðà èç-çà îòñóòñòâèÿ îãíåçà-

© Ïðîíèí Ä. Ã., Êîíèí Ä. Â., 2018
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ùèòû îáðóøèëñÿ íà øåñòè âåðõíèõ ýòàæàõ (ðèñ. 1).
Ïðîåêò çäàíèÿ áûë âûïîëíåí ïî èñïàíñêèì ñòðîè-
òåëüíûì íîðìàì 1970 ã., êîãäà åùå íå òðåáîâàëàñü
îãíåçàùèòà ñòàëüíûõ ýëåìåíòîâ. Ïðè ýòîì â âûâî-
äàõ, ñäåëàííûõ ïî ðåçóëüòàòàì èññëåäîâàíèÿ äàííî-
ãî ïîæàðà, óêàçàíî, ÷òî åñëè áû ñòàëüíûå ýëåìåíòû
áûëè ñ îãíåçàùèòîé, òî çäàíèå áû íå îáðóøèëîñü [5].

Â îòëè÷èå îò ìàäðèäñêîãî ïîæàðà ïðè ïîæàðå â
âûñîòíîì 62-ýòàæíîì çäàíèè â Ëîñ-Àíäæåëåñå â
1988 ã. áëàãîäàðÿ óäà÷íîé îãíåçàùèòå íåñóùèõ ýëå-
ìåíòîâ, äàæå ïðè íåñðàáîòàâøåé ñïðèíêëåðíîé ñè-
ñòåìå ïîæàðîòóøåíèÿ, ñòàëüíàÿ êîíñòðóêöèÿ íåáî-

ñêðåáà âûäåðæàëà òðåõ÷àñîâîå âîçäåéñòâèå ïëà-
ìåíè.

Ïðè òåðàêòå è ïîñëåäóþùåì ïîæàðå âî Âñå-
ìèðíîì òîðãîâîì öåíòðå (ÂÒÖ) 11 ñåíòÿáðÿ 2001 ã.
â Íüþ-Éîðêå (ÑØÀ) ïîãèá 2451 ÷åëîâåê, à óùåðá
ñîñòàâèë 33,4 ìëðä. äîëë. [6]. Îáðóøåíèå çäàíèé
ÂÒÖ — ýòî ïåðâûé ñëó÷àé ïîëíîãî ðàçðóøåíèÿ âû-
ñîòíîãî çäàíèÿ, à òàêæå ïåðâûé èçâåñòíûé ñëó÷àé
ðàçðóøåíèÿ çäàíèÿ ñî ñòàëüíûìè íåñóùèìè êîíñò-
ðóêöèÿìè [5].

Áàøíè-áëèçíåöû ÿâëÿëèñü ÷àñòüþ ÂÒÖ, ðàññ÷è-
òàííîãî íà 50 òûñ. ðàáî÷èõ ìåñò è 80 òûñ. ïîñåòèòå-
ëåé åæåäíåâíî. Êàæäàÿ áàøíÿ èìåëà âûñîòó 411 ì,
110 íàäçåìíûõ ýòàæåé è 6 ïîäçåìíûõ.

Îñíîâíàÿ íåñóùàÿ ñèñòåìà çäàíèÿ ïðåäñòàâëÿëà
ñîáîé “òðóáó” (íàðóæíóþ îáîëî÷êó), îáðàçîâàííóþ
êîëîííàìè íàðóæíûõ ñòåí, óñòàíîâëåííûõ ñ øàãîì
1,02 ì. Âñå 59 êîëîíí íàðóæíîãî ïåðèìåòðà îáúåäè-
íåíû ìåæäó ñîáîé ïëàñòèíàìè âûñîòîé 1,32 ì â
óðîâíå êàæäîãî ýòàæà. Íàðóæíàÿ “òðóáà” âîñïðè-
íèìàëà âñå íàãðóçêè îò âåòðà è âîçìîæíûõ çåìëå-
òðÿñåíèé è ÷àñòü âåðòèêàëüíûõ íàãðóçîê îò ïåðå-
êðûòèé. Âíóòðåííèå 47 êîëîíí ÿäðà (ãäå ðàñïîëà-
ãàëèñü ëåñòíè÷íûå êëåòêè è ëèôòû) âîñïðèíèìàëè
òîëüêî âåðòèêàëüíûå íàãðóçêè îò ïåðåêðûòèé. Âåð-
òèêàëüíûé ðàçðåç çäàíèÿ è ñõåìàòè÷íîå ðàñïîëîæå-
íèå êîëîíí ïîêàçàíû íà ðèñ. 2.

Ñòàëüíûå êîíñòðóêöèè çäàíèé âûïîëíåíû èç
14 ðàçëè÷íûõ âèäîâ ñòàëåé ñ ïðåäåëîì òåêó÷åñòè
îò 250 ÌÏà (àíàëîã îòå÷åñòâåííîé ñòàëè Ñò3 èëè

Ðèñ. 1. Çäàíèå “Windsor Tower’s” â Ìàäðèäå ïîñëå ïîæàðà
Fig. 1. The Windsor Tower’s building in Madrid after a fire

Ðèñ. 2. Ñõåìàòè÷íûéðàçðåççäàíèÿ, ñõåìà
âåðòèêàëüíûõ íåñóùèõ êîíñòðóêöèé è
êîíñòðóêöèÿ ïåðåêðûòèÿ [7]: 1 — òåõ-
íè÷åñêîå îáñëóæèâàíèå; 2 — ñìîòðî-
âàÿ ïëîùàäêà; 3 — ëèôò-ýêñïðåññ; 4 —
óðîâåíü Plaza; 5 — ëîêàëüíûé ëèôò;
6 — íàðóæíàÿ ïîâåðõíîñòü òðóáû; 7 —
öåíòðàëüíûé ñòåðæåíü êîëîííû; 8 —
ïëèòà ïåðåêðûòèÿ; 9 — 59 êîëîí ñ êàæ-
äîé ñòîðîíû; 10 — ñòåðæåíü; 11 — áå-
òîí; 12 — ïîêðûòèå ïîëà; 13 — ñêâîç-
íîé íàñòèë; 14 — ñèñòåìà êîíäèöèîíè-
ðîâàíèÿ; 15 — êàíàë äëÿ ïðîêëàäêè
ýëåêòðèêè

Fig. 2. Schematic section of the building,
scheme of the vertical load-bearing structu-
res and the ceiling structure: 1 — technical
services; 2 — skylobby; 3 — express eleva-
tors; 4 — Plaza level; 5 — local elevators;
6 — exterior framed-tube; 7 — central core
columns; 8 — floor slab; 9 — 59 columns
per side; 10 — bar; 11 — concrete; 12 —
floor covering; 13 — though decking; 14 —
air-conditioning; 15 — electric duct
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Ñ245) äî 690 ÌÏà (àíàëîã îòå÷åñòâåííîé ñòàëè Ñ690).
Èñïîëüçîâàíèå ñòîëü çíà÷èòåëüíîãî êîëè÷åñòâà âè-
äîâ ñòàëåé ïîìîãëî óíèôèöèðîâàòü ðàçìåðû êîíñò-
ðóêöèé, à ãëàâíîå — ðàçìåðû èõ ïîïåðå÷íûõ ñå÷å-
íèé, à òàêæå ñíèçèòü íàãðóçêè îò ñîáñòâåííîãî âåñà
êîíñòðóêöèé.

Ïåðåêðûòèå áàøåí âûïîëíåíî ñ ìàêñèìàëüíîé
óíèôèêàöèåé â âèäå ìîíîëèòíîé ïëèòû ïî ñòàëü-
íûì ôåðìàì âûñîòîé 900 ìì, ðàçëîæåííûì ñ øàãîì
2,04 ì. Ôåðìû ïåðåêðûòèé, êðîìå âåðòèêàëüíûõ
íàãðóçîê îò ñîáñòâåííîãî âåñà, ëþäåé è îáîðóäîâà-
íèÿ, âîñïðèíèìàëè ÷àñòü âåòðîâîé íàãðóçêè è ðàñ-
ïðåäåëÿëè åå ÷åðåç ïëèòó è ãîðèçîíòàëüíûå ñâÿçè
ðàâíîìåðíî ïî ïëàíó çäàíèÿ. Òàê êàê ïðè ñèëüíûõ
âåòðàõ ðàñêà÷èâàíèå çäàíèÿ ìîãëî âûçûâàòü äèñêîì-
ôîðò ó ëþäåé (÷òî ïîäòâåðäèëîñü èñïûòàíèÿìè ïðè
ïðîåêòèðîâàíèè), áûëî òàêæå ðåøåíî íèæíèé ïîÿñ
ôåðì çàêðåïèòü ê íàðóæíûì êîëîííàì ïåðèìåòðà
ñ ïîìîùüþ âÿçêîóïðóãèõ äåìïôåðîâ, êîòîðûå äîëæ-
íû ãàñèòü ãîðèçîíòàëüíûå êîëåáàíèÿ áàøåí. Â ôè-
íàëüíîì îò÷åòå National Institute of Standards and
Technology ïî ðåçóëüòàòàì ðàññëåäîâàíèÿ [8] àâòîðû
íå ñêðûâàþò ñâîåãî óäèâëåíèÿ, íàñêîëüêî ñìåëûì
áûëî ðåøåíèå î âíåäðåíèè ñòîëü áîëüøîãî êîëè÷å-
ñòâà èííîâàöèé â êîíñòðóêöèþ ïåðåêðûòèé [8].

Äëÿ íàðóæíîé îòäåëêè êîëîíí ïðèìåíåíû àëþ-
ìèíèåâûå ïàíåëè. Íàðóæíàÿ îãíåçàùèòà âûïîëíåíà
èç íàïûëÿåìîãî ìàòåðèàëà, à âíóòðåííÿÿ — èç òâåð-
äûõ âåðìèêóëèòîâûõ ïëèò, êîòîðûå îäíîâðåìåííî
ÿâëÿëèñü îñíîâîé äëÿ âíóòðåííåé ôèíèøíîé îò-
äåëêè (ðèñ. 3). Ôåðìû ïåðåêðûòèé çàùèùåíû íà-
ïûëÿåìûì îãíåçàùèòíûì ìàòåðèàëîì.

Â öåëîì ðåçóëüòàòû ðàññëåäîâàíèÿ ïîêàçàëè âû-
ñîêóþ íàäåæíîñòü çàïðîåêòèðîâàííûõ êîíñòðóê-
öèé, êîòîðûå ñìîãëè âûäåðæàòü óäàðû ñàìîëåòîâ
íà áîëüøîé ñêîðîñòè, íî â òî æå âðåìÿ âûÿâèëè íèç-
êóþ ñòåïåíü àêòèâíîé è ïàññèâíîé çàùèòû îò ïîæà-
ðà êîíñòðóêöèé è çäàíèÿ â öåëîì.

Óñòàíîâëåíî, ÷òî ïðè÷èíîé ïðîãðåññèðóþùåãî
îáðóøåíèÿ êîíñòðóêöèé ÿâëÿëàñü ñîâîêóïíîñòü êîí-
ñòðóêòèâíûõ îñîáåííîñòåé çäàíèÿ, à èìåííî:

1) íåäîñòàòî÷íîå êîëè÷åñòâî îãíåçàùèòíîãî íà-
ïûëÿåìîãî ïîêðûòèÿ íà êîíñòðóêöèÿõ êîëîíí, à ãëàâ-
íîå íà òðóäíûõ äëÿ îáðàáîòêè ýëåìåíòàõ ïðóòêîâûõ
ôåðì è ïðîãîíîâ (çíà÷èòåëüíàÿ ÷àñòü êîíñòðóêöèé
áûëà îáðàáîòàíà íåêà÷åñòâåííî èëè íå îáðàáîòàíà
âîâñå; êîíñòðóêöèè ÷àñòè÷íî óòðàòèëè îãíåçàùèòó
â ïðîöåññå ýêñïëóàòàöèè è íå áûëè îòðåìîíòèðî-
âàíû);

2) ðàçðóøåíèå çíà÷èòåëüíîãî êîëè÷åñòâà íàïû-
ëÿåìîãî îãíåçàùèòíîãî ïîêðûòèÿ âñëåäñòâèå óäàðà
ñàìîëåòîâ, ò. å. ïîä äåéñòâèåì âèáðàöèîííîé è óäàð-
íîé íàãðóçêè;

3) íàëè÷èå çíà÷èòåëüíûõ ïðîãèáîâ è äåôîðìà-
öèé ãëàâíûõ è âòîðîñòåïåííûõ ïðóòêîâûõ ôåðì, èõ
÷àñòè÷íîå èëè ïîëíîå ðàçðóøåíèå íà ýòàæàõ, ãäå
áûë ñîñðåäîòî÷åí óäàð ñàìîëåòà è ïîñëåäîâàâøèé
çà íèì ïîæàð;

4) ðàçðóøåíèå íà êàæäîì ýòàæå, îõâà÷åííîì ïî-
æàðîì, îò 1/3 äî 2/3 óçëîâ îïèðàíèÿ êîíñòðóêöèé
ôåðì íà êîëîííû, êîòîðûå âñëåäñòâèå ýòîãî ïîòå-
ðÿëè ðàñêðåïëåíèå èç ïëîñêîñòè;

5) âñëåäñòâèå ðàçðóøåíèÿ è çíà÷èòåëüíûõ äå-
ôîðìàöèé êîíñòðóêöèé ïåðåêðûòèé, à òàêæå â ñèëó
îäíîâðåìåííîãî íàãðåâà êîëîíí, ïîòåðÿâøèõ ðàñ-
êðåïëåíèå èç ïëîñêîñòè, çíà÷èòåëüíîå êîëè÷åñòâî
êîëîíí ïåðèìåòðà è ÿäðà íà÷àëè âûïó÷èâàòüñÿ è òå-
ðÿòü óñòîé÷èâîñòü, ÷òî çàïóñòèëî ïðîöåññ ïðîãðåñ-
ñèðóþùåãî îáðóøåíèÿ çäàíèé.

Â îò÷åòå îñîáî îòìå÷àåòñÿ, ÷òî åñëè áû çíà÷è-
òåëüíîå êîëè÷åñòâî îãíåçàùèòíîãî ìàòåðèàëà íà
êîíñòðóêöèè ñîõðàíèëîñü ïîñëå óäàðà, òî çäàíèå ñ
áîëüøîé âåðîÿòíîñòüþ íå îáðóøèëîñü áû. Ââèäó
çíà÷èòåëüíûõ îòñòóïëåíèé îò ïðîåêòíûõ ðåøåíèé
â ÷àñòè îãíåçàùèòû êîíñòðóêöèè ïåðåêðûòèé íå îá-
ëàäàëè ïîëîæåííûì ïðåäåëîì îãíåñòîéêîñòè, ðàâ-
íûì 2 ÷.

Íà îñíîâàíèè âñåñòîðîííåãî èññëåäîâàíèÿ [8]
ñôîðìóëèðîâàíû 30 ðåêîìåíäàöèé ïî ïðîåêòèðî-
âàíèþ çäàíèé è ïîâûøåíèþ èõ íàäåæíîñòè è áåç-
îïàñíîñòè. Çàìåòèì, ÷òî òîëüêî 3 èç íèõ ïîñâÿùåíû
óëó÷øåíèþ ðàñ÷åòîâ, 12 — óëó÷øåíèÿì ïðîåêòè-
ðîâàíèÿ è ïðîöåäóð ñåðòèôèêàöèè îãíåçàùèòû è
ñèñòåì çàùèòû îò ïîæàðà, 7 — óëó÷øåíèþ óñëîâèé
ýâàêóàöèè èç çäàíèé è 8 — óëó÷øåíèþ îðãàíè-
çàöèîííûõ ìåðîïðèÿòèé äëÿ ñïåöèàëüíûõ ñëóæá.
Íè â îäíîé èç ïðèâåäåííûõ â [8] ðåêîìåíäàöèé

Ðèñ. 3. Îãíåçàùèòà è îòäåëêà íàðóæíîé êîðîá÷àòîé êîëîí-
íû [8]: 1 — ïîêðûòèå èç âåðìèêóëèòà ðàçíîé òîëùèíû; 2 —
âíóòðåííÿÿ ãðàíü; 3 — òèïîâàÿ êîëîííà ñ àëþìèíèåâûì ïî-
êðûòèåì; 4 — íàïûëåíèå îãíåçàùèòíîãî ñîñòàâà; 5 — ñòàëü-
íàÿ êîëîííà; 6 — ñòåíîâàÿ ïàíåëü ñ îêíîì
Fig. 3. Fire retardance and finishing of outer box column [8]: 1 —
vermiculite plaster thickness varies; 2 — interior face; 3 —
typical column aluminum cover; 4 — SFRM; 5 — steel column;
6 — window panel
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íå äàåòñÿ îòðèöàòåëüíûõ îöåíîê òîìó èëè èíîìó
ìàòåðèàëó íåñóùèõ êîíñòðóêöèé èëè îãíåçàùèòû,
òîé èëè èíîé íåñóùåé ñèñòåìå è êîíñòðóêòèâíîìó
ðåøåíèþ.

Êîíñòðóêöèè íåáîñêðåáîâ ÂÒÖ âûäåðæàëè
ñòîëêíîâåíèå ñ ñàìîëåòàìè, íî ìåòàëëè÷åñêèé êàð-
êàñ è óçëû ñî÷ëåíåíèé êîíñòðóêöèé íå óñòîÿëè ïðè
ïîæàðå [9]. Ñàìîëåò, âðåçàâøèéñÿ â îäíî èç çäàíèé
ÂÒÖ, áûë çàãðóæåí òîïëèâîì ïî ìàêñèìóìó [10].
Â ðåçóëüòàòå åãî ïðîëèâà â çäàíèè ïðîèçîøëî óãëå-
âîäîðîäíîå ãîðåíèå ñ áóëüøèì òåïëîâûäåëåíèåì,
÷åì òî, íà êîòîðîå ðàññ÷èòàíà çàùèòà òèïîâûõ çäà-
íèé. Îäíàêî íåâîçìîæíî âñå çäàíèÿ ïðîåêòèðîâàòü
ñ ó÷åòîì âåðîÿòíîñòè òåððîðèñòè÷åñêèõ àòàê [11].

Ïðè ýòîì ìåòàëë ëó÷øå, ÷åì áåòîí, ïðîòèâîñòî-
èò äèíàìè÷åñêèì íàãðóçêàì è, íàïðèìåð, ïðè âíóò-
ðåííåì âçðûâå (òåðàêòå) ñ áîëüøåé âåðîÿòíîñòüþ
ñîõðàíèò íåñóùóþ ñïîñîáíîñòü. Íàïðèìåð, ðàç-
ðóøåíèå êîíñòðóêöèé 22-ýòàæíîãî çäàíèÿ àïàðòà-
ìåíòîâ èç ñáîðíîãî æåëåçîáåòîíà â Ëîíäîíå 16 ìàÿ
1968 ã. ïðèâëåêëî âíèìàíèå êîíñòðóêòîðîâ ê ïðî-
ãðåññèðóþùåìó îáðóøåíèþ. Âíåøíèå íåñóùèå ñòå-
íû ðàçðóøèëèñü èç-çà âçðûâà ãàçà íà 18-ì ýòàæå,
÷òî ïðèâåëî ê ïðîãðåññèðóþùåìó ðàçðóøåíèþ â
óãëîâîì îòñåêå ââåðõ äî êðîâëè è âíèç äî íåñêîëü-
êèõ ýòàæåé îò óðîâíÿ çåìëè [12].

Òàêèì îáðàçîì, ñóùåñòâóþò è ïðåèìóùåñòâà,
è íåäîñòàòêè ïðîåêòèðîâàíèÿ êîíñòðóêöèé êàê æå-
ëåçîáåòîííûõ, òàê è ñòàëüíûõ, êîòîðûå ñëåäóåò ðàñ-
ñìîòðåòü ïîäðîáíåå.

Ðàñ÷åòíûå îáîñíîâàíèÿ
è íîðìàòèâíûå òðåáîâàíèÿ

ê îãíåñòîéêîñòè íåñóùèõ êîíñòðóêöèé

Íîðìàòèâíûìè òðåáîâàíèÿìè ïî ïîæàðíîé áåç-
îïàñíîñòè íå îãðàíè÷èâàåòñÿ âûáîð ìàòåðèàëà, èç êî-
òîðîãî äîëæíû áûòü èçãîòîâëåíû êîíñòðóêöèè, â òîì
÷èñëå íåñóùèå. Ãëàâíîå, ÷òîáû îíè óäîâëåòâîðÿëè
íîðìàòèâíûì ïîëîæåíèÿì. Â Òåõíè÷åñêîì ðåãëà-
ìåíòå î òðåáîâàíèÿõ ïîæàðíîé áåçîïàñíîñòè [13]
ïðåäúÿâëÿþòñÿ òðåáîâàíèÿ ê îãíåñòîéêîñòè è êëàñ-
ñó êîíñòðóêòèâíîé ïîæàðíîé îïàñíîñòè íåñóùèõ
êîíñòðóêöèé. È ñòàëü, è áåòîí ÿâëÿþòñÿ íåãîðþ÷è-
ìè ìàòåðèàëàìè è ñîîòâåòñòâóþò íàèáîëåå âûñîêî-
ìó êëàññó êîíñòðóêòèâíîé ïîæàðíîé îïàñíîñòè Ê0.

×òî êàñàåòñÿ îãíåñòîéêîñòè, òî òðàäèöèîííî ñ÷è-
òàåòñÿ, ÷òî æåëåçîáåòîííûå êîíñòðóêöèè ëó÷øå
ñòàëüíûõ ñîõðàíÿþò ñâîþ óñòîé÷èâîñòü ïðè ïîæàðå.
Ïðè ýòîì, ïîñêîëüêó ñòàëü ñ÷èòàëàñü ìåíåå îãíå-
ñòîéêèì ìàòåðèàëîì, ÷åì áåòîí, áîëüøèíñòâî èñ-
ñëåäîâàíèé áûëè ñôîêóñèðîâàíû èìåííî íà íåé [14].
Òàêîé îäíîçíà÷íûé ïîäõîä íå ó÷èòûâàåò ðÿä îñî-
áåííîñòåé.

Íåñóùàÿ ñïîñîáíîñòü è ñòàëüíûõ, è æåëåçîáå-
òîííûõ êîíñòðóêöèé ïî îãíåñòîéêîñòè (ïðèçíàê R)

îïðåäåëÿåòñÿ âðåìåíåì äîñòèæåíèÿ ïðåäåëüíîãî
ñîñòîÿíèÿ êîíñòðóêöèè ïðè åå èñïûòàíèè ïî “ñòàí-
äàðòíîé” òåìïåðàòóðíîé øêàëå, ïðèâåäåííîé â
ÃÎÑÒ 30247.0–94 (ÈÑÎ 834–75). Ïðè ýòîì ïîòåðÿ
íåñóùåé ñïîñîáíîñòè ñòàëüíîé êîíñòðóêöèè îïðå-
äåëÿåòñÿ âðåìåíåì äîñòèæåíèÿ îáðàçöîì êðèòè÷å-
ñêîé òåìïåðàòóðû [15].

Â æåëåçîáåòîííûõ êîíñòðóêöèÿõ, â êîòîðûõ íà-
áëþäàåòñÿ õðóïêîå ðàçðóøåíèå ïî ñæàòîìó áåòîíó
(êîëîííû ñ ìàëûì ýêñöåíòðèñèòåòîì, èçãèáàåìûå
ïåðåàðìèðîâàííûå ýëåìåíòû), çà ïîòåðþ íåñóùåé
ñïîñîáíîñòè ïðèíèìàåòñÿ ïîëíîå ðàçðóøåíèå êîí-
ñòðóêöèè âî âðåìÿ ïîæàðà. Èçãèáàåìûå, âíåöåíòðåí-
íî ñæàòûå è ðàñòÿíóòûå ñ áîëüøèì ýêñöåíòðèñèòå-
òîì ýëåìåíòû (êîòîðûõ áîëüøèíñòâî) õàðàêòåðèçó-
þòñÿ ðàçâèòèåì áîëüøèõ íåîáðàòèìûõ äåôîðìàöèé
àðìàòóðû è áåòîíà, è çà ïîòåðþ íåñóùåé ñïîñîáíî-
ñòè ïðèíèìàåòñÿ ðàçâèòèå ïðîãèáà åùå äî òîãî, êàê
íàñòóïèò ïîëíîå ðàçðóøåíèå [15].

Çäåñü ñëåäóåò îòìåòèòü î÷åíü âàæíûé ìîìåíò:
ïðåäåë îãíåñòîéêîñòè æåëåçîáåòîííîé êîíñòðóêöèè
íàñòóïàåò ïðè íàãðåâå áåòîíà â ðàñ÷åòíîì ñå÷åíèè
âûøå åãî êðèòè÷åñêîé òåìïåðàòóðû, à òàêæå ïðè
ïðîãðåâå ðàáî÷åé àðìàòóðû â êîíñòðóêöèè äî êðè-
òè÷åñêîé òåìïåðàòóðû [15–17]. Êðèòè÷åñêàÿ òåì-
ïåðàòóðà íàãðåâà àðìàòóðû õàðàêòåðèçóåò ñòàäèþ
îáðàçîâàíèÿ ïëàñòè÷åñêîãî øàðíèðà â ðàñòÿíóòîé
çîíå æåëåçîáåòîííûõ êîíñòðóêöèé è íàñòóïëåíèå
ïðåäåëà îãíåñòîéêîñòè ïðè îãíåâîì âîçäåéñòâèè.

Òàêèì îáðàçîì, è äëÿ ñòàëüíûõ, è äëÿ æåëåçîáå-
òîííûõ íåñóùèõ êîíñòðóêöèé ïðåäåë îãíåñòîéêî-
ñòè îïðåäåëÿåòñÿ âðåìåíåì äîñòèæåíèÿ êðèòè÷å-
ñêîé òåìïåðàòóðû ñòàëüíûìè ýëåìåíòàìè. Ðàçíèöà
çàêëþ÷àåòñÿ òîëüêî â òîì, ÷òî â æåëåçîáåòîíå óæå
çàëîæåí “îãíåçàùèòíûé” ñëîé áåòîíà, à äëÿ ñòàëüíûõ
êîíñòðóêöèé åãî íóæíî ïðåäóñìàòðèâàòü îòäåëüíî.

Ïðè ýòîì, êàê ìû ãîâîðèëè âûøå, êàê åñòü ïðå-
èìóùåñòâà è íåäîñòàòêè ïðèìåíåíèÿ æåëåçîáåòîíà
èëè ñòàëè, òàê åñòü ïðåèìóùåñòâà è íåäîñòàòêè ïðè-
ìåíåíèÿ äëÿ îãíåçàùèòû ñëîÿ áåòîíà èëè ñïåöèàëü-
íûõ ñðåäñòâ äëÿ îãíåçàùèòû. Íàïðèìåð, â ÑØÀ äî
1970-õ ãîäîâ áåòîí áûë íàèáîëåå ðàñïðîñòðàíåí-
íûì îãíåçàùèòíûì ìàòåðèàëîì äëÿ ñòàëüíûõ êîí-
ñòðóêöèé, íî íà ñåãîäíÿøíèé äåíü åãî âûòåñíèëè
ñîâðåìåííûå áîëåå ëåãêèå ìàòåðèàëû, â ïåðâóþ î÷å-
ðåäü íàïûëÿåìûå [11, 18–20].

Ïðåèìóùåñòâà ïðèìåíåíèÿ æåëåçîáåòîíà äëÿ
îãíåçàùèòû î÷åâèäíû, ïîýòîìó ïðèâåäåì îñíîâíûå
íåäîñòàòêè: óâåëè÷åíèå òîëùèíû çàùèòíîãî ñëîÿ
äî àðìàòóðû ïðèâîäèò ê ñíèæåíèþ ïðî÷íîñòíûõ
õàðàêòåðèñòèê è óâåëè÷åíèþ âåñà êîíñòðóêöèè; ïðè
ïðåäåëàõ îãíåñòîéêîñòè áîëåå 150 ìèí (äëÿ çäàíèé
âûøå 100 ì òðåáóåòñÿ 180 ìèí, à âûøå 150 ì —
240 ìèí [21]) íåñóùèå æåëåçîáåòîííûå ïåðåêðûòèÿ
è áàëêè, êàê ïðàâèëî, âñå ðàâíî íóæäàþòñÿ â îãíå-
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çàùèòå; ïðèñóòñòâóþùàÿ âëàãà (ôèçè÷åñêè è õèìè-
÷åñêè ñâÿçàííàÿ âîäà) ïðè íàãðåâå íà÷èíàåò ïðåîá-
ðàçîâûâàòüñÿ â ïàð è ñîçäàåò âíóòðåííåå äàâëåíèå,
ïðèâîäÿùåå ê òàê íàçûâàåìîìó âçðûâîîáðàçíîìó
îòêàëûâàíèþ áåòîíà [11, 15, 22–24]. Åñòü è äðóãèå
ïðè÷èíû îòêàëûâàíèÿ áåòîíà ïðè ïîâûøåíèè òåì-
ïåðàòóðû, íî ñóòü ïîíÿòíà: àðìàòóðà ïðè òàêîì ïðî-
öåññå îãîëÿåòñÿ (ðèñ. 4).

Ïðè ïðèìåíåíèè ñïåöèàëüíûõ îãíåçàùèòíûõ
ìàòåðèàëîâ íà ñòàëüíûõ êîíñòðóêöèÿõ âîçìîæíî
äîñòèæåíèå ïðåäåëîâ îãíåñòîéêîñòè äî 240 ìèí,
ñíèæåíèå âåñà êîíñòðóêöèè ïî ñðàâíåíèþ ñ àíàëî-
ãè÷íûì ïî îãíåñòîéêîñòè ñëîåì áåòîíà, îòñóòñòâèå
âçðûâîîáðàçíîãî ðàçðóøåíèÿ. Ïðåèìóùåñòâà áîëåå
ïðî÷íîãî ìàòåðèàëà — áåòîíà íåîáõîäèìî ñðàâ-
íèòü ñ ïðåèìóùåñòâàìè îãíåçàùèòíûõ ìàòåðèàëîâ,
÷òîáû âûáðàòü ïðèåìëåìîå ðåøåíèå [11].

Òàêèì îáðàçîì, âûáîð ìàòåðèàëà íåñóùèõ êîí-
ñòðóêöèé äîëæåí áûòü îñíîâàí íà ñîâðåìåííûõ
ïðåäñòàâëåíèÿõ îá îãíåçàùèòå ñ ó÷åòîì ýêîíîìè-
÷åñêîé ýôôåêòèâíîñòè.

Çäåñü íåëüçÿ íå îòìåòèòü, ÷òî òðàäèöèîííûå ïîä-
õîäû ê îáåñïå÷åíèþ îãíåñòîéêîñòè, ïðè êîòîðûõ
èñïûòàíèÿì (èëè ðàñ÷åòó) ïîäâåðãàþòñÿ îòäåëüíûå

êîíñòðóêöèè, ïîñëå ÷åãî äåëàåòñÿ âûâîä îá îãíå-
ñòîéêîñòè âñåãî çäàíèÿ â öåëîì, à òàêæå ïðèìåíå-
íèå “ñòàíäàðòíîé” òåìïåðàòóðíîé êðèâîé ïîæàðà
äëÿ èñïûòàíèé íå îòâå÷àþò òðåáîâàíèÿì ïî îáåñ-
ïå÷åíèþ ïîæàðíîé áåçîïàñíîñòè âûñîòíûõ çäàíèé.
Ýòî îáóñëîâëåíî òåì, ÷òî ââèäó ñëîæíîñòè äîñòóïà
ïîæàðíûõ ïîäðàçäåëåíèé ê î÷àãó ïîæàðà è ýâàêóà-
öèè ëþäåé, à òàêæå èç-çà çíà÷èòåëüíî áîëåå òðàãè÷-
íûõ ïîñëåäñòâèé ïîæàðîâ â íèõ íåîáõîäèìî îáåñ-
ïå÷èòü îãíåñòîéêîñòü êîíñòðóêöèé íà âñå âðåìÿ âîç-
ìîæíîãî ïîæàðà, ðàññ÷èòûâàÿ ïðè ýòîì ðåàëüíûé
òåìïåðàòóðíûé ðåæèì. Àâòîðàìè ñòàòüè ïðè ðàç-
ðàáîòêå ÑÏ 267.1325800.2016 [21] áûëî âêëþ÷åíî â
íåãî òðåáîâàíèå, ïîçâîëÿþùåå îöåíèâàòü îãíåñòîé-
êîñòü êîíñòðóêöèé ïðè ðàçâèòèè ðåàëüíîãî ïîæàðà.

Çàêëþ÷åíèå

Àíàëèç ïîæàðîâ, íîðìàòèâíûõ òðåáîâàíèé è îñî-
áåííîñòåé ðàñ÷åòîâ îãíåñòîéêîñòè ïîêàçàë, ÷òî æå-
ëåçîáåòîííûå è ñòàëüíûå êîíñòðóêöèè èìåþò êàê
ïðåèìóùåñòâà, òàê è íåäîñòàòêè. Ïðè êà÷åñòâåííîé
îãíåçàùèòå ñòàëüíûå êîíñòðóêöèè âïîëíå ñïîñîá-
íû îáåñïå÷èòü íåîáõîäèìóþ îãíåñòîéêîñòü çäàíèÿ
è ñíèæåíèå åãî âåñà, à òàêæå ñîêðàùåíèå ñòîèìî-
ñòè ñòðîèòåëüñòâà. Â òî æå âðåìÿ æåëåçîáåòîí òðà-
äèöèîííî âîñïðèíèìàåòñÿ êàê áîëåå íàäåæíûé ìà-
òåðèàë è èìååò ñâîè ïðåèìóùåñòâà, â òîì ÷èñëå â
ïëàíå ýêñïëóàòàöèè.

Â íàñòîÿùåå âðåìÿ âåäóòñÿ ðàáîòû ïî âíåäðå-
íèþ êîíñòðóêöèé èç ñòàëåæåëåçîáåòîíà, êîòîðûé
ñî÷åòàåò â ñåáå ïðåèìóùåñòâà äâóõ ìàòåðèàëîâ.
Òàê, àâòîðàìè ñòàòüè ðàçðàáîòàí ñâîä ïðàâèë “Êîí-
ñòðóêöèè ñòàëåæåëåçîáåòîííûå. Ïðàâèëà ïðîåêòè-
ðîâàíèÿ” [25], êîòîðûé ñîäåðæèò íîðìàòèâíûå ïî-
ëîæåíèÿ ïî ðàñ÷åòó íà îãíåñòîéêîñòü òàêèõ êîíñò-
ðóêöèé, â òîì ÷èñëå ñòàëåæåëåçîáåòîííûõ ïëèò.
Ýòî äàåò âîçìîæíîñòü ïðèìåíÿòü èõ â Ðîññèè, òàê
êàê ïðè êëàññè÷åñêîì ïîäõîäå ê îãíåçàùèòå òàêèõ
ïëèò ýêîíîìè÷åñêàÿ ýôôåêòèâíîñòü ñòðåìèëàñü ê
íóëþ. Íà îñíîâàíèè âûøåñêàçàííîãî ñäåëàí âûâîä,
÷òî ðàáîòó â äàííîì íàïðàâëåíèè íåîáõîäèìî ïðî-
äîëæèòü.
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ABSTRACT

The most common emergency that causes damage to structures high-rise buildings, is a fire. On the fire
in high-rise, the 62-storey building in Los Angeles in 1988, even if not triggered the sprinkler fire-
fighting system, thanks to the successful fire protection of load-bearing elements of the steel structure
of the skyscraper withstood a three-hour exposure to flame. In a fire at a 106-metre 32-storey office
building “Windsor Tower” in Madrid in 2005, an external unprotected steel frame collapsed on
6 upper floors.

The results of the investigation of the consequences of a terrorist attack at the World Trade Center
in the US showed high reliability designed steel structures, which could withstand impacts of planes at
high speed, but shows a low level is applied to the active and passive protection of structures and
buildings from fire. On the basis of a comprehensive study is not given negative evaluations of a parti-
cular material of load-bearing structures or fire protection or a carrier system and a constructive solution.

Traditionally it is considered, that concrete construction is better than steel, retain their stability in
a fire. This approach does not take into account a number of features. Fire resistance of reinforced
concrete structures occurs when the heating of the concrete in the calculated cross section above its
critical temperature and when heating of the working bars in the structure to the critical temperature.
Thus, for steel structures, and reinforced concrete structures, fire resistance is determined by the time
of reaching the critical temperature of steel elements. The only difference is that the concrete already
laid, “fire-resistant” layer of concrete, and for steel structures it is necessary to provide separately.
With the use of special fire resistant materials to steel structures, it is possible to achieve fire resistance
up to 240 minutes, reduced structural weight compared to similar fire-resistant layer of concrete, the lack
of explosive destruction.

Thus, the choice of material of supporting structures should be based on modern concepts about
fire protection with efficiency in mind.

Currently, work is underway on implementation of structures made of steel-concrete which
combines the features of two materials.

Keywords: fire safety; high-rise buildings; fire resistance; supporting structures; examples of fires;
reinforced concrete.
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Ïðîâåäåí àíàëèç ñîñòîÿíèÿ ïðîèçâîäñòâåííîãî òðàâìàòèçìà ïðè âûïîëíåíèè ðàáîò íà âûñîòå
ñ ðàññìîòðåíèåì îñíîâíûõ ïðè÷èí òðàâìèðîâàíèÿ ðàáîòíèêîâ. Ïðîàíàëèçèðîâàíû èìåþùèåñÿ
ñðåäñòâà îáåñïå÷åíèÿ áåçîïàñíîñòè ðàáîò íà âûñîòå íà îïîðàõ âîçäóøíûõ ëèíèé (ÂË) è ëèíèé
ýëåêòðîïåðåäà÷, èñïîëüçîâàíèå êîòîðûõ ñâèäåòåëüñòâóåò î íåäîñòàòî÷íîé îáåñïå÷åííîñòè íà-
äåæíîé ñòðàõîâêè îò ïàäåíèÿ ñ âûñîòû. Ïîêàçàíà ïåðñïåêòèâíîñòü ñîâåðøåíñòâîâàíèÿ àíêåð-
íîãî óñòðîéñòâà êàê îäíîãî èç ýëåìåíòîâ ñèñòåìû îáåñïå÷åíèÿ áåçîïàñíîñòè ðàáîò íà âûñîòå.
Ïðåäëîæåíû óñîâåðøåíñòâîâàííàÿ ìîäåëü òðàâåðñû è èñïîëüçîâàíèå ñòàöèîíàðíîé àíêåðíîé
òî÷êè íà âåðõíåé ÷àñòè îïîðû. Ïîêàçàíî, ÷òî âíåäðåíèå àíêåðíûõ óñòðîéñòâ ïðè ñòðîèòåëüñòâå
è ðåêîíñòðóêöèè ÂË ïîçâîëèò îáåñïå÷èòü áåçîïàñíîñòü ðàáîò íà âûñîòå â ñîîòâåòñòâèè ñ äåéñò-
âóþùèì çàêîíîäàòåëüñòâîì.
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Ââåäåíèå

Ñòàòèñòèêà ïðîèçâîäñòâåííîãî òðàâìàòèçìà â Ðîñ-
ñèè ñâèäåòåëüñòâóåò î òîì, ÷òî ðàáîòû íà âûñîòå
îòíîñÿòñÿ ê íàèáîëåå òðàâìîîïàñíûì âèäàì ðàáîò,
ïðè êîòîðûõ ñòàáèëüíî âûñîêà äîëÿ òÿæåëîãî è ñìåð-
òåëüíîãî òðàâìàòèçìà [1].

Àíàëèç ñòàòèñòè÷åñêèõ äàííûõ ïîêàçûâàåò, ÷òî
êàæäîìó ñëó÷àþ òðàâìàòèçìà ïðåäøåñòâóþò îïðå-
äåëåííûå ñîáûòèÿ èëè îòêëîíåíèÿ îò íîðìàëüíîãî
òå÷åíèÿ ïðîèçâîäñòâåííîãî ïðîöåññà. Îäíèìè èç
õàðàêòåðíûõ ïðè÷èí íåñ÷àñòíûõ ñëó÷àåâ ÿâëÿþò-
ñÿ: íàðóøåíèå ïðàâèë ïðîèçâîäñòâà ðàáîò; íåïðà-
âèëüíûå ïðèåìû è ìåòîäû òðóäà; ðàáîòà íà âûñîòå
áåç ïðèìåíåíèÿ ïðåäîõðàíèòåëüíûõ ñðåäñòâ; íåñî-
âåðøåíñòâî çàùèòíûõ òåõíè÷åñêèõ ñðåäñòâ è ïðè-

ñïîñîáëåíèé è äð. Ðåøåíèå âîïðîñîâ ïî ñíèæåíèþ
òðàâìàòèçìà ïðè âûïîëíåíèè ðàáîò íà âûñîòå è ðàç-
ðàáîòêà ìåð ïî çàùèòå ðàáîòàþùèõ íà âûñîòå àêòó-
àëüíû è ïî ñåé äåíü [2, 3].

Èçâåñòíî, ÷òî íåóäîâëåòâîðèòåëüíîå ñîñòîÿíèå
óñëîâèé è áåçîïàñíîñòè òðóäà ÿâëÿåòñÿ ñëåäñòâèåì
íåäîñòàòî÷íîãî âíèìàíèÿ ðàáîòîäàòåëåé ê âîïðîñàì
îõðàíû òðóäà [4].

Îáåñïå÷åíèþ áåçîïàñíîñòè ðàáîòíèêîâ íà âû-
ñîòå ñïîñîáñòâóåò ñîáëþäåíèå ïðàâèë áåçîïàñíîãî
âåäåíèÿ ðàáîò. Ïðàâèëà ïî îõðàíå òðóäà ïðè ðàáîòå
íà âûñîòå (äàëåå — Ïðàâèëà ¹ 155í) [5] ïîäðàçó-
ìåâàþò ðÿä ìåðîïðèÿòèé îðãàíèçàöèîííîãî è òåõ-
íè÷åñêîãî õàðàêòåðà, âûïîëíåíèå êîòîðûõ äîëæíî
îáåñïå÷èòü áåçîïàñíîñòü ðàáîò íà âûñîòå, ìèíèìè-

© Ñåí÷åíêî Â. À., Êàâåðçíåâà Ò. Ò., Ðóìÿíöåâà Í. Â., Ñêðèïíèê È. Ë., Ëåëèêîâ Ã. Ä., 2018
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çèðîâàâ êîëè÷åñòâî íåñ÷àñòíûõ ñëó÷àåâ, ñâÿçàííûõ
ñ ýòèìè ðàáîòàìè.

Â ñâÿçè ñ òåì ÷òî îñíîâíûå ïðè÷èíû òðàâìàòèç-
ìà îáóñëîâëåíû íåñîáëþäåíèåì òåõ èëè èíûõ òðå-
áîâàíèé áåçîïàñíîñòè, ïåðâîî÷åðåäíûìè ìåðàìè
ïî çàùèòå ðàáîòíèêîâ ÿâëÿþòñÿ îðãàíèçàöèîííûå
è òåõíè÷åñêèå ìåðîïðèÿòèÿ, à èìåííî [6]:
� ñâîåâðåìåííîå îáó÷åíèå è ïðîâåðêà çíàíèé ïðà-

âèë áåçîïàñíîñòè è îõðàíû òðóäà ðàáîòàþùèõ;
� êîíòðîëü çà ñîáëþäåíèåì áåçîïàñíîñòè è îõðà-

íû òðóäà ðàáîòàþùèìè;
� ñîâåðøåíñòâîâàíèå òåõíè÷åñêèõ ñðåäñòâ áåç-

îïàñíîñòè ïðè ðàáîòàõ íà âûñîòå.
Îñâåäîìëåííîñòü è çíàíèå ðàáîòíèêàìè ïðàâèë

âûïîëíåíèÿ ðàáîò íà âûñîòå, à òàêæå ðàçðàáîòêà
öåëåíàïðàâëåííûõ ìåðîïðèÿòèé ïî ñíèæåíèþ ôàê-
òîðîâ ðèñêà òðàâìèðîâàíèÿ, óñòðàíåíèþ îáíàðó-
æåííûõ íåäîñòàòêîâ â îðãàíèçàöèè ðàáî÷èõ ìåñò è
íàðóøåíèé îõðàíû òðóäà è èõ íåäîïóùåíèþ â äàëü-
íåéøåì [7] îáåñïå÷àò áåçîïàñíóþ ðàáîòó è ñîêðà-
ùåíèå óðîâíÿ òðàâìàòèçìà íà ðàáî÷èõ ìåñòàõ.

Ê òåõíè÷åñêèì ìåðîïðèÿòèÿì, îáåñïå÷èâàþùèì
áåçîïàñíîñòü ðàáîò íà âûñîòå, îòíîñÿòñÿ ñèñòåìû
îáåñïå÷åíèÿ áåçîïàñíîñòè ðàáîò íà âûñîòå, âêëþ-
÷àþùèå:

à) àíêåðíîå óñòðîéñòâî;
á) ïðèâÿçü (ñòðàõîâî÷íóþ, äëÿ óäåðæàíèÿ, äëÿ

ïîçèöèîíèðîâàíèÿ, äëÿ ïîëîæåíèÿ ñèäÿ);
â) ñîåäèíèòåëüíî-àìîðòèçèðóþùóþ ïîäñèñòåìó

(ñòðîïû, êàíàòû, êàðàáèíû, àìîðòèçàòîðû, ñðåäñòâî
çàùèòû âòÿãèâàþùåãîñÿ òèïà, ñðåäñòâî çàùèòû îò
ïàäåíèÿ ïîëçóíêîâîãî òèïà íà ãèáêîé èëè æåñòêîé
àíêåðíîé ëèíèè).

Òàêèì îáðàçîì, îäíèì èç ýëåìåíòîâ ñèñòåìû
îáåñïå÷åíèÿ áåçîïàñíîñòè ðàáîò íà âûñîòå ÿâëÿåò-
ñÿ àíêåðíîå óñòðîéñòâî.

Òåõíè÷åñêîå îáñëóæèâàíèå è ðåìîíò âîçäóø-
íûõ ëèíèé (äàëåå — ÂË), âêëþ÷àþùèõ âîçäóøíûå
ëèíèè ñâÿçè (ÂËÑ) è âîçäóøíûå ëèíèè ýëåêòðî-

ïåðåäà÷ (ÂËÝ), — îáÿçàòåëüíûé ïðîöåññ ýêñïëóà-
òàöèè ÂË. Âîçäóøíûå ëèíèè ñâÿçè — ýòî, êàê
ïðàâèëî, íåâûñîêèå äåðåâÿííûå èëè æåëåçîáåòîí-
íûå ñòîëáû (ðèñ. 1,à). Âîçäóøíûå ëèíèè ýëåêòðîïå-
ðåäà÷ íèçêîãî è ñðåäíåãî íàïðÿæåíèÿ ïðåäñòàâëÿþò
ñîáîé äåðåâÿííûå èëè ÷àùå æåëåçîáåòîííûå ñòîëáû
êðóãëîãî ñå÷åíèÿ âûñîòîé ïîðÿäêà 10 ì (ðèñ. 1,á).
ÂËÝ íàïðÿæåíèåì âûøå ñðåäíåãî (âûñîêîâîëüò-
íûå ëèíèè ýëåêòðîïåðåäà÷ (ËÝÏ)) èçãîòàâëèâàþò
èç ñòàëè, ïðåèìóùåñòâåííî èç ïðîêàòíîãî ïðîôèëÿ
(ðèñ. 1,â). Âûñîòà òàêèõ êîíñòðóêöèé íà÷èíàåòñÿ îò
íåñêîëüêèõ äåñÿòêîâ ìåòðîâ.

Öåëüþ íàñòîÿùåé ñòàòüè ÿâëÿåòñÿ ïîâûøåíèå
áåçîïàñíîñòè âåäåíèÿ ðàáîò íà âûñîòå ïðè ýêñïëóà-
òàöèè ÂËÑ è ËÝÏ ñ ïîìîùüþ ñòàöèîíàðíûõ àíêåð-
íûõ òî÷åê è ëèíèé.

Çàäà÷àìè äëÿ ðåøåíèÿ ïîñòàâëåííûõ öåëåé ÿâ-
ëÿþòñÿ: êðèòè÷åñêèé àíàëèç ìåðîïðèÿòèé îðãàíèçà-
öèîííîãî è òåõíè÷åñêîãî õàðàêòåðà ïî îáåñïå÷åíèþ
áåçîïàñíîñòè ðàáîò íà âûñîòå ïðè ýêñïëóàòàöèè ÂËÑ
è ËÝÏ è ðàññìîòðåíèå ìåòîäîâ ïî ðåøåíèþ âûÿâ-
ëåííûõ ïðîáëåì.

Àíàëèòè÷åñêàÿ ÷àñòü

Ñàìûé ïðîñòîé ñïîñîá îáñëóæèâàíèÿ íåâûñîêèõ
ÂË ïðåäóñìàòðèâàåò èñïîëüçîâàíèå àâòîïîäúåìíèêà,
íî ýòî íå âñåãäà âîçìîæíî (íàïðèìåð, ïðè íàõîæäå-
íèè îïîðû â òðóäíîäîñòóïíîì ìåñòå) è ñ ýêîíîìè-
÷åñêîé òî÷êè çðåíèÿ çàòðàòíî. Ïîýòîìó ïðè ïîäú-
åìå íà íåâûñîêèå îïîðû ïðèìåíÿþòñÿ ëåñòíèöû
èëè ëàçû. Äëÿ ïîäúåìà íà âûñîêîâîëüòíûå ËÝÏ èñ-
ïîëüçóåòñÿ ñàìà êîíñòðóêöèÿ îïîðû, à â íåêîòîðûõ
êîíñòðóêöèÿõ — ýêñïëóàòàöèîííàÿ ëåñòíèöà.

Â ñîîòâåòñòâèè ñ äåéñòâóþùèìè ïðàâèëàìè ïî
îõðàíå òðóäà ïðè ðàáîòå íà âûñîòå ïðè ïîäúåìå íà
îïîðó íåîáõîäèìî ïðèìåíÿòü ñòðàõîâî÷íûå ñèñòå-
ìû (ÃÎÑÒ Ð ÅÍ 363–2007). Âåðõíÿÿ ÷àñòü îïîðû
ÂË â ÐÔ íå îñíàùàåòñÿ æåñòêèìè àíêåðíûìè òî÷-
êàìè äëÿ êðåïëåíèÿ ñòðàõîâî÷íûõ ñèñòåì. Â íàñòî-

Ðèñ. 1. Íåêîòîðûå ðàçíîâèä-
íîñòè êîíñòðóêöèé îïîð ÂË:
à — îïîðû ëèíèé ñâÿçè; á —
îïîðû ëèíèé ýëåêòðîïåðåäà÷;
â — âûñîêîâîëüòíûå ËÝÏ

Fig. 1. Some varieties of support
structures: a — pillars of com-
munication lines; b — power
line supports; v — high-voltage
power lines
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ÿùåå âðåìÿ êðåïëåíèå ñòðàõîâî÷íûõ ñèñòåì îñóùå-
ñòâëÿåòñÿ ñ ïîìîùüþ ãèáêèõ àíêåðíûõ òî÷åê [8, 9]
èëè ñïåöèàëüíûõ ñîåäèíèòåëüíûõ ýëåìåíòîâ [10].
Íà ðîññèéñêîì ðûíêå òàêèå ñïîñîáû ïðåäëîæåíû
ðÿäîì êîìïàíèé, ïðåäîñòàâëÿþùèõ ñèñòåìû áåç-
îïàñíîñòè äëÿ âåäåíèÿ ðàáîò íà âûñîòå [11–13].

Íåäîñòàòêîì òàêèõ òåõíè÷åñêèõ ðåøåíèé ÿâëÿ-
åòñÿ òî, ÷òî çàêðåïëåíèå îïîðû ÂË ñ ïîìîùüþ ãèá-
êèõ àíêåðíûõ òî÷åê íå âñåãäà âîçìîæíî ñ òåõíè÷å-
ñêîé òî÷êè çðåíèÿ [14]:
� îïîðû ÂËÑ â âåðõíåé ÷àñòè èìåþò êðþêè äëÿ

óñòàíîâêè èçîëÿòîðîâ è òðàâåðñû äëÿ êðåïëåíèÿ
ëèíèé ñâÿçè, íà êîòîðûå ñïîëçàåò àíêåðíàÿ ïåò-
ëÿ ïðè íàäåâàíèè åå íà îïîðó; ïðè ýòîì íè êðþê,
íè òðàâåðñà íå ðàññ÷èòàíû íà íàãðóçêó, êîòîðàÿ
ñîãëàñíî ïðàâèëàì ïî îõðàíå òðóäà ïðè ðàáîòå
íà âûñîòå äîëæíà ñîñòàâëÿòü 22 êÍ;

� íà êàáåëüíûõ îïîðàõ ÂËÑ â âåðõíåé ÷àñòè îïî-
ðû óñòàíîâëåí óñèëèòåëü, íà êîòîðûé ñïîëçàåò
àíêåðíàÿ ïåòëÿ ïðè íàäåâàíèè åå íà îïîðó; ïðè
ýòîì êðåïëåíèå óñèëèòåëÿ íå ðàññ÷èòàíî íà ïðå-
äåëüíóþ íàãðóçêó, êîòîðàÿ äîëæíà ñîñòàâëÿòü
22 êÍ;

� â âåðõíåé òî÷êå ÷àñòè îïîð ÂËÝ ðàñïîëîæåíû
èçîëÿòîð è ëèíèÿ ýëåêòðîïåðåäà÷, ïîýòîìó íà-
äåòü àíêåðíóþ ïåòëþ íà òàêóþ îïîðó òåõíè÷åñêè
íåâîçìîæíî;

� ñëîæíî íàäåâàòü ãèáêóþ àíêåðíóþ ïåòëþ íà îïî-
ðû, íà êîòîðûõ çàêðåïëåíî ìíîæåñòâî ïðîâîäîâ,
à òàêæå ñíèìàòü åå ñ îïîð ïîñëå ïðîâåäåíèÿ
ðàáîò.
Äëÿ áåçîïàñíîãî ïîäúåìà íà âûñîêîâîëüòíûå

ËÝÏ ïðèìåíÿåòñÿ ïîïåðåìåííàÿ ñòðàõîâêà ïîñðåä-
ñòâîì ñîåäèíèòåëüíî-àìîðòèçèðóþùåé ïîäñèñòåìû
(ðèñ. 2). Òàêàÿ ñòðàõîâêà îñóùåñòâëÿåòñÿ íåïîñðåä-
ñòâåííî çà êîíñòðóêöèþ îïîðû ëèáî çà ñòóïåíè
ëåñòíèöû, åñëè òàêîâàÿ ñóùåñòâóåò. Îäíàêî òàêîå
ïåðåìåùåíèå åäâà ëè ìîæíî íàçâàòü áåçîïàñíûì,
è ñâÿçàíî ýòî ñ íåñêîëüêèìè ïðè÷èíàìè, à èìåííî:
� ïðè ïîäúåìå ïî ñàìîé îïîðå è ïîïåðåìåííîé

ñòðàõîâêå çà ýëåìåíòû êîíñòðóêöèè âîçíèêàþò
ñèòóàöèè, êîãäà ðàáîòíèê íàõîäèòñÿ â ïîëîæå-
íèè ñ ôàêòîðîì ïàäåíèÿ, ðàâíûì 2. Â ñëó÷àå
ñðûâà â òàêîì ïîëîæåíèè ïîä ðàáîòíèêîì â ñèëó
îñîáåííîñòåé êîíñòðóêöèè îïîðû îòñóòñòâóåò
áåçîïàñíûé çàïàñ âûñîòû äëÿ ñðàáàòûâàíèÿ
ñðåäñòâ çàùèòû;

� ïðè ïîäúåìå ïî ëåñòíèöå ñòðàõîâêà îñóùåñòâ-
ëÿåòñÿ çà ýëåìåíòû ëåñòíèöû, êîòîðûå â ýòîò
ìîìåíò ÿâëÿþòñÿ àíêåðíûìè òî÷êàìè è ê êî-
òîðûì äîëæíû ïðåäúÿâëÿòüñÿ òðåáîâàíèÿ ïî
ïðî÷íîñòè ìèíèìóì 22 êÍ [5]. Ïðîàíàëèçèðî-
âàâ ñóùåñòâóþùèå íîðìàòèâíûå äîêóìåíòû,
ðåãóëèðóþùèå òðåáîâàíèÿ ê ïðî÷íîñòíûì õà-
ðàêòåðèñòèêàì ëåñòíèö*, ìîæíî îäíîçíà÷íî ñäå-

ëàòü âûâîä, ÷òî íè ñòîéêà ëåñòíèöû, íè ñòóïåíüêè
íå óäîâëåòâîðÿþò òðåáîâàíèÿì, ïðåäúÿâëÿåìûì
ê àíêåðíûì óñòðîéñòâàì Ïðàâèëàìè ¹ 155í [5],
è íå ìîãóò îáåñïå÷èâàòü áåçîïàñíûé ïîäúåì ñïå-
öèàëèñòà íà âûñîòó;

� íåêîòîðûå îïîðû ñíàáæåíû îäíîñòîå÷íûìè
ëåñòíèöàìè, ãäå äëÿ óäîáñòâà ïîäúåìà â êà÷åñò-
âå ñòîéêè âûñòóïàåò îäíà èç íîã îïîðû. Ïðè ýòîì
ñòðàõîâêà îñóùåñòâëÿåòñÿ òàê æå, êàê è ïðè
ïîäúåìå ïî êîíñòðóêöèè. Î íåäîñòàòêàõ äàííî-
ãî ìåòîäà ñòðàõîâêè ñêàçàíî âûøå, è ê ýòîìó
åùå ìîæíî äîáàâèòü ñîáëàçí ñòðàõîâêè çà îò-
êðûòûå ñòóïåíè.
Ó÷èòûâàÿ ïåðå÷èñëåííûå âûøå ïðîáëåìû, â ñî-

âðåìåííûõ óñëîâèÿõ ïðè ñòðîèòåëüñòâå è ðåêîí-
ñòðóêöèè ÂËÑ è ËÝÏ íåîáõîäèìî ïðåäïðèíèìàòü
ìåðû ïî ïîâûøåíèþ áåçîïàñíîé ýêñïëóàòàöèè âîç-
äóøíûõ ëèíèé. Îäíîé èç òàêèõ ìåð ÿâëÿåòñÿ óñòà-
íîâêà íà îïîðû ñòàöèîíàðíûõ àíêåðíûõ òî÷åê äëÿ
êðåïëåíèÿ ñòðàõîâî÷íûõ ñèñòåì è îáåñïå÷åíèÿ áåç-
îïàñíîñòè âåäåíèÿ ðàáîò íà âûñîòå. Ïîäúåì ïî âåð-
òèêàëüíîé ëåñòíèöå â ñîîòâåòñòâèè ñ äåéñòâóþùè-
ìè íîðìàòèâíûìè äîêóìåíòàìè â îáëàñòè âûïîë-
íåíèÿ âûñîòíûõ ðàáîò íåîáõîäèìî ïðîèçâîäèòü ïðè
íàëè÷èè àíêåðíûõ òî÷åê èëè àíêåðíîé ëèíèè íà
ïóòè äâèæåíèÿ ðàáîòíèêà.

Â Ðîññèéñêîé Ôåäåðàöèè òðàâåðñà ÒÍ-1 [15] ÿâ-
ëÿåòñÿ ðàñïðîñòðàíåííûì óñòðîéñòâîì äëÿ êðåï-

Ðèñ. 2. Ïîïåðåìåííàÿ ñòðàõîâêà ñ èñïîëüçîâàíèåì ñîåäèíè-
òåëüíî-àìîðòèçèðóþùåé ïîäñèñòåìû
Fig. 2. Alternate insurance with use of a connection-cushioning
subsystem

* ÃÎÑÒ 23120–2016, ÃÎÑÒ Ð 53276–2009, ÃÎÑÒ Ð 53275–2009,
ÃÎÑÒ Ð 53254–2009, ÃÎÑÒ Ð ÈÑÎ 14122-3–2009, ÃÎÑÒ Ð ÈÑÎ
14122-4–2009, ÃÎÑÒ 26887–86.
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ëåíèÿ ÂËÝ. Óñòàíîâêà ãèáêèõ àíêåðíûõ ëèíèé íà
âåðõíåì êîíöå îïîðû, îáîðóäîâàííîé òðàâåðñîé
êîíñòðóêöèè ÒÍ-1, äëÿ êðåïëåíèÿ ñòðàõîâî÷íûõ
ñèñòåì íåâîçìîæíà, òàê êàê â ïðîäîëæåíèå âåðõíåé
÷àñòè îïîðû ðàñïîëîæåí èçîëÿòîð, ê êîòîðîìó êðå-
ïèòñÿ ëèíèÿ ýëåêòðîïåðåäà÷. Êðåïèòü êðþê íåïî-
ñðåäñòâåííî çà ýòó òðàâåðñó íåëüçÿ, òàê êàê îíà
íå ðàññ÷èòàíà íà íàãðóçêó 22 êÍ. Â òàêèõ ñëó÷àÿõ
ïðè ñòðîèòåëüñòâå è ðåêîíñòðóêöèè ÂË íà îïîðû
íåîáõîäèìî óñòàíàâëèâàòü òðàâåðñû, èìåþùèå â
ñâîåé êîíñòðóêöèè æåñòêèå àíêåðíûå òî÷êè äëÿ êðåï-
ëåíèÿ ñòðàõîâî÷íûõ ñèñòåì, ÷òîáû îáåñïå÷èòü áåç-
îïàñíîñòü ðàáîò íà âûñîòå. Íàìè ïðåäëîæåíà óñî-

âåðøåíñòâîâàííàÿ ìîäåëü òðàâåðñû ÒÍ-1 (ðèñ. 3)
[16]. Ìåòàëëè÷åñêàÿ òðàâåðñà 1 êðåïèòñÿ ê æåëåçî-
áåòîííîé îïîðå õîìóòîì 2. Ïîñðåäèíå òðàâåðñû
ïðèâàðèâàåòñÿ ìåòàëëè÷åñêàÿ ïëàñòèíà 5 ñ îòâåðñ-
òèåì 6 äëÿ êðåïëåíèÿ ñðåäñòâ çàùèòû ðàáîòàþùèõ.
Îïîðû 3 è 4 ñëóæàò äëÿ êðåïëåíèÿ èçîëÿòîðîâ. Ïëàñ-
òèíà èìååò äèàìåòð îòâåðñòèÿ, äîñòàòî÷íûé äëÿ
êðåïëåíèÿ ìåòàëëè÷åñêèõ êðþêîâ ñ ãèáêîé àíêåð-
íîé ëèíèåé. Ïëàñòèíà äîëæíà âûäåðæèâàòü áåç ðàç-
ðóøåíèÿ íàãðóçêó íå ìåíåå 22 êÍ. Õîìóò äëÿ êðåï-
ëåíèÿ òðàâåðñû ê îïîðå ÂËÝ óñèëèâàåòñÿ çà ñ÷åò óâå-
ëè÷åíèÿ ñå÷åíèÿ ìåòàëëè÷åñêîãî ïðîôèëÿ, ÷òîáû
âûäåðæèâàòü áåç ðàçðóøåíèÿ ñóììàðíóþ íàãðóçêó,
äåéñòâóþùóþ îò âîçäóøíîé ëèíèè ýëåêòðîïåðåäà÷,
è íàãðóçêó, ïðèëîæåííóþ ê àíêåðíîé òî÷êå, íå ìå-
íåå 22 êÍ.

Óñîâåðøåíñòâîâàííàÿ ìîäåëü òðàâåðñû ÿâëÿåòñÿ
ïðîñòîé è íàäåæíîé êîíñòðóêöèåé, âûïîëíÿþùåé
ôóíêöèþ êðåïëåíèÿ ëèíèè ýëåêòðîïåðåäà÷ ê æåëåçî-
áåòîííîé îïîðå è èìåþùåé â ñâîåì ñîñòàâå àíêåð-
íóþ òî÷êó äëÿ êðåïëåíèÿ ñðåäñòâ çàùèòû ðàáîòà-
þùèõ îò ïàäåíèÿ ñ âûñîòû. Äàííóþ ìîäåëü òðàâåð-
ñû, îòâå÷àþùóþ âñåì òðåáîâàíèÿì áåçîïàñíîñòè,
ââåäåííûì Ïðàâèëàìè ïî îõðàíå òðóäà ïðè ðàáîòå
íà âûñîòå â 2015 ã., öåëåñîîáðàçíî óñòàíàâëèâàòü íà
âíîâü ñîçäàâàåìûõ è ðåêîíñòðóèðîâàííûõ ÂË. Äî-
áàâëåíèå ñòàöèîíàðíîé àíêåðíîé òî÷êè â êîíñòðóê-
öèþ òðàâåðñû ñ ýêîíîìè÷åñêîé òî÷êè çðåíèÿ íå ïðè-
âåäåò ê ñèëüíîìó óäîðîæàíèþ êîíñòðóêöèè, çàòî
îáåñïå÷èò áåçîïàñíîñòü ðàáîò ïðè îáñëóæèâàíèè è
ðåìîíòå ÂË.

Äëÿ êðåïëåíèÿ ñðåäñòâ çàùèòû ðàáîòàþùèõ íà
äëèííîìåðíûõ âûñîòíûõ îïîðàõ [17] óíèâåðñàëü-
íîé êîíñòðóêöèåé äëÿ ñîçäàíèÿ àíêåðíîé òî÷êè íà
îïîðå ÂË ÿâëÿåòñÿ êîíñòðóêöèÿ, ïðåäñòàâëåííàÿ íà
ðèñ. 4.

Êîíñòðóêöèÿ ñîäåðæèò ìåòàëëè÷åñêèé õîìóò 1

ñ äâóìÿ ïðîóøèíàìè äëÿ ñòÿãèâàíèÿ èõ áîëòîì 2 è
ãàéêîé 4 ÷åðåç øàéáó 3. Ïðè ñòÿãèâàíèè áîëòîâîãî
ñîåäèíåíèÿ êîíñòðóêöèÿ æåñòêî çàêðåïëÿåòñÿ íà
îïîðå. Õîìóò ìîæåò áûòü âûïîëíåí èç äâóõ ïîëóêî-
ëåö äëÿ çàêðåïëåíèÿ íà óæå ñóùåñòâóþùåé îïîðå.

Íà õîìóòå 1 (ñì. ðèñ. 4) ïî âíåøíåìó êðóãó íà ðàâ-
íûõ ðàññòîÿíèÿõ äðóã îò äðóãà çàêðåïëåíû (ïðèâà-
ðåíû) ÷åòûðå èçîãíóòûå ïîä îïðåäåëåííûì óãëîì
ïëàñòèíû 5 ñ îòâåðñòèÿìè äëÿ êðåïëåíèÿ ñðåäñòâ
çàùèòû ðàáîòàþùèõ. Óãîë èçãèáà ïëàñòèí 5 â äèàïà-
çîíå îò 30 äî 70° ïîçâîëÿåò áåñïðåïÿòñòâåííî êðå-
ïèòü ñðåäñòâà çàùèòû è â ñëó÷àå ïàäåíèÿ ðàáîòíèêà
îáåñïå÷èòü åãî áåçîïàñíîñòü. Êîëè÷åñòâî ïëàñòèí

Ðèñ. 3. Òðàâåðñà ÒÍ-1 ñî ñòàöèîíàðíîé àíêåðíîé òî÷êîé
Fig. 3. Traverse TN-1 with a fixed anchor point

Ðèñ. 4. Êîíñòðóêöèÿ äëÿ êðåïëåíèÿ ñðåäñòâ çàùèòû ðàáîòà-
þùèõ íà äëèííîìåðíûõ âûñîòíûõ îïîðàõ
Fig. 4. A structure for fixing the means of protection of workers
working on long-length high-altitude bearings
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âûáèðàåòñÿ â ñîîòâåòñòâèè ñ êîëè÷åñòâîì ñðåäñòâ
çàùèòû ðàáîòíèêîâ.

Ïðè çàêðåïëåíèè äàííîãî óñòðîéñòâà íà îïîðå
íå íàðóøàåòñÿ öåëîñòíîñòü êîíñòðóêöèè îïîðû.

Êîíñòðóêöèÿ äëÿ êðåïëåíèÿ ñðåäñòâ çàùèòû ðà-
áîòàþùèõ ïðè âûïîëíåíèè ðàáîò íà âûñîòå ðàáîòàåò
ñëåäóþùèì îáðàçîì. Ïåðåä ïîäúåìîì íà îïîðó ñ
ïîìîùüþ òåëåñêîïè÷åñêîé øòàíãè êðåïèòñÿ ñòðà-
õîâî÷íàÿ ñèñòåìà, è ñ ïîìîùüþ êîãòåé èëè ëåñòíè-
öû îñóùåñòâëÿåòñÿ ïîäúåì. Ñòðàõîâî÷íàÿ ñèñòåìà
ñîñòîèò èç ñòðàõîâî÷íîé ïðèâÿçè ñ ñîîòâåòñòâóþùåé
òî÷êîé êðåïëåíèÿ, ê êîòîðîé êðåïèòñÿ ãèáêàÿ àíêåð-
íàÿ ëèíèÿ (ÃÀË) ñ çàæèìîì è àìîðòèçàòîðîì. Çàæèì
óñòàíàâëèâàåòñÿ íà ÃÀË â ñîîòâåòñòâèè ñ èíñòðóê-
öèåé ïðîèçâîäèòåëÿ. Àìîðòèçàòîð ðûâêà ñîåäèíÿåò-
ñÿ ñ îäíîé ñòîðîíû ñ çàæèìîì, à ñ äðóãîé — ñî ñòðà-
õîâî÷íîé òî÷êîé íà ïðèâÿçè. Â ñëó÷àå ïàäåíèÿ ÷å-
ëîâåêà ñ îïîðû çàæèì çàêëèíèâàåò íà êàíàòå, ïðè-

êðåïëåííîì ê ïðåäëàãàåìîé êîíñòðóêöèè, è íå äàåò
÷åëîâåêó óïàñòü íà çåìëþ. Òåì ñàìûì îáåñïå÷èâà-
åòñÿ áåçîïàñíàÿ ðàáîòà íà âûñîòå.

Íà ðèñ. 5 ïîêàçàíà ñõåìà çàêðåïëåíèÿ ïðåäëàãà-
åìîé êîíñòðóêöèè íà æåëåçîáåòîííîé îïîðå âûñî-
êîâîëüòíîé ëèíèè ñ ïîäêîñîì è áåç ïîäêîñà.

Ëåñòíèöû, êîòîðûìè îáîðóäîâàíû íåêîòîðûå âû-
ñîêîâîëüòíûå îïîðû ÂË, íå ÿâëÿþòñÿ áåçîïàñíûì
ðåøåíèåì ïîäúåìà ñïåöèàëèñòà ê ðàáî÷åìó ìåñòó,
òàê êàê íå îáåñïå÷èâàþò çàùèòó îò ïàäåíèÿ ñ âûñî-
òû. Äëÿ ðåøåíèÿ ýòîé ïðîáëåìû åñòü äâà ñïîñîáà.

Ïåðâûé ñïîñîá çàêëþ÷àåòñÿ â èçãîòîâëåíèè ïî
äëèíå ïîäúåìà ëåñòíèöû âåðòèêàëüíûõ çàùèòíûõ
îãðàæäåíèé. Ïðè ýòîì âûñîòà ëåñòíè÷íîé ñåêöèè
íå äîëæíà ïðåâûøàòü 5 ì [5] äëÿ îáåñïå÷åíèÿ áåç-
îïàñíîãî ïîäúåìà áåç äîïîëíèòåëüíûõ ñðåäñòâ çà-
ùèòû îò ïàäåíèÿ ñ âûñîòû. Òàêèå ëåñòíè÷íûå ñåêöèè
ðàñïîëàãàþòñÿ â øàõìàòíîì ïîðÿäêå è ðàçäåëÿþòñÿ
ïëîùàäêàìè îòäûõà.

Âòîðîé ñïîñîá çàêëþ÷àåòñÿ â ïðèìåíåíèè ñðåäñòâ
èíäèâèäóàëüíîé çàùèòû. Äëÿ áåçîïàñíîãî ïîäúåìà
íåîáõîäèìî èñïîëüçîâàòü ëèáî æåñòêóþ àíêåðíóþ
ëèíèþ ñ çàæèìîì íà âñåì ïóòè ïîäúåìà, ëèáî àí-
êåðíûå òî÷êè äëÿ ïîïåðåìåííîé ñòðàõîâêè.

Ñòîèò îòìåòèòü, ÷òî èç âñåõ ïåðå÷èñëåííûõ ñïî-
ñîáîâ îáåñïå÷åíèÿ áåçîïàñíîãî ïåðåìåùåíèÿ ïî âåð-
òèêàëüíîé ëåñòíèöå íàèáîëåå áåçîïàñíûì ÿâëÿåòñÿ
ïðèìåíåíèå æåñòêîé àíêåðíîé ëèíèè (ðèñ. 6), ïî-
ñêîëüêó ýòî îñâîáîæäàåò ðàáîòíèêà îò ïîñòîÿííîé
ïîïåðåìåííîé ñòðàõîâêè è òåì ñàìûì ñíèæàåò âëè-
ÿíèå ÷åëîâå÷åñêîãî ôàêòîðà. Åùå îäíèì î÷åâèäíûì
ïðåèìóùåñòâîì ÿâëÿåòñÿ ìàêñèìàëüíàÿ êîìïàêò-
íîñòü è ìåòàëëîåìêîñòü äàííîé ñèñòåìû áåçîïàñ-
íîñòè â ñðàâíåíèè ñ êîíñòðóêöèåé ëåñòíèö ñ âåðòè-
êàëüíûìè çàùèòíûìè îãðàæäåíèÿìè è ïëîùàäêàìè
îòäûõà.

Ðèñ. 5. Ïðèìåð êðåïëåíèÿ àíêåðíîé òî÷êè íà äëèííîìåðíûõ
âûñîòíûõ îïîðàõ
Fig. 5. An example of fixing an anchor point on long-length high-
altitude bearings

Ðèñ. 6. Ïðèìåíåíèå æåñòêîé àíêåðíîé ëèíèè / Fig. 6. Apply a rigid anchor line
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Æåñòêàÿ àíêåðíàÿ ëèíèÿ (ñì. ðèñ. 6) ïðåäñòàâëÿ-
åò ñîáîé íàïðàâëÿþùèé ðåëüñ 1, íà êîòîðûé êðå-
ïèòñÿ çàæèì-ïîëçóíîê 2. Ýòîò çàæèì ñïîñîáåí ñà-
ìîñòîÿòåëüíî ïåðåìåùàòüñÿ ïî ðåëüñó ñîâìåñòíî ñ
ðàáîòíèêîì, íèêàê íå çàòðóäíÿÿ åãî äâèæåíèå. Ïðè-
ìå÷àòåëüíî òî, ÷òî íàïðàâëÿþùèé ðåëüñ ìîæíî ñî-
âìåñòèòü ñ îäíîé èç ñòîåê ñàìîé ëåñòíèöû ëèáî
ïîëíîñòüþ âûïîëíèòü èç íåãî îäíîñòîå÷íóþ ëåñò-
íèöó. Ïîäîáíûå ðåøåíèÿ óæå ñóùåñòâóþò íà ðûíêå,
íî ïîêà ïðåäñòàâëåíû íåáîëüøèì êîëè÷åñòâîì ïðî-
èçâîäèòåëåé, òàêèõ êàê Carabelli, Vertic, High Safety.
Ïîìèìî àíêåðíîé ëèíèè è ïîëçóíêà, ñòðàõîâî÷íàÿ
ñèñòåìà òàêæå âêëþ÷àåò â ñåáÿ àìîðòèçàòîð ðûâêà 3

è ñòðàõîâî÷íóþ ïðèâÿçü.
Â çàêëþ÷åíèå ìîæíî ñêàçàòü, ÷òî åñòü ìíîãî âà-

ðèàíòîâ, êîãäà îáåñïå÷èòü â ïîëíîé ìåðå áåçîïàñ-
íîñòü ðàáîò íà îïîðå èìåþùèìèñÿ ñðåäñòâàìè áåç-
îïàñíîñòè, ïðåäëàãàåìûìè íà îòå÷åñòâåííîì ðûíêå,
íå ïðåäñòàâëÿåòñÿ âîçìîæíûì ïî ðÿäó òåõíè÷åñêèõ
è ýêîíîìè÷åñêèõ ïðè÷èí. Â ñâÿçè ñ ýòèì íåîáõîäè-
ìî ïðåäóñìàòðèâàòü â ïðîåêòíûõ ðåøåíèÿõ íà âíîâü
ñîçäàâàåìûõ è ðåêîíñòðóèðóåìûõ ÂË ñòàöèîíàð-
íûå àíêåðíûå òî÷êè íà âåðõíåé ÷àñòè îïîðû.

Íåîáõîäèìî íà çàêîíîäàòåëüíîì óðîâíå â îò-
ðàñëåâûå è ìåæîòðàñëåâûå íîðìû ïî îõðàíå òðóäà
âíåñòè äîïîëíåíèÿ, êàñàþùèåñÿ óñòðîéñòâà ñòà-
öèîíàðíîé àíêåðíîé òî÷êè ïðè ïðîåêòèðîâàíèè,
ñòðîèòåëüñòâå è ðåêîíñòðóêöèè ÂË.

Ñ òåõíè÷åñêîé òî÷êè çðåíèÿ àíêåðíîå óñòðîé-
ñòâî, êàê ìû ïîêàçàëè, íåñëîæíàÿ êîíñòðóêöèÿ. Ïðè
ýòîì ñåáåñòîèìîñòü àíêåðíîé òî÷êè áóäåò íåáîëü-
øîé, à âíåäðåíèå òàêîãî óñòðîéñòâà íå óâåëè÷èò
ðàñõîäû íà ñòðîèòåëüñòâî è ðåêîíñòðóêöèþ ÂË.
Âíåäðåíèå àíêåðíûõ óñòðîéñòâ ïðè ñòðîèòåëüñòâå
è ðåêîíñòðóêöèè ÂË ïîçâîëèò îáåñïå÷èòü áåçîïàñ-
íîñòü ðàáîò íà âûñîòå â ñîîòâåòñòâèè ñ äåéñòâó-
þùèì çàêîíîäàòåëüñòâîì ïðè ïðîèçâîäñòâå ðàáîò
íà âûñîòå.

Õîòåëîñü áû òàêæå îáðàòèòü âíèìàíèå íà òî, ÷òî
ïðè âíåäðåíèè ñòàöèîíàðíîé àíêåðíîé òî÷êè íåîáõî-
äèìî óñòàíîâèòü îáùåïðèíÿòûé çíàê àíêåðíîé òî÷-
êè. Íè ÃÎÑÒ ÅN 795–2014, íè ÃÎÑÒ Ð 12.4.026–2001
íå ïðåäóñìàòðèâàþò îáîçíà÷åíèÿ àíêåðíîé òî÷êè
(ëèíèè), ïîýòîìó ìû ïðåäëàãàåì èçîáðàæåíèå àí-
êåðíîé òî÷êè è ëèíèè, ïðåäñòàâëåííîå íà ðèñ. 7.

Íàëè÷èå îáîçíà÷åííîãî àíêåðíîãî óñòðîéñòâà
íà îïîðå îáëåã÷èò îðãàíèçàòîðàì ðàáîòó íà íåé [18]

è áóäåò ïîëåçíî ïðè îáó÷åíèè ðàáî÷èõ áåçîïàñíûì
ìåòîäàì è ïðèåìàì ïðè ðàáîòàõ íà âûñîòå, â òîì
÷èñëå ïðè îðãàíèçàöèè ñòàæèðîâîê; ïîâûñèò óðîâåíü
áåçîïàñíîñòè ïðè âûïîëíåíèè ðåìîíòíûõ ðàáîò ïîä
íàïðÿæåíèåì íà âîçäóøíûõ ëèíèÿõ ýëåêòðîïåðå-
äà÷è ñâåðõâûñîêîãî íàïðÿæåíèÿ [19]. Óñòðîéñòâî ñòà-
öèîíàðíûõ àíêåðíûõ òî÷åê è èõ ñîîòâåòñòâóþùàÿ
âèçóàëèçàöèÿ áóäóò ïîëåçíû ïðè îðãàíèçàöèè ýâà-
êóàöèè ëþäåé ñ êðûø â ýêñòðåííûõ ñèòóàöèÿõ è ïðè
îáó÷åíèè ïðèåìàì ñïàñåíèÿ â ïðîöåññå ïîäãîòîâêè
ñïåöèàëèñòîâ ïîæàðíîé áåçîïàñíîñòè [20].

Îñíîâíûìè íàïðàâëåíèÿìè ðàáîòû ïî ïðîôè-
ëàêòèêå è ïðåäóïðåæäåíèþ ïðîèçâîäñòâåííîãî òðàâ-
ìàòèçìà ïðè âûïîëíåíèè ðàáîò íà âûñîòå ÿâëÿþòñÿ
[2, 4]:
� àíàëèç ñîñòîÿíèÿ óñëîâèé òðóäà è ñëó÷àåâ òðàâ-

ìàòèçìà íà ðàáî÷èõ ìåñòàõ;
� ñèñòåìàòèçàöèÿ ïðè÷èí âîçíèêíîâåíèÿ íåñ÷àñò-

íûõ ñëó÷àåâ è òðàâìàòèçìà;
� ðàçðàáîòêà íîâûõ óñîâåðøåíñòâîâàííûõ òåõíè-

÷åñêèõ ñðåäñòâ ïîâûøåíèÿ áåçîïàñíîñòè ðàáîò
íà âûñîòå;

� ïîâûøåíèå óðîâíÿ îáó÷åíèÿ è ïðîâåðêè çíàíèÿ
ðàáîòíèêàìè ïðàâèë ðàáîò íà âûñîòå.
Âûïîëíåíèå ïðåäëîæåííûõ ìåð íàïðàâëåíî íà

îáåñïå÷åíèå áåçîïàñíîñòè ðàáîò íà âûñîòå è ñîêðà-
ùåíèå óðîâíÿ ïðîèçâîäñòâåííîãî òðàâìàòèçìà.

Âûâîäû

1. Êðèòè÷åñêèé àíàëèç ñóùåñòâóþùèõ ìåð áåç-
îïàñíîñòè ïðè ïðîèçâîäñòâå ðàáîò íà ÂËÑ è ËÝÏ
ñâèäåòåëüñòâóåò î íåäîñòàòî÷íîé îáåñïå÷åííîñòè
íàäåæíîé ñòðàõîâêè îò ïàäåíèÿ ñ âûñîòû, à èìåííî:
� íà ñóùåñòâóþùèõ îïîðàõ ÂË çàòðóäíèòåëüíà ëèáî

íåâîçìîæíà îðãàíèçàöèÿ àíêåðíîé ïåòëè äëÿ íà-
âåäåíèÿ ñòðàõîâî÷íîé ëèíèè;

� ïðè îðãàíèçàöèè àíêåðíîé òî÷êè äëÿ ñòðàõîâêè
íà ñóùåñòâóþùèõ îïîðàõ ÂË íàðóøàåòñÿ ïðî-
åêòíàÿ íàãðóçî÷íàÿ ñïîñîáíîñòü òðàâåðñû;

� ïîäúåì è îðãàíèçàöèÿ ñòðàõîâêè íà ËÝÏ ïðî-
èñõîäÿò ñ íàðóøåíèÿìè ñóùåñòâóþùèõ ïðàâèë
îõðàíû òðóäà ïðè ðàáîòå íà âûñîòå.
2. Â íàñòîÿùåé ñòàòüå ïðåäëîæåí ðÿä óíèâåð-

ñàëüíûõ òåõíè÷åñêèõ ðåøåíèé îáåñïå÷åíèÿ áåçîïàñ-
íîñòè ðàáîò íà ÂËÑ è ËÝÏ ïðè ïîìîùè îðãàíèçàöèè
ñòàöèîíàðíûõ àíêåðíûõ òî÷åê è ëèíèé íà îïîðå, ìîí-
òàæ êîòîðûõ öåëåñîîáðàçíî îñóùåñòâëÿòü íà ñòàäèè
ñòðîèòåëüñòâà èëè ðåêîíñòðóêöèè.

3. Äëÿ óñèëåíèÿ îðãàíèçàöèîííîé ñîñòàâëÿþùåé
áåçîïàñíîñòè âåäåíèÿ ðàáîò ïðè âíåäðåíèè ñòàöèî-
íàðíûõ àíêåðíûõ òî÷åê è ëèíèé ïðåäëîæåíà âèçóà-
ëèçàöèÿ ñîîòâåòñòâóþùèõ óñëîâíûõ îáîçíà÷åíèé
àíêåðíîãî óñòðîéñòâà íà ÂËÑ è ËÝÏ, ÷òî îáëåã÷èò
ðàáîòó ïî ïëàíèðîâàíèþ ðàáîò íà îïîðàõ è ïîçâî-
ëèò ïîâûñèòü áåçîïàñíîñòü ðàáîò íà âûñîòå.

Ðèñ. 7. Óñëîâíîå îáîçíà÷åíèå àíêåðíîé òî÷êè è ëèíèè
Fig. 7. Symbol of an anchor point and line



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 164

ÁÅÇÎÏÀÑÍÎÑÒÜ ÆÈÇÍÅÄÅßÒÅËÜÍÎÑÒÈ

ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ

1. Ñåí÷åíêî Â. À., Êàðàóø Ñ. À., Êàâåðçíåâà Ò. Ò. Ìåðû áåçîïàñíîñòè ïðè ïðîèçâîäñòâå ðàáîò
íà äâóñêàòíûõ êðûøàõ // Âåñòíèê Ïåðìñêîãî íàöèîíàëüíîãî èññëåäîâàòåëüñêîãî ïîëèòåõíè-
÷åñêîãî óíèâåðñèòåòà. Ñòðîèòåëüñòâî è àðõèòåêòóðà. — 2017. — Ò. 8, ¹ 2. — Ñ. 5–14. DOI:
10.15593/2224-9826/2017.2.01.

2. Ïóøåíêî Ñ. Ë., Ñòàñåâà Å. Â. Àíàëèç è ïðîôèëàêòèêà ïðîèçâîäñòâåííîãî òðàâìàòèçìà ïðè âîç-
âåäåíèè âûñîòíûõ çäàíèé è âûïîëíåíèè ðàáîò íà âûñîòå // Âåñòíèê Âîëãîãðàäñêîãî ãîñóäàðñò-
âåííîãî àðõèòåêòóðíî-ñòðîèòåëüíîãî óíèâåðñèòåòà. Ñåðèÿ: Ñòðîèòåëüñòâî è àðõèòåêòóðà. —
2016. — Âûï. 44-2(63). — Ñ. 157–165.

3. Êàðàóø Ñ. À., Ãåðàñèìîâà Î. Î. Ïðè÷èíû òðàâìàòèçìà è ïóòè åãî ñíèæåíèÿ â òåõíîëîãèÿõ ñòðî-
èòåëüíîãî ïðîèçâîäñòâà // Âåñòíèê Òîìñêîãî ãîñóäàðñòâåííîãî àðõèòåêòóðíî-ñòðîèòåëüíîãî
óíèâåðñèòåòà. — 2012. — ¹ 4. – Ñ. 243–248.

4. Ñòàñåâà Å. Â. Ñîâåðøåíñòâîâàíèå è ïîâûøåíèå ýôôåêòèâíîñòè îðãàíèçàöèè îõðàíû òðóäà â
ñòðîèòåëüñòâå íà îñíîâå ñèñòåìû óïðàâëåíèÿ ðèñêàìè : äèñ. … êàíä. òåõí. íàóê. — Ðîñòîâ-íà-
Äîíó, 2012. — 196 ñ.

5. Ïðàâèëà ïî îõðàíå òðóäà ïðè ðàáîòå íà âûñîòå : ïðèêàç Ìèíòðóäà Ðîññèè îò 28.03.2014 ¹ 155í
(ðåä. îò 17.06.2015). URL: http://base.garant.ru/70736920/ (äàòà îáðàùåíèÿ: 04.05.2017).

6. Ïóøåíêî Ñ. Ë., Íèõàåâà À. Â., Îìåëü÷åíêî Å. Â., Ïóøåíêî À. Ñ., Ñîêîëîâà Ã. Í., Ñòàñåâà Å. Â.,

Òðóøêîâà Å. À., Ôèëü Å. Ñ. Áåçîïàñíîñòü æèçíåäåÿòåëüíîñòè. ×àñòü 3. Áåçîïàñíîñòü ïðîèçâîäñò-
âà ðàáîò (òåõíèêà áåçîïàñíîñòè) : ó÷åáíîå ïîñîáèå. — Ðîñòîâ-íà-Äîíó : Ðîñò. ãîñ. ñòðîèò. óí-ò,
2015. — 193 ñ.

7. Ñòàñåâà Å. Â., Ïóøåíêî Ñ. Ë. Îñíîâû ìåòîäè÷åñêîãî ïîäõîäà ê ñîâåðøåíñòâîâàíèþ îðãàíèçà-
öèè îõðàíû òðóäà â ñòðîèòåëüñòâå íà îñíîâå ñèñòåìû óïðàâëåíèÿ ðèñêàìè // Èíæåíåðíûé âåñò-
íèê Äîíà. — 2012. — Ò. 22. — ¹ 4-1(22). — 4 c.

8. Kovack J. Webbing Wisdom // Fire Rescue. — 2009. — May 19. URL: http://www.firerescuemagazi-
ne.com/articles/print/volume-2/issue-5/special-operations/webbing-wisdom.html (äàòà îáðàùåíèÿ
24.04.2017).

9. Evans T., Truebe S. A review of webbing anchor research // International Technical Rescue Symposium
(November 5–8, 2015, Portland, Oregon). URL: http://itrsonline.org/wordpress/wp-content/uploads/
2015/11/Evans_Truebe_Webbing-Anchor-Research-Final.pdf (äàòà îáðàùåíèÿ: 24.04.2017).

10. Kevin D. Compatibility: Your Connection // Proceedings of the International Technical Rescue Sympo-
sium (November 1–3, 2012, Seattle, Washington). URL: http://itrsonline.org/wordpress/wp-content/
uploads/2014/09/Denis2012_ITRSPaper.pdf (äàòà îáðàùåíèÿ: 24.04.2017).

11. Ãèáêèå àíêåðíûå ëèíèè / Ñàéò êîìïàíèè SAFE-TEK. URL: http://safe-tec.ru/products/ankernye_linii
(äàòà îáðàùåíèÿ: 01.05.2017).

12. Ñðåäñòâà çàùèòû îò ïàäåíèÿ ñ âûñîòû : êàòàëîã ïðîìûøëåííîé ëèíåéêè VENTO. — 2016. — 32 c.
URL: https://vento.ru/sites/default/files/pdfs/vento_pro_2016.pdf (äàòà îáðàùåíèÿ: 01.05.2017).

13. Ñåí÷åíêî Â. À. Áåçîïàñíîñòü íà âûñîòå: âîçäóøíûå ëèíèè ñâÿçè // Ñàíýïèäêîíòðîëü. Îõðàíà
òðóäà. — 2016. — ¹ 3. — Ñ. 37–42.

14. Ñåí÷åíêî Â. À., Êàðàóø Ñ. À. Àíêåðíàÿ òî÷êà íà îïîðå êàê ýëåìåíò îáåñïå÷åíèÿ áåçîïàñíîñòè
ðàáîò íà âûñîòå // Ñòðîèòåëüñòâî: íîâûå òåõíîëîãèè — íîâîå îáîðóäîâàíèå. — 2016. — ¹ 7. —
Ñ. 50–53.

15. Òèïîâûe êîíñòðóêöèè, èçäåëèÿ è óçëû çäàíèé è ñîîðóæåíèé. Ñåðèè 3.407.1-136. Æåëåçîáåòîí-
íûå îïîðû ÂË 0,38 êÂ. Âûï. 1. Ìàòåðèàëû äëÿ ïðîåêòèðîâàíèÿ. Ðàáî÷èå ÷åðòåæè : ïðîòîêîë Ìèí-
ýíåðãî ÑÑÑÐ îò 03.10.1985 ¹ 24. URL: http://files.stroyinf.ru/Index2/1/4293844/4293844659.htm
(äàòà îáðàùåíèÿ: 15.06.2017).

16. Ïàò. 167281 Ðîññèéñêàÿ Ôåäåðàöèÿ, ÌÏÊ E04H 12/24. Òðàâåðñà îïîðû âîçäóøíîé ëèíèè ýëåêòðî-
ïåðåäà÷ / Êàâåðçíåâà Ò. Ò., Ñåí÷åíêî Â. À. — ¹ 2016126926; çàÿâë. 04.07.2016; îïóáë. 27.12.2016,
Áþë. ¹ 36.

17. Ïàò. 167382 Ðîññèéñêàÿ Ôåäåðàöèÿ, ÌÏÊ E04G 21/32, E04H 12/00. Êîíñòðóêöèÿ äëÿ êðåïëåíèÿ
ñðåäñòâ çàùèòû ðàáîòàþùèõ íà äëèííîìåðíûõ âûñîòíûõ îïîðàõ / Ñåí÷åíêî Â. À., Êàðàóø Ñ. À.
— ¹ 2016137918; çàÿâë. 22.09.2016; îïóáë. 10.01.2017, Áþë. ¹ 1.

18. Ñåí÷åíêî Â. À., Êàâåðçíåâà Ò. Ò. Ïðîèçâîäñòâî ðàáîò íà äâóõñêàòíûõ êðûøàõ // Îõðàíà òðóäà è
òåõíèêà áåçîïàñíîñòè â ñòðîèòåëüñòâå. — 2017. — ¹ 3(147). — Ñ. 36–43.



65ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1

ÁÅÇÎÏÀÑÍÎÑÒÜ ÆÈÇÍÅÄÅßÒÅËÜÍÎÑÒÈ

19. Êàçàêîâà Ñ. À., Êàâåðçíåâà Ò. Ò., Îâñÿííèêîâ À. Ã. Çàùèòà çîíû ðåìîíòíûõ ðàáîò ïîä íàïðÿæåíè-
åì íà âîçäóøíûõ ëèíèÿõ ýëåêòðîïåðåäà÷è ñâåðõâûñîêîãî íàïðÿæåíèÿ // Íàó÷íûå ïðîáëåìû
òðàíñïîðòà Ñèáèðè è Äàëüíåãî Âîñòîêà. — 2014. — ¹ 3. — Ñ. 65–71.

20. Ñêðèïíèê È. Ë., Âîðîíèí Ñ. Â. Îñîáåííîñòè ðàáîòû ñ îáó÷àþùèìèñÿ ïî ïîäãîòîâêå ñïåöèàëè-
ñòîâ ïîæàðíîé áåçîïàñíîñòè // Àêòóàëüíûå âîïðîñû åñòåñòâîçíàíèÿ : ìàòåðèàëû II Ìåæâóçîâ-
ñêîé íàó÷íî-ïðàêòè÷åñêîé êîíôåðåíöèè (12 àïðåëÿ 2017 ã., ã. Èâàíîâî). — Èâàíîâî : Èâàíîâñêàÿ
ïîæàðíî-ñïàñàòåëüíàÿ àêàäåìèÿ ÃÏÑ Ì×Ñ Ðîññèè, 2017. — Ñ. 126–128.

Ìàòåðèàë ïîñòóïèë â ðåäàêöèþ 16 îêòÿáðÿ 2017 ã.

Äëÿ öèòèðîâàíèÿ: Ñåí÷åíêî Â. À., Êàâåðçíåâà Ò. Ò., Ðóìÿíöåâà Í. Â., Ñêðèïíèê È. Ë., Ëåëèêîâ Ã. Ä.

Âíåäðåíèå ñòàöèîíàðíûõ àíêåðíûõ óñòðîéñòâ äëÿ áåçîïàñíîé ýêñïëóàòàöèè íà âûñîòå îïîð
âîçäóøíûõ ëèíèé ñâÿçè è ëèíèé ýëåêòðîïåðåäà÷ // Ïîæàðîâçðûâîáåçîïàñíîñòü / Fire and
Explosion Safety. — 2018. — Ò. 27, ¹ 1. — Ñ. 58–67. DOI: 10.18322/PVB.2018.27.01.58-67.

Englsh

IMPLEMENTATION OF STATIONARY ANCHOR DEVICES
FOR SAFE OPERATION AT THE HEIGHT OF SUPPORT OF AIR
COMMUNICATION LINES AND ELECTRIC TRANSMISSION LINES

SENCHENKO V. A., Leading Specialist in Occupational Safety, Volgograd Center
for Occupational Safety and Ecology (Donetskaya St., 7, office 142, Volgograd,

400066, Russian Federation; e-mail: Vladimir.senchenko@rambler.ru)

KAVERZNEVA T. T., Candidate of Technical Sciences, Associate Professor,
Peter the Great Saint Petersburg Polytechnic University (Politekhnicheskaya St., 29,

Saint Petersburg, 195251, Russian Federation; e-mail: kaverztt@mail.ru)

RUMYANTSEVA N. V., Candidate of Technical Sciences, Associate Professor,
Peter the Great Saint Petersburg Polytechnic University (Politekhnicheskaya St., 29,

Saint Petersburg, 195251, Russia Federation; e-mail: rumyantseva_nina@mail.ru)

SKRIPNIK I. L., Candidate of Technical Sciences, Associate Professor,
Saint Petersburg University of State Fire Service of Emercom of Russia
(Moskovskiy Avenue, 149, Saint Petersburg, 196105, Russian Federation;

e-mail: ig.skripnick2011@yandex.ru)

LELIKOV G. D., Head of the Scientific Industrial Methodology Center
“Industrial Rope Access””, National Research Moscow State University of
Civil Engineering (Yaroslavskoye Shosse, 26, Moscow, 129337, Russian Federation;

e-mail: jet_biker@mail.ru)

ABSTRACT

The results of the analysis of the existing safety measures for the production of works at altitude on
overhead lines and power lines, which indicate the problems of organizing reliable insurance against
falling from a height, are given. It is shown that there is not always a technical possibility to realize
the fastening of flexible anchor points for securing safety systems to VLtowers, which are designed to
ensure the safety of work at height. Also, problems are shown in the organization of insurance when
performing work on high-voltage power lines. Specific cases have been identified where it is tech-
nically impossible to put an anchor loop on a support or there are practical difficulties in the process of
dressing-releasing a flexible anchor loop, or when putting an anchor loop on a support, it slips into
parts that are not designed for the maximum load, which should be 22 kN. It is concluded that the use
of flexible anchor points on the supports of overhead lines is not always possible or safe, and on
the poles of the transmission line in general often violates the existing labor protection rules when
working at height. Anumber of universal technical solutions to ensure the safety of work on overhead
lines and transmission lines with the help of the organization of fixed anchor points and lines on
the support, equipment which it is advisable to carry out at the stage of construction or reconstruction.
It is also proposed to visualize the corresponding symbols of the anchor device on the overhead lines
and power lines, which will facilitate the work on planning works on the supports and will improve
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the safety of work at height. The expediency of introduction at the legislative level of additions to
the sectoral and intersectoral labor protection requirements for the installation of a fixed anchor point
for fixing safety systems in the design, construction and reconstruction of overhead lines is shown.

Keywords: occupational injuries; working at height; stationary anchorage point; work safety at height;
work safety on support; personal protective equipment.
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ÓÍÈÂÅÐÑÀËÜÍÛÉ ÏÎÆÀÐÍÛÉ ÑÒÂÎË

Ðàññìîòðåíî èçîáðåòåíèå – óíèâåðñàëüíûé ïîæàðíûé ñòâîë äëÿ òóøåíèÿ ïîæàðîâ ïîäà÷åé
ïåíû â ðåçåðâóàðû ñ íåôòåïðîäóêòàìè. Îáîçíà÷åíà ãëàâíàÿ îñîáåííîñòü äàííîãî èçîáðåòå-
íèÿ – ðàçäåëåíèå ïîòîêîâ ïîæàðíîé ïåíû ïî êðàòíîñòè, äàþùåå âîçìîæíîñòü èñïîëüçîâàòü
ïðè òóøåíèè ïîæàðîâ ïåíó íèçêîé è ñðåäíåé êðàòíîñòè, ïîäàâàåìóþ ñ ìîáèëüíîé ïîæàðíîé
òåõíèêè, áåç çàìåíû ïîæàðíûõ ñòâîëîâ, çàêðåïëåííûõ íà íàêîíå÷íèêå ñòðåëû ïîäúåìíèêà
ïåíû. Âûÿâëåíî, ÷òî òåì ñàìûì ñîêðàùàåòñÿ âðåìÿ ðàçâèòèÿ ãîðåíèÿ è ïîâûøàåòñÿ îáùàÿ ýô-
ôåêòèâíîñòü ëèêâèäàöèè ïîæàðà. Îïèñàíî òåõíè÷åñêîå óñîâåðøåíñòâîâàíèå óíèâåðñàëüíîãî ïî-
æàðíîãî ñòâîëà, ñîñòîÿùåå â äèñòàíöèîííîì ïåðåêëþ÷åíèè ðåæèìîâ ðàáîòû ñòâîëà íà ïóëüòå
óïðàâëåíèÿ, óñòàíîâëåííîì â îòñåêå óïðàâëåíèÿ ïîæàðíûì íàñîñîì, à òàêæå óäëèíåíèå ïàòðóá-
êîâ, ÷òî ïîçâîëÿåò óâåëè÷èòü êîìïàêòíîñòü ñòðóè è óìåíüøèòü òóðáóëåíòíîñòü ïîòîêà ïåííîãî
ðàñòâîðà.

Êëþ÷åâûå ñëîâà: ëèêâèäàöèÿ ïîæàðà; íåôòåïðîäóêò; îïàñíûå ôàêòîðû ïîæàðà; ïåíà; ïîæàð;
ïîæàðíàÿ áåçîïàñíîñòü; ïîæàðíûé ñòâîë; ðåçåðâóàð; ñèëû è ñðåäñòâà ïîæàðíîé îõðàíû.

DOI: 10.18322/PVB.2018.27.01.69-76

Ââåäåíèå

Íåôòÿíàÿ ïðîìûøëåííîñòü èãðàåò áîëüøóþ ðîëü
â ìèðîâîé ýêîíîìèêå è ìåæäóíàðîäíîé òîðãîâëå.
Íà ñåãîäíÿøíèé äåíü Ðîññèÿ — îäèí èç êðóïíåé-
øèõ ýêñïîðòåðîâ íåôòè íà ìèðîâîì ðûíêå. Íåôòÿ-
íàÿ îòðàñëü, ÿâëÿÿñü âàæíåéøåé ñîñòàâëÿþùåé ñî-
öèàëüíî-ýêîíîìè÷åñêîãî íàïðàâëåíèÿ ðàçâèòèÿ
Ðîññèè, ñïîñîáñòâóåò òàêæå ðàçâèòèþ è äðóãèõ îò-
ðàñëåé.

Íàðÿäó ñ ýòèì îáúåêòû íåôòåãàçîâîãî êîìïëåê-
ñà îòíîñÿòñÿ ê íàèáîëåå ïîæàðîîïàñíûì îáúåêòàì.
Ñ îäíîé ñòîðîíû, âíåäðåíèå íîâûõ ñîâðåìåííûõ
êîíñòðóêöèé òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ, ïî-
âûøåíèå åãî íàäåæíîñòè, àâòîìàòèçàöèÿ òåõíîëî-
ãè÷åñêèõ ïðîöåññîâ, ïðèìåíåíèå èííîâàöèîííûõ
àâòîìàòèçèðîâàííûõ ñèñòåì îáíàðóæåíèÿ è òóøå-
íèÿ ïîæàðîâ ñîäåéñòâóþò ñíèæåíèþ óðîâíÿ ïîæàð-
íîé îïàñíîñòè â íåôòÿíîé ïðîìûøëåííîñòè [1].
Ñ äðóãîé ñòîðîíû, ðîñò êîëè÷åñòâà è ðàçìåðîâ ðå-
çåðâóàðíûõ ïàðêîâ, à òàêæå äðóãèõ ïðîèçâîäñòâåí-
íûõ ñîîðóæåíèé, ïîâûøåíèå ïðîèçâîäèòåëüíîñòè,
óâåëè÷åíèå êîëè÷åñòâà òåõíîëîãè÷åñêèõ ïðîöåññîâ
ïîâûøàþò âåðîÿòíîñòü âîçíèêíîâåíèÿ ïîæàðîâ è
ìàñøòàáû èõ ïîñëåäñòâèé [2–4].

Âûñîêàÿ ïîæàðîîïàñíîñòü ýòèõ îáúåêòîâ îáó-
ñëîâëåíà òåì, ÷òî â ðåçåðâóàðàõ, ïðåäíàçíà÷åííûõ
äëÿ õðàíåíèÿ ëåãêîâîñïëàìåíÿþùèõñÿ è ãîðþ÷èõ

æèäêîñòåé, ñîñðåäîòî÷åíî çíà÷èòåëüíîå êîëè÷åñò-
âî (èñ÷èñëÿåìîå ïîðîé ñîòíÿìè òûñÿ÷ òîíí) ïîæàðî-
îïàñíûõ æèäêîñòåé [5–7]. Ïîýòîìó ïîæàðû â ðå-
çåðâóàðíûõ ïàðêàõ áûâàþò ñàìûìè êðóïíûìè è òÿ-
æåëûìè è íàíîñÿò îãðîìíûé óùåðá äåéñòâóþùèì
ïðåäïðèÿòèÿì [8–10].

Âîçíèêíîâåíèå ïîæàðà â ðåçåðâóàðå çàâèñèò îò
ñëåäóþùèõ ôàêòîðîâ: íàëè÷èÿ èñòî÷íèêà çàæèãàíèÿ,
ñâîéñòâ ãîðþ÷åé æèäêîñòè, êîíñòðóêòèâíûõ îñîáåí-
íîñòåé ðåçåðâóàðà, íàëè÷èÿ âçðûâîîïàñíûõ êîíöåíò-
ðàöèé âíóòðè åãî è ñíàðóæè [11–13].

Ïîæàð â ðåçåðâóàðå â áîëüøèíñòâå ñëó÷àåâ íà-
÷èíàåòñÿ ñî âçðûâà ïàðîâîçäóøíîé ñìåñè. Ïðè ýòîì
äàæå â íà÷àëüíîé ñòàäèè ãîðåíèå íåôòè è íåôòå-
ïðîäóêòîâ â íåì ìîæåò ñîïðîâîæäàòüñÿ ìîùíûì
òåïëîâûì èçëó÷åíèåì â îêðóæàþùóþ ñðåäó, à âû-
ñîòà ñâåòÿùåéñÿ ÷àñòè ïëàìåíè ñîñòàâëÿòü 1–2 äèà-
ìåòðà ãîðÿùåãî ðåçåðâóàðà. Ôàêåëüíîå ãîðåíèå ìî-
æåò âîçíèêíóòü íà äûõàòåëüíîé àðìàòóðå, â ìåñòàõ
ñîåäèíåíèÿ ïåííûõ êàìåð ñî ñòåíêàìè ðåçåðâóàðà,
äðóãèõ îòâåðñòèÿõ èëè òðåùèíàõ â êðûøå èëè ñòåí-
êå ðåçåðâóàðà. Åñëè ïðè ôàêåëüíîì ãîðåíèè íàáëþ-
äàåòñÿ ÷åðíûé äûì è êðàñíîå ïëàìÿ, òî ýòî ñâèäå-
òåëüñòâóåò î âûñîêîé êîíöåíòðàöèè ïàðîâ ãîðþ÷åãî
â îáúåìå ðåçåðâóàðà. Â ýòîì ñëó÷àå îïàñíîñòü âçðû-
âà íåçíà÷èòåëüíà. Ñèíå-çåëåíîå ôàêåëüíîå ãîðåíèå
áåç äûìîîáðàçîâàíèÿ ñâèäåòåëüñòâóåò î òîì, ÷òî êîí-
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öåíòðàöèÿ ïàðîâ ïðîäóêòà â ðåçåðâóàðå áëèçêà ê îá-
ëàñòè âîñïëàìåíåíèÿ è ñóùåñòâóåò ðåàëüíàÿ îïàñ-
íîñòü âçðûâà. Ïðè ïîæàðå â ðåçåðâóàðå ñ ïëàâàþùåé
êðûøåé âîçìîæíî îáðàçîâàíèå ëîêàëüíûõ î÷àãîâ
ãîðåíèÿ â çîíå óïëîòíÿþùåãî çàòâîðà, â ìåñòàõ
ñêîïëåíèÿ ãîðþ÷åé æèäêîñòè íà ïëàâàþùåé êðûøå
[14–16].

Âîêðóã ðåçåðâóàðîâ ïî ïðàâèëàì îáóñòðàèâàþò
îáâàëîâàíèå. Ïðè÷èíàìè âîçíèêíîâåíèÿ ïîæàðà â
îáâàëîâàíèè ðåçåðâóàðîâ ìîæåò áûòü ïåðåëèâ õðà-
íÿùåãîñÿ ïðîäóêòà, íàðóøåíèå ãåðìåòè÷íîñòè ðå-
çåðâóàðà, çàäâèæåê, ôëàíöåâûõ ñîåäèíåíèé, íàëè-
÷èå ïðîïèòàííîé íåôòåïðîäóêòîì òåïëîèçîëÿöèè
íà òðóáîïðîâîäàõ è ðåçåðâóàðàõ [17–19].

Âñÿ òåõíèêà âî âðåìÿ ëèêâèäàöèè âîçãîðàíèé â
ðåçåðâóàðíûõ ïàðêàõ è ñíèæåíèÿ òåìïåðàòóðû õðà-
íÿùèõñÿ âåùåñòâ äîëæíà íàõîäèòüñÿ çà îáâàëîâà-
íèåì åìêîñòåé [20].

Îñíîâíûì ñðåäñòâîì òóøåíèÿ ïîæàðîâ íåôòè è
íåôòåïðîäóêòîâ â ðåçåðâóàðàõ ÿâëÿåòñÿ âîçäóøíî-
ìåõàíè÷åñêàÿ ïåíà ñðåäíåé è íèçêîé êðàòíîñòè, ïî-
äàâàåìàÿ íà ïîâåðõíîñòü ãîðþ÷åé æèäêîñòè.

Â íàñòîÿùåå âðåìÿ â ïðàêòèêå ðàáîòû ïîæàðíîé
îõðàíû ïðèìåíÿþòñÿ â îñíîâíîì òðè ïðèåìà ïî-
äà÷è îãíåòóøàùèõ ïåí â ðåçåðâóàðû:
� ÷åðåç ñëîé ãîðþ÷åãî ñ ïîìîùüþ ñïåöèàëüíîãî

îáîðóäîâàíèÿ ðåçåðâóàðà;
� ÷åðåç áîðò ðåçåðâóàðà â âèäå íàâåñíîé ñòðóè ñ

ïîìîùüþ ïåííûõ ñòâîëîâ, ïåíîñëèâîâ è ãèäðî-
ìîíèòîðîâ;

� ïîä ñëîé ãîðþ÷åãî â îñíîâàíèå ðåçåðâóàðà;
� êîìáèíèðîâàííûé ñïîñîá [21].

Ïîæàðû â ðåçåðâóàðàõ è ðåçåðâóàðíûõ ïàðêàõ
íîñÿò çàòÿæíîé õàðàêòåð è êðàéíå îïàñíû, ïîñêîëü-
êó îíè õàðàêòåðèçóþòñÿ âûáðîñàìè íåôòè è íåôòå-
ïðîäóêòîâ, à òàêæå âûñîêîé âåðîÿòíîñòüþ âîçíèê-
íîâåíèÿ âçðûâîâ. ×àñòî, êîãäà êàæåòñÿ, ÷òî ïîæàð
ëèêâèäèðîâàí, ïðîèñõîäèò âûáðîñ íåôòåïðîäóêòà
è ãîðåíèå âîçîáíîâëÿåòñÿ. Âî èçáåæàíèå âîçîáíîâ-
ëåíèÿ ãîðåíèÿ ïîæàðíûå ïîäðàçäåëåíèÿ ïðè òóøå-
íèè ïîæàðîâ â ðåçåðâóàðàõ ïîäàþò ïåíó íèçêîé êðàò-
íîñòè íåïîñðåäñòâåííî â ñëîé ãîðÿùåãî íåôòåïðî-
äóêòà äëÿ åãî îõëàæäåíèÿ, à ñâåðõó ïîêðûâàþò åãî
ñëîåì ñðåäíåêðàòíîé ïåíû äëÿ èçîëèðîâàíèÿ. Òàêàÿ
òàêòèêà òóøåíèÿ èñêëþ÷àåò âîçìîæíîñòü âûáðîñà
íåôòåïðîäóêòà. Îäíàêî äëÿ ýòîãî ïîæàðíûì ïîäðàç-
äåëåíèÿì íåîáõîäèìî ïðîèçâîäèòü çàìåíó ïîæàð-
íûõ ñòâîëîâ, çàêðåïëåííûõ íà íàêîíå÷íèêå ñòðåëû
ïåíîïîäúåìíèêà, è òðàòèòü âðåìÿ, äàâàÿ âîçìîæ-
íîñòü ðàçâèòüñÿ ãîðåíèþ è ñíèæàÿ òåì ñàìûì îá-
ùóþ ýôôåêòèâíîñòü ëèêâèäàöèè ïîæàðà.

Èñõîäÿ èç ïðîâåäåííîãî àíàëèçà öåëüþ íàøåé
ðàáîòû ÿâëÿåòñÿ ìîäåðíèçàöèÿ ñóùåñòâóþùåé óñòà-
íîâêè êîìáèíèðîâàííîãî òóøåíèÿ ïîæàðîâ (ÓÊÒÏ)
“Ïóðãà”. Äëÿ ýòîãî íåîáõîäèìî â êîíñòðóêöèþ óñòà-

íîâêè âíåñòè èçìåíåíèÿ, êàñàþùèåñÿ åå ñòðóêòóðû
è òåõíè÷åñêèõ õàðàêòåðèñòèê.

Àíàëèòè÷åñêèé ðàçäåë

Ìíîãîëåòíÿÿ ïðàêòèêà òóøåíèÿ ïîæàðîâ ïîêà-
çûâàåò, ÷òî òóøåíèå ïîæàðîâ â íåôòåãàçîâîé îòðàñ-
ëè íå îáõîäèòñÿ áåç ïåðåäâèæíîé ïîæàðíîé òåõíèêè.
Ïåðåäâèæíàÿ ïîæàðíàÿ òåõíèêà îñíàùåíà ïîäúåì-
íûì ìåõàíèçìîì — ñòðåëîé, ñïîñîáíîé äîñòàâëÿòü
ðàñòâîð ïåíîîáðàçîâàòåëÿ íà áîëüøóþ âûñîòó. Òó-
øåíèå ðåçåðâóàðà ñ ïîìîùüþ ïåíîïîäúåìíèêà, íå-
ñìîòðÿ íà ñîâðåìåííûå ñèñòåìû ïîæàðîòóøåíèÿ,
îñòàåòñÿ ñàìûì ýôôåêòèâíûì.

Ïîæàðíûé ïåíîïîäúåìíèê îñíàùàåòñÿ ÓÊÒÏ
“Ïóðãà-20.40.60” (ÓÊÒÏ “Ïóðãà-10.20.30”), ãðåáåí-
êîé ñ ÷åòûðüìÿ ÃÏÑ-2000Ì, êîòîðûå ïîçâîëÿþò ñî-
çäàâàòü ïåíó íèçêîé è ñðåäíåé êðàòíîñòè è ïîäàâàòü
åå íà ñëîé ãîðÿùåé æèäêîñòè. Ðàñòåêàÿñü ïî ïîâåðõ-
íîñòè, ïåíà îõëàæäàåò íåôòåïðîäóêò è ñîçäàåò çà-
ùèòíóþ ïëåíêó, ïðåïÿòñòâóÿ äîñòóïó âîçäóõà â çîíó
ãîðåíèÿ. Ïîñëå îáðàçîâàíèÿ íà ïîâåðõíîñòè îäíî-
ðîäíîãî ñëîÿ ïåíû (äî 10 ñì) ãîðåíèå ïðåêðàùàåòñÿ.
Ñîõðàíåíèå ýòîãî ñëîÿ â òå÷åíèå 2–3 ÷ èñêëþ÷àåò
âîçìîæíîñòü ïîâòîðíîãî âîñïëàìåíåíèÿ.

Ðèñ. 1. Óñòàíîâêà êîìáèíèðîâàííîãî òóøåíèÿ ïîæàðîâ “Ïóð-
ãà-20.40.60”
Fig. 1. Installation of the combined suppression of the fires of
“Purga-20.40.60”

Ðèñ. 2. Ðàäèóñ äåéñòâèÿ ÓÊÒÏ “Ïóðãà-20.40.60” (144000 ë/ìèí
ïðè 0,8 ÌÏà)
Fig. 2. Radius of action of “Purga-20.40.60” (144000 l/min at
0,8 MPa)
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ÓÊÒÏ “Ïóðãà-20.40.60” (ðèñ. 1) ïðåäíàçíà÷åíà
äëÿ ïîëó÷åíèÿ âîçäóøíî-ìåõàíè÷åñêîé ïåíû ñðåä-
íåé êðàòíîñòè ñ ïîâûøåííîé äàëüíîñòüþ ïîäà÷è
(ðèñ. 2). Óñòàíîâêà èñïîëüçóåòñÿ äëÿ òóøåíèÿ ïîæà-
ðîâ ëåãêîâîñïëàìåíÿþùèõñÿ è ãîðþ÷èõ æèäêîñòåé.

Ïðåèìóùåñòâîì äàííîé óñòàíîâêè ÿâëÿåòñÿ âû-
ñîêèé ðàñõîä ïåíû, à íåäîñòàòêàìè — íèçêàÿ ìàíåâ-
ðåííîñòü è ïîòåðÿ âðåìåíè çà ñ÷åò ñìåíû ñòâîëîâ
íà ïîäà÷ó ïåíû íèçêîé êðàòíîñòè.

Ðåøåíèå ïðîáëåìû

Äëÿ ðåøåíèÿ îäíîé èç ïîñòàâëåííûõ çàäà÷ ïðåä-
ëàãàåòñÿ ê âíåäðåíèþ óíèâåðñàëüíûé ïîæàðíûé
ñòâîë “Ïóðãà-73Ä” (ðèñ. 3) íà îñíîâå óæå ñóùåñòâó-
þùåé óñòàíîâêè êîìáèíèðîâàííîãî òóøåíèÿ ïîæà-
ðà “Ïóðãà-20.40.60”. Ïîæàðíûé ñòâîë “Ïóðãà-73Ä”
äàåò âîçìîæíîñòü èñïîëüçîâàòü ïðè òóøåíèè ïîæà-
ðîâ ïåíó íèçêîé è ñðåäíåé êðàòíîñòè, ïîäàâàåìóþ
ñ ìîáèëüíîé ïîæàðíîé òåõíèêè.

Ðàçðàáîòàííûé ïîæàðíûé ñòâîë èìååò ñèñòåìó
ðàçäåëåíèÿ ïîòîêîâ ïåííîãî ðàñòâîðà. Ñèñòåìà ñïî-
ñîáíà ïåðåêëþ÷àòüñÿ ñ êîìáèíèðîâàííîãî ðåæèìà
ñ ïîäà÷åé ïåíû ñðåäíåé êðàòíîñòè è ïåíû íèçêîé
êðàòíîñòè îäíîâðåìåííî (êàê íà îðèãèíàëüíîé ÓÊÒÏ
“Ïóðãà-20.40.60”) íà ðåæèì, ïðè êîòîðîì îñóùåñò-
âëÿåòñÿ ïîäà÷à ëèøü ïåíû íèçêîé êðàòíîñòè ÷åðåç
âîçäóøíî-ïåííûé ñòâîë (ÑÂÏ).

Ïðè ïðèìåíåíèè äàííîãî óíèâåðñàëüíîãî ïîæàð-
íîãî ñòâîëà îòïàäàåò íåîáõîäèìîñòü â èñïîëüçîâà-
íèè ñòâîëîâ äëÿ ïîäà÷è ïåíû íèçêîé êðàòíîñòè íà
îòäåëüíîì ïåíîïîäúåìíèêå, êîãäà òîãî òðåáóåò îá-
ñòàíîâêà íà ïîæàðå.

Ãëàâíûì óñîâåðøåíñòâîâàíèåì óíèâåðñàëüíîãî
ïîæàðíîãî ñòâîëà ÿâëÿåòñÿ âîçìîæíîñòü äèñòàíöè-
îííîãî ïåðåêëþ÷åíèÿ ðåæèìîâ ðàáîòû ñòâîëà íà
ïóëüòå óïðàâëåíèÿ, óñòàíîâëåííîì â îòñåêå óïðàâ-
ëåíèÿ ïîæàðíûì íàñîñîì. Êðîìå òîãî, çà ñ÷åò óäëè-
íåíèÿ ïàòðóáêîâ, âåäóùèõ ê ÑÂÏ, è ïëàâíîãî óãëà
ïî ñðàâíåíèþ ñ îðèãèíàëüíîé “Ïóðãîé” óâåëè÷èâà-
åòñÿ êîìïàêòíîñòü ñòðóè è óìåíüøàåòñÿ òóðáóëåíò-
íîñòü ïîòîêà ïåííîãî ðàñòâîðà.

Ïåðåõîä â ðåæèì ïîäà÷è ÷åðåç ÑÂÏ ïåíû íèçêîé
êðàòíîñòè îñóùåñòâëÿåòñÿ ïîñðåäñòâîì øàðîâîãî
êðàíà ñ ýëåêòðîïðèâîäîì, êîòîðûé ïåðåêðûâàåò ïî-
äà÷ó ïåííîãî ðàñòâîðà â ôîðñóíêè äëÿ ïåíû ñðåäíåé
êðàòíîñòè, ïîâûøàÿ òåì ñàìûì äàâëåíèå â ÑÂÏ, ÷òî
äàåò óâåëè÷åíèå äàëüíîñòè ïîëåòà ñòðóè äî ïîëó-
òîðà ðàç. Ñàì ýëåêòðîïðèâîä çàùèùåí ïî ñòàíäàðòó
IP 67, ÷òî îçíà÷àåò ïîëíóþ çàùèòó îò ïîïàäàíèÿ
ïûëè è áðûçã è âûäåðæêó ïîãðóæåíèÿ íà ãëóáèíó
äî 1 ì.

Â ðåæèìå ðàçäåëåíèÿ ïîòîêà ïåííûé ðàñòâîð
äâèæåòñÿ ïî âñåì ïàòðóáêàì, ïðè ýòîì èç âîçäóø-
íî-ïåííîãî ñòâîëà âûõîäèò ïåíà íèçêîé êðàòíîñòè,
à èç ãåíåðàòîðà-ìîíèòîðà ÓÊÒÏ “Ïóðãà” — ïåíà

ñðåäíåé êðàòíîñòè. Ïåíà íèçêîé êðàòíîñòè îáåñïå-
÷èâàåò óâåëè÷åíèå äàëüíîñòè ïîäà÷è ñòðóè, à ïåíà
ñðåäíåé êðàòíîñòè — ýôôåêòèâíîñòü òóøåíèÿ ïî-
æàðà. Ñõåìà äâèæåíèÿ ïîòîêîâ îãíåòóøàùåãî âå-
ùåñòâà ïðè îòêðûòîé çàäâèæêå øàðîâîãî êðàíà ïî-
êàçàíà íà ðèñ. 4.

Ðèñ. 3. Êîíñòðóêöèÿ óíèâåðñàëüíîãî ïîæàðíîãî ñòâîëà, ðàç-
äåëÿþùåãî ïîòîê ïîæàðíîé ïåíû ïî êðàòíîñòè: 1 — ñòâîë,
ñêîíñòðóèðîâàííûé íà áàçå óñòàíîâêè “Ïóðãà-60”; 2 — ýëåêò-
ðîïðèâîä; 3 — øàðîâîé êðàí; 4 — ñîåäèíèòåëüíàÿ ãîëîâêà;
5 — âîçäóøíî-ïåííûå ñòâîëû
Fig. 3. Design of the universal fire trunk dividing a stream of
fire foam on frequency rate: 1 — trunk designed on the basis of
“Purga-60” installation; 2 — electric drive; 3 — spherical crane;
4 — connecting head; 5 — air and foamy trunks

Ðèñ. 4. Ñõåìà äâèæåíèÿ ïîòîêîâ ÎÒÂ ïðè ðåæèìå ïîäà÷è ñ
ïîëó÷åíèåì ïåíû ñðåäíåé êðàòíîñòè ñ ïîâûøåííîé äàëüíî-
ñòüþ ïîäà÷è ñòðóè: à — âèä ñâåðõó; á — âèä ñáîêó; 1 — ïåíà
ñðåäíåé êðàòíîñòè; 2 — ðàñòâîð ïåíîîáðàçîâàòåëÿ
Fig. 4. The scheme of driving of streams of fire extinguishing
substance at the giving mode with receiving foam of average fre-
quency rate with the increased range of giving of a stream: a —
top view; b — side view; 1 — foam of average frequency rate;
2 — solution of foamer
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Äèñòàíöèîííîå óïðàâëåíèå óíèâåðñàëüíûì ïî-
æàðíûì ñòâîëîì “Ïóðãà-73Ä” îñóùåñòâëÿåòñÿ òóì-
áëåðîì äëÿ ïåðåêëþ÷åíèÿ øàðîâîãî êðàíà, óñòà-
íîâëåííûì â îòñåêå óïðàâëåíèÿ ïîæàðíûì íàñî-
ñîì. Ýëåêòðîêàáåëü èäåò ïî ïåíîïîäúåìíèêó íàâåðõ,
ê ïîæàðíîìó ñòâîëó, çàêðåïëåííîìó íà ñïåöèàëüíîì
êðåïëåíèè íàêîíå÷íèêà ñòðåëû. Ñõåìà óñòàíîâêè
ñòâîëà “Ïóðãà-73Ä” è óïðàâëåíèÿ èì ñ ïåðåäâèæ-
íîé ìîáèëüíîé òåõíèêè ïðèâåäåíà íà ðèñ. 5.

Â òàáëèöå ïðåäñòàâëåíî ñðàâíåíèå òåõíè÷åñêèõ
õàðàêòåðèñòèê óñòàíîâêè êîìáèíèðîâàííîãî òóøå-
íèÿ ïîæàðîâ “Ïóðãà-60” è ðàçðàáàòûâàåìîãî óíè-
âåðñàëüíîãî ïîæàðíîãî ñòâîëà.

Ðàññìîòðèì òóøåíèå ïîæàðà â ðåçåðâóàðàõ
ÐÂÑ-5000 ¹ 272 è 273 íà ïðîèçâîäñòâåííîé ïëî-
ùàäêå ôèëèàëà ÏÀÎ ÀÍÊ “Áàøíåôòü” “Áàøíåôòü-
ÓÍÏÇ” â òîâàðíîì ïðîèçâîäñòâå ãðóïïû ïåðåêà÷êè
áåíçèíà.

Îïðåäåëÿåì òðåáóåìûé ðàñõîä ïåíîîáðàçîâàòå-
ëÿ Q òð

òóø (ë/ñ) äëÿ òóøåíèÿ “çåðêàëà” ðåçåðâóàðà:

Q S Iòð
òóø

ï òð
òóø� � 416 
 0,05 = 20,8, (1)

ãäå Sï — ïëîùàäü “çåðêàëà” ðåçåðâóàðà, ì2;
I òð

òóø — èíòåíñèâíîñòü ïîäà÷è ïåíîîáðàçîâàòå-
ëÿ ñîãëàñíî ñïðàâî÷íèêó ÐÒÏ, ë/(ì2·ñ).
Ðàññ÷èòûâàåì êîëè÷åñòâî óíèâåðñàëüíûõ ïîæàð-

íûõ ñòâîëîâ “Ïóðãà-73Ä” äëÿ òóøåíèÿ “çåðêàëà”
ðåçåðâóàðà ïåíîé ñðåäíåé êðàòíîñòè:

N
Q

qÏóðãà-73Ä
òóø òð

òóø

ñòâ

� � � �
20 8
73 2

0 28 1
,
,

, , (2)

ãäå qñòâ — ðàñõîä óíèâåðñàëüíîãî ïîæàðíîãî ñòâî-
ëà, ë/ñ.
Â ñëó÷àå ãîðåíèÿ äâóõ ðåçåðâóàðîâ íàì íåîáõî-

äèìî 2 ñòâîëà “Ïóðãà-73Ä”.
Îïðåäåëÿåì îáùåå êîëè÷åñòâî ïåíîîáðàçîâàòå-

ëÿ Wòð
ÏÎ (ë), íåîáõîäèìîå äëÿ òóøåíèÿ ïîæàðà â ðå-

çåðâóàðå:

W N q kòð
ÏÎ

Ïóðãà-73Ä
òóø

ñòâ� 
 
 �( ) , ð0 06 60 3�

= (2 · 73,2) 
 0,06 
 60 
 15 
 3 = 23717, (3)

ãäå �ð — ðàñ÷åòíîå âðåìÿ ïîäà÷è îãíåòóøàùåãî
âåùåñòâà íà òóøåíèå ïîæàðà â ðåçåðâóàðíîì
ïàðêå, ñ;
k3 — êîýôôèöèåíò ðàçðóøåíèÿ ïåíû.
Âû÷èñëÿåì òðåáóåìûé ðàñõîä âîäû äëÿ îõëàæ-

äåíèÿ ãîðÿùåãî ðåçåðâóàðà Q òð
îõë ãîð. (ë/ñ):

Q PIòð
îõë ãîð

òð
îõë.ãîð. � � 72 
 0,8 = 57,6, (4)

ãäå Ð — ïåðèìåòð “çåðêàëà” ðåçåðâóàðà, ì;
I òð

îõë ãîð. — èíòåíñèâíîñòü ïîäà÷è âîäû íà îõëàæ-
äåíèå ðåçåðâóàðà ïðè ãîðåíèè â îáâàëîâàíèè;
I òð

îõë ãîð. = 0,8 ë/(ì2·ñ).

Ðèñ. 5. Ñõåìà óñòàíîâêè ñòâîëà “Ïóðãà-73Ä” è óïðàâëåíèÿ
èì ñ ïåðåäâèæíîé ìîáèëüíîé òåõíèêè: 1 — ïóëüò óïðàâëå-
íèÿ; 2 — ýëåêòðîïðèâîä; 3 — óíèâåðñàëüíûé ñòâîë ñ ñåðâî-
ïðèâîäîì
Fig. 5. The scheme of installation of a trunk “Purga-73D” and
managements from moveable mobile technique is submitted to
them: 1 — operating console; 2 — electric drive; 3 — universal
trunk with the servo-driver

Òåõíè÷åñêàÿ
õàðàêòåðèñòèêà ñòâîëà
Principal specification

of a trunk

Ïóðãà-60
Purga-60

Óíèâåðñàëüíûé
ïîæàðíûé ñòâîë

The universal
fire trunk

Ïðîèçâîäèòåëüíîñòü, ë/ñ
Efficiency, l/s 60 73,2

Äàâëåíèå íà âõîäå,
ÌÏà (êãñ/ñì2)
Inlet pressure, MPa
(kgs/cm2)

0,8 (8) 0,8(8)

Ðàñõîä ïåíîîáðàçîâàòåëÿ,
ë/ñ
Consumption of foaming
agent, l/s

3,6 4,4

Ïðîèçâîäèòåëüíîñòü
ïî âîäå, ë/ñ
Efficiency on water, l/s

56,4 68,8

Ïîäà÷à ïåíû íèçêîé
êðàòíîñòè
Supply of foam of low
frequency rate

Íåò
No

Äà
Yes

Ïîäà÷à ïåíû ñðåäíåé
êðàòíîñòè
Supply of foam of average
frequency rate

Äà
Yes

Äà
Yes

Ñðàâíåíèå òåõíè÷åñêèõ õàðàêòåðèñòèê ïîæàðíûõ ñòâîëîâ,
èñïîëüçóåìûõ ïðè òóøåíèè ðåçåðâóàðîâ íåôòåïðîäóêòîâ
è äðóãèõ îáúåêòîâ íåôòåãàçîâîé îòðàñëè

Comparison of principal specifications of the fire trunks used
at suppression of tanks of oil products and other objects of oil
and gas branch
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Îïðåäåëÿåì òðåáóåìûé ðàñõîä âîäû äëÿ îõëàæ-
äåíèÿ ñîñåäíåãî ðåçåðâóàðà Q òð

îõë ñîñ. (ë/ñ):

Q
P

Iòð
îõë ñîñ

òð
îõë.ñîñ. , , ,� � 
 �

2
72
2

0 3 10 8 (5)

ãäå I òð
îõë ñîñ. — èíòåíñèâíîñòü ïîäà÷è âîäû íà îõëàæ-

äåíèå ñîñåäíåãî ðåçåðâóàðà; I òð
îõë ñîñ. = 0,3 ë/(ì2·c).

Óñòàíàâëèâàåì êîëè÷åñòâî ñòâîëîâ ËÑ-Ï20Ó,
òðåáóåìîå äëÿ îõëàæäåíèÿ ãîðÿùåãî ðåçåðâóàðà
ÐÂÑ-5000:

N
Q

q
ñòâ
îõë.ãîð òð

îõë ãîð

ñòâ

� � � �
.

,
, .

57 6
20

2 88 3 (6)

Ïîñêîëüêó ãîðåëè 2 ðåçåðâóàðà ÐÂÑ-5000, äëÿ èõ
îõëàæäåíèÿ ïðèíèìàåì 6 ñòâîëîâ ËÑÏ-20Ó.

Îïðåäåëÿåì êîëè÷åñòâî ñòâîëîâ ËÑ-Ï20Ó, íå-
îáõîäèìîå äëÿ îõëàæäåíèÿ ñîñåäíèõ ðåçåðâóàðîâ,
íàõîäÿùèõñÿ íà óäàëåíèè îò ãîðÿùåãî, ñîñòàâëÿ-
þùåì íå áîëåå äâóõ ìèíèìàëüíûõ ðàññòîÿíèé ìåæäó
ðåçåðâóàðàìè (â íàøåì ñëó÷àå ìåæäó äâóìÿ ðåçåð-
âóàðàìè):
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Â õîäå ïðàêòè÷åñêèõ èñïûòàíèé, ïðîâåäåííûõ
íà áàçå Ï×-11 ÔÊÓ “1-é îòðÿä ÔÏÑ ÃÏÑ ïî ÐÁ (äî-
ãîâîðíîé)”, óñòàíîâëåíî, ÷òî âðåìÿ çàìåíû ïîæàð-
íîãî ñòâîëà “Ïóðãà-60” â äíåâíîå âðåìÿ è íå â óñëî-
âèÿõ ïîæàðà ñîñòàâëÿåò 5,1 ìèí. Ñ ó÷åòîì âîçìîæ-
íîñòè ñëîæíîé îáñòàíîâêè íà ïîæàðå íà îñíîâå
ýêñïåðòíîé îöåíêè äàííîå âðåìÿ ìîæåò óâåëè÷èòü-
ñÿ â 1,5–2 ðàçà. Ýòî îçíà÷àåò, ÷òî âðåìÿ ïîäà÷è ÎÒÂ
â î÷àã ãîðåíèÿ è âðåìÿ ëèêâèäàöèè ïîæàðà áóäóò

òàêæå áîëüøå, òàê êàê âðåìÿ ñâîáîäíîãî ðàçâèòèÿ
ïîæàðà èç-çà ïîòåðü âðåìåíè íà çàìåíó ñòâîëà óâå-
ëè÷èòñÿ, è åãî ñëîæíåå áóäåò ïîòóøèòü. Ïðåäëàãà-
åìûé ïîæàðíûé ñòâîë íå áóäåò òðåáîâàòü çàìåíû
ñòâîëà äëÿ ïîäà÷è ïåíû äðóãîé êðàòíîñòè â î÷àã ïî-
æàðà.

Ê ñîæàëåíèþ, â ìåòîäèêå ðàñ÷åòà ñèë è ñðåäñòâ
íå ó÷èòûâàåòñÿ âðåìÿ íà çàìåíó ïîæàðíîãî ñòâîëà,
åñëè íåîáõîäèìî ïîäàâàòü â î÷àã ïîæàðà ïåíó íèçêîé
êðàòíîñòè ïîñëå ïîäà÷è ïåíû ñðåäíåé êðàòíîñòè.
Ñ÷èòàåì ýòî íåäîñòàòêîì ðàñ÷åòíîãî ìåòîäà, òàê êàê
ïðàêòèêà òóøåíèÿ ïîæàðà ÷àñòî òðåáóåò ýòîãî òàê-
òè÷åñêîãî ðåøåíèÿ â ñëó÷àå òóøåíèÿ îáúåêòîâ íåô-
òåãàçîâîé îòðàñëè.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, â ðåçóëüòàòå ïðîâåäåííîé ðàáî-
òû áûëà ìîäåðíèçèðîâàíà óñòàíîâêà êîìáèíèðî-
âàííîãî òóøåíèÿ ïîæàðîâ “Ïóðãà”. Â ÷àñòíîñòè,
ïóòåì èçìåíåíèÿ êîíñòðóêöèè óñòàíîâêè áûë óâå-
ëè÷åí ðàñõîä ïåíû, ïîäàâàåìîé ïåíîãåíåðàòîðîì,
à òàêæå ñîêðàùåíî âðåìÿ ïðèìåíåíèÿ ñòâîëà íèçêîé
êðàòíîñòè, óâåëè÷åíà êîìïàêòíîñòü ñòðóè è óìåíü-
øåíà òóðáóëåíòíîñòü ïîòîêà ïåííîãî ðàñòâîðà.
Âî âðåìÿ ëèêâèäàöèè ãîðåíèÿ â ðåçåðâóàðíîì ïàð-
êå áûë ïðèìåíåí óíèâåðñàëüíûé ïîæàðíûé ñòâîë,
ðàçäåëÿþùèé ïîòîê ïîæàðíîé ïåíû ïî êðàòíîñòè,
ñ óëó÷øåííûìè õàðàêòåðèñòèêàìè. Íà ïðèìåðå êîíê-
ðåòíîãî ïîæàðà ïîêàçàíî, ÷òî ëèêâèäàöèÿ ãîðåíèÿ
â äâóõ ðåçåðâóàðàõ ïðè èñïîëüçîâàíèè ïðåäëàãà-
åìîãî óíèâåðñàëüíîãî ïîæàðíîãî ñòâîëà ìîæåò
ïðîèñõîäèòü îäíîâðåìåííî, ïðè ýòîì óëó÷øàþòñÿ
ïîêàçàòåëè ïî òóøåíèþ è ëîêàëèçàöèè ïîæàðà.
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ABSTRACT

Practice of suppression of the fires in oil and gas branch by firefighters of divisions shows that at
suppression of tanks in any way not to do without the mobile fire fighting equipment. Suppression of
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the tank by means of raising of foam, despite the modern fire extinguishing systems, remains to
the most efficient. The mobile fire fighting equipment is equipped with a lifter — the arrow capable to
deliver solution of a foamer to larger height. The most known of fire raising of foam equipped with
installation of the combined fire extinguishing is the fire Purga-20.40.60 installation which allows to
create foam of low and average frequency rate. Purga-20.40.60 is intended for receiving air and
mechanical foam with the increased giving range. Installation is used for suppression of the fires of
flammable and combustible liquids. Advantage of this installation is the high consumption of foam,
and shortcomings — low maneuverability and loss of time at suppression because of change of trunks
with supply of foam of low frequency rate. In this regard there was a need for modernization of
the existing installation of the combined suppression of the fires of Purga by change of its structure
and principal specifications. The universal fire trunk Purga-73D on the basis of already existing
installation for fire extinguishing Purga-20.40.60 is offered to introduction. The developed fire trunk
has the system of division of streams of foamy solution. The system is capable to be divided into
the combined mode with supply of foam of average frequency rate and foam of low frequency rate at
the same time. The main improvement of the universal fire trunk is that in this development there is
a possibility of distant switching of duties of a trunk on the operating console established in a compart-
ment of control of the fire pump. On principal specifications the universal fire trunk in comparison
with a routine trunk Purga-60 has advantages: it is high efficiency and advantage of use of foam of low
frequency rate, at the same time a difference in a consumption of foaming agent and water small and
consequently, his use at fire extinguishing is more efficient and economic.

Keywords: fire elimination; oil product; fire dangerous factors; foam; fire; fire safety; fire trunk;
tank; forces and means of fire protection.
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ÒÐÅÁÎÂÀÍÈß ÏÎÆÀÐÍÎÉ ÁÅÇÎÏÀÑÍÎÑÒÈ
Ê ÑÎÁÑÒÂÅÍÍÈÊÀÌ ÎÁÚÅÊÒÎÂ ÇÀÙÈÒÛ ÏÐÈ ÑÌÅÍÅ
ÊÀÒÅÃÎÐÈÈ È ÖÅËÅÂÎÃÎ ÍÀÇÍÀ×ÅÍÈß ÏÎÌÅÙÅÍÈÉ

Ðàññìîòðåíû íîðìàòèâíûå òðåáîâàíèÿ ïîæàðíîé áåçîïàñíîñòè, ïðåäúÿâëÿåìûå ê ñîáñòâåííè-
êàì îáúåêòîâ çàùèòû, ïðè ñìåíå âèäà ïðîèçâîäñòâåííîé äåÿòåëüíîñòè, êàòåãîðèè ïîìåùåíèÿ
ïî ïîæàðíîé è âçðûâîïîæàðíîé îïàñíîñòè, à òàêæå êëàññà ôóíêöèîíàëüíîé ïîæàðíîé îïàñíî-
ñòè. Ïðåäñòàâëåí ïîðÿäîê äåéñòâèé ñîáñòâåííèêà ïî îáåñïå÷åíèþ ïîæàðíîé áåçîïàñíîñòè íå-
æèëîãî ïîìåùåíèÿ ïðè åãî ïåðåïëàíèðîâêå èëè ñìåíå öåëåâîãî íàçíà÷åíèÿ. Îòìå÷åíû ñðîêè
ïîäãîòîâêè è ïîäà÷è íåîáõîäèìîé äîêóìåíòàöèè â îðãàíû ãîñóäàðñòâåííîãî ïîæàðíîãî íàäçî-
ðà äëÿ ïðîâåðêè è óòâåðæäåíèÿ ïðåäëàãàåìûõ îáúåìíî-ïëàíèðîâî÷íûõ è òåõíè÷åñêèõ ðåøåíèé.

Êëþ÷åâûå ñëîâà: ïîæàðíàÿ áåçîïàñíîñòü; ñîáñòâåííîñòü; êàòåãîðèè ïîìåùåíèÿ; êëàññ ôóíê-
öèîíàëüíîé ïîæàðíîé îïàñíîñòè; ãîñóäàðñòâåííûé ïîæàðíûé íàäçîð.

ÂÎÏÐÎÑ:

Êàòåãîðèðîâàíèå çäàíèé, ñîîðóæåíèé è ïîìåùå-

íèé ïî ïîæàðíîé è âçðûâîïîæàðíîé îïàñíîñòè

ÿâëÿåòñÿ îáÿçàòåëüíûì óñëîâèåì îáåñïå÷åíèÿ

èõ ïîæàðíîé áåçîïàñíîñòè. Íà îñíîâå êàòåãîðèé

îïðåäåëÿþòñÿ îñíîâíûå êîíñòðóêòèâíî-ïëàíè-

ðîâî÷íûå è òåõíè÷åñêèå ðåøåíèÿ ïî îáåñïå÷å-

íèþ áåçîïàñíîé ýâàêóàöèè ëþäåé ïðè âîçíèê-

íîâåíèè ïîæàðà, à òàêæå ïî ïîääåðæàíèþ áåñ-

ïåðåáîéíîãî ôóíêöèîíèðîâàíèÿ ïðîìûøëåííûõ

ïðåäïðèÿòèé.

Êàòåãîðèÿ ïîìåùåíèÿ ìîæåò áûòü îïðåäåëåíà

÷åðåç åãî öåëåâîå (òîðãîâûå, ïðîèçâîäñòâåííûå,

ñêëàäñêèå, êîììóíàëüíî-áûòîâûå, îôèñíûå, ìå-

äèöèíñêèå, îáðàçîâàòåëüíûå, ñïîðòèâíûå, ñâî-

áîäíîãî íàçíà÷åíèÿ è äð.) è ôóíêöèîíàëüíîå

(îñíîâíûå, âñïîìîãàòåëüíûå, îáñëóæèâàþùèå,

òåõíè÷åñêèå è ò. ä.) íàçíà÷åíèå.

Çà÷àñòóþ àðåíäàòîðû èëè ñîáñòâåííèêè íåæèëûõ

ïîìåùåíèé èçìåíÿþò öåëåâîå íàçíà÷åíèå îò-

äåëüíûõ ïîìåùåíèé áåç ñîãëàñîâàíèÿ ñ Ðîñ-

ïîòðåáíàäçîðîì, à òàêæå îðãàíàìè ãîñóäàðñò-

âåííîãî ïîæàðíîãî íàäçîðà è áþðî òåõíè÷åñêîé

èíâåíòàðèçàöèè (ÁÒÈ). Òàêèå èçìåíåíèÿ ìîãóò

ïðèâåñòè ê ñîçäàíèþ ïîæàðîîïàñíîé è äàæå

âçðûâîîïàñíîé îáñòàíîâêè íà îáúåêòå çàùèòû.

Êàêèå íîðìàòèâíûå òðåáîâàíèÿ ïîæàðíîé áåç-

îïàñíîñòè ïðåäúÿâëÿþòñÿ ê àðåíäàòîðàì è ñîá-

ñòâåííèêàì íåæèëûõ ïîìåùåíèé ïðè ñìåíå èõ

öåëåâîãî íàçíà÷åíèÿ è êàòåãîðèè ïî ïîæàðíîé è

âçðûâîïîæàðíîé îïàñíîñòè?

ÎÒÂÅÒ:

Íàëè÷èå íà äâåðÿõ ïîìåùåíèé ïðîèçâîäñò-

âåííîãî è ñêëàäñêîãî íàçíà÷åíèÿ îáîçíà÷åíèÿ èõ

êàòåãîðèé ïî âçðûâîïîæàðíîé è ïîæàðíîé îïàñ-

íîñòè ÿâëÿåòñÿ îäíèì èç îáÿçàòåëüíûõ òðåáîâàíèé

Ïðàâèë ïðîòèâîïîæàðíîãî ðåæèìà â Ðîññèéñêîé

Ôåäåðàöèè (äàëåå — ÏÏÐ) [1]. Êàòåãîðèÿ çäàíèÿ èëè

ïîìåùåíèÿ îïðåäåëÿåòñÿ ñîãëàñíî òðåáîâàíèÿì

ÑÏ 12.13130 [2].

Ïîìèìî ýòîãî, âñå çäàíèÿ (ñîîðóæåíèÿ), ïîæàðíûå

îòñåêè, ïîìåùåíèÿ èëè ãðóïïû ïîìåùåíèé, ôóíêöè-

îíàëüíî ñâÿçàííûå ìåæäó ñîáîé, ðàçäåëÿþòñÿ ïî

êëàññó ôóíêöèîíàëüíîé ïîæàðíîé îïàñíîñòè (äàëåå

— êëàññ ÔÏÎ) â çàâèñèìîñòè îò èõ öåëåâîãî íàçíà-

÷åíèÿ (ñì. ñò. 32 ÔÇ-123 [3]). Ïîýòîìó ñîáñòâåííèê

èëè àðåíäàòîð (äàëåå — ïîëüçîâàòåëü) ïîìåùåíèÿ

äîëæåí èñïîëüçîâàòü åãî ïî ïðÿìîìó íàçíà÷åíèþ,

óêàçàííîìó â ýêñïëèêàöèè ÁÒÈ.

Åñëè ïîëüçîâàòåëü ðåøèë ñìåíèòü âèä ïðîèçâîäñò-

âåííîé äåÿòåëüíîñòè (íàïðèìåð, äëÿ ìåäèöèíñêèõ

óñëóã, äåòñêèõ ñàäîâ, óñëóã îáùåñòâåííîãî ïèòàíèÿ

è ò. ä.), ñîâïàäàþùåé ñ óêàçàííûì íàçíà÷åíèåì â

ýêñïëèêàöèè ÁÒÈ, òî ïîëó÷àòü äîïîëíèòåëüíûå ðàç-

ðåøåíèÿ î âåäåíèè òàêîé äåÿòåëüíîñòè â íåæèëîì

ïîìåùåíèè íå íóæíî ïðè óñëîâèè ñîîòâåòñòâèÿ

äàííîãî ïîìåùåíèÿ êàòåãîðèè ïî âçðûâîïîæàðíîé

è ïîæàðíîé îïàñíîñòè è êëàññó ÔÏÎ. Â íåêîòîðûõ

ñëó÷àÿõ ìîæåò ïîòðåáîâàòüñÿ ïåðåïëàíèðîâêà èëè

äîóêîìïëåêòîâàíèå ïîìåùåíèÿ ðàçëè÷íûì òåõíè-

÷åñêèì îáîðóäîâàíèåì. Òàêèå ìåðîïðèÿòèÿ ìîãóò

ïîâëèÿòü íà êàòåãîðèþ ïîìåùåíèÿ, êîòîðàÿ çàâèñèò

íàïðÿìóþ îò âèäà ãîðþ÷åãî ìàòåðèàëà è åãî êîëè-

÷åñòâà (ïîæàðíàÿ íàãðóçêà). Â ýòîì ñëó÷àå ïîëü-

çîâàòåëü äîëæåí âûïîëíèòü ðàñ÷åò êàòåãîðèè ïî-

ìåùåíèÿ ñàìîñòîÿòåëüíî èëè ñ ïðèâëå÷åíèåì

ñïåöèàëèñòîâ, à òàêæå óêàçàòü â äîêóìåíòàöèè ê

ðàñ÷åòó êîíêðåòíûå òåõíè÷åñêèå ðåøåíèÿ, îáåñïå-
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÷èâàþùèå ïîæàðíóþ áåçîïàñíîñòü ïðè âåäåíèè

ïðîèçâîäñòâåííîé äåÿòåëüíîñòè. Èçìåíåíèå ïëà-

íèðîâêè òðåáóåò îáîñíîâàíèÿ áåçîïàñíîé ýâàêóà-

öèè ëþäåé (ñì. ñò. 53 ÔÇ-123 [2]), ðàññ÷èòûâàåìîé

ïî ìåòîäèêå, óòâåðæäåííîé ïðèêàçîì Ì×Ñ Ðîññèè

¹ 382 [4].

Åñëè æå îáû÷íîå ñëóæåáíîå ïîìåùåíèå èëè îôèñ

ñ ïîñòîÿííûì ïðåáûâàíèåì ëþäåé ðåøåíî ïðå-

âðàòèòü â ñêëàä, òî â òàêîì ñëó÷àå ðå÷ü áóäåò èäòè

î ñìåíå öåëåâîãî íàçíà÷åíèÿ ýòîãî ïîìåùåíèÿ,

à çíà÷èò, è åãî êëàññà ÔÏÎ, â òîì ÷èñëå êàòåãîðèè

ïî âçðûâîïîæàðíîé è ïîæàðíîé îïàñíîñòè. Ýòî ïî-

âëå÷åò çà ñîáîé èçìåíåíèå êîíñòðóêòèâíî-ïëàíè-

ðîâî÷íûõ îñîáåííîñòåé ïîìåùåíèÿ (ìàòåðèàë

îãðàæäàþùèõ êîíñòðóêöèé è çàïîëíåíèÿ ïðîåìîâ,

ñòåïåíü èõ îãíåñòîéêîñòè è ò. ä.), îïðåäåëÿåìûõ ïî

ÑÏ 2.13130 [5] è ÑÏ 4.13130 [6].

Ïðè îòñóòñòâèè ó ïîëüçîâàòåëÿ íåîáõîäèìûõ ðàñ-

÷åòíûõ è òåõíè÷åñêèõ îáîñíîâàíèé èíñïåêòîð ÃÏÍ

ìîæåò ïðèâëå÷ü åãî ê àäìèíèñòðàòèâíîé îòâåòñòâåí-

íîñòè çà íàðóøåíèå ï. 23 ÏÏÐ [1], ñîãëàñíî êîòîðî-

ìó íà îáúåêòàõ çàùèòû çàïðåùàåòñÿ èçìåíÿòü (áåç

ïðîâåäåíèÿ ïðåäâàðèòåëüíîé ýêñïåðòèçû) ïðåäó-

ñìîòðåííûé äîêóìåíòàöèåé êëàññ ÔÏÎ ïîìåùåíèÿ

èëè ãðóïïû ïîìåùåíèé.

Èçìåíåííûå äàííûå äîëæíû áûòü âíåñåíû â òå÷å-

íèå îäíîãî ãîäà â äåêëàðàöèþ ïîæàðíîé áåçîïàñ-

íîñòè, â ïðîòèâíîì ñëó÷àå ïðè ïðîâåäåíèè ïðîâåð-

êè èíñïåêòîð ÃÏÍ îòìåòèò ýòî êàê íàðóøåíèå ï. 3

ñò. 64 ÔÇ-123 [2]. Ôîðìà è ïîðÿäîê ðåãèñòðàöèè äå-

êëàðàöèè ïîæàðíîé áåçîïàñíîñòè èçëîæåí â ïðèêà-

çå Ì×Ñ Ðîññèè ¹ 91 [7].

Äëÿ èñêëþ÷åíèÿ âûøåïåðå÷èñëåííûõ íàðóøåíèé

ïîëüçîâàòåëü ìîæåò âûïîëíèòü íåçàâèñèìóþ îöåí-

êó ïîæàðíîãî ðèñêà (äàëåå — ÍÎÐ), êîòîðàÿ ÿâëÿåòñÿ

àëüòåðíàòèâîé ïðîâåðêè èíñïåêòîðîì ÃÏÍ è ìîæåò

ïðîâîäèòüñÿ òîëüêî àêêðåäèòîâàííûìè îðãàíèçà-

öèÿìè. Â ñëó÷àå ïðèíÿòèÿ çàêëþ÷åíèÿ ÍÎÐ îðãàíà-

ìè ÃÏÍ äî óòâåðæäåíèÿ åæåãîäíîãî ïëàíà ïðîâåðêè

îáúåêò çàùèòû íå âêëþ÷àåòñÿ â ïëàí íà ñðîê, óêà-

çàííûé äëÿ ñîîòâåòñòâóþùåé îáúåêòó êàòåãîðèè

ðèñêà (ñì. ï. 48 è ïðèë. 9 Ïðèêàçà Ì×Ñ Ðîññèè

¹ 644 [8]). Ïðàâèëà ïðîâåäåíèÿ ÍÎÐ óòâåðæäåíû

ïîñòàíîâëåíèåì Ïðàâèòåëüñòâà ÐÔ ¹ 304 [9].
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9. Ïðàâèëà îöåíêè ñîîòâåòñòâèÿ îáúåêòîâ çàùèòû (ïðî-

äóêöèè) óñòàíîâëåííûì òðåáîâàíèÿì ïîæàðíîé áåç-

îïàñíîñòè ïóòåì íåçàâèñèìîé îöåíêè ïîæàðíîãî ðèñêà

(ñ èçì. íà 15.08.2014) : ïîñòàíîâëåíèå Ïðàâèòåëüñòâà

ÐÔ îò 07.04.2009 ¹ 304 // Ñîáðàíèå çàêîíîäàòåëüñò-

âà ÐÔ. — 2009. — ¹ 15, ñò. 1836.
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ABSTRACT

The normative fire safety requirements for owners of

protection objects are considered, with a change in

the type of industrial activity, the category of premises

for fire and explosion risk, as well as the class of func-

tional fire danger. It is presented the order of proce-

dures of the owner to ensure the non-residential pre-

mises of fire safety during its redevelopment and

change of purpose. The terms for preparing and sub-

mitting the necessary documentation to the state fire

supervision authority for checking and approving

the proposed volume-planning or technical solutions

were noted.

Keywords: fire safety; property; premise category;

class of functional fire hazard; state fire safety super-

vision.

For citation: Kharlamenkov A. S. Fire safety require-

ments for owners of the protection objects by changing

the category and purpose premises. Pozharovzryvo-

bezopasnost / Fire and Explosion Safety, 2018,

vol. 27, no. 1, pp. 77-79 (in Russian).
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ!

Íàïðàâëÿåìûå â æóðíàë “ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ” ñòàòüè

äîëæíû ñîäåðæàòü ðåçóëüòàòû íàó÷íûõ èññëåäîâàíèé è èñïûòà-

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

ìàöèîííûõ ïðîäóêòîâ; îáçîðû, êîììåíòàðèè ê íîðìàòèâíî-òåõíè-

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

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

Íå äîïóñêàåòñÿ íàïðàâëÿòü â ðåäàêöèþ ðàáîòû, êîòîðûå áûëè îïóá-

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

Ðåäàêöèÿ ïðîñèò àâòîðîâ ïðè ïîäãîòîâêå ðóêîïèñè ðóêîâîäñòâî-

âàòüñÿ èçëîæåííûìè íèæå ïðàâèëàìè.

1. Ñòàòüÿ è ñîïóòñòâóþùèå åé ìàòåðèàëû äîëæíû áûòü íàïðàâëåíû

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

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

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

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

Âñå ðàçäåëû äîëæíû íà÷èíàòüñÿ ïðèâåäåííûìè íèæå çàãîëîâêàìè,

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

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

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

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

Ðåäàêöèÿ äîïóñêàåò è èíóþ ñòðóêòóðó, îáóñëîâëåííóþ ñïåöèôèêîé

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

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

Ïîäðîáíóþ èíôîðìàöèþ î ñîäåðæàíèè êàæäîãî èç îáîçíà÷åííûõ

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

Ìàòåðèàë ñòàòüè äîëæåí èçëàãàòüñÿ â ñëåäóþùåì ïîðÿäêå.

2.1. Íîìåð ÓÄÊ (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 250–300 ñëîâ.

Ñòðóêòóðà ðåçþìå äîëæíà ïîâòîðÿòü ñòðóêòóðó ñòàòüè è âêëþ÷àòü

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

Ðåçóëüòàòû ðàáîòû ñëåäóåò îïèñûâàòü ïðåäåëüíî òî÷íî è èíôîð-

ìàòèâíî. Ïðè ýòîì äîëæíû ïðèâîäèòüñÿ îñíîâíûå òåîðåòè÷åñêèå è

ýêñïåðèìåíòàëüíûå ðåçóëüòàòû, ôàêòè÷åñêèå äàííûå, óñòàíîâëåí-

íûå âçàèìîñâÿçè è çàêîíîìåðíîñòè.

Âûâîäû ìîãóò ñîïðîâîæäàòüñÿ ðåêîìåíäàöèÿìè, îöåíêàìè, ïðåä-

ëîæåíèÿìè, ãèïîòåçàìè, îïèñàííûìè â ðàáîòå.

Òåêñò äîëæåí áûòü ñâÿçíûì; èçëàãàåìûå ïîëîæåíèÿ äîëæíû ëî-

ãè÷íî âûòåêàòü îäíî èç äðóãîãî.

Ñîêðàùåíèÿ è óñëîâíûå îáîçíà÷åíèÿ, êðîìå îáùåóïîòðåáèòåëüíûõ,

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

øèôðîâêó è îïðåäåëåíèå ïðè ïåðâîì óïîìèíàíèè â òåêñòå ðåçþìå.

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

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

íûå â ñïèñêå ëèòåðàòóðû ê ñòàòüå.

Äëÿ ïîâûøåíèÿ ýôôåêòèâíîñòè ïðè îíëàéí-ïîèñêå âêëþ÷èòå â

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

çàãëàâèÿ ñòàòüè.

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

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

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

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

þùèåñÿ ñïåöèôè÷åñêîé õàðàêòåðèñòèêîé ïóáëèêàöèè. Ïðè ïåðå-

âîäå êëþ÷åâûõ ñëîâ íà àíãëèéñêèé ÿçûê èçáåãàéòå ïî âîçìîæíîñòè

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

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

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

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

tion èëè MathType.

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

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

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

âîæäàòüñÿ ññûëêàìè.



81ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ / FIRE AND EXPLOSION SAFETY 2018 ÒÎÌ 27 ¹ 1

ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ

Åñëè ïðåäñòàâëåííûå â ñòàòüå èññëåäîâàíèÿ âûïîëíåíû àâòîðàìè

ïðè ôèíàíñîâîé ïîääåðæêå Ðîññèéñêîãî ôîíäà ôóíäàìåíòàëüíûõ

èññëåäîâàíèé, Ðîññèéñêîãî íàó÷íîãî ôîíäà, Ìèíèñòåðñòâà îáðà-

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

îáÿçàòåëüíî ñëåäóåò äàòü èíôîðìàöèþ îá ýòîì ñ óêàçàíèåì íîìåðà

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

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

ñòàòüè äîëæíû ñîîòâåòñòâîâàòü äåéñòâóþùèì ìåæäóíàðîäíûì

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

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

äîëæíû áûòü ðàñøèôðîâàíû ñ óêàçàíèåì åäèíèö èçìåðåíèÿ. Ðàç-

ìåðíîñòü âñåõ õàðàêòåðèñòèê äîëæíà ñîîòâåòñòâîâàòü ñèñòåìå ÑÈ.

Èëëþñòðàöèè â ýëåêòðîííîé âåðñèè ïðèëàãàþòñÿ îòäåëüíî. Ôîòî-

ãðàôèè äîëæíû áûòü ñäåëàíû ñ õîðîøåãî íåãàòèâà êîíòðàñòíîé

ïå÷àòüþ (ôàéëû ðàñòðîâûõ èçîáðàæåíèé ïðåäîñòàâëÿþòñÿ ñ ðàçðå-

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

Ôàéëû âåêòîðíîé ãðàôèêè ñëåäóåò ïðåäîñòàâëÿòü â ôîðìàòå òîé

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

ýòîé ïðîãðàììû. Âñå èëëþñòðàöèè äîëæíû èìåòü ñêâîçíóþ íóìå-

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

Ññûëêè íà âñå ðèñóíêè â òåêñòå îáÿçàòåëüíû.

Òàáëèöû äîëæíû áûòü ñîñòàâëåíû ëàêîíè÷íî è ñîäåðæàòü òîëüêî

íåîáõîäèìûå ñâåäåíèÿ; îäíîòèïíûå òàáëèöû ñëåäóåò ñòðîèòü îäè-

íàêîâî. Öèôðîâûå äàííûå íåîáõîäèìî îêðóãëÿòü â ñîîòâåòñòâèè ñ

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

íû ïîâòîðÿòüñÿ. Ññûëêè íà âñå òàáëèöû â òåêñòå îáÿçàòåëüíû.

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

ðèàëà íåîáõîäèìî ïðèñëàòü ïåðåâîä íà àíãëèéñêèé ÿçûê:
� äëÿ òàáëèöû: åå íàçâàíèÿ, øàïêè, áîêîâèêà, òåêñòà âî âñåõ

ñòðîêàõ, ñíîñîê è ïðèìå÷àíèé;
� äëÿ ðèñóíêà: ïîäðèñóíî÷íîé ïîäïèñè è âñåõ òåêñòîâûõ íàä-

ïèñåé íà ñàìîì ðèñóíêå;
� äëÿ ñõåìû: ïîäïèñè ê íåé è âñåãî ñîäåðæàíèÿ ñàìîé ñõåìû.

2.8. Ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà ðóññêîì ÿçûêå è ÿçûêå

îðèãèíàëà (åñëè êíèãà ïåðåâîäíàÿ).

Ñïèñîê ëèòåðàòóðû äîëæåí âêëþ÷àòü áèáëèîãðàôè÷åñêèå ñâåäåíèÿ

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

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

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

ìèíàíèÿ. Â òåêñòå ññûëêà íà ëèòåðàòóðó îòìå÷àåòñÿ ïîðÿäêîâîé

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

äàííûå ïðèâîäÿòñÿ ïî òèòóëüíîìó ëèñòó èçäàíèÿ. Ïîðÿäîê èçëîæå-

íèÿ ýëåìåíòîâ áèáëèîãðàôè÷åñêîãî îïèñàíèÿ îïðåäåëÿåòñÿ òðåáî-

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

Â îïèñàíèè èñòî÷íèêîâ íåîáõîäèìî óêàçûâàòü âñåõ àâòîðîâ.

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

÷àòü ñëåäóþùèì òðåáîâàíèÿì.

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

÷èñëî íå âõîäÿò íîðìàòèâíûå äîêóìåíòû, ïàòåíòû è ò. ï.). Ïðè ýòîì

ïðîöåíò ññûëîê íà ñòàòüè èç èíîñòðàííûõ íàó÷íûõ æóðíàëîâ è äðó-

ãèõ èíîñòðàííûõ èñòî÷íèêîâ äîëæåí áûòü íå íèæå 40 %. Âûïîëíå-

íèå äàííîãî òðåáîâàíèÿ áóäåò ñâèäåòåëüñòâîâàòü î òîì, ÷òî àâòîðû

èñïîëüçóþò ïðåäûäóùèå íàó÷íûå äîñòèæåíèÿ â íåîáõîäèìîé ìåðå.

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

âåäóùèõ èíäåêñîâ öèòèðîâàíèÿ: Ðîññèéñêèé èíäåêñ íàó÷íîãî öè-

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

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

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

ïîçâîëèò îäíîçíà÷íî èäåíòèôèöèðîâàòü îáúåêò â áàçàõ äàííûõ.

Ñîñòàâ èñòî÷íèêîâ äîëæåí áûòü àêòóàëüíûì è ñîäåðæàòü íå ìåíåå

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

íàëîâ èëè äðóãèõ ïóáëèêàöèé.

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

ðîì ëèáî ñîàâòîðîì êîòîðûõ ÿâëÿåòñÿ àâòîð ñòàòüè.

Ñëåäóåò îáðàòèòü âíèìàíèå íà ïóáëèêàöèè äèññåðòàöèé (îñîáåííî

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

íîé ñïåöèàëüíîñòè èëè ãðóïïå ñïåöèàëüíîñòåé. Äëÿ ïîèñêà ðåêî-

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

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

äîëæíû áûòü äàíû íåïîñðåäñòâåííî ïî òåêñòó ñòàòüè.

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

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

ëè÷åñòâî (èíòåðâàë) ñòðàíèö) âåðíà.

Íåîïóáëèêîâàííûå ðåçóëüòàòû, ïðîåêòû äîêóìåíòîâ, ëè÷íûå ñîîá-

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

ãóò áûòü óïîìÿíóòû â òåêñòå.

2.9. References (ïðèñòàòåéíûå ñïèñêè ëèòåðàòóðû íà àíãëèéñêîì

ÿçûêå). Ïðåäñòàâëåíèå â References òîëüêî òðàíñëèòåðèðîâàííîãî

(áåç ïåðåâîäà) îïèñàíèÿ íåäîïóñòèìî. Îáðàùàåì Âàøå âíèìàíèå,

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

ïðè èõ ïóáëèêàöèè, à ïåðåâîä íàçâàíèé æóðíàëîâ äîëæåí áûòü

îôèöèàëüíî ïðèíÿòûì. Ïðîèçâîëüíîå ñîêðàùåíèå íàçâàíèé èñ-

òî÷íèêîâ öèòèðîâàíèÿ ïðèâåäåò ê íåâîçìîæíîñòè èäåíòèôèöèðî-

âàòü ññûëêó â ýëåêòðîííûõ áàçàõ äàííûõ.

Ïðè ñîñòàâëåíèè References íåîáõîäèìî ñëåäîâàòü ñõåìå:
� àâòîðû (òðàíñëèòåðàöèÿ; äëÿ åå íàïèñàíèÿ èñïîëüçóéòå ñàéò

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

âêëþ÷èâ â íàñòðîéêàõ ñïðàâà ââåðõó ôëàæîê “Àìåðèêàíñêàÿ

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

âàðèàíò òðàíñëèòåðàöèè ñâîåé ôàìèëèè, ñëåäóåò èñïîëüçî-

âàòü ýòîò âàðèàíò);
� çàãëàâèå íà àíãëèéñêîì ÿçûêå — äëÿ ñòàòüè, òðàíñëèòåðà-

öèÿ è ïåðåâîä íàçâàíèÿ — äëÿ êíèãè;
� íàçâàíèå èñòî÷íèêà (æóðíàëà, ñáîðíèêà ñòàòåé, ìàòåðèàëîâ

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

ÿçûêå (êóðñèâîì, ÷åðåç êîñóþ ÷åðòó);
� âûõîäíûå äàííûå;
� óêàçàíèå íà ÿçûê èçëîæåíèÿ ìàòåðèàëà â ñêîáêàõ (íàïðè-

ìåð, (in Russian)).

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

spontaneous ignition. Pozharnaya bezopasnost / Fire Safety, 2012,

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

3. Ê ñòàòüÿì ñëåäóåò ïðèëàãàòü ðåöåíçèþ ñòîðîííåãî ñïåöèàëèñòà

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

ñòàòüè), êîòîðàÿ äîëæíà áûòü ïîäïèñàíà ðåöåíçåíòîì (ñ óêàçàíèåì

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

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

Âñå ðåöåíçåíòû äîëæíû ÿâëÿòüñÿ ïðèçíàííûìè ñïåöèàëèñòàìè ïî

òåìàòèêå ðåöåíçèðóåìûõ ìàòåðèàëîâ è èìåòü â òå÷åíèå ïîñëåäíèõ

3 ëåò ïóáëèêàöèè ïî òåìàòèêå ðåöåíçèðóåìîé ñòàòüè. Îáðàùàåì

Âàøå âíèìàíèå, ÷òî ðåöåíçåíò íå äîëæåí âõîäèòü â Ðåäàêöèîííûé

ñîâåò íàøåãî æóðíàëà.

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

íèìàþòñÿ.

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

íèÿ ñòàòüè àâòîðû äîëæíû ïðåäîñòàâèòü äîðàáîòàííûé âàðèàíò

òåêñòà ñ îáÿçàòåëüíûì âûäåëåíèåì öâåòîì âíåñåííûõ èçìåíåíèé,

à òàêæå îòäåëüíî ïîäãîòîâèòü êîíêðåòíûå îòâåòû-êîììåíòàðèè íà

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

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

ðîâ ïðèâîäèò ê çàäåðæêå ïóáëèêàöèè äî èñïðàâëåíèÿ óêàçàííûõ

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

ðåäàêòîðîâ ðóêîïèñü ñíèìàåòñÿ ñ äàëüíåéøåãî ðàññìîòðåíèÿ.

6. Íåïðèíÿòûå ê ïóáëèêàöèè ñòàòüè àâòîðó íå âîçâðàùàþòñÿ. Ïðîñüáà

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

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

ïèñ÷èêîâ è òðåòüèõ ëèö, çàèíòåðåñîâàííûõ â ïóáëèêàöèè.

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

âèâøèå ðóêîïèñü äëÿ ïóáëèêàöèè â æóðíàëå “Ïîæàðîâçðûâîáåç-

îïàñíîñòü”, ñîãëàñíû ñ óñëîâèÿìè ïóáëèêàöèè èëè îòêëîíåíèÿ ðó-

êîïèñè, à òàêæå ñ ïðàâèëàìè åå îôîðìëåíèÿ!
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