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ÐÅÇÞÌÅ

Ââåäåíèå. Â ñâÿçè ñ âîçðàñòàíèåì êîëè÷åñòâà ìíîãîýòàæíûõ çäàíèé è ñîîðóæåíèé è òåíäåíöèåé óâåëè÷åíèÿ

÷èñëà ïîæèëûõ ëþäåé îñîáåííî îñòðî âñòàåò âîïðîñ îá ýâàêóàöèè ëþäåé ñ îãðàíè÷åííîé ìîáèëüíîñòüþ èç òàêèõ

çäàíèé. Â âûñîòíûõ çäàíèÿõ ïóòè ýâàêóàöèè î÷åíü ïðîòÿæåííûå, ÷òî äåëàåò ïðîöåññ ýâàêóàöèè äëÿ äàííûõ

ãðóïï íå òîëüêî òðóäíûì è îïàñíûì, íî è ôèçè÷åñêè íåâîçìîæíûì. Ïðè ýòîì áîëüøèíñòâî ïðåïÿòñòâèé äëÿ

èñïîëüçîâàíèÿ ëèôòîâ â êà÷åñòâå îñíîâíîãî ïóòè ýâàêóàöèè óñòðàíåíî åñëè íå ïîëíîñòüþ, òî ÷àñòè÷íî.

Öåëü ñòàòüè — ìîäåëèðîâàíèå ýâàêóàöèè ëþäåé èç âûñîòíîãî çäàíèÿ ñ ïðèìåíåíèåì ëèôòîâ â êà÷åñòâå îäíî-

ãî èç îñíîâíûõ ïóòåé. Ïðè ýòîì ïîñòàâëåíû ñëåäóþùèå çàäà÷è: 1) îïðåäåëèòü çàâèñèìîñòü âðåìåíè ýâàêóà-

öèè îò ïàðàìåòðîâ äâèæåíèÿ ëþäåé ðàçíûõ ãðóïï ìîáèëüíîñòè; 2) ñðàâíèòü ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ïî

ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ.

Ìåòîäèêà. Ïðîãðàììíûé êîìïëåêñ Pathfinder ïðèìåíÿëñÿ äëÿ ðàñ÷åòà ýâàêóàöèè ëþäåé èç ñìîäåëèðîâàí-

íîãî çäàíèÿ. Âðåìÿ ýâàêóàöèè ðàññ÷èòûâàëîñü äëÿ ñëó÷àåâ ýâàêóàöèè êàê èñêëþ÷èòåëüíî ïî ëåñòíèöàì, òàê è

ïðè ÷àñòè÷íîì èñïîëüçîâàíèè ëèôòîâûõ óçëîâ. Ðàñ÷åòû ïðîâîäèëèñü ñ ó÷åòîì íàëè÷èÿ ìàëîìîáèëüíîé ãðóïïû

íàñåëåíèÿ.

Ðåçóëüòàòû è îáñóæäåíèå. Îïðåäåëåíî âëèÿíèå íà ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ñ èñïîëüçîâàíèåì ëèôòîâ ïà-

ðàìåòðîâ âðåìåíè (íà÷àëà ýâàêóàöèè è çàäåðæêè ïîäà÷è ñèãíàëà), ñîñòàâà ïîòîêà (ìîäåëèðîâàíèå ñ ó÷åòîì

ðàçëè÷íûõ ãðóïï ìîáèëüíîñòè), à òàêæå ýòàæà íà÷àëà ýâàêóàöèè äëÿ êàæäîé ãðóïïû. Âûïîëíåíî ñðàâíåíèå

âðåìåíè ýâàêóàöèè ïî ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ. Ïîëó÷åíû çàâèñèìîñòè íàèáîëåå îïòè-

ìàëüíîãî ïðîöåíòíîãî ñîîòíîøåíèÿ êîëè÷åñòâà ëþäåé, èñïîëüçóþùèõ ïåðâûé è âòîðîé âàðèàíòû ýâàêóàöèè.

Çàêëþ÷åíèå. Òðåáîâàíèÿ ê ïîæàðîáåçîïàñíîñòè ëèôòîâ ñòîëü æå âûñîêè, êàê è äëÿ íåçàäûìëÿåìûõ ëåñò-

íè÷íûõ êëåòîê. Â 60-ýòàæíûõ îôèñíûõ çäàíèÿõ (â îòëè÷èå îò 20-ýòàæíûõ) èñïîëüçîâàíèå ëèôòîâ è ìåðû ïî

óïðàâëåíèþ ëþäñêèì ïîòîêîì ñóùåñòâåííî ñîêðàùàþò ðàñ÷åòíîå âðåìÿ ýâàêóàöèè. Äëÿ âûñîòíûõ çäàíèé â

ïåðñïåêòèâå íåîáõîäèìî ðàññìàòðèâàòü îðãàíèçàöèþ ýâàêóàöèè ñ ïðèìåíåíèåì ëèôòîâ.
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ABSTRACT

Introduction. The number of multi-storey buildings and structures increases every year. Now there is an improving

tendency of elderly people who remains be able to work even in old age. The issue of evacuation people with re-

duced mobility is especially acute. In high-rise buildings, evacuation paths are very long, which makes the evacua-

tion process for these groups not only difficult and dangerous, but also physically impossible. At the same time,

most problems with using elevators as the main evacuation path have been almost solved.

The article’s purpose is to simulate the evacuation process from a high-rise building with using elevators as one

of the main path. Tasks: 1) determine the evacuation time dependence on the movement parameters of people

different mobility groups; 2) compare the evacuation time on the staircase and through the elevators.
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Methods. The Pathfinder PC was used to calculate the people evacuation from a modeled building. The evacuation

time was calculated using both ladders exclusively and with partial use of vertical elevator units. The calculations

were carried out taking into account the presence of the reduced mobility population group.

Results and discussion. The evacuation time was obtained using only the ladder and compared with the theore-

tical computation. The effect on evacuation time with time parameters (the evacuation start and signal delay),

the flow composition (various mobility groups), and the evacuation base level for each group are calculated.

The evacuation time is compared on the staircase and through elevators. Optimal percentage dependences of

people, who use the first and second versions of evacuation, are obtained.

Conclusion. The requirements for fire elevators safety are as high as for non-smoke-free staircases. In 60-storey

office buildings (in contrast to the 20-storey), the use of elevators and manage measures for the human flow signi-

ficantly reduce the evacuation time. For high-rise buildings in the future, it is necessary to consider the organiza-

tion of evacuation with the use of elevators.

Keywords: multi-storey buildings and structures; fire safety; fire simulation; evacuation; movement parameters of

people; dangerous fire factors; fire lift; mobility group.
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Ââåäåíèå

Íåñìîòðÿ íà ðàçâèòèå ñòðîèòåëüíûõ òåõíîëîãèé è
íàëè÷èå “óìíîé” ýëåêòðîíèêè â óíèêàëüíûõ è âû-
ñîòíûõ çäàíèÿõ è ñîîðóæåíèÿõ, âûïîëíåíèå òðåáî-
âàíèé ïîæàðíîé áåçîïàñíîñòè, à òàêæå ïðèíÿòèå
äîïîëíèòåëüíûõ ìåð ïî åå óñèëåíèþ ïðîäîëæàåò
îñòàâàòüñÿ îäíèì èç âàæíåéøèõ àñïåêòîâ êàê íà
ýòàïå ïðîåêòèðîâàíèÿ çäàíèé è ñîîðóæåíèé, òàê è
â ïðîöåññå ýêñïëóàòàöèè îáúåêòà. Ñ ðîñòîì ýòàæ-
íîñòè çäàíèé óâåëè÷èâàåòñÿ êîëè÷åñòâî ëþäåé, ïðî-
æèâàþùèõ â ïðåäåëàõ îäíîãî îáúåêòà, ÷òî ïðÿìî
ïðîïîðöèîíàëüíî ñêàçûâàåòñÿ íà ïëîòíîñòè ëþä-
ñêîãî ïîòîêà ïðè ýâàêóàöèè è, â ñâîþ î÷åðåäü, îòðè-
öàòåëüíî âëèÿåò íà ïîêàçàòåëü èíäèâèäóàëüíîãî
ïîæàðíîãî ðèñêà. È õîòÿ ïî äàííûì Ì×Ñ Ðîññèè
íàáëþäàåòñÿ òåíäåíöèÿ åæåãîäíîãî ñíèæåíèÿ êîëè-
÷åñòâà ïîæàðîâ è ÷èñëà ïîãèáøèõ (òàáë. 1), äàííàÿ
òåìà ïðîäîëæàåò îñòàâàòüñÿ àêòóàëüíîé [1].

Âàæíûì ïàðàìåòðîì, âëèÿþùèì íà ñêîðîñòü äâè-
æåíèÿ ëþäñêîãî ïîòîêà ïðè ýâàêóàöèè èç çäàíèÿ, ÿâ-
ëÿåòñÿ âîçðàñòíîé ñîñòàâ, òèï è êîëè÷åñòâî ìàëîìî-
áèëüíûõ ãðóïï íàñåëåíèÿ (ÌÃÍ). Ïî îöåíêàì World
Health Organization [2] ê 2050 ã. íà ïëàíåòå ÷èñëî ïî-

æèëûõ ëþäåé (â âîçðàñòå 60 ëåò è ñòàðøå) óâåëè-
÷èòñÿ â 3 ðàçà è äîñòèãíåò 2 ìëðä. ÷åë., à â Ðîññèè —
50 ìëí. ÷åë.

Ñóùåñòâóåò îáùåìèðîâàÿ íàïðàâëåííîñòü íà ìî-
äåðíèçàöèþ èíôðàñòðóêòóðû ñ öåëüþ îáåñïå÷èòü
åå àäàïòàöèþ äëÿ ìàëîìîáèëüíûõ ãðóïï íàñåëå-
íèÿ. Ñîâðåìåííûå íîðìû ïîæàðíîé áåçîïàñíîñòè
äîëæíû ó÷èòûâàòü äîñòóïíîñòü ýâàêóàöèè äëÿ ëèö
ïîæèëîãî âîçðàñòà è ÌÃÍ. Îäíàêî âîïðîñ îá ýô-
ôåêòèâíîé ýâàêóàöèè ìàëîìîáèëüíûõ ãðóïï íàñå-
ëåíèÿ íåäîñòàòî÷íî èçó÷åí [3]. Â ïåðâóþ î÷åðåäü ýòî
êàñàåòñÿ âûñîòíûõ çäàíèé, èç êîòîðûõ èíâàëèäû
èç-çà ñâîèõ ôèçè÷åñêèõ îñîáåííîñòåé (íèçêàÿ ñêî-
ðîñòü äâèæåíèÿ, íàðóøåíèå ðàâíîâåñèÿ, ðàññåÿíèå
âíèìàíèÿ, íåäîñòàòî÷íàÿ âûíîñëèâîñòü) íå ñïîñîá-
íû ýâàêóèðîâàòüñÿ íàðàâíå ñî çäîðîâûìè ëþäüìè
[4, 5]. Êðîìå òîãî, äèíàìè÷åñêèå ãàáàðèòû èíâàëè-
äà (çîíà, êîòîðóþ ÷åëîâåê çàíèìàåò ïðè äâèæåíèè
ñ ó÷åòîì âñïîìîãàòåëüíûõ ñðåäñòâ ïåðåäâèæåíèÿ)
ïðàêòè÷åñêè â 2 ðàçà ïðåâûøàþò ãàáàðèòû çäîðî-
âîãî ÷åëîâåêà, ÷òî îáóñëàâëèâàåò îïðåäåëåííûå òðóä-
íîñòè ïðè äâèæåíèè ëþäåé ñ îãðàíè÷åííûìè ôèçè-
÷åñêèìè âîçìîæíîñòÿìè â ïëîòíîì ïîòîêå, îñîáåí-
íî â ìåñòàõ ëîêàëüíûõ ñóæåíèé [6].

Ïðîòÿæåííîñòü ïóòåé ýâàêóàöèè â âûñîòíûõ çäà-
íèÿõ è ñîîðóæåíèÿõ äîñòàòî÷íî âåëèêà, ïðåâûøàåò
ïîðîé ñîòíþ ìåòðîâ. Ýòî äàæå ó çäîðîâûõ ëþäåé
ìîæåò âûçâàòü óñòàëîñòü, ðàññåÿíèå âíèìàíèÿ, íå-
îñòîðîæíîñòü, ÷òî â êîíå÷íîì ñ÷åòå ñòàíåò ïðè-
÷èíîé òðàâìàòèçìà. Äëÿ ïîæèëûõ ëþäåé è ÌÃÍ
äàííûé ñïîñîá ýâàêóàöèè ñòàíîâèòñÿ îñîáåííî
òðóäíûì, îïàñíûì è ïîðîé ôèçè÷åñêè íåâîçìîæ-
íûì [7].

Â [8] îòìå÷àåòñÿ, ÷òî ëåñòíèöû íå îáåñïå÷èâà-
þò äîñòàòî÷íóþ ïðîïóñêíóþ ñïîñîáíîñòü äëÿ áåç-
îïàñíîé ýâàêóàöèè ëþäåé èç âûñîòíîãî çäàíèÿ. Çà-
ïðåò íà èñïîëüçîâàíèå ëèôòîâûõ øàõò àðãóìåí-
òèðóåòñÿ íå òîëüêî òåì, ÷òî øàõòà ëèôòà ÿâëÿåòñÿ

Ïîêàçàòåëü � Index
Ãîä � Year

2015 2016 2017

Êîëè÷åñòâî ïîæàðîâ
Number of fires 145942 139475 132406

×èñëî ïîãèáøèõ ïðè ïî-
æàðàõ, ÷åë.
People died in fires, pers.

9405 8749 7782

Â òîì ÷èñëå äåòåé, ÷åë.
Including children, pers. 462 426 358

Òàáëèöà 1. Òåíäåíöèÿ ñíèæåíèÿ êîëè÷åñòâà ïîæàðîâ è ÷èñëà
æåðòâ â ïåðèîä 2015–2017 ãã.
Table 1. The tendency to reduce the number of fires and victims
in the period 2015–2017
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ïî ñóòè äîïîëíèòåëüíûì êàíàëîì äëÿ ðàñïðîñòðà-
íåíèÿ äûìà è ïðîäóêòîâ ãîðåíèÿ, íî è âîçìîæíî-
ñòüþ äåôîðìàöèè ñàìîé êîíñòðóêöèè, ÷òî ïðèâåäåò
ê àâàðèéíîé îñòàíîâêå óñòðîéñòâà â ìåæýòàæíîì
ïðîñòðàíñòâå, çàêëèíèâàíèþ äâåðåé. Îäíàêî ïðè
ïðàâèëüíîé âíóòðåííåé ïëàíèðîâêå âíóòðåííåãî
ïðîñòðàíñòâà è òðåáóåìîì ïðåäåëå îãíåñòîéêîñòè
êîíñòðóêöèé ëèôòîâîãî óçëà [9] øàõòà áóäåò èçîëè-
ðîâàíà îò âîçäåéñòâèÿ ïîæàðà, ÷òî îáåñïå÷èò áåç-
îïàñíîñòü åå èñïîëüçîâàíèÿ. Â íàñòîÿùåå âðåìÿ
ïðîåêòèðóþòñÿ ïîæàðíûå ëèôòû ñ ïðèìåíåíèåì
ñïåöèàëüíûõ îãíåñòîéêèõ ìàòåðèàëîâ [7], îäíàêî
â êà÷åñòâå ïóòåé ýâàêóàöèè èõ ðàññìàòðèâàòü íåëüçÿ,
òàê êàê ñîãëàñíî ñò. 89 [10] ëèôò íå ÿâëÿåòñÿ ñðåäñò-
âîì ýâàêóàöèè ïðè ïîæàðå (çà èñêëþ÷åíèåì ÌÃÍ
ãðóïïû ìîáèëüíîñòè Ì4).

Àíàëèç èñòî÷íèêîâ, ðàññìàòðèâàþùèõ ïðîöåññ
ýâàêóàöèè [11–13], ïîçâîëèë ñôîðìóëèðîâàòü ðÿä
ïðè÷èí, ïðåïÿòñòâóþùèõ ýôôåêòèâíîé ýâàêóàöèè
ëþäåé èç âûñîòíîãî çäàíèÿ:

1) îáðàçîâàíèå ñêîïëåíèé ëþäåé íà âõîäå â ëåñò-
íè÷íóþ êëåòêó èç-çà åå îãðàíè÷åííîé ïðîïóñêíîé
ñïîñîáíîñòè è íåâîçìîæíîñòè îáåñïå÷èòü áåñïðå-
ðûâíîå äâèæåíèå ëþäåé íà íèæíèõ ýòàæàõ èç-çà âû-
ñîêîé ïëîòíîñòè ïîòîêà. Áîëüøîå ñêîïëåíèå ëþäåé
â çàìêíóòîì ïðîñòðàíñòâå ïðèâîäèò ê íåõâàòêå âîç-
äóõà, ÷òî ìîæåò ñëóæèòü ïðè÷èíîé ãèáåëè îò êîìï-
ðåññèîííîé àñôèêñèè;

2) îòñóòñòâèå õîðîøåé ôèçè÷åñêîé ôîðìû ó ëþ-
äåé, ÷òî íå ïîçâîëÿåò èì ïðåîäîëåâàòü áîëüøèå ðàñ-
ñòîÿíèÿ ïî ëåñòíèöå è ÿâëÿåòñÿ ïðè÷èíîé åå íèçêîé
ïðîïóñêíîé ñïîñîáíîñòè;

3) ñëîæíîñòü òðàíñïîðòèðîâàíèÿ ëþäåé ñ ôèçè-
÷åñêèìè îãðàíè÷åíèÿìè êàòåãîðèè ÌÃÍ, â òîì ÷èñ-
ëå ëèö ïîæèëîãî âîçðàñòà.

Â êà÷åñòâå íåãàòèâíîãî ïðèìåðà, èëëþñòðèðó-
þùåãî âûøåñêàçàííîå, ìîæíî ïðèâåñòè ýâàêóàöèþ
ïðè ïîæàðå 1993 ã. â ÂÒÖ â Íüþ-Éîðêå, äëèâøóþñÿ
6 ÷. Äâèæåíèå ïî ëåñòíè÷íîé êëåòêå ëþäñêîãî ïî-
òîêà âûñîêîé ïëîòíîñòè ïðèâåëî ê òðàâìèðîâàíèþ
è ãèáåëè áîëüøîãî êîëè÷åñòâà ëþäåé [14].

Ñóùåñòâóåò ðÿä ïðè÷èí, ïðåïÿòñòâóþùèõ âíåä-
ðåíèþ ýâàêóàöèîííûõ ëèôòîâ, ÷àñòü êîòîðûõ ïðè-
âåäåíà â [7], à èìåííî:
� çàäûìëåíèå øàõòû è êàáèí ëèôòîâ;
� îòêëþ÷åíèå ýëåêòðîñíàáæåíèÿ;
� îñòàíîâêà ëèôòà íà ýòàæå, îõâà÷åííîì îãíåì;
� äåôîðìàöèÿ è çàêëèíèâàíèå äâåðåé ëèôòîâ íà

ýòàæå ïîæàðà;
� ïîïàäàíèå âîäû ïðè òóøåíèè ïîæàðà â øàõòó

ëèôòîâ;
� âîçìîæíîå ïåðåïîëíåíèå êàáèí ëèôòîâ ýâàêóè-

ðóþùèìèñÿ ëþäüìè.
Áîëüøèíñòâî èç ïåðå÷èñëåííûõ ïðîáëåì ðåøå-

íî åñëè íå ïîëíîñòüþ, òî ÷àñòè÷íî. Ê ïîæàðíîé áåç-

îïàñíîñòè ëèôòîâ ïðåäúÿâëÿþòñÿ òðåáîâàíèÿ ñòîëü
æå æåñòêèå, êàê è äëÿ ëåñòíè÷íûõ êëåòîê [7]. Ýô-
ôåêòèâíûå îáúåìíî-ïëàíèðîâî÷íûå ðåøåíèÿ ïîçâî-
ëÿþò ðàöèîíàëüíî ðàñïðåäåëÿòü ÷åëîâå÷åñêèå ïî-
òîêè ïî âñåì ïóòÿì ýâàêóàöèè [15], óáèðàÿ âîçìîæ-
íûå íåïðîõîäèìûå ïðåïÿòñòâèÿ íà ïóòè äâèæåíèÿ,
íåãàòèâíî âëèÿþùèå íà ïñèõîýìîöèîíàëüíîå ñîñòî-
ÿíèå ÷åëîâåêà è øàíñû åãî ýâàêóàöèè â öåëîì [16, 17].
Èññëåäîâàíèÿ ïîâåäåíèÿ ëþäåé âî âðåìÿ ïîæàðà
[18, 19] âûÿâèëè, ÷òî, åñëè ïðè ïîæàðå ëèôòû ïðî-
äîëæàþò ôóíêöèîíèðîâàòü, ÷àñòü ëþäåé èñïîëüçóåò
èõ ïðè ýâàêóàöèè. Â ïÿòèýòàæíûõ äîìàõ äîëÿ ëþäåé,
èñïîëüçóþùèõ ëèôòû, äîñòèãàåò 15 %, à â 20-ýòàæ-
íûõ çäàíèÿõ (â ñòàòüå ðàññìàòðèâàëèñü çäàíèÿ ãîñ-
òèíèö) — 67 %. Ñòîèò îòäåëüíî îòìåòèòü, ÷òî ýâà-
êóàöèÿ èç áàøåí-áëèçíåöîâ ïîñëå òåðàêòà 11 ñåí-
òÿáðÿ 2001 ã. ïðè ïîìîùè ëèôòîâ îáåñïå÷èëà
ñïàñåíèå îêîëî 3000 ÷åë. [20].

Â íàñòîÿùåå âðåìÿ, êîãäà óñòðàíåíî áîëüøèí-
ñòâî ïðè÷èí, íå ïîçâîëÿþùèõ èñïîëüçîâàòü ëèôò â
êà÷åñòâå îäíîãî èç îñíîâíûõ ïóòåé ýâàêóàöèè, èñ-
ñëåäîâàíèÿ ïîâåäåíèÿ ëþäåé â ñèòóàöèè ïîæàðà
ïîäòâåðæäàþò ïðåäðàñïîëîæåííîñòü èõ ê èñïîëüçî-
âàíèþ ëèôòà â êà÷åñòâå ïóòè ýâàêóàöèè. Èçâåñòíû
òàêæå ðåàëüíûå ñëó÷àè óñïåøíîãî ñïàñåíèÿ æèçíåé
ñ ïîìîùüþ äàííîãî òåõíè÷åñêîãî ñðåäñòâà. Â ñâÿçè
ñ ýòèì öåëåñîîáðàçíî ðàññìîòðåòü âîçìîæíîñòü ïðè-
ìåíåíèÿ ëèôòîâ, îñîáåííî â âûñîòíûõ çäàíèÿõ è
ñîîðóæåíèÿõ, â êà÷åñòâå îñíîâíîãî ïóòè ýâàêóàöèè
è ïåðåéòè ê êîìáèíèðîâàííîé ñèñòåìå ýâàêóàöèè
ëþäåé.

Ïðîãðàììíûå êîìïëåêñû, èñïîëüçóþùèå â îñíî-
âå ðàñ÷åòà èíäèâèäóàëüíî-ïîòî÷íóþ ìîäåëü äâèæå-
íèÿ, ïîëó÷èëè øèðîêîå ðàñïðîñòðàíåíèå âî ìíî-
ãèõ ñòðàíàõ. Â ñòàòüå [21] îïèñàíû íàèáîëåå èçâåñò-
íûå ïðåäñòàâèòåëè ðàñ÷åòíûõ ïðîãðàìì äàííîãî
êëàññà, ñðåäè êîòîðûõ Simulex (Àíãëèÿ), Pathfinder
(ÑØÀ), FDS+Evac (ÑØÀ – Ôèíëÿíäèÿ), ÑÈÒÈÑ
(Ðîññèÿ), Ñèãìà ÏÁ (Ðîññèÿ), Fenix 2+ (Ðîññèÿ) è äð.
[22–28].

Â [29] ïîä÷åðêèâàåòñÿ, ÷òî èç âûøåïåðå÷èñëåí-
íûõ ïðîãðàììíûõ êîìïëåêñîâ èìåííî â ìîäåëè Path-
finder ðåàëèçîâàí íàèáîëåå òî÷íûé àëãîðèòì, ïðåäó-
ñìàòðèâàþùèé èíòåëëåêòóàëüíîå äâèæåíèå ëþäåé
â ïîòîêå (ìàíåâðèðîâàíèå, óêëîíåíèå îò ñòîëêíî-
âåíèÿ, óñêîðåíèå ïðè íàëè÷èè ñâîáîäíîãî ïðîñòðàí-
ñòâà). Â áîëåå ïîçäíèõ èññëåäîâàíèÿõ [30] îáðàùà-
åòñÿ âíèìàíèå íà òî, ÷òî ê ðåçóëüòàòàì äèíàìèêè
ýâàêóàöèè, ïîëó÷åííûì â ïðîãðàììíûõ êîìïëåêñàõ,
ñòîèò ïîäõîäèòü ñ îñòîðîæíîñòüþ, òàê êàê äàííûé
ïðîöåññ ñèëüíî çàâèñèò îò àëãîðèòìà ïðîãðàììû.
Òàê, íàïðèìåð, àëãîðèòì ïðîãðàììíîãî êîìïëåêñà
Pathfinder ìîæåò çàâûøàòü èíòåíñèâíîñòü äâèæåíèÿ
ëþäñêîãî ïîòîêà â ìåñòàõ ëîêàëüíîãî ñóæåíèÿ, â ðå-



ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ/FIRE AND EXPLOSION SAFETY 2019 ÒÎÌ 28 ¹ 2 69

ÁÅÇÎÏÀÑÍÎÑÒÜ ÆÈÇÍÅÄÅßÒÅËÜÍÎÑÒÈ

çóëüòàòå ÷åãî ìîæåò áûòü çàíèæåíî ðàñ÷åòíîå âðåìÿ
ýâàêóàöèè.

Îäíèì èç ïðèìåðîâ óñïåøíîãî ìîäåëèðîâàíèÿ
ýâàêóàöèè â ïðîãðàììå Pathfinder ÿâëÿåòñÿ ðàñ÷åò
ïîæàðîáåçîïàñíîñòè áèáëèîòåêè óíèâåðñèòåòà â
Íàíêèíå [31].

Â ñòàòüå [32] óäåëÿåòñÿ îñîáîå âíèìàíèå òîìó,
÷òî íàëè÷èå ñïåöèàëüíûõ òðàíçèòíûõ çîí (óáåæèù)
âíóòðè çäàíèÿ ïðåâðàùàåò âûñîòíîå ñîîðóæåíèå â
ñåòü ïîæàðîáåçîïàñíûõ îòñåêîâ. Ïðîìåæóòî÷íûå
òåõíè÷åñêèå ýòàæè, ïîìèìî îñíîâíîãî íàçíà÷åíèÿ
— ðàñïîëîæåíèÿ ñåòåé è êîììóíèêàöèé çäàíèÿ,
ïðåâðàùàþòñÿ â çîíû äëÿ îòäûõà ëþäåé ïðè ýâàêóà-
öèè è áåçîïàñíûå ìåñòà, â êîòîðûõ ëþäè ìîãóò
óêðûòüñÿ îò ïîæàðà. Â ïðîåêòå ïðåäóñìîòðåíî äâå
çîíû áåçîïàñíîñòè — 20-é è 40-é ýòàæè.

Ñòîèò îòìåòèòü, ÷òî äëÿ ïîëó÷åíèÿ îêîí÷àòåëü-
íûõ äàííûõ ïî ðàñ÷åòíîìó âðåìåíè ýâàêóàöèè, áî-
ëåå ñîîòâåòñòâóþùèõ ðåàëüíîñòè, ê ïîëó÷åííîìó
ðåçóëüòàòó ñòîèò ïðèáàâèòü âðåìÿ, çàòðà÷åííîå íà
íà÷àëî ýâàêóàöèè. Â ñòàòüå [33] ïîä÷åðêèâàåòñÿ,
÷òî ÷åëîâåê òðàòèò ÷àñòü âðåìåíè íà àíàëèç àâàðèé-
íîé ñèòóàöèè, ïîïûòêè ñîáðàòü âåùè. Äàííàÿ çà-
äåðæêà, ïî ìíåíèþ àâòîðîâ [34], ÿâëÿåòñÿ îäíîé èç
îñíîâíûõ ïðè÷èí òðàâìèðîâàíèÿ è ãèáåëè ëþäåé.

Îñîáåííî àêòóàëüíà äàííàÿ ïîïðàâêà äëÿ îôèñ-
íûõ çäàíèé è òîðãîâûõ êîìïëåêñîâ. Íåñìîòðÿ íà
òîò ôàêò, ÷òî ëþäè íàõîäÿòñÿ â áîäðñòâóþùåì ñî-
ñòîÿíèè, ìíîãî âðåìåíè óõîäèò íà ðåàêöèþ ëþäåé
íà îïîâåùåíèå î ïîæàðå [35, 36], êîòîðàÿ â îôèñ-
íûõ çäàíèÿõ ñîñòàâëÿåò ïðèìåðíî 170 ñ ïîñëå ñðà-
áàòûâàíèÿ ñèñòåìû îïîâåùåíèÿ è óïðàâëåíèÿ ýâà-
êóàöèåé (ÑÎÓÝ) [37]. Ïðè ýòîì â [38] äîêàçûâàåòñÿ,
÷òî ñðåäíåå âðåìÿ íà÷àëà ýâàêóàöèè ìîæåò ñîñòàâ-
ëÿòü âñåãî 17 ñ ïðè ïðîôåññèîíàëüíîé ðàáîòå îá-
ñëóæèâàþùåãî ïåðñîíàëà áèçíåñ-öåíòðîâ. Äàííûé
ïàðàìåòð ÿâëÿåòñÿ êîìïëåêñíûì è çàâèñèò îò ìíî-
æåñòâà ôàêòîðîâ, âêëþ÷àþùèõ êàê ïîæàðíî-òåõíè-
÷åñêèå õàðàêòåðèñòèêè çäàíèÿ, òàê è êîñâåííûå, íà-
ïðèìåð óðîâåíü ïðîòèâîïîæàðíîé ïîëèòèêè ðóêî-
âîäñòâà (êóëüòóðû ïîæàðîáåçîïàñíîñòè) [39].

Ïðè îðãàíèçàöèè ïðîöåññà ýâàêóàöèè âàæíî ðàñ-
ñìàòðèâàòü ðåøåíèÿ, íàïðàâëåííûå íå òîëüêî íà ñî-
êðàùåíèå âðåìåíè ýâàêóàöèè, íî è íà ñíèæåíèå
ïëîòíîñòè ëþäñêèõ ïîòîêîâ. Ýòî äàñò âîçìîæíîñòü
ìèíèìèçèðîâàòü ðèñêè òðàâìàòèçìà ëþäåé è îáðà-
çîâàíèÿ ïîìåõ â ïðîöåññå äâèæåíèÿ. Â êà÷åñòâå
íàèáîëåå ýôôåêòèâíîãî ðåøåíèÿ ñòîèò ðàññìàòðè-
âàòü ïîýòàïíóþ ýâàêóàöèþ [11]. Ñõåìà îðãàíèçàöèè
ïîýòàïíîé ýâàêóàöèè îñíîâàíà íà ðàçäåëåíèè ïîòî-
êîâ ýâàêóèðóþùèõñÿ ëþäåé è ïðåäîòâðàùåíèè èõ
ïåðåñå÷åíèÿ. Ïðèìåð èíñòðóêöèè ïî îðãàíèçàöèè
ïåøåé ïîýòàïíîé ýâàêóàöèè (áåç èñïîëüçîâàíèÿ
ëèôòîâ) ïðèâåäåí â [40]. Íà îñíîâå ðåçóëüòàòîâ ìî-
äåëèðîâàíèÿ ðàññ÷èòàíà òàáëèöà âðåìåííûõ çàäåð-
æåê äëÿ êàæäîãî ýòàæà ðàññìàòðèâàåìîé ñåêöèè.

Öåëü íàñòîÿùåé ñòàòüè — ìîäåëèðîâàíèå ýâàêóà-
öèè ëþäåé èç âûñîòíîãî çäàíèÿ ñ ïðèìåíåíèåì ëèô-
òîâ â êà÷åñòâå îäíîãî èç îñíîâíûõ ïóòåé ýâàêóàöèè.

Äëÿ äîñòèæåíèÿ ïîñòàâëåííîé öåëè ðåøåíû ñëå-
äóþùèå çàäà÷è:
� îïðåäåëåíû çàâèñèìîñòè âðåìåíè ýâàêóàöèè îò

ïàðàìåòðîâ äâèæåíèÿ ëþäåé ðàçíûõ ãðóïï ìî-
áèëüíîñòè â ñìîäåëèðîâàííîì âûñîòíîì ìíîãî-
ýòàæíîì îôèñíîì çäàíèè â ÏÊ Pathfinder;

� ïðîâåäåíî ñðàâíåíèå âðåìåíè ýâàêóàöèè ïî ëåñò-
íè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ.

Ìåòîäèêà

Ïðîãðàììíûé êîìïëåêñ Pathfinder ïðèìåíÿëñÿ
äëÿ ðàñ÷åòà ýâàêóàöèè ëþäåé èç ñìîäåëèðîâàííîãî
çäàíèÿ. Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè âû÷èñëÿëîñü
äëÿ ñëó÷àåâ ýâàêóàöèè êàê èñêëþ÷èòåëüíî ïî ëåñò-
íèöàì, òàê è ïðè ÷àñòè÷íîì èñïîëüçîâàíèè ëèôòî-
âûõ óçëîâ. Ðàñ÷åòû ïðîâîäèëèñü ñ ó÷åòîì íàëè÷èÿ
ìàëîìîáèëüíîé ãðóïïû íàñåëåíèÿ. Çà åäèíèöó âðå-
ìåíè (âðåìåííîé øàã), îòâå÷àþùóþ çà òî÷íîñòü ìî-
äåëèðîâàíèÿ, ïðèíÿòî 0,50 ñ. Âðåìÿ íà÷àëà ýâàêóà-
öèè tíà÷.ýâ = 170 ñ.

Ñìîäåëèðîâàíî âûñîòíîå çäàíèå (ðèñ. 1 è 2) ñî
ñëåäóþùèìè ïàðàìåòðàìè:
� êîëè÷åñòâî ýòàæåé — 60;
� êîëè÷åñòâî ñåêöèé — òðè ïî 20 ýòàæåé;
� êîëè÷åñòâî æèëûõ ýòàæåé â ñåêöèè — 19 (20-é

ýòàæ — òåõíè÷åñêèé);
� âûñîòà ýòàæà — 3 ì;
� ïîëåçíàÿ ïëîùàäü ýòàæà — 600 ì2;
� ïëîòíîñòü 100 ÷åë. íà ýòàæ (èç ðàñ÷åòà 1 ÷åë. íà

6 ì2 ïîëåçíîé ïëîùàäè). Ñîîòíîøåíèå ëþäåé
ãðóïï ìîáèëüíîñòè Ì1, Ì2, Ì3, Ì4 ïðèíÿòî
ñîîòâåòñòâåííî 90, 4, 4 è 2 %. Ïðè ðàñ÷åòå ïðè-
íÿòî èçáûòî÷íîå êîëè÷åñòâî ëèö ÌÃÍ (10 %)

Ðèñ. 1. Ïëàí òèïîâîãî ýòàæà ìîäåëèðóåìîãî çäàíèÿ îôèñíîãî
öåíòðà
Fig. 1. The standard floor plan of the simulated office building
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èç-çà äåìîãðàôè÷åñêîé òåíäåíöèè ñîõðàíåíèÿ
ðàáîòîñïîñîáíîñòè íàñåëåíèÿ ïåíñèîííîãî
âîçðàñòà è â óñëîâèÿõ äîñòóïíîñòè ñðåäû;

� êîëè÷åñòâî ëþäåé â êàæäîé ñåêöèè — ïî 1900 ÷åë.;
âñåãî ëþäåé â çäàíèè — 5700 ÷åë.;

� äâå Ï-îáðàçíûå ëåñòíèöû òèïà Í3, ìàðø —
1350 ìì;

� 6 ëèôòîâ íà 13 ÷åë., ïåðåìåùàþùèåñÿ â ïðåäå-
ëàõ ñåêöèè (óñêîðåíèå à = 1,2 ì�ñ2, ìàêñèìàëü-
íàÿ ñêîðîñòü äâèæåíèÿ vmax = 2,5 ì�ñ);

� 4 ëèôòà-øàòòëà íà 26 ÷åë., ïî 2 íà ñåêöèþ (à =
= 1,2 ì�ñ2, vmax = 4 ì�ñ), êîòîðûå ÿâëÿþòñÿ âåð-
òèêàëüíûìè ñâÿçÿìè ìåæäó 1-ì ýòàæîì çäàíèÿ
è 1-ì ýòàæîì 2-é è 3-é ñåêöèé (20-ì è 40-ì ýòà-
æàìè ñîîòâåòñòâåííî).
Ïîäáîð ëèôòîâ ïðåäñòàâëåí â òàáë. 2.
Ìåòîäèêà ðàñ÷åòà âåðòèêàëüíîãî òðàíñïîðòà â

îáùåñòâåííûõ çäàíèÿõ ïðèâîäèòñÿ â ïðèë. 2 íå-
àêòóàëèçèðîâàííîãî íîðìàòèâíîãî äîêóìåíòà “Ïî-
ñîáèå ïî ïðîåêòèðîâàíèþ îáùåñòâåííûõ çäàíèé è
ñîîðóæåíèé ê ÑÍèÏ 2.08.02–85”. Ïðåäñòàâëåííûé
â Ïîñîáèè ðàñ÷åò àíàëîãè÷åí ðàñ÷åòó â ÃÎÑÒ Ð
52941–2008 (Ëèôòû ïàññàæèðñêèå. Ïðîåêòèðîâà-
íèå ñèñòåì âåðòèêàëüíîãî òðàíñïîðòà â æèëûõ çäà-
íèÿõ), ïîýòîìó, íåñìîòðÿ íà òî ÷òî ðàñ÷åò ïðèâåäåí
äëÿ æèëûõ çàäíèé, èñïîëüçóåì åãî è äëÿ îáùåñò-
âåííûõ.

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ðàññìîòðèì ýâàêóàöèþ îòäåëüíîé ñåêöèè (1–19-é
ýòàæè).

Ñîãëàñíî ñò. 89 [10] äëÿ ýâàêóàöèè ëþäåé, îòíî-
ñÿùèõñÿ ê ãðóïïå ìîáèëüíîñòè Ì4, èñïîëüçóþòñÿ

ëèôòû, ïðåäóñìîòðåííûå äëÿ òðàíñïîðòèðîâêè ïî-
æàðíûõ êîìàíä, îñòàëüíûì æå ãðóïïàì íàñåëåíèÿ
ïîëüçîâàòüñÿ ëèôòàìè çàïðåùåíî. Èõ ýâàêóàöèÿ èäåò
òîëüêî ïî ëåñòíè÷íûì êëåòêàì. Ðàñ÷åòíîå âðåìÿ ýâà-
êóàöèè äëÿ ãðóïï Ì1–Ì3 äëÿ ñåêöèè ïðåäñòàâëåíî
â òàáë. 3.

Ïîëó÷åííîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè íå ïðî-
òèâîðå÷èò òåîðåòè÷åñêèì ðåçóëüòàòàì, ïðåäñòàâëåí-
íûì â ñòàòüå [41] äëÿ îäíîé ëåñòíèöû è ïðèâåäåí-
íûì â òàáë. 4. Â ñåêöèè íàõîäèòñÿ 1900 ÷åë., ñëåäî-
âàòåëüíî, íà îäíó ëåñòíèöó ïðèõîäèòñÿ 950 ÷åë.
Ïðè ýòîì ñòîèò ó÷èòûâàòü, ÷òî â òàáë. 4 óêàçàíà
íèæíÿÿ ãðàíèöà âðåìåííîãî èíòåðâàëà.

Ðàññìîòðèì èçìåíåíèå ñêîðîñòè ýâàêóàöèè ïðè
èñïîëüçîâàíèè ëèôòîâ ãðóïïàìè ìîáèëüíîñòè Ì2
è Ì3 ïðè ðàçëè÷íûõ âàðèàíòàõ óðîâíÿ ïîñàäî÷íîãî
ýòàæà (òàáë. 5).

Èç òàáë. 5 âèäíî, ÷òî, ïîìèìî ñîêðàùåíèÿ âðå-
ìåíè ýâàêóàöèè ëèö ãðóïï Ì2 è Ì3 ïðè èñïîëüçî-
âàíèè èìè ëèôòà, íàèáîëåå ðàöèîíàëüíî çàáèðàòü
ëþäåé, íà÷èíàÿ ñ ïåðâûõ ýòàæåé. Ïðèìåì çà ýôôåê-
òèâíûé óðîâåíü íà÷àëà ýâàêóàöèè ëèö ãðóïï Ì2 è
Ì3 4-é ýòàæ.

Ðàññìîòðèì âëèÿíèå âðåìåííóé çàäåðæêè íà÷à-
ëà ýâàêóàöèè íà îáùåå âðåìÿ ýâàêóàöèè â ïðåäåëàõ
îäíîé ñåêöèè (òàáë. 6). Äàííàÿ ìåðà äîëæíà îáåñ-
ïå÷èòü óìåíüøåíèå ïëîòíîñòè ëþäñêîãî ïîòîêà è,
êàê ñëåäñòâèå, ïðåäîòâðàòèòü îáðàçîâàíèå çàòîðîâ,
ïðåïÿòñòâóþùèõ åãî ýôôåêòèâíîìó äâèæåíèþ. Çà-
äåðæêà äîñòèãàåòñÿ çà ñ÷åò çàäåðæêè ïîäà÷è ñèãíà-
ëà ÑÎÓÝ íà îïðåäåëåííûõ ýòàæàõ.

Ðèñ. 2. Ðàçðåç ìîäåëèðóåìîãî çäàíèÿ îôèñíîãî öåíòðà: à — äâèæåíèå ëèôòà-øàòòëà ñ 1-ãî ïî 20-é ýòàæ; á — äâèæåíèå ëèôòà-
øàòòëà ñ 1-ãî ïî 40-é ýòàæ; â — îáùèé ðàçðåç çäàíèÿ äëÿ îáîèõ ñëó÷àåâ
Fig. 2. Simulated office-building section: a — elevator-shuttle movement from the 1st to the 20th floor; b — elevator-shuttle movement
from the 1st to the 40th floor; v — common building section for both cases
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¹
ï�ï

No.

Ïîêàçàòåëü � Index

Âíóòðè-
ñåêöèîííûå

ëèôòû

Inside
section
elevator

Ëèôòû-øàòòëû
Elevator-shuttles

1-19-é
ýòàæè

1–19th

floors

1–40-é
ýòàæè

1–40th

floors

I Êîýôôèöèåíòû � Coefficients

1 Êîýôôèöèåíò âåðîÿòíîé âûñîòû ïîäúåìà ëèôòà � Coefficient of the probable
height of the elevator

0,7 0,7 0,7

2 Êîýôôèöèåíò çàïîëíåíèÿ êàáèíû ëèôòà ïðè ïîäúåìå � Coefficient of the ele-
vator car filling during the ascent

0,8 0,8 0,8

3 Êîýôôèöèåíò çàïîëíåíèÿ êàáèíû ëèôòà ïðè ñïóñêå � Coefficient of the eleva-
tor car filling during descent

1 1 1

4 Ïîêàçàòåëü èíòåíñèâíîñòè ïàññàæèðîïîòîêà1 � Indicator of the passenger traffic
intensity1

4 4 4

II Ïàðàìåòðû ëèôòà � Lift parameters

1 Ãðóçîïîäúåìíîñòü, êã � Elevator capacity, kg 1000 2000 2000

2 Íîìèíàëüíàÿ âìåñòèìîñòü êàáèíû2, ÷åë. � Nominal capacity of the cabin2, pers. 13,0 26,0 26,0

3 Ñêîðîñòü äâèæåíèÿ ëèôòà, ì�ñ � Elevator speed, m�sec 2,5 4,0 4,0

4 Ïóòü, ïðîõîäèìûé ëèôòîì ïðè ðàçãîíå äî íîìèíàëüíîé ñêîðîñòè è òîðìî-
æåíèè îò íîìèíàëüíîé ñêîðîñòè äî ïîëíîé îñòàíîâêè, ì � Elevator path
during acceleration to nominal speed and braking to the full stop, m

7,0 16,0 16,0

III Ðåçóëüòàòû ðàñ÷åòà êîëè÷åñòâà ëèôòîâ � Calculation results of the elevator number

1 Âûñîòà ïîäúåìà ëèôòà îò óðîâíÿ ïîëà îñíîâíîãî ïîñàäî÷íîãî ýòàæà äî
óðîâíÿ ïîëà âåðõíåãî îáñëóæèâàåìîãî ýòàæà, ì � Lifting elevator height from
the base level to the upper served floor, m

54,00 60,00 120,00

2 Âåðîÿòíàÿ âûñîòà ïîäúåìà ëèôòà, ì � Probable elevator lifting, m 37,80 42,00 84,00

3 ×èñëî âåðîÿòíûõ îñòàíîâîê ëèôòà âûøå îñíîâíîãî ïîñàäî÷íîãî ýòàæà ïðè
ïîäúåìå � The possible elevator stops number above the base floor during lifting

8,17 2,00 2,00

4 ×èñëî âåðîÿòíûõ îñòàíîâîê ëèôòà âûøå îñíîâíîãî ïîñàäî÷íîãî ýòàæà ïðè
ñïóñêå � The possible elevator stops number above the base floor during descent

9,59 2,00 2,00

5 ×èñëî âåðîÿòíûõ îñòàíîâîê ëèôòà çà êðóãîâîé ðåéñ âûøå îñíîâíîãî ïîñà-
äî÷íîãî ýòàæà � The possible elevator stops number of circular voyage is higher
than the main landing

17,76 4,00 4,00

6 Çàòðàòû âðåìåíè íà ðàçãîí ëèôòà äî íîìèíàëüíîé ñêîðîñòè, òîðìîæåíèå îò
íîìèíàëüíîé ñêîðîñòè äî ïîëíîé îñòàíîâêè, ïóñê ëèôòà, îòêðûâàíèå
è çàêðûâàíèå äâåðåé, ñ � The acceleration elevator time to the nominal speed,
deceleration from the nominal speed to a complete stop, the elevator start, the opening
and closing of the doors, sec

12,00 12,00 12,00

7 Âðåìÿ íà âõîä è âûõîä ïàññàæèðîâ ïðè ïîäúåìå, ñ � The entry and exit pas-
senger time during the ascent, sec

16,64 33,28 33,28

8 Âðåìÿ íà âõîä è âûõîä ïàññàæèðîâ ïðè ñïóñêå, ñ � The entry and exit passen-
ger time during the descent, sec

20,80 41,60 41,60

9 Âðåìÿ íà âõîä (âûõîä) îäíîãî ïàññàæèðà ïðè øèðèíå äâåðíîãî ïðîåìà
áîëåå 1000 ìì, ñ � Time to enter (exit) for one passenger with a doorway width
more than 1000 mm, sec

0,80 0,80 0,80

10 Ñóììàðíîå âðåìÿ çàäåðæêè, ñ � The total delay time, sec 262,61 134,88 134,88

11 Âðåìÿ êðóãîâîãî ðåéñà, ñ � Circular voyage time, sec 279,53 158,37 188,37

12 Ðàñ÷åòíûé ïÿòèìèíóòíûé ïàññàæèðîïîòîê ïðè ðàâíîìåðíîé çàñåëåííîñòè
ýòàæåé, ÷åë.�5 ìèí � Estimated five-minute passenger flow with uniform floor
occupancy, pers. per 5 min

72,00 76,00 76,00

13 Ðàñ÷åòíûé ÷àñîâîé ïàññàæèðîïîòîê, ñ � Estimated hourly passenger traffic, sec 864,00 912,00 912,00

14 Ïðîâîçíàÿ ñïîñîáíîñòü ëèôòà, ÷åë.-÷ � Elevator carrying capacity, pers. per hour 150,68 531,93 447,21

Òàáëèöà 2. Ïîäáîð ëèôòîâ ïî ÃÎÑÒ Ð 52941–2008
Table 2. Elevator selection in according to National Standard of the Russian Federation 52941–2008
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Ïîêàçàíî, ÷òî íàëè÷èå çàäåðæêè áëàãîïðèÿòíî
ñêàçûâàåòñÿ íà îáùåì âðåìåíè ýâàêóàöèè (830 < 859)
(ñì. òàáë. 6). Âïîñëåäñòâèè ïðè ðàñ÷åòå ìîäåëè ìîæ-
íî íàéòè íàèáîëåå ðàöèîíàëüíîå ñîîòíîøåíèå âðå-
ìåíè çàäåðæêè ñèãíàëà ÑÎÓÝ äëÿ êàæäîãî ýòàæà.

Ïðè àíàëèçå ãðàôèêà çàâèñèìîñòè êîëè÷åñòâà
ýâàêóèðîâàâøèõñÿ ëþäåé îò ðàñ÷åòíîãî âðåìåíè ýâà-
êóàöèè (ðèñ. 3) îòìå÷åíà òî÷êà ïåðåãèáà, ïîñëå ïðî-
õîæäåíèÿ êîòîðîé ôóíêöèÿ íàðàñòàåò áîëåå ïîëîãî,
÷òî ñâÿçàíî ñ íåîäíîâðåìåííûì çàâåðøåíèåì ýâà-
êóàöèè ïî ëåñòíèöå è íà ëèôòàõ.

Ïî çàâåðøåíèè èñïîëüçîâàíèÿ ëèôòîâ (Ì2, Ì3
è Ì4) åùå êàêîå-òî âðåìÿ ëþäè ãðóïïû ìîáèëüíî-
ñòè Ì1 ïðîäîëæàþò ñïóñêàòüñÿ ïî ëåñòíèöå, ÷òî
ïðèâîäèò ê óâåëè÷åíèþ îáùåãî âðåìåíè ýâàêóàöèè.

Äëÿ åãî ìèíèìèçàöèè íåîáõîäèìî ñîêðàòèòü äëè-
òåëüíîñòü äâèæåíèÿ ïî ëåñòíèöå, ò. å. ëèíåàðèçîâàòü
ãðàôèê.

Ðàññìîòðèì ñèòóàöèþ, êîãäà ÷àñòü ëþäåé ãðóï-
ïû Ì1 òàêæå èñïîëüçóåò ëèôò äëÿ ñïóñêà ê áàçîâî-
ìó ýòàæó (òàáë. 7). Äàííàÿ ìåðà äîëæíà ïðèâåñòè
â èäåàëüíîì ñëó÷àå ê îäíîâðåìåííîìó îêîí÷àíèþ
ýâàêóàöèè ïî ëåñòíè÷íûì êëåòêàì è íà ëèôòàõ.

Âûøåïðèâåäåííûå ðàñ÷åòû ïîêàçàëè, ÷òî ðåøå-
íèå íàçíà÷èòü 4-é ýòàæ óðîâíåì íà÷àëà ýâàêóàöèè
ëþäåé ãðóïï Ì2 è Ì3 íå ÿâëÿåòñÿ îïòèìàëüíûì äëÿ
çàïðîåêòèðîâàííîãî çäàíèÿ. Áîëüøîå ñêîïëåíèå ëþ-
äåé, îæèäàþùèõ ïðèáûòèÿ ëèôòà, ïðè óìåíüøåíèè
÷èñëà ýâàêóèðóþùèõñÿ ïî ëåñòíèöå ñîçäàåò ñóììàð-
íóþ çàäåðæêó, ïðèâîäÿùóþ ê òîìó, ÷òî ëèôòû ïðè-
åçæàþò íà áàçîâûé ýòàæ ïîçæå îêîí÷àíèÿ ýâàêóà-
öèè ïî ëåñòíè÷íûì êëåòêàì.

Ó÷èòûâàÿ äàííûå òàáë. 6, â êà÷åñòâå óðîâíÿ, ñ êî-
òîðîãî äîëæíà îñóùåñòâëÿòüñÿ ýâàêóàöèÿ ãðàæäàí
ãðóïï ìîáèëüíîñòè Ì2 è Ì3, ïðèíèìàåì 7-é ýòàæ.
Ïîäáåðåì òàêîå ñîîòíîøåíèå ëþäåé ãðóïïû Ì1 äëÿ
ýâàêóàöèè íà ëèôòå, ÷òîáû îáåñïå÷èòü ìèíèìàëü-
íîå ñóììàðíîå âðåìÿ ýâàêóàöèè (òàáë. 8).

Ñàìûì áûñòðûì ïî âðåìåíè ñòàë ñöåíàðèé ñ
÷àñòè÷íîé ýâàêóàöèåé 30 % ëþäåé ãðóïïû Ì1, êî-
òîðûå áûëè íàïðàâëåíû íà ëèôò ñ 7-ãî ïî 14-é ýòàæ,
è 40 % ãðóïïû Ì1 — ñ 15-ãî ïî 19-é ýòàæ (ðèñ. 4).

¹
ï�ï

No.

Ïîêàçàòåëü � Index

Âíóòðè-
ñåêöèîííûå

ëèôòû

Inside
section
elevator

Ëèôòû-øàòòëû
Elevator-shuttles

1-19-é
ýòàæè

1–19th

floors

1–40-é
ýòàæè

1–40th

floors

15 Íåîáõîäèìîå ÷èñëî ëèôòîâ â çäàíèè � Required elevator number in the building 5,73 1,71 2,04

16 Ïðèíèìàåìîå êîëè÷åñòâî ëèôòîâ � Accepted number of elevators 6,00 2,00 2,00

17 Èíòåðâàë äâèæåíèÿ ëèôòîâ, ñ � The interval of elevator movement, sec 46,59 79,18 94,18
1 Ïîêàçàòåëü èíòåíñèâíîñòè ïàññàæèðîïîòîêà õàðàêòåðèçóåò ÷èñëî ÷åëîâåê, ïîäëåæàùèõ ïåðåâîçêå â òå÷åíèå 5 ìèí, % îò

÷èñëà ëþäåé, ïîëüçóþùèõñÿ ëèôòàìè â çäàíèè. � The indicator of passenger traffic intensity characterizes the number of peop-
le to be transported for 5 minutes, % of the number of people using elevators in the building.

2 Îïðåäåëÿåòñÿ äåëåíèåì íîìèíàëüíîé ãðóçîïîäúåìíîñòè ëèôòà íà 75 (âåñ îäíîãî ïàññàæèðà). � It is determined by ratio
the nominal elevator capacity to 75 (passenger weight).

Îêîí÷àíèå òàáë. 2 � End Table 2

Ñöåíàðèé
Scenario

Ãðóïïà, íå èñ-
ïîëüçóþùàÿ

ëèôò
The group

that does not use
the elevator

Èñïîëüçîâàíèå ëèôòà
Using the elevator Âðåìÿ,

ñ
Time,

sec
Ãðóïïà
Group

Ïîñàäî÷-
íûé ýòàæ
Boarding

floor

1 Ì1, Ì2, Ì3 Ì4 (100 %) 1–19 1043

Òàáëèöà 3. Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç ñåêöèè ñ 1-ãî ïî
19-é ýòàæ áåç èñïîëüçîâàíèÿ ëèôòîâ
Table 3. Estimated evacuation time of a section 1–19 floor without
the use of elevators

Øèðèíà ìàðøà, ìì,
ïðîåêòíàÿ�ýôôåêòèâíàÿ
Width of the march, mm,

project � effective

Ìèíèìàëüíîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè, ìèí, ïðè êîëè÷åñòâå ëþäåé,
ýâàêóèðóþùèõñÿ ïî îäíîé ëåñòíèöå, ÷åë.

The minimum evacuation time, min, with the number of evacuating people on one staircase, pers.

500 1000 2000 3000 4000 5000 6000 7000

1078�882 9 17 33 50 66 83 99 115

1372�1176 7 13 25 36 48 60 72 84

1666�1470 6 10 19 29 38 48 57 66

Òàáëèöà 4. Ìèíèìàëüíîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç âûñîòíîãî îôèñíîãî çäàíèÿ
Table 4. Minimum evacuation time of a high-rise office building
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Ãðàôèê íà ðèñ. 4 ïðåäñòàâëÿåò ñîáîé ïðàêòè÷å-
ñêè ëèíåéíóþ ôóíêöèþ, ÷òî ñâèäåòåëüñòâóåò îá îä-
íîâðåìåííîì çàâåðøåíèè ýâàêóàöèè ïî ëåñòíè÷íîé
êëåòêå è íà ëèôòå. Áîëåå äåòàëüíî è òî÷íî âû÷èñ-
ëÿòü ïðîöåíòíîå ñîîòíîøåíèå ëþäåé ãðóïïû Ì1 íå-
ðàöèîíàëüíî, òàê êàê ïðè ýâàêóàöèè áîëüøàÿ òî÷-
íîñòü (íåñìîòðÿ íà ðàñ÷åòû) íå áóäåò äîñòèãíóòà.

Ñöåíàðèé
Scenario

Ãðóïïà ìîáèëüíîñòè,
èñïîëüçóþùàÿ ëèôò

Mobility group,
using the elevator

Ïîñàäî÷íûé
ýòàæ

Boarding
floor

Âðåìÿ,
ñ

Time,
sec

2
Ì4 (100 %) 1–19

867
Ì2, Ì3 (100 %) 2–19

3
Ì4 (100 %) 1–19

859
Ì2, Ì3 (100 %) 4–19

4
Ì4 (100 %) 1–19

888
Ì2, Ì3 (100 %) 7–19

5
Ì4 (100 %) 1–19

930
Ì2, Ì3 (100 %) 10–19

6
Ì4 (100 %) 1–19

985
Ì2, Ì3 (100 %) 13–19

Òàáëèöà 5. Âëèÿíèå íà ñóììàðíîå ðàñ÷åòíîå âðåìÿ ýâàêóà-
öèè èñïîëüçîâàíèÿ ëèôòîâ ãðóïïàìè Ì2 è Ì3 â ñåêöèè ñ
1-ãî ïî 19-é ýòàæ
Table 5. Influence on the total time of groups M2 and M3 people
evacuation through elevators in a separate section 1–19 floor

Ñöåíà-
ðèé

Scenario

Ñõåìà çàäåðæêè
ñèãíàëà*, ñ

Scheme of the delay
signal*, sec

Ãðóïïà
ìîáèëüíîñòè,

èñïîëüçó-
þùàÿ ëèôò

Mobility
group, using
the elevator

Ïîñà-
äî÷íûé

ýòàæ
Boarding

floor

Âðåìÿ,
ñ

Time,
sec

7 0-0-0
Ì4 (100 %) 1–19

859Ì2, Ì3
(100 %) 4–19

8 0-120-240
Ì4 (100 %) 1–19

850Ì2, Ì3
(100 %) 4–19

9 0-120-0-240-0-360
Ì4 (100 %) 1–19

830Ì2, Ì3
(100 %) 4–19

* Ñîãëàñíî ðàíåå ïðèíÿòûì äîïóùåíèÿì ýâàêóàöèÿ ëèö
ãðóïï Ì2 è Ì3 îñóùåñòâëÿåòñÿ íà÷èíàÿ ñ 4-ãî ýòàæà.
Ñèãíàë çàïàçäûâàåò öèêëè÷íî, íà÷èíàÿ ñî 2-ãî ýòàæà,
ñ ðàçëè÷íûìè ïðîìåæóòêàìè. Íàïðèìåð, ñõåìà çà-
äåðæêè ñèãíàëà ÑÎÓÝ â ñöåíàðèè 9 îïèñûâàåòñÿ êàê:
0-120-0-240-0-360, ãäå 0 — çàäåðæêà íà 2-ì ýòàæå, 120 ñ
— íà 3-ì ýòàæå, 0 — íà 4-ì ýòàæå, 240 ñ — íà 5 ýòàæå,
0 — íà 6-ì ýòàæå è 360 ñ — íà 7-ì ýòàæå. � According to
previously accepted assumptions, the evacuation of M2 and
M3 mobility groups is carried out starting from the 4th floor.
The signal is delayed cyclically with various intervals be-
ginning from the 2nd floor. For example, the delayed evacua-
tion alert in Scenario 9 is described as: 0-120-0-240-0-360,
where 0 is the delay on the 2nd floor, 120 sec — on the 3rd

floor, 0 — on the 4th floor, 240 sec — on the 5th floor, 0 — on
the 6th floor, and 360 sec — on the 7th floor.

Òàáëèöà 6. Âëèÿíèå íà ñóììàðíîå ðàñ÷åòíîå âðåìÿ ýâàêóàöèè
çàäåðæêè ñèãíàëà òðåâîãè â ñåêöèè ñ 1-ãî ïî 19-é ýòàæ
Table 6. Influence on the total evacuation time of the alarm delay
in a separate section 1–19 floor

Ñöåíàðèé
Scenario

Ãðóïïà ìîáèëüíîñòè,
èñïîëüçóþùàÿ ëèôò

Mobility group,
using the elevator

Ïîñàäî÷íûé
ýòàæ

Boarding
floor

Âðåìÿ, ñ
Time, sec

10

Ì4 (100 %) 1–19

780Ì2, Ì3 (100 %) 4–19

Ì1 (30 %) 7–19

11

Ì4 (100 %) 1–19

723Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–19

12

Ì4 (100 %) 1–19

735Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 10–19

13

Ì4 (100 %) 1–19

791Ì2, Ì3 (100 %) 7–19

Ì1 (40 %) 13–19

14

Ì4 (100 %) 1–19

788Ì2, Ì3 (100 %) 7–19

Ì1 (40 %) 7–19

15

Ì4 (100 %) 1–19

742Ì2, Ì3 (100 %) 7–19

Ì1 (40 %) 10–19

Òàáëèöà 7. Âëèÿíèå íà ñóììàðíîå âðåìÿ ýâàêóàöèè ÷àñòè÷-
íîãî èñïîëüçîâàíèÿ ëèôòà ãðóïïîé Ì1 â ñåêöèè ñ 1-ãî ïî
19-é ýòàæ
Table 7. Influence on the total evacuation time at partial using
elevators by group M1 in a section from 1st to 19th floor

Ðèñ. 3. Çàâèñèìîñòü êîëè÷åñòâà ýâàêóèðîâàâøèõñÿ ëþäåé îò
ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïðè èñïîëüçîâàíèè ëèôòà
ãðóïïàìè Ì2 è Ì3 íà÷èíàÿ ñ 4-ãî ýòàæà
Fig. 3. Dependence of the number of people evacuated from the es-
timated time of evacuation when using the elevator by groups M2
and M3 from the 4th floor
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Âû÷èñëèì ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç èñõîä-
íîãî âûñîòíîãî çäàíèÿ. Ðåçóëüòàòû ðàñ÷åòà ïðåäñòàâ-
ëåíû â òàáë. 9.

Ðàññìîòðèì ãðàôèê äâèæåíèÿ ëþäñêèõ ïîòîêîâ
ïðè ýâàêóàöèè èç âñåãî çäàíèÿ (ðèñ. 5). Íåðàâíîìåð-
íîñòü â êîíöå ãðàôèêà îáóñëîâëåíà îòñóòñòâèåì
íàñòðîåê ëþäñêîãî ïîòîêà îòíîñèòåëüíî øàòòëîâ,
ñâÿçûâàþùèõ áàçîâûé ýòàæ ñåêöèè è ïåðâûé ýòàæ
çäàíèÿ.

Åñëè ïðîäëèòü ãðàôèê äî èäåàëüíîãî ñëó÷àÿ ëè-
íåéíîé çàâèñèìîñòè, òî ìîæíî ïîëó÷èòü âðåìÿ,
êîãäà ýâàêóèðóþùèåñÿ íà ëèôòàõ-øàòòëàõ è ïî ëåñò-
íèöàì äîñòèãàþò 1-ãî ýòàæà îäíîâðåìåííî. Òàêèì

îáðàçîì, ìîæíî ïóòåì ïîñëåäîâàòåëüíîé èíòåðïî-
ëÿöèè çíà÷åíèé ãðàôèêà îïðåäåëèòü ìèíèìàëüíîå
ðàñ÷åòíîå âðåìÿ ýâàêóàöèè ñ îäíîâðåìåííûì èñ-
ïîëüçîâàíèåì îáû÷íûõ ëèôòîâ è ëèôòîâ-øàòòëîâ,
ðàâíîå 1770 ñ [42, 43]. Ïàðàìåòðû ýâàêóàöèè èç ñåê-
öèè ñ 1-ãî ïî 19-é ýòàæ ïðèâåäåíû â òàáë. 10.

Ñöåíàðèè ñ èñïîëüçîâàíèåì ëèôòîâ ïîëó÷åíû ñ
ó÷åòîì ñõåìû çàäåðæêè ñèãíàëà ÑÎÓÝ (0–120–0–
240–0–360), îêàçàâøåéñÿ ïî ðåçóëüòàòàì òàáë. 6
íàèáîëåå ýôôåêòèâíîé.

Èñõîäÿ èç ðåçóëüòàòîâ, ïðåäñòàâëåííûõ â òàáë. 10,
âèäíî ïîñëåäîâàòåëüíîå óìåíüøåíèå ñóììàðíîãî
âðåìåíè ýâàêóàöèè ïðè èñïîëüçîâàíèè ìåð, ðåãóëè-
ðóþùèõ ëþäñêîé ïîòîê.

LIFE SAFETY

Ñöåíàðèé
Scenario

Ãðóïïà ìîáèëüíîñòè,
èñïîëüçóþùàÿ ëèôò
Mobility group, using

the elevator

Ïîñàäî÷íûé
ýòàæ

Boarding
floor

Âðåìÿ, ñ
Time, sec

16

Ì4 (100 %) 1–19

691
Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 10–14

Ì1 (40 %) 15–19

17

Ì4 (100 %) 1–19

754
Ì2, Ì3 (100 %) 4–19

Ì1 (30 %) 7–14

Ì1 (40 %) 15–19

18

Ì4 (100 %) 1–19

687
Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–14

Ì1 (40 %) 15–19

Òàáëèöà 8. Âëèÿíèå íà ñóììàðíîå ðàñ÷åòíîå âðåìÿ ýâàêóà-
öèè ðàñïðåäåëåííîãî äâèæåíèÿ ïîòîêà Ì1 ÷åðåç ëèôòû â
ñåêöèè ñ 1-ãî ïî 19-é ýòàæ
Table 8. Influence on the total evacuation time by distributed
partial movement of the M1 human flow through elevators in
a section 1–19 floor

Ñöåíàðèé
Scenario

Èñïîëüçîâàíèå ëèôòà
Using the elevator Âðåìÿ,

ñ
Time,

sec

Îáû÷íûé ëèôò
Ordinary
elevator

Ëèôò-øàòòë1

Elevator-
shuttle

19
Ì1-Ì3 — òîëüêî
ëåñòíèöà � only
the stairs

Ì4 (100 %)
1–19, 20–39, 40–59

2998

20
ñ âûáðàííûìè ðà-
íåå ïàðàìåòðàìè
(âíóòðè ñåêöèè) �
with the previously
selected parameters
(inside the section)

Ì4 (100 %)
1–19, 20–39,

40–59

Ì2, Ì3, Ì4
(100 %)

Ì1 (~30 %)

20322

1 Ëèôòû-øàòòëû äîñòàâëÿþò ëþäåé èç âåñòèáþëÿ êàæäîé
èç ñåêöèé íà ïåðâûé ýòàæ çäàíèÿ � Elevators-shuttles de-
liver people from the lobby sections to the first floor.

2 Áåç ïîäáîðà íàñòðîåê äëÿ øàòòëîâ � No choice of settings
for shuttles.

Òàáëèöà 9. Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè èç âñåãî âûñîòíîãî
çäàíèÿ
Table 9. Estimated evacuation time from the entire high-rise
building

Ðèñ. 4. Çàâèñèìîñòü êîëè÷åñòâà ýâàêóèðîâàâøèõñÿ ëþäåé
îò ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïðè èñïîëüçîâàíèè ëèôòà
ãðóïïàìè Ì2 è Ì3 íà÷èíàÿ ñ 7-ãî ýòàæà, 30 % Ì1 ñ 7-ãî ïî
14-é ýòàæ, 40 % Ì1 — ñ 15-ãî ïî 19-é ýòàæ
Fig. 4. Dependence of the number of people evacuated on the es-
timated time of evacuation when using the elevator by groups M2
and M3 from the 7th floor, 30 % M1 — 7–14 floors, 40 % M1
—15–19 floors

Ðèñ. 5. Çàâèñèìîñòü êîëè÷åñòâà ýâàêóèðîâàâøèõñÿ ëþäåé îò
ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè äëÿ âñåãî çäàíèÿ
Fig. 5. Dependence of the number evacuated people from esti-
mated evacuation time for the whole building
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ÁÅÇÎÏÀÑÍÎÑÒÜ ÆÈÇÍÅÄÅßÒÅËÜÍÎÑÒÈ

Ðåçóëüòàòû ñðàâíåíèÿ âðåìåíè ýâàêóàöèè ïî
ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ ñâå-

äåíû â òàáë. 11. Â êà÷åñòâå ïàðàìåòðîâ äâèæåíèÿ ëþ-
äåé ïðè èñïîëüçîâàíèè ëèôòîâ ïðèìåì ðàñïðåäåëå-
íèå, îïðåäåëÿåìîå ñëåäóþùåé ñõåìîé: Ì4 (100 %)
1–19; Ì2 è Ì3 (100 %) 7–19; Ì1 (30 %) 7–14;
Ì1 (40 %) 15–19.

Ïðèìåíåíèå ëèôòîâ â ñðåäíåì ïîçâîëÿåò ñîêðà-
òèòü ðàñ÷åòíîå âðåìÿ ýâàêóàöèè íà 30 %. Äëÿ 20-ýòàæ-
íîãî çäàíèÿ èñïîëüçîâàíèå ëèôòîâ è óïðàâëåíèå
ëþäñêèì ïîòîêîì óìåíüøàåò äëèòåëüíîñòü ýâàêóà-
öèè âñåãî íà 6 ìèí, ÷òî ñòàâèò ïîä ñîìíåíèå íåîá-
õîäèìîñòü ïðèìåíåíèÿ äàííîãî òåõíè÷åñêîãî ñðåä-
ñòâà â êà÷åñòâå îñíîâíîãî ýâàêóàöèîííîãî ïóòè.
Îäíàêî â âûñîòíîì 60-ýòàæíîì îôèñíîì çäàíèè ñ
áîëüøîé ïëîòíîñòüþ ëþäåé óëó÷øåíèå ðåçóëüòàòà
ïðåâûøàåò 15 ìèí (à ïðè äîïîëíèòåëüíîé íàñòðîéêå
ëþäñêèõ ïîòîêîâ ïðè èñïîëüçîâàíèè ëèôòîâ-øàòòëîâ
äî 20 ìèí).

Âûâîäû

Òðåáîâàíèÿ ê ïîæàðîáåçîïàñíîñòè ëèôòîâ ñòîëü
æå âûñîêè, êàê è äëÿ íåçàäûìëÿåìûõ ëåñòíè÷íûõ
êëåòîê. Áîëüøèíñòâî ïðîáëåì, ÿâëÿþùèõñÿ ïðè÷è-
íàìè çàïðåòà èñïîëüçîâàíèÿ ëèôòîâ â êà÷åñòâå îñíîâ-
íîãî ýâàêóàöèîííîãî ïóòè, ðåøåíî åñëè íå ïîëíî-
ñòüþ, òî ÷àñòè÷íî. Îïûò ìèðîâîãî ïðîåêòèðîâàíèÿ
ïîäòâåðæäàåò ýôôåêòèâíîñòü èñïîëüçîâàíèÿ ëèôòîâ
ïðè îðãàíèçàöèè ýâàêóàöèè âî âðåìÿ ïîæàðà.

Ñðàâíåíèå ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïî
ëåñòíè÷íîé êëåòêå è ñ èñïîëüçîâàíèåì ëèôòîâ ïî-
êàçàëî, ÷òî äëÿ 20-ýòàæíîãî çäàíèÿ èñïîëüçîâàòü
ëèôòîâóþ ñèñòåìó â êà÷åñòâå îäíîãî èç îñíîâíûõ
ýâàêóàöèîííûõ ïóòåé íåðàöèîíàëüíî. Äëÿ 60-ýòàæ-
íîãî îôèñíîãî çäàíèÿ, íàïðîòèâ, ìåðû ïî óïðàâëå-
íèþ ëþäñêèì ïîòîêîì ñóùåñòâåííî ñîêðàùàþò âðåìÿ
ïðåáûâàíèÿ ëþäåé â çäàíèè ñ î÷àãîì ïîæàðà, ïî-
ýòîìó äëÿ âûñîòíûõ çäàíèé â ïåðñïåêòèâå íåîáõî-
äèìî ðàññìàòðèâàòü îðãàíèçàöèþ ýâàêóàöèè ñ ïðè-
ìåíåíèåì ëèôòîâ.

Äëÿ ïîäòâåðæäåíèÿ ðåçóëüòàòîâ ìîäåëèðîâàíèÿ
íåîáõîäèìî ïðîâåäåíèå íàòóðíûõ èññëåäîâàíèé,
òàê êàê ëþáîå ïðåäïîëîæåíèå â îáëàñòè íîâûõ òåõ-
íè÷åñêèõ ðåøåíèé äîëæíî îáîñíîâûâàòüñÿ ýêñïå-
ðèìåíòàëüíîé ñõîäèìîñòüþ ðåçóëüòàòîâ ñ òåîðåòè-
÷åñêèìè âûêëàäêàìè. Íîâûå òåõíè÷åñêèå ðåøåíèÿ
ïî èñïîëüçîâàíèþ ëèôòîâ, ïîâûøàþùèå áåçîïàñ-
íîñòü ëþäåé â óñëîâèÿõ ÷ðåçâû÷àéíîé ñèòóàöèè,
ïîñëå òåîðåòè÷åñêîãî îáîñíîâàíèÿ è ýêñïåðèìåí-
òàëüíîãî äîêàçàòåëüñòâà ìîãóò áûòü ïîëó÷åíû è
óñîâåðøåíñòâîâàíû c ïîìîùüþ âû÷èñëèòåëüíîé
òåõíèêè.

Ñöåíà-
ðèé

Scenario

Òîëüêî
ëåñòíèöà

Only
the ladder

Èñïîëüçîâàíèå ëèôòà
Using the elevator Âðåìÿ,

ñ
Time,

sec

Ãðóïïà
ìîáèëüíîñòè

Mobility group

Ïîñàäî÷-
íûé ýòàæ
Boarding

floor

1 Ì1, Ì2, Ì3 Ì4 (100 %) 1–19 1043

4
Ì4 (100 %) 1–19

888
Ì2, Ì3 (100 %) 7–19

11

Ì4 (100 %) 1–19

723Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–19

18

Ì4 (100 %) 1–19

687
Ì2, Ì3 (100 %) 7–19

Ì1 (30 %) 7–14

Ì1 (40 %) 15–19

Òàáëèöà 10. Ñâîäíàÿ òàáëèöà ïàðàìåòðîâ ýâàêóàöèè èç ñåê-
öèè ñ 1-ãî ïî 19-é ýòàæ
Table 10. Summary of evacuation parameters for the section
1–19 floor

Îáúåêò
Object

Âðåìÿ ýâàêóàöèè, ñ
Evacuation time, sec

Óëó÷øåíèå âðåìåíè
Time of improvement

òîëüêî
ïî ëåñòíèöå
ladder only

ñ èñïîëüçîâà-
íèåì ëèôòîâ
with elevators

ñ (ìèí)
sec (min) %

Ñåêöèÿ
Section 1043 687 356 34

Çäàíèå
Building 2998 2032 (1770)* 966 (1228) 32 (41)

* Â ñêîáêàõ óêàçàíî ïîòåíöèàëüíî âîçìîæíîå ìèíèìàëü-
íîå çíà÷åíèå ðàñ÷åòíîãî âðåìåíè ýâàêóàöèè ïîñëå íà-
ñòðîéêè ñèñòåìû ýâàêóàöèè è ðåàëèçàöèè áàëàíñà
ìåæäó ëþäüìè, ñïóñêàþùèìèñÿ ïåøêîì ïî ëåñòíèöå
è èñïîëüçóþùèìè ëèôòû. Ïîëó÷åíî ïóòåì ëèíåàðèçà-
öèè ãðàôèêà, ïðèâåäåííîãî íà ðèñ. 5. � The potential mi-
nimum value of the estimated evacuation time after setting
up the evacuation system and the implementation of a ba-
lance between people walking down the stairs and using
elevators is presented in parentheses. It is obtained by graph
linearizing from Fig. 5.

Òàáëèöà 11. Èòîãîâàÿ òàáëèöà ïàðàìåòðîâ ýâàêóàöèè èç îò-
äåëüíîé ñåêöèè (1–19 ýòàæè) è âñåãî çäàíèÿ (1–60 ýòàæè)
Table 11. Summary table of evacuation parameters of the section
(1–19 floors) and the whole building (1–60 floors)
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