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ÑÎÏÎÑÒÀÂËÅÍÈÅ ÐÀÇËÈ×ÍÛÕ ÌÎÄÅËÅÉ
ÄÂÈÆÅÍÈß ËÞÄÑÊÈÕ ÏÎÒÎÊÎÂ È ÐÅÇÓËÜÒÀÒÎÂ
ÏÐÎÃÐÀÌÌÍÎ-ÂÛ×ÈÑËÈÒÅËÜÍÛÕ ÊÎÌÏËÅÊÑÎÂ

Ïðîâåäåí îáçîð ìîäåëåé, ïðèìåíÿåìûõ â ñóùåñòâóþùèõ ïðîãðàììíî-âû÷èñëèòåëüíûõ êîìï-
ëåêñàõ ýâàêóàöèè ëþäåé, ðàçðàáîòàííûõ êàê â Ðîññèè, òàê è çà ðóáåæîì. Ïðåäñòàâëåíû ðåçóëü-
òàòû ñðàâíèòåëüíîãî àíàëèçà ïðîãðàììíî-âû÷èñëèòåëüíûõ êîìïëåêñîâ äëÿ ìîäåëèðîâàíèÿ
ýâàêóàöèè ëþäåé ïðè ðàñ÷åòàõ ïîæàðíîãî ðèñêà. Ðàññìîòðåíû ìåòîäîëîãè÷åñêèå îñíîâû ïðè
ìîäåëèðîâàíèè äâèæåíèÿ ëþäñêèõ ïîòîêîâ â ïðîöåññå ýâàêóàöèè è ïðè ðàçðàáîòêå èíäèâèäó-
àëüíî-ïîòî÷íûõ ìîäåëåé. Ïðîâåäåíà îöåíêà âàëèäíîñòè ðåçóëüòàòîâ ìîäåëèðîâàíèÿ ýâàêóà-
öèè ëþäåé.

Êëþ÷åâûå ñëîâà: áåçîïàñíîñòü ëþäåé; èíäèâèäóàëüíûé ïîæàðíûé ðèñê; ëþäñêîé ïîòîê; ðàñ÷åò-
íîå âðåìÿ ýâàêóàöèè; ïðîãðàììíî-âû÷èñëèòåëüíûå êîìïëåêñû è ìîäåëè; ñðàâíåíèå ðåçóëüòàòîâ.

Ñîçäàíèå ïåðñîíàëüíîãî êîìïüþòåðà (ÏÊ) ñî âðåìå-

íåì îáåñïå÷èëî øèðî÷àéøèé äîñòóï ëþäåé ê ýëåêò-

ðîííîé âû÷èñëèòåëüíîé òåõíèêå, èñêëþ÷èâ ïðè ýòîì

íåîáõîäèìîñòü â ïîíèìàíèè ïîëüçîâàòåëÿìè íå òîëü-

êî óñòðîéñòâà ÏÊ, íî è ñóòè çàêîíîìåðíîñòåé ïðî-

öåññîâ, ïîëó÷àåìûõ ïðè èõ ïðîãðàììíîì îïèñàíèè.

Íåîáõîäèìî îòìåòèòü, ÷òî, êàê ïîêàçûâàåò îá-

çîð ïðåäëàãàåìûõ ïðîãðàìì [1, 2], òðóäíîñòè ìîäå-

ëèðîâàíèÿ ëþäñêèõ ïîòîêîâ è íåçíàíèå èõ çàêîíî-

ìåðíîñòåé ïðèâîäÿò ê ïîïûòêàì ïîäìåíû ïðîöåñ-

ñîâ äâèæåíèÿ ðåàëüíûõ ëþäñêèõ ïîòîêîâ ìîäåëÿìè

äðóãèõ èçâåñòíûõ ïðîöåññîâ èíîé ôèçè÷åñêîé ïðè-

ðîäû. Òàêîé ïîäõîä íå ÿâëÿåòñÿ íîâîñòüþ äëÿ ìå-

òîäîëîãèè ìîäåëèðîâàíèÿ è äàâíî ïîëó÷èë ñâîþ

îöåíêó â íàó÷íîé ëèòåðàòóðå: “Îäíèõ èíòåðåñóþò

ñòðóêòóðà è çàêîíîìåðíîñòè ÿâëåíèÿ, ïðèâîäÿùèå

ê íàáëþäàåìîìó ðåçóëüòàòó, äðóãèõ — òîëüêî ñàìè

ðåçóëüòàòû. Ïåðâûå, ìîäåëèðóÿ, ïûòàþòñÿ âîñïðî-

èçâåñòè ñòðóêòóðó è çàêîíîìåðíîñòè ÿâëåíèÿ, âòî-

ðûå — òîëüêî ðåçóëüòàòû, íå âäàâàÿñü â ðåàëüíûå

ìåõàíèçìû èõ ïîÿâëåíèÿ” [3].

Ê ñîæàëåíèþ, ñëîæèâøàÿñÿ ïðàêòèêà ñåðòèôè-

êàöèè ïðîãðàììíî-âû÷èñëèòåëüíûõ êîìïëåêñîâ â

îáëàñòè äâèæåíèÿ ëþäñêèõ ïîòîêîâ ïðè ýâàêóàöèè

ïîêàçûâàåò, ÷òî è ïðåäñòàâèòåëè ñåðòèôèöèðóþ-

ùèõ îðãàíîâ íå âëàäåþò ïîíèìàíèåì ñóòè ìîäåëåé,

îïèñûâàåìûõ ïðîãðàììíûìè êîìïëåêñàìè, ïîäëå-

æàùèìè ñåðòèôèêàöèè. Â ýòîì ñëó÷àå îòâåòñòâåí-

íîñòü çà ïîëíîòó âîñïðîèçâåäåíèÿ ðåàëüíîãî ïðî-

öåññà âîçëàãàåòñÿ ïðåæäå âñåãî íà ðàçðàáîò÷èêîâ

ïñåâäîìîäåëè ïðè åå ïðîãðàììíîì ïðåäñòàâëåíèè:

ñîãëàñíî Ôåäåðàëüíîìó çàêîíó ¹ 184-ÔÇ “Î òåõíè-

÷åñêîì ðåãóëèðîâàíèè” îíè íå èìåþò ïðàâà “ââî-

äèòü â çàáëóæäåíèå ïðèîáðåòàòåëåé” èõ ïðîãðàìì-

íîãî ïðîäóêòà. Îäíàêî è ïîëüçîâàòåëü äîëæåí óìåòü

ïðîâåðÿòü ïîëó÷àåìûå ðåçóëüòàòû, ÷òîáû íå áûòü

“øåñòåðåíêîé” â öåïè ïåðåäà÷è îøèáîê â ìåõàíèç-

ìå ñóùåñòâóþùåé ñèñòåìû ðàçðàáîòêè è êîíòðîëÿ

ïðîåêòíîé äîêóìåíòàöèè íà îáúåêòû ñòðîèòåëüñò-

âà, æåðòâàìè îøèáîê êîòîðîé ìîæåò ñòàòü áîëü-

øîå ÷èñëî ãðàæäàí ñòðàíû.

Ïóáëèêàöèÿ â íîðìàòèâíûõ äîêóìåíòàõ Ðîññèè,

â ÷àñòíîñòè â “Ìåòîäèêå îïðåäåëåíèÿ ðàñ÷åòíûõ

âåëè÷èí ïîæàðíîãî ðèñêà â çäàíèÿõ, ñîîðóæåíèÿõ è

ñòðîåíèÿõ ðàçëè÷íûõ êëàññîâ ôóíêöèîíàëüíîé ïî-

æàðíîé îïàñíîñòè” (äàëåå — Ìåòîäèêà) è ÌÃÑÍ

4.19–2005 “Âðåìåííûå íîðìû è ïðàâèëà ïðîåêòè-

ðîâàíèÿ ìíîãîôóíêöèîíàëüíûõ âûñîòíûõ çäàíèé è

çäàíèé-êîìïëåêñîâ â ãîðîäå Ìîñêâå”, ñîäåðæàòåëü-

íîãî îïèñàíèÿ ìîäåëåé äâèæåíèÿ ëþäñêèõ ïîòîêîâ,

ðåêîìåíäóåìûõ èìè äëÿ ïðàêòè÷åñêîãî ïðèìåíåíèÿ,

îòêðûëà äëÿ èíèöèàòèâíûõ ñïåöèàëèñòîâ — ïðî-

ãðàììèñòîâ âîçìîæíîñòü ðàçðàáîòêè êîììåð÷åñêèõ

ïðîãðàììíî-âû÷èñëèòåëüíûõ êîìïëåêñîâ. Íàèáîëåå

ðàñïðîñòðàíåííûìè íà ñåãîäíÿøíèé äåíü â Ðîññèè

ÿâëÿþòñÿ ïðîãðàììíûé ïðîäóêò “Ôëîóòåê ÂÄ” [4]

äëÿ óïðîùåííîé àíàëèòè÷åñêîé è èìèòàöèîííî-ñòî-

õàñòè÷åñêîé ìîäåëåé è “Ýâàòåê” äëÿ èíäèâèäóàëüíî-
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ïîòî÷íîé ìîäåëè äâèæåíèÿ ëþäñêèõ ïîòîêîâ. Â ñðàâ-

íèòåëüíûé àíàëèç âêëþ÷åíà òàêæå èíäèâèäóàëüíî-

ïîòî÷íàÿ ìîäåëü, ïðåäñòàâëåííàÿ ÂÍÈÈÏÎ Ì×Ñ

Ðîññèè.

Ñòîëü øèðîêîå ïðîãðàììíîå îáåñïå÷åíèå ìîäå-

ëåé, îïèñûâàþùèõ äâèæåíèå ëþäñêèõ ïîòîêîâ, ïî-

çâîëÿåò ñîïîñòàâèòü ïîëó÷àåìûå ïî íèì ðåçóëüòà-

òû è îöåíèòü êîððåêòíîñòü îáëàñòè èõ ïðèìåíåíèÿ,

ïðåäóñìàòðèâàåìîé Ìåòîäèêîé. Äëÿ ýòîãî áûëà èñ-

ïîëüçîâàíà ðàñ÷åòíàÿ ñõåìà ýâàêóàöèîííûõ ïóòåé

èç ïðèìåðà “Ìîäåëü äâèæåíèÿ ëþäñêèõ ïîòîêîâ ñ

ðàñòåêàíèåì èõ ãîëîâíûõ ÷àñòåé”, øèðîêî èçâåñò-

íîãî ïî ó÷åáíîìó ïîñîáèþ (ðàçä. 3.4) [5], ãäå îí

ðàññìàòðèâàëñÿ ïðè îïèñàíèè ìåòîäèêè ãðàôîàíà-

ëèòè÷åñêîãî ìåòîäà ðàñ÷åòà. Ýòî äàåò âîçìîæíîñòü

ïðîàíàëèçèðîâàòü ïðîÿâëåíèå êèíåìàòè÷åñêèõ çà-

âèñèìîñòåé ïðè èìèòàöèîííî-ñòîõàñòè÷åñêîì ìîäå-

ëèðîâàíèè, êîòîðûå, êàê áûëî óêàçàíî âûøå, â íåãî

íå ââîäÿòñÿ.

Ó÷àñòêè, âûáðàííûå íà ðàñ÷åòíîé ñõåìå ýâàêóà-

öèîííûõ ïóòåé äëÿ ïðîâåäåíèÿ ñðàâíèòåëüíîãî àíà-

ëèçà ìîäåëåé è ïðîãðàììíûõ êîìïëåêñîâ, óêàçàíû íà

ðèñ. 1. ×èñëî ëþäåé â áîêîâûõ ïðîõîäàõ Nï = 28 ÷åë.

Ëþäñêèå ïîòîêè íà÷èíàþò äâèæåíèå îäíîâðåìåí-

íî ñ ÷åòûðåõ áîêîâûõ ó÷àñòêîâ èõ ôîðìèðîâàíèÿ —

èç ïðîõîäîâ, èìåþùèõ äëèíó lï = 18 ì è øèðèíó

bï = 1,65 ì. Ìàðøðóò äâèæåíèÿ êàæäîãî ïîòîêà òà-

êîâ: ïî ïðîõîäó áîêîâîãî ó÷àñòêà è çàòåì ïî ó÷àñò-

êàì äëèíîé lêi êîðèäîðà ïîñòîÿííîé øèðèíû bê = 2 ì

ê äâåðíîìó ïðîåìó øèðèíîé bî = 1,6 ì. Ïëîòíîñòü

ëþäñêèõ ïîòîêîâ íà ó÷àñòêàõ èõ ôîðìèðîâàíèÿ âî

âñåõ âàðèàíòàõ îñòàåòñÿ ïîñòîÿííîé: Dï = 0,12 ì2�ì2

(ïðè f = 0,125 ì2�÷åë.). Ðàçìåðû ó÷àñòêîâ ïóòè ýâà-

êóàöèè ïî êîðèäîðó: lê1 = lê2 = lê3 = 10 ì; lê = 40 ì.

Â êà÷åñòâå èñõîäíîé áàçû äëÿ ïðîâåäåíèÿ ñîïî-

ñòàâèòåëüíîãî àíàëèçà áûëî âûïîëíåíî 100 ðåàëè-

çàöèé ðàñ÷åòà ïðîöåññà äâèæåíèÿ ëþäñêèõ ïîòîêîâ

ñ èñïîëüçîâàíèåì ïðîãðàììû ADLPV-2.0, ÷òî ïî-

çâîëèëî ïîëó÷èòü çàâèñèìîñòü ñðåäíåé ïëîòíîñòè

âî âðåìåíè äëÿ êàæäîãî ó÷àñòêà è âåðîÿòíûé ðàç-

áðîñ çíà÷åíèé ïëîòíîñòåé â îïðåäåëåííûå ìîìåíòû

âðåìåíè.

Äëÿ îöåíêè èäåíòè÷íîñòè ìàòåìàòè÷åñêîãî àïïà-

ðàòà, çàëîæåííîãî â ïðîãðàììíîì ïðîäóêòå “Ôëîó-

òåê ÂÄ” è ADLPV-2.0, äëÿ ðàññìîòðåííîé âûøå

ðàñ÷åòíîé ñõåìû áûë ïðîâåäåí äåòåðìèíèðîâàííûé

ðàñ÷åò ïðè îäíèõ è òåõ æå èñõîäíûõ äàííûõ, ãðàôè-

÷åñêèå ðåçóëüòàòû êîòîðîãî ïðåäñòàâëåíû íà ðèñ. 2

è â òàáë. 1.

Ïðèâåäåííûå â òàáë. 1 ðåçóëüòàòû ïîçâîëÿþò çà-

êëþ÷èòü, ÷òî ðàññìàòðèâàåìûå ìîäåëè äàþò áëèç-

êèå ðåçóëüòàòû: ìàêñèìàëüíîå ðàñõîæäåíèå ìåæäó

íèìè íå ïðåâûøàåò 4,3 %, ïîýòîìó èñïîëüçîâàíèå

“Ôëîóòåê ÂÄ” â êà÷åñòâå èìèòàöèîííî-ñòîõàñòè-

÷åñêîé ìîäåëè äëÿ äàëüíåéøåãî ñðàâíèòåëüíîãî

àíàëèçà âïîëíå àäåêâàòíî. Ðåçóëüòàòû ñðàâíèòåëü-

íîãî àíàëèçà ïðîãðàììíûõ ïðîäóêòîâ ADLPV-2.0,

“Ôëîóòåê ÂÄ” è èíäèâèäóàëüíî-ïîòî÷íîé ìîäåëè

äëÿ ñå÷åíèé 1 è 2 ïðåäñòàâëåíû â ãðàôè÷åñêîì âèäå

íà ðèñ. 3 è 4.

Äàííûå ãðàôèêè íàãëÿäíî ñâèäåòåëüñòâóþò, ìîæ-

íî ñêàçàòü, î òîì, ÷òî èíäèâèäóàëüíî-ïîòî÷íàÿ ìî-

äåëü íå îòðàæàåò êà÷åñòâåííîé ñóòè óñòàíîâëåííûõ

çàêîíîìåðíîñòåé äâèæåíèÿ ëþäñêèõ ïîòîêîâ è, êàê

ñëåäñòâèå, äàåò ÷èñëîâûå çíà÷åíèÿ ïàðàìåòðîâ ïðî-

öåññà ýâàêóàöèè, êîòîðûå íåàäåêâàòíû òðåáóåìûì

ïðè âåðîÿòíîñòè Ðý = 0,999 â ðàñ÷åòàõ èíäèâèäó-

àëüíîãî ïîæàðíîãî ðèñêà.

Ýòè ðåçóëüòàòû çàñòàâëÿþò îáðàòèòü âíèìàíèå

íà äðóãóþ ìîäåëü èíäèâèäóàëüíî-ïîòî÷íîãî äâèæå-

íèÿ — “Ýâàòåê”, íå èìåþùóþ ñòàòóñà îôèöèàëüíî-

íîðìàòèâíîé, íî, ïî çàÿâëåíèþ åå ðàçðàáîò÷èêîâ,

èñïîëüçóþùåé, êàê è ïîòî÷íûå ìîäåëè, óñòàíîâëåí-

íûå çàêîíîìåðíîñòè ïñèõîôèçè÷åñêîé ñâÿçè ìåæäó

ïàðàìåòðàìè äâèæåíèÿ ëþäåé â ïîòîêå [6].

Ðèñ. 1. Ðàñ÷åòíàÿ ñõåìà ïóòåé ýâàêóàöèè
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Â ìîäåëè “Ýâàòåê” ñêîðîñòü äâèæåíèÿ ïåøåõîäà

çàâèñèò îò ïëîòíîñòè ïîòîêà, êîòîðàÿ ðàññ÷èòûâà-

åòñÿ äëÿ êàæäîãî ÷åëîâåêà îòäåëüíî. Äëÿ ýòîãî âîêðóã

íåãî ñòðîèòñÿ îáëàñòü â âèäå ïðÿìîóãîëüíèêà, áóëü-

øàÿ ñòîðîíà êîòîðîãî îðèåíòèðîâàíà ïî íàïðàâëå-

íèþ äâèæåíèÿ ÷åëîâåêà. Îáëàñòü ñìåùàåòñÿ òàêæå

ïî íàïðàâëåíèþ äâèæåíèÿ ÷åëîâåêà ñ êîýôôèöèåí-

òîì 0,4, ò. å. öåíòð îáëàñòè íàõîäèòñÿ îò öåíòðà ÷å-

ëîâåêà íà ðàññòîÿíèè, ðàâíîì äëèíå áîëüøåé ñòî-

ðîíû, óìíîæåííîé íà 0,4. Ïîñòðîåííàÿ îáëàñòü ðàç-

áèâàåòñÿ íà îòäåëüíûå, íå ñâÿçàííûå â åå ïðåäåëàõ

ðàéîíû (ò. å. ïåðåéòè èç îäíîãî ðàéîíà â äðóãîé, íå ïî-

êèäàÿ îáëàñòü, íåâîçìîæíî). Ïëîòíîñòü ïîòîêà äëÿ

äàííîãî ÷åëîâåêà D ðàâíà ïëîòíîñòè ïîòîêà â ðàéî-

íå, â êîòîðîì îí íàõîäèòñÿ, è âû÷èñëÿåòñÿ êàê

D f Si
i

m

� 9
�1

ð , (1)

ãäå m — ÷èñëî ÷åëîâåê â ðàéîíå (ñ÷èòàåòñÿ, ÷òî ÷å-

ëîâåê íàõîäèòñÿ â ðàéîíå, åñëè åãî öåíòð ëåæèò

âíóòðè åãî);

fi — ïëîùàäü ãîðèçîíòàëüíîé ïðîåêöèè i-ãî ÷å-

ëîâåêà â ðàéîíå;

Sð — ïëîùàäü ðàéîíà.

Ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà ïðîãðàìì-

íûõ ïðîäóêòîâ ADLPV-2.0 è “Ýâàòåê” ïðåäñòàâëå-

íû íà ðèñ. 5.

Ïðè ðàñ÷åòå ïàðàìåòðîâ äâèæåíèÿ è âðåìåíè

ýâàêóàöèè ïðè ïîìîùè ïðîãðàììû ADLPV-2.0 ìî-

äåëèðîâàíèå ïðîèçâîäèëîñü äëÿ îäíîé ðåàëèçàöèè

ñ ó÷åòîì ñòîõàñòè÷íîñòè ðàñïðåäåëåíèÿ ñêîðîñòè ñâî-

áîäíîãî äâèæåíèÿ íà êàæäîì øàãå ìîäåëèðîâàíèÿ.

Â ïðîãðàììå “Ýâàòåê” â êà÷åñòâå èñõîäíûõ äàííûõ

äëÿ êàæäîãî èíäèâèäà (÷åëîâåêà) ñêîðîñòü ñâîáîä-

íîãî äâèæåíèÿ âûáèðàëàñü ñëó÷àéíûì îáðàçîì èç ñî-

âîêóïíîñòè, ðàñïðåäåëåííîé ïî íîðìàëüíîìó çàêîíó.

Ðàñ÷åò ïðè ýòîì ïðîâîäèëñÿ îäèí ðàç, òàê æå êàê è

äëÿ èíäèâèäóàëüíî-ïîòî÷íîé ìîäåëè.

Ñîïîñòàâëåíèå ãðàôèêîâ, èçîáðàæåííûõ íà ðèñ. 5

äëÿ ñå÷åíèé 1 è 2, îáíàðóæèâàåò îïðåäåëåííóþ

îáùíîñòü äèíàìèêè ïðîöåññà, îïèñûâàåìîé ïðî-

ãðàììàìè ADLPV-2.0 è “Ýâàòåê”, íåñìîòðÿ íà òî

÷òî â ïðîãðàììàõ çàëîæåíû ðàçíûå àëãîðèòìû ðàñ-

÷åòà ïðîöåññà äâèæåíèÿ ëþäåé. Ïðè ýòîì ðàñõîæ-

äåíèÿ âî âðåìåíè ïðîõîæäåíèÿ ó÷àñòêîâ ïîñëåäíèì

(çàìûêàþùèì ïîòîê) ÷åëîâåêîì îêàçûâàþòñÿ íå-

çíà÷èòåëüíûìè.

Íà ðèñ. 6 ïðèâåäåíî ñîïîñòàâëåíèå êðèâûõ, õà-

ðàêòåðèçóþùèõ âðåìÿ ïðîõîæäåíèÿ ïîñëåäíèì ÷å-

ëîâåêîì ðàçëè÷íûõ ñå÷åíèé ïî äëèíå îáùåãî ïðîõî-

äà äëÿ ðàçíûõ ìîäåëåé, âêëþ÷àÿ ãðàôîàíàëèòè÷åñêèé

ìåòîä ðàñ÷åòà. Íà ðèñ. 6 ïîêàçàí òàêæå âåðîÿòíûé

ðàçáðîñ çíà÷åíèé âðåìåíè ïðîõîæäåíèÿ ó÷àñòêîâ

ïðè èìèòàöèîííî-ñòîõàñòè÷åñêîì ìîäåëèðîâàíèè,

àëãîðèòì êîòîðîãî çàëîæåí â ïðîãðàììíûõ ïðîäóê-

òàõ ADLPV-2.0 è “Ôëîóòåê ÂÄ”.

Ãðàôèêè íà ðèñ. 6 íàãëÿäíî äåìîíñòðèðóþò îæè-

äàåìóþ îáùíîñòü è ðàçëè÷èå ìîäåëåé, çàëîæåííûõ

òåîðèåé ëþäñêèõ ïîòîêîâ â íîðìèðîâàíèå [7]. Ïðè

ýòîì íà ðèñ. 6 ïîêàçàíà è îáëàñòü âîçìîæíûõ (äîïó-

Ðèñ. 2. Ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà (èçìåíåíèå ïëîòíîñòè âî âðåìåíè) ïðîãðàìì “Ôëîóòåê ÂÄ” (1) è ADLPV-2.0 (2)

äëÿ ñå÷åíèé 1 (à) è 2 (á)

Ðàñ÷åòíîå
ñå÷åíèå

Ìàêñèìàëüíàÿ ïëîòíîñòü,

ì2�ì2
Ðàñ÷åòíîå âðåìÿ ýâàêóàöèè,

ìèí

Ðàñõîæäåíèå, %

ïî ïëîòíîñòè ïî âðåìåíè

ADLPV-2.0 Ôëîóòåê ÂÄ ADLPV-2.0 Ôëîóòåê ÂÄ ADLPV-2.0 Ôëîóòåê ÂÄ

1 0,255 0,245 0,51 0,53 3,9 3,8

2 0,252 0,245 0,66 0,69 2,8 4,3

Òàáëèöà 1. ×èñëîâûå ðåçóëüòàòû ñðàâíèòåëüíîãî àíàëèçà ïðîãðàìì “Ôëîóòåê ÂÄ” è ADLPV-2.0
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ñòèìûõ) îòêëîíåíèé çíà÷åíèé ðàñ÷åòíîãî âðåìåíè

ýâàêóàöèè tð (ïóíêòèðíûå ëèíèè), îáóñëîâëåííûõ

äèñïåðñèåé çíà÷åíèé ñëó÷àéíîé âåëè÷èíû ñêîðîñòè

ñâîáîäíîãî äâèæåíèÿ ëþäåé â ïîòîêå V0 ïðè ïîâû-

øåííîé êàòåãîðèè åãî äâèæåíèÿ.

Ãðàôèêè tð, ïîñòðîåííûå ïî ðåçóëüòàòàì ðàñ÷å-

òîâ â ïðîãðàììàõ ADLPV-2.0 è “Ôëîóòåê ÂÄ” ñ èñ-

ïîëüçîâàíèåì ìàòåìàòè÷åñêîãî îæèäàíèÿ ýëåìåí-

òàðíîé ñëó÷àéíîé ôóíêöèè

V V à D Dj D j j j jj

ý ý
0� 
0 1[ ln ( )] , (2)

ïîêàçûâàþò íåêîòîðîå ñìåùåíèå èõ îò ñðåäíèõ ê íèæ-

íèì ãðàíèöàì âîçìîæíûõ çíà÷åíèé. Çäåñü Vj Dj

ý —

ìàòåìàòè÷åñêîå îæèäàíèå ñêîðîñòè äâèæåíèÿ ëþä-

Ðèñ. 3. Èçìåíåíèå ïëîòíîñòè ëþäñêèõ ïîòîêîâ âî âðåìåíè äëÿ ñå÷åíèÿ 1 â ïðîãðàììàõ: 1 — ADLPV-2.0 (100 ðàñ÷åòîâ);

2 — Ôëîóòåê ÂÄ; 3 — èíäèâèäóàëüíî-ïîòî÷íàÿ ìîäåëü

Ðèñ. 4. Èçìåíåíèå ïëîòíîñòè ëþäñêèõ ïîòîêîâ âî âðåìåíè äëÿ ñå÷åíèÿ 2 â ïðîãðàììàõ: 1 — ADLPV-2.0 (100 ðàñ÷åòîâ);

2 — Ôëîóòåê ÂÄ; 3 — èíäèâèäóàëüíî-ïîòî÷íàÿ ìîäåëü
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ñêîãî ïîòîêà â ýìîöèîíàëüíîì ñîñòîÿíèè ïðè ïëîò-

íîñòè ïîòîêà íà j-ì ó÷àñòêå Dj ; V j0
ý — ñëó÷àéíàÿ

âåëè÷èíà ñêîðîñòè ñâîáîäíîãî äâèæåíèÿ ëþäåé â

ïîòîêå ïðè åãî ïëîòíîñòè D0; aj — êîýôôèöèåíò, îò-

ðàæàþùèé ïñèõîôèçè÷åñêóþ àäàïòàöèþ ëþäåé ê

äâèæåíèþ â ñîñòàâå ïîòîêà ïî j-ìó âèäó ïóòè [6].

Â òî æå âðåìÿ ãðàôèêè ñîãëàñóþòñÿ ñ ðåçóëüòà-

òàìè ãðàôîàíàëèòè÷åñêîãî ìåòîäà ðàñ÷åòîâ, ÷òî ñâè-

äåòåëüñòâóåò î òîì, ÷òî îíè îòîáðàæàþò è íå ïðåä-

ïèñûâàåìûå èì êèíåìàòè÷åñêèå çàêîíîìåðíîñòè

èçìåíåíèÿ ïàðàìåòðîâ ëþäñêèõ ïîòîêîâ â ïðî-

öåññå èõ äâèæåíèÿ. Ñëåäóåò îòìåòèòü, ÷òî ðåçóëü-

òàòû ýòîãî ìåòîäà ëåæàò â îáëàñòè äîïóñòèìûõ îò-

êëîíåíèé ïðè ìîäåëèðîâàíèè äâèæåíèÿ ëþäñêèõ

ïîòîêîâ êàê ñëó÷àéíîãî ïðîöåññà.

Ðåçóëüòàòû ðàñ÷åòîâ tð, ïîëó÷åííûå ïî óïðîùåí-

íîé àíàëèòè÷åñêîé ìîäåëè, äàþò çàíèæåííûå çíà-

÷åíèÿ äàííîãî ïàðàìåòðà íà òåõ ó÷àñòêàõ ýâàêóàöè-

îííîãî ïóòè, íà êîòîðûõ ïðîÿâëÿåòñÿ çíà÷èòåëüíîå

âëèÿíèå ïðîöåññîâ ïåðåôîðìèðîâàíèÿ è ðàñòåêà-

íèÿ ëþäñêèõ ïîòîêîâ, îïèñàíèå êîòîðûõ íå âõîäèò

â ýòó ìîäåëü. Çà ñ÷åò ýòîãî îíà è äàåò “çàïàñ” âðåìå-

íè íà ýâàêóàöèþ ïðè íîðìèðîâàíèè ðàçìåðîâ ýâà-

êóàöèîííûõ ïóòåé è âûõîäîâ, êîãäà íåò âîçìîæíî-

ñòè ó÷èòûâàòü òàêèå íþàíñû ïðîöåññà ýâàêóàöèè

[1, 2].

Ïîëó÷åííûå ïî ïðîãðàììå “Ýâàòåê” çíà÷åíèÿ tð

ëåæàò âáëèçè íèæíåé ãðàíèöû äîïóñòèìûõ çíà÷å-

íèé ïðè ó÷åòå ñòîõàñòè÷íîñòè ïðîöåññà ýâàêóàöèè.

Ðåçóëüòàòû æå èíäèâèäóàëüíî-ïîòî÷íîé ìîäåëè

ñòàáèëüíî çíà÷èòåëüíî íèæå îáëàñòè äîïóñòèìûõ

îòêëîíåíèé çíà÷åíèé ðàñ÷åòíîãî âðåìåíè ýâàêóà-

öèè tð.

Ðåçóëüòàòû ýòîãî àíàëèçà ïîêàçûâàþò îòñóòñò-

âèå ìîäåëè èíäèâèäóàëüíî-ïîòî÷íîãî äâèæåíèÿ ëþ-

äåé, àäåêâàòíîé ðåàëüíîìó ïîòîêó. Àêòóàëüíîñòü

ìîäåëè ìîòèâèðóåòñÿ íåîáõîäèìîñòüþ ïðèñòàëüíî-

ãî âíèìàíèÿ ê äâèæåíèþ ëþäåé ñ îãðàíè÷åííûìè

ìîáèëüíûìè âîçìîæíîñòÿìè â ïîòîêå ñìåøàííîãî

ñîñòàâà â äîñòàòî÷íî îáøèðíîé íîìåíêëàòóðå îá-

ùåñòâåííûõ çäàíèé ðàçíûõ êëàññîâ ôóíêöèîíàëü-

íîé ïîæàðíîé îïàñíîñòè.

Àíàëèç àíàëîãè÷íûõ çàðóáåæíûõ ìîäåëåé, èìå-

þùèõ ìíîãî÷èñëåííûå îïåðàòèâíûå âîçìîæíîñòè

è ìåòîäû âèäåîïðåäñòàâëåíèÿ [8–12], ïîêàçûâàþò,

÷òî îíè èñïîëüçóþò íåêîððåêòíûå çàâèñèìîñòè

ìåæäó ïàðàìåòðàìè ëþäñêèõ ïîòîêîâ. Òàê, íàïðè-

ìåð, â ìîäåëè “PathFinder” ïðè ïëîòíîñòè ïîòîêà

D > 0,55 ÷åë.�ì2 âëèÿíèå ïëîòíîñòè íà ñêîðîñòü v

îïèñûâàåòñÿ ñîîòíîøåíèåì

v D v
k kD

( )
,

,
,max�


 0 266

119
(3)

à èíòåíñèâíîñòü äâèæåíèÿ Fs ÷åðåç äâåðíîé ïðîåì

ðàññ÷èòûâàåòñÿ ïî ôîðìóëå

F D kDs � 
( , ) ,1 0 266 (4)

ãäå vmax — ìàêñèìàëüíàÿ ñêîðîñòü äâèæåíèÿ ïåøå-

õîäà, çàäàâàåìàÿ ïîëüçîâàòåëåì;

k — êîýôôèöèåíò ñêîðîñòè ñâîáîäíîãî äâèæå-

íèÿ, ðàâíûé 1,4 ì�ñ.

Â ìîäåëè “Simulex” ñêîðîñòü äâèæåíèÿ ëþäåé V

(ì�ñ) çàâèñèò îò ðàññòîÿíèÿ ìåæäó íèìè:

V
V d

�

0 0 25

0 87

,

,
, (5)

ãäå V0 — ñêîðîñòü ñâîáîäíîãî äâèæåíèÿ ÷åëîâåêà â

ïîòîêå, âûáèðàåìàÿ â èíòåðâàëå îò 0,8 äî 1,7 ì�ñ

â çàâèñèìîñòè îò ïîëà è âîçðàñòà ÷åëîâåêà, ì�ñ;

d — ðàññòîÿíèå ìåæäó ëþäüìè, ì;

d D� 1 . (6)

Â ìîäåëè “FDS+Evac” äëÿ îöåíêè ñêîðîñòè äâè-

æåíèÿ ïåøåõîäîâ â çàâèñèìîñòè îò ðàññòîÿíèÿ ìåæ-

Ðèñ. 5. Èçìåíåíèå ïëîòíîñòè ëþäñêèõ ïîòîêîâ âî âðåìåíè äëÿ ñå÷åíèé 1 (à) è 2 (á) â ïðîãðàììàõ ADLPV-2.0 è “Ýâàòåê”:

– – – – — ðàçáðîñ çíà÷åíèé ïëîòíîñòè
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äó íèìè, à òàêæå îò ðàññòîÿíèÿ äî ïðåãðàä èñïîëü-

çóåòñÿ ìîäåëü ñîöèàëüíûõ ñèë, îïðåäåëÿåìûõ â òîì

÷èñëå çàêîíàìè ìåõàíèêè.

Äëÿ ïðîâåðêè àäåêâàòíîñòè ìîäåëåé èíäèâèäó-

àëüíî-ïîòî÷íîãî äâèæåíèÿ ðåàëüíûì ñèòóàöèÿì ìî-

æåò áûòü èñïîëüçîâàí ïðåæäå âñåãî åå ÷àñòíûé ñëó-

÷àé — ñâîáîäíîå äâèæåíèå ëþäñêèõ ïîòîêîâ. Â ýòîì

ñëó÷àå ðàñïðåäåëåíèå ëþäåé â ïîòîêå ïî äëèíå ïóòè

è âðåìåíè èõ ïðèõîäà â ëþáîå åãî ñå÷åíèå îïðåäå-

ëÿåòñÿ ÷èñòî âåðîÿòíîñòíûìè ìåòîäàìè, ïîñêîëüêó

îíè ÿâëÿþòñÿ ôóíêöèÿìè ñëó÷àéíîãî àðãóìåíòà —

ñëó÷àéíîé âåëè÷èíû ñêîðîñòè ñâîáîäíîãî äâèæå-

íèÿ V j0
ý . Äëÿ èõ îïåðàòèâíîãî ïîñòðîåíèÿ ñåãîäíÿ

ñóùåñòâóåò ñîîòâåòñòâóþùàÿ ïðîãðàììà FMT 1.0

[13]. Î÷åâèäíî, ÷òî äîñòàòî÷íî ìíîãî÷èñëåííàÿ ñî-

âîêóïíîñòü ðåàëèçàöèé, îñóùåñòâëåííûõ ïî ëþáîé

èç èíäèâèäóàëüíî-ïîòî÷íûõ ìîäåëåé, äîëæíà äàâàòü

ñòàòèñòè÷åñêóþ ñîâîêóïíîñòü çíà÷åíèé, èäåíòè÷-

íûõ ñîâîêóïíîñòè, ïîëó÷àåìîé ïî ýòîé ïðîãðàììå

äëÿ òåõ æå óñëîâèé.
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ABSTRACT

With consider regulation process of evacuation of people in emergency situations program computer

systems which have to give the chance to analyse different settlement situations at the solution of

problems of ensuring fire safety in buildings of different classes of functional fire danger are

developed now. Compliance of results of the calculations perfromed by these program computer

systems, to data of natural supervision of the movement of human flows in actual practice has to be an

indispensable condition of possibility of their application in rationing. Therefore paramount criterion

of applicability of any of such program complexes is the validity of model of evacuation which they use.

It is shown that simplified the analytical and imitating and stochastic models based on extensive

statistical material of researches of human streams in buildings of various functional purpose with

their various structure of the main contingent of people and on the determined consistent patterns of

communication between parameters of flows of people of any psychophysiological state are correctly

described by program computer systems ADLPV-2.0, “Floutek VD”. These models reflect also the ki-

nematic dependences of change of parameters of a flow occurring upon its transition through

the borders of adjacent sites of an evacuation way described by a graphic-analytical method.

The comparative analysis with these results of results of the individual and line model given in

“A technique of determination of settlement sizes of fire risk in buildings, constructions and

structures of various classes of functional fire danger” demonstrates a dissonance of this model.

The analysis of results of the program of the individual flow movement “Evatek” model shows

their convergence with the results close to the lower bound of a confidential interval of an estimated

time of evacuation. The model demands completion of reproduction of kinematics of individual

behavior of people.
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The analysis of foreign models of the individual flow movement of people which is carried out on

the example of the program “PathFinder” and “FDS+Evac” complexes shows that they use depen-

dences between parameters of streams not corresponding to human streams.

As a result of the carried-out analysis comes to light that for modeling of process of evacuation it is

necessary to use imitating and stochastic model of the movement of human flows which most

precisely reflects dynamics of process in different exploitation conditions of the building.

Keywords: safety of people; individual fire risk; human stream; estimated time of evacuation; program

computer systems and models; comparison of results.
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