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Ðàññìîòðåíû îñíîâíûå ìåòîäû ìàòåìàòè÷åñêèõ èññëåäîâàíèé âåðîÿòíîñòè âîçíèêíîâåíèÿ ëåñ-
íûõ ïîæàðîâ. Âûÿñíåíî, ÷òî íàó÷íûå èññëåäîâàíèÿ, ñâÿçàííûå ñ ìàòåìàòè÷åñêèì ìîäåëèðî-
âàíèåì âåðîÿòíîñòè âîçíèêíîâåíèÿ ïîæàðîâ ñ ó÷åòîì ãðîçîâîé àêòèâíîñòè è àíòðîïîãåííîãî
ôàêòîðà, èìåþò ïðåèìóùåñòâåííî ïðèêëàäíîå çíà÷åíèå è íàïðàâëåíû íà îáåñïå÷åíèå ïîæàð-
íîé áåçîïàñíîñòè ëåñîâ è ëèêâèäàöèþ ëàíäøàôòíûõ ïîæàðîâ. Ðàññìîòðåíî ïîñòðîåíèå ìàòå-
ìàòè÷åñêîé ìîäåëè è ìåòîäèêà ðåøåíèÿ çàäà÷è îïòèìèçàöèè ñèñòåìû îáåñïå÷åíèÿ ïîæàðíîé
áåçîïàñíîñòè ñ èñïîëüçîâàíèåì èìèòàöèîííîãî ìîäåëèðîâàíèÿ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêàÿ ìîäåëü; ìåòîä èññëåäîâàíèÿ; ëåñíûå ïîæàðû; ñèñòåìà îáåñ-
ïå÷åíèÿ ïîæàðíîé áåçîïàñíîñòè; îïòèìèçàöèÿ; èìèòàöèîííîå ìîäåëèðîâàíèå.

Íóæíî îòìåòèòü, ÷òî ñ êàæäûì ãîäîì êîëè÷åñòâî

ëåñíûõ ïîæàðîâ çíà÷èòåëüíî óâåëè÷èâàåòñÿ, à âìåñ-

òå ñ ýòèì óâåëè÷èâàþòñÿ è ïëîùàäè âûãîðåâøèõ

ëåñîâ.

Ïðèìåíÿåìûå â íàñòîÿùåå âðåìÿ íà ïðàêòèêå

ìåòîäèêè îöåíêè âåðîÿòíîñòè âîçíèêíîâåíèÿ ïî-

æàðîâ, ðàçðàáîòàííûå ñ èñïîëüçîâàíèåì áîëüøèõ

ìàññèâîâ ñòàòèñòè÷åñêèõ äàííûõ (Â. Ã. Íåñòåðîâ,

Ë. Ô. Íîæåíêîâà, D. X. Viegas, E. L. Garsia Diez,

Ñ. Å. van Wagner, M. E. Alexander, I. E. Deeming,

B. J. Stocks è äð.), ïðåäñòàâëÿþò ñîáîé ôîðìóëû, àë-

ãîðèòìû, êðèòåðèè, ïîëó÷åííûå â ðåçóëüòàòå óñðåä-

íåíèÿ õàðàêòåðèñòèê óñëîâèé âîçãîðàíèé íà áîëüøèõ

âûáîðêàõ êàê ïî ïëîùàäÿì, òàê è ïî âðåìåíè [1–6].

Ïðè ñîçäàíèè òàêèõ ìåòîäèê, ïî ñóùåñòâó, íå àíà-

ëèçèðîâàëèñü è íå ìîäåëèðîâàëèñü ôèçè÷åñêèå è

õèìè÷åñêèå ïðîöåññû (â ïåðâóþ î÷åðåäü íàèáîëåå

çíà÷èìûå ïðîöåññû òåïëî- è ìàññîïåðåíîñà) â ñëîå

ëåñíîãî ãîðþ÷åãî ìàòåðèàëà, âîçíèêàþùèå ïðè âîç-

äåéñòâèè ëîêàëüíûõ èñòî÷íèêîâ ýíåðãèè.

Ñóùåñòâóþùèå òåîðèè ðàñïðîñòðàíåíèÿ ëåñíûõ

ïîæàðîâ (àâòîðû ìîäåëåé è àëãîðèòìîâ ðåøåíèÿ çà-

äà÷ — À. Í. Ñóááîòèí, A. M. Ãðèøèí, Â. À. Ïåðìèíîâ,

Ë. Þ. Êàòàåâà, Ã. À. Äîððåð, Â. Ã. Çâåðåâ, Î. Â. Øè-

ïóëèíà è äð.) íå îðèåíòèðîâàíû íà ïðîãíîç ëåñíîé

ïîæàðíîé îïàñíîñòè. Ñëåäñòâèåì ðåøåíèÿ çàäà÷ â

ðàìêàõ ýòèõ òåîðèé ÿâëÿþòñÿ õàðàêòåðèñòèêè ïîæà-

ðà (òåìïåðàòóðíûå ïîëÿ, ñêîðîñòè äâèæåíèÿ ïðîäóê-

òîâ ñãîðàíèÿ, äàâëåíèÿ è ïëîòíîñòè ãàçîâ, ñêîðîñòè

äâèæåíèÿ ôðîíòà ãîðåíèÿ è ò. ï.) [7–14].

Â ñâÿçè ñ ýòèì ïðåäñòàâëÿåòñÿ ïåðñïåêòèâíûì

ðàçðàáîòêà íîâîãî ïîäõîäà ê ïðîãíîçèðîâàíèþ ëåñ-

íîé ïîæàðíîé îïàñíîñòè, îñíîâàííîãî â îòëè÷èå îò

èçâåñòíûõ (îïèðàþùèõñÿ íà ñòàòèñòè÷åñêóþ èíôîð-

ìàöèþ) íà èìèòàöèîííîì ìîäåëèðîâàíèè.

Â Ðîññèè â íàñòîÿùåå âðåìÿ ïðîãíîçèðîâàíèå

ëåñíûõ ïîæàðîâ íåäîñòàòî÷íî ýôôåêòèâíî, ÷òî ÿâ-

ëÿåòñÿ ïðè÷èíîé èõ âîçíèêíîâåíèÿ. Ïîýòîìó ñòàòüÿ

ïîñâÿùåíà ðàçðàáîòêå èìèòàöèîííîé ìîäåëè âåðî-

ÿòíîñòè âîçíèêíîâåíèÿ ëåñíûõ ïîæàðîâ ñ ó÷åòîì

ãðîçîâîé àêòèâíîñòè è àíòðîïîãåííîé íàãðóçêè.

Ïðèâåäåì îïðåäåëåíèå èìèòàöèîííîé ìîäåëè.

Èìèòàöèîííàÿ ìîäåëü — ýòî ëîãèêî-ìàòåìàòè÷åñêîå

îïðåäåëåíèå ïðåäìåòíîé îáëàñòè, êîòîðîå ìîæåò áûòü

èñïîëüçîâàíî äëÿ ýêñïåðèìåíòèðîâàíèÿ íà êîìïüþ-

òåðå â öåëÿõ èññëåäîâàíèÿ ïîâåäåíèÿ îáúåêòîâ ïðåä-

ìåòíîé îáëàñòè â çàâèñèìîñòè îò íåêîòîðûõ âõîä-

íûõ ôàêòîðîâ [15].

Âûäåëÿþò äâà âèäà èìèòàöèîííûõ ìîäåëåé:

� ìåòîä ñòàòèñòè÷åñêèõ èñïûòàíèé Ìîíòå-Êàðëî;

� ñòàòèñòè÷åñêîå ìîäåëèðîâàíèå êàê ìåòîä èìè-

òàöèîííîãî ìîäåëèðîâàíèÿ [16].

Îïèøåì ñóòü ìåòîäà ñòàòèñòè÷åñêèõ èñïûòàíèé

Ìîíòå-Êàðëî. Äîïóñòèì, èçâåñòíû âåðîÿòíîñòè âîç-

íèêíîâåíèÿ íåêîòîðûõ âõîäíûõ ôàêòîðîâ ìîäåëè.

Ïåðåáèðàÿ íàóãàä êîìáèíàöèþ âõîäíûõ ôàêòîðîâ

ìîäåëè, ìîæíî ìíîãîêðàòíî âîññîçäàâàòü ïîâåäå-

íèå ìîäåëè, ñîõðàíÿÿ ïðè ýòîì îäèíàêîâûå õàðàê-

òåðèñòèêè ôàêòîðîâ [17]. Â ðåçóëüòàòå ìíîãîêðàò-

íîãî ïðîãîíà ìîäåëè ìîæíî ñîáðàòü ñòàòèñòè÷åñêèå

äàííûå, êîòîðûå áû ìîãëè áûòü ñîáðàíû â ðåàëü-

íîì âðåìåíè.

© Òèòàåâ Ï. Ñ., 2015
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Ìåòîä Ìîíòå-Êàðëî ìîæíî ïðèìåíÿòü ëèøü ïîñëå

òîãî, êàê áóäóò óñòàíîâëåíû âåðîÿòíîñòè âîçíèêíî-

âåíèÿ âõîäíûõ ôàêòîðîâ ìîäåëè. Îäíàêî íà ñåãîä-

íÿøíèé äåíü íà òåððèòîðèè Òâåðñêîé îáë. âåðîÿò-

íîñòè âîçíèêíîâåíèÿ âõîäíûõ ôàêòîðîâ ìîäåëè

(â íàøåì ñëó÷àå àíòðîïîãåííîå âîçäåéñòâèå íà ëåñ-

íóþ ñðåäó è ãðîçîâàÿ àêòèâíîñòü) åùå íå èçó÷åíû.

Â òàêîì ñëó÷àå îáðàòèìñÿ ê ñòàòèñòè÷åñêîìó ìî-

äåëèðîâàíèþ. Ñòàòèñòè÷åñêîå è ýêîíîìåòðè÷åñêîå

ìîäåëèðîâàíèå âêëþ÷àåò ìåòîäû èññëåäîâàíèÿ

ïðåäìåòíîé îáëàñòè íà èõ ñòàòèñòè÷åñêèõ ìîäåëÿõ

[18]. Ñþäà âõîäèò ïîñòðîåíèå è èçó÷åíèå ìîäåëåé

îáúåêòîâ ñ öåëüþ ïîëó÷åíèÿ îáúÿñíåíèé ýòèõ ÿâëå-

íèé è â ðåçóëüòàòå — ïðåäñêàçàíèÿ ÿâëåíèé èëè ïî-

êàçàòåëåé, èíòåðåñóþùèõ èññëåäîâàòåëÿ.

Îöåíêà ïàðàìåòðîâ òàêèõ ìîäåëåé ïðîèçâîäèò-

ñÿ ñ ïîìîùüþ ñòàòèñòè÷åñêèõ ìåòîäîâ, â ÷àñòíîñòè

ìåòîäîâ ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ, íàèìåíü-

øèõ êâàäðàòîâ, ìîìåíòîâ [19].

Íàïðàøèâàåòñÿ ñëåäóþùèé âûâîä: îöåíèâ ñ ïî-

ìîùüþ ñòàòèñòè÷åñêîãî ìîäåëèðîâàíèÿ âåðîÿòíîñòü

âîçíèêíîâåíèÿ ëåñíûõ ïîæàðîâ â çàâèñèìîñòè îò

ðàññìàòðèâàåìûõâõîäíûõôàêòîðîâ,íåîáõîäèìîïðè-

ìåíèòü ìåòîä ñòàòèñòè÷åñêèõ èñïûòàíèé äëÿ óòî÷-

íåíèÿ êàðòèíû âîçíèêíîâåíèÿ ëåñíûõ ïîæàðîâ. Èç-

ìåíÿÿ âåðîÿòíîñòè âõîäíûõ ôàêòîðîâ (óïðàâëÿÿ

âõîäíûìè âîçäåéñòâèÿìè, íàïðèìåð ñíèæàÿ àíòðî-

ïîãåííûé ôàêòîð), ìîæíî ïðîãíîçèðîâàòü ðåçóëü-

òàò (íàïðèìåð, äîêàçàòü, ÷òî àíòðîïîãåííûé ôàêòîð

íåñåò áóëüøóþ âåðîÿòíîñòü âîçíèêíîâåíèÿ ëåñíî-

ãî ïîæàðà, ÷åì ïðèðîäíûé) è, ïîäòâåðæäàÿ èññëå-

äîâàíèÿ ñòàòèñòè÷åñêèìè äàííûìè, íà÷àòü ïðîðà-

áîòêó ìåð ïî ñíèæåíèþ ðèñêà âîçíèêíîâåíèÿ ëåñ-

íîãî ïîæàðà.

Èçó÷èì âõîäíûå ñòàòèñòè÷åñêèå äàííûå ïðåäìåò-

íîé îáëàñòè. Äëÿ ýòîãî èñïîëüçóåì äàííûå îôèöè-

àëüíîãî ñàéòà ïðàâèòåëüñòâà Òâåðñêîé îáë. Â òàáë. 1

ïðèâåäåíû ñòàòèñòè÷åñêèå äàííûå ïî ïëîùàäè ëåñ-

íûõ íàñàæäåíèé â Òâåðñêîé îáë. [20].

Â òàáë. 2 ïðåäñòàâëåíû ñòàòèñòè÷åñêèå äàííûå

ïî õàðàêòåðó ëåñíûõ ïîæàðîâ, âçÿòûå ñ îôèöèàëü-

íîãî ñàéòà ïðàâèòåëüñòâà Òâåðñêîé îáë. [20].

Îáðàòèìñÿ ê ïîñëåäíåìó ôàêòîðó ïðåäìåòíîé

îáëàñòè — ãðîçîâîé àêòèâíîñòè. Íà ñàéòå “Êëèìàò

Òâåðñêîé îáëàñòè” õàðàêòåð ïîãîäû ëåòîì îïèñàí

òàê: “Ïðåîáëàäàþùåé âîçäóøíîé ìàññîé íàä Òâåð-

ñêîé îáëàñòüþ ÿâëÿåòñÿ êîíòèíåíòàëüíûé âîçäóõ

óìåðåííûõ øèðîò (êÂÓØ). Îíà ëèáî ôîðìèðóåòñÿ

íåïîñðåäñòâåííî íàä òåððèòîðèåé Âåðõíåâîëæüÿ,

ëèáî ïðèõîäèò èç ñîñåäíèõ îáëàñòåé. Â ñðåäíåì

çà ãîä â Òâåðè ýòà âîçäóøíàÿ ìàññà íàáëþäàåòñÿ â

56,9 % ñëó÷àåâ. Êîíòèíåíòàëüíûé âîçäóõ óìåðåí-

íûõ øèðîò îïðåäåëÿåò ëåòîì òåïëóþ ïîãîäó ñ òåì-

ïåðàòóðàìè +15…+20 °Ñ (äíåì äî +20…+25 °Ñ),

ñ ïåðåìåííîé êó÷åâîé îáëà÷íîñòüþ, ñ íåáîëüøèìè

ñêîðîñòÿìè âåòðà, êîòîðûå ê íî÷è ñíèæàþòñÿ äî

øòèëÿ. Íåðåäêî ïðè äàííîì òèïå ïîãîäû â ñåðåäèíå

äíÿ ñëó÷àþòñÿ ëèâíåâûå îñàäêè è ãðîçû…”.

Â òàáë. 3 ïðèâåíû äàííûå î ãðîçîâîé àêòèâíî-

ñòè [21].

Ïîñòàâèì ñâîåé çàäà÷åé ïðîàíàëèçèðîâàòü äèíà-

ìèêó èçìåíåíèÿ âõîäíûõ ôàêòîðîâ ìîäåëè, à òàêæå

äèíàìèêó èçìåíåíèÿ ðåçóëüòèðóþùåãî ôàêòîðà â çà-

âèñèìîñòè è ñòåïåíü âëèÿíèÿ êàæäîãî ôàêòîðà íà

õàðàêòåð ðàçâèòèÿ ëåñíûõ ïîæàðîâ.

¹ ï�ï Ïîêàçàòåëü 2007 2008 2009 2010 2011

1 ×èñëî ëåñíûõ ïîæàðîâ 123 156 108 360 91

2 Èç íèõ ïî ïðè÷èíàì:

– ñåëüñêîõîçÿéñòâåííîãî ïàëà 2 19 41 14 1

– ïî âèíå ÷åëîâåêà 119 137 62 319 82

3 Ëåñíàÿ ïëîùàäü, ïðîéäåííàÿ ïîæàðàìè, ãà 446 566 394 2333 540

Òàáëèöà 2. Ñòàòèñòè÷åñêèå äàííûå ïî õàðàêòåðó ëåñíûõ ïîæàðîâ â Òâåðñêîé îáë. â ïåðèîä 2007–2011 ãã.

Ãîä 2007 2008 2009 2010 2011

×èñëî äíåé
ñ ãðîçîé 19 21 23 32 22

Òàáëèöà 3. ×èñëî äíåé ñ ãðîçîâîé àêòèâíîñòüþ â Òâåðñêîé
îáë. â ïåðèîä 2007–2011 ãã.

Ïîêàçàòåëü 2008 2009 2010 2011 2012 2013

Îáùàÿ ïëîùàäü çåìåëü ëåñíîãî
ôîíäà, òûñ. ãà 2684,4 4875,6 4875,6 4875,6 4875,6 4875,6

Ïëîùàäü çåìåëü, ïîêðûòûõ ëåñíîé
ðàñòèòåëüíîñòüþ, òûñ. ãà 2258,3 4408,1 4421,4 4428,0 4434,7 4440,3

Îáùèé ñðåäíèé ïðèðîñò, ìëí. ì3 7,32 14,71 14,82 14,83 14,82 14,81

Òàáëèöà 1. Ñòàòèñòè÷åñêèå äàííûå ïî ïëîùàäè ëåñíûõ íàñàæäåíèé â Òâåðñêîé îáë. â ïåðèîä 2008–2013 ãã.
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Ðàññìîòðèì òàêîé ôàêòîð, êàê ïëîùàäü ëåñíûõ

íàñàæäåíèé. Ïîñòðîèì ãðàôèê èçìåíåíèÿ ýòîãî ôàê-

òîðà (ðèñ. 1) [21]. Èç ðèñ. 1 âèäèì, ÷òî â 2008 ã. íà-

áëþäàëñÿ “âûáðîñ” — ñòàòèñòè÷åñêîå äàííîå, ñèëü-

íî îòëè÷àþùååñÿ îò ñðåäíåãî ïî ðÿäó, ïîýòîìó ïåðå-

ñòðîèì ãðàôèê äëÿ ïåðèîäà ñ 2008 ïî 2011 ãã. (ðèñ. 2).

Êðîìå òîãî, äîáàâèì íà ãðàôèê ëèíåéíûé òðåíä ñ

ïîìîùüþ ñðåäñòâ MicroSoft Excel (ëèíèþ ðåãðåñ-

ñèè) ñ êîýôôèöèåíòîì äåòåðìèíàöèè ìîäåëè (äîëÿ

ðåçóëüòàòèâíîãî ïðèçíàêà, îáúÿñíÿåìîãî âëèÿíèåì

âõîäíûõ ïåðåìåííûõ).

Ìåòîä ïîñòðîåíèÿ ëèíåéíîãî òðåíäà â ýòîé ïðî-

ãðàììå îñíîâàí íà ìåòîäàõ íàèìåíüøèõ êâàäðàòîâ

è âû÷èñëåíèÿ êîýôôèöèåíòà êîððåëÿöèè ìåæäó äâó-

ìÿ ðÿäàìè ïðèçíàêîâ — õ è ó [22]. Ïðèâåäåì àëãî-

ðèòì ðàñ÷åòà.

1. Íàéäåì ñðåäíèå âûáîðî÷íûå õâ è óâ, êîòîðûå

íàõîäÿòñÿ ïî ôîðìóëå àðèôìåòè÷åñêîé ñðåäíåé:

x x ni

i

n

â �
�
9

1

; y y ni

i

n

â �
�
9

1

. (1)

2. Äàëåå íàéäåì ñðåäíåêâàäðàòè÷åñêèå îòêëîíå-

íèÿ sõ è sy ïî ôîðìóëàì:

s
n

x xx � 
91 2( ) ;â s
n

y yy � 
91 2( ) .â (2)

3. Íàéäåì êîððåëÿöèîííûé ìîìåíò:

K
n

x x y yxy i i

i

n

� 
 

�
91

1

( ) ( ).â â (3)

4. Âûáîðî÷íûé êîýôôèöèåíò ðåãðåññèè râ îòûñ-

êèâàåì ïî ôîðìóëå

r K sxy xâ � 2 . (4)

5. Íàéäåì óðàâíåíèå ëèíåéíîé ðåãðåññèè y íà x

â âèäå y = ax + b (ãäå à, b — êîýôôèöèåíòû ëèíåé-

íîé ðåãðåññèè):

y – yâ = râ (x – xâ). (5)

Êîýôôèöèåíò ðåãðåññèè râ õàðàêòåðèçóåò èçìå-

íåíèå îöåíîê ïî äàííîé ñîâîêóïíîñòè íà åäèíèöó.

Åñëè óâåëè÷èòü õ íà 1, òî ó óâåëè÷èòñÿ íà râ.

6. Íàéäåì âûáîðî÷íûé êîýôôèöèåíò êîððåëÿ-

öèè rxy ñ ïîìîùüþ ôîðìóëû

rxy = Kxy ��sx sy) . (6)

Âûáîðî÷íûé êîýôôèöèåíò êîððåëÿöèè ïîêàçû-

âàåò ìåðó êîððåëÿöèîííîé ñâÿçè ìåæäó äâóìÿ ðÿäà-

ìè ïðèçíàêîâ. Åñëè rxy > 0, òî ñâÿçü ïðÿìàÿ, åñëè

rxy < 0 — îáðàòíàÿ. ×åì áëèæå |rxy| ê 1, òåì ñèëüíåå

êîððåëÿöèîííàÿ çàâèñèìîñòü.

7. Íàéäåì êîýôôèöèåíò äåòåðìèíàöèè, êîòîðûé

îöåíèâàåò äîëþ âëèÿíèÿ âõîäíûõ ôàêòîðîâ ìîäåëè

íà åå ðåçóëüòàò:

R rxy
2 2� . (7)

8. Ïðîâåðèì çíà÷èìîñòü âûáîðî÷íîãî êîýôôè-

öèåíòà êîððåëÿöèè ïðè ïîêàçàòåëå 0 = 0,05 è ÷èñëå

ñòåïåíåé ñâîáîäû k = n – 2. Âû÷èñëèì íàáëþäàå-

ìîå çíà÷åíèå êðèòåðèÿ Ñòüþäåíòà:

T
r n

r

xy

xy

íàáë �






2

1 2

. (8)

Ïî òàáëèöå êðèòè÷åñêèõ òî÷åê ðàñïðåäåëåíèÿ

Ñòüþäåíòà, óðîâíþ çíà÷èìîñòè 0 = 0,05 è ÷èñëó

ñòåïåíåé ñâîáîäû k = n – 2 íàõîäèì êðèòè÷åñêóþ

òî÷êó têð(0, n – 2).

Åñëè Òíàáë > |têð|, òî ãèïîòåçó î ðàâåíñòâå ãåíå-

ðàëüíîãî êîýôôèöèåíòà êîððåëÿöèè íóëþ îòâåðãàåì.

Ñëåäîâàòåëüíî, õ è y èìåþò òåñíóþ êîððåëÿöèîííóþ

çàâèñèìîñòü.

Âåñü ðàñ÷åò âûïîëíÿåòñÿ ñ ïîìîùüþ ïðîãðàììû

MicroSoft Excel, âêëþ÷àÿ ðåøåíèå óðàâíåíèÿ ðå-

ãðåññèè è âû÷èñëåíèå êîýôôèöèåíòà äåòåðìèíàöèè

ïî ïîñòðîåííîìó ãðàôèêó (ðèñ. 2) [22].

Ãðàôèê ðèñ. 2 ïîêàçûâàåò, ÷òî ñóùåñòâóåò íåáîëü-

øîé óñòîé÷èâûé ïðèðîñò îáùåé ïëîùàäè ëåñíîãî

ôîíäà ïî ãîäàì — íà 7,77 òûñ. ãà (7770 ãà) êàæäûé

ãîä ñ âåðîÿòíîñòüþ 0,9667.

Ðèñ. 1. Èçìåíåíèå îáùåé ïëîùàäè ëåñíîãî ôîíäà â ïåðèîä

2008–2013 ãã.

Ðèñ. 2. Èçìåíåíèå îáùåé ïëîùàäè ëåñíîãî ôîíäà Òâåðñêîé îáë.

â ïåðèîä 2009–2013 ãã.: – – – – — ëèíèÿ òðåíäà
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Îáðàòèìñÿ ê ïîç. 3 òàáë. 2 (ëåñíàÿ ïëîùàäü, ïðîé-

äåííàÿ ïîæàðàìè) è âîçüìåì ñðåäíåå àðèôìåòè÷å-

ñêîå çà äàííûé ïåðèîä: îíî ñîñòàâëÿåò 855,8 ãà â ãîä.

Çíàÿ ýòè äàííûå, íåòðóäíî âû÷èñëèòü ïðîöåíò îò

ïðèðîñòà çåëåíûõ íàñàæäåíèé, ñòðàäàþùèõ îò ëåñ-

íûõ ïîæàðîâ:

855,8 : 7770 · 100 % = 11,014 %. (9)

Àíàëèç äàííûõ òàáë. 2 ïîêàçûâàåò, ÷òî 11 % ïðè-

ðîñòà ëåñíîãî ôîíäà óíè÷òîæàåòñÿ â ðåçóëüòàòå ëåñ-

íûõ ïîæàðîâ.

Ïðîàíàëèçèðóåì èçìåíåíèå ïëîùàäè ëåñíûõ ïî-

æàðîâ â Òâåðñêîé îáë. ïî äàííûì òàáë. 2 (ïîç. 3),

èñêëþ÷àÿ ñòàòèñòè÷åñêèé âûáðîñ â 2010 ã., è ïî-

ñòðîèì ãðàôèê çàâèñèìîñòè (ðèñ. 3) [22].

Íàíåñåííàÿ íà ãðàôèê ëèíèÿ òðåíäà ïîêàçûâà-

åò, ÷òî êàæäûé ãîä ïëîùàäü ëåñíûõ ïîæàðîâ óâå-

ëè÷èâàåòñÿ íà 12,4 ãà. Êîýôôèöèåíò äåòåðìèíàöèè

äàííîé ñòàòèñòè÷åñêîé ìîäåëè íèçîê. Ýòî îçíà÷àåò,

÷òî âðåìåííîé ôàêòîð ìîäåëè ðàçâèòèÿ ïîæàðîâ ñî-

ñòàâëÿåò âñåãî 6 %. Èíà÷å ãîâîðÿ, âðåìÿ íå âëèÿåò

íà ïëîùàäü ðàçâèòèÿ ëåñíûõ ïîæàðîâ. Äîêàæåì ýòî

ñ ïîìîùüþ êðèòåðèÿ Ñòüþäåíòà.

Ïðîâåðèì çíà÷èìîñòü âûáîðî÷íîãî êîýôôèöè-

åíòà êîððåëÿöèè ïðè 0 = 0,05 è ÷èñëå ñòåïåíåé ñâî-

áîäû k = n – 2. Âû÷èñëèì íàáëþäàåìîå çíà÷åíèå

êðèòåðèÿ Ñòüþäåíòà:

T
r n

r

xy

xy

íàáë �





�






�

2

1

0 0694 4 2

1 0 0694
0 3862

2

,

,
, .

Ïî òàáëèöå êðèòè÷åñêèõ òî÷åê ðàñïðåäåëåíèÿ

Ñòüþäåíòà, óðîâíþ çíà÷èìîñòè 0 = 0,05 è ÷èñëó ñòå-

ïåíåé ñâîáîäû k = n – 2 íàéäåì êðèòè÷åñêóþ òî÷êó

têð(0; n – 2) = 2,631307.

Òàê êàê Òíàáë < têð, ïðèíèìàåì ãèïîòåçó î ðàâåí-

ñòâå ãåíåðàëüíîãî êîýôôèöèåíòà êîððåëÿöèè íóëþ.

Ñëåäîâàòåëüíî, ðÿäû ïðèçíàêîâ íå èìåþò êîððåëÿ-

öèîííîé çàâèñèìîñòè.

Îòìåòèì, ÷òî åñëè ïðîâåðèòü âñå ïðåäûäóùèå

ìîäåëè ñ ïîìîùüþ êðèòåðèÿ Ñòüþäåíòà íà ïðèíÿ-

òèå ãèïîòåçû î ðàâåíñòâå ãåíåðàëüíîãî êîýôôèöè-

åíòà êîððåëÿöèè íóëþ, òî âî âñåõ ýòèõ ñëó÷àÿõ ýòà

ãèïîòåçà áóäåò îòâåðãíóòà. Ýòî îçíà÷àåò, ÷òî êîððå-

ëÿöèîííûå ñâÿçè ïðåäûäóùèõ ìîäåëåé çíà÷èìû.

Èñõîäÿ èç ñòàòèñòè÷åñêîãî ðÿäà ãîäû – ëåñíàÿ ïëî-

ùàäü, ïðîéäåííàÿ ïîæàðàìè, âèäèì, ÷òî ïëîùàäü

ëåñíûõ ïîæàðîâ:

� âî-ïåðâûõ, çíà÷èòåëüíî íå óìåíüøàåòñÿ;

� âî-âòîðûõ, íå çàâèñèò îò âðåìåíè.

Ïðîàíàëèçèðóåì îòäåëüíî çàâèñèìîñòü ÷èñëà

ñëó÷àåâ âîçíèêíîâåíèÿ ëåñíûõ ïîæàðîâ îò àíòðî-

ïîãåííîãî ôàêòîðà. Äëÿ ýòîãî äîðàáîòàåì òàáë. 3,

âçÿâ ïðîöåíò ÷èñëà ïîæàðîâ, âîçíèêàþùèõ èç-çà

àíòðîïîãåííîãî ôàêòîðà, îò îáùåãî ÷èñëà ëåñíûõ

ïîæàðîâ (òàáë. 4) [23].

Âîçüìåì ñðåäíåå çíà÷åíèå ïðèçíàêà “ïðîöåíò ïî-

æàðîâ, âîçíèêàþùèõ èç-çà àíòðîïîãåííîãî ôàêòî-

ðà”, — 95,5 %. Ýòî îçíà÷àåò, ÷òî â 95 % ñëó÷àåâ ïî-

æàð âîçíèêàåò ïî âèíå ÷åëîâåêà.

Ïîñòðîèì ðåãðåññèîííóþ ìîäåëü çàâèñèìîñòè

“ãîäû – ïðîöåíò ÷èñëà ïîæàðîâ èç-çà àíòðîïîãåí-

íîãî ôàêòîðà îò îáùåãî ÷èñëà ëåñíûõ ïîæàðîâ”

(ðèñ. 4) [24].

Èç ðèñ. 4 âèäèì, ÷òî ïðîöåíò ñëó÷àåâ âîçíèêíî-

âåíèÿ ïîæàðà ïî âèíå ÷åëîâå÷åñêîãî ôàêòîðà ñ êàæ-

äûì ãîäîì ñíèæàåòñÿ, íî íåçíà÷èòåëüíî — âñåãî

íà 2 % â ãîä, ñðåäíèé æå óðîâåíü ðÿäà, êàê óæå îò-

ìå÷àëîñü, ñîñòàâëÿåò 95,5 %. Ýòà ñòàòèñòè÷åñêàÿ ìî-

Ðèñ. 3. Èçìåíåíèå ëåñíîé ïëîùàäè, ïðîéäåííîé ïîæàðàìè,

â Òâåðñêîé îáë. çà ïåðèîä 2007–2011 ãã.: – – – – — ëèíèÿ

òðåíäà

¹ ï�ï Ïîêàçàòåëü 2007 2008 2009 2010 2011

1 ×èñëî ëåñíûõ ïîæàðîâ 123 156 108 360 91

2 Èç íèõ ïî ïðè÷èíàì:

– ñåëüñêîõîçÿéñòâåííîãî ïàëà 2 19 41 14 1

– ïî âèíå ÷åëîâåêà 119 137 62 319 82

3 ×èñëî ïîæàðîâ èç-çà àíòðîïîãåííîãî ôàêòîðà:

– îáùåå 121 156 103 333 83

– % îò îáùåãî ÷èñëà ëåñíûõ ïîæàðîâ 98,37 100,00 95,37 92,50 91,21

Òàáëèöà 4. Âû÷èñëåíèå ïðîöåíòà ÷èñëà ïîæàðîâ èç-çà àíòðîïîãåííîãî ôàêòîðà îò îáùåãî ÷èñëà ëåñíûõ ïîæàðîâ
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äåëü çíà÷èìà, òàê êàê êîýôôèöèåíò êîððåëÿöèè î÷åíü

áëèçîê ê 1:

r Rxy � � �2 0 8519 0 923, , .

Èíà÷å ãîâîðÿ, âåðíûì îêàçûâàåòñÿ óòâåðæäåíèå,

÷òî òîëüêî íà 2 % (îò îáùåãî ÷èñëà ëåñíûõ ïîæà-

ðîâ) â ãîä ñíèæàåòñÿ óðîâåíü âëèÿíèÿ àíòðîïîãåí-

íîãî ôàêòîðà íà âîçíèêíîâåíèå ëåñíûõ ïîæàðîâ.

Ïðîàíàëèçèðóåì òàêæå çàâèñèìîñòü ïëîùàäè ëåñ-

íûõ ïîæàðîâ îò êîëè÷åñòâà ãðîçîâûõ äíåé â ãîäó

(ðèñ. 5) [24].

Êàê âèäíî èç ðèñ. 5, äàííàÿ çàâèñèìîñòü ïðÿìàÿ

è î÷åíü ñèëüíàÿ. Êàæäûé ãðîçîâîé äåíü “äîáàâëÿåò”

ê ïëîùàäè ïîæàðîâ â ñðåäíåì 157 ãà. Ýòà ìîäåëü

ñòðîèëàñü â óñëîâèÿõ, êîãäà àíòðîïîãåííûé ôàêòîð

òàêæå áûë âåëèê (ò. å. ïðè äðóãîì ïîñòîÿííîì âõîä-

íîì çíà÷åíèè ìîäåëè). Ïîýòîìó ïîñòðîèì äðóãóþ,

ìíîãîìåðíóþ ðåãðåññèîííóþ ìîäåëü, ãäå âõîäíûìè

ôàêòîðàìè áóäóò ÿâëÿòüñÿ “ïðîöåíò âëèÿíèÿ àíòðî-

ïîãåííîãî ôàêòîðà”, “ñðåäíåãîäîâîå ÷èñëî äíåé ñ

ãðîçîé”, à ðåçóëüòèðóþùèì ôàêòîðîì — “ëåñíàÿ

ïëîùàäü, ïðîéäåííàÿ ïîæàðàìè”, ñ öåëüþ óñòàíîâ-

ëåíèÿ ñîâìåñòíîãî âëèÿíèÿ ýòîé ïàðû ïðèçíàêîâ íà

ðèñê âîçíèêíîâåíèÿ ïîæàðà. Ñâåäåì èñõîäíûå äàí-

íûå â òàáë. 5 [15].

Â ðåçóëüòàòå àíàëèçà ïîëó÷àåì ñëåäóþùèå äàí-

íûå (òàáë. 6) (ñì. ðèñ. 4) [16].

Â òàáë. 6 ìíîæåñòâåííûé R — ýòî êîýôôèöèåíò

êîððåëÿöèè R, áëèçêèé ê 1; ñâÿçü ñèëüíàÿ, ïðÿìàÿ,

òàê êàê âåëè÷èíà R ïîëîæèòåëüíà. R-êâàäðàò — êîýô-

ôèöèåíò äåòåðìèíàöèè R2. Íîðìèðîâàííûé R-êâàä-

ðàò — íîðìèðîâàííîå çíà÷åíèå êîýôôèöèåíòà äåòåð-

ìèíàöèè, êîòîðîå íåñèëüíî îòëè÷àåòñÿ îò R-êâàäðà-

òà. Íîðìèðîâàííûé R-êâàäðàò R íîðì
2 ðàññ÷èòûâàåòñÿ

ïî ôîðìóëå

R R
n

n m
íîðì
2 21 1

1

1
� 
 





 


( ) , (10)

ãäå n — ÷èñëî íàáëþäåíèé;

m — êîëè÷åñòâî ôàêòîðíûõ ïðèçíàêîâ; m = 1.

Â òàáë. 7 ïðèâåäåíû ðåçóëüòàòû äèñïåðñèîííî-

ãî àíàëèçà [19].

Ðàñ÷åòíîå çíà÷åíèå êðèòåðèÿ Ôèøåðà F âû÷èñ-

ëÿåòñÿ ïî ôîðìóëå

F
Ðåãðåññèÿ

Îñòàòîê
� � �

1259040 74

114473 66
1100

,

,
, .

Êîýôôèöèåíò F çíà÷èì, åñëè ïðèíÿòü óðîâåíü çíà-

÷èìîñòè áîëåå 0,05. Äàæå ïðè î÷åíü âûñîêîì óðîâ-

íå çíà÷èìîñòè 0,05 ïîñòðîåííàÿ ìîäåëü çíà÷èìà.

Ïàðàìåòð Çíà÷åíèå ïàðàìåòðà

Ìíîæåñòâåííûé R 0,9574

R-êâàäðàò 0,9166

Íîðìèðîâàííûé R-êâàäðàò 0,8333

Ñòàíäàðòíàÿ îøèáêà 338,3395

×èñëî íàáëþäåíèé 5

Òàáëèöà 6. Ïàðàìåòðû ìîäåëè “Ðåãðåññèîííàÿ ñòàòèñòèêà”

Óðîâåíü âëèÿíèÿ
àíòðîïîãåííîãî

ôàêòîðà Õ, äîëè åä.

Ñðåäíåãîäîâîå
÷èñëî äíåé
ñ ãðîçîé Y

Ëåñíàÿ ïëîùàäü,
ïðîéäåííàÿ

ïîæàðàìè Z, ãà

0,9837 19 446

1,0000 21 566

0,9537 23 394

0,9250 32 2333

0,9121 22 540

Òàáëèöà 5. Èñõîäíûå äàííûå äëÿ ìíîãîìåðíîãî àíàëèçà

Ðèñ. 5. Çàâèñèìîñòü ïëîùàäè ëåñíûõ ïîæàðîâ îò êîëè÷åñòâà

ãðîçîâûõ äíåé: – – – – — ëèíèÿ òðåíäà

Ðèñ. 4. Èçìåíåíèå ïðîöåíòà ÷èñëà ïîæàðîâ èç-çà àíòðîïî-

ãåííîãî ôàêòîðà îò îáùåãî ÷èñëà ëåñíûõ ïîæàðîâ çà ïåðèîä

2007–2011 ãã.: – – – – — ëèíèÿ òðåíäà

Ïîêàçàòåëü df SS MS F
Çíà÷è-
ìîñòü F

Ðåãðåññèÿ 2 2518081,48 1259040,74 11,00 0,008

Îñòàòîê 2 228947,32 114473,66

Èòîãî 4 2747028,80

Ï ð è ì å ÷ à í è å . SS — ðåãðåññèÿ; MS — îñòàòîê; F —

êðèòåðèé Ôèøåðà.

Òàáëèöà 7. Äèñïåðñèîííûé àíàëèç ìîäåëè
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Â ìîäåëè èñïîëüçóþòñÿ êîýôôèöèåíòû óðàâíå-

íèÿ ðåãðåññèè, êîòîðûå ïðåäñòàâëåíû â òàáë. 8 [21].

Â ðåçóëüòàòå ïîëó÷àåì ñëåäóþùóþ ôîðìóëó ðåãðåñ-

ñèîííîé çàâèñèìîñòè:

Z = 3349,8816 X + 170,7122Y – 6337,6896. (11)

Åñëè óâåëè÷èòü óðîâåíü âëèÿíèÿ àíòðîïîãåííî-

ãî ôàêòîðà íà 0,01, òî ïëîùàäü ëåñíûõ ïîæàðîâ âîç-

ðàñòåò íà 3349,8816�100 � 33,5 ãà. Åñëè ÷èñëî äíåé ñ

ãðîçîé óâåëè÷èòñÿ íà 1, òî ïëîùàäü ëåñíûõ ïîæà-

ðîâ âûðàñòåò íà 170,7122 ãà.

Èñïîëüçóÿ ïîñòðîåííóþ ìîäåëü, “ðàçûãðàåì” ñëó-

÷àéíóþ âåëè÷èíó Z (ïëîùàäü ëåñíûõ ïîæàðîâ â ãà).

Ïóñòü êîëè÷åñòâî èñïûòàíèé áóäåò ðàâíî 10. Âíà-

÷àëå çàäàäèì çíà÷åíèÿ âõîäíûõ ïðèçíàêîâ Õ è Y â

èíòåðâàëàõ èõ ôàêòè÷åñêèõ äàííûõ (îò ìèíèìàëü-

íîãî çíà÷åíèÿ ê ìàêñèìàëüíîìó). Âåëè÷èíà Õ èçìå-

íÿåòñÿ íà îñíîâàíèè ôàêòè÷åñêèõ äàííûõ îò 91,21

äî 100 %, à Y — îò 19 äî 32 äíåé.

Ñîñòàâèì ðàñ÷åòíóþ òàáëèöó ñî ñëó÷àéíûìè âå-

ëè÷èíàìè Õ, Y, êîòîðûå ñëó÷àéíî èçìåíÿþòñÿ â ôàê-

òè÷åñêèõ èíòåðâàëàõ çíà÷åíèé, ïðè÷åì Y èçìåíÿ-

åòñÿ çíà÷èìî (îò 19 äî 32). Ìàêñèìàëüíîå çíà÷åíèå

Y = 32 áûëî ñòàòèñòè÷åñêèì “âûáðîñîì” ëåòîì 2010ã.,

êîãäà ñòîÿëà àíîìàëüíî æàðêàÿ ïîãîäà, ÷òî îòðàçè-

ëîñü íà ýêñïåðèìåíòå (òàáë. 9) [22]. Ñðåäíÿÿ ïîëó-

÷åííàÿ ïëîùàäü ëåñíûõ ïîæàðîâ (1105,68 ãà) áîëü-

øå âûâåäåííîé ñðåäíåé (855,8 ãà).

Ñíèçèì çíà÷åíèÿ Y äî ñðåäíåñòàòèñòè÷åñêèõ (îò

19 äî 25) (ýêñïåðèìåíò 2), à ïðîöåíò âëèÿíèÿ àíòðî-

ïîãåííîãî ôàêòîðà îñòàâèì ïðåæíèì (òàáë. 10) [17].

Êîãäà êîëè÷åñòâî ãðîçîâûõ äíåé â ñðåäíåì óìåíü-

øàåòñÿ îò 25 äî 22, ïðîöåíò ñíèæåíèÿ ÷èñëà ëåñíûõ

ïîæàðîâ äîñòèãàåò 41,43 % (100% – (647,53�1105,68)!
!100 %). Òàêèì îáðàçîì, ïîãîäíûé ôàêòîð îêàçûâà-

åò çíà÷èòåëüíîå âëèÿíèå íà ÷èñëî ëåñíûõ ïîæàðîâ.

Ýòî ïîäòâåðæäàåò òàêæå ïîñòðîåííàÿ îäíîìåðíàÿ ìî-

äåëü“ïëîùàäü ïîæàðà – êîëè÷åñòâî ãðîçîâûõ äíåé”.

Ïðîâåäåì òðåòèé ýêñïåðèìåíò. Ñíîâà îñòàâèì

âûñîêèì êîëè÷åñòâî ãðîçîâûõ äíåé (îò 19 äî 32),

à óðîâåíü âëèÿíèÿ àíòðîïîãåííîãî ôàêòîðà áóäåì

èçìåíÿòü îò 0,70 äî 0,75. Â ðåçóëüòàòå ïîëó÷èì äàí-

íûå, ïðåäñòàâëåííûå â òàáë. 11 [23].

Êàê âèäíî èç òàáë. 11, ïðîèçîøëî óìåíüøåíèå

ïëîùàäè ëåñíûõ ïîæàðîâ íà 7,5 % (100 % –

(598,9180�647,53) 4 100 %).

Ñíèæåíèå âëèÿíèÿ àíòðîïîãåííîãî ôàêòîðà îò 0,6

äî 0,7 ïðèâîäèò ê äàëüíåéøåìó ñîêðàùåíèþ ïëî-

ùàäè ëåñíûõ ïîæàðîâ (õîòÿ ïîãîäíûå ôàêòîðû îñòà-

þòñÿ íåáëàãîïðèÿòíûìè) (òàáë. 12) [24].

Ôàêòîð
Êîýôôèöèåíò

óðàâíåíèÿ
ðåãðåññèè

Y-ïåðåñå÷åíèå –6337,6896

Óðîâåíü àíòðîïîãåííîãî ôàêòîðà Õ 3349,8816

Ñðåäíåãîäîâîå ÷èñëî äíåé ñ ãðîçîé Y 170,7122

Òàáëèöà 8. Êîýôôèöèåíòû ëèíåéíîé ìíîãîìåðíîé ìîäåëè

Íîìåð
èñïûòàíèÿ

X (äîëè åä.) Y (äíåé) Z (ãà)

1 0,9290 20 188,68

2 0,9366 20 214,20

3 0,9509 27 1457,04

4 0,9655 30 2017,88

5 0,9997 20 425,35

6 0,9188 29 1690,76

7 0,9446 26 1265,17

8 0,9901 23 905,46

9 0,9736 30 2045,23

10 0,9217 24 847,03

Ñðåäíåå çíà÷åíèå 0,9531 24,9 1105,68

Òàáëèöà 9. “Ðàçûãðàííûå” çíà÷åíèÿ Z (ýêñïåðèìåíò 1)

Íîìåð èñïûòàíèÿ X (äîëè åä.) Y (äíåé) Z (ãà)

1 0,9573 23 795,52

2 0,9948 19 238,36

3 0,9935 19 233,82

4 0,9755 23 856,66

5 0,9136 24 819,70

6 0,9538 20 271,59

7 0,9598 22 633,15

8 0,9283 24 869,06

9 0,9173 24 832,27

10 0,9960 23 925,20

Ñðåäíåå çíà÷åíèå 0,9590 22,1 647,53

Òàáëèöà 10. “Ðàçûãðàííûå” çíà÷åíèÿ Z (ýêñïåðèìåíò 2)

Íîìåð èñïûòàíèÿ X (äîëè åä.) Y (äíåé) Z (ãà)

1 0,7038 24 117,1406

2 0,7486 24 267,2178

3 0,7918 23 241,1006

4 0,7075 28 812,3472

5 0,7329 28 897,2821

6 0,7404 19 0,0000

7 0,7680 27 844,1173

8 0,7596 27 815,9899

9 0,7973 26 771,5269

10 0,7280 30 1222,4580

Ñðåäíåå çíà÷åíèå 0,7478 25,6 598,9180

Òàáëèöà 11. Äàííûå, ïîëó÷åííûå â ýêñïåðèìåíòå 3
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Äàëüíåéøåå ñíèæåíèå âëèÿíèÿ àíòðîïîãåííîãî

ôàêòîðà (îò 0,5 äî 0,6) ïðèâîäèò ê çíà÷èòåëüíîìó ñî-

êðàùåíèþ ïëîùàäè ëåñíûõ ïîæàðîâ (òàáë. 13) [24].

Òàêèì îáðàçîì, ëåñíûå ïîæàðû îòíîñèòåëüíî ëåã-

êî âîçíèêàþò èç-çà ãðîçîâîé àêòèâíîñòè, òåì íå ìå-

íåå âëèÿíèå ÷åëîâå÷åñêîãî ôàêòîðà íà âîçíèêíîâå-

íèå ëåñíûõ ïîæàðîâ íåèçìåðèìî âûøå è ñîñòàâëÿåò

ïîðÿäêà 95 %.

Èññëåäîâàâ ÷èñëîâûå äàííûå è ïðîàíàëèçèðîâàâ

ðåçóëüòàòû âû÷èñëèòåëüíîãî ýêñïåðèìåíòà, ìîæíî

ñäåëàòü ñëåäóþùèå âûâîäû:

� ïðèðîñò ïëîùàäè çåëåíûõ íàñàæäåíèé â Òâåð-

ñêîé îáë. ñîñòàâëÿåò 7,7 òûñ. ãà â ãîä, è ïðèìåð-

íî 11 % ýòîãî ïðèðîñòà óíè÷òîæàåòñÿ â õîäå ïî-

æàðîâ;

� âåðîÿòíîñòü âîçíèêíîâåíèÿ ëåñíîãî ïîæàðà ïî-

âûøàåòñÿ ñ óâåëè÷åíèåì êîëè÷åñòâà ãðîçîâûõ

äíåé â ãîäó;

� âåðîÿòíîñòü âîçíèêíîâåíèÿ ëåñíîãî ïîæàðà ïî-

âûøàåòñÿ â ñâÿçè ñ íåáëàãîïðèÿòíîé äåÿòåëü-

íîñòüþ ÷åëîâåêà;

� êîëè÷åñòâî çàôèêñèðîâàííûõ ëåñíûõ ïîæàðîâ,

ïðîèñøåäøèõ ïî âèíå ÷åëîâåêà, ñîñòàâëÿåò 95 %

îò îáùåãî êîëè÷åñòâà ïîæàðîâ;

� ïëîùàäü ëåñíûõ ïîæàðîâ íå óìåíüøàåòñÿ â ïî-

ñëåäíèå íåñêîëüêî ëåò.

Åñëè óâåëè÷èòü óðîâåíü âëèÿíèÿ àíòðîïîãåííî-

ãî ôàêòîðà íà 0,01, òî ïëîùàäü ëåñíûõ ïîæàðîâ âîç-

ðàñòåò íà 33,49 ãà (3349,8816�100). Åñëè ÷èñëî äíåé

ñ ãðîçîâîé àêòèâíîñòüþ â ãîäó óâåëè÷èòñÿ íà 1, òî ïëî-

ùàäü ëåñíûõ ïîæàðîâ âûðàñòåò íà 170,7122 ãà â ãîä,

è ýòî óòâåðæäåíèå âåðíî íà 95,74 % (çíà÷åíèå ìíî-

æåñòâåííîãî R ìíîãîìåðíîé ðåãðåññèîííîé ìîäåëè).

Ñðàâíåíèå äàííûõ ýêñïåðèìåíòîâ 1 è 5 ãîâîðèò

î òîì, ÷òî åñëè ãðîçîâàÿ àêòèâíîñòü îñòàíåòñÿ íà

ïðåæíåì (âûñîêîì) óðîâíå è ïðè ýòîì óðîâåíü âëè-

ÿíèÿ àíòðîïîãåííîãî ôàêòîðà ñíèçèòñÿ ñ 0,95 äî

0,55, òî ïëîùàäü ëåñíûõ ïîæàðîâ ñîêðàòèòñÿ ÷óòü

ëè íå â 10 ðàç.

Â ñâÿçè ñ ýòèì ïðèõîäèì ê çàêëþ÷åíèþ, ÷òî èñ-

ñëåäîâàíèÿ, öåëüþ êîòîðûõ ÿâëÿåòñÿ îïòèìèçàöèÿ

ìàòåìàòè÷åñêîé ìîäåëè è êîìïëåêñà ïðîãðàìì ìî-

íèòîðèíãà è ïðîãíîçèðîâàíèÿ âîçíèêíîâåíèÿ ïðè-

ðîäíûõ ïîæàðîâ íà îñíîâå èìèòàöèîííîãî ìîäåëè-

ðîâàíèÿ, ÿâëÿþòñÿ àêòóàëüíûìè.

Íîìåð èñïûòàíèÿ X (äîëè åä.) Y (äíåé) Z (ãà)

1 0,5929 27 257,7400

2 0,5325 25 0,0000

3 0,5315 26 0,0000

4 0,5237 28 196,4297

5 0,5197 20 0,0000

6 0,5768 23 0,0000

7 0,5102 21 0,0000

8 0,5941 30 773,9138

9 0,5865 25 0,0000

10 0,5007 24 0,0000

Ñðåäíåå çíà÷åíèå 0,5469 24,9 122,8084
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Íîìåð èñïûòàíèÿ X (äîëè åä.) Y (äíåé) Z (ãà)

1 0,6021 29 629,9652

2 0,6231 25 17,4155

3 0,6503 30 961,9462

4 0,6495 21 0,0000

5 0,6349 26 227,7194

6 0,6229 28 528,9926

7 0,6094 19 0,0000

8 0,6962 24 91,6805

9 0,6611 31 1168,9514

10 0,6511 26 281,9462

Ñðåäíåå çíà÷åíèå 0,6401 25,9 390,8617

Òàáëèöà 12. Äàííûå, ïîëó÷åííûå â ýêñïåðèìåíòå 4
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ABSTRACT

Every year the number of forest fires considerably increases and along with this also increase

the burned-out areas of forests. The main tasks of fire protection of forests are prevention of forest

fires, optimum suppression and elimination of their consequences. Important aspects from the point of

view of fire prevention are technologies and methods of prognostication.
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Basic methods of mathematical research of the probability of occurrence of forest fires are con-

sidered in this article. It is find out that the scientific researches related to the mathematical modeling

of the probability of occurrence of fires taking into account thunderstorm activity and anthropogenic

load have mainly applied value and are aimed at providing of fire safety of forests and elimination of

the landscape fires. Creation of mathematical model and methods of solving of a task of optimization

of fire safety system using simulation modeling is considered.

After investigation of the numerical data and after analysis of results of computing experiment it is

possible to say that if thunderstorm activity will remain at the same (high) level and the level of

influence of the anthropogenous factor will be reduced from 0.95 to 0.55, the area of forest fires will be

reduced nearly by 10 times. In this regard it is possible to conclude that researches which purpose is

optimization of mathematical model and software package for monitoring and prognosis the occurrence

of wildfires on the basis of simulation modeling are relevant.

Keywords: mathematical model; research method; forest fires; fire safety system; optimization;

simulation.

REFERENCES

1. Stocks B. J., Alexander M. E., Mc Alpine R. S. et al. Canadian Forest Fire Danger Rating System. Ca-

nadian Forestry Service, 1987. 500 p.

2. Kurbatskiy N. P., Kostyrina T. V. Natsionalnaya sistema rascheta pozharnoy opasnosti SShA [National

fire danger rating system of the USA]. Obnaruzheniye i analiz lesnykh pozharov : sb. statey [Detection

and analysis of forest fires. Collected papers]. Krasnoyarsk, Institute of Forest and Wood of Siberian

Branch of the Russian Academy of Sciences Publ., 1977, pp. 38–90.

3. Deeming J. E., Lancaster J. W., Fosberg M. A., Furman R. W., Schroeder M. J. The National Fire-

Danger Rating System. USDA Forest Service — Research Paper RM-84, February 1972. 165 p.

4. García Diez E. L., Rivas Soriano L., de Pablo F., García Diez A. Prediction of the daily number of forest

fires. International Journal of Wildland Fire, 1999, vol. 9, no. 3, pp. 207–211. doi: 10.1071�WF00003.

5. Viegas D. X., Bovio G., Ferreira A., Nosenzo A., Sol B. Comparative study of various methods of fire

danger evaluation in Southern Europe. International Journal of Wildland Fire, 1999, vol. 9, no. 4,

pp. 235–246. doi: 10.1071�WF00015.

6. Nesterov V. G. Gorimost lesa i metody yeye opredeleniya [Forest fire statistics and methods of its de-

finition]. Moscow–Leningrad, Goslesbumizdat, 1949. 76 p.

7. Grishin A. M., Baranovskiy N. V. Sravnitelnyy analiz prostykh modeley sushki sloya LGM, vklyuchaya

dannyye eksperimentov i naturnykh nablyudeniy [Comparative analysis of simple models of drying of

the layer of forest combustibles, including the data of experiments and natural observations]. Inzhe-

nerno-fizicheskiy zhurnal — Journal of Engineering Physics and Thermophysics, 2003, vol. 76, no. 5,

pp. 166–169.

8. Grishin A. M., Filkov A. I. Prognoz vozniknoveniya i rasprostraneniya lesnykh pozharov [Prognosis of

the occurrence and spread of forest fires]. Kemerovo, Praktika Publ., 2005. 202 p.

9. Grishin A. M., Kataeva L. Yu., Loboda Ye. L. Matematicheskoye modelirovaniye sushki sloya lesnykh

goryuchikh materialov [Mathematical modeling of drying of the layer of combustible forest materials].

Vychislitelnyye tekhnologii — Computational Technologies, 2001, vol. 6, special issue (Proceedings of

International Conference RDAMM-2001), part 2, pp. 140–144.

10. Subbotin A. N. Matematicheskaya model rasprostraneniya nizovogo lesnogo pozhara po podstilke ili

sloyu opada khvoi [Mathematical model of spread of the ground forest fire on a ground litter or a layer of

needles litter]. Pozharnaya bezopasnost — Fire Safety, 2008, no. 1, pp. 109–116.

11. Perminov V. A. Matematicheskoye modelirovaniye rasprostraneniya ploskogo fronta lesnogo pozhara

[Mathematical modeling of spread of a flat front of forest fire]. Vychislitelnyye tekhnologii — Computa-

tional Technologies, 2006, vol. 11, no. S3, pp. 109–116.

12. Grishin A. M., Perminov V. A. Perekhod nizovogo lesnogo pozhara v verkhovoy [Transition of the

forest ground fire to crown fire]. Fizika goreniya i vzryva — Combustion, Explosion, and Shock Waves,

1990, vol. 26, no. 6, pp. 27–35.

13. Kulesh R. N., Subbotin A. N. Zazhiganiye torfa vneshnim lokalnym istochnikom tepla [Ignition of peat

by external local source of heat]. Pozharovzryvobezopasnost — Fire and Explosion Safety, 2009,

vol. 18, no. 4, pp. 13–18.

14. Preisler H. K., Brillinger D. R., Burgan R. E., Benoit J. W. Probability based models for estimation of wild-

fire risk. International Journal of Wildland Fire, 2004, vol. 13, no. 2, pp. 133–142. doi: 10.1071�WF02061.



53ISSN 0869-7493 ÏÎÆÀÐÎÂÇÐÛÂÎÁÅÇÎÏÀÑÍÎÑÒÜ 2015 ÒÎÌ 24 ¹ 5

ÌÎÄÅËÈÐÎÂÀÍÈÅ ÏÎÆÀÐÎÂ

15. Shikin Ye. V., Chkhartishvili A. G. Matematicheskiye metody i modeli v upravlenii: ucheb. posobiye

[Mathematical methods and models in management: tutorial]. Moscow, Delo Publ., 2000. 440 p.

16. Jeffers J. Vvedeniye v sistemnyy analiz: primeneniye v ekologii [Introduction to the system analysis:

application in ecology]. Moscow, Mir Publ., 1981. 256 p.

17. Gmurman V. Ye. Teoriya veroyatnostey i matematicheskaya statistika [Probability theory and mathe-

matical statistics]. Moscow, Vysshaya shkola Publ., 2008.

18. Grishin A. M., Zima V. P., Samoylov V. I. Eksperimentalnaya proverka effektivnosti deystviya dezin-

tegratora DNLP na front nizovogo lesnogo pozhara [Experimental checking of efficiency of action of

a disintegrator of ground forest fires (DGFF) on the front of ground forest fire]. Tomsk, Tomsk State

University Publ., 1999, pp. 48–53.

19. Gorstko A. B., Dombrovskiy Yu. A., Surkov F. A. Modeli upravleniya ekologo-ekonomicheskimi siste-

mami [Models of management of ecological-economic systems]. Moscow, Nauka Publ., 1984. 120 p.

20. Grishin A. M. Modelirovaniye i prognoz katastrof: ucheb. posobiye [Modeling and prognosis of acci-

dents: tutorial]. Kemerovo, Praktika Publ., 2005, part 2. 562 p.

21. Zaslavskiy B. G., Poluektov R. A. Upravleniye ekologicheskimi sistemami [Management of ecological

systems]. Moscow, Nauka Publ., 1988. 296 p.

22. Riznichenko G. Yu., Rubin A. B. Matematicheskiye modeli biologicheskikh produktsionnykh protsessov

[Mathematical models of biological productional processes]. Moscow, Lomonosov Moscow State Uni-

versity Publ., 1993. 302 p.

23. Frans J., Thornley J. H. M. Mathematical models in agriculture. London, Butterworths, 1984 (Russ. ed.:

Frans J., Thornley J. H. M. Matematicheskiye modeli v selskom khozyaystve. Moscow, Agroprom-

izdat, 1987. 400 p.).

24. Official site of the Government of Tver region. Available at: http:��www.region.tver.ru�region�re-

gion_forest.html (Accessed 25 November 2014).


