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Îá îäíîì ïîäõîäå ê ïðîãíîçèðîâàíèþ óñëîâèé
âîçíèêíîâåíèÿ ëåñíûõ ïîæàðîâ

Ïðåäëîæåíà ìåòîäèêà ïðîãíîçèðîâàíèÿ óñëîâèé âîçíèêíîâåíèÿ ëåñíûõ ïîæàðîâ, êîòî-
ðàÿ ïîçâîëÿåò çàáëàãîâðåìåííî ïðèíèìàòü ïðîôèëàêòè÷åñêèå ìåðû, ñíèæàþùèå óáûòêè
îò íèõ. Â îñíîâå ïðîãíîçà ëåæàò ïîíÿòèÿ íå÷¼òêîãî ìíîæåñòâà è íå÷¼òêîé ëîãèêè. Òàêîé
ïîäõîä ïîçâîëÿåò äàòü áîëåå òî÷íûé ïðîãíîç ìåòåîóñëîâèé ïî ñðàâíåíèþ ñ ìåòîäàìè ýêñòðà-
ïîëÿöèè. Â ðåçóëüòàòå ïîëó÷åí ïðîãíîç, îäíîâðåìåííî îöåíèâàþùèé ¾ïåññèìèñòè÷åñêîå¿
è ¾îïòèìèñòè÷åñêîå¿ ïðåäñòàâëåíèå î äèàïàçîíå îæèäàåìûõ çíà÷åíèé ðàññìàòðèâàåìîé
âåëè÷èíû.

Êëþ÷åâûå ñëîâà: çàäà÷à ïðîãíîçèðîâàíèÿ, ëîãèêî-âåðîÿòíîñòíûé ìåòîä, íå÷¼òêèå
ìíîæåñòâà, íå÷¼òêàÿ ëîãèêà, ëèíãâèñòè÷åñêàÿ ïåðåìåííàÿ, íå÷åòêîå ÷èñëî, ôóíêöèÿ ïðè-
íàäëåæíîñòè

Äëÿ ðàçðàáîòêè ìåòîäîâ ïðîôèëàêòèêè ëåñíûõ ïîæàðîâ è ñíèæåíèÿ óáûòêîâ

îò íèõ íåîáõîäèìà ìåòîäèêà ïðîãíîçèðîâàíèÿ óñëîâèé âîçíèêíîâåíèÿ ïîæàðîâ. Êàê

ïðàâèëî, ïðîãíîç, ïîëó÷àåìûé ìåòîäîì ýêñòðàïîëÿöèè, ïîëó÷àåòñÿ íåòî÷íûì, ò. ê.

âîçíèêàþò çíà÷èòåëüíûå òðóäíîñòè ñ îïðåäåëåíèåì âèäà êðèâîé è äëÿ ïîëó÷åíèÿ

òðåíäà ïðîâîäèòñÿ àíàëèòè÷åñêîå âûðàâíèâàíèå ðÿäà äèíàìèêè ïî ïðÿìîé ëèíèè

ui = at+ b,

ãäå t � åäèíèöà âðåìåíè. Î÷åâèäíî, ÷òî ïðè ýòîì âîçíèêàþò ñóùåñòâåííûå ïîãðåø-

íîñòè â ïðîãíîçå.

Ó÷åñòü íåîïðåäåë¼ííîñòü, èìåþùóþñÿ ïðè ïðîãíîçèðîâàíèè ìåòåîóñëîâèé íà

ïðåäñòîÿùèå ïåðèîäû, ìîæíî, ïðèìåíÿÿ ëèíãâèñòè÷åñêóþ ïåðåìåííóþ è ìåòîäû

íå÷¼òêîé ëîãèêè [3]. Íàïðèìåð, ìåòåîóñëîâèÿ îòíîñèòåëüíî âîçíèêíîâåíèÿ ëåñíûõ

ïîæàðîâ ìîæíî ïðåäñòàâèòü ëèíãâèñòè÷åñêèìè çíà÷åíèÿìè ¾ïëîõèå¿, ¾õîðîøèå¿,

¾áëàãîïðèÿòíûå¿, ¾íåáëàãîïðèÿòíûå¿ è ò. ä.
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Ïðè êà÷åñòâåííîì àíàëèçå óðîâåíü ïîæàðíîé îïàñíîñòè ìîæåò áûòü îïðåäåë¼í

òåðìèíàìè: ¾âûñîêèé¿, ¾íèçêèé¿, ¾íåâûñîêèé¿, ¾íå íèçêèé¿. Êàæäûé èç òåðìèíîâ

õàðàêòåðèçóåòñÿ íå÷¼òêèì ìíîæåñòâîì A:

A = {u1/µ1(A); u2/µ2(A); ...;um/µm(A)},

ãäå ui � ýëåìåíòû ìíîæåñòâà, µi(A) � ôóíêöèÿ ïðèíàäëåæíîñòè ui íå÷¼òêîìó ìíîæå-

ñòâó A, ïðè ýòîì µ ∈ [0, 1].

Â êà÷åñòâå óíèâåðñàëüíîãî ìíîæåñòâà ìîæíî, íàïðèìåð, ïðèíÿòü ìíîæåñòâî

U = {u1, u2, ..., um−1, um},

ãäå u1 � ìèíèìàëüíàÿ îòíîñèòåëüíàÿ âëàæíîñòü âîçäóõà? %;

u2 � ñðåäíÿÿ òåìïåðàòóðà âîçäóõà, C
o;

u3 � ìèíèìàëüíàÿ òåìïåðàòóðà ïîâåðõíîñòè ïî÷âû, C
o;

. . . . . . . . . . . . . .

um−1 � ìàêñèìàëüíàÿ ñêîðîñòü âåòðà, ì/ñ;

um � êîëè÷åñòâî îñàäêîâ, ìì.

Èç èìåþùåéñÿ èíôîðìàöèè î ìåòåîóñëîâèÿõ êàê ìèíèìóì çà ïÿòü ïåðèîäîâ,

ìîæíî îïðåäåëèòü äèíàìèêó èõ èçìåíåíèÿ â ñîîòâåòñòâèè ñ äèàãðàììîé ñîâìåñòíûõ

âëèÿíèé, êîòîðàÿ èìååò âèä

Sn → Sn+1,

ãäå Sn è Sn+1 � ñîñòîÿíèÿ ìåòåîóñëîâèé â ïðåäûäóùèé è ïîñëåäóþùèé ïåðèîäû

ñîîòâåòñòâåííî.

Èñõîäÿ èç îáùåé òåíäåíöèè ê óâåëè÷åíèþ ÷èñëà ëåñíûõ ïîæàðîâ, äëÿ ñîñòîÿíèÿ

Sn ïîëîæèì A = íåáëàãîïðèÿòíî = {ui/µi|µi ∈ [0, 1], i = 1,m }; äëÿ ñîñòîÿíèÿ Sn+1

ïîëîæèì B = áëàãîïðèÿòíî = {uj/µj|µj ∈ [0, 1], j = 1,m }.
Íàéòè ïðåäïîëàãàåìûå çíà÷åíèÿ ui íà (n+1)-é ãîä ìîæåì, âûïîëíèâ ñëåäóþùèå

äåéñòâèÿ [4]:

1. Îïðåäåëèì íå÷¼òêîå ìíîæåñòâî A:

A = {u1/µ1(A); u2/µ2(A); ...;um/µm(A)},
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ãäå

µi(A) =
1

(n− 1) max(ui)

n−1∑
k=1

uik ,

µi(A) � çíà÷åíèå ôóíêöèè ïðèíàäëåæíîñòè ýëåìåíòîâ ui íå÷¼òêîìó ìíîæåñòâó A;

max(ui) � ìàêñèìàëüíîå çíà÷åíèå ïîêàçàòåëÿ ui çà âåñü ðàññìàòðèâàåìûé ïåðèîä

âðåìåíè.

2. Îïðåäåëèì íå÷¼òêîå ìíîæåñòâî B:

B = {u1/µ1(B); u2/µ2(B); ...;um/µm(B)},

ãäå

µj(B) =
1

nmax(uj)

n∑
k=1

ujk .

3. Íàéä¼ì íå÷¼òêèå ìíîæåñòâà A è B:

A = {u1/µ1(A); u2/µ2(A); ...;um/µm(A)},

B = {u1/µ1(B); u2/µ2(B); ...;um/µm(B)},

ãäå

µi(A) = 1− µi(A), µj(B) = 1− µj(B).

4. Íàéäåì äåêàðòîâû ïðîèçâåäåíèÿ íå÷¼òêèõ ìíîæåñòâ A × B è A × B, îïðåäå-
ëÿåìûå ðàâåíñòâàìè:

A×B = min
[
µi(A)(ui), µj(B)(uj)

]
,

ãäå ui ∈ A, uj ∈ B; i, j = 1, 2, ...,m, è

A×B = min
[
µi(A)(ui), µj(B)(uj)

]
,

ãäå ui ∈ A, uj ∈ B; i, j = 1, 2, ...,m.

5. Îïðåäåëèì íå÷¼òêîå îòíîøåíèå R = A×B+A×B, ñâÿçûâàþùåå ïðåäøåñòâó-
þùåå è ïîñëåäóþùåå ñîñòîÿíèÿ ñèñòåìû. Ïðè ýòîì, åñëè A×B = X, A×B = Y , òî

X + Y îïðåäåëÿåòñÿ âûðàæåíèåì

µX×Y (a, b) = max [µX(a, b), µY (a, b)] .
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6. Óñòàíîâèì íå÷¼òêîå ìíîæåñòâî A∗, õàðàêòåðèçóþùåå ñîñòîÿíèå ñèñòåìû â ïå-

ðèîä, ïðåäøåñòâóþùèé ïðîãíîçèðóåìîìó:

A∗ = {u1/µ1(A∗); u2/µ2(A∗); ...;um/µm(A∗)},

ãäå

µi(A∗) =
ui

max(ui)
.

7. Íàéäåì íå÷¼òêîå ìíîæåñòâî B∗, õàðàêòåðèçóþùåå ñîñòîÿíèå ñèñòåìû íà ïðî-

ãíîçèðóåìûé ïåðèîä

B∗ = A∗ ◦R,

ãäå ◦ � (max-min)-êîìïîçèöèÿ, îïðåäåëÿåìàÿ êàê

µA∗◦R(a, (a, b)) = max [min (µA∗(a), µR(a, b))] .

8. Îæèäàåìîå ñîñòîÿíèå ìåòåîóñëîâèé íà (n+ 1)-é ãîä âû÷èñëÿåì ïî ôîðìóëå:

ui = µi(B∗) ·max(ui), i = 1, ...,m.

Ïîñêîëüêó ñïðîãíîçèðîâàííûå ïîêàçàòåëè âñåãäà ÿâëÿþòñÿ ïðèáëèæ¼ííûìè, òî

öåëåñîîáðàçíî çàäàòü èõ êàê íå÷¼òêèå ÷èñëà (L − R) òèïà [1]. Òàêîå çàäàíèå ïîêà-

çûâàåò îäíîâðåìåííî ¾ïåññèìèñòè÷åñêîå¿ è ¾îïòèìèñòè÷åñêîå¿ [2] ïðåäñòàâëåíèå î

äèàïàçîíå îæèäàåìûõ çíà÷åíèé ðàññìàòðèâàåìîé âåëè÷èíû.

Òàêèì îáðàçîì, ïðè ìàëîì ðåòðîñïåêòèâíîì ïåðèîäå ìåòîäèêà ïðîãíîçèðîâàíèÿ,

îñíîâàííàÿ íà ïîíÿòèè íå÷¼òêîãî ìíîæåñòâà è íå÷¼òêîé ëîãèêè, ïîçâîëèò îáåñïå÷èòü

áîëåå òî÷íûé ïðîãíîç ìåòåîóñëîâèé, ÷òî íå âñåãäà ìîæåò áûòü äîñòèãíóòî ìåòîäîì

ýêñòðàïîëÿöèè.
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About one Forecasting Approach Forest Fire Conditions

A technique is proposed for predicting the conditions of forest �res, which allows you to
take preventive measures in advance to reduce losses from them. The forecast is based on the
concepts of fuzzy sets and fuzzy logic. This approach allows us to give a more accurate forecast
of weather conditions compared with extrapolation methods. As a result, a forecast is obtained
that simultaneously evaluates the "pessimistic"and "optimistic"ideas about the range of expected
values of the quantity in question.
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