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Èçó÷åíû ôèçè÷åñêèå óñëîâèÿ âîçíèêíîâåíèÿ êðóïíîãî òîðôÿíîãî ïîæàðà; ïðîàíàëèçèðîâàíû
íåãàòèâíûå ïîñëåäñòâèÿ åãî ðàçâèòèÿ â îêðåñòíîñòè àâòîìàãèñòðàëè ïî ïîêàçàòåëÿì çàãðÿçíå-
íèÿ òîêñè÷íûìè âåùåñòâàìè îêðóæàþùåé ñðåäû è ðèñêà âîçíèêíîâåíèÿ äîðîæíî-òðàíñïîðò-
íûõ ïðîèñøåñòâèé. Ïðåäñòàâëåí îðèãèíàëüíûé äèôôåðåíöèàëüíî-íåéðîñåòåâîé ïîäõîä ê ìî-
äåëèðîâàíèþ äèôôóçèè âûáðîñîâ CÎ â îêðåñòíîñòè àâòîìàãèñòðàëè ïðè ãîðåíèè òîðôà. Ïî-
êàçàíî, ÷òî ìàòåìàòè÷åñêàÿ ìîäåëü ñàìîîáó÷àþùàÿñÿ è ìîæåò íàñòðàèâàòüñÿ ïî ãåòåðîãåííûì
äàííûì íàòóðíîãî è àëüòåðíàòèâíîãî ÷èñëåííîãî ýêñïåðèìåíòà. Ïîëó÷åíû âàæíåéøèå äëÿ ïðàê-
òèêè êîíêðåòíûå ðåøåíèÿ çàäà÷è îöåíêè çàãðÿçíåíèÿ âîçäóõà ÑÎ àïïðîêñèìàöèÿìè äèôôå-
ðåíöèàëüíîãî óðàâíåíèÿ è Ãàóññà íåéðîñåòåâûì ñïîñîáîì. Ïîêàçàíî, ÷òî çàãðÿçíåíèÿ íåïî-
ñðåäñòâåííî íà àâòîìàãèñòðàëè ìîãóò äîñòèãàòü êîíöåíòðàöèè 3,5 ìã/ì3. Ìåòîä ðåêîìåíäóåòñÿ
äëÿ ïðîãíîçèðîâàíèÿ êà÷åñòâà âîçäóõà â çîíå òîðôÿíûõ ïîæàðîâ.
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òðàíñïîðòíûé êîëëàïñ; èíôîðìàöèîííûé ïðîöåññ; íåéðîñåòåâàÿ ìîäåëü.
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Ââåäåíèå

Òîðôÿíûå ìåñòîðîæäåíèÿ âñòðå÷àþòñÿ âî ìíîãèõ

ìåñòàõ ìèðà, íî íàèáîëåå êðóïíûå áîëîòà ðàñïîëî-

æåíû íà Çàïàäíî-Ñèáèðñêîé íèçìåííîñòè, â ðàéîíå

Ãóäçîíîâà çàëèâà è äîëèíå ðåêè Ìàêêåíçè [1]. Òîð-

ôÿíûå ýêîñèñòåìû íàèáîëåå ýôôåêòèâíî ïîãëîùà-

þò óãëåðîä íà ïëàíåòå, è ïî ýòîé ïðè÷èíå òîðôÿíûå

ïîæàðû ÿâëÿþòñÿ îñíîâíûì èñòî÷íèêîì âûáðîñîâ

ïàðíèêîâîãî (äèîêñèä óãëåðîäà) è òîêñè÷íîãî (îêñèä

óãëåðîäà) ãàçîâ â àòìîñôåðó ïëàíåòû. Êðîìå òîãî,

òîðôÿíèêè âûäåëÿþò ðòóòü â àòìîñôåðó ñî ñêîðî-

ñòüþ â 15 ðàç áîëüøå, ÷åì íàãîðíûå ëåñà [1, 2], ÷òî

ïðåäñòàâëÿåò ñåðüåçíóþ ïðîáëåìó äëÿ çäîðîâüÿ ëþ-

äåé. Òîðô ìîæåò ãîðåòü ãëóáîêî ïîä çåìëåé (äî 10 ì),

äàæå â óñëîâèÿõ ïîâûøåííîé âëàæíîñòè è â çèìíåå

âðåìÿ ïîä ñëîåì ñíåãà. Ñèëüíûå ïîæàðû â òîðôÿíè-

êàõ ñ òðóäîì ïîääàþòñÿ òóøåíèþ è ìîãóò äëèòüñÿ

â òå÷åíèå íåñêîëüêèõ ìåñÿöåâ. Çèìîé òîðôÿíûå ïî-

æàðû ÷àùå ïðåäñòàâëÿþò ñîáîé òëåþùèå î÷àãè (àâ-

òîð âïåðâûå óñëîâíî íàçâàë èõ “äûìîâûìè ãåéçå-

ðàìè”) ñ îáèëüíûì âûáðîñîì îêñèäà óãëåðîäà, êîòî-

ðûé ÷àñòî íàçûâàþò òàêæå óãàðíûì ãàçîì (ÑÎ)),

äûìîâîãî ñìîãà (âçâåøåííûõ ÷àñòèö) è äðóãèõ ïîë-

ëþòàíòîâ [3–6].

Åñëè òîðôÿíîé ïîæàð ðàçâèâàåòñÿ âîçëå àâòîìà-

ãèñòðàëè, òî äûì îò ãîðÿùåãî òîðôÿíèêà ñíèæàåò

âèäèìîñòü, çàòðóäíÿåò äûõàíèå, îòðèöàòåëüíî âëèÿåò

íà öåðåáðîâàñêóëÿðíóþ è ñåðäå÷íî-ñîñóäèñòóþ ñè-

ñòåìû ÷åëîâåêà è ìîæåò ïðè ÷ðåçâû÷àéíîì ðàçâèòèè

ñîáûòèé ïðèâåñòè ê äîðîæíî-òðàíñïîðòíûì ïðîèñ-

øåñòâèÿì ñ îïàñíûìè ïîñëåäñòâèÿìè. Òàêàÿ ÷ðåçâû-

÷àéíàÿ àâàðèéíàÿ ñèòóàöèÿ, âûçâàííàÿ ïîäçåìíûì

ãîðåíèåì òîðôà, ïðîäîëæàëàñü â Èðêóòñêîé îáëàñòè

(íà Çàïàäíî-Ñèáèðñêîé íèçìåííîñòè) íà Ôåäåðàëü-

íîé àâòîìîáèëüíîé äîðîãå (ÔÀÄ) Ð-255 “Ñèáèðü”

ñ 26.10.2015 ã. äî 15.01.2016 ã. Îôèöèàëüíàÿ èíôîð-

ìàöèÿ âèçóàëüíîãî è èíñòðóìåíòàëüíîãî êîíòðîëÿ

çà äàííîé ÷ðåçâû÷àéíîé ñèòóàöèåé (×Ñ) ñëóæáàìè

Ðîñêîìãèäðîìåòà èñïîëüçîâàëàñü íàìè â êà÷åñòâå

õàðàêòåðíûõ ãåòåðîãåííûõ ñâåäåíèé ïðè îáîñíî-

âàíèè è “îáó÷åíèè” ìîäåëè ðàññåÿíèÿ ÑÎ â ñòðàòè-

ôèöèðîâàííîé àòìîñôåðå â îêðåñòíîñòè àâòîìà-

ãèñòðàëè.

Ñëåäóåò çàìåòèòü, ÷òî òðàíñïîðòíûå àòìîñôåð-

íûå õèìè÷åñêèå ìîäåëè øèðîêî èñïîëüçóþòñÿ äëÿ

ðàçðàáîòêè ñòðàòåãèè óïðàâëåíèÿ êà÷åñòâîì âîçäó-

õà [7–9]. Â òî æå âðåìÿ, íåñìîòðÿ íà ÿâíûå ïðèîðè-

òåòû â ðàçâèòèè äàííûõ èññëåäîâàíèé Âñåðîññèé-

ñêîãî íàó÷íî-èññëåäîâàòåëüñêîãî èíñòèòóòà ïðîòè-

âîïîæàðíîé îáîðîíû è Àêàäåìèè Ãîñóäàðñòâåííîé
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ïðîòèâîïîæàðíîé ñëóæáû Ì×Ñ Ðîññèè, îöåíêè

ïðîñòðàíñòâåííîãî è âðåìåííîãî ðàññåÿíèÿ ïîëëþ-

òàíòîâ ïðè òîðôÿíûõ ïîæàðàõ ïðè ÷ðåçâû÷àéíûõ

ãèäðîìåòåîðîëîãè÷åñêèõ óñëîâèÿõ îñòàþòñÿ ïðîá-

ëåìàòè÷íûìè èç-çà íåîïðåäåëåííîñòè â ðàçìåðå è

ìåñòîïîëîæåíèè îáëàêà ñìîãà, îáóñëîâëåííîé âðå-

ìåííîé è ïðîñòðàíñòâåííîé èçìåí÷èâîñòüþ ðåàëü-

íîãî ïðîöåññà êîíâåêòèâíîé äèôôóçèè [7].

Ìèðîâîé îïûò ðåøåíèÿ ïîäîáíûõ çàäà÷, äåòàëü-

íî ïðîàíàëèçèðîâàííûé â ðàáîòàõ [3–10], â ïðàêòè-

÷åñêîé èíòåðïðåòàöèè, êàê ïðàâèëî, ñâîäèòñÿ ê ðàç-

ëè÷íûì âåðñèÿì ãàóññîâñêèõ ìîäåëåé, âêëþ÷àÿ è

îöåíêè ðàñïðîñòðàíåíèÿ çàãðÿçíÿþùèõ âåùåñòâ ïðè

ïîæàðàõ íà îáúåêòàõ ïðîìûøëåííîñòè [11]. Ê òàêèì

ìîäåëÿì çàãðÿçíåíèÿ àòìîñôåðû, íàïðèìåð, îò ñòà-

öèîíàðíûõ è ïåðåäâèæíûõ òðàíñïîðòíûõ èñòî÷íè-

êîâ îòíîñÿòñÿ: àìåðèêàíñêèå CALINE-4 (California

Line Source Model), ISC3 (Industrial Source Complex

Model); ROADWAY2.0; HIWAY-2; ôèíñêàÿ CAR-FMI

(Contaminants in the Air from a Road); äàòñêàÿ OSPM

(Operational Street Pollution Model); øâåäñêèé ïðî-

ãðàììíûé êîìïëåêñ AIRVIRO; ðóìûíñêàÿ TRAF

(a micro-scale street model for dispersion of pollutant

emissions generated by traffic); ñëîâàöêàÿ AUTOMOD;

âåíãåðñêèå HNS-ROAD, HNS-ISAQA; ïîëüñêàÿ EK

100W; ýñòîíñêàÿ AEROPOL; ãîëëàíäñêàÿ CAR II.

Îäíàêî â ãàóññîâñêîé ìîäåëè íå ó÷èòûâàåòñÿ çàâè-

ñèìîñòü äèôôóçèîííûõ êîýôôèöèåíòîâ îò âûñîòû

èñòî÷íèêà, ïîýòîìó îíà ïîçâîëÿåò îïèñûâàòü ïðè-

çåìíîå ïîëå êîíöåíòðàöèé ïîëëþòàíòîâ îò èñòî÷-

íèêà òîëüêî ôèêñèðîâàííîé âûñîòû. Â ÐÔ áîëüøèí-

ñòâî ðàáîò ïî ìîäåëèðîâàíèþ çàãðÿçíåíèÿ àòìîñôå-

ðû àíòðîïîãåííûìè è ïðèðîäíûìè èñòî÷íèêàìè

îñíîâûâàåòñÿ ïðåèìóùåñòâåííî íà ðåøåíèè óðàâ-

íåíèé àòìîñôåðíîé äèôôóçèè [12–15]. Ïðèìåíå-

íèå ñòîëü ãðîìîçäêîãî ìàòåìàòè÷åñêîãî àïïàðàòà è

çíà÷èòåëüíûõ äëÿ åãî ðåàëèçàöèè ðåñóðñîâ â ðåøå-

íèè ôèçè÷åñêîé (×Ñ), à ñëåäîâàòåëüíî, è ìàòåìàòè-

÷åñêîé (ïîèñê ýêñòðåìóìà ôóíêöèè) ÷àñòíîé çàäà÷è

(èñêëþ÷èòåëüíî, äëÿ ÷ðåçâû÷àéíûõ íåáëàãîïðèÿò-

íûõ êëèìàòè÷åñêèõ è ìåòåîóñëîâèé) ïðåäñòàâëÿ-

ëîñü ñ òî÷êè çðåíèÿ ïðàêòèêè íåðàöèîíàëüíûì.

Òàêèì îáðàçîì, öåëü íàñòîÿùåãî àêòóàëüíîãî èñ-

ñëåäîâàíèÿ ñîñòîÿëà â òîì, ÷òîáû ðàçðàáîòàòü è èñ-

ñëåäîâàòü âîçìîæíîñòü ïðèìåíåíèÿ îðèãèíàëüíîé

ìîäåëè íåéðîííîé ñåòè äëÿ ïðîãíîçèðîâàíèÿ ðàñ-

ïðåäåëåíèÿ êîíöåíòðàöèè ÑÎ â îêðåñòíîñòè êðóï-

íîé àâòîìàãèñòðàëè “Ñèáèðü”, ó÷àñòêè êîòîðîé

ðàñïîëîæåíû íà ðàçíûõ ðàññòîÿíèÿõ îò òîðôÿíîãî

ïîæàðà, ñ ó÷åòîì ðàçíîðîäíîé (ãåòåðîãåííîé) èíñò-

ðóìåíòàëüíîé è àäåêâàòíîé ðàñ÷åòíîé èíôîðìàöèè

(÷èñëåííîãî ýêñïåðèìåíòà) î ìîäåëèðóåìîì ïðîöåñ-

ñå ïåðåíîñà îáëàêà äûìîâîãî ñìîãà.

Ìåòîäîëîãèÿ ìîäåëèðîâàíèÿ

Ìåòîä, îñíîâàííûé íà Ê-òåîðèè

Íàó÷íîé øêîëîé àâòîðà íàñòîÿùåé ñòàòüè íàêîï-

ëåí ïîëîæèòåëüíûé îïûò ïðèìåíåíèÿ ìåòîäîëîãèè

Ãëàâíîé ãåîôèçè÷åñêîé îáñåðâàòîðèè èì. À. È. Âîåé-

êîâà (ã. Ñàíêò-Ïåòåðáóðã) äëÿ ïðîãíîçèðîâàíèÿ çà-

ãðÿçíåíèÿ àòìîñôåðíîãî âîçäóõà “õîëîäíûìè” âû-

áðîñàìè [12, 14] â îêðåñòíîñòÿõ êðóïíûõ àâòîìàãè-

ñòðàëåé [10, 16] ïðè íîðìàëüíî íåáëàãîïðèÿòíûõ

ìåòåîðîëîãè÷åñêèõ óñëîâèÿõ (äàëåå — ÍÍÌÓ), ïî-

ëó÷èâøåé øèðî÷àéøóþ ìíîãîëåòíþþ èíñòðóìåí-

òàëüíóþ ïðîâåðêó. Ýòî ïîñëóæèëî îñíîâàíèåì ïðè

åå ïåðâè÷íîì èñïîëüçîâàíèè äëÿ îöåíêè ðàññåÿíèÿ

ÑÎ ïðè òîðôÿíîì ïîæàðå.

Â îñíîâó ìîäåëè ïîëîæåíî ÷èñëåííîå ðåøåíèå

ñèñòåìû óðàâíåíèé àòìîñôåðíîé äèôôóçèè, êàæ-

äîå èç êîòîðûõ çàïèñûâàåòñÿ äëÿ êîíöåíòðàöèè îä-

íîé èç àíàëèçèðóåìûõ îïàñíûõ ïðèìåñåé. Óðàâíå-

íèå (1) ïðèâîäèòñÿ òîëüêî äëÿ êîíöåíòðàöèè îäíîãî

ïîëëþòàíòà:
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ãäå q — êîíöåíòðàöèÿ ïîëëþòàíòà;

ui , Ki — êîìïîíåíòû ñðåäíåé ñêîðîñòè âåòðà è

êîýôôèöèåíòà òóðáóëåíòíîé äèôôóçèè âäîëü äå-

êàðòîâûõ êîîðäèíàòíûõ îñåé xi;

wg — ñêîðîñòü ãðàâèòàöèîííîãî îñåäàíèÿ ïðè-

ìåñè (îòëè÷íà îò íóëÿ â ñëó÷àå ïåðåíîñà ÷àñòèö);

kji — ñèìâîë Êðîíåêåðà, ðàâíûé 1 ïðè ñîâïàäå-

íèè èíäåêñîâ è íóëþ ïðè èõ íåñîâïàäåíèè;

� — êîýôôèöèåíò, ó÷èòûâàþùèé ìåòàáîëèçì

âåùåñòâ;

S — ÷ëåí, ó÷èòûâàþùèé âëèÿíèå èñòî÷íèêîâ è

ñòîêîâ ïðèìåñåé, èõ õèìè÷åñêóþ (â òîì ÷èñëå

ôîòîõèìè÷åñêóþ) òðàíñôîðìàöèþ è äð. [12].

Óðàâíåíèå (1) ïðåäñòàâëåíî â äåêàðòîâîé ñèñòå-

ìå êîîðäèíàò ñ îñüþ z, íàïðàâëåííîé ïî âåðòèêàëè,

è êîìïîíåíòû ñêîðîñòè âåòðà óäîâëåòâîðÿþò óðàâ-

íåíèþ íåðàçðûâíîñòè, â êîòîðîì ïðåíåáðåãàåòñÿ

çàâèñèìîñòüþ ïëîòíîñòè îò êîîðäèíàò. Ýòè, à òàê-

æå ðÿä äðóãèõ, íå îãîâàðèâàåìûõ çäåñü óïðîùåíèé

[15, 17, 18], îòíîñÿòñÿ òîëüêî ê ñïîñîáó ïðåäñòàâëå-

íèÿ èíôîðìàöèè, ïîñêîëüêó äëÿ êîíêðåòíûõ ôèçè-

÷åñêèõ óñëîâèé äèôôóçèè ïîëëþòàíòîâ ïðè ×Ñ íà

àâòîìàãèñòðàëè “Ñèáèðü” îáúåêòèâíî íå ïîòðåáî-

âàëàñü ïîëíàÿ ðåàëèçàöèÿ âîçìîæíîñòåé ìîäåëè.

Èñïîëüçîâàíèå äàííîãî ïîäõîäà ê ìàòåìàòè÷å-

ñêîìó ìîäåëèðîâàíèþ òóðáóëåíòíîé äèôôóçèè, êî-

òîðûé ñåãîäíÿ íàçûâàþò Ê-òåîðèåé [10], ñîâìåñòíî

ñ îáîñíîâàííûìè óïðîùåíèÿìè [13] ñòèëèçàöèè

è ýìïèðè÷åñêèìè óòî÷íåíèÿìè ïîçâîëÿåò îöåíèòü
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íàèáîëüøóþ ñóììàðíóþ êîíöåíòðàöèþ âðåäíîé

ïðèìåñè èç ñîñòàâà äûìîâîãî ñìîãà òîðôÿíîãî ïî-

æàðà Ñì (ìã/ì3), êîòîðàÿ îïðåäåëÿåòñÿ íà ðàññòîÿ-

íèÿõ Õì îò íåãî â îêðåñòíîñòè àâòîìàãèñòðàëè:

C
AM Fmn

H V T
ì �

.
2

1
1 3( )

,
�

(2)

ãäå À — áåçðàçìåðíûé êîýôôèöèåíò, çàâèñÿùèé îò

òåìïåðàòóðíîé ñòðàòèôèêàöèè àòìîñôåðû;

M — ìàññà âðåäíîãî âåùåñòâà, âûáðàñûâàåìîãî

â àòìîñôåðó â åäèíèöó âðåìåíè (ìîùíîñòü èñ-

òî÷íèêà çàãðÿçíåíèÿ), â ñëó÷àå òîðôÿíîãî ïîæà-

ðà — ìàññà âåùåñòâà, âûáðàñûâàåìîãî ãðóïïîé

“äûìîâûõ ãåéçåðîâ” ñ ïîâåðõíîñòè ãîðÿùåãî

òîðôÿíèêà, ã/ñ;

F — áåçðàçìåðíûé êîýôôèöèåíò, ó÷èòûâàþùèé

ñêîðîñòü ìåòàáîëèçìà ÑÎ èëè ñêîðîñòü îñåäà-

íèÿ äûìîâîãî àýðîçîëÿ â àòìîñôåðå; ðåêîìåí-

äóåòñÿ ïðèíèìàòü F = 1;

m è n — êîýôôèöèåíòû; âûðàæàþòñÿ èíòåðïî-

ëÿöèîííûìè ôîðìóëàìè, ïðèâåäåííûìè â äî-

êóìåíòå ÎÍÄ-86 [11];

. — îïûòíûé êîýôôèöèåíò, çíà÷åíèÿ êîòîðîãî

ïðèíèìàþòñÿ èç äîêóìåíòà ÎÍÄ-86 [11];

Í — âûñîòà ôîðìèðîâàíèÿ óñòîé÷èâîãî îáëàêà

ñìîãà, ì;

V1 — ïîòîê äûìà, âûäåëÿåìîãî ïðè òîðôÿíîì

ïîæàðå ñ ïîâåðõíîñòè çåìëè, ì3/ñ;

�Ò — ðàçíîñòü òåìïåðàòóð ìåæäó òåìïåðàòóðîé

äûìîâîãî ãàçà è òåìïåðàòóðîé îêðóæàþùåãî

âîçäóõà, °Ñ.

Ìåòîä, îñíîâàííûé íà íåéðîñåòåâîé òåîðèè

Âûøåðàññìîòðåííûé è îñâîåííûé íàìè ïîäõîä,

ñî÷åòàþùèé ïðèìåíåíèå ñîâðåìåííûõ ãåîèíôîð-

ìàöèîííûõ òåõíîëîãèé (ÃÈÑ) [10], òðåáóåò çíà÷è-

òåëüíûõ ðåñóðñîâ è äèñêðåòíîé êîððåêòèðîâêè

îøèáîê (íåîïðåäåëåííîñòè) â îöåíêå ïàðàìåòðîâ

ïî äàííûì èçìåðåíèé. ×òîáû ñìÿã÷èòü îñòðîòó

ýòèõ ïðîáëåì, ìû ïðåäëàãàåì èñïîëüçîâàòü îðèãè-

íàëüíûé íåéðîñåòåâîé ïîäõîä. Îí îñíîâàí íà âêëþ-

÷åíèè äàííûõ èçìåðåíèé è àëüòåðíàòèâíûõ (ðåöåï-

òîðíûõ [14]) ðàñ÷åòîâ êîíöåíòðàöèé ÑÎ â îêðåñò-

íîñòè àâòîìàãèñòðàëè â íåéðîñåòåâûõ ìîäåëÿõ, èç-

âåñòíûõ êàê RProp è êîìáèíàöèè ìåòîäîâ “îáëàêà”

è RProp, ñ ïàðàìåòðàìè (âåñàìè), íàñòðàèâàåìûìè

ñ ïîìîùüþ ìåòîäîâ îïòèìèçàöèè, äåòàëüíî ðàñ-

ñìîòðåííûõ â ðàáîòàõ [18–21].

Òàêèì îáðàçîì, íåéðîííàÿ ñåòåâàÿ ìîäåëü ñëîæ-

íîãî ïðîöåññà äèôôóçèè â àòìîñôåðå çàãðÿçíÿþùèõ

âåùåñòâ ìîæåò ïîçâîëèòü â íåïðåðûâíîé èíôîðìà-

öèîííîé òåõíîëîãèè îáðàáàòûâàòü ôðàãìåíòû ãå-

òåðîãåííîé èíôîðìàöèè — äèôôåðåíöèàëüíûå

óðàâíåíèÿ, çàêîíû ñîõðàíåíèÿ, óðàâíåíèÿ ñîñòîÿ-

íèÿ, óñëîâèÿ ñèììåòðèè è ò. ä. Îáìåí èíôîðìàöèåé

ïî ïàðàìåòðàì íåéðîííîé ñåòè ìåæäó ðàçëè÷íûìè

óðîâíÿìè èåðàðõèè ïîçâîëèò îñóùåñòâëÿòü âû÷èñ-

ëåíèÿ áîëåå òî÷íûìè è ìåíåå ðåñóðñîåìêèìè ñïî-

ñîáàìè [20, 21].

Ðåçóëüòàòû è èõ îáñóæäåíèå

Íèæå ïðèâîäÿòñÿ äâà ïîñëåäîâàòåëüíûõ ïðèìå-

ðà ÷èñëåííîãî ïðîãíîçèðîâàíèÿ ×Ñ, ñâÿçàííîé ñ çà-

ãðÿçíåíèåì àòìîñôåðíîãî âîçäóõà â îêðåñòíîñòè àâ-

òîìàãèñòðàëè “Ñèáèðü” ïðè òîðôÿíîì ïîæàðå ïðè

ÍÍÌÓ, ïî ðàçðàáîòàííîé ìåòîäîëîãèè.

Ïðèìåð 1

Íà ðèñ. 1 ïðåäñòàâëåíà êàðòà ïðîãíîçà çàãðÿçíå-

íèÿ óãàðíûì ãàçîì ïðè òîðôÿíîì ïîæàðå (â äîëÿõ

Ðèñ. 1. Ðàñ÷åòíûé ïðîãíîç çàãðÿçíåíèÿ

ÑÎ (óãàðíûì ãàçîì) â îêðåñòíîñòè àâòî-

ìàãèñòðàëè Ð-255 ÔÀÄ “Ñèáèðü” ïðè òîð-

ôÿíîì ïîæàðå ïðè ÍÍÌÓ ïî ïðîãðàììå

“Ýêîëîã 4” (â äîëÿõ ÏÄÊÌÐ)

Fig. 1. Forecast of the pollution of the air by

CO emitted from a peat fire in the vicinity of

the Federal Highway R-255 FAD “Siberia”

for adverse weather conditions estimated by

the “Ecolog 4” program (in terms of Limit

Value Units)
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ÏÄÊÌÐ) â îêðåñòíîñòè ôåäåðàëüíîé òðàññû Ð-255

ÔÀÄ “Ñèáèðü” ïðè ÍÍÌÓ ïî ïðîãðàììå “Ýêîëîã

4” (ôèðìà “Èíòåãðàë”, ã. Ñàíêò-Ïåòåðáóðã, Ðîññèÿ).

Â òàáë. 1 ñâåäåíû ðåçóëüòàòû èíñòðóìåíòàëüíîãî

ìîíèòîðèíãà çàãðÿçíåíèÿ âîçäóõà ÑÎ ñëóæáàìè

Ðîñãèäðîìåòà è ïðîãíîçà ïî ðàçðàáîòàííîé íåéðî-

ñåòåâîé ìåòîäèêå ïðè ÍÍÌÓ â òåõ æå êîíòðîëüíûõ

òî÷êàõ.

Îñíîâíûìè íàó÷íûìè è ïðàêòè÷åñêèìè ðåçóëü-

òàòàìè âèðòóàëüíîãî ïðîãíîçà, ïðîäåìîíñòðèðîâàí-

íîãî íà ïåðâîì ïðèìåðå, ÿâëÿþòñÿ:

� âïåðâûå ïîêàçàíà è äîêàçàíà ïðèìåíèìîñòü ïîä-

õîäà Ê-òåîðèè äëÿ ðåøåíèÿ ÷ðåçâû÷àéíî àêòó-

àëüíîé ïðàêòè÷åñêîé çàäà÷è ïðîãíîçèðîâàíèÿ

çàãðÿçíåíèÿ ÑÎ ïðè òîðôÿíîì ïîæàðå â îêðåñò-

íîñòè àâòîìîáèëüíîé äîðîãè ôåäåðàëüíîãî çíà-

÷åíèÿ â íîðìàëüíî íåáëàãîïðèÿòíûõ ìåòåîðîëî-

ãè÷åñêèõ óñëîâèÿõ, ñëîæèâøèõñÿ â êîíêðåòíîì

ðåãèîíå ÐÔ è âûçâàâøèõ ðåàëüíûé òðàíñïîðò-

íûé êîëëàïñ;

� âïåðâûå äàííûå ðàñ÷åòà (ðåöåïòîðíûå äàííûå

[14]) è äàííûå íåïîñðåäñòâåííûõ èíñòðóìåí-

òàëüíûõ èçìåðåíèé êîíöåíòðàöèé ÑÎ, ïðîâåäåí-

íûõ Ðîñãèäðîìåòîì â òå÷åíèå òðàíñïîðòíîãî

êîëëàïñà â êîíêðåòíîì ðåãèîíå ÐÔ, áûëè èñïîëü-

çîâàíû â êà÷åñòâå ãåòåðîãåííîé èíôîðìàöèè äëÿ

ðåàëèçàöèè òåõíîëîãèè îáó÷åíèÿ àïïðîêñèìè-

ðóþùåé ìîäåëè íåéðîííîé ñåòè â íåïðåðûâíîì

òåõíîëîãè÷åñêîì ðåæèìå ïóòåì ìèíèìèçàöèè

ôóíêöèîíàëà îøèáêè.

Óñòîé÷èâîå äëÿ ðåàëüíûõ óñëîâèé ÷èñëåííîãî

ïðîãíîçà íåáîëüøîå îòêëîíåíèå ðàñ÷åòíûõ äàííûõ

êîíöåíòðàöèé ÑÎ â ñòîðîíó ïðåâûøåíèÿ îò ñðåäíèõ

çíà÷åíèé êîíöåíòðàöèé èíñòðóìåíòàëüíîãî êîíò-

ðîëÿ ñëóæáàìè Ðîñãèäðîìåòà (ñì. òàáë. 1) ìû îáú-

ÿñíÿåì íåèçáåæíûìè ïîãðåøíîñòÿìè â çàäàíèè ïî-

æàðíîé íàãðóçêè ãîðÿùåãî òîðôÿíèêà è òåì, ÷òî

ðàñ÷åòû (çàìåðû) ïðîèçâîäèëèñü ïðè ÍÍÌÓ.

Ïðèìåð 2

Âòîðîé ïðèìåð äåìîíñòðèðóåò âîçìîæíîñòè ðàç-

ðàáîòàííîãî ìåòîäà äëÿ ñöåíàðíîãî ìîäåëèðîâàíèÿ

âåðîÿòíîãî íåáëàãîïðèÿòíîãî ðàçâèòèÿ ×Ñ, ðàññìîò-

ðåííîé â ïðèìåðå 1, à èìåííî ïåðåõîäà â ðåæèì

ïëàìåííîãî ãîðåíèÿ òîðôà ñ âûáðîñîì ðàñêàëåí-

íûõ ãàçîâ, óñòîé÷èâîé âåòðîâîé íàãðóçêè â íàïðàâ-

ëåíèè àâòîìàãèñòðàëè (äî 10 ì/ñ) è ïåðåíîñà îáëàêà

ñìîãà òîðôÿíîãî ïîæàðà íà çíà÷èòåëüíûå ðàññòîÿ-

íèÿ, êîãäà âîçðàñòàåò çíà÷èìîñòü ìåçîìàñøòàáíûõ

ïåðåíîñîâ âîçäóøíûõ ìàññ â ñðàâíåíèè ñ ëîêàëü-

íîé òóðáóëåíòíîñòüþ. Äëÿ ó÷åòà ýòèõ ôèçè÷åñêèõ

ÿâëåíèé Ñàíêò-Ïåòåðáóðãñêèì ïîëèòåõíè÷åñêèì

óíèâåðñèòåòîì Ïåòðà Âåëèêîãî ñîâìåñòíî ñ Ñàíêò-

Ïåòåðáóðãñêèì óíèâåðñèòåòîì ÃÏÑ Ì×Ñ Ðîññèè â

ðàìêàõ ãðàíòà ÐÔÔÈ ¹ 14-01-00733À ðàçðàáîòàí

îðèãèíàëüíûé íåéðîñåòåâîé ïîäõîä ê ìîäåëèðî-

âàíèþ ïåðåíîñà ÑÎ íà îñíîâå áàçèñíîé ôóíêöèè

Ãàóññà [11].

Ñîãëàñíî ìîäåëè Ãàóññà èçìåíåíèå êîíöåíòðà-

öèè ÑÎ â ïåðåíîñèìîì îáëàêå ñìîãà q (ã/ì3) ïîä÷è-

íÿåòñÿ íîðìàëüíîìó çàêîíó ðàñïðåäåëåíèÿ:

q t x y z Qe
x x ut

t

y y vt

x y

( , , , )
( )

( )

( )

( )
�

� ��

�
� 


� ��1 2 0
2

2

0
2

/ / 2 t





� � �

�
�
�

�
�

�

�
�

�
( )

( )
( ) ,

z z wt

t
t

z

x y z
0

2

2

3
1

2
/

% / / /

(3)

ãäå Q — ìîùíîñòü èñòî÷íèêà, ã/(ì·ñ);

x0, y0, z0 — êîîðäèíàòû èñòî÷íèêà âûáðîñà ÑÎ, ì;

(u, v, w) — êîìïîíåíòû ñêîðîñòè âåòðà, ì/ñ;

/x, /y, /z — ñðåäíèå êâàäðàòè÷íûå îòêëîíåíèÿ

êîíöåíòðàöèè ÑÎ â ìîìåíò âðåìåíè t (ñ) ïî

îñÿì 0X, 0Y, 0Z;

/x x

h

h
K z z2

0

2
�  ( ) ;d

/ y y

h

h
K z z2

0

2
�  ( ) ;d (4)

/ z z

h

h
K z z2

0

2
�  ( ) ;d

Ìåñòî çàìåðà

Metering place

Çíà÷åíèÿ êîíöåíòðàöèé ÑÎ, ìã/ì3

CO concentration values, mg/m3

ñðåäíèå ïî äàííûì
Ðîñãèäðîìåòà

average according
to Roshydromet

ïîëó÷åííûå
ðàñ÷åòîì

ïðè ÍÍÌÓ

average simulate

Ïîñ. “Òåëüìà”

Village Telma 0,50 0,90

Ïîñ. “Æåëåçíî-
äîðîæíûé”

Village Zhelezno-
dorozhnyy

0,60 0,92

ÔÀÄ Ð-255
“Ñèáèðü”

Highway R-255
“Siberia”:

1820-é êì

1820th km 0,60 1,05

1822-é êì

1822nd km 0,70 1,10

1824-é êì

1824th km 0,70 1,16

Òàáëèöà 1. Ñðàâíåíèå äàííûõ êîíòðîëüíûõ èçìåðåíèé
êîíöåíòðàöèé ÑÎ ñëóæáàìè Ðîñãèäðîìåòà è ïðîãíîçíîãî
ðàñ÷åòà ïî ðàçðàáîòàííîé ìåòîäèêå ïðè ÍÍÌÓ

Table 1. Comparison of experimental measurements of CO
concentrations and simulated measurements received using
the elaborated method
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h — âûñîòà ïðèçåìíîãî ñëîÿ ñ àêòèâíîé òóðáó-

ëåíòíîñòüþ, ì (ðèñ. 2);

Kx, Ky, Kz — ôóíêöèè, õàðàêòåðèçóþùèå ðàçâè-

òèå äûìîâîãî îáëàêà ñìîãà â îêðåñòíîñòè àâòî-

ìàãèñòðàëè.

Èñïîëüçóÿ ïðèíöèï ñóïåðïîçèöèè, èç óðàâíå-

íèÿ (3) ëåãêî ïîëó÷èòü ôîðìóëó äëÿ ðàñ÷åòà êîí-

öåíòðàöèè ÑÎ îò òîðôÿíîãî ïîæàðà íåïðåðûâíîãî

äåéñòâèÿ:

q t x y z Q
x x ut

tx

t

( , , , ) exp
( )

( )
� �

� ��

�
�

�

�
�
�
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2
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�
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4
5
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76

�

( ) .2 3
1

0 0 0% / / /t x y zx y z d d d

Èíòåãðèðîâàíèå â ôîðìóëå (5) ðàñïðîñòðàíåíî

íà îáëàñòü 8, çàíÿòóþ òîðôÿíûì ïîæàðîì. Ñëîæ-

íîñòü âîçíèêàåò ïðè âû÷èñëåíèè èíòåãðàëà. Òàê,

ïðèìåíåíèå àíàëèòè÷åñêèõ ìåòîäîâ ïðèâåäåò ê

ãðîìîçäêèì ôîðìóëàì, à ÷èñëåííûõ — ïîòðåáóåò

áîëüøèõ âðåìåííûõ çàòðàò. Äëÿ ðåøåíèÿ ïðîáëåìû

èñïîëüçóåì êóáàòóðíûå ôîðìóëû è çàìåíÿåì èí-

òåãðàë êîíå÷íîé ñóììîé:
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ãäå Ci — ÷èñëîâûå êîýôôèöèåíòû;

(xi, yi, zi) — óçëû èíòåãðèðîâàíèÿ, i = 1, 2, …, N.

Ëåãêî çàìåòèòü, ÷òî ïðèáëèæåíèå (6) äëÿ êîíöåíò-

ðàöèè ÑÎ q ìîæíî ðàññìàòðèâàòü êàê ìîäåëü, êîòî-

ðàÿ ñîîòâåòñòâóåò èñêóññòâåííûì íåéðîííûì ñåòÿì

ñ ðàäèàëüíûìè áàçèñíûìè ôóíêöèÿìè â ñëó÷àå èñ-

ïîëüçîâàíèÿ â êà÷åñòâå áàçèñíîé ôóíêöèè Ãàóññà

[18]. Íàñòðîéêà âåñîâ ñåòè, ëèíåéíî è íåëèíåéíî

âõîäÿùèõ ïàðàìåòðîâ Ci è (xi, yi, zi) îñóùåñòâëÿåò-

ñÿ íà îñíîâå ìèíèìèçàöèè ôóíêöèîíàëà îøèáêè:

J q t x y z u v w t q t u v wj j j j

j

P

� �
�
! ( , , , ; , , ; ) ( ; , , )

2

1

, (7)

ãäå {( , , )}x y zj j j j
P
�1 — ìíîæåñòâî òî÷åê â îáëàñòè

8, â êîòîðûõ èçâåñòíû èçìåðåííûå (ðàññ÷èòàí-

íûå ïî àëüòåðíàòèâíîìó ìåòîäó) çíà÷åíèÿ êîí-

öåíòðàöèè { }q j j
P
�1 óãàðíîãî ãàçà.

Äàííûå ðàñ÷åòà ñ èñïîëüçîâàíèåì ïðîãðàììû

“Ýêîëîã 4” (ñì. ïðèìåð 1) ñîâìåñòíî ñ äàííûìè

èíñòðóìåíòàëüíîãî ìîíèòîðèíãà êîíöåíòðàöèé ÑÎ

ñëóæáàìè Ðîñãèäðîìåòà áûëè èñïîëüçîâàíû íàìè â

êà÷åñòâå ìàññèâà èñõîäíîé ãåòåðîãåííîé èíôîðìà-

öèè äëÿ îáðàáîòêè (àïïðîêñèìàöèè) âûøåîïèñàí-

íûì íåéðîñåòåâûì ìåòîäîì. Íà ðèñ. 3 ïîêàçàíà êàð-

òèíà äèíàìè÷åñêîãî ðàçâèòèÿ çàãðÿçíåíèÿ ÑÎ èññëå-

äóåìîé òåððèòîðèè ïðè îïàñíîì íàïðàâëåíèè âåòðà

â ñòîðîíó àâòîìàãèñòðàëè Ð-255 ÔÀÄ “Ñèáèðü”.

Â òàáë. 2 ñâåäåíû ðåçóëüòàòû èíñòðóìåíòàëüíîãî

ìîíèòîðèíãà çàãðÿçíåíèÿ âîçäóõà ÑÎ ñëóæáàìè Ðîñ-

ãèäðîìåòà è ïðîãíîçà ïî ðàçðàáîòàííîé íåéðîñåòå-

âîé ìåòîäèêå â òåõ æå êîíòðîëüíûõ òî÷êàõ.

Îñíîâíûìè íàó÷íûìè è ïðàêòè÷åñêèìè ðåçóëü-

òàòàìè âèðòóàëüíîãî ïðîãíîçà, ðåàëèçîâàííîãî âî

âòîðîì ïðèìåðå, ÿâëÿþòñÿ:

� âïåðâûå â åäèíîì ïîñëåäîâàòåëüíîì èíôîðìà-

öèîííîì ïðîöåññå ÷èñëåííîãî ïðîãíîçèðîâàíèÿ

äèôôóçèè ÑÎ â îêðåñòíîñòè àâòîìàãèñòðàëè ôå-

äåðàëüíîãî çíà÷åíèÿ ïðè òîðôÿíîì ïîæàðå ñ èñ-

ïîëüçîâàíèåì áàçèñíîé ôóíêöèè Ãàóññà [19] â

ðàìêàõ ñàìîîáó÷àþùåéñÿ íåéðîííîé ñåòè ðå-

àëèçîâàí ïðèíöèï ñöåíàðíîãî ìîäåëèðîâàíèÿ

äëÿ ðåøåíèÿ àêòóàëüíîé ïðàêòè÷åñêîé çàäà÷è

ðàçâèòèÿ ×Ñ â óñëîâèÿõ èçìåíÿþùèõñÿ íàïðàâ-

ëåíèÿ è ñêîðîñòè âåòðà;

� âïåðâûå ïîëó÷åí è íà ïðàêòèêå ðåàëèçîâàí èí-

ôîðìàöèîííûé ïðîöåññ, ñî÷åòàþùèé â ðàìêàõ

ìîäåëè íåéðîííîé ñåòè ïðåèìóùåñòâà îòå÷åñò-

âåííîãî ïîäõîäà Ê-òåîðèè [12–15] è, ïî ñóòè,

ñîâðåìåííîãî çàðóáåæíîãî ïîäõîäà ê ìîäåëèðî-

âàíèþ ðàññåÿíèÿ ïîëëþòàíòîâ ôóíêöèåé Ãàóññà

[3–9, 11].

Ðèñ. 2. Ñõåìà ïåðåíîñà ÑÎ ïî ìîäåëè Ãàóññà äëÿ òîðôÿíîãî

ïîæàðà: h — âûñîòà ïðèçåìíîãî ñëîÿ ñ àêòèâíîé òóðáóëåíò-

íîñòüþ; H —âûñîòà ôîðìèðîâàíèÿ îáëàêà äûìîâîãî ñìîãà

íàä ãîðÿùèì òîðôÿíèêîì

Fig. 2. Diagram of CO dispersion according to Gauss model for

peat fire: h is the height of surface layer with active turbulence;

H is the height of the formation of a smoke smog cloud over

a burning peat bog
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Ñðàâíèòåëüíûé àíàëèç äàííûõ ïî ïðèìåðàì 1

è 2 ïîçâîëÿåò ñäåëàòü âàæíûé ïðàêòè÷åñêèé âûâîä

î òîì, ÷òî ïðè âåðîÿòíîì ãèïîòåòè÷åñêîì íåáëàãî-

ïðèÿòíîì ðàçâèòèè ×Ñ (ïåðåõîä â ðåæèì ïëàìåí-

íîãî ãîðåíèÿ òîðôà ñ âûáðîñîì ðàñêàëåííûõ ãàçîâ,

óñòîé÷èâàÿ âåòðîâàÿ íàãðóçêà â íàïðàâëåíèè àâòî-

ìàãèñòðàëè (äî 10 ì/ñ) è, êàê ñëåäñòâèå, ïåðåíîñ îá-

ëàêà ñìîãà òîðôÿíîãî ïîæàðà íà çíà÷èòåëüíûå ðàñ-

ñòîÿíèÿ) êîíöåíòðàöèè ÑÎ â îêðåñòíîñòè èññëå-

äóåìîé àâòîòðàññû ÔÀÄ Ð-255 “Ñèáèðü” ìîãëè áû

âîçðàñòè â 3–4 ðàçà.

Âûâîäû

Ðàçðàáîòàíû è ïðîòåñòèðîâàíû ìåòîäû ïîñòðî-

åíèÿ íåéðîñåòåâîé ìîäåëè äèôôóçèè ÑÎ ïî ðàñ-

÷åòíî-ýêñïåðèìåíòàëüíûì äàííûì íà ïðèìåðå òðàíñ-

ïîðòíîãî êîëëàïñà, íàáëþäàâøåãîñÿ ñ 26.10.2015 ã.

ïî 07.01.2016 ã. â Èðêóòñêîé îáëàñòè Ðîññèè ïðè ãî-

ðåíèè òîðôà âáëèçè àâòîìàãèñòðàëè ôåäåðàëüíîãî

çíà÷åíèÿ Ð-255 “Ñèáèðü”. Äëÿ ïîñòðîåíèÿ íåéðîñå-

òåâûõ ìîäåëåé èñïîëüçîâàëèñü ãåòåðîãåííûå äàí-

íûå: óðàâíåíèÿ àòìîñôåðíîé äèôôóçèè âåùåñòâ

â âèäå äèôôåðåíöèàëüíûõ óðàâíåíèé â ÷àñòíûõ

ïðîèçâîäíûõ; äàííûå ðàñ÷åòà íà îñíîâå ôóíêöèè

Ãàóññà ðàñïðåäåëåíèÿ êîíöåíòðàöèè ÑÎ â îáëàêå

ñìîãà òîðôÿíîãî ïîæàðà; äàííûå íåïîñðåäñòâåííûõ

èçìåðåíèé êîíöåíòðàöèè ÑÎ ãîñóäàðñòâåííûìè

ìåòåîðîëîãè÷åñêèìè ñëóæáàìè íà àâòîìàãèñòðàëè

è â ïîñåëêàõ â çîíå äåéñòâèÿ ×Ñ.

Âûïîëíåííûå äåìîíñòðàöèîííûå ðàñ÷åòû ïî

ðàçðàáîòàííîé îðèãèíàëüíîé ìåòîäèêå ïîêàçàëè

âåðîÿòíîñòü çàãðÿçíåíèÿ âîçäóøíîé ñðåäû ÑÎ íà

óðîâíå äûõàíèÿ ÷åëîâåêà â îêðåñòíîñòè àâòîìà-

ãèñòðàëè ïðè òîðôÿíîì ïîæàðå ïðè íîðìàëüíî íå-

áëàãîïðèÿòíûõ ìåòåîðîëîãè÷åñêèõ óñëîâèÿõ äî

Ðèñ. 3. Èçîëèíèè ðàñ÷åòíûõ çíà÷å-

íèé êîíöåíòðàöèè ÑÎ (ìã/ì3) ïðè

âåòðå â íàïðàâëåíèè òðàññû “Ñèáèðü”,

ïîñòðîåííûå ïî íåéðîñåòåâîé ìîäå-

ëè ñ ÷èñëîì íåéðîíîâ N = 4

Fig. 3. Isolines of the calculated CO con-

centrations (mg/m3) at the wind in the di-

rection of the “Siberia” highway, const-

ructed according to the neural network

model (number of neurons N = 4)

Ïîêàçàòåëü

Index

Ïîñ. “Òåëüìà”

Village Telma

Ïîñ. “Æåëåçíî-
äîðîæíûé”

Village Zhelezno-
dorozhnyy

ÔÀÄ Ð-255 “Ñèáèðü”

Highway R-255 “Siberia”

1820-é êì

1820th km

1822-é êì

1822nd km

1824-é êì

1824th km

Ñðåäíèå çíà÷åíèÿ êîíöåíòðàöèé ÑÎ
ïî äàííûì Ðîñãèäðîìåòà, ìã/ì3

Average measured CO concentrations, mg/m3
0,50 0,60 0,60 0,70 0,70

Çíà÷åíèÿ êîíöåíòðàöèé ÑÎ, ïîëó÷åííûå
ðàñ÷åòîì ïðè ÍÍÌÓ, ìã/ì3

Average simulated CO concentrations, mg/m3
2,32 2,86 2,94 3,12 3,25

Òàáëèöà 2. Ñðàâíåíèå äàííûõ êîíòðîëüíûõ èçìåðåíèé êîíöåíòðàöèé ÑÎ ñëóæáàìè Ðîñãèäðîìåòà è ïðîãíîçíîãî ðàñ÷åòà
äëÿ âåðîÿòíîãî ãèïîòåòè÷åñêîãî íåáëàãîïðèÿòíîãî ðàçâèòèÿ ×Ñ

Table 2. Comparison of experimental measurements of CO concentrations and simulated measurements for a hypothetical ad-
verse development of an emergency
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0,9–1,16 ìã/ì3. Íåáîëüøèå îòêëîíåíèÿ îò äàííûõ

îñðåäíåííûõ çàìåðîâ (0,5–0,7 ã/ì3) îáúÿñíÿþòñÿ

îáúåêòèâíîé ïîãðåøíîñòüþ çàäàíèÿ ïîæàðíîé íà-

ãðóçêè.

Â óñëîâèÿõ âåðîÿòíîãî ðàçâèòèÿ ×Ñ ãîðåíèÿ

òîðôà ñ óñòîé÷èâîé âåòðîâîé íàãðóçêîé â íàïðàâëå-

íèè àâòîìàãèñòðàëè äî 10 ì/ñ êîíöåíòðàöèè ÑÎ

ìîãóò óâåëè÷èòüñÿ äî 2,32–3,25 ìã/ì3 (ïðè ÏÄÊÌÐ =

= 5 ìã/ì3).

Ïðåäëàãàåìûé ìåòîä ðåêîìåíäóåòñÿ äëÿ ïðî-

ãíîçèðîâàíèÿ îïàñíîãî äëÿ íàñåëåíèÿ çàãðÿçíåíèÿ

âîçäóøíîé ñðåäû ïîëëþòàíòàìè â çîíå òîðôÿíûõ

ïîæàðîâ ñ îãðàíè÷åíèÿìè íîðìàëüíî íåáëàãîïðè-

ÿòíûõ ìåòåîðîëîãè÷åñêèõ óñëîâèé è ïåðåíîñà “õî-

ëîäíûõ äûìîâûõ âûáðîñîâ” ñ ïîâåðõíîñòè ãîðÿùèõ

ïîä çåìëåé òîðôÿíèêîâ.

***

Èññëåäîâàíèå áûëî ïîääåðæàíî Ðîññèéñêèì

ôîíäîì ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ãðàíò

¹ 14-01-00733À). Àâòîð âûðàæàåò ïðèçíàòåëü-

íîñòü ä. ò. í. À. Í. Âàñèëüåâó, ä. ò. í. Ä. À. Òàðõîâó,

ê. õ. í. Î. Â. Ëîæêèíîé, èíæåíåðó Â. Ä. Òèìîôååâó,

áåç ñîâìåñòíîé ðàáîòû ñ êîòîðûìè â ðàìêàõ ïðî-

åêòà íå ìîãëè áû ñîñòîÿòüñÿ àâòîðñêèå íàó÷íûå

îáîáùåíèÿ, ñäåëàííûå â íàñòîÿùåé ñòàòüå.
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ABSTRACT

Introduction. Peat deposits are found in many places around the world, but the world’s largest

peatlands are the West Siberian Lowland, the Hudson Bay Lowland, and the Mackenzie River Valley.

Peat fires are significant sources of carbon dioxide (a greenhouse gas) and carbon oxide (a toxic gas).

In addition, peat fires release mercury into the atmosphere at a rate 15 times greater than upland

forests, which may be a serious human health concern. If a peat fire develops near a highway,

the smoke from the burning peat-bog reduces the visibility, makes the breathing difficult, affect

the human nervous and cardiovascular systems and may finally result in traffic accidents or in

an emergency.

Modelling methodology. K-theory approach. According to Berlyand, such parameters as instant

concentrations of CO pulsed deviations from these values and the velocity of the CO diffusion should

be taken into consideration while developing an emission model of the peat deposits burning near

the highway. The problem is simplified by the application of the turbulent diffusion model. Using this

approach, also known as K-theory, together with reasonable approximations and assumptions,

there was established that the concentration of the pollutant emitted from the unregulated square

source, such as a burning peat bog, is as follow in the Russian normative document OND-86.
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At the same time, this approach is time-consuming and doesn’t specify inaccurate problem

parameters derived from the measurements. To solve these problems, we offer to apply a neural

network approach. On the base of the measurements, there was developed a neural network model

with parameters (weights) tuned via optimization methods. The RProp method and the combination of

“cloud” and RProp methods were in use. The neural network model of the complex system can gather

pieces of heterogeneous information — differential equations, conservation laws, equations of state,

symmetry conditions, etc. The information exchange via neural network parameters between different

levels of hierarchy makes computing less resource consuming.

Results and discussion. Case study 1. Visualizes the joint results of experimental and simulated

measurements of the peat fire-related CO concentrations near the Federal Highway R-255 “Siberia”.

The concentrations of CO are expressed in terms of Limit Value Units: 20 minutes CO limit value is

5 mg/m3. The calculations were realized using the software program Ecolog 4 (Integral Co. Ltd.,

St. Petersburg, Russia). The results of the measured and simulated CO concentrations reaching values

of 0,8–1,2 mg/m3 were later used as input heterogeneous data for the calculations by the neural

network technique described above.

Case study 2. Turbulent diffusion loses importance when modeling the transfer of the smog clouds

from the peat fire over long distances. In addition, there is possible not only a smouldering peat fire but

a burning peat fire followed by the emission of hot gases. We have developed an original neural

network model, based on the Gaussian dispersion, to estimate these physical phenomena. Assume that

the average cross-section of a peat fire smog cloud, migrating in the vicinity of a highway, is similar

to the Gaussian distribution having a plume profile. Show’s the dynamic development of the pollution

in this area at the wind in the direction of the highway (4 neurons).

Parametric model allows predicting the level of peat fire-related air pollution at different wind

directions (Project No. 14-01-00733-À supported by the grant of the Russian Foundation for Basic

Research).

Keywords: motorway; peat fire; carbon monoxide; dangerous air pollution; traffic collapse; informa-

tion process; neural network model.
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