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ÒÅÍÄÅÍÖÈÈ È ÏÐÎÁËÅÌÛ ËÀÇÅÐÍÎÃÎ ÇÎÍÄÈÐÎÂÀÍÈß ÇÀÃÐßÇÍÅÍÈÉ ÀÒÌÎÑÔÅÐÛ 
 
 

Îïèñûâàþòñÿ òåíäåíöèè ðàçâèòèÿ ýêîëîãè÷åñêèõ ëèäàðîâ. Îáîñíîâûâàåòñÿ íåîáõîäèìîñòü ðàçðàáîòêè 
ãàçîàýðîçîëüíîãî ìîáèëüíîãî ÓÔ-ëèäàðà, ïðåäíàçíà÷åííîãî äëÿ çîíäèðîâàíèÿ èñòî÷íèêîâ çàãðÿçíåíèé. Îá-
ñóæäàþòñÿ ïðîáëåìû, âîçíèêàþùèå ïðè ñîçäàíèè òàêîãî ëèäàðà. Ïðèâîäèòñÿ îðèãèíàëüíàÿ ìåòîäèêà ðåøå-
íèÿ ïðîáëåìû ïðîïóñêàíèé è ðàññìàòðèâàþòñÿ íåêîòîðûå àñïåêòû ýòîé ïðîáëåìû ïðè èñïîëüçîâàíèè 4-é 
ãàðìîíèêè ÀÈÃ-íåîäèìîâîãî ëàçåðà. 

 
 
Ââåäåíèå 
 

Ïî ìåðå ðàñøèðåíèÿ èíäóñòðèàëüíîé äåÿòåëüíîñòè ýêîëîãè÷åñêèé êîíòðîëü çàãðÿçíåíèé àòìî-
ñôåðû ñòàíîâèòñÿ âñå áîëåå àêòóàëüíûì [1]. Îäíèì èç ýôôåêòèâíûõ ïðèáîðîâ, ðàáîòàþùèõ â ñåòè 
ýêîëîãè÷åñêèõ ñòàíöèé, ìîæåò ñòàòü ëèäàð. 

Îñíîâíûìè çàãðÿçíèòåëÿìè àòìîñôåðû, êàê èçâåñòíî [2], ÿâëÿþòñÿ ïûëü, àýðîçîëü, ãàçîâûå âûäå-
ëåíèÿ. Èõ îñíîâíàÿ ìàññà ðàñïîëîæåíà â ïðèçåìíîì ñëîå àòìîñôåðû è, áîëåå òîãî, âáëèçè îò èñòî÷íèêîâ 
âûáðîñîâ. Ïîýòîìó âàæíåéøèì ïåðâîî÷åðåäíûì ýòàïîì ïîëíîãî êîíòðîëÿ çàãðÿçíåíèé ÿâëÿåòñÿ çîíäè-
ðîâàíèå ãàçîàýðîçîëüíûõ âûäåëåíèé èñòî÷íèêîâ — òðóá ïðåäïðèÿòèé, êàðüåðîâ, àâòîäîðîã è òàê äàëåå. 
 
Òåíäåíöèè ðàçâèòèÿ ýêîëîãè÷åñêèõ ëèäàðîâ 
 

Çà âðåìÿ ñâîåãî ñóùåñòâîâàíèÿ ëèäàðû ïîñòîÿííî ñîâåðøåíñòâîâàëèñü ñ öåëüþ áîëåå ïîëíîãî 
óäîâëåòâîðåíèÿ òðåáîâàíèé ïðàêòè÷åñêèõ ïðèëîæåíèé, â òîì ÷èñëå — ýêîëîãè÷åñêîãî [3, 4]. Ïîÿâèë-
ñÿ êëàññ ëèäàðîâ óïðóãîãî ðàññåÿíèÿ (ÓÐ), ñïîñîáíûõ çîíäèðîâàòü ïûëåâóþ è àýðîçîëüíóþ ôðàêöèè 
[5J. Îáû÷íî ýòè ëèäàðû èçãîòàâëèâàëèñü [6] â ñòàöèîíàðíîì âàðèàíòå è äàëüíîñòü èõ äåéñòâèÿ äîñ-
òèãàëà íåñêîëüêèõ êèëîìåòðîâ. Äëÿ çîíäèðîâàíèÿ ãàçîâûõ çàãðÿçíèòåëåé ïàðàëëåëüíî ðàçâèâàëèñü 
äâà íàïðàâëåíèÿ, îñíîâàííûå íà èñïîëüçîâàíèè ÿâëåíèé ðåçîíàíñíîãî ïîãëîùåíèÿ è êîìáèíàöèîííî-
ãî ðàññåÿíèÿ (ÊÐ) [7, 8]. Óñïåøíîå ðàçâèòèå ïåðâîãî íàïðàâëåíèÿ ïðèâåëî ê ñîçäàíèþ êëàññà òðàñ-
ñîâûõ ãàçîàíàëèçàòîðîâ [9], îïðåäåëÿþùèõ ñðåäíþþ êîíöåíòðàöèþ çîíäèðóåìîãî ãàçà íà òðàññå îò 
ëàçåðà äî îòðàæàòåëÿ, è êëàññà ëèäàðîâ äèôôåðåíöèàëüíîãî ïîãëîùåíèÿ èëè DIAL-ëèäàðîâ [10], 
îáëàäàþùèõ ïðîñòðàíñòâåííûì ðàçðåøåíèåì. Ëèäàðû äèôôåðåíöèàëüíîãî ïîãëîùåíèÿ, êàê ïðàâèëî, 
ïðåäíàçíà÷àëèñü äëÿ çîíäèðîâàíèÿ íà äàëüíîñòè â ñîòíè ìåòðîâ èëè åäèíèö êèëîìåòðîâ òîëüêî îäíî-
ãî ãàçîâîãî çàãðÿçíèòåëÿ. Êîíå÷íî, ïðè èñïîëüçîâàíèè ïåðåñòðàèâàåìûõ ëàçåðîâ ýòè ëèäàðû ñïîñîá-
íû çîíäèðîâàòü è íåñêîëüêî çàãðÿçíèòåëåé, íî ñòîèìîñòü òàêîé àïïàðàòóðû âûñîêà [11]. 

Ýôôåêò ÊÐ ïåðâîíà÷àëüíî èñïîëüçîâàëñÿ ïðè ñîçäàíèè ëèäàðîâ ñïîíòàííîãî êîìáèíàöèîííîãî 
ðàññåÿíèÿ (ÑÊÐ). Ýòè ëèäàðû îêàçàëèñü ýôôåêòèâíûìè íà äàëüíîñòè â äåñÿòêè è ñîòíè ìåòðîâ, è 
òî — òîëüêî ïðè çîíäèðîâàíèè ñèëüíî çàãðÿçíåííûõ îáúåìîâ [12]. Îäíàêî îíè ïîçâîëÿëè êîíòðîëè-
ðîâàòü ñðàçó íåñêîëüêî çàãðÿçíèòåëåé. Ñåé÷àñ âåäóòñÿ ðàçðàáîòêè ïî ñîçäàíèþ ëèäàðîâ ðåçîíàíñíîãî 
êîìáèíàöèîííîãî ðàññåÿíèÿ (ÐÊÐ) [13], êîòîðûå, êàê îæèäàåòñÿ, áóäóò èìåòü áîëüøóþ äàëüíîñòü 
äåéñòâèÿ, íî ïîçâîëÿò çîíäèðîâàòü, êàê ïðàâèëî, òîëüêî îäèí ãàçîâûé êîìïîíåíò. Åùå îäèí êëàññ 
ëèäàðîâ, ïðåäíàçíà÷åííûé äëÿ çîíäèðîâàíèÿ ãàçîâûõ çàãðÿçíèòåëåé è èñïîëüçóþùèé ÿâëåíèå ðåçî-
íàíñíîé ôëóîðåñöåíöèè, íàøåë âåñüìà îãðàíè÷åííîå ïðèìåíåíèå íà ïðèçåìíûõ òðàññàõ èç-çà íèçêîé 
ýôôåêòèâíîñòè [14]. 

Âñå ïåðå÷èñëåííûå ëèäàðû èìåþò òå èëè èíûå íåäîñòàòêè, íå ïîçâîëÿþùèå îïåðàòèâíî êîì-
ïëåêñíî êîíòðîëèðîâàòü ìíîãî÷èñëåííûå øèðîêî ðàçáðîñàííûå èñòî÷íèêè âûáðîñîâ. Ïîýòîìó íàçðå-
ëà íåîáõîäèìîñòü ñîçäàíèÿ íîâîãî êëàññà ëèäàðîâ — ìîáèëüíûõ, íåäîðîãèõ, ñïîñîáíûõ ñ ðàññòîÿíèÿ 
â ñîòíè ìåòðîâ â ëþáîì íàïðàâëåíèè â ëþáîå âðåìÿ ñóòîê ýôôåêòèâíî çîíäèðîâàòü îäíîâðåìåííî 
èíäóñòðèàëüíûé àýðîçîëü è íåñêîëüêî ãàçîâûõ çàãðÿçíèòåëåé. 

Êîìïëåêñíûé ãàçîàýðîçîëüíûé ëèäàð íàèáîëåå ïðîñòî ðåàëèçîâàòü, îáúåäèíèâ â îäíîé àïïàðàòó-
ðå ôóíêöèè ëèäàðà ÓÐ è ëèäàðà ÑÊÐ. Òîãäà â ïåðåäàþùåé àïïàðàòóðå äîñòàòî÷íî èìåòü ëþáîé ëàçåð 
ñ îäíîé ïðîèçâîëüíîé äëèíîé âîëíû, à â ïðèåìíîé — ñïåêòðàëüíûé ïðèáîð òèïà òðîéíîãî ìîíîõðî-
ìàòîðà ñ íàáîðîì ôèëüòðîâ, îñëàáèòåëåé è äåòåêòîðîâ, ïîçâîëÿþùèõ âåñòè ðåãèñòðàöèþ â ñ÷åòíîôî-
òîíïîì ðåæèìå [12] ÊÐ-ñèãíàëîâ è ñèãíàëà ÓÐ. Ðàçìåùåíèå òàêîãî ëèäàðà íà øàññè àâòîìîáèëÿ è 
îáåñïå÷åíèå åãî ñèñòåìîé ñêàíèðîâàíèÿ, êàê ïîêàçàëà ïðàêòèêà [15], íå âûçûâàåò îñîáûõ çàòðóäíå-
íèé. Äëÿ ðàáîòû ëèäàðà â ëþáîå âðåìÿ ñóòîê íåîáõîäèìî èñïîëüçîâàòü ëàçåð ñ äëèíîé âîëíû â äèà-
ïàçîíå îò 250 äî 280 íì [8]. Â íàñòîÿùåå âðåìÿ, âñëåäñòâèå ñâîåé íàäåæíîñòè, ïðîñòîòû, ìàëîé ñòîè-
ìîñòè, íàèáîëüøåå ðàñïðîñòðàíåíèå ïîëó÷èë òâåðäîòåëüíûé ÀÈÃ-íåîäíìîâûé ëàçåð ñ ïðåîá-
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ðàçîâàíèåì â 4-þ ãàðìîíèêó (266 íì) [3, 4, 7], õîòÿ âîçìîæíî ïðèìåíåíèå è ýêñèìåðíîãî ëàçåðà èëè 
ëàçåðà íà êðàñèòåëÿõ [8]. 

×òîáû îáåñïå÷èòü âûñîêóþ ýôôåêòèâíîñòü ðàáîòû ïðåäëàãàåìîãî êîìïëåêñíîãî ýêîëîãè÷åñêîãî 
ëèäàðà, íåîáõîäèìî ðåøèòü íåêîòîðûå ïðîáëåìû. 
 
Ïðîáëåìû êîìïëåêñíîãî ëàçåðíîãî ýêîëîãè÷åñêîãî çîíäèðîâàíèÿ 
 

Îáû÷íî [3] ïðè îïðåäåëåíèè ñ÷åòíîé êîíöåíòðàöèè çîíäèðóåìîãî ãàçà â êà÷åñòâå ðåïåðà ñëóæèò 
àòìîñôåðíûé àçîò. Ïðè ýòîì ïðåäïîëàãàåòñÿ, ÷òî åãî êîíöåíòðàöèÿ òî÷íî èçâåñòíà è ðàâíà ôîíîâîé. 
Îäíàêî íà âûõîäå èñòî÷íèêîâ âûáðîñîâ, êàê ïðàâèëî, ìû èìååì äåëî ñ âûñîêîòåìïåðàòóðíîé àãðåñ-
ñèâíîé ñðåäîé [1]. Äëÿ òàêèõ ñðåä êîíöåíòðàöèÿ àçîòà äîëæíà îïðåäåëÿòüñÿ [16] ñ ó÷åòîì èçìåðåí-
íûõ íåïîñðåäñòâåííî âî âðåìÿ ñåàíñà çîíäèðîâàíèÿ äàâëåíèÿ è òåìïåðàòóðû â ñðåäå è õèìè÷åñêèõ 
ðåàêöèé òèïà 2 2 2N O O N O 2NO.     

Ïðèìåíåíèå ÓÔ-ëàçåðà ïðèâîäèò ê ñóæåíèþ äèàïàçîíà äëèí âîëí ÑÊÐ ãàçîâ ñðåäû, ðàñïîëîæåíèþ 
ýòîãî äèàïàçîíà âáëèçè îò çîíäèðóþùåé äëèíû âîëíû è ïà ãðàíèöå ñïåêòðàëüíîé ÷óâñòâèòåëüíîñòè èç-
âåñòíûõ òèïîâ ÔÝÓ [17]. Âñå ýòî íàëàãàåò îïðåäåëåííûå òðåáîâàíèÿ íà õàðàêòåðèñòèêè èñïîëüçóåìûõ 
ñïåêòðàëüíûõ ïðèáîðîâ è ÔÝÓ. Ýòèì òðåáîâàíèÿì óäîâëåòâîðÿþò òðîéíîé ìîíîõðîìàòîð [18], èìåþ-
ùèé êîýôôèöèåíò ïîäàâëåíèÿ íà íåñìåùåííîé äëèíå âîëíû  I012, ïðîïóñêàíèå íà äëèíàõ âîëí ÑÊÐ 
 4%, ëèíåéíóþ äèñïåðñèþ 0,250,75 íì/ìì, øèðèíó âûäåëÿåìîé ïîëîñû  20 ñì–1 è ÔÝÓ-106 [17], 
îáëàäàþùèé êâàíòîâîé ýôôåêòèâíîñòüþ  0,3 â îáëàñòè > 160 íì, êîýôôèöèåíòîì óñèëåíèÿ  107, 
èíòåíñèâíîñòüþ òåìïîâîãî òîêà 20100 Ãö. 

Êîëè÷åñòâåííûå èçìåðåíèÿ êîíöåíòðàöèé çàãðÿçíÿþùèõ ãàçîâ òðåáóþò çíàíèÿ ñå÷åíèé ÊÐ ýòèõ 
ãàçîâ. Õîòÿ îòíîñèòåëüíûå ñå÷åíèÿ ÑÊÐ óæå èçìåðåíû [4] äëÿ ìíîãèõ ãàçîâ, îäíàêî èõ èñïîëüçîâà-
íèå â ñëó÷àå ÓÔ-âîçáóæäåííÿ òðåáóåò îñòîðîæíîñòè. Äåëî â òîì, ÷òî ðÿä ãàçîâ, íàïðèìåð O2, O3, 
NO2, SO2, Ñ6Í6, HNO3, H2O2, N2O5 è äðóãèå, èìåþò ëèíèè èëè ïîëîñû ïîãëîùåíèÿ â ÓÔ-äèàïàçîíå 
è äëÿ íèõ íàáëþäàåòñÿ ÐÊÐ, ñå÷åíèå êîòîðîãî ìîæåò íà ïîðÿäêè ïðåâîñõîäèòü ñå÷åíèå ÑÊÐ [7]. Òàê, 
ðåçîíàíñíîå óâåëè÷åíèå ñå÷åíèÿ ïðè âîçáóæäåíèè íà 266 íì ðàâíî 1,95 äëÿ O2 è 150 äëÿ Ñ6Í6. Â 
íàñòîÿùåå âðåìÿ ñóùåñòâóåò (îáçîð äàí â [7]) íåñêîëüêî ïîëóýìïèðè÷åñêèõ ìåòîäèê, ïîçâîëÿþùèõ îöå-
íèòü âåëè÷èíû ñå÷åíèé ÊÐ ëþáûõ ãàçîâ äëÿ ëþáûõ äëèí âîëí âîçáóæäåíèÿ. Âñëåäñòâèå ñëîæíîñòè, ìà-
ëîé òî÷íîñòè è íàäåæíîñòè ýòèõ ìåòîäèê òðåáóþòñÿ äîïîëíèòåëüíûå èçìåðåíèÿ ñå÷åíèé ÊÐ ãàçîâ äëÿ 
ÓÔ-ëàçåðîâ. Êðîìå òîãî, äëÿ âûñîêîòåìïåðàòóðíûõ çîíäèðóåìûõ ñðåä äëÿ ñå÷åíèÿ ñëåäóåò ââîäèòü ïî-
ïðàâêó, ñâÿçàííóþ ñ ðàçëè÷íîé çàñåëåííîñòüþ îñíîâíîãî óðîâíÿ ïðè ðàçíûõ òåìïåðàòóðàõ [14]. 

Â ôîðìóëû äëÿ îöåíîê êîíöåíòðàöèé çîíäèðóåìûõ ãàçîâ è àýðîçîëÿ âõîäÿò [12] îòíîøåíèÿ ïðî-
ïóñêàíèÿ íà äëèíå âîëíû ÑÊÐ àçîòà ê ïðîïóñêàíèÿì íà äëèíàõ âîëí ÑÊÐ ãàçîâ è ê ïðîïóñêàíèþ íà 
ëàçåðíîé äëèíå âîëíû, ÷òî òðåáóåò êàê ìîæíî áîëåå òî÷íîãî çàäàíèÿ ýòèõ îòíîøåíèé. Â ñëó÷àå ÓÔ-
çîíäèðîâàíèÿ èñòî÷íèêîâ âûáðîñîâ ýòà ïðîáëåìà ñòîèò âåñüìà îñòðî ïî íåñêîëüêèì ïðè÷èíàì. Âî-
ïåðâûõ, â äèàïàçîíå 250—300 íì íàõîäÿòñÿ [19] ñèëüíûå ýëåêòðîííûå ïîëîñû ïîãëîùåíèÿ ìíîãèõ 
ãàçîâ. Âî-âòîðûõ, êîíöåíòðàöèè ýòèõ ãàçîâ è àýðîçîëÿ ó èñòî÷íèêîâ íàñòîëüêî âåëèêè [1, 2, 20], ÷òî 
äàæå íà ðàññòîÿíèè â äåñÿòêè ìåòðîâ çíà÷åíèÿ ïðîïóñêàíèÿ ñóùåñòâåííî îòëè÷àþòñÿ îò åäèíèöû. Â-
òðåòüèõ, âåùåñòâî â âûáðîñàõ íå ÿâëÿåòñÿ «ñåðûì» äëÿ ÓÔ-èçëó÷åíèÿ, òî åñòü ïðîÿâëÿåòñÿ ñèëüíàÿ 
ñïåêòðàëüíàÿ çàâèñèìîñòü ïîãëîùåíèÿ [14]. Â-÷åòâåðòûõ, èç-çà íåñòàöíîíàðíîñòè èñòî÷íèêîâ è âîç-
ìóùàþùåãî äåéñòâèÿ àòìîñôåðû êîíöåíòðàöèè ãàçîâ è àýðîçîëÿ â âûáðîñàõ èìåþò ñëîæíîå ïðî-
ñòðàíñòâåííî-âðåìåííîå ðàñïðåäåëåíèå [1]. Äî ñèõ ïîð îòíîøåíèÿ ïðîïóñêàíèé ëèáî ãðóáî çàäàâà-
ëèñü ðàâíûìè åäèíèöå, ëèáî àïðèîðíî îöåíèâàëèñü ñ ïîìîùüþ ìîäåëüíûõ êîýôôèöèåíòîâ àýðîçîëü-
íîãî îñëàáëåíèÿ è ðýëååâñêîãî ðàññåÿíèÿ è ìîäåëüíûõ ïðîôèëåé êîíöåíòðàöèé ïîãëîùàþùèõ ãàçîâ 
[8]. Î÷åâèäíî, ÷òî òàêîå ðåøåíèå ïðîáëåìû â ðàññìàòðèâàåìîì ñëó÷àå äàñò íåóäîâëåòâîðèòåëüíóþ 
òî÷íîñòü ðåçóëüòàòîâ èçìåðåíèé. Ïîýòîìó íàìè áûëà ðàçðàáîòàíà [21] ñïåöèàëüíàÿ ìåòîäèêà ó÷åòà 
ïðîïóñêàíèé, ïîëüçóÿñü êîòîðîé ìîæíî ïîëó÷èòü ýôôåêòèâíûå àëãîðèòìû îáðàáîòêè ñèãíàëîâ êîì-
ïëåêñíîãî ýêîëîãè÷åñêîãî çîíäèðîâàíèÿ. 
 
Ìåòîäèêà àïîñòåðèîðíîãî ó÷åòà ïðîïóñêàíèé 
 

Â îñíîâå ìåòîäèêè ëåæèò âîçìîæíîñòü èçâëå÷åíèÿ ïî÷òè âñåé íåîáõîäèìîé àïðèîðíîé èíôîðìà-
öèè íåïîñðåäñòâåííî èç ëèäàðíûõ äàííûõ, ïîëó÷åííûõ ñïåöèàëüíî ñêîíñòðóèðîâàííûì ïðèåìíèêîì 
ïî -ñïåöèàëüíîé ñõåìå çîíäèðîâàíèÿ. Ïðèåìíèê äîëæåí èìåòü êàíàëû: àýðîçîëüíûé, àçîòíûé, çîí-
äèðóåìûõ ãàçîâ è, âîçìîæíî, íåêîòîðûõ ïîãëîùàþùèõ. Ëèäàð ðàñïîëàãàåòñÿ ñ íàâåòðåííîé ñòîðîíû 
îò èñòî÷íèêà âûáðîñîâ íà òàêîì ðàññòîÿíèè, ÷òîáû ïåðâûå çîíäèðóåìûå ñòðîáû ïîïàäàëè â îòíîñè-
òåëüíî ÷èñòóþ àòìîñôåðó. 

Êîíöåíòðàöèè çîíäèðóåìûõ Ì1,  ,  Mi, , MJ  è ïîãëîùàþùèõ L1, , Lj, , LJ ãàçîâ, âîçäó-
õà Mâ, è àýðîçîëÿ Ma â êàæäîì k-ì ñòðîáå íàõîäÿòñÿ ñîâìåñòíûì ðåøåíèåì ëþáûì èòåðàöèîííûì 
ìåòîäîì ñèñòåìû íåëèíåéíûõ óðàâíåíèé 
 



 

1106 Â.Ì. Äóáÿãèí, Í.À. Øåôåð  

( ) (1) ( ) (1) ( ) (1) ( )
1 1 B B a a

( ) (1) ( ) (1) ( ) (1) ( )
B B a a

( ) (1) ( ) (1) ( ) (1) ( )
1 1 B B a a

( ) (1) ( )
B B

~ ( ,..., ; ,..., ; ,..., );

.

.

.

~ ( ,..., ; ,..., ; ,..., );

~ ( ,..., ; ,..., ; ,..., );

.

.

.

~ ( ,..., ;

k k k k

k k k k
I I

k k k k

k k
jj

M F M M M M L L

M F M M M M L L

L M M M M L L

L M M M



 (1) ( ) (1) ( )
a a

( ) (1) ( ) (1) ( ) (1) ( )
B B B a a

( ) (1) ( ) (1) ( ) (1) ( )
a B B a a

,..., ; ,..., );

~ ( ,..., ; ,..., ; ,..., );

~ ( ,..., ; ,..., ; ,..., ).

k k

k k k k

k k k k

M L L

M M M M M L L

M f M M M M L L


















 



 

 

Çäåñü F1,, Fi,, FI, 1,, j,,J , f è  — ôóíêöèîíàëüíûå çàâèñèìîñòè ñîîòâåòñòâóþùèõ îòíî-
øåíèé ïðîïóñêàíèé è ïðîïóñêàíèÿ íà äëèíå âîëíû ÑÊÐ àçîòà îò êîíöåíòðàöèé âîçäóõà, àýðîçîëÿ, 
ïîãëîùàþùèõ ãàçîâ â ïåðâûõ k ñòðîáàõ. 

Â êà÷åñòâå íà÷àëüíîãî ïðèáëèæåíèÿ â k-ì ñòðîáå áåðåòñÿ çíà÷åíèå êîíöåíòðàöèè, ïîëó÷åííîå ïóòåì 
ýêñòðàïîëÿöèè êîíöåíòðàöèé, óæå îöåíåííûõ â ïðåäûäóùèõ ñòðîáàõ. Â ïåðâîì ñòðîáå íà÷àëüíûì ïðè-
áëèæåíèåì ñëóæèò çàäàâàåìîå çíà÷åíèå ôîíîâîé êîíöåíòðàöèè. Â çàâèñèìîñòè îò òèïà èñòî÷íèêà âû-
áðîñîâ ÷èñëî ïîãëîùàþùèõ ãàçîâ, ïîäëåæàùèõ ó÷åòó, ðàçëè÷íî, íî îáû÷íî íå ïðåâûøàåò äåñÿòè. Ïî-
ýòîìó ðåàëèçàöèÿ òàêîãî ÷èñëà ÊÐ-êàíàëîâ íå âûçîâåò îñîáûõ çàòðóäíåíèé. Êðîìå òîãî, ÷àñòî ïîãëî-
ùàþùèå ãàçû îäíîâðåìåííî ÿâëÿþòñÿ è çîíäèðóåìûìè, ÷òî çíà÷èòåëüíî óïðîùàåò àëãîðèòì îáðàáîòêè. 
 
Àñïåêòû ïðîáëåìû ïðîïóñêàíèé ïðè çîíäèðîâàíèè íà 266 íì 
 

Ïðè èñïîëüçîâàíèè 4-é ãàðìîíèêè ÀÈÃ-íåîäèìîâîãî ëàçåðà äëèíû âîëí ÊÐ âñåõ àòìîñôåðíûõ 
ãàçîâ ëåæàò â äèàïàçîíå îò 270 äî 300 íì. Â ýòîì äèàïàçîíå èìåþò ñïåêòðû ïîãëîùåíèÿ (ñì. òàáëè-
öó) ñëåäóþùèå ãàçû, ïåðå÷èñëåííûå ïî ìåðå óìåíüøåíèÿ ñå÷åíèÿ ïîãëîùåíèÿ: Î3 [22], SO2 [23, 24], 
ÍO2NO2 [25], NO5 [26], NO2 [25], Í2O2 [26], ÍNÎ3 [27], Ñ3Í6O [28], Ñl2 [29], ÍNO2 [30], Ñ2Í2O2, 
Ñ2Í4O [28], ÑlO, ÑlO3, ÑlOÎ, ClONO, ClNO2, BrONO2, ÑlNÎ, ÑlONO2, HOCl, CF2Br2, COCl2, 
ÑÍ3Âr, HClO4 [31]. 
 

 
Ðèñ. 1. Ìàêñèìàëüíî äîïóñòèìûå êîíöåíòðàöèè ïîãëî-
ùàþùèõ ãàçîâ O3, SO2, NO2, HNO3 â çàâèñèìîñòè îò 
ñäâèãà ÊÐ. Âåðòèêàëüíûå ëèíèè — äèàïàçîíû èçìåíåíèÿ 
êîíöåíòðàöèé îò ôîíîâîé ñåëüñêîé äî çàãðÿçíåííîé ãî-
ðîäñêîé 

Ðèñ. 2. .Ìàêñèìàëüíî äîïóñòèìûå (1%-ÿ îøèáêà) èç-
çà ïîãëîùåíèÿ SO2 äàëüíîñòè â çàâèñèìîñòè îò ñäâèãà 
ÊÐ äëÿ òðåõ çîíäèðóåìûõ ñðåä: ãîðîäñêàÿ àòìîñôåðà  
(1); øëåéô âûáðîñîâ (2); èñòîê òðóáû ÒÝÖ (3) 

 

Îïðåäåëÿþùóþ ðîëü â ïðîáëåìå ïðîïóñêàíèé èãðàþò íå ñòîëüêî àáñîëþòíûå çíà÷åíèÿ ñå÷åíèé, 
ñêîëüêî èõ ðàçíîñòè íà ñîîòâåòñòâóþùèõ äëèíàõ âîëí, à åùå òî÷íåå — ðàçíîñòè êîýôôèöèåíòîâ ïî-
ãëîùåíèÿ. Â ýòîì ñìûñëå íàèáîëåå âàæíûìè ÿâëÿþòñÿ Î3, SO2, NO2, HNO3. Ýòî èëëþñòðèðóåò 
ðèñ. 1, ãäå ïðèâåäåíû êîíöåíòðàöèè ýòèõ ãàçîâ, äàþùèå îäíîïðîöåíòíóþ ñèñòåìàòè÷åñêóþ îøèáêó â 
îöåíêå êîíöåíòðàöèè çîíäèðóåìûõ ãàçîâ íà òðàññå â îäèí êèëîìåòð. Âèäíî, ÷òî íåîáõîäèìî ó÷èòû-
âàòü ïîãëîùåíèå îçîíîì ïðè çîíäèðîâàíèè ïðàêòè÷åñêè âñåõ ãàçîâ äàæå â ôîíîâîé àòìîñôåðå, äâó-
îêèñüþ ñåðû ïðè çîíäèðîâàíèè ìíîãèõ ãàçîâ â ôîíîâîé è âñåõ ãàçîâ â çàãðÿçíåííîé àòìîñôåðå, äâó-
îêèñüþ àçîòà ïðè çîíäèðîâàíèè ïî÷òè âñåõ ãàçîâ â çàãðÿçíåííîé àòìîñôåðå, àçîòíîé êèñëîòîé ïðè 
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çîíäèðîâàíèè èñòî÷íèêîâ çàãðÿçíåíèé. Ó÷åò ïîãëîùåíèÿ äðóãèìè ãàçàìè ìîæåò ïîíàäîáèòüñÿ òîëüêî 
ïðè çîíäèðîâàíèè èñòî÷íèêîâ âûáðîñîâ. 
 

Ò à á ë è ö à  
 

Ñå÷åíèÿ ïîãëîùåíèÿ ãàçîâ, ì2 

 

Äëèíà âîëíû, íì SO
2
 O

3
 NO

2
 HNO

3
 H

2
O

2
 

269,9 

270,0 

270,3 

270,9 

271,3 

271,6 

271,8 

272,6 

273,1 

274,1 

3,70E–23 

3,60E–23 

2,80E–23 

3,50E–23 

3,00E–23 

3,48E–23 

3,10E–23 

4,70E–23 

4,40E–23 

8,30E–23 

7,90E–22

7,91E–22

7,78E–22

7,53E–22

7,38E–22

7,24E–22

7,16E–22

6,82E–22

6,62E–22

6,22E–22

3,12E–24 

3,13E–24 

3,18E–24 

3,29E–24 

3,35E–24 

3,41E–24 

3,45E–24 

3,59E–24 

3,68E–24 

3,86E–24

1,63E–24

1,63E–24

1,62E–24

1,59E–24

1,57E–24

1,56E–24

1,55E–24

1,51E–24

1,49E–24

1,44E–24

3,56E–24 

3,55E–24 

3,50E–24 

3,41E–24 

3,35E–24 

3,29E–24 

3,26E–24 

3,13E–24 

3,05E–24 

2,89E–24 

274,7 
275,2 
275,9 
276,7 
277,7 
278,3 
278,9 
279,5 
280,0 
281,0 

5,30E–23 
6,50E–23 
4,60E–23 
6,90E–23 
6,20E–23 
8,20E–23 
6,25E–23 
8,90E–23 
5,40E–23 
9,80E–23 

5,98E–22
5,78E–22
5,53E–22
5,24E–22
4,85E–22
4,64E–22
4,46E–22
4,34E–22
4,19E–22
3,83E–22

3,97E–24 
4,08E–24 
4,28E–24 
4,52E–24 
4,84E–24 
5,02E–24 
5,19E–24 
5,39E–24 
5,54E–24 
5,83E–24

1,41E–24
1,39E–24
1,36E–24
1,31E–24
1,26E–24
1,23E–24
1,20E–24
1,17E–24
1,14E–24
1,09E–24

2,80E–24 
2,72E–24 
2,64E–24 
2,53E–24 
2,39E–24 
2,31E–24 
2,24E–24 
2,16E–24 
2,09E–24 
2,00E–24 

281,8 
282,6 
283,4 
283,6 
284,6 
285,8 
287,5 
288,3 
289,2 
290,2 

5,40E–23 
9,90E–23 
5,70E–23 
6,70E–23 
1,12E–22 
5,70E–23 
1,12E–22 
6,80E–23 
1,08E–22 
7,60E–23 

3,51E–22
3,21E–22
2,95E–22
2,88E–22
2,59E–22
2,28E–22
1,90E–22
1,76E–22
1,59E–22
1,43E–22

6,06E–24 
6,29E–24 
6,53E–24 
6,58E–24 
6,87E–24 
7,18E–24 
7,59E–24 
7,76E–24 
7,99E–24 
8,22E–24

1,05E–24
1,00E–24
9,61E–25
9,51E–25
8,98E–25
8,38E–25
7,56E–25
7,19E–25
6,73E–25
6,28E–25

1,94E–24 
1,87E–24 
1,80E–24 
1,78E–24 
1,69E–24 
1,59E–24 
1,45E–24 
1,38E–24 
1,30E–24 
1,22E–24 

290,6 
291,6 
292,5 
293,3 
294,0 
294,2 
294,6 
295,5 
296,4 
297,4 

1,09E–22 
5,60E–23 
1,00E–22 
4,90E–23 
1,50E–22 
8,80E–23 
1,01E–22 
4,20E–23 
1,12E–22 
3,20E–23 

1,35E–22
1,18E–22
1,05E–22
9,57E–23
8,70E–23
8,48E–23
8,06E–23
7,19E–23
6,42E–23
5,67E–23

8,36E–24 
8,66E–24 
8,93E–24 
9,15E–24 
9,37E–24 
9,43E–24 
9,55E–24 
9,87E–24 
1,02E–23 
1,06E–23

6,09E–25
5,67E–25
5,3 E–25
4,99E–25
4,68E–25
4,59E–25
4,43E–25
4,11E–25
3,84E–25
3,54E–25

1,20E–24 
1,15E–24 
1,10E–24 
1,06E–24 
1,02E–24 
1,01E–24 
,990E–24 
9,43E–25 
8,96E–25 
8,44E–25 

298,2 
299,1 

1,08E–22 
3,90E–23 

5,13E–23
4,62E–23

1,10E–23 
1,13E–23

3,3E–25
3,04E–25

8,02E–25 
7,57E–25 

269,9 
270,0 
270,3 
270,9 
271,3 
271,6 
271,8 
272,6 

1,52E–23 
1,52E–23 
1,51E–23 
1,48E–23 
1,46E–23 
1,45E–23 
1,44E–23 
1,40E–23 

2,87E–23
2,80E–23
2,77E–23
2,71E–23
2,68E–23
2,64E–23
2,62E–23
2,54E–23

2,20E–25 
2,20E–25 
2,24E–25 
2,32E–25 
2,37E–25 
2,42E–25 
2,44E–25 
2,55E–25

3,79E–25
3,80E–25
4,05E–25
4,54E–25
4,83E–25
5,11E–25
5,28E–25
5,93E–25

9,51E–26 
9,81E–26 
1,16E–25 
1,51E–25 
1,74E–25 
1,98E–25 
2,12E–25 
2,79E–25 

273,1 1,38E–23 2,49E–23 2,62E–25 6,34E–25 3,22E–25 
274,1 1,34E–23 2,39E–23 2,75E–25 7,16E–25 4,02E–25 
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Äëèíà âîëíû, íì SO2 O3 NO2 HNO3 H2O2 

274,7 
275,2 
275,9 
276,7 
277,7 
278,3 
278,9 
279,5 

1,31E–23 
1,29E–23 
1,26E–23 
1,22E–23 
1,17E–23 
1,15E–23 
1,12E–23 
1,09E–23 

2,33E–23
2,28E–23
2,22E–23
2,14E–23
2,03E–23
1,97E–23
1,92E–23
1,85E–23

2,83E–25
2,90E–25
2,99E–25
3,10E–25
3,24E–25
3,32E–25
3,39E–25
3,48E–25,

7,65E–25
8,06E–25
8,60E–25
9,25E–25
1,01E–24
1,06E–24
1,11E–24
1,16E–24

4,61E–25 
5,10E–25 
5,74E–25 
6,40E–25 
7,50E–25 
8,14E–25 
8,68E–25 
9,32E–25 

280,0 
281,0 
281,8 
282,6 
283,4 
283,6 
284,6 
285,8 
287,5 
288,3 

1,07E–23 
1,02E–23 
9,84E–24 
9,45E–24 
9,07E–24 
8,97E–24 
8,49E–24 
7,98E–24 
7,30E–24 
7,00E–24 

1,80E–23
1,72E–23
1,66E–23
1,59E–23
1,53E–23
1,51E–23
1,43E–23
1,35E–23
1,25E–23
1,20E–23

3,55E–25
3,71E–25
3,84E–25
3,97E–25
4,09E–25
4,13E–25
4,29E–25
4,48E–25
4,75E–25
4,87E–25

1,2 E–24
1,36E–24
1,49E–24
1,62E–24
1,74E–24
1,78E–24
1,94E–24
2,13E–24
2,40E–24
2,52E–24

9,81E–25 
1,12E–24 
1,24E–24 
1,37E–24 
1,51E–24 
1,55E–24 
1,76E–24 
2,03E–24 
2,39E–24 
2,68E–24 

289,2 
290,2 
290,6 
291,6 
292,5 
293,3 
294,0 
294,2 
294,6 
295,5 

6,62E–24 
6,25E–24 
6,11E–24 
5,80E–24 
5,53E–24 
5,29E–24 
5,06E–24 
5,00E–24 
4,87E–24 
4,60E–24 

1,14E–23
1,08E–23
1,05E–23
9,88E–24
9,30E–24
8,82E–24
8,34E–24
8,21E–24
7,96E–24
7,43E–24

5,02E–25
5,18E–25
5,28E–25
5,50E–25
5,70E–25
5,87E–25
6,03E–25
6,07E–25
6,16E–25
6,36E–25

2,67E–24
2,84E–24
2,94E–24
3,18E–24
3,40E–24
3,58E–24
3,76E–24
3,81E–24
3,90E–24
4,12E–24

2,97E–24 
3,12E–24 
3,19E–24 
3,47E–24 
3,77E–24 
4,03E–24 
4,36E–24 
4,39E–24 
4,45E–24 
4,59E–24 

296,4 
297,4 
298,2 
299,1 

4,32E–24 
4,01E–24 
3,76E–24 
3,49E–24 

6,95E–24
6,41E–24
5,98E–24
5,52E–24

6,56E–25
6,78E–25
6,95E–25
7,14E–25

4,34E–25
4,58E–25
4,77E–25
4,97E–25

4,80E–24 
5,16E–24 
5,48E–24 
5,72E–24 

269,9 
270,0 
270,3 
270,9 
271,3 
271,6 
271,8 
272,6 

2,65E–26 
2,74E–26 
3,29E–26 
4,38E–26 
5,25E–26 
6,21E–26 
6,75E–26 
9,49E–26 

1,09E–24
1,10E–24
1,12E–24
1,17E–24
1,20E–24
1,22E–24
1,24E–24
1,30E–24

9,01E–23
9,03E–23
9,15E–23
9,38E–23
9,52E–23
9,66E–23
9,74E–23
1,01E–22

2,16E–23
2,15E–23
2,12E–23
2,05E–23
2,02E–23
1,98E–23
1,96E–23
1,87E–23

3,41E–23 
3,40E–23 
3,38E–23 
3,35E–23 
3,33E–23 
3,30E–23 
3,29E–23 
3,24E–23 

273,1 
274,1 
274,7 
275,2 
275,9 
276,7 
277,7 
278,3 
278,9 
279,5 

1,13E–25 
1,51E–25 
1,84E–25 
2,15E–25 
2,63E–25 
3,21E–25 
3,98E–25 
4,58E–25 
5,28E–25 
6,02E–25 

1,34E–24
1,42E–24
1,47E–24
1,51E–24
1,56E–24
1,62E–24
1,70E–24
1,75E–24
1,79E–24
1,84E–24

1,03E–22
1,06E–22
1,09E–22
1,11E–22
1,14E–22
1,17E–22
1,22E–22
1,25E–22
1,27E–22
1,30E–22

1,82E–23
1,71E–23
1,64E–23
1,59E–23
1,54E–23
1,47E–23
1,38E–23
1,33E–23
1,29E–23
1,23E–23

3,21E–23 
3,15E–23 
3,12E–23 
3,09E–23 
3,07E–23 
3,03E–23 
2,99E–23 
2,97E–23 
2,95E–23 
2,92E–23 

280,0 
281,0 
281,8 
282,6 
283,4 
283,6 
284,6 
285,8 
287,5 
288,3 

6,57E–25 
8,21E–25 
9,82E–25 
1,18E–24 
1,39E–24 
1,45E–24 
1,74E–24 
2,10E–24 
2,60E–24 
2,43E–24 

1,88E–24
1,96E–24
2,02E–24
2,09E–24
2,15E–24
2,17E–24
2,24E–24
2,34E–24
2,47E–24
2,53E–24

1,32E–22
1,34E–22
1,36E–22
1,38E–22
1,40E–22
1,41E–22
1,43E–22
1,44E–22
1,44E–22
1,44E–22

1,19E–23
1,13E–23
1,08E–23
1,03E–23
9,79E–24
9,67E–24
9,05E–24
8,41E–24
7,58E–24
7,21E–24

2,90E–23 
2,86E–23 
2,83E–23 
2,80E–23 
2,76E–23 
2,76E–23 
2,72E–23 
2,65E–23 
2,55E–23 
2,51E–23 
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Ï ð î ä î ë æ å í è å  ò à á ë è ö û  
 

Äëèíà âîëíû, íì SO2 O3 NO2 HNO3 H2O2 

289,2 
290,2 
290,6 
291,6 
292,5 
293,3 
294,0 
294,2 
294,6 
295,5 

2,34E–24 
2,47E–24 
2,51E–24 
2,61E–24 
3,55E–24 
3,95E–24 
3,92E–24 
3,92E–24 
3,76E–24 
3,51E–24 

2,61E–24
2,64E–24
2,65E–24
2,69E–24
2,85E–24
2,93E–24
2,98E–24
2,98E–24
2,98E–24
2,98E–24

1,44E–22
1,44E–22
1,44E–22
1,43E–22
1,43E–22
1,43E–22
1,42E–22
1,42E–22
1,42E–22
1,41E–22

6,75E–24
6,31E–24
6,14E–24
5,78E–24
5,46E–24
5,19E–24
4,92E–24
4,85E–24
4,70E–24
4,43E–24

2,45E–23 
2,39E–23 
2,38E–23 
2,34E–23 
2,30E–23 
2,27E–23 
2,24E–23 
2,23E–23 
2,22E–23 
2,17E–23 

296,4 
297,4 
298,2 
299,1 

3,27E–24 
2,88E–24 
2,97E–24 
3,48E–24 

2,98E–24
2,93E–24
3,14E–24
3,14E–24

1,38E–22
1,36E–22
1,34E–22
1,31E–22

4,21E–24
3,96E–24
3,75E–24
3,54E–24

2,12E–23 
2,06E–23 
2,01E–23 
1,96E–23 

269,9 
270,0 
270,3 
270,9 
271,3 
271,6 
271,8 
272,6 

3,74E–23 
3,73E–23 
3,68E–23 
3,59E–23 
3,53E–23 
3,48E–23 
3,45E–23 
3,32E–23 

1,36E–23
1,36E–23
1,35E–23
1,33E–23
1,32E–23
1,30E–23
1,30E–23
1,27E–23

6,22E–24
6,20E–24
6,16E–24
6,07E–24
6,03E–24
5,98E–24
5,95E–24
5,84E–24

4,50E–22
4,50E–22
4,51E–22
4,52E–22
4,53E–22
4,53E–22
4,54E–22
4,55E–22

1,59E–24 
1,58E–24 
1,55E–24 
1,49E–24 
1,45E–24 
1,41E–24 
1,39E–24 
1,31E–24 

273,1 
274,1 
274,7 
275,2 
275,9 
276,7 
277,7 
278,3 
278,9 
279,5 

3,24E–23 
3,08E–23 
2,99E–23 
2,91E–23 
2,83E–23 
2,73E–23 
2,60E–23 
2,52E–23 
2,45E–23 
2,37E–23 

1,25E–23
1,21E–23
1,19E–23
1,17E–23
1,15E–23
1,13E–23
1,10E–23
1,08E–23
1,06E–23
1,05E–23

5,77E–24
5,63E–24
5,54E–24
5,47E–24
5,38E–24
5,27E–24
5,12E–24
5,04E–24
4,96E–24
4,87E–24

4,56E–22
4,58E–22
4,59E–22
4,60E–22
4,60E–22
4,60E–22
4,60E–22
4,60E–22
4,60E–22
4,60E–22

1,26E–24 
1,15E–24 
1,09E–24 
1,04E–24 
9,70E–25 
8,85E–25 
7,74E–25 
7,10E–25 
6,52E–25 
5,83E–25 

280,0 
281,0 
281,8 
282,6 
283,4 
283,6 
284,6 
285,8 
287,5 
288,3 

2,31E–23 
2,26E–23 
2,21E–23 
2,17E–23 
2,13E–23 
2,12E–23 
2,06E–23 
2,00E–23 
1,93E–23 
1,89E–23 

1,03E–23
1,03E–23
1,02E–23
1,02E–23
1,02E–23
1,02E–23
1,01E–23
1,01E–23
1,00E–23
9,96E–24

4,80E–24
4,84E–24
4,87E–24
4,90E–24
4,94E–24
4,94E–24
4,98E–24
5,05E–24
5,15E–24
5,20E–24

4,60E–22
4,56E–22
4,53E–22
4,50E–22
4,46E–22
4,46E–22
4,42E–22
4,38E–22
4,35E–22
4,34E–22

5,30E–25 
4,84E–25 
4,47E–25 
4,10E–25 
3,74E–25 
3,64E–25 
3,18E–25 
2,71E–25 
2,10E–25 
1,83E–25 

289,2 
290,2 
290,6 
291,6 
292,5 
293,3 
294,0 
294,2 
294,6 
295,5 

1,85E–23 
1,81E–23 
1,79E–23 
1,77E–23 
1,74E–23 
1,72E–23 
1,70E–23 
1,69E–23 
1,68E–23 
1,66E–23 

9,92E–24
9,88E–24
9,87E–24
9,83E–24
9,79E–24
9,76E–24
9,73E–24
9,72E–24
9,71E–24
9,67E–24

5,25E–24
5,31E–24
5,35E–24
5,43E–24
5,50E–24
5,56E–24
5,62E–24
5,64E–24
5,67E–24
5,74E–24

4,32E–22
4,29E–22
4,28E–22
4,24E–22
4,20E–22
4,17E–22
4,14E–22
4,13E–22
4,12E–22
4,08E–22

1,49E–25 
1,18E–25 
1,12E–25 
9,76E–26 
8,50E–26 
7,45E–26 
6,40E–26 
6,12E–26 
5,56E–26 
4,30E–26 

296,4 
297,4 
298,2 
299,1 

1,63E–23 
1,61E–23 
1,59E–23 
1,56E–23 

9,63E–24
9,59E–24
9,56E–24
9,53E–24

5,81E–24
5,89E–24
5,96E–24
6,02E–24

4,07E–22
4,05E–22
4,04E–22
4,02E–22

4,44E–26 
4,04E–26 
3,72E–26 
3,38E–26 

269,9 
 

3,73E–26 
 

4,25E–24
 

3,03E–26
 

5,13E–22
 

5,60E–22 
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Ï ð î ä î ë æ å í è å  ò à á ë è ö û  
 

Äëèíà âîëíû, íì SO2 O3 NO2 HNO3 H2O2 

270,0 
270,3 
270,9 
271,3 
271,6 
271,8 
272,6 

3,70E–26 
3,60E–26 
3,41E–26 
3,30E–26 
3,19E–26 
3,12E–26 
2,87E–26 

4,21E–24
4,08E–24
3,81E–24
3,65E–24
3,49E–24
3,40E–24
3,05E–24

3,00E–26
2,94E–26
2,82E–26
2,75E–26
2,68E–26
2,64E–26
2,48E–26

5,11E–22
5,01E–22
4,80E–22
4,68E–22
4,56E–22
4,49E–22
4,22E–22

5,60E–22 
5,56E–22 
5,47E–22 
5,41E–22 
5,36E–22 
5,33E–22 
5,21E–22 

273,1 
274,1 
274,7 
275,2 
275,9 
276,7 
277,7 
278,3 
278,9 
279,5 

2,71E–26 
2,39E–26 
2,20E–26 
2,08E–26 
2,00E–26 
1,90E–26 
1,78E–26 
1,70E–26 
1,64E–26 
1,56E–26 

2,82E–24
2,37E–24
2,10E–24
1,93E–24
1,79E–24
1,62E–24
1,40E–24
1,28E–24
1,16E–24
1,03E–24

2,38E–26
2,18E–26
2,06E–26
1,96E–26
1,83E–26
1,67E–26
1,46E–26
1,34E–26
1,23E–26
1,10E–26

4,05E–22
3,71E–22
3,50E–22
3,36E–22
3,21E–22
3,03E–22
2,80E–22
2,66E–22
2,54E–22
2,39E–22

5,14E–22 
4,99E–22 
4,90E–22 
4,80E–22 
4,66E–22 
4,47E–22 
4,23E–22 
4,10E–22 
3,97E–22 
3,82E–22 

280,0 
281,0 
281,8 
282,6 
283,4 
283,6 
284,6 
285,8 
287,5 
288,3 

1,50E–26 
1,40E–26 
1,32E–26 
1,24E–26 
1,16E–26 
1,14E–26 
1,04E–26 
9,52E–27 
8,50E–27 
8,05E–27 

9,22E–25
8,50E–25
7,93E–25
7,36E–25
6,79E–25
6,64E–25
5,93E–25
5,07E–25
3,86E–25
3,32E–25

1,00E–26
9,50E–27
9,10E–27
8,70E–27
8,30E–27
8,20E–27
7,70E–27
7,10E–27
6,25E–27
5,88E–27

2,28E–22
2,12E–22
2,00E–22
1,87E–22
1,75E–22
1,72E–22
1,56E–22
1,42E–22
1,25E–22
1,18E–22

3,71E–22 
3,52E–22 
3,36E–22 
3,21E–22 
3,05E–22 
3,01E–22 
2,82E–22 
2,61E–22 
2,32E–22 
2,19E–22 

289,2 
290,2 
290,6 
291,6 
292,5 
293,3 
294,0 
294,2 
294,6 
295,5 

7,48E–27 
6,94E–27 
6,76E–27 
6,36E–27 
6,00E–27 
5,70E–27 
5,40E–27 
5,32E–27 
5,16E–27 
4,80E–27 

2,64E–25
2,05E–25
2,00E–25
1,89E–25
1,79E–25
1,70E–25
1,61E–25
1,59E–25
1,55E–25
1,44E–25

5,40E–27
4,94E–27
4,76E–27
4,36E–27
4,00E–27
3,70E–27
3,40E–27
3,32E–27
3,16E–27
2,80E–27

1,08E–22
9,88E–23
9,52E–23
8,72E–23
8,00E–23
7,40E–23
6,80E–23
6,64E–23
6,32E–23
5,60E–23

2,03E–22 
1,88E–22 
1,83E–22 
1,71E–22 
1,60E–22 
1,51E–22 
1,42E–22 
1,40E–22 
1,35E–22 
1,24E–22 

296,4 
297,4 
298,2 
299,1 

4,44E–27 
4,04E–27 
3,72E–27 
3,38E–27 

1,36E–25
1,26E–25
1,18E–25
1,09E–25

2,72E–27
2,52E–27
2,36E–27
2,19E–27

5,16E–23
4,56E–23
4,08E–23
3,56E–23

1,16E–22 
1,06E–22 
9,80E–23 
8,94E–23 

 
Îäíèì èç ïàðàìåòðîâ, ñóùåñòâåííî ñêàçûâàþùèõñÿ íà ïðîáëåìå ïðîïóñêàíèé, ÿâëÿåòñÿ äàëü-

íîñòü çîíäèðîâàíèÿ. Î÷åâèäíî, ÷òî â íåêîòîðûõ ñëó÷àÿõ ìîæíî ðàñïîëàãàòü ìîáèëüíûé ëèäàð íà 
ñòîëü ìàëûõ äàëüíîñòÿõ îò çîíäèðóåìîãî îáúåìà, ÷òîáû îòíîøåíèå ïðîïóñêàíèé áûëî áëèçêî ê åäè-
íèöå. Îäíàêî, êàê ïîêàçûâàåò ðèñ. 2, ýòè ñëó÷àè ñâîäÿòñÿ òîëüêî ê çîíäèðîâàíèþ ôîíîâîé èëè çà-
ãðÿçíåííîé àòìîñôåðû íî íèêàê íå ê çîíäèðîâàíèþ èñòî÷íèêîâ âûáðîñîâ. Òàê, âëèÿíèå îäíîãî òîëü-
êî SO2 äîñòàòî÷íî âåëèêî íà ðàññòîÿíèè ñîòåí ìåòðîâ â ãîðîäñêîé àòìîñôåðå, åäèíèö ìåòðîâ â øëåé-
ôå âûáðîñîâ, åäèíèö ñàíòèìåòðîâ â èñòîêå òðóáû ÒÝÖ. 
 
Çàêëþ÷åíèå 
 

Íåñìîòðÿ íà äîëãóþ èñòîðèþ ñâîåãî ñóùåñòâîâàíèÿ è óñïåøíóþ äåìîíñòðàöèþ ñâîèõ âîçìîæíîñòåé, 
äî ñèõ ïîð ëèäàðû íå íàøëè äîñòàòî÷íî øèðîêîãî ïðèìåíåíèÿ íà ïðàêòèêå. Ñâÿçàíî ýòî ñ íàó÷íî- èñ-
ñëåäîâàòåëüñêîé íàöåëåííîñòüþ ñîçäàííûõ îáðàçöîâ. Îäíàêî ñåé÷àñ, êîãäà ïðîâåäåíû ìíîãî÷èñëåííûå 
òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ, íàñòàëî âðåìÿ ñîçäàíèÿ ïåðâûõ ñåðèéíûõ ëèäàðîâ. 
Äëÿ ýêîëîãè÷åñêèõ öåëåé, ïî íàøåìó ìíåíèþ, â êà÷åñòâå îäíîãî èç íèõ ìîã áû ñòàòü ìîáèëüíûé ãàçîàý-
ðîçîëüíûé ëèäàð. ïðåäíàçíà÷åííûé äëÿ êîìïëåêñíîãî çîíäèðîâàíèÿ èñòî÷íèêîâ âûáðîñîâ. 

Êàê ïîêàçàíî, ñóùåñòâóþò âñå íåîáõîäèìûå ïðåäïîñûëêè äëÿ ñîçäàíèÿ òàêîãî ëèäàðà. Òðåáóåòñÿ 
ëèøü äåòàëüíîå ðàññìîòðåíèå àïïàðàòóðíûõ âîïðîñîâ è ðàçðàáîòêà íà îñíîâå ïðåäëîæåííîé ìåòîäè-
êè ýôôåêòèâíûõ àëãîðèòìîâ îáðàáîòêè ñèãíàëîâ. 
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V . Ì .  D u b y a g i n ,  N . A .  S h e f e r . Tendencies and Problems of the Laser Sounding of the Atmosphere 
Pollutions. 
 

The tendency of the ecological lasers evolution is described. The necessity is justified to develop the mobile gas-
aerosol UV-lidars designed for sounding the pollution sources. The problems are discussed connected with such lasers pro-
duction. An ingenious method to solve the transmission problem is presented and some aspects of the problem at the use of 
the fourth harmonic of the neodymium-dopted YAG-laser are discussed. 


