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Â ôåâðàëå 2004 ã. ñ ïîìîùüþ ìîáèëüíîé ñòàíöèè ÀÊÂ-2, ðàçðàáîòàííîé â ÈÎÀ, èññëåäîâàëèñü ïîëÿ 

çàãðÿçíåíèÿ âîçäóõà ãîðîäîâ Âîñòî÷íîé Ñèáèðè, ðàñïîëîæåííûõ íà ó÷àñòêå Èðêóòñê – Òîìñê. Ïî 22 ïðî-
áàì ïîñòðîåí õîä íåîðãàíè÷åñêîé êîìïîíåíòû (ñóììàðíîé ìàññîâîé êîíöåíòðàöèè ýëåìåíòîâ è èîíîâ) ïðè-
çåìíîãî àýðîçîëÿ â äåâÿòè ãîðîäàõ ðåãèîíà. Ðàçáðîñ çíà÷åíèé êîíöåíòðàöèè íåîðãàíè÷åñêîé ôðàêöèè îêà-
çàëñÿ âåëèê: îò 22 ìêã/ì3 íà îêðàèíå Êàíñêà äî 0,5–0,6 ìã/ì3 â ïðîìçîíå Óñîëüÿ-Ñèáèðñêîãî. Â ðÿäå ñëó-
÷àåâ ýòà âåëè÷èíà ðàçëè÷àëàñü íà ïîðÿäîê â ïðåäåëàõ îäíîãî ãîðîäà (À÷èíñê, Èðêóòñê). Ïðîâåäåí àíàëèç 
ñèíîïòè÷åñêîé îáñòàíîâêè â ìåñòàõ ïðîáîîòáîðà â ïåðèîä ýêñïåðèìåíòà. Äëÿ ãîðîäîâ Èðêóòñêîãî ïðîìûø-
ëåííîãî ðàéîíà (Èðêóòñê, Àíãàðñê, Óñîëüå-Ñèáèðñêîå) ïðèâîäèòñÿ ïîäðîáíàÿ àýðîçîëüíî-õèìè÷åñêàÿ ìàò-
ðèöà, âêëþ÷àþùàÿ êàê íåîðãàíè÷åñêèé ñîñòàâ, òàê è ñîäåðæàíèå ïîëèöèêëè÷åñêèõ àðîìàòè÷åñêèõ óãëåâî-
äîðîäîâ (ÏÀÓ) â ïàðêîâûõ è ïðîìûøëåííûõ çîíàõ ýòèõ ãîðîäîâ. Íà çíà÷èòåëüíóþ íåîäíîðîäíîñòü íåîð-
ãàíè÷åñêîé êîìïîíåíòû, â òîì ÷èñëå â ðàìêàõ ãîðîäîâ îäíîé ïðîìûøëåííîé çîíû, áîëüøîå âëèÿíèå îêà-
çûâàþò, ñ îäíîé ñòîðîíû, ñîñòàâ âûáðîñîâ ìåñòíûõ èñòî÷íèêîâ è ïðåäûñòîðèÿ âîçäóøíîé ìàññû, à ñ äðó-
ãîé – ýêðàíèðóþùèé ýôôåêò ìåñòíîé ëîêàëüíîé öèðêóëÿöèè. Óðîâåíü êîíöåíòðàöèé ÏÀÓ, à òàêæå ïðî-
öåíòíîå ñîîòíîøåíèå ìåæäó íèìè â áîëüøåé ñòåïåíè, ÷åì íåîðãàíè÷åñêèé ñîñòàâ, îïðåäåëÿþòñÿ ìåñòîì îò-
áîðà ïðîá àýðîçîëÿ è áëèçîñòüþ èñòî÷íèêîâ çàãðÿçíåíèÿ â ãîðîäå. Ïîýòîìó ýòè ìèêðîêîìïîíåíòû, èìåÿ 
îäíîçíà÷íîå àíòðîïîãåííîå ïðîèñõîæäåíèå, ìîãóò áûòü ñâîåîáðàçíûì ðåïåðîì ïðè ïåðåíîñå àýðîçîëÿ ìåæ-
äó ðàçëè÷íûìè ðàéîíàìè ãîðîäîâ. 

 

Ââåäåíèå 

Äàííûå î õèìè÷åñêîì ñîñòàâå àòìîñôåðíîãî 
àýðîçîëÿ íåîáõîäèìû äëÿ ðåøåíèÿ øèðîêîãî êðóãà 
çàäà÷ ôèçèêè è îïòèêè àòìîñôåðû, ýêîëîãèè. Îò 
õèìè÷åñêîãî ñîñòàâà ÷àñòèö çàâèñÿò èõ ïîêàçàòåëü 
ïðåëîìëåíèÿ è, ñîîòâåòñòâåííî, çàêîíîìåðíîñòè ðàñ-
ñåèâàíèÿ è ïîãëîùåíèÿ ñîëíå÷íîãî èçëó÷åíèÿ â àò-
ìîñôåðå. Â ñîñòàâ àýðîçîëÿ ÷àñòî âõîäÿò òÿæåëûå 
ìåòàëëû è ïîëèöèêëè÷åñêèå àðîìàòè÷åñêèå óãëåâîäî-
ðîäû (ÏÀÓ), îáëàäàþùèå êàíöåðîãåííûìè è ìóòà-
ãåííûìè ñâîéñòâàìè, ÷òî îïðåäåëÿåò ýêîëîãè÷å- 
ñêóþ çíà÷èìîñòü èññëåäîâàíèÿ õèìè÷åñêîãî ñîñòàâà  
àýðîçîëÿ. Ðàñòâîðåíèå â îáëà÷íûõ êàïëÿõ ÷àñòèö, 
ñîäåðæàùèõ ñóëüôàòû, âåäåò ê îáðàçîâàíèþ êè-
ñëîòíûõ äîæäåé, êîòîðûå ïàãóáíî äåéñòâóþò íà 
áèîòó, âûçûâàþò äåãðàäàöèþ âîäîåìîâ è ïî÷â. Âñå 
ýòî îïðåäåëÿåò áîëüøóþ çíà÷èìîñòü èññëåäîâàíèé 
õèìè÷åñêîãî ñîñòàâà àòìîñôåðíîãî àýðîçîëÿ, êîòî-
ðûå â ïîñëåäíèå äåñÿòèëåòèÿ îñóùåñòâëÿþòñÿ âî 
âñåì ìèðå ñ íàðàñòàþùåé èíòåíñèâíîñòüþ [1].  

Îñîáûé èíòåðåñ â ýòîé ÷àñòè èññëåäîâàíèé 
ïðåäñòàâëÿåò èçó÷åíèå àíòðîïîãåííîãî àýðîçîëÿ, êî-
òîðûé â íàèáîëüøåé ñòåïåíè ïðîÿâëÿåò ñåáÿ â ïðî-

ìûøëåííî-óðáàíèçèðîâàííûõ àãëîìåðàöèÿõ – ñî-
âðåìåííûõ ãîðîäàõ, êîòîðûå çàíèìàþò íåçíà÷è-
òåëüíóþ òåððèòîðèþ, îäíàêî ïî óðîâíþ îòêëîíåíèÿ 
ìíîãèõ àòìîñôåðíûõ ïàðàìåòðîâ äàâíî íå èìåþò 
ñåáå ðàâíûõ â ïðèðîäíîì ìèðå. Ñêîïëåíèå æèëüÿ  
è ïðîèçâîäñòâ íà îãðàíè÷åííîé ïëîùàäè, êàêîâîé 
ÿâëÿåòñÿ ñîâðåìåííûé ãîðîä, ïðèâîäèò ê òîìó, ÷òî 
â åãî ïðåäåëàõ âûáðàñûâàåòñÿ â îêðóæàþùóþ ñðåäó 
áîëüøîå êîëè÷åñòâî âñåâîçìîæíûõ ïðèìåñåé, íå íà-
áëþäàþùèõñÿ â åñòåñòâåííûõ óñëîâèÿõ. Óæå ïåðâûå 
ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîêàçàëè çíà÷è-
òåëüíûå (äî äåñÿòêîâ ðàç) ïðåâûøåíèÿ êîíöåíòðà-
öèé ðÿäà êîìïîíåíòîâ â ñîñòàâå ãîðîäñêîãî àýðîçîëÿ 
ïî ñðàâíåíèþ ñ íåàãëîìåðèðîâàííîé ñðåäîé [2–4]. 
Íàøè ïðåäûäóùèå èññëåäîâàíèÿ, ïðîâåäåííûå  
â íåñêîëüêèõ ãîðîäàõ ÑÑÑÐ, òàêæå ïîäòâåðäèëè 
ôàêòû ìíîãîêðàòíîãî îáîãàùåíèÿ ãîðîäñêîãî àýðî-
çîëÿ ìíîãèìè õèìè÷åñêèìè êîìïîíåíòàìè [5, 6]. 
 Òðàäèöèîííûå è íåïîêîëåáèìûå åùå 15–20 ëåò 
íàçàä ïðåäñòàâëåíèÿ îá àýðàöèè ãîðîäà, îñíîâàí-
íûå íà òðàíñëÿöèè ìåñòíîé êëèìàòè÷åñêîé ðîçû 
âåòðîâ íà ãîðîäñêîé ëàíäøàôò, íå îáúÿñíÿëè ôàê-
òè÷åñêè íàáëþäàåìóþ ñ íàêîïëåíèåì ïðèìåñåé ñè-
òóàöèþ, îõâàòûâàþùóþ íå òîëüêî ïðèçåìíûé ñëîé, 
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íî è, â îòäåëüíûå ïåðèîäû, âåñü ïîãðàíè÷íûé ñëîé 
àòìîñôåðû íàä ãîðîäîì. Ñîâðåìåííûå òåîðåòè÷å-
ñêèå èññëåäîâàíèÿ çàêîíîìåðíîñòåé ôîðìèðîâàíèÿ 
è òðàíñôîðìàöèè ïîëåé çàãðÿçíåíèÿ âîçäóõà â ïðî-
ìûøëåííûõ öåíòðàõ, îñîáåííî áóðíî ðàçâèâàþùèå-
ñÿ â ïîñëåäíèå 10–15 ëåò [7–9], íåñîìíåííî, â çíà-
÷èòåëüíîé ñòåïåíè ïðîÿñíÿþò ñèòóàöèþ ñ îñîáåííî-
ñòÿìè àýðàöèè ãîðîäîâ. Òåì íå ìåíåå â ðÿäå ñëó÷à-
åâ ðàñõîæäåíèÿ ìåæäó ôàêòè÷åñêè íàáëþäàåìûì 
ðàñïðåäåëåíèåì ïðèìåñåé è òåîðåòè÷åñêèì ïðåäñêà-
çàíèåì íàëè÷èÿ îñîáîé ëîêàëüíîé öèðêóëÿöèè, 
îïðåäåëÿþùåé çàêîíîìåðíîñòè ïîâåäåíèÿ ïðèìåñåé 
â àòìîñôåðå ãîðîäà, âñå åùå èìåþò ìåñòî, ÷òî ïî-
âûøàåò çíà÷èìîñòü ïðîâåäåíèÿ íàòóðíûõ èçìåðå-
íèé êîíöåíòðàöèé çàãðÿçíèòåëåé â ïðîìûøëåííî-
óðáàíèçèðîâàííûõ ïóíêòàõ. Àýðîçîëüíàÿ êîìïî-
íåíòà âûçûâàåò â ýòîì ïëàíå îñîáåííûé èíòåðåñ 
ââèäó ñëîæíîñòè ïðîöåññîâ åå îáðàçîâàíèÿ è ñóùå-
ñòâîâàíèÿ â óñëîâèÿõ çàãðÿçíåííîé àòìîñôåðû ãî-
ðîäà. Ïðèçíàííûå ñîâðåìåííûå àâòîðèòåòíûå èñ-
ñëåäîâàòåëè îäíîçíà÷íî êëàññèôèöèðóþò «æèâó-
ùèé» â ãîðîäå àýðîçîëü êàê îñîáûé è â òî æå âðåìÿ 
ïîëíîöåííûé òèï – ãîðîäñêîé àýðîçîëü [10, 11]. 
 

Ìåòîäèêà è óñëîâèÿ ïðîâåäåíèÿ 
ýêñïåðèìåíòà 

Ýêñïåðèìåíò âûïîëíÿëñÿ ñ èñïîëüçîâàíèåì 
ñîçäàííîé â ÈÎÀ íà áàçå àâòîìîáèëÿ ÃÀÇ-66 ïåðå-
äâèæíîé ëàáîðàòîðèè ìîíèòîðèíãà âîçäóõà ÀÊÂ-2, 
ñïîñîáíîé â àâòîíîìíîì ðåæèìå îòñëåæèâàòü ìå-
òåî- è ðàäèàöèîííûå ïàðàìåòðû ïðèçåìíîé àòìî-
ñôåðû, êîíöåíòðàöèè ìàëûõ ãàçîâûõ ñîñòàâëÿþ-
ùèõ, äèñïåðñíûé ñîñòàâ àýðîçîëÿ. Ïîäðîáíîå îïè-
ñàíèå ìîáèëüíîé ñòàíöèè ìîíèòîðèíãà âîçäóõà 
ÀÊÂ-2 äàíî â [12]. 

Äëÿ èññëåäîâàíèÿ èîííî-ýëåìåíòíîãî ñîñòàâà 
àýðîçîëü îòáèðàëñÿ íà ôèëüòðû ÀÔÀ-ÕÏ-20 ñ ïî-
ìîùüþ âõîäÿùåé â êîìïëåêò ìîáèëüíîé ñòàíöèè 
âûíîñíîé ôèëüòðîàñïèðàöèîííîé óñòàíîâêè, ñîç-
äàííîé íà îñíîâå ãàçîñ÷åò÷èêîâ ÑÃÁ G4-1. Ïîìèìî 
èññëåäîâàíèÿ íåîðãàíè÷åñêîé ôðàêöèè àýðîçîëÿ,  
â ãîðîäàõ Èðêóòñêî-×åðåìõîâñêîé ïðîìûøëåííîé 
çîíû (Èðêóòñê, Àíãàðñê, Óñîëüå-Ñèáèðñêîå) ïðîáû 
àýðîçîëÿ îòáèðàëèñü òàêæå íà ñòåêëîâîëîêíèñòûå 

ôèëüòðû «Whatman 41» äëÿ îïðåäåëåíèÿ ïîëèöèê-
ëè÷åñêèõ àðîìàòè÷åñêèõ óãëåâîäîðîäîâ (ÏÀÓ), ÿâ-
ëÿþùèõñÿ ìèêðîêîìïîíåíòàìè àýðîçîëÿ è îòíîñÿ-
ùèõñÿ ê ñóïåðýêîòîêñèêàíòàì 1-ãî êëàññà îïàñíî-
ñòè [13]. 

Íåïîñðåäñòâåííî êîëè÷åñòâåííûé õèìè÷åñêèé 
àíàëèç íà îïðåäåëåíèå èîííî-ýëåìåíòíîãî ñîñòàâà  
è ñîäåðæàíèå ïîëèàðîìàòè÷åñêèõ óãëåâîäîðîäîâ 
îñóùåñòâëÿëñÿ ïî îêîí÷àíèè ýêñïåäèöèè â ñòàöèî-
íàðíûõ ëàáîðàòîðèÿõ Èðêóòñêîãî ëèìíîëîãè÷åñêîãî 
èíñòèòóòà (ÏÀÓ, ãèäðîêàðáîíàò-àíèîí) è Òîìñêîãî 
ãîñóíèâåðñèòåòà (ýëåìåíòû è äðóãèå èîíû). Ïðèìå-
íÿåìûå ïðè àíàëèçå ìåòîäû, ïîðîãè îáíàðóæåíèÿ  
è ïîãðåøíîñòè îïðåäåëåíèÿ ïðèâåäåíû â òàáë. 1. 
 Îòáîð àýðîçîëüíîãî âåùåñòâà íà ôèëüòðû ïðî-
èçâîäèëñÿ â äåâÿòè ãîðîäàõ Âîñòî÷íîé Ñèáèðè, 
ðàñïîëîæåííûõ íà ó÷àñòêå Èðêóòñê – Òîìñê ôåäå-
ðàëüíîé òðàññû Ì53. Ïîìèìî Èðêóòñêà ýòî ãîðîäà: 
Àíãàðñê, Óñîëüå-Ñèáèðñêîå, Òóëóí, Íèæíåóäèíñê, 
Òàéøåò, Êàíñê, Êðàñíîÿðñê è À÷èíñê. Èçìåðåíèÿ 
áûëè íà÷àòû â Èðêóòñêå 25 ôåâðàëÿ è çàêîí÷åíû 
29 ôåâðàëÿ â Òîìñêå. Ïðîáîîòáîð ïðîâîäèëñÿ íà 
ñòîÿíêàõ íà âúåçäå â ãîðîä èëè (è) íà âûåçäå  
è âáëèçè öåíòðà ãîðîäà. Ðàçìåùåíèå ìåñò è âðåìå-
íè ïðîáîîòáîðà ïëàíèðîâàëîñü òàêèì îáðàçîì, ÷òî-
áû ïîëó÷èòü äëÿ êàæäîãî ãîðîäà, ïî âîçìîæíîñòè  
â åäèíûõ ñèíîïòè÷åñêèõ óñëîâèÿõ, ðåïðåçåíòàòèâ-
íóþ èíôîðìàöèþ î ñîñòàâå ãîðîäñêîãî àýðîçîëÿ 
êàê ìåñòíîãî ïðîìûøëåííîãî ïðîèñõîæäåíèÿ, òàê  
è óñëîâíî ôîíîâîãî, õàðàêòåðíîãî äëÿ æèëîé çîíû 
èëè ïðèãîðîäà, íàèìåíåå ïîäâåðæåííîãî âûáðîñàì 
ìåñòíûõ ïðåäïðèÿòèé. Î÷åâèäíî, ÷òî îöåíèòü 
âêëàä ãîðîäñêîé öèðêóëÿöèè â íàêîïëåíèå ïðèìå-
ñåé è ïóòè èõ ðàñïðîñòðàíåíèÿ íà òåððèòîðèè ãî-
ðîäà ñðàçó, íà ìåñòå, ðåäêî ïðåäñòàâëÿåòñÿ âîç-
ìîæíûì, ïîýòîìó ÷àñòî âûáèðàëàñü åøå îäíà òî÷êà 
îòáîðà ïðîáû. Âçâåñèòü ðåïðåçåíòàòèâíîñòü êàæäîé 
èç íèõ äëÿ õàðàêòåðèñòèêè ãîðîäñêîãî àýðîçîëÿ 
ïîçâîëèëè ïîñëåäóþùèé àíàëèç ãðàäèåíòîâ ìåòåî-
äàííûõ, êîíöåíòðàöèé ìàëûõ ãàçîâûõ ñîñòàâëÿþ-
ùèõ, ñîïîñòàâëåíèå ñïåêòðîâ ðàçìåðîâ ÷àñòèö,  
è, â êîíå÷íîì èòîãå, îöåíêà îáùåãî èçìåíåíèÿ òåð-
ìîäèíàìè÷åñêîãî ðåæèìà ïî ìàðøðóòàì èçìåðåíèé 
â èññëåäîâàííûõ ãîðîäàõ. Â öåëîì òàêàÿ îöåíêà 
èçëîæåíà â ñòàòüå [14].  

 

Ò à á ë è ö à  1  

Õàðàêòåðèñòèêè ìåòîäîâ, èñïîëüçîâàííûõ ïðè àíàëèçå ïðîá àòìîñôåðíîãî àýðîçîëÿ 

Êîìïîíåíò Ìåòîä îïðåäåëåíèÿ 
Ïðåäåë îáíàðóæå- 
íèÿ, íã â ïðîáå 

Ïîãðåø- 
íîñòü, % 

NO3
–, SO4

2– èîííàÿ õðîìàòîãðàôèÿ 600 5 

HCO3
– »            »        500 10 

Cl– »            »        100 12 

F–, NH4
+, NO3

– èîíîìåòðèÿ 200 10 

Na+, K+ àòîìíàÿ àáñîðáöèÿ 200 5 
Al, Co, Cr, Mo, Ni, 

Ti, Zn, B, Si 
àòîìíî-ýìèññèîííàÿ  

ñïåêòðîñêîïèÿ 
 

20 
 

20 
Ag, Ba, Cu, Pb, Sn, 

V, Mg, Mn 
àòîìíî-ýìèññèîííàÿ  

ñïåêòðîñêîïèÿ 
 

10 
 

20 
Fe, Ga, W ÀÝìC 100 20 

Ca, Cd ÀÝìC 200 20 

ÏÀÓ õðîìàòî-ìàññ-ñïåêòðîìåòðèÿ 0,001 10 
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Çàáîð àýðîçîëÿ íà ôèëüòðû â êàæäîé òî÷êå 
èçìåðåíèÿ ïðîèçâîäèëñÿ ñî ñêîðîñòüþ àñïèðàöèè 
âîçäóõà 6 ì3/÷ íà ôèëüòð â òå÷åíèå 20–40 ìèí  
â çàâèñèìîñòè îò çàãðÿçíåííîñòè àòìîñôåðû. Ïðîáî-
îòáîð â ïðåäåëàõ îäíîãî ãîðîäà îñóùåñòâëÿëñÿ ïî 
âîçìîæíîñòè ñ ìèíèìàëüíûì ðàçðûâîì âî âðåìåíè 
ìåæäó ïóíêòàìè, ÷òî ïîâûøàëî âåðîÿòíîñòü íàëè-
÷èÿ îäíîé ñèíîïòè÷åñêîé îáñòàíîâêè äëÿ âñåõ òî-
÷åê èçìåðåíèÿ. Ïîñëåäóþùèé àíàëèç ñèíîïòè÷å-
ñêèõ êàðò ïîêàçàë, ÷òî ýòî óñëîâèå íå ñîáëþëîñü 
ëèøü äëÿ ïóíêòîâ ïðîáîçàáîðà ïåðâîãî ãîðîäà, ãäå 
ïðîèçâîäèëèñü èçìåðåíèÿ, – Èðêóòñêà (òàáë. 2). 
 Îñòàíîâèìñÿ íà õàðàêòåðèñòèêå ñèíîïòè÷åñêèõ 
óñëîâèé â ìåñòàõ ïðîâåäåíèÿ èçìåðåíèé â ïåðèîä 
ýêñïåðèìåíòà.  

25-ãî ôåâðàëÿ ïîãîäíûå óñëîâèÿ â ðàéîíå Èð-
êóòñêà îïðåäåëÿëèñü ñåäëîâèíîé, îáðàçîâàííîé 
äâóìÿ ìîùíûìè ñî ñëîæíîé êîíôèãóðàöèåé öèêëî-
íàìè, öåíòð îäíîãî èç êîòîðûõ ðàñïîëàãàëñÿ íà 
Ñðåäíå-Ñèáèðñêîì ïëîñêîãîðüå ìåæäó ðåêàìè 
Íèæíÿÿ è Ïîäêàìåííàÿ Òóíãóñêè, à âòîðîãî – âîñ-
òî÷íåå ï-îâà Êàì÷àòêà, è äâóìÿ àíòèöèêëîíàìè  
ñ öåíòðàìè íàä Ñåâåðíûì Ëåäîâèòûì îêåàíîì  
è âåðõíèì òå÷åíèåì ð. Èðòûø. Íà ôîíå ñåäëîâèíû 
ïðîõîäèë ïîëÿðíûé ôðîíò, è ñíà÷àëà åãî õîëîä-
íàÿ, à çàòåì òåïëàÿ âåòâè îêàçûâàëè ñâîå âîçäåéñò-
âèå íà ïîãîäíûå óñëîâèÿ è òåìïåðàòóðíî-âëàæíî-
ñòíûé ðåæèì ðåãèîíà. Àðêòè÷åñêàÿ âîçäóøíàÿ ìàñ-
ñà áûëà âûòåñíåíà óìåðåííîé. 

26-ãî ôåâðàëÿ öåíòð ïåðâîãî öèêëîíà ñìå-
ñòèëñÿ â ðàéîí ï. Âàíàâàðà è ïîãîäíûå óñëîâèÿ 
Èðêóòñêà îïðåäåëÿëèñü åãî þãî-âîñòî÷íîé ÷àñòüþ. 
Ê íà÷àëó èçìåðåíèÿ òåïëûé ïîëÿðíûé ôðîíò 
ïðîøåë ÷åðåç ãîðîä è åãî òûëîâàÿ ÷àñòü òàêæå 
îêàçûâàëà âëèÿíèå íà ïîãîäó. À ðåæèì òåìïåðà-
òóðû è âëàæíîñòè îïðåäåëÿëñÿ âîçäóøíîé ìàññîé, 
ïðèøåäøåé èç ñóáòðîïè÷åñêèõ ðåãèîíîâ Ñðåäíåé 
Àçèè. 

Ñ 8 äî 10 ÷ ïî Ãðèíâè÷ó èçìåðåíèÿ ïðîâîäè-
ëèñü â Àíãàðñêå è ïîãîäó çäåñü îáóñëîâëèâàëà þæ-
íàÿ ÷àñòü ýòîãî æå öèêëîíà. Â ñâÿçè ñ òåì ÷òî íà 
âûñîòå âåäóùåãî ïîòîêà íàáëþäàëîñü ñòðóéíîå òå-
÷åíèå ñî ñêîðîñòüþ 100–120 êì/÷, ó ïîâåðõíîñòè 
çåìëè öèêëîí ïåðåìåùàëñÿ íà þãî-âîñòîê ñî ñêîðî-
ñòüþ îêîëî 70 êì/÷ è ïðè ïðîâåäåíèè èçìåðåíèé  
ñ 12 äî 14 ÷ â ðàéîíå Óñîëüÿ-Ñèáèðñêîãî óæå íà-
áëþäàëàñü þãî-çàïàäíàÿ ÷àñòü ýòîãî îáðàçîâàíèÿ,  
à åãî öåíòðàëüíàÿ ÷àñòü – â ðàéîíå Óñòü-Êóòà.  
Â òå÷åíèå âñåãî âðåìåíè íàáëþäåíèé ñîõðàíÿëàñü 
ñóáòðîïè÷åñêàÿ âîçäóøíàÿ ìàññà.  

27-ãî ôåâðàëÿ ñ 2 äî 3 ÷ ïîãîäíûå óñëîâèÿ  
â ðàéîíå Òóëóíà îáóñëîâëèâàëèñü òûëîâîé ÷àñòüþ 
öèêëîíà, êîòîðûé ïî-ïðåæíåìó ñìåùàëñÿ íà þãî-
âîñòîê. Ïðèáëèçèòåëüíî â 2 ÷ ÷åðåç Òóëóí ïðîøåë 
õîëîäíûé àðêòè÷åñêèé ôðîíò è ñ ýòîãî ìîìåíòà 
àðêòè÷åñêàÿ âîçäóøíàÿ ìàññà îïðåäåëÿëà òåìïåðà-
òóðíî-âëàæíîñòíûé ðåæèì ðåãèîíà. 

 

Ò à á ë è ö à  2  

Âðåìÿ óñòàíîâêè è ìåñòî îòáîðà ïðîá; ñîïóòñòâóþùèå ñèíîïòè÷åñêèå óñëîâèÿ 

Äàòà 
Âðåìÿ 
(GMT) 

Ãîðîä, ïëîùàäêà ïðîáîîòáîðà Òèï áàðè÷åñêîãî ïîëÿ 
Òèï 
ÂÌ 

25.02.04 08:00 Èðêóòñê, ð-í àýðîïîðòà (ïåðèôåðèÿ ãîðîäà) öåíòð ñåäëîâèíû, òûë ÕÀÔ ÊÀÂ

25.02.04 09:00 Èðêóòñê, Çíàìåíñêèé ìîíàñòûðü (öåíòð) öåíòð ñåäëîâèíû, òûë ÒÀÔ ÊÓÂ

26.02.04 05:40 Èðêóòñê, Íîâî-Ëåíèíî (ïðîìçîíà) þãî-âîñòîê öèêëîíà ÊÑÂ

26.02.04 08:10 Àíãàðñê, ÍÏÇ, ÒÝÖ-9 (ïðîìçîíà) þã öèêëîíà ÊÑÂ

26.02.04 09:20 Àíãàðñê, óë. Ïîòàïîâà – ×àéêîâñêîãî þã öèêëîíà ÊÑÂ

26.02.04 12:10 Óñîëüå-Ñèáèðñêîå, Þ-Â ïåðèôåðèÿ þãî-çàïàä öèêëîíà ÊÑÂ

26.02.04 13:00 Óñîëüå-Ñèáèðñêîå, æ/ä. âîêçàë (öåíòð) þãî-çàïàä öèêëîíà ÊÑÂ

26.02.04 13:40 Óñîëüå-Ñèáèðñêîå, ð-í Õèìôàðì (ïðîìçîíà) þãî-çàïàä öèêëîíà ÊÑÂ

27.02.04 02:00 Òóëóí, ñïèðòçàâîä (ïðîìçîíà) çàïàä öèêëîíà, òûë ÕÀÔ ÊÀÂ

27.02.04 03:00 Òóëóí, âûåçä, íàâåòðåííàÿ ñòîðîíà (ïåðèôåðèÿ ãîðîäà) çàïàä öèêëîíà ÊÀÂ

27.02.04 06:50 Íèæíåóäèíñê, âúåçä, ïîäâåòðåííàÿ ñòîðîíà òûë ãðåáíÿ ÊÀÂ

27.02.04 07:50 Íèæíåóäèíñê, ãîñò. «Óäà», Ö. ðûíîê òûë ãðåáíÿ ÊÀÂ

27.02.04 08:40 Íèæíåóäèíñê, âûåçä (ïåðèôåðèÿ ãîðîäà) òûë ãðåáíÿ ÊÀÂ

28.02.04 02:50 Òàéøåò, öåíòð, æ/ä. âîêçàë þãî-âîñòîê àíòèöèêëîíà ÊÀÂ

28.02.04 09:20 Êàíñê, âúåçä þãî-âîñòîê àíòèöèêëîíà ÊÀÂ

28.02.04 10:10 Êàíñê, öåíòð þãî-âîñòîê àíòèöèêëîíà ÊÀÂ

28.02.04 11:10 Êàíñê, âûåçä þãî-âîñòîê àíòèöèêëîíà ÊÀÂ

28.02.04 18:30 Êðàñíîÿðñê, öåíòð, óë. Ñåìàôîðíàÿ öåíòð àíòèöèêëîíà ÊÀÂ

28.02.04 20:00 Êðàñíîÿðñê, Ñîâåòñêèé ð-í, âûåçä öåíòð àíòèöèêëîíà ÊÀÂ

29.02.04 01:30 À÷èíñê, âúåçä ñåâåðî-çàïàä àíòèöèêëîíà ÊÀÂ

29.02.04 04:20 À÷èíñê, öåíòð ñåâåðî-çàïàä àíòèöèêëîíà ÊÀÂ

29.02.04 05:25 À÷èíñê, âûåçä ñåâåðî-çàïàä àíòèöèêëîíà ÊÀÂ
 



 

 Èññëåäîâàíèå õèìè÷åñêîãî ñîñòàâà àòìîñôåðíîãî àýðîçîëÿ â ãîðîäàõ Ñèáèðè. ×. 1. 673 
6. Îïòèêà àòìîñôåðû è îêåàíà, ¹ 8. 

Â òûëó öèêëîíà ðàçâèâàëñÿ çàìûêàþùèé àí-
òèöèêëîí, è êî âðåìåíè ïðîâåäåíèÿ èçìåðåíèé  
â ðàéîíå Íèæíåóäèíñêà ïîãîäó îïðåäåëÿëà òûëî-
âàÿ ÷àñòü ãðåáíÿ, ñâÿçàííîãî ñ ýòèì îáðàçîâàíèåì. 
Íà ôîíå ãðåáíÿ ïðîõîäèëè ïðèçåìíûå õîëîäíûå 
ôðîíòû, ñ êîòîðûìè áûëî ñâÿçàíî óñèëåíèå âåòðà, 
ïðèâîäÿùåå ê îáðàçîâàíèþ ìåòåëè. 

28-ãî ôåâðàëÿ àíòèöèêëîí, öåíòð êîòîðîãî  
â ýòî âðåìÿ íàõîäèëñÿ â ðàéîíå ï. Èìáàòñêîãî, 
óñèëèâàëñÿ è ñêîðîñòü åãî óìåíüøàëàñü. Ê 3 ÷ ïî-
ãîäíûå óñëîâèÿ â ðàéîíå Òàéøåòà îïðåäåëÿëà þãî-
âîñòî÷íàÿ ïåðèôåðèÿ îáðàçîâàíèÿ. Ýòè æå óñëîâèÿ 
íàáëþäàëèñü è â Êàíñêå âî âñåé ñåðèè èçìåðåíèé  
â ýòîì ãîðîäå. 

Àíòèöèêëîí, ïðîäîëæàÿ óñèëèâàòüñÿ, ñìåùàë-
ñÿ íà þã, è êî âðåìåíè èçìåðåíèé â Êðàñíîÿðñêå 
ïîãîäíûå óñëîâèÿ ðåãèîíà îïðåäåëÿëà åãî öåí-
òðàëüíàÿ ÷àñòü. 

29-ãî ôåâðàëÿ àíòèöèêëîí òàê æå, êàê è â ïðå-
äûäóùèå äíè, ñìåùàëñÿ íà þã, è ê 2 ÷, êîãäà íà÷à-
ëèñü èçìåðåíèÿ â À÷èíñêå, ïîãîäó ðåãèîíà îïðåäå-
ëÿëà åãî ñåâåðî-çàïàäíàÿ ïåðèôåðèÿ, à ê êîíöó 
èçìåðåíèé íàáëþäàëàñü çàïàäíàÿ ÷àñòü ýòîãî îáðà-
çîâàíèÿ. 

Ïîìèìî íåîäíîðîäíûõ ñ òî÷êè çðåíèÿ ñèíîï-
òèêè óñëîâèé ïðîáîçàáîðà â Èðêóòñêå ñëåäóåò îò-
ìåòèòü íåñòàöèîíàðíîñòü ñèíîïòè÷åñêîé îáñòàíîâêè 
âî âðåìÿ ðàáîòû â Òóëóíå, íà ÷àñû ïðîáîîòáîðà  
â êîòîðîì ïðèøëèñü ïðîõîæäåíèå ôðîíòà è ñìåíà 
âîçäóøíîé ìàññû, ÷òî íàðóøàåò óñòîÿâøóþñÿ ñòðà-
òèôèêàöèþ àýðîçîëÿ [15, 16]. 

Îáñóæäåíèå ðåçóëüòàòîâ 

Îáùèé õîä íåîðãàíè÷åñêîé ôðàêöèè ïðèçåìíîãî 
àýðîçîëÿ â ãîðîäàõ Âîñòî÷íîé Ñèáèðè ïðåäñòàâëåí 
íà ðèñ. 1. Ñëåäóåò óòî÷íèòü, ÷òî äëÿ íåêîòîðûõ 
íåáîëüøèõ ãîðîäîâ, íå èìåþùèõ ÷åòêèõ ãðàíèö 
ðàçëè÷íûõ ðàéîíîâ, äåëåíèå íà ïåðèôåðèþ è ïðî-
ìçîíó äîñòàòî÷íî óñëîâíî è îñíîâûâàåòñÿ íà ðàñ-
ïîëîæåíèè òî÷åê îòáîðà ïðîá íà íàâåòðåííîé ëèáî 
ïîäâåòðåííîé ñòîðîíàõ îòíîñèòåëüíî ãîðîäà. 

Ðàññìîòðåíèå îòíîñèòåëüíîãî õèìè÷åñêîãî ñî-
ñòàâà íåîðãàíè÷åñêîé ôðàêöèè àýðîçîëÿ òðåõ ïåð-

âûõ îáñëåäîâàííûõ ãîðîäîâ (ðèñ. 2) äàåò îñíîâàíèå 
ãîâîðèòü, ÷òî íà õèìè÷åñêèé ñîñòàâ àýðîçîëÿ â íå-
ìàëîé ñòåïåíè îêàçûâàåò âëèÿíèå ïðåäûñòîðèÿ âîç-
äóøíîé ìàññû. Îñîáåííî ýòî ïðîÿâëÿåòñÿ â Èðêóò-
ñêå è Óñîëüå-Ñèáèðñêîì (ïîñëå ïîïàäàíèÿ èõ â çîíó 
äåéñòâèÿ ñóáòðîïè÷åñêîé âîçäóøíîé ìàññû, ïðè-
øåäøåé èç Ñðåäíåé Àçèè). 

Ïîÿâëåíèå â çíà÷èòåëüíûõ êîëè÷åñòâàõ êðåìíèÿ 
â ñîñòàâå àýðîçîëÿ ïîñëå ñìåíû âîçäóøíîé ìàññû 26 
ôåâðàëÿ, ïî âñåé âèäèìîñòè, áîëüøå ñâÿçàíî ñ åãî 
äàëüíèì ïåðåíîñîì, ÷åì ñ ìåñòíûìè èñòî÷íèêàìè.  
Â òî æå âðåìÿ íå ñòîëü ÿðêîå åãî ïðîÿâëåíèå â Àí-
ãàðñêå ìîæíî îõàðàêòåðèçîâàòü ðàñïîëîæåíèåì ãîðî-
äà â öåíòðå îáùåé ïðîìûøëåííîé çîíû íåñêîëüêèõ 
ãîðîäîâ, êîòîðàÿ ôîðìèðóåò îáùóþ «øàïêó» çàãðÿç-
íåíèé è òåïëîâûõ âûáðîñîâ, ñïîñîáñòâóþùóþ îáðà-
çîâàíèþ îõâàòûâàþùåé âñþ Èðêóòñêî-×åðåìõîâñêóþ 
ïðîìçîíó ëîêàëüíîé öèðêóëÿöèè ñ îáùåé êîëîíêîé, 
à òàêæå ñîçäàíèþ ýêðàíèðóþùåãî ýôôåêòà íàä öåí-
òðîì ýòîé êîëîíêè, çà ñ÷åò îáòåêàíèÿ åå îñíîâíûì 
ïîòîêîì. «Êðàÿ» êîëîíêè, ïî âñåé âèäèìîñòè, àêòèâ-
íî âçàèìîäåéñòâóþò â ïîãðàíè÷íîì ñëîå ñ ïðèõîäÿ-
ùåé âîçäóøíîé ìàññîé, âûçûâàÿ âûïàäåíèå èç íåå 
àýðîçîëÿ. Âåðîÿòíî, òåíäåíöèÿ ñíèæåíèÿ êîýôôèöè-
åíòîâ îáîãàùåíèÿ äëÿ ìíîãèõ ìèêðîýëåìåíòîâ è èî-
íîâ (òàáë. 3) â àýðîçîëå ïðîìûøëåííûõ ðàéîíîâ 
ãã. Èðêóòñêà è Óñîëüÿ-Ñèáèðñêîãî ñâÿçàíà ñ èõ ðàç-
áàâëåíèåì çà ñ÷åò îñàæäåíèÿ êîìïîíåíòîâ ïóñòûííî-
ãî àýðîçîëÿ èç âåäóùåãî ïîòîêà â ïðèçåìíûé ñëîé. 
 Îáîãàùåíèå ìèêðîýëåìåíòîâ â ñîñòàâå àýðîçîëÿ 
ïðîìçîíû Àíãàðñêà â ðàçû, à òî è íà ïîðÿäêè (V, 
Sn, Cl, F, Ag, Mo) áîëüøå, ÷åì â åãî æèëîé çîíå  
è ïóíêòàõ ïðîáîîòáîðà â äðóãèõ ãîðîäàõ. Ýòî ïðîÿâ-
ëÿåòñÿ íà ôîíå ñðàâíèòåëüíî íåâûñîêîé (50 ìêã/ì3) 
ñóììàðíîé ìàññîâîé êîíöåíòðàöèè íåîðãàíè÷åñêîé 
ôðàêöèè àýðîçîëÿ ïðîìçîíû Àíãàðñêà, ïðè òîì ÷òî 
âûáðîñû çàãðÿçíÿþùèõ âåùåñòâ â àòìîñôåðó Àí-
ãàðñêà ïðåâûøàþò âûáðîñû ñîñåäíèõ ãîðîäîâ,  
â òîì ÷èñëå Èðêóòñêà [17]. Ñóììàðíàÿ ìàññà íåîð-
ãàíèêè â æèëîé çîíå Àíãàðñêà òàêæå îêàçàëàñü 
áîëüøå ïî÷òè â 1,5 ðàçà (70 ìêã/ì3). Â òî æå âðå-
ìÿ óðîâíè ñóììàðíîé êîíöåíòðàöèè ÏÀÓ â ïðîáàõ 
àýðîçîëÿ ðàçëè÷íûõ ðàéîíîâ Àíãàðñêà èìåþò îá-
ðàòíîå ñîîòíîøåíèå (òàáë. 4).  
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Ðèñ. 1. Õîä ñóììàðíîé êîíöåíòðàöèè íåîðãàíè÷åñêîé ôðàêöèè ïðèçåìíîãî àýðîçîëÿ  

â ãîðîäàõ Âîñòî÷íîé Ñèáèðè, â èõ ðàçëè÷íûõ àíêëàâàõ 
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Ðèñ. 2. Îòíîñèòåëüíûé õèìè÷åñêèé ñîñòàâ íåîðãàíè÷åñêîé ôðàêöèè àýðîçîëÿ â ðàçëè÷íûõ ÷àñòÿõ ãîðîäîâ  

Èðêóòñêîé ïðîìûøëåííîé çîíû 



 Èññëåäîâàíèå õèìè÷åñêîãî ñîñòàâà àòìîñôåðíîãî àýðîçîëÿ â ãîðîäàõ Ñèáèðè. ×. 1. 675 
6.* 

Ò à á ë è ö à  3  

Êîýôôèöèåíòû îáîãàùåíèÿ (ïî Al, Fe, Ti) êîìïîíåíòîâ àýðîçîëÿ, îòîáðàííîãî â ãîðîäàõ  
Èðêóòñêî-×åðåìõîâñêîé ïðîìûøëåííîé çîíû 

Èðêóòñê Àíãàðñê Óñîëüå-Ñèáèðñêîå 
Ýëåìåíò 

ïåðèôåðèÿ öåíòð ïðîìçîíà öåíòð ïðîìçîíà ïåðèôåðèÿ öåíòð ïðîìçîíà 

Si 1,2 1,2 ⋅ 10–1 8,6 3,0 ⋅ 10–1 – 8,1 4,3 ⋅ 10 3,4 
Ca 1,1 ⋅ 102 8,9 ⋅ 10 7,1 5,1 ⋅ 10 1,8 ⋅ 102 5,0 ⋅ 10 2,1 ⋅ 10 3,1 ⋅ 102 
Al 8,6 7,3 3,5 1,7 1,0 6,4 2,8 4,3 
Mg 2,1 3,4 1,7 1,8 7,9 4,0 1,4 ⋅ 10 4,2 
Ti 1,7 2,2 2,0 3,3 9,2 1,5 1,9 1,9 
Fe 1,0 ⋅ 10–1 1,0 ⋅ 10–1 1,4 ⋅ 10–1 1,8 ⋅ 10–1 1,0 ⋅ 10–1 1,1 ⋅ 10–1 1,9 ⋅ 10–1 1,2 ⋅ 10–1 
Mo – 9,7 ⋅ 104 4,6 ⋅ 103 – 2,0 ⋅ 105 – – – 
Ag – 9,0 ⋅ 105 – 4,3 ⋅ 105 4,2 ⋅ 106 – – – 
Mn 2,0 – 5,7 1,4 5,4 ⋅ 10 1,8 1,6 ⋅ 10 4,0 
B 2,1 ⋅ 102 2,7 ⋅ 102 4,6 ⋅ 102 – 6,0 ⋅ 103 2,8 ⋅ 103 2,1 ⋅ 103 2,6 ⋅ 102 
Cu 2,2 ⋅ 102 1,6 ⋅ 102 3,4 ⋅ 10 2,9 ⋅ 102 2,1 ⋅ 103 7,8 ⋅ 10 9,4 ⋅ 10 1,0 ⋅ 102 
Ni 2,7 ⋅ 10 7,6 ⋅ 102 3,4 ⋅ 10 2,6 ⋅ 102 4,4 ⋅ 103 2,6 ⋅ 10 – 8,2 ⋅ 10 
Sb – 9,0 ⋅ 103 1,8 ⋅ 104 – – – – – 
Pb – – 1,9 ⋅ 10 3,1 ⋅ 10 – 2,3 ⋅ 102 – – 
V 5,6 5,9 7,8 ⋅ 10–1 1,2 ⋅ 10 1,3 ⋅ 102 6,9 2,9 ⋅ 10 9,9 
Cr 4,8 ⋅ 10 8,0 5,7 1,9 ⋅ 10 3,3 ⋅ 10 3,4 ⋅ 10 – – 
Sn 3,4 ⋅ 102 4,3 ⋅ 102 5,0 ⋅ 10 2,9 ⋅ 102 2,5 ⋅ 103 – – 7,9 ⋅ 10 
Cl– 4,6 ⋅ 103 3,4 ⋅ 103 1,4 ⋅ 103 3,7 ⋅ 103 2,4 ⋅ 104 2,5 ⋅ 103 7,0 ⋅ 103 1,4 ⋅ 103 
SO4

2– – – 2,5 ⋅ 10 8,1 ⋅ 10 – 4,5 ⋅ 102 5,4 ⋅ 102 2,7 ⋅ 10 
NO3

– 6,4 ⋅ 102 1,6 ⋅ 104 2,7 ⋅ 102 4,1 ⋅ 102 3,5 ⋅ 103 2,2 ⋅ 102 4,2 ⋅ 102 1,5 ⋅ 102 
Na+ 8,3 1,2 ⋅ 10 2,1 2,4 4,1 ⋅ 10 7,9 ⋅ 10–1 6,5 ⋅ 10–1 3,2 
NH4

+ 1,5 ⋅ 103 2,1 ⋅ 104 9,0 ⋅ 102 1,0 ⋅ 103 1,3 ⋅ 104 5,9 ⋅ 102 1,7 ⋅ 103 3,5 ⋅ 102 
K+ 2,1 3,3 3,9 ⋅ 10–1 3,6 ⋅ 10–1 4,2 6,4 ⋅ 10–1 1,6 5,5 ⋅ 10–1 
F– – – – – 3,2 ⋅ 102 1,9 ⋅ 10 5,1 ⋅ 10 2,1 ⋅ 10 

 

Ò à á ë è ö à  4  

Óðîâíè êîíöåíòðàöèé ÏÀÓ â àýðîçîëå (íã/ì3) ãîðîäîâ Èðêóòñêîé îáëàñòè, îòîáðàííûõ 26.02.2004 ã. 

ÏÀÓ 
Èðêóòñê, 
Àêàäåì-
ãîðîäîê 

Èðêóòñê, 
Íîâî-Ëåíèíî

Àíãàðñê,  
ïðîìçîíà 

Àíãàðñê, 
æèëàÿ çîíà 

Óñîëüå-
Ñèáèðñêðå,  
ïðîìçîíà 

Ôåíàíòðåí 1,1 15,0 15,8 12,6 16,8 
Àíòðàöåí 0,14 1,4 < 0,001 0,53 1,2 
Ôëóîðàíòåí 3,1 10,2 14,4 6,7 23,9 
Ïèðåí 2,4 7,3 7,9 3,8 13,8 
Áåíç(a)àíòðàöåí 1,2 4,7 0,7 < 0,001 2,3 
Õðèçåí 2,3 4,8 1,6 < 0,001 4,6 
Áåíç(b)ôëóîðàíòåí 2,6 5,7 1,2 1,6 4,2 
Áåíç(k)ôëóîðàíòåí 0,21 7,3 0,94 < 0,001 3435 
Áåíç(å)ïèðåí 2,2 4,0 0,87 0,75 2,6 
Áåíç(à)ïèðåí 0,31 7,2 0,58 0,53 2,7 
Ïåðèëåí 0,29 1,3 < 0,001 < 0,001 < 0,001 
Èíäåíî(1,2,3-c,d)ïèðåí 2,8 9,7 1,3 1,2 4,0 
Äèáåíç(a,h)àíòðàöåí 0,6 < 0,001 < 0,001 < 0,001 < 0,001 
Áåíç(g,h,i)ïåðèëåí 2,4 8,9 1,4 1,7 3,3 
Ñóììà ÏÀÓ 21,6 87,5 46,7 29,4 82,7 

 
 

Â öåëîì â àýðîçîëå ïàðêîâûõ çîí ãîðîäîâ 
ñóììàðíûå êîíöåíòðàöèè ïðèîðèòåòíûõ ÏÀÓ èç-
ìåíÿëèñü îò 20 äî 30 íã/ì3. Ïðè ýòîì êîíöåíòðà-
öèÿ áåíç(à)ïèðåíà íå ïðåâûøàëà ÏÄÊ, ñîñòàâëÿþ-
ùóþ 1 íã/ì3. Ïîâûøåííûå êîíöåíòðàöèè ñóììû 
ÏÀÓ â àýðîçîëå îáíàðóæåíû â ïðîìûøëåííîé çîíå 
ã. Èðêóòñêà (Íîâî-Ëåíèíî) è ã. Óñîëüå-Ñèáèðñêîå. 
Êîíöåíòðàöèÿ áåíç(à)ïèðåíà â ýòèõ ðàéîíàõ ïðå-
âûøàëà ÏÄÊ â 7 è 2,5 ðàçà ñîîòâåòñòâåííî. Â áîëåå 
ðàííèõ èññëåäîâàíèÿõ [13], ïðîâåäåííûõ â ã. Èð-
êóòñêå, ñóììàðíûå êîíöåíòðàöèè 12 ÏÀÓ â ðàçëè÷-

íûõ ðàéîíàõ ãîðîäà â çèìíèé ïåðèîä èçìåíÿëèñü 
îò 25 äî 300 íã/ì3, à áåíç(à)ïèðåíà îò 0,8 äî 
30 íã/ì3. Ïî äàííûì Ðîñãèäðîìåòà [18], åñëè  
â 1996 ã. óñðåäíåííûå çà ãîä ïðåâûøåíèÿ ÏÄÊ ïî 
áåç(à)ïèðåíó ñîñòàâëÿëè: â Èðêóòñêå – 6,5, Àíãàð-
ñêå – 6, Óñîëüå-Ñèáèðñêîì – 2,8, òî â 2002 ã.  
â Èðêóòñêå è Óñîëüå-Ñèáèðñêîì ýòè ïðåâûøåíèÿ 
âîçðîñëè äî 10,4 è 6,2 ÏÄÊ ñîîòâåòñòâåííî è ëèøü 
â Àíãàðñêå ñíèçèëèñü – äî 2,8 ÏÄÊ [17]. Òàêàÿ 
äèíàìèêà ñîãëàñóåòñÿ ñ ïîëó÷åííûìè â íàøåé êîì-
ïëåêñíîé ýêñïåäèöèè äàííûìè.  



 

676 Áåëàí Á.Ä., Èâëåâ Ã.À., Ìàðèíàéòå È.È. è äð. 
 

 

0% 

20% 

40% 

60% 

80% 

100% 

Èðêóòñê,
Àêàäåìãîðîäîê 

Èðêóòñê, 
Íîâî-Ëåíèíî 

Àíãàðñê,
ïðîìçîíà 

Àíãàðñê,
æèëàÿ çîíà 

Óñîëüå-Ñèáèð- 
ñêîå, ïðîìçîíà 

ôåíàíòðåí                   àíòðàöåí                     ôëóîðàíòåí

ïèðåí                          áåíç(a)àíòðàöåí            õðèçåí

áåíç(b)ôëóîðàíòåí         áåíç(k)ôëóîðàíòåí        áåíç(e)ïèðåí

áåíç(a)ïèðåí                ïåðèëåí                      èíäåíî(1,2,3-c,d)ïèðåí 
äèáåíç(à,h)àíòðàöåí       áåíç(g,h,i)ïåðèëåí

 
Ðèñ. 3. Ïðîöåíòíîå ñîîòíîøåíèå ìåæäó èíäèâèäóàëüíûìè ÏÀÓ â ïðîáàõ àýðîçîëÿ,  

ñîáðàííûõ â ãîðîäàõ Èðêóòñêîé ïðîìçîíû 

 

Êîíöåíòðàöèè ÏÀÓ, à òàêæå ïðîöåíòíîå ñîîò-
íîøåíèå ìåæäó íèìè îïðåäåëÿþòñÿ ìåñòîì îòáîðà 
ïðîá àýðîçîëÿ, ò.å. ðàñïîëîæåíèåì èñòî÷íèêîâ çà-
ãðÿçíåíèÿ. Â ðÿäó èäåíòèôèöèðîâàííûõ ÏÀÓ â ïàð-
êîâîé è ïðîìûøëåííîé çîíàõ ã. Àíãàðñêà ïðåîáëà-
äàþò ôåíàíòðåí, ïèðåí è ôëóîðàíòåí, èõ ñóììàð-
íîå êîëè÷åñòâî äîñòèãàåò 80% îò ìàññû îáíàðóæåí-
íûõ ÏÀÓ (ðèñ. 3). Ñõîäñòâî ïðîöåíòíûõ ñîîòíî-
øåíèé ÏÀÓ â àýðîçîëå, ñîáðàííîì â ýòèõ äâóõ 
ðàéîíàõ, óêàçûâàåò íà ïåðåíîñ çàãðÿçíÿþùèõ âå-
ùåñòâ îò ïðîìûøëåííîé çîíû â æèëóþ çîíó 
ã. Àíãàðñêà. Ðàéîíû Àêàäåìãîðîäê è Íîâî-Ëåíèíî 
â ã. Èðêóòñêå îòëè÷àþòñÿ âûñîêèì ñîäåðæàíèåì 
áåíç(g,h,i)ïåðèëåíà è èíäåíî(1,2,3-ñ,d)ïèðåíà, êî-
òîðûå ÿâëÿþòñÿ èíäèêàòîðàìè çàãðÿçíåíèÿ âîçäóõà 
àâòîìîáèëüíûì òðàíñïîðòîì [19]. Ê îñíîâíûì èñ-
òî÷íèêàì ÏÀÓ â ðàéîíå Íîâî-Ëåíèíî îòíîñÿòñÿ 
êîòåëüíûå ñðåäíåé è ìàëîé ìîùíîñòè, èñïîëüçóþ-
ùèå ñëîåâîé ñïîñîá ñæèãàíèÿ óãëÿ, à òàêæå ÷àñò-
íûé ñåêòîð ñ ïå÷íûì îòîïëåíèåì [20], ïðè êîòîðîì 
ïðîèñõîäèò íåäîæîã òîïëèâà, íà ÷òî óêàçûâàåò âû-
ñîêîå ñîäåðæàíèå áåíç(à)ïèðåíà â ïðîáàõ àýðîçîëÿ 
èç ýòîãî ðàéîíà. 

Çàêëþ÷åíèå 

Âûïîëíåííûå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî 
ôîðìèðîâàíèå àýðîçîëüíûõ ïîëåé ãîðîäîâ êðóïíîé 
ïðîìûøëåííîé çîíû èìååò ñëîæíûé õàðàêòåð  
è ÿâëÿåòñÿ ñóïåðïîçèöèåé íåñêîëüêèõ ìåõàíèçìîâ 
ïåðåíîñà è èñòî÷íèêîâ, êàê äàëüíèõ òàê è ìåñòíûõ, 
ïðè÷åì ñîîòíîøåíèå èõ âêëàäîâ â ðàçëè÷íûõ ÷àñ-
òÿõ ïðîìûøëåííî-óðáàíèçèðîâàííîé çîíû ìîæåò 
ñóùåñòâåííî èçìåíÿòüñÿ.  

Ìàëî÷èñëåííîñòü ïàðàëëåëüíûõ äàííûõ ðàç-
íûõ ôðàêöèé àýðîçîëÿ, ïîëó÷åííûõ â ñîâìåñòíûõ 
èçìåðåíèÿõ, êîíå÷íî, ïîêà íå ïîçâîëÿåò ïðîâåñòè 
ãëóáîêèé àíàëèç èõ âçàèìîñâÿçè è ñäåëàòü îäíî-
çíà÷íûå âûâîäû, êîòîðûå âñåîõâàòíî îõàðàêòåðè-
çîâàëè áû ñèòóàöèþ ñ àíòðîïîãåííûì àýðîçîëåì  
â ãîðîäàõ â öåëîì.  

Îäíàêî ñîïîñòàâëåíèå ñóììàðíûõ êîíöåíòðàöèé 
ìàêðî- (íåîðãàíè÷åñêîé ôðàêöèè) è ìèêðîêîìïîíåí-
òîâ (ÏÀÓ) â ñîñòàâå àýðîçîëÿ (ñì. ðèñ. 1 è òàáë. 4) 
ïîêàçûâàåò çíà÷èòåëüíóþ êîððåëÿöèþ ìåæäó ýòèìè 
ïàðàìåòðàìè. Âîçìîæíî, ìàêðîêîìïîíåíòû àýðîçîëÿ 
ìîãóò ñëóæèòü ñâîåîáðàçíîé ìàòðèöåé-êîëëåêòîðîì 
äëÿ îðãàíè÷åñêîé ñîñòàâëÿþùåé. Ïî êðàéíåé ìåðå, 
î÷åâèäíî, ÷òî ìèêðîêîìïîíåíòû, áóäó÷è îäíîçíà÷íî 
àíòðîïîãåííî-ïðîìûøëåííîãî ïðîèñõîæäåíèÿ, ÿâëÿ-
þòñÿ ñâîåîáðàçíûì ðåïåðîì ïðè ïåðåíîñå àýðîçîëÿ 
ìåæäó ðàçëè÷íûìè ðàéîíàìè ãîðîäîâ.  

Òàêèì îáðàçîì, îïûò ïðîâåäåíèÿ êîìïëåêñíûõ 
ìîáèëüíûõ èçìåðåíèé ïîêàçûâàåò èõ öåííîñòü  
â âîçìîæíîñòè áûñòðî è îäíîâðåìåííî ïîëó÷èòü 
øèðîêèé êðóã äàííûõ êàê ïî õèìè÷åñêîìó ñîñòàâó 
çàãðÿçíåíèé, òàê è ïî äðóãèì ïàðàìåòðàì, êîòîðûå 
ìîãóò ñëóæèòü ñåðüåçíîé áàçîé äëÿ ïðîâåäåíèÿ ìî-
äåëüíûõ èññëåäîâàíèé â ãîðîäàõ. 

Ðàáîòà âûïîëíåíà ïî ïðîãðàììå ÑÎ ÐÀÍ ¹ 24, 
ïðîåêò 24.3.3, ïðè ïîääåðæêå ìåæäèñöèïëèíàðíîãî 
ïðîåêòà ÑÎ ÐÀÍ ¹ 130, ïðîãðàììû Ïðåçèäèóìà 
ÐÀÍ ¹ 13, ïðîåêò 13.2. 
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B.D. Belan, G.A. Ivlev, I.I Marinaite, T.M. Rasskazchikova, D.V. Simonenkov, A.V. Fofonov. Inves-

tigation of the chemical composition of atmospheric aerosol in Siberian cities. Part 1. Results of investiga-
tion of the near-surface aerosol in towns of the Irkutsk industrial region. 

In February 2004, an AKV-2 mobile station, designed in the Institute of Atmospheric Optics, was used to 
study air pollution fields in East-Siberian towns situated between Irkutsk and Tomsk. Twenty two samples 
were collected and then used to draw the plot of the inorganic component (total mass concentration of elements 
and ions) in nine towns of the studied region. The scatter in the concentration of the inorganic fraction ap-
peared to be large: from 22 µg/m3 in Kansk suburbs to 0.5–0.6 mg/m3 in the Usol'e-Sibirskoe industrial zone. 
In some cases, this concentration varied by an order of magnitude within the same town (Achinsk, Irkutsk). 
The synoptic situation at the sampling sites during the experiment has been analyzed. For towns of the Irkutsk 
industrial region (Irkutsk, Angarsk, Usol'e-Sibirskoe), the detailed aerosol-chemical matrix is presented, which 
includes both the inorganic composition and the contents of polycyclic aromatic hydrocarbons (PAHs) in public 
green spaces and industrial zones of these towns. The significant inhomogeneity of the inorganic component, in 
particular, within the towns of the same industrial zone is strongly affected, on the one hand, by the composi-
tion of emissions from local sources and the prehistory of the air mass and, on the other hand, by the screening 
effect of the local circulation. The level of the PAH concentrations, as well as their percentage, is determined 
by the aerosol sampling site and its closeness to pollution sources to the higher extent than the inorganic com-
position. Therefore, these components, being of definitely anthropogenic origin, can serve as tracers in the 
transport of aerosol between different districts. 


