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Ðàññìîòðåíû ìåòîäè÷åñêèå âîïðîñû: îòáîð ïðîá àýðîçîëÿ ñ áîðòà ñàìîëåòà-ëàáîðàòîðèè, ýêñòðàêöèÿ îð-
ãàíè÷åñêîé ñîñòàâëÿþùåé è èäåíòèôèêàöèÿ âõîäÿùèõ â íåå ñîåäèíåíèé. Ïðîâåäåíà ïðîâåðêà âîçìîæíîñòè 
âëèÿíèÿ àâèàöèîííûõ ìàòåðèàëîâ (êåðîñèí, ìàñëî, ãèäðàâëè÷åñêàÿ æèäêîñòü) íà äàííûå èçìåðåíèé. Ïðî-
àíàëèçèðîâàí ñîñòàâ îðãàíè÷åñêèõ êîìïîíåíòîâ àòìîñôåðíîãî àýðîçîëÿ, îòîáðàííîãî â çèìíå-âåñåííèé ïåðè-
îä 2013 ã. íà âûñîòàõ 500–7000 ì íàä þæíîé ÷àñòüþ Íîâîñèáèðñêîãî âîäîõðàíèëèùà. Â ïðîáàõ èäåíòèôè-
öèðîâàíû àëêàíû íîðìàëüíîãî ñòðîåíèÿ, öèêëàíû è àëêèëàðåíû. Âïåðâûå â ñîñòàâå àòìîñôåðíûõ àýðîçîëåé 
Çàïàäíîé Ñèáèðè îáíàðóæåíû öèêëè÷åñêèå íàñûùåííûå è àëêèëàðîìàòè÷åñêèå óãëåâîäîðîäû. 
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Ââåäåíèå 

 
Àýðîçîëüíûå ÷àñòèöû èãðàþò îãðîìíóþ ðîëü  

â ïðîöåññå ôîðìèðîâàíèÿ ðàäèàöèîííîãî ïîëÿ àò-
ìîñôåðû è ïîãîäû, ó÷àñòâóþò â ðàçëè÷íûõ ôèçèêî-
õèìè÷åñêèõ ïðåâðàùåíèÿõ, â òîì ÷èñëå ñâÿçàííûõ 
ñ çàãðÿçíåíèåì âîçäóõà ïðîäóêòàìè àíòðîïîãåííîé 
äåÿòåëüíîñòè. Íåñìîòðÿ íà òî ÷òî çíà÷èìîñòü àýðî-
çîëÿ øèðîêî ïðèçíàíà è ïðîâåäåíî îãðîìíîå êîëè÷å-
ñòâî èññëåäîâàíèé, äî ñèõ ïîð îñòàþòñÿ çíà÷èòåëü-
íûå ïðîáåëû â îïèñàíèè è ìîäåëèðîâàíèè ïîâåäåíèÿ 
àýðîçîëåé â àòìîñôåðå. Ê íèì îòíîñèòñÿ è óãëåðîä-
íàÿ ñîñòàâëÿþùàÿ àýðîçîëÿ [1]. 

Äëèòåëüíîå âðåìÿ ñ÷èòàëîñü [2, 3], ÷òî îñíîâíîé 
âêëàä â õèìè÷åñêèé ñîñòàâ àòìîñôåðíîãî àýðîçîëÿ 
âíîñèò íåîðãàíè÷åñêèé êîìïîíåíò, à äîëÿ îðãàíè÷å-
ñêîé ñîñòàâëÿþùåé íå ïðåâûøàåò íåñêîëüêèõ ïðî-
öåíòîâ. Âîçìîæíîå ãëîáàëüíîå èçìåíåíèå êëèìàòà 
è ïåðâûé äîêëàä Ìåæäóíàðîäíîé ãðóïïû ýêñïåðòîâ  
 
_____________  

 
* Íàòàëüÿ Ãåííàäüåâíà Âîðîíåöêàÿ (voronetskaya@ipc. 

tsc.ru); Ãàëèíà Ñåðãååâíà Ïåâíåâà; Àíàòîëèé Êóçüìè÷ Ãî-
ëîâêî; Àëåêñàíäð Ñåðãååâè÷ Êîçëîâ; Ìèõàèë Þðüåâè÷ Àð- 
øèíîâ (michael@iao.ru); Áîðèñ Äåíèñîâè÷ Áåëàí (bbd@iao.ru); 
Äåíèñ Âàëåíòèíîâè÷ Ñèìîíåíêîâ (simon@iao.ru); Ãåííàäèé 
Íèêîëàåâè÷ Òîëìà÷åâ (tgn@iao.ru). 

ïî èçìåíåíèþ êëèìàòà (ÌÃÝÈÊ) ïðèäàëè èìïóëüñ 
íîâûì àýðîçîëüíûì èññëåäîâàíèÿì, òàê êàê íàè-
áîëüøàÿ íåîïðåäåëåííîñòü â îöåíêå ðàäèàöèîííîãî 
áàëàíñà ïëàíåòû áûëà îáóñëîâëåíà âêëàäîì àýðî-
çîëüíûõ ÷àñòèö. 

Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî âêëàä 

îðãàíè÷åñêîé ñîñòàâëÿþùåé â ñîñòàâ ìèêðîäèñïåðñ-
íîé (íàíî÷àñòèöû) è ñóáìèêðîííîé ôðàêöèé àýðîçî-
ëÿ ìîæåò ñèëüíî èçìåíÿòüñÿ. Â ðàáîòàõ [4, 5] îòìå-
÷åíî, ÷òî ñîäåðæàíèå îðãàíè÷åñêîãî óãëåðîäà â ÷àñ-
òèöàõ ìîæåò ñîñòàâëÿòü 25–35%. Àâòîðû [6] äàþò 
ñðåäíþþ âåëè÷èíó, êîòîðàÿ èçìåíÿåòñÿ îò 40 äî 65%. 
Áëèçêîå çíà÷åíèå íàéäåíî â [7] – 57,3–71,2%. Áî-
ëåå òîãî, ýêñïåðèìåíòû âûÿâèëè, ÷òî â ìèêðîäèñïåðñ-
íîé ôðàêöèè äîëÿ îðãàíè÷åñêîé êîìïîíåíòû ìîæåò 
äîñòèãàòü 90–92% [8, 9]. 

Â ðÿäå ðàáîò èçó÷àåòñÿ ñîîòíîøåíèå ñîäåðæà-
íèÿ â àýðîçîëå îðãàíè÷åñêîãî (ÎÑ) è ýëåìåíòàðíî-
ãî (ÅÑ) óãëåðîäîâ. Â [10, 11] óêàçàíî, ÷òî ýòî ñî-
îòíîøåíèå ëåæèò â ïðåäåëàõ 0,3–0,4. Îäíàêî â [12] 
ïðèâîäÿòñÿ äàííûå, ÷òî îòíîøåíèå ÎÑ ê ÅÑ ðàâíî 
äâóì äëÿ ãðóáîäèñïåðñíîé ôðàêöèè àýðîçîëÿ è ÷å-
òûðåì äëÿ ìèêðîäèñïåðñíîé ôðàêöèè. 

Îêàçàëîñü, ÷òî îðãàíè÷åñêàÿ ÷àñòü àýðîçîëÿ â çíà- 
÷èòåëüíîé ñòåïåíè ñîñòîèò èç âîäîðàñòâîðèìûõ ñî-
åäèíåíèé. Òàê, â [13] ñòåïåíü âîäîðàñòâîðèìîñòè 

àýðîçîëÿ ïðîïîðöèîíàëüíà ñîäåðæàíèþ â íåì îðãà-
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íè÷åñêîãî âåùåñòâà. Àâòîðû [14, 15] âûÿâèëè, ÷òî 
â ñóáìèêðîííîé ôðàêöèè êîëè÷åñòâî âîäîðàñòâîðè-
ìîé îðãàíèêè ñîñòàâëÿåò îò 56 äî 61%, à â ìèêðîäèñ-
ïåðñíîé äîõîäèò äî 79%. Íåñëó÷àéíî, ÷òî îðãàíè-
÷åñêàÿ ñîñòàâëÿþùàÿ àýðîçîëÿ èãðàåò âàæíóþ ðîëü 
è â ïðîöåññàõ îáëàêîîáðàçîâàíèÿ [16–18]. Â ðåçóëü-
òàòå â îáëà÷íîé âîäå îðãàíè÷åñêèå âåùåñòâà çàíè-
ìàþò äî 40% îò íàéäåííûõ ñîåäèíåíèé [19]. 

Â êàæäîé ïóáëèêàöèè ïî àíàëèçó ñîñòàâà îð-
ãàíè÷åñêîãî àýðîçîëÿ ïðèâîäèòñÿ ïåðå÷åíü îïðåäå-
ëÿåìûõ ñîåäèíåíèé, çà÷àñòóþ íå ïåðåñåêàþùèéñÿ 
ïî íàèìåíîâàíèÿì. Òàê, íàïðèìåð, â [20] âûÿâëåíî 
â ñîñòàâå àýðîçîëÿ 150 òîëüêî àìèíîâ. Àâòîðû [21] 
óêàçûâàþò, ÷òî îíè äåòåêòèðîâàëè â ðàçíûõ ïðîáàõ 
îò 186 îðãàíè÷åñêèõ èîíîâ äî 494 ðàäèêàëîâ. Ïî-
âèäèìîìó, ïåðå÷åíü ñîåäèíåíèé, âõîäÿùèõ â ñîñòàâ 
îðãàíè÷åñêîãî êîìïîíåíòà àýðîçîëÿ, áóäåò ïîïîë-
íÿòüñÿ è â äàëüíåéøåì. Ýòî ãîâîðèò î òîì, ÷òî èìå-
þòñÿ çíà÷èòåëüíûå îòêëîíåíèÿ îò îáùåïðèíÿòîé 

òåîðèè áèíàðíîé è òåðíàðíîé íóêëåàöèè â àòìîñôå-
ðå [22, 23], è íåîáõîäèìî óäåëèòü ïðèñòàëüíîå âíè-
ìàíèå îáðàçîâàíèþ íàíî÷àñòèö â àòìîñôåðå. 

Óñòàíîâëåíî, ÷òî çíà÷èòåëüíàÿ ÷àñòü àýðîçîëÿ 
ìîæåò îáðàçîâûâàòüñÿ â õîäå õèìè÷åñêèõ èëè ôîòî-
õèìè÷åñêèõ ïðîöåññîâ íåïîñðåäñòâåííî â àòìîñôåðå 
èç ãàçîâ-ïðåäøåñòâåííèêîâ – ïðåêóðñîðîâ [24–27]. 
Ýòî ìîãóò áûòü ðåàêöèè îêèñëåíèÿ ïðè âçàèìîäåé-
ñòâèè ñ îçîíîì [28–30], ãèäðîêñèëîì [31, 32], îê-
ñèäàìè àçîòà [33–35] èëè êèñëîòàìè [36]. Õîä ïðî-
öåññîâ çàâèñèò îò òåìïåðàòóðû âîçäóõà èëè íàëè-
÷èÿ êàòàëèçàòîðîâ [37–39]. Ïðè÷åì ìíîãèå èç ýòèõ 
ïðîöåññîâ áûëè ïðåäñêàçàíû åùå â ðàáîòå Â.À. Èñè-
äîðîâà [40] è òîëüêî â ïîñëåäíèå äåñÿòèëåòèÿ íà-
øëè ñâîå ýêñïåðèìåíòàëüíîå ïîäòâåðæäåíèå. 

Íåäàâíî îáíàðóæåí åùå îäèí ìåõàíèçì, êîòî-
ðûé ìîæåò îêàçàòüñÿ ýôôåêòèâíûì èñòî÷íèêîì îð-
ãàíè÷åñêèõ ÷àñòèö. Îí îáóñëîâëåí èñêëþ÷èòåëüíîé 
ðåàêöèîííîé ñïîñîáíîñòüþ ðàäèêàëîâ Êðèãè – ñîåäè- 
íåíèé êèñëîðîäà è óãëåâîäîðîäíûõ ðàäèêàëîâ [41]. 
Ïðîãíîçèðóåòñÿ, ÷òî îí áóäåò áîëåå ýôôåêòèâíûì, 
÷åì ãèäðîêñèëüíûé èëè îçîíîâûé. Èññëåäîâàíèÿ ïîêà 
íå âûøëè çà ïðåäåëû ëàáîðàòîðèé, õîòÿ ïîëó÷åííûå 
ðåçóëüòàòû óæå ïîäòâåðæäàþò ïðîãíîçèðóåìûå õà-
ðàêòåðèñòèêè [42, 43]. 

Àýðîçîëè âíîñÿò ñâîé âêëàä â ðàäèàöèîííûé 
áàëàíñ ïëàíåòû ÷åðåç ïðîöåññû ïîãëîùåíèÿ, îòðà-
æåíèÿ è ðàññåÿíèÿ ñîëíå÷íîãî èçëó÷åíèÿ. Îäíàêî, 
êàê ïîêàçûâàþò ïóáëèêàöèè ïîñëåäíèõ ëåò, îïòè÷å-
ñêèå õàðàêòåðèñòèêè îðãàíè÷åñêîãî àýðîçîëÿ èññëå-
äîâàíû íåäîñòàòî÷íî, íà÷èíàÿ îò ïîêàçàòåëÿ ïðå-
ëîìëåíèÿ âåùåñòâà ÷àñòèö è çàêàí÷èâàÿ êîýôôèöè-
åíòàìè ïîãëîùåíèÿ è ðàññåÿíèÿ [44, 45]. 

Â ñîñòàâ àýðîçîëåé âõîäèò áîëüøîå êîëè÷åñòâî 
îïàñíûõ îðãàíè÷åñêèõ ñîåäèíåíèé, òàêèõ êàê àðî-
ìàòè÷åñêèå óãëåâîäîðîäû, õëîð-, ñåðî- è àçîòñîäåð-
æàùèå âåùåñòâà [46, 47]. Ýòî îïðåäåëÿåò ýêîëîãè÷å-
ñêóþ çíà÷èìîñòü èõ èññëåäîâàíèÿ. Èçìåíåíèå êîí-
öåíòðàöèè ìíîãèõ îðãàíè÷åñêèõ êîìïîíåíòîâ ïîä 
âëèÿíèåì ÷åëîâå÷åñêîé äåÿòåëüíîñòè ìîæåò âûçâàòü 
òðóäíîïðåäñêàçóåìûå èçìåíåíèÿ âñåé ñòðóêòóðû àò- 
ìîñôåðíûõ ïðîöåññîâ [48]. Òåì íå ìåíåå ìàñøòàáû 

âêëàäà àíòðîïîãåííûõ îðãàíè÷åñêèõ ñîåäèíåíèé  
â àòìîñôåðó äî íàñòîÿùåãî âðåìåíè íå îïðåäåëåíû. 
  Ïîñëåäîâàâøèå ïîñëå ïåðâîãî äîêëàäà ÌÃÝÈÊ 
èíòåíñèâíûå èññëåäîâàíèÿ, íàïðàâëåííûå íà óòî÷-
íåíèå ðîëè àýðîçîëÿ â àòìîñôåðíûõ è ðàäèàöèîííûõ 
ïðîöåññàõ, âûÿâèëè, ÷òî â äàííûé ìîìåíò ñîâåðøåí-
íî íåäîîöåíåí âêëàä â ñîñòàâ àýðîçîëüíûõ ÷àñòèö 
îðãàíè÷åñêîé êîìïîíåíòû. Â íàñòîÿùåå âðåìÿ èçó-
÷åíèå îðãàíè÷åñêîãî àýðîçîëÿ èíòåíñèâíî ïðîâîäèò-
ñÿ âî âñåì ìèðå. Èñêëþ÷åíèå ñîñòàâëÿåò òåððèòîðèÿ 
Ðîññèè, äëÿ êîòîðîé ñâåäåíèÿ î êîëè÷åñòâå, ñîñòàâå 
è ïðîñòðàíñòâåííî-âðåìåííîé èçìåí÷èâîñòè îðãàíè-
÷åñêîé ñîñòàâëÿþùåé àòìîñôåðíîãî àýðîçîëÿ ïîëíî-
ñòüþ îòñóòñòâóþò. Ïîýòîìó â 2012 ã. àâòîðàìè ñòàòüè 
íà÷àò ìåæäèñöèïëèíàðíûé ïðîåêò ÑÎ ÐÀÍ ïî èñ-
ñëåäîâàíèþ óñëîâèé îáðàçîâàíèÿ è ïîâåäåíèÿ îðãà-
íè÷åñêîé ñîñòàâëÿþùåé àýðîçîëÿ â àòìîñôåðå íàä Ñè- 
áèðñêèì ðåãèîíîì. Íàñòîÿùàÿ ñòàòüÿ ñîäåðæèò ïåð-
âûå äàííûå, ïîëó÷åííûå â õîäå ðåàëèçàöèè ïðîåêòà. 
 

Ìåòîäû îòáîðà è àíàëèçà ïðîá 
 

Èññëåäîâàíèÿ âûïîëíÿþòñÿ íà ñàìîëåòå-ëàáîðà- 
òîðèè Òó-134 «Îïòèê», îïèñàíèå êîòîðîãî â áàçî-
âîì âàðèàíòå èìååòñÿ â [49]. Äëÿ îòáîðà ïðîá îðãà-
íè÷åñêîãî àýðîçîëÿ èç àòìîñôåðû áûë èçãîòîâëåí 
íîâûé ïðîáîîòáîðíèê íà îñíîâå øòàòíîãî ïðèåìíèêà 
âîçäóøíîãî äàâëåíèÿ. Îí âûíåñåí âïåðåä è óñòàíîâ-
ëåí â èëëþìèíàòîð äâåðè êàáèíû ïèëîòà. Âíóòðåí-
íåå ñå÷åíèå çàáîðíîãî óñòðîéñòâà óâåëè÷åíî äî 10 ìì, 
êàíàë âûïîëíåí èç òåôëîíà öèëèíäðè÷åñêîãî ñå÷å-
íèÿ 8  10 ìì, îñíàùåí âàêóóìíûìè áûñòðîðàçúåì-
íûìè ñîåäèíåíèÿìè (Kamozzi, Èòàëèÿ). Ïðèîáðåòåí 
è ñìîíòèðîâàí íîâûé âûñîêîîáúåìíûé âàêóóìíûé 
áåçìàñëÿíûé íàñîñ V-VTN 26 (Elmo Rietschle, Ãåð-
ìàíèÿ) ñ ïðîèçâîäèòåëüíîñòüþ äî 25 ì3/÷. Èçîëèðî-
âàíî äðåíàæíîå îòâåðñòèå äëÿ ñòîêà êîíäåíñàòà â êà- 
áèíå ïîä ôîðòî÷êîé âòîðîãî ïèëîòà, ðàñïîëîæåííîå 

ïî íàïðàâëåíèþ ïðîáîîòáîðíèêà, êîòîðîå ìîæåò ÿâ-
ëÿòüñÿ âíóòðåííèì èñòî÷íèêîì çàãðÿçíåíèÿ óãëå- 
âîäîðîäàìè (ñìàçêà). Äëÿ âûÿâëåíèÿ âîçìîæíîãî 

âëèÿíèÿ íà ðåçóëüòàòû èçìåðåíèé ñîâìåñòíî ñ òåõ-
íè÷åñêèì ëåòíûì ïåðñîíàëîì îòîáðàíû è ïðîàíàëè-
çèðîâàíû îáðàçöû æèäêèõ ðàñõîäíûõ ìàòåðèàëîâ, 
èñïîëüçóåìûõ â îáñëóæèâàíèè ñàìîëåòà (ãèäðàâëè-
÷åñêàÿ æèäêîñòü ãèäðîíèêîéë FH-51, ìàñëî ÌÑ-8, 
êåðîñèí, äèçåëüíîå òîïëèâî âñïîìîãàòåëüíîé ñèëî-
âîé óñòàíîâêè). 

Äàííûå, ïîëó÷åííûå ïðè àíàëèçå àâèàöèîííûõ 
ðàñõîäíûõ ìàòåðèàëîâ, ðàññìîòðåíû íèæå â îáñóæ-
äåíèè ðåçóëüòàòîâ. Ðàçìåùåíèå ïðîáîîòáîðíèêîâ ïî- 
êàçàíî íà ðèñ. 1. 

Â çèìíå-âåñåííèé ïåðèîä 2013 ã. ñ áîðòà ñàìî-
ëåòà-ëàáîðàòîðèè Òó-134 «Îïòèê» ïðîâîäèëñÿ îòáîð 
ïðîá àòìîñôåðíûõ àýðîçîëåé â ðàéîíå Êàðàêàíñêîãî 
Áîðà ïî ïðàâîìó áåðåãó þæíîé ÷àñòè Íîâîñèáèðñêî-
ãî âîäîõðàíèëèùà. Ïðîáû îòáèðàëèñü â òðîïîñôåð-
íîì ñëîå 500–7000 ì íà àðìèðîâàííûå òåôëîíîâûå 
ôèëüòðîâàëüíûå ìåìáðàíû Grimm 1.113A ñî ñðåäíèì 

äèàìåòðîì ïîð 0,8–1,2 ìêì. Êîëè÷åñòâî ïðîêà÷àí-
íîãî ÷åðåç ôèëüòð âîçäóõà ñîñòàâèëî 7,2 ì3

 â ÿíâàðå, 
7,5 ì3 â ôåâðàëå è 12,0 ì3 â àïðåëå 2013 ã. 
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Ðèñ. 1. Ðàçìåùåíèå ïðîáîîòáîðíèêà àýðîçîëÿ íà ñàìîëåòå-ëàáîðàòîðèè Òó-134 «Îïòèê» 

 
Îòîáðàííûå ïðîáû àýðîçîëÿ îáðàáàòûâàëèñü ñëå- 

äóþùèì îáðàçîì: îðãàíè÷åñêàÿ ÷àñòü ñ ôèëüòðà ýêñ-
òðàãèðîâàëàñü õðîìàòîãðàôè÷åñêèì àöåòîíîì (1,5 ñì3) 
â óëüòðàçâóêîâîé áàíå, çàòåì êîíöåíòðèðîâàëàñü  

â âàêóóìå äî 50 ìêë ñ ïîñëåäóþùèì àíàëèçîì íà 
õðîìàòî-ìàññ-ñïåêòðîìåòðå. 

Àíàëèç àýðîçîëüíûõ ïðîá îñóùåñòâëÿëñÿ íà õðî- 
ìàòî-ìàññ-ñïåêòðîìåòðàõ Agilent 6890N (ÈÕÊÃ ÑÎ 
ÐÀÍ) è Shimadzu QP 5050A (ÈÕÍ ÑÎ ÐÀÍ). 

Õðîìàòîãðàôè÷åñêîå ðàçäåëåíèå ýêñòðàãèðîâàí- 
íîé îðãàíè÷åñêîé ÷àñòè àòìîñôåðíîãî àýðîçîëÿ ïðî-
èñõîäèëî â êàïèëëÿðíîé êîëîíêå óíèâåðñàëüíîãî 
òèïà (ÍÐ-5MS) ñ âíóòðåííèì äèàìåòðîì 0,25 ìì  
è äëèíîé 30 ì ïðè ëèíåéíîì ïîâûøåíèè òåìïåðà-
òóðû òåðìîñòàòà êîëîíêè â õîäå àíàëèçà îò 50 äî 
250 Ñ ñî ñêîðîñòüþ íàãðåâà 5 Ñ/ìèí. Èçîòåðìà 
ïðè íà÷àëüíîé è êîíå÷íîé òåìïåðàòóðå ñîñòàâëÿëà 
3 è 45 ìèí ñîîòâåòñòâåííî. 

Èäåíòèôèêàöèþ óãëåâîäîðîäîâ ïðîâîäèëè ñ èñ-
ïîëüçîâàíèåì áèáëèîòå÷íûõ áàç äàííûõ ìàññ-ñïåê- 
òðîâ NIST, Wiley, à òàêæå ïóòåì ñðàâíåíèÿ âðåìåí 
óäåðæèâàíèÿ ýòàëîííûõ ñîåäèíåíèé â ìîäåëüíûõ 
ñìåñÿõ. 

Äëÿ îáåñïå÷åíèÿ äîñòîâåðíîñòè èäåíòèôèêàöèè 
ïî òàêèì æå ðåæèìàì ïðîàíàëèçèðîâàíû 2 ìîäåëü-
íûå ñìåñè è óãëåâîäîðîäíûé êîíöåíòðàò íåôòè. Ïåð- 
âàÿ ìîäåëüíàÿ ñìåñü ñîñòîÿëà òîëüêî èç í-àëêàíîâ 
Ñ6–Ñ22, âòîðàÿ ìîäåëüíàÿ ñìåñü âêëþ÷àëà â îñíîâ-
íîì àðîìàòè÷åñêèå óãëåâîäîðîäû: í-ãåêñèëáåíçîë, 
íàôòàëèí, 1,6-äèìåòèëíàôòàëèí, 4-ìåòèëáèôåíèë, ôå- 
íàíòðåí, 9-ìåòèëôåíàíòðåí, õðèçåí, à òàêæå í-ãåêñà- 
äåêàí. Ýòî ïîçâîëèëî èñïîëüçîâàòü çíà÷åíèÿ âðåìåí 
óäåðæèâàíèÿ óãëåâîäîðîäîâ äëÿ ïîäòâåðæäåíèÿ äîñ-
òîâåðíîñòè èäåíòèôèêàöèè, ïîñêîëüêó ýêñïåðòíàÿ 

îöåíêà ðåçóëüòàòîâ èäåíòèôèêàöèè ïî ìàññ-ñïåêòðàì 
ñ èñïîëüçîâàíèåì áèáëèîòå÷íûõ áàç äàííûõ â ðÿäå 
ñëó÷àåâ áûâàåò çàòðóäíåíà èç-çà çíà÷èòåëüíîãî ñõîä-
ñòâà ìàññ-ñïåêòðîâ ðàçëè÷íûõ êëàññîâ óãëåâîäîðîäîâ 
è äðóãèõ îðãàíè÷åñêèõ ñîåäèíåíèé. 

Íà õðîìàòî-ìàññ-ñïåêòðîìåòðå Shimadzu QP 5050A 
àíàëèç ïðîá ïðîâåäåí â äâóõ ðåæèìàõ: Scan (ïîëíîå 
ñêàíèðîâàíèå âñåõ îòíîøåíèé ìàññ ê çàðÿäó – m/z) 

è SIM (ñêàíèðîâàíèå ïî îòäåëüíûì èîíàì ñ âûáðàí-
íûì îòíîøåíèåì m/z). 

Äëÿ ðåãèñòðàöèè ìàññ-ñïåêòðîâ â ðåæèìå SIM 
â ïðîãðàììó áûëî çàëîæåíî 49 îòíîøåíèé m/z, êî-
òîðûå ñîîòâåòñòâóþò îñíîâíûì êëàññàì óãëåâîäîðî-
äîâ (òàáë. 1). 

 
Ò à á ë è ö à  1  

Îòíîøåíèå ìàññû ê çàðÿäó (m/z) îñíîâíûõ êëàññîâ 
óãëåâîäîðîäîâ 

Ñîåäèíåíèå m/z 

1 2 
Àëêåíû 55 
Àëêàíû íîðìàëüíîãî ñòðîåíèÿ 57 
Àëêàíû èçîïðåíèäíîãî ñòðîåíèÿ 183 
Öèêëîïåíòàíû 69 
Öèêëîãåêñàíû 83 
Áèöèêëàíû 123 
Òðèöèêëàíû 191 
Ñòåðàíû (òåòðàöèêëàíû) 217 
Ãîïàíû (ïåíòàöèêëàíû) 191, 177 
Àëêèëáåíçîëû 91, 105, 119, 133 
Äèôåíèëû 154, 168 
Àöåíàôòåíû 153 
Ôëóîðåíû 165 
Àëêèëíàôòàëèíû 128, 142, 156, 170, 184
Àëêèëôåíàíòðåíû 178, 192, 206, 220, 234

Ïðîáîîòáîðíèê



 

 Óãëåâîäîðîäíûé ñîñòàâ òðîïîñôåðíîãî àýðîçîëÿ þãà Çàïàäíîé Ñèáèðè 499 
 

Î ê î í ÷ à í è å  ò à á ë .  1  
 

1 2 
Òðèíàôòåíîáåíçîëû  
(ìîíîàðîìàòè÷åñêèå ñòåðàíû) 

 
253 

Ìîíîíàôòåíîôåíàíòðåíû  
(òðèàðîìàòè÷åñêèå ñòåðàíû) 

 
231 

Ñèììîíåëèòû 237, 252 

Òèîôåíû 112, 126, 140,  
134, 147, 161 

Áåíçòèîôåíû 175, 189 
Äèáåíçòèîôåíû 184, 198 
Êèñëîðîäñîäåðæàùèå ñîåäèíåíèÿ 
(ñïèðòû, ýôèðû) 

 
31, 45, 59, 72 

Íîðìàëüíûå è ðàçâåòâëåííûå 
æèðíûå êèñëîòû 

 
74, 87, 88, 101 

Àëèôàòè÷åñêèå êèñëîòû 60 
Ôåíîëû 107 

 
Ðåçóëüòàòû è îáñóæäåíèå 

 

Àëêàíû 
 

Âî âñåõ ïðîáàõ àòìîñôåðíûõ àýðîçîëåé èäåíòè-
ôèöèðîâàíû àëêàíû íîðìàëüíîãî (ëèíåéíîãî) ñòðîå-
íèÿ. Ãîìîëîãè÷åñêèé ðÿä àëêàíîâ âêëþ÷àåò ñîåäèíå-
íèÿ îò Ñ10Í22 äî Ñ26Í54 (ðèñ. 2, à, òàáë. 2). 

Â íèçêîìîëåêóëÿðíîé îáëàñòè âî âñåõ ïðîáàõ 
ïðèñóòñòâóåò «íàôòåíîâûé ãîðá», êîòîðûé ñâèäå-
òåëüñòâóåò î ñîäåðæàíèè ñìåñè íàôòåíîâûõ óãëåâî-
äîðîäîâ, íå ðàçäåëÿþùèõñÿ â óñëîâèÿõ õðîìàòîãðà-
ôèðîâàíèÿ. Âðåìÿ ýëþèðîâàíèÿ «íàôòåíîâîãî ãîð-
áà» êîëåáëåòñÿ â èíòåðâàëå 15–25 ìèí. 

Ìàêñèìóì â ðàñïðåäåëåíèè í-àëêàíîâ âî âñåõ 

ïðîáàõ àýðîçîëåé ïðèõîäèòñÿ íà í-ãåêñàäåêàí (Ñ16). 
Ïðåäëàãàåòñÿ, ÷òî âûñîêîå ñîäåðæàíèå ãåêñàäåêàíà 
è íàëè÷èå «íàôòåíîâîãî ãîðáà» â ïðîáàõ àýðîçîëåé – 

ñëåäñòâèå çàãðÿçíåíèÿ àâèàöèîííûìè ðàñõîäíûìè ìà- 
òåðèàëàìè. Â ñâÿçè ñ ýòèì ïðîàíàëèçèðîâàíû ïðîáû 

àâèàöèîííîãî êåðîñèíà, ãèäðàâëè÷åñêîé æèäêîñòè 
FH-51 è ìàñëà ÌC-8. 

Óñòàíîâëåíî, ÷òî àâèàöèîííûé êåðîñèí íå ìî-
æåò ÿâëÿòüñÿ ïðè÷èíîé ïîâûøåííîé êîíöåíòðàöèè 
ãåêñàäåêàíà â ïðîáàõ àýðîçîëÿ, òàê êàê â àâèàöèîí-
íîì êåðîñèíå ñîäåðæàíèå í-àëêàíîâ îãðàíè÷åíî ïåí-
òàäåêàíîì Ñ15Í32 (ðèñ. 2, â). 

Íà õðîìàòîãðàììå ïðîáû ìàñëà ÌC-8 ïðèñóò-
ñòâóåò «íàôòåíîâûé ãîðá», îäíàêî âðåìÿ åãî ýëþè-
ðîâàíèÿ îòëè÷àåòñÿ îò ïðîá àýðîçîëåé è íàõîäèòñÿ 
â èíòåðâàëå 30–50 ìèí (ðèñ. 2, á). Íà ôîíå «íàôòå-
íîâîãî ãîðáà» ðàñïîëîæåíû õðîìàòîãðàôè÷åñêèå ïè-
êè, âðåìÿ óäåðæèâàíèÿ êîòîðûõ íå ñîâïàäàåò ñ âðå-
ìåíàìè óäåðæèâàíèÿ í-àëêàíîâ. 

Â òî æå âðåìÿ â ïðîáå ãèäðàâëè÷åñêîé æèäêîñòè 
íà ìàññ-ôðàãìåíòîãðàììå ïðèñóòñòâóåò «íàôòåíîâûé 
ãîðá», âðåìÿ óäåðæèâàíèÿ êîòîðîãî ñîâïàäàåò ñ òà-
êîâûì â ïðîáàõ àýðîçîëåé (ðèñ. 2, ã). 

Âåðîÿòíî, ïðè÷èíîé ïîâûøåííîé êîíöåíòðàöèè 
ãåêñàäåêàíà ÿâëÿëàñü ñìàçêà äðåíàæíîãî îòâåðñòèÿ 
ñòîêà êîíäåíñàòà â êàáèíå ïîä ôîðòî÷êîé âòîðîãî 
ïèëîòà, êîòîðîå âïîñëåäñòâèè áûëî èçîëèðîâàíî. 
Ïîýòîìó äëÿ êîððåêòíîãî ïðåäñòàâëåíèÿ èñòî÷íèêà 
ïîÿâëåíèÿ í-àëêàíîâ â àòìîñôåðå êîíöåíòðàöèÿ Ñ16 
â ñîñòàâå í-àëêàíîâ íå ó÷èòûâàëàñü (òàáë. 2). 

 

 
 à á 

 
 â ã 
Ðèñ. 2. Òèïè÷íàÿ ìàññ-ôðàãìåíòîãðàììà í-àëêàíîâ (m/z 57) àòìîñôåðíûõ àýðîçîëåé (à) è àâèàöèîííûõ ðàñõîäíûõ ìàòå- 
  ðèàëîâ (á–ã)  
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Ò à á ë è ö à  2  

Ñîäåðæàíèå í-àëêàíîâ â ïðîáàõ àòìîñôåðíûõ  
àýðîçîëåé (2013 ã.) 

Ñîäåðæàíèå â ïðîáå, % îòí. 
í-Àëêàí 

29.01 27.02 09.04 

Äåêàí (Ñ10Í22) 32,8 17,9 9,4 
Óíäåêàí (Ñ11Í24) 3,0 2,2 0,9 
Äîäåêàí (Ñ12Í26) 3,2 2,0 1,2 
Òðèäåêàí (Ñ13Í28) 4,6 3,4 0,6 
Òåòðàäåêàí (Ñ14Í30) 5,6 5,9 1,7 
Ïåíòàäåêàí (Ñ15Í32) 2,2 1,9 0,8 
Ãåïòàäåêàí (Ñ17Í36) 5,0 5,8 4,2 
Îêòàäåêàí (Ñ18Í38) 1,7 3,4 5,9 
Íîíàäåêàí (Ñ19Í40) 1,5 1,6 7,2 
Ýéêîçàí (Ñ20Í42) 1,1 2,5 7,2 
Ãåíýéêîçàí (Ñ21Í44) 0,8 1,9 4,1 
Äîêîçàí (Ñ22Í46) 1,1 2,0 2,7 
Òðèêîçàí (Ñ23Í48) 1,2 2,2 1,8 
Òåòðàêîçàí (Ñ24Í50) 1,1 1,9 1,6 
Ïåíòàêîçàí (Ñ25Í52) 1,1 3,2 1,1 
Ãåêñàêîçàí (Ñ26Í54) 0,5 2,2 0,6 
Èíäåêñ CPI 0,2 0,3 0,3 




10 22

23 26

(C –C )
(C –C )

 13,1 5,0 5,4 

 
Ñðåäè àëêàíîâ íîðìàëüíîãî ñòðîåíèÿ â àýðîçîëü- 

íûõ ïðîáàõ, îòîáðàííûõ â çèìíåå âðåìÿ, â ìàêñèìàëü-
íûõ êîíöåíòðàöèÿõ ñîäåðæèòñÿ òåòðàäåêàí (Ñ14Í30), 
ãåïòàäåêàí (Ñ17Í36) – â êîíöåíòðàöèÿõ, áëèçêèõ ê ìàê- 
ñèìàëüíûì. Â àïðåëüñêîé ïðîáå àýðîçîëÿ ìàêñèìóì 
ñîäåðæàíèÿ ñìåùåí â áîëåå âûñîêîìîëåêóëÿðíóþ îá-
ëàñòü è ïðèõîäèòñÿ íà óãëåâîäîðîäû ñîñòàâà Ñ18–Ñ20. 
Îòñóòñòâèå â àýðîçîëÿõ í-àëêàíîâ ñ ÷èñëîì àòîìîâ 
óãëåðîäà â ìîëåêóëå áîëåå 27, âîçìîæíî, ñâÿçàíî  
ñ òåì, ÷òî ïðîáû àýðîçîëÿ îòîáðàíû â çèìíåå è âå-
ñåííåå âðåìÿ, êîãäà âåãåòàöèîííûé ïåðèîä ðàñòè-
òåëüíîñòè íàõîäèòñÿ â íåàêòèâíîé ôàçå. 

Àâòîðàìè [50] ïðåäëàãàåòñÿ ðàññìàòðèâàòü í-àë- 
êàíû êàê ìàðêåðû îïðåäåëåííîãî òèïà èñòî÷íèêà. 
Òàê, èñòî÷íèêîì ïîÿâëåíèÿ â àòìîñôåðå í-àëêàíîâ 
ñ 27–33 àòîìàìè óãëåðîäà â ìîëåêóëå ÿâëÿþòñÿ ïðè-
ðîäíûå îáúåêòû, òîãäà êàê èñòî÷íèêîì í-àëêàíîâ  
ñ ÷èñëîì àòîìîâ óãëåðîäà ìåíåå 23 – àíòðîïîãåííàÿ 
äåÿòåëüíîñòü ÷åëîâåêà. Èñòî÷íèê í-àëêàíîâ Ñ23–Ñ26 
ìîæåò áûòü êàê ïðèðîäíûì, òàê è àíòðîïîãåííûì. 
  Ñ ó÷åòîì ýòîãî ïðåäïîëîæåíèÿ ðàññ÷èòàíî îò-
íîøåíèå ñóììàðíîãî ñîäåðæàíèÿ íèçêîìîëåêóëÿðíûõ 
í-àëêàíîâ Ñ11–Ñ22 ê ñóììàðíîìó ñîäåðæàíèþ âû-
ñîêîìîëåêóëÿðíûõ í-àëêàíîâ Ñ23–Ñ26 (ñì. òàáë. 2). 
Âûñîêèå çíà÷åíèÿ ýòîãî îòíîøåíèÿ ñâèäåòåëüñòâóþò 
î äîìèíèðîâàíèè â ñîñòàâå í-àëêàíîâ àýðîçîëåé íèç-
êîìîëåêóëÿðíûõ ãîìîëîãîâ. 

Òàêæå äëÿ îïðåäåëåíèÿ òèïà èñòî÷íèêà í-àëêà- 
íîâ â àòìîñôåðå èñïîëüçóåòñÿ èíäåêñ íå÷åòíîñòè 
CPI (â èíîñòðàííîé ëèòåðàòóðå – carbon preference 
index), êîòîðûé ðàññ÷èòûâàåòñÿ ïî ôîðìóëå [50]: 
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ãäå Ñî – êîíöåíòðàöèè í-àëêàíîâ ñ íå÷åòíûì ÷èñëîì 
àòîìîâ óãëåðîäà îò i äî z; Cå – êîíöåíòðàöèè í-àë- 
êàíîâ ñ ÷åòíûì ÷èñëîì àòîìîâ óãëåðîäà. 

Çíà÷åíèÿ èíäåêñà CPI äëÿ âñåõ ïðîá àýðîçîëÿ 
âîçäóõà ñóùåñòâåííî ìåíüøå åäèíèöû (ñì. òàáë. 2), 
îòñþäà ìîæíî ñäåëàòü âûâîä ÷òî í-àëêàíû ïîÿâèëèñü 
â àòìîñôåðå èç àíòðîïîãåííûõ èñòî÷íèêîâ. 

Â ðàáîòàõ [51, 52] ïîêàçàíî, ÷òî â ëèñòüÿõ ðàñ-
òåíèé äîìèíèðóþò êîíöåíòðàöèè Ñíå÷, â òî âðåìÿ êàê 
â àâòîìîáèëüíûõ âûõëîïàõ ïðåîáëàäàþò êîíöåíòðà-
öèè ÷åòíûõ ãîìîëîãîâ. Åñëè âåëè÷èíà CPI âûøå 
òðåõ, òî èñòî÷íèêîì óãëåâîäîðîäîâ ÿâëÿåòñÿ áèîëî-
ãè÷åñêèé ìàòåðèàë, åñëè CPI áëèçîê ê åäèíèöå, òî 
ïðèñóòñòâèå í-àëêàíîâ â àòìîñôåðå îïðåäåëÿåòñÿ ïðî- 
öåññàìè íåïîëíîãî ñãîðàíèÿ òîïëèâ [50, 53]. Êðèòå-
ðèåì îöåíêè èíòåíñèâíîñòè èñòî÷íèêà ÿâëÿåòñÿ êîí-
öåíòðàöèÿ êàêîãî-ëèáî óãëåâîäîðîäà. Â ðàáîòå [50] 
ïîêàçàíî, ÷òî ïðèñóòñòâèå Ñ27, Ñ29, Ñ31 è Ñ33 – ìàð-
êåð ìåõàíè÷åñêîãî ïîâðåæäåíèÿ ïîâåðõíîñòè ëèñòü-
åâ; Ñ29 è Ñ31 – ëåñíûõ ïðèðîäíûõ ïîæàðîâ; Ñ23  
è Ñ25 – ñæèãàíèÿ ðàñòèòåëüíîñòè; Ñ21 è Ñ22 – àâòî-
ìîáèëüíûõ âûõëîïîâ; Ñ10 – íåôòåïðîäóêòîâ è Ñ19 – 

ñìàçî÷íîãî ìàñëà è äèçåëüíîãî òîïëèâà. Òàêèì îá-
ðàçîì, í-àëêàíû ñ 27 àòîìàìè óãëåðîäà, âåðîÿòíî, 
èìåþò áèîãåííîå ïðîèñõîæäåíèå, ñ 23–26 ïðåäñòàâ-
ëÿþò ñìåøàííóþ ãðóïïó áèîãåííûõ è àíòðîïîãåííûõ 
èñòî÷íèêîâ, à ñ 10–19 õàðàêòåðíû äëÿ àíòðîïîãåí-
íûõ èñòî÷íèêîâ. Äàííàÿ êëàññèôèêàöèÿ, áåçóñëîâíî, 
íå ÿâëÿåòñÿ îäíîçíà÷íîé, ïîñêîëüêó ëåãêèå óãëåâî-
äîðîäû òàêæå âñòðå÷àþòñÿ ñðåäè ïðîäóêòîâ ðàñòè-
òåëüíîãî ìåòàáîëèçìà [40, 46], à òÿæåëûå îáíàðóæè-
âàþòñÿ â ñîñòàâå íåôòåïðîäóêòîâ. 

 
 

Öèêëîàëêàíû (öèêëàíû) 
 
Â ÿíâàðñêîé è àïðåëüñêîé ïðîáàõ àýðîçîëÿ ïðè-

ñóòñòâóþò ãîìîëîãè÷åñêèå ðÿäû àëêèëöèêëîãåêñà-
íîâ ñ ÷èñëîì àòîìîâ óãëåðîäà â ìîëåêóëå îò 16 äî 23 

(ðèñ. 3 è 4). Â ôåâðàëüñêîé ïðîáå èäåíòèôèöèðîâàíû 

òîëüêî àëêèëöèêëîãåêñàíû ñîñòàâà Ñ20, Ñ21. Èäåí-
òèôèêàöèþ öèêëîãåêñàíîâ ïðîâîäèëè ïóòåì ñðàâ-
íåíèÿ âðåìåí óäåðæèâàíèÿ ýòèõ ñîåäèíåíèé â êîí-
öåíòðàòå íåôòÿíûõ óãëåâîäîðîäîâ, èñïîëüçîâàííîì 
â êà÷åñòâå ýòàëîíà ñðàâíåíèÿ, è ïî áèáëèîòåêàì 
ìàññ-ñïåêòðîâ. 

Ìîëåêóëÿðíî-ìàññîâûå ðàñïðåäåëåíèÿ àëêèë-
öèêëîãåêñàíîâ ÿíâàðñêîé è àïðåëüñêîé ïðîá èìåþò 
ñõîæèé õàðàêòåð. Â ýòèõ ïðîáàõ â ìàêñèìàëüíîé 

êîíöåíòðàöèè ñîäåðæèòñÿ àëêèëöèêëîãåêñàí Ñ19 (ñì. 
ðèñ. 4). 

Â àïðåëüñêîé ïðîáå àýðîçîëÿ ïðèñóòñòâóþò ïåí- 
òàöèêëè÷åñêèå àëêàíû (ãîïàíû) ñîñòàâà Ñ29–Ñ30 

(ðèñ. 5). Â ÿíâàðñêîé è ôåâðàëüñêîé ïðîáàõ ãîïàíû 
íå îáíàðóæåíû. Èõ èäåíòèôèêàöèÿ ïðîâåäåíà ïóòåì 
ñðàâíåíèÿ âðåìåí óäåðæèâàíèÿ àíàëèçèðóåìîé ïðî-
áû è ïðîáû êîíöåíòðàòà óãëåâîäîðîäîâ, âûäåëåííûõ 
èç íåôòè, à òàêæå ìàññ-ñïåêòðîâ ïåíòàöèêëè÷åñêèõ 
ñîåäèíåíèé â áèáëèîòå÷íûõ áàçàõ ñ ïîëó÷åííûìè 
ìàññ-ñïåêòðàìè íà õðîìàòîãðàììå. 
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Ðèñ. 3. Ìàññ-ôðàãìåíòîãðàììû öèêëîãåêñàíîâ (m/z 83) 
  ïðîá àýðîçîëÿ 

 
 

 
Ðèñ. 4. Ìîëåêóëÿðíî-ìàññîâûå ðàñïðåäåëåíèÿ àëêèëöèêëî- 
  ãåêñàíîâ â ïðîáàõ àýðîçîëÿ 

 
 
Íàëè÷èå àëêèëöèêëîãåêñàíîâ âî âñåõ ïðîáàõ àý- 

ðîçîëåé è ñîñòàâ ïåíòàöèêëàíîâ â àïðåëüñêîé ïðîáå 

àýðîçîëÿ, àíàëîãè÷íûé òàêîâîìó â íåôòè, ïîçâîëÿ-
þò ïðåäïîëîæèòü, ÷òî èõ ïðèñóòñòâèå â àòìîñôåðå, 
òàê æå êàê è ïðèñóòñòâèå í-àëêàíîâ Ñ11–Ñ22, îáó-
ñëîâëåíî àíòðîïîãåííûìè èñòî÷íèêàìè. 

 
à 

 
á 

Ðèñ. 5. Ìàññ-ôðàãìåíòîãðàììû ïåíòàöèêëè÷åñêèõ öèêëà-
íîâ (m/z 191) àïðåëüñêîé ïðîáû àýðîçîëÿ (à) è óãëåâî- 
  äîðîäíîãî êîíöåíòðàòà íåôòè (á) 

 
Àëêèëáèàðîìàòè÷åñêèå óãëåâîäîðîäû 

(àëêèëíàôòàëèíû) 
 

Ñðåäè àëêèëáèàðîìàòè÷åñêèõ óãëåâîäîðîäîâ â ïðî- 
áàõ àýðîçîëÿ, îòîáðàííûõ â 2013 ã., èäåíòèôèöè-
ðîâàíû (ðèñ. 6, à): ãîëîÿäåðíûé íàôòàëèí (ïèê 1), 
2-ìåòèëíàòàëèí (ïèê 2), 1-ìåòèëíàôòàëèí (ïèê 3), 
2,7-, 2,6-, 1,7-äèìåòèëíàôòàëèíû (ïèê 4), 1,3-äèìå- 
òèëíàôòàëèí (ïèê 5), 1,6-äèìåòèëíàôòàëèí (ïèê 6) 
è 2,3-äèìåòèëíàôòàëèí (ïèê 7). Òðèìåòèëíàôòàëè-
íû íå îáíàðóæåíû. 

Äëÿ èäåíòèôèêàöèè ýòèõ ñîåäèíåíèé èñïîëüçî-
âàíû äàííûå ïî âðåìåíàì óäåðæèâàíèÿ êîíöåíòðàòà 
óãëåâîäîðîäîâ íåôòè è ìîäåëüíîé ñìåñè, ñîñòîÿùåé 
èç óãëåâîäîðîäîâ íåôòè, èñïîëüçóåìûõ â êà÷åñòâå 
ýòàëîíà, è áèáëèîòåê ìàññ-ñïåêòðîâ. 

Ñðåäè àëêèëáèàðîìàòè÷åñêèõ óãëåâîäîðîäîâ 

àýðîçîëåé ãîëîÿäåðíûé íàôòàëèí ïðåîáëàäàåò â ñî-
äåðæàíèè íàä åãî ìåòèë- è äèìåòèëçàìåùåííûìè 

ãîìîëîãàìè (ðèñ. 7). Ñðåäè çàìåùåííûõ ãîìîëîãîâ 
êîëè÷åñòâî ìåòèëíàôòàëèíîâ âûøå ñîäåðæàíèÿ äè-
ìåòèëíàôòàëèíîâ. 

Â êåðîñèíå, òàê æå êàê è â ïðîáàõ àýðîçîëåé, 
àëêèëíàôòàëèíû ïðåäñòàâëåíû ãîëîÿäåðíûì íàô-
òàëèíîì è åãî çàìåùåííûìè ãîìîëîãàìè. Îòëè÷èåì 
ïðîáû êåðîñèíà îò ïðîá àýðîçîëåé ÿâëÿþòñÿ íàëè-
÷èå â êåðîñèíå òðèìåòèëíàôòàëèíîâ è èíîé õàðàê-
òåð ìîëåêóëÿðíî-ìàññîâîãî ðàñïðåäåëåíèÿ âñåãî ðÿäà  
 

6. Îïòèêà àòìîñôåðû è îêåàíà, ¹ 6. 



 

502 Âîðîíåöêàÿ Í.Ã., Ïåâíåâà Ã.Ñ., Ãîëîâêî À.Ê. è äð. 
 

 
à 

 
á 

Ðèñ. 6. Òèïè÷íàÿ ìàññ-ôðàãìåíòîãðàììà àëêèëíàôòàëèíîâ 
(m/z 128, 142, 156, 170) àòìîñôåðíûõ àýðîçîëåé (à) è óã- 
  ëåâîäîðîäíîãî êîíöåíòðàòà íåôòè (á) 

 

 
Ðèñ. 7. Ãðóïïîâîé ñîñòàâ àëêèëáèàðîìàòè÷åñêèõ óãëåâîäî- 
  ðîäîâ ïðîá àýðîçîëÿ (2013 ã.) 

 
àëêèëíàôòàëèíîâ. Â ïðîáàõ ìàñëà ÌÑ-8 è ãèäðàâ-
ëè÷åñêîé æèäêîñòè FH 51 àëêèëíàôòàëèíû íå îáíà-
ðóæåíû. 

Íàëè÷èå àëêèëíàôòàëèíîâ â ïðîáàõ àýðîçîëÿ, 
òàê æå êàê è íàñûùåííûõ öèêëè÷åñêèõ óãëåâîäîðî-
äîâ, îáóñëîâëåíî àíòðîïîãåííûìè èñòî÷íèêàìè. Ñõî- 
æåñòü ãðóïïîâîãî ñîñòàâà àëêèëíàôòàëèíîâ çèìíèõ 
è âåñåííåé ïðîá ñâèäåòåëüñòâóåò î åãî ïîñòîÿíñòâå 
íåçàâèñèìî îò ñåçîíà. 

Àëêèëòðèàðîìàòè÷åñêèå óãëåâîäîðîäû 
(àëêèëôåíàíòðåíû) 

 
Ñîåäèíåíèÿ ðÿäà ôåíàíòðåíà â îòîáðàííûõ ïðî- 

áàõ àýðîçîëåé ïðåäñòàâëåíû (ðèñ. 8, à) ãîëîÿäåðíûì 
ôåíàíòðåíîì (ïèê 1) è åãî ìåòèëçàìåùåííûìè èçî-
ìåðàìè: 3-ìåòèëôåíàíòðåíîì (ïèê 2), 2-ìåòèëôå- 
íàíòðåíîì (ïèê 3), 9-ìåòèëôåíàíòðåíîì (ïèê 4)  
è 1-ìåòèëôåíàíòðåíîì (ïèê 5). Èäåíòèôèêàöèþ àë-
êèëòðèàðîìàòè÷åñêèõ óãëåâîäîðîäîâ ïðîâîäèëè àíà- 
ëîãè÷íî èäåíòèôèêàöèè àëêèëáèàðåíîâ. 

 

 
à 
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Ðèñ. 8. Òèïè÷íàÿ ìàññ-ôðàãìåíòîãðàììà àëêèëôåíàíòðåíîâ 
(m/z 178, 192, 206, 220) àòìîñôåðíûõ àýðîçîëåé (à)  

  è óãëåâîäîðîäíîãî êîíöåíòðàòà íåôòè (á) 

 
Â ÿíâàðñêîé è ôåâðàëüñêîé ïðîáàõ àýðîçîëÿ êî-

ëè÷åñòâî ôåíàíòðåíà ïðåîáëàäàåò íàä ñîäåðæàíèåì 
ìåòèëôåíàíòðåíîâ â 1,3 è â 1,1 ðàçà ñîîòâåòñòâåííî 
(ðèñ. 9). Â àïðåëüñêîé ïðîáå àýðîçîëÿ ìåòèëôåíàí-
òðåíîâ ñîäåðæàòñÿ â 1,4 ðàçà áîëüøå, ÷åì ôåíàí-
òðåíà. 

Â ïðîáå êåðîñèíà èç àëêèëôåíàíòðåíîâ ïðèñóò-
ñòâóåò òîëüêî ãîëîÿäåðíûé ôåíàíòðåí. Â ïðîáàõ ìàñ- 
ëà ÌÑ-8 è ãèäðàâëè÷åñêîé æèäêîñòè àëêèëôåíàí-
òðåíû íå îáíàðóæåíû. 

Ïðèñóòñòâèå àëêèëôåíàíòðåíîâ ïîäòâåðæäàåò 

ïðåäïîëîæåíèå îá àíòðîïîãåííîì èñòî÷íèêå îðãàíè-
÷åñêèõ êîìïîíåíòîâ â àòìîñôåðíîì àýðîçîëå. Ðàçëè-
÷èÿ â ãðóïïîâîì ñîñòàâå àëêèëôåíàíòðåíîâ çèìíèõ  
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Ðèñ. 9. Ãðóïïîâîé ñîñòàâ àëêèëòðèàðîìàòè÷åñêèõ óãëåâî- 
  äîðîäîâ ïðîá àýðîçîëåé (2013 ã.) 

 
è âåñåííåé ïðîá àýðîçîëÿ ñâèäåòåëüñòâóþò î ñåçîí-
íîé èçìåí÷èâîñòè ñîäåðæàíèÿ ýòèõ óãëåâîäîðîäîâ. 
  Ïðîâåäåííàÿ èäåíòèôèêàöèÿ ñîåäèíåíèé, îáíà-
ðóæåííûõ â àòìîñôåðíîì àýðîçîëå íàä þãîì Çàïàä-
íîé Ñèáèðè, âî ìíîãîì ñîâïàäàåò ñ äàííûìè, ïîëó-
÷åííûìè äëÿ äðóãèõ ðåãèîíîâ [54–56]. Ýòî ãîâîðèò 
îá óíèâåðñàëüíîñòè îáðàçîâàíèÿ ÷àñòèö â àòìîñôåðå. 
Ïðè áîëüøåì êîëè÷åñòâå îòîáðàííûõ ïðîá, âîçìîæ-
íî, íàì óäàñòñÿ âûÿâèòü è ðåãèîíàëüíûå îñîáåííîñòè. 

 
Çàêëþ÷åíèå 

 

Èññëåäîâàíèå ñîñòàâà îðãàíè÷åñêèõ êîìïîíåí-
òîâ àòìîñôåðíîãî àýðîçîëÿ, îòîáðàííîãî â çèìíå-
âåñåííèé ïåðèîä 2013 ã. íà âûñîòå 500–7000 ì íàä 
þæíîé ÷àñòüþ Íîâîñèáèðñêîãî âîäîõðàíèëèùà, ïî- 
êàçàëî, ÷òî ñîñòàâ, ðàñïðåäåëåíèå èäåíòèôèöèðî-
âàííûõ àëêàíîâ íîðìàëüíîãî ñòðîåíèÿ è çíà÷åíèÿ 
èíäåêñà CPI, ðàññ÷èòàííîãî íà èõ îñíîâå, ñîîòíî-
øåíèå íèçêîìîëåêóëÿðíûõ è âûñîêîìîëåêóëÿðíûõ 
í-àëêàíîâ, à òàêæå íàëè÷èå öèêëàíîâ è àëêèëàðåíîâ 
óêàçûâàþò íà àíòðîïîãåííûé èñòî÷íèê èõ ïîÿâëå-
íèÿ â ñîñòàâå àòìîñôåðíûõ àýðîçîëåé. 

Âïåðâûå â ñîñòàâå àòìîñôåðíûõ àýðîçîëåé Çà-
ïàäíîé Ñèáèðè îáíàðóæåíû öèêëè÷åñêèå íàñûùåí-
íûå è àëêèëàðîìàòè÷åñêèå óãëåâîäîðîäû. 

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ïðîãðàììû 
Ïðåçèäèóìà ÐÀÍ ¹ 4, ïðîãðàììû ÎÍÇ ÐÀÍ ¹ 5, 
ìåæäèñöèïëèíàðíûõ èíòåãðàöèîííûõ ïðîåêòîâ ÑÎ 
ÐÀÍ ¹ 35, 70 è 131, ãðàíòîâ ÐÔÔÈ ¹ 11-05-93118, 
14-05-00526 è 14-05-00590. 

 
1. Zaveri R.A., Shaw W.J., Cziczo D.J., Schmid B., Ferra- 

re R.A., Alexander M.L., Alexandrov M., Alvarez R.J., 
Arnott W.P., Atkinson D.B., Baidar S., Banta R.M., 
Barnard J.C., Beranek J., Berg L.K., Brechtel F., Bre- 
wer W.A., Cahill J.F., Cairns B., Cappa C.D., Chand D., 
China S., Comstock J.M., Dubey M.K., Easter R.C., 
Erickson M.H., Fast J.D., Floerchinger C., Flowers B.A., 
Fortner E., Gaffney J.S., Gilles M.K., Gorkowski K., 
Gustafson W.I., Gyawali M., Hair J., Hardesty R.M., 
Harworth J.W., Herndon S., Hiranuma N., Hostetler C., 
Hubbe J.M., Jayne J.T., Jeong H., Jobson B.T., Kassia- 
nov E.I., Kleinman L.I., Kluzek C., Knighton B., Kole-
sar K.R., Kuang C., Kubátová A., Langford A.O., Las- 
kin A., Laulainen N., Marchbanks R.D., Mazzoleni C., 
Mei F., Moffet R.C., Nelson D., Obland M.D., Oetjen H., 
Onasch T.B., Ortega I., Ottaviani M., Pekour M., Pra- 

ther K.A., Radney J.G., Rogers R.R., Sandberg S.P., Sed- 
lacek A., Senff C.J., Senum G., Setyan A., Shilling J.E., 
Shrivastava M., Song C., Springston S.R., Subramanian R., 
Suski K., Tomlinson J., Volkamer R., Wallace H.W., 
Wang J., Weickmann A.M., Worsnop D.R., Yu X.-Y., Ze- 
lenyuk A., Zhang Q. Overview of the 2010 Carbonaceous 
Aerosols and Radiative Effects Study (CARES) // Atmos. 
Chem. Phys. 2012. V. 12, N 16. P. 7647–7687. 

2. Ôóêñ Í.À. Ìåõàíèêà àýðîçîëåé. Ì.: ÀÍ ÑÑÑÐ, 1955. 
351 ñ. 

3. Êîíäðàòüåâ Ê.ß. Àýðîçîëü êàê êëèìàòîîáðàçóþùèé êîì- 
ïîíåíò àòìîñôåðû. 2. Ïðÿìîå è êîñâåííîå âîçäåéñòâèå 
íà êëèìàò // Îïòèêà àòìîñô. è îêåàíà. 2002. Ò. 15, 
¹ 4. Ñ. 301–320. 

4. Bialek J., Dall’Osto M., Monahan C., Beddows D., 
O’Dowd C. On the contribution of organics to the North 
East Atlantic aerosol number concentration // Environ. 
Res. Lett. 2012. V. 7. 044013. 7 p. 

5. Elsasser M., Crippa M., Orasche J., DeCarlo P.F., Os-
ter M., Pitz M., Cyrys J., Gustafson T.L., Pettersson J.B.C., 
Schnelle-Kreis J., Prevot A.S.H., Zimmermann R. Or-
ganic molecular markers and signature from wood com-
bustion particles in winter ambient aerosols: aerosol mass 
spectrometer (AMS) and high time-resolved GC-MS 
measurements in Augsburg, Germany // Atmos. Chem. 
Phys. 2012. V. 12, N 14. P. 6113–6128. 

6. Ge X., Wexler A.S., Clegg S.L. Atmospheric amines – 
Part 1. A review // Atmos. Environ. 2011. V. 45, N 3. 
Ð. 524–545. 

7. Wang Z., Wang T., Guo J., Gao R., Xue L., Zhang J., 
Zhou Y., Zhou X., Zhang Q., Wang W. Formation of 
secondary organic carbon and cloud impact on carbona-
ceous aerosols at Mount Tai, North China // Atmos. 
Environ. 2012. V. 46, N 1. P. 516–527. 

8. Shakya K.M., Place P.F., Jr., Griffin R.J., Talbot R.W. 
Carbonaceous content and water-soluble organic func-
tionality of atmospheric aerosols at a semi-rural New Eng-
land location // J. Geophys. Res. 2012. V. 117. D03301. 
DOI: 10.1029/2011JD016113. 

9. Kim K.H., Sekiguchi K., Kudo S., Kinoshita M., Saka-
moto K. Carbonaceous and ionic components in ultrafine 
and fine particles at four sampling sites in the vicinity 
of roadway intersection // Atmos. Environ. 2013. V. 74. 
P. 83–92. 

10. Pio C., Cerqueira M., Harrison R.M., Nunes T., Miran- 
te F., Alves C., Oliveira C., de la Campa A.S., Artiña- 
no B., Matos M. OC/EC ratio observations in Europe: 
Re-thinking the approach for apportionment between 
primary and secondary organic carbon // Atmos. Envi-
ron. 2011. V. 45, N 34. P. 6121–6132. 

11. Heringa M.F., DeCarlo P.F., Chirico R., Tritscher T., 
Clairotte M., Mohr C., Crippa M., Slowik J.G., Pfaf-
fenberger L., Dommen J., Weingartner E., Prevot A.S.H., 
Baltensperger U. A new method to discriminate secon-
dary organic aerosols from different sources using high-
resolution aerosol mass spectra // Atmos. Chem. Phys. 
2012. V. 12, N 4. P. 2189–2203. 

12. Perrone M.R., Piazzalunga A., Prato M., Carofalo I. Com- 
position of fine and coarse particles in a coastal site  
of the central Mediterranean: Carbonaceous species con-
tributions // Atmos. Environ. 2011. V. 45, N 39. 
P. 7470–7477. 

13. Zhang X., Liu J., Parker E.T., Hayes P.L., Jimenez J.L., 
de Gouw J.A., Flynn J.H., Grossberg N., Lefer B.L., 
Weber R.J. On the gas-particle partitioning of soluble 
organic aerosol in two urban atmospheres with contras- 
ting emissions: 1. Bulk water-soluble organic carbon // 
J. Geophys. Res. 2012. V. 117. D00V16. DOI: 10.1029/  
2012JD017908. 

6.* 



 

504 Âîðîíåöêàÿ Í.Ã., Ïåâíåâà Ã.Ñ., Ãîëîâêî À.Ê. è äð. 
 

14. Zhang X., Liu Z., Hecobian A., Zheng M., Frank N.H., 
Edgerton E.S., Weber R.J. Spatial and seasonal varia-
tions of fine particle water-soluble organic carbon 

(WSOC) over the southeastern United States: implica-
tions for secondary organic aerosol formation // Atmos. 
Chem. Phys. 2012. V. 12, N 14. P. 6593–6607. 

15. Ziemba L.D., Griffi R.J., Whitlow S., Talbot R.W. 
Characterization of water-soluble organic aerosol in 

coastal New England: Implications of variations in size 
distribution // Atmos. Environ. 2011. V. 45, N 39. 
P. 7310–7329. 

16. Pöhlker Ch., Wiedemann K.T., Sinha B., Shiraiwa M., 
Gunthe S.S., Smith M., Su H., Artaxo P., Chen Q., 
Cheng Y., Elbert W., Gilles M.K., Kilcoyne A.L.D., 
Moffet R.C., Weigand M., Martin S.T., Pöschl U., An-
dreae M.O. Biogenic Potassium Salt Particles as Seeds 
for Secondary Organic Aerosol in the Amazon // Science. 
2012. V. 337, N 6098. P. 1075–1078. 

17. McNeill V.F., Grannas A.M., Abbatt J.P.D., Ammann M., 
Ariya P., Bartels-Rausch T., Domine F., Donaldson D.J., 
Guzman M.I., Heger D., Kahan T.F., Klan P., Masclin S., 
Toubin C., Voisin D. Organics in environmental ices: 
sources, chemistry, and impacts // Atmos. Chem. Phys. 
2012. V. 12, N 20. P. 9653–9678. 

18. Burrows S.M., Hoose C., Pöschl U., Lawrence M.G. Ice 
nuclei in marine air: biogenic particles or dust? // Atmos. 
Chem. Phys. 2013. V. 13, N 1. P. 245–267. 

19. Ervens B., Wang Y., Eagar J., Leaitch W.R., Macdo- 
nald A.M., Valsaraj K.T., Herckes P. Dissolved organic 
carbon (DOC) and select aldehydes in cloud and fog 
water: the role of the aqueous phase in impacting trace 
gas budgets // Atmos. Chem. Phys. 2013. V. 13, N 10. 
P. 5117–5135. 

20. Lee D.Y., Wexler A.S. Atmospheric amines – Part III: 
Photochemistry and toxicity // Atmos. Environ. 2013. 
V. 71. P. 95–103. 

21. Park J.-H., Goldstein A.H., Timkovsky J., Fares S., We- 
ber R., Karlik J., Holzinger R. Active Atmosphere–Eco- 
system Exchange of the Vast Majority of Detected 
Volatile Organic Compounds // Science. 2013. V. 341, 
N 6146. P. 643–647. 

22. Doyle G.J. Self-nucleation in the sulfuric acid-water 
system // J. Chem. Phys. 1961. N 35. P. 795–799. 

23. Kulmala M., Vehkamäki H., Petäjä T., Dal Maso M., 
Lauri A., Kerminen V.M., Birmili W., McMurry P.H. 
Formation and growth rates of ultrafine atmospheric 
particles: a review of observations // J. Aerosol Sci. 
2004. V. 35, N 2. P. 143–176. 

24. Kroll J.H., Seinfeld J.H. Chemistry of secondary or-
ganic aerosol: Formation and evolution of low-volatility 
organics in the atmosphere // Atmos. Environ. 2008. 
V. 42, N 16. P. 3593–3624. 

25. Kiendler-Scharr A., Wildt J., Dal Maso M., Hohaus T., 
Kleist E., Mentel T.F., Tillmann R., Uerlings R., Schurr U., 
Wahner A. New particle formation in forests inhibited by 

isoprene emissions // Nature (Gr. Brit.). 2009. V. 461, 
N 7262. P. 381–383. 

26. Pierce J.R., Riipinen I., Kulmala M., Ehn M., Petäjä T., 
Junninen H., Worsnop D.R., Donahue N.M. Quantifi-
cation of the volatility of secondary organic compounds 
in ultrafine particles during nucleation events // Atmos. 
Chem. Phys. 2011. V. 11, N 17. P. 9019–9036. 

27. Ortega I.K., Suni T., Boy M., Gronholm T., Manni- 
nen H.E., Nieminen T., Ehn M., Junninen H., Hakola H., 
Hellen H., Valmari T., Arvela H., Zegelin S., Hughes D., 
Kitchen M., Cleugh H., Worsnop D.R., Kulmala M., 
Kerminen V.-M. New insights into nocturnal nucleation 
// Atmos. Chem. Phys. 2012. V. 12, N 9. P. 4297–
4312. 

28. Liu S., Day D.A., Shields J.E., Russell L.M. Ozone-dri- 
ven daytime formation of secondary organic aerosol con-
taining carboxylic acid groups and alkane groups // At-
mos. Chem. Phys. 2011. V. 11, N 16. P. 8321–8341. 

29. Wang H.L., Huang D., Zhang X., Zhao Y., Chen Z.M. 
Understanding the aqueous phase ozonolysis of isoprene: 
distinct product distribution and mechanism from the 
gas phase reaction // Atmos. Chem. Phys. 2012. V. 12, 
N 15. P. 7187–7198. 

30. Barnum T.J., Medeiros N., Hinrichs R.Z. Condensed-
phase versus gas-phase ozonolysis of catechol: A combined 
experimental and theoretical study // Atmos. Environ. 
2012. V. 55, N 1. P. 98–106. 

31. Kiendler-Scharr A., Andres S., Bachner M., Behnke K., 
Broch S., Hofzumahaus A., Holland F., Kleist E., Men-
tel T.F., Rubach F., Springer M., Steitz B., Tillmann R., 
Wahner A., Schnitzler J.-P., Wildt J. Isoprene in pop-
lar emissions: effects on new particle formation and OH 
concentrations // Atmos. Chem. Phys. 2012. V. 12, 
N 2. P. 1021–1030. 

32. Epstein S.A., Nizkorodov S.A. A comparison of the che- 
mical sinks of atmospheric organics in the gas and aque-
ous phase // Atmos. Chem. Phys. 2012. V. 12, N 17. 
P. 8205–8222. 

33. Eddingsaas N.C., Loza C.L., Yee L.D., Chan M., Schil- 
ling K.A., Chhabra P.S., Seinfeld J.H., Wennberg P.O. 
-pinene photooxidation under controlled chemical con-
ditions. Part 2: SOA yield and composition in low- and 
high-NOx environments // Atmos. Chem. Phys. 2012. 
V. 12, N 16. P. 7413–7427. 

34. Rollins A.W., Browne E.C., Min K.-E., Pusede S.E., Wool- 
dridge P.J., Gentner D.R., Goldstein A.H., Liu S., Day D.A., 
Russell L.M., Cohen R.C. Evidence for NOx Control over 
Nighttime SOA Formation // Science. 2012. V. 337, 
N 6099. P. 1210–1212. 

35. Liu Ch., Chu B., Liu Y., Ma Q., Ma J., He H., Li J., 
Hao J. Effect of mineral dust on secondary organic aero-
sol yield and aerosol size in -pinene/NOx photo-oxida- 
tion // Atmos. Environ. 2013. V. 77. P. 781–789. 

36. Riccobono F., Rondo L., Sipila M., Barmet P., Curtius J., 
Dommen J., Ehn M., Ehrhart S., Kulmala M., Kurten A., 
Mikkila J., Paasonen P., Petäjä T., Weingartner E., Bal-
tensperger U. Contribution of sulfuric acid and oxidized 
organic compounds to particle formation and growth // 
Atmos. Chem. Phys. 2012. V. 12, N 20. P. 9427–9439. 

37. Gensch I., Laumer W., Stein O., Kammer B., Hohaus T., 
Saathoff H., Wegener R., Wahner A., Kiendler-Scharr A. 
Temperature dependence of the kinetic isotope effect in 
b-pinene ozonolysis // J. Geophys. Res. 2011. V. 116. 
D20301. DOI: 10.1029/2011JD016084. 

38. Day M.C., Pandis S.N. Predicted changes in summer-
time organic aerosol concentrations due to increased tem-
peratures // Atmos. Environ. 2011. V. 45, N 36. P. 6546–
6556. 

39. Chu B., Hao J., Takekawa H., Li J., Wang K., Jiang J. 
The remarkable effect of FeSO4 seed aerosols on secon-
dary organic aerosol formation from photooxidation of 
-pinene/NOx and toluene/NOx // Atmos. Environ. 
2012. V. 55, N 1. P. 26–34. 

40. Èñèäîðîâ Â.À. Îðãàíè÷åñêàÿ õèìèÿ àòìîñôåðû. Ë.: 
Õèìèÿ, 1985. 264 ñ. 

41. Welz O., Savee J.D., Osborn D.L., Vasu S.S., Perci- 
val C.J., Shallcross D.E., Taatjes C.A. Direct Kinetic 
Measurements of Criegee Intermediate (CH2OO) Formed 
by Reaction of CH2I with O2 // Science. 2012. V. 335, 
N 6065. P. 204–207. 

42. Su Y.-T., Huang Y.-H., Witek H.A., Lee Y.-P. Infrared 
Absorption Spectrum of the Simplest Criegee Intermediate 
CH2OO // Science. 2013. V. 340, N 6129. P. 174–176. 



 

 Óãëåâîäîðîäíûé ñîñòàâ òðîïîñôåðíîãî àýðîçîëÿ þãà Çàïàäíîé Ñèáèðè 505 
 

43. Taatjes C.A., Welz O., Eskola A.J., Savee J.D., 
Scheer A.M., Shallcross D.E., Rotavera B., Lee E.P.F., 
Dyke J.M., Mok D.K.W., Osborn D.L., Percival C.J. 
Direct Measurements of Conformer-Dependent Reacti- 
vity of the Criegee Intermediate CH3CHOO // Science. 
2013. V. 340, N 6129. P. 177–180. 

44. Cappa C.D., Che D.L., Kessler S.H. et al. Variations in 
organic aerosol optical and hygroscopic properties upon 
heterogeneous OH oxidation // J. Geophys. Res. 2011. 
V. 116. D15203. DOI: 10.1029/2010JD015435. 

45. Zhong M., Jang M. Light absorption coefficient measu- 
rement of SOA using a UV-Visible spectrometer con-
nected with an integrating sphere // Atmos. Environ. 
2011. V. 45, N 25. P. 4263–4271. 

46. Èñèäîðîâ Â.À. Îðãàíè÷åñêàÿ õèìèÿ àòìîñôåðû. ÑÏá.: 
Õèìèÿ, 2001. 352 ñ. 

47. Ravindra K., Sokhi R., Van Grieken R. Atmospheric po- 
lycyclic aromatic hydrocarbons: Source attribution, emis-
sion factors and regulation // Atmos. Environ. 2008. 
V. 42, N 13. P. 2895–2921. 

48. Fowler D., Pilegaard K., Sutton M.A., Ambus P., Raivo- 
nen M., Duyzer J., Simpson D., Fagerli H., Fuzzi S., Schjo- 
erring J.K., Granier C., Neftel A., Isaksen I.S.A., Lajo P., 
Maione M., Monks P.S., Burkhardt J., Daemmgen U., Nei- 
rynck J., Personne E., Wichink-Kruit R., Butterbach-
Bahl K., Flechard C., Tuovinen J.P., Coyle M., Gerosa G., 
Loubet B., Altimir N., Gruenhage L., Ammann C., Cieslik S., 
Paoletti E., Mikkelsen T.N., Ro-Poulsen H., Cellier P., 
Cape J.N., Horvath L., Loreto F., Niinemets U., Pal- 
mer P.I., Rinne J., Misztal P., Nemitz E., Nilsson D., Pry- 
or S., Gallagher M.W., Vesala T., Skiba U., Bruggemann N., 
Zechmeister-Boltenstern S., Williams J., O’Dowd C., Fac-
chini M.C., de Leeuw G., Flossman A., Chaumerliac N., 
Erisman J.W. Atmospheric composition change: Ecosys-
tems–Atmosphere interactions // Atmos. Environ. 2009. 
V. 43, N 33. P. 5193–5267. 

49. Àíîõèí Ã.Ã., Àíòîõèí Ï.Í., Àðøèíîâ Ì.Þ., Áàð-
ñóê Â.Å., Áåëàí Á.Ä., Áåëàí Ñ.Á., Äàâûäîâ Ä.Ê., Èâ-
ëåâ Ã.À., Êîçëîâ À.Â., Êîçëîâ Â.Ñ., Ìîðîçîâ Ì.Â., Ïàí-
÷åíêî Ì.Â., Ïåííåð È.Ý., Ïåñòóíîâ Ä.À., Ñèêîâ Ã.Ï., 
Ñèìîíåíêîâ Ä.Â., Ñèíèöûí Ä.Ñ., Òîëìà÷åâ Ã.Í., Ôèëèï- 
ïîâ Ä.Â., Ôîôîíîâ À.Â., ×åðíîâ Ä.Ã., Øàìàíàåâ Â.Ñ., 
Øìàðãóíîâ Â.Ï. Ñàìîëåò-ëàáîðàòîðèÿ Òó-134 «Îï- 
òèê» // Îïòèêà àòìîñô. è îêåàíà. 2011. Ò. 24, ¹ 9. 
Ñ. 805–816. 

50. Mazurek M.A., Cass G.R., Simoneit B.R.T. Interpreta-
tion of high-resolution gas chromatography and high-
resolution gas chromatography/mass spectrometry data 
acquired from atmospheric organic aerosol samples // 
Aerosol Sci. Technol. 1989. V. 10, N 2. P. 408–420. 

51. Rogge W.F., Hildemann L.M., Mazurek M.A., Cass G.R., 
Simoneit B.R.T. Sources of fine organic aerosol. 4. Par-
ticulate abrasion products from leaf surfaces of urban 
plants // Environ. Sci. Technol. 1993. V. 27, N 13. 
P. 2700–2711. 

52. Rogge W.F., Hildemann L.M., Mazurek M.A., Cass G.R., 
Simoneit B.R.T. Sources of fine organic aerosol. 5. Natu-
ral gas home appliances // Environ. Sci. Technol. 1993. 
V. 27, N 13. P. 2736–2744. 

53. Rogge W.F., Hildemann L.M., Mazurek M.A., Cass G.R., 
Simoneit B.R.T. Sources of fine organic aerosol. 2. Non-
catalyst and catalyst-equipped automobiles and heavy-
duty diesel trucks // Environ. Sci. Technol. 1993. V. 27, 
N 4. P. 636–651. 

54. Hayes P.L., Ortega A.M., Cubison M.J., Froyd K.D., 
Zhao Y., Cliff S.S., Hu W.W., Toohey D.W., Flynn J.H., 
Lefer B.L., Grossberg N., Alvarez S., Rappenglück B., 
Taylor J.W., Allan J.D., Holloway J.S., Gilman J.B., Kus- 
ter W.C., de Gouw J.A., Massoli P., Zhang X., Liu J., 
Weber R.J., Corrigan A.L., Russell L.M., Isaacman G., 
Worton D.R., Kreisberg N.M., Goldstein A.H., Thal-
man R., Waxman E.M., Volkamer R., Lin Y.H., Sur-
ratt J.D., Kleindienst T.E., Offenberg J.H., Dusanter S., 
Griffith S., Stevens P.S., Brioude J., Angevine W.M., 
Jimenez J.L. Organic aerosol composition and sources in 
Pasadena, California, during the 2010 CalNex campaign 
// J. Geophys. Res. 2013. V. 118, N 16. P. 9233–9257. 
DOI: 10.1002/jgrd.50530. 

55. Crippa M., Canonaco F., Slowik J.G., Haddad I.El., 
DeCarlo P.F., Mohr C., Heringa M.F., Chirico R., Ma- 
rchand N., Temime-Roussel B., Abidi E., Poulain L., Wie- 
densohler A., Baltensperger U., Prevot A.S.H. Primary 
and secondary organic aerosol origin by combined gas-
particle phase source apportionment // Atmos. Chem. 
Phys. 2013. V. 13, N 16. P. 8411–8426. 

56. Yee L.D., Craven J.S., Loza C.L., Schilling K.A., Ng N.L., 
Canagaratna M.R., Ziemann P.J., Flagan R.C., Sein-
feld J.H. Effect of chemical structure on secondary or-
ganic aerosol formation from C12 alkanes // Atmos. Chem. 
Phys. 2013. V. 13, N 21. P. 11121–11140. 

 
 

N.G. Voronetskaya, G.S. Pevneva, A.K. Golovko, A.S. Kozlov, Ì.Yu. Arshinov, B.D. Belan, D.V. Simo- 
nenko, G.N. Tolmachev. Hydrocarbon composition of tropospheric aerosol in the south of West Siberia. 

In this paper, some methodical aspects of airborne sampling of aerosol particles, extraction of organic  
matter form aerosol samples, and identification of organic compounds are discussed. The investigation of a pos-
sible influence of aviation fuel and lubricants (kerosene, oil, hydraulic fluid) on measurement data has been 
performed. The composition of organic particulate matter sampled during winter and spring 2013 in the  
500–7000 m atmospheric layer over Karakan Pine Forest located near the shore of Novosibirsk reservoir has 
been analyzed. The following compounds were identified: n-alkanes, cyclanes, and alkylarenes. For the first 
time in the particulate matter sampled in West Siberia the saturated cyclic and alkyl aromatic hydrocarbons 
have been revealed. 

 


