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Ïî äàííûì èçìåðåíèé â ïðèçåìíîì ñëîå âîçäóõà â ðàçëè÷íûõ ðàéîíàõ Ñèáèðè è â ñâîáîäíîé àòìî-

ñôåðå íàä àêâàòîðèåé Êàðñêîãî ìîðÿ èññëåäîâàíî èçìåíåíèå êîíöåíòðàöèè íîðìàëüíûõ óãëåâîäîðîäîâ. Îï-
ðåäåëåíî èõ ñóììàðíîå ñîäåðæàíèå â ñîñòàâå àýðîçîëüíûõ ÷àñòèö, îòîáðàííûõ çà ïåðèîä ýêñïåðèìåíòà (îò 
244,56 íã/ì3 â ïðèçåìíîì ñëîå âîçäóõà äî 0,08 íã/ì3 â ñâîáîäíîé àòìîñôåðå íàä Êàðñêèì ìîðåì). Îáíà-
ðóæåíî, ÷òî îñíîâíîå êîëè÷åñòâî îðãàíè÷åñêèõ ñîåäèíåíèé íàõîäèòñÿ â äèàïàçîíå Ñ15Í32–Ñ22Í46 íåçàâèñè-
ìî îò âðåìåíè ãîäà. Â ïåðåõîäíûå ñåçîíû (âåñíîé è îñåíüþ) â ñîñòàâå ÷àñòèö ïðèñóòñòâóþò áîëåå ëåãêèå ñî-
åäèíåíèÿ, íà÷èíàÿ ñ Ñ9Í20. Ìàêñèìóì êîíöåíòðàöèè îñåíüþ ïðèõîäèòñÿ íà Ñ18Í38, ëåòîì è âåñíîé íà Ñ19Í40, 
à çèìîé íà Ñ20Í42. 

 

Êëþ÷åâûå ñëîâà: àòìîñôåðíûé àýðîçîëü, ñîñòàâ, óãëåâîäîðîäû; atmospheric aerosol, composition, hydro-
carbons. 

 

Ââåäåíèå 
 

Àòìîñôåðíûé àýðîçîëü – îäíà èç ñàìûõ èçìåí-
÷èâûõ êîìïîíåíò âîçäóõà. Îí èãðàåò âàæíóþ ðîëü 
âî ìíîãèõ ïðîöåññàõ, íàïðèìåð ðàññåÿíèå è ïîãëî-
ùåíèå ñîëíå÷íîé ðàäèàöèè, îïðåäåëÿþùèõ â çíà÷è-
òåëüíîé ìåðå òåïëîâîé áàëàíñ ïëàíåòû è îáðàçîâà-
íèå îáëà÷íîñòè, èçìåíÿþùåé àëüáåäî çåìíîãî øàðà. 
Ýòà ðîëü çàâèñèò îò ðàçìåðà è õèìè÷åñêîãî ñîñòàâà 
÷àñòèö àýðîçîëÿ. Õèìè÷åñêèé ñîñòàâ òàêæå îáóñëîâ- 
ëèâàåò åãî ýêîëîãè÷åñêóþ ôóíêöèþ – âîçäåéñòâèå 
íà áèîëîãè÷åñêèå îáúåêòû è ýëåìåíòû îêðóæàþùåé 
ñðåäû. Äëèòåëüíîå âðåìÿ ñ÷èòàëîñü [1], ÷òî õèìè-
÷åñêèé ñîñòàâ àòìîñôåðíîãî àýðîçîëÿ õàðàêòåðèçó-
åòñÿ íåîðãàíè÷åñêîé êîìïîíåíòîé, à âêëàä îðãàíè-
÷åñêîé ñîñòàâëÿþùåé íå ïðåâûøàåò íåñêîëüêèõ ïðî-
öåíòîâ. 

Èññëåäîâàíèÿ ïîñëåäíèõ ëåò ïîêàçàëè, ÷òî îð-
ãàíè÷åñêèå ñîåäèíåíèÿ èãðàþò ãîðàçäî áîëåå âàæ-  
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íóþ ðîëü â ôèçèêå àýðîçîëÿ, ÷åì ïðåäïîëàãàëîñü 
ðàíåå [2]. Â [3–5] ïîêàçàíî, ÷òî îðãàíè÷åñêèå ñî-
åäèíåíèÿ âî ìíîãîì îïðåäåëÿþò ïðîöåññ íóêëåàöèè 
(çàðîæäåíèÿ) íàíî÷àñòèö, òåì ñàìûì äàâàÿ ñòàðò 
âñåìó àýðîçîëüíîìó ïðîöåññó â àòìîñôåðå. Íå ñëó-
÷àéíî âûïîëíåííûå ðàíåå èññëåäîâàíèÿ âûÿâèëè 

çíà÷èòåëüíûé âêëàä îðãàíè÷åñêîé ñîñòàâëÿþùåé  
â ñîñòàâ ìèêðîäèñïåðñíîé (íàíî÷àñòèöû) è ñóáìèê-
ðîííîé ôðàêöèé àýðîçîëÿ. Â ðàáîòàõ [6, 7] ïîêàçàíî, 
÷òî ñîäåðæàíèå îðãàíè÷åñêîãî óãëåðîäà â ñîñòàâå 
÷àñòèö ìîæåò ñîñòàâëÿòü 25–35%. Àâòîðû [8] ïðèâî-
äÿò ñðåäíþþ âåëè÷èíó îò 40 äî 65%. Áëèçêèå çíà-
÷åíèÿ íàéäåíû â [9]: 57,3–71,2%. Áîëåå òîãî, ýêñ-
ïåðèìåíòû äîêàçàëè, ÷òî âêëàä îðãàíè÷åñêîé êîìïî-
íåíòû â ìèêðîäèñïåðñíóþ ôðàêöèþ ìîæåò äîñòèãàòü 
90–92% [10, 11]. 

Ñîãëàñíî îöåíêàì [12] ñóììàðíàÿ ìàññà îáðà-
çóþùåãîñÿ â àòìîñôåðå îðãàíè÷åñêîãî àýðîçîëÿ ñî-
ñòàâëÿåò 70 Òã/ãîä. Ýòî äîñòàòî÷íî áîëüøàÿ âåëè÷è- 
íà, ñîèçìåðèìàÿ ñ íåîðãàíè÷åñêîé êîìïîíåíòîé [13]. 
Ñëåäóåò òàêæå îòìåòèòü áîëüøóþ óñòîé÷èâîñòü îð-
ãàíè÷åñêèõ ñîåäèíåíèé è èõ ðàñïðîñòðàíåííîñòü. 
Òàê, â ïîñëåäíåå âðåìÿ îðãàíè÷åñêèå ñîåäèíåíèÿ 
îáíàðóæåíû íà Ìàðñå, â ñîñòàâå êîìåòû ×óðþìî-
âà–Ãåðàñèìåíêî [14, 15]. 

Ïåðå÷èñëåííûå âûøå äàííûå äîêàçûâàþò âàæ-
íîñòü ðîëè îðãàíè÷åñêîé êîìïîíåíòû àýðîçîëÿ â àò-
ìîñôåðå è ïîäòâåðæäàþò àêòóàëüíîñòü åå èçó÷åíèÿ. 
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Òàêèå ðàáîòû î÷åíü øèðîêî ïðîâîäÿòñÿ íàøèìè 
çàðóáåæíûìè êîëëåãàìè. Â îòå÷åñòâåííîé ïðàêòèêå 
ìîæíî âûäåëèòü íåñêîëüêî ãðóïï, êîòîðûå èññëå-
äóþò îðãàíè÷åñêèé àýðîçîëü â ôîíîâûõ óñëîâèÿõ 
[16–20]. Íàñòîÿùàÿ ðàáîòà ïîýòîìó ïîñâÿùåíà ãåî-
ãðàôè÷åñêèì îñîáåííîñòÿì îðãàíè÷åñêîé êîìïîíåí-
òû àýðîçîëÿ è åå ñåçîííîé äèíàìèêå. 

 

Ìåòîäû è ðàéîíû èññëåäîâàíèÿ 
 

Äëÿ âûÿâëåíèÿ ãåîãðàôè÷åñêèõ îñîáåííîñòåé  
â ðàñïðåäåëåíèè îðãàíè÷åñêîé êîìïîíåíòû àýðîçîëÿ 
â ïðèçåìíîì ñëîå âîçäóõà îòáèðàëèñü ïðîáû ÷àñòèö 
â ðàçíûõ îáëàñòÿõ Çàïàäíîé Ñèáèðè, íà âûñîòå 2 ì, 
â ïåðèîä òåõíè÷åñêîãî îáñëóæèâàíèÿ ñåòè âûøåê 
JR-STATION, ðàñïîëîæåííûõ â óäàëåííûõ îò ïðî-
ìûøëåííûõ ðàéîíîâ, ò.å. â ýêîëîãè÷åñêè ÷èñòûõ (ôî- 
íîâûõ), çîíàõ: Âàãàíîâî (×åëÿáèíñêàÿ îáë.), Äåìü-
ÿíñêîå (Òþìåíñêàÿ îáë.), Íîÿáðüñê (ßìàëî-Íåíåö- 
êèé ÀÎ), îáñåðâàòîðèÿ «Ôîíîâàÿ» (Òîìñêàÿ îáë.) 
è îç. Áàéêàë (Áîëüøèå Êîòû, Èðêóòñêàÿ îáë.). Êðîìå 
òîãî, îòáîð ïðîá ïðîèçâîäèëñÿ ñ áîðòà ñàìîëåòà-
ëàáîðàòîðèè Òó-134 «Îïòèê» â òðîïîñôåðíîì ñëîå 
àòìîñôåðû íà âûñîòå îò 500 äî 8500 ì â õîäå òðåõ 
ëåòíûõ êàìïàíèé ïî ïðîåêòó YAK-AEROSIB â 2012, 
2013 è 2014 ãã. Îïèñàíèå îáîðóäîâàíèÿ ñàìîëåòà-
ëàáîðàòîðèè Òó-134 «Îïòèê» ïðèâåäåíî â [21]. Ìå-
òîäè÷åñêèå âîïðîñû îòáîðà ïðîá ñ áîðòà ñàìîëåòà 
îáñóæäàëèñü ðàíåå â [22]. Â 2012 è 2013 ãã. ïîëåòû 
âûïîëíÿëèñü ïî ìàðøðóòó Íîâîñèáèðñê – Ìèðíûé – 

ßêóòñê – Áðàòñê – Íîâîñèáèðñê; â 2014 ã. – ïî ìàð- 
øðóòó Íîâîñèáèðñê – Ñàëåõàðä – Êàðñêîå ìîðå – 
Ñàëåõàðä – Íîâîñèáèðñê. 

Ïðîáû îòáèðàëèñü íà òåôëîíîâûå àíàëèòè÷å-
ñêèå ìåìáðàíû Grimm 1.113A ñ ýôôåêòèâíûì äèà-
ìåòðîì ïîð 1,2 ìêì. Îòîáðàííûå ïðîáû îäíîêðàòíî 
ýêñòðàãèðîâàëèñü àöåòîíîì, êîíöåíòðèðîâàëèñü äî 
30 ìêë ñ ïîñëåäóþùèì àíàëèçîì íà õðîìàòî-ìàññ-
ñïåêòðîìåòðå Agilent 6890N ïðè ïîâûøåíèè òåìïå- 
 

ðàòóðû àíàëèçà îò 50 äî 250 °Ñ ñî ñêîðîñòüþ íà-
ãðåâà 5 °Ñ/ìèí. Èçîòåðìû ïðè íà÷àëüíîé è êîíå÷-
íîé òåìïåðàòóðàõ ñîñòàâëÿëè 3 è 45 ìèí ñîîòâåòñò-
âåííî. Èäåíòèôèêàöèÿ óãëåâîäîðîäîâ ïðîâîäèëàñü 
ñ èñïîëüçîâàíèåì áèáëèîòå÷íûõ áàç äàííûõ ìàññ-
ñïåêòðîâ NIST, à òàêæå ïóòåì ñðàâíåíèÿ âðåìåí óäåð-
æèâàíèÿ èíäèâèäóàëüíûõ í-àëêàíîâ â ýòàëîííîé 

ñìåñè (Alkane Standard Solutions C8–C20 è C21–C40 
by SIGMA–ALDRICH).  

 

Ðåçóëüòàòû èçìåðåíèé  
è èõ îáñóæäåíèå 

 
Ñóììàðíîå ñîäåðæàíèå íîðìàëüíûõ óãëåâî- 

äîðîäîâ â ñîñòàâå àýðîçîëüíûõ ÷àñòèö, îòîáðàííûõ 
çà ïåðèîä âûïîëíåíèÿ ïðîåêòà, èçìåíÿëîñü îò 

244,56 íã/ì3
 â ïðèçåìíîì ñëîå âîçäóõà äî 

0,08 íã/ì3
 â ñâîáîäíîé àòìîñôåðå íàä Êàðñêèì ìî-

ðåì. Ýòî ïî÷òè 5 ïîðÿäêîâ âåëè÷èíû. Ïðè ýòîì âêëàä 
(èäåíòèôèöèðîâàííîé) îðãàíè÷åñêîé êîìïîíåíòû  
â îáùóþ àýðîçîëüíóþ ïî äàííûì 38 ïðîá èçìåíÿë-
ñÿ îò 0,005 äî 1,247%, ñîñòàâëÿÿ â ñðåäíåì 0,3%. 
  Ñîñòàâ ñîåäèíåíèé, èäåíòèôèöèðîâàííûõ â ïðî- 
áàõ ïðèçåìíîãî ñëîÿ âîçäóõà, ïðåäñòàâëåí íà ðèñ. 1, 
êîòîðûé äåìîíñòðèðóåò ñóùåñòâåííûå ãåîãðàôè÷å-
ñêèå îñîáåííîñòè â ñîäåðæàíèè òåõ èëè èíûõ îðãà-
íè÷åñêèõ ñîåäèíåíèé â àýðîçîëå. Òàê, â ñåâåðíûõ 
ðàéîíàõ (Äåìüÿíñêîå è Íîÿáðüñê) îñíîâíîé ìàêñè-
ìóì ïðèõîäèòñÿ íà Ñ16Í34, ïðè øèðîêîì ðàñïðåäå-
ëåíèè îò Ñ12Í26 äî Ñ29Í60. Íà çàïàäå òåððèòîðèè 
(Âàãàíîâî) â ñîñòàâå ÷àñòèö ïðåîáëàäàþò áîëåå òÿ-
æåëûå óãëåâîäîðîäû, ñ íå÷åòíûì êîëè÷åñòâîì àòî-
ìîâ óãëåðîäà Ñ25Í52, Ñ28Í58 è Ñ29Í60. Ñîåäèíåíèé, 
ëåã÷å ÷åì Ñ16Í34, â ÷àñòèöàõ íå îáíàðóæåíî. Ïîäîá-
íóþ òåíäåíöèè âûÿâëÿåò è ïðîáà, îòîáðàííàÿ â êîò-
ëîâèíå îç. Áàéêàë. Îáñåðâàòîðèÿ «Ôîíîâàÿ» ÿâëÿ-
åòñÿ ïðîìåæóòî÷íîé ïî îòíîøåíèþ ê äðóãèì ðåãèî-
íàì. Çäåñü ôèêñèðóåòñÿ ÷åòêèé ìàêñèìóì ïðè Ñ18Í38  
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è ñàìûé øèðîêèé äèàïàçîí ñîåäèíåíèé îò Ñ9Í20 äî 
Ñ29Í60. Ñëåäóåò ïîä÷åðêíóòü, ÷òî äàííûå íà ðèñ. 1 
ïîëó÷åíû èç ïðîá, îòîáðàííûõ â òå÷åíèå îäíîãî ìå-
ñÿöà, ïîýòîìó îíè ñîïîñòàâèìû ïî âðåìåíè. Â äðó-
ãèå ïåðèîäû, êàê áóäåò ïîêàçàíî íèæå äëÿ îáñåðâà-
òîðèè «Ôîíîâîé», êîíöåíòðàöèè ñîåäèíåíèé ìîãóò 
áûòü çíà÷èòåëüíî âûøå. Ðàçëè÷èÿ â ñîñòàâå ñîåäè-
íåíèé â ðàçíûõ ãåîãðàôè÷åñêèõ ðàéîíàõ, îòíîñÿ-
ùèõñÿ ê ôîíîâûì, ñêîðåå âñåãî, îáúÿñíÿþòñÿ ðàç-
ëè÷èåì âèäîâîãî ñîñòàâà ðàñòèòåëüíîñòè â êàæäîé 
èç ýòèõ ïðèðîäíûõ çîí. 

Ïðîâåäåííàÿ èäåíòèôèêàöèÿ ñîåäèíåíèé, îáíà-
ðóæåííûõ â àòìîñôåðíîì àýðîçîëå íàä þãîì Çàïàä-
íîé Ñèáèðè, âî ìíîãîì ñîâïàäàåò ñ äàííûìè, ïîëó-
÷åííûìè äëÿ äðóãèõ ðåãèîíîâ [23–29]. Ýòî ñâèäå-
òåëüñòâóåò îá óíèâåðñàëüíîñòè îáðàçîâàíèÿ ÷àñòèö 
â àòìîñôåðå. 

Ãåîãðàôè÷åñêèå îñîáåííîñòè ðàéîíà íàáëþäåíèé, 
ïî-âèäèìîìó, îêàçûâàþò áîëüøîå âëèÿíèå íà îáðà-
çîâàíèå îðãàíè÷åñêîé êîìïîíåíòû àòìîñôåðíîãî àý-
ðîçîëÿ. Òàê, â ðàáîòàõ [30–32] ïðèâîäèòñÿ âåëè÷è-
íà êîíöåíòðàöèè îðãàíè÷åñêîé êîìïîíåíòû, íà ïî-
ðÿäîê ïðåâûøàþùàÿ íàøè çíà÷åíèÿ. Ýòî õàðàêòåðíî 
è äëÿ ðàéîíîâ, â êîòîðûõ èìåþòñÿ àíòðîïîãåííûå èñ- 
òî÷íèêè îðãàíè÷åñêîé êîìïîíåíòû àýðîçîëÿ [33, 34]. 
Áëèçêèå æå ê ïðåäñòàâëåííûì â äàííîì ïðîåêòå çíà-
÷åíèÿ êîíöåíòðàöèé ïîëó÷åíû â [23, 35, 36]. 

Ãåîãðàôè÷åñêèå ðàçëè÷èÿ â îðãàíè÷åñêîé êîì-
ïîíåíòå àýðîçîëÿ â ïîãðàíè÷íîì ñëîå è â ñâîáîäíîé 
àòìîñôåðå áûëè ðàññìîòðåíû íàìè ðàíåå [37], ïî-
ýòîìó ïîâòîðÿòü ýòè ðåçóëüòàòû çäåñü íå áóäåì. Îñ-
òàíîâèìñÿ òîëüêî íà îäíîì ìîìåíòå. Íà ðèñ. 2 ïðè-
âåäåíû äàííûå äëÿ äâóõ ó÷àñòêîâ ïîëåòà – îò Íîâî-
ñèáèðñêà äî Ñàëåõàðäà è íàä Êàðñêèì ìîðåì – â îê- 
òÿáðå. Â ïåðâîì ñëó÷àå ïîëåò âûïîëíÿëñÿ íàä êîí-
òèíåíòîì, âî âòîðîì – íàä îêåàíîì. 

Íàä êîíòèíåíòîì çàôèêñèðîâàíà ñóììàðíàÿ êîí- 
öåíòðàöèÿ íîðìàëüíûõ óãëåâîäîðîäîâ 1,42 íã/ì3, 
íàä îêåàíîì – 0,084 íã/ì3. Íåñìîòðÿ íà î÷åíü íèç- 
 

êîå ñîäåðæàíèå îðãàíè÷åñêèõ ñîåäèíåíèé íàä îêåà-
íîì, â ñîñòàâå ÷àñòèö îáíàðóæåíû óãëåâîäîðîäû äîñ- 
òàòî÷íî øèðîêîãî äèàïàçîíà – îò Ñ11Í24 äî Ñ25Í52, 
÷òî ñîãëàñóåòñÿ ñ èññëåäîâàíèÿìè äðóãèõ àâòîðîâ, 
âûïîëíåííûõ â ïðèçåìíîì ñëîå âîçäóõà â Àðêòèêå 
[38–40]. Êîíöåíòðàöèÿ îðãàíè÷åñêèõ ñîåäèíåíèé, 
ïîëó÷åííàÿ íàìè, çíà÷èòåëüíî íèæå, ÷åì â [38–40]. 
Ñêîðåå âñåãî, ýòî ñâÿçàíî ñ ðàçëè÷èåì â âûñîòå îò-
áîðà ïðîá: â íàøåì ñëó÷àå ýòî ñâîáîäíàÿ àòìîñôå-
ðà (3–8 êì), à â öèòèðóåìûõ ðàáîòàõ – ïðèçåìíûé 
ñëîé âîçäóõà. 

Â [41] ìû ïðèâîäèëè ãîäîâîé õîä êîíöåíòðà-
öèè îðãàíè÷åñêèõ ñîåäèíåíèé. Íàêîïëåííûé ìàòå-
ðèàë ïîçâîëÿåò âåðíóòüñÿ ê ýòîìó âîïðîñó. Óòî÷-
íåííûé ãîäîâîé õîä êîíöåíòðàöèè îðãàíè÷åñêîãî 
àýðîçîëÿ (ñóììàðíîãî ñîäåðæàíèÿ) â ïðèçåìíîì 
ñëîå âîçäóõà ïîêàçàí íà ðèñ. 3. Çäåñü îòðàæåí òîò 
ôàêò, ÷òî îñíîâíîé èñòî÷íèê îðãàíè÷åñêèõ ñîåäè-
íåíèé, êîòîðûå çàòåì ïåðåõîäÿò â àýðîçîëüíîå ñî-
ñòîÿíèå, ïî-âèäèìîìó, íàõîäèòñÿ ó ïîâåðõíîñòè 
çåìëè. Òàê, íàèáîëüøåå ñîäåðæàíèå îðãàíè÷åñêîé 
êîìïîíåíòû â òå÷åíèå âñåãî ãîäà ôèêñèðóåòñÿ  
â ïðèçåìíîì ñëîå âîçäóõà. Ìàêñèìóì êîíöåíòðà-
öèè íàáëþäàåòñÿ â çèìíåå âðåìÿ, êîãäà èìååòñÿ 
ïðèçåìíàÿ èíâåðñèÿ è ïðîèñõîäèò íàêîïëåíèå ïðè-
ìåñåé â ïðèçåìíîì ñëîå. Âåñíîé è ëåòîì, êîãäà 
âûñîòà ïîãðàíè÷íîãî ñëîÿ àòìîñôåðû âîçðàñòàåò, 
ïðè ïîñòîÿíñòâå èñòî÷íèêà èëè ðîñòå åãî ìîùíîñòè 
ðàññåÿíèå àýðîçîëüíûõ ÷àñòèö ïðîèñõîäèò â áîëü-
øåì îáúåìå, ÷òî è îòðàæàåòñÿ â ñíèæåíèè êîíöåí-
òðàöèè îðãàíè÷åñêèõ ñîåäèíåíèé â ñîñòàâå àýðîçî-
ëÿ. Ìèíèìóì, êîòîðûé ïðèõîäèòñÿ íà îñåíü, îáó-
ñëîâëåí äâóìÿ ìåõàíèçìàìè. Ïåðâûé çàêëþ÷àåòñÿ  
â óãàñàíèè âåãåòàòèâíîé àêòèâíîñòè ðàñòèòåëüíî-
ñòè, ÷òî âåäåò ê óìåíüøåíèþ ìîùíîñòè èñòî÷íèêà 
àýðîçîëåîáðàçóþùèõ âåùåñòâ è, ñëåäîâàòåëüíî, 
ìåíüøåìó îáðàçîâàíèþ ÷àñòèö îðãàíè÷åñêîãî ïðî-
èñõîæäåíèÿ. Âòîðîé ìåõàíèçì îáóñëîâëåí âûìû-
âàþùèì äåéñòâèåì îñàäêîâ, òàê êàê áîëüøèíñòâî 

 
 

 
Ðèñ. 2. Êîíöåíòðàöèÿ îðãàíè÷åñêèõ ñîåäèíåíèé (í-àëêàíîâ) â ñîñòàâå àýðîçîëÿ â ñâîáîäíîé àòìîñôåðå íàä ðàçíûìè ðàé- 
  îíàìè Ñèáèðè (êîíòèíåíò) è Êàðñêèì ìîðåì (îêåàí) 

 



 

 Îðãàíè÷åñêèé àýðîçîëü â àòìîñôåðå Ñèáèðè è Àðêòèêè. ×. 1. Ãåîãðàôè÷åñêèå îñîáåííîñòè… 719 
 

 
Ðèñ. 3. Ãîäîâîé õîä ñóììàðíîé êîíöåíòðàöèè îðãàíè÷åñêîé êîìïîíåíòû àýðîçîëÿ â ïðèçåìíîì ñëîå àòìîñôåðû â ðàéîíå 
  îáñåðâàòîðèè «Ôîíîâàÿ» 

 

îðãàíè÷åñêèõ ñîåäèíåíèé îòíîñèòñÿ ê âîäîðàñòâî-
ðèìîé ôðàêöèè [45–48]. 

Ñåçîííûå âàðèàöèè ñîäåðæàíèÿ îðãàíè÷åñêèõ 
ñîåäèíåíèé â ñîñòàâå àòìîñôåðíîãî àýðîçîëÿ ïðè-
âåäåíû íà ðèñ. 4. 

Âèäíî, ÷òî îñíîâíîå êîëè÷åñòâî îðãàíè÷åñêèõ 

ñîåäèíåíèé íàõîäèòñÿ â äèàïàçîíå Ñ15Í32 

–
 

Ñ22Í46 
íåçàâèñèìî îò âðåìåíè ãîäà. Â ïåðåõîäíûå ñåçîíû 
– âåñíîé è îñåíüþ – â ñîñòàâå ÷àñòèö îáíàðóæèâà-
þòñÿ áîëåå ëåãêèå ñîåäèíåíèÿ, íà÷èíàÿ ñ Ñ9Í20. Ïðè 
ýòîì ìàêñèìóì êîíöåíòðàöèè îñåíüþ ïðèõîäèòñÿ 
íà Ñ18Í38, ëåòîì è âåñíîé íà Ñ19Í40, à çèìîé íà 
Ñ20Í42. Âîçìîæíî, ýòî îáóñëîâëåíî ïåðâè÷íûì ñî-
ñòàâîì àýðîçîëåîáðàçóþùèõ âåùåñòâ. Íî äëÿ îäíî-
çíà÷íîãî âûâîäà íåîáõîäèì êîíòðîëü ïåðâè÷íûõ, 
ãàçîîáðàçíûõ ñîåäèíåíèé. 

 

Çàêëþ÷åíèå 
 

Â õîäå èññëåäîâàíèé ïîëó÷åíà îáøèðíàÿ ïî 

âðåìåíè è ãåîãðàôè÷åñêîìó îõâàòó áàçà äàííûõ õðî- 
 

ìàòî-ìàññ-ñïåêòðîìåòðè÷åñêîãî àíàëèçà ïðîá àòìî-
ñôåðíîãî àýðîçîëÿ, ñîäåðæàùàÿ ñëåäû âñåõ ýêñòðà-
ãèðóåìûõ ñîåäèíåíèé. Îíà ïîçâîëÿåò ïðîâîäèòü ðåò-
ðîñïåêòèâíûé àíàëèç èíäèâèäóàëüíûõ âåùåñòâ. 

Àíàëèç ïîëó÷åííûõ äàííûõ ïîêàçàë ñëåäóþùåå. 
  Ñîäåðæàíèå íîðìàëüíûõ óãëåâîäîðîäîâ â ñî-
ñòàâå àýðîçîëüíûõ ÷àñòèö èçìåíÿåòñÿ îò 244,56 íã/ì3

 

â ïðèçåìíîì ñëîå âîçäóõà äî 0,08 íã/ì3 â ñâîáîäíîé 
àòìîñôåðå. Âêëàä îðãàíè÷åñêîé (èäåíòèôèöèðîâàí-
íîé) êîìïîíåíòû â îáùóþ êîíöåíòðàöèþ àýðîçîëü-
íûõ ÷àñòèö èçìåíÿåòñÿ îò 0,005 äî 1,247%, ñîñòàâ-
ëÿÿ â ñðåäíåì 0,3%. 

Èìåþòñÿ ñóùåñòâåííûå ðàçëè÷èÿ â ñîñòàâå îð-
ãàíè÷åñêèõ ñîåäèíåíèé â çàâèñèìîñòè îò ìåñòà îò-
áîðà ïðîá âîçäóõà. Ýòè ðàçëè÷èÿ, ïî-âèäèìîìó, îáú-
ÿñíÿþòñÿ ðàçëè÷èåì âèäîâîãî ñîñòàâà ðàñòèòåëüíî-
ñòè â êàæäîé èç ýòèõ ïðèðîäíûõ çîí. 

Â ãîäîâîì õîäå ìàêñèìóì êîíöåíòðàöèè íà-
áëþäàåòñÿ â çèìíåå âðåìÿ. Âåñíîé è ëåòîì êîíöåí-
òðàöèÿ îðãàíè÷åñêèõ ñîåäèíåíèé ñíèæàåòñÿ. Ìè-
íèìóì ïðèõîäèòñÿ íà îñåíü. 

 

 
Ðèñ. 4. Ãîäîâîé õîä îðãàíè÷åñêèõ ñîåäèíåíèé â ñîñòàâå àýðîçîëÿ â ïðèçåìíîì ñëîå íà þãå Çàïàäíîé Ñèáèðè 
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Îñíîâíîå êîëè÷åñòâî îðãàíè÷åñêèõ ñîåäèíåíèé 
íàõîäèòñÿ â äèàïàçîíå Ñ15Í32–Ñ22Í46 íåçàâèñèìî îò 
âðåìåíè ãîäà. Â ïåðåõîäíûå ñåçîíû (âåñíîé è îñå-
íüþ) â ñîñòàâå ÷àñòèö îáíàðóæèâàþòñÿ áîëåå ëåãêèå 
ñîåäèíåíèÿ, íà÷èíàÿ ñ Ñ9Í20. Ïðè ýòîì ìàêñèìóì 
êîíöåíòðàöèè îñåíüþ ïðèõîäèòñÿ íà Ñ18Í38, ëåòîì 
è âåñíîé íà Ñ19Í40, à çèìîé íà Ñ20Í42. 

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Êîìïëåêñ-
íîé ïðîãðàììû ôóíäàìåíòàëüíûõ íàó÷íûõ èññëå-
äîâàíèé Ñèáèðñêîãî îòäåëåíèÿ ÐÀÍ ¹ II.2Ï «Èí-
òåãðàöèÿ è ðàçâèòèå» íà 2017 ã., ïðîåêòà IX.135-6 
«Èññëåäîâàíèå èçìåíåíèé êîìïîíåíò âîçäóõà Ñè-
áèðñêîãî ðåãèîíà, îïðåäåëÿþùèõ äèíàìèêó ðàäèà-
öèîííî çíà÷èìûõ õàðàêòåðèñòèê àòìîñôåðû», ãðàí-
òà ÐÔÔÈ ¹ 14-05-00526. 
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Ì.Yu. Arshinov, B.D. Belan, N.G. Voronetskaya, A.K. Golovko, D.K. Dàvydov, A.S. Kozlov, G.S. Pev- 
neva, D.V. Simonenkov, A.V. Fofonov. Organic aerosol in air of Siberia and the Arctic. Part 1. Geographic 
features and temporal dynamics. 

The concentrations of normal hydrocarbons are studied on the basis of measurements in the surface air 
layer in different Siberian regions and in the free atmosphere over the Kara Sea water area. The total content of 
normal hydrocarbons in the aerosol composition is found to change from 244.56 ng/m3 in the surface air layer 
to 0.08 ng/m3 in the free atmosphere over the Kara Sea. Most organic compounds are from the C15H32–C22H46 
range independently of the season; lighter compounds beginning from C9H20 are detected in the mid-seasons 
(spring and autumn); C18H38 concentration is maximal in autumn; C19H40, in spring and summer, and C20H42, in 
winter. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


