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Ïðîàíàëèçèðîâàíû ñîáûòèÿ ïåðåíîñà ïûëåâîãî àýðîçîëÿ â àêâàòîðèþ è ïðèáðåæíûå ðàéîíû Êàñïèé-

ñêîãî ìîðÿ çà ïåðèîä 2008–2010 ãã. Ïîêàçàíî, ÷òî òàêîé òèï àýðîçîëÿ ÿâëÿåòñÿ äîïîëíèòåëüíûì èñòî÷íè-
êîì áèîãåííûõ ýëåìåíòîâ äëÿ ïîâåðõíîñòíîãî ñëîÿ ìîðÿ. Âûïîëíåí ñðàâíèòåëüíûé àíàëèç îïòè÷åñêèõ õà-
ðàêòåðèñòèê ñåâåðíîé, ñðåäíåé è þæíîé ÷àñòåé Êàñïèéñêîãî ìîðÿ, êîòîðûå â çíà÷èòåëüíîé ìåðå ðàçëè÷àþò-
ñÿ ïî ãèäðîìåòåîðîëîãè÷åñêèì óñëîâèÿì è, ñëåäîâàòåëüíî, ïî âêëàäó ðàçëè÷íûõ ôàêòîðîâ, îïðåäåëÿþùèõ 
âîçìîæíîñòü àíîìàëüíîãî öâåòåíèÿ öèàíîáàêòåðèé. Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé àíîìàëüíîãî öâå-
òåíèÿ òàêèõ âîäîðîñëåé äëÿ ðåãèîíà Êàñïèéñêîãî ìîðÿ. Ïîêàçàíî, ÷òî ìàêñèìàëüíîå âîçäåéñòâèå ïûëåâîãî 
àýðîçîëÿ íà öâåòåíèå öèàíîáàêòåðèé íàáëþäàåòñÿ â þæíîé ÷àñòè èññëåäóåìîãî ðåãèîíà. 

 

Êëþ÷åâûå ñëîâà: àòìîñôåðà, àýðîçîëü, öèàíîáàêòåðèè, Êàñïèéñêîå ìîðå, MODIS, AERONET, 
HYSPLIT, CALIPSO; atmosphere, aerosol, ñyanobacteria, Caspian Sea, MODIS, AERONET, HYSPLIT, 
CALIPSO. 

 

Ââåäåíèå 
 

Â ðàáîòàõ [1–3] âûäåëÿþò çîíû àðèäíîé ñåäè-
ìåíòàöèè, õàðàêòåðèñòèêè êîòîðûõ îáóñëîâëåíû 
îñîáåííîñòÿìè êëèìàòà, ôîðìèðîâàíèåì ðàññåÿííî-
ãî àýðîçîëüíîãî âåùåñòâà íà ñóøå, åãî òðàíñïîðòè-
ðîâêîé âåòðîì íà ðàçíûõ âûñîòàõ è îòëîæåíèåì  
íà ïîâåðõíîñòü Ìèðîâîãî îêåàíà. Ýòè çîíû ÿâëÿþò-
ñÿ îñíîâíûì èñòî÷íèêîì ïîñòóïëåíèÿ â àòìîñôåðó,  
à çàòåì îòëîæåíèÿ â ìîðÿõ è îêåàíàõ íàèáîëüøå- 
ãî êîëè÷åñòâà íåðàñòâîðèìûõ ÷àñòèö, â îñíîâíîì 
ìèêðî- è íàíîðàçìåðîâ (94% ïî ìàññå ìåëü÷å 
2 ìêì) [2]. Â ðåçóëüòàòå îáîáùåíèÿ îáøèðíîãî íà-
êîïëåííîãî ìàòåðèàëà ïî ðàññåÿííîìó àýðîçîëüíî-
ìó îñàäî÷íîìó âåùåñòâó â àòìîñôåðå è åãî ïîòîêàì 
áûëî âûäåëåíî 4 ãëàâíûõ èñòî÷íèêà àýðîçîëüíîãî 
âåùåñòâà íà ñóøå (ìîðñêîé àýðîçîëü, äûì, ïûëü 
è çàãðÿçíåííàÿ ïûëü, êîòîðàÿ ìîæåò ñîäåðæàòü  
â ñåáå ñìåñü ïûëåâîãî àýðîçîëÿ ñ äðóãèìè òðåìÿ 
èñòî÷íèêàìè). Îíè îïðåäåëÿþòñÿ ãåîãðàôè÷åñêèìè 
îáëàñòÿìè çàõâàòà àýðîçîëÿ, ïîñëåäóþùåãî åãî ïå-
ðåíîñà è îòëîæåíèÿ â îêåàíå. Îäèí èç òàêèõ  
èñòî÷íèêîâ – Ñåâåðíàÿ Àôðèêà (ïóñòûíÿ Ñàõàðà  
è ïîëóïóñòûííûé ðàéîí Ñàõåëü). Àýðîçîëü èç ýòî-
ãî èñòî÷íèêà ïåðåíîñèòñÿ â îñíîâíîì íà ñåâåð 
(Ñðåäèçåìíîå è ×åðíîå ìîðÿ, Åâðîïà), à òàêæå  
â ñåâåðî-çàïàäíîì íàïðàâëåíèè (Àòëàíòè÷åñêèé 
îêåàí). Âîñòî÷íî-àçèàòñêèå èñòî÷íèêè ïûëåâîãî 
àýðîçîëÿ – ïóñòûíè Àðàâèè, Ñðåäíåé Àçèè (Êàðà-
êóìû, Êûçûëêóì, Ìóþíêóì), à åùå âîñòî÷íåå –   
 ____________  
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ïóñòûíè Êèòàÿ è Ìîíãîëèè (Òàêëà-Ìàêàí, Öàé-
äàì, Ãîáè). Îáùåå íàïðàâëåíèå ïåðåíîñà àýðîçîëåé  
çäåñü – ñ çàïàäà íà âîñòîê, â ñòîðîíó Òèõîãî îêåàíà. 

Îáùèé âêëàä ñåäèìåíòàöèè àðèäíîãî àýðîçîëÿ 
â ïîñòóïëåíèå îñàäî÷íîãî âåùåñòâà â Ìèðîâîé îêå-
àí îöåíèâàåòñÿ êàê 1,6 ìëðä ò â ãîä [2]. Ýòî áëèçêî  
ê êîëè÷åñòâó ïîñòóïàþùåãî â ïåëàãèàëü ðå÷íîãî 
îñàäî÷íîãî âåùåñòâà [4].  

Â íàñòîÿùåå âðåìÿ âñå áîëåå àêòóàëüíû èññëå-
äîâàíèÿ âëèÿíèÿ ïûëåâûõ àýðîçîëåé íà ðàçëè÷íûå 
õàðàêòåðèñòèêè ìîðñêèõ ýêîñèñòåì. Îäíàêî îñîáåí-
íîñòè âëèÿíèÿ ïûëåâûõ àýðîçîëåé íà îïòè÷åñêèå, 
ìèêðîôèçè÷åñêèå è ãåîõèìè÷åñêèå õàðàêòåðèñòèêè 
×åðíîãî ìîðÿ â íàñòîÿùåå âðåìÿ íåäîñòàòî÷íî èçó-
÷åíû. Åùå ìåíåå èçó÷åíî âëèÿíèå ïåðåíîñîâ áèî-
ãåííûõ ýëåìåíòîâ â ïûëåâîì àýðîçîëå íà ïîâåðõ-
íîñòü Êàñïèéñêîãî ìîðÿ, ÷åì è îáóñëîâëåíà àêòó-
àëüíîñòü íàñòîÿùåé ðàáîòû.  

Ïóñòûíè Ñåâåðíîé Àôðèêè – âàæíûé èñòî÷íèê 
ìèíåðàëüíîé ïûëè â àòìîñôåðå [5]. Åùå ×àðëüç 
Äàðâèí â ñâîèõ çàïèñÿõ, ñäåëàííûõ âî âðåìÿ ýêñ-
ïåäèöèè íà ñóäíå «Áèãëü» (ÿíâàðü 1832 ã.), îïè-
ñûâàë âûïàäåíèå çíà÷èòåëüíîãî êîëè÷åñòâà ïûëè  
èç àòìîñôåðû íàä Àòëàíòè÷åñêèì îêåàíîì â ðàéîíå 
î-âà Çåëåíûé ìûñ [6, 7]. Â ïîñëåäóþùèõ èññëåäî-
âàíèÿõ Äàðâèí ñîáðàë îêîëî 15 ðàçëè÷íûõ ñîîáùå-
íèé î ïûëè, êîòîðóþ îáíàðóæèâàëè â îïðåäåëåííîå 
âðåìÿ íà êîðàáëÿõ â Àòëàíòè÷åñêîì îêåàíå âäàëè 
îò áåðåãîâ. Äàëüíåéøèé àíàëèç ñåçîííîñòè ýòîãî 
ÿâëåíèÿ ñîâïàë ñ ïåðèîäîì àêòèâíîñòè õàðìàòà- 
íà (ñóõîãî çàïàäíîàôðèêàíñêîãî ïàññàòà, äóþùå- 
ãî ñî ñòîðîíû Ñàõàðû â íàïðàâëåíèè Ãâèíåéñ- 
êîãî çàëèâà), êîòîðûé ïîäíèìàåò îáëàêà ïûëè  
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â âåðõíèå ñëîè àòìîñôåðû. Èìåííî áëàãîäàðÿ  
ýòîìó ôàêòó Äàðâèí ñäåëàë âûâîä, ÷òî âñÿ ýòà 
ïûëü ïðèíîñèòñÿ èç Àôðèêè. Àíàëèç ñîñòàâà ïû- 
ëè ïîêàçàë íàëè÷èå ìåëêèõ ìèíåðàëüíûõ ÷àñòèö  
ñ ïðèìåñüþ áèîãåííûõ ýëåìåíòîâ (ïàíöèðåé ïðå-
ñíîâîäíûõ èíôóçîðèé, ñïîð ñóõîïóòíûõ ìèêðî-
îðãàíèçìîâ). 

Ïûëü Ñàõàðû ìîæåò ïåðåíîñèòüñÿ íà òûñÿ÷è 
êèëîìåòðîâ è ïîñëå îñàæäåíèÿ âëèÿòü íà áèîãåîõè-
ìè÷åñêèå öèêëû îêåàíà è ñóøè äàæå â î÷åíü óäà-
ëåííûõ ìåñòàõ. Çà ïîñëåäíèå äåñÿòèëåòèÿ ó÷àñòè-
ëèñü ñëó÷àè âûïàäåíèÿ ïûëåâûõ äîæäåé, â òîì 
÷èñëå íà ñåâåðî-âîñòîêå Èñïàíèè. Àâòîðû [8] îò-
ìå÷àþò, ÷òî ãàçû è âçâåøåííûå âåùåñòâà, ïîñ-
òóïàþùèå èç àòìîñôåðû ñ âîçäóøíûìè ìàññàìè  
èç Ñàõàðû, – âàæíûé èñòî÷íèê ïèòàòåëüíûõ âå-
ùåñòâ äëÿ Ñðåäèçåìíîãî ìîðÿ. Èññëåäîâàíèÿ àâòî-
ðîâ ïîêàçûâàþò, ÷òî äàæå åäèíè÷íûå îñàäêè òà-
êîãî ðîäà ìîãóò âëèÿòü íà áèîëîãè÷åñêîå ñîîáùåñò-
âî (åãî ðàçíîîáðàçèå, àêòèâíîñòü è êîëè÷åñòâî 
÷ëåíîâ) â òå÷åíèå îïðåäåëåííîãî ïåðèîäà âðåìåíè 
è òàêèì îáðàçîì ðåãóëèðîâàòü ôóíêöèþ ìèêðîáíî-
ãî ñîîáùåñòâà è óãëåðîäíûé öèêë â îëèãîòðîôíûõ 
âîäàõ. Ïîëîæèòåëüíàÿ êîððåëÿöèÿ ìåæäó îñàæäå-
íèåì ïûëè è êîíöåíòðàöèåé õëîðîôèëëà à áûëà 
îáíàðóæåíà â çíà÷èòåëüíîé ÷àñòè Ñðåäèçåìíîãî 
ìîðÿ, ñ õîðîøî çàìåòíûì óìåíüøåíèåì êîýôôèöè-
åíòà êîððåëÿöèè ñ þãà íà ñåâåð [9]. Êîíöåíòðàöèÿ 
õëîðîôèëëà à ðåçêî óâåëè÷èëàñü ïîñëå îñàæäåíèÿ 
çíà÷èòåëüíîãî êîëè÷åñòâà ïûëè, ñ ïèêàìè êîíöåí-
òðàöèè ìåæäó 1-ì è 6-ì äíÿìè (îòñ÷åò äíåé ïðîâî-
äèëñÿ íåïîñðåäñòâåííî ïîñëå ïðîõîæäåíèÿ ïûëåâîé 
áóðè); ïðèðîñò õëîðîôèëëà â ðàçíûõ ñëó÷àÿõ ñî-
ñòàâëÿë îò 13 äî 345%.  

Ïûëü ìîæåò áûòü âàæíûì èñòî÷íèêîì ïèòà-
òåëüíûõ âåùåñòâ, â çíà÷èòåëüíîé ñòåïåíè ñòèìóëè-
ðóþùèõ ðîñò è èçìåíÿþùèõ ñêîïëåíèÿ áàêòåðèé. 
Äåéñòâèòåëüíî, â íåêîòîðûõ ñëó÷àÿõ áàêòåðèàëü- 
íîå ñîîáùåñòâî ìîæåò áûòü áîëåå âîñïðèèì÷èâûì  
ê ïûëè, ÷åì êðóïíûé ôèòîïëàíêòîí, èç-çà åãî  
áîëüøåé ñïîñîáíîñòè ïîãëîùàòü ïèòàòåëüíûå âåùå-
ñòâà â îëèãîòðîôíûõ âîäàõ [10, 11]. 

Òàêèì îáðàçîì, áîëüøèíñòâî ïðåäûäóùèõ èñ-
ñëåäîâàíèé âîçäåéñòâèÿ ïûëè Ñàõàðû íà ôèòî-
ïëàíêòîí îãðàíè÷èâàëèñü íåñêîëüêèìè êîíêðåòíû-
ìè ãåîãðàôè÷åñêèìè ðàéîíàìè. Â ïîñëåäíèå ãîäû 
îïóáëèêîâàí ðÿä ðàáîò ïî ðåãèñòðàöèè ïûëåâûõ 
àýðîçîëåé â Àðêòè÷åñêîì ðåãèîíå [12–15], à òàêæå 
ïî âëèÿíèþ íà ôèòîïëàíêòîííûå ñîîáùåñòâà ïûëå-
âîé áóðè, ïðîøåäøåé íàä çàëèâîì Ïåòðà Âåëèêîãî 
â 2006 ã. [16]. 

Êàñïèéñêîå ìîðå ðåãóëÿðíî ïîäâåðãàåòñÿ âîç-
äåéñòâèþ ïûëåâûõ (ïåñ÷àíûõ) áóðü, èñòî÷íèêàìè 
êîòîðûõ ñ âîñòîêà ÿâëÿþòñÿ ïóñòûíè Êàðàêóìû 
(ïðèëåãàåò ñ âîñòîêà ê Þæíîìó Êàñïèþ) è Êû-
çûëêóì [17], à ñ þãî-çàïàäà – Ñèðèéñêàÿ ïóñòûíÿ  

è, â îòäåëüíûõ ñëó÷àÿõ, ïóñòûíè Àðàâèéñêîãî ïî-
ëóîñòðîâà. Ñ þãà Êàñïèéñêîå ìîðå çàùèùåíî ãîð-
íîé ñèñòåìîé Ýëüáðóñ. Â ðåäêèõ ñëó÷àÿõ íà ñïóò-
íèêîâûõ ñíèìêàõ âûÿâëÿþòñÿ ïûëåâûå áóðè íàä 
Ñåâåðíûì Êàñïèåì. 

Öåëü íàñòîÿùåé ðàáîòû � èçó÷åíèå âëèÿíèÿ 
ïûëåâîãî àýðîçîëÿ íà èíòåíñèâíîñòü öâåòåíèÿ öèà-
íîáàêòåðèé â Êàñïèéñêîì ìîðå. 

 

Ìåòîäû è ñðåäñòâà 
 

Ñ ó÷åòîì ðàéîíà àêâàòîðèè (Ñåâåðíûé, Ñðåä-
íèé è Þæíûé Êàñïèé) (ðèñ. 1) áûëà ïðîèçâåäå- 
íà ñòàòèñòè÷åñêàÿ îöåíêà âëèÿíèÿ ïûëåâîãî ïåðå-
íîñà ñ ìàÿ ïî ñåíòÿáðü â 2008–2010 ãã. íà îñíîâå  
îïòè÷åñêèõ äàííûõ VIIRS Suomi-NPP, MODIS 

Aqua/Terra. Êðîìå òîãî, áûëî ïðîàíàëèçèðîâàíî 
èíòåíñèâíîå öâåòåíèå öèàíîáàêòåðèé â èññëåäóåìûé 
ïåðèîä. 

Êîíöåíòðàöèÿ îñàæäåííûõ àýðîçîëüíûõ ÷àñ-
òèö îïðåäåëÿëàñü ïî ìîäåëüíûì äàííûì MERRA-2 
Dust Dry Deposition (ýòà ìîäåëü ïðîèçâîäèò ó÷åò 
ñóõîãî îñàæäåíèÿ ïûëè) ñ äèñêðåòíîñòüþ â ìåñÿö  
è ïðîñòðàíñòâåííîé ñåòêîé 0,5° × 0,625°. 

Â íàñòîÿùåå âðåìÿ àêòèâíûå èññëåäîâàíèÿ àò-
ìîñôåðíîãî àýðîçîëÿ ïðîâîäÿòñÿ ñ èñïîëüçîâàíèåì 
äàííûõ ñåòè àâòîìàòèçèðîâàííûõ ñîëíå÷íûõ ôî-
òîìåòðîâ AERONET (AErosol RObotic NETwork), 
êîòîðûå â àâòîìàòè÷åñêîì ðåæèìå îáðàáàòûâàþòñÿ 
â NASA. Îäíèì èç ïðåèìóùåñòâ ýòîé ñåòè ÿâëÿåòñÿ 
èñïîëüçîâàíèå îäèíàêîâûõ íà âñåõ ñòàíöèÿõ ïðè-
áîðîâ CE-318 – âñåïîãîäíûõ ïðîãðàììèðóåìûõ 
ñïåêòðîôîòîìåòðîâ, êîòîðûå ìîãóò ïðîäîëæèòåëü-
íîå âðåìÿ ðàáîòàòü â àâòîíîìíîì ðåæèìå. Ñòàí-
äàðòíàÿ ìîäåëü ïðèáîðà ÑÅ-318 îñíàùåíà èíòåð-
ôåðåíöèîííûìè ôèëüòðàìè ñ ïîëîñàìè ïðîïóñêà-
íèÿ: 340, 380, 440, 500, 870, 940 è 1020 íì [18].  
Â íàñòîÿùåé ðàáîòå àíàëèçèðóþòñÿ èçìåðåíèÿ 
ñïåêòðîôîòîìåòðà, ðàáîòàþùåãî â ðàìêàõ ñåòè 
AERONET, ðàñïîëîæåííîãî íà ïîáåðåæüå þãî-
çàïàäíîé ÷àñòè Êàñïèéñêîãî ìîðÿ (ñòàíöèÿ IASB, 
36,70517° ñ.ø., 48,50711° â.ä.). 

Ïðåèìóùåñòâåííûé òèï àýðîçîëÿ îïðåäåëÿëñÿ 
èç àíàëèçà îáðàòíûõ òðàåêòîðèé ïåðåíîñà âîçäóø-
íûõ ìàññ ïî ìîäåëè HYSPLIT (Hybrid Single-
Particle Lagranian Integrated Trajectory model), 
ðàçðàáîòàííîé ëàáîðàòîðèåé àòìîñôåðíûõ ðåñóð-
ñîâ (Air Resources Laboratory (ARL)) [19], à òàêæå 
ïî ñïóòíèêîâûì äàííûì CALIPSO (Cloud-Aerosol 
Lidar and Infrared Pathfinder Satellite Observa-
tion) [20–23]. Îñíîâíîé èçìåðèòåëüíûé èíñòðó-
ìåíò CALIPSO – òðåõêàíàëüíûé ðàäèîìåòð (ðàáî-
÷èå äëèíû âîëí êàíàëîâ: 8,65; 10,6 è 12,05 ìêì). 
Òèïû àýðîçîëåé, èñïîëüçóåìûå â CALIPSO, áûëè 
èäåíòèôèöèðîâàíû èç êëàñòåðíîãî àíàëèçà: äûì 
(ãîðÿùàÿ áèîìàññà), ïûëü, çàãðÿçíåííàÿ ïûëü 
(ñìåñü ïûëè è äûìà), çàãðÿçíåííûé êîíòèíåí-
òàëüíûé àýðîçîëü è ÷èñòûé êîíòèíåíòàëüíûé  
àýðîçîëü [22, 23]. Àíàëèç äàííûõ êëàñòåðèçàöèè 
òèïîâ àýðîçîëåé äàåò øåñòü ðàçëè÷íûõ âàðèàíòîâ, 
êàæäûé èç êîòîðûõ õàðàêòåðèçóåòñÿ ðàñïðåäåëå-
íèÿìè îñíîâíûõ îïòè÷åñêèõ ïàðàìåòðîâ è îïðåäå-
ëåííûì äèàïàçîíîì êîýôôèöèåíòîâ äåïîëÿðèçàöèè. 
Â ýòîé êëàññèôèêàöèè «çàãðÿçíåííàÿ ïûëü» – ýòî 
àýðîçîëü, ñîäåðæàùèé çíà÷èòåëüíîå êîëè÷åñòâî ïî-
ãëîùàþùèõ ÷àñòèö. Ïðåäïîëàãàåòñÿ, ÷òî ïóñòûííàÿ 
ïûëü â îñíîâíîì ñîñòîèò èç ìèíåðàëüíûõ ïî÷â. 
 



 

 Âëèÿíèå ïûëåâîãî àýðîçîëÿ íà èíòåíñèâíîñòü öâåòåíèÿ öèàíîáàêòåðèé â Êàñïèéñêîì ìîðå 691 
 

 

 
Ðèñ. 1. Êàñïèéñêîå ìîðå ñ ðàçäåëåíèåì íà ñåâåðíóþ, ñðåäíþþ è þæíóþ àêâàòîðèè 

 

Ðåçóëüòàòû è îáñóæäåíèå 
 

Ïî ñïóòíèêîâûì ñíèìêàì â îïòè÷åñêîì ñïåê-
òðå íàëè÷èå ïûëüíûõ áóðü âûÿâëÿåòñÿ â áîëüøåé 
ìåðå íàä þæíîé ÷àñòüþ Êàñïèéñêîãî ìîðÿ (äî 7–
15 äíåé â ëåòíèé ìåñÿö), ðåæå – íàä ñðåäíåé åãî 
÷àñòüþ (äî 3–9 äíåé â ëåòíèé ìåñÿö) è â îòäåëü-
íûõ ñëó÷àÿõ – íàä ñåâåðíîé (îò 0 äî 2–3 äíåé  
â ëåòíèé ìåñÿö) (ðèñ. 2). Äëÿ ðåøåíèÿ çàäà÷ âîñ-
ñòàíîâëåíèÿ õàðàêòåðèñòèê ïîâåðõíîñòè ìîðÿ ìåòî-
äàìè äèñòàíöèîííîãî çîíäèðîâàíèÿ ïðè íàëè÷èè  
â àòìîñôåðå ïîãëîùàþùåãî àýðîçîëÿ, êàêîâûì ÿâ-
ëÿåòñÿ ïûëåâîé àýðîçîëü, íåîáõîäèìî ïðîâîäèòü 
àòìîñôåðíóþ êîððåêöèþ ñïóòíèêîâûõ èçîáðàæå- 
íèé [24–26]. Äëÿ ïðîâåäåíèÿ àòìîñôåðíîé êîð-
ðåêöèè ñïóòíèêîâûõ èçîáðàæåíèé, ïðåäñòàâëåííûõ  
íà ðèñ. 2, íåîáõîäèìî ïðîàíàëèçèðîâàòü îïòè÷åñ- 
êèå õàðàêòåðèñòèêè àòìîñôåðíîãî àýðîçîëÿ â ñî-
îòâåòñòâóþùèå äíè. 

Íà òåððèòîðèè þæíîãî ïîáåðåæüÿ Êàñïèéñêî-
ãî ìîðÿ ðàñïîëîæåíà ñòàíöèÿ AERONET IASB, äåé-
ñòâóþùàÿ ñ 5 äåêàáðÿ 2009 ã. Ïîñêîëüêó ñòàíöèÿ  
â 2008 è 2009 ãã. íå ðàáîòàëà â ïåðèîäû, êîãäà áûë 
çàðåãèñòðèðîâàí ïûëåâîé ïåðåíîñ, ïðîàíàëèçèðî-
âàíû òîëüêî îïòè÷åñêèå õàðàêòåðèñòèêè çà 8 èþ- 
ëÿ – 2 àâãóñòà 2010 ã. Ìàêñèìàëüíàÿ àýðîçîëüíàÿ 
îïòè÷åñêàÿ òîëùèíà (ÀÎÒ) è ïðåâàëèðîâàíèå êðóï-
íîäèñïåðñíîãî àýðîçîëÿ â àòìîñôåðå áûëè çàðåãè-
ñòðèðîâàíû âî âòîðîé ïîëîâèíå èþëÿ 2010 ã.: ïðè 
ñðåäíåìåñÿ÷íîì çíà÷åíèè ÀÎÒ íà äëèíå âîëíû 
675 íì ÀÎÒ(675) = 0,216 ìàêñèìàëüíîå çíà÷åíèå 
ÀÎÒ(675) = 1,002 áûëî çàðåãèñòðèðîâàíî 15 èþëÿ 
2010 ã.; ñðåäíåå çà ïåðèîä 23–26 èþëÿ 2010 ã. çíà-
÷åíèå ÀÎÒ(675) = 0,32, ÷òî â 1,5 ðàçà âûøå ñðåä-
íåìåñÿ÷íîãî çíà÷åíèÿ. 

Àíàëèç ðàñïðåäåëåíèÿ ÷àñòèö ïî ðàçìåðàì  
ïîêàçàë ïðåâàëèðîâàíèå ãðóáîäèñïåðñíîé ôðàêöèè  
âî âòîðîé ïîëîâèíå èþëÿ; çíà÷åíèå ïàðàìåòðà  
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Ðèñ. 2. Ïûëüíûå áóðè íàä Êàñïèéñêèì ìîðåì. Ñíèìêè ñïóòíèêîâ MODIS Aqua è Terra 

 

Àíãñòðåìà α = 0,08 çà 15 èþëÿ (ïðè ñðåäíåìåñÿ÷-
íîì çíà÷åíèè α = 0,6) òàêæå ïîäòâåðæäàåò ïðè-
ñóòñòâèå çíà÷èòåëüíîãî êîëè÷åñòâà êðóïíûõ (áîëåå 
2,5 ìêì) àýðîçîëüíûõ ÷àñòèö.  

Áûëè îïðåäåëåíû âðåìåííûå ðàìêè öâåòåíèÿ 
öèàíîáàêòåðèé â þæíîé ÷àñòè Êàñïèéñêîãî ìîðÿ  
â èññëåäóåìûé ïåðèîä ïî êðèòåðèÿì, îïèñàííûì  
â [27], è âûäåëåíû äâà ýòàïà: 1) íà÷àëî öâåòåíèÿ, 
êîãäà ðåãèñòðèðóåòñÿ óâåëè÷åíèå áèîìàññû âîäî-
ðîñëåé, îäíàêî ïëàâàþùèå öèàíîáàêòåðèè íå âûÿâ-
ëÿþòñÿ; 2) èíòåíñèâíîå öâåòåíèå, êîãäà öèàíîáàê-
òåðèè âûÿâëÿþòñÿ êàê ïëàâàþùèå îáúåêòû è ðàç-
âèâàþòñÿ íà ïîâåðõíîñòè âîä. Ïðîäîëæèòåëüíîñòü 
ýòèõ ýòàïîâ ïîêàçàíà â òàáë. 1. Âûäåëåííûå ïåðèî-
äû áûëè ñîïîñòàâëåíû ñ äàòàìè ïûëåâûõ ïåðåíîñîâ 
íàä Êàñïèéñêèì ìîðåì. 

 
Ò à á ë è ö à  1  

Ïåðèîäû ýêñòðåìàëüíîãî öâåòåíèÿ öèàíîáàêòåðèé  
â þæíîé ÷àñòè Êàñïèéñêîãî ìîðÿ 

Ãîä Íà÷àëî öâåòåíèÿ 
Èíòåíñèâíîå  

öâåòåíèå 
2008 8–26.09 27–28.09 
2009 6�7.08–18.08 19–22.08 
2010 8.07–02.08 3–7.08 

 
Ýòàïû öâåòåíèÿ öèàíîáàêòåðèé îïðåäåëÿþòñÿ 

ñëåäóþùèìè ãèäðîìåòåîðîëîãè÷åñêèìè ôàêòîðàìè: 
äîñòàòî÷íûé ïðîãðåâ âîä (îò 25 °C), èíòåíñèâíûé 
ñòîê ðåê è äëèòåëüíûå ïåðèîäû âåòðîâîãî çàòèøüÿ, 
êîãäà íàáëþäàþòñÿ óñòîé÷èâûå âåòðû ñî ñêîðî-
ñòüþ 5–6 ì/ñ. Íà öâåòåíèå ðàçëè÷íûõ áàêòåðèé  
â ïîâåðõíîñòíîì ñëîå âîä åâðîïåéñêèõ ìîðåé òàêæå 
âëèÿþò äëèòåëüíûå ïåðåíîñû ïûëåâîãî àýðîçî- 
ëÿ, êîòîðûé ÿâëÿåòñÿ äîïîëíèòåëüíûì èñòî÷íèêîì 

áèîãåííûõ ýëåìåíòîâ [28, 29]. Îäíàêî âçàèìîñâÿçü 
äëèòåëüíûõ ïûëåâûõ ïåðåíîñîâ ñ èçìåí÷èâîñòüþ 
êîíöåíòðàöèè öèàíîáàêòåðèé äëÿ ðåãèîíà Êàñïèé-
ñêîãî ìîðÿ ðàíåå ïîäðîáíî íå èçó÷àëàñü. 

Äëÿ îïðåäåëåíèÿ ïðåèìóùåñòâåííîãî òèïà àý-
ðîçîëÿ çà ïåðèîäû ýêñòðåìàëüíîãî öâåòåíèÿ âîäî-
ðîñëåé â þæíîé ÷àñòè Êàñïèéñêîãî ìîðÿ áûëè ïî-
ñòðîåíû îáðàòíûå òðàåêòîðèè ïåðåíîñà âîçäóøíûõ 
ìàññ ïî ìîäåëè HYSPLIT íà äâóõ âûñîòàõ: 500  
è 1000 ì (ðèñ. 3). Êàê âèäíî, 21 ñåíòÿáðÿ 2008 ã.  
è 6 èþëÿ 2009 ã. áûëè çàðåãèñòðèðîâàíû ïåðå- 
íîñû ñî ñòîðîíû ïóñòûíè Êàðàêóìû, à 24 èþëÿ  
2010 ã. – ñî ñòîðîíû àôðèêàíñêîãî êîíòèíåíòà. 
Âî âñåõ ñëó÷àÿõ ïåðåíîñ îñóùåñòâëÿëñÿ ñî ñòîðîíû 
ïóñòûíü, ÷òî ïîäòâåðæäàåòñÿ êàê ñïóòíèêîâûìè 
èçîáðàæåíèÿìè, òàê è äàííûìè ìîäåëèðîâàíèÿ. 
 Äëÿ ïîäòâåðæäåíèÿ ïðèñóòñòâèÿ íàä èññëå-
äóåìûì ðåãèîíîì ïûëåâîãî àýðîçîëÿ òàêæå áûëè 
ïðîñêàíèðîâàíû äàííûå ñïóòíèêà CALIPSO, êî-
òîðûé ðàáîòàåò â ïàðå ñ àìåðèêàíñêîé ñèñòåìîé 
CLOUDSAT (Cloud Satellite), ïðåäñòàâëÿþùåé 
ñîáîé íàïðàâëåííûé â íàäèð ðàäàð (94 ÃÃö), êîòî-
ðûé èçìåðÿåò îáðàòíîðàññåÿííóþ îò îáëàêîâ ýíåð-
ãèþ êàê ôóíêöèþ ðàññòîÿíèÿ. Ïîñêîëüêó óêàçàííàÿ 
ñèñòåìà ÿâëÿåòñÿ ëèäàðîì, ñ åå ïîìîùüþ ìîæíî 
âîññòàíàâëèâàòü âåðòèêàëüíóþ ñòðóêòóðó àòìîñôåðû. 
 Òðàåêòîðèÿ ñïóòíèêà CALIPSO íå âñåãäà ïðî-
õîäèò íåïîñðåäñòâåííî íàä èññëåäóåìûì â íàñòîÿ-
ùåé ðàáîòå ðåãèîíîì. ×òîáû èñïîëüçîâàòü äàííûå 
ýòîãî ñïóòíèêà, áûëè ïðîàíàëèçèðîâàíû áëèæàé-
øèå ê Êàñïèéñêîìó ìîðþ äàííûå, ïîëó÷åííûå 
CALIPSO íà 2–3° çàïàäíåå (êîãäà ðåãèñòðèðîâàëñÿ 
çàïàäíûé ïåðåíîñ âîçäóøíûõ ìàññ) ëèáî íà 2–3° 
âîñòî÷íåå (êîãäà ïåðåíîñ áûë ñî ñòîðîíû âîñòîêà) 
(ðèñ. 4). Âèäíî, ÷òî â èññëåäóåìûå äíè íàä Êàñ-  
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Ðèñ. 3. Îáðàòíûå òðàåêòîðèè ïåðåíîñà âîçäóøíûõ ìàññ ïî äàííûì ìîäåëè HYSPLIT 

 

 

 
Ðèñ. 4. Òèïèçàöèÿ àýðîçîëÿ ïî ñïóòíèêîâûì äàííûì CALIPSO 

 
ïèéñêèì ðåãèîíîì ðåãèñòðèðîâàëñÿ ïðåèìóùåñò-
âåííî ïûëåâîé àýðîçîëü, ÷òî ïîäòâåðæäàåò íàëè÷èå 
ïåðåíîñà àýðîçîëÿ ñî ñòîðîíû àçèàòñêèõ ïóñòûíü. 
 Êîíöåíòðàöèÿ îñàæäåííûõ àýðîçîëüíûõ ÷àñ-
òèö íàä àêâàòîðèåé Êàñïèéñêîãî ìîðÿ (ñåâåðíàÿ, 
ñðåäíÿÿ è þæíàÿ ÷àñòè) îïðåäåëÿëàñü ïî äàííûì 
MERRA-2 Dust Dry Deposition ñ ÿíâàðÿ ïî èþíü 
âêëþ÷èòåëüíî äëÿ êàæäîãî èññëåäóåìîãî ãîäà 
(òàáë. 2). 

 

Ò à á ë è ö à  2  

Êîíöåíòðàöèÿ (êã/ì� ⋅ ñ) îñàæäåííûõ àýðîçîëüíûõ  
÷àñòèö íàä Êàñïèéñêèì ìîðåì 

Àêâàòîðèÿ 
Ãîä 

ñåâåðíàÿ ñðåäíÿÿ þæíàÿ 

2008 2,140 ⋅ 10−11 2,156 ⋅ 10−11 2,647 ⋅ 10−11 

2009 2,282 ⋅ 10−11 2,448 ⋅ 10−11 2,723 ⋅ 10−11 

2010 2,248 ⋅ 10−11 2,569 ⋅ 10−11 2,808 ⋅ 10−11 

 

Íàèáîëüøàÿ êîíöåíòðàöèÿ çà âåñü èññëåäóå-
ìûé ïåðèîä ïîëó÷åíà äëÿ þæíîé àêâàòîðèè. Ýòîò 
ôàêò îáóñëîâëåí âêëàäîì ïûëåâîãî àýðîçîëÿ, êîòî-
ðûé íàèáîëåå ÷àñòî îáíàðóæèâàåòñÿ íàä óêàçàííîé 
àêâàòîðèåé Êàñïèéñêîãî ìîðÿ.  

Àíàëèç ñåçîííîé èçìåí÷èâîñòè êîíöåíòðàöèè 
îñàæäåííûõ àýðîçîëüíûõ ÷àñòèö ïîêàçàë, ÷òî ìàê-
ñèìàëüíàÿ êîíöåíòðàöèÿ ôèêñèðîâàëàñü â ôåâðàëå 

íàä âñåé àêâàòîðèåé Êàñïèéñêîãî ìîðÿ, à çàâû-
øåííàÿ îòíîñèòåëüíî ãîäîâûõ çíà÷åíèé (áîëåå, 
÷åì â 1,5 ðàçà) – â àïðåëå 2008 ã. Ýòîò ìàêñèìóì 
îáóñëîâëåí äëèòåëüíûìè ïåðåíîñàìè ïûëåâîãî àý-
ðîçîëÿ ñ þãà (Ñèðèéñêàÿ ïóñòûíÿ) è ñ þãî-çàïàäà 
(ïóñòûíÿ Ñàõàðà) â óêàçàííûé ïåðèîä. Â îòëè÷èå 
îò ñëó÷àåâ ëåòíèõ ïåðåíîñîâ, êîòîðûå ñïîñîáñòâó-
þò èíòåíñèâíîìó öâåòåíèþ öèàíîáàêòåðèé, âåñåí-
íèé ìàêñèìóì íå âûçâàë àíîìàëèè èõ ðàçâèòèÿ. 
Ýòî, êàê è äëÿ ñëó÷àåâ çèìíèõ ïåðåíîñîâ, îáóñëîâ-
ëåíî íèçêîé òåìïåðàòóðîé âîäû, êîòîðàÿ ïðåïÿòñò-
âóåò öâåòåíèþ òàêîãî âèäà âîäîðîñëåé. 

 

Çàêëþ÷åíèå 
 

Ïûëåâûå áóðè íàä àêâàòîðèåé Êàñïèéñêîãî 
ìîðÿ – âñåñåçîííîå ÿâëåíèå. Ïîñòóïàþùèå ñ ïû-
ëåâûìè ïåðåíîñàìè àýðîçîëüíûå ÷àñòèöû – ýòî  
äîïîëíèòåëüíûé èñòî÷íèê áèîãåííûõ ýëåìåíòîâ  
â ïîâåðõíîñòíûé ñëîé ìîðÿ. Ñåâåðíàÿ, ñðåäíÿÿ  
è þæíàÿ ÷àñòè Êàñïèéñêîãî ìîðÿ çíà÷èòåëüíî ðàç-
ëè÷àþòñÿ ïî ãèäðîìåòåîðîëîãè÷åñêèì óñëîâèÿì,  
è, ñëåäîâàòåëüíî, ïî âêëàäó ðàçëè÷íûõ ôàêòîðîâ, 
îïðåäåëÿþùèõ âîçìîæíîñòü àíîìàëüíîãî öâåòåíèÿ 
öèàíîáàêòåðèé. Öâåòåíèå â ñåâåðíîé ÷àñòè Êàñïèé-
ñêîãî ìîðÿ â áîëüøåé ñòåïåíè âûçâàíî ìîùíûì 
ðå÷íûì ñòîêîì Âîëãè â ñî÷åòàíèè ñ ìàëûìè ãëóáè-
íàìè. Â þæíîé ÷àñòè îáúåì ðå÷íîãî ñòîêà ìåíüøå, 
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÷åì â äðóãèõ ÷àñòÿõ Êàñïèéñêîãî ìîðÿ, ïîýòîìó 
èíòåíñèâíîñòü ðàçâèòèÿ öâåòåíèÿ öèàíîáàêòåðèé 
îïðåäåëÿåòñÿ êîìïëåêñîì ãèäðîìåòåîðîëîãè÷åñêèõ 
óñëîâèé, òàêèõ êàê øòèëåâûå óñëîâèÿ íà ïðîòÿæå-
íèè äëèòåëüíîãî âðåìåíè è ïûëåâûå ïåðåíîñû. 

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæ-
êå ÐÔÔÈ (ãðàíò 20-35-70034 – âûäåëåíèå öâåòå-
íèé öèàíîáàêòåðèé, ãðàíò 20-54-56053 – îáðàáîòêà 
ñïóòíèêîâûõ èçîáðàæåíèé ïî íàëè÷èþ öâåòåíèé 
öèàíîáàêòåðèé â þæíîé ÷àñòè Êàñïèéñêîãî ìîðÿ)  
è â ðàìêàõ ãîñçàäàíèÿ ¹ 0555-2021-0006 (îáðà-
áîòêà ñïóòíèêîâûõ ñíèìêîâ ïî íàëè÷èþ ïûëåâîãî 
àýðîçîëÿ), 0827-2021-0002 è 0555-2021-0003 (ìîíè-
òîðèíã ñ ïðèâëå÷åíèåì äàííûõ äèñòàíöèîííîãî 
çîíäèðîâàíèÿ). 
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D.V. Kalinskaya, A.V. Medvedeva, A.A. Aleskerova. Influence of dust transport on the intensity of 
cyanobacterial bloom in Caspian Sea. 

The events of the dust aerosol transport to the water and coastal areas of the Caspian Sea during 2008–
2010 are analyzed. This aerosol type is shown to be an additional source of biogenic elements in the surface 
layer of the sea. The comparative analysis of the optical characteristics of the northern, middle, and southern 
parts of the Caspian Sea, which significantly differ in hydrometeorological conditions and, hence, in the contri-
bution of various factors which determine a possibility of anomalous cyanobacteria blooming, has been carried 
out. The effect of dust aerosol on the bloom of cyanobacteria is maximal in the southern part of the region 
under study. The results of the study of algae bloom anomalies in the Caspian Sea region are presented. 

 



<<
  /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 /CMYK
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /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 <>
    /RUS <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


