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Ïîêàçàíà âîçìîæíîñòü ïðàêòè÷åñêîãî ïðèìåíåíèÿ äàííûõ äèñòàíöèîííîãî çîíäèðîâàíèÿ äëÿ öèôðîâî-

ãî ìàðêèðîâàíèÿ è îïðåäåëåíèÿ ïëîùàäåé îáëàñòåé ñ âûñîêèì ñîäåðæàíèåì âçâåøåííîãî âåùåñòâà â ïðè-
áðåæíûõ ìîðñêèõ àêâàòîðèÿõ. Íà ïðèìåðå ðàéîíà þãî-çàïàäíîãî ïîáåðåæüÿ Êðûìà ïîêàçàíà ñâÿçü ñåçîí-
íûõ è ñèòóàòèâíûõ âåòðîâ ñî ñëó÷àÿìè ïîâûøåííîãî ñîäåðæàíèÿ âçâåñè ïî äàííûì îïòè÷åñêèõ ñïóòíèêîâûõ 
äàò÷èêîâ âûñîêîãî è ñðåäíåãî ðàçðåøåíèÿ â 2017–2019 ãã. Îòìå÷àåòñÿ áîëåå ñëàáûé ïî ñðàâíåíèþ ñ äåéñò-
âèåì âåòðà âêëàä ìàòåðèêîâûõ ñòîêîâ, çàâèñÿùèé îò âðåìåíè ãîäà. Ïðåäëîæåííûé ïîäõîä ìîæåò áûòü ïîëå-
çåí äëÿ îïåðàòèâíîãî êàðòîãðàôèðîâàíèÿ äèíàìèêè âçâåñåé ïî ñïóòíèêîâûì íàáëþäåíèÿì èç íåñêîëüêèõ 
èñòî÷íèêîâ. 
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Ââåäåíèå 
 

Âçâåøåííîå âåùåñòâî âêëþ÷àåò â ñåáÿ êîìïî-
íåíòû îðãàíè÷åñêîãî è íåîðãàíè÷åñêîãî ïðîèñõîæ-
äåíèÿ (ìèíåðàëüíûå ôðàêöèè, èëû, ôèòîïëàíêòîí 
è äð.) èç ïðèðîäíûõ è àíòðîïîãåííûõ èñòî÷íèêîâ. 
Ìàòåðèêîâûå èñòî÷íèêè â ñèëó íàëè÷èÿ çàãðÿçíÿ-
þùèõ âåùåñòâ ðàçëè÷íîé êîíöåíòðàöèè ñîçäàþò 
äîïîëíèòåëüíóþ íàãðóçêó íà ïðèáðåæíûå âîäû 
(æèçíåäåÿòåëüíîñòü ìîðñêèõ ñîîáùåñòâ, ðåêðåàöèîí-
íûé ïîòåíöèàë è äð.). Ìåëêîâîäíàÿ çîíà ó Êðûì-
ñêîãî ïîáåðåæüÿ ïîäâåðæåíà âëèÿíèþ âåòðà è ÿâ-
ëÿåòñÿ ïðèíèìàþùèì áóôåðîì äëÿ ðå÷íûõ è ñòî÷-
íûõ âîä. Â ïðåäûäóùèõ èññëåäîâàíèÿõ áûëè äàíû 
îöåíêè àíòðîïîãåííîé íàãðóçêè íà ïîáåðåæüå ×åð-
íîãî ìîðÿ [1] è ýêîëîãè÷åñêîãî ñîñòîÿíèÿ âîäîçà-
áîðîâ ïîäçåìíûõ âîä Êðûìà è ìåñòíûõ ðåê [2]. 
Îäíàêî òðàäèöèîííûå ïîäõîäû ê ìîíèòîðèíãó 
ìîðñêîé ñðåäû èìåþò îïðåäåëåííûå îãðàíè÷åíèÿ: 
îõâàò ïî ïðîñòðàíñòâó è ÷àñòîòà îòáîðà ïðîá. 
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Â íàñòîÿùåå âðåìÿ áîëüøóþ àêòóàëüíîñòü 
ïðèîáðåòàåò ïîäõîä ê îöåíêå çàãðÿçíåíèé îêðó-
æàþùåé ñðåäû íà îñíîâå äàííûõ äèñòàíöèîííîãî 
çîíäèðîâàíèÿ [3]. Ðåãóëÿðíûé ìîíèòîðèíã íà ìàñ-
øòàáàõ îò ñîòåí äî òûñÿ÷ êèëîìåòðîâ ïîçâîëÿåò 
âûïîëíÿòü ñèñòåìíûé àíàëèç ñîñòîÿíèÿ ìîðñêîé 
âîäû [4]. Îòìå÷åíî, ÷òî â îêåàíå òàêèå êîìïîíåíòû, 
êàê îáùåå âçâåøåííîå âåùåñòâî èëè îêðàøåííîå 
ðàñòâîðåííîå îðãàíè÷åñêîå âåùåñòâî, õîðîøî êîð-
ðåëèðóþò ñ ôîòîñèíòåòè÷åñêè àêòèâíûì ïèãìåíòîì 
õëîðîôèëëîì-à [5] – îñíîâíûì îïòè÷åñêè àêòèâíûì 
êîìïîíåíòîì, âëèÿþùèì íà öâåò âîäû. Èññëåäîâà-
íèå ñîäåðæàíèÿ âçâåøåííîãî âåùåñòâà â ïðèáðåæ-
íûõ âîäàõ îñíîâàíî íà ôèçè÷åñêèõ ñîîòíîøåíèÿõ 
ìåæäó êîíöåíòðàöèÿìè îïòè÷åñêè àêòèâíûõ êîìïî-
íåíòîâ (íà îïòè÷åñêîì ìåëêîâîäüå) è èíòåíñèâíî-
ñòüþ îòðàæàòåëüíîé ñïîñîáíîñòè âîäû (remote sen-
sing reflectance Rrs). Ðàçëè÷íûå àëãîðèòìû äèñòàí-
öèîííîãî çîíäèðîâàíèÿ èñïîëüçóþò çíà÷åíèÿ Rrs äëÿ 
ïîëó÷åíèÿ êîëè÷åñòâåííîé èíôîðìàöèè î êîìïîíåí-
òàõ âîäû íà îñíîâå ïîëóýìïèðè÷åñêèõ, ïîëóàíàëè-
òè÷åñêèõ è àíàëèòè÷åñêèõ àëãîðèòìîâ [6–10]. 

Â íàñòîÿùåé ðàáîòå ïðåäëîæåí ïîäõîä ê îïðå-
äåëåíèþ ñîäåðæàíèÿ è ðàñïðîñòðàíåíèÿ âçâåøåí-
íîãî âåùåñòâà íà ó÷àñòêå ×åðíîìîðñêîãî øåëüôà 
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þãî-çàïàäíîãî ïîáåðåæüÿ Êðûìà ñ èñïîëüçîâàíèåì 
ñòàíäàðòíûõ ñïóòíèêîâûõ ïðîäóêòîâ. Ðåçóëüòàòû 
èññëåäîâàíèÿ ïîçâîëÿþò îöåíèòü ìàñøòàá è íàïðà-
âëåíèÿ ïåðåíîñà ïðèáðåæíûõ âîä ñ âûñîêèì ñîäåð-
æàíèåì âçâåøåííîãî âåùåñòâà ïî êàðòàì áèîîïòè-
÷åñêèõ ïîêàçàòåëåé, ñîñòàâëåííûì ïî îïòè÷åñêèì 
äàííûì âûñîêîãî è ñðåäíåãî ðàçðåøåíèÿ. Ïðîâåäåí 
àíàëèç âëèÿíèÿ ãèäðîìåòåîðîëîãè÷åñêèõ óñëîâèé, 
ñîïóòñòâóþùèõ ñëó÷àÿì ïîâûøåííîãî ñîäåðæàíèÿ 
âçâåñè. 

 

Ìàòåðèàëû è ìåòîäû 
 

Îáëàñòü èññëåäîâàíèÿ îõâàòûâàåò ðàéîí ïîáå-
ðåæüÿ ×åðíîãî ìîðÿ ìåæäó Åâïàòîðèéñêèì ìûñîì 
è ïãò Ôîðîñ, îãðàíè÷åííûé êîîðäèíàòàìè 33,10°–
33,98° â.ä. è 44,19°–45,13° ñ.ø. (ðèñ. 1, à). Ýòîò 
ðàéîí âêëþ÷àåò ðåêðåàöèîííóþ çîíó ã. Ñåâàñòîïîëÿ, 
ïîäâåðæåííóþ ïîâûøåííîé àíòðîïîãåííîé íàãðóç-
êå îò âûïóñêîâ ìóíèöèïàëüíûõ êàíàëèçàöèîííûõ 
î÷èñòíûõ ñîîðóæåíèé (ÊÎÑ) «Þæíûå», «Ñåâåð-
íûå», «Áàëàêëàâà». Êðîìå òîãî, ê ñåâåðó îò ã. Ñå-
âàñòîïîëÿ â ×åðíîå ìîðå âïàäàþò ìàëûå ðåêè Êà÷à, 
Áåëüáåê, Àëüìà è ×åðíàÿ [11], ÿâëÿþùèåñÿ ÷àñòüþ 
ìàòåðèêîâîãî ñòîêà (ðèñ. 1, á). Äëÿ àíàëèçà ðàñ-
ïðîñòðàíåíèÿ âçâåøåííîãî âåùåñòâà èññëåäóåìûé 
ðàéîí ðàçäåëåí íà òðè ñìåæíûõ øèðîòíûõ ñóáðå-
ãèîíà ïî õàðàêòåðèñòèêàì âåòðà è ðàñïîëîæåíèþ 

âûõîäîâ ìàòåðèêîâûõ ñòîêîâ: Ê1 (45°–45,7° ñ.ø.) – 

ã. Ñàêè, ïãò Àíäðååâêà, ð. Êà÷à, ð. Áåëüáåê, ÊÎÑ 
«Ñåâåðíûå»; Ê2 (44,5°–45° ñ.ø.) – ã. Ñåâàñòîïîëü, 
ÊÎÑ «Þæíûå» è «Áàëàêëàâà»; Ê3 (44°–44,5° ñ.ø.) – 

ïãò Ëàñïè è Ôîðîñ. 
Ýòàïû èññëåäîâàíèÿ. Íà ïåðâîì ýòàïå ïðî-

àíàëèçèðîâàíû îïòè÷åñêèå äàííûå çà 2017–2019 ãã. 
èç îòêðûòûõ èñòî÷íèêîâ: MSI Sentinel-2 (MSI S2) 
ñ ðàçðåøåíèåì 10 ì, ñàéò Copernicus Open Access  
Hub (COAH) (https://scihub.copernicus.eu/dhus/#/ 
home) è MODIS Aqua/Terra (MODIS) ñ ðàçðåøå- 
 

íèåì 250/500 ì, ñàéò NASA Ocean Color (https:// 
oceancolor.gsfc.nasa.gov) [12, 13]. Ïî ðåçóëüòàòàì àíà-
ëèçà îòîáðàíû ñíèìêè, îòâå÷àþùèå ñëó÷àÿì ïîâû-
øåííîãî ñîäåðæàíèÿ âçâåøåííîãî âåùåñòâà â èññëå-
äóåìîì ðàéîíå.  

Íà âòîðîì ýòàïå ïðîàíàëèçèðîâàíû è ñèñòå-
ìàòèçèðîâàíû äàííûå àòìîñôåðíîãî ðåàíàëèçà Na-
tional Centers for Environmental Prediction (NCEP) 
è àòìîñôåðíîé ìîäåëè SKIRON http://forecast. 
uoa.gr [14].  

Íà òðåòüåì ýòàïå ñòàíäàðòíûå ñïóòíèêîâûå 
ïðîäóêòû ïðåîáðàçîâàíû â ìàññèâû áèîîïòè÷åñêèõ 
ïîêàçàòåëåé, õàðàêòåðèçóþùèõ ñóììàðíîå ïîãëîùå-
íèå ñâåòà âñåìè îïòè÷åñêè àêòèâíûìè êîìïîíåíòà-
ìè â ïîâåðõíîñòíîì ñëîå ìîðÿ. Ýòè äàííûå èñïîëü-
çóþòñÿ äëÿ ïîñòðîåíèÿ êàðò, äàþùèõ ïðåäñòàâëåíèå 
î ðàçìåðàõ ïëîùàäåé ðàñïðîñòðàíåíèÿ âçâåøåííîãî 
âåùåñòâà è õàðàêòåðå åãî ïåðåíîñà.  

Íà ÷åòâåðòîì ýòàïå îïèñàíû óñëîâèÿ, ñâÿçû-
âàþùèå îòîáðàííûå ñëó÷àè çíà÷èòåëüíîãî ñîäåðæà-
íèÿ âçâåøåííîãî âåùåñòâà ñ ìåñòíîé ãèäðîìåòåîðî-
ëîãè÷åñêîé îáñòàíîâêîé. 

Îáðàáîòêà äàííûõ äèñòàíöèîííîãî çîíäèðî-
âàíèÿ. Áåçîáëà÷íûå èçîáðàæåíèÿ âûñîêîãî ðàç-
ðåøåíèÿ MSI S2 L1C, ïðåäâàðèòåëüíî îòîáðàííûå 
ñ èñïîëüçîâàíèåì îíëàéí-ñåðâèñà Sentinel Play-
ground (https://apps.sentinel-hub.com), çàãðóæàëèñü 
èç àðõèâà ñïóòíèêîâûõ äàííûõ COAH. Èíòåðâàë 
çîíäèðîâàíèÿ èíñòðóìåíòîì MSI S2 íà øèðîòå 

45° ñ.ø. ñîñòàâëÿåò 5 äíåé, íî çà ñ÷åò ÷àñòè÷íîãî 
ïåðåêðûòèÿ ïîëîñ çàõâàòà ïîëíàÿ è ÷àñòè÷íàÿ ôèê-
ñàöèÿ ðàéîíà èññëåäîâàíèÿ îñóùåñòâëÿåòñÿ ñ ïðî-
ìåæóòêîì 2–3 äíÿ. Â ïàðó ê äàííûì MSI S2 ïîä-
áèðàëèñü åæåäíåâíûå äàííûå ñðåäíåãî ðàçðåøåíèÿ 
MODIS â òîò æå äåíü èëè äíåì ïîçæå (â çàâèñèìî-
ñòè îò ñîñòîÿíèÿ îáëà÷íîãî ïîêðîâà). 

Äàëüíåéøàÿ îáðàáîòêà äàííûõ ñ öåëüþ ñîç-
äàíèÿ RGB-êîìïîçèòîâ ðåàëèçîâàíà â ïðèëî-
æåíèè SNAP Desktop (https://step.esa.int/main/). 
Ïî äàííûì MSI S2 âûïîëíåíî êîìáèíèðîâàíèå  
 

 
Ðèñ. 1. Êàðòà èññëåäóåìîé îáëàñòè ñ ñóáðåãèîíàìè (à); ñòîêè ðåê â èññëåäóåìîì ðàéîíå – ïðèìåð îò 16.04.2022 ã.  
  ïî äàííûì MSI S2 (á) 
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êàíàëîâ âèäèìîãî äèàïàçîíà ñ äëèíàìè âîëí 490 íì 
(B2), 560 íì (B3), 665 íì; ïî äàííûì MODIS –  
ñ äëèíàìè âîëí 459–479 íì, 545–565 íì è 620–
670 íì. Òàêæå âûïîëíÿëîñü êàäðèðîâàíèå ñöåí  
â ñîîòâåòñòâèè ñ ãðàíèöàìè ðàéîíà èññëåäîâàíèÿ. 

Ïîñêîëüêó ó äàííûõ ñêàíåðà MSI S2 L1C îò-
ñóòñòâóåò àòìîñôåðíàÿ êîððåêöèÿ, èñïîëüçîâàëñÿ 
ìåòîä óñòðàíåíèÿ îòðàæåííîé êîìïîíåíòû è ÷àñ-
òè÷íî àòìîñôåðíîé ñîñòàâëÿþùåé ïóòåì êîìáèíè-
ðîâàíèÿ êàíàëîâ âèäèìîãî B2 è B3 è áëèæíåãî 
èíôðàêðàñíîãî äèàïàçîíà B5 (705 íì), ïðåäëîæåí-
íûé â [15]. Òåì íå ìåíåå ïðè îáðàáîòêå äàííûõ 
MSI S2 L1C â îòäåëüíûõ ñëó÷àÿõ îòðàæåííîå èçëó-
÷åíèå óñòðàíÿëîñü íå ïîëíîñòüþ è ñòàëî ïðè÷èíîé 
ïîãðåøíîñòåé ïðè ïîëó÷åíèè êàðò áèîîïòè÷åñêèõ 
ïîêàçàòåëåé. Äëÿ äàííûõ MODIS óðîâíÿ L2 äîïîë-
íèòåëüíàÿ àòìîñôåðíàÿ êîððåêöèÿ íå âûïîëíÿëàñü. 
 Îáðàáîòàííûå òàêèì îáðàçîì îïòè÷åñêèå äàí-
íûå ïðåîáðàçîâàíû â áèîîïòè÷åñêèå ïîêàçàòåëè, 
ìàðêèðóþùèå îïòè÷åñêè àêòèâíûå êîìïîíåíòû â ïî-
âåðõíîñòíîì ñëîå ìîðÿ. Áåçðàçìåðíûå öèôðîâûå 
çíà÷åíèÿ ïîêàçàòåëåé îïðåäåëÿþòñÿ îòíîøåíèåì 
êîýôôèöèåíòîâ ÿðêîñòè ìîðÿ Rrs(λ), íîðìèðîâàí-
íûõ íà ñîëíå÷íûå ïîñòîÿííûå Fo(λ), ñîîòâåòñòâóþ-
ùèå äëèíå âîëíû λ: index23 = [Rrs(560) ⋅ Fo(560)]/ 
/[Rrs(490) ⋅ Fo(490)] (MSI S2) è index34 = [Rrs(531) × 
× Fo(531)]/[Rrs(488) ⋅ Fo(488)] (MODIS) [7, 8]. Ìàñ-
ñèâû index23 è index34 ñ ðàçíûì ïðîñòðàíñòâåííûì 
ðàçðåøåíèåì äëÿ êàæäîãî ïèêñåëÿ èíòåðïîëèðîâà-
íû íà ìîäåëüíóþ ñåòêó èññëåäóåìîé îáëàñòè ñ ðàç-
ðåøåíèåì ∼ 300 ì (www.gebco.net) ñ èñïîëüçîâà-
íèåì àâòîðñêèõ ïðîöåäóð, ðåàëèçîâàííûõ â Visual 
Fortran (www.pgroup.com). Äëÿ àíàëèçà è èí-
òåðïðåòàöèè ìàññèâîâ index23 è index34 ïðèìåíÿ-
ëèñü èíñòðóìåíòû Panoply Data Viewer (www.giss. 
nasa.gov/tools/panoply), Golden Surfer 13 (www. 
goldensoftware.com) è QGIS 3.4 (www.QGIS.org). 
 Îáðàáîòêà äàííûõ àòìîñôåðíûõ ðåàíàëèçîâ. 
Äëÿ ïðèáðåæíûõ ðàéîíîâ Êðûìà ïðèâëåêàëèñü 
äàííûå î ñêîðîñòè è íàïðàâëåíèè âåòðà íà âûñîòå 
10 ì ñ äèñêðåòíîñòüþ 6 ÷ ñ îòêðûòîãî ñàéòà Ìîð-
ñêîãî ïîðòàëà ÌÃÈ (http://dvs.net.ru), ñôîðìèðî-
âàííûå èç ðåàíàëèçà NCEP çà 2017–2019 ãã. Êðîìå 
òîãî, èñïîëüçîâàëèñü äàííûå ðåãèîíàëüíîé àòìî-
ñôåðíîé ìîäåëè SKIRON: 72-÷àñîâîé ïðîãíîç ìå-
òåîðîëîãè÷åñêèõ ïàðàìåòðîâ äëÿ Àçîâî-×åðíîìîðñ-
êîãî è Ñðåäèçåìíîìîðñêîãî áàññåéíîâ ñ äèñêðåòíî-
ñòüþ 2 ÷ è ðàçðåøåíèåì ïî øèðîòå è äîëãîòå 0,1°. 
 Äàííûå îá îñàäêàõ ïîëó÷åíû îò ìåòåîñòàíöèé 
â ïðåäåëàõ èññëåäóåìîé îáëàñòè èç îíëàéí-àðõèâà 
RP5 (https://rp5.ru/), ðàçðàáîòàííîãî êîìïàíèåé 
ÎÎÎ «Ðàñïèñàíèå Ïîãîäû», ëèöåíçèðîâàííîé â îá-
ëàñòè ãèäðîìåòåîðîëîãèè. 

 

Ðåçóëüòàòû è îáñóæäåíèå 
 

Ìàòåðèêîâûå ñòîêè. Êàê îòìå÷åíî ðàíåå, 
êðûìñêèå ðåêè áîëüøóþ ÷àñòü ãîäà ìàëîâîäíû,  
è ìàêñèìóì ñòîêà, êàê ïðàâèëî, ïðèõîäèòñÿ íà ïå-
ðèîä ñ êîíöà çèìû ïî íà÷àëî âåñíû â çàâèñèìîñòè 
îò ïðåîáëàäàþùèõ ïîãîäíûõ óñëîâèé (îñàäêè, òåì-

ïåðàòóðà âîçäóõà è äð.). Ïîýòîìó ëåòîì âêëàä ðå÷-
íîãî ñòîêà â ìàñøòàáàõ ïðèáðåæíîé çîíû ìîæíî 
ñ÷èòàòü íåçíà÷èòåëüíûì. ×òî êàñàåòñÿ êîììóíàëü-
íûõ ñòîêîâ, òî îíè ïîñòóïàþò â ïðèáðåæíóþ çîíó 
êðóãëûé ãîä, íî â êóðîðòíûé ñåçîí ìîãóò âîçðàñ-
òàòü. Òàê, íà èçîáðàæåíèÿõ MSI S2 ïåðèîäè÷åñêè 
ðàçëè÷èìî ðàñïðîñòðàíåíèå ñòî÷íûõ âîä âáëèçè 
ã. Ñàêè, â ðàéîíå ã. Ñåâàñòîïîëÿ: Ãîëóáàÿ áóõòà 
(ÊÎÑ «Þæíûå») è ó âõîäà â Áàëàêëàâñêóþ áóõòó. 
Íàïðèìåð, â 2018 ã. ñòî÷íûå âîäû âáëèçè ã. Ñà- 
êè ïî îïòè÷åñêèì äàííûì îáíàðóæèâàëèñü ïÿòü 
ðàç ñ 6 ìàðòà ïî 5 ìàÿ. Ñòîêè â ðàéîíå Ãîëóáîé 
áóõòû âûÿâëÿëèñü òàêæå ïðåèìóùåñòâåííî âåñíîé,  
à â ñóììå çà 2018 ã. âûÿâëåíî 29 ñëó÷àåâ. Ñòî÷íûå 
âîäû âáëèçè Áàëàêëàâñêîé áóõòû ôèêñèðîâàëèñü 
ñïóòíèêîâûìè ñåíñîðàìè ÷àùå âñåãî â ëåòíèé ñå-
çîí (äåâÿòü ñëó÷àåâ), â ñóììå çà ãîä – 21 ñëó÷àé. 
 Êîðîòêîïåðèîäíûå îñîáåííîñòè âëèÿíèÿ âåò-
ðà. Äëÿ êàæäîãî âûáðàííîãî ñïóòíèêîâîãî ñíèìêà 
MSI S2 (ðèñ. 2, öâ. âêëàäêà), ôèêñèðóþùåãî ïîâû-
øåííîå ñîäåðæàíèå âçâåøåííîãî âåùåñòâà, îöåíèâà-
ëèñü ñêîðîñòü è íàïðàâëåíèå âåòðà ïî äàííûì NCEP 
çà ïåðèîä îò íåñêîëüêèõ äíåé äî íåäåëè, ïðåäøåñò-
âóþùèé ýòîìó ñíèìêó. Îñîáåííî îòìå÷àëèñü ñëó÷àè, 
êîãäà ñêîðîñòü âåòðà ïðåâûøàëà 5–6 ì/ñ, áûëà 
íåóñòîé÷èâîé (÷åðåäîâàíèå ïåðèîäîâ íàïðÿæåíèÿ  
è ðåëàêñàöèè âåòðà) è êîãäà íàïðàâëåíèå âåòðà ìå-
íÿëîñü, ÷òî ñïîñîáñòâîâàëî ôîðìèðîâàíèþ äèíàìè-
÷åñêèõ ñòðóêòóð.  

Òàê, ðàñïðåäåëåíèÿ âçâåøåííîãî âåùåñòâà, çà-
ôèêñèðîâàííûå ñïóòíèêîâûìè ñåíñîðàìè 27 àïðåëÿ 
2017 ã. è 16 èþíÿ 2019 ã., îáóñëîâëåíû ïðåèìóùå-
ñòâåííî âëèÿíèåì âåòðîâ óñòîé÷èâîãî íàïðàâëåíèÿ 
(þãî-çàïàäíîãî è ñåâåðî-âîñòî÷íîãî ñîîòâåòñòâåííî) 
ñî ñêîðîñòÿìè 6–9 ì/ñ. Ñëó÷àè ïåðåíîñà âçâåøåí-
íîãî âåùåñòâà äèíàìè÷åñêèìè ñòðóêòóðàìè, ñôîðìè-
ðîâàííûìè ê 31 èþëÿ 2017 ã., 23 ìàðòà è 10 àâãóñòà 
2019 ã., ñâÿçàíû íå òîëüêî ñ âûñîêîé ñêîðîñòüþ âåò-
ðà (â îòäåëüíûå ïåðèîäû îò 10–12 ì/ñ è âûøå),  
íî è ñî ñìåíîé åãî íàïðàâëåíèÿ. 

Â ÷àñòíîñòè, ñèòóàöèÿ 31 èþëÿ 2017 ã. õàðàê-
òåðèçóåòñÿ íàëè÷èåì âäîëüáåðåãîâîãî êâàçèóñòîé÷è-
âîãî òå÷åíèÿ âäîëü çàïàäíîãî áåðåãà Êðûìà â íà-
ïðàâëåíèè ñ ñåâåðà íà þã ñ ïîñëåäóþùèì èçìåíå-
íèåì íàïðàâëåíèÿ íà þãî-âîñòîê âäîëü þæíîé 
÷àñòè ïîëóîñòðîâà. Åé ïðåäøåñòâîâàëî èçìåíåíèå 
íàïðàâëåíèÿ âåòðà ñ þãî-çàïàäíîãî íà ñåâåðî-çàïàä-
íîå (ñ 12:00 28 èþíÿ äî 18:00 30 èþëÿ è ÷àñòè÷íî  
äî 00:00 31 èþëÿ 2017 ã.). Ñ 06:00 29 èþëÿ 2017 ã. 
íàáëþäàëñÿ âåòåð óñòîé÷èâîãî ñåâåðî-çàïàäíîãî íà-
ïðàâëåíèÿ, çàòèõàþùèé â òå÷åíèå 42 ÷ (òàáë. 1). 

Â ñèòóàöèÿõ 25 àâãóñòà 2017 ã., 27 àïðåëÿ, 
22 ìàÿ è 19 ñåíòÿáðÿ 2018 ã. ìåõàíèçìû âåòðîâîãî 
âëèÿíèÿ áûëè áîëåå ñëîæíûìè, ñâÿçàííûìè ñ íå-
óñòîé÷èâûìè ñêîðîñòÿìè è/èëè íàïðàâëåíèÿìè 
âåòðà. Íàïðèìåð, íà ñïóòíèêîâîì èçîáðàæåíèè 
MSI S2 îò 25 àâãóñòà 2017 ã. çàôèêñèðîâàíà ñëîæ-
íàÿ ñóáìåçîìàñøòàáíàÿ âèõðåâàÿ ñòðóêòóðà çàïàä-
íåå ã. Ñåâàñòîïîëÿ, îáðàçîâàâøàÿñÿ íà «íîæêå» 
ìåçîìàñøòàáíîãî âèõðåâîãî äèïîëÿ. Ïî ðåçóëüòà-
òàì àíàëèçà äàííûõ î âåòðå ïîëó÷åíî, ÷òî ñ 06:00 
22 àâãóñòà 2017 ã. ñêîðîñòü âåòðà âîçðàñòàëà ñ ïå- 
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Ò à á ë è ö à  1  

Ñêîðîñòü è íàïðàâëåíèå âåòðà 28–31.07.2017 ã.  

Äàòà, âðåìÿ 
Ñêîðîñòü  
âåòðà, ì/ñ 

Íàïðàâëåíèå  
âåòðà 

28.07.2017 ã., 12:00 ∼ 8 ÞÇ 
28.07.2017 ã., 18:00 ∼ 10–12 ÞÇ 
29.07.2017 ã., 00:00 ∼ 10–12 Â 
29.07.2017 ã., 06:00 ∼ 12 ÑÇ 
29.07.2017 ã., 12:00 ∼ 12 ÑÇ 
29.07.2017 ã., 18:00 ∼ 6–8 ÑÇ 
30.07.2017 ã., 00:00 ∼ 6–7 ÑÇ 
30.07.2017 ã., 06:00 ∼ 6–7 ÑÇ 
30.07.2017 ã., 12:00 ∼ 6–7 ÑÇ 
30.07.2017 ã., 18:00 ∼ 2–4 ÑÇ 
31.07.2017 ã., 00:00 ∼ 2–4 ÑÇ, Ñ 
31.07.2017 ã., 00:00 ∼ 2–4 ÑÂ 

 

ðåìåíîé íàïðàâëåíèÿ ñ çàïàäíîãî íà ñåâåðî-çàïàä-
íîå, à ê 12:00 òîãî æå äíÿ ñêîðîñòü ñåâåðî-çàïàä-
íîãî âåòðà äîñòèãàëà 8–9 ì/ñ. Âûñîêàÿ ñêîðîñòü 
(∼ 6–8 ì/ñ) è ïîñòîÿííîå íàïðàâëåíèå ñîõðàíÿëèñü 
äî 12:00 ñëåäóþùèõ ñóòîê, è ýòîìó ïåðèîäó ñîîò-
âåòñòâîâàëî èíòåíñèâíîå âçìó÷èâàíèå ïðèáðåæíûõ 
âîä. Äàëåå ñ 18:00 23 àâãóñòà 2017 ã. íàáëþäàëñÿ  
 

ñëàáûé âåòåð (2–4 ì/ñ, ìåñòàìè äî 6 ì/ñ) ñ îòíî-
ñèòåëüíî íåóñòîé÷èâûì íàïðàâëåíèåì, ÷òî, âåðîÿò-
íî, è ñïîñîáñòâîâàëî ôîðìèðîâàíèþ «òîíêîé ñòðó-
êòóðû» âèõðÿ. 

Òàêèì îáðàçîì, äëÿ âñåõ ðàññìàòðèâàåìûõ 
ñëó÷àåâ ñèòóàòèâíûé âåòåð, îïðåäåëÿþùèé âûðà-
æåííîå ïðîÿâëåíèå âçâåøåííîãî âåùåñòâà íà ñíèì-
êàõ, ñâÿçàí ñî øòîðìàìè, ñî÷åòàíèåì ïåðèîäîâ âåò-
ðîâîãî íàïðÿæåíèÿ è ðåëàêñàöèè è ñ ðåçêîé ñìåíîé 
íàïðàâëåíèé. 

Ñåçîííûå õàðàêòåðèñòèêè âåòðà â ðàéîíàõ  
ìàòåðèêîâûõ ñòîêîâ. Ñ öåëüþ óñòàíîâëåíèÿ ïîâòî-
ðÿåìîñòè íàïðàâëåíèé ñèëüíîãî âåòðà, ïðèâîäÿùåãî 
ê çíà÷èòåëüíîìó ðàñïðîñòðàíåíèþ âçâåøåííîãî âå-
ùåñòâà, ïîñòðîåíû ñåçîííûå ðîçû âåòðîâ (ðèñ. 3). 
Äëÿ àíàëèçà èñïîëüçóþòñÿ äàííûå SKIRON çà 2017–
2019 ãã., ïðîñòðàíñòâåííî îñðåäíåííûå ïî ñóáðåãèî 
íàì â ïóíêòàõ âûõîäà ìàòåðèêîâûõ ñòîêîâ. Ïîâòî-
ðÿåìîñòü ñåçîííûõ íàïðàâëåíèé âåòðà óñòàíîâëåíà 
ïî ãðàäàöèÿì ñêîðîñòè ñîãëàñíî ìåæäóíàðîäíîé 
øêàëå Áîôîðòà. Ìèêðîêëèìàòè÷åñêèå îñîáåííîñòè 
ñóáðåãèîíîâ ñâÿçàíû ñ õàðàêòåðîì ðåëüåôà Êðûì-
ñêîãî ï-îâà. Êðûìñêèå ãîðû, ïðàêòè÷åñêè ïîë-
íîñòüþ ñîñòàâëÿþùèå ñóøó ñóáðåãèîíîâ Ê2 è K3  
 

 

 
Ðèñ. 3. Ñåçîííûå ðîçû âåòðîâ ïî äàííûì SKIRON çà 2017–2019 ãã. 
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è ãîðàçäî â ìåíüøåé ñòåïåíè – Ê1, îêàçûâàþò ñó-
ùåñòâåííîå âëèÿíèå íà âåòðîâóþ öèðêóëÿöèþ.  

Êàê âèäíî èç ðèñ. 3, äëÿ ñóáðåãèîíà Ê1, ñî-
îòâåòñòâóþùåãî ñòåïíîìó Êðûìó, ëåòîì è îñåíüþ 
îòìå÷àåòñÿ ïðåîáëàäàíèå þæíûõ è þãî-âîñòî÷íûõ 
âåòðîâ, ïðèâîäÿùèõ ê âçìó÷èâàíèþ ïðèáðåæíûõ 
âîä. Çèìîé âîçìîæíîé ïðè÷èíîé âçìó÷èâàíèÿ ÿâ-
ëÿåòñÿ þãî-âîñòî÷íûé âåòåð è ñðàâíèìûé ñ íèì  
ïî ïîâòîðÿåìîñòè ñåâåðíûé. Â äðóãèõ ðàéîíàõ 
âëèÿíèå îêàçûâàåò ãîðíûé ðåëüåô, ñîçäàþùèé âåò-
ðîâóþ òåíü. Ïîýòîìó íà ïîáåðåæüå Ãåðàêëåéñêîãî 
ï-îâà (Ê2) âîñòî÷íûé âåòåð ïðàêòè÷åñêè íå ðåãèñòðè-
ðóåòñÿ, à â ðàéîíå Þæíîãî áåðåãà Êðûìà (Ê3) ñëà-
áî ïðîÿâëÿþòñÿ ñåâåðíûå è ñåâåðî-çàïàäíûå âåòðà. 
Ñëåäîâàòåëüíî, ýòè íàïðàâëåíèÿ âåòðà íå ïðèâîäÿò 
ê âçìó÷èâàíèþ ïðèáðåæíûõ âîä. Ëåòîì â ñóáðåãèî-
íå Ê2 âçìó÷èâàíèå âîçíèêàåò áëàãîäàðÿ ïðåîáëàäà-
þùèì âåòðàì þãî-çàïàäíîãî è þæíîãî íàïðàâëåíèé, 
à â îñòàëüíûå ñåçîíû ê íèì îáû÷íî äîáàâëÿåòñÿ 
ñåâåðî-âîñòî÷íûé âåòåð. Â Ê3 âçìó÷èâàíèå îáóñëîâ-
ëåíî çàìåòíûì ïðåîáëàäàíèåì þãî-çàïàäíîãî âåòðà 
ëåòîì è âîñòî÷íîãî – â äðóãèå ñåçîíû.  

Àíàëèç îñàäêîâ ïî äàííûì ìåòåîñòàíöèé.  
Ïî äàííûì àðõèâà RP5 êîëè÷åñòâî îñàäêîâ, ïðåä-
øåñòâóþùèõ ðàññìàòðèâàåìûì ñïóòíèêîâûì ñíèì-
êàì (7 ñóò), ðàçäåëÿåòñÿ: íà îáèëüíûå îñàäêè (10–
30 ìì), ñïîñîáñòâóþùèå çíà÷èòåëüíîìó âûíîñó ðå-
êàìè âçìó÷åííîãî ìàòåðèàëà, îòìå÷åííûå íàêàíóíå 
27 àïðåëÿ è 25 àâãóñòà 2017 ã. (êàê è øòîðìîâîé 
âåòåð); íåáîëüøèå îñàäêè (< 10 ìì), âûçûâàþùèå 
âûíîñ íåçíà÷èòåëüíîãî êîëè÷åñòâà âçâåñè, îòìå÷åí-
íûå íàêàíóíå 31 èþëÿ 2017 è 19 ñåíòÿáðÿ 2018 ã.; 
îòñóòñòâèå îñàäêîâ (< 1 ìì) – âî âñåõ îñòàëüíûõ 
ñëó÷àÿõ, ñâèäåòåëüñòâóþùåå îá îòñóòñòâèè âêëàäà 
ñòîêà âî âçìó÷èâàíèå íà øåëüôå. Òàêèì îáðàçîì, 
íåñìîòðÿ íà ìàëûå îáúåìû ìàòåðèêîâûõ ñòîêîâ  
â ìàñøòàáàõ ïðèáðåæíîé çîíû þãî-çàïàäíîãî Êðû-
ìà, ñòîèò ó÷èòûâàòü äèíàìèêó ïåðåíîñà øåëüôîâûõ 
âîä ñ öåëüþ ïîíèìàíèÿ óñëîâèé ðàñïðîñòðàíåíèÿ 
çàãðÿçíÿþùèõ âåùåñòâ. 

Êàðòû áèîîïòè÷åñêèõ ïîêàçàòåëåé. Ïî ñíèìêàì 
MSI S2 è ñîîòâåòñòâóþùèì èçîáðàæåíèÿì MODIS, 
íà êîòîðûõ îò÷åòëèâî ðàñïîçíàþòñÿ ñèòóàöèè ðàñ-
ïðîñòðàíåíèÿ âçâåøåííîãî âåùåñòâà, ñîñòàâëåíû 
êàðòû áèîîïòè÷åñêèõ ïîêàçàòåëåé, ïðèâåäåííûå  
íà ðèñ. 4 (öâ. âêëàäêà). Õîðîøî âûäåëÿþòñÿ ñëó-
÷àè ñ âûñîêèìè çíà÷åíèÿìè index23 è index34  
áåç ðåçêèõ ôðîíòàëüíûõ èçìåíåíèé: 27 àïðåëÿ  
è 31 èþëÿ 2017 ã., 19 ñåíòÿáðÿ 2018 ã., 26 ìàðòà 
2019 ã. Â ýòèõ ñëó÷àÿõ âåðîÿòíàÿ ïðè÷èíà âûñîêî- 
ãî ñîäåðæàíèÿ âçâåøåííîãî âåùåñòâà – ýòî âîçäåé-
ñòâèå ñèëüíîãî âåòðà èëè øòîðìà, âûçûâàþùåãî 
âçìó÷èâàíèå íà ìàëûõ ãëóáèíàõ Êàëàìèòñêîãî çà-
ëèâà (Ê1), â ñî÷åòàíèè ñ íàëè÷èåì ïåñ÷àíîãî äíà. 
Îòìåòèì, ÷òî â ïðåäåëàõ ìåëêîâîäíîãî çàëèâà âçâåñü 
ìîæåò ðàñïðîñòðàíÿòüñÿ êàê âäîëü ïîáåðåæüÿ, òàê 
è â îòêðûòîå ìîðå. Ñëó÷àè ïåðåíîñà âçâåñè âäîëü 
Þæíîãî áåðåãà Êðûìà âñòðå÷àþòñÿ ðåæå, íàïðèìåð 
22 ìàÿ 2018 è 10 àâãóñòà 2019 ã. Êàê ïðàâèëî, óçêàÿ 

ïîëîñà âçâåñè òÿíåòñÿ íàä èçîáàòàìè 5–20 ì âäîëü 
þæíîé ñòîðîíû îò ã. Ñåâàñòîïîëÿ äî ïãò Ôîðîñ. 

Ïî ðåçóëüòàòàì ñîâìåñòíîãî àíàëèçà äàííûõ 
àòìîñôåðíûõ ðåàíàëèçîâ, êàðò áèîîïòè÷åñêèõ èí-
äåêñîâ è ñïóòíèêîâûõ ñíèìêîâ (ñì. ðèñ. 3, 4) óñòà-
íîâëåíà ñâÿçü ñåçîííûõ è ñèòóàòèâíûõ íàïðàâëå-
íèé âåòðà ñî ñëó÷àÿìè ïîâûøåííîãî ñîäåðæàíèÿ 
âçâåñè. Âñå íàáëþäàåìûå ñëó÷àè ïåðåíîñà âçâåøåí-
íîãî âåùåñòâà ïðîèñõîäèëè ëèáî âî âðåìÿ ñèëüíûõ 
âåòðîâ, ëèáî âñêîðå ïîñëå èõ âîçäåéñòâèÿ ïðè 
ñðåäíåé ñêîðîñòè âåòðà 7 ì/ñ. Áîëüøîå êîëè÷åñòâî 
âçâåøåííîãî âåùåñòâà îòìå÷àåòñÿ â Êàëàìèòñêîì 
çàëèâå (Ê1). Çäåñü âçìó÷èâàíèå âîçìîæíî êàê ïðè 
òèïè÷íûõ ñåçîííûõ, òàê è ïðè íåòèïè÷íûõ ñèòóà-
òèâíûõ âåòðàõ. Â ñóáðåãèîíå Ê2 ñëó÷àè ïîâûøåí-
íîãî ñîäåðæàíèÿ âçâåñè íàáëþäàþòñÿ ïðåèìóùåñò-
âåííî âåñíîé è ëåòîì ïîä äåéñòâèåì ñèòóàòèâíûõ 
âåòðîâ è ñåçîííîãî þãî-çàïàäíîãî âåòðà. Âåñíîé  
è îñåíüþ âäîëü þæíîãî ïîáåðåæüÿ Êðûìà (Ê3)  
â äíè äèñòàíöèîííîãî çîíäèðîâàíèÿ èëè íàêàíóíå 
ïðåîáëàäàë íåòèïè÷íûé þæíûé (NCEP) è õàðàê-
òåðíûé ñåçîííûé âîñòî÷íûé âåòåð.  

Ïëîùàäè âçâåøåííîãî âåùåñòâà â âåðõíåì 
ñëîå ìîðÿ. Ïëîùàäè îáëàñòåé, îãðàíè÷åííûå ëè-
íèåé, ñîîòâåòñòâóþùåé 50%-ìó çíà÷åíèþ âåðõíåé 
ãðàíèöû áèîîïòè÷åñêèõ ïîêàçàòåëåé, ðàññ÷èòàíû  
â ïðèëîæåíèÿõ Surfer 13 è QGIS 3.4. Êàðòû ýòèõ 
îáëàñòåé, ñîîòâåòñòâóþùèå ñëó÷àÿì ïîâûøåííîãî 
ñîäåðæàíèÿ âçâåñåé â 2017–2019 ãã., ïðèâåäåíû  
íà ðèñ. 5, à ñàìè çíà÷åíèÿ – â òàáë. 2. Ïëîùàäè  
ïî äàííûì MSI S2 íå ðàññ÷èòûâàëèñü (í/ä) ïðè 
íàëè÷èè ÷àñòè÷íî ñîõðàíåííîãî îòðàæåííîãî èçëó-
÷åíèÿ íà ñíèìêå. 

 
Ò à á ë è ö à  2   

Ïëîùàäè àêâàòîðèé, ìàðêèðîâàííûõ 50% ãðàíèöåé  
çíà÷åíèé ïîêàçàòåëåé index23 è index34 

Ïëîùàäü, êì2 

Äàòà 
MSI S2 MODIS 

δ, % 

27.04.2017 ã. 1411 1409 0,1 
31.07.2017 ã. 964 994 3,1 
25.08.2017 ã. 765 989 22,6 
27.04.2018 ã. 1292 1628 20,6 
22.05.2018 ã. í/ä 806 – 
19.09.2018 ã. í/ä 1350 – 
26.03.2019 ã. 1531 1989 23,0 
19.06.2019 ã. 2261 1932 14,6 
13.08.2019 ã. 1033 1337 22,7 

 

Âñå ðàññìàòðèâàåìûå ñëó÷àè ìîæíî óñëîâíî 
ðàçäåëèòü íà òðè îñíîâíûõ òèïà. 

Íåïðåðûâíîå ïîêðûòèå è îõâàò îáøèðíîé àê-
âàòîðèè êàê âäîëü áåðåãà, òàê è çíà÷èòåëüíî ìîðè-
ñòåå – 27 àïðåëÿ è 25 àâãóñòà 2017 ã. Íàêàíóíå ýòèõ 
ñëó÷àåâ çàôèêñèðîâàíî îáèëüíîå âûïàäåíèå îñàä-
êîâ, ñèòóàòèâíûé âåòåð îòëè÷àëñÿ ðåçêèìè èçìåíå-
íèÿìè ñêîðîñòè è íàïðàâëåíèÿ.  

Ðàñïðîñòðàíåíèå âáëèçè áåðåãîâîé ëèíèè 
(ïðåèìóùåñòâåííî ó Þæíîãî áåðåãà Êðûìà), ñâè-
äåòåëüñòâóþùåå î âäîëüáåðåãîâûõ òå÷åíèÿõ, ñâÿçàí-



 

 Îöåíêà ðàñïðîñòðàíåíèÿ âçâåøåííîãî âåùåñòâà ïî áèîîïòè÷åñêèì ïîêàçàòåëÿì ñ ó÷åòîì âëèÿíèÿ…  643 
 

íûõ ñ äåéñòâóþùèìè âåòðàìè. Òàêèå ñëó÷àè îòìå÷å-
íû 31 èþëÿ 2017 ã. è 19 ñåíòÿáðÿ 2018 ã. Ïî äàí-
íûì NCEP, â ýòè äíè ïðåîáëàäàëè ñîîòâåòñòâåííî 
ñåçîííûå çàïàäíûé è þæíûé âåòðû, ïðèæèìàâøèå 
âçìó÷åííûå âîäû ê áåðåãîâîé ëèíèè.  

Ôðàãìåíòèðîâàííîå ïîêðûòèå ñ îáùåé ïëîùà-
äüþ ∼ 100 êì2. Çà íåñêîëüêî äíåé äî 27 àïðåëÿ 
2018 ã. ñêîðîñòü âåòðà ðåçêî èçìåíÿëàñü, îáðàçîâû-
âàëèñü âèõðè, çàõâàòûâàþùèå è óâëåêàþùèå âçìó-
÷åííûå âîäû. Â îòäåëüíûõ ñëó÷àÿõ (18 èþíÿ 2019 ã.) 
âçìó÷èâàíèå âûçâàíî ñåçîííûì þãî-çàïàäíûì âåò-
ðîì (ðèñ. 5). 

Àíàëèç ïëîùàäåé, ìàðêèðîâàííûõ index23  
è index34 (òàáë. 2), ïîêàçûâàåò, ÷òî íàèáîëüøèé 
îõâàò àêâàòîðèè âçâåøåííûì âåùåñòâîì ïðîèñõî-
äèò â ìàðòå, àïðåëå è èþíå (1409–1989 êì2), íå-
ñêîëüêî ìåíüøå – â àâãóñòå è ñåíòÿáðå (1337–
1350 êì2). Ñðàâíåíèå ðàçìåðîâ ïëîùàäè çàãðÿçíåí-
íîé òåððèòîðèè, ðàññ÷èòàííûõ ïî äàííûì ñïóòíè-
êîâûõ äàò÷èêîâ âûñîêîãî è ñðåäíåãî ðàçðåøåíèÿ 
MSI S2 è MODIS, ïîêàçûâàåò àäåêâàòíóþ è â öå-
ëîì ñõîæóþ äèíàìèêó. Íåêîòîðûå ðàñõîæäåíèÿ 
ìîãóò áûòü ñâÿçàíû ñ íåñèíõðîííîñòüþ è ñ ìåòîäî-
ëîãè÷åñêèìè ðàçëè÷èÿìè â îáðàáîòêå ñïóòíèêîâûõ 
äàííûõ [17]. Ðàçíèöà ìåæäó ïëîùàäÿìè, çàíèìàå-
ìûìè index23 è index34, â îäèí è òîò æå äåíü 
ïðèìåðíî íà 3–23% ïîäòâåðæäàåò âîçìîæíîñòü 
äîïîëíåíèÿ äàííûõ âûñîêîãî ðàçðåøåíèÿ äàííûìè 
ñðåäíåãî ðàçðåøåíèÿ (ðèñ. 5). 

Õîòÿ â ðàìêàõ íàñòîÿùåé ðàáîòû íå ïðåäñòàâ-
ëÿåòñÿ âîçìîæíûì äåòàëüíî îöåíèòü âêëàä ðå÷íûõ 
è êîììóíàëüíûõ ñòîêîâ, àâòîðû íà îñíîâàíèè óêà- 
 

çàííîé âûøå èíôîðìàöèè è [17] ïðåäïîëàãàþò, ÷òî 
îñàäêè ñïîñîáñòâóþò óâåëè÷åíèþ êîëè÷åñòâà âçâå-
øåííîãî âåùåñòâà.  

 

Çàêëþ÷åíèå 
 

Â ðåçóëüòàòå àíàëèçà îïòè÷åñêèõ äàííûõ  
âûñîêîãî è ñðåäíåãî ðàçðåøåíèÿ âûáðàíû ñëó÷àè  
èíòåíñèâíîãî ïðîÿâëåíèÿ âçâåøåííîãî âåùåñòâà  
â ïðèáðåæíîé çîíå þãî-çàïàäíîãî Êðûìà â 2017–
2019 ãã. Äëÿ íèõ ïîñòðîåíû êàðòû áèîîïòè÷åñêèõ 
ïîêàçàòåëåé, ïîçâîëÿþùèå âûïîëíèòü îïåðàòèâíîå 
êàðòîãðàôèðîâàíèå äèíàìèêè âçâåñåé è âû÷èñëèòü 
ïëîùàäè, ìàðêèðîâàííûå 50% ãðàíèöåé çíà÷åíèé 
index23 è index34. Èñòî÷íèêîì âçâåøåííîãî âåùå-
ñòâà â ïðèáðåæíîé çîíå ÿâëÿþòñÿ ïðîöåññû âçìó-
÷èâàíèÿ ïîä âëèÿíèåì âåòðîâ âûñîêèõ ñêîðîñòåé  
(â ñðåäíåì îò 7 ì/ñ). Ïåðåíîñ âçâåøåííîãî âåùåñò-
âà îáóñëîâëåí ñèòóàòèâíûìè âåòðàìè, õàðàêòåðè-
çóþùèìèñÿ ñî÷åòàíèåì ïåðèîäîâ âåòðîâîãî íàïðÿ-
æåíèÿ è ðåëàêñàöèè, ðåçêîé ñìåíîé íàïðàâëåíèé 
âåòðà, à òàêæå äåéñòâèåì ñåçîííûõ âåòðîâ þãî-çà-
ïàäíîãî è âîñòî÷íîãî íàïðàâëåíèé. Îò÷àñòè ïëî-
ùàäü âçâåøåííîãî âåùåñòâà â ïðèáðåæíîé çîíå óâå-
ëè÷èâàåòñÿ çà ñ÷åò ïðåñíîâîäíûõ ñòîêîâ, à òàêæå 
âî âðåìÿ îáèëüíûõ îñàäêîâ, íî, â îñíîâíîì, â ïå-
ðèîä ñ ôåâðàëÿ ïî ìàðò. Îöåíêà ïëîùàäåé çàãðÿç-
íåíèÿ, ðàññ÷èòàííûõ ïî äàííûì MSI S2 è MODIS, 
ïîêàçàëà ñõîæèå ðåçóëüòàòû, ÷òî ïîäòâåðæäàåò âîç-
ìîæíîñòü èñïîëüçîâàíèÿ îáúåäèíåííûõ äàííûõ 
äâóõ ñïóòíèêîâûõ äàò÷èêîâ äëÿ ïîëó÷åíèÿ äàííûõ 
ñ ëó÷øèì ïîêðûòèåì èññëåäóåìîé îáëàñòè. 

 

 

 
Ðèñ. 5. Êàðòû ïëîùàäåé, îãðàíè÷åííûõ 50% ãðàíèöåé çíà÷åíèé èíäåêñîâ index23 è index34 äëÿ ñëó÷àåâ, ïîêàçàííûõ  
  íà ðèñ. 2 
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of suspended matter according to bio-optical indices taking into account hydrometeorological factors in the 
coastal zone of the Crimea. 

The study shows a possibility of practical application of remote sensing data for digital marking and de-
termination of the areas with a high content of suspended matter in sea coastal waters. Using the example of 
the region at the southwestern coast of Crimea, the relationship between seasonal and domestic winds and cases 
of increased suspended matter content is shown based on data of high- and medium-resolution optical satellite 
sensors in 2017–2019. The contribution of continental runoff depends on season; it is weaker compared to the 
action of the wind. The approach suggested can be useful for prompt mapping of the dynamics of suspended 
matter based on satellite observations from several sources. 

 



 
 
 

 

Ðèñ. 2. Ñëó÷àè ïîâûøåííîãî ñîäåðæàíèÿ âçâåñè ïî äàííûì âûñîêîãî (MSI S2) è ñðåäíåãî (MODIS) ðàçðåøåíèÿ  
  çà 2017–2019 ãã. 

 

 

 

 

 

Ðèñ. 4. Êàðòû áèîîïòè÷åñêèõ èíäåêñîâ äëÿ ñëó÷àåâ, ïîêàçàííûõ íà ðèñ. 2 
 

�



<<
  /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


