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Íà ïðèìåðå ïðèáðåæíûõ âîä ×åðíîãî ìîðÿ â ðàéîíå ã. Ñåâàñòîïîëÿ â 2022–2023 ãã. ïðîâåäåíî èññëå-

äîâàíèå ñåçîííîé èçìåí÷èâîñòè âåðòèêàëüíîãî ðàñïðåäåëåíèÿ êîíöåíòðàöèè õëîðîôèëëà à (Tchl-a), ñïåê-
òðàëüíûõ ïîêàçàòåëåé ïîãëîùåíèÿ ñâåòà âñåìè îïòè÷åñêè àêòèâíûìè êîìïîíåíòàìè (ÎÀÊ) âîäíîé ñðåäû  
è ñïåêòðàëüíûõ õàðàêòåðèñòèê ñâåòà. Ïîêàçàíî, ÷òî Tchl-a â çîíå ôîòîñèíòåçà áûëà ìèíèìàëüíà çèìîé 
(0,66 ìã/ì3) è ìàêñèìàëüíà âåñíîé (3,57 ìã/ì3). Óñòàíîâëåíî äîìèíèðîâàíèå îòíîñèòåëüíîãî âêëàäà îêðà-
øåííîãî ðàñòâîðåííîãî îðãàíè÷åñêîãî âåùåñòâà â îáùåå ïîãëîùåíèå ñâåòà íà äëèíå âîëíû 438 íì âî âñå èñ-
ñëåäóåìûå ñåçîíû. Îòìå÷åíî, ÷òî îòíîñèòåëüíûé âêëàä ôèòîïëàíêòîíà â îáùåå ïîãëîùåíèå ñâåòà âñåìè 
ÎÀÊ íà äëèíå âîëíû 438 íì áûë íàèáîëüøèì â ëåòíåå âðåìÿ. Äîêàçàíî, ÷òî óâåëè÷åíèå îáùåãî ïîãëîùå-
íèÿ ñâåòà âçâåøåííûì è ðàñòâîðåííûì îðãàíè÷åñêèì âåùåñòâàìè ïðèâîäèëî ê ñóæåíèþ çîíû ôîòîñèíòåçà  
è èçìåíåíèþ ñïåêòðàëüíîãî ñîñòàâà ñâåòà â ìîðå. Âåðòèêàëüíîå ðàñïðåäåëåíèå Tchl-a è ÎÀÊ áûëî îáóñëîâ-
ëåíî ãèäðîôèçè÷åñêèìè õàðàêòåðèñòèêàìè âîä. 

 

Êëþ÷åâûå ñëîâà: õëîðîôèëë à, ôèòîïëàíêòîí, íåæèâîå âçâåøåííîå âåùåñòâî, ðàñòâîðåííîå îðãàíè÷å-
ñêîå âåùåñòâî, ïîãëîùåíèå ñâåòà, ×åðíîå ìîðå; chlorophyll a, phytoplankton, non-algal particles, dissolved 
organic matter, light absorption, Black Sea. 

 
 

Ââåäåíèå 
 

Â âîäíûõ ýêîñèñòåìàõ îòìå÷àåòñÿ âûñîêàÿ âà-
ðèàáåëüíîñòü ñîäåðæàíèÿ è ñîîòíîøåíèÿ îïòè÷åñêè 
àêòèâíûõ êîìïîíåíòîâ (ÎÀÊ) ñðåäû, ÷òî îñîáåííî 
âèäíî â ïðèáðåæíûõ âîäàõ, ïîäâåðæåííûõ âëèÿíèþ 
áåðåãîâîãî è ðå÷íîãî ñòîêîâ [1, 2]. Èç-çà óâåëè÷å-
íèÿ àíòðîïîãåííîé íàãðóçêè èññëåäîâàíèÿ ñîñòîÿ-
íèÿ âîäíîé ýêîñèñòåìû íà îñíîâå ïîêàçàòåëåé êà÷å-
ñòâà è ïðîäóêòèâíîñòè âîä ñòàíîâÿòñÿ âñå áîëåå 
àêòóàëüíûìè. Àíàëèç äàííûõ î âåðòèêàëüíîì ðàñ-
ïðåäåëåíèè êîíöåíòðàöèè õëîðîôèëëà à è ñïåê-
òðàëüíûõ ïîêàçàòåëåé ïîãëîùåíèÿ ñâåòà âñåìè ÎÀÊ 
ñðåäû ïîçâîëÿåò âûÿâèòü çàêîíîìåðíîñòè èõ èçìåí-
÷èâîñòè â çàâèñèìîñòè îò ãèäðîôèçè÷åñêèõ ôàêòî-
ðîâ ñðåäû â ðàçíûå ñåçîíû ãîäà. 
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Öåëü ðàáîòû – èññëåäîâàíèå ñåçîííîé èçìåí-
÷èâîñòè âåðòèêàëüíîãî ðàñïðåäåëåíèÿ êîíöåíòðà-
öèè õëîðîôèëëà à, ñïåêòðàëüíûõ ïîêàçàòåëåé ïî-
ãëîùåíèÿ ñâåòà ïèãìåíòàìè ôèòîïëàíêòîíà, íåæè-
âûì âçâåøåííûì âåùåñòâîì (NAP), îêðàøåííûì 
ðàñòâîðåííûì îðãàíè÷åñêèì âåùåñòâîì (CDOM),  
à òàêæå ñîîòíîøåíèÿ ìåæäó íèìè è ñïåêòðàëüíûõ 
õàðàêòåðèñòèê ñâåòà â ïðèáðåæíûõ âîäàõ ×åðíîãî 
ìîðÿ â ðàéîíå ã. Ñåâàñòîïîëÿ. 

 

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ 
 

Èçìåðåíèÿ áûëè âûïîëíåíû â 2022 ã. â ïðè-
áðåæíûõ âîäàõ íà ñòàíöèè, ðàñïîëîæåííîé íàïðî-
òèâ áóõòû Ñåâàñòîïîëüñêîé íà ðàññòîÿíèè îêîëî 
ìèëè îò áåðåãà. Îòáîð ïðîá âîäû (5 ë) ïðîèçâî-
äèëñÿ íà ðàçëè÷íûõ ãîðèçîíòàõ â ñëîå 0–38 ì  
ñ ïîìîùüþ áàòîìåòðà. Ãîðèçîíòû äëÿ îòáîðà ïðîá 
âûáèðàëè c ó÷åòîì ïðîçðà÷íîñòè âîäû, êîòîðóþ 
îöåíèâàëè ïî ãëóáèíå âèäèìîñòè äèñêà Ñåêêè (Zs). 
Ñïåêòðàëüíóþ êâàíòîâóþ îáëó÷åííîñòü èçìåðÿëè  
ñ ïîìîùüþ ïîãðóæíîãî ñïåêòðîðàäèîìåòðà RAMSES 
(TriOS) ñ øàãîì â 1 ì. Íèæíþþ ãðàíèöó çîíû ôîòî- 
ñèíòåçà (Zeu) â ×åðíîì ìîðå îöåíèâàëè ïî ãëóáèíå 
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ïðîíèêíîâåíèÿ 1% îò ïàäàþùåé íà ïîâåðõíîñòü 
ìîðÿ ôîòîñèíòåòè÷åñêè àêòèâíîé ðàäèàöèè (ÔÀÐ). 
  Êîíöåíòðàöèþ õëîðîôèëëà à è ôåîïèãìåíòîâ 
(Tchl-a) èçìåðÿëè ñïåêòðîôîòîìåòðè÷åñêèì ìåòî-
äîì [3, 4]. Äëÿ îïðåäåëåíèÿ Tchl-a è ïîêàçàòåëåé 
ïîãëîùåíèÿ ñâåòà âçâåøåííûì âåùåñòâîì (ap(λ)), 
íåæèâûì âçâåøåííûì âåùåñòâîì (aNAP(λ)) è ïèã-
ìåíòàìè ôèòîïëàíêòîíà (aph(λ)) ïðîáû âîäû (0,5–
1,5 ë) ôèëüòðîâàëè ÷åðåç ñòåêëîâîëîêíèñòûå ôèëüò-
ðû (Whatman GF/F) ïðè ñëàáîì âàêóóìå (∼ 0,2 àòì) 
â óñëîâèÿõ ñëàáîé îñâåùåííîñòè. Îïòè÷åñêèå èçìå-
ðåíèÿ ïðîâîäèëè íà äâóõëó÷åâîì ñïåêòðîôîòîìåòðå 
Lambda 35 (PerkinElmer) ñ èíòåãðèðóþùåé ñôåðîé  

â äèàïàçîíå äëèí âîëí λ = 350–750 íì. Ñïåêòðû 
ap(λ), aNAP(λ) è aph(λ) èçìåðÿëè íà óâëàæíåííûõ 
ôèëüòðàõ ïî ìåòîäèêå [5] â ñîîòâåòñòâèè ñ [6]. Äëÿ 
ðàçäåëåíèÿ ýòèõ ñïåêòðîâ ïðîáû ïîñëå èçìåðåíèé 
îïòè÷åñêîé ïëîòíîñòè âçâåñè (ODð) îáåñöâå÷èâàëè 
ãîðÿ÷èì ìåòàíîëîì [7], çàòåì ãîðÿ÷åé äèñòèëëèðî-
âàííîé âîäîé [8]. 

Ñïåêòðàëüíûå ïîêàçàòåëè ap(λ) è aNAP(λ) ðàñ-
ñ÷èòûâàëè ñëåäóþùèì îáðàçîì: 

 ð/NAP
ð/NAP

OD ( )
( ) 2,3

/
a

V S

λ

λ = ,  ì−1, (1) 

ãäå ODp/NAP – îïòè÷åñêàÿ ïëîòíîñòü ïðîáû äî  
è ïîñëå îáåñöâå÷èâàíèÿ è β-êîððåêöèè [9]; 2,3 – 
êîýôôèöèåíò ïåðåõîäà îò äåñÿòè÷íîãî ëîãàðèôìà  
ê íàòóðàëüíîìó; V – îáúåì âîäû, ì3; S – ïëîùàäü 
ðàáî÷åé ïîâåðõíîñòè ôèëüòðà, ì2. 

Ïîêàçàòåëü ïîãëîùåíèÿ ñâåòà aph(λ) íàõîäèëè 
ïî ôîðìóëå 

 ð NAPðh( ) ( ) ( ),a a aλ = λ − λ ì−1. (2) 

Óäåëüíûå ïîêàçàòåëè ïîãëîùåíèÿ ñâåòà ïèã-
ìåíòàìè ôèòîïëàíêòîíà (ì2 

⋅
 ìã−1) âû÷èñëÿëè äåëå-

íèåì aph(λ) íà Tchl-a. 
Îïðåäåëåíèå ñïåêòðàëüíûõ ïîêàçàòåëåé ïîãëî-

ùåíèÿ ñâåòà îêðàøåííûì ðàñòâîðåííûì îðãàíè÷å-
ñêèì âåùåñòâîì (aCDOM(λ)) ïðîâîäèëè â ñîîòâåòñò-
âèè ñ [10]. Ïðîáû îáúåìîì 0,2 ë ôèëüòðîâàëè ÷åðåç 
íóêëåîïîðîâûé ôèëüòð (Sartorius) ñ ïîðàìè ðàçìå-
ðîì 0,2 ìêì ïîä âàêóóìîì íå áîëåå 0,2 àòì. Ôèëüò-
ðû ïðîìûâàëè äåèîíèçèðîâàííîé âîäîé (îêîëî 
50 ìë) ïåðåä ôèëüòðîâàíèåì. Ñïåêòðû OD èçìåðÿ-
ëè îò 250 äî 750 íì ñ øàãîì 1 íì íà äâóõëó÷åâîì 
ñïåêòðîìåòðå Lambda 35 (PerkinElmer) ñ èñïîëüçî-
âàíèåì 10-ñàíòèìåòðîâûõ êâàðöåâûõ êþâåò è äåèî-
íèçèðîâàííîé âîäû â êà÷åñòâå ýòàëîíà. Ïîêàçàòåëü 
ïîãëîùåíèÿ ñâåòà ðàññ÷èòûâàëè ïî ôîðìóëå [3]: 

 CDOM

OD( )
( ) 2,3a

l

λ

λ = , ì−1, (3) 

ãäå l = 0,1 ì – îïòè÷åñêàÿ äëèíà ïóòè. 
Ñïåêòðàëüíîå ðàñïðåäåëåíèå ïîêàçàòåëÿ ïî-

ãëîùåíèÿ ñâåòà NAP èëè CDOM îïèñûâàëè ýêñïî-
íåíöèàëüíîé çàâèñèìîñòüþ 

 ( )NAP/CDOM( )

NAP/CDOM NAP/CDOM( ) ( ) e ,rS

ra a
− λ−λ

λ = λ  ì−1 

  (4) 

ãäå aNAP/CDOM(λr) – ïîêàçàòåëü ïîãëîùåíèÿ ñâåòà 
NAP èëè CDOM íà êîíêðåòíîé äëèíå âîëíû λr, ì

−1;  
â íàñòîÿùåì èññëåäîâàíèè λr

 = 438 íì; SNAP/CDOM – 
ïîêàçàòåëü ýêñïîíåíòû. 

 

Ðåçóëüòàòû è îáñóæäåíèå 
 

Òåìïåðàòóðà âîäû, ÔÀÐ íà ïîâåðõíîñòè ìîðÿ, 
ïðîçðà÷íîñòü âîä è íèæíÿÿ ãðàíèöà çîíû ôîòîñèí-
òåçà íà èññëåäóåìîé ñòàíöèè çíà÷èòåëüíî ðàçëè÷à-
ëèñü ïî ñåçîíàì (òàáëèöà, ðèñ. 1, 2). 

 
Ãèäðîôèçè÷åñêèå õàðàêòåðèñòèêè ïðèáðåæíûõ âîä  

×åðíîãî ìîðÿ 

Äàòà 
Òåìïåðàòóðà  

ïîâåðõíîñòè, °Ñ 
Zs,  
ì 

ÔÀÐ íà 0 ì, 
ìêÝ/ì2/ñ 

Zeu, 
ì 

16.06.2022 ã. 21,0 4,0 1220 23 
13.07.2022 ã. 24,5 3,0 1150 12 
06.10.2022 ã. 20,0 6,0 830 20 
09.11.2022 ã. 15,3 9,5 330 18 
22.02.2022 ã. 10,0 12,5 150 38 
29.11.2022 ã. 14,0 7,0 300 25 
07.03.2023 ã. 9,0 9,0 870 23 
21.03.2023 ã. 9,2 6,0 480 18 

 

Çíà÷åíèÿ è ôîðìà ñïåêòðà Ed(λ) èçìåíÿëèñü  
ñ ãëóáèíîé (ðèñ. 1), ÷òî ñâÿçàíî ñ ïîãëîùåíèåì 
ñâåòà ÎÀÊ è ñàìîé âîäîé [1]. Ïèãìåíòû ôèòî-
ïëàíêòîíà â áîëüøåé ñòåïåíè ïîãëîùàþò ñâåò  
â ñèíåì è êðàñíîì äèàïàçîíàõ ñïåêòðà, à NAP  
è CDOM – â ñèíåì è óëüòðàôèîëåòîâîì äèàïàçî-
íàõ (ðèñ. 2, öâ. âêëàäêà). Âîäà ïîãëîùàåò ñâåò  
â êðàñíîé ÷àñòè ñïåêòðà [1, 11]. Â ðåçóëüòàòå ê íèæ-
íåé ãðàíèöå çîíû ôîòîñèíòåçà ïðîíèêàåò èçëó÷å-
íèå, ñïåêòðàëüíûå ñâîéñòâà êîòîðîãî õàðàêòåðèçó-
þòñÿ äëèíîé âîëíû ìàêñèìóìà λmax ñïåêòðà Ed(λ), 
êîòîðàÿ èçìåíÿëàñü îò 496 (22.02.2022 ã.) äî 544 íì 
(13.07.2022 ã.). 

Âàæíûì ïîêàçàòåëåì ïðîäóêòèâíîñòè è êà÷åñò-
âà âîä ÿâëÿåòñÿ êîíöåíòðàöèÿ îñíîâíîãî ôîòîñèí-
òåòè÷åñêè àêòèâíîãî ïèãìåíòà ôèòîïëàíêòîíà – õëî- 
ðîôèëëà à. Íà èññëåäóåìîé ñòàíöèè âåðòèêàëüíîå 
ðàñïðåäåëåíèå Tchl-a èçìåíÿëîñü â çàâèñèìîñòè îò 
ñåçîíà. Ëåòîì â ôîòè÷åñêîì ñëîå (íà îïòè÷åñêèõ 
ãëóáèíàõ îò 0 äî 4,5) çíà÷åíèå Tchl-a âàðüèðîâàëî 
îò 0,80 äî 2,20 ìã/ì3 è â ñðåäíåì ñîñòàâëÿëî 
1,40 

±
 0,43 ìã/ì3. Íà îïòè÷åñêîé ãëóáèíå 4,6 çíà-

÷åíèå Tchl-a ðàâíÿëîñü 1,80 ìã/ì3. Ìàêñèìàëüíûå 
òåìïåðàòóðíûå ãðàäèåíòû â èññëåäóåìûé ïåðèîä 
íàáëþäàëèñü â ïðèäîííîì ñëîå – íà ãëóáèíàõ 10,5 
(16.06.2022 ã.) è 9 ì (13.07.2022 ã.). Â ïðåäåëàõ 
âåðõíåãî êâàçèîäíîðîäíîãî ñëîÿ (ÂÊÑ) è ñëîÿ 
òåðìîêëèíà âåðòèêàëüíîå ðàñïðåäåëåíèå Tchl-a áû-
ëî îòíîñèòåëüíî îäíîðîäíûì 16.06 è 13.07.2022 ã. 
(ðèñ. 3, à, á) ñ íåêîòîðûì óâåëè÷åíèåì Tchl-a

 

â ÂÊÑ 
íà îïòè÷åñêèõ ãëóáèíàõ 0,8–1,2. Â îñåííèé ïåðèîä 
äèàïàçîí çíà÷åíèé Tchl-a â ôîòè÷åñêîì ñëîå ïðàê-
òè÷åñêè íå îòëè÷àëñÿ îò ëåòíåãî: 0,90–2,30 ìã/ì3 
(ñðåäíåå çíà÷åíèå ñîñòàâèëî 1,40 

±
 0,52 ìã/ì3). 

Îêîëî íèæíåé ãðàíèöû çîíû ôîòîñèíòåçà íàáëþ-
äàëîñü ñíèæåíèå Òñhl-a (1,00 

±
 0,76 ìã/ì3). Òåìïå-

ðàòóðíàÿ ñòðàòèôèêàöèÿ âîä áûëà îòìå÷åíà òîëüêî  
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Ðèñ. 1. Ñïåêòðàëüíàÿ îáëó÷åííîñòü íà ðàçíûõ ãëóáèíàõ ïðîíèêíîâåíèÿ ÔÀÐ: à – 22.02, á – 13.07, â – 6.10.2022 ã., 
   ã – 9.11, ä – 7.03, å – 21.03.2023 ã. 

 

 
Ðèñ. 3. Âåðòèêàëüíîå ðàñïðåäåëåíèå êîíöåíòðàöèè õëîðîôèëëà à â ñóììå ñ ôåîïèãìåíòàìè (òî÷êè), òåìïåðàòóðû (øòðè-
õîâàÿ êðèâàÿ), ïðîíèêàþùåé ôîòîñèíòåòè÷åñêè àêòèâíîé ðàäèàöèè (ñïëîøíàÿ êðèâàÿ) â ïðèáðåæíîé çîíå ×åðíîãî ìîðÿ:  
  à – 16.06, á – 13.07, â – 6.10, ã – 9.11, ä – 22.02, å – 29.11.2022 ã., æ – 7.03, ç – 21.03.2023 ã. 
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6.10.2022 ã. ñ ìàêñèìàëüíûì òåìïåðàòóðíûì ãðàäè-
åíòîì íà îïòè÷åñêîé ãëóáèíå 4,6. Âåðòèêàëüíîå 
ðàñïðåäåëåíèå Tchl-a õàðàêòåðèçîâàëîñü ñíèæåíèåì 

çíà÷åíèé îïòè÷åñêîé ãëóáèíû îò 4,6 äî 6,2 

(ðèñ. 3, â). Â íîÿáðå âåðòèêàëüíîå ðàñïðåäåëåíèå 
Tchl-a áûëî îäíîðîäíûì (ðèñ. 3, ã). Çèìà îòëè÷à-
ëàñü áîëåå íèçêèìè çíà÷åíèÿìè Tchl-a. Â ïðåäåëàõ 
çîíû ôîòîñèíòåçà çíà÷åíèå Tchl-a íàõîäèëîñü  
â äèàïàçîíå îò 0,60 äî 1,00 ìã/ì3 è â ñðåäíåì ðàâ-
íÿëîñü 0,80 

±
 0,16 ìã/ì3. Íèæå çîíû ôîòîñèíòåçà 

Tchl-a ñîñòàâëÿëà 0,70 ìã/ì3. 
Òàê êàê ñòàíöèÿ îòáîðà ïðîá íàõîäèòñÿ â ïðè-

áðåæíûõ âîäàõ Ñåâàñòîïîëÿ, òî ñåçîííàÿ äèíàìèêà 
Tchl-a îòëè÷àåòñÿ îò ãëóáîêîâîäíûõ ðàéîíîâ, ãäå 
çèìîé ïðîèñõîäèò óâåëè÷åíèå äàííîãî ïîêàçàòåëÿ, 
îáóñëîâëåííîå ïîäúåìîì áèîãåííûõ ýëåìåíòîâ ñ ãëó-
áèíû â ðåçóëüòàòå ýðîçèè ïèêíîêëèíà. Ìèíèìàëü-
íûìè êîíöåíòðàöèÿìè õëîðîôèëëà à â ãîäîâîé äè-
íàìèêå îáóñëîâëåíà áîëåå âûñîêàÿ ïðîçðà÷íîñòü 
âîä â ôåâðàëå ïî ñðàâíåíèþ ñ äðóãèìè ïåðèîäàìè 
ãîäà. Â öåëîì â õîëîäíûé ïåðèîä, äëÿ êîòîðîãî 
õàðàêòåðíî àêòèâíîå ïåðåìåøèâàíèå âîä, ìîæíî 
îòìåòèòü áîëåå îäíîðîäíîå ðàñïðåäåëåíèå Tchl-a,  
÷åì ëåòîì (ðèñ. 3, ä, å). Ðàííåé âåñíîé íàáëþ- 
äàëèñü îòíîñèòåëüíî âûñîêèå, â ñðàâíåíèè ñ äðó-
ãèìè ñåçîíàìè, çíà÷åíèÿ Tchl-a êàê â ôîòè÷åñêîì 
ñëîå (2,60 

±
 0,55 ìã/ì3), òàê è ãëóáæå (2,50 

± 
±

 0,87 ìã/ì3) (ðèñ. 3, æ, ç). Â ñðåäíåì çíà÷åíèÿ 
Tchl-a âåñíîé áûëè â 3,3 ðàçà âûøå, ÷åì çèìîé,  
è â 1,8 ðàç âûøå, ÷åì ëåòîì è îñåíüþ. Óâåëè÷åíèå 
Tchl-a â âåñåííèé ïåðèîä ñâÿçàíî ñ öâåòåíèåì 
ïëàíêòîííûõ âîäîðîñëåé. Â ìàðòå â ïðèáðåæíûõ 
âîäàõ ÷àñòî íàáëþäàåòñÿ ïèê ðàçâèòèÿ ôèòîïëàíê-
òîíà, ñâÿçàííûé ñ äîìèíèðîâàíèåì äèàòîìîâûõ 
âîäîðîñëåé [12–14]. 

Ôîðìà ñïåêòðîâ aph(λ) èçìåíÿëàñü â çàâèñèìî-
ñòè îò âðåìåíè ãîäà, à òàêæå ãëóáèíû â ïðåäåëàõ 
çîíû ôîòîñèíòåçà. Â ñïåêòðàõ aph(λ) îòìå÷àþòñÿ äâà 
îñíîâíûõ ïèêà: íà λ = 438 è 678 íì. Ñîîòíîøåíèå 
ìåæäó ïîêàçàòåëÿìè ïîãëîùåíèÿ â ýòèõ ïèêàõ (R) 
ëåòîì áûëî ìàêñèìàëüíûì è ñîñòàâëÿëî 2,60 

±
 0,28 

â ôîòè÷åñêîì ñëîå, à ãëóáæå – 2,40 
±

 0,10. Îñåíüþ 
íàáëþäàëîñü ñíèæåíèå R äî 2,50 

±
 0,44 è 2,30 

±
 0,03 

ñîîòâåòñòâåííî. Çèìîé ñïåêòðû aph(λ) áûëè áîëåå 

ñãëàæåííûìè, R = 2,30 
±

 0,36 è 2,2 â ôîòè÷åñêîì 
ñëîå è ãëóáæå. Â ìàðòå îòìå÷åíû ñàìûå íèçêèå çíà-
÷åíèÿ R (1,90 

±
 0,35 è 1,80 

±
 0,31 â ôîòè÷åñêîì ñëîå 

è ãëóáæå). 
Ñïåêòðû óäåëüíûõ ïîêàçàòåëåé ïîãëîùåíèÿ 

ñâåòà ïèãìåíòàìè ôèòîïëàíêòîíà *
ph( ),a λ  õàðàêòåðè-

çóþùèå ñïîñîáíîñòü ôèòîïëàíêòîíà ïîãëîùàòü ñâåò 
â ðàñ÷åòå íà åäèíè÷íóþ êîíöåíòðàöèþ õëîðîôèë-
ëà à, ÿâëÿþòñÿ íàèáîëåå èíôîðìàòèâíîé ôèçèîëî-
ãè÷åñêîé õàðàêòåðèñòèêîé ôèòîïëàíêòîíà. Â èññëå-
äóåìûé ïåðèîä íàáëþäàëîñü ñíèæåíèå äàííîãî ïî-
êàçàòåëÿ îò ëåòà (ìàêñèìàëüíûå çíà÷åíèÿ) ê âåñíå 
(ìèíèìàëüíûå çíà÷åíèÿ). Ëåòîì çíà÷åíèÿ *

ph(438)a  
è *

ph(678)a  ñîñòàâëÿëè 0,067 
±

 0,010 è 0,026 
± 

± 0,004 ì2 
⋅
 ìã−1 ñîîòâåòñòâåííî (ñì. ðèñ. 2, à). Îñå-

íüþ äàííûå ïîêàçàòåëè â ñðåäíåì áûëè ðàâíû 

0,055 
±

 0,012 è 0,022 
±

 0,002 ì2 
⋅
 ìã−1 (ñì. ðèñ. 2, á). 

Çèìîé 
*
ph(438)a  è 

*
ph(678)a  áûëè ïðèìåðíî â 1,6 ðàçà  

íèæå, ÷åì ëåòîì (ñì. ðèñ. 2, â). Âåñíîé çíà÷åíèÿ 
*
ph(438)a  (0,027 

±
 0,010 ì2 

⋅
 ìã−1) è *

ph(678)a  (0,015 
± 

±
 0,004 ì2 

⋅
 ìã−1) áûëè â 2,5 ðàçà íèæå, ÷åì ëåòîì 

(ñì. ðèñ. 2, ã). 
Ñåçîííàÿ äèíàìèêà *

ph( )a λ  ñâÿçàíà «ýôôåêòîì 
óïàêîâêè» ïèãìåíòîâ â êëåòêàõ, êîòîðûé çàâèñèò îò 
âíóòðèêëåòî÷íîé êîíöåíòðàöèè ïèãìåíòîâ è ðàçìå-
ðà êëåòîê ïëàíêòîííûõ âîäîðîñëåé [15]. Âûñîêàÿ 
êîíöåíòðàöèÿ ïèãìåíòîâ â êëåòêàõ ïðèâîäèò ê èõ 
ñàìîçàòåíåíèþ, ÷òî óñèëèâàåòñÿ â êðóïíûõ êëåò- 
êàõ [15]. Èçìåíåíèÿ *

ph(438)a  ñâÿçàíû ñ ñóììàðíûì 
âëèÿíèåì «ýôôåêòà óïàêîâêè» õëîðîôèëëà à  

è âñïîìîãàòåëüíûõ ïèãìåíòîâ. Â óñëîâèÿõ âûñîêîé 

îñâåùåííîñòè (ëåòîì è îñåíüþ) ïîâûøàåòñÿ îòíîñè-
òåëüíîå ñîäåðæàíèå êàðîòèíîèäîâ, âûïîëíÿþùèõ 
ôîòîïðîòåêòîðíóþ ôóíêöèþ, â õîäå àêêëèìàòèçà-
öèè, íàïðàâëåííîé íà ìèíèìèçàöèþ ïîâðåæäåíèÿ 
ôîòîñèíòåòè÷åñêîãî àïïàðàòà, êîòîðîå ìîæåò âîç-
íèêíóòü â ðåçóëüòàòå âîçäåéñòâèÿ èçáûòî÷íîãî îá-
ëó÷åíèÿ [16]. Çèìîé è ðàííåé âåñíîé ïðè ìåíüøåé 
èíñîëÿöèè ïîâåðõíîñòè ìîðÿ îòíîñèòåëüíîå ñîäåð-
æàíèå êàðîòèíîèäîâ ñíèæàåòñÿ. Â ðåçóëüòàòå «ýô-
ôåêò óïàêîâêè» ñèëüíåå ïðîÿâëÿåòñÿ íà λ = ∼ 438 íì, 
÷åì íà λ = ∼ 678 íì, ãäå ïîãëîùåíèå ñâåòà îáóñëîâ-
ëåíî òîëüêî õëîðîôèëëîì à è ôåîôèòèíîì [17], 
÷òî ïðèâîäèò ê óìåíüøåíèþ R [15]. Ñåçîííàÿ äè-
íàìèêà *

ph(678)a  è R ïðåäñòàâëåíà íà ðèñ. 4. 
Ñïåêòðû aNAP(λ) ïîêàçàíû íà ðèñ. 2. Ëåòîì  

â ôîòè÷åñêîì ñëîå çíà÷åíèå aNAP(438), ñîîòâåòñò-
âóþùåå ìàêñèìóìó çíà÷åíèþ aph(λ) â ñèíåì äèàïà-
çîíå, ñîñòàâëÿëî â ñðåäíåì 0,074 

±
 0,030 ì−1. Â áî-

ëåå ãëóáîêîì ñëîå çíà÷åíèÿ aNAP(438) ñíèæàëèñü äî 

0,060 è 0,024 ì−1 â ëåòíèé è çèìíèé ïåðèîäû ñîîò-
âåòñòâåííî. Ìàêñèìàëüíûå çíà÷åíèÿ aNAP(438) íà-
áëþäàëèñü îñåíüþ: 0,084 

±
 0,050 ì−1 â ôîòè÷åñêîì 

ñëîå è 0,061 
±

 0,020 ì−1 â íèæåëåæàùèõ ñëîÿõ. 
Âåñíîé îòìå÷åíû ñàìûå íèçêèå çíà÷åíèÿ aNAP(438): 
0,037 

±
 0,015 è 0,031 

±
 0,005 ì−1 ñîîòâåòñòâåííî. 

Ìàêñèìàëüíûé âêëàä NAP â îáùåå ïîãëîùåíèå 
âçâåñüþ íà  λ = 438 íì îòìå÷åí 29.11.2022 ã. (75%), 
à ìèíèìàëüíûé – 7.03.2023 ã. (32%) (ðèñ. 5, è). 

Ïîãëîùåíèå CDOM ýêñïîíåíöèàëüíî óâåëè÷è-
âàåòñÿ â ñòîðîíó áîëåå êîðîòêèõ äëèí âîëí (ñì. 
ðèñ. 2). Îòìå÷åíî íåîäíîðîäíîå âåðòèêàëüíîå ðàñ-
ïðåäåëåíèå ïîêàçàòåëÿ aCDOM(438) â ëåòíåå âðåìÿ. 
Â ñðåäíåì â ôîòè÷åñêîì ñëîå aCDOM(438) ðàâíÿëñÿ 
0,094 

±
 0,005 ì−1, à ãëóáæå çíà÷åíèÿ aCDOM(438)  

óâåëè÷èâàëèñü äî 0,130 ì−1. Îñåíüþ íàáëþäàëîñü 

íàèáîëåå îäíîðîäíîå âåðòèêàëüíîå ðàñïðåäåëåíèå 

aCDOM(438) ïî ñðàâíåíèþ ñ îñòàëüíûìè ñåçîíàìè. 
Çèìîé aCDOM(438) â ôîòè÷åñêîì ñëîå ñîñòàâëÿë 
0,088 

±
 0,015 ì−1. Âåñíîé çíà÷åíèÿ aCDOM(438) íà-

õîäèëèñü â äèàïàçîíå 0,110–0,133 ì−1, óâåëè÷èâà-
ÿñü â ïðåäåëàõ èññëåäóåìîãî ñëîÿ. 

Ïîãëîùåíèå CDOM ñèëüíî âëèÿåò íà öâåò âîä 
[15, 18], îñîáåííî â ïðèáðåæíûõ ðàéîíàõ, ãäå îíî 
ÿâëÿåòñÿ îñíîâíûì ïîãëîùàþùèì âåùåñòâîì â ñè-
íåé ÷àñòè âèäèìîãî ñïåêòðà [19]. Ãëàâíûìè èñ- 
òî÷íèêàìè CDOM â ïðèáðåæíûõ âîäàõ ÿâëÿþòñÿ 
ðåêè è ãðóíòîâûå âîäû âáëèçè áåðåãîâîé ëèíèè,  
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Ðèñ. 4. Äèíàìèêà çíà÷åíèé SCDOM (à), aNAP/ap (á), R (â), *

ph(678)a  (ã), Tchl-à (ä) â ïîâåðõíîñòíîì ñëîå ìîðÿ 

 

 
Ðèñ. 5. Îòíîñèòåëüíûé âêëàä ÎÀÊ â atot(438) (à – 16.06, á – 13.07, â – 6.10, ã – 9.11, ä – 22.02, å – 29.11.2022 ã., æ – 
7.03, ç – 21.03.2023 ã.) è âåðòèêàëüíîå ðàñïðåäåëåíèå îòíîøåíèÿ aNAP(438)/ap(438) (è) è aCDOM(438) (ê) 
  â èññëåäóåìûå ïåðèîäû 

 
à òàêæå ñòî÷íûå âîäû. Ïîä âîçäåéñòâèåì ñîëíå÷íîãî 
ñâåòà âûñîêîìîëåêóëÿðíûå ñîåäèíåíèÿ CDOM ïðå-
âðàùàþòñÿ â íèçêîìîëåêóëÿðíûå, ÷òî ñîïðîâîæäàåò-

ñÿ óâåëè÷åíèåì SCDOM è ñíèæåíèåì aCDOM(438) [20]. 
Çíà÷åíèÿ SCDOM èçìåíÿëèñü íåñóùåñòâåííî ìåæäó 
ñåçîíàìè (ñì. ðèñ. 4). Ðåçêîå óâåëè÷åíèå aCDOM(438) 
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ñ ãëóáèíîé (ñì. ðèñ. 5, ê) ëåòîì ïî ñðàâíåíèþ ñ äðó-
ãèìè ñåçîíàìè, ñâÿçàíî ñ ôîòîäåãðàäàöèåé â ïîâåðõ-
íîñòíîì ñëîå. Óâåëè÷åíèå aCDOM(438) â ïðèäîííîì 
ñëîå ìîæåò áûòü ñâÿçàíî ñ äåñòðóêöèåé îðãàíè÷å-
ñêèõ ñîåäèíåíèé â äîííûõ îòëîæåíèÿõ, êîòîðàÿ ïî-
ëîæèòåëüíî ñâÿçàíà ñ òåìïåðàòóðîé. Â õîëîäíîå 
âðåìÿ ãîäà, êîãäà ïðîèñõîäèò àêòèâíîå ïåðåìåøè-
âàíèå âîä, à òàêæå êîëè÷åñòâî ïàäàþùåé íà ïî-
âåðõíîñòü ìîðÿ ñîëíå÷íîé ðàäèàöèè ñíèæàåòñÿ, 
ðàñïðåäåëåíèå ðàñòâîðåííîãî îðãàíè÷åñêîãî âåùå-
ñòâà ñòàíîâèòñÿ áîëåå îäíîðîäíûì (ñì. ðèñ. 5, ê). 
  Âî âñå èññëåäîâàííûå ïåðèîäû CDOM äî- 
ìèíèðîâàë â ïîãëîùåíèè ñâåòà íà λ = 438 íì 
(atot(438)). Âêëàä ôèòîïëàíêòîíà â atot(438) áûë 
ìàêñèìàëüíûì ëåòîì (ñì. ðèñ. 5). 

 

Çàêëþ÷åíèå 
 

Â îïòè÷åñêèå ñâîéñòâà ïðèáðåæíûõ âîä ×åðíîãî 
ìîðÿ äîìèíèðóþùèé âêëàä âíîñÿò íåæèâîå âçâå-
øåííîå âåùåñòâî è îêðàøåííîå ðàñòâîðåííîå îðãà-
íè÷åñêîå âåùåñòâî èç-çà çíà÷èòåëüíîãî àíòðîïîãåí-
íîãî è åñòåñòâåííîãî âîçäåéñòâèÿ. Ðàííåé âåñíîé 
íàáëþäàëèñü íàèáîëüøèå çíà÷åíèÿ êîíöåíòðàöèè 
õëîðîôèëëà a è ôåîïèãìåíòîâ, ÷òî ñâÿçàíî ñ «öâå-
òåíèåì» âîäû â ìàðòå, âûçâàííûì, âåðîÿòíî, àê-
òèâíûì ðàçâèòèåì êðóïíûõ âèäîâ äèàòîìîâûõ âî-
äîðîñëåé, íà ÷òî óêàçûâàåò çíà÷èòåëüíîå ñíèæåíèå 
*
ph( )a λ  è R. Â ïîâåðõíîñòíîì ñëîå âîä ìàêñèìàëüíûå 

çíà÷åíèÿ *
ph( )a λ  è R áûëè ïîëó÷åíû â ëåòíèé ïåðè-

îä, ÷òî ñâÿçàíî ñî ñíèæåíèåì âíóòðèêëåòî÷íîé 
êîíöåíòðàöèè ïèãìåíòîâ è óâåëè÷åíèåì äîëè ôîòî-
ïðîòåêòîðîâ. Â íèæíåé ÷àñòè çîíû ôîòîñèíòåçà 
ñïåêòðû *

ph( )a λ  áûëè áîëåå ñãëàæåííûå, ÷åì â ïî-
âåðõíîñòíîì ñëîå. Ëåòîì ôèòîïëàíêòîí âíîñèë 
íàèáîëüøèé îòíîñèòåëüíûé âêëàä â îáùåå ïîãëîùå-
íèå ñâåòà íà λ = 438 íì, ÷òî ìîæåò ÿâëÿòüñÿ ïðè÷è-
íîé îòíîñèòåëüíî âûñîêîé, ïî ñðàâíåíèþ ñ äðóãèìè 
ñåçîíàìè ãîäà, ìóòíîñòè âîäû. Ìèíèìàëüíûå çíà-
÷åíèÿ Tchl-a è aCDOM(438) íàáëþäàëèñü çèìîé, ÷òî 
îòðàçèëîñü íà ïðîçðà÷íîñòè âîäû. Õàðàêòåð âåðòè-
êàëüíîãî ðàñïðåäåëåíèÿ Tchl-a, NAP è CDOM  
â òå÷åíèå ãîäà èçìåíÿëñÿ è áûë îáóñëîâëåí ãèäðî-
ôèçè÷åñêèìè õàðàêòåðèñòèêàìè ïðèáðåæíûõ âîä 
×åðíîãî ìîðÿ (èçìåíåíèå èíòåíñèâíîñòè ÔÀÐ, óñ-
òîé÷èâîñòè âîäíîãî ñòîëáà). 

 

Ôèíàíñèðîâàíèå. Ðàáîòà âûïîëíåíà â ðàìêàõ 
ãîñçàäàíèÿ ¹ 121040100327-3. 

 

Ñïèñîê ëèòåðàòóðû 
 

1. Kirk J. Light and Photosynthesis in Aquatic Ecosystems. 
Cambridge: Cambridge University Press, 2011. 649 p. 

2. Babin M., Stramski D., Ferrari G., Claustre H., Bri-
caud A., Obolensky G., Hoepffner N. Variations in the 
light absorption coefficients of phytoplankton, non-algal 
particles, and dissolved organic matter in coastal waters 
around Europe // J. Geophys. Res. 2003. V. 108, 
N C7. P. 1–20. 

3. Jeffrey S.W., Humphrey G.F. New spectrophotometric 
equations for determining chlorophylls a, b, c1, and c2 
in higher plants, algae and natural phytoplankton // 
Bioch. Physiol. Pfl. 1975. V. 167, N 2. P. 191–194. 

4. Lorenzen C.J. Determination of chlorophyll and phae-
opigments: Spectrophotometric equations // Limnol. 
Oceanogr. 1967. V. 12, N 2. P. 343–346. 

5. Mitchell B.G., Kieffer D.A. Chlorophyll a specific ab- 
sorption and fluorescence excitation spectra for light-
limitated phytoplankton // Deep-Sea Res. 1988. V. 35, 
N 5. Ð. 639–663. 

6. Neeley A.R., Mannino A., Boss E., D’sa E.J., Free-
man S., Fry E., Mueller J.L., Pegau S., Reynolds R.A., 
Roesler C., Rottgers R., Stramski D., Twardowski M., 
Ronald J., Zaneveld V. Inherent Optical Property 
Measurements and Protocols: Absorption Coefficient. 
Dartmouth: IOCCG, 2018. 83 p. 

7. Kishino M., Takahashi N., Okami N., Ichimura S. Es- 
timation of the spectral absorption coefficients of phyto-
plankton in the sea // Bull. Mar. Sci. 1985. V. 37. 
P. 634–642. 

8. Roesler C.S., Perry M.J. In situ phytoplankton absorp-
tion, fluorescence emission, and particulate backscat-
tering spectra determined from reflectance // J. Geo-
phys. Res. 1995. V. 100, N C7. P. 279–294. 

9. Mitchell B.G. Algorithms for determining the absorp-
tion coefficient of aquatic particulates using the quanti-
tative filter technique // Ocean. Optic X. 1990. 
V. 1302. P. 137–148. 

10. Mannino A., Novak M.G., Nelson N.B., Belz M., Ber-
thon J.-F., Blough N.V, Boss E., Bricaud A., Cha- 
ves J., Del Castillo C., Del Vecchio R.D, D’Sa E.J., 
Freeman S., Matsuoka A., Miller R.L., Neeley A., 
Röttgers R., Tzortziou M., Werdell P.J. Measurement 
Protocol of Absorption by Chromophoric Dissolved Or-
ganic Matterr (CDOM) and other Dissolved Materials. 
Dartmouth: IOCCG, 2019. 77 p. 

11. Carder K.L., Hawes S.K., Baker K.A., Smith R.C., 
Steward R.G., Mitchell B.G. Reflectance model for 
quantifying chlorophyll a in the presence of productiv-
ity degradation products // J. Geophys. Res. 1991. 
V. 96, N C11. P. 599–611. 

12. Ôèíåíêî Ç.Ç., Ñòåëüìàõ Ë.Â., Ìàíñóðîâà È.Ì., Ãåîð- 
ãèåâà Å.Þ., Öèëèíñêèé Â.Ñ. Ñåçîííàÿ äèíàìèêà ñòðóê- 
òóðíûõ è ôóíêöèîíàëüíûõ ïîêàçàòåëåé ôèòîïëàíêòîí-
íîãî ñîîáùåñòâà â Ñåâàñòîïîëüñêîé áóõòå // Ñèñòåìû 
êîíòðîëÿ îêðóæàþùåé ñðåäû. 2017. ¹ 9. Ñ. 73–82. 

13. Ðÿáóøêî Â.È., Ùóðîâ Ñ.Â., Êîâðèãèíà Í.Ï., Ëèñèö-
êàÿ Å.Â., Ïîñïåëîâà Í.Â. Êîìïëåêñíûå èññëåäîâàíèÿ 
ýêîëîãè÷åñêîãî ñîñòîÿíèÿ ïðèáðåæíîé àêâàòîðèè Ñå-
âàñòîïîëÿ (Çàïàäíûé Êðûì, ×åðíîå ìîðå) // Ýêîëî-
ãè÷åñêàÿ áåçîïàñíîñòü ïðèáðåæíîé è øåëüôîâîé çîí 
ìîðÿ. 2020. ¹ 1. Ñ. 103–118. 

14. Ñåíè÷åâà Ì.È. Âèäîâîå ðàçíîîáðàçèå, ñåçîííàÿ è ìåæ-
ãîäîâàÿ èçìåí÷èâîñòü ìèêðîâîäîðîñëåé â ïëàíêòîíå  
ó áåðåãîâ Êðûìà // Ìèêðîâîäîðîñëè ×åðíîãî ìîðÿ: 
ïðîáëåìû ñîõðàíåíèÿ áèîðàçíîîáðàçèÿ è áèîòåõíîëî-
ãè÷åñêîãî èñïîëüçîâàíèÿ / ïîä ðåä. Þ.Í. Òîêàðåâà, 
Ç.Ç. Ôèíåíêî, Í.Â. Øàäðèíà. Ñåâàñòîïîëü: ÝÊÎÑÈ-
Ãèäðîôèçèêà, 2008. Ñ. 5–17. 

15. Morel A., Bricaud A. Theoretical results concerning 
light absorption in a discrete medium, and application 
to specific absorption of phytoplankton // Deep-Sea 
Res. 1981. V. 28A, N 11. P. 1375–1393. 

16. Demmig-Adams B. Carotenoids and photoprotection in 
plants: A role for the xanthophyll zeaxanthin // BBA – 
Bioenergetics. 1990. V. 1020. P. 1–24. 

17. Jeffrey S.W., Mantoura R.F.C., Wright S.W. Phyto-
plankton Pigments in Oceanography: Guidelines to Mod-
ern Methods. Paris: UNESCO Pub, 1997. 639 p. 

18. Carder K.L., Steward R.G., Harvey G.R., Ortner P.B. 
Marine humic and fulvic acids: Their e-ects on remote 
sensing of ocean chlorophyll // Limnol. Oceanogr. 
1989. V. 34. P. 68–81. 



 

90 Êàëìûêîâà Ä.Â., ×óðèëîâà Ò.ß., Åôèìîâà Ò.Â. è äð. 
 

19. Bukata R.P., Jerome J.H., Kondratyev A.S., Pozdnya-
kov D. Optical Properties and Remote Sensing of Inland 
and Coastal Waters. CRC Press, 1995. 384 p. 

20. Coble P. Marine optical biogeochemistry: The chemi- 
stry of ocean color // Chem. Rev. 2007. V. 107.  
P. 402–418. 

 
D.V. Kalmykova, T.Ya. Churilova, T.V. Efimova, N.A. Moiseeva, E.Yu. Skorokhod, E.A. Zemli-

anskaia. Seasonal variability of the vertical distribution of spectral bio-optical properties of the Black Sea 
coastal waters near Sevastopol. 

Seasonal variability of the vertical distribution of chlorophyll a concentration, coefficients of spectral light 
absorption by optically active components of water and, spectral downwelling irradiance has been investigated  
in coastal waters of the Black Sea near Sevastopol in 2022–2023. Concentration of phlorophyll a in euphotic 
zone was minimal in winter (0.66 mg/m3) and maximal in spring (3.57 mg/m3). It has been revealed that col-
ored dissolved organic matter was dominated in absorption at 438 nm in all the seasons. It was noted that the 
relative contribution of phytoplankton to the total non-water light absorption by all optically active compo-
nents at 438 nm was the highest in summer. It has been shown that an increase in the total light absorption by 
suspended and dissolved organic matters led to a narrowing of the euphotic zone and a change in the spectral 
features of downwelling irradiance. Vertical distribution of Tchl-a and optically active components was associ-
ated with hydrophysical characteristics of waters. 

 
 



 

 
 

 

 

 

 

 

 

 

 

 

Ðèñ. 2. Ñïåêòðû óäåëüíûõ ïîêàçàòåëåé ïîãëîùåíèÿ ñâåòà ïèãìåíòàìè ôèòîïëàíêòîíà, ïîêàçàòåëåé ïîãëîùåíèÿ ñâåòà íå-
æèâûì âçâåøåííûì âåùåñòâîì è îêðàøåííûì ðàñòâîðåííûì îðãàíè÷åñêèì âåùåñòâîì â ïðèáðåæíîé çîíå ×åðíîãî ìîðÿ: 
  à – 16.06 è 13.07.2022 ã., á – 6.10 è 9.11.2022 ã., â – 22.02 è 29.11.2022 ã., ã – 7.03 è 21.03.2023 ã. 

 

 

 

 

 

 

 

 



<<
  /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


