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Ïðèâîäèòñÿ îïèñàíèå ìàëîãàáàðèòíîãî ñóäîâîãî ïðîòî÷íîãî ôëóîðèìåòðà, êîòîðûé ïðåäíàçíà÷åí äëÿ 
èçìåðåíèÿ êîìïîíåíò ñïåêòðà èíäóöèðîâàííîé ëàçåðíîé ôëóîðåñöåíöèè ìîðñêîé âîäû. Ôëóîðèìåòð ïîçâî-
ëÿåò îïåðàòèâíî îïðåäåëÿòü êîíöåíòðàöèþ õëîðîôèëëà «À» êëåòîê ôèòîïëàíêòîíà è îöåíèâàòü óðîâåíü 
ñèãíàëà ôëóîðåñöåíöèè ðàñòâîðåííîãî îðãàíè÷åñêîãî âåùåñòâà. Êîíñòðóêòèâíî ïðåäñòàâëÿåò ñîáîé ìîíî-
áëîê (ðàçìåð 20 × 20 × 60 ñì) ñ ïðîêà÷èâàåìîé êþâåòîé, ñèñòåìîé ðåãèñòðàöèè ñïåêòðà ôëóîðåñöåíöèè, ëàçå-
ðîì (Nd:YÀG, 532 íì) è êîìïüþòåðîì. Ôëóîðèìåòð ïðåäíàçíà÷åí äëÿ èñïîëüçîâàíèÿ íà íåñïåöèàëèçèðî-
âàííûõ ñóäàõ. 

 

Ïîëó÷åíèå ýêñïðåññ-èíôîðìàöèè î ñîñòîÿíèè 
ìîðñêèõ âîäíûõ ñðåä ÿâëÿåòñÿ âàæíîé çàäà÷åé 
ýêîëîãè÷åñêîãî ìîíèòîðèíãà. Îäíèì èç ìåòîäîâ 
ïîëó÷åíèÿ òàêîé èíôîðìàöèè ÿâëÿåòñÿ ìåòîä ëà-
çåðíîé èíäóöèðîâàííîé ôëóîðåñöåíöèè (ËÈÔ), 
îñíîâàííûé íà èññëåäîâàíèè ñïåêòðîâ ôëóîðåñöåí-
öèè îðãàíè÷åñêîãî âåùåñòâà, ñîäåðæàùåãîñÿ â ìîð-
ñêîé âîäå â ðàçëè÷íûõ ôîðìàõ. Ñïåêòðû ôëóîðåñ-
öåíöèè íåñóò èíôîðìàöèþ î êîíöåíòðàöèè õëîðî-
ôèëëà «À» [1], ñîäåðæàíèè äðóãèõ ïèãìåíòîâ ôèòî-
ïëàíêòîíà [2], òèïå ìîðñêèõ âîä [3], ðàñòâîðåííîì 
îðãàíè÷åñêîì âåùåñòâå [4] è ò.ä. Ïðè èññëåäîâàíèè 
ôèòîïëàíêòîíà ìû èìååì äåëî ñ æèâûìè êëåòêàìè, 
è ïàðàìåòðû ñïåêòðîâ ôëóîðåñöåíöèè î÷åíü ñèëüíî 
çàâèñÿò îò óñëîâèé, â êîòîðûõ íàõîäèòñÿ ôèòî-
ïëàíêòîí, ïîýòîìó èçìåðåíèÿ íóæíî ïðîâîäèòü in 

situ. Ñðåäè óñòðîéñòâ, ïðåäíàçíà÷åííûõ äëÿ èññëå-
äîâàíèÿ ñïåêòðîâ ôëóîðåñöåíöèè âîäíûõ ñðåä, 
ìîæíî âûäåëèòü òðè òèïà: ëèäàðíûå óñòðîéñòâà, 
íåêîãåðåíòíûå è êîãåðåíòíûå ôëóîðèìåòðû.  

Ëèäàðíûå ñèñòåìû [5–7] ïîçâîëÿþò ïðîâîäèòü 
èçìåðåíèÿ äèñòàíöèîííî, íåïîñðåäñòâåííî ñ áîðòà 
êîðàáëÿ èëè ñ ñàìîëåòà. Äëèíà âîëíû ëèíèè ôëóî-
ðåñöåíöèè õëîðîôèëëà «À» ðàâíà 675 íì, è èçëó-
÷åíèå äàííîãî ñïåêòðàëüíîãî äèàïàçîíà çíà÷èòåëü-
íî ïîãëîùàåòñÿ ìîðñêîé âîäîé, òàêèì îáðàçîì ïî-
ëó÷åíèå èíôîðìàöèè î õëîðîôèëëå «À» âîçìîæíî 
òîëüêî ñ ñàìîãî âåðõíåãî ñëîÿ ìîðñêîé ïîâåðõíî-
ñòè. Êðîìå òîãî, ïðè ðåãèñòðàöèè ôëóîðåñöåíöèè 
ïî ëèäàðíîé ñõåìå èìååò ìåñòî ñóùåñòâåííîå âëèÿ-
íèå ñîñòîÿíèÿ ìîðñêîé ïîâåðõíîñòè è ïîãîäíûõ 
óñëîâèé íà äèñïåðñèþ èíòåíñèâíîñòè ñèãíàëà 
ôëóîðåñöåíöèè. 

Îïèñàííûõ íåäîñòàòêîâ ëèøåíû êîãåðåíòíûå  
è íåêîãåðåíòíûå ôëóîðèìåòðû, èçìåðÿþùèå ôëóî-
ðåñöåíöèþ çàáîðòíîé âîäû â ïðîêà÷èâàåìîì âàðè-

àíòå (ïðîòî÷íûé ôëóîðèìåòð) [8] èëè ïîñðåäñòâîì 
ïîãðóæàåìîãî çîíäà [9].  

Çàäà÷à ðàçðàáîòêè ïðîòî÷íîãî ôëóîðèìåòðà, 
ïðèãîäíîãî äëÿ ïðîâåäåíèÿ èññëåäîâàíèé ñ áîðòà 
èäóùåãî ñóäíà, óæå âñòàâàëà ïåðåä íàìè ðàíåå [8] 
è áûëà ðåøåíà ñîçäàíèåì ïðîòî÷íîãî ôëóîðèìåòðà, 
îïòè÷åñêèé àíàëèçàòîð êîòîðîãî áûë ïîñòðîåí íà 
áàçå ñêàíèðóþùåãî ìîíîõðîìàòîðà, ÔÝÓ, èíòåãðà-
òîðà è ÀÖÏ. Ñêàíèðóþùèé ìîíîõðîìàòîð ñîäåð-
æàë â ñåáå äèôðàêöèîííóþ ðåøåòêó, ïîëîæåíèå 
êîòîðîé èçìåíÿëîñü øàãîâûì äâèãàòåëåì, óïðàâ-
ëÿåìûì êîìïüþòåðîì. Ïîëó÷åííûå äàííûå ïåðåâî-
äèëèñü â öèôðîâóþ ôîðìó ïðè ïîìîùè ÀÖÏ è íà-
ïðàâëÿëèñü â êîìïüþòåð. Äàííîå óñòðîéñòâî õîðî-
øî çàðåêîìåíäîâàëî ñåáÿ â õîäå ðÿäà ýêñïåäèöèé. 
 Îäíàêî áûëè âûÿâëåíû íåêîòîðûå íåäîñòàòêè. 
Âî-ïåðâûõ, èç-çà èñïîëüçîâàíèÿ ìîíîõðîìàòîðà 
ñêàíèðóþùåãî òèïà óñòðîéñòâî èìåëî íåäîñòàòî÷-
íîå ïðîñòðàíñòâåííî-âðåìåííîå ðàçðåøåíèå, êîòî-
ðîå îïðåäåëÿëîñü âðåìåíåì ñêàíèðîâàíèÿ ïî âñåìó 
ñïåêòðàëüíîìó äèàïàçîíó ïðè ñêîðîñòè ñóäíà ïî-
ðÿäêà 8 óçëîâ è ñîñòàâëÿëî 250 ì. Âî-âòîðûõ, ìå-
õàíè÷åñêèå ÷àñòè ïðèáîðà òðåáîâàëè ïîñòîÿííîé 
ïîäñòðîéêè. 

Ââèäó îáîçíà÷èâøèõñÿ ïðîáëåì áûë ðàçðàáî-
òàí êîìïàêòíûé ñóäîâîé ôëóîðèìåòð, â êîòîðîì 
îòñóòñòâóþò ñêàíèðóþùèå ÷àñòè (ðèñ. 1).  

Óñòðîéñòâî ðàáîòàåò ñëåäóþùèì îáðàçîì. Èç-
ëó÷åíèå ãåíåðèðóåòñÿ ëàçåðîì 1 è, ïðîéäÿ ÷åðåç 
îòêëîíÿþùóþ ïðèçìó 2, ïîñòóïàåò â ïðîòî÷íóþ 
êþâåòó 3 ÷åðåç îïòè÷åñêè ïðîçðà÷íîå îêíî 4. Èí-
äóöèðîâàííûé â êþâåòå 3 ñèãíàë ôëóîðåñöåíöèè 
ïîïàäàåò ÷åðåç áîêîâîå îïòè÷åñêè ïðîçðà÷íîå îêíî 
5 íà âõîäíóþ ùåëü ïîëèõðîìàòîðà 7, êîòîðûé ðàñ-
ïîëîæåí çà ñâåòîôèëüòðîì 6, óñòàíîâëåííûì äëÿ 
ïîäàâëåíèÿ ëàçåðíîãî ðàññåÿííîãî èçëó÷åíèÿ.  

11. Îïòèêà àòìîñôåðû è îêåàíà, ¹ 3. 
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Íåïîñðåäñòâåííî çà ïîëèõðîìàòîðîì ðàñïîëàãàåòñÿ 
ýëåêòðîííî-îïòè÷åñêèé ïðåîáðàçîâàòåëü (ÝÎÏ) 8, 
êîòîðûé óñèëèâàåò èçîáðàæåíèå ñïåêòðà ôëóîðåñ-
öåíöèè, à îïòè÷åñêàÿ ñèñòåìà 9 ïåðåäà÷è èçîáðà-
æåíèÿ ïåðåíîñèò èçîáðàæåíèå ñïåêòðà ñ âûõîäíîãî 
îêíà ÝÎÏ 8 íà ÷åðíî-áåëóþ öèôðîâóþ âèäåîêàìå-
ðó 10, ñèãíàë ñ êîòîðîé â îöèôðîâàííîì âèäå ïå-
ðåäàåòñÿ íà ÝÂÌ 11. Íàñîñ 12 îáåñïå÷èâàåò ïðî-
êà÷êó çàáîðòíîé âîäû ÷åðåç ïðîòî÷íóþ êþâåòó 3  
è èçìåðèòåëüíóþ êþâåòó 13, â êîòîðîé ðàñïîëîæå-
íû äàò÷èêè äëÿ èçìåðåíèÿ òåìïåðàòóðû è ñîëåíî-
ñòè ìîðñêîé âîäû.  
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Ðèñ. 1. Áëîê-ñõåìà ôëóîðèìåòðà 

 

Â êà÷åñòâå èñòî÷íèêà ëàçåðíîãî èçëó÷åíèÿ èñ-
ïîëüçóåòñÿ ìàëîãàáàðèòíûé Nd-YAG ëàçåð – Bril-
liantUltra, ñ äëèíîé âîëíû èçëó÷åíèÿ 532 íì, äëè-
òåëüíîñòüþ èìïóëüñà 8 íñ è ìàêñèìàëüíîé ýíåðãèåé 
â èìïóëüñå ïîðÿäêà 20 ìÄæ. Îïòè÷åñêàÿ ñèñòåìà 
ôîðìèðîâàíèÿ ëàçåðíîãî èçëó÷åíèÿ ïîçâîëÿåò ìå-
íÿòü â øèðîêèõ ïðåäåëàõ ïëîòíîñòü ìîùíîñòè ëà-
çåðíîãî èçëó÷åíèÿ âíóòðè îïòè÷åñêîé ïðîêà÷èâàå-
ìîé êþâåòû. 

Èñïîëüçóåìûé â óñòðîéñòâå ïîëèõðîìàòîð 
ÌÄÏ-1 îáåñïå÷èâàåò ðåãèñòðàöèþ ñïåêòðà â äèàïà-
çîíå 530–800 íì. Áëàãîäàðÿ èñïîëüçîâàíèþ ñîîò-
âåòñòâóþùèõ øèðîêîïîëîñíûõ ôèëüòðîâ ìîæíî 
èñêëþ÷èòü íàëîæåíèå äèôðàêöèîííûõ ïîðÿäêîâ. 
Îáðàòíàÿ ëèíåéíàÿ äèñïåðñèÿ ïîëèõðîìàòîðà  
10 íì/ìì ïðè ðàçìåðå èçîáðàæåíèÿ 5 × 25 ìì ïî-
çâîëÿåò ðåãèñòðèðîâàòü îäíîâðåìåííî âåñü íåîáõî-
äèìûé ñïåêòðàëüíûé èíòåðâàë. Îïòè÷åñêàÿ ñèñòåìà 
ïåðåíîñà èçîáðàæåíèÿ ïðåäñòàâëÿåò ñîáîé îáúåê-
òèâ, êîòîðûé ïåðåíîñèò èçîáðàæåíèå ñ âûõîäíîãî 
ýêðàíà ÝÎÏ íà ÏÇÑ-ìàòðèöó êàìåðû. Â êà÷åñòâå 
ðåãèñòðèðóþùåãî ïðèáîðà áûëà âûáðàíà ÷åðíî-
áåëàÿ ÏÇÑ-ìàòðèöà ñ ÷óâñòâèòåëüíîñòüþ 10–3 ëê. 
Íà ðèñ. 2 ïîêàçàí âíåøíèé âèä ìàëîãàáàðèòíîãî 
ïðîòî÷íîãî ôëóîðèìåòðà. 

Èñïîëíåíèå ìàëîãàáàðèòíîãî ëàçåðà Brilliant- 
Ultra è êîðïóñà ôëóîðèìåòðà ïîçâîëÿåò èñïîëüçî-
âàòü åãî íà íåïðèñïîñîáëåííûõ ñóäàõ. Ïðîêà÷êà ìîð-
ñêîé âîäû ÷åðåç êþâåòó îñóùåñòâëÿåòñÿ ñïåöèàëüíûì 
íàñîñîì ÷åðåç ïëàñòèêîâûé øëàíã ïî õîäó ñóäíà. 
Ðàçìåðû ôëóîðèìåòðà 20 × 20 × 60 ñì, ìàññà 10 êã.  

 Íà ðèñ. 3 ïðèâåäåí ïðèìåð ËÈÔ-ñïåêòðà ìîð-
ñêîé âîäû, ïîëó÷åííûé íà àêâàòîðèè çàëèâà Ïåòðà 
Âåëèêîãî â ïåðèîä öâåòåíèÿ âîäîðîñëåé â àïðåëå 
2006 ã. (ïðè íàêîïëåíèè ïî 100 ëàçåðíûì èìïóëü-
ñàì ñ ÷àñòîòîé ïîâòîðåíèÿ 10 Ãö). 

 

 

Ðèñ. 2. Ìàëîãàáàðèòíûé ïðîòî÷íûé ôëóîðèìåòð 
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560 600 640 680 720 λ, íì

I, îòí. åä.

 

Ðèñ. 3. ËÈÔ-ñïåêòð ìîðñêîé âîäû, ïîëó÷åííûé íà ìàëî-
ãàáàðèòíîì ëàçåðíîì ôëóîðèìåòðå (I – èíòåíñèâíîñòü  
 ñèãíàëà) 

 

Ìàêñèìóì íà äëèíå âîëíû 650 íì ñîîòâåòñòâóåò 
êîìáèíàöèîííîìó ðàññåÿíèþ ìîðñêîé âîäû, íà äëè-
íå âîëíû 680 íì – ôëóîðåñöåíöèè õëîðîôèëëà «À». 

 

1.Ìåæåðèñ Ð. Ëàçåðíîå äèñòàíöèîííîå çîíäèðîâàíèå. 
Ì.: Ìèð, 1987. 

2.Hoge F.E., Swift R.N. Airborne simultaneous spectro-
scopic detection of laser-induced water Raman backscat-
ter and fluorescence from chlorophyll a and other natu-
rally occurring pigments // Appl. Opt. 1981. V. 20. 
N 18. P. 3197–3205. 

3.Áóêèí Î.À., Ïåðìÿêîâ Ì.Ñ., Ìàéîð À.Þ., Ïàâ-
ëîâ À.Í., Ñêîðîõîä Ã.Â., ×åêóíêîâà Â.Â., Öàðå-
âà Î.Ñ., Òàðõîâà Ò.È. Ñâÿçü ïàðàìåòðîâ ñïåêòðîâ 
ôëóîðåñöåíöèè ìîðñêîé âîäû, âîçáóæäàåìûõ ëàçåð-
íûì èçëó÷åíèåì, ñ òèïîì ìîðñêèõ âîä // Îïòèêà  
àòìîñô.  è  îêåàíà.  2000.  Ò. 13.  ¹ 11.  Ñ. 1011–1014. 

4.Áóêèí Î.À., Ñàëþê Ï.À., Ìàéîð À.Þ., Ïàâ-
ëîâ À.Í. Èññëåäîâàíèå ïðîöåññîâ âîñïðîèçâîäñòâà îð-



 Êîìïàêòíûé ñóäîâîé ïðîòî÷íûé ôëóîðèìåòð 285 
 

ãàíè÷åñêîãî âåùåñòâà êëåòêàìè ôèòîïëàíêòîíà ìåòî-
äîì ëàçåðíîé èíäóöèðîâàííîé ôëóîðåñöåíöèè //  
Îïòèêà  àòìîñô. è îêåàíà. 2005. Ò. 18. ¹ 11. Ñ. 8–15. 

5.Barbini R., Colao F., Fantoni R., Palucci A., Ribez- 
zo S. Differential lidar fluorosensor system used for  
phytoplankton bloom and sea water quality monitoring 
in Antarctica // Int. J. Remote Sens. 2001. V. 22. 
N 2&3. P. 369–384. 

6.Babin M., Morel A., Gentili B. Remote sensing of sea 
surface Sun-induced chlorophyll fluorescence: conse-
quences of natural variations in the optical characteris-
tics of phytoplankton and the quantum yield of chloro-
phyll a fluorescence // J. Remote Sens. 1996. V. 17. 
N 1. P. 2417–2448. 
 

7.Demidov A.A., Chekaluk A.M., Lapthenkova T.V., 
Fadeyev V.V. Remote laser monitoring of the fluores-
cent fields of organic admixtures in water from the 
board of the ship // Meteorologiya i gidrologiya. 1988. 
N 6. P. 62–70. 

8.Ìàéîð À.Þ., Áóêèí Î.À., Ïàâëîâ À.Í., Êèñåëåâ Â.Ä. 
Ñóäîâîé ëàçåðíûé ôëóîðèìåòð äëÿ èññëåäîâàíèÿ 
ñïåêòðîâ ôëóîðåñöåíöèè ìîðñêîé âîäû // Ïðèáîðû è 
òåõí. ýêñïåðèì. 2001. ¹ 4. C. 151–154. 

9.Ìàòîðèí Ä.Í., Êàçèìèðêî Þ.Â., Àíêîðè Ô., Ðó-
áèí À.Á. Èñïîëüçîâàíèå äâóõëó÷åâîãî èìïóëüñíîãî 
ïîãðóæíîãî ôëóîðèìåòðà äëÿ áèîìîíèòîðèíãà ôîòî-
ñèíòåòè÷åñêîé àêòèâíîñòè ôèòîïëàíêòîíà. http:// 
www.library.biophys.msu.ru 

 

À.Yu. Mayor, Î.À. Bukin, V.À. Krikun, Å.N. Baulo, I.A. Lastovskaja. Compact flow-type shipborne 
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 The compact shipborne pumping fluorimeter is presented in this paper. It  is intended to measure bioopti-
cal laser induced fluorescence  spectrum components: the chlorophyll «A» concentration, spectral distribution of 
the dissolved organic matter fluorescence. Fluorimeter done as monoblock with pumping optical cavity, fluores-
cence detection system (size 20 × 20 × 60 cm), laser (Nd:YaG, 532 nm) and  computer. It is possible to explore 
of the pumping fluorimeter on the non specialized vessels. 
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