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ÂÎÄÎÑÕÎÂÈÙÀ Â ÓÌÎÂÀÕ ÃËÎÁÀËÜÍÈÕ
ÊË²ÌÀÒÈ×ÍÈÕ ÇÌ²Í (ÍÀ ÏÐÈÊËÀÄ²

ÊÀÍ²ÂÑÜÊÎÃÎ ÂÎÄÎÑÕÎÂÈÙÀ)

Ó ðîáîò³ ðîçãëÿíóòî áàãàòîð³÷íó äèíàì³êó ô³òîïëàíêòîíó âåëèêîãî ð³âíèííî-
ãî âîäîñõîâèùà â óìîâàõ ãëîáàëüíèõ çì³í êë³ìàòó (íà ïðèêëàä³ Êàí³âñüêîãî âîäîñõî-
âèùà, Óêðà¿íà). Ñó÷àñí³ íàòóðí³ äîñë³äæåííÿ ïðîâîäèëèñü ó ë³òí³ ñåçîíè ðîê³â, òåì-
ïåðàòóðíèé ðåæèì ÿêèõ õàðàêòåðèçóâàâñÿ ð³çíèì â³äõèëåííÿì â³ä êë³ìàòè÷íî¿ íîð-
ìè. Ïðîâåäåíî ïîð³âíÿííÿ îòðèìàíèõ ðåçóëüòàò³â ³ç ðåòðîñïåêòèâíèìè äàíèìè
ìèíóëîãî ñòîë³òòÿ. Â³äãóê ô³òîïëàíêòîíó âîäîñõîâèùà íà ãëîáàëüíå ïîòåïë³ííÿ
êë³ìàòó âêëþ÷àº: ï³äâèùåííÿ çàãàëüíî¿ ÷èñåëüíîñò³ óãðóïîâàíü, çá³ëüøåííÿ àáñî-
ëþòíî¿ á³îìàñè Cyanobacteria òà ¿õíüî¿ ÷àñòêè ó çàãàëüí³é á³îìàñ³ óãðóïîâàíü, çìåí-
øåííÿ á³îìàñè Bacillariophyta, çì³íó ñòðóêòóðíî¿ îðãàí³çàö³¿ äîì³íóþ÷îãî êîìïëåêñó,
çá³ëüøåííÿ ÷àñòêè äð³áíîêë³òèííèõ âèä³â. Íàéá³ëüø ðåïðåçåíòàòèâíèì ³íäèêàòî-
ðîì êë³ìàòè÷íèõ çì³í âèÿâèëàñü ÷àñòêà á³îìàñè Cyanobacteria, ùî ï³äòâåðäæóºòü-
ñÿ ë³òåðàòóðíèìè äàíèìè ùîäî ³íøèõ âîäîñõîâèù ñâ³òó â³ä ïîì³ðíî¿ äî òðîï³÷íî¿
çîíè.
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Âñòàíîâëåíî [34], ùî ãëîáàëüí³ çì³íè êë³ìàòó º îäí³ºþ ç íàéàêòó-
àëüí³øèõ ïðîáëåì ñüîãîäåííÿ. Óïðîäîâæ ÕÕ ñò. ñåðåäíÿ òåìïåðàòóðà
ïîâ³òðÿ ó Ï³âí³÷í³é ï³âêóë³ ï³äâèùèëàñü ïðèáëèçíî íà 0,7±0,2 oC, ³ îñ-
òàííº äåñÿòèë³òòÿ áóëî íàéòåïë³øèì. Â³äïîâ³äíî ïðîãíîçóºòüñÿ, ùî òåì-
ïåðàòóðà ïîâ³òðÿ áóäå ï³äâèùóâàòèñü ³ â ìàéáóòíüîìó. Çîêðåìà, ìîäåë³
ãëîáàëüíî¿ öèðêóëÿö³¿, ç âèêîðèñòàííÿì ñöåíàð³¿â, ÿê³ âðàõîâóþòü çðîñ-
òàííÿ âì³ñòó ä³îêñèäó âóãëåöþ òà ³íøèõ ïàðíèêîâèõ ãàç³â â àòìîñôåð³,
ïðîãíîçóþòü çá³ëüøåííÿ ñåðåäíüî¿ òåìïåðàòóðè ïîâ³òðÿ íà 1,5—5 oC äî
2100 ð. [60].

Â Óêðà¿í³, ïî÷èíàþ÷è ç 80-õ ðîê³â ìèíóëîãî ñòîë³òòÿ ³ äî òåïåð³øíüî-
ãî ÷àñó, íà âñ³é òåðèòîð³¿ ñïîñòåð³ãàºòüñÿ ñòàòèñòè÷íî çíà÷óùå ï³äâèùåí-
íÿ ÿê äåííî¿, òàê ³ í³÷íî¿ òåìïåðàòóðè ïîâ³òðÿ [6].

Âîäí³ åêîñèñòåìè º íàäçâè÷àéíî âðàçëèâèìè äî çì³í êë³ìàòó, îñ-
ê³ëüêè ¿õí³é òåðì³÷íèé ðåæèì ò³ñíî ïîâ’ÿçàíèé ³ç òåìïåðàòóðîþ ïîâ³òðÿ.
Òàê, çà îñòàíí³ 100 ðîê³â çàðåºñòðîâàíî ï³äâèùåííÿ òåìïåðàòóðè âîäè íà
1—3 oC ó òàêèõ âåëèêèõ ºâðîïåéñüêèõ ð³÷êàõ, ÿê Ðåéí òà Äóíàé [21, 61].
Âñòàíîâëåíî çðîñòàííÿ òåìïåðàòóðè âîäè ó ð³÷êîâ³é ä³ëÿíö³ Êàí³âñüêîãî
âîäîñõîâèùà íà 1,4—1,7 oC, à â îçåðí³é — íà 1,7—2,0 oC ç 1977 ïî 2012 ðð.
[1].

Ô³òîïëàíêòîí, ÿê ïåðâèííà ëàíêà, ùî ôîðìóº ïîòîêè åíåðã³¿ âîäíèõ
åêîñèñòåì, ïåðøèì ðåàãóº íà çì³íè óìîâ ñåðåäîâèùà, çóìîâëåí³ ïîòåï-
ë³ííÿì êë³ìàòó. Ïåðåáóäîâà éîãî ñòðóêòóðíî-ôóíêö³îíàëüíî¿ îðãàí³çàö³¿
ï³ä âïëèâîì ï³äâèùåíî¿ òåìïåðàòóðè ïðèçâîäèòü äî çì³í ³ íà âèùèõ
òðîô³÷íèõ ð³âíÿõ åêîñèñòåìè [54].

²íôîðìàö³éíèé ïîøóê ïîêàçàâ, ùî âåëèêèé ìàñèâ îïóáë³êîâàíèõ íà-
óêîâèõ ðîá³ò, ó ÿêèõ ðîçãëÿäàºòüñÿ âïëèâ êë³ìàòè÷íèõ çì³í íà ô³òîïëàíê-
òîí, â³äíîñèòüñÿ äî îêåàí³÷íèõ ³ ìîðñüêèõ åêîñèñòåì [18, 22, 26, 31—33,
37, 46, 53, 55].

Ùî ñòîñóºòüñÿ ïð³ñíîâîäíîãî ô³òîïëàíêòîíó, òî äîñë³äæåííÿ éîãî
â³äãóêó íà çì³íè êë³ìàòó â îñíîâíîìó çîñåðåäæåí³ íà ïðèðîäíèõ îçåðàõ
[5, 14, 23, 24, 27, 28, 30, 35, 38, 40, 44, 45, 48—52, 56, 60]. Íàïðèêëàä, ðîçãëÿ-
íóòî âïëèâ êë³ìàòè÷íèõ ôëóêòóàö³é íà òàê³ âåëèê³ îçåðà, ÿê îç. Âàøèíã-
òîí, îç. Òàõî (ÑØÀ), îç. Êîíñòàíö, Æåíåâñüêå îçåðî, Öþð³õñüêå îçåðî
(Øâåéöàð³ÿ), îïèñàíî äîâãîñòðîêîâ³ òåíäåíö³¿ ó ã³äðîô³çè÷íèõ, ã³äðî-
õ³ì³÷íèõ ³ ã³äðîá³îëîã³÷íèõ õàðàêòåðèñòèêàõ, ó òîìó ÷èñë³ ó âèäîâîìó
ñêëàä³ ô³òîïëàíêòîíó òà ïåð³îäàõ «öâ³ò³ííÿ» âîäè [60]. Ïðîàíàë³çîâàíî
ðîëü ïîòåïë³ííÿ êë³ìàòó ó áàãàòîð³÷í³é äèíàì³ö³ ô³òîïëàíêòîíó îç. Îí-
òàð³î (ÑØÀ) [24], îç. Ìéîñà (Íîðâåã³ÿ) [45], îç. Áàëõàø (Êàçàõñòàí) [40].

Ó áàãàòüîõ ðîáîòàõ íàãîëîøóºòüñÿ, ùî ñåðåä óñ³õ òàêñîí³â âîäîðîñ-
òåé, ÿê³ íàñåëÿþòü âîäíó òîâùó îçåð ñâ³òó, íàéá³ëüøå çàíåïîêîºííÿ âèê-
ëèêàþòü Cyanobacteria, ³ îäíå ³ç íàéíàãàëüí³øèõ ïèòàíü — ÿê êë³ìàòè÷í³
çì³íè ìîæóòü âïëèíóòè íà ¿õí³é ðîçâèòîê [23, 35, 38, 50—52]. Àíàë³ç íàâå-
äåíî¿ íèçêè ïóáë³êàö³é ïîêàçóº, ùî äîñ³ íå îòðèìàíî ÷³òêèõ îäíîçíà÷íèõ
âèñíîâê³â ùîäî çâ’ÿçêó ì³æ çì³íàìè êë³ìàòó òà «öâ³ò³ííÿì» âîäè ö³àíî-
áàêòåð³ÿìè. Â îñíîâíîìó öå çóìîâëåíî òèì, ùî äîñèòü ñêëàäíî â³ää³ëèòè
âïëèâ íà ô³òîïëàíêòîí êë³ìàòè÷íèõ çì³í (ïðèðîäíèõ ÷è àíòðîïîãåííèõ)

4

Ùåðáàê Â.²., Ñåìåíþê Í.ª., ßêóøèí Â.Ì.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2022. 58(4)



â³ä ä³¿ ³íøèõ ÷èííèê³â àíòðîïîãåííîãî ïîõîäæåííÿ (íàïðèêëàä, åâòðî-
ôóâàííÿ) [46].

Íà îñíîâ³ äîñë³äæåííÿ 143 îçåð ð³çíèõ øèðîò â ªâðîï³ òà Àìåðèö³
ïîêàçàíî, ùî ç ï³äâèùåííÿì òåìïåðàòóðè ÷àñòêà á³îìàñè ö³àíîáàêòåð³é
ð³çêî çðîñòàº [38]. Çá³ëüøåííÿ ðîçâèòêó Cyanobacteria ïðè ï³äâèùåíí³
òåìïåðàòóðè òàêîæ çàðåºñòðîâàíî äëÿ áîðåàëüíîãî îçåðà Ïþõÿÿðâ³ (Ô³í-
ëÿíä³ÿ) [52], îç. Íü³âå (Í³äåðëàíäè) [35], îç. Ëóíöåð (Àâñòð³ÿ) [54],
îç. Âàíêóâåð (øòàò Âàøèíãòîí, ÑØÀ) [56]. Ó íèçö³ ïóáë³êàö³é ïîâ³äîì-
ëÿºòüñÿ ïðî òå, ùî â îñòàíí³ äåñÿòèë³òòÿ çðîñëà ÷èñåëüí³ñòü ö³àíîáàê-
òåð³é òà ïîñèëèëèñü ÿâèùà «öâ³ò³ííÿ» âîäè â îç. Ê³íåðåò (²çðà¿ëü), ùî, ñå-
ðåä ³íøèõ ôàêòîð³â, ïîâ’ÿçàíî ç ïîòåïë³ííÿì êë³ìàòó [28, 30, 48, 49]. Ïå-
ðåõ³ä äî äîì³íóâàííÿ ö³àíîáàêòåð³é òàêîæ â³äì³÷åíî â îñòàíí³ ðîêè ó
ô³òîïëàíêòîí³ îçåð Ùó÷èíñüêî-Áîðîâî¿ êóðîðòíî¿ çîíè (Êàçàõñòàí) [5].

Ó òîé æå ÷àñ, íåäîñòàòíüî âèâ÷åíî âïëèâ êë³ìàòè÷íèõ çì³í íà ô³òî-
ïëàíêòîí ïðèðîäíî-øòó÷íèõ âîäíèõ åêîñèñòåì, ÿêèìè º âåëèê³ ð³âíèíí³
âîäîñõîâèùà, çîêðåìà âîäîñõîâèùà Äí³ïðîâñüêîãî êàñêàäó. Ó ïðîàíà-
ë³çîâàíèõ íàìè ïóáë³êàö³ÿõ ïî âîäîñõîâèùàõ ñâ³òó [13, 15, 16, 19, 20, 25,
36, 39, 42, 43, 47, 63] â îñíîâíîìó îïèñóºòüñÿ ñòðóêòóðà ô³òîïëàíêòîíó çà
ð³çíèõ òåìïåðàòóð âîäè, à êîíêðåòíèõ ðîá³ò, äå á ðîçãëÿäàâñÿ éîãî â³äãóê
íà çì³íè êë³ìàòó â àñïåêò³ ê³ëüêîõ äåñÿòèë³òü, ïðàêòè÷íî íåìàº. Ïðè öüî-
ìó á³ëüø³ñòü öèõ ñòàòåé ñòîñóºòüñÿ âîäîñõîâèù, ÿê³ íå çàâæäè çíàõîäÿòü-
ñÿ íà âåëèêèõ ð³âíèííèõ ð³÷êàõ, à äî òîãî æ ó ñóáòðîï³÷íèõ, òðîï³÷íèõ,
àðèäíèõ çîíàõ. Ïóáë³êàö³é ùîäî âîäîñõîâèù ïîì³ðíîãî ïîÿñó çíà÷íî
ìåíøå [13, 39, 43, 47, 63].

Ââàæàºìî, ùî àêòóàëüí³ñòü ñó÷àñíèõ äîñë³äæåíü â³äãóêó ô³òîïëàíê-
òîíó äí³ïðîâñüêèõ âîäîñõîâèù íà êë³ìàòè÷í³ çì³íè çóìîâëåíà íàñòóï-
íèì:

1) Âåëèê³ ð³âíèíí³ âîäîñõîâèùà º óí³êàëüíèìè ïðèðîäíî-øòó÷íèìè
åêîñèñòåìàìè, åêîëîã³÷í³ óìîâè ó ÿêèõ ñóòòºâî â³äð³çíÿþòüñÿ â³ä ïðèðîä-
íèõ îçåð ³ ð³÷îê.

2) Ó íàóêîâ³é ë³òåðàòóð³ ï³äêðåñëþºòüñÿ ì³çåðí³ñòü íàÿâíèõ ñó÷àñíèõ
äàíèõ òà íåîáõ³äí³ñòü äåòàëüí³øîãî ìîí³òîðèíãó äèíàì³êè «öâ³ò³ííÿ»
âîäè ö³àíîáàêòåð³ÿìè â óìîâàõ êë³ìàòè÷íèõ çì³í [23, 50, 51]. Òîìó âåëèê³
ð³âíèíí³ âîäîñõîâèùà, òàê³ ÿê äí³ïðîâñüê³, ìîæóòü ñëóãóâàòè ìîäåëüíè-
ìè îá’ºêòàìè äëÿ ïðîâåäåííÿ òàêèõ äîñë³äæåíü.

3) Äí³ïðîâñüê³ âîäîñõîâèùà º åâòðîôíèìè åêîñèñòåìàìè [57, 58], à
äîâåäåíî [51], ùî â åâòðîôíèõ âîäíèõ åêîñèñòåìàõ çì³íà êë³ìàòó âèñòó-
ïàº ïîòóæíèì «êàòàë³çàòîðîì» äëÿ ïîäàëüøîãî ïîøèðåííÿ «öâ³ò³ííÿ»
âîäè ö³àíîáàêòåð³ÿìè ó ãëîáàëüíîìó ìàñøòàá³.

4) Äí³ïðîâñüê³ âîäîñõîâèùà âèêîðèñòîâóþòüñÿ ÿê äæåðåëà ïèòíîãî
âîäîïîñòà÷àííÿ äëÿ ìàéæå 30-ì³ëüéîííîãî íàñåëåííÿ [7], à íàäì³ðíèé
ðîçâèòîê Cyanobacteria â óìîâàõ ïîòåïë³ííÿ êë³ìàòó ìîæå ñïðè÷èíèòè
íàäõîäæåííÿ ó âîäó àëüãîòîêñèí³â [3, 4], ùî ñòàíîâèòü çàãðîçó äëÿ çäî-
ðîâ’ÿ íàñåëåííÿ.
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Ìåòà ðîáîòè — äîñë³äèòè áàãàòîð³÷íó äèíàì³êó ô³òîïëàíêòîíó âåëè-

êîãî ð³âíèííîãî âîäîñõîâèùà â óìîâàõ ãëîáàëüíèõ çì³í êë³ìàòó (íà ïðè-

êëàä³ Êàí³âñüêîãî âîäîñõîâèùà, Óêðà¿íà).

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Íàòóðí³ äîñë³äæåííÿ ô³òîïëàíêòîíó ïðîâîäèëèñü íà ð³çíèõ ä³ëÿíêàõ

Êàí³âñüêîãî âîäîñõîâèùà çà ñ³òêîþ ñòàíö³é ²íñòèòóòó ã³äðîá³îëîã³¿ ÍÀÍ

Óêðà¿íè ó ë³òí³ ñåçîíè (ëèïåíü) 2017 òà 2019 ðð. Êàðòó-ñõåìó ðàéîíó

äîñë³äæåííÿ íàâåäåíî ó ïîïåðåäí³é ïóáë³êàö³¿ [8]. Ñòàíö³¿ ñïîñòåðåæåí-

íÿ âêëþ÷àëè ãëèáîêîâîäí³ ³ ì³ëêîâîäí³ á³îòîïè òàêèõ ä³ëÿíîê:
— íèæ÷å ãðåáë³ Êè¿âñüêî¿ ÃÅÑ (50o35'15'' ïí. ø., 30o30'41'' ñ. ä.);
— çàòîêà Ñîáà÷å ãèðëî (50o31'26'' ïí. ø., 30o31'34'' ñ. ä.);
— çàòîêà Îáîëîíü (50o30'31'' ïí. ø., 30o31'01'' ñ. ä.);
— î. Òðóõàí³â, íèæ÷å Ìîñêîâñüêîãî ìîñòó (50o29'18'' ïí. ø.,

30o32'32''ñ. ä.);
— âèùå ñêèäó Áîðòíèöüêî¿ ñòàíö³¿ àåðàö³¿ (50o19'13'' ïí. ø.,

30o37'38'' ñ. ä.);
— íèæ÷å ñêèäó Áîðòíèöüêî¿ ñòàíö³¿ àåðàö³¿ (50o18'59'' ïí. ø.,

30o37'53'' ñ. ä.);
— ãèðëî ð. Ëèá³äü (50o22'54'' ïí. ø., 30o34'44'' ñ. ä.);
— ðàéîí ì. Óêðà¿íêà (50o07'45'' ïí. ø., 30o46'07'' ñ. ä.).
Äëÿ âðàõóâàííÿ âåðòèêàëüíîãî ðîçïîä³ëó ô³òîïëàíêòîíó, ìîæëèâî¿

òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿, àëüãîëîã³÷í³ ïðîáè íà ãëèáîêîâîäíèõ á³î-

òîïàõ (ç ãëèáèíàìè â³ä 5,0 ì ³ á³ëüøå) â³äáèðàëè ç ïîâåðõíåâèõ, ñåðåäèí-

íèõ ³ ïðèäîííèõ ãîðèçîíò³â âîäíî¿ òîâù³.
Ô³êñàö³þ, ñåäèìåíòàö³þ, êàìåðàëüíå îïðàöþâàííÿ ïðîá ïðîâîäèëè

çã³äíî ç çàãàëüíîâ³äîìèìè ìåòîäàìè [10]. Äîì³íàíòàìè ââàæàëè âèäè,

á³îìàñà ÿêèõ ñêëàäàëà íå ìåíø í³æ 10 % â³ä çàãàëüíî¿ á³îìàñè, ñóáäîì³íà-

íòàìè — 5 %. Äîñòîâ³ðí³ñòü â³äì³ííîñòåé ñåðåäí³õ âåëè÷èí îö³íþâàëè çà

äîïîìîãîþ êðèòåð³þ Ñòüþäåíòà.
Äëÿ ïîð³âíÿííÿ ðåçóëüòàò³â ñó÷àñíèõ íàòóðíèõ äîñë³äæåíü ³ç ðåòðî-

ñïåêòèâíèìè äàíèìè âèêîðèñòàí³ àíàëîã³÷í³ ìàòåð³àëè, îïóáë³êîâàí³ â

ìîíîãðàô³¿ [12].
Êëàñòåðíèé àíàë³ç ïîä³áíîñò³ óãðóïîâàíü ô³òîïëàíêòîíó ïðîâîäèëè

çà êîåô³ö³ºíòîì Áðåÿ — Êåðò³ñà [41]. Ïåðåâàãîþ äàíîãî êîåô³ö³ºíòó º òå,

ùî â³í âðàõîâóº íå ò³ëüêè âèäîâèé ñêëàä, àëå é ê³ëüê³ñí³ ïîêàçíèêè

ïîð³âíþâàíèõ óãðóïîâàíü. Êîåô³ö³ºíò Áðåÿ — Êåðò³ñà ðîçðàõîâóâàëè çà

ôîðìóëîþ:
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— ÷èñåëüí³ñòü (á³îìàñà) i-ãî âèäó â óãðóïîâàííÿõ j ³ k â³äïîâ³äíî. Ñòàòè-
ñòè÷íèé àíàë³ç äàíèõ âèêîíóâàëè çà äîïîìîãîþ êîìï’þòåðíèõ ïðîãðàì
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Past 4.03, Statistica 6.0. Òàêñîíîì³÷íó íîìåíêëàòóðó âîäîðîñòåé íàâåäåíî
çã³äíî ç ì³æíàðîäíèì åëåêòðîííèì êàòàëîãîì AlgaeBase [29].

Ðåçóëüòàòè äîñë³äæåíü

Òåìïåðàòóðíèé ðåæèì ó ðîêè ïðîâåäåííÿ íàòóðíèõ äîñë³äæåíü. Åêñ-
ïåäèö³éí³ äîñë³äæåííÿ íà Êàí³âñüêîìó âîäîñõîâèù³ ïðîâîäèëèñü ó ë³òí³
ñåçîíè ðîê³â, ÿê³ ñóòòºâî â³äð³çíÿëèñü çà ñâî¿ì òåìïåðàòóðíèì ðåæèìîì
(òàáë. 1).

Òàê, çà äàíèìè Öåíòðàëüíî¿ ãåîô³çè÷íî¿ îáñåðâàòîð³¿ ³ì. Áîðèñà
Ñðåçíåâñüêîãî ÍÀÍ Óêðà¿íè (ÖÃÎ) [9] ñåðåäíüîì³ñÿ÷íà òåìïåðàòóðà ïî-
â³òðÿ â ì. Êèºâ³ â ëèïí³ 2017 ð. ñòàíîâèëà 20,9 oÑ. Ïðè öüîìó êë³ìàòè÷íà
íîðìà òåìïåðàòóðè ïîâ³òðÿ â ëèïí³ ïî ì. Êèºâó, ðîçðàõîâàíà íà îñíîâ³ ñå-
ðåäíüîáàãàòîð³÷íèõ äàíèõ 1961—1990 ðð., ñêëàäàº 19,3 oÑ. Îòæå, â³äõè-
ëåííÿ ñåðåäíüî¿ òåìïåðàòóðè ïîâ³òðÿ â ëèïí³ 2017 ð. â³ä êë³ìàòè÷íî¿ íîð-
ìè (�) äîð³âíþâàëî 1,6 oÑ.

Ó ëèïí³ 2019 ð. ñåðåäíüîì³ñÿ÷íà òåìïåðàòóðà ïîâ³òðÿ ñêëàäàëà
19,8 oÑ, à ¿¿ â³äõèëåííÿ â³ä êë³ìàòè÷íî¿ íîðìè — 0,5 oÑ.

Àíàë³ç äåííî¿ òåìïåðàòóðè ïîâ³òðÿ ï³ä ÷àñ åêñïåäèö³éíèõ äîñë³äæåíü
(ïåðåäîñòàíí³é òèæäåíü ëèïíÿ) ïîêàçóº, ùî â 2017 ð. âîíà êîëèâàëàñü â³ä
23,0 äî 26,0 oÑ, à â 2019 ð. — â³ä 19,0 äî 24,0 oÑ. Â³äïîâ³äíî, òåìïåðàòóðà
âîäè â ëèïí³ 2019 ð. òàêîæ áóëà íèæ÷îþ, í³æ ó ëèïí³ 2017 ð. (äèâ. òàáë. 1).

Îòæå, ìîæíà ñòâåðäæóâàòè, ùî êë³ìàòè÷í³ óìîâè âë³òêó 2017 ð. áóëè
çíà÷íî òåïë³øèìè, í³æ âë³òêó 2019 ð. Äëÿ á³ëüøî¿ íàî÷íîñò³ íàäàë³ â ðî-
áîò³ âèêîðèñòîâóâàòèìåòüñÿ óìîâíå ïîçíà÷åííÿ «á³ëüø òåïëèé ð³ê» äëÿ
2017 ð. òà «ìåíø òåïëèé ð³ê» — äëÿ 2019 ð.

Ñó÷àñíà õàðàêòåðèñòèêà ô³òîïëàíêòîíó â ðîêè ç ð³çíèì òåìïåðà-
òóðíèì ðåæèìîì. Ñòðóêòóðí³ ïîêàçíèêè. Ó ëèïí³ 2017 ð. ó ô³òîïëàíêòîí³
Êàí³âñüêîãî âîäîñõîâèùà áóëî âèÿâëåíî 64 âèäè òà âíóòð³øíüîâèäîâ³
òàêñîíè âîäîðîñòåé (â. â. ò.), ÿê³ íàëåæàëè äî øåñòè â³ää³ë³â (Cyanobacte-
ria, Bacillariophyta, Cryptophyta, Miozoa, Ochrophyta, Chlorophyta). ßäðî
ô³òîïëàíêòîíó ôîðìóâàëè òàê³ ðîäè, ÿê Microcystis, Pediastrum, Desmodes-
mus, Scenedesmus, Nitzschia. Ó ëèïí³ 2019 ð. áóëî ³äåíòèô³êîâàíî 46 â. â. ò.
âîäîðîñòåé ç øåñòè â³ää³ë³â (Cyanobacteria, Bacillariophyta, Miozoa, Och-
rophyta, Chlorophyta, Euglenozoa). Íàéá³ëüøîþ ê³ëüê³ñòþ âèä³â áóëè
ïðåäñòàâëåí³ ðîäè Aulacoseira, Navicula, Chlamydomonas, Desmodesmus.

Ñë³ä çâåðíóòè óâàãó íà â³äì³ííîñò³ ôëîðèñòè÷íî¿ ñòðóêòóðè ô³òî-
ïëàíêòîíó â ðîêè ç ð³çíèì òåìïåðàòóðíèì ðåæèìîì. Òàê, ó «ìåíø òåïëî-
ìó» 2019 ð. (� = 0,5 oÑ.) ÷àñòêà ö³àíîáàêòåð³é ñêëàäàëà 13 %, à â «á³ëüø òåï-
ëîìó» (� = 1,6 oÑ) âîíà áóëà â ï³âòîðà ðàçè âèùîþ — 20 %. Àíàëîã³÷íà çà-
êîíîì³ðí³ñòü áóëà õàðàêòåðíà ³ äëÿ çåëåíèõ âîäîðîñòåé: 33 % ó 2019 ð.
ïîð³âíÿíî ç 39 % — ó 2017 ð. Ä³àòîìîâ³ âîäîðîñò³, íàâïàêè, áóëè ïðåäñòàâ-
ëåí³ á³ëüøîþ ê³ëüê³ñòþ âèä³â ó «ìåíø òåïëîìó» ðîö³ — 41 % ó 2019 ð. ïðî-
òè 27 % ó 2017 ð.

Ôóíêö³îíàëüí³ ïîêàçíèêè. Ïîð³âíÿëüíèé àíàë³ç ê³ëüê³ñíèõ õàðàêòå-
ðèñòèê ðîçâèòêó ô³òîïëàíêòîíó ïîêàçàâ, ùî âîíè êîëèâàëèñü ó øèðîêî-
ìó ä³àïàçîí³ íàâ³òü ó ìåæàõ îäíîãî ðîêó ñïîñòåðåæåíü. Òàê, ó «á³ëüø òåï-
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ëîìó» 2017 ð. ÷èñåëüí³ñòü ô³òî-
ïëàíêòîíó â ïîâåðõíåâèõ ãîðè-
çîíòàõ âîäíî¿ òîâù³ ñêëàäàëà â³ä
3108 äî 124 155 òèñ. êë/äì3, ó ïðè-
äîííèõ ãîðèçîíòàõ — â³ä 2780 äî
25 008 òèñ. êë/äì3. Ó «ìåíø òåïëî-
ìó» 2019 ð. ÷èñåëüí³ñòü ïëàíêòîí-
íèõ âîäîðîñòåé ó ïîâåðõíåâèõ ãî-
ðèçîíòàõ çì³íþâàëàñü ó ìåæàõ
7470—38 949 òèñ. êë/äì3, ó ïðè-
äîííèõ ãîðèçîíòàõ — 4200—
40 106 òèñ. êë/äì3.

Á³îìàñà ô³òîïëàíêòîíó â
«á³ëüø òåïëîìó» 2017 ð. ñòàíîâèëà
0,78— 11,64 ã/ì3 äëÿ ïîâåðõíåâèõ
ãîðèçîíò³â ³ 0,53—2,95 ã/ì3 — äëÿ
ïðèäîííèõ. Ó «ìåíø òåïëîìó»
2019 ð. öåé ïîêàçíèê â³äïîâ³äíî
ñêëàäàâ 1,57—4,61 ã/ì3 ó ïîâåðõíå-
âèõ ãîðèçîíòàõ ³ 1,30—1,68 ã/ì3 —
ó ïðèäîííèõ.

Ó ÿêîñò³ ³ëþñòðàö³¿, ùî ï³ä-
òâåðäæóº âèùåñêàçàíå, íà ðèñóí-
êó 1 ïðåäñòàâëåíî ïðîñòîðîâèé
ðîçïîä³ë á³îìàñè ô³òîïëàíêòîíó
íà äåÿêèõ ñòàíö³ÿõ ñïîñòåðåæåííÿ
ó ëèïí³ 2017 òà 2019 ðð.

Ç ðèñóíêó âèäíî, ùî ñòðóêòó-
ðà á³îìàñè ô³òîïëàíêòîíó ó ð³çí³
ðîêè çíà÷íî â³äð³çíÿëàñü. Òàê, ó
«á³ëüø òåïëîìó» 2017 ð. ìàéæå íà
âñ³õ ñòàíö³ÿõ ñïîñòåðåæåííÿ äî-
ì³íóâàëè Cyanobacteria ç á³îìàñîþ
0,24—8,84 ã/ì3 (32—89 %) ó ïîâåð-
õíåâèõ ãîðèçîíòàõ ³ 0,02—2,44 ã/ì3

(5—82 %) ó ïðèäîííèõ ãîðèçîí-
òàõ. Á³îìàñà Bacillariophyta áóëà
çíà÷íî ìåíøîþ: 0,17— 0,47 ã/ì3 ó
ïîâåðõíåâèõ ãîðèçîíòàõ òà 0,08—
0,32 ã/ì3 — ó ïðèäîííèõ.

Ó òîé æå ÷àñ, ó «ìåíø òåïëî-
ìó» 2019 ð. îñíîâíèì öåíîçîóòâî-
ðþþ÷èì â³ää³ëîì áóëè Bacillario-
phyta. ¯õíÿ á³îìàñà äîñÿãàëà 0,63—
3,64 ã/ì3 (27— 90 %) ó ïîâåðõíåâèõ
ãîðèçîíòàõ òà 0,08—3,31 ã/ì3 (äî
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60%) ó ïðèäîííèõ ãîðèçîíòàõ. Á³îìàñà Cyanobacteria ïðè öüîìó áóëà
íèæ÷îþ ³ ñêëàäàëà 0,31—1,20 ã/ì3 ó ïîâåðõíåâèõ ãîðèçîíòàõ ³ 0,08—
0,57 ã/ì3 — ó ïðèäîííèõ.

Âèõîäÿ÷è ç âèùåíàâåäåíèõ öèôðîâèõ äàíèõ, ââàæàºìî, ùî á³îìàñè
îêðåìèõ â³ää³ë³â òà ¿õí³ â³äñîòêîâ³ ÷àñòêè º á³ëüø ÷óòëèâèìè ³íäèêàòîðà-
ìè êë³ìàòè÷íèõ çì³í, í³æ çàãàëüíà á³îìàñà (àáî ÷èñåëüí³ñòü) ô³òîïëàíê-
òîíó.

Äëÿ ï³äòâåðäæåííÿ äàíî¿ ã³ïîòåçè áóëî îö³íåíî, ÷è º ñòàòèñòè÷íî äî-
ñòîâ³ðíèìè â³äì³ííîñò³ ì³æ ñåðåäí³ìè ïîêàçíèêàìè ê³ëüê³ñíîãî ðîçâèò-
êó ô³òîïëàíêòîíó â ðîêè ç ð³çíèì òåìïåðàòóðíèì ðåæèìîì («á³ëüø òåï-
ëèì» 2017 ð. òà «ìåíø òåïëèì» 2019 ð.). Áóëî ïðîàíàë³çîâàíî òàê³ ïîêàç-
íèêè: çàãàëüíà ÷èñåëüí³ñòü (�N), çàãàëüíà á³îìàñà (�B), á³îìàñà îêðåìèõ
â³ää³ë³â (Cyanobacteria, Ochrophyta, Miozoa, Ochrophyta, Chlorophyta) òà
¿õíÿ â³äñîòêîâà ÷àñòêà ó çàãàëüí³é á³îìàñ³ ô³òîïëàíêòîíó. Äîñòîâ³ðí³ñòü
â³äì³ííîñòåé ñåðåäí³õ âåëè÷èí îö³íþâàëè çà äîïîìîãîþ êðèòåð³þ Ñòüþ-
äåíòà (òàáë. 2).

²ç ïðåäñòàâëåíèõ ó òàáëèö³ äàíèõ âèäíî, ùî ó â³äñîòêîâîìó ñï³â-
â³äíîøåíí³ Cyanobacteria òà Bacillariophyta ñïîñòåð³ãàëàñü ñòàòèñòè÷íî
äîñòîâ³ðíà ð³çíèöÿ ì³æ «á³ëüø òåïëèì» òà «ìåíø òåïëèì» ðîêàìè. Òàê,
÷àñòêà ö³àíîáàêòåð³é ó «á³ëüø òåïëîìó» 2017 ð. ñêëàäàëà 66±8 %, à â
«ìåíø òåïëîìó» 2019 ð. áóëà äîñòîâ³ðíî íèæ÷îþ — 24±6 % (t = 4,05; p =
0,003). ×àñòêà ä³àòîìîâèõ âîäîðîñòåé, íàâïàêè, äîñòîâ³ðíî çðîñòàëà â
«ìåíø òåïëîìó» ðîö³: ç 18±9 % ó 2017 ð. äî 56±11 % ó 2019 ð.
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Ðèñ. 1. Ñòðóêòóðà á³îìàñè ô³òîïëàíêòîíó Êàí³âñüêîãî âîäîñõîâèùà ó ðîêè ç ð³çíèì
â³äõèëåííÿì (�) ñåðåäíüîì³ñÿ÷íî¿ òåìïåðàòóðè â³ä êë³ìàòè÷íî¿ íîðìè: 1 — ä³ëÿíêà
íèæ÷å ãðåáë³ Êè¿âñüêî¿ ÃÅÑ, ïîâåðõíåâèé øàð; 2 — ïðèäîííèé øàð; 3 — íèæ÷å
ñ. Áîðòíè÷³, ïîâåðõíåâèé øàð; 4 — ì. Óêðà¿íêà, ïîâåðõíåâèé øàð; 5 — ì. Óêðà¿íêà,
ïðèäîííèé øàð
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Ïîä³áíó çàêîíîì³ðí³ñòü áóëî
âñòàíîâëåíî ³íøèìè äîñë³äíèêà-
ìè äëÿ ô³òîïëàíêòîíó îç. Ìàñêå-
ãîí (ÑØÀ). Òàê, 2019 ð. ó ðàéîí³
äîñë³äæåííÿ áóâ àíîìàëüíî õî-
ëîäíèì, ³ öå ïðèçâåëî äî òîãî, ùî
ä³àòîìîâ³ âîäîðîñò³ äîì³íóâàëè ó
ô³òîïëàíêòîí³ îçåðà âïðîäîâæ
óñüîãî âåãåòàö³éíîãî ñåçîíó, ôîð-
ìóþ÷è äî 75 % ÷èñåëüíîñò³ [44].

Îòæå, ââàæàºìî, ùî íà ð³âí³
â³ää³ë³â ðåïðåçåíòàòèâíèì á³î³í-
äèêàòîðîì êë³ìàòè÷íèõ çì³í º
â³äñîòêîâå ñï³ââ³äíîøåííÿ ö³àíî-
áàêòåð³é òà ä³àòîìîâèõ âîäîðîñ-
òåé.

Ö³êàâî òàêîæ âèêîðèñòàòè é
³íøèé ìåòîäè÷íèé ï³äõ³ä äî îö³í-
êè â³äãóêó ô³òîïëàíêòîíó íà
êë³ìàòè÷í³ çì³íè: äîñë³äèòè íà-
ÿâí³ñòü öüîãî ôåíîìåíó íà ð³âí³
âèä³â. Äëÿ öüîãî íàìè áóëî ïðîâå-
äåíî êëàñòåðíèé àíàë³ç âèäîâîãî
ñêëàäó ïëàíêòîííèõ âîäîðîñòåâèõ
óãðóïîâàíü ó 2017 òà 2019 ðð. çà
äîïîìîãîþ êîåô³ö³ºíòà ïîä³áíîñ-
ò³ Áðåÿ — Êåðò³ñà [41] (ðèñ. 2).

Îòðèìàíà äåíäðîãðàìà ÷³òêî
ðîçä³ëèëàñü íà äâà êëàñòåðè: ïåð-
øèé — âîäîðîñòåâ³ óãðóïîâàííÿ
2017 ð., äðóãèé — âîäîðîñòåâ³ óã-
ðóïîâàííÿ 2019 ð. Òàêèé ðîçïîä³ë
ñâ³ä÷èòü ïðî òå, ùî ñòóï³íü ïîä³á-
íîñò³ óãðóïîâàíü ó ð³çíèõ á³îòî-
ïàõ (ñòàíö³ÿõ ñïîñòåðåæåíü) â
îäèí ð³ê º çíà÷íî âèùèì, í³æ ñòó-
ï³íü ïîä³áíîñò³ óãðóïîâàíü â îä-
íîìó á³îòîï³, àëå â ð³çí³ ðîêè. ²í-
øèìè ñëîâàìè, ìîæíà ñòâåðäæó-
âàòè, ùî ïðîàíàë³çîâàí³ ïëàíê-
òîíí³ óãðóïîâàííÿ õàðàêòåðèçóâà-
ëèñü êîíòèíóàëüí³ñòþ â ïðîñòîð³,
àëå äèñêðåòí³ñòþ ó ÷àñ³. Ïðîñòî-
ðîâèé êîíòèíóóì ìîæå ïîÿñíþ-
âàòèñü òèì, ùî âñ³ äîñë³äæóâàí³
á³îòîïè ïîâ’ÿçàí³ ì³æ ñîáîþ ã³ä-
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ðîëîã³÷íî, à âåðõíÿ ÷àñòèíà Êàí³âñüêîãî âîäîñõîâèùà, ó ìåæàõ ÿêî¿ âîíè
çíàõîäÿòüñÿ, º ëîòè÷íîþ åêîñèñòåìîþ. ×àñîâà äèñêðåòí³ñòü ì³æ âîäîðîñ-
òåâèìè óãðóïîâàííÿìè ð³çíèõ ðîê³â ìîæå áóòè çóìîâëåíà ð³çíèöåþ â
¿õíüîìó òåìïåðàòóðíîìó ðåæèì³.

ßêùî îêðåìî ðîçãëÿíóòè êîæíèé ç öèõ äâîõ âåëèêèõ êëàñòåð³â, ïî-
ì³òíî, ùî â ìåæàõ êëàñòåðó 2017 ð. êîåô³ö³ºíòè Ñåðåíñåíà º çíà÷íî âèùè-
ìè, í³æ ó ìåæàõ êëàñòåðó 2019 ð.: â³äïîâ³äíî 0,64—0,70 ³ 0,37—0,43. Îòæå,
ó 2017 ð. ïëàíêòîíí³ âîäîðîñòåâ³ óãðóïîâàííÿ õàðàêòåðèçóâàëèñü ñóòòºâî
á³ëüøèì ñòóïåíåì ïîä³áíîñò³, ùî ìîæå áóòè ïîâ’ÿçàíî ç ä³ºþ ñï³ëüíîãî
åêîëîã³÷íîãî ÷èííèêà — ï³äâèùåíî¿ òåìïåðàòóðè âîäè.

Äëÿ á³ëüø ãëèáîêîãî ïîÿñíåííÿ îòðèìàíèõ êîåô³ö³ºíò³â Áðåÿ —
Êåðò³ñà òà ïîðÿäêó ðîçòàøóâàííÿ âîäîðîñòåâèõ óãðóïîâàíü íà äåíäðîã-
ðàì³ íåîáõ³äíî ïðîàíàë³çóâàòè ñï³ëüíîñò³ ³ â³äì³ííîñò³ ó âèäîâîìó ³ ê³ëü-
ê³ñíîìó ñêëàä³ óãðóïîâàíü. Ç îãëÿäó íà öå ðîçãëÿíåìî ñòðóêòóðíó îð-
ãàí³çàö³þ ¿õíüîãî äîì³íóþ÷îãî êîìïëåêñó (òàáë. 3).

²ç òàáëèö³ âèäíî, ùî â «á³ëüø òåïëîìó» 2017 ð. äîì³íóþ÷èé êîìïëåêñ
áóâ îë³ãîäîì³íàíòíèì àáî ìîíîäîì³íàíòíèì. Ê³ëüê³ñòü äîì³íàíò³â
(�10 % â³ä çàãàëüíî¿ á³îìàñè) ñêëàäàëà îäèí — äâà âèäè; ê³ëüê³ñòü ñóá-
äîì³íàíò³â (�5 % â³ä çàãàëüíî¿ á³îìàñè) — äî îäíîãî âèäó. Ïîêàçàíî, ùî
ìàéæå íà âñ³õ ñòàíö³ÿõ ñïîñòåðåæåííÿ îñíîâó á³îìàñè ô³òîïëàíêòîíó
(56—71 %) ôîðìóâàëà ö³àíîáàêòåð³ÿ Microcystis aeruginosa (K�tzing)
K�tzing (àãåíò «öâ³ò³ííÿ» âîäè). Çàâäÿêè ö³é ñï³ëüí³é ðèñ³ âîäîðîñòåâ³ óã-
ðóïîâàííÿ íà äåíäðîãðàì³ (äèâ. ðèñ. 2) îá’ºäíàëèñü â îäèí êëàñòåð 2017 ð.
ç âèñîêèì ð³âíåì ïîä³áíîñò³ (êîåô³ö³ºíòè Áðåÿ — Êåðò³ñà 0,64—0,70).

Ó òîé æå ÷àñ, ó «ìåíø òåïëîìó» 2019 ð. äîì³íóþ÷èé êîìïëåêñ ô³òî-
ïëàíêòîíó â³äð³çíÿâñÿ ïîë³äîì³íàíòíîþ ñòðóêòóðîþ. Ó êîæíîìó óãðóïî-
âàíí³ çàðåºñòðîâàíî òðè — ï’ÿòü äîì³íàíò³â ³ äî äâîõ ñóáäîì³íàíò³â. Äî
ñêëàäó äîì³íóþ÷îãî êîìïëåêñó âõîäèëè ïðåäñòàâíèêè ð³çíèõ â³ää³ë³â:
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Ðèñ. 2. Äåíäðîãðàìà ïîä³áíîñò³ ïëàíêòîííèõ âîäîðîñòåâèõ óãðóïîâàíü ð³çíèõ ä³ëÿ-
íîê Êàí³âñüêîãî âîäîñõîâèùà â ðîêè ç ð³çíèì òåìïåðàòóðíèì ðåæèìîì çà êîå-
ô³ö³ºíòîì ïîä³áíîñò³ Áðåÿ — Êåðò³ñà
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ïåðåâàæíî Bacillariophyta — Stephanodiscus hantzschii Grunow (8—24 %),
Aulacoseira granulata var. angustissima (O. M�ller) Simonsen (äî 53 %), Dis-
costella stelligera (Cleve & Grunow) Houk & Klee (äî 15 %), à òàêîæ Miozoa —
Peridinium cinctum (O.F. M�ller) Ehrenberg (äî 20 %), Cyanobacteria — Mic-
rocystis pulverea (H.C. Wood) Forti (äî 17 %). Çàçíà÷åí³ óãðóïîâàííÿ âèä³â
³ç â³ää³ë³â Bacillariophyta, Miozoa, Cyanobacteria îá’ºäíàëèñü ó äðóãèé âå-
ëèêèé êëàñòåð (äèâ. ðèñ. 2). Íà â³äì³íó â³ä óãðóïîâàíü 2017 ð., óãðóïîâàí-
íÿ 2019 ð. áóëè ïîë³äîì³íàíòíèìè, à îòæå á³ëüøîþ ì³ðîþ â³äð³çíÿëèñü
ì³æ ñîáîþ. Òîìó êîåô³ö³ºíòè Áðåÿ — Êåðò³ñà â ìåæàõ êëàñòåðó 2019 ð. º
çíà÷íî íèæ÷èìè (0,37—0,43).

Çâåðòàº íà ñåáå óâàãó, ùî ïðèäîííèé ô³òîïëàíêòîí ó ðàéîí³ ì. Óê-
ðà¿íêè º âèíÿòêîì ³ç âèùåîïèñàíî¿ çàêîíîì³ðíîñò³. ßê ó «ìåíø òåïëîìó»
2019 ð., òàê ³ «á³ëüø òåïëîìó» 2017 ð. ó öüîìó óãðóïîâàíí³ äîì³íóâàëà
ä³àòîìîâà âîäîð³ñòü Stephanodiscus hantzschii (äèâ. òàáë. 3), ùî òàêîæ
â³äîáðàçèëîñü ³ íà äåíäðîãðàì³ (äèâ. ðèñ. 2). Îäíèì ³ç ïîÿñíåíü ìîæå
áóòè âïëèâ ô³òîñòîêó ð. Êðàñíî¿, ó ÿê³é äàíèé âèä º äîì³íóþ÷èì.

Îòæå, àíàë³ç ñòðóêòóðè äîì³íóþ÷îãî êîìïëåêñó (òàáë. 3) ÷³òêî ïîÿñ-
íþº âèùåíàâåäåíó äåíäðîãðàìó (ðèñ. 2) òà ¿¿ ðîçïîä³ë íà êëàñòåðè.

Òàêèì ÷èíîì, ñòðóêòóðíî-ôóíêö³îíàëüíà îðãàí³çàö³ÿ ô³òîïëàíêòîíó
â ðîêè ç ð³çíèì òåìïåðàòóðíèì ðåæèìîì ñóòòºâî â³äð³çíÿºòüñÿ.

Ïîð³âíÿííÿ ñó÷àñíèõ äàíèõ ³ç ðåòðîñïåêòèâíèìè. Òåìïåðàòóðíèé
ðåæèì. Äëÿ á³ëüø ïîâíî¿ îö³íêè âïëèâó êë³ìàòè÷íèõ çì³í íà ñòðóêòóð-
íî-ôóíêö³îíàëüíó îðãàí³çàö³þ ô³òîïëàíêòîíó áóëî ïðîâåäåíî ïîð³âíÿí-
íÿ ðåçóëüòàò³â ñó÷àñíèõ íàòóðíèõ äîñë³äæåíü ³ç ðåòðîñïåêòèâíèìè äàíè-
ìè ìèíóëîãî ñòîë³òòÿ (1998 ð.) [12].

Çà äàíèìè ÖÃÎ [9] ñåðåäíüîì³ñÿ÷íà òåìïåðàòóðà ïîâ³òðÿ â ëèïí³
1998 ð. ñòàíîâèëà 19,5 oÑ, òîáòî íàáëèæàëàñü äî êë³ìàòè÷íî¿ íîðìè (� =
0,2 oÑ). Îòæå, 1998 ð. óìîâíî ââàæàòèìåìî «êîíòðîëüíèì» äëÿ îö³íêè
â³äãóêó ô³òîïëàíêòîíó Êàí³âñüêîãî âîäîñõîâèùà íà êë³ìàòè÷í³ çì³íè.

Ö³êàâèì ôàêòîì º òå, ùî ñåðåäíüîð³÷íà òåìïåðàòóðà ó 1998 ð. ñêëàäà-
ëà 8,1 oÑ ³ òàêîæ íàáëèæàëàñü äî êë³ìàòè÷íî¿ íîðìè 1961—1990 ð., ÿêà
äîð³âíþº 7,7 oÑ [9] (� = 0,4 oÑ). Äëÿ ïîð³âíÿííÿ, ñåðåäíüîð³÷íà òåìïåðàòó-
ðà ó 2017 ³ 2019 ðð. áóëà çíà÷íî âèùîþ ³ äîñÿãàëà â³äïîâ³äíî 9,8 oÑ (� =
2,1 oÑ) ³ 10,6 oÑ (� = 2,9 oÑ). Îòæå, ìîæíà ñòâåðäæóâàòè, ùî 2017 ³ 2019 ðð.
áóëè ñóòòºâî òåïë³øèìè, í³æ 1998 ð.

Òåìïåðàòóðíèé ðåæèì ðîê³â, ùî ðîçãëÿäàþòüñÿ íàìè, ìîæíà ñõåìà-
òè÷íî çîáðàçèòè òàê:

Ëèïåíü < Ëèïåíü > Ëèïåíü

1998 ð. 2017 ð. 2019 ð.

«êîíòðîëüíèé» «á³ëüø òåïëèé» «ìåíø òåïëèé»

t = 19,5 �Ñ t = 20,9 �Ñ t = 19,8 �Ñ

(� = 0,2 �Ñ) (� = 1,6 �Ñ) (� = 0,5 �Ñ)

Ñåðåäíüîð³÷íà t =
8,1 �Ñ (� = 0,4 �Ñ)

Ñåðåäíüîð³÷íà
t = 9,8 �Ñ (� = 2,1 �Ñ)

Ñåðåäíüîð³÷íà
t = 10,6 �Ñ (� = 2,9 �Ñ)
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Ô³òîïëàíêòîí. Ñï³âñòàâëåííÿ ñó÷àñíèõ ³ ðåòðîñïåêòèâíèõ äàíèõ ïî

ô³òîïëàíêòîíó (äèâ. òàáë. 2) ïîêàçàëî íàñòóïí³ çì³íè.
1) Äîñòîâ³ðíå ï³äâèùåííÿ çàãàëüíî¿ ÷èñåëüíîñò³ ô³òîïëàíêòîíó. Òàê,

ó 1998 ð. ñåðåäíÿ ÷èñåëüí³ñòü ñêëàäàëà 3461 òèñ. êë/äì3, à â 2017—2019 ðð.

— 22 227—37 494 òèñ. êë/äì3, òîáòî çðîñëà â 7—10 ðàç³â.
2) Äîñòîâ³ðíå çá³ëüøåííÿ àáñîëþòíî¿ á³îìàñè Cyanobacteria ç

0,07 ã/ì3 ó 1998 ð. äî 0,60—2,92 ã/ì3 ó 2017—2019 ðð., òîáòî â 8—40 ðàç³â.
3) Äîñòîâ³ðíå çá³ëüøåííÿ ÷àñòêè á³îìàñè Cyanobacteria ç 7 % ó 1998 ð.

äî 24—66 % ó 2017—2019 ðð., òîáòî â 3—9 ðàç³â.
4) Çìåíøåííÿ àáñîëþòíî¿ á³îìàñè Bacillariophyta ç 2,06 ã/ì3 ó 1998 ð.

äî 0,35—1,59 ã/ì3 ó 2017—2019 ðð., òîáòî â 1,3—6 ðàç³â.
Ö³êàâî, ùî íåçâàæàþ÷è íà ñòàòèñòè÷íî äîñòîâ³ðíå çá³ëüøåííÿ çàãà-

ëüíî¿ ÷èñåëüíîñò³ ô³òîïëàíêòîíó, íàìè íå çàðåºñòðîâàíî ñóòòºâèõ çì³í ó

çàãàëüí³é á³îìàñ³. Öå ïîÿñíþºòüñÿ òèì, ùî ÷èñåëüí³ñòü çá³ëüøèëàñü â

îñíîâíîìó çà ðàõóíîê ö³àíîáàêòåð³é, ÿê³ õàðàêòåðèçóþòüñÿ äð³áíèìè

ðîçì³ðàìè êë³òèí. Ïîä³áí³ ðåçóëüòàòè áóëî îòðèìàíî é ³íøèìè äîñë³äíè-

êàìè [23, 38]. Òàê, íà ïðèêëàä³ á³ëüø í³æ 100 îçåð ð³çíèõ øèðîò ñâ³òó ïî-

êàçàíî, ùî ïîòåïë³ííÿ êë³ìàòó ïðèçâåëî äî ð³çêîãî çðîñòàííÿ ÷àñòêè

ö³àíîáàêòåð³é ó ïëàíêòîí³, àëå ïðè öüîìó äîñòîâ³ðíèõ çì³í ó çàãàëüí³é

á³îìàñ³ ô³òîïëàíêòîíó íå ñïîñòåð³ãàëîñü [38]. Òàêîæ âñòàíîâëåíî [54, 64],

ùî ïðè ï³äâèùåíí³ òåìïåðàòóðè ðîçì³ðí³ ïîêàçíèêè ïð³ñíîâîäíîãî

ô³òîïëàíêòîíó çìåíøóþòüñÿ ÿê íà âèäîâîìó ð³âí³ (êë³òèíè ³ êîëîí³¿ ñòà-

þòü ìåíøèìè), òàê ³ íà öåíîòè÷íîìó ð³âí³ (çðîñòàº ÷àñòêà âèä³â ³ç äð³á-

í³øèìè êë³òèíàìè). Öå óçãîäæóºòüñÿ ç ðåçóëüòàòàìè íàøèõ ïîïåðåäí³õ

äîñë³äæåíü. Òàê, äëÿ Êè¿âñüêîãî âîäîñõîâèùà ïîêàçàíî [58], ùî ï³äâè-

ùåííÿ òåìïåðàòóðè ïðèçâîäèòü äî ïåðåðîçïîä³ëó ðîë³ âåëèêî- ³ äð³á-

íîêë³òèííèõ ôîðì âîäîðîñòåé íà êîðèñòü äð³áíîêë³òèííèõ. Òàêà ïåðåáó-

äîâà ñòðóêòóðè ô³òîïëàíêòîíó º àäàïòàö³éíèì ìåõàí³çìîì, ÿêèé çàáåçïå-

÷óº ñò³éê³ñòü àâòîòðîôíî¿ ëàíêè äî àíîìàëüíî âèñîêèõ òåìïåðàòóð òà

çáàëàíñîâàí³ñòü ïðîäóêö³éíî-äåñòðóêö³éíèõ ïðîöåñ³â â óìîâàõ çì³í

êë³ìàòó.
Òàêèì ÷èíîì, ñòðóêòóðíî-ôóíêö³îíàëüíà îðãàí³çàö³ÿ ô³òîïëàíêòîíó

âåëèêèõ ð³âíèííèõ âîäîñõîâèù º ðåïðåçåíòàòèâíèì á³îëîã³÷íèì ³íäèêà-

òîðîì çì³í êë³ìàòó. ²íôîðìàòèâíèìè º òàê³ éîãî õàðàêòåðèñòèêè:
— çàãàëüíà ÷èñåëüí³ñòü;
— àáñîëþòíà á³îìàñà Cyanobacteria;
— ÷àñòêà á³îìàñè Cyanobacteria;
— ÷àñòêà á³îìàñè Bacillariophyta;
— ñòðóêòóðà äîì³íóþ÷îãî êîìïëåêñó;
— êîåô³ö³ºíò ïîä³áíîñò³ Áðåÿ — Êåðò³ñà.
Ó ö³ëîìó ââàæàºìî, ùî ñåðåä ïåðåðàõîâàíèõ ïîêàçíèê³â íàéá³ëüø ðå-

ïðåçåíòàòèâíîþ âèÿâèëàñü ÷àñòêà á³îìàñè Cyanobacteria. Ñàìå äëÿ öüîãî

ïîêàçíèêà çàðåºñòðîâàíî äîñòîâ³ðí³ â³äì³ííîñò³ ì³æ 1998 ð. («êîíòðîëü-

íèì»), 2017 ð. («á³ëüø òåïëèì») ³ 2019 ð. («ìåíø òåïëèì») (ðèñ. 3).
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Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Äëÿ ïåðåâ³ðêè óçãîäæåíîñò³ íàøèõ íàòóðíèõ ðåçóëüòàò³â, îòðèìàíèõ
íà âåëèêîìó ð³âíèííîìó âîäîñõîâèù³, ³ç äàíèìè ³íøèõ äîñë³äíèê³â áóëî
ïðîàíàë³çîâàíî íèçêó ïóáë³êàö³é ïî âîäîñõîâèùàõ ñâ³òó, ÿê³ çíàõîäÿòüñÿ
íà ð³çíèõ êîíòèíåíòàõ: ªâðîïà, Àç³ÿ, Ï³âí³÷íà òà Ï³âäåííà Àìåðèêà, Àô-
ðèêà (òàáë. 4).

²ç íàâåäåíèõ ó òàáëèö³ ÷èñëåííèõ ë³òåðàòóðíèõ äàíèõ âèäíî, ùî â
ä³àïàçîí³ òåìïåðàòóð 15—23 oÑ ô³òîïëàíêòîí ôîðìóâàëè âîäîðîñò³ ð³ç-
íèõ â³ää³ë³â: Bacillariophyta, Miozoa, Cryptophyta, Chlorophyta, Cyanobac-
teria. Ó òîé æå ÷àñ, êîëè òåìïåðàòóðà âîäè ïåðåâèùóâàëà 23 oÑ, äîì³íóþ-
÷èì â³ää³ëîì ïåðåâàæíî âèñòóïàëè Cyanobacteria. Ïðè öüîìó äîì³íóâàí-
íÿ ö³àíîáàêòåð³é ïðè ï³äâèùåíí³ òåìïåðàòóðè âîäè ñïîñòåð³ãàëîñü ó ð³ç-
íèõ êë³ìàòè÷íèõ çîíàõ — â³ä ïîì³ðíî¿ äî òðîï³÷íî¿.

Îòæå, ñòâåðäæóºìî, ùî ðåçóëüòàòè íàøèõ äîñë³äæåíü óçãîäæóþòüñÿ
ç ë³òåðàòóðíèìè äàíèìè. Â³äãóê ô³òîïëàíêòîíó âåëèêîãî ð³âíèííîãî âî-
äîñõîâèùà Óêðà¿íè, ðîçì³ùåíîãî íà ð. Äí³ïðî, íà êë³ìàòè÷í³ çì³íè º àíà-
ëîã³÷íèì òàêîìó â ³íøèõ âîäîñõîâèùàõ ñâ³òó ³ â îñíîâíîìó ïðîÿâëÿºòüñÿ
â ³íòåíñèô³êàö³¿ ðîçâèòêó ö³àíîáàêòåð³é òà çìåíøåíí³ ÷àñòêè ³íøèõ â³ä-
ä³ë³â.

Âàæëèâî òàêîæ, ùî ïîä³áí³ ðåçóëüòàòè áóëî îòðèìàíî íàìè â ïîïå-
ðåäí³õ äîñë³äæåííÿõ íà Êè¿âñüêîìó ³ Êàí³âñüêîìó âîäîñõîâèùàõ. Òàê,
ïîêàçàíî, ùî ä³àòîìîâ³ âîäîðîñò³ ô³òîïëàíêòîíó äîñÿãàþòü ìàêñèìàëü-
íî¿ á³îìàñè çà òåìïåðàòóðè âîäè áëèçüêî 22,0—23,0 oÑ, à ö³àíîáàêòåð³¿ —
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Ðèñ. 3. Áàãàòîð³÷íà äèíàì³êà ÷àñòêè á³îìàñè Cyanobacteria, %, ó ô³òîïëàíêòîí³
Êàí³âñüêîãî âîäîñõîâèùà (1) (òî÷êà — ñåðåäíÿ âåëè÷èíà, ïðÿìîêóòíèê — ñòàíäàðò-
íà ïîìèëêà, â³äð³çîê — ìåæ³ êîëèâàíü) òà ñåðåäíüîì³ñÿ÷íî¿ òåìïåðàòóðè ïîâ³òðÿ â
ëèïí³ (2)
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�25 oÑ [8, 58, 62]. ßê ïðèêëàä, íà ðèñóíêó 4 íàâåäåíî çàëåæí³ñòü á³îìàñè
ö³àíîáàêòåð³é ³ ä³àòîìîâèõ âîäîðîñòåé ó ô³òîïëàíêòîí³ Êè¿âñüêîãî âîäî-
ñõîâèùà â³ä òåìïåðàòóðè âîäè.

Àíàëîã³÷í³ çàëåæíîñò³ â³ä òåìïåðàòóðè âîäè áóëî îòðèìàíî íàìè äëÿ
³íøîãî êîìïîíåíòó àâòîòðîôíî¿ ëàíêè — ô³òîåï³ô³òîíó: ïîçèòèâíó —
äëÿ ö³àíîáàêòåð³é ³ íåãàòèâíó — äëÿ ä³àòîìîâèõ âîäîðîñòåé [57].

Ç îãëÿäó íà öå, ñë³ä êîðîòêî óçàãàëüíèòè, ÿê³ ñàìå îñîáëèâîñò³ ö³àíî-
áàêòåð³é çàáåçïå÷óþòü ¿ì êîíêóðåíòíó ïåðåâàãó â óìîâàõ ïîòåïë³ííÿ êë³-
ìàòó.

1) Îïòèìàëüí³ òåìïåðàòóðè äëÿ ðîçâèòêó ö³àíîáàêòåð³é º âèùèìè,
í³æ äëÿ âîäîðîñòåé ³íøèõ â³ää³ë³â.

2) Â óìîâàõ ï³äâèùåíî¿ òåìïåðàòóðè âîäè Cyanobacteria óñï³øíî êîí-
êóðóþòü ç åóêàð³îòàìè, òàêèìè ÿê ä³àòîìîâ³, çåëåí³, êðèïòîô³òîâ³ âîäî-
ðîñò³ [35, 60].

3) Ïåðåâàãà â êîíêóðåíö³¿ çà ñîíÿ÷íó åíåðã³þ. Êë³òèíè Cyanobacteria
ì³ñòÿòü çíà÷í³ ãàçîâ³ âàêóîë³, çàâäÿêè ÿêèì ó ïåð³îä ñòðàòèô³êàö³¿ âîäî-
ðîñò³ ï³äí³ìàþòüñÿ íà ïîâåðõíþ âîäè ³ óòâîðþþòü ù³ëüí³ ïë³âêè «öâ³-
ò³ííÿ». Ö³ ïë³âêè çàò³íþþòü ³íø³ âèäè âîäîðîñòåé, ÿê³ ìàþòü íèæ÷èé
ð³âåíü ïëàâó÷îñò³ çà ðàõóíîê á³ëüøî¿ ïèòîìî¿ âàãè êë³òèí ³ çíàõîäÿòüñÿ ó
òîâù³ âîäè [35].

4) Ðåãóëÿö³ÿ ïëàâó÷îñò³. Äîâåäåíî [51], ùî êð³ì óòâîðåííÿ ãàçîâèõ
âàêóîëåé, ÿê³ çàáåçïå÷óþòü ïëàâó÷³ñòü, ö³àíîáàêòåð³¿ çäàòí³ íàêîïè÷óâà-
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Ðèñ. 4. Êîðåëÿö³éíà çàëåæí³ñòü ì³æ òåìïåðàòóðîþ âîäè òà á³îìàñîþ Cyanobacteria (r
= 0,92; p = 0,009) ³ Bacillariophyta (r = -0,96; p = 0,002) ó ô³òîïëàíêòîí³ Êè¿âñüêîãî âî-
äîñõîâèùà



òè âóãëåâîäè ó ÿêîñò³ áàëàñòó. Öå äîçâîëÿº ¿ì çä³éñíþâàòè âåðòèêàëüí³
ì³ãðàö³¿ ó òîâù³ âîäè, ïåð³îäè÷íî îòðèìóþ÷è á³îãåíí³ åëåìåíòè ç ãëèá-
øèõ ãîðèçîíò³â ³ çíîâó ï³äí³ìàþ÷èñü íà ïîâåðõíþ âîäè.

5) Ïë³âêè «öâ³ò³ííÿ» ìîæóòü ëîêàëüíî ï³äâèùóâàòè òåìïåðàòóðó âî-
äè ÷åðåç ³íòåíñèâíå ïîãëèíàííÿ ñâ³òëà ôîòîñèíòåòè÷íèìè òà ôîòîçàõèñ-
íèìè ï³ãìåíòàìè. Òàêèé ïîçèòèâíèé çâîðîòíèé çâ’ÿçîê äàº äîäàòêîâó
êîíêóðåíòíó ïåðåâàãó ö³àíîáàêòåð³ÿì [51].

6) Âåëèêèé íàá³ð äîäàòêîâèõ ôîòîçàõèñíèõ ï³ãìåíò³â (êàðîòèíî¿äè,
ñö³òîíåì³íè), çàâäÿêè ÿêèì Cyanobacteria ìàþòü êîíêóðåíòíó ïåðåâàãó â
óìîâàõ ³íòåíñèâíî¿ ñîíÿ÷íî¿ ðàä³àö³¿ [51].

7) Ïðè ï³äâèùåíí³ òåìïåðàòóðè çíèæóºòüñÿ â’ÿçê³ñòü âîäè ³, â³ä-
ïîâ³äíî, çìåíøóºòüñÿ îï³ð âîäè âåðòèêàëüí³é ì³ãðàö³¿ ô³òîïëàíêòîíó. Öå
ÿâèùå ïîëåãøóº ôîðìóâàííÿ ïë³âîê «öâ³ò³ííÿ» íà ïîâåðõí³ âîäè òà
ñïðèÿº øâèäê³é âåðòèêàëüí³é ì³ãðàö³¿ ö³àíîáàêòåð³é. Ó òîé æå ÷àñ, ïðè
çìåíøåíí³ â’ÿçêîñò³ âîäè ä³àòîìîâ³ ³ çåëåí³ âîäîðîñò³ ç á³ëüøîþ ïèòîìîþ
âàãîþ øâèäøå îñ³äàþòü íà äíî. Òàêèì ÷èíîì, ö³àíîáàêòåð³¿ îòðèìóþòü
ùå îäíó êîíêóðåíòíó ïåðåâàãó ïåðåä ³íøèìè â³ää³ëàìè [16, 51].

8) Â³äîìî [51], ùî â óìîâàõ ³íòåíñèâíîãî ôîòîñèíòåçó ìîæå çíèæóâà-
òèñü äîñòóïí³ñòü â³ëüíîãî ÑÎ2. Ö³àíîáàêòåð³¿, ÿê³ çíàõîäÿòüñÿ íà ïî-
âåðõí³ âîäè, ìîæóòü àñèì³ëþâàòè ÑÎ2 áåçïîñåðåäíüî ç àòìîñôåðè .

9) Cyanobacteria, îñîáëèâî êîëîí³àëüí³ âèäè, ÿê³ äîì³íóþòü ïðè «öâ³-
ò³íí³» âîäè (Microcystis aeruginosa (K�tzing) K�tzing, Dolichospermum flosa-
quae (Br�bisson ex Bornet & Flahault) P. Wacklin, L. Hoffmann & J. Kom�rek,
D. scheremetieviae (Elenkin) Wacklin, L. Hoffmann & Kom�rek, Aphanizome-
non flosaquae Ralfs ex Bornet & Flahault, Cuspidothrix issatschenkoi (Usachev)
P. Rajaniemi, Kom�rek, R. Willame, P.Hrouzek, K. Kastovsk�, L. Hoffmann &
K. Sivonen), ìåíøîþ ì³ðîþ âè¿äàþòüñÿ çîîïëàíêòîíîì, í³æ âîäîðîñò³
³íøèõ â³ää³ë³â [11, 17, 59].

Âèñíîâêè

Íà îñíîâ³ ñó÷àñíèõ íàòóðíèõ òà ðåòðîñïåêòèâíèõ äàíèõ ïðîàíàë³çî-
âàíî áàãàòîð³÷íó äèíàì³êó ô³òîïëàíêòîíó âåëèêîãî ð³âíèííîãî âîäîñõî-
âèùà Óêðà¿íè — Êàí³âñüêîãî âîäîñõîâèùà — â óìîâàõ ãëîáàëüíèõ êë³ìà-
òè÷íèõ çì³í. Ïîêàçàíî, ùî ñòðóêòóðíî-ôóíêö³îíàëüíà îðãàí³çàö³ÿ ô³òî-
ïëàíêòîíó ÷óòëèâî ðåàãóº íà ï³äâèùåííÿ òåìïåðàòóðè, à îòæå, çà ö³ëèì
êîìïëåêñîì ïîêàçíèê³â º ³íôîðìàòèâíèì á³îëîã³÷íèì ³íäèêàòîðîì çì³í
êë³ìàòó. Â³äãóê ô³òîïëàíêòîíó âîäîñõîâèùà íà ãëîáàëüíå ïîòåïë³ííÿ êë³-
ìàòó âêëþ÷àº:

— ñòàòèñòè÷íî äîñòîâ³ðíå ï³äâèùåííÿ çàãàëüíî¿ ÷èñåëüíîñò³ óãðóïî-
âàíü;

— ñòàòèñòè÷íî äîñòîâ³ðíå çá³ëüøåííÿ àáñîëþòíî¿ á³îìàñè Cyanobac-
teria;

— ñòàòèñòè÷íî äîñòîâ³ðíå çá³ëüøåííÿ â³äñîòêîâî¿ ÷àñòêè Cyanobac-
teria ó çàãàëüí³é á³îìàñ³ óãðóïîâàíü;

— çìåíøåííÿ á³îìàñè Bacillariophyta;
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— çì³íó ñòðóêòóðíî¿ îðãàí³çàö³¿ äîì³íóþ÷îãî êîìïëåêñó ç ïîë³äî-
ì³íàíòíî¿ (ð³çí³ âèäè ç â³ää³ë³â Bacillariophyta, Miozoa, Chlorophyta, Cya-
nobacteria) íà ìîíîäîì³íàíòíó ç ïåðåâàæàííÿì Cyanobacteria;

— çá³ëüøåííÿ ÷àñòêè äð³áíîêë³òèííèõ âèä³â.
Ó ö³ëîìó, ñåðåä ïåðåðàõîâàíèõ õàðàêòåðèñòèê ô³òîïëàíêòîíó íàé-

á³ëüø ðåïðåçåíòàòèâíèì ³íäèêàòîðîì êë³ìàòè÷íèõ çì³í âèÿâèëàñü ÷àñò-
êà á³îìàñè Cyanobacteria, ùî òàêîæ ï³äòâåðäæóºòüñÿ ë³òåðàòóðíèìè äà-
íèìè ïî ³íøèõ âîäîñõîâèùàõ ñâ³òó â³ä ïîì³ðíî¿ äî òðîï³÷íî¿ çîí.
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PHYTOPLANKTON STRUCTURAL AND FUNCTIONAL ORGANIZATION IN
A LARGE LOWLAND RESERVOIR UNDER CONDITIONS OF GLOBAL CLIMATE

CHANGE (CASE-STUDY OF KANIV WATER RESERVOIR)

The paper deals with the phytoplankton long-term dynamics in a large lowland reser-
voir under conditions of global climate change (case-study of Kaniv Water Reservoir,
Ukraine). Present-day field studies were carried out in summer seasons of two years, with
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different deviations of temperature conditions from the climatic norm. The findings obtai-
ned have been compared with the retrospective data of the last century. The phytoplankton
response to the global climate warming includes: raise in the community’s total cell count;
increase in the Cyanobacteria absolute biomass and their share in the community’s total bi-
omass; dropdown in the Bacillariophyta biomass; changes in the dominant complex struc-
ture; increase in the share of small-sized species. The percent share of Cyanobacteria bio-
mass appeared to be the most representative indicator of climate change, which is in line
with the data obtained by other researchers on different water reservoirs across the globe
from the temperate zone to tropics.

Keywords: phytoplankton, large lowland reservoirs, the Dnieper River, climate change,
temperature, blue-green algae, harmful algal blooms.
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²ÕÒ²ÎËÎÃ²ß

1 Äîñë³äæåííÿ âèêîíàíî çà ï³äòðèìêè Íàö³îíàëüíîãî ôîíäó íàóêîâèõ
äîñë³äæåíü Óêðà¿íè — Ïðîºêò 2020.02/0171 «Ðîçðîáêà íàóêîâèõ çàñàä êîìïëåêñíîãî
ìîí³òîðèíãó òà çàãðîç ïîøèðåííÿ ³íâàçèâíèõ âèä³â ðèá ð³÷êîâîþ ìåðåæåþ ³ ïå-
ðåõ³äíèìè âîäàìè Óêðà¿íè (íà îñíîâ³ ïàðàçèòàðíèõ, ïîïóëÿö³éíèõ ³ ãåíåòè÷íèõ
ìàðêåð³â)».
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Äîñë³äæåíî ñêëàä ³õò³îôàóíè ð. Çäâèæ, ÿêà íàðàõîâóº 24 âèäè ðèá, ç ÿêèõ 17 º àáî-
ðèãåííèìè, äâà — äèñòàíö³éíèìè âñåëåíöÿìè, ï’ÿòü — ñàìîðîçñåëåíöÿìè-íåîë³ìíå-
òèêàìè. Àíàë³ç ðèáíîãî íàñåëåííÿ íà äîñë³äæåíèõ ñòàíö³ÿõ ïîêàçàâ, ùî ñàìîðîçñå-
ëåíö³ (Babka gymnotrachelus, Proterorhinus semilunaris, Neogobius fluviatilis, Pungitius
platygaster, Gasterosteus aculeatus), äëÿ ÿêèõ íàé³ìîâ³ðí³øèì øëÿõîì ðîçñåëåííÿ º ïðè-
ðîäíà ì³ãðàö³ÿ â³ä ãèðëà ð³÷êè äî ¿¿ âåðõ³â’ÿ, ç’ÿâëÿþòüñÿ ó ñêëàä³ óãðóïîâàííÿ ëèøå â
ñåðåäí³é òå÷³¿. Äèñòàíö³éí³ âñåëåíö³ (Perccottus glenii, Carassius gibelio) ñêëàäàëè
íàéá³ëüøó ÷àñòêó ó âåðõ³â’¿ ð.Çäâèæ, ïðîòå áóëè âèÿâëåí³ ïðàêòè÷íî íà âñ³õ äîñ-
ë³äæåíèõ ä³ëÿíêàõ. Ó ÷óæîð³äíèõ âèä³â ðèá âèÿâëåíî 10 âèä³â ïàðàçèò³â ð³çíèõ ñèñòå-
ìàòè÷íèõ ãðóï (³íôóçîð³¿, òðåìàòîäè, ñêðåáëÿíêè, íåìàòîäè). Ñåðåä îäíîêë³òèí-
íèõ ïàðàçèò³â ïåðåâàæàëè ³íôóçîð³¿ ð. Trichodina, ñåðåä áàãàòîêë³òèííèõ ïàðàçèò³â
— ìåòàöåðêàð³¿ òðåìàòîä, îñòàòî÷íèìè õàçÿÿìè ÿêèõ º ðèáî¿äí³ ïòàõè (Diplosto-
mum sp., Apatemon gracilis).

Íà îñíîâ³ ïðîâåäåíèõ äîñë³äæåíü çàïðîïîíîâàíî ñõåìó êîìïëåêñíîãî ìîí³òîðèí-
ãó ÷óæîð³äíèõ âèä³â ðèá ³ç çàñòîñóâàííÿì ïîïóëÿö³éíèõ, ïàðàçèòîëîã³÷íèõ òà ãåíå-
òè÷íèõ ïîêàçíèê³â.

Êëþ÷îâ³ ñëîâà: ÷óæîð³äí³ âèäè ðèá, íåîë³ìíåòèêè, äèñòàíö³éí³ âñåëåíö³, ïàðà-
çèòè, ìîí³òîðèíã.

Àêòóàëüí³ñòü ïîñòóïó ó ðîçðîáö³ òà îíîâëåíí³ çàñàä êîìïëåêñíîãî
ìîí³òîðèíãó ïîøèðåííÿ ³íâàçèâíèõ âèä³â ðèá ´ðóíòóºòüñÿ íà íîâèõ òåî-
ðåòè÷íèõ ³ ïðàêòè÷íèõ äîñÿãíåííÿõ ó âèâ÷åíí³ á³îëîã³¿ òà åêîëîã³¿ îð-
ãàí³çì³â, ùî ïîøèðþþòüñÿ çà ìåæ³ ñâî¿õ ïðèðîäíèõ àðåàë³â. Ñó÷àñí³ íàó-
êîâ³ äîñë³äæåííÿ äåìîíñòðóþòü, ùî âïëèâ ÷óæîð³äíèõ âèä³â íà ì³ñöåâó
á³îòó çäàòåí ïðèçâîäèòè äî ¿¿ ñóòòºâî¿ ê³ëüê³ñíî¿ òà ÿê³ñíî¿ òðàíñôîð-
ìàö³¿. Äëÿ ðîçóì³ííÿ óñ³º¿ ïîâíîòè ðèçèê³â ³ çàãðîç íåäîñòàòíüî ìàòè çà-
ãàëüíó ³íôîðìàö³þ ùîäî á³îëîã³¿ òà åêîëîã³¿ ïåâíîãî âèäó âñåëåíöÿ, âàæ-
ëèâå ðîçóì³ííÿ ïîõîäæåííÿ éîãî ïîïóëÿö³¿, ñòóïåíÿ ³íòåãðóâàííÿ âèäó â
åêîñèñòåìó, ùî êîëîí³çóºòüñÿ, êîíêóðåíòíî¿ óñï³øíîñò³ â óìîâàõ êîíê-
ðåòíèõ á³îòè÷íèõ óãðóïîâàíü. Îäíèì ç ìîæëèâèõ íàïðÿì³â ó ðîçâèòêó
ñó÷àñíèõ ìîí³òîðèíãîâèõ ï³äõîä³â ñòîñîâíî ïîøèðåííÿ âñåëåíö³â-ã³äðî-
á³îíò³â º êîìïëåêñíå çàñòîñóâàííÿ ïîïóëÿö³éíèõ, ïàðàçèòîëîã³÷íèõ òà
ãåíåòè÷íèõ ïîêàçíèê³â íà òë³ âèçíà÷åííÿ åêîëîã³÷íèõ óìîâ ³ñíóâàííÿ ïî-
ïóëÿö³¿ â äîíîðíèõ ðåã³îíàõ.

Ïðè âèêëàä³ ìàòåð³àëó ìè âèêîðèñòîâóºìî ïîíÿòòÿ «äèñòàíö³éíèõ
âñåëåíö³â» — âèä³â, ùî ³ñòîðè÷íî ïîõîäÿòü ç ³íøèõ çîîãåîãðàô³÷íèõ
ðåã³îí³â, ïðîíèêíåííÿ ÿêèõ ó âîäîéìè Óêðà¿íè çóìîâëåíå ïðÿìèì âïëè-
âîì ä³ÿëüíîñò³ ëþäèíè (ó íàøèõ äîñë³äæåííÿõ öå ïðåäñòàâíèêè äàëå-
êîñõ³äíîãî ïð³ñíîâîäíîãî ôàóí³ñòè÷íîãî êîìïëåêñó ðîòàíü-ãîëîâåøêà
òà êàðàñü ñð³áëÿñòèé), òà «íåîë³ìíåòèê³â» — ãðóïè âèä³â-ñàìîðîçñåëåí-
ö³â, ÿêà âêëþ÷àº âèäè ç øèðîêîþ òîëåðàíòí³ñòþ äî çì³í ñîëîíîñò³, êîòð³ ó
ñâî¿õ ñó÷àñíèõ àðåàëàõ âèÿâëåí³ ÿê ó ïð³ñíîâîäíèõ, òàê ³ ó ìîðñüêèõ/ñîëî-
íóâàòîâîäíèõ á³îòîïàõ Óêðà¿íè òà ªâðîïè [23]. Ó íàøèõ äîñë³äæåííÿõ öå
ïðåäñòàâíèêè Ïîíòî-Êàñï³éñüêîãî ñîëîíóâàòîâîäíîãî ôàóí³ñòè÷íîãî
êîìïëåêñó (áè÷êè Babka gymnotrachelus, Proterorhinus semilunaris, Neogo-
bius fluviatilis, êîëþ÷êà ìàëà ï³âäåííà — Pungitius platygaster òà áîðåàëü-
íî-àòëàíòè÷íèé âèä — òðèãîëêîâà êîëþ÷êà Gasterosteus aculeatus).

Ìàë³ ð³÷êè º âàæëèâèì åëåìåíòîì âîäîçá³ðíèõ áàñåéí³â, îñê³ëüêè íå
ëèøå ôîðìóþòü çàãàëüíèé ñò³ê, àëå é ìîæóòü áóòè ðåôóã³óìàìè ð³äê³ñíèõ
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âèä³â òà îñåðåäêàìè ïîøèðåííÿ ÷óæîð³äíèõ âèä³â. Îñòàííº îñîáëèâî àê-
òóàëüíå äëÿ íåâåëèêèõ òà äóæå çàðåãóëüîâàíèõ ð³÷îê, ðåñóðñè ÿêèõ àêòèâ-
íî âèêîðèñòîâóþòüñÿ äëÿ ð³çíèõ ãîñïîäàðñüêèõ ö³ëåé (ñòàâêè òà âîäîñõî-
âèùà äëÿ ðèáíèöòâà, îñóøåí³ áåðåãè ÿê ïàñîâèùà òîùî) ³ ó äîëèíàõ ÿêèõ
ðîçòàøîâàíî áàãàòî íàñåëåíèõ ïóíêò³â [12, 13, 28].

Ïðèêëàäîì ñàìå òàêî¿ ð³÷êè ìîæå ñëóãóâàòè Çäâèæ — ïðàâà ïðèòîêà
Òåòåðåâà äîâæèíîþ 145 êì òà ïëîùåþ áàñåéíó 1775 êì2 [9]. Äîëèíà òðà-
ïåö³ºïîä³áíà, çàâøèðøêè äî 4 êì, çàâãëèáøêè äî 25 ì. Çàïëàâà ó âåðõ³â’¿
çàáîëî÷åíà, øèðèíà ¿¿ äî 1 êì. Ð³÷èùå ïîì³ðíî çâèâèñòå, çàâøèðøêè äî
20 ì, çàâãëèáøêè (ó ìåæåíü) 1—2 ì. Ïîõèë ð³÷êè 0,59 ì/êì. Æèâëåííÿ
ì³øàíå. Çàìåðçàº íàïðèê³íö³ ëèñòîïàäà, ñêðåñàº äî ñåðåäèíè áåðåçíÿ.
Çäâèæ — âîäîïðèéìà÷ îñóøóâàëüíî-çâîëîæóâàëüíî¿ ñèñòåìè. Äëÿ ðåãó-
ëþâàííÿ ñòîêó ñïîðóäæåíî âîäîñõîâèùà. Íà çíà÷íîìó ïðîòÿç³ ð³÷êà êà-
íàë³çîâàíà. Â 1970-õ ð³÷êà õàðàêòåðèçóâàëàñü âåëèêèì ð³çíîìàí³òòÿì
äîííî¿ ôàóíè òà ïåðåâàæàííÿì â í³é îë³ãî- òà �-ìåçîñàïðîá³â, ùî ñâ³ä÷è-
ëî ïðî ñïðèÿòëèâèé ñàí³òàðíèé ñòàí ð³÷êè, âèçíà÷åíèé â ö³ëîìó ÿê �-ìå-
çîñàïðîáíèé [9].

Ùîäî ðèáíîãî íàñåëåííÿ Çäâèæà, òî íàÿâí³ ë³òåðàòóðí³ äàí³ ïåðå-
âàæíî ïîäàþòü çàãàëüíèé ïåðåë³ê âèä³â ³õò³îôàóíè äëÿ Òåòåðåâà, áåç äå-
òàë³çàö³¿ ïî éîãî áàñåéíó [1, 2, 10].

Ìåòîþ äàíî¿ ðîáîòè áóëî äîñë³äèòè ÷óæîð³äí³ âèäè ó ñêëàä³ ðèáíîãî
íàñåëåííÿ ð. Çäâèæ, ñêëàä ¿õí³õ ïàðàçèòàðíèõ óãðóïîâàíü, îö³íèòè ïî-
òåíö³éíó íåáåçïåêó äëÿ ïîäàëüøîãî ïîøèðåííÿ öèõ âèä³â ð³÷êîâîþ ìå-
ðåæåþ, çàïðîïîíóâàòè äåÿê³ åëåìåíòè ñõåìè êîìïëåêñíîãî ìîí³òîðèíãó
÷óæîð³äíèõ âèä³â ðèá.

Ìàòåð³àëè ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ áóëè ïðîâåäåí³ ïðîòÿãîì 2021 ð. íà 10 ä³ëÿíêàõ îáñòå-
æåííÿ (ñòàíö³ÿõ) íà ð³÷êàõ Çäâèæ òà Ïî÷åïèí (òàáë. 1, ðèñ. 1). Òàêîæ äëÿ
àíàë³çó âðàõîâàí³ äàí³ âëàñíèõ çáîð³â ó Áîðîäÿíö³ ó 2012 ð., ÿê³ áóëè ÷àñò-
êîâî îïóáë³êîâàí³ ó ðîáîò³ ïî áàñåéíó Òåòåðåâà [2]. Âðàõîâóþ÷è ã³äðî-
ëîã³÷í³ îñîáëèâîñò³ Çäâèæà ÿê ìàëî¿ ð³÷êè, ðèáè áóëè âèëîâëåí³ íà ì³ëêî-
âîääÿõ çà äîïîìîãîþ ï³äñàêà íà æèâöÿ, ï³ñëÿ ÷îãî âñ³ àáîðèãåíí³ âèäè
áóëè âèïóùåí³ îäðàçó ï³ñëÿ âèäîâî¿ ³äåíòèô³êàö³¿ íàçàä äî âîäîéì. ×ó-
æîð³äí³ âèäè áóëè äîñòàâëåí³ â æèâîìó âèãëÿä³ äî ëàáîðàòîð³¿ äëÿ ïîäà-
ëüøîãî ïàðàçèòîëîã³÷íîãî àíàë³çó. Âñüîãî âèÿâëåíî 1703 îñîáèíè 24 âè-
ä³â ðèá, ç íèõ 111 îñîáèí øåñòè âèä³â áóëî äîñë³äæåíî íà íàÿâí³ñòü ïàðà-
çèò³â. Ïàðàçèòîëîã³÷íèé ðîçòèí áóëî âèêîíàíî çà ñòàíäàðòíèìè ìåòîäè-
êàìè, âèçíà÷åííÿ ïàðàçèò³â — çà â³äïîâ³äíèìè âèçíà÷íèêàìè [6—8].

Äëÿ äåÿêèõ ì³ñöü äîñë³äæåíü âèçíà÷åíî îñíîâí³ ã³äðîõ³ì³÷í³ ïîêàç-
íèêè: NH4

+ , NO2
− , NO3

− , PO4
3− , pH, GH, CH çà äîïîìîãîþ òåñò-íàáîðó Vi-

socolor Eco ç ôîòîìåòðîì ïîðòàòèâíèì (Macherey-Nagel) òà òåìïåðàòóðó
âîäè.

Â³çóàë³çàö³ÿ ³íôîðìàö³¿ ùîäî ðîçì³ðíî-ìàñîâèõ õàðàêòåðèñòèê âè-
á³ðîê ðèá çä³éñíåíà ìåòîäàìè ïîøóêîâî¿ òà îïèñîâî¿ ñòàòèñòèêè (box and
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whisker, violin plots) ³ç çàñòîñóâàííÿì ïàêåòó ïðîãðàì PAST 4.03 (Paleonto-
logical Statistics Software system) [20].

Ðåçóëüòàòè äîñë³äæåíü

Íà äîñë³äæåíèõ ä³ëÿíêàõ (ñòàíö³ÿõ) ð. Çäâèæ âèÿâëåíî â³ä 3 äî 16
âèä³â ðèá, âñüîãî 24 âèäè (òàáë. 2). Íàé÷àñò³øå òðàïëÿâñÿ ðîòàíü-ãîëî-
âåøêà, íà 10 ç 11 ñòàíö³é, ðÿä âèä³â âèÿâëåíî ëèøå íà îäí³é ç ä³ëÿíîê,
ïðè÷îìó â ïîíèçç³ ð³÷êè (ãîëîâåíü ºâðîïåéñüêèé, áèñòðÿíêà ðóñüêà, ï³÷-
êóð-á³ëîïåð äí³ïðîâñüêèé, áè÷îê-öóöèê çàõ³äíèé).

Ñåðåä âèÿâëåíèõ ó äîñë³äæåíí³ âèä³â ðèá ëèøå îäèí âèä, áèñòðÿíêà
ðóñüêà, âíåñåíî äî ïîòî÷íîãî âèäàííÿ «×åðâîíî¿ êíèãè Óêðà¿íè» [11]. Ùå
÷îòèðè âèäè º â ïåðåë³êó Ðåçîëþö³¿ 6 Îñåëèùíî¿ äèðåêòèâè Áåðíñüêî¿
êîíâåíö³¿ (ã³ð÷àê ºâðîïåéñüêèé, ï³÷êóð-á³ëîïåð äí³ïðîâñüêèé, ùèïàâêà
çâè÷àéíà, â’þí çâè÷àéíèé). Çáåðåæåííÿ ó Çäâèæ³ äâîõ ³ç íèõ, ã³ð÷àêà
ºâðîïåéñüêîãî òà ùèïàâêè çâè÷àéíî¿, íå âèêëèêàº ñóìí³â³â, îñê³ëüêè
âîíè çóñòð³÷àþòüñÿ ÷àñòî ³ íà äåÿêèõ ä³ëÿíêàõ º ìàñîâèìè. ²íø³ âèäè
òðàïëÿëèñü åï³çîäè÷íî, òîìó ¿õí³ ïåðñïåêòèâè ³ñíóâàííÿ ó ð. Çäâèæ º ï³ä
çàãðîçîþ.

Äëÿ ïîâíîòè àíàë³çó ïðîâ³äíèõ ÷èííèê³â, ÿê³ âïëèâàþòü íà óñï³ø-
í³ñòü ïîøèðåííÿ òà íàòóðàë³çàö³¿ ðèá — äèñòàíö³éíèõ âñåëåíö³â òà ñàìî-
ðîçñåëåíö³â-íåîë³ìíåòèê³â, ìè ñïðîáóâàëè äàòè îïèñ äåÿêèõ âàæëèâèõ, ç
íàøî¿ òî÷êè çîðó, àá³îòè÷íèõ òà á³îòè÷íèõ ïàðàìåòð³â äîñë³äæåíèõ êîì-
ïîíåíò³â åêîñèñòåìè ð. Çäâèæ. Ãåîãðàô³÷íå ðîçòàøóâàííÿ ñòàíö³é, ÿê³
áóëî äîñë³äæåíî, íàâåäåíî ó òàáëèö³ 1.

Äåÿê³ ô³çè÷í³ õàðàêòåðèñòèêè: 1) óñ³ ä³ëÿíêè äîñë³äæåííÿ àáî ðîçòà-
øîâàí³ íà îñíîâíîìó ðóñë³ ð. Çäâèæ, àáî ìàþòü ç íèì áåçïîñåðåäíº ñïî-
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Òàáëèöÿ 1
Ãåîãðàô³÷íå ðîçòàøóâàííÿ äîñë³äæåíèõ ñòàíö³é íà ð. Çäâèæ

Ñòàíö³¿ Øèðîòà Äîâãîòà
Âèñîòà íàä

ð³âíåì ìîðÿ, ì

1. ñ. Çäâèæêà 50.235761 29.340934 176

2. ñìò. Áðóñèë³â 50.284048 29.516809 163

3. ñ. Ðîæ³â 50.384242 29.657662 151

4. ñ. Ñèòíÿêè 50.420462 29.728560 149

5. ñ. Ôàñ³âî÷êà 50.437094 29.767472 147

6. ñ. Ëîçîâèê 50.518340 29.857777 135

7. ñ. Ëîçîâèê, ð. Ïî÷åïèí 50.514549 29.844660 137

8. ñìò. Áîðîäÿíêà 50.622886 29.910157 131

9. ñ. Çäâèæ³âêà 50.677678 30.015845 127

10. ñ. Ôåíåâè÷³ 50.824332 30.100008 119

11. ñ. Âàõ³âêà 50.937514 30.081976 111



ëó÷åííÿ; 2) íà á³ëüøîñò³ ñòàíö³é ñïîñòåð³ãàºòüñÿ ñïðÿìîâàíà òå÷³ÿ (0,05—
0,1 ì/ñ); 3) íà âñüîìó ïðîòÿç³ ðóñëà ð³÷êè ñïîñòåð³ãàºòüñÿ çíà÷íå çàðîñ-
òàííÿ âèùèìè âîäíèìè ðîñëèíàìè; 4) ïåðåâàæàþ÷èì òèïîì äîííèõ
´ðóíò³â º ÷îðí³ íàìóëè òà çàìóëåíèé ï³ñîê (50—70 %); 5) òåìïåðàòóðà
âîäè ó ïîâåðõíåâîìó øàð³ (21.10.2021, 31.10.2021) ñêëàäàëà 7,5—8,9 oÑ; 6)
ïðîçîð³ñòü — 0,3—0,5 ì (çà äèñêîì Ñåêê³).

Äåÿê³ õ³ì³÷í³ õàðàêòåðèñòèêè: NH4
+ — 0,1—0,3 ìã/äì3; NO2

− — 0,02—

0,08 ìã/äì3; NO3
− — 1,00—4,00 ìã/äì3; PO4

3− — 0,60—1,90 ìã/äì3; pH —
6,95—7,09; GH — 2,32—3,92 ììîëü/äì3; CH 2,32—4,62 ììîëü/äì3.

Õ³ì³÷í³ ïîêàçíèêè äîñë³äæåíèõ ä³ëÿíîê áóëè â ìåæàõ óìîâíî¿ íîðìè
äëÿ òàêîãî òèïó ð³÷îê [9] òà â³äïîâ³äàþòü òàêèì, ùî çàãàëîì çäàòí³ çàáåç-
ïå÷èòè ³ñíóâàííÿ á³îëîã³÷íèõ ñêëàäîâèõ. Âì³ñò ³îí³â PO4

3− áóâ íàéâèùèì
ó ðàéîí³ ñìò. Áðóñèë³â (1,5 ìã/äì3) òà ñ. Âàõ³âêà (1,9 ìã/äì3), íà ³íøèõ
ñòàíö³ÿõ öåé ïîêàçíèê íåçíà÷íî âàð³þâàâ â³ä 0,6 äî 1,1 ìã/äì3. ²íø³ ïî-
êàçíèêè áóëè îäíîð³äí³øèìè äëÿ âñüîãî Çäâèæà ³ êîëèâàëèñü íåçíà÷íî.

Ñòðóêòóðà ðèáíîãî íàñåëåííÿ â àñïåêò³ ÷óæîð³äíîñò³. Çàäëÿ âñòà-
íîâëåííÿ ðîë³ ÷óæîð³äíèõ âèä³â â óãðóïîâàííÿõ ðèá âèçíà÷åíî ¿õíþ ÷à-
ñòêó â çàãàëüí³é ÷èñåëüíîñò³ âèá³ðîê ç äîñë³äæåíèõ ñòàíö³é, âñòàíîâëåíî
äåÿê³ ïîïóëÿö³éí³ õàðàêòåðèñòèêè äëÿ ìîäåëüíèõ âèä³â ñåðåä äèñ-
òàíö³éíèõ âñåëåíö³â (ðîòàíü-ãîëîâåøêà) òà ñàìîðîçñåëåíö³â (êîëþ÷êà
ï³âäåííà).

×àñòêà ÷óæîð³äíèõ ðèá ó çàãàëüí³é ÷èñåëüíîñò³ ñêëàëà áëèçüêî 10 %
(íåîë³ìíåòèêè — 6 %, äèñòàíö³éí³ âñåëåíö³ — 4 %) (ðèñ. 2).

Àíàë³ç ðèáíîãî íàñåëåííÿ íà äîñë³äæåíèõ ä³ëÿíêàõ ïîêàçàâ, ùî ñà-
ìîðîçñåëåíö³-íåîë³ìíåòèêè (Babka gymnotrachelus, Proterorhinus semilu-
naris, Neogobius fluviatilis, Pungitius platygaster, Gasterosteus aculeatus), äëÿ
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Ðèñ. 1. Äîñë³äæåí³ ñòàíö³¿ íà ð. Çäâèæ
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ÿêèõ íàé³ìîâ³ðí³øèì øëÿõîì
ðîçñåëåííÿ º ïðèðîäíà ì³ãðàö³ÿ
â³ä ãèðëà ð³÷êè äî ¿¿ âåðõ³â’ÿ,
ç’ÿâëÿþòüñÿ ó ñêëàä³ óãðóïîâàí-
íÿ ëèøå â ñåðåäí³é òå÷³¿ (ñò. 5 —
Ôàñ³âî÷êà), íà ñòàíö³ÿõ ó íèæ-
í³é òå÷³¿ ð³÷êè ¿õíÿ ÷àñòêà òà âè-
äîâå áàãàòñòâî çðîñòàþòü (ðèñ.
3).

Äèñòàíö³éí³ âñåëåíö³ (Perc-
cottus glenii, Carassius gibelio, ïå-
ðåâàæàâ ðîòàíü-ãîëîâåøêà)
ñêëàäàëè íàéá³ëüøó ÷àñòêó ó
âåðõ³â’¿ ð.Çäâèæ, ïðîòå áóëè âè-
ÿâëåí³ ïðàêòè÷íî íà âñ³õ äîñ-
ë³äæåíèõ ä³ëÿíêàõ, ùî íå äî-
çâîëÿº âñòàíîâèòè ïðèðîäíèé
÷è øòó÷íèé øëÿõ ïðîíèêíåííÿ
³ ïîøèðåííÿ, ïðîòå ñâ³ä÷èòü
ïðî âèçíà÷àëüíó ðîëü ñïðèÿò-
ëèâèõ ñåðåäîâèùíèõ óìîâ ó âè-
ÿâëåíèõ âèïàäêàõ äîì³íóâàííÿ.

Òàêèì ÷èíîì, âèÿâëåí³ ó
ñêëàä³ ðèáíîãî íàñåëåííÿ
ð. Çäâèæ ÷óæîð³äí³ âèäè ìàþòü
ïåâí³ îñîáëèâîñò³ ðîçïîä³ëó çà-
ëåæíî â³ä ðîçòàøóâàííÿ äîñ-
ë³äæåíèõ ä³ëÿíîê. Ñàìîðîçñåëåíö³ (êîëþ÷êè, áè÷êè) áóëè ïîøèðåí³ â ïî-
íèçç³ àáî â ñåðåäí³é òå÷³¿ ð³÷êè. Äèñòàíö³éí³ âñåëåíö³, ÿê³ º ³íâàçèâíèìè
÷óæîð³äíèìè âèäàìè (ðîòàíü-ãîëîâåøêà ³ êàðàñü ñð³áëÿñòèé), ïîøèðåí³
ÿê ó âåðõí³é òå÷³¿, òàê ³ â íèæí³é. Ðîòàíü-ãîëîâåøêà øèðîêî ïîøèðåíèé
ïî âñüîìó áàñåéíó, ÷àñîì º äîì³íàíòîì íà îêðåìèõ ä³ëÿíêàõ. Öå çàãàëîì
õàðàêòåðíî äëÿ ³ñòîòíî ïîðóøåíèõ ëþäñüêîþ ä³ÿëüí³ñòþ âîäíèõ åêîñè-
ñòåì. Ïîä³áí³ ÿâèùà òàêîæ ñïîñòåð³ãàþòüñÿ äëÿ ³íøèõ ð³÷îê, çîêðåìà ³
äëÿ áàñåéíó ð. Òåòåðåâ çàãàëîì [2], äëÿ ð. Òðóá³æ òîùî [21].

Ðîçì³ðíî-ìàñîâ³ õàðàêòåðèñòèêè. Âàæëèâèì åëåìåíòîì àíàë³çó ïî-
òåíö³àëó ïåâíîãî âèäó äî â³äòâîðåííÿ òà ðîçñåëåííÿ º âñòàíîâëåííÿ ìàð-
êåðíèõ ðîçì³ðíî-ìàñîâèõ õàðàêòåðèñòèê éîãî ïîïóëÿö³¿. Íèæ÷å íàâåäå-
íî äåÿê³ õàðàêòåðèñòèêè äëÿ ïîïóëÿö³é äèñòàíö³éíèõ âñåëåíö³â (Perccot-
tus glenii) òà ñàìîðîçñåëåíö³â (Pungitius platygaster, Gasterosteus aculeatus)
(òàáë. 3).

Ç ìåòîþ â³çóàë³çàö³¿ ³íôîðìàö³¿ ïðî ðîçì³ðíî-ìàñîâ³ õàðàêòåðèñòèêè
áóëî ïîáóäîâàíî ä³àãðàìè, ÿê³ õàðàêòåðèçóþòü îñîáëèâîñò³ ðîçïîä³ëó
÷èñëîâèõ çíà÷åíü äîñë³äæåíèõ ïàðàìåòð³â òà óìîæëèâëþþòü ¿õíþ àäåê-
âàòíó ³íòåðïðåòàö³þ. Òàê, âèñîêà ì³íëèâ³ñòü ðîçì³ðíî-ìàñîâèõ õàðàêòå-
ðèñòèê ðîòàíÿ-ãîëîâåøêè (ðèñ. 4), ïðî ÿêó ñâ³ä÷àòü çíà÷í³ âåëè÷èíè
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Ðèñ. 2. Ñòðóêòóðà çàãàëüíî¿ âèá³ðêè, ùî õà-
ðàêòåðèçóº ðèáíå íàñåëåííÿ ð. Çäâèæ. Òóò ³ íà
ðèñ. 3: I — àáîðèãåíè; II — íåîë³ìíåòèêè; III
— äèñòàíö³éí³ âñåëåíö³



ñòàíäàðòíîãî â³äõèëåííÿ (äèâ. òàáë. 3), ïîÿñíþþòüñÿ ³ñíóâàííÿì ó âè-
á³ðö³ äâîõ ðîçì³ðíî-ìàñîâèõ (â³êîâèõ) ãðóï, ç ìåä³àíîþ, ÿêà çì³ùåíà äî
ä³àïàçîí³â ìåíøèõ âåëè÷èí.

Äëÿ ïîïóëÿö³¿ ìàëî¿ êîëþ÷êè ï³âäåííî¿ ðîçïîä³ë ðîçì³ðíî-ìàñîâèõ
õàðàêòåðèñòèê º áëèæ÷èì äî íîðìàëüíîãî, ìåä³àíè çíà÷åíü ñï³âïàäàþòü
ç ìàêñèìàëüíèìè ÷àñòîòàìè âèïàäê³â (ðèñ. 5).

Ñòàòåâà ñòðóêòóðà. Ó êîëþ÷îê ó ñòàòåâ³é ñòðóêòóð³ ïåðåâàæàëè
ñàìêè (52—66 %), ó ðîòàíÿ-ãîëîâåøêè — ñàìö³ (66 %) (ðèñ. 6).

Ïàðàçèòîëîã³÷íà õàðàêòåðèñòèêà. Âèÿâëåíî 10 âèä³â ïàðàçèò³â
ð³çíèõ ñèñòåìàòè÷íèõ ãðóï (³íôóçîð³¿, òðåìàòîäè, ñêðåáëÿíêè, íåìàòîäè)
(òàáë. 4). Ïîïðè á³äíèé âèäîâèé ñêëàä ïàðàçèòîöåíîç³â, ïîøèðåííÿ äåÿ-
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Ðèñ. 3. Â³äíîñíà ïðåäñòàâëåí³ñòü ð³çíèõ ãðóï ðèá ó ñêëàä³ ðèáíîãî íàñåëåííÿ
ð. Çäâèæ (íàçâè ñòàíö³é äîñë³äæåííÿ â³äïîâ³äàþòü òàáë. 1)

Òàáëèöÿ 3
Ðîçì³ðíî-ìàñîâ³ õàðàêòåðèñòèêè âèá³ðêè ïîïóëÿö³¿ äåÿêèõ âèä³â ðèá çà

ïåâíèìè ïàðàìåòðàìè (ð. Çäâèæ, 2021 ð.)

Âèäè
Ñòàíäàðòíà

äîâæèíà
(SL, ìì)

Ìàñà (m, ã)
Ìàñà áåç

âíóòð³øí³õ îð-
ãàí³â (mb, ã)

Ìàñà
ïå÷³íêè
(mh, ã)

Ìàñà ãîíà-
äè (mg, ã)

Pungitius
platygaster

37 39 7 97

24 03 5331

, ,

, ,

±
−

0 48 0 11

0 26 0 63

, ,

, ,

±
−

0 40 0 09

0 23 0 53

, ,

, ,

±
−

0 01 0 01

0 004 0 03

, ,

, ,

±
−

—

Gasterosteus
aculeatus

44 84 5 23

36 81 56 68

, ,

, ,

±
−

173 0 69

0 91 3 61

, ,

, ,

±
−

121 0 42

0 72 2 28

, ,

, ,

±
−

0 10 0 08

0 01 0 38

, ,

, ,

±
−

0 23 0 20

0 01 0 87

, ,

, ,

±
−

Perccottus
glenii

47 25 22 29

20 52 86 00

, ,

, ,

±
−

4 52 4 92

0 18 14 33

, ,

, ,

±
−

3 61 4 20

0 13 12 95

, ,

, ,

±
−

0 34 0 35

0 01 117

, ,

, ,

±
−

0 13 0 18

0 01 0 51

, ,

, ,

±
−

Ï ð è ì ³ ò ê à. Ó ÷èñåëüíèêó — ñåðåäí³ çíà÷åííÿ òà ñòàíäàðòíå â³äõèëåííÿ, ó çíàìåí-
íèêó — ä³àïàçîí âàð³þâàííÿ â³ä min äî max; «—» — íå âèì³ðþâàëè.



êèõ âèä³â ïàðàçèò³â ó ïîïóëÿö³ÿõ õàçÿ¿â áóëî çíà÷íèì ³ åêñòåíñèâí³ñòü
³íâàç³¿ äîì³íóþ÷èõ âèä³â ñÿãàëà 40—60 %. Ñåðåä îäíîêë³òèííèõ ïàðàçèò³â
ïåðåâàæàëè ³íôóçîð³¿ ð. Trichodina, ÿê³, îäíàê, áóëè âèÿâëåí³ ëèøå ó äåÿ-
êèõ âèä³â íåîë³ìíåòèê³â (Pungitius platygaster) òà äèñòàíö³éíèõ âñåëåíö³â
(Perccottus glenii). Ñåðåä áàãàòîêë³òèííèõ ïàðàçèò³â ïåðåâàæàëè ìåòàöåð-
êàð³¿ òðåìàòîä, îñòàòî÷íèìè õàçÿÿìè ÿêèõ º ðèáî¿äí³ ïòàõè (Diplostomum
sp., Apatemon gracilis). Óñ³ âèÿâëåí³ âèäè ïàðàçèò³â ìîæíà ââàæàòè ãåíå-
ðàë³ñòàìè, òîáòî ç ³íøèõ ë³òåðàòóðíèõ äæåðåë âîíè â³äîì³ äëÿ ð³çíèõ
âèä³â ðèá-õàçÿ¿â, îäíàê â óìîâàõ äîñë³äæåíèõ ä³ëÿíîê ð. Çäâèæ ñïîñ-
òåð³ãàëàñü ïåâíà ñïåö³àë³çàö³ÿ — äåÿê³ âèäè ïàðàçèò³â áóëè âèÿâëåí³
ëèøå ó ïåâíèõ âèä³â õàçÿ¿â. Òàê, â³é÷àñò³ íàéïðîñò³ø³ Apiosoma gasterostei,
Trichodina tenuidens, T. gasterostei áóëè âèÿâëåí³ ëèøå ó êîëþ÷êè ï³âäåí-
íî¿, õî÷à ïåðøîîïèñè öèõ âèä³â ³ áàãàòî÷èñåëüí³ ðåºñòðàö³¿ â³äîì³ äëÿ
òðèãîëêîâî¿ êîëþ÷êè òà ³íøèõ âèä³â (äëÿ Trichodina tenuidens) [6].

Ñêðåáëÿíêè Acanthocephalus lucii áóëè âèÿâëåí³ ëèøå â êèøå÷íèêó
òðèãîëêîâî¿ êîëþ÷êè, àëå ç³ çíà÷íîþ åêñòåíñèâí³ñòþ òà ³íòåíñèâí³ñþ
³íâàç³¿. Ëèøå ó ðîòàíÿ-ãîëîâåøêè áóëî âèÿâëåíî ëè÷èíîê íåìàòîä Spiro-
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Ðèñ. 4. Õàðàêòåðèñòèêà âèá³ðêè ðîòà-
íÿ-ãîëîâåøêè ç ð. Çäâèæ çà: à — ñòàí-
äàðòíîþ äîâæèíîþ (SL, mm); á — ìà-
ñîþ òà ìàñîþ áåç âíóòð³øí³õ îðãàí³â
(m, mb, ã); â — ìàñîþ ïå÷³íêè òà ãîíà-
äè (mh, mg, ã)
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Ðèñ. 5. Õàðàêòåðèñòèêà âèá³ðêè êî-
ëþ÷êè ìàëî¿ ï³âäåííî¿ ç ð. Çäâèæ çà: à
— ñòàíäàðòíîþ äîâæèíîþ (SL, mm); á
— ìàñîþ òà ìàñîþ áåç âíóòð³øí³õ îð-
ãàí³â (m, mb, ã); â — ìàñîþ ïå÷³íêè
(mh, ã)

Ðèñ. 6. Ñòàòåâà ñòðóêòóðà äåÿêèõ ÷óæîð³äíèõ âèä³â ðèá ó ð. Çäâèæ: F — ñàìêè; M —
ñàìö³



xys contortus, ÿê³ ó äîðîñëîìó ñòàí³ ïàðàçèòóþòü ó áîëîòÿíèõ ÷åðåïàõ. Íå-
ùîäàâí³ çíàõ³äêè öüîãî ïàðàçèòà ó ñêëàä³ ïàðàçèòàðíèõ óãðóïîâàíü ðîòà-
íÿ-ãîëîâåøêè â³äì³÷åíî ó âîäîéìàõ Óêðà¿íè òà ³íøèõ ºâðîïåéñüêèõ ðå-
ã³îíàõ [22, 24, 25].

Ìîæíà çðîáèòè âèñíîâîê, ùî âñ³ âèÿâëåí³ âèäè áàãàòîêë³òèííèõ ïà-
ðàçèò³â íàáóò³ ÷óæîð³äíèìè âèäàìè ðèá, ÿê³ áóëè äîñë³äæåí³ ó íîâèõ êî-
ëîí³çîâàíèõ åêîñèñòåìàõ. Ùîäî îäíîêë³òèííèõ ïàðàçèò³â, òî äåÿê³ ç âè-
ä³â, ÿê³ íå âèÿâëåí³ íà ³íøèõ, íàâ³òü ñïîð³äíåíèõ âèäàõ ðèá-õàçÿ¿â (Apio-

soma gasterostei, T. gasterostei), éìîâ³ðíî, ìîæóòü ïîøèðþâàòèñÿ ïîïó-
ëÿö³ºþ âèäó, â ÿê³é â³äáóëàñü éîãî ðåºñòðàö³ÿ.

Íà ïðèêëàä³ äâîõ ïðåäñòàâíèê³â ÷óæîð³äíî¿ äëÿ ð. Çäâèæ ³õò³îôàóíè
— êîëþ÷êè ï³âäåííî¿ Pungitius platygaster (ñàìîðîçñåëåíö³) òà ðîòàíÿ-ãî-
ëîâåøêè Perccottus glenii (äèñòàíö³éí³ âñåëåíö³) — íàìè âèêîíàíî ñïðîáó
êîìïëåêñíîãî àíàë³çó ç âèêîðèñòàííÿì ïàðàçèòîëîã³÷íèõ òà ïîïóëÿö³é-
íèõ ìàðêåð³â çàäëÿ âñòàíîâëåííÿ ñòóïåíÿ ³íòåãðîâàíîñò³ ÷óæîð³äíîãî
âèäó â íàáóòèõ åêîñèñòåìàõ, ïîòåíö³àëó äî ïîøèðåííÿ òà ðîë³ â á³îöåíîç³.
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Òàáëèöÿ 4
Âèÿâëåí³ âèäè ïàðàçèò³â

Âèäè õàçÿ¿â (n) Âèäè ïàðàçèò³â P, % MI±sd IR A

Gasterosteus acu-
leatus (43)

Acanthocephalus lucii 63,4 2,69±2,00 1—7 1,71

Pungitius plathy-
gaster (17)

Apiosoma gasterostei 5,9 2,0 2 0,10

Trichodina sp. (Tricho-
dina tenuidens, T. gas-
terostei)

11,8 52,0±68,0 4—100 6,12

Babka gymno-
trachelus (5)

Acanthocephala larv. 20,0 1,0 1 0,20

Apatemon gracilis mtc 20,0 2,0 2 0,40

Proterorhinus se-
milunaris (19)

Diplostomum sp. mtc 11,1 2,50±2,12 1—4 0,28

Apatemon gracilis mtc 61,1 4,27±4,07 1—15 2,61

Neogobius fluvia-
tilis (9)

Diplostomum sp. mtc 20,0 4,0 4 0,40

Apatemon gracilis mtc 40,0 6,75±4,11 1—12 2,70

Perccottus glenii
(18)

Trichodina sp. (Tricho-
dina nigra, T. interme-
dia)

44,4 31,25±20,31 10—50 13,89

Spiroxys contortus larv. 16,7 1,33±0,58 1—2 0,22

Ï ð è ì ³ ò ê à. n — ê³ëüê³ñòü îáñòåæåíèõ îñîáèí; P — åêñòåíñèâí³ñòü çàðàæåííÿ (%);
MI — ñåðåäíÿ ³íòåíñèâí³ñòü çàðàæåííÿ (åêç/îñîá.); IR — ä³àïàçîí âåëè÷èí ³íòåíñèâ-
íîñò³ çàðàæåííÿ (åêç/îñîá.); A — ³íäåêñ ðÿñíîñò³ (åêç/îñîá.).



Êîëþ÷êà ï³âäåííà. Âèä çàðåºñòðîâàíî íà äâîõ ñòàíö³ÿõ ñåðåäíüî¿ òå÷³¿
ð. Çäâèæ. Âèä óñï³øíî ïîøèðþºòüñÿ ð³÷êîâîþ ìåðåæåþ, ðîçì³ðíî-ìà-
ñîâ³ õàðàêòåðèñòèêè òà ñòðóêòóðà ïîïóëÿö³¿ â³äïîâ³äàº óìîâíîìó îïòèìó-
ìó [4, 5]. Âèÿâëåí³ ëèøå îäíîêë³òèíí³ ïàðàçèòè (³íôóçîð³¿), ÿê³ õàðàê-
òåðí³ äëÿ äâîõ âèä³â êîëþ÷îê, ïðîòå ó äîñë³äæåíèõ òî÷êàõ ð. Çäâèæ
çàðåºñòðîâàíî ëèøå äëÿ êîëþ÷êè ï³âäåííî¿. ²ìîâ³ðíî, ùî ö³ ïàðàçèòè,
îñîáëèâî Apiosoma gasterostei òà Trichodina gasterostei, ñïåöèô³÷í³ äëÿ êî-
ëþ÷îê, ìîæóòü âèñòóïàòè ìàðêåðàìè ïîøèðåííÿ öüîãî âèäó ð³÷êîâîþ
ìåðåæåþ áàñåéí³â ð³÷îê Òåòåðåâ òà Çäâèæ. Ö³ æ âèäè îäíîêë³òèííèõ ïà-
ðàçèò³â â³äçíà÷åí³ íàìè äëÿ ³íøèõ íàáóòèõ ïð³ñíîâîäíèõ åêîñèñòåì
(ñòðóìîê ó ñ. Õîäîð³â, áàñåéí Äí³ïðà) òà íàòèâíîãî ðåã³îíó (äåëüòà Äó-
íàþ) (Êóöîêîíü, Þðèøèíåöü, ïåðñîíàëüíå ïîâ³äîìëåííÿ). Â³äñóòí³ñòü
áàãàòîêë³òèííèõ ïàðàçèò³â ñâ³ä÷èòü ïðî íåçíà÷íó ³íòåãðîâàí³ñòü ó ã³äðî-
á³îöåíîç òà ìîæå áóòè ïðîÿâîì ÿâèùà «çâ³ëüíåííÿ â³ä ïàðàçèò³â» ó íîâèõ
ì³ñöåìåøêàííÿõ, ùî ñïðèÿº ó êîíêóðåíòí³é ³ êîëîí³çàö³éí³é óñï³øíîñò³
ïîïóëÿö³¿. Çäàòí³ñòü äî ïîäàëüøî¿ åêñïàíñ³¿ ìîæíà îö³íèòè ÿê âèñîêó.

Ðîòàíü-ãîëîâåøêà. Íàéá³ëüø ïîøèðåíèé âèä ðèá ó íàøèõ äîñë³ä-
æåííÿõ — âèÿâëåíî íà 10 ç 11 ñòàíö³é íà âñ³é äîñë³äæóâàí³é ä³ëÿíö³
ð³÷êè. Óñ³ âèÿâëåí³ âèäè ïàðàçèò³â ìîæíà ââàæàòè íàáóòèìè — â³é÷àñò³
íàéïðîñò³ø³ Trichodina nigra òà T. intermedia º ïîøèðåíèìè åêòîïàðàçè-
òàìè ïð³ñíîâîäíèõ ðèá, à íåìàòîäà Spiroxys contortus ïàðàçèòóº ó ì³ñöå-
âèõ áîëîòÿíèõ ÷åðåïàõ. Âèä óñï³øíî ïîøèðþºòüñÿ ð³÷êîâîþ ìåðåæåþ,
ðîçì³ðíî-ìàñîâ³ õàðàêòåðèñòèêè òà ñòðóêòóðà ïîïóëÿö³¿ ñâ³ä÷àòü ïðî íà-
ÿâí³ñòü äåê³ëüêîõ ðîçì³ðíî-â³êîâèõ ãðóï òà óñï³øíå â³äòâîðåííÿ. Â³ä-
ñóòí³ñòü ñïåöèô³÷íèõ äëÿ ðîòàíÿ ïàðàçèò³â, ÿêèõ ìîæíà áóëî á âèêîðè-
ñòàòè ÿê ìàðêåðí³ (íàïðèêëàä, â³äîìî¿ ç ³íøèõ âîäîéì Óêðà¿íè ìîíîãåíå¿
Gyrodactylus perccotti) íå äîçâîëÿº âñòàíîâèòè øëÿõè ïðîíèêíåííÿ ðîòà-
íÿ ó áàñåéí ð. Çäâèæ (ðîçñåëåííÿ ÷è çàíåñåííÿ). Íèçüêå âèäîâå áàãàòñòâî
ïàðàçèòè÷íîãî óãðóïîâàííÿ ðîòàíÿ ñâ³ä÷èòü ïðî íåçíà÷íó ³íòåãðîâàí³ñòü
ó ã³äðîá³îöåíîç òà ïðîÿâ ÿâèùà «çâ³ëüíåííÿ â³ä ïàðàçèò³â» ó íîâèõ ì³ñöå-
ìåøêàííÿõ. Çäàòí³ñòü äî ïîäàëüøî¿ åêñïàíñ³¿ ìîæíà îö³íèòè ÿê âèñîêó.

Ïîñë³äîâíå òà ð³çíîá³÷íå åêîëîãî-ïàðàçèòîëîã³÷íå äîñë³äæåííÿ ïî-
ïóëÿö³é ÷óæîð³äíèõ âèä³â ðèá íà ð³çíèõ ä³ëÿíêàõ ð. Çäâèæ äîçâîëèëî çà-
ïðîïîíóâàòè ñõåìó êîìïëåêñíîãî ìîí³òîðèíãó ðèá-âñåëåíö³â ³ç çàñòîñó-
âàííÿì ïîïóëÿö³éíèõ, ïàðàçèòîëîã³÷íèõ òà ãåíåòè÷íèõ ïîêàçíèê³â (ðèñ.
7).

Íà íàøó äóìêó, êîìïëåêñíèé ï³äõ³ä ïîëÿãàº ó ð³çíîá³÷íîìó ïîºä-
íàíí³ ñó÷àñíèõ åêîëîã³÷íèõ òà á³îëîã³÷íèõ ³íäèêàö³éíèõ ïàðàìåòð³â ³ ïî-
âèíåí ì³ñòèòè íàñòóïí³ áëîêè:

I. Âñòàíîâëåííÿ àá³îòè÷íèõ òà á³îòè÷íèõ ïîêàçíèê³â ìîí³òîðèíãîâèõ
ñòàíö³é çàäëÿ âèçíà÷åííÿ óìîâ ïîøèðåííÿ òà ³ñíóâàííÿ ðèá òà ¿õí³õ ïà-
ðàçèò³â.

Ó ðàìêàõ öüîãî áëîêó ñë³ä íàâåñòè òî÷íå ãåîãðàô³÷íå ðîçòàøóâàííÿ
ñòàíö³¿, íà ÿê³é äîñë³äæóâàëè ÷óæîð³äíèõ ðèá ³ç âñòàíîâëåííÿì òî÷íèõ
êîîðäèíàò òà âèñîòè íàä ð³âíåì ìîðÿ. Âàðòî íàâåñòè âñòàíîâëåí³ ô³çè÷í³
õàðàêòåðèñòèêè, ÿê³ âàæëèâ³ äëÿ ³ñíóâàííÿ òà ïîøèðåííÿ ðèá. Íå âè÷åð-
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ïíèé ïåðåë³ê öèõ õàðàêòåðèñòèê íàñòóïíèé: 1) âîäíèé îá’ºêò, â ÿêîìó
ðîçòàøîâàíà ñòàíö³ÿ, ìàº ñïîëó÷åííÿ ç ³íøèìè âîäíèì îá’ºêòàìè àáî í³;
2) õàðàêòåð ñïîëó÷åííÿ (ä³ëÿíêà ð³÷êè, êàíàë ì³æ îçåðàìè, ã³äðîòåõí³÷í³
ïðèñòðî¿ òà ³í.); 3) âîäíå ñåðåäîâèùå íà ä³ëÿíö³ äîñë³äæåííÿ ïðîòî÷íå (º
ñïðÿìîâàíà òå÷³ÿ), íåïðîòî÷íå; 4) ñòàíö³ÿ çàðîñëà âèùîþ âîäíîþ ðîñ-
ëèíí³ñòþ, ÷èñòîâîääÿ; 5) õàðàêòåð äîííèõ â³äêëàä³â, ñòóï³íü çàìóëåííÿ
´ðóíò³â; 6) òåìïåðàòóðà; 7) ïðîçîð³ñòü.

Ñåðåä õ³ì³÷íèõ õàðàêòåðèñòèê, ÿê³ º âèçíà÷àëüíèìè äëÿ æèòòºä³ÿëü-
íîñò³ ðèá, âàðòî â³äçíà÷èòè âì³ñò êèñíþ, çàãàëüíó ì³íåðàë³çàö³þ (ñî-
ëîí³ñòü), âì³ñò á³îãåííèõ åëåìåíò³â (çàãàëüíèé âì³ñò ñïîëóê íåîðãàí³÷íî-
ãî àçîòó, ôîñôîð ôîñôàò³â).

Îòðèìàí³ â ðåçóëüòàò³ äîñë³äæåííÿ ñòðóêòóðè ³õò³îöåíîç³â òà îêðå-
ìèõ ïîïóëÿö³é ðèá äàí³ ñëóãóþòü äëÿ ôîðìóâàííÿ äðóãîãî ìîí³òîðèíãî-
âîãî áëîêó — ²². Âñòàíîâëåííÿ ðîë³ ÷óæîð³äíèõ âèä³â ðèá ó ñòðóêòóð³
á³îöåíîçó, ìàðêåðí³ õàðàêòåðèñòèêè ïîïóëÿö³é ðèá-âñåëåíö³â.

Ñåðåä ìàðêåðíèõ ïîêàçíèê³â, ÿê³ õàðàêòåðèçóþòü öåé áëîê, íàì çäàþ-
òüñÿ âàæëèâèìè íàñòóïí³: 1) ÷àñòêà âñåëåíö³â ó çàãàëüí³é ÷èñåëüíîñò³
â³ä³áðàíîãî çðàçêà; 2) âèäîâèé ñêëàä ÷óæîð³äíèõ ðèá (÷àñòêà äèñòàí-
ö³éíèõ âñåëåíö³â òà íåîë³ìíåòèê³â); 3) ðîçì³ðíî-ìàñîâ³ õàðàêòåðèñòèêè
âèá³ðêè ïîïóëÿö³¿ ïåâíîãî âèäó çà ïåâíèìè ïàðàìåòðàìè (ñåðåäí³ çíà-
÷åííÿ, ñòàíäàðòíå â³äõèëåííÿ, min, max, box and whisker plot), çîêðåìà —-
ñòàíäàðòíà äîâæèíà (SL); ìàñà (m); ìàñà áåç âíóòð³øí³õ îðãàí³â (mb); ìàñà
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Ðèñ. 7. Áëîê-ñõåìà êîìïëåêñíîãî ìîí³òîðèíãó ÷óæîð³äíèõ âèä³â ðèá



ïå÷³íêè (mh); ìàñà ãîíàä (mg); ìàñà ìîçêó (mbr); 4) õàðàêòåðèñòèêà ïåâíî¿
ïîïóëÿö³¿ çà ñòàòòþ òà â³êîì.

Òðåò³é ìàðêåðíèé áëîê ñêëàäàþòü ïàðàçèòîëîã³÷í³ ïîêàçíèêè (²²².
Ïàðàçèòîëîã³÷íà õàðàêòåðèñòèêà ïîïóëÿö³¿ ðèáè-âñåëåíöÿ), ÿê³ îïèñó-
þòü ñòðóêòóðó ³õò³îïàðàçèòîöåíîçó â àñïåêò³ ãîñòàëüíî¿ ñïåöèô³÷íîñò³,
ÿê³ñíèõ òà ê³ëüê³ñíèõ õàðàêòåðèñòèê ïîøèðåííÿ ð³çíèõ ãðóï òà âèä³â ïà-
ðàçèò³â: 1) ñòðóêòóðà ïàðàçèòîöåíîçó (âèäîâèé ñêëàä, ïîêàçíèêè çàðàæå-
íîñò³ (Å², ²², ðÿñí³ñòü), äîì³íàíòè, ìàðêåðí³ âèäè); 2) ñòðóêòóðí³
ñï³ââ³äíîøåííÿ ê³ëüêîñò³ âèä³â ïåâíèõ ãðóï (ãåíåðàë³ñòè/ñïåö³àë³ñòè; äî-
ðîñë³/þâåí³ëüí³; ÷óæîð³äí³/ì³ñöåâ³).

Ï³ä ÷àñ äîñë³äæåííÿ ðèá-âñåëåíö³â, îêð³ì ³õò³îëîã³÷íèõ òà ïàðàçèòî-
ëîã³÷íèõ äîñë³äæåíü, â³äáèðàëè òàêîæ çðàçêè òêàíèí äëÿ ïîäàëüøîãî ãå-
íåòè÷íîãî àíàë³çó. Éîãî ïðîâåäåííÿ íåîáõ³äíå ó äâîõ àñïåêòàõ (Áëîê ²V.
Ãåíåòè÷íà õàðàêòåðèñòèêà ïîïóëÿö³¿ ðèáè-âñåëåíöÿ): 1) ì³êðîñàòåë³òíèé
àíàë³ç çàäëÿ âñòàíîâëåííÿ ïîõîäæåííÿ/ñïîð³äíåíîñò³ ïîïóëÿö³¿; 2) áàð-
êîäèíã — ÿêùî ³ñíóº íåîáõ³äí³ñòü ï³äòâåðäæåííÿ ÷è âñòàíîâëåííÿ âèäî-
âî¿ ïðèíàëåæíîñò³. Îïðàöþâàííÿ öèõ ìàòåð³àë³â äëÿ ð. Çäâèæ áóäå çä³é-
ñíåíî ï³ä ÷àñ ìàéáóòí³õ äîñë³äæåíü ó øèðøîìó àñïåêò³, ç óðàõóâàííÿì
äàíèõ ç ³íøèõ âîäîéì.

Íà îñíîâ³ ïðîâåäåíèõ çà ÷îòèðìà âèùåîïèñàíèìè áëîêàìè êîìïëåê-
ñíèõ äîñë³äæåíü ç’ÿâëÿºòüñÿ ìîæëèâ³ñòü óçàãàëüíåíü òà âèñíîâê³â ùîäî
âñòàíîâëåííÿ ïîõîäæåííÿ ïîïóëÿö³¿ ðèáè â ïåâíîìó âîäíîìó îá’ºêò³,
äàâíîñò³ ïðîíèêíåííÿ, óñï³øíîñò³ òà ³íâàç³éíîãî ïîòåíö³àëó, åêîñèñòåì-
í³é ðîë³. Òàê³ âèñíîâêè ìîæóòü áóòè çðîáëåí³ íà îñíîâ³ ïîêàçíèê³â, ùî
ñâ³ä÷àòü ïðî: 1) ïîõîäæåííÿ òà ñïîð³äíåí³ñòü — ãåíåòè÷í³ òà ïàðàçèòî-
ëîã³÷í³ ìàðêåðè; 2) óñï³øí³ñòü ó ïîäîëàíí³ ô³ëüòð³â çóñòð³÷³ òà ô³ëüòð³â
ïðèñòîñóâàííÿ — ïàðàçèòîëîã³÷í³ ìàðêåðè; 3) åêîñèñòåìíó ðîëü òà êîí-
êóðåíòíó óñï³øí³ñòü — ³õò³îëîã³÷í³ ìàðêåðè.

Çðîçóì³ëî, ùî ïðè çáåðåæåíí³ îñíîâíèõ ñêëàäîâèõ (áëîê³â), ñõåìà
ìîí³òîðèíãó ìîæå ìîäèô³êóâàòèñü çàëåæíî â³ä óìîâ òà çàâäàíü ïðîâå-
äåííÿ.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Ìîí³òîðèíã ÷óæîð³äíèõ âèä³â ðèá (òåîðåòè÷í³ çàñàäè òà çàñòîñó-
âàííÿ). Äåÿê³ ³ç ñó÷àñíèõ ï³äõîä³â äî îö³íêè á³îëîã³÷íèõ ³íâàç³é áàçóþòü-
ñÿ íà åêñïåðòíîìó âèçíà÷åíí³ ³íâàç³éíîñò³ îêðåìèõ âèä³â ã³äðîá³îíò³â òà
ñòóïåíÿ á³îëîã³÷íîãî çàáðóäíåííÿ íà ð³âí³ á³îöåíîç³â [14, 26]. Çîêðåìà,
³íäåêñ SBPR âèêîðèñòîâóºòüñÿ äëÿ îö³íêè ðèçèêó ³íâàç³¿ âèä³â ç³ çíà÷íè-
ìè ïîòåíö³éíèìè çàãðîçàìè â åêîñèñòåìíîìó òà åêîíîì³÷íîìó àñïåêòàõ.
Öåé ³íäåêñ áàçóºòüñÿ íà çàãàëüí³é îö³íö³ ð³âíÿ àãðåñèâíîñò³ âñåëåíö³â çà
òðüîìà ïîêàçíèêàìè: âèñîêèé ïîòåíö³àë äî ðîçñåëåííÿ (HRD — High risk
for dispersal), âèñîêèé ïîòåíö³àë äî îñâîºííÿ íîâî¿ åêîñèñòåìè (HRE —
High risk for establishment in a new environment) ³ âèñîêèé ïîòåíö³àë äî
åêîëîã³÷íèõ ³ íåãàòèâíèõ ñîö³àëüíî-åêîíîì³÷íèõ âïëèâ³â (HRI — High
risk to cause ecological and negative socio-economic impacts). Âåëè÷èíè
êîæíîãî ç òðüîõ ïîêàçíèê³â âèçíà÷àþòüñÿ åêñïåðòíî [26], SBPR âàð³þº ó
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ä³àïàçîí³ â³ä 0 äî 3 áàë³â: 0 — ³íâàç³¿ íåâ³äîì³; 1 — ³íôîðìàö³ÿ äîñòóïíà
ò³ëüêè ïî HRD àáî HRE (íèçüêèé ðèçèê); 2 — ³íôîðìàö³ÿ äîñòóïíà ïî
HRD ³ HRE (ñåðåäí³é ðèçèê); 3 — ³íôîðìàö³ÿ äîñòóïíà ïî HRI, íåçàëåæíî
â³ä íàÿâíîñò³ ³íôîðìàö³¿ ùîäî HRD ³ HRE (âèñîêèé ðèçèê).

Ïîòåíö³àë âèäó äî ïîøèðåííÿ (HRD) âèçíà÷àºòüñÿ áàãàòüìà îçíàêà-
ìè âèäó, ÿê³ ìîæóòü áóòè ñïåöèô³÷íèìè äëÿ öüîãî âèäó ÷è éîãî ïåâíî¿
æèòòºâî¿ ñòàä³¿. ×åðåç âèñîêèé ð³âåíü ñêëàäíîñò³ ðàíæóâàííÿ òà íåâèçíà-
÷åíîñò³ òàêèõ îçíàê, ðèçèê øâèäêîãî ðîçïîâñþäæåííÿ âèä³â ïðîïî-
íóºòüñÿ îö³íþâàòè çà ð³çíîìàí³òí³ñòþ øëÿõ³â ³íòðîäóêö³¿, ñïåöèô³÷íèõ
äëÿ ïåâíèõ âèä³â.

Ïîòåíö³àë äî îñâîºííÿ íîâî¿ åêîñèñòåìè (HRE) âèçíà÷àºòüñÿ á³îëî-
ã³÷íèìè îçíàêàìè âèäó, òàêèìè ÿê éîãî åâðèãàëèíí³ñòü, òåìïåðàòóðíà
òîëåðàíòí³ñòü, íåâèáàãëèâ³ñòü äî óìîâ ³ñíóâàííÿ òà äåÿê³ ³íø³ îçíàêè.
Ïîòåíö³àë ÷óæîð³äíîãî âèäó äî åêîëîã³÷íèõ ³ íåãàòèâíèõ ñîö³àëüíî-åêî-
íîì³÷íèõ âïëèâ³â (HRI) ìîæíà âèçíà÷èòè ÿê ê³ëüê³ñíî âèðàæåíèé íåãà-
òèâíèé âïëèâ íà ñåðåäîâèùå ðåöèï³ºíòà, íàïðèêëàä: çíèæåííÿ á³îð³çíî-
ìàí³òòÿ, çì³íà õàðàêòåðó ôóíêö³îíóâàííÿ åêîñèñòåì, âòðàòè ó âèðîá-
íèöòâ³, ïîã³ðøåííÿ äîñòóïó äî ïðèðîäíèõ ðåñóðñ³â òà ³íø³ âòðàòè åêîñè-
ñòåìíèõ ïîñëóã.

Áóëî çàïðîïîíîâàíî ìîäóëüíèé ³íñòðóìåíò îö³íêè äëÿ ìåíåäæìåíòó
³íòðîäóêîâàíèõ ðèá â³äïîâ³äíî äî ðèçèê³â âèä³â òà ¿õí³õ ïîïóëÿö³é ³ àï-
ðîáîâàíî íà ïðèêëàä³ âîäíèõ îá’ºêò³â Àíãë³¿ òà Óåëüñó [15]. Öÿ ñõåìà
îö³íþâàííÿ ñêëàäàºòüñÿ ç ÷îòèðüîõ ìîäóë³â: 1) ïð³îðèòèçàö³ÿ âèäó ðè-
áè-âñåëåíöÿ; 2) ðèçèê ÷óæîð³äíîãî âèäó äëÿ ðåöèï³ºíòíî¿ âîäîéìè òà âî-
äîçáîðó; 3) âïëèâ íà ä³¿ ç ìåíåäæìåíòó (êîíòðîëþ); 4) âàðò³ñòü ìåíåäæ-
ìåíòó (êîíòðîëþ).

Ïð³îðèòèçàö³þ âèä³â ðèá-âñåëåíö³â ïðîïîíóºòüñÿ çä³éñíþâàòè çà-
ñòîñîâóþ÷è â³äíåñåííÿ äî «÷îðíîãî» àáî «á³ëîãî» ñïèñê³â. Âèäè ç «á³ëî-
ãî» ñïèñêó, ÿê ïðàâèëî, äîçâîëÿþòüñÿ (àáî äîïóñêàþòüñÿ) äî ³ìïîðòó
òà/àáî ³íòðîäóêö³¿ äëÿ îòðèìàííÿ ñïåêòðó ¿õí³õ åêîíîì³÷íèõ òà ñîö³àëü-
íèõ âèãîä, ñòâîðþþ÷è ïðè öüîìó ì³í³ìàëüíèé ðèçèê äëÿ íàâêîëèøíüîãî
ñåðåäîâèùà [19, 29]. Ö³ ñïèñêè ÷àñòî ñêëàäàþòüñÿ çà äîïîìîãîþ ³íñòðó-
ìåíò³â ïîïåðåäíüî¿ ïåðåâ³ðêè ðèçèê³â, ÿê³ êëàñèô³êóþòü âèäè â³äïîâ³äíî
äî ¿õíüî¿ éìîâ³ðíîñò³ ñòàòè ³íâàçèâíèìè. Íàïðèêëàä, «Êîìïëåêñ îö³íêè
³íâàçèâíîñò³ ðèá» (Fish Invasiveness Scoring Kit — FISK) áóâ àäàïòîâàíèé ç
«Êîìïëåêñó ³íñòðóìåíò³â ç îö³íêè ðèçèêó áóð’ÿí³â» (Weed Risk Asses-
sment tool [27]) äëÿ îö³íêè ïîòåíö³éíî¿ ³íâàçèâíîñò³ ³ñíóþ÷èõ ³ ïîòåí-
ö³éíèõ ìàéáóòí³õ ÷óæîð³äíèõ ïð³ñíîâîäíèõ ðèá [17, 18].

Êëàñèô³êàö³ÿ ³íòðîäóêîâàíèõ ðèá çà ¿õíüîþ ïîòåíö³éíîþ ³íâàçèâ-
í³ñòþ (íàïðèêëàä, FISK) òà â³äîìèì ñó÷àñíèì ïîøèðåííÿì (íàïðèêëàä,
ê³ëüê³ñòü ì³ñöü, äå âîíè ïðèñóòí³, ê³ëüê³ñòü êîëîí³çîâàíèõ ð³÷êîâèõ áà-
ñåéí³â, äîâæèíà êîëîí³çîâàíèõ ð³÷îê òà ³í.) º ïåðåäóìîâîþ äëÿ ïîäàëü-
øèõ çàõîä³â. Ââàæàºòüñÿ, ùî íåãàéí³ óïðàâë³íñüê³ ä³¿ íåîáõ³äí³ ùîäî
âèä³â, ÿê³ îö³íþþòüñÿ ÿê «ç âèñîêèì ðèçèêîì» (high risk), àëå â äàíèé ÷àñ
ìàþòü ùå îáìåæåíå ïîøèðåííÿ — ç ìåòîþ çàïîá³ãàííÿ àáî ñòðèìóâàííÿ
ñòâîðåííÿ íîâèõ ³íâàçèâíèõ ïîïóëÿö³é.
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Íàñòóïíèì êðîêîì ó ö³é ïðîöåäóð³ îö³íêè º âñòàíîâëåííÿ ðèçèêó ÷ó-
æîð³äíèõ âèä³â ðèá äëÿ âîäîéì-ðåöèï³ºíò³â òà âîäîçá³ðíîãî áàñåéíó.

Äëÿ ÷óæîð³äíèõ ðèá, äå ìîäóëü 1 ïåðåäáà÷àº íåîáõ³äí³ñòü ä³é ç óïðàâ-
ë³ííÿ/êîíòðîëþ, ìîäóëü 2 äîçâîëÿº âèçíà÷èòè â³äïîâ³äí³ çàõîäè ç ìåíåä-
æìåíòó/êîíòðîëþ ¿õí³õ ïîïóëÿö³é, â³äïîâ³äíî äî õàðàêòåðèñòèê ÿê êî-
ëîí³çîâàíèõ åêîñèñòåì (òàì äå âèä ïðèñóòí³é), òàê ³ âîäîçá³ðíîãî áàñåéíó
(äå âèä ìîæå ïîøèðèòèñÿ).

Âèêîðèñòîâóþ÷è àíàëîã³÷íèé ï³äõ³ä [15], ìîäóëü îö³íþº ðèçèê, ÿêèé
ïðåäñòàâëÿº ³íòðîäóêîâàíèé âèä äëÿ âîäîéì-ðåöèï³ºíò³â òà âîäîçá³ðíî-
ãî áàñåéíó â³äïîâ³äíî äî øèðîêî¿ íèçêè êðèòåð³¿â: 1) ðåçóëüòàòè îö³íêè
ìîäóëÿ 1; 2) ïîòåíö³àë äëÿ ðîçïîâñþäæåííÿ âèäó ç êîëîí³çîâàíèõ âîäîéì
äî ïðèéìàþ÷îãî âîäîçá³ðíîãî áàñåéíó; 3) åêîëîã³÷íèé òà ïðèðîäîîõî-
ðîííèé ñòàí êîëîí³çîâàíèõ âîäíèõ îá’ºêò³â òà âîäîçá³ðíîãî áàñåéíó òà 4)
çíà÷åííÿ êîëîí³çîâàíèõ âîäîéì òà âîäîçá³ðíîãî áàñåéíó äëÿ ðèáîëîâë³.

Ö³ êðèòåð³¿ äîçâîëÿþòü êëàñèô³êóâàòè íèçüêèé, ñåðåäí³é àáî âèñî-
êèé ðèçèê ïåâíîãî ÷óæîð³äíîãî âèäó â³äïîâ³äíî äî âñòàíîâëåíèõ õàðàê-
òåðèñòèê òà ïîêàçíèê³â.

Íå àíàë³çóþ÷è íàñòóïí³ áëîêè, ÿê³ ñòîñóþòüñÿ áåçïîñåðåäí³õ ä³é ç
êîíòðîëþ ÷óæîð³äíîãî âèäó, âàðòî çàçíà÷èòè, ùî êîìïëåêñíèé ï³äõ³ä,
ÿêèé ìè ïðîïîíóºìî, º íàóêîâîþ îñíîâîþ äëÿ ïîêðàùåííÿ ³íôîðìàö³¿,
ÿêà ìîæå áóòè âèêîðèñòàíà äëÿ ïðèéíÿòòÿ ð³øåíü òà îòðèìàííÿ àäåêâàò-
íèõ ðåçóëüòàò³â ó áëîêàõ 1 ³ 2 òàêî¿ îö³íêè.

Íà íàøó äóìêó, ìîí³òîðèíã êëþ÷îâèõ ïîêàçíèê³â ïîïóëÿö³é ÷óæî-
ð³äíèõ âèä³â, ÿêèé îá’ºäíóº ïàðàçèòîëîã³÷í³, ïîïóëÿö³éí³ òà ãåíåòè÷í³
ïîêàçíèêè, äîçâîëèòü ìàðêóâàòè (ïàñïîðòèçóâàòè) ïåâíó ïîïóëÿö³þ âè-
äó â ìåæàõ âîäíîãî îá’ºêòó òà ð³÷êîâîãî áàñåéíó, îö³íèòè ³íâàçèâíèé ïî-
òåíö³àë ö³º¿ ïîïóëÿö³¿, ç âèñîêîþ ³ìîâ³ðí³ñòþ âèçíà÷àòè îñîáèí, ÿê³ ç íå¿
ïîõîäÿòü, çà ìåæàìè äîñë³äæóâàíî¿ ä³ëÿíêè àðåàëó.

Âèñíîâêè

Äîñë³äæåíî ñêëàä ³õò³îôàóíè ð. Çäâèæ, ÿêà íàðàõîâóº 24 âèäè ðèá, ç
ÿêèõ 17 º àáîðèãåííèìè, äâà — äèñòàíö³éíèìè âñåëåíöÿìè, ï’ÿòü — ñà-
ìîðîçñåëåíöÿìè-íåîë³ìíåòèêàìè. Àíàë³ç ðèáíîãî íàñåëåííÿ íà äîñë³ä-
æåíèõ ä³ëÿíêàõ ïîêàçàâ, ùî íåîë³ìíåòèêè (Babka gymnotrachelus, Prote-
rorhinus semilunaris, Neogobius fluviatilis, Pungitius platygaster, Gasterosteus
aculeatus), äëÿ ÿêèõ íàé³ìîâ³ðí³øèì øëÿõîì ðîçñåëåííÿ º ïðèðîäíà ì³ã-
ðàö³ÿ â³ä ãèðëà ð³÷êè äî ¿¿ âåðõ³â’ÿ, ç’ÿâëÿþòüñÿ ó ñêëàä³ óãðóïîâàííÿ
ëèøå â ñåðåäí³é òå÷³¿. Äèñòàíö³éí³ âñåëåíö³ (Perccottus glenii, Carassius gi-
belio) ñêëàäàëè íàéá³ëüøó ÷àñòêó ó âåðõ³â’¿ ð. Çäâèæ, ïðîòå áóëè âèÿâëåí³
ïðàêòè÷íî íà âñ³õ ñòàíö³ÿõ.

Ó ÷óæîð³äíèõ âèä³â ðèá âèÿâëåíî 10 âèä³â ïàðàçèò³â ð³çíèõ ñèñòåìà-
òè÷íèõ ãðóï (³íôóçîð³¿, òðåìàòîäè, ñêðåáëÿíêè, íåìàòîäè). Ñåðåä îä-
íîêë³òèííèõ ïàðàçèò³â ïåðåâàæàëè ³íôóçîð³¿ ð. Trichodina, ñåðåä áàãà-
òîêë³òèííèõ ïàðàçèò³â — ìåòàöåðêàð³¿ òðåìàòîä, îñòàòî÷íèìè õàçÿÿìè
ÿêèõ º ðèáî¿äí³ ïòàõè (Diplostomum sp., Apatemon gracilis).
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Íà ïðèêëàä³ äâîõ ïðåäñòàâíèê³â ÷óæîð³äíî¿ äëÿ ð. Çäâèæ ³õò³îôàóíè
— ìàëà êîëþ÷êà ï³âäåííà Pungitius plathygaster (ñàìîðîçñåëåíö³-íåîë³ì-
íåòèêè) òà ðîòàíü-ãîëîâåøêà Perccottus glenii (äèñòàíö³éí³ âñåëåíö³) —
íàìè âèêîíàíî ñïðîáó êîìïëåêñíîãî àíàë³çó ç âèêîðèñòàííÿì ïàðàçèòî-
ëîã³÷íèõ òà ïîïóëÿö³éíèõ ìàðêåð³â çàäëÿ âñòàíîâëåííÿ ñòóïåíÿ ³íòåãðî-
âàíîñò³ ÷óæîð³äíîãî âèäó â íàáóòèõ åêîñèñòåìàõ, ïîòåíö³àëó äî ïîøè-
ðåííÿ òà ðîë³ â á³îöåíîç³. Çà ïàðàçèòîëîã³÷íèìè ïîêàçíèêàìè îáèäâà
âèäè äåìîíñòðóþòü íåçíà÷íó ³íòåãðîâàí³ñòü ó àáîðèãåíí³ ïàðàçèòàðí³ ñè-
ñòåìè. Ïîòåíö³àë äî ïîäàëüøîãî ïîøèðåííÿ îáèäâîõ âèä³â ìîæíà îö³íè-
òè ÿê âèñîêèé.

Íà îñíîâ³ ïðîâåäåíèõ äîñë³äæåíü çàïðîïîíîâàíî ñõåìó êîìïëåêñíî-
ãî ìîí³òîðèíãó ÷óæîð³äíèõ âèä³â ðèá ³ç çàñòîñóâàííÿì ïîïóëÿö³éíèõ, ïà-
ðàçèòîëîã³÷íèõ òà ãåíåòè÷íèõ ïîêàçíèê³â.
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ALIEN FISH SPECIES AND THEIR PARASITES OF THE ZDVYZH RIVER:
GENERAL CHARACTERISTICS, MARKER INDICATORS,

THE MONITORING SCHEME

The fish fauna composition of the Zdvyzh River was analyzed and shown to comprise
24 species of fish, 17 of them are aboriginal, two - remote alien species, and five — self-dis-
persal neolimnetic. The analysis of the fish population in the studied locations showed that
neolimnetic species (Babka gymnotrachelus, Proterorhinus semilunaris, Neogobius fluviati-
lis, Pungitius platygaster, Gasterosteus aculeatus), for which the most probable way of dist-
ribution is a natural migration from the mouth upstream, have been observed only in the
middle reaches of the Zdvyzh River. Remote aliens (Perccottus glenii, Carassius gibelio) ac-
counted for the largest part in the upper reaches of the Zdvyzh River, but were found in al-
most all locations. 10 species of parasites of different systematic groups (ciliates, tremato-
des, acanthocephalans, nematodes) were found in alien fish species. Unicellular parasites
were dominated by ciliates of the genus Trichodina, multicellular parasites — metacerca-
riae of trematodes, the final hosts of which are piscivorous birds (Diplostomum sp., Apate-
mon gracilis).

Based on the realized research, a scheme of complex monitoring of alien fish species
with the application of a population, parasitological and genetic indicators is proposed.

Keywords: alien fish species, neolimnetics, remote alien species, parasites, monitoring.
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ÎÑÎÁËÈÂÎÑÒ² ÂÏËÈÂÓ Ì²Ä² (²²) ² ÑÂÈÍÖÞ (²²) ÍÀ
ÂÌ²ÑÒ Ï²ÃÌÅÍÒ²Â Ó CERATOPHYLLUM DEMERSUM L.

Ó ðåçóëüòàò³ ïðîâåäåíèõ åêñïåðèìåíòàëüíèõ äîñë³äæåíü âñòàíîâëåíî, ùî çìåí-
øåííÿ âì³ñòó ôîòîñèíòåòè÷íèõ ï³ãìåíò³â (õëîðîô³ë³â a ³ b òà êàðîòèíî¿ä³â) ó
ïðåäñòàâíèêà çàíóðåíèõ ìàêðîô³ò³â Ceratophyllum demersum L. â³äáóâàºòüñÿ çà êîí-
öåíòðàö³¿ Cu2+ ó âîäíîìó ñåðåäîâèù³ �0,05 ìã/äì3 òà Pb2+ — �0,1 ìã/äì3. Âñòàíîâëå-
íî, ùî âàæëèâèì ïîêàçíèêîì óøêîäæóþ÷î¿ ä³¿ âàæêèõ ìåòàë³â íà ï³ãìåíòíó ñèñòå-
ìó C. demersum º çìåíøåííÿ âåëè÷èíè â³äíîøåíü õëîðîô³ë à/õëîðîô³ë b òà (õëîðîô³ë
à + õëîðîô³ë b)/êàðîòèíî¿äè. Âèÿâëåíî âèñîê³ çíà÷åííÿ êîåô³ö³ºíò³â á³îëîã³÷íîãî íà-
êîïè÷åííÿ ì³ä³ òà ñâèíöþ ó C. demersum òà äîñòàòíþ ñò³éê³ñòü äîñë³äæóâàíî¿ ðîñ-
ëèíè äî âïëèâó ìåòàë³â, ùî äîçâîëÿº ðåêîìåíäóâàòè âèêîðèñòàííÿ äàíîãî âèäó äëÿ
ô³òîðåìåä³àö³¿ âîäíîãî ñåðåäîâèùà ïðè éîãî çàáðóäíåíí³ ì³ääþ ³ ñâèíöåì â³äïîâ³äíî â
êîíöåíòðàö³ÿõ äî 0,5 ìã/äì3 ³ 1,0—2,0 ìã/äì3.

Êëþ÷îâ³ ñëîâà: ì³äü, ñâèíåöü, âîäíå ñåðåäîâèùå, Ceratophyllum demersum L., õëî-
ðîô³ë, êàðîòèíî¿äè, àêóìóëÿö³ÿ, ô³òîðåìåä³àö³ÿ.
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Ì³äü º âàæëèâèì äëÿ ðîñòó ³ ðîçâèòêó ðîñëèí ì³êðîåëåìåíòîì, îñ-
ê³ëüêè çàáåçïå÷óº ñòðóêòóðíó îðãàí³çàö³þ òà ôóíêö³îíóâàííÿ áàãàòüîõ
ôåðìåíòíèõ ñèñòåì, áåðå ó÷àñòü ó òðàíñïîðò³ åëåêòðîí³â ïðè ôîòîñèíòåç³
òà äèõàíí³, à òàêîæ íåîáõ³äíà äëÿ çä³éñíåííÿ ³íøèõ ïðîöåñ³â æèòòºä³ÿëü-
íîñò³ ðîñëèííèõ îðãàí³çì³â [2, 10, 23, 29]. Îäíàê ó âèñîêèõ êîíöåíòðàö³ÿõ
ì³äü ìîæå áóòè íàäçâè÷àéíî òîêñè÷íîþ äëÿ ðîñëèí, ïðèçâîäÿ÷è äî ð³ç-
íèõ ô³ç³îëîãî-á³îõ³ì³÷íèõ òà ìîðôîëîã³÷íèõ çì³í, çîêðåìà äî ïîðóøåííÿ
ôóíêö³îíóâàííÿ ï³ãìåíòíèõ ñèñòåì, çì³íè ÿê³ñíîãî ñêëàäó òà ê³ëüêîñò³
ï³ãìåíò³â, âèêëèêàþ÷è ñèìïòîìè õëîðîçó ³ íåêðîçó, äî ïðèãí³÷åííÿ ôî-
òîñèíòåçó, äèõàííÿ, çàòðèìêè ðîñòó ³ íàâ³òü çàãèáåë³ [7, 12, 17, 22, 23].

Ñâèíåöü ââàæàþòü îäíèì ³ç íàéá³ëüø òîêñè÷íèõ âàæêèõ ìåòàë³â äëÿ
âñ³õ æèâèõ îðãàí³çì³â [28]. Á³îëîã³÷íó ðîëü ñâèíöþ íå âèÿâëåíî, îäíàê
äåÿêèìè äîñë³äæåííÿìè ïîêàçàíî çíà÷íó êóìóëÿö³þ ìåòàëó â ðîñëèííèõ
îðãàí³çìàõ òà éîãî òîêñè÷íó ä³þ íà ï³ãìåíòíó ñèñòåìó òà æèòòºä³ÿëüí³ñòü
ðîñëèí â ö³ëîìó [6, 25].

Âíàñë³äîê ³íòåíñèâíî¿ àíòðîïîãåííî¿ ä³ÿëüíîñò³ â³äáóâàºòüñÿ çðîñ-
òàííÿ êîíöåíòðàö³¿ âàæêèõ ìåòàë³â ó ïðèðîäíèõ âîäîéìàõ, ³ òàêå çàáðóä-
íåííÿ º ãëîáàëüíîþ ïðîáëåìîþ ÕÕ² ñòîð³÷÷ÿ [30]. Ó çàáðóäíåíèõ âîäî-
éìàõ ìåãàïîë³ñ³â êîíöåíòðàö³¿ ì³ä³ òà ñâèíöþ ìîæóòü äîñÿãàòè çíà÷íèõ
âåëè÷èí. Çîêðåìà, çà äàíèìè Ï.Ì. Ëèííèêà òà ³í. [16], ó âîä³ ð. Ëèá³äü â
ìåæàõ ì. Êèºâà êîíöåíòðàö³ÿ ì³ä³ ó ðîç÷èíåí³é ôîðì³ äîñÿãàëà
0,083 ìã/äì3, à ñâèíöþ — 0,108 ìã/äì3. Ö³ ìåòàëè ìîæóòü ïîòðàïëÿòè ó âî-
äîéìè ³ ó çíà÷íî âèùèõ êîíöåíòðàö³ÿõ ç âèêèäàìè íåäîñòàòíüî î÷èùå-
íèõ ñò³÷íèõ âîä.

Áóëî âñòàíîâëåíî, ùî äåÿê³ âèù³ âîäí³ ðîñëèíè, çàâäÿêè îñîáëèâî-
ñòÿì ñâîº¿ àíàòîì³÷íî¿ áóäîâè, çíà÷í³é àêóìóëÿö³éí³é çäàòíîñò³ òà äî-
ñòàòíüî âèñîê³é ñò³éêîñò³ äî âïëèâó âàæêèõ ìåòàë³â, ìîæóòü áóòè âèêî-
ðèñòàí³ äëÿ á³îìîí³òîðèíãó òà ô³òîðåìåä³àö³¿ ïðèðîäíèõ ³ ñò³÷íèõ âîä.
Çîêðåìà, âñòàíîâëåíî, ùî íàéá³ëüø åôåêòèâíî àêóìóëþþòü ³ âèäàëÿþòü
âàæê³ ìåòàëè ç âîäíîãî ñåðåäîâèùà òàê³ âîäí³ ðîñëèíè: Salvinia natans

(L.) All., Eichhornia crassipes (Mart.) Solms-Laub., Lemna minor L., Elodea ca-

nadensis M³chx., Pistia stratiotes L., Ceratophyllum demersum L., Myriophyl-

lum spicatum L. [7, 13]. Ðåçóëüòàòè òàêèõ äîñë³äæåíü ïîêàçàëè, ùî âèêîðè-
ñòàííÿ çàíóðåíèõ âîäíèõ ðîñëèí ³ ðîñëèí ç ïëàâàþ÷èì ëèñòÿì äëÿ ô³òî-
ðåìåä³àö³¿ ìîæå áóòè åôåêòèâíèì ³ åêîíîì³÷íî äîö³ëüíèì ñïîñîáîì î÷è-
ùåííÿ ïîâåðõíåâèõ âîä ³ äîî÷èùåííÿ ïðîìèñëîâèõ ñò³÷íèõ âîä.

Ó çâ’ÿçêó ç öèì ìåòîþ íàøèõ äîñë³äæåíü áóëî âñòàíîâëåííÿ îñîáëè-
âîñòåé âïëèâó ð³çíèõ êîíöåíòðàö³é ì³ä³ ³ ñâèíöþ ó âîäíîìó ñåðåäîâèù³
íà æèòòºâ³ñòü Ceratophyllum demersum, çîêðåìà íà ñòàí éîãî ï³ãìåíòíî¿
ñèñòåìè, à òàêîæ îö³íêà éîãî àêóìóëÿòèâíî¿ çäàòíîñò³ ùîäî öèõ ìåòàë³â
òà ìîæëèâîñò³ âèêîðèñòàííÿ äëÿ ô³òîðåìåä³àö³¿ ïðèðîäíèõ ³ ñò³÷íèõ âîä,
çàáðóäíåíèõ Cu ³ Pb.
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Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêòîì äîñë³äæåíü áóâ Ceratophyllum demersum L., ÿêèé â³äíîñèòü-
ñÿ äî çàíóðåíèõ âèùèõ âîäíèõ ðîñëèí ³ øèðîêî ïîøèðåíèé ó âîäîéìàõ
Óêðà¿íè, çîêðåìà ó âîäîéìàõ ì. Êèºâà [9].

Ðîñëèíè C. demersum áóëè â³ä³áðàí³ ³ç ïðèðîäíèõ âîäîéì ì. Êèºâà ³
âì³ùåí³ â àêâàð³óì îá’ºìîì 30 äì3, íàïîâíåíèé â³äñòîÿíîþ âîäîïðî-
â³äíîþ âîäîþ, äëÿ àêë³ìàòèçàö³¿ ïðîòÿãîì äâîõ òèæí³â. Îäèí ðàç ó 2—3
äí³ â àêâàð³óì³ ïðîâîäèëè çàì³íó ïîëîâèíè îá’ºìó âîäè. Äëÿ ïðîâåäåííÿ
åêñïåðèìåíòó ïî ñ³ì ìîëîäèõ ïàãîí³â C. demersum äîâæèíîþ ïðèáëèçíî
7—8 ñì ïîì³ùàëè ó ñêëÿí³ ºìíîñò³ îá’ºìîì 3 äì3, çàïîâíåí³ â³äñòîÿíîþ
âîäîïðîâ³äíîþ âîäîþ, ³ äîäàâàëè îäíîðàçîâî Pb2+ ó âèãëÿä³ Pb(NO3)2 òà
Cu2+ ó âèãëÿä³ CuSO4·5H2O ç ðîçðàõóíêó 0,05, 0,1, 0,5, 1,0 ³ 2,0 ìã/äì3. Îáðà-
íî øèðîêèé ä³àïàçîí äîñë³äæóâàíèõ êîíöåíòðàö³é — â³ä ðåàëüíî âèÿâ-
ëåíèõ ó âîäîéìàõ ì. Êèºâà (0,05 ìã/äì3) [16] äî ïðèñóòí³õ ó ì³ñöÿõ ñêè-
äàííÿ íåäîñòàòíüî î÷èùåíèõ ñò³÷íèõ âîä ïðîìèñëîâèìè ï³äïðèºìñòâà-
ìè (0,5—2,0 ìã/äì3).

Îñâ³òëåííÿ ðîñëèí çä³éñíþâàëè ëþì³íåñöåíòíèìè ëàìïàìè äåííîãî
ñâ³òëà (éîãî ³íòåíñèâí³ñòü ñòàíîâèëà 3000 ëê ç ïåð³îäîì ñâ³òëî : òåìðÿâà
16 : 8 ãîä), òåìïåðàòóðà âîäè áóëà 25±3 oC, à ðÍ — 7,6±0,5. Äîñë³äí³ ³ êîíò-
ðîëüí³ ðîñëèíè âèòðèìóâàëè çà âèùåçàçíà÷åíèõ óìîâ óïðîäîâæ ñåìè
ä³á. Ð³âåíü âîäè ó äîñë³äíèõ ºìíîñòÿõ ï³äòðèìóâàëè øëÿõîì ðåãóëÿðíîãî
äîäàâàííÿ ñâ³æî¿ âîäè äî îá’ºìó 3 äì3.

Êîíòðîëåì ñëóãóâàëè ðîñëèíè, ÿê³ åêñïîíóâàëè â òàêèõ ñàìèõ óìî-
âàõ, àëå áåç äîäàâàííÿ ìåòàë³â ó âîäíå ñåðåäîâèùå.

Âì³ñò ï³ãìåíò³â ó C. demersum âèçíà÷àëè ñïåêòðîôîòîìåòðè÷íèì ìå-
òîäîì. Åêñòðàêö³þ õëîðîô³ë³â òà êàðîòèíî¿ä³â ïðîâîäèëè 80 %-âèì ðîç-
÷èíîì àöåòîíó [3]. Ðîçðàõóíêè ïðîâîäèëè çà ôîðìóëàìè [14] òà âèðàæà-
ëè â ì³ë³ãðàìàõ íà 1 ã ñóõî¿ ìàñè. Äëÿ îòðèìàííÿ ñóõî¿ ìàñè ðîñëèíè âèñó-
øóâàëè ó ñóøèëüí³é øàô³ ïðè òåìïåðàòóð³ 105 oÑ äî ñòàëî¿ ìàñè.

Âèçíà÷åííÿ âì³ñòó ì³ä³ ³ ñâèíöþ ó ðîñëèíàõ çä³éñíþâàëè ìåòîäîì îï-
òè÷íî¿ åì³ñ³éíî¿ ñïåêòðîñêîï³¿ ç ³íäóêòèâíî-çâ’ÿçàíîþ ïëàçìîþ [5]. Äëÿ
öüîãî, ï³ñëÿ çàê³í÷åííÿ åêñïåðèìåíòàëüíèõ äîñë³äæåíü, ðîñëèííèé ìà-
òåð³àë ïðîìèâàëè äèñòèëüîâàíîþ âîäîþ ³ 0,02 Ì ðîç÷èíîì ÅÄÒÀ (äëÿ âè-
äàëåííÿ àäñîðáîâàíèõ íà ïîâåðõí³ ìåòàë³â) ³ ïðîâîäèëè êèñëîòíå îçîëåí-
íÿ ñóì³øøþ êîíöåíòðîâàíèõ àçîòíî¿ ³ ñ³ð÷àíî¿ êèñëîò, âèêîðèñòîâóþ÷è
ì³êðîõâèëüîâó (ÍÂ×) ï³÷ MWS-2 (Berghoff, Í³ìå÷÷èíà) [5].

Êîåô³ö³ºíò á³îëîã³÷íîãî íàêîïè÷åííÿ ìåòàë³â (ÊÁÍ) âîäíèìè ìàê-
ðîô³òàìè âèçíà÷àëè ÿê ñï³ââ³äíîøåííÿ âì³ñòó ìåòàëó â ðîñëèííîìó ìà-
òåð³àë³ (ìã/êã ñóõî¿ ìàñè) äî êîíöåíòðàö³¿ ìåòàëó ó âîä³ (ìã/äì3) [11, 20,
21].

Ñòàòèñòè÷íó îáðîáêó îäåðæàíèõ äàíèõ, çîêðåìà ðîçðàõóíîê ñåðåä-
íüîãî çíà÷åííÿ òà ñòàíäàðòíîãî â³äõèëåííÿ (M±m) ³ç 3—4 âèçíà÷åíü (n =
3—4), ïðîâîäèëè çà äîïîìîãîþ ïðîãðàìè ÌS Excel 2016.
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Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âñòàíîâëåíî, ùî çà âïëèâó Cu2+ ó
êîíöåíòðàö³¿ â³ä 0,05 äî 0,5 ìã/äì3 ó C. demersum â³äáóâàëîñü çìåíøåííÿ
âì³ñòó âñ³õ äîñë³äæóâàíèõ ôîòîñèíòåòè÷íèõ ï³ãìåíò³â. Ïðè öüîìó íàé-
á³ëüøå çíèæóâàâñÿ âì³ñò õëîðîô³ëó à (íà 35—79 % ïîð³âíÿíî ç êîíòðî-
ëåì), ìåíøå — õëîðîô³ëó b (íà 29—66 %) òà êàðîòèíî¿ä³â (íà 23—68 %)
(ðèñ. 1).

Çìåíøåííÿ çàãàëüíîãî âì³ñòó õëîðîô³ëó òà êàðîòèíî¿ä³â ó âîäíèõ
ìàêðîô³ò³â çà âïëèâó ï³äâèùåíèõ êîíöåíòðàö³é Cu òàêîæ áóëî â³äì³÷åíî
â ðîáîòàõ ³íøèõ àâòîð³â [22, 24]. Çíèæåííÿ âì³ñòó õëîðîô³ëó çà íàäëèø-
êîâî¿ ê³ëüêîñò³ ì³ä³ íàñàìïåðåä âïëèâàº íà ôîòîñèñòåìó II, ðåàêö³éíèé
öåíòð ÿêî¿ ì³ñòèòü õëîðîô³ë à, ùî ñïðè÷èíÿº ïðèãí³÷åííÿ ôîòîñèíòåçó
[8]. Ó ë³òåðàòóð³ íàÿâí³ â³äîìîñò³ ïðî òå, ùî çíèæåííÿ âì³ñòó ï³ãìåíò³â ó
ðîñëèííîìó îðãàí³çì³ çà ä³¿ ì³ä³ ñóïðîâîäæóºòüñÿ àêòèâàö³ºþ ïðîöåñ³â
ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â òà çì³íîþ àêòèâíîñò³ àíòèîêñèäàíòíèõ
ôåðìåíò³â, çîêðåìà çá³ëüøåííÿì àêòèâíîñò³ àñêîðáàòïåðîêñèäàçè, ãâàÿ-
êîë-çàëåæíî¿ ïåðîêñèäàçè, êàòàëàçè, ñóïåðîêñèääèñìóòàçè, ãëóòàò³îíðå-
äóêòàçè, îäíàê öå â³äáóâàºòüñÿ ëèøå äî ïåâíîãî ÷àñó åêñïîçèö³¿ [24, 27].
Ïîêàçàíî, ùî àêòèâí³ñòü àíòèîêñèäàíòíèõ ôåðìåíò³â ó Potamogeton pu-
sillus L. çíà÷íî çá³ëüøóâàëàñü çà âïëèâó 40 ìêã/äì3 Cu ïðîòÿãîì 24 ãîä,
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Ðèñ. 1. Âì³ñò õëîðîô³ëó à (à), õëîðîô³ëó
b (á) ³ êàðîòèíî¿ä³â (â) ó Ceratophyllum
demersum çà ð³çíèõ êîíöåíòðàö³é éîí³â
ì³ä³ (²²) ó âîäíîìó ñåðåäîâèù³ (M±m; n
= 3—4)



ï³ñëÿ ÷îãî ñïîñòåð³ãàëîñü çíèæåííÿ ¿õíüî¿ àêòèâíîñò³ çà ä³¿ ìåòàëó ïðîòÿ-
ãîì á³ëüø òðèâàëîãî ÷àñó [19]. Òàêîæ åêñïåðèìåíòàëüíî âñòàíîâëåíî
çá³ëüøåííÿ âì³ñòó çàãàëüíèõ íåá³ëêîâèõ ò³îë³â (NP-SH) ³ öèñòå¿íó ó Hyd-
rilla verticillata (L.f.) Royle ïðè êîíöåíòðàö³¿ ì³ä³ äî 5 ìêìîëü/äì3, òîä³ ÿê
ïðè 25 ìêìîëü/äì3 ¿õí³é ð³âåíü ð³çêî çíèæóâàâñÿ. Îäíî÷àñíî â³äì³÷åíî
ñóòòºâå çá³ëüøåííÿ âì³ñòó ô³òîõåëàòèí³â (ÔÕ) ïðè êîíöåíòðàö³ÿõ ì³ä³ 1
òà 5 ìêìîëü/äì3 íà ÷åòâåðòó äîáó åêñïîçèö³¿, ùî ñâ³ä÷èòü ïðî ¿õíþ ³ñòîò-
íó ðîëü ó äåòîêñèêàö³¿ ìåòàë³â [27].

Â³çóàëüíî ïîøêîäæåííÿ ôîòîàñèì³ëÿö³éíèõ òêàíèí (îçíàêè õëîðî-
çó) ó C. demersum ñïîñòåð³ãàëîñü íàìè âæå çà ïðèñóòíîñò³ 0,5 ìã/äì3 Cu2+ ó
âîäíîìó ñåðåäîâèù³. Âîäíî÷àñ, çà ä³¿ éîí³â ì³ä³ ó êîíöåíòðàö³¿ 1,0 ³
2,0 ìã/äì3 íàìè â³äì³÷åíî òàê³ îçíàêè òîêñè÷íîãî âïëèâó ì³ä³, ÿê îïóñ-
êàííÿ ïàãîí³â íà äíî, â³äîêðåìëåííÿ ëèñòê³â â³ä ñòåáåë, ëàìê³ñòü ñòåáåë
òà îçíàêè íåêðîçó, òîáòî ñïîñòåð³ãàëèñÿ çì³íè, ÿê³ â ïîäàëüøîìó ïðèçâî-
äÿòü äî çàãèáåë³ ðîñëèííîãî îðãàí³çìó. Ó çâ’ÿçêó ç öèì âèçíà÷åííÿ âì³ñòó
ï³ãìåíò³â çà äàíèõ êîíöåíòðàö³é Cu2+ íå ââàæàëîñü äîö³ëüíèì ³ íå ïðîâî-
äèëîñü. Âàðòî çàçíà÷èòè, ùî ó Potamogeton pectinatus L. çà âïëèâó
10 ìêìîëü/äì3 Cu âæå íà 10-é äåíü åêñïåðèìåíòó ñïîñòåð³ãàëèñÿ çìåí-
øåííÿ äîâæèíè òà ê³ëüêîñò³ ëèñòê³â, îçíàêè õëîðîçó òà íåêðîçó, à òàêîæ
çàãèáåëü ðîñëèíè [8].

Ðåçóëüòàòè âïëèâó äîñë³äæóâàíèõ êîíöåíòðàö³é Pb2+ íà C. demersum
ïîêàçàëè, ùî âæå çà êîíöåíòðàö³¿ 0,05 ìã/äì3 ó âîäíîìó ñåðåäîâèù³ â³ä-
áóâàëîñÿ çíèæåííÿ âì³ñòó õëîðîô³ëó à (íà 20 %), îäíàê ïðè öüîìó çá³ëü-
øóâàâñÿ âì³ñò êàðîòèíî¿ä³â (íà 34 %) (ðèñ. 2). Çìåíøåííÿ çàãàëüíîãî
âì³ñòó õëîðîô³ëó òà çá³ëüøåííÿ âì³ñòó êàðîòèíî¿ä³â çà âïëèâó ï³äâèùå-
íèõ êîíöåíòðàö³é Pb2+ òàêîæ áóëî âèÿâëåíî ó H. verticillata [26]. Òàêå
ï³äâèùåííÿ âì³ñòó êàðîòèíî¿ä³â çà âïëèâó âàæêèõ ìåòàë³â, íà äóìêó äåÿ-
êèõ àâòîð³â, ìîæå áóòè çàõèñíîþ ðåàêö³ºþ, ÿêà çàïîá³ãàº ôîòîäåñòðóêö³¿ ³
ïåðåêèñíîìó îêèñíåííþ õëîðîô³ë³â [1].

Íàìè âñòàíîâëåíî, ùî çà ä³¿ Pb2+ ó êîíöåíòðàö³¿ 0,1—0,5 ìã/äì3 ó
C. demersum çìåíøóâàâñÿ çàãàëüíèé âì³ñò õëîðîô³ë³â (õëîðîô³ëó à — íà
40—44 %, õëîðîô³ëó b — íà 30—39 % ïîð³âíÿíî ç êîíòðîëåì). Âîäíî÷àñ
ïðè êîíöåíòðàö³¿ Pb2+ ó âîäíîìó ñåðåäîâèù³ 0,5 ìã/äì3 çàô³êñîâàíî çíè-
æåííÿ âì³ñòó êàðîòèíî¿ä³â (íà 18 % ïîð³âíÿíî ç êîíòðîëåì). Òàê³ ðåçóëü-
òàòè äîñë³äæåíü ñâ³ä÷àòü ïðî òå, ùî õëîðîô³ëè º á³ëüø ÷óòëèâèìè, ïîð³â-
íÿíî ç êàðîòèíî¿äàìè, äî ï³äâèùåííÿ êîíöåíòðàö³¿ Pb2+ ó âîäíîìó ñåðå-
äîâèù³.

Âèÿâëåíî, ùî ïðè çá³ëüøåíí³ êîíöåíòðàö³¿ Pb2+ ó âîäíîìó ñåðåäî-
âèù³ äî 1,0 ³ 2,0 ìã/äì3 ó C. demersum â³äáóâàëîñü çíà÷íå çìåíøåííÿ
âì³ñòó âñ³õ äîñë³äæóâàíèõ ôîòîñèíòåòè÷íèõ ï³ãìåíò³â (õëîðîô³ëó à — íà
51—62 %, õëîðîô³ëó b — íà 48—53 % òà êàðîòèíî¿ä³â — íà 29—50 %
ïîð³âíÿíî ç êîíòðîëüíèìè ðîñëèíàìè) (äèâ. ðèñ. 2). Ñë³ä çàçíà÷èòè, ùî
ïðè çíèæåíí³ âì³ñòó çàãàëüíîãî õëîðîô³ëó òà êàðîòèíî¿ä³â ó òêàíèíàõ
C. demersum âïðîäîâæ äîñë³äó òàêîæ ñïîñòåð³ãàëèñü îçíàêè õëîðîçó. Îä-
íàê, íà â³äì³íó â³ä ä³¿ Cu2+ ó â³äïîâ³äíèõ êîíöåíòðàö³ÿõ, ôðàãìåíòàö³¿ ïà-
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ãîí³â, íåêðîçó òà ³íøèõ îçíàê, ùî ìîæóòü ïðèçâîäèòè äî çàãèáåë³ ðîñëèí-
íèõ îðãàí³çì³â, íå ñïîñòåð³ãàëîñü.

Óøêîäæóþ÷ó ä³þ ñâèíöþ íà õëîðîïëàñòè âîäíèõ ðîñëèí äåÿê³ íàó-
êîâö³ ïîâ’ÿçóþòü ç ïîðóøåííÿì ¿õíüîãî ðóõó òà ðîçïîä³ëó, ùî ìîæå áóòè
ðåçóëüòàòîì çì³í ó àêòèíîâîìó öèòîñêåëåò³, îñê³ëüêè ñïîñòåð³ãàºòüñÿ
ôðàãìåíòàö³ÿ ³ çíèêíåííÿ àêòèíîâèõ âîëîêîí íàâêîëî õëîðîïëàñò³â [25].

Äîâåäåíî, ùî C. demersum ìàº çíà÷íèé ïîòåíö³àë ùîäî äåòîêñèêàö³¿
éîí³â ñâèíöþ ïðè ¿õíüîìó ïîòðàïëÿíí³ â ðîñëèííèé îðãàí³çì çàâäÿêè
ñèíòåçó ÔÕ ³ çì³í³ àêòèâíîñò³ àíòèîêñèäàíòíèõ ôåðìåíò³â (ñóïåðîêñèä-
äèñìóòàçè, ãâàÿêîë-çàëåæíî¿ ïåðîêñèäàçè, àñêîðáàòïåðîêñèäàçè, êàòàëà-
çè ³ ãëóòàò³îíðåäóêòàçè), ïîïåðåäíº çðîñòàííÿ àêòèâíîñò³ ÿêèõ, ç³ çá³ëü-
øåííÿì òðèâàëîñò³ âïëèâó ³ êîíöåíòðàö³¿ ìåòàëó, çì³íþºòüñÿ íà ïðè-
ãí³÷åííÿ [18]. Òàêîæ ñïîñòåð³ãàëîñü ïî÷àòêîâå çá³ëüøåííÿ âì³ñòó öèñ-
òå¿íó, íåá³ëêîâèõ ò³îë³â (NP-SH) ³ ãëóòàò³îíó (GSH) ó ðîñëèí ç íàñòóïíèì
éîãî çíèæåííÿì ïðè ïîì³ðíèõ êîíöåíòðàö³ÿõ ñâèíöþ. Äîâåäåíî, ùî
ñèíòåç ÔÕ º âàæëèâèì ó ïðîöåñàõ äåòîêñèêàö³¿ ñâèíöþ, îäíàê, ÿê çàçíà-
÷àþòü àâòîðè, öå ìîæå ïðèçâåñòè äî çíà÷íîãî çìåíøåííÿ âì³ñòó ãëó-
òàò³îíó ³, ÿê íàñë³äîê, äî îêèñíîãî ñòðåñó [18]. Çá³ëüøåííÿ âì³ñòó êàðîòè-
íî¿ä³â òà àêòèâíîñò³ ñóïåðîêñèääèñìóòàçè ó H. vertcillata çà âïëèâó ï³äâè-
ùåíèõ êîíöåíòðàö³é Pb2+, ÿê ïîêàçàíî ó ðîáîò³ [26], ñâ³ä÷èòü ïðî ñïðàöþ-
âàííÿ ñòðåñ-òîëåðàíòíèõ ìåõàí³çì³â ðîñëèííèõ îðãàí³çì³â.
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Ðèñ. 2. Âì³ñò õëîðîô³ëó à (à), õëîðîô³ëó
b (á) ³ êàðîòèíî¿ä³â (â) ó Ceratophyllum
demersum çà ð³çíèõ êîíöåíòðàö³é éîí³â
ñâèíöþ (²²) ó âîäíîìó ñåðåäîâèù³
(M±m; n = 3—4)



Çàãàëîì, ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü ñâ³ä÷àòü ïðî òå, ùî íàêî-
ïè÷åííÿ âàæêèõ ìåòàë³â ó C. demersum âèêëèêàº îêèñíþâàëüíèé ñòðåñ, à
ñòóï³íü ñò³éêîñò³ ðîñëèíè çàëåæèòü â³ä àêòèâíîñò³ ¿¿ àíòèîêñèäàíòíî¿ ñè-
ñòåìè [24].

Ïðîÿâîì âïëèâó éîí³â âàæêèõ ìåòàë³â (ì³ä³ òà ñâèíöþ) íà ï³ãìåíòíó
ñèñòåìó C. demersum ìîæå áóòè òàêîæ çì³íà çíà÷åíü âåëè÷èí â³äíîøåíü
õëîðîô³ë à/õëîðîô³ë b òà (õëîðîô³ë à + õëîðîô³ë b)/êàðîòèíî¿äè, ÿê³ ìà-
þòü òåíäåíö³þ äî çìåíøåííÿ ó ðîñëèí, ùî ïåðåáóâàþòü ó âîäíîìó ñåðå-
äîâèù³ ç äîäàâàííÿì Cu2+ òà Pb2+, ïîð³âíÿíî ç êîíòðîëüíèìè ðîñëèíàìè
(òàáë. 1, 2).

Ðåçóëüòàòè ïðîâåäåíèõ åêñïåðèìåíòàëüíèõ äîñë³äæåíü ïîêàçàëè, ùî
çà íàÿâíîñò³ ó âîä³ éîí³â Pb2+ ³ Cu2+ â îäíàêîâèõ êîíöåíòðàö³ÿõ (â³ä
0,05 ìã/äì3) òîêñè÷íèé âïëèâ ì³ä³ íà ðîñëèííèé îðãàí³çì º á³ëüøèì, í³æ
ñâèíöþ.

Ìåíøà òîêñè÷í³ñòü Pb ïîð³âíÿíî ç Cu, éìîâ³ðíî, ïîâ’ÿçàíà ç òèì, ùî,
ïîòðàïëÿþ÷è ó âîäíå ñåðåäîâèùå (â³äñòîÿíà âîäîïðîâ³äíà âîäà), Pb2+

óòâîðþº íåðîç÷èíí³ àáî ìàëîðîç÷èíí³ ñïîëóêè ìàéæå ç óñ³ìà íàÿâíèìè
òàì àí³îíàìè, çîêðåìàSO4

2− , Cl–,CO3
2− . Ñïîëóêà Pb(ÎÍ)2 òàêîæ íåðîç÷èí-

íà ó âîä³. Ïðè ï³äâèùåíí³ ðÍ âîäíîãî ñåðåäîâèùà âíàñë³äîê æèòòºä³ÿëü-
íîñò³ ðîñëèííèõ îðãàí³çì³â çäàòí³ñòü éîí³â ñâèíöþ äî êîìïëåêñîóòâî-
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Òàáëèöÿ 1
Â³äíîøåííÿ âì³ñòó õëîðîô³ëó à äî õëîðîô³ëó b òà õëîðîô³ë³â äî êàðîòèíî¿ä³â ó

Ceratophyllum demersum çà ð³çíèõ êîíöåíòðàö³é Cu2+ ó âîäíîìó ñåðåäîâèù³

Êîíöåíòðàö³ÿ Cu2+,
ìã/äì3 Õëîðîô³ë à/Õëîðîô³ë b

Õëîðîô³ë à + õëîðîô³ë b/
Êàðîòèíî¿äè

Êîíòðîëü 2,2 4,4

0,05 2,0 3,8

0,1 1,7 3,2

0,5 1,0 3,0

Òàáëèöÿ 2
Â³äíîøåííÿ âì³ñòó õëîðîô³ëó à äî õëîðîô³ëó b òà õëîðîô³ë³â äî êàðîòèíî¿ä³â ó

Ceratophyllum demersum çà ð³çíèõ êîíöåíòðàö³é Pb2+ ó âîäíîìó ñåðåäîâèù³

Êîíöåíòðàö³ÿ Pb2+,
ìã/äì3 Õëîðîô³ë à/Õëîðîô³ë b

Õëîðîô³ë à + õëîðîô³ë b/
Êàðîòèíî¿äè

Êîíòðîëü 2,1 5,8

0,05 1,7 3,7

0,1 1,8 3,9

0,5 1,9 4,1

1,0 2,0 4,1

2,0 1,8 4,8



ðåííÿ òà âèïàäàííÿ â îñàä çðîñòàº, à îòæå, çìåíøóºòüñÿ éîãî á³îäîñ-
òóïí³ñòü òà òîêñè÷í³ñòü, ÿêà âèçíà÷àºòüñÿ êîíöåíòðàö³ºþ ñàìå ðîç÷èííî¿
ôîðìè ìåòàëó [15].

Ðåçóëüòàòè äîñë³äæåíü ùîäî íàêîïè÷åííÿ ì³ä³ òà ñâèíöþ òêàíèíàìè
C. demersum ïðè çá³ëüøåíí³ êîíöåíòðàö³¿ ìåòàë³â ó âîäíîìó ñåðåäîâèù³
ïîêàçàëè, ùî C. demersum çäàòåí íàêîïè÷óâàòè çíà÷íó ê³ëüê³ñòü Cu (äî
590 ìêã/ã ñóõî¿ ìàñè) ³ Pb (äî 1218 ìêã/ã ñóõî¿ ìàñè) (ðèñ. 3). Âàðòî çàçíà-
÷èòè ³ òå, ùî C. demersum çäàòåí íàêîïè÷óâàòè á³ëüøó ê³ëüê³ñòü Pb áåç çà-
ãèáåë³ ðîñëèíè. Éìîâ³ðíî, öå çóìîâëåíî çíà÷íîþ çäàòí³ñòþ Pb2+ äî çâ’ÿ-
çóâàííÿ ³ àäñîðáö³¿ íà îáîëîíö³ ðîñëèííèõ êë³òèí ïðè çðîñòàíí³ ðÍ ñåðå-
äîâèùà âíàñë³äîê æèòòºä³ÿëüíîñò³ ðîñëèí, îñê³ëüêè òîêñè÷íó ä³þ ìå-
òàë³â ïîâ’ÿçóþòü ñàìå ç ¿õíüîþ éîííîþ ôîðìîþ.

Îö³íêà àêóìóëÿö³éíî¿ çäàòíîñò³ C. demersum ùîäî äîñë³äæóâàíèõ
ìåòàë³â çàñâ³ä÷èëà, ùî ÊÁÍ ì³ä³ òà ñâèíöþ ðîñëèíîþ äîñÿãàþòü âèñîêèõ
çíà÷åíü, îäíàê ð³çíÿòüñÿ ì³æ ñîáîþ çàëåæíî â³ä êîíöåíòðàö³¿ ³ õ³ì³÷íèõ
õàðàêòåðèñòèê ïåâíîãî ìåòàëó (òàáë. 3).
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Ðèñ. 3. Íàêîïè÷åííÿ ì³ä³ (à) òà ñâèíöþ (á) Ceratophyllum demersum çà ð³çíî¿ êîíöåí-
òðàö³¿ éîí³â ìåòàë³â ó âîäíîìó ñåðåäîâèù³ (M±m; n = 3—4)

Òàáëèöÿ 3
Êîåô³ö³ºíòè á³îëîã³÷íîãî íàêîïè÷åííÿ ì³ä³ òà ñâèíöþ Ceratophyllum demersum

Êîíöåíòðàö³ÿ éîí³â
ìåòàë³â ó âîä³, ìã/äì3

Êîåô³ö³ºíòè á³îëîã³÷íîãî íàêîïè÷åííÿ ìåòàë³â

Cu Pb

0,05 2540±42 842±28

0,1 1570±34 742±36

0,5 1180±51 315±21

1,0 — 391±54

2,0 — 609±43

Ï ð è ì ³ ò ê à. «—» — íå âèçíà÷àëè.



Ïî ì³ð³ çá³ëüøåííÿ êîíöåíòðàö³¿ ìåòàë³â ó âîä³ äî ïåâíîãî ð³âíÿ
çìåíøóþòüñÿ çíà÷åííÿ âåëè÷èíè ÊÁÍ äëÿ C. demersum. Ó ðîáîò³ [8] òà-
êîæ ñïîñòåð³ãàëè çìåíøåííÿ ÊÁÍ äëÿ Potamogeton pectinatus L. ïðè çðîñ-
òàíí³ êîíöåíòðàö³¿ ì³ä³ ó âîäíîìó ñåðåäîâèù³. Àâòîðè ïîâ’ÿçóþòü öå ç íà-
ñè÷åííÿì ðîñëèííîãî îðãàí³çìó ìåòàëîì ³ çìåíøåííÿì çäàòíîñò³ äî éîãî
íàêîïè÷åííÿ. Îäíàê ïðè íàäõîäæåíí³ ó âîäíå ñåðåäîâèùå ìåòàë³â ó âè-
ñîêèõ êîíöåíòðàö³ÿõ (çã³äíî ðåçóëüòàò³â íàøèõ äîñë³äæåíü, òàêèìè êîí-
öåíòðàö³ÿìè º 1,0 ³ 2,0 ìã/äì3), éìîâ³ðíî, â³äáóâàþòüñÿ ïîðóøåííÿ ïðî-
öåñ³â îáì³íó ðå÷îâèí, çîêðåìà ìåìáðàííîãî òðàíñïîðòó. Ñàìå ö³ çì³íè
çóìîâëþþòü íåêîíòðîëüîâàíå íàäõîäæåííÿ ìåòàë³â ó êë³òèíè, ùî ìîæå
ïðèçâîäèòè äî íåçâîðîòíèõ íàñë³äê³â ³ çàãèáåë³ ðîñëèííîãî îðãàí³çìó
[4].

Îäåðæàí³ äàí³ ùîäî íàêîïè÷åííÿ çíà÷íî¿ ê³ëüêîñò³ ì³ä³ òà ñâèíöþ
C. demersum òà â³äíîñíî âèñîêîãî ð³âíÿ éîãî ñò³éêîñò³ äî ä³¿ ìåòàë³â äà-
þòü ìîæëèâ³ñòü ñòâåðäæóâàòè, ùî äàíèé âèä äîö³ëüíî ðåêîìåíäóâàòè
äëÿ âèêîðèñòàííÿ ç ìåòîþ ô³òîðåìåä³àö³¿ âîäíîãî ñåðåäîâèùà ïðè éîãî
çàáðóäíåíí³ Cu2+ ³ Pb2+ çà ¿õí³õ êîíöåíòðàö³é â³äïîâ³äíî äî 0,5 ³ 2,0 ìã/äì3.
Ñë³ä çàóâàæèòè, ùî ïðè âèêîðèñòàíí³ C. demersum äëÿ î÷èñòêè âîäè â³ä
öèõ ìåòàë³â íåîáõ³äíå ïîäàëüøå âèäàëåííÿ ðîñëèí ç âîäíîãî ñåðåäîâèùà
äëÿ ïîïåðåäæåííÿ âòîðèííîãî çàáðóäíåííÿ âîäîéì ìåòàëàìè âíàñë³äîê
ðîçêëàäó ô³òîìàñè.

Âèñíîâêè

Â ðåçóëüòàò³ ïðîâåäåíèõ åêñïåðèìåíòàëüíèõ äîñë³äæåíü âñòàíîâëå-
íî, ùî çìåíøåííÿ âì³ñòó ôîòîñèíòåòè÷íèõ ï³ãìåíò³â (õëîðîô³ë³â a ³ b òà
êàðîòèíî¿ä³â) ó ïðåäñòàâíèêà çàíóðåíèõ ìàêðîô³ò³â Ceratophyllum demer-
sum â³äáóâàºòüñÿ çà êîíöåíòðàö³¿ Cu2+ ó âîäíîìó ñåðåäîâèù³ �0,05 ìã/äì3

òà Pb2+ — �0,1 ìã/äì3. Éìîâ³ðíî, öå ïîâ’ÿçàíî ç³ çíà÷íèì íàêîïè÷åííÿì
ìåòàë³â ó òêàíèíàõ ðîñëèí (äî 590 ìêã Cu/ã ñóõî¿ ìàñè ³ äî 1218 ìêã Pb/ã
ñóõî¿ ìàñè). Âïëèâ âèñîêèõ êîíöåíòðàö³é Cu2+ ó âîäíîìó ñåðåäîâèù³ (1,0 ³
2,0 ìã/äì3) ñóïðîâîäæóºòüñÿ ïîÿâîþ â³çóàëüíèõ îçíàê òîêñè÷íîãî âïëèâó
ìåòàëó (îïóñêàííÿì ïàãîí³â íà äíî, â³äîêðåìëåííÿì ëèñòê³â â³ä ñòåáåë,
ëàìê³ñòþ ñòåáåë).

Ïîêàçíèêîì ïîøêîäæóþ÷î¿ ä³¿ âàæêèõ ìåòàë³â íà ï³ãìåíòíó ñèñòåìó
C. demersum º çìåíøåííÿ (ïîð³âíÿíî ç êîíòðîëåì) âåëè÷èí òàêèõ â³äíî-
øåíü ï³ãìåíò³â, ÿê õëîðîô³ë à/õëîðîô³ë b òà (õëîðîô³ë à + õëîðîô³ë b)/êà-
ðîòèíî¿äè.

Çíà÷íà çäàòí³ñòü C. demersum äî àêóìóëÿö³¿ ì³ä³ ³ ñâèíöþ òà éîãî
â³äíîñíà ñò³éê³ñòü äî âïëèâó öèõ ìåòàë³â äîçâîëÿº ðåêîìåíäóâàòè âèêî-
ðèñòàííÿ äàíîãî âèäó äëÿ ô³òîðåìåä³àö³¿ âîäíîãî ñåðåäîâèùà ïðè éîãî
çàáðóäíåíí³ ì³ääþ ³ ñâèíöåì â êîíöåíòðàö³ÿõ â³äïîâ³äíî äî 0,5 ìã/äì3 ³
1,0—2,0 ìã/äì3.
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PECULIARITIES OF COPPER (II) AND LEAD (II) INFLUENCE ON THE PIGMENT
SYSTEM OF CERATOPHYLLUM DEMERSUM L.

As a result of experimental studies, it was found that the decrease in the content of
photosynthetic pigments (chlorophyll a and b and carotenoids) in the representative of the
submerged macrophytes Ceratophyllum demersum L. occurs at a concentration of Cu2+ in
aquatic medium �0.05 mg/dm3 and Pb2+ — �0.1 mg/dm3. It was established that an impor-
tant indicator of the damaging effect of heavy metals on the pigment system of C. demer-
sum is a decrease in the ratios of chlorophyll a/chlorophyll b and (chlorophyll a + chloro-
phyll b)/carotenoids. High values of the coefficients of biological accumulation of copper
and lead in C. demersum and sufficient resistance of the studied plants to the metals effect
were revealed. Such results of investigations make it possible to recommend the use of this
species for phytoremediation of the aquatic environment under copper and lead pollution
in concentrations up to 0.5 mg/dm3 and 1.0—2.0 mg/dm3, respectively.

Keywords: copper, lead, aquatic environment, Ceratophyllum demersum L., chloro-
phyll, carotenoids, accumulation, phytoremediation.
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Á²ÎËÎÃ²×ÍÀ ÀÊÒÈÂÍ²ÑÒÜ ARTHROSPIRA PLATENSIS

GOMONT

Arthrospira platensis (= Spirulina platensis) º ïåðñïåêòèâíèì äæåðåëîì á³îëîã³÷íî
àêòèâíèõ ñïîëóê ³ òîìó òðàäèö³éíî âèêîðèñòîâóºòüñÿ äëÿ ë³êóâàííÿ ð³çíèõ õâîðîá.
Ìåòîþ äàíî¿ ðîáîòè áóëî îõàðàêòåðèçóâàòè õàð÷îâ³ òà á³îëîã³÷í³ âëàñòèâîñò³ Ar-
throspira platensis in vitro. Âèçíà÷åíà êàëîð³éí³ñòü (428,9 êêàë/100 ã) òà ÷èñòîòà
ô³êîö³àí³íó (0,22 %) äàþòü ìîæëèâ³ñòü ðåêîìåíäóâàòè öåé âèä âîäîðîñòåé, ÿê àëü-
òåðíàòèâíå äæåðåëî çäîðîâî¿ ¿æ³. Ðîçðàõîâàíà äîáîâà äîçà Arthrospira platensis º
íèæ÷îþ çà âñòàíîâëåíèé ÂÎÎÇ ð³âåíü, ùî ñâ³ä÷èòü ïðî òå, ùî âîíà íå ñïðè÷èíþº íå-
ãàòèâíèé âïëèâ íà çäîðîâ’ÿ ëþäèíè. Â ïðîöåñ³ äîñë³äæåíü âèçíà÷àëè àíòèîêñèäàíò-
íó, ïðîòèàðòðèòíó, ïðîòèçàïàëüíó, àíòèä³àáåòè÷íó òà ïðîòèàöåòèëõîë³íåñòå-
ðàçíó àêòèâí³ñòü ñåìè ð³çíèõ åêñòðàêò³â âîäîðîñò³. Âèñîêèé âì³ñò ôåíîëüíèõ ñïî-
ëóê òà âèñîêó á³îëîã³÷íó àêòèâí³ñòü ñïîñòåð³ãàëè â åêñòðàêòàõ õëîðîôîðìó òà
åòàíîëó, ÿê³ ïðîÿâëÿëè ð³çí³ á³îëîã³÷í³ âëàñòèâîñò³ ó ïîð³âíÿíí³ ç³ ñòàíäàðòíèìè
ë³êàìè. Ãàçîâî-õðîìàòîãðàô³÷íèé òà ìàñ-ñïåêòðîìåòðè÷íèé àíàë³ç îáîõ àêòèâ-
íèõ åêñòðàêò³â äàâ çìîãó âèä³ëèòè 21 á³îëîã³÷íî àêòèâíó ðå÷îâèíó, âêëþ÷àþ÷è
æèðí³ êèñëîòè, òåðïåíî¿äè, ôåíîëè òà àëêàíè, â çàëåæíîñò³ â³ä âèêîðèñòàíîãî ðîç-
÷èííèêà. Ìîæíà çðîáèòè âèñíîâîê, ùî Arthrospira platensis ìîæå áóòè âèêîðèñòàíà
â êîìåðö³éíèõ ö³ëÿõ ÿê âàæëèâå äæåðåëî áàãàòüîõ á³îëîã³÷íî àêòèâíèõ ñïîëóê. Íàãî-
ëîøóºòüñÿ íà íåîáõ³äíîñò³ ïîäàëüøîãî âèâ÷åííÿ öüîãî âèäó âîäîðîñòåé ç ìåòîþ
âèä³ëåííÿ òà î÷èùåííÿ åôåêòèâíèõ ñïîëóê, ùî ìîæóòü áóòè âèêîðèñòàí³ ó ôàðìà-
öåâòè÷í³é ãàëóç³.

Êëþ÷îâ³ ñëîâà: Arthrospira platensis, á³îëîã³÷íî àêòèâí³ ðå÷îâèíè, õàð÷îâà
ö³íí³ñòü, êîìåðö³éíå çàñòîñóâàííÿ, ìåäè÷íå âèêîðèñòàííÿ.

In recent years, the interest in obtaining bio-functional compounds from
natural sources increased all over the world. Microalgae and cyanobacteria are
thought to be among the best natural resources due to their ability to grow effi-
ciently in large-scale raceway ponds or photobioreactors. Arthrospira species
are common filamentous free floating cyanobacteria occurring in different
fresh and marine habitats. This genus is commercially cultivated all over the
world as an essential source of nutrients in the traditional diets in many count-
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ries with no risks to health. It is marked as bio-function food due to a high con-
tent of valuable proteins (60—70 % of its dry weight (DW)), including the most
essential amino acids like tryptophan, threonine, histidine, lysine, isoleucine,
leucine, and phenylalanine [10]. In addition, this alga contains respectively
8—16 % and 4—9 % DW of carbohydrates and lipids, and also other nutrients,
including vitamins A, B, D, E, and harmless β-carotene [70]. Arthrospira pla-

tensis (Spirulina platensis) is characterized by a high content of microelements
like Fe, P, Mg, Zn, K, and Cu [23]. These compounds have the ability to quench
free radicals and chelate catalytic metals and scavenge oxygen [84]. These natu-
ral antioxidants are known as potential anti-inflammatory agents, which safely
protect human body against inflammation, thus preventing diseases and disor-
ders caused by inflammation [50].

Moreover, Spirulina platensis contains distinctive natural green, orange,
and blue pigments, namely chlorophylls, carotenoids, and phycocyanins, res-
pectively. Phycocyanin, especially C-phycocyanin (C-PC), is widely conside-
red as a precious food-dye because of its protein-based structure and rare in-
tense-blue color [48]. These phytopigments possess nutritional and pharmace-
utical properties such as antioxidant, anti-inflammatory, anticancer, and cho-
lesterol-lowering effects. Furthermore, the cells of this microalga are characte-
rized by high digestibility (75—83 %) due to the lack of cellulose, which facilita-
tes their use for human consumption [6].

Globally, this commercially important algal species is produced by many
companies for selling as food supplement in 20 countries all over the world. It
has been documented as GRAS (Generally Recognized as Safe) with no risks to
health by the FDA (USA Food and Drug Administration). Generally, Spirulina

platensis and Spirulina maxima are the most important species used for con-
sumption [2]. Many studies support the nutritional value of Spirulina powder
as bio-function food or as natural colorant [27, 56].

Recently, Spirulina plays a unique role in medicine and pharmaceutical fi-
eld as antimicrobial agent in the treatment of arthritis, anemia, cardiovascular
diseases, diabetes, and cancer [30, 50]. In addition, S. platensis can be used as an
alternative medicine in the treatment of debilitating diseases such as Alzhei-
mer’s, diabetes, and hepatic damage [13].

The objective of the present work was to estimate the biochemical content
and nutritional value of Arthrospira platensis, to evaluate diabetic, antioxidant,
anti-arthritic, anti-inflammatory, and anti-AChE properties of different algal
extracts using various techniques in vitro, and also to establish relationship bet-
ween the estimated biological activities and phenol content.

Material and Methods

Chemicals
All chemicals were purchased from the Sigma-Aldrich Co. (Darmstadt,

Germany).
Algal samples
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Arthrospira platensis Gomont (formerly Spirulina platensis (Gomont) Ge-
itler) was cultivated on the F/2 marine enrichment medium for cyanobacterial
cultures, aerated by air pumps, and incubated at 28±2 °C under 16 : 8 light/dark
conditions with light intensity of 120 µmol/m2·s. Algal cells were harvested af-
ter 12 days, freeze-dried, and then grounded into a fine powder for further ana-
lyses.

Preparation of different extracts
A precisely weighed ~1 g of the grounded freeze-dried Arthrospira platen-

sis was extracted with 10 mL of different solvents, including acetone, ethanol,
methanol, chloroform, diethyl ether, ethyl acetate, and water, overnight at
room temperature (25 oC±2). The tube was centrifuged at 4 500 rpm for 10 min
and the supernatant was recovered. The extraction was repeated with 2 mL of
different solvents and two supernatants were combined. The residue was sub-
sequently extracted twice for 30 min at room temperature and supernatants
were combined for further analyses [14].

Qualitative analysis for phytochemical screening of different extracts
On the whole, nine qualitative analyses were carried out for phytochemical

screening of different extracts of the tested alga. The presence or absence of
such substances as steroids, terpenes, saponins, quinones, coumarins, tannins,
flavonoids, phenols, and cardiac glycosides was revealed in various extracts ac-
cording to standard procedures [82].

Nutritional content
The total content of carbohydrates and proteins in the tested alga was esti-

mated according to [20, 45] using d-glucose and bovine serum albumin (BSA)
as standards, respectively. The total content of lipids was assessed following [5].
The data were expressed in percent of algal dry weight.

The calorie content of the alga was determined by the following equation
[21]:

Calories (Kcal/100 g) = 4 × proteins + 9 × lipids + 4 × carbohydrates.

Phytochemical analyses
The total content of phenols in the studied extracts was estimated by the

Folin-Ciocalteu method [37]. The obtained results were expressed as gallic acid
equivalent (GAE)/g of dry weight (DW). The total content of flavonoids was
estimated as described [25] and expressed as mg of quercetin equivalent (QE)/g
of extract. The content of tannins in various extracts was measured using the
Folin-Ciocalteu reagent assay according to [80] and expressed in mg of GAE /g
of extract.

Estimation of vitamin content
Vitamin C (ascorbic acid) content in the tested alga was determined follo-

wing [59] and expressed as mg of ascorbic acid (AA) per 100 g of dry weight.
Vitamin E content was estimated according to the method [66] and expressed
as α-tocopherol equivalents per gram of dry weight.

Pigment content
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The extraction of pigments was carried out in triplicate using 10 ml of met-
hanol 100 %, at room temperature and under dark conditions. The extracts
were then centrifuged at 2500 rpm for 10 min and the collected supernatant
was subjected to another centrifugation (5000 rpm for 5 min). The absorbance
of the supernatant was read using a UV-1800 ultraviolet-visible spectrophoto-
meter (Shimadzu, Japan) at 480, 632, 652, 665, 696, 750 nm wavelengths and
calculated using the following equation. The obtained results were expressed in
mg/g DW [16, 58].

Chl a (mg/g) =

=
− × − − × − + ×[ 2.0780 (A632 A750) 6.5079 (A652 A750) 16.2127 (A665 A750) 2.1372 (A696 A750)]− − × −

wt

Chl c (mg/g) =

=
× − − × − + ×[34.0115 (A632 A750) .7873 (A652 A750) 1.4489 (12 A665 A750) 2.5812 (A696 A750)]− − × −

wt

Chl d (mg/g) =

=
− × − − − − ×[ .3411 (A632 A750)+0.1129 (A652 A750) .2538 (A0 0 665 A750)+12.9508 (A696 A750)]− × −

wt

Carotenoids (mg/g) =
[4 (A480 A750)]× −

wt

β-carotene and lycopene were determined by colorimetric assay according
to [53] and estimated by the following equations.

β-carotene (mg/100 mL) = 0.216 × A663 – 0.304 × A505 + 0.452 × A453

Lycopene (mg/100 mL) = (-0.0458 × A663) + 186 (0.372 × A505) – (0.0806 ×
A453).

The concentration of phycobiliproteins (mg/g DW) in the algal buffer ext-
ract (pH 7) were measured at 562, 620, and 652 nm and then calculated using
the following formulae [61]:

C PC
A620 (0.474 A652− = − ×

⋅
)

.5 34 wt

A
wt

PC
A652 (0.208 A620= − ×

⋅
)

.5 09

PE
A562 PC APC]= − × − ×

⋅
2 41 0 849

9 62

. [ ] . [

. wt

The final results were expressed in mg of the individual phycobiliprote-
ins/g of algal DW.
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The purity of phycocyanin was estimated by the A615/A280 ratio.
Estimation of multi-minerals
According to [73], algal samples were digested to determine the element

content. The concentration of Cu, Fe, Zn, Ca, Mg, Na, K, S, and Mn was deter-

mined using atomic absorption spectrophotometer AAS/flame mode (Savant

AAGBC).
The ratio of ion quotient was estimated using the following equation with

the concentrations given in moles [39].

Ion quotient
(Ca Na)

(K Mg)
= +

+

Estimated daily intake for adult
The estimated daily intake (EDI) was calculated using the following equa-

tion (Health Consultation, Land Crab Evaluation, National Oceanographic At-

mospheric Administration Data 2006):

EDI [mg/kg/day] =
C IR EF ED

BW AT

× × ×
×

where C — the average concentration of the contaminant (mg/kg), IR — inges-
tion rate (0.227 kg/day (8-oz. meal) for adult), EF — exposure frequency or the
number of exposure events per year of exposure (365 days/year), ED — expo-
sure time (70 years), BW — body weight (70 kg), and AT — averaging time
(non-cancer/lifetime — ED×365 days/year).

Biological activities of algal extracts
Antioxidant activity
Total antioxidant activity
The total antioxidant activity (TAC) of crude extracts was determined ac-

cording to [66]. The total antioxidant activity is expressed as the number of

equivalents of ascorbic acid. A calibration curve of ascorbic acid was prepared

and the total antioxidant activity was standardized against ascorbic acid equi-

valents per gram of sample on dry weight basis (mg/g ASA).
Hydrogen peroxide radical scavenging activity
The capability of the extracts to scavenge H2O2 was determined based on

[26] and calculated by the formula:

Free radical scavenging (H2O2) (%) =
A A

A
C S

C

− ×100,

where AC is the absorbance of control (ascorbic acid) and AS is the absorbance
in the presence of sample or standard.

Anti-inflammatory activity (15-lipoxygenase inhibitory assay)
Anti-lipoxygenase activity assay was done by [63] technique with minor

modifications. The assay was based on measuring the formation of the complex

Fe3+/xylenol orange in a spectrophotometer at 560 nm.
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% inhibition
(A control A sample)

(A control)
=

−
×100

Anti-arthritic activity (protein denaturation assay)
Anti-arthritic activity of the tested extracts was done by [72] method with

slight modifications. Diclofenac sodium and distilled water were used as the

positive and negative controls, respectively. The inhibition percentage was me-

asured at 416 nm and calculated according to the following formula:

% inhibition
(A control A sample)

(A control)
=

−
×100

where A control (doubled-distilled water) is the absorbance of control well and
A sample is the absorbance of the sample well or standard (diclofenac sodium).

Anti-diabetic activity
Inhibition of α-amylase activity
In vitro anti-diabetic activities by inhibition of α-amylase were measured

according to [28]. The extract samples (500 µL) and standard drug acarbose

(100—1000 µg/mL) were added to phosphate buffer (500 µL, 0.20 mM, pH 6.9)

containing α-amylase (0.5 mg/mL) solution and incubated at 25 oC for 10 min.

Thereafter, starch solution (500 µL, 1 % w/v in 0.02 M sodium phosphate buffer

pH 6.9) was added to the reaction mixture, which was incubated at 25 oC for 10

min. The reaction was quenched with 3, 5 dinitrosalicylic acid reagent (1.0 mL)

by heating in a boiling water bath for 5 min before being cooled at room tempe-

rature. The reaction mixture was then diluted with distilled water (10 mL) and

the absorbance was measured at 540 nm.
Inhibition of α-glucosidase activity
The α-glucosidase inhibition assay was performed according to the modi-

fied method [19]. In brief, a solution of starch substrate (2 % w/v sucrose, 1 mL

in 0.2 M Tris buffer pH 8.0) and various concentrations of algal extracts were

incubated for 5 min at 37 oC. The reaction was initiated by addingα-glucosida-

se enzyme (1 mL, 1 U/mL) to the reaction mixture, followed by incubation for

10 min at 37 oC. The reaction was stopped with 3, 5 dinitrosalicylic acid reagent

(1 mL) by heating for 2 min in a boiling water bath before being cooled at room

temperature. The reaction mixture was then diluted with distilled water (9

mL), and the absorbance was measured at 540 nm.
Anti-cholinesterase inhibitory activities
Acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) inhibitory

activities using galantamine as positive control were determined according to

[22].
Acetylcholinesterase (AChE) inhibitory activity
AChE assay was carried out as follows: 0.8 mM in 2 ml of assay solutions

with 100 mM of phosphate buffer (pH 7.5) and 1.0 mM 5,5-dithio-bis-(2-nitro-

benzoic acid) (DTNB) were mixed and incubated at 25 °C. The hydrolysis was

65

Á³îõ³ì³÷íèé ïðîô³ëü, õàð÷îâà ö³íí³ñòü òà á³îëîã³÷íà àêòèâí³ñòü

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2022. 58(4)



monitored by the formation of thiolate dianion of DTNB at 412 nm for 2 min
(intervals of 30 s).

Butyrylcholinesterase (BChE) inhibitory activity
BChE assay was carried out as follows: 10 µL of each algal extract in 0.2 %

DMSO, 79 µL of 20 mM sodium phosphate buffer (pH 7.6) and 1 µL enzyme
preparation (with final concentrations of 0.035 unit/mL for BChE and final
concentrations of 1 to 500/1000 µM for the compounds tested) were mixed and
incubated for 15 min. Then, 10 µL of substrate solutions were added to the mix-
ture (4 mM for butyrylthiocholine iodide) and incubated for 30 min. The reac-
tion was stopped by adding 900 µL DTNB-phosphate-ethanol reagent. The ab-
sorption was read immediately at 412 nm.

The inhibition percentage of both activities was calculated using the follo-
wing formula:

% inhibition
(A control A sample)

(A control)
=

−
×100

GC-MS analysis of chloroform and ethanol extracts
GC-ISQ mass spectrometer (Thermo Scientific, Austin, TX, USA) was

used to identify bioactive compounds in ethanol and chloroform extracts at the
City of Scientific Research and Technological Applications. GC- ISQ mass
spectrometer included a capillary column TG—5MS (30 m × 0.25 mm ×
0.25 µm film thickness). The initial temperature was 55 °C, then increased by
5 °C/min to 250 °C, withhold 2 min and then increased to 300 °C with
25 °C/min. The column oven temperature was initially held at 55 °C and then
increased by 5 °C/min to 250 °C, withhold 2 min and then increased to 300 with
25 °C/min. The injector temperature was kept at 270 °C. Helium was used as
gas carrier at a constant flow rate of 1 ml/min. The solvent delay was 4 min and
diluted samples of 1 µl were injected automatically using the Autosampler
AS3000 coupled with GC in the split mode. EI mass spectra were collected at
70 eV ionization voltages over the range of m/z 50—650 in full scan mode. The
components were identified by comparison of their retention times and mass
spectra with those of WILEY 09 and NIST14 mass spectral database [12].

Statistical Analysis
All experiments were estimated in triplicate and mean values were presen-

ted ± standard deviation. For comparing means between extracts, ANOVA —
on way was established using SPSS base 15.0 software (Chicago, USA: Users
guide SPSS Inc., 2006) at p < 0.05 level of significance. Pearson’s correlation
analysis was used to establish relationship between the content of phenol com-
pounds and the estimated biological activities using SPSS software.

Results and Discussion

Qualitative analyses of phytochemical content
Qualitative screening of bioactive constituents is important for medical

uses since the presence of these compounds of interest may lead to their further
purification and identification. As it is evident from Table 1, the highest per-
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cent yield was obtained in etha-
nol extract (24.84 %) followed by
methanol (17.73 %) and chloro-
form (17.62 %) extracts. Ethyl
acetate extraction resulted in mi-
nimum percent yie ld with
8.19 %. This highlights that etha-
nol is efficient in extracting phy-
tochemicals from Arthrospira
platensis. This difference may be
related to the variances in the po-
larity of the used solvents, which
could cause a wide variation in
the concentration of bioactive
compounds in the extract. More-
over, the nature of extracting sol-
vent plays a master role in extrac-
tion of vital compounds of antio-
xidant capability since the com-
pounds differ in chemical cha-
racteristics, polarities and solubi-
lity [58].

As a result of preliminary
phytochemical screening nine
secondary metabolites (steroids,
terpenes, saponins, quinones, co-
umarins, tannins, phenols, flavo-
noids, and cardiac glycosides)
were tested in seven different ext-
racts of Arthrospira platensis
such as acetone, ethanol, ethyl
acetate, chloroform, diethyl et-
her, water, and methanol (Table
1). The ethanol and methanol ex-
tracts exhibited the presence of
all bioactive compounds excep-
ting cardiac glycosides. In this
case, saponins, quinones, and
glycosides were absent in aceto-
ne, ethyl acetate, and chloroform
extracts. While terpenes and ste-
roids were completely absent in
acetone extract. In addition, cou-
marins were also absent in chlo-
roform extract. Diethyl ether ext-
ract showed the presence of most
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bioactive compounds except saponins and glycosides. The aqueous extract
showed negative results for coumarins, quinones, and glycosides. These phy-
tochemicals are biologically significant and play a vital role in medicinal appli-
cations due mainly to a high efficiency in suppression the oxidative stress as de-
monstrated by [13]. Previously, it has been found [11] that phytochemicals
from Spirulina can be used in treating dreadful diseases like cancer, tuberculo-
sis, inflammation, and many other blood-related diseases in vitro.

Nutritional value
Proteins, carbohydrates, and lipids are the main nutritional components

in algal biomass [67]. Spirulina species are characterized by the presence of vi-
tal biochemical components, the content of which depends on the composition
of nutrients in the cultural medium [79]. The proximate nutritional compositi-
on of the tested alga is presented in Table 2. Carbohydrates are essential com-
ponents of primary metabolism, as they provide the energy needed for the de-
velopment and other metabolic processes [35]. The estimated carbohydrates
(31.24 %) and proteins (49.28 %) ratio was similar to that given in literature —
45.24 and 33.90 %, respectively [23]. However, protein content was lower than
that in Moroccan Spirulina (76.65 %) [74]. Protein ratio is important informa-
tion because the majority of plant-based foods, which are considered as accep-
table protein sources, contain about 35 % DW [44].

The estimated lipid content (11.88 %) was lower than that in the same spe-
cies from Alexandria water (16.45 and 15 %) [23, 33]. However, the variation in
nutritional content (proteins, carbohydrates, vitamins, and lipids) between
studies could be attributable to a variety of factors, including algal strains, cul-
tural medium and conditions, and analytical method used [46].

The detection of calorie amounts in algal species is essential for recom-
mendation it to use as a source of food or feed. It is well known that calorie va-
lue is related to food quality and can be estimated depending on the content of
carbohydrates, proteins, and lipids. The calorie value was about 428.98
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Table 2
Proximate and nutritional content of A. platensis

Biochemical components Content

Carbohydrates, % 31.24±2.56

Proteins, % 49.28±3.43

Lipids, % 11.88±1.21

Crude fibers, % 3.01±0.52

Calorie (kcal/100 g) 428.98±0.87

Vit. C (mg ascorbic acid/100 g DW) 0.47±3.52

Vit. E (mg α-tocopherol equivalent/g DW) 6.79±1.98

β-carotene (pro-vitamin A) (mg/100 ml) 0.55±0.01

Lycopene (mg/100 ml) 7.56±1.28



(kcal/100 g). This value is similar to that reported by [74], which estimated abo-
ut 436.18 (kcal/100 g) energy in Moroccan Spirulina.

The crude fiber ratio was 3.01±0.52 %, which correlates well with literature
data [6, 74]. In other studied algal species it varied from 1.36 to 7.73 % [47].

Vitamins are nutritional substances required in trace amounts, but essen-
tial in maintaining human and animal health. The dried powder of Spirulina
contains many vitamins like Vitamin E, which is a powerful antioxidant subs-
tance with anti-inflammatory activity [42]. The concentration of vitamin E in
the tested species was higher (6.79±1.98 mg/g DW) than that (0.41 mg/g DW)
determined by [44].

Vitamin C is an antioxidant substance and plays a crucial role in hormones
and deoxyribonucleic acid biosynthesis. In addition, it protects the photosynt-
hetic apparatus from oxygen free radicals and H2O2 formed during photosynt-
hesis through the Mehler reaction. The determined vitamin C content of the
tested species was lower than that determined by [4].

β-carotene (pro-vitamin A) and lycopene are the types of carotenoids with
nutritional and antioxidant properties, which are used for chronic diseases pre-
vention [57]. The concentration of lycopene was similar to that detected in ot-
her microalgae, including Scenedesmus armatus (7.08 mg/100 ml) [71]. At the
same time, the detected content of β-carotene (0.547±0.01 mg/100 ml) was lo-
wer than that (57.38 ± 9.98 mg/100 ml) detected by [8].

Multi-minerals content
Minerals are essential nutrients, which are required in minute quantity by

humans to preserve good health. While human bodies are unable to produce
minerals, thus they are completely reliant on the food they consume. Among
the analyzed minerals (Table 3), calcium and potassium represented a large
content in Arthrospira biomass (13.51 and 8.35 mg/g DW, respectively). Com-
paring to other studies, the concentration of the tested minerals was similar or
lower than that estimated by [23, 44]. It has been known that K, Na, Mg, and Ca
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Table 3
Element content and estimated daily intake of the tested A. platensis

Elements Concentration (mg/g DW) EDI International accepted daily intake

Mn 0.16 0.525 4.2

Cu 0.53 1.709 2

Fe 5.19 16.853 18

Zn 1.39 4.534 15

S 0.20 0.649 0.18—1.07

Ca 13.51 43.811 100

Mg 1.12 3.632 5

Na 2.98 9.660 2400

K 8.35 27.078 3500



are essential minerals for mental and physical health [40]. The ratio of K/Na
2.83 is important for persons, who take diuretics to manage their blood pressu-
re and suffer from excessive K excretion [35]. This variation may be related to
environmental conditions, processing, and methods of mineralization [74]. As
a result, the study demonstrates that the benefits of Arthrospira can be related
to its mineral and trace element content. The estimated molar ratio was lower
(1.74) than that on quotient range in human body (2.5—4.0), which suggests
that the feeding on Arthrospira can decrease hypertension, preeclampsia, and
heart disease.

Estimated daily intake
Estimated daily intake is one of the most important nutritional values, it

reflects the safety of metal intake due to its direct effects on human health. Ba-
sed on the BBC Health values, Food and Drug Administration (FDA), World
Health Organization (WHO) [17, 35], the daily intake of the measured ele-
ments is lower than the international accepted daily intake, which confirms
that this species is safe for human food and can be utilized as food supplements
to help meet daily mineral and trace element needs.

Pigment content
Spirulina is known to be a good pigment source since it contains chlorop-

hylls, carotenoids, and phycocyanin (Figure 1) belonging to nutritional com-
pounds and greatly influencing its antioxidant effects [44]. Chlorophyll a and
carotenoids content accounted for (9.45±1.12 and 1.32±0.13 mg/g DW, res-
pectively) similar in the quantity obtained by [81]. The estimated Chlc (0.47±

70

²ñìà¿ë Ì.Ì., Íîàìàí Í.Õ.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2022. 58(4)

Fig. 1. Phytopigment composition of the tested alga (mg/g DW) with phycocyanin purity
of 0.22 %



0.03 mg/g) and d (0.74±0.07 mg/g) content was higher than Chlc and d content
registered in the edible Spirulina — 0.123 and 0.155 mg/g, respectively [58].
Within the class of phycobiliproteins, phycocyanin (C-PC) represented the
highest content (9.89±1.15 mg/g DW) followed by allophycocyanin (APC)
(1.92±0.68 mg/g DW) and phycoerythrin (C-PE) (0.79±0.03 mg/g DW). These
accessory pigments have different economical applications. It is especially true
of C-PC, which has the widest use as a natural dye in food due to its favorable
antioxidant, anti-diabetic, and anti-inflammatory properties [65].

The purity level of the extracted phycocyanin is an essential property for a
specific application (0.22), which lies in the food grade according to [69], which
stated that phycocyanin preparations with A620/A280 lower than 0.7 are con-
sidered to be food grade, while those with A620/A280 between 0.7 and 3.9 are
reagent grade, and those with A620/A280 greater than 4.0 are considered to be
analytical grade, which is enough to satisfy the needs of a specific application.

Bioactive compounds content
Significant difference (p<0.05) was found in the content of the bioactive

components (phenols, flavonoids, and tannins) extracted from A. platensis
using different solvents (Figure 2). These variations depended on the polarity
of the used solvent. The phenols extracted from the alga have been documented
to have various useful activities, including anti-inflammatory, anti- allergic,
antioxidant, vascular, cytotoxic antitumor activities, and enzyme inhibition [7,
34, 68]. Chloroform extract gave the best result overall along with the highest
value of the total phenol and flavonoid content (40.25±3.41 mg GAE/g DW)
and (35.23±2.23 mg QE/g DW) followed by ethanol (37.00±2.65 GAE/g DW)
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Fig. 2. Phytochemical content of A. platensis extracts



and (33.51±1.63 mg QE/g DW), respectively. Ethanol exhibited high efficiency

in the extraction of tannins with 35.81 mg/g DW. By contrast, low concentrati-

ons of phenols, flavonoids, and tannins were obtained in the ethyl acetate ext-

racts.
Biological activities
Several scientific investigations have shown that Spirulina species could be

used in the treatment of different diseases due to synergetic impact of various

phytochemicals in their cells. The present study was designed to compare the

effects of different solvent types on the content of phytochemicals and their re-

levant antioxidant scavenging, anti-inflammatory, anti-arthritic, anti-diabetic,

and anti-acetyl cholinesterase abilities.
Antioxidant activity
Two different methods were used to evaluate the antioxidant activity of

A. platensis extracts like total antioxidant capacity and hydrogen peroxide sca-

venging assay. The difference in antioxidant efficiency based on the two met-

hods might be due to the different mechanisms in scavenging radicals. A. pla-

tensis chloroform extract had the most efficient hydrogen peroxide radical sca-

venging capacity (84.33 %) as illustrated in Figure 3. While, ethanol extract ex-

hibited a higher total antioxidant capacity (59.11 mg/g ASA equivalent/g ext-

ract) than other extracts and ascorbic acid (standard). Among the used sol-

vents, ethyl acetate exhibited a lower antioxidant activity than ascorbic acid. It

has been shown that chloroform extract of the plant Vanda roxburghii had a
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Fig. 3. Antioxidant activity of different A. platensis extracts



strong scavenging activity against hydroxyl free radicals and DPPH compared
to other extracts and catechin due to its phenol compounds [54].

As it is evident from Figure 3, positive correlation was established between
the total antioxidant activity (TAC) and hydrogen peroxide radical scavenging
activity and the total content of phenols (r = 0.74 and r = 0.92). Many publicati-
ons confirm antioxidant properties of phenol compounds [7, 23, 32], their abi-
lity to be donors of hydrogen atoms or electrons and to capture free radicals
[29]. Moreover, a high content of flavonoids and tannins was detected using
both antioxidant techniques. It has been known that flavonoids react directly
with free radicals, which results in their elimination [3]. It should be noted that
antioxidant effect of the tested alga is not restricted to its phenol components,
but also includes the presence of other antioxidant metabolites like caroteno-
ids, phycobiliproteins, and vitamins that contribute significantly to the activity
directly or indirectly [4, 48].

Anti-inflammatory and anti-arthritic activity
Inflammation is the first response of the immune system to infection and

plays a pivotal role in various diseases. The highest anti-inflammatory and an-
ti-arthritic activity (66.083±2.69 % and 96.051±1.87 %) was observed in etha-
nol extract of A. platensis, followed by water extract (64.850±1.54 % and
94.157±0.54 %), respectively (Table 4).

The obtained results indicate that the anti-inflammatory and anti-arthritic
potentials significantly correlated with the content of tannins (r = 0.92 and
0.66) and flavonoids (r = 0.71 and 0.61). Tannins and flavonoids represent the
complex of phenol substances possessing anti-inflammatory ability via cont-
rolling all indications of gastritis, esophagitis, enteritis, and other irritable bo-
wel illnesses [13]. Significant relationship was established between H2O2 radi-
cal scavenging activity and both anti-inflammatory (r = 0.88) and anti-arthritic
activity (r = 0.68) relating to the ability of antioxidant compounds to prevent
various diseases like inflammatory disorders, tumor diseases, and neurological
degenerations.
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Table 4
Anti-arthritic and anti-inflammatory activity of A. platensis extracts, %

Extracts Anti-arthritic Anti-inflammatory

Acetone 50.587 46.484

Ethyl acetate 91.942 63.408

Chloroform 90.115 62.218

Ethanol 96.051 66.083

Diethyl ether 90.181 62.262

Water 94.157 64.850

Methanol 85.059 58.927

Standard Diclofenac sodium 77.50 Quercetin 54.54



Anti-diabetic activity
The intensity of α-amylase and α-glucosidase activity inhibition by diffe-

rent types of S. platensis extracts varied (Figure 4). Chloroform extract inhibi-
ted α-amylase and α-glucosidase activity more intensively compared to other
extracts with the maximum efficiency of 84.96 and 3.58 %. The minimum
α-amylase (50.03 %) andα-glucosidase (42.40 %) inhibitory activity was recor-
ded by acetone extract. The inhibition of α-amylase and α-glucosidase activity
significantly correlated with the content of phenols (r = 0.72 and r = 0.61), fla-
vonoids (r = 0.95 and r = 0.90), and also with hydrogen peroxide radical sca-
venging activity (r = 0.75 and r = 0.77) in all extracts. Recent publications [56]
demonstrated the important role of antioxidant compounds of Spirulina in
suppression of α-glucosidase and α-amylase enzymes via impairment of panc-
reasβ-cells. It is thought [55] that the addition of antioxidant substances to die-
tary meals may be effective in governing diabetic complications. Other bioacti-
ve compounds of Spirulina cells like carotenoids also exhibited anti-diabetic
activity. It has been shown that the risk of acquiring type 2 diabetes mellitus
(T2DM) decreased in consuming carotenoids [78].

Cholinesterase inhibitory activity
The capability of the tested extracts of A. platensis to inhibit both AChE

and BChE is shown in Figure 5. All tested extracts inhibited the activity of both
enzymes to varying degrees depending on the used solvents. Chloroform ext-
ract exhibited the maximum inhibitory activity toward AChE (67.25 %) and
BChE (75.91 %), which was closely similar to that of the reference standard do-
nepezil and galantamine currently utilized as Alzheimer’s disease (AD) drugs.
The activity of ethanol extract was found to be moderate comparing with both
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Fig. 4. α-amylase and α-glucosidase inhibitory activity of different A. platensis extracts



standards. Due to the critical role of BChE in acetylcholine hydrolysis, dual in-
hibition of AChE and BChE may improve the signs and symptoms of Alzhei-
mer’s disease [54]. Both TAC and hydrogen peroxide radical scavenging activi-
ty showed significant correlation with both cholinesterase enzymes as it is evi-
dent from Table 5. Thus, relationship was established between TAC and H2O2

radical scavenging activity and AChE (r = 0.90 and 0.98) and BChE (r = 0.90
and 0.97), respectively. The content of phenols, flavonoids, and tannins signifi-
cantly correlated with both activities (r = 0.8). This direct relationship may be
related to their antioxidant activity improving mental disorders [43]. It has
been shown [3] that phenols and flavonoids possess antioxidant properties im-
proving neurodegenerative disorders like Alzeheimer’s disease.

Significant relationship was established between both tested cholinesterase
enzymes and anti-inflammatory activity (r = 0.81). The inflammation plays a
crucial part in the etiology of Alzheimer’s disease. Due to the capability of chlo-
roform extract of Spirulina to scavenge free radicals and reduce inflammation
and arthritis, it may be a viable candidate medicine in the treatment of Alzhei-
mer’s disease and thus deserves to be tested in an animal model.

GC-MS
GC-MS chromatogram of ethanol and chloroform extracts of A. platensis

identified different compounds, which might be responsible for their tested bi-
ological activities. The retention time, molecular weight, molecular formula,
peak area, and bioactive properties of these compounds are given in Table 6.

It has been found that ethanol and chloroform extracts contain fifteen and
twelve compounds, respectively. The major bioactive constituents were phytol
(19.08 % and 21.12 %) and hexadecanoic acid (12.84 % and 27.12 %) in both et-
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Fig. 5. Inhibition percentage of acetylcholinesterase and butyrylcholinesterase activity of
the tested A. platensis extracts
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hanol and chloroform extracts. In addition, benzene, 1,3-dimethyl- (17.02 %)
and cis-10-heptadecenoic acid (14.92 %) were found in ethanol extract.

All these compounds have been reported as antioxidant and anti-inflam-
matory agents like 3,5-bis (1,1-dimethylethyl)-phenol, 2,6-bis (1,1-dimethylet-
hyl) phenol, heptadecane, and octadecanoic acid [51, 77]. In this case, n-hexa-
decanoic acid was detected in ethanol (12.84 %) and chloroform (27.12 %) ext-
racts possessing anti-acetyl cholinesterase, antioxidant, and anti-inflammatory
properties [1, 77].

Few of the detected compounds possessed anti-diabetic activities, inclu-
ding cholestan-3-ol, 2-methylene-, (3β,5α)- in both extracts and benzene,
1,3-dimethyl- in ethanol extract only [36, 52, 83].

Heptadecane was identified in ethanol and chloroform extracts (3.96 %
and 9.34 %), which comprises high ratios of amino acids, vitamins, β-carotene,
and pigments [36]. It is characterized by high biological activities, including
antioxidant, anti-proliferative and antitumor efficiency [38].

Conclusion

The obtained results suggest that Arthrospira platensis is a promising anti-
oxidant agent for food industry relating to its bioactive compounds, calorie
content, ion quotient, and estimated daily intake values. Especially chloroform
and ethanol extracts of A. platensis may replace the current synthetic drugs
used in treating a variety of disorders such as inflammation, diabetes, etc. Furt-
her studies are needed to detect the mode of action of these biocompounds in
vivo using different animal models to illustrate the exact action mechanism of
these compounds.
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BIOCHEMICAL PROFILE, NUTRITIONAL VALUE, AND BIOLOGICAL
ACTIVITIES OF ARTHROSPIRA PLATENSIS GOMONT

Arthrospira platensis (formerly Spirulina platensis) is a promising source of biological
compounds since it has been traditionally used for the treatment of various diseases. The
aim of the present study was to characterize the nutritional and biological properties of
A. platensis in vitro. The detected calorie content (428.98 kcal/100 g) and phycocyanin pu-
rity (0.22 %) make it possible to recommend this species as an alternative source of healthy
food to reduce obesity. The estimated daily intake of A. platensis was below the acceptable
WHO/FAO level so it had no adverse impacts on human health. The antioxidant, anti-art-
hritic, anti-inflammatory, anti-diabetic, and anti-acetyl cholinesterase activities of seven
different algal extracts were detected. Relationship was established between the estimated
biological activities and phenol content. Chloroform and ethanol algal extracts exhibited
different biological properties compared to standard drugs. On the whole, 21 bioactive
compounds, including fatty acids, terpenoids, phenols, and alkanes, were revealed in algal
extracts as a result of gas chromatography-mass spectrometry analysis. It can be concluded
that A. platensis can serve as a very important potential source of many bioactive compo-
unds with commercial impact depending on the used solvent. Further study should be
done for isolating and purifying the effective compounds, which can be used in pharmace-
utical and biological manufacturing.

Keywords: Arthrospira platensis, biologically active substances, nutritional value, com-
mercial use, medical application.
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ÎÑÎÁËÈÂÎÑÒ² ÄÈÍÀÌ²ÊÈ ÎÊÐÅÌÈÕ ÅËÅÌÅÍÒ²Â
Ã²ÄÐÎÕ²Ì²×ÍÎÃÎ ÐÅÆÈÌÓ ÌÀËÈÕ ÂÎÄÎÉÌ

ÓÐÁÀÍ²ÇÎÂÀÍÎ¯ ÒÅÐÈÒÎÐ²¯: Á²ÎÃÅÍÍ² ÒÀ
ÎÐÃÀÍ²×Í² ÐÅ×ÎÂÈÍÈ

Îáãîâîðåíî ðåçóëüòàòè äîñë³äæåííÿ ïðîñòîðîâî-÷àñîâî¿ äèíàì³êè íåîðãàí³÷-
íèõ ôîðì àçîòó (NH4

+ , NO2

− , NO3

− ), ôîñôîðó, ñèë³ö³þ òà ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷î-
âèí (ÐÎÐ) ó âîä³ îçåð ñèñòåìè Îïå÷åíü. Êîíöåíòðàö³ÿ ðîç÷èíåíîãî êèñíþ ³ñòîòíî
âïëèâàº íà ñï³ââ³äíîøåííÿ íåîðãàí³÷íèõ ôîðì àçîòó. Êîåô³ö³ºíò êîðåëÿö³¿ ì³æ âì³ñ-
òîì Î2 ³ ÷àñòêîþ àìîí³éíîãî àçîòó, í³òðèò- ³ í³òðàò-éîí³â çà ð³âíÿ çíà÷óùîñò³
0,01 ñòàíîâèâ â³äïîâ³äíî -0,79, 0,60 ³ 0,78. Çà êîíöåíòðàö³¿ ðîç÷èíåíîãî êèñíþ
≤4 ìã/äì3 ÷àñòêà NH4

+ , NO2

− ³ NO3

− ñòàíîâèëà â³äïîâ³äíî ≥80 , ≤6 ³ ≥14 % Níåîðã, çà 4—
8 ìã/äì3 — 60—80, 6—12 ³ 14—28 % Níåîðã, à ïðè ïîäàëüøîìó çðîñòàíí³ äî 16 ìã/äì3

¿õí³é â³äíîñíèé âì³ñò ñêëàäàâ 18, 24 ³ 58 % Níåîðã. Ï³ä ÷àñ çâîðîòíî¿ òåìïåðàòóðíî¿
ñòðàòèô³êàö³¿ âçèìêó ð³çíèöÿ ì³æ âì³ñòîì íåîðãàí³÷íîãî àçîòó òà éîãî ð³çíèõ
ôîðì, à òàêîæ íåîðãàí³÷íîãî ôîñôîðó ó âîä³ ïîâåðõíåâîãî ³ ïðèäîííîãî ãîðèçîíò³â

Ö è ò ó â à í í ÿ: Æåæåðÿ Â.À., Æåæåðÿ Ò.Ï., Ëèííèê Ï.Ì., Îñèïåíêî Â.Ï., ªâòóõ Ò.Â.
Îñîáëèâîñò³ äèíàì³êè îêðåìèõ åëåìåíò³â ã³äðîõ³ì³÷íîãî ðåæèìó ìàëèõ âîäîéì
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¹ 4. Ñ. 85—109.

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2022. 58(4) 85

Ã²ÄÐÎÕ²Ì²ß



áóëà íåçíà÷íîþ àáî æ íå ïåðåâèùóâàëà 2,5 ðàçà. Ïðè ôîðìóâàíí³ ïðÿìî¿ òåìïåðà-
òóðíî¿ ñòðàòèô³êàö³¿, ïî÷èíàþ÷è ç âåñíè äî îñåí³, ð³çíèöÿ ì³æ êîíöåíòðàö³ºþ çà-
çíà÷åíèõ ôîðì àçîòó ³ íåîðãàí³÷íîãî ôîñôîðó ì³æ öèìè øàðàìè áóëà ³ñòîòíîþ.
Êîíöåíòðàö³ÿ NH4

+ ³ Ðíåîðã ïîì³òíî çðîñòàëà íèæ÷å òåðìîêëèíó. Âåðõí³ òðè îçåðà
(Ì³íñüêå, Ëóãîâå ³ Ïòàøèíå) âèÿâèëèñü íàéá³ëüø çàáðóäíåíèìè ñïîëóêàìè íåîð-
ãàí³÷íîãî àçîòó ³ ôîñôîðó. Çíèæåííÿ êîíöåíòðàö³¿ îñòàíí³õ ó ïîâåðõíåâîìó øàð³
âîäè çóìîâëåíå àñèì³ëÿö³ºþ á³îòîþ, à çðîñòàííÿ ¿õíüîãî âì³ñòó á³ëÿ äíà — íàäõîä-
æåííÿì ç äîííèõ â³äêëàä³â çà äåô³öèòó Î2 ³ ôîðìóâàííÿ àíàåðîáíèõ óìîâ. Çà óñåðåäíå-
íèìè ïîêàçíèêàìè ìîëÿðíå â³äíîøåííÿ N:P çìåíøóâàëîñü â³ä çèìè äî îñåí³ â ìåæàõ
16,0—5,7, ùî âêàçóº íà çðîñòàííÿ ó âîä³ êîíöåíòðàö³¿ ôîñôîðó â³äíîñíî àçîòó òà
ôîðìóâàííÿ ñïðèÿòëèâèõ óìîâ äëÿ ðîçâèòêó ñèíüîçåëåíèõ âîäîðîñòåé. Êîíöåíò-
ðàö³ÿ ðîç÷èíåíîãî ñèë³ö³þ ó âîä³ îçåð êîëèâàëàñü ó ìåæàõ 0,03—6,4 ìã/äì3. Çíèæåííÿ
éîãî âì³ñòó ó ïîâåðõíåâîìó øàð³ âîäè íàâåñí³ çóìîâëåíå àñèì³ëÿö³ºþ ä³àòîìîâèìè
âîäîðîñòÿìè. Çàãàëüíèé âì³ñò ÐÎÐ òà ¿õí³õ îêðåìèõ ãðóï çàçíàâàâ ñåçîííèõ ³ ïðî-
ñòîðîâèõ çì³í. ×àñòêà ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ñïîëóê ó âîä³ âåðõí³õ òðüîõ îçåð
ñòàíîâèëà 15,8—55,3 %, à ó âîä³ íèæí³õ îçåð — 29,1—81,6 % çàãàëüíîãî âì³ñòó ÐÎÐ.
Ìàêñèìàëüí³ ïîêàçíèêè õàðàêòåðí³ äëÿ ë³òíüî¿ ïîðè. Íàéá³ëüø çàáðóäíåí³ îðãà-
í³÷íèìè ñïîëóêàìè âåðõí³ òðè îçåðà. Êîíöåíòðàö³ÿ ïðèðîäíèõ ãðóï ÐÎÐ, çîêðåìà ãó-
ìóñîâèõ ðå÷îâèí, âóãëåâîä³â ³ á³ëêîâîïîä³áíèõ ðå÷îâèí ó âîä³ îçåð êîëèâàëàñü â ìåæàõ
4,6—8,0, 0,66—5,43 ³ 0,26—1,09 ìã/äì3, ñêëàäàþ÷è ó çàãàëüíîìó áàëàíñ³ â³ä 37,6 äî
55,5 %, ðåøòó ñòàíîâèëè ³íø³ ãðóïè ÐÎÐ, íàïåâíî, àíòðîïîãåííîãî ïîõîäæåííÿ.

Êëþ÷îâ³ ñëîâà: âîäîéìè óðáàí³çîâàíî¿ òåðèòîð³¿, îçåðà ñèñòåìè Îïå÷åíü, ñïî-
ëóêè íåîðãàí³÷íîãî àçîòó, íåîðãàí³÷íèé ôîñôîð, ðîç÷èííèé ñèë³ö³é, õ³ì³÷íå ñïîæè-
âàííÿ êèñíþ, ðîç÷èíí³ îðãàí³÷í³ ðå÷îâèíè, ñòðàòèô³êàö³ÿ.

Ó ñó÷àñíèõ óìîâàõ ïîâåðõíåâ³ âîäí³ îá’ºêòè çàçíàþòü àíòðîïîãåííî-
ãî âïëèâó ò³ºþ ÷è ³íøîþ ì³ðîþ. Öå ïîâ’ÿçàíî ç ¿õí³ì øèðîêèì âèêîðè-
ñòàííÿì ó íàðîäíîìó ãîñïîäàðñòâ³, à ñàìå: äëÿ ïèòíîãî ³ òåõí³÷íîãî âîäî-
ïîñòà÷àííÿ, ðåêðåàö³¿, ðèáîðîçâåäåííÿ, ñóäíîïëàâñòâà, âèðîáíèöòâà
åëåêòðè÷íî¿ åíåðã³¿, çðîøåííÿ, ïðèéìàííÿ çëèâîâèõ ³ ñò³÷íèõ âîä ç ð³ç-
íèì ñòóïåíåì î÷èùåííÿ. Äî íàéóðàçëèâ³øèõ âîäíèõ îá’ºêò³â ñë³ä â³äíåñ-
òè âîäîéìè ç óïîâ³ëüíåíèì âîäîîáì³íîì (âîäîñõîâèùà, îçåðà, ñòàâêè).
Çàãàëîì, ñòàíîì íà ê³íåöü ÕÕ ñò. ïîâ³äîìëÿëîñü, ùî ìåíøå 10 % ð³÷îê
Ñâ³òó ñë³ä ðîçãëÿäàòè ÿê òàê³, â ÿêèõ õ³ì³÷íèé ñêëàä âîäè íå çàçíàâ ³ñòîò-
íèõ çì³í, à âì³ñò îêðåìèõ õ³ì³÷íèõ êîìïîíåíò³â íå ïåðåâèùóâàâ ôîíîâèõ
êîíöåíòðàö³é. Íà òîé ÷àñ êîíöåíòðàö³ÿ àçîòó ³ ôîñôîðó ó âîäíèõ îá’ºêòàõ
ªâðîïè òà Ï³âí³÷íî¿ Àìåðèêè çðîñëà ìàéæå ó 20 ðàç³â ïîð³âíÿíî ç ôîíî-
âèìè êîíöåíòðàö³ÿìè [35]. Ïðè çá³ëüøåíí³ çàãàëüíî¿ ÷èñåëüíîñò³ íàñå-
ëåííÿ Ñâ³òó äî 9,7 ìëðä., à òàêîæ ì³ñüêîãî íàñåëåííÿ — íà 2,5 ìëðä. äî
2050 ð., çã³äíî ïðîãíîçó ÎÎÍ [53], ñë³ä î÷³êóâàòè ïîäàëüøîãî çðîñòàííÿ
çàáðóäíåííÿ ïîâåðõíåâèõ âîä á³îãåííèìè ñïîëóêàìè ³ ðîç÷èíåíèìè îð-
ãàí³÷íèìè ðå÷îâèíàìè (ÐÎÐ). Öüîãî ìîæíà óíèêíóòè ïðè âèêîðèñòàíí³
ïðèðîäîîõîðîííèõ çàõîä³â, ÿê³ áóäóòü ñïðÿìîâàí³ íà çíèæåííÿ íàäõîä-
æåííÿ, ïåðåäóñ³ì, ñïîëóê àçîòó ³ ôîñôîðó äî ïîâåðõíåâèõ âîäíèõ îá’ºêò³â
ç ìåòîþ óíèêíåííÿ ¿õíüîãî åâòðîôóâàííÿ.

Åâòðîôóâàííÿ — ïðèðîäíèé ïðîöåñ ñòàð³ííÿ âîäîéì, ÿêèé çà àíòðî-
ïîãåííîãî âïëèâó ïðèøâèäøóºòüñÿ â ðàçè ³ çàì³ñòü 200—300 ðîê³â ïî÷è-
íàº ïðîÿâëÿòèñü âæå ÷åðåç ê³ëüêà ðîê³â. Äî îñíîâíèõ êðèòåð³¿â åâòðîôó-
âàííÿ â³äíîñÿòü çíèæåííÿ âì³ñòó ðîç÷èíåíîãî êèñíþ íèæ÷å òåðìîêëèíó,
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çðîñòàííÿ êîíöåíòðàö³¿ ñïîëóê àçîòó ³ ôîñôîðó, çá³ëüøåííÿ âì³ñòó çàâèñ³
îðãàí³÷íîãî ïîõîäæåííÿ (ô³òîïëàíêòîí, äåòðèò), çðîñòàííÿ ÷àñòêè îð-
ãàí³÷íèõ ðå÷îâèí àâòîõòîííîãî ïîõîäæåííÿ, çì³íó ïîïóëÿö³¿ âîäîðîñòåé
ç äîì³íóâàííÿì ïðåäñòàâíèê³â ñèíüîçåëåíèõ ³ çåëåíèõ âîäîðîñòåé, çðîñ-
òàííÿ á³îìàñè áåíòîñíèõ òà åï³ô³òíèõ âîäîðîñòåé, çì³íó âèäîâîãî ñêëàäó
òà á³îìàñè ìàêðîô³ò³â, çá³ëüøåííÿ êàëàìóòíîñò³ âîäè, çðîñòàííÿ âì³ñòó
àìîí³éíîãî àçîòó (NH4

+ ) ³ íåîðãàí³÷íîãî ôîñôîðó (Ðíåîðã) ó äîííèõ â³äêëà-
äàõ, çàìîðè, âòðàòó ðåêðåàö³éíèõ âëàñòèâîñòåé [23, 26, 50].

Â ñó÷àñíèõ óìîâàõ äëÿ ïîêðàùåííÿ ÿêîñò³ âîäè åâòðîôíèõ âîäíèõ
îá’ºêò³â âèêîðèñòîâóþòü íàñòóïí³ çàõîäè: äðàãóâàííÿ äîííèõ â³äêëàä³â,
øòó÷íó àåðàö³þ, îáðîáêó àëüã³öèäàìè, õ³ì³÷íèìè ðåàãåíòàìè äëÿ ïåðå-
òâîðåííÿ Ðíåîðã â á³îëîã³÷íî ³íåðòí³ ñïîëóêè (ã³äðîêñèä àëþì³í³þ, ìî-
äèô³êîâàíèé áåíòîí³ò ç âèêîðèñòàííÿì ëàíòàíó), áàðâíèêàìè, á³îïëàòî
âèùî¿ âîäíî¿ ðîñëèííîñò³ [20, 23, 27, 34, 37, 39, 50, 55, 58].

Ñåðåä îñîáëèâîñòåé âîäíèõ îá’ºêò³â, ÿê³ çíàõîäÿòüñÿ ó ìåæàõ íàñåëå-
íèõ ïóíêò³â, âàæëèâå ì³ñöå çàéìàþòü ïîðóøåííÿ ïðèðîäíîãî á³îð³çíî-
ìàí³òòÿ, á³ëüø âèðàæåíå ï³êîâå íàäõîäæåííÿ çëèâîâèõ àáî ñêèäíèõ ñò³÷-
íèõ âîä çà ðàõóíîê çá³ëüøåííÿ ïëîù³ âîäîíåïðîíèêíèõ ä³ëÿíîê, çì³íè
õ³ì³÷íîãî ñêëàäó âîäè ç³ çðîñòàííÿì âì³ñòó á³îãåííèõ ñïîëóê, îðãàí³÷íèõ
ðå÷îâèí, ñïåöèô³÷íèõ çàáðóäíþâàëüíèõ îðãàí³÷íèõ ðå÷îâèí, âàæêèõ ìå-
òàë³â, ãîëîâíèõ éîí³â òîùî [28, 32, 44, 45, 49, 54, 56].

Â ìåæàõ óðáàí³çîâàíèõ òåðèòîð³é ñïîëóêè íåîðãàí³÷íîãî àçîòó ³ ôîñ-
ôîðó, îðãàí³÷í³ ðå÷îâèíè íàäõîäÿòü äî ïîâåðõíåâèõ âîäíèõ îá’ºêò³â ãî-
ëîâíèì ÷èíîì ç êîìóíàëüíèìè ³ ïðîìèñëîâèìè ñò³÷íèìè âîäàìè ç ð³ç-
íèì ñòóïåíåì î÷èùåííÿ, çà ðàõóíîê ñòîêó àáî ³íô³ëüòðàö³¿ ç³ ñòàíö³é î÷è-
ùåííÿ ñò³÷íèõ âîä òà áóä³âåëüíèõ ìàéäàí÷èê³â, ç³ çëèâîâèìè âîäàìè, à
òàêîæ ç äîííèõ â³äêëàä³â [25, 26, 52]. Ïåâíà ÷àñòèíà çàçíà÷åíèõ á³îãåííèõ
ðå÷îâèí ïîòðàïëÿº çà ðàõóíîê äèôóçíèõ äæåðåë, äî ÿêèõ â³äíîñÿòüñÿ ïî-
âåðõíåâèé òà ëàòåðàëüíèé ñò³ê ç âîäîçá³ðíî¿ ïëîù³, àòìîñôåðí³ îïàäè [25,
26]. ×àñòî çàçíà÷àºòüñÿ, ùî äëÿ ïîêðàùåííÿ ÿêîñò³ âîäè ïîâåðõíåâèõ âî-
äíèõ îá’ºêò³â íåäîñòàòíüî ëèøå ëîêàë³çàö³¿ òî÷êîâèõ äæåðåë, îñê³ëüêè
íåîáõ³äíî òàêîæ çâåðòàòè óâàãó íà ì³í³ì³çàö³þ âïëèâó äèôóçíèõ äæåðåë.
×àñòêà íåîðãàí³÷íîãî àçîòó (Níåîðã) ³ Ðíåîðã, ÿêà íàäõîäèòü çà ðàõóíîê äè-
ôóçíèõ äæåðåë, ìîæå ïåðåâèùóâàòè 50 %, à ³íîä³ äîñÿãàòè 90 % â³ä çàãàëü-
íîãî íàäõîäæåííÿ öèõ ñïîëóê äî âîäíèõ îá’ºêò³â [26, 29, 33, 46].

Îïòèìàëüí³ óìîâè äëÿ ðîçâèòêó ô³òîïëàíêòîíó òà «öâ³ò³ííÿ» âîäè
âèçíà÷àþòüñÿ äîñòàòí³ì âì³ñòîì ó âîä³ ñïîëóê Níåîðã ³ Ðíåîðã. Çã³äíî ç êîåô³-
ö³ºíòîì Ðåäô³ëäà, îïòèìàëüíå ñï³ââ³äíîøåííÿ âóãëåöþ, àçîòó ³ ôîñôîðó
ó âîä³ ïîâåðõíåâèõ âîäíèõ îá’ºêò³â äëÿ ðîçâèòêó âîäîðîñòåé ñòàíîâèòü
40C : 7N : 1P. Ïðè öüîìó â îë³ãîòðîôíîìó âîäíîìó îá’ºêò³ êîíöåíòðàö³¿
ôîñôîðó ³ àçîòó íå ïîâèíí³ ïåðåâèùóâàòè 0,01 ³ 2 ìã/äì3. Âîäíî÷àñ, â åâò-
ðîôíèõ âîäîéìàõ ¿õíÿ êîíöåíòðàö³ÿ ïåðåâèùóº â³äïîâ³äíî 0,03 ³ 5 ìã/äì3

[50]. Çã³äíî ìåòîäèêè åêîëîã³÷íî¿ îö³íêè ÿêîñò³ ïîâåðõíåâèõ âîä çà â³ä-
ïîâ³äíèìè êàòåãîð³ÿìè, êîíöåíòðàö³ÿ éîí³â NH4

+ , NO2
− ³ NO3

− ó âîä³ íå
ïîâèííà ïåðåâèùóâàòè â³äïîâ³äíî 0,31, 0,011 ³ 0,51 ìã N/äì3, à âì³ñò Ðíåîðã

— 0,050 ìã/äì3. Çàçíà÷åí³ êîíöåíòðàö³¿ â³äïîâ³äàþòü ²²² êëàñó ÿêîñò³ âîäè
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(çàáðóäíåí³ âîäí³ îá’ºêòè) [13]. Çà ðåçóëüòàòàìè ³íøèõ äîñë³äæåíü, êîí-
öåíòðàö³ÿ Ðíåîðã, ÿêà ë³ì³òóº ðîçâèòîê ñèíüîçåëåíèõ âîäîðîñòåé, ñòàíî-
âèòü 0,060—0,050 ìã/äì3 ³ íèæ÷å [36, 38]. Îòæå, ñåðåä çàçíà÷åíèõ á³îãåí-
íèõ ñïîëóê ñàìå íåîðãàí³÷íèé ôîñôîð âèñòóïàº ë³ì³òóþ÷èì ÷èííèêîì
äëÿ ðîçâèòêó ô³òîïëàíêòîíó, îñê³ëüêè, íàïðèêëàä, äåÿê³ ãåòåðîöèñòí³ ñè-
íüîçåëåí³ âîäîðîñò³ ðîä³â Anabaena ³ Nostoc çäàòí³ àñèì³ëþâàòè àòìî-
ñôåðíèé àçîò [24].

Ìåòà íàøèõ äîñë³äæåíü ïîëÿãàëà ó âèâ÷åíí³ ïðîñòîðîâî¿ ³ ñåçîííî¿
äèíàì³êè âì³ñòó á³îãåííèõ ðå÷îâèí ³ ÐÎÐ, à òàêîæ âïëèâó êèñíåâîãî ðå-
æèìó íà âì³ñò ³ ñï³ââ³äíîøåííÿ íåîðãàí³÷íèõ ôîðì àçîòó ó âîä³ îçåð ñèñ-
òåìè Îïå÷åíü. Äîñë³äæåííÿ òàêîæ áóëè ñïðÿìîâàí³ íà âèâ÷åííÿ âïëèâó
ïðÿìî¿ ³ çâîðîòíî¿ ñòðàòèô³êàö³¿ íà âì³ñò ñïîëóê Níåîðã, Ðíåîðã ³ ðîç÷èíåíî-
ãî ñèë³ö³þ çà âåðòèêàëëþ.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ó ïåðøîìó ïîâ³äîìëåíí³ [9] íàâåäåíî çàãàëüíó ³íôîðìàö³þ ùîäî
îñîáëèâîñòåé â³äáîðó ïðîá, ¿õíüîãî çáåð³ãàííÿ òà ï³äãîòîâêè äî àíàë³ç³â,
à òàêîæ íàâåäåíî êàðòó-ñõåìó îçåð ñèñòåìè Îïå÷åíü. Êîíöåíòðàö³þ íå-
îðãàí³÷íèõ ôîðì àçîòó, Ðíåîðã ³ ðîç÷èíåíîãî ñèë³ö³þ âèì³ðþâàëè ó ô³ëüò-
ðàòàõ ïðèðîäíî¿ âîäè, âèêîðèñòîâóþ÷è ìåòîäèêè ôîòîìåòðè÷íîãî àíà-
ë³çó [14]. Àìîí³éíèé àçîò âèçíà÷àëè ç ðåàêòèâîì Íåññëåðà, í³òðèò-éîíè
— ç ðåàêòèâîì Ãð³ññà, í³òðàò-éîíè — ç ñàë³öèëàòîì íàòð³þ, íåîðãàí³÷íèé
ôîñôîð — çà ðåàêö³¿ âçàºìîä³¿ îðòîôîñôàò³â ç ìîë³áäàòîì àìîí³þ ó êèñ-
ëîìó ñåðåäîâèù³ (ðÍ 0,80—0,95) çà ïðèñóòíîñò³ àñêîðá³íîâî¿ êèñëîòè,
ñèë³ö³é — ó âèãëÿä³ ñèíüî¿ (â³äíîâëåíî¿) ôîðìè ñèë³ö³éìîë³áäåíîâî¿ ãå-
òåðîïîë³êèñëîòè ç âèêîðèñòàííÿì ìåòîë-ñóëüô³òíî¿ ñóì³ø³ ÿê â³äíîâíè-
êà. Õ³ì³÷íå ñïîæèâàííÿ êèñíþ (ÕÑÊ) ç âèêîðèñòàííÿì ð³çíèõ îêèñíþ-
âà÷³â (KMnO4 òà K2Cr2O7) âèçíà÷àëè çà çàãàëüíîâ³äîìèìè ìåòîäèêàìè
[14, 19]. Ïåðøèé ç ïîêàçíèê³â (ïåðìàíãàíàòíà îêèñíþâàí³ñòü, àáî ÕÑÊMn)
îïîñåðåäêîâàíî âêàçóº íà âì³ñò ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ðå÷îâèí, à
äðóãèé (äèõðîìàòíà îêèñíþâàí³ñòü, àáî ÕÑÊCr) — íà çàãàëüíó êîíöåíò-
ðàö³þ ÐÎÐ. Âì³ñò ðîç÷èíåíîãî âóãëåöþ îðãàí³÷íèõ ñïîëóê (Ñîðã) ðîçðàõî-
âóâàëè çà ôîðìóëîþ Ñîðã = 0,375×XÑÊCr [19, 22]. Äëÿ ðîçä³ëåííÿ ÐÎÐ çà
õ³ì³÷íîþ ïðèðîäîþ çàñòîñîâóâàëè ìåòîä éîíîîáì³ííî¿ õðîìàòîãðàô³¿ ç
âèêîðèñòàííÿì êîëîíîê, çàïîâíåíèõ éîíîîáì³ííèìè öåëþëîçàìè —
ÄÅÀÅ (ä³åòèëàì³íîåòèëöåëþëîçà) ³ ÊÌ (êàðáîêñèìåòèëöåëþëîçà). Ãóìó-
ñîâ³ ðå÷îâèíè (ÃÐ), ÿê³ â³äíîñÿòüñÿ äî ÐÎÐ êèñëîòíî¿ ãðóïè, âèëó÷àëè àä-
ñîðáö³ºþ íà êîëîíö³ ç ÄÅÀÅ-öåëþëîçîþ, à á³ëêîâîïîä³áí³ ðå÷îâèíè
(ÁÏÐ), ÿê ðå÷îâèíè îñí�âíî¿ ãðóïè, êîíöåíòðóâàëè íà êîëîíö³ ç ÊÌ-öå-
ëþëîçîþ. Íåéòðàëüíó ãðóïó ÐÎÐ, â ÿê³é ïåðåâàæàþòü âóãëåâîäè, îòðèìó-
âàëè ï³ñëÿ ïîñë³äîâíîãî ïðîïóñêàííÿ ô³ëüòðàòó ïðèðîäíî¿ âîäè êð³çü çà-
çíà÷åí³ âèùå êîëîíêè ç öåëþëîçíèìè éîí³òàìè. Çà íåîáõ³äíîñò³ íåéòðà-
ëüíó ôðàêö³þ ÐÎÐ êîíöåíòðóâàëè ó 10—12 ðàç³â øëÿõîì âèìîðîæóâàí-
íÿ. Äåñîðáö³þ ÐÎÐ ç êîëîíîê, çàïîâíåíèõ ÄÅÀÅ- ³ ÊÌ-öåëþëîçàìè, çä³é-
ñíþâàëè â³äïîâ³äíî 0,3 ìîëü/äì3 ðîç÷èíîì NaOH ³ 0,1 ìîëü/äì3 ðîç÷è-
íîì HCl. Âì³ñò ÃÐ ó ñêëàä³ êèñëîòíî¿ ãðóïè âèçíà÷àëè çà ãðàäóþâàëüíèì

88

Æåæåðÿ Â.À., Æåæåðÿ Ò.Ï., Ëèííèê Ï.Ì., Îñèïåíêî Â.Ï., ªâòóõ Ò.Â.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2022. 58(4)



ãðàô³êîì «Êîëüîðîâ³ñòü âîäè, oCr—Co-øêàëè — êîíöåíòðàö³ÿ ÃÐ,
ìã/äì3». Êîëüîðîâ³ñòü âîäè, ÿê íåïðÿìó õàðàêòåðèñòèêó âì³ñòó ÃÐ ó âîä³
ïîâåðõíåâèõ âîäíèõ îá’ºêò³â, âèì³ðþâàëè çà äîïîìîãîþ ³ì³òàö³éíî¿ äèõ-
ðîìàòíî-êîáàëüòîâî¿ øêàëè [14]. Äëÿ ïîáóäîâè ãðàäóþâàëüíîãî ãðàô³êà
âèêîðèñòîâóâàëè ïðåïàðàòè ôóëüâîêèñëîò ³ ãóì³íîâèõ êèñëîò, ÿê³ áóëè
îòðèìàí³ ç âîäè Êàí³âñüêîãî âîäîñõîâèùà ³ î÷èùåí³ ç âèêîðèñòàííÿì
êàò³îíîîáì³ííèêà ÊÓ-23 â Í-ôîðì³. Îòðèìàí³ ïðåïàðàòè âèñóøóâàëè
øëÿõîì ïîñòóïîâîãî âèïàðþâàííÿ ó ôàðôîðîâèõ ÷àøêàõ, äîâîäÿ÷è ¿õí³
ñóõ³ çàëèøêè äî ïîñò³éíî¿ ìàñè â åêñèêàòîð³ ç áåçâîäíèì CaCl2. Âèçíà÷åí-
íÿ ðå÷îâèí á³ëêîâî¿ ïðèðîäè çä³éñíþâàëè çà ðåàêö³ºþ Ëîóð³ [5, 43], à âóã-
ëåâîä³â — çà äîïîìîãîþ àíòðîíó [19].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ñïîëóêè íåîðãàí³÷íîãî àçîòó ³ ôîñôîðó. Ñåðåä ñïîëóê íåîðãàí³÷íîãî
àçîòó ó ïðèäîííîìó øàð³ âîäè îçåð ñèñòåìè Îïå÷åíü ïåðåâàæàëà éîãî
àìîí³éíà ôîðìà, à ó ïîâåðõíåâîìó øàð³, îêð³ì çèìîâîãî ïåð³îäó, íàâïà-
êè, çðîñòàëà ÷àñòêà í³òðèò- ³ í³òðàò-éîí³â. Òàê³ ïðîñòîðîâ³ òà ñåçîíí³
çì³íè â³äíîñíîãî âì³ñòó ñïîëóê Níåîðã çàëåæàòü â³ä êîíöåíòðàö³¿ ðîç÷èíå-
íîãî êèñíþ. Çðîñòàííÿ éîãî âì³ñòó ó âîä³ ïðèçâîäèëî äî çá³ëüøåííÿ ÷à-
ñòêè í³òðèò- ³ í³òðàò-éîí³â ó ðåçóëüòàò³ îêèñíåííÿ NH4

+ ÿê õ³ì³÷íèì øëÿ-
õîì, òàê ³ çà ó÷àñòþ í³òðèô³êóþ÷èõ áàêòåð³é. Âàðòî çàçíà÷èòè, ùî íàñè-
÷åííÿ âîäè êèñíåì áóëî õàðàêòåðíèì ëèøå äëÿ ïîâåðõíåâîãî øàðó âîäè
íàä òåðìîêëèíîì ïðîòÿãîì âåñíÿíî-îñ³ííüîãî ïåð³îäó. Íàâåñí³ éîãî
êîíöåíòðàö³ÿ çíàõîäèëàñü â ìåæàõ 12,1—16,2 ìã/äì3, à âë³òêó ³ âîñåíè —
â³äïîâ³äíî 8,3—14,6 ³ 4,4—14,2 ìã/äì3. Ïåðåíàñè÷åííÿ ïîâåðõíåâîãî øà-
ðó âîäè ðîç÷èíåíèì êèñíåì ó ìåæàõ 107—146 % ñïîñòåð³ãàëîñü â óñ³õ îçå-
ðàõ íàâåñí³, òîä³ ÿê âë³òêó ³ âîñåíè — íå çàâæäè. Íàòîì³ñòü, éîãî äåô³öèò
â³äì³÷åíî ó ïðèäîííîìó øàð³ âîäè îçåð ïðîòÿãîì óñüîãî ðîêó, à ó ïîâåðõ-
íåâîìó øàð³ — òàêîæ ³ âçèìêó. Äåòàëüí³øó ³íôîðìàö³þ ùîäî êèñíåâîãî
ðåæèìó äîñë³äæóâàíèõ îçåð íàâåäåíî ó ïåðøîìó ïîâ³äîìëåíí³ [9].

×àñòêà NH4
+ ó ïîâåðõíåâîìó øàð³ âîäè äîñë³äæóâàíèõ îçåð çíàõîäè-

ëàñü ó øèðîêîìó ³íòåðâàë³ âåëè÷èí: 64,9—87,0 % Níåîðã âçèìêó, 0,0—51,2 %
— íàâåñí³, 22,3—74,8 % — âë³òêó ³ 15,6—75,7 % Níåîðã — âîñåíè (ðèñ. 1, à).

Â³äíîñíèé âì³ñò NH4
+ ó ïðèäîííîìó øàð³ âîäè áóâ âèùèì ³ çíàõîäèâ-

ñÿ ó ìåæàõ: 66,3—94,9 % Níåîðã âçèìêó, 38,3—99,3 % — íàâåñí³, 82,2—99,2 %
— âë³òêó ³ 48,8—98,6 % — âîñåíè. Çàçâè÷àé, éîãî ÷àñòêà ó âîä³ á³ëÿ äíà ïå-
ðåâèùóâàëà 70,3 % Níåîðã, ³ ëèøå â îç. Êèðèë³âñüêîìó íàâåñí³ ³ âîñåíè âîíà
ñòàíîâèëà â³äïîâ³äíî 38,3 ³ 48,8 % Níåîðã (äèâ. ðèñ. 1, à). Öå ÿâèùå, â³ðî-
ã³äíî, çóìîâëåíå ëîêàëüíèì âïëèâîì âîäíèõ ìàñ ð. Ñèðåöü íà õ³ì³÷íèé
ñêëàä ïðèäîííîãî øàðó âîäè çàçíà÷åíîãî îçåðà, îñê³ëüêè òåìïåðàòóðà
âîäè ó ö³é ð³÷ö³ íàâåñí³ ³ âîñåíè â³äïîâ³äàëà ò³é ñàì³é òåìïåðàòóð³ â îçåð³,
ÿêà ñïîñòåð³ãàëàñü íà ãëèáèí³ â³äïîâ³äíî 6,0 ì ³ 5,5 ì, à âë³òêó — ëèøå íà
ãëèáèí³ 3,5 ì. Ç ö³º¿ ïðè÷èíè âîäà ç ð. Ñèðåöü çàëåæíî â³ä ñåçîíó íàäõîäè-
ëà íà ð³çíó ãëèáèíó îçåðà. Âîäíî÷àñ, ÷àñòêà àìîí³éíîãî àçîòó ó ãèðëîâ³é
ä³ëÿíö³ ð. Ñèðåöü ïîñòóïîâî çìåíøóâàëàñü â³ä çèìè äî îñåí³. Òàê, âçèìêó
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â³äíîñíèé âì³ñò NH4
+ ñòàíîâèâ 50,1 %, íàâåñí³ — 32,3, âë³òêó — 25,8, à âî-

ñåíè — ëèøå 5,7 % Níåîðã.
Â³äíîñíèé âì³ñò í³òðèòíîãî àçîòó (NO2

− ) ó ïîâåðõíåâîìó øàð³ âîäè
äîñë³äæóâàíèõ îçåð çíàõîäèâñÿ ó øèðîêîìó ³íòåðâàë³ âåëè÷èí — 1,5—
48,3 % Níåîðã, à á³ëÿ äíà — ëèøå — 0,3—25,8 % Níåîðã. Í³òðèò-éîíè íàëå-
æàòü äî õ³ì³÷íî íåñò³éêèõ ñïîëóê, îñê³ëüêè çäàòí³ øâèäêî îêèñíþâàòèñü
äî í³òðàò-éîí³â (NO3

− ) çà äîñòàòíüîãî âì³ñòó ðîç÷èíåíîãî êèñíþ àáî
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Ðèñ. 1. Ñåçîíí³ çì³íè ÷àñòêè àìîí³éíîãî àçîòó (à), í³òðèò- (á) ³ í³òðàò-éîí³â (â) ó âîä³
îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð. Òóò ³ íà ðèñ. 3—7, 9: 1 — îç. Ì³íñüêå; 2 — îç.
Ëóãîâå; 3 — îç. Ïòàøèíå; 4 — îç. Àíäð³¿âñüêå; 5 — îç. Êèðèë³âñüêå; 6 — îç. Éîðäàíñü-
êå; Ç, Â, Ë ³ Î — çèìà, âåñíà, ë³òî ³ îñ³íü; ² ³ ²² — â³äïîâ³äíî ïîâåðõíåâèé ³ ïðèäîííèé
ãîðèçîíòè âîäè



â³äíîâëþâàòèñü äî NH4
+ çà éîãî äåô³öèòó. Ñàìå ç ö³º¿ ïðè÷èíè ÷àñòêà

NO2
− çðîñòàëà ó ïîâåðõíåâîìó øàð³ âîäè äî 13,1—34,4 ³ 11,2—48,3 % Níåîðã

â³äïîâ³äíî íàâåñí³ òà âë³òêó ï³ä ÷àñ ïîêðàùåííÿ êèñíåâîãî ðåæèìó (äèâ.
ðèñ. 1, á).

×àñòêà NO3
− ïîð³âíÿíî ç NH4

+ , íàâïàêè, çàâæäè áóëà âèùîþ ó ïîâåðõ-
íåâîìó øàð³ âîäè. Âçèìêó âîíà íå ïåðåâèùóâàëà 4,3—26,5 % Níåîðã, íà-
âåñí³ çðîñòàëà äî 24,7—75,7 %, âë³òêó ³ âîñåíè ñòàíîâèëà 13,4—54,7 ³
21,2—69,4 % Níåîðã. Ó ïðèäîííîìó øàð³ âîäè â³äíîñíèé âì³ñò NO3

− -éîí³â
êîëèâàâñÿ ó ìåæàõ 0,4—46,2 % Níåîðã (äèâ. ðèñ. 1, â).

Âñòàíîâëåíî, ùî íàéá³ëüøà ÷àñòêà NO2
− - ³ NO3

− -éîí³â ó ïðèäîííîìó
øàð³ âîäè ñïîñòåð³ãàëàñü â îçåðàõ Êèðèë³âñüêîìó ³ Éîðäàíñüêîìó (äèâ.
ðèñ. 1, á, â), îñê³ëüêè â íèõ, ïîð³âíÿíî ç ³íøèìè äîñë³äæóâàíèìè îçåðàìè,
êèñíåâèé ðåæèì áóâ íàéêðàùèì. Â³äîìî, ùî í³òðèô³êàö³ÿ â³äáóâàºòüñÿ
çà êîíöåíòðàö³¿ ðîç÷èíåíîãî êèñíþ, ùî ïåðåâèùóº 2 ìã/äì3, à äåí³ò-
ðèô³êàö³ÿ — êîëè âîíà íèæ÷à, í³æ ~1,5 ìã/äì3 [20].

Ó äîñë³äæóâàíèõ îçåðàõ âèÿâëåíî íàÿâí³ñòü êîðåëÿö³éíîãî çâ’ÿçêó
ì³æ âì³ñòîì ðîç÷èíåíîãî êèñíþ òà ÷àñòêîþ ñïîëóê íåîðãàí³÷íîãî àçîòó.
Âñòàíîâëåíî, ùî çà ð³âíÿ çíà÷óùîñò³ 0,01 êîåô³ö³ºíò êîðåëÿö³¿ ì³æ êîí-
öåíòðàö³ºþ ðîç÷èíåíîãî êèñíþ ³ â³äíîñíèì âì³ñòîì NH4

+ , NO2
− - ³

NO3
− -éîí³â ñòàíîâèâ â³äïîâ³äíî -0,79, 0,60 ³ 0,78 (ðèñ. 2). Çà îòðèìàíèìè

çàëåæíîñòÿìè âñòàíîâëåíî, ùî çà êîíöåíòðàö³¿ ðîç÷èíåíîãî êèñíþ
�4 ìã/äì3 ÷àñòêà àìîí³éíîãî àçîòó, í³òðèò- ³ í³òðàò-éîí³â ñòàíîâèëà
â³äïîâ³äíî�80,�6 ³�14 % Níåîðã. ßêùî âì³ñò ðîç÷èíåíîãî êèñíþ çíàõîäè-
òüñÿ â ìåæàõ 4—8 ìã/äì3, òî ÷àñòêà çàçíà÷åíèõ ôîðì íåîðãàí³÷íîãî àçîòó
âæå çì³íþºòüñÿ â ìåæàõ 60—80, 6—12 ³ 14—28 % Níåîðã. Çà ïîäàëüøîãî
çðîñòàííÿ êîíöåíòðàö³¿ êèñíþ äî 16 ìã/äì3 â³äíîñíèé âì³ñò NH4

+ , NO2
− - ³

NO3
− -éîí³â ñòàíîâèâ â³äïîâ³äíî 18, 24 ³ 58 % Níåîðã (äèâ. ðèñ. 2).
Âì³ñò NH4

+ ó âîä³ îçåð ñèñòåìè Îïå÷åíü çàçíàâàâ ÿê ñåçîííèõ, òàê ³
ïðîñòîðîâèõ çì³í ç ãëèáèíîþ. Òàê, âçèìêó êîíöåíòðàö³ÿ ö³º¿ ôîðìè Níåîðã

ó ïîâåðõíåâîìó øàð³ âîäè áóëà íèæ÷îþ, í³æ á³ëÿ äíà, ëèøå ó 1,1—2,2
ðàçè. Âîäíî÷àñ, ï³ä ÷àñ ïðÿìî¿ òåìïåðàòóðíî¿ òà êèñíåâî¿ ñòðàòèô³êàö³¿
öÿ ð³çíèöÿ çðîñòàëà â ðàçè (ðèñ. 3).

Çíèæåííÿ êîíöåíòðàö³¿ NH4
+ ó ïîâåðõíåâîìó øàð³ âîäè çóìîâëåíå

éîãî àñèì³ëÿö³ºþ âèùîþ âîäíîþ ðîñëèíí³ñòþ ³ ô³òîïëàíêòîíîì ï³ä ÷àñ
¿õíüî¿ âåãåòàö³¿. Âîäíî÷àñ, çðîñòàííÿ âì³ñòó àìîí³éíîãî àçîòó ó âîä³ ïðè-
äîííîãî ãîðèçîíòó â³äáóâàºòüñÿ ÷åðåç éîãî íàäõîäæåííÿ ç äîííèõ â³ä-
êëàä³â çà äåô³öèòó ðîç÷èíåíîãî êèñíþ, à òàêîæ ïîðóøåííÿ êîíâåêòèâíî-
ãî ïåðåì³øóâàííÿ âîäíèõ ìàñ íèæ÷å òåðìîêëèíó. Ñåðåä äîñë³äæóâàíèõ
îçåð ìàêñèìàëüí³ êîíöåíòðàö³¿ NH4

+ ñïîñòåð³ãàëèñü ó âåðõí³õ òðüîõ —
Ì³íñüêîìó Ëóãîâîìó ³ Ïòàøèíîìó (äèâ. ðèñ. 3).

Âçèìêó éîãî êîíöåíòðàö³ÿ ó ïîâåðõíåâîìó øàð³ âîäè îçåð çíàõîäè-
ëàñü ó ìåæàõ 0,706—1,666 ìã N/äì3, à íàâåñí³, âë³òêó ³ âîñåíè — â³ä-
ïîâ³äíî 0—0,230, 0,040—0,090 ³ 0,053—0,654 ìã N/äì3 (äèâ. ðèñ. 3). Ó ïðè-
äîííîìó ãîðèçîíò³ âîäè âì³ñò NH4

+ âçèìêó ñòàíîâèâ 0,762—3,231 ìã
N/äì3, à íàâåñí³, âë³òêó ³ âîñåíè — 0,209—8,690, 1,136—7,035 ³ 0,207—

91

Îñîáëèâîñò³ äèíàì³êè îêðåìèõ åëåìåíò³â ã³äðîõ³ì³÷íîãî ðåæèìó

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2022. 58(4)



13,170 ìã N/äì3 (äèâ. ðèñ. 3). Êîíöåíòðàö³ÿ NH4
+ ó âîä³ ð. Ñèðåöü ïðîòÿ-

ãîì äîñë³äæóâàíîãî ïåð³îäó çì³íþâàëàñü ó ìåæàõ 0,079—0,524 ìã N/äì3,
äîñÿãàþ÷è ìàêñèìàëüíèõ âåëè÷èí âçèìêó. Ñë³ä çàçíà÷èòè, ùî âì³ñò àìî-
í³éíîãî àçîòó â ñó÷àñíèõ óìîâàõ ìàëî â³äð³çíÿºòüñÿ â³ä éîãî êîíöåíò-
ðàö³é, ÿê³ ñïîñòåð³ãàëèñü ó äîñë³äæóâàíèõ îçåðàõ ïðîòÿãîì 2015 ð. Ó òîé
÷àñ éîãî âì³ñò òàêîæ çíàõîäèâñÿ ó øèðîêèõ ìåæàõ — 0,0—12,8 ìã N/äì3

[8]. ²íøèìè äîñë³äíèêàìè [21, 31, 51] òàêîæ âèÿâëåíî äîâîë³ âèñîê³ êîí-
öåíòðàö³¿ NH4

+ , ç ïîä³áíèìè ñåçîííèìè çì³íàìè éîãî âì³ñòó ó âîä³ ïîâåð-
õíåâîãî øàðó, ÿê ³ íàìè â ñó÷àñíèõ óìîâàõ. Íàïðèêëàä, ìàêñèìàëüíèé
âì³ñò NH4

+ ó âîä³ îç. Ì³íñüêîãî ó 1986 ð. ñòàíîâèâ 2,42 ìã N/äì3 [3]. Îòæå,
âèñîê³ êîíöåíòðàö³¿ àìîí³éíîãî àçîòó ó âîä³ îçåð ñèñòåìè Îïå÷åíü ñâ³ä-
÷àòü ïðî ¿õíº òðèâàëå åâòðîôóâàííÿ ÷åðåç àíòðîïîãåííèé âïëèâ, à â ñó-
÷àñíèõ óìîâàõ ñèòóàö³ÿ íå ïîêðàùóºòüñÿ.

Êîíöåíòðàö³ÿ NO2
− -éîí³â ó âîä³ äîñë³äæóâàíèõ îçåð çíàõîäèëàñü ó

øèðîêèõ ìåæàõ — â³ä 0,006 äî 0,186 ìã N/äì3. Íàéâèù³ ïîêàçíèêè âì³ñòó
ö³º¿ ôîðìè Níåîðã ñïîñòåð³ãàëèñü ó äðóãîìó-ï’ÿòîìó îçåðàõ âçèìêó (ðèñ. 4).

Âèñîê³ êîíöåíòðàö³¿ NO2
− âèÿâëåíî íàâåñí³ òà âë³òêó ó ïðèäîííîìó

øàð³ âîäè îç. Êèðèë³âñüêîãî, ùî äåÿêîþ ì³ðîþ çóìîâëåíî ëîêàëüíèì
âïëèâîì ð. Ñèðåöü, äå âì³ñò í³òðèò-éîí³â áóâ ïåðåâàæíî âèñîêèé ³ êîëè-
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Ðèñ. 2. Âçàºìîçâ’ÿçîê ì³æ êîíöåíòðà-
ö³ºþ ðîç÷èíåíîãî êèñíþ ³ ÷àñòêîþ
àìîí³éíîãî àçîòó (à), í³òðèò- (á) ³
í³òðàò-éîí³â (â) ó âîä³ îçåð ñèñòåìè
Îïå÷åíü ïðîòÿãîì 2021 ð.



âàâñÿ â ìåæàõ 0,030—0,236 ìã N/äì3. Â îçåðàõ ñèñòåìè Îïå÷åíü ¿õíÿ êîí-
öåíòðàö³ÿ ó á³ëüøîñò³ âèïàäê³â ïåðåâèùóâàëà 0,020 ìã N/äì3. Ó íåçàáðóä-
íåíèõ âîäîéìàõ, à òàêîæ ó âîäîéìàõ ðèáîãîñïîäàðñüêîãî ïðèçíà÷åííÿ
âì³ñò NO2

− -éîí³â íå ïîâèíåí ïåðåâèùóâàòè 0,020 ìã N/äì3 [2, 13]. Âèñîê³
êîíöåíòðàö³¿ NO2

− äîäàòêîâî ñâ³ä÷àòü ïðî çíà÷íèé àíòðîïîãåííèé âïëèâ
íà çàçíà÷åí³ âîäîéìè. Ó ïîïåðåäí³ ðîêè ¿õíÿ êîíöåíòðàö³ÿ òàêîæ çíàõî-
äèëàñü ó øèðîêîìó ³íòåðâàë³ âåëè÷èí (0,002—0,102 ìã N/äì3) [21, 31, 51].

Âì³ñò NO3
− -éîí³â ó âîä³ îçåð Îïå÷åíü êîëèâàâñÿ ó ìåæàõ 0,016—

0,314 ìã N/äì3 (ðèñ. 5). Ì³í³ìàëüí³ êîíöåíòðàö³¿ õàðàêòåðí³ äëÿ ë³òíüîãî
ïåð³îäó, ùî çóìîâëåíî ¿õí³ì ñïîæèâàííÿì ðîñëèííèìè îðãàí³çìàìè. Ó
öåé ÷àñ ¿õíÿ êîíöåíòðàö³ÿ çíàõîäèëàñü ó ìåæàõ 0,016—0,142 ìã N/äì3

(äèâ. ðèñ. 5).
Çàçâè÷àé, êîíöåíòðàö³ÿ í³òðàò-éîí³â ó âîä³ ïðèäîííîãî ãîðèçîíòó

áóëà íèæ÷îþ, í³æ ó ïîâåðõíåâîìó øàð³ âîäè. Öå çóìîâëåíî äåô³öèòîì
ðîç÷èíåíîãî êèñíþ, âíàñë³äîê ÷îãî NO3

− -éîíè â³äíîâëþþòüñÿ äî
NO2

− -éîí³â ³ NH4
+ ÿê õ³ì³÷íèì øëÿõîì, òàê ³ çà ó÷àñòþ äåí³òðèô³êóþ÷èõ

áàêòåð³é. Çàãàëîì, çàçíà÷åí³ ôîðìè àçîòó çàçíàþòü òðàíñôîðìàö³¿ ó âî-
äíîìó ñåðåäîâèù³ âíàñë³äîê ô³çèêî-õ³ì³÷íèõ ³ á³îõ³ì³÷íèõ ïðîöåñ³â, ñå-
ðåä ÿêèõ âàæëèâå ì³ñöå ïîñ³äàþòü îêèñíî-â³äíîâí³ ðåàêö³¿, àìîí³ô³êàö³ÿ,
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Ðèñ. 3. Ñåçîíí³ çì³íè âì³ñòó àìîí³éíîãî àçîòó ó âîä³ ïîâåðõíåâîãî (à) ³ ïðèäîííîãî
(á) ãîðèçîíò³â îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð.



í³òðèô³êàö³ÿ, äåí³òðèô³êàö³ÿ ³ àçîòô³êñàö³ÿ [4, 18, 25]. Ó ð. Ñèðåöü ì³í³-
ìàëüí³ âåëè÷èíè âì³ñòó í³òðàò-éîí³â òàêîæ ñïîñòåð³ãàëèñü âë³òêó, à çàãà-
ëîì ¿õíÿ êîíöåíòðàö³ÿ ñòàíîâèëà 0,083—0,381 ìã N/äì3. Ðàí³øå âì³ñò
í³òðàò-éîí³â çíàõîäèâñÿ ó á³ëüø øèðîêèõ ìåæàõ (0,0—2,2 ìã N/äì3), àëå
çàçíàâàâ òàêèõ ñàìèõ ñåçîííèõ çì³í, ÿê ³ â ñó÷àñíèõ óìîâàõ [21, 31, 51].

Êîíöåíòðàö³ÿ Níåîðã, ÿê ³ éîãî àìîí³éíî¿ ôîðìè, çì³íþâàëàñü ïîñå-
çîííî, à òàêîæ ç ãëèáèíîþ. Ó ïîâåðõíåâîìó øàð³ âîäè ìàêñèìàëüíèé
éîãî âì³ñò áóâ óçèìêó — 1,088—1,936 ìã N/äì3, òîä³ ÿê ó ³íø³ ïîðè ðîêó
â³í ñòàíîâèâ 0,103—0,864 ìã N/äì3 (ðèñ. 6).

Âîäíî÷àñ, ó âîä³ ïðèäîííîãî ãîðèçîíòó ìàêñèìàëüíèé âì³ñò Níåîðã,
íàâïàêè, ñïîñòåð³ãàâñÿ ó âåñíÿíî-îñ³íí³é ïåð³îä ï³ä ÷àñ ôîðìóâàííÿ ïðÿ-
ìî¿ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿. Ñåðåä îçåð ñèñòåìè Îïå÷åíü íàéá³ëüø
çàáðóäíåíèìè ñïîëóêàìè íåîðãàí³÷íîãî àçîòó âèÿâèëèñü îçåðà Ì³íñüêå,
Ëóãîâå ³ Ïòàøèíå (äèâ. ðèñ. 6).

Îòæå, âçèìêó ñë³ä î÷³êóâàòè á³ëüø ð³âíîì³ðíîãî ðîçïîä³ëó êîíöåíò-
ðàö³¿ Níåîðã ó âñ³é âîäí³é òîâù³, òîä³ ÿê ï³ä ÷àñ ïðÿìî¿ òåìïåðàòóðíî¿ òà
êèñíåâî¿ ñòðàòèô³êàö³¿ — ¿¿ çíèæåííÿ ó âîä³ íàä òåðìîêëèíîì òà ³ñòîòíå
çðîñòàííÿ íèæ÷å îñòàííüîãî.

Êîíöåíòðàö³ÿ Píåîðã ïðîòÿãîì äîñë³äæóâàíîãî ïåð³îäó ó âîä³ îçåð ñèñ-
òåìè Îïå÷åíü çíàõîäèëàñü â ìåæàõ 0,010—3,121 ìã/äì3 (ðèñ. 7). ßêùî
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Ðèñ. 4. Ñåçîíí³ çì³íè âì³ñòó í³òðèò-éîí³â ó âîä³ ïîâåðõíåâîãî (à) ³ ïðèäîííîãî (á) ãî-
ðèçîíò³â îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð.



âçèìêó éîãî âì³ñò ó ïîâåðõíåâîìó ³ ïðèäîííîìó ãîðèçîíòàõ âîäè ìàëî
â³äð³çíÿâñÿ, òî ï³ä ÷àñ ôîðìóâàííÿ ïðÿìî¿ òåìïåðàòóðíî¿ ³ êèñíåâî¿ ñòðà-
òèô³êàö³¿ â³äì³÷åíî ³ñòîòíå çíèæåííÿ éîãî êîíöåíòðàö³¿ ó ïîâåðõíåâîìó
øàð³ âîäè çà ðàõóíîê àñèì³ëÿö³¿ ã³äðîá³îíòàìè. Âîäíî÷àñ, âì³ñò Píåîðã ó
âîä³ ïðèäîííîãî ãîðèçîíòó, íàâïàêè, çðîñòàâ çà ðàõóíîê éîãî íàäõîäæåí-
íÿ ç äîííèõ â³äêëàä³â çà äåô³öèòó ðîç÷èíåíîãî êèñíþ òà ôîðìóâàííÿ
â³äíîâëþâàëüíèõ ³ ïðîì³æíèõ îêèñíþâàëüíî-â³äíîâëþâàëüíèõ óìîâ, êî-
ëè âåëè÷èíà Eh-ïîòåíö³àëó çíàõîäèòüñÿ ó ìåæàõ 0—100 ìÂ (äèâ. ðèñ. 7, 8).
Âë³òêó ÷³òêî ïðîãëÿäàºòüñÿ ïîñòóïîâå çðîñòàííÿ êîíöåíòðàö³¿ NH4

+ ³ Ðíåîðã

íèæ÷å òåðìîêëèíó, ÿêèé çíàõîäèâñÿ íà ãëèáèí³ 3,5—4 ì. Â³í ðîçä³ëÿº âî-
äíó òîâùó íà äâ³ ÷àñòèíè, ÿê³ â³äð³çíÿþòüñÿ ì³æ ñîáîþ çà õ³ì³÷íèì ñêëà-
äîì, âì³ñòîì ðîç÷èíåíîãî êèñíþ ³ âåëè÷èíàìè Eh-ïîòåíö³àëó. Öå â³äáó-
âàºòüñÿ çà ðàõóíîê ³ñòîòíîãî çíèæåííÿ êîíâåêòèâíîãî ïåðåì³øóâàííÿ
âîäè íèæ÷å òåðìîêëèíó, âíàñë³äîê ÷îãî ôîðìóþòüñÿ çàñò³éí³ ÿâèùà á³ëÿ
äíà ïðîòÿãîì óñüîãî ïåð³îäó ïðÿìî¿ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿. Ó
2015 ð. âì³ñò Píåîðã òàêîæ êîëèâàâñÿ ó øèðîêèõ ìåæàõ (0,027—2,6 ìã/äì3)
[8] òà çàçíàâàâ ïîä³áíèõ ïðîñòîðîâèõ ³ ñåçîííèõ çì³í, ÿê öå õàðàêòåðíî ó
ïåð³îä ïðîâåäåííÿ íàøèõ äîñë³äæåíü ó ð³çí³ ïîðè 2021 ð. Âîñåíè 2018 ð.
éîãî êîíöåíòðàö³ÿ ó ïîâåðõíåâîìó øàð³ îçåð ñòàíîâèëà 0,11—0,22 ìã
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Ðèñ. 5. Ñåçîíí³ çì³íè âì³ñòó í³òðàò-éîí³â ó âîä³ ïîâåðõíåâîãî (à) ³ ïðèäîííîãî (á) ãî-
ðèçîíò³â îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð.



P/äì3, ³ ëèøå â îç. Ëóãîâîìó — 1,4 ìã P/äì3 [31]. Îäíàê ³íøèìè äîñë³äíè-
êàìè [51] áóëî âèÿâëåíî íåâèñîê³ êîíöåíòðàö³¿ Píåîðã (0,010—0,032 ìã
P/äì3), ÿê³ ñïîñòåð³ãàëèñü âë³òêó, íàïåâíî, ó ïîâåðõíåâîìó øàð³ âîäè òà
óçãîäæóþòüñÿ ç ðåçóëüòàòàìè íàøèõ äîñë³äæåíü äëÿ çàçíà÷åíîãî ãîðè-
çîíòó (äèâ. ðèñ. 7).

Ñåçîíí³ çì³íè êîíöåíòðàö³¿ Níåîðã ³ Ðíåîðã ó âîä³ îçåð ñèñòåìè Îïå÷åíü
ïîçíà÷èëèñü íà ìîëÿðíîìó â³äíîøåíí³ N : P. Çàãàëîì, â îçåðàõ â³äíîøåí-
íÿ N : P çì³íþâàëîñü ó ìåæàõ 1,2—42,1. Çà óñåðåäíåíèìè âåëè÷èíàìè
âîíî çìåíøóâàëîñü â³ä çèìè äî îñåí³ ç 16,0 äî 5,7. Öå ñâ³ä÷èòü ïðî çðîñ-
òàííÿ ó âîä³ êîíöåíòðàö³¿ ôîñôîðó â³äíîñíî àçîòó òà ôîðìóâàííÿ ñïðè-
ÿòëèâèõ óìîâ äëÿ ðîçâèòêó ñèíüîçåëåíèõ âîäîðîñòåé [1, 30, 38].

Ðîç÷èííèé ñèë³ö³é.. Êîíöåíòðàö³ÿ ðîç÷èííîãî ñèë³ö³þ (Siðîç÷) ó âîä³
îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð. çì³íþâàëàñü â³ä 0,03 äî 6,4 ìã/äì3

(ðèñ. 9). Íàéá³ëüøà ð³çíèöÿ ì³æ âì³ñòîì Siðîç÷ ó âîä³ ïîâåðõíåâîãî ³ ïðè-
äîííîãî ãîðèçîíò³â ñïîñòåð³ãàëàñü íàâåñí³, âë³òêó òà âîñåíè ï³ä ÷àñ ôîð-
ìóâàííÿ ïðÿìî¿ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿. Ì³í³ìàëüí³ êîíöåíòðàö³¿
Siðîç÷ ó âîä³ ïîâåðõíåâîãî øàðó îçåð Ì³íñüêîãî òà Àíäð³¿âñüêîãî âèçíà÷à-
ëèñÿ íàâåñí³. Ïîä³áí³ çì³íè íàìè áóëî âèÿâëåíî ó ïîïåðåäí³ ðîêè [8, 10].
Â³äîìî, ùî êîëèâàííÿ âì³ñòó Siðîç÷ ïðîòÿãîì ðîêó çóìîâëåíå, íàñàìïåðåä,
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Ðèñ. 6. Ñåçîíí³ çì³íè âì³ñòó íåîðãàí³÷íîãî àçîòó ó âîä³ ïîâåðõíåâîãî (à) ³ ïðèäîííî-
ãî (á) ãîðèçîíò³â îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð.



ñåçîííèìè çì³íàìè ðîçâèòêó ô³òîïëàíêòîíó, çîêðåìà ä³àòîìîâèõ âîäî-
ðîñòåé. Çíèæåííÿ âì³ñòó Siðîç÷ íàâåñí³ ïîâ’ÿçàíå ç éîãî àñèì³ëÿö³ºþ îñ-
òàíí³ìè [59]. Ìàêñèìàëüíèé âì³ñò Siðîç÷ áóâ õàðàêòåðíèé äëÿ ïðèäîííîãî
øàðó âîäè ïðîòÿãîì óñüîãî ðîêó, ùî ïîÿñíþºòüñÿ ìîæëèâèì éîãî íàä-
õîäæåííÿì ç äîííèõ â³äêëàä³â çà äåô³öèòó Î2 òà ìåíøèì éîãî ñïîæèâàí-
íÿì á³îòîþ (äèâ. ðèñ. 9).

Íàéá³ëüø³ âåëè÷èíè âì³ñòó Siðîç÷ ïðîòÿãîì ðîêó ñïîñòåð³ãàëèñü â îçå-
ðàõ Êèðèë³âñüêîìó òà Éîðäàíñüêîìó, ùî çóìîâëåíî âïëèâîì âîäíî¿ ìàñè
ð. Ñèðåöü. Éîãî êîíöåíòðàö³ÿ ó ð³÷ö³ áóëà, çàçâè÷àé, âèùîþ, í³æ â îçåðàõ,
³ ñòàíîâèëà 3,9—7,3 ìã/äì3. Éìîâ³ðíî, ç ö³º¿ ïðè÷èíè âì³ñò Siðîç÷ ó âîä³ ïî-
âåðõíåâîãî øàðó îçåð Êèðèë³âñüêîãî òà Éîðäàíñüêîãî õî÷à ³ äåùî çíèæó-
âàâñÿ, àëå íå òàê ïîì³òíî, ÿê ó âèùå ðîçòàøîâàíèõ îçåðàõ (äèâ. ðèñ. 9).
Ã³äðîõ³ì³÷íèé ðåæèì îçåð ñèñòåìè Îïå÷åíü íå çàçíàâ ³ñòîòíèõ çì³í çà
âì³ñòîì Siðîç÷ ïîð³âíÿíî ç ðåçóëüòàòàìè äîñë³äæåíü 2015 ð. [8].

Ðîç÷èíåí³ îðãàí³÷í³ ðå÷îâèíè. ßê³ñòü âîäè ó âîäîéìàõ óðáàí³çîâàíî¿
òåðèòîð³¿ çàëåæèòü â³ä êîìïëåêñíîãî âïëèâó ïðèðîäíèõ òà àíòðîïîãåí-
íèõ ÷èííèê³â. Âíàñë³äîê íàäõîäæåííÿ ñò³÷íèõ òà çëèâîâèõ âîä õ³ì³÷íèé
ñêëàä âîäè çàçíàº ³ñòîòíèõ çì³í, ùî, ó ñâîþ ÷åðãó, ïîçíà÷àºòüñÿ íà ïðî-
ñòîðîâ³é òà ñåçîíí³é äèíàì³ö³ òîãî ÷è ³íøîãî ã³äðîõ³ì³÷íîãî ïîêàçíèêà.
Îñîáëèâî öå ñòîñóºòüñÿ çàãàëüíî¿ êîíöåíòðàö³¿ ÐÎÐ, à òàêîæ âì³ñòó ¿õí³õ
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Ðèñ. 7. Ñåçîíí³ çì³íè âì³ñòó íåîðãàí³÷íîãî ôîñôîðó ó âîä³ ïîâåðõíåâîãî (à) ³ ïðè-
äîííîãî (á) ãîðèçîíò³â îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð.



îêðåìèõ ãðóï (ÃÐ, ÁÏÐ ³ âóãëåâîäè), îñê³ëüêè çà óìîâ àíòðîïîãåííîãî
âïëèâó ¿õíÿ êîíöåíòðàö³ÿ çàâæäè çðîñòàº. Ïåðåäóñ³ì öå ñòîñóºòüñÿ îð-
ãàí³÷íèõ ðå÷îâèí-åêçîìåòàáîë³ò³â. Âîäíî÷àñ, çà âåëè÷èíîþ êîíöåíòðàö³¿
ÐÎÐ, ÿê ³ çà âì³ñòîì ñïîëóê Níåîðã ³ Ðíåîðã, ìîæíà îòðèìàòè ³íôîðìàö³þ
ùîäî ñòóïåíÿ àíòðîïîãåííîãî âïëèâó íà âîäíèé îá’ºêò.

Ó ïðàêòèö³ ã³äðîõ³ì³÷íèõ äîñë³äæåíü, ÿê ïðàâèëî, çàñòîñîâóþòü ïî-
êàçíèê ÕÑÊ ç âèêîðèñòàííÿì òàêèõ îêèñíèê³â, ÿê ïåðìàíãàíàò êàë³þ
(KMnO4) ³ äèõðîìàò êàë³þ (K2Cr2O7). Çà ïåðøèì ³ç íèõ âñòàíîâëþþòü
âì³ñò ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ñïîëóê, à çà äðóãèì — çàãàëüíèé
âì³ñò ÐÎÐ ÿê ïðèðîäíîãî, òàê ³ àíòðîïîãåííîãî ïîõîäæåííÿ. ÕÑÊMn ïåðå-
âàæíî â³äîáðàæàº íàÿâí³ñòü ó âîä³ àâòîõòîííèõ ëåãêîîêèñíþâàíèõ îð-
ãàí³÷íèõ ðå÷îâèí, äî ÿêèõ â³äíîñÿòüñÿ âóãëåâîäè ³ ÁÏÐ, à òàêîæ ïðèðîäí³
àëîõòîíí³ ÃÐ, ÿê³ íàäõîäÿòü ó âîäîéìó âíàñë³äîê âèìèâàííÿ ç ´ðóíòîâîãî
ïîêðèâó [6]. Íàø³ äîñë³äæåííÿ áóëè ñïðÿìîâàí³ ÿê íà âèçíà÷åííÿ ÕÑÊMn

òà ÕÑÊCr, òàê ³ íà ðîçä³ëåííÿ òà äåòåêòóâàííÿ îêðåìèõ ãðóï ÐÎÐ (ÃÐ, âóã-
ëåâîäè ³ ÁÏÐ).
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Ðèñ. 8. Çì³íà êîíöåíòðàö³¿ ðîç÷èíåíîãî êèñíþ, âåëè÷èí Eh-ïîòåíö³àëó, âì³ñòó àìî-
í³éíîãî àçîòó ³ íåîðãàí³÷íîãî ôîñôîðó ç ãëèáèíîþ â îçåðàõ ñèñòåìè Îïå÷åíü ó
÷åðâí³ 2021 ð.



Âåëè÷èíè ÕÑÊMn ïðîòÿãîì äîñë³äæóâàíîãî ïåð³îäó ó âîä³ îçåð ñèñòå-
ìè Îïå÷åíü çíàõîäèëèñü ó ìåæàõ 5,2—17,9 ìã Î/äì3 (ïîâåðõíåâèé øàð) ³
4,8—22,4 ìã Î/äì3 (ïðèäîííèé øàð) (òàáë. 1). Ó 2002 ð. äëÿ îç. Êèðè-
ë³âñüêîãî öåé ïîêàçíèê âçèìêó òà íàâåñí³ ñòàíîâèâ 4,2—6,2 ìã Î/äì3 [21].
Ïðîòÿãîì 2015 ð. âåëè÷èíè ÕÑÊMn â îçåðàõ ñèñòåìè Îïå÷åíü äîñÿãàëè
7,7—18,3 ³ 6,8—22,4 ìã Î/äì3 â³äïîâ³äíî ó âîä³ ïîâåðõíåâîãî ³ ïðèäîííîãî
ãîðèçîíò³â [8]. Çà âåëè÷èíàìè ÕÑÊMn âñòàíîâëåíî, ùî íàéíèæ÷èé âì³ñò
ëåãêîîêèñíþâàíèõ ÐÎÐ ñïîñòåð³ãàâñÿ âçèìêó, à ¿õí³é ìàêñèìàëüíèé
âì³ñò áóâ õàðàêòåðíèé äëÿ ë³òíüîãî ïåð³îäó, êîëè çðîñòàº êîíöåíòðàö³ÿ
åêçîìåòàáîë³ò³â ï³ä ÷àñ ³íòåíñèâíîãî ðîçâèòêó ã³äðîá³îíò³â òà «öâ³ò³ííÿ»
âîäè. Ñë³ä çàçíà÷èòè, ùî ñåçîíí³ çì³íè ÕÑÊMn ñóòòºâî íå â³äð³çíÿþòüñÿ
â³ä òàêèõ, ÿê³ ñïîñòåð³ãàþòüñÿ ó á³ëüøîñò³ ðàí³øå äîñë³äæåíèõ íàìè ïî-
âåðõíåâèõ âîäíèõ îá’ºêò³â [16, 17, 48, 57]. Âçèìêó òà âë³òêó âåëè÷èíè
ÕÑÊMn ó ïðèäîííîìó øàð³ âîäè áóëè äåùî âèùèìè, í³æ ó ïîâåðõíåâîìó
ãîðèçîíò³, ùî ïîâ’ÿçàíî, â³ðîã³äíî, ç ³íòåíñèô³êàö³ºþ íàäõîäæåííÿ ëåã-
êîîêèñíþâàíèõ ÐÎÐ ç äîííèõ â³äêëàä³â ï³ä ÷àñ ôîðìóâàííÿ äåô³öèòó
ðîç÷èíåíîãî êèñíþ. Âîäíî÷àñ, çðîñòàííÿ ¿õíüî¿ êîíöåíòðàö³¿ ó ïîâåðõíå-
âîìó øàð³ âîäè íàâåñí³ òà âîñåíè çóìîâëåíå, íàïåâíî, ðîçâèòêîì âîäîðî-
ñòåé ³ íàäõîäæåííÿì çëèâîâèõ âîä ï³ä ÷àñ òàíåííÿ ñí³ãó â ïåðøîìó âè-
ïàäêó òà ðîçêëàäàííÿì ô³òîïëàíêòîíó — ó äðóãîìó âèïàäêó. Ñåðåä äîñ-
ë³äæóâàíèõ îçåð íàéâèù³ âåëè÷èíè ÕÑÊMn áóëè õàðàêòåðíèìè äëÿ îçåð
Ì³íñüêîãî, Ëóãîâîãî ³ Ïòàøèíîãî, à íàéíèæ÷³ — äëÿ îç. Éîðäàíñüêîãî
(äèâ. òàáë. 1). Ó ð. Ñèðåöü âåëè÷èíè ÕÑÊMn êîëèâàëèñü ó ìåæàõ 6,0—
17,2 ìã Î/äì3, äîñÿãàþ÷è ìàêñèìóìó âë³òêó, à ¿õí³ ñåçîíí³ çì³íè áóëè
ïîä³áí³ äî òèõ, ùî â³äáóâàþòüñÿ â îçåðàõ ñèñòåìè Îïå÷åíü.

Âåëè÷èíè ÕÑÊCr òàêîæ çàçíàâàëè ñåçîííèõ ³ ïðîñòîðîâèõ çì³í òà çíà-
õîäèëèñü ó ìåæàõ 16,2—56,2 ìã Î/äì3 ³ 13,0—45,5 ìã Î/äì3 â³äïîâ³äíî ó
âîä³ ïîâåðõíåâîãî ³ ïðèäîííîãî øàð³â (äèâ. òàáë. 1). Ó ïîïåðåäí³ ðîêè
öåé ïîêàçíèê òàêîæ çì³íþâàâñÿ ó øèðîêîìó ³íòåðâàë³ âåëè÷èí, à ñàìå: ó
2018 ð. — 42,2—84,8 ìã Î/äì3, ó 2015 ð. — 15,2—31,4 ìã Î/äì3, à â îç. Êè-
ðèë³âñüêîìó ó 2002 ð. — 44,7—46,9 ìã Î/äì3 [8, 21, 31]. Ó ñåçîííîìó àñ-
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Ðèñ. 9. Ñåçîíí³ çì³íè âì³ñòó ðîç÷èííîãî ñèë³ö³þ (Siðîç÷) ó âîä³ îçåð ñèñòåìè Îïå÷åíü
ïðîòÿãîì 2021 ð.



ïåêò³ ïîì³òíèì áóëî çðîñòàííÿ âåëè÷èí çàçíà÷åíîãî ïîêàçíèêà â³ä çèìè
äî îñåí³. ßêùî áðàòè äî óâàãè ïðîñòîðîâ³ çì³íè, òî âèñîê³ çíà÷åííÿ ÕÑÊCr

ïîñò³éíî ñïîñòåð³ãàëèñü ó âîä³ âåðõí³õ òðüîõ îçåð (Ì³íñüêå, Ëóãîâå, Ïòà-
øèíå), òîä³ ÿê ó âîä³ îçåð Êèðèë³âñüêîãî ³ Éîðäàíñüêîãî âîíè áóëè çíà÷-
íî íèæ÷èìè (äèâ. òàáë. 1).

×àñòêà ëåãêîîêèñíþâàíèõ ÐÎÐ ó âîä³ âåðõí³õ òðüîõ îçåð ñèñòåìè
Îïå÷åíü ñòàíîâèëà 15,8—52,8 ³ 28,4—55,3 % çàãàëüíîãî âì³ñòó ÐÎÐ â³ä-
ïîâ³äíî ó ïîâåðõíåâîìó ³ ïðèäîííîìó ãîðèçîíòàõ. Â îçåðàõ Àíäð³¿âñüêî-
ìó, Êèðèë³âñüêîìó ³ Éîðäàíñüêîìó ¿õíÿ ÷àñòêà áóëà çíà÷íî âèùîþ ³ ñòà-
íîâèëà â³äïîâ³äíî 29,1—71,3 ³ 30,8—81,6 %. Ïðè öüîìó ìàêñèìàëüíà ÷àñò-
êà ëåãêîîêèñíþâàíèõ ÐÎÐ ó äîñë³äæóâàíèõ îçåðàõ ñïîñòåð³ãàëàñü âë³òêó
çà ðàõóíîê çðîñòàííÿ êîíöåíòðàö³¿ åêçîìåòàáîë³ò³â âóãëåâîäíî¿ ³ á³ëêîâî¿
ïðèðîäè, êîíöåíòðàö³þ ÿêèõ íàâåäåíî â òàáëèö³ 2. Ìàêñèìàëüí³ âåëè÷è-
íè ÕÑÊCr òà íåçíà÷íà ÷àñòêà ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ñïîëóê ó
ñêëàä³ ÐÎÐ ó òàêèõ âèïàäêàõ ñâ³ä÷àòü ïðî äîì³íóâàííÿ ó âîä³ âàæêîîêèñ-
íþâàíèõ îðãàí³÷íèõ ðå÷îâèí, ÿê³ íàäõîäÿòü ÿê ç ïëîù³ âîäîçáîðó, òàê ³
÷åðåç ñèñòåìó êîëåêòîð³â ç³ ñò³÷íèìè òà çëèâîâèìè âîäàìè. Çðîñòàííÿ âå-
ëè÷èí ÕÑÊCr ó ïðèäîííîìó øàð³ âîäè äåÿêèõ îçåð âë³òêó ³ âîñåíè ìîæíà
ïîÿñíèòè äîäàòêîâèì íàäõîäæåííÿì íàêîïè÷åíèõ îðãàí³÷íèõ ñïîëóê, ó
òîìó ÷èñë³ íàôòîïðîäóêò³â, ç äîííèõ â³äêëàä³â çà äåô³öèòó ðîç÷èíåíîãî
êèñíþ [31].

Ïðîòÿãîì ïåð³îäó äîñë³äæåííÿ âåëè÷èíè ÕÑÊCr äëÿ âîäè ð. Ñèðåöü,
ÿêà ïðèéìàº ñò³÷í³ âîäè íèçêè ïðîìèñëîâèõ ï³äïðèºìñòâ, çàâæäè ïåðå-
âèùóâàëè âåëè÷èíè öüîãî æ ïîêàçíèêà â îç. Êèðèë³âñüêîìó òà çíàõîäè-
ëèñü ó ìåæàõ 22,2—47,7 ìã Î/äì3. Îòæå, ð. Ñèðåöü ñë³ä ðîçãëÿäàòè ÿê îäíå
ç äæåðåë çàáðóäíåííÿ çàçíà÷åíîãî îçåðà ÐÎÐ àíòðîïîãåííîãî ïîõîäæåí-
íÿ.

Ðîçãëÿäàþ÷è âì³ñò îêðåìèõ ãðóï ÐÎÐ, à ñàìå ÃÐ, âóãëåâîä³â ³ ÁÏÐ ó
ïîâåðõíåâîìó øàð³ âîäè äîñë³äæóâàíèõ îçåð, ñë³ä çàçíà÷èòè, ùî êîíöåí-
òðàö³ÿ ÃÐ â íèõ êîëèâàëàñü ó ìåæàõ 4,6—8,0 ìã/äì3 òà äîñÿãàëà ìàêñèìà-
ëüíèõ âåëè÷èí âîñåíè, íàïåâíî, çà ðàõóíîê óòâîðåííÿ «ïëàíêòîííîãî»
ãóìóñó. Òàê³ ñåçîíí³ çì³íè íàìè áóëî âèÿâëåíî ðàí³øå ³ â ³íøèõ âîäíèõ
îá’ºêòàõ ç óïîâ³ëüíåíèì âîäîîáì³íîì [7, 42]. Ó âîä³ îçåð Âåðáíîãî òà Ðàé-
äóæíîãî, ÿê³ ðîçòàøîâàí³ íåïîäàë³ê ³ òàêîæ â³äíîñÿòüñÿ äî çàïëàâíèõ âî-
äîéì, âì³ñò ÃÐ áóâ çíà÷íî íèæ÷èé, àëå âèð³çíÿâñÿ á³ëüø ÷³òêîþ ñåçîííîþ
äèíàì³êîþ [17, 48]. Çàçíà÷åí³ îçåðà òàêîæ çàçíàþòü çíà÷íîãî àíòðîïîãåí-
íîãî âïëèâó, àëå âîíè ïîçáàâëåí³ òàêî¿ âåëèêî¿ ñèñòåìè çëèâíèõ êîëåê-
òîð³â. Ñàìå ç ö³º¿ ïðè÷èíè âïëèâ ïðèðîäíèõ ìåòåîðîëîã³÷íèõ ÷èííèê³â
íà ïåðåá³ã ïðîäóêö³éíî-äåñòðóêö³éíèõ ïðîöåñ³â ó íèõ áóâ á³ëüø ïîì³ò-
íèì, í³æ â îçåðàõ ñèñòåìè Îïå÷åíü.

Ñåçîíí³ çì³íè âì³ñòó âóãëåâîä³â ³ ÁÏÐ, çàçâè÷àé, â³äïîâ³äàþòü äè-
íàì³ö³ âì³ñòó ëåãêîîêèñíþâàíèõ ÐÎÐ [15, 47]. Íàéâèù³ êîíöåíòðàö³¿ öèõ
ñïîëóê ñïîñòåð³ãàëè âë³òêó (â³äïîâ³äíî 2,85—5,43 ³ 0,71—1,09 ìã/äì3),
íàéíèæ÷³ — âçèìêó (â³äïîâ³äíî 0,66—1,71 ³ 0,26—0,39 ìã/äì3, äèâ. òàáë.
2). Ïîä³áí³ ñåçîíí³ çì³íè êîíöåíòðàö³¿ âóãëåâîä³â ³ ÁÏÐ ñïîñòåð³ãàëèñü
ðàí³øå ³ â ³íøèõ âîäîéìàõ ç óïîâ³ëüíåíèì âîäîîáì³íîì, ùî ïîâ’ÿçàíî ç
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Òàáëèöÿ 1
Âåëè÷èíè ÕÑÊMn ³ ÕÑÊCr (ìã Î/äì3) òà Ñîðã (ìã/äì3) ó ïîâåðõíåâîìó ³ ïðèäîííîìó

ãîðèçîíòàõ âîäè îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð.

Îçåðà Ïîêàçíèêè Çèìà Âåñíà Ë³òî Îñ³íü

Ì³íñüêå ÕÑÊMn
6 6

9 0

,

,

138

12 8

,

,

16 6

17 3

,

,

15 6

12 9

,

,

ÕÑÊCr
35 2

212

,

,

512

30 2

,

,

39 5

313

,

,

47 8

45 5

,

,

Ñîðã
132

7 9

,

,

19 2

113

,

,

14 8

117

,

,

17 9

17 1

,

,

Ëóãîâå ÕÑÊMn
6 9

8 4

,

,

131

12 2

,

,

17 9

18 6

,

,

13 4

12 3

,

,

ÕÑÊCr
35 5

15 7

,

,

29 7

26 6

,

,

419

337

,

,

311

27 2

,

,

Ñîðã
133

5 9

,

,

111

10 0

,

,

15 7

12 6

,

,

117

10 2

,

,

Ïòàøèíå ÕÑÊMn
6 0

7 6

,

,

15 0

12 2

,

,

17 7

18 6

,

,

14 3

14 1

,

,

ÕÑÊCr
37 9

17 8

,

,

56 2

36 5

,

,

39 9

412

,

,

27 1

36 9

,

,

Ñîðã
14 2

6 7

,

,

211

137

,

,

15 0

15 4

,

,

10 2

138

,

,

Àíäð³¿âñüêå ÕÑÊMn
8 4

7 2

,

,

13 4

115

,

,

16 0

22 4

,

,

112

110

,

,

ÕÑÊCr
28 8

17 1

,

,

29 8

26 0

,

,

24 0

28 8

,

,

28 3

311

,

,

Ñîðã
10 8

6 4

,

,

112

9 7

,

,

9 0

10 8

,

,

10 6

117

,

,

Êèðèë³âñüêå ÕÑÊMn
5 4

4 8

,

,

135

117

,

,

15 4

18 6

,

,

117

9 8

,

,

ÕÑÊCr
18 5

15 4

,

,

22 7

16 7

,

,

216

26 4

,

,

29 3

318

,

,

Ñîðã
7 0

5 8

,

,

8 5

6 3

,

,

8 1

9 9

,

,

110

119

,

,

Éîðäàíñüêå ÕÑÊMn
5 2

6 0

,

,

118

10 6

,

,

14 1

16 6

,

,

10 7

9 2

,

,

ÕÑÊCr
16 2

14 0

,

,

18 3

13 0

,

,

20 6

212

,

,

16 3

16 0

,

,

Ñîðã
6 1

5 2

,

,

6 9

4 9

,

,

7 7

8 0

,

,

6 1

6 0

,

,

Ï ð è ì ³ ò ê à. Ïîâåðõíåâèé øàð – íàä ðèñêîþ, ïðèäîííèé øàð – ï³ä ðèñêîþ.
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Òàáëèöÿ 2
Ñåçîííà äèíàì³êà âì³ñòó òà ÷àñòêè îêðåìèõ ãðóï ÐÎÐ ó âîä³ ïîâåðõíåâîãî

ãîðèçîíòó îçåð ñèñòåìè Îïå÷åíü ïðîòÿãîì 2021 ð.

Îçåðà ÐÎÐ

Ïîðè ðîêó

Çèìà Âåñíà Ë³òî Îñ³íü

Êîíöåíòðàö³ÿ òà ÷àñòêà êîæíî¿ ç ãðóï îðãàí³÷íèõ ðå÷îâèí

ìã/äì3 % Ñîðã ìã/äì3 % Ñîðã ìã/äì3 % Ñîðã ìã/äì3 % Ñîðã

Ì³íñüêå ÃÐ 7,30 27,7 5,00 13,0 4,80 16,2 8,00 22,3

Â 1,33 5,0 3,15 8,2 5,14 17,4 4,67 13,0

ÁÏÐ 0,33 1,3 0,67 1,7 0,98 3,3 0,82 2,3

²íø³ × 66,0 × 77,0 × 63,1 × 62,4

Ëóãîâå ÃÐ 5,20 19,5 5,10 22,9 6,10 19,4 7,50 32,1

Â 1,42 5,3 3,36 15,1 5,43 17,3 3,75 16,1

ÁÏÐ 0,39 1,5 0,64 2,9 1,04 3,3 0,68 2,9

²íø³ × 73,7 × 59,2 × 60,0 × 48,9

Ïòàøèíå ÃÐ 5,60 19,7 4,60 10,9 5,80 19,4 7,60 37,4

Â 1,71 6,0 3,57 8,5 3,43 11,4 4,12 20,3

ÁÏÐ 0,27 0,9 0,73 1,7 1,09 3,6 0,73 3,6

²íø³ × 73,3 × 78,9 × 65,6 × 38,7

Àíäð³¿â-
ñüêå

ÃÐ 5,60 26,0 4,60 20,6 6,00 33,3 7,00 32,9

Â 1,42 6,6 2,28 10,2 3,28 18,2 3,02 14,2

ÁÏÐ 0,26 1,2 0,65 2,9 1,04 5,8 0,64 3,0

²íø³ × 66,3 × 66,3 × 42,7 × 49,8

Êèðèë³â-
ñüêå

ÃÐ 6,10 43,9 4,70 27,6 6,00 37,0 6,10 27,7

Â 0,86 6,2 2,71 15,9 3,14 19,4 3,50 15,9

ÁÏÐ 0,30 2,2 0,57 3,3 0,76 4,7 0,70 3,2

²íø³ × 47,8 × 53,2 × 38,9 × 53,2

Éîðäàí-
ñüêå

ÃÐ 5,90 48,6 5,10 37,2 5,60 36,2 7,10 58,1

Â 0,66 5,4 2,61 19,0 2,85 18,4 2,75 22,5

ÁÏÐ 0,26 2,1 0,53 3,9 0,71 4,6 0,59 4,8

²íø³ × 43,8 × 39,9 × 40,7 × 14,5

Ï ð è ì ³ ò ê à. % Ñîðã îçíà÷àº, ùî ÷àñòêó êîæíî¿ ç ãðóï îðãàí³÷íèõ ðå÷îâèí âèðàæåíî ó
% äî çàãàëüíîãî âì³ñòó êàðáîíó îðãàí³÷íèõ ñïîëóê. ×àñòêó ³íøèõ ãðóï ÐÎÐ âèðàõî-
âóâàëè çà ð³çíèöåþ ì³æ çàãàëüíèì âì³ñòîì Ñîðã ³ éîãî âì³ñòîì ó ñêëàä³ ÃÐ, âóãëåâîä³â
(Â) ³ ÁÏÐ. × — îðãàí³÷í³ ðå÷îâèíè, ÿê³ íå äîñë³äæóâàëèñü.



¿õí³ì íàäõîäæåííÿì ó âîäó ï³ä ÷àñ âåãåòàö³¿ ô³òîïëàíêòîíó ³ âèùî¿ âîäíî¿
ðîñëèííîñò³ [7, 11, 12, 40, 41]. Ïðè öüîìó ¿õíÿ êîíöåíòðàö³ÿ çìåíøóâà-
ëàñü âíèç çà òå÷³ºþ â³ä îç. Ì³íñüêîãî äî îç. Éîðäàíñüêîãî. Ç ö³º¿ ïðè÷èíè
îç. Éîðäàíñüêå ñë³ä ââàæàòè íàéìåíø çàáðóäíåíèì ó êàñêàä³ äîñë³äæóâà-
íèõ îçåð. Çìåíøåííÿ çàáðóäíåííÿ âîäè âíèç çà òå÷³ºþ ï³äòâåðäæóºòüñÿ
íå ëèøå çíèæåííÿì âì³ñòó Ñîðã (äèâ. òàáë. 1), àëå òàêîæ ³ ðîçðàõîâàíî¿ ÷à-
ñòêè ³íøèõ ãðóï ÐÎÐ, ÿê³ íàìè íå äîñë³äæóâàëèñü (äèâ. òàáë. 2).

Ó âåðõí³õ òðüîõ îçåðàõ ÷àñòêà ³íøèõ ãðóï ÐÎÐ, íå ³äåíòèô³êîâàíèõ
íàìè, âçèìêó ñòàíîâèëà 66,0—73,7 % Ñîðã, à â íèæí³õ òðüîõ âîíà âæå çíè-
æóâàëàñü ç 66,3 äî 43,8 % Ñîðã. Ïîä³áíà ñèòóàö³ÿ ñïîñòåð³ãàëàñü ³ â ³íø³
ïîðè ðîêó, à âîñåíè ìàéæå äëÿ âñ³õ îçåð áóâ õàðàêòåðíèé íàéíèæ÷èé
â³äíîñíèé âì³ñò çàçíà÷åíèõ ãðóï ÐÎÐ. Â îç. Ì³íñüêîìó ¿õíÿ ÷àñòêà äîñÿ-
ãàëà 62,4 % Ñîðã ³ íàäàë³ çíèæóâàëàñü, à â îç. Éîðäàíñüêîìó âîíà ñòàíîâèëà
ëèøå 14,5 % Ñîðã (äèâ. òàáë. 2). Ïðè ïîð³âíÿíí³ ç ðåçóëüòàòàìè äîñë³äæåíü
2015 ð. ñòàº çðîçóì³ëèì, ùî ÷àñòêà ³íøèõ ãðóï îðãàí³÷íèõ ñïîëóê ó çàãàëü-
íîìó áàëàíñ³ ÐÎÐ çá³ëüøèëàñü. ßêùî ó 2015 ð. âîíà ñòàíîâèëà 31—36 %
[8], òî â ïåð³îä äîñë³äæåíü 2021 ð. â ñåðåäíüîìó çì³íþâàëàñü ó ìåæàõ
44,5—62,4 % Ñîðã.

Îòðèìàí³ ðåçóëüòàòè äîñë³äæåíü ùîäî çðîñòàííÿ ÷àñòêè ³íøèõ ãðóï
ÐÎÐ äîáðå óçãîäæóþòüñÿ ç ë³òåðàòóðíèìè äàíèìè ñòîñîâíî âèñîêèõ êîí-
öåíòðàö³é ó âîä³ ³ äîííèõ â³äêëàäàõ äîñë³äæóâàíèõ îçåð òàêèõ ñïåöè-
ô³÷íèõ îðãàí³÷íèõ ðå÷îâèí òîêñè÷íî¿ ä³¿, ÿê íàôòîïðîäóêòè. Ó 2018 ð.
¿õí³é íàéâèùèé âì³ñò ñïîñòåð³ãàâñÿ ó âîä³ îç. Ëóãîâîãî ³ êîðåëþâàâ ç ìàê-
ñèìàëüíèìè âåëè÷èíàìè ÕÑÊCr. Ó âîä³ íèæ÷å ðîçòàøîâàíèõ îçåð âåëè-
÷èíè öèõ ïîêàçíèê³â ñóòòºâîãî çíèæóâàëèñü [31]. Îêð³ì íàôòîïðîäóêò³â,
äî çàçíà÷åíèõ âîäíèõ îá’ºêò³â ìîæóòü íàäõîäèòè çíà÷í³ ê³ëüêîñò³ ñèíòå-
òè÷íèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí, à ìîæëèâî é ³íøèõ îðãàí³÷íèõ
ñïîëóê. Òîìó ö³ëêîì î÷åâèäíèì ñòàº, ùî çàáðóäíåííÿ âîäè îçåð ñèñòåìè
Îïå÷åíü îðãàí³÷íèìè ðå÷îâèíàìè àíòðîïîãåííîãî ïîõîäæåííÿ ìîæå
çðîñòàòè.

Âèñíîâêè

Åâòðîôóâàííÿ ïîâåðõíåâèõ âîäíèõ îá’ºêò³â — àêòóàëüíà ïðîáëåìà
ñüîãîäåííÿ. Â ñó÷àñíèõ óìîâàõ âàæêî çíàéòè âîäíèé îá’ºêò, ÿêèé áè íå
çàçíàâ àíòðîïîãåííîãî âïëèâó. Öå, çîêðåìà, ñòîñóºòüñÿ âîäîéì ³ âîäî-
òîê³â ó ìåæàõ óðáàí³çîâàíèõ òåðèòîð³é. Ñàìå äî òàêèõ âîäíèõ îá’ºêò³â
â³äíîñÿòüñÿ îçåðà ñèñòåìè Îïå÷åíü (ì. Êè¿â). Ö³ îçåðà çàçíàþòü çàáðóä-
íåííÿ ñïîëóêàìè íåîðãàí³÷íîãî àçîòó ³ ôîñôîðó òà îðãàí³÷íèìè ðå÷îâè-
íàìè çà ðàõóíîê ¿õíüîãî íàäõîäæåííÿ ç ïîâåðõíåâèì ñòîêîì ÷åðåç ñèñòå-
ìó çëèâíèõ êîëåêòîð³â, à òàêîæ âíàñë³äîê äèôóç³¿ ç äîííèõ â³äêëàä³â äî
âîäíîãî ñåðåäîâèùà çà äåô³öèòó ðîç÷èíåíîãî êèñíþ ³ ôîðìóâàííÿ àíà-
åðîáíèõ óìîâ ó ïðèäîííîìó ãîðèçîíò³.

Ñï³ââ³äíîøåííÿ íåîðãàí³÷íèõ ôîðì àçîòó ó âîä³ äîñë³äæóâàíèõ îçåð
çì³íþºòüñÿ çàëåæíî â³ä âì³ñòó ðîç÷èíåíîãî êèñíþ, ïðî ùî ñâ³ä÷èòü íà-
ÿâí³ñòü êîðåëÿö³éíîãî çâ’ÿçêó ì³æ éîãî êîíöåíòðàö³ºþ ³ â³äíîñíèì âì³ñ-
òîì àìîí³éíîãî àçîòó, í³òðèò- ³ í³òðàò-éîí³â. Êîåô³ö³ºíò êîðåëÿö³¿ ì³æ
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öèìè ïîêàçíèêàìè ïðè ð³âí³ çíà÷óùîñò³ 0,01 ñòàíîâèâ â³äïîâ³äíî -0,79,
0,60 ³ 0,78. Îòæå, çà äåô³öèòó ðîç÷èíåíîãî êèñíþ ≤4 ìã/äì3 ÷àñòêà àìî-
í³éíîãî àçîòó, í³òðèò- ³ í³òðàò-éîí³â ñòàíîâèëà â³äïîâ³äíî ≥80, ≤6 ³ ≥14 %
Níåîðã. Ïðè ïîäàëüøîìó çðîñòàíí³ âì³ñòó ðîç÷èíåíîãî êèñíþ ÷àñòêà àìî-
í³éíîãî àçîòó ïîñòóïîâî çìåíøóâàëàñü, à í³òðèò- ³ í³òðàò-éîí³â, íàâïàêè,
çðîñòàëà. Çà êîíöåíòðàö³¿ ðîç÷èíåíîãî êèñíþ 16 ìã/äì3 ¿õí³é â³äíîñíèé
âì³ñò âæå ñòàíîâèâ 18, 24 ³ 58 % Níåîðã.

Ïðè ôîðìóâàíí³ çâîðîòíî¿ ³ ïðÿìî¿ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿ â³ä-
ïîâ³äíî âçèìêó òà ç âåñíè äî îñåí³ ñïîñòåð³ãàëàñü ð³çíèöÿ çà âì³ñòîì íå-
îðãàí³÷íîãî àçîòó òà éîãî ð³çíèõ ôîðì, à òàêîæ íåîðãàí³÷íîãî ôîñôîðó ó
âîä³ ïîâåðõíåâîãî ³ ïðèäîííîãî øàð³â. Âçèìêó ¿õíÿ êîíöåíòðàö³ÿ á³ëÿ
äíà áóëà ó 2,5 ðàçà âèùîþ, í³æ ó ïîâåðõíåâîìó øàð³. Ï³ä ÷àñ ïðÿìî¿ òåì-
ïåðàòóðíî¿ ñòðàòèô³êàö³¿ öÿ ð³çíèöÿ áóëà â ðàçè á³ëüøà. Çà òåìïåðàòóðíî¿
ñòðàòèô³êàö³¿ âîäíîãî ñåðåäîâèùà â³äì³÷åíî ñóòòºâå çðîñòàííÿ êîíöåíò-
ðàö³¿ àìîí³éíîãî àçîòó ³ íåîðãàí³÷íîãî ôîñôîðó íèæ÷å òåðìîêëèíó. Çíè-
æåííÿ âì³ñòó ñïîëóê íåîðãàí³÷íîãî àçîòó ³ ôîñôîðó ó âîä³ ïîâåðõíåâîãî
øàðó áóëî çóìîâëåíî ¿õíüîþ àñèì³ëÿö³ºþ ô³òîïëàíêòîíîì ³ âèùîþ âî-
äíîþ ðîñëèíí³ñòþ ç âåñíè äî îñåí³, à çðîñòàííÿ ¿õíüî¿ êîíöåíòðàö³¿ á³ëÿ
äíà â³äáóâàºòüñÿ çà ðàõóíîê íàäõîäæåííÿ ç äîííèõ â³äêëàä³â çà äåô³öèòó
ðîç÷èíåíîãî êèñíþ ³ ôîðìóâàííÿ â³äíîâëþâàëüíèõ óìîâ. Çà ñåðåäí³ìè
âåëè÷èíàìè ìîëÿðíå â³äíîøåííÿ N:P çìåíøóºòüñÿ â³ä çèìè äî îñåí³ â
ìåæàõ 16,0—5,7, ùî âêàçóº íà çðîñòàííÿ ó âîä³ êîíöåíòðàö³¿ ôîñôîðó
â³äíîñíî àçîòó òà ôîðìóâàííÿ ñïðèÿòëèâèõ óìîâè äëÿ ðîçâèòêó ñèíüîçå-
ëåíèõ âîäîðîñòåé. Ïîð³âíÿíî ç ïîïåðåäí³ìè ðîêàìè äîñë³äæåíü âì³ñò çà-
çíà÷åíèõ á³îãåííèõ ñïîëóê ìàéæå íå çàçíàâ çì³í ³ çàëèøàºòüñÿ íà âèñîêî-
ìó ð³âí³. Ó äîñë³äæóâàíèõ îçåðàõ êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó, í³òðèò-
³ í³òðàò-éîí³â ó âîä³ ïîâåðõíåâîãî òà ïðèäîííîãî øàð³â çíàõîäèëàñü â ìå-
æàõ 0—1,666, 0,008—0,186 ³ 0,016—0,311 ìã N/äì3 òà 0,207—13,170, 0,006—
0,141 ³ 0,018—0,314 ìã N/äì3. Âì³ñò íåîðãàí³÷íîãî àçîòó ³ ôîñôîðó â çàçíà-
÷åíèõ øàðàõ ñòàíîâèâ â³äïîâ³äíî 0,103—1,936 ìã N/äì3 ³ 0,012—0,353 ìã
P/äì3 òà 0,424—13,362 ìã N/äì3 ³ 0,159—3,121 ìã P/äì3. Îçåðà Ì³íñüêå, Ëó-
ãîâå ³ Ïòàøèíå âèÿâèëèñü íàéá³ëüø çàáðóäíåíèìè ñåðåä äîñë³äæóâàíèõ
îçåð çà âì³ñòîì ñïîëóê íåîðãàí³÷íîãî àçîòó ³ ôîñôîðó. Êîíöåíòðàö³ÿ ðîç-
÷èííîãî ñèë³ö³þ êîëèâàëàñü ó ìåæàõ 0,03—6,4 ìã/äì3, äîñÿãàþ÷è ìàêñè-
ìàëüíèõ âåëè÷èí á³ëÿ äíà. Íàâåñí³ éîãî âì³ñò ó ïîâåðõíåâîìó øàð³ âîäè
çíèæóºòüñÿ ÷åðåç àñèì³ëÿö³þ ä³àòîìîâèìè âîäîðîñòÿìè.

Çàãàëüíèé âì³ñò ÐÎÐ, âì³ñò ëåãêîîêèñíþâàíèõ ÐÎÐ, à òàêîæ âì³ñò ãó-
ìóñîâèõ ðå÷îâèí, âóãëåâîä³â, á³ëêîâîïîä³áíèõ ðå÷îâèí òà ³íøèõ ÐÎÐ çà-
çíàº ñåçîííî-ïðîñòîðîâèõ çì³í. Âåëè÷èíè ÕÑÊMn, ÿê³ îïîñåðåäêîâàíî
âêàçóþòü íà âì³ñò ëåãêîîêèñíþâàíèõ ÐÎÐ, ó âîä³ äîñë³äæóâàíèõ îçåð çíà-
õîäèëèñü ó ìåæàõ 5,2—17,9 ìã Î/äì3 ³ 4,8—22,4 ìã Î/äì3 â³äïîâ³äíî ó ïî-
âåðõíåâîìó ³ ïðèäîííîìó øàðàõ, äîñÿãàþ÷è ìàêñèìóìó âë³òêó çà ðàõóíîê
çðîñòàííÿ êîíöåíòðàö³¿ åêçîìåòàáîë³ò³â âóãëåâîäíî¿ ³ á³ëêîâî¿ ïðèðîäè.
×àñòêà ëåãêîîêèñíþâàíèõ ÐÎÐ ó âîä³ âåðõí³õ òðüîõ îçåð ñèñòåìè Îïå-
÷åíü ñòàíîâèëà 15,8—55,3 %, à â îçåðàõ Àíäð³¿âñüêîìó, Êèðèë³âñüêîìó ³
Éîðäàíñüêîìó âîíà áóëà çíà÷íî âèùîþ ³ çíàõîäèëàñü ó ìåæàõ 29,1—
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81,6 % çàãàëüíîãî âì³ñòó ÐÎÐ. Âåëè÷èíè ÕÑÊCr, ùî õàðàêòåðèçóþòü çàãà-
ëüíèé âì³ñò ÐÎÐ, çíàõîäèëèñü ó ìåæàõ 16,2—56,2 ìã Î/äì3 ³ 13,0— 45,5 ìã
Î/äì3 â³äïîâ³äíî ó âîä³ ïîâåðõíåâîãî ³ ïðèäîííîãî ãîðèçîíò³â. Çàãàëü-
íèé âì³ñò ÐÎÐ çðîñòàº â³ä çèìè äî îñåí³. Îçåðà Ì³íñüêå, Ëóãîâå ³ Ïòàøè-
íå âèÿâèëèñü íàéá³ëüø çàáðóäíåíèìè ñåðåä äîñë³äæóâàíèõ îçåð ÿê ëåã-
êîîêèñíþâàíèìè îðãàí³÷íèìè ñïîëóêàìè, òàê ³ çàãàëîì ÐÎÐ. Êîíöåíò-
ðàö³ÿ ÃÐ â îçåðàõ êîëèâàëàñü ó ìåæàõ 4,6—8,0 ìã/äì3, äîñÿãàþ÷è ìàêñèìà-
ëüíèõ âåëè÷èí âîñåíè. Âì³ñò âóãëåâîä³â ³ á³ëêîâîïîä³áíèõ ðå÷îâèí çíà-
õîäèâñÿ ó ìåæàõ 0,66—5,43 ³ 0,26—1,09 ìã/äì3, à ìàêñèìàëüí³ âåëè÷èíè
áóëè õàðàêòåðíèìè äëÿ ë³òíüî¿ ïîðè ðîêó. Âñòàíîâëåíî, ùî â ñó÷àñíèõ
óìîâàõ ÷àñòêà ³íøèõ ãðóï ÐÎÐ, ÿê³ íàìè íå äîñë³äæóâàëèñü, â ñåðåäíüîìó
çì³íþºòüñÿ ó ìåæàõ 44,5—62,4 %, òîä³ ÿê ó 2015 ð. âîíà ñòàíîâèëà 31—
36 % Ñîðã. Îòæå, íå âèêëþ÷åíî, ùî öå ìîæóòü áóòè îðãàí³÷í³ ñïîëóêè àíò-
ðîïîãåííîãî ïîõîäæåííÿ, ÿêèì ó ìàéáóòíüîìó âàðòî ïðèä³ëèòè á³ëüøå
óâàãè.

Â ö³ëîìó æ âàðòî çàçíà÷èòè, ùî îòðèìàí³ ðåçóëüòàòè ïðîâåäåíèõ
íàìè äîñë³äæåíü ñâ³ä÷àòü ïðî çíà÷íèé àíòðîïîãåííèé âïëèâ íà îçåðà ñè-
ñòåìè Îïå÷åíü ÿê ó ìèíóëîìó, òàê ³ â ñó÷àñíèõ óìîâàõ. Çàçíà÷åíà ñèñòåìà
îçåð ïîòðåáóº çíà÷íèõ çóñèëü ç ïðîâåäåííÿ ¿õíüîãî «îçäîðîâëåííÿ». Ïå-
ðåäóñ³ì âîíî ïîâèííî ïåðåäáà÷àòè ðîçðîáêó íèçêè çàõîä³â ç íåäîïóùåí-
íÿ ïîòðàïëÿííÿ äî îçåð íåî÷èùåíèõ ñò³÷íèõ âîä, ÿê ïîâåðõíåâèõ çëèâî-
âèõ, òàê ³ ïðîìèñëîâèõ òà êîìóíàëüíî-ïîáóòîâèõ. Íåîáõ³äíå âèëó÷åííÿ
äîííèõ â³äêëàä³â çàäëÿ çíèæåííÿ âòîðèííîãî çàáðóäíåííÿ âîäè ñïîëóêà-
ìè íåîðãàí³÷íîãî àçîòó ³ ôîñôîðó. Âàæëèâèì áóëî á òàêîæ ïðîâåäåííÿ
ðîá³ò ç íàñè÷åííÿ âîäè îçåð êèñíåì, òîáòî âñòàíîâëåííÿ íà íèõ øòó÷íèõ
àåðàòîð³â.
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PECULIARITIES OF DYNAMICS OF CERTAIN ELEMENTS OF THE
HYDROCHEMICAL REGIME OF SMALL WATERBODIES OF URBANIZED

TERRITORY: BIOGENIC AND ORGANIC SUBSTANCES

The results of the study of the spatiotemporal dynamics of inorganic forms of nitro-
gen (NH4

+ , NO2
− and NO3

− ), inorganic phosphorus, silicon and dissolved organic matter
(DOM) in the water of the Opechen’ lakes are discussed. The concentration of dissolved
oxygen significantly affected the ratio of inorganic forms of nitrogen. The correlation coef-
ficient between the content of dissolved oxygen and the share of ammonium nitrogen, nit-
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rite and nitrate ions at a significance level of 0,01 was -0,79, 0,60 and 0,78, respectively. At
the dissolved oxygen concentration≤4 mg/dm3 the share of NH4

+ , NO2
− , NO3

− was≤80 %,≤6
and≥14 % Ninorg, respectively, at 4—8 mg/dm3 — 60—80 %, 6—12 and 14—28 % Ninorg, and
with further increase to 16 mg/dm3 their relative content was 18 %, 24 and 58 % Ninorg. The
difference between the content of inorganic nitrogen and its various forms, as well as inor-
ganic phosphorus in the water of the surface and bottom horizons was insignificant or did
not exceed 2,5 times during the reverse temperature stratification in winter. In the formati-
on of direct temperature stratification, from spring to autumn, the difference between the
concentration of these forms of nitrogen and inorganic phosphorus between these layers
was significant. The concentration of ammonium nitrogen and inorganic phosphorus inc-
reased markedly below the thermocline. The top three lakes (Mins’ke, Lugove and Ptashy-
ne) were the most polluted compounds of inorganic nitrogen and phosphorus. The decrea-
se in their concentration in the surface layer of water is due to assimilation by biota, and the
increase in their content near the bottom — due to the inflow from the bottom sediments at
oxygen deficiency and the formation of anaerobic conditions. The molar N : P ratio decrea-
sed from winter to autumn on average in the range of 16,0—5,7, which indicates an increa-
se in the concentration of phosphorus in the water relative to nitrogen and the formation of
favorable conditions for the development of blue-green algae. The concentration of dissol-
ved silicon in the lake water ranged from 0,03 to 6,4 mg/dm3. The decrease in its content in
the surface layer of water in the spring is due to assimilation by diatoms. The total content
of DOM and their various groups underwent seasonal and spatial changes. The share of
easily oxidizable organic compounds in the water of the upper three lakes was 15,8—
55,3 %, and in the water of the lower lakes — 29,1—81,6 % of the total DOM content. The
maximum values were typical for the summer season. The top three lakes are the most pol-
luted with organic compounds. The concentration of natural DOM groups, in particular
humic substances, carbohydrates and protein-like substances in the lake water ranged
from 4,6—8,0 mg/dm3, 0,66—5,43 and 0,26—1,09 mg/dm3, amounting to in the total ba-
lance from 37,6 to 55,5 %, the rest were other groups of DOM, probably of anthropogenic
origin.

Keywords: water bodies in urban areas, lakes of the Opechen’ system, inorganic nitro-
gen compounds, inorganic phosphorus, dissolved silicon, chemical oxygen demand, dissolved
organic matter, stratification.
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