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ÒÅÕÍÎÃÅÍÍÎ¯ ÊÀÒÀÑÒÐÎÔÈ1

Ó 2023 ð. ï³âí³÷íî-çàõ³äíà ÷àñòèíà ×îðíîãî ìîðÿ çàçíàëà ñóòòºâèõ åêîëîã³÷íèõ
çì³í ÷åðåç ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ. Âåëèêèé îáñÿã ïð³ñíî¿ âîäè ç á³îãåííèìè ðå÷î-
âèíàìè òà ï³äâèùåííÿ òåìïåðàòóðè ñïðè÷èíèëè àêòèâíèé ðîçâèòîê ö³àíîáàê-
òåð³é ³ çåëåíèõ âîäîðîñòåé, «öâ³ò³ííÿ» âîäè âë³òêó òà «÷åðâîí³ ïðèïëèâè» âíàñë³äîê
ìàñîâîãî ðîçâèòêó äèíîô³òîâèõ âîäîðîñòåé âîñåíè. Îñíîâó àëüãîöåíîç³â ñòàíîâèëè
ïðåäñòàâíèêè Bacillariophyta, Dinophyta, Chlorophyta òà Cyanobacteria, îäíàê ¿õíº
ñï³ââ³äíîøåííÿ ³ñòîòíî çì³íþâàëîñÿ ï³ä âïëèâîì ñòðåñîâèõ ÷èííèê³â. Ñåðåäíüî-
ì³ñÿ÷íà ÷èñåëüí³ñòü ô³òîïëàíêòîíó ó 2023 ð. êîëèâàëàñÿ â³ä 84 äî 4306 òèñ. êë/äì3,
á³îìàñà — â³ä 0,073 äî 3,778 ìã/äì3; ³íäåêñ Øåííîíà ó 2023—2024 ðð. — â³ä 1,10 äî
3,58 á³ò/åêç., ùî ñâ³ä÷èòü ïðî ñòðóêòóðíó íåñòàá³ëüí³ñòü óãðóïîâàíü âîäîðîñòåé ó
â³äïîâ³äü íà åêñòðåìàëüí³ ã³äðîëîã³÷í³ çì³íè. Ïîïðè çðîñòàííÿ ð³âíÿ åâòðîô³êàö³¿
òà ñïëåñêè ÷èñåëüíîñò³ ³ á³îìàñè, á³î³íäèêàòîðè âêàçóþòü íà îçíàêè àäàïòàö³¿

Ö è ò ó â à í í ÿ: Òåðåíüêî Ã.Â., Ñîêîëîâñüêà Î.Â., Êðàõìàëüíèé Î.Ô. Ô³òîïëàíêòîí
ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ×îðíîãî ìîðÿ â ðàéîí³ ì. Îäåñè â óìîâàõ òåõíîãåííî¿
êàòàñòðîôè. Ã³äðîá³îë. æóðí. 2026. Ò. 62, ¹ 3. Ñ. 3—17.
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ÇÀÃÀËÜÍÀ Ã²ÄÐÎÁ²ÎËÎÃ²ß

1 Ðîáîòó âèêîíàíî â ðàìêàõ íàóêîâî¿ òåìè «Îö³íêà òà ä³àãíîç ñòàíó ìîðñüêîãî
äîâê³ëëÿ Óêðà¿íè â ìåæàõ òåðèòîð³àëüíèõ âîä ³ âèêëþ÷íî¿ ìîðñüêî¿ åêîíîì³÷íî¿
çîíè òà óòî÷íåííÿ êðèòåð³¿â îö³íêè äîáðîãî åêîëîã³÷íîãî ñòàíó ìîðñüêèõ ðåã³îí³â»
(¹ äåðæðåºñòðàö³¿ 0122U201787) òà íàóêîâî¿ ïðîãðàìè «Ï³äòðèìêà ðîçâèòêó ïð³î-
ðèòåòíèõ íàïðÿì³â íàóêîâèõ äîñë³äæåíü â Óêðà¿í³» (ÊÏÊÂÊ 6541230).



ô³òîïëàíêòîíó äî íîâèõ óìîâ ³ íà ïîñòóïîâó ñòàá³ë³çàö³þ åêîñèñòåìè. Îòðèìàí³
ðåçóëüòàòè ñâ³ä÷àòü ïðî âèñîêó ÷óòëèâ³ñòü ô³òîïëàíêòîíó äî ã³äðîëîã³÷íèõ çáó-
ðåíü ³ ï³äêðåñëþþòü éîãî çíà÷åííÿ ÿê ³íäèêàòîðíî¿ ãðóïè äëÿ ìîí³òîðèíãó âîäíèõ
åêîñèñòåì â óìîâàõ òåõíîãåííî¿ êàòàñòðîôè.

Êëþ÷îâ³ ñëîâà: ô³òîïëàíêòîí, ×îðíå ìîðå, åêîëîã³÷íèé ñòàí, Êàõîâñüêà ÃÅÑ,
òåõíîãåííà êàòàñòðîôà.

Ô³òîïëàíêòîí º êëþ÷îâèì êîìïîíåíòîì ìîðñüêèõ åêîñèñòåì, ÿêèé
âèêîíóº ôóíêö³þ ïåðâèííîãî ïðîäóöåíòà, ðåãóëÿòîðà á³îãåîõ³ì³÷íèõ
öèêë³â ³ ÷óòëèâîãî ³íäèêàòîðà ñòàíó âîäíîãî ñåðåäîâèùà. Éîãî òàêñî-
íîì³÷íà ñòðóêòóðà, ÷èñåëüí³ñòü ³ á³îìàñà øâèäêî ðåàãóþòü íà ô³çèêî-õ³-
ì³÷í³ ïàðàìåòðè âîäíîãî ñåðåäîâèùà — ñîëîí³ñòü, òåìïåðàòóðó, âì³ñò
á³îãåííèõ åëåìåíò³â ³ ð³âåíü àíòðîïîãåííîãî íàâàíòàæåííÿ.

Ï³âí³÷íî-çàõ³äíà ÷àñòèíà ×îðíîãî ìîðÿ (ÏÇ×Ì), çîêðåìà Îäåñüêà
çàòîêà, º îäí³ºþ ç íàéá³ëüø óðàçëèâèõ éîãî ä³ëÿíîê ÷åðåç ì³ëêîâîäí³ñòü,
ï³äâèùåíó òðîôí³ñòü ³ áåçïîñåðåäí³é âïëèâ ð³÷êîâèõ ñòîê³â Äí³ïðà, Äó-
íàþ, Äí³ñòðà, Ï³âäåííîãî Áóãó òà ìàëèõ âîäîòîê³â. Ïðîòÿãîì îñòàíí³õ äå-
ñÿòèë³òü ó öüîìó ðåã³îí³ ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ äî çðîñòàííÿ ÷àñòîòè
òà ³íòåíñèâíîñò³ ìàñîâîãî «öâ³ò³ííÿ» âîäè, ñïðè÷èíåíîãî ðîçâèòêîì òîê-
ñè÷íèõ àáî ïîòåíö³éíî òîêñè÷íèõ âèä³â âîäîðîñòåé.

Äî ïî÷àòêó íàøèõ äîñë³äæåíü ó ô³òîïëàíêòîí³ Îäåñüêî¿ çàòîêè áóëî
çàðåºñòðîâàíî 375 âèä³â òà ð³çíîâèäíîñòåé âîäîðîñòåé, ùî â³äíîñÿòüñÿ
äî âîñüìè â³ää³ë³â, ñåðåä ÿêèõ äîì³íóâàëè Dinophyta (44 %) òà Bacillario-
phyta (36 %) [4]. Ó 1990—2008 ðð. ó õîëîäí³ ïåð³îäè ðîêó ìàñîâîãî ðîçâèò-
êó çàçâè÷àé äîñÿãàëè ä³àòîìîâ³ âîäîðîñò³ Chaetoceros rigidus Ostenfeld,
Stephanodiscus socialis Makarova & Proshkina-Lavrenko, Thalassiosira nor-
denskioeldii Cleve ³ Skeletonema costatum (Greville) Cleve, òîä³ ÿê ó òåïëó
ïîðó ïåðåâàæàëè äèíîô³òîâ³ âîäîðîñò³, çîêðåìà Akashiwo sanguinea (Hi-
rasaka) Hansen & Moestrup ³ Lingulaulax polyedra (Stein) Head et al. (äî
2024 ð. öåé âèä áóâ â³äîìèé ï³ä ³íøîþ íàçâîþ — Lingulodinium polyedra
(Stein) Dodge [10]), Gymnodinium simplex (Lohmann) Kofoid & Swezy, Scrip-
psiella acuminata (Ehrenberg) Kretschmann et al., Kryptoperidinium triquet-
rum (Ehrenberg) Tillmann et al. òà Prorocentrum cordatum (Ostenfeld) Do-
dge) [5, 13].

Ó ÷åðâí³ 2023 ð. ñòàëàñÿ áåçïðåöåäåíòíà òåõíîãåííà êàòàñòðîôà —
ðóéíóâàííÿ ãðåáë³ Êàõîâñüêîãî âîäîñõîâèùà. Äî ìîðñüêîãî ñåðåäîâèùà
ÏÇ×Ì ïîòðàïèëà çíà÷íà ìàñà ïð³ñíî¿ âîäè, çáàãà÷åíî¿ á³îãåííèìè ðå÷î-
âèíàìè, ñóñïåíäîâàíèìè ÷àñòêàìè òà çàáðóäíþþ÷èìè ðå÷îâèíàìè òåõ-
íîãåííîãî ïîõîäæåííÿ. Öå ïðèçâåëî äî ð³çêîãî çíèæåííÿ ñîëîíîñò³ òà
ï³äâèùåííÿ òåìïåðàòóðè âîäè, çìåíøåííÿ ¿¿ ïðîçîðîñò³ òà ïîòóæíîãî
á³îãåííîãî íàâàíòàæåííÿ, ùî, ó ñâîþ ÷åðãó, âèêëèêàëî ð³çêå çðîñòàííÿ
á³îìàñè ô³òîïëàíêòîíó òà àíîìàëüí³ ïîðóøåííÿ ñòðóêòóðíîãî áàëàíñó
óãðóïîâàíü âîäîðîñòåé, çîêðåìà ïîÿâó «çåëåíèõ» òà «÷åðâîíèõ» ïðè-
ïëèâ³â.

Ïåðø³ äîñë³äæåííÿ, ñïðÿìîâàí³ íà îö³íêó ñòàíó á³îòè ÏÇ×Ì â óìî-
âàõ ìàñøòàáíî¿ ã³äðîëîã³÷íî¿ êàòàñòðîôè, áóëè ðîçïî÷àò³ âæå â ïåðø³ äí³
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ï³ñëÿ ö³º¿ ïîä³¿. Áóëî âñòàíîâëåíî ÷îòèðè îñíîâí³ åòàïè ðåàêö³¿ ìîðñüêèõ
åêîñèñòåì íà òåõíîãåííó êàòàñòðîôó: 1) ã³äðîëîã³÷íèé çàëïîâèé óäàð
(06.06.2023 ð.), ùî ïðèçâ³â äî ð³çêîãî çíèæåííÿ ñîëîíîñò³ äî 3,95 ‰; 2)
âèáóõîâà ðåàêö³ÿ á³îòè (12.06—10.07.2023 ð.), ùî ñóïðîâîäæóâàëàñü àíî-
ìàëüíèì çðîñòàííÿì ÷èñåëüíîñò³ ô³òîïëàíêòîíó; 3) ïðîäóêö³éíî—äåñò-
ðóêö³éíà ôàçà (11.07—10.08.2023 ð.), ï³ä ÷àñ ÿêî¿ â³äáóëîñÿ çíèæåííÿ
êîíöåíòðàö³¿ êèñíþ òà ìàñîâà çàãèáåëü ã³äðîá³îíò³â; 4) ïî÷àòîê â³äíîâ-
ëåííÿ (11.08.2023—31.08.2023 ð.), êîëè ñïîñòåð³ãàëàñÿ ïîñòóïîâà íîð-
ìàë³çàö³ÿ åêîëîã³÷íèõ ïîêàçíèê³â. Ï³ê «öâ³ò³ííÿ» âîäè, çóìîâëåíèé ðîç-
âèòêîì ô³òîïëàíêòîíó, áóâ çàðåºñòðîâàíèé 18 ÷åðâíÿ 2023 ð., òîáòî ÷åðåç
12 äí³â ï³ñëÿ êàòàñòðîôè. Ïðè öüîìó äîì³íóâàëè ö³àíîáàêòåð³¿ Aphanizo-
menon flos-aquae Ralfs ex Bornet & Flahault, Jaaginema kisselevii (Anisimova)
Anagnostidis & Komárek òà ä³àòîìîâà âîäîð³ñòü Skeletonema costatum. Ó
öåé ïåð³îä ÷èñåëüí³ñòü ô³òîïëàíêòîíó çðîñëà á³ëüø í³æ ó 14 ðàç³â, à
á³îìàñà — á³ëüø í³æ ó 3 ðàçè. Ïî÷èíàþ÷è ç ëèïíÿ ³ äî ê³íöÿ ñåðïíÿ
2023 ð. îñíîâí³ ïîêàçíèêè ïîñòóïîâî ïîâåðòàëèñÿ äî ðåã³îíàëüíèõ çíà-
÷åíü [1].

Õðîíîëîã³÷íèé îïèñ íàñë³äê³â âïëèâó ðóéíóâàííÿ ãðåáë³ Êàõîâñüêî¿
ÃÅÑ íà ÿê³ñòü ìîðñüêî¿ âîäè â ïðèáåðåæí³é çîí³ Îäåñüêî¿ àãëîìåðàö³¿ çà
ðåçóëüòàòàìè îïåðàòèâíîãî åêîëîã³÷íîãî ìîí³òîðèíãó â ïåðø³ òèæí³ ï³ñ-
ëÿ êàòàñòðîôè íàâåäåíî ó ðîáîò³ [6]. Çðîáëåíî âèñíîâîê ïðî òå, ùî ÷åðåç
íàêîïè÷åí³ çàïàñè îðãàí³÷íî¿ ðå÷îâèíè ó äîííèõ â³äêëàäàõ çá³ëüøèòüñÿ
â³ðîã³äí³ñòü âèíèêíåííÿ ã³ïîêñ³éíèõ óìîâ ó ë³òí³ ïåð³îäè ïðîòÿãîì íà-
ñòóïíèõ ðîê³â. ×åðåç àêóìóëÿö³þ çàáðóäíþþ÷èõ ðå÷îâèí ó äîííèõ â³ä-
êëàäàõ òà î÷³êóâàíå «âòîðèííå» çàáðóäíåííÿ ìîðñüêî¿ âîäè â³äáóäåòüñÿ
çìåíøåííÿ á³îëîã³÷íîãî ð³çíîìàí³òòÿ ìîðñüêî¿ åêîñèñòåìè Îäåñüêîãî
ðàéîíó ìîðÿ òà ïîã³ðøåííÿ ÿêîñò³ á³îðåñóðñ³â.

Òàêîæ áóëà îïóáë³êîâàíà ñòàòòÿ ïðî òîêñè÷í³ âèäè äèíîôëàãåëÿò,
÷èñåëüí³ñòü ÿêèõ çíà÷íî çá³ëüøèëàñÿ â Îäåñüê³é çàòîö³ ï³ñëÿ ðóéíóâàííÿ
ãðåáë³ Êàõîâñüêî¿ ÃÅÑ [12].

Ìåòîþ äîñë³äæåííÿ áóëà îö³íêà çì³í ó òàêñîíîì³÷íîìó ñêëàä³, ÷èñå-
ëüíîñò³ òà á³îìàñ³ ô³òîïëàíêòîíó, à òàêîæ ÿêîñò³ âîäè ó ÏÇ×Ì (ðàéîí
ì. Îäåñè) ó 2022—2024 ðð., ç àêöåíòîì íà íàñë³äêè òåõíîãåííî¿ êàòàñòðî-
ôè. Äîñë³äæåííÿ áàçóºòüñÿ íà êîìïëåêñíîìó àíàë³ç³ ÿê³ñíèõ ³ ê³ëüê³ñíèõ
õàðàêòåðèñòèê ô³òîïëàíêòîíó òà çàñòîñóâàíí³ ³íòåãðàëüíèõ á³î³íäèêà-
òîð³â äëÿ îö³íêè åêîëîã³÷íîãî ñòàíó âîäíîãî ñåðåäîâèùà â óìîâàõ åêî-
ëîã³÷íîãî ñòðåñó.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâîäèëè â ïðèáåðåæí³é çîí³ ÏÇ×Ì ó ðàéîí³ ì. Îäåñè
â 2022—2024 ðð. Íà æàëü íà öåé ÷àñ â³äñóòíÿ ìîæëèâ³ñòü çä³éñíåííÿ îá-
ñòåæåíü ñòàíó ìîðñüêîãî ñåðåäîâèùà ó ö³é çîí³ ×îðíîãî ìîðÿ. Â³äá³ð
çðàçê³â ïðîâîäèëè ïðîòÿãîì ðîêó çà ñïðèÿòëèâî¿ ïîãîäè ùîòèæíÿ íà
ñòàíö³ÿõ êîíòðîëþ, à ñàìå: ó íàï³âçàìêíåí³é àêâàòîð³¿ ×îðíîìîðñüêîãî
ßõò-Êëóáó (×ßÊ: 46.459798 N, 30.765355 E) òà á³ëÿ ìèñó Ìàëèé Ôîíòàí
(ÌÌÔ: 46.438433 N, 30.7725 E). Çðàçêè â³äáèðàëè ó ïëàñòèêîâ³ ïëÿøêè
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îá’ºìîì 1,5—2 äì3, à òàêîæ ñ³òêîþ Äæåä³ (ðîçì³ð ãàçó 20 ìêì) ç ïîâåðõíå-
âîãî øàðó âîäè (0,5—1,0 ì). Ó ëàáîðàòîð³¿ çðàçêè, ùî áóëè â³ä³áðàí³ çà äî-
ïîìîãîþ ïëàñòèêîâèõ ïëÿøîê, êîíöåíòðóâàëè ìåòîäîì çâîðîòíî¿ ô³ëüò-
ðàö³¿ [2, 7]. Ê³íöåâèé îá’ºì äîâîäèëè äî 15—20 ñì3 òà êîíñåðâóâàëè ðîç-
÷èíîì Ëþãîëÿ àáî 40 %-âèì ðîç÷èíîì ôîðìàëüäåã³äó ç ê³íöåâîþ êîíöåí-
òðàö³ºþ 4 %. Ï³äðàõóíîê êë³òèí çä³éñíþâàëè ó êàìåð³ Íàæîòòà ï³ä ñâ³òëî-
âèì ì³êðîñêîïîì Mikmed-2. ×èñåëüí³ñòü âñòàíîâëþâàëè çà äîïîìîãîþ
øàáëîíó DCT ó ïðîãðàì³ MicrosoftExcel ³ç âèêîðèñòàííÿì ìàêðîñ³â Visu-
alBasic. Á³îìàñó âèçíà÷àëè ñòåðåîìåòðè÷íèì ìåòîäîì.

Äîñë³äæåííÿ ìîðôîëîã³¿ êë³òèí ïðîâîäèëè ó Äåðæàâí³é óñòàíîâ³ «²í-
ñòèòóò åâîëþö³éíî¿ åêîëîã³¿ ÍÀÍ Óêðà¿íè» íà ñâ³òëîâîìó ì³êðîñêîï³
Olympus BX51 ç ë³íçàìè UPlan FLN 100x/1.3 Oil òà LUMPlan FLN 60x/1.00
Water. Äèíîôëàãåëÿòè â³çóàë³çóâàëè â ïðîõ³äíîìó ñâ³òë³ òà ðåæèì³ ôëóî-
ðåñöåíö³¿ ç ïîïåðåäí³ì ôàðáóâàííÿì êë³òèí çà äîïîìîãîþ Calcofluor
White M2R [8], àáî çà äîïîìîãîþ äèôåðåíö³àëüíîãî ³íòåðôåðåíö³éíîãî
êîíòðàñòó (DIC, êîíòðàñò Nomarski).

Òåìïåðàòóðó âîäè, ¿¿ ñîëîí³ñòü ³ pH âèì³ðþâàëè áåçïîñåðåäíüî íà
ì³ñö³ çà äîïîìîãîþ CTD-ïðèëàäó SBE 19plus (Sea-BirdScientific, ÑØÀ) ç
ïåðåâ³ðåíîþ êàë³áðîâêîþ.

²íäåêñ âèäîâîãî ð³çíîìàí³òòÿ Øåííîíà ðîçðàõîâóâàëè çà ìåòîäèêîþ
[14]. Äëÿ ïîáóäîâè ãðàô³ê³â âèêîðèñòàíî ïðîãðàìó Microsoft Excel. Íàçâè
âèä³â, íàâåäåí³ â òåêñò³ ñòàòò³, ïîäàþòüñÿ â³äïîâ³äíî äî [9].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Òàêñîíîì³÷íà õàðàêòåðèñòèêà ô³òîïëàíêòîíó ÏÇ×Ì ó ðàéîí³
ì. Îäåñè ó 2022—2024 ðð. Çà ïåð³îä äîñë³äæåíü ó ïðèáåðåæíèé çîí³ Îäåñü-
êî¿ çàòîêè íàìè áóëî ³äåíòèô³êîâàíî 213 âèäîâèõ òà âíóòð³øíüîâèäîâèõ
òàêñîí³â âîäîðîñòåé (òóò ³ äàë³, âêëþ÷íî ç íîìåíêëàòóðíèì òèïîì âèäó).
Íàéá³ëüøèì âèäîâèì áàãàòñòâîì õàðàêòåðèçóâàëèñü Bacillariophyta (99
òàêñîí³â), Dinophyta (52), Chlorophyta (24), Cyanobacteria (18), ³íø³ â³ä-
ä³ëè íàë³÷óâàëè âñüîãî 20 òàêñîí³â.

Ó 2022 ð. ÷àñòêà Bacillariophyta ñòàíîâèëà 50 % âèçíà÷åíèõ òàêñîí³â,
Dinophyta — 22, Cyanobacteria — 13, Chlorophyta — 5, Chrysophyta — 2,
Cryptophyta — 1, ³íøèõ â³ää³ë³â — 7 %. Ó 2023 ð. ÷àñòêà Bacillariophyta ñòà-
íîâèëà 46 %, Dinophyta — 22, Chlorophyta — 15, Cyanobacteria — 11, Chry-
sophyta — 2, ïðåäñòàâíèê³â ³íøèõ â³ää³ë³â — 4 %. Ó 2024 ð. îñíîâó âèäîâî-
ãî áàãàòñòâà òàêîæ ñêëàäàëè Bacillariophyta (46 %), ïðîòå çðîñëà ÷àñòêà Di-
nophyta (26 %) òà çìåíøèëàñü ÷àñòêà Chlorophyta (12 %), à îñîáëèâî Cya-
nobacteria (7 %). ×àñòêà ³íøèõ â³ää³ë³â ñòàíîâèëà 9 %.

Âçèìêó 2022 ð. îñíîâó âèäîâîãî áàãàòñòâà ô³òîïëàíêòîíó ñòàíîâèëè
ä³àòîìîâ³ âîäîðîñò³ (74 % çàãàëüíî¿ ê³ëüêîñò³ âèä³â), ó ëþòîìó áóëà ïî-
ì³òíîþ ÷àñòêà çåëåíèõ (23,5 %) òà äèíîô³òîâèõ (11,7 %) âîäîðîñòåé. Ó
÷åðâí³ ïðè çíèæåíí³ ñîëîíîñò³ âîäè ÷àñòêà ïð³ñíîâîäíèõ âîäîðîñòåé ñÿ-
ãàëà ìàéæå 40 %. Â ëèïí³ òà ñåðïí³ ó íàï³âçàìêíåí³é àêâàòîð³¿ ×ßÊ ñïîñ-
òåð³ãàâñÿ ìàññîâèé ðîçâèòîê ä³àòîìîâî¿ âîäîðîñò³ Cerataulina pelagica
(Cleve) Hendey — ìàéæå 96 % çàãàëüíî¿ ê³ëüêîñò³ êë³òèí. Âîñåíè òàêîæ
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áóëè çàðåºñòðîâàí³ ïð³ñíîâîäí³ âèäè, çîêðåìà ö³àíîáàêòåð³¿ (â³ä 16 äî
37,6 %) òà ä³àòîìîâ³ ³ äèíîô³òîâ³ âîäîðîñò³, çäåá³ëüøîãî ìîðñüê³ âèäè.

Ó 2023 ð. âçèìêó ïåðåâàæàëè ä³àòîìîâ³ — 30,5 % (äîì³íóâàëà S. costa-
tum) òà çåëåí³ âîäîðîñò³ (65 % çàãàëüíî¿ ÷èñåëüíîñò³), çäåá³ëüøîãî âíàñ-
ë³äîê ðîçâèòêó Monoraphidium contortum (Thuret) Komárková-Legnerová.
Íà ïî÷àòêó âåñíè 2023 ð. áóëî â³äì³÷åíî «öâ³ò³ííÿ» âîäè, âèêëèêàíå ìàñ-
ñîâèì ðîçâèòêîì ïð³ñíîâîäíî¿ äèíîô³òîâî¿ âîäîðîñò³ Chimonodinium
lomnickii (Woloszynska) Craveiro (75 % çàãàëüíî¿ á³îìàñè), à íàïðèê³íö³
âåñíè ó ïëàíêòîí³ äîì³íóâàëà äð³áíîêë³òèííà ä³àòîìîâà âîäîð³ñòü Chae-
toceros throndsenii (Marino, Montresor & Zingone) Marino et al. (92 % çàãàëü-
íî¿ ÷èñåëüíîñò³). Ñë³ä çàóâàæèòè, ùî öå íîâ³ àëîõòîíí³ âèäè-âñåëåíö³, ÿê
äëÿ óêðà¿íñüêî¿ ÷àñòèíè ×îðíîãî ìîðÿ, òàê ³ äëÿ ìîðÿ â ö³ëîìó. C. lomnic-
kii áóâ çàðåºñòðîâàíèé âïåðøå âçèìêó 2011 ð. Öåé âèä â³äíîñèòüñÿ äî
âèä³â ïð³ñíîâîäíîãî ãåíåçèñó òà ìàº á³ëüøó ÷èñåëüí³ñòü âèêëþ÷íî â õî-
ëîäíó ïîðó ðîêó [11]. C. throndsenii òàêîæ íîâèé ³íâàç³éíèé âèä íàíîï-
ëàíêòîííèõ ä³àòîìîâèõ âîäîðîñòåé, ùî âõîäèòü äî âåñíÿíîãî êîìïëåêñó
ô³òîïëàíêòîíó [3].

Ï³ñëÿ êàòàñòðîôè íà Êàõîâñüê³é ÃÅÑ ñïî÷àòêó ñïîñòåð³ãàëîñü åêñòðå-
ìàëüíå «öâ³ò³ííÿ» âîäè, âèêëèêàíå ïð³ñíîâîäíèìè ö³àíîáàêòåð³ÿìè
(40—90 % çàãàëüíî¿ ÷èñåëüíîñò³) òà çåëåíèìè âîäîðîñòÿìè (9 %) íà ôîí³
çíèæåííÿ ñîëîíîñò³ âîäè. Ï³ñëÿ ÷îãî âîñåíè ç’ÿâèëîñÿ áàãàòî äèíîôëàãå-
ëÿò (20 % çàãàëüíî¿ á³îìàñè) òà ö³àíîáàêòåð³é (46 % çàãàëüíî¿ ÷èñåëü-
íîñò³).

Âçèìêó 2024 ð., ó ñ³÷í³, äîì³íóâàëà âåëèêîêë³òèííà ä³àòîìîâà âî-
äîð³ñòü Ditylum brightwellii (West) Grunow (92 % çàãàëüíî¿ á³îìàñè), ó ëþ-
òîìó — Skeletonema costatum òà äåê³ëüêà âèä³â ðîäó Chaetoceros Ehrenberg.
Íàâåñí³ áóëî äåê³ëüêà âèïàäê³â çíèæåííÿ ñîëîíîñò³ âîäè äî 7,0—8,0 ‰,
ùî ñóïðîâîäæóâàëîñÿ äîì³íóâàííÿì ïð³ñíîâîäíèõ çåëåíèõ âîäîðîñòåé,
çîêðåìà M. contortum (70 % çàãàëüíî¿ ÷èñåëüíîñò³), òîä³ ÿê çà ï³äâèùåíî¿
ñîëîíîñò³ äî (16,0—17,0 ‰) äîì³íóâàëa Kryptoperidinium triquetrum. Ó
ëèïí³ ó ïðîáàõ ç’ÿâèâñÿ L. polyedra, à ó âåðåñí³-æîâòí³ éîãî ê³ëüê³ñòü âæå
äîñÿãëà ð³âíÿ «÷åðâîíîãî ïðèïëèâó» ç áóðèìè ïëÿìàìè íà âîä³ òà ñèëü-
íîþ ôëóîðåñöåíö³ºþ. Êð³ì L. polyedra ó ôîðìóâàíí³ «÷åðâîíîãî ïðèïëè-
âó» ïðèéìàëè ó÷àñòü ³ ³íø³ äèíîô³òîâ³ âîäîðîñò³, ïåðåâàæíî ïðåäñòàâíè-
êè ðîäó Protoperidinium Bergh, êë³òèíè ÿêèõ ñêóï÷óâàëèñÿ ó ïëÿìè â³ä ðî-
æåâîãî äî ïóðïóðîâîãî êîëüîðó.

Îäåñüêà çàòîêà õàðàêòåðèçóºòüñÿ çíà÷íîþ ê³ëüê³ñòþ ö³àíîáàêòåð³é,
ÿê³ àêòèâíî âåãåòóþòü ó ë³òí³é ïåð³îä ÷àñó òà ôîðìóþòü «çåëåí³ ïðèïëè-
âè» ïðè âèñîê³é òåìïåðàòóð³ âîäè òà âèñîêîìó âì³ñò³ á³îãåííèõ åëå-
ìåíò³â. Àëîõòîííèé ö³àíîáàêòåð³àëüíèé êîìïëåêñ âèä³â çàëèøèâñÿ ìàé-
æå íà òîìó ñàìîìó ð³âí³, ùî é äî êàòàñòðîôè, îäíàê ï³ä ÷àñ êàòàñòðîôè
ðîëü çåëåíèõ ì³êðîâîäîðîñòåé â àëüãîöåíîç³ çàòîêè çðîñëà ó 3 ðàçè.

Òàêîæ ó 2024 ð. â àëüãîöåíîç³ çàòîêè â³äáóëîñÿ çá³ëüøåííÿ ê³ëüêîñò³
äèíîô³òîâèõ âîäîðîñòåé òà çì³íà âèä³â-çáóäíèê³â «öâ³ò³ííÿ» âîäè, ÿê³ äî
êàòàñòðîôè íå â³ä³ãðàâàëè òàêî¿ ðîë³, ÿê çàðàç. Îäíèì ³ç òàêèõ âèä³â º

7

Ô³òîïëàíêòîí ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ×îðíîãî ìîðÿ

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2026. 62(3)



K. triquetrum, ÿêèé â äàíèé ÷àñ º çáóäíèêîì «öâ³ò³ííÿ» âîäè â çèìîâèé òà
ðàííüîâåñíÿíèé ïåð³îäè ðîêó òà ìàéæå âèò³ñíèâ C. lomnickii.

Ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó ô³òîïëàíêòîíó ÏÇ×Ì ó ðàéîí³ ì. Îäå-
ñè â 2022 —2024 ðð. Ñåðåäíüîð³÷íà ÷èñåëüí³ñòü ô³òîïëàíêîíó ó 2022 ð.
ñòàíîâèëà 83 òèñ. êë/äì3, ó 2023 ð. — 904 òèñ. êë/äì3, à ó 2024 ð. —
369 òèñ. êë/äì3. Îòæå, ê³ëüê³ñòü êë³òèí çá³ëüøèëàñü ï³ñëÿ êàòàñòðîôè â 11
ðàç³â ³ çíèçèëàñü ó 2,5 ðàçà äî ê³íöÿ 2024 ð. Â ñåðåäíüîìó çà òðè ðîêè âîíà
ñòàíîâèëà 452 òèñ. êë/äì3. Äëÿ ïîð³âíÿííÿ, ñåðåäíüîð³÷íà ÷èñåëüí³ñòü çà
ïîïåðåäí³ òðè ðîêè (2019—2021 ðð.) ñòàíîâèëà 242 òèñ. êë/äì3 (îðè-
ã³íàëüí³ íåîïóáë³êîâàí³ äàí³). Ñåðåäíüîì³ñÿ÷í³ ïîêàçíèêè ÷èñåëüíîñò³
âîäîðîñòåé ó 2022—2024 ðð. ïðåäñòàâëåí³ íà ðèñóíêó 1.

Ñåðåäíüîð³÷íà á³îìàñà ó 2022 ð. ñòàíîâèëà 0,182 ìã/äì3, ó 2023 ð. —
0,759 ìã/äì3, à ó 2024 ð. — 0,792 ìã/äì3. Â ñåðåäíüîìó çà òðè ðîêè âîíà ñòà-
íîâèëà 0,583 ìã/äì3, ùî ó 1,8 ðàçà á³ëüøå, í³æ ó ïîïåðåäí³ òðè ðîêè. Ñå-
ðåäíüîì³ñÿ÷íà äèíàì³êà á³îìàñè ô³òîïëàíêòîíó ó 2022—2024 ðð. ïðåä-
ñòàâëåíà íà ðèñóíêó 2.

Ó 2022 ð. ÷åðåç íåáåçïåêó â Îäåñüêîìó ðàéîí³ ìîðÿ íàâåñí³ ìîí³òî-
ðèíã íå ïðîâîäèëè, à â ïîäàëüøîìó, äî ë³òà 2023 ð., äîñë³äæóâàëè ò³ëüêè
íàï³âçàìêíåíó àêâàòîð³þ ×ßÊ, à ç ë³òà 2023 ð. — ÌÌÔ. Ó ×ßÊ ïåð³îäè÷íî
âèíèêàëè ñïàëàõè ÷èñåëüíîñò³ ô³òîïëàíêòîíó. Òàê, ó 2022 ð. òàêå ï³äâè-
ùåííÿ ÷èñåëüíîñò³ â³äì³÷àëîñÿ äâ³÷³ — 20 ëèïíÿ, ïðè òåìïåðàòóð³ âîäè
20,5 °Ñ òà ñîëîíîñò³ 17,6 ‰, àêòèâíî âåãåòóâàëà âåëèêîêë³òèííà ä³àòîìîâà
âîäîð³ñòü C. pelagica, á³îìàñà ÿêî¿ ñòàíîâèëà 0,538 ìã/äì3 (84 % çàãàëüíî¿
á³îìàñè). À âæå 3 ñåðïíÿ 2022 ð., çà òåìïåðàòóðè 20,6 °Ñ òà ñîëîíîñò³
16,6 ‰ ó ïëàíêòîí³ äîì³íóâàëà S. costatum, ÷èñåëüí³ñòü ÿêî¿ ñòàíîâèëà
523 òèñ. êë/äì3, à á³îìàñà 0,370 ìã/äì3, ïðîòå áóëà ïðèñóòíÿ ³ C. pelagica
(3 òèñ. êë/äì3, 0,102 ìã/äì3). Êð³ì íèõ âåãåòóâàëè òàêîæ äèíîô³òîâ³ âîäî-
ðîñò³ P. cordatum, P. micans Ehrenberg òà ñîëîíóâàòîâîäí³ ö³àíîáàêòåð³¿
J. kisselevii òà Merismopedia elegans Braun ex Kützing. Çàãàëîì, ô³òîïëàíê-
òîí ó 2022 ð. õàðàêòåðèçóâàâñÿ äîñèòü íèçüêèìè ñåðåäíüîð³÷íèìè ïîêàç-
íèêàìè ÷èñåëüíîñò³ òà á³îìàñè (äèâ. ðèñ. 1 ³ 2).

Ó 2023 ð., ùå äî åêñòðåìàëüíîãî «çåëåíîãî ïðèïëèâó», âèêëèêàíîãî
ðóéíóâàííÿì ãðåáë³ Êàõîâñüêî¿ ÃÅÑ, ñïîñòåð³ãàëîñü äâà ìàêñèìóìè ê³ëü-
ê³ñíèõ ïîêàçíèê³â ô³òîïëàíêòîíó. Ïåðøèé ìàêñèìóì ñïîñòåð³ãàëè 1 áå-
ðåçíÿ, ïðè òåìïåðàòóð³ âîäè 6 °C, ñîëîíîñò³ 11,5 ‰ òà ï³âí³÷íîìó â³òð³,
êîëè ñïîñòåð³ãàëîñÿ «öâ³ò³ííÿ» âîäè, çóìîâëåíå ìàñîâèì ðîçâèòêîì äè-
íîô³òîâèõ, ä³àòîìîâèõ òà çåëåíèõ âîäîðîñòåé. Äîì³íóâàëà ñåðåä íèõ ïð³ñ-
íîâîäíà äèíîô³òîâà âîäîð³ñòü C. lomnickii, á³îìàñà ÿêî¿ ñòàíîâèëà
1,557 ìã/äì3, à ÷èñåëüí³ñòü — 248 òèñ. êë/äì3. Ñóáäîì³íàíòàìè ðàííüîþ
âåñíîþ áóëè ä³àòîìîâà âîäîð³ñòü S. costatum (561 òèñ. êë/äì3, 0,069 ìã/äì3)
òà çåëåíà âîäîð³ñòü M. contortum (206 òèñ. êë/äì3, 0,017 ìã/äì3). Êð³ì íèõ,
áóëî çíàéäåíî ùå 28 âèä³â ³ç çàãàëüíîþ ÷èñåëüí³ñòþ 1551 òèñ. êë/äì3 òà
á³îìàñîþ 2,141 ìã/äì3.

Äðóãèé ìàêñèìóì ÷èñåëüíîñò³ ô³òîïëàíêòîíó ñïîñòåð³ãàëè íàïðè-
ê³íö³ òðàâíÿ 2023 ð. â àêâàòîð³¿ ×ßÊ, êîëè áóëî çàô³êñîâàíî «öâ³ò³ííÿ»
âîäè, âèêëèêàíå ä³àòîìîâîþ âîäîð³ñòþ C. throndsenii ç ÷èñåëüí³ñòþ
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7662 òèñ. êë/äì3 òà á³îìàñîþ 0, 674 ìã/äì3 òà Chaetoceros minimus (Levan-
der) Marino et al. (52 òèñ. êë/äì3, 0,010 ìã/äì3) çà òåìïåðàòóðè âîäè 21 °C òà
ñîëîíîñò³ 11 ‰.

Ãîëîâíîþ ïîä³ºþ 2023 ð., ÿêà ñóòòºâî âïëèíóëà íà ô³òîïëàíêòîí
ÏÇ×Ì òà ïîõèòíóëà äîì³íóâàííÿ ä³àòîìîâèõ âîäîðîñòåé çà ï³äñóìêàìè
ðîêó, áåçóìîâíî, áóëî ðóéíóâàííÿ ãðåáë³ Êàõîâñüêîãî âîäîñõîâèùà
6 ÷åðâíÿ, ùî ñïðè÷èíèëî ñïî÷àòêó áóðõëèâå «öâ³ò³ííÿ» ö³àíîáàêòåð³é, à
ïîò³ì, ï³ñëÿ êîðîòêî÷àñíî¿ ñòàá³ë³çàö³¿ ã³äðîëîã³÷íîãî ðåæèìó, íà ôîí³
â³äíîâëåííÿ ñîëîíîñò³ — ï³äâèùåííÿ ê³ëüêîñò³ äèíîô³òîâèõ âîäîðîñòåé.

Ó ÷åðâí³ 2023 ð., ï³ñëÿ ðîçëèâó Êàõîâñüêîãî âîäîñõîâèùà òà ïîòðàï-
ëÿííÿ ó ìîðå âåëèêî¿ ìàñè ïð³ñíî¿ âîäè, ô³êñóâàëîñÿ «öâ³ò³ííÿ» âîäè,
âèêëèêàíå ïåðåâàæíî ìàñîâèì ðîçâèòêîì ö³àíîáàêòåð³é. Ïëÿìè «öâ³-
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Ðèñ. 1. Ñåðåäíüîì³ñÿ÷í³ ïîêàçíèêè ÷èñåëüíîñò³ ô³òîïëàíêòîíó â ÏÇ×Ì á³ëÿ ì. Îäå-
ñè â ð³çí³ ðîêè. Òóò ³ íà ðèñ. 2 ³ 3: 1 — 2022 ð.; 2 — 2023 ð.; 3 — 2024 ð.

Ðèñ. 2. Ñåðåäíüîì³ñÿ÷í³ ïîêàçíèêè á³îìàñè ô³òîïëàíêòîíó â ÏÇ×Ì á³ëÿ ì. Îäåñè â
ð³çí³ ðîêè



ò³ííÿ» äðåéôóâàëè ó ìîð³ òà ðåºñòðóâàëèñü íàâ³òü ñóïóòíèêîì [1]. Íàéâè-
ùó ê³ëüê³ñòü âîäîðîñòåé ó ïðîá³ íà óçáåðåææ³ ì. Îäåñè âäàëîñÿ çàðåºñò-
ðóâàòè 14 ÷åðâíÿ 2023 ð. íà ÌÌÔ. Çà òåìïåðàòóðè âîäè 19 °C òà ñîëîíîñò³
5,1 ‰ çàãàëüíà ÷èñåëüí³ñòü ô³òîïëàíêòîíó äîñÿãàëà 9428 òèñ. êë/äì3, à çà-
ãàëüíà á³îìàñà — 10,435 ìã/äì3, ùî ìàéæå óòðè÷³ ïåðåâèùèëî ñåðåäíü-
îì³ñÿ÷í³ ïîêàçíèêè ïî÷àòêó ÷åðâíÿ 2023 ð. Ó «çåëåíîìó ïðèïëèâ³» ï³ñëÿ
ðóéíóâàííÿ ãðåáë³ Êàõîâñüêî¿ ÃÅÑ äîì³íóâàëè A. flos-aquae
(459 òèñ. êë/äì3, 2,883 ìã/äì3), Dolichospermum flos-aquae (Bornet & Flaha-
ult) Wacklin et al. (131 òèñ. êë/äì3, 1,009 ìã/äì3) òà Microcystis aeruginosa
(Kützing) Kützing (6393 òèñ. êë/äì3, 3,346 ìã/äì3).

Êð³ì íèõ, áóëè ïðèñóòí³ ùå äåâ’ÿòü âèä³â ö³àíîáàêòåð³é, ñåðåä ÿêèõ
Limnothrix planctonica (Wo³oszyñska) Meffert (74 òèñ. êë/äì3, 0,083 ìã/äì3),
J. kisselevii (197 òèñ. êë/äì3, 0,389 ìã/äì3), Pseudanabaena limnetica (Lem-
mermann) Komárek (213 òèñ. êë/äì3, 0,562 ìã/äì3), Merismopedia minima
Beck (13 òèñ. êë/äì3, 0,001 ìã/äì3) òà 19 âèä³â çåëåíèõ âîäîðîñòåé. Êð³ì
çâè÷íîãî äëÿ ÏÇ×Ì M. contortum (295 òèñ. êë/äì3, 0,021 ìã/äì3) òðàïëÿ-
ëèñü òàêîæ Ankistrodesmus falcatus (Corda) Ralfs (41 òèñ. êë/äì3,
0,131 ìã/äì3), Pseudopediastrum boryanum (Turpin) Hegewald
(4,9 òèñ. êë/äì3, 0,079 ìã/äì3), Oocystis borgei Snow (78 òèñ. êë/äì3,
0,001 ìã/äì3), Coelastrum microporum Nägeli (33 òèñ. êë/äì3, 0,268 ìã/äì3)
òà ³íø³.

Ç â³äíîâëåííÿì ã³äðîõ³ì³÷íîãî ðåæèìó ê³ëüê³ñòü ïð³ñíîâîäíîãî
ïëàíêòîíó çíà÷íî ñêîðîòèëàñÿ, àëå íà â³äñòàí³ â³ä áåðåãà ïëÿìà ïð³ñíî¿
âîäè ç ïð³ñíîâîäíèìè âèäàìè äðåéôóâàëà ùå äåÿêèé ÷àñ, ùî áóëî çà-
ðåºñòðîâàíî 5 ëèïíÿ 2023 ð. íà 13-é ñòàíö³¿ Âåëèêîãî Ôîíòàíó ïðè â³äáîð³
ïðîá ç ÷îâíà (ëèøå îäèí åï³çîäè÷íèé â³äá³ð).

Ç 12 ëèïíÿ 2023 ð. ï³ñëÿ øòîðì³â ç ïîòóæíèì ïåðåì³øóâàííÿì âîäè
òà ï³âäåííîãî â³òðó àëüãîôëîðà çì³íèëàñÿ íà çâè÷àéíó ìîðñüêó ³ â ïîäà-
ëüøîìó ñïîñòåð³ãàëîñÿ çíà÷íå á³îð³çíîìàí³òòÿ ïåðåâàæíî âèä³â ìîðñü-
êîãî ãåíåçèñó. Çðîñòàííÿ á³îìàñè ô³òîïëàíêòîíó 20 ëèïíÿ (3,415 ìã/äì3,
34 âèäè) áóëî çóìîâëåíî ðîçâèòêîì âîäîðîñòåé ç âåëèêèìè çà ðîçì³ðîì
êë³òèíàìè, à ñàìå: Tripos furca (Ehrenberg) Gómez, T. muelleri Bory, T. fusus
(Ehrenberg) Gómez, ïîòåíö³éíî òîêñè÷íèõ Dinophysis fortii Pavillard, Pha-
lacroma rotundatum (Claparéde & Lachmann) Kofoid & Michener ³ L. polyed-
ra òà ä³àòîìîâèõ Chaetoceros curvisetus Cleve, C. pelagica, Ditylum brightwel-
lii (West) Grunow, Pseudosolenia calcar-avis (Schultze) Sundström òà Probos-
cia alata (Brightwell) Sundström. «Öâ³ò³ííÿ» âîäè àáî äîì³íóâàííÿ ÿêîãîñü
îêðåìîãî âèäó íå ñïîñòåð³ãàëîñü.

Ó âåðåñí³ òà ëèñòîïàä³ 2023 ð. ñïîñòåð³ãàëè ðîçâèòîê Ebria tripartita
(Schumann) Lemmermann ³ç êëàñó Ebriophyceae, ÿêà º ïîêàçíèêîì åâò-
ðîô³êàö³³ âîäîéìè. Â ñåðåäèí³ òà íàïðèê³íö³ îñåí³ 2023 ð. áóëî â³äì³÷åíî
íåçíà÷íå ï³äâèùåííÿ á³îìàñè ô³òîïëàíêòîíó çàâäÿêè ðîçâèòêó âåëèêèõ
ä³àòîìîâèõ òà äèíîô³òîâèõ âîäîðîñòåé. Ñåðåäí³ ïîêàçíèêè ÷èñåëüíîñò³
ô³òîïëàíêòîíó âîñåíè ñòàíîâèëè 123 òèñ. êë/äì3, á³îìàñè — 0,305 ìã/äì3.

ßê áóëî çàçíà÷åíî ðàí³øå, 24 ñ³÷íÿ 2024 ð. ñïîñòåð³ãàâñÿ ðîçâèòîê âå-
ëèêî¿ ä³àòîìîâî¿ âîäîðîñò³ D. brightwellii (1,244 ìã/äì3, 92 % çàãàëüíî¿
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á³îìàñè; 31 ñ³÷íÿ — 1,040 ìã/äì3, 60 % çàãàëüíî¿ á³îìàñè) òà ê³ëüêîõ âèä³â
ðîäó Chaetoceros Ehrenberg. Ó ëþòîìó 2024 ð. ÷àñòêà ä³àòîìîâèõ âîäîðîñ-
òåé çá³ëüøèëàñÿ â ðàçè ³ ñòàíîâèëà 61 % çàãàëüíî¿ á³îìàñè. Äîì³íóâàëà
S. costatum (1704 òèñ. êë/äì3, 0,590 ìã/äì3). Ó ñåðåäèí³ ëþòîãî áóëî áàãàòî
îñîáèí C. curvisetus, C. socialis Lauder òà Melosira moniliformis Agardh.
Çóñòð³÷àëèñü òàêîæ ³ äèíîô³òîâ³ âîäîðîñò³, çîêðåìà ó íåçíà÷í³é ê³ëüêîñò³
â³äì³÷åíî C. lomnickii. Ïðè öüîìó ó ïðîáàõ ïîñò³éíî áóëè ïðèñóòí³ âèäè
ðîä³â Protoperidinium Bergh òà Kryptoperidinium Lindemann, à òàêîæ êðèï-
òîô³òîâ³ âîäîðîñò³.

Ó áåðåçí³ 2024 ð. ÷èñåëüí³ñòü ô³òîïëàíêòîíó êîëèâàëàñÿ â³ä
626 òèñ. êë/äì3 äî 112 òèñ. êë/äì3, â ñåðåäíüîìó — 293 òèñ. êë/äì3, à á³îìà-
ñà — â³ä 1,082 äî 0,157 ìã/äì3, ó ñåðåäíüîìó — 0,488 ìã/äì3. Ó êâ³òí³ ñïîñ-
òåð³ãàëîñü ï³äâèùåííÿ ÷èñåëüíîñò³ äð³áíîêë³òèííî¿ çåëåíî¿ âîäîðîñò³
M. contortum äî 1412 òèñ. êë/äì3 çà ñîëîíîñò³ 8,17‰ òà òåìïåðàòóðè âîäè
15,2°C, àëå, â ñåðåäíüîìó çà ì³ñÿöü, öå íå âïëèíóëî íà çàãàëüíó á³îìàñó
ô³òîïëàíêòîíó — 0,337 ìã/äì3. Çàãàëîì áóëî ³äåíòèô³êîâàíî 14 âèä³â, ç
íèõ 5 ä³àòîìîâèõ, 3 äèíîô³òîâèõ, 3 çåëåíèõ âîäîðîñòåé òà 3 ö³àíîáàê-
òåð³é. Â ñåðåäèí³ ì³ñÿöÿ (17 êâ³òíÿ) ñïîñòåð³ãàâñÿ àïâåë³íã, êîëè çà ñîëî-
íîñò³ âîäè ó 17,04‰ (íà 43 % á³ëüøå, í³æ òèæíåì ðàí³øå) òà òåìïåðàòóðè
8,5°C (íà 6,5°C ìåíøå) ó ïðîá³ ô³êñóâàëîñÿ âñüîãî ï’ÿòü âèä³â ä³àòîìîâèõ
âîäîðîñòåé (ïðè çàãàëüí³é ÷èñåëüíîñò³ 41 òèñ. êë/äì3 òà á³îìàñ³
0,088 ìã/äì3). Íàòîì³ñòü 25 êâ³òíÿ, íà ôîí³ ñõ³äíîãî â³òðó, çíèæåííÿ ñîëî-
íîñò³ òà ï³äâèùåííÿ òåìïåðàòóðè, çàãàëüíà ê³ëüê³ñòü ô³òîïëàíêòîíó
çíà÷íî çðîñëà (á³îìàñà ñòàíîâèëà 0,543 ìã/äì3). Áóëî ³äåíòèô³êîâàíî
18 âèä³â âîäîðîñòåé, ç ÿêèõ 7 ä³àòîìîâèõ, 2 äèíîô³òîâèõ, 3 ö³àíîáàêòåð³¿
òà 6 âèä³â çåëåíèõ. Ó òðàâí³ ê³ëüê³ñí³ ïîêàçíèêè ô³òîïëàíêòîíó ñêëàäàëè
â ñåðåäíüîìó çà ì³ñÿöü 803 òèñ. êë/äì3 òà 0,454 ìã/äì3.

Âñüîãî ïðîòÿãîì õîëîäíî¿ ïîðè 2024 ð. áóëî ³äåíòèô³êîâàíî ïîíàä
20 âèä³â äèíîô³òîâèõ âîäîðîñòåé, ùî º ìàêñèìàëüíèì çà âåñü ïåð³îä
äîñë³äæåííÿ ô³òîïëàíêòîíó Îäåñüêî¿ çàòîêè. Öÿ òåíäåíö³ÿ çáåðåãëàñÿ ³ ó
2025 ð. ³ õàðàêòåðèçóº çàòîêó ÿê âèñîêîåâòðîôíó.

Ó ÷åðâí³ 2024 ð. ê³ëüê³ñí³ ïîêàçíèêè ô³òîïëàíêòîíó â ñåðåäíüîìó çà
ì³ñÿöü ñêëàäàëè 271 òèñ. êë/äì3 òà 0,521 ìã/äì3 (äèâ. ðèñ. 1, 2). Íà ïî÷àòêó
ì³ñÿöÿ (ÿê ³ íàïðèê³íö³ òðàâíÿ) ñïîñòåð³ãàëàñü íèçüêà ñîëîí³ñòü (8,31 ‰)
òà íàéá³ëüøà çà ÷åðâåíü á³îìàñà ô³òîïëàíêòîíó — 0,983 ìã/äì3. Ó ïðîá³
áóëî çíàéäåíî 27 âèä³â âîäîðîñòåé, ç ÿêèõ 11 — ïð³ñíîâîäí³ (çåëåí³ òà
ö³àíîáàêòåð³¿), à ðåøòà — ìîðñüê³ (12 âèä³â ä³àòîìîâèõ òà 4 âèäè äè-
íîô³òîâèõ âîäîðîñòåé). Ç ñåðåäèíè ÷åðâíÿ ñîëîí³ñòü âîäè ïîñòóïîâî
ï³äâèùèëàñü äî 13,2 ‰ ³ ñï³ââ³äíîøåííÿ â³ää³ë³â âîäîðîñòåé ïî÷àëî
çì³íþâàòèñÿ. Íàïðèê³íö³ ì³ñÿöÿ áóëî çíàéäåíî ò³ëüêè äâà âèäè çåëåíèõ
ïð³ñíîâîäíèõ âîäîðîñòåé, òîä³ ÿê ö³àíîáàêòåð³é íå áóëî âçàãàë³ (÷îãî íå
ñïîñòåð³ãàëîñü äî ðóéíóâàííÿ ãðåáë³ Êàõîâñüêî¿ ÃÅÑ). Ñåðåä ìîðñüêèõ
âîäîðîñòåé çíà÷íî çðîñëà ÷àñòêà äèíîô³òîâèõ âîäîðîñòåé — äî 9 âèä³â
(39 % óñ³õ âèä³â ó ïðîá³) — òà çð³âíÿëàñü ïî ê³ëüêîñò³ ç ä³àòîìîâèìè âîäî-
ðîñòÿìè. Àëå çàãàëüíà á³îìàñà â ê³íö³ ì³ñÿöÿ áóëà íåâåëèêà —
0,293 ìã/äì3 çà ÷èñåëüíîñò³ 104 òèñ. êë/äì3 òà ïðè äóæå ïðîçîð³é âîä³. Ñë³ä
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çàçíà÷èòè, ùî äî êàòàñòðîôè íà Êàõîâñüê³é ÃÅÑ ÷àñòêà äèíîô³òîâèõ âî-
äîðîñòåé á³ëÿ áåðåã³â ì. Îäåñè ìàéæå í³êîëè íå ïåðåâèùóâàâ 20 % çàãàëü-
íî¿ ÷èñåëüíîñò³, çà âèíÿòêîì ïåð³îäó «öâ³ò³ííÿ» âîäè (çã³äíî îðèã³íà-
ëüíèõ äàíèõ).

Ó ëèïí³ 2024 ð. ä³àòîìîâ³ âîäîðîñò³ ñêëàäàëè 28 % çàãàëüíî¿ ÷èñåëü-
íîñò³ ³ 47,3 % á³îìàñè, äèíîô³òîâ³ — â³äïîâ³äíî 5,3 òà 46,7 %. Ñîëîí³ñòü
âîäè ó ëèïí³ êîëèâàëàñÿ á³ëÿ 15,5 ‰. 3 ëèïíÿ ó ïðîá³ ìîðñüêî¿ âîäè çíàé-
äåíî 32 âèäà, 12 ³ç ÿêèõ íàëåæàëè äî äèíîô³òîâèõ — 45 òèñ. êë/äì3 (8,2 %
çàãàëüíî¿ ÷èñåëüíîñò³, 0,485 ìã/äì3 (61,4 % çàãàëüíî¿ á³îìàñè) òà âïåðøå
öüîãî ë³òà ç’ÿâëÿºòüñÿ L. polyedra. Äî ä³àòîìîâèõ âîäîðîñòåé â³äíîñèëèñÿ
15 âèä³â (106 òèñ. êë/äì3, àáî 43,2 % ³ 0,297 ìã/äì3, àáî 37,6 %). Çàãàëîì ÷è-
ñåëüí³ñòü ñêëàäàëà 245 òèñ. êë/äì3, à á³îìàñà 0,790 ìã/äì3. Ä³àòîìîâ³ âîäî-
ðîñò³ 10 ëèïíÿ ñêëàäàëè 41 òèñ. êë/äì3 (31,8 %) òà 0,087 ìã/äì3 (22,2 %), äè-
íîô³òîâ³ — 17 òèñ. êë/äì3 (13,3 %) òà 0,203 ìã/äì3 (52,4 %). Çàãàëîì ÷è-
ñåëüí³ñòü ñêëàäàëà 129 òèñ. êë/äì3, à á³îìàñà — 0,387 ìã/äì3. 24 ëèïíÿ äè-
íîô³òîâ³ ñêëàäàëè 5,1 % çàãàëüíî¿ ÷èñåëüíîñò³ êë³òèí òà 5,7 % á³îìàñè, à
ä³àòîìîâ³ — â³äïîâ³äíî 27 òà 83,5 %. 31 ëèïíÿ äèíîô³òîâ³ âîäîðîñò³ ñêëà-
äàëè 6,3 % ÷èñåëüíîñò³ òà 10 % á³îìàñè, à ä³àòîìîâ³ — 48 òà 82 %. Çàãàëîì
÷èñåëüí³ñòü ô³òîïëàíêòîíó ñòàíîâèëà 48 òèñ. êë/äì3, à á³îìàñà —
0,251 ìã/äì3.

Ó ñåðïí³ 2024 ð. ê³ëüê³ñí³ ïîêàçíèêè ô³òîïëàíêòîíó áóëè ïðèáëèçíî
íà òîìó ñàìîìó ð³âí³, ùî ³ â ìèíóë³ ðîêè, òà â ñåðåäíüîìó ñêëàäàëè
65 òèñ. êë/äì3 òà 0,426 ìã/äì3. Òàê, 8 ñåðïíÿ áóëî â³äì³÷åíî íàéâèùó çà
ì³ñÿöü ñîëîí³ñòü âîäè — 18,08‰, ïðè öüîìó ïð³ñíîâîäíèõ âèä³â íå ñïîñ-
òåð³ãàëîñü. Äîì³íóâàëè âåëèêîêë³òèíí³ ä³àòîìîâ³ âîäîðîñò³ P. calcar-avis
(40 % çàãàëüíî¿ á³îìàñè) òà P. alata (17,6 %), ÿê³ íå º êîðìîâèì ïëàíêòî-
íîì ÷åðåç âåëèê³ ðîçì³ðè ³ ÿê³ â öüîìó ðîö³ ðîçìíîæèëèñÿ ó äåùî á³ëüø³é
ê³ëüêîñò³, í³æ ó ìèíóë³ ðîêè. 21 ñåðïíÿ áóâ â³äì³÷åíèé P. calcar-avis (49 %
çàãàëüíîé á³îìàñè). Ç 14 ñåðïíÿ ñîëîí³ñòü âîäè çíèçèëàñÿ òà äî ê³íöÿ
ì³ñÿöÿ ñòàíîâèëà 15—16‰ ³ â öåé ïåð³îä ç’ÿâëÿëèñÿ ïð³ñíîâîäí³ âèäè,
çîêðåìà ö³àíîáàêòåð³¿, ÿê³ º çâè÷íèìè äëÿ ìîðñüêî¿ âîäè á³ëÿ ì. Îäåñè,
àëå â öüîìó ðîö³ âîíè áóëè â çíà÷íî ìåíø³é ê³ëüêîñò³, í³æ ó ïîïåðåäí³
ðîêè. Âåñü ñåðïåíü ó ïðîáàõ âîäè ñïîñòåð³ãàëàñÿ òîêñè÷íà äèíîô³òîâà âî-
äîð³ñòü L. polyedra. Á³îìàñà ¿¿ ïîñòóïîâî çá³ëüøóâàëàñü ³ 28 ñåðïíÿ äîñÿãëà
âåëè÷èíè 0,071 ìã/äì3 (43,5 % çàãàëüíî¿ á³îìàñè).

Ó âåðåñí³ 2024 ð. ñîëîí³ñòü âîäè áóëà â ìåæàõ 12,6—15,2 ‰, ùî âèêëè-
êàëî 4 âåðåñíÿ íà ÌÌÔ ï³äâèùåííÿ á³îìàñè L. polyedrà äî 0,650 ìã/äì3.
Òàêîæ áóëî áàãàòî ïð³ñíîâîäíèõ ö³àíîáàêòåð³é, ÿê³ íå äîñÿãàëè ïîêàç-
íèê³â «öâ³ò³ííÿ» âîäè. 11 âåðåñíÿ íà ÌÌÔ áóëî ³äåíòèô³êîâàíî ñ³ì âèä³â
ä³àòîìîâèõ òà ø³ñòü âèä³â äèíîô³òîâèõ âîäîðîñòåé ó ïîì³ðí³é ê³ëüêîñò³
òà äîñòàòíüî áàãàòî ö³àíîáàêòåð³é ðîäó Microcystis Lemmermann, àëå «öâ³-
ò³ííÿ» âîäè íå ñïîñòåð³ãàëîñÿ. Íàòîì³ñòü ó íàï³âçàìêíóò³é àêâàòîð³¿ ×ßÊ
áóëî çàô³êñîâàíî «öâ³ò³ííÿ» âîäè âíàñë³äîê ìàñîâîãî ðîçâèòêó äèíî-
ô³òîâèõ âîäîðîñòåé. Á³îìàñà L. polyedra äîñÿãàëà ïðè öüîìó 1,060 ìã/äì3.
Âñüîãî ó ïðîá³ áóëî ³äåíòèô³êîâàíî â³ñ³ì âèä³â äèíîô³òîâèõ, ÿê³ â ñóì³
ñêëàäàëè 96,2 % á³îìàñè, ùî äîñÿãàëà 3,553 ìã/äì3. Òàêîæ ó ïðîá³ áóëî äî-
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ñèòü áàãàòî âèä³â ðîäó Protoperidinium Bergh, ö³àíîáàêòåð³é, ïðåäñòàâ-
íèê³â äæãóòèêîâèõ çåëåíèõ (Pyramimonas Schmarda, Tetraselmis Stein) òà
êðèïòîô³òîâèõ âîäîðîñòåé (Teleaulax acuta (Butcher) Hill).

Ó 2020 ð. á³ëÿ áåðåã³â ì. Îäåñè ñïîñòåð³ãàâñÿ ïåðøèé ó XXI ñò. «÷åðâî-
íèé ïðèïëèâ», âèêëèêàíèé ðîçâèòêîì L. polyedra [15]. Íåâ³ä’ºìíîþ ÷àñ-
òèíîþ «÷åðâîíèõ ïðèïëèâ³â», âèêëèêàíèõ L. polyedra, º ð³ä Protoperidini-
um. Îñíîâíèìè ïðåäñòàâíèêàìè öüîãî ðîäó ó 2020 ð. áóëè Protoperidini-
um divergens (Ehrenberg) Balech òà Protoperidinium steinii (Jørgensen) Ba-
lech. Ó 2020 ð. «÷åðâîíèé ïðèïëèâ» òàêîæ áóâ äîâãîòðèâàëèì, ïëÿìè òåì-
íî-áóðøòèíîâîãî êîëüîðó ðîçïîâñþäèëèñÿ íà âñþ ÏÇ×Ì, àëå âèäîâà
êîìïîíåíòà 2024 ð. áóëà íàáàãàòî ñêëàäí³øîþ, í³æ ó 2020 ð.

Íà ïî÷àòêó æîâòíÿ 2024 ð. ó ìîð³ òàêîæ ñïîñòåð³ãàëèñü ïëÿìè «öâ³-
ò³ííÿ» âîäè ÷åðåç ìàñîâèé ðîçâèòîê L. polyedra. 3 æîâòíÿ íà ÌÌÔ áóëî
çàô³êñîâàíî «öâ³ò³ííÿ» âîäè âíàñë³äîê ðîçâèòêó äèíîô³òîâèõ âîäîðîñ-
òåé ó ñóïðîâîä³ ö³àíîáàêòåð³é. Çàãàëüíà ÷èñåëüí³ñòü ô³òîïëàíêòîíó ñêëà-
äàëà 419 òèñ. êë/äì3, à á³îìàñà — 9,145 ìã/äì3. Ïðè öüîìó 80 % çàãàëüíî¿
á³îìàñè òà 52,5 % çàãàëüíî¿ ÷èñåëüíîñò³ ñêëàäàâ L. polyedra
(220 òèñ. êë/äì3, 7,362 ìã/äì3). Âäåíü 3 æîâòíÿ áóëà â³ä³áðàíà ùå îäíà ïðî-
áà íà òîìó ñàìîìó ì³ñö³ (íå â ïëÿì³ «öâ³ò³ííÿ»), àëå ÷èñåëüí³ñòü òà á³îìàñà
L. polyedra äîð³âíþâàëè ëèøå 6 òèñ. êë/äì3 òà 0,185 ìã/äì3 â³äïîâ³äíî. Ëî-
êàëüí³ ðîæåâ³ ïëÿìè «öâ³ò³ííÿ» âîäè ñïîñòåð³ãàëèñÿ íà äåÿê³é â³äñòàí³
â³ä áåðåãà ùå ê³ëüêà äí³â. Ó ïðîá³ âîäè, ÿêà áóëà â³ä³áðàíà 17 æîâòíÿ ï³ñëÿ
øòîðì³â, ùå ïðè äîñèòü ïîì³òíîìó õâèëþâàíí³ ó 3 áàëè, ÷èñåëüí³ñòü òà
á³îìàñà L. polyedra ñêëàäàëè â³äïîâ³äíî 2 òèñ. êë/äì3 òà 0,072 ìã/äì3.
23 æîâòíÿ, ïðè ï³äâèùåíí³ ñîëîíîñò³ âîäè íà ÌÌÔ, ³äåíòèô³êîâàíî
31 âèä, ç íèõ — 12 äèíîô³òîâèõ âîäîðîñòåé. Çàãàëüíà ÷èñåëüí³ñòü ñêëàëà
51 òèñ. êë/äì3, á³îìàñà — 0,823 ìã/äì3. ×èñåëüí³ñòü òà á³îìàñà L. polyedra
ñêëàëè 12 òèñ. êë/äì3 òà 0,405 ìã/äì3, ïðè öüîìó âîäà áóëà ïðîçîðîþ. Íà-
òîì³ñòü ó íàï³âçàìêíåí³é àêâàòîð³¿ ×ßÊ 23 æîâòíÿ áóëî çàô³êñîâàíî
«öâ³ò³ííÿ» âîäè âíàñë³äîê ðîçâèòêó äèíîô³òîâèõ âîäîðîñòåé. Çàãàëüíà
á³îìàñà ïðè öüîìó äîñÿãàëà 4,689 ìã/äì3 ïðè çàãàëüíèé ÷èñåëüíîñò³
244 òèñ. êë/äì3. Äîì³íóâàâ L. polyedra ç ÷èñåëüí³ñòþ 98 òèñ. êë/äì3 (39,9 %
÷èñåëüíîñò³) òà á³îìàñîþ 3,268 ìã/äì3 (69,7 % çàãàëüíî¿ á³îìàñè). Âïåðøå
çà ïåð³îä äîñë³äæåííÿ ô³òîïëàíêòîíó Îäåñüêî¿ çàòîêè çàô³êñîâàíî «öâ³-
ò³ííÿ» âîäè ÷åðåç ìàññîâèé ðîçâèòîê òîêñè÷íî¿ äèíîô³òîâî¿ âîäîðîñò³
Gonyaulax spinifera (Claparède & Lachmann) Diesing (÷èñåëüí³ñòü —
91 òèñ. êë/äì3, á³îìàñà —1,090 ìã/äì3).

Íàéá³ëüø³ ê³ëüê³ñí³ ïîêàçíèêè L. polyedra â Îäåñüê³é çàòîö³ áóëè îò-
ðèìàí³ 24 âåðåñíÿ 2024 ð. ï³ä ÷àñ åï³çîäè÷íîãî â³äáîðó ïðîá íà 16-é
ñòàíö³¿ Âåëèêîãî Ôîíòàíó. Ó ïëÿì³ «÷åðâîíîãî ïðèïëèâó» ÷èñåëüí³ñòü
L. polyedra áóëà ìàêñèìàëüíîþ ³ ñêëàäàëà 11 530 òèñ. êë/äì3, á³îìàñà —
38,629 ìã/äì3. Öå ÿâèùå áóëî âèêëèêàíå ìàñîâèì ðîçâèòêîì L. polyedra ³
Heterocapsa sp. ïðè òåìïåðàòóð³ âîäè 21 °C òà ñîëîíîñò³ 15,19 ‰. Ïðîòÿ-
ãîì óñüîãî âåãåòàö³éíîãî ïåð³îäó ðîçâèòêó L. polyedra òà çà äîì³íóâàííÿ
êîìïëåêñó âèä³â äèíîô³òîâèõ âîäîðîñòåé â Îäåñüê³é çàòîö³ ñïîñòåð³ãàëè
ñèëüíó ôëóîðåñöåíö³þ ìîðÿ ó í³÷íèé ïåð³îä.
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31 æîâòíÿ ï³ñëÿ ùå ê³ëüêîõ øòîðì³â òà ïðè ïîäàëüøîìó ï³äâèùåíí³
ñîëîíîñò³ ìîðñüêî¿ âîäè íà ÌÌÔ áóëî ³äåíòèô³êîâàíî 25 âèä³â âîäîðîñ-
òåé. Ê³ëüê³ñòü âèä³â äèíîô³òîâèõ âîäîðîñòåé çíèçèëàñü äî ÷îòèðüîõ, à
ê³ëüê³ñòü ä³àòîìîâèõ çðîñëà äî 17 âèä³â (ñåðåä íèõ ÷îòèðè âèäè ðîäó Cha-
etoceros). Çàãàëüíà ÷èñåëüí³ñòü âîäîðîñòåé ñêëàäàëà 52 òèñ. êë/äì3, à á³î-
ìàñà — 0,313 ìã/äì3. L. polyedra íå áóâ ïîì³÷åíèé âçàãàë³. Âîäà áóëà äóæå
ïðîçîðà òà â³äáóëàñÿ çì³íà ñåçîí³â ó ìîð³. Îêðåìî ñë³ä â³äì³òèòè ïå-
ð³îäè÷íó ïðèñóòí³ñòü ó ïðîáàõ òîêñè÷íèõ ä³àòîìîâèõ âîäîðîñòåé —
ïðåäñòàâíèê³â ðîäó Pseudo-nitzschia Peragallo, ÿê³ ñïîñòåð³ãàëèñü âïðî-
äîâæ âñüîãî ðîêó ó ïîì³ðí³é ê³ëüêîñò³.

6 ëèñòîïàäà 2024 ð. íà ÌÌÔ, ó äîñèòü ïðîçîð³é âîä³, áóëî ³äåíòèô³êî-
âàíî 33 âèäè âîäîðîñòåé çàãàëüíîþ á³îìàñîþ 0,256 ìã/äì3 òà ÷èñåëüí³ñòþ
115 òèñ. êë/äì3. ×àñòêà ìîðñüêèõ ä³àòîìîâèõ âîäîðîñòåé ñòàíîâèëà 63 %
çàãàëüíî¿ ê³ëüêîñò³ âèä³â (70,6 % çàãàëüíî¿ á³îìàñè), à ÷àñòêà äèíîô³òîâèõ
âîäîðîñòåé — 18 % (3,2 % çàãàëüíî¿ ÷èñåëüíîñò³ òà 23 % çàãàëüíî¿ á³îìà-
ñè). ×àñêà ïð³ñíîâîäíèõ ö³àíîáàêòåð³é ñòàíîâèëà ëèøå 6 % çàãàëüíî¿
ê³ëüêîñò³ âèä³â. 14 ëèñòîïàäà ïðè çíèæåíí³ ñîëîíîñò³ âîäè áóëî çíàéäåíî
16 âèä³â, ÷îòèðè ç ÿêèõ íàëåæàëè äî ïð³ñíîâîäíèõ ö³àíîáàêòåð³é òà òðè
âèäè — äî ïð³ñíîâîäíèõ çåëåíèõ âîäîðîñòåé. Çàãàëüíà ÷èñåëüí³ñòü âîäî-
ðîñòåé ñêëàäàëà 160 òèñ. êë/äì3, à á³îìàñà — 0,170 ìã/äì3. Âîäà õî÷ ³ çàëè-
øàëàñÿ äîñèòü ïðîçîðîþ, îäíàê íàáóëà çåëåíóâàòîãî â³äò³íêó. 27 ëèñòîïà-
äà áóëî ³äåíòèô³êîâàíî 16 âèä³â, çîêðåìà òðè âèäè ö³àíîáàêòåð³é òà ÷îòè-
ðè âèäè çåëåíèõ âîäîðîñòåé. Çàãàëüíà á³îìàñà ô³òîïëàíêòîíó ñêëàäàëà
0,360 ìã/äì3, à ÷èñåëüí³ñòü — 284 òèñ. êë/äì3. Çàãàëîì âîäà çàëèøèëàñÿ
òðîõè çåëåíîþ.

6 ãðóäíÿ 2024 ð. íà ÌÌÔ áóëî ³äåíòèô³êîâàíî 12 âèä³â âîäîðîñòåé,
çàãàëüíà á³îìàñà ÿêèõ ñêëàäàëà 0,045 ìã/äì3, à ÷èñåëüí³ñòü —
178 òèñ. êë/äì3. Öå áóâ íàéíèæ÷èé ïîêàçíèê á³îìàñè öüîãî ðîêó. 51 %
âèä³â íàëåæàëè äî ïð³ñíîâîäíèõ çåëåíèõ âîäîðîñòåé òà ö³àíîáàêòåð³é,
ÿê³ ñêëàäàëè 68 % çàãàëüíî¿ ÷èñåëüíîñò³. 10 ãðóäíÿ áóëî ³äåíòèô³êîâàíî
10 âèä³â âîäîðîñòåé (çàãàëüíà á³îìàñà ñêëàäàëà 0,125 ìã/äì3, à çàãàëüíà
÷èñåëüí³ñòü — 71 òèñ. êë/äì3. Ïð³ñíîâîäíèìè áóëè 20 % âèä³â. 18 ãðóäíÿ ó
ïðîáàõ âîäè, â³ä³áðàíèõ á³ëÿ ÌÌÔ, áóëî ³äåíòèô³êîâàíî 13 âèä³â âîäîðî-
ñòåé (çàãàëüíà á³îìàñà ñêëàäàëà 0,216 ìã/äì3, çàãàëüíà ÷èñåëüí³ñòü —
30 òèñ. êë/äì3). Ïðè öüîìó áóâ íàÿâíèé ëèøå îäèí ïð³ñíîâîäíèé âèä.
Ðåøòó âèä³â ñêëàäàëè çâè÷àéí³ äëÿ ï³çíüî¿ îñåí³ òà ïî÷àòêó çèìè ìîðñüê³
âèäè, ïåðåâàæíà ÷àñòèíà ÿêèõ (84,6 %) íàëåæàëà äî ä³àòîìîâèõ âîäîðîñ-
òåé. Ó íàï³âçàìêíåí³é àêâàòîð³¿ ×ßÊ 18 ãðóäíÿ òåæ áóëî ³äåíòèô³êîâàíî
13 âèä³â âîäîðîñòåé, àëå ¿õíÿ á³îìàñà áóëà íèæ÷îþ — 0,131 ìã/äì3, à ÷è-
ñåëüí³ñòü äîð³âíþâàëà 13 òèñ. êë/äì3. Äîñèòü âèñîêà á³îìàñà ïðè íèçüêèé
÷èñåëüíîñò³ áóëà çóìîâëåíà ïðèñóòí³ñòþ ó ïðîá³ õàðàêòåðíî¿ äëÿ îñ³í-
íüî-çèìîâîãî ñåçîíó âåëèêîêë³òèííî¿ ä³àòîìîâî¿ D. brightwellii.

²íäåêñ âèäîâîãî ð³çíîìàí³òòÿ Øåííîíà ó 2022—2024 ðð. Ìàêñèìàëü-
íå çíà÷åííÿ ³íäåêñó Øåííîíà ïðîòÿãîì çàçíà÷åíîãî ïåð³îäó äîñë³äæåíü
îòðèìàíî ó æîâòí³ 2023 ð. (3,58 á³ò/åêç.), à ì³í³ìàëüíå — ó âåðåñí³ 2024 ð.
(1,10 á³ò/åêç). (ðèñ. 3).
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Ì³í³ìàëüí³ çíà÷åííÿ ³íäåêñó âèäîâîãî ð³çíîìàí³òòÿ çàðåºñòðîâàí³ ó
ïåð³îäè «öâ³ò³ííÿ» âîäè, êîëè îäèí àáî äâà âèäè, íàïðèêëàä L. polyedra ÷è
Protoperidinium sp., ôîðìóâàëè ïîíàä 70—80 % á³îìàñè. Ìàêñèìàëüí³
çíà÷åííÿ ³íäåêñó Øåííîíà ñïîñòåð³ãàëèñÿ ó ïåð³îäè ð³âíîì³ðíîãî ðîç-
âèòêó ð³çíèõ òàêñîí³â — çàçâè÷àé âåñíîþ àáî íà ïî÷àòêó îñåí³, êîëè æî-
äåí âèä íå ìàâ âèðàæåíîãî äîì³íóâàííÿ.

Âèñíîâêè

Ï³ñëÿ ðóéíóâàííÿ ãðåáë³ Êàõîâñüêî¿ ÃÅÑ â ÷åðâí³ 2023 ð. â³äáóëàñü
ñòðóêòóðíà ïåðåáóäîâà âèäîâîãî ñêëàäó ô³òîïëàíêòîíó ç ìàñîâîþ ïîÿ-
âîþ ïð³ñíîâîäíèõ òàêñîí³â. Íàäõîäæåííÿ âåëèêîãî îáñÿãó ïð³ñíî¿ âîäè,
çáàãà÷åíî¿ á³îãåííèìè ðå÷îâèíàìè, çíèæåííÿ ñîëîíîñò³ ³ ï³äâèùåííÿ
òåìïåðàòóðè ñïðèÿëè ìàñîâîìó ðîçâèòêó òîêñè÷íèõ òà ïîòåíö³éíî òîê-
ñè÷íèõ âèä³â äèíîô³òîâèõ âîäîðîñòåé ³ ö³àíîáàêòåð³é, à òàêîæ ä³àòîìåé.

Ó ÷åðâí³ 2023 ð. çàô³êñîâàíî åêñòðåìàëüí³ «çåëåí³ ïðèïëèâè» ç êîìï-
ëåêñîì òîêñè÷íèõ ö³àíîáàêòåð³é Aphanizomenon, Dolichospermum ³ Micro-
cystis òà ³íøèõ òàêñîí³â âíàñë³äîê íàäõîäæåííÿ âåëèêîãî îáñÿãó ïð³ñíî¿
âîäè, çáàãà÷åíî¿ á³îãåííèìè ðå÷îâèíàìè.

Â³äáóëîñÿ ð³çêå çá³ëüøåííÿ ê³ëüêîñò³ âåëèêîêë³òèííîãî ä³àòîìîâîãî
ïëàíêòîíó, çîêðåìà ïðåäñòàâíèê³â ðîä³â Cerataulina, Chaetoceros, Coscino-
discus, Diatoma, Ditylum, Proboscia, Pseudosolenia ³ Thalassiosira, à òàêîæ
Pseudo-nitzschia — ïðîäóöåíòà òîêñè÷íî¿ ðå÷îâèíè — äîìîºâî¿ êèñëîòè.
Ñïîñòåð³ãàëîñü ð³çêå çá³ëüøåííÿ êîìïëåêñó çåëåíèõ âîäîðîñòåé ðîä³â
Ankistrodesmus, Desmodesmus, Scenedesmus ³ Tetradesmus òà ïîÿâà íîâîãî
çáóäíèêà «öâ³ò³ííÿ» âîäè ñåðåä çåëåíèõ — M. contortum. Çóñòð³÷àëèñÿ òà-
êîæ çáóäíèêè «öâ³ò³ííÿ» âîäè ìèíóëèõ ðîê³â òàê³ ÿê P. cordatum, K. triqu-
etrum ³ S. costatum ç³ çíà÷íîþ âåãåòàö³ºþ ïðîòÿãîì ðîêó.
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Â³äì³÷åíî ïîäîâæåííÿ âåãåòàö³éíîãî ïåð³îäó òîêñè÷íî¿ âîäîðîñò³
L. polyedra ³ «÷åðâîí³ ïðèïëèâè», âèêëèêàí³ íåþ, à òàêîæ óñêëàäíåííÿ
ñòðóêòóðè «÷åðâîíèõ ïðèïëèâ³â» ÷åðåç ïîÿâó íîâèõ êîìïîíåíò³â — Pro-
toperidinium, Heterocapsa, Gonyaulax.

Ñåðåäíüîð³÷íà ÷èñåëüí³ñòü ô³òîïëàíêòîíó ñòàíîâèëà: ó 2022 ð. —
83 òèñ. êë/äì3, ó 2023 ð. — 904 òèñ. êë/äì3, à ó 2024 — 369 òèñ. êë/äì3. Îòæå,
ï³ñëÿ êàòàñòðîôè ÷èñåëüí³ñòü ïëàíêòîííèõ âîäîðîñòåé çá³ëüøèëàñÿ â
11 ðàç³â, à äî ê³íöÿ 2024 ð. çíèçèëàñÿ ó 2,5 ðàçà.

²íäåêñ Øåííîíà êîëèâàâñÿ â³ä 1,10 (äóæå íèçüêå á³îð³çíîìàí³òòÿ, âå-
ðåñåíü 2024 ð.) äî 3,58 (ìàêñèìàëüíî ìîæëèâå çíà÷åííÿ äëÿ Îäåñüêî¿ çà-
òîêè, æîâòåíü 2023 ð.). Òàê³ êîëèâàííÿ ³íäåêñó ñâ³ä÷àòü ïðî íåñòàá³ëü-
í³ñòü åêîñèñòåìè ó 2023—2024 ðð., ïîâ’ÿçàíó ç îïð³ñíåííÿì âîäè ï³ñëÿ
ðóéíóâàííÿ ãðåáë³ Êàõîâñüêî¿ ÃÅÑ, íàäõîäæåííÿì á³îãåííèõ ðå÷îâèí,
ìàñîâèì «öâ³ò³ííÿì» îïîðòóí³ñòè÷íèõ òà òîêñè÷íèõ âèä³â ³ øâèäêîþ ïå-
ðåáóäîâîþ ñòðóêòóðè óãðóïîâàíü ïëàíêòîííèõ âîäîðîñòåé.

Ïðîâåäåí³ äîñë³äæåííÿ ñâ³ä÷àòü ïðî ÷àñòêîâå â³äíîâëåííÿ ìîðñüêî¿
åêîñèñòåìè ó 2024 ð., àëå ç³ çñóâîì äîì³íóâàííÿ â á³ê îïîðòóí³ñòè÷íèõ ³
òîêñè÷íèõ âèä³â, ùî ìîæå âêàçóâàòè íà çðîñòàííÿ òðîôíîñò³ ìîðÿ. Çàãà-
ëîì, ó 2023—2024 ðð. ìîæíà âèä³ëèòè íîâèé åòàï ðîçâèòêó óãðóïîâàíü
ïëàíêòîííèõ âîäîðîñòåé ³ç ï³äâèùåíîþ ì³íëèâ³ñòþ òàêñîíîì³÷íîãî
ñêëàäó, çá³ëüøåííÿì ÷àñòîòè òà ³íòåíñèâíîñò³ «öâ³ò³ííÿ» âîäè ³ «÷åðâî-
íèõ ïðèïëèâ³â», à òàêîæ àêòèâíîþ ó÷àñòþ äèíîô³òîâèõ âîäîðîñòåé ó
ôîðìóâàíí³ á³îìàñè ïðîòÿãîì óñüîãî ðîêó.
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PHYTOPLANKTON OF THE NORTHWESTERN PART OF THE BLACK SEA IN
THE ODESA REGION UNDER CONDITIONS OF A TECHNOGENIC DISASTER

In 2023, the northwestern part of the Black Sea underwent significant ecological chan-
ges due to the destruction of the dam of the Kakhovka Hydroelectric Power Plant. The large
volume of fresh water with nutrients and the increase in water temperature were respon-
sible for the intensive development of Cyanobacteria and green algae, water bloom in sum-
mer, and red tides due to the intensive development of Dinophyta in autumn. Representa-
tives of Bacillariophyta, Dinophyta, Chlorophyta, and Cyanobacteria prevailed. However,
their ratio changed significantly under the influence of stress factors. The average monthly
phytoplankton numbers in 2023 ranged from 84 thousand cells/L to 4306 thousand cells/L,
its biomass – from 0,073 to 3,778 mg/L, and the Shannon diversity index varied in
2023–2024 from 1.10 to 3.58 bits/ind. indicating structural instability of communities in
response to extreme hydrological changes. Despite the increasing level of eutrophication
and surges in algal numbers and biomass, bioindicators demonstrate signs of phytoplank-
ton adaptation to new conditions and gradual stabilization of the ecosystem. The obtained
results indicate the high sensitivity of phytoplankton to hydrological disturbances and em-
phasize its importance as an indicator group for monitoring aquatic ecosystems under
conditions of the technogenic disaster.

Keywords: phytoplankton, the Black Sea, ecological status, the Kakhovka Hydroelectric
Power Plant, technogenic disaster.
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ÎÍÄÀÒÐÀ (ONDATRA ZIBETHICUS) Ó ÂÎÄÎÉÌÀÕ
ÊÈªÂÀ ßÊ ÏÐÈÊËÀÄ ÓÑÏ²ØÍÎÃÎ ²ÍÒÐÎÄÓÖÅÍÒÀ:

ÎÃËßÄ ÏÎØÈÐÅÍÍß ÇÀ ÎÑÒÀÍÍ² 25 ÐÎÊ²Â1

Îïèñàíî îñîáëèâîñò³ ïîøèðåííÿ îíäàòðè ó âîäîéìàõ Êèºâà ï³ñëÿ 2000 ð., äè-
íàì³êó ÷èñåëüíîñò³ ïîïóëÿö³é, îñîáëèâîñò³ ðàö³îíó, ïîâåä³íêè, âçàºìîä³¿ ç ³íøèìè
âèäàìè òà ñåðåäîâèùåì ³ñíóâàííÿ. Ïîêàçàíî, ùî ö³ ãðèçóíè ïîøèðåí³ ÿê â çàïëàâ³
Äí³ïðà, òàê ³ â ïðèðîäíèõ òà øòó÷íèõ âîäîéìàõ ì³ñòà, äå ôîðìóþòü ñòàá³ëüí³
ì³êðîïîïóëÿö³¿. Ù³ëüí³ñòü ïîñåëåíü îíäàòðè ïðÿìî çàëåæèòü â³ä ïëîù³ âîäîéì ³
ñòàá³ëüíîñò³ ¿õ ã³äðîëîã³÷íîãî ðåæèìó, à òàêîæ ð³âíÿ õèæàöòâà. ×èñåëüí³ñòü îí-
äàòðè ó Êèºâ³ òà íà éîãî îêîëèöÿõ çíèçèëàñÿ çà ïåð³îä 2010—2021 ðð. ìàéæå âäâ³÷³.
Çà ê³ëüê³ñòþ ðåºñòðàö³é òà ð³âíåì ÷èñåëüíîñò³ îíäàòðà ïåðåâàæàº àáîðèãåíí³ âèäè
ã³ëüä³¿ êîëîâîäíèõ ãðèçóí³â-ô³òîôàã³â, çîêðåìà áîáðà ºâðîïåéñüêîãî, ùóðà âîäÿíîãî
òà íóòð³þ. Ïîñåëåííÿ îíäàòðè òà áîáðà ÷àñòî ðîçòàøîâóþòüñÿ ó áåçïîñåðåäí³é
áëèçüêîñò³ îäíå äî îäíîãî áåç îçíàê ïðÿìî¿ êîíêóðåíö³¿. Îñîáëèâîñòÿìè óìîâ ³ñíóâàí-
íÿ îíäàòðè â óðáàí³çîâàíîìó ñåðåäîâèù³ º òå, ùî îíäàòðè íàäàþòü ïåðåâàãó òåï-
ë³øèì âîäîòîêàì, äå ¿õ ÷àñòîòà ðåºñòðàö³¿ º âèùîþ. Òàêîæ ñïîñòåð³ãàþòüñÿ çì³íè
ó ðàö³îí³ òâàðèí, çîêðåìà é âíàñë³äîê ï³äãîäîâóâàííÿ ¿õ ëþäèíîþ. Â óðáàí³çîâàíèõ
óìîâàõ îíäàòðè äåìîíñòðóþòü çíèæåíèé ð³âåíü ñòðàõó ïåðåä ëþäüìè òà ñâ³éñüêè-
ìè òâàðèíàìè.

Êëþ÷îâ³ ñëîâà: îíäàòðà, ³íòðîäóêö³ÿ, ì³ñüê³ âîäîéìè, óðáàí³ñòè÷íà ôàóíà,
Êè¿â.
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Òâàðèíè âîäíîãî òà ïðèáåðåæíîãî ñåðåäîâèùà, çîêðåìà ññàâö³, â³-
ä³ãðàþòü âàæëèâó ðîëü ó ôóíêö³îíóâàíí³ ã³äðîåêîñèñòåì. ¯õíÿ ä³ÿëüí³ñòü
âïëèâàº íà òðîô³÷í³ çâ’ÿçêè, ñòðóêòóðó á³îöåíîç³â, ïðîöåñè á³îòóðáàö³¿ òà
òðàíñïîðòó ðå÷îâèí ì³æ âîäîþ ³ ñóøåþ. Ïðîòå ïèòàííÿ ïðî çíà÷åííÿ òà-
êèõ àìô³á³îòè÷íèõ âèä³â ó ñòðóêòóð³ òà äèíàì³ö³ âîäíèõ åêîñèñòåì Óê-
ðà¿íè, çîêðåìà ó ìåæàõ óðáàí³çîâàíèõ òåðèòîð³é, äîñ³ âèñâ³òëåíî íåäî-
ñòàòíüî. ×àñòêîâî öå ïîÿñíþºòüñÿ á³îëîã³÷íîþ ñïåöèô³êîþ ñàìèõ îá’ºê-
ò³â, ùî ïðîòÿãîì æèòòÿ çì³íþþòü ñåðåäîâèùå ïåðåáóâàííÿ, à òàêîæ
ñêëàäí³ñòþ ¿õíüîãî ìîí³òîðèíãó.

Öå ïîâíîþ ì³ðîþ ñòîñóºòüñÿ ³ îíäàòðè (Ondatra zibethicus Linnaeus),
ï³âí³÷íîàìåðèêàíñüêîãî âèäó, ùî áóâ ³íòðîäóêîâàíèé äî ôàóíè ªâðàç³¿,
çîêðåìà íà òåðèòîð³þ Óêðà¿íè, íà ïî÷àòêó ÕÕ ñò. ç ìåòîþ õóòðîâîãî ïðî-
ìèñëó [1, 5, 14]. Çàâäÿêè âèñîê³é ïëîäþ÷îñò³, ïëàñòè÷íîñò³ ó âèáîð³ ì³ñöü
ïðîæèâàííÿ òà â³äíîñí³é â³äñóòíîñò³ ïðèðîäíèõ âîðîã³â [4], öåé âèä íå
ëèøå çàêð³ïèâñÿ, à é ñòâîðèâ ñòàá³ëüí³ ïîïóëÿö³¿. Äàí³ ïðî çíàõ³äêè îí-
äàòðè ó âîäîéìàõ Êèºâà ì³ñòÿòüñÿ ó íèçö³ ïðàöü [17, 20, 24], ÷àñòî ç’ÿâëÿ-
þòüñÿ ïîâ³äîìëåííÿ ïðî çíàõ³äêè öèõ òâàðèí ó àãðåãàòîðàõ ôàóí³ñòè÷íî¿
³íôîðìàö³¿, çîêðåìà INaturalist òà GBIF. Íåçâàæàþ÷è íà ÷èñëåíí³ çãàäêè
ïðî ¿¿ ïîøèðåííÿ, ñèñòåìàòè÷íèé îãëÿä ñó÷àñíèõ çíàõ³äîê ó ìåæàõ òåðè-
òîð³¿ Êèºâà äîñ³ â³äñóòí³é. Òàêèé àíàë³ç º äîðå÷íèì ³ àêòóàëüíèì, àäæå äî-
çâîëÿº îö³íèòè ìîæëèâîñò³ ïðèñòîñóâàííÿ âèäó â óìîâàõ óðáàí³çîâàíîãî
ñåðåäîâèùà.

Ìåòà ö³º¿ ðîáîòè — âèâ÷åííÿ îñîáëèâîñòåé ïîøèðåííÿ îíäàòðè ó âî-
äîéìàõ Êèºâà, àíàë³ç ¿¿ ðîë³ ó ì³ñöåâèõ åêîñèñòåìàõ òà âèçíà÷åííÿ ôàê-
òîð³â, ùî ñïðèÿþòü óñï³øíîìó ³ñíóâàííþ öèõ òâàðèí â àêâàòîð³ÿõ ì³ñòà.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îñíîâíà ìàñà çíàõ³äîê ðîçãëÿíóòèõ â ðîáîò³ ñòîñóºòüñÿ ïåð³îäó îñ-
òàííüîãî äåñÿòèë³òòÿ (2015—2025 ðð.). Äæåðåëàìè ³íôîðìàö³¿ ïðî çíà-
õ³äêè º ñïîñòåðåæåííÿ àâòîð³â, àíàë³ç ìóçåéíèõ êîëåêö³é, ë³òåðàòóðè, ðå-
çóëüòàòè OSINT-ïîøóêó [12, 29, 30] òà àíàë³çó â³äêðèòèõ äæåðåë, çîêðåìà
GBIF (URL) òà iNaturalist (URL, â êàäàñòðàõ ñêîðî÷åíî ÿê «INat»).

Äëÿ òàêèõ äàíèõ ïðîâîäèëè âåðèô³êàö³þ øëÿõîì àíàë³çó â³äåî òà ôî-
òîçí³ìê³â çà ðîçðîáëåíèìè íàìè êðèòåð³ÿìè [9]. Çà öèìè æ êðèòåð³ÿìè
ïðîâåäåíî âåðèô³êàö³þ âñ³õ âèÿâëåíèõ â ð³çíèõ äæåðåëàõ äàíèõ. Àâòîðà-
ìè ñïîñòåðåæåííÿ ïðîâîäèëèñÿ ó ð³çíèõ òèïàõ âîäîéì Êèºâà: ð. Äí³ïðî,
çàòîêè Äí³ïðà, îçåðà, êàíàëè, òîáòî ïðèðîäí³ ³ àíòðîïîãåííî çì³íåí³ âî-
äîéìè. Ïåðåâàæíî öå áóëè ïðÿì³ â³çóàëüí³ ñïîñòåðåæåííÿ, ó íèçö³ âè-
ïàäê³â ³ç çàñòîñóâàííÿì ôîòîêàìåðè, äëÿ äîêóìåíòóâàííÿ çíàõ³äîê.

Äàí³ ïðî â³äîì³ íàì çíàõ³äêè áóëî íàíåñåíî íà êàðòó. Çàãàëîì äëÿ
àíàë³çó áóëî çàëó÷åíî äàí³ ùîäî 68 çíàõ³äîê îíäàòðè, îòðèìàíèõ ³ç ð³çíèõ
òèï³â äæåðåë. Íàéá³ëüøó ÷àñòêó ñòàíîâèëè çàïèñè ç INat (31 çíàõ³äêà),
äàë³ — ë³òåðàòóðí³ äæåðåëà (23 çíàõ³äêè) òà àâòîðñüê³ äàí³ (ïåðåâàæíî
ñïîñòåðåæåííÿ Ò. Òóðåéñüêî¿, 12 çíàõ³äîê). Îêðåì³ äàí³ áóëè îòðèìàí³ ç
ìóçåéíèõ êîëåêö³é (1 çíàõ³äêà), ñîö³àëüíèõ ìåðåæ (1 çíàõ³äêà).
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Ðîçãëÿíóòî îêðåì³ àñïåêòè õàð÷óâàííÿ òà ñï³â³ñíóâàííÿ ç ïðåäñòàâ-
íèêàìè ³íøèõ âèä³â òâàðèí, çì³íè óìîâ ³ñíóâàííÿ òà ïîâåä³íêè òâàðèí
çàëåæíî â³ä ïðèñóòíîñò³ ëþäåé. Äëÿ âèçíà÷åííÿ äèíàì³êè ïîïóëÿö³¿ âè-
êîðèñòîâóâàëè äàí³ äåðæàâíî¿ ñòàòèñòèêè çà ôîðìîþ «2-òï (ìèñëèâñò-
âî)» (https://stat.gov.ua). Á³ëüø øèðîê³ äàí³ ïðî ÷èñåëüí³ñòü âèäó â Óê-
ðà¿í³ çà äàíèìè ç öüîãî äæåðåëà â ðîçð³ç³ îñòàíí³õ äåñÿòèë³òü ïðåäñòàâëå-
íî ðàí³øå [33].

Ðåçóëüòàòè äîñë³äæåíü

²ñòîðè÷íà äîâ³äêà. Îíäàòðó ðîçâîäèëè íà õóòðîâèõ áàçàõ Êè¿âùèíè ó
1950-õ ðîêàõ òà âèïóñêàëè ó ì³ñöåâ³ âîäîéìè [10], ÷èìàëî âèïóñê³â áóëî ³
â 1960-õ ðð. â ðàìêàõ ïðîãðàì ç³ çáàãà÷åííÿ ìèñëèâñüêî¿ ôàóíè [14].
Êè¿âùèíà ñòàëà îäíèì ç ïåðøèõ ðåã³îí³â íà òåðèòîð³¿ Óêðà¿íè, äå ï³ñëÿ
³íòðîäóêö³¿ ñôîðìóâàëèñÿ ïðèðîäí³ ïîïóëÿö³¿ îíäàòðè. Ðîáîòè ç ³íòðî-
äóêö³¿ â öüîìó ðåã³îí³ òðèâàëè ç 1946 ïî 1966 ðð. Çà öåé ïåð³îä çàäîêóìåí-
òîâàíî âèïóñê 695 îñîáèí íà òåðèòîð³¿ Êè¿âñüêî¿ îáëàñò³ [14]. Âàðòî çà-
çíà÷èòè, ùî á³ëüø³ñòü çàõîä³â ç ðîçñåëåííÿ âèäó ïîãàíî äîêóìåíòóâàëè-
ñÿ, òîìó ÷èñåëüí³ñòü ³íòðîäóêîâàíèõ òâàðèí ìîãëà áóòè á³ëüøîþ, à ïðî-
öåñ ç ðîçñåëåííÿ ì³ã òðèâàòè ³ â íàñòóïí³ äåñÿòèë³òòÿ. Äëÿ óíèêíåííÿ íå-
îäíîçíà÷íîñòåé, ïîâ’ÿçàíèõ ³ç âåäåííÿì îáë³ê³â â ð³çí³ ïåð³îäè, ³ ïî-
ð³âíÿííÿ òàêèõ äàíèõ ç íàøèìè ñòàòèñòè÷í³ äàí³ îáìåæåíî îñòàíí³ì
îáë³êîâèì ïåð³îäîì, ç 2010 äî 2021 ð. (ðèñ. 1). Äëÿ 2022 ð. äàíèõ ïî Êèºâó
íåìàº, â ö³ëîìó äëÿ Êè¿âñüêî¿ îáëàñò³ â öåé ð³ê îáë³êîâàíî 6722 îñîáèí.

Âèñîê³ ïîêàçíèêè ÷èñåëüíîñò³ òâàðèí ïî ì. Êè¿â, ìîæóòü áóòè ïîâ’ÿ-
çàí³ ç òèì, ùî â ñòàòèñòè÷íèõ çâ³òàõ íàâåäåí³ äàí³ ïðî ÷èñåëüí³ñòü ìèñ-
ëèâñüêèõ òâàðèí íà âñ³õ ìèñëèâñüêèõ óã³ääÿõ, ÿê³ çàðåºñòðîâàí³ ó Êèºâ³,
íåçàëåæíî â³ä ¿õ ðîçòàøóâàííÿ (óã³ääÿ ìîæóòü áóòè ðîçòàøîâàí³ çà ìåæà-
ìè ñòîëèö³). Î÷åâèäíî, ùî âåëè÷èíè ÷èñåëüíîñò³ ïîðÿäêó 5—10 òèñ. îñî-
áèí ñòîñóþòüñÿ íå ëèøå âîäîéì Êèºâà, àëå é éîãî îêîëèöü, çîêðåìà çà-
ïëàâè Äí³ïðà.

Íàéâèù³ îö³íêè ÷èñåëüíîñò³ â³äì³÷åíî ó 2011 ð., ï³ñëÿ ÷îãî ìàâ ì³ñöå
íåïåðåðâíèé ñïàä, ìàéæå óäâ³÷³ ïîð³âíÿíî ç ïî÷àòêîì ïðîàíàë³çîâàíîãî
ïåð³îäó. Òàêà äèíàì³êà âèãëÿäàº äîñòîâ³ðíîþ, îñê³ëüêè ñõîæà ñèòóàö³ÿ
ùîäî äèíàì³êè ÷èñåëüíîñò³ îíäàòð îïèñàíà äëÿ ³íøèõ ðåã³îí³â Óêðà¿íè,
çîêðåìà ñõîäó [30] òà â Óêðà¿í³ çàãàëîì [33]. Ïðî çíèæåííÿ ÷èñåëüíîñò³,
àáî â³äñóòí³ñòü ðåºñòðàö³é îíäàòðè â íèçö³ ðàéîí³â, ïðîòÿãîì îñòàíí³õ
äâîõ äåñÿòèë³òü òàêîæ ñâ³ä÷àòü ³ íèçêà ïîâ³äîìëåíü â³ä ìèñëèâö³â òà
á³îëîã³â.

Êîëåêö³éí³ çðàçêè, ùî çàñâ³ä÷óþòü çíàõ³äêè âèäó. Ç òåðèòîð³¿ Êèºâà òà
Êè¿âñüêî¿ îáë. â³äîì³ ëèøå òðè çðàçêè â êîëåêö³¿ Íàö³îíàëüíîãî íàóêî-
âî-ïðèðîäíè÷îãî ìóçåþ Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè, çîêðåìà
îäèí çðàçîê ïîõîäèòü ç ðàéîíó îç. Àëìàçíîãî (25.03.2024, Òðîºùèíà) ³ äâà
çðàçêè — ç òåðèòîð³¿ îáëàñò³, ç Êè¿âñüêîãî âîäîñõîâèùà (20.11.1978) òà ç
ñ. Ïðîö³â Áîðèñï³ëüñüêîãî ðàéîíó (25.02.2003). Îäèí çðàçîê ç ñ. Êîí-
÷à-Çàñïà çáåð³ãàºòüñÿ ó Çîîëîã³÷íîìó ìóçå¿ Êè¿âñüêîãî óí³âåðñèòåòó (áåç
äàòè).
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Îãëÿä çíàõ³äîê ³ ïîøèðåííÿ. Íà òåðèòîð³¿ Êèºâà çíàõ³äêè îíäàòðè
ðåºñòðóþòü íà îçåðàõ, âçäîâæ ð³÷îê, çàïëàâ Äí³ïðà, à òàêîæ ó êàíàëàõ.
Çíà÷íà ìàñà çíàõ³äîê çîñåðåäæåíà ó ïðèðîäîîõîðîííèõ çîíàõ, çîêðåìà íà
òåðèòîð³¿ Ãîëîñ³¿âñüêîãî ÍÏÏ. Íàé÷àñò³øå ô³êñóþòü çíàõ³äêè îíäàòðè
âåñíîþ òà âë³òêó, êîëè òâàðèíè àêòèâíî ì³ãðóþòü.

Çíàõ³äêè ðîçä³ëåíî íà áëîêè, çàëåæíî â³ä ðàéîíó ì³ñòà â ÿêîìó ñïîñ-
òåð³ãàëè òâàðèíó. Äàí³ ïðî çíàõ³äêè îíäàòðè ç ë³òåðàòóðíèõ äæåðåë çàçíà-
÷åí³ â îñíîâíîìó òåêñò³ ç â³äïîâ³äíèìè ïîñèëàííÿìè íà äæåðåëî òà â ïå-
ðåë³êàõ çíàõ³äîê çà ïåâíèì ðàéîíîì.

Â³äïîâ³äíî äî õàðàêòåðó ðîçì³ùåííÿ âèÿâëåíèõ ì³ñöåçíàõîäæåíü ³
¿õíüî¿ ïðèóðî÷åíîñò³ äî òèõ ÷è ³íøèõ âîäîòîê³â, ãðóï âîäîéì òà ä³ëÿíîê
ì³ñòà âèä³ëåíî ÷îòèðè ¿õ ãðóïè: (1) Ñâÿòîøèíñüê³ ñòàâêè, (2) Ï³âí³÷í³
ïðèòîêè ð. ²ðï³íü, (3) Ãîëîñ³¿â, (4) Îáîëîíü, (5) Ï³âí³÷íà ÷àñòèíà ë³âîáå-
ðåææÿ, (6) Ï³âäåííà ÷àñòèíà ë³âîáåðåææÿ. Ê³ëüê³ñòü çíàõ³äîê íà ïðàâîìó
áåðåç³ Äí³ïðà º á³ëüøîþ çà ê³ëüê³ñòü ðåºñòðàö³é íà ë³âîáåðåææ³.

Ë³òåðàòóðí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî çíàõ³äêè îíäàòð â ìåæàõ Êèºâà
â³äì³÷åí³ ïî âñ³é çàïëàâ³ Äí³ïðà [8] òà á³ëüøîñò³ øòó÷íèõ ³ ïðèðîäíèõ âî-
äîéì ì³ñòà [25]. Çîêðåìà çíàõ³äêè îíäàòðè çàô³êñîâàí³ íà òàêèõ øòó÷íèõ
îçåðàõ, ÿê Âåðáíå, Ñîíÿ÷íå [7], Ï³äá³ðíà (1990-ò³ ðð.), Çîëî÷å (2016 ð.), íà
î. Æóê³â (2019 ð.) [25]. Âèä â³äì³÷åíî òàêîæ íà Ãîëîñ³¿âñüêèõ ñòàâêàõ òà íà
ð. Â³òà ç ¿¿ ïðèòîêàìè [20]. Çóñòð³÷àºòüñÿ âèä ³ ïîáëèçó îç. Áàáèíå íà Òðó-
õàíîâîìó îñòðîâ³ òà íà îçåð³ á³ëÿ Îë³ìï³éñüêîãî öåíòðó «Êîí÷à-Çàñïà»
[3]. Çàô³êñîâàíà â óñ³õ âîäîéìàõ ñèñòåìè Îïå÷åíü [30], ó 2000-õ ðð. â³ä-
ì³÷åíà íà Òðîºùèíñüê³é çàïëàâ³, îç. Òÿãëå, îç. Ìàðòèø³â, îç. Éîðäàíñüêå,
îç. Êèðèë³âñüêå òà â çàòîö³ Âîâêóâàòà [25]. Äëÿ ôàóíè ïðèáåðåæíèõ á³î-
òîï³â î. Ìóðîìåöü îíäàòðà òàêîæ º çâè÷àéíèì âèäîì, ïðîòå â³ä ïî÷àòêó
2000-õ ðîê³â ÷àñòîòà ¿¿ çóñòð³÷åé çìåíøèëàñÿ [23], ùî ï³äòâåðäæóº çàãàëü-
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Ðèñ. 1. Äèíàì³êà ÷èñåëüíîñò³ îíäàòðè (Ondatra zibethicus L.) ç 2010 ïî 2021 ðð. çà äà-
íèìè ìèñëèâñüêî¿ ñòàòèñòèêè «2-òï (ìèñëèâñòâî)» äëÿ ìèñëèâñüêèõ óã³äü, çàðåºñò-
ðîâàíèõ ó Êèºâ³



íó äèíàì³êó â á³ê ñïàäó ÷èñåëüíîñò³, âñòàíîâëåíó íàìè â ö³ëîìó äëÿ Êèºâà
òà ³íøèõ ðåã³îí³â.

Ãðóïà ì³ñöåçíàõîäæåíü I: «Ñâÿòîøèíñüê³ ñòàâêè». Ç ö³ºþ ãðóïîþ ïî-
â’ÿçàíà á³ëüø³ñòü àâòîðñüêèõ ñïîñòåðåæåíü. Â ìåæàõ öüîãî ðàéîíó îíäàò-
ðà áóëà â³äì³÷åíà äîñë³äíèêàìè ðàí³øå [6, 21]. ²íôîðìàö³ÿ ïðî òàê³ ðåºñò-
ðàö³¿ íàâåäåí³ ó ïåðåë³êó òà ïîçíà÷åíî â³äïîâ³äíèìè íîìåðàìè íà êàðò³
(ñ³ð³ çíà÷êè íà ðèñ. 2), ç â³äïîâ³äíèìè íîìåðàìè.

Ïåðåë³ê çíàõ³äîê: (1) Ï³âäåííî-Áîðùàã³âñüêèé æ/ì., îçåðî á³ëÿ øêîëè ¹ 317
(îç. Áàõìóòñüêå), 2.05.2021, n = 1 (INat); (2) îç. Âåëèêå Áîðùàã³âñüêå (ïä. ÷àñòè-
íà), 21.05.2024, n = 1 (äàí³ àâòîð³â); (3) òàì ñàìî (ïä. ÷àñòèíà, ì³ñöå âïàä³ííÿ ð.
Áîðùàã³âêà), 29.04.2021, n = 1 (INat); (4) òàì ñàìî (ïí. ÷àñòèíà), 22.04.2021, n = 1
(INat); (5) îçåðî â ïàðêó Ñîâêè, 8.07.2020, n = 1, òâàðèíà ¿ëà áàíàíîâó øê³ðêó
(INat); (6) Ñâÿòîøèíñüê³ ñòàâêè, â ðàéîí³ ðèáîçàãîò³âåëüíî¿ ôåðìè, 29.05.2024,
n = 1 (äàí³ àâòîð³â); (7) ñòàâîê ¹ 14, 22.06.2023, n = 1 (INat); (8) âîäîéìà ïîáëèçó
î÷èñíèõ ñïîðóä Íîâîá³ëè÷³ ÊÏ «Ïëåñî», 15.06.2016, n = 2 òà 6.07.2017, n = 2 [6];
(9) âîäîéìà ïîáëèçó î÷èñíèõ ñïîðóä Á³ëè÷³, íà ïðîòèëåæí³é ñòîðîí³ ð. Áîð-
ùàã³âêà, 26.06.2024, n = 1 (äàí³ àâòîð³â); (10) áåðåã ð. Áîðùàã³âêà, 19 òà 21.05.2024
(äàí³ àâòîð³â); (11) ðàéîí î÷èñíèõ ñïîðóä Íîâîá³ëè÷³ ÊÏ «Ïëåñî», 7.06.2024, n =
1 (äàí³ àâòîð³â), òâàðèíà ïåðåõîäèëà êàíàë ïî ãðåáë³, çáóäîâàí³é áîáðàìè
(ðèñ. 3, à), ïîðó÷ — áîáðîâå ïîñåëåííÿ; (12) âîäîéìà ïîáëèçó î÷èñíèõ ñïîðóä
Íîâîá³ëè÷³ ÊÏ «Ïëåñî», 25.07.2021, n = 1 (INat), òâàðèíà ¿ëà ëèñòÿ æàáóðíèêà
çâè÷àéíîãî; (13) ð. Áîðùàã³âêà, 29.06.2018, n = 1 (INat), òâàðèíà íà áåðåç³, ñïî-
æèâàº çàëèøêè ïðèáåðåæíî¿ ðîñëèííîñò³, çàïëóòàí³ â ðèáîëîâíèõ ñ³òêàõ; (14)
ðåøòêè çàãèáëî¿ îíäàòðè íà áåðåç³ ð³÷êè (÷åðåï, ôðàãìåíòè ñêåëåòó, øêóðêà
òîùî), ð. Áîðùàã³âêà, 2.10.2024, n = 1 (INat); (15) îçåðî ïîáëèçó ð. Áîðùàã³âêà, â
ðàéîí³ çðóéíîâàíîãî ìîñòó, 4.04.2024, n = 1 (INat); (16) îçåðî â ðàéîí³ äæåðåëà
«Íèâêà», ïåðå¿çä ì³æ îçåðàìè, ðåøòêè çàãèáëî¿ îíäàòðè, 2.10.2024, n = 1 (INat);
(17) îçåðî â ðàéîí³ äæåðåëà ïèòíî¿ âîäè «Íèâêà», 25.07.2020, n = 1 (INat), òâàðè-
íà íà ïîõèëåíîìó äî âîäè ñòîâáóð³ âåðáè, ãðèçå âåðáîâå ëèñòÿ; (18) ñòàâîê ¹ 14,
26.06.2024, n = 1, îíäàòðà âèéøëà íà áåðåã â ïîøóêàõ òðàâ’ÿíèñòî¿ ðîñëèííîñò³
(äàí³ àâòîð³â); (19) ïåðå¿çä ì³æ îçåðàì, á³ëÿ ðèáîçàãîò³âåëüíîãî ãîñïîäàðñòâà
«Íèâêà ÓêðÍÄ²», 18.05.2024, n = 1 (äàí³ àâòîð³â).

Âñ³ ö³ ì³ñöåçíàõîäæåííÿ (òàêèõ 11) ôîðìóþòü ëàíöþãîâ³ ñåð³¿, ïîâ’ÿ-
çàí³ ç ñåð³ÿìè ñòàâê³â óçäîâæ ð³÷êè Íèâêà (= Áîðùàã³âêà, áàñåéí ð. ²ð-
ï³íü). Òàê³ ëàíöþãîâ³ ñåð³¿ ì³ñöåçíàõîäæåíü çàáåçïå÷óþòü ìîæëèâîñò³
â³äíîñíî â³ëüíèõ ïåðåì³ùåíü òâàðèí óçäîâæ âîäîòîê³â.

¯õ îñíîâíîþ îñîáëèâ³ñòþ º íàÿâí³ñòü äàìá óçäîâæ áåðåã³â òà ãðåáåëü,
ÿê³ ôîðìóþòü ñïðèÿòëèâ³ óìîâè äëÿ îíäàòð çàâäÿêè ï³äâèùåííÿì ÿê
ì³ñöÿì â³äïî÷èíêó, ãîä³âë³ òà îáëàøòóâàííÿ í³ð. Âñ³ íàâåäåí³ ì³ñöåçíà-
õîäæåííÿ — íåùîäàâí³, âèÿâëåí³ óïðîäîâæ 2024 ð., êîëè áóëî çàïî÷àòêî-
âàíî öå äîñë³äæåííÿ, ÿê íà ïî÷àòêó ë³òà (ó òðàâí³ é ÷åðâí³), òàê ³ âîñåíè (ó
æîâòí³). Ôàêòè÷íî âèä ðåºñòðóâàëè íà êîæíîìó âèõîä³ ³ íà âñ³õ îáñòåæå-
íèõ ä³ëÿíêàõ. Ïåðåâàæíó ÷àñòèíó âèïàäê³â âèÿâëåííÿ çàô³êñîâàíî ó ñâ³ò-
ëó ïîðó äîáè òà á³ëüø³ñòü ç íèõ çàäîêóìåíòîâàíî ôîòî- ³ â³äåîìàòåð³àëà-
ìè. Çíàõ³äêè îíäàòðè º ÷àñòèìè ïîðó÷ ç î÷èñíèìè ñïîðóäàì ³ òåõí³÷íèì
êàíàëàìè ç òåïëèìè ñêèäàìè, ïðî ùî ñâ³ä÷àòü çíàõ³äêè â Ñâÿòîøèíñüêî-
ìó ðàéîí³. Çíà÷íà ÷àñòêà çíàõ³äîê ñòîñóºòüñÿ âîäîéì íà òåðèòîð³¿ Ñâÿòî-
øèíñüêîãî ðàéîíó, ùî ìåæóþòü àáî âõîäÿòü äî ñêëàäó ÍÏÏ «Ãîëîñ³¿â-
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ñüêèé». Íåð³äêî ö³ âîäîéìè º øòó÷íèìè àáî ìàþòü îáëàøòîâàí³ äàìáàìè
òà ³íø³ ã³äðîòåõí³÷í³ ñïîðóäè, ïðîòå áåðåãîâ³ ë³í³¿ ¿õ ìàþòü ðîçâèíåíó íà-
âêîëîâîäíó ðîñëèíí³ñòü, ùî ñòâîðþº îïòèìàëüí³ óìîâè äëÿ ³ñíóâàííÿ
îíäàòðè.

Ãðóïà ì³ñöåçíàõîäæåíü ²²: «Ï³âí³÷í³ ïðèòîêè ð. ²ðï³íü». Çàãàëîì öå
íàéá³ëüø íåóðáàí³çîâàíà ÷àñòèíà ì³ñöåçíàõîäæåíü, â³ääàëåíà â³ä ì³ñüêî¿
çàáóäîâè, ïðîòå ç ïîì³òíèì ðåêðåàö³éíèì íàâàíòàæåííÿì. Îñîáëèâ³ñòþ
ö³º¿ ä³ëÿíêè º ñåð³ÿ âîäîòîê³â, ñòàâê³â òà îçåð, äå ³ñíóþòü ñïðèÿòëèâ³ óìî-
âè çàâäÿêè íàÿâíîñò³ ðîçâèíåíî¿ âîäíî¿ ðîñëèííîñò³ òà íåçíà÷íî¿ ïðè-
ñóòíîñò³ ïðèðîäíèõ õèæàê³â. Îäíî÷àñíî, òóò â îêðåìèõ ì³ñöÿõ âèíèêëè
íîâîáóäîâè (çîêðåìà â ðàéîí³ îç. Ñèíº), ùî ïðèçâåëî äî ôàêòè÷íîãî ñïó-
ñòåëþâàííÿ íàâêîëîâîäíèõ á³îòîï³â ³ â³äïîâ³äíîãî çíèêíåííÿ íàâêîëî-
âîäíèõ çâ³ð³â.

Ïåðåë³ê îñíîâíèõ çíàõ³äîê: (1) ñ. Ãîðåíêà, îç. Áëàêèòíå, ðåºñòðàö³ÿ ó 2017—2018
(ñîöìåðåæ³); (2) îç. Ñèíÿêîâå, 28.08.2016, n = 1, íà îçåð³ º ïîñåëåííÿ áîáð³â (äàí³
àâòîð³â); (3) ñòàâîê íà ð. Ëþáêà, çàðîñëèé î÷åðåòîì, 24.04.2024, n = 1, îíäàòðîâà
õàòêà íà â³äñòàí³ 2 ì â³ä áîáðîâî¿ õàòêè, íà çàáîëî÷åíîìó áåðåç³ ñòàâêà [26]; (4)
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Ðèñ. 2. Ì³ñöÿ çíàõ³äîê îíäàòðè (Ondatra zibethicus) ó âîäîéìàõ Êèºâà. Ðèìñüêèìè
öèôðàìè ïîçíà÷åíî ãðóïè çíàõ³äîê, íîìåðè â³äïîâ³äàþòü íàâåäåíèì ó òåêñò³



îç. Ñèíº, äî 2017—2018 ðð. äî ï’ÿòè îíäàòð â ïîë³ çîðó (ï³ñëÿ áóä³âíèöòâà æèò-
ëîâîãî êîìïëåêñó ïîðó÷ ç îçåðîì ð³âåíü âîäè ð³çêî âïàâ, îãîëèâøè âõîäè äî îí-
äàòðîâèõ í³ð, òâàðèí á³ëüøå íå ðåºñòðóâàëè).

Íà áàãàòüîõ âîäîéìàõ Êèºâà ìàº ì³ñöå ïåðåêðèòòÿ ä³ëÿíîê ç ïîñåëåí-
íÿìè îíäàòðè ³ áîáðà, ùî ï³äòâåðäæóº ñïîñòåðåæåííÿ îíäàòðè íà áîá-
ðîâ³é ãðåáë³ Ñâÿòîøèíñüêèõ ñòàâê³â (äèâ. ðèñ. 3, à) òà ñóì³æíå ðîçòàøó-
âàííÿ ïîñåëåíü öèõ âèä³â íà ð. Ëþáêà.

Ãðóïà ì³ñöåçíàõîäæåíü II²: «Ãîëîñ³¿â». Çíàõ³äêè çäåá³ëüøîãî ïðèóðî-
÷åí³ äî «Ãîëîñ³¿âñüêîãî ÍÏÏ» òà éîãî îêîëèöü, ùî ó îäíîéìåííîìó Ãîëî-
ñ³¿âñüêîìó ðàéîí³ ì³ñòà. Çíà÷íà ÷àñòèíà âîäîéì ðàéîíó, â ÿêèõ ðåºñòðó-
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Ðèñ. 3. Ïðèêëàäè ôîòîô³êñàö³¿ îíäàòðè ó âîäîéìàõ Êèºâà: (à) ðàéîí î÷èñíèõ ñïîðóä
Íîâîá³ëè÷³ ÊÏ «Ïëåñî», îíäàòðà ùî ïåðåõîäèòü áîáðîâó ãðåáëþ, 7.06.2024; (á) îçåðî
Ñèíº, â ðàö³îí³ õë³á, ÿêèì ï³äãîäîâóþòü ëþäè, 18.12.2017; (â) îíäàòðà ç ïîëèíîì, ñòà-
âîê â ðàéîí³ ðèáîçàãîò³âåëüíî¿ ôåðìè, 26.06.2024; (ã) Ñâÿòîøèíñüê³ ñòàâêè, îíäàòðà
ç ã³ëêîþ âåðáè, 21.05.2024; (ä) òâàðèíà ç ðîãîçîì, òàì ñàìî, 29.05.2024



þòü îíäàòð, â³äíîñÿòüñÿ äî áàñåéíó ð³÷êè Â³òà, äå çàçíà÷åíèé âèä áóâ
â³äîìèé ³ ðàí³øå [22]. Ïåðåë³ê çíàõ³äîê, çà äàíèìè àâòîðñüêèõ ñïîñòåðå-
æåíü òà äàíèõ îòðèìàíèõ ç â³äêðèòèõ äæåðåë íàâåäåíî íèæ÷å:

Ïåðåë³ê îñíîâíèõ çíàõ³äîê: (1) Ä³äîð³âñüê³ ñòàâêè, 25.04.2005, n = 1 [6]; (2)
îç. Ìèøîëîâêà, 19.06.2018, n = 1 (INat), îíäàòðà õàð÷óâàëàñÿ ã³ëêàìè âåðáè ç çå-
ëåíèì ëèñòÿì; (3) ÂÄÍÃ, îçåðî êîëèøíüîãî ïîæåæíîãî äåïî, ïàâ³ëüéîí ¹ 40,
14.05.2009, n = 1 [6]; (4) Ïèðîã³â, 27.10.2019, n = 1, òâàðèíà æèâèëàñÿ îïàëèì ç
äåðåâ ëèñòÿì (INat); (4a) Ïèðîã³â, îçåðî á³ëÿ ñì³òòºçâàëèùà, 09.08.2016, n = 2
(äàí³ àâòîð³â); (5) çàòîêà Ãàëåðíà, 21.01.2023, n = 1 (INat); (6) îçåðî á³ëÿ îë³ì-
ï³éñüêîãî öåíòðó «Êîí÷à-Çàñïà» [5]; (7) îç. Øàïàðíÿ íà ð. Â³òà, 2022 ð. [16].

Öÿ ãðóïà ì³ñöåçíàõîäæåíü õàðàêòåðèçóºòüñÿ íåçíà÷íîþ ÷èñåëüí³ñòþ
âèäó, ùî ïîâ’ÿçàíî ç â³äíîñíî âèñîêèì ð³âíåì ¿õ ³çîëÿö³¿ â³ä ³íøèõ óìîâ ³
ôàêòè÷íî â³äñóòí³ì ïðèâàòíèì ñåêòîðîì, çâ³äêè ðàí³øå ìîãëè áóòè âè-
ïóñêè àáî âòå÷³ îíäàòð. Ïðîòå âèä òóò º, ùî îñîáëèâî õàðàêòåðíî äëÿ
ï³âäåííî-ñõ³äíî¿ (ïðèäí³ïðîâñüêî¿) ÷àñòèíè öüîãî ìàñèâó, ÿêà âõîäèòü
äî ðîçâèíåíî¿ ïðèð³÷êîâî¿ ìåðåæ³ ì³ñöåçíàõîäæåíü, âêëþ÷íî ç ð. Â³òîþ ³
çàïëàâîþ Äí³ïðà. Íàòîì³ñòü, ç çàõîäó, ç áîêó Ãîëîñ³¿âñüêîãî ïàðêó, äå
ïðîò³êàþòü ðîçáèò³ íà ñåð³þ ñòàâê³â ñòðóìêè Îð³õóâàòêà òà Ãîëîñ³¿â-
ñüêèé, îíäàòðà ôàêòè÷íî â³äñóòíÿ.

Ãðóïà ì³ñöåçíàõîäæåíü IV: «Îáîëîíü». Â ðàéîí³ ð. Äí³ïðî, ðåºñòðàö³¿
òâàðèí ÷àñò³øå ñòîñóþòüñÿ çàïëàâ òà íàéáëèæ÷èõ ïðèòîê Äí³ïðà, çîêðå-
ìà ñèñòåìè îçåð Îïå÷åíü [31], ùî âæå îïèñàíî â òåêñò³ òà ïîêàçàíî íà
êàðò³ (äèâ. ðèñ. 2). Ö³ çíàõ³äêè òàêîæ ï³äòâåðäæóþòü â³äñóòí³ñòü ïðÿìî¿
êîíêóðåíö³¿ ì³æ âèäàìè àðâ³êîë³äíî¿ ã³ëüä³¿ [33], çîêðåìà ðîçòàøóâàííÿ
ïîñåëåíü îíäàòðè òà áîáðà â áåçïîñåðåäí³é áëèçüêîñò³ àáî â ìåæàõ îäí³º¿
íåâåëèêî¿ âîäîéìè, ÿê îò íà îç. Ñèíÿêîâå.

Äàí³ ïðî çíàõ³äêè îíäàòðè ó ïðàâîáåðåæíèõ ðàéîíàõ Êèºâà, ùî íå
áóëè çàçíà÷åí³ ó ïîïåðåäí³õ ïåðåë³êàõ, çîêðåìà çíàõ³äêè íà òåðèòîð³¿
Îáîëîíñüêîãî ðàéîíó íàâåäåí³ íèæ÷å:

(1—7) îçåðà ñèñòåìè Îïå÷åíü [31]; (8) îç. Êèðèë³âñüêå, 2000-í³ ðð. [25]; (9)
îç. Éîðäàíñüêå, 2000-í³ ðð. [25]; (10) çàòîêà Âåðáëþä, 22.08.2021, òàì ñàìî,
23.08.2021, ìîëîä³ îñîáèíè, òà 3.09.2022, n = 1 (INat); (11) ð. Äí³ïðî, çàòîêà Ñîáà-
÷å Ãèðëî, 20.06.2020, n = 1 (INat); (12) ð. Äí³ïðî, ïàðê Íàòàëêà, 10.02.2023, n = 1
(INat); (13) òàì ñàìî, â çàðîñòÿõ î÷åðåòó, 19.03.2023, n = 1 (INat); (14) çàòîêà Âîâ-
êóâàòà, 2000-í³ ðð. [INat].

Çàãàëîì âîäîéìè Îáîëîíñüêîãî ðàéîíó çàçíàþòü çíà÷íîãî ðåêðå-
àö³éíîãî é ³íøîãî àíòðîïîãåííîãî íàâàíòàæåííÿ, îñê³ëüêè á³ëüø³ñòü ç
íèõ, íà ÿêèõ âèÿâëåíî çíàõ³äêè îíäàòðè, ðîçòàøîâàí³ ó áåçïîñåðåäí³é
áëèçüêîñò³ äî æèòëîâî¿ çàáóäîâè. ¯õí³ áåðåãè ó á³ëüøîñò³ âèïàäê³â ìàþòü
òðàíñôîðìîâàíó, ìàëîâèäîâó ðîñëèíí³ñòü, äàëåêó â³ä ïðèðîäíî¿. Äëÿ
öüîãî æèòëîâîãî ìàñèâó õàðàêòåðíà òàêîæ ïðîáëåìà ñîáàê íà â³ëüíîìó
âèãóë³, ùî ìîæå ñòàíîâèòè äîäàòêîâó çàãðîçó äëÿ îíäàòð. Âèñîêà ù³ëü-
í³ñòü ëþäñüêî¿ ïðèñóòíîñò³ á³ëÿ âîäîéì çàãàëîì íå ñïðèÿº ñòâîðåííþ
ñòàá³ëüíèõ îïòèìàëüíèõ óìîâ äëÿ öüîãî âèäó, ³ ñàìå ç öèì, éìîâ³ðíî, ïî-
â’ÿçàíà íåâåëèêà ê³ëüê³ñòü çíàõ³äîê ó âîäîéìàõ Îáîëîíñüêîãî ðàéîíó,
ïîïðè íàÿâí³ñòü âåëèêî¿ ê³ëüêîñò³ ïîòåíö³éíèõ àìàòîð³â-ñïîñòåð³ãà÷³â.
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Ãðóïà ì³ñöåçíàõîäæåíü V: «Ï³âí³÷íà ÷àñòèíà ë³âîáåðåææÿ». Öÿ ãðóïà
çíàõ³äîê ñòîñóºòüñÿ ð. Äåñåíêà òà ïîâ’ÿçàíî¿ ç íåþ ñèñòåìè âîäîéì. Çíà-
õ³äêè íà ë³âîáåðåææ³ Äí³ïðà õàðàêòåðèçóþòüñÿ ïåðåâàæàííÿì øòó÷íèõ
âîäîéì àáî îêðåìèõ ïðèðîäíèõ âîäîéì, ÿê³ áóëè ñóòòºâî çì³íåí³ â ïðî-
öåñ³ çàáóäîâè ö³º¿ ÷àñòèíè ì³ñòà ï³ñëÿ 1960-õ ðð. Òóò çíàõ³äêè îíäàòðè
íàé÷àñò³øå âèÿâëÿþòüñÿ ó òåïëèõ, íå çàìåðçàþ÷èõ âîäîéìàõ. Òàê, îäðàçó
ê³ëüêà çíàõ³äîê ïîõîäÿòü ç îçåð ³ êàíàë³â, ðîçòàøîâàíèõ ïîðÿä ³ç ãóñòîíà-
ñåëåíèìè ðàéîíàìè ì³ñòà, òàêèìè ÿê Îñîêîðêè, Ðóñàí³âêà òà ³í.

Îíäàòðè òóò òàêîæ ïðîÿâëÿþòü òîëåðàíòíó ïîâåä³íêó, ÷åðåç ùî ¿õ
âäàºòüñÿ ñïîñòåð³ãàòè ç áëèçüêî¿ â³äñòàí³. Íà îêîëèöÿõ ì³ñòà, äå çóñòð³÷à-
þòüñÿ çãðà¿ çäè÷àâ³ëèõ ñîáàê, îíäàòðà ìîæå ñòàâàòè ¿õíüîþ çäîáè÷÷þ.
Ïðî öå ñâ³ä÷èòü çíàõ³äêà âë³òêó 2024 ð. â ðàéîí³ îç. Àëìàçíå. Äåòàë³
çíàõ³äîê íà ë³âîìó áåðåç³ òà îñòðîâàõ íà Äí³ïð³ îïèñàí³ ó íàñòóïíîìó ïå-
ðåë³êó.

Ïåðåë³ê îñíîâíèõ çíàõ³äîê: (1) î. Ìóðîìåöü, çâè÷àéíèé âèä, â³äì³÷åíî çíèæåí-
íÿ ÷àñòîòè ðåºñòðàö³é ç ïî÷àòêó 2000-õ ðð. [23]; (2) Òðîºùèíñüêà çàïëàâà, ïî÷à-
òîê 2000-õ ðð. [24]; (3) îç. Íèæíº Âèãóð³âñüêå, n = 1, 12.09.2021 (INat); (4)
îç. Íèæíº Âèãóð³âñüêå, 21.05.2021, n = 1, òà 12.09.2021, íà òîìó æ îçåð³ (INat); (5)
îç. Àëìàçíå, 26.10.2024, n = 1 (INat); (6) îç. Àëìàçíå, 25.03.2024, n = 1, òðàâìîâà-
íà òâàðèíà (âðÿòóâàòè íå âäàëîñÿ, ÷åðåï â ÍÍÏÌ); (7) îçåðî Áàáèíå, Òðóõàí³â
îñòð³â, áåç äåòàëåé [3]; (8) î. Äîëîáåöüêèé, 04.2024, n = 1, òâàðèíà ïëàâàëà ïàðà-
ëåëüíî áåðåãîâ³é ë³í³¿ (äàí³ àâòîð³â); (9) Ðóñàí³âñüêà ïðîòîêà, 25.08.2023, n = 1
(INat); (10) øòó÷íå îçåðî â ïàðêó Ïåðåìîãà, 6.07.2024, n = 1 (INat); (11) êîðìî-
âèé ñòîëèê íà ðóñë³ Äí³ïðà, 07.2024, n = 1 (äàí³ àâòîð³â); (12) Ðóñàí³âñüêèé êà-
íàë, 20.05.2021, n = 1, òâàðèíà õàð÷óâàëàñÿ ïðèáåðåæíîþ òðàâ’ÿíèñòîþ ðîñ-
ëèíí³ñòþ (INat).

Öÿ ÷àñòèíà ë³âîáåðåæíîãî Êèºâà õàðàêòåðèçóºòüñÿ ð³çíîìàí³òíèìè
òèïàìè âîäíèõ îá’ºêò³â äå ðåºñòðóþòü çíàõ³äêè îíäàòð — â³ä çàïëàâ ³ îçåð
äî øòó÷íèõ âîäîéì ³ êàíàë³â. Õàðàêòåðíèì º òå, ùî ÷àñòîòà çóñòð³÷åé îí-
äàòðè ó ïðèðîäíèõ âîäîéìàõ çìåíøóºòüñÿ ç ïî÷àòêó 2000-õ ðð., ÿê öå ïî-
êàçàíî äëÿ î-âà Ìóðîìöÿ [23]. Ïîïðè öå, òâàðèí äîñèòü ÷àñòî ðåºñòðóþòü
íà âîäîéìàõ íàáëèæåíèõ äî êóëüòóðíèõ ëàíäøàôò³â, æèòëîâî¿ çàáóäîâè,
ïàðê³â äå ðîñòå éìîâ³ðí³ñòü õèæàöòâà ç³ ñòîðîíè äîìàøí³õ ñîáàê. Ïîïðè
öå, íà îç. Íèæíüîìó Âèãóð³âñüêîìó, ïðîòÿãîì 2025 ð. çàðåºñòðîâàíî ôàê-
òè ðîçìíîæåííÿ îíäàòðè. Áóëî â³äì³÷åíî ìîëîäèõ ïðåäñòàâíèê³â öüîãî
âèäó, â³êîì äî 6 ì³ñÿö³â, ó äðóã³é ïîëîâèí³ ÷åðâíÿ íàïðèê³íö³ æîâòíÿ
2025 ð. (ñïîñòåðåæåííÿ àâòîðà), ùî ñâ³ä÷èòü ïðî â³äíîñíó ñòàá³ëüí³ñòü
öèõ ïîïóëÿö³é.

Ãðóïà ì³ñöåçíàõîäæåíü VI: «Ï³âäåííà ÷àñòèíà ë³âîáåðåææÿ». Ö³ ì³ñ-
öåçíàõîäæåííÿ ïîâ’ÿçàí³ ÿê ç ïðèðîäíèìè òàê ³ ç òåõíîãåííî çì³íåíèìè
âîäîéìàìè, à òàêîæ øòó÷íèìè êàíàëàìè, ùî ôîðìóþòü òàê çâàí³ «îñòðî-
âè òåïëà», çîêðåìà êàíàë Áîðòíèöüêî¿ ñòàíö³¿ àåðàö³¿, äî ÿêîãî ïðèóðî÷å-
íî ìàéæå ïîëîâèíó (5 ç 12) íàâåäåíèõ íèæ÷å çíàõ³äîê.

Ïåðåë³ê îñíîâíèõ çíàõ³äîê: (1) îç. Íèæí³é Òåëüá³í, 28.02.2010, n = 2 [6]; (2)
îç. Ëåáåäèíå, 29.04.2022, n = 1 (INat); (3) îç. Âèðëèöÿ, 18.06.2021, n = 1 (INat), òå
ñàìå îçåðî, 6.05.2017, n = 1 (INat), òå ñàìå îçåðî, 26.04.2024, n = 1 (INat); (4)
îç. Íåáðåæ, 27.11.2021, n = 1 (INat); (5) îç. Ìàðòèø³â, 2000-í³ ðð. [25]; (6) îç. Òÿã-
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ëå, 2000-í³ ðð. [25]; (7) êàíàë Áîðòíèöüêî¿ ñòàíö³¿ àåðàö³¿, 29.01.2024, n = 1 (INat);
(8) òîé æå êàíàë, 23.01.2020, n = 1 (INat); (9) òîé æå êàíàë, 19.01.2001, n = 1 [6];
(10) òîé æå êàíàë, 27.01.2001, n = 1 [6]; (11) òîé æå êàíàë, 20.10.2024, n = 1, òâàðè-
íà íåñëà ôðàãìåíò ïðèáåðåæíî¿ ðîñëèíè (INat); (12) îç. Ðåâî÷³, 23.03.2023, n = 1
(INat).

Çàãàëîì ö³ âîäîéìè òàêîæ çàçíàþòü çíà÷íîãî àíòðîïîãåííîãî âïëè-
âó, á³ëüø³ñòü ³ç íèõ òåõíîãåííî çì³íåí³, ïîïðè òå ç ÷àñòêîâî çáåðåæåíîþ
ïðèðîäíîþ ðîñëèíí³ñòþ âçäîâæ áåðåã³â, ìàþòü â³äíîñíî ñòàá³ëüíèé
ã³äðîëîã³÷íèé ðåæèì. Ïðîòå âæå ðîçïî÷àò³ òà çàïëàíîâàí³ áóä³âåëüí³ ðî-
áîòè ïîáëèçó öèõ âîäîéì (íàïð., áóä³âíèöòâî â ðàéîí³ Îñîêîðêîâèõ
ëóê³â) ìîæóòü ñïðèÿòè ïîäàëüøîìó çíèæåííþ ÷èñåëüíîñò³ îíäàòðè ÷å-
ðåç ïîðóøåííÿ ã³äðîëîã³÷íîãî ðåæèìó.

Âèÿâëåí³ îñîáëèâîñò³ åêîëîã³¿ îíäàòðè. Îíäàòðó ÷àñòî ðåºñòðóþòü
ñàìå çà ïîøóêàìè ¿æ³, êîëè òâàðèíè ìîæóòü áóòè íå çîâñ³ì ïèëüíèìè òà
íå ïîì³òíèìè äëÿ ñïîñòåð³ãà÷à. Ðàö³îí öèõ òâàðèí ïåðåâàæíî ñêëàäàº
ðîñëèííà ¿æà, ÿêó ñêëàäàþòü çäåá³ëüøîãî ðîñëèíè ì³ñöåâî¿ ôëîðè. Îãëÿä
ðàö³îíó îíäàòðè ïðåäñòàâëåíî ó òàáëèö³ 1, à îêðåì³ ôîòîðåºñòðàö³¿ òâà-
ðèí ç ðîñëèííîþ ¿æåþ ïðåäñòàâëåí³ íà ðèñ. 3.

Ñåðåä ðàö³îíó îíäàòðè ÷àñòî ðîñëèíè ùî çðîñòàþòü áåçïîñåðåäíüî
ïîáëèçó âîäîéì: î÷åðåò, ðîã³ç, âåðáà, êîðåíåâèùà ðîñëèí. ²íêîëè äî ðà-
ö³îíó òàêîæ ïîòðàïëÿþòü é ³íø³ ðîñëèíè ÿê ç âîäè òàê ³ ç ñóø³. Ó ì³ñöÿõ
ÿê³ ïîâ’ÿçàí³ ç ÷àñòèì ïåðåáóâàííÿì ëþäåé íàâêîëî âîäîéì òðàïëÿþòüñÿ
âèïàäêè õàð÷óâàííÿ îíäàòð íåòèïîâèìè âèäàìè ¿æ³, çîêðåìà îâî÷àìè òà
ôðóêòàìè, õë³áîì.

Ñåðåä íàÿâíèõ òèï³â ¿æ³, çà óìîâè ï³äãîäîâóâàííÿ õë³áîì, ÷àñòî òâà-
ðèíè íàäàâàëè ïåðåâàãó ñàìå õàð÷îâèì ïðîäóêòàì ç áîðîøíà. Íàñèòèâ-
øèñü, çàëèøêè ¿æ³ îíäàòðè ïðèõîâóâàëè òà çãîëîäí³âøè çíîâ ïðèíîñèëè
øìàòêè õë³áó äî êîðìîâîãî ñòîëèêà. ×àñòî òâàðèíè âòðà÷àþòü ³íòåðåñ äî
òîíó÷î¿ ¿æ³ (çîêðåìà ìîðêâà) òà íàäàþòü ïåðåâàãó ¿æ³ ùî íå òîíå (íàïðèê-
ëàä ïîð³çàí³ ÿáëóêà). Ñïîñòåðåæåííÿ ùîäî òèï³â ¿æ³ â ðàö³îí³ îíäàòðè
îïèñàí³ ó òàáëèö³ 1.

×èñåëüí³ñòü òà ì³ñöå â ñòðóêòóð³ êîëîâîäíèõ óãðóïîâàíü ññàâö³â. Àâ-
òîðè â³äíîñÿòü îíäàòðó äî ã³ëüä³¿ êîëîâîäíèõ ññàâö³â, ùî âêëþ÷àº, îêð³ì
íå¿, áîáðà (Castor fiber Linnaeus), íóòð³þ (Myocastor coypus Molina), ùóðà
âîäÿíîãî (Arvicola amphibius Linnaeus) [15, 33]. Öåé êîìïëåêñ âèä³â â³ä³-
ãðàº äóæå âàæëèâó ðîëü ó êîíñóìóâàíí³ ïåðâèííî¿ ïðîäóêö³¿, ïåðåäóñ³ì
âîäíèõ ³ íàâêîëîâîäíèõ âèùèõ ðîñëèí, ôîðìóþ÷è ïîòîêè ðå÷îâèíè é
åíåðã³¿ ó ïðàêòè÷íî óñ³õ òèïàõ ïðèðîäíèõ ³ íàï³âïðèðîäíèõ âîäîéì. Âèñ-
òóïàþ÷è â ðîë³ ïðèðîäíèõ ìåë³îðàòîð³â, âîíè ìîæóòü ñóòòºâî âïëèâàòè
íà á³îìàñó ³ ñòðóêòóðó äîì³íóâàííÿ ¿õí³õ õàð÷îâèõ îá’ºêò³â ³ çì³íþâàòè
êîíô³ãóðàö³þ áåðåãîâèõ çàðîñòåé ³ íàâ³òü áåðåãîâèõ ë³í³é çàâäÿêè íî-
ðîâ³é ä³ÿëüíîñò³.

Â óìîâàõ Êèºâà òà éîãî îêîëèöü, îíäàòðè º çíà÷íî á³ëüø ÷èñåëüí³ çà
³íøèõ êîëîâîäíèõ ãðèçóí³â. Çà äàíèìè ìèñëèâñüêî¿ ñòàòèñòèêè ìîâà éäå
ïðî ïîíàä 5,5 òèñ. îñîáèí (äèâ. ðèñ. 1), íàòîì³ñòü áîáð³â â öèõ ñàìèõ
óã³ääÿõ ñòàíîì íà 2021 ð. îáë³êîâàíî 2180 îñîáèí. Òàêèé çíà÷íèé ð³âåíü
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÷èñåëüíîñò³ âèäó-âñåëåíöÿ ñôîðìóâàâñÿ çàâäÿêè êðàù³é àäàïòàö³¿ îíäàò-
ðè äî ìàëèõ ³ ÷àñòî íàï³âïðèðîäíèõ âîäîéì, øâèäêîìó ðîçìíîæåííþ òà
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Òàáëèöÿ 1
Îñíîâí³ òèïè ¿æ³ òà ÷àñòîòà ðåºñòðàö³é âèïàäê³â ¿õ ñïîæèâàííÿ îíäàòðàìè ó

âîäîéìàõ Êèºâà

Òèï ¿æ³ ×àñòîòà
Ì³ñöå ñïîñòåðåæåííÿ

òà ïðèì³òêè
Äæåðåëî

Ïðèðîäíà ¿æà

Æàáóðíèê çâè÷àéíèé
(Hydrocharis mor-
sus-ranae L.)

Íå ÷àñòî Âîäîéìà ïîáëèçó
î÷èñíèõ ñïîðóä Íî-
âîá³ë³÷³ ÊÏ «Ïëåñî»,
25.07.2021

INat (äèâ. ðåºñòðè:
ï. 12)

Î÷åðåò çâè÷àéíèé
(Phragmites australis
(Cav.) Trin. ex Steud.)

×àñòî Â á³ëüøîñò³ âîäîéì
ì³ñòà

Äàí³ àâòîð³â òà äàí³ ç
â³äêðèòèõ äæåðåë, íà-
âåäåíèõ ó ðåºñòðàõ

Ðîã³ç (Typha L.) ×àñòî Â á³ëüøîñò³ âîäîéì
ì³ñòà

Äàí³ àâòîð³â òà äàí³ ç
â³äêðèòèõ äæåðåë, íà-
âåäåíèõ ó ðåºñòðàõ

Ïîëèí çâè÷àéíèé
(Artemisia vulgaris L.)

Ð³äêî Ñòàâîê â ðàéîí³ ðèáî-
çàãîò³âåëüíî¿ ôåðìè,
26.06.2024

Äàí³ àâòîð³â

Âåðáà (Salix L.) ×àñòî Â á³ëüøîñò³ âîäîéì
ì³ñòà

Äàí³ àâòîð³â

Îïàëå ëèñòÿ äåðåâ Íå ÷àñòî Îçåðî â ìóçå¿ «Ïè-
ðîã³â»

Äàí³ àâòîð³â òà äàí³ ç
â³äêðèòèõ äæåðåë, íà-
âåäåíèõ ó ðåºñòðàõ

Öèáóëåâ³ ðîñëèíè
(âîäí³)

Íå ÷àñòî Îçåðî Ñèíº,
17.11.2017

Äàí³ àâòîð³â

Êîðåíåâèùà ðîñëèí ×àñòî Ñâÿòîøèíñüê³ ñòàâêè Äàí³ àâòîð³â

Ï³äãîäîâóâàííÿ ëþäèíîþ

Áàíàí (Musa L.) Ð³äêî Îçåðî â ïàðêó Ñîâêè,
8.07.2020, øê³ðêà áà-
íàíà, ï³äêèíóòà ëþäü-
ìè

INat (äèâ. ï. 5 ó
ðåºñòðàõ)

Õë³á Íå ÷àñòî Îçåðî Ñèíº, 22.07. òà
17.11.2017, ï³äãîäîâó-
âàííÿ ëþäèíîþ

Äàí³ àâòîð³â

Ìîðêâà Ð³äêî Îçåðî Ñèíº,
17.09.2017, ï³äãîäîâó-
âàííÿ ëþäèíîþ

Äàí³ àâòîð³â

ßáëóêà Ð³äêî Îçåðî Ñèíº,
17.09.2017, ï³äãîäîâó-
âàííÿ ëþäèíîþ

Äàí³ àâòîð³â



ìåíø³é âèáàãëèâîñò³ äî óìîâ ñåðåäîâèùà. Íà â³äì³íó â³ä îíäàòðè, áîáðè
ïîòðåáóþòü á³ëüøå ïðîñòîðó, ÿê³ñí³øèõ âîäíèõ ðåñóðñ³â òà íàÿâíîñò³
ë³ñîâèõ çîí äëÿ ñïîðóäæåííÿ õàòîê, ùî ìîæå îáìåæóâàòè ¿õ ÷èñåëüí³ñòü ó
ìåæàõ ì³ñòà. À ñòàòóñ ùóðà âîäÿíîãî çàãàëîì ñòàâ áëèçüêèì äî çàãðîçëè-
âîãî ³ íà ñüîãîäí³ éîãî çíàõ³äêè º îäíèìè ç íàéìåíø ÷àñòèõ. Òàê ñàìî ñòà-
òóñ íóòð³¿, òàêîæ âñåëåíöÿ, º âêðàé íåîäíîçíà÷íèì ³ á³ëüø³ñòü çíàõ³äîê
ìîæå áóòè âèçíà÷åíà ÿê ðåºñòðàö³¿ âò³êà÷³â ç íåâîë³. Âèïàäêè ïîÿâè òàêèõ
òâàðèí ó ïðèðîäíèõ âîäîéìàõ Êèºâà º îäèíè÷íèìè [15], ïðîòå íóòð³ÿ
îñòàíí³ìè ðîêàìè ïî÷àëà ôîðìóâàòè ñòàá³ëüí³ ïîïóëÿö³¿ â áàãàòüîõ ðå-
ã³îíàõ Óêðà¿íè [32].

Âèïàäêè êîíêóðåíö³¿ ì³æ âñ³ìà çàçíà÷åíèìè âèäàìè àâòîðàì íå â³äî-
ì³, à ç îãëÿäó íà íèçüêó ÷èñåëüí³ñòü ïîïóëÿö³é íóòð³¿ ³ ùóðà âîäÿíîãî öå
íàâðÿä ÷è ìîæëèâî. Ó çâ’ÿçêó ç öèì îíäàòðà â óìîâàõ Êè¿âñüêîãî ìåãà-
ïîë³ñà º ë³äåðîì â ã³ëüä³¿ êîëîâîäíèõ ññàâö³â-ô³òîôàã³â.

Ïîøèðåííþ òà âèñîêèì ïîêàçíèêàì ÷èñåëüíîñò³ îíäàòðè ñïðèÿº òà-
êîæ ìåíøèé òèñê ç áîêó õèæàê³â. Â óìîâàõ ì³ñòà ¿õ íåáàãàòî, ïðîòå çãàäà-
íà íàìè çíàõ³äêà ïîðàíåíî¿ îíäàòðè íà îç. Àëìàçíå, äå ìåøêàº çãðàÿ çäè-
÷àâ³ëèõ ñîáàê, ñâ³ä÷èòü ïðî éìîâ³ðí³ñòü òîãî, ùî îíäàòðà ìîæå áóòè áà-
æàíèì îá’ºêòîì ¿õíüîãî ïîëþâàííÿ. Íà îç. Ñèíº (17.11.2017) ñïîñòå-
ð³ãàëè äîìàøíþ òàêñó, ÿêà ïðîÿâëÿëà ³íòåðåñ òà íàìàãàëàñÿ ë³çòè äî îí-
äàòðîâî¿ íîðè. Ïðîÿâè õèæàöüêîãî ³íòåðåñó â³äì³÷åíî ³ äëÿ ñâ³éñüêèõ
êîò³â íà â³ëüíîìó âèãóë³, çîêðåìà íà îç. Ñèíüîìó, ïðîòå âèïàäêè çäîáó-
âàííÿ îíäàòðè êîòàìè íàìè íå â³äì³÷åí³.

Âàæëèâî â³äì³òèòè, ùî â áàãàòüîõ ðåã³îíàõ Óêðà¿íè ï³ñëÿ óñï³øíî¿
íàòóðàë³çàö³¿ îíäàòðè, ÿêà â³äáóâàëàñÿ ó îñòàíí³é òðåòèí³ XX ñò., â³äáóëà-
ñÿ ñòàá³ë³çàö³ÿ ÷èñåëüíîñò³ ç íàñòóïíèì äîâîë³ ïîì³òíèì ¿¿ ñïàäîì [33].
Ïîä³áíèé ñïàä ç 2000-õ ðîê³â â³äì³÷åíèé â íèçö³ ì³ñöåçíàõîäæåíü, ïðî
ùî ïîâ³äîìëÿþòü êîëåãè ç ð³çíèõ ðåã³îí³â (çîêðåìà, Ëüâ³âùèíè, Ìèêî-
ëà¿âùèíè, Ïîëòàâùèíè, Æèòîìèðùèíè), ñàìå öå íàìè îïèñàíî ³ äëÿ
óìîâíî «ì³ñüêî¿» ïîïóëÿö³¿ îíäàòðè â Ëóãàíñüêó [11]. Ñïàä ÷èñåëüíîñò³ ó
20—30 ðàç³â ï³ñëÿ ïîñò³íòðîäóêö³éíîãî ðîñòó ó 1960—1970-õ ðîêàõ â³ä-
ì³÷åíèé ³ íà Äí³ïðîïåòðîâùèí³ [2, 13]. Äëÿ «êè¿âñüêî¿» ïîïóëÿö³¿ òàêîãî
ð³çíîãî ñïàäó íå â³äì³÷åíî, õî÷à â îêðåìèõ ì³ñöåçíàõîäæåííÿõ (çîêðåìà
îç. Ñèíº íà ï³âíî÷³ Êèºâà) öå ÿâèùå ÿâíî ìàëî ì³ñöå.

Çàãàëüíîþ ïðè÷èíîþ ñïàäó ìîæå áóòè çàãàëüíîâ³äîìå ÿâèùå çãàñàí-
íÿ ïîïóëÿö³é ³íòðîäóöåíò³â ï³ñëÿ ïåðøèõ ïîâíèõ öèêë³â ïîïóëÿö³éíî¿
äèíàì³êè, à ôàêòè÷íîþ ïðè÷èíîþ ìîãëî áóòè âêëþ÷åííÿ âèäó â ïðè-
ðîäí³ îñåðåäêè òóëÿðåì³¿, îñíîâíèì íîñ³ºì ÿêî¿ äî ³íòðîäóêö³¿ îíäàòðè
áóâ ùóð âîäÿíèé [18, 19], ïðîòå íàðàç³ öå ëèøå ã³ïîòåçà. Íèçüêèé (³ ìàéæå
íåïîì³òíèé) ð³âåíü ñïàäó ÷èñåëüíîñò³ ìîæå áóòè ïîâ’ÿçàíèé ç òèì, ùî
ñàì³ ïîïóëÿö³¿ º ðîçð³äæåíèìè ÷åðåç íå íàéêðàù³ óìîâè ³ñíóâàííÿ, ïîñ-
ò³éíèé àíòðîïîãåííèé ïðåñ, âèñîê³ ð³âí³ õèæàöòâà òîùî, òîáòî ïî ñóò³ ïå-
ðåáóâàþòü ³ òàê â ïåñèìàëüíîìó ñòàí³, â ÿêîìó ïîøèðåííÿ ñïóñòîøëèâèõ
³íôåêö³é îáìåæåíî.

Ôàêòîðè ³ñíóâàííÿ ïîïóëÿö³¿ îíäàòðè. Íåãàòèâí³ âïëèâè íà ñòàí ïî-
ïóëÿö³¿ îíäàòðè ñòâîðþº áóä³âíèöòâî íîâèõ æèòëîâèõ êîìïëåêñ³â ³, ÿê
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íàñë³äîê, ïîðóøåííÿ ã³äðîëîã³÷íîãî áàëàíñó îçåð, ùî ðîçòàøîâàí³ ïîðó÷.
Ïðèêëàäîì òàêèõ âïëèâ³â º ñèòóàö³ÿ ç îçåðîì Ñèí³ì. Ï³ñëÿ ïî÷àòêó áóä³â-
íèöòâà áàãàòîïîâåðõ³âîê ïîðó÷ ç âîäîéìîþ, ð³âåíü âîäè â í³é êðèòè÷íî
çíèçèâñÿ (áëèçüêî 2017—2018 ðð.). Ðàí³øå æ íà öüîìó îçåð³ ìîæíà áóëî
ïîáà÷èòè îäðàçó ê³ëüêà îíäàòð â ïîë³ çîðó. Âíàñë³äîê îáì³ë³ííÿ âîäîéìè
îíäàòðè, éìîâ³ðíî, ñòàëè ëåãêîþ çäîáè÷÷þ äëÿ çäè÷àâ³ëèõ ñîáàê. Îçåðî
ïåðåáóâàº íà ìåæ³ çíèêíåííÿ, ïîïðè ñïðîáè áëàãîóñòðîþ òà ÷èñòêè äíà.

Îíäàòðè º ÷óòëèâèìè äî çì³í ã³äðîëîã³÷íîãî ðåæèìó âîäîéì òà ïðè-
ñòîñîâóþòüñÿ äî ðåãóëÿö³¿ ð³âíÿ âîäè, çîêðåìà çì³íþþ÷è ð³âåíü âõîäó äî
íîðè, ÿêèé ìàº çàëèøàòèñÿ ï³ä âîäîþ. Íà ñâÿòîøèíñüêèõ ñòàâêàõ ïðåä-
ñòàâíèêè âèäó ìîæóòü ì³ãðóâàòè òà ïåðåðîçïîä³ëÿòèñÿ çàëåæíî â³ä ðåãó-
ëÿö³¿ ð³âíÿ âîäè øëþçàìè (íàâåñí³ àáî âîñåíè), çîêðåìà òàêå ÿâèùå â³ä-
ì³÷åíî â ðàéîí³ ðèáîçàãîò³âåëüíîãî ãîñïîäàðñòâà íà Ñâÿòîøèíñüêèõ
ñòàâêàõ.

Íà äàíîìó åòàï³ ³ñíóâàííÿ îíäàòðè â óìîâàõ Êèºâà, ñòàí ¿¿ ïîïóëÿö³¿
íå âèêëèêàº çàíåïîêîºííÿ. Ïîïðè ³ñíóâàííÿ ïåâíèõ çàãðîç ÷åðåç õèæàö-
òâî â³ä äîìàøí³õ òâàðèí òà íåñòàá³ëüí³ñòü äåÿêèõ âîäíèõ îá’ºêò³â îíäàò-
ðà çàëèøàþòüñÿ çâè÷àéíèì âèäîì â óìîâàõ âîäîéì ì³ñòà. Ïîâíå çíèê-
íåííÿ ïîñåëåíü öüîãî âèäó ìîæëèâå íà òèõ âîäîéìàõ, ÿê³ ìîæóòü ïåðåñè-
õàòè ÷åðåç òåõíîãåííå âòðó÷àííÿ àáî â³äñóòí³ñòü ï³äòðèìêè øòó÷íèõ âî-
äîéì, ïðîòå ñòàá³ëüíèì çàëèøàþòüñÿ ì³ñöÿ ³ñíóâàííÿ ïðåäñòàâíèê³â
âèäó â îñíîâíîìó ðóñë³ Äí³ïðà òà éîãî çàòîê.

Çàãàëîì öåé âèä ïðîäåìîíñòðóâàâ òèïîâèé äëÿ âñåëåíö³â âèðàçíèé
ï³äéîì ÷èñåëüíîñò³ ç ïîäàëüøèì, ÷åðåç ê³ëüêà äåñÿòèë³òü, ¿¿ ñïàäîì, ÿêèé
ïî÷àâñÿ áëèçüêî 10—15 ðîê³â òîìó (ïîðÿäêó 2011—2013 ðð.) ³ çàâåðøèâñÿ
íîâîþ ñòàá³ë³çàö³ºþ íà ïðèáëèçíî óäâ³÷³ ìåíøîìó ð³âí³ ÷èñåëüíîñò³. Ïðè
öüîìó âèä çáåð³ã äîì³íóþ÷³ ïîçèö³¿ â ã³ëüä³¿ íàâêîëîâîäíèõ ãðèçóí³â-
ô³òîôàã³â ³, éìîâ³ðíî, ñòàâ ïðè÷èíîþ ñóòòºâî¿ äåïðåñ³¿ ïîïóëÿö³¿ àáîðè-
ãåííîãî âèäó ç³ ñêëàäó ö³º¿ ã³ëüä³¿ — Arvicola amphibius.

Îíäàòðà ñòàëà âàæëèâèì êîìïîíåíòîì ñó÷àñíèõ âîäíèõ åêîñèñòåì,
ÿêèé ñâîºþ ñåðåäîâèùåòâ³ðíîþ ä³ÿëüí³ñòþ ñóòòºâî çì³íþº ñòðóêòóðó âî-
äíî-áîëîòíèõ óã³äü, òèì ñàìèì ñòâîðþþ÷è ñåðåäîâèùå äëÿ ³íøèõ òâà-
ðèí, çîêðåìà ðèá, çåìíîâîäíèõ, êîìàõ ³ ïòàõ³â. Âàæëèâèì âïëèâîì îí-
äàòðè º ðåãóëÿö³ÿ ðîñëèííîñò³, çîêðåìà î÷åðåòó, îñîêè, ëàòàòòÿ òà ³í.: ÿê
êîíñóìåíò âîíà ðåãóëþº ¿õí³é ïðèð³ñò, ÷èì çàïîá³ãàº çàðîñòàííþ âîäîéì.
Òîáòî, éäåòüñÿ ïðî ò³ ñàì³ åêîñèñòåìí³ ôóíêö³¿ êîëîâîäíèõ ãðèçóí³â-
ô³òîôàã³â, ÿê³ äî ïîÿâè îíäàòðè â ì³ñöåâèõ âîäîéìàõ ðîáèâ ùóð âîäÿíèé,
Arvicola amphibius.

Î÷åâèäíî, ùî öåé âèä ìåíø âðàçëèâèé ùîäî âïëèâ³â ì³ñöåâèõ õè-
æèõ, íàäòî âèä³â ç ðîäèíè ìóñòåëîâèõ (Mustelidae), çîêðåìà ãîðíîñòà¿â
(Mustela erminea Linnaeus), íîðîê (M. lutreola Linnaeus) ³ òõîð³â (M. poturi-
us Linnaeus), ÿê³ ïåðâèííî ó íàâêîëîâîäíèõ á³îòîïàõ áóëè ïðèñòîñîâàí³
äî æèâëåííÿ ùóðàìè òà ³íøèìè çàïëàâíèìè âèäàìè ãðèçóí³â (ïåðåäóñ³ì
ç ò³º¿ æ ðîäèíè Arvicolidae). Ïðè íàäì³ðí³é ÷èñåëüíîñò³ îíäàòð âîíè ìî-
æóòü ïîøêîäæóâàòè äàìáè, íàñèïè àáî ³íø³ åëåìåíòè øòó÷íèõ âîäîéì,
ùî º çàãàëüíîâ³äîìèì íåãàòèâíèì âïëèâîì öüîãî âèäó [27, 28], ïðîòå íà
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ôîí³ çíèæåííÿ ÷èñåëüíîñò³ ³ ïîäàëüøî¿ ¿¿ ñòàá³ë³çàö³¿ íà íèæ÷îìó ð³âí³
ìàñøòàáè òàêîãî âïëèâó º íåâåëèêèìè.

Âèñíîâêè

Îíäàòðè ñôîðìóâàëè ñòàá³ëüí³ ïîïóëÿö³¿, ÿê³ ³ñíóþòü áåç ï³äæèâëåí-
íÿ âò³êà÷àìè ç íåâîë³. Ïðåäñòàâíèêè âèäó âæå íå º âàæëèâèì ãîñïîäàðñü-
êèì âèäîì ÷åðåç çíèæåííÿ ïîïèòó íà õóòðî, òîìó çàðàç ôàêòè÷íî â³äñóòí³
ïðàêòèêè íàï³ââ³ëüíîãî óòðèìàííÿ öèõ òâàðèí àáî óòðèìàííÿ ¿õ â íåâîë³.

Îíäàòðè íàñåëÿþòü á³ëüø³ñòü ïðèäàòíèõ âîäîéì, ÿê ïî çàïëàâ³ Äí³ï-
ðà, òàê ³ ïî ìàëèõ ð³÷êàõ ³ îçåðàõ ó ì³ñò³ òà â ïåðåäì³ñòÿõ, ïðè öüîìó â ìå-
æàõ Êè¿âñüêîãî ìåãàïîë³ñà ìîæíà ðîçð³çíÿòè ø³ñòü ïðîñòîðîâèõ óãðóïî-
âàíü, ÷îòèðè — â ìåæàõ ïðàâîáåðåæíî¿ ÷àñòèíè ì³ñòà, äâà — íà ë³âîáå-
ðåææ³ Äí³ïðà.

Îñíîâíèìè á³îòîïàìè îíäàòðè â óìîâàõ Êè¿âñüêîãî ìåãàïîë³ñà º
ïðèðîäí³ àáî øòó÷í³ âîäîéìè òà ð³÷êè ç³ ñïîê³éíîþ òå÷³ºþ, âîëîã³ òà çà-
áîëî÷åí³ ì³ñöåâîñò³ ç áåðåãîâîþ ðîñëèíí³ñòþ ÿêà ñêëàäàºòüñÿ ç çàðîñòåé
î÷åðåòó, ðîãîçó òà îñîêè.

Ó ñêëàä³ ã³ëüä³¿ êîëîâîäíèõ ãðèçóí³â-ô³òîôàã³â âèä ïîñ³äàº ïåðøå
ì³ñöå, ÿê çà ê³ëüê³ñòþ ðåºñòðàö³é ó âîäîéìàõ Êèºâà, òàê ³ çà ð³âíåì ÷èñåëü-
íîñò³, âèïåðåäæàþ÷è âñ³ àáîðèãåíí³ âèäè (Arvicola amphibius, Castor fiber)
òà ùå îäèí âèä-³íòðîäóöåíò (Myocastor coypus), âèïàäêè ðåºñòðàö³¿ ÿêîãî
ó âîäîéìàõ Êèºâà º íàáàãàòî ð³äê³ñí³øèìè.

Îíäàòðè òà áîáðè íå ïðîÿâëÿþòü ÿâíî¿ ì³æâèäîâî¿ êîíêóðåíö³¿. ¯õ
ïîñåëåííÿ ÷àñòî ðîçòàøîâàí³ â áåçïîñåðåäí³é áëèçüêîñò³ îäèí äî îäíîãî.
Îáèäâà âèäè âèêîðèñòîâóþòü ñï³ëüíó òåðèòîð³þ, áåç êîíêóðåíö³¿ çà ðå-
ñóðñè.

Ñåðåäîâèùåòâ³ðíå çíà÷åííÿ îíäàòðè ó âîäîéìàõ Êèºâà º âàæëèâèì,
âîíà òðàíñôîðìóº ³ ïî ñóò³ ñòâîðþº ñåðåäîâèùà äëÿ ³íøèõ òâàðèí, çä³é-
ñíþº ðåãóëÿö³þ ðîñëèííîñò³, âõîäèòü äî õàð÷îâèõ ëàíöþã³â ì³ñöåâèõ õè-
æèõ, ïåðåäóñ³ì òàêèõ æå ÷óæîð³äíèõ — çäè÷àâ³ëèõ ñîáàê ³ êîò³â.
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MUSKRAT IN KYIV WATER BODIES AS AN EXAMPLE OF A SUCCESSFUL
INTRODUCER: REVIEW OF DISTRIBUTION OVER THE PAST 25 YEARS

Features of the distribution of muskrats in Kyiv’s water bodies after 2000, population
dynamics, dietary characteristics, behaviour, interaction with other species and the envi-
ronment are described. It is shown that these rodents are widespread both in the Dnieper
floodplain and in natural and artificial water bodies of the city, where they form stable mic-
ro-populations. The density of muskrat settlements directly depends on the area of water
bodies and the stability of their hydrological regime, as well as the level of predation. The
number of muskrats in Kyiv and its surroundings has decreased by almost half between
2010 and 2021. In terms of the number of registrations and population size, the muskrat
prevails over native species of aquatic rodents, in particular the European beaver, the water
vole and the nutria. Muskrat and beaver settlements are often located in close proximity to
each other without signs of direct competition. A distinctive feature of muskrat life in an
urban environment is that muskrats prefer warmer watercourses, where they are registered
more frequently. Changes in the animals’ diet have also been observed, particularly as a re-
sult of human feeding. In urban environments, muskrats show a reduced level of fear of hu-
mans and domestic animals.

Keywords: muskrat, introduction, urban water bodies, urban fauna, Kyiv.
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ÄÍ²ÏÐÎ-ÄÎÍÁÀÑ (ÓÊÐÀ¯ÍÀ)

Íà êàíàë³ Äí³ïðî-Äîíáàñ ïðîâåäåíî äîñë³äæåííÿ åôåêòèâíîñò³ òåõíîëîã³¿ á³î-
ëîã³÷íî¿ ìåë³îðàö³¿ ç âèêîðèñòàííÿì ðîñëèíî¿äíèõ ðèá. Âèçíà÷åíî âèäîâèé ñêëàä
ã³äðîá³îíò³â êàíàëó Äí³ïðî-Äîíáàñ (38 âèä³â ðèá 10 ðîäèí), îö³íåíî á³îëîã³÷íó ïðîäóê-
òèâí³ñòü ä³ëÿíîê êàíàëó. Íà êàíàë³ Äí³ïðî-Äîíáàñ ó 2010—2023 ðð. âïðîâàäæåíî çà-
õîäè á³îìåë³îðàö³¿ ç âèêîðèñòàííÿì ðîñëèíî¿äíèõ ðèá — á³ëîãî òîâñòîëîáèêà Hy-
pophthalmichthys molitrix òà á³ëîãî àìóðà Ctenopharyngodon idella, äåòðèòîôàãà —
ñòðîêàòîãî òîâñòîëîáèêà Aristichthys nobilis, áåíòîôàãà — êîðîïà Cyprinus ñarpiî.
Ðîçðàõîâàíî ùîð³÷íèé îáñÿã âèëó÷åííÿ á³îëîã³÷íî¿ ïðîäóêö³¿ á³îìåë³îðàíòàìè: ðîñ-
ëèííîñò³ — íå ìåíøå 340 òîí, ô³òîïëàíêòîíó — íå ìåíøå 647 ò, äåòðèòó — ïîíàä
600 ò, ìîëþñêà äðåéñåíè — äî 240 ò. Âñòàíîâëåíî, ùî áàãàòîð³÷íà á³îìåë³îðàö³ÿ êà-
íàëó çíà÷íî ïîêðàùèëà éîãî ïðîïóñêíó çäàòí³ñòü, ï³äâèùèëà ÿê³ñòü âîäíèõ ðåñóðñ³â
òà çìåíøèëà âèòðàòè åëåêòðîåíåðã³¿ íà ïåðåêà÷óâàííÿ âîäè â êàíàë³ (äî 12 % ïðè
çàãàëüí³é âàðòîñò³ $79 684/ð³ê). Á³îìåë³îðàòèâí³ çàõîäè ìîæóòü áóòè íåâ³ä’ºìíîþ
÷àñòèíîþ ñó÷àñíèõ ñòðàòåã³é óïðàâë³ííÿ âîäíèìè ðåñóðñàìè â Óêðà¿í³ â êîíòåêñò³
çì³íè êë³ìàòó. Ïðàêòè÷íèé äîñâ³ä, îòðèìàíèé ï³ä ÷àñ âïðîâàäæåííÿ á³îìåë³îðàö³¿,
ìîæå áóòè çàñòîñîâàíèé íà ³íøèõ ã³äðîòåõí³÷íèõ îá’ºêòàõ â Óêðà¿í³ òà ñâ³ò³.

Êëþ÷îâ³ ñëîâà: Óêðà¿íà, êàíàë Äí³ïðî-Äîíáàñ, ³õò³îôàóíà, á³îëîã³÷íà ìåë³î-
ðàö³ÿ, âèäîâèé ñêëàä, ÿê³ñòü âîäè, âîäíà áåçïåêà.

Ðîçâèòîê ì³ñò Óêðà¿íè, ¿¿ ïðîìèñëîâèõ ðàéîí³â, çðîøóâàëüíîãî çåì-
ëåðîáñòâà îáóìîâëþº çðîñòàííÿ ïîïèòó íà âîäó [18, 19, 35]. Äëÿ çàäîâî-
ëåííÿ ïîïèòó â Óêðà¿í³ ïîáóäîâàíî 8 âåëèêèõ êàíàë³â çàãàëüíîþ äîâæè-
íîþ 1190 êì, ïîòóæí³ñòþ 21,1 ìëðä ì3 âîäè. Íàéá³ëüøèìè ã³äðîìåë³îðà-
òèâíèìè ñïîðóäàìè Óêðà¿íè º Ï³âí³÷íî-Êðèìñüêèé êàíàë äîâæèíîþ
400,3 êì, Ãîëîâíèé Êàõîâñüêèé ìàã³ñòðàëüíèé êàíàë — 129,7 êì, Äí³ïðî
— ²íãóëåöü — 150,0 êì, Äí³ïðî — Äîíáàñ — 263,0 êì, Äí³ïðî — Êðèâèé
Ð³ã — 42,95 êì [17, 30, 31]. Äæåðåëîì çàáîðó âîäè äëÿ êàíàë³â º ð³êà
Äí³ïðî, ÿêà íà ñüîãîäí³ ïðåäñòàâëåíà êàñêàäîì âîäîñõîâèù [22, 36, 37].

Ìàã³ñòðàëüíèé êàíàë Äí³ïðî-Äîíáàñ º øòó÷íîþ ã³äðîòåõí³÷íîþ ñïî-
ðóäîþ, çáóäîâàíîþ ó 1970—1980 ðð. ç ìåòîþ çàáåçïå÷åííÿ âîäîþ ñõ³äíèõ
ðåã³îí³â Óêðà¿íè: Äí³ïðîïåòðîâñüêî¿ òà Õàðê³âñüêî¿ îáëàñòåé Óêðà¿íè,
äëÿ çðîøåííÿ ó Ïîëòàâñüê³é îáëàñò³ ³ äëÿ ðîáîòè ïðîìèñëîâèõ ï³ä-
ïðèºìñòâ Äîíáàñó. Ïåðøà ÷åðãà êàíàëó ðîçïî÷àëà ä³ÿëüí³ñòü ó 1982 ð. Âî-
äîãîñïîäàðñüêèé êîìïëåêñ êàíàëó ï³äïîðÿäêîâàíèé Äåðæàâíîìó àãåíò-
ñòâó âîäíèõ ðåñóðñ³â Óêðà¿íè (Äåðæâîäàãåíòñòâî Óêðà¿íè).

Çà îñòàíí³ 30 ðîê³â ïåðåêà÷óâàííÿ âîäíèõ ðåñóðñ³â ç êàíàëó çìåíøè-
ëîñÿ ìàéæå âäåñÿòåðî ³ ñòàíîâèòü 10—40 ì3/ñ. Çìåíøåííÿ îá’ºìó òà
øâèäêîñò³ âîäíîãî ïîòîêó ïðèçâåëî äî çíà÷íèõ íåãàòèâíèõ çì³í ó øòó÷-
í³é âîäí³é åêîñèñòåì³: çàìóëåííÿ, íàäì³ðíîãî ðîçðîñòàííÿ âîäíî¿ ðîñ-
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ëèííîñò³, ïîã³ðøåííÿ ÿêîñò³ òà ñàí³òàðíèõ õàðàêòåðèñòèê âîäè òîùî.
²ñòîòíî çì³íèâñÿ ã³äðîëîã³÷íèé ðåæèì êàíàëó. Ï³ä òèñêîì öèõ ôàêòîð³â
çíà÷íî ïîã³ðøèëàñÿ åêîëîã³÷íà ñèòóàö³ÿ íà ð³çíèõ ä³ëÿíêàõ êàíàëó. Ñïîñ-
òåð³ãàëèñÿ çíà÷í³ âòðàòè âîäè, ë³òíº òà çèìîâå ïàä³ííÿ ð³âíÿ ðîç÷èíåíîãî
ó âîä³ êèñíþ, ÿâèùå «öâ³ò³ííÿ» âîäè ÷åðåç íàäì³ðíèé ðîçâèòîê ô³òî-
ïëàíêòîíó (ðèñ. 1).

Ïîã³ðøåííÿ ÿêîñò³ âîäè âíàñë³äîê åâòðîô³êàö³¿ âïëèâàº íà ñàí³òàð-
íî-ã³ã³ºí³÷í³ ïîêàçíèêè âîäè, ùî íàäõîäèòü äî âîäîïðîâ³äíî¿ ìåðåæ³
ì³ñò ³ íàñåëåíèõ ïóíêò³â, ÷èíèòü íåãàòèâíèé âïëèâ íà çäîðîâ’ÿ ëþäåé [9,
11, 20].

Â Óêðà¿í³, äå çíà÷íà ÷àñòèíà ïð³ñíî¿ âîäè àêóìóëþºòüñÿ ó âîäîñõîâè-
ùàõ [22, 34], ïðîáëåìà íàäì³ðíîãî «öâ³ò³ííÿ» âîäîðîñòåé, à òàêîæ ¿õ
åôåêòèâíîãî âèäàëåííÿ ç âîäîñõîâèù ³ êàíàë³â ñòî¿òü íàäçâè÷àéíî ãîñ-
òðî âæå ïîíàä 50 ðîê³â [5, 24].

Äëÿ áîðîòüáè ç íåãàòèâíèìè íàñë³äêàìè åâòðîô³êàö³¿ êàíàëó Äí³ïðî-
Äîíáàñ Äåðæâîäàãåíòñòâî Óêðà¿íè âèêîðèñòîâóâàëî ñòàíäàðòíèé íàá³ð
çàõîä³â: ñêîøóâàííÿ íàäâîäíî¿ ðîñëèííîñò³, ìåõàí³÷íå î÷èùåííÿ, äîî÷è-
ùåííÿ âîäè òà çàñòîñóâàííÿ õ³ì³÷íèõ ðå÷îâèí äëÿ áîðîòüáè ç á³îîáðî-
ñòàííÿì. Ö³ çàõîäè ïîòðåáóâàëè çíà÷íèõ ô³íàíñîâèõ ³íâåñòèö³é: â³ä 4,5
äî 6,0 ìëí ãðí ùîð³÷íî ($130 000—$170 000/ð³ê) [26].

Íà ñüîãîäí³ äîâåñòè õàðàêòåðèñòèêè âîäè ó âîäîñõîâèùàõ äî â³ä-
ïîâ³äíèõ åêîëîã³÷íèõ òà ñàí³òàðíèõ íîðì òåõíîëîã³÷íèìè çàñîáàìè
ïðàêòè÷íî íåìîæëèâî [10, 12]. Øòó÷íèìè ìåòîäàìè ïðîòèä³ÿòè öâ³ò³í-
íþ âîäîðîñòåé íà âåëèêèõ àêâàòîð³ÿõ íåìîæëèâî ³ íåäîö³ëüíî.

Ïðîäóêö³þ ô³òîïëàíêòîíó ñïîæèâàþòü íèæ÷³ ã³äðîá³îíòè, à òàêîæ
ðèáè [21]. Äëÿ çìåíøåííÿ òðîô³÷íîãî çâ’ÿçêó äîö³ëüíî ³íòðîäóêóâàòè â
ã³äðîåêîñèñòåìó ïëàíêòîíî¿äíèõ ðèá — ô³òîïëàíêòîôàã³â, íàïðèêëàä,
á³ëîãî òîâñòîëîáèêà Hypophthalmichthys molitrix Valenciennes, 1844. Ç
1960-õ ðîê³â äëÿ áîðîòüáè ç íàäëèøêîì âèùî¿ âîäíî¿ ðîñëèííîñò³ áóëî
çàïðîïîíîâàíî âèêîðèñòîâóâàòè á³ëîãî àìóðà Ctenopharyngodon idella
Valenciennes, 1844, à äëÿ ñïîæèâàííÿ äåòðèòó — ñòðîêàòîãî òîâñòîëîáèêà
Aristichthys nobilis Richardson, 1846. Ñàìå ö³ âèäè çäàòí³ åôåêòèâíî óòè-
ë³çóâàòè ïåðâèííó îðãàí³êó, ùî óòâîðþºòüñÿ ó âîäîéìàõ, ïîêðàùóþ÷è
ÿê³ñòü âîäè [1, 8, 16].

ßê â³äîìî, êîìïëåêñ çàõîä³â, ñïðÿìîâàíèõ íà ïîë³ïøåííÿ ñòàíó ïðè-
ðîäíèõ àáî øòó÷íèõ ã³äðîåêîñèñòåì çà äîïîìîãîþ æèâèõ îðãàí³çì³â
(ì³êðîîðãàí³çì³â, áåçõðåáåòíèõ, ðèá òîùî), íàçèâàºòüñÿ á³îëîã³÷íîþ ìå-
ë³îðàö³ºþ (á³îìåë³îðàö³ºþ) [33].

Ìåòîþ íàøîãî äîñë³äæåííÿ º îö³íêà ðåçóëüòàò³â ðåàë³çàö³¿ ï³ëîòíîãî
äëÿ Óêðà¿íè ïðîåêòó ç á³îëîã³÷íî¿ ìåë³îðàö³¿ ã³äðîòåõí³÷íîãî êàíàëó
Äí³ïðî-Äîíáàñ (2010—2023 ðð.). Çàâäàííÿ ïîëÿãàº íå â ïîâí³é ë³êâ³äàö³¿
öâ³ò³ííÿ âîäîðîñòåé ÿê ÿâèùà, à â ïîì’ÿêøåíí³ éîãî íåãàòèâíèõ íàñ-
ë³äê³â, ðåãóëþâàíí³ ïðîöåñó ðîñòó ì³êðîâîäîðîñòåé (ö³àíîáàêòåð³é) òà ¿õ
ðàö³îíàëüíîìó âèäàëåíí³ [23, 32]. Âèêîðèñòàííÿ îòðèìàíèõ ðåçóëüòàò³â
äîñë³äæåíü òà ðîçðîáêà åôåêòèâíèõ ðåêîìåíäàö³é ùîäî âèêîðèñòàííÿ
ð³çíèõ âèä³â ðîñëèíî¿äíèõ ðèá ï³ä ÷àñ á³îìåë³îðàö³¿ êàíàëó äîçâîëèòü â
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ïîäàëüøîìó âïðîâàäæóâàòè òàê³ çàõîäè íà ³íøèõ âîäíèõ îá’ºêòàõ Óê-

ðà¿íè òà ñâ³òó.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Òåðèòîð³ÿ äîñë³äæåííÿ. Êàíàë Äí³ïðî-Äîíáàñ ïî÷èíàºòüñÿ ç ãîëîâ-

íîãî âîäîçàáîðó (ÃÂÇ) íà ë³âîìó áåðåç³ Êàì’ÿíñüêîãî âîäîñõîâèùà

(ð. Äí³ïðî). Ð³âåíü âîäè â ÃÂÇ íà 2 ì âèùèé, í³æ ó êàíàë³, ùî çàáåçïå÷óº

ñàìîïëèâíå íàäõîäæåííÿ âîäè äî ìàã³ñòðàëüíîãî êàíàëó. Ïîäàëüøèé ðóõ

âîäíèõ ìàñ ïî âñ³é àêâàòîð³¿ êàíàëó Äí³ïðî-Äîíáàñ (ðèñ. 2) çàáåçïå÷óþòü

12 íàñîñíèõ ñòàíö³é, ùî çàáåçïå÷óþòü ï³äéîì âîäè ç ð. Äí³ïðî äî ì³ñöÿ

âïàä³ííÿ â ð. Ñ³âåðñüêèé Äîíåöü (Õàðê³âñüêà îáë., Óêðà¿íà). Ó ìåæàõ òðà-

ñè êàíàëó ñòâîðåíî äâà âîäîñõîâèùà: Îð³ëüê³âñüêå (700 ãà) òà Êðàñíî-

ïàâë³âñüêå (áëèçüêî 3500 ãà).
Ó 2010—2023 ðð. äîñë³äæåííÿ ïðîâîäèëè ïî âñ³é òðàñ³ êàíàëó Äí³ï-

ðî-Äîíáàñ — â³ä ãîëîâíîãî âîäîçàáîðó â Äí³ïðîïåòðîâñüê³é îáëàñò³ äî

ãðåáë³ Êðàñíîïàâë³âñüêîãî âîäîñõîâèùà â Õàðê³âñüê³é îáëàñò³ Óêðà¿íè

(ðèñ. 3). Çàãàëüíà äîâæèíà äîñë³äæóâàíî¿ àêâàòîð³¿ êàíàëó ñòàíîâèòü

202 êì.
Ìåòîäè. Ó 2014—2023 ðð. â³äáèðàëè ã³äðîõ³ì³÷í³, ã³äðîá³îëîã³÷í³ òà

³õò³îëîã³÷í³ ïðîáè çà ñòàíäàðòíèìè ìåòîäèêàìè [2, 8, 13]. Ó ð³çí³ ñåçîíè

ðîêó íà ð³çíèõ ä³ëÿíêàõ êàíàëó, äå ïðîâîäèëèñÿ á³îìåë³îðàòèâí³ ðîáîòè,

â³ä³áðàëè 98 ïðîá âîäè. Ïðîáè âîäè àíàë³çóâàëè çà îñíîâíèìè ïîêàçíè-

êàìè ÿêîñò³ ïðèðîäíèõ âîä [2].
Ùîð³÷íî âë³òêó òà âîñåíè â àêâàòîð³¿ êàíàëó ïðîâîäèëè ìîí³òîðèíãî-

âèé ëîâ ³õò³îôàóíè ñòàíäàðòíèì íàáîðîì çíàðÿäü ëîâó: çÿáðîâ³ ñ³òêè ç

â³÷êîì 21—110 ìì, êîæíà äîâæèíîþ 30—50 ì (âñüîãî 10 øò.). Ó
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Ðèñ. 1. Ñòàí âîäíèõ ðåñóðñ³â êàíàëó ó ñåðïí³ 2020 ð.: à — ìàñîâèé ðîçâèòîê ñèíüîçå-
ëåíèõ âîäîðîñòåé (âåðõíÿ ä³ëÿíêà êàíàëó); á — ïåðåñèõàííÿ òðàñè êàíàëó äî Êðàñíî-
ïàâë³âñüêîãî âîäîñõîâèùà (íà äí³ òðàñè êàíàëó âèäíî ðîñëèíí³ñòü). Ôîòî Ð. Íî-
â³öüêîãî



2014—2023 ðð. áóëî çä³éñíåíî 234 îáëîâ³â ó ð³çíèõ ÷àñòèíàõ êàíàëó. Â

óëîâàõ çàðåºñòðîâàíî 18 âèä³â ñòàòåâîçð³ëèõ ðèá (6 ðîäèí).
Âë³òêó (ëèïåíü — ñåðïåíü) äëÿ ëîâó âèêîðèñòîâóâàëè äð³áíîâ³÷êî-

âèé ìàëüêîâèé íåâ³ä äîâæèíîþ 15 ì ³ âèñîòîþ 2 ì (â³÷êî 7,5 ìì ó êðèëàõ ³

3 ìì ó êóë³). Ãëèáèíà â³äáîðó ïðîá ñòàíîâèëà äî 1,7 ì. Îäíà ïðîáà â³äïî-

â³äàëà ïëîù³ â³ä 100 äî 150 ì2.
Â³ä³áðàí³ çðàçêè (3450 åêçåìïëÿð³â ìîëîä³ ðèá) ô³êñóâàëè ó 4,5 % ðîç-

÷èí³ ôîðìàë³íó. ²õò³îëîã³÷í³ ïðîáè îáðîáëÿëè ó ëàáîðàòîð³¿ Äí³ïðîâ-

ñüêîãî äåðæàâíîãî àãðàðíî-åêîíîì³÷íîãî óí³âåðñèòåòó (ÄÄÀÅÓ).
²õò³îëîã³÷íèé ìàòåð³àë òàêîæ çáèðàëè ç áðàêîíüºðñüêèõ çíàðÿäü ëî-

âó (âåðø³, çÿáðîâ³ ñ³òêè), à óëîâ ðèáàëîê-ëþáèòåë³â àíàë³çóâàëè çà îðè-

ã³íàëüíîþ àâòîðñüêîþ ìåòîäèêîþ [6]. Çá³ð ³íôîðìàö³¿ ïðîâîäèëè øëÿ-

õîì áåçïîñåðåäíüîãî îãëÿäó óëîâ³â òà ¿õ çâàæóâàííÿ íà ì³ñö³ ëîâó, ïðè

öüîìó ô³êñóâàëè ìàñó óëîâó, ê³ëüê³ñòü ðèá, ùî ïîòðàïèëè â óëîâ, ¿õ âèäî-

âèé ñêëàä. Ó ð³çí³ ñåçîíè ðîêó â óëîâàõ ðèáàëîê áóëî çàô³êñîâàíî 20 âèä³â

ðèá.
Çàãàëîì ó 2014—2023 ðð. áóëî äîñë³äæåíî ïîíàä 18 200 îñîáèí 34

âèä³â ðèá (10 ðîäèí). Óëîâ äèôåðåíö³þâàëè çà âèäàìè ðèá, âèçíà÷àëè

ðîçì³ðè ò³ëà, ìàñó ò³ëà, ñòàòü, ñòàä³þ ñòàòåâî¿ çð³ëîñò³, â³äáèðàëè ïðîáè
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Ðèñ. 2. Òðàñà êàíàëó Äí³ïðî-Äîíáàñ (à, á); Îð³ëüê³âñüêå (â) òà Êðàñíîïàâë³âñüêå (ã)
âîäîñõîâèùà íà òðàñ³ êàíàëó. Ôîòî Ð. Íîâ³öüêîãî
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ëóñêè äëÿ âèçíà÷åííÿ â³êó ðèá. Ïðè âèçíà÷åíí³ ðèá, ¿õ ñèñòåìàòè÷íîãî
ïîëîæåííÿ òà íîìåíêëàòóðè íàçâ çàñòîñîâóâàëè âèçíà÷íèêè [16, 25].

Êð³ì öüîãî, ñòàí êàíàëó îö³íþâàëè çà äîïîìîãîþ Ã²Ñ â³äïîâ³äíî äî
ñòàíäàðòèçîâàíèõ ìåòîäèê [15, 29, 32]. Íîðìàë³çîâàíèé ³íäåêñ ð³çíèö³ êà-
ëàìóòíîñò³ (NDTI) âèçíà÷àëè çà ñï³ââ³äíîøåííÿì ì³æ çàâèñëèìè íàíî-
ñàìè òà â³äáèòîþ ðàä³àö³ºþ:

NDTI = −
+

I I

I I
R G

R G

,

äå IR òà IG îçíà÷àþòü âèì³ðþâàííÿ ñïåêòðàëüíîãî â³äáèòòÿ, îòðèìàí³ â
÷åðâîí³é (âèäèì³é) òà çåëåí³é îáëàñòÿõ â³äïîâ³äíî.

Íîðìàë³çîâàíèé ³íäåêñ ð³çíèö³ âîäîðîñòåé (NDAI) âèçíà÷àº íàÿâ-
í³ñòü ïðîöåñó çàðîñòàííÿ âîäîéìè âîäîðîñòÿìè òà éîãî ñòàä³þ ðîçâèòêó:

NDAI
I I I I

I I I I
G NIR B R

G NIR B R

= + − −
+ + +

+2

2
0 5, ,

äå IB, IG, IR, INIR — âèì³ðþâàííÿ ñïåêòðàëüíîãî â³äáèòòÿ, îòðèìàí³ â ñèíüî-
ìó, çåëåíîìó, ÷åðâîíîìó (âèäèìîìó) òà áëèæíüîìó ³íôðà÷åðâîíîìó ä³à-
ïàçîíàõ.

Ñòàòèñòè÷íèé àíàë³ç. Ðåçóëüòàòè îáðîáëÿëè òà àíàë³çóâàëè çà äî-
ïîìîãîþ ñòàòèñòè÷íèõ ìåòîä³â [14] òà ïàêåò³â ïðèêëàäíèõ ïðîãðàì Mic-
rosoft Excel äëÿ Windows ³ STATISTICA 10.0.

Ðåçóëüòàòè äîñë³äæåíü

Ó ïåðø³ ðîêè ³ñíóâàííÿ ìàã³ñòðàëüíîãî êàíàëó Äí³ïðî-Äîíáàñ
(1983—1990 ðð.) äîñë³äæåííÿ íà íüîìó ïðîâîäèëè íàóêîâö³ ²íñòèòóòó
ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè. Çà ¿õí³ìè ðîçðàõóíêàìè óñåðåäíåí³ ïîêàçíè-
êè á³îìàñè âîäíî¿ ðîñëèííîñò³ äâîõ âîäîñõîâèù (Îð³ëüê³âñüêîãî òà
Êðàñíîïàâë³âñüêîãî ç çàãàëüíîþ ïëîùåþ îáîõ 4200 ãà) íà êàíàë³ — ñÿãàëè
2271 ò. Ùîð³÷íà ïðîäóêö³ÿ ô³òîïëàíêòîíó ñÿãàëà 27288 ò. Áóëî ïîêàçàíî,
ùî ïðîäóêòèâí³ñòü çîîïëàíêòîíó òà çîîáåíòîñó º äîñèòü âèñîêîþ, ¿õ ðîç-
âèòîê äîñòàòí³é äëÿ îòðèìàííÿ çíà÷íî¿ ðèáíî¿ ïðîäóêö³¿. Óñåðåäíåíèé
ùîð³÷íèé ïîêàçíèê á³îìàñè çîîïëàíêòîíó Îð³ëüê³âñüêîãî òà Êðàñíî-
ïàâë³âñüêîãî âîäîñõîâèù íà êàíàë³ — 903 ò. [3, 4].

Ó 1980-õ ðîêàõ ìàñîâèìè ïðåäñòàâíèêàìè êîðìîâîãî (äëÿ ðèá) çîî-
áåíòîñó ó êàíàë³ áóëè äâîñòóëêîâ³ ìîëþñêè ìîíîäàêíà Monodacna colora-
ta (Eichwald) òà äðåéñåíà áóçüêà Dreissena bugensis Andr., ç ÷åðâ³â — Oli-
gochaetà, ç ðàêîïîä³áíèõ — áîêîïëàâè. Çàãàëüíà ÷èñåëüí³ñòü äîííèõ áåç-
õðåáåòíèõ ìàêðîáåíòîñó íà ïî÷àòêó êàíàëó ñÿãàëà 40 òèñ. åêç/ì2 çà á³îìà-
ñè äî 13 êã/ì2 (çà ðàõóíîê ðîçâèòêó äðåéñåíè). Ó äâîõ âîäîñõîâèùàõ êàíà-
ëó Äí³ïðî-Äîíáàñ çàïàñ äðåéñåíè ïåðåâèùóâàâ 1560 ò. Óñåðåäíåíà á³îìà-
ñà «ì’ÿêîãî», ïðîäóêòèâíîãî áåíòîñó â Êðàñíîïàâë³âñüêîìó âîäîñõîâèù³
ñÿãàëà 665 ò, à â Îð³ëüê³âñüêîìó — 42,35 ò [3, 4].
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Íàâåäåí³ ðåòðîñïåêòèâí³ äàí³ ñâ³ä÷àòü ïðî íàÿâíèé á³îïðîäóêö³éíèé
ïîòåíö³àë íà ð³çíèõ ä³ëÿíêàõ êàíàëó Äí³ïðî-Äîíáàñ ³ ïðî çàãàëüíó íèçü-
êîåôåêòèâíó îðãàí³çàö³þ ïðîöåñó âèëó÷åííÿ ã³äðîá³îíò³â, íàäëèøîê
ÿêèõ ìîæå ñïðè÷èíÿòè ïîã³ðøåííÿ ÿêîñò³ âîäè ó êàíàë³. Íàïðèêëàä,
íàäì³ðíèé ðîçâèòîê ñèíüîçåëåíèõ âîäîðîñòåé ñïðè÷èíÿâ «öâ³ò³ííÿ» âî-
äè ³, ÿê íàñë³äîê, — íåîäíîðàçîâå âèíèêíåííÿ çàìîð³â ðèá [7].

Ð³çíîìàí³òòÿ ³õò³îôàóíè êàíàëó Äí³ïðî-Äîíáàñ ïîâí³ñòþ çàëåæàëî
â³ä ïðîíèêíåííÿ ð³çíèõ ðèá ç Êàì’ÿíñüêîãî (ñòàðà íàçâà — Äí³ïðîäçåð-
æèíñüêîãî) âîäîñõîâèùà. Íà ñüîãîäí³øí³é äåíü ó ñêëàä³ ³õò³îôàóíè êàíà-
ëó Äí³ïðî-Äîíáàñ çàðåºñòðîâàíî 38 âèä³â ðèá ç 10 ðîäèí [7].

Âñåëåííÿ âèä³â-á³îìåë³îðàíò³â òà éîãî ðåçóëüòàòè. Ïåðøå âñåëåííÿ
ðèá-á³îìåë³îðàíò³â ó ã³äðîòåõí³÷íèé êàíàë çä³éñíåíî ó 2011 ð. (4 âèäè
ðèá, â³êîâà ãðóïà — öüîãîë³òêè). Ó 2012 ð. âñåëåííÿ áóëî ïðîäîâæåíî ³
ñóòòºâî çá³ëüøåíî çà ê³ëüê³ñòþ îñîáèí (òàáë. 1). Ó 2013 ð. ³íòðîäóêö³ÿ
çä³éñíþâàëàñÿ ò³ëüêè öüîãîë³òêàìè á³ëîãî àìóðà, àëå â çíà÷íèõ îáñÿãàõ. Ó
2017 ð. âïåðøå çä³éñíåíî âñåëåííÿ ï³äðîùåíî¿ ìîëîä³ (óñåðåäíåíà ìàñà
îäíîãî åêç. — 1 ã). Çìåíøåííÿ íîðìàòèâíî¿ ìàñè çàðèáêó çàïðîïîíîâàíî
âíàñë³äîê ñêëàäíî¿ ñèòóàö³¿ ç ïîñàäêîâèì ìàòåð³àëîì ó êðà¿í³.

Âñåëåííÿ ï³äðîùåíî¿ ìîëîä³ ìàñîþ 1 ã ìàº çíà÷í³ ëîã³ñòè÷í³ ïåðåâà-
ãè, à òàêîæ öåé çàðèáîê ìàº íåâèñîêó ñîá³âàðò³ñòü ïîð³âíÿíî ç á³ëüø
ñòàðøèìè ãðóïàìè (îäíîë³òêè, îäíîð³÷êè, äâîë³òêè). Çâè÷àéíî, ïîòð³áíî
âðàõîâóâàòè âèñîêó ñìåðòí³ñòü òàêî¿ ìîëîä³ ðèá, à òàêîæ óíèêàòè âñåëåí-
íÿ ó ä³ëÿíêè âîäîéìè ç âèñîêèì ïðåñèíãîì õèæàê³â.

Äàëåêîñõ³äí³ ðîñëèíî¿äí³ ðèáè — á³ëèé òà ñòðîêàòèé òîâñòîëîáèêè,
á³ëèé àìóð, ÿêèõ âñåëèëè â âîäè Óêðà¿íè ó XX ñò. äëÿ áîðîòüáè ç çàðîñ-
òàííÿì âîäîéì ³ ï³äâèùåííÿ á³îïðîäóêòèâíîñò³, â³äì³ííî ïîêàçàëè ñåáå
íà ìàëèõ ñòàâêàõ ³ îçåðàõ.

Ïðè êîìïëåêñíîìó çàðèáëåíí³ àêâàòîð³¿ êàíàëó âèäàìè-á³îìåë³îðàí-
òàìè ðîçðàõîâàí³ íàñòóïí³ ïîêàçíèêè âèëó÷åííÿ á³îëîã³÷íî¿ ïðîäóêö³¿.
Çàðèáëåííÿ á³ëèì òîâñòîëîáèêîì ïðîãíîçîâàíî çàáåçïå÷óº ïîäàëüøå âè-
ëó÷åííÿ ó âèãëÿä³ ³õò³îìàñè àáî óòèë³çóâàííÿ ðèáàìè, ùî çàëèøèëèñÿ â
âîäîéì³, íå ìåíøå 647 ò ô³òîïëàíêòîíó çà âåãåòàö³éíèé ñåçîí (ðèñ. 4).

Âàæëèâà ðîëü ñòðîêàòîãî òîâñòîëîáèêà ó íåéòðàë³çàö³¿ äîííèõ â³ä-
êëàä³â (äåòðèòó). Çà äîòðèìàííÿì îá´ðóíòîâàíèõ îáñÿã³â çàðèáëåííÿ öèì
âèäîì (äèâ. òàáë. 1) ìîæíà ïðîãíîçîâàíî ùîð³÷íî âèëó÷àòè ç êàíàëó ïî-
íàä 600 ò äîííèõ â³äêëàä³â.

Âñåëåííÿ îá´ðóíòîâàíî¿ ê³ëüêîñò³ á³îìåë³îðàíòà-áåíòîôàãà — êîðî-
ïà ºâðîïåéñüêîãî — äîçâîëèòü ùîð³÷íî âèëó÷àòè ç êàíàëó äî 240 ò ìîëþ-
ñêà äðåéñåíè.

Áåççàïåðå÷íî, ö³ ïðîöåñè âèëó÷åííÿ á³îïðîäóêö³¿ ñóòòºâî çìåíøàòü
îðãàí³÷íå çàáðóäíåííÿ âîäîéìè âíàñë³äîê â³äìèðàííÿ âèùî¿ âîäíî¿ ðîñ-
ëèííîñò³ òà íèæ÷èõ âîäîðîñòåé, ñåðéîçíî âïëèíóòü íà ðîçâèòîê á³îîáðî-
ñòàòåë³â ³, â³äïîâ³äíî, ï³äâèùàòü ÿê³ñòü âîäè ó êàíàë³.

Åôåêòèâí³ñòü ïðîâåäåíî¿ á³îìåë³îðàö³¿ (ïîêðàùåííÿ ÿêîñò³ âîäè,
çìåíøåííÿ çàðîñòàííÿ àêâàòîð³¿) äîâîäÿòü ñâ³òëèíè ä³ëÿíîê êàíàëó
Äí³ïðî-Äîíáàñ: íèæ÷å äþêåðà ¹ 1 (Ïåòðèê³âñüêà ä³ëÿíêà) òà íèæ÷å íà-
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ñîñíî¿ ñòàíö³¿ (ÍÑ) ¹ 2 (Ïðåîáðàæåíñüêà ä³ëÿíêà) (ðèñ. 5). Ðåçóëüòàòè
ìîí³òîðèíãó êàíàëó çàñîáàìè äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³ (çéîìêà
2017 ð.) òàêîæ ï³äòâåðäæóþòü åôåêòèâí³ñòü çä³éñíåíî¿ á³îìåë³îðàö³¿ íà
êàíàë³ (ðèñ. 6).

Îñíîâíèìè ³íäåêñíèìè ïîêàçíèêàìè äèñòàíö³éíîãî çîíäóâàííÿ
äçåðêàëà âîäè êàíàëó ó äîñë³äæåíí³ âèêîðèñòàí³: NDTI (íîðìàë³çîâàíèé
³íäåêñ ð³çíèö³ êàëàìóòíîñò³ — Normalized Difference Turbidity Index),
NDAI (íîðìàë³çîâàíèé ³íäåêñ ð³çíèö³ âîäîðîñòåé — Normalized Differen-
ce Algae Index) òà NDVI (³íäåêñ íîðìàë³çîâàíî¿ äèôåðåíö³àëüíî¿ ðîñëèí-
íîñò³ — Normalized Difference Vegetation Index) [30, 32]. Âêàçàí³ ³íäåêñè
îòðèìàí³ íà îñíîâ³ äåêîäóâàííÿ òà àíàë³çó êîñì³÷íèõ çîáðàæåíü ç ñóïóò-
íèêà Sentinel-2 äëÿ «ìàñêè» âîäíîãî äçåðêàëà êàíàëó Äí³ïðî-Äîíáàñ äëÿ
ä³ëÿíîê âèùå òà íèæ÷å äþêåðà ¹ 1 (äèâ. ðèñ. 6).
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Ðèñ. 4. Ðåçóëüòàòè á³îìåë³îðàòèâíî¿ ä³ÿëüíîñò³ ðîñëèíî¿äíèõ ðèá íà êàíàë³ ó
2016—2017 ðð.: a — ðîçâèòîê ô³òîïëàíêòîíó íà ä³ëÿíö³ êàíàëó ï³ñëÿ íàñîñíî¿ ¹ 2
(ñåðïåíü 2016 ð.); á — ñòàí ä³ëÿíêè ó ñåðïí³ 2017 ð; â — çàðîñëà ðîñëèíí³ñòþ àêâà-
òîð³ÿ ä³ëÿíêè ï³ñëÿ äþêåðó ¹ 1 (ëèïåíü 2016 ð.); ã — ñòàí ö³º¿ ä³ëÿíêè êàíàëó ó ñåðïí³
2017 ð. Ôîòî Â. Êóçîðè



Ðåçóëüòàòè ìîí³òîðèíãó 2017 ð. àêâàòîð³¿ êàíàëó Äí³ïðî-Äîíáàñ
(òàáë. 2) ñâ³ä÷àòü ïðî ñóòòºâó ð³çíèöþ ì³æ âåãåòàö³éíèìè ³íäåêñàìè íà
ä³ëÿíêàõ êàíàëó áåç á³îìåë³îðàö³¿ / ç á³îìåë³îðàö³ºþ. Òàê, çíà÷åííÿ àëü-
ãî³íäåêñó (NDAI) ñâ³ä÷èòü ïðî åôåêòèâí³ñòü «ðîáîòè» ðîñëèíî¿äíèõ
âèä³â ðèá íà ä³ëÿíö³ êàíàëó Á. ²íäåêñ íîðìàë³çîâàíî¿ ðîñëèííîñò³ (NDVI)
ïîêàçàâ ñóòòºâî ìåíøó ù³ëüí³ñòü ñèíüî-çåëåíèõ âîäîðîñòåé, îñîáëèâî
íàïðèê³íö³ ë³òà, ÿê ðåçóëüòàò á³îìåë³îðàö³¿ ä³ëÿíêè Á (ðèñ. 7).

Â³äñóòí³ñòü â³ä÷óòíî¿ ð³çíèö³ çà NDTI, ñêîð³øå çà âñå, äîâîäèòüñÿ
òèì, ùî â ïåð³îä ê³íåöü ÷åðâíÿ — ïî÷àòîê ëèïíÿ áóëè çä³éñíåí³ ïðîêà÷ó-
âàííÿ âîäè ïî êàíàëó Äí³ïðî-Äîíáàñ, ùî âèð³âíÿëî ïîêàçíèêè ìóòíîñò³
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Ðèñ. 5. Ðåçóëüòàòè ìîí³òîðèíãó ä³ëÿíîê àêâàòîð³¿ êàíàëó Äí³ïðî-Äîíáàñ (2017 ð.):
À — íèæ÷å äþêåðà ¹ 1 (Ïåòðèê³âñüêà ä³ëÿíêà), Á — â³ä äþêåðà ¹ 1 äî ÍÑ ¹ 1 (Ìî-
ãèë³âñüêà ä³ëÿíêà)

Ðèñ. 6. Ðåçóëüòàòè ìîí³òîðèíãó êàíàëó
çàñîáàìè äèñòàíö³éíîãî çîíäóâàííÿ
Çåìë³ (çéîìêà 2017 ð.) çà âåãåòàö³éíè-
ìè ³íäåêñàìè (Â²): 1 — NDTI; 2 —
NDAI; 3 — NDVI



âîäè íà ä³ëÿíêàõ êàíàëó À òà Á (â³äïîâ³äíî — Ïåòðèê³âñüêà òà Ìî-

ãèë³âñüêà).
Âèëó÷åííÿ íàäëèøêîâî¿ ïðîäóêö³¿ çà âèäàìè-á³îìåë³îðàíòàìè òà

òóâîäíèìè âèäàìè. Íàóêîâî îá´ðóíòîâàíå âèëó÷åííÿ íàäëèøêîâî¿ ³õ-

ò³îìàñè º íåîáõ³äíèì ô³í³øíèì åòàïîì á³îìåë³îðàö³¿. Öå º ðåãóëþþ÷èì

÷èííèêîì ³ çàïîá³æíèì çàõîäîì ïåðåøêîäæàííþ ïîâòîðíîãî çàáðóä-

íåííÿ åêîñèñòåìè êàíàëó ³ ïîã³ðøåííþ ÿêîñò³ âîäè. Êð³ì òîãî, âïðîâàä-

æåííÿ á³îìåë³îðàòèâíîãî â³äëîâó ñòàðøîâ³êîâèõ ãðóï ðèá äîçâîëÿº äî-

äàòêîâî îòðèìàòè ÿê³ñíó õàð÷îâó ïðîäóêö³þ.
Ïîêàçíèêè çàãàëüíèõ îáñÿã³â âèëó÷åííÿ ì³ñöåâèõ ³ âñåëåíèõ ðèá çà

óâåñü ïåð³îä á³îìåë³îðàòèâíî¿ ä³ÿëüíîñò³ íà êàíàë³ íàâåäåí³ íà ðèñ. 8.
Çàçíà÷èìî, ùî ó 1987 ðîö³ â÷åíèìè ²íñòèòóòó ã³äðîá³îëîã³¿ ÍÀÍ

Óêðà¿íè ðîçðàõîâàíà ôàêòè÷íà ðèáîïðîäóêòèâí³ñòü Îð³ëüê³âñüêîãî âî-
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Òàáëèöÿ 2
Çíà÷åííÿ ³íäåêñ³â ðîñëèííîñò³ äëÿ ä³ëÿíîê À (Ïåòðèê³âñüêà) òà

Á (Ìîãèë³âñüêà) êàíàëó

Äàòè
äîñë³äæåíü

NDTI NDVI NDAI

ä³ëÿíêà Á
ä³ëÿíêà

íèæ÷å (À)
ä³ëÿíêà Á

ä³ëÿíêà
íèæ÷å (À)

ä³ëÿíêà Á
ä³ëÿíêà

íèæ÷å (À)

31.03.2017 -0,12 -0,11 0,06 0,11 — —

27.04.2017 -0,19 -0,11 0,12 0,17 — —

25.05.2017 -0,25 -0,21 0,17 0,24 0,99 1,04

29.06.2017 -0,16 -0,13 0,14 0,21 0,99 1,02

21.07.2017 -0,19 -0,19 0,15 0,24 0,91 0,99

10.08.2017 -0,17 -0,15 0,14 0,25 0,92 1,01

Ðèñ. 7. Ä³ëÿíêà êàíàëó á³ëÿ äþêåðà ¹ 1 — àëüãî³íäåêñ NDAI íà 10.08.2017 ð. (çë³âà
ä³ëÿíêà À, ñïðàâà — Á)



äîñõîâèùà ñòàíîâèëà 93,54 êã/ãà [4], àëå çà 35 ðîê³â çìåíøèëàñÿ ìàéæå ó
5,5 ðàç³â ³ äî 2015 ðîêó íå ïåðåâèùóâàëà 15,16 êã/ãà.

Çàãàëüíà ôàêòè÷íà ðèáîïðîäóêòèâí³ñòü Êðàñíîïàâë³âñüêîãî âîäî-
ñõîâèùà ó 2015 ð. ñÿãàëà 18,26 êã/ãà, ùî ìàéæå âòðè÷³ íèæ÷å ðîçðàõîâàíî-
ãî äîïóñòèìîãî ð³âíÿ. Íàóêîâî îáãðóíòîâàí³ îáñÿãè çàðèáëåííÿ Îð³ëü-
ê³âñüêîãî òà Êðàñíîïàâë³âñüêîãî âîäîñõîâèù ó 2013 ð. äàëè çìîãó çíà÷íî
íàðîñòèòè ³õò³îìàñó ðèá-á³îìåë³îðàíò³â, ùî â³äîáðàçèëîñÿ íà çá³ëüøåíí³
¿õ óëîâ³â ó 2014—2015 ðð. (äèâ. ðèñ. 8).

Âë³òêó 2016 ð. ìàéæå òðåòèíà ñòàäà ðîñëèíî¿äíèõ ðèá (á³ëèé òîâñòî-
ëîáèê) áóëà âòðà÷åíà âíàñë³äîê âòîðèííîãî çàáðóäíåííÿ ï³ä ÷àñ ïðîêà÷ó-
âàííÿ âîäè ç Êàì’ÿíñüêîãî âîäîñõîâèùà ïî òðàñ³ êàíàëó [7].

Íà àêâàòîð³¿ ä³ëÿíêè ìàã³ñòðàëüíîãî êàíàëó Äí³ïðî-Äîíáàñ â³ä ãî-
ëîâíî¿ âîäîçàá³ðíî¿ ñïîðóäè (ÃÂÑ) äî äþêåðó ¹ 1 íà â³äñòàí³ 6 êì 30.07—
12.08.2016 ð. ñïîñòåð³ãàëàñü çàãèáåëü á³ëîãî òîâñòîëîáèêà H. molitrix. Ñó-
ìàðíà ê³ëüê³ñòü çàãèáëèõ ðèá ñêëàëà 14523 îñîáèí, çàãàëüíà ìàñà çàãèá-
ëèõ îñîáèí — 13,01 ò. Ó ðåçóëüòàò³ äîñë³äæåíü âèÿâëåíî, ùî äî çàãèáåë³
á³îìåë³îðàíò³â ïðèçâ³â êðèòè÷íèé ð³âåíü îðãàí³÷íîãî çàáðóäíåííÿ âîäè
â àâàíêàìåð³ êàíàëó (á³îìàñà â³äìåðëèõ ñèíüîçåëåíèõ âîäîðîñòåé ñÿãàëà
3000 ã/ì3). Ïðè «çàëïîâîìó» íàäõîäæåíí³ îðãàí³êè ç àâàíêàìåðè äî ä³-
ëÿíêè ¹ 1 (ïðè ïðîêà÷óâàíí³ âîäè) äëÿ á³ëîãî òîâñòîëîáèêà âèíèê òîê-
ñè÷íèé åôåêò (ïðè ñïîæèâàíí³ öèõ âîäîðîñòåé), ³ ï³äñèëåííÿ íåãàòèâíî-
ãî âïëèâó çà ðàõóíîê óðàæåííÿ çÿáåð ðèá òà äåô³öèòó êèñíþ ó îðãàí³çì³ çà
âèñîêèõ òåìïåðàòóð âîäè (+27 oÑ ³ âèùå) [7].

Äëÿ ïîïåðåäæåííÿ ïîäàëüøèõ åêñöåñ³â ³ çàãèáåë³ ðèá ï³ä ÷àñ ïðîêà-
÷óâàííÿ âîäè ïî òðàñ³ êàíàëó áóëè çàïðîïîíîâàí³ çàõîäè íåéòðàë³çàö³¿
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Ðèñ. 8. Çàãàëüí³ îáñÿãè á³îìåë³îðàòèâíîãî âèëîâó ðèá íà êàíàë³ Äí³ïðî-Äîíáàñ ó
2013—2023 ðð. (ç ÷àñòêîþ ³íòðîäóöåíò³â), ò



îðãàí³êè â àâàíêàìåð³ êàíàëó. Ó 2017—2023 ðð. ïîä³áíèõ âèïàäê³â çàãè-
áåë³ ðèá íà êàíàë³, âèêëèêàíèõ íàäì³ðíèì ðîçâèòêîì ô³òîïëàíêòîíà ³
áàêòåð³îôëîðè, íå ñïîñòåð³ãàëîñÿ.

Åêîíîì³÷íèé åôåêò â³ä ïðîâàäæåííÿ á³îìåë³îðàòèâíî¿ ä³ÿëüíîñò³ íà
êàíàë³ Äí³ïðî-Äîíáàñ. Ó 2019 ð. ïðîâåäåí³ ðîçðàõóíêè åêîíîì³÷íî¿ åôåê-
òèâíîñò³ â³ä á³îìåë³îðàòèâíî¿ ä³ÿëüíîñò³ íà êàíàë³.

Ðîçãëÿäàëè òðàñó êàíàëó Äí³ïðî-Äîíáàñ â³ä ÃÍÑ äî íàñîñíî¿ ñòàíö³¿
¹ 5, à òàêîæ â³ä íàñîñíî¿ ñòàíö³¿ (ÍÑ) ¹ 7 äî íàñîñíî¿ ñòàíö³¿ ¹ 9 (çàãàëü-
íà äîâæèíà 104,11 êì). Äëÿ âèäàëåííÿ âîäíî¿ ðîñëèííîñò³ ïî îáîõ áåðå-
ãàõ, ç óðàõóâàííÿì ñåðåäíüî¿ øèðèíè çàðîñòàííÿ àêâàòîð³¿ âîäîéìè âè-
ùîþ âîäíîþ ðîñëèíí³ñòþ ó 15 ì (ç êîæíîãî áîêó) ³ óñåðåäíåí³é øèðèí³
êàíàëó ó 48,08 ì, íåîáõ³äíî âèêîíóâàòè ìåõàí³çîâàí³ ðîáîòè íà çàãàëüí³é
ïëîù³ ó 156,363 ãà (1 563 634,15 ì2).

Äëÿ âèêîíàííÿ ðîá³ò ç âèêîñó ðîñëèííîñò³ íåîáõ³äíî çàñòîñóâàííÿ
ñïåö³àëüíî¿ âîäíî¿ òåõí³êè (íàïðèêëàä, áàãàòîôóíêö³îíàëüíèõ êîñàðîê).
Âðó÷íó òàê³ ðîáîòè âèêîíàòè âêðàé âàæêî. Äëÿ çä³éñíåííÿ ðîá³ò ç âèêî-
øóâàííÿ çàñòîñîâóâàëèñÿ íåâåëèê³ âîäí³ êîñàðêè òèïó ËÊ-12 (Á³ëîðóñü)
àáî BERKY 6410 (Germany). Ïðîäóêòèâí³ñòü âîäíî¿ êîñàðêè BERKY 6410
ñêëàäàº äî 7500 ì2/ãîä., ËÊ-12 — 3000—8000 ì2/ãîä.

Îòæå, ïðè ñåðåäí³é ïðîäóêòèâíîñò³ êîñàðêè ó 0,5 ãà/ãîä, äëÿ î÷èùåí-
íÿ â³ä âèùî¿ âîäíî¿ ðîñëèííîñò³ 1,564 ìëí. ì2 àêâàòîð³¿ êàíàëó íåîáõ³äíî
312,73 ãîäèí ðîáîòè ìåõàí³çîâàíî¿ òåõí³êè îäí³ºþ êîñàðêîþ ³ç îäíèì
ðîá³òíèêîì. Îð³ºíòîâíà âàðò³ñòü ðîáîòè êîñàðêè ñÿãàº 1900 ãðí/ãîä, òîá-
òî çàãàëüíèé îáñÿã ñåçîííèõ âèòðàò ñÿãíóâ áè 594,19 òèñ. ãðí ($21 220), íå
âðàõîâóþ÷è çàðîá³òíî¿ ïëàòè ðîá³òíèêà.

Ïðè çàñòîñóâàíí³ ³íøèõ âèä³â âîäíî¿ òåõí³êè, â òîìó ÷èñë³ óí³âåðñà-
ëüíîãî çåìñíàðÿäó «Watermaster Classik IV» ³ç äîäàòêîâèì îáëàäíàííÿì
äëÿ âèäàëåííÿ ðîñëèííîñò³ çàãàëüí³ âèòðàòè íà ïðîâåäåííÿ ðîá³ò ðîçðà-
õîâàí³ òàê. Çà ñåðåäíüî¿ ïðîäóêòèâíîñò³ çåìñíàðÿäó ó 0,3 ãà/ãîä., äëÿ î÷è-
ùåííÿ àêâàòîð³¿ êàíàëó â³ä âèùî¿ âîäíî¿ ðîñëèííîñò³ íåîáõ³äíî
521,21 ãîä. ðîáîòè çåìñíàðÿäó. Îð³ºíòîâíà âàðò³ñòü ðîá³ò çåìñíàðÿäó (ç
îïëàòîþ ïðàö³ âîä³ÿ) ó 2015—2016 ðð. ñêëàäàëà 4250 ãðí./ãîä., òîáòî çàãà-
ëüíèé îáñÿã ñåçîííèõ âèòðàò ñÿãàâ áè 2 215,142 òèñ. ãðí ($79 112). Çàçíà-
÷åíà ñóìà íå âðàõîâóº âèòðàòè íà âèâåçåííÿ ñêîøåíî¿ ðîñëèííîñò³ çà
ìåæ³ ñàí³òàðíî¿ çîíè êàíàëó ó ì³ñöÿ ñêëàäóâàííÿ àáî íà ïîë³ãîíè òâåðäèõ
ïîáóòîâèõ â³äõîä³â. Ïðè÷îìó òàê³ ðîáîòè íåîáõ³äíî çä³éñíþâàòè êîæíî-
ãî ðîêó.

Íàòîì³ñòü âèïóñê ó êàíàë ìîëîä³ á³ëîãî àìóðà C. idella íà òó æ ñóìó
2 215,142 òèñ. ãðí ($79 112) ïîòðåáóº âèòðàò ò³ëüêè ó ïåðøèé ð³ê çàðèáëåí-
íÿ. Ó íàñòóïí³ òðè ðîêè éîãî á³îìàñà çðîñòå (íàâ³òü ïîïðè ïðèðîäíó
ñìåðòí³ñòü), ùî çàáåçïå÷èëî, çà ðîçðàõóíêàìè, âèëó÷åííÿ íå ìåíøå
1100 òîí âèùî¿ âîäíî¿ ðîñëèííîñò³.

Òîáòî, çàñòîñóâàííÿ ò³ëüêè îäíîãî âèäó-á³îìåë³îðàíòà (á³ëîãî àìóðà
ÿê ñïîæèâà÷à âîäíî¿ ðîñëèííîñò³) äîçâîëÿº çàîùàäèòè çàçíà÷åí³ êîøòè ó
ïîâíîìó îáñÿç³ — óñåðåäíåíî 2 215,142 òèñ. ãðí/ð³ê ($79 112/ð³ê).
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Åêîíîì³ÿ åëåêòðîåíåðã³¿. Çà ðàõóíîê êîìïëåêñíî¿ ä³¿ óñ³õ âèä³â-á³î-
ìåë³îðàíò³â ñïîñòåð³ãàºòüñÿ çíà÷íå î÷èùåííÿ òðàñè êàíàëó â³ä âîäíî¿
ðîñëèííîñò³, ùî îáóìîâëþº çíèæåííÿ âèòðàò åëåêòðîåíåðã³¿ íà ïåðåêà-
÷óâàííÿ âîäè íàñîñíèìè ñòàíö³ÿìè (ÍÑ ¹ 1—3 òà ÍÑ ¹ 7—9).

Á³îìåë³îðàòèâíèé åôåêò íà êàíàë³ ïî÷àâ ñïîñòåð³ãàòèñÿ ³ç 2012 ð. Â
îêðåì³ ðîêè (2011, 2014 òà 2015 ðð.) ó çâ’ÿçêó ³ç íåçíà÷íèìè îáñÿãàìè ïðî-
êà÷óâàííÿ âîäè ³ ïðè íåçíà÷íîìó çàâàíòàæåíí³ íàñîñ³â âèçíà÷èòè åêî-
íîì³÷íèé åôåêò áóëî äîñòàòíüî ñêëàäíî (â³äîìî, ùî âèòðàòè åëåêòðîå-
íåðã³¿ ïðè äèñêðåòíîìó ðåæèì³ ðîáîòè íàñîñíèõ ñòàíö³é çíà÷íî çðîñòà-
þòü). Àëå â ðîêè, êîëè ïðîâîäèâñÿ âîäîîáì³í Êðàñíîïàâë³âñüêîãî âîäî-
ñõîâèùà ³ çàâàíòàæåííÿ íàñîñ³â áóëî á³ëüø ñòàá³ëüíèì, âèòðàòè åëåêòðî-
åíåðã³¿ ³ ¿¿ åêîíîì³ÿ ñòàþòü äîñòóïíèìè äëÿ àíàë³çó (2012, 2013, 2016 ðð.).

Íàéá³ëüø â³ä÷óòíà åêîíîì³ÿ åëåêòðîåíåðã³¿ ïðîñòåæóâàëàñÿ íà ÍÑ
¹ 1 (ä³ëÿíêà êàíàëó â³ä ÃÍÑ äî ÍÑ ¹ 1), äå á³îìåë³îðàòèâí³ ðîáîòè
çä³éñíþâàëè ó ìàêñèìàëüíîìó îáñÿç³. Ó 2012 ð. ïèòîìà âèòðàòà åëåêòðîå-
íåðã³¿ ïîð³âíÿíî ç 2010 ð. çíèçèëàñü íà ìàêñèìàëüíó âåëè÷èíó — íà
1,43 êÂò-ãîä/òèñ. ì3, ó 2013 ð. — íà 1,84, ó 2016 ð. — íà 2,03 êÂò-ãîä/òèñ. ì3).
Ç óðàõóâàííÿì îá’ºì³â ïðîêà÷óâàííÿ ó 2012 ð. — 158 448 òèñ. ì3, ó 2013 ð.
— 149 348, ó 2016 ð. — 128 176 òèñ. ì3.

Îòæå, ÷èñòà åêîíîì³ÿ åëåêòðîåíåðã³¿ ñòàíîâèòü: ó 2012 ð. —
226 581 êÂò-ãîäèí; ó 2013 ð. — 274 800 êÂò-ãîäèí; ó 2016 ð. —
260 197 êÂò-ãîäèí. Âñüîãî çà òðè ðîêè çàîùàäæåíî 761 578 êÂò-ãîäèí.
Ñòàíîì íà ëþòèé 2018 ð. çà ñåðåäí³ìè òàðèôàìè íà åëåêòðîåíåðã³þ äëÿ
Óïðàâë³ííÿ êàíàëó Äí³ïðî-Äîíáàñ (ÓÊÄÄ) çàãàëüíà ô³íàíñîâà åêîíîì³ÿ
ñêëàëà áëèçüêî 1,6 ìëí. ãðí. ($57 140). Óñåðåäíåíèé ïîêàçíèê åêîíîì³¿
åëåêòðîåíåðã³¿ ò³ëüêè ïî ÍÑ ¹1 â ðîêè ïðîâåäåííÿ âîäîîáì³íó ñêëàäàº
253 859 êÂò-ãîäèí, àáî 533 104 ãðí./ð³ê ($19 040).

Çàïðîïîíîâàíà òåõíîëîã³ÿ âïëèâó íà ÿê³ñòü âîäíîãî ñåðåäîâèùà çà-
áåçïå÷èëà ïðîïóñêíó ñïðîìîæí³ñòü êàíàëó, çìåíøåííÿ âèòðàò åëåêòðîå-
íåðã³¿ äëÿ ïðîêà÷óâàííÿ âîäè â êàíàë³ íà 12 %. Îòæå, çà ðîçðàõóíêàìè, çà-
âäÿêè á³îìåë³îðàö³¿ ñåðåäíüîð³÷íà åêîíîì³ÿ êîøò³â Óïðàâë³ííÿ êàíàëó
Äí³ïðî-Äîíáàñ çà ö³íàìè 2018 ð. ñêëàëà 2 231 147 ãðí. ($79 684).

Çàçíà÷åíå âèùå ñâ³ä÷èòü ïðî åôåêòèâí³ñòü ïðîâàäæåííÿ òåõíîëîã³¿
á³îìåë³îðàòèâíî¿ ä³ÿëüíîñò³ íà ìàã³ñòðàëüíîìó êàíàë³ Äí³ïðî-Äîíáàñ òà
¿¿ ïîäàëüø³ ïåðñïåêòèâè. Òàê³ çàõîäè, ñïðÿìîâàí³ íà ï³äâèùåííÿ ÿêîñò³
âîäíèõ ðåñóðñ³â, º íàäçâè÷àéíî âàæëèâèìè íà òë³ ìàñøòàáíî¿ â³éíè,
ðîçâ’ÿçàíî¿ ðîñ³éñüêîþ ôåäåðàö³ºþ â Óêðà¿í³.

Ïðîòÿãîì óñ³º¿ ³ñòîð³¿ ëþäñòâà âîäí³ ðåñóðñè ñëóãóâàëè îñíîâîþ äëÿ
ñîö³àëüíîãî òà åêîíîì³÷íîãî ðîçâèòêó áóäü-ÿêî¿ êðà¿íè. Ñüîãîäí³øí³
ðåàë³¿ ðîñ³éñüêî-óêðà¿íñüêî¿ â³éíè ï³äêðåñëþþòü ãîñòðó íåîáõ³äí³ñòü
ðîçðîáêè êîìïëåêñíèõ ñòðàòåã³÷íèõ ð³øåíü äëÿ âîäíî¿ áåçïåêè Óêðà¿íè,
ÿê³ ïðèçâåäóòü äî ïîì’ÿêøåííÿ åêîëîã³÷íèõ òà åêîíîì³÷íèõ íàñë³äê³â
â³éíè [19, 27, 28].

Çàáåçïå÷åííÿ âîäîþ âñ³õ ñåêòîð³â åêîíîì³êè íà îñíîâ³ åíåðãîçáåðå-
æåííÿ òà ðåñóðñîçáåðåæåííÿ º ôóíäàìåíòàëüíèì äëÿ ñòàëîãî ðîçâèòêó
ï³âäíÿ Óêðà¿íè. Ðîëü ó ïîñòà÷àíí³ äí³ïðîâñüêî¿ âîäè äî ñõ³äíèõ ðåã³îí³â
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Óêðà¿íè, ï³ääàíèõ â³éñüêîâèì ä³ÿì, îäí³º¿ ç íàéêðóïí³øèõ ã³äðîòåõí³÷-
íèõ ñïîðóä — êàíàëó Äí³ïðî-Äîíáàñ — º íàäâàæëèâîþ. Á³îëîã³÷íèé ïî-
òåíö³àë àêâàòîð³¿ êàíàëó Äí³ïðî—Äîíáàñ òàêîæ ìîæå çàáåçïå÷óâàòè ïðî-
äîâîëü÷ó áåçïåêó ï³âäåííèõ òà ñõ³äíèõ ðåã³îí³â Óêðà¿íè çà ðàõóíîê âèëó-
÷åííÿ ³ âèêîðèñòàííÿ íàäëèøêîâî¿ ³õò³îìàñè ³íòðîäóêîâàíèõ òà òóâîä-
íèõ âèä³â ðèá.

Âèñíîâêè

Òåõíîëîã³ÿ á³îìåë³îðàö³¿ íà ìàã³ñòðàëüíîìó êàíàë³ Äí³ïðî-Äîíáàñ º
åôåêòèâíîþ. Á³îëîã³÷íà ìåë³îðàö³ÿ çàáåçïå÷èëà âèêîðèñòàííÿ ðèáàìè
íàäëèøêó ô³òîïëàíêòîíó, çîîïëàíêòîíó, âèùî¿ âîäíî¿ ðîñëèííîñò³, çàãà-
ëüíå ïîêðàùåííÿ ÿêîñò³ âîäíèõ ðåñóðñ³â, ³ñòîòíå ïîë³ïøåííÿ ïðîïóñêíî¿
ñïðîìîæíîñò³ êàíàëó, çìåíøåííÿ âèòðàò åëåêòðîåíåðã³¿ äëÿ ïðîêà÷óâàí-
íÿ âîäè ó êàíàë³ (íà 12 %, àáî $79 684).

Á³îìåë³îðàòèâí³ çàõîäè íà êàíàë³ íå ëèøå ïîë³ïøèëè ÿê³ñòü âîäè,
âîíè ñïðèÿëè ï³äòðèìàííþ âèäîâîãî á³îð³çíîìàí³òòÿ, ñòàá³ë³çàö³¿ ã³äðî-
ëîã³÷íîãî ðåæèìó, ñòàëîñò³ åêîëîã³÷íèõ ïîñëóã, ÿê³ ìîæå íàäàâàòè êàíàë.
Òàêîæ óïîâ³ëüíèëàñü äåãðàäàö³ÿ âîäîéìè.

Á³îëîã³÷íà ìåë³îðàö³ÿ º ³íòåãðîâàíèì êîìïîíåíòîì ñó÷àñíèõ ñòðà-
òåã³é ñòàëîãî ðîçâèòêó òà óïðàâë³ííÿ ïðèðîäíèìè ðåñóðñàìè, à ñàìå òîìó
öåé äîñâ³ä ìîæíà çàñòîñîâóâàòè íà âñ³õ âîäîéìàõ çàãàëüíîãî êîðèñòóâàí-
íÿ Óêðà¿íè, ó òîìó ÷èñë³ é íà ìàã³ñòðàëüíèõ ã³äðîòåõí³÷íèõ êàíàëàõ.
Á³îìåë³îðàòèâí³ ðîáîòè áóäóòü åôåêòèâí³ ³ â êàñêàä³ äí³ïðîâñüêèõ âîäî-
ñõîâèù. Ñó÷àñí³ òåõíîëîã³¿ á³îìåë³îðàö³¿ íà âîäîéìàõ çàãàëüíîãî âèêîðè-
ñòàííÿ, ñïðÿìîâàí³ íà ï³äâèùåííÿ ÿêîñò³ âîäíèõ ðåñóðñ³â, ìîæóòü áóòè
çàïðîïîíîâàí³ òàêîæ ³íîçåìíèì êîðèñòóâà÷àì ³ ³íâåñòîðàì.
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ASPECTS OF BIOLOGICAL AMELIORATION ON THE DNIPRO-DONBAS
HYDRAULIC CANAL (UKRAINE)

The efficiency of biological amelioration technology using herbivorous fish was studi-
ed on the Dnipro-Donbas Canal. The species composition of the Dnipro-Donbas canal
hydrobionts was determined (38 species, 10 families), its biological productivity was asses-
sed. Measures for biological amelioration of the Dnipro-Donbas canal have been proposed
and implemented (since 2010) using herbivorous fish — silver carp Hypophthalmichthys
molitrix and grass carp Ctenopharyngodon idella, detritophage — bighead carp Aristichthys
nobilis, benthophage — common carp Cyprinus caprio. The volume of annual extraction of
biological products by these bioreclamation species of fish was calculated: vegetation —
not less than 340 tons, phytoplankton — not less than 647 tons, detritus — more than
600 tons, Dreissena mollusc — up to 240 tons. It was found that long-term biomelioration
of the canal significantly improved its capacity, improved the quality of water resources
and reduced electricity consumption for pumping water in the canal (up to 12 % at a total
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cost of $79 684/year). The significance of the results obtained is an integral part of modern
strategies for sustainable development and water management in Ukraine in the context of
climate change and the aftermath of military operations. The practical experience gained
during the implementation of biomelioration can be applied to other hydraulic facilities in
Ukraine and around the world.

Keywords: Ukraine, Dnipro-Donbas canal, fish fauna, biological amelioration, species
composition, quality of water resources, water safety.
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Ï²ÃÌÅÍÒÍ² ÏÎÊÀÇÍÈÊÈ Ô²ÒÎÏËÀÍÊÒÎÍÓ
ÂÎÄÎÉÌ ÍÀÖ²ÎÍÀËÜÍÎÃÎ ÏÐÈÐÎÄÍÎÃÎ ÏÀÐÊÓ

«ÃÎËÎÑ²¯ÂÑÜÊÈÉ» (ÓÊÐÀ¯ÍÀ) ÒÀ ÎÖ²ÍÊÀ ¯ÕÍÜÎÃÎ
ÒÐÎÔ²×ÍÎÃÎ ÑÒÀÒÓÑÓ

Äîñë³äæåíî ï³ãìåíòí³ õàðàêòåðèñòèêè (Ñõë.à+b+c/Ñõë à, Ñõë b/Ñõë à, Ñõë ñ/Ñõë à, Ñõë à/Ñõë b,
Ñõë à/Ñõë ñ, Ñôåî à, %, Ñõë à/Ñôåî à, Ñêàð/Ñõë à, ³íäåêñ Ìàðãàëåôà Å430/Å664 òà ï³ãìåíòíå
ñï³ââ³äíîøåííÿ Å480/Å664, Å430/Å665) ô³òîïëàíêòîíó 12 ñòàâê³â Íàö³îíàëüíîãî ïðèðîä-
íîãî ïàðêó «Ãîëîñ³¿âñüêèé» (Êè¿â, Óêðà¿íà), ÿê³ â³äð³çíÿþòüñÿ çà ñòóïåíåì àíòðîïî-
ãåííîãî çàáðóäíåííÿ. Âñòàíîâëåíî, ùî ô³òîïëàíêòîí Ãîð³õîâàòñüêèõ ñòàâê³â, ïî-
ð³âíÿíî ³ç Ä³äîð³âñüêèìè òà Êèòà¿âñüêèìè ñòàâêàìè, õàðàêòåðèçóâàâñÿ á³ëüøèìè
ñåðåäí³ìè âåëè÷èíàìè çàãàëüíî¿ ê³ëüêîñò³ ï³ãìåíò³â, â³äíîñíîãî âì³ñòó õëîðîô³ëó à
òà b ³ ñï³ââ³äíîøåíü Ñõë à/Â ³ Ñõë à/Ñõë ñ òà ìåíøèìè ñåðåäí³ìè çíà÷åííÿìè â³äíîñíîãî
âì³ñòó õëîðîô³ëó ñ, ñï³ââ³äíîøåíü Ñõë à+b+c/Ñõë à, Ñõë c/Ñõë à, Ñõë à/Ñõë b, Ñõë à/Ñôåî à, Ñêàð/Ñõë à,
³íäåêñó Ìàðãàëåôà Å430/Å664 òà ï³ãìåíòíîãî ñï³ââ³äíîøåííÿ Å430/Å665, òîä³ ÿê ñåðåäí³
âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë b/Ñõë à áóëè ìàéæå îäíàêîâèìè â óñ³õ äîñë³äæóâàíèõ ñèñ-
òåìàõ ñòàâê³â. Ñåðåäíº çíà÷åííÿ ï³ãìåíòíîãî ñï³ââ³äíîøåííÿ Å480/Å664 áóëî íàéìåí-
øèì ó Ä³äîð³âñüêèõ ñòàâêàõ, à íàéá³ëüøèì — ó Êèòà¿âñüêèõ ñòàâêàõ. Çà âì³ñòîì
õëîðîô³ëó à óñ³ îáñòåæåí³ ñòàâêè ìîæíà â³äíåñòè äî åâòðîôíîãî òèïó, à çà á³îìàñîþ
ïëàíêòîííèõ âîäîðîñòåé — ïåðåâàæíó á³ëüø³ñòü äîñë³äæóâàíèõ âîäîéì (75 %).

Êëþ÷îâ³ ñëîâà: ô³òîïëàíêòîí, ñïåêòðàëüí³ ï³ãìåíòí³ õàðàêòåðèñòèêè, ñòàâ-
êè, Íàö³îíàëüíèé ïðèðîäíèé ïàðê «Ãîëîñ³¿âñüêèé».

Âèñîêèé ð³âåíü àíòðîïîãåííîãî íàâàíòàæåííÿ íà âîäîéìè ïðèçâî-
äèòü äî çíà÷íèõ ïåðåáóäîâ â ¿õí³õ åêîñèñòåìàõ. Íàéâèðàçí³øå íåãàòèâí³
íàñë³äêè àíòðîïîãåíîãî âïëèâó ïðîÿâëÿþòüñÿ ó âîäíèõ îá’ºêòàõ, ðîçòà-
øîâàíèõ ó âåëèêèõ ì³ñòàõ. Äîñèòü øâèäêî ³ ÷óòëèâî íà çì³íè âîäíîãî ñå-

Ö è ò ó â à í í ÿ: Ìåäâåäü Â.Î., Õàð÷åíêî Ã.Â. Ï³ãìåíòí³ ïîêàçíèêè ô³òîïëàíêòîíó
âîäîéì Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó «Ãîëîñ³¿âñüêèé» (Óêðà¿íà) òà îö³íêà ¿õ-
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ðåäîâèùà ðåàãóº ô³òîïëàíêòîí [5]. Éîãî ï³ãìåíòí³ õàðàêòåðèñòèêè îñ-
òàíí³ì ÷àñîì øèðîêî âèêîðèñòîâóþòüñÿ ÿê ïðè á³î³íäèêàö³¿ ñòàíó âî-
äîéì, òàê ³ ïðè îö³íö³ ¿õíüî¿ ïðîäóêòèâíîñò³ òà ÿêîñò³ âîäè [12, 18, 21, 22,
30, 32, 37, 38].

Çíà÷åííÿ ï³ãìåíòíèõ õàðàêòåðèñòèê âîäîðîñòåé äëÿ âèçíà÷åííÿ ñòà-
íó âîäîéì çóìîâëåíî áåçïîñåðåäíüîþ ó÷àñòþ ðîñëèííèõ ï³ãìåíò³â â ïðî-
öåñ³ ôîòîñèíòåçó, à òàêîæ âçàºìîçâ’ÿçêîì ¿õ ñèíòåçó ³ç êîíöåíòðàö³ºþ
á³îãåííèõ ðå÷îâèí ó âîä³ [11, 36].

Çà ñï³ââ³äíîøåííÿì õëîðîô³ë³â (à, b ³ ñ) ³ êàðîòèíî¿ä³â îö³íþþòü òà-
êîæ ê³ëüê³ñíèé ðîçâèòîê óãðóïîâàíü âîäîðîñòåé, ¿õíþ òàêñîíîì³÷íó
ñòðóêòóðó òà ô³ç³îëîã³÷íèé ñòàí [12, 15, 26, 37—40, 43, 44].

Â³äîìî, ùî çì³íè ï³ãìåíòíèõ õàðàêòåðèñòèê ô³òîïëàíêòîíó ïîâ’ÿçàí³
³ ç òðîô³÷íèì ð³âíåì âîäîéì [3, 25, 38]. Âîíè çáåð³ãàþòü ñâîþ ñïðÿìî-
âàí³ñòü â ïðîöåñ³ ñåçîííèõ ³ áàãàòîð³÷íèõ ñóêöåñ³é àëüãîóãðóïîâàíü [21,
26].

Ìåòîþ äàíî¿ ðîáîòè áóëî ç’ÿñóâàííÿ îñîáëèâîñòåé ñïåêòðàëüíèõ ï³ã-
ìåíòíèõ õàðàêòåðèñòèê ô³òîïëàíêòîíó ñòàâê³â Íàö³îíàëüíîãî ïðèðîä-
íîãî ïàðêó (ÍÏÏ) «Ãîëîñ³¿âñüêèé» òà âèêîðèñòàííÿ çàçíà÷åíèõ ïîêàç-
íèê³â äëÿ îö³íêè ô³ç³îëîã³÷íîãî ñòàíó âîäîðîñòåé ³ òðîô³÷íîãî ñòàòóñó
âîäîéì.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêòîì äîñë³äæåíü ñëóãóâàëè âîäîéìè ÍÏÏ «Ãîëîñ³¿âñüêèé», à ñà-
ìå Ãîð³õîâàòñüê³ ñòàâêè (íà ð. Ãîð³õîâàòêà), Ä³äîð³âñüê³ ñòàâêè (íà Ä³äî-
ð³âñüêîìó ñòðóìêó) òà Êèòà¿âñüê³ ñòàâêè (íà Êèòà¿âñüêîìó ñòðóìêó), ùî
çàçíàþòü àíòðîïîãåííîãî çàáðóäíåííÿ [29] òà çíà÷íîãî ðåêðåàö³éíîãî
íàâàíòàæåííÿ [31]. Êîæíèé ³ç êàñêàä³â ñêëàäàºòüñÿ ³ç ÷îòèðüîõ ç’ºäíàíèõ
ì³æ ñîáîþ øòó÷íî ñòâîðåíèõ âîäîéì çàãàëüíîþ ïëîùåþ â³äïîâ³äíî 5,0,
10,3 ³ 4,3 ãà [33]. Ãëèáèíà ñòàâê³â ó öåíòðàëüí³é ÷àñòèí³ êîëèâàºòüñÿ â³ä
0,5—1,0 äî 2,0—3,0 ì, à ¿õíº æèâëåííÿ â³äáóâàºòüñÿ ïåðåâàæíî çà ðàõóíîê
äæåðåëüíî¿ âîäè òà àòìîñôåðíèõ îïàä³â [30, 31]. Êàðòó-ñõåìó âîäîéì ïàð-
êó íàâåäåíî ó ðîáîò³ [29].

Cïîñòåðåæåííÿ çà ðîçâèòêîì âîäîðîñòåé ïëàíêòîíó òà âèçíà÷åííÿ â
íüîìó âì³ñòó ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ïðîâîäèëè ó ÷åðâí³ 2024 ð. Â
ðîáîò³ òàêîæ âèêîðèñòàíî äåÿê³ äàí³ ùîäî ï³ãìåíò³â òà ô³òîïëàíêòîíó çà-
çíà÷åíèõ âîäîéì, îïóáë³êîâàí³ íàìè ðàí³øå [30].

Ïðîáè ô³òîïëàíêòîíó â³äáèðàëè çà äîïîìîãîþ áàòîìåòðà Ðóòíåðà.
Êàìåðàëüíå îïðàöþâàííÿ àëüãîëîã³÷íîãî ìàòåð³àëó ïðîâîäèëè ç âèêîðè-
ñòàííÿì çàãàëüíîïðèéíÿòèõ ìåòîäèê [24].

Âì³ñò ôîòîñèíòåòè÷íèõ ï³ãìåíò³â õëîðîô³ëó a, b, c òà êàðîòèíî¿ä³â ó
ïëàíêòîí³ âèçíà÷àëè ñòàíäàðòíèì ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì ç âè-
êîðèñòàííÿì â³äïîâ³äíèõ ð³âíÿíü [28, 42] ³ âèðàæàëè â³äïîâ³äíî ó
ìêã/äì3 òà ìêãSPU/äì3.

Â³äíîñíèé âì³ñò õëîðîô³ëó à (Ñõë à/Â) ðîçðàõîâóâàëè çà á³îìàñîþ
ô³òîïëàíêòîíó òà êîíöåíòðàö³ºþ õëîðîô³ëó à, ÿê³ âèçíà÷àëè â îäí³é ³ ò³é
æå ïðîá³ âîäè.
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Â³äíîñíó ê³ëüê³ñòü êîæíîãî ï³ãìåíòó (Ñõë à,%, Ñõë b, %, Ñõë c, %) ðîçðàõî-
âóâàëè âèõîäÿ÷è ³ç çàãàëüíî¿ ê³ëüêîñò³ çåëåíèõ ï³ãìåíò³â òà âì³ñòó õëî-
ðîô³ë³â a, b ³ c ó êîæí³é ïðîá³ ïëàíêòîíó. Ïàðàëåëüíî ðîçðàõîâóâàëè ÷àñò-
êó êîæíîãî â³ää³ëó âîäîðîñòåé ó çàãàëüí³é á³îìàñ³ ô³òîïëàíêòîíó.

Âì³ñò ïðîäóêò³â ðîçïàäó õëîðîô³ëó à (ôåîï³ãìåíò³â) îö³íþâàëè çà äî-
ïîìîãîþ ð³âíÿíü Ëîðåíöåíà [34] çã³äíî â³äïîâ³äíèõ ìåòîäèê [6]. ¯õíþ ÷à-
ñòêó (Ñôåî à, %) ðîçðàõîâóâàëè â³ä ñóìè ç «÷èñòèì» õëîðîô³ëîì à â êîæí³é
ïðîá³ ïëàíêòîíó.

Ðîçðàõîâóâàëè íàñòóïí³ ñï³ââ³äíîøåííÿ ï³ãìåíò³â: Ñõë à+b+c/Ñõë à,
Ñõë b/Ñõë à, Ñõë c/Ñõë à, Ñõë à/Ñõë b, Ñõë à/Ñõë ñ, Ñõë à/Ñôåî à, Ñêàð/Ñõë à.

Ï³ãìåíòíèé ³íäåêñ Ìàðãàëåôà Å430/Å664 [23] òà ï³ãìåíòíå ñï³ââ³äíî-
øåííÿ Å480/Å664 ³ Å430/Å665 [21] ðîçðàõîâóâàëè âèõîäÿ÷è ç îïòè÷íî¿ ù³ëü-
íîñò³ àöåòîíîâîãî åêñòðàêòó ï³ãìåíò³â â îáëàñòÿõ äîâãîõâèëüîâèõ ìàêñè-
ìóì³â ïîãëèíàííÿ ñâ³òëà õëîðîô³ëîì à (664 íì òà 665 íì) ³ êîðîòêîõâèëü-
îâèõ ìàêñèìóì³â äëÿ êàðîòèíî¿ä³â (430 íì òà 480 íì) [4, 8, 12].

Ñïðÿìîâàí³ñòü çâ’ÿçêó (ïîçèòèâíèé, íåãàòèâíèé) ì³æ ñïåêòðàëüíè-
ìè ï³ãìåíòíèìè õàðàêòåðèñòèêàìè ô³òîïëàíêòîíó òà ÷àñòêîþ ïåâíîãî
â³ää³ëó âîäîðîñòåé ó ¿õí³é çàãàëüí³é á³îìàñ³ îö³íþâàëè çà äîïîìîãîþ êî-
ðåëÿö³éíîãî àíàë³çó [9].

Îö³íêó òðîô³÷íîãî ñòàòóñó âîäîéì çà âì³ñòîì õëîðîô³ëó à òà á³îìà-
ñîþ ô³òîïëàíêòîíó ïðîâîäèëè çã³äíî â³äïîâ³äíèõ øêàë [3, 13, 25].

Äëÿ îòðèìàííÿ óçàãàëüíþþ÷èõ õàðàêòåðèñòèê äàíèõ ðîçðàõîâóâàëè
¿õí³ ñåðåäí³ çíà÷åíèÿ (õ) ³ ñòàíäàðòíó ïîõèáêó (SE) òà âèðàæàëè ÿê õ±SE.
Ñòàòèñòè÷íå îïðàöþâàííÿ îòðèìàíèõ äàíèõ ïðîâåäåíî çà äîïîìîãîþ
ïðîãðàìè MS Excel 2010.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííàÿ

Ðåçóëüòàòè äîñë³äæåíü çàñâ³ä÷èëè, ùî çàãàëüíà ê³ëüê³ñòü çåëåíèõ ï³ã-
ìåíò³â (Ñõë à+b+c) ï³ä ÷àñ ñïîñòåðåæåíü çà ðîçâèòêîì ô³òîïëàíêòîíó ó âîäî-
éìàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» çàçíàâàëà çíà÷íèõ êîëèâàíü (òàáë. 1).

Âàðòî â³äì³òèòè, ùî âåëè÷èíà çàçíà÷åíîãî ïîêàçíèêà áóëà âèùîþ ó
ïëàíêòîí³ Ãîð³õîâàòñüêèõ ñòàâê³â ïîð³âíÿíî ç Ä³äîð³âñüêèìè òà Êèòà¿â-
ñüêèìè ñòàâêàìè. Òàê, ñóìàðíèé âì³ñò ï³ãìåíò³â ó Ãîð³õîâàòñüêèõ ñòàâêàõ
çíàõîäèâñÿ â ìåæàõ 46,65—184,03 ìêã/äì3 (ó ñåðåäíüîìó 104,95 ìêã/äì3).
Ó Ä³äîð³âñüêèõ ñòàâêàõ âåëè÷èíà ïîêàçíèêà Ñõë à+b+c áóëà ïîì³òíî ìåíøîþ
³ êîëèâàëîñÿ â³ä 26,20 äî 89,99 ìêã/äì3 (ó ñåðåäíüîìó 66,60 ìêã/äì3). Êè-
òà¿âñüê³ ñòàâêè, ïîð³âíÿíî ç Ãîð³õîâàòñüêèìè òà Ä³äîð³âñüêèìè, õàðàêòå-
ðèçóâàëèñÿ íàéìåíøîþ ñåðåäíüîþ âåëè÷èíîþ Ñõë à+b+c (53,45 ìêã/äì3). Íà
íàø ïîãëÿä, öå ïîâ’ÿçàíî ç³ ñïåöèô³êîþ ðîçâèòêó ô³òîïëàíêòîíó, ÿêèé
õàðàêòåðèçóâàâñÿ ð³çíîþ ê³ëüê³ñòþ õëîðîô³ë³â à, b ³ c. Òàê, ó á³ëüøîñò³
Ãîð³õîâàòñüêèõ ñòàâê³â, íàéâèù³ âåëè÷èíè Ñõë à+b+c çá³ãàëèñÿ ç âåëè÷èíîþ
á³îìàñè ô³òîïëàíêòîíó (äèâ. òàáë. 1). Ïîä³áíà çàëåæí³ñòü áóëà â³äì³÷åíà
äëÿ âì³ñòó õëîðîô³ëó à ó ïëàíêòîí³ çàçíà÷åíèõ âîäîéì ³ ðàí³øå [30].
Éìîâ³ðíî, öå çóìîâëåíî îñîáëèâîñòÿìè ðîçâèòêó â íèõ ïëàíêòîííèõ âî-
äîðîñòåé. Òàê, ó ô³òîïëàíêòîí³ ñòàâêà ¹ 1 ïåðåâàæàëè ïðåäñòàâíèêè
â³ää³ëó Euglenophyta (90,30 %), ó ñòàâêàõ ¹ 2 òà 4 — Dinophyta (â³äïîâ³äíî
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44,05 % òà 75,33 %), à ó ñòàâêó
¹ 3 ÷àñòêà Euglenophyta òà Di-
nophyta áóëà ìàéæå îäíàêîâîþ
(â³äïîâ³äíî 35,08 ³ 38,25 %).
Íàéá³ëüø³ âåëè÷èíè ïîêàçíèêà
Ñõë à+b+c òà á³îìàñè ïëàíêòîííèõ
âîäîðîñòåé áóëè ïðèòàìàíí³
ñòàâêó ¹ 1 (â³äïîâ³äíî
184,03 ìêã/äì3 òà 5,212 ìã/äì3), à
íàéìåíø³ — ñòàâêó ¹ 3 (â³äïî-
â³äíî 46,65 ìêã/äì 3 òà
1,582 ìã/äì3) (äèâ. òàáë. 1).

Âàðòî çâåðíóòè óâàãó íà òå,
ùî ó Ä³äîð³âñüêèõ ñòàâêàõ, íà
â³äì³íó â³ä Ãîð³õîâàòñüêèõ, íàé-
âèù³ âåëè÷èíè Ñõë à+b+c íå çá³ãà-
ëèñÿ ç á³îìàñîþ ô³òîïëàíêòîíó.
Òàê, çîêðåìà, íàéá³ëüøà âåëè-
÷èíà ïîêàçíèêà Ñõë à+b+c áóëà
ïðèòàìàííà ñòàâêó ¹ 1
(89,99 ìêã/äì3), à íàéíèæ÷à —
ñòàâêó ¹ 3 (26,20 ìêã/äì3), òîä³
ÿê á³îìàñà áóëà íàéá³ëüøîþ ó
ñòàâêó ¹ 4 (8,867 ìã/äì3), à íàé-
ìåíøîþ — ó ñòàâêó ¹ 2
(2,499 ìã/äì3). Éìîâ³ðíî, öå çó-
ìîâëåíî òèì, ùî ó äîñë³äæåíèõ
ñòàâêàõ çà á³îìàñîþ äîì³íóâàëè
ïðåäñòàâíèêè ð³çíèõ â³ää³ë³â: ó
ñòàâêàõ ¹ 1 òà ¹ 2 — Chlorophy-
ta (â³äïîâ³äíî 91,47 òà 73,39 %), ó
ñòàâêó ¹ 3 — Dinophyta
(77,77 %), à ó ñòàâêó ¹ 4 — Cya-
noprokaryota (82,76 %) (äèâ.
òàáë. 1).

Ó Êèòà¿âñüêèõ ñòàâêàõ, ÿê ³ ó
Ä³äîð³âñüêèõ, íàéâèù³ âåëè÷è-
íè Ñõë à+b+c òàêîæ íå ñï³âïàäàëè ç
á³îìàñîþ ïëàíêòîííèõ âîäîðî-
ñòåé. Òàê, íàéá³ëüøà çàãàëüíà
ê³ëüê³ñòü çåëåíèõ ï³ãìåíò³â ñïî-
ñòåð³ãàëàñÿ â ïëàíêòîí³ ñòàâêà
¹ 4 (65,88 ìêã/äì3), à íàéá³ëüøà
á³îìàñà — ó ñòàâêó ¹ 1
(7,386 ìã/äì3). Éìîâ³ðíî, öå çó-
ìîâëåíî òèì, ùî ó ñòàâêàõ ¹ 1 ³
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2 çà á³îìàñîþ ïåðåâàæàëè ïðåäñòàâíèêè Dinophyta (â³äïîâ³äíî 61,80 òà
54,57 %), à ó ñòàâêàõ ¹ 3 ³ ¹ 4 — Cyanoprokaryota (â³äïîâ³äíî 89,52 òà
61,45 %) (äèâ. òàáë. 1).

Ñë³ä çâåðíóòè óâàãó íà òå, ùî â óñ³õ òðüîõ äîñë³äæóâàíèõ êàñêàäàõ
ñòàâê³â ñïîñòåð³ãàëàñü îäíà ³ òà æ çàêîíîì³ðí³ñòü — ïîñòóïîâå çíèæåííÿ
çàãàëüíî¿ ê³ëüêîñò³ çåëåíèõ ï³ãìåíò³â â³ä ïåðøîãî äî òðåòüîãî ñòàâêà òà
ïîì³òíå ¿¿ ï³äâèùåííÿ ó ñòàâêó ¹ 4.

Âðàõîâóþ÷è äóìêó äåÿêèõ àâòîð³â [10] ïðî òå, ùî â³äíîñíèé âì³ñò
õëîðîô³ëó à (Ñõë à/Â) º îïîñåðåäêîâàíîþ õàðàêòåðèñòèêîþ ñòðóêòóðè ô³-
òîïëàíêòîíó, ìè ðîçðàõóâàëè çíà÷åííÿ öüîãî ïîêàçíèêà äëÿ äîñë³äæóâà-
íèõ âîäîéì. Âñòàíîâëåíî, ùî âåëè÷èíà Ñõë à/Â ó ñòàâêàõ ÍÏÏ «Ãîëî-
ñ³¿âñüêèé» çíàõîäèëàñÿ ó äîñèòü øèðîêèõ ìåæàõ — â³ä 2,1 äî 26,4. Íàé-
á³ëüø³ çíà÷åííÿ öüîãî ñï³ââ³äíîøåííÿ çàðåºñòðîâàí³ ó ô³òîïëàíêòîí³
Ãîð³õîâàòñüêèõ ñòàâê³â ¹ 1, 3 ³ 4 òà Ä³äîð³âñüêèõ ñòàâê³â ¹ 1 ³ 2, à íàé-
íèæ÷³ — â óñ³õ Êèòà¿âñüêèõ ñòàâêàõ. Àíàë³ç âåëè÷èí Ñõë à/Â ó äîñë³äæóâà-
íèõ âîäîéìàõ çàñâ³ä÷èâ, ùî âèñîê³ çíà÷åííÿ öüîãî ïîêàçíèêà ðåºñòðóþ-
òüñÿ ó á³ëüøîñò³ âèïàäê³â ïðè äîì³íóâàíí³ ó ô³òîïëàíêòîí³ Chlorophyta, à
íèæ÷³ — ïðè ð³çíîìó ñï³ââ³äíîøåíí³ â³ää³ë³â âîäîðîñòåé (äèâ. òàáë. 1).
Ïîä³áí³ çàêîíîì³ðíîñò³ â³äì³÷àëè é ³íø³ äîñë³äíèêè [10].

Âðàõîâóþ÷è òå, ùî ì³æ âì³ñòîì çåëåíèõ ï³ãìåíò³â òà ñòðóêòóðíèìè
õàðàêòåðèñòèêàìè ô³òîïëàíêòîíó ³ñíóº ïåâíèé çâ’ÿçîê [37, 39], íàìè áóâ
ïðîâåäåíèé â³äïîâ³äíèé êîðåëÿö³éíèé àíàë³ç äëÿ âèÿâëåííÿ âçàºìî-
çâ’ÿçêó ì³æ çàçíà÷åíèìè ïîêàçíèêàìè äëÿ äîñë³äæóâàíèõ âîäîéì.

Âñòàíîâëåíî, ùî ì³æ êîíöåíòðàö³ºþ õëîðîô³ëó à òà ÷àñòêîþ á³îìàñè
Cyanoprokaryota ³ñíóº äîñòîâ³ðíà íåãàòèâíà çàëåæí³ñòü (r = -0,51, ïðè n =
24, ð≤0,05), à äëÿ Euglenophyta — âîíà âèÿâèëàñÿ ïîçèòèâíîþ (r = 0,58,
ïðè n = 24, ð≤0,05). Íåãàòèâíà çàëåæí³ñòü áóëà âèÿâëåíà ³ ì³æ êîíöåíò-
ðàö³ºþ õëîðîô³ëó b òà ÷àñòêîþ á³îìàñè Chlorophyta (r = -0,40, ïðè n = 24,
ð≤0,05), òîä³ ÿê äëÿ Euglenophyta âîíà áóëà ïîçèòèâíîþ (r = 0,73, ïðè n =
24, ð≤0,05).

Â ïðîöåñ³ äîñë³äæåíü òàêîæ áóëà âñòàíîâëåíà äîñòîâ³ðíà ïîçèòèâíà
çàëåæí³ñòü ì³æ êîíöåíòðàö³ºþ õëîðîô³ëó ñ òà ÷àñòêîþ Bacillariophyta (r =
0,57) òà íåãàòèâíà — ç ÷àñòêîþ Dinophyta (r = -0,41, ïðè n = 24, ð≤0,05).

Ñïðÿìîâàí³ñòü âèÿâëåíèõ çâ’ÿçê³â ñâ³ä÷èòü ïðî òå, ùî çá³ëüøåííÿ
êîíöåíòðàö³¿ õëîðîô³ëó à òà õëîðîô³ëó b â³äáóâàºòüñÿ ïðè çðîñòàíí³ ÷àñò-
êè á³îìàñè Euglenophyta, à õëîðîô³ëó ñ — ÷àñòêè á³îìàñè Bacillariophyta.

Îòðèìàí³ íàìè êîåô³ö³ºíòè êîðåëÿö³¿ òàêîæ âêàçóþòü íà çíèæåííÿ
ê³ëüêîñò³ õëîðîô³ëó à ïðè çðîñòàíí³ ÷àñòêè á³îìàñè Cyanoprokaryota,
õëîðîô³ëó b — ïðè çá³ëüøåíí³ ÷àñòêè Chlorophyta, à õëîðîô³ëó ñ — ïðè
çá³ëüøåíí³ ÷àñòêè Dinophyta.

Àíàë³ç âåëè÷èí â³äíîñíîãî âì³ñòó çåëåíèõ ï³ãìåíò³â (Ñõë à, %, Ñõë b, %,
Ñõë ñ, %) ï³ä ÷àñ ñïîñòåðåæåíü çà ðîçâèòêîì ô³òîïëàíêòîíó ó âîäîéìàõ
ÍÏÏ «Ãîëîñ³¿âñüêèé» çàñâ³ä÷èâ, ùî â óñ³õ ñòàâêàõ ïåðåâàæàâ õëîðîô³ë à.
Éîãî ê³ëüê³ñòü çì³íþâàëàñÿ â³ä 46,36 äî 79,48 %. Ïðè öüîìó Ãîð³õîâàòñüê³
ñòàâêè, ïîð³âíÿíî ³ç ³íøèìè, õàðàêòåðèçóâàëèñü á³ëüøèì ñåðåäí³ì çíà-
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÷åííÿì Ñõë à — 76,83 %, òîä³ ÿê ó ïëàíêòîí³ Ä³äîð³âñüêèõ ñòàâê³â âîíî ñòà-
íîâèëî 66,39 %, à Êèòà¿âñüêèõ — 55,09 %. Ñåðåäíº çíà÷åííÿ Ñõë b ïðè öüî-
ìó äîð³âíþâàëî 6,73, 4,90 òà 3,99 %, à Ñõë c — 16,44, 28,71 òà 40,92 %
â³äïîâ³äíî ó ô³òîïëàíêòîí³ Ãîð³õîâàòñüêèõ, Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ
ñòàâê³â. ßê áà÷èìî, íàéâèùèìè çíà÷åííÿìè â³äíîñíîãî âì³ñòó õëîðîô³ëó
à òà b õàðàêòåðèçóâàâñÿ ïëàíêòîí Ãîð³õîâàòñüêèõ ñòàâê³â, à õëîðîô³ëó ñ —
Êèòà¿âñüêèõ ñòàâê³â (äèâ. òàáë. 1).

Ñë³ä çâåðíóòè óâàãó íà òå, ùî ó ïëàíêòîí³ Ãîð³õîâàòñüêèõ ñòàâê³â ñïî-
ñòåð³ãàëîñü ïîñòóïîâå çá³ëüøåííÿ â³äíîñíîãî âì³ñòó õëîðîô³ëó à â³ä ïåð-
øîãî äî ÷åòâåðòîãî ñòàâêà, òîä³ ÿê ó Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ — íà-
âïàêè, â³äáóâàëîñü éîãî çíèæåííÿ, â³ä ïåðøîãî äî òðåòüîãî ñòàâêà òà äåÿ-
êå ï³äâèùåííÿ ó ÷åòâåðòîìó ñòàâêó. Ïîä³áíà çàêîíîì³ðí³ñòü áóëà â³ä-
ì³÷åíà ³ ùîäî çàãàëüíî¿ ê³ëüêîñò³ ï³ãìåíò³â (äèâ. òàáë. 1).

Éìîâ³ðíî, ùî òàêà äèíàì³êà çàãàëüíî¿ ê³ëüêîñò³ çåëåíèõ ï³ãìåíò³â òà
¿õíüîãî â³äíîñíîãî âì³ñòó îáóìîâëåíà îñîáëèâîñòÿìè ðîçâèòêó ïëàíê-
òîííèõ âîäîðîñòåé, àäæå â³äîìî, ùî ð³çí³ â³ää³ëè âîäîðîñòåé â³äð³çíÿþ-
òüñÿ çà ñêëàäîì ôîòîñèíòåòè÷íèõ ï³ãìåíò³â [8, 12, 24].

Ñï³âñòàâëåííÿ îòðèìàíèõ äàíèõ ùîäî Ñõë à, % ç òàêñîíîì³÷íîþ ñòðóê-
òóðîþ ô³òîïëàíêòîíó äîñë³äæåíèõ âîäîéì âêàçóº íà òå, ùî íàéâàãî-
ì³øèé âíåñîê öüîãî ï³ãìåíòó â ¿õí³é çàãàëüíèé ôîíä ó ïëàíêòîí³ Ãîð³õî-
âàòñüêèõ ñòàâê³â, à ñàìå 77,85 ³ 79,48 %, âèÿâëåíî ïðè ïåðåâàæàíí³ ó çà-
ãàëüí³é á³îìàñ³ ïðåäñòàâíèê³â Dinophyta (38,25 ³ 75,33 % â³äïîâ³äíî) (äèâ.
òàáë. 1). Ó Ä³äîð³âñüêèõ ñòàâêàõ íàéâèù³ çíà÷åííÿ â³äíîñíîãî âì³ñòó õëî-
ðîô³ëó à (74,21 %) ñïîñòåð³ãàëèñÿ ïðè ïåðåâàæàíí³ ó ïëàíêòîí³ Chloro-
phyta (91,47 %). Ó Êèòà¿âñüê³õ ñòàâêàõ íàéá³ëüøà ê³ëüê³ñòü Ñõë à, %
(64,38 %) çàðåºñòðîâàíà ïðè äîì³íóâàíí³ ó çàãàëüí³é á³îìàñ³ ïðåäñòàâ-
íèê³â Dinophyta (61,80 %).

Âàðòî çâåðíóòè óâàãó íà òå, ùî íàéá³ëüøèé âíåñîê Ñõë à , % ó çàãàëüíèé
ôîíä çåëåíèõ ï³ãìåíò³â ó ïëàíêòîí³ äîñë³äæóâàíèõ ñòàâê³â çàðåºñòðîâàíî
ïðè ïåðåâàæàíí³ ó çàãàëüí³é á³îìàñ³ ïðåäñòàâíèê³â Dinophyta àáî Chlo-
rophyta, òîä³ ÿê äëÿ ð. Äí³ïðà òà ð. Âîëãè — çà óìîâ äîì³íóâàííÿ ïðåäñòàâ-
íèê³â Cyanoprokaryota [38, 41].

Ï³äòâåðäæåííÿì çâ’ÿçêó ì³æ â³äíîñíèì âì³ñòîì çåëåíèõ ï³ãìåíò³â
(Ñõë à, %, Ñõë b, %, Ñõë ñ, %) òà ñòðóêòóðíèìè õàðàêòåðèñòèêàìè ô³òîïëàíêòî-
íó ìîæóòü ñëóãóâàòè äàí³ êîðåëÿö³éíîãî àíàë³çó. Òàê, ì³æ Ñõë à , % òà ÷àñò-
êîþ á³îìàñè Cyanoprokaryota áóëà âñòàíîâëåíà äîñòîâ³ðíà íåãàòèâíà çà-
ëåæí³ñòü (r = -0,75, ïðè n = 24, ð≤0,05), à ó âèïàäêó Chlorophyta — âîíà
áóëà ïîçèòèâíîþ (r = 0,42, ïðè n = 24, ð≤0,05). Âñòàíîâëåíî, ùî ì³æ Ñõë b, %
òà ÷àñòêîþ á³îìàñè Euglenophyta ³ñíóº ïîçèòèâíà çàëåæí³ñòü (r = 0,63, ïðè
n = 24, ð≤0,05), ùî ïîá³÷íî âêàçóº íà íàÿâí³ñòü â öèõ âîäîðîñòåé õëî-
ðîô³ëó b. Ïîçèòèâíà çàëåæí³ñòü ì³æ Ñõë ñ ,% òà á³îìàñîþ Bacillariophyta (r =
0,79, ïðè n = 24, ð≤0,05) ñëóãóº ï³äòâåðäæåííÿì íàÿâíîñò³ ó ä³àòîìîâèõ
âîäîðîñòåé õëîðîô³ëó ñ.

Íà íàø ïîãëÿä, â³äñóòí³ñòü äîñòîâ³ðíîãî êîðåëÿö³éíîãî çâ’ÿçêó ì³æ
ê³ëüê³ñòþ çåëåíèõ ï³ãìåíò³â (Ñõë à, Ñõë b, Ñõë ñ ), ¿õí³ì â³äíîñíèì âì³ñòîì
(Ñõë à, %, Ñõë b, %, Ñõë ñ, %) òà çàãàëüíîþ á³îìàñîþ ïëàíêòîííèõ âîäîðîñòåé ó
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äîñë³äæóâàíèõ âîäîéìàõ ìîæå áóòè ïîâ’ÿçàíà ç â³äì³ííîñòÿìè ó ñòðóê-
òóð³ ô³òîïëàíêòîíó, çîêðåìà, ó ñêëàä³ éîãî äîì³íóþ÷îãî êîìïëåêñó. Â³ä-
ñóòí³ñòü ïîä³áíîãî çâ’ÿçêó ñïîñòåð³ãàëè é ³íø³ äîñë³äíèêè [11, 18, 36].

Ó ðîáîò³ [30] ïîâ³äîìëÿëîñÿ, ùî ê³ëüê³ñòü êàðîòèíî¿ä³â ó ïëàíêòîí³
äîñë³äæóâàíèõ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé», ÿê ³ õëîðîô³ëó à, çì³íþâà-
ëàñü â äîñèòü øèðîêèõ ìåæàõ — â³ä 7,56 äî 67,00 ìêãSPU/äì3. Ïðè öüîìó
Ãîð³õîâàòñüê³ ñòàâêè, ïîð³âíÿíî ç Ä³äîð³âñüêèìè òà Êèòà¿âñüêèìè, õàðàê-
òåðèçóâàëèñÿ á³ëüøîþ ñåðåäíüîþ âåëè÷èíîþ âì³ñòó êàðîòèíî¿ä³â —
36,50 ìêãSPU/äì3 ïðîòè 23,29 òà 20,89 ìêãSPU/äì3 â³äïîâ³äíî. Âàðòî çà-
çíà÷èòè, ùî ìàêñèìóìè ³ ì³í³ìóìè âì³ñòó êàðîòèíî¿ä³â ñï³âïàäàëè ç òà-
êèìè õëîðîô³ëó à. Öå ñâ³ä÷èòü ïðî òå, ùî ì³æ ê³ëüê³ñòþ öèõ ï³ãìåíò³â
³ñíóº ïðÿìèé çâ’ÿçîê. Ï³äòâåðäæåííÿì öüîãî ñëóãóº äîñòîâ³ðíà ïîçèòèâ-
íà çàëåæí³ñòü (r = 0,94, ïðè n = 24, ð≤0,05). Ïîä³áíèì äî çì³í êîíöåíòðàö³¿
õëîðîô³ëó à áóâ ³ ðîçïîä³ë æîâòèõ ï³ãìåíò³â — ïîñòóïîâå çíèæåííÿ
¿õíüî¿ êîíöåíòðàö³¿ â³ä ïåðøîãî äî òðåòüîãî ñòàâêà òà ïîì³òíå ¿¿ ï³äâè-
ùåííÿ ó ñòàâêó ¹ 4.

Âðàõîâóþ÷è òå, ùî íà ñüîãîäí³ äëÿ îá`ºêòèâíî¿ îö³íêè ô³ç³îëîã³÷íî-
ãî ñòàíó âîäîðîñòåé âèêîðèñòîâóþòü ð³çí³ ñï³ââ³äíîøåííÿ ï³ãìåíòíèõ
õàðàêòåðèñòèê [8, 12, 17, 18, 20, 21, 26, 37, 38], ìè îòðèìàëè çíà÷åííÿ äåÿ-
êèõ ³ç íèõ äëÿ äîñë³äæóâàíèõ ñòàâê³â (òàáë. 2).

Â³äîìî [35], ùî çà äîïîìîãîþ ñï³ââ³äíîøåííÿ Ñõë à+b+c/Ñõë à ìîæíà
îö³íèòè ï³ãìåíòíó ð³çíîìàí³òí³ñòü âîäîðîñòåâèõ óãðóïîâàíü. Ââàæàºòü-
ñÿ [4], ùî äëÿ íîðìàëüíî ôóíêö³îíóþ÷îãî ô³òîïëàíêòîíó éîãî âåëè÷èíà
çíàõîäèòüñÿ â ìåæàõ 1,25—4,00. Îòðèìàí³ ðåçóëüòàòè çàñâ³ä÷èëè, ùî ó
Ãîð³õîâàòñüêèõ ñòàâêàõ çíà÷åííÿ ïîêàçíèêà Ñõë à+b+c/Ñõë à êîëèâàëîñü â³ä
1,26 äî 1,34, ó Ä³äîð³âñüêèõ ñòàâêàõ — â³ä 1,35 äî 1,72, à ó Êèòà¿âñüêèõ
ñòàâê³â — â³ä 1,49 äî 2,20 (äèâ. òàáë. 2). Íàéá³ëüøà ñåðåäíÿ âåëè÷èíà
ñï³ââ³äíîøåííÿ Ñõë à+b+c/Ñõë à áóëà õàðàêòåðíà äëÿ ïëàíêòîíó Êèòà¿âñüêèõ
ñòàâê³â (1,87), à íàéìåíøà — äëÿ Ãîð³õîâàòñüêèõ ñòàâê³â (1,30). Îòæå, â
óñ³õ ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» âåëè÷èíà ñï³ââ³äíîøåííÿ Ñõë à+b+c/Ñõë à

áóëà á³ëüøå 1,25, ùî â³äïîâ³äàº àêòèâíî ôóíêö³îíóþ÷îìó óãðóïîâàííþ
ïëàíêòîííèõ âîäîðîñòåé.

Âðàõîâóþ÷è [4], ùî çìåíøåííÿ âåëè÷èíè öüîãî ïîêàçíèêà º ñâ³ä÷åí-
íÿì íèçüêî¿ ï³ãìåíòíî¿ ð³çíîìàí³òíîñò³ àëüãîóãðóïîâàíü, ìîæíà ïðèïóñ-
òèòè, ùî Ãîð³õîâàòñüê³ ñòàâêè çàçíàþòü á³ëüøîãî àíòðîïîãåííîãî âïëè-
âó, í³æ ³íø³ ñèñòåìè ñòàâê³â.

Îòðèìàí³ äàí³ çàñâ³ä÷èëè, ùî ì³æ ñï³ââ³äíîøåííÿì Ñõë à+b+c/Ñõë à òà
á³îìàñîþ Cyanoprokaryota ³ Bacillariophyta ³ñíóº ïîçèòèâíà äîñòîâ³ðíà çà-
ëåæí³ñòü (â³äïîâ³äíî r = 0,72 ³ r = 0,53, ïðè n = 24, ð≤0,05), à äëÿ Eugleno-
phyta — íåãàòèâíà (r = -0,41, ïðè n = 24, ð≤0,05).

Ñïðÿìîâàí³ñòü âèÿâëåíèõ çâ’ÿçê³â ñâ³ä÷èòü ïðî çìåíøåííÿ ï³ãìåíò-
íî¿ ð³çíîìàí³òíîñò³ óãðóïîâàíü ïëàíêòîííèõ âîäîðîñòåé çà ïåðåâàæàííÿ
ó ¿õí³é á³îìàñ³ Euglenophyta, ùî é ñïîñòåð³ãàëîñÿ ó ïëàíêòîí³ Ãîð³õî-
âàòñüêèõ ñòàâê³â, òîä³ ÿê éîãî çá³ëüøåííÿ º ñâ³ä÷åííÿì äîì³íóâàííÿ Cya-
noprokaryota òà Bacillariophyta.
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Âàðòî çâåðíóòè óâàãó é íà òå, ùî ó Ãîð³õî-
âàòñüêèõ ñòàâêàõ ñïîñòåð³ãàëîñü ïîñòóïîâå çíè-
æåííÿ âåëè÷èíè Ñõë à+b+c/Ñõë à, â³ä ïåðøîãî äî
÷åòâåðòîãî ñòàâêà, à ó Ä³äîð³âñüêèõ òà Êèòà¿â-
ñüêèõ ñòàâêàõ âîíà ï³äâèùóâàëàñÿ â³ä ïåðøîãî
äî òðåòüîãî ñòàâêà (äèâ. òàáë. 2).

Â³äîìî [18, 21, 37], ùî çà äîïîìîãîþ ñï³â-
â³äíîøåíü Ñõë b/Ñõë à òà Ñõë ñ/Ñõë à ìîæíà îö³íèòè
òàêñîíîì³÷íó ð³çíîìàí³òí³ñòü ô³òîïëàíêòîíó òà
éîãî ê³ëüê³ñíèé ðîçâèòîê.

Íàø³ ñïîñòåðåæåííÿ çà ðîçâèòêîì ô³òî-
ïëàíêòîíó ó âîäîéìàõ ÍÏÏ «Ãîëîñ³¿âñüêèé»
çàñâ³ä÷èëè, ùî âåëè÷èíà ñï³ââ³äíîøåííÿ
Ñõë b/Ñõë à áóëà ìåíøîþ çà âåëè÷èíè ñï³ââ³äíî-
øåííÿ Ñõë ñ/Ñõë à (äèâ. òàáë. 2), ùî º ï³äòâåðäæåí-
íÿì ð³çíîãî âíåñêó ó ð³çíîìàí³òòÿ óãðóïîâàíü
âîäîðîñòåé ïðåäñòàâíèê³â îêðåìèõ â³ää³ë³â
(äèâ. òàáë. 1).

Ï³äòâåðäæåííÿì ò³ñíîãî çâ’ÿçêó ì³æ âåëè-
÷èíîþ Ñõë b/Ñõë à òà ÷àñòêîþ á³îìàñè Chlorophyta
òà Euglenophyta ìîæóòü áóòè îòðèìàí³ íàìè
êîåô³ö³ºíòè êîðåëÿö³¿. Òàê, âñòàíîâëåíî, ùî
ì³æ ñï³ââ³äíîøåííÿì Ñõë b/Ñõë à òà ÷àñòêîþ
á³îìàñè çàçíà÷åíèõ â³ää³ë³â âîäîðîñòåé ³ñíóº
äîñòîâ³ðíà ïîçèòèâíà çàëåæí³ñòü (r = 0,40 òà r =
0,42, ïðè n = 24, ð≤0,05 â³äïîâ³äíî). Ïîä³áíà çà-
ëåæí³ñòü áóëà âèÿâëåíà ³ ïðè ñï³âñòàâëåíí³ âå-
ëè÷èí Ñõë ñ/Ñõë à òà ÷àñòêè á³îìàñè Bacillariophyta
(r = 0,51, ïðè n = 24, ð≤0,05), òîä³ ÿê ó âèïàäêó Di-
nophyta — çàëåæí³ñòü áóëà íåãàòèâíîþ (r =
-0,45, ïðè n = 24, ð≤0,05).

Âàðòî òàêîæ çàçíà÷èòè, ùî íàìè íå áóëà
âñòàíîâëåíà äîñòîâ³ðíà çàëåæí³ñòü ì³æ ñï³ââ³ä-
íîøåííÿì Ñõë b/Ñõë à òà ÷àñòêàìè á³îìàñè Cya-
noprokaryota, Bacillariophyta ³ Dinophyta, à òà-
êîæ ì³æ ñï³ââ³äíîøåííÿì Ñõë ñ/Ñõë à òà ÷àñòêàìè
á³îìàñè Chlorophyta ³ Euglenophyta. Íà íàø ïî-
ãëÿä, öå ìîæå áóòè îáóìîâëåíî â³äñóòí³ñòþ ó
ïðåäñòàâíèê³â Cyanoprokaryota, Bacillariophyta ³
Dinophyta — õëîðîô³ëó b, à ó Euglenophyta ³
Chlorophyta — õëîðîô³ëó ñ.

Ñë³ä çâåðíóòè óâàãó ³ íà òå, ùî ó ñèñòåì³
Ä³äîð³âñüêèõ ñòàâê³â ñïîñòåð³ãàëîñü çá³ëüøåí-
íÿ âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë b/Ñõë à â³ä ïåð-
øîãî äî òðåòüîãî ñòàâêà òà ¿¿ çíèæåííÿ ó ñòàâêó
¹ 4, òîä³ ÿê ó Êèòà¿âñüêèõ ñòàâêàõ ñïîñòåð³ãà-
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ëîñü ïîñòóïîâå ï³äâèùåííÿ âåëè÷èíè çàçíà÷åíîãî ñï³ââ³äíîøåííÿ â³ä
ïåðøîãî ³ äî ÷åòâåðòîãî (äèâ. òàáë. 2). Ùîäî ñèñòåìè Ãîð³õîâàòñüêèõ
ñòàâê³â, òî äëÿ íèõ çàðåºñòðîâàíî ñòðèáêîïîä³áíèé õàðàêòåð çì³í âåëè-
÷èí çàçíà÷åíîãî ñï³ââ³äíîøåííÿ.

Âåëè÷èíà ñï³ââ³äíîøåííÿ Ñõë ñ/Ñõë à òàêîæ çàçíàâàëà çì³í. Òàê, ó Ä³äî-
ð³âñüêèõ ñòàâêàõ ñïîñòåð³ãàëîñü ï³äâèùåííÿ öüîãî ïîêàçíèêà â³ä ïåðøî-
ãî äî ÷åòâåðòîãî ñòàâêà, à ó Êèòà¿âñüêèõ — â³ä ïåðøîãî äî òðåòüîãî ñòàâêà
òà íåçíà÷íå çíèæåííÿ ó ÷åòâåðòîìó ñòàâêó, òîä³ ÿê ó Ãîð³õîâàòñüêèõ ñòàâ-
êàõ ñïîñòåð³ãàâñÿ ñòðèáêîïîä³áíèé õàðàêòåð çì³í ö³º¿ âåëè÷èíè. Íàé-
á³ëüøå çíà÷åííÿ ñï³ââ³äíîøåííÿ Ñõë ñ/Ñõë à çàðåºñòðîâàíå ó ô³òîïëàíêòîí³
Êèòà¿âñüêîãî ñòàâêà ¹ 3 (1,13), à íàéìåíøå — ó Ãîð³õîâàòñüêîìó ñòàâêó
¹ 3 (0,17) (äèâ. òàáë. 2).

Âèÿâëåí³ â³äì³ííîñò³ ó âåëè÷èíàõ ñï³ââ³äíîøåíü Ñõë b/Ñõë à òà Ñõë ñ/Ñõë à

ó Ãîð³õîâàòñüêèõ, Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ ñòàâêàõ, íà íàø ïîãëÿä, çó-
ìîâëåí³ òèì, ùî äîñë³äæóâàí³ âîäîéìè çàçíàþòü ð³çíîãî ð³âíÿ àíòðîïî-
ãåííîãî çàáðóäíåííÿ [29].

Â³äîìî [2, 7, 8, 19, 27], ùî çà äîïîìîãîþ òàêèõ ñï³ââ³äíîøåíü ï³ã-
ìåíò³â ÿê Ñõë à/Ñõë b, Ñõë à/Ñõë ñ, Ñêàð/Ñõë à ìîæíà îö³íèòè ôîòîñèíòåòè÷íó àê-
òèâí³ñòü âîäîðîñòåé. Íà äóìêó àâòîð³â, ïðè ñòàð³íí³ ïîïóëÿö³é âîäîðîñ-
òåé ³ çà ä³¿ íåñïðèÿòëèâèõ ÷èííèê³â ñåðåäîâèùà, ÿê³ âèêëèêàþòü äåñò-
ðóêö³þ õëîðîô³ëó à, âåëè÷èíà ñï³ââ³äíîøåííÿ Ñõë à/Ñõë b ³ Ñõë à/Ñõë ñ çìåí-
øóºòüñÿ, à Ñêàð/Ñõë à çðîñòàº. Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü áóëî âè-
ÿâëåíî, ùî âåëè÷èíè çàçíà÷åíèõ ïîêàçíèê³â ó ô³òîïëàíêòîí³ äîñë³äæóâà-
íèõ ñòàâê³â çíàõîäèëèñü â øèðîêèõ ìåæàõ. Òàê, âåëè÷èíà ñï³ââ³äíîøåí-
íÿ Ñõë à/Ñõë b ó Ãîð³õîâàòñüêèõ ñòàâêàõ êîëèâàëàñü â ìåæàõ 7,88—21,79, ó
Ä³äîð³âñüêèõ ñòàâêàõ — â³ä 5,30 äî 33,37, à ó Êèòà¿âñüêèõ ñòàâêàõ — â³ä
9,27 äî 31,47. Ñåðåäí³ çíà÷åííÿ ïðè öüîìó ñòàíîâèëè â³äïîâ³äíî 13,91,
21,00 òà 16,66 (äèâ. òàáë. 2).

Ùîäî âåëè÷èí ñï³ââ³äíîøåííÿ Ñõë à/Ñõë ñ, òî âîíè çì³íþâàëèñü â³ä 3,54
äî 5,73, â³ä 1,84 äî 3,28 òà â³ä 0,95 äî 2,20 â³äïîâ³äíî ó Ãîð³õîâàòñüêèõ,
Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ ñòàâêàõ (äèâ. òàáë. 2). Ïðè öüîìó ñåðåäí³
çíà÷åííÿ ñòàíîâèëè â³äïîâ³äíî 4,84, 2,43 òà 1,45.

Âèÿâëåí³ â³äì³ííîñò³ ó ñåðåäí³õ âåëè÷èíàõ ñï³ââ³äíîøåíü Ñõë à/Ñõë b ³
Ñõë à/Ñõë ñ ó Ãîð³õîâàòñüêèõ, Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ ñòàâêàõ, ÿê ³
Ñõë b/Ñõë à òà Ñõë ñ/Ñõë à, íà íàø ïîãëÿä, çóìîâëåí³ òèì, ùî äîñë³äæóâàí³ ñèñ-
òåìè âîäîéì çàçíàþòü ð³çíîãî ð³âíÿ àíòðîïîãåííîãî çàáðóäíåííÿ [29].

Ïîð³âíÿëüíèé àíàë³ç çâ’ÿçêó ì³æ ñï³ââ³äíîøåííÿì Ñõë à/Ñõë b òà ÷àñò-
êîþ á³îìàñè Chlorophyta äîçâîëèâ âèÿâèòè äîñòîâ³ðíó ïîçèòèâíó çà-
ëåæí³ñòü (r = 0,50, ïðè n = 24, ð≤0,05 â³äïîâ³äíî). Ì³æ ñï³ââ³äíîøåííÿì
Ñõë à/Ñõë ñ òà â³äíîñíîþ ÷àñòêîþ á³îìàñè Bacillariophyta áóëà âñòàíîâëåíà
íåãàòèâíà çàëåæí³ñòü (r = -0,49, ïðè n = 24, ð≤0,05). Ñïðÿìîâàí³ñòü âèÿâ-
ëåíèõ çâ’ÿçê³â ñâ³ä÷èòü ïðî çá³ëüøåííÿ ôîòîñèíòåòè÷íî¿ àêòèâíîñò³ âî-
äîðîñòåé ç ïåðåâàæàííÿì ó ïëàíêòîí³ ïðåäñòàâíèê³â Chlorophyta.

Çã³äíî äàíèõ, íàâåäåíèõ ó ðîáîò³ [30], çíà÷åííÿ ñï³ââ³äíîøåííÿ
Ñêàð/Ñõë à ó ñèñòåì³ Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ ñòàâê³â êîëèâàëèñÿ â ìå-
æàõ 0,40—0,81 òà 0,63—0,93, òîä³ ÿê ó Ãîð³õîâàòñüêèõ ñòàâêàõ âîíè áóëè
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ïðàêòè÷íî îäíàêîâèìè (0,43—0,47). Íàéá³ëüø³ âåëè÷èíè Ñêàð/Ñõë à áóëè
õàðàêòåðí³ äëÿ ô³òîïëàíêòîíó Ä³äîð³âñüêîãî ñòàâêà ¹ 4 òà Êèòà¿âñüêîãî
ñòàâêà ¹ 3.

Ñï³âñòàâëåííÿ îòðèìàíèõ äàíèõ ùîäî âåëè÷èí ñï³ââ³äíîøåíü
Ñõë à/Ñõë b, Ñõë à/Ñõë ñ òà Ñêàð/Ñõë à çàñâ³ä÷èëî, ùî îö³íêà ôîòîñèíòåòè÷íî¿ àê-
òèâíîñò³ âîäîðîñòåé äîñë³äæåíèõ ñèñòåì ñòàâê³â ñï³âïàäàº ò³ëüêè çà ïî-
êàçíèêàìè Ñõë à/Ñõë ñ òà Ñêàð/Ñõë à. Öå ñâ³ä÷èòü ïðî òå, ùî ñï³ââ³äíîøåííÿ
Ñõë à/Ñõë ñ òà Ñêàð/Ñõë à º á³ëüø ³íôîðìàòèâíèì ïîêàçíèêîì ô³ç³îëîã³÷íîãî
ñòàíó êë³òèí âîäîðîñòåé, í³æ ñï³ââ³äíîøåííÿ Ñõë à/Ñõë b. Ï³äâèùåííÿ âå-
ëè÷èíè ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à òà çìåíøåííÿ Ñõë à/Ñõë ñ º ñâ³ä÷åííÿì
ïîã³ðøåííÿ ô³ç³îëîã³÷íîãî ñòàíó ô³òîïëàíêòîíó.

Â³äîìî [1, 4, 8, 12, 21, 23], ùî ï³ãìåíòíèé ³íäåêñ Ìàðãàëåôà Å430/Å664, à
òàêîæ ñï³ââ³äíîøåííÿ Å480/Å664, Å430/Å665 òà Ñêàð/Ñõë à õàðàêòåðèçóþòü ñï³â-
â³äíîøåííÿ âì³ñòó çàãàëüíèõ êàðîòèíî¿ä³â ³ õëîðîô³ëó a. Ï³äâèùåííÿ
¿õí³õ çíà÷åíü ñâ³ä÷èòü ïðî ïîã³ðøåííÿ ô³ç³îëîã³÷íîãî ñòàíó êë³òèí âîäî-
ðîñòåé.

Îòðèìàí³ íàìè äàí³ çàñâ³ä÷èëè, ùî ñåðåäí³ âåëè÷èíè ñï³ââ³äíîøåí-
íÿ Å480/Å664 ñòàíîâèëè 1,36, 1,20 ³ 2,04, ³íäåêñó Ìàðãàëåôà Å430/Å664 — 2,61,
2,92 ³ 3,55, ñï³ââ³äíîøåííÿ Å430/Å665 — 2,54, 2,94 ³ 3,35, à ñï³ââ³äíîøåííÿ
Ñêàð/Ñõë à — 0,46, 0,54 ³ 0,73 â³äïîâ³äíî ó ô³òîïëàíêòîí³ Ãîð³õîâàòñüêèõ,
Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ ñòàâê³â (äèâ. òàáë. 2). ßê áà÷èìî, ñåðåäí³ çíà-
÷åííÿ çàçíà÷åíèõ ïîêàçíèê³â âèÿâèëèñÿ á³ëüøèìè äëÿ ñèñòåìè Êèòà¿â-
ñüêèõ ñòàâê³â ïîð³âíÿíî ç ³íøèìè äîñë³äæóâàíèìè ñèñòåìàìè âîäîéì.
Ñï³âñòàâëåííÿ îòðèìàíèõ äàíèõ ñâ³ä÷àòü ïðî òå, ùî ñïðÿìîâàí³ñòü çì³í
ñï³ââ³äíîøåíü Å480/Å664, Å430/Å664 òà Å430/Å665 ñï³âïàäàþòü ³ç çì³íàìè âåëè-
÷èí ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à. Ï³äòâåðäæåííÿì öüîãî ìîæóòü áóòè ðîçðà-
õîâàí³ íàìè êîåô³ö³ºíòè êîðåëÿö³¿ ì³æ çàçíà÷åíèìè ïîêàçíèêàìè (r =
0,51, r = 0,89, r = 0,79 ïðè n = 24, ð≤0,05 â³äïîâ³äíî ì³æ Ñêàð/Ñõë à ³ Å480/Å664,
ì³æ Ñêàð/Ñõë à ³ Å430/Å664 òà ì³æ Ñêàð/Ñõë à ³ Å430/Å665).

Öå ñâ³ä÷èòü ïðî òå, ùî çàçíà÷åí³ ï³ãìåíòí³ ñï³ââ³äíîøåííÿ º ³íôîð-
ìàòèâíèìè ïîêàçíèêàìè ô³ç³îëîã³÷íîãî ñòàíó êë³òèí âîäîðîñòåé. Ï³äâè-
ùåííÿ ¿õí³õ âåëè÷èí, à òàêîæ ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à ñâ³ä÷èòü ïðî éîãî
ïîã³ðøåííÿ.

Ñï³âñòàâëåííÿ îòðèìàíèõ âåëè÷èí ³íäåêñó Ìàðãàëåôà Å430/Å664 òà
ñï³ââ³äíîøåíü Å480/Å664 ³ Å430/Å665 ³ç ñòðóêòóðíèìè õàðàêòåðèñòèêàìè ô³òî-
ïëàíêòîíó ñâ³ä÷èòü ïðî òå, ùî ì³æ âåëè÷èíàìè ïîêàçíèê³â Å430/Å664,
Å430/Å665 òà ÷àñòêîþ á³îìàñè Cyanoprokaryota ³ñíóº äîñòîâ³ðíà ïîçèòèâíà
çàëåæí³ñòü (r = 0,83 òà r = 0,72 ïðè n = 24, ð≤0,05 â³äïîâ³äíî). Ïîä³áíà çà-
ëåæí³ñòü âèÿâëåíà òàêîæ ì³æ çíà÷åííÿìè ñï³ââ³äíîøåíü Å480/Å664,
Å430/Å664 òà ÷àñòêîþ á³îìàñè Bacillariophyta (r = 0,82 ³ r = 0,41 ïðè n = 24,
ð≤0,05 â³äïîâ³äíî). Ó òîé æå ÷àñ âñòàíîâëåíà äîñòîâ³ðíà íåãàòèâíà çà-
ëåæí³ñòü ì³æ âåëè÷èíàìè ñï³ââ³äíîøåíü Å430/Å664 ³ Å430/Å665 òà ÷àñòêîþ
á³îìàñè Euglenophyta (r = -0,45 òà r = -0,42 ïðè n = 24, ð≤0,05 â³äïîâ³äíî).
Ïîä³áíà çàëåæí³ñòü çàðåºñòðîâàíà ì³æ âåëè÷èíàìè ïîêàçíèêà Å480/Å664 òà
÷àñòêîþ á³îìàñè Chlorophyta (r = -0,42 ïðè n = 24, ð≤0,05), à òàêîæ ì³æ âå-
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ëè÷èíàìè ïîêàçíèêà Å480/Å665 òà ÷àñòêîþ á³îìàñè Dinophyta (r = -0,40 ïðè
n = 24, ð≤0,05).

Ñïðÿìîâàí³ñòü âèÿâëåíèõ çâ’ÿçê³â ñâ³ä÷èòü ïðî çá³ëüøåííÿ çíà÷åíü
³íäåêñó Ìàðãàëåôà Å430/Å664 òà ñï³ââ³äíîøåííÿ Å430/Å665 ³ç çðîñòàííÿì ÷àñò-
êè Cyanoprokaryota òà çá³ëüøåííÿ âåëè÷èí ñï³ââ³äíîøåííÿ Å480/Å664 é
³íäåêñó Ìàðãàëåôà Å430/Å664 — ïðè ïåðåâàæàíí³ ïðåäñòàâíèê³â Bacillario-
phyta ó çàãàëüí³é á³îìàñ³ ô³òîïëàíêòîíó.

Îêð³ì ³íøèõ õàðàêòåðèñòèê ô³ç³îëîã³÷íîãî ñòàíó êë³òèí âîäîðîñòåé
äîñèòü âàæëèâèì éîãî ïîêàçíèêîì º âì³ñò ôåîï³ãìåíò³â (ôåîô³òèíó)
(Ñôåî à) òà ñï³ââ³äíîøåííÿ Ñõë à/Ñôåî à. Â³äîìî [1, 23], ùî êîëè çíà÷åííÿ
Ñõë à/Ñôåî à ìåíøå îäèíèö³, òî öå ñâ³ä÷èòü ïðî â³äìèðàííÿ é ðîçêëàä êë³òèí
âîäîðîñòåé. Ö³ ïðîöåñè ñóïðîâîäæóþòüñÿ ðóéíóâàííÿì õëîðîô³ëó à,
âòðàòîþ éîíó Mg2+ òà óòâîðåííÿì ôåîï³ãìåíò³â.

Îäåðæàí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî â³äñîòêîâèé âì³ñò ôåîï³ãìåíò³â
(Ñôåî à, %) ï³ä ÷àñ íàøèõ ñïîñòåðåæåíü çà ðîçâèòêîì ô³òîïëàíêòîíó Ãî-
ð³õîâàòñüêèõ ñòàâê³â çíàõîäèâñÿ â ìåæàõ 42,36—66,02 %, ó Ä³äîð³âñüêèõ
ñòàâêàõ — 27,14—48,39 %, à ó Êèòà¿âñüêèõ ñòàâêàõ — 34,29—55,02 %. Ïðè
öüîìó ñåðåäí³ çíà÷åííÿ çàçíà÷åíîãî ïîêàçíèêà ñòàíîâèëè 53,16, 33,83 òà
39,93 %, òîáòî ïåðøà ñèñòåìà ñòàâê³â ïîð³âíÿíî ç ³íøèìè õàðàêòåðèçóâà-
ëàñÿ ïîì³òíî á³ëüøèìè ñåðåäí³ìè âåëè÷èíàìè öüîãî ïîêàçíèêà (äèâ.
òàáë. 2).

Ñë³ä çâåðíóòè óâàãó íà òå, ùî ì³æ âåëè÷èíîþ Ñôåî à, % òà ÷àñòêîþ
á³îìàñè Euglenophyta ³ñíóº äîñòîâ³ðíà ïîçèòèâíîþ çàëåæí³ñòü (r = 0,58
ïðè n = 24, ð≤0,05). Ñïðÿìîâàí³ñòü âèÿâëåíîãî çâ’ÿçêó ñâ³ä÷èòü ïðî çá³ëü-
øåííÿ çíà÷åíü Ñôåî à, % ç³ çðîñòàííÿì ÷àñòêè ïðåäñòàâíèê³â Euglenophyta
ó á³îìàñ³ ô³òîïëàíêòîíó.

Âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë à/Ñôåî à ó äîñë³äæóâàíèõ âîäîéìàõ áóëè
á³ëüøèìè çà îäèíèöþ ³ çíàõîäèëèñü â ìåæàõ 1,18—1,99, 3,19—5,02 òà
1,63—8,50 â³äïîâ³äíî ó Ãîð³õîâàòñüêèõ, Ä³äîð³âñüêèõ òà Êèòà¿âñüêèõ
ñòàâêàõ (äèâ. òàáë. 2). Âîíè õàðàêòåðèçóþòü óãðóïîâàííÿ ïëàíêòîííèõ
âîäîðîñòåé ÿê «íîðìàëüíî ôóíêö³îíóþ÷³» [2, 14]. Ì³æ ïîêàçíèêàìè
Ñõë à/Ñôåî à òà Ñôåî à, % áóëî âèÿâëåíî äîñòîâ³ðíó íåãàòèâíó çàëåæí³ñòü (r =
-0,73 ïðè n = 24, ð≤0,05).

Çâàæàþ÷è íà äóìêó àâòîð³â [4, 8, 12, 16] ïðî òå, ùî çà çì³íàìè ï³ãìåíò-
íèõ ³íäåêñ³â ³ âì³ñòîì ôåîï³ãìåíò³â ìîæíà õàðàêòåðèçóâàòè ðîçâèòîê
ô³òîïëàíêòîíó [12, 17], ìè ïðîâåëè â³äïîâ³äíèé êîðåëÿö³éíèé àíàë³ç äëÿ
âèÿâëåííÿ çâ’ÿçêó ì³æ öèìè ïîêàçíèêàìè.

Áóëî âñòàíîâëåíî, ùî ì³æ ï³ãìåíòíèì ñï³ââ³äíîøåííÿì Å480/Å664 òà
Ñôåî à, % ³ñíóº äîñòîâ³ðíà ïîçèòèâíà çàëåæí³ñòü ó ñèñòåì³ Ä³äîð³âñüêèõ òà
Êèòà¿âñüêèõ ñòàâê³â (â³äïîâ³äíî r = 0,74 ³ r = 0,82 ïðè n = 8, ð≤0,05), òîä³ ÿê
ó Ãîð³õîâàòñüêèõ ñòàâêàõ — íåãàòèâíà (r = -0,75, ïðè n = 8, ð≤0,05). Ó òîé
æå ÷àñ, ì³æ ³íäåêñîì Ìàðãàëåôà Å430/Å664 òà Ñôåî à, % ³ñíóº ïîçèòèâíèé çâ’ÿ-
çîê ëèøå äëÿ ñèñòåìè Ä³äîð³âñüêèõ ñòàâê³â (r = 0,72, ïðè n = 8, ð≤0,05).

Âàæëèâèì àñïåêòîì ã³äðîá³îëîã³÷íèõ äîñë³äæåíü º âñòàíîâëåííÿ
òðîô³÷íîãî ñòàòóñó âîäîéì. Õëîðîô³ë à òà á³îìàñà âîäîðîñòåé º ïðè öüî-
ìó ïð³îðèòåòíèìè ïîêàçíèêàìè. Ïðîâåäåíå íàìè âèçíà÷åííÿ òðîô³÷íî-
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ãî ñòàòóñó äîñë³äæóâàíèõ âîäíèõ îá’ºêò³â çà âì³ñòîì õëîðîô³ëó à â³ä-
ïîâ³äíî äî øêàë [3, 25] ñâ³ä÷èòü ïðî òå, ùî óñ³ ñòàâêè ìîæíà â³äíåñòè äî
åâòðîôíîãî òèïó. Çà âåëè÷èíîþ á³îìàñè âîäîðîñòåé ó ïëàíêòîí³, â³ä-
ïîâ³äíî äî êëàñèô³êàö³¿ [25], á³ëüø³ñòü äîñë³äæóâàíèõ ñòàâê³â òàêîæ íà-
ëåæàëè äî åâòðîôíîãî òèïó, òîä³ ÿê Ãîð³õîâàòñüêèé ñòàâîê ¹ 3, Êè-
òà¿âñüêèé ñòàâîê ¹ 3 òà Ä³äîð³âñüêèé ñòàâîê ¹ 2 — äî ìåçîòðîôíîãî
òèïó.

Âèñíîâêè

Îòðèìàí³ ðåçóëüòàòè çàñâ³ä÷èëè, ùî äîñë³äæóâàí³ ñòàâêè ïîì³òíî
â³äð³çíÿëèñü çà çàãàëüíèì âì³ñòîì õëîðîô³ë³â (Ñõë à+b+c) òà çíà÷åííÿìè
ñïåêòðàëüíèõ õàðàêòåðèñòèê ô³òîïëàíêòîíó. Ïðè öüîìó Ãîð³õîâàòñüê³
ñòàâêè, ïîð³âíÿíî ³ç Ä³äîð³âñüêèìè òà Êèòà¿âñüêèìè, õàðàêòåðèçóâàëèñü
á³ëüøèìè ñåðåäí³ìè âåëè÷èíàìè çàãàëüíî¿ ê³ëüêîñò³ ï³ãìåíò³â, â³äíîñíî-
ãî âì³ñòó õëîðîô³ëó à òà b ³ ñï³ââ³äíîøåíü Ñõë à/Â ³ Ñõë à/Ñõë ñ òà ìåíøèìè ñå-
ðåäí³ìè çíà÷åííÿìè â³äíîñíîãî âì³ñòó õëîðîô³ëó ñ, ñï³ââ³äíîøåíü
Ñõë à+b+c/Ñõë à, Ñõë c/Ñõë à, Ñõë à/Ñõë b, Ñõë à/Ñôåî à, Ñêàð/Ñõë à, ³íäåêñó Ìàðãàëåôà
Å430/Å664 òà ï³ãìåíòíîãî ñï³ââ³äíîøåííÿ Å430/Å665, òîä³ ÿê ñåðåäí³ âåëè÷èíè
ñï³ââ³äíîøåííÿ Ñõë b/Ñõë à áóëè ïðàêòè÷íî îäíàêîâèìè â óñ³õ äîñë³äæóâà-
íèõ ñèñòåìàõ ñòàâê³â. Ñåðåäíº çíà÷åííÿ ï³ãìåíòíîãî ñï³ââ³äíîøåííÿ
Å480/Å664 áóëî íàéìåíøèì ó Ä³äîð³âñüêèõ ñòàâêàõ, à íàéá³ëüøèì — ó Êè-
òà¿âñüêèõ ñòàâêàõ.

Âñòàíîâëåíî, ùî ê³ëüê³ñòü õëîðîô³ë³â à, b, ñ òà ¿õí³é â³äíîñíèé âì³ñò
(Ñõë à, %, Ñõë b, %, Ñõë c, %), à òàêîæ âåëè÷èíè ñï³ââ³äíîøåíü Ñõë à+b+c/Ñõë à,
Ñõë b/Ñõë à, Ñõë c/Ñõë à, Ñõë à/Ñõë b, Ñõë à/Ñõë ñ, Ñõë à/Ñôåî à, Ñêàð/Ñõë à, ³íäåêñ Ìàðãàëå-
ôà Å430/Å664 òà ï³ãìåíòí³ ñï³ââ³äíîøåííÿ Å480/Å664 ³ Å430/Å665 ó ô³òîïëàíêòîí³
äîñë³äæóâàíèõ âîäîéì êîðåëþâàëè ç á³îìàñîþ îêðåìèõ â³ää³ë³â âîäîðîñ-
òåé.

Â óñ³õ ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» ñï³ââ³äíîøåííÿ Ñõë à+b+c/Ñõë à áóëî
á³ëüøå 1,25, ùî â³äïîâ³äàº àêòèâíî ôóíêö³îíóþ÷îìó óãðóïîâàííþ ïëàíê-
òîííèõ âîäîðîñòåé. Âðàõîâóþ÷è, ùî çìåíøåííÿ âåëè÷èíè öüîãî ïîêàç-
íèêà º ñâ³ä÷åííÿì íèçüêî¿ ï³ãìåíòíî¿ ð³çíîìàí³òíîñò³ àëüãîóãðóïîâàíü,
ìîæíà ïðèïóñòèòè, ùî Ãîð³õîâàòñüê³ ñòàâêè çàçíàþòü á³ëüøîãî àíòðîïî-
ãåííîãî âïëèâó, í³æ ³íø³ ñèñòåìè ñòàâê³â.

Âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë à/Ñôåî à ó äîñë³äæóâàíèõ âîäîéìàõ áóëè
á³ëüøèìè çà îäèíèöþ, ùî õàðàêòåðèçóº óãðóïîâàííÿ ïëàíêòîííèõ âîäî-
ðîñòåé, ùî ðîçâèâàþòüñÿ ó ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» ÿê «íîðìàëüíî
ôóíêö³îíóþ÷³». Ïðîòå íàéâèùèé â³äíîñíèé âì³ñò ôåîï³ãìåíò³â (Ñôåî à, %)
òà íàéíèæ÷å ñï³ââ³äíîøåííÿ Ñõë à/Ñôåî à çàðåºñòðîâàíî ó íàéá³ëüø çàáðóä-
íåíèõ Ãîð³õîâàòñüêèõ ñòàâêàõ.

Âñòàíîâëåíî, ùî çà âì³ñòîì õëîðîô³ëó à óñ³ îáñòåæåí³ ñòàâêè ìîæíà
â³äíåñòè äî åâòðîôíîãî òèïó, à çà âåëè÷èíîþ á³îìàñè ïëàíêòîííèõ âîäî-
ðîñòåé — ïåðåâàæíó á³ëüø³ñòü äîñë³äæóâàíèõ âîäîéì (75 %).
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PIGMENT INDICES OF PHYTOPLANKTON OF THE WATER BODIES OF THE
GOLOSIYIVSKY NATIONAL NATURE PARK (UKRAINE) AND ASSESSMENT OF

THEIR TROPHIC STATUS

The publication is dealt with the pigment characteristics (Cchl a+b+c/Cchl a, Cchl b/Cchl a,
Cchl ñ/Cchl a, Cchl a/Cchl b, Cchl a/Cchl ñ, Ñpheo a, %, Cchl a/Ñpheo à, Ñcar/Ññhl a, the Margaleff index
E430/E664, and the pigment ratio E480/E664, E430/E665) of phytoplankton from 12 ponds of the
Golosiyivsky National Nature Park (Kyiv, Ukraine), which differ in the level of anthropo-
genic pollution. It has been found that phytoplankton of the Gorikhovatka ponds compa-
red to that of the Didorivka and Kytayevo ponds was characterized by the higher average
values of the total content of pigments, the relative content of chlorophylls a and b, and the
ratios Cchl a/Â and Cchl a/Cchl ñ and by the lower average values of the relative content of chlo-
rophyll c, the ratios Cchl a+b+c/Cchl a, Cchl ñ/Cchl a, Cchl a/Cchl b, Cchl a/Ñpheo à, Ñcar/Ññhl a, the Marga-
leff index E430/E664, and the pigment ratio E430/E665, while the average values of the ratio of
Cchl b/Cchl a were almost the same in all studied pond systems. The lowest average value of
the pigment ratio E480/E664 was in the Didorivka ponds and the highest — in the Kytayevo
ponds. In terms of the content of chlorophyll a, all studied ponds can be assigned to the eut-
rophic type, and in terms of phytoplankton biomass — their vast majority (75 %).

Keywords: phytoplankton, spectral pigment characteristics, ponds, Golosiyivsky Natio-
nal Nature Park.
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íîãî ïðèðîäíîãî ïàðêó «Ãîëîñ³¿âñüêèé» (Óêðà¿íà). Çàðåºñòðîâàíî ñóòòºâå çðîñòàííÿ
êîíöåíòðàö³¿ íàôòîïðîäóêò³â ³ àí³îííèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ó âîä³ çà-
çíà÷åíèõ âîäîéì â ë³òí³é ïåð³îä ïîð³âíÿíî ç âåñíÿíèì. Âîñåíè ó á³ëüøîñò³ ñòàâê³â
â³äçíà÷åíî çíèæåííÿ âì³ñòó íàôòîïðîäóêò³â, ïðîòå êîíöåíòðàö³ÿ àí³îííèõ ïîâåð-
õíåâî-àêòèâíèõ ðå÷îâèí ïðîäîâæóâàëà çðîñòàòè. Âèÿâëåíî òåíäåíö³þ äî çìåíøåí-
íÿ êîíöåíòðàö³¿ âàæêèõ ìåòàë³â ó âîä³ Êèòà¿âñüêèõ òà Ä³äîð³âñüêèõ ñòàâê³â ó
ë³òí³é ñåçîí, òîä³ ÿê ó Ãîð³õîâàòñüêèõ ñòàâêàõ ñïîñòåð³ãàëîñÿ çðîñòàííÿ êîíöåíò-
ðàö³¿ âàæêèõ ìåòàë³â ó ð³çí³ ñåçîíè, ùî, î÷åâèäíî, ïîâ’ÿçàíî ç âèùèì ð³âíåì àíòðîïî-
ãåííîãî íàâàíòàæåííÿ íà ö³ âîäí³ îá’ºêòè.

Êëþ÷îâ³ ñëîâà: íàôòîïðîäóêòè, àí³îíí³ ñèíòåòè÷í³ ïîâåðõíåâî-àêòèâí³ ðå-
÷îâèíè, âàæê³ ìåòàëè, ñåçîííà äèíàì³êà, ñòàâêè, Íàö³îíàëüíèé ïðèðîäíèé ïàðê
«Ãîëîñ³¿âñüêèé», Óêðà¿íà.

Îñòàíí³ äåñÿòèë³òòÿ ñïîñòåð³ãàºòüñÿ ñò³éêà òåíäåíö³ÿ äî ïîã³ðøåííÿ
åêîëîã³÷íîãî ñòàíó âíóòð³øí³õ âîäîéì ì. Êèºâà âíàñë³äîê ñòð³ìêîãî ðîç-
âèòêó ìåãàïîë³ñó, ùî ïðèçâîäèòü äî çá³ëüøåííÿ ê³ëüêîñò³ çàáðóäíþþ÷èõ
ðå÷îâèí ó âîäíèõ îá’ºêòàõ ñòîëèö³ [16]. Öå ñòîñóºòüñÿ, íàñàìïåðåä, âî-
äîéì, ðîçòàøîâàíèõ ïîáëèçó îá’ºêò³â ïðîìèñëîâî¿ ³ òðàíñïîðòíî¿ ³íôðà-
ñòðóêòóðè ì³ñòà, êðóïíèõ æèòëîâèõ ìàñèâ³â, òðàíñïîðòíèõ âóçë³â ç ³íòåí-
ñèâíèì ðóõîì òîùî. Îäíàê, íåãàòèâí³ åêîëîã³÷í³ íàñë³äêè ³íòåíñèâíî¿
ãîñïîäàðñüêî¿ ä³ÿëüíîñò³ â³äçíà÷àþòüñÿ òàêîæ ó âîäîéìàõ ðåêðåàö³éíèõ ³
ïàðêîâèõ çîí ì. Êèºâà, ñåðåä ÿêèõ îñîáëèâå ì³ñöå íàëåæèòü Íàö³îíàëü-
íîìó ïðèðîäíîìó ïàðêó (ÍÏÏ) «Ãîëîñ³¿âñüêèé». Ö³íí³ñòü öüîãî îá’ºêòó
ïðèðîäíî-çàïîâ³äíîãî ôîíäó Óêðà¿íè âèçíà÷àºòüñÿ íå ëèøå ïðèðîäíèì
ëàíäøàôòîì òà á³îð³çíîìàí³òòÿì éîãî ôëîðè ³ ôàóíè, à é íàÿâí³ñòþ
ñêëàäíîãî êîìïëåêñó âîäîéì ³ âîäîòîê³â. Ó ï³âí³÷í³é ÷àñòèí³ ïàðêó â³í
ñôîðìîâàíèé òðüîìà êàñêàäàìè ñòàâê³â: Ãîð³õîâàòñüêèì (íà ð. Ãîð³õîâàò-
êà), Ä³äîð³âñüêèì (íà Ä³äîð³âñüêîìó ñòðóìêó) òà Êèòà¿âñüêèì (íà Êè-
òà¿âñüêîìó ñòðóìêó). Êîæíèé êàñêàä ñêëàäàºòüñÿ ç ÷îòèðüîõ øòó÷íî
ñòâîðåíèõ âîäîéì, ÿê³ ñïîëó÷åí³ ì³æ ñîáîþ [7].

Ðîçòàøóâàííÿ â ãëèáèí³ óðáàí³çîâàíîãî ëàíäøàôòó çóìîâëþº ïîñè-
ëåíèé òåõíîãåííèé ³ ðåêðåàö³éíèé òèñê íà ñòàâêè Ãîëîñ³¿âñüêîãî ïàðêó ç
áîêó ìåãàïîë³ñó, ïðî ùî ñâ³ä÷èòü áàãàòîð³÷íà òåíäåíö³ÿ äî ïîã³ðøåííÿ
åêîëîãî-òîêñèêîëîã³÷íîãî ñòàíó öèõ âîäîéì [1, 21, 22].

Îäíèìè ç íàéá³ëüø íåáåçïå÷íèõ ïîëþòàíò³â, ùî ïîòðàïëÿþòü ó ñòàâ-
êè Ãîëîñ³¿âñüêîãî ïàðêó, º íàôòîïðîäóêòè (ÍÏ), àí³îíí³ ïîâåðõíåâî-àê-
òèâí³ ðå÷îâèíè (ÀÏÀÐ) òà âàæê³ ìåòàëè (ÂÌ), òîêñè÷íèé âïëèâ ÿêèõ íà
ã³äðîá³îíòè òà âîäí³ åêîñèñòåìè â ö³ëîìó äîâåäåíèé ÷èñëåííèìè äîñ-
ë³äæåííÿìè [1, 15, 19, 24, 32]. Ó çâ’ÿçêó ç öèì ìåòîþ ðîáîòè áóëî äîñ-
ë³äæåííÿ ñåçîííèõ çì³í âì³ñòó òîêñè÷íèõ ðå÷îâèí (ÍÏ, ÀÏÀÐ, ÂÌ) ó âî-
äîéìàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» òà îö³íêà ¿õ ïîòåíö³éíî¿ çàãðîçè äëÿ ôóíê-
ö³îíóâàííÿ ã³äðîá³îíò³â.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêòàìè äîñë³äæåííÿ áóëè 12 ñòàâê³â, ðîçòàøîâàíèõ íà òåðèòîð³¿
ÍÏÏ «Ãîëîñ³¿âñüêèé» (50o22'47'' N, 30o30'21'' E) (ðèñ. 1). Âîíè óòâîðþþòü
òðè êàñêàäè ñòàâê³â (Ãîð³õîâàòñüê³, Êèòà¿âñüê³ òà Ä³äîð³âñüê³) ç ÷îòèðüîõ
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ñïîëó÷åíèõ ì³æ ñîáîþ øòó÷íèõ âîäîéì êîæíèé (ðèñ. 2) [15]. Çàãàëüíà
ïëîùà ñòàâê³â ñòàíîâèòü 5,0, 4,3 ³ 10,3 ãà â³äïîâ³äíî [23]. Ãëèáèíà ñòàâê³â â
öåíòðàëüí³é ÷àñòèí³ êîëèâàºòüñÿ â³ä 0,5—1,0 äî 2,0—3,0 ì, à æèâëåííÿ
çä³éñíþºòüñÿ çà ðàõóíîê ð. Ãîð³õîâàòêè, äæåðåëüíî¿ âîäè òà àòìîñôåðíèõ
îïàä³â.

Â³äá³ð ïðîá âîäè ç ïîâåðõíåâîãî øàðó (0,2—0,3 ì) àêâàòîð³¿ ñòàâê³â
ïðîâîäèëè íàâåñí³, âë³òêó òà âîñåíè 2023 ð. çà â³äïîâ³äíèìè ìåòîäèêàìè
[2, 4].

Â ïðîöåñ³ â³äáîðó ïðîá äëÿ âèçíà÷åííÿ âì³ñòó íàôòîïðîäóêò³â óíèêà-
ëè ïîòðàïëÿííÿ ¿õ ïîâåðõíåâî¿ ïë³âêè. Äëÿ âèäàëåííÿ ìåõàí³÷íèõ äî-
ì³øîê çä³éñíþâàëè ô³ëüòðóâàííÿ ïðîá âîäè ÷åðåç ïàïåðîâèé ô³ëüòð
«÷åðâîíà ñòð³÷êà». Ìàñîâó êîíöåíòðàö³þ ðîç÷èíåíî¿ ó âîä³ ôðàêö³¿ íà-
ôòîïðîäóêò³â âèçíà÷àëè ôëóîðèìåòðè÷íèì ìåòîäîì íà àíàë³çàòîð³ ð³äè-
íè «Ôëþîðàò-02-3Ì». Ìåòîä çàñíîâàíèé íà åêñòðàêö³¿ íàôòîïðîäóêò³â ç
âîäè ãåêñàíîì ç ïîäàëüøèì âèì³ðþâàííÿì ³íòåíñèâíîñò³ ôëóîðåñöåíö³¿
îòðèìàíîãî åêñòðàêòó [5].

Âèçíà÷åííÿ ÀÏÀÐ ó âîä³ ïðîâîäèëè êîëîðèìåòðè÷íèì ìåòîäîì,
ÿêèé çàñíîâàíèé íà ðåàêö³¿ ÀÏÀÐ ç êàò³îííèì áàðâíèêîì ìåòèëåíîâèì
áëàêèòíèì ç óòâîðåííÿì çàáàðâëåíî¿ êîìïëåêñíî¿ ñïîëóêè, ÿêó åêñòðàãó-
þòü ³ç âîäè õëîðîôîðìîì [3].

Äëÿ âèçíà÷åííÿ ÂÌ ó ðîç÷èíí³é ôîðì³ (Cuðîç÷, Znðîç÷, Feðîç÷, Mnðîç÷,
Pbðîç÷, Niðîç÷) â³ä³áðàíó âîäó ô³ëüòðóâàëè ÷åðåç í³òðîöåëþëîçí³ ìåìáðàíí³
ô³ëüòðè «Fioroni» (ÊÍÐ) ç ä³àìåòðîì ïîð 0,45 ìêì, ïîò³ì ï³äêèñëÿëè êîí-
öåíòðîâàíîþ àçîòíîþ êèñëîòîþ (ç ðîçðàõóíêó 12 ñì3 êèñëîòè íà 1 äì3
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Ðèñ. 1. Êàðòà-ñõåìà ðîçòàøóâàííÿ âîäîéì Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó «Ãî-
ëîñ³¿âñüêèé». ² — ÍÏÏ «Ãîëîñ³¿âñüêèé»: 1 — Ãîð³õîâàòñüê³; 2 — Ä³äîð³âñüê³; 3 — Êè-
òà¿âñüê³ ñòàâêè. ²² — ð³÷êîâà ä³ëÿíêà Êàí³âñüêîãî âîäîñõîâèùà
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Ðèñ. 2. Êàðòà-ñõåìà êàñêàä³â ñòàâê³â Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó «Ãîëîñ³¿â-
ñüêèé»: à — Ãîð³õîâàòñüê³; á — Ä³äîð³âñüê³; â — Êèòà¿âñüê³. Öèôðàìè ïîçíà÷åíî íî-
ìåðè âîäîéì



âîäè) [2]. Âèçíà÷åííÿ êîíöåíòðàö³¿ ðîç÷èíåíî¿ ôîðìè ìåòàë³â ó âîä³ ïðî-
âîäèëîñü ìåòîäîì îïòè÷íî¿ åì³ñ³éíî¿ ñïåêòðîñêîï³¿ ç ³íäóêòèâíî-çâ’ÿçà-
íîþ ïëàçìîþ íà îïòè÷íîìó åì³ñ³éíîìó ñïåêòðîìåòð³ iCAP 6300 Duo
(Thermo-Fisher Corporation, ÑØÀ) [6].

Ñòàòèñòè÷íó îáðîáêó îäåðæàíèõ äàíèõ (ðîçðàõóíîê ñåðåäíüîãî çíà-
÷åííÿ òà ñòàíäàðòíîãî â³äõèëåííÿ (M±m) ³ç 3—4 âèçíà÷åíü) ïðîâîäèëè
çà äîïîìîãîþ ïðîãðàìè ÌS Excel 2016. Ïðè îïèñ³ ðåçóëüòàò³â äîñë³äæåíü
âèêîðèñòîâóâàëè ñåðåäí³ çíà÷åííÿ. Ðåçóëüòàòè ñòàòèñòè÷íî¿ îáðîáêè
â³äîáðàæåíî íà ðèñóíêàõ.

Ðåçóëüòàòè äîñë³äæåíü

Íàôòîïðîäóêòè. Âèçíà÷åííÿ êîíöåíòðàö³¿ ðîç÷èíåíî¿ ôðàêö³¿ íà-
ôòîïðîäóêò³â ó âîä³ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» âïðîäîâæ 2023 ð. ïîêà-
çàëî, ùî êîæíîìó êàñêàäó ñòàâê³â áóëà âëàñòèâà ñâîÿ ñåçîííà äèíàì³êà
êîíöåíòðàö³¿ çàçíà÷åíèõ ïîëþòàíò³â çàëåæíî â³ä ðîçòàøóâàííÿ âîäîéì,
à, â³äïîâ³äíî, ³ ñòóïåíþ àíòðîïîãåííîãî âïëèâó íà êîæíó ³ç íèõ (ðèñ. 3).

Ãîð³õîâàòñüê³ ñòàâêè â ö³ëîìó ìàëè íàéâèùèé ð³âåíü çàáðóäíåííÿ
íàôòîïðîäóêòàìè ïîð³âíÿíî ç ³íøèìè âîäîéìàìè. Òàê, çîêðåìà, ó ë³òí³é
ñåçîí ¿õíÿ êîíöåíòðàö³ÿ ó âåðõí³õ ñòàâêàõ (¹ 1, 2) äîñÿãàëà çíà÷åííÿ
0,1 ìã/äì3, ùî óäâ³÷³ ïåðåâèùóº ìåæó äîïóñòèìèõ çíà÷åíü, ÿê³ º ñïðèÿò-
ëèâèìè äëÿ ôóíêö³îíóâàííÿ âîäíèõ åêîñèñòåì [13].

Ñåðåä âîäîéì öüîãî êàñêàäó ñòàâêè ¹ 3 ³ 4, ÿê³ ðîçòàøîâàí³ íèæ÷å çà
òå÷³ºþ ð. Ãîð³õîâàòêè, â³äð³çíÿëèñÿ á³ëüø íèçüêèìè êîíöåíòðàö³ÿìè íà-
ôòîïðîäóêò³â â óñ³ äîñë³äæåí³ ñåçîíè ðîêó.

Ñë³ä çàçíà÷èòè, ùî äëÿ óñ³õ Ãîð³õîâàòñüêèõ ñòàâê³â, îêð³ì ñòàâêà ¹ 4,
ñïîñòåð³ãàëîñÿ çá³ëüøåííÿ êîíöåíòðàö³¿ íàôòîïðîäóêò³â ó âîä³ âë³òêó,
ïîð³âíÿíî ç âåñíÿíèì ñåçîíîì. Ìàêñèìàëüíî çðîñëà ¿õíÿ ê³ëüê³ñòü ó
ñòàâêó ¹ 2 — ïðàêòè÷íî ó äâà ðàçè, â òîé ÷àñ, ÿê ó ñòàâêó ¹ 1 ³ 3 çðîñòàííÿ
êîíöåíòðàö³¿ íàôòîïðîäóêò³â â³ä âåñíè äî ë³òà ñòàíîâèëî 27 ³ 19 % â³ä-
ïîâ³äíî. ² ëèøå ó ñòàâêó ¹ 4 êîíöåíòðàö³ÿ íàôòîïðîäóêò³â ó âåñíÿ-
íî-ë³òí³é ñåçîí çàëèøàëàñÿ ïðàêòè÷íî áåç çì³í (ðèñ. 3, à).

Âîñåíè â óñ³õ âîäîéìàõ äàíîãî êàñêàäó â³äçíà÷àëîñÿ ñóòòºâå (íà
25,0—51,5 %) çìåíøåííÿ êîíöåíòðàö³¿ íàôòîïðîäóêò³â ó âîä³ ïîð³âíÿíî ç
ë³òí³ì ñåçîíîì.

Ð³âåíü íàôòîâîãî çàáðóäíåííÿ Êèòà¿âñüêèõ ñòàâê³â áóâ íàéíèæ÷èì
ñåðåä óñ³õ òðüîõ êàñêàä³â (ðèñ. 3, á). Òàê ñàìî, ÿê ³ äëÿ Ãîð³õîâàòñüêèõ, äëÿ
Êèòà¿âñüêèõ ñòàâê³â áóëî âëàñòèâå çðîñòàííÿ êîíöåíòðàö³¿ íàôòîïðî-
äóêò³â âë³òêó ïîð³âíÿíî ç âåñíÿíèìè ïîêàçíèêàìè, ÿêå âèÿâèëîñü ìàêñè-
ìàëüíèì äëÿ ñòàâê³â ¹ 1 ³ 2.

Âîñåíè ó á³ëüøîñò³ Êèòà¿âñüêèõ ñòàâê³â, íà â³äì³íó â³ä Ãîð³õîâàòñü-
êèõ, ìàëî ì³ñöå íåçíà÷íå çìåíøåííÿ êîíöåíòðàö³¿ íàôòîïðîäóêò³â (íå
ïåðåâèùóâàëî 9,5 %) ³ ëèøå ó ñòàâêó ¹ 4 âîíà çíèçèëàñÿ íà 35 % ó
ïîð³âíÿíí³ ç ë³òí³ì ñåçîíîì.

Ä³äîð³âñüê³ ñòàâêè çà ñòóïåíåì íàôòîâîãî çàáðóäíåííÿ âîäè çàéìàëè
ïðîì³æíå ì³ñöå ñåðåä ³íøèõ äîñë³äæóâàíèõ âîäîéì. Ïðè öüîìó ñåçîííà
äèíàì³êà êîíöåíòðàö³¿ íàôòîïðîäóêò³â â îêðåìèõ ñòàâêàõ ìàëà ñâîþ ñïå-
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öèô³êó. Ïðèâåðòàº óâàãó, ùî ó ñòàâêàõ ¹ 1 ³ 2 êîíöåíòðàö³ÿ íàôòîïðî-
äóêò³â â³ä âåñíè äî ë³òà ïîì³òíî çíèæóâàëàñÿ — íà 27 ³ 33 % â³äïîâ³äíî.
Íàòîì³ñòü ó ñòàâêàõ ¹ 3 ³ 4 âë³òêó â³äì³÷àëîñÿ çá³ëüøåííÿ çàáðóäíåíîñò³
íàôòîïðîäóêòàìè, êîíöåíòðàö³ÿ ÿêèõ çðîñòàëà â³äïîâ³äíî íà 48 ³ 35 %
ïîð³âíÿíî ç âåñíÿíèì ð³âíåì.

Â îñ³íí³é ñåçîí ó Ä³äîð³âñüêèõ ñòàâêàõ ¹ 3 ³ 4, ÿê ³ â ïåðåâàæí³é
á³ëüøîñò³ ñòàâê³â Ãîëîñ³¿âñüêîãî ïàðêó, êîíöåíòðàö³ÿ íàôòîïðîäóêò³â
çìåíøóâàëàñü ïîð³âíÿíî ç ë³òí³ìè âåëè÷èíàìè. Â òîé æå ÷àñ, ó ñòàâêàõ
¹ 1 ³ 2 âîñåíè ñïîñòåð³ãàëàñÿ ïðîòèëåæíà äèíàì³êà: êîíöåíòðàö³ÿ íà-
ôòîïðîäóêò³â ï³äâèùóâàëàñÿ ïîð³âíÿíî ç ë³òí³ì ïåð³îäîì ³ ïðàêòè÷íî
ïîâåðòàëàñÿ íà âåñíÿíèé ð³âåíü (ðèñ. 3, â).

Îòæå, àíàë³ç ñåçîííèõ çì³í íàôòîâîãî çàáðóäíåííÿ ñòàâê³â ÍÏÏ «Ãî-
ëîñ³¿âñüêèé» ó 2023 ð. ñâ³ä÷èòü ïðî òå, ùî ó ïåðåâàæí³é á³ëüøîñò³ âè-
ïàäê³â ñïîñòåð³ãàëàñÿ òåíäåíö³ÿ äî çðîñòàííÿ êîíöåíòðàö³¿ íàôòîïðî-
äóêò³â ó âîä³ â ë³òí³é ïåð³îä ïîð³âíÿíî ç âåñíÿíèì, ç íàñòóïíèì ¿¿ çíèæåí-
íÿì âîñåíè.

Àí³îíí³ ïîâåðõíåâî-àêòèâí³ ðå÷îâèíè. Àí³îíí³ ïîâåðõíåâî-àêòèâí³
ðå÷îâèíè — âàæëèâà ñêëàäîâà á³ëüøîñò³ äåòåðãåíò³â òà ìèþ÷èõ çàñîá³â.
Íåçâàæàþ÷è íà âèñîêó åôåêòèâí³ñòü âèäàëåííÿ ïðè î÷èùåíí³ ñòîê³â,
ïåâíà ÷àñòêà ÀÏÀÐ âñå æ íàäõîäèòü ó âîäí³ åêîñèñòåìè âíàñë³äîê âåëè-
êèõ îáñÿã³â ¿õíüîãî ñïîæèâàííÿ [19].

Âèçíà÷åííÿ êîíöåíòðàö³¿ ÀÏÀÐ ó âîä³ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»
íàâåñí³ 2023 ð. ïîêàçàëî (ðèñ. 4), ùî ìàéæå â óñ³õ âîäîéìàõ ð³âåíü çàáðóä-
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Ðèñ. 3. Êîíöåíòðàö³ÿ íàôòîïðîäóêò³â
ó âîä³ Ãîð³õîâàòñüêèõ (à), Êèòà¿âñüêèõ
(á) ³ Ä³äîð³âñüêèõ (â) ñòàâê³â ÍÏÏ «Ãî-
ëîñ³¿âñüêèé» â ð³çí³ ñåçîíè. Òóò ³ íà
ðèñ. 3—6: â — âåñíà, ë — ë³òî, î — îñ³íü
(M±m; n = 3—4)



íåííÿ ÀÏÀÐ íå ïåðåâèùóâàâ âñòàíîâëåí³ íîðìàòèâí³ çíà÷åííÿ

(0,1 ìã/äì3), ÿê³ ââàæàþòüñÿ ñïðèÿòëèâèìè äëÿ ôóíêö³îíóâàííÿ âîäíèõ

åêîñèñòåì [3]. Âèêëþ÷åííÿ ñòàíîâèëè ëèøå Ãîð³õîâàòñüê³ ñòàâêè ¹ 1 ³ 2,

êîíöåíòðàö³ÿ ÀÏÀÐ ó ÿêèõ ñòàíîâèëà 0,152 ³ 0,116 ìã/äì3 â³äïîâ³äíî.
Ç íàñòàííÿì ë³òíüîãî ñåçîíó â óñ³õ Ãîð³õîâàòñüêèõ ñòàâêàõ ñïîñòå-

ð³ãàëîñÿ çá³ëüøåííÿ êîíöåíòðàö³¿ ÀÏÀÐ, ³íòåíñèâí³ñòü ÿêîãî â³äð³çíÿëà-

ñÿ äëÿ ð³çíèõ âîäîéì (ðèñ. 4, à). Òàê, â íàéá³ëüø³é ì³ð³ (íà 71 %), çðîñëà

êîíöåíòðàö³ÿ ÀÏÀÐ ó ñòàâêó ¹ 3, ìåíø ïîì³òíî ó ñòàâêàõ ¹ 4 ³ 2, ó ñòàâêó

¹ 1 — ëèøå íà 16 %.
Äëÿ Êèòà¿âñüêèõ ñòàâê³â âë³òêó áóëî õàðàêòåðíå á³ëüø ñóòòºâå, í³æ

äëÿ Ãîð³õîâàòñüêèõ, çðîñòàííÿ êîíöåíòðàö³¿ ÀÏÀÐ (ðèñ. 4, á). Çã³äíî îò-

ðèìàíèõ äàíèõ, âîíî ñòàíîâèëî 52—63 %, à ó ñòàâêó ¹ 4 êîíöåíòðàö³ÿ

ÀÏÀÐ äîñÿãàëà 0,197 ìã/äì3, ùî ìàéæå âäâ³÷³ ïåðåâèùóº ãðàíè÷íî äîïóñ-

òèìèé ð³âåíü.
Ùî ñòîñóºòüñÿ êàñêàäó Ä³äîð³âñüêèõ ñòàâê³â, òî â³ä âåñíè äî ë³òà â íèõ

òàêîæ â³äçíà÷àëîñÿ ³íòåíñèâíå çðîñòàííÿ êîíöåíòðàö³¿ ÀÏÀÐ ó âîä³

(ðèñ. 4, â). Òàê, ó ñòàâêàõ ¹ 1—3 êîíöåíòðàö³ÿ ÀÏÀÐ âë³òêó çá³ëüøèëàñÿ â

1,8—2,3 ðàçè, à ó ñòàâêó ¹ 4 — ïðàêòè÷íî ó 3 ðàçè, ùî ïåðåâèùóº íîðìà-

òèâíå çíà÷åííÿ íà 88 %.
Â îñ³íí³é ïåð³îä äèíàì³êà âì³ñòó ÀÏÀÐ ó âîä³ ñòàâê³â Ãîëîñ³¿âñüêîãî

ïàðêó ñóòòºâî â³äð³çíÿëàñÿ äëÿ ð³çíèõ êàñêàä³â âîäîéì.
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Ðèñ. 4. Êîíöåíòðàö³ÿ àí³îííèõ ïîâåðõ-
íåâî-àêòèâíèõ ðå÷îâèí (ÀÏÀÐ) ó âîä³
Ãîð³õîâàòñüêèõ (à), Êèòà¿âñüêèõ (á) ³
Ä³äîð³âñüêèõ (â) ñòàâê³â ÍÏÏ «Ãîëî-
ñ³¿âñüêèé» â ð³çí³ ñåçîíè



Òàê, çîêðåìà, ó Ãîð³õîâàòñüêîìó ñòàâêó ¹ 1 êîíöåíòðàö³ÿ ÀÏÀÐ âîñå-
íè çàëèøèëàñÿ ïðàêòè÷íî íà òîìó æ ð³âí³, ùî é âë³òêó, â òîé ÷àñ ÿê ó
ðåøò³ âîäîéì çàô³êñîâàíî ¿¿ íåâåëèêå çðîñòàííÿ íà 4—7 % ïîð³âíÿíî ç
ë³òí³ì ïîêàçíèêîì.

Ó Êèòà¿âñüêèõ ñòàâêàõ âîñåíè ïðîäîâæóâàëîñÿ ïîäàëüøå çðîñòàííÿ
êîíöåíòðàö³¿ ÀÏÀÐ ó âîä³. Ìàêñèìàëüíî, ïîíàä í³æ óäâ³÷³, çá³ëüøèâñÿ
öåé ïîêàçíèê ó ñòàâêó ¹ 2. Â ³íøèõ âîäîéìàõ êîíöåíòðàö³ÿ ÀÏÀÐ âîñåíè
òàêîæ çðîñëà, ³ â ðåçóëüòàò³ ó ñòàâêàõ ¹ 2 ³ 4 â îñ³íí³é ñåçîí âîíà ïåðåâè-
ùóâàëà íîðìàòèâíå çíà÷åííÿ ó 1,9 ³ 2,1 ðàç³â â³äïîâ³äíî.

Ñòîñîâíî Ä³äîð³âñüêèõ ñòàâê³â, òî ó á³ëüøîñò³ ³ç íèõ ç íàñòàííÿì
îñåí³ ìàëî ì³ñöå çíèæåííÿ íà 9—24 % êîíöåíòðàö³¿ ÀÏÀÐ ó âîä³ ïîð³âíÿ-
íî ç ë³òí³ì ñåçîíîì. Âèêëþ÷åííÿ ñòàíîâèâ ëèøå ñòàâîê ¹ 2, ó ÿêîìó âîñå-
íè ñïîñòåð³ãàëîñÿ íåâåëèêå çðîñòàííÿ êîíöåíòðàö³¿ ÀÏÀÐ (íà 14 %).

Íåçâàæàþ÷è íà â³äì³ííîñò³ ó äèíàì³ö³, êîíöåíòðàö³ÿ ÀÏÀÐ â óñ³õ
ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» âîñåíè ïåðåâèùóâàëà çíà÷åííÿ
(0,1 ìã/äì3), ÿêå ââàæàºòüñÿ ïðèéíÿòíèì äëÿ ôóíêö³îíóâàííÿ âîäíèõ
åêîñèñòåì [3].

Âàæê³ ìåòàëè. Â³äîìî, ùî á³ëüø³ñòü ÂÌ (Mn, Fe, Zn, Cu, Co, Ni) º
ì³êðîåëåìåíòàìè, íåîáõ³äíèìè äëÿ æèòòºä³ÿëüíîñò³ æèâèõ îðãàí³çì³â,
îäíàê, çðîñòàííÿ êîíöåíòðàö³¿ ÂÌ ó âîäîéìàõ íåãàòèâíî âïëèâàº íà
á³îòó, ïðèçâîäÿ÷è äî ÷èñëåííèõ ïîðóøåíü ô³ç³îëîãî-á³îõ³ì³÷íèõ ïðî-
öåñ³â [9, 11]. Òàê³ ìåòàëè ÿê Pb, Cd, Hg íå ìàþòü â³äîìî¿ á³îëîã³÷íî¿ ðîë³ ³
ìîæóòü âèÿâëÿòè òîêñè÷í³ñòü íàâ³òü ó íåçíà÷íèõ êîíöåíòðàö³ÿõ [9, 29].

Íàéá³ëüø òîêñè÷íîþ ³ á³îäîñòóïíîþ º ðîç÷èííà ôîðìà ìåòàë³â [26],
êîíöåíòðàö³ÿ ÿêî¿ ó âîä³ ïðèðîäíèõ âîäîéì âèçíà÷àºòüñÿ áàãàòüìà ÷èí-
íèêàìè, çîêðåìà, ñåçîííèì íàäõîäæåííÿ îðãàí³÷íî¿ ðå÷îâèíè, ðÍ âî-
äíîãî ñåðåäîâèùà òà âì³ñòîì â íüîìó êèñíþ [11, 33].

Âèÿâëåí³ êîíöåíòðàö³¿ ÂÌ ó ðîç÷èíåí³é ôîðì³ ó âîäîéìàõ ÍÏÏ «Ãî-
ëîñ³¿âñüêèé» âåñíîþ, âë³òêó ³ âîñåíè â³äîáðàæåí³ íà ðèñóíêàõ 5 ³ 6.

Íà ðèñóíêó 5, à ïîêàçàíî, ùî âîäà Ãîð³õîâàòñüêèõ ñòàâê³â õàðàêòåðè-
çóâàëàñü âèùèì âì³ñòîì ðîç÷èíåíîãî ôåðóìó ïîð³âíÿíî ç ³íøèìè âîäî-
éìàìè ÍÏÏ «Ãîëîñ³¿âñüêèé». Òàê, ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â ¹ 1 ³ 3
ìàêñèìàëüíó êîíöåíòðàö³þ Feðîç÷ âèÿâëåíî âîñåíè (258,3 ³ 314,0 ìêã/äì3

â³äïîâ³äíî), à ó âîä³ ñòàâê³â ¹ 2 ³ 4 — íàâåñí³ (113,2 ³ 192,1 ìêã/äì3

â³äïîâ³äíî). Âèÿâëåí³ ìàêñèìóìè êîíöåíòðàö³é ìåòàëó ó âîä³ Ãîð³õî-
âàòñüêèõ ñòàâê³â ìîæóòü áóòè ïîâ’ÿçàí³ ç àíòðîïîãåííèì çàáðóäíåííÿì
[15]. Âàðòî çàçíà÷èòè, ùî ó ïîâåðõíåâîìó øàð³ âîäè á³ëüøîñò³ äîñë³äæó-
âàíèõ âîäîéì âèÿâëåíà òåíäåíö³ÿ äî çìåíøåííÿ êîíöåíòðàö³¿ Feðîç÷ âë³ò-
êó ïîð³âíÿíî ç âåñíÿíèì ñåçîíîì, ÿêà ñòàíîâèëà: äëÿ Ãîð³õîâàòñüêèõ
ñòàâê³â — 22,4—96,3 ìêã/äì3, äëÿ Êèòà¿âñüêèõ — 17,3—71,6 ³ äëÿ Ä³äî-
ð³âñüêèõ ñòàâê³â — 21,2—62,8 ìêã/äì3. Çìåíøåííÿ êîíöåíòðàö³¿ ôåðóìó â
ïîâåðõíåâîìó ãîðèçîíò³ âîäîéì ³ çá³ëüøåííÿ — ó ïðèäîííîìó ìîæå áóòè
íàñë³äêîì ë³òíüî¿ ñòðàòèô³êàö³¿ âîäè [10]. Âñòàíîâëåíî, ùî â óìîâàõ
äåô³öèòó ðîç÷èíåíîãî êèñíþ ó ïðèäîííèõ øàðàõ âîäè çá³ëüøóºòüñÿ êîí-
öåíòðàö³ÿ Fe (II) ó âèãëÿä³ ã³äðîêñîêîìïëåêñ³â ³ êîìïëåêñ³â ç íåîðãà-
í³÷íèìè ë³ãàíäàìè âíàñë³äîê íàäõîäæåííÿ ç äîííèõ â³äêëàä³â, à òàêîæ
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Ðèñ. 5. Êîíöåíòðàö³ÿ ðîç÷èííî¿ ôîðìè ôåðóìó (à), ìàíãàíó (á) òà êóïðóìó (â) ó âîä³
ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» â ð³çí³ ñåçîíè
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Ðèñ. 6. Êîíöåíòðàö³ÿ ðîç÷èííî¿ ôîðìè öèíêó (à), ïëþìáóìó (á) òà í³êåëþ (â) ó âîä³
ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» â ð³çí³ ñåçîíè



Fe (II) ì³ñòèòüñÿ ó ñêëàä³ ñëàáêèõ êîìïëåêñ³â ç ðîç÷èíåíèìè îðãàí³÷íèìè
ðå÷îâèíàìè [1]. Òàêîæ âë³òêó â³äáóâàºòüñÿ ïîãëèíàííÿ ³ íàêîïè÷åííÿ
ôåðóìó âîäíèìè ðîñëèíàìè, îñê³ëüêè öåé ìåòàë º íåîáõ³äíèì äëÿ æèò-
òºä³ÿëüíîñò³ ðîñëèííèõ îðãàí³çì³â ì³êðîåëåìåíòîì, ÿêèé áåðå ó÷àñòü â
ïðîöåñàõ ôîòîñèíòåçó, äèõàííÿ, ñèíòåçó õëîðîô³ëó, âõîäèòü äî ñêëàäó áà-
ãàòüîõ ôåðìåíò³â òà â³ä³ãðàº êëþ÷îâó ðîëü ó ìåòàáîë³çì³ [33].

Ùîäî îñ³ííüîãî ïåð³îäó, òî êîíöåíòðàö³ÿ Feðîç÷ ó âîä³ äîñë³äæóâàíèõ
ñòàâê³â êîëèâàëàñÿ â òàêèõ ìåæàõ: äëÿ Ãîð³õîâàòñüêèõ ñòàâê³â — â³ä 50,4
äî 314,0 ìêã/äì3, äëÿ Êèòà¿âñüêèõ — â³ä 32,6 äî 89,2 ³ äëÿ Ä³äîð³âñüêèõ —
â³ä 42,7 äî 77,1 ìêã/äì3 (äèâ. ðèñ. 5, à).

Êîíöåíòðàö³¿ Mnðîç÷ ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â âåñíîþ, âë³òêó òà
âîñåíè çíàõîäèëèñü â ìåæàõ 57,0—124,5, 45,2—93,7, 92,1—319,4 ìêã/äì3

â³äïîâ³äíî; Êèòà¿âñüêèõ — 20,2—47,7, 23,2—60,7, 21,0—89,6 ìêã/äì3; Ä³-
äîð³âñüêèõ — 31,2—46,4, 34,3—55,1, 27,8—83,9 ìêã/äì3 â³äïîâ³äíî (ðèñ. 5,
á). Ñë³ä çàçíà÷èòè, ùî ó Ãîð³õîâàòñüêèõ ñòàâêàõ ¹ 1—4, Êèòà¿âñüêèõ —
¹ 1 ³ 2 òà Ä³äîð³âñüêèõ — ¹ 2 ³ 4 âèÿâëåíî çðîñòàííÿ êîíöåíòðàö³¿ ðîç÷è-
íåíîãî ìàíãàíó âîñåíè ïîð³âíÿíî ç ë³òí³ì ñåçîíîì, ùî ìîæå áóòè ïîâ’ÿ-
çàíî ÿê ç â³äìèðàííÿì ðîñëèííèõ îðãàí³çì³â, òàê ³ ç ïîðóøåííÿì ë³òíüî¿
ñòðàòèô³êàö³¿ âîäè, ùî ïðèçâîäèòü äî çì³øóâàííÿ ¿¿ øàð³â. Öå ñïðè÷èíÿº
ï³äéîì òàêèõ ìåòàë³â, ÿê ìàíãàí ³ çàë³çî, ç ïðèäîííèõ ãîðèçîíò³â, äå
âë³òêó â óìîâàõ äåô³öèòó êèñíþ ï³äâèùóºòüñÿ êîíöåíòðàö³ÿ ¿õ ðîç÷èííî¿
ôîðìè âíàñë³äîê íàäõîäæåííÿ ç äîííèõ â³äêëàä³â, äî ïîâåðõíåâèõ øàð³â
âîäè [1, 10].

Ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â â óñ³ ñåçîíè âèÿâëåíî òàê³ êîíöåíòðàö³¿
Cuðîç÷, ÿê³ çíà÷íî ïåðåâèùóþòü êîíöåíòðàö³¿ ìåòàëó, âêàçàí³ ÿê äîñòàòíüî
ñïðèÿòëèâ³ äëÿ ôóíêö³îíóâàííÿ âîäíèõ åêîñèñòåì (<20 ìêã/äì3 Cuðîç÷)
[13] (ðèñ. 5, â). Ïðè öüîìó êîíöåíòðàö³¿ Cuðîç÷, âèÿâëåí³ ó âîä³ öèõ âîäîéì
âë³òêó (36,5—53,7 ìêã/äì3) áóëè âèùèìè, í³æ êîíöåíòðàö³¿ ìåòàëó âåñ-
íîþ (20,6—41,8 ìêã/äì3), ùî ìîæå áóòè çóìîâëåíî àíòðîïîãåííèì çà-
áðóäíåííÿì çàçíà÷åíèõ âîäîéì. Íàñë³äêîì öüîãî ìîãëî áóòè ³ çíà÷íå
çðîñòàííÿ êîíöåíòðàö³¿ Cuðîç÷ ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â ¹ 1 ³ 2 âîñåíè
(58,7 ³ 49,9 ìêã/äì3). Ï³äâèùåíèé âì³ñò Cuðîç÷ ó öèõ ñòàâêàõ áóëo çà-
ðåºñòðîâàío ³ â ìèíóë³ ðîêè [20], ùî ñâ³ä÷èòü ïðî ¿õ õðîí³÷íå çàáðóäíåí-
íÿ. Âèÿâëåí³ êîíöåíòðàö³¿ êóïðóìó ó âîäîéìàõ Ãîð³õîâàòñüêîãî êàñêàäó
ìîæóòü òîêñè÷íî âïëèâàòè íà ã³äðîá³îíòè, ùî äîâåäåíî ðåçóëüòàòàìè åê-
ñïåðèìåíòàëüíèõ äîñë³äæåíü [27, 31, 32].

Äëÿ Êèòà¿âñüêèõ ñòàâê³â ¹ 1, 2 ³ 3 íå âñòàíîâëåíî ñóòòºâèõ â³äì³ííîñ-
òåé ó êîíöåíòðàö³¿ Cuðîç÷ âåñíîþ, âë³òêó òà âîñåíè, ÿêà çíàõîäèëèñü â ìå-
æàõ 11,4—26,5 ìêã/äì3, òîä³ ÿê ó âîä³ Êèòà¿âñüêîãî ñòàâêà ¹ 4 òà Ä³äî-
ð³âñüêèõ ñòàâê³â ¹ 1—4 ñïîñòåð³ãàëîñÿ çíèæåííÿ êîíöåíòðàö³¿ Ñuðîç÷

âë³òêó òà çðîñòàííÿ — âîñåíè (äèâ. ðèñ. 5, â).
Êîíöåíòðàö³ÿ Znðîç÷ ó âîäîéìàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» êîëèâàëàñü â

ìåæàõ â³ä 27,1 äî 87,6 ìêã/äì3 âåñíîþ, â³ä 16,0 äî 96,1 ìêã/äì3 — âë³òêó òà
â³ä 26,0 äî 63,2 ìêã/äì3 — âîñåíè (ðèñ. 6, à). Íàéâèù³ êîíöåíòðàö³¿ öèíêó
âèÿâëåí³ ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â âë³òêó (79,5—96,1 ìêã/äì3), ÿê³ ïå-
ðåâèùóþòü ðåêîìåíäîâàíó ªÑ êîíöåíòðàö³þ Znðîç÷ äëÿ âîäîéì I—II êëà-
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ñó ÿêîñò³ âîä (≤ 70 ìêã/äì3) [13], ³ ìîæóòü áóòè ñïðè÷èíåí³ àíòðîïîãåí-
íèì çàáðóäíåííÿì çàçíà÷åíèõ âîäîéì. Ó âîä³ Êèòà¿âñüêèõ òà Ä³äîð³â-
ñüêèõ ñòàâê³â êîíöåíòðàö³ÿ Znðîç÷ çíàõîäèëàñü â ìåæàõ â³ä 16,1 äî
44,3 ìêã/äì3 òà ìàëà òåíäåíö³þ äî çíèæåííÿ â ë³òí³é ñåçîí ïîð³âíÿíî ç
âåñíÿíèì òà îñ³íí³ì (äèâ. ðèñ. 6, à).

Âèñîê³ êîíöåíòðàö³¿ Pbðîç÷ (10,9—24,3 ìêã/äì3) âèÿâëåíî ó âîä³ Ãî-
ð³õîâàòñüêèõ ñòàâê³â ó âåñíÿíèé ñåçîí, ùî ìîæå áóòè îáóìîâëåíî íàäõîä-
æåííÿì çìèâíèõ âîä âíàñë³äîê òàíåííÿ ñí³ãó (ðèñ. 6, á). Âë³òêó ³ âîñåíè
êîíöåíòðàö³¿ Pbðîç÷ ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â ñòàíîâèëè 7,9—15,6 ³
8,5—10,1 ìêã/äì3 â³äïîâ³äíî. Çã³äíî íîðìàòèâ³â ªâðîïåéñüêîãî Ñîþçó
ìàêñèìàëüíà äîïóñòèìà êîíöåíòðàö³ÿ ïëþìáóìó òà éîãî ñïîëóê ó âíóò-
ð³øí³õ ïîâåðõíåâèõ âîäàõ ñòàíîâèòü 14 ìêã/äì3, à ñåðåäíüîð³÷íå çíà÷åí-
íÿ — 1,2 ìêã/äì3 [12]. Òîìó çà êîíöåíòðàö³ºþ ïëþìáóìó ó âîä³ Ãîð³õî-
âàòñüê³ ñòàâêè ìîæíà ââàæàòè äîñèòü çàáðóäíåíèìè ³ ç íåñïðèÿòëèâèìè
óìîâàìè äëÿ ôóíêö³îíóâàííÿ ã³äðîá³îíò³â. Ó âîä³ Êèòà¿âñüêèõ òà Ä³äî-
ð³âñüêèõ ñòàâê³â êîíöåíòðàö³ÿ ïëþìáóìó âåñíîþ, âë³òêó òà âîñåíè çíàõî-
äèëàñü â ìåæàõ 4,6—7,6, 2,0—5,4 ³ 2,9—8,2 ìêã/äì3 â³äïîâ³äíî (äèâ. ðèñ. 6,
á). Ó á³ëüøîñò³ äîñë³äæóâàíèõ âîäîéì ïàðêó êîíöåíòðàö³ÿ Pbðîç÷ áóëà
íèæ÷îþ â ë³òí³é ñåçîí, ùî, î÷åâèäíî, îáóìîâëåíî çðîñòàííÿì çäàòíîñò³
ìåòàëó äî êîìïëåêñîóòâîðåííÿ ³ âèïàä³ííÿ â îñàä ïðè ï³äâèùåíí³ ðÍ âî-
äíîãî ñåðåäîâèùà â ðåçóëüòàò³ æèòòºä³ÿëüíîñò³ ðîñëèííèõ îðãàí³çì³â
âë³òêó [25].

Êîíöåíòðàö³ÿ Niðîç÷ ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â âåñíîþ, âë³òêó ³ âî-
ñåíè çíàõîäèëèñü â ìåæàõ 3,5—6,4, 1,9—5,2 ³ 4,6—6,3 ìêã/äì3 â³äïîâ³äíî;
Êèòà¿âñüêèõ — 2,6—5,1, 1,2—2,9 ³ 3,3—4,0 ìêã/äì3; Ä³äîð³âñüêèõ — 1,6—
3,4, 0,6—2,2 ³ 1,8—3,0 ìêã/äì3 â³äïîâ³äíî (ðèñ. 6, â). Çã³äíî ºâðîïåéñüêèõ
íîðìàòèâ³â [12] ñåðåäíüîð³÷íà êîíöåíòðàö³ÿ í³êåëþ òà éîãî ñïîëóê ó
âíóòð³øí³õ ïîâåðõíåâèõ âîäàõ íå ïîâèííà ïåðåâèùóâàòè 4 ìêã/äì3.

Ñë³ä çàçíà÷èòè, ùî ó á³ëüøîñò³ äîñë³äæóâàíèõ âîäîéì â³äáóâàëîñÿ
çíèæåííÿ êîíöåíòðàö³¿ í³êåëþ âë³òêó ïîð³âíÿíî ç âåñíÿíèì ïåð³îäîì,
ìîæëèâî, âíàñë³äîê ïîãëèíàííÿ ìåòàëó âèùèìè âîäíèìè ðîñëèíàìè òà
âîäîðîñòÿìè, îñê³ëüêè í³êåëü º ì³êðîåëåìåíòîì, ÿêèé áåðå ó÷àñòü ó ïðî-
öåñàõ æèòòºä³ÿëüíîñò³ ðîñëèííèõ îðãàí³çì³â [11]. Âîñåíè æ â³äáóâàëîñÿ
çðîñòàííÿ êîíöåíòðàö³¿ ìåòàëó ó âîä³ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé», ùî
ìîæå áóòè ïîâ’ÿçàíî ³ç çíèæåííÿì ôóíêö³îíàëüíî¿ àêòèâíîñò³ ³ â³äìè-
ðàííÿì âîäíèõ ðîñëèí.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Â³äîìî [1], ùî îäíèì ³ç ãîëîâíèõ ÷èííèê³â ôîðìóâàííÿ ÿêîñò³ âîäè
ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» º çîâí³øí³é âîäîîáì³í, ÿêèé âèçíà÷àºòüñÿ
ñêëàäîâèìè âîäíîãî áàëàíñó. Ïðèáóòêîâó ÷àñòèíó öüîãî áàëàíñó ó äîñ-
ë³äæóâàíèõ âîäîéìàõ ñêëàäàþòü àòìîñôåðí³ îïàäè, ïîâåðõíåâ³ òà ï³ä-
çåìí³ âîäè.

Ïîïåðåäí³ äîñë³äæåííÿ çàñâ³ä÷èëè, ùî ð³âåíü çàáðóäíåííÿ ñòàâê³â
ÍÏÏ «Ãîëîñ³¿âñüêèé» íàôòîïðîäóêòàìè, ÀÏÀÐ òà âàæêèìè ìåòàëàìè,
ìàþ÷è ïåâí³ îñîáëèâîñò³ äëÿ êîæíîãî êàñêàäó, â ö³ëîìó çóìîâëåíèé
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âïëèâîì àíòðîïîãåííîãî íàâàíòàæåííÿ ç áîêó ðîçòàøîâàíèõ ïîáëèçó
îá’ºêò³â ì³ñüêî¿ ³íôðàñòðóêòóðè [14, 15]. Ç îãëÿäó íà öå, çá³ëüøåííÿ êîí-
öåíòðàö³¿ íàôòîïðîäóêò³â ó âîä³ ñòàâê³â ïàðêó â ë³òí³é ñåçîí, éìîâ³ðíî,
âèêëèêàíî ¿õ ïîñèëåíèì íàäõîäæåííÿì ó ñêëàä³ ïîâåðõíåâîãî ñòîêó ç
òåõíîãåííî çàáðóäíåíèõ ïðèëåãëèõ òåðèòîð³é ìåãàïîë³ñó âíàñë³äîê âèïà-
äàííÿ çíà÷íî¿ ê³ëüêîñò³ îïàä³â. Òàê, çà äàíèìè Öåíòðàëüíî¿ ãåîô³çè÷íî¿
îáñåðâàòîð³¿ ³ì. Áîðèñà Ñðåçíåâñüêîãî ê³ëüê³ñòü îïàä³â â ë³òí³é ïåð³îä
2023 ð. ó Êèºâ³ ñòàíîâèëà 242 ìì, àáî 122 % êë³ìàòè÷íî¿ íîðìè, ïðè÷îìó
íàéá³ëüøà ¿õ ê³ëüê³ñòü (äâ³ ì³ñÿ÷í³ íîðìè) çàô³êñîâàíà ó ëèïí³ [8].

Îñ³íí³é ñåçîí 2023 ð. ó Êèºâ³ õàðàêòåðèçóâàâñÿ äîñèòü òðèâàëèì
ïåð³îäîì ï³äâèùåíèõ òåìïåðàòóð, ÿê³ áóëè âèùèìè çà êë³ìàòè÷íó íîðìó,
ç íåâåëèêîþ ê³ëüê³ñòþ îïàä³â. Òàê³ ìåòåîðîëîã³÷í³ óìîâè ìîãëè ïðèçâåñ-
òè äî çìåíøåííÿ ê³ëüêîñò³ íàôòîïðîäóêò³â, ùî ïîòðàïèëè ç ïîâåðõíåâèì
ñòîêîì, à òàêîæ ñïðèÿòè àêòèâíîìó ïåðåá³ãó ïðîöåñ³â ¿õíüî¿ ïðèðîäíî¿
äåãðàäàö³¿, â ðåçóëüòàò³ ÷îãî ð³âåíü íàôòîâîãî çàáðóäíåííÿ á³ëüøîñò³ âî-
äîéì ÍÏÏ «Ãîëîñ³¿âñüêèé» âîñåíè çíèçèâñÿ.

Çíà÷íå çðîñòàííÿ (â äåÿêèõ âèïàäêàõ ó 2—3 ðàçè) êîíöåíòðàö³¿
ÀÏÀÐ, ÿêå â³äçíà÷åíî âë³òêó â óñ³õ äîñë³äæóâàíèõ âîäîéìàõ, ìîæå ñâ³ä-
÷èòè ïðî ³íòåíñèâíå ïîòðàïëÿííÿ ó ñòàâêè ÍÏÏ «Ãîëîñ³¿âñüêèé» íåî÷è-
ùåíèõ àáî íåäîñòàòíüî î÷èùåíèõ ñòîê³â êîìóíàëüíî-ïîáóòîâîãî ïîõîä-
æåííÿ ç âèñîêèì âì³ñòîì äåòåðãåíò³â òà ìèþ÷èõ çàñîá³â.

Âàðòî òàêîæ çàçíà÷èòè, ùî êîíöåíòðàö³ÿ ÀÏÀÐ ó âîä³ ïåðåâàæíî¿
á³ëüøîñò³ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» ç íàñòàííÿì îñåí³ àáî ïðàêòè÷íî
íå çíèæóâàëàñÿ ïîð³âíÿíî ç ë³òí³ìè çíà÷åííÿìè (Ãîð³õîâàòñüê³ ñòàâêè),
àáî ïîì³òíî çðîñòàëà (Êèòà¿âñüê³ ñòàâêè), ùî âêàçóº íà ³ñíóâàííÿ ñòà-
á³ëüíèõ äæåðåë çàáðóäíåííÿ, ìàëî çàëåæíèõ â³ä ñåçîíó. Ùîäî Ä³äîð³â-
ñüêèõ ñòàâê³â, òî ¿ì áóëî ïðèòàìàííå ó á³ëüøîñò³ âèïàäê³â çíèæåííÿ êîí-
öåíòðàö³¿ ÀÏÀÐ âîñåíè ïîð³âíÿíî ç ë³òîì.

Òàêîæ äëÿ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» ìîæíà â³äì³òèòè ³ ïåâí³ çà-
êîíîì³ðíîñò³ ùîäî çì³í êîíöåíòðàö³¿ á³ëüøîñò³ äîñë³äæóâàíèõ ÂÌ:

çðîñòàííÿ ¿õíüî¿ êîíöåíòðàö³¿ ó âîäîéìàõ íàâåñí³, î÷åâèäíî, ñïðè-
÷èíåíå íàäõîäæåííÿì â íèõ çìèâíèõ âîä ç íàâêîëèøí³õ òåðèòîð³é âíàñ-
ë³äîê òàíåííÿ ñí³ãó;

çìåíøåííÿ êîíöåíòðàö³¿ ìåòàë³â ó âîä³ âë³òêó, éìîâ³ðíî, îáóìîâëå-
íî àêòèâíèì ðîçâèòêîì ì³êðîâîäîðîñòåé òà ìàêðîô³ò³â ó öåé ïåð³îä òà,
â³äïîâ³äíî, àêóìóëÿö³ºþ ³ ïîãëèíàííÿì ìåòàë³â ðîñëèííèìè îðãàí³çìà-
ìè [28, 30], à òàêîæ çâ’ÿçóâàííÿì ó êîìïëåêñè íàéá³ëüø á³îäîñòóïíî¿ ðîç-
÷èííî¿ ôîðìè ìåòàë³â ïðè çðîñòàíí³ ðÍ âîäíîãî ñåðåäîâèùà âíàñë³äîê
æèòòºä³ÿëüíîñò³ ã³äðîô³ò³â. Çíèæåííÿ êîíöåíòðàö³¿ Feðîç÷ ³ Mnðîç÷ ó ïî-
âåðõíåâèõ øàðàõ âîäè ìîæå áóòè òàêîæ çóìîâëåíî ë³òíüîþ ñòðàòèô³êà-
ö³ºþ âîäè, ùî çóìîâëþº çðîñòàííÿ êîíöåíòðàö³¿ öèõ ìåòàë³â ó ïðèäîííî-
ìó ãîðèçîíò³ â óìîâàõ äåô³öèòó êèñíþ [1, 10];

ï³äâèùåííÿ êîíöåíòðàö³¿ ìåòàë³â ó âîä³ âîñåíè ìîæå áóòè ïîâ’ÿçàíî
ç â³äìèðàííÿì ³ ðîçêëàäîì ðîñëèííèõ îðãàí³çì³â òà âèâ³ëüíåííÿì àêóìó-
ëüîâàíèõ íèìè ìåòàë³â ó âîäíå ñåðåäîâèùå, à òàêîæ çóìîâëåíî ïîðóøåí-
íÿì ë³òíüî¿ ñòðàòèô³êàö³¿ âîäè [10].
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Âàðòî íàãîëîñèòè, ùî çàçíà÷åí³ çàêîíîì³ðíîñò³ ñåçîííèõ çì³í êîí-
öåíòðàö³¿ ìåòàë³â ó âîä³ áóëè á³ëüø õàðàêòåðí³ äëÿ Êèòà¿âñüêèõ òà Ä³äî-
ð³âñüêèõ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé», ÿê³ ìàþòü ìåíøå àíòðîïîãåííå
íàâàíòàæåííÿ, òîä³ ÿê ó Ãîð³õîâàòñüêèõ ñòàâêàõ ñïîñòåð³ãàëîñÿ çðîñòàí-
íÿ êîíöåíòðàö³¿ âàæêèõ ìåòàë³â ó ð³çí³ ñåçîíè (Cu, Zn — âë³òêó, Mn — âî-
ñåíè, Pb — íàâåñí³, Fe òà Ni — âåñíîþ ³ âîñåíè), ùî, î÷åâèäíî, ïîâ’ÿçàíî
³ç âèùèì ð³âíåì àíòðîïîãåííîãî íàâàíòàæåííÿ íà ö³ âîäîéìè.

Çíà÷íå ï³äâèùåííÿ âì³ñòó íàôòîïðîäóêò³â ó ñòàâêàõ ÍÏÏ «Ãîëî-
ñ³¿âñüêèé», ÿêå ñïîñòåð³ãàëîñÿ âë³òêó, ÀÏÀÐ — ó áàãàòüîõ âîäîéìàõ âë³ò-
êó ³ âîñåíè, à òàêîæ âèÿâëåí³ êîíöåíòðàö³¿ ÂÌ, ÿê³ ïåðåâèùóþòü âñòàíîâ-
ëåí³ íîðìàòèâè äëÿ âîäíèõ åêîñèñòåì [12, 13], — çîêðåìà, ó Ãîð³õîâàòñü-
êèõ ñòàâêàõ â óñ³ ñåçîíè, áåç ñóìí³âó, ñòàíîâëÿòü ïîòåíö³éíó çàãðîçó äëÿ
íîðìàëüíîãî ôóíêö³îíóâàííÿ á³îòè [9, 14, 17—19, 27, 31, 32]. Öå ñïîíóêàº
äî ðåãóëÿðíîãî ìîí³òîðèíãó åêîëîãî-òîêñèêîëîã³÷íîãî ñòàíó âîäîéì
ÍÏÏ «Ãîëîñ³¿âñüêèé», à òàêîæ äî âæèòòÿ íåâ³äêëàäíèõ çàõîä³â äëÿ âèÿâ-
ëåííÿ ³ ë³êâ³äàö³¿ äæåðåë íàäõîäæåííÿ íàôòîïðîäóêò³â, ÀÏÀÐ, âàæêèõ
ìåòàë³â òà ³íøèõ òîêñè÷íèõ ðå÷îâèí ó âîäí³ åêîñèñòåìè.

Âèñíîâêè

Âèçíà÷åííÿ êîíöåíòðàö³¿ íàôòîïðîäóêò³â, ÀÏÀÐ òà âàæêèõ ìåòàë³â ó
âîä³ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé» âïðîäîâæ 2023 ð. ïîêàçàëî, ùî êîæíî-
ìó êàñêàäó áóëà âëàñòèâà ñâîÿ ñåçîííà äèíàì³êà êîíöåíòðàö³¿ çàçíà÷åíèõ
òîêñè÷íèõ ðå÷îâèí çàëåæíî â³ä ðîçòàøóâàííÿ âîäîéì, à, â³äïîâ³äíî, ³
ñòóïåíÿ àíòðîïîãåííîãî âïëèâó íà êîæíó ³ç íèõ.

Àíàë³ç ñåçîííèõ çì³í ñòóïåíÿ íàôòîâîãî çàáðóäíåííÿ ñòàâê³â ÍÏÏ
«Ãîëîñ³¿âñüêèé» ó äîñë³äæóâàíèé ïåð³îä ñâ³ä÷èòü ïðî òåíäåíö³þ äî çðîñ-
òàííÿ êîíöåíòðàö³¿ íàôòîïðîäóêò³â ó âîä³ á³ëüøîñò³ âîäîéì âë³òêó ïî-
ð³âíÿíî ç âåñíîþ, ç íàñòóïíèì ¿¿ çíèæåííÿì âîñåíè.

Çíà÷íå ï³äâèùåííÿ êîíöåíòðàö³¿ ÀÏÀÐ â óñ³õ äîñë³äæóâàíèõ âîäî-
éìàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» âë³òêó, à â áàãàòüîõ ñòàâêàõ ³ âîñåíè, âêàçóº íà
³ñíóâàííÿ ñòàá³ëüíèõ äæåðåë çàáðóäíåííÿ âîäè öèìè ðå÷îâèíàìè, ìàëî
çàëåæíèõ â³ä ñåçîíó ðîêó.

Ó âîä³ Êèòà¿âñüêèõ ³ Ä³äîð³âñüêèõ ñòàâê³â ó á³ëüøîñò³ âèïàäê³â âèÿâ-
ëåíî çìåíøåííÿ êîíöåíòðàö³¿ âàæêèõ ìåòàë³â ó ë³òí³é ñåçîí ïîð³âíÿíî ç
âåñíÿíèì òà îñ³íí³ì, òîä³ ÿê ó Ãîð³õîâàòñüêèõ ñòàâêàõ ñïîñòåð³ãàëîñÿ çðî-
ñòàííÿ êîíöåíòðàö³¿ âàæêèõ ìåòàë³â ó ð³çí³ ñåçîíè, ùî, î÷åâèäíî, ïîâ’ÿ-
çàíî ³ç âèùèì ð³âíåì àíòðîïîãåííîãî íàâàíòàæåííÿ íà ö³ âîäí³ îá’ºêòè.

Âèñîê³ êîíöåíòðàö³¿ íàôòîïðîäóêò³â, ÀÏÀÐ òà âàæêèõ ìåòàë³â, ÿê³
ñïîñòåð³ãàëèñÿ ó ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé» ïðîòÿãîì ê³ëüêîõ ñåçîí³â,
ñòàíîâëÿòü ïîòåíö³éíó çàãðîçó ðîçâèòêó òîêñè÷íèõ åôåêò³â ó ã³äðîá³îí-
ò³â òà ìîæóòü ïðèçâåñòè äî ïîðóøåííÿ åêîëîã³÷íî¿ ð³âíîâàãè ó äîñë³äæå-
íèõ âîäîéìàõ â ö³ëîìó.

Äëÿ çàïîá³ãàííÿ íåãàòèâíèì íàñë³äêàì òîêñè÷íîãî âïëèâó çàáðóä-
íþþ÷èõ ðå÷îâèí íà âîäí³ îðãàí³çìè äîö³ëüíèì º ÿê ðåãóëÿðíèé ìîí³òî-
ðèíã åêîëîãî-òîêñèêîëîã³÷íîãî ñòàíó ñòàâê³â, òàê ³ ñâîº÷àñíå âèÿâëåííÿ
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òà ë³êâ³äàö³ÿ äæåðåë íàäõîäæåííÿ ïîëþòàíò³â ó âîäîéìè ÍÏÏ «Ãîëî-

ñ³¿âñüêèé».

Ñïèñîê âèêîðèñòàíî¿ ë³òåðàòóðè

1. Åêîëîã³÷íèé ñòàí âîäíèõ îá’ºêò³â óðáàí³çîâàíèõ òåðèòîð³é. Êèòà¿âñüê³ ñòàâêè
/ Ï.Ì. Ëèííèê, Â.À. Æåæåðÿ, Ñ.Â. Áàòîã òà ³í. ²í-ò ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè. Êè¿â:
Ëîãîñ, 2015. 76 ñ.

2. ²íñòðóêö³ÿ ç â³äáèðàííÿ, ï³äãîòîâêè ïðîá âîäè ³ ´ðóíòó äëÿ õ³ì³÷íîãî òà
ã³äðîá³îëîã³÷íîãî àíàë³çó ã³äðîìåòåîðîëîã³÷íèìè ñòàíö³ÿìè ³ ïîñòàìè. Çàòâåðäæåíî
íàêàçîì ÄÑÍÑ Óêðà¿íè ¹ 30 â³ä 19.01.2016 ð. https://zakon.rada.gov.ua/rada/show/
v0030388-16#Text

3. ÊÍÄ 211.1.4.017-95. Ìåòîäèêà åêñòðàêö³éíî-ôîòîìåòðè÷íîãî âèçíà÷åííÿ
àí³îííèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí (ÀÏÀÐ) ç ìåòèëåíîâèì áëàêèòíèì ó ïðè-
ðîäíèõ òà ñò³÷íèõ âîäàõ. ßê³ñòü âèì³ðþâàííÿ ñêëàäó òà âëàñòèâîñòåé îá’ºêò³â
äîâê³ëëÿ òà äæåðåë ¿õ çàáðóäíåííÿ / ï³ä ðåä. Â.Ô. Îñèêè, Ì.Ñ.Êðàâ÷åíêî. Êè¿â:
Ì³íáåçïåêè Óêðà¿íè, 1997. Ñ. 155—174.

4. Ìåòîäè ã³äðîåêîëîã³÷íèõ äîñë³äæåíü ïîâåðõíåâèõ âîä / çà ðåä. Â.Ä. Ðîìàíåí-
êà. Êè¿â: Ëîãîñ, 2006. 408 ñ.

5. Ìåòîäèêà âûïîëíåíèÿ èçìåðåíèé ìàññîâîé êîíöåíòðàöèè íåôòåïðîäóêòîâ â
ïðîáàõ ïèòüåâûõ, ïðèðîäíûõ è ñòî÷íûõ âîä ôëóîðèìåòðè÷åñêèì ìåòîäîì íà àíàëè-
çàòîðå æèäêîñòè «Ôëþîðàò-02». ÌÂÂ 99-12-98. 1998. 19 ñ.

6. Íàö³îíàëüíèé Áîòàí³÷íèé ñàä ³ì. Ì.Ì.Ãðèøêà: ÖÊÊÏ «ÑÖÅÀ».
www.nbg.kiev.ua/scientific_activity/scea/

7. Ïðÿäêî Î.²., Àðàï Ð.ß., Àíäð³ºâñüêà Î.Ë. òà ³í. Âîäíî-áîëîòí³ êîìïëåêñè
ÍÏÏ «Ãîëîñ³¿âñüêèé» — ñåðåäîâèùà ³ñíóâàííÿ ö³ííîãî á³îð³çíîìàí³òòÿ (ì. Êè¿â).
Çàïîâ³äíà ñïðàâà â Óêðà¿í³. 2013. Ò. 19. Âèï.1. Ñ. 89—93.

8. Öåíòðàëüíà ãåîô³çè÷íà îáñåðâàòîð³ÿ ³ì. Áîðèñà Ñðåçíåâñüêîãî.
https://www.facebook.com/CGO.Official/posts/pfbid02Y43etPCH97HkuQ5mEsV
CopQNS9JGTTdDKDrnFpxFniVg6QRKEG6HaRdoiB3SvUS5l

9. Basile A., Sorbo S., Conte B. et al. Toxicity, accumulation, and removal of heavy me-
tals by three aquatic macrophytes. Int. J. Phytoremediation. 2012. Vol. 14, N 4. Ð. 374—387.

10. Coutelot F., Kaplan D.I., Kersting A.B. et al. Effect of seasonal anoxia on geoche-
mical cycling in a stratified pond: comparison to cooler pond conditions 40 years ago. Sci.
Total Environ. 2025. Vol. 976. Art. 179337.

11. Dengg M., Stirling C.H., Lehto N.J. et al. Trace metals in natural lakes: seasonal va-
riation of manganese, cobalt, nickel, copper and zinc speciation in lakes of different trophic
states. Biogeochemistry. 2025. Vol. 168. Art. 23.

12. Directive 2013/39/EU of the European Parliament and of the Council of 12 August
2013 amending Directives 2000/60/EC and 2008/105/EC as regards priority substances in
the field of water policy Text with EEA relevance. Directive - 2013/39 - EN - EUR-Lex
(europa.eu).

13. Establishing a dynamic system of surface water quality regulation: guidance for
countries of Eastern Europe, Caucasus and Central Asia. 2011. OECD. www.cawater-in-
fo.net/pdf/oecd_e.pdf.

14. Gorbatiuk L.O., Pasichna O.O. Peculiarities of the toxic effect of synthetic surfac-
tants on hydrophytes (a review). Hydrobiol. J. 2024. Vol. 60, N 6. P. 33—46.

15. Gorbatiuk L.O., Pasichna O.O., Klochenko P.D. et al. Content of pollutants and
their potential toxicity in the water bodies of the «Golosiyivsky» National Nature Park
(Ukraine). Ibid. 2025. Vol. 61, N 2. P. 61—74.

16. Gorbatiuk L.O., Pasichna O.O., Platonov M.O. et al. Assessment of the current le-
vel of pollution of the lakes of Kyiv by petroleum hydrocarbons. Ibid. 2021. Vol. 57, N 3.
P. 95—101.

86

Ãîðáàòþê Ë.Î., Ïàñ³÷íà Î.Î., Êëî÷åíêî Ï.Ä. òà ³í.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2026. 62(3)



17. Gorbatiuk L.O., Pasichna O.O., Platonov M.O. et al. Peculiarities of the influence
of oil products on the content and ratio of photosynthetic pigments of Ceratophyllum de-
mersum L. Ibid. 2023. Vol. 59, N 1. P. 81—93.

18. Gorbatiuk L.O., Pasichnaya Ye.A. Hydrophytes in the oil-polluted water bodies:
some aspects of functioning and practical use (a review). Ibid. 2019. Vol. 55, N 1. P. 75—86.

19. Jackson M., Eadsforth C., Schowanek D. et al. Comprehensive review of several
surfactants in marine environments: Fate and ecotoxicity. Environ. Toxicol. Chem. 2016.
Vol. 35, N 5. P. 1077—1086.

20. Klochenko P.D., Kharchenko G.V., Zubenko I.B., Shevchenko T.F. Some peculia-
rities of accumulation of heavy metals by macrophytes and epiphyton algae in water bodies
of urban territories. Hydrobiol. J. 2007. Vol. 43, N 6. P. 46—57.

21. Klochenko P.D., Shevchenko T.F., Gorbunova Z.N. Phytoepiphyton as indicator
of the state of water bodies of the «Golosiyivsky» National Nature Park (Ukraine). Ibid.
2022. Vol. 58, N 4. P. 30—41.

22. Klochenko P.D., Shevchenko T.F., Lilitskaya G.G. Bioindication of the ecological
state of water bodies of the Goloseyevo National Natural Park. Ibid. 2018. Vol. 54, N 5.
P. 17—27.

23. Klochenko P.D., Tsarenko P.M., Ivanova I.Yu. Peculiarities of phytoplankton spe-
cies composition in water bodies of the Goloseyevo National Natural Park (Kiev). Ibid.
2010. Vol. 46, N 3. P. 36—44.

24. Lewis M., Pryor R. Toxicities of oils, dispersants and dispersed oils to algae and
aquatic plants: Review and database value to resource sustainability. Environ. Pollut. 2013.
Vol. 180. P. 345—67.

25. Linnik P.N. Heavy metals in surface waters of Ukraine: their content and forms of
migration. Hydrobiol. J. 2000. Vol. 36, N 3. P. 31—54.

26. Linnik P.N., Zhezherya V.A., Ignatenko I.I. Role of suspended matter fractions
differing in the size of their particles in the accumulation and migration of metals in lake
systems. Ibid. 2019. Vol. 55, N 6. P. 91—107.

27. Pasichna O.O. Content of pigments in Cladophora glomerata under the influence
of copper (II) and manganese (II) ions in the aquatic environment. Ibid. 2017. Vol. 53, N 1.
P. 60—68.

28. Pasichna O.O., Gorbatiuk L.O., Platonov M.O. et al. Peculiarities of accumulation
of heavy metals by aquatic macrophytes of the lakes of Kyiv and assessment of their biore-
mediation capacity. Ibid. 2021. Vol. 57, N 4. P. 64—77.

29. Pasichna O.O., Gorbatiuk L.O., Platonov M.O. et al. Peculiarities of the influence
of copper (II) and lead (II) on the content of pigments in Ceratophyllum demersum L. Ibid.
2022. Vol. 58, N 6. P. 46—55.

30. Pasichna O.O., Gorbatiuk L.O., Platonov M.O. et al. Biomonitoring of heavy me-
tals pollution in lakes of Kyiv (Ukraine) using submerged macrophytes and assessment of
their phytoremediative potential. Ibid. 2023. Vol. 59, N 5. P. 80—92.

31. Pasichnaya Ye.A. Toxicity of copper for hydrophytes: accumulation, effects on
photosynthesis, respiration and pigment system (a review). Ibid. 2002. Vol. 38, N 4.
P. 103—118.

32. Pietrini F., Carnevale M., Beni C. et al. Effect of different copper levels on growth
and morpho-physiological parameters in giant reed (Arundo donax L.) in semi-hydropo-
nic mesocosm experiment. Water. 2019. Vol. 11, N 9. Art. 1837.

33. Zhu Y., Hu X., Pan D. et al. Speciation determination of iron and its spatial and se-
asonal distribution in coastal river. Sci. Rep. 2018. Vol. 8. Art. 2576.

Íàä³éøëà 27.06.2025

87

Ñåçîíí³ çì³íè âì³ñòó íàôòîïðîäóêò³â, ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2026. 62(3)



L.O. Gorbatiuk, PhD (Tech.), Senior Researcher,
Institute of Hydrobiology of the NAS of Ukraine,

Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine
e-mail: ludmila.horbatiuk@gmail.com

ORCID 0009-0004-0481-1027

O.O. Pasichna, PhD (Biol.), Senior Researcher,
Institute of Hydrobiology of the NAS of Ukraine,

Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine,
e-mail: ecopasichna@gmail.com
ORCID 0009-0008-4297-5291

P.D. Klochenko, Dr. Sci. (Biol.), Prof., Head of Department,
Institute of Hydrobiology of the NAS of Ukraine,

Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine,
e-mail: pklochenko@ukr.net

ORCID 0000-0003-4886-6746

M.O. Platonov, PhD (Biol.), Researcher,
Institute of Hydrobiology of the NAS of Ukraine,

Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine
e-mail: n.platonov73@gmail.com

ORCID 0009-0008-4075-4604

T.V. Vitovetska, PhD (Chem.), Assoc. Prof.,
Kyiv National University of Construction and Architecture

31 Povitroflotsky Ave., Kyiv, 03680, Ukraine
e-mail: vitovetskaya@ukr.net

O.O. Godlevska, PhD (Phys. and Math.), Assoc. Prof.,
National University of Life and Environmental Sciences of Ukraine,

Heroyiv Oborony str.12, Kyiv, 03041, Ukraine,
e-mail: godlevok@gmail.com
ORCID 0000-0001-9446-1112

SEASONAL CHANGES IN CONTENT OF PETROLEUM PRODUCTS,
SURFACTANTS AND HEAVY METALS IN WATER BODIES OF THE

«GOLOSIYIVSKY» NATIONAL NATURE PARK (UKRAINE)

Seasonal changes in the concentration of petroleum products, anionic surfactants and
heavy metals in the water of three cascades of ponds of the «Golosiyivsky» National Nature
Park (Ukraine) were studied. A significant increase in the concentration of petroleum pro-
ducts and anionic surfactants in the water of these ponds was recorded in the summer peri-
od compared to the spring. In the autumn, a decrease in the content of petroleum products
was noted in most ponds, but the concentration of anionic surfactants continued to increa-
se. A tendency to a decrease in the concentration of heavy metals in the water of the Kytaiv-
sky and Didorivsky ponds in the summer season was revealed. In the water of the Gorikho-
vatsky ponds an increase in the concentration of heavy metals was observed in different se-
asons, which is associated with a higher level of anthropogenic load on these water bodies.

Keywords: petroleum products, anionic synthetic surfactants, heavy metals, seasonal
dynamics, ponds, the «Golosiyivsky» National Nature Park, Ukraine
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ÏÎÑËÀÁËÅÍÍß ÇÎÂÍ²ØÍÜÎÃÎ ÂÎÄÎÎÁÌ²ÍÓ ÒÀ
ÌÎÆËÈÂ² ÅÊÎËÎÃ²×Í² ÇÌ²ÍÈ ÇÀÏËÀÂÍÈÕ
ÂÎÄÎÉÌ ÏÎÍÈÇÇß ÄÍ²ÏÐÀ ßÊ ÍÀÑË²ÄÎÊ

ÐÓÉÍÓÂÀÍÍß ÊÀÕÎÂÑÜÊÎ¯ ÃÅÑ

Ó ñòàòò³ âèñâ³òëåíî îñíîâí³ ã³äðîåêîëîã³÷í³ àñïåêòè ïðèïèíåííÿ ï³êîâîãî ðå-
æèìó ïîäà÷³ äí³ïðîâñüêèõ âîä äî ïîíèççÿ Äí³ïðà ï³ñëÿ ðóéíóâàííÿ Êàõîâñüêî¿ ã³äðî-
åëåêòðîñòàíö³¿ (ÃÅÑ) ñïðè÷èíåíîãî âîºííèìè ä³ÿìè. Âñòàíîâëåíî, ùî âíàñë³äîê öüî-
ãî äîáîâ³ àìïë³òóäè êîëèâàííÿ ð³âíÿ âîäè ó ðóñëîâ³é ìåðåæ³ ñóòòºâî çíèçèëèñü, ùî
ïðèçâåëî äî çíà÷íîãî ñïîâ³ëüíåííÿ âîäîîáì³íó ì³æ ðóñëîâîþ òà ïðèäàòêîâîþ ìåðå-
æåþ. Ó íèí³øí³é ÷àñ çá³ëüøåííÿ ïåð³îäó âîäîîáì³íó îçåð ïðèäåëüòîâî¿ ä³ëÿíêè Äí³ï-
ðà ñòàíîâèòü 248—748 % ïîð³âíÿíî ç òèìè, ùî â³äì³÷àëèñÿ çà ³ñíóâàííÿ Êàõîâñüêî¿
ÃÅÑ. Çîâí³øí³é âîäîîáì³í âîäîéì äåëüòè Äí³ïðà òåæ ïîã³ðøèâñÿ, àëå çàâäÿêè ïðè-
ðîäíèì äåí³âåëÿö³ÿì ð³âíÿ âîäè ó Äí³ïðîâñüêî-Áóçüêîìó ëèìàí³ ñêîðî÷åííÿ ³íòåíñèâ-
íîñò³ âîäîîáì³íó òóò ñòàíîâèòü 46—200 %. Ðîçðàõóíêè ïîêàçàëè, ùî ïåðåâàæíà
á³ëüø³ñòü âîäîéì (81 %) ó íèí³øí³é ÷àñ ìàþòü ñïîâ³ëüíåíèé âîäîîáì³í íà ð³âí³
á³ëüøîìó çà 15 ä³á, 19 % — 3—15 ä³á, âîäîéì ç³ øâèäêèì âîäîîáì³íîì (øâèäøå çà

Ö è ò ó â à í í ÿ: Êîðæîâ ª.²., Êóò³ùåâ Ï.Ñ., Øåâ÷åíêî ².Â., Ì³íàºâà Ã.Ì. Ïîñëàáëåííÿ
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Äí³ïðà ÿê íàñë³äîê ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ. Ã³äðîá³îë. æóðí. 2026. Ò. 62, ¹ 3.
Ñ. 89—102.
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3 äîáè) òåïåð íå ëèøèëîñü. Íà ïî÷àòêó ÕÕ² ñò. ñï³ââ³äíîøåííÿ âîäîéì ç³ ñïîâ³ëüíå-
íèì, ïîì³ðíèì òà øâèäêèì âîäîîáì³íîì ñòàíîâèëî 16, 76 òà 8 % â³äïîâ³äíî. Ðîçãëÿ-
íóòî îñíîâí³ åêîëîã³÷í³ íàñë³äêè òîòàëüíîãî ñïîâ³ëüíåííÿ çîâí³øíüîãî âîäîîáì³íó
çàïëàâíèõ âîäîéì ïîíèççÿ Äí³ïðà, ñïðè÷èíåíîãî âîºííèìè ä³ÿìè òà ðóéíóâàííÿì
Êàõîâñüêî¿ ÃÅÑ, âèä³ëåíî òèïîâ³ ã³äðîåêîëîã³÷í³ óìîâè äëÿ êîæíî¿ ãðóïè âîäîéì.

Êëþ÷îâ³ ñëîâà: åêîëîã³÷íèé ñòàí, çîâí³øí³é âîäîîáì³í, ð³âíåâèé ðå-
æèì, çàïëàâí³ âîäîéìè, ïîíèççÿ Äí³ïðà.

Ïîíèççÿ Äí³ïðà º âàæëèâîþ ïðèðîäíîþ òåðèòîð³ºþ äëÿ çáåðåæåííÿ
á³îð³çíîìàí³òòÿ â ªâðîï³. Ä³ëÿíêà º ÷àñòèíîþ Ñìàðàãäîâî¿ ìåðåæ³ (Lower
Dnipro, UA0000192) [20], äåëüòà Äí³ïðà âõîäèòü äî ïåðåë³êó òåðèòîð³é
ì³æíàðîäíîãî çíà÷åííÿ, ùî îõîðîíÿþòüñÿ Ðàìñàðñüêîþ êîíâåíö³ºþ
(3UA009). Ïîíèççÿ Äí³ïðà ìîðôîëîã³÷íî ñêëàäàºòüñÿ ç ïðèäåëüòîâî¿ ä³-
ëÿíêè òà äåëüòè ð³÷êè (ðèñóíîê).

Íà ïî÷àòêó XXI ñò. íåãàòèâí³ åêîëîã³÷í³ ïðîöåñè, çîêðåìà ãëîáàëüí³
çì³íè êë³ìàòó òà çìåíøåííÿ âîäíîñò³ ð³÷îê, ïðèçâåëè äî ïåâíîãî ïîñëàá-
ëåííÿ âîäîîáì³ííèõ ïðîöåñ³â ì³æ ðóñëîâîþ òà çàïëàâíîþ ÷àñòèíîþ â ïî-
íèçç³ Äí³ïðà [5, 7, 29]. Öå íåãàòèâíî âïëèíóëî íà óìîâè ³ñíóâàííÿ ã³ä-
ðîá³îíò³â ó ðåã³îí³ òà çàãàëüíèé åêîëîã³÷íèé ñòàí ïîíèççÿ Äí³ïðà [4, 14,
16, 24]. Êàõîâñüêà êàòàñòðîôà ïî÷èíàþ÷è ç ÷åðâíÿ 2023 ð. ñïðè÷èíèëà ïå-
ðåõ³ä âîäíî¿ ñèñòåìè Íèæíüîãî Äí³ïðà äî íîâîãî åòàïó ³ñíóâàííÿ ó ÿêî-
ìó â³äáóâàºòüñÿ ôîðìóâàííÿ íîâèõ ã³äðîëîã³÷íèõ îá’ºêò³â òà àêòèâíà ¿õ
ïåðåáóäîâà [23]. Ïåðåðîçïîä³ë âèòðàò âîäè ó ðóñëîâ³é ìåðåæ³ ÷åðåç çíè-
æåííÿ îá’ºì³â âîäîçàáîðó íà íàðîäíîãîñïîäàðñüêå ñïîæèâàííÿ òà ïðè-
ïèíåííÿ ï³êîâîãî ðåæèìó íàäõîäæåííÿ âîä äî ïîíèççÿ Äí³ïðà çì³íèëè
óìîâè ³ñíóâàííÿ ã³äðîá³îíò³â ³ êëþ÷îâ³ ôàêòîðè ôóíêö³îíóâàííÿ çàïëàâè
ð³÷êè [1, 2, 22, 26, 28].

Ç îãëÿäó íà öå, ìåòîþ íàøèõ äîñë³äæåíü áóëî îö³íèòè çì³íè çîâ-
í³øíüîãî âîäîîáì³íó çàïëàâíèõ âîäîéì ïîíèççÿ Äí³ïðà ñïðè÷èíåí³ ðóé-
íóâàííÿì ãðåáë³ Êàõîâñüêî¿ ÃÅÑ òà âèçíà÷èòè ìîæëèâ³ ïîðóøåííÿ ¿õíüî-
ãî åêîëîã³÷íîãî ñòàíó âíàñë³äîê òàêèõ çì³í.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ðîáîòà âèêîíóâàëàñü â ðàìêàõ ÍÄÐ «Îö³íêà åêîëîãî-ñàí³òàðíîãî ñòà-
íó âîäîéì ïîíèççÿ Äí³ïðà òà ðîçðîáêà ìåòîä³â â³äíîâëåííÿ ¿õ ïðîäóê-
ö³éíîãî ïîòåíö³àëó» (¹122U000368, 2022—2024 ðð.). Ïðè îïèñ³ îñîáëè-
âîñòåé ã³äðîá³îëîã³÷íèõ õàðàêòåðèñòèê îêðåìèõ òèï³â âîäîéì áóëè âèêî-
ðèñòàí³ äàí³ ðåãóëÿðíèõ åêñïåäèö³éíèõ äîñë³äæåíü ñï³âðîá³òíèê³â Õåð-
ñîíñüêî¿ ã³äðîá³îëîã³÷íî¿ ñòàíö³¿ ÍÀÍ Óêðà¿íè, ùî ïðîâîäèëèñü ó òåï-
ëèé ïåð³îä ðîêó (âåñíà — òðàâåíü, ë³òî — ëèïåíü — ñåðïåíü, îñ³íü — æîâ-
òåíü) âïðîäîâæ 2009—2022 ðð. ÷àñòêîâî äîïîâíåí³ ë³òåðàòóðíèìè äàíè-
ìè [11—13, 25—27].

Ïåð³îä çîâí³øíüîãî âîäîîáì³íó çàïëàâíèõ âîäîéì (τ) âèçíà÷àëè ÿê
â³äíîøåííÿ çàãàëüíîãî îá’ºìó âîäè, ùî ì³ñòèòüñÿ ó îêðåì³é âîäîéì³ (Wîç,
ìëí. ì3), äî îá’ºìó äîáîâîãî çîâí³øíüîãî ïðèòîêó ç ðóñëîâî¿ ìåðåæ³
Äí³ïðà (Wïð, ìëí. ì3) [15]:
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τ = W

W
îç

ïð

.

Äîáîâèé ïðèò³ê ðîçðàõîâóâàëè çà ôîðìóëîþ:

Wïð = fîç �Hîç,

äå fîç — ïëîùà âîäîéìè, ì2,�Hîç — çì³íà ð³âíÿ âîäè ó í³é çà ðîçðàõóíêîâó
îäèíèöþ ÷àñó, ì. Âåëè÷èíà êîëèâàííÿ ð³âíÿ âîäè ó âîäîéìàõ çàïëàâíîãî
òèïó ïðîïîðö³éíà òàêèì íà ä³ëÿíö³ îñíîâíîãî ðóñëà ð³÷êè â ì³ñö³ ç’ºä-
íàííÿ ç âîäîéìîþ (�Hð) òà ìàº çàëåæí³ñòü âèäó:

�Hîç, = kîç �Hð,

äå kîç — åìï³ðè÷íèé êîåô³ö³ºíò äîñòóïíîñò³ âîäîéìè, ùî âèçíà÷àºòüñÿ
çàãàëüíèì îïîðîì ïðîòîêè, ÿêîþ âîíà ç’ºäíóºòüñÿ ç ðóñëîâîþ ìåðåæåþ ³
ìîæå áóòè âèðàæåíèé ÷åðåç çàãàëüíèé ìîäóëü îïîðó Fïð íàñòóïíèì ð³â-
íÿííÿì [17]:

k Fîç ïð= −0 055 0 205, , .

Ðîçðàõóíîê çàãàëüíîãî ìîäóëþ îïîðó ïðîâîäèëè çà ìîðôîëîã³÷íèìè
ïàðàìåòðàìè ïðîòîêè:

Fïð = l n2 / b2 hïð
3 33, ,

äå l, b, hïð, n — äîâæèíà, øèðèíà, ñåðåäíÿ ãëèáèíà, ì, òà êîåô³ö³ºíò øîð-
ñòêîñò³ ïðîòîêè. ×åðåç ñóòòºâ³ âíóòð³øíüîð³÷í³ êîëèâàííÿ çíà÷åíü
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Ðèñóíîê. Ã³äðîãðàô³÷íà ìåðåæà òà ìîðôîëîã³÷í³ ä³ëÿíêè ïîíèççÿ Äí³ïðà



êîåô³ö³ºíòà øîðñòêîñò³ ïðîòîê â ìåæàõ ïîíèççÿ Äí³ïðà äëÿ êîíòðîëüíèõ
ðîçðàõóíê³â ïðèéìàëè ïîñò³éíå çíà÷åííÿ n = 0,03.

Ðîçðàõóíêè ïåð³îä³â çîâí³øíüîãî âîäîîáì³íó çàïëàâíèõ âîäîéì ïî-
íèççÿ Äí³ïðà ïðîâîäèëè çà äâà ïåð³îäè: óìîâíî-ñòàëèé (ïî÷àòîê ÕÕ² ñò.)
— ç 2001 ð. ïî ÷åðâåíü 2023 ð. òà ñó÷àñíèé (ï³ñëÿ ðóéíóâàííÿ Êàõîâñüêî¿
ÃÅÑ) — ç ÷åðâíÿ 2023 ð. ïî ê³íåöü 2025 ð. Ìàòåð³àëîì äëÿ ðîçðàõóíê³â
ñëóãóâàëè â³äîìîñò³ ùîäî äîáîâîãî âèðîáëåííÿ åëåêòðîåíåðã³¿ Êàõîâñü-
êîþ ÃÅÑ çà 2001—2021 ðð., ÿê³ âèêîðèñòàíî äëÿ âèçíà÷åííÿ âíóòð³øíüî-
äîáîâèõ êîëèâàíü ð³âíÿ òà âèòðàò âîäè ó íèæíüîìó á’ºô³. Ïåð³îä 2022—
2025 ðð. áóëî äîïîâíåíî äàíèìè Êàõîâñüêî¿ ã³äðîìåòåîðîëîã³÷íî¿ îáñåð-
âàòîð³¿. Àíàë³ç òà îáðîáêó ìàòåð³àë³â ïðîâîäèëè çã³äíî ³ç çàãàëüíîïðèé-
íÿòèìè â ã³äðîëîã³¿ òà ã³äðîåêîëîã³¿ ìåòîäàìè [3, 9, 10]. Ñòàòèñòè÷íèé
àíàë³ç âèêîíóâàëè ç âèêîðèñòàííÿì ñòàíäàðòíèõ ìåòîä³â [19], ð³âåíü çíà-
÷óùîñò³ ïðèéìàëè α = 0,05.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Îäíèì ç íàéá³ëüø çíà÷óùèõ ôàêòîð³â, ÿêèé ìàéæå ïîâí³ñòþ çíèê ó
âîäí³é ñèñòåì³ ïîíèççÿ Äí³ïðà ç³ çíèùåííÿì Êàõîâñüêî¿ ÃÅÑ, º ïåð³î-
äè÷í³ äîáîâ³ êîëèâàííÿ ð³âíÿ âîäè ó ðóñëîâ³é ìåðåæ³. Öåé ôàêòîð, ï³ñëÿ
ââåäåííÿ â ä³þ Êàõîâñüêîãî ã³äðîâóçëà áóâ êëþ÷îâèì ó ôîðìóâàíí³ åêî-
ëîã³÷íîãî ñòàíó âñüîãî êîìïëåêñó çàïëàâíèõ âîäîéì ïîíèççÿ ð³÷êè äî ïî-
÷àòêó 20-õ ðîê³â íèí³øíüîãî ñòîë³òòÿ. Ñàìå ö³ çíàêîçì³íí³ ïðîòÿãîì äîáè
êîëèâàííÿ ð³âíÿ âîäè áàãàòî äåñÿòèë³òü çàáåçïå÷óâàëè ³íòåíñèâíèé âî-
äîîáì³í ì³æ ðóñëîâîþ ìåðåæåþ òà çàïëàâíîþ ÷àñòèíîþ [29], ùî ñêëà-
äàºòüñÿ ç ìåðåæ³ íåâåëèêèõ ïðîòîê òà ÷èñåëüíèõ âîäîéì.

Íà ïî÷àòêó íèí³øíüîãî ñòîë³òòÿ â ïîíèçç³ Äí³ïðà íàðàõîâóâàëîñü
áëèçüêî 160 çàïëàâíèõ âîäîéì çàãàëüíîþ ïëîùåþ ïîíàä 72 êì2, ó ÿêèõ
ì³ñòèëîñü áëèçüêî 80—85 ìëí. ì3 âîäè. Íàÿâí³ñòü êîðîòêîñòðîêîâèõ àíò-
ðîïîãåííî çóìîâëåíèõ êîëèâàíü ð³âíÿ âîäè çàáåçïå÷óâàëà ïîâíó çì³íó
âîäíèõ ìàñ ó íèõ â ñåðåäíüîìó çà 10—13 ä³á [29]. Ïåð³îä çîâí³øíüîãî âî-
äîîáì³íó ïî îêðåìèõ âîäîéìàõ çì³íþâàâñÿ â³ä 2 äî 27 ä³á, ùî ôîðìóâàëî
ó íèõ õàðàêòåðíèé åêîëîã³÷íèé ñòàí. Â³äïîâ³äíî äî öüîãî âèä³ëÿëè òðè
ãðóïè âîäîéì [15]: ç³ øâèäêèì (äî 3 ä³á), ïîì³ðíèì (3—15 ä³á) òà ç³
ñïîâ³ëüíåíèì (á³ëüøå 15 ä³á) âîäîîáì³íîì (òàáë. 1).

Â³äïîâ³äíî äî ³íòåíñèâíîñò³ çì³íè âîäíèõ ìàñ íà íîâ³ ó âîäîéìàõ
ðåã³îíó ôîðìóºòüñÿ ¿õí³é åêîëîã³÷íèé ñòàí, á³îëîã³÷íå ð³çíîìàí³òòÿ òà
ïðîäóêòèâí³ñòü (òàáë. 2).

Ó âîäîéìàõ ç³ øâèäêèì çîâí³øí³ì âîäîîáì³íîì åêîëîã³÷í³ óìîâè
áëèçüê³ äî ð³÷êîâîãî òèïó åêîñèñòåì. Ðîçâèòîê ô³òîïëàíêòîíó òà çîî-
ïëàíêòîíó íå âåëèêèé. Ìàêðîçîîáåíòîñ ó âîäîéìàõ öüîãî òèïó â³äð³çíÿâ-
ñÿ çíà÷íèì âèäîâèì áàãàòñòâîì òà ðîçâèòêîì ïîíòî-êàñï³éñüêî¿ ôàóíè.
Ëîæå òàêèõ âîäîéì â³ëüíå â³ä ìàêðîô³ò³â, ÿê³ ìîæóòü áóòè ïðåäñòàâëåí³
ïîîäèíîêèìè êóðòèíàìè íà ì³ëêîâîäíèõ ä³ëÿíêàõ. ×åðåç øâèäêó çì³íó
âîäíèõ ìàñ íàêîïè÷åííÿ íàäëèøêîâèõ îðãàí³÷íèõ ðå÷îâèí íå â³äáó-
âàºòüñÿ, äîíí³ â³äêëàäè ïðåäñòàâëåí³ äîáðå ïðîìèòèì ï³ñêîì.
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Òàáëèöÿ 1
Êëàñèô³êàö³ÿ çàïëàâíèõ âîäîéì ïîíèççÿ Äí³ïðà çà ïåð³îäîì çîâí³øíüîãî

âîäîîáì³íó

Ãðóïè âîäîéì çà
âîäîîáì³íîì

Òèïîâ³ âîäîéìè ãðóïè

Ïåð³îä
çîâí³øíüîãî
âîäîîáì³íó,

äîáà

×àñòêà â³ä
çàãàëüíî¿

ê³ëüêîñò³, %

². Øâèäêèé Ñàáåöüêèé Ëèìàí, Ôðîëîâî, Êàç-
íà÷è¿âñüêèé ëèìàí

3 8

²². Ïîì³ðíèé Êðóãëå, Ãëóõèé Ëèìàí, Á³ëå, Ãî-
ëóáîâ Ëèìàí, Ñòåáë³¿âñüêèé Ëè-
ìàí, Êàðäàøèíñüêèé Ëèìàí,
Êðàñíþêîâå, Çîëîòå, Ä³äîâå òà ³í.

3—15 76

²²². Ñïîâ³ëüíåíèé Çàêèòíå, Íàçàðîâî-Ïîãîð³ëå,
Îëåêñ³¿âñüêèé Ëèìàí òà ³í.

15 16

Òàáëèöÿ 2
Îêðåì³ ã³äðîá³îëîã³÷í³ ïîêàçíèêè çàïëàâíèõ âîäîéì ïîíèççÿ Äí³ïðà ç ð³çíîþ

³íòåíñèâí³ñòþ çîâí³øíüîãî âîäîîáì³íó

Ïîêàçíèêè
²íòåíñèâí³ñòü çîâí³øíüîãî âîäîîáì³íó, ä³á

< 3 3—15 > 15

Ô³òîïëàíêòîí

×èñåëüí³ñòü, ìëí. êë/äì3 2,9±2,7 24,9±21,3 0,9±0,4

Á³îìàñà, ìã/äì3 0,759±0,632 5,508±4,011 0,684±0,265

Çîîïëàíêòîí

×èñåëüí³ñòü, òèñ. åêç/ì3 3,7—82,6 51,4—330,2 41,5—61,7

Á³îìàñà, ã/ì3 0,07—0,86 0,48—2,52 0,36—0,65

Ìàêðîçîîáåíòîñ

Ê³ëüê³ñòü ôàóí³ñòè÷íèõ ãðóï 3—7 2—5 1—2

Ê³ëüê³ñòü âèä³â íà ïðîáó 10—20 5—10 2—4

Ïîíòî-êàñï³éñüê³ âèäè 4—6 1—3 0

Á³îìàñà, ã/ì3 50—120 5—350 3—7

Ìàêðîô³òè

Ô³òîìàñà, êã/ì2 0,42±0,16 0,50±0,22 0,72±0,12

Ïðîäóêö³ÿ âèùî¿ âîäíî¿ ðîñëèí-
íîñò³, êã/ì2

0,3—0,5 0,2—0,5 0,1—0,2

²õò³îôàóíà

Ê³ëüê³ñòü ìîëîä³ ïðîìèñëîâèõ ðèá,
åêç/ì2

0,627±0,194 1,143±0,782 0,177±0,120

Ï ð è ì ³ ò ê à. Äàí³ â òàáë. 2 íàâåäåíî çà àâòîðñüêèìè ìàòåð³àëàìè íàòóðíèõ ñïîñòåðå-
æåíü 2009—2022 ðð. òà, ÷àñòêîâî, íà îñíîâ³ ïðàöü [11—13, 25—27].



Äî äðóãî¿ ãðóïè âîäîéì — ç ïîì³ðíèì çîâí³øí³ì âîäîîáì³íîì, â³ä-
íîñÿòüñÿ âèñîêîïðîäóêòèâí³ âîäîéìè, ç³ çíà÷íèì ñòóïåíåì ðîçâèòêó
ïëàíêòîííèõ îðãàí³çì³â. Áåíòîñí³ îðãàí³çìè õàðàêòåðèçóþòüñÿ âèñîêèì
òàêñîíîì³÷íèì ð³çíîìàí³òòÿì òà ïîîäèíîêèì òðàïëÿííÿì ïîíòî-êàñ-
ï³éñüêèõ âèä³â. Çà á³îëîã³÷íèìè ïîêàçíèêàìè åêîëîã³÷íèé ñòàí âîäîéì ç
ïåð³îäîì çîâí³øíüîãî âîäîîáì³íó 5—9 ä³á õàðàêòåðèçóºòüñÿ ÿê äîáðèé
[7].

Òðåòÿ ãðóïà âêëþ÷àº âîäîéìè ç³ ñïîâ³ëüíåíèì âîäîîáì³íîì, ÿê³ õà-
ðàêòåðèçóþòüñÿ á³ëüø àáî ìåíø ÷³òêî âèðàæåíèìè îçíàêàìè äèñòðîô³¿
¿õí³õ âîäíèõ åêîñèñòåì. Ô³òîïëàíêòîí ³ çîîïëàíêòîí ó âîäîéìàõ òàêîãî
òèïó çíà÷íîãî ðîçâèòêó íå äîñÿãàþòü, âèäîâèé ñêëàä ¿õ çá³äí³ëèé. Ìàêðî-
çîîáåíòîñ ìîæíà îõàðàêòåðèçóâàòè ÿê çá³äí³ëèé, ïðåäñòàâíèêè ïîíòî-
êàñï³éñüêî¿ ôàóíè â³äñóòí³. Äîíí³ â³äêëàäè áóëè ïðåäñòàâëåí³ ïîòóæíèì
øàðîì (0,7—1,8 ì) äð³áíîôðàêö³éíîãî îðãàí³÷íî íàñè÷åíîãî ìóëó âêðè-
òîãî íà ïîâåðõí³ ðîñëèííèì äåòðèòîì. Âíàñë³äîê íàêîïè÷åííÿ çíà÷íî¿
ê³ëüêîñò³ îðãàí³÷íèõ òà á³îãåííèõ ðå÷îâèí ó âîäîéìàõ ²²² ãðóïè âë³òêó
óòâîðþºòüñÿ íåñïðèÿòëèâèé ãàçîâèé ðåæèì — â³äì³÷àºòüñÿ äåô³öèò ðîç-
÷èíåíîãî ó âîä³ êèñíþ òà çá³ëüøåííÿ ê³ëüêîñò³ âóãëåêèñëîãî ãàçó ³ ñ³ðêî-
âîäíþ [24]. Òðîôí³ñòü òàêèõ âîäîéì òåæ íèçüêà ÷åðåç íåâèñîê³ ãðàäàö³¿
ã³äðîá³îëîã³÷íèõ ïîêàçíèê³â.

Ó íèí³øí³é ÷àñ âîäîîáì³íí³ ïðîöåñè ïðèäàòêîâî¿ ìåðåæ³ ñóòòºâî
ñïîâ³ëüíèëèñü, ùî ïðèçâåëî äî çíà÷íîãî ïåðåðîçïîä³ëó ê³ëüêîñò³ âîäîéì
², ²² òà ²²² ãðóï. Öå â³äáóëîñü ÷åðåç ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ ³, â³ä-
ïîâ³äíî, çíèêíåííÿ ùîäîáîâèõ êîëèâàíü ð³âíÿ âîäè ó âîäí³é ñèñòåì³, ÿê³
ãåíåðóâàëèñü íåþ â ðåçóëüòàò³ ï³êîâî¿ ïîäà÷³ âîä ç ïåð³îäè÷í³ñòþ îäèí-
äâà ðàçè íà äîáó. Çà íèí³øí³õ óìîâ â³äì³òêè ð³âíÿ ó âîäí³é ñèñòåì³ âïðî-
äîâæ äîáè ìàéæå íå çì³íþþòüñÿ (òàáë. 3).

Íàéá³ëüø ñóòòºâå ñêîðî÷åííÿ àìïë³òóäè äîáîâèõ êîëèâàíü ð³âíÿ âî-
äè ï³ñëÿ ï³äðèâó Êàõîâñüêî¿ ÃÅÑ çàðåºñòðîâàíî íà ïðèäåëüòîâ³é ä³ëÿíö³
ïîíèççÿ Äí³ïðà (0—60 êì â³ä ì. Íîâà Êàõîâêà), íà ÿê³é çà ÷àñ³â ðîáîòè
ã³äðîâóçëà, íàâïàêè, â³äì³÷àëèñÿ íàéá³ëüø³ ¿õ çíà÷åííÿ. Â ìåæàõ äåëüòè
Äí³ïðà äîáîâ³ êîëèâàííÿ ð³âíÿ âîäè òàêîæ çíèçèëèñü, îäíàê íà ö³é ä³-
ëÿíö³ ëèøèâñÿ çíà÷íèé âïëèâ ïðèðîäíèõ äåí³âåëÿö³é ð³âíÿ âîäè Äí³ï-
ðîâñüêî-Áóçüêîãî ëèìàíó. ×åðåç öå ó äåëüò³ ð³÷êè ñêîðî÷åííÿ äîáîâèõ
àìïë³òóä ð³âíÿ âîäè ó íèí³øí³é ÷àñ íå òàêå çíà÷íå ³ ñòàíîâèòü 45—50 %
â³ä òèõ, ÿê³ áóëè äî ï³äðèâó Êàõîâñüêî¿ ÃÅÑ. Íà ïðèäåëüòîâ³é ä³ëÿíö³ ïî-
íèççÿ Äí³ïðà òàêå ñêîðî÷åííÿ àìïë³òóä ñêëàëî 90—95 %.

Îñê³ëüêè çíà÷åííÿ çíàêîçì³ííèõ âïðîäîâæ äîáè êîëèâàíü ð³âíÿ âî-
äè, ùî º îñíîâíèì ôàêòîðîì, çàâäÿêè ÿêîìó ðåàë³çóºòüñÿ ìåõàí³çì âîäî-
îáì³íó ì³æ ðóñëîâîþ ³ ïðèäàòêîâîþ ìåðåæåþ, çíèçèëèñü, òî ³ ïðèò³ê
ñâ³æî¿ äí³ïðîâñüêî¿ âîäè äî ÷èñåëüíèõ çàïëàâíèõ âîäîéì ðåã³îíó äîñ-
ë³äæåííÿ òàêîæ ñóòòºâî ñêîðîòèâñÿ, çá³ëüøèëèñü ïåð³îäè âîäîîáì³íó
(òàáë. 4).

Ðåçóëüòàòè ðîçðàõóíê³â íîðìàëüíèõ çíà÷åíü ïåð³îä³â çîâí³øíüîãî
âîäîîáì³íó çàïëàâíèõ âîäîéì ïîíèççÿ Äí³ïðà çà ìåòîäèêîþ [15] ïîêàçà-
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ëè, ùî ÷àñ ïåðåáóâàííÿ âîäè ó íèõ ï³ñëÿ ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ
ñóòòºâî çá³ëüøèâñÿ ïðîòè òîãî, ÿêèé â³äì³÷àâñÿ òóò íà ïî÷àòêó ÕÕ² ñò.

Íàéá³ëüøîãî âïëèâó Êàõîâñüêî¿ êàòàñòðîôè çàçíàëè âîäîéìè, ùî
ðîçòàøîâàí³ íà ïðèäåëüòîâ³é ä³ëÿíö³ ïîíèççÿ Äí³ïðà. Çíèêíåííÿ ùîäî-
áîâèõ êîëèâàíü ð³âíÿ âîäè ³, â³äïîâ³äíî, ñóòòºâå ñêîðî÷åííÿ îá’ºì³â íàä-
õîäæåííÿ ïð³ñíèõ âîä äî âîäîéì ïðèçâåëî äî çá³ëüøåííÿ ïåð³îäó ¿õíüîãî
âîäîîáì³íó ó íèí³øí³é ÷àñ íà 248—748 % â³ä òèõ çíà÷åíü, ÿê³ çàáåçïå÷ó-
âàâ ðåæèì ðîáîòè Êàõîâñüêî¿ ÃÅÑ. Çîâí³øí³é âîäîîáì³í âîäîéì äåëüòè
Äí³ïðà òàêîæ ïîã³ðøèâñÿ, îäíàê, çàâäÿêè ä³¿ ïðèðîäíèõ äåí³âåëÿö³é ð³â-
íÿ âîäè ç Äí³ïðîâñüêî-Áóçüêîãî ëèìàíó, ñêîðî÷åííÿ ïåð³îä³â âîäîîá-
ì³íó òóò ñòàíîâèòü 46—200 % (äèâ. òàáë. 4).

Íàñüîãîäí³ ìàéæå âñ³ çàïëàâí³ âîäîéìè ïîíèççÿ Äí³ïðà, çà êëàñè-
ô³êàö³ºþ íàâåäåíîþ ó òàáë. 1, ïåðåéøëè äî ãðóïè âîäîéì ç³ ñïîâ³ëüíåíèì
âîäîîáì³íîì (²²² ãðóïà). Ñï³ââ³äíîøåííÿ ãðóï âîäîéì íà ïî÷àòêó ñòî-
ë³òòÿ áóëî: ² — 8 %, ²² — 76 %, ²²² — 16 %. Ó íèí³øí³é ÷àñ ²²² ãðóïà º ïåðå-
âàæíîþ ³ âêëþ÷àº â ñåáå 81 % çàïëàâíèõ âîäîéì, 19 % ñêëàäàþòü îêðåì³
âîäîéìè äåëüòè Äí³ïðà, âîäîîáì³í ó ÿêèõ çáåð³ãñÿ íà ð³âí³ ïîì³ðíîãî
(²² ãðóïà), âîäîéì ç ² ãðóïè (ç³ øâèäêèì çîâí³øí³ì âîäîîáì³íîì) â ðåã³îí³
äîñë³äæåíü íå ëèøèëîñü (òàáë. 5).

×åðåç ò³ñíèé çâ’ÿçîê ³íòåíñèâíîñò³ çîâí³øíüîãî âîäîîáì³íó ç á³îòè÷-
íèìè òà àá³îòè÷íèìè êîìïîíåíòàìè çàïëàâíèõ âîäîéì ïîíèççÿ Äí³ïðà,
ùî íåîäíîðàçîâî áóëî îïèñàíî, íàïðèêëàä ó ïðàöÿõ [6, 8, 11, 13, 15, 18, 21,
24, 27], çì³íè ö³º¿ âåëè÷èíè ìîæóòü âèñòóïàòè ÿê ïðîãíîñòè÷íèé ïàðà-
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Òàáëèöÿ 3
Äîáîâ³ êîëèâàííÿ ð³âíÿ âîäè ó ðóñëîâ³é ìåðåæ³ ïîíèççÿ Äí³ïðà äî ³ ï³ñëÿ

ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ

Â³äñòàíü â³ä ì. Íîâà
Êàõîâêà, êì

Äîáîâà àìïë³òóäà êîëèâàííÿ ð³âíÿ âîäè, ì

äî ðóéíóâàííÿ ÃÅÑ
(2001—2022 ðð.)

ï³ñëÿ ðóéíóâàííÿ ÃÅÑ
(2023—2025 ðð.)

0 0,94—1,04 0,03—0,05

10 0,70—0,77 0,02—0,04

20 0,52—0,57 0,02—0,04

30 0,38—0,43 0,02—0,04

40 0,28—0,31 0,02—0,04

50 0,24—0,26 0,03—0,05

60 0,20—0,22 0,04—0,06

70 0,18—0,20 0,05—0,07

80 0,18—0,20 0,09—0,11

90 0,20—0,22 0,11—0,13
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Òàáëèöÿ 4
Çá³ëüøåííÿ ïåð³îäó çîâí³øíüîãî âîäîîáì³íó òèïîâèõ çàïëàâíèõ âîäîéì

ïîíèççÿ Äí³ïðà ï³ñëÿ ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ

Âîäîéìè

Ïåð³îäè çîâí³øíüîãî âîäîîáì³íó,
äîáà Çá³ëüøåí-

íÿ ïåð³îäó
âîäî-

îáì³íó, %
äî ðóéíóâàííÿ

ÃÅÑ
(2001—2022 ðð.)

ï³ñëÿ ðóéíóâàí-
íÿ ÃÅÑ

(2023—2025 ðð.)

Ïðèäåëüòîâà
ä³ëÿíêà
Äí³ïðà

îç. Äîâãå 14,34 119,40 733

îç. Õðåùàòå 14,07 117,17 733

îç. Êðóãëå 16,93 143,52 748

Âåðõí³é-Ñàáå-
öüêèé Ëèìàí

14,14 117,68 732

Íèæí³é-Ñàáå-
öüêèé Ëèìàí

2,45 20,40 733

îç. Âåëèê³ Äóï-
ëå÷³

14,33 117,89 723

îç. Ìàë³ Äóï-
ëå÷³

25,83 207,91 705

îç. Ëåáåäèíå 15,74 125,50 698

Êàçíà÷³¿âñüêèé
Ëèìàí

3,50 27,02 672

Ôðîëîâñüêèé
Ëèìàí

3,58 27,02 655

Îëåêñ³¿âñüêèé
Ëèìàí

7,84 29,52 277

Ãîëóáîâ Ëèìàí 5,33 20,70 288

îç. Â÷îðàøíº 7,19 27,91 288

îç. Áóðÿêîâå 13,01 45,33 248

îç. Äèêåíüêå 13,15 47,35 260

Äåëüòà
Äí³ïðà

îç. Ïîëÿêîâå 10,64 31,31 194

Êàðäàøèíñü-
êèé Ëèìàí

8,27 24,70 200

îç. Íàçàðî-
âî-Ïîãîð³ëå

21,79 61,63 183

îç. Çàêèòíå 8,92 26,13 193

îç. Ñêàäîâñüê-
Ïîãîð³ëå

18,92 53,51 183

îç. Ðîãîçîâàòå 13,95 39,47 183

îç. Êðóãëå 7,93 18,42 132



ìåòð ìîæëèâèõ çì³í ¿õíüîãî á³îëîã³÷íîãî ð³çíîìàí³òòÿ òà åêîëîã³÷íîãî
ñòàíó.

Íàéá³ëüøèõ ã³äðîåêîëîã³÷íèõ íàñë³äê³â ó íàéáëèæ÷³ ðîêè çàçíàþòü
âîäîéìè ïðèäåëüòîâî¿ ä³ëÿíêè Äí³ïðà (0—60 êì â³ä Íîâî¿ Êàõîâêè).
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Âîäîéìè

Ïåð³îäè çîâí³øíüîãî âîäîîáì³íó,
äîáà Çá³ëüøåí-

íÿ ïåð³îäó
âîäî-

îáì³íó, %
äî ðóéíóâàííÿ

ÃÅÑ
(2001—2022 ðð.)

ï³ñëÿ ðóéíóâàí-
íÿ ÃÅÑ

(2023—2025 ðð.)

îç. Áåçìåí 9,63 22,25 131

îç. ×è÷óæíå 6,12 13,86 127

îç. Âèíîãðàäíå 9,58 21,40 123

îç. Á³ëå 8,39 19,10 128

îç. Ãîð³ëå 23,48 52,45 123

îç. Íèæíå-Ñî-
ëîíåöüêå

11,33 18,97 68

îç. Áóáëèöÿ 6,00 9,70 62

îç. Íèæí³é
Êðóãëèê

10,08 17,14 70

îç. Áîðùîâå 11,42 17,04 50

îç. Çîëîòå 8,06 11,78 46

îç. Ä³äîâå 8,55 12,49 46

çàòîêà Çáóð’¿â-
ñüêèé êóò

7,30 10,89 50

îç. Êðàñíþêîâå 8,39 12,53 50

îç. Ãàïêà 7,89 11,78 50

îç. Ëÿãóøà÷å 12,59 21,10 68

Òàáëèöÿ 5
Ñï³ââ³äíîøåííÿ ê³ëüêîñò³ ãðóï çàïëàâíèõ âîäîéì äî ³ ï³ñëÿ ðóéíóâàííÿ

Êàõîâñüêî¿ ÃÅÑ

Ãðóïè âîäîéì çà âîäî-
îáì³íîì

×àñòêà âîäîéì â³ä çàãàëüíî¿ ê³ëüêîñò³, %

äî ðóéíóâàííÿ
Êàõîâñüêî¿ ÃÅÑ

ï³ñëÿ ðóéíóâàííÿ
Êàõîâñüêî¿ ÃÅÑ

². Øâèäêèé (< 3 ä³á) 8 0

²². Ïîì³ðíèé (3—15 ä³á) 76 19

²²². Ñïîâ³ëüíåíèé (>15 ä³á) 16 81

Ïðîäîâæåííÿ òàáë. 4



Ôàêòè÷íà â³äñóòí³ñòü ïðèòîêó ñâ³æî¿ âîäè ç ðóñëîâî¿ ìåðåæ³ âæå ïðèçâå-
ëà äî çàðîñòàííÿ íàéá³ëüø ïðîòî÷íèõ âîäîéì ðåã³îíó ³ ôàêòè÷íîãî ïåðå-
õîäó ¿õ äî ãðóïè ç³ ñïîâ³ëüíåíèì âîäîîáì³íîì. Òàê³ âîäîéìè ÿê îç. Ôðî-
ëîâî, Êàçíà÷³¿âñüêèé òà Ï³äñòåïíèé ëèìàíè ïîâí³ñòþ â³äð³çàí³ â³ä ðóñëî-
âî¿ ìåðåæ³, çàðîñë³ âèùîþ âîäíîþ ðîñëèíí³ñòþ òà çàìóëåí³. Çà äâà ç ïîëî-
âèíîþ ðîêè â³äñóòíîñò³ ï³êîâîãî ðåæèìó ïîäà÷³ âîäè ïëîùà âîäíîãî
äçåðêàëà îç. Ôðîëîâå ñêîðîòèëàñü á³ëüø í³æ âòðè÷³ — ç 1,66 êì2 (2022 ð.)
äî 0,51 êì2 (2025 ð.). Ïëîùà Ñàáåöüêîãî ëèìàíó, ÿêèé äî ðóéíóâàííÿ Êà-
õîâñüêî¿ ÃÅÑ ìàâ ïåð³îä âîäîîáì³íó ìåíøå 3 ä³á, òàêîæ ñêîðîòèëàñü ìàé-
æå âòðè÷³. Çà ïåð³îä â³äñóòíîñò³ ï³êîâèõ êîëèâàíü ð³âíÿ âîäè éîãî ïëîùà
çìåíøèëàñü ç 1,07 êì2 (2022 ð.) äî 0,36 êì2 (2025 ð.).

Âíàñë³äîê âòðàòè ã³äðàâë³÷íîãî çâ’ÿçêó íàâåäåíèõ âîäîéì ç ðóñëîì
Äí³ïðà ñë³ä î÷³êóâàòè ¿õ ïîäàëüøå ïåðåñèõàííÿ òà çàðîñòàííÿ. Ôàêòè÷íî,
³ ðóéíóâàííÿì Êàõîâñüêî¿ ÃÅÑ ³ ïðèïèíåííÿì ï³êîâîãî ðåæèìó ïîäà÷³
âîäè äî ïîíèççÿ Äí³ïðà òóò çíèêëà ö³ëà ãðóïà âîäîéì êàòåãîð³¿ ç³ øâèä-
êèì âîäîîáì³íîì (äî 3 ä³á), ÿê³ âñ³ ïåðåéøëè äî ãðóïè âîäíèõ îá’ºêò³â ³ç
ñïîâ³ëüíåíîþ çì³íîþ âîäíèõ ìàñ (á³ëüøîþ çà 15 ä³á).

Íàéìåíøèõ ã³äðîåêîëîã³÷íèõ çì³í ñë³ä î÷³êóâàòè ó âîäîéìàõ íèæ-
íüî¿ ÷àñòèíè äåëüòè Äí³ïðà (80—90 êì â³ä Íîâî¿ Êàõîâêè). Òóò, çàâäÿêè
çáåðåæåííþ ïðèðîäíèõ êîëèâàíü ð³âíÿ âîäè Äí³ïðîâñüêî-Áóçüêîãî ëè-
ìàíó, ñêîðî÷åííÿ äîáîâèõ àìïë³òóä ñòàíîâèòü 50—60 % â³ä òèõ, ùî â³ä-
ì³÷àëèñü äî ðóéíóâàííÿ Êàõîâñüêîãî ã³äðîâóçëà. ×åðåç ïðèðîäí³ êîëè-
âàííÿ ð³âíÿ âîäè, íàâ³òü áåç óðàõóâàííÿ øòó÷íî çãåíåðîâàíèõ êîëèâàíü,
çàáåçïå÷óºòüñÿ ïîì³ðíèé çîâí³øí³é âîäîîáì³í, ³ ã³äðîåêîëîã³÷í³ óìîâè ó
öèõ âîäîéìàõ çáåð³ãàòèìóòü õàðàêòåðí³ îçíàêè âîäîéì ²² ãðóïè (äèâ.
òàáë. 2).

Îòæå, ÷åðåç çíà÷íå ñïîâ³ëüíåííÿ âîäîîáì³ííèõ ïðîöåñ³â çàïëàâíèõ
âîäîéì ó ïîíèçç³ Äí³ïðà, ïåðåâàæíî ñïðè÷èíåíå ðóéíóâàííÿì Êàõîâñü-
êî¿ ÃÅÑ, ó íàéáëèæ÷³ ðîêè ìîæíà î÷³êóâàòè çàáîëî÷åííÿ òà ïåðåñèõàííÿ
á³ëüø í³æ 80 % îçåðíîãî ôîíäó ðåã³îíó äîñë³äæåíü. Ïåðåôîðìóâàííÿ äî-
áðå ïðîòî÷íèõ âîäîéì íà âîäîéìè ç³ ñïîâ³ëüíåíèì çîâí³øí³ì âîäîîá-
ì³íîì ìîæå ïðèçâåñòè äî ¿õíüîãî øâèäêîãî çàìóëåííÿ, ïåðåñèõàííÿ, çà-
ðîñòàííÿ âèùîþ âîäíîþ ðîñëèíí³ñòþ òà ïîðóøåííÿ çâ’ÿçêó ç ðóñëîâîþ
ìåðåæåþ. Íà ïåðøèõ åòàïàõ äåãðàäàö³¿ çàïëàâíèõ âîäîéì ïîíèççÿ Äí³ïðà
åêîëîã³÷í³ óìîâè ó íèõ áóäóòü òèïîâèìè äëÿ âîäîéì ²²² ãðóïè, îñíîâí³
ã³äðîåêîëîã³÷í³ õàðàêòåðèñòèêè ÿêèõ íàâåäåíî âèùå (äèâ. òàáë. 2).

Çâàæàþ÷è íà âèñîêó ïðîäóêö³éíó çäàòí³ñòü çàïëàâíèõ âîäîéì íà
ôîí³ ïîòåïë³ííÿ êë³ìàòó ïðîöåñ ïåðåòâîðåííÿ âîäîéì íà ñóö³ëüíó çàáî-
ëî÷åíó ì³ñöåâ³ñòü ìîæå çàéíÿòè áëèçüêî 7—12 ðîê³â. Â êîíòåêñò³ öüîãî,
â³äêëàäàííÿ ñòðîê³â â³äíîâëåííÿ ã³äðîåëåêòðîñòàíö³¿, ùî áóäå çäàòíà çà-
áåçïå÷óâàòè ï³êîâèé âïðîäîâæ äîáè ðåæèì ïîäà÷³ âîäè ³ íåîáõ³äí³ êîëè-
âàííÿ ð³âíÿ âîäè ó ðóñëîâ³é òà ïðèäàòêîâ³é ìåðåæàõ, ìîæå ñòàòè êðèòè÷-
íèì ôàêòîðîì ïîäàëüøîãî ³ñíóâàííÿ ïåðåâàæíî¿ á³ëüøîñò³ çàïëàâíèõ
âîäîéì ïîíèççÿ Äí³ïðà.

98

Êîðæîâ ª.²., Êóò³ùåâ Ï.Ñ., Øåâ÷åíêî ².Â., Ì³íàºâà Ã.Ì.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2026. 62(3)



Âèñíîâêè

Ïîíèççÿ Äí³ïðà, ÿê âàæëèâèé åëåìåíò åêîëîã³÷íî¿ ìåðåæ³, â³ä³ãðàº
âàãîìó ðîëü ó ôîðìóâàíí³ á³îð³çíîìàí³òòÿ ªâðîïè òà ×îðíîìîðñüêîãî
ðåã³îíó. Êàõîâñüêà êàòàñòðîôà ó ÷åðâí³ 2023 ð. êàðäèíàëüíî çì³íèëà ôàê-
òîðè ôóíêö³îíóâàííÿ âîäíî¿ ñèñòåìè Íèæíüîãî Äí³ïðà, ç’ÿâèëèñü íîâ³
ã³äðîëîã³÷í³ îá’ºêòè ç íîâèìè óìîâàìè ³ñíóâàííÿ ã³äðîá³îíò³â, ÿê³, ïåðå-
âàæíî, º íåñïðèÿòëèâèìè äëÿ íîðìàëüíîãî ðîçâèòêó âîäíî¿ ôëîðè òà ôà-
óíè.

Ï³ñëÿ ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ ó ïîíèçç³ Äí³ïðà çíèê îñíîâíèé
ôàêòîð, ùî çàáåçïå÷óâàâ â³äíîñíî øâèäêèé âîäîîáì³í çàïëàâè — ùîäî-
áîâ³ êîëèâàííÿ ð³âíÿ âîäè, çãåíåðîâàí³ ï³êîâèì ðåæèìîì ðîáîòè ã³äðî-
âóçëà. Ó íèí³øí³é ÷àñ ö³ êîëèâàííÿ íà ïðèäåëüòîâ³é ä³ëÿíö³ Äí³ïðà ñòà-
íîâëÿòü 3—5 ñì, ùî ñòàíîâèòü áëèçüêî 5 % â³ä òèõ, ÿê³ â³äì³÷àëèñü ïðè
ï³êîâîìó ðåæèì³. Ó äåëüò³ âîíè äåùî á³ëüø³ ÷åðåç ïðèðîäí³ äåí³âåëÿö³¿
ð³âíÿ âîäè ó Äí³ïðîâñüêî-Áóçüêîìó ëèìàí³, ÿê³ ñòàíîâëÿòü 9—13 ñì íà
äîáó, ùî âäâ³÷³ ìåíøå øòó÷íî ãåíåðîâàíèõ Êàõîâñüêîþ ÃÅÑ.

Çì³íà öüîãî ôàêòîðó ï³ñëÿ ðóéíóâàííÿ Êàõîâñüêî¿ ÃÅÑ ñïðè÷èíèëà
ïîñëàáëåííÿ âîäîîáì³ííèõ ïðîöåñ³â ó ïîíèçç³ Äí³ïðà ó 0,5—7,5 ðàç³â.
Òàê, âîäîîáì³í çàïëàâíèõ âîäîéì ïðèäåëüòîâî¿ ä³ëÿíêè Äí³ïðà çíèçèâñÿ
íà 248—748 %, äåëüòîâèõ — íà 46—200 %. Íà ïî÷àòêó ÕÕ² ñò. âîäîéìè ç³
øâèäêèì âîäîîáì³íîì ñòàíîâèëè 8 %, ç ïîì³ðíèì — 76 %, à ç³ ñïîâ³ëüíå-
íèì — 16 %. Ï³ñëÿ ðóéíóâàííÿ ÃÅÑ âîäîéì ç ïîì³ðíèì âîäîîáì³íîì çà-
ëèøèëîñü ëèøå 19 %, òîä³ ÿê 81 % ïåðåéøëî äî ãðóïè ç³ ñïîâ³ëüíåíèì âî-
äîîáì³íîì. Âîäîéì ç³ øâèäêèì âîäîîáì³íîì íå çàëèøèëîñü çîâñ³ì.

Îñíîâí³ åêîëîã³÷í³ íàñë³äêè ïîñëàáëåííÿ âîäîîáì³íó ì³æ ðóñëîâîþ
ìåðåæåþ ³ çàïëàâîþ ïîíèççÿ Äí³ïðà, íà ÿê³ ìîæíà î÷³êóâàòè íàéáëèæ÷è-
ìè ðîêàìè, âêëþ÷àþòü âòðàòó ã³äðàâë³÷íîãî çâ’ÿçêó âîäîéì ç îñíîâíèì
ðóñëîì ÷åðåç çàðîñòàííÿ ïðîòîê, çàìóëåííÿ ³ çàðîñòàííÿ ¿õíüîãî ëîæà òà
ïîñòóïîâå ïåðåòâîðåííÿ ïåðåâàæíî¿ á³ëüøîñò³ ç íèõ ó âîäí³ îá’ºêòè ç íè-
çüêèì ïðîäóêö³éíèì ïîòåíö³àëîì.
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DECREASE IN EXTERNAL WATER EXCHANGE AND POSSIBLE ECOLOGICAL
CHANGES IN THE FLOODPLAIN WATER BODIES OF THE LOWER REACHES OF
THE DNIEPER RIVER AS A RESULT OF THE KAKHOVKA HEPS DESTRUCTION

The article highlights the main hydroecological aspects of the cessation of the peak re-
gime of the Dnieper water supply to the lower reaches of the Dnieper River after the dest-
ruction of the Kakhovka hydroelectric power station (HEPS) caused by military actions. It
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was established that as a result, the daily amplitudes of water level fluctuations in the chan-
nel network significantly decreased, which led to a significant slowdown in water exchange
between the channel and ancillary networks. At present, the increase in the water exchange
period of the lakes of the pre-delta section of the Dnieper area is 248—748 % compared to
those observed during the existence of the Kakhovka HEPS. The external water exchange
of the Dnieper delta water bodies has also deteriorated, but due to natural differences in
water level in the Dnieper-Bug estuary, the reduction in the intensity of water exchange
here is 46—200 %. Calculations have shown that the vast majority of water bodies (81 %)
currently have a slow water exchange at a level of more than 15 days, 19 % — 3—15 days,
there are no water bodies with fast water exchange (faster than 3 days) left. At the beginning
of the 21st century, this ratio of water bodies with slow, moderate and fast water exchange
was 16, 76 and 8 %, respectively. The main ecological consequences of the total slowdown
of the external water exchange of floodplain water bodies in the lower reaches of the Dnie-
per River caused by military operations and the destruction of the Kakhovka HEPS are
considered, typical hydroecological conditions for each group of water bodies are highligh-
ted.

Keywords: ecological state, external water exchange, level regime, floodplain water bo-
dies, lower reaches of the Dnieper River.
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ÑÅÇÎÍÍÀ ÄÈÍÀÌ²ÊÀ ßÊÎÑÒ² ÂÎÄÈ ÏÐÈÒÎÊÈ
Ð²×ÊÈ Á²ÀÑ (ÇÀÕ²ÄÍ² Ã²ÌÀËÀ¯, ²ÍÄ²ß)

Ñåçîííó äèíàì³êó ô³çèêî-õ³ì³÷íèõ ïàðàìåòð³â âîäè äîñë³äæóâàëè ó ïðèòîö³
ð³÷êè Á³àñ ó Ã³ìà÷àë-Ïðàäåø (Çàõ³äí³ Ã³ìàëà¿) ç ìåòîþ îö³íêè ñòóïåíÿ ïîã³ðøåííÿ
ÿêîñò³ âîäè òà âèçíà÷åííÿ äæåðåë çàáðóäíåííÿ. Çðàçêè âîäè â³äáèðàëè ïðîòÿãîì ÷î-
òèðüîõ ð³çíèõ ñåçîí³â òà çà ñòàíäàðòíèìè ïðîòîêîëàìè âèçíà÷àëè òåìïåðàòóðó
ïîâ³òðÿ ³ âîäè, pH, ðîç÷èíåíèé êèñåíü, åëåêòðîïðîâ³äí³ñòü, çàãàëüí³ ì³íåðàë³çàö³þ,
ëóæí³ñòü ³ æîðñòê³ñòü, âì³ñò õëîðèä³â, ôîñôàò³â, í³òðàò³â òà ñèë³êàò³â. Ðåçóëü-
òàòè äîñë³äæåííÿ ñâ³ä÷àòü ïðî òå, ùî ëèøå òåìïåðàòóðà âîäè òà pH ïîñë³äîâíî
â³äïîâ³äàëè ðåêîìåíäîâàíèì àãåíòñòâîì íîðìàì; âñ³ ³íø³ ïàðàìåòðè ïåðåâèùóâàëè
äîïóñòèì³ ìåæ³ êîæíîãî ñåçîíó. Áàãàòîä³àïàçîííèé òåñò Äóíêàíà (DMRT) (95 % äî-
ñòîâ³ðí³ñòü) ï³äòâåðäèâ ñòàòèñòè÷íî çíà÷óù³ êîëèâàííÿ öèõ ô³çèêî-õ³ì³÷íèõ ïî-
êàçíèê³â. Êð³ì òîãî, ôàêòîðíèé àíàë³ç ç âèêîðèñòàííÿì Varimax òà êëàñòåðíèé
àíàë³ç âèÿâèëè ÷³òê³ ñåçîíí³ çì³íè, ïîâ’ÿçóþ÷è êîëèâàííÿ ãîëîâíèì ÷èíîì ³ç ê³ëü-
ê³ñòþ îïàä³â, çñóâàìè ´ðóíòó òà ä³ÿëüí³ñòþ ëþäèíè. Ñåçîíí³ òåíäåíö³¿ ïîêàçàëè
ï³êîâ³ êîíöåíòðàö³¿ âçèìêó, ïîò³ì ï³ä ÷àñ ìóñîí³â, âë³òêó òà ï³ñëÿ ìóñîí³â. Çà
îö³íêîþ ³íäåêñó ÿêîñò³ âîäè (WQI) íàéã³ðøà ÿê³ñòü âîäè ñïîñòåð³ãàëàñü ï³ä ÷àñ ñåçî-
íó ìóñîí³â, ùî çíà÷íîþ ì³ðîþ çóìîâëåíî íàäõîäæåííÿì ñò³÷íèõ âîä òà ñ³ëüñüêîãîñ-
ïîäàðñüêèõ ñòîê³â, à òàêîæ åðîç³ºþ ´ðóíòó, ç ïîäàëüøèì çíèæåííÿì ÿêîñò³ âîäè
âçèìêó, ï³ñëÿ ìóñîí³â òà âë³òêó.

Êëþ÷îâ³ ñëîâà: ñåçîííà äèíàì³êà, ô³çèêî-õ³ì³÷í³ ïàðàìåòðè, êîðåëÿö³ÿ Ï³ðñîíà,
áàãàòîä³àïàçîííèé òåñò Äóíêàíà (DMRT), ôàêòîðíèé àíàë³ç, êëàñòåðíèé àíàë³ç,
³íäåêñ ÿêîñò³ âîäè (WQI), ð³÷êà Á³àñ, ïîò³ê Ðàíà.

Introduction

Water quality is crucial for sustaining environmental health, especially in
regions where freshwater serves as the primary source for drinking, agricultu-
re, and industrial activities. The physiochemical characteristics of river water
serve as key indicators of its quality, influencing both human communities and

Ö è ò ó â à í í ÿ: Áåéíç Í., Áàí³àë Õ.Ñ. Ñåçîííà äèíàì³êè ÿêîñò³ âîäè ïðèòîêè ð³÷êè
Á³àñ (Çàõ³äí³ Ã³ìàëà¿, ²íä³ÿ). Ã³äðîá³îë. æóðí. 2026. Ò. 62, ¹ 3. Ñ. 103—124.
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aquatic life. These water quality parameters can vary seasonally and annually
due to a mix of natural processes and human activities, including climate chan-
ges, rainfall variations, land-use alterations, and industrial development [18].
This variability is especially significant in mountainous regions such as the
Western Himalayas, where freshwater resources are limited and acutely sensi-
tive to seasonal hydrological events like monsoons and snowmelt [21].

The Beas River, an important tributary of the Indus River system, flows
through Himachal Pradesh in the northern India. Its waters, along with those
of its tributaries, are essential for the Mandi region supporting agricultural, in-
dustrial, and residential uses. Water quality in this area is shaped by both natu-
ral factors such as precipitation, runoff, and snowmelt and human influences,
including agricultural runoff, waste discharge, and hydropower activities [19].
Although the significance of maintaining water quality in the Beas River sys-
tem is well recognized, there remains a limited understanding of how physioc-
hemical parameters in its tributaries fluctuate seasonally and annually in the
Mandi region [17]. These tributaries are affected by a complex mix of seasonal
hydrological shifts and anthropogenic pressures. The region undergoes mar-
ked seasonal changes with distinct wet and dry periods and climatic variability
that directly impacts water quality.

Summers are typically hot and dry leading to lower river flows, while the
monsoon season brings heavy rainfall and runoff often increasing turbidity,
nutrient loads, and chemical pollutants [4, 22]. Moreover, year-to-year fluctua-
tions in rainfall patterns influenced by global climate change add complexity to
the assessment of prolonged patterns in the water quality of the Beas River tri-
butaries [20].

Physiochemical parameters such as pH, temperature, turbidity, dissolved
oxygen, total dissolved solids, electrical conductivity, and nutrient concentrati-
ons are fundamental indicators of water purity and ecological stability [22].
Among these, temperature plays a pivotal role in regulating dissolved oxygen
levels, as warmer water retains less oxygen, which can stress aquatic organisms
[21]. The pH of water is of equal significance, as extreme pH values can be har-
mful to aquatic organisms and impact the solubility and mobility of toxic subs-
tances, including heavy metals [9]. In the Beas River system, significant variati-
ons in temperature and pH are typically observed during seasonal shifts, part-
icularly during the transition from winter to summer, when snowmelt has a
pronounced impact on water temperature.

Dissolved oxygen is a key determinant of water condition, and low dissol-
ved oxygen levels often signal the presence of organic pollution, commonly lin-
ked to agricultural runoff, sewage discharge, and heightened microbial activity
during warmer periods. Turbidity, reflecting the presence of suspended partic-
les in water, becomes particularly concerning in mountainous areas during the
monsoon season. Intense rainfall during this period enhances sediment and
nutrient runoff, leading to increased turbidity [7]. Elevated turbidity can hin-
der light penetration, impairing the growth of aquatic vegetation and disrup-
ting photosynthesis within aquatic ecosystems [19].
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Nutrient concentrations especially nitrogen and phosphorus are also cru-
cial for assessing water quality. Excessive nutrient input, often stemming from
agricultural runoff, can trigger eutrophication, resulting in harmful algal blo-
oms, degraded water quality, and oxygen depletion [20]. In the tributaries of
the Beas River, nutrient levels exhibit seasonal variation, with higher concent-
rations typically recorded during the monsoon due to increased runoff and soil
erosion [22].

The seasonal and inter-annual variability of physiochemical parameters in
the Beas River tributaries presents significant challenges for effective water re-
source management. As pressures on water resources grow due to population
expansion, industrial development, and intensified agriculture, understanding
these temporal patterns becomes critical for sustainable water use and conser-
vation [21]. Furthermore, climate change-related shifts in temperature and
precipitation patterns are expected to intensify existing water quality concerns,
such as rising turbidity, nutrient enrichment, and pollutant levels [20].

Previous study [4] examined the relationship between water quality and ic-
hthyofaunal diversity in the Rana Stream. However, there remains a significant
gap in the systematic analysis of seasonal variations in physiochemical parame-
ters and their broader implications. The present study seeks to fill this gap by
conducting in-depth seasonal evaluation of water quality in the Rana Stream.
Utilizing Pearson correlation analysis, varimax-rotated factor analysis, and hi-
erarchical cluster analysis, the study investigates the interrelationships among
water quality parameters, identifies potential sources of variation, and evalua-
tes the effects of seasonal changes on overall water quality.

The primary objective of this research is to enhance understanding of the
seasonal and inter-annual dynamics of water quality in a tributary of the Beas
River located in the Himachal Pradesh region of Western Himalayas. Through
multi-seasonal and multi-months monitoring of key physiochemical indica-
tors, the study aims to offer valuable insights into the drivers of water quality
fluctuations. These findings are expected to contribute to more informed and
sustainable water resource management strategies, supporting the ecological
integrity and long-term sustainability of the Beas River system.

Material and Methods

Study area. The Rana stream flows through the Joginder Nagar area in
Mandi district, Himachal Pradesh and is known for its steady perennial flow
(Figure 1). It begins in the scenic Bir Billing region of Kangra district and tra-
vels through the hills before joining the Beas River at Banaruawal, about 27 ki-
lometers from the Joginder Nagar bus stand. This stream is an important reso-
urce for the local community. Its water is used for multiple purposes, including
irrigation and fish farming. On its right bank, in Joginder Nagar, lies the Mah-
seer fish farm an important site for freshwater aquaculture. Along its course,
the stream also supports several hydroelectric projects, making it a key contri-
butor to the region’s renewable energy supply.

Sampling design. The present study employed a stratified systematic samp-
ling approach (Figure 2). Sampling sites were strategically selected along the
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Fig. 1. QGIS map illustrating the study area

Fig. 2. Sampling design



stream, including one upstream and two downstream locations. The upstream
site was situated adjacent to the Sahib Bandgi Sant Ashram, Jogindernagar
(31o58'12.70''N, 76o46'9.80''E) (Figure 3). The two downstream sites were loca-
ted near the Uhl water reservoir (31o56'21.49''N, 76o47'42.48''E), (31o57'
17.39''N, 76o46'42.65''E) (Figure 4). All sample collections were conducted wit-
hin a 1-kilometer radius of the designated sampling points.

Water sampling and processing. Water samples were collected from three
designated sites across four distinct seasons: winter (December — February),
summer (March — June), monsoon (July — September), and post-monsoon
(October — November) (Fig. 5). Approximately 1 L of water was collected at
each site during each sampling event. A total of 12 sampling rounds were con-
ducted at 30-day intervals from February 2023 to January 2024. Samples were
collected in pre-cleaned, airtight bottles, appropriately labelled with date and
site information, and immediately transported to the laboratory for further
physiochemical and biological analysis.

Analytical techniques. Twelve key physiochemical parameters were selec-
ted for analysis: air temperature, water temperature, pH, electrical conductivity
(EC), total dissolved solids (TDS), dissolved oxygen (DO), total alkalinity
(TA), total hardness (TH), chlorides, phosphates, nitrates, and silicates. Field
measurements of EC, TDS, pH, and DO were performed using portable digital
meters. Air and water temperatures were recorded using a calibrated thermo-
meter (Thermomate DTM 902, India). EC and TDS were measured with a con-
ductivity meter (Ionix, China), and DO was determined using a digital DO me-
ter (Lutron PDO-519, Taiwan).

Laboratory analyses of total hardness, total alkalinity, chlorides, phospha-
tes, nitrates, and silicates were conducted in accordance with standard proto-
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Fig. 3. Map showing the upstream site



cols recommended by the American Public Health Association (APHA) [1].
All measurements were carried out in triplicate to ensure accuracy, and the
mean values were used for data interpretation.

Results and Discussion

Water physical and chemical characteristics. The physiochemical parame-
ters, including air temperature, water temperature, pH, total dissolved solids,
electrical conductivity, dissolved oxygen, alkalinity, total hardness, chlorides,
phosphates, nitrates, and silicates, were measured at both upstream and do-
wnstream sites across different seasons, as detailed in Table 2. Table 1 repre-
sents the evaluation of water quality parameters in relation to the standards for
human consumption, household activities, and agro-based applications.

Table 3 demonstrates the seasonal variation analysis of water quality para-
meters applying Duncan’s Multiple Range Test (DMRT) at a 95 % confidence
level. Table 4 represents the Water Quality Index (WQI). Temporal variation
of physiochemical properties of water is presented in (Figure 6).

The mean air temperature of the collected water samples at the upstream
and downstream sites ranged from 16.70 oC to 36.40 oC (Figure 6). In compari-
son, a range of 13 oC to 29 oC was reported previously [2], with the present stu-
dy observing higher values. Seasonal mean air temperatures for the four
seasons winter, summer, monsoon, and post-monsoon were 20.62±6.32 oC,
29.69±6.74 °C, 29.92±4.65 °C, and 22.38±3.43 °C, respectively (Table 2).

The lowest seasonal air temperature (19±1.35 °C) was recorded during
winter at point B, while the highest temperature (33.7±2.86 °C) was observed in
the monsoon season at the same location. Results from the paired t-test indica-
ted no significant differences among the seasonal air temperature values at a
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95 % confidence interval, with the exception of the comparison between the

post-monsoon and monsoon seasons (p = 0.019) (Table 3).
The mean water temperature ranged from 12.10 oC to 30.40 oC (Figure 6).

Water temperatures ranging from 11 oC to 24 oC [2] were lower than the values

observed in the present study. Similarly, water temperatures ranging from 4 oC

to 18 oC were also reported [13]. Temperature is a critical environmental factor

that directly influences various aquatic processes in ecosystems. It plays a signi-

ficant role in regulating the self-purification capacity of rivers and reservoirs,

making it a key physical parameter in aquatic ecosystems.
The seasonal mean water temperatures, along with their respective variati-

ons, for the four seasons were 15.90±4.34 °C in winter, 25.30±5.36 °C in sum-

mer, 23.85±2.33 °C in monsoon, and 17.75±2.10 °C in post-monsoon (Table

2). In the duration of summer and monsoon seasons, the observed values met

the standards set by the World Health Organization (WHO) [25], the United

States Environmental Protection Agency (USEPA) [24], and the Department

of Public Health Engineering (DPHE) [11] (Table 1). However, the seasonal

water temperatures during winter and post-monsoon periods were lower than

the standard limits. The lowest seasonal water temperature (15.17±0.91 °C)

was recorded in winter at point B, while the highest (26.23±4.59 °C) was obser-
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ved in the summer season at point A. Water temperature increased with the
lengthening of daylight hours.

Results from the paired t-test revealed significant differences among the
seasonal water temperature values at a 95 % confidence interval, with the ex-
ceptions of three contrasts (winter vs. post-monsoon, summer vs. monsoon,
and summer vs. post-monsoon). The p-values for the significant contrasts
(winter vs. monsoon, winter vs. summer, and post-monsoon vs. monsoon)
were all below 0.05 (Table 3).

The mean pH of the collected water samples ranged from 7.2 to 9.9. A pH
range of 6.3—7.99 [13] was lower than the findings of the present study. The ty-
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Fig. 6. Temporal variation of physiochemical properties of water in the Rana stream from
February 2023 to January 2024



pical pH range for surface water systems is between 6.5 and 8.5, with the opti-
mal range for irrigation and fish culture being 6.5 to 8.0 [10].

Seasonal mean pH values reflecting their variation across the four seasons
were 8.75±0.91 in winter, 8.74±0.96 in summer, 7.82±0.21 in monsoon, and
8.48±0.33 in post-monsoon (Table 2). During the monsoon and post-monsoon
seasons, the pH values met the standards set by the Department of Environ-
ment in India (DoE) [10], the Bureau of Indian Standards (BIS) [8], the USEPA
[24], the World Health Organization (WHO) [25—27], and the Department of
Public Health Engineering (DPHE) [11] (Table 1). However, during the winter
and summer seasons, pH values were above the recommended limits. The lo-
west seasonal pH was recorded in the monsoon season (7.77±0.31) at point A,
while the highest pH value of 9.03±0.06 was observed during winter at point A.

Results from the paired t-test revealed significant seasonal variation in pH
values, with exceptions noted for two contrasts (winter vs. post-monsoon and
winter vs. summer). The p-values for the significant contrasts (winter vs. mon-
soon, summer vs. monsoon, summer vs. post-monsoon, and post-monsoon vs.
monsoon) were 0.05, 0.030, 0.002, and 0.031, respectively (Table 2).

The mean total dissolved solids (TDS) in the collected water samples vari-
ed from 21 to 94 mg/L. The TDS values 102—147 mg/L from Beru stream of
Mandi district [5] were higher than those in the present study. The permissible
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Table 1
Water quality parameters in relation to the standards for human consumption,

household activities, and agro-based applications

Parameters
Guideline

value

Standard compliance across seasons and sites

W S M PM

A B A B A B A B

Water temperature (°C) 20—30b, 25d Y Y Y Y

pH 6.5—8.5abd Y Y Y Y

TDS (mg/L) 500ad, 600bc

EC (µs/cm) 1000bd, 2000c

DO (mg/L) 6b, 5c

Alkalinity (mg/L) 200a, 120c

TH (mg/L) 200a, 300c

Chlorides (mg/L) 250abcd

Phosphates (mg/L) 1.5c

Nitrates (mg/L) 45a, 50c

Note. «a», «b», «c», and «d» denote [8, 25, 26, 27, 24], respectively; and «Y» signifies that
water quality variables match the required guidelines. «W», «S», «M» and «PM» denotes
winter, summer, monsoon and post-monsoon seasons. «A» and «B» denotes upstream and
downstream sites respectively.



limits for TDS concentration in
surface water for drinking pur-
poses are 500 mg/L according to
[8, 24], and 600 mg/L as per [11,
25—27].

The seasonal mean TDS va-
lues reflecting seasonal variation
were 70.17± 15.38 mg/L in win-
ter, 67.13±13.03 mg/L in sum-
mer, 33±10.33 mg/L in monso-
on, and 45±5.42 mg/L in post-
monsoon (Table 2). All seasonal
TDS values were below the safe
limits recommended by the rele-
vant guideline agencies (Table 1).
The lowest seasonal TDS con-
centration (32.67±4.51 mg/L)
was recorded during the monso-
on at point A, while the highest
value (72.75± 16.76 mg/L) was
observed in the summer at point
A.

According to the paired
t-test, there were significant dif-
ferences among the seasonal TDS
values at a 95 % confidence inter-
val, with exceptions noted for
two contrasts (winter vs. summer
and post-monsoon vs. monso-
on). The p-values for the signifi-
cant contrasts (winter vs. monso-
on, winter vs. post-monsoon,
summer vs. monsoon, and sum-
mer vs. post-monsoon) were
0.006, 0.017, 0.005, and 0.035,
respectively (Table 3).

The mean electrical conduc-
tivity (EC) of the collected water
samples from both upstream and
downstream sites ranged from
106 to 188 µS/cm. An EC range of
78 to 287 µS/cm [12] is consistent
with the findings of the present
study. Seasonal mean EC values
reflecting seasonal variations
were 150.17± 28 µS/cm in winter,
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132±27.71 µS/cm in summer, 114.67±8.73 µS/cm in monsoon, and 132±
9.80 µS/cm in post-monsoon (Table 2). According to [11, 24, 26, 27], the maxi-
mum permissible EC limits for drinking water are 1000, 2000, and 1000 µS/cm,
respectively. All observed values were below the established safe limits set by
[10, 11, 24—27] (Table 1). The lowest seasonal EC (114± 12.17 µS/cm) was re-
corded during the monsoon at point A, while the highest seasonal EC (163.33±
10.07 µS/cm) was observed during winter at point A. The paired t-test revealed
no significant difference among seasonal EC values at a 95 % confidence inter-
val, except for the winter vs. monsoon contrast (p = 0.022) (Table 3).

The mean dissolved oxygen (DO) of the collected water samples varied
from 5.6 to 9.7 mg/L. The DO range of 8.1—8.8 mg/L [13] falls within the cur-
rent study findings. Seasonal mean DO values reflecting their variation across
the four seasons were 9.13±0.60 mg/L in winter, 7.11±0.85 mg/L in summer,
6.77±1.01 mg/L in monsoon, and 8.43±0.92 mg/L in post-monsoon (Table 2).
All DO values were above the permissible limits set by [10, 11, 24, 25—27]
(Table 1). The recommended DO concentration for drinking water is > 6 mg/L,
for recreational use is 4—5 mg/L, for fish and aquatic life is 4—6 mg/L, and for
industrial applications is ≥ 5 mg/L [10, 11, 26, 27]. The lowest seasonal DO
(5.97±0.35 mg/L) was recorded in the monsoon at point B, and the highest sea-
sonal DO (9.17±0.92 mg/L) was observed during winter at point A. The paired
t-test revealed significant differences in seasonal DO values at a 95 % confiden-
ce interval, with exceptions for four contrasts (winter vs. post-monsoon, sum-
mer vs. monsoon, summer vs. post-monsoon, and post-monsoon vs. monso-
on). The p-values for the significant contrasts (winter vs. monsoon and winter
vs. summer) were 0.003 and 0.004, respectively (Table 3).

The average alkalinity (TA) of water samples collected from the selected si-
tes varied from 16.50 to 75 mg/L. Alkalinity values between 150 and 236 mg/L
[13] were higher than those observed in the current study. According to [10],
the permissible limits for alkalinity are 200 mg/L and 120 mg/L according to
[26, 27], respectively. Seasonal mean alkalinity values reflecting seasonal varia-
tions were 51.99±17.15 mg/L in winter, 25.22±6.46 mg/L in summer, 27.50±
18.58 mg/L in monsoon, and 52.85±23.45 mg/L in post-monsoon (Table 2). All
values were below the standard limits set by [8, 10, 26, 27]. The lowest seasonal
alkalinity (21.23±3.72 mg/L) was recorded in the summer at point B, while the
highest seasonal alkalinity (72.50±3.54 mg/L) was reported in the post-monso-
on season at point B. Paired t-tests indicated a significant difference only bet-
ween the winter and summer seasons (p = 0.021).

The mean values of total hardness (TH) of the collected water samples ran-
ged from 11 to 76 mg/L (Figure 6). The TH values ranging from 30 to150 mg/L
[3] were higher than in the present study findings. According to [10] the per-
missible limits for TH are 200 mg/L and according to WHO [26, 27] the per-
missible limits for TH are 300 mg/L, respectively. Seasonal mean TH values ref-
lecting seasonal variation were 53.32±17.19 mg/L in winter, 46.70±14.46 mg/L
in summer, 20.68±8.79 mg/L in monsoon, and 30.93±4.41 mg/L in post-mon-
soon (Table 2). All values were below the standard limits set by [8, 10, 26, 27].
The lowest seasonal TH (18.33±9.45 mg/L) was documented in the monsoon at
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point A, and the highest seasonal TH (61.33±18.90 mg/L) was documented in
the winter season at point B. Paired t-tests revealed significant differences in se-
asonal TH values, with the exceptions of winter vs. post-monsoon, winter vs.
summer, and post-monsoon vs. monsoon. Significant contrasts (winter vs.
monsoon, summer vs. monsoon, and summer vs. post-monsoon) produced
the p-values of 0.008, 0.004, and 0.006, respectively (Table 3).

The mean chloride content of the sampled water varied from 11.28 to
48 mg/L (Figure 6). Chloride values between 11.28 and 48 mg/L were recorded
previously [4]. According to [10, 11, 24, 26, 27], permissible limit for chlorides
in water is 250 mg/L. Seasonal mean chloride concentrations reflecting their
seasonal variation were 23.92±3.78 mg/L in winter, 22.01±10.72 mg/L in sum-
mer, 24.17±12.30 mg/L in monsoon, and 20.68±6.31 mg/L in post-monsoon
(Table 2). All readings were below the permissible limits set by [8, 10, 11,
24—27]. The lowest seasonal chloride concentration (14.95±3.53 mg/L) was
documented in the monsoon at point B, and the highest seasonal chloride con-
centration (33.40±10.49 mg/L) was documented in the monsoon at point A.
Paired t-tests revealed no significant differences in seasonal chloride values at a
95 % confidence interval (Table 3).

The mean phosphate amount of the sampled water fluctuated from 0.01 to
0.83 mg/L (Figure 6). Phosphate concentrations spanning from 0.01 to
0.22 mg/L [16] were lower than the values observed in this study. According to
WHO [26, 27], the permissible limit for phosphates is 1.5 mg/L. Seasonal mean
phosphate concentrations reflecting seasonal variation were 0.08±0.03 mg/L in
winter, 0.18±0.21 mg/L in summer, 0.36±0.28 mg/L in monsoon, and 0.07±
0.02 mg/L in post-monsoon (Table 2). All values were below the permissible li-
mit set by [26, 27]. Lowest seasonal phosphate content (0.05±0.02 mg/L) was
recorded in the post-monsoon at point A, while the highest seasonal phosphate
concentration (0.51±0.33 mg/L) was documented in the monsoon season at
point B. Paired t-tests revealed no significant differences in phosphate concent-
rations between seasons at a 95 % confidence interval (Table 3).

The mean nitrate concentration of the sampled water spanned from 0.01
to 0.33 mg/L, which is within the range reported by [12]. According to [8, 10],
the acceptable limit for nitrates is 45 mg/L and according to WHO [26, 27] ac-
ceptable limit is 50 mg/L. Seasonal mean nitrate concentrations reflecting sea-
sonal variation were 0.12±0.10 mg/L in winter, 0.03±0.02 mg/L in summer,
0.15±0.09 mg/L in monsoon, and 0.05±0.01 mg/L in post-monsoon (Table 2).
All values were below the standard limits set by [8, 10, 26, 27]. The lowest seaso-
nal nitrate concentration (0.03±0.02 mg/L) was recorded in the summer at po-
int A, while the highest seasonal nitrate concentration (0.20±0.11 mg/L) was
documented in the monsoon season at point B. Paired t-tests indicated a signi-
ficant difference only between summer and monsoon seasons (p = 0.021) at a
95 % confidence interval (Table 3).

The mean silicate quantity of the collected samples spanned from 5.38 to
22.31 mg/L (Figure 6). Silicate content values from 0.02 to 0.22 mg/L [2] were
lower than the findings of the present study. Seasonal mean silicate concentra-
tions reflecting seasonal variation were 14.08±3.71 mg/L in winter, 15.14±
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5.48 mg/L in summer, 8.27±1.65 mg/L in monsoon, and 13.01±2.20 mg/L in
post-monsoon (Table 2). The lowest seasonal silicate concentration (7.69±
2.02 mg/L) was documented in the monsoon at point A, while the highest sea-
sonal silicate concentration (17.28±1.29 mg/L) was documented in the winter
season at point A. Paired t-tests indicated significant differences in seasonal si-
licate concentrations, with the exceptions of winter vs. post-monsoon, winter
vs. summer, summer vs. post-monsoon, and post-monsoon vs. monsoon. Sig-
nificant contrasts between winter vs. monsoon and summer vs. monsoon had
p-values of 0.029 and 0.006, respectively (Table 3).

Water Quality Index. The Water Quality Index (WQI) is a widely used qu-
antitative tool for assessing overall water quality, typically expressed on a scale
from 0 to 100. According to standard classification, WQI values between 0—25
indicate «excellent» water quality, 26—50 «good», 51—75 «poor», 76—100
«very poor» and values exceeding 100 denote water that is «unsuitable» for
consumption.

For the Rana Stream, WQI values ranged from 47.98 to 53.03, indicating a
water quality status that fluctuated between «good» and «poor» (Table 4). The
lowest water quality was recorded during the monsoon and winter seasons,
while relatively better quality was observed during the summer and post-mon-
soon periods. The decline in water quality during the monsoon is primarily at-
tributed to the influx of untreated sewage, agricultural runoff, and soil erosion,
which intensify with heavy rainfall.

Fig. 7 illustrates the major sources of pollution affecting the water quality.
Some of these sources contribute significantly to the degradation of water qua-
lity in the region. Contaminated water affects fish reproduction, growth, and
can lead to mass die-offs. Many fish species face population decline, leading to
their classification as vulnerable or endangered on the IUCN Red List. The
IUCN status of fishes in Himachal Pradesh was also discussed [6].

Correlation coefficient matrix. Table 5 presents the Pearson correlation co-
efficients (r) for all physicochemical parameters along with their respective sig-
nificance levels (p-values). Air temperature correlated significantly in positive
way with water temperature (r = 0.950** and p = <0.001) and negatively with
DO (r = -0.811** and p = <0.001) and poorly correlated with pH (r = -0.446*
and p = 0.029) and alkalinity (r = -0.478* and p = 0.018).

Water temperature correlated negatively with pH (r = -0.440* and p =
0.031), DO (r = -0.736** and p = <0.001 ) and alkalinity (r = -0.617** and p =
0.001). An inverse correlation of water temperature with pH, likely due to inc-
reased decomposition of organic matter at higher temperatures, leading to ele-
vated carbon dioxide levels and a subsequent decrease in pH [7, 14, 15, 23]. Ac-
cording to [13] pH showed positive correlation with TDS (r = 0.673** and p =
<0.001), EC (r = 0.764** and p = <0.001 ), TH (r = 0.557** and p = 0.005 ), silica-
tes (r = 0.682** and p = <0.001 ) and negative correlation with air temperature
(r = -0.446* and p = 0.029) and water temperature (r = -0.440* and p = 0.031).

Total dissolved solids correlated positively with pH (r = 0.673** and p =
<0.001), EC (r = 0.787** and p = <0.001), TH (r = 0.760** and p = <0.001), sili-
cates (r = 0.619** and p = 0.001) and negatively with phosphates (r = -0.457*
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and p = 0.025). EC had showed positive correlation with pH (r = 0.764** and
p = <0.001 ), TDS (r = 0.787** and p = <0.001), DO (r = 0.468* and p = 0.021),
TH (r = 0.528** and p = 0.008), chlorides (r = 0.418* and p = 0.042), silicates (r =
0.656** and p = <0.001), and negative correlation with phosphates (r = -0.423*
and p = 0.039). DO correlated positively with EC (r = 0.468* and p = 0.021), al-
kalinity (r = 0.485** and p = 0.016), and negative correlation with air tempera-
ture (r = -0.811** and p = <0.001), water temperature (r = -0.736** and p =
<0.001) and phosphates (r = -0.464** and p = 0.022).

Alkalinity correlated positively with DO (r = 0.485* and p = 0.016) and ne-
gative correlation with air temperature (r = -0.478* and p = 0.018) and water
temperature (r = -0.617** and p = 0.001). TH had showed positive correlation
with pH (r = 0.557** and p = 0.005), TDS (r = 0.760** and p = <0.001), EC (r =
0.528** and p = 0.008) and silicates (r = 0.513* and p = 0.010).

Chlorides correlated positively with EC (r = 0.418* and p = 0.042) and did
not demonstrate any strong inverse relationships with the rest of parameters.
Phosphates correlated directly with nitrates (r = 0.506* and p = 0.012) and ne-
gatively with TDS (r = -0.457* and p = 0.025), EC (r = -0.423* and p = 0.039),
DO (r = -0.464* and p = 0.022). Nitrates correlated positively with phosphates
(r = 0.506* and p = 0.012) and did not exhibit any prominent relationship with
other parameters. Silicates correlated positively with pH (r = 0.682** and p =
<0.001), TDS (r = 0.619** and p = 0.001), EC (r = 0.656** and p = <0.001), TH
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Table 4
Water quality Index

Parameters Sn Wi

W S M PM

Qi WiQi Qi WiQi Qi WiQi Qi WiQi

pH 8.5 0.12 102.94 11.86 102.82 11.84 92.00 10.60 99.76 11.49

TDS (mg/L) 1000 0.00 7.02 0.01 6.71 0.01 3.30 0.00 4.50 0.00

EC (�s/cm) 2000 0.00 7.51 0.00 6.60 0.00 5.73 0.00 6.60 0.00

DO (mg/L) 5 0.20 182.60 35.75 142.20 27.84 135.40 26.51 168.60 33.01

Alkalinity
(mg/L)

120 0.01 43.33 0.35 21.02 0.17 22.92 0.19 44.04 0.36

TH (mg/L) 300 0.00 17.77 0.06 15.57 0.05 6.89 0.02 10.31 0.03

Chlorides
(mg/I)

250 0.00 9.57 0.04 8.80 0.03 9.67 0.04 8.27 0.03

Phosphates
(mg/L)

1.5 0.65 5.33 3.48 12.00 7.83 24.00 15.66 4.67 3.05

Nitrates
(mg/L)

50 0.02 0.24 0.00 0.06 0.00 0.30 0.01 0.10 0.00

WQI 51.55 47.78 53.03 47.98

Note. Sn — standards for driking water [25].



(r = 0.513* and p = 0.010). The results of this study indicated that air tempera-
ture with water temperature and DO, water temperature with DO and alkalini-
ty, pH with TDS, EC, TH and silicates, TDS with EC, TH and silicates, EC with
TH and silicates, DO with alkalinity and phosphates were highly correlated.

Factor analysis. Factor analysis, a multivariate statistical technique, was
employed to identify underlying relationships among the measured physioche-
mical variables by reducing them into a smaller set of interpretable factors
(Table 6). To enhance interpretability and achieve an optimal factor structure,
a varimax rotation was applied. The analysis extracted four principal factors
with eigenvalues greater than 1.0, collectively accounting for 82.362 % of the
total variance. Specifically, Factor 1 explained 41.007 % of the variance, follo-
wed by Factor 2 (19.679 %), Factor 3 (11.714 %), and Factor 4 (9.962 %). Factor
1 exhibited strong positive loadings for total dissolved solids (TDS), pH, elect-
rical conductivity (EC), silicates, and total hardness (TH), indicating a strong
positive correlation among these parameters. No significant negative loadings
were observed for this factor. Factor 2 showed high positive loadings for dissol-
ved oxygen (DO) and alkalinity, while air and water temperature exhibited ne-
gative loadings. This suggests that increases in DO and alkalinity are inversely
related to temperature fluctuations. Factor 3 was characterized by high positive
loadings for nitrates and phosphates, indicating a shared source or similar be-
haviour in the aquatic environment. Chlorides displayed a strong positive loa-
ding on Factor 4, suggesting a distinct and independent contribution to water
quality variability.
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Fig. 7. Different sources of water pollution
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Cluster analysis. Cluster analysis was performed on the normalized dataset

using Ward’s method, with squared Euclidean distance employed as the simila-

rity measure (Figure 8). In this method, proximity between clusters is defined

by the increase in the total within-cluster sum of squares (squared error). Hie-

rarchical cluster analysis (HCA) was applied to evaluate the temporal similarity

among the 12 sampling months across the four seasons.
The resulting dendrogram, constructed using Ward’s linkage method, re-

vealed three statistically distinct clusters. The first cluster comprised the

months of September, October, November, December, and January, corres-

ponding to the late monsoon, post-monsoon, and early winter periods. These

months were characterized by moderate to high concentrations of several phy-

siochemical parameters, likely due to the dilution and flushing effects follo-

wing monsoon rainfall.
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Table 6
Factor analysis of physicochemical parameters using Varimax rotation

Parameter
Factor loading

Factor 1 Factor 2 Factor 3 Factor 4

TDS 0.868 0.022 -0.332 0.046

pH 0.863 0.195 0.127 0.22

EC 0.82 0.25 -0.098 0.288

Silicates 0.809 0.024 -0.137 0.042

TH 0.778 0.154 -0.176 -0.201

Water temp. -0.213 -0.931 -0.097 -0.104

Air temp. -0.199 -0.891 0.047 -0.282

DO 0.164 0.812 -0.359 0.24

Alkalinity -0.041 0.788 0.028 -0.448

Nitrates -0.111 0.118 0.857 -0.138

Phosphates -0.225 -0.244 0.809 0.048

Chlorides 0.124 0.185 -0.09 0.905

Initial eigenvalue 4.921 2.362 1.406 1.195

Variance explained by each other (%) 41.007 19.679 11.714 9.962

Cumulative variance (%) 41.007 60.686 72.4 82.362

N o t e. The extraction method used was Principal Component Analysis, and the rotation
technique applied was Varimax with Kaiser Normalization. The values in bold highlight
the maximum correlations with the corresponding component, helping to identify ele-
ments/parameters with similar behavior, their sources, and the interrelationships (positive
or negative) within each component.



The second cluster included May, June, July, and August, which fall within
the late summer and monsoon seasons. These months exhibited low to mode-
rate concentrations of most parameters, which can be attributed to enhanced
dilution and runoff caused by increased rainfall and streamflow during the
monsoon.

The third cluster encompassed February, March, and April, representing
the late winter and early summer seasons. These months showed relatively hig-
her concentrations for more than half of the measured parameters, likely due to
reduced water flow and minimal dilution effects. Overall, the analysis indicates
that water quality parameters are strongly influenced by seasonal hydrological
variations, with higher concentrations generally observed during low-flow pe-
riods, and lower concentrations during the high-flow monsoon season.

Conclusion

This study investigated seasonal variations in water quality to assess the ex-
tent of pollution in the Rana Stream. Multivariate statistical techniques, inclu-
ding Pearson’s correlation, factor analysis, cluster analysis and WQI were emp-
loyed to examine the seasonal variations in stream water quality. Physiochemi-
cal parameters exhibited notable seasonal fluctuations, with the highest values
for most parameters recorded during the winter season, followed by monsoon,
summer, and post-monsoon. Specifically, dissolved oxygen, electrical conduc-
tivity, pH, total hardness, and silicates reached their highest concentrations du-
ring winter. Cluster analysis further revealed that winter and summer months
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Fig. 8. Dendrogram using hierarchical clustering of sampling months of water sampling



generally exhibited higher concentrations of more than half of the measured
parameters compared to other seasons. In contrast, monsoon months were
characterized by higher dilution effects, resulting in lower concentrations for
most parameters, while moderate concentrations were observed during the
post-monsoon season. The analytical results revealed that, among all measured
parameters, only water temperature and pH consistently fell within the permis-
sible limits set by various regulatory agencies, whereas the remaining parame-
ters didn’t meet the standard in at least one season.

The Duncan’s Multiple Range Test (DMRT) revealed significant contrasts
for pH, total dissolved solids, water temperature, total hardness, and dissolved
oxygen at a 95 % confidence interval. Notably, pH and TDS exhibited the hig-
hest levels of variation, followed by water temperature, total hardness, and dis-
solved oxygen. These findings suggest that these parameters are particularly
sensitive to seasonal changes, directly influencing water quality. Based on the
Water Quality Index (WQI) values i.e. 47.98 to 53.03, indicating water quality
fluctuated between «good» and «poor». The seasonal variation in water quality,
particularly during the monsoon, is largely attributed to the mixing of sewage,
agricultural runoff, and eroded soil with the stream water, leading to the poo-
rest water quality in this period, followed by winter, post-monsoon and sum-
mer.

To protect water quality and reduce pollution in the stream, comprehensi-
ve and sustainable management strategies are essential. These include the pro-
per treatment and disposal of domestic and industrial wastewater, regulation
of agricultural runoff through eco-friendly practices, and afforestation to mini-
mize soil erosion. Regular monitoring of water quality parameters and public
awareness campaigns are also critical to promoting responsible water use. Imp-
lementing these measures will help preserve the ecological integrity of the stre-
am and ensure its suitability for various uses, including irrigation, aquatic life,
and recreational activities.
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SEASONAL DYNAMICS OF WATER QUALITY IN A TRIBUTARY OF THE BEAS
RIVER (WESTERN HIMALAYAS, INDIA)

This study examines how physiochemical water parameters fluctuate seasonally in a
tributary of the Beas River in Himachal Pradesh (the Western Himalayas), with the goal of
assessing the degree of water quality deterioration and pinpointing pollution sources. Wa-
ter samples were collected across four distinct seasons and analyzed using standard proto-
cols for air and water temperature, pH, dissolved oxygen, electrical conductivity, total dis-
solved solids, total alkalinity, total hardness, chloride, phosphate, nitrate, and silicate. The
findings reveal that only water temperature and pH consistently met agency-recommen-
ded guidelines; all other parameters exceeded acceptable limits in every season. Duncan’s
Multiple Range Test (DMRT) (95% confidence) confirmed statistically significant seasonal
variation in these physiochemical indicators. Further, Varimax-rotated factor analysis and
cluster analysis identified clear seasonal shifts, linking fluctuations primarily to rainfall,
landslides, and human activities. Seasonal trends showed peak concentrations during win-
ter followed by monsoon, summer, and post monsoon. Water Quality Index (WQI) asses-
sments indicated the monsoon season exhibited the poorest water quality, driven largely by
sewage inflow, agricultural runoff, and soil erosion, with subsequent declines in winter,
post monsoon, and summer.
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