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âèäàìè) ñóòòºâî âïëèâàþòü íà âèäîâèé ñêëàä òà ê³ëüê³ñí³ õàðàêòåðèñòèêè ðîç-
âèòêó ëîêàëüíèõ âîäîðîñòåâèõ óãðóïîâàíü, ÿê³ óñ³ çàãàëîì ìîæíà ðîçãëÿäàòè ÿê îäíå
ìåòàóãðóïîâàííÿ. Âèÿâëåíî ïîòåíö³éí³ øëÿõè îáì³íó âèäàìè â ìåæàõ ìåòàóãðóïî-
âàííÿ: ïî âåðòèêàë³, â ãîðèçîíòàëüí³é ïëîùèí³ òà â òðèâèì³ðíîìó ïðîñòîð³. Çíà÷-
íèé ð³âåíü ïîä³áíîñò³ êîíòóðíèõ óãðóïîâàíü «³çîëüîâàíî¿» âîäîéìè é ³íøèõ ëî-
êàë³òåò³â ó ë³òí³é ñåçîí 2023 ð. áóâ çóìîâëåíèé àíîìàëüíî âèñîêèì ð³âíåì âîäè íà-
âåñí³, ÿêèé ïðèçâ³â äî òèì÷àñîâîãî ã³äðîëîã³÷íîãî çâ’ÿçêó ì³æ âîäîéìîþ ³ ðóñëîâîþ
ä³ëÿíêîþ âîäîñõîâèùà òà, â³äïîâ³äíî, äî îáì³íó âèäàìè ì³æ äîñë³äæóâàíèìè ëîêàëü-
íèìè óãðóïîâàííÿìè. Ïîêàçàíî, ùî îñíîâíèìè òèïàìè ïðîñòîðîâî¿ äèíàì³êè êîí-
òóðíèõ âîäîðîñòåâèõ óãðóïîâàíü ó ëîêàë³òåòàõ, ÿê³ äîñë³äæóâàëèñü, º ñîðòóâàííÿ
âèä³â òà ìàñ-åôåêò, ìåíø ñóòòºâà ðîëü íàëåæèòü äèíàì³ö³ ïàò÷³â.

Êëþ÷îâ³ ñëîâà: ì³êðîô³òîáåíòîñ, ô³òîåï³ô³òîí, ïðîñòîðîâà äèíàì³êà, ìåòà-
óãðóïîâàííÿ, ìàñ-åôåêò, ñîðòóâàííÿ âèä³â, äèíàì³êà ïàò÷³â.

Àêòóàëüíèì ïèòàííÿì ã³äðîá³îëîã³¿ º âèâ÷åííÿ ïðîñòîðîâîãî ðîç-
ïîä³ëó âîäîðîñòåâèõ óãðóïîâàíü — îñíîâíèõ ïåðâèííèõ ïðîäóöåíò³â òà
âàæëèâèõ êîìïîíåíò³â á³îð³çíîìàí³òòÿ âîäíèõ åêîñèñòåì. Îñîáëèâèé
³íòåðåñ ñòàíîâèòü àíàë³ç ïðîñòîðîâî¿ äèíàì³êè âîäîðîñòåé ó ð³âíèííèõ
ð³÷êàõ, ùî ÿâëÿþòü ñîáîþ ñèñòåìó âîäíèõ îá’ºêò³â ç ð³çíèì ñòóïåíåì ñïî-
ëó÷åíîñò³ òà, â³äïîâ³äíî, ð³çíèìè ìîæëèâîñòÿìè îáì³íó ðå÷îâèíàìè òà
æèâèìè îðãàí³çìàìè [17]. Ó òàêèõ ñèñòåìàõ çäàòí³ñòü âèä³â äî ðîçñåëåí-
íÿ ³ êîëîí³çàö³¿ ïîâ’ÿçàíà ãîëîâíèì ÷èíîì ç êîëèâàííÿìè ð³âíÿ âîäè, ÿê³
çóìîâëþþòü ç’ºäíàííÿ ÷è ³çîëÿö³þ îñíîâíîãî ðóñëà ð³÷êè òà çàïëàâíèõ
âîäîéì. Ó öüîìó êîíòåêñò³ ñòðóêòóðà âîäîðîñòåâèõ óãðóïîâàíü º ðåçóëü-
òàòîì âïëèâó íå ò³ëüêè ëîêàëüíèõ ÷èííèê³â, àëå é ³íøèõ ïðîöåñ³â, ÿê³
â³äáóâàþòüñÿ â ðåã³îíàëüíîìó ìàñøòàá³, à ñàìå ðîçñåëåííÿ âèä³â [14, 17].

Ñó÷àñíèì òåîðåòè÷íèì ï³ä´ðóíòÿì äîñë³äæåííÿ ïðîñòîðîâî¿ äèíà-
ì³êè ã³äðîá³îíò³â º òåîð³ÿ ìåòàóãðóïîâàíü. Ìåòàóãðóïîâàííÿ — öå íàá³ð
ëîêàëüíèõ óãðóïîâàíü, ÿê³ ïîâ’ÿçàí³ ì³æ ñîáîþ øëÿõîì ðîçñåëåííÿ ðÿäó
ïîòåíö³éíî âçàºìîä³þ÷èõ âèä³â [28]. Ó êîíòåêñò³ òåîð³¿ ìåòàóãðóïîâàíü
óñ³ ïðîöåñè ðîçãëÿäàþòüñÿ â äâîõ ð³çíèõ ïðîñòîðîâèõ ìàñøòàáàõ: ëîêàëü-
íîìó (ìàñøòàá³ ëîêàë³òåòó àáî ïàò÷ó3) òà ðåã³îíàëüíîìó (ìàñøòàá³ ðåã³î-
íó4). Êîæíîìó ç öèõ ïðîñòîðîâèõ ìàñøòàá³â â³äïîâ³äàº ñâ³é ð³âåíü ³íòåã-
ðàö³¿ óãðóïîâàíü: ëîêàë³òåòó â³äïîâ³äàº ëîêàëüíå óãðóïîâàííÿ, à ðåã³îíó —
ìåòàóãðóïîâàííÿ.

Â³äïîâ³äíî äî òåîð³¿ ìåòàóãðóïîâàíü ³ñíóº ÷îòèðè îñíîâí³ ïàðàäèãìè
(ìîäåë³) ïðîñòîðîâî¿ äèíàì³êè [28].

Äèíàì³êà ïàò÷³â. Óñ³ ïàò÷³ º ³äåíòè÷íèìè ³ êîæåí ç íèõ ìîæå ì³ñòèòè
ïîïóëÿö³¿ âèä³â. Ïàò÷³ ìîæóòü áóòè çàéíÿò³ àáî íåçàéíÿò³. Ëîêàëüíå ð³ç-
íîìàí³òòÿ âèä³â îáìåæóºòüñÿ ðîçñåëåííÿì. Ó ïðîñòîðîâ³é äèíàì³ö³ äî-
ì³íóº ëîêàëüíå âèìèðàííÿ òà êîëîí³çàö³ÿ.
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3 Ìè âèêîðèñòîâóºìî òåðì³í «ëîêàë³òåò» ó çíà÷åíí³, â ÿêîìó â³í òðàêòóºòüñÿ â
ðîáîò³ [28], òîáòî «äèñêðåòíà ïëîùà ì³ñöå³ñíóâàííÿ, ÿêà ìîæå ì³ñòèòè ëîêàëüíå óã-
ðóïîâàííÿ». Ó öèòîâàí³é ïóáë³êàö³¿ òåðì³íè «ëîêàë³òåò» ³ «ïàò÷» ââàæàþòüñÿ ñè-
íîí³ìàìè.

4 Ðåã³îí — öå âåëèêà ïëîùà ì³ñöå³ñíóâàííÿ, ÿêà âêëþ÷àº äåê³ëüêà ëîêàë³òåò³â ³
ìîæå ì³ñòèòè ìåòàóãðóïîâàííÿ [28].



Ñîðòóâàííÿ âèä³â. Âèäè çàéìàþòü íàéá³ëüø ñïðèÿòëèâ³ äëÿ íèõ ëî-
êàë³òåòè çàëåæíî â³ä åêîëîã³÷íî¿ òîëåðàíòíîñò³ òà âçàºìîä³¿ ç ³íøèìè âè-
äàìè.

Ìàñ-åôåêò. Íà äèíàì³êó ëîêàëüíèõ ïîïóëÿö³é âïëèâàº ³ìì³ãðàö³ÿ òà
åì³ãðàö³ÿ. Ó òàêèõ ñèñòåìàõ âèäè ìîæóòü óíèêíóòè ëîêàëüíîãî êîíêóðåí-
òíîãî âèìèðàííÿ â óãðóïîâàííÿõ, äå âîíè º «ñëàáêèìè êîíêóðåíòàìè»
øëÿõîì ³ìì³ãðàö³¿ ç óãðóïîâàíü, äå âîíè º «ñèëüíèìè êîíêóðåíòàìè».

Íåéòðàëüíà ïàðàäèãìà. Çã³äíî ç ö³ºþ ìîäåëëþ âñ³ âèäè ìàþòü ïî-
ä³áíó êîíêóðåíòíó ñïðîìîæí³ñòü, çäàòí³ñòü äî ðîçñåëåííÿ òà ïðèñòîñî-
âàí³ñòü äî óìîâ ³ñíóâàííÿ. Âçàºìîä³ÿ ì³æ âèäàìè â³äáóâàºòüñÿ ó ôîðì³
âèïàäêîâèõ ïåðåì³ùåíü æèâèõ îðãàí³çì³â ì³æ óãðóïîâàííÿìè, ÿê³ çì³-
íþþòü â³äíîñíó ÷àñòîòó òðàïëÿííÿ ð³çíèõ âèä³â. Äèíàì³êà âèäîâîãî ð³ç-
íîìàí³òòÿ âèçíà÷àºòüñÿ ÿê ³ìîâ³ðí³ñòþ âòðàòè âèä³â (âèìèðàííÿ, åì³-
ãðàö³ÿ), òàê ³ ïîÿâè íîâèõ âèä³â (³ìì³ãðàö³ÿ).

Ë³òåðàòóðíèé ïîøóê ïîêàçàâ, ùî äîñë³äæåííÿ îáì³íó âèäàìè ì³æ âî-
äîðîñòåâèìè óãðóïîâàííÿìè ó âîäíèõ îá’ºêòàõ ç ð³çíèì ñòóïåíåì ñïîëó-
÷åíîñò³ ïðîâîäèëèñü äëÿ ô³òîïëàíêòîíó ð³÷îê Äóíàé [11, 14, 30], Â³ñëà
[16, 18], Çàõ³äíèé Áóã [47], Äåñíà [38], Áºáæà (Ïîëüùà) [20], Áóðå (Âåëèêà
Áðèòàí³ÿ) [31], âîäîòîê³â Ï³âäåííî¿ Àìåðèêè [12, 17] òîùî. Äëÿ êîíòóð-
íèõ óãðóïîâàíü âîäîðîñòåé òàê³ ðîáîòè âèêîíóâàëèñü, çîêðåìà, íà ð³÷êàõ
òà âîäîñõîâèùàõ Ï³âäåííî¿ Àìåðèêè [8, 46], ð³÷êàõ Ôðàíö³¿ [13, 36], Áîë-
ãàð³¿ [35], ÑØÀ [34], ð³÷êàõ ³ îçåðàõ Ô³íëÿíä³¿ [42, 45], âîäíî-áîëîòíèõ
óã³ääÿõ Í³äåðëàíä³â [19] ³ ×åõ³¿ [15] òà ³í.

Ïîêàçàíî [8], ùî êîíòóðí³ óãðóïîâàííÿ âîäîðîñòåé º ðåïðåçåíòàòèâ-
íèìè ìîäåëÿìè äëÿ ïåðåâ³ðêè ã³ïîòåç, ïîâ’ÿçàíèõ ç ð³çíèìè ïàðàäèãìà-
ìè ïðîñòîðîâî¿ äèíàì³êè, îñê³ëüêè âîíè êîëîí³çóþòü áóäü-ÿêèé òèï çà-
íóðåíèõ ñóáñòðàò³â, õàðàêòåðèçóþòüñÿ ð³çíèìè á³îëîã³÷íèìè âëàñòèâî-
ñòÿìè, ðîçì³ðàìè òà ì³öí³ñòþ ïðèêð³ïëåííÿ äî ñóáñòðàòó.

Êîíòóðí³ âîäîðîñòåâ³ óãðóïîâàííÿ (ì³êðîô³òîáåíòîñ, ô³òîåï³ô³òîí)
ð³÷êîâî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà çíàéøëè â³äîáðàæåííÿ â ðî-
áîòàõ [5, 7, 24, 25, 26, 32, 33, 37, 39, 40, 41, 44]. Ïðîòå ó íèõ ïðîñòîðîâà äè-
íàì³êà âîäîðîñòåé ðîçãëÿäàºòüñÿ ïîçà êîíòåêñòîì òåîð³¿ ìåòàóãðóïîâàíü.
Çîêðåìà, ïðè àíàë³ç³ ÷èííèê³â, ÿê³ âèçíà÷àþòü ñòðóêòóðó ëîêàëüíèõ óãðó-
ïîâàíü, îñíîâíó óâàãó ïðèä³ëåíî äåòåðì³í³ñòè÷íèì (ëîêàëüíèì) ÷èííè-
êàì, à ñàìå, àá³îòè÷íèì (òèï ì³ëêîâîäü [44], ã³äðîäèíàì³÷íèé ðåæèì
[41]) òà á³îòè÷íèì (åêîëîã³÷íà ãðóïà ðîñëèí-ñóáñòðàò³â [24]). Âîäíî÷àñ
ñòîõàñòè÷í³ (ðåã³îíàëüí³) ÷èííèêè, òîáòî ïðîöåñè ðîçñåëåííÿ âèä³â òà
îáì³íó âèäàìè ì³æ óãðóïîâàííÿìè, çàëèøàþòüñÿ ïðàêòè÷íî íå âèâ÷åíè-
ìè. Êð³ì òîãî, íå÷èñëåííèìè º ðîáîòè, äå ðîçãëÿäàºòüñÿ îáì³í âèäàìè â
òðèâèì³ðíîìó ïðîñòîð³, òîáòî ì³æ âîäîðîñòåâèìè óãðóïîâàííÿìè ð³ç-
íèõ åêîëîã³÷íèõ ãðóï [5, 6, 48].

Ç îãëÿäó íà öå, ïîñòàº íåîáõ³äí³ñòü ó ïîãëèáëåíîìó àíàë³ç³ ïðîñòîðî-
âî¿ äèíàì³êè êîíòóðíèõ âîäîðîñòåâèõ óãðóïîâàíü Êàí³âñüêîãî âîäîñõî-
âèùà â àñïåêò³ òåîð³¿ ìåòàóãðóïîâàíü.

Ìåòà ðîáîòè — âñòàíîâèòè çàêîíîì³ðíîñò³ ïðîñòîðîâî¿ äèíàì³êè ëî-
êàëüíèõ êîíòóðíèõ óãðóïîâàíü âîäîðîñòåé (ì³êðîô³òîáåíòîñ, ô³òîåï³ô³-
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òîí) íà ä³ëÿíêàõ ç ëåíòè÷íèìè ³ ëîòè÷íèìè óìîâàìè òà ð³çíèì ñòóïåíåì
ñïîëó÷åíîñò³ â ìåæàõ âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâîäèëè íà Êàí³âñüêîìó âîäîñõîâèù³ â ë³òí³é ñåçîí
(÷åðâåíü) 2023 ð. òà îõîïëþâàëè ëîêàë³òåòè, ÿê³ õàðàêòåðèçóþòüñÿ ð³çíèì
ñòóïåíåì ñïîëó÷åíîñò³ (ðèñ. 1, òàáë. 1). Ñë³ä ï³äêðåñëèòè, ùî â 2023 ð.
âíàñë³äîê âåäåííÿ âîºííèõ ä³é áóëî ïîðóøåíî óñòàëåíèé ã³äðîëîã³÷íèé
ðåæèì Êàí³âñüêîãî âîäîñõîâèùà. Çà äàíèìè Öåíòðàëüíî¿ ãåîô³çè÷íî¿
îáñåðâàòîð³¿ (ÖÃÎ) [3] ð³âåíü âîäè íà ã³äðîëîã³÷íîìó ïîñòó Êè¿â
17.04.2023 ð. íà 8 ãîäèíó ðàíêó ñêëàäàâ 657 ñì, 17.05.2023 ð. — 583 ñì. Çà
òàêèõ âèñîêèõ ïîêàçíèê³â ð³âíÿ âîäè óñ³ ëîêàë³òåòè, ùî äîñë³äæóâàëèñü,
áóëè ã³äðîëîã³÷íî ïîâ’ÿçàí³. Òàê, «³çîëüîâàíà» âîäîéìà ó êâ³òí³-òðàâí³
2023 ð. ìàëà ã³äðîëîã³÷íå ñïîëó÷åííÿ ç îñíîâíèì ðóñëîì Êàí³âñüêîãî âî-
äîñõîâèùà.

Ó ÷åðâí³, êîëè ã³äðîëîã³÷íèé ðåæèì ñòàá³ë³çóâàâñÿ, ð³âåíü âîäè çíè-
çèâñÿ ìàéæå íà 1,0—1,9 ì ïîð³âíÿíî ç âåñíÿíèìè ñïîñòåðåæåííÿìè. Çà
äàíèìè ÖÃÎ 07—08 ÷åðâíÿ 2023 ð. ð³âåíü âîäè ñòàíîâèâ âæå 471—474 ñì
[3]. Ó ðåçóëüòàò³ «³çîëüîâàíà» âîäîéìà âòðàòèëà ã³äðîëîã³÷íèé çâ’ÿçîê ç
îñíîâíèì ðóñëîì («â³äøíóðóâàëàñü»). Ö³êàâî, ùî â ë³òí³é ñåçîí ¿¿ âîäíå
äçåðêàëî ìàéæå ïîâí³ñòþ çàðîñëî ãëå÷èêàìè æîâòèìè ç ïðîåêòèâíèì
ïîêðèòòÿì áëèçüêî 100 %, òà â í³é ñïîñòåð³ãàâñÿ âèðàæåíèé êèñíåâèé
äåô³öèò (äèâ. òàáë. 1).

Ïðîáè ì³êðîô³òîáåíòîñó â³äáèðàëè ì³êðîáåíòîìåòðîì ÌÁ-Òª â
òðüîõ ïîâòîðåííÿõ ó çàòîö³ Ñîáà÷å Ãèðëî (ñò. 3) ³ íà ðóñëîâ³é ä³ëÿíö³
Êàí³âñüêîãî âîäîñõîâèùà â ðàéîí³ ïàðêó «Íàòàëêà» (ñò. 5) òà ô³êñóâàëè
40 % ðîç÷èíîì ôîðìàëüäåã³äó ç ðîçðàõóíêó 1 : 10 [4].

Ïðîáè ô³òîåï³ô³òîíó â³äáèðàëè ç äîì³íóþ÷èõ âèä³â âèùèõ âîäíèõ
ðîñëèí: Typha angustifolia, Sparganium emersum, Nuphar lutea â óñ³õ ëî-
êàë³òåòàõ, çàçíà÷åíèõ ó òàáëèö³ 1. Ôðàãìåíòè âèùèõ âîäíèõ ðîñëèí (ÂÂÐ)
äîâæèíîþ 5—8 ñì çð³çàëè ï³ä âîäîþ, ïîì³ùàëè â ñêëÿíêè îá’ºìîì
100 ñì3 ³ çàëèâàëè äèñòèëüîâàíîþ âîäîþ. Ó ëàáîðàòîð³¿ ç ðîñëèí ç÷èùàëè
îáðîñòàííÿ é ô³êñóâàëè 40 % ðîç÷èíîì ôîðìàëüäåã³äó ç ðîçðàõóíêó 1 : 10
[1, 5].

Êàìåðàëüíó îáðîáêó ïðîá âîäîðîñòåé ïðîâîäèëè â êàìåð³ Íàæîòòà
(îá’ºìîì 0,02 ñì3) ï³ä ñâ³òëîâèìè ì³êðîñêîïàìè Carl Zeiss (Jena),
ÌÁÁ-1À, Axio Imager A1 ç îêóëÿðàìè 7�, 15� îá’ºêòèâàìè 20�, 40�, 90�

(³ìåðñ³éíèé) [1, 4]. Äëÿ âèçíà÷åííÿ ä³àòîìîâèõ âîäîðîñòåé âèãîòîâëÿëè
ïîñò³éí³ ïðåïàðàòè [2], âèêîðèñòîâóþ÷è ñèíòåòè÷íó ä³àòîìîâó ñìîëó Na-
phrax ô³ðìè «Brunel Microscopes LTD» (Âåëèêà Áðèòàí³ÿ) ç ³íäåêñîì çà-
ëîìëåííÿ ñâ³òëà 1,74.

Òàêñîíîì³÷íó íîìåíêëàòóðó âîäîðîñòåé íàâåäåíî â³äïîâ³äíî äî Al-
gaeBase ñòàíîì íà ñåðïåíü 2023 ð. [21].

Ê³ëüê³ñí³ ïîêàçíèêè âîäîðîñòåé (÷èñåëüí³ñòü, á³îìàñó) ðîçðàõîâóâà-
ëè çàãàëüíîïðèéíÿòèìè ìåòîäàìè [1, 4].

6

Æîðîâà À.Â., Ãðèãîð’ºâà Ã.ª., Ñåìåíþê Í.ª., Äàâèäîâ Î.À., Êîç³é÷óê Å.Ø.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(2)



Äëÿ êëàñòåðíîãî àíàë³çó ëîêàëüíèõ óãðóïîâàíü ì³êðîô³òîáåíòîñó òà
ô³òîåï³ô³òîíó âèêîðèñòîâóâàëè ³íäåêñ Ñåðåíñåíà (Sor) [23, 43] òà ³íäåêñ
Áðåÿ-Êåðò³ñà (BC) [29] çà á³îìàñîþ (òàáë. 2). Äåíäðîãðàìè ïîáóäîâàíî çà
àëãîðèòìîì «íàéáëèæ÷îãî ñóñ³äà» [27].

Ç òî÷êè çîðó òåîð³¿ ìåòàóãðóïîâàíü, âàæëèâèì º ïîãëèáëåíèé àíàë³ç
ïðîöåñ³â, ÿê³ ëåæàòü â îñíîâ³ áåòà-ð³çíîìàí³òòÿ, òîáòî ïîä³áíîñò³ / â³ä-
ì³ííîñò³ ì³æ ëîêàëüíèìè óãðóïîâàííÿìè. Â³äîìî [9, 10, 22], ùî âñ³ ìîæ-
ëèâ³ ñèòóàö³¿, çà ÿêèõ ïîð³âíþâàí³ óãðóïîâàííÿ íå º ³äåíòè÷íèìè, º ðåçó-
ëüòàòîì ïîºäíàííÿ äâîõ ð³çíèõ ïðîöåñ³â:

1. Îá³ã âèä³â (species turnover) — öå çàì³ùåííÿ îäíèõ âèä³â ³íøèìè ÿê
íàñë³äîê ñîðòóâàííÿ âèä³â ÷è ä³¿ ÿêèõîñü ³ñòîðè÷íèõ ÷è ïðîñòîðîâèõ
÷èííèê³â.

2. Âêëàäåí³ñòü âèäîâî¿ ñòðóêòóðè (nestedness) — ñèòóàö³ÿ, êîëè ëî-
êàëüí³ óãðóïîâàííÿ ç ìåíøîþ ê³ëüê³ñòþ âèä³â º ï³äìíîæèíàìè ëîêà-
ë³òåò³â ç á³ëüøîþ ê³ëüê³ñòþ âèä³â, òîáòî â³äîáðàæàºòüñÿ íåâèïàäêîâèé
ïðîöåñ âòðàòè âèä³â5 ó çâ’ÿçêó ç áóäü-ÿêèìè ÷èííèêàìè. Ó òàêèõ âèïàäêàõ
øèðîêî ïîøèðåí³ âèäè òðàïëÿþòüñÿ â óñ³õ óãðóïîâàííÿõ, à ð³äê³ñí³ âèäè
— ò³ëüêè â óãðóïîâàííÿõ ç á³ëüøèì ÷èñëîì âèä³â. Òàêà çàêîíîì³ðí³ñòü
ìîæå áóòè íàñë³äêîì äèíàì³êè ïàò÷³â, îñê³ëüêè øâèäê³ñòü ðîçñåëåííÿ
ìîæå áóòè çàíàäòî ïîâ³ëüíîþ, àáè êîìïåíñóâàòè ëîêàëüíå âèìèðàííÿ
âèä³â.

Äëÿ òîãî, ùîá îö³íèòè ðîëü äâîõ çàçíà÷åíèõ ïðîöåñ³â ó ïðîñòîðîâ³é
äèíàì³ö³ ëîêàëüíèõ óãðóïîâàíü âîäîðîñòåé, áóëî âèêîðèñòàíî ³íäåêñè
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Ðèñ. 1. Êàðòà-ñõåìà äîñë³äæóâàíèõ ëîòè÷íèõ ³ ëåíòè÷íèõ ä³ëÿíîê Êàí³âñüêîãî âîäî-
ñõîâèùà: 1—5 — ñòàíö³¿ â³äáîðó ïðîá (ëîêàë³òåòè)

5 Òåðì³í «âòðàòà âèä³â» âèêîðèñòîâóºòüñÿ ëèøå äëÿ òîãî, àáè ïîêàçàòè, ùî äåÿê³
âèäè â³äñóòí³ ó äåÿêèõ ëîêàë³òåòàõ, íåçàëåæíî â³ä òîãî, ÿêèé ìåõàí³çì ëåæèòü â
îñíîâ³ öüîãî ïðîöåñó [10].
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â³äì³ííîñò³ áåòà-Ñåðåíñåíà (�Sor), áåòà-Ñ³ìïñîíà (�Sim) òà ³íäåêñ âêëàäå-
íîñò³ (�nes) [10] (äèâ. òàáë. 2).

²íäåêñè â³äì³ííîñò³ �Sor òà �Sim ôàêòè÷íî äçåðêàëüíî â³äîáðàæàþòü
³íäåêñè ïîä³áíîñò³ Ñåðåíñåíà (Sor) òà Ñ³ìïñîíà (Sim) â³äïîâ³äíî. Ñë³ä
ï³äêðåñëèòè, ùî �Sor — öå ³íòåãðàëüíèé ïîêàçíèê, ÿêèé âêëþ÷àº îáèäâà
àñïåêòè áåòà-ð³çíîìàí³òòÿ: ÿê îá³ã âèä³â, òàê ³ âêëàäåí³ñòü âèäîâî¿ ñòðóê-
òóðè. Ó ñâîþ ÷åðãó, �Sim â³äîáðàæàº ì³ðó îá³ãó âèä³â. Ð³çíèöÿ ì³æ ³íäåêñà-
ìè �Sor ³ �Sim áóäå ì³ðîþ êîìïîíåíòó âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè (�nes)
(äèâ. òàáë. 2). Ñóìà ³íäåêñó ïîä³áíîñò³ Ñåðåíñåíà (Sor), ³íäåêñó â³äì³í-
íîñò³ Ñ³ìïñîíà (�Sim) òà ³íäåêñó âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè (�nes) äî-
ð³âíþº îäèíèö³.

Ïðè ïîð³âíÿíí³ óãðóïîâàíü ç îäíàêîâîþ ê³ëüê³ñòþ âèä³â �Sim áóäå
çàâæäè äîð³âíþâàòè ³íäåêñó �Sor, à ³íäåêñ âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè
(�nes) çàâæäè äîð³âíþâàòèìå íóëþ, îñê³ëüêè âñ³ âèäè, íå îäíàêîâ³ äëÿ äâîõ
óãðóïîâàíü, â òàêîìó âèïàäêó «çàì³ùóþòüñÿ».

Óñ³ âèùåçàçíà÷åí³ ³íäåêñè ðîçðàõîâóþòüñÿ äëÿ ïàðè ëîêàëüíèõ óãðó-
ïîâàíü. Äëÿ îäíî÷àñíîãî ïîð³âíÿííÿ äåê³ëüêîõ ëîêàëüíèõ óãðóïîâàíü
ðîçðàõîâóâàëè ìíîæèíí³ ³íäåêñè ïîä³áíîñò³ òà â³äì³ííîñò³: SOR, �SOR,
�SIM òà �NES [10] (äèâ. òàáë. 2).

×àñòîòó òðàïëÿííÿ âèä³â (%) îö³íþâàëè ÿê â³äíîøåííÿ ê³ëüêîñò³ ëî-
êàë³òåò³â, ó ÿêèõ äàíèé âèä çóñòð³÷àâñÿ, äî çàãàëüíî¿ ê³ëüêîñò³ ëîêàë³òåò³â,
ùî äîñë³äæóâàëèñü.

Ó ðîáîò³ çàñòîñîâàíî ï³äõ³ä äî àíàë³çó ìåòàóãðóïîâàíü âîäîðîñòåé ó
òðèâèì³ðíîìó ïðîñòîð³, äåòàëüíî îïèñàíèé ðàí³øå [6].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Çàãàëüíà õàðàêòåðèñòèêà êîíòóðíèõ óãðóïîâàíü. Ó ïåð³îä äîñë³ä-
æåíü ó êîíòóðíèõ óãðóïîâàííÿõ âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõî-
âèùà âèÿâëåíî 202 âèäè òà âíóòð³øíüîâèäîâ³ òàêñîíè âîäîðîñòåé
âêëþ÷íî ç íîìåíêëàòóðíèì òèïîì âèäó (ââò), ÿê³ â³äíîñÿòüñÿ äî 81 ðîäó,
51 ðîäèíè, 33 ïîðÿäê³â, 13 êëàñ³â ³ 6 â³ää³ë³â (Cyanobacteria, Bacillariophy-
ta, Cryptophyta, Miozoa, Chlorophyta, Euglenozoa).

Âèäîâå áàãàòñòâî ëîêàëüíèõ óãðóïîâàíü ì³êðîô³òîáåíòîñó íàðàõîâó-
âàëî â³ä 60 äî 92 ââò, à ô³òîåï³ô³òîíó — 40—86 ââò ç ïðîâ³äíîþ ðîëëþ
ä³àòîìîâèõ âîäîðîñòåé (83—94 %) (òàáë. 3).

×èñåëüí³ñòü òà á³îìàñà ì³êðîô³òîáåíòîñó ñòàíîâèëè: 3383—5928 òèñ.
êë/10 ñì2 òà 1,93—5,76 ìã/10 ñì2. Îñíîâó ê³ëüê³ñíèõ ïîêàçíèê³â ôîðìóâà-
ëè Bacillariophyta: 66—95 % ÷èñåëüíîñò³ òà 95—96 % á³îìàñè.

Ê³ëüê³ñíèé ðîçâèòîê ô³òîåï³ô³òîíó áóâ çíà÷íî íèæ÷èì, í³æ äîííèõ
àëüãîóãðóïîâàíü. Òàê, éîãî ÷èñåëüí³ñòü çì³íþâàëàñü â³ä 29 äî 1049 òèñ.
êë/10 ñì2, à á³îìàñà — â³ä 0,059 äî 0,130 ìã/10 ñì2. Ó ïåðåâàæí³é á³ëüøîñò³
ëîêàë³òåò³â çà ÷èñåëüí³ñòþ äîì³íóâàëè Bacillariophyta (47—83 %), çà âè-
íÿòêîì «³çîëüîâàíî¿» âîäîéìè, äå 93 % ÷èñåëüíîñò³ âèçíà÷àëè Cyanobac-
teria. Ñòðóêòóðó á³îìàñè ôîðìóâàëè Bacillariophyta (50—95 %).

Ïîð³âíÿííÿ âèäîâîãî ñêëàäó ëîêàëüíèõ óãðóïîâàíü. Ïîïàðíå ïîð³â-
íÿííÿ âèäîâîãî ñêëàäó ëîêàëüíèõ êîíòóðíèõ óãðóïîâàíü çà ³íäåêñîì

9

Ïðîñòîðîâà äèíàì³êà òà âçàºìîçâ’ÿçêè êîíòóðíèõ âîäîðîñòåâèõ óãðóïîâàíü
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ïîä³áíîñò³ Ñåðåíñåíà (Sor) ç ïîáóäîâîþ â³äïîâ³äíî¿ äåíäðîãðàìè (ðèñ. 2)
ïîêàçàëî, ùî âèñîêèé ð³âåíü ïîä³áíîñò³ (Sor>0,50) ñïîñòåð³ãàâñÿ:

— ì³æ ô³òîåï³ô³òîíîì íà âõîä³ äî çàòîêè Ñîáà÷å Ãèðëî (ñò. 2 ÔÅ) òà â
«³çîëüîâàí³é» âîäîéì³ (ñò. 4 ÔÅ);

— ì³æ ì³êðîô³òîáåíòîñîì ó çàòîö³ (ñò. 3 ÌÔÁ) òà ô³òîåï³ô³òîíîì â
«³çîëüîâàí³é» âîäîéì³ (ñò. 4 ÔÅ);

— ì³æ ô³òîåï³ô³òîíîì ðóñëîâî¿ ä³ëÿíêè íèæ÷å çàòîêè Ñîáà÷å Ãèðëî
(ñò. 1 ÔÅ) òà ô³òîåï³ô³òîíîì «³çîëüîâàíî¿» âîäîéìè (ñò. 4 ÔÅ);

— ì³æ ô³òîåï³ô³òîíîì ðóñëîâî¿ ä³ëÿíêè íèæ÷å çàòîêè Ñîáà÷å Ãèðëî
(ñò. 1 ÔÅ) òà ì³êðîô³òîáåíòîñîì ðóñëîâî¿ ä³ëÿíêè â ðàéîí³ ïàðêó «Íàòàë-
êà» (ñò. 5 ÌÔÁ).

Â³äïîâ³äíî, ì³æ ïàðàìè çàçíà÷åíèõ ëîêàëüíèõ óãðóïîâàíü çàðåºñòðî-
âàíî íàéá³ëüøó ê³ëüê³ñòü ñï³ëüíèõ (ïîòåíö³éíî âçàºìîä³þ÷èõ) âèä³â: â³ä
38 äî 45.

Çâåðòàº íà ñåáå óâàãó òå, ùî ô³òîåï³ô³òîí «³çîëüîâàíî¿» âîäîéìè
(ñò. 4, ÔÅ) õàðàêòåðèçóâàâñÿ çíà÷íèì ð³âíåì ïîä³áíîñò³ ç ëîêàëüíèìè óã-
ðóïîâàííÿìè ³íøèõ ëîêàë³òåò³â. Òàêó ïîä³áí³ñòü ìîæíà ïîÿñíèòè âïëè-
âîì âèñîêîãî ð³âíÿ âîäè íàâåñí³ 2023 ð., ÿêèé ïðèçâ³â äî âèíèêíåííÿ
òèì÷àñîâîãî ã³äðîëîã³÷íîãî çâ’ÿçêó «³çîëüîâàíî¿» âîäîéìè ç ðóñëîâîþ
ä³ëÿíêîþ Êàí³âñüêîãî âîäîñõîâèùà ³ çàòîêîþ Ñîáà÷å Ãèðëî òà, â³äïîâ³ä-
íî, äî îáì³íó âèäàìè ì³æ ëîêàëüíèìè óãðóïîâàííÿìè. Öå ìîæå áóòè ïðî-
ÿâîì ìàñ-åôåêòó, òîáòî, êîëè íà äèíàì³êó ëîêàëüíèõ óãðóïîâàíü âïëèâàº
³ìì³ãðàö³ÿ ÷è åì³ãðàö³ÿ. Ïðè çíèæåíí³ ð³âíÿ âîäè ó ë³òí³é ñåçîí «³çîëüî-
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Òàáëèöÿ 3
Âèäîâå áàãàòñòâî, ÷èñåëüí³ñòü ³ á³îìàñà ëîêàëüíèõ êîíòóðíèõ óãðóïîâàíü
ëîêàë³òåò³â âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà (÷åðâåíü 2023 ð.)

Ëîêàë³òåòè
òà ëîêàëüí³
óãðóïîâàí-

íÿ

Âèäîâå áàãàòñòâî ×èñåëüí³ñòü Á³îìàñà

ê³ëüê³ñòü
ââò

Cyanobac-
teria : Ba-

cillariophyta
: Chloro-
phyta, %

òèñ. êë/
10 ñì2

Cyanobacteria
: Bacillario-

phyta : Chlo-
rophyta, %

ìã/
10 ñì2

Cyanobacte-
ria : Ba-

cillariophyta
: Chloro-
phyta, %

Ñò. 1. ÔÅ 67 <1 : 94 : 3 80 <1 : 93 : 4 0,059 <1 : 90 : 3

Ñò. 2. ÔÅ 72 <1 : 92 : 8 94 <1 : 69 : 31 0,064 <1 : 95 : 5

Ñò. 3. ÔÅ 40 3 : 88 : 10 29 <1 : 88 : 12 0,083 <1 : 94 : 6

Ñò. 3. ÌÔÁ 60 3 : 92 : 3 5928 4 : 95 : 1 1,931 3 : 96 : 1

Ñò. 4. ÔÅ 86 5 : 84 : 5 1049 94 : 3 : 2 0,130 21 : 50 : 8

Ñò. 5. ÔÅ 40 5 : 83 : 10 81 16 : 47 : 14 0,064 16 : 47 : 14

Ñò. 5. ÌÔÁ 92 2 : 85 : 7 3383 24 : 66 : 8 5,756 <1 : 81 : 16

Ï ð è ì ³ ò ê à. Íóìåðàö³ÿ ñòàíö³é â³äïîâ³äàº òàáë. 1. ÔÅ — ô³òîåï³ô³òîí, ÌÔÁ —
ì³êðîô³òîáåíòîñ.



âàíà» âîäîéìà âòðàòèëà ã³äðîëîã³÷íèé çâ’ÿçîê ç ³íøèìè ëîêàë³òåòàìè,
òîìó ïðîöåñ åì³ãðàö³¿ (âèíîñó âèä³â) ç íå¿ ïðèïèíèâñÿ, ³, ÿê íàñë³äîê, âè-
äîâå ð³çíîìàí³òòÿ ô³òîåï³ô³òîíó â í³é áóëî äîñèòü âèñîêèì — 86 ââò.

Îòðèìàí³ íàìè ðåçóëüòàòè óçãîäæóþòüñÿ ç ë³òåðàòóðíèìè äàíèìè.
Íàïðèêëàä, äëÿ ô³òîïëàíêòîíó ð. Äåñíè ïîêàçàíî, ùî íàéêðàù³ óìîâè
äëÿ îáì³íó á³îôîíäàìè â ð³÷êîâ³é ñèñòåì³ ñêëàäàþòüñÿ â ïåð³îä âåñíÿíî¿
ïîâåí³ ï³ä ÷àñ âèñîêîãî ð³âíÿ âîäè [38].

Íåîáõ³äíî òàêîæ îö³íèòè çàãàëüíèé ð³âåíü ïîä³áíîñò³ ì³æ óñ³ìà äîñ-
ë³äæóâàíèìè ëîêàëüíèìè êîíòóðíèìè óãðóïîâàííÿìè âîäîðîñòåé, ñó-
êóïí³ñòü ÿêèõ ìîæíà ðîçãëÿäàòè ÿê ìåòàóãðóïîâàííÿ. Ìíîæèííèé ³í-
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Ðèñ. 2. Äåíäðîãðàìà ïîä³áíîñò³ âèäîâîãî ñêëàäó ëîêàëüíèõ êîíòóðíèõ óãðóïîâàíü
âîäîðîñòåé âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà çà êîåô³ö³ºíòàìè Ñåðåíñåíà
(Sor) (÷åðâåíü 2023 ð.). Ó äóæêàõ çàçíà÷åíî ê³ëüê³ñòü ñï³ëüíèõ (ïîòåíö³éíî âçàºìî-
ä³þ÷èõ) âèä³â. ÔÅ — ô³òîåï³ô³òîí. ÌÔÁ — ì³êðîô³òîáåíòîñ



äåêñ ïîä³áíîñò³ Ñåðåíñåíà (SOR) ñêëàäàâ 0,24. Òîáòî ñòóï³íü «ïåðåêðèò-
òÿ» (overlap) ñåðåä ìíîæèíè ëîêàëüíèõ óãðóïîâàíü ó ìåæàõ ìåòàóãðóïî-
âàííÿ çà ðàõóíîê âèä³â, ÿê³ º ñï³ëüíèìè äëÿ äâîõ ³ á³ëüøå ëîêàëüíèõ óãðó-
ïîâàíü, ñòàíîâèòü áëèçüêî 24 %.

Ç îãëÿäó íà öå, ïîñòàëà íåîáõ³äí³ñòü âèçíà÷èòè, ñê³ëüêè âèä³â º ïî-
òåíö³éíî âçàºìîä³þ÷èìè äëÿ á³ëüøîñò³ ïîð³âíþâàíèõ ëîêàëüíèõ óãðóïî-
âàíü, à ñê³ëüêè âèä³â º «óí³êàëüíèìè» [10] äëÿ ÿêîãîñü îäíîãî ëîêàëüíîãî
óãðóïîâàííÿ. Âñòàíîâëåíî, ùî ³ç çàãàëüíîãî ñïèñêó âèä³â (202 ââò) ó ëîêà-
ëüíèõ óãðóïîâàííÿõ, ùî äîñë³äæóâàëèñü, ì³í³ìàëüíîþ ÷àñòîòîþ òðàï-
ëÿííÿ (14 %) õàðàêòåðèçóâàëèñü 101 ââò — ¿õ áóëî âèÿâëåíî ëèøå â ÿêî-
ìóñü îäíîìó ç ñåìè äîñë³äæóâàíèõ ëîêàëüíèõ óãðóïîâàíü. Ðîçïîä³ë òàêèõ
âèä³â ïî óãðóïîâàííÿõ áóâ íàñòóïíèì: Ñò. 1 ÔÅ — 10 ââò, Ñò. 2 ÔÅ —
15 ââò, Ñò. 3 ÔÅ — 6 ââò, Ñò. 3 ÌÔÁ — 9 ââò, Ñò. 4 ÔÅ — 18 ââò, Ñò. 5 ÔÅ —
10 ââò, Ñò. 5 ÌÔÁ — 33 ââò. Îòæå, íàéá³ëüøó ê³ëüê³ñòü «óí³êàëüíèõ» âèä³â
çàðåºñòðîâàíî äëÿ ì³êðîô³òîáåíòîñó ðóñëîâî¿ ä³ëÿíêè Êàí³âñüêîãî âîäî-
ñõîâèùà â ðàéîí³ ïàðêó «Íàòàëêà» (ñò. 5) òà ô³òîåï³ô³òîíó «³çîëüîâàíî¿»
âîäîéìè (ñò. 4). Öå âî÷åâèäü º íàñë³äêîì òîãî, ùî ä³ëÿíêà Êàí³âñüêîãî âî-
äîñõîâèùà â ðàéîí³ ïàðêó «Íàòàëêà» çíàõîäèòüñÿ íèæ÷å çà òå÷³ºþ â³ä
³íøèõ äîñë³äæóâàíèõ ëîêàë³òåò³â, à «³çîëüîâàíà» âîäîéìà â ë³òí³é ñåçîí
âòðàòèëà ã³äðîëîã³÷íå ñïîëó÷åííÿ ç ³íøèìè ëîêàë³òåòàìè. Òîáòî ñïîñ-
òåð³ãàëèñü ïåâí³ îáìåæåííÿ â ðîçñåëåíí³ âîäîðîñòåé, ùî º ïðîÿâîì äè-
íàì³êè ïàò÷³â.

Âîäíî÷àñ äî âèä³â, ÿê³ çóñòð³÷àëèñü ó á³ëüøîñò³ ïîð³âíþâàíèõ ëîêà-
ëüíèõ óãðóïîâàíü òà â³äð³çíÿëèñü íàéâèùîþ ÷àñòîòîþ òðàïëÿííÿ (86—
100 %), â³äíîñèëîñü 11 ââò ç â³ää³ëó Bacillariophyta (òàáë. 4). Ñåðåä íèõ
ïðèñóòí³ ÿê âèäè, òèïîâ³ äëÿ îáðîñòàíü, ùî ì³öíî ïðèêð³ïëþþòüñÿ äî
ñóáñòðàòó âñ³ºþ ïîâåðõíåþ ñòóëêè (Cocconeis euglypta, C. placentula, Pla-
nothidium lanceolatum), òàê ³ âèäè, á³ëüø õàðàêòåðí³ äëÿ ì³êðîô³òîáåíòî-
ñó ë³òîðàë³: ñòð³÷êîïîä³áí³ òà ëàíöþæêîïîä³áí³ êîëîí³àëüí³ ôîðìè (Me-
losira varians, Pseudostaurosira brevistriata, Staurosira construens) ³ ðóõëèâ³
ôîðìè (Hippodonta capitata).

Çâåðòàº íà ñåáå óâàãó òå, ùî á³ëüø³ñòü âèä³â, ÿê³ õàðàêòåðèçóâàëèñü
÷àñòîòîþ òðàïëÿííÿ 86 % (âèÿâëåí³ â øåñòè ëîêàë³òåòàõ ç ñåìè), áóëè
â³äñóòí³ â ëîêàëüíîìó óãðóïîâàíí³ ô³òîåï³ô³òîíó ðóñëîâî¿ ä³ëÿíêè Êà-
í³âñüêîãî âîäîñõîâèùà â ðàéîí³ ïàðêó «Íàòàëêà». Òîáòî, ³ñíóþòü ïåâí³
îáìåæåííÿ â ðîçñåëåíí³, ÿê³ ìîæóòü áóòè ïðîÿâîì äèíàì³êè ïàò÷³â, ùî
ïîòðåáóº ïîäàëüøèõ ïîãëèáëåíèõ äîñë³äæåíü.

Ïîð³âíÿëüíèé àíàë³ç âèäîâîãî ñêëàäó ëîêàëüíèõ óãðóïîâàíü ç óðàõó-
âàííÿì ê³ëüê³ñíèõ ïîêàçíèê³â. Äëÿ îö³íêè ïðîñòîðîâî¿ äèíàì³êè âîäîðî-
ñòåé íåîáõ³äíî âðàõîâóâàòè íå ò³ëüêè âèäîâèé ñêëàä, àëå é ïîêàçíèêè
ê³ëüê³ñíîãî ðîçâèòêó ëîêàëüíèõ óãðóïîâàíü. Ç îãëÿäó íà öå, áóëî ïðîâåäå-
íî êëàñòåðíèé àíàë³ç êîíòóðíèõ óãðóïîâàíü äîñë³äæóâàíèõ ëîêàë³òåò³â
çà ³íäåêñîì ïîä³áíîñò³ Áðåÿ-Êåðò³ñà (ðèñ. 3).

Âàæëèâèì º òå, ùî ïîñë³äîâí³ñòü ðîçòàøóâàííÿ ëîêàëüíèõ óãðóïî-
âàíü íà äåíäðîãðàì³ çà àëãîðèòìîì «íàéáëèæ÷îãî ñóñ³äà» â³äïîâ³äàº ã³ä-
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ðîëîã³÷íîìó ñïîëó÷åííþ ì³æ ëîêàë³òåòàìè (äèâ. ðèñ. 1) òà âêàçóº íà ìîæ-
ëèâ³ øëÿõè îáì³íó âèäàìè, íàïðèêëàä:

— îñíîâíå ðóñëî � âõ³ä äî çàòîêè � çàòîêà;
— âõ³ä äî çàòîêè � «³çîëüîâàíà» âîäîéìà (ïåðåâàæíî ï³ä ÷àñ âèñîêî-

ãî ð³âíÿ âîäè).
Òàêîæ âàæëèâî, ùî äåíäðîãðàìà, ïîáóäîâàíà íà îñíîâ³ ³íäåêñó ïî-

ä³áíîñò³ Áðåÿ-Êåðò³ñà (äèâ. ðèñ. 3), òî÷í³øå â³äîáðàçèëà âîäíå ñïîëó÷åí-
íÿ ì³æ ëîêàë³òåòàìè, í³æ âèùåíàâåäåíà àíàëîã³÷íà äåíäðîãðàìà íà îñ-
íîâ³ ³íäåêñó ïîä³áíîñò³ Ñåðåíñåíà (äèâ. ðèñ. 2). Òîáòî ðåã³îíàëüí³ ñòîõà-
ñòè÷í³ ÷èííèêè (îáì³í âèäàìè) âïëèâàþòü íå ò³ëüêè íà âèäîâèé ñêëàä,
àëå é íà ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó ëîêàëüíèõ óãðóïîâàíü. Äëÿ ï³ä-
òâåðäæåííÿ äàíîãî ïðèïóùåííÿ ñë³ä ðîçãëÿíóòè ñòðóêòóðó äîì³íóþ÷îãî
êîìïëåêñó ô³òîåï³ô³òîíó òà ì³êðîô³òîáåíòîñó äîñë³äæóâàíèõ ëîêàë³òåò³â
(òàáë. 5).

Ñï³ëüíèìè âèäàìè-äîì³íàíòàìè äëÿ ëîêàëüíèõ óãðóïîâàíü îñíîâíî-
ãî ðóñëà Êàí³âñüêîãî âîäîñõîâèùà, ä³ëÿíêè íà âõîä³ äî çàòîêè òà ñàìî¿ çà-
òîêè áóëè, çîêðåìà, òàê³ âèäè ÿê Melosira varians, Ulnaria ulna, Cocconeis
placentula (äèâ. òàáë. 5). Íàïðèêëàä, ó çàòîö³ Ñîáà÷å ãèðëî á³îìàñà M. vari-
ans ó ô³òîåï³ô³òîí³ ñòàíîâèëà 0,062 ìã/10 ñì2, ó ì³êðîô³òîáåíòîñ³ —
0,088 ìã/10 ñì2. Ó ô³òîåï³ô³òîí³ íà âõîä³ äî çàòîêè á³îìàñà öüîãî âèäó
áóëà â ÷îòèðè ðàçè ìåíøîþ — 0,033 ìã/10 ñì2, à íà ðóñëîâ³é ä³ëÿíö³
Êàí³âñüêîãî âîäîñõîâèùà íèæ÷å çàòîêè ùå âäâ³÷³ ìåíøîþ —
0,015 ìã/10 ñì2. Íàïðÿìîê ðîçñåëåííÿ äàíîãî âèäó äîêàçîâî âñòàíîâèòè
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Ðèñ. 3. Äåíäðîãðàìà ïîä³áíîñò³ âèäîâîãî ³ ê³ëüê³ñíîãî ñêëàäó ëîêàëüíèõ êîíòóðíèõ
âîäîðîñòåâèõ óãðóïîâàíü ëîêàë³òåò³â âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà çà
êîåô³ö³ºíòîì Áðåÿ-Êåðò³ñà (÷åðâåíü 2023 ð.)
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íåìîæëèâî, ïðîòå ç îãëÿäó íà òå, ùî íàéâèùà á³îìàñà M. varians ñïîñ-
òåð³ãàëàñü ó çàòîö³ ³ çíèæóâàëàñü ó íàïðÿìêó äî ðóñëîâî¿ ä³ëÿíêè, ìîæíà
ñôîðìóëþâàòè ã³ïîòåçó ïðî ³ñíóâàííÿ ÿâèùà ìàñ-åôåêòó öüîãî âèäó â³ä
çàòîêè äî ðóñëà. Âîäíî÷àñ â «³çîëüîâàí³é» âîäîéì³ M. varians íå âèÿâëå-
íî, ùî ìîæå ñâ³ä÷èòè ïðî îáìåæåííÿ â ðîçñåëåíí³, çóìîâëåí³ «â³äøíóðó-
âàííÿì» âîäîéìè â³ä Êàí³âñüêîãî âîäîñõîâèùà â ë³òí³é ñåçîí (ïðîÿâ äè-
íàì³êè ïàò÷³â). Íèæ÷å çà òå÷³ºþ, íà ðóñëîâ³é ä³ëÿíö³ â ðàéîí³ ïàðêó «Íà-
òàëêà», äàíèé âèä çíîâó âõîäèòü äî ñêëàäó äîì³íóþ÷îãî êîìïëåêñó êîí-
òóðíèõ óãðóïîâàíü. Âàðòî â³äì³òèòè âèñîêèé ïîêàçíèê á³îìàñè M. varians
ó ì³êðîô³òîáåíòîñ³ öüîãî ëîêàë³òåòó — 4,293 ìã/10 ñì2, ùî íà äâà—òðè
ïîðÿäêè âèùå, í³æ â ³íøèõ ëîêàëüíèõ óãðóïîâàííÿõ. Â³ðîã³äíî öå º îä-
íèì ³ç ïðîÿâ³â ñîðòóâàííÿ âèä³â, êîëè âèäè çàéìàþòü íàéá³ëüø ñïðèÿò-
ëèâ³ äëÿ íèõ ëîêàë³òåòè. Îòæå, íàâ³òü íà ïðèêëàä³ îäíîãî âèäó ìîæíà
ñïîñòåð³ãàòè ð³çí³ òèïè ïðîñòîðîâî¿ äèíàì³êè, ïðîòå äàíå ïèòàííÿ ïîòðå-
áóº á³ëüø äåòàëüíèõ äîñë³äæåíü.

Ðîëü îá³ãó âèä³â òà âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè ó ïðîñòîðîâ³é äè-
íàì³ö³ ëîêàëüíèõ óãðóïîâàíü. Ïîãëèáëåíèé àíàë³ç ïðîöåñ³â, ùî âèçíà÷à-
þòü ïîä³áí³ñòü / â³äì³íí³ñòü (áåòà-ð³çíîìàí³òòÿ) ì³æ ëîêàëüíèìè êîíòóð-
íèìè óãðóïîâàííÿìè, ïðîâåäåíî íà ïðèêëàä³ äâîõ ëîêàë³òåò³â: çàòîêè Ñî-
áà÷å ãèðëî (Ñò. 3) òà ðóñëîâî¿ ä³ëÿíêè Êàí³âñüêîãî âîäîñõîâèùà â ðàéîí³
ïàðêó «Íàòàëêà» (Ñò. 5) (ðèñ. 4). Âèá³ð äàíèõ ëîêàë³òåò³â äëÿ ðîçðàõóíê³â
çóìîâëåíèé íàñòóïíèì:

à) ëîêàë³òåòè ìàþòü ïîñò³éíå ã³äðîëîã³÷íå ñïîëó÷åííÿ;
á) ó öèõ ëîêàë³òåòàõ äîñë³äæóâàëè ÿê ô³òîåï³ô³òîí, òàê ³ ì³êðîô³òî-

áåíòîñ, ùî äîçâîëÿº ïðîàíàë³çóâàòè äèíàì³êó ëîêàëüíèõ óãðóïîâàíü ó
òðèâèì³ðíîìó ïðîñòîð³ çã³äíî ç ðàí³øå çàïðîïîíîâàíèì ï³äõîäîì [6].

Íà ðèñóíêó 4 ïðåäñòàâëåíî ñõåìó ïîòåíö³éíèõ âçàºìîçâ’ÿçê³â ì³æ ëî-
êàëüíèìè óãðóïîâàííÿìè âîäîðîñòåé áåíòîñó òà åï³ô³òîíó ç óðàõóâàí-
íÿì íàïðÿìêó òå÷³¿. Âåðòèêàëüí³ ñòð³ëêè íà ñõåì³ â³äîáðàæàþòü îáì³í âè-
äàìè «ïî âåðòèêàë³», òîáòî ì³æ ì³êðîô³òîáåíòîñîì òà ô³òîåï³ô³òîíîì ó
ìåæàõ îäíîãî ëîêàë³òåòó. Ãîðèçîíòàëüí³ ñòð³ëêè — öå îáì³í âèäàìè â ãî-
ðèçîíòàëüí³é ïëîùèí³ — ì³æ âîäîðîñòåâèìè óãðóïîâàííÿìè îäíîãî òè-
ïó â ð³çíèõ ëîêàë³òåòàõ. Ä³àãîíàëüíèìè ñòð³ëêàìè ïîçíà÷åíî á³ëüø
ñêëàäí³ âçàºìîçâ’ÿçêè â òðèâèì³ðíîìó ïðîñòîð³ — ì³æ óãðóïîâàííÿìè
ð³çíîãî òèïó â ð³çíèõ ëîêàë³òåòàõ. Äëÿ àíàë³çó îáì³íó âèäàìè íåîáõ³äíî
ñïåðøó ðîçãëÿíóòè òðè òèïè âçàºìîçâ’ÿçê³â, âèêîðèñòîâóþ÷è ³íòåãðàëü-
íèé ïîêàçíèê ïîä³áíîñò³ (³íäåêñ Ñåðåíñåíà):

1. Îáì³í âèäàìè ïî âåðòèêàë³. ²íäåêñ Ñåðåíñåíà (Sor) ì³æ ô³òîåï³-
ô³òîíîì ³ ì³êðîô³òîáåíòîñîì çàòîêè Ñîáà÷å ãèðëî (Ñò. 3) ñòàíîâèâ 0,44
— íàéâèùèé ïîêàçíèê ñåðåä óñ³õ ïàð ëîêàëüíèõ óãðóïîâàíü, ÿê³ âêëþ÷å-
íî äî àíàë³çó. Öå ðåçóëüòàò òîãî, ùî â ë³òîðàëüí³é çîí³ Ñîáà÷å Ãèðëî
â³äáóâàºòüñÿ ³íòåíñèâíèé îáì³í âèäàìè ì³æ ëîêàëüíèìè óãðóïîâàííÿìè
âîäîðîñòåé íà äí³ òà íà âèùèõ âîäíèõ ðîñëèíàõ âíàñë³äîê äîáîâèõ êîëè-
âàíü ð³âíÿ âîäè, ùî âèêëèêàí³ ³ìïóëüñíèì ðåæèìîì ðîáîòè Êè¿âñüêî¿
ÃÅÑ. Íà ðóñëîâ³é ä³ëÿíö³ Êàí³âñüêîãî âîäîñõîâèùà öåé ³íäåêñ áóâ çíà÷íî
íèæ÷èì ³ ñòàíîâèâ 0,33. Öå ìîæå áóòè çóìîâëåíî òèì, ùî íà ðóñëîâ³é
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ä³ëÿíö³ øâèäê³ñòü òå÷³¿ º âèùîþ, í³æ ó çàòîö³ ³ ÷àñòèíà âèä³â, ÿê³ âèìóøå-
íî åì³ãðóþòü ç äîííèõ â³äêëàä³â ÷è â³äðèâàþòüñÿ â³ä ïîâåðõí³ âèùèõ âî-
äíèõ ðîñëèí, çíîñèòüñÿ òå÷³ºþ.

2. Îáì³í âèäàìè â ãîðèçîíòàëüí³é ïëîùèí³. ²íäåêñ ïîä³áíîñò³ Ñåðåí-
ñåíà ì³æ óãðóïîâàííÿìè ô³òîåï³ô³òîíó çàòîêè Ñîáà÷å Ãèðëî òà ðóñëîâî¿
ä³ëÿíêè ñòàíîâèâ 0,25, à ì³æ àíàëîã³÷íèìè óãðóïîâàííÿìè ì³êðîô³òîáåí-
òîñó — 0,36 (äèâ. ðèñ. 4). Òàêà â³äì³íí³ñòü ìîæå áóòè çóìîâëåíà òèì, ùî äî
ñêëàäó ô³òîåï³ô³òîíó ïåðåâàæíî âõîäÿòü ôîðìè, ÿê³ ì³öíî ïðèêð³ïëåí³
äî ñóáñòðàòó (âèäè ç ðîä³â Cocconeis, Achnanthidium, Planothidium, Gomp-
honema, Cymbella, Encyonema), íà â³äì³íó â³ä ì³êðîô³òîáåíòîñó, äå âåëèêó
÷àñòêó ñêëàäàþòü ðóõëèâ³ âèäè (ç ðîä³â Navicula, Nitzschia, Surirella). Â³ä-
ïîâ³äíî ïðåäñòàâíèêè ì³êðîô³òîáåíòîñó º á³ëüø ëàá³ëüíèìè òà ëåãøå
â³ää³ëÿþòüñÿ â³ä ñóáñòðàòó ³ çíîñÿòüñÿ òå÷³ºþ â íèæ÷åðîçòàøîâàí³ ëî-
êàë³òåòè.

3. Îáì³í âèäàìè â òðèâèì³ðíîìó ïðîñòîð³. ²íäåêñ Ñåðåíñåíà ì³æ
ô³òîåï³ô³òîíîì çàòîêè Ñîáà÷å ãèðëî òà ì³êðîô³òîáåíòîñîì ðóñëîâî¿ ä³-
ëÿíêè ñòàíîâèâ 0,36, òîä³ ÿê ì³æ ì³êðîô³òîáåíòîñîì çàòîêè Ñîáà÷å Ãèðëî
òà ô³òîåï³ô³òîíîì ðóñëîâî¿ ä³ëÿíêè áóâ óäâ³÷³ íèæ÷èì — 0,18. Òàêà ð³ç-
íèöÿ âî÷åâèäü çóìîâëåíà òèì, ùî âèäè, ÿê³ â³äðèâàþòüñÿ â³ä ïîâåðõí³ âè-
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Ðèñ. 4. Ñõåìà âçàºìîçâ’ÿçê³â ì³æ ëîêàëüíèìè êîíòóðíèìè óãðóïîâàííÿìè âîäîðîñ-
òåé (ÔÅ — ô³òîåï³ô³òîí, ÌÔÁ — ì³êðîô³òîáåíòîñ) ó äâîõ ã³äðîëîã³÷íî ñïîëó÷åíèõ
ëîêàë³òåòàõ âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà: ñò. 3 — çàòîêà Ñîáà÷å Ãèð-
ëî, ñò. 5 — ðóñëîâà ä³ëÿíêà âîäîñõîâèùà â ðàéîí³ ïàðêó «Íàòàëêà». Sor — ³íäåêñ
ïîä³áíîñò³ Ñåðåíñåíà; �Sim — ³íäåêñ â³äì³ííîñò³ Ñ³ìïñîíà; �nes — ³íäåêñ âêëàäåíîñò³
âèäîâî¿ ñòðóêòóðè. Ó äóæêàõ ï³ñëÿ ³íäåêñó Ñåðåíñåíà çàçíà÷åíà ê³ëüê³ñòü ñï³ëüíèõ
âèä³â. Ñòð³ëêàìè ïîçíà÷åíî ìîæëèâ³ øëÿõè îáì³íó âèäàìè



ùèõ âîäíèõ ðîñëèí, ìîæóòü îñ³äàòè íà äíî ó ëîêàë³òåòàõ íèæ÷å çà òå÷³ºþ.
Âîäíî÷àñ âèäè, ÿê³ åì³ãðóþòü ç ì³êðîô³òîáåíòîñó ó âîäíó òîâùó ³ çíîñÿ-
òüñÿ òå÷³ºþ, ç á³ëüøîþ éìîâ³ðí³ñòþ çíîâó îñÿäóòü íà äíî, í³æ çàòðèìàþ-
òüñÿ íà ïîâåðõí³ âèùèõ âîäíèõ ðîñëèí.

Íàñòóïíèì êðîêîì º àíàë³ç ³íäåêñ³â îá³ãó âèä³â òà âêëàäåíîñò³ âèäî-
âî¿ ñòðóêòóðè. Ç ðèñóíêó 4 âèäíî, ùî ³íäåêñè â³äì³ííîñò³ Ñ³ìïñîíà, ùî
â³äîáðàæàþòü ì³ðó îá³ãó âèä³â, çì³íþâàëèñü â³ä 0,40 äî 0,78, à ³íäåêñè
âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè — â³ä 0 äî 0,24. Òîáòî ó ïàðàõ óãðóïîâàíü,
ùî àíàë³çóâàëèñü, ñï³ââ³äíîøåííÿ ïðîöåñ³â çàì³ùåííÿ âèä³â òà âòðàòè
(ïîÿâè) âèä³â áóëî äóæå ì³íëèâèì. Äîö³ëüíî ðîçãëÿíóòè òðè êîíòðàñò-
íèõ ïðèêëàäè:

À. Ïàðà ëîêàëüíèõ óãðóïîâàíü «Ô³òîåï³ô³òîí çàòîêè Ñîáà÷å Ãèðëî
(ñò. 3 ÔÅ) — ô³òîåï³ô³òîí ðóñëîâî¿ ä³ëÿíêè (Ñò. 5 ÔÅ)», àáî ïðèêëàä ïðî-
ñòîðîâî¿ äèíàì³êè â ãîðèçîíòàëüí³é ïëîùèí³. Äàí³ ëîêàëüí³ óãðóïîâàííÿ
ïðåäñòàâëåí³ îäíàêîâîþ ê³ëüê³ñòþ âèä³â (40). ²íäåêñ ïîä³áíîñò³ Ñåðåíñå-
íà (Sor) äîð³âíþº 0,25, ³íäåêñ â³äì³ííîñò³ Ñåðåíñåíà (�Sor) = 0,75. Îñê³ëüêè
óãðóïîâàííÿ ïðåäñòàâëåí³ îäíàêîâîþ ê³ëüê³ñòþ âèä³â, òî ³íäåêñ â³äì³í-
íîñò³ Ñ³ìïñîíà (�Sim) äîð³âíþº ³íäåêñó â³äì³ííîñò³ Ñåðåíñåíà, òîáòî 0,75.
Â³äïîâ³äíî âñ³ âèäè â ïàð³ ïîð³âíþâàíèõ óãðóïîâàíü çàì³ùóþòüñÿ é ³í-
äåêñ âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè (�nes) äîð³âíþº íóëþ. Îòæå, â äàíîìó
âèïàäêó äîì³íóº ïðîöåñ îá³ãó âèä³â, ùî â³äïîâ³äàº ïàðàäèãì³ ñîðòóâàííÿ
âèä³â.

Á. Ïàðà ëîêàëüíèõ óãðóïîâàíü «Ô³òîåï³ô³òîí çàòîêè Ñîáà÷å Ãèðëî
(ñò. 3 ÔÅ) — ì³êðîô³òîáåíòîñ çàòîêè Ñîáà÷å Ãèðëî (ñò. 3 ÌÔÁ)», àáî ïðè-
êëàä ïðîñòîðîâî¿ äèíàì³êè ïî âåðòèêàë³. Ëîêàëüí³ óãðóïîâàííÿ â äàí³é
ïàð³ ïðåäñòàâëåí³ ð³çíîþ ê³ëüê³ñòþ âèä³â — â³äïîâ³äíî 40 ³ 60 . Sor = 0,44;
�Sor = 0,56. ²íäåêñ îá³ãó âèä³â (�Sim) ñòàíîâèòü 0,45, à ³íäåêñ âêëàäåíîñò³ âè-
äîâî¿ ñòðóêòóðè (ð³çíèöÿ �Sor – �Sim) äîð³âíþº 0,11. ßêùî ïðèéíÿòè ³íòåã-
ðàëüíèé ³íäåêñ â³äì³ííîñò³ �Sor çà 100 %, ìîæíà ðîçðàõóâàòè, ùî 80 % áå-
òà-ð³çíîìàí³òòÿ â äàí³é ïàð³ ëîêàëüíèõ óãðóïîâàíü ôîðìóºòüñÿ çà ðàõó-
íîê îá³ãó âèä³â, à 20 % — çà ðàõóíîê âèä³â, ÿê³ ïðèñóòí³ ó ì³êðîô³òîáåí-
òîñ³, àëå â³äñóòí³ ó ô³òîåï³ô³òîí³.

Â. Ïàðà ëîêàëüíèõ óãðóïîâàíü «Ô³òîåï³ô³òîí çàòîêè Ñîáà÷å Ãèðëî
(ñò. 3 ÔÅ) — ì³êðîô³òîáåíòîñ ðóñëîâî¿ ä³ëÿíêè (Ñò. 5 ÌÔÁ)», àáî ïðèêëàä
äèíàì³êè â òðèâèì³ðíîìó ïðîñòîð³. Ö³ óãðóïîâàííÿ òàêîæ ïðåäñòàâëåí³
ð³çíîþ ê³ëüê³ñòþ âèä³â — â³äïîâ³äíî 40 ³ 92. Sor = 0,36; �Sor = 0,64. ²íäåêñ
îá³ãó âèä³â (�Sim) äîð³âíþº 0,40, à ³íäåêñ âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè
(�nes) — 0,24. Îòæå, ó äàí³é ïàð³ ëîêàëüíèõ óãðóïîâàíü 62 % áåòà-ð³çíî-
ìàí³òòÿ âèçíà÷àºòüñÿ îá³ãîì âèä³â, à 38 % — «ïîÿâîþ» âèä³â ó ì³êðîô³òî-
áåíòîñ³ ðóñëîâî¿ ä³ëÿíêè, äëÿ ÿêî¿ ³ñíóþòü ³íø³ äæåðåëà ïîïîâíåííÿ âè-
äàìè (íàïðèêëàä, çàòîêà Îáîëîíü àáî âèùåðîçòàøîâàíà ä³ëÿíêà Êàí³â-
ñüêîãî âîäîñõîâèùà).

Íà ðèñóíêó 5 ïðåäñòàâëåíî ãðàô³÷íó ³íòåðïðåòàö³þ ðîçðàõîâàíèõ
³íäåêñ³â ïîä³áíîñò³ / â³äì³ííîñò³ ó âèãëÿä³ êðóãîâèõ ä³àãðàì. Îñê³ëüêè Sor
+ �sor = 1, ïëîùó á³ëüøîãî êîëà íà ðèñóíêó ïðèéíÿòî çà îäèíèöþ. Ìåíøå
êîëî â³äîáðàæàº ñï³ââ³äíîøåííÿ ð³çíèõ êîìïîíåíò³â áåòà-ð³çíîìàí³òòÿ
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(â³äì³ííîñò³): êîìïîíåí-
òó îá³ãó âèä³â (�sim) òà
êîìïîíåíòó âêëàäåíîñò³
âèäîâî¿ ñòðóêòóðè (�nes).
²íøèìè ñëîâàìè, ìåíøå
êîëî â³äîáðàæàº, ÿê³
ïðîöåñè âèçíà÷àþòü â³ä-
ì³íí³ñòü ì³æ óãðóïîâàí-
íÿìè.

Âàæëèâî òàêîæ îö³-
íèòè çàãàëüíó ðîëü ïðî-
öåñ³â îá³ãó òà âòðàòè âè-
ä³â ó äîñë³äæóâàíîìó ìå-
òàóãðóïîâàíí³ âîäîðîñ-
òåé. Âèùå áóëî çàçíà÷å-
íî, ùî ìíîæèííèé ³í-
äåêñ ïîä³áíîñò³ Ñåðåíñå-
íà ì³æ óñ³ìà ïàðàìè
ïðîàíàë³çîâàíèõ ëîêà-
ëüíèõ óãðóïîâàíü (SOR)
ñòàíîâèâ 0,24. Â³äïîâ³ä-
íî ìíîæèííèé ³íäåêñ
â³äì³ííîñò³ Ñåðåíñåíà
�SOR ñòàíîâèòü 1 – 0,24 =
0,76. Ìíîæèííèé ³íäåêñ
â³äì³ííîñò³ Ñ³ìïñîíà
(�SIM) = 0,68, â³äïîâ³äíî
ìíîæèííèé ³íäåêñ âêëà-
äåíîñò³ âèäîâî¿ ñòðóêòó-
ðè (�NES) = 0,76 – 0,68 =
0,08. Îòæå, ó äîñë³äæóâà-
íîìó íàìè ìåòàóãðóïî-
âàíí³ âîäîðîñòåé ñòó-
ï³íü «ïåðåêðèòòÿ» ñåðåä
ìíîæèíè ëîêàëüíèõ óã-
ðóïîâàíü äîð³âíþº 24 %.

Òàêå «ïåðåêðèòòÿ» ÷àñòêîâî ìîæå áóòè çóìîâëåíî ì³ãðàö³ºþ âèä³â ç îä-

íîãî óãðóïîâàííÿ â ³íøå, ùî ìîæíà îïèñàòè ïàðàäèãìîþ ìàñ-åôåêòó ÷è

íåéòðàëüíîþ ïàðàäèãìîþ. Çàãàëüíà â³äì³íí³ñòü (áåòà-ð³çíîìàí³òòÿ) ì³æ

ëîêàëüíèìè óãðóïîâàííÿìè ñòàíîâèòü 76 %. ßêùî ïðèéíÿòè â³äì³íí³ñòü

(�SOR = 0,76) çà 100 %, òî îòðèìàíèé êîìïîíåíò îá³ãó âèä³â (�SIM = 0,68) ñòà-

íîâèòü 90 %, à êîìïîíåíò âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè (�NES = 0,08) —

10 %. Òîáòî â³äì³íí³ñòü ì³æ óãðóïîâàííÿìè âèçíà÷àºòüñÿ ñîðòóâàííÿì

âèä³â òà äèíàì³êîþ ïàò÷³â, ïðîòå ïåðåâàæàº ïðîöåñ ñîðòóâàííÿ âèä³â.
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Ðèñ. 5. Ãðàô³÷íà ³íòåðïðåòàö³ÿ ³íäåêñ³â ïîä³áíîñò³ /
â³äì³ííîñò³ ì³æ òðüîìà ïàðàìè ëîêàëüíèõ óãðóïî-
âàíü: ÔÅ — ô³òîåï³ô³òîí, ÌÔÁ — ì³êðîô³òîáåíòîñ;
ñò. 3 — çàòîêà Ñîáà÷å Ãèðëî, ñò. 5 — ðóñëîâà ä³ëÿíêà
âîäîñõîâèùà â ðàéîí³ ïàðêó «Íàòàëêà». Sor — ³íäåêñ
ïîä³áíîñò³ Ñåðåíñåíà; �Sim — ³íäåêñ â³äì³ííîñò³ Ñ³ìï-
ñîíà; �nes — ³íäåêñ âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè



Âèñíîâêè

Äîñë³äæåííÿ êîíòóðíèõ âîäîðîñòåâèõ óãðóïîâàíü íà ä³ëÿíêàõ ç ëî-
òè÷íèìè ³ ëåíòè÷íèìè óìîâàìè òà ð³çíèì ñòóïåíåì ñïîëó÷åíîñò³ â ìåæàõ
âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà â ë³òí³é ñåçîí 2023 ð. ïîêàçà-
ëè, ùî ñòîõàñòè÷í³ ÷èííèêè (ì³ãðàö³¿, îáì³í âèäàìè, ó òîìó ÷èñë³ ìàñ-
åôåêò) ñóòòºâî âïëèâàþòü íà âèäîâèé ñêëàä òà ê³ëüê³ñí³ õàðàêòåðèñòèêè
ðîçâèòêó ëîêàëüíèõ óãðóïîâàíü.

Âñòàíîâëåíî ïîòåíö³éí³ øëÿõè îáì³íó âèäàìè ñåðåä ëîêàëüíèõ óãðó-
ïîâàíü:

— ïî âåðòèêàë³ — ì³æ ô³òîåï³ô³òîíîì òà ì³êðîô³òîáåíòîñîì îäíîãî
ëîêàë³òåòó;

— ó ãîðèçîíòàëüí³é ïëîùèí³ — ì³æ êîíòóðíèìè óãðóïîâàííÿìè îä-
íîãî òèïó â ñèñòåì³ ëîêàë³òåò³â: îñíîâíå ðóñëî � âõ³ä äî çàòîêè � çàòîêà;
îñíîâíå ðóñëî � âõ³ä äî çàòîêè � «³çîëüîâàíà» âîäîéìà;

— ó òðèâèì³ðíîìó ïðîñòîð³ — ì³æ ô³òîåï³òîíîì çàòîêè òà ì³êðî-
ô³òîáåíòîñîì ðóñëîâî¿ ä³ëÿíêè, ùî ðîçòàøîâàíà íèæ÷å çà òå÷³ºþ.

Ó ñóêóïíîñò³ ëîêàëüíèõ êîíòóðíèõ óãðóïîâàíü, ÿê³ ìîæíà ðîçãëÿäà-
òè ÿê îäíå ìåòàóãðóïîâàííÿ, ìíîæèííèé ³íäåêñ ïîä³áíîñò³ Ñåðåíñåíà
ñòàíîâèâ 0,24, ìíîæèííèé ³íäåêñ â³äì³ííîñò³ Ñ³ìïñîíà — 0,68, à ìíî-
æèííèé ³íäåêñ âêëàäåíîñò³ âèäîâî¿ ñòðóêòóðè — 0,08. Òîáòî áåòà-ð³çíî-
ìàí³òòÿ â ìåæàõ ìåòàóãðóïîâàííÿ ïåðåâàæíî âèçíà÷àëîñü îá³ãîì âèä³â
(ùî â³äïîâ³äàº ïàðàäèãì³ ñîðòóâàííÿ âèä³â), ³ ëèøå íåçíà÷íîþ ì³ðîþ —
âòðàòîþ âèä³â (ùî îïèñóºòüñÿ ïàðàäèãìîþ äèíàì³êè ïàò÷³â).
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SPATIAL DYNAMICS AND INTERACTIONS OF CONTOUR ALGAL
COMMUNITIES IN THE UPPER SECTION OF KANIV RESERVOIR (DNIPRO

RIVER, UKRAINE)

The paper deals with spatial dynamics of microphytobenthos and phytoepiphyton in
the localities with different degree of connectivity within the upper section of Kaniv Reser-
voir. The stochastic factors (migrations and exchange of species) have been proven to make
a significant effect upon the species composition and abundance of local communities,
which can be considered as one metacommunity. Potential paths of species exchange wit-
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hin the metacommunities have been revealed: along the vertical axis, in the horizontal pla-
ne and in the three-dimensional space. A high level of similarity of contour algal communi-
ties in the «isolated» water body and other localities in summer 2023 was explained by ab-
normally high water level in spring, which caused a temporary hydrological connection
between the water body and the main river channel, and, respectively, exchange of species
among the local communities under study. The main types of spatial dynamics of contour
algal communities in the localities under study are species sorting and mass effect, less sig-
nificant role is played by patch dynamics.

Key words: microphytobenthos, phytoepiphyton, spatial dynamics, metacommunities,
mass effect, species sorting, patch dynamics.
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ÔËÎÐÈÑÒÈ×ÍÅ ÁÀÃÀÒÑÒÂÎ ÁÎÒÀÍ²×ÍÎÃÎ
ÇÀÊÀÇÍÈÊÀ ÇÀÃÀËÜÍÎÄÅÐÆÀÂÍÎÃÎ ÇÍÀ×ÅÍÍß

«ÐÎÌÀÍ²ÂÑÜÊÅ ÁÎËÎÒÎ»

Ó ñòàòò³ âèêëàäåí³ ðåçóëüòàòè äîñë³äæåííÿ ñïîíòàííî¿ ôëîðè áîòàí³÷íîãî
çàêàçíèêà çàãàëüíîäåðæàâíîãî çíà÷åííÿ «Ðîìàí³âñüêå áîëîòî», ÿêà íàðàõîâóº 159
âèä³â âèùèõ ñóäèííèõ ðîñëèí ³ç 109 ðîä³â, 54 ðîäèí òà ÷îòèðüîõ â³ää³ë³â. Âñòàíîâëå-
íî ñèñòåìàòè÷í³, ãåîãðàô³÷í³, á³îìîðôîëîã³÷í³, åêîëîãî-öåíîòè÷í³ îñîáëèâîñò³
ñòðóêòóðè ôëîðè «Ðîìàí³âñüêîãî áîëîòà», ïðîâåäåíî ¿¿ ôðàêö³éíèé àíàë³ç òà ïîäà-
íî îö³íêó ñòóïåíÿ àíòðîïîãåííî¿ òðàíñôîðìàö³¿ çà äîïîìîãîþ ³íäåêñ³â ñèíàíò-
ðîï³çàö³¿, êåíîô³òèçàö³¿ òà àíòðîïîô³òèçàö³¿ ôëîðè. Çà äàíèìè îðèã³íàëüíèõ äîñ-
ë³äæåíü áóëî ñêëàäåíî òà ïðåäñòàâëåíî ó ñòàòò³ ñïèñîê âèä³â ñóäèííèõ ðîñëèí áîëî-
òà, ñåðåä ÿêèõ, çîêðåìà, â³äçíà÷åíî ³íâàç³éí³ òà ð³äê³ñí³ òàêñîíè.

Êëþ÷îâ³ ñëîâà: âèäîâå áàãàòñòâî, ôëîðà, ñòðóêòóðà ôëîðè, «Ðîìàí³âñüêå áîëî-
òî».

Çðîñòàþ÷èé àíòðîïîãåííèé âïëèâ íà íàâêîëèøíº ñåðåäîâèùå íàáó-
âàº ãëîáàëüíîãî õàðàêòåðó, ó çâ’ÿçêó ç ÷èì çàãîñòðþºòüñÿ ïðîáëåìà çáåðå-
æåííÿ ³ â³äíîâëåííÿ îñîáëèâî âðàçëèâèõ êîìïîíåíò³â á³îñôåðè. Äî òà-
êèõ, ç-ïîì³æ ³íøèõ, íàëåæàòü ³ áîëîòà, ùî ìàþòü âàæëèâå çíà÷åííÿ äëÿ
ôóíêö³îíóâàííÿ ã³äðîñôåðè, àòìîñôåðè, ïåäîñôåðè, º îñåðåäêàìè á³îð³ç-
íîìàí³òòÿ òà äæåðåëîì áàãàòüîõ ïðèðîäíèõ ðåñóðñ³â äëÿ ëþäèíè [1, 3, 5,
10, 12].

Áîëîòí³ åêîñèñòåìè õàðàêòåðèçóþòüñÿ äîñèòü ñïåöèô³÷íèìè óìîâà-
ìè ³ñíóâàííÿ á³îòè, òîìó âèðîáëåí³ ó ïðåäñòàâíèê³â áîëîòíî¿ ôëîðè ³ ôà-
óíè ó ïðîöåñ³ àäàïòèâíî¿ åâîëþö³¿ îçíàêè ÷³òêî âèçíà÷àþòü àá³îòè÷í³ õà-
ðàêòåðèñòèêè åêîòîï³â. Ïðîöåñè ôîðìóâàííÿ áîë³ò òðèâàþòü óïðîäîâæ
òèñÿ÷ ðîê³â, ïðîòå ¿õíº çàáðóäíåííÿ òà ðóéíóâàííÿ ï³ä âïëèâîì ëþäñüêî¿
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ä³ÿëüíîñò³ â îñòàíí³é ïåð³îä â³äáóâàºòüñÿ äîñèòü øâèäêî. Ïîì³òíèõ àíò-
ðîïîãåííèõ ïåðåòâîðåíü, ùî ïîñèëþþòüñÿ íà òë³ êë³ìàòè÷íèõ çì³í, çà-
çíàº íàñàìïåðåä ðîñëèííèé ïîêðèâ ïåðåçâîëîæåíèõ åêîñèñòåì. Öå, çîê-
ðåìà, çàñâ³ä÷èëè é ðåçóëüòàòè êîìïëåêñíî¿ äâàäöÿòèð³÷íî¿ ðîáîòè ç âèâ-
÷åííÿ áîë³ò ªâðîïè íàóêîâöÿìè ºâðîïåéñüêèõ êðà¿í [31].

Â Óêðà¿í³, ïîïðè çíà÷íó óâàãó äîñë³äíèê³â äî áîë³ò òà ¿õ ðîñëèííîãî
ñâ³òó [4, 6, 9, 11, 21, 27—29], âñå ùå ³ñíóþòü óí³êàëüí³ áîëîòí³ åêîñèñòåìè,
ÿê³ äîñ³ çàëèøàþòüñÿ íåäîñòàòíüî âèâ÷åíèìè òà ïîòðåáóþòü â³äñòåæåííÿ
çì³í ¿õ ñòàíó ï³ä âïëèâîì ñòð³ìêèõ àíòðîïîãåííèõ çì³í äîâê³ëëÿ. Îäíèì
ç òàêèõ îá’ºêò³â º áîòàí³÷íèé çàêàçíèê çàãàëüíîäåðæàâíîãî çíà÷åííÿ
«Ðîìàí³âñüêå áîëîòî», ùî ñòàíîâèòü ³íòåðåñ, íàïðèêëàä, ó ôëîðèñòè÷íî-
ìó â³äíîøåíí³ ÿê ì³ñöåçðîñòàííÿ çíà÷íî¿ ê³ëüêîñò³ âèä³â ðîñëèí, ÿê³ ìî-
æóòü ñëóãóâàòè ÷óòëèâèìè ³íäèêàòîðàìè ñòàíó ö³º¿ åêîñèñòåìè.

Ìåòîþ ö³º¿ ðîáîòè º âèâ÷åííÿ ôëîðèñòè÷íîãî áàãàòñòâà áîòàí³÷íîãî
çàêàçíèêà çàãàëüíîäåðæàâíîãî çíà÷åííÿ «Ðîìàí³âñüêå áîëîòî», ç’ÿñóâàí-
íÿ îñîáëèâîñòåé ñòðóêòóðè ôëîðè öüîãî ïðèðîäíî-çàïîâ³äíîãî îá’ºêòà ³
ïðîâåäåííÿ îö³íêè ¿¿ àíòðîïîãåííî¿ òðàíñôîðìàö³¿.

Îòðèìàí³ äàí³ º íåîáõ³äíèìè äëÿ åêîëîã³÷íîãî ìîí³òîðèíãó áîëîò-
íèõ åêîñèñòåì òà ïåðåäáà÷åííÿ òåíäåíö³¿ ¿õíüîãî ðîçâèòêó â óìîâàõ çðîñ-
òàþ÷îãî àíòðîïîãåííîãî âïëèâó.

Ìàòåð³àë òà ìåòîäèêà äîñë³äæåíü

Áîòàí³÷íèé çàêàçíèê çàãàëüíîäåðæàâíîãî çíà÷åííÿ «Ðîìàí³âñüêå
áîëîòî» ñòâîðåíèé ó 1979 ð. äëÿ îõîðîíè óí³êàëüíî¿ áîëîòíî¿ åêîñèñòåìè
ïëîùåþ 30 ãà ó çàõ³äí³é ÷àñòèí³ ì. Êèºâà íà çåìëÿõ Ñâÿòîøèíñüêîãî
äåðæë³ñãîñïó (Ñâÿòîøèíñüêå ë³ñíèöòâî). Äîñë³äæåííÿ ðîñëèííîãî ïî-
êðèâó öüîãî îá’ºêòà ïðîâåäåíî âïðîäîâæ 2018—2021 ðð. íàï³âñòàö³îíàð-
íèì ñïîñîáîì ³ç çàñòîñóâàííÿì ïîð³âíÿëüíîãî ìîðôîëîãî-ãåîãðàô³÷íî-
ãî ìåòîäó. Íàìè áóëî âèêîðèñòàíî îðèã³íàëüí³ ôëîðèñòè÷í³ äàí³, óçàãà-
ëüíåíî òà ïðîàíàë³çîâàíî ë³òåðàòóðí³ â³äîìîñò³ [2, 14, 18, 23]. Îãëÿä ë³òå-
ðàòóðíèõ äæåðåë ç âèâ÷åííÿ «Ðîìàí³âñüêîãî áîëîòà», êëàñèô³êàö³ÿ éîãî
ðîñëèííîñò³ òà á³îòîï³â äîêëàäíî âèñâ³òëåí³ ó íàøèõ ïîïåðåäí³õ ïóá-
ë³êàö³ÿõ [35, 36]. Ñèñòåìàòè÷íó ñòðóêòóðó ôëîðè äîñë³äæóâàëè çà ïðèí-
öèïàìè, çàïðîïîíîâàíèìè Î.². Òîëìà÷îâèì [22]. Ðîçïîä³ë âèä³â ôëîðè
áîëîòà çà õîðîëîã³÷íèìè ãðóïàìè ïðîâîäèëè íà îñíîâ³ ôëîðèñòè÷íîãî
ðàéîíóâàííÿ Çåìë³ À.Ë. Òàõòàäæÿíà [20] òà àíàë³çó ¿õí³õ àðåàë³â çà [24,
25]. Á³îìîðôîëîã³÷íó ñòðóêòóðó ôëîðè âèçíà÷àëè çã³äíî ç [19, 39]. Åêîëî-
ãî-öåíîòè÷íó ñòðóêòóðó âñòàíîâëåíî íà îñíîâ³ ìåòîäîëîã³÷íèõ ï³äõîä³â
[8].

Äëÿ îö³íêè ñòóïåíÿ àíòðîïîãåííî¿ òðàíñôîðìàö³¿ ôëîðè áîëîòà áóëè
âèêîðèñòàí³ ³íäåêñè [32, 34], ÿê³ âèçíà÷àþòü â³äíîñíó ÷àñòêó ð³çíèõ ïî
â³äíîøåííþ äî àíòðîïîïðåñ³¿ ãðóï ó ôëîð³. Òàê, ³íäåêñ ñèíàíòðîï³çàö³¿

ôëîðè (IS) âêàçóº íà â³äñîòêîâó ÷àñòêó ñèíàíòðîïíèõ âèä³â ðîñëèí â³ä çà-
ãàëüíî¿ ê³ëüêîñò³ âèä³â ôëîðè:
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IS
Ap An

Sp An
= +

+
×100%,

äå Ap — àïîô³òè, An — àíòðîïîô³òè (àäâåíòèâí³ âèäè), Sp — ñïîíòà-
íîô³òè (àáîðèãåíí³ âèäè òà àïîô³òè ðàçîì).

²íäåêñ àíòðîïîô³òèçàö³¿ ôëîðè (IÀn) âêàçóº íà â³äñîòêîâó ÷àñòêó àä-
âåíòèâíèõ âèä³â ó âñ³é ôëîð³:

IAn
An

Sp An
=

+
×100%.

²íäåêñ êåíîô³òèçàö³¿ ôëîðè (IKen) âêàçóº íà â³äñîòêîâó ÷àñòêó êå-
íîô³ò³â ó ôëîð³ â ö³ëîìó:

IKen
Ken

Sp An
=

+
×100%,

äå Ken — êåíîô³òè.
Â îñíîâó âèä³ëåííÿ âèä³â àäâåíòèâíèõ ðîñëèí ïîêëàäåíî êëàñèô³êà-

ö³þ çã³äíî ç [16, 41, 42]. Ëàòèíñüê³ íàçâè âèä³â ðîñëèí ïîäàíî â³äïîâ³äíî
äî [38].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü ôëîðè «Ðîìàí³âñüêîãî áîëîòà»
íàìè áóëî âñòàíîâëåíî âèäîâèé ñêëàä, ÿêèé íàë³÷óº 159 âèä³â ðîñëèí ³ç
109 ðîä³â, 54 ðîäèí òà ÷îòèðüîõ â³ää³ë³â, ó ò. ÷. Equisetophyta (â³äïîâ³äíî
4/1/1), Polypodiophyta (4/4/4), Pinophyta (1/1/1), Magnoliophyta
(150/103/48). Äî ïîêàçíèê³â ð³çíîìàí³òíîñò³ ñèñòåìàòè÷íîãî ñêëàäó íàëå-
æàòü ôëîðèñòè÷í³ ïðîïîðö³¿, ùî âèçíà÷àþòüñÿ ÷åðåç ñï³ââ³äíîøåííÿ ñå-
ðåäíüî¿ ê³ëüêîñò³ âèä³â ó ðîä³, âèä³â ó ðîäèí³ òà ðîä³â ó ðîäèí³. Äëÿ
äîñë³äæóâàíî¿ ôëîðè ö³ ïðîïîðö³¿ ñòàíîâëÿòü 1:1,5:2,9, ñåðåäíÿ ê³ëüê³ñòü
âèä³â ó ðîä³ — 2,0.

Ïðåäñòàâëÿºìî ñïèñîê ñïîíòàííî¿ ôëîðè áîòàí³÷íîãî çàêàçíèêà çà-
ãàëüíîäåðæàâíîãî çíà÷åííÿ «Ðîìàí³âñüêå áîëîòî»:

EQUISETOPHYTA: Equisetaceae — Equisetum arvense L., E. fluviatile L.,
E. palustre L., E. sylvaticum L.;

POLYPODIOPHYTA: Athyriaceae — Athyrium filis-femina (L.) Roth;
Dennstaedtiaceae — Pteridium aquilinum (L.) Kuhn; Dryopteridaceae — Dry-
opteris carthusiana (Vill.) H.P. Fuchs; Thelypteridaceae — Thelypteris palustris
Schott Schott;

PINOPHYTA: Pinaceae — Pinus sylvestris L.;
MAGNOLIOPHYTA: Liliopsida: Alismataceae — Alisma plantago-aqua-

tica L.; Araceae — Calla palustris L.; Convallariaceae — Convallaria majalis L.;
Cyperaceae — Carex acuta L., C. acutiformis Ehrh., C. appropinquata Schum.,
C. lasiocarpa Ehrh., C. pseudocyperus L., C. riparia Curtis, C. vesicaria L., Eleo-
charis palustris (L.) Roet. et Schult., Scirpus lacustris L., S. sylvaticus L.; Irida-
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ceae — Iris pseudocyperus Schur; Juncaceae — Juncus effusus L.; Lemnaceae —
Lemna minor L., L. trisulca L., Spirodela polyrhiza (L.) Schleid.; Poaceae — Ag-
rostis canina L., A. stolonifera L., Arrhenatherum elatius (L.) J. Presl et C. Presl,
Calamagrostis canescens (Weber) Roth, C. epigeios (L.) Roth, Deschampsia ca-
espitosa (L.) Beauv., Elytrigia repens (L.) Nevski, Festuca gigantea (L.) Vill.,
F. pratensis Huds., Glyceria maxima (C. Hartm.) Holmberg, Leersia orysoides
(L.) Sw., Molinia coerulea (L.) Moench, Phragmites australis (Cav.) Trin. ex
Steud., Poa palustris L., P. pratensis L., P. trivialis L.; Sparganiaceae — Sparga-
nium erectum L.; Typhaceae — Typha angustifolia L., T. latifolia L., T. laxman-
nii Lepech.;

Magnoliopsida: Aceraceae — Acer negundo L., A. platanoides L.; Apiaceae
— Aegopodium podagraria L., Oenanthe aquatica (L.) Poir., Ostericum palustre
(Besser) Besser, Peucedanum palustre (L.) Moench, Siella erecta (Huds.) M. Pi-
men., Sium latifolium L., Torilis japonica (Houtt.) DC.; Asteraceae — Artemi-
sia annua L., A. vulgaris L., Bidens cernua L., B. frondosa L., Centaurea jacea L.,
Cirsium oleraceum (L.) Scop., C. palustre (L.) Scop., C. rivulare (Jocq.) All.,
Eupatorium cannabinum L., Petasites hybridus (L.) P. Gaertn., B. Mey. et
Scherb., Solidago canadensis L., Senecio fluviatilis Wallr.; Balsaminaceae — Im-
patiens noli-tangere L., I. parviflora DC.; Betulaceae — Alnus glutinosa (L.)
P. Gaertn., Betula pendula Roth, B. pubescens Ehrh.; Boraginaceae — Myosotis
arvensis (L.) Hill., M. scorpioides L., Symphytum officinale L.; Brassicaceae —
Rorippa amphibia (L.) Besser, R. nasturtium-aquaticum (L.) Hayek, Nasturti-
um officinale R. Br.; Campanulaceae — Campanula latifolia L.; Cannabaceae —
Humulus lupulus L.; Caprifoliaceae — Sambucus nigra L., Viburnum opulus L.;
Caryophyllaceae — Myosoton aquaticum (L.) Moench, Stellaria palustris Retz.;
Celastraceae — Euonymus europaea L.; Ceratophyllaceae — Ceratophyllum de-
mersum L.; Convolvulaceae — Calystegia sepium (L.) R. Br.; Corylaceae — Car-
pinus betulus L., Corylus avellana L.; Cucurbitaceae — Echinocystis lobata
(Michx.) Torr. & A. Gray; Ericaceae — Oxycoccus palustris Pers., Vaccinium
myrtillus L.; Fabaceae — Trifolium fragiferum L.; Fagaceae — Quercus robur L.,
Q. rubra L.; Geraniaceae — Geranium palustre L.; Grossulariaceae — Ribes nig-
rum L.; Lamiaceae — Gàleopsis bifida Boenn., G. speciosa Mill., Glechoma hede-
racea L., Lycopus europaeus L., Mentha aquatica L., Scutellaria galericulata L.,
Stachys palustris L., S. sylvatica L.; Lythraceae — Lythrum salicaria L., L. virga-
tum L.; Melanthiaceae — Veratrum lobelianum Bernh.; Menyanthaceae — Me-
nyanthes trifoliata L.; Oleaceae — Fraxinus excelsior L.; Onagraceae — Chame-
rion angustifolium (L.) Holub, Epilobium hirsutum L., E. palustre L., E. parviflo-
rum (Schreb.) Schreb.; Papaveraceae — Chelidonium majus L.; Polygonaceae
— Persicaria hydropiper (L.) Delarbre, P. maculosa S.F. Gray, Rumex confertus
Willd., R. hydrolapathum Huds., R. obtusifolius L.; Primulaceae — Lysimachia
nummularia L., L. vulgaris L., Naumburgia thyrsiflora (L.) Rchb.; Ranuncula-
ceae — Caltha palustris L., Ficaria verna Huds., Ranunculus acris L., R. repens
L., Trollius europaeus L.; Rhamnaceae — Frangula alnus Mill.; Rosaceae — Co-
marum palustre L., Filipendula ulmaria (L.) Maxim., F. vulgaris Moench,
Geum rivale L., G. urbanum L., Malus domestica Borkh., Padus avium Mill., Po-
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tentilla erecta L., P. reptans L., Rubus caesius L., R. idaeus L., Sanguisorba offici-
nalis L., Sorbus aucuparia L.; Rubiaceae — Galium aparine L., G. molugo L.,
G. palustre L.; Salicaceae — Populus alba L., P. tremula L., Salix alba L., S. cap-
rea L., S. cinerea L., S. pentandra L., S. triandra L.; Scrophulariaceae — Gratiola
officinalis L., Scrophularia umbrosa Dumort., Veronica anagallis-aquatica L.;
Solanaceae — Solanum dulcamara L.; Urticaceae — Urtica dioica L., U. galeop-
sifolia Wierzb. ex Opiz.

Ñèñòåìàòè÷íà ñòðóêòóðà ôëîðè âèçíà÷àºòüñÿ ÿê õàðàêòåðíèé äëÿ
êîæíî¿ ôëîðè ðîçïîä³ë âèä³â çà ñèñòåìàòè÷íèìè êàòåãîð³ÿìè âèùîãî
ðàíãó. Ãîëîâíèìè ïîêàçíèêàìè ôëîðè º ñï³ââ³äíîøåííÿ ì³æ îêðåìèìè
ãðóïàìè ñóäèííèõ ðîñëèí, ÿê³ âèðàæàþòüñÿ ó â³äñîòêàõ çàãàëüíî¿ ê³ëü-
êîñò³ âèä³â, ðîä³â òà ðîäèí; ðîçïîä³ë âèä³â ì³æ îêðåìèìè òàêñîíàìè —
ïîðÿäêàìè, ðîäèíàìè òà ðîäàìè; ê³ëüê³ñíèé ñêëàä ðîäèí, ÿê³ çàéìàþòü ó
ôëîð³ ïàí³âíå ïîëîæåííÿ; ñï³ââ³äíîøåííÿ ì³æ ê³ëüê³ñòþ âèä³â ó ð³çíèõ
ðîäèíàõ [22]. Îñíîâí³ ñèñòåìàòè÷í³ ïîêàçíèêè äîñë³äæóâàíî¿ ôëîðè
«Ðîìàí³âñüêîãî áîëîòà» âêàçóþòü íà ïåðåâàæíó á³ëüø³ñòü âèä³â ðîñëèí,
ùî â³äíîñÿòüñÿ äî â³ää³ëó Magnoliophyta (94,4 %); ç íèõ íà Liliopsida ïðè-
ïàäàº 25,3 %, íà Magnoliopsida — 74,7 %, ùî ñêëàäàº ïðîïîðö³þ 1 : 2,9.
Ïîä³áíó ïðîïîðö³þ âñòàíîâëåíî ³ äëÿ ôëîðè Ñåðåäíüî¿ ªâðîïè — 1 :
2,9—3,6 [7], ùî ö³ëêîì â³äïîâ³äàº ãåîãðàô³÷íîìó ïîëîæåííþ äîñë³äæóâà-
íî¿ ôëîðè. Òàê³ â³ää³ëè, ÿê Equisetophyta (2,5 %), Polypodiophyta (2,5 %) òà
Pinophyta (0,6 %), íà ÷àñòêó êîòðèõ ïðèïàäàº 5,6 %, ìàþòü íèæ÷ó ó÷àñòü,
ùî º õàðàêòåðíèì äëÿ ôëîðè Óêðà¿íè çàãàëîì, ïðîòå ¿õí³ ïðåäñòàâíèêè
íà îêðåìèõ ä³ëÿíêàõ çàéìàþòü çíà÷í³ ïëîù³.

Âñòàíîâëåíî, ùî ñïåêòð ïðîâ³äíèõ ðîäèí º îáìåæåíèì, ùî çóìîâëå-
íî çíà÷íîþ ê³ëüê³ñòþ ðîäèí ç îäíèì-äâîìà âèäàìè (òàáë. 1).

Òàêèé ðîçïîä³ë ðîäèí ïîâ’ÿçàíèé ³ç íåçíà÷íîþ ïëîùåþ äîñë³äæåííÿ
(30 ãà) òà ïåðåâàæàííÿì âîäíî-áîëîòíèõ ô³òîöåíîç³â íà òåðèòîð³¿. Ïîðÿ-
äîê ðîçòàøóâàííÿ ïåðøèõ äâîõ ïðîâ³äíèõ ðîäèí (Poaceae — 16 âèä³â ðîñ-
ëèí, Rosaceae — 13) íå â³äïîâ³äàº ðîçïîä³ëó ïðîâ³äíèõ ðîäèí ôëîðè
Óêðà¿íè [16] òà âèð³çíÿºòüñÿ âèùèì ïîëîæåííÿì ïðîâ³äíèõ ðîäèí äîñ-
ë³äæóâàíî¿ ôëîðè [22]. Òðåòº òà ÷åòâåðòå ì³ñöÿ çàéìàþòü â³äïîâ³äíî Aste-
raceae òà Cyperaceae. Íèæ÷å ïîëîæåííÿ ðîäèíè Asteraceae îáóìîâëåíå
ìåíøîþ ïðèñòîñîâàí³ñòþ ¿¿ ïðåäñòàâíèê³â äî ïåðåçâîëîæåíèõ á³îòîï³â.
Òàêèé ðîçïîä³ë ñïðè÷èíåíèé ñïåöèô³÷í³ñòþ äîñë³äæóâàíî¿ ôëîðè: ïðè-
íàëåæí³ñòü Rosaceae, Cyperaceae, Lamiaceae, Salicaceae, Polygonaceae, Ra-
nunculaceae, Equisetaceae ³ Onagraceae äî ïðîâ³äíèõ ðîäèí º õàðàêòåðíèì
äëÿ çîíàëüíèõ ôëîð, äå çáåðåãëèñÿ çíà÷í³ çà ïëîùåþ ôðàãìåíòè ïðèðîä-
íèõ óãðóïîâàíü. Ó òðüîõ ðîäèíàõ çîñåðåäæåíà ÷âåðòü óñ³õ âèä³â áîëîòà
(25,8 %). Îñíîâí³ ïðîâ³äí³ ðîäèíè îá’ºäíóþòü á³ëüøå ïîëîâèíè âèä³â
äîñë³äæóâàíî¿ ôëîðè — 91 âèä³â ðîñëèí (57,2 %) (äèâ. òàáë. 1). Ðîçïîä³ë
ðîäèí çà âèäîâèì áàãàòñòâîì õàðàêòåðèçóºòüñÿ ïåðåâàæàííÿì òèõ ³ç íèõ,
ÿê³ íàë³÷óþòü ïî îäíîìó âèäó ðîñëèí (26 ðîäèí), ïðè÷îìó á³ëüø³ñòü ³ç
¿õí³õ ïðåäñòàâíèê³â º ðåã³îíàëüíî ð³äê³ñíèìè [15]. Äåâ’ÿòü ðîäèí íàðàõî-
âóþòü ïî äâà âèäè ðîñëèí, à â³ñ³ì — ïî òðè. Íà îäíó ðîäèíó â ñåðåäíüîìó
ïðèïàäàº 2,94 âèäè ðîñëèí. Ñë³ä çàçíà÷èòè, ùî «Ðîìàí³âñüêå áîëîòî»
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çíàõîäèòüñÿ íà ï³âäåíí³é ìåæ³ áîë³ò Óêðà¿íñüêîãî Ïîë³ññÿ (ÓÏ), òîìó
ìàº äîñèòü ñïåöèô³÷í³ óìîâè òà, ïîð³âíÿíî ç áîëîòàìè ÓÏ, ïîì³òíî
â³äð³çíÿºòüñÿ çà ñòðóêòóðîþ ôëîðè [6]. Ó ñèñòåìàòè÷í³é ñòðóêòóð³ ôëîðè
áîëîòà ñïîñòåð³ãàºòüñÿ ïîä³áí³ñòü ó âõîäæåíí³ ðîäèí Poaceae òà Astera-
ceae äî òð³éêè ïðîâ³äíèõ (äèâ. òàáë. 1) – ïåðøà òà òðåòÿ ïîçèö³¿ ïîð³âíÿíî
³ç äðóãîþ òà òðåòüîþ ïîçèö³ÿìè â³äïîâ³äíî ó ôëîð³ ë³ñîâèõ áîë³ò ÓÏ.
Ïåðøó ïîçèö³þ ó ôëîð³ ë³ñîâèõ áîë³ò ÓÏ çàéìàº ðîäèíà Cyperaceae, íà-
òîì³ñòü ó ôëîð³ äîñë³äæóâàíîãî áîëîòà âîíà ïîñ³äàº ëèøå ÷åòâåðòó ïî-
çèö³þ. Ðîäèíà Lamiaceae ï³äâèùèëà ñâî¿ ïîçèö³¿ ç âîñüìîãî ì³ñöÿ ó ôëîð³
ë³ñîâèõ áîë³ò ÓÏ äî ï’ÿòîãî ó ôëîð³ «Ðîìàí³âñüêîãî áîëîòà». Ïîíèçèëè
ñâî¿ ïîçèö³¿ Polygonaceae — ç øîñòî¿ (ÓÏ) äî ñüîìî¿ («Ðîìàí³âñüêå áîëî-
òî») òà Ranunculaceae — ç ÷åòâåðòî¿ äî âîñüìî¿ â³äïîâ³äíî. Ñë³ä çàçíà÷è-
òè, ùî, íà â³äì³íó â³ä ë³ñîâèõ áîë³ò ÓÏ, äî ñêëàäó ïðîâ³äíèõ ðîäèí «Ðî-
ìàí³âñüêîãî áîëîòà» óâ³éøëè Rosaceaå, Apiaceae, Equisetaceae òà Onagra-
ceae, à Caryophyllaceae, ÿê îäíà ³ç ïðîâ³äíèõ ðîäèí ôëîðè ë³ñîâèõ áîë³ò
ÓÏ, íàâïàêè, â³äñóòíÿ ó ñïåêòð³ ïðîâ³äíèõ ðîäèí ôëîðè çàêàçíèêà. Òà-
êîæ íåîáõ³äíî çàóâàæèòè, ùî ïðîâ³äí³ ðîäèíè ôëîðè áîëîòà ñòàíîâëÿòü
îñíîâó âèäîâîãî ñêëàäó (57,2 %), íà â³äì³íó â³ä ïðîâ³äíèõ ðîäèí ôëîðè
ë³ñîâèõ áîë³ò ÓÏ, ÿê³ âêëþ÷àþòü ëèøå 48 % âèä³â.

Á³ëüø ïîâíî ñòðóêòóðó ³ ñïåöèô³÷í³ ðèñè äîñë³äæóâàíî¿ ôëîðè â³äî-
áðàæàº ðîäîâèé ñïåêòð. Íàéâèùèì âèäîâèì ð³çíîìàí³òòÿì õàðàêòåðè-
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Òàáëèöÿ 1
Ñïåêòð ïðîâ³äíèõ ðîäèí ôëîðè «Ðîìàí³âñüêîãî áîëîòà»

Ïðîâ³äí³ ðîäèíè
Ïîçèö³¿ ðîäèí

(ê³ëüê³ñòü âèä³â / %)
Ë³ñîâ³ áîëîòà Óêðà¿íñüêîãî
Ïîë³ññÿ (ïîçèö³¿ ðîäèí [6])

Poaceae 1 (16/10,1) 2

Rosaceae 2 (13/8,2) —

Asteraceae 3 (12/7,6) 3

Cyperaceae 4 (10/6,3) 1

Lamiaceae 5 (8/5,0) 8

Salicaceae 6 (7/4,4) 5

Apiaceae 6 (7/4,4) —

Polygonaceae 7 (5/3,1) 6

Ranunculaceae 7 (5/3,1) 4

Equisetaceae

Onagraceae

8 (4/2,5)

8 (4/2,5)

—

—

Caryophyllaceae — 7

Âñüîãî ó òðüîõ ðîäèíàõ 41/25,8 —

Âñüîãî ó ïðîâ³äíèõ ðîäèíàõ 91/57,2 48 %



çóºòüñÿ òàêèé òèïîâèé áîðåàëüíèé ð³ä, ÿê Carex L. (7/4,4 %), ùî çàéìàº
ïåðøå ì³ñöå â ðîäîâîìó ñïåêòð³ ìàéæå âñ³õ ôðàêö³é ôëîðè ïîä³áíî äî
ðîäó Salix L., ÿêèé çàéìàº äðóãå ì³ñöå (5/3,1 %). Ð³ä Equisetum L., ùî çàéìàº
òðåòº ì³ñöå, ïðåäñòàâëåíèé ëèøå ÷îòèðìà âèäàìè (2,5 %), ïðîòå çóñò-
ð³÷àºòüñÿ ìàéæå â óñ³õ òèïàõ á³îòîï³â. Ðîçïîä³ë âèä³â â ³íøèõ ðîäàõ âèã-
ëÿäàº òàê: ø³ñòü ðîä³â (Poa L., Typha L., Cirsium Mill., Epilobium L., Galium
L., Rumex L.) ïðåäñòàâëåí³ òðüîìà âèäàìè, 25 — äâîìà ³ 74 ðîäè — îäíèì
âèäîì. Ñïåêòð ïðîâ³äíèõ ðîä³â äóæå îáìåæåíèé, ùî çóìîâëåíî çíà÷íîþ
ê³ëüê³ñòþ ðîä³â ³ç îäíèì—äâîìà âèäàìè, ÿê³ îá’ºäíóþòü 60,4 % óñ³º¿ ôëî-
ðè.

Ãåîãðàô³÷íà ñòðóêòóðà. Ó ðåçóëüòàò³ äîñë³äæåííÿ ãåîãðàô³÷íî¿
ñòðóêòóðè ôëîðè «Ðîìàí³âñüêîãî áîëîòà» íàìè âñòàíîâëåíî òðè òèïè
ðåã³îíàëüíèõ àðåàë³â, ÿê³ âêëþ÷àþòü 7 êëàñ³â, 9 ãðóï òà 11 ï³äãðóï (òàáë.
2).

Ãîëàðêòè÷íèé òèï àðåàëó äîñë³äæóâàíî¿ ôëîðè çàéìàº ïðîâ³äíå ïî-
ëîæåííÿ ³ ñòàíîâèòü 141 âèä ðîñëèí, àáî 88,7 % â³ä çàãàëüíî¿ ê³ëüêîñò³
âèä³â. Äî ñêëàäó äàíîãî òèïó âõîäÿòü ÷îòèðè êëàñè àðåàë³â, ñåðåä ÿêèõ çà
ðåã³îíàëüíèìè õîðîëîã³÷íèìè ãðóïàìè ïåðåâàæàº ºâðàç³éñüêèé êëàñ (73
âèäè /46,0 %). Ñåðåä ï³äãðóï ºâðàç³éñüêîãî êëàñó ñë³ä â³äì³òèòè ºâðî-
ïåéñüêî-ñåðåäçåìíîìîðñüêî-àç³éñüêó ï³äãðóïó, ÿêà º íàé÷èñåëüí³øîþ
(37/23,3 %) ³ ïðåäñòàâëåíà âèêëþ÷íî âèäàìè àáîðèãåííèõ ðîñëèí (Alisma
plantago-aquatica, Carex acutiformis, Iris pseudocyperus). Äðóãå ì³ñöå çàéìàº
ãîëàðêòè÷íèé êëàñ (62/38,9 %), ùî º ïðèòàìàííèì ÿê äëÿ äîñë³äæóâàíî¿
ôëîðè, òàê ³ äëÿ ôëîðè ðåã³îíó â ö³ëîìó [20]. Öèðêóìáîðåàëüíèé (5/3,2 %)
òà ºâðîïåéñüêèé (1/0,6 %) êëàñè çàéìàþòü çíà÷íî íèæ÷å ïîëîæåííÿ ó
ñïåêòð³, ùî ïîÿñíþºòüñÿ ðîçòàøóâàííÿì áîëîòà íà ìåæ³ Ïîë³ññÿ òà Ë³ñî-
ñòåïó òà çìåíøåííÿì îáâîäíåííÿ áîëîòà. Íàñòóïíó ïîçèö³þ ïîñ³äàº êîñ-
ìîïîë³òíèé òèï àðåàë³â (16/10,1 %), äî ñêëàäó ÿêîãî âõîäÿòü äâà êëàñè —
êîñìîïîë³òíèé (14/8,8 %), ÿêèé ñòàíîâèòü á³ëüø³ñòü, òà ãåì³êîñìîïî-
ë³òíèé (2/1,2 %). Äàíèé òèï àðåàë³â ïðåäñòàâëåíèé çäåá³ëüøîãî âèäàìè
ñèíàíòðîïíî¿ ôðàêö³¿ ôëîðè (Acer negundo, Urtica dioica), ùî ïîâ’ÿçàíî ç
¿õíüîþ ³íâàç³ºþ â ðåã³îí³ òà çäàòí³ñòþ äî ëåãêîãî ïðèñòîñóâàííÿ ó íîâèõ
óìîâàõ. Ïåðåõ³äíèé òèï àðåàë³â âëàñòèâèé ëèøå äâîì âèäàì ðîñëèí
(1,2 %) — Lysimachia nummularia òà Quercus rubra, ùî º âèäàìè øèðîêî¿
åêîëîã³÷íî¿ àìïë³òóäè. Îòæå, ÷àñòêà âèä³â øèðîêî¿ åêîëîã³¿ – ïåðåõ³äíîãî
òà êîñìîïîë³òíîãî òèï³â (ñóìàðíî 11,3%) º íåâèñîêîþ, ùî ï³äêðåñëþº ðå-
ã³îíàëüíó ñïåöèô³÷í³ñòü äîñë³äæåíî¿ ôëîðè. Çàãàëîì, çà ñâîºþ ãåîãðà-
ô³÷íîþ ñòðóêòóðîþ ôëîðà «Ðîìàí³âñüêîãî áîëîòà» º ïîä³áíîþ äî ôëîðè
ë³ñîâî¿ çîíè, ùî âêàçóº íà ¿¿ ìàëîïîðóøåíèé õàðàêòåð.

Á³îìîðôîëîã³÷íà ñòðóêòóðà. Á³îìîðôîëîã³÷íèé àíàë³ç ôëîðè, ùî
âêëþ÷àº âñòàíîâëåííÿ ñïåêòðó æèòòºâèõ ôîðì âèä³â, ¿õ æèòòºâîãî öèê-
ëó, òèï³â êîðåíåâî¿ ñèñòåìè, òèï³â íàäçåìíèõ òà ï³äçåìíèõ ïàãîí³â, òèï³â
âåãåòàö³¿ òîùî, äîçâîëÿº âñòàíîâèòè ñòðóêòóðó òà âèÿâèòè çàãàëüí³ ðèñè
ìîðôîëîã³÷íî¿ é åêîëîã³÷íî¿ àäàïòàö³¿ âèä³â ðîñëèí äî íàâêîëèøíüîãî
ñåðåäîâèùà. Òàê, ó ñïåêòð³ á³îìîðô äîñë³äæóâàíî¿ ôëîðè ïåðåâàæàþòü
òðàâ’ÿíèñò³ ïîë³êàðï³êè (116/73,0 %); ïðåäñòàâëåí³ñòü ³íøèõ ãðóï íåçíà÷-
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íà — çàãàëîì 31 âèä (19,5 %): òðàâ’ÿíèñò³ ìîíîêàðï³êè — 12 âèä³â (7,5 %),

äåðåâà — 16 (10,1 %), êóù³ — 11 (6,9 %), êóùèêè — 3 (1,9 %) òà íàï³âêóùè-

êè — 1 (0,6 %). Â ðåçóëüòàò³ àíàë³çó á³îëîã³÷íèõ òèï³â âèäîâîãî ñêëàäó çà

ñèñòåìîþ Ê. Ðàóíê³ºðà [39] âñòàíîâëåíî ïåðåâàæàííÿ ãåì³êðèïòîô³ò³â

(114/71,6 %), ùî ñâ³ä÷èòü ïðî íàáëèæåííÿ ôëîðè áîëîòà äî ïîì³ðíèõ ãî-

ëàðêòè÷íèõ ôëîð [20]. Äðóãó ïîçèö³þ çàéìàþòü ôàíåðîô³òè (30/18,8 %),

ùî º íåïðèòàìàííèì äëÿ ôëîðè áîëîòà òà âêàçóº íà éîãî àêòèâíå çàðîñ-
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Òàáëèöÿ 2
Ãåîãðàô³÷íà ñòðóêòóðà ôëîðè çà ðåã³îíàëüíèìè òèïàìè àðåàë³â

Òèïè, êëàñè, ãðóïè/ï³äãðóïè àðåàë³â Ê³ëüê³ñòü âèä³â (%)

². ÃÎËÀÐÊÒÈ×ÍÈÉ ÒÈÏ 141 (88,7)

1. Ãîëàðêòè÷íèé êëàñ/ãðóïà 62 (38,9)

2. ªâðàç³éñüêèé êëàñ 73 (46,0)

2.1 ªâðàç³éñüêà ãðóïà 65 (40,9)

2.1.1. ªâðàç³éñüêà ï³äãðóïà 12 (7,5)

2.1.2. ªâðîïåéñüêî-çàõ³äíîàç³éñüêà ï³äãðóïà 1 (0,6)

2.1.3. ªâðîïåéñüêî-ñåðåäçåìíîìîðñüêà ï³äãðóïà 4 (2,5)

2.1.4. ªâðîïåéñüêî-ñåðåäçåìíîìîðñüêî-àç³éñüêà ï³äãðóïà 37 (23,3)

2.1.5. ªâðîïåéñüêî-ñåðåäçåìíîìîðñüêî-êàâêàçüêà ï³äãðóïà 9 (5,6)

2.1.6. ªâðîïåéñüêî-ñåðåäçåìíîìîðñüêî-ïåðåäíüîàç³éñüêà
ï³äãðóïà

2 (1,2)

2.2. Ïàëåàðêòè÷íà ãðóïà 2 (1,2)

2.2.1. Çàõ³äíîïàëåàðêòè÷íà ï³äãðóïà 1 (0,6)

2.2.2. Ï³âäåííîïàëåàðêòè÷íà ï³äãðóïà 1 (0,6)

2.3. ªâðîñèá³ðñüêà ãðóïà 6 (3,8)

2.3.1. ªâðîñèá³ðñüêà ï³äãðóïà 3 (1,9)

2.3.2. ªâðîïåéñüêî-ñåðåäçåìíîìîðñüêî-ñèá³ðñüêà ï³äãðóïà 3 (1,9)

3. ªâðîïåéñüêèé êëàñ 1 (0,6)

3.1. ªâðîïåéñüêà ãðóïà/ï³äãðóïà 1 (0,6)

4. Öèðêóìáîðåàëüíèé êëàñ/ãðóïà 5 (3,2)

²². ÏÅÐÅÕ²ÄÍÈÉ ÒÈÏ 2 (1,2)

1. ªâðîïåéñüêî-ñåðåäçåìíîìîðñüêî-ï³âí³÷íîàìåðèêàíñü-
êèé êëàñ/ãðóïà

2 (1,2)

²²². ÊÎÑÌÎÏÎË²ÒÍÈÉ ÒÈÏ 16 (10,1)

1. Êîñìîïîë³òíèé êëàñ/ãðóïà 14 (8,9)

2. Ãåì³êîñìîïîë³òíèé êëàñ/ãðóïà 2 (1,2)



òàííÿ. Íàï³âïðèðîäíèé õàðàêòåð á³ëüøîñò³ óãðóïîâàíü îáóìîâëþº íåâè-
ñîêó ó÷àñòü òåðîô³ò³â (14/9,0 %), ÿê³ ãîëîâíèì ÷èíîì ïîøèðåí³ íà òðàíñ-
ôîðìîâàíèõ ä³ëÿíêàõ. Õàìåô³òè ïðåäñòàâëåí³ ëèøå îäíèì âèäîì (0,6 %).

Îäí³ºþ ç ãîëîâíèõ îçíàê á³îìîðôîëîã³÷íî¿ ñòðóêòóðè ôëîðè º ïåð³î-
äè÷í³ñòü âåãåòàö³¿ âèä³â. Çà äàíèì ïîêàçíèêîì ó äîñë³äæóâàí³é ôëîð³ ïå-
ðåâàæàþòü ë³òíüîçåëåí³ ðîñëèíè — 157 âèäè (98,8 %). Ðåøòà ãðóïè —
ë³òíüî-çèìîâîçåëåí³ òà çèìîâîçåëåí³ — ïðåäñòàâëåí³ ïî îäíîìó âèäó
(0,6 %), ùî ïðèòàìàííî áîëîòàì.

Åêîëîã³÷í³ óìîâè, â ÿêèõ ðîçâèâàþòüñÿ âèäè ðîñëèí, ñóòòºâî âèçíà-
÷àþòü õàðàêòåð ¿õ íàäçåìíèõ ïàãîí³â. Ïðè àíàë³ç³ íàäçåìíèõ ïàãîí³â çà
ïîëîæåííÿì ëèñòê³â ðîçð³çíÿëèñü ðîçåòêîâ³, íàï³âðîçåòêîâ³ òà áåçðîçåò-
êîâ³ ðîñëèíè. Çà ö³ºþ îçíàêîþ ó äîñë³äæóâàí³é ôëîð³ ïåðåâàæàþòü âèäè ç
áåçðîçåòêîâèìè íàäçåìíèìè ïàãîíàìè — 101 âèä (63,5 %), äåùî ìåíøå
ðîñëèí ç íàï³âðîçåòêîâèìè ïàãîíàìè — 53 (33,3 %). Âèäè ç ðîçåòêîâèìè
ïàãîíàìè ìàëî õàðàêòåðí³ äëÿ äîñë³äæóâàíî¿ ôëîðè, âîíè ñêëàäàþòü
3,2 % â³ä çàãàëüíî¿ ê³ëüêîñò³ ¿¿ âèä³â.

Îñîáëèâîñò³ êîðåíåâî¿ ñèñòåìè âèä³â ðîñëèí íàéá³ëüø ïîâíî â³äî-
áðàæàþòü õàðàêòåð ñóáñòðàòó. Öå â³äáèâàºòüñÿ íà ñï³ââ³äíîøåíí³ ê³ëü-
êîñò³ âèä³â ðîñëèí ç ð³çíèì ìîðôîëîã³÷íèì òèïîì êîðåíåâî¿ ñèñòåìè. Ó
äîñë³äæóâàí³é ôëîð³ ïåðåâàæàþòü âèäè ç ìè÷êóâàòîþ êîðåíåâîþ ñèñòå-
ìîþ (93/58,5 %). Ìåíø ïðåäñòàâëåí³ âèäè ç³ ñòðèæíåâîþ (43/30,8 %) òà
ñòðèæíå-ìè÷êóâàòîþ (17/10,7 %) êîðåíåâèìè ñèñòåìàìè. Çá³ëüøåííÿ ÷à-
ñòêè âèä³â ç³ ñòðèæíåâîþ êîðåíåâîþ ñèñòåìîþ ñïîñòåð³ãàºòüñÿ â àíòðî-
ïîãåííî òðàíñôîðìîâàíèõ åêîòîïàõ, äå òèïîâèì º óù³ëüíåííÿ ´ðóíòîâî-
ãî ñóáñòðàòó. Ïîä³áíèé ðîçïîä³ë õàðàêòåðíèé òàêîæ äëÿ ìàëîòðàíñôîð-
ìîâàíèõ íàï³âïðèðîäíèõ çîíàëüíèõ ôëîð, ùî ïîøèðåí³ íà êàì’ÿíèñòèõ
´ðóíòàõ [16].

Çà áóäîâîþ ï³äçåìíèõ ïàãîí³â âèä³ëåíî íàñòóïí³ ãðóïè âèä³â: äîâãî-
êîðåíåâèùí³, êîðîòêîêîðåíåâèùí³, êàóäåêñîâ³ òà ðîñëèíè áåç êîðåíå-
âèù. Áóäîâà ï³äçåìíèõ ïàãîí³â êîðåëþº ç òèïîì êîðåíåâî¿ ñèñòåìè òà
â³äîáðàæàº åäàô³÷íèé õàðàêòåð åêîòîïó. Ó äîñë³äæóâàí³é ôëîð³ ìàéæå
ïîð³âíó ïåðåâàæàþòü äîâãîêîðåíåâèùí³ (57/35,8 %) òà êîðîòêîêîðåíå-
âèùí³ ðîñëèíè (48/30,2 %), ùî ïîâ’ÿçàíå ç³ ñïåöèô³êîþ ôëîðè áîëîòíèõ
òà ëó÷íî-áîëîòíèõ óãðóïîâàíü. Òàêîæ â³äì³÷àºòüñÿ çíà÷íà ó÷àñòü ãðóïè
êàóäåêñîâèõ âèä³â ðîñëèí (38/23,9 %). Õàðàêòåðíîþ îñîáëèâ³ñòþ äîñ-
ë³äæåíî¿ ôëîðè º íèçüêà ÷àñòêà âèä³â, ÿê³ íå ìàþòü êîðåíåâèùíî¿ ñòðóê-
òóðè (16/10,1 %).

Òàêèì ÷èíîì, íàø³ äîñë³äæåííÿ ïîêàçàëè, ùî äëÿ ôëîðè «Ðîìà-
í³âñüêîãî áîëîòà» õàðàêòåðíå äîì³íóâàííÿ òðàâ`ÿíèñòèõ ðîñëèí (80,5 %),
ãåì³êðèïòîô³ò³â (71,6 %), ðîñëèí ç ìè÷êóâàòèì òèïîì êîðåíåâî¿ ñèñòåìè
(58,5 %), áåçðîçåòêîâèìè íàäçåìíèìè ïàãîíàìè (63,5 %), ë³òíüîçåëåíèì
õàðàêòåðîì âåãåòàö³¿ (98,8 %) òà äîâãîêîðåíåâèùíèì òèïîì ï³äçåìíèõ
ïàãîí³â (35,8 %), ùî ñâ³ä÷èòü ïðî íåçíà÷íå àíòðîïîãåííå íàâàíòàæåííÿ
òà ñò³éê³ñòü áîëîòíèõ óãðóïîâàíü.

Ïðè ïîð³âíÿíí³ á³îìîðôîëîã³÷íî¿ ñòðóêòóðè ôëîð «Ðîìàí³âñüêîãî
áîëîòà» òà ë³ñîâèõ áîë³ò Óêðà¿íñüêîãî Ïîë³ññÿ ñë³ä çàçíà÷èòè ¿õíþ ïî-
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ä³áí³ñòü çà ïåðåâàæàííÿì ó ñïåêòðàõ æèòòºâèõ ôîðì òðàâ’ÿíèñòèõ ïîë³-
êàðï³ê³â òà ãåì³êðèïòîô³ò³â, à òàêîæ äîâãî- òà êîðîòêîêîðåíåâèùíèõ
âèä³â [6]. Â³äì³íí³ñòü ïîëÿãàº ó ïåðåâàæàíí³ ó ôëîð³ äîñë³äæóâàíîãî
îá’ºêòà âèä³â ç ìè÷êóâàòîþ êîðåíåâîþ ñèñòåìîþ. Çàãàëîì, ôëîðà «Ðî-
ìàí³âñüêîãî áîëîòà» çà îñíîâíèìè á³îìîðôîëîã³÷íèìè ïîêàçíèêàìè ïî-
ä³áíà äî ôëîðè ë³ñîâèõ áîë³ò ÓÏ.

Åêîëîãî-öåíîòè÷íà ñòðóêòóðà. Åêîëîãî-öåíîòè÷íèé àíàë³ç äîçâî-
ëÿº âñòàíîâèòè ñïåöèô³÷í³ ðèñè åêîëîã³÷íî¿ ñòðóêòóðè ôëîðè, ç’ÿñóâàòè
îñîáëèâîñò³ àäàïòàö³¿ âèä³â ðîñëèí ó ð³çíèõ öåíîçàõ çàëåæíî â³ä óìîâ íà-
âêîëèøíüîãî ñåðåäîâèùà. Ïðîâ³äíèìè ôàêòîðàìè, ùî çóìîâëþþòü åêî-
ëîã³÷íó ñòðóêòóðó ôëîðè, º ã³äðîëîã³÷íèé òà ñâ³òëîâèé ðåæèì [8].

Âèäè äîñë³äæóâàíî¿ ôëîðè çà ñòóïåíåì ïðèñòîñóâàííÿ äî âîäíîãî ðå-
æèìó ÷³òêî ðîçïîä³ëÿþòüñÿ íà ÷îòèðè åêîëîã³÷í³ ãðóïè: êñåðîô³ëüíó, ìå-
çîô³ëüíó, ã³ãðîô³ëüíó òà ã³äðîô³ëüíó. Â åêîëîã³÷íîìó ñïåêòð³ ôëîðè áî-
ëîòà ìåçîô³ëüíà ãðóïà º íàéá³ëüø ÷èñåëüíîþ ³ ñòàíîâèòü 88 âèä³â ðîñëèí
(55,3 %). Öÿ ãðóïà ïðåäñòàâëåíà ìåçîô³òàìè — 60 âèä³â (37,7 %), êñåðîìå-
çîô³òàìè — 12 (7,5 %) òà ã³ãðîìåçîô³òàìè — 16 (10,1 %). Äðóãå ì³ñöå â åêî-
ëîã³÷íîìó ñïåêòð³ çàéìàº ã³ãðîô³ëüíà ãðóïà, ÿêà íàðàõîâóº 61 âèä ðîñëèí
(38,4 %); âîíà ïðåäñòàâëåíà ã³ãðîô³òàìè — 44 (27,7 %) òà ìåçîã³ãðîô³òàìè
— 17 (10,7 %). Íàéá³ëüø õàðàêòåðíèìè ïðåäñòàâíèêàìè ãðóïè º âèäè áî-
ëîòíèõ òà ïðèáåðåæíî-âîäíèõ óãðóïîâàíü. Äî äàíî¿ ãðóïè âõîäÿòü âèäè
ðîä³â Carex L. òà Juncus L., à òàêîæ Equisetum fluviatile, Mentha aquatica,
Typha angustifolia, T. laxmannii òà ³í. Õî÷à áîëîòî º äîñèòü çâîëîæåíèì
åêîòîïîì, ïðîòå ã³äðîô³ëüíà ãðóïà äîñë³äæóâàíî¿ ôëîðè ïðåäñòàâëåíà
ëèøå 10 âèäàìè ðîñëèí (6,3 %). Íà íàøó äóìêó, öå ïîâ’ÿçàíî ç íåâåëèêîþ
ïëîùåþ â³äêðèòèõ âîäîéì òà çàðîñòàííÿì áîëîòà àáîðèãåííèìè âèäàìè
ç øèðîêîþ åêîëîã³÷íîþ àìïë³òóäîþ, çîêðåìà ì³ñöåâèìè áóð’ÿíàìè ç³
çíà÷íîþ á³îìàñîþ.

Îòæå, äîñë³äæåíà ôëîðà â ö³ëîìó çà â³äíîøåííÿì äî ôàêòîðà çâîëî-
æåííÿ ìàº ìåçîô³ëüíî-ã³ãðîìåçîô³ëüí³ ðèñè, à ð³çíîìàí³òí³ñòü åêîëîã³÷-
íèõ ãðóï ðîñëèí çóìîâëåíà çáåðåæåííÿì ó ìåæàõ äîñë³äæóâàíîãî îá’ºêòà
ôðàãìåíò³â ïðèðîäíèõ òà çíà÷íèõ çà ïëîùåþ íàï³âïðèðîäíèõ òèï³â á³î-
òîï³â.

Ó ñïåêòð³ ãåë³îìîðô äîñë³äæóâàíî¿ ôëîðè, âèä³ëåíèõ çà ñòóïåíåì
ïðèñòîñóâàííÿ äî ñâ³òëîâîãî ðåæèìó, ïåðåâàæàþòü ãåë³îô³òè — 75 âèä³â
ðîñëèí (47,2 %), ùî ñïðè÷èíåíî çíà÷íèìè ïëîùàìè â³äêðèòèõ ä³ëÿíîê.
Íàñòóïíó ïîçèö³þ çàéìàþòü ñö³îãåë³îô³òè — 57 (35,8 %), çíà÷íî íèæ÷³
ïîçèö³¿ ó ãåë³îñö³îô³ò³â — 21 (13,2 %), à ñö³îô³òè ïðåäñòàâëåí³ ëèøå
ø³ñòüìà âèäàìè ðîñëèí (3,8 %).

Âàæëèâîþ õàðàêòåðèñòèêîþ ôëîðè º ¿¿ åêîëîãî-öåíîòè÷íà ñòðóêòóðà,
ùî â³äáèâàºòüñÿ ó ê³ëüê³ñíèõ ñï³ââ³äíîøåííÿõ âèä³â çàëåæíî â³ä ¿õ ðîë³ â
óãðóïîâàííÿõ òà âèÿâëÿºòüñÿ ó øèðîò³ ¿õ òîïîëîã³÷íî¿ àêòèâíîñò³. Öÿ õà-
ðàêòåðèñòèêà º â³äíîñíîþ, îñê³ëüêè êîæåí âèä ðåïðåçåíòóº ëèøå îäíó
(íàéòèïîâ³øó äëÿ âèäó â äàíîìó ðåã³îí³) åêîëîãî-öåíîòè÷íó ãðóïó, õî÷à,
ìàþ÷è øèðîêó åêîëîã³÷íó àìïë³òóäó, çóñòð³÷àºòüñÿ ³ â ³íøèõ. Ó öåíîòè÷-
íîìó ñïåêòð³ ôëîðè «Ðîìàí³âñüêîãî áîëîòà» ïåðåâàæàþòü âèäè ë³ñîâèõ
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óãðóïîâàíü (46 âèä³â, àáî 28,9 % â³ä çàãàëüíî¿ ê³ëüêîñò³), ùî çóìîâëåíî
âïëèâîì ïðèëåãëèõ ë³ñîâèõ ä³ëÿíîê. Äðóãó ïîçèö³þ çàéìàþòü ëó÷í³ âèäè
(32/20,1 %), ùî çóìîâëåíî âèñîêîþ ó÷àñòþ ìåçîô³ò³â. Ìàéæå îäíàêîâó
ïîçèö³þ çàéìàþòü âèäè áîëîòíèõ (28/17,6 %) òà ïðèáåðåæíî-âîäíèõ
(27/17,0 %) óãðóïîâàíü — òèïîâ³ äëÿ äîñë³äæóâàíî¿ ôëîðè. Äàí³ åêîëî-
ãî-öåíîòè÷í³ ãðóïè (ëó÷íà, áîëîòíà, ë³ñîâà òà ïðèáåðåæíî-âîäíà) îá’ºä-
íóþòü ó ñîá³ á³ëüø³ñòü âèä³â ðîñëèí ³ ñòàíîâëÿòü 83,6 % â³ä çàãàëüíî¿
ê³ëüêîñò³ âèä³â ôëîðè. Âèäè ïðèáåðåæíèõ (13/8,2 %), âîäíèõ (4/2,5 %) òà
ñèíàíòðîïíèõ (9/5,7 %) óãðóïîâàíü ïîøèðåí³ çíà÷íî ìåíøå. Íà íàøó
äóìêó, çíèæåííÿ ÷àñòêè áîëîòíèõ òà âîäíèõ âèä³â çóìîâëåíî çì³íàìè
óìîâ ã³äðîëîã³÷íîãî ðåæèìó åêîòîï³â áîëîòà ó íàïðÿìêó äî á³ëüø ïîñóø-
ëèâèõ.

Ôðàêö³éíèé àíàë³ç. Áîòàí³÷íèé çàêàçíèê çàãàëüíîäåðæàâíîãî çíà-
÷åííÿ «Ðîìàí³âñüêå áîëîòî» çíàõîäèòüñÿ â ìåæàõ ì. Êèºâà òà íà áëèçüê³é
â³äñòàí³ â³ä óðáàí³çîâàíèõ ðàéîí³â (ì. ²ðï³íü, ðàéîí Ðîìàí³âêà), ÿê³ õà-
ðàêòåðèçóþòüñÿ øâèäêèì ïðèðîñòîì íàñåëåííÿ òà â³äïîâ³äíî ïîòðåáó-
þòü íîâèõ òåðèòîð³é äëÿ ðåêðåàö³¿. ßê â³äîìî, óðáàí³çàö³ÿ º îäíèì ç
îñíîâíèõ ôàêòîð³â, ùî ïðèçâîäÿòü äî òðàíñôîðìàö³¿ ïðèðîäíèõ ³ íàï³â-
ïðèðîäíèõ óãðóïîâàíü, ïîÿâè íîâèõ àíòðîïîãåííèõ åêîòîï³â òà ñèíàíò-
ðîï³çàö³¿ ôëîðè. Òîìó ïðè äîñë³äæåíí³ áóäü-ÿêî¿ ôëîðè âàæëèâèì º ïðî-
âåäåííÿ ôðàêö³éíîãî àíàë³çó, âèâ÷åííÿ ñèíàíòðîïíî¿ òà àäâåíòèâíî¿
ôðàêö³é.

Çàãàëîì äëÿ ôëîðè áîëîòà â³äì³÷åíî 38 ñèíàíòðîïíèõ âèä³â ðîñëèí ç
33 ðîä³â, 22 ðîäèí òà äâîõ â³ää³ë³â, ùî ñòàíîâèòü 23,9 % â³ä óñüîãî ñïèñêó.
Ñèíàíòðîïíà ñêëàäîâà ôëîðè ïðåäñòàâëåíà ôðàêö³ÿìè àïîô³ò³â (ì³ñöå-
âèõ áóð’ÿí³â) òà àäâåíòèâíèõ (÷óæîð³äíèõ) ðîñëèí.

Àïîô³òíà ôðàêö³ÿ ôëîðè áîëîòà íàë³÷óº 28 âèä³â ç 25 ðîä³â òà 16 ðî-
äèí. Çà â³äíîøåííÿì äî àíòðîïîïðåñ³¿ ïåðåâàæàþòü åâåíòàïîô³òè
(12/42,8 %) — Aegopodium podagraria, Torilis japonica, Sambucus nigra òîùî
òà åâàïîô³òè (11/39,3 %) — Galeopsis bifida, Chelidonium majus, Persicaria
hydropiper òîùî, íàéìåíøå âèä³â íàë³÷óþòü ãåì³àïîô³òè (5/17,9 %) — Ru-
mex confertus, Geum urbanum, Equisetum fluviatile òà ³íø³.

Àäâåíòèâíà ôðàêö³ÿ äîñë³äæóâàíî¿ ôëîðè íàë³÷óº 10 âèä³â ðîñëèí ç
10 ðîä³â òà 8 ðîäèí — 6,3 % â³ä çàãàëüíî¿ ê³ëüêîñò³ âèä³â, ùî ìàéæå âäâ³÷³
ìåíøå çà àíàëîã³÷íèé ïîêàçíèê äëÿ ôëîðè Óêðà¿íè (14,0 %) [17]. Íàìè
äëÿ ôëîðè «Ðîìàí³âñüêîãî áîëîòà» âèä³ëåíî ø³ñòü ÷óæîð³äíèõ âèä³â, ÿê³
äîñÿãëè ñòàä³¿ åêñïàíñ³¿: Acer negundo, Impatiens parviflora, Bidens frondosa,
Echinocystis lobata, Quvercus rubra òà Solidago canadensis. Òàêîæ ñë³ä çàçíà-
÷èòè, ùî ïîøèðåííÿ ³íâàç³éíèõ ÷óæîð³äíèõ âèä³â ðîñëèí ïî òåðèòîð³¿
áîëîòà ìàº çíà÷íèé âïëèâ íà ñêëàä ðîñëèííèõ óãðóïîâàíü. Íàéá³ëüøó çà-
ãðîçó íà ñüîãîäí³ ñòàíîâëÿòü Bidens frondosa òà Solidago canadensis, ÿê³ áåç-
ïîñåðåäíüî ïîøèðåí³ ïî âñ³é òåðèòîð³¿. Îñîáëèâó óâàãó ñë³ä ïðèä³ëèòè
Solidago canadensis ç îãëÿäó íà éîãî àäàïòèâí³ âëàñòèâîñò³ [37].

Êð³ì öüîãî, äëÿ «Ðîìàí³âñüêîãî áîëîòà» çàãðîçó åêñïàíñ³¿ ñòàíîâëÿòü
òàê³ ÷óæîð³äí³ âèäè, ÿê Heracleum sosnowskyi Manden., ÿêèé áóâ âèÿâëå-
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íèé ó âåðõ³â’¿ òà âçäîâæ ñåðåäíüî¿ òå÷³¿ ð³÷êè Ëþáêè òà Impatiens glanduli-
fera Royle, ïîøèðåíèé íà ïðèëåãëèõ äî áîëîòà ä³ëÿíêàõ [13, 30, 33].

Â àäâåíòèâí³é ôðàêö³¿ äîñë³äæóâàíîãî áîëîòà ïåðåâàæàþòü êåíîô³òè
— 9 âèä³â ðîñëèí, àðõåîô³òè ñòàíîâëÿòü îäèí âèä. Êåíîô³òè ïðåäñòàâëåí³
ïåðåâàæíî ³íâàç³éíèìè âèäàìè ðîñëèí: Acer negundo, Bidens frondosa,
Typha laxmannii, Solidago canadensis, Impatiens parviflora, Echinocystis loba-
ta òà Quercus rubra (ëèøå äâà ç íèõ íå³íâàç³éí³ â ðåã³îí³ — Leersia orysoides,
Artemisia annua). Äàí³ âèäè õàðàêòåðèçóþòüñÿ åêîëîã³÷íîþ ïëàñòè÷í³ñòþ
³ º ³íâàç³éíèìè íå ëèøå äëÿ áîëîòíèõ óãðóïîâàíü.

Çàëåæíî â³ä àäàïòèâíèõ ìîæëèâîñòåé âèäó, çì³íè íàâêîëèøíüîãî
ñåðåäîâèùà ï³ä ä³ºþ àíòðîïîãåííîãî ïðåñó, à òàêîæ åêîëîã³÷íèõ óìîâ êî-
æåí ÷óæîð³äíèé âèä ðîñëèí äîñÿãàº ïåâíîãî ñòóïåíÿ íàòóðàë³çàö³¿ â
îêðåì³é ì³ñöåâîñò³. Ï³ä íàòóðàë³çàö³ºþ ðîçóì³þòü çäàòí³ñòü âèäó íîðìà-
ëüíî ðîçâèâàòèñü ó íîâèõ äëÿ íüîãî óìîâàõ, äàâàòè æèòòºçäàòíå ïîòîìñò-
âî òà á³ëüø ÷è ìåíø àêòèâíî ïîøèðþâàòèñü íà íîâ³é äëÿ íüîãî òåðèòîð³¿
ó çâè÷àéíèõ äëÿ âèäó àáî íîâèõ ì³ñöåçðîñòàííÿõ i ðîñëèííèõ óãðóïîâàí-
íÿõ. Àíàë³ç íàòóðàë³çàö³¿ ÷óæîð³äíèõ âèä³â ïðîâîäÿòü ÷åðåç ñêëàäàííÿ
ñïåêòðó ãðóï çà ñòóïåíåì íàòóðàë³çàö³¿ íà äîñë³äæåí³é òåðèòîð³¿. Äëÿ ôëî-
ðè «Ðîìàí³âñüêîãî áîëîòà» ÷óæîð³äí³ âèäè ðîñëèí çà ñòóïåíåì íàòó-
ðàë³çàö³¿ ðîçïîä³ëÿþòüñÿ íà ÷îòèðè ãðóïè: àãð³îô³òè, àãð³îåïåêîô³òè,
åïåêîô³òè òà åðãàç³îô³òè. Ñåðåä íèõ íàéøèðøå ïðåäñòàâëåí³ åïåêîô³òè
òà àãð³îô³òè (ïî ÷îòèðè âèäè). Åïåêîô³òè ìàþòü âåëèêå öåíîòè÷íå çíà-
÷åííÿ, òîìó ùî äîì³íóþòü ó ðîñëèííîìó ïîêðèâ³ òðàíñôîðìîâàíèõ åêî-
òîï³â òà â³ëüíî ðîçïîâñþäæóþòüñÿ â áóäü-ÿêèõ óìîâàõ. Àãð³îô³òè ó ñâî¿é
á³ëüøîñò³ ïðèóðî÷åí³ äî ïðèáåðåæíî-âîäíèõ åêîòîï³â, òîìó òåðèòîð³ÿ
áîëîòà º ñïðèÿòëèâîþ äëÿ ¿õ ïîøèðåííÿ. Àãð³îåïåêîô³òè òà åðãàç³îô³òè
íàðàõîâóþòü âñüîãî ïî îäíîìó âèäó. Çàãàëîì, ñàìå àíòðîïîãåííå ïîðó-
øåííÿ ´ðóíòîâî-ðîñëèííîãî ïîêðèâó ñïðè÷èíÿº àêòèâíå ðîçïîâñþä-
æåííÿ ÷óæîð³äíèõ âèä³â ðîñëèí òà ¿õíº âòîðãíåííÿ ó ïðèðîäí³ ô³òîöåíî-
çè.

Ðåçóëüòàòè àíàë³çó ïåðâèííèõ àðåàë³â ÷óæîð³äíèõ ðîñëèí äîñë³äæó-
âàíîãî áîëîòà ñâ³ä÷àòü ïðî ïåðåâàæàííÿ âèä³â ï³âí³÷íîàìåðèêàíñüêîãî
(6 âèä³â, 60 %) ïîõîäæåííÿ. Ñåðåäçåìíîìîðñüêî-³ðàíî-òóðàíñüêå ïîõîä-
æåííÿ ìàþòü äâà âèäè, à öåíòðàëüíîàç³éñüêå òà ñõ³äíîàç³éñüêå — ïî îä-
íîìó.

Äëÿ îö³íêè ñòóïåíÿ àíòðîïîãåííî¿ òðàíñôîðìàö³¿ ôëîðè áîëîòà áóëè
âèêîðèñòàí³ ³íäåêñè ñèíàíòðîï³çàö³¿, àíòðîïîô³òèçàö³¿ òà êåíîô³òèçàö³¿
ôëîðè, ÿê³ âèçíà÷àþòü â³äñîòêîâó ó÷àñòü ð³çíèõ ïî â³äíîøåííþ äî àíòðî-
ïîïðåñ³¿ ãðóï ó ôëîð³ àáî ¿¿ ôðàêö³ÿõ. Â ðåçóëüòàò³ ïðîâåäåíîãî àíàë³çó
áóëî âñòàíîâëåíî, ùî ñòóï³íü àíòðîïîãåííî¿ òðàíñôîðìàö³¿ ôëîðè «Ðî-
ìàí³âñüêîãî áîëîòà» º çàãàëîì íå âèñîêèì, ïðî ùî ñâ³ä÷àòü çíà÷åííÿ âè-
êîðèñòàíèõ ³íäåêñ³â: IS = 23,9; IAn = 6,3; IKen = 5,7. ßêùî ïîð³âíþâàòè îò-
ðèìàí³ çíà÷åííÿ ç ïîä³áíèìè äëÿ óðáàí³çîâàíèõ òåðèòîð³é, òî îñòàíí³ áó-
äóòü ñóòòºâî âèùèìè (IS — â³ä 38,8 äî 66,5; IAn — â³ä 21,0 äî 39,9; IKen —
â³ä 12,5 äî 27,9 [7]) ÷åðåç øèðøó ïðåäñòàâëåí³ñòü ó ôëîð³ ñèíàíòðîïíî¿ òà
àäâåíòèâíî¿ ôðàêö³é. Êð³ì òîãî, òðàíñôîðìàö³ÿ ôëîðè «Ðîìàí³âñüêîãî
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áîëîòà» â³äáóâàºòüñÿ â îñíîâíîìó çà ðàõóíîê ðîçïîâñþäæåííÿ àïîô³ò³â,
ùî ï³äòâåðäæóºòüñÿ ³ â³äíîñíî âèùèì çíà÷åííÿì ³íäåêñó ñèíàíòðîï³çà-
ö³¿.

Ðàðèòåòíà êîìïîíåíòà. Ñë³ä çàóâàæèòè, ùî íàéá³ëüøîþ ö³íí³ñòþ
áóäü-ÿêîãî çàïîâ³äíîãî îá’ºêòà º ñêëàä ð³äê³ñíèõ âèä³â á³îòè. Çà ë³òåðà-
òóðíèìè äàíèìè, äëÿ ôëîðè «Ðîìàí³âñüêîãî áîëîòà» áóëî íàâåäåíî òàê³
âèäè ç ×åðâîíî¿ êíèãè Óêðà¿íè (2009) [26]: Betula humilis Schrank, Pedicu-
laris sceptrum-carolinum L., Salix myrtilloides L. (ñóäèíí³ ðîñëèíè) òà Helodi-
um blandowii (F.Weber et D.Mohr) Warnst. (ìîõîïîä³áí³) [2, 14, 18, 23]. Íà
ñüîãîäí³ íàìè íå âñòàíîâëåíà íàÿâí³ñòü öèõ âèä³â. Âèÿâëåíî ëèøå ðå-
ã³îíàëüíî ð³äê³ñí³ âèäè: Veratrum lobelianum (äëÿ Êè¿âñüêî¿ îáë.), Calla
palustris (äëÿ ì. Êèºâà òà Êè¿âñüêî¿ îáë.) òà Convallaria majalis, Menyanthes
trifoliata (äëÿ ì. Êèºâà) [15]. Ï³ä ÷àñ äîñë³äæåííÿ çàðåºñòðîâàíî âèä ç Ðå-
çîëþö³¿ 6 Áåðíñüêî¿ êîíâåíö³¿ (Ostericum palustre) [40]. Òàêîæ ïî ìåæ³ áî-
ëîòà, ç ë³ñîâî¿ éîãî ÷àñòèíè, íàìè áóëè â³äì³÷åí³ ïîîäèíîê³ îñîáèíè âèäó
Lilium martagon L., ùî çàíåñåíèé äî ×åðâîíî¿ êíèãè Óêðà¿íè [26].

Âèñíîâêè

Îòæå, â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âñòàíîâëåíî, ùî ôëîðè-
ñòè÷íå áàãàòñòâî áîòàí³÷íîãî çàêàçíèêà çàãàëüíîäåðæàâíîãî çíà÷åííÿ
«Ðîìàí³âñüêå áîëîòî» ïðåäñòàâëÿþòü 159 âèä³â âèùèõ ñóäèííèõ ðîñëèí
³ç 109 ðîä³â, 54 ðîäèí òà ÷îòèðüîõ â³ää³ë³â. Â³äçíà÷åíî ñïåöèô³÷í³ñòü ôëî-
ðè «Ðîìàí³âñüêîãî áîëîòà» çà äåÿêèìè ñèñòåìàòè÷íèìè ïîêàçíèêàìè
(ñêëàäîì ³ ðîçïîä³ëîì ïðîâ³äíèõ ðîäèí) ó ïîð³âíÿíí³ ³ç ôëîðîþ ë³ñîâèõ
áîë³ò Óêðà¿íñüêîãî Ïîë³ññÿ, ùî, éìîâ³ðíî, ïîâ’ÿçàíå ³ç ðîçòàøóâàííÿì
öüîãî îá’ºêòà íà ï³âäåíí³é ìåæ³ çãàäàíîãî ðåã³îíó.

Çà ñâîºþ ãåîãðàô³÷íîþ ñòðóêòóðîþ äîñë³äæóâàíà ôëîðà º ïîä³áíîþ
äî çîíàëüíî¿, ùî âêàçóº íà ¿¿ ìàëîïîðóøåíèé õàðàêòåð. Ïðî öå, çîêðåìà,
ñâ³ä÷èòü, ³ çíà÷íå ïåðåâàæàííÿ ó ôëîð³ «Ðîìàí³âñüêîãî áîëîòà» âèä³â
ðîñëèí ³ç ãîëàðêòè÷íèì òèïîì àðåàëó (88,7%) òà íåâèñîêà ó÷àñòü âèä³â ³ç
øèðîêèìè àðåàëàìè.

Ðåçóëüòàòè á³îìîðôîëîã³÷íîãî àíàë³çó ôëîðè «Ðîìàí³âñüêîãî áîëî-
òà» çàñâ³ä÷èëè ïåðåâàæàííÿ ó í³é òðàâ’ÿíèñòèõ ðîñëèí (80,5 %), ãåì³-
êðèïòîô³ò³â (71,6 %), ðîñëèí ç ìè÷êóâàòèì òèïîì êîðåíåâî¿ ñèñòåìè
(58,5 %), áåçðîçåòêîâèìè íàäçåìíèìè ïàãîíàìè (63,5 %), ë³òíüîçåëåíèì
õàðàêòåðîì âåãåòàö³¿ (98,8 %) òà äîâãîêîðåíåâèùíèì òèïîì ï³äçåìíèõ
ïàãîí³â (35,8 %), ùî âêàçóº â ö³ëîìó íà íåçíà÷íå àíòðîïîãåííå íàâàíòà-
æåííÿ òà ñò³éê³ñòü áîëîòíèõ óãðóïîâàíü.

Çàãàëîì, ôëîðà «Ðîìàí³âñüêîãî áîëîòà» ïîä³áíà äî ôëîðè ë³ñîâèõ
áîë³ò Óêðà¿íñüêîãî Ïîë³ññÿ çà îñíîâíèìè á³îìîðôîëîã³÷íèìè ïîêàçíè-
êàìè (çà æèòòºâèìè ôîðìàìè, á³îëîã³÷íèìè òèïàìè òà òèïàìè ï³äçåìíèõ
ïàãîí³â). Ñïåöèô³÷íå æ äîì³íóâàííÿ âèä³â ³ç ìè÷êóâàòîþ êîðåíåâîþ ñèñ-
òåìîþ âêàçóº íà â³äñóòí³ñòü ïîì³òíî¿ àíòðîïîãåííî¿ òðàíñôîðìàö³¿ åêî-
òîï³â òà, çîêðåìà, ìåõàí³÷íîãî óù³ëüíåííÿ ñóáñòðàòó.

Ó ñïåêòð³ åêîìîðô äîñë³äæóâàíî¿ ôëîðè çà â³äíîøåííÿì äî ðåæèìó
çâîëîæåííÿ ñóáñòðàòó âñòàíîâëåíî ïåðåâàæàííÿ ìåçîô³ò³â (37,7 %), à çà

40

Ãóáàðü Ë.Ì., Êîçèð Ì.Ñ.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(2)



ïðèñòîñóâàííÿì äî ñâ³òëîâîãî ðåæèìó — ãåë³îô³ò³â (47,2 %), ïðè÷îìó,
ÿêùî â îñòàííüîìó âèïàäêó ðîçïîä³ë âèä³â º òèïîâèì äëÿ áîëîòíèõ
ì³ñöåçðîñòàíü ÷åðåç çíà÷íó ê³ëüê³ñòü â³äêðèòèõ ä³ëÿíîê, òî â ïåðøîìó —
ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ äî êñåðîô³òèçàö³¿, ïîâ’ÿçàíà, âî÷åâèäü, ³ç ãëî-
áàëüíèìè êë³ìàòè÷íèìè çì³íàìè. Îñòàííº òàêîæ ï³äòâåðäæóºòüñÿ ðåçó-
ëüòàòàìè öåíîòè÷íîãî àíàë³çó ôëîðè «Ðîìàí³âñüêîãî áîëîòà», äå ïðî-
â³äí³ ïîçèö³¿ çàéìàþòü âèäè ë³ñîâèõ (28,9 %) òà ëó÷íèõ (20,1 %) óãðóïî-
âàíü, à ó÷àñòü åëåìåíò³â ïðèáåðåæíèõ òà âîäíèõ ô³òîöåíîç³â º íåçíà÷íîþ
(8,2 % òà 2,5 % â³äïîâ³äíî).

Ó ôëîð³ äîñë³äæóâàíîãî îá’ºêòà â³äì³÷åíî 38 ñèíàíòðîïíèõ âèä³â
(20,7 % â³ä óñüîãî ñïèñêó), âêëþ÷àþ÷è 28 àïîô³ò³â òà 10 ÷óæîð³äíèõ âèä³â
(çîêðåìà, ø³ñòü ³íâàç³éíèõ — Acer negundo, Bidens frondosa, Solidago cana-
densis, Impatiens parviflora, Echinocystis lobata, Quercus rubra). Ôðàêö³éíèé
àíàë³ç ïîêàçàâ, ùî ñòóï³íü àíòðîïîãåííî¿ òðàíñôîðìàö³¿ ôëîðè «Ðîìà-
í³âñüêîãî áîëîòà» º íåçíà÷íèì, ïðî ùî ñâ³ä÷àòü îòðèìàí³ çíà÷åííÿ ³í-
äåêñ³â ñèíàíòðîï³çàö³¿ (23,9), àïîô³òèçàö³¿ (6,3) òà êåíîô³òèçàö³¿ (5,7), à
íàéá³ëüøó ðîëü ó öüîìó ïðîöåñ³ â³ä³ãðàþòü àïîô³òè.

Ñîçîëîã³÷íà ö³íí³ñòü «Ðîìàí³âñüêîãî áîëîòà» îáóìîâëåíà íàÿâí³ñòþ
ó éîãî ôëîð³ ÷îòèðüîõ ðåã³îíàëüíî ð³äê³ñíèõ âèä³â — Veratrum lobelia-
num, Calla palustris, Convallaria majalisòà, Menyanthes trifoliata; îäíîãî
âèäó ç Ðåçîëþö³¿ 6 Áåðíñüêî¿ êîíâåíö³¿ (Ostericum palustre). Ì³ñöåçðî-
ñòàííÿ æ ÷îòèðüîõ âèä³â ñóäèííèõ ðîñëèí ³ç ×åðâîíî¿ êíèãè Óêðà¿íè,
â³äîìèõ çà ë³òåðàòóðíèìè äàíèìè, íå ï³äòâåðäæåíî òà ïîòðåáóº ïîäàëü-
øèõ äîñë³äæåíü íà ïðèëåãëèõ òåðèòîð³ÿõ.

Â ö³ëîìó, íà ñó÷àñíîìó åòàï³ åêîñèñòåìà «Ðîìàí³âñüêîãî áîëîòà» çà
ñóêóïí³ñòþ ïðîàíàë³çîâàíèõ ôëîðèñòè÷íèõ ïîêàçíèê³â õàðàêòåðèçóºòü-
ñÿ äîñèòü íåïîãàíî çáåðåæåíèì ïðèðîäíèì ñòàíîì, îäíàê ¿¿ áëèçüêå ðîç-
òàøóâàííÿ äî óðáàí³çîâàíèõ òåðèòîð³é çàãðîæóº ïîñèëåííÿì àíòðîïîï-
ðåñ³¿. Ó çâ’ÿçêó ç öèì ìîæíà ðåêîìåíäóâàòè ïîñò³éí³ á³îìîí³òîðèíãîâ³
äîñë³äæåííÿ åêîëîã³÷íîãî ñòàíó «Ðîìàí³âñüêîãî áîëîòà» òà ïðîâåäåííÿ
çàõîä³â ïîïåðåäæåííÿ éîãî íåãàòèâíèõ çì³í.
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FLORISTIC RICHNESS OF THE «ROMANIVKA MIRE» BOTANICAL NATURE
SANCTUARY OF THE NATIONAL IMPORTANCE

The floristic richness of the «Romanivka Mire» botanical nature sanctuary of the nati-
onal importance was studied (159 species of higher vascular plants from 109 genera, 54 fa-
milies and four divisions). The specificity of the flora of the reserve was revealed by some
systematic, geographical, biomorphological, ecological and cenotic indicators, and by me-
ans of indices of synanthropization, anthropophytization, and kenophytization, a low de-
gree of its anthropogenic transformation was estimated. The presence of six expansive ali-
en species and four rare taxa in the studied flora is emphasized. It was noted that at the cur-
rent stage, the ecosystem of the «Romanivka Mire» by the totality of analyzed floristic indi-
cators is characterized by a fairly well-preserved natural state and needs further biomonito-
ring studies.

Key words: species richness, flora, structure of flora, «Romanivka Mire».
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ÂÈÄ²Â ÐÈÁ Ó ÏÎÒÎÖ² ÌÅÍ, Ã²ÌÀËÀ¯, ØÈÂÀË²Ê,
²ÍÄ²ß ÇÀ ÄÎÏÎÌÎÃÎÞ ÑÈÑÒÅÌÈ

ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ARCGIS1

Ó äîñë³äæåíí³ îö³íþâàëè ÿê³ñòü âîäè ïîòîêó Ìåí, âàæëèâî¿ ïðèòîêè ð³÷êè Á³ñ ó
Ã³ìàëàÿõ (Øèâàë³ê, Õ³ìà÷àë Ïðàäåø, ²íä³ÿ) øëÿõîì àíàë³çó çì³ííèõ íàâêîëèøíüîãî
ñåðåäîâèùà, ³íäåêñó ÿêîñò³ âîäè ³ ðîçïîä³ëó âèä³â ðèá çà äîïîìîãîþ Ãåîãðàô³÷íî¿
³íôîðìàö³éíî¿ ñèñòåìè (GIS). Ïðîáè âîäè â³äáèðàëè íà äâîõ ñòàíö³ÿõ (âèùå òà íèæ-
÷å çà òå÷³ºþ) ïðîòÿãîì ðîêó òà àíàë³çóâàëè ¿¿ ð³çí³ ô³çèêî-õ³ì³÷í³ ïàðàìåòðè. Ó
äîñë³äæåíí³ âèêîðèñòîâóâàëè ³íäåêñ ÿêîñò³ âîäè Êàíàäñüêî¿ ðàäè ì³í³ñòð³â íàâêî-
ëèøíüîãî ñåðåäîâèùà (CCME-WQI), ùî â³äîáðàæàº ñòàòóñ ÿêîñò³ âîäè â³ä «çà-
äîâ³ëüíîãî» äî «ãðàíè÷íîãî». Äëÿ îö³íêè êîðåëÿö³¿ ì³æ ô³çèêî-õ³ì³÷íèìè ïàðàìåòðà-
ìè âîäè âèêîðèñòîâóâàëè êîåô³ö³ºíò êîðåëÿö³¿ Ï³ðñîíà. Çàãàëîì áóëî çíàéäåíî 23
âèäè ðèá, ÿê³ íàëåæàòü äî 6 ðÿä³â ³ 9 ðîäèí, ç äîì³íóâàííÿì ïðåäñòàâíèê³â ðÿäó Cypri-
niformes. Â óãðóïîâàííÿõ ðèá ñïîñòåð³ãàëè ñåçîíí³ çì³íè. ²íäåêñ äîì³íóâàííÿ áóâ íàé-
âèùèì ï³ä ÷àñ ìóñîíó, à ³íäåêñè Ñ³ìïñîíà òà Øåííîíà — íàéíèæ÷èìè ï³ä ÷àñ ìóñîíó
òà ìàéæå îäíàêîâèìè äî ³ ï³ñëÿ ìóñîíó ç íåçíà÷íèìè êîëèâàííÿìè. Ïðîâåäåíà êîìï-
ëåêñíà îö³íêà âàæëèâà äëÿ ðåãóëþâàííÿ ðèáàëüñòâà ³ çàãàëîì äëÿ ñòàëîãî ðîçâèòêó â
ðåã³îí³.

Êëþ÷îâ³ ñëîâà: ³õò³îôàóíà, ð³çíîìàí³òòÿ, ÿê³ñòü âîäè, ³íäåêñ ÿêîñò³ âîäè Êà-
íàäñüêî¿ ðàäè ì³í³ñòð³â íàâêîëèøíüîãî ñåðåäîâèùà (CCME-WQI), Ãåîãðàô³÷íà ³í-
ôîðìàö³éíà ñèñòåìà (GIS), Øèâàë³ê, Ã³ìàëà¿.
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Introduction

Water is among the most integral and crucial substances present on the
Earth as each and every organism depend on water for their existence [69].
Freshwater aquatic resources are available in the form of rivers, streams, lakes,
glaciers, ponds, etc. and cover about 0.5 % of Earth’s surface [68]. Additionally,
rivers constitute 0.01 % of the total water on the Earth but have enormous eco-
logical significance [78]. These water resources are vital for fisheries, hydropo-
wer generation, industrial activities, agriculture, etc. Various natural factors,
including atmospheric, hydrological, topographic, lithographic and climatic
ones, influence water quality [49, 71]. Global water quality is deteriorated by
various anthropogenic activities [77], industrialization [60] and agricultural
activities [21]. Water pollution is common problem in developing countries, so
management of water resources is of utmost importance [42].

Aquatic ecosystems harbor almost half of total vertebrates [27] and fish
forms maximum diversity among them [25]. Fish plays an important role in
maintaining equilibrium in aquatic ecosystems [58]. As fish communities are
sensitive to wide range of environmental stressors so are indicative of status of
aquatic ecosystems [40]. Their distribution is influenced by various environ-
mental variables such as water temperature, pH, dissolved oxygen, alkalinity,
availability of nutrients, etc. [59, 81]. An assessment of water quality is an im-
portant method of fishery management and sustainable development [1, 18].
The increasing pressure on aquatic ecosystems due to anthropogenic activities,
land-use changes, habitat losses, alien species, climate change, etc. results in al-
tered fish species richness, which needs to be checked [53]. Furthermore, con-
taminated water in addition to destroying aquatic life also deteriorates human
health [41].

The ArcGIS mapping system for analysis proves to be an effective geospa-
tial technology for managing water resources [14]. The GIS is a robust tool for
gathering, retrieving, storing, and analyzing geographical data [20]. Different
scientists use the ArcGIS mapping system for ecological evaluation in India [4,
10, 14, 19, 28, 34, 54, 57, 62, 67, 75].

The goal of the present study was to determine and classify the water quali-
ty of the Man stream based on variation of environmental variables, water qua-
lity index and fish species distribution using the Geographical Information
System (GIS).

Material and Methods

Study area. The Shivalik Himalayas stretches over 2400 km and extends up
to 50 km in Himachal Pradesh, having altitude of 600—1500 meters above
mean sea level [43]. The Bilaspur, Hamirpur, Una and parts of Kangra, Cham-
ba, Solan and Sirmaur districts come under the Shivalik range of the Northwes-
tern Himalayas in Himachal Pradesh.

The Hamirpur district is situated in the Shivalik Himalayas between 76o18'
and 76o44' E longitude and 31o25' and 31o52' N latitude having elevation from
400 to 1100 m. The district shares borders with the Mandi in the east, Bilaspur
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in the south, Kangra in the north and Una in the west. The Beas River separates
the Hamirpur from the Kangra and is a parent river to two tributaries, namely
the Man and Kunah streams in the Hamirpur district [2].

The Man stream (Figure 1) is a major left bank tributary of the Beas River
in the Hamirpur district, H.P. It originates in the Shivalik Hills of the lower Hi-
malayas, about 40 km long, with the total catchment area of approximately
180 km2, and joins the Beas River near the town of Nadaun. The stream passes
through mountainous terrain, dense forests and agricultural fields before drai-
ning into the Beas River. Two sites viz., upstream and downstream were selec-
ted for sampling (Table 1).

Water sampling and analysis. Water samples from the said stream were
collected for one year from January 2023 to December 2023, in 1000 ml sterili-
zed plastic bottles from two sampling sites for physiochemical analysis. The
physiochemical parameters such as pH, total dissolved solids (TDS), electrical
conductivity (EC), dissolved oxygen (DO) were analyzed in the field using digi-
tal probes. In this case, the total alkalinity, total hardness, calcium hardness,
magnesium hardness, concentration of chlorides, nitrates and phosphates
were analyzed in the lab titrimetrically and spectrophotometrically, following
APHA [7] and APHA, AWWA, & WEF [8].

Fish sampling and identification. Fish samples were collected every month
from January 2023 to December 2023 by local licensed fisherman using cast net
and gill net. The collected samples were then put into 5—10 % formalin / 95 %
ethyl alcohol and brought to the laboratory for further identification. The taxo-
nomical identification of collected specimens was done using [22, 33, 70].

Statistical analysis of data. In the present research paper, data were analy-
zed on seasonal bases with March — June, July — September and October —
February representing pre-monsoon, monsoon and post-monsoon seasons,
respectively. The statistical analyses of data were done by the PAST (version
4.03). The spatial maps were made by the ArcGIS software (version 10.8.1)
using the Inverse Distance Weighted (IDW) interpolation method.

Calculation of Water Quality Index. The CCME-WQI (Canadian Council
of Ministers of Environment — Water Quality Index) was used to evaluate the
water quality of the stream, which is based on three elements i.e., scope (F1),
frequency (F2) and amplitude (F3).

F1 (Scope) represents the percentage of selected parameters do not meet
the standard limits during analysis. It is calculated as

F1 =
No. of failed variables

Total no. of variables
⋅100

F2 (Frequency) represents percentage of monitoring quality variables exce-
eding the standards. It is calculated as

F2 =
No. of failed tests

Total no. of tests
⋅100.
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F3 (Amplitude) measures the amount, by which failed tests do not meet

their objectives. It is calculated in three steps:
Step 1 — Calculation of excursion. It is the number of times, by which an in-

dividual concentration is higher (or less than, when an objective is minimum)

than the objective.
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Fig. 1. Map showing the area of study

Table 1
GPS coordinates of different sampling sites within the Man stream

Sampling site Latitude Longitude Altitude (fts)

S1 (Upstream) 31o43'15.61''N 76o21'1.60''E 1653

S2 (Downstream) 31o45'44.84''N 76o20'21.46''E 1581



When the test value does not exceed the objective, it is measured as

excursion =
Failed test value

Objective
−1.

When the test value must be no less than objective, it is measured as

excursion =
Objective

Failed test value
−1.

Step 2 — Calculation of normalized sum of excursions (nse). It is the total

amount, by which individual tests are out of compliance. It is calculated as

nse =
excursion

Total no. of tests
i

n

=∑ 1 .

Step 3 — Calculation of F3 (Amplitude). It is calculated by an asymptotic

function that scales the normalized sum of excursions from the objectives to

yield a range between 0 and 100.

F3 =
nse

0.01nse 0.01+
.

Finally, CCME-WQI is calculated as

CCME-WQI =100 ⋅ + +









F1 F2 F3

1.732

2 2 2

.

On the bases of the CCME-WQI value, water quality of the water body can

be categorized into five categories (Table 2).

Results and Discussion

Variation of environmental variables. A total of 12 physiochemical para-

meters, including water temperature, pH, dissolved oxygen (DO), electrical
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Table 2
CCME-WQI categorization as per [29]

CCME-WQI value Water quality status

95—100 Excellent

80—94 Good

65—79 Fair

45—64 Marginal

0—44 Poor



conductivity (EC), total dissolved solids (TDS), total alkalinity, total hardness,
calcium hardness, magnesium hardness, concentration of chlorides, nitrates
and phosphates were taken to analyze the water quality of the stream for three
seasons viz., pre-monsoon, monsoon and post-monsoon in two different sam-
pling sites i.e., S1 (upstream) and S2 (downstream). The range and mean value
of these physiochemical parameters are given in Tables 3, 4 and the mean varia-
tion of different physiochemical parameters are given in Figure 2. These para-
meters played a crucial role in creating prediction maps for the Man stream,
Shivalik Himalayas and associated with fish fauna diversity.

Temperature, an important ecological parameter influencing aquatic
communities [26], also regulates concentration of DO in the water [39]. Du-
ring the present study, the temperature of stream water ranged from 15.5 to
34.5°C. Maximum water temperature was recorded during pre-monsoon and
minimum — during post-monsoon in both the study sites, which may be due
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Table 3
Range and mean value of different physiochemical parameters in the Man stream

upstream (S1) during different seasons

Parameters
Seasons

Pre-monsoon Monsoon Post-monsoon

Water temperature, °C 23 337

28 4

− .

.

22 4 29 5

25 5

. .

.

− 14 7 23

18 7

.

.

−

pH 7 6 9 1

8 4

. .

.

− 6 9 7 9

7 4

. .

.

− 8 1 8 9

8 52

. .

.

−

TDS, mg/L 109 144

125 75

−
.

148 156

15166

−
.

105 150

133

−

EC, µS/cm 260 380

332 5

−
.

343 400

367 66

−
.

275 360

329

−

DO, mg/L 5 8 7 4

6 67

. .

.

− 5 2 6 4

5 93

. .

.

− 6 8 7 8

7 3

. .

.

−

Total alkalinity, mg/L 164 285

214 5

−
.

196 250

194

− 206 383

255 8

−
.

Total hardness, mg/L 128 184

214 5

−
.

173 6 200

1912

.

.

− 170 4 188

178 56

.

.

−

Calcium hardness, mg/L 62 4 1412

90 35

. .

.

− 1215 154 4

14196

. .

.

− 52 146 4

107 04

− .

.

Magnesium hardness, mg/L 42 8 119 6

73 45

. .

.

− 24 4 52 1

40 7

. .

.

− 33 6 125 2

7152

. .

.

−

Chlorides, mg/L 33 62

44 25

−
.

20 32

25

− 30 50

37 6

−
.

Nitrates, mg/L 0 019 0 052

0 031

. .

.

− 0 063 0 117

0 088

. .

.

− 0 014 0 063

0 044

. .

.

−

Phosphates, mg/L 0 02 0 048

0 031

. .

.

− 0 064 0 119

0 093

. .

.

− 0 02 0 095

0 044

. .

.

−



to day length and availability of sunlight, which was highest during pre-monso-

on season. During all the three seasons, temperature of S2 was higher than S1,

which may be due to altitudinal variation. Similar observations were also made

in the Godavari River [38] and in the Beas River in the Mid-Himalayan zone

[35]. In different water bodies in the Doon valley, water temperature ranged

from 18.9 to 21.5°C [37], which was lesser than the present findings.
pH shows acidic and alkaline nature of the water. The water with low pH

leads to decreased diversity of biotic communities, whereas, high pH shows

greater buffering capacity and high productivity of aquatic ecosystems [17].

During the present study, the value of pH ranged from 6.5 to 9.1. The highest

value of pH (9.1) was recorded during post-monsoon season and lowest (6.5)

— during monsoon season. The value of pH lies between acceptable limit as per

WHO [79] (6.5 — 9.2). During monsoon season, photosynthetic communities
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Table 4
Range and mean value of different physiochemical parameters in the Man stream

downstream (S2) during different seasons

Parameters
Seasons

Pre-monsoon Monsoon Post-monsoon

Water temperature, °C 27 34 5

30 02

− .

.

231 30 7

27 93

. .

.

− 15 5 24 5

19 66

. .

.

−

pH 7 4 8 8

8 15

. .

.

− 6 5 8

7 45

.

.

− 7 8 9 1

8 48

. .

.

−

TDS, mg/L 112 145

128 75

−
.

136 158

150

− 117 146

129 8

−
.

EC, µS/cm 280 370

340

− 323 410

364 33

−
.

282 360

330 4

−
.

DO, mg/L 6 7 6

6 57

− .

.

5 8 6 6

6 1

. .

.

− 7 7 6

7 34

− .

.

Total alkalinity, mg/L 175 300

216 75

−
.

195 355

265 33

−
.

195 363

250

−

Total hardness, mg/L 230 180

162 4

−
.

152 200

183 46

−
.

1732 196

183 6

.

.

−

Calcium hardness, mg/L 38 4 142 4

96 4

. .

.

− 106 2 1616

126 6

. .

.

− 52 140

105 92

−
.

Magnesium hardness, mg/L 37 6 138 8

66

. .− 18 6 86 4

50 26

. .

.

− 40 1332

105 92

− .

.

Chlorides, mg/L 30 70

42 5

−
.

16 30

24 66

−
.

25 54

38 6

−
.

Nitrates, mg/L 0 019 0 061

0 032

. .

.

− 0 074 0 108

0 093

. .

.

− 0 042 0 082

0 062

. .

.

−

Phosphates, mg/L 0 035 0 05

0 043

. .

.

− 0 05 0 201

0 118

. .

.

− 0 031 0 2

0 089

. .

.

−



were washed away by heavy run-off, which may lead to increased CO2 level in

the water, which in-turn leads to decreased pH of stream water. High pH values

during winters in the rivers of the Garhwal Himalayas were recorded by [9, 55].

pH of the stream was found mostly alkaline, which promotes high algal pro-

ductivity [45], which in turn promotes higher growth of fish fauna. pH range of
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Fig. 2. Mean variation of different physiochemical parameters in the stream: a — water
temperature; b — pH; c — total dissolved solids; d — electrical conductivity



7.06 to 8.35 was reported in the Ganga River [36], and pH value of 7.63±0.15 —

in the Tons River [48]. pH range from 7.52 to 8.03 was reported in different wa-

ter bodies of the Doon valley [37].
Total alkalinity and pH are two interdependent parameters and directly

proportional to each other. During the present investigation, the value of alka-

linity ranged from 164 to 383 mg/L. The highest value of alkalinity was recor-
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Fig. 2. Mean variation of different physiochemical parameters in the stream (continued): e
— dissolved oxygen; f — total alkalinity; g — total hardness; h — calcium hardness



ded during post-monsoon and lowest — during pre-monsoon at both the study

sites. Alkalinity was found to be within the permissible limit set by the BIS [16].

In contrast to present findings, low values of the total alkalinity were recorded

in the Beas River and its tributaries, including the Gaj and Baner streams [14,

66].
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Fig. 2. Mean variation of different physiochemical parameters in the stream (continued): i
—magnesium hardness; j — chlorides; k — nitrates; l — phosphates



TDS and EC both measure the total dissolved ions and serve as an effective
indicator of water quality. A specific concentration of the ions in the water is
crucial, as they act as essential nutrients for aquatic life [23]. TDS was found
highest during monsoon in both the study sites and was within the standard li-
mits of the BIS [16], WHO [79] and USPHS [73]. High TDS during monsoon
season in the Beas River were also recorded by [35], which may be due to turbu-
lent water flow. TDS and EC are two interconnected parameters, so EC was also
recorded to be highest during monsoon in both the sampling sites of the stre-
am. EC was found to be slightly higher than permissible limits (300 µS/cm) of
USPHS [73].

DO is another important physiochemical parameter affecting the growth
and distribution of biotic communities in an aquatic ecosystem. DO shows in-
verse correlation with water temperature [32]. In the present stream, the maxi-
mum DO (7.8) was recorded during post-monsoon and minimum (5.2) — du-
ring monsoon season at S1. In the Beas River, the highest value of DO was re-
corded during winter season and its lowest value — during summer season
[35]. Various factors, including organic matter outflow, nutrient concentrati-
on, and presence of different chemicals, influence the amount of dissolved oxy-
gen in the water [64]. DO >5.0 mg/L is essential for proper growth and survival
of biotic communities, including fish fauna, in a particular water body [11, 12].

The value of total hardness ranged from 130 to 200 mg/L and was recorded
to be highest during monsoon and lowest during pre-monsoon at both study
sites. The value of total hardness of stream water shows hard to very-hard natu-
re of stream water as per WHO [79]. Lower values of total hardness in compari-
son to present study were recorded in the Beas River and in the Ganga River
and its tributaries [35, 50]. Calcium hardness was highest during monsoon in
both the sites, whereas, lowest — during post-monsoon at S1 and pre-monsoon
at S2. Limestone containing rocks are prime source of calcium in the water
[14]. Magnesium hardness was recorded to be lowest during monsoon period
at both sites, whereas maximum was recorded during post-monsoon and
pre-monsoon at S1 and S2, respectively.

Chlorides concentration was found to be highest during pre-monsoon sea-
son and lowest during post-monsoon season at both the study sites. Generally,
chlorides possess lower health risks, but high intake leads to serious health issu-
es [14]. High concentrations of chlorides correspond to open defecation and
domestic waste disposal [35]. During the present study chlorides concentrati-
on was found to be within the permissible limits of WHO (500 mg/L) [79], BIS
[16] and USPHS (250 mg/L) [73].

Both nitrates and phosphates concentration was found to be highest du-
ring monsoon at both the study sites. The inflow of agricultural runoff and al-
lochthonous material into the stream during monsoon contributes to high
concentration of nitrates and phosphates in stream water. Similar observations
were recorded in the Tons River [63], in the Ghagra and Gandak Rivers [61]
and in the headwater stream of Garhwal Himalayas [65].

Water Quality Index. Water Quality Index is a single value which integra-
tes varied physiochemical parameters, helping researchers or environmenta-
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lists to assess water quality trends of particular water body [3]. Different types
of WQI methods were developed for assessing water quality such as WAWQI
[30], CCME-WQI [47], NSF-WQI [15], Al-Olthman method [6], the House
index [72], etc. Out of these, CCME-WQI was widely used by different researc-
hers [5, 13, 24, 31, 44, 52, 74, 76] to evaluate the water quality of different water
bodies. The CCME-WQI offers various advantages such as its applicability for
water quality assessment in specific areas, adherence to various legal regulati-
ons and varied types of water use, tolerance for missing data and flexibility in
selection criteria [51, 78], so this method was used to evaluate water quality of
the current stream, which shows that stream water has «fair» to «marginal» wa-
ter quality (Table 5). Notably, the highest value of WQI was recorded during
pre-monsoon at S1 and lowest — during post-monsoon at S2, depicting margi-
nal water quality of stream water during post-monsoon. The ArcGIS mapping
of the CCME-WQI of stream water is given in Figure 3.

Correlation coefficient. Pearson’s correlation coefficient was used to evalu-
ate the correlation between different physiochemical parameters during diffe-
rent seasons.

At S1, during pre-monsoon (Figure 4, a), there is strong positive correlati-
on between DO and pH, DO and phosphates, nitrates and phosphates, nitrates
and calcium hardness, total hardness and TDS, total hardness and total alkali-
nity, EC and magnesium hardness and phosphates and calcium hardness. The-
re is perfect negative correlation between total hardness and chloride. Water
temperature shows negative correlation with pH, DO and nitrates. Also, there
is strong negative correlation between pH and EC, TDS and chlorides concent-
ration and phosphates and magnesium hardness.

During monsoon (Figure 4, b), there is strong positive correlation between
water temperature and calcium hardness, DO and pH, TDS and nitrates, nitra-
tes and EC, total alkalinity and chlorides, total hardness and nitrates, total har-
dness and calcium hardness, nitrates and calcium hardness, phosphates and
calcium hardness, chlorides and magnesium hardness and there is perfect posi-
tive correlation between TDS and EC. Whereas, there is strong negative corre-
lation between total hardness and chlorides, water temperature and pH, water
temperature and DO, total hardness and pH, pH and calcium hardness, phosp-
hates and DO, total alkalinity and nitrates, TDS and total alkalinity, TDS and
magnesium hardness, TDS and chloride, total alkalinity and calcium hardness,
nitrates and magnesium hardness and calcium hardness and chloride concent-
ration. There is perfect negative correlation between pH and phosphates, EC
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Table 5
Depiction of CCME-WQI at different sampling sites in the stream during

different seasons

Sites Pre-Monsoon Monsoon Post-Monsoon

Site 1 73.2112 66.7427 65.5749

Site 2 68.27459 66.1638 60.6997



and magnesium hardness, total alkalinity and total hardness and chlorides and

nitrates concentration.
During post-monsoon (Figure 4, c), there is strong positive correlation

between water temperature and calcium hardness, pH and total alkalinity, TDS

and EC, DO and magnesium hardness, total hardness and phosphates concent-

ration, whereas there is strong negative correlation between water temperature

and DO, water temperature and magnesium hardness, DO and calcium hard-

ness and magnesium and calcium hardness.
At S2, during pre-monsoon (Figure 5, a), there is strong positive correlati-

on between pH and chlorides, TDS and EC, TDS and total hardness, EC and to-

tal hardness, DO and chlorides, nitrates and phosphates concentration, where-

as there is strong negative correlation between DO and EC, TDS and phospha-

tes, EC and chlorides, DO and total hardness, chlorides and total hardness and

calcium and magnesium concentrations.
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Fig. 3. GIS map showing spatial variation of the average CCME-WQI of the Man stream
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Fig. 4. Pearson’s correlation coefficient between different physiochemical parameters in
the Man stream (S1) during different seasons: a — pre-monsoon; b — monsoon; c —
post-monsoon
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Fig. 5. Pearson’s correlation coefficient between different physiochemical parameters in
the Man stream (S2) during different seasons: a — pre-monsoon; b —monsoon; c —
post-monsoon



During monsoon (Figure 5, b), water temperature shows strong positive
correlation with TDS, total hardness, nitrates and phosphates, TDS shows
strong positive correlation with EC and phosphates, total hardness shows
strong positive correlation with EC, nitrates and phosphate, total alkalinity
with magnesium hardness and chlorides, EC with calcium hardness, nitrates
with phosphates, chlorides with magnesium hardness. There is perfect positive
correlation between TDS and total hardness. In contrast, pH shows strong ne-
gative correlation with total alkalinity, nitrates, phosphates and magnesium
concentration, DO shows strong negative correlation with water temperature,
EC, phosphates, chlorides show strong negative correlation with EC and calci-
um hardness, whereas, DO shows perfect negative correlation with TDS and
total hardness.

During post-monsoon (Figure 5, c), there is strong negative correlation
between water temperature and TDS, water temperature and calcium hard-
ness, total hardness and phosphates, whereas, there is strong negative correlati-
on between water temperature and magnesium hardness, TDS and total hard-
ness, TDS and phosphates and calcium and magnesium hardness.

Fish species diversity. A total of 23 fish species belonging to 6 orders and 9
families were reported from the stream (Table 6). The order Cypriniformes is
the dominant order consisting of 3 families viz., Cyprinidae, Danionidae and
Nemacheilidae having 8, 4 and 2 species, respectively. Siluriformes is the se-
cond dominant order having 2 families, Siluridae (2 species) and Bagridae (1
species), which is followed by Anabantiformes having the family Channidae (2
species) and Synbranchiformes having the family Mastacembelidae (2 species).
Beloniformes and Ovalentaria/Misc. consists of family Belonidae (1 species)
and Ambassidae (1 species), respectively. Previously Cypriniformes order with
the family Cyprinidae was recorded to be dominant in Himalayan ecosystem
[56].

Table 6
Fish faunal species recorded in the Man stream, Shivalik Himalayas

Fish species

Order: Cypriniformes

Family: Cyprinidae

Cyprinus carpio (Linneaus, 1758)

Tor putitora (Hamilton, 1822)

Tariqilabeo diplocheilus (Heckel, 1838)

Garra gotyla (Gray, 1830)

Pethia ticto (Hamilton, 1822)

Pethia conchonius (Hamilton, 1822)

Osteobrama cotio (Hamilton, 1822)

Systomus sarana (Hamilton, 1822)

Family: Danionidae

59

Äîñë³äæåííÿ ïðîñòîðîâèõ ³ ñåçîííèõ êîëèâàíü ÿêîñò³ âîäè

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(2)



Fish species

Opsarius bendelisis (Hamilton, 1807)

Barilius vagra (Hamilton, 1822)

Barilius barila (Hamilton, 1822)

Salmostoma bacaila (Hamilton, 1822)

Family: Nemacheilidae

Acanthocobitis botia (Hamilton, 1822)

Schistura horai (Menon, 1952)

Order: Siluriformes

Family: Siluridae

Glyptothorax pectinopterus (McClelland, 1842)

Glyptothorax indicus (Talwar, 1991)

Family: Bagridae

Mystus bleekeri (Day, 1877)

Order: Anabantiformes

Family: Channidae

Channa punctata (Bloch, 1793)

Channa gachua (Hamilton, 1822)

Order: Ovalentaria/Misc.

Family: Ambassidae

Chanda nama (Hamilton, 1822)

Order: Beloniformes

Family: Belonidae

Xenontodon cancila (Hamilton, 1822)

Order: Synbranchiformes

Family: Mastacembelidae

Mastacembelus armatus (Lacepede,1800)

Macrognathus pancalus (Hamilton, 1822)

Diversity indices. Fish-faunal diversity indices assist in understanding the

diversity of the studied stream and the quality of water based on the observed

fish species. Table 7 shows seasonal variation of fish faunal diversity at S1 and

S2 sites of the Man stream. The dominance index is highest during monsoon

season at both the study sites, which shows dominance of some species such as

Cyprinus carpio, Channa punctata, Mastacembelus armatus, etc. during the se-
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ason, as these can withstand turbulent water flow. Simpson’s index considers
both the number and abundance of species; a higher value of Simpson’s index
signifies higher ichthyofaunal diversity [17]. Simpson diversity index was near-
ly same during pre-monsoon and post-monsoon with insignificant fluctuati-
ons, whereas it was lowest at S1 during monsoon season. The Shannon index
considers both the number of individuals and the number of taxa. Shannon di-
versity index was also found the lowest at S1 during monsoon season and found
nearly same during pre-monsoon and post-monsoon season at both the study
sites. Evenness index was found to be highest during monsoon season at S2 and
lowest at S1 during post-monsoon season. The highest dominance and even-
ness index was recorded during monsoon in the Eastern Indian rivers [46]. The
Arc-GIS mapping of the average of different diversity indices is given in Figure
6.

Conclusion

The study revealed seasonal variations in environmental variables and
physiochemical parameters, with the stream’s water quality ranging from
«fair» to «marginal». The parameters like EC, calcium hardness, and magnesi-
um hardness exceeded the permissible limits set by the BIS, WHO, and USPHS
in all the three seasons. EC was particularly high during pre-monsoon and
post-monsoon also, while total hardness was highest during pre-monsoon,
surpassing permissible limits. Moreover, marginal water quality at S2 during
post-monsoon may be due to various anthropogenic activities and accumulati-
on of various domestic and agricultural waste waters brought about by surface
run-off during monsoon season.

The research identified 23 fish species, emphasizing the stream’s biodiver-
sity and the need for effective management to preserve this aquatic ecosystem.
Fish diversity was linked to the stream’s water quality. During pre-monsoon,
the Water Quality Index (WQI) was highest, as were Simpson’s and Shannon
diversity indices. Additionally, a high dominance index during the monsoon at
both sites indicated the prevalence of certain species adapted to turbulent water
flow.
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Table 7
Fish fauna diversity during different seasons in the Man stream

Indices
Pre-Monsoon Monsoon Post-Monsoon

S1 S2 S1 S2 S1 S2

Dominance D 0.05931 0.05363 0.08245 0.06655 0.05709 0.05441

Simpson 1-D 0.9407 0.9464 0.9176 0.9335 0.9429 0.9456

Shannon H 2.894 2.997 2.598 2.768 2.971 2.978

Evenness e^H/S 0.9035 0.9099 0.8954 0.9368 0.8872 0.9356



As the stream is a major tributary of the Beas River in Shivalik range of the
Northwestern Himalayas, the study provides valuable insight of varied envi-
ronmental variables on the biotic communities of both the stream and the Beas
River. The present findings highlight the need for continuous monitoring and
management of water resources to mitigate anthropogenic impacts and ensure
the health and sustainability of aquatic ecosystems.
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Fig 6. GIS map showing spatial variation of the average of different diversity indices in the
Man stream: a — dominance; b —Simpson; c — Shannon; d — evenness
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STUDIES ON SPATIAL AND SEASONAL VARIATION OF WATER QUALITY AND
FISH SPECIES DIVERSITY IN THE MAN STREAM, SHIVALIK, HIMALAYAS,

INDIA USING THE ARCGIS MAPPING SYSTEM

The present study assesses water quality of the Man stream, a significant tributary of
the Beas River in Shivalik, Himalayas, Himachal Pradesh, by analyzing environmental vari-
ables, Water Quality Index (WQI) and fish species distribution using the Geographical In-
formation System (GIS). Water samples were collected from two sites (upstream and do-
wnstream), over a year and various physiochemical parameters were analyzed. The study
utilized the Canadian Council of Ministers of Environment — Water Quality Index
(CCME-WQI) to evaluate water quality, depicting «fair» to «marginal» water quality sta-
tus. Pearson’s correlation coefficient was used to assess the correlation between physioche-
mical parameters. A total of 23 fish species belonging to 6 orders and 9 families was repor-
ted, with Cypriniformes being the dominant order. Diversity indices revealed seasonal va-
riations in fish communities, with the highest dominance index during monsoon and the
Simpson and Shannon indices lowest during monsoon and nearly the same during pre-
monsoon and post-monsoon with insignificant fluctuations. This comprehensive asses-
sment provides valuable insights for fishery management and sustainable development in
the region.

Keywords: fish fauna, diversity, water quality, the Canadian Council of Ministers of
Environment — Water Quality Index (CCME-WQI), the Geographical Information System
(ArcGIS), Shivalik, Himalayas.
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Ô²ÒÎÅÏ²Ô²ÒÎÍ CERATOPHYLLUM DEMERSUM L. ÒÀ
ÉÎÃÎ Ï²ÃÌÅÍÒÍ² ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ Ó

ÂÎÄÎÉÌÀÕ ÍÀÖ²ÎÍÀËÜÍÎÃÎ ÏÐÈÐÎÄÍÎÃÎ
ÏÀÐÊÓ «ÃÎËÎÑ²¯ÂÑÜÊÈÉ» (ÓÊÐÀ¯ÍÀ)

Çà ìàòåð³àëàìè äîñë³äæåíü âîäîéì Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó (ÍÏÏ)
«Ãîëîñ³¿âñüêèé» ó 2022 òà 2023 ðð. íàâåäåíî äàí³ ùîäî âì³ñòó ôîòîñèíòåòè÷íèõ
ï³ãìåíò³â (õëîðîô³ëó à, b, c ³ êàðîòèíî¿ä³â) â åï³ô³òîí³ Ceratophyllum demersum L., à
òàêîæ ïðîàíàë³çîâàíî ñïåêòðàëüí³ ï³ãìåíòí³ ³íäåêñè åï³ô³òíèõ âîäîðîñòåé. Âèÿâ-
ëåíî, ùî åï³ô³òîí C. demersum ó âåãåòàö³éí³ ñåçîíè 2022—2023 ðð. â³äð³çíÿâñÿ çà
ê³ëüê³ñòþ ôîòîñèíòåòè÷íèõ ï³ãìåíò³â. Ó ÷åðâí³, ëèïí³ òà æîâòí³ íàéá³ëüø³ ñå-
ðåäí³ êîíöåíòðàö³¿ õëîðîô³ëó à òà õëîðîô³ëó ñ â îáðîñòàíí³ C. demersum áóëî
çàðåºñòðîâàíî ó 2022 ð., òîä³ ÿê ñåðåäí³é âì³ñò õëîðîô³ëó b ó çàçíà÷åí³ ì³ñÿö³ áóâ âè-
ùèì ó 2023 ð. Ïîêàçàíî, ùî ñåçîíí³ çì³íè âì³ñòó õëîðîô³ë³â òà êàðîòèíî¿ä³â çàãàëîì
õàðàêòåðèçóâàëèñÿ éîãî á³ëüøèìè çíà÷åííÿìè â ë³òí³é ïåð³îä òà ïîì³òíèì çìåí-
øåííÿì âîñåíè. Âì³ñò õëîðîô³ëó à òà êàðîòèíî¿ä³â â îáðîñòàíí³ C. demersum êîðå-
ëþº ç á³îìàñîþ ô³òîåï³ô³òîíó ³ ïîâ’ÿçàíèé ç éîãî ñòðóêòóðîþ.

Êëþ÷îâ³ ñëîâà: Ceratophyllum demersum L., ô³òîåï³ô³òîí, ôîòîñèíòåòè÷í³
ï³ãìåíòè, ñïåêòðàëüí³ ï³ãìåíòí³ ³íäåêñè, âîäîéìè ÍÏÏ «Ãîëîñ³¿âñüêèé».

Äëÿ îö³íêè ñòàíó âîäíèõ åêîñèñòåì òðàäèö³éíî âèêîðèñòîâóþòü íèç-
êó ã³äðîá³îëîã³÷íèõ ïîêàçíèê³â. Äîñèòü øèðîêî âæèâàíèì ïîêàçíèêîì
ïðè öüîìó º âì³ñò ôîòîñèíòåòè÷íîãî ï³ãìåíòó — õëîðîô³ëó à, ÿêèé â³ä-
äçåðêàëþº ³íòåíñèâí³ñòü ïåðåá³ãó ïðîöåñ³â íîâîóòâîðåííÿ îðãàí³÷íèõ
ðå÷îâèí ó âîäîéìàõ òà ¿õíþ òðîôí³ñòü.

Çíà÷åííÿ ï³ãìåíòíèõ õàðàêòåðèñòèê äëÿ âèçíà÷åííÿ ñòàíó âîäîéì
îáóìîâëåíî ÿê óí³êàëüíîþ áåçïîñåðåäíüîþ ó÷àñòþ ðîñëèííèõ ï³ãìåíò³â
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Ö è ò ó â à í í ÿ: Ìåäâåäü Â.Î., Õàð÷åíêî Ã.Â. Ô³òîåï³ô³òîí Ceratophyllum demersum L.
òà éîãî ï³ãìåíòí³ õàðàêòåðèñòèêè ó âîäîéìàõ Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó
«Ãîëîñ³¿âñüêèé» (Óêðà¿íà). Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 2. Ñ. 68—86.
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â ïðîöåñ³ ôîòîñèíòåçó, òàê ³ ³íäèêàö³ºþ ð³çíèõ ñòîð³í ñòðóêòóðíî-ôóíê-
ö³îíàëüíî¿ îðãàí³çàö³¿ âîäíèõ åêîñèñòåì, äî ÿêèõ íàëåæàòü ïðîñòîðîâ³ òà
ñåçîíí³ çì³íè ðîñëèííèõ óãðóïîâàíü, ñï³ââ³äíîøåííÿ ïðîäóêö³éíî-äåñò-
ðóêö³éíèõ ïðîöåñ³â, ³íòåíñèâí³ñòü åâòðîôóâàííÿ òà ôîðìóâàííÿ ÿêîñò³
âîäè [14, 23, 31, 35—38].

Ðîñëèíí³ ï³ãìåíòè ÷óòëèâî ðåàãóþòü íà çì³íó óìîâ äîâê³ëëÿ ³ ìîæóòü
áóòè íàä³éíèìè ³íäèêàòîðàìè åêîëîã³÷íîãî ñòàíó âîäîéì [22, 35—37, 42,
43].

Âîäîðîñò³ îáðîñòàíü ìàêðîô³ò³â, àáî åï³ô³òîí, º îäíèì ç âàæëèâèõ
ïðîäóöåíò³â îðãàí³÷íî¿ ðå÷îâèíè íà ì³ëêîâîäíèõ ä³ëÿíêàõ âîäîñõîâèù
[19]. Éîãî âíåñîê ó ñóìàðíó ïåðâèííó ïðîäóêö³þ êîëèâàºòüñÿ â øèðîêèõ
ìåæàõ ³ ìîæå äîñÿãàòè çíà÷íèõ âåëè÷èí [8, 13, 26].

Âîäîðîñò³ åï³ô³òîíó, ùî ðîçâèâàþòüñÿ â îáðîñòàíí³ ìàêðîô³ò³â ð³ç-
íèõ åêîëîã³÷íèõ ãðóï ³ âåäóòü ïðèêð³ïëåíèé ñïîñ³á æèòòÿ, â³ääçåðêàëþ-
þòü ïîòî÷íèé ñòàí âîäíîãî ñåðåäîâèùà ³ òîìó øèðîêî âèêîðèñòîâóþòü-
ñÿ äëÿ á³î³íäèêàö³¿ ñòàíó ð³çíîòèïíèõ âîäîéì [9, 30, 33].

Íà ñüîãîäí³ â ë³òåðàòóð³ íàÿâí³ ÷èñëåíí³ äàí³ â³äíîñíî ô³òîåï³ô³òîíó
ìàëèõ âîäîéì ì. Êèºâà [28, 29, 32, 41]. Ïðîòå ñåðåä íèõ â³äñóòí³ â³äîìîñò³
ùîäî âì³ñòó ôîòîñèíòåòè÷íèõ ï³ãìåíò³â òà ¿õíüîãî âçàºìîçâ’ÿçêó ç ê³ëü-
ê³ñíèìè õàðàêòåðèñòèêàìè âîäîðîñòåé, ÿê³ ðîçâèâàþòüñÿ â îáðîñòàíí³
âèùèõ âîäíèõ ðîñëèí çàçíà÷åíîãî îá’ºêòó ïðèðîäíî-çàïîâ³äíîãî ôîíäó.

Ìåòîþ äàíî¿ ðîáîòè áóëî âèçíà÷åííÿ âì³ñòó ôîòîñèíòåòè÷íèõ ï³ã-
ìåíò³â (õëîðîô³ëó à, b, c ³ êàðîòèíî¿ä³â) â ô³òîåï³ô³òîí³ Ceratophyllum de-
mersum L. òà îö³íêà ñïåêòðàëüíèõ ï³ãìåíòíèõ ³íäåêñ³â âîäîðîñòåé åï³-
ô³òîíó ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâîäèëè â ÷åðâí³, ëèïí³ òà æîâòí³ 2022 ³ 2023 ðð. íà
âîäîéìàõ ÍÏÏ «Ãîëîñ³¿âñüêèé». Ïðîáè îáðîñòàíü â³äáèðàëè ³ç çàíóðåíî¿
âèùî¿ âîäíî¿ ðîñëèíè Ceratophyllum demersum L. ó Ãîð³õîâàòñüêîìó ñòàâ-
êó ¹ 4 (íóìåðàö³þ ñòàâê³â ïîäàíî çã³äíî [4]).

Â³äá³ð ô³òîåï³ô³òîíó çä³éñíþâàëè ç âèêîðèñòàííÿì çàãàëüíîïðèéíÿ-
òèõ ó ïðàêòèö³ ã³äðîá³îëîã³÷íèõ äîñë³äæåíü ìåòîä³â [15, 24]. Ç êîæíî¿
ðîñëèíè â³äáèðàëè çðàçêè îáðîñòàííÿ, çìèâàþ÷è éîãî ñïåö³àëüíîþ ù³-
òî÷êîþ ó ïîñóäèíó îá’ºìîì 100 ñì3. Îäíó ÷àñòèíó ïðîá (îá’ºìîì 50 ñì3)
âèêîðèñòîâóâàëè äëÿ îö³íêè âì³ñòó ôîòîñèíòåòè÷íèõ ï³ãìåíò³â (¿¿ ô³ëüò-
ðóâàëè ÷åðåç ìåìáðàíí³ ô³ëüòðè Ñèíïîð 0,85 ìêì), à ³íøó (îá’ºìîì
50 ñì3) — ô³êñóâàëè 40 %-âèì ðîç÷èíîì ôîðìàëüäåã³äó äëÿ ïîäàëüøîãî
êàìåðàëüíîãî îïðàöþâàííÿ.

×èñåëüí³ñòü ô³òîåï³ô³òîíó âèçíà÷àëè çà äîïîìîãîþ êàìåðè Íàæîòòà
(0,02 ñì3), à á³îìàñó âñòàíîâëþâàëè ñòåðåîìåòðè÷íèì ìåòîäîì [24]. ×è-
ñåëüí³ñòü (N) òà á³îìàñó (B) âîäîðîñòåé åï³ô³òîíó ðîçðàõîâóâàëè íà 1 ã
ïîâ³òðÿíî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó ³ âèðàæàëè â³äïîâ³äíî ó
ìëí. êë/ã ³ â ìã/ã. Ëàòèíñüê³ íàçâè âîäîðîñòåé íàâåäåíî â³äïîâ³äíî äî
[18].
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Äîì³íóþ÷èìè ââàæàëè ò³ âèäè, ÷àñòêà ÿêèõ ñòàíîâèëà íå ìåíøå 10 %
ê³ëüêîñò³ êë³òèí àáî á³îìàñè ô³òîåï³ô³òîíó ó êîæí³é â³ä³áðàí³é ïðîá³. ×à-
ñòîòó òðàïëÿííÿ âîäîðîñòåé âèçíà÷àëè ÿê â³äíîøåííÿ ê³ëüêîñò³ ïðîá, â
ÿêèõ äàíèé âèä áóâ çíàéäåíèé, äî çàãàëüíî¿ ê³ëüêîñò³ îïðàöüîâàíèõ ïðîá.
Âèäîâèé ñêëàä åï³ô³òíèõ âîäîðîñòåé ïîð³âíþâàëè çà äîïîìîãîþ êîå-
ô³ö³ºíòà ôëîðèñòè÷íî¿ ïîä³áíîñò³ Ñåðåíñåíà (ÊÔÏ) [3].

Âì³ñò ôîòîñèíòåòè÷íèõ ï³ãìåíò³â õëîðîô³ëó a, b, c òà êàðîòèíî¿ä³â â
åï³ô³òîí³ âèçíà÷àëè ñòàíäàðòíèì ñïåêòðîôîòîìåòðè÷íèì ìåòîäîì ç âè-
êîðèñòàííÿì â³äïîâ³äíèõ ð³âíÿíü [27, 40] ³ ðîçðàõîâóâàëè íà 1 ã ïîâ³òðÿ-
íî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó òà âèðàæàëè â³äïîâ³äíî ó ìêã/ã ³ â
ìêãSPU/ã.

Â³äíîñíó ÷àñòêó êîæíîãî ï³ãìåíòó (Ñõë à,%, Ñõë b, %, Ñõë c, %) ðîçðàõîâó-
âàëè âèõîäÿ÷è ³ç çàãàëüíî¿ ê³ëüêîñò³ çåëåíèõ ï³ãìåíò³â òà âì³ñòó õëî-
ðîô³ë³â a, b ³ c ó êîæí³é ïðîá³ åï³ô³òîíó. Ïàðàëåëüíî îá÷èñëþâàëè âíåñîê
(%) êîæíîãî â³ää³ëó âîäîðîñòåé ó çàãàëüíó á³îìàñó ô³òîåï³ô³òîíó.

Âì³ñò ïðîäóêò³â ðîçïàäó õëîðîô³ëó à (ôåîï³ãìåíò³â) îö³íþâàëè çà äî-
ïîìîãîþ ð³âíÿíü Ëîðåíöåíà [34] çã³äíî â³äïîâ³äíèõ ìåòîäèê [5]. ¯õíþ ÷à-
ñòêó (Ñôåî à, %) ðîçðàõîâóâàëè â³ä ñóìè ç «÷èñòèì» õëîðîô³ëîì à â êîæí³é
ïðîá³ åï³ô³òîíó. Â³äíîñíèé âì³ñò õëîðîô³ëó à (Ñõë a/Â) × 100 ðîçðàõîâóâà-
ëè ç âèêîðèñòàííÿì çíà÷åíü á³îìàñè ô³òîåï³ô³òîíó òà âì³ñòó õëîðîô³ëó à
â êîæí³é ïðîá³ åï³ô³òîíó.

Äëÿ îòðèìàííÿ óçàãàëüíþþ÷èõ õàðàêòåðèñòèê ðåçóëüòàò³â äîñë³ä-
æåíü îá÷èñëþâàëè ¿õí³ ñåðåäí³ çíà÷åííÿ (õ) ³ ñòàíäàðòíó ïîõèáêó (SE) òà
âèðàæàëè ÿê x±SE. Ñòàòèñòè÷íå îïðàöþâàííÿ îòðèìàíèõ äàíèõ ïðîâåäå-
íî çà äîïîìîãîþ ïðîãðàìè MS Excel 2010. Ñïðÿìîâàí³ñòü çâ’ÿçêó (ïîçè-
òèâíèé, íåãàòèâíèé) ì³æ ñïåêòðàëüíèìè ï³ãìåíòíèìè õàðàêòåðèñòèêà-
ìè ô³òîåï³ô³òîíó òà ÷àñòêîþ ïåâíîãî â³ää³ëó âîäîðîñòåé ó ¿õí³é çàãàëüí³é
á³îìàñ³ îö³íþâàëè çà äîïîìîãîþ êîðåëÿö³éíîãî àíàë³çó [10].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Õàðàêòåðèñòèêà åï³ô³òîíó. Ñåçîííó äèíàì³êó åï³ô³òíèõ âîäîðîñ-
òåé íà çàíóðåíèõ ìàêðîô³òàõ äîñë³äæóâàëè íà ïðèêëàä³ êóøèðó çàíóðå-
íîãî — Ceratophyllum demersum L. Â îáðîñòàíí³ C. demersum ïðîòÿãîì âå-
ãåòàö³éíîãî ïåð³îäó 2022 ³ 2023 ðð. áóëî çíàéäåíî 54 âèäè âîäîðîñòåé ³ç
øåñòè â³ää³ë³â: Cyanoprokaryota (2), Chlorophyta (12), Bacillariophyta (32),
Dinophytà (2), Euglenophyta (4) ³ Streptophyta (2). Íàéá³ëüøó ê³ëüê³ñòü
âèä³â (45) âèÿâëåíî â ëèïí³, à íàéìåíøó (27) — â æîâòí³. Ñåðåäíÿ ê³ëü-
ê³ñòü âèä³â ó âåãåòàö³éíèé ïåð³îä 2022 ð. ñòàíîâèëà 20, à ó 2023 ð. — 18
(òàáë. 1).

Ìàêñèìàëüíó ê³ëüê³ñòü âèä³â âîäîðîñòåé åï³ô³òîíó â 2022 ð. çàðåºñò-
ðîâàíî ó ÷åðâí³ (25), à â 2023 ð. — ó ëèïí³ (24). Íàéìåíøó ê³ëüê³ñòü âèä³â
(12 òà 15) â³äì³÷åíî â³äïîâ³äíî ó æîâòí³ 2023 ³ 2022 ðð. Ïîä³áíó çàêî-
íîì³ðí³ñòü ùîäî çìåíøåííÿ ê³ëüêîñò³ âèä³â âîäîðîñòåé âîñåíè ñïîñ-
òåð³ãàëè é ³íø³ äîñë³äíèêè [23].

Àíàë³ç îòðèìàíèõ äàíèõ ùîäî âèäîâî¿ ñòðóêòóðè ô³òîåï³ô³òîíó
C. demersum ó âåãåòàö³éíèé ïåð³îä 2022 ³ 2023 ðð. ïîêàçàâ, ùî îñíîâó éîãî
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âèäîâîãî áàãàòñòâà (41,2—88,9 % çàãàëüíî¿ ê³ëüêîñò³ çíàéäåíèõ âèä³â)
ñêëàäàëè Bacillariophyta (32), òîä³ ÿê ÷àñòêà âîäîðîñòåé ³íøèõ â³ää³ë³â
áóëà çíà÷íî ìåíøîþ: Chlorophyta (12) — 5,3—41,2 %, Euglenophyta (4) —
5,3—11,8 %. Âíåñîê âèä³â ç ³íøèõ â³ää³ë³â ó çàãàëüíó ê³ëüê³ñòü âèä³â çíàõî-
äèâñÿ ó ìåæàõ 3,8—5,9 %.

Ïðåäñòàâíèê³â Bacillariophyta âèÿâëåíî â óñ³õ (12) â³ä³áðàíèõ çðàçêàõ
îáðîñòàíü C. demersum, Chlorophyta — â äåñÿòè; âèäè ç ³íøèõ â³ää³ë³â âî-
äîðîñòåé òðàïëÿëèñü ð³äøå: Euglenophyta — ó ï’ÿòè çðàçêàõ, Streptophyta
— ó ÷îòèðüîõ, à Dinophyta — ó òðüîõ.

Íàéá³ëüøîþ ÷àñòîòîþ òðàïëÿííÿ (92—100 %) õàðàêòåðèçóâàëèñÿ òà-
ê³ âèäè, ÿê Cocconeis placentula Ehrenb., Gomphonema truncatum Ehrenb.,
Melosira varians C. Agardh, äåùî íèæ÷îþ (69—77 %) — Cymbella cistula
(Hemp) Grunow, Cymbella tumida (Br�b.) van Heurck, Encyonema caespito-
sum K�tz., Gomphonema acuminatum Ehrenb. var. coronatum (Ehrenb.) Ra-
benh., Gomphonema augur Ehrenb., Tabellaria fenestrata (Lyngb.) K�tz., Na-
vicula tripunctata (O. M�ll.) Bory òà Synedra ulna (Nitzsch) Ehrenb.

Âèäîâèé ñêëàä ô³òîåï³ô³òîíó ó âåãåòàö³éí³ ïåð³îäè 2022 òà 2023 ðð.
áóâ äîñèòü ïîä³áí³é (çíà÷åííÿ ÊÔÏ ñòàíîâèëè 62,7—75,0 %) (òàáë. 2).
Ïðè öüîìó íàéá³ëüøîþ ïîä³áí³ñòþ õàðàêòåðèçóâàâñÿ âèäîâèé ñêëàä Ba-
cillariophyta (ÊÔÏ = 72,2—78,9 %). Äîì³íóþ÷èé êîìïëåêñ áóâ íàéá³ëüø
ïîä³áíèì â ë³òí³é ïåð³îä (ÊÔÏ = 66,7 %) (äèâ. òàáë. 2).
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Òàáëèöÿ 1
Ê³ëüê³ñí³ ïîêàçíèêè ô³òîåï³ô³òîíó â îáðîñòàíí³ Ceratophyllum demersum

Äàòè â³äáîðó ïðîá Ê³ëüê³ñòü âèä³â, îä.
×èñåëüí³ñòü, ìëí.

êë/ã
Á³îìàñà, ìã/ã

07.06.2022 ð. 19 25

22 2 68

−
±* ,

9 761 17 935

13848 2 89

, ,

* , ,

−
±

37 46 78 55

58 01 14 53

, ,

* , ,

−
±

18.07.2022 ð. 18 22

20 2 16

−
±* ,

3987 4 714

4 398 0 36

, ,

* , ,

−
±

1192 16 68

14 30 173

, ,

* , ,

−
±

11.10.2022 ð. 15 18

17 122

−
±* ,

5 060 7 648

6 353 0 92

, ,

* , ,

−
±

22 63 3333

27 98 378

, ,

* , ,

−
±

Çàãàëîì çà 2022 ð. 15 25

20 2 16

−
±* * ,

3987 17 935

8 200 3 48

, ,

* * , ,

−
±

1192 78 56

33 43 15 74

, ,

* * , ,

−
±

06.06.2023 ð. 17 19

18 2 86

−
±* ,

1407 2 967

2 187 0 56

, ,

* , ,

−
±

379 7 10

5 44 120

, ,

* , ,

−
±

31.07.2023 ð. 17 24

20 3 63

−
±* ,

9 724 13296

11510 127

, ,

* , ,

−
±

1395 2324

18 59 329

, ,

* , ,

−
±

17.10.2023 ð. 12 18

15 356

−
±* ,

0 306 0 416

0 361 0 04

, ,

* , ,

−
±

0 57 0 73

0 65 0 06

, ,

* , ,

−
±

Çàãàëîì çà 2023 ð. 12 24

18 2 16

−
±* * ,

0 306 13296

4 686 4 27

, ,

* * , ,

−
±

0 57 2324

8 23 6 61

, ,

* * , ,

−
±

Ï ð è ì ³ ò ê à. Íàä ðèñêîþ — ãðàíè÷í³ âåëè÷èíè; ï³ä ðèñêîþ — ñåðåäí³ çíà÷åííÿ: *
ïðè n = 2; ** ïðè n = 6.



Ô³òîåï³ô³òîí C. demersum òàêîæ ïîì³òíî â³äð³çíÿâñÿ ³ çà ê³ëüê³ñíèìè
ïîêàçíèêàìè éîãî ðîçâèòêó ó ð³çí³ ðîêè äîñë³äæåíü (äèâ. òàáë. 1). Òàê,
÷èñåëüí³ñòü âîäîðîñòåé åï³ô³òîíó ó âåãåòàö³éíèé ïåð³îä 2022 ³ 2023 ðð.
çì³íþâàëàñü â³ä 0,306 äî 17,935 ìëí. êë/ã, à á³îìàñà — â³ä 0,57 äî 78,56 ìã/ã.
Íàéìåíø³ âåëè÷èíè çàçíà÷åíèõ ïîêàçíèê³â â³äì³÷åíî ó æîâòí³ 2023 ð., à
íàéá³ëüø³ — ó ÷åðâí³ 2022 ð.

Çà ÷èñåëüí³ñòþ òà á³îìàñîþ, ÿê ³ çà ê³ëüê³ñòþ âèä³â, ïåðåâàæàëè ä³àòî-
ìîâ³ âîäîðîñò³ (ðèñ. 1). ¯õí³é âíåñîê ó çàãàëüíó ê³ëüê³ñòü êë³òèí ³ á³îìàñó â
ñåðåäíüîìó ñòàíîâèâ 74,6 ³ 88,3 %, òîä³ ÿê â³äïîâ³äí³ ÷àñòêè ³íøèõ â³ää³ë³â
âîäîðîñòåé áóëè çíà÷íî ìåíøèìè: çåëåíèõ — 12,0 ³ 3,2 %, ñèíüîçåëåíèõ
— 27,5 ³ 1,2 %, äèíîô³òîâèõ — 1,4 ³ 11,6 %, ñòðåïòîô³òîâèõ — 0,5 ³ 0,8 %, à
åâãëåíîô³òîâèõ — 0,9 ³ 0,6 %.

Îòðèìàí³ äàí³ òàêîæ ñâ³ä÷àòü ïðî òå, ùî ô³òîåï³ô³òîí C. demersum ó
ð³çí³ ì³ñÿö³ òà ð³çíè ðîêè äîñë³äæåíü ïîì³òíî â³äð³çíÿâñÿ çà ê³ëüê³ñíèìè
ïîêàçíèêàìè (äèâ. òàáë. 1). Âèÿâëåí³ îñîáëèâîñò³ ó õàðàêòåð³ çì³í ê³ëü-
ê³ñíèõ ïîêàçíèê³â ðîçâèòêó âîäîðîñòåé â îáðîñòàíí³ C. demersum, íàé-
³ìîâ³ðí³øå, çóìîâëåí³ ð³çíèìè óìîâàìè íàâêîëèøíüîãî ñåðåäîâèùà.
Òàê, ïðîòÿãîì âåãåòàö³éíèõ ñåçîí³â 2022 òà 2023 ðð. ÷èñåëüí³ñòü âîäîðîñ-
òåé çì³íþâàëàñü, â³äïîâ³äíî â³ä 3,987 äî 17,935 òà â³ä 0,306 äî 13,296 ìëí.
êë/ã, à á³îìàñà — â³ä 11,92 äî 78,55 òà â³ä 0,57 äî 23,24 ìã/ã. Ñåðåäí³ çíà÷åí-
íÿ ê³ëüê³ñíèõ ïîêàçíèê³â ðîçâèòêó âîäîðîñòåé åï³ô³òîíó ó 2022 ð. áóëè
ïîì³òíî âèùèìè, í³æ ó 2023 ð. (äèâ. òàáë. 1). Òàê, çîêðåìà, ñåðåäíÿ ÷è-
ñåëüí³ñòü ô³òîåï³ô³òîíó ó 2022 ð. ñòàíîâèëà 8,200 ìëí. êë/ã, á³îìàñà —
33,43 ìã/ã, ê³ëüê³ñòü âèä³â — 20, òîä³ ÿê ó 2023 ð. — â³äïîâ³äíî 4,686 ìëí.
êë/ã, 8,23 ìã/ã òà 18.

Íàéá³ëüø³ ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó âîäîðîñòåé â îáðîñòàíí³
C. demersum çàðåºñòðîâàíî ó ÷åðâí³ 2022 ð., êîëè ÷èñåëüí³ñòü âîäîðîñòåé
åï³ô³òîíó äîñÿãàëà 17,935 ìëí. êë/ã, à á³îìàñà — 78,55 ìã/ã (äèâ. òàáë. 1).

Çàãàëîì ìîæíà ââàæàòè, ùî â 2022 ð. óìîâè äëÿ ðîçâèòêó âîäîðîñòåé
áóëè á³ëüø ñïðèÿòëèâèìè, í³æ ó 2023 ð.

Çà ÷èñåëüí³ñòþ òà á³îìàñîþ, ÿê ³ çà ê³ëüê³ñòþ âèä³â, ó âåãåòàö³éí³
ïåð³îäè 2022 òà 2023 ðð. ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³ (äèâ. ðèñ. 1).
¯õí³é âíåñîê ó çàãàëüíó ê³ëüê³ñòü êë³òèí ³ á³îìàñó â ñåðåäíüîìó ñòàíîâèâ
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Òàáëèöÿ 2
Êîåô³ö³ºíòè ôëîðèñòè÷íî¿ ïîä³áíîñò³ (%) âèäîâîãî ñêëàäó âîäîðîñòåé

åï³ô³òîíó Ceratophyllum demersum â ð³çí³ ñåçîíè 2022 ³ 2023 ðð.

Â³ää³ëè Âåñíà Ë³òî Îñ³íü

Bacillariophyta 78,9 72,2 76,5

Chlorophyta 28,6 22,2 66,7

Çàãàëîì 65,4 62,7 75,0

Äîì³íóþ÷èé êîìïëåêñ 50,0 66,7 50,0



93,7 ³ 98,0 % ó 2022 ð. òà 69,9 ³ 94,9 % — ó 2023 ð. Â³äïîâ³äí³ ÷àñòêè çåëåíèõ
âîäîðîñòåé ñòàíîâèëè 4,3 ³ 0,4 % òà 2,2 ³ 2,2 %, ñòðåïòîô³òîâèõ — 0,03 ³
1,0 % òà 1,8 ³ 0,1 %, åâãëåíîâèõ — 0,9 ³ 0,1 % òà 1,1 ³ 11,8 %, äèíîô³òîâèõ —
0,3 ³ 1,2 % òà 1,6 ³ 0,3 % ³ ñèíüîçåëåíèõ — 0,2 ³ 0,1 òà 2,8 ³ 1,2 %.

Äî ñêëàäó äîì³íóþ÷îãî êîìïëåêñó ô³òîåï³ô³òîíó ó äîñë³äæóâàí³ ì³-
ñÿö³ 2022 ³ 2023 ðð. âõîäèëî â³ñ³ì âèä³â Bacillariophyta. Ñåðåä íèõ ó 2022 ð.
ïåðåâàæàëà Melosira varians. ×àñòîòà ¿¿ äîì³íóâàííÿ äîñÿãàëà 100 %, à âíå-
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Ðèñ. 1. Ñòðóêòóðà âèäîâîãî áàãàòñòâà (à), ÷èñåëüíîñò³ (á) òà á³îìàñè (â) ô³òîåï³-
ô³òîíó Ceratophyllum demersum: 1 — Cyanoprokaryota; 2 — Chlorophyta; 3 — Bacilla-
riophyta; 4 — Dinophytà; 5 — Euglenophyta; 6 — Streptophyta



ñîê â çàãàëüíó á³îìàñó çíàõîäèâñÿ â ìåæàõ 45,9—77,2 %. Äî ñêëàäó äî-
ì³íóþ÷îãî êîìïëåêñó åï³ô³òîíó C. demersum òàêîæ âõîäèëè Tabellaria fe-
nestrata òà Cocconeis placentula. ×àñòîòà ¿õíüîãî äîì³íóâàííÿ áóëà äåùî
íèæ÷îþ — â³äïîâ³äíî 67 òà 33 %, à âíåñîê ó çàãàëüíó á³îìàñó ñòàíîâèâ
10,9—18,1 % òà 5,4—11,9 %.

Ó 2023 ð. â ô³òîåï³ô³òîí³ C. demersum ïåðåâàæàëè Melosira varians ³
Cocconeis placentula. ×àñòîòà ¿õíüîãî äîì³íóâàííÿ äîñÿãàëà 100 %, à âíå-
ñîê ó çàãàëüíó á³îìàñó êîëèâàâñÿ â³äïîâ³äíî â³ä 13,0 äî 77,2 % òà â³ä 21,1
äî 61,9 %. Äî ñêëàäó äîì³íóþ÷îãî êîìïëåêñó òàêîæ âõîäèëè Synedra ulna ³
Cymbella tumida. ×àñòîòà ¿õíüîãî äîì³íóâàííÿ áóëà äåùî íèæ÷îþ: S. ulna
— 55 %, C. tumida — 33 %, à ¿õí³é âíåñîê ó çàãàëüíó á³îìàñó çíàõîäèâñÿ â
ìåæàõ 18,7—23,5 % òà 14,4—14,6 %, â³äïîâ³äíî.

Ïîð³âíÿííÿ äîì³íóþ÷îãî êîìïëåêñó åï³ô³òîíó C. demersum ó 2022 òà
2023 ðð. ïîêàçàëî, ùî â³í ïîì³òíî â³äð³çíÿâñÿ â ð³çí³ ðîêè. Òàê, Melosira
varians áóëà ñåðåä äîì³íàíò³â ÿê ó 2022 ð., òàê ³ ó 2023 ð. (ó ÷åðâí³, ëèïí³ òà
æîâòí³), òîä³ ÿê Tabellaria fenestratà äîì³íóâàëà ëèøå ó 2022 ð (ó ÷åðâí³,
ëèïí³ òà æîâòí³), Cocconeis placentula — ó ÷åðâí³ ³ ëèïí³ 2022 ð. òà ó ÷åðâí³,
ëèïí³ òà æîâòí³ 2023 ð, Cymbella tumida — ó ëèïí³ 2023 ð., à Synedra ulna —
ó ëèïí³ òà æîâòí³ 2023 ð.

Â³äì³ííîñò³ ó ðîçâèòêó âîäîðîñòåé åï³ô³òîíó ó âåãåòàö³éí³ ïåð³îäè
2022 ³ 2023 ðð., éìîâ³ðíî, îáóìîâëåí³ ïåðø çà âñå ð³çíîþ òåìïåðàòóðîþ
âîäè ó ïåð³îä â³äáîðó îáðîñòàíü òà ð³çíèì âì³ñòîì á³îãåííèõ åëåìåíò³â.

Õàðàêòåðèñòèêà ï³ãìåíòíîãî ñêëàäó ô³òîåï³ô³òîíó. Âì³ñò îñíîâ-
íîãî ôîòîñèíòåòè÷íîãî ï³ãìåíòó õëîðîô³ëó à â îáðîñòàíí³ C. demersum
ïðîòÿãîì ïåð³îäó ñïîñòåðåæåíü (2022 ³ 2023 ðð.) êîëèâàâñÿ ó øèðîêèõ ìå-
æàõ: â³ä 7,87 äî 90,43 ìêã/ã (òàáë. 3). Ó ð³çí³ ðîêè äîñë³äæåíü âì³ñò ï³ãìåí-
òó â åï³ô³òîí³ ïîì³òíî â³äð³çíÿâñÿ, ïðè öüîìó â³í óêëàäàâñÿ ó â³äîì³ äëÿ
ïð³ñíîâîäíèõ âîäîéì ìåæ³ [39]. Éìîâ³ðíî, ùî âèñîêà âàð³àáåëüí³ñòü
êîíöåíòðàö³¿ õëîðîô³ëó â åï³ô³òîí³ îáóìîâëåíà êîëèâàííÿìè óìîâ íà-
âêîëèøíüîãî ñåðåäîâèùà. Ï³äòâåðäæåííÿì öüîãî ìîæóòü áóòè äàí³, îò-
ðèìàí³ ³íøèìè äîñë³äíèêàìè [16, 17] ÿê äëÿ ô³òîïëàíêòîíó âîäîéì, òàê ³
äëÿ åï³ô³òîíó [23].

Â³äîìî, ùî êîíöåíòðàö³ÿ õëîðîô³ëó çàçíàº ñåçîííèõ çì³í [23]. Îòðè-
ìàí³ ðåçóëüòàòè çàñâ³ä÷èëè, ùî õàðàêòåð öèõ çì³í ó ðîêè íàøèõ äîñ-
ë³äæåíü â³äð³çíÿâñÿ ïåâíîþ ñâîºð³äí³ñòþ. Òàê, ó 2022 ð. íàéá³ëüøà ñåðåä-
íÿ ê³ëüê³ñòü õëîðîô³ëó à ñïîñòåð³ãàëàñü ó ÷åðâí³, à ó 2023 ð. — ó ëèïí³. Ç
íàñòàííÿì îñåí³ âì³ñò õëîðîô³ëó â åï³ô³òîí³ C. demersum çìåíøóâàâñÿ
(äèâ. òàáë. 3). Àíàëîã³÷í³ ðåçóëüòàòè áóëè îòðèìàí³ é ³íøèìè äîñë³äíèêà-
ìè [20].

Ó âåãåòàö³éíèé ïåð³îä 2022 ð. âì³ñò îñíîâíîãî ôîòîñèíòåòè÷íîãî
ï³ãìåíòó â åï³ô³òîí³ C. demersum áóâ ïîì³òíî âèùèì ïîð³âíÿíî ç 2023 ð.
Òàê. íàïðèêëàä, ó 2022 ð. âì³ñò õëîðîô³ëó à â îáðîñòàíí³ âàð³þâàâ â³ä
29,62 äî 90,43 ìêã/ã, òîä³ ÿê ó 2023 ð. — â³ä 7,87 äî 47,12 ìêã/ã ïðè ñåðåäí³õ
éîãî çíà÷åííÿõ â³äïîâ³äíî 61,25 ìêã/ã òà 28,60 ìêã/ã. Îòðèìàí³ íàìè äàí³

74

Ìåäâåäü Â.Î., Õàð÷åíêî Ã.Â.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(2)



óçãîäæóþòüñÿ ç ê³ëüê³ñíèìè ïîêàçíèêàìè ðîçâèòêó ô³òîåï³ô³òîíó (äèâ.
òàáë. 1).

Â³äîìî, ùî âèñîêà âàð³àáåëüí³ñòü âì³ñòó õëîðîô³ëó à ñâ³ä÷èòü ïðî
ñïðèÿòëèâ³ óìîâè äëÿ ðîçâèòêó âîäîðîñòåé [23]. Ïðîâåäåíèé àíàë³ç îò-
ðèìàíèõ íàìè äàíèõ äîçâîëÿº çðîáèòè âèñíîâîê, ùî ó 2022 ð. óìîâè äëÿ
ðîçâèòêó âîäîðîñòåé â îáðîñòàíí³ C. demersum áóëè á³ëüø ñïðèÿòëèâè-
ìè, í³æ ó 2023 ð. Íà öå âêàçóº øèðøèé ä³àïàçîí çì³í êîíöåíòðàö³¿ çåëåíî-
ãî ï³ãìåíòó ó 2022 ð. ïîð³âíÿíî ç 2023 ð.

Ââàæàºòüñÿ, ùî ï³ãìåíòíèé àïàðàò ô³òîïëàíêòîíó á³ëüø ÷óòëèâèé äî
óìîâ çîâí³øíüîãî ñåðåäîâèùà, í³æ éîãî á³îìàñà [23], ùî âêàçóº íà ïåðå-
âàãó ï³ãìåíò³â ÿê ³íäèêàòîð³â çì³í öèõ óìîâ. Ï³äòâåðäæåííÿì çàçíà÷åíî-
ãî º á³ëüø âèñîêà ïîð³âíÿíî ç á³îìàñîþ âàð³àáåëüí³ñòü êîíöåíòðàö³¿ õëî-
ðîô³ëó à. Òîìó áóëî ö³êàâî ñï³âñòàâèòè äàí³ ïî á³îìàñ³ åï³ô³òîíó òà âì³ñòó
â íüîìó õëîðîô³ëó à.

Ïðîâåäåíèé àíàë³ç äîçâîëèâ çðîáèòè ïåâíèé âèñíîâîê ùîäî òîãî,
ùî äëÿ åï³ô³òîíó, íà â³äì³íó â³ä ô³òîïëàíêòîíó, éìîâ³ðíî, õàðàêòåðíà îä-
íàêîâà ÷óòëèâ³ñòü ÿê ï³ãìåíòíîãî àïàðàòó, òàê ³ ê³ëüê³ñíîãî ðîçâèòêó âî-
äîðîñòåé â îáðîñòàíí³ ìàêðîô³ò³â äî çì³í óìîâ íàâêîëèøíüîãî ñåðåäîâè-
ùà. Çîêðåìà, ìåæ³ êîëèâàíü âì³ñòó õëîðîô³ëó a òà âåëè÷èíè á³îìàñè âî-
äîðîñòåé åï³ô³òîíó áóëè äîñèòü øèðîêèìè: âîíè çì³íþâàëèñü, â³äïî-
â³äíî, â³ä 7,87 äî 90,43 ìêã/ã (äèâ. òàáë. 3) òà â³ä 0,57 äî 78,55 ìã/ã (äèâ.
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Òàáëèöÿ 3
Âì³ñò ôîòîñèíòåòè÷íèõ ï³ãìåíò³â â åï³ô³òîí³ Ceratophyllum demersum

Äàòè â³äáîðó
ïðîá

Ñõë à, ìêã/ã Ñõë b, ìêã/ã Ñõë c, ìêã/ã Ñêàð, ìêãSPU/ã

07.06.2022 ð. 52 5 90 43

7354 1108

, ,

* , ,

−
±

2 20 2 86

2 57 0 20

, ,

, ,

−
±

12 87 2169

17 57 2 56

, ,

, ,

−
±

46 99 82 39

65 86 10 26

, ,

, ,

−
±

18.07.2022 ð. 52 88 80 68

67 02 8 44

, ,

* , ,

−
±

105 136

126 0 10

, ,

, ,

−
±

18 53 22 79

20 51 134

, ,

, ,

−
±

54 23 80 28

66 59 8 15

, ,

, ,

−
±

11.10.2022 ð. 29 62 6312

4319 9 40

, ,

* , ,

−
±

0 40 4 87

2 45 0 71

, ,

, ,

−
±

12 27 27 32

20 42 398

, ,

, ,

−
±

28 44 55 11

39 74 7 38

, ,

, ,

−
±

Çàãàëîì çà
2022 ð.

29 62 90 43

6125 13 44

, ,

* * , ,

−
±

0 40 4 35

2 09 0 77

, ,

, ,

−
±

12 27 27 32

19 73 315

, ,

, ,

−
±

28 44 82 39

57 40 12 38

, ,

, ,

−
±

06.06.2023 ð. 7 87 10 26

9 30 0 82

, ,

* , ,

−
±

0 41 118

0 82 0 23

, ,

, ,

−
±

355 5 01

4 32 0 54

, ,

, ,

−
±

8 99 12 19

10 68 111

, ,

, ,

−
±

31.07.2023 ð. 42 70 47 12

45 30 139

, ,

* , ,

−
±

179 2 84

2 22 0 50

, ,

, ,

−
±

12 97 14 17

1373 0 59

, ,

, ,

−
±

44 53 47 58

46 13 0 89

, ,

, ,

−
±

17.10.2023 ð. 23 09 38 99

3119 5 24

, ,

* , ,

−
±

351 5 77

4 12 0 78

, ,

, ,

−
±

1195 15 81

14 01 114

, ,

, ,

−
±

25 48 37 52

30 99 4 01

, ,

, ,

−
±

Çàãàëîì çà
2023 ð.

7 87 47 12

28 60 1131

, ,

* * , ,

−
±

0 41 5 77

2 39 110

, ,

, ,

−
±

355 15 81

10 69 3 40

, ,

, ,

−
±

8 99 47 58

29 27 10 95

, ,

, ,

−
±

Ï ð è ì ³ ò ê à. Íàä ðèñêîþ — ãðàíè÷í³ âåëè÷èíè; ï³ä ðèñêîþ — ñåðåäí³ çíà÷åííÿ:
* ïðè n = 4, ** ïðè n = 12.



òàáë. 1). Íà íàø ïîãëÿä, öå çóìîâëåíî òèì, ùî âîäîðîñò³ åï³ô³òîíó âåäóòü
ïðèêð³ïëåíèé ñïîñ³á ³ñíóâàííÿ ³ òîìó º ÷óòëèâ³øèìè ³íäèêàòîðàìè ñòàíó
âîäíîãî ñåðåäîâèùà, í³æ ïëàíêòîíí³ âîäîðîñò³.

Îö³íþþ÷è ñåðåäí³é âì³ñò äîäàòêîâîãî ï³ãìåíòó õëîðîô³ëó b â îáðîñ-
òàíí³ C. demersum, âàðòî çàçíà÷èòè, ùî â³í áóâ ïðàêòè÷íî îäíàêîâèì —
2,09 ³ 2,39 ìêã/ã â³äïîâ³äíî ó 2022 òà 2023 ðð. (äèâ. òàáë. 3).

Ùîäî âì³ñòó äîäàòêîâîãî ï³ãìåíòó õëîðîô³ëó ñ â îáðîñòàíí³ C. demer-
sum, òî ÿê ³ äëÿ õëîðîô³ëó à, â³í áóâ âèùèì ó 2022 ð. ïîð³âíÿíî ç 2023 ð.
(äèâ. òàáë. 3). Òàê, ñåðåäí³ çíà÷åííÿ âì³ñòó õëîðîô³ëó ñ â åï³ô³òîí³ ó
2022 ð. ñòàíîâèëè 17,57, 20,51 ³ 20,42 ìêã/ã â³äïîâ³äíî ó ÷åðâí³, ëèïí³ òà
æîâòí³, òîä³ ÿê ó 2023 ð. â ò³ æ ì³ñÿö³ âîíè äîð³âíþâàëè 4,32, 13,73 ³
14,01 ìêã/ã.

Íàéâèùèé âì³ñò õëîðîô³ëó b òà ñ (çà ñåðåäí³ìè âåëè÷èíàìè) ó 2023 ð.
ñïîñòåð³ãàâñÿ ó æîâòí³ (â³äïîâ³äíî 4,12 òà 14,01 ìêã/ã). Ó 2022 ð. íàéâèùó
ñåðåäíþ ê³ëüê³ñòü õëîðîô³ëó b çàðåºñòðîâàíî ó ÷åðâí³ (2,57 ìêã/ã), à õëî-
ðîô³ëó ñ — ó ëèïí³ (20,51 ìêã/ã). Îòðèìàí³ äàí³ óçãîäæóþòüñÿ ç³ ñòðóêòó-
ðîþ ô³òîåï³ô³òîíó C. demersum ó ð³çíè ðîêè íàøîãî äîñë³äæåííÿ (äèâ.
ðèñ. 1).

Çàãàëüíà ê³ëüê³ñòü çåëåíèõ ï³ãìåíò³â (Ñõë à+b+c) â îáðîñòàíí³ C. demer-
sum (òàáë. 4), ÿê ³ õëîðîô³ëó à (äèâ. òàáë. 3), áóëà âèùîþ ó 2022 ð. Âîíà
çì³íþâàëàñü â³ä 44,54 äî 114,98 ìêã/ã òà â³ä 11,82 äî 63,43 ìêã/ã â³äïîâ³äíî
ó 2022 ³ 2023 ðð. Ìàêñèìàëüí³ çíà÷åííÿ çàãàëüíî¿ ê³ëüêîñò³ çåëåíèõ ï³ã-
ìåíò³â, ÿê ³ õëîðîô³ëó à, ó 2022 ð. áóëî âèÿâëåíî â ÷åðâí³, à ó 2023 ð. — ó
ëèïí³. Cêëàä çåëåíèõ ï³ãìåíò³â â óñ³õ â³ä³áðàíèõ çðàçêàõ îáðîñòàíü C. de-
mersum áóâ ïîä³áíèì — ó ¿õíüîìó ôîíä³ ïåðåâàæàâ Ñõë à. Éîãî â³äíîñíèé
âì³ñò ó 2022 ³ 2023 ðp. çì³íþâàâñÿ â³ä 62,9 äî 78,5 %.

Íàéá³ëüøå ñåðåäíº çíà÷åííÿ Ñõë à â åï³ô³òîí³ çàðåºñòðîâàíî ó 2022 ð.,
êîëè âîíî ñòàíîâèëî 73,04, ïðîòè 67,01 % ó 2023 ð. (äèâ. òàáë. 4). Ñåðåäíº
çíà÷åííÿ Ñõë b ñòàíîâèëî 2,61 ³ 5,96 %, à Ñõë ñ — 24,36 ³ 27,03 % â³äïîâ³äíî ó
2022 òà 2023 ðð. Îòæå, íàéâèùèìè âåëè÷èíàìè â³äíîñíîãî âì³ñòó õëî-
ðîô³ëó b òà ñ õàðàêòåðèçóâàâñÿ åï³ô³òîí ó 2023 ð.

Ó ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü áóëî âèÿâëåíî, ùî ê³ëüê³ñòü êà-
ðîòèíî¿ä³â â åï³ô³òîí³, ÿê ³ õëîðîô³ëó à, çì³íþâàëàñÿ â äîñèòü øèðîêèõ
ìåæàõ — â³ä 8,99 äî 82,39 ìêãSPU/ã (äèâ. òàáë. 3). Ïðè öüîìó îáðîñòàííÿ
C. demersum ó ð³çí³ ì³ñÿö³ òà ðîêè äîñë³äæåííÿ ïîì³òíî â³äð³çíÿëèñÿ çà
êîíöåíòðàö³ºþ æîâòèõ ï³ãìåíò³â. Òàê, ó 2022 ð. ¿õí³é âì³ñò çíàõîäèâñÿ â
ìåæàõ 28,44—82,39 ìêã SPU/ã, à ó 2023 ð. — êîëèâàâñÿ â³ä 8,99 äî 47,58
ìêãSPU/ã. Â ö³ëîìó, â³í áóâ íàéá³ëüøèì ó 2022 ð.: òàê, ñåðåäí³é âì³ñò æîâ-
òèõ ï³ãìåíò³â ó 2022 ð. ñòàíîâèâ 57,40, à ó 2023 ð. — 29,27 ìêãSPU/ã (äèâ.
òàáë. 3). Ìàêñèìàëüíó ñåðåäíþ ê³ëüê³ñòü çàçíà÷åíèõ ï³ãìåíò³â çàðåºñòðî-
âàíî ó ëèïí³ (66,59 ³ 46,13 ìêãSPU/ã â³äïîâ³äíî ó 2022 òà 2023 ðð.).

Âàðòî çàçíà÷èòè, ùî ìàêñèìóìè ³ ì³í³ìóìè âì³ñòó êàðîòèíî¿ä³â â îá-
ðîñòàíí³ C. demersum ñï³âïàäàëè ç ì³í³ìóìàìè òà ìàêñèìóìàìè âì³ñòó
õëîðîô³ëó à (äèâ. òàáë. 3, ðèñ. 2). Öå ñâ³ä÷èòü ïðî òå, ùî ì³æ ê³ëüê³ñòþ
ï³ãìåíò³â â åï³ô³òîí³, ÿê ³ â ïëàíêòîí³ [14], ³ñíóº ïðÿìèé çâ’ÿçîê. Ï³äòâåð-
äæåííÿì öüîãî º äîñòîâ³ðíà ïîçèòèâíà çàëåæí³ñòü (r = 0,99 ïðè n = 12,
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ð≤0,05 â³äïîâ³äíî ó 2022 ³ 2023 ðð.). Ðàçîì ç òèì ì³í³ìàëüí³ é ìàêñèìàëüí³
âåëè÷èíè çàçíà÷åíèõ ïîêàçíèê³â â îñíîâíîìó ñï³âïàäàëè ç íàéá³ëüøèìè
³ íàéìåíøèìè çíà÷åííÿìè á³îìàñè (äèâ. ðèñ. 2). Öå ñïîñòåð³ãàëè ³ â ³íøèõ
äîñë³äæåííÿõ [23, 35—37, 39].

Äîñòîâ³ðíó ïîçèòèâíó çàëåæí³ñòü âñòàíîâëåíî òàêîæ ì³æ çàãàëüíîþ
á³îìàñîþ åï³ô³òîíó ³ âì³ñòîì õëîðîô³ëó à òà êàðîòèíî¿ä³â (äëÿ õëîðîô³ëó
à — r = 0,64, äëÿ êàðîòèíî¿ä³â — r = 0,59 ïðè n = 12, ð≤0,05).

Íà íàø ïîãëÿä, äèñáàëàíñ ì³æ êîíöåíòðàö³ºþ îñíîâíîãî çåëåíîãî
ï³ãìåíòó òà á³îìàñîþ, ç îäíîãî áîêó, ì³ã áóòè îáóìîâëåíèé çìåíøåííÿì
éîãî âì³ñòó çà ðàõóíîê çìåíøåííÿ ÷àñòêè çåëåíèõ âîäîðîñòåé. Â³äîìî,
ùî ñàìå êë³òèíàì çåëåíèõ âîäîðîñòåé ïðèòàìàííà ï³äâèùåíà ê³ëüê³ñòü
õëîðîô³ëó à ïîð³âíÿíî ç ä³àòîìîâèìè òà ñèíüîçåëåíèìè [6]. Ï³äòâåðä-
æåííÿì ìîæå áóòè êîåô³ö³ºíò êîðåëÿö³¿ (r = 0,47) ì³æ ïèòîìèì âì³ñòîì
õëîðîô³ëó à òà âíåñêîì çåëåíèõ âîäîðîñòåé ó á³îìàñó [12]. Äëÿ åï³ô³òîíó
C. demersum öþ îñîáëèâ³ñòü äëÿ Chlorophyta â³äîáðàæàº äîñòîâ³ðí³é ïî-
çèòèâíèé êîåô³ö³ºíò êîðåëÿö³¿ (r = 0,71 ïðè n = 12, ð≤0,05).

Ç ³íøîãî áîêó, â³äñóòí³ñòü çâ’ÿçêó àáî éîãî íèçüê³ çíà÷åííÿ ìîãëè
áóòè çóìîâëåí³ ïîã³ðøåííÿì ñâ³òëîâèõ óìîâ ðîçâèòêó âîäîðîñòåé â îáðî-
ñòàíí³ ç³ çá³ëüøåííÿì ù³ëüíîñò³ çàðîñòåé òà ³íòåíñèâíèì ðîçâèòêîì ô³-
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Òàáëèöÿ 4
Õàðàêòåðèñòèêà ñêëàäó ôîòîñèíòåòè÷íèõ ï³ãìåíò³â ô³òîåï³ô³òîíó

Ceratophyllum demersum

Äàòè â³äáîðó ïðîá Ñõë à+b+c, ìêã/ã
Â³äíîñíèé âì³ñò õëîðîô³ë³â, %

à b ñ

*07.06.2022 ð. 67 57 114 98

93 68 1383

, ,

, ,

−
±

78,50 2,74 18,76

*18.07.2022 ð. 73 40 104 83

88 78 15 38

, ,

, ,

−
±

75,49 1,41 23,10

*11.10.2022 ð. 44 54 92 16

66 07 12 43

, ,

, ,

−
±

65,38 3,71 30,91

**Çàãàëîì çà 2022 ð. 44 54 114 98

82 84 14 67

, ,

, ,

−
±

73,04 2,61 24,36

*06.06.2023 ð. 1182 16 16

14 45 145

, ,

, ,

−
±

64,40 5,67 29,93

*31.07.2023 ð. 59 44 63 43

6126 132

, ,

, ,

−
±

73,79 3,85 22,37

*17.10.2023 ð. 38 73 58 31

49 32 6 06

, ,

, ,

−
±

62,98 8,73 28,30

**Çàãàëîì çà 2023 ð. 1182 63 43

4168 15 04

, ,

, ,

−
±

67,01 5,96 27,03

Ï ð è ì ³ ò ê à. Íàä ðèñêîþ — ãðàíè÷í³ âåëè÷èíè; ï³ä ðèñêîþ — ñåðåäí³ çíà÷åííÿ:
* ïðè n = 4, ** ïðè n = 12.



òîïëàíêòîíó. ²ìîâ³ðíî òàêîæ, ùî âàæëèâå çíà÷åííÿ ìàëî ïîñèëåíå ñïî-
æèâàííÿ á³îãåííèõ åëåìåíò³â ô³òîïëàíêòîíîì, ÿêèé ³íòåíñèâíî ðîçâè-
âàºòüñÿ ó âåãåòàö³éíèé ïåð³îä òà º êîíêóðåíòîì ïî â³äíîøåííþ äî âîäî-
ðîñòåé åï³ô³òîíó [23].

Ïîá³÷íîþ õàðàêòåðèñòèêîþ ñòðóêòóðè ô³òîåï³ô³òîíó ìîæå áóòè â³ä-
íîñíèé âì³ñò õëîðîô³ëó à (Ñõë a/Â). Òàê, âåëè÷èíà Ñõë a/Â×100 â åï³ô³òîí³
C. demersum çì³íþâàëàñü ó øèðîêèõ ìåæàõ — â³ä 0,8 äî 51,5 %. Ïðàêòè÷-
íî, á³ëüø³ñòü çíà÷åíü öüîãî ïîêàçíèêà áóëè â ä³àïàçîí³ 0,8—4,8 % (ðèñ. 3).
Éîãî íàéá³ëüø³ ñåðåäí³ âåëè÷èíè (48,0 %) çàðåºñòðîâàíî â åï³ô³òîí³ ó
æîâòí³ 2023 ð., à íàéíèæ÷³ (1,3 %) — ó ÷åðâí³ 2022 ð. Äåÿê³ àâòîðè [11] çà-
çíà÷àþòü, ùî íàéá³ëüø³ çíà÷åííÿ Ñõë/Â ðåºñòðóþòüñÿ ïðè äîì³íóâàíí³ çå-
ëåíèõ âîäîðîñòåé, à íèæ÷³ — ïðè ð³çíîìó ñï³ââ³äíîøåíí³ óñ³õ â³ää³ë³â âî-
äîðîñòåé.

Îñòàíí³ì ÷àñîì äëÿ îö³íêè ô³ç³îëîã³÷íîãî ñòàíó âîäîðîñòåé âèêîðè-
ñòîâóþòü ñï³ââ³äíîøåííÿ ð³çíèõ ï³ãìåíòíèõ õàðàêòåðèñòèê [7, 21, 22, 40,
42, 43]. Ç îãëÿäó íà öå, ìè ïðîàíàë³çóâàëè çì³íè äåÿêèõ ç íèõ, à ñàìå:
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Ðèñ. 3. Ñï³â³äíîøåííÿ âì³ñòó õëîðîô³ëó à ³ çàãàëüíî¿ á³îìàñè åï³ô³òîíó (Ñõë à/Â) Cera-
tophyllum demersum

Ðèñ. 2. Âì³ñò õëîðîô³ëó à (à) ³ êàðîòèíî¿ä³â (á) â åï³ô³òîí³ Ceratophyllum demersum òà
éîãî çàãàëüíà á³îìàñà (â)



Ñõë à+b+c/Ñõë à, Ñõë b/Ñõë à , Ñõë ñ/Ñõë à, Ñõë à/Ñõë ñ, Ñõë à/Ñõë b, Ñêàð/Ñõë à, Ñôåî à, %,
Ñõë à/Ñôåî à òà ³íäåêñè Å480/Å664 ³ Å430/Å664.

Îòðèìàí³ ðåçóëüòàòè çàñâ³ä÷èëè, ùî ó ð³çí³ ðîêè ñïîñòåðåæåíü ï³ã-
ìåíòí³ õàðàêòåðèñòèêè åï³ô³òîíó C. demersum ïîì³òíî â³äð³çíÿëèñü. Ñå-
çîíí³ çì³íè äîñë³äæóâàíèõ õàðàêòåðèñòèê áóëè ñâîºð³äíèìè, ùî â³ä-
ì³÷àëè é ³íø³ äîñë³äíèêè [23].

Òàê, âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë à+b+c/Ñõë à ó 2022 ð. äëÿ îáðîñòàííÿ
C. demersum â ñåðåäíüîìó ñòàíîâèëè 1,3, 1,3 òà 1,5, à ó 2023 ð. — 1,5, 1,4 ³ 1,6
â³äïîâ³äíî ó ÷åðâí³, ëèïí³ òà æîâòí³ (ðèñ. 4). Òîáòî âåëè÷èíè öüîãî
ñï³ââ³äíîøåííÿ â ð³çí³ ðîêè ñïîñòåðåæåíü òà ñåçîíè áóëè >1,25, ùî â³ä-
ïîâ³äàº íîðìàëüíî ôóíêö³îíóþ÷îìó àëüãîóãðóïîâàííþ [2, 36].

Â óñ³õ çðàçêàõ åï³ô³òîíó â ð³çí³ ñåçîíè ³ ðîêè ñïîñòåðåæåíü âåëè÷èíà
ñï³ââ³äíîøåííÿ Ñõë b/Ñõë à áóëà á³ëüøîþ, í³æ Ñõë ñ/Ñõë à (äèâ. ðèñ. 4), ùî îïî-
ñåðåäêîâàíî âêàçóº íà ïåðåâàãó â îáðîñòàíí³ ïðåäñòàâíèê³â Bacillariophy-
tà [21, 22, 36]. Çàçíà÷åíå óçãîäæóºòüñÿ òàêîæ ç³ ñòðóêòóðîþ ô³òîåï³ô³òîíó
(äèâ. ðèñ. 1).

Â³äîìî, ùî çìåíøåííÿ çíà÷åíü ñï³ââ³äíîøåíü Ñõë à/Ñõë b òà Ñõë à/Ñõë ñ º
îïîñåðåäêîâàíèì ñâ³ä÷åííÿì çíèæåííÿ ôîòîñèíòåòè÷íî¿ àêòèâíîñò³ âî-
äîðîñòåé [25, 36, 37]. Îäåðæàí³ íàìè äàí³ ïîêàçàëè, ùî âåëè÷èíè ñï³â-
â³äíîøåííÿ Ñõë à/Ñõë ñ â îáðîñòàíí³ C. demersum ó 2022 ð. çì³íþâàëèñü â³ä
2,2 äî 4,2, à Ñõë à/Ñõë b — â³ä 26,3 äî 53,2, òîä³ ÿê ó 2023 ð. âîíè êîëèâàëèñü ó
ìåæàõ 2,2—3,3 òà 8,0—21,1 (ðèñ. 5).

Â ñåðåäíüîìó çíà÷åííÿ ñï³ââ³äíîøåííÿ Ñõë à/Ñõë ñ ñòàíîâèëè 3,2 ³ 2,6, à
Ñõë à/Ñõë b — 35,9 ³ 13,9 â³äïîâ³äíî ó 2022 òà 2023 ðð., ùî âêàçóº íà íèæ÷ó
ôîòîñèíòåòè÷íó àêòèâí³ñòü âîäîðîñòåé åï³ô³òîíó ó 2023 ð. Íàéìåíø³
çíà÷åííÿ Ñõë à/Ñõë ñ çàðåºñòðîâàíî â îáðîñòàíí³ ó æîâòí³ 2022 òà 2023 ðð., à
ìàêñèìàëüí³ — ó ÷åðâí³ 2022 ð. òà ëèïí³ 2023 ð., ùî º ñâ³ä÷åííÿì ìåíøî¿
ôîòîñèíòåòè÷íî¿ àêòèâíîñò³ îñ³ííüîãî åï³ô³òîíó ïîð³âíÿíî ç ë³òí³ì.

Íàéìåíø³ çíà÷åííÿ Ñõë à/Ñõë b (8,0) çàðåºñòðîâàíî â îáðîñòàíí³ C. de-

mersum ó æîâòí³ 2023 ð. (äèâ. ðèñ. 5), ùî º ï³äòâåðäæåííÿì ïîã³ðøåííÿ
ô³ç³îëîã³÷íîãî ñòàíó âîäîðîñòåé åï³ô³òîíó â îñ³íí³é ïåð³îä.
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Ðèñ. 4. Ñï³ââ³äíîøåííÿ çåëåíèõ ï³ãìåíò³â â åï³ô³òîí³ Ceratophyllum demersum: à —
Ñõë à+b+c/Ñõë à; á — Ñõë b/Ñõë à; â — Ñõë ñ/Ñõë à



Îäíèìè ç âàæëèâèõ ïîêàçíèê³â ô³ç³îëîã³÷íîãî ñòàíó âîäîðîñòåé º
³íäåêñè Å480/Å664, Å430/Å664 òà Ñêàð/Ñõë à (ðèñ. 6), ÿê³ õàðàêòåðèçóþòü ñï³â-
â³äíîøåííÿ âì³ñòó çàãàëüíèõ êàðîòèíî¿ä³â ³ õëîðîô³ëó a [2, 7]. Ï³äâèùåí-
íÿ çíà÷åíü öèõ ³íäåêñ³â ñâ³ä÷èòü ïðî ïîã³ðøåííÿ ô³ç³îëîã³÷íîãî ñòàíó
êë³òèí âîäîðîñòåé òà çá³ëüøåííÿ ¿õíüî¿ ï³ãìåíòíî¿ ð³çíîìàí³òíîñò³. Âå-
ëè÷èíè çàçíà÷åíèõ ïîêàçíèê³â ó 2022 ð. áóëè äåùî ìåíøèìè ïîð³âíÿíî ç
2023 ð. Öå îïîñåðåäêîâàíî âêàçóº íà ïåâíå ïîã³ðøåííÿ ô³ç³îëîã³÷íîãî
ñòàíó âîäîðîñòåé â îáðîñòàíí³ C. demersum ó 2023 ð. ïîð³âíÿíî ç 2022 ð.
Òàê, ñåðåäí³ çíà÷åííÿ ³íäåêñó Å430/Å664 äëÿ îáðîñòàííÿ C. demersum ñòàíî-
âèëè 0,4 ³ 0,5, ³íäåêñó Å480/Å664 — 1,4 ³ 1,5, à ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à — 0,9 ³
1,1 â³äïîâ³äíî ó 2022 òà 2023 ðð. Àíàë³ç âåëè÷èí çàçíà÷åíèõ ïîêàçíèê³â ó
÷åðâí³, ëèïí³ òà æîâòí³ ñâ³ä÷èòü, ùî ³íäåêñ Å480/Å664 áóâ âèùèì ó æîâòí³
2022 ð. òà 2023 ð. (â³äïîâ³äíî 1,5 ³ 1,6), ³íäåêñ Å430/Å664 — ó ëèïí³ 2022 ð. òà
÷åðâí³ 2023 ð., à ñï³ââ³äíîøåííÿ Ñêàð/Ñõë à — ó ëèïí³ 2022 ð. òà ÷åðâí³
2023 ð. (äèâ. ðèñ. 6).

Ùå îäí³ºþ õàðàêòåðèñòèêîþ ô³ç³îëîã³÷íîãî ñòàíó åï³ô³òîíó º âì³ñò
ôåîï³ãìåíò³â (ôåîô³òèíó) òà éîãî ñï³ââ³äíîøåííÿ ç õëîðîô³ëîì à
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Ðèñ. 5. Ñï³ââ³äíîøåííÿ çåëåíèõ ï³ãìåíò³â â åï³ô³òîí³ Ceratophyllum demersum: à —
Ñõë à/Ñõë ñ; á — Ñõë à/Ñõë b

Ðèñ. 6. Ñï³ââ³äíîøåííÿ êàðîòèíî¿ä³â ³ õëîðîô³ëó à (Ñêàð/Ñõë à) (à) òà ³íäåêñè Å480/Å664

(á) ³ Å430/Å664 (â) â åï³ô³òîí³ Ceratophyllum demersum



(Ñõë à/Ñôåî à): ÿêùî éîãî çíà÷åííÿ ìåíøå îäèíèö³, òî öå º ñâ³ä÷åííÿì
â³äìèðàííÿ ³ ðîçêëàäó êë³òèí âîäîðîñòåé [1]. Ö³ ïðîöåñè ñóïðîâîäæóþ-
òüñÿ ðóéíóâàííÿì õëîðîô³ëó, âòðàòîþ éîíó Mg2+ òà óòâîðåííÿì ôåîï³ã-
ìåíò³â. Àíàë³ç çíà÷åíü â³äñîòêîâîãî âì³ñòó ôåîï³ãìåíò³â (Ñôåî à, %) ïîêà-
çàâ, ùî â åï³ô³òîí³ C. demersum â³í êîëèâàâñÿ ó øèðîêèõ ìåæàõ — â³ä 14,8
äî 41,5 % — ³ â ñåðåäíüîìó ñòàíîâèâ 34,4 òà 25,9 % â³äïîâ³äíî ó 2022 òà
2023 ðð. (ðèñ. 7). Íàéá³ëüø³ êîíöåíòðàö³¿ ôåîï³ãìåíò³â çàðåºñòðîâàíî ó
ëèïí³ (41,5 òà 33,6 % â³äïîâ³äíî ó 2022 ³ 2023 ðð.), òîä³ ÿê ó ÷åðâí³ òà
æîâòí³ âîíè áóëè ïîì³òíî íèæ÷èìè.

Âåëè÷èíè ñï³ââ³äíîøåííÿ Ñõë à/Ñôåî à â åï³ô³òîí³ C. demersum áóëè
á³ëüøèìè çà îäèíèöþ ³ êîëèâàëèñü â³ä 1,3 äî 1,6 (ðèñ. 8), ùî õàðàêòåðèçóº
àëüãîóãðóïîâàííÿ ÿê «íîðìàëüíî ôóíêö³îíóþ÷å» [1].

Íåîáõ³äíî â³äì³òèòè, ùî ì³æ ñï³ââ³äíîøåííÿì Ñõë à/Ñôåî à òà â³äñîòêî-
âèì âì³ñòîì ôåîï³ãìåíò³â â îáðîñòàíí³ C. demersum º äîñòîâ³ðíà íåãà-
òèâíà çàëåæí³ñòü (r = -0,98 òà r = -0,97 ïðè n = 12, ð≤0,05 â³äïîâ³äíî ó
2022 ð. òà 2023 ð.), òîáòî íèçüêèì çíà÷åííÿì öüîãî ñï³ââ³äíîøåííÿ â³ä-
ïîâ³äàº âèñîêèé â³äñîòêîâèé âì³ñò ôåîï³ãìåíò³â.

Îñîáëèâ³ñòü ðåàêö³¿ ï³ãìåíòíîãî êîìïëåêñó åï³ô³òîíó íà ð³çí³ åêî-
ëîã³÷í³ óìîâè 2022 òà 2023 ðð. îö³íþâàëè çà õàðàêòåðîì çâ’ÿçêó õëîðîô³ëó
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Ðèñ. 7. Âì³ñò ôåîï³ãìåíò³â (Ñôåî à, %) â åï³ô³òîí³ Ceratophyllum demersum

Ðèñ. 8. Ñï³ââ³äíîøåííÿ õëîðîô³ëó à ³ ôåîï³ãìåíò³â (Ñõë à/Ñôåî à) â åï³ô³òîí³ Ceratophyl-
lum demersum



à ç äîäàòêîâèìè ï³ãìåíòàìè b ³ ñ, ôåîï³ãìåíòàìè, ³íäåêñîì Å480/Å464 (ïîêà-
çóº ñï³ââ³äíîøåííÿ æîâòèõ ³ çåëåíèõ ï³ãìåíò³â) (òàáë. 5).

Ðåàêö³ÿ ï³ãìåíòíîãî êîìïëåêñó åï³ô³òîíó C. demersum ó äîñë³äæóâàí³
ðîêè, ÿêó îö³íþâàëè çà õàðàêòåðîì çâ’ÿçêó õëîðîô³ëó à ç íàâåäåíèìè
âèùå ïîêàçíèêàìè, ïîì³òíî íå â³äð³çíÿëàñü, òîä³ ÿê àíàë³ç çíà÷åíü äîñ-
ë³äæóâàíèõ ñï³ââ³äíîøåíü çåëåíèõ ï³ãìåíò³â âêàçóº íà íèæ÷ó ô³ç³îëî-
ã³÷íó àêòèâí³ñòü âîäîðîñòåé åï³ô³òîíó ó 2023 ð. ïîð³âíÿíî ç 2022 ð.

Çâ’ÿçîê ì³æ âì³ñòîì õëîðîô³ëó à òà b âèÿâèâñÿ ñëàáêèì ÿê ó 2022 ð.,
òàê ³ ó 2023 ð. (äèâ. òàáë. 5). Âîäíî÷àñ ì³æ êîíöåíòðàö³ºþ õëîðîô³ëó à òà ñ

çàðåºñòðîâàíî äîñòîâ³ðíèé ïîçèòèâíèé çâ’ÿçîê ó 2023 ð. (r = 0,91 ïðè n =
12, ð≤0,05). Òàêèé ñàìèé òèï çâ’ÿçêó áóëî âèÿâëåíî ³ ì³æ ïîêàçíèêàìè
Ñõë à ³ Ñõë à+b+ñ òà Ñõë à ³ Ñõë à, %, ÿê ó 2022 ð. òàê ³ ó 2023 ð., ì³æ Ñõë à ³ Ñôåî à — ó
2023 ð. Ðàçîì ç òèì ì³æ Ñõë à ³ Ñõë ñ òà ì³æ Ñõë à ³ Å480/Å464 âñòàíîâëåíî äî-
ñòîâ³ðíèé íåãàòèâíèé çâ’ÿçîê ó 2022 ð. ³ ó 2023 ð.

Âèñíîâêè

Îòðèìàí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî ô³òîåï³ô³òîí C. demersum ó ð³çí³
ì³ñÿö³ òà ó ð³çí³ ðîêè äîñë³äæåíü ïîì³òíî â³äð³çíÿâñÿ çà ê³ëüê³ñíèìè ïî-
êàçíèêàìè. Âèÿâëåí³ îñîáëèâîñò³ ó õàðàêòåð³ çì³í ê³ëüê³ñíèõ ïîêàçíèê³â
ðîçâèòêó âîäîðîñòåâèõ îáðîñòàíü, íàéìîâ³ðí³øå, îáóìîâëåí³ òåìïåðà-
òóðíèì ðåæèìîì âîäíîãî ñåðåäîâèùà. Â ö³ëîìó ìîæíà ââàæàòè, ùî ó
2022 ð. óìîâè äëÿ ðîçâèòêó âîäîðîñòåé â îáðîñòàíí³ C. demersum áóëè
á³ëüø ñïðèÿòëèâèìè, í³æ ó 2023 ð.
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Òàáëèöÿ 5
Êîåô³ö³ºíòè êîðåëÿö³¿ ì³æ âì³ñòîì Ñõë à, ìêã/ã òà ³íøèìè ï³ãìåíòíèìè

õàðàêòåðèñòèêàìè åï³ô³òîíó Ceratophyllum demersum

Ïîêàçíèêè
2022 ð. 2023 ð.

n =12 n =12

Ñõë b, ìêã/ã 0,04 0,56

Ñõë ñ, ìêã/ã 0,24 0,91

Ñõë à+b+ñ, ìêã/ã 0,99 0,99

Ñõë à, % 0,91 0,73

Ñõë b, % -0,54 -0,27

Ñõë ñ, % -0,91 -0,88

Ñôåî à, ìêã/ã 0,40 0,73

Ñôåî à, % -0,34 0,28

Å480/Å464 -0,91 -0,67

Ï ð è ì ³ ò ê à. Íàï³âæèðíèì øðèôòîì âèä³ëåí³ êîåô³ö³ºíòè êîðåëÿö³¿, äîñòîâ³ðí³
ïðè ð≤0,05.



Âñòàíîâëåíî, ùî åï³ô³òîí ó âåãåòàö³éí³ ïåð³îäè 2022 ³ 2023 ðð. â³ä-
ð³çíÿâñÿ çà ê³ëüê³ñòþ ôîòîñèíòåòè÷íèõ ï³ãìåíò³â. Òàê, ñåðåäí³é âì³ñò
õëîðîô³ëó à ïðè öüîìó ñòàíîâèâ 61,25 ³ 28,60 ìêã/ã â³äïîâ³äíî ó 2022 òà
2023 ðð., òîä³ ÿê ñåðåäí³é âì³ñò õëîðîô³ëó b ³ ñ áóâ çíà÷íî ìåíøèì ³ ñòàíî-
âèâ â³äïîâ³äíî 2,09 ³ 2,39 òà 19,73 ³ 10,69 ìêã/ã. Ñóìàðíèé âì³ñò ï³ãìåíò³â
(Ñõë à+b+c) â åï³ô³òîí³ äîð³âíþâàâ 82,84 ³ 41,68 ìêã/ã, à êàðîòèíî¿ä³â — 57,40
³ 29,27 ìêãSPU/ã â³äïîâ³äíî ó 2022 òà 2023 ðð.

Âñòàíîâëåíî, ùî ñåçîíí³ çì³íè âì³ñòó õëîðîô³ë³â òà êàðîòèíî¿ä³â â
åï³ô³òîí³ çàãàëîì õàðàêòåðèçóâàëèñÿ á³ëüøîþ ê³ëüê³ñòþ ï³ãìåíò³â â ë³ò-
í³é ïåð³îä òà ïîì³òíèì çìåíøåííÿì ¿õíüîãî âì³ñòó âîñåíè.

Ïîêàçàíî, ùî âì³ñò õëîðîô³ëó à òà êàðîòèíî¿ä³â â åï³ô³òîí³ ïîçèòèâ-
íî êîðåëþº ç éîãî á³îìàñîþ.

Äîâåäåíî, ùî âàð³àáåëüí³ñòü âì³ñòó õëîðîô³ëó a â îáðîñòàíí³ òà á³î-
ìàñè åï³ô³òîíó ïðàêòè÷íî îäíàêîâà, ùî âêàçóº ïðî îäíàêîâó ÷óòëèâ³ñòü
öèõ ïîêàçíèê³â äî óìîâ çîâí³øíüîãî ñåðåäîâèùà.

Ïîêàçàíî, ùî ï³ãìåíòí³ õàðàêòåðèñòèêè ô³òîåï³ô³òîíó, à ñàìå
Ñõë à+b+c/Ñõë à, Ñõë b/Ñõë à òà Ñõë c/Ñõë à, ìîæóòü áóòè âèêîðèñòàí³ äëÿ îö³íêè
éîãî òàêñîíîì³÷íî¿ ñòðóêòóðè, à ñï³ââ³äíîøåííÿ Ñõë à/Ñõë b, Ñêàð/Ñõë à, Ñôåî à,
%, Ñõë à/Ñôåî à òà ³íäåêñè Å480/Å664 ³ Å430/Å664 — äëÿ îö³íêè ô³ç³îëîã³÷íîãî ñòà-
íó êë³òèí âîäîðîñòåé, ùî ðîçâèâàþòüñÿ â îáðîñòàíí³ âèùèõ âîäíèõ ðîñ-
ëèí. Àíàë³ç çíà÷åíü äîñë³äæóâàíèõ ñï³ââ³äíîøåíü ñâ³ä÷èòü ïðî íèæ÷ó
ô³ç³îëîã³÷íó àêòèâí³ñòü âîäîðîñòåé åï³ô³òîíó C. demersum ó 2023 ð. ïî-
ð³âíÿíî ç 2022 ð.
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PHYTOEPIPHYTON OF CERATOPHYLLUM DEMERSUM L. AND ITS PIGMENT
CHARACTERISTICS IN THE WATER BODIES OF THE «GOLOSIYIVSKY»

NATIONAL NATURE PARK (UKRAINE)

The content of photosynthetic pigments (chlorophyll a, b, c and carotenoids) and the
spectral pigment indices of epiphytic algae were studied in phytoepiphyton of Ceratophyl-
lum demersum L. in the water bodies of the «Golosiyivsky» National Nature Park in 2022
and 2023. It has been found that in different years epiphyton of C. demersum differed in the
content of photosynthetic pigments. It was established that in June, July, and October the
highest average concentrations of chlorophylls a and c in epiphyton of C. demersum were
registered in 2022, while the average content of chlorophyll b in the fouling of this plant
was higher in 2023. It was shown that seasonal changes in the content of chlorophylls and
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carotenoids in general were characterized by their higher values in summertime and by a
noticeable decrease in autumn. The content of chlorophyll a and carotenoids in the fouling
of C. demersum correlates with the biomass of phytoepiphyton and is related to its structu-
re.

Key words: Ceratophyllum demersum L., phytoepiphyton, photosynthetic pigments,
spectral pigment indices, the water bodies «Golosiyivsky» National Nature Park.
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ÂÏËÈÂ ÒÅÌÏÅÐÀÒÓÐÈ ÂÎÄÈ ÍÀ
ÂÍÓÒÐ²ØÍÜÎÂÈÄÎÂÓ ÀÃÐÅÑÈÂÍ²ÑÒÜ

ÁÈ×ÊÀ-ÊÐÓÃËßÊÀ NEOGOBIUS MELANOSTOMUS
(PALLAS, 1814) ÒÀ ÁÈ×ÊÀ Ï²Í×ÓÊÀ PONTICOLA

CEPHALARGOIDES (PINCHUK, 1976)

Ó ñòàòò³ ïðåäñòàâëåíî ðåçóëüòàòè äîñë³äæåíü âïëèâó òåìïåðàòóðè âîäè íà
âíóòð³øíüîâèäîâó àãðåñèâí³ñòü äâîõ âèä³â ïîíòî-êàñï³éñüêèõ áè÷êîâèõ ðèá — áè÷-
êà-êðóãëÿêà Neogobius melanostomus òà áè÷êà Ï³í÷óêà Ponticola cephalargoides. Åêñïå-
ðèìåíòè ïðîâîäèëè â ëàáîðàòîðíèõ óìîâàõ ç âèêîðèñòàííÿì ðèá, ç³áðàíèõ ó ïðèáå-
ðåæí³é àêâàòîð³¿ Îäåñüêî¿ çàòîêè. Ñïîñòåðåæåííÿ ïðîâîäèëè çà òåìïåðàòóðè âîäè
â³ä 10 äî 26 oC, ç êðîêîì ó 2 o. Ïîêàçàíî, ùî ï³äâèùåííÿ òåìïåðàòóðè âîäè çá³ëüøóº
àãðåñèâíó ïîâåä³íêó îáîõ âèä³â, àëå ïî÷èíàþ÷è ç òåìïåðàòóðè 22 oC ³íòåíñèâí³ñòü
àãðåñèâíîñò³ ðèá çìåíøóºòüñÿ. Îòðèìàí³ äàí³ ìîæóòü áóòè êîðèñíèìè äëÿ ðî-
çóì³ííÿ åêîëîã³÷íèõ àäàïòàö³é öèõ âèä³â òà ¿õíüîãî ³íâàç³éíîãî ïîòåíö³àëó. Âèâ÷åí-
íÿ àãðåñèâíî¿ àêòèâíîñò³ ðèá ó ð³çíèõ òåìïåðàòóðíèõ óìîâàõ ìîæå äîïîìîãòè ïðî-
ãíîçóâàòè ¿õíþ ïîâåä³íêó â íîâèõ ñåðåäîâèùàõ ³ñíóâàííÿ òà ðîçðîáèòè åôåêòèâí³
ñòðàòåã³¿ óïðàâë³ííÿ ³íâàçèâíèìè âèäàìè.

Êëþ÷îâ³ ñëîâà: Neogobius melanostomus, Ponticola cephalargoides, âíóòð³øíüîâè-
äîâà àãðåñèâí³ñòü, ³íâàçèâí³ âèäè, åêîëîã³÷í³ àäàïòàö³¿.

Åíäåì³÷í³ ïîíòî-êàñï³éñüê³ áè÷êîâ³ ðèáè (Teleostei: Gobiidae) íàë³÷ó-
þòü á³ëüøå äâîõ äåñÿòê³â âèä³â, ÿê³ ñêëàäàþòü íîì³íàëüí³ ðîäè Babka,
Neogobius, Mesogobius, Ponticola òà Proterorhinus. Öÿ ãðóïà ïðåäñòàâëÿº
ãåîãðàô³÷íî îáìåæåíèé ìîíîô³ëåòè÷íèé òàêñîí, ùî õàðàêòåðèçóºòüñÿ
ïîì³òíîþ ðàä³àö³ºþ. ²ñòîðè÷íèé åíäåì³çì ³ òàêñîíîì³÷íå ð³çíîìàí³òòÿ
ïîíòî-êàñï³éñüêèõ áè÷êîâèõ ðèá º íàäçâè÷àéíèìè, òîìó çíàííÿ ¿õíüî¿

Ö è ò ó â à í í ÿ: Çàìîðîâ Â.Â., Êàðàâàíñüêèé Þ.Â. Âïëèâ òåìïåðàòóðè âîäè íà
âíóòð³øíüîâèäîâó àãðåñèâí³ñòü áè÷êà-êðóãëÿêà Neogobius melanostomus (Pallas,
1814) òà áè÷êà Ï³í÷óêà Ponticola cephalargoides (Pinchuk, 1976). Ã³äðîá³îë. æóðí. 2025.
Ò. 61, ¹ 2. Ñ. 87—96.
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åêîëîã³¿ ìîæå äàòè ðîçóì³ííÿ ä³¿ ôàêòîð³â, ÿê³ ïðèçâîäÿòü äî ¿õ øâèäêî¿
åâîëþö³éíî¿ äèâåðñèô³êàö³¿, à òàêîæ ïîÿñíèòè ¿õ ³íâàç³éíèé óñï³õ ó íî-
âèõ ñåðåäîâèùàõ ³ñíóâàííÿ [13].

Äåÿê³ ïðåäñòàâíèêè ö³º¿ ãðóïè, à ñàìå Proterorhinus semilunaris (Hec-
kel, 1837), Neogobius melanostomus (Pallas, 1814), N. fluviatilis (Pallas, 1814)
òà Ponticola kessleri (G�nther, 1861) íåùîäàâíî ïî÷àëè ñâîº âòîðãíåííÿ â
³íø³ ïð³ñíîâîäí³ ºâðàç³éñüê³ ñèñòåìè òà ï³âí³÷íîàìåðèêàíñüê³ Âåëèê³
îçåðà [7]. Âèäè, ÿê³ óñï³øíî ³íòðîäóêóþòüñÿ â ñåðåäîâèùå çà ìåæàìè ñâî-
ãî ð³äíîãî àðåàëó ³ ñòàþòü íàñò³ëüêè ÷èñëåííèìè, ùî âèêëèêàþòü çàíåïî-
êîºííÿ, êëàñèô³êóþòüñÿ ÿê ³íâàçèâí³ [11]. Âëàñòèâîñò³, ÿê³ ðîáëÿòü âèäè
á³ëüø â³ðîã³äíèìè âñåëåíöÿìè, âêëþ÷àþòü: âèñîêó òîëåðàíòí³ñòü äî íà-
âêîëèøíüîãî ñåðåäîâèùà, øèðîêèé ñïåêòð æèâëåííÿ òà êîðîòêèé ïåð³îä
ãåíåðàö³¿ [10]. Êð³ì òîãî, ñåðåä âàæëèâèõ õàðàêòåðèñòèê äàíèõ âèä³â â³ä-
ì³÷àþòü ¿õíþ àãðåñèâí³ñòü òà ñïåöèô³÷íó òîëåðàíòí³ñòü, ÿê îçíàêè, ùî
ñïðèÿþòü óñï³õó ¿õ ³íâàçèâíîñò³ [9, 16]. Íåùîäàâíî òåîð³ÿ ïîâåä³íêîâèõ
ñèíäðîì³â (òàêîæ â³äîìèõ ÿê õàðàêòåð òâàðèí àáî òåìïåðàìåíò) áóëà çà-
ñòîñîâàíà äëÿ ðîçóì³ííÿ ñàìîãî ïðîöåñó ³íâàç³¿ [6, 14]. Òîìó âèâ÷åííÿ òà-
êîãî àñïåêòó ïîâåä³íêè ðèá, ÿê àãðåñèâí³ñòü º âàæëèâèì äëÿ ðîçóì³ííÿ
ïðèíöèï³â ðîçïîâñþäæåííÿ ïðåäñòàâíèê³â ðîäèíè Gobiidae ÿê ó ïîí-
òî-êàñï³éñüêîìó ðåã³îí³, òàê ³ íà íîâèõ ì³ñöÿõ ³ñíóâàííÿ.

Ìåòîþ äîñë³äæåíü áóëî âèâ÷åííÿ ïðîÿâó âíóòð³øíüîâèäîâî¿ àãðå-
ñèâíî¿ ïîâåä³íêè çàëåæíî â³ä òåìïåðàòóðè âîäè äâîõ âèä³â ïîíòî-êàñ-
ï³éñüêèõ áè÷êîâèõ ðèá — áè÷êà-êðóãëÿêà Neogobius melanostomus (Pallas,
1814) òà áè÷êà Ï³í÷óêà Ponticola cephalargoides (Pinchuk, 1976). Ö³ âèäè
øèðîêî ðîçïîâñþäæåí³ â ìåæàõ ñâîãî àðåàëó, çàéìàþòü ïîä³áí³ á³îòîïè
[2, 3], à áè÷îê-êðóãëÿê äî òîãî æ º ³íâàçèâíèì âèäîì äëÿ âîäîéì ªâðîïè
òà Ï³âí³÷íî¿ Àìåðèêè [7, 15]. ßê ³ äåÿêèì ³íøèì âèäàì ðîäèíè Gobiidae,
¿ì âëàñòèâà òåðèòîð³àëüíà ïîâåä³íêà, ÿêà ïðîÿâëÿºòüñÿ ó âèãëÿä³ àãðåñ³¿,
ÿê âíóòð³øíüîâèäîâî¿, òàê ³ íàïðàâëåíî¿ íà ïðåäñòàâíèê³â ³íøèõ âèä³â
[4].

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

²õò³îëîã³÷íèé ìàòåð³àë ç³áðàíî â ïðèáåðåæí³é àêâàòîð³¿ Îäåñüêî¿ çà-
òîêè â³ä ìèñó Ï³âí³÷íèé Îäåñüêèé äî ìèñó Âåëèêèé Ôîíòàí ïðè ïðîâå-
äåíí³ ëîâó âóäêàìè ç 7 ëèïíÿ ïî 14 âåðåñíÿ 2023 ð. Ëàáîðàòîðí³ åêñïåðè-
ìåíòè ïðîâîäèëè â àêâàð³àëüí³é êàôåäðè çîîëîã³¿, ã³äðîá³îëîã³¿ òà çàãàëü-
íî¿ åêîëîã³¿ Îäåñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ ².². Ìå÷íèêîâà.

Ïðîâîäèëè äîñë³äæåííÿ âïëèâó ð³çíèõ òåìïåðàòóð âîäè íà ð³âåíü
âíóòð³øíüîâèäîâî¿ àãðåñ³¿ áè÷êà-êðóãëÿêà òà áè÷êà Ï³í÷óêà. Ðîçãëÿäàëè
ïðîÿâ àãðåñèâíî¿ ïîâåä³íêè â òåìïåðàòóðíîìó ä³àïàçîí³ âîäè â³ä 10 äî
26 îÑ, îñê³ëüêè äëÿ áàãàòüîõ ïðåäñòàâíèê³â ÷îðíîìîðñüêèõ Gobiidae ö³
ïîêàçíèêè õàðàêòåðí³ äëÿ ì³ñöü ¿õíüîãî ìåøêàííÿ [8]. Â³äë³ê âåëè â³ä
òåìïåðàòóðè âîäè 10 îÑ, ç êðîêîì ó 2 î. Ñïîñòåðåæåííÿ äëÿ êîæíîãî òåì-
ïåðàòóðíîãî ïîêàçíèêà ïðîâîäèëè ö³ëîäîáîâî âïðîäîâæ ï`ÿòè äí³â.
Âñüîãî ïðîâåäåíî 45 ñïîñòåðåæåíü äëÿ êîæíîãî âèäó.
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Äëÿ äîñë³äæåíü êîæíîãî âèäó áè÷ê³â áóëî â³ä³áðàíî ãðóïó ðèá, ÿêà
ñêëàäàëàñü ç ï’ÿòè ñàìö³â (çàãàëüíà äîâæèíà ðèá 13—14 ñì) òà ï’ÿòè ñà-
ìîê (çàãàëüíà äîâæèíà îñîáèí — 12—13 ñì). Äëÿ ïðîâåäåííÿ åêñïåðè-
ìåíòó âèêîðèñòîâóâàëè ïðèðîäíó ìîðñüêó âîäó, âèì³ðÿí³ ïàðàìåòðè ÿêî¿
áóëè íàñòóïí³: ñîëîí³ñòü âîäè — 14 ‰, í³òðàòíèé àçîò — 10 ìã/äì3,
í³òðèòíèé àçîò — 0,1 ìã/äì3. Ãîäóâàëè ðèá îäèí ðàç íà äîáó. Äëÿ óíèêíåí-
íÿ íàêîïè÷åííÿ àçîòèñòèõ ñïîëóê ô³ëüòðàö³þ çä³éñíþâàëè ÷åðåç àêòèâî-
âàíå âóã³ëëÿ òà àäñîðáåíò îðãàí³÷íèõ â³äõîä³â Seachem Purigen çà äîïîìî-
ãîþ çîâí³øíüîãî ô³ëüòðà. Çà ÷àñ åêñïåðèìåíòó ã³äðîõ³ì³÷í³ ïîêàçíèêè
çì³íèëèñü íàñòóïíèì ÷èíîì: ñîëîí³ñòü âîäè — 14 ‰, í³òðàòíèé àçîò —
12 ìã/äì3, í³òðèòíèé àçîò — 0,1 ìã/äì3. ×àñòêîâî¿ ï³äì³íè âîäè íå â³äáó-
âàëîñü. Ðàö³îí áè÷ê³â ñêëàäàâñÿ ç çàìîðîæåíî¿ ì³ä³¿ (Mytilus galloprovin-
cialis), ðèáè (Atherina boyeri) òà ìîòèëÿ (larva Chironomus plumosus). Ðèáè,
ÿê³ áóëè çàä³ÿí³ â ïðîâåäåíí³ åêñïåðèìåíòó çíàõîäèëèñü ó øòó÷íèõ óìî-
âàõ àêâàð³àëüíî¿ íå ìåíøå äâîõ òèæí³â.

Äëÿ âèçíà÷åííÿ âïëèâó òåìïåðàòóðè âîäè íà ³íòåíñèâí³ñòü àãðåñèâ-
íîñò³ ñïî÷àòêó âèì³ðþâàëè çàãàëüíó ðóõîâó àêòèâí³ñòü ðèá, ÿêó ô³êñóâà-
ëè ïî ³íòåðâàëàõ òðèâàë³ñòþ â îäíó ãîäèíó. Çâè÷àéí³ ðóõè âèçíà÷àëè ÿê
çì³íó ðîçòàøóâàííÿ îá’ºêòà ñïîñòåðåæåíü íà â³äñòàíü, á³ëüøó çà äîâæèíó
ò³ëà. Çà îäèíèöþ àãðåñèâíî¿ ïîâåä³íêè îáðàíî ñåðåäíþ ê³ëüê³ñòü àãðåñèâ-
íèõ ðóõ³â çà ãîäèíó, ÿê³ ïðèâîäèëè äî çì³íè ïîëîæåííÿ ÷è âòå÷³ ðèáè, â
íàïðÿìêó ÿêî¿ âîíè áóëè çä³éñíåí³. Ïðè öüîìó íå áðàëè äî óâàãè, â³äáó-
âàâñÿ ì³æ ðèáàìè ô³çè÷íèé êîíòàêò, ÷è í³. ²íòåíñèâí³ñòü àãðåñèâíîñò³
îö³íþâàëè ó â³äñîòêîâîìó ñï³ââ³äíîøåíí³ àãðåñèâíî¿ àêòèâíîñò³ äî çàãà-
ëüíî¿ ðóõîâî¿ àêòèâíîñò³. Çà ïîâåä³íêîþ îêðåìî¿ ãðóïè ðèá ñïîñòåð³ãàëè
ïðè ïîñë³äîâíèõ ï³äâèùåííÿõ òåìïåðàòóðè íà 2 î.

Äëÿ ïðîâåäåííÿ åêñïåðèìåíòó ç âèçíà÷åííÿ ð³âíÿ àãðåñèâíî¿ ïî-
âåä³íêè âèêîðèñòîâóâàëè íàñòóïíå îáëàäíàííÿ:

— àêâàð³óì ç îðãàí³÷íîãî ñêëà äîâæèíîþ 110 ñì, øèðèíîþ 110 ñì ³
âèñîòîþ 50 ñì;

— çîâí³øí³ ô³ëüòðè äëÿ àêâàð³óìíî¿ âîäè Jebo-803 (ÑØÀ);
— öèôðîâó ìåðåæåâó êàìåðó Hikvision DS-2CD2432F-I (Êèòàé);
— òåðìîìåòð ëàáîðàòîðíèé;
— òåñòè äëÿ âèì³ðþâàííÿ ã³äðîõ³ì³÷íèõ ïàðàìåòð³â Tetra (Í³ìå÷÷è-

íà);
— õîëîäèëüíèê Titan 2000 (Í³ìå÷÷èíà);
— îá³ãð³âà÷ äëÿ àêâàð³óìà Hagen (Êàíàäà).
Çàãàëüíó ðóõîâó àêòèâí³ñòü ðèá ô³êñóâàëè çà äîïîìîãîþ öèôðîâî¿

êàìåðè, âñòàíîâëåíî¿ íàä àêâàð³óìîì íà âèñîò³ 125 ñì, ç òàêèì ðîçðàõóí-
êîì, ùîá îá’ºêòèâ â³äåîêàìåðè îõîïëþâàâ âñþ ïëîùó äíà àêâàð³óìà.
Â³äåîñïîñòåðåæåííÿ ïðîâîäèëîñü ö³ëîäîáîâî. Ãîäóâàëè ðèá îäèí ðàç íà
äîáó â îäèí ³ òîé ñàìèé ÷àñ. Ãîäèííèé ïðîì³æîê, â ÿêîìó â³äáóâàëîñü ãî-
äóâàííÿ òà òåõí³÷íå îáñëóãîâóâàííÿ àêâàð³óì³â (êîðåêö³ÿ òåìïåðàòóðè,
â³äá³ð ïðîá âîäè, òîùî) íå çàðàõîâóâàëè â ðåçóëüòàòè ñïîñòåðåæåííÿ.
Ïîò³ì îòðèìàíèé çàïèñ ïåðåíîñèëè â ïàì’ÿòü êîìï’þòåðà òà îáðîáëÿëè.
Äëÿ îáðîáêè â³äåîçàïèñó âèêîðèñòîâóâàëè îðèã³íàëüíó ìåòîäèêó «êîì-
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ï’þòåðíîãî çîðó», ÿêà äîçâîëÿº â ëàáîðàòîðíèõ óìîâàõ â³äñòåæóâàòè ðóõ-
ëèâ³ñòü á³îëîã³÷íèõ îá’ºêò³â òà ê³ëüê³ñíî ïðåäñòàâëÿòè ðåçóëüòàòè ñïîñ-
òåðåæåíü [12, 17].

Ñóòí³ñòü ìåòîäó òðåê³íãó îá’ºêò³â ïîëÿãàëà ó â³äí³ìàíí³ êàäð³â (frame
difference) ç ïîäàëüøèì ïîðîãîâèì îïðàöþâàííÿì òà äåòåêö³ºþ ðóõîìèõ
îáëàñòåé. Êëþ÷îâ³ îñîáëèâîñò³ òà åòàïè:

— ðó÷íå ïîçíà÷åííÿ îáëàñò³, ùî ì³ñòèòü îá’ºêòè, äëÿ çìåíøåííÿ îá-
÷èñëåíü;

— ðîçáèòòÿ êàäðó íà êâàäðàòíó ñ³òêó äëÿ ïîäàëüøîãî àíàë³çó;
— îá÷èñëåííÿ ð³çíèö³ ì³æ ïîòî÷íèì êàäðîì òà ñåðåäí³ì çíà÷åííÿì

ê³ëüêîõ ïîïåðåäí³õ êàäð³â;
— îòðèìàííÿ á³íàðíîãî çîáðàæåííÿ, äå á³ë³ ï³êñåë³ â³äïîâ³äàþòü îá-

ëàñòÿì, ùî çì³íèëèñÿ;
— äëÿ êîæíî¿ ïîçíà÷åíî¿ îáëàñò³ îá’ºêòà âèçíà÷àºòüñÿ çîíà, â ÿê³é

øóêàþòü çì³íè;
— äëÿ îáëàñòåé, ùî çì³íèëèñÿ, îá÷èñëþþòü öåíòðî¿äè, ÿê³ ââàæàþòü-

ñÿ íîâèìè ïîçèö³ÿìè îá’ºêò³â;
— â³äñòåæåííÿ â³äñòàí³ ì³æ ïî÷àòêîâèì òà ïîòî÷íèì ïîëîæåííÿì

öåíòðî¿äà äëÿ âèçíà÷åííÿ ðóõó îá’ºêòà [1].
Äëÿ ïîð³âíÿííÿ îòðèìàíèõ ðåçóëüòàò³â çàñòîñîâóâàëè íåïàðàìåò-

ðè÷íèé ñòàòèñòè÷íèé êðèòåð³é Ìàííà-Ó³òí³, ð³âåíü ñòàòèñòè÷íî¿ çíà÷ó-
ùîñò³ — ð�0,05. Öåé êðèòåð³é áóâ îáðàíèé òîìó, ùî â³í âèêîðèñòî-
âóºòüñÿ äëÿ îö³íêè â³äì³ííîñòåé ì³æ äâîìà íåçàëåæíèìè âèá³ðêàìè çà
ð³âíåì áóäü-ÿêî¿ îçíàêè, ÿêà âèì³ðþºòüñÿ ê³ëüê³ñíî ³ äîçâîëÿº âèÿâëÿòè
â³äì³ííîñò³ ó çíà÷åíí³ ïàðàìåòðà ì³æ ìàëèìè âèá³ðêàìè [5].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Íàéâèùèé ïîêàçíèê çàãàëüíî¿ òà àãðåñèâíî¿ àêòèâíîñò³ áè÷êà Ï³í÷ó-
êà áóâ çàðåºñòðîâàíèé ïðè òåìïåðàòóð³ âîäè 12 îÑ ³ ñòàíîâèâ ó ñåðåäíüî-
ìó â³äïîâ³äíî 68,9±3,6 òà 24,3±2,3 ðóõ³â çà ãîäèíó, íàéìåíøèé ïîêàçíèê
ñïîñòåð³ãàâñÿ ïðè òåìïåðàòóð³ âîäè 26 îÑ — ó ñåðåäíüîìó 13,4±0,6 òà
3,6±0,8 ðóõ³â çà ãîäèíó. Íàéâèùà ³íòåíñèâí³ñòü àãðåñèâíîñò³ çàô³êñîâàíà
ïðè òåìïåðàòóð³ âîäè 20 îÑ, à íàéíèæ÷à — ïðè òåìïåðàòóð³ 26 îÑ (òàáë. 1).

Ç ï³äâèùåííÿì òåìïåðàòóðè â³ä 10 äî 26 îÑ ³íòåíñèâí³ñòü àãðåñèâ-
íîñò³ ðèá ìàëà òåíäåíö³þ ñïî÷àòêó çá³ëüøóâàòèñü, à ïîò³ì çìåíøóâàòèñü.
Òàêîæ ïîð³âíþâàëè çì³íó àãðåñèâíî¿ àêòèâíîñò³ îñîáèí ïðè çá³ëüøåíí³
òåìïåðàòóðè âîäè â³äíîñíî ïîêàçíèêà ïðè 10 îÑ, à òàêîæ â³äíîñíî ïîïå-
ðåäíüîãî ïîêàçíèêà òåìïåðàòóðè.

²íòåíñèâí³ñòü àãðåñèâíîñò³ â³äíîñíî ïîêàçíèêà ïðè 10 îÑ ïîñòóïîâî
çá³ëüøóâàëàñü ³ äîñÿãëà ìàêñèìóìó ïðè òåìïåðàòóð³ 20 îÑ, à ïîò³ì ïî÷àëà
çìåíøóâàòèñü (òàáë. 2). Â³äíîñíî ïîïåðåäíüîãî ïîêàçíèêà òåìïåðàòóðè
âîäè ³íòåíñèâí³ñòü àãðåñèâíîñò³ òàêîæ ÿê çá³ëüøóâàëàñü, òàê ³ çìåíøóâà-
ëàñü, àëå çíà÷óùèìè ïîêàçíèêè áóëè ò³ëüêè ïðè çá³ëüøåíí³ òåìïåðàòóðè
â³ä 20 äî 22 îÑ. Ó öüîìó ³íòåðâàë³ ³íòåíñèâí³ñòü àãðåñèâíîñò³ ðèá â³äíîñíî
ïîïåðåäíüîãî ïîêàçíèêà òåìïåðàòóðè âîäè çìåíøèëàñü íà 24,5% (ð�0,05)
(äèâ. òàáë. 2).
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Òàêîæ ñïîñòåð³ãàëè òåìïåðàòóðí³ ³íòåðâàëè, â ÿêèõ ïîêàçíèêè àãðå-
ñèâíî¿ àêòèâíîñò³ ðèá íå âèÿâëÿëè çíà÷óùî¿ â³äì³ííîñò³. Öå ³íòåðâàë
ï³äâèùåííÿ òåìïåðàòóðè ç 10 äî 18 îÑ. Òàêà ðåàêö³ÿ ðèá ìîæå áóòè ïîÿñ-
íåíà òèì, ùî òåìïåðàòóðíèé ³íòåðâàë 10—18 îÑ º îïòèìàëüíèì äëÿ ðèá
òà ñêëàäàº ¿õ òåìïåðàòóðíó çîíó êîìôîðòó. Íà ãëèáèíàõ, äå ìåøêàº öåé
âèä, òàê³ òåìïåðàòóðè º çâè÷íèìè [8].
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Òàáëèöÿ 1
Àêòèâí³ñòü áè÷êà Ï³í÷óêà ïðè ð³çí³é òåìïåðàòóð³ âîäè

(ê³ëüê³ñòü ðóõ³â çà ãîäèíó)

Òåìïåðàòóðà
âîäè, îÑ.

Çàãàëüíà àêòèâí³ñòü,
ðóõ/ãîä

Çàãàëüíà àãðå-
ñèâí³ñòü, ðóõ/ãîä

²íòåíñèâí³ñòü àãðå-
ñèâíîñò³, %

10 62,80±4,16 22,80±1,03 37,7

12 68,88±3,61 24,34±2,29 36,2

14 61,30±3,93 23,46±2,77 39,4

16 37,02±3,44 15,30±1,20 41,6

18 39,96±4,52 18,82±3,14 49,5

20 37,46±2,51 20,12±1,78 53,8

22 27,58±1,03 11,16±1,06 40,6

24 18,34±0,98 6,76±1,38 36,1

26 13,40±0,63 3,64±0,84 26,8

Òàáëèöÿ 2
²íòåíñèâíîñò³ àãðåñèâíîñò³ (%) áè÷êà Ï³í÷óêà ïðè ð³çí³é òåìïåðàòóð³ âîäè

Òåìïåðàòóðà
âîäè, îÑ

Çì³íà ³íòåí-
ñèâíîñò³ àãðå-
ñèâíîñò³ (+/–)
â³äíîñíî àê-
òèâíîñò³ ïðè

10 îÑ, %

Çíà÷åííÿ íåïà-
ðàìåòðè÷íîãî
êðèòåð³þ Ìàí-

íà-Ó³òí³

Çì³íà ³íòåí-
ñèâíîñò³ àãðå-
ñèâíîñò³ (+/–)
â³äíîñíî ïîïå-
ðåäíüîãî ïî-

êàçíèêà òåìïå-
ðàòóðè, %

Çíà÷åííÿ íåïà-
ðàìåòðè÷íîãî
êðèòåð³þ Ìàí-

íà-Ó³òí³

12 –4,16 ð>0,05 –4,16 ð>0,05

14 +4,34 ð>0,05 +8,9 ð>0,05

16 +10,12 ð>0,05 +5,54 ð>0,05

18 +31,2 ð>0,05 +19,1 ð>0,05

20 +42,4 ð≤0,05 +8,6 ð>0,05

22 +7,6 ð>0,05 –24,5 ð≤0,05

24 –4,3 ð>0,05 –11,2 ð>0,05

26 –29,0 ð>0,05 –25,8 ð>0,05

Ï ð è ì ³ ò ê à. Òóò ³ â òàáë. 4: (+) — çá³ëüøåííÿ ³íòåíñèâíîñò³ àãðåñèâíîñò³; (–) —
çìåíøåííÿ ³íòåíñèâíîñò³ àãðåñèâíîñò³.



Çíèæåííÿ àãðåñèâíî¿ àêòèâíîñò³ â³äáóâàºòüñÿ ïðè òåìïåðàòóðàõ, ÿê³
âèõîäÿòü çà ìåæ³ îïòèìàëüíèõ òåìïåðàòóð, ùî ìîæå ïðîâîêóâàòè ñòðåñî-
âèé ñòàí ðèá òà çàãàëüíå çìåíøåííÿ ðóõîâî¿ àêòèâíîñò³. Â íàøèõ ñïîñòå-
ðåæåííÿõ ïîêàçíèêè àãðåñèâíî¿ àêòèâíîñò³ çìåíøóâàëèñü ïðè òåìïåðà-
òóð³ âèùå 22 îÑ.

Íå â³äì³÷åíî çá³ãó ì³æ ïîêàçíèêàìè çàãàëüíî¿ àêòèâíîñò³, àãðåñèâíî¿
àêòèâíîñò³ ³ ³íòåíñèâíîñò³ àãðåñèâíîñò³. Ìàêñèìàëüí³ çíà÷åííÿ çàãàëüíî¿
³ àãðåñèâíî¿ àêòèâíîñò³ ñïîñòåð³ãàëè ïðè òåìïåðàòóð³ âîäè 12 îÑ, â òîé ÷àñ
ÿê âåëè÷èíà ³íòåíñèâíîñò³ àãðåñèâíîñò³ ðèá áóëà ìàêñèìàëüíîþ ïðè òåì-
ïåðàòóð³ âîäè 20 îÑ. Ì³í³ìàëüí³ çíà÷åííÿ çàãàëüíî¿ òà àãðåñèâíî¿ àêòèâ-
íîñò³, à òàêîæ ³íòåíñèâíîñò³ àãðåñèâíîñò³ ñïîñòåð³ãàëè ïðè îäíàêîâ³é
òåìïåðàòóð³ — 26 îÑ.

Òàêèì ÷èíîì, â³äì³÷åíî ìàêñèìàëüíó àêòèâí³ñòü áè÷êà Ï³í÷óêà ïðè
òåìïåðàòóð³ âîäè 12 îÑ, êîëè æ òåìïåðàòóðà ï³äí³ìàºòüñÿ äî 20 îÑ, çàãàëü-
íà ðóõëèâ³ñòü ðèá çíèæóºòüñÿ, àëå ê³ëüê³ñòü àãðåñèâíèõ ðóõ³â çáåð³ãàºòü-
ñÿ íà äîñòàòíüîìó ð³âí³ ³ ³íòåíñèâí³ñòü àãðåñèâíîñò³ äîñÿãàº ìàêñèìàëü-
íèõ çíà÷åíü.

Ïîêàçíèêè çàãàëüíî¿ ðóõîâî¿ àêòèâíîñò³ ³ àãðåñèâíî¿ àêòèâíîñò³ áè÷-
êà-êðóãëÿêà òàêîæ çì³íþâàëèñü çàëåæíî â³ä òåìïåðàòóðè âîäè ÿê ó á³ëü-
øó, òàê ³ â ìåíøó ñòîðîíó (òàáë. 3).

Íàéàêòèâí³øå ðèáè ñåáå ïîâîäèëè â ä³àïàçîí³ òåìïåðàòóðè âîäè â³ä
12 äî 14 îÑ (133,3—111,1 ðóõ/ãîä), â öüîìó æ òåìïåðàòóðíîìó ³íòåðâàë³
ñïîñòåð³ãàëàñü ³ íàéâèùà àãðåñèâíà àêòèâí³ñòü (80,8—82,9 ðóõ/ãîä). Íàé-
íèæ÷èé ïîêàçíèê çàãàëüíî¿ àêòèâíîñò³ â³äì³÷åíî ïðè òåìïåðàòóð³ 26 îÑ
(51,6 ðóõ/ãîä ), ïîêàçíèê àãðåñèâíî¿ àêòèâíîñò³ — ïðè òåìïåðàòóð³ 24 îÑ
(23,3 ðóõ/ãîä ). Íàéâèùó ³íòåíñèâí³ñòü àãðåñèâíîñò³ çàô³êñîâàíî ïðè
òåìïåðàòóð³ 14 îÑ (73,9%) à íàéíèæ÷ó — ïðè òåìïåðàòóð³ 24 îÑ (42,3%).

92

Çàìîðîâ Â.Â., Êàðàâàíñüêèé Þ.Â.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(2)

Òàáëèöÿ 3
Àêòèâí³ñòü áè÷êà-êðóãëÿêà ïðè ð³çí³é òåìïåðàòóð³ âîäè

(ê³ëüê³ñòü ðóõ³â çà ãîäèíó)

Òåìïåðàòóðà
âîäè, îÑ

Çàãàëüíà àêòèâí³ñòü,
ðóõ/ãîä

Çàãàëüíà àãðå-
ñèâí³ñòü, ðóõ/ãîä

²íòåíñèâí³ñòü àãðå-
ñèâíîñò³, %

10 91,7±7,05 52,7±8,48 54,6

12 133,3±11,35 80,8±9,58 59,8

14 111,1±5,54 82,9±7,66 73,9

16 98,7±10,06 61,5±8,99 60,8

18 65,7±4,81 35,5±3,52 55,3

20 86,1±4,42 50,5±5,07 59,0

22 95,2±4,02 55±5,16 58,3

24 55,7±4,38 23,3±3,03 42,3

26 51,6±3,99 23,4±3,72 43,0



Ïðè ïîð³âíÿíí³ â³äíîñíî ïîêàçíèêà òåìïåðàòóðè âîäè ïðè 10 îÑ
³íòåíñèâí³ñòü àãðåñèâíîñò³ áè÷êà-êðóãëÿêà ïîêàçàëà çíà÷óùó â³äì³íí³ñòü
ò³ëüêè ïðè òåìïåðàòóð³ 14 îÑ, âîíà çá³ëüøèëàñü íà 35,5 %. Ïðè ïîð³âíÿíí³
â³äíîñíî ïîïåðåäíüîãî ïîêàçíèêà òåìïåðàòóðè âîäè ³íòåíñèâí³ñòü àãðå-
ñèâíîñò³ çíà÷óùå çì³íèëàñü ïðè òåìïåðàòóð³ 14 îÑ (çá³ëüøèëàñü íà 15%)
òà ïðè òåìïåðàòóð³ 24 îÑ (çìåíøèëàñü íà 27,4%) (òàáë. 4).

Ìàêñèìàëüí³ çíà÷åííÿ äëÿ ïîêàçíèê³â çàãàëüíî¿ ðóõîâî¿ àêòèâíîñò³,
àãðåñèâíî¿ àêòèâíîñò³ òà ³íòåíñèâíîñò³ àãðåñèâíîñò³ ñïîñòåð³ãàëèñü â ³í-
òåðâàë³ òåìïåðàòóð 12—14 îÑ. Çíà÷óùà â³äì³íí³ñòü ì³æ ì³í³ìàëüíèì (ïðè
òåìïåðàòóð³ 24 îÑ) òà ìàêñèìàëüíèì (ïðè òåìïåðàòóð³ 14 îÑ) çíà÷åííÿìè
³íòåíñèâíîñò³ àãðåñèâíîñò³ ñòàíîâèëà 1,8 ðàçà.

Òàêîæ ïîð³âíþâàëè ïîêàçíèêè ³íòåíñèâíîñò³ àãðåñèâíîñò³ ì³æ áè÷-
êîì Ï³í÷óêà òà áè÷êîì-êðóãëÿêîì ïðè êîæí³é îêðåì³é âåëè÷èí³ òåìïå-
ðàòóðè âîäè. Áè÷îê-êðóãëÿê çíà÷óùå á³ëüø àãðåñèâíèé, í³æ áè÷îê Ï³í÷ó-
êà â ³íòåðâàë³ òåìïåðàòóð 10—16 îÑ. Ïðè òåìïåðàòóð³ 18—20 îÑ ³íòåí-
ñèâí³ñòü àãðåñèâíîñò³ áè÷êà Ï³í÷óêà çá³ëüøóºòüñÿ, òîìó ó íüîãî çíà÷óùî¿
â³äì³ííîñò³ çà öèì ïîêàçíèêîì â³ä áè÷êà-êðóãëÿêà âæå íåìàº. Ïðè òåìïå-
ðàòóð³ 22 îÑ ³íòåíñèâí³ñòü àãðåñèâíîñò³ áè÷êà Ï³í÷óêà ïî÷èíàº çìåíøó-
âàòèñü ³ â³äì³íí³ñòü çà öèì ïîêàçíèêîì çíîâó äîñÿãàº çíà÷óùîãî ð³âíÿ
ïîð³âíÿíî ç áè÷êîì-êðóãëÿêîì. Ïðè òåìïåðàòóð³ âèùå 22îÑ ³íòåíñèâ-
í³ñòü àãðåñèâíîñò³ îáîõ âèä³â áè÷êîâèõ ðèá çìåíøóºòüñÿ, òîìó ì³æ íèìè
íåìàº çíà÷óùî¿ â³äì³ííîñò³ (òàáë. 5).

Òàêèì ÷èíîì, áè÷îê-êðóãëÿê ïðîÿâëÿº á³ëüø àãðåñèâíó ïîâåä³íêó,
ïîð³âíÿíî ç áè÷êîì Ï³í÷óêà, ïðè òåìïåðàòóð³ â³ä 10 äî 16 îÑ. Ó áè÷-
êà-êðóãëÿêà ï³ê àãðåñèâíî¿ àêòèâíîñò³ ïðîÿâëÿºòüñÿ ïðè òåìïåðàòóð³
14 îÑ, òîä³ ÿê öåé ïîêàçíèê äëÿ áè÷êà Ï³í÷óêà äîñÿãàº ìàêñèìóìó ïðè
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Òàáëèöÿ 4
²íòåíñèâí³ñòü àãðåñèâíîñò³ (%) áè÷êà êðóãëÿêà ïðè ð³çí³é òåìïåðàòóð³ âîäè

Òåìïåðàòóðà
âîäè, îÑ

Çì³íà ³íòåí-
ñèâíîñò³ àãðå-
ñèâíîñò³ (+/–)
â³äíîñíî àê-
òèâíîñò³ ïðè

10 îÑ, %

Çíà÷åííÿ íå-
ïàðàìåòðè÷íî-

ãî êðèòåð³þ
Ìàííà-Ó³òí³

Çì³íà ³íòåí-
ñèâíîñò³ àãðå-
ñèâíîñò³ (+/–)
â³äíîñíî ïîïå-
ðåäíüîãî ïî-

êàçíèêà òåìïå-
ðàòóðè, %

Çíà÷åííÿ íå-
ïàðàìåòðè÷íî-

ãî êðèòåð³þ
Ìàííà-Ó³òí³

12 +9,6 ð>0,05 +9,6 ð>0,05

14 +35,5 ð�0,05 +15,6 ð�0,05

16 +11,4 ð>0,05 +1,7 ð>0,05

18 +1,4 ð>0,05 –8,9 ð>0,05

20 +8,2 ð>0,05 +6,6 ð>0,05

22 +6,8 ð>0,05 –1,2 ð>0,05

24 –22,4 ð>0,05 –27,4 ð�0,05

26 –21,1 ð>0,05 +1,6 ð>0,05



òåìïåðàòóð³ 20 îÑ (äèâ. òàáë. 5).Îáèäâà âèäè çìåíøóþòü ³íòåíñèâí³ñòü àã-

ðåñèâíîñò³ ïðè òåìïåðàòóð³ âèùå 22 îÑ.

Âèñíîâêè

Áè÷îê-êðóãëÿê â ëàáîðàòîðíèõ óìîâàõ âèÿâëÿâ á³ëüøó ðóõîâó òà àã-

ðåñèâíó àêòèâí³ñòü, ìàâ âèù³ ïîêàçíèêè ³íòåíñèâíîñò³ àãðåñèâíîñò³, í³æ

áè÷îê Ï³í÷óêà. Ìîæíà ïðèïóñòèòè, ùî òàêèé òèï ïîâåä³íêè äîçâîëÿº

éîìó ìàòè óñï³õ â ðîçøèðåíí³ ñâîãî àðåàëó ³ ñòàâàòè ³íâàç³éíèì âèäîì ó

íîâèõ âîäîéìàõ, íà â³äì³íó â³ä áè÷êà Ï³í÷óêà, ÿêèé òåæ º äîñèòü ïîøèðå-

íèì âèäîì â ìåæàõ ïîíòî-êàñï³éñüêîãî ðåã³îíó.
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Òàáëèöÿ 5
²íòåíñèâí³ñòü àãðåñèâíîñò³ (%) áè÷êà Ï³í÷óêà òà áè÷êà-êðóãëÿêà çàëåæíî â³ä

òåìïåðàòóðè âîäè

Òåìïåðàòóðà
âîäè, îÑ

²íòåíñèâí³ñòü àãðå-
ñèâíîñò³ áè÷êà

Ï³í÷óêà

²íòåíñèâí³ñòü àãðå-
ñèâíîñò³ áè÷êà-êðóã-

ëÿêà

Çíà÷åííÿ íåïàðàìåò-
ðè÷íîãî êðèòåð³þ

Ìàííà-Ó³òí³
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16 41,6 60,8 ð�0,05
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THE INFLUENCE OF WATER TEMPERATURE ON INTRASPECIFIC
AGGRESSIVENESS OF THE ROUND GOBY NEOGOBIUS MELANOSTOMUS,

(PALLAS, 1814) AND THE PINCHUK GOBY PONTICOLA CEPHALARGOIDES,
(PINCHUK, 1976)

This study investigates the impact of water temperature on the intraspecific aggressi-
veness of two species of Ponto-Caspian gobies: Neogobius melanostomus and Ponticola cep-
halargoides. The aim of the research was to determine how changes in water temperature
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affect the level of aggressive behavior in these species. Experiments were conducted under
laboratory conditions at temperatures ranging from 10 °C to 26 °C, with 2 °C increments.
The results have shown that the increase in water temperature increases the aggressiveness
of both species, but starting from 22 °C the intensity of aggressiveness of fish begins to dec-
rease. These findings are important for understanding the ecological adaptations and inva-
sive potential of these fish, which can help develop strategies for managing invasive species.

Key words: Neogobius melanostomus, Ponticola cephalargoides, intraspecific aggressi-
veness, invasive species, ecological adaptations.
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ÃÓÌÓÑÎÂ² ÐÅ×ÎÂÈÍÈ ßÊ ÂÀÆËÈÂÈÉ ×ÈÍÍÈÊ Ó
Ì²ÃÐÀÖ²¯ ÌÅÒÀË²Â Ó ÏÎÂÅÐÕÍÅÂÈÕ ÂÎÄÀÕ

ÓÊÐÀ¯ÍÈ

Ó ñòàòò³ óçàãàëüíåíî òà îáãîâîðåíî ðåçóëüòàòè áàãàòîð³÷íèõ äîñë³äæåíü ðîë³
ãóìóñîâèõ ðå÷îâèí ó çâ’ÿçóâàíí³ íèçêè ìåòàë³â (Al, Fe, Cu, Mn, Cr, Zn, Pb, Mo, Cd, V,
Ti) â àí³îíí³ êîìïëåêñè ó ð³çíîòèïíèõ âîäíèõ îá’ºêòàõ Óêðà¿íè. Ïîêàçàíî, ùî ÷àñò-
êà êîìïëåêñíèõ ñïîëóê çàçíà÷åíèõ ìåòàë³â ³ñòîòíî çðîñòàº ç³ çá³ëüøåííÿì êîíöåí-
òðàö³¿ ãóìóñîâèõ ðå÷îâèí. Äî âîäíèõ îá’ºêò³â ³ç ï³äâèùåíèì âì³ñòîì ãóìóñîâèõ ðå÷î-
âèí â³äíîñÿòüñÿ, ïåðåäóñ³ì, ð³÷êè áàñåéíó Ïðèï’ÿò³ òà âîäîñõîâèùà Äí³ïðîâñüêîãî
êàñêàäó. Ó âîä³ öèõ îá’ºêò³â â³äíîñíèé âì³ñò êîæíîãî ç ìåòàë³â (ó % â³ä çàãàëüíî¿ êîí-
öåíòðàö³¿ Ìðîç÷) äîñÿãàº â ñåðåäíüîìó — Al — 63,3—83,0, Fe — 58,6—76,4, Cu —
63,0—78,2, Mn — 52,3—60,0, Cr — 44,6—76,5, Zn — 39,8—58,5, Pb — 55,8—73,4, Mo —
63,4—80,3, Cd — 57,6—70,0, V — ≈ 60,0, Ti — 33,2—62,5. Ç³ çìåíøåííÿì êîíöåíòðàö³¿
ãóìóñîâèõ ðå÷îâèí ó âîä³ ÷àñòêà àí³îííèõ êîìïëåêñ³â çíèæóºòüñÿ. Íàéìåíø³ ¿¿ ïî-
êàçíèêè õàðàêòåðí³ äëÿ âîäíèõ îá’ºêò³â óðáàí³çîâàíî¿ òåðèòîð³¿, ÿê³ çàçíàþòü àíò-
ðîïîãåííîãî íàâàíòàæåííÿ ³ õàðàêòåðèçóþòüñÿ ïîð³âíÿíî íåâèñîêèì âì³ñòîì ãóìó-
ñîâèõ ðå÷îâèí. Íàãîëîøåíî, ùî äëÿ äåÿêèõ ìåòàë³â ðåçóëüòàòè ìîäåëþâàííÿ ³ íà-
òóðíèõ äîñë³äæåíü ñï³â³ñíóþ÷èõ ôîðì ³ñòîòíî â³äð³çíÿþòüñÿ. Öå çàëåæèòü çíà÷-
íîþ ì³ðîþ â³ä òîãî, ÿê³ âåëè÷èíè óìîâíèõ êîíñòàíò ñò³éêîñò³ êîìïëåêñ³â ìåòàë³â ç
ãóìóñîâèìè ðå÷îâèíàìè âèêîðèñòàíî â ðîçðàõóíêàõ. Îêðåìî ðîçãëÿíóòî îñîáëè-
âîñò³ êîìïëåêñîóòâîðåííÿ îêñîàí³îí³â (MoO4

2− ³ HVO4
2− ) ç ãóìóñîâèìè ðå÷îâèíàìè.

Êëþ÷îâ³ ñëîâà: ãóìóñîâ³ ðå÷îâèíè, ìåòàëè, êîìïëåêñîóòâîðåííÿ, àí³îíí³ êîìï-
ëåêñè, ð³÷êè, âîäîñõîâèùà, îçåðà, âîäí³ îá’ºêòè óðáàí³çîâàíî¿ òåðèòîð³¿.

Ö è ò ó â à í í ÿ: Ëèííèê Ï.Ì., Æåæåðÿ Â.À., Ëèííèê Ð.Ï. Ãóìóñîâ³ ðå÷îâèíè ÿê
âàæëèâèé ÷èííèê ó ì³ãðàö³¿ ìåòàë³â ó ïîâåðõíåâèõ âîäàõ Óêðà¿íè. Ã³äðîá³îë. æóðí.
2025. Ò. 61, ¹ 2. Ñ. 97—119.
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Ãóìóñîâ³ ðå÷îâèíè (ÃÐ) — íàéïîøèðåí³øà ãðóïà îðãàí³÷íèõ ðå÷îâèí
ó ïîâåðõíåâèõ âîäàõ, îñíîâíèé ðåçåðâ îðãàí³÷íîãî êàðáîíó (Ñîðã) ó éîãî
ãëîáàëüíîìó êðóãîîá³ãó òà âàæëèâ³ ïîæèâí³ ðå÷îâèíè äëÿ ðîñëèí, ì³êðî-
îðãàí³çì³â ³ áåíòîñíèõ îðãàí³çì³â [13, 25]. ×àñòêà ÃÐ ó ñêëàä³ îðãàí³÷íèõ
ðå÷îâèí ïîâåðõíåâèõ âîäíèõ îá’ºêò³â îö³íþºòüñÿ â ìåæàõ 50—80 ³ íàâ³òü
90 %. Âîíè áåðóòü ó÷àñòü ó ð³çíîìàí³òíèõ ïðîöåñàõ, ÿê³ â³äáóâàþòüñÿ ó
ïðèðîäíîìó âîäíîìó ñåðåäîâèù³, çíà÷íîþ ì³ðîþ âïëèâàþ÷è íà éîãî
ô³çè÷í³ ³ õ³ì³÷í³ âëàñòèâîñò³ ³, â ê³íöåâîìó ï³äñóìêó, íà éîãî á³îëîã³÷íó
ñï³ëüíîòó [49]. Â ðîç÷èíàõ ÃÐ íàÿâí³ îäíî÷àñíî ìàêðîìîëåêóëè ³ ñóïðà-
ìîëåêóëÿðí³ àíñàìáë³, ÿê³ îá’ºäíóþòü íåâåëèê³ çà ðîçì³ðîì ñóáôðàêö³¿,
àñîö³éîâàí³ øëÿõîì ñëàáêèõ íåêîâàëåíòíèõ âçàºìîä³é, ïåðåäóñ³ì åëåêò-
ðîñòàòè÷íèõ, ³ óòâîðåííÿ âîäíåâèõ çâ’ÿçê³â [9, 27, 45, 55]. Ö³ ñïîëóêè õà-
ðàêòåðèçóþòüñÿ íåñòåõ³îìåòðè÷íèì åëåìåíòíèì ñêëàäîì ³ íåðåãóëÿðíîþ
òà íåîäíîð³äíîþ ñòðóêòóðîþ [45]. Ñòðóêòóðà ÃÐ äîâîë³ äèíàì³÷íà ³ ïîâ’ÿ-
çàíà ç óìîâàìè íàâêîëèøíüîãî ñåðåäîâèùà [27]. Âîíà çàëåæèòü â³ä ¿õíüî¿
êîíöåíòðàö³¿, ðÍ ³ ì³íåðàë³çàö³¿ âîäè (éîííî¿ ñèëè) òîùî. Àãðåãàö³ÿ ÷àñ-
òèíîê ÃÐ ìîæå áóòè ïðè÷èíîþ âòðàòè ¿õíüî¿ ìîá³ëüíîñò³ òà çóìîâëþâàòè
ñåäèìåíòàö³þ. Â ðåçóëüòàò³ ñêîðî÷óºòüñÿ ê³ëüê³ñòü àêòèâíèõ öåíòð³â â
ìàêðîìîëåêóëàõ ÃÐ, çäàòíèõ âçàºìîä³ÿòè ³ç çàáðóäíþâàëüíèìè ðå÷îâè-
íàìè ð³çíîãî òèïó ³ çâ’ÿçóâàòè ¿õ.

Ó ñêëàä³ ÃÐ ì³ñòÿòüñÿ ôóëüâîêèñëîòè (ÔÊ) ³ ãóì³íîâ³ êèñëîòè (ÃÊ),
ìàñîâå ñï³ââ³äíîøåííÿ ÿêèõ ñòàíîâèòü, çàçâè÷àé, ïðèáëèçíî 9:1 [47].
Ñêëàä ÃÐ çàëåæèòü â³ä äæåðåëà ïîõîäæåííÿ, îñê³ëüêè ¿õíº óòâîðåííÿ —
öå ðåçóëüòàò ñêëàäíèõ ì³êðîá³îëîã³÷íèõ, õ³ì³÷íèõ ³ ôîòîõ³ì³÷íèõ ïåðå-
òâîðåíü çàëèøê³â ðîñëèí ³ òâàðèí [46]. Îñíîâí³ ñêëàäîâ³ ÃÐ âêëþ÷àþòü
àðîìàòè÷í³ òà àë³ôàòè÷í³ ñòðóêòóðè, à òàêîæ íèçêó ôóíêö³îíàëüíèõ ãðóï,
çîêðåìà êàðáîêñèëüí³, ôåíîëã³äðîêñèëüí³, êàðáîí³ëüí³, õ³íîíí³ òîùî [14,
19, 41, 46]. ÃÐ õàðàêòåðèçóþòüñÿ øèðîêèì ñïåêòðîì âëàñòèâîñòåé, ÿê³ çó-
ìîâëþþòü ¿õíþ âàæëèâó ðîëü â îá’ºêòàõ äîâê³ëëÿ ó ö³ëîìó ³ â ïîâåðõíå-
âèõ âîäíèõ îá’ºêòàõ çîêðåìà. Íà íàøó äóìêó, íàéâàæëèâ³øèìè ç íèõ ñë³ä
ââàæàòè êîìïëåêñîóòâîðþâàëüí³ òà â³äíîâëþâàëüí³ âëàñòèâîñò³, çäàò-
í³ñòü äî óòâîðåííÿ àäóêò³â ç îðãàí³÷íèìè êñåíîá³îòèêàìè, à òàêîæ ôîòî-
³íäóêòèâí³, áî ñàìå âîíè çóìîâëþþòü çíà÷íîþ ì³ðîþ ïðàêòè÷íå çàñòîñó-
âàííÿ ÃÐ ó ð³çíèõ ñôåðàõ. Õàðàêòåðèñòèêó çàçíà÷åíèõ âëàñòèâîñòåé ðîçã-
ëÿíåìî íèæ÷å.

Êîìïëåêñîóòâîðþâàëüí³ âëàñòèâîñò³ ÃÐ. ßê â³äîìî, ÃÐ — öå àì-
ô³ô³ëüí³ îêèñíî-â³äíîâí³ ñïîëóêè ç âèíÿòêîâèìè õåëàòíèìè âëàñòèâî-
ñòÿìè [20, 56]. Âèñîêà êîìïëåêñîóòâîðþâàëüíà çäàòí³ñòü ÃÐ çóìîâëåíà
çíà÷íèì íàñè÷åííÿì ¿õíüî¿ ïîâåðõí³ êèñíåâì³ñíèìè ôóíêö³îíàëüíèìè
ãðóïàìè (êàðáîêñèëüíèìè, ôåíîëã³äðîêñèëüíèìè, êàðáîí³ëüíèìè) ³,
ìåíøîþ ì³ðîþ í³òðîãåí- àáî ñóëüôóðîâì³ñíèìè ãðóïàìè. Ââàæàºòüñÿ,
ùî êàðáîêñèëüí³ òà ôåíîëüí³ ãðóïè äîì³íóþòü ó ñêëàä³ ÃÐ ³ õàðàêòåðèçó-
þòüñÿ âèñîêîþ ñïîð³äíåí³ñòþ äî ìåòàë³â çàëåæíî â³ä ðÍ [1, 53]. Çàâäÿêè
òîìó, ùî ÔÊ äîì³íóþòü ó ïîâåðõíåâèõ âîäàõ, ¿ì íàëåæèòü îñíîâíà ðîëü ó
êîìïëåêñîóòâîðåíí³. Äëÿ ÃÐ õàðàêòåðí³ äâà òèïè àêòèâíèõ (çâ’ÿçóâàëü-
íèõ) öåíòð³â [1]. Êàðáîêñèëüí³ ³ ôåíîëã³äðîêñèëüí³ ãðóïè â³äíîñÿòü äî
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çâ’ÿçóâàëüíèõ öåíòð³â ïåðøîãî òèïó, à êàðáîí³ëüí³ ³ àì³íîãðóïè — äî
äðóãîãî. Ö³ëêîì î÷åâèäíî, ùî ñò³éê³ñòü êîìïëåêñ³â ìåòàë³â, óòâîðåíèõ çà
ó÷àñò³ çàçíà÷åíèõ àêòèâíèõ öåíòð³â, áóäå â³äð³çíÿòèñü. Òàê, êîìïëåêñè
ìåòàë³â ç êàðáîêñèëüíèìè ãðóïàìè ñòàá³ëüí³ø³, í³æ ç³ ñëàáêî êèñëîòíè-
ìè ôåíîëüíèìè ãðóïàìè [48]. Âîäíî÷àñ, êîìïëåêñè, óòâîðåí³ ì³æ éîíàìè
ìåòàë³â ³ í³òðîãåíâì³ñíèìè ãðóïàìè, çàçâè÷àé ñò³éê³ø³, í³æ ç êàðáîêñèëü-
íèìè ãðóïàìè [44]. Çà âèñîêèõ êîíöåíòðàö³é ìåòàë³â ó âîä³ ïåâíà ¿õíÿ ÷à-
ñòèíà ìîæå áóòè çâ’ÿçàíà â êîìïëåêñè çà ó÷àñò³ ñèëüíî çâ’ÿçóâàëüíèõ
öåíòð³â, à ³íøà — ñëàáêî çâ’ÿçóâàëüíèõ [1]. Íàÿâí³ äàí³ ñòîñîâíî õ³ì³çìó
êîìïëåêñîóòâîðåííÿ, ñêëàäó êîìïëåêñíèõ ñïîëóê ìåòàë³â ç öèìè ïðè-
ðîäíèìè îðãàí³÷íèìè ë³ãàíäàìè òà óìîâíèõ êîíñòàíò ñò³éêîñò³ êîìï-
ëåêñ³â. Íàéá³ëüø äîñë³äæåíèìè âèÿâèëèñü êîìïëåêñè òàêèõ ìåòàë³â, ÿê
Ca2+, Mg2+, Al3+, Fe3+, Fe2+, Cu2+, Zn2+, Cd2+, Hg2+, Pb2+, Mn2+, Co2+, Ni2+, Cr3+,
Cr(VI), V(V), Mo(VI), à òàêîæ ðàä³îíóêë³ä³â, çîêðåìà U(IV, VI), Np(V),
Cm(III), Am(III) òà ³í. [1, 42]. Êîìïëåêñîóòâîðåííÿ çà ó÷àñò³ ÃÐ ñïðèÿº äå-
òîêñèêàö³¿ ìåòàë³â ÷åðåç çìåíøåííÿ êîíöåíòðàö³¿ àêâàêîìïëåêñ³â ÿê íàé-
á³ëüø òîêñè÷íî¿ ôîðìè, à òàêîæ çíèæåííþ ¿õíüî¿ á³îäîñòóïíîñò³ ³ çäàò-
íîñò³ äî ïðîíèêíåííÿ êð³çü êë³òèííó ìåìáðàíó, ÿêà çàëåæèòü çíà÷íîþ
ì³ðîþ â³ä ìîëåêóëÿðíî¿ ìàñè êîìïëåêñíèõ ñïîëóê [52]. Ïåðåäóñ³ì öå ñòî-
ñóºòüñÿ ìåòàë³â ç âèðàæåíèìè òîêñè÷íèìè âëàñòèâîñòÿìè (Hg2+, Cd2+,
Pb2+, Al3+, Cr(VI) òà ³í.).

Â³äíîâëþâàëüí³ âëàñòèâîñò³ ÃÐ. Çàãàëüíîâ³äîìî, ùî ÃÐ õàðàêòåðèçó-
þòüñÿ ïåâíèìè â³äíîâëþâàëüíèìè âëàñòèâîñòÿìè òà âïëèâàþòü íà ñòàí
õ³ì³÷íèõ åëåìåíò³â ç ð³çíèì ñòóïåíåì îêèñíåííÿ, òîáòî òèõ, ÿê³ ðåàãóþòü
íà çì³íè îêèñíî-â³äíîâíîãî ïîòåíö³àëó âîäíîãî ñåðåäîâèùà [29, 52]. Â
ðåçóëüòàò³ â³äáóâàºòüñÿ òðàíñôîðìàö³ÿ ôîðì çíàõîäæåííÿ òàêèõ õ³ì³÷-
íèõ åëåìåíò³â, çì³íþþòüñÿ ¿õíÿ ì³ãðàö³éíà ðóõëèâ³ñòü, á³îäîñòóïí³ñòü ³,
çðåøòîþ, òîêñè÷í³ñòü äëÿ ã³äðîá³îíò³â. Â³äíîâëþâàëüí³ âëàñòèâîñò³ ÃÐ
ñòîñîâíî íèçêè åëåìåíò³â, çîêðåìà àðñåíó, ìåðêóð³þ, ôåðóìó, õðîìó, íåï-
òóí³þ, âàíàä³þ òà äåÿêèõ ³íøèõ âñòàíîâëåíî ÿê åêñïåðèìåíòàëüíèì øëÿ-
õîì, òàê ³ â íàòóðíèõ óìîâàõ [29, 31]. ²íòåíñèâí³ñòü â³äíîâëåííÿ çàëåæèòü
â³ä äæåðåëà ïîõîäæåííÿ ÃÐ. Âèÿâëåíî, ùî ÃÐ, âèä³ëåí³ ç áóðîãî âóã³ëëÿ
(ëåîíàðä³ò) ³ òîðôó, ïî-ð³çíîìó âïëèâàëè íà â³äíîâëåííÿ Cr(VI), ÿêå
â³äáóâàëîñü ó ñëàáî êèñëîìó ñåðåäîâèù³ ïðè ðÍ 5,4 [59]. Çäàòí³ñòü äî
â³äíîâëåííÿ Cr(VI) ó ÃÐ ç ëåîíàðä³òó áóëà íèæ÷îþ, í³æ ó ÃÐ ç òîðôó.
Â³äíîâëþâàëüíà çäàòí³ñòü ÃÊ ³ ÔÊ òàêîæ ³ñòîòíî â³äð³çíÿºòüñÿ. Íàïðèê-
ëàä, â³äíîâëåííÿ ôåððèã³äðèòó (âîäíèé ã³äðîêñèä Fe(III) ÷åðâîíî-ïîìà-
ðàí÷åâîãî êîëüîðó ç ì³íëèâèì ñêëàäîì – Fe2O3·0,5 H2O, 5Fe2O3·9H2O)
ì³êðîîðãàí³çìàìè çà íàÿâíîñò³ ÃÐ (ÃÊ ³ ÔÊ), âèä³ëåíèõ ç òîðôó, â³äáóâà-
ëîñü ³íòåíñèâí³øå ó ïðèñóòíîñò³ ÃÊ [52]. Âñòàíîâëåíî âàæëèâó ðîëü ÃÐ ÿê
ñâîºð³äíèõ «åëåêòðîííèõ ÷îâíèê³â» ó ïðîöåñàõ á³îâ³äíîâëåííÿ çà ó÷àñò³
ì³êðîîðãàí³çì³â [38, 40]. Âîíà ñòîñóºòüñÿ ¿õíüî¿ ó÷àñò³ ÿê «ïîñåðåäíèêà» ó
â³äíîâëþâàëüíèõ ïåðåòâîðåííÿõ, ÿê³ â³äáóâàþòüñÿ ó ïîâåðõíåâèõ âîäî-
éìàõ.

Çäàòí³ñòü ÃÐ äî çâ’ÿçóâàííÿ îðãàí³÷íèõ êñåíîá³îòèê³â. Çâ’ÿçóâàííÿ
îðãàí³÷íèõ êñåíîá³îòèê³â ÃÐ ñóïðîâîäæóºòüñÿ óòâîðåííÿì ñâîºð³äíèõ
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êîìïëåêñ³â — àäóêò³â [15, 26, 43]. ÃÊ ÿê âèñîêîìîëåêóëÿðí³ ñïîëóêè
çäàòí³ äîâîë³ åôåêòèâíî âçàºìîä³ÿòè ç ïåñòèöèäàìè ÿê àäñîðáåíòè àáî
óòâîðþâàòè ç íèìè êîâàëåíòí³ çâ’ÿçêè, âïëèâàþ÷è íà ¿õíþ ìîá³ëüí³ñòü ³
òðàíñôîðìàö³þ â ´ðóíòàõ ³ äîííèõ â³äêëàäàõ âîäîéì [43]. Âèÿâëåíî, ùî
õ³íîíí³ ãðóïè ÃÊ êîâàëåíòíî çâ’ÿçóþòü àðîìàòè÷í³ àì³íè àáî ïîä³áí³ îð-
ãàí³÷í³ ñïîëóêè. Âçàºìîä³ÿ ÃÊ ç ã³äðîôîáíèìè îðãàí³÷íèìè ðå÷îâèíàìè
â³äáóâàºòüñÿ ïåðåâàæíî çà ðàõóíîê �–�-âçàºìîä³é, ã³äðîôîáíîãî åôåêòó
òà âîäíåâèõ çâ’ÿçê³â [17]. Ïðè öüîìó ÃÊ õàðàêòåðèçóþòüñÿ á³ëüøîþ çäàò-
í³ñòþ äî çâ’ÿçóâàííÿ ã³äðîôîáíèõ îðãàí³÷íèõ ñïîëóê, í³æ ÔÊ [49]. Çàâäÿ-
êè îïèñàíèì âëàñòèâîñòÿì ÃÊ ìîæóòü çì³íþâàòè ïîãëèíàííÿ, á³îäîñ-
òóïí³ñòü, òðàíñïîðò, ô³êñàö³þ òà òîêñè÷í³ñòü êñåíîá³îòèê³â ó ïðèðîäíî-
ìó ñåðåäîâèù³ (âîäíîìó àáî ´ðóíòîâîìó), à öå íàäâàæëèâî ç åêîëîã³÷íèõ
ïîçèö³é [15, 43].

Ôîòî³íäóêòèâí³ âëàñòèâîñò³ ÃÐ. Ãóìóñîâ³ ðå÷îâèíè ââàæàþòüñÿ
íàéñò³éê³øèìè äî òðàíñôîðìàö³¿ ó ïðèðîäíîìó âîäíîìó ñåðåäîâèù³. Âî-
äíî÷àñ çà ä³¿ ÓÔ-îïðîì³íþâàííÿ â³äáóâàºòüñÿ ¿õíº ôîòîîêèñíåííÿ ç óò-
âîðåííÿì ñïîëóê ç ìåíøîþ ìîëåêóëÿðíîþ ìàñîþ òà âèâ³ëüíåííÿì ç
¿õíüîãî ñêëàäó á³îãåííèõ åëåìåíò³â ³ ìåòàë³â [16, 51, 54]. Òîìó ñòàí âîäíî-
ãî ñåðåäîâèùà ìîæå ïîã³ðøóâàòèñü. Îäíàê ÃÐ âàæëèâ³ ç ïîçèö³é ¿õíüî¿
ðîë³ ÿê ôîòîñåíñèá³ë³çàòîð³â [10, 21, 22, 30]. Çà ôîòîõ³ì³÷íîãî çáóäæåííÿ
ÃÐ ÿê õðîìîôîðíèõ ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí (ÕÐÎÐ) ïðîäóêóþ-
òüñÿ ðåàêö³éíî çäàòí³ ã³äðîêñèëüí³ ðàäèêàëè ($ÎÍ), ñèíãëåòíèé êèñåíü
(1Î2) òà òðèïëåòí³ ñòàíè 3ÕÐÎÐ* àáî 3ÃÐ* (â àíãëîìîâí³é ë³òåðàòóð³ ¿õ ïî-
çíà÷àþòü ÿê 3CDOM* àáî 3HS*). Ö³ ïðîäóêòè õàðàêòåðèçóþòüñÿ ÿê ñèëüí³
îêèñíþâà÷³, çàâäÿêè ÷îìó ÃÐ ìîæóòü áóòè âèêîðèñòàí³ äëÿ äåãðàäàö³¿ îð-
ãàí³÷íèõ êñåíîá³îòèê³â ó ïîâåðõíåâèõ âîäàõ [24]. Ïîòåïë³ííÿ, ÿêå òðèâàº
îñòàíí³ì ÷àñîì, ñïðèÿòèìå ïðîëîíãàö³¿ ôîòîõ³ì³÷íèõ ïðîöåñ³â ó ïîâåðõ-
íåâèõ âîäíèõ îá’ºêòàõ, çîêðåìà â åï³ë³ìí³îí³ îçåð ³ âîäîñõîâèù [18].

Ìåòà äàíî¿ ðîáîòè — óçàãàëüíåííÿ ³ âèñâ³òëåííÿ ðåçóëüòàò³â áàãà-
òîð³÷íèõ äîñë³äæåíü ðîë³ ÃÐ â óòâîðåíí³ àí³îííèõ êîìïëåêñ³â ìåòàë³â òà
îñîáëèâîñòåé ¿õíüî¿ ì³ãðàö³¿ ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿìè ÃÐ ³, â³äïîâ³äíî, àí³îííèõ êîìïëåêñíèõ ñïîëóê ìå-
òàë³â ç öèìè ïðèðîäíèìè îðãàí³÷íèìè êèñëîòàìè áóëî îõîïëåíî ð³çíî-
òèïí³ âîäí³ îá’ºêòè Óêðà¿íè, çîêðåìà âîäîñõîâèùà Äí³ïðîâñüêîãî êàñêà-
äó, äåÿê³ îçåðà Øàöüêî¿ ãðóïè, ð³÷êè áàñåéíó Ïðèï’ÿò³, Ê³ë³éñüêà äåëüòà
Äóíàþ, ð³÷êè Äåñíà, Ðîñü, Ï³âäåííèé Áóã, Ñåðåò, Ã³ðñüêèé Ò³êè÷, à òàêîæ
îçåðà ³ ñòàâêè â ìåæàõ ì. Êèºâà.

Ïðîáè âîäè â³äáèðàëè ç ïîâåðõíåâîãî ãîðèçîíòó íà ãëèáèí³ 0,5 ì ç
âèêîðèñòàííÿì áàòîìåòðà Ðóòíåðà àáî ìîäèô³êîâàíîãî áàòîìåòðà-
ñêëÿíêè [6]. Çáåð³ãàííÿ ³ òðàíñïîðòóâàííÿ ïðîá âîäè çä³éñíþâàëè ó ïî-
ë³ïðîï³ëåíîâèõ ºìíîñòÿõ. Çàâèñë³ ðå÷îâèíè âèëó÷àëè ç âîäè ìåìáðàí-
íîþ ô³ëüòðàö³ºþ ç âèêîðèñòàííÿì í³òðîöåëþëîçíèõ ìåìáðàííèõ ô³ëüò-
ð³â Synpor (×åõ³ÿ) ç ä³àìåòðîì ïîð 0,40 ìêì àáî Fioroni (ÊÍÐ) ç ä³àìåòðîì
ïîð 0,45 ìêì. Ñâ³æîâ³ä³áðàí³ ïðîáè âîäè îá’ºìîì 1,0—1,5 äì3 ïðîïóñêàëè
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êð³çü çàçíà÷åí³ ô³ëüòðè ï³ä òèñêîì ≈ 2,0 àòì., ÿêèé ñòâîðþâàâñÿ çà äîïî-
ìîãîþ ïðèñòðîþ äëÿ ô³ëüòðàö³¿ ÓÊ 40-2Ì.

Âèëó÷åííÿ ÃÐ ç ô³ëüòðàòó âîäè ³ ¿õíº êîíöåíòðóâàííÿ íå ìåíøå í³æ ó
25—50 ðàç³â äîñÿãàëîñü ìåòîäîì éîíîîáì³ííî¿ õðîìàòîãðàô³¿ ç âèêîðè-
ñòàííÿì êîëîíêè, çàïîâíåíî¿ ä³åòèëàì³íîåòèëöåëþëîçîþ (ÄÅÀÅ-öåëþ-
ëîçîþ) âèðîáíèöòâà ô³ðìè SERVA. Âèñîòà êîëîíêè — 27,5 ñì, ä³àìåòð —
2,5 ñì, âèñîòà øàðó ñîðáåíòó — 4,5 ñì. Â³ëüíèé îá’ºì êîëîíêè — 12,5 ñì3.
Äåñîðáö³þ ÃÐ ç êîëîíêè çä³éñíþâàëè â òðè ñòàä³¿ [35]. Íà ïåðø³é ç íèõ âè-
êîðèñòîâóâàëè 0,3 ìîëü/äì3 ðîç÷èí KOH, íà äðóã³é – 0,02 ìîëü/äì3 ðîç-
÷èí H2SO4 ³ íà òðåò³é – çíîâó 0,3 ìîëü/äì3 ðîç÷èí KOH . Øâèäê³ñòü åëþþ-
âàííÿ ñòàíîâèëà áëèçüêî 1,0 ñì3/õâ.

Âì³ñò ìåòàë³â ó ñêëàä³ îòðèìàíèõ êîíöåíòðàò³â ÃÐ çíàõîäèëè ï³ñëÿ
ôîòîõ³ì³÷íî¿ äåñòðóêö³¿ îñòàíí³õ, ÿêà â³äáóâàëàñü çà ä³¿ ÓÔ-îïðîì³íåííÿ
ó êèñëîìó ñåðåäîâèù³. Äëÿ öüîãî ó êâàðöîâ³ ñêëÿíêè îá’ºìîì 50 ñì3 âíî-
ñèëè 30—40 ñì3 ô³ëüòðîâàíî¿ âîäè, äîäàâàëè 3—5 êðàïåëü êîíöåíòðîâà-
íî¿ H2SO4 ãðàäàö³¿ «õ.÷.» ³ 3—5 êðàïåëü 30 %-íîãî ðîç÷èíó H2O2 ³ îïðî-
ì³íþâàëè âì³ñò ñêëÿíîê ÓÔ-ñâ³òëîì çà äîïîìîãîþ ðòóòíî-êâàðöîâî¿
ëàìïè ÄÐÒ-1000 ïðîòÿãîì 2,0—2,5 ãîäèí.

Êîíöåíòðàö³þ ìåòàë³â Al(III) ³ Fe(II) âèçíà÷àëè ôîòîìåòðè÷íî ç âè-
êîðèñòàííÿì â³äïîâ³äíî ðåàãåíò³â õðîìàçóðîëó S ³ î-ôåíàíòðîë³íó [4, 7].
Âì³ñò Mn(II), Cu(II), Cr(III) ³ V(IV) çíàõîäèëè çà äîïîìîãîþ ìåòîäèê
õåì³ëþì³íåñöåíòíîãî àíàë³çó [3, 33, 37], à Zn(II), Pb(II) ³ Ñd(II) — ìåòîäîì
àíîäíî¿ ³íâåðñ³éíî¿ âîëüòàìïåðîìåòð³¿ [2, 32]. Äëÿ âèçíà÷åííÿ êîíöåíò-
ðàö³¿ Ìî(VI) âèêîðèñòîâóâàëè êàòàë³òè÷íèé ìåòîä [5].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õíº îáãîâîðåííÿ

Ó ïðîöåñ³ áàãàòîð³÷íèõ äîñë³äæåíü áóëî âñòàíîâëåíî âàæëèâó ðîëü
ÃÐ ó çâ’ÿçóâàíí³ â êîìïëåêñè íèçêè ìåòàë³â (Al, Fe, Cu, Mn, Cr, Zn, Pb, Mo,
Cd, V, Ti), à öå çíà÷íîþ ì³ðîþ âïëèâàº íà ¿õíþ ì³ãðàö³éíó çäàòí³ñòü òà
ðîçïîä³ë ì³æ àá³îòè÷íèìè êîìïîíåíòàìè âîäíèõ åêîñèñòåì, à òàêîæ íà
á³îäîñòóïí³ñòü ³ òîêñè÷í³ñòü äëÿ âîäíèõ îðãàí³çì³â. Ðîçãëÿíåìî îòðèìàí³
ðåçóëüòàòè.

Àëþì³í³é. Ïîð³âíÿíî íåâèñîêà êîíöåíòðàö³ÿ ðîç÷èííîãî àëþì³í³þ
(Alðîç÷) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ çóìîâëåíà íåçíà÷íîþ ðîç÷èíí³ñòþ
éîãî ì³íåðàë³â òà îêñèä³â. Õî÷à òðàïëÿºòüñÿ, ùî ÷àñòêà Alðîç÷ äîì³íóº, à
éîãî êîíöåíòðàö³ÿ ïåðåâèùóº âåëè÷èíè, îòðèìóâàí³ çà ðåçóëüòàòàìè
òåðìîäèíàì³÷íèõ ðîçðàõóíê³â. Öå âëàñòèâî âîäíèì îá’ºêòàì ç ï³äâèùå-
íèì âì³ñòîì ÐÎÐ ïðèðîäíîãî ïîõîäæåííÿ, çîêðåìà ÃÐ, ç ÿêèìè Al(III)
óòâîðþº äîâîë³ ì³öí³ êîìïëåêñí³ ñïîëóêè [42]. Â³äïîâ³äí³ äàí³ ñòîñîâíî
êîíöåíòðàö³¿ ÃÐ ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè íàâåäåíî â ðà-
í³øå îïóáë³êîâàíèõ ñòàòòÿõ [35, 36].

Íà ðèñóíêó 1 íàâåäåíî äàí³ ñòîñîâíî êîíöåíòðàö³¿ Alðîç÷ ó âîä³ ïîâåð-
õíåâèõ âîäíèõ îá’ºêò³â Óêðà¿íè òà ÷àñòêè éîãî àí³îííèõ êîìïëåêñ³â ç ÃÐ
(Alàí³îí).

Ìîæíà ïåðåñâ³ä÷èòèñü, ùî âì³ñò Alðîç÷ â ñåðåäíüîìó íå ïåðåâèùóº 50
ìêã/äì3 (äèâ. ðèñ. 1, à), à ÷àñòêà Alàí³îí çì³íþºòüñÿ ó äîâîë³ øèðîêîìó
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³íòåðâàë³ íàâ³òü çà óìîâè óðàõóâàííÿ ëèøå óñåðåäíåíèõ âåëè÷èí (äèâ.
ðèñ. 1, á).

Íàéá³ëüøèé â³äíîñíèé âì³ñò Alðîç÷ ó ñêëàä³ àí³îííèõ êîìïëåêñ³â ïðè-
ïàäàº íà âîäí³ îá’ºêòè ç âèñîêîþ êîíöåíòðàö³ºþ ÃÐ, à ñàìå íà ð³÷êè áàñåé-
íó Ïðèï’ÿò³, âîäîñõîâèùà Äí³ïðîâñüêîãî êàñêàäó òà äåÿê³ îçåðà ç Øàöü-
êî¿ ãðóïè. Ó öèõ âîäíèõ îá’ºêòàõ ÷àñòêà Alàí³îí çà óñåðåäíåíèìè âåëè÷èíà-
ìè ñòàíîâèòü 63—86 % Alðîç÷. Ïðè çíèæåíí³ êîíöåíòðàö³¿ ÃÐ ÷àñòêà àí³îí-
íèõ êîìïëåêñ³â Al(III) òàêîæ çìåíøóºòüñÿ. Öå çíèæåííÿ ñòàº îñîáëèâî
ïîì³òíèì äëÿ âîäíèõ îá’ºêò³â óðáàí³çîâàíî¿ òåðèòîð³¿, ÿê³, ç îäíîãî áîêó,
õàðàêòåðèçóþòüñÿ äîâîë³ íèçüêèìè ïîêàçíèêàìè âì³ñòó ÃÐ, à ç ³íøîãî,
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Ðèñ. 1. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Al(III) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè àí³îííî¿ ôðàêö³¿ (àí³îí-
íèõ êîìïëåêñ³â) Al(III), % Alðîç÷ (á). 1 — ð. Ïðèï’ÿòü, ñ. Ñåí÷èö³, 2010 ð.; 2 — Êè¿âñüêå
âîäîñõîâèùå, 2009—2010 ðð.; 3 — Êàí³âñüêå âîäîñõîâèùå, 2009—2016 ðð.; 4 —
Äí³ïðîâñüêå âîäîñõîâèùå, 2009 ð.; 5 — îç. Ëþöèìèð, 2011 ð.; 6 — îç. ×îðíå Âåëèêå,
2011 ð.; 7 — ð. Äåñíà, ñ. Õîòÿí³âêà, 2011—2012 ðð.; 8 — ð. Äóíàé, Ê³ë³éñüêà äåëüòà,
2009—2013 ðð.; 9 — Äåíèø³âñüêå âîäîñõîâèùå íà ð. Òåòåð³â, 2012—2013 ðð.; 10 —
ð. Ñåðåò, ì. Òåðíîï³ëü, 2011—2012 ðð.; 11 — Áóöüêå âîäîñõîâèùå íà ð. Ã³ðñüêèé
Ò³êè÷, 2011—2012 ðð.; 12 — îç. Òåëüá³í, ì. Êè¿â, 2008—2010, 2017 ðð.; 13 — îç. Âåðáíå,
ì. Êè¿â, 2008—2012, 2017—2019 ðð.; 14 — îçåðà ñèñòåìè Îïå÷åíü, 2015—2016, 2021—
2022 ðð.; 15 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.; 16 — Êèòà¿âñüê³ ñòàâêè, ì. Êè¿â, 2014 ð.



çàçíàþòü ³ñòîòíîãî àíòðîïîãåííîãî âïëèâó. Äî òàêèõ îá’ºêò³â íàëåæàòü ð.
Ëèá³äü, îçåðà ñèñòåìè Îïå÷åíü, îç. Âåðáíå, Êèòà¿âñüê³ ñòàâêè. Âñ³ âîíè
çíàõîäÿòüñÿ â ìåæàõ ìåãàïîë³ñó ì. Êèºâà. ×àñòêà Alàí³îí â íèõ ñòàíîâèòü â
ñåðåäíüîìó 30,4—39,3 % Alðîç÷.

Ôåðóì. Êîíöåíòðàö³ÿ ôåðóìó ó âîä³ ïîâåðõíåâèõ âîäíèõ îá’ºêò³â çíà-
õîäèòüñÿ ó øèðîêîìó ä³àïàçîí³ âåëè÷èí ³ çàëåæèòü â³ä áàãàòüîõ ÷èííèê³â,
çîêðåìà êèñíåâîãî ðåæèìó, ³íòåíñèâíîñò³ ïðîöåñ³â îêèñíåííÿ ³ â³äíîâ-
ëåííÿ, êîìïëåêñîóòâîðåííÿ òà àäñîðáö³¿, àñèì³ëÿö³¿ ã³äðîá³îíòàìè òîùî.
Ó âîäîéìàõ ç áîëîòíèì òèïîì æèâëåííÿ, à òàêîæ ó ïîðîâèõ ðîç÷èíàõ
äîííèõ â³äêëàä³â âì³ñò Fe(III) ñòàíîâèòü â³ä ê³ëüêîõ ì³ë³ãðàì³â äî äå-
ñÿòê³â ì³ë³ãðàì³â â 1 äì3 [57].

Çà ðåçóëüòàòàìè íàøèõ áàãàòîð³÷íèõ äîñë³äæåíü âèÿâèëîñü, ùî ìàê-
ñèìàëüí³ êîíöåíòðàö³¿ ðîç÷èííîãî ôåðóìó (Feðîç÷) ïðèòàìàíí³ âîäíèì
îá’ºêòàì ç ï³äâèùåíèì âì³ñòîì ÃÐ (ðèñ. 2, à). Âîäíî÷àñ, â îçåðàõ Âåðáíî-
ìó ³ ñèñòåìè Îïå÷åíü òàêîæ áóëî âèÿâëåíî äîâîë³ âèñîê³ êîíöåíòðàö³¿
Feðîç÷ (â³ä 0,8 äî 3,4 ìã/äì3), õî÷à ö³ îçåðà õàðàêòåðèçóþòüñÿ ïîð³âíÿíî íå-
âèñîêèìè ïîêàçíèêàìè âì³ñòó ÃÐ [8]. Ó öüîìó âèïàäêó âàæëèâó ðîëü
â³ä³ãðàþòü àíàåðîáí³ óìîâè, ÿê³ ôîðìóþòüñÿ â çàçíà÷åíèõ îçåðàõ òà çó-
ìîâëþþòü íàäõîäæåííÿ ôåðóìó ç äîííèõ â³äêëàä³â.

Íàéá³ëüøó ÷àñòêó ôåðóìó ó ñêëàä³ êîìïëåêñ³â ç ÃÐ (Feàí³îí) âèÿâëåíî ó
âîä³ ð. Ïðèï’ÿò³, Êè¿âñüêîãî ³ Êàí³âñüêîãî âîäîñõîâèù òà îç. Ëþöèìèð
(ðèñ. 2, á). Äëÿ öèõ âîäíèõ îá’ºêò³â õàðàêòåðíèé ï³äâèùåíèé âì³ñò ÃÐ, à
÷àñòêà Feàí³îí çì³íþºòüñÿ â ñåðåäíüîìó â³ä 76,4 äî 56,2 % Feðîç÷. Íàéìåíøó
÷àñòêó Feàí³îí âèÿâëåíî ó âîä³ ð³÷îê Ðîñü (Á³ëîöåðê³âñüêå âîäîñõîâèùå),
Ñåðåò, Ëèá³äü (ì. Êè¿â) ³ îçåð ñèñòåìè Îïå÷åíü (ì. Êè¿â). Âîíà ñòàíîâèòü â
ñåðåäíüîìó â³äïîâ³äíî 23,5, 36,7, 27,4 ³ 34,4 % Feðîç÷. Îòæå, ìîæíà ñòâåðä-
æóâàòè, ùî çà âèñîêî¿ êîíöåíòðàö³¿ ÃÐ ïåðåâàæíà ÷àñòèíà Feðîç÷ çíàõîäè-
òèìåòüñÿ ó ñêëàä³ àí³îííèõ êîìïëåêñ³â, ÿê³ õàðàêòåðèçóþòüñÿ äîâîë³ âè-
ñîêîþ ñòàá³ëüí³ñòþ [42].

Êóïðóì. Êîíöåíòðàö³ÿ Cu(II), ÿê ³ áàãàòüîõ ³íøèõ ìåòàë³â, ó âîä³ ïî-
âåðõíåâèõ âîäíèõ îá’ºêò³â çíàõîäèòüñÿ â äîâîë³ øèðîêîìó ä³àïàçîí³, ùî
ìîæå áóòè çóìîâëåíî âïëèâîì ð³çíèõ ÷èííèê³â ñåðåäîâèùà, çîêðåìà àíò-
ðîïîãåííîãî íàâàíòàæåííÿ. Äëÿ öüîãî ìåòàëó õàðàêòåðíà ïåðåâàæíà ì³ã-
ðàö³ÿ â ðîç÷èíåíîìó ñòàí³. Çóìîâëåíî öå òèì, ùî Cu(II) óòâîðþº ðîç-
÷èíí³ êîìïëåêñè ç îðãàí³÷íèìè ðå÷îâèíàìè, íàÿâíèìè ó ïðèðîäí³é âîä³.
Äëÿ äîñë³äæóâàíèõ âîäíèõ îá’ºêò³â Óêðà¿íè õàðàêòåðíèé øèðîêèé ³íòåð-
âàë êîíöåíòðàö³¿ Cuðîç÷ (ðèñ. 3, à). Óñåðåäíåí³ âåëè÷èíè êîíöåíòðàö³¿
ð³äêî ïåðåâèùóþòü 20 ìêã/äì3. Íàé÷àñò³øå âèñîê³ êîíöåíòðàö³¿ Cu(II)
ïðîÿâëÿþòüñÿ ó âîäíèõ îá’ºêòàõ óðáàí³çîâàíî¿ òåðèòîð³¿, ÿê öå õàðàêòåð-
íî äëÿ ð. Ëèá³äü ó ì. Êèºâ³.

Äëÿ Cu(II) õàðàêòåðíå äîâîë³ àêòèâíå çâ’ÿçóâàííÿ â êîìïëåêñè ç ð³ç-
íèìè ãðóïàìè ïðèðîäíèõ îðãàí³÷íèõ ñïîëóê, àëå á³ëüøó ÷àñòèíó Cuðîç÷

áóëî âèÿâëåíî ó ñêëàä³ àí³îííèõ êîìïëåêñíèõ ñïîëóê ç ÃÐ (ðèñ. 3, á). Ó
äîñë³äæóâàíèõ âîäíèõ îá’ºêòàõ â³äíîñíèé âì³ñò Cu(II) ó ñêëàä³ àí³îííî¿
ôðàêö³¿ (Cuàí³îí) çì³íþºòüñÿ çà óñåðåäíåíèìè ïîêàçíèêàìè â ìåæàõ 27,0—
78,2 % Cuðîç÷, äîñÿãàþ÷è ìàêñèìàëüíèõ âåëè÷èí ó ïîâåðõíåâèõ âîäàõ ç âè-
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ñîêèì âì³ñòîì ÃÐ (ïåðåäóñ³ì, öå ð³÷êè áàñåéíó Ïðèï’ÿò³, âîäîñõîâèùà
Äí³ïðîâñüêîãî êàñêàäó, îç. Ëþöèìèð òà äåÿê³ ³íø³ âîäí³ îá’ºêòè). Ì³í³-
ìàëüí³ âåëè÷èíè â³äíîñíîãî âì³ñòó Cuàí³îí õàðàêòåðí³ äëÿ Ê³ë³éñüêî¿ äåëü-
òè ð. Äóíàþ, îçåð Îïå÷åíü, ð. Ëèá³äü, â ÿêèõ ÷àñòêà çàçíà÷åíî¿ ôðàêö³¿
Cu(II) ñòàíîâèëà â ñåðåäíüîìó 46,0, 37,0 ³ 27,0 % Cuðîç÷.

Çã³äíî ç ðåçóëüòàòàìè ìîäåëþâàííÿ ðîç÷èííèõ ñï³â³ñíóþ÷èõ ôîðì
Cu(II) â ïîâåðõíåâèõ âîäàõ ÷àñòêà àí³îííèõ êîìïëåêñíèõ ñïîëóê öüîãî
ìåòàëó ìîæå äîñÿãàòè 52,3—90,7 % Cuðîç÷ [42]. Îòðèìàí³ íàìè ðåçóëüòàòè
â íàòóðíèõ óìîâàõ ïðàêòè÷íî ñï³âïàäàþòü ç ðîçðàõóíêîâèìè, àëå ÷àñòêà
Cuàí³îí ó âîäíèõ îá’ºêòàõ, ÿê³ çàçíàþòü ³ñòîòíîãî àíòðîïîãåííîãî âïëèâó,
ìîæå áóòè íàáàãàòî íèæ÷îþ.
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Ðèñ. 2. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Fe(III) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè àí³îííî¿ ôðàêö³¿ (àí³îí-
íèõ êîìïëåêñ³â) Fe(III), % Feðîç÷ (á). 1 — ð. Ïðèï’ÿòü, ñ. Ñâàëîâè÷³, 2012—2013 ðð.; 2 —
Êè¿âñüêå âîäîñõîâèùå, 1992—1994 ðð.; 3 — Êàí³âñüêå âîäîñõîâèùå, 2012—2013,
2016 ðð.; 4 — îç. Ëþöèìèð, 2011 ð.; 5 — Á³ëîöåðê³âñüêå âîäîñõîâèùå íà ð. Ðîñü,
2011 ð.; 6 — ð. Äåñíà, ñ. Õîòÿí³âêà, 2011—2012 ðð.; 7 — ð. Äóíàé, Ê³ë³éñüêà äåëüòà,
2009—2013 ðð.; 8 — ð. Ï³âäåííèé Áóã, ì. Õìåëüíèöüêèé, 2011 ð.; 9 — Äåíèø³âñüêå âî-
äîñõîâèùå íà ð. Òåòåð³â, 2012—2013 ðð.; 10 — ð. Ñåðåò, ì. Òåðíîï³ëü, 2011—2012 ðð.;
11 — Áóöüêå âîäîñõîâèùå íà ð. Ã³ðñüêèé Ò³êè÷, 2011—2012 ðð.; 12 — Þðï³ëüñüêå âî-
äîñõîâèùå íà ð. Ã³ðñüêèé Ò³êè÷, 2012 ð.; 13 — îç. Âåðáíå, ì. Êè¿â, 2008—2012,
2017—2019 ðð.; 14 — îçåðà ñèñòåìè Îïå÷åíü, 2015—2016, 2021—2022 ðð.; 15 —
ð. Ëèá³äü, ì. Êè¿â, 2014 ð.; 16 — Êèòà¿âñüê³ ñòàâêè, ì. Êè¿â, 2014 ð.; 17 — Ãîð³õóâàòñüê³
ñòàâêè, ì. Êè¿â, 2013 ð., 2016 ð.



Ìàíãàí. Êîíöåíòðàö³ÿ ðîç÷èííîãî ìàíãàíó (Mnðîç÷) ó íåçàáðóäíåíèõ
ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ çàçâè÷àé íåçíà÷íà. Çóìîâëåíî öå òèì, ùî
öåé ìåòàë äîâîë³ ñëàáêî çâ’ÿçóºòüñÿ â êîìïëåêñè ç ïðèðîäíèìè îðãàí³÷-
íèìè ë³ãàíäàìè, ÿê³ çíàõîäÿòüñÿ ó ïîâåðõíåâèõ âîäàõ. Òîìó äëÿ íüîãî õà-
ðàêòåðí³øà ì³ãðàö³ÿ ó ñêëàä³ çàâèñëèõ ðå÷îâèí, òîáòî àäñîðáö³éí³ ïðîöå-
ñè â³ä³ãðàþòü âàãîì³øó ðîëü ó éîãî ïîâåä³íö³. Âîäíî÷àñ, çà äåô³öèòó êèñ-
íþ ó âîäîéìàõ òà ôîðìóâàííÿ àíàåðîáíèõ óìîâ â³äáóâàºòüñÿ â³äíîâëåí-
íÿ Mn(IV) â éîãî îêñèäàõ ³ ã³äðîêñèäàõ äî Mn(II) òà ïåðåõ³ä â ðîç÷èíåíèé
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Ðèñ. 3. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Cu(II) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè àí³îííî¿ ôðàêö³¿ (àí³îí-
íèõ êîìïëåêñ³â) Cu(II), % Cuðîç÷ (á). 1 — ð. Ïðèï’ÿòü, ñ. Ñâàëîâè÷³, 2012 ð.; 2 — ð³÷êè
áàñåéíó Ïðèï’ÿò³, 2012—2013 ðð.; 3 — Êè¿âñüêå âîäîñõîâèùå, 2009—2010 ðð.; 4 —
Êàí³âñüêå âîäîñõîâèùå, 2009—2013, 2016 ðð.; 5 — Äí³ïðîâñüêå âîäîñõîâèùå, 2009 ð.;
6 — îç. Ëþöèìèð, 2011 ð.; 7 — îç. ×îðíå Âåëèêå, 2011 ð.; 8 — Á³ëîöåðê³âñüêå âîäîñõî-
âèùå íà ð. Ðîñü, 2011 ð.; 9 — ð. Äåñíà, ñ. Õîòÿí³âêà, 2011—2012 ðð.; 10 — ð. Äóíàé,
Ê³ë³éñüêà äåëüòà, 2009—2013 ðð.; 11 — ð. Ï³âäåííèé Áóã, ì. Õìåëüíèöüêèé, 2011 ð.; 12
— Äåíèø³âñüêå âîäîñõîâèùå íà ð. Òåòåð³â, 2012—2013 ðð.; 13 — ð. Ñåðåò, ì. Òåð-
íîï³ëü, 2011—2012 ðð.; 14 — Áóöüêå âîäîñõîâèùå íà ð. Ã³ðñüêèé Ò³êè÷, 2011—
2012 ðð.; 15 — Þðï³ëüñüêå âîäîñõîâèùå íà ð. Ã³ðñüêèé Ò³êè÷, 2012 ð.; 16 — îç. Âåðá-
íå, ì. Êè¿â, 2008—2012, 2017—2019 ðð.; 17 — îçåðà ñèñòåìè Îïå÷åíü, 2015—2016,
2021—2022 ðð.; 18 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.; 19 — Êèòà¿âñüê³ ñòàâêè, ì. Êè¿â,
2014 ð.; 20 — Ãîð³õóâàòñüê³ ñòàâêè, ì. Êè¿â, 2013, 2016 ð.



ñòàí. Öå ïðèçâîäèòü äî íàäõîäæåííÿ ìàíãàíó ç äîííèõ â³äêëàä³â ó âîäó,
ÿêà êîíòàêòóº ç íèìè, ó âèãëÿä³ Mn2+-éîí³â. Êîíöåíòðàö³ÿ Mnðîç÷ ìîæå
äîñÿãàòè äåñÿòê³â ³ ñîòåíü ì³êðîãðàì³â àáî íàâ³òü ì³ë³ãðàìîâèõ ê³ëüêî-
ñòåé â 1 äì3 (ðèñ. 4, à).

Ìàíãàí, ïîð³âíÿíî ç áàãàòüìà ³íøèìè ìåòàëàìè, ã³ðøå çâ’ÿçóºòüñÿ ó
êîìïëåêñí³ ñïîëóêè ç ÐÎÐ, ³ íàâ³òü ç ÃÐ. Âîäíî÷àñ, çà âèñîêèõ êîíöåíò-
ðàö³é ÃÐ ó âîä³ âì³ñò ³ ÷àñòêà Mnðîç÷ ó ñêëàä³ êîìïëåêñíèõ ñïîëóê ç íèìè
ìîæå çðîñòàòè. Öå õàðàêòåðíî äëÿ ð³÷îê áàñåéíó ð. Ïðèï’ÿò³, Êè¿âñüêîãî ³
Êàí³âñüêîãî âîäîñõîâèù ³ ð. Äåñíè, äå ÷àñòêà àí³îííèõ êîìïëåêñ³â ìàíãà-
íó (Mnàí³îí) äîñÿãàº ìàêñèìàëüíèõ âåëè÷èí (ðèñ. 4, á) ³ çíàõîäèòüñÿ â ñå-
ðåäíüîìó â ìåæàõ 51,3—60 % Mnðîç÷. Â ³íøèõ âîäíèõ îá’ºêòàõ ÷àñòêà
Mnàí³îí íå ïåðåâèùóâàëà 13,5—28,9 % Mnðîç÷.

Îòæå, ó âîäíèõ îá’ºêòàõ ç âèñîêîþ êîëüîðîâ³ñòþ âîäè â³äáóâàºòüñÿ
çâ’ÿçóâàííÿ éîí³â Mn2+ ó êîìïëåêñè ç ÃÐ, ùî íàéá³ëüø ïîì³òíî ïðîÿâè-
ëîñü ïðè äîñë³äæåíí³ ð³÷îê áàñåéíó ð. Ïðèï’ÿò³ (ðèñ. 5). Õî÷à â³äîìî, ùî
òàê³ êîìïëåêñè õàðàêòåðèçóþòüñÿ ÿê ñëàáê³ [42].

Õðîì. Äàí³ ñòîñîâíî âì³ñòó ðîç÷èííîãî õðîìó (Crðîç÷) ó äîñë³äæóâà-
íèõ ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ íàâåäåíî íà ðèñóíêó 6. Íàéá³ëüø³ éîãî
âåëè÷èíè (äèâ. ðèñ. 6, à) áóëî âèÿâëåíî ó âîä³ Äí³ïðîâñüêîãî âîäîñõîâè-
ùà, Ê³ë³éñüêî¿ äåëüòè ð. Äóíàþ òà îçåð Òåëüá³í ³ Âåðáíå, ÿê³ çíàõîäÿòüñÿ â
ìåæàõ ìåãàïîë³ñó ³ çàçíàþòü àíòðîïîãåííîãî íàâàíòàæåííÿ. Ó âñ³õ ³íøèõ
âîäíèõ îá’ºêòàõ óñåðåäíåíà êîíöåíòðàö³ÿ Crðîç÷ çíàõîäèòüñÿ â ìåæàõ
6,9—14,3 ìêã/äì3.
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Ðèñ. 4. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Mn(II) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè àí³îííî¿ ôðàêö³¿ (àí³îí-
íèõ êîìïëåêñ³â) Mn(II), % Mnðîç÷ (á). 1 — ð³÷êè áàñåéíó Ïðèï’ÿò³, 2012—2013 ðð.; 2 —
Êè¿âñüêå âîäîñõîâèùå, 2008—2010 ðð.; 3 — Êàí³âñüêå âîäîñõîâèùå, 2012—2013,
2016 ðð.; 4 — Á³ëîöåðê³âñüêå âîäîñõîâèùå íà ð. Ðîñü, 2011 ð.; 5 — îç. Ëþöèìèð,
2011 ð.; 6 — îçåðà ñèñòåìè Îïå÷åíü, 2015—2016, 2021—2022 ðð.; 7 — ð. Äåñíà, ñ. Õî-
òÿí³âêà, 2011—2012 ðð.; 8 — îç. Âåðáíå, ì. Êè¿â, 2008—2012, 2017—2019 ðð.; 9 — Êè-
òà¿âñüê³ ñòàâêè, ì. Êè¿â, 2014 ð.; 10 — Ãîð³õóâàòñüê³ ñòàâêè, ì. Êè¿â, 2013, 2016 ðð.; 11
— ð. Ëèá³äü, ì. Êè¿â, 2014 ð.



Çà ðåçóëüòàòàìè äîñë³äæåíü, ÿê³ ïðîâîäèëèñü ïðîòÿãîì 1994—
2022 ðð., âñòàíîâëåíî, ùî ÷àñòêà Cr(III) ó ñêëàä³ êîìïëåêñíèõ ñïîëóê ç ÃÐ
(Cràí³îí) çì³íþâàëàñü â³ä 11,9 äî 89,0 % Crðîç÷ (äèâ. ðèñ. 6, á). Ó âîäîñõîâè-
ùàõ Äí³ïðîâñüêîãî êàñêàäó â³äíîñíèé âì³ñò Cràí³îí çì³íþºòüñÿ â ñåðåäíü-
îìó â ìåæàõ 45—58 % Crðîç÷ (ðèñ. 7).

Öèíê. Ó äîñë³äæóâàíèõ âîäíèõ îá’ºêòàõ Óêðà¿íè êîíöåíòðàö³ÿ Znðîç÷

çà óñåðåäíåíèìè äàíèìè áàãàòîð³÷íèõ äîñë³äæåíü çì³íþºòüñÿ â³ä 9,1 äî
63,9 ìêã/äì3 (ðèñ. 8, à). Çðîñòàííÿ êîíöåíòðàö³¿ Znðîç÷ â ê³íö³ 80-õ ³ â ñåðå-
äèí³ 90-õ ðîê³â ìèíóëîãî ñòîë³òòÿ áóëî õàðàêòåðíèì äëÿ âîäè Êðåìåí÷ó-
öüêîãî, Äí³ïðîâñüêîãî ³ Êàõîâñüêîãî âîäîñõîâèù (ìàêñèìàëüí³ âåëè÷è-
íè â ìåæàõ 105—130 ìêã/äì3) ïîð³âíÿíî ç âèùå ðîçòàøîâàíèìè Êè¿â-
ñüêèì ³ Êàí³âñüêèì âîäîñõîâèùàìè (â³äïîâ³äíî 45,2 ³ 43,5 ìêã/äì3). Âè-
ñîê³ êîíöåíòðàö³¿ Znðîç÷ õàðàêòåðí³ òàêîæ äëÿ âîäíèõ îá’ºêò³â ì. Êèºâà,
ÿê³ çàçíàþòü ³ñòîòíîãî àíòðîïîãåííîãî âïëèâó. Ñåðåä íèõ ñë³ä â³äì³òèòè
ïåðåäóñ³ì îç. Òåëüá³í òà îçåðà ñèñòåìè Îïå÷åíü, â ÿêèõ ìàêñèìàëüíà êîí-
öåíòðàö³ÿ Znðîç÷ äîñÿãàëà 94 ³ 142 ìêã/äì3.

×àñòêà àí³îííèõ êîìïëåêñ³â öèíêó (Znàí³îí) çì³íþºòüñÿ â øèðîêèõ
ìåæàõ ³ ñòàíîâèòü ó ñåðåäíüîìó 6,0—58,5 % Znðîç÷ (ðèñ. 8, á). ßê ³ ó âèïàäêó
ç ³íøèìè äîñë³äæóâàíèìè ìåòàëàìè, âîíà çðîñòàº ó ïîâåðõíåâèõ âîäàõ ç
âèñîêèì âì³ñòîì ÃÐ. Òàê, ó âîäîñõîâèùàõ Äí³ïðîâñüêîãî êàñêàäó âîíà
ñòàíîâèòü ó ñåðåäíüîìó 39,8—58,5 % Znðîç÷, à çà ìàêñèìàëüíèìè ïîêàçíè-
êàìè äîñÿãàº 68,0—76,5 % Znðîç÷. Íàéíèæ÷³ âåëè÷èíè â³äíîñíîãî âì³ñòó
Znàí³îí õàðàêòåðí³ äëÿ ð³÷îê Òèñà ³ Ëèá³äü (çà óñåðåäíåíèìè ïîêàçíèêàìè
13,0 ³ 6,0 % Znðîç÷). Ó öèõ ð³÷êàõ êîíöåíòðàö³ÿ ÃÐ íå ïåðåâèùóº â ñåðåäíüî-
ìó â³äïîâ³äíî 6,2 ³ 6,9 ìã/äì3. Òîáòî ìîæíà çàçíà÷èòè, ùî ç³ çíèæåííÿì
êîíöåíòðàö³¿ ÃÐ ÷àñòêà àí³îííèõ êîìïëåêñ³â Zn(II) òàêîæ ³ñòîòíî çíè-
æóºòüñÿ. Ïåâíîþ ì³ðîþ öå ïðîñòåæóºòüñÿ íà ïðèêëàä³ äí³ïðîâñüêèõ âî-
äîñõîâèù. Âíèç ïî êàñêàäó ÷àñòêà Znàí³îí, çà óñåðåäíåíèìè ïîêàçíèêàìè,
çíèæóºòüñÿ ç 58,5 äî 39,8 % Znðîç÷, òîáòî ìàéæå ó 1,5 ðàçà, ùî ïîÿñíþºòüñÿ
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Ðèñ. 5. Âì³ñò Mnëàá (êðèâà 1) ³ Mnðîç÷ (êðèâà 2) ó âîä³ ð³÷îê áàñåéíó ð. Ïðèï’ÿò³ çàëåæ-
íî â³ä êîíöåíòðàö³¿ ÃÐ (êðèâà 3) âë³òêó (à) ³ âîñåíè (á) 2010 ð. 1—9 — â³äïîâ³äíî
ð³÷êè Ñëîâº÷íà, Óáîðòü, Ñòâèãà, Ëüâà, Ãîðèíü, Ñòèð, Ïðîñòèð, Ñòîõ³ä, Ïðèï’ÿòü
(ñ. Ñåí÷èö³), 10 — êàíàë Õàáàðèùå.



çíèæåííÿì êîíöåíòðàö³¿ ÃÐ. Çà îäíèìè îö³íêàìè âîíà çíèæóºòüñÿ â ñå-
ðåäíüîìó ç 22,0 äî 9,0 ìã/äì3, çà ³íøèìè — ç 15,5 äî 7,6 ìã/äì3, òîáòî ïðè-
áëèçíî âäâ³÷³. Äî öüîãî ñë³ä äîäàòè, ùî Zn(II) óòâîðþº ç ÃÐ ïîð³âíÿíî
ñëàáê³ çà ñò³éê³ñòþ êîìïëåêñí³ ñïîëóêè [42].

Ó ìàëèõ âîäîéìàõ ì. Êèºâà ÷àñòêà Znàí³în âèÿâèëàñü ïîì³òíî íèæ÷îþ
(40,0—46,5 % Znðîç÷), í³æ, ñêàæ³ìî, ó âåðõí³õ âîäîñõîâèùàõ Äí³ïðîâñüêî-
ãî êàñêàäó òà äåÿêèõ ð³÷êàõ, ùî ïîÿñíþºòüñÿ, ç îäíîãî áîêó, íåâèñîêèìè
çíà÷åííÿìè êîíöåíòðàö³¿ ÃÐ, à ç ³íøîãî, ¿õíüîþ âèñîêîþ á³îïðîäóê-
òèâí³ñòþ òà çá³ëüøåííÿì ÷àñòêè îðãàí³÷íèõ ðå÷îâèí-åêçîìåòàáîë³ò³â ó
çàãàëüíîìó ñêëàä³ ÐÎÐ. Çíèæåííÿ ÷àñòêè àí³îííèõ êîìïëåêñ³â Zn(II) â
ë³òíüî-îñ³ííþ ïîðó ðîêó õàðàêòåðíå ÿê äëÿ âîäîñõîâèù Äí³ïðîâñüêîãî
êàñêàäó, òàê ³ îñîáëèâî äëÿ ìàëèõ âîäîéì ì. Êèºâà ÷åðåç çðîñòàííÿ êîí-
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Ðèñ. 6. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Cr(III) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè àí³îííî¿ ôðàêö³¿ (àí³îí-
íèõ êîìïëåêñ³â) Cr(III), % Crðîç÷ (á). 1 — ð. Ïðèï’ÿòü, 2012—2013 ðð.; 2 — ð³÷êè áàñåé-
íó Ïðèï’ÿò³, 2012—2013 ðð.; 3 — Êè¿âñüêå âîäîñõîâèùå, 2009—2010 ðð.; 4 — Êà-
í³âñüêå âîäîñõîâèùå, 2012—2013, 2016 ðð.; 5 — Êðåìåí÷óöüêå âîäîñõîâèùå, 1992—
1994 ðð.; 6 — Äí³ïðîâñüêå âîäîñõîâèùå, 2009 ð.; 7 — Êàõîâñüêå âîäîñõîâèùå, 1994 ð.;
8 — Ê³ë³éñüêà äåëüòà Äóíàþ, 1987 ð.; 9 — ð. Òèñà, 2015—2016 ðð.; 10 — ð. Äåñíà, ñ. Õî-
òÿí³âêà, 2011—2012 ðð.; 11 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.; 12 — îç. Òåëüá³í, ì. Êè¿â,
2008—2010, 2017 ðð.; 13 — îçåðà ñèñòåìè Îïå÷åíü, 2015, 2021—2022 ðð.; 14 — îç. Âåð-
áíå, ì. Êè¿â, 2008—2012, 2017—2019 ðð.; 15— Êèòà¿âñüê³ ñòàâêè, ì. Êè¿â, 2014 ð.



öåíòðàö³¿ îðãàí³÷íèõ ðå÷îâèí-åêçîìåòàáîë³ò³â, ÿê³ òàêîæ çäàòí³ çâ’ÿçóâà-
òè Zn(II) ó â³äïîâ³äí³ êîìïëåêñè.

Ïëþìáóì. Ó íåçàáðóäíåíèõ ïîâåðõíåâèõ âîäàõ êîíöåíòðàö³ÿ Pb(II)
çì³íþºòüñÿ çàçâè÷àé â³ä äåñÿòèõ ÷àñòîê äî ê³ëüêîõ ì³êðîãðàì³â â 1 äì3. Ó
âîäíèõ îá’ºêòàõ Óêðà¿íè, ÿê³ äîñë³äæóâàëèñü íàìè, âì³ñò ðîç÷èííîãî
ïëþìáóìó (Pbðîç÷) çì³íþºòüñÿ â ñåðåäíüîìó â³ä 2,9 äî 16,3 ìêã/äì3 (ðèñ. 9,
à). Íàéá³ëüø çàáðóäíåíîþ ñïîëóêàìè Pb(II) âèÿâèëàñü ð. Ëèá³äü ó
ì. Êèºâ³, ó âîä³ ÿêî¿ óñåðåäíåíà éîãî êîíöåíòðàö³ÿ ñòàíîâèòü
59,6 ìêã/äì3, à ìàêñèìàëüíà äîñÿãàº 108,4 ìêã/äì3.

Äëÿ Pb(II) õàðàêòåðíèé äîâîë³ âèñîêèé ñòóï³íü çâ’ÿçóâàííÿ ó êîìï-
ëåêñè ç ÃÐ ó äîñë³äæóâàíèõ âîäíèõ îá’ºêòàõ, çà âèíÿòêîì ð³÷îê Òèñà ³
Ëèá³äü (ðèñ. 9, á). Â îñòàíí³õ ÷àñòêà àí³îííèõ êîìïëåêñ³â ïëþìáóìó
(Pbàí³îí) ñòàíîâèëà â ñåðåäíüîìó 27,0 ³ 21,5 % Pbðîç÷. Â ðåøò³ äîñë³äæóâàíèõ
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Ðèñ. 7. Ìàñîâà ÷àñòêà àí³îííèõ (1), êàò³îííèõ (2) ³ íåéòðàëüíèõ (3) êîìïëåêñíèõ ñïî-
ëóê Cr(III) â³äïîâ³äíî ç êèñëîòíîþ (ïåðåâàæàþòü ÃÐ), îñíîâíîþ (äîì³íóþòü á³ëêî-
âîïîä³áí³ ñïîëóêè) òà íåéòðàëüíîþ (îñíîâó ñêëàäàþòü âóãëåâîäè) ãðóïàìè ÐÎÐ ó
âîä³ Êè¿âñüêîãî (à), Êàí³âñüêîãî (á), Êðåìåí÷óöüêîãî (â) ³ Êàõîâñüêîãî (ã) âîäîñõî-
âèù (çà óñåðåäíåíèìè âåëè÷èíàìè âì³ñòó, % Crðîç÷)

Ðèñ. 8. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Zn(II) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè àí³îííî¿ ôðàêö³¿ (àí³îí-
íèõ êîìïëåêñ³â) Zn(II), % Znðîç÷ (á). 1 — Êè¿âñüêå âîäîñõîâèùå, 2008—2010 ðð.; 2 —
Êàí³âñüêå âîäîñõîâèùå, 2007—2010 ðð.; 3 — Êàõîâñüêå âîäîñõîâèùå, ë³òî ³ îñ³íü
1994 ð.; 4 — Ê³ë³éñüêà äåëüòà Äóíàþ, 1990—1993 ðð.; 5 — ð. Òèñà, 2015—2016 ðð.; 6 —
ð. Äåñíà, ñ. Õîòÿí³âêà, 2006—2007 ðð.; 7 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.; 8 — îç. Òåëüá³í,
ì. Êè¿â, 2007—2009 ðð.; 9 — îç. Âåðáíå, ì. Êè¿â, 2008 ð.; 10 — îçåðà ñèñòåìè Îïå÷åíü,
ì. Êè¿â, 2015 ð.; 11 — îç. Éîðäàíñüêå, ì. Êè¿â, 2008 ð.



âîäíèõ îá’ºêò³â â³äíîñíèé âì³ñò çàçíà÷åíèõ êîìïëåêñ³â çì³íþâàâñÿ â ìå-
æàõ 41,2—78,3 % Pbðîç÷. Ó âîäíèõ îá’ºêòàõ ç âèñîêîþ êîíöåíòðàö³ºþ ÃÐ
÷àñòêà Pbàí³îí áóëà ìàêñèìàëüíîþ ³ çíàõîäèëàñü â ³íòåðâàë³ 52,4—78,3 %
Pbðîç÷. Öå çíà÷íîþ ì³ðîþ â³äð³çíÿºòüñÿ â³ä ðåçóëüòàò³â ìîäåëþâàííÿ ñï³â-
³ñíóþ÷èõ ôîðì Pbðîç÷, ÿê³ íàâåäåí³ â ðîáîò³ [42]. Ðîçðàõóíêè ïîêàçóþòü,
ùî ÷àñòêà àí³îííèõ êîìïëåêñíèõ ñïîëóê öüîãî ìåòàëó ó ïîâåðõíåâèõ âî-
äàõ íå ïåðåâèùóº 0,5—3,9 % Pbðîç÷. Íàïåâíî, òàêà ð³çíèöÿ ì³æ ðîçðàõóí-
êîâèìè äàíèìè ³ ðåçóëüòàòàìè íàòóðíèõ äîñë³äæåíü âèêëèêàíà òèì, ÿêó
âåëè÷èíó óìîâíî¿ êîíñòàíòè ñò³éêîñò³ êîìïëåêñ³â Pb(II) ç ÃÐ ( ′β ) âèêîðè-
ñòàíî ó ðîçðàõóíêàõ.

Ìîë³áäåí. Ó äîñë³äæóâàíèõ âîäíèõ îá’ºêòàõ Óêðà¿íè âì³ñò ðîç÷èííî-
ãî ìîë³áäåíó (Moðîç÷) çàçâè÷àé íå ïåðåâèùóº 20 ìêã/äì3 (ðèñ. 10, à).

Âèíÿòîê ñòàíîâëÿòü ð³÷êè Ñòóãíà ³ Ëèá³äü. Ï³äâèùåí³ êîíöåíòðàö³¿
Moðîç÷ â ð. Ñòóãí³ çóìîâëåí³ éîãî íàäõîäæåííÿì ³ç çîëîâ³äâàë³â Òðè-
ï³ëüñüêî¿ ÒÅÑ, ïåðåâàæíî ó âèãëÿä³ ÌîÎ4

2–-àí³îí³â, ÷àñòêà ÿêèõ ñòàíîâè-
ëà 26,5—73,0 % Moðîç÷. Ð³÷êà Ëèá³äü (ì. Êè¿â) â³äíîñèòüñÿ äî çàáðóäíåíèõ
âîäíèõ îá’ºêò³â ìåãàïîë³ñó.

Ó á³ëüøîñò³ ç äîñë³äæóâàíèõ âîäíèõ îá’ºêò³â Óêðà¿íè ìîë³áäåí âõî-
äèòü äî ñêëàäó êîìïëåêñíèõ ñïîëóê ç ÃÐ, ÷àñòêà ÿêèõ ñòàíîâèòü 12,5—
94,4 % Moðîç÷ (ðèñ. 10, á). Ìàêñèìàëüí³ ¿¿ ïîêàçíèêè õàðàêòåðí³ äëÿ âîäíèõ
îá’ºêò³â ç ï³äâèùåíîþ êîíöåíòðàö³ºþ ÃÐ, íàòîì³ñòü â îçåðàõ ì. Êèºâà
âîíà áóëà äåùî íèæ÷îþ (äèâ. ðèñ. 10, á). Ó ð³÷êàõ Ñòóãíà ³ Ëèá³äü öÿ ÷àñò-
êà âèÿâèëàñü ì³í³ìàëüíîþ ÷åðåç ¿õíº ³ñòîòíå çàáðóäíåííÿ òà ïîð³âíÿíî
íåâèñîêèé âì³ñò ÃÐ.

110

Ëèííèê Ï.Ì., Æåæåðÿ Â.À., Ëèííèê Ð.Ï.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(2)

Ðèñ. 9. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Pb(II) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè àí³îííî¿ ôðàêö³¿ (àí³îííèõ
êîìïëåêñ³â) Pb(II), % Pbðîç÷ (á). 1 — Êè¿âñüêå âîäîñõîâèùå, 2006—2010 ðð.; 2 —
Êàí³âñüêå âîäîñõîâèùå, 2006—2010 ðð.; 3 — Êàõîâñüêå âîäîñõîâèùå, ë³òî ³ îñ³íü
1994 ð.; 4 — Ê³ë³éñüêà äåëüòà Äóíàþ, 2009—2010 ðð.; 5 — ð. Òèñà, 2015—2016 ðð.; 6 —
ð. Äåñíà, ñ. Õîòÿí³âêà, 2008—2009 ðð.; 7 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.; 8 — îç. Òåëüá³í,
ì. Êè¿â, 2008—2010, 2017 ðð.; 9 — îç. Âåðáíå, ì. Êè¿â, 2008—2010, 2012, 2017, 2019 ðð.;
10 — îçåðà ñèñòåìè Îïå÷åíü, ì. Êè¿â, 2015 ð.



Äîáðå â³äîìî, ùî âèñîêà ñïîð³äíåí³ñòü Ìî(VI) äî êèñíþ ³ çíàõîä-
æåííÿ éîãî ó ñêëàä³ îêñîàí³îíó MoO4

2− çóìîâëþþòü çíà÷íó ³íåðòí³ñòü
öüîãî ìåòàëó ïðè óòâîðåíí³ êîìïëåêñ³â ç ³íøèìè ë³ãàíäàìè. Îäíàê êîìï-
ëåêñîóòâîðåííÿ ìîë³áäåíó ç îðãàí³÷íèìè ë³ãàíäàìè ïðèðîäíîãî ïîõîä-
æåííÿ â³äáóâàºòüñÿ, ùî ï³äòâåðäæóºòüñÿ ðåçóëüòàòàìè åêñïåðèìåíòàëü-
íèõ ³ íàòóðíèõ äîñë³äæåíü. Ïðî öå éäåòüñÿ ó ðàí³øå îïóáë³êîâàí³é íàìè
ñòàòò³ [34]. Òàêå êîìïëåêñîóòâîðåííÿ â³äáóâàºòüñÿ çà ó÷àñò³ Ìî(V) ï³ñëÿ
â³äíîâëåííÿ MoO4

2− . Îñê³ëüêè Mo(V) ó ïðèðîäíîìó âîäíîìó ñåðåäîâèù³
ìîæå çíàõîäèòèñü ó âèãëÿä³ MoO2

+ , òî ö³ëêîì î÷åâèäíî, ùî ñàìå öÿ ôîð-
ìà ìîë³áäåíó çäàòíà çâ’ÿçóâàòèñü ó êîìïëåêñè ç îðãàí³÷íèìè ë³ãàíäàìè, ó
òîìó ÷èñë³ ç ÃÐ. Äî öüîãî æ ñë³ä âðàõîâóâàòè, ùî ÃÐ, çàâäÿêè ¿õí³ì â³äíîâ-
ëþâàëüíèì âëàñòèâîñòÿì, çäàòí³ äî â³äíîâëåííÿ Mo(VI) äî Mo(V) [30,
31]. Çîêðåìà, çà äîïîìîãîþ ìåòîäà åëåêòðîííîãî ïàðàìàãí³òíîãî ðåçî-
íàíñó áóëî âèÿâëåíî âçàºìîä³þ Ìî(VI) ³ Ìî(V) ç ÃÊ [28]. Ñòàá³ëüíó
àñîö³àö³þ ì³æ ìîë³áäåíîì ³ âîäíèì ãóìóñîì âèÿâëåíî øëÿõîì õðîìàòîã-
ðàô³÷íèõ äîñë³äæåíü ç âèêîðèñòàííÿì éîíîîáì³ííèõ ñìîë XAD ³ öåëþ-
ëîçíîãî àí³îí³òó ÄÅÀÅ [11].

Êàäì³é. Äîñë³äæåííÿ ñï³â³ñíóþ÷èõ ôîðì ðîç÷èííîãî êàäì³þ (Cdðîç÷)
äîâîë³ îáìåæåí³. Âîíè ñòîñóþòüñÿ âîäîñõîâèù Äí³ïðîâñüêîãî êàñêàäó
(1992—1994 ðð.), Äí³ïðîâñüêî-Áóçüêîãî ëèìàíó (1994 ð.), äåÿêèõ ð³÷îê
áàñåéíó Òèñè (2015—2016 ðð.) ³ âîäíèõ îá’ºêò³â ì. Êèºâà (îçåðà ñèñòåìè
Îïå÷åíü, 2015 ð., ð. Ëèá³äü, 2014 ð.). Ðåçóëüòàòè äîñë³äæåíü íàâåäåíî íà
ðèñóíêó 11. Êîíöåíòðàö³ÿ Cdðîç÷ ó äí³ïðîâñüêèõ âîäîñõîâèùàõ ñòàíîâèëà
0,1—10,4 ìêã/äì3 (äèâ. ðèñ. 11, à).
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Ðèñ. 10. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Mo(VI) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè éîãî êîìïëåêñ³â ç ÃÐ, %
Moðîç÷ (á). 1 — ð. Ïðèïÿòü, ñ. Ñâàëîâè÷³, 2012—2013 ðð.; 2 — Êè¿âñüêå âîäîñõîâèùå,
2010 ð.; 3 — Êàí³âñüêå âîäîñõîâèùå, 2006—2013, 2016 ðð.; 4 — Ê³ë³éñüêà äåëüòà Äó-
íàþ, 2012—2013, 2019 ðð.; 5 — ð. Äåñíà, ñ. Õîòÿí³âêà, 2011—2012 ðð.; 6 — ð. Ñòóãíà,
2011—2012 ðð.; 7 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.; 8 — îç. Òåëüá³í, ì. Êè¿â, 2008—2010,
2017 ðð.; 9 — îç. Âåðáíå, ì. Êè¿â, 2008—2010, 2012, 2017—2018 ðð.; 10 — îçåðà ñèñòåìè
Îïå÷åíü, ì. Êè¿â, 2015 ð.; 11 — Ãîð³õóâàòñüêèé ñòàâîê ¹ 5, 2016 ð.



Íàéá³ëüø çàáðóäíåíèì ñïîëóêàìè Cd(II) âèÿâèëîñü íà òîé ÷àñ Äí³ï-
ðîâñüêå âîäîñõîâèùå, ÿêå çíàõîäèòüñÿ ó ïðîìèñëîâîìó ðåã³îí³. Ð³÷êè áà-
ñåéíó Òèñè õàðàêòåðèçóþòüñÿ äîâîë³ íèçüêèì âì³ñòîì Cdðîç÷, ÿêèé íå ïå-
ðåâèùóº 0,6 ìêã/äì3. Öå æ ñòîñóºòüñÿ ³ îçåð ñèñòåìè Îïå÷åíü, â ÿêèõ ìàê-
ñèìàëüíà êîíöåíòðàö³ÿ Cdðîç÷ äîñÿãàº 0,5 ìêã/äì3. Äîâîë³ çàáðóäíåíà êàä-
ì³ºì ð. Ëèá³äü, âì³ñò Cdðîç÷ ó âîä³ ÿêî¿ âàð³þº â ìåæàõ 8,0—29,1 ìêã/äì3 (ó
ñåðåäíüîìó 16,9 ìêã/äì3).

Ó âîäîéìàõ ç ï³äâèùåíèì âì³ñòîì ÃÐ, äî ÿêèõ íàëåæàòü âîäîñõîâèùà
Äí³ïðîâñüêîãî êàñêàäó, ÷àñòêà Cdàí³îí âèÿâèëàñü äîâîë³ âèñîêîþ — â ñå-
ðåäíüîìó 57,6—70,0 % Cdðîç÷ (äèâ. ðèñ. 11, á). Ó âîä³ Äí³ïðîâñüêî-Áóçüêî-
ãî ëèìàíó âîíà çíèçèëàñü äî 30,0 % Cdðîç÷, ùî ïîÿñíþºòüñÿ ï³äâèùåíèì
âì³ñòîì Cl–-éîí³â. Ïðèáëèçíî òàê³ ñàì³ ïîêàçíèêè õàðàêòåðí³ äëÿ ð. Òèñè.
Â îçåðàõ ñèñòåìè Îïå÷åíü ³ ð. Ëèá³äü, ÿê³ çàçíàþòü ïîñò³éíîãî àíòðîïî-
ãåííîãî âïëèâó, ÷àñòêà àí³îííèõ êîìïëåêñ³â Cd(II) âèÿâèëàñü ì³í³ìàëü-
íîþ ³ íå ïåðåâèùóâàëà â ñåðåäíüîìó 2,5—2,8 % Cdðîç÷.

Âàíàä³é. Âì³ñò âàíàä³þ â íåçàáðóäíåíèõ ïîâåðõíåâèõ âîäàõ íå ïåðå-
âèùóº äåê³ëüêîõ ì³êðîãðàì³â â 1 äì3. Ó äîñë³äæóâàíèõ íàìè âîäíèõ îá’ºê-
òàõ êîíöåíòðàö³ÿ ðîç÷èííîãî âàíàä³þ (Vðîç÷) çì³íþâàëàñü ó ìåæàõ 0,4—
9,0 ìêã/äì3, ñêëàäàþ÷è â ñåðåäíüîìó 0,5—5,8 ìêã/äì3 (ðèñ. 12, à).

Çà ðåçóëüòàòàìè íàøèõ äîñë³äæåíü âñòàíîâëåíî, ùî Vðîç÷ ì³ãðóº ïåðå-
âàæíî ó ñêëàä³ êîìïëåêñíèõ ñïîëóê ç ÃÐ. ×àñòêà òàêèõ êîìïëåêñ³â ó âîä³
äîñë³äæóâàíèõ âîäíèõ îá’ºêò³â çì³íþâàëàñü ó ìåæàõ 36,8—67,9 % Vðîç÷

(ðèñ. 12, á).
Íåîáõ³äíî çàçíà÷èòè, ùî çâ’ÿçóâàííÿ âàíàä³þ â êîìïëåêñè ç ÃÐ íå

â³äáóâàºòüñÿ òàêèì æå ÷èíîì, ÿê, íàïðèêëàä, êàò³îí³â ìåòàë³â (Al3+, Fe3+,
Cu2+, Zn2+, Pb2+ òà ³í.), îñê³ëüêè â îêèñíþâàëüíèõ óìîâàõ ïîâåðõíåâèõ
ïðèðîäíèõ âîä â³í ìîæå çíàõîäèòèñü ó âèãëÿä³ îêñîàí³îíó HVO4

2− .
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Ðèñ. 11. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Cd(II) ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè éîãî àí³îííèõ êîìïëåêñ³â
ç ÃÐ, % Cdðîç÷ (á). 1—5 — âîäîñõîâèùà Äí³ïðîâñüêîãî êàñêàäó (Êè¿âñüêå, Êàí³âñüêå,
Êðåìåí÷óöüêå, Äí³ïðîâñüêå ³ Êàõîâñüêå), 1992—1994 ðð.; 6 — Äí³ïðîâñüêî-Áóçüêèé
ëèìàí, 1994 ð.; 7 — ð. Òèñà, 2015—2016 ðð.; 8 — îçåðà ñèñòåìè Îïå÷åíü, ì. Êè¿â,
2015 ð.; 9 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.



Â³ä’ºìíèé çàðÿä â HVO4
2− ³íã³áóº óòâîðåííÿ ñèëüíèõ åëåêòðîñòàòè÷íèõ

çâ’ÿçê³â ç ÃÐ, ÿê³ òàêîæ íåãàòèâíî çàðÿäæåí³ (õî÷à êîâàëåíòí³ õ³ì³÷í³
çâ’ÿçêè ïîòåíö³éíî ìîæëèâ³). Ìåòîäîì åëåêòðîííîãî ïàðàìàãí³òíîãî ðå-
çîíàíñó (ÅÏÐ) áóëî âñòàíîâëåíî, ùî ó ñêëàä³ ôóëüâàòíèõ êîìïëåêñ³â âà-
íàä³é çíàõîäèòüñÿ ó âèãëÿä³ âàíàäèë-éîíó VO2+. Îñê³ëüêè ÃÊ ³ ÔÊ õàðàê-
òåðèçóþòüñÿ â³äíîâëþâàëüíèìè âëàñòèâîñòÿìè [31], òî, ö³ëêîì â³ðîã³ä-
íî, ùî ñïî÷àòêó â³äáóâàºòüñÿ â³äíîâëåííÿ V(V) äî V(IV) ç íàñòóïíèì
çâ’ÿçóâàííÿì VO2+ â êîìïëåêñè çà ó÷àñò³ êàðáîêñèëüíèõ ãðóï ÃÐ [39].

Òèòàí. Íàóêîâèé ³íòåðåñ äî öüîãî õ³ì³÷íîãî åëåìåíòà ïîñò³éíî çðîñ-
òàº, àäæå øèðîêå âèêîðèñòàííÿ íàíî÷àñòèíîê òèòàíó (TiO2) ó ð³çíèõ ñôå-
ðàõ çóìîâëþº íåîáõ³äí³ñòü äîñë³äæåííÿ ¿õíüîãî âïëèâó íà æèâ³ îðãà-
í³çìè. Ç’ÿñîâàíî, ùî âîíè ïðîÿâëÿþòü òîêñè÷íèé âïëèâ íà áàêòåð³¿, âî-
äîðîñò³, áåçõðåáåòíèõ òâàðèí, ðèá, à òàêîæ íà ññàâö³â [23, 50]. Òîêñè÷-
í³ñòü íàíî÷àñòèíîê TiO2 çðîñòàº ç³ çìåíøåííÿì ¿õíüîãî ðîçì³ðó. Íà-
ÿâí³ñòü íàíî÷àñòèíîê TiO2 ó âîä³ ìîæå âïëèâàòè íà ïîãëèíàííÿ ³íøèõ
òîêñèêàíò³â æèâèìè îðãàí³çìàìè. Íàïðèêëàä, çà ¿õíüî¿ ïðèñóòíîñò³ àêó-
ìóëÿö³ÿ Cd(II) êîðîïîì íà 146 % á³ëüøà, í³æ ó êîíòðîë³, äå âîíè áóëè
â³äñóòí³ [58].

Äîñë³äæåííÿ ñï³â³ñíóþ÷èõ ôîðì òèòàíó ó ïîâåðõíåâèõ âîäàõ Óê-
ðà¿íè ïðîâîäèëè ïðîòÿãîì 2012—2015 ðð. ×àñòêà òèòàíó ó ñêëàä³ çàâèñ-
ëèõ ðå÷îâèí (Tiçàâ) ó âîä³ ð³÷îê Óêðà¿íè ñòàíîâèòü 62,3—88,6 % éîãî çàãà-
ëüíîãî âì³ñòó. Êîíöåíòðàö³ÿ ðîç÷èííîãî òèòàíó (Tiðîç÷) ó âîäíèõ îá’ºêòàõ
Óêðà¿íè çì³íþºòüñÿ ó äîâîë³ øèðîêîìó ³íòåðâàë³ âåëè÷èí — â³ä àíà-
ë³òè÷íîãî íóëÿ äî 86,0 ìêã/äì3 (ðèñ. 13, à).

×àñòêà òèòàíó ó ñêëàä³ àí³îííèõ êîìïëåêñíèõ ñïîëóê (Tiàí³îí) òàêîæ
çíàõîäèëàñü ó øèðîêîìó ³íòåðâàë³ âåëè÷èí — 32,3—98,5 % Tiðîç÷ (ðèñ. 13,
á). Ç îòðèìàíèõ ðåçóëüòàò³â äîñë³äæåíü âàæêî çðîáèòè îäíîçíà÷íèé âèñ-
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Ðèñ. 12. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
V(V) ó äåÿêèõ ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè éîãî àí³îííèõ êîìï-
ëåêñ³â ç ÃÐ, % Vðîç÷ (á). 1 — Êàí³âñüêå âîäîñõîâèùå, çàòîêà Îáîëîíü, 2003 ð.; 2 —
Ê³ë³éñüêà äåëüòà ð. Äóíàþ, 2003 ð.; 3 — ð. Ðîñü, ïîáëèçó ì. Á³ëà Öåðêâà, 2003 ð.; 4 —
ð. Ñòóãíà, áëèæ÷å äî ì. Êèºâà, 2003 ð.



íîâîê ùîäî âïëèâó êîíöåíòðàö³¿ ÃÐ íà ÷àñòêó Tiàí³îí, îñê³ëüêè, íà íàøó
äóìêó, äîñë³äæåíî íåäîñòàòíþ ê³ëüê³ñòü âîäíèõ îá’ºêò³â ç ð³çíèì âì³ñòîì
ÃÐ. Íàïðèêëàä, ó Êàí³âñüêîìó âîäîñõîâèù³ âì³ñò ÃÐ çðîñòàº ó âåñíÿ-
íî-ë³òí³é ïåð³îä äî äîâîë³ âèñîêèõ âåëè÷èí 36—53 ìã/äì3 — çà ñåðåäíüî-
ãî ¿õíüîãî âì³ñòó 22 ìã/äì3. Ó ñâîþ ÷åðãó, ÷àñòêà Tiàí³îí òàêîæ çì³íþºòüñÿ â
øèðîêîìó ³íòåðâàë³ âåëè÷èí — â³ä 37,9 äî 89,4 % Tiðîç÷. Ó òàêèõ âîäíèõ
îá’ºêòàõ, ÿê Êèòà¿âñüê³ ñòàâêè (ì. Êè¿â) ³ Äåíèø³âñüêå âîäîñõîâèùå íà
ð. Òåòåðåâ, âèñîê³ âåëè÷èíè â³äíîñíîãî âì³ñòó Tiàí³îí (â³äïîâ³äíî 92,3—
98,5 % ³ 75—89 % Tiðîç÷) ïðîÿâëÿëèñü ïðîòÿãîì óñüîãî ïåð³îäó äîñë³äæåíü,
õî÷à âîíè õàðàêòåðèçóþòüñÿ íåâèñîêèìè ïîêàçíèêàìè êîíöåíòðàö³¿ ÃÐ.
Îòæå, ìîæíà ñòâåðäæóâàòè, ç îäíîãî áîêó, ïðî âàæëèâó ðîëü ÃÐ ó ì³ãðàö³¿
òèòàíó â ðîç÷èíåíîìó ñòàí³, à ç ³íøîãî, ïðî â³äñóòí³ñòü ïîì³òíî¿ çàëåæ-
íîñò³ ì³æ âì³ñòîì ÃÐ ó âîä³ ³ ÷àñòêîþ Tiàí³îí. Ïðîâåäåííÿ äîäàòêîâèõ
äîñë³äæåíü ìîæå ñïðèÿòè âèÿâëåííþ ò³ñí³øîãî âçàºìîçâ’ÿçêó ì³æ öèìè
ïîêàçíèêàìè.

Âèñíîâêè

Ãóìóñîâ³ ðå÷îâèíè — íàéïîøèðåí³øà ãðóïà ïðèðîäíèõ îðãàí³÷íèõ
ðå÷îâèí ïîâåðõíåâèõ âîä, ÿê³ çíà÷íîþ ì³ðîþ âïëèâàþòü íà ñòàí âîäíèõ
îá’ºêò³â ó ö³ëîìó ³ íà ÿê³ñòü âîäè â íèõ. Âàæëèâà ôóíêö³ÿ ãóìóñîâèõ ðå÷î-
âèí — öå ¿õíÿ çäàòí³ñòü äî äåòîêñèêàö³¿ òîêñèêàíò³â ð³çíî¿ õ³ì³÷íî¿ ïðè-
ðîäè, çîêðåìà âàæêèõ ìåòàë³â òà îðãàí³÷íèõ êñåíîá³îòèê³â, çà ðàõóíîê
êîìïëåêñîóòâîðåííÿ òà çâ’ÿçóâàííÿ â àäóêòè.

Ðåçóëüòàòè áàãàòîð³÷íèõ äîñë³äæåíü ãóìóñîâèõ ðå÷îâèí ó ð³çíîòèï-
íèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (ð³÷êè, îçåðà, âîäîñõîâèùà, ìàë³ âîäîéìè
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Ðèñ. 13. Ãðàíè÷í³ (1, 2) òà óñåðåäíåí³ (3) âåëè÷èíè êîíöåíòðàö³¿ ðîç÷èííî¿ ôîðìè
Ti(IV) ó äåÿêèõ ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ Óêðà¿íè (à) ³ ÷àñòêè éîãî àí³îííèõ êîì-
ïëåêñ³â ç ÃÐ, % Tiðîç÷ (á). 1 — ð. Öèð (áàñåéí ð. Ïðèï’ÿò³), 2012—2013 ðð.; 2 —
Êàí³âñüêå âîäîñõîâèùå, 2012—2013 ðð.; 3 — Ê³ë³éñüêà äåëüòà ð. Äóíàþ, 2012 ð.; 4 —
ð. Äåñíà, ñ. Õîòÿí³âêà, 2012 ð.; 5 — Þðï³ëüñüêå âîäîñõîâèùå íà ð. Ã³ðñüêèé Ò³êè÷,
2012 ð.; 6 — Äåíèø³âñüêå âîäîñõîâèùå íà ð. Òåòåðåâ, 2012—2013 ðð.; 7 — îç. Éîð-
äàíñüêå, ì. Êè¿â, 2012 ð.; 8 — îç. Âåðáíå, ì. Êè¿â, 2012 ð.; 9 — Êèòà¿âñüê³ ñòàâêè,
ì. Êè¿â, 2014 ð.; 10 — ð. Ëèá³äü, ì. Êè¿â, 2014 ð.



óðáàí³çîâàíî¿ òåðèòîð³¿ òîùî) ïîêàçàëè, ùî çà ðàõóíîê êîìïëåêñîóòâî-
ðåííÿ ç íèìè á³ëüøà ÷àñòèíà äîñë³äæåíèõ íàìè ìåòàë³â (Al, Fe, Cu, Mn,
Cr, Zn, Pb, Mo, Cd, V, Ti) âèÿâèëàñü ó ñêëàä³ àí³îííèõ êîìïëåêñíèõ ñïî-
ëóê. ×àñòêà òàêèõ êîìïëåêñ³â çàëåæèòü çíà÷íîþ ì³ðîþ â³ä êîíöåíòðàö³¿
ãóìóñîâèõ ðå÷îâèí ó òîìó ÷è ³íøîìó âîäíîìó îá’ºêò³, à òàêîæ â³ä õ³ì³÷-
íèõ âëàñòèâîñòåé ñàìèõ ìåòàë³â. Ó âîäíèõ îá’ºêòàõ ç ï³äâèùåíèì âì³ñòîì
ãóìóñîâèõ ðå÷îâèí çàçíà÷åíà ÷àñòêà íàéá³ëüøà. Äî òàêèõ â³äíîñÿòüñÿ
ð³÷êè áàñåéíó Ïðèï’ÿò³ òà âîäîñõîâèùà Äí³ïðîâñüêîãî êàñêàäó. Ó ð³÷êàõ ³
âîäîéìàõ ç íèçüêèì âì³ñòîì ãóìóñîâèõ ðå÷îâèí âîíà ³ñòîòíî çíèæóºòü-
ñÿ, ÿê öå áóëî âñòàíîâëåíî äëÿ Pb(II) ³ Cd(II) ó âîä³ ð. Òèñè, òà íàáóâàº íàé-
ìåíøèõ çíà÷åíü ó âîäíèõ îá’ºêòàõ óðáàí³çîâàíî¿ òåðèòîð³¿, äî ÿêèõ â³äíî-
ñÿòüñÿ îçåðà ³ ñòàâêè ì. Êèºâà.

Ïåðåâàæíå çâ’ÿçóâàííÿ ìåòàë³â ó êîìïëåêñè ç ãóìóñîâèìè ðå÷îâèíà-
ìè ñë³ä ðîçãëÿäàòè ÿê âàæëèâèé åêîëîã³÷íèé ÷èííèê, îñê³ëüêè öå âïëè-
âàº íà ¿õíþ ì³ãðàö³éíó çäàòí³ñòü ³ ðîçïîä³ë ì³æ ñï³â³ñíóþ÷èìè ôîðìàìè,
á³îäîñòóïí³ñòü ³ òîêñè÷í³ñòü äëÿ ã³äðîá³îíò³â. Ó á³ëüøîñò³ âèïàäê³â, ÿê
ïîêàçóþòü áàãàòî÷èñëåíí³ ðåçóëüòàòè åêñïåðèìåíòàëüíèõ äîñë³äæåíü,
â³äáóâàºòüñÿ çíèæåííÿ êîíöåíòðàö³¿ òàê çâàíèõ «â³ëüíèõ» (ã³äðàòîâàíèõ)
éîí³â ìåòàë³â ÿê íàéá³ëüø òîêñè÷íî¿ ¿õíüî¿ ôðàêö³¿. Âèñîêîìîëåêóëÿðí³
ôðàêö³¿ ãóìóñîâèõ ðå÷îâèí ðîçãëÿäàþòüñÿ ÿê âàæëèâ³ ñîðáåíòè äëÿ ð³ç-
íîìàí³òíèõ òîêñèêàíò³â, ÿê³ çäàòí³ âèâîäèòè ¿õ ç âîäíîãî ñåðåäîâèùà ÷å-
ðåç ñåäèìåíòàö³þ.
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HUMIC SUBSTANCES AS AN IMPORTANT FACTOR IN METALS MIGRATION IN
THE SURFACE WATERS OF UKRAINE

The article summarizes and discusses the results of long-term studies of the role of hu-
mic substances in the binding of a number of metals (Al, Fe, Cu, Mn, Cr, Zn, Pb, Mo, Cd, V,
Ti) in anionic complexes in various water bodies of Ukraine. It has been shown that the
share of complex compounds of these metals increases significantly with the humic subs-
tances concentration. These include, first of all, the rivers of the Pripyat Basin and reservo-
irs of the Dnieper cascade. The relative content of each metal in the water of these water bo-
dies (in % of the total concentration of Mdissolved) reaches on average of Al — 63.3—83.0, Fe
— 58.6—76.4, Cu — 63.0—78.2, Mn — 52.3—60.0, Cr — 44.6—76.5, Zn — 39.8—58.5, Pb
— 55.8—73.4, Mo — 63.4—80.3, Cd — 57.6—70.0, V — � 60.0, Ti — 33.2—62.5. With a
decrease in the concentration of humic substances in water, the share of anionic complexes
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decreases. Its lowest values are characteristic of water bodies in the urbanized areas that are
subject to anthropogenic load and are characterized by a relatively low content of humic
substances. It is emphasized that for some metals, the results of modeling and field studies
of coexisting forms differ significantly. This depends largely on the values of the conditio-
nal stability constants of complexes with humic substances used in the calculations. The
peculiarities of complexation of oxoanions (MoO4

2− andHVO4
2− ) with humic substances are

considered separately.

Keywords: humic substances, metals, complexation, anionic complexes, rivers, reservo-
irs, lakes, water bodies of urbanized territory.
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ÏÀÌ’ßÒ² ÃÀËÈÍÈ ÌÈÊÎËÀ¯ÂÍÈ ÎË²ÉÍÈÊ

²íñòèòóò ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè ç ãëèáîêèì ñóìîì ïîâ³äîìëÿº,
ùî 21 ëþòîãî 2025 ðîêó, íà 89-ìó ðîö³ æèòòÿ, â³ä³éøëà ó â³÷í³ñòü
â³äîìà â÷åíà ó ãàëóç³ ì³êðîá³îëîã³¿ òà ñàí³òàðíî¿ ã³äðîá³îëîã³¿, äîêòîð
á³îëîã³÷íèõ íàóê, ïðîâ³äíèé íàóêîâèé ñï³âðîá³òíèê ²íñòèòóòó ã³äðî-
á³îëîã³¿ ÍÀÍ Óêðà¿íè Ãàëèíà Ìèêîëà¿âíà Îë³éíèê.

Ãàëèíà Ìèêîëà¿âíà íàðîäèëàñü 16 ãðóäíÿ 1936 ðîêó â Êèºâ³. Ï³ä ÷àñ
Äðóãî¿ ñâ³òîâî¿ â³éíè ðàçîì ³ç ñ³ì’ºþ áóëà åâàêóéîâàíà äî Ñàðàòîâà, äå
ðîçïî÷àëà íàâ÷àííÿ â øêîë³. Ó 1954 ðîö³ âñòóïèëà íà á³îëîã³÷íèé ôàêóëü-
òåò Êè¿âñüêîãî äåðæàâíîãî óí³âåðñèòåòó ³ìåí³ Ò. Ã. Øåâ÷åíêà, ÿêèé çàê³í-
÷èëà ç â³äçíàêîþ çà ñïåö³àëüí³ñòþ «ô³ç³îëîã³ÿ ðîñëèí (ì³êðîá³îëîã³ÿ)».

Ï³ñëÿ çàê³í÷åííÿ óí³âåðñèòåòó ïðàöþâàëà òàì ³íæåíåðîì-õ³ì³êîì ó
ëàáîðàòîð³¿ àíòèá³îòèê³â, à ç 1961 ðîêó — ìîëîäøèì íàóêîâèì ñï³â-
ðîá³òíèêîì ²íñòèòóòó ì³êðîá³îëîã³¿ òà â³ðóñîëîã³¿ ÀÍ ÓÐÑÐ. Â 1964 ðîö³
ðîçïî÷àëà íàóêîâó ä³ÿëüí³ñòü â ²íñòèòóò³ ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè, ÿêî-
ìó ïðèñâÿòèëà ïîíàä 40 ðîê³â ñâîãî æèòòÿ.
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Ãàëèíà Ìèêîëà¿âíà îá³éìàëà ð³çí³ ïîñàäè, çîêðåìà áóëà â÷åíèì ñåê-
ðåòàðåì ²íñòèòóòó ã³äðîá³îëîã³¿ (1969—1974), ìîëîäøèì òà ñòàðøèì íàó-
êîâèì ñï³âðîá³òíèêîì ëàáîðàòîð³¿ âîäíî¿ ì³êðîá³îëîã³¿, ïðîâ³äíèì íàó-
êîâèì ñï³âðîá³òíèêîì â³ää³ëó ñàí³òàðíî¿ ã³äðîá³îëîã³¿, à òàêîæ åêîëî-
ã³÷íî¿ ô³ç³îëîã³¿ âîäíèõ òâàðèí. Âîíà â³ä³ãðàëà êëþ÷îâó ðîëü ó äîñë³äæåí-
íÿõ êðóãîîá³ãó îðãàí³÷íèõ ðå÷îâèí ó âîäîéìàõ, ó÷àñò³ ì³êðîîðãàí³çì³â ó
ôîðìóâàíí³ ÿêîñò³ âîäè òà ðîçðîáö³ ì³êðîá³îëîã³÷íèõ êðèòåð³¿â äëÿ ðàí-
íüî¿ ä³àãíîñòèêè åêîëîã³÷íèõ çì³í ó âîäíèõ åêîñèñòåìàõ.

Ó 1970 ðîö³ çàõèñòèëà êàíäèäàòñüêó äèñåðòàö³þ, à â 1985 ðîö³ — äîê-
òîðñüêó. Ç 1997 ïî 2002 ð³ê âèêëàäàëà ó Âàðì³íñüêî-Ìàçóðñüêîìó óí³âåð-
ñèòåò³ (ì. Îëüøòèí, Ïîëüùà), ïåðåäàþ÷è ñâ³é äîñâ³ä ñòóäåíòàì.

Ãàëèíà Ìèêîëà¿âíà º àâòîðîì ³ ñï³âàâòîðîì ïîíàä 130 íàóêîâèõ
ïðàöü, âêëþ÷àþ÷è ôóíäàìåíòàëüí³ ìîíîãðàô³¿, ùî ñòàëè îñíîâîþ äëÿ
ïîäàëüøèõ äîñë³äæåíü ó ã³äðîá³îëîã³¿ òà ì³êðîá³îëîã³¿. Ñåðåä íèõ: «Áàêòå-
ðèîôëîðà êàíàëîâ» (1983); «Ãèäðîáèîëîãèÿ êàíàëîâ Óêðàèíñêîé ÑÑÐ»
(1990); «Ìåòîäè ã³äðîåêîëîã³÷íèõ äîñë³äæåíü ïîâåðõíåâèõ âîä» (2006).

Ãàëèíà Ìèêîëà¿âíà áóëà íå ëèøå â³äîìîþ ó÷åíîþ, à é ëþäèíîþ âåëè-
êî¿ äóø³. ¯¿ ïðèðîäíà äîïèòëèâ³ñòü, âèìîãëèâ³ñòü äî ñåáå é îòî÷óþ÷èõ
ïîºäíóâàëèñü ç äîáðîçè÷ëèâ³ñòþ òà ãîòîâí³ñòþ äîïîìîãòè êîæíîìó, õòî
ïðàãíóâ çíàíü. Âîíà çàâæäè ï³äòðèìóâàëà ìîëîäèõ íàóêîâö³â, íàäèõàþ÷è
¿õ íà íîâ³ â³äêðèòòÿ òà äîñë³äæåííÿ. Ï³ä ¿¿ êåð³âíèöòâîì ï³äãîòîâëåíî ÷î-
òèðè êàíäèäàòñüêèõ òà îäíó äîêòîðñüêó äèñåðòàö³þ.

Ñâ³òëà ïàì’ÿòü ïðî Ãàëèíó Ìèêîëà¿âíó Îë³éíèê æèòèìå íå ëèøå ó
íàóêîâèõ ïðàöÿõ ³ â³äêðèòòÿõ, à é ñåðöÿõ óñ³õ, õòî ¿¿ çíàâ òà ìàâ ÷åñòü ³ç
íåþ ïðàöþâàòè. ¯¿ ìóäð³ñòü, â³ääàí³ñòü ñïðàâ³, çíàííÿ òà íåâòîìíà ïðàöÿ
çàëèøèëè ñë³ä ó ðîçâèòêó íàóêè, à ¿¿ äîáðîòà é ëþäÿí³ñòü — ó äóøàõ ó÷í³â
³ êîëåã.
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