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ÏÎÍÒÎ-ÊÀÑÏ²ÉÑÜÊÀ ÏÎË²ÕÅÒÀ HYPANIA
INVALIDA (GRUBE, 1860) (POLYCHAETA,

AMPHARETIDAE) Ó ÂÍÓÒÐ²ØÍ²Õ ÂÎÄÀÕ ªÂÐÎÏÈ:
ÑÓ×ÀÑÍÅ ÏÎØÈÐÅÍÍß ÒÀ Ã²ÏÎÒÅÇÀ

ÏÀËÅÎÐÅÔÓÃ²ÓÌ²Â1

Ðîçãëÿíóòî ñòàí äîñë³äæåíü ðîçïîâñþäæåííÿ ³íâàçèâíîãî ñîëîíóâàòîâîäíîãî
ïîíòî-êàñï³éñüêîãî âèäó ïîë³õåòè Hypania invalida (Grube,1860) ó âîäíèõ îá’ºêòàõ
ªâðîïè. Ó íàòèâíîìó (³ñòîðè÷íîìó) àðåàë³, ùî îõîïëþº ïîíèççÿ ð³÷îê Äóíàþ, Äí³ïðà
òà Âîëãè, ïîïóëÿö³¿ ö³º¿ ïîë³õåòè â³äîì³ ç ã³äðîá³îëîã³÷íèõ äîñë³äæåíü ê³íöÿ Õ²Õ —
ïî÷àòêó ÕÕ ñò. Îñíîâí³ á³îòîïè ¿¿ ëîêàë³çàö³¿ — â³äêëàäåííÿ ñ³ðîãî ìóëó, çàìóëåíîãî
ï³ñêó, ìóëó ç äîì³øêàìè ÷åðåïàøîê ìîëþñê³â. Ï³ñëÿ ñòâîðåííÿ íà Äí³ïð³ òà Âîëç³ êà-
ñêàä³â âîäîñõîâèù íà òë³ ï³äâèùåííÿ ì³íåðàë³çàö³¿ âîäíèõ ìàñ áóëî â³äì³÷åíî ó
1970—1980-õ ðð. ðîçïîâñþäæåííÿ H. invalida â³ä ïîíèççÿ íà ñåðåäí³ ä³ëÿíêè öèõ ð³÷îê.

Ó ñåðåäí³é òà âåðõí³é ÷àñòèíàõ Äóíàþ ïîñåëåííÿ H. invalida áóëè â³äîì³ ç 1930-õ
ðîê³â.

Ó ñòàòò³ àíàë³çóþòüñÿ äàí³ çíàõ³äîê ïîïóëÿö³é H. invalida ó áàãàòüîõ ð³÷êàõ
òà êàíàëàõ Öåíòðàëüíî¿ òà Çàõ³äíî¿ ªâðîïè, îñîáëèâî ÷èñëåíí³ —ç ïóáë³êàö³é ïî-
÷àòêó ÕÕ² ñò. Á³ëüø³ñòü íàóêîâö³â ââàæàþòü, ùî ðîçïîâñþäæåííþ ïîë³õåòè ñïðèÿº
àêòèâíà ëîã³ñòèêà ïî âîäí³é ìåðåæ³ ðåã³îíó.

Ðîçãëÿäàºòüñÿ ã³ïîòåçà ïðî ðîçñåëåííÿ H. invalida ïî âíóòð³øí³õ âîäàõ Öåíòðà-
ëüíî¿ òà Çàõ³äíî¿ ªâðîïè ç ðåë³êòîâèõ îñåðåäê³â ó âåðõ³â’¿ Ïðà-Äóíàþ, ùî óòâîðèëèñÿ
íàïðèê³íö³ åïîõè ãîëîöåíó 11—13 òèñ. ðîê³â òîìó ï³ñëÿ çíà÷íîãî ï³äâèùåííÿ ñîëî-
íîñò³ âîä Ïîíòè÷íîãî (Äàâíüî÷îðíîìîðñüêîãî) áàñåéíó ³ ì³ãðàö³¿ îë³ãî- òà ìåçî-
ãàë³ííèõ âèä³â áåçõðåáåòíèõ äî âåðõ³â’ÿ ð³÷êè.

Êëþ÷îâ³ ñëîâà: Hypania invalida, ³íâàç³ÿ, ð³÷êè òà êàíàëè ªâðîïè, ìåõàí³çìè
ðîçïîâñþäæåííÿ, ³ñòîð³ÿ ã³äðîãðàô³¿ ªâðîïè.

3

Ö è ò ó â à í í ÿ: Ïë³ã³í Þ.Â., Æåëåçíÿê Í.². Ïîíòî-Êàñï³éñüêà ïîë³õåòà Hypania
invalida (Grube, 1860) (Polychaeta, Ampharetidae) ó âíóòð³øí³õ âîäàõ ªâðîïè: ñó÷àñíå
ïîøèðåííÿ òà ã³ïîòåçà ïàëåîðåôóã³óì³â. Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 4. Ñ. 3—24.

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(4)

ÇÀÃÀËÜÍÀ Ã²ÄÐÎÁ²ÎËÎÃ²ß

1Ðîáîòó âèêîíàíî çà ðàõóíîê áþäæåòíî¿ ïðîãðàìè «Ï³äòðèìêà ðîçâèòêó ïð³îðè-
òåòíèõ íàïðÿì³â íàóêîâèõ äîñë³äæåíü (ÊÏÊÂÊ 6541230)».



Ìåòîþ ï³äãîòîâêè ñòàòò³ áóâ íàì³ð ç³áðàòè, ïðîàíàë³çóâàòè òà óçàãà-
ëüíèòè ìàòåð³àëè âëàñíèõ äîñë³äæåíü òà íàóêîâèõ ïóáë³êàö³é, ùî ç’ÿâè-
ëèñÿ ó çíà÷í³é ê³ëüêîñò³, îñîáëèâî íà ïî÷àòêó 2000-õ ðîê³â, ç ³íôîðìàö³ºþ
ïðî çíàõ³äêè Hypania invalida (Grube,1860) ó áàãàòüîõ âîäíèõ îá’ºêòàõ
ªâðîïè íà âåëè÷åçíèõ ïðîñòîðàõ — â³ä âåðõí³õ âîäîñõîâèù Âîëãè íà
ñõîä³ äî ð³÷îê Òåìçà, Ðîíà òà Ñåíà íà çàõîä³ âïðîäîâæ äóæå ñòèñëèõ
ñòðîê³â — 20—30 ðîê³â. Âèêëàäåíî äåÿê³ ïðèïóùåííÿ ùîäî ïîòåíö³éíèõ
ñïîñîá³â (ìåõàí³çì³â) ðîçïîâñþäæåííÿ ïîë³õåòè. Íàâåäåíî ã³ïîòåçó ïðî
ìîæëèâîñò³ ¿¿ ðîçïîâñþäæåííÿ, ïîâ’ÿçàí³ ³ç ñó÷àñíèìè òà ³ñòîðè÷íèìè
àñïåêòàìè ëîêàë³çàö³¿ ïîïóëÿö³é ïîë³õåòè, à òàêîæ åêîëîã³÷íèìè òà á³î-
ëîã³÷íèìè õàðàêòåðèñòèêàìè âèäó.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ñòàòòÿ áàçóºòüñÿ íà ìàòåð³àëàõ âëàñíèõ ðåãóëÿðíèõ äîñë³äæåíü ìàê-
ðîçîîáåíòîñó á³ëüøîñò³ âîäîñõîâèù Äí³ïðà ç 1971 äî 1994 ð. ³ â îáìåæå-
íîìó îá’ºì³ — äî 2020 ð. Çá³ð ïðîá òà ¿õíþ îáðîáêó ïðîâîäèëè çà â³ä-
ïîâ³äíèìè ìåòîäèêàìè [32]. Âèêîðèñòîâóâàëè äíî÷åðïàêè Ïåòåðñåíà òà
ÑÄ×-100, à òàêîæ äðàãó ç ïðîòÿãóâàííÿì ç áîðòó ìîòîðíîãî ÷îâíà àáî åê-
ñïåäèö³éíîãî ñóäíà íà â³äñòàíü 10 ì ³ç íàñòóïíèì ïåðåðàõóâàííÿì ê³ëü-
êîñò³ îðãàí³çì³â íà 1 ì2. Îñîáèíè H. invalida âèì³ðþâàëè ç òî÷í³ñòþ äî
0,5 ìì ³ çâàæóâàëè íà âàãàõ ç òî÷í³ñòþ äî 1,0 ìã. Ï³äðàõîâóâàëè ê³ëüê³ñòü
ÿºöü ó ãîíàäàõ ñòàòåâîçð³ëèõ îñîáèí.

Ó ñòàòò³ àíàë³çóþòüñÿ äàí³ ÷èñëåííèõ ïóáë³êàö³¿, ùî ì³ñòÿòü ³íôîð-
ìàö³þ ùîäî çíàõîäæåííÿ ïîñåëåíü H. invalida ó âîäíèõ îá’ºêòàõ ªâðîïè.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ïîë³õåòà H. invalida ïîðÿä ç äåÿêèìè âèäàìè âèùèõ ðàêîïîä³áíèõ òà
ìîëþñê³â íàëåæèòü äî ãðóïè áåçõðåáåòíèõ ïîíòî-êàñï³éñüêîãî ôàóí³ñ-
òè÷íîãî êîìïëåêñó, ³ñòîðè÷íèì (íàòèâíèì) àðåàëîì ÿêèõ º Äóíàéñü-
êî-Äîíñüêà òà Âîëãî-Óðàëüñüêà ïðîâ³íö³¿ Ïîíòî-Êàñï³éñüêî¿ ñîëîíóâà-
òîâîäíî¿ îáëàñò³ [33, 46, 48]. Á³ëüø³ñòü öèõ îðãàí³çì³â, çîêðåìà H. invali-
da, çà äàíèìè ã³äðîá³îëîã³÷íèõ äîñë³äæåíü íà ìåæ³ Õ²Õ òà ÕÕ ñò., ðåºñòðó-
âàëè ó ïîíèççÿõ ð³÷îê ×îðíîãî, Àçîâñüêîãî òà Êàñï³éñüêîãî ìîð³â, çîêðå-
ìà Äóíàþ, Äí³ñòðà, Äí³ïðà òà Âîëãè [5, 6, 14, 26, 40]. Òàêó ëîêàë³çàö³þ ïî-
ïóëÿö³é ïîë³õåòè ó íàòèâíîìó àðåàë³ ³ç ñîëîí³ñòþ âîäíèõ ìàñ 0,2—10,0 ‰
áóëî ï³äòâåðäæåíî ïîäàëüøèìè äîñë³äæåííÿìè ïåðåä ïî÷àòêîì øèðî-
êîìàñøòàáíèõ ã³äðîòåõí³÷íèõ ðîá³ò ïî ñòâîðåííþ âîäîñõîâèù ³ç ñåðåäè-
íè ÕÕ ñò. ó áàñåéíàõ òàêèõ ð³÷îê Ïîíòî-Êàñï³éñüêîãî ðåã³îíó, ÿê Äí³ïðî,
Âîëãà ³ Äîí [18, 21, 25, 29—31, 39]. Îïòèìàëüí³ óìîâè ð³âíÿ ñîëîíîñò³ äëÿ
ðîçâèòêó H. invalida ñòàíîâëÿòü 0,3—5,0 ‰ [34]. Òîìó ââàæàºìî íåêîðåê-
òíèì â³äíîñèòè öþ ïîë³õåòó äî ïð³ñíîâîäíèõ îðãàí³çì³â, íàòîì³ñòü ïîò-
ð³áíî íàäàâàòè ¿é ñòàòóñ ñîëîíóâàòîâîäíèõ àáî åâðèãàë³ííèõ ã³äðîá³îí-
ò³â.

Áàñåéí ð. Äí³ïðî. Íà Äí³ïð³ óïðîäîâæ 40 ðîê³â (1932—1972 ðð.) áóëî
ñòâîðåíî ø³ñòü âåëèêèõ âîäîñõîâèù ç ìåòîþ âèðîáëåííÿ åëåêòðîåíåðã³¿,
ñòàá³ëüíî¿ ëîã³ñòèêè, ë³êâ³äàö³¿ ï³ê³â âîäîï³ëëÿ, ñòàëîãî çàáåçïå÷åííÿ âî-
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äîþ ïðîìèñëîâîñò³ òà ñ³ëüñüêîãî ãîñïîäàðñòâà, ïèòíèõ ïîòðåá, ðîçâèòêó
ïðîìèñëîâîãî ðèáíèöòâà, ðåêðåàö³¿ [44]. Äëÿ ôîðìóâàííÿ âèñîêîïðîäóê-
òèâíî¿ êîðìîâî¿ áàçè ðèá ó âîäîñõîâèùà ç ïîíèççÿ Äí³ïðà ïðîâîäèëèñü
³íòðîäóêö³¿ áàãàòüîõ âèä³â ïîíòî-êàñï³éñüêèõ (ÏÊ) áåçõðåáåòíèõ, ÿê³ çà
åêîëîã³÷íèì ñïåêòðîì â³äïîâ³äàëè õàðàêòåðèñòèêàì óìîâ, ùî ôîðìóâà-
ëèñü ó íîâîñòâîðåíèõ âîäîéìàõ, çîêðåìà ï³äâèùåííþ ì³íåðàë³çàö³¿ âî-
äíèõ ìàñ, çíèæåííþ êîëüîðîâîñò³, óïîâ³ëüíåííþ òå÷³¿ [9, 11, 22]. Á³ëü-
ø³ñòü ³íòðîäóêö³é ïðåäñòàâíèê³â Mysidae òà Gammaridae çàâåðøèëèñü
¿õíüîþ óñï³øíîþ àêë³ìàòèçàö³ºþ, ³ âîíè óâ³éøëè äî ðàö³îíó ïðîìèñëî-
âèõ ðèá [50, 84].

×åðåç 10—15 ðîê³â ï³ñëÿ ³íòðîäóêö³é ó âîäîñõîâèùàõ ïî÷àëè ç’ÿâëÿ-
òèñÿ ÏÊ áåçõðåáåòí³, ÿê³ ìîãëè ïîòðàïèòè ó íåâåëèê³é ê³ëüêîñò³ ðàçîì ³ç
ìàñîþ «îô³ö³éíèõ» ³íòðîäóöåíò³â, à òàêîæ ò³, ùî ðîçñåëÿþòüñÿ ñïîíòàí-
íî (ñòèõ³éíî) ó ïðîöåñ³ ì³ãðàö³é íà íîâ³ á³îòîïè, ñåðåä ³íøîãî ³ íåçàñåëåí³
àáîðèãåííèìè îðãàí³çìàìè, éìîâ³ðíî, ó ñêëàä³ îáðîñòàíü êîðïóñ³â ñóäåí,
³ç áàëàñòíèìè âîäàìè [36, 47, 82, 83]. Äî òàêèõ îðãàí³çì³â íàëåæèòü ³ H. in-
valida, ÿêà í³êîëè íå áóëà ö³ëåñïðÿìîâàíî ³íòðîäóêîâàíîþ çà ìåæ³ íàòèâ-
íîãî àðåàëó.

Òàêå ðîçïîâñþäæåííÿ H. invalida ñë³ä îö³íþâàòè ÿê ³íâàç³þ — ïðî-
íèêíåííÿ ïåâíîãî âèäó îðãàí³çìó çà ìåæ³ éîãî ìåøêàííÿ àáî ³ñòîðè÷íî-
ãî àðåàëó áåç ñâ³äîìî¿ ó÷àñò³ ëþäèíè. Öå ôîðìóëþâàííÿ ñóòíîñò³ ÿâèùà
³íâàç³¿, íà íàøó äóìêó, ÿê íàéá³ëüø âäàëå, ìè îáðàëè ç ÷èñëåííèõ, ³íêîëè
êîíòðàâåðñ³éíèõ âàð³àíò³â, íàâåäåíèõ ó ôóíäàìåíòàëüí³é ïðàö³ [8] òà äå-
ÿêèõ ³íøèõ ïóáë³êàö³ÿõ [19, 67].

Ñë³ä íàãàäàòè, ùî H. invalida áóëî îïèñàíî äîñë³äíèêîì ê³ëü÷àñòèõ
÷åðâ³â À.Å. Ãðóáå, ÿê³é äàâ âèäó äóæå âäàëó íàçâó, ùî â³äîáðàæàº ðå-
ã³îíàëüí³, ìîðôîëîã³÷í³ òà ïîâåä³íêîâ³ îçíàêè. Hypanis — äàâíüîãðåöüêà
íàçâà ð. Ï³âäåííèé Áóã, invalida — ó ïåðåêëàä³ ç ëàòèíñüêî¿ ìîâè îçíà÷àº
«íåñèëüíà» àáî «ñëàáêà». Òîáòî âèäîâó ÷àñòèíó ö³º¿ íàçâè, íàïåâíå, ìîæ-
íà òàêîæ òðàêòóâàòè ÿê ìàëîðóõëèâà. Ä³éñíî, ìåøêàþ÷è ó ù³ëüíèõ òðóá-
êàõ, ñôîðìîâàíèõ ìóëîâèìè, ð³äøå — ï³ùàíèìè ÷àñòêàìè, ñêð³ïëåíèìè
ñëèçîâèì ñåêðåòîì, ³ ðîçòàøîâàíèõ ó ïîâåðõíåâèõ øàðàõ äîííèõ â³ä-
êëàä³â àáî ó äðóçàõ äðåéñåí, îñîáèíè H. invalida ëèøå ÷àñòêîâî âèõîäÿòü
³ç òðóáîê äëÿ çáîðó äåòðèòó ç äîì³øêàìè ì³êðîô³òî- òà ì³êðîçîîáåíòîñó ç
âèêîðèñòàííÿì ÷èñëåííèõ ùóïàëåöü [53].

Âïåðøå ÿê ³íâàéäåðà ó Öåíòðàëüíîìó ªâðîïåéñüêîìó (Äí³ïðîâñüêî-
ìó) ³íâàç³éíîìó êîðèäîð³ (Öª²Ê) H. invalida áóëî çíàéäåíî âë³òêó 1977 ð.
ó ïðèãðåáëåâ³é ÷àñòèí³ Êè¿âñüêîãî âîäîñõîâèùà — âåðõíüîãî ó Äí³ïðî-
âñüêîìó êàñêàä³ (òàáëèöÿ). Íà ãëèáîêîâîäí³é àêâàòîð³¿ íèæíüî¿ ÷àñòèíè
Êðåìåí÷óöüêîãî âîäîñõîâèùà ïîïóëÿö³þ ö³º¿ ïîë³õåòè ç ÷èñåëüí³ñòþ
230 åêç/ì2 çàðåºñòðîâàíî ó 1980 ð., òîáòî ò³ëüêè ÷åðåç 14 ðîê³â ï³ñëÿ ³íòðî-
äóêö³¿ â öþ âîäîéìó ç ïîíèççÿ Äí³ïðà òà Êàõîâñüêîãî âîäîñõîâèùà äåÿ-
êèõ âèä³â ãàìàðèä, ì³çèä òà ìîëþñêà Hypanis colorata (Eichwald). Îñê³ëüêè
³íòðîäóêö³éíèé ìàòåð³àë â³äáèðàëè ó âîäîéìàõ-äîíîðàõ ç âèêîðèñòàí-
íÿì òðàë³â òà äðàã [49], òî ðàçîì ³ç öèìè îðãàí³çìàìè íåìèíó÷å ïîòðàïè-
ëè ó ïåâí³é ê³ëüêîñò³ é îñîáèíè H. invalida. Íàÿâí³ñòü ó ³íòðîäóêö³éíîìó
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ìàòåð³àë³ íåçíà÷íî¿ ê³ëüêîñò³ ïîë³õåò ³ îáóìîâèëà äîñòàòíüî òðèâàëèé
òåðì³í ôîðìóâàííÿ ïîïóëÿö³é öüîãî ã³äðîá³îíòà. Êð³ì òîãî, ì³íåðàë³çà-
ö³ÿ âîäè Êðåìåí÷óöüêîãî âîäîñõîâèùà º â 1,5—2,0 ðàçè íèæ÷îþ, í³æ ó
âîäîéìàõ-äîíîðàõ [9, 22]. Ó âåðõí³é ÷àñòèí³ Êðåìåí÷óöüêîãî âîäîñõîâè-
ùà H. invalida áóëî çíàéäåíî ï³ä ÷àñ åêñïåäèö³éíèõ äîñë³äæåíü òàêîæ ó
1980 ð. ó ìóëèñòèõ â³äêëàäåííÿõ ãëèáîêîâîäíî¿ çàòîêè, ùî ñôîðìóâàëèñÿ
ï³ñëÿ ´ðóíòîíàìèâíèõ ðîá³ò (äàìï³íãó) ç³ ñòâîðåííÿ äàìáè ó ðóñë³ ïðèòî-
êè Äí³ïðà ð. Â³ëüøàíêè ç âèêîðèñòàííÿì çåìñíàðÿäó-ðåôóëåðó.

Ó 1983 ð. H. invalida áóëî âèÿâëåíî â ãëèáîêîâîäí³é çîí³ íèæíüî¿ ÷àñ-
òèíè Êàí³âñüêîãî âîäîñõîâèùà — îñòàííüîãî çà ñòðîêàìè ñòâîðåííÿ
(1975—1976 ðð.) ó Äí³ïðîâñüêîìó êàñêàä³. Íà âåëèê³é çà ïëîùåþ øòó÷í³é
ãëèáîêîâîäí³é (8—12 ì) àêâàòîð³¿ âîäîñõîâèùà, ÿêà óòâîðèëàñÿ âíàñ-
ë³äîê áàãàòîð³÷íîãî âèäîáóâàííÿ ï³ñêó, çíà÷íî ï³çí³øå, ó 1996 ð. áóëî
çàô³êñîâàíî ìàñîâèé ðîçâèòîê ïîïóëÿö³¿ H. invalida (3,5—5,4 òèñ. åêç/ì2,
13,25—21,65 ã/ì2) íà á³îòîïàõ ç â³äêëàäåííÿìè ñ³ðîãî (îêèñëåíîãî) ìóëó,
äå öåé âèä áóâ äîì³íóþ÷èì ó á³îöåíîç³.

Çà ã³äðîá³îëîã³÷íèìè äîñë³äæåííÿìè âïðîäîâæ 1986—1989 ðð. ï³ñëÿ
àâàð³¿ íà ×îðíîáèëüñüê³é ÀÅÑ, íà ä³ëÿíö³ ð. Ïðèï’ÿò³ â³ä ì. ×îðíîáèëÿ äî
çîíè ¿¿ âïàä³ííÿ â Êè¿âñüêå âîäîñõîâèùå H. invalida ó ñêëàä³ ìàêðîçîî-
áåíòîñó íå áóëî âèÿâëåíî [43]. Ïðîòå º ³íôîðìàö³ÿ ïðî çíàõ³äêó ö³º¿
ïîë³õåòè â 1999 ð. ó íåâåëèê³é ð³÷ö³ Ìóõàâåöü — ïðèòîö³ ð. Çàõ³äíèé Áóã
[92], ÿêà ÿâëÿº ñîáîþ åëåìåíò Äí³ïðîâñüêî-Áóçüêîãî êàíàëó, ÿêèé äî
1940-õ ðîê³â ïîºäíóâàâ áàñåéíè Äí³ïðà ³ Â³ñëè, à òåïåð ïåðåêðèòèé ãëó-
õîþ äàìáîþ [17, 72]. Öþ çíàõ³äêó ìîæíà â³äíåñòè äî êàòåãîð³¿ «çàãàäêî-
âèõ», àäæå â ìåæàõ Á³ëîðóñ³, çà ìàòåð³àëàìè ã³äðîá³îëîã³÷íèõ äîñë³äæåíü,
íàäàë³ â Ïðèï’ÿò³, äåÿêèõ ïðèòîêàõ òà Äí³ïðîâñüêî-Áóçüêîìó êàíàë³
H. invalida íå áóëî çíàéäåíî [35, 45, 89].

Âèùå ïî Äí³ïðó, çîêðåìà ó ãèðëîâ³é çîí³ éîãî ïðèòîêè ð. Áåðåçèíè —
ïî÷àòêîâî¿ ä³ëÿíêè Áåðåçèíñüêî¿ âîäíî¿ ñèñòåìè [7], ÿêà ïîâ’ÿçóâàëà
Äí³ïðî ç áàñåéíîì Áàëò³éñüêîãî ìîðÿ âïðîäîâæ X²X ñò., çà äàíèìè âëàñ-
íèõ äîñë³äæåíü 1988—1989 ðð., ïîñåëåíü H. invalida òàêîæ íå áóëî âèÿâ-
ëåíî.

Ó ãèðëîâ³é çîí³ ð. Ïðèï’ÿò³ öþ ïîë³õåòó íàìè áóëî âïåðøå çíàéäåíî â
ñåðïí³ 1992 ð. ó ðàéîí³ ñ. Îòàø³â (51o11'59'' N; 30o23'07'' Å) ³ âîäíî÷àñ ó
Äí³ïð³ â ðàéîí³ ñ. Íèæí³ Æàðè (51o17'40'' N; 30o34'21'' Å).

Çà äàíèìè, îòðèìàíèìè ó ÷åðâí³ 1990 ð.1, íàéâèùîþ òî÷êîþ ðîçïîâ-
ñþäæåííÿ H. invalida ó Âåðõíüîìó Äí³ïð³ º øòó÷íà ãëèáîêîâîäíà çàòîêà
á³ëÿ ì. Ñëàâóòè÷à, ñòâîðåíà ç âèêîðèñòàííÿì çåìñíàðÿä³â-ðåôóëåð³â
(51o31'10'' N; 30o44'03'' E). Ïîë³õåòè çíàéäåíî íà ãëèáèí³ 5,6 ì íà á³îòîï³ çà-
ìóëåíîãî ï³ñêó. Òàêîæ ó ÷åðâí³ 1992 ð. ïîïóëÿö³þ H. invalida áóëî çíàéäå-
íî ó ò³é ñàì³é çàòîö³ íà á³îòîï³ ñ³ðîãî (îêèñëåíîãî) ìóëó íà ãëèáèí³ 12,0 ì
ç ÷èñåëüí³ñòþ òà á³îìàñîþ â³äïîâ³äíî 2500 åêç/ì2 òà 6,25 ã/ì2.

Ó âîäîñõîâèùàõ Äí³ïðà ìàêñèìàëüíå òðàïëÿííÿ H. invalida â³äì³÷å-
íî íà á³îòîïàõ çàìóëåíîãî ï³ñêó (37—47 %) òà ñ³ðîãî (îêèñëåíîãî) ìóëó ç
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1 Ó ñòàòò³ [85] ïîìèëêîâî âêàçàíî äàòó 1985 ð.
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Òàáëèöÿ
Äàòè òà ðàéîíè ïåðøèõ çíàõ³äîê H. invalida ó âîäíèõ îá’ºêòàõ ªâðîïè

Ðîêè Âîäí³ îá’ºêòè
Äæåðåëà

³íôîðìàö³¿

Áàñåéí ð. Äí³ïðî

1895—1897 Ïîíèççÿ Äí³ïðà (íàòèâíèé àðåàë), Äí³ïðîâñüêèé
ëèìàí

[26, 40, 46]

1923 Çîíà ìàéáóòíüîãî Êàõîâñüêîãî âîäîñõîâèùà (íà-
òèâíèé àðåàë)

[29]

1949 Äí³ïðîâñüêå (Çàïîð³çüêå) âîäîñõîâèùå [20]

1977 Êàì’ÿíñüêå (Äí³ïðîäçåðæèíñüêå) âîäîñõîâèùå [41]

1980 Êðåìåí÷óöüêå âîäîñõîâèùå [41]

1983 Êàí³âñüêå âîäîñõîâèùå [41]

1977 Êè¿âñüêå âîäîñõîâèùå [23]

1990 Âåðõí³é Äí³ïðî íåîïóáë³êî-
âàí³ äàí³

1992 ð. Ïðèï’ÿòü íåîïóáë³êî-
âàí³ äàí³

Áàñåéí ð. Âîëãà

ïî÷àòîê ÕÕ ñò. Ïîíèççÿ Âîëãè (íàòèâíèé àðåàë) [6, 14]

1960 Âîëãîãðàäñüêå âîäîñõîâèùå (íàòèâíèé àðåàë ?) [24]

1977 Ñàðàòîâñüêå âîäîñõîâèùå [16]

1977* Êóéáèøåâñüêå âîäîñõîâèùå [16]

1991 ×åáîêñàðñüêå âîäîñõîâèùå [4]

1995 Ãîðüê³âñüêå âîäîñõîâèùå [4]

1994 Ðèá³íñüêå âîäîñõîâèùå [4]

1997 Óãëèöüêå âîäîñõîâèùå [4]

1992 ²âàíüê³âñüêå âîäîñõîâèùå [4]

Áàñåéí ð. Äóíàé

1896 Äåëüòà Äóíàþ (óêðà¿íñüêèé ñåêòîð) [40]

1930-³ ðîêè Äåëüòà Äóíàþ (ðóìóíñüêèé ñåêòîð) [80]

1940-³ ðîêè Íèæí³é Äóíàé (ðóìóíñüêèé ñåêòîð) [58]

1960-³ ðîêè Íèæí³é Äóíàé (áîëãàðñüêèé ñåêòîð) [87]

1971 Ñåðåäí³é Äóíàé (ñåðáñüêèé ñåêòîð) [101]

2018 Ñåðåäí³é Äóíàé (õîðâàòñüêèé ñåêòîð) [97]

1967 Âåðõí³é Äóíàé (í³ìåöüêèé ñåêòîð) [74]

1961 Âåðõí³é Äóíàé (àâñòð³éñüêèé ñåêòîð) [98]



äîì³øêîþ ÷åðåïàøîê â³äìåðëèõ äðåéñåí (22—32 %), ì³í³ìàëüíå — íà
á³îòîïàõ ÷îðíîãî ìóëó òà ÷èñòîãî ï³ñêó (0—8 %). Õàðàêòåðíî, ùî ó «ìîëî-
äèõ» Êè¿âñüêîìó òà Êàí³âñüêîìó âîäîñõîâèùàõ òðàïëÿííÿ çà 10-ð³÷íèé
ïåð³îä (1985—1994 ðð.) ³ñòîòíî çðîñëî (ç 19 äî 34 % òà ç 38 äî 68 %), òîä³ ÿê
ó «ñòàðèõ» Êðåìåí÷óöüêîìó ³ Êàõîâñüêîìó âîäîñõîâèùàõ — äåùî çíèçè-
ëîñü. Ïîñåëåííÿ ïîë³õåòè çàçâè÷àé ôîðìóþòüñÿ ïîçà çîíîþ ðîçâèòêó âè-
ùèõ âîäíèõ ðîñëèí ïåðåâàæíî â ä³àïàçîí³ ãëèáèí 4—8 ì. Á³ëüø³ñòü äí³ï-
ðîâñüêèõ âîäîñõîâèù â³äíîñÿòüñÿ äî øòó÷íèõ âîäîéì îçåðíî-ð³÷êîâîãî
òèïó ç ñåðåäíüîþ øâèäê³ñòþ òå÷³¿ 0,2—0 5 ì/ñ. Íà âåðõí³õ ä³ëÿíêàõ âîäî-
ñõîâèù, äå øâèäê³ñòü òå÷³¿ ìîæå äîñÿãàòè 0,8—1,2 ì/ñ ³ äîíí³ â³äêëàäè
ñôîðìîâàí³ ÷èñòèì ï³ñêîì, ïîë³õåòà òðàïëÿºòüñÿ ïîîäèíîêî. H. invalida º
ïîñò³éíèì êîìïîíåíòîì äðóç Dreissena polymorpha (Pallas) òà D. bugensis
(Andrusov) ðàçîì ³ç ÏÊ ðàêîïîä³áíèìè. Ñåðåäíÿ ÷èñåëüí³ñòü ïî âîäîñõî-
âèùàõ Äí³ïðà çà ïåð³îä 1985—1994 ðð. ñòàíîâèëà 107—458 åêç/ì2, á³îìàñà
— 0,46—2,50 ã/ì2. Íà á³îòîïàõ ãëèíèñòîãî ìóëó ç äîì³øêàìè ÷åðåïàøîê
äðåéñåí ö³ ïîêàçíèêè ìîæóòü çðîñòàòè äî 2000—3000 åêç/ì2 ³ 25,00—
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Ðîêè Âîäí³ îá’ºêòè
Äæåðåëà

³íôîðìàö³¿

2014 Âåðõí³é Äóíàé (÷åñüêèé ñåêòîð) [91]

Áàñåéíè äåÿêèõ ð³÷îê Öåíòðàëüíî¿ òà Çàõ³äíî¿ ªâðîïè

1999 ð. Ìóõàâåöü (ïðèòîêà ð. Â³ñëè 3-ãî ïîðÿäêó ÷åðåç
ð³÷êè Íàðåâ ³ Çàõ³äíèé Áóã)

[92]

2010 ð. Îäåð (Ùåöèíñüêà ëàãóíà) [99]

2021 ð. Îäåð (âåðõ³â’ÿ) [75]

2014 ð. Åëüáà (âåðõ³â’ÿ) [91]

2007 ð. Åëüáà (ñåðåäíÿ ÷àñòèíà) [65]

1993 Êàíàë Äóíàé—Ìàéí—Ðåéí [93]

1996 ð. Ìàéí [88]

1997 ð. Ðåéí (âåðõ³â’ÿ) [94]

1995 ð. Ðåéí (ïîíèççÿ) [73]

1996 ð. Ìîçåëü (Í³ìå÷÷èíà) [94]

2001 ð. Ìîçåëü (Ôðàíö³ÿ) [62]

2000 ð. Ñåíà (ðàéîí Ïàðèæà) [61]

2001 ð. Ìàðíà [55]

1997 ð. Ðîíà (âåðõíÿ ÷àñòèíà) [63]

2000 ð. Ðîíà (åñòóàð³é) [61]

2008 ð. Òåìçà [66]

* H. invalida ³íòðîäóêóâàëàñü ó 1959—1967 ðð.



40,00 ã/ì2. Ìàêñèìàëüíà äîâæèíà îñîáèí ïîë³õåòè äîñÿãàº 17—18 ìì.
Ñòàòåâà çð³ë³ñòü H. invalida ñïîñòåð³ãàºòüñÿ ïðè äîâæèí³ ÷åðâèâ 7—8 ìì
³ç íàÿâí³ñòþ ó ãîíàäàõ 53—65 ÿºöü. Ìàêñèìàëüíà ê³ëüê³ñòü ÿºöü ó ãîíàäàõ
îñîáèíè äîâæèíîþ 16,5 ìì ñòàíîâèëà 154.

Áàñåéí ð. Âîëãè. Ó ïîíèçç³ Âîëãè, çã³äíî ç ðåçóëüòàòàìè ã³äðîá³î-
ëîã³÷íèõ äîñë³äæåíü ïî÷àòêó ÕÕ ñò., H. invalida — çâè÷àéíèé êîìïîíåíò
ìàêðîçîîáåíòîñó ÿê ñêëàäîâà ³ñòîðè÷íîãî àðåàëó ÏÊ áåçõðåáåòíèõ. ¯¯ ïî-
ïóëÿö³¿ ðîçâèâàëèñÿ ïåðåâàæíî íà ìóëèñòèõ ´ðóíòàõ ó ä³àïàçîí³ ñîëî-
íîñò³ 0,2—10 ‰ [6, 14].

Ó ïðîöåñ³ ñòâîðåííÿ íà Âîëç³ êàñêàäó âîäîñõîâèù ç äðóãî¿ ïîëîâèíè
ÕÕ ñò. áóëè ïðîâåäåí³ ìàñøòàáí³ çàõîäè ç ³íòðîäóêö³¿ ÏÊ ìàêðîáåçõðå-
áåòíèõ äëÿ ôîðìóâàííÿ âèñîêîïðîäóêòèâíî¿ êîðìîâî¿ áàçè ðèá [24]. Íà
â³äì³íó â³ä âîäîñõîâèù Äí³ïðà, ó äåÿê³ âîäîñõîâèùà íà Âîëç³, çîêðåìà ó
Êóéáèøåâñüêå, Ñàðàòîâñüêå ³ Âîëãîãðàäñüêå, ðàçîì ³ç ïðåäñòàâíèêàìè
Mysidaå, Gammaridàå, Mollusca âïðîäîâæ 1959—1967 ðð. ó çíà÷í³é ê³ëü-
êîñò³ âñåëÿëàñü ³ H. invalida [16]. Ó Êóéáèøåâñüêîìó ³ Ñàðàòîâñüêîìó âî-
äîñõîâèùàõ öþ ïîë³õåòó âïåðøå áóëî âèÿâëåíî ò³ëüêè ó 1977 ð. (äèâ.
òàáë.), òîáòî ÷åðåç 10 ³ á³ëüøå ðîê³â ï³ñëÿ ïðîâåäåíèõ ³íòðîäóêö³é [24]. Ó
íàéíèæ÷îìó â êàñêàä³ Âîëãîãðàäñüêîìó âîäîñõîâèù³ ¿¿ áóëî âïåðøå çà-
ðåºñòðîâàíî âæå â 1960 ð., òîáòî íà äðóãèé (!) ð³ê ï³ñëÿ ïî÷àòêó ³íòðî-
äóêö³é. Îñòàíí³é ôàêò ìîæå ñâ³ä÷èòè ïðî òå, ùî H. invalida ³ñíóâàëà íå
ò³ëüêè â äåëüò³ Âîëãè ÿê â ³ñòîðè÷íîìó àðåàë³, àëå é íà ¿¿ íèæí³é ÷àñòèí³ çà
300 êì âèùå çà òå÷³ºþ, äå â ïîäàëüøîìó áóëî ñòâîðåíå Âîëãîãðàäñüêå âî-
äîñõîâèùå, â ÿêîìó âîíà óñï³øíî ðîçñåëèëàñü. Ïîä³áíà ñèòóàö³ÿ íàãàäóº
ïîÿâó H. invalida âæå íà äðóãèé ð³ê ï³ñëÿ çàïîâíåííÿ Êàõîâñüêîãî âîäî-
ñõîâèùà íà Äí³ïð³ äî ïðîºêòíî¿ â³äì³òêè ð³âíÿ âîäè ó 1956 ð. áåç ïðîâå-
äåííÿ ³íòðîäóêö³é ÏÊ áåçõðåáåòíèõ [25]. Âåðõ³â’ÿ öüîãî âîäîñõîâèùà
ðîçòàøîâàíå íà â³äñòàí³ 330 êì, à íèæíÿ ÷àñòèíà — íà 100 êì âèùå äåëüòè
Äí³ïðà ³ òàêîæ âõîäèòü, ÿê ³ ïîíèççÿ Âîëãè, ó ìåæ³ ³ñòîðè÷íîãî àðåàëó
ïîë³õåòè.

Ðîçâèòîê H. invalida ó Êóéáèøåâñüêîìó òà Ñàðàòîâñüêîìó âîäîñõî-
âèùàõ, íàé³ìîâ³ðí³øå, ìîæå áóòè íàñë³äêîì íå íîâî¿ ³íâàç³¿, à ðåçóëüòà-
òîì äîâãîòðèâàëî¿ àäàïòàö³¿ äî àá³îòè÷íèõ óìîâ âîäîñõîâèù ï³ñëÿ ³íòðî-
äóêö³é êîìïëåêñó ÏÊ áåçõðåáåòíèõ óïðîäîâæ 1959—1967 ðð., ÿê öå ñïîñ-
òåð³ãàëîñÿ ³ â Êðåìåí÷óöüêîìó âîäîñõîâèù³ íà Äí³ïð³. Ó íàéá³ëüøîìó â
ªâðîï³ Êóéáèøåâñüêîìó âîäîñõîâèù³ (äîâæèíà 500 êì) íà ð. Âîëç³ H. in-
valida òðàïëÿºòüñÿ ïî âñ³é àêâàòîð³¿ (â³ä âåðõ³â’ÿ äî ïðèãðåáëåâî¿ çîíè)
ïåðåâàæíî íà ìóëèñòèõ òà ï³ùàíî-ìóëèñòèõ ´ðóíòàõ. Ó 2000—2008 ðð. ¿¿
ñåðåäíÿ ÷èñåëüí³ñòü ñòàíîâèëà 51,2 åêç/ì2, á³îìàñà — 0,2 ã/ì2 [53]. Ï³ñëÿ
ñòâîðåííÿ íà Âåðõí³é Âîëç³ íîâèõ âîäîñõîâèù âèùå Ðèá³íñüêîãî H. inva-
lida ïî÷àëà ðîçñåëÿòèñÿ ³ â öèõ âîäîéìàõ áåç ïîïåðåäí³õ çàõîä³â ç ³íòðî-
äóêö³é ÏÊ áåçõðåáåòíèõ (äèâ. òàáëèöþ). Äîñë³äíèêè õàðàêòåðèçóþòü öåé
ïðîöåñ ÿê òèïîâó ³íâàç³þ àáî «àâòîàêë³ìàòèçàö³þ» [51], ÷îìó, íà ¿õíþ
äóìêó, ìîæå ñïðèÿòè àêòèâíå ñóäíîïëàâñòâî íà ö³é ä³ëÿíö³ Âîëãè.

Ó ïîäàëüøîìó ³ñíóº ìîæëèâ³ñòü ïðîíèêíåííÿ H. invalida ç Ðèá³í-
ñüêîãî âîäîñõîâèùà ó ñèñòåìó Âîëãî-Áàëò³éñüêîãî âîäíîãî øëÿõó [10] —
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ñêëàäîâó Ñõ³äíîãî ªâðîïåéñüêîãî (Âîëçüêîãî) ³íâàç³éíîãî êîðèäîðó
(Ñª²Ê).

Áàñåéí ð. Äóíàé. Çà äàíèìè ã³äðîá³îëîã³÷íèõ äîñë³äæåíü, ç ê³íöÿ
Õ²Õ ñò. ó äåëüò³ Äóíàþ áóëè âèÿâëåí³ ïîñåëåííÿ áàãàòüîõ âèä³â ÏÊ áåçõðå-
áåòíèõ, çîêðåìà ³ H. invalida [26, 40, 46]. Çíà÷íèé ðîçâèòîê ïîïóëÿö³é öèõ
îðãàí³çì³â â óêðà¿íñüê³é ÷àñòèí³ äåëüòè ñïîñòåð³ãàâñÿ óïðîäîâæ óñüîãî
ÕÕ ñò. ³ òðèâàº äî òåïåð³øíüîãî ÷àñó [34, 77, 78]. Íàÿâí³ñòü H. invalida ó
Íèæíüîìó Äóíà¿ â ìåæàõ Ðóìóí³¿ òà Áîëãàð³¿ òàêîæ â³äîìà ç äàíèõ ã³äðî-
á³îëîã³÷íèõ äîñë³äæåíü ïåðøî¿ ïîëîâèíè ÕÕ ñò. [58, 64, 80, 87].

Âò³ì ³ñíóº çíà÷íà ð³çíèöÿ â³äíîñíî ìîæëèâîñòåé ðîçïîâñþäæåííÿ
H. invalida ó áàñåéí³ Äóíàþ (ÿê Çàõ³äíîãî ªâðîïåéñüêîãî ³íâàç³éíîãî êî-
ðèäîðó (Çª²Ê)), íà â³äì³íó â³ä óìîâ, ùî ñôîðìóâàëèñü ó Äí³ïð³ òà Âîëç³
óïðîäîâæ ñòâîðåííÿ íà öèõ ð³÷êàõ êàñêàä³â ³ç ÷èñëåííèõ âåëèêèõ âîäî-
ñõîâèù ç ïî÷àòêó äðóãî¿ ïîëîâèíè ÕÕ ñò. (1930—1970-ò³ ðîêè).

Íà ìåæ³ íèæíüî¿ òà ñåðåäíüî¿ òå÷³¿ Äóíàþ íà â³äñòàí³ áëèçüêî 900 êì
â³ä ãèðëà ³ñíóº ëèøå îäíå âåëèêå âîäîñõîâèùå â ðàéîí³ «Çàë³çíèõ âîð³ò»,
ñòâîðåíå íàïðèê³íö³ 1960-õ ðîê³â ç ã³äðîåëåêòðîñòàíö³ÿìè Äæåðäàï ² òà
Äæåðäàï ²² [15]. Òîáòî äî öüîãî ïåð³îäó íå ³ñíóâàëî øòó÷íèõ ïåðåïîí äëÿ
àíàäðîìíèõ ì³ãðàö³é âîäíèõ îðãàí³çì³â ïî Äóíàþ. Òàê, ïåðåä ïîðîæè-
ñòî-ñêåëüíèì çâóæåííÿì ðóñëà Äóíàþ «Çàë³çí³ Âîðîòà» ó ãëèáîêîìó ïëåñ³
ùå â 1940 ð. çàô³êñîâàíî ïîñåëåííÿ ÏÊ ðàêîïîä³áíèõ òà H. invalida ç íàä-
çâè÷àéíî âèñîêîþ ÷èñåëüí³ñòþ — äî 10 000 åêç/ì2 [58, 86]. Ó Ñåðåäíüîìó
Äóíà¿ âèùå Äæåðäàïñüêîãî âîäîñõîâèùà íà ñåðáñüê³é ä³ëÿíö³ ð³÷êè ïî-
ïóëÿö³¿ H. invalida áóëè çàðåºñòðîâàí³ ó 1971 ð. ó ðåçóëüòàò³ ðåòåëüíèõ
äîñë³äæåíü íà 20 ðîçð³çàõ [101]. Êð³ì òîãî, öþ ïîë³õåòó òàêîæ áóëî âèÿâ-
ëåíî ó ãèðëîâèõ çîíàõ ïðèòîê Äóíàþ — Ñàâà ³ Òèñà (äèâ. òàáë.). Âèùå çà
òå÷³ºþ ó õîðâàòñüê³é ä³ëÿíö³ Äóíàþ, à òàêîæ ó ð. Äðàâà H. invalida çíàéäå-
íî ó 2018 ð. [97].

Ó Âåðõíüîìó Äóíà¿ â ìåæàõ Àâñòð³¿ òà Í³ìå÷÷èíè H. invalida âèÿâëå-
íî íà ïî÷àòêó 1960-õ ðîê³â [74, 98] íà ä³ëÿíö³ 2070—2208 êì â³ä ãèðëà â
òèïîâèõ äëÿ ã³ðñüêèõ ð³÷îê êàì’ÿíèñòî-ãðàâ³éíèõ á³îòîïàõ. Òîáòî íàâ³òü
çà íåñïðèÿòëèâèõ óìîâ äëÿ òàêîãî ìàëîðóõëèâîãî áåíòîñíîãî îðãàí³çìó,
ÿê H. invalida (çíà÷íà êàëàìóòí³ñòü âîäè, âåëèêà øâèäê³ñòü òå÷³¿, ðóõ-
ëèâ³ñòü äîííèõ â³äêëàä³â), öÿ ïîë³õåòà ìåøêàëà â Äóíà¿ íà äóæå âåëèê³é
â³äñòàí³ â³ä íàòèâíîãî àðåàëó, ùî, íà íàøó äóìêó, íå ìîæíà ïîÿñíèòè àíà-
äðîìíîþ ì³ãðàö³ºþ ³ç ïîíèççÿ ð³÷êè.

Ó ë³òåðàòóðíèõ äæåðåëàõ ³íôîðìàö³¿ ùîäî çàõîä³â ç ³íòðîäóêö³¿ ÏÊ
áåçõðåáåòíèõ íà ä³ëÿíêàõ Ñåðåäíüîãî é Âåðõíüîãî Äóíàþ íàìè íå çíàéäå-
íî. Òàêèì ÷èíîì, óñ³ ôàêòè ðîçïîâñþäæåííÿ ÏÊ îðãàí³çì³â, çîêðåìà
H. invalida, óïðîäîâæ ÕÕ — ïî÷àòêó ÕÕ² ñò. ïî ð³÷ö³ Äóíàé ñë³ä îö³íþâàòè
ÿê êëàñè÷íèé ïðîöåñ ³íâàç³¿ — ÿâèùà, ùî â³äáóâàºòüñÿ áåç ö³ëåñïðÿìîâà-
íî¿ ó÷àñò³ ëþäèíè.

Àíàë³ç ðîçïîâñþäæåííÿ H. invalida ó Äóíà¿ ñâ³ä÷èòü (äèâ. òàáëèöþ),
ùî ïåðø³ çíàõ³äêè â³äáóëèñÿ ó äåëüò³ òà éîãî íèæí³é òå÷³¿ íàïðèê³íö³ Õ²Õ
òà â ïåðø³é ïîëîâèí³ ÕÕ ñò. Ï³çí³øå ³ñíóâàííÿ ïîïóëÿö³é ïîë³õåòè çà-
ðåºñòðîâàíî ó Ñåðåäíüîìó òà Âåðõíüîìó Äóíà¿, à â îñòàíí³ 10—15 ðîê³â —
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ó ð³÷êàõ áàñåéí³â Áàëò³éñüêîãî òà Ï³âí³÷íîãî ìîð³â, ïîâ’ÿçàíèõ ì³æ ñî-
áîþ ìåðåæåþ êàíàë³â òà Äóíàºì. ª äóìêà [60], ùî ñàìå Äóíàé ÿê ôóíê-
ö³îíóþ÷èé ³íâàç³éíèé êîðèäîð º äæåðåëîì á³ëüøîñò³ âèä³â ÏÊ áåçõðå-
áåòíèõ, ñåðåä ³íøèõ ³ H. invalida, ÿê³ ðîçïîâñþäèëèñÿ â öèõ ð³÷êàõ ªâðî-
ïè. Öÿ äóìêà º äîñòàòíüî ïåðåêîíëèâîþ, îñê³ëüêè ó âåðõí³é ÷àñòèí³ Ñª²Ê
³ñíóâàëà äóæå íåâåëèêà ê³ëüê³ñòü ÏÊ âèä³â, âèêëþ÷àþ÷è ³ H. invalida [4].
Êð³ì òîãî, òðè ã³ëêè Öª²Ê ïîñòóïîâî ïðèïèíèëè ñâîº ôóíêö³îíóâàííÿ íà
ïî÷àòêó ³ â ñåðåäèí³ ÕÕ ñò. Ó ñêëàä³ á³îòè öèõ âîäíèõ îá’ºêò³â òàêîæ áóëà
íåçíà÷íà ê³ëüê³ñòü ÏÊ âèä³â áåçõðåáåòíèõ ³ òàêîæ áåç H. invalida [85].

Ð³÷êè òà êàíàëè Öåíòðàëüíî¿ òà Çàõ³äíî¿ ªâðîïè, ïîâ’ÿçàí³ ç Äóíàºì.
Ïåðåâàæíà á³ëüø³ñòü ñêëàäîâèõ âîäíî¿ ìåðåæ³ Öåíòðàëüíî¿ òà Çàõ³äíî¿
ªâðîïè (ÖÇª) âæå áàãàòî äåñÿòèë³òü âèêîíóº ëîã³ñòè÷í³ ôóíêö³¿, ùî
ñïðèÿº âîäîîáì³íó ì³æ ¿¿ åëåìåíòàìè ³ ðîçïîâñþäæåííþ ç âîäíèìè ìàñà-
ìè òà ÷åðåç òðàíñïîðòí³ çàñîáè ã³äðîá³îíò³â íà ð³çíèõ ñòàä³ÿõ ðîçâèòêó â
íîâ³ ëîêàë³òåòè [60, 67, 76, 81, 91, 95—97, 101].

Ó ñõ³äíîìó íàïðÿìêó Äóíàé ó íàø ÷àñ ïîâ’ÿçàíèé ³ç Â³ñëîþ íèçêîþ
ð³÷îê ó òàê³é ïîñë³äîâíîñò³: Äóíàé — Ìîðàâà — Åëüáà — Îäåð — Â³ñëà;
ð³÷êè æ ïîâ’ÿçàí³ ì³æ ñîáîþ êàíàëàìè òà îçåðàìè. Âàæëèâî, ùî êàíàëè â
ö³é ñêëàäí³é ìåðåæ³ áóëè ñòâîðåí³ â ð³çí³ ðîêè, ïî÷èíàþ÷è ç 1881 ð. (êà-
íàë Îäåð — Øïðåå), êàíàëè Â³ñëà — Îäåð òà Îäåð — Åëüáà — ó 1914 ð. [38,
69, 81]. Íàéâ³ääàëåí³øîþ íà ñõ³ä ó öüîìó ëàíöþãó, äå âïåðøå ó 2010 ð.
áóëî çíàéäåíî H. invalida, º Ùåöèíñüêà ëàãóíà ð. Îäåð ó Áàëò³éñüêîìó
ìîð³ [99]. Íà ïî÷àòêó 2020 ð. ïîë³õåòó áóëî çíàéäåíî é ó âåðõí³é òå÷³¿ Îäå-
ðà [75]. Ñë³ä çàçíà÷èòè, ùî çà äàíèìè ðàí³øå ïðîâåäåíèõ äîñë³äæåíü ó
1964 ð., ó Íèæíüîìó Îäåð³ â ðàéîí³ ì. Ôðàíêôóðò H. invalida ùå íå áóëî
çàðåºñòðîâàíî [56].

Ç Îäåðà H. invalida ïî êàíàëó ïðîíèêëà ó ð. Øïðåå [81] (äèâ. òàáëè-
öþ). Äàë³ íà çàõ³ä ïîë³õåòó áóëî çíàéäåíî â 2014 ð. ó ðàéîí³ ÷åñüêî-í³ìå-
öüêîãî êîðäîíó ïîáëèçó ì. Äå÷èí ó ð. Åëüáà, äå âîíà ÿâëÿº ñîáîþ íåâåëè-
êó ã³ðñüêó ð³÷êó çäåá³ëüøîãî ç êàì’ÿíèñòèì ´ðóíòîì [91], õî÷à çàçâè÷àé
öÿ ïîë³õåòà â³ääàº ïåðåâàãó á³îòîïàì ³ç ìóëèñòèìè äîííèìè â³äêëàäàìè.
Àâòîðè ïðèïóñêàþòü, ùî ó âåðõ³â’ÿ Åëüáè H. invalida ïîòðàïèëà ïî ìå-
ðåæ³ êàíàë³â Äóíàé — Ìàéí — Îäåð çàâäÿêè ñóäíîïëàâñòâó. Ó ñåðåäí³é
òå÷³¿ Åëüáè H. invalida âïåðøå áóëî çíàéäåíî ó 2007 ð. [65].

Ó ñâîþ ÷åðãó, â ð. Ìàéí H. invalida ïîòðàïèëà ç Äóíàþ ïî ñòàðîâèííî-
ìó êàíàëó, ïîâòîðíî â³äêðèòîìó äëÿ ñóäíîïëàâñòâà ó 1992 ð. [60], äå ¿¿
áóëî çàðåºñòðîâàíî â 1996 ð. [88]. Ïî êàíàëó Äóíàé — Ìàéí — Ðåéí, ÿêèé
ìàº äóæå ñêëàäíó ³íæåíåðíó áóäîâó (äîâæèíà 171 êì, 16 øëþç³â, ïåðåïàä
âèñîò 230—330 ì íàä ð³âíåì ìîðÿ) [70], H. invalida ïîòðàïèëà ó Ðåéí —
íàéäîâøó (1326 êì) ð³÷êó Í³ìå÷÷èíè áàñåéíó Ï³âí³÷íîãî ìîðÿ. Ó Âåðõíü-
îìó Ðåéí³ H. invalida áóëî âïåðøå çíàéäåíî â 1997 ð. [94]. Âàæëèâèì ÷èí-
íèêîì, ùî ì³ã ñïðèÿòè ïðîíèêíåííþ H. invalida ç Äóíàþ â Ìàéí, à ïîò³ì
ó Ðåéí, º òåõíîëîã³÷íà íåîáõ³äí³ñòü ïîñò³éíîãî ïåðåêà÷óâàííÿ âåëèêèõ
ìàñ âîäè ç Äóíàþ â êàíàë Äóíàé — Ìàéí — Ðåéí [60]. Çã³äíî ç äîñë³äæåí-
íÿìè, ïðîâåäåíèìè ó 2003 ³ 2004 ðð., H. invalida âèÿâèëàñÿ ðîçïîâñþäæå-
íèì ìåøêàíöåì Âåðõíüîãî Ðåéíó íàâ³òü íà â³äñòàí³ 350—400 êì â³ä âèòî-
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êó íà ä³ëÿíö³ ì³æ ì³ñòàìè Ìàííãåéì òà Êàðëñðóå. Ïîïóëÿö³¿ ïîë³õåòè ðîç-
âèâàëèñü íà êàì’ÿíèñòèõ òà ãðàâ³éíèõ ´ðóíòàõ ³ç ìàêñèìàëüíîþ ÷èñåëü-
í³ñòþ 116—165 åêç/ì2 [59]. Íèæ÷å çà òå÷³ºþ, â ðàéîí³ Êåëüíà ïîë³õåòà
óòâîðþº ù³ëüí³ ïîïóëÿö³¿ [76].

Ó Íèæíüîìó Ðåéí³ â ìåæàõ Í³äåðëàíä³â ïîñåëåííÿ H. invalida â³ä-
ì³÷åí³ ó ëèïí³ òà ñåðïí³ 1995 ð. ðàçîì ³ç ïîïóëÿö³ÿìè ÏÊ ðàêîïîä³áíèõ
[73]. Ó ð. Ìààñ, ïîâ’ÿçàí³é êàíàëîì ³ç Íèæí³ì Ðåéíîì, ïîïóëÿö³¿ ö³º¿
ïîë³õåòè áóëè çíàéäåí³ íà òåðèòîð³¿ Áåëüã³¿ íàïðèê³íö³ 1990-õ ðð. [96].
Ââàæàºòüñÿ, ùî «êàòàäðîìíå» ðîçïîâñþäæåííÿ H. invalida çà òå÷³ºþ Ðåé-
íà º íàñë³äêîì ì³ãðàö³¿ ëè÷èíîê ïîë³õåòè ó ñêëàä³ äðèôòó [76].

Îêð³ì ïðîñóâàííÿ H. invalida íà ï³âí³÷ ªâðîïè ñïîñòåð³ãàºòüñÿ ³í-
âàç³ÿ â çàõ³äíîìó íàïðÿìêó, ÷îìó ñïðèÿº íàÿâí³ñòü ù³ëüíî¿ ìåðåæ³ êà-
íàë³â, çíà÷íó ÷àñòèíó ÿêèõ ïîáóäîâàíî ùå â ñåðåäèí³ Õ²Õ ñò. Ó 1834 ð. ââå-
äåíî äî åêñïëóàòàö³¿ ñóäíîïëàâíèé êàíàë Ðîíà — Ðåéí âêëþ÷íî ç ð. Ñîíà,
ÿêèé ìàº äîâæèíó 236 êì ³ 114 øëþç³â (!). Âò³ì ó íàø³ äí³ â³í âèêîðèñòî-
âóºòüñÿ ëèøå äëÿ âîäíîãî òóðèçìó [71]. Âåðõíÿ Ðîíà ìàº âèãëÿä ã³ðñüêî¿
ð³÷êè ³ç øâèäêîþ òå÷³ºþ, à ï³ñëÿ çëèòòÿ ç ð. Ñîíà ñòàº ñóäíîïëàâíîþ.
Âèùå ì. Ë³îí H. invalida áóëî çíàéäåíî ó 1997 ð. ³ç ÷èñåëüí³ñòþ äî
700 åêç/ì2. Ï³ñëÿ âèòîêó ç Æåíåâñüêîãî îçåðà (îç. Ëåìàí) Ðîíà íàáóâàº
ã³äðîìîðôîëîã³÷íèõ îçíàê ð³âíèííî¿ ð³÷êè áàñåéíó Ñåðåäçåìíîãî ìîðÿ,
ùî ñïðèÿëî ïîÿâ³ â 2000 ð. H. invalida ³ â ¿¿ åñòóàð³¿ [61].

Ó âåðõ³â’ÿ ð. Ìîçåëü — ïðèòîêè Âåðõíüîãî Ðåéíó — H. invalida ïîòðà-
ïèëà ç Ðåéíó ³ ïîñò³éíî âõîäèëà äî ñêëàäó áåíòîñó â 1994, 1996, 2000,
2001 ðð. íà ÷îòèðüîõ ñòàíö³ÿõ (ïóíêòàõ äîñë³äæåíü). Ó ðàéîí³ ì. Ìåö ÷è-
ñåëüí³ñòü ïîë³õåòè êîëèâàëàñü â³ä 400 äî 11 000 åêç/ì2 [61, 62]. Äàë³ ó
çàõ³äíîìó íàïðÿìêó âîäè Ðåéíó ìîæóòü ïîòðàïëÿòè ç ð. Ìîçåëü ó ð. Ìàð-
íà ïî êàíàëó äîâæèíîþ 314 êì ³ç 178 øëþçàìè (ãëèáèíà 2,6 ì), ÿêèé ââå-
äåíî äî åêñïëóàòàö³¿ â 1853 ð. [68]. Àëå íàâ³òü çà òàêèõ ñêëàäíèõ ã³äðî-
òåõí³÷íèõ óìîâ ó ñåðåäí³é ÷àñòèí³ Ìàðíè H. invalida áóëî çíàéäåíî íà-
âåñí³ 2001 ð. Ó ðàéîí³ ì. Æóåíâ³ëü ¿¿ ÷èñåëüí³ñòü äîñÿãàëà 8000 åêç/ì2 [55].

×åðåç á³÷íå â³äãàëóæåííÿ êàíàëó Ìîçåëü — Ìàðíà â³äáóâàºòüñÿ ç’ºä-
íàííÿ Ìàðíè ³, îïîñåðåäêîâàíî, Ðåéíó ç âîäíèìè øëÿõàìè áàñåéíó ð. Ñå-
íà, ÿêà âïàäàº äî Àòëàíòè÷íîãî îêåàíó [68]. Âíàñë³äîê ôóíêö³îíóâàííÿ
öüîãî øëÿõó â ñåðåäí³é òå÷³¿ ð. Ñåíà â ðàéîí³ Ïàðèæà ó 2000 ð. áóëî âïåð-
øå çàðåºñòðîâàíî ïîñåëåííÿ H. invalida [61].

Ó âåðõí³é òå÷³¿ ð³÷îê Ðîíà, Ìîçåëü, Ñîíà é Ìàðíà ïîñåëåííÿ H. invali-
da òðàïëÿþòüñÿ ó á³îòîïàõ, ùî ñôîðìîâàí³ ìîëþñêàìè ð. Corbicula òà ÷å-
ðåïàøêàìè â³äìåðëèõ îñîáèí [61]. Ó ð. Äí³ïðî òà éîãî âîäîñõîâèùàõ
H. invalida, ÿê âêàçóâàëîñü âèùå, º ïîñò³éíèì êîìïîíåíòîì öåíîç³â ìî-
ëþñê³â ð. Dreissena òà íàøàðóâàíü ÷åðåïàøîê â³äìåðëèõ îñîáèí, ùî ìîæå
õàðàêòåðèçóâàòè H. invalida ÿê ïåëî-îñòðàêîô³ëüíèé âèä.

Äîñèòü íåñïîä³âàíèìè áóëè çíàõ³äêè ïîïóëÿö³é H. invalida â 2008 ð. ó
ð. Òåìçà íà òåðèòîð³¿ Âåëèêî¿ Áðèòàí³¿ [66] òà ïîâòîðíî — ïîáëèçó
ì. Õåìïòîí, çà 18 êì âèùå Ëîíäîíà, äå âîíà ìàº âèãëÿä ð³êè ç ïîâ³ëüíîþ
òå÷³ºþ [90]. Äëÿ öüîãî âèäó ïîòð³áíî áóëî ïîäîëàòè òàêó ñêëàäíó ìîðñüêó
ïåðåøêîäó, ÿê ïðîòîêà Ëà Ìàíø.
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Ìîæëèâ³ ìåõàí³çìè ðîçïîâñþäæåííÿ H. invalida. Ó á³ëüøîñò³ öèòîâà-
íèõ ó ñòàòò³ íàóêîâèõ ïóáë³êàö³é ãîëîâíèì ÷èííèêîì, ùî îáóìîâëþº
ðîçïîâñþäæåííÿ ÏÊ áåçõðåáåòíèõ ïî âîäí³é ìåðåæ³ ÖÇª, ââàæàºòüñÿ âî-
äíèé òðàíñïîðò, çîêðåìà îáðîñòàííÿ êîðïóñ³â ñóäåí òà áàëàñòí³ âîäè, áåç
äåòàë³çàö³¿ ðåàë³çàö³¿ öèõ ìåõàí³çì³â ñòîñîâíî á³ëüøîñò³ âèä³â ìàêðîáåç-
õðåáåòíèõ [60, 67, 81, 91, 96, 97, 101].

Áåçóìîâíî, ùî ðîçïîâñþäæåííÿ ïðèêð³ïëåíèõ îðãàí³çì³â, òàêèõ ÿê
D. polymorpha òà D. bugensis, ó âèãëÿä³ îáðîñòàíü êîðïóñ³â ñóäåí åôåêòèâ-
íî â³äáóâàºòüñÿ ïî âîäíèõ øëÿõàõ ªâðîïè. Äî òîãî æ ö³ ìîëþñêè ìàþòü ³
ïëàíêòîííó ëè÷èíêó, ÿêà ç áàëàñòíèìè âîäàìè ïîòðàïèëà äî Ï³âí³÷íî¿
Àìåðèêè é çóìîâèëà øèðîêå ðîçïîâñþäæåííÿ öèõ äðåéñåí³ä íà êîíòè-
íåíò³ ëèøå çà îñòàíí³ 20—30 ðîê³â [79]. Çíà÷íî ñêëàäí³øå â³äáóâàºòüñÿ
ðîçñåëåííÿ áåíòîñíèõ îðãàí³çì³â, çîêðåìà ïðåäñòàâíèê³â ³íôàóíè, äî
ÿêèõ íàëåæèòü H. invalida.

Âàæëèâîþ ñêëàäîâîþ ó ôóíêö³îíóâàíí³ êàíàë³â, îñîáëèâî ç ÷èñëåí-
íèìè øëþçàìè òà ïåðåïàäîì âèñîò íàä ð³âíåì ìîðÿ, º ïåð³îäè÷í³ öèêëè
íàïîâíåííÿ òà ñïîðîæíåííÿ ïåâíèõ ä³ëÿíîê êàíàë³â. ªâðîïåéñüê³ êàíàëè
ìàþòü ãëèáèíó ëèøå 2,6—4,0 ì, òîìó çàâäÿêè ðîáîò³ ïîòóæíèõ íàñîñ³â ó
âîäí³ ìàñè, ùî ïåðåì³ùàþòüñÿ íà ð³çí³ ä³ëÿíêè êàíàë³â, ìîæóòü ïîòðàï-
ëÿòè ëåãê³ ôðàêö³¿ äîííèõ â³äêëàä³â, äå ìåøêàþòü áåíòîñí³ áåçõðåáåòí³,
çîêðåìà H. invalida. Ïðè áàãàòîðàçîâîìó ïîâòîðåíí³ öèõ ä³é óïðîäîâæ
äåñÿòê³â ðîê³â íåìèíó÷å â³äáóâàºòüñÿ ïåðåì³ùåííÿ òàêèõ ã³äðîá³îíò³â ïî
ã³äðîñèñòåìàõ ó íîâ³ ëîêàë³òåòè.

Âàæëèâî, ùî H. invalida ìåøêàº â äîñòàòíüî ù³ëüíèõ ìóëîâèõ òðóá-
êàõ, ùî ìîæå çàõèñòèòè ö³ òåíä³òí³ îðãàí³çìè â³ä ìåõàí³÷íèõ ïîøêîä-
æåíü ïðè ïîòðàïëÿíí³ ó òðóáîïðîâîäè, óñòàòêóâàííÿ ç ïåðåêà÷êè âîäè ó
êàíàëàõ. Àëå, íà íàøó äóìêó, íàéá³ëüø ðåàëüíèì âàð³àíòîì ðîçïîâñþä-
æåííÿ H. invalida º ïåðåíîñ ³ç âîäíèìè ìàñàìè, ùî ïåðåêà÷óþòüñÿ ç îäí³º¿
ä³ëÿíêè êàíàëó äî ³íøî¿, òðóáîê ïîë³õåòè. Âîíè ì³ñòÿòü áàãàòî äåñÿòê³â
äîñòàòíüî ù³ëüíèõ ÿºöü, á³ëüø³ñòü ç ÿêèõ ìîæå âèòðèìàòè ïåðåïàä òèñêó
â ã³äðîñèñòåìàõ ³ ïðè ïîòðàïëÿíí³ â íîâ³ á³îòîïè äàòè æèòòÿ íàñòóïíîìó
ïîêîë³ííþ H. invalida. Òàêî¿ ñàìî¿ äóìêè äîòðèìóþòüñÿ äîñë³äíèêè ðîç-
ïîâñþäæåííÿ ÏÊ áåçõðåáåòíèõ ó âîäí³é ìåðåæ³ ÖÇª [60, 61, 63, 76]. Âîíè
çâåðòàþòü óâàãó íà òå, ùî, âèõîäÿ÷è ç ÿºöü, ëè÷èíêè H. invalida ïîëèøà-
þòü òðóáêè ³ ç ïîòîêîì âîäè ÿê êîìïîíåíòè äðèôòó ìîæóòü äàëåêî ïå-
ðåì³ùàòèñÿ çà ðóñëîì ð³÷êè àáî ïî êàíàëó. Íà ä³ëÿíêàõ âîäîòîê³â ³ç ñëàá-
êîþ òå÷³ºþ ëè÷èíêè îñ³äàþòü íà äíî ³ òàêîæ óòâîðþþòü íîâ³ ïîïóëÿö³¿
ïîë³õåòè.

Îêð³ì îñîáëèâîñòåé ôóíêö³îíóâàííÿ ã³äðîñèñòåì êàíàë³â â³äíîñíî
ìåõàí³çì³â ðîçïîâñþäæåííÿ ã³äðîá³îíò³â áàãàòî äîñë³äíèê³â âêàçóþòü íà
ìîæëèâ³ñòü ¿õ ïåðåíåñåííÿ ó ñêëàä³ áàëàñòíèõ âîä òðàíñïîðòíèõ ñóäåí.
Öåé ìåõàí³çì äîáðå âèêîíóº ôóíêö³þ ðîçïîâñþäæåííÿ ïëàíêòîííèõ îð-
ãàí³çì³â òà òèõ, çîêðåìà áåíòîñíèõ òà ïåðèô³òîííèõ, ÿê³ ìàþòü ó æèò-
òºâîìó öèêë³ ïëàíêòîíí³ ñòàä³¿ (äðåéñåí³äè, óí³îí³äè, õ³ðîíîì³äè).

Íåîáõ³äí³ñòü ïåð³îäè÷íîãî çàêà÷óâàííÿ âîäè ó áàëàñòí³ ºìíîñò³ çó-
ìîâëåíà çàáåçïå÷åííÿì â³äïîâ³äíèõ ãàáàðèò³â ñóäåí ïî âèñîò³ äëÿ ïðî-
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õîäæåííÿ ï³ä ÷èñëåííèìè íèçüêèìè ìîñòàìè, îñîáëèâî äëÿ ïîðîæí³õ ñó-
äåí. Ïðè çàâàíòàæåíí³ ïëàâçàñîá³â, íàâïàêè, íåîáõ³äíî âèäàëÿòè çíà÷í³
îá’ºìè áàëàñòíî¿ âîäè. Íàãàäàºìî, ùî á³ëüø³ñòü ºâðîïåéñüêèõ êàíàë³â
ìàþòü ãëèáèíó äî 4,0 ì. Çà òàêèõ óìîâ ó áàëàñòí³ ðåçåðâóàðè ïðè çàêà÷ó-
âàíí³ âîäè íåìèíó÷å ïîòðàïëÿòü ñàì³ ïîë³õåòè, à òàêîæ ¿õí³ ëè÷èíêè òà
ÿéöÿ. Ïðè ñïîðîæíåíí³ ºìíîñòåé ïåâíà ÷àñòèíà öèõ «ì³ãðàíò³â» îïè-
íÿºòüñÿ ó íîâèõ ã³äðîåêîñèñòåìàõ. Ââàæàºìî, ùî òàêèé ìåõàí³çì ïîòðàï-
ëÿííÿ H. invalida ç âîä êîíòèíåíòàëüíî¿ ªâðîïè äî ð. Òåìçà ó Âåëèê³é
Áðèòàí³¿ º íàéá³ëüø â³ðîã³äíèì.

Ùîäî ìîæëèâîñòåé ðîçïîâñþäæåííÿ H. invalida ó âîäí³é ìåðåæ³
Öåíòðàëüíî¿ òà Çàõ³äíî¿ ªâðîïè ïî Ñª²Ê òà Öª²Ê âæå âêàçóâàëîñÿ, ùî ó
âåðõí³õ ÷àñòèíàõ öèõ êîðèäîð³â, çâ³äêè ïîòåíö³éíî ìîãëà ïîòðàïèòè öÿ
ïîë³õåòà, äî 1990-õ ðð. ¿¿ ïîïóëÿö³¿ áóëè â³äñóòí³ [4, 85]. Îäíàê íàéïåðø³
äàí³ ùîäî çíàõ³äîê H. invalida ó Âåðõíüîìó Äóíà¿ â³äíîñÿòüñÿ äî ïî÷àòêó
1930-õ ðð. [64] ó ìåæàõ Àâñòð³¿ òà Í³ìå÷÷èíè, òîáòî íà â³äñòàí³ áëèçüêî
2200 êì (!) â³ä ãèðëà ð³÷êè — íàòèâíîãî àðåàëó ïîë³õåòè. Òàêèì ÷èíîì,
ï³äêðåñëèìî, ùî ö³ëêîì àðãóìåíòîâàíèì º ïðèïóùåííÿ, ùî äîíîðîì
H. invalida ó âîäí³ îá’ºêòè öüîãî ðåã³îíó ìîæå áóòè Çª²Ê, ïîâ’ÿçàíèé ÷èñ-
ëåííèìè êàíàëàìè ç³ ù³ëüíîþ ð³÷êîâîþ ìåðåæåþ ªâðîïè.

Ïðîòå äóæå âàæêî ïîÿñíèòè ðîçïîâñþäæåííÿ ìàëîðóõëèâîãî áåí-
òîñíîãî îðãàí³çìó H. invalida íà òàêó çíà÷íó â³äñòàíü ïî ðóñëó Äóíàþ çà-
ñîáàìè âîäíîãî òðàíñïîðòó, ÿêèé àêòèâíî ïî÷àâ ôóíêö³îíóâàòè ëèøå ç
Õ²Õ ñò. Â îñòàíí³ ðîêè ïðè àêòèâ³çàö³¿ ã³äðîá³îëîã³÷íèõ äîñë³äæåíü íà ìà-
ëèõ âîäîòîêàõ ÖÇª H. invalida áóëî çíàéäåíî ó íåâåëèêèõ, ïåðåâàæíî
ã³ðñüêîãî òèïó ð³÷êàõ, äå â³äñóòí³é âîäíèé òðàíñïîðò, êð³ì ðåêðåàö³éíî-
ãî. Öå Ãîðèíü, Òèñà, Ïðóò, Ñ³ðåò, Áàëüòàçóë [3, 54] ³ ð³÷êè Äèíàðñüêî-Àëü-
ï³éñüêîãî ã³ðñüêîãî ìàñèâó (Äðàâà, Ñàâà) [97, 100, 101]. Òàê³ çíàõ³äêè, íà
íàøó äóìêó, òàêîæ ìîæíà â³äíåñòè äî êàòåãîð³¿ «íåñïîä³âàíèõ».

Ç îãëÿäó íà ö³ ôàêòè, çàñëóãîâóº óâàãè àëüòåðíàòèâíà ã³ïîòåçà â³äíîñ-
íî äæåðåë ðîçïîâñþäæåííÿ H. invalida ó âîäí³é ìåðåæ³ ªâðîïè, çîêðåìà
ùîäî ¿¿ çíàõ³äîê íà ã³ðñüêèõ òà ïåðåäã³ðñüêèõ ä³ëÿíêàõ ð³÷îê. ª ïðèïó-
ùåííÿ, ùî ö³ ïîïóëÿö³¿ ñòàíîâëÿòü ñîáîþ ðåöåíòí³ çàëèøêè ïîñåëåíü
ïîë³õåòè, ÿê³ ñôîðìóâàëèñÿ ó ñåðåäí³é òà âåðõí³é ÷àñòèíàõ Ïðà-Äóíàþ â
ïåð³îä âèñîêîãî ñòîÿííÿ ìîðñüêèõ âîä [27] ï³ä ÷àñ ãåîìîðôîëîã³÷íèõ òà
ïàëåîêë³ìàòè÷íèõ òðàíñôîðìàö³é ã³äðîãðàô³÷íî¿ ìåðåæ³ íà ïðîñòîðàõ
Öåíòðàëüíî¿ ªâðîïè íà ïî÷àòêó åïîõè ãîëîöåíó [12, 13, 33, 48, 54, 63]. Öÿ
ã³ïîòåçà áóëà ñôîðìóëüîâàíà íàóêîâöÿìè ð³çíèõ êðà¿í ³ â ð³çíèé ÷àñ, ùî
íàäàº ¿é ñóòòºâî¿ â³ðîã³äíîñò³ [33, 63]. Âîíà áàçóºòüñÿ íà ïàëåîã³äðîã-
ðàô³÷íèõ àñïåêòàõ ðîçâèòêó ö³º¿ ìåðåæ³ ó ì³æëüîäîâèêîâ³ òà â îñòàíí³é
ï³ñëÿëüîäîâèêîâèé ïåð³îäè ³ ïîâ’ÿçàíà ç ³ñòîòíèìè êîëèâàííÿìè ð³âíÿ
âîäè ó ìîðñüêèõ âîäîéìàõ ï³âäíÿ ªâðîïè, çì³íîþ ¿õíüî¿ êîíô³ãóðàö³¿ òà
äèíàì³êîþ ñòóïåíÿ ì³íåðàë³çàö³¿. Ñàìå çà òàêèõ óìîâ ìîãëè âèíèêíóòè
â³äîêðåìëåí³ êîìïëåêñè ïîïóëÿö³é ñîëîíóâàòîâîäíèõ òà åâðèãàë³ííèõ
áåçõðåáåòíèõ, ÿê³ â íàø ÷àñ îòðèìàëè íàçâó «ïîíòî-êàñï³éñüê³» îðãà-
í³çìè. Ðåöåíòí³ ïîïóëÿö³¿ öèõ ã³äðîá³îíò³â ìîãëè çàëèøèòèñÿ ó äåÿêèõ
âîäíèõ îá’ºêòàõ ã³ðñüêèõ òà ïåðåäã³ðñüêèõ ñèñòåì Àëüï òà Êàðïàò. Íàâå-
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äåí³ ñõåìè (ðèñ. 1, 2) çì³í âèãëÿäó ìîðñüêèõ ³ ñîëîíóâàòîâîäíèõ åêîñè-
ñòåì ªâðîïè ó ï³ñëÿëüîäîâèêîâèé ïåð³îä [52, 57] ñâ³ä÷àòü ïðî ðåàëüíó
ìîæëèâ³ñòü ôîðìóâàííÿ òà ïîäàëüøîãî ³ñíóâàííÿ òàêèõ âîäíèõ á³îãåîã-
ðàô³÷íèõ «àíêëàâ³â». ßê âèäíî ç ðèñóíêó 1, íàéá³ëüøèé çà ìàñøòàáàìè
çàëèøêîâèé «àíêëàâ » ñôîðìóâàâñÿ íà ä³ëÿíö³ Ñåðåäíüîãî òà Âåðõíüîãî
Ïðà-Äóíàþ. Ùîäî ìîæëèâîñò³ ïîøèðåííÿ ñîëîíóâàòîâîäíèõ áåçõðåáåò-
íèõ ó ð³÷èùà ìàéáóòí³õ Âîëãè, Äí³ïðà òà Äóíàþ ï³ñëÿ îñòàííüîãî ëüîäî-
âèêîâîãî ïåð³îäó ñâ³ä÷àòü ïàëåîíòîëîã³÷í³ çíàõ³äêè ÷åðåïàøîê D. poly-
morpha íà òåðèòîð³¿ ªâðîïè [1, 2, 8, 33, 37, 48]. Ó òàêîìó âèïàäêó ó âåðõ³â’ÿ
Äóíàþ, êð³ì äðåéñåíè, ìîãëè ïîòðàïèòè é ³íø³ ñîëîíóâàòîâîäí³ îðãà-
í³çìè, çîêðåìà H. invalida, àëå ðåøòêè ÿêèõ, íà â³äì³íó â³ä ÷åðåïàøîê
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Ðèñ. 1. Ðàííüîïîíò³éñüêå îçåðî-ìîðå çà [52]: 1 — ð. Äóíàé, 2 — ð. Äí³ïðî, 3 — ð. Âîëãà

Ðèñ. 2. Àðàëî-êàñï³éñüêî-ïîíò³éñüêî-ïàííîíñüêå ìîðå-îçåðî ó ì³îöåí³ çà [57]



äðåéñåí, ïðîñòî íå ìîãëè çáåðåãòèñÿ ó ãåîëîã³÷íèõ ñòðóêòóðàõ óïðîäîâæ
áàãàòüîõ òèñÿ÷îë³òü [63].

Çà óìîâ àêòèâíîãî ðîçâèòêó øòó÷íèõ âîäíèõ øëÿõ³â ó ªâðîï³ âïðî-
äîâæ Õ²Õ—ÕÕ ñò., ÿê³ ïîºäíàëè áàñåéíè áàãàòüîõ ð³÷îê ó ù³ëüíó ã³äðî-
ãðàô³÷íó ìåðåæó, ö³ îðãàí³çìè îòðèìàëè çìîãó äî ïîøèðåííÿ ³ç «ðåë³êòî-
âèõ» ïîìåøêàíü ³ áóëè çíàéäåí³, ñåðåä ³íøèõ ³ H. invalida, ï³ñëÿ ïî÷àòêó
ñèñòåìíèõ ã³äðîá³îëîã³÷íèõ äîñë³äæåíü íà âîäíèõ îá’ºêòàõ ÖÇª, îñîáëè-
âî àêòèâíèõ íà ïî÷àòêó ÕÕ² ñò. Äîäàòêîâèì àðãóìåíòîì íà ï³äòâåðäæåí-
íÿ îá´ðóíòîâàíîñò³ ö³º¿ ã³ïîòåçè º çíàõ³äêà ó âåðõí³é òå÷³¿ êàðïàòñüêî¿
ð. Òèñà (ïðèòîêà Äóíàþ) ÏÊ ãàìàðèäè Stenogammarus compressus G.O. Sars
[28], ÿêà é äîñ³ íå çàðåºñòðîâàíà ó Ñåðåäíüîìó ³ Âåðõíüîìó Äí³ïð³ [42] ³ â
Íèæíüîìó Äóíà¿ [77].

Âèñíîâêè

Íàÿâí³ñòü âåëèêî¿ ê³ëüêîñò³ ïóáë³êàö³é â îñòàíí³ 10—20 ðîê³â ïðî
çíàõ³äêè ïîñåëåíü H. invalida ïî ã³äðîãåîãðàô³÷í³é ìåðåæ³ Çàõ³äíî¿ ³ Öåí-
òðàëüíî¿ ªâðîïè ìîæå áóòè ïîâ’ÿçàíà íå ñò³ëüêè ³ç ÿâèùåì ðîçïîâñþä-
æåííÿ ö³º¿ ïîë³õåòè, à é ç âåëèêîþ óâàãîþ ñï³ëüíîòè ã³äðîá³îëîã³â äî ñà-
ìîãî ôåíîìåíó àêòèâíîãî ðîçïîâñþäæåííÿ ñîëîíóâàòîâîäíèõ ìàêðîáåç-
õðåáåòíèõ ïîíòî-êàñï³éñüêî¿ ôàóíè.

Ïîë³õåòà H. invalida íàëåæèòü äî ãðóïè ã³äðîá³îíò³â Ïîíòî-Êàñï³é-
ñüêîãî ôàóí³ñòè÷íîãî êîìïëåêñó, ÿê³ ìåøêàþòü ó âîäíèõ îá’ºêòàõ íàòèâ-
íîãî (³ñòîðè÷íîãî) àðåàëó ç ð³âíåì ñîëîíîñò³ 0,2—10,0 ‰, ùî îáóìîâëþº
äîö³ëüí³ñòü â³äíîñèòè öåé âèä äî ñîëîíóâàòîâîäíèõ àáî åâðèãàë³ííèõ îð-
ãàí³çì³â, à íå äî ïð³ñíîâîäíèõ, ÿê âêàçóºòüñÿ ó äåÿêèõ ïóáë³êàö³ÿõ, íàâå-
äåíèõ ó ñïèñêó âèêîðèñòàíî¿ ë³òåðàòóðè.

Ó íàòèâíèõ àðåàëàõ H. invalida íàëåæèòü äî ãðóïè ïåëîô³ëüíèõ îð-
ãàí³çì³â, ð³äøå — äî ïåëîïñàìîô³ëüíèõ òà ïåëîêîíõ³îô³ëüíèõ, óòâîðþþ-
÷è áàãàòî÷èñåëüí³ ïîïóëÿö³¿ çà óìîâ ñëàáêî¿ ïðîòî÷íîñò³ (0,1—0,3 ì/ñ)
ïðè ð³âí³ ñîëîíîñò³ 0,2—5,0 ‰. Ó ïóáë³êàö³ÿõ îñòàíí³õ 10—20 ðîê³â ïðî
çíàõ³äêè ïîë³õåòè ó âåëèêèõ ³ ìàëèõ ð³÷êàõ ÖÇª âêàçóºòüñÿ, ùî âîíà òðàï-
ëÿºòüñÿ íà ï³ùàíî-ãðàâ³éíèõ ´ðóíòàõ íàâ³òü ç âåëèêèì êàì³ííÿì çà øâèä-
êîñò³ òå÷³¿ ³íêîëè á³ëüøå 1 ì/ñ ó âîä³ ç ì³íåðàë³çàö³ºþ äî 0,2 ‰. Ö³ ôàêòè
ñâ³ä÷àòü ïðî íàäçâè÷àéíî øèðîêó åêîëîã³÷íó «ïëàñòè÷í³ñòü» H. invalida,
ùî çíà÷íîþ ì³ðîþ îáóìîâëþº ¿¿ çäàòí³ñòü äî îñâîºííÿ íîâèõ âîäíèõ
îá’ºêò³â.

Ïîì³÷åíî, ùî ÿê ³íâàéäåð H. invalida øâèäêî îñâîþº é äîñÿãàº çíà÷-
íî¿ ÷èñåëüíîñò³ ó íîâîñòâîðåíèõ á³îòîïàõ ï³ñëÿ äíîïîãëèáëåííÿ àêâà-
òîð³é âîäîéì, ÿê öå ñïîñòåð³ãàëîñü íà Âåðõíüîìó Äí³ïð³, Êàí³âñüêîìó òà
Êðåìåí÷óöüêîìó âîäîñõîâèùàõ. Ó «ìîëîäèõ» âîäîñõîâèùàõ âèíèêàº
òèì÷àñîâèé «ñïàëàõ» ÷èñåëüíîñò³ H. invalida, ùî äåùî çíèæóºòüñÿ â íà-
ñòóïí³ ðîêè.

Á³ëüø³ñòü íîâèõ çíàõ³äîê H. invalida ó âîäí³é ìåðåæ³ Çàõ³äíî¿ ³ Öåíò-
ðàëüíî¿ ªâðîïè âèÿâëåíî â Ñåðåäíüîìó ³ Âåðõíüîìó Äóíà¿, à òàêîæ â
³íøèõ ð³÷êàõ ªâðîïè, ïîâ’ÿçàíèõ ³ç íèì ÷èñëåííèìè êàíàëàìè. Äåÿê³ íà-
óêîâö³ äæåðåëàìè ïîøèðåííÿ ïîíòî-êàñï³éñüêèõ îðãàí³çì³â, çîêðåìà
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H. invalida, ó ö³ âîäí³ îá’ºêòè ââàæàþòü ôóíêö³îíóâàííÿ òðüîõ ºâðî-
ïåéñüêèõ ³íâàç³éíèõ êîðèäîð³â: Ñõ³äíîãî (Âîëçüêîãî), Öåíòðàëüíîãî
(Äí³ïðîâñüêîãî) òà Çàõ³äíîãî (Äóíàéñüêîãî).

Ïðîíèêíåííÿ H. invalida ç áàñåéíó Ñª²Ê ó âîäíó ìåðåæó Çàõ³äíî¿ ³
Öåíòðàëüíî¿ ªâðîïè áóëî íåìîæëèâèì, îñê³ëüêè ïåðø³ çíàõ³äêè ö³º¿
ïîë³õåòè ó Ðèá³íñüêîìó âîäîñõîâèù³, ÿêå ñòàíîâèòü ñîáîþ íèæ÷ó ä³ëÿíêó
øòó÷íî¿ ÷àñòèíè Âîëãî-Áàëò³éñüêîãî òðàíñïîðòíîãî øëÿõó, â³äáóëèñÿ
ëèøå ó 1994 ð.

Ðîçñåëåííÿ H. invalida ç áàñåéíó Öª²Ê ó âîäíó ìåðåæó Çàõ³äíî¿ ³ Öåí-
òðàëüíî¿ ªâðîïè òàêîæ ìàëîâ³ðîã³äíî, îñê³ëüêè êàíàëè, ùî ïîºäíóþòü
áàñåéí Âåðõíüîãî Äí³ïðà òà ð. Â³ñëà, ïðèïèíèëè ñâîº ôóíêö³îíóâàííÿ íà
ïî÷àòêó ³ â ñåðåäèí³ ÕÕ ñò., à íà ìåæ³ Ñåðåäíüîãî òà Âåðõíüîãî Äí³ïðà òà
éîãî ïðèòîêàõ H. invalida áóëà çíàéäåíà ëèøå ó 1990-õ ðîêàõ. Çíàõ³äêè
H. invalida ó ð. Åëüáà — íàéá³ëüø ñõ³äíî¿ çà ãåîãðàô³÷íèì ïîëîæåííÿì
ð³÷êè Öåíòðàëüíî¿ ªâðîïè — ëèøå ç 2014 ð. º ùå îäíèì ç ïåðåêîíëèâèõ
äîêàç³â, ùî íà çàõ³ä öÿ ïîë³õåòà íå ìîãëà ïîòðàïèòè ç³ ñõîäó, çîêðåìà ³ç
ñèñòåì Öª²Ê.

Ðîçïîâñþäæåííÿ H. invalida ó âîäí³é ìåðåæ³ ÖÇª, íàéá³ëüø â³ðî-
ã³äíî, ïîâ’ÿçàíå ³ç ðîçñåëåííÿì ö³º¿ ïîë³õåòè ç ð³÷èùà Äóíàþ ÿê Çª²Ê, ùî
âèêîíóº ôóíêö³þ ðîçïîâñþäæåííÿ ³íøèõ ÏÊ áåçõðåáåòíèõ.

Ó Íèæíüîìó Äóíà¿, ÿêèé ñòàíîâèòü ñîáîþ íàòèâíèé (³ñòîðè÷íèé)
àðåàë ïîíòî-êàñï³éñüêî¿ ôàóíè, ïîñåëåííÿ H. invalida â³äîì³ ç ïî÷àòêó
ÕÕ ñò. Ó Ñåðåäíüîìó òà Âåðõíüîìó Äóíà¿ ïîïóëÿö³¿ ïîë³õåòè âèÿâëåí³ ó
ðåçóëüòàò³ ã³äðîá³îëîã³÷íèõ äîñë³äæåíü, ïî÷èíàþ÷è ç 1930-õ ðîê³â.

ßê â³äîìî, H. invalida íå ìàº ôóíêö³îíàëüíèõ çàñîá³â äî àêòèâíî¿
ì³ãðàö³¿ ³ ìîæå ðîçñåëÿòèñÿ ëèøå ïàñèâíî. Ïåðøèì âàð³àíòîì òàêîãî ìå-
õàí³çìó ìîæå áóòè ðîçïîâñþäæåííÿ çà óìîâ òå÷³¿ ëè÷èíîê ïîë³õåòè, ùî
âèëóïèëèñÿ ç ÿºöü ³ çàëèøèëè òðóáêè, äå ìåøêàº ìàòåðèíñüêà îñîáèíà
ïîë³õåòè. Çàëåæíî â³ä øâèäêîñò³ òå÷³¿ ëè÷èíêè ìîæóòü ïåðåíîñèòèñÿ íà
á³ëüø-ìåíø çíà÷í³ â³äñòàí³ ³ ï³ñëÿ îñ³äàííÿ íà äíî óòâîðþâàòè ïîïóëÿö³¿
ó íîâèõ îñåëèùàõ.

Îòæå, ïîÿâà ïîïóëÿö³é H. invalida ó âîäí³é ìåðåæ³ ÖÇª ïîâ’ÿçàíà
ëèøå ç ïàñèâíèì ðîçïîâñþäæåííÿì öüîãî îðãàí³çìó, îñê³ëüêè ³íòðî-
äóêö³¿ ö³º¿ ïîë³õåòè ó Ñåðåäí³é ³ Âåðõí³é Äóíàé í³êîëè íå ïðîâîäèëèñü.

Ëþäèíà ìîæå ä³ºâî ñïðèÿòè ðîçïîâñþäæåííþ H. invalida ÿê ó ð³÷êàõ,
òàê ³ ïî ÷èñëåííèõ êàíàëàõ ªâðîïè çà íàÿâíîñò³ ïîë³õåòè ó ñêëàä³ áàëàñò-
íèõ âîä, ÿê³ áàãàòîðàçîâî íàïîâíþþòüñÿ òà ñêèäàþòüñÿ ïðè ïðîõîäæåíí³
ñóäíàìè ï³ä ìîñòàìè òà ïî ÷èñëåííèì øëþçîâèì êàìåðàì êàíàë³â. Êð³ì
òîãî, ïåðåì³ùåííÿ âåëèêèõ îáñÿã³â âîäíèõ ìàñ, íåð³äêî çáóðåíèõ ³ç äîí-
íèìè â³äêëàäàìè, òàêîæ ìîæå ñïðèÿòè ïåðåì³ùåííþ H. invalida íà ð³ç-
íèõ ñòàä³ÿõ ðîçâèòêó ïî òðàñàõ êàíàë³â.

Ï³äòâåðäæåííÿì ðåàë³çàö³¿ òàêîãî ìåõàí³çìó º çíàõ³äêè H. invalida â
ïðèòîêàõ Ñåðåäíüîãî ³ Âåðõíüîãî Äóíàþ òà â ã³äðîëîã³÷íî ïîâ’ÿçàíèõ ç
íèì ð³÷êàõ, òàêèõ ÿê Îäåð, Ìàéí, Åëüáà, Ðåéí, Ðîíà, Ñåíà òà ³í., ç ê³íöÿ
ÕÕ ñò. ³ îñîáëèâî áàãàòî÷èñåëüí³ — ç ïî÷àòêó ÕÕ² ñò. Âèÿâëåííÿ ïîñåëåíü
H. invalida íà ð³çíèõ ä³ëÿíêàõ âåëèêèõ ð³÷îê (âåðõ³â’ÿ àáî ïîíèççÿ) ó ð³çí³
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ñòðîêè ìîæå áóòè îáóìîâëåíî íå ò³ëüêè ôàêòîì ðîçïîâñþäæåííÿ ïî-
ë³õåòè, àëå é äèñêðåòí³ñòþ ïðîâåäåííÿ ã³äðîá³îëîã³÷íèõ äîñë³äæåíü ó
÷àñ³.

Çàñëóãîâóº óâàãè àëüòåðíàòèâíà âåðñ³ÿ ùîäî äæåðåë ðîçïîâñþäæåí-
íÿ H. invalida ó âîäí³é ìåðåæ³ ªâðîïè. Âîíà áàçóºòüñÿ íà ïàëåîã³äðîã-
ðàô³÷íèõ àñïåêòàõ ðîçâèòêó ö³º¿ ìåðåæ³ ó ì³æëüîäîâèêîâ³ òà îñòàíí³é
ï³ñëÿëüîäîâèêîâèé ïåð³îä ³ ïîâ’ÿçàíà ç ³ñòîòíèìè êîëèâàííÿìè ð³âíÿ
âîäè ó ìîðñüêèõ àêâàòîð³ÿõ ï³âäíÿ ªâðîïè. Ñàìå çà òàêèõ óìîâ ñôîðìó-
âàëèñÿ ìîæëèâîñò³ äëÿ âèíèêíåííÿ â³äîêðåìëåíèõ ïîïóëÿö³é áåçõðåáåò-
íèõ, ÿê³ â íàø ÷àñ îòðèìàëè íàçâó «ïîíòî-êàñï³éñüê³». ¯õí³ ðåöåíòí³ ïîïó-
ëÿö³¿ ìîãëè çàëèøèòèñü ó äåÿêèõ âîäíèõ îá’ºêòàõ ã³ðñüêèõ òà ïåðåä-
ã³ðñüêèõ òåðèòîð³é ªâðîïè. Â ïðîöåñ³ àêòèâíîãî ðîçâèòêó øòó÷íèõ âî-
äíèõ øëÿõ³â ó ªâðîï³ âïðîäîâæ Õ²Õ—ÕÕ ñò. ö³ îðãàí³çìè ìàëè çìîãó äî
ïîøèðåííÿ ³ áóëè çíàéäåí³, ñåðåä ³íøèõ ³ H. invalida, ï³ñëÿ àêòèâíèõ
ã³äðîá³îëîã³÷íèõ äîñë³äæåíü. Öþ ã³ïîòåçó áóëî ñôîðìóëüîâàíî ³ ï³äòðè-
ìàíî ðÿäîì íàóêîâö³â, âîíà ìàº ïàëåîãåîëîã³÷íå ï³ä´ðóíòÿ, ùî îáóìîâ-
ëþº ¿¿ àêòóàëüí³ñòü.

Â åêîñèñòåìàõ Äí³ïðà òà Âîëãè ³íâàç³ÿ H. invalida ìàëà àíàäðîìíèé
õàðàêòåð â³ä íàòèâíèõ àðåàë³â ó ïîíèççÿõ öèõ ð³÷îê äî âåðõí³õ ÷àñòèí. Ó
ð³÷êàõ áàñåéí³â Ï³âí³÷íîãî ³ Ñåðåäçåìíîãî ìîð³â, à òàêîæ Àòëàíòè÷íîãî
îêåàíó ñïîñòåð³ãàºòüñÿ êàòàäðîìíå ðîçïîâñþäæåííÿ ö³º¿ ïîë³õåòè ç îñå-
ðåäê³â ó âåðõí³é ÷àñòèí³ áàñåéíó Äóíàþ. Öåé ïðîöåñ º âàãîìèì àðãóìåí-
òîì íà êîðèñòü ã³ïîòåçè â³äíîñíî «ðåë³êòîâî¿» ïðèðîäè ³íâàç³¿ H. invalida
ó âîäí³ îá’ºêòè Öåíòðàëüíî¿ òà Çàõ³äíî¿ ªâðîïè.

Ó çâ’ÿçêó ç ïîñèëåííÿì óâàãè äîñë³äíèê³â-ã³äðîá³îëîã³â äî ÿâèùà
³íâàç³¿ ã³äðîá³îíò³â, îñîáëèâî ïðåäñòàâíèê³â ÏÊ ôàóí³ñòè÷íîãî êîìïëåê-
ñó, ó âíóòð³øí³ âîäè ªâðîïè òà Ï³âí³÷íî¿ Àìåðèêè, ñë³ä î÷³êóâàòè ïîÿâè
³íôîðìàö³¿ ïðî çíàõ³äêè H. invalida, à òàêîæ íîâèõ ÏÊ âèä³â ó ð³çíîòèï-
íèõ âîäíèõ îá’ºêòàõ, îñîáëèâî ìàëîäîñë³äæåíèõ ³ çîâñ³ì íå äîñë³äæåíèõ
â àñïåêò³ ã³äðîá³îëîã³¿.

Ñïèñîê âèêîðèñòàíî¿ ë³òåðàòóðè

1. Àíäðóñîâ Í.È. Èñêîïàåìûå è æèâóùèå Dreissenidae Åâðàçèè. Òð. ÑÏá îáù-âà
åñòåñòâîèñïûòàòåëåé, îòä. ãåîëîãèè è ìèíåðàëîãèè. 1897. Ò. 25. Ñ. 1—683.

2. Àíäðóñîâ Í.È. Âçàèìîîòíîøåíèÿ Ýâêñèíñêîãî è Êàñïèéñêîãî áàññåéíîâ â
íåîãåíîâóþ ýïîõó. Èçâ. Ðîñ. ÀÍ. Ñåð. 6. 1918. Ò. 12, ¹ 8. Ñ. 749—760.

3. Àôàíàñüºâ Ñ.Î. Ñòðóêòóðà á³îòè÷íèõ óãðóïîâàíü òà îö³íêà åêîëîã³÷íîãî ñòà-
òóñó ð³÷îê áàñåéíó Òèñè. Êè¿â : ²íôîäðóê, 2006. 101 ñ.

4. Áàêàíîâ À.È. Áàçà äàííûõ «Freshwater invasion» (Èíâàçèè â ïðåñíûõ âîäàõ).
Ýêîëîãèÿ è ìîðôîëîãèÿ áåñïîçâîíî÷íûõ êîíòèíåíòàëüíûõ âîä. Ìàõà÷êàëà: Èçä-âî
«Íàóêà ÄÍÖ», 2010. Ñ. 467—473.

5. Áåëèíã Ä.Å. Ìàòåðèàëû ïî ãèäðîôàóíå è èõòèîôàóíå íèæíåãî òå÷åíèÿ ðåêè
Äíåïðà. Òð. Âñåóêð. ãîñ. ×åðíîìîð.-Àçîâ. íàó÷.-ïðîìûñë. îïûò. ñò. Õåðñîí, 1925. Ò. 1.
Ñ. 1—72.

6. Áåíèíã À.Ë. Ê èçó÷åíèþ ïðèäîííîé æèçíè ðåêè Âîëãè. Òð. Âîëæ. áèîë. ñò. Ñà-
ðàòîâ, 1924. ¹ 2. 398 ñ.

7. Áåðåçèíñüêà âîäíà ñèñòåìà: https://uk.wikipedia.org/wiki/Áåðåçèíñüêà âîäíà
ñèñòåìà

18

Ïë³ã³í Þ.Â., Æåëåçíÿê Í.².

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(4)



8. Áèîëîãè÷åñêèå èíâàçèè â âîäíûõ è íàçåìíûõ ýêîñèñòåìàõ. Ìîñêâà : Òîâ-âî
íàó÷. èçä. ÊÌÊ, 2004. 436 ñ.

9. Âèøíåâñüêèé Â.². Ã³äðîëîãî-ã³äðîõ³ì³÷íèé ðåæèì äí³ïðîâñüêèõ âîäîñõîâèù.
Ã³äðîá³îë. æóðí. 2020. Ò. 56, ¹ 2. Ñ. 103—120.

10. Âîëãî-Áàëòèéñêèé âîäíûé ïóòü: https://www.locman.net/volgobalt
11. Ãèäðîëîãèÿ è ãèäðîõèìèÿ Äíåïðà è åãî âîäîõðàíèëèù / îòâ. ðåä. Ì.À. Øåâ-

÷åíêî. Êèåâ : Íàóê. äóìêà, 1989. 216 ñ.
12. Ãîëîöåí: https://uk.wikipedia.org/wiki/ãîëîöåí
13. Äåäþ È.È. Àìôèïîäû ïðåñíûõ è ñîëîíîâàòûõ âîä Þãî-Çàïàäà ÑÑÑÐ. Êè-

øèíåâ : Øòèèíöà, 1980. 223 ñ.
14. Äåðæàâèí À.Í. Êàñïèéñêèå ýëåìåíòû â ôàóíå áàññåéíà Âîëãè. Òð. Èõòèîë.

ëàá. óïð. Êàñï.-Âîëæ. ðûáí. è òþëåíåâûõ ïðîìûñëîâ. 1912. Ò. 2, âûï. 5. Ñ. 1—44.
15. Äæåðäàïñêîå âîäîõðàíèëèùå: https://ru.wikipedia.org/wiki/Äæåðäàïñêîå âî-

äîõðàíèëèùå
16. Äçþáàí Í.À., Ñëîáîä÷èêîâ Í.Á. Hypania invalida (Grube, 1860) â âîëæñêèõ

âîäîõðàíèëèùàõ è ãèäðîáèîëîãè÷åñêèé ìîíèòîðèíã. Ãèäðîáèîë. æóðí. 1980. Ò. 16,
¹ 5. Ñ. 56—59.

17. Äí³ïðîâñüêî-Áóçüêèé êàíàë: https://uk.wikipedia.org/wiki/Äí³ïðîâñüêî-Áó-
çüêèé êàíàë

18. Æàäèí Â.È., Ãåðä Ñ.Â. Ðåêè, îçåðà, âîäîõðàíèëèùà ÑÑÑÐ. Èõ ôàóíà è ôëîðà.
Ìîñêâà : Ãîñ. ó÷åáíî-ïåä. èçä-âî, 1961. 597 ñ.

19. Æóêèíñêèé Â.Í., Õàð÷åíêî Ò.À., Ëÿøåíêî À.Â. Àäâåíòèâíûå âèäû è èçìåíå-
íèå àðåàëîâ àáîðèãåííûõ ãèäðîáèîíòîâ â ïîâåðõíîñòíûõ âîäíûõ îáúåêòàõ Óêðàè-
íû. Ñîîáùåíèå 1. Âîäíûå áåñïîçâîíî÷íûå. Ãèäðîáèîë. æóðí. 2006. Ò. 42, ¹ 6.
Ñ. 58—69.

20. Æóðàâåëü Ï.À. Î ôàóíå ëèìàííîãî êîìïëåêñà Äíåïðîâñêîãî âîäîõðàíèëè-
ùà ïîñëå åãî âîññòàíîâëåíèÿ. Âåñòí. Äíåïðîïåòð. ÍÈÈ ãèäðîáèîëîãèè. 1955. Ò. 11.
Ñ. 121—145.

21. Æóðàâåëü Ï.Î. Ïðî ñòàí äåÿêèõ ïðåäñòàâíèê³â ôàóíè Mollusca òà Crustacea ó
âîäîñõîâèù³ Äí³ïðîãåñó. Â³ñí. Äí³ïðîïåòð. ã³äðîá³îë. ñò. 1937. Ò. 2. Ñ. 149—160.

22. Æóðàâëåâà Ë.À. Ìíîãîëåòíèå èçìåíåíèÿ ìèíåðàëèçàöèè è èîííîãî ñîñòàâà
âîäû âîäîõðàíèëèù Äíåïðà. Ãèäðîáèîë. æóðí. 1998. Ò. 34, ¹ 4. Ñ. 88—96.

23. Çèìáàëåâñêàÿ Ë.Í., Ñåðãååâ À.È., Ïëèãèí Þ.Â., Åìåëüÿíîâà Ë.Â. Ñîâðåìåí-
íîå ñîñòîÿíèå àêêëèìàòèçèðîâàííûõ áåñïîçâîíî÷íûõ â âîäîõðàíèëèùàõ Äíåïðà.
Èòîãè è ïåðñïåêòèâû àêêëèìàòèçàöèè ðûá è áåñïîçâîíî÷íûõ â âîäîåìàõ ÑÑÑÐ : òåç.
äîêë. (Ìàõà÷êàëà, 23—25 ñåíò. 1980 ã.). Ìîñêâà : Á. è., 1980. Ñ. 50—52.

24. Èîôôå Ö.È. Îáçîð âûïîëíåííûõ ðàáîò ïî àêêëèìàòèçàöèè êîðìîâûõ áåñ-
ïîçâîíî÷íûõ äëÿ ðûá â âîäîõðàíèëèùàõ. Óëó÷øåíèå è óâåëè÷åíèå êîðìîâîé áàçû
äëÿ ðûá âî âíóòðåííèõ âîäîåìàõ ÑÑÑÐ. Ëåíèíãðàä : ÃîñÍÈÎÐÕ, 1968. Ñ. 7—29.

25. Êàõîâñüêå âîäîéìèùå. Ã³äðîá³îëîã³÷íèé íàðèñ / Â³äï. ðåä. ß.ß. Öååá. Êè¿â :
Íàóê. äóìêà, 1964. 304 ñ.

26. Êðåíäîâñêèé Ì.Å. Èññëåäîâàíèÿ Áóãñêîãî, Äíåïðîâñêîãî è äðóãèõ ëèìàíîâ.
Òð. îáù-âà åñòåñòâîèñïûòàòåëåé ïðèðîäû ïðè Õàðüêîâ. óí-òå. 1885. Ò. 18, ¹ 1.
Ñ. 49—200.

27. Ëèíäáåðã Ã.Ó. Êðóïíûå êîëåáàíèÿ óðîâíÿ îêåàíà â ÷åòâåðòè÷íûé ïåðèîä.
Ëåíèíãðàä : Íàóêà, 1972. 548 ñ.

28. Ëÿøåíêî À.Â., Ñèëàåâà À.À. Äîííàÿ ìàêðîôàóíà Òèñû è åå ïðèòîêîâ. Ðóê.
äåï. â ÂÈÍÈÒÈ 25.6 92 ã. ¹ 2062—Â92. Ðåä. Ãèäðîáèîë. æóðí. Êèåâ. 36 ñ.

29. Ìàðêîâñêèé Þ.Ì. Ðåçóëüòàòû ðàáîòû Èíñòèòóòà ãèäðîáèîëîãèè Àêàäåìèè
íàóê ÓÑÑÐ ïî ïåðåñåëåíèþ íåêîòîðûõ êîðìîâûõ áåñïîçâîíî÷íûõ. Òð. ñîâåù. ïî
ïðîáëåìå àêêëèìàòèçàöèè ðûá è êîðìîâûõ áåñïîçâîíî÷íûõ. Ìîñêâà ; Ëåíèíãðàä,
1954. Âûï. 3. Ñ. 151—158.

30. Ìàðêîâñêèé Þ.Ì. Ôàóíà áåñïîçâîíî÷íûõ íèçîâüåâ ðåê Óêðàèíû, óñëîâèÿ
åå ñóùåñòâîâàíèÿ è ïóòè èñïîëüçîâàíèÿ. ×. 2. Äíåïðîâñêî-Áóãñêèé ëèìàí. Êèåâ :
Èçä-âî ÀÍ ÓÑÑÐ, 1954 à. — 207 ñ.

19

Ïîíòî-Êàñï³éñüêà ïîë³õåòà Hypania invalida (Grube, 1860)

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(4)



31. Ìàðêîâñêèé Þ.Ì., Çåðîâ Ê.Ê. Ãèäðîáèîëîãè÷åñêèé î÷åðê ñðåäíåãî Äíåïðà è
ïðîãíîç áèîëîãè÷åñêîãî ðåæèìà Êðåìåí÷óãñêîãî âîäîõðàíèëèùà. Âîïð. èõòèîëî-
ãèè. Ìîñêâà : Èçä-âî ÀÍ ÑÑÑÐ, 1955. Âûï. 5. Ñ. 150—162.

32. Ìåòîäè ã³äðîåêîëîã³÷íèõ äîñë³äæåíü ïîâåðõíåâèõ âîä / çà ðåä. Â.Ä. Ðîìà-
íåíêà. Êè¿â : ËÎÃÎÑ, 2006. 408 ñ.

33. Ìîðäóõàé-Áîëòîâñêîé Ô.Ä. Êàñïèéñêàÿ ôàóíà â Àçîâî-×åðíîìîðñêîì áàñ-
ñåéíå. Ìîñêâà ; Ëåíèíãðàä : Èçä-âî ÀÍ ÑÑÑÐ, 1960. 288 ñ.

34. Ìîðîç Ò.Ã. Ìàêðîçîîáåíòîñ ëèìàíîâ è íèçîâüåâ ðåê Ñåâåðî-Çàïàäíîãî Ïðè-
÷åðíîìîðüÿ. Êèåâ : Íàóê. äóìêà, 1993. 188 ñ.

35. Ìîðîç Ì.Ä., Ë³ï³íñüêà Ò.Ï. Àáîðèãåíí³ òà ÷óæîð³äí³ âèäè ìàêðîçîîáåíòîñó
âîäîòîê³â á³ëîðóñüêî¿ ÷àñòèíè Öåíòðàëüíîãî ªâðîïåéñüêîãî ³íâàçèâíîãî êîðèäîðó.
Ã³äðîá³îë. æóðí. 2020. Ò. 56, ¹ 2. Ñ. 18—31.

36. Íèêîëàåâ È.È. Íåêîòîðûå àñïåêòû ýêîëîãèè ñòèõèéíîãî ðàññåëåíèÿ ãèäðî-
áèîíòîâ. Èòîãè è ïåðñïåêòèâû àêêëèìàòèçàöèè êîðìîâûõ áåñïîçâîíî÷íûõ â ðûáî-
õîçÿéñòâåííûõ âîäîåìàõ. Ñá. íàó÷. òð. ÃîñÍÈÎÐÕ. 1985. Âûï. 232. Ñ. 81—89.

37. Íîâñêèé Â.À. Íàõîäêà Dreissena polymorpha â ÷åòâåðòè÷íûõ ñëîÿõ Ðûáèí-
ñêîãî ðàéîíà ßðîñëàâñêîé îáëàñòè. Áþë. Èí-òà áèîë. âíóòð. âîä ÀÍ ÑÑÑÐ. 1960.
¹ 8—9. Ñ. 28—29.

38. Îäðà: https://uk.wikipedia.org
39. Îëèâàðè Ã.À. Äîííîå æèâîòíîå íàñåëåíèå Íèæíåãî Äíåïðà. Ïðîãíîç áèîëî-

ãè÷åñêîãî ðåæèìà Êàõîâñêîãî âîäîõðàíèëèùà è íèçîâüåâ Äíåïðà. Êèåâ : Èçä-âî ÀÍ
ÓÑÑÐ, 1953. Ñ. 70—87.

40. Îñòðîóìîâ À.À. Î ãèäðîáèîëîãè÷åñêèõ èññëåäîâàíèÿõ â óñòüÿõ þæíîðóñ-
ñêèõ ðåê â 1896 ãîäó. Èçâ. Èìï. Àêàä. íàóê. 1897. Ò. 6, ¹ 4. Ñ. 343—362.

41. Ïëèãèí Þ.Â. Áåñïîçâîíî÷íûå Êàñïèéñêîãî êîìïëåêñà â áåíòîñå äíåïðîâ-
ñêèõ âîäîõðàíèëèù. Ãèäðîáèîëîãè÷åñêèå èññëåäîâàíèÿ ïðåñíûõ âîä. Êèåâ : Íàóê.
äóìêà, 1985. Ñ. 43—50.

42. Ïëèãèí Þ.Â. Ïîëèõåòû ïîíòî-êàñïèéñêîãî êîìïëåêñà â áåíòîñå âîäîõðàíè-
ëèù Äíåïðà. Ïðèðîäíè÷èé àëüìàíàõ. Ñåð.: Á³îëîã³÷í³ íàóêè. Õåðñîí : ÏÏ Âèøå-
ìèðñüêèé, 2006. Âèï. 8. Ñ. 185—191.

43. Ïëèãèí Þ.Â., Ìàò÷èíñêàÿ Ñ.Ô. Ìàêðîçîîáåíòîñ. Ãèäðîýêîëîãè÷åñêèå ïî-
ñëåäñòâèÿ àâàðèè íà ×åðíîáûëüñêîé ÀÝÑ. Êèåâ : Íàóê. äóìêà, 1992. Ñ. 116—123.

44. Ðîìàíåíêî Â.Ä. Äí³ïðîâñüê³ âîäîñõîâèùà, ¿õíº çíà÷åííÿ òà ïðîáëåìè. Ãèä-
ðîáèîë. æóðí. 2018. Ò. 54, ¹ 1. Ñ. 3—12.

45. Ñåìåí÷åíêî Â.Ï., Ñîí Ì.Î., Íîâèöêèé Ð.À. è äð. ×óæåðîäíûå ìàêðîáåñïîç-
âîíî÷íûå è ðûáû â áàññåéíå ðåêè Äíåïð. Ðîññ. æóðí. áèîë. èíâàçèé. 2014. ¹ 4.
Ñ. 76—96.

46. Ñîâèíñêèé Â.Ê. Ââåäåíèå â èçó÷åíèå ôàóíû Ïîíòî-Êàñïèéñêî-Àðàëüñêîãî
ìîðñêîãî áàññåéíà, ðàññìàòðèâàåìîé ñ òî÷êè çðåíèÿ ñàìîñòîÿòåëüíîé çîîãåîãðàôè-
÷åñêîé ïðîâèíöèè. Êèåâ, 1902. 216 ñ.

47. Ñîí Ì.Î. Ìîëëþñêè-âñåëåíöû â ïðåñíûõ è ñîëîíîâàòûõ âîäàõ Ñåâåðíîãî
Ïðè÷åðíîìîðüÿ. Îäåññà : Äðóê, 2007. 132 ñ.

48. Ñòàðîáîãàòîâ ß.È. Ôàóíà ìîëëþñêîâ è çîîãåîãðàôè÷åñêîå ðàéîíèðîâàíèå
êîíòèíåíòàëüíûõ âîäîåìîâ çåìíîãî øàðà. Ëåíèíãðàä : Íàóêà, 1970. 372 ñ.

49. Öååá ß.ß., Îëèâàðè Ã.À., Ãóñûíñêàÿ Ñ.Ë. Êîðìîâàÿ áàçà ðûá Êàõîâñêîãî è
Êðåìåí÷óãñêîãî âîäîõðàíèëèù è âîçìîæíîñòè ðûáîõîçÿéñòâåííîãî èñïîëüçîâà-
íèÿ èõ ìåëêîâîäèé. Ãèäðîáèîëîãè÷åñêèé ðåæèì Äíåïðà â óñëîâèÿõ çàðåãóëèðîâàí-
íîãî ñòîêà. Êèåâ: Íàóê. äóìêà, 1967. Ñ. 365—386.

50. Øåðñòþê Â.Â., Ñåâåðåí÷óê Í.Ñ. Áåñïîçâîíî÷íûå êàê êîðìîâûå îáúåêòû ðûá.
Áåñïîçâîíî÷íûå è ðûáû Äíåïðà è åãî âîäîõðàíèëèù. Êèåâ: Íàóê. äóìêà, 1989.
Ñ. 117—135.

51. Ùåðáèíà Ã.Õ. Àâòîàêêëèìàòèçàöèÿ êàñïèéñêîé ïîëèõåòû Hypania invalida â
áàññåéíå Âåðõíåé Âîëãè. Çîîë. æóðí. 2001. Ò. 80, ¹ 3. Ñ. 278—284.

20

Ïë³ã³í Þ.Â., Æåëåçíÿê Í.².

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(4)



52. Ýáåðçèí À.Ã. Î ïðîèñõîæäåíèè ïëèîöåíîâûõ ðîäîâ êàðäèèä â Ýâêñèíñêîì
áàññåéíå. Òð. Ïàëåíòîë. èí-òà ÀÍ ÑÑÑÐ. Ò. 20. Ìîñêâà ; Ëåíèíãðàä : Èçä-âî ÀÍ
ÑÑÑÐ, 1949. Ñ. 209—232.

53. ßêîâëåâ Â.À., ßêîâëåâà À.Â. Ïîëèõåòà Hypania invalida (Polychaeta: Amphare-
tidae) â Êóéáûøåâñêîì âîäîõðàíèëèùå: ðàñïðåäåëåíèå, ðàçìåðíî-âåñîâûå õàðàêòå-
ðèñòèêè. Ðîññ. æóðí. áèîë. èíâàçèé. 2010. ¹ 1. Ñ. 44—55.

54. Afanasyev S.A. Forming of hydrobiota of the river systems in the territory of Ukra-
ine in view of history of hydrographic. Hydrobiol. J. 2015. Vol. 51, N 1. P. 3—12.

55. Akopian M., Garnier J., Usello-Polatera P. Invasive species impact on the macro-
invertebrate community in the Lower Marne River. XXIX Congress Lahti Finland 8—14
august 2004: Book of Abstracts. 2004. P. 334.

56. Albrecht M.-L. Auswirkungen von Regulierungen der unteren Oder auf die Bo-
denbesiedlung. Limnologische berichte der X Jubilaumstagung Donauforschung. Bulgari-
en, 10—20 october 1966. Sofia, 1968. S. 397—401.

57. An der Lan H. Tiergeographie der Donau. Limnologie der Donau. L. 3. Stuttgart,
1967. S. 316—326.

58. B cesku M. Quelques observations sur la faune benthonique du defile roumain du
Danube: son importance zoog�ographique et pratique. Ann. Sci. Univ. Jassy. 1948. Vol. 31,
N 2. Ð. 240—253.

59. Bernauer D., Jansen W. Recent invasions of alien macroinvertebrates and loss of
native species in the upper Rhine River, Germany. Aquatic Invasions. 2006. Vol. 1, N 2.
P. 55—71.

60. Bij de Vaate A., Jazdzewski K., Ketelaars H.A.M. et al. Geographical patterns in
range extension of Ponto-Caspian macroinvertebrate species in Europe. Canadian Journal
of Fisheries and Aquatic Sciences. 2002. Vol. 59. P. 1159—1174.

61. Devin S., Akopian M., Fruget J.-F. et al. Premi�res observations �cologiques dans
les hydrosyst�mes fran�ais du polych�te d’eau douce Hypania invalida introduit en Europe
occidentale. Vie et Milieu-Life and Environment. 2006. Vol. 56, N. 3. P. 247—254.

62. Devin S., Beisel J.N., Usseglio-Polatera P., Moreteau J.-C. Changes in functional
biodiversity in an invaded freshwater ecosystem: the Moselle River. Hydrobiologia. 2005.
Vol. 542, N 1. P. 113—120.

63. Devin S., Bîllache L., No�l P.-G., Beisel J.-N. Patterns of biological invasions in
French freshwater systems by nonindigenous macroinvertebrates. Ibid. 2005. Vol. 551.
P. 137—146.

64. Dudich E. Systematisches Verzeichnis der Tierwelt der Donau, mit einer zusam-
menfassenden Erl�uterung. Limnologie der Donau. L. 3. Stuttgart, 1967. S. 4—69.

65. Eggers T.O., Anlauf A. Hypania invalida (Grube, 1860) (Polychaeta: Amphareti-
dae) in der Mittleren Elbe. Lauterbornia. 2008. Vol. 62. P. 11—13.

66. Gallardo B., Aldridge D.C. Review of the ecological impact and invasion potential
of Ponto Caspian invaders in Great Britain. Cambridge Environmental Consulting, 2013.
121 p.

67. Gollasch S., Nehring S. National checklist for aquatic alien species in Germany.
Aquatic Invasions. 2006. Vol. 1, N 4. P. 245—269.

68. https://fr.wikipedia.org/wiki/Canal_de_la_Marne_au_Rhin
69. https://ogeo.info/reki/elba
70. https://uk.wikipedia.org/wiki/Êàíàë_Ðåéí_Ìàéí_Äóíàé
71. https://uk.wikipedia.org/wiki/Ðîíà_-_Ðåéí_(êàíàë)
72. https://www.sb.by/articles/skolzyashchie-po-volnam.html
73. Klink A.G., bij de Vaate A. Hypania invalida (Grube, 1860) (Polychaeta: Ampha-

retidae) in the Lower Rhine — new to the Dutch fauna. Lauterbornia. 1996. Vol. 25.
P. 57—60.

74. Koth� P. Hypania invalida (Polychaeta Sedentaria) und Jaera sarsi (Isopoda) erst-
mals in der deutschen Donau. Arch. Hydrobiol. 1968. Vol. 34. P. 88—114.

21

Ïîíòî-Êàñï³éñüêà ïîë³õåòà Hypania invalida (Grube, 1860)

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(4)



75. Krodkiewska M., Cebulska K., ukasz Gajda �., Swi�tek P. Distribution of the inva-
sive polychaete Hypania invalida (Grube, 1860) against the background of the benthic fau-
na in the upper Oder River catchment (Poland). Knowl. Manag. Aquat. Ecosyst. 2024.
Vol. 425, N 2. P. 1—12.

76. Kureck A., Schulz B., Kniggendorf L., Norf H. The ponto-caspian polychaete Hy-
pania invalida, a successful invader of European rivers. XXIX Congress Lahti Finland
8—14 august 2004: Book of Abstracts. 2004. P. 334.

77. Liashenko A.V., Zorina-Sakharova K.Ye. Species richness of benthic invertebrates
in the Lower Reaches of the Danube River in Ukraine and Romania. Hydrobiol. J. 2020.
Vol. 56, N 6. P. 3—19.

78. Lyashenko A.V., Zorina-Sakharova Ye.Ye., Makovskiy V.V., Sanzhak Yu.O. Mo-
dern state of the Ponto-Caspian complex of the macrofauna of invertebrates in the Lower
Reaches of the Danube River within the territory of Ukraine. Ibid. 2012. Vol. 48, N 4.
P. 18—27.

79. Mills E., Rosenberg G., Spidle A. et al. A Review of the biology and ecology of the
quagga mussel (Dreissena bugensis), a second species of freshwater Dreissenid introduced
to North America. Amer. Zool. 1996. Vol. 36, N 3. P. 271—286.

80. Motas C., Bacescu M. Hypania invalida (Grube) et Hypaniola kowalewskii
(Grimm) en Roumanie. Ann. Sci. Univ. Jassy. 1938. Vol. 24, N 20. P. 337—345.

81. M�ller R., Hendrich L., Klima M., Kopp J.H.E. Das Makrozoobenthos des
Oder-Spree-Kanals und der F�rstenwalder Spree in Brandenburg. Lauterbornia. 2006.
Vol. 56. P. 141—154.

82. Pligin Yu.V., Matchinskaya S.F. New data on the expansion of the area of distribu-
tion of brackishwater invertebrates in the Dnieper reservoirs. Hydrobiol. J. 2002. Vol. 38,
N 6. Ð. 3—7.

83. Pligin Yu.V., Matchinskaya S.F., Zheleznyak N.I., Linchuk M.I. Long-term distri-
bution of alien species of macroinvertebrates in the ecosystems of the Dnieper reservoirs.
Ibid. 2014. Vol. 50, N 2. Ð. 3—17.

84. Pligin Yu.V., Yemel yanova L.V. Acclimatization of caspian invertebrates in Dnie-
per reservoirs. Ibid. 1989. Vol. 25, N 1. Ð. 1—9.

85. Pligin Yu.V., Zheleznyak N.I. Spread of Ponto-Caspian macro-invertebrates along
the european invasion corridors: preconditions, consequences, prospects. Ibid. 2024.
Vol. 60, N 2. Ð. 24—38.

86. Popescu-Marinescu V. Les populations d`Hypania invalida (Grube) dans la regi-
on Portile de Fier, avant et apr�s la cr�ation du lac d`accumulation. Revue Roumaine de Bi-
ologie, Série Biologia Animale. 1992. Vol. 37. P. 131— 139.

87. Russev B., Marinov T. The fauna of polychaetes and leeches in the Bulgarian Da-
nube sector. Izv. Zool. Inst. 1964. Vol. 15. P. 191—197.

88. Schmidt W.-D., Kaiser I., Schuller I. Zwei Neuank	mmlinge aus der Donau — Hy-
pania invalida (Polychaeta) und Jaera istri (Isopoda) — haben den ganzen Main besiedelt.
Lauterbornia. 1998. Vol. 33. P. 121—123.

89. Semenchenko V.P., Rizevski V.K., Mastitsky S.E. et al. Cheklist of aquatic alien
species established in large river basins of Belarus. Aquatic Invasions. 2009. Vol. 4, N 2.
P. 337—347.

90. Sibley P., Ferreira M., Innes C. First record of the Ponto-Caspian amphipod Cheli-
corophium robustum (G.O. Sars, 1895) in Great Britain with notes on the method of collec-
tion. Bioinvasions Records. 2022. Vol. 11, N 3. P. 758—765.

91. Straka M.,
pa�ek J., Pa�il P. First record of the invasive polychaete Hypania invali-
da (Grube, 1960) in the Czech Republic. Ibid. 2015. Vol. 4, N 2. P. 87—90.

92. Tischikov G.M., Tischikov I.G. Taxonomic composition of macrozoobenthic
communities in the Zapadnyi Bug and Narev rivers’ basins. Proceed. of the 7th National
sci. conf. «Use of the rivers Narev and Bug in the context of sustainable development».
Warsaw-Debe. 2005. P. 175—191.

22

Ïë³ã³í Þ.Â., Æåëåçíÿê Í.².

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(4)



93. Tittizer T. Ausbreitung aquatischer Neozoen (Makrozoobenthos) in den euro-
p�ischen Wasserstrassen, erl�utert am Beispiel des Main-Donau-Kanals. Schriftenreihe des

Bundesamtes für Wasserwirtschaft. 1997. Vol. 4. S. 113—134.
94. Tittizer T. Neozoen in mitteleurop�ischen Gew�ssern, Rundgespr�che der Kom-

mission f�r 
kologie. 2001. Bd. 22 «Gebietsfremde Arten, die 
kologie und der Natursc-
hutz», Dr. Friedrich Pfeil Verlag, M�nchen. S. 59—74.

95. Tittizer T., Sch	ll F., Banning M. et al. Aquatische Neozoen im Makrozoobenthos
der Binnenwasserstrassen Deutschlands. Lauterbornia. 2000. N 39. S. 1—72.

96. Van den Bossche J.-P., Ch�rot F., Delooz E. et al. First record of the Pontocaspian
invader Hypania invalida (Grube, 1860) (Polychaeta: Ampharetidae) in the River Meuse
(Belgium). Belgian Journal of Zoology. 2001. Vol. 131, N 2. P. 183—185.

97. Vu�kovi� N., Pozojevi� I., Urbani� G., Mihaljevi� Z. New evidence supporting
upstream pathways of Hypania invalida (Grube, 1860) invasion. Bioinvasions. 2021.
Vol. 10, N 3. P. 589—597.

98. Weber E. S�sswasserpolychaeten in der 	sterreichischen Donau. Arch. Hydrobiol.

Suppl. Donauforschung. 1964. Vol. 27 S. 381—385.
99. Wo�niczka A., Gromisz C., Wolnomiejski N. Hypania invalida (Grube, 1960), a

polychaete species new for the southern Baltic estuarine area: the Szczecin Lagoon and the
River Odra mouth. Aquatic Invasions. 2011. Vol. 6, N 1. P. 39—46.

100.�ganec K., Lajtner J.,�uk R. et al. Maguire I. Alien macroinvertebrates in Croati-
an freshwaters. Aquatic Invasions. 2020. Vol. 15, N 4. P. 593—615.

101. Zori� K., Jakov�ev-Todorovi� D., Dikanovi� V. et al. Distribution of the Pon-
to-Caspian polychaeta Hypania invalida (Grube, 1860) in inland waters of Serbia. Aquatic

Invasions. 2011. Vol. 6, N 1. P. 33—38.

Íàä³éøëà 9.12.2024

Yu.V. Pligin, PhD (Biol.), Senior Researcher,
Institute of Hydrobiology of the NAS of Ukraine,

Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine,
e-mail: ecovod.igb@gmail.com
ORCID 0009-0004-3840-8674

N.I. Zheleznyak, engineer
Institute of Hydrobiology of the NAS of Ukraine,

Volodymyr Ivasyuk Avenue, 12, Kyiv, 04210, Ukraine
ORCID 0009-0003-8133-3199

PONTO-CASPIAN POLYCHAETA HYPANIA INVALIDA (GRUBE, 1860)
(POLYCHAETA, AMPHARETIDAE) IN THE INLAND WATERS OF EUROPE:

MODERN DISTRIBUTION AND HYPOTHESIS OF PALEOREFUGIUMS

The paper considers the state of research on the distribution of the invasive brac-
kish-water Ponto-Caspian species of polychaete Hypania invalida (Grube, 1860) in water
bodies of Europe. In the native (historical) area covering the lower reaches of the Danube,
Dnipro and Volga rivers, populations of this polychaete are known from hydrobiological
studies of the late 19th and early 20th centuries. The main biotopes of its localization are
deposits of gray silt, silty sand, silt with impurities of mollusk shells. After the creation of
cascades of reservoirs on the Dnieper and Volga, against the background of increased mi-
neralization of water masses, in the 1970s and 1980s, the dispersal of H. invalida from be-
low in the middle section of these rivers was recorded.

In the middle and upper reaches of the Danube, settlements of H. invalida have been
known since the 1930s.

The article analyzes data on the findings of H. invalida populations in many rivers and
canals of Central and Western Europe, especially numerous - from publications of the be-
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ginning of the 21st century. Most scientists believe that the polychaetes dispersal is facilita-
ted by active logistics in the water network of the region.

The paper considers the hypothesis of H. invalida dispersal in the internal waters of
Central and Western Europe from relict sites in the upper reaches of the PraDanube, which
were formed at the end of the Holocene epoch 11—13 thousand years ago after the salinity
of the waters of the Pontic (Ancient Black Sea) basin had increased significantly and the oli-
go- and mesohaline invertebrates species migrated to the upper reaches of the river.

Keywords: Hypania invalida, invasion, rivers and canals of Europe, dispersal mecha-
nisms, history of European hydrography.
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ÏÎÏÓËßÖ²ÉÍÀ ÑÒÐÓÊÒÓÐÀ, ÏÐÈÐÎÄÍÀ
ÑÌÅÐÒÍ²ÑÒÜ ÒÀ ÏÅÐÑÏÅÊÒÈÂÈ ÏÐÎÌÈÑËÓ

ÀÒÅÐÈÍÈ Ï²ÙÀÍÎ¯ ATHERINA BOYERI (RISSO, 1810)
Â ÓÊÐÀ¯ÍÑÜÊÈÕ ÂÎÄÀÕ Ï²ÂÍ²×ÍÎ-ÇÀÕ²ÄÍÎ¯

×ÀÑÒÈÍÈ ×ÎÐÍÎÃÎ ÌÎÐß ÒÀ
ÒÈË²ÃÓËÜÑÜÊÎÌÓ ËÈÌÀÍ²

Íà îñíîâ³ ìàòåð³àëó, ç³áðàíîãî âïðîäîâæ 2017—2021 ðð. ó ï³âí³÷íî-çàõ³äí³é ÷àñ-
òèí³ ×îðíîãî ìîðÿ (ÏÇ×Ì) òà ó 2024 ð. — ó Òèë³ãóëüñüêîìó ëèìàí³, áóëè îòðèìàí³
äàí³ ùîäî ðîçì³ðíî-â³êîâîãî, ñòàòåâîãî ñêëàäó òà ïðèðîäíî¿ ñìåðòíîñò³ àòåðèíè
ï³ùàíî¿ Atherina boyeri (Risso, 1810). Âèÿâëåíî, ùî îñíîâó óëîâ³â â ÏÇ×Ì ñêëàäàþòü
öüîãîë³òêè òà äâîë³òêè. Ìàêñèìàëüíèé â³ê ðèá ó ×îðíîìó ìîð³ ñòàíîâèâ 4+, à â
Òèë³ãóëüñüêîìó ëèìàí³ 3+. Àòåðèíè ç ×îðíîãî ìîðÿ õàðàêòåðèçóâàëèñü âèùèìè ðîñ-
òîâèìè ïîêàçíèêàìè ïîð³âíÿíî ç ðèáàìè ç Òèë³ãóëüñüêîãî ëèìàíó. Âñòàíîâëåíî, ùî â
îáîõ âîäîéìàõ çà ÷èñåëüí³ñòþ ïåðåâàæàëè ñàìêè, ÿê³ ïî÷èíàþòü äîì³íóâàòè ç â³êó
ñòàðøå äâîõ ðîê³â. Çíèæåííÿ îáñÿã³â âèëîâó àòåðèíè, ÿêå ñïîñòåð³ãàºòüñÿ îñòàí-
í³ìè äåñÿòèë³òòÿìè, ïîâ’ÿçàíå ïåðåâàæíî ç ðåãóëÿòîðíèìè ïåðåøêîäàìè ïðîìèñëó.
Çàïðîïîíîâàíî çàõîäè äëÿ ïîêðàùåííÿ ñòàíó çàïàñó òà çá³ëüøåííÿ îáñÿã³â âèëîâó
öüîãî âèäó, çîêðåìà øëÿõîì îïòèì³çàö³¿ ðåãóëÿö³¿ ïðîìèñëó òà ïîêðàùåííÿ âîäî-
îáì³íó ì³æ ìîðåì ³ ëèìàíàìè.

Êëþ÷îâ³ ñëîâà: àòåðèíà ï³ùàíà, ðîçì³ðíî-â³êîâà ñòðóêòóðà ïîïóëÿö³¿, ñòàòå-
âèé ñêëàä, òåìï ðîñòó, ïðèðîäíà ñìåðòí³ñòü, ïåðñïåêòèâè ïðîìèñëó, âîäí³ á³îðåñóð-
ñè, ï³âí³÷íî-çàõ³äíà ÷àñòèíà ×îðíîãî ìîðÿ, Òèë³ãóëüñüêèé ëèìàí.

Àòåðèíà ï³ùàíà Atherina boyeri (Risso, 1810) — øèðîêî ïîøèðåíèé
âèä, àðåàë ÿêîãî îõîïëþº Ñõ³äíó Àòëàíòèêó â³ä Ïîðòóãàë³¿ äî Ìàâðèòàí³¿,

Ö è ò ó â à í í ÿ: Ãóëàê Á.Ñ., Áóøóºâ Ñ.Ã. Ïîïóëÿö³éíà ñòðóêòóðà, ïðèðîäíà ñìåðòí³ñòü
òà ïåðñïåêòèâè ïðîìèñëó àòåðèíè ï³ùàíî¿ Atherina boyeri (Risso, 1810) â óêðà¿íñüêèõ
âîäàõ ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ×îðíîãî ìîðÿ òà Òèë³ãóëüñüêîìó ëèìàí³. Ã³äðîá³îë.
æóðí. 2025. Ò. 61, ¹ 4. Ñ. 25—38.
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à òàêîæ Ñåðåäçåìíå, ×îðíå òà Àçîâñüêå ìîðÿ. Ðàí³øå ââàæàëîñü, ùî ó
×îðíîìó ìîð³ ìåøêàº îêðåìèé âèä ïðåäñòàâíèê³â ðîäó Atherina - Atheri-
na mochon pontica (Eichwald, 1831) [4, 8]. Ïðîòå éîãî áóëî â³äíåñåíî äî ñè-
íîí³ì³â âèäó Atherina boyeri Risso, 1810 [27]. Öåé âèä òðèìàºòüñÿ çäå-
á³ëüøîãî ïðèáåðåæíèõ ðàéîí³â ìîðÿ, ÷àñòî çàõîäèòü â ì³ëêîâîäí³ ëàãóíè
òà åñòóàðí³ çîíè. Àòåðèíà âèòðèìóº øèðîêèé ä³àïàçîí ñîëîíîñò³ âîäè â³ä
0 äî 50 ‰. Öå äîçâîëÿº ¿é ðîçøèðþâàòè ñâ³é àðåàë, çàñåëþþ÷è ïð³ñíî-
âîäí³ âîäîéìè [4, 8, 16, 17, 19, 21]. Àòåðèíà º äð³áíèì êîðîòêîöèêë³÷íèì
âèäîì ³ äîñÿãàº â³êó 4 ðîêè, à ìàêñèìàëüíî¿ äîâæèíè äî 15 ñì. Ñòàòåâà
çð³ë³ñòü ó íå¿ íàñòàº íà äðóãîìó ðîö³ æèòòÿ, ï³ñëÿ äîñÿãíåííÿ äîâæèíè
á³ëüøå 50 ìì. Íåðåñò ó öüîãî âèäó áàãàòîïîðö³éíèé ³ òðèâàº ç êâ³òíÿ ïî
ñåðïåíü, ³êðó ðèáè â³äêëàäàþòü íà ï³äâîäíó ðîñëèíí³ñòü. Ïëîäþ÷³ñòü àòå-
ðèíè â³äíîñíî íåâèñîêà, ïðè äîâæèí³ ðèáè 11 ñì ê³ëüê³ñòü ³êðèíîê äîñÿ-
ãàº 2760. Æèâèòüñÿ öåé âèä ïåðåâàæíî êîïåïîäàìè (Copepoda) òà äð³á-
íèìè îðãàí³çìè áåíòîñó: àìô³ïîäàìè (Amphipoda), ³çîïîäàìè (Isopoda) ³
ïîë³õåòàìè (Polychaeta) [4, 8, 9, 14, 15].

Ó ×îðíîìó ìîð³ àòåðèíà íå ìàº âåëèêîãî ïðîìèñëîâîãî çíà÷åííÿ, ÷å-
ðåç öå ñïåö³àëüí³ ðîáîòè ç îö³íêè ¿¿ çàïàñ³â ðàí³øå íå ïðîâîäèëèñü. Âèëîâ
öüîãî âèäó çä³éñíþºòüñÿ ïåðåâàæíî â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ äå,
çà åêñïåðòíèìè îö³íêàìè, éîãî çàïàñ äîñÿãàâ 15—20 òèñ. ò [10]. Öåé ðàéîí
ìîðÿ, çàâäÿêè ñâî¿é âèñîê³é á³îëîã³÷í³é ïðîäóêòèâíîñò³ òà âåëèê³é ê³ëü-
êîñò³ îáøèðíèõ ì³ëêîâîäíèõ çàòîê òà ñïîëó÷åíèõ ç ìîðåì ëèìàí³â, º äëÿ
àòåðèíè âåëüìè ñïðèÿòëèâèì ì³ñöåì, äå âîíà äîñÿãàº çíà÷íî¿ ÷èñåëü-
íîñò³ [2, 3, 10]. Â³äîìî, ùî â òåïëèé ïåð³îä ðîêó àòåðèíà ì³ãðóº â ëèìàíè
íà íàãóë òà íåðåñò. Âîñåíè â³äáóâàºòüñÿ çâîðîòíà ì³ãðàö³ÿ ðèá ó ìîðå.
Ñàìå íà öþ ïîðó ðîêó ïðèïàäàº á³ëüøà ÷àñòêà âèëîâó àòåðèíè, ÿêèé
çä³éñíþºòüñÿ â êàíàëàõ, ùî ç’ºäíóþòü ëèìàíè ç ìîðåì. Ñåðåä âèä³â, ÿê³
âèäîáóâàþòüñÿ ïàñèâíèìè çíàðÿääÿìè ïðèáåðåæíîãî ëîâó, àòåðèíà á³ëÿ
áåðåã³â Ìèêîëà¿âñüêî¿ òà Îäåñüêî¿ îáëàñòåé íàïðèê³íö³ ìèíóëîãî ñòî-
ë³òòÿ çàéìàëà ïåðøå ì³ñöå çà îáñÿãîì âèëó÷åííÿ [10]. Çíà÷íà ÷àñòêà âèëî-
âó öüîãî âèäó òðàäèö³éíî ïðèïàäàëà íà Òèë³ãóëüñüêèé ëèìàí, äå íà-
ïðèê³íö³ ìèíóëîãî ñòîë³òòÿ âîíà ñêëàäàëà á³ëüøå ïîëîâèíè â³ä çàãàëüíèõ
óëîâ³â, à íèí³ — áëèçüêî 90 % [2, 3, 9, 11].

Íà ñüîãîäí³ ³íôîðìàö³ÿ ùîäî ïîïóëÿö³éíèõ õàðàêòåðèñòèê àòåðèíè
â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ òà Òèë³ãóëüñüêîìó ëèìàí³
ïðàêòè÷íî â³äñóòíÿ, à äàí³ ùîäî ¿¿ á³îëîã³¿ óðèâ÷àñò³. Áóäó÷è ìàñîâèì âè-
äîì, àòåðèíà º îäíèì ç íàé÷èñåëüí³øèõ ñïîæèâà÷³â çîîïëàíêòîíó â ïðè-
áåðåæí³é çîí³ ìîðÿ. Ïðè öüîìó âîíà â³ä³ãðàº âàæëèâó ðîëü ó æèâëåíí³
õèæèõ ðèá òà ìîðñüêèõ ïòàõ³â. Â³äïîâ³äíî îö³íêà ñòàíó ïîïóëÿö³¿ öüîãî
âèäó º âàæëèâèì êëþ÷åì äëÿ ðîçóì³ííÿ ãëîáàëüíèõ ïðîöåñ³â, ÿê³ â³äáóâà-
þòüñÿ â åêîñèñòåì³ ×îðíîãî ìîðÿ. Òàêîæ äîñë³äæåííÿ á³îëîã³÷íèõ õàðàê-
òåðèñòèê àòåðèíè º íåîáõ³äíèì äëÿ îðãàí³çàö³¿ ðàö³îíàëüíîãî ïðîìèñëó.
Ó çâ’ÿçêó ç öèì íàìè áóëî ïîñòàâëåíî çà ìåòó äîñë³äèòè ñòðóêòóðó ïîïó-
ëÿö³¿ àòåðèíè ï³ùàíî¿ òà îö³íèòè ïåðñïåêòèâè ¿¿ ïðîìèñëó â ï³âí³÷íî-
çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ ³ Òèë³ãóëüñüêîìó ëèìàí³.
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Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ìàòåð³àëè äëÿ äîñë³äæåííÿ ñòàíó ïîïóëÿö³¿ àòåðèíè áóëè ç³áðàí³ â
ïåð³îä 2017—2024 ðð. ï³ä ÷àñ âèêîíàííÿ äîñë³äíèõ ðîá³ò çà ïðîãðàìàìè
ÄÏ Îäåñüêîãî öåíòðó Ï³âäåííîãî íàóêîâî-äîñë³äíîãî ³íñòèòóòó ìîðñü-
êîãî ðèáíîãî ãîñïîäàðñòâà òà îêåàíîãðàô³¿ òà ²íñòèòóòó ìîðñüêî¿ á³îëîã³¿
ÍÀÍ Óêðà¿íè. Â³äá³ð ïðîá ó ×îðíîìó ìîð³ òà Òèë³ãóëüñüêîìó ëèìàí³
çä³éñíþâàëè ç ïðîìèñëîâèõ çíàðÿäü ëîâó — ñòàâíèõ íåâîä³â ç äîâæèíîþ
êðèëà 10—100 ì òà ðîçì³ðîì â³÷êà ó êîòë³ 6,5 ìì. Â Òèë³ãóëüñüêîìó ëè-
ìàí³ çíàðÿääÿ ëîâó ðîçòàøîâóâàëè á³ëÿ ñ. Êîáëåâî, â ×îðíîìó ìîð³ — ïî-
áëèçó ãèðëà Áåðåçàíñüêîãî ëèìàíó á³ëÿ ñ. Ðèáàê³âêà ³ â Êàðê³í³òñüê³é çà-
òîö³ á³ëÿ ñ. Ëàçóðíå. Òàêîæ ïðîâîäèëè äîñë³äí³ ëîâè â ìåæàõ ì. Îäåñà, äå
àòåðèíó â³äëîâëþâàëè ï³äéîìíîþ ñ³òêîþ ç â³÷êîì 6,5 ìì.

Á³îëîã³÷íèé àíàë³ç ïðîâîäèëè, â³äáèðàþ÷è ç óëîâó âèïàäêîâèì ÷è-
íîì 100—150 åêç. àòåðèíè. Ó ðèá âèì³ðþâàëè çàãàëüíó äîâæèíó (TL) ç
òî÷í³ñòþ äî 1 ìì, ìàñó âèçíà÷àëè íà åëåêòðîííèõ âàãàõ ç òî÷í³ñòþ äî 0,1 ã.
Ï³ä ÷àñ ðîçòèíó ðèá âèçíà÷àëè ¿õíþ ñòàòü òà â³äáèðàëè îòîë³òè, çà ÿêèìè
â ïîäàëüøîìó ïðîâîäèëè âèçíà÷åííÿ â³êó. Çàãàëîì çà ïåð³îä ïðîâåäåííÿ
äîñë³äæåíü áóëî ïðîàíàë³çîâàíî 3923 åêç. àòåðèíè (òàáë. 1).

Ç³áðàí³ â ïîëüîâèõ óìîâàõ äàí³ áóëî ñòàòèñòè÷íî îïðàöüîâàíî â³ä-
ïîâ³äíî äî ñòàíäàðòíèõ ìåòîäèê ç âèêîðèñòàííÿì ïðîãðàì Microsoft Ex-
cel 2016 òà Statistica 2010. Äëÿ ç³ñòàâëåííÿ âèá³ðîê ùîäî ðîçì³ðíîãî òà
â³êîâîãî ñêëàäó àòåðèíè áóëî çàñòîñîâàíî ìåòîä ïîáóäîâè ðîçì³ðíî-
â³êîâèõ êëþ÷³â â³äïîâ³äíî äî ðåêîìåíäàö³é [12]. Êîåô³ö³ºíòè ïðèðîäíî¿
ñìåðòíîñò³ (M) ðîçðàõîâóâàëè çà ìåòîäîì Ã³ñëàñîíà, ÿêèé íàéêðàùå ï³ä-
õîäèòü äëÿ êîðîòêîöèêë³÷íèõ ïåëàã³÷íèõ ðèá [20]. Îö³íêó òåìïó ðîñòó
àòåðèíè âèêîíóâàëè íà îñíîâ³ ðîçì³ðíî-â³êîâî¿ ñòðóêòóðè ïîïóëÿö³¿, ç
âèêîðèñòàííÿì êîåô³ö³ºíò³â Ãåêñë³ òà Áåðòàëàíô³, äëÿ ðîçðàõóíêó ÿêèõ
çàñòîñóâàëè R-ñêðèïò [24].
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Òàáëèöÿ 1
Îáñÿã ìàòåð³àëó ïðîàíàë³çîâàíîãî â ïåð³îä 2017–2024 ðð.

Ïîêàçíèêè
Ðîêè äîñë³äæåíü

Âñüîãî
2017 2018 2019 2020 2021 2024

×îðíå ìîðå

Ïðîì³ðè äîâæèíè òà ìàñè, åêç. 714 760 464 550 1164 — 3652

Âèçíà÷åííÿ ñòàò³ òà â³êó, åêç. 489 207 110 216 141 — 1163

Ê³ëüê³ñòü ïðîá ç óëîâ³â, îä. 7 5 2 4 5 — 23

Òèë³ãóëüñüêèé ëèìàí

Ïðîì³ðè äîâæèíè òà ìàñè, åêç. — — — — — 271 271

Âèçíà÷åííÿ ñòàò³ òà â³êó, åêç. — — — — — 271 271

Ê³ëüê³ñòü ïðîá ç óëîâ³â, îä. — — — — — 2 2

Ïðèì³òêà. «—» — íå äîñë³äæóâàëè.



Ðåçóëüòàòè äîñë³äæåíü

Àíàë³ç ðîçì³ðíî-â³êîâî¿ òà ñòàòåâî¿ ñòðóêòóðè àòåðèíè ï³ùàíî¿ ç óëî-
â³â ñòàâíèõ íåâîä³â ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ äîçâîëèâ
âèçíà÷èòè êëþ÷îâ³ ïàðàìåòðè, ÿê³ º âàæëèâèìè äëÿ îö³íêè ñòàíó ïîïó-
ëÿö³¿ öüîãî âèäó. Â õîä³ äîñë³äæåíü áóëî âèÿâëåíî, ùî â ï³âí³÷íî-çàõ³äí³é
÷àñòèí³ ×îðíîãî ìîðÿ òà â Òèë³ãóëüñüêîìó ëèìàí³ íåçíà÷íî ïåðåâàæàþòü
ñàìêè (ðèñ. 1, 2). Â îáîõ âîäîéìàõ ñï³ââ³äíîøåííÿ ñòàòåé ñêëàëî 1 : 1,27. Ó
×îðíîìó ìîð³ â³äì³÷àëèñü ùîð³÷í³ êîëèâàííÿ ñòàòåâîãî ñêëàäó. Òàê, ó
2018—2021 ðð. ÷àñòêà ñàìîê âàð³þâàëà â ìåæàõ 50—76 % (â ñåðåäíüîìó
56 %). Ëèøå â 2017 ð. ñïîñòåð³ãàëîñü íåçíà÷íå ïåðåâàæàííÿ ñàìö³â (51 %).

Â³êîâèé ñêëàä àòåðèíè â ×îðíîìó ìîð³ õàðàêòåðèçóâàâñÿ ì³íëèâ³ñòþ.
Ó 2017—2021 ðð. ïðîìèñëîâ³ óëîâè áóëè ñôîðìîâàí³ îñîáèíàìè ç ï’ÿòè
â³êîâèõ ãðóï â³ä 0+ äî 4+, ñåðåä ÿêèõ äîì³íóâàëè öüîãîë³òêè òà äâîë³òêè.
×àñòêà öèõ äâîõ â³êîâèõ ãðóï â îêðåì³ ðîêè êîëèâàëàñü â³ä 53 äî 89 %, â
ñåðåäíüîìó ñòàíîâëÿ÷è 76 % (ðèñ. 3, 4).

Ó Òèë³ãóëüñüêîìó ëèìàí³ â óëîâàõ çóñòð³÷àëèñü ðèáè â³êîì äî 3+ ñå-
ðåä ÿêèõ 70 % ïðèïàäàëî íà äâîë³òîê. Òóò, ÿê ³ â ìîð³, òàêîæ ñïîñòåð³ãà-
ëàñü òåíäåíö³ÿ çíèæåííÿ ÷àñòêè ñàìö³â ñòàðøèõ â³êîâèõ ãðóï (ðèñ. 4).
Àáñîëþòíå äîì³íóâàííÿ ñàìîê â îáîõ âîäîéìàõ ïî÷èíàëî â³äáóâàòèñü
ïðè äîñÿãíåíí³ ðèáàìè äâîð³÷íîãî â³êó.

Ðîçì³ðíèé ñêëàä àòåðèíè, ÿê ³ â³êîâèé, ìàâ òåíäåíö³þ äî ùîð³÷íèõ
çì³í. Ñåðåäíÿ äîâæèíà ðèá â ×îðíîìó ìîð³ ó ð³çí³ ðîêè âàð³þâàëà â ìå-
æàõ 76,8±9,8 — 86,7±8,5 ìì, â ñåðåäíüîìó ñòàíîâëÿ÷è 81,6±12,0 ìì (ðèñ.
5).

Çàãàëîì, ïðîòÿãîì ðîê³â äîñë³äæåíü óëîâè àòåðèíè â ×îðíîìó ìîð³
áóëè ïðåäñòàâëåí³ ðèáàìè äîâæèíîþ 44—120 ìì, ñåðåä ÿêèõ 60 % ïðèïà-
äàëî íà îñîáèí äîâæèíîþ 70—90 ìì (ðèñ. 6). Ó Òèë³ãóëüñüêîìó ëèìàí³
äîâæèíà àòåðèíè ñêëàäàëà â³ä 59 äî 106 ìì, à ¿¿ ñåðåäíº çíà÷åííÿ ñòàíîâè-
ëî 84,2±6,54 ìì. Á³ëüøå çíà÷åííÿ ñåðåäíüî¿ äîâæèíè ðèá ó ëèìàí³ ïî-
ð³âíÿíî ç ìîðåì ïîÿñíþºòüñÿ ìåíøîþ ÷àñòêîþ öüîãîë³òîê ó ïðîáàõ. ßê â
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Ðèñ. 1. Ñï³ââ³äíîøåííÿ ñòàòåé àòåðèíè ï³ùàíî¿ â ïðîìèñëîâèõ óëîâàõ â ï³âí³÷-
íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ ó 2017—2021 ðð.



ìîð³, òàê ³ â ëèìàí³ ñàìêè õàðàê-
òåðèçóâàëèñü á³ëüøîþ äîâæè-
íîþ í³æ ñàìö³.

Äëÿ õàðàêòåðèñòèêè ðîñòó
àòåðèíè áóëè ðîçðàõîâàí³ ð³â-
íÿííÿ çàëåæíîñò³ äîâæèíà —
ìàñà. Çàëåæí³ñòü ìàñè â³ä äîâ-
æèíè ó öüîãî âèäó âèÿâèëàñü
âèñîêîþ ÿê ó ×îðíîìó ìîð³, òàê
³ â Òèë³ãóëüñüêîìó ëèìàí³ (ðèñ.
7). Çíà÷åííÿ êîåô³ö³ºíòó äå-
òåðì³íàö³¿ (R2) äëÿ ðèá ç ìîðÿ
(0,94) âèÿâèëîñü á³ëüøèì í³æ
äëÿ ðèá ç ëèìàíó, äå âîíî ñòàíî-
âèëî 0,83.

Ðîçðàõóíêè ïàðàìåòð³â ð³âíÿííÿ Áåðòàëàíô³ âèÿâèëè, ùî àòåðèíà ç
×îðíîãî ìîðÿ õàðàêòåðèçóºòüñÿ á³ëüø âèñîêèìè ðîñòîâèìè õàðàêòåðè-
ñòèêàìè, í³æ â Òèë³ãóëüñüêîìó ëèìàí³. Ðåçóëüòàòè, îòðèìàí³ äëÿ îáîõ âî-
äîéì, ñâ³ä÷àòü ïðî òå, ùî òåìïè ðîñòó ñàìîê öüîãî âèäó âèù³, í³æ ó ñàìö³â
(òàáë. 2).

Íà îñíîâ³ ïàðàìåòð³â ðîñòó Áåðòàëàíô³ áóëè ðîçðàõîâàí³ êîåô³ö³ºí-
òè ïðèðîäíî¿ ñìåðòíîñò³ (M) äëÿ ð³çíèõ â³êîâèõ ãðóï àòåðèíè â ×îðíîìó
ìîð³ òà Òèë³ãóëüñüêîìó ëèìàí³. Ñåðåäíº çíà÷åííÿ öüîãî ïîêàçíèêà äëÿ
ðèá ç ëèìàíó (1,24) áóëî âèùèì, í³æ äëÿ ðèá ç ìîðÿ (0,99). Âèÿâèëîñü, ùî
â îáîõ âîäîéìàõ ñìåðòí³ñòü ñàìö³â âèùå, í³æ ñàìîê. Äëÿ ðèá ç Òèë³ãó-
ëüñüêîãî ëèìàíó ð³çíèöÿ â çíà÷åííÿõ öüîãî ïîêàçíèêà áóëà á³ëüø âèðà-
æåíîþ, í³æ äëÿ ðèá ç ×îðíîãî ìîðÿ (òàáë. 3). Î÷åâèäíî, ñàìå öèì ³ ïîÿñ-
íþºòüñÿ ïåðåâàæàííÿ ñàìîê ó íàéñòàðøèõ â³êîâèõ ãðóïàõ â îáîõ âîäî-
éìàõ (äèâ. ðèñ. 4).
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Ðèñ. 2. Ñï³ââ³äíîøåííÿ ñòàòåé àòåðèíè ï³ùà-
íî¿ â ïðîìèñëîâèõ óëîâàõ â Òèë³ãóëüñüêîìó
ëèìàí³ ó 2024 ð.

Ðèñ. 3. Â³êîâèé ñêëàä àòåðèíè ï³ùàíî¿ â ïðîìèñëîâèõ óëîâàõ â ï³âí³÷íî-çàõ³äí³é ÷à-
ñòèí³ ×îðíîãî ìîðÿ ó 2017—2021 ðð.



Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Äîñë³äæåííÿ àòåðèíè ï³ùàíî¿ â ×îðíîìó ìîð³ òà Òèë³ãóëüñüêîìó ëè-
ìàí³ âèÿâèëî â³äì³ííîñò³ ó ïîïóëÿö³éí³é ñòðóêòóð³ ðèá ç öèõ âîäîéì. Îä-
íàê, ç îãëÿäó íà òå, ùî Òèë³ãóëüñüêèé ëèìàí ç’ºäíàíèé ç ìîðåì, óìîâè äëÿ
ôîðìóâàííÿ îêðåìî¿ ïîïóëÿö³¿ öüîãî âèäó ó ëèìàí³ â³äñóòí³. Íà êîðèñòü
òîãî, ùî öåé âèä íå óòâîðþº â Òèë³ãóëüñüêîìó ëèìàí³ áàãàòî÷èñåëüíîãî
ëîêàëüíîãî ñòàäà, ïðÿìî âêàçóþòü äàí³ ïðîìèñëîâî¿ ñòàòèñòèêè. Ó ðîêè,
êîëè ñïîëó÷íèé êàíàë ì³æ ëèìàíîì ³ ìîðåì áóâ ïåðåêðèòèé, âèëîâè àòå-

ðèíè ó ëèìàí³ çíèæóâàëèñÿ
ïðàêòè÷íî äî íóëÿ (òàáë. 4).

Ïîð³âíÿííÿ ñòàòåâî¿
ñòðóêòóðè ïîïóëÿö³¿ àòåðèíè
³ç ðàéîí³â íàøèõ äîñë³äæåíü
ç äàíèìè ïîïåðåäí³õ äîñë³ä-
íèê³â öüîãî âèäó â ³íøèõ ÷àñ-
òèíàõ éîãî àðåàëó ñâ³ä÷èòü
ïðî òå, ùî ñï³ââ³äíîøåííÿ
ñòàòåé íà êîðèñòü ñàìîê º õà-
ðàêòåðíîþ ðèñîþ äëÿ öüîãî
âèäó. Çìåíøåííÿ ê³ëüêîñò³
ñàìö³â ç â³êîì òàêîæ â³äì³÷à-
ëîñü â á³ëüøîñò³ ðàéîí³â äîñ-
ë³äæåíü. Ïîä³áíå ÿâèùå ñïî-
ñòåð³ãàëîñü ÿê â íàòèâíîìó
àðåàë³ àòåðèíè, òàê ³ ó âîäîé-
ìàõ, êóäè âîíà áóëà âèïàäêî-
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Ðèñ. 4. Â³êîâà òà ñòàòåâà ñòðóêòóðà àòåðèíè â ïðîìèñëîâèõ óëîâàõ â ï³âí³÷íî-çà-
õ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ ó 2017—2021 ðð. (a) òà â Òèë³ãóëüñüêîìó ëèìàí³ ó
2024 ð. (á)

Ðèñ. 5. Äèíàì³êà ñåðåäíüî¿ äîâæèíè àòåðèíè ï³-
ùàíî¿ â ïðîìèñëîâèõ óëîâàõ â ï³âí³÷íî-çàõ³äí³é
÷àñòèí³ ×îðíîãî ìîðÿ ó 2017—2021 ðð.



âî âñåëåíà [18, 22, 23, 25]. Íà íàøó äóìêó, öå çóìîâëåíî á³ëüø âèñîêîþ
ïðèðîäíîþ ñìåðòí³ñòþ ñàìö³â (òàáë. 3).

Ïðîòÿãîì óñüîãî ïåð³îäó äîñë³äæåíü óëîâè àòåðèíè â ×îðíîìó ìîð³
òà Òèë³ãóëüñüêîìó ëèìàí³ ñêëàäàëèñÿ ç ìîëîäèõ îñîáèí â³êîì äî 2 ðîê³â,
ùî º òèïîâèì äëÿ êîðîòêîöèêë³÷íèõ âèä³â ðèá [5]. Ìàêñèìàëüíèé â³ê
àòåðèíè, çàô³êñîâàíèé ó ìîð³ òà â ëèìàí³, ñòàíîâèâ 4+ òà 3+ ðîêè â³äïî-
â³äíî, ùî óçãîäæóºòüñÿ ç äàíèìè äëÿ ³íøèõ ðåã³îí³â ïîøèðåííÿ öüîãî
âèäó [13, 18, 22, 23, 26]. Ç îãëÿäó íà òå, ùî â óëîâàõ çóñòð³÷àëèñü ðèáè â³êó,
ÿêèé â³äïîâ³äàº ìàêñèìàëüí³é òðèâàëîñò³ æèòòÿ öüîãî âèäó, ìîæíà çà-
êëþ÷èòè, ùî ïðîìèñëîâå âèëó÷åííÿ àòåðèíè â îáîõ âîäîéìàõ íå ïåðåâè-
ùóâàëî äîïóñòèìîãî ð³âíÿ. Íåçíà÷íà ê³ëüê³ñòü öüîãîë³òîê â óëîâàõ ç
Òèë³ãóëüñüêîãî ëèìàíó ïîÿñíþºòüñÿ íàñàìïåðåä ÷àñîì çáîðó ìàòåð³àëó
äëÿ íàøèõ äîñë³äæåíü. Âë³òêó 2024 ð. çíà÷íà ÷àñòèíà ðèá ïîêîë³ííÿ 0+ ó
ñåðïí³ ùå íå äîñÿãëà ðîçì³ð³â, ÿê³ äîçâîëÿþòü ¿õ åôåêòèâíî âèëîâëþâàòè
ïðîìèñëîâèìè çíàðÿääÿìè ëîâó. Äëÿ îòðèìàííÿ á³ëüø äîñòîâ³ðíèõ äà-
íèõ ùîäî ïîïóëÿö³éíî¿ ñòðóêòóðè àòåðèíè ðåêîìåíäóºòüñÿ ïðîâîäèòè
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Ðèñ. 6. Ðîçì³ðíèé ñêëàä àòåðèíè ï³ùàíî¿ â ïðîìèñëîâèõ óëîâàõ â ï³âí³÷íî-çàõ³äí³é
÷àñòèí³ ×îðíîãî ìîðÿ ó 2017—2021 ðð. (a) òà â Òèë³ãóëüñüêîìó ëèìàí³ ó 2024 ð. (á)



äîñë³äæåííÿ âîñåíè, êîëè ÷àñòêà öüîãîë³òîê â ïðîìèñëîâèõ çíàðÿääÿõ
çðîñòàº.

Êîëèâàííÿ â³êîâîãî òà ðîçì³ðíîãî ñêëàäó àòåðèíè, çàô³êñîâàí³ â
×îðíîìó ìîð³ ó 2017—2021 ðð., íà íàøó äóìêó, ïîâ’ÿçàí³ ç ÷èñåëüí³ñòþ
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Òàáëèöÿ 2
Ïàðàìåòðè ðîñòó òà çàëåæí³ñòü äîâæèíà–ìàñà àòåðèíè ï³ùàíî¿ ó ×îðíîìó ìîð³

â 2017—2021 ðð. òà â Òèë³ãóëüñüêîìó ëèìàí³ â 2024 ð.

Âîäîéìè Ñòàòü
Ïîêàçíèêè

L� k t0 a B

×îðíå ìîðå,
2017—2021 ðð.

Ñàìö³ 12,14 0,46 -0,70 0,00545 3,08887

Ñàìêè 12,45 0,46 -0,72 0,00519 3,11356

Îáèäâ³ ñòàò³ 12,45 0,44 -0,79 0,00536 3,09919

Òèë³ãóëüñüêèé
ëèìàí

Ñàìö³ 11,19 0,82 -0,29 0,04748 2,18771

Ñàìêè 11,30 0,67 -0,54 0,00393 3,27917

Îáèäâ³ ñòàò³ 11,30 0,66 -0,54 0,00301 3,39985

Ðèñ. 7. Çàëåæí³ñòü ìàñè â³ä äîâæèíè àòåðèíè ï³ùàíî¿ â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³
×îðíîãî ìîðÿ ó 2017—2021 ðð. (a) òà â Òèë³ãóëüñüêîìó ëèìàí³ ó 2024 ð. (á)



îêðåìèõ ïîêîë³íü. Îñê³ëüêè â ð³çíèõ ÷àñòèíàõ àðåàëó ñâîãî àðåàëó àòåðè-
íà ïðåäñòàâëåíà çäåá³ëüøîãî öüîãîë³òêàìè, äëÿ ÿêèõ õàðàêòåðíèé âèñî-
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Òàáëèöÿ 3
Â³êîâ³ êîåô³ö³ºíòè ïðèðîäíî¿ ñìåðòíîñò³ àòåðèíè ï³ùàíî¿ ó ï³âí³÷íî-çàõ³äí³é

÷àñòèí³ ×îðíîãî ìîðÿ â 2017—2021 ðð. òà â Òèë³ãóëüñüêîìó ëèìàí³ â 2024 ð.

Âîäîéìè Ñòàòü
Â³ê ðèáè, ðîêè

0+ 1+ 2+ 3+ 4+

×îðíå ìîðå Ñàìö³ 2,07 1,08 0,79 0,67 0,64

Ñàìêè 2,03 1,07 0,79 0,67 0,63

Îáèäâ³ ñòàò³ 1,92 1,03 0,76 0,64 0,61

Òèë³ãóëüñüêèé
ëèìàí

Ñàìö³ 3,11 1,43 1,11 1,01 —

Ñàìêè 2,36 1,24 0,97 0,86 —

Îáèäâ³ ñòàò³ 2,33 1,24 0,96 0,86 —

Òàáëèöÿ 4
Ïðîìèñëîâ³ óëîâè àòåðèíè ï³ùàíî¿ â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ

òà ñïîëó÷íèõ ç íèì ëèìàíàõ ó 2009—2023 ðð. (ò)

Ðîêè
Ï³âí³÷íî-çà-
õ³äíà ÷àñòèíà
×îðíîãî ìîðÿ

Òèë³ãóëüñü-
êèé ëèìàí

Øàáîëàò-
ñêèé ëèìàí

Òóçëîâñüêà
ãðóïà ëè-

ìàí³â

²íø³
âîäîéìè

2009 39* 281 73 150 11

2010 21* 316 42 — 1

2011 53* 370 65 5 10

2012 21* 381 84 — 10

2013 209* 482 9 7 12

2014 5* 354 16 — 9

2015 10* 247 17 — 7

2016 93* — 62 — —

2017 190 26 51 26 5

2018 189 335 59 39 1

2019 199 132 — — 10

2020 180 0,5 — — —

2021 243 43 48 — 27

2022 33 26 2 — 1

2023 — 19 13 — —

Ïðèì³òêà. * Ó çîí³ êîíòðîëþ óïðàâë³ííÿ «Çàõ³äíî-×îðíîìîðñüêà ðèáîîõîðîíà»;
«—» — íå äîñë³äæóâàëè.



êèé ð³âåíü ïðèðîäíî¿ ñìåðòíîñò³, òî äèíàì³êà ÷èñåëüíîñò³ ïîïóëÿö³¿ çó-
ìîâëåíà íàñàìïåðåä óìîâàìè íàãóëó òà íåðåñòó â êîíêðåòíèé ð³ê [5]. Öå
ÿâèùå ï³äòâåðäæóâàëîñü ³ íàøèìè ñïîñòåðåæåííÿìè. Íàïðèêëàä, ó
2021 ð. â óëîâàõ áóëî çàô³êñîâàíî çìåíøåííÿ ñåðåäíüî¿ äîâæèíè ðèá íà
10 ìì ïîð³âíÿíî ç ìèíóëèì ðîêîì (äèâ. ðèñ. 5). Öå ñóïðîâîäæóâàëîñÿ
çá³ëüøåííÿì ÷àñòêè öüîãîë³òîê (äèâ. ðèñ. 3). Âñòóï äî ïðîìèñëó ÷èñëåí-
íîãî ïîêîë³ííÿ ìîëîäèõ ðèá ó 2021 ð., ó ñâîþ ÷åðãó, ñïðè÷èíèâ çðîñòàííÿ
çàãàëüíèõ óëîâ³â, õî÷à ê³ëüê³ñòü çíàðÿäü íà ïðîìèñë³ çàëèøàëàñü â òèõ æå
ìåæàõ, ùî ³ â ïîïåðåäíüîìó ðîö³ (äèâ. òàáë. 4).

Àòåðèíà ç ×îðíîãî ìîðÿ õàðàêòåðèçóâàëàñü á³ëüø âèñîêèìè òåìïà-
ìè ë³í³éíîãî òà ìàñîâîãî ðîñòó, í³æ â Òèë³ãóëüñüêîìó ëèìàí³ (äèâ. ðèñ. 7,
òàáë. 2). Çà ñâî¿ìè ðîñòîâèìè õàðàêòåðèñòèêàìè àòåðèíà ç îáñòåæåíèõ
íàìè ä³ëÿíîê çàéìàº ïðîì³æíå ïîëîæåííÿ ñåðåä ïîïóëÿö³é â ð³çíèõ ÷àñ-
òèíàõ ¿¿ àðåàëó. Òàê, ðèáè ç ×îðíîãî ìîðÿ â³äð³çíÿëèñü á³ëüø øâèäêèì
ðîñòîì, í³æ â åñòóàðíèõ ñèñòåìàõ îç. Â³ñòîí³ñ ó ï³âí³÷í³é Ãðåö³¿ òà ëàãóí³
Ìàð Ìåíîð íà ï³âäåííîìó ñõîä³ Ï³ðåíåéñüêîãî ï³âîñòðîâà [13, 16]. Âò³ì
òåìï ðîñòó ÷îðíîìîðñüêèõ îñîáèí áóâ íèæ÷èì, í³æ â Ñåðåäçåìíîìó,
Àäð³àòè÷íîìó òà Êàñï³éñüêîìó ìîðÿõ [14, 26].

Ñòàí ðåñóðñó òà ïåðñïåêòèâè ïðîìèñëó àòåðèíè â óêðà¿íñüêèõ âîäàõ.
Ç ïî÷àòêó ÕÕ ñò. â³äì³÷àºòüñÿ ñêîðî÷åííÿ îáñÿã³â âèëîâó àòåðèíè ó âîäàõ
ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ×îðíîãî ìîðÿ òà ïðèëåãëèõ ëèìàíàõ. Ó 1980-õ
ðîêàõ óëîâè àòåðèíè â öüîìó ðåã³îí³ äîñÿãàëè 3 òèñ. ò [10]. Öåé âèä ïåðå-
âàæíî âèêîðèñòîâóâàâñÿ äëÿ ïîòðåá ñ³ëüñüêîãî ãîñïîäàðñòâà òà ³íîä³ â
ÿêîñò³ äîì³øîê ïðè âèðîáíèöòâ³ ðèáíèõ êîíñåðâ³â. Çà îñòàíí³ äâà äåñÿ-
òèë³òòÿ ìàêñèìàëüíèé âèëîâ öüîãî âèäó ñòàíîâèâ 712 ò ó 2013 ð., à ç
2019 ð. íå ïåðåâèùóâàâ 400 ò.

²ñòîðè÷íî çíà÷íà ÷àñòèíà âèëîâó ïðèïàäàëà íà Òèë³ãóëüñüêèé, Øà-
áîëàòñüêèé ³ Òóçë³âñüêó ãðóïó ëèìàí³â, äå âèêîðèñòîâóâàëèñÿ òðàäèö³éí³
çíàðÿääÿ ëîâó, òàê³ ÿê ãàðäè íà îáëîâíî-çàïóñêíèõ êàíàëàõ òà íåâåëèê³ çà
ðîçì³ðàìè ñòàâí³ íåâîäè [2, 3, 7, 9, 11]. Ó ×îðíîìó ìîð³ íàéá³ëüø çíà÷í³
îáñÿãè âèëîâó ñïîñòåð³ãàëèñü íàìè ó ïðèëåãëèõ äî ëèìàí³â àêâàòîð³ÿõ
ï³ä ÷àñ ì³ãðàö³¿ ðèá äî ì³ñöü çèì³âë³, çîêðåìà â ðàéîí³ Ê³íáóðíñüêî¿ êîñè,
ñ. Ðèáàê³âêà òà ñ. Ñè÷àâêà.

Çíèæåííÿ âèëîâó àòåðèíè, ÿêå â³äáóëîñü ïðîòÿãîì îñòàíí³õ äåñÿ-
òèë³òü, ïîâ’ÿçàíî íå ç íàäì³ðíèì ïðîìèñëîì, à íàâïàêè — ³ç âíåñåííÿì
îñíîâíèõ ì³ñöü ¿¿ ëîâó äî ñêëàäó ïðèðîäîîõîðîííèõ òåðèòîð³é (Ïðèðîä-
íî-çàïîâ³äíîãî ôîíäó (ÏÇÔ)). Öå ñïðè÷èíèëî çìåíøåííÿ ê³ëüêîñò³ ïðî-
ìèñëîâèõ áðèãàä ³ â³äïîâ³äíèõ çíàðÿäü ëîâó â òðàäèö³éíèõ ðàéîíàõ ïðî-
ìèñëó. Êð³ì òîãî, ñêîðîòèëàñÿ ê³ëüê³ñòü îáëîâíî-çàïóñêíèõ êàíàë³â, ÿê³
ðèáîãîñïîäàðñüê³ ï³äïðèºìñòâà â³äïîâ³äíî äî áàãàòîð³÷íî¿ òðàäèö³éíî¿
ïðàêòèêè ëèìàííî-ïàñîâèùíîãî ðèáíèöòâà âèêîðèñòîâóâàëè äëÿ ç’ºä-
íàííÿ ëèìàí³â ³ç ìîðåì òà åêîëîã³÷íî òà åêîíîì³÷íî íàéá³ëüø åôåêòèâ-
íîãî âèëîâó ðèáè. Ó ñó÷àñíèõ óìîâàõ, êîëè á³ëüø³ñòü âîäîéì, äå ðàí³øå
çä³éñíþâàâñÿ ïðîìèñåë àòåðèíè, âõîäÿòü äî ÏÇÔ, ñòâîðåííÿ íîâèõ êà-
íàë³â äëÿ çàáåçïå÷åííÿ ïîòðåá ðèáíî¿ ïðîìèñëîâîñò³ òà ïîêðàùåííÿ âî-
äîîáì³íó ç ìîðåì çíà÷íî óñêëàäíåíå. Äîäàòêîâîþ ïðîáëåìîþ ðåãóëþ-
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âàííÿ ðèáàëüñòâà º íåäîñêîíàë³ñòü ÷èííèõ çàêîíîäàâ÷èõ íîðì, ÿê³ âèìà-
ãàþòü âñòàíîâëåííÿ îêðåìèõ ë³ì³ò³â âèëîâó âîäíèõ á³îðåñóðñ³â ÿê äëÿ
êîæíî¿ âîäîéìè, òàê ³ äëÿ ¿¿ ÷àñòèíè, ó âèïàäêó, ÿêùî âîíà çíàõîäèòüñÿ â
ìåæàõ îá’ºêòà ÏÇÔ [6, 7]. Òàêèé ï³äõ³ä, ùî ïåðåäáà÷àº ðîçïîä³ë çàïàñ³â
ì³ãðóþ÷èõ âèä³â ì³æ ìîðåì òà ëèìàíàìè ³ âèçíà÷åííÿ ê³ëüêîõ îêðåìèõ
ë³ì³ò³â âèëîâó, º ìåòîäîëîã³÷íî íåêîðåêòíèì. Àäæå öå íå ò³ëüêè ñòâîðþº
äîäàòêîâ³ áþðîêðàòè÷í³ ñêëàäíîñò³ â ðåãóëþâàíí³ ðèáíîãî ãîñïîäàðñòâà,
óíåìîæëèâëþº ëîâ íà ä³ëÿíêàõ, äå â³í ïðîâîäèâñÿ äåñÿòêè ðîê³â, à é ïåðå-
øêîäæàº ïîäàëüøîìó ðîçâèòêó ðèáíî¿ ãàëóç³ íà á³ëüøîñò³ ä³ëÿíîê óçáå-
ðåææÿ ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ×îðíîãî ìîðÿ.

Îñòàíí³ìè äåñÿòèë³òòÿìè âíàñë³äîê íåñïðèÿòëèâî¿ åêîëîã³÷íî¿ ñèòó-
àö³¿ â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ ñïîñòåð³ãàºòüñÿ ñêîðî÷åí-
íÿ çàïàñ³â òðàäèö³éíèõ îá’ºêò³â ïðîìèñëó, çîêðåìà àí÷îóñà Engraulis enc-
rasicolus (Linnaeus, 1758) òà øïðîòà Sprattus sprattus (Linnaeus, 1758). Â öèõ
óìîâàõ ðèáàëêè ïî÷àëè ïðèä³ëÿòè âñå á³ëüøå óâàãè ïðîìèñëó íîâèõ
îá’ºêò³â ëîâó — áåçõðåáåòíèõ, ÿê³ ó 2018—2021 ðð. ñòàëè ñêëàäàòè îñíîâó
âèëîâó [1]. Âîäíî÷àñ çàïàñ àòåðèíè ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî
ìîðÿ ÷åðåç íèçêó çàêîíîäàâ÷èõ íîðì çàëèøàºòüñÿ íåäîñòàòíüî îñ-
âîºíèì. Ïðîìèñëîâèé çàïàñ öüîãî âèäó ìîæíà ñóòòºâî çá³ëüøèòè çà ðà-
õóíîê ïîêðàùåííÿ âîäîîáì³íó ì³æ ìîðåì òà ëèìàíàìè, ÿê³ º äëÿ àòåðèíè
âêðàé âàæëèâèìè äëÿ íàãóëó òà íåðåñòó. Îáëàøòóâàííÿ íîâèõ òà ï³ä-
òðèìêà ³ñíóþ÷èõ îáëîâíî-çàïóñêíèõ êàíàë³â, ÿê³ º òðàäèö³éíèì äëÿ ðå-
ã³îíó ñïîñîáîì ëîâó, äîçâîëèòü íàéá³ëüø ðàö³îíàëüíî îáëîâëþâàòè àòå-
ðèíó òà ³íø³ âèäè ðèá íà ¿õí³õ ì³ãðàö³éíèõ øëÿõàõ ç ëèìàíó â ìîðå. Á³ëüø
ðàö³îíàëüíå ðåãóëþâàííÿ ïðîìèñëó âîäíèõ á³îðåñóðñ³â ìîæå äîçâîëèòè
â³äíîâèòè âèëîâ öüîãî âèäó â òðàäèö³éíèõ ðàéîíàõ ïðîìèñëó äî òèõ
ð³âí³â, ÿê³ ñïîñòåð³ãàëèñü â ìèíóëîìó ñòîë³òò³.

Âèñíîâêè

Àíàë³ç ñòàòåâî¿ ñòðóêòóðè ïîïóëÿö³¿ àòåðèíè ï³ùàíî¿ â ×îðíîìó ìîð³
òà Òèë³ãóëüñüêîìó ëèìàí³ âèÿâèâ ïåðåâàæàííÿ ñàìîê â ïîïóëÿö³¿, ÷àñòêà
ÿêèõ ñòàíîâèëà 56 % â îáîõ âîäîéìàõ. ×àñòêà ñàìö³â çìåíøóâàëàñü ó ñòàð-
øèõ â³êîâèõ ãðóïàõ, ùî âèêëèêàíî ¿õíüîþ á³ëüø âèñîêîþ ïðèðîäíîþ
ñìåðòí³ñòþ.

Â³êîâèé ñêëàä àòåðèíè â ×îðíîìó ìîð³ â ïåð³îä 2017—2021 ðð. âêëþ-
÷àâ ðèá ç â³êîâèõ ãðóï â³ä 0+ äî 4+, ç ïåðåâàæàííÿì öüîãîë³òîê ³ äâîë³òîê,
÷àñòêà ÿêèõ â ñåðåäíüîìó ïî ðîêàõ ñòàíîâèëà 76 % â³ä óëîâ³â. Ó Òèë³ãó-
ëüñüêîìó ëèìàí³ ìàêñèìàëüíèé â³ê àòåðèíè íå ïåðåâèùóâàâ 3+ ðîêè, ïðè
öüîìó á³ëüø³ñòü ðèá áóëà ïðåäñòàâëåíà äâîë³òêàìè.

Òåìïè ë³í³éíîãî òà ìàñîâîãî ðîñòó àòåðèíè â ×îðíîìó ìîð³ âèÿâèëè-
ñÿ âèùèìè ïîð³âíÿíî ç Òèë³ãóëüñüêèì ëèìàíîì, ìàêñèìàëüí³ ðîçì³ðè
ðèá ñòàíîâèëè 120 òà 105 ìì â³äïîâ³äíî. Ðîçðàõóíêè çà ð³âíÿííÿì Áåðòà-
ëàíô³ ïîêàçàëè, ùî ñàìêè â îáîõ âîäîéìàõ ìàëè âèù³ òåìïè ðîñòó, í³æ
ñàìö³. Á³ëüø ïîì³òíî öå áóëî äëÿ ðèá ç Òèë³ãóëüñüêîãî ëèìàíó. Ñåðåäíº
çíà÷åííÿ êîåô³ö³ºíò³â ïðèðîäíî¿ ñìåðòíîñò³ äëÿ ð³çíèõ â³êîâèõ ãðóï àòå-
ðèíè â ×îðíîìó ìîð³ ñòàíîâèëî 0,99, à â Òèë³ãóëüñüêîìó ëèìàí³ — 1,24.
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Äëÿ ñòâîðåííÿ á³ëüø ñïðèÿòëèâèõ óìîâ äëÿ ³ñíóâàííÿ àòåðèíè â

ÏÇ×Ì òà ðàö³îíàëüíîãî âèêîðèñòàííÿ ¿¿ çàïàñó íåîáõ³äíî ïîë³ïøèòè ðå-

ãóëþâàííÿ âîäîîáì³íó ì³æ ìîðåì ³ ëèìàíàìè, çîêðåìà ÷åðåç ñòâîðåííÿ

íîâèõ îáëîâíî-çàïóñêíèõ êàíàë³â. Öå â êîìïëåêñ³ ç îïòèì³çàö³ºþ ðåãó-

ëÿö³¿ ïðîìèñëó ñïðèÿòèìå íå ò³ëüêè ïîêðàùåííþ ñòàíó ïîïóëÿö³¿ äàíîãî

âèäó â ÏÇ×Ì, à é äîçâîëèòü ï³äòðèìóâàòè éîãî ð³÷íèé âèëîâ íà ñòà-

á³ëüíîìó ð³âí³ íå ìåíøå í³æ 700 ò.
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POPULATION STRUCTURE AND FISHERY PERSPECTIVES OF SAND SMELT
ATHERINA BOYERI (RISSO, 1810) IN UKRAINIAN WATERS OF THE

NORTHWESTERN PART OF THE BLACK SEA AND THE TILIGUL ESTUARY

Based on the material collected during 2017—2021 in the northwestern part of the
Black Sea (NWBS) and in 2024 in the Tiligul estuary, data on the size-age, sex composition
and natural mortality of the sand smelt Atherina boyeri (Risso, 1810) were obtained. It was
found that yearlings and two-year-olds make up the bulk of the landings in the (NWBS).
The maximum age of fish in the Black Sea was 4+ and in the Tiligul estuary 3+. Fish from
the Black Sea were characterized by higher growth rates than those from the Tiligul estuary.
It was found that the population of this species is dominated by females, the proportion of

37

Ïîïóëÿö³éíà ñòðóêòóðà, ïðèðîäíà ñìåðòí³ñòü òà ïåðñïåêòèâè ïðîìèñëó

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(4)



which begins to increase from the age of two years. The decline of sand smelt landings ob-
served in recent decades is mainly due to regulatory obstacles to fishing. Measures are pro-
posed to improve the status of the stock and increase the catch of this species, in particular
by optimizing fisheries regulation and improving water exchange between the sea and es-
tuaries.

Key words: sand smelt, dimensional-age structure of the population, aquatic bioresour-
ces, the northwestern part of the Black Sea, the Tiligul estuary.
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ÔÀÐÌÀÊÎËÎÃ²×Í² ÀÑÏÅÊÒÈ ²
ÕÐÎÌÀÒÎÃÐÀÔ²×ÍÈÉ ÏÐÎÔ²ËÜ ÔÅÍÎËÜÍÈÕ

ÑÊËÀÄÎÂÈÕ ÒÐÜÎÕ ÂÈÄ²Â ÌÀÊÐÎÂÎÄÎÐÎÑÒÅÉ
ªÃÈÏÒÓ. ÄÎÑË²ÄÆÅÍÍß ÇÂ’ßÇÊÓ

ÑÒÐÓÊÒÓÐÈ ² ÀÊÒÈÂÍÎÑÒ²

Ìåòîþ ðîáîòè áóëî ïîð³âíÿëüíå äîñë³äæåííÿ çàãàëüíîãî âì³ñòó ôåíîë³â (ÇÔ),
òàí³í³â (Ò) ³ ôëàâîíî¿ä³â (Ô) â Ulva compressa, Pterocladia capillacea ³ Colpomenia sinu-
osa, åêñòðàãîâàíèõ òðüîìà ð³çíèìè ðîç÷èííèêàìè. Ïðîâåäåíî ÿê³ñíó ³ ê³ëüê³ñíó îö³í-
êó ôåíîëüíèõ ðå÷îâèí ó ð³çíèõ åêñòðàêòàõ âîäîðîñòåé.

Íàéá³ëüøèé âì³ñò ÇÔ ³ Ô çàðåºñòðîâàíî ó åòèëàöåòàòíîìó åêñòðàêò³ C. sinu-
osa (â³äïîâ³äíî 49,99 ³ 38,68 ìã/ã). Â åêñïåðèìåíò³ ç åêñòðàãóâàííÿì ìåòàíîëîì
çàðåºñòðîâàíî íàéá³ëüøèé âì³ñò äóáèëüíèõ ðå÷îâèí ó âñ³õ òðüîõ âèä³â âîäîðîñòåé,
íàéâèùèé ó C. sinuosa (19,36 ìã/ã). Íàòîì³ñòü ïðè åêñòðàãóâàíí³ ãåêñàíîì âì³ñò ôå-
íîëüíèõ ðå÷îâèí ³ á³îëîã³÷íà àêòèâí³ñòü áóëè íàéíèæ÷èìè. Àíàë³ç åêñòðàêò³â âîäî-
ðîñòåé çà äîïîìîãîþ âèñîêîåôåêòèâíî¿ ð³äèííî¿ õðîìàòîãðàô³¿ (HPLC) äîçâîëèâ
âñòàíîâèòè íàÿâí³ñòü 16 ôåíîëüíèõ êèñëîò ³ ôëàâîíî¿ä³â, âêëþ÷àþ÷è ãàëîâó ³ êî-
ðè÷íó êèñëîòè ³ êàòåõ³í, ó á³ëüøîñò³ åêñòðàêò³â.

Äîñë³äæåííÿ äàëè çìîãó ïðèïóñòèòè, ùî åòèëàöåòàòí³ ³ ìåòàíîëüí³ åêñòðàê-
òè C. sinuosa ³ P. capillacea ìîæóòü ñëóãóâàòè âàæëèâèì äæåðåëîì ïðèðîäíèõ ïîë³ôå-
íîë³â ç àíòèîêñèäàíòíèìè, ïðîòèä³àáåòè÷íèìè, ïðîòèàðòðèòíèìè ³ ïðîòèçàïà-
ëüíèìè âëàñòèâîñòÿìè. Â³äì³÷åíî çíà÷íó êîðåëÿö³þ ì³æ âì³ñòîì ôëàâîíî¿ä³â ³ àí-
òèîêñèäàíòíîþ ³ ïðîòèä³àáåòè÷íîþ àêòèâí³ñòþ. Â³äíîøåííÿ ñòðóêòóðè ³ àê-
òèâíîñò³ ôëàâîíî¿ä³â, ÿê àíòèîêñèäàíò³â ³ ïðîòèä³àáåòè÷íèõ ðå÷îâèí, ðåãóëþºòü-
ñÿ ÷åðåç ïåðåí³ñ àòîìà ã³äðîãåíó òà ïîñë³äîâíî¿ âòðàòè ïðîòîíó/ïåðåíîñó åëåêòðî-

Ö è ò ó â à í í ÿ: ²ñìà¿ë Ì.Ì., Ìîñòàôà Ì.Õ., Åëü Çîêì Ã.Ì. Ôàðìàêîëîã³÷í³ àñïåêòè ³
õðîìàòîãðàô³÷íèé ïðîô³ëü ôåíîëüíèõ ñêëàäîâèõ òðüîõ âèä³â ìàêðîâîäîðîñòåé
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íó. Ìåòàíîëüí³ ³ åòèëàöåòàòí³ åêñòðàêòè âîäîðîñòåé ìàëè àíòèêîàãóëÿíòí³
âëàñòèâîñò³. Îäíàê íåîáõ³äí³ ïîäàëüø³ òîêñèêîëîã³÷í³ ³ êë³í³÷í³ äîñë³äæåííÿ.

Êëþ÷îâ³ ñëîâà: ìàêðîâîäîðîñò³, á³îëîã³÷íà àêòèâí³ñòü, ôëàâîíî¿äè, ôåíîëè,
òàí³íè, çàòîêà Àáó Ê³ð,Ñåðåäçåìíå ìîðå, ªãèïåò.

Introduction

Macroalgae «seaweeds» have attracted attention in the search for bioactive
substances to create novel medications and nutritious diets [17, 25, 26, 35].
Phenolics are among the most abundant and important bioactive molecules
produced by seaweeds, especially brown seaweeds which play a significant role
in algal growth and development. They are also created to protect against a ran-
ge of abiotic and biotic stresses, such as UV radiation, high temperatures, sali-
nity, pathogenic infections, and herbivory [30]. On the other side, stress such as
high salinity, microbial attack, and ultraviolet rays induces an elevation in po-
lyphenol production in seaweeds, leading to the development of more intricate
forms [1, 26, 59]. Seaweeds contain phenol up to 20 % of their dry weight. Most
of the secondary metabolites found in plants are classified into two groups:
phenolic acids and polyphenols [35].

Seaweed phenolics contain a basic structure consisting of the hydroxy gro-
up connected to aromatic ring. They are classified based on the number of car-
bon atoms and benzene rings, as well as solubility [30]. Polyphenols comprise a
broad set of about 8000 structurally different substances that can be grouped
into various families, such as flavonoids, phenolic acids, stilbenes, lignans, and
tannins. The number of hydroxyl groups, the position of the hydroxy group,
and the number of phenyl rings in the structure all affect how bioactive pheno-
lic compounds are [30, 74].

Polyphenols in seaweeds vary arrays of phytochemicals that have garnered
significant interest owing to their therapeutic qualities and beneficial impacts
on health [51]. These compounds are characterized by a wide spectrum of bio-
activities such as antimicrobial, anticancer, anti-inflammatory, anti-Alzhei-
mer, anti-aging, and beneficial antioxidant activities [27, 28, 67]. Numerous
studies have shown that macroalgal polyphenols are more stable than those fo-
und in terrestrial plants, making them more effective at lowering oxidative
stress [25, 26, 34]. They are consumed raw or processed worldwide due to their
high mineral and antioxidant content, including polyphenols [14]. Phenols
have significant commercial potential that could lead to a better future for hu-
mans, such as anti-inflammatory, anticoagulant, anti-arthritic, anti-cancer,
anti-diabetic drugs, as well as functional foods [48, 75]. Moreover, seaweed-de-
rived phenols have been found to reduce blood glucose levels [44]. In recent de-
cades, seaweed phenolics have emerged as a desirable and sustainable source of
antioxidants with a variety of biofunctional qualities. They may eventually rep-
lace current aquafeed additives [22].

Among the polyphenols present in seaweeds are flavanols, catechins, and
phlorotannins which have incredibly wide range of possible biological functi-
ons [28, 29]. Flavonoids with their distinct structural features are naturally oc-
curring secondary metabolites of phenolic compounds that possess a variety of
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biofunctional qualities, including the ability to scavenge free radicals and act as
antioxidants [67]. Additionally, phenolic acids, flavonoids, and tannins are the
main dietary phenolic compounds [68]. Seaweeds contain both soluble and
binding forms of tannins, which can make up to 14 % of their dry biomass [65].
The brown algae were found to be able to store polyphenolic chemicals up to
25—30 % of their dry weight [55]. The main phenolic compounds found in gre-
en and red algae are flavonoids, phenolic acids, and bromophenols [77]. Phe-
nolic compounds are believed to have antioxidant properties because they can
scavenge free radicals, donate electrons or hydrogen atoms, or bind metal cati-
ons. The ability of phenolic compounds to neutralize free radicals is attributed
to their molecular structures, specifically the number and positions of hydroxyl
groups and the types of substitutions on aromatic rings. This concept is known
as the structure-activity relationship (SAR) [58]. Also, flavonoids are a signifi-
cant group of polyphenols found in seaweeds. They have protective effects in
biological systems by transferring hydrogen or electrons to free radicals, activa-
ting antioxidant enzymes, chelating metal catalysts, reducing α-tocopherol ra-
dicals, and inhibiting oxidases [69]. Future views and research approaches are
given to encourage further investigation of seaweed phenolics, foster a better
knowledge of their medicinal potential, and promote sustainable extraction
and purifying procedures [62].

The goal of this study was to examine how three different solvents (ethyl
acetate, hexane, and methanol) affected the extraction yields of the phenolic
compounds. A detailed chromatographic analysis of algal extract was perfor-
med. The study sought to assess the antioxidant, antidiabetic, anti-arthritic, an-
ti-inflammatory, and anticoagulant properties of the extracts in vitro. The fin-
dings of these investigations will help us better understand the possible health
benefits of U. compressa, P. capillacea, and C. sinuosa from Abu Qir Bay in
Egypt. The study keeps track of structure-activity correlations to support biolo-
gical processes with possible uses in the pharmaceutical industry.

Material and Methods

Chemicals: Sigma-Aldrich (Darmstadt, Germany) supplied all of the che-
micals and solvents utilized in the study.

Collection and identification of seaweeds. Three different species were fres-
hly collected during autumn 2023 from Abu Qir beach (30o05'—30°22' E,
31o16'—31°21' N), Alexandria, Egypt (Fig. 1). They were washed with seawater
to remove epiphytes and sand attached to the surface, then transported in the
iced condition to the laboratory of Taxonomy and Biodiversity of Aquatic Bio-
ta at the National Institute of Oceanography and Fisheries, Alexandria, Egypt.
The specimens were carefully rinsed with tap water and some of the fresh thal-
lus was preserved in seawater containing 5 % solution of formaldehyde for ta-
xonomic identification. The other clean thallus was shade dried at room tem-
perature and powdered, then preserved at -20 oC for further analysis. The col-
lected seaweed species were identified based on [5] and confirmed using the
Algae Base website [21] as Ulva compressa Linnaeus from Chlorophyceae, Pte-
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rocladia capillacea (S.G. Gmelin) Borne from Rhodophyceae and Colpomenia
sinuosa (Mertens ex Roth 1806) Derbès & Solier from Phaeophyceae.

Preparation of algal extracts. Dry seaweed extracts were prepared using a
Soxhlet apparatus. Approximately 10 g of finely powdered seaweed were pla-
ced in a thimble and extracted with approximately 100 mL of ethyl acetate,
methanol, and hexane separately for about 48 hours. The resulting extracts
were concentrated under lower pressure using a rotary vacuum evaporator
(40—60 oC, 135—150 rpm, for 2 h) and then freeze-dried. The freeze-dried
sample was weighed for yield calculations (mg/g dry weight) and stored at
-20 oC until use. The crude extracts were utilized for qualitative and quantitati-
ve analysis of phenolic compounds and the selected bioactivities in vitro.

Qualitative analysis. Phytochemical analysis of the algal crude extracts was
subjected to nine qualitative assays such as coumarins, flavonoids, phenols, qu-
inones, saponins, tannins, terpenes, steroids, and cardiac glycosides. These
tests were performed on the tested extracts following established protocols; ba-
sic responses in these studies enabled the identification of these substances [27,
57].

Test for phenol. A small amount of each extract was mixed with 1 mL of wa-
ter, and 1 to 2 drops of FeCl3 were added to a test tube. A blue, green, red, or
purple color indicates a positive result.

Test for flavonoids. A small amount of each algal extract was mixed with
one to five drops of concentrated HCl. The presence of flavonoids is indicated
by the rapid development of a red color.
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Test for tannins. 2 mL of 5 % FeCl3 solution was added to a test tube contai-
ning 5 mL of each extract. The presence of a greenish-black precipitate suggests
the presence of tannins.

Test for steroid. Each algal extract was mixed with 2 mL of chloroform, and
then concentrated H2SO4 was added at the same time. The presence of steroids
is indicated by the red coloration that develops in the lower chloroform layer.

Test for saponins. Dilute 1 mL of the tested extracts with distilled water to
20 mL and shake in a graduated cylinder for 15 minutes. The formation of a 1
cm layer of foam indicates the presence of saponins.

Test for terpenoids. 2 mL of chloroform and 0.5 mL of each algal extract
were placed in a test tube. Then, 3 mL of concentrated H2SO4 was added, for-
ming a distinct layer. Terpenoids are indicated by reddish-brown interface co-
loration.

Test for quinones. Concentrated sulfuric acid should be added to 1 mL of
each algal extract. If red coloration appears, it indicates the presence of quino-
nes.

Test for coumarins. 2 mL of crude algal extract were combined with 3 mL of
10 % sodium hydroxide (NaOH); the presence of coumarins is indicated by the
yellow coloration of the mixture.

Test for cardiac glycosides. Glacial acetic acid was mixed with a few drops of
2 % FeCl3 solution, and then 2 mL of the resulting solution were combined with
the crude extract. Following this, the mixture was transferred to another vessel
along with 2 mL of concentrated H2SO4. The presence of cardiac glycosides in
the samples is indicated by the formation of a brown ring forms at the interface.

Quantitative analysis. Total phenol content. The total phenolic content
(TPC) of the algal extracts was determined using the Folin-Ciocalteu reagent.
For each algal extract, 1.0 mL mixed with 5 mL of distilled H2O and 0.5 mL of
Folin-Ciocalteu reagent applied afterwards. After mixing and letting the mix-
ture incubate for 30 minutes at room temperature, 1.0 mL of 1.8 M Na2CO3 was
added and incubation in the dark for 2 hrs. The absorbance at 760 nm was mea-
sured and data were expressed as milligrams of gallic acid equivalent per gram
extract dry weight (mg GAE/g).

Total tannins concentration. After combining 1 mL of the algal extract with
0.5 mL of Folin-Ciocalteau’s reagent, as reported by [32], 1 mL of saturated
Na2CO3 solution and 8 mL of distilled water were added. The reaction mixture
was left to stand at room temperature for half an hour. The absorbance was me-
asured at 725 nm using a UV-Visible Spectrophotometer after the supernatant
was collected by centrifugation. A standard graph was created by plotting the
absorbance of different tannic acid concentrations as increasing quantities of
standard tannic acid were added. Tannic acid equivalent as milligrams per
gram of the sample was used to express the tannin content (mg TAE/g) [50].

Total flavonoids content (TFC). Using the technique [76], which involve
the formation of a complex flavonoid-aluminum with a peak absorbance at
430 nm, the TFC in various algal extracts was measured spectrophotometrical-
ly. A 2 % AlCl3 in methanol solution was combined with a volume of the algal
extracts. The absorbance of the resulting reaction mixture was then recorded at
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430 nm after 10 minutes of incubation at room temperature. The calibration
curve was created using catechin and the results were reported as mg of catec-
hin equivalents per gram of dry extract (mg CE/g).

High-performance liquid chromatography (HPLC) analysis of phenolic
compounds. The HPLC method was used for the quantification and identifica-
tion of individual phenolics. An Agilent 1260 series HPLC was used to analyze
the phenolic components in the examined algal extracts. A C18 Eclipse column
(4.6×250 mm i.d., 5 µm) was utilized for the separation at 35 oC. At a flow rate of
1 mL per minute, the mobile phase was composed of 0.1 % trifluoroacetic acid
in acetonitrile (B) and water (A). The following linear gradient was used to pro-
gram the mobile phase: 12—14 min (80 % A), 14—16 min (80 % A), 0—5 min
(80 % A), 5-8 min (40 % A), 8—12 min (50 % A), and 12—14 min (80 % A). The
wavelength of the multi-wavelength detector was calibrated at 280 nm. An in-
jection volume of 10 µL was used for each sample solution. The phenolic com-
pounds in extracts were identified by comparing retention times and absorpti-
on spectra with standards, as well as by spiking samples. Results are expressed
as µg of compound per mL of extract (µg/mL).

Pharmacological aspects in vitro. Anti-inflammatory activity. The basic of
this test is to create an orange Fe3+/xylenol combination, that reaches its maxi-
mum absorbance at 560 nm. 20 µL algal extracts (500 µg/mL) and 40 µL glycine
max enzyme 15-lipoxygenase were incubated for five minutes at 25 oC. The
mixture was then further incubated at 25 oC for 20 min in the dark after adding
linoleic acid to a 50 mM Tris-HCl buffer (pH 7.4) at a final concentration of
140 µM. To stop the reaction, 100 µL of the FOX reagent (9:1 v/v methanol/wa-
ter solution containing 30 mM sulfuric acid, 100 µM xylenol orange, and
100 µM iron (II) sulfate) was added. In the control wells, only the buffer and
LOX solution were pipetted. The LOX enzyme was present in the blanks during
the incubation time, and the FOX reagent was added followed by the addition
of the substrate, linoleic acid [52]. To measure the inhibitory action of lipoxy-
genase, the percentage suppression of hydrogen peroxide generation was de-
termined by calculating changes in absorbance values at 560 nm after 30 minu-
tes at 25 °C. The inhibition % was determined using the following equation
(Eq. 1);

Anti-inflammatory activity =
((A A ) (A A ))

(A A

control blank sample blank

control bla

− − −
− nk )

×100 (Eq. 1)

where Acontrol represents the absorbance value of the control well, Ablank repre-
sents the absorbance value of the blank well, and Asample represents the absor-
bance value of a sample well.

Anti-arthritic activity (anti-denaturation activity). The efficiency of prote-
in denaturation in the examined extracts was assessed using the assay [63].
0.05 mL of algal extracts (500 µg/mL) and 0.45 mL of 5 % w/v bovine serum al-
bumin in an aqueous solution made up 0.5 mL of the reaction mixture. To ad-
just the pH to 6.3, 1 N HCl was used. The samples were incubated for 20 min at
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37oC and then heated for 3 min at 57oC. After cooling the sample, 2.5 mL of
phosphate buffer was added and then the turbidity generated was measured at
416 nm.

Equation (2) was used to calculate the inhibition percentage,

Anti-arthritic activity =
(A A )

(A )

sample blank

control

−
×100 (Eq. 2)

Antioxidant activity. Total antioxidant capacity (TAC) was determined
using the techniques [54]. Specifically, 0.3 mL of each algal extract (500 µg/mL)
was added to 3 mL of the working solution (28 mM sodium phosphate, 4 mM
ammonium molybdate, 0.6 M sulfuric acid) in three replicates. After 90 minu-
tes of incubation at 95 °C, the absorbance of the mixture was measured at
695 nm. The data obtained were expressed as milligrams of ascorbic acid equi-
valent per gram of extract dry weight (mg AAE/g).

Ferric reducing power (FRP) activity. Ferric chloride-potassium ferricyani-
de was used to assess the ability of different algal extracts to remove Fe3+ [47].
After adding 1 mL of algal extracts to 2.5 mL of sodium phosphate buffer
(0.2 M, pH 6.6) and 2.5 ml of 1 % K3[Fe(CN)6], the mixture was incubated for
20 minutes at 50 oC. The 10 % C2HCl3O2 was added in 2.5 mL increments. An
absorbance measurement was recorded at 700 nm after combining a portion of
the solution (2.5 mL) with 2.5 mL of distilled H2O and 0.5 mL of 0.1 % FeCl3. A
calibration curve was plotted using ascorbic acid, and the results were expres-
sed in mg of ascorbic acid equivalent per gram of extract dry weight
(mg AAE/g).

DPPH radical scavenging capacity. Following the assay [38], the DPPH ra-
dical scavenging capacity of various algal extracts was evaluated. Approximate-
ly 3 mL of DPPH solution (0.1 mM) was mixed with 0.3 mL of each algal extract
in triplicate. The absorbance of the samples was measured at 517 nm. Ascorbic
acid was used as the standard free radical scavenger. The degree of inhibition
was calculated using the following equation (Eq. 3):

DPPH scavenging activity % =
(A A )

(A )

control sample

control

−
×100 (Eq. 3)

where the absorbance of the DPPH radical plus methanol is the control and the
absorbance of the DPPH radical plus sample extract or standard is the sample.

Antidiabetic activity (α-amylase inhibition assay). Anti-diabetic ability
using α-amylase inhibition was measured using the method [15]. Phosphate
buffer (500 µL, 0.20 mM, pH 6.9) containing α-amylase (0.5 mg/mL) solution
was mixed with test algal extracts (500 µL) and a reference drug (acarbose)
(500 µg/mL). The mixture was then incubated for 10 minutes at 25 oC. Follo-
wing the addition of a starch solution (500 µL, 1 % w/v in 0.02 M sodium phos-
phate buffer pH 6.9), the reaction mixtures were incubated for 10 minutes at
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25°C. After heating in a boiling water bath for five minutes and cooling to room
temperature, the reaction was quenched with 3 mL of dinitrosalicylic acid rea-
gent (1.0 mL). Following a 10 mL dilution of the reaction mixture with distilled
water, the absorbance was determined at 540 nm and the enzyme inhibition
percentage by the crude extracts was determined using the following equation
(Eq. 4)

% inhibition =
Enzyme activity of control Enzyme activity of samp− le

Enzyme activity of control
×100 (Eq. 4)

The doses of the extract resulting in 50 % scavenging activity (IC50) were
calculated using GraphPad Prism 6 software.

Anticoagulant activity. All clotting assays were done using normal citrated
human plasma from three individual healthy donors with no history of blee-
ding or thrombosis. The anticoagulant activity was assessed using three assays
[78]: prothrombin time (PT), activated partial thromboplastin time (APTT),
and thrombin time (TT). In the APTT assay, 90 µL of citrated normal human
plasma and 10 µL of algal extracts were incubated at 37 oC for 60 seconds. Then,
100 µL of prewarmed APTT reagent were added and allowed to react at 37 oC
for 2 min. After that, 100 µL of 0.25 mol/L pre-warmed calcium chloride was
added and APTT was recorded as the clot formation time. To perform the PT
clotting experiment, 90 µL of citrated normal human plasma was added to
10 µL of algal extracts (500 µg/mL) and incubated at 37 oC for 1 min. After that,
200 µL of pre-incubated PT test reagent (37 oC, 10 min), was added and the
clotting time was recorded. Heparin was used as a positive control, while saline
(0.9 % NaCl) was used as the negative control. For the TT assay: 90 µL of citra-
ted normal human plasma was mixed with 10 µL of each sample (500 µg/mL)
and incubated at 37 oC for 60 seconds. Following the addition of 200 µL of
TT test reagent, the clotting time was then measured.

Statistical analysis. The means ± standard deviation of three replicates was
employed to present the results. One-way analysis of variance (ANOVA) was
utilized for statistical comparisons, with p-values less than 0.05 considered sig-
nificant. IBM-SPSS Statistics version 22 was used to conduct a Pearson correla-
tion analysis between the phenolic contents and the biological activities of all
extracts under investigation.

Results and Discussion

Extraction yields. Yields of different extracts of the selected species were
examined and presented in Table 1. With respect to other solvent extracts; the
methanol extract (polar solvent) of every species exhibited the maximum yield
followed by ethyl acetate then hexane. It is commonly known that the yield of
chemical extraction is affected by the pH, extraction time, temperature, chemi-
cal composition of a sample, type and polarities of solvents [39]. In this connec-
tion, it was stated [61] that methanol produced the highest yield when extrac-
ting from Gracilaria species and is regarded as one of the best solvents. In addi-
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tion, it was reported [73] that methanol was shown to be the most efficient ext-
raction solvent, producing the highest extraction yield (16.24—18.43 %).

Qualitative analysis of preliminary phytochemical composition in the tested
algal extracts. The nine crude extracts from three macroalgal species were scre-
ened for the presence of nine secondary biocompounds: steroids, saponins, ter-
penes, quinones, coumarines, tannins, cardiac glycosides, phenolics, and flavo-
noids as shown in Table 1. The pharmacological action of the plant is demonst-
rated by the presence of these metabolites [23]. Most of the extracts tested con-
tained beneficial secondary chemicals, including phenols, terpenes, flavonoids,
and tannins. However, terpenes, coumarins, quinones, and saponins were fre-
quently detected in methanol and ethyl acetate extracts. Cardiac glycosides
were not found in any of the extracts. In this context, it is stated [72] that ethyl
acetate is the most effective solvent for extracting phenolic compounds from
plants. Also, it is suggested [67] that methanol was more effective for extracting
the bioactive phytochemicals than the other solvents. The presence or absence
of phytoconstituents in seaweeds depends on the solvent medium used for ext-
raction and the physiological properties of the seaweeds [67]. The solvent emp-
loyed in the extraction process was the main factor influencing the existence of
any phytoconstituents [53]. Additionally, the extraction of phenolic compo-
unds from plants or fruits is significantly affected by the polarity of the solvent,
which can suppress polyphenol oxidase activity [43].

Quantitative analysis of phenol, flavonoid and tannins. Polyphenols, inclu-
ding total phenolics, flavonoids, and tannin content, were detected in the selec-
ted extracts. In the present study, a significant difference in the phenolic com-
pounds in the algal extracts was observed at p<0.05 (Table 2). Ethyl acetate (a
semipolar solvent) showed the highest extraction efficiency for TPC and TFC
from all the tested species. However, low levels of both components were obtai-
ned in the hexane extracts, which is expected since most phenolic compounds
are polar in nature; semipolar and polar organic solvents are commonly used
for their extraction [56]. The lowest TPC in the hexane extract (non-polar) of
Turbinaria spp. compared to all methanol and ethyl acetate extracts was also
reported [9]. It was detected [2] that most phenolic compounds from different
algal species are more extracted in ethyl acetate solvent than methanol and he-
xane solvents. All of the tested Colpomenia sinuosa extracts exhibited a higher
concentration of phenolic compounds than the other two species. Numerous
studies demonstrated the highest phenolic content in brown seaweeds [28, 55].

Methanol (a polar solvent) was found to be the most effective solvent for
tannins, with values ranging from 9.09 mg/g to 19.36 mg/g for P. capillacea and
C. sinuosa, respectively. This could be attributed to the higher solubility of tan-
nins in methanol compared to the other solvents tested. Within the ethyl aceta-
te extracts, tannin content ranges between 9.09 and 14.63 mg TAE/g in Ulva
compressa and P. capillacea, respectively (Table 2). The lowest value was obser-
ved in the P. capillacea hexane extract (7.27 mg TAE/g) (p<0.05). The variance
in extraction efficiency could be linked to the algae species, the extraction sol-
vent used, and environmental stressors.
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HPLC profile based on polyphenolic compounds. HPLC is an appropriate
procedure to detect polyphenols, which can be used to assay the potential phe-
nolic constituents. In this study, we report here the rapid determination of
16 polyphenols in crude extracts derived from three macroalgal species (Fig. 2,
Table 3), to compare the ability of each solvent to dissolve a selected group of
polyphenols. The 16 phenolics, namely gallic acid (RT: 3.297 min), chlorogenic
acid (RT 3.936 min), catechin (RT 4.358 min), methyl gallate (RT 5.554 min),
caffeic acid (RT 5.883 min), syringic acid (RT 6.386 min), pyro catechol
(RT 7.088 min), rutin (RT 7.343 min), ellagic acid (RT 7.978 min), coumaric
acid (RT 9.004 min), vanillin (RT 9.835 min), ferulic acid (RT 10.044 min), na-
ringenin (RT 10.223 min), taxifolin (RT 12.440 min), cinnamic acid
(RT 14.298 min) and kaempferol (RT 14.716 min) were detected. While the
compounds were well resolved, not all of them were presented in the algal ext-
racts, which may depend on the solvents used and the algal species (Table 3).
The presence of polyphenols in the samples was verified by comparing the re-
tention periods and overlaying UV spectra of the extracts with those of referen-
ce substances. In total, sixteen polyphenols were targeted for quantification by
HPLC, including twelve phenolic acids (gallic acid, chlorogenic acid, catechin,
caftaric acid, chlorogenic acid, caffeic acid, syringic acid, rutin, ellagic acid, va-
nillin, ferulic acid, naringenin, cinnamic acid, and coumaric acid) and four fla-
vonoids (kaempferol, methyl gallate, pyro catechol, and taxifolin). The varian-
ce of individual phenolic compounds is influenced by the extraction solvents
utilized in this study. This can be clarified by identifying flavonoids (pyro ca-
techol and methyl gallate) in the ethyl acetate extract of C. sinuosa only, rutin in
the hexane extract of both C. sinuosa and P. capillacea only, and ferulic acid in
the ethyl acetate extract of P. capillacea only. Gallic acid was the predominant

49

Ôàðìàêîëîã³÷í³ àñïåêòè ³ õðîìàòîãðàô³÷íèé ïðîô³ëü ôåíîëüíèõ ñêëàäîâèõ

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(4)

Table 2
One-Way ANOVA regarding phenolic compounds content in the tested algal extracts

Species Solvent
Phenolic compounds (mg/g)

flavonoids phenols tannins

Colpomenia sinuosa M 32.52a 33.027b 19.36a

H 15.31d 34.603b 9.09c

EA 38.68b 49.997a 12.15b

Ulva compressa M 28.57b 23.18c 17.04a

H 19.97c 20.91c 10.91c

EA 32.58a 25.45c 14.63b

Pterocladia capillacea M 24.41c 23.18c 18.09a

H 12.67d 20.91c 7.27c

EA 37.01a 36.81b 9.09c

Note. M — methanol; H — hexane; EA — ethyl acetate; letters are significantly different at
p < 0.05. Average values marked with the same letter are non-significantly different.



polyphenol. The HPLC results showed that the ethyl acetate extract from C. si-
nuosa had the highest extraction capacity for polyphenolic content, especially
taxifolin (7.53 µg/mL), gallic acid (7.22 µg/mL), coumaric acid (6.35 µg/mL),
and syringic acid (5.95 µg/mL) compared to other algal extracts. In addition,
the highest values of flavonoids, such as taxifolin and kaempferol were detected
in the ethyl acetate and methanol extracts of both C. sinuosa and P. capillacea in
the range of 0.63—7.53 µg/mL and 0.45—2.03 µg/mL, respectively. This study
showed that most of the tested algal extracts could be considered as an impor-
tant source of natural agents for use in the pharmaceutical and food industries.

Pharmacological aspects. Anti-inflammatory activity. Seaweeds have an
anti-inflammatory impact associated with their bioactive contents, like tan-
nins, phenols, and flavonoids, highlighting their potential for novel therapeutic
applications. Polyphenols impact numerous inflammatory cellular pathways,
including the Nuclear factor kappa B (NF-κB) cellular pathway, which controls
gut microbiota makeup and immunological responses. Polyphenol compo-
unds exhibited anti-inflammatory properties by suppressing AP-1 transcripti-
on and NF-kB [10]. Additionally, polyphenols can reduce inflammation by re-
gulating inflammatory cell activity, modifying the actions of enzymes action
involved in arachidonic acid metabolism (phospholipase A2, cyclooxygenase
(COX), lipoxygenase (LOX), arginine metabolism (NOS)), and modulating the
release of other molecules that facilitate inflammation [36].

Figure 3 depicts that, depending on the algal species and their bioactive
content in different extracts, all selected seaweed extracts exhibited varying in-
hibitory efficacy on lipoxygenase, as previously documented in [73]. They sta-
ted that extraction solvents affect extraction yield and the bioactive compound
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Fig. 2. HPLC chromatograms of polyphenol compounds types, retention times and con-
centrations in standard polyphenols



content, significantly impacting the biological activity of extracts. Methanol
extracts exhibited the maximum inhibition of lipoxygenase as detected by [13];

the methanolic extract of Matricaria chamomilla demonstrated effective sup-
pression of lipoxygenase. Additionally, the crude methanolic extracts of both

Coriaria intermedia stem and Dracontomelon dao bark exhibited high levels of
activity against α-15-lipoxygenase compared to hexane and ethyl acetate ext-

racts. The anti-lipoxygenase activity of C. sinuosa methanolic extract was the
highest at 65.24 %, compared to 55.17 % for quercetin. In comparison with [66]
(35.02-42.5 %), the inhibition range for nine extracts from three distinct speci-
es in our investigation is significantly higher (41.98—65.24 %).

Anti-arthritic activity. Denaturation of proteins and the synthesis of auto-
antigens are the main causes of inflammation and rheumatoid arthritis [4]. The
pathophysiological elements of rheumatoid arthritis can be influenced by po-
lyphenolic substances, which can delay the development and alleviate symp-
toms [11]. The highest anti-denaturation activity was obtained for the metha-

nol extracts of C. sinuosa (73.87 %), followed by P. capillacea at 68.13 % and the
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Table 3
Concentration of polyphenolic compounds (µg/ml) in the tested algal extracts using

HPLC chromatograms

Polyphenolic
compounds

Colpomenia sinuosa Ulva compressa Pterocladia capillacea

M H EA M H EA M H EA

Gallic acid 1.20 0.09 7.22 0.56 0.00 2.02 1.60 0.00 5.54

Chlorogenic acid 0.21 0.00 4.91 0.45 0.30 0.87 0.77 0.00 1.21

Catechin 3.21 1.03 4.21 0.00 0.90 0.00 0.00 0.00 0.00

Methyl gallate 0.00 0.00 0.29 0.00 0.00 0.00 0.00 0.00 0.00

Caffeic acid 0.84 0.16 1.37 0.00 0.00 0.00 0.00 0.00 0.01

Syringic acid 0.10 0.12 5.95 0.00 0.00 2.15 0.05 0.00 3.56

Pyro catechol 0.00 0.00 1.43 0.00 0.00 0.00 0.00 0.00 0.00

Rutin 0.00 0.15 0.00 0.00 0.00 0.00 0.00 4.56 0.00

Ellagic acid 0.82 0.09 1.07 0.00 0.00 0.00 0.12 0.00 0.87

Coumaric acid 4.00 0.04 6.35 0.00 0.28 0.31 0.00 0.00 0.08

Vanillin 0.24 0.17 0.37 0.00 0.00 0.29 0.15 0.00 3.21

Ferulic acid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.32

Naringenin 0.75 0.00 2.77 0.41 0.00 0.00 0.21 0.00 1.12

Taxifolin 2.98 0.00 7.53 0.00 0.00 0.63 3.17 0.00 4.21

Cinnamic acid 8.07 14.64 11.30 0.19 0.00 0.25 3.54 0.33 6.54

Kaempferol 1.55 0.00 2.03 0.00 0.64 0.00 0.45 0.00 0.55

Note. M — methanol; H — hexane; EA — ethyl acetate.



ethyl acetate extract of C. sinuosa at 67.82 % compared to diclofenac sodium
«standard drug» at 66.85 % (Fig. 3). These extracts demonstrated their capacity
to regulate the synthesis of autoantigens, inhibiting the denaturation of prote-
ins. Our results were compatible with those reported in [66], which reported a
range of anti-arthrtic activity for different algal solvents (62.5 to 75 %) and were
higher than those reported in [70], with the maximum anti-arthritic activity of
49.33±0.60 %. The anti-arthritic properties of these extracts may be attributed
to their concentration of flavonoids, which have the ability to regulate the tran-
scription factor NF-kB in the production of TNF-a. This regulating pathway
helps prevent the release of the proinflammatory cytokine TNF-a. Additional-
ly, inhibiting lipoxygenase and the COX pathway limits leukocyte accumulati-
on and reduces the production of proinflammatory cytokines. Flavonoids pre-
ferentially inhibit the formation of the proximal signal complex IL1R, with the
exception of TNFR-1. They also inhibit TACE, thereby preventing the synthe-
sis of TNF-a, a proinflammatory cytokine, by binding to proteins with negative
bond energy. This reduction in TNF-a and IL-6 expression can help decrease
inflammation in rheumatoid arthritis [20].

Antidiabetic activity. Figure 3 shows the inhibitory activity of the tested ex-

tracts against α-amylase in vitro. The highest antidiabetic ability was recorded

for the ethyl acetate extract of both C. sinuosa (74.73 %; IC50 6.69 mg/mL) and

P. capillacea (68.36 %; IC50 7.31 mg/mL), followed by the methanolic extracts

of the same species. The antidiabetic action of the macroalgal extracts may be

attributed to the presence of various bio-compounds, such as polyphenols.
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Fig. 3. Bioactivities of the tested algal extracts applying three solvents



These compounds bind to the active sites of the enzymes involved in diabetes,
modifying their catalytic activity. The antidiabetic effect of these extracts was
attributed to their unique content of taxifolin and kaempferol, as shown in
Table 3. Both compounds displayed antidiabetic, hepatoprotective, neuropro-
tective, and regenerative actions in cells [71]. Taxifolin has been shown to be ef-
fective as an antidiabetic drug, demonstrating a reduction in glycated hemo-
globin levels [33]. Kaempferol functions similarly to insulin secretagogues by
stimulating the release of insulin. It also decreases blood glucose levels and inc-
reases plasma insulin levels in rats with diabetes caused by streptozotocin [3].
Moreover, it has been suggested that polyphenols from edible seaweeds may
impact reactions related to diabetes by inhibiting enzymes at µM concentrati-
ons that break down starch and by modifying the oxidative stress induced by
glucose [46]. The results presented in Table 6 demonstrate a significant corre-
lation between flavonoids, antioxidant activity and antidiabetic activity at
p<0.05. This could be because flavonoids are highly dynamic natural phenolic
molecules with a wide range of chemical and biological activities [60]. This re-
sult aligns with previous research [16, 27]. Plus, the main defense against the
consequences of diabetes is provided by flavonoids. Their ability to act as antio-
xidants is essential for maintaining endothelial function in individuals with di-
abetes [8]. The inhibitory effects of nine extracts in our study were lower than
those reported in [27], which observed exceptionally high values of 93.68 %,
84.96 %, and 77.99 %.

Antioxidant potency. The present investigation employed three distinct as-
says, namely TAC, FRAP and DPPH assays, to evaluate the antioxidant proper-
ties of seaweed extracts. These three techniques demonstrated various antioxi-
dant activity pathways. It has recently been discovered that seaweeds are an in-
teresting source of naturally occurring bioactive chemicals that may have anti-
oxidant properties [25, 26, 28, 67]. According to reports, phenolic compounds
possess antioxidant properties depending on their ability to scavenge free radi-
cals, which mitigates the harmful effects of advanced glycation end products
(AGEs). AGEs are the toxic consequences of hyperglycemia in diabetes and ca-
use damage to a variety of tissues and organs in patients [19]. As illustrated in
Table 6, there is a significant correlation between TFC content and DPPH
(0.842), FRAP (0.759). Flavonoids react with the radical’s reactive component
to stabilize the reactive oxygen species [45]. Ferric-reducing antioxidant power
(FRAP) plays an important role in flavonoid structure to resist the effect of
energetic oxidants like free radicals. Flavonoids can reduce Fe3+ to Fe2+ at
pH 5.5, which can be explained by their ability to donate protons and electrons
as illustrated in Figure 4 [6]. The structural characteristics play a significant
role in assessing flavonoids’ capacity as antioxidants [24].

The primary mechanisms involved in the initial stage of flavonoid and
phenolic compounds oxidation are single electron transfer-proton transfer
(SET-PT) (Eq. 5), sequential proton loss electron transfer (SPLET) (Eq. 6), and
hydrogen atom transfer (HAT) (Eq. 7) [42].
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R-OH → R-OH+ + e– → R-O· + H+ + e– (Eq. 5)

R-OH → R-O– + H+ → R-O· + H+ + e– (Eq. 6)

R-OH → R-O· + H (Eq. 7)

The O-H bond dissociation enthalpy (BDE) controls this process. The
most significant aspect of BDE is its contribution to antioxidant activity; the lo-
wer the BDE, the easier it is to break O-H bonds. The phenolic hydroxyl group
with the lowest BDE determines the compound’s free radical scavenging capa-
bility when it has several phenolic hydroxyl groups [42].

The second pathway involves the transfer of electrons from the antioxi-
dant to the free radical, resulting in the formation of a radical cation. The ioni-
zation potential (IP) and the reactivity of the ROH+ cation control this reaction.
A high IP reduces electron transfer rate, while a low IP facilitates electron abst-
raction. An extract’s or compound’s diminished power is associated with its ca-
pacity to transfer electrons or to donate hydrogen atoms, thereby disrupting
the free radical chain [61].

Significant variations in antioxidant activity are demonstrated based on
the type of algal species, extraction method, and solvent employed as shown in
Table 4. The variations in the antioxidant activities among the different algal
extracts suggest that the choice of extracting could impact the scavenging abili-
ty of these extracts. This could be due to differences in the physiochemical pro-
perties of the soluble phenolic compounds in each solvent extract, as noted in
[12]. Overall, P. capillacea, U. compressa, and C. sinuosa extracts using ethyl
acetate demonstrated the highest DPPH scavenging abilities at 63.23 %,
65.33 %, and 69.89 %, respectively. These results for brown algae are consistent
with those obtained previously [27]. The highest TAC was observed in ethyl
acetate extracts of C. sinuosa (3.49 mg AAE/g extract), and U. compressa
(3.44 mg AAE/g extract), while the lowest activity was detected in the hexane
extract of U. compressa (0.469). According to [18], the maximum TAC for the
green alga Enteromorpha prolifera is 1.837 mg AAE/g.

Ferric-reducing power is a crucial indicator of the antioxidant potential of
a compound [25, 26]. The methanol (38.69 mg AAE/g) and ethyl acetate
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Fig. 4. Proposed route for generating the ferrous complex from the Fe(III) flavonoid comp-
lex [6]



(38.4 mg AAE/g) extracts of C. sinuosa followed by the methanolic extract of

P. capillacea (35.77 mg AAE/g), exhibited the maximum FRAP activity (Table

4). These findings are consistent with the data obtained by [25, 26] showing

that the reducing power activity of different seaweed methanolic extracts ran-

ged from 3.06 mg AAE/g for U. lactuca to 31.10 mg AAE/g DW for Sargassum

wightii. This wide variation in reducing power activity is influenced by the po-

larity of the extraction solvent and the total phenolic content. Plus, the higher

polyphenol content also tends to have higher antioxidant activity [7], as de-

monstrated by correlation analysis (Table 6). The tested extracts showed a sig-

nificant correlation between total flavonoids content and DPPH (0.842) and

FRAP (0.759) (Table 6).
Anticoagulant activity. Heparin is a commercial anticoagulant that has

been known and used for over 50 years. It is frequently used to prevent venous

thromboembolic diseases. However, heparin has been documented to have a

number of side effects, including the emergence of avian influenza, bovine

spongiform encephalopathy, thrombocytopenia, hemorrhagic impact, and the

inability to inhibit thrombin bound to fibrin [41]. Consequently, the search for

novel anticoagulants to replace heparin is becoming more intense. Previous re-

search [49] has demonstrated the anticoagulant properties of methanolic ext-

racts of the red alga Acanthaphora spicifera, whether they are naturally occur-

ring or chemically engineered.
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Table 4
Antioxidant activity of the tested algal extracts using three techniques

Species Solvent DPPH % TAC
(mg AAE/g DW)

FRAP
(mg AAE/g DW)

Colpomenia sinuosa M 65.208a 3.069a 38.69a

H 8.944c 1.84a 4.91c

EA 69.888a 3.491a 38.4a

Ulva compressa M 55.848b 2.469a 30.69b

H 8.736c 0.577b 4.8c

EA 65.325a 3.44a 34.4a

Pterocladia capillacea M 52.104b 3.025a 35.77a

H 8.528c 1.396b 4.69c

EA 63.232 a 3.12a 31.46b

Ascorbic acid M 55.52b 3.14a 31.2b

H 4.25c 0.83b 2.1c

EA 65.12 a 3.16a 30.25b

Note. M — methanol; H — hexane; EA — ethyl acetate; letters are significantly different at
p<0.05. Average values marked with the same letter are non-significantly different.



Prothrombin time (PT), thrombin time (TT) and activated partial throm-
boplastin time (APTT) analysis are frequently used tests to evaluate blood coa-
gulation. APTT quantifies the impact of substances on intrinsic and common
coagulation pathways. Based on the standard range of APTT (28—38 s), which
can vary depending on the reagents used, a ratio (APTT measured/APTT cont-
rol) greater than 1.2 results in a significant anticoagulant effect. Therefore,
methanol and ethyl acetate extracts are suitable solvents for extracting anticoa-
gulant compounds from both P. capillacea and C. sinuosa, affecting the intrin-
sic system of the coagulation cascade. Conversely, all hexane extracts show no
anticoagulant ability (Table 5).

The PT and TT tests showed the same APTT pattern (Table 5), indicating
that these extracts act as reactive anticoagulant agents [31]. In this connection,
it has been reported [40] that the APTT and PT effects of the brown alga Sar-
gassum cristaefolium extract are due to its phenolic contents especially flavono-
id. The findings of our study demonstrated that the solvent types and algal spe-
cies had an anticoagulant effect, resulting in an extension of both PT and
APTT. According to [36], prolonged PT indicates inhibition of the extrinsic
pathway of coagulation, while a prolonged APTT indicates inhibition of the in-
trinsic and/or common pathway.

Conclusion

There is a growing emphasis on using bioactive chemicals from natural so-
urces as functional foods to enhance human health and well-being. Results
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Table 5
Anticoagulant efficiency of the tested algal extracts

Species Solvents APTT (s) % PT(s) TT

Colpomenia sinuosa M 50 1.471 23 33

H 32 0.941 17 24

EA 44 1.294 19 27

Ulva compressa M 39 1.147 16 23

H nd nd nd nd

EA 33 0.971 14 20

Pterocladia capillacea M 44 1.294 19 27

H nd nd nd nd

EA 36 1.059 16 23

Standard (heparin) M 45 1.324 18 24

H 30 0.882 nd nd

EA 34 1.000 13 19

Note. M — methanol; H — hexane; EA — ethyl acetate; nd — not detected; APTT — acti-
vated partial thromboplastin time; PT — prothrombin time; TT — thrombin time. Ratio
was calculated by the formula: Ratio = APTT measured / APTT control «34 second».
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show that selected seaweeds are an excellent source of phenolic contents with

various biological activities. The findings indicate that seaweeds, particularly

brown, followed by red and then green species, have antioxidant and antidiabe-
tic properties. This makes them a good source of natural antioxidants. Hence,

they may be employed as functional food and nutraceutical ingredients in the

food industry due to their high flavonoid content. The extraction solvent signi-
ficantly influenced the overall polyphenol content and their bioactivities. Met-
hanol and ethyl acetate have high priorities as extracting solvents for phenolic

compounds with various biological activities. Furthermore, HPLC investigati-
on indicates the existence of several phenolic compounds that could account

for the bioactivity in this species. Therefore, it is advised to conduct additional

research to identify and refine the phenolic compositions accountable for the

various actions and detect their cytotoxicity.
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PHARMACOLOGICAL ASPECTS AND HPLC PROFILE OF THREE EGYPTIAN
SEAWEEDS VIA PHENOLIC COMPOUNDS; UNRAVELING

STRUCTURE-ACTIVITY RELATIONSHIPS

This study was designed to give comparative investigations on the total phenols
(TPC), tannins (TTC), and flavonoids (TFC) content in Ulva compressa, Pterocladia capil-
lacea, and Colpomenia sinuosa using three different solvents. Phenolic compounds were
qualitatively and quantitatively estimated in various algal extracts. The maximum values of
TPC and TFC were found in the ethyl acetate extract of C. sinuosa, with contents of
49.997 mg/g and 38.68 mg/g, respectively. The methanolic extract of all three selected spe-
cies showed the highest yield of TTC, with a maximum yield of 19.36 mg/g for C. sinuosa.
Conversely, the hexane extracts exhibited the lowest phenolic content and bioactivity. Al-
gal extracts were also identified using high-performance liquid chromatography (HPLC),
revealing sixteen phenolic acids and flavonoids, including important compounds like gallic
acid, cinnamic acid, and catechin in most algal extracts, particularly in methanol and ethyl
acetate extracts.

The study suggests that ethyl acetate and methanol extracts of C. sinuosa and P. capil-
lacea could serve as valuable sources of natural polyphenols with antioxidant, antidiabetic,
anti-arthritic, and anti-inflammatory properties. Strong correlations were observed betwe-
en flavonoid content and antioxidant and antidiabetic activities. Additionally, flavonoids
were supported by structure-activity relationships (SARs) as antioxidants and antidiabetic
agents through hydrogen atom transfer (HAT) and sequential proton loss electron transfer
(SPLET). The methanol and ethyl acetate extracts from the species studied exhibited an an-
ticoagulant effect, indicating that they could be used as natural anticoagulants. However,
further toxicological and clinical research is necessary before considering these algal ext-
racts as nutraceuticals and pharmaceuticals.

Keywords: macroalgae, biological activities, flavonoids, phenols, tannins, Abu Qir Bay,
the Mediterranean Sea, Egypt.
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ÎÑÎÁËÈÂÎÑÒ² ÔÎÐÌÓÂÀÍÍß ÖÅÍÎÁ²¯Â ÇÅËÅÍÈÕ
Ì²ÊÐÎÂÎÄÎÐÎÑÒÅÉ (CHLOROPHYTA) ÏÐÈ

¯ÕÍÜÎÌÓ ÂÈÐÎÙÓÂÀÍÍ² Â ØÒÓ×ÍÈÕ ÓÌÎÂÀÕ

Äîñë³äæåíî ñòðàòåã³þ ôîðìóâàííÿ öåíîá³¿â çåëåíèõ ì³êðîâîäîðîñòåé Tetrades-
mus dimorphus (Turpin) M.J. Wynne ³ Desmodesmus brasiliensis (Bohlin) E. Hegew. òà
¿õíþ âèäîñïåöèô³÷í³ñòü ïðè âèðîùóâàíí³ çà ä³¿ îïòèìàëüíèõ çíà÷åíü òåìïåðàòóðè
òà ïîæèâíèõ ðå÷îâèí. Êóëüòóðà T. dimorphus óïðîäîâæ óñ³º¿ åêñïîçèö³¿ õàðàêòåðèçó-
âàëàñÿ ñòàá³ëüíî íèæ÷îþ ê³ëüê³ñòþ öåíîá³¿â (1,0 %) ïîð³âíÿíî ç D. brasiliensis (81,2—
93,6 %). Ïðè öüîìó â D. brasiliensis ó ïåðøó ïîëîâèíó åêñïîçèö³¿ â³äì³÷åíî ïåðåâàæàííÿ
4-êë³òèííèõ ôîðì, à â äðóãó — 2-êë³òèííèõ. Øâèäê³ñòü ðîçïàäó öåíîá³àëüíèõ ôîðì
âêàçóº íà òå, ùî T. dimorphus õàðàêòåðèçóºòüñÿ ³íäóêîâàíèì çàõèñòîì, à D. brasili-
ensis — êîíñòèòóòèâíèì. Ïèòîìà øâèäê³ñòü ðîñòó òà ïðèð³ñò á³îìàñè äàíèõ
âèä³â ñòàòèñòè÷íî áóëè íà îäíîìó ð³âí³. Îá’ºì êë³òèí ó êóëüòóð³ T. dimorphus óïðî-
äîâæ åêñïîçèö³¿ ìàâ òåíäåíö³þ äî óêðóïíåííÿ, à D. brasiliensis — äî íåçíà÷íîãî
çäð³áíåííÿ.

Êëþ÷îâ³ ñëîâà: çåëåí³ ì³êðîâîäîðîñò³, öåíîá³¿, øòó÷íå âèðîùóâàííÿ, òåìïåðà-
òóðà, ïîæèâí³ ðå÷îâèíè.
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Äî âèñîêîïðîäóêòèâíèõ çåëåíèõ ì³êðîâîäîðîñòåé, çäàòíèõ ôîðìó-
âàòè öåíîá³¿ — ñêóï÷åííÿ êë³òèí, óòâîðåíèõ â ðåçóëüòàò³ ìíîæèííîãî
ïîä³ëó ³ îá’ºäíàíèõ çà ðàõóíîê çàãàëüíî¿ îáîëîíêè ó ñò³íêàõ ìàòåðèíñüêî¿
êë³òèíè [6], ìîæíà â³äíåñòè âèäè ðîä³â Desmodesmus, Tetradesmus òà Sce-
nedesmus [1, 20].

¯õí³é êë³òèííèé öèêë ïîä³ëÿþòü íà äâ³ ÷àñòèíè: ïåð³îä ðîñòó, ùî çàé-
ìàº á³ëüøèé ïðîì³æîê ÷àñó, òà ïîñë³äîâí³ñòü ðåïë³êàö³¿-ïîä³ëó ÄÍÊ [7].
Ïåð³îä ðîñòó õàðàêòåðèçóºòüñÿ çá³ëüøåííÿì îá’ºìó êë³òèí äî âåëè÷èíè,
íåîáõ³äíî¿ äëÿ âèæèâàííÿ ï³ñëÿ öèòîê³íåçó (ïîä³ëó êë³òèíè) [25]. Öåé
ïðîöåñ ñâ³ä÷èòü ïðî ³ñíóâàííÿ ìåõàí³çì³â êîîðäèíàö³¿ ðîñòó ³ ðåïðîäóê-
òèâíèõ ïîñë³äîâíîñòåé, ùî ñïðèÿëî ñòâîðåííþ ã³ïîòåçè êîíòðîëüíî¿
òî÷êè ðîçì³ðó êë³òèíè [10]. Äàíà ã³ïîòåçà ïðèïóñêàº, ùî êë³òèíè ìàþòü
çäàòí³ñòü âèçíà÷åííÿ ñâîãî ðîçì³ðó òà ïðîãðåñóâàííÿ êë³òèííîãî öèêëó
ï³ñëÿ äîñÿãíåííÿ ì³í³ìàëüíî¿ âåëè÷èíè, ùî º òî÷êîþ ðåñòðèêö³¿ [7, 10].
Äðóãèé ïåð³îä êë³òèííîãî öèêëó — ïîñë³äîâí³ñòü ðåïë³êàö³¿-ïîä³ëó
ÄÍÊ — ñêëàäàºòüñÿ ³ç ôàç ïîäâîºííÿ ÄÍÊ, ì³òîçó òà öèòîê³íåçó, éîãî ðå-
çóëüòàòîì º ôîðìóâàííÿ öåíîá³¿â, ê³ëüê³ñòü êë³òèí ó ÿêèõ âèçíà÷àºòüñÿ
ãåíåòè÷íèìè îñîáëèâîñòÿìè âèäó òà çîâí³øí³ìè óìîâàìè ³ ñòàíîâèòü 2,
4, 8, 16 àáî 32 [7]. Óòâîðåííÿ âñå á³ëüøî¿ ê³ëüêîñò³ äî÷³ðí³õ êë³òèí â³äáó-
âàºòüñÿ çàâäÿêè çá³ëüøåííþ ê³ëüêîñò³ ïîñë³äîâíîñòåé ðåïë³êàö³¿ — ïî-
ä³ëó ÄÍÊ â ìåæàõ îäíîãî êë³òèííîãî öèêëó [8, 9].

Çíàõîäæåííÿ âîäîðîñòåé ó çîí³ îïòèìóìó ñïðèÿº ï³äâèùåííþ ê³ëü-
êîñò³ ÿäåðíèõ ïîä³ë³â, çá³ëüøóþ÷è ê³ëüê³ñòü óòâîðåíèõ öåíîá³àëüíèõ
ôîðì ï³ñëÿ öèòîê³íåçó [7]. Îäíàê, ïîäàëüøà ñòðàòåã³ÿ ³ñíóâàííÿ öåíîá³¿â
ïîëÿãàº ó çáåðåæåíí³ ñâîº¿ ôîðìè àáî ðîçïàäó íà îêðåì³ êë³òèíè [22]. Ìå-
õàí³çì òà ïðè÷èíè öüîãî ïðîöåñó º ìàëîâèâ÷åíèìè òà õàðàêòåðèçóþòüñÿ
âèäîâèìè îñîáëèâîñòÿìè.

Ó ë³òåðàòóðíèõ äæåðåëàõ óòâîðåííÿ öåíîá³¿â ðîçãëÿäàºòüñÿ ïåðåâàæ-
íî ÿê çàõèñíèé ìåõàí³çì ó â³äïîâ³äü íà ä³þ íåãàòèâíèõ ÷èííèê³â. Òàê,
ìåíøå ñï³ââ³äíîøåííÿ ïîâåðõí³ äî îá’ºìó ì³êðîâîäîðîñòåé îáìåæóº ïî-
ãëèíàííÿ ðå÷îâèí òà ïðîíèêíåííÿ ñâ³òëà. Çá³ëüøåííÿ ¿õíüîãî îá’ºìó
ñïðèÿº øâèäøîìó îñ³äàííþ òà ìåíøîìó âè¿äàííþ çîîïëàíêòîíòàìè
[14].

Âîäíî÷àñ öåíîá³àëüí³ âèäè âîäîðîñòåé êëàñèô³êóþòü çà äâîìà òèïà-
ìè çàõèñòó: êîíñòèòóòèâíèé (öåíîá³¿ ïðèñóòí³ ó âåëèê³é ê³ëüêîñò³ çà áóäü-
ÿêèõ óìîâ, íàïðèêëàä ó Desmodesmus communis) òà ³íäóêîâàíèé (öåíîá³¿
ïðèñóòí³ ó âåëèê³é ê³ëüêîñò³ ëèøå çà ä³¿ íåãàòèâíîãî ÷èííèêà, íàïðèêëàä
ó Desmodesmus subspicatus), ùî âêàçóº íà ¿õí³ âèäîñïåöèô³÷í³ îñîáëèâîñò³
[16, 23].

Îòæå, ç’ÿñóâàííÿ ìåõàí³çì³â òà ñòðàòåã³¿ ôîðìóâàííÿ öåíîá³¿â çåëå-
íèõ ì³êðîâîäîðîñòåé ÿê ¿õíüî¿ àäàïòèâíî¿ çäàòíîñò³ ïðè âèðîùóâàíí³ â
øòó÷íèõ óìîâàõ ìàº ÿê íàóêîâå, òàê ³ ïðàêòè÷íå çíà÷åííÿ.

Ìåòîþ ðîáîòè áóëà îö³íêà ñòàíó çåëåíèõ ì³êðîâîäîðîñòåé Tetrades-
mus dimorphus (Turpin) M.J. Wynne òà Desmodesmus brasiliensis (Bohlin)
E. Hegew., ¿õíüî¿ âèäîñïåöèô³÷íîñò³ òà ñòðàòåã³¿ ôîðìóâàííÿ öåíîá³¿â çà
ä³¿ îïòèìàëüíèõ çíà÷åíü òåìïåðàòóðè òà ïîæèâíèõ ðå÷îâèí.
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Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêòàìè äîñë³äæåíü îáðàíî íàéá³ëüø ïðîäóêòèâí³ [13], àëüãîëî-
ã³÷íî ÷èñò³ êóëüòóðè çåëåíèõ ì³êðîâîäîðîñòåé (Chlorophyta) ³ç êîëåêö³¿
êóëüòóð (HPDP) ²íñòèòóòó ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè [2]: Desmodesmus

brasiliensis (Bohlin) E. Hegew. HPDP-102 òà Tetradesmus dimorphus (Turpin)
M.J. Wynne (= Acutodesmus dimorphus (Turpin) P. Tsarenko) HPDP-108, ùî
çäàòí³ äî óòâîðåííÿ 2-, 4- òà 8-êë³òèííèõ öåíîá³¿â [17, 19, 20].

Âîäîðîñò³ âèðîùóâàëè ïðè îïòèìàëüíèõ çíà÷åííÿõ òåìïåðàòóðè
(31,0 oÑ — äëÿ T. dimorphus òà 28,0 oÑ — äëÿ D. brasiliensis), ³íòåíñèâíîñò³
îñâ³òëåííÿ 47,5 ìêìîëü/ì2·ñ òà ñï³ââ³äíîøåíí³ ñâ³òëà ³ òåìðÿâè — 16 : 8
ãîä. Æèâèëüíå ñåðåäîâèùå ì³ñòèëî â³äñòîÿíó âîäîïðîâ³äíó âîäó, á³î-
ãåíí³ åëåìåíòè òà ì³íåðàëüí³ ñïîëóêè [12]. Âì³ñò àçîòó í³òðàò³â òà ôîñôî-
ðó ôîñôàò³â ñòàíîâèâ 81,7 ìã N/äì3 ³ 7,1 ìã P/äì3 äëÿ D. brasiliensis òà
692,7 ìã N/äì3 ³ 60,0 ìã P/äì3 — äëÿ T. dimorphus. Ïåðåì³øóâàííÿ êóëüòóð
â³äáóâàëîñÿ øëÿõîì ïîäà÷³ ó êóëüòèâàö³éí³ ºìíîñò³ ñòèñëîãî àòìîñôåð-
íîãî ïîâ³òðÿ (38 äì3/õâ). Òðèâàë³ñòü åêñïåðèìåíòó äîð³âíþâàëà 24 äîáè.

×èñåëüí³ñòü êë³òèí ì³êðîâîäîðîñòåé ï³äðàõîâóâàëè ó ï’ÿòè ïîâòîð-
íîñòÿõ ï³ä ñâ³òëîâèì ì³êðîñêîïîì Ëîìî Ìèêìåä-2 ç âèêîðèñòàííÿì êà-
ìåðè Ãîðÿºâà [3]. Âîäíî÷àñ ðàõóâàëè ê³ëüê³ñòü êë³òèí êîæíî¿ ôîðìè (îä-
íîêë³òèíí³, 2- òà 4-êë³òèíí³ öåíîá³¿).

Ñåðåäíüîäîáîâèé êîåô³ö³ºíò çá³ëüøåííÿ ÷èñåëüíîñò³ êë³òèí ðîçðà-
õîâóâàëè çà ôîðìóëîþ: k = Nt / N0 / t, äå N0 ³ Nt — êîíöåíòðàö³ÿ êë³òèí
(ìëí. êë/ñì3) íà ïî÷àòêó òà íàïðèê³íö³ åêñïîçèö³¿, ∆t — òðèâàë³ñòü äîñ-
ë³äæóâàíîãî ïåð³îäó.

Ïèòîìó øâèäê³ñòü ðîñòó ðîçðàõîâóâàëè çà ôîðìóëîþ [24]:

µ = −ln lnN N

t
t 0

∆
,

äå N0 òà Nt — ê³ëüê³ñòü êë³òèí â³äïîâ³äíî íà ïî÷àòêó òà íàïðèê³íö³ äîñ-
ë³äæóâàíîãî ïåð³îäó; �t — òðèâàë³ñòü äîñë³äæóâàíîãî ïåð³îäó.

Âèçíà÷åííÿ ðîçì³ðíèõ õàðàêòåðèñòèê êë³òèí (äîâæèíà ³ øèðèíà)
ì³êðîâîäîðîñòåé ïðîâîäèëè çà äîïîìîãîþ ì³êðîñêîïó Axio Imager-2 òà
ïðîãðàìíîãî çàáåçïå÷åííÿ ZEN 3.0 (n = 50).

Îá’ºì êë³òèí âèçíà÷àëè ñòåðåîìåòðè÷íèì ìåòîäîì, âèêîðèñòîâóþ÷è
ë³í³éí³ ðîçì³ðè êë³òèí âîäîðîñòåé [15].

Äîáîâèé ïðèð³ñò á³îìàñè îá÷èñëþâàëè çà ñóõîþ ðå÷îâèíîþ ÿê ð³çíè-
öþ ì³æ ïî÷àòêîâîþ òà ê³íöåâîþ ê³ëüê³ñòþ á³îìàñè äîñë³äæóâàíîãî ïå-
ð³îäó ðîñòó, ïîä³ëåíó íà ê³ëüê³ñòü ä³á [5].

Åêñïåðèìåíòàëüí³ äàí³ îïðàöüîâóâàëè çàãàëüíîïðèéíÿòèìè ìåòîäà-
ìè âàð³àö³éíî¿ ñòàòèñòèêè ó ïðîãðàì³ Microsoft Excel 2010. Â³ðîã³äí³ñòü
ð³çíèö³ ñåðåäí³õ âåëè÷èí âèçíà÷àëè ³ç çàñòîñóâàííÿì t-êðèòåð³þ Ñòüþ-
äåíòà íà ð³âí³ çíà÷óùîñò³ ð � 0,05.
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Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Íàéá³ëüø ñïðèÿòëèâèì äëÿ ô³ç³îëîã³÷íî¿ àêòèâíîñò³ êë³òèí òà íàðî-
ùóâàííÿ á³îìàñè çåëåíèõ ì³êðîâîäîðîñòåé ðîä³â Desmodesmus òà Tetra-

desmus º ä³àïàçîí òåìïåðàòóð 20,0—35,0 oÑ, ùî õàðàêòåðèçóº ¿õ ÿê ìå-
çîô³ë³â [11, 13, 18].

Íàéá³ëüø ñïðèÿòëèâèé òåìïåðàòóðíèé ðåæèì âèçíà÷àëè çà âåëè÷è-
íîþ ñåðåäíüîäîáîâîãî êîåô³ö³ºíòà çá³ëüøåííÿ ÷èñåëüíîñò³ êë³òèí, ðîç-
ðàõîâàíîãî ïðè âèðîùóâàíí³ âèñîêîïðîäóêòèâíèõ âèä³â T. dimorphus òà
D. brasiliensis óïðîäîâæ 24 ä³á (ðèñ. 1).

Çà äàíèì ïîêàçíèêîì ìàêñèìàëüíó ïðîäóêòèâí³ñòü äëÿ êóëüòóðè
T. dimorphus â³äì³÷åíî ïðè òåìïåðàòóð³ 31,0 oÑ, à D. brasiliensis — 28,0 oÑ.

Íåîáõ³äíî çàóâàæèòè, ùî ïðè ðîçðàõóíêó á³îìàñè íàéá³ëüø âèñîê³ ¿¿
çíà÷åííÿ äëÿ T. dimorphus â³äì³÷åíî íàïðèê³íö³ åêñïîçèö³¿ (24-òà äîáà)
ïðè 22,0, 25,0 òà 28,0 oÑ çà ðàõóíîê âèñîêîãî ðîçì³ðó êë³òèí (ðèñ. 2), à äëÿ
D. brasiliensis — ïðè 28,0 oÑ.

Òàêèì ÷èíîì, îïòèìàëüíèé òåìïåðàòóðíèé ðåæèì âèðîùóâàííÿ
ì³êðîâîäîðîñòåé çà ñåðåäíüîäîáîâèì êîåô³ö³ºíòîì çá³ëüøåííÿ ÷èñåëü-
íîñò³ êë³òèí ñòàíîâèâ: äëÿ T. dimorphus — 31,0 oÑ, à äëÿ D. brasiliensis —
28 oÑ (äèâ. ðèñ. 1).

Â ÿêîñò³ ïîæèâíèõ ðå÷îâèí, íàéá³ëüø ñïðèÿòëèâèõ äëÿ ðîñòó çåëå-
íèõ ì³êðîâîäîðîñòåé, âèêîðèñòîâóâàëè àçîò í³òðàò³â òà ôîñôîð ôîñôàò³â
ó êîíöåíòðàö³ÿõ: äëÿ êóëüòóðè T. dimorphus â³äïîâ³äíî 692,7 ìã N/äì3 ³
60,0 ìã P/äì3, à äëÿ D. brasiliensis — 81,7 ìã N/äì3 òà 7,1 ìã P/äì3 [12].

Ñï³ââ³äíîøåííÿ îäíîêë³òèííèõ òà öåíîá³àëüíèõ (2- òà 4-êë³òèíí³)
ôîðì T. dimorphus ³ D. brasiliensis â ïðîöåñ³ âèðîùóâàííÿ ìàëî ñóòòºâ³
â³äì³ííîñò³ (ðèñ. 3).

Ïîêàçàíî, ùî êóëüòóðà T. dimorphus óïðîäîâæ óñ³º¿ åêñïîçèö³¿ õàðàê-
òåðèçóâàëàñü ïåðåâàæíî îäíîêë³òèííèìè ôîðìàìè (99,0±0,002 %), ç íå-
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Ðèñ. 1. Ñåðåäíüîäîáîâèé êîåô³ö³ºíò çá³ëüøåííÿ ÷èñåëüíîñò³ êë³òèí çåëåíèõ ì³êðî-
âîäîðîñòåé T. dimorphus (1) òà D. brasiliensis (2) â çîí³ îïòèìàëüíèõ òåìïåðàòóð



çíà÷íîþ ê³ëüê³ñòþ 2- (0,9±0,18 %) ³ 4-êë³òèííèõ öåíîá³àëüíèõ ôîðì (0,1±
0,7 %) (ðèñ. 3, à).

Âîäíî÷àñ ó D. brasiliensis â³äáóâàëîñü âàð³þâàííÿ îäíîêë³òèííèõ ³ öå-
íîá³àëüíèõ (2- òà 4-êë³òèííèõ) ôîðì. Çîêðåìà, â³äñîòêîâà ê³ëüê³ñòü öå-
íîá³¿â óïðîäîâæ óñüîãî ïåð³îäó çàëèøàëàñÿ íà äîñèòü ñòàá³ëüíîìó ð³âí³
90,1—93,6 % (äèâ. ðèñ. 3, á).

Êóëüòóðà D. brasiliensis óïðîäîâæ ïåðøî¿ ïîëîâèíè åêñïîçèö³¿
(12 ä³á) õàðàêòåðèçóâàëàñÿ âèñîêîþ ÷èñåëüí³ñòþ êë³òèí, ÿê³ ôîðìóâàëè
4-êë³òèíí³ öåíîá³¿ (47—76 %), ùî ñâ³ä÷èòü ïðî ïåðåâàæàííÿ ìíîæèííîãî
ïîä³ëó â öåé ïåð³îä, òîä³ ÿê ê³ëüê³ñòü 2-êë³òèííèõ öåíîá³¿â ìàëà òåí-
äåíö³þ äî ï³äâèùåííÿ (4—11-òà äîáà) çð³âíþþ÷èñü çà ÷èñåëüí³ñòþ ç
4-êë³òèííèìè (ðèñ. 4).
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Ðèñ. 2. Á³îìàñà ì³êðîâîäîðîñòåé T. dimorphus (1) òà D. brasiliensis (2) ïðè âèðîùó-
âàíí³ â çîí³ îïòèìàëüíèõ òåìïåðàòóð

Ðèñ. 3. Ñï³ââ³äíîøåííÿ îäèíî÷íèõ (1), 2- (2) òà 4-öåíîá³àëüíèõ (3) êë³òèí ó êóëüòó-
ðàõ T. dimorphus (à) òà D. brasiliensis (á) çà îïòèìàëüíèõ óìîâ âèðîùóâàííÿ



Ó äðóã³é ïîëîâèí³ åêñïîçèö³¿ (ç 12-¿ äî 24-¿ äîáè) ó D. brasiliensis ñïîñ-
òåð³ãàëè ñòàá³ëüíî îäíàêîâó ê³ëüê³ñòü 4-êë³òèííèõ öåíîá³¿â òà ñòð³ìêå
çá³ëüøåííÿ ê³ëüêîñò³ 2-êë³òèííèõ ôîðì, ÷èñåëüí³ñòü ÿêèõ çðîñëà äî 84 %
(äèâ. ðèñ. 3, 4). Òàêå çðîñòàííÿ, íà íàø ïîãëÿä, ìîæå ìàòè ê³ëüêà ïîÿñíåíü
— ïåðåõ³ä âèäó â³ä ìíîæèííîãî ïîä³ëó äî á³íàðíîãî àáî æ ðîçïàä 4-êë³-
òèííîãî öåíîá³þ íà äâà 2-êë³òèííèõ.

Ñë³ä çàçíà÷èòè, ùî çã³äíî ç ë³òåðàòóðíèìè äàíèìè [17, 19, 20] ì³êðî-
âîäîðîñò³ T. dimorphus ³ D. brasiliensis çäàòí³ óòâîðþâàòè ³ 8-è êë³òèíí³ öå-
íîá³¿, ÿêèõ ó äàíîìó åêñïåðèìåíò³ íå áóëî âèÿâëåíî.

Âîäíî÷àñ, â³äñîòêîâà ê³ëüê³ñòü îäíîêë³òèííèõ ôîðì D. brasiliensis
óïðîäîâæ óñüîãî ïåð³îäó çàëèøàëàñÿ íà äîñèòü ñòàá³ëüíîìó ð³âí³ — 6,4—
9,9 % (äèâ. ðèñ. 3).

Òàêó çàêîíîì³ðí³ñòü â³äì³÷åíî òàêîæ ó ðîáîòàõ ³íøèõ àâòîð³â çà óìîâ
âèñîêî¿ ïèòîìî¿ øâèäêîñò³ ðîñòó ïðåäñòàâíèê³â ðîä³â Desmodesmus òà
Scenedesmus [7, 14, 21]. Âðàõîâóþ÷è òå, ùî ó ïðîöåñ³ ðåïë³êàö³¿-ïîä³ëó
ÄÍÊ áåðóòü ó÷àñòü ëèøå îäíîêë³òèíí³ ôîðìè âîäîðîñòåé, ¿õíÿ ÷èñåëü-
í³ñòü ìîæå áóòè îäíèì ³ç êðèòåð³¿â, ùî ñâ³ä÷àòü ïðî ³íòåíñèâí³ñòü ðîçì-
íîæåííÿ êóëüòóðè.

Îòæå, ïðè øòó÷íîìó âèðîùóâàíí³ D. brasiliensis, íà â³äì³íó â³ä T. di-
morphus, õàðàêòåðèçóºòüñÿ âèñîêîþ ôåíîòèï³÷íîþ ïëàñòè÷í³ñòþ, ùî
ïðîÿâëÿºòüñÿ ó çì³í³ ñï³ââ³äíîøåííÿ îäíîêë³òèííèõ òà öåíîá³àëüíèõ
ôîðì.

Ó ïðîöåñ³ âèðîùóâàííÿ îáîõ âèä³â â³äì³÷åíî êîðîòêîòðèâàëå ïðî-
õîäæåííÿ ëàã-ôàçè òà âèñîê³ ïîêàçíèêè ïèòîìî¿ øâèäêîñò³ ðîñòó íà åêñ-
ïîíåíö³éí³é ôàç³, ÿêó óìîâíî ìîæíà ïîä³ëèòè íà äâà ïåð³îäè çàëåæíî â³ä
äîì³íóþ÷î¿ ôîðìè öåíîá³¿â. Òàê, çîêðåìà, ó ïåðøó ïîëîâèíó åêñïîçèö³¿
(1-øà — 12-òà äîáà), êîëè çà ÷èñåëüí³ñòþ ïåðåâàæàëè 4-êë³òèíí³ öåíîá³¿
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Ðèñ. 4. ×èñåëüí³ñòü ïîîäèíîêèõ êë³òèí (1) òà 2- (2) ³ 4-êë³òèííèõ öåíîá³¿â (3) â êóëü-
òóð³ D. brasiliensis çà îïòèìàëüíèõ óìîâ âèðîùóâàííÿ



(äèâ. ðèñ. 4), ïîêàçíèêè ïèòîìî¿ øâèäêîñò³ ðîñòó áóëè â³äïîâ³äíî ó 2,0 ³
3,3 ðàçè (p � 0,05) âèùèìè, í³æ ó äðóãó (12—24-òà äîáà), êîëè äîì³íóâàëè
2-êë³òèíí³ ôîðìè (òàáë. 1).

Ðîçðàõóíîê á³îìàñè T. dimorphus òà D. brasiliensis (1-øà—24-òà äîáà)
ïîêàçàâ ïîñòóïîâèé ¿¿ ïðèð³ñò (ðèñ. 5), ÿêèé â ñåðåäíüîìó ñòàíîâèâ â³ä-
ïîâ³äíî 25,4 òà 25,7 ìã/äì3 çà äîáó (p � 0,05). Âîäíî÷àñ êîëîí³àëüíà êóëü-
òóðà D. brasiliensis õàðàêòåðèçóâàëàñÿ äåùî øâèäøèì ïðèðîñòîì á³îìàñè,
í³æ îäíîêë³òèíà T. dimorphus. Òàê, íà 4-òó äîáó åêñïåðèìåíòó öåé ïîêàç-
íèê ó D. brasiliensis áóâ íà 77 % âèùèì, í³æ ó T. dimorphus, íà 14-òó äîáó —
íà 40 %, à íà 24-òó äîáó — çð³âíÿâñÿ ( p� 0,05) (äèâ. ðèñ. 5).

Áàçóþ÷èñü íà ã³ïîòåç³ «êîíòðîëüíî¿ òî÷êè ðîçì³ðó êë³òèí» [10], ÿêà
êîîðäèíóº ð³ñò ³ ðåïðîäóêòèâíó çäàòí³ñòü ìîæíà ïðèïóñòèòè, ùî ì³í³ìà-
ëüíèé îá’ºì êë³òèí âîäîðîñòåé º êîíòðîëüíîþ òî÷êîþ ðîçì³ðó äëÿ ¿õíüî-
ãî âèæèâàííÿ. Âñòàíîâëåíî, ùî äëÿ T. dimorphus â³í ñòàíîâèòü
� 43,5 ìêì3, à äëÿ D. brasiliensis — � 64,1 ìêì3 (òàáë. 2).

Îòæå, äëÿ óòâîðåííÿ 4-êë³òèííîãî öåíîá³þ îá’ºì êë³òèí T. dimorphus

òà D. brasiliensis íà ìîìåíò òî÷êè ðåñòðèêö³¿ ñòàíîâèòü â³äïîâ³äíî � 174,0
òà � 256,4 ìêì3.

Ó êóëüòóðè T. dimorphus íà ïî÷àòîê âèðîùóâàííÿ òàêèõ êë³òèí íå
çàô³êñîâàíî, ùî ìîæå ñâ³ä÷èòè ïðî â³äñóòí³ñòü àáî ì³í³ìàëüíó ÷àñòêó
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Òàáëèöÿ 1
Ïèòîìà øâèäê³ñòü ðîñòó (äîáà–1) êóëüòóð T. dimorphus ³ D. brasiliensis çà

îïòèìàëüíèõ óìîâ

Êóëüòóðè 1-øà—12-òà äîáà 12—24-òà äîáà 1-øà—24-òà äîáà

T. dimorphus 0,23 0,11 0,16

D. brasiliensis 0,24 0,07 0,15

Ðèñ. 5. Á³îìàñà çåëåíèõ ì³êðîâîäîðîñòåé T. dimorphus (1) òà D. brasiliensis (2) ïðè
øòó÷íîìó âèðîùóâàíí³



êë³òèí, ùî ä³ëÿòüñÿ ìíîæèííèì ïîä³ëîì. Çãîäîì, íà 10-òó äîáó ¿õíÿ
ê³ëüê³ñòü çðîñëà äî 10,7 %, à íà ê³íåöü åêñïîçèö³¿ (24-òà äîáà) — äî 25 %.

Âîäíî÷àñ ó D. brasiliensis ¿õíÿ ê³ëüê³ñòü íà ïî÷àòîê åêñïåðèìåíòó ñòà-
íîâèëà 7 % ³ íà 10-òó äîáó çìåíøèëàñü äî 2 % ç íàñòóïíèì çðîñòàííÿì íà-
ïðèê³íö³ ôàçè åêñïîíåíö³éíîãî ðîñòó äî 11 %.

Îá’ºì êë³òèí ó T. dimorphus óïðîäîâæ âñ³º¿ åêñïîçèö³¿ ìàâ òåíäåíö³þ
äî ïîñòóïîâîãî çá³ëüøåííÿ íà 27 %, ùî â³äáóâàëîñÿ çà ðàõóíîê çðîñòàííÿ
ìàêñèìàëüíèõ çíà÷åíü íà 78 % òà ñóïðîâîäæóâàëîñü ï³äâèùåííÿì ¿õíüî¿
ì³íëèâîñò³.

Çðîñòàííÿ ì³íëèâîñò³ îá’ºìó êë³òèí âîäîðîñòåé ìîæå áóòè ïîâ’ÿçàíî
ç³ çá³ëüøåííÿì ê³ëüêîñò³ ïîñë³äîâíîñòåé ðåïë³êàö³¿ — ïîä³ëó ÄÍÊ ó ìå-
æàõ îäíîãî êë³òèííîãî öèêëó [8, 9] àáî ç ï³äâèùåííÿì ê³ëüêîñò³ íåàêòèâ-
íèõ êë³òèí, ùî â³äð³çíÿþòüñÿ â³ä æèâèõ çíà÷íèì ðîçì³ðîì òà âòðàòîþ
ôîðìè [4].

Âîäíî÷àñ îá’ºì êë³òèí ó D. brasiliensis óïðîäîâæ åêñïåðèìåíòó õàðàê-
òåðèçóâàâñÿ çâîðîòíîþ òåíäåíö³þ — çìåíøåííÿ íà 10 %. Ïðè öüîìó
ì³íëèâ³ñòü ¿õíüîãî îá’ºìó ï³äâèùóâàëàñü çà ðàõóíîê ÿê çìåíøåííÿ ì³í³-
ìàëüíèõ çíà÷åíü íà 31 %, òàê ³ çá³ëüøåííÿ ìàêñèìàëüíèõ íà 10 % (äèâ.
òàáë. 2).

Âèñíîâêè

Êóëüòóðà T. dimorphus óïðîäîâæ óñ³º¿ åêñïîçèö³¿ õàðàêòåðèçóâàëàñÿ
ñòàá³ëüíî íèæ÷îþ ê³ëüê³ñòþ öåíîá³¿â (1,0 %) ïîð³âíÿíî ç D. brasiliensis

(81,2—93,6 %), ùî ñâ³ä÷èòü ïðî ð³çíó ñòðàòåã³þ ïîâåä³íêè äàíèõ âèä³â
ï³ñëÿ öèòîê³íåçó.

Ðîçïàä öåíîá³¿â ó êóëüòóðè T. dimorphus â³äáóâàºòüñÿ îäðàçó ï³ñëÿ
öèòîê³íåçó, ùî ìîæå âêàçóâàòè íà ³íäóêîâàíèé çàõèñò ó öüîãî âèäó, â òîé
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Òàáëèöÿ 2
Îá’ºì (ìêì3) êë³òèí çåëåíèõ ì³êðîâîäîðîñòåé T. dimorphus òà D. brasiliensis

ïðè øòó÷íîìó âèðîùóâàíí³

Äîáè

T. dimorphus D. brasiliensis

ñåðåäí³
çíà÷åí-

íÿ

ìåæ³
êîëèâàíü

max/
min,

îá’ºì
*

ñåðåäí³
çíà÷åí-

íÿ

ìåæ³
êîëèâàíü

max/
min,

îá’ºì
*

0 94,4 45,9—169,4 3,7 0 165,5 90,0—337,1 3,7 7,0

1 95,2 43,5—176,2 4,1 2,5 165,2 86,8—342,2 3,9 3,2

10 106,4 44,5—253,6 5,7 10,7 147,8 64,1—257,7 4,0 2,0

17 108,6 47,2—280,0 5,9 15,1 155,3 70,3—334,0 4,8 8,6

24 120,0 46,3—302,4 6,5 25,0 150,2 68,6—370,5 5,4 11,0

* ×àñòêà (%) êë³òèí, îá’ºì ÿêèõ ïåðåâèùóº ì³í³ìàëüíèé ó 4,0 àáî á³ëüøå ðàç³â.



÷àñ ÿê ïðîõîäæåííÿ ïåð³îäó ðîñòó D. brasiliensis ó êîëîí³àëüí³é ôîðì³ º
êîíñòèòóòèâíèì çàõèñòîì.

Êóëüòóðà D. brasiliensis ó ïåðøó ïîëîâèíó åêñïîçèö³¿ õàðàêòåðèçóâà-
ëàñÿ ïåðåâàæàííÿì 4-êë³òèííèõ öåíîá³¿â, à â äðóãó — 2-õ êë³òèííèõ, ùî
ìîæå ñâ³ä÷èòè ïðî ïåðåõ³ä â³ä ìíîæèííîãî ïîä³ëó äî á³íàðíîãî àáî ïðî
ðîçïàä 4-êë³òèííèõ öåíîá³¿â íà 2-êë³òèíí³.

Óòâîðåííÿ 4-êë³òèííèõ öåíîá³¿â ó D. brasiliensis ìîæå áóòè ïîâ’ÿçàíî
ç³ çá³ëüøåííÿì ÷àñòêè êðóïíèõ êë³òèí ó êóëüòóð³.
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FEATURES OF THE FORMATION OF CENOBIES OF GREEN MICROALGAE
(CHLOROPHYTA) WHEN GROWN IN ARTIFICIAL CONDITIONS

The strategy of cenobia formation in the green algae Tetradesmus dimorphus (Turpin)
M.J. Wynne and Desmodesmus brasiliensis (Bohlin) E. Hegew. and their species specificity
when cultivating under optimal conditions of temperature and nutrients content were in-
vestigated. The culture of T. dimorphus during the entire exposure was characterized by a
consistently lower number of cenobia (1.0%) compared to D. brasiliensis (81.2–93.6%). In
D. brasiliensis, four-celled cenobia dominated in the first half of exposure, while two-celled
forms – in the second half of exposure. The rate of decay of cenobial forms indicates that
T. dimorphus is characterized by induced protection, and D. brasiliensis – by constitutive
protection. The specific growth rate and biomass growth of these species were statistically
at the same level. The cell volume in the culture of T. dimorphus tended to increase during
exposure, while that of D. brasiliensis tended to decrease slightly.

Key words: green microalgae, cenobia, artificial cultivation, temperature, nutrients.
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ÂÏËÈÂ Ï²ÄÂÈÙÅÍÈÕ ÊÎÍÖÅÍÒÐÀÖ²É ²ÎÍ²Â
ÊÎÁÀËÜÒÓ ÍÀ ÂÌ²ÑÒ ÍÅÏÎËßÐÍÈÕ Ë²Ï²Ä²Â Ó

ÒÊÀÍÈÍÀÕ ÏÐ²ÑÍÎÂÎÄÍÈÕ ÐÈÁ

Äîñë³äæåíî âì³ñò çàãàëüíèõ ë³ï³ä³â òà ¿õí³õ îêðåìèõ íåïîëÿðíèõ ôðàêö³é ó çÿá-
ðàõ, ïå÷³íö³ òà ì’ÿçàõ êàðàñÿ ñð³áëÿñòîãî (Carassius gibelio Bloch.) òà ùóêè çâè÷àéíî¿
(Esox lucius L.) çà ä³¿ 0,1 ìã/äì3 ³ 0,25 ìã/äì3 ³îí³â êîáàëüòó ïðîòÿãîì 14 ä³á. Âñòàíîâ-
ëåíî, ùî äèíàì³êà ë³ï³äíîãî ïðîô³ëþ ó òêàíèíàõ ðèá çà òîêñè÷íîãî âïëèâó çàëåæèòü
â³ä ïðèðîäè òà êîíöåíòðàö³¿ ìåòàëó ó âîä³, à òàêîæ ìàº âèäîâó òà òêàíèííó ñïå-
öèô³êó. Â³äì³÷åíî çàãàëüíó òåíäåíö³þ äî çðîñòàííÿ âì³ñòó çàãàëüíèõ ë³ï³ä³â ó ïå-
÷³íö³ ðèá òà éîãî çíèæåííÿ ó ì’ÿçàõ, ùî çóìîâëåíî ïåðåðîçïîä³ëîì ë³ï³äíèõ ðåçåðâ³â. Ó
ïå÷³íö³ ðèá âèÿâëåíî çìåíøåííÿ ÷àñòêè ôîñôîë³ï³ä³â òà òðèàöèëãë³öåðîë³â, çðîñ-
òàííÿ âì³ñòó õîëåñòåðîëó òà ïðîäóêò³â ã³äðîë³çó ë³ï³ä³â. Çì³íè â ë³ï³äíèõ ïðîô³ëÿõ
çÿáåð áóëè á³ëüø â³ä÷óòíèìè ó ùóêè, îñîáëèâî çà âèñîêèõ êîíöåíòðàö³é ³îí³â êîáàëü-
òó (0,25 ìã/äì3). Çì³íè âì³ñòó íåïîëÿðíèõ ë³ï³ä³â ó ì’ÿçàõ ðèá çà ³íòîêñèêàö³¿ ³îíàìè
êîáàëüòó ìàëè ñï³ëüí³ òåíäåíö³¿: çíèæåííÿ âì³ñòó òðèàöèëãë³öåðîë³â òà çðîñòàííÿ
÷àñòêè íååñòåðèô³êîâàíèõ æèðíèõ êèñëîò. ßê ó êàðàñÿ, òàê ³ ó ùóêè ìàëî ì³ñöå çíè-
æåííÿ ñï³ââ³äíîøåííÿ õîëåñòåðîë/ôîñôîë³ï³äè ó çÿáðàõ çà ä³¿ îáîõ êîíöåíòðàö³é
³îí³â êîáàëüòó, òîä³ ÿê ó ïå÷³íö³ òà ì’ÿçàõ öåé ïîêàçíèê äîñòîâ³ðíî çðîñòàâ ò³ëüêè
ó êàðàñÿ.

Êëþ÷îâ³ ñëîâà: êàðàñü ñð³áëÿñòèé, ùóêà çâè÷àéíà, ë³ï³äè, êîáàëüò.

Âàæê³ ìåòàëè º îäíèìè ç îñíîâíèõ àíòðîïîãåííèõ çàáðóäíþâà÷³â âî-
äíîãî ñåðåäîâèùà ó ñâ³òîâèõ ìàñøòàáàõ. Øâèäêèé òåìï óðáàí³çàö³¿, ³í-
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äóñòð³àë³çàö³¿ òà ìîäåðí³çàö³¿ ñ³ëüñüêîãî ãîñïîäàðñòâà ñïðèÿº âèâ³ëüíåí-
íþ âàæêèõ ìåòàë³â ç ¿õí³õ ñïîëóê òà ïîòðàïëÿííþ ó âîäí³ åêîñèñòåìè. Âñ³
âîíè º òîêñè÷íèìè âèùå ïåâíèõ ïîðîãîâèõ êîíöåíòðàö³é ³ ìîæóòü âèê-
ëèêàòè ô³ç³îëîã³÷íèé ñòðåñ ó ã³äðîá³îíò³â [26]. Äåÿê³ âàæê³ ìåòàëè ìàþòü
çäàòí³ñòü äî á³îàêóìóëÿö³¿, à ¿õí³ êîíöåíòðàö³¿ â á³îò³ ìîæóòü çðîñòàòè äî
òîêñè÷íèõ ð³âí³â, ùî íàðàæàº íà íåáåçïåêó ð³çíîìàí³òí³ âèäè âîäíèõ
òâàðèí, îñîáëèâî ò³ ÿê³ çíàõîäÿòüñÿ íà âåðøèí³ õàð÷îâî¿ ï³ðàì³äè [6, 12].

Ðèáè ìàþòü çäàòí³ñòü íàêîïè÷óâàòè çíà÷íó ê³ëüê³ñòü âàæêèõ ìåòàë³â,
ùî íàñàìïåðåä çàëåæèòü â³ä ¿õíüî¿ êîíöåíòðàö³¿ òà ôîðìè çíàõîäæåííÿ ó
âîä³ [19]. Âîíè øèðîêî âèêîðèñòîâóþòüñÿ äëÿ îö³íêè ÿêîñò³ âîäíîãî ñå-
ðåäîâèùà, òîìó ùî ïîñò³éíî íàñåëÿþòü òîâùó âîäè, ÿêà ïðèéìàº òà ³íòåã-
ðóº õ³ì³÷í³, ô³çè÷í³ òà á³îëîã³÷í³ ÷èííèêè [6].

Â³äîìî, ùî îðãàí³çì ã³äðîá³îíò³â, çîêðåìà ðèá, ìàº áàãàòî çàñîá³â
á³îõ³ì³÷íî¿ àäàïòàö³¿ ð³çíîãî ñòóïåíÿ ñêëàäíîñò³, ÿê³ äîçâîëÿþòü éîìó
óñï³øíî ïðèñòîñîâóâàòèñÿ äî ä³¿ òîêñèêàíò³â, ó òîìó ÷èñë³ ìåòàë³â [30].
Âàæê³ ìåòàëè ìîæóòü ñòèìóëþâàòè íàäì³ðíå óòâîðåííÿ àêòèâíèõ ôîðì
êèñíþ â îðãàí³çì³ ðèá, ùî ïðèçâîäèòü äî ïîðóøåííÿ îêèñíî-â³äíîâíîãî
áàëàíñó òà ñòðóêòóðè ë³ï³ä³â, ÿê³ º îñíîâíèìè êîìïîíåíòàìè á³îëîã³÷íèõ
ìåìáðàí [19]. Ë³ï³äè âïëèâàþòü íà ïðîíèêí³ñòü ìåìáðàí, áåðóòü ó÷àñòü ó
ïåðåäà÷³ íåðâîâîãî ³ìïóëüñó, ñòâîðþþòü ì³æêë³òèíí³ êîíòàêòè, âèêîíó-
þòü ôóíêö³¿ âòîðèííèõ ìåñåíäæåð³â [5, 26]. Îñîáëèâîñò³ ìåòàáîë³çìó
ë³ï³ä³â, âêëþ÷íî ç ïðîöåñàìè òðàíñïîðòóâàííÿ òà äåïîíóâàííÿ, ó ðèá
³íø³, í³æ ó åíäîòåðìíèõ òâàðèí [31].

Êîáàëüò º âàæëèâèì á³îãåííèì åëåìåíòîì, ÿêèé ó ïåâíèõ êîíöåíò-
ðàö³ÿõ íåîáõ³äíèé äëÿ æèòòºä³ÿëüíîñò³ îðãàí³çìó ÿê òâàðèí, òàê ³ ëþäè-
íè. Â³í âõîäèòü äî ñêëàäó íèçêè ôåðìåíò³â, òàêèõ ÿê äåã³äðîãåíàçè, äå-
ã³äðàòàçè, ã³äðàòàçè, ìóòàçè, òðàíñôåðàçè [23]. Ô³ç³îëîã³÷íà ðîëü ³îí³â
Co2+ äëÿ ðèá ïîëÿãàº ó òîìó, ùî â³í º íåîáõ³äíèì êîìïîíåíòîì â³òàì³íó
B12, ÿêèé àêòèâóº ïðîöåñè êðîâîòâîðåííÿ [9]. Êð³ì òîãî öåé ìåòàë âèêî-
íóº ðîëü ìåòèëþþ÷îãî àãåíòà, áåðå ó÷àñòü ó ðåàêö³ÿõ ãë³êîë³çó ³ öèêëó
òðèêàðáîíîâèõ êèñëîò, ñèíòåç³ ÄÍÊ, àì³íîêèñëîò, æèðíèõ êèñëîò, à òà-
êîæ âïëèâàº íà ð³ñò ðèá [15].

Ïðèðîäí³ êîíöåíòðàö³¿ êîáàëüòó ó âîä³ º äîñèòü íèçüêèìè (0,04—
8,0 ìêã/äì3), àëå âîíè ìîæóòü çðîñòàòè âèùå ãðàíè÷íî äîïóñòèìèõ ó çà-
áðóäíåíèõ âîäîéìàõ (ïîíàä 3 ìã/äì3) [2, 3]. Íàäõîäæåííÿ êîáàëüòó äî îð-
ãàí³çìó ðèá, â îñíîâíîìó, çä³éñíþºòüñÿ ÷åðåç çÿáðà, êèøê³âíèê òà øê³ðó
[9, 36, 37], ï³ñëÿ ÷îãî ÷åðåç êðîâîò³ê öåé ìåòàë ìîæå íàäõîäèòè äî ð³çíèõ
îðãàí³â, òàêèõ ÿê ïå÷³íêà, íèðêè, ì’ÿçè [17]. Ïðè íàäõîäæåíí³ ìåòàëó â
îðãàí³çì ðèá âèùå ô³ç³îëîã³÷íî íåîáõ³äíîãî ð³âíÿ â³í ìîæå âèêëèêàòè
íèçêó òîêñè÷íèõ åôåêò³â. Ïðîòå äîñë³äæåíü ùîäî øêîäî÷èííîñò³ äàíîãî
ìåòàëó íåäîñòàòíüî, ùî óòðóäíþº îö³íêó åêîëîã³÷íèõ ðèçèê³â ³ ðîçðîáêó
êðèòåð³¿â ÿêîñò³ âîäè äëÿ öüîãî ìåòàëó.

Ç ìåòîþ á³î³íäèêàö³¿ ð³âíÿ çàáðóäíåííÿ âîäîéì êîáàëüòîì òà âèâ-
÷åííÿ éîãî òîêñè÷íîãî âïëèâó íà ã³äðîá³îíò³â â íàøîìó äîñë³äæåíí³ ìè
çîñåðåäèëèñÿ íà àíàë³ç³ äèíàì³êè âì³ñòó òà ñï³ââ³äíîøåííÿ ôðàêö³é íåé-
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òðàëüíèõ ë³ï³ä³â ó òêàíèíàõ ïîøèðåíèõ ïð³ñíîâîäíèõ âèä³â ðèá — êàðàñÿ
ñð³áëÿñòîãî ³ ùóêè çâè÷àéíî¿.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ áóëî ïðîâåäåíî íà êàðàñ³ ñð³áëÿñòîìó — Carassius gibe-
lio Bloch. òà ùóö³ çâè÷àéí³é — Esox lucius L. ñåðåäíüîþ ìàñîþ â³äïîâ³äíî
200—220 ã ³ 150—170 ã. Â ëàáîðàòîðíèõ óìîâàõ âèâ÷àëè âïëèâ íà îðãàí³çì
ðèá ³îí³â êîáàëüòó ó äâîõ êîíöåíòðàö³ÿõ 0,1 òà 0,25 ìã/äì3, ùî â³äïîâ³äà-
þòü 2 òà 5 ãðàíè÷íî äîïóñòèìèì êîíöåíòðàö³ÿì. Ìåòàë âíîñèëè ó âîäó
200-ë³òðîâèõ àêâàð³óì³â, äå çíàõîäèëèñÿ äîñë³äí³ ãðóïè ðèá (ïî ï’ÿòü îñî-
áèí ó êîæíîìó), ó âèãëÿä³ CoCl2·6H2O. Ç ìåòîþ çíèæåííÿ âïëèâó íà ðèá
¿õí³õ âëàñíèõ åêçîìåòàáîë³ò³â âîäó â àêâàð³óìàõ çì³íþâàëè ùîäâîäîáîâî.
Äëÿ äîñÿãíåííÿ ñòàíó ðîçâèòêó ³ ìàêñèìàëüíîãî ïðîÿâó êîìïåíñàòîð-
íî-àäàïòèâíèõ ðåàêö³é äî ìåòàëó àêë³ìàö³þ ðèá çä³éñíþâàëè ïðîòÿãîì
14 ä³á. Öåé ïåð³îä, çà äàíèìè àâòîð³â [25], º äîñòàòí³ì äëÿ ôîðìóâàííÿ
àäàïòèâíèõ ðåàêö³é â îðãàí³çì³ åêçîòåðìíèõ òâàðèí.

Äëÿ àíàë³çó â³äáèðàëè ïå÷³íêó, çÿáðà òà ñïèíí³ ì’ÿçè. Òêàíèíè ïî-
äð³áíþâàëè íà õîëîä³ â ñêëÿíîìó ãîìîãåí³çàòîð³ ç íàñòóïíèì åêñòðàãó-
âàííÿì çàãàëüíèõ ë³ï³ä³â ñóì³øøþ õëîðîôîðì:ìåòàíîë ó ñï³ââ³äíîøåíí³
2:1 çà ìåòîäîì Ôîë÷à [13]. Ïðè öüîìó äî îäí³º¿ ìàñîâî¿ ÷àñòèíè òêàíèíè
äîäàâàëè 20 ÷àñòèí åêñòðàãóþ÷î¿ ñóì³ø³ ³ çàëèøàëè íà 12 ãîä äëÿ åêñò-
ðàêö³¿. Äîì³øêè íåë³ï³äíîãî ñêëàäó âèäàëÿëè ç åêñòðàêòó â³äìèâàííÿì
1%-âèì ðîç÷èíîì KCl. Ê³ëüê³ñòü çàãàëüíèõ ë³ï³ä³â ó òêàíèí³ âèçíà÷àëè
âàãîâèì ìåòîäîì ï³ñëÿ â³äãîíêè åêñòðàãóþ÷î¿ ñóì³ø³ [21].

Ðîçä³ëåííÿ íåïîëÿðíèõ ë³ï³ä³â çä³éñíþâàëè çà ìåòîäèêîþ âèñõ³äíî¿
îäíîì³ðíî¿ òîíêîøàðîâî¿ õðîìàòîãðàô³¿ íà ïëàñòèíêàõ Merck, Í³ìå÷÷è-
íà. Ïåðåä ðîáîòîþ ïëàñòèíêè ïðîòÿãîì 30 õâ àêòèâóâàëè ïðè òåìïåðà-
òóð³ 105 oÑ â ñóøèëüí³é øàô³. Îòðèìàíèé õëîðîôîðìíèé ðîç÷èí ë³ï³ä³â
ñïî÷àòêó âèïàðîâóâàëè íàñóõî, à ïîò³ì ðîç÷èíÿëè ó 1 ìë õëîðîôîðìó.
Îäåðæàí³ ïðîáè ë³ï³ä³â íàíîñèëè íà ïëàñòèíêó ì³êðîäîçàòîðîì â ê³ëü-
êîñò³ 40 ìêë ðîç÷èíó ³ ïîì³ùàëè ¿õ ó õðîìàòîãðàô³÷í³ êàìåðè. Ðóõîìîþ
ôàçîþ ñëóæèëà ñóì³ø ãåêñàíó, ä³åòèëîâîãî åô³ðó ³ ëüîäÿíî¿ îöòîâî¿ êèñ-
ëîòè ó â³äíîøåíí³ 70:30:1. Îäåðæàí³ õðîìàòîãðàìè ïðîÿâëÿëè â êàìåð³,
íàñè÷åí³é ïàðàìè éîäó [1]. Äëÿ ³äåíòèô³êàö³¿ îêðåìèõ ôðàêö³é ë³ï³ä³â âè-
êîðèñòîâóâàëè ñïåöèô³÷í³ ðåàãåíòè ³ î÷èùåí³ ñòàíäàðòè [21]. Ê³ëüê³ñòü
íåïîëÿðíèõ ë³ï³ä³â âèçíà÷àëè á³õðîìàòíèì ìåòîäîì [7], âì³ñò ôîñôî-
ë³ï³ä³â — çà ê³ëüê³ñòþ íåîðãàí³÷íîãî ôîñôîðó ìåòîäîì Âàñüêîâñüêîãî
[35].

Ðåçóëüòàòè ïðîâåäåíèõ äîñë³äæåíü ñòàòèñòè÷íî îïðàöüîâóâàëè ³ç âè-
êîðèñòàííÿì ñòàíäàðòíîãî ïàêåòó Microsoft Office Excel.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Àíàë³ç çàãàëüíîãî âì³ñòó ë³ï³ä³â. Çì³íà ïàðàìåòð³â âîäíîãî ñåðåäîâè-
ùà ïðèçâîäèòü äî ìîäóëÿö³¿ ë³ï³äíîãî ïðîô³ëþ ó ã³äðîá³îíò³â, ùî çàáåç-
ïå÷óº ï³äòðèìêó ¿õíüî¿ æèòòºä³ÿëüíîñò³ òà âèæèâàííÿ [22]. Îñîáëèâ³ñòþ
ìåòàáîë³çìó ë³ï³ä³â ó ðèá º çíà÷í³ êîëèâàííÿ ñêëàäó òà ³íòåíñèâíîñò³ íà-

76

Ìàðê³â Â.Ñ., Õîìåí÷óê Â.Î., Êóðàíò Â.Ç.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(4)



êîïè÷åííÿ æèð³â ó îðãàí³çì³ çà âïëèâó ð³çíèõ ÷èííèê³â [20]. Ìîäèô³êàö³¿
ó ñêëàä³ ë³ï³ä³â º êîìïåíñàòîðíèì ìåõàí³çìîì, ÿêèé çàáåçïå÷óº îïòè-
ìàëüí³ ôóíêö³îíàëüí³ ìîæëèâîñò³ îðãàí³çìó çà ð³çíèõ óìîâ. Õàðàêòåð
ðîçïîä³ëó çàãàëüíèõ ë³ï³ä³â ó òêàíèíàõ ³ îðãàíàõ ðèá çàëåæèòü â³ä âèäó,
ðóõîâî¿ àêòèâíîñò³, óìîâ ñåðåäîâèùà, êîðìîâî¿ áàçè, â³êó òîùî [24].

Îñê³ëüêè ë³ï³äè çàçíàþòü øâèäêîãî ðîçùåïëåííÿ, ïîâòîðíîãî ñèíòå-
çó òà âçàºìîïåðåòâîðåíü ó â³äïîâ³äü íà çîâí³øí³ òà âíóòð³øí³ ïîäðàçíè-
êè, âàæëèâî îäíî÷àñíî àíàë³çóâàòè ð³çí³ êëàñè ë³ï³ä³â ó ð³çíèõ òêàíèíàõ,
ùîá îòðèìàòè ÷³òêå óÿâëåííÿ ïðî çì³íè ó ìåòàáîë³çì³ ë³ï³ä³â, ñïðè÷èíåí³
çàáðóäíþþ÷èìè ðå÷îâèíàìè [34].

Çíà÷í³ á³îõ³ì³÷í³ çì³íè, ïîâ’ÿçàí³ ç âì³ñòîì æèðó òà æèðîâèõ êîìïî-
íåíò³â, ÿê³ âèêëèêàí³ âàæêèìè ìåòàëàìè, º á³ëüø íåáåçïå÷íèìè òà ìî-
æóòü çíèçèòè ïëîäþ÷³ñòü, îñê³ëüêè ë³ï³äè â³ä³ãðàþòü âàæëèâó ðîëü ó ðîç-
ìíîæåíí³ ê³ñòêîâèõ ðèá ÿê äæåðåëî åíåðã³¿ òà ïîïåðåäíèêè ñòåðî¿ä³â
[34].

Àíàë³ç îòðèìàíèõ ðåçóëüòàò³â ïîêàçàâ, ùî ó ñòàí³ àêòèâíî¿ æèò-
òºä³ÿëüíîñò³ ³ñíóº çíà÷íà âàð³àáåëüí³ñòü çàãàëüíîãî âì³ñòó ë³ï³ä³â ó òêà-
íèíàõ äîñë³äæóâàíèõ ïð³ñíîâîäíèõ ðèá (òàáë. 1). Çà çðîñòàííÿì öüîãî
ïîêàçíèêà äîñë³äæóâàíí³ òêàíèíè ìîæíà ðîçòàøóâàòè â òàêîìó ïîðÿäêó:
ñêåëåòí³ ì’ÿçè → çÿáðà → ïå÷³íêà.

Ó çÿáðàõ äîñë³äæóâàíèõ âèä³â ðèá çàãàëüíèé âì³ñò ë³ï³ä³â çàçíàâàâ
äîñòîâ³ðíèõ çì³í ëèøå çà âïëèâó 0,25 ìã/äì3 ³îí³â êîáàëüòó ó ùóêè, äå ¿õ
âì³ñò — çìåíøóâàâñÿ íà 39,4 % ïîð³âíÿíî ç êîíòðîëåì. Çÿáðà º íåñïå-
öèô³÷íîþ òêàíèíîþ äëÿ çàïàñàííÿ ë³ï³ä³â, ïðîòå ¿õíÿ ê³ëüê³ñòü ìîæå
çìåíøóâàòèñü ó ö³é òêàíèí³ çà ä³¿ âàæêèõ ìåòàë³â [14].

Ïå÷³íêà º âàæëèâèì îðãàíîì ë³ï³äíîãî îáì³íó, äå ïðîõîäèòü ñèíòåç
ñòðóêòóðíèõ ë³ï³ä³â, à òàêîæ ïðîöåñè äåòîêñèêàö³¿ ó ðèá. ²îíè êîáàëüòó
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Òàáëèöÿ 1
Âì³ñò çàãàëüíèõ ë³ï³ä³â ó òêàíèíàõ ðèá çà ä³¿ ³îí³â êîáàëüòó

(ìã/ã ñèðî¿ òêàíèíè, M±m, n = 5)

Âèäè ðèá Êîíòðîëü 0,1 ìã/äì3 0,25 ìã/äì3

Ïå÷³íêà

Êàðàñü 17,84±1,13 22,85±0,99* 24,80±1,54*

Ùóêà 49,84±4,83 53,49±2,99 47,24±4,56

Çÿáðà

Êàðàñü 19,84±0,83 19,35±1,53 21,34±0,92

Ùóêà 19,55±0,77 20,31±1,58 11,84±0,77*

Ì’ÿçè

Êàðàñü 13,34±0,92 11,44±0,87* 8,46±0,63*

Ùóêà 8,77±0,54 10,35±0,47 6,33±0,47*

Òóò ³ â òàáë. 2—5: * — ð³çíèöÿ â³ðîã³äíà ïîð³âíÿíî ç êîíòðîëåì (p<0,05).



ìîæóòü ä³ÿòè ÿê ñòðåñîðè, âèêëèêàþ÷è îêèñëþâàëüíèé ñòðåñ ³ çàïóñêàþ-
÷è êîìïåíñàòîðí³ ìåòàáîë³÷í³ àäàïòàö³¿ [18]. Îòðèìàí³ ðåçóëüòàòè ñâ³ä-
÷àòü ïðî äîçîçàëåæíèé õàðàêòåð âïëèâó ³îí³â êîáàëüòó íà ë³ï³äíèé ñêëàä
ïå÷³íêè äîñë³äæóâàíèõ âèä³â ðèá. Ñóìàðíèé âì³ñò ë³ï³ä³â ó ïå÷³íö³ êàðà-
ñÿ çá³ëüøèâñÿ íà 28,1 òà 39,0 % â³äïîâ³äíî ïðè êîíöåíòðàö³¿ ³îí³â êîáàëü-
òó 0,1 ³ 0,25 ìã/äì3. Ó ùóêè áóëî â³äì³÷åíî òåíäåíö³þ äî çðîñòàííÿ äàíîãî
ïîêàçíèêà çà ä³¿ 0,1 ìã/äì3 ³îí³â êîáàëüòó òà çìåíøåííÿ éîãî — çà âïëèâó
0,25 ìã/äì3. Çá³ëüøåííÿ ê³ëüêîñò³ çàãàëüíèõ ë³ï³ä³â ó ïå÷³íö³ êàðàñÿ çà ä³¿
îáîõ êîíöåíòðàö³é òà ó ïå÷³íö³ ùóêè — çà ä³¿ 0,1 ìã/äì3, éìîâ³ðíî, îáó-
ìîâëåíî àêòèâàö³ºþ àíàáîë³÷íèõ ïðîöåñ³â ó ö³é òêàíèí³ òà ìîá³ë³çàö³ºþ
ë³ï³ä³â äëÿ àäàïòèâíèõ ïåðåáóäîâ ìåòàáîë³çìó [29].

Ñóìàðíèé âì³ñò ë³ï³ä³â ó ì’ÿçàõ êàðàñÿ äîñòîâ³ðíî çíèæóâàâñÿ çà ä³¿
îáîõ äîñë³äæóâàíèõ êîíöåíòðàö³é ³îí³â êîáàëüòó — â³äïîâ³äíî íà 14,2 ³
36,6 % â³äíîñíî êîíòðîëüíèõ çíà÷åíü. Ó ì’ÿçàõ ùóêè öåé ïîêàçíèê çìåí-
øèâñÿ íà 27,8 % ëèøå çà âïëèâó 0,25 ìã/äì3 ³îí³â ìåòàëó. Î÷åâèäíî, ùî çà
³íòîêñèêàö³¿ ³îíàìè êîáàëüòó ìàº ì³ñöå ïåðåðîçïîä³ë ë³ï³äíèõ ðåçåðâ³â
ì³æ ì’ÿçàìè òà ïå÷³íêîþ. Êð³ì òîãî, çíèæåííÿ çàãàëüíîãî âì³ñòó ë³ï³ä³â ó
ì’ÿçàõ ìîæå áóòè çóìîâëåíî àêòèâàö³ºþ ³îíàìè êîáàëüòó ë³ïîë³çó òà ìî-
á³ë³çàö³ºþ ë³ï³ä³â ÿê äæåðåëà åíåðã³¿ [4].

Îòæå, ï³äâèùåí³ êîíöåíòðàö³¿ ³îí³â êîáàëüòó ïðèçâîäèëè äî ïåðå-
ðîçïîä³ëó òà ìîá³ë³çàö³¿ ë³ï³äíèõ ðåçåðâ³â, ùî ïåðåäáà÷àº òàêîæ çì³íè ¿õ
ôðàêö³éíîãî ñêëàäó ó òêàíèíàõ ðèá, äëÿ ïðîòèä³¿ òîêñè÷íîìó ÷èííèêó.

Àíàë³ç ôðàêö³éíîãî ñêëàäó ë³ï³ä³â. Ó ðåçóëüòàò³ äîñë³äæåííÿ ôðàê-
ö³éíîãî ñêëàäó ë³ï³ä³â çÿáåð ðèá áóëî âèÿâëåíî ï³äâèùåííÿ âì³ñòó ôîñ-
ôîë³ï³ä³â (ÔË) íà 14,2 % çà âïëèâó 0,1 ìã/äì3 ³îí³â êîáàëüòó â ùóêè òà íà
19,6 ³ 27,3 % çà ä³¿ îáîõ êîíöåíòðàö³é ìåòàëó ó êàðàñÿ (òàáë. 2). Òàê³ çì³íè
ìîæíà ðîçãëÿäàòè ÿê àäàïòèâíó ðåàêö³þ îðãàí³çìó íà ï³äâèùåíó êîíöåí-
òðàö³þ ³îí³â êîáàëüòó, ùî ïðèçâîäèòü äî ñòðóêòóðíèõ ³ ôóíêö³îíàëüíèõ
çì³í á³îëîã³÷íèõ ìåìáðàí

Çà åêñïîçèö³¿ ïðè îáîõ êîíöåíòðàö³ÿõ ìåòàëó ìàëà ì³ñöå òåíäåíö³ÿ äî
çíèæåííÿ âì³ñòó òðèàöèëãë³öåðîë³â (ÒÀÃ) ó çÿáðàõ îáîõ âèä³â ðèá, ïðîòå
äîñòîâ³ðíèìè ö³ çì³íè áóëè ëèøå çà ä³¿ 0,25 ìã/äì3 ³îí³â ìåòàëó ó çÿáðàõ
ùóêè, êîëè ÷àñòêà ÒÀÃ çíèæóâàëàñü íà 22,8 %. Çíèæåííÿ âì³ñòó ÒÀÃ
ìîæíà ðîçãëÿäàòè ÿê àäàïòèâíó â³äïîâ³äü íà âïëèâ ìåòàëó, òîìó ùî â
ñòðåñ-óìîâàõ òðèàöèëãë³öåðîëè º óí³âåðñàëüíèì äæåðåëîì åíåðã³¿, íå-
îáõ³äíî¿ äëÿ ïîì’ÿêøåííÿ òîêñè÷íî¿ ä³¿ ³îí³â ìåòàë³â [1].

Âì³ñò õîëåñòåðîëó (ÕË) çíèæóâàâñÿ ó êàðàñÿ íà 13,2 ³ 12,4 % òà ó ùóêè
íà 21,6 ³ 24,3 % â³äïîâ³äíî ïðè îáîõ äîñë³äæóâàíèõ êîíöåíòðàö³ÿõ ³îí³â
ìåòàëó. Çìåíøåííÿ ê³ëüêîñò³ öüîãî êîìïîíåíòó á³ë³ï³äíîãî øàðó òà îä-
íî÷àñíå íàêîïè÷åííÿ ôîñôîë³ï³ä³â, éìîâ³ðíî, ñïðèÿº çá³ëüøåííþ ïëèí-
íîñò³ á³ë³ï³äíîãî øàðó, ùî âåäå äî çðîñòàííÿ ðåãóëÿòîðíî¿ àêòèâíîñò³
³íòåãðàëüíèõ á³ëê³â ìåìáðàíè êë³òèí çÿáåð ðèá [38].

Çÿáðà áåçïîñåðåäíüî ï³ääàþòüñÿ âïëèâó ìåòàë³â, ùî ìîæå ïîã³ðøèòè
ñèíòåç ë³ï³ä³â àáî æ ïîñèëèòè ¿õ êàòàáîë³çì. ÒÀÃ ³ ÕË ìîæóòü áóòè
ìîá³ë³çîâàí³ äëÿ òîãî, ùîá çàäîâîëüíèòè åíåðãåòè÷í³ ïîòðåáè àáî ðåàãó-
âàòè íà ñòðóêòóðí³ ïîøêîäæåííÿ, âèêëèêàí³ îêèñíèì ñòðåñîì [11]. Òàê,
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çà ä³¿ âèùî¿ êîíöåíòðàö³¿ ìåòàëó (0,25 ìã/äì3) ñïîñòåð³ãàëîñÿ äîñòîâ³ðíå
çðîñòàííÿ ÷àñòêè íååñòåðèô³êîâàíèõ æèðíèõ êèñëîò (ÍÅÆÊ) ó êàðàñÿ íà
5,3 % òà ó ùóêè íà 6,9 %, ùî, î÷åâèäíî, çóìîâëåíî ã³äðîë³çîì ÒÀÃ ³ ÕË.
Âì³ñò ìîíîàöèëãë³öåðîë³â (ÌÀÃ) òà äèàöèëãë³öåðîë³â (ÄÀÃ) â çÿáðàõ ðèá
ïðàêòè÷íî íå çì³íþâàâñÿ ó äîñë³äíèõ ãðóïàõ ùîäî êîíòðîëþ çà âèíÿòêîì
çÿáåð ùóêè, äå çà çà ä³¿ 0,25 ìã/äì3 ³îí³â êîáàëüòó ê³ëüê³ñòü ÄÀÃ çðîñòàëà, à
÷àñòêà ÌÀÃ çíèæóâàëàñÿ.

Àíàë³ç ðåçóëüòàò³â ôðàêö³éíîãî ñêëàäó ë³ï³ä³â ïå÷³íêè ïîêàçàâ (òàáë.
3), ùî çà âïëèâó îáîõ äîñë³äæóâàíèõ êîíöåíòðàö³é êîáàëüòó ó êàðàñÿ òà çà
ä³¿ 0,25 ìã/äì3 ³îí³â ìåòàëó — ó ùóêè âñòàíîâëåíî äîñòîâ³ðíå çíèæåííÿ
âì³ñòó ÔË â³äïîâ³äíî íà 16,7, 14,5 ³ 8,2 %. ÔË º âàæëèâèìè ñêëàäîâèìè
êë³òèííî¿ ìåìáðàíè, ³ çíèæåííÿ ¿õíüîãî âì³ñòó ìîæå áóòè íàñë³äêîì
âïëèâó ìåòàëó íà ¿¿ àðõ³òåêòóðó [34].

Òàêîæ ñë³ä â³äì³òèòè çìåíøåííÿ âì³ñòó ÒÀÃ ó ãåïàòîöèòàõ êàðàñÿ çà
âïëèâó 0,1 ìã/äì3 êîáàëüòó íà 17,6 % òà ó ùóêè çà êîíöåíòðàö³¿ 0,25 ìã/äì3

ìåòàëó ó âîä³ íà 25,2 %.
Îïîñåðåäêîâàíèì ï³äòâåðäæåííÿì äåñòðóêö³¿ ÔË òà ÒÀÃ êë³òèí ïå-

÷³íêè ðèá º çàãàëüíà òåíäåíö³ÿ äî íàêîïè÷åííÿ ê³íöåâèõ ïðîäóêò³â ã³ä-
ðîë³çó öüîãî ïðîöåñó — ÍÅÆÊ òà ÌÀÃ. Òàê, ó êàðàñÿ ³ ùóêè çà ä³¿
0,25 ìã/äì3 ³îí³â êîáàëüòó â³äì³÷åíî çðîñòàííÿ ÷àñòêè ÍÅÆÊ â³äïîâ³äíî
íà 5,1 òà 15,5 %. Ê³ëüê³ñòü ÌÀÃ çðîñòàëà íà 49,3 % çà ä³¿ 0,1 ìã/äì3 ó êàðàñÿ
òà íà 39,0 ³ 91,7 % — çà ä³¿ îáîõ äîñë³äæóâàíèõ êîíöåíòðàö³é ³îí³â ìåòàëó ó
ùóêè [33].
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Òàáëèöÿ 2
Ôðàêö³éíèé ñêëàä íåïîëÿðíèõ ë³ï³ä³â çÿáåð ðèá çà ä³¿ ³îí³â êîáàëüòó

(%, M±m, n = 5)

Âèäè ðèá ÒÀÃ ÍÅÆÊ ÄÀÃ ÕË ÌÀÃ ÔË

Êàðàñü

Êîíòðîëü 20,18±
0,28

36,97±
0,22

7,90±
0,34

12,20±0
,45

6,64±
0,51

16,12±
0,47

0,1 ìã/äì3 18,22±
1,30

38,02±
1,60

8,00±
0,20

10,58±
0,30*

6,78±
0,23

18,41±
1,00*

0,25 ìã/äì3 19,02±
0,46

38,93±
0,58*

7,96±
0,27

10,69±
0,28*

6,91±
0,07

16,49±
0,15

Ùóêà

Êîíòðîëü 20,98±
0,41

34,36±
0,31

2,57±
0,15

13,38±
0,24

4,68±
0,46

24,03±
0,93

0,1 ìã/äì3 19,32±
0,56

34,83±
1,11

2,35±
0,13

10,49±
0,56*

4,26±
0,36

28,74±
1,12*

0,25 ìã/äì3 16,20±
0,43*

36,72±
1,10*

3,17±
0,17*

10,13±
0,38*

3,20±
0,11*

30,59±
1,11*

Ï ð è ì ³ ò ê à. ÒÀÃ — òðèàöèëãë³öåðîëè; ÍÅÆÊ — íååñòåðèô³êîâàí³ æèðí³ êèñëîòè;
ÄÀÃ — äèàöèëãë³öåðîëè; ÕË — õîëåñòåðîë; ÌÀÃ — ìîíîàöèëãë³öåðîëè; ÔË — ôîñ-
ôîë³ï³äè.



Çì³íè ÷àñòêè ÕË çà ä³¿ ³îí³â êîáàëüòó íîñÿòü âèäîñïåöèô³÷íèé õàðàê-
òåð. Çà âïëèâó îáîõ äîñë³äæóâàíèõ êîíöåíòðàö³é ìåòàëó â êàðàñÿ âñòà-
íîâëåíî äîñòîâ³ðíå çá³ëüøåííÿ âì³ñòó ÕË â³äïîâ³äíî íà 30,3 òà 23,8 %.
Òàê³ çì³íè êîíöåíòðàö³¿ äàíîãî ë³ï³äó ó ïå÷³íö³ ðèá, éìîâ³ðíî, íåîáõ³äí³
äëÿ çàáåçïå÷åííÿ çðîñòàííÿ â’ÿçêîñò³ ë³ï³äíîãî á³øàðó ìåìáðàíè, ç ìå-
òîþ çìåíøåííÿ éîãî ïðîíèêíîñò³ äëÿ ³îí³â Co2+. Àäæå ÕË º âàæëèâèì
êîìïîíåíòîì êë³òèííèõ ìåìáðàí, ùî ñèíòåçóºòüñÿ ó â³äïîâ³äü íà ñòðåñ-
÷èííèê äëÿ ñòàá³ë³çàö³¿ ¿õíüî¿ ñòðóêòóðè òà ôóíêö³îíóâàííÿ [10]. Ó ùóêè
æ ñïîñòåð³ãàëîñÿ çìåíøåííÿ ÷àñòêè ÕË íà 23,6 % çà ä³¿ 0,25 ìã/äì3 ìåòàëó.

Âèâ÷åííÿ çì³í ë³ï³äíîãî ñïåêòðó ì’ÿç³â ðèá çà ä³¿ ³îí³â âàæêèõ ìå-
òàë³â ìàº âàæëèâå ïðàêòè÷íå çíà÷åííÿ, òîìó ùî ðèáà º ö³ííèì õàð÷îâèì
ïðîäóêòîì [19]. Àíàë³ç ðåçóëüòàò³â ïîêàçàâ, ùî ñóáëåòàëüí³ êîíöåíòðàö³¿
³îí³â êîáàëüòó ñóòòºâî âïëèâàþòü ³ íà ôðàêö³éíèé ñêëàä íåïîëÿðíèõ
ë³ï³ä³â ó ì’ÿçàõ ðèá (òàáë. 4). Çà ä³¿ îáîõ äîñë³äæóâàíèõ êîíöåíòðàö³é ìå-
òàëó ó ì’ÿçàõ êàðàñÿ ìè âèÿâèëè çìåíøåííÿ âì³ñòó ÔË â³äïîâ³äíî íà 11,6 ³
16,8 %.

×àñòêà ôîñôîë³ï³ä³â ó ì’ÿçîâ³é òêàíèí³ ùóêè áóëà âèùîþ, í³æ ó
³íøèõ òêàíèíàõ ðèá, âêëþ÷íî ³ç ì’ÿçàìè êàðàñÿ. Âîäíî÷àñ çà ä³¿ 0,1 ìã/äì3

êîáàëüòó ó ì’ÿçàõ ùóêè ñïîñòåð³ãàëîñü çðîñòàííÿ âì³ñòó ÔË íà 7,3 %. Òà-
êîæ â³äì³÷åíî çíèæåííÿ ê³ëüêîñò³ ÄÀÃ íà 43,6 òà 35,3 % â³äïîâ³äíî çà ä³¿
0,1 ìã/äì3 ³ 0,25 ìã/äì3. Îçíàêîþ ë³ïîë³çó òà ïåðåðîçïîä³ëó ë³ï³äíèõ ðå-
ñóðñ³â º çìåíøåííÿ ê³ëüêîñò³ ÒÀÃ ó êàðàñÿ íà 8,6 % çà ä³¿ 0,1 ìã/äì3 êî-
áàëüòó òà ó ùóêè — íà 15,3 ³ 9,1 % çà âïëèâó îáîõ ï³äâèùåíèõ êîíöåíò-
ðàö³é ìåòàëó ó âîä³. Ï³äòâåðäæåííÿì äàíîãî ïðîöåñó º òàêîæ çðîñòàííÿ
÷àñòêè ÍÅÆÊ ó ðèá, ÿê ïðîäóêò³â ôåðìåíòàòèâíîãî ã³äðîë³çó çàçíà÷åíèõ
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Òàáëèöÿ 3
Ôðàêö³éíèé ñêëàä íåïîëÿðíèõ ë³ï³ä³â ïå÷³íêè ðèá çà ä³¿ ³îí³â êîáàëüòó

(%, M±m, n = 5)

Âèäè ðèá ÒÀÃ ÍÅÆÊ ÄÀÃ ÕË ÌÀÃ ÔË

Êàðàñü

Êîíòðîëü 17,98±
1,01

41,22±
1,43

2,33±
0,21

8,32±
0,69

5,94±
0,41

24,22±
0,59

0,1 ìã/äì3 14,81±
0,74*

42,84±
0,80

2,47±
0,12

10,84±
0,43*

8,87±
0,86*

20,17±
0,76*

0,25 ìã/äì3 17,87±
0,31

43,30±
0,62

2,12±
0,05

10,30±
0,64*

5,69±
0,55

20,71±
1,06*

Ùóêà

Êîíòðîëü 21,00±
2,05

44,17±
0,80

1,88±
0,10

5,98±
0,57

2,05±
0,13

24,92±
2,22

0,1 ìã/äì3 21,32±
2,13

42,20±
0,93

1,95±
0,19

5,46±
0,36

2,86±
0,28

26,22±
1,56

0,25 ìã/äì3 15,71±
1,02*

51,00±
2,00*

1,91±
0,03

4,56±
0,45

3,93±
0,31*

22,88±
1,12



âèùå ë³ï³ä³â (ÔË ³ ÒÀÃ). Âì³ñò ÍÅÆÊ ó êàðàñÿ çðîñòàâ çà ä³¿ 0,1 ìã/äì3 òà
0,25 ìã/äì3 ³îí³â Co2+ â³äïîâ³äíî íà 25,1 ³ 22,6 %, ó ùóêè çà âïëèâó âèùî¿
êîíöåíòðàö³¿ òîêñèêàíòó — íà 8,3 %. Âîäíî÷àñ ñë³ä çàçíà÷èòè çìåíøåííÿ
ð³âíÿ ÌÀÃ ó ì’ÿçàõ êàðàñÿ íà 20,1 % çà ä³¿ 0,25 ìã/äì3 ìåòàëó.

Ï³äâèùåííÿ àêòèâíîñò³ ë³ïàçè ìîæå ïðèçâåñòè äî çíèæåííÿ çàãàëü-
íîãî âì³ñòó ë³ï³ä³â ³ çá³ëüøåííÿ âì³ñòó ÍÅÆÊ ç ìåòîþ âèêîðèñòàííÿ ¿õ ÿê
åíåðãåòè÷íèõ ðåñóðñ³â äëÿ ïîì’ÿêøåííÿ ñòàíó òîêñè÷íîãî ñòðåñó, âèêëè-
êàíîãî âïëèâîì ìåòàëó. Òàê, ó òêàíèíàõ ëàá³ðèíòîâèõ ðèá (Anabas testu-
dineus) â³äì³÷àëîñÿ çíèæåííÿ ð³âíÿ ë³ï³ä³â ³ çá³ëüøåííÿ ð³âíÿ ÍÅÆÊ çà
âïëèâó ïåñòèöèä³â ³ âàæêèõ ìåòàë³â íà îðãàí³çì [34].

Çì³íè âì³ñòó ÕË ó ì’ÿçàõ ðèá çà ³íòîêñèêàö³¿ ³îíàìè êîáàëüòó ìàëè
íàñàìïåðåä âèäîâó ñïåöèô³êó. Òàê, ìàëî ì³ñöå ï³äâèùåííÿ ÷àñòêè ÕË ó
êàðàñÿ íà 14,7 % çà âïëèâó 0,1 ìã/äì3 ìåòàëó òà çíèæåííÿ êîíöåíòðàö³¿
öüîãî ñòåðîëó ó ì’ÿçàõ ùóêè íà 33,8 òà 33,4 % ùîäî êîíòðîëþ ïðè îáîõ
êîíöåíòðàö³ÿõ ³îí³â êîáàëüòó ó âîä³.

Çã³äíî ðåçóëüòàò³â äîñë³äæåíü àâòîð³â [26], ³îíè êîáàëüòó çì³íþâàëè
ìåòàáîë³çì ñòåðîë³â ó ì³ä³¿ M. galloprovincialis. Ö³ çì³íè çàëåæàëè â³ä êîí-
öåíòðàö³¿ ³îí³â êîáàëüòó òà çàáåçïå÷óâàëè çíèæåííÿ øê³äëèâîãî âïëèâó
³îí³â öüîãî ìåòàëó. Â³äîìî, ùî ÕË, ÿê ñòåðîë ç³ ñïåöèô³÷íîþ ñòðóêòóðîþ,
çíèæóº ïðîíèêí³ñòü êë³òèííî¿ ìåìáðàíè [26].

Ñï³ââ³äíîøåííÿ õîëåñòåðîëó äî ôîñôîë³ï³ä³â ó òêàíèíàõ êàðàñÿ òà
ùóêè. Ïåâí³ ðåãóëÿòîðí³ ìåõàí³çìè êë³òèíè êîíòðîëþþòü ïëèíí³ñòü
ìåìáðàí øëÿõîì çì³íè ñï³ââ³äíîøåííÿ îêðåìèõ êëàñ³â ë³ï³ä³â. Ï³äâè-
ùåííÿ âì³ñòó õîëåñòåðîëó â êë³òèííèõ ìåìáðàíàõ ï³äâèùóº òåìïåðàòóðó
ïëàâëåííÿ ¿õíüîãî ôîñôîë³ï³äíîãî á³øàðó [1]. Ïðè öüîìó ñï³ââ³äíîøåí-
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Òàáëèöÿ 4
Ôðàêö³éíèé ñêëàä íåïîëÿðíèõ ë³ï³ä³â ì’ÿç³â ðèá çà ä³¿ ³îí³â êîáàëüòó

(%, M±m, n = 5)

Âèäè ðèá ÒÀÃ ÍÅÆÊ ÄÀÃ ÕË ÌÀÃ ÔË

Êàðàñü

Êîíòðîëü 31,56±
0,74

22,95±
1,49

2,65±
0,11

6,02±
0,15

5,86±
0,23

30,97±
1,75

0,1 ìã/äì3 28,83±
0,85*

28,70±
0,45*

2,51±
0,15

6,91±
0,24*

5,67±
0,30

27,38±
0,87*

0,25 ìã/äì3 32,53±
0,36

28,14±
0,44*

2,61±
0,09

6,27±
0,35

4,68±
0,21*

25,78±
0,78*

Ùóêà

Êîíòðîëü 17,96±
0,47

21,68±
0,51

2,01±
0,06

3,25±
0,05

1,95±
0,13

53,15±
1,35

0,1 ìã/äì3 15,21±
0,34*

22,65±
1,33

1,13±
0,06*

2,15±
0,11*

1,83±
0,11

57,02±
1,30*

0,25 ìã/äì3 16,32±
0,32*

23,47±
0,43*

1,30±
0,09*

2,17±
0,09*

2,04±
0,15

54,70±
0,90



íÿ õîëåñòåðîë/ôîñôîë³ï³äè â òêàíèíàõ ðèá çì³íþºòüñÿ çàëåæíî â³ä âèäó,
à òàêîæ òèïó òêàíèíè ³ º âàæëèâèì ïîêàçíèêîì òåêó÷îñò³ ìåìáðàíè, ùî
õàðàêòåðèçóº ñòàí îðãàí³çìó ³ éîãî çäàòí³ñòü àäàïòóâàòèñÿ äî çì³í ó íà-
âêîëèøíüîìó ñåðåäîâèù³. ×èñëåíí³ ôóíêö³¿ êë³òèííèõ ìåìáðàí çàëå-
æàòü â³ä ¿õíüî¿ ïëèííîñò³, à ïëèíí³ñòü, ó ñâîþ ÷åðãó, çàëåæèòü â³ä ñï³â-
â³äíîøåííÿ ôîñôîë³ï³ä³â ³ õîëåñòåðîëó [38].

Àíàë³ç ðåçóëüòàò³â ïîêàçàâ (òàáë. 5), ùî ó çÿáðàõ äîñë³äæóâàíèõ âèä³â
ðèá ìàëî ì³ñöå çíèæåííÿ ñï³ââ³äíîøåííÿ ÕË/ÔË çà ä³¿ 0,1 ³ 0,25 ìã/äì3

³îí³â êîáàëüòó íà 24,0 ³ 14,3 % ó êàðàñÿ òà íà 34,4 ³ 40,5 % ó ùóêè.
Çÿáðà îáîõ âèä³â ðèá áåçïîñåðåäíüî ï³ääàþòüñÿ âïëèâó ³îí³â êîáàëü-

òó, à ¿õíÿ ðîëü ó äèõàíí³ òà ³îíîðåãóëÿö³¿ çàáåçïå÷óº ïîä³áíó àäàïòèâíó
â³äïîâ³äü, ùî ïðèçâîäèòü äî çíèæåííÿ ñï³ââ³äíîøåííÿ ÕË/ÔË. Çà âïëè-
âó îáîõ äîñë³äæóâàíèõ êîíöåíòðàö³é ³îí³â êîáàëüòó ó êàðàñÿ äàíèé ïî-
êàçíèê äîñòîâ³ðíî çðîñòàâ â³äïîâ³äíî íà 58,8 ³ 47,1 % ó ïå÷³íö³ òà íà 31,6 ³
26,3 % ó ì’ÿçàõ, ùî ìîæíà ðîçãëÿäàòè ÿê àäàïòèâíó â³äïîâ³äü íà çðîñòàí-
íÿ ê³ëüêîñò³ ìåòàëó ó âîäíîìó ñåðåäîâèù³. ²ç ë³òåðàòóðè â³äîìî, ùî çá³ëü-
øåííÿ ñï³ââ³äíîøåííÿ ÕË/ÔË ïðèçâîäèòü äî óù³ëüíåííÿ ïëàçìàòè÷íî¿
ìåìáðàíè [27], ìîäóëÿö³¿ àêòèâíîñò³ ìåìáðàí-çâ’ÿçàíèõ ôåðìåíò³â [8] òà
çìåíøåííÿ ïðîíèêíîñò³ ¿¿ äëÿ ³îí³â ìåòàë³â [16].

Ó òêàíèíàõ ùóêè, íàâïàêè, ñïîñòåð³ãàëîñÿ çìåíøåííÿ ñï³ââ³äíîøåí-
íÿ ÕË/ÔË íà 12,5 ³ 16,7 % ó ïå÷³íö³ òà íà 33,3 % ó ì’ÿçàõ çà ä³¿ ìåòàëó ó êîí-
öåíòðàö³¿ 0,1 ³ 0,25 ìã/äì3. Îäåðæàí³ äàí³ âêàçóþòü íà çá³ëüøåííÿ ïëèí-
íîñò³ ìåìáðàí ó òêàíèíàõ ðèá òà ðåãóëÿòèâíî¿ àêòèâíîñò³ ôîñôîë³ï³ä³â ó
¿õíüîìó ñêëàä³ [32].

Â³äì³ííîñò³ ó ë³ï³äíèõ ïðîô³ëÿõ ïå÷³íêè òà ì’ÿç³â ì³æ êàðàñåì ³ ùó-
êîþ â³äîáðàæàþòü ìåòàáîë³÷í³ îñîáëèâîñò³ îêðåìèõ âèä³â ðèá òà ¿õíþ
ð³çíó ðåàêö³þ íà ñòðåñ, âèêëèêàíèé êîáàëüòîì. Îðãàí³çì êàðàñÿ º á³ëüø
òîëåðàíòíèì äî ñòðåñîâèõ ÷èííèê³â íàâêîëèøíüîãî âîäíîãî ñåðåäîâèùà
³ ðåàë³çóº ñòðàòåã³þ íàêîïè÷åííÿ ÕË â ïå÷³íö³ òà ì’ÿçàõ äëÿ ñòàá³ë³çàö³¿
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Òàáëèöÿ 5
Ñï³ââ³äíîøåííÿ õîëåñòåðîëó òà ôîñôîë³ï³ä³â ó òêàíèíàõ ðèá çà ä³¿ ³îí³â

êîáàëüòó (M±m, n = 5)

Âèäè ðèá Êîíòðîëü 0,1 ìã/äì3 0,25 ìã/äì3

Ïå÷³íêà

Êàðàñü 0,35±0,04 0,54±0,04* 0,50±0,04*

Ùóêà 0,28±0,05 0,23±0,03 0,20±0,02

Çÿáðà

Êàðàñü 0,76±0,04 0,58±0,04* 0,65±0,02*

Ùóêà 0,55±0,03 0,34±0,02* 0,33±0,03*

Ì’ÿçè

Êàðàñü 0,20±0,02 0,25±0,01* 0,24±0,01*

Ùóêà 0,063±0,003 0,037±0,002* 0,040±0,002*



ìåìáðàí ³ áîðîòüáè ç³ ñòðåñîì. Ó ùóêè, ÿê õèæàêà ç âèùîþ øâèäê³ñòþ ìå-
òàáîë³çìó, â³äì³÷àºòüñÿ ïîñèëåíèé ðîçïàä ÕË äëÿ ïðîäóêóâàííÿ åíåðã³¿.

Âèñíîâêè

Òàêèì ÷èíîì, çì³íè â ë³ï³äíîìó ïðîô³ë³ òêàíèí ðèá çàëåæàòü íàñàì-
ïåðåä â³ä âèäó ðèá, êîíöåíòðàö³¿ ³îí³â êîáàëüòó ó âîä³ òà ÷àñó åêñïîçèö³¿.
Éìîâ³ðíî, ö³ çì³íè ïîâ’ÿçàí³ ç ïîºäíàííÿì îêèñëþâàëüíîãî ñòðåñó òà
àäàïòàö³éíèõ ðåàêö³é íà ³íäóêîâàíó ìåòàëîì òîêñè÷í³ñòü.

Çà ä³¿ ³îí³â êîáàëüòó â³äì³÷åíî çàãàëüíó òåíäåíö³þ äî çðîñòàííÿ çàãà-
ëüíî¿ ê³ëüêîñò³ ë³ï³ä³â ó ïå÷³íö³ ðèá òà ¿¿ çíèæåííÿ ó ì’ÿçàõ, ùî çóìîâëåíî
ïåðåðîçïîä³ëîì ë³ï³äíèõ ðåçåðâ³â.

Ó ïå÷³íö³ ðèá çì³íè ôðàêö³éíîãî ñêëàäó ë³ï³ä³â çà ä³¿ ³îí³â Co2+ áóëè
ð³çíîñïðÿìîâàíèìè ³ ìàëè âèäîâó ñïåöèô³êó. Â³äì³÷åíî çìåíøåííÿ ÷àñò-
êè ôîñôîë³ï³ä³â ³ òðèàöèëãë³öåðîë³â, çðîñòàííÿ âì³ñòó õîëåñòåðîëó òà
ïðîäóêò³â ã³äðîë³çó ë³ï³ä³â (ìîíî-, äèàöèëãë³öåðîë³â òà íååñòåðèô³êîâà-
íèõ æèðíèõ êèñëîò).

Çì³íè â ë³ï³äíèõ ïðîô³ëÿõ çÿáåð áóëè á³ëüø â³ä÷óòíèìè ó ùóêè,
îñîáëèâî çà âèñîêèõ êîíöåíòðàö³é ³îí³â êîáàëüòó (0,25 ìã/äì3): çðîñòàí-
íÿ â³äñîòêîâîãî âì³ñòó ôîñôîë³ï³ä³â, íååñòåðèô³êîâàíèõ æèðíèõ êèñëîò,
äèàöèëãë³öåðîë³â òà çíèæåííÿ — õîëåñòåðîëó, òðèàöèëãë³öåðîë³â òà ìî-
íîàöèëãë³öåðîë³â. Ó çÿáðàõ êàðàñÿ â³äì³÷åíî çíèæåííÿ ê³ëüêîñò³ õîëåñòå-
ðîëó òà òåíäåíö³þ äî çðîñòàííÿ ïðîäóêò³â ã³äðîë³çó ë³ï³ä³â — ìîíî-
àöèëãë³öåðîë³â òà íååñòåðèô³êîâàíèõ æèðíèõ êèñëîò.

Çì³íè âì³ñòó íåïîëÿðíèõ ë³ï³ä³â ó ì’ÿçàõ ðèá çà ³íòîêñèêàö³¿ ³îíàìè
êîáàëüòó ìàëè ñï³ëüí³ òåíäåíö³¿: çíèæåííÿ âì³ñòó òðèàöèëãë³öåðîë³â òà
çðîñòàííÿ ÷àñòêè íååñòåðèô³êîâàíèõ æèðíèõ êèñëîò. Ó ì’ÿçàõ ùóêè áóëî
â³äì³÷åíî òàêîæ çíèæåííÿ ÷àñòêè õîëåñòåðîëó òà äèàöèëãë³öåðîë³â, à ó
êàðàñÿ — çíèæåííÿ ôîñôîë³ï³ä³â çà îáîõ êîíöåíòðàö³é òà ìîíîàöèë-
ãë³öåðîë³â — çà 0,25 ìã/äì3 ³îí³â êîáàëüòó.

Ñï³ââ³äíîøåííÿ õîëåñòåðîë/ôîñôîë³ï³äè ó òêàíèíàõ ðèá çà ä³¿ ³îí³â
êîáàëüòó çàëåæíî â³ä âèäó ðèá òà òèïó òêàíèíè. Ó çÿáðàõ ðèá ìàëî ì³ñöå
çíèæåííÿ ñï³ââ³äíîøåííÿ ÕË/ÔË çà ä³¿ îáîõ êîíöåíòðàö³é ìåòàëó ÿê ó
êàðàñÿ, òàê ³ ó ùóêè. Çà âïëèâó ³îí³â êîáàëüòó ó ïå÷³íö³ òà ì’ÿçàõ ó êàðàñÿ
äàíèé ïîêàçíèê äîñòîâ³ðíî çðîñòàâ, ùî ïðèçâîäèëî äî óù³ëüíåííÿ ïëàç-
ìàòè÷íî¿ ìåìáðàíè òà çìåíøåííÿ ïðîíèêíîñò³ ¿¿ äëÿ ³îí³â ìåòàë³â.
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INFLUENCE OF ELEVATED CONCENTRATIONS OF COBALT IONS ON THE
CONTENT OF NON-POLAR LIPIDS IN FRESHWATER FISH TISSUES

The content of total lipids and their individual non-polar fractions in the gills, liver,
and muscles of crucian carp (Carassius gibelio Bloch.) and pike (Esox lucius L.) under the
influence of 0.1 mg/dm3 and 0.25 mg/dm3 cobalt ions was studied. It has been established
that the dynamics of the lipid profile in fish tissues under toxic influence depend on the na-
ture and concentration of the metal in the water, and also has species and tissue specificity.
A general trend towards an increase in the content of total lipids in the liver of fish and their
decrease in the muscles was noted, which is due to the redistribution of lipid reserves. In the
liver of fish, a decrease in the proportion of phospholipids and triacylglycerols, an increase
in the content of cholesterol and lipid hydrolysis products was detected. Changes in gill li-
pid profiles were more pronounced in pike, especially at high concentrations of cobalt ions
(0.25 mg/dm3). Changes in the content of nonpolar lipids in fish muscles during intoxicati-
on with cobalt ions had common trends: a decrease in the content of triacylglycerols and an
increase in the proportion of non-esterified fatty acids. Both in crucian carp and in pike,
there was a decrease in the cholesterol/phospholipid ratio in the gills under the influence of
both concentrations of cobalt ions, while in the liver and muscles this indicator significant-
ly increased only in crucian carp.

Key words: crucian carp, pike, lipids, cobalt.
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ÅÊÑÏÐÅÑ-ÎÖ²ÍÊÀ ÐÎÇÂÈÒÊÓ ÎÁÐÎÑÒÀÍÜ Ó
ÒÅÕÍ²×ÍÈÕ ÑÈÑÒÅÌÀÕ ÒÀ Â

ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÈÕ ÓÌÎÂÀÕ

Ðîçãëÿíóòî íîâ³ ìåòîäè÷í³ ï³äõîäè äî îö³íêè ðîçâèòêó óãðóïîâàíü ïåðèô³òîíó,
ùî ñòâîðþþòü îáðîñòàííÿ â òåõí³÷íèõ ñèñòåìàõ âîäîïîñòà÷àííÿ, à òàêîæ äëÿ
îö³íîê åôåêòèâíîñò³ íåîáðîñòàþ÷èõ âëàñòèâîñòåé åêñïåðèìåíòàëüíèõ çàõèñíèõ
ïîêðèòò³â. Ïðîâåäåíî àíàë³ç ðåçóëüòàò³â äîñë³äæåíü åêñïåðèìåíòàëüíèõ ñóáñò-
ðàò³â â çàòîö³ Êàí³âñüêîãî âîäîñõîâèùà (ð. Äí³ïðî). Ââåäåíî ïîíÿòòÿ ôîðìóëè îá-
ðîñòàíü, ùî äîçâîëèëî óí³ô³êóâàòè îïèñ òà õàðàêòåðèñòèêó îáðîñòàíü â ïåâíèõ
óìîâàõ. Çàïðîïîíîâàí³ ìåòîäè÷í³ ïðèéîìè ìîæóòü áóòè âèêîðèñòàí³ â ã³äðîá³î-
ëîã³÷íîìó ìîí³òîðèíãó òåõíîåêîñèñòåì, â åêñïåðèìåíòàëüíèõ äîñë³äæåííÿõ ñòî-
ñîâíî ð³çíèõ çàõîä³â îáìåæåííÿ îáðîñòàííÿ.

Êëþ÷îâ³ ñëîâà: ïåðèô³òîí, îáðîñòàííÿ, åêñïåðèìåíòàëüí³ ñóáñòðàòè, ôîðìó-
ëà îáðîñòàííÿ, àíòèîáðîñòàþ÷³ ïîêðèòòÿ, òåõíîåêîñèñòåìà.

Ïðîáëåìà îáðîñòàííÿ ã³äðîñïîðóä, ïëàâçàñîá³â, ñèñòåì âîäîïîñòà-
÷àííÿ òà âîäîï³äãîòîâêè äîáðå â³äîìà â ïðèêëàäí³é ³ òåõí³÷í³é ã³äðî-
á³îëîã³¿ [3—6, 8]. Ó ïëàí³ ðîçðîáëåííÿ ö³º¿ ïðîáëåìè ìîæíà âèä³ëèòè
ê³ëüêà íàïðÿì³â ³ êëþ÷îâèõ ïèòàíü. ¯õ ìîæíà ñôîðìóëþâàòè òàêèì ÷è-
íîì:

— îö³íêà ê³ëüê³ñíîãî ðîçâèòêó, äèíàì³êè ôîðìóâàííÿ óãðóïîâàíü;
— âèÿâëåííÿ á³îòè÷íèõ âçàºìîä³é ó á³îöåíîçàõ, òîëåðàíòíîñò³ òèõ ÷è

³íøèõ îðãàí³çì³â, ùî îáðîñòàþòü äî ôàêòîð³â ñåðåäîâèùà, âêëþ÷íî ç
ôàêòîðàìè, ïîâ’ÿçàíèìè ç åêñïëóàòàö³ºþ òåõí³÷íèõ ñèñòåì;

Ö è ò ó â à í í ÿ: Ïðîòàñîâ Î.Î., Ìîðîçîâñüêà ².Î. Åêñïðåñ-îö³íêà ðîçâèòêó îáðîñòàíü
â òåõí³÷íèõ ñèñòåìàõ òà â åêñïåðèìåíòàëüíèõ óìîâàõ. Ã³äðîá³îë. æóðí. 2025. Ò. 61,
¹ 4. Ñ. 87—98.
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— ðîçðîáëåííÿ çàõîä³â ç êîíòðîëþ çà îáðîñòàííÿì, çíèæåííÿ ³íòåí-
ñèâíîñò³ îáðîñòàííÿ ÿê îêðåìèìè ã³äðîá³îíòàìè, òàê ³ ðîçâèòêîì ö³ë³ñ-
íèõ á³îöåíîç³â;

— ðîçðîáëåííÿ ìåòîä³â ³ çàõîä³â ùîäî ï³äâèùåííÿ á³îïîçèòèâíèõ
åôåêò³â (³íòåíñèô³êàö³ÿ ïðîöåñ³â ñàìîî÷èùåííÿ, îòðèìàííÿ á³îðåñóðñ³â)
çàâäÿêè ä³ÿëüíîñò³ îðãàí³çì³â îáðîñòàííÿ;

— ðîçðîáëåííÿ ìåòîä³â ã³äðîá³îëîã³÷íèõ äîñë³äæåíü, à òàêîæ ïðàê-
òè÷íèõ åêñïðåñ-ìåòîä³â îö³íêè ÿê³ñíèõ ³ ê³ëüê³ñíèõ õàðàêòåðèñòèê îáðî-
ñòàííÿ ÿê ó ïðèðîäíèõ óìîâàõ, òàê ³ â óìîâàõ òåõíîåêîñèñòåì.

Äîñë³äæåííÿ îðãàí³çì³â ³ óãðóïîâàíü ïåðèô³òîíó ÿê îêðåìîãî åêîëî-
ãî-òîï³÷íîãî óãðóïîâàííÿ ã³äðîá³îíò³â, à òàêîæ îáðîñòàííÿ ÿê òåõí³÷íî-
ãî ÿâèùà âçàºìîä³¿ òåõíîåêîñèñòåì ç ã³äðîá³îíòàìè ìàþòü äîñèòü äîâãó
³ñòîð³þ [2, 6].

Ìåòîäè äîñë³äæåííÿ îáðîñòàííÿ ð³çíîìàí³òí³ [1, 11], ïðîòå âîíè äî-
ñèòü òðóäîì³ñòê³ òà âèìàãàþòü äîñòàòíüî¿ êâàë³ô³êàö³¿ ôàõ³âö³â, òîä³ ÿê íà
ïðàêòèö³ ³ñíóº íåîáõ³äí³ñòü øâèäêî¿ òà àäåêâàòíî¿ îö³íêè ðîçâèòêó îáðî-
ñòàííÿ, ùî ìîæå áóòè êîðèñíèì äëÿ ðîçâ’ÿçàííÿ çàâäàíü, çàçíà÷åíèõ
âèùå. Íàø áàãàòîð³÷íèé äîñâ³ä âçàºìîä³¿ ã³äðîá³îëîã³â ³ ïðàêòèê³â ó ãàëó-
çÿõ åíåðãåòèêè òà âîäîïîñòà÷àííÿ ïîêàçàâ, ùî ³ñíóº íåîáõ³äí³ñòü ðîçðîá-
ëåííÿ äîñèòü ïðîñòèõ ³ åôåêòèâíèõ ³íôîðìàòèâíèõ ìåòîä³â îö³íêè îáðî-
ñòàííÿ çà â³äñóòíîñò³ ó òåõí³÷íèõ ïðàö³âíèê³â áàçîâèõ ã³äðîá³îëîã³÷íèõ
çíàíü. Êð³ì òîãî, â ã³äðîá³îëîã³÷íèõ äîñë³äæåííÿõ ÷àñòî íåîáõ³äíî ïðî-
âåñòè ïîïåðåäí³é åêñïðåñ-àíàë³ç ïåðåä á³ëüø äåòàëüíèì, ïîãëèáëåíèì
ã³äðîá³îëîã³÷íèì âèâ÷åííÿì.

Ìåòîþ äàíî¿ ðîáîòè áóëî ðîçðîáèòè ìåòîä åêñïðåñ-îö³íêè ðîçâèòêó
îáðîñòàííÿ â ð³çíèõ óìîâàõ, âêëþ÷íî ç îö³íêîþ åôåêòèâíîñò³ çàõîä³â ç³
çíèæåííÿ íåãàòèâíîãî âïëèâó îáðîñòàíü.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

ßê ìàòåð³àë äëÿ ðîçðîáêè ìåòîäè÷íèõ ï³äõîä³â áóëî âçÿòî äàí³ äîñ-
ë³äæåíü 2024 ð. íà Êàí³âñüêîìó âîäîñõîâèù³. Äîñë³äæåííÿ ïðîâîäèëè â
îäí³é ³ç çàòîê âîäîñõîâèùà íèæ÷å çà òå÷³ºþ â³ä ì. Êèºâà, ó ðàéîí³ îñòðîâà
Âîäíèê³â (50o20'28.78'’Ñ, 30o35'21.56''Â).

Çã³äíî ç íàøèìè ïîïåðåäí³ìè äàíèìè, â³í³ïëàñò â ÿêîñò³ ñóáñòðàòó
äëÿ åêñïåðèìåíò³â ìîæíà âèêîðèñòîâóâàòè ÿê êîíòðîëüíèé, òîìó ùî íà
íüîìó áóëî çàðåºñòðîâàíî íàéá³ëüø ³íòåíñèâíèé ðîçâèòîê îáðîñòàííÿ
[7, 9, 10]. Ñóáñòðàòîì ç íàéá³ëüø àíòèîáðîñòàþ÷èìè âëàñòèâîñòÿìè áóëà
îöèíêîâàíà ñòàëü (äàë³ — öèíê), òîìó â äàíîìó åêñïåðèìåíò³ ìè âèêîðè-
ñòàëè ö³ ñóáñòðàòè. Êð³ì òîãî ó 2024 ð. áóëè âèêîðèñòàí³ ñóáñòðàòè ç àíòè-
îáðîñòàþ÷èì ïîêðèòòÿì, ç âì³ñòîì ó îñíîâí³é ôàðá³ ÏÔ 115Ï óíäåöåíî-
âî¿ êèñëîòè 7 % (Und7%)1, à òàêîæ ñóáñòðàòè, ïîêðèò³ ÷èñòîþ (áåç äî-
ì³øîê) ôàðáîþ ÏÔ115Ï.
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Óêðà¿íè, îòðèìàíèé ìàòåð³àë âèïðîáóâàíü á³ëüø ðåòåëüíî îáðîáëÿºòüñÿ.



Ïîñòàíîâêà ñòåíä³â áóëà ïðîâåäåíà 24 òðàâíÿ 2024 ð., çéîìêà — íà
31-, 61-, 91-øó, 118-òó òà 178-ìó äîáó. Òåìïåðàòóðà âîäè êîëèâàëàñÿ â³ä
7,5 oC (ó ëèñòîïàä³) äî 28,6 oC (ó ëèïí³).

Ñòåíä äëÿ åêñïîíóâàííÿ ïëàñòèí ÿâëÿâ ñîáîþ ìåòàëåâó ðàìêó ðîç-
ì³ðîì 40�40 ñì ç êë³òèíêàìè ðîçì³ðîì 10�10 ñì, â êîæí³é ç ÿêèõ áóëî
çàêð³ïëåíî ïî òðè åêñïåðèìåíòàëüíèõ ñóáñòðàòà ðîçì³ðîì 2,5�8 ñì. Íà
ñòåíä ñóáñòðàòè âèâ³øóâàëè ç áîðòó áàðæ³, ó âåðòèêàëüí³é îð³ºíòàö³¿. Ôî-
òîô³êñàö³þ òà â³äá³ð ïðîá ïðîâîäèëè ç îáîõ ñòîð³í ñóáñòðàòó: ç çàòåìíå-
íî¿ ñòîðîíè (â á³ê ò³í³ â³ä áàðæ³, ñòîðîíà ñóáñòðàòó À) òà ç³ ñâ³òëî¿ ñòîðîíè
(ñòîðîíà Á). Â îäíîìó ðÿäó ñòåíäà äëÿ êîæíîãî òèïó ñóáñòðàòà áóëî ïî
12 ïðîíóìåðîâàíèõ ïëàñòèí.

Äëÿ ñòàòèñòè÷íèõ îáðàõóíê³â òà ãðàô³÷íîãî ïðåäñòàâëåííÿ äàíèõ âè-
êîðèñòîâóâàëè ïðîãðàìíèé ïàêåò Microsoft Excel.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ïåðøèì êðîêîì îö³íêè ðîçâèòêó îáðîñòàííÿ ìàº áóòè â³çóàëüíèé
îãëÿä ç ïîäàëüøèì îïèñîì. Â³í ìîæå ïðîâîäèòèñü ÿê íà íàòóðíîìó ìà-
òåð³àë³ â ïîëüîâèõ óìîâàõ àáî â óìîâàõ ñèñòåì âîäîïîñòà÷àííÿ, òàê ³ ï³ñëÿ
îãëÿäó çà ôîòîçí³ìêàìè (ðèñ. 1—3). Íàÿâí³ñòü ôîòîãðàô³é îáðîñòàíü ìàº
áóòè îáîâ’ÿçêîâîþ äëÿ ïðîòîêîëó îö³íêè îáðîñòàííÿ ÿê á³îëîã³÷íèõ ïå-
ðåøêîä.

Ó ïîïåðåäí³õ äîñë³äæåííÿõ [7, 9, 10] ìè âèêîðèñòîâóâàëè âåðáàëüíó
ñõåìó îïèñó îáðîñòàííÿ. Íàïðèêëàä, îáðîñòàííÿ, ùî ôîðìóâàëèñÿ íà åê-
ñïåðèìåíòàëüíèõ ñóáñòðàòàõ íà â³í³ïëàñò³ òà Und7% (äèâ. ðèñ. 2, 3) ìîæíà
îïèñàòè íàñòóïíèì ÷èíîì (òàáë. 1).

ßê âèäíî ç òàáëèö³, ñàì îïèñ äîñèòü ãðîì³çäêèé ³ íå óí³ô³êîâàíèé,
ïðîòå íåñå äîñèòü áàãàòî ³íôîðìàö³¿ ³ ìàº áóòè âèêîðèñòàíèé äëÿ ïðîòî-
êîë³â îïèñó îö³íêè îáðîñòàííÿ. Äëÿ óí³ô³êàö³¿ òà ñïðîùåííÿ îïèñó ìè
ïðîïîíóºìî âèêîðèñòîâóâàòè ôîðìóëó îáðîñòàííÿ (FF). Öÿ ôîðìóëà
âêëþ÷àº â ñåáå çàãàëüíó ê³ëüê³ñíó îö³íêó îáðîñòàííÿ â áàëàõ, ÷àñòêó ïî-
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Òàáëèöÿ 1
Îö³íêà îáðîñòàííÿ íà åêñïåðèìåíòàëüíèõ ñóáñòðàòàõ

Íàçâè
ñóáñòðàò³â

Åêñïîçèö³ÿ,
äîáà

Õàðàêòåð îáðîñòàííÿ

Â³í³ïëàñò 31 Ïîîäèíîê³ îðãàí³çìè íå á³ëüøå 1—5 ìì

Â³í³ïëàñò 91 Ù³òêè äðåéñåíè ç ïîêðèòòÿì 70 %, êîëîí³¿ ìîõóâàòêè
— 20 % ïîêðèòòÿ

Â³í³ïëàñò 178 Ñóö³ëüíå òðèâèì³ðíå ïîêðèòòÿ ù³òêàìè äðåéñåíè 95 %

Und7% 31 Ïîîäèíîê³ îêðåì³ îðãàí³çìè ðîçì³ðîì íå á³ëüøå
1—5 ìì

Und7% 91 Äðóçè äðåéñåíè, 55 % ïîêðèòòÿ, ìîõóâàòêà — 40 %

Und7% 178 Òðèøàðîâå ïîêðèòòÿ äðåéñåíîþ, 98 %, îêðåì³ êîëîí³¿
ìîõóâàòêè — 5 %



êðèòòÿ ñóáñòðàòó îñíîâíèìè îðãàí³çìàìè. Îö³íêà â áàëàõ ïðîâîäèòüñÿ çà
5-áàëüíîþ øêàëîþ:

1 áàë — îêðåì³ îðãàí³çìè, íå á³ëüøå 1—5 ìì çà ðîçì³ðîì, ïîêðèòòÿ
ñóáñòðàòó äî 5 %,

2 áàëè — íåç³ìêíóòå, ïëÿìèñòå îáðîñòàííÿ, îêðåì³ êîëîí³¿, ïîêðèòòÿ
6—20 %,

3 áàëè — îäíîøàðîâ³ êîëîí³¿, îäíîÿðóñí³ ïîñåëåííÿ, ãðóïè êîëîí³é,
ïîêðèòòÿ 20—50 %,

4 áàëè — ìàñèâí³ êîëîí³¿, äâîâèì³ðí³ îáðîñòàííÿ ç êîëîí³é ³ ñêóï÷åí-
íÿ îðãàí³çì³â (íàïðèêëàä, ù³òêè äðåéñåíè), ïîêðèòòÿ ñóáñòðàòó 51—
100 %,

5 áàë³â — ñóö³ëüíå òðèâèì³ðíå ìàñèâíå îáðîñòàííÿ ç îêðåìèõ îð-
ãàí³çì³â òà êîëîí³é.

Çàñòîñîâóâàëè ö³ë³ ³ äðîáîâ³ âåëè÷èíè îö³íîê, íàïðèêëàä, ïðè äóæå
ñëàáêîìó îáðîñòàíí³ — 0,1—0,5 áàëè, ïðè íå ïîâí³ñòþ ïîêðèòîìó ñóáñò-
ðàò³ — 4,8 áàëè. Òàêîæ äðîáîâ³ îö³íêè ìîæóòü áóòè íàñë³äêîì óñåðåäíåí-
íÿ ðåçóëüòàò³â îö³íêè îáðîñòàííÿ äåê³ëüêîõ ïëàñòèí.

Ó ôîðìóëàõ (äèâ. ðèñ. 1—3) íàäàíî ³íôîðìàö³þ ïðî ñêëàä îñíîâíèõ
ãðóï ã³äðîá³îíò³â òà îö³íêó ê³ëüê³ñíîãî ðîçâèòêó îáðîñòàííÿ. Íàïðèêëàä,
íà â³í³ïëàñò³ (äèâ. ðèñ. 2) ïðè åêñïîçèö³¿ 31 äîáà ðÿñí³ñòü/³íòåíñèâí³ñòü
îáðîñòàííÿ îö³íåíî â 0,5 áàë³â, à íà 118-òó äîáó — 5 áàë³â. Ñë³ä çàçíà÷èòè,
ùî ïîð³âíÿííÿ ñóáñòðàò³â äåìîíñòðóº íåð³âíîì³ðí³ñòü ðîçâèòêó îáðîñ-
òàííÿ, òàê íà ôîòî 1 íà ñóáñòðàò³, ùî åêñïîíóâàâñÿ 61 äîáó, â³äì³÷åíî
æèâ³ òðèâèì³ðí³ êîëîí³¿ ìîõóâàòîê, à íà ³íøîìó ñóáñòðàò³ (äèâ. ðèñ. 2)
çàðåºñòðîâàíî ò³ëüêè ðåøòêè êîëîí³é ìîõóâàòîê, ùî ñâ³ä÷èòü ïðî òå, ùî
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Ðèñ. 1. Çàãàëüíèé ãàá³òóñ ³ äèíàì³êà îáðîñòàííÿ îðãàí³çìàìè ïåðèô³òîíó ñóáñòðàòà ç
â³í³ïëàñòó, ñóáñòðàò ¹ 11



ï³ê ðîçâèòêó ìîõóâàòîê äî äðóãî¿ äåêàäè ëèïíÿ â öüîìó ðîö³ ïðàêòè÷íî
ïðîéøîâ, æèâ³ êîëîí³¿ çàëèøèëèñÿ íà îêðåìèõ ñóáñòðàòàõ.

Ïîïåðåäí³ äîñë³äæåííÿ ïîêàçàëè, ùî îñíîâíèìè îðãàí³çìàìè, ùî
ôîðìóþòü îáðîñòàííÿ íà ñóáñòðàòàõ º: äðåéñåí³äè äâîõ âèä³â (Dreisseni-
dae, D), ìîõóâàòêè (Bryozoa, B), ãóáêè (Spongia, S), ðóõîì³ ôîðìè (Oligo-
chaeta, Chironomidae, O-Ch), ðàêîïîä³áí³ (Gammaridaå, Corophiidaå,
G-Ñ), ÷åðåâîíîã³ ìîëþñêè (Gastropoda, G), òàêîæ çóñòð³÷àþòüñÿ ðåøòêè
îðãàí³çì³â, äåòðèò (T).

Íàïðèêëàä, íà 61-øó äîáó ïîêðèòòÿ ìîõóâàòêîþ äîñÿãàëî 90 %, à íà
118-òó äîáó — ëèøå 20 %, ðåøòêè êîëîí³é ñêëàäàëè äåòðèòí³ ìàñè (10 %)
(äèâ. ðèñ. 3).

Îòæå, çà äîïîìîãîþ êîðîòêî¿ ôîðìóëè ìè ìîæåìî ÿê ÿê³ñíî, òàê ïåâ-
íîþ ì³ðîþ ³ ê³ëüê³ñíî îö³íèòè îáðîñòàííÿ åêñïåðèìåíòàëüíèõ ñóáñò-
ðàò³â. ßê áóëî âñòàíîâëåíî íàìè [7], ì³æ áàëüíîþ îö³íêîþ òà á³îìàñîþ º
çíà÷íà êîðåëÿö³ÿ (ðèñ. 4).

Îòðèìàíà çàëåæí³ñòü ïîêàçóº, ùî ç êîæíèì áàëîì ïðàêòè÷íî íà ïî-
ðÿäîê çá³ëüøóºòüñÿ á³îìàñà, òîáòî áàëüíà îö³íêà — öå º àäåêâàòíà ê³ëü-
ê³ñíà îö³íêà ðîçâèòêó îáðîñòàííÿ.

Åêñïîçèö³ÿ íà ÅÑ ïðîâîäèëàñÿ â òàêèõ óìîâàõ, ùî âåðòèêàëüí³ ñóáñò-
ðàòè áóëè á³ëüø îñâ³òëåí³ ç îäíîãî áîêó ³ ìåíø îñâ³òëåí³ ç äðóãîãî áîêó,
òîìó ùî çàò³íÿëèñÿ áîðòîì áàðæ³, íà ÿê³é áóëî çàêð³ïëåíî ñòåíä. Çà äîïî-
ìîãîþ áàëüíî¿ îö³íêè ìîæíà çðîáèòè îö³íêó âïëèâó öèõ á³îòîï³÷íèõ
â³äì³ííîñòåé (òàáë. 2).

ßê âèäíî ç òàáëèö³ 2, îáðîñòàííÿ íà òåìí³é ñòîðîí³ â á³ëüøîñò³ âè-
ïàäê³â áóëî äåùî á³ëüøèì, ÿê íà ñâ³òë³é ñòîðîí³. Òàê, íà 178-ìó äîáó íà
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Ðèñ. 2. Çàãàëüíèé ãàá³òóñ ³ äèíàì³êà îáðîñòàííÿ îðãàí³çìàìè ïåðèô³òîíó ñóáñòðàòà ç
â³í³ïëàñòó, ñóáñòðàò ¹ 12



öèíêó íà òåìí³é ñòîðîí³ îáðîñòàííÿ áóëî â 1,5 ðàçè á³ëüøèì, ÿê íà

ñâ³òë³é. Â³äì³÷åí³ äåÿê³ ïëàñòèíè, íà ÿêèõ îáðîñòàííÿ íà îáîõ ñòîðîíàõ

áóëî ìàéæå îäíàêîâèì, òàêå îáðîñòàííÿ áóëî â³äì³÷åíî íà ïëàñòèíàõ ç

â³í³ïëàñòó íà 61-øó äîáó. Âçàãàë³ ñòàíäàðòíà ïîõèáêà áóëà äîñèòü âèñî-

êîþ. Ó ïîäàëüøèõ áàëüíèõ îö³íêàõ ìîæåìî çðîáèòè óñåðåäíåííÿ ïîêàç-

íèê³â ïî ñòîðîí³ À òà Á.
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Ðèñ. 3. Äèíàì³êà îáðîñòàííÿ îðãàí³çìàìè ñóáñòðàòó íà ïîêðèòò³ ç âì³ñòîì óíäåöåíî-
âî¿ êèñëîòè (Und7%)

Ðèñ. 4. Çàëåæí³ñòü ì³æ çíà÷åííÿìè áàëüíî¿ îö³íêè îáðîñòàííÿ òà á³îìàñîþ îð-
ãàí³çì³â



Îñê³ëüêè çéîìêà ÅÑ ïðîâîäèëàñü ê³ëüêà ðàç³â çà ïåð³îä ë³òíüîãî òà
îñ³ííüîãî ñåçîíó ìîæåìî çðîáèòè îö³íêè ðîçâèòêó îáðîñòàííÿ òà äè-
íàì³êè íà ð³çíèõ ñóáñòðàòàõ (ðèñ. 5).

Íà îñíîâ³ àíàë³çó äàíèõ áàëüíî¿ îö³íêè âèÿâëåíî ê³ëüêà âàð³àíò³â òà-
êî¿ äèíàì³êè:

1 — äóæå ïîâ³ëüíå çðîñòàííÿ çà ïåðøèé ïåð³îä åêñïîçèö³¿, â äàíîìó
âèïàäêó çà 31 äîáó íà âñ³õ ñóáñòðàòàõ,

2 — òàêà ïîâ³ëüíà äèíàì³êà ñïîñòåð³ãàºòüñÿ ³ äàë³ íà íàéìåíø îáðîñ-
òàþ÷îìó ñóáñòðàò³ — îöèíêîâàí³é ñòàë³,

3 — ð³çêå çðîñòàííÿ ðÿñíîòè îáðîñòàííÿ íà äðóãîìó åòàï³ ðîçâèòêó
(â³ä 31-¿ äî 61-¿ äîáè) íà ³íøèõ ñóáñòðàòàõ,

4 — êîëèâàííÿ çíà÷åíü îáðîñòàííÿ íà äâîõ ð³âíÿõ: äëÿ öèíêó — íà
ð³âí³ 1,5 áàë³â, äëÿ ³íøèõ ñóáñòðàò³â — â³ä 3,8 áàë³â ç ïîäàëüøèì íåâåëè-
êèì çðîñòàííÿì äî 4,5 áàë³â.

ßê áà÷èìî, äèíàì³êà íà ð³çíèõ ñóáñòðàòàõ ìàº ñâîþ ñïåöèô³êó, â³ä-
ì³÷åíî íåçíà÷íå îáðîñòàííÿ íà öèíêó â óñ³ ïåð³îäè äîñë³äæåííÿ. Âîäíî-
÷àñ äëÿ ³íøèõ ñóáñòðàò³â, êð³ì öèíêó, ñåðåäí³é áàë áóâ â ïåð³îä â³ä 61-¿ äî
178-¿ äîáè â³ä 3,8 (äëÿ ÏÔ115Ï) äî 4,1 (Und7%) áàë³â. Òîáòî áóëè áëèçüê³
çíà÷åííÿ, äî òîãî æ ïðè çíà÷í³é íåð³âíîì³ðíîñò³ ðîçïîä³ëó îáðîñòàííÿ
íà îêðåìèõ ñóáñòðàòàõ çíà÷åííÿ ÑV (%) áóëè äîñèòü âåëèê³ (â³ä 19,8 äëÿ
Und7% äî 30,8 % äëÿ ÏÔ115Ï). Îòæå, çàïðîïîíîâàí³ àíòèîáðîñòàþ÷³ ïî-
êðèòòÿ íå áóëè äîñòàòíüî åôåêòèâíèìè.

Êð³ì çàãàëüíî¿ îö³íêè ³íòåíñèâíîñò³ îáðîñòàííÿ âàæëèâî îòðèìàòè
äàí³ ùîäî êîæíî¿ ãðóïè îáðîñòàííÿ òà îö³íèòè ó÷àñòü öèõ îðãàí³çì³â ó
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Òàáëèöÿ 2
Áàëüíà îö³íêà îáðîñòàííÿ íà äâîõ ñòîðîíàõ åêñïåðèìåíòàëüíîãî ñóáñòðàòó

(çàòåìíåíà ñòîðîíà — À, îñâ³òëåíà ñòîðîíà — Á)

Íàçâè
ñóáñòðàò³â

Åêñïîçèö³ÿ,
äîáà

Ñòîðîíà À, ñåðåäíÿ Ì±� Ñòîðîíà Á ñåðåäíÿ Ì±�

Â³í³ïëàñò 61 3,57±0,86 3,52±0,89

91 4,10±0,84 3,70±1,16

178 4,45±0,57 4,26±0,94

Und7% 61 4,10±0,83 3,53±0,96

91 4,38±0,74 4,06±0,83

178 4,38±0,57 4,26±0,88

ÏÔ115Ï 61 3,81±0,98 3,56±1,04

91 3,74±1,32 3,49±1,63

178 4,14±0,97 4,06±0,98

Öèíê 61 1,20±0,61 1,33±0,60

91 1,51±1,14 1,21±0,68

178 1,17±0,42 0,91±0,30



ôîðìóâàíí³ îáðîñòàííÿ ñóáñòðàò³â. ßê âèäíî ç ôîðìóë (äèâ. ðèñ. 1—3)
îñíîâíèìè îðãàí³çìàìè áóëè äðåéñåí³äè òà ìîõóâàòêè. Äèíàì³êà îáðîñ-
òàííÿ äðåéñåíîþ ð³çíèõ ñóáñòðàò³â íà îñâ³òëåí³é òà çàòåìíåí³é ñòîðîí³
â³äð³çíÿëàñÿ (òàáë. 3). Íà ñóáñòðàòàõ îáðîñòàííÿ íåþ íà çàòåìíåí³é ñòî-
ðîí³ áóëî á³ëüøèì íà 30—60 %, í³æ íà îñâ³òëåí³é ñòîðîí³.

Îáðîñòàííÿ ìîõóâàòêîþ ìàëî ³íøó çàêîíîì³ðí³ñòü (äèâ. òàáë. 3). Íà
ñóáñòðàòàõ, êð³ì öèíêó, îáðîñòàííÿ ìîõóâàòêîþ áóëî á³ëüøèì íà ñòîðîí³
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Ðèñ. 5. Äèíàì³êà ³íòåíñèâíîñò³ îáðîñòàííÿ íà ð³çíèõ ñóáñòðàòàõ íà îáîõ ñòîðîíàõ, â
áàëàõ

Òàáëèöÿ 3
Äèíàì³êà îáðîñòàííÿ äðåéñåíîþ òà ìîõóâàòêàìè (ó â³äñîòêàõ ïîêðèòòÿ

ñóáñòðàòó) íà îáîõ ñòîðîíàõ ñóáñòðàòó (çàòåìíåíà ñòîðîíà — À,
îñâ³òëåíà ñòîðîíà — Á)

Íàçâè
ñóáñòðàò³â

Åêñïîçèö³ÿ,
äîáà

Äðåéñåíà Ìîõóâàòêà

Ñòîðîíà À,
ñåðåäíÿ Ì±�

Ñòîðîíà Á,
ñåðåäíÿ Ì±�

Ñòîðîíà À,
ñåðåäíÿ Ì±�

Ñòîðîíà Á,
ñåðåäíÿ Ì±�

Â³í³ïëàñò 61 15,1±8,4 9,4±4,5 51,1±26,4 60,0±22,4

91 69,3±26,4 30,9±25,7 17,0±13,9 42,4±31,6

178 90,0±7,5 53,4±35,1 0 0

Und7% 61 7,1±3,6 3,9±4,3 71,9±21,8 69,3±17,5

91 60,8±21,1 20,4±22,6 56,7±24,7 61,3±29,3

178 90,6±10,0 51,6±31,4 0 0

ÏÔ115Ï 61 8,9±7,5 4,1±2,0 75,2±11,6 70,9±10,9

91 47,9±34,7 24,0±22,6 32,0±30,1 44,3±34,9

178 65,9±39,1 56,0±43,7 0 0



Á (îñâ³òëåí³é), çà âèêëþ÷åííÿì ñóáñòðàòó ÏÔ115Ï íà 61-øó äîáó òà öèí-
êó íà 91-øó äîáó, äå îáðîñòàííÿ ìîõóâàòêîþ áóëî á³ëüøèì íà çàòåìíåí³é
ñòîðîí³ (ñòîðîíà À).

Äèíàì³êó îáðîñòàííÿ äðåéñåíîþ òà ìîõóâàòêîþ ïðåäñòàâëåíî íà ðè-
ñóíêàõ 6, 7.

Îáðîñòàííÿ äðåéñåíîþ íà ñóáñòðàòàõ éøëî, ïîñòóïîâî çá³ëüøóþ-
÷èñü ç 31-¿ äî 61-¿ äîáè, ç ïîäàëüøèì íàðîñòàííÿì íà 91-øó — 178-ìó
äîáó.

ßê áóëî çàóâàæåíî âèùå, õî÷à ìàêñèìàëüíèé ðîçâèòîê ìîõóâàòêè
Plumatella fungosa Pallas áóâ íà 61-øó äîáó, íà äåÿêèõ ñóáñòðàòàõ ìàñèâí³
êîëîí³¿ â³äìåðëè ðàí³øå. Íà ì³ñö³ æèâèõ êîëîí³é çàëèøèëèñÿ â³äìåðë³
ìîõóâàòêè (â³äì³÷åí³ ÿê äåòðèò — Ò).
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Ðèñ. 6. Äèíàì³êà îáðîñòàííÿ äðåéñåíîþ ð³çíèõ ñóáñòðàò³â

Ðèñ. 7. Äèíàì³êà îáðîñòàííÿ ìîõóâàòêîþ ð³çíèõ ñóáñòðàò³â



Íà ñóáñòðàòàõ ç îöèíêîâàíî¿ ñòàë³ â³äì³÷åíî äåÿêèé íåâåëèêèé ï³ä-
éîì ðÿñíîñò³ îáðîñòàííÿ (ðèñ. 7), àëå ñë³ä çàóâàæèòè, ùî â³í áóâ çà ðàõó-
íîê ïîÿâè âåëèêèõ êîëîí³é ìîõóâàòêè Pectinatella magnifica Leidy (äî 6 ñì
â äèàìåòð³) íà ñàìîìó ñòåíä³. Ö³ êîëîí³¿ ÷àñòêîâî ðîçðîñëèñÿ íà äåÿê³
ïëàñòèíè, ùî äàëî ïðè óñåðåäíåíí³ áàëüíî¿ îö³íêè ïî êîæí³é ïëàñòèí³
ï³äâèùåííÿ ïîêàçíèê³â ïîêðèòòÿ.

Ùå îäíèì çàâäàííÿì äàíî¿ ðîáîòè áóëî çàïðîïîíóâàòè åêñïðåñ-ìå-
òîäèêó îö³íêè åôåêòèâíîñò³ àíòèîáðîñòàþ÷èõ çàõîä³â, â äàíîìó âèïàäêó
åôåêòèâíîñò³ ïåâíî¿ äîáàâêè äî ôàðáè. ßê âèäíî ç òàáëèö³ 4, äàíèé ñóáñò-
ðàò íå ìàº ñóòòºâîãî àíòèîáðîñòàþ÷îãî åôåêòó.

Âèñíîâêè

Çàïðîïîíîâàíà ìåòîäèêà äîçâîëèëà îòðèìàòè íåîáõ³äí³ äàí³ òà çðî-
áèòè ÿê³ñí³ òà ê³ëüê³ñí³ îö³íêè îáðîñòàííÿ, à ñàìå:

— êîðîòêî, óí³ô³êîâàíî òà äîñèòü ³íôîðìàòèâíî îïèñàòè õàðàêòåð
îáðîñòàííÿ çà äîïîìîãîþ ôîðìóëè;

— îö³íèòè ñòóï³íü ðîçâèòêó, ðÿñíîòó ðîçâèòêó îáðîñòàííÿ çà äîïî-
ìîãîþ øêàëè áàëüíèõ îö³íîê. Íà îñíîâ³ øêàëè ìîæå áóòè äëÿ êîæíîãî
òèïó òåõíîåêîñèñòåì òà ñèñòåì âîäîïîñòà÷àííÿ ðîçðîáëåíî ñèñòåìó
îö³íêè çàãðîç â³ä îáðîñòàííÿ, íàïðèêëàä: îö³íêà 3—4 áàëà = çàãðîçà ñå-
ðåäíüîãî ð³âíÿ, îö³íêà 4,5—5,0 áàë³â = çàãðîçà âèñîêîãî ð³âíÿ;

— âñòàíîâèòè, ùî îêðåì³ ãðóïè ã³äðîá³îíò³â ïî-ð³çíîìó ðåàãóþòü íà
òàê³ ôàêòîðè ñåðåäîâèùà, ÿê îñâ³òëåííÿ. Öå ìîæå áóòè âðàõîâàíî ó ðîç-
ðîáö³ ìåòîä³â îö³íêè çàõîä³â áîðîòüáè ç îáðîñòàííÿì, à òàêîæ äëÿ ðîç-
ðîáêè á³îïîçèòèâíèõ êîíñòðóêö³é (ð³çíèõ ïðèñòðî¿â íà ÿêèõ îðãàí³çìè
ïåðèô³òîíó â³ä³ãðàþòü ïîçèòèâíó ðîëü, íàïðèêëàä ó ñàìîî÷èùåíí³);

— âñòàíîâèòè îñîáëèâîñò³ äèíàì³êè ðîçâèòêó îáðîñòàííÿ, çîêðåìà
çàëåæíî â³ä õàðàêòåðó ñóáñòðàòà;

— âñòàíîâèòè îñîáëèâîñò³ ðîçâèòêó îêðåìèõ íàéá³ëüø âàæëèâèõ
ãðóï ã³äðîá³îíò³â;

— çðîáèòè âèñíîâêè â³äíîñíî àíòèîáðîñòàþ÷èõ âëàñòèâîñòåé îäíî-
ãî ç âàð³àíò³â ïîêðèòòÿ.
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Òàáëèöÿ 4
Ñï³ââ³äíîøåííÿ çàãàëüíî¿ áàëüíî¿ îö³íêè íåîáðîñòàþ÷îãî ïîêðèòòÿ äî

êîíòðîëüíèõ ñóáñòðàò³â — â³í³ïëàñòó òà îöèíêîâàíî¿ ñòàë³

Äîáè Â³í³ïëàñò Öèíê Und7%
Â³äíîøåííÿ (%)

Und7%/Â³í³ïëàñò
Â³äíîøåííÿ (%)

Und7%/Öèíê

31 0,54 0,50 0,58 108 117

61 3,55 1,26 3,81 107 302

91 3,90 1,36 4,22 108 310

118 4,56 1,70 3,96 87 234

178 4,35 1,04 4,32 99 416



Ðåòåëüíå ã³äðîá³îëîã³÷íå äîñë³äæåííÿ ïåðèô³òîííèõ óãðóïîâàíü ó
ðàìêàõ ïðîâåäåííÿ íàòóðíîãî åêñïåðèìåíòó, áåçóìîâíî íàäàñòü íîâ³
âàæëèâ³ äàí³ ùîäî ¿õíüîãî ñêëàäó. Áóäå äîêëàäíî âèÿâëåíî äèíàì³êó ðîç-
âèòêó, îñîáëèâîñò³ ðåàêö³¿ îêðåìèõ âèä³â ã³äðîá³îíò³â íà ð³çí³ ôàêòîðè
ñåðåäîâèùà, âêëþ÷íî ç àíòðîïîãåííèìè. Îäíàê äëÿ ïðàêòè÷íèõ ö³ëåé
åêîëîãî-òåõí³÷íîãî ìîí³òîðèíãó çàïðîïîíîâàíà åêñïðåñ-ìåòîäèêà ìîæå
áóòè ö³ëêîì äîñòàòíüîþ ³ äîñèòü ³íôîðìàòèâíîþ.
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RAPID ASSESSMENT OF FOULING DEVELOPMENT IN TECHNICAL SYSTEMS
AND IN EXPERIMENTAL CONDITIONS

New methodological approaches for assessing the development of periphyton com-
munities that create fouling in technical water supply systems, as well as for assessing the
effectiveness of antifouling properties of experimental protective coatings are considered.
The results of studies of experimental substrates in the bay of the Kanev reservoir (Dnieper
River) were analyzed. The concept of fouling formula was introduced, which allowed to
unify the description and characterization of fouling in certain conditions. The proposed
methodological techniques can be used in hydrobiological monitoring of technoecosys-
tems, in experimental studies of various measures to limit fouling.
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ÌÎÍ²ÒÎÐÈÍÃ Ã²ÄÐÎÕ²Ì²×ÍÈÕ ÏÎÊÀÇÍÈÊ²Â
Ð²×ÎÊ ÄÅÑÍÀ, ÑÒÐÈÆÅÍÜ, Á²ËÎÓÑ

Ó ñòàòò³ ïðîàíàë³çîâàíî äèíàì³êó ã³äðîõ³ì³÷íèõ ïîêàçíèê³â ð³÷êè Äåñíè òà ¿¿
ïðèòîê Ñòðèæåíü ³ Á³ëîóñ ïðîòÿãîì 2021—2023 ðð. Îïèñàíî ÿê³ñí³ òà ê³ëüê³ñí³
çì³íè íàñòóïíèõ ïàðàìåòð³â: âì³ñòó ðîç÷èíåíîãî êèñíþ, á³îõ³ì³÷íîãî ñïîæèâàííÿ
êèñíþ (ÁÑÊ5), õ³ì³÷íîãî ñïîæèâàííÿ êèñíþ (ÕÑÊMn), êîíöåíòðàö³¿ ôîñôàò-³îí³â,
í³òðîãåíó àìîí³éíîãî, í³òðèòíîãî òà í³òðàòíîãî, çàë³çà çàãàëüíîãî (Fe3+ ³ Fe2+) òà
ìàíãàíó. Âèÿâëåíî çá³ëüøåííÿ êîíöåíòðàö³¿ çàáðóäíþþ÷èõ ðå÷îâèí ó âîä³ ð. Äåñíè
íèæ÷å ì. ×åðí³ãîâà (ï³ñëÿ âïàä³ííÿ â íå¿ ïðèòîê Ñòðèæåíü òà Á³ëîóñ) ïîð³âíÿíî ç âî-
äîþ âèùå ì. ×åðí³ãîâà. Âñòàíîâëåíî äîñòîâ³ðíå çá³ëüøåííÿ òàêèõ ïîêàçíèê³â:
ÕÑÊMn, êîíöåíòðàö³¿ í³òðîãåíó í³òðèòíîãî, çàë³çà çàãàëüíîãî (Fe3+ ³ Fe2+) òà ìàíãà-
íó â 2021—2022 ðð. Ó 2023 ð. çá³ëüøèëàñÿ ê³ëüê³ñòü ïîêàçíèê³â, ùî ìàþòü äîñòîâ³ðíó
â³äì³íí³ñòü ïåðåâèùåííÿ ÃÄÊ, çîêðåìà: ÁÑÊ5, ÕÑÊMn, âì³ñò í³òðîãåíó àìîí³éíîãî
òà í³òðèòíîãî, çàë³çà çàãàëüíîãî (Fe3+ ³ Fe2+) òà ìàíãàíó. ßê³ñòü âîäè ó ð. Äåñí³ íèæ-
÷å ì. ×åðí³ãîâà çàëåæèòü â³ä àá³îòè÷íèõ ôàêòîð³â: ñêëàäó ´ðóíò³â, òåìïåðàòóðè
âîäè ³ ïîâ³òðÿ, àòìîñôåðíîãî òèñêó, ê³ëüêîñò³ îïàä³â, àëå á³ëüøîþ ì³ðîþ â³ä àíòðî-
ïîãåííèõ ÷èííèê³â: íàäõîäæåííÿ çàáðóäíþâàëüíèõ ðå÷îâèí ç ïîâåðõíåâèì ñòîêîì,
ñêèäó íåî÷èùåíèõ òà íå äîñèòü î÷èùåíèõ êîìóíàëüíî-ïîáóòîâèõ ñò³÷íèõ ³ ïðîìèñ-
ëîâèõ âîä, à òàêîæ òåõíîãåííîãî çàáðóäíåííÿ âíàñë³äîê â³éñüêîâèõ ä³é. Íà ÿê³ñòü
âîäè ð. Äåñíè íàéá³ëüøå âïëèâàþòü âîäè ð. Á³ëîóñ.

Êëþ÷îâ³ ñëîâà: ×åðí³ã³âñüêå Ïîë³ññÿ (ãóì³äíà çîíà), ÁÑÊ5, ÕÑÊMn, í³òðîãåí
àìîí³éíèé òà í³òðèòíèé, çàë³çî çàãàëüíå (Fe3+ ³ Fe2+), ìàíãàí, äæåðåëà çàáðóäíåííÿ,
ðåêîìåíäàö³¿.

Ï³âí³÷ Óêðà¿íè, íà â³äì³íó â³ä ï³âäíÿ, ìàº äîñòàòí³ çàïàñè ïð³ñíî¿
âîäè, çîêðåìà íà òåðèòîð³¿ ×åðí³ã³âñüêî¿ îáëàñò³ çíàõîäèòüñÿ 265 ë³í³é-
íèõ âîäíèõ îá’ºêò³â (ð³÷êè òà ñòðóìêè) òà 2601 ïëîùèííèõ âîäíèõ îá’ºê-
ò³â (îçåðà, ñòàâêè, âîäîñõîâèùà, âîäîéìè) [2]. Âîäà ð. Äåñíè — ãîëîâíå

Ö è ò ó â à í í ÿ: Æèäåíêî À.Î., Ïàïåðíèê Â.Â. Ìîí³òîðèíã ã³äðîõ³ì³÷íèõ ïîêàçíèê³â
ð³÷îê Äåñíà, Ñòðèæåíü, Á³ëîóñ. Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 4. Ñ. 99—114.
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äæåðåëî ïèòíî¿ âîäè äëÿ ìåøêàíö³â áàãàòüîõ íàñåëåíèõ ïóíêò³â, ñåðåä
³íøèõ ³ ì. Êèºâà, òîìó ìîí³òîðèíã ¿¿ ÿêîñò³ çä³éñíþºòüñÿ ïîñò³éíî, ïðî
ùî ñâ³ä÷àòü ÷èñëåíí³ ïóáë³êàö³¿ [6, 7, 13, 15, 22, 27 òà ³í.]. Òàê, ².Â. Ìèðîí
[13] ó 2003 ð. âèçíà÷èâ, ùî íà òåðèòîð³¿ ×åðí³ã³âñüêî¿ îáëàñò³ â áàñåéí³
ð. Äåñíè ìîæíà âèä³ëèòè ÷îòèðè åêîëîã³÷í³ çîíè ç³ çíà÷íèì àíòðîïîãåí-
íèì íàâàíòàæåííÿì: ì³ñòà Íîâãîðîä-Ñ³âåðñüêèé, ×åðí³ã³â, Í³æèí òà
Áàõìà÷. Ïåðåâàæàííÿ ó öèõ ðåã³îíàõ ëàíäøàôò³â ç íèçüêèì ïîòåíö³àëîì
ñàìîî÷èùåííÿ ñïðè÷èíÿº íàäõîäæåííÿ ó âîäí³ îá’ºêòè í³òðàò³â òà ôîñ-
ôàò³â ç ñ³ëüñüêîãîñïîäàðñüêèõ óã³äü. Êð³ì òîãî, íà ÿê³ñòü âîäè ð. Äåñíè
çíà÷íèé âïëèâ ìàþòü âîäîêîðèñòóâà÷³ ñóì³æíèõ òåðèòîð³é, îñîáëèâî
Ñóìñüêî¿ îáëàñò³ (ð. Øîñòêà) [13]. Äëÿ ð. Äåñíè â ìåæàõ ì. ×åðí³ãîâà âàãî-
ìå äæåðåëî çàáðóäíåííÿ — öå ïðèòîêè Ñòðèæåíü òà Á³ëîóñ. Ìîí³òîðèíã
ÿê ñèñòåìà îö³íêè ñòàíó äîâê³ëëÿ, çîêðåìà ïîâåðõíåâèõ âîä, çä³éñíþºòü-
ñÿ ïîñò³éíî, àëå âíàñë³äîê â³éñüêîâèõ ä³é â³äá³ð ïðîá íà ìàñèâàõ â òðàíñ-
êîðäîííèõ ïóíêòàõ ìîí³òîðèíãó áóâ íåìîæëèâèé. Â³ä ñêëàäó âîäè, çîê-
ðåìà â³ä êîíöåíòðàö³¿ ðîç÷èííèõ ñîëåé, ãàç³â òà îðãàí³÷íèõ ðå÷îâèí çàëå-
æàòü ¿¿ ô³çè÷í³ âëàñòèâîñò³ (òåìïåðàòóðà çàìåðçàííÿ, âåëè÷èíà âèïàðî-
âóâàííÿ, ïðîçîð³ñòü), õ³ì³÷íèé ñêëàä òà õàðàêòåð ïðîò³êàííÿ õ³ì³÷íèõ ðå-
àêö³é. Òîìó äîñë³äæåííÿ ïîõîäæåííÿ ³îííîãî ñêëàäó âîäè òà éîãî òðàíñ-
ôîðìàö³¿ º âàæëèâèì òåîðåòè÷íèì ïèòàííÿì, à ¿¿ õ³ì³÷íèé ñêëàä äîïîìà-
ãàº âèð³øåííþ ïðàêòè÷íèõ çàâäàíü (ïðè âîäîïîñòà÷àíí³, ã³äðîòåõí³÷íî-
ìó áóä³âíèöòâ³, çðîøåíí³, âåäåíí³ ðèáíîãî ãîñïîäàðñòâà) [21].

ßê³ñòü ïîâåðõíåâèõ âîä ð. Äåñíè çàëåæèòü â³ä áàãàòüîõ ÷èííèê³â, çîê-
ðåìà â³ä ã³äðîõ³ì³÷íèõ ïîêàçíèê³â ¿¿ ïðèòîê, äî ÿêèõ â³äíîñÿòüñÿ ñåðåäí³
ð³÷êè: Ñóäîñòü, Ñíîâ, Îñòåð òà Ñåéì. Àíàë³ç ñòàíó ¿õí³õ ïîâåðõíåâèõ âîä
çä³éñíåíî íà îñíîâ³ äàíèõ ùîäî ñåðåäíüîð³÷íèõ êîíöåíòðàö³é ðå÷îâèí ó
êîíòðîëüíèõ ñòâîðàõ âîäíèõ îá’ºêò³â òà çâ³ò³â ç âèëîâó âîäíèõ á³îðå-
ñóðñ³â ó ðèáîãîñïîäàðñüêèõ âîäíèõ îá’ºêòàõ. Çà äîïîìîãîþ àíàë³çó äîñ-
ë³äæåíèõ ã³äðîõ³ì³÷íèõ ïîêàçíèê³â áóëî çðîáëåíî âèñíîâîê ïðî ðèçèêè
äëÿ çäîðîâ’ÿ íàñåëåííÿ âíàñë³äîê ñïîæèâàííÿ ðèáè ç âîäíèõ åêîñèñòåì,
âîäà ÿêèõ ìàº ïåðåâèùåííÿ êîíöåíòðàö³¿ âàæêèõ ìåòàë³â [16, 17]. Êð³ì
ñåðåäí³õ ð³÷îê ñâ³é âíåñîê ó çàáðóäíåííÿ Äåñíè ÷èíÿòü ¿¿ ïðèòîêè, çîêðå-
ìà Ñòðèæåíü òà Á³ëîóñ, ÿê³ â³äíîñÿòüñÿ äî ìàëèõ ð³÷îê òà âïàäàþòü ó Äåñ-
íó â ìåæàõ ì. ×åðí³ãîâà. Äîñë³äæåííÿ, ÿê³ áóëè ïðîâåäåí³ ó 2014—
2016 ðð. [9], ïîêàçàëè ïåðåâèùåííÿ â³äïîâ³äíî äî åêîëîãî-ðèáîãîñïî-
äàðñüêèõ íîðìàòèâ³â ãðàíè÷íî-äîïóñòèìî¿ êîíöåíòðàö³¿ (ÃÄÊ) í³òðèò-
³îí³â òà çàãàëüíîãî çàë³çà, ïðîòå íàéá³ëüøå ïåðåâèùåííÿ áóëî â³äì³÷åíî
äëÿ ìàíãàíó.

Ö³ ïîêàçíèêè ñï³ââ³äíîñÿòüñÿ ç ðåçóëüòàòàìè âèâ÷åííÿ îçåð ñèñòåìè
Îïå÷åíü (ì. Êè¿â), ùî çíàõîäÿòüñÿ â ìåæàõ óðáàí³çîâàíî¿ òåðèòîð³¿ [4], ÿê
³ ð. Ñòðèæåíü, äëÿ ðóñëà ÿêî¿ âëàñòèâ³ çíà÷í³ àíòðîïîãåíí³ çì³íè — çàðå-
ãóëüîâàí³ñòü, âèð³âíþâàííÿ, çàáðóäíåííÿ ñòîêàìè, ïîáóòîâèìè â³äõîäà-
ìè (îñîáëèâî íà â³äð³çêó â ì. ×åðí³ãîâ³, äå ðîçòàøîâàíî òðè âîäîñõîâèùà
çàãàëüíîþ ïëîùåþ 42,7 ãà òà çàãàëüíèì îá’ºìîì áëèçüêî 955,9 òèñ. ì3)
[24]. Äîñë³äæåííÿ, ïðîâåäåí³ â ²íñòèòóò³ ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè [4],
ïîêàçàëè äîâîë³ âèñîê³ êîíöåíòðàö³¿ äîñë³äæóâàíèõ ìåòàë³â, çîêðåìà
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ìàíãàíó ³ ôåðóìó, ó âîä³ ïðèäîííîãî ãîðèçîíòó îçåð, ÿê³ íàâ³òü çà óñåðåä-
íåíèìè ïîêàçíèêàìè çíà÷íî ïåðåâèùóþòü (â³äïîâ³äíî ó 8 ³ 3 ðàçè) ¿õíþ
êîíöåíòðàö³þ ó âîä³ ïîâåðõíåâîãî øàðó. Ïîÿñíåííÿì ³ñòîòíîãî çðîñòàí-
íÿ êîíöåíòðàö³¿ öèõ ìåòàë³â ó ïðèäîííîìó øàð³ âîäè, íà äóìêó àâòîð³â
[4], º òðèâàëèé äåô³öèò êèñíþ, çíèæåííÿ ðÍ âîäè òà îêèñíî-â³äíîâíîãî
ïîòåíö³àëó (Eh), âíàñë³äîê ÷îãî â³äáóâàºòüñÿ â³äíîâëåííÿ Mn(IV) ³ Fe(III)
â îêñèäàõ äî Mn(II) ³ Fe(II) òà ¿õ ïåðåõ³ä ó ðîç÷èíåíèé ñòàí.

Ð³÷êà Ñòðèæåíü òàêîæ çàçíàº àíòðîïîãåííîãî âïëèâó: ñêèä íåî÷èùå-
íèõ òà íå äîñèòü î÷èùåíèõ êîìóíàëüíî-ïîáóòîâèõ ñò³÷íèõ âîä áåçïîñå-
ðåäíüî ó âîäó; íàäõîäæåííÿ çàáðóäíþâàëüíèõ ðå÷îâèí ç ïîâåðõíåâèì
ñòîêîì ³ç çàáóäîâàíèõ òåðèòîð³é òà ñ³ëüãîñïóã³äü. Óïðîäîâæ òðüîõ ðîê³â
(2019—2021 ðð.) íàìè áóëè ïðîàíàë³çîâàí³ ã³äðîõ³ì³÷í³ ïîêàçíèêè ð³÷îê
Äåñíà òà Ñòðèæåíü äëÿ ç’ÿñóâàííÿ ïðè÷èí çíèæåííÿ ÿêîñò³ âîäè â ð. Äåñ-
í³. Îòðèìàí³ ðåçóëüòàòè äîâîäÿòü íåãàòèâíèé âïëèâ ð. Ñòðèæåíü íà ïî-
êàçíèêè âîäè ð. Äåñíè: º ïðÿìà êîðåëÿö³ÿ ì³æ çá³ëüøåííÿì âì³ñòó çàë³çà
çàãàëüíîãî, ìàíãàíó, àìîí³é-³îí³â, í³òðèò-³îí³â ÿê â Ñòðèæí³, òàê ³ â Äåñí³
íèæ÷å ì. ×åðí³ãîâà (òîáòî ï³ñëÿ âïàä³ííÿ â íå¿ ö³º¿ ïðèòîêè) [18].

Çàãàëüíà äîâæèíà ìåðåæ³ ìàëèõ ð³÷îê ×åðí³ã³âñüêî¿ îáëàñò³ ñòàíî-
âèòü 4374,8 êì, ùî â³äïîâ³äíî ó 5,7 òà 6,7 ðàç³â á³ëüøå, í³æ ñåðåäí³õ òà âå-
ëèêèõ ð³÷îê [1—3]. Ìàë³ ð³÷êè º äæåðåëîì âîäîïîñòà÷àííÿ ïðîìèñëîâèõ,
êîìóíàëüíèõ òà ñ³ëüñüêîãîñïîäàðñüêèõ ï³äïðèºìñòâ, ïîïîâíåííÿ çàïàñ³â
ï³äçåìíèõ âîä. Âîíè òàêîæ âèêîðèñòîâóþòüñÿ äëÿ ðèáîðîçâåäåííÿ òà
â³äïî÷èíêó ëþäåé. Â íèõ çîñåðåäæåíî ìàéæå 80 % âîäíîãî ñòîêó òà ôîð-
ìóºòüñÿ 60 % âîäíèõ ðåñóðñ³â Óêðà¿íè. Íà ìàëèõ ð³÷êàõ ïîáóäîâàíî ïî-
íàä 1000 âîäîñõîâèù ³ 24 òèñÿ÷³ ñòàâê³â, â ÿêèõ ùîðîêó íàãðîìàäæóºòüñÿ
ïîíàä 12 ìëðä. ì3 âîäè, à ç óðàõóâàííÿì âîäîñõîâèù Äí³ïðîâñüêîãî êàñ-
êàäó îá’ºì âîäè ñòàíîâèòü áëèçüêî 55 ìëðä. ì3. Òîìó îñîáëèâå çíà÷åííÿ
ìàº çáåðåæåííÿ âîäíîñò³ ìàëèõ ð³÷îê òà ¿õ çàõèñò â³ä çàìóëåííÿ òà çàñ-
ì³÷åííÿ [11].

Ìåòà ðîáîòè: ïðîàíàë³çóâàòè äèíàì³êó ã³äðîõ³ì³÷íèõ ïîêàçíèê³â
ð. Äåñíè òà ¿¿ ïðèòîê Ñòðèæåíü ³ Á³ëîóñ òà ïîêàçàòè çàëåæí³ñòü ÿêîñò³
âîäè â³ä íèçêè àá³îòè÷íèõ òà àíòðîïîãåííèõ ÷èííèê³â.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Çðàçêè âîäè â³äáèðàëè ó íàñòóïíèõ ñòâîðàõ: ð. Äåñíà (âèùå ³ íèæ÷å
ì. ×åðí³ãîâà), ð. Ñòðèæåíü òà ð. Á³ëîóñ. Ïðè÷îìó ñòâîð ð. Äåñíà (íèæ÷å
ì. ×åðí³ãîâà) ðîçòàøîâàíèé ï³ñëÿ âïàä³ííÿ â íå¿ ïðèòîê: ð³÷îê Ñòðèæåíü
òà Á³ëîóñ. Ïðîáè âîäè äëÿ õ³ì³÷íîãî àíàë³çó â³äáèðàëè çà äîïîìîãîþ
ñïåö³àëüíîãî ïðèñòðîþ (âåðòèêàëüíîãî áàòîìåòðó àáî ñêëÿíêè, ùî çà-
êð³ïëåíà íà äîøö³ ç ì³òêàìè ³ ïðèçíà÷åíà äëÿ â³äáîðó ïðîá íà âèçíà÷åííÿ
ðîç÷èííîãî ó âîä³ êèñíþ ç êîðêîâîþ ïðîáêîþ, ÿêà îáëàäíàíà äâîìà ñêëÿ-
íèìè òðóáî÷êàìè) ç ïîòð³áíî¿ ãëèáèíè (0,5—1,0 ì), ùîá íå â³äáóâàëîñÿ
ïåðåì³øóâàííÿ âîäè òà ¿¿ êîíòàêòó ç ïîâ³òðÿì. Êèñåíü ô³êñóâàëè çðàçó
ï³ñëÿ íàïîâíåííÿ ñêëÿíêè òà âèçíà÷àëè òèòðèìåòðè÷íî éîäîìåòðè÷íèì
ìåòîäîì Â³íêëåðà [12]. Äàë³ â³äáèðàëè ïðîáè äëÿ âèçíà÷åííÿ á³îõ³ì³÷íî-
ãî ñïîæèâàííÿ êèñíþ (ÁÑÊ5) ó êèñíåâ³ ñêëÿíêè áåç ïóõèðö³â ïîâ³òðÿ. Â
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ïåðø³é âèçíà÷àëè ðîç÷èíåíèé êèñåíü, äâ³ ³íø³ âèòðèìóâàëè ó òåìðÿâ³
5 ä³á, ïîò³ì ó íèõ çíîâó âèçíà÷àëè ðîç÷èíåíèé êèñåíü. Ð³çíèöþ ì³æ ïî-
÷àòêîâèì ³ ê³íöåâèì âì³ñòîì ïåðåðàõîâóâàëè íà 1 äì3, öå êèñåíü, âèòðà-
÷åíèé íà îêèñíåííÿ îðãàí³÷íèõ ðå÷îâèí ó âîä³. Äëÿ âèçíà÷åííÿ ïåðìàí-
ãàíàòíî¿ îêèñíþâàíîñò³ âîäè (ÕÑÊMn — õ³ì³÷íîãî ñïîæèâàííÿ êèñíþ)
ïðîáè ï³ñëÿ â³äáîðó êîíñåðâóâàëè äîäàâàííÿì 5ñì3 25 % Í2SO4, ïîò³ì ó
ëàáîðàòîð³¿ ïðîâîäèëè àíàë³ç çã³äíî ìåòîäèêè [12]. Ïðè íàÿâíîñò³ çàâèñ-
ëèõ ðå÷îâèíè ó âîä³ ¿õ óñóâàëè ô³ëüòðóâàííÿì ïðîá âîäè ÷åðåç ô³ëüòð
«ñèíÿ ñòð³÷êà». Çà äîïîìîãîþ ôîòîìåòðè÷íîãî ìåòîäó áóëè âèçíà÷åí³ íà-
ñòóïí³ ã³äðîõ³ì³÷í³ ïîêàçíèêè: êîíöåíòðàö³ÿ çàãàëüíîãî çàë³çà (Fe3+ ³ Fe2+)
— ðîç÷èíîì ðîäàíèñòîãî àìîí³þ, ï³ñëÿ ïîïåðåäíüîãî îêèñíåííÿ Fe(II)
äî Fe(II²) íàäñ³ð÷àíîêèñëèì àìîí³ºì; êîíöåíòðàö³ÿ ìàíãàíó — øëÿõîì
îêèñíåííÿ ìàíãàíó (²²) äî ïåðìàíãàíàò-³îí³â â àçîòíîêèñëîìó ñåðåäî-
âèù³ ä³ºþ ïåðñóëüôàòó àìîí³þ ó ïðèñóòíîñò³ êàòàë³çàòîðà — ³îí³â ñð³áëà;
êîíöåíòðàö³ÿ í³òðîãåíó àìîí³éíîãî — ðåàêòèâîì Íåñëåðà, í³òðèòíîãî —
ðåàêòèâîì Ãð³ñà òà í³òðàòíîãî — ñóëüôîôåíîëîâèì ðåàêòèâîì ó ïðèñóò-
íîñò³ àì³àêó, ì³íåðàëüíèõ ôîñôàò³â — ìîë³áäàòîì àìîí³þ ó êèñëîìó ñå-
ðåäîâèù³ ó ïðèñóòíîñò³ àñêîðá³íîâî¿ êèñëîòè. Ç âèêîðèñòàííÿì òèòðè-
ìåòðè÷íîãî ìåòîäó âèçíà÷àëè âì³ñò ñóëüôàò³â — ðîç÷èíîì õëîðèñòîãî
áàð³þ BaCl2 ç äîäàâàííÿì åòèëîâîãî ñïèðòó ³ 0,05 %-âîãî âîäíîãî ðîç÷èíó
îðòàí³ëîâîãî Ê, õëîðèä³â — ðîç÷èíîì àçîòíîêèñëîãî ñð³áëà AgNO3 ó
ïðèñóòíîñò³ ³íäèêàòîðà õðîìàòó êàë³þ (Ê2ÑrO4) çã³äíî ³ç çàãàëüíîïðèé-
íÿòèìè ìåòîäèêàìè [12].

Åêñïåðèìåíòàëüí³ ïîêàçíèêè âñ³õ äîñë³äæóâàíèõ ðå÷îâèí ïîð³âíþ-
âàëè ç ÃÄÊ åêîëîãî-ðèáîãîñïîäàðñüêèõ íîðìàòèâ³â [19] òà ÃÄÊ äëÿ çàäî-
âîëåííÿ ïèòíèõ, ãîñïîäàðñüêî-ïîáóòîâèõ òà ³íøèõ ïîòðåá íàñåëåííÿ
[20]. Îêð³ì îòðèìàíèõ íàìè ðåçóëüòàò³â äîñë³äæåíü â³ä³áðàíèõ ïðîá ó ðî-
áîò³ âèêîðèñòîâóâàëè äàí³ ùîäî õ³ì³÷íîãî ñêëàäó ïîâåðõíåâèõ âîä, ÿê³
áóëè îïóáë³êîâàí³ ó äîïîâ³äÿõ ïðî ñòàí íàâêîëèøíüîãî ïðèðîäíîãî ñåðå-
äîâèùà â ×åðí³ã³âñüê³é îáëàñò³ [1—3].

Ñòàòèñòè÷íó îáðîáêó äàíèõ çä³éñíþâàëè çà äîïîìîãîþ Microsoft Ex-
cel. Äîñòîâ³ðíó ð³çíèöþ ì³æ ñåðåäí³ìè àðèôìåòè÷íèìè çíà÷åííÿìè âèç-
íà÷àëè çà äîïîìîãîþ t-êðèòåð³þ Ñòüþäåíòà.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Àíàë³ç ñåðåäí³õ âåëè÷èí ã³äðîõ³ì³÷íèõ ïîêàçíèê³â ð. Äåñíè òà ¿¿ ïðè-
òîê Ñòðèæíÿ òà Á³ëîóñà çà 2021—2023 ðð. â³äíîñíî íîðì ÃÄÊ (äëÿ âîäîéì
ðèáîãîñïîäàðñüêîãî ïðèçíà÷åííÿ òà äëÿ çàäîâîëåííÿ ïèòíèõ, ãîñïîäàð-
ñüêî-ïîáóòîâèõ òà ³íøèõ ïîòðåá íàñåëåííÿ) ïîêàçàâ ¿õíþ ê³ëüê³ñíó òà
ÿê³ñíó ð³çíîìàí³òí³ñòü. Áóëè â³äì³÷åí³ äîñèòü âèñîê³ ñåðåäíüîð³÷í³ ïî-
êàçíèêè êîíöåíòðàö³¿ êèñíþ (òàáë. 1), àëå ï³ä âïëèâîì âèñîêèõ òåìïåðà-
òóð òà àíòðîïîãåííîãî íàâàíòàæåííÿ 20—22 ñåðïíÿ 2022 ð. âì³ñò êèñíþ ó
âîä³ ð. Ñòðèæåíü çíèçèâñÿ äî êðèòè÷íîãî ð³âíÿ (ìåíøå 1 ìã/äì3) ïðè
8,2—13,2 % íàñè÷åííÿ âîäè êèñíåì, ùî ñïðè÷èíèëî ìàñîâèé çàìîð ðèáè.
Ïðîòÿãîì äîñë³äæóâàíèõ ðîê³â êîíöåíòðàö³¿ ôîñôàò-³îí³â, í³òðîãåíó í³ò-
ðàòíîãî (äèâ. òàáë. 1), à òàêîæ ñóëüôàò- òà õëîðèä-³îí³â áóëè â ìåæàõ íîð-
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ìè. Ïðîòÿãîì 2021—2023 ðð. ó
âîä³ äîñë³äæóâàíèõ ð³÷îê êîí-
öåíòðàö³ÿ õëîðèä³â íå ïåðåâè-
ùóâàëà ÃÄÊ, çîêðåìà: ð. Äåñíà
âèùå ì. ×åðí³ãîâà — 0,31—
13,00 ìã/äì3; ð. Äåñíà íèæ÷å
ì. ×åðí³ãîâà — 0,72—
14,92 ìã/äì3; ð. Ñòðèæåíü —
0,83— 43,62 ìã/äì3 ³ ð. Á³ëîóñ —
0,76—56,54 ìã/äì3 (ÃÄÊ* äëÿ âî-
äîéì ðèáîãîñïîäàðñüêîãî ïðè-
çíà÷åííÿ òà ÃÄÊ** äëÿ çàäîâî-
ëåííÿ ïèòíèõ, ãîñïîäàðñüêèõ-
ïîáóòîâèõ òà ³íøèõ ïîòðåá íà-
ñåëåííÿ: 300*— 350** ìã/äì3).
Öå ñàìå ñòîñóºòüñÿ ³ ñóëüôàò³â:
ð. Äåñíà âèùå ì. ×åðí³ãîâà
0,27—15,52 ìã/äì3; ð. Äåñíà
íèæ÷å ì. ×åðí³ãîâà — 0,84—
25,83 ìã/äì3; ð. Ñòðèæåíü —
1,02—40,81 ìã/äì3 ³ ð. Á³ëîóñ
0,81—46,58 ìã/äì 3 (100*—
500** ìã/äì3).

Çíà÷åííÿ ³íøèõ ïîêàçíèê³â
ó âîä³ ð³÷îê Ñòðèæåíü ³ Á³ëîóñ
çì³íþâàëèñü ó ïðîñòîðîâî-÷à-
ñîâîìó àñïåêò³ ó íåãàòèâíèé á³ê.
Íà ðèñóíêó 1 ïîêàçàíî äèíàì³êó
çì³í á³îõ³ì³÷íîãî ñïîæèâàííÿ
êèñíþ âïðîäîâæ 5 ä³á (ÁÑÊ5)
ïðîòÿãîì òðüîõ ðîê³â: ð. Äåñíà
âèùå ì. ×åðí³ãîâà — 1,07—
1,2 ìã Î2/äì3; ð. Äåñíà íèæ÷å
ì. ×åðí³ãîâà — 1,82—
3,54 ìã Î2/äì3, ð. Ñòðèæåíü —
1,96— 4,1 ìã Î2/äì3 òà ð. Á³ëîóñ
— 3,87—4,72 ìã Î2/äì3. Ìîæíà
çàçíà÷èòè, ùî ó âîä³ ð³÷îê
Ñòðèæåíü òà Á³ëîóñ öåé ïîêàç-
íèê âèÿâèâñÿ íàéá³ëüøèì ³ ïî-
ì³òíî ï³äâèùèâñÿ ó 2023 ð., ùî
ñòàëî ïðè÷èíîþ çàáðóäíåííÿ
á³îõ³ì³÷íî ëàá³ëüíèìè îðãàí³÷-
íèìè ðå÷îâèíàìè âîäè ð. Äåñíè
ï³ñëÿ âïàä³ííÿ öèõ ïðèòîê. Òî-
ìó ó âîä³ ð. Äåñíè íèæ÷å ì. ×åð-
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í³ãîâà ïîð³âíÿíî ç³ ñòâîðîì çàáîðó âîäè âèùå ì. ×åðí³ãîâà çíà÷åííÿ ïî-
êàçíèê³â ÁÑÊ5 äîñòîâ³ðíî â³äð³çíÿþòüñÿ (ð�0,05). Âèñîêèé âì³ñò îðãà-
í³÷íèõ ðå÷îâèí ïðèçâîäèòü äî ð³çêîãî ïàä³ííÿ êîíöåíòðàö³¿ êèñíþ òà
ìîæëèâèõ çàìîð³â ðèáè, îñîáëèâî âë³òêó, êîëè ðîç÷èíí³ñòü êèñíþ ó âîä³
çíà÷íî çíèæåíà.

Íà ðèñóíêó 2 íàâåäåíî äàí³ ùîäî äèíàì³êè ïîêàçíèêà õ³ì³÷íîãî ñïî-
æèâàííÿ êèñíþ (ÕÑÊMn), ÿêèé çì³íþâàâñÿ â³ä 15 äî 23 ìã Î/äì3 ó âîä³
ð. Äåñíè äî âïàä³ííÿ ïðèòîê (âèùå ì. ×åðí³ãîâà); â³ä 34,4 äî
52,25 ìã Î/äì3 — ó âîä³ ð. Ñòðèæåíü; â³ä 54,1 äî 72,1 ìã Î/äì3 — ó âîä³
ð. Á³ëîóñ òà â³ä 30,1 äî 41,8 ìã Î/äì3 — ó âîä³ ð. Äåñíè ï³ñëÿ âïàä³ííÿ ïðè-
òîê (íèæ÷å ì. ×åðí³ãîâà) çà ïåð³îä 2021—2023 ðð. Ó 2023 ð. ñïîñòåð³ãàëàñü
íàéá³ëüø äîñòîâ³ðíà â³äì³íí³ñòü ÕÑÊMn (ð�0,01) ó âîä³ ð. Äåñíè íèæ÷å ì.
×åðí³ãîâà, ïîð³âíÿíî ç âîäîþ âèùå ì. ×åðí³ãîâà, ÿê íàñë³äîê çàáðóäíåí-
íÿ âîäè ïðèòîêàìè Ñòðèæåíü (52,25±10,4 ìã Î/äì3) ³ Á³ëîóñ (70,2±
14,0 ìã Î/äì3). ÕÑÊMn º âàæëèâîþ ñàí³òàðíî-ã³ã³ºí³÷íîþ õàðàêòåðèñòè-
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Ðèñ. 1. Äèíàì³êà á³îëîã³÷íîãî ñïîæèâàííÿ êèñíþ (ÁÑÊ5) ó âîä³ ð³÷îê Äåñíà, Ñòðè-
æåíü, Á³ëîóñ ïðîòÿãîì 2021—2023 ðð. Òóò ³ íà ðèñ. 2—6: 1 — ð. Äåñíà (âèùå ì. ×åð-
í³ãîâà); 2 — ð. Ñòðèæåíü; 3 — ð. Á³ëîóñ; 4 — ð. Äåñíà (íèæ÷å ì. ×åðí³ãîâà).



êîþ, ïîêàçíèêîì, ùî â³äîáðàæàº ñòóï³íü çàáðóäíåííÿ âîäè ïðèòîê
Ñòðèæíÿ òà, îñîáëèâî, Á³ëîóñ âíàñë³äîê âïëèâó àíòðîïîãåííèõ ÷èííèê³â
(ñò³÷í³ âîäè òà ñ³ëüñüêîãîñïîäàðñüê³ ñòîêè). Êð³ì òîãî, âíàñë³äîê â³éñüêî-
âèõ ä³é íà ×åðí³ã³âùèí³ òà ñïðè÷èíåíèõ íèìè òåõíîãåííèõ çàáðóäíåíü
(ðóéíóâàííÿ ìîñò³â, äàìá òà áåðåãîâî¿ ë³í³¿) [23], ó âîäîéìè ïîòðàïèëî
áàãàòî íåäîñòàòíüî î÷èùåíèõ ïðîìèñëîâèõ âîä, ì³íåðàëüíèõ ðå÷îâèí
(ñ³ðêîâîäåíü, ñóëüô³òè, çàë³çî (²²)), ùî òàêîæ ïîã³ðøóº ÿê³ñòü âîäè öèõ
ïðèòîê ð. Äåñíè.

Íà ðèñóíêó 3 çîáðàæåíî çì³íó êîíöåíòðàö³¿ í³òðîãåíó àìîí³éíîãî ó
âîä³ ð³÷îê Äåñíà, Ñòðèæåíü òà Á³ëîóñ çà 2021-2023 ðð. Öåé ïîêàçíèê
çì³íþâàâñÿ ó âîä³ ð. Ñòðèæåíü â³äïîâ³äíî ïî ðîêàõ: 1,02; 1,31;
1,28 ìã N/äì3 òà áóâ íàéá³ëüøèé ó 2022 ð. (íà 33% òà íà 3%, ïîð³âíÿíî ç
2021 òà 2023 ðð.), ïðè÷îìó ó 2023 ð. ïåðåâèùèâ íîðìó ÃÄÊ äëÿ âîäîéì ðè-
áîãîñïîäàðñüêîãî ïðèçíà÷åííÿ ó 2 ðàçè. Êîëèâàííÿ êîíöåíòðàö³¿ í³òðî-
ãåíó àìîí³éíîãî ó âîä³ ð. Á³ëîóñ â³äïîâ³äíî ðîêàì º: 1,77; 1,59;
3,09 ìã N/äì3. Öåé ïîêàçíèê ó 2023 ð. ïåðåâèùèâ íîðìó ÃÄÊ äëÿ âîäîéì
ðèáîãîñïîäàðñüêîãî ïðèçíà÷åííÿ ó 5 ðàç³â. Êîíöåíòðàö³ÿ àìîí³þ âêàçóº
íà ðîçêëàäàííÿ îðãàí³÷íèõ ðå÷îâèí òà íàÿâí³ñòü íåî÷èùåíèõ ñò³÷íèõ
âîä. Ïîïåðåäí³ äîñë³äæåííÿ âèÿâèëè çá³ëüøåííÿ êîíöåíòðàö³¿ àìîí³þ ó
âåñíÿíî-ë³òí³é ïåð³îä [9, 16], ùî ñâ³ä÷èòü ïðî çíà÷íå àíòðîïîãåííå íà-
âàíòàæåííÿ âíàñë³äîê ïëîùèííîãî çìèâó äîùîâèõ òà òàëèõ âîä ìàéæå ç
óñ³º¿ òåðèòîð³¿ ì. ×åðí³ãîâà, íàäõîäæåííÿ ïðîìèñëîâèõ òà ïîáóòîâèõ
ñòîê³â, à òàêîæ ÷åðåç âèêèäàííÿ ïîáóòîâèõ â³äõîä³â íàñåëåííÿì. Ï³äâè-
ùåííÿ êîíöåíòðàö³¿ ñïîëóê àçîòó ó 2022 ð. ³, îñîáëèâî, ó 2023 ð. ìîæíà
ïîÿñíèòè âïëèâîì áóðîãî ãàçó (NO2), ÿêèé óòâîðþºòüñÿ, ÿê ³ íèçêà ³íøèõ
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Ðèñ. 2. Äèíàì³êà õ³ì³÷íîãî ñïîæèâàííÿ êèñíþ (ÕÑÊMn) ó âîä³ ð³÷îê Äåñíà, Ñòðèæåíü
òà Á³ëîóñ ïðîòÿãîì 2021—2023 ðð.



õ³ì³÷íèõ ñïîëóê, çîêðåìà ÷àäíèé òà âóãëåêèñëèé ãàç ³ âîäÿíà ïàðà, âíàñ-
ë³äîê âèáóõ³â òà äåòîíàö³¿ â³éñüêîâèõ ðàêåò, àðòèëåð³éñüêèõ ñíàðÿä³â òà
ì³í [14]. Áóðèé ãàç âàæ÷èé çà ïîâ³òðÿ, ðåàãóº ç âîäîþ øëÿõîì àáñîðáö³¿.
Êð³ì òîãî, íàóêîâö³ ï³äðàõóâàëè, ùî â ïðîöåñ³ îêèñíåííÿ 1 êã âèáóõ³âêè â
ïîâ³òðÿ ïîòðàïëÿþòü äåñÿòêè êóá³÷íèõ ìåòð³â òîêñè÷íèõ ãàç³â: SO2, NO2,
CO òà àðîìàòè÷í³ âóãëåâîäí³ áåíçåíîâîãî ðÿäó [23].

Íà ðèñóíêó 4 íàâåäåíî äàí³ ùîäî êîíöåíòðàö³¿ í³òðîãåíó í³òðèòíîãî,
ÿêà çì³íþâàëàñü â³ä 0,033 äî 0,17 ìã N/äì3 ó âîä³ ð. Äåñíè; â³ä 0,11 äî
0,18 ìã N/äì3 ó âîä³ ð. Ñòðèæåíü òà â³ä 0,099 äî 0,9 ìã N/äì3 ó âîä³ ð. Á³ëîóñ
çà äîñë³äæóâàíèé ïåð³îä. Íàéá³ëüøó êîíöåíòðàö³þ ö³º¿ ðå÷îâèíè çà-
ðåºñòðîâàíî ó 2022 ð. ó âîä³ ð. Ñòðèæåíü (íà 45 % á³ëüøå, í³æ ó ð. Á³ëîóñ òà
íà 74 % á³ëüøå, í³æ ñåðåäí³ çíà÷åííÿ ó ð. Äåñí³). Àëå â 2021 ³ 2023 ðð.
çá³ëüøåííÿ êîíöåíòðàö³¿ í³òðèòíîãî í³òðîãåíó ñïîñòåð³ãàëîñü ó ð. Á³ëîóñ,
ùî êîðåëþº ç ï³äâèùåíèì âì³ñòîì ö³º¿ ðå÷îâèíè ó âîä³ ð. Äåñíè íèæ÷å
ì. ×åðí³ãîâà òà ìàº äîñòîâ³ðíó â³äì³íí³ñòü (ð�0,01) ïîð³âíÿíî ç³ ñòâîðîì
çàáîðó âîäè âèùå ì. ×åðí³ãîâà. Ð³÷êà Á³ëîóñ, ÿêà ìàº êîðèòîïîä³áíó äîëè-
íó çàâøèðøêè 2 êì, çàçíàº çíà÷íîãî àíòðîïîãåííîãî íàâàíòàæåííÿ âíàñ-
ë³äîê ãîñïîäàðñüêîãî îñâîºííÿ òà ìàñîâî¿ çàáóäîâè ïðèëåãëèõ òåðèòîð³é
(ñåëà Ñòàðèé Á³ëîóñ, Ïàâë³âêà, Òðèñâÿòñüêà Ñëîáîäà, ÷èñëåíí³ ñàä³âíè÷³
òîâàðèñòâà òà àãðîô³ðìè), ÿê³ ïðèçâîäÿòü äî ðîçîðþâàííÿ ïðèáåðåæíèõ
ñìóã. Öå ïîðóøóº ã³äðîëîã³÷í³ çâ’ÿçêè ì³æ çàïëàâîþ ³ ðóñëîì òà âïëèâàº
íà ïðèðîäíèé ã³äðîëîã³÷íèé ðåæèì ð³÷êè, ñïðè÷èíþþ÷è ï³äòîïëåííÿ
çàáóäîâàíî¿ çàïëàâè. Äî òîãî æ äëÿ ð. Á³ëîóñ îñíîâíèì äæåðåëîì çàáðóä-
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Ðèñ. 3. Äèíàì³êà êîíöåíòðàö³¿ í³òðîãåíó àìîí³éíîãî (NH4

+ ) ó âîä³ ð³÷îê Äåñíà, Ñòðè-

æåíü, Á³ëîóñ ïðîòÿãîì 2021—2023 ðð.



íåííÿ º ñêèä íåäîñòàòíüî î÷èùåíèõ ñò³÷íèõ âîä. Òàêà æ òåíäåíö³ÿ, à ñàìå
çðîñòàííÿ çàáðóäíåííÿ âîäè ñïîëóêàìè àçîòó ó ð. ²ðïåíü ï³ñëÿ âïàä³ííÿ â
íå¿ ë³âî¿ ïðèòîêè (ð. Ðîêà÷) áóëà ïîêàçàíà é ³íøèìè àâòîðàìè [5].

Íà ðèñóíêó 5 çîáðàæåíî çì³íó êîíöåíòðàö³¿ çàãàëüíîãî çàë³çà (Fe2+ ³
Fe3+) çà ïåð³îä 2021—2023 ðð. ó âîä³ ð³÷îê Ñòðèæåíü (0,36; 0,42; 4,9 ìã/äì3),
Á³ëîóñ (0,78; 0,83; 5,04 ìã/äì3) òà Äåñíà ï³ñëÿ âïàä³ííÿ öèõ ïðèòîê (0,41;
0,26; 3,81 ìã/äì3). Ó 2023 ð. ñïîñòåð³ãàëîñü ³ñòîòíå ïåðåâèùåííÿ ÃÄÊ ó
âîä³ ð³÷îê Ñòðèæåíü òà Á³ëîóñ, ùî ñóïðîâîäæóâàëîñü â³äïîâ³äíèì ï³äâè-
ùåííÿì êîíöåíòðàö³¿ çàãàëüíîãî çàë³çà (Fe2+ ³ Fe3+) ó âîä³ ð. Äåñíè íèæ÷å
ì. ×åðí³ãîâà ïîð³âíÿíî ç âîäîþ âèùå ì. ×åðí³ãîâà (ð�0,01). Â³äïîâ³äíî äî
íàøèõ ïîïåðåäí³õ äîñë³äæåíü ð³÷îê ×åðí³ã³âñüêî¿ îáëàñò³, ñïîñòåð³-
ãàºòüñÿ òåíäåíö³ÿ äî çá³ëüøåííÿ êîíöåíòðàö³¿ çàãàëüíîãî çàë³çà ó ë³ò-
íüî-îñ³íí³é ïåð³îä, îñîáëèâî ó ñåðïí³-âåðåñí³, ùî ïîâ’ÿçàíî ç íàäõîäæåí-
íÿì íåî÷èùåíèõ àáî íåäîñòàòíüî î÷èùåíèõ ñò³÷íèõ âîä, à òàêîæ ç ïîâåð-
õíåâèì ñòîêîì ç óðáàí³çîâàíèõ òåðèòîð³é ï³ä ÷àñ ³íòåíñèâíèõ äîù³â [6,

108

Æèäåíêî À.Î., Ïàïåðíèê Â.Â.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(4)

Ðèñ. 4. Äèíàì³êà êîíöåíòðàö³¿ í³òðîãåíó í³òðèòíîãî (NO2

− ) ó âîä³ ð³÷îê Äåñíà, Ñòðè-

æåíü, Á³ëîóñ ïðîòÿãîì 2021—2023 ðð.



8]. Çàãàëüíå çàë³çî (Fe2+ ³ Fe3+) º âàæëèâèì ïîêàçíèêîì çàáðóäíåííÿ âîäè,

ÿêå ìîæå ìàòè ïðèðîäíå àáî àíòðîïîãåííå ïîõîäæåííÿ. ×åðí³ã³âñüêå

Ïîë³ññÿ â³äíîñèòüñÿ äî ãóì³äíî¿ çîíè, ´ðóíòîâ³ òà äðåíàæí³ âîäè ÿêî¿ ìà-

þòü ï³äâèùåíó êîíöåíòðàö³þ îðãàí³÷íèõ ñïîëóê ãóì³íîâîãî ðÿäó (ãóìó-

ñîâ³ êèñëîòè). Ãîëîâíèì äæåðåëîì íàäõîäæåíü ãóìóñîâèõ êèñëîò (ãó-

ì³íîâî¿ òà ôóëüâîêèñëîòè) â ´ðóíòîâ³, äðåíàæí³ òà ïîâåðõíåâ³ âîäè º

´ðóíòè òà òîðôîâèùà áîëîòèñòî¿ òà ë³ñèñòî¿ ì³ñöåâîñò³ îáëàñò³, ç ÿêèõ

âîíè âèìèâàþòüñÿ äîùîâèìè òà äðåíàæíèìè âîäàìè [6]. Öå ìîæå áóòè

ïîâ’ÿçàíå ç ïðîöåñàìè, ÿê³ îïèñàí³ ó ñòàòò³ [5]. Â³äîìèì º ôàêò, ùî äæåðå-

ëîì âîäíîãî ãóìóñó ó ì³ñüêèõ âîäîéìàõ ³ âîäîòîêàõ ìîæóòü áóòè äåÿê³
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Ðèñ. 5. Äèíàì³êà êîíöåíòðàö³¿ çàë³çà çàãàëüíîãî (Fe2+ ³ Fe3+) ó âîä³ ð³÷îê Äåñíà, Ñòðè-
æåíü, Á³ëîóñ ïðîòÿãîì 2021—2023 ðð.



ñïîëóêè ñò³÷íèõ âîä, ÿê³ òðàíñôîðìóþòüñÿ â àâòîõòîíí³ ãóìóñîâ³ ðå÷îâè-
íè (ÃÐ), ÿê³ áëèçüê³ çà ñêëàäîì ³ ñòðóêòóðîþ äî ´ðóíòîâèõ ÃÐ ³ çóìîâëþ-
þòü çá³ëüøåííÿ êîíöåíòðàö³¿ çàãàëüíîãî çàë³çà òà ìàíãàíó.

Íà ðèñóíêó 6 ïîêàçàíî çì³íó êîíöåíòðàö³¿ ìàíãàíó (Mn2+) ó âîä³
ð³÷îê Äåñíà, Ñòðèæåíü, Á³ëîóñ ïðîòÿãîì 2021—2023 ðð. Ó 2022 ð. êîíöåí-
òðàö³ÿ ìàíãàíó ó âîä³ ð. Ñòðèæåíü (0,12 ìã/äì3), ïîð³âíÿíî ç âîäîþ ð³÷îê
Äåñíà íèæ÷å ì. ×åðí³ãîâà (0,04 ìã/äì3) òà Á³ëîóñ (0,08 ìã/äì3), âèÿâèëàñÿ
íàéá³ëüøîþ (ïåðåâèùåííÿ ó 12 ðàç³â íîðìè ÃÄÊ). Ïðè÷îìó ó ñòâîð³ çàáî-
ðó âîäè ð. Äåñíè íèæ÷å ì. ×åðí³ãîâà ñïîñòåð³ãàëîñü ïåðåâèùåííÿ íîðìè
ÃÄÊ ó 4 ðàçè. Êîíöåíòðàö³ÿ ìàíãàíó òóò áóëà âäâ³÷³ âèùîþ, í³æ ó âîä³ ç³
ñòâîðó âèùå ì. ×åðí³ãîâà. Ùî ñòîñóºòüñÿ ð. Á³ëîóñ, òî ïåðåâèùåííÿ íîð-
ìè ÃÄÊ òóò áóëî ó 8 ðàç³â. Ó 2023 ð. íàéá³ëüø çàáðóäíåíîþ ïî ìàíãàíó âè-
ÿâèëàñÿ âîäà ð. Á³ëîóñ (0,15 ìã/äì3), ç ïåðåâèùåííÿì ó 15 ðàç³â íîðìè
ÃÄÊ. Êîíöåíòðàö³ÿ ìàíãàíó â ð. Äåñíà (íèæ÷å ì. ×åðí³ãîâà) ïåðåâèùèëà
ÃÄÊ ó 9 ðàç³â, à â 2021 ð. — ó 13 ðàç³â.

Îòæå, íà çàáðóäíåííÿ ìàíãàíîì âîäè ð. Äåñíè á³ëüøîþ ì³ðîþ âïëè-
âàº âîäà ð. Á³ëîóñ, í³æ ð. Ñòðèæåíü, ùî ï³äòâåðäæóºòüñÿ äîñòîâ³ðíîþ
â³äì³íí³ñòþ (ð�0,01) ïî êîíöåíòðàö³¿ ìàíãàíó ó âîä³ ð. Äåñíè íèæ÷å
ì. ×åðí³ãîâà ïîð³âíÿíî ç âîäîþ ñòâîðó âèùå ì. ×åðí³ãîâà ó 2021—
2023 ðð. (äèâ. òàáë. 1). Ùå îäí³ºþ ïðè÷èíîþ çá³ëüøåííÿ êîíöåíòðàö³¿
ìàíãàíó òà ôåðóìó ó âîä³ äîñë³äæóâàíèõ ð³÷îê º ¿õ âèìèâàííÿ ç êðèñ-
òàë³÷íèõ ïîð³ä Óêðà¿íñüêîãî ùèòà. Öå àá³îòè÷íèé ÷èííèê, àëå øâèäê³ñòü
öüîãî ïðîöåñó çàëåæèòü â³ä àíòðîïîãåííîãî âïëèâó. Àâòîðè [10], ´ðóíòó-
þ÷èñü íà ðîáîòàõ [28, 29, 30], ñòâåðäæóþòü, ùî ÷àñòèíà ìåòàë³â, ÿêà ñêîí-
öåíòðîâàíà ó ì³íåðàëüí³é (êðèñòàë³÷í³é) ñòðóêòóð³, õàðàêòåðèçóºòüñÿ ìà-
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Ðèñ. 6. Äèíàì³êà êîíöåíòðàö³¿ ìàíãàíó (Mn2+) ó âîä³ ð³÷îê Äåñíà, Ñòðèæåíü, Á³ëîóñ
ïðîòÿãîì 2021—2023 ðð.



ëîþ ðîç÷èíí³ñòþ â íåçàáðóäíåíèõ äîííèõ â³äêëàäàõ. ßêùî äîíí³ â³äêëà-
äè (ÄÂ) ï³ä ä³ºþ àíòðîïîãåííèõ ÷èííèê³â çàáðóäíåí³, òî çíà÷íà ÷àñòèíà
ìåòàë³â çíàõîäèòüñÿ ó ôðàêö³ÿõ, ÿê³ çäàòí³ äî äåñîðáö³¿ ìåòàë³â çà ôîðìó-
âàííÿ ïåâíèõ ô³çèêî-õ³ì³÷íèõ óìîâ ó ïðèäîííîìó ãîðèçîíò³ âîäè íà
ìåæ³ äîòèêó ç ÄÂ [25, 31]. Äî öèõ óìîâ â³äíîñÿòüñÿ: çá³ëüøåííÿ ì³íå-
ðàë³çàö³¿ ³ çìåíøåííÿ ðÍ âîäè, òðèâàëèé äåô³öèò Î2 ó ïðèäîííîìó ãîðè-
çîíò³. Ìàíãàí â öèõ óìîâàõ ìàº âèñîêó ì³ãðàö³éíó çäàòí³ñòü [10], ùî óç-
ãîäæóºòüñÿ ç ðåçóëüòàòàìè äîñë³äæåíü ³íøèõ àâòîð³â [26].

Òàêèì ÷èíîì, äëÿ çáåðåæåííÿ ÷èñòîòè ð. Äåñíè, ÿêà çàáåçïå÷óº ïèò-
íîþ âîäîþ ì. Êè¿â, ñë³ä çâåðíóòè óâàãó íà ÿê³ñòü âîäè ¿¿ ïðèòîê: ð³÷îê
Á³ëîóñ ³ Ñòðèæåíü. Íåîáõ³äíèìè º ðåêîíñòðóêö³ÿ î÷èñíèõ ñïîðóä òà ìå-
ðåæ³ âîäîâ³äâåäåííÿ â³ä æèòëîâèõ áóäèíê³â ì. ×åðí³ãîâà, î÷èùåííÿ òà
ïîãëèáëåííÿ ðóñëà öèõ ð³÷îê, çìåíøåííÿ çàìóëåííÿ ëîæà. Êð³ì òîãî,
ìîæëèâà á³îëîã³÷íà ìåë³îðàö³ÿ øëÿõîì çàðèáëåííÿ ðîñëèíî¿äíèìè âè-
äàìè ðèá: á³ëèì àìóðîì, á³ëèì òà ñòðîêàòèì òîâñòîëîáîì.

Âèñíîâêè

Çàãàëüíî¿ òåíäåíö³¿ â³äíîñíî âñ³õ çàáðóäíþþ÷èõ ðå÷îâèí ó äîñë³äæó-
âàí³é âîä³ ïðîòÿãîì 2021—2023 ðð. íå âèÿâëåíî, ïðîòå îñíîâíîþ çàêî-
íîì³ðí³ñòþ º çá³ëüøåííÿ êîíöåíòðàö³¿ çàáðóäíþþ÷èõ ðå÷îâèí ó âîä³
ð. Äåñíè ó ñòâîð³ çàáîðó âîäè íèæ÷å ì. ×åðí³ãîâà (ï³ñëÿ íàäõîäæåííÿ
âîäè ïðèòîê Ñòðèæíÿ òà Á³ëîóñà) ïîð³âíÿíî ç âîäîþ ñòâîðó âèùå ì.
×åðí³ãîâà. Íàéá³ëüøå íà ÿê³ñòü âîäè ð. Äåñíè âïëèâàþòü âîäè ð. Á³ëîóñ,
äå îñíîâíèìè äæåðåëàìè çàáðóäíåííÿ âîäè º ï³äïðèºìñòâà êîìóíàëüíî-
ãî ãîñïîäàðñòâà, ñêèä íåäîñòàòíüî î÷èùåíèõ ñò³÷íèõ ³ ïðîìèñëîâèõ âîä,
çàñì³÷åííÿ ïîáóòîâèìè â³äõîäàìè, ïîâåðõíåâèé ñò³ê ç óðáàí³çîâàíèõ òà
ñ³ëüñüêîãîñïîäàðñüêèõ óã³äü ï³ä ÷àñ ³íòåíñèâíèõ äîù³â, à òàêîæ òåõíî-
ãåíí³ çàáðóäíåííÿ âíàñë³äîê â³éñüêîâèõ ä³é (àíòðîïîãåíí³ ÷èííèêè). Äî
àá³îòè÷íèõ ôàêòîð³â â³äíîñÿòü íàÿâí³ñòü òîðôó â äîëèí³ ð. Á³ëîóñ òà âè-
ìèâàííÿ ôåðóìó ³ ìàíãàíó ç êðèñòàë³÷íèõ ïîð³ä Óêðà¿íñüêîãî ùèòà. Âñòà-
íîâëåíî äîñòîâ³ðíå çá³ëüøåííÿ êîíöåíòðàö³¿ íàñòóïíèõ ïîêàçíèê³â:
ÕÑÊMn, êîíöåíòðàö³¿ í³òðîãåíó í³òðèòíîãî (2021 ð.), çàë³çà çàãàëüíîãî
(Fe3+ ³ Fe2+) òà ìàíãàíó â 2021—2022 ðð. Ó 2023 ð. çá³ëüøèëàñü ê³ëüê³ñòü ïî-
êàçíèê³â, ùî ìàþòü äîñòîâ³ðíå ïåðåâèùåííÿ ÃÄÊ, çîêðåìà: ÁÑÊ5, ÕÑÊMn,
âì³ñò í³òðîãåíó àìîí³éíîãî òà í³òðèòíîãî, çàë³çà çàãàëüíîãî (Fe3+ ³ Fe2+) òà
ìàíãàíó. Êð³ì âêàçàíèõ ïðè÷èí ï³äâèùåííÿ êîíöåíòðàö³¿ ñïîëóê àçîòó ó
2022 ð. òà, îñîáëèâî, ó 2023 ð. ìîæíà ïîÿñíèòè òàêîæ íàñë³äêîì â³éñüêî-
âèõ ä³é íà ×åðí³ã³âùèí³.

Äëÿ çáåðåæåííÿ ÷èñòîòè âîäè ð³÷îê Ñòðèæåíü, Á³ëîóñ òà Äåñíà íå-
îáõ³äíèì º î÷èùåííÿ òà ïîãëèáëåííÿ ðóñëà öèõ ð³÷îê, çìåíøåííÿ çàìó-
ëåííÿ ëîæà. Êð³ì òîãî, º ïîòðåáà ó âïðîâàäæåíí³ íîâèõ òåõíîëîã³é, ñåðåä
³íøîãî — áàãàòîðàçîâå âèêîðèñòàííÿ î÷èùåíèõ ñò³÷íèõ âîä â òåõíî-
ëîã³÷íèõ ïðîöåñàõ, ðåêîíñòðóêö³ÿ î÷èñíèõ ñïîðóä òà ìåðåæ³ âîäîâ³äâå-
äåííÿ â³ä æèòëîâèõ áóäèíê³â ì. ×åðí³ãîâà. Äëÿ ïîêðàùåííÿ åêîëîã³÷íîãî
ñòàíó öèõ ð³÷îê íåîáõ³äíå â³äíîâëåííÿ ¿õí³õ ïðèðîäíèõ åêîñèñòåì øëÿ-
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õîì çàðèáëåííÿ ðîñëèíî¿äíèìè âèäàìè ðèá: á³ëèì àìóðîì, á³ëèì òà

ñòðîêàòèì òîâñòîëîáîì, òîáòî ïðîâåäåííÿ á³îëîã³÷íî¿ ìåë³îðàö³¿.
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MONITORING OF HYDROCHEMICAL INDICATORS OF THE DESNA,
STRYZHEN, BILOUS RIVERS

The article analyses the dynamics of hydrochemical indicators of the Desna River and
its tributaries Stryzhen and Bilous during 2021—2023. Qualitative and quantitative chan-
ges in the following parameters are described: dissolved oxygen, biochemical oxygen de-
mand (BOD5), chemical oxygen demand (ChODMn), phosphate ions, ammonium, nitrite
and nitrate nitrogen, total iron (Fe3+ and Fe2+) and manganese in the water of the rivers:
Desna, Stryzhen, Bilous. An increase in the concentration of pollutants in the water of the
Desna River below the city of Chernihiv (after the tributaries Stryzhen and Bilous flow into
it), compared to the water above the city of Chernihiv, was detected. A significant increase
in the concentration of the following indicators was established: ChODMn, nitrite nitrogen,
total iron (Fe3+ and Fe2+) and manganese in 2021—2022. In 2023, the number of indicators
with a significant difference in exceeding the MPC increased, in particular: BOD5,
ChODMn, ammonium and nitrite nitrogen, total iron (Fe3+ and Fe2+) and manganese. The
water quality in the Desna River below the city of Chernihiv depends on abiotic factors: soil
composition, water and air temperature, atmospheric pressure, precipitation, but to a grea-
ter extent on anthropogenic factors: the inflow of pollutants with surface runoff, discharge
of untreated and insufficiently treated municipal wastewater and industrial waters; techno-
genic pollution due to military operations. The water quality of the Desna River is most af-
fected by the waters of the Bilous River.

Key words: Chernihiv Polissya (humid zone), BOD5, ChODMn, ammonium and nitrite
nitrogen, total iron (Fe3+ and Fe2+), manganese, sources of pollution, recommendations.
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