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ÓÃÐÓÏÎÂÀÍÍß ÄÎÍÍÈÕ ÁÅÇÕÐÅÁÅÒÍÈÕ
Ê²Ë²ÉÑÜÊÎ¯ ÄÅËÜÒÈ ÄÓÍÀÞ1

Íà îñíîâ³ ïîä³áíîñò³ âèäîâîãî ñêëàäó îïèñàíî óãðóïîâàííÿ ð³çíèõ á³îòîï³â âî-
äîéì, âîäîòîê³â òà óçìîð’ÿ Ê³ë³éñüêî¿ äåëüòè Äóíàþ. Ïîêàçàíî, ùî ïåðåâàæíî ô³ç³î-
íîì³êó óãðóïîâàíü äîííèõ áåçõðåáåòíèõ òà ³ºðàðõ³þ ¿õíüî¿ îðãàí³çàö³¿ â Ê³ë³éñüê³é
äåëüò³ Äóíàþ îáóìîâëþº ôàêòîð ñîëîíîñò³ âîä, ôîðìóþ÷è îá’ºäíàí³ óãðóïîâàííÿ, â
ìåíøîìó ñòóïåí³ — òèïè ´ðóíò³â òà âîäíèõ îá’ºêò³â, ôîðìóþ÷è ¿õí³ ñêëàäîâ³. Ðîçã-
ëÿíóòî ð³âí³ ³ºðàðõ³÷íî¿ îðãàí³çàö³¿: íèæ÷èé ñêëàäàþòü ìîçà¿÷íî ðîçòàøîâàí³ â
ð³çíîòèïíèõ âîäíèõ îá’ºêòàõ íà ð³çíèõ òèïàõ ´ðóíò³â ïåðâèíí³ óãðóïîâàííÿ, íà-
ñòóïíèé — îá’ºäíàí³ óãðóïîâàííÿ, ðîçïîâñþäæåí³ íà ð³çíèõ òèïàõ ´ðóíò³â ó ïð³ñíèõ
àáî ñîëîíóâàòèõ âîäíèõ îá’ºêòàõ, âèùèé — óãðóïîâàííÿ Ê³ë³éñüêîãî ðóêàâà òà äåëü-
òè Äóíàþ çàãàëîì. Ïîêàçàíî, ùî äèñêðåòí³ñòü òà êîíòèíóàëüí³ñòü óãðóïîâàíü â
äåëüò³ çàáåçïå÷óþòü ïð³ñíîâîäí³ òà ñîëîíóâàòîâîäí³ âèäè.

Êëþ÷îâ³ ñëîâà: äîíí³ áåçõðåáåòí³, äîì³íóþ÷³ âèäè, òèï ´ðóíòó, ñîëîí³ñòü, âîäí³
îá’ºêòè Ê³ë³éñüêî¿ äåëüòè Äóíàþ.

Ôîðìóâàííÿ ñòðóêòóðè áóäü-ÿêîãî á³îëîã³÷íîãî óãðóïîâàííÿ, ³, çîê-
ðåìà, äîííèõ áåçõðåáåòíèõ, â³äáóâàºòüñÿ â ò³ñíèõ âçàºìîçâ’ÿçêàõ ç ð³çíè-
ìè çà ìàñøòàáîì ä³¿ ÷èííèêàìè çîâí³øíüîãî ñåðåäîâèùà [13]. Ãåîëîã³÷í³
òà ã³äðîëîã³÷í³ óìîâè âïëèâàþòü íà ñêëàä óãðóïîâàíü íàéá³ëüøîãî ìàñø-
òàáó (íàïðèêëàä, åêîðåã³îíó), à òèï ñóáñòðàòó, ãëèáèíà òà øâèäê³ñòü òå÷³¿
ìàþòü ïåðøî÷åðãîâå çíà÷åííÿ â ¿õíüîìó ðîçïîä³ë³ â ìåæàõ îêðåìîãî áà-
ñåéíó [14].
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ÇÀÃÀËÜÍÀ Ã²ÄÐÎÁ²ÎËÎÃ²ß

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



Ïîíÿòòÿ äîííîãî óãðóïîâàííÿ ò³ñíî ïîâ’ÿçàíå ç ïîíÿòòÿì á³îòîï, ÿêå
ìè, ÿê ³ ïîïåðåäí³ äîñë³äíèêè [12, 22], ðîçóì³ºìî ÿê ñâîºð³äíó ä³ëÿíêó äíà
ç óìîâíî îäíîð³äíèì ô³çèêî-õ³ì³÷íèì ñåðåäîâèùåì (ñîëîí³ñòü, ñóáñòðàò,
ã³äðîäèíàì³êà, òåìïåðàòóðíèé ðåæèì ³ ò. ³í.) ³ â³äïîâ³äíèìè á³îëîã³÷íè-
ìè îñîáëèâîñòÿìè. Öå ïîíÿòòÿ º îñíîâíèì ïðè âèêîðèñòàíí³ á³îòîï³÷íî-
ãî ï³äõîäó, çã³äíî ç ÿêèì ÿê îäíå óãðóïîâàííÿ ðîçãëÿäàþòüñÿ âèäè, ùî
àäàïòîâàí³ äî æèòòÿ çà ïåâíèõ óìîâ ³ñíóâàííÿ (â ïåâíîìó á³îòîï³) [4]. Çà
³íøîþ êîíöåïö³ºþ — á³îöåíîòè÷íîãî ï³äõîäó [1—3, 23, 24] — á³îòîï âèç-
íà÷àºòüñÿ ÿê ì³ñöå³ñíóâàííÿ êîìïëåêñó âèä³â, ïîâ’ÿçàíèõ àáî ñï³ëüíèìè
äîì³íàíòàìè, àáî ñï³ëüíèì âèäîâèì ñêëàäîì.

Á³îöåíîòè÷íèé ï³äõ³ä äî âèâ÷åííÿ äîííèõ óãðóïîâàíü Ê³ë³éñüêî¿ äå-
ëüòè Äóíàþ âïåðøå çàñòîñîâóâàâ Þ.Ì. Ìàðêîâñüêèé [7], ÿêèé íà àêâà-
òîð³ÿõ äåëüòè òà óçìîð’ÿ çà äîì³íóâàííÿì ïåâíèõ âèä³â âèä³ëèâ 16 óãðó-
ïîâàíü ³ â ïîäàëüøîìó ïðîâ³â àíàë³ç ¿õíüî¿ åêîëîã³÷íî¿ (á³îòîï³÷íî¿) ïðè-
óðî÷åíîñò³. ²íø³ äîñë³äíèêè äîííèõ áåçõðåáåòíèõ Ê³ë³éñüêî¿ äåëüòè äî
âèä³ëåííÿ äîííèõ óãðóïîâàíü çàñòîñîâóâàëè ïåðåâàæíî á³îòîï³÷íèé ï³ä-
õ³ä, ðîçãëÿäàþ÷è óãðóïîâàííÿ ÿê íàñåëåííÿ ð³çíèõ ñóáñòðàò³â (ìóëè, ï³ñ-
êè, ãëèíè òà ¿õí³ êîìá³íàö³é) â ð³çíîòèïíèõ âîäíèõ îá’ºêòàõ àáî ¿õí³õ ÷àñ-
òèíàõ. Äî òîãî æ, çà ìèíóë³ ìàéæå 70 ðîê³â ï³ñëÿ äîñë³äæåíü Þ.Ì. Ìàð-
êîâñüêîãî [7] äîíí³ óãðóïîâàííÿ áåçõðåáåòíèõ ïîíèççÿ Äóíàþ â Óêðà¿í³
íà ð³âí³ âèäîâîãî ñêëàäó íå ðîçãëÿäàëè, îïèñè ïåðåâàæíî áóëî ïðîâåäåíî
íà ð³âí³ âåëèêèõ òàêñîí³â (ðîäèí, ðÿä³â, êëàñ³â) [5, 8, 10, 15—17, 19—21].
Ïîçà óâàãîþ äîñë³äæåíü çàëèøèëèñü ³ ïèòàííÿ ùîäî çâ’ÿçêó óãðóïîâàíü
ð³çíèõ á³îòîï³â äåëüòè ³ íàéâàãîì³øèõ ÷èííèêè ¿õíüîãî ôîðìóâàííÿ.
Îïèñ óãðóïîâàíü äîííèõ áåçõðåáåòíèõ íàéá³ëüø ðîçïîâñþäæåíèõ á³î-
òîï³â âîäîéì, âîäîòîê³â òà óçìîð’ÿ Ê³ë³éñüêî¿ äåëüòè Äóíàþ òà àíàë³ç
îñíîâíèõ ÷èííèê³â ñåðåäîâèùà, ÿê³ çóìîâëþþòü ¿õíº ôîðìóâàííÿ, ñòàëè
ìåòîþ ö³º¿ ðîáîòè.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâåäåí³ âïðîäîâæ 2007—2019 ðð. ó âîäîéìàõ, âîäî-
òîêàõ òà íà óçìîð’¿ Ê³ë³éñüêî¿ äåëüòè Äóíàþ. Âîäîéìè âèâ÷àëè âçäîâæ
òðàíñåêò â³ä ìîðÿ äî âåðøèí, ðóêàâè Áèñòðèé, Âîñòî÷íèé òà Öèãàíêà
äîñë³äæóâàëè íà ä³ëÿíêàõ âèòîêó òà ãèðëà, Ê³ë³éñüêèé ðóêàâ — ëèøå á³ëÿ
ì. Âèëêîâå, Ñòàðîñòàìáóëüñüêèé ðóêàâ — íà ä³ëÿíêàõ âèùå ³ íèæ÷å âèòî-
êó ðóêàâà Áèñòðèé, Î÷àê³âñüêèé ðóêàâ — íà ì³ñö³ â³äãàëóæåííÿ â³ä Ê³ë³é-
ñüêîãî ðóêàâà äî ðîçãàëóæåííÿ íà ðóêàâè Ïðîðâà òà Ïîòàï³âñüêèé, Á³ëãî-
ðîäñüêèé ðóêàâ — íèæ÷å ì. Âèëêîâå òà â ì³ñö³ ðîçãàëóæåííÿ íà ºðèêè äî
ñîëîíóâàòîâîäíèõ çàòîê. Íà óçìîð’¿ äîñë³äæóâàëè ïðèëåãë³ äî ñîëîíóâà-
òîâîäíèõ çàòîê ä³ëÿíêè Æåáðèÿíñüêî¿ áóõòè, à òàêîæ àêâàòîð³¿ ïåðåä
ãèðëàìè ðóêàâ³â Áèñòðèé, Âîñòî÷íèé, âêëþ÷àþ÷è ï³äõ³äíèé êàíàë ãëèáî-
êîâîäíîãî ñóäíîâîãî õîäó Äóíàé — ×îðíå ìîðå (ÏÊ ÃÑÕ). Çàãàëîì äîñ-
ë³äæåíî 37 ñòàíö³é ñïîñòåðåæåíü (ðèñ. 1).

Çáîðè äîííèõ áåçõðåáåòíèõ âèêîíàí³ çà çàãàëüíîïðèéíÿòèìè ã³ä-
ðîá³îëîã³÷íèìè ìåòîäèêàìè [6]. Â ðóêàâàõ ïðîáè â³äáèðàëè ïåðåâàæíî â
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ïðèáåðåæí³é çîí³. Òèï äîííèõ â³äêëàä³â âèçíà÷àëè â³çóàëüíî. Ñîëîí³ñòü
âîäè âèì³ðþâàëè çà äîïîìîãîþ êîíäóêòîìåòðà HANNA HI 9835.

Îïèñ óãðóïîâàíü çä³éñíþâàëè íà îñíîâ³ âèäîâîãî ñêëàäó äîííèõ áåç-
õðåáåòíèõ, â³ä³áðàíèõ ç îäíàêîâèõ á³îòîï³â îêðåìèõ âîäíèõ îá’ºêò³â ïðî-
òÿãîì äåê³ëüêîõ âåãåòàö³éíèõ ñåçîí³â. Òàê³ óãðóïîâàííÿ ìè ââàæàëè ïåð-
âèííèìè, òàêèìè, ùî íàñåëÿþòü á³îòîïè â ìåæàõ ïåâíîãî âîäíîãî îá’ºê-
òó. Ó íàøîìó âèïàäêó ¿õ îáóìîâëþâàëè òðè îñíîâí³ õàðàêòåðèñòèêè: òèï
ñóáñòðàòó (÷èñò³ ï³ñêè, çàìóëåí³ ï³ñêè, ñ³ð³ ìóëè, ÷îðí³ ìóëè), ñîëîí³ñòü
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Ðèñ. 1. Êàðòà-ñõåìà Ê³ë³éñüêî¿ äåëüòè Äóíàþ: • — ñòàíö³¿ â³äáîðó ïðîá äîííèõ áåç-
õðåáåòíèõ



âîäè (ùî çì³íþâàëàñü â³ä ã³ïîãàëèííèõ äî îë³ãî-ìåçîãàëèííèõ âîä) òà
òèï âîäíîãî îá’ºêòó (ïð³ñíîâîäí³ çàòîêè, ñîëîíóâàòîâîäí³ çàòîêè, âîäî-
òîêè (ïð³ñíîâîäí³) òà óçìîð’ÿ (ñîëîíóâàòîâîäíå)). Ó á³ëüøîñò³ âîäíèõ
îá’ºêò³â (âñ³ ñîëîíóâàòîâîäí³ çàòîêè, ïð³ñíîâîäí³ çàòîêè Áèñòðèé Êóò,
Ïîòàï³â Êóò, Äåëþê³â Êóò, ðóêàâè Âîñòî÷íèé òà Áèñòðèé, à òàêîæ óç-
ìîð’ÿ) ³ñíóº äåê³ëüêà á³îòîï³â äîííèõ áåçõðåáåòíèõ, ïðîòå â ðóêàâàõ Ê³-
ë³éñüêèé, Á³ëãîðîäñüêèé, Î÷àê³âñüêèé ³ Ñòàðîñòàìáóëüñüêèé íàìè äîñ-
ë³äæåíî ïî îäíîìó á³îòîïó.

Óãðóïîâàííÿ íàçèâàëè çà äîì³íóþ÷èìè âèäàìè çà ÷èñåëüí³ñòþ (N) òà
á³îìàñîþ (B) ç óðàõóâàííÿì ¿õíüîãî òðàïëÿííÿ (ð). Äîì³íàíòîì çà ÷è-
ñåëüí³ñòþ ââàæàëè âèä ç ìàêñèìàëüíèì çíà÷åííÿì pN, à çà á³îìàñîþ — ç
ìàêñèìàëüíèì çíà÷åííÿ ðÂ. ßêùî çà ÷èñåëüí³ñòþ òà á³îìàñîþ äîì³íóâàâ
îäèí âèä, éîãî âêàçóâàëè îäèí ðàç. Â íàçâ³ óãðóïîâàííÿ çàçíà÷àëè õàðàê-
òåðèñòèêè ¿õíüîãî á³îòîïó, ÿê-îò: òèï äîííèõ â³äêëàä³â òà ñîëîí³ñòü âîä.

Âèçíà÷åííÿ ïîä³áíîñò³ âèäîâîãî ñêëàäó óãðóïîâàíü òà àíàë³ç ³ñíóâàí-
íÿ çàãàëüíèõ, ñï³ëüíèõ êëàñòåð³â, òîáòî ÷àñòèí îäíîãî óãðóïîâàííÿ â
ð³çíèõ á³îòîïàõ (âîäíèõ îá’ºêòàõ, ÷àñòèíàõ äåëüòè), âèçíà÷àëè çà ³íäåê-
ñîì Áðåÿ-Êåðò³ñà [11, 25] òà êëàñòåðíèì àíàë³çîì îòðèìàíèõ ðåçóëüòàò³â ç
ì³ðîþ â³äñòàí³ çà ìåòîäîì ñåðåäíüîãî çâ’ÿçêó [9]. Àíàë³ç ïîä³áíîñò³ ïðî-
âîäèëè ç âèêîðèñòàííÿì ïðîãðàìíîãî ïàêåòó Biodiversity Pro 2.0.

Íîìåíêëàòóðó äîííèõ îðãàí³çì³â áóëî óçãîäæåíî çà äîïîìîãîþ Âñå-
ñâ³òíüîãî ðåºñòðó ìîðñüêèõ âèä³â [26].

Ðåçóëüòàòè äîñë³äæåíü

Çàãàëîì íà 37 äîñë³äæåíèõ ñòàíö³ÿõ ó 16 âîäíèõ îá’ºêòàõ ÷îòèðüîõ
òèï³â (ïð³ñíîâîäí³ çàòîêè, ñîëîíóâàòîâîäí³ çàòîêè, âîäîòîêè òà óçìîð’ÿ),
çà ïîºäíàííÿì õàðàêòåðèñòèê ñóáñòðàò³â, ñîëîíîñò³ òà òå÷³¿, íàìè âè-
ä³ëåíî ³ äîñë³äæåíî 25 á³îòîï³â, ÿê³ çàñåëÿþòü ïåðâèíí³ óãðóïîâàííÿ äîí-
íèõ áåçõðåáåòíèõ. ¯õí³é ïåðåë³ê òà ëîêàë³çàö³ÿ ó âîäíèõ îá’ºêòàõ Ê³ë³é-
ñüêî¿ äåëüòè íàâåäåí³ â òàáëèö³ 1.

Âîäîéìè â³äð³çíÿþòüñÿ ñòóïåíåì âïëèâó ïð³ñíèõ âîä ðóêàâà àáî ñî-
ëîíèõ âîä ìîðÿ. Ì³ñöÿ ïåðåõîäó ñîëîíóâàòîâîäíèõ çàòîê â óçìîð’ÿ õà-
ðàêòåðèçóþòüñÿ ïåðåâàæàííÿì ÷èñòèõ ï³ñê³â òà ï³ääàþòüñÿ ïðèïëèâíî-
â³äïëèâí³é äèíàì³ö³ ìîðñüêèõ âîä. Ïîì³ðíèé âïëèâ ïð³ñíèõ âîä â³ä-
ì³÷àºòüñÿ â ñåðåäí³é ³ âåðõí³é ÷àñòèíàõ çàòîêè Áàä³êà Êóò (ðèñ. 2). Äè-
íàì³÷íèé ðåæèì ñîëîíîñò³ õàðàêòåðíèé äëÿ öåíòðàëüíî¿ ä³ëÿíêè çàòîêè
Ñîëîíèé Êóò, ùî ï³äïàäàº ïåðåì³ííîìó âïëèâó ïð³ñíèõ âîä ðóêàâà Á³ëãî-
ðîäñüêèé çàëåæíî â³ä éîãî âîäíîñò³ òà ñîëîíèõ ìîðñüêèõ âîä, îñîáëèâî
³íòåíñèâíîìó ï³ä ÷àñ â³òðîâèõ íàãîí³â. Çàòîêè Áèñòðèé Êóò, Ïîòàï³â Êóò
òà Äåëþê³â Êóò çäåá³ëüøîãî õàðàêòåðèçóâàëèñü ã³ïî-îë³ãîãàëèíí³ñòþ, çà-
òîêà Àíàíüê³í Êóò — ã³ïîãàëèíí³ñòþ, çàòîêè Áàä³êà Êóò ³ Ñîëîíèé Êóò, à
òàêîæ âåðøèíà òà ñåðåäèíà çàòîêè Øàáîø Êóò — îë³ãî-ìåçîãàëèíí³ñòþ,
ïðèìîðñüê³ ä³ëÿíêè çàòîêè Øàáîø Êóò — ìåçîãàëèíí³ñòþ. Âîäîòîêè äå-
ëüòè ïåðåâàæíî íàëåæàëè äî ã³ïîãàëèííèõ âîä, íåçíà÷íå ï³äâèùåííÿ ñî-
ëîíîñò³ äî íèæí³õ ìåæ îë³ãîãàëèííî¿ çîíè ñïîñòåð³ãàëè â ãèðë³ ðóêàâà
Áèñòðèé. Íà óçìîð’¿ âèð³çíÿþòüñÿ äâ³ â³äì³íí³ çà ðåæèìîì ñîëîíîñò³
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Òàáëèöÿ 1
Ïåðâèíí³ óãðóïîâàííÿ äîííèõ áåçõðåáåòíèõ òà ¿õíÿ ëîêàë³çàö³ÿ ó âîäíèõ

îá’ºêòàõ Ê³ë³éñüêî¿ äåëüòè Äóíàþ

¹ ï/ï Óãðóïîâàííÿ Ëîêàë³çàö³ÿ

Ïð³ñíîâîäí³ çàòîêè

1 Limnodrilus sp. çàìóëåíèõ ï³ñê³â ã³ïî-îë³ãîãàëèííèõ âîä Áèñòðèé Êóò

2 Limnodrilus sp. + Corbicula fluminea ñ³ðèõ ìóë³â
ã³ïî-îë³ãîãàëèííèõ âîä

Áèñòðèé Êóò

3 Limnodrilus sp. + Viviparus viviparus ñ³ðèõ ìóë³â
ã³ïî-îë³ãîãàëèííèõ âîä

Ïîòàï³â Êóò

4 Limnodrilus sp. ÷îðíèõ ìóë³â ã³ïî-îë³ãîãàëèííèõ âîä Ïîòàï³â Êóò

5 Limnodrilus sp. ñ³ðèõ ìóë³â ã³ïî-îë³ãîãàëèííèõ âîä Äåëþê³â Êóò

6 Limnodrilus sp. ÷îðíèõ ìóë³â ã³ïî-îë³ãîãàëèííèõ âîä Äåëþê³â Êóò

7 Limnodrilus sp. ÷îðíèõ ìóë³â ã³ïîãàëèííèõ âîä Àíàíüê³í Êóò

Ñîëîíóâàòîâîäí³ çàòîêè

8 Paranais litoralis + Gammarus aequicauda ÷èñòèõ ï³ñê³â
îë³ãî-ìåçîãàëèííèõ âîä

Áàä³êà Êóò

9 Corophium volutator + Hediste diversicolor çàìóëåíèõ
ï³ñê³â îë³ãî-ìåçîãàëèííèõ âîä

Áàä³êà Êóò

10 Limnodrilus sp.+ Hediste diversicolor ñ³ðèõ ìóë³â îë³ãî-ìå-
çîãàëèííèõ âîä

Áàä³êà Êóò

11 Corophium volutator çàìóëåíèõ ï³ñê³â îë³ãî-ìåçîãàëèí-
íèõ âîä

Ñîëîíèé Êóò

12 Corophium volutator ñ³ðèõ ìóë³â îë³ãî-ìåçîãàëèííèõ âîä Ñîëîíèé Êóò

13 Corophium volutator çàìóëåíèõ ï³ñê³â ìåçîãàëèííèõ âîä Øàáîø Êóò

14 Corophium volutator + Hediste diversicolor ñ³ðèõ ìóë³â
îë³ãî-ìåçîãàëèííèõ âîä

Øàáîø Êóò

Ðóêàâè

15 Limnodrilus sp. + Lithoglyphus naticoides ñ³ðèõ ìóë³â ã³ïî-
ãàëèííèõ âîä

Ê³ë³éñüêèé

16 Limnodrilus sp. + Microcolpia daudebartii ñ³ðèõ ìóë³â
ã³ïîãàëèííèõ âîä

Á³ëãîðîäñüêèé

17 Limnodrilus sp. + Lithoglyphus naticoides ñ³ðèõ ìóë³â ã³ïî-
ãàëèííèõ âîä

Î÷àê³âñüêèé

18 Limnodrilus sp. + Esperiana esperi ñ³ðèõ ìóë³â ã³ïîãàëèí-
íèõ âîä

Ñòàðîñòàì-
áóëüñüêèé

19 Limnodrilus sp. + Esperiana esperi çàìóëåíèõ ï³ñê³â
ã³ïî-îë³ãîãàëèííèõ âîä

Áèñòðèé



ä³ëÿíêè: ì³ëêîâîääÿ Æåáðèÿíñüêî¿ áóõòè, äå ñîëîí³ñòü â³äïîâ³äàº îë³ãî-
ìåçîãàëèííèì âîäàì, òà ïåðåäãèðëîâå óçìîð’ÿ ç ã³ïî-ìåçîãàëèííèìè âî-
äàìè, äèíàì³êà ÿêèõ çàëåæèòü â³ä âîäíîñò³ Äóíàþ, çìåíøóþ÷èñü ïðè âî-
äîï³ëë³ òà ïàâîäêàõ, êîëè â ìîðå íàäõîäèòü çíà÷íà ê³ëüê³ñòü ïð³ñíî¿ âîäè,
òà çá³ëüøóþ÷èñü â ìåæ³íü.

Çàãàëüíå âèäîâå áàãàòñòâî äîííèõ áåçõðåáåòíèõ ñòàíîâèëè 218 âèä³â,
ç ÿêèõ ïåðåâàæíà á³ëüø³ñòü, 82 òàêñîíè — ïðåäñòàâíèêè Insecta, 51 âèä —
Annelida, 45 — Crustacea, 34 — Mollusca, 3 — Bryozoa, 2 — Porifera, 1 — Ne-
matoda. Íàéá³ëüø ïðåäñòàâëåí³ äîíí³ áåçõðåáåòíèõ â ðóêàâàõ, íàéìåíøå
âèä³â çàðåºñòðîâàíî íà óçìîð’¿ (ðèñ. 3), âèäîâå áàãàòñòâî â ïð³ñíîâîäíèõ
çàòîêàõ âèÿâèëîñü âèùèì, í³æ â ñîëîíóâàòîâîäíèõ.

Ó ïð³ñíîâîäíèõ çàòîêàõ íà âñ³õ ´ðóíòàõ ïåðåâàæàëè êîìàõè, ÿê³ â ðó-
êàâàõ ïîñò³éíî äîì³íóâàëè íà çàìóëåíèõ ï³ñêàõ. Çà ê³ëüê³ñòþ âèä³â íà
ñ³ðèõ ìóëàõ, çàëåæíî â³ä âîäíîãî îá’ºêòó, ïåðåâàæàëè àáî êîìàõè, àáî
ê³ëü÷àñò³ ÷åðâè (çîêðåìà Oligochaeta), àáî ö³ ãðóïè áóëè ïðåäñòàâëåí³ îä-
íàêîâèì âèäîâèì áàãàòñòâîì. Íà ï³ñêàõ ð³çíèõ ä³ëÿíîê óçìîð’ÿ çàðåºñò-
ðîâàíî íàéá³ëüøó ê³ëüê³ñòü âèä³â ðàêîïîä³áíèõ. Öÿ æ ãðóïà ïåðåâàæàëà â
íàéá³ëüø áëèçüêèõ äî ìîðÿ ïåðâèííèõ óãðóïîâàííÿõ ñîëîíóâàòîâîäíèõ
çàòîê. Ó íàéá³ëüø îïð³ñíåíèõ ä³ëÿíêàõ, çîêðåìà çàòîêè Áàä³êà Êóò, íåçà-
ëåæíî â³ä òèïó ´ðóíòó äîì³íóâàëè êîìàõè, íà ìóëàõ ç âèùîþ ñîëîí³ñòþ
âîä (çàòîêè Ñîëîíèé Êóò òà Øàáîø Êóò) — ê³ëü÷àñò³ ÷åðâè (çîêðåìà, Po-
lychaeta).

Àíàë³ç òàáëèö³ 1 ïîêàçóº íàÿâí³ñòü íèçêè îäíîéìåííèõ óãðóïîâàíü,
íå çâàæàþ÷è íà ìîçà¿÷í³ñòü ¿õíüîãî ðîçòàøóâàííÿ, òà, íåð³äêî, â³äñóò-
í³ñòü áåçïîñåðåäí³õ ãðàíèöü. Öå óãðóïîâàííÿ Limnodrilus sp. ÷îðíèõ ìó-
ë³â ã³ïî-îë³ãîãàëèííèõ âîä â çàòîêàõ Ïîòàï³â Êóò òà Äåëþê³â Êóò, óãðóïî-
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¹ ï/ï Óãðóïîâàííÿ Ëîêàë³çàö³ÿ

20 Limnodrilus sp. + Lithoglyphus naticoides ñ³ðèõ ìóë³â ã³ïî-
ãàëèííèõ âîä

Áèñòðèé

21 Limnodrilus sp. + Lithoglyphus naticoides çàìóëåíèõ ï³ñê³â
ã³ïîãàëèííèõ âîä

Âîñòî÷íèé

22 Limnodrilus sp. + Lithoglyphus naticoides ñ³ðèõ ìóë³â ã³ïî-
ãàëèííèõ âîä

Âîñòî÷íèé

23 Limnodrilus sp. + Esperiana esperi ñ³ðèõ ìóë³â ã³ïîãàëèí-
íèõ âîä

Öèãàíêà

Óçìîð’ÿ

24 Corophium volutator ÷èñòèõ ï³ñê³â îë³ãî-ìåçîãàëèííèõ
âîä

Æåáðèÿíñüêà
áóõòà

25 Euxinia maeotica ÷èñòèõ ï³ñê³â ã³ïî-ìåçîãàëèííèõ âîä Ïåðåäãèðëîâå
óçìîð’ÿ

Ïðîäîâæåííÿ òàáë. 1



âàííÿ Limnodrilus sp. + Lithoglyphus naticoides ñ³ðèõ ìóë³â ã³ïîãàëèííèõ
âîä ðóêàâ³â Ê³ë³éñüê³é, Î÷àê³âñüê³é, Áèñòðèé òà Âîñòî÷íèé òà óãðóïîâàí-
íÿ Limnodrilus sp. + Esperiana esperi ñ³ðèõ ìóë³â ã³ïîãàëèííèõ âîä ðóêàâ³â
Ñòàðîñòàìáóëüñüêèé òà Öèãàíêà. Ëîã³÷íî ïðèïóñòèòè, ùî öå îäíàêîâ³ óã-
ðóïîâàííÿ, ëîêàë³çîâàí³ â ð³çíèõ ÷àñòèíàõ äåëüòè. ²íø³ 17 óãðóïîâàíü ìà-
þòü îñîáëèâ³ íàçâè, íå òîòîæí³ ïîì³æ ñîáîþ ïîâí³ñòþ, õî÷à ïðîñòå-
æóºòüñÿ ¿õíÿ ïðèóðî÷åí³ñòü äî òèï³â ´ðóíò³â òà âîäíèõ îá’ºêò³â. Çîêðåìà,
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Ðèñ. 2. Ñîëîí³ñòü âîä â ì³ñöÿõ ëîêàë³çàö³¿ ïåðâèííèõ óãðóïîâàíü äîííèõ áåçõðåáåò-
íèõ. Òóò ³ íà ðèñ. 3: íóìåðàö³ÿ çã³äíî òàáë. 1

Ðèñ. 3. Òàêñîíîì³÷íà ñòðóêòóðà ïåðâèííèõ óãðóïîâàíü ä³ëÿíîê ç ð³çíèì òèïîì ´ðóí-
òó ïð³ñíîâîäíèõ çàòîê (à), ñîëîíóâàòîâîäíèõ çàòîê (á), ðóêàâ³â (â) òà óçìîð’ÿ (ã) äåëü-
òè



â óñ³õ óãðóïîâàííÿõ ïð³ñíîâîäíèõ çàòîê äîì³íàíòîì çà ÷èñåëüí³ñòþ º ìà-
ëîùåòèíêîâ³ ÷åðâè Limnodrilus sp., à â ñîëîíóâàòîâîäíèõ çàòîêàõ ïåðåâà-
æàþòü êîðîô³¿äè Corophium volutator (Pallas) òà áàãàòîùåòèíêîâ³ ÷åðâè
Hediste diversicolor (O.F. M�ller), à òàêîæ çàðåºñòðîâàí³ ìàëîùåòèíêîâ³
÷åðâè Paranais litoralis (M�ller) ³ Limnodrilus sp. òà áîêîïëàâè Gammarus
aequicauda (Martynov). Â ðóêàâàõ, ÿê ³ â ïð³ñíîâîäíèõ çàòîêàõ, çà ÷è-
ñåëüí³ñòþ â óñ³õ óãðóïîâàííÿõ äîì³íóþòü ìàëîùåòèíêîâ³ ÷åðâè Limnodri-
lus sp., à çà á³îìàñîþ — ÷åðåâîíîã³ ìîëþñêè Lithoglyphus naticoides
(C. Pfeiffer), Esperiana esperi (F�russac) òà Microcolpia daudebartii (Prevost).
Â ï³âí³÷í³é, ñëàáøå îïð³ñíåí³é ÷àñòèí³ óçìîð’ÿ (Æåáðèÿíñüêà áóõòà) äî-
ì³íóþòü êîðîô³¿äè C. volutator, à â á³ëüø îïð³ñíåí³é ñõ³äí³é ïåðåäãèð-
ëîâ³é ÷àñòèí³ — áîêîïëàâè Euxinia maeotica (Sowinsky).

Âèäîâå áàãàòñòâî âèçíà÷åíèõ óãðóïîâàíü çì³íþâàëîñü â øèðîêèõ ìå-
æàõ: â³ä 19 âèä³â â óãðóïîâàíí³ Corophium volutator íà ÷èñòèõ ï³ñêàõ
îë³ãî-ìåçîãàëèííèõ âîä óçìîð’ÿ äî 101 âèäó — â óãðóïîâàíí³ Limnodrilus
sp. + Lithoglyphus naticoides ñ³ðèõ ìóë³â ã³ïîãàëèííèõ âîä ðóêàâà Âîñòî÷-
íèé (ðèñ. 3). Ç óñüîãî áàãàòñòâà çàðåºñòðîâàíèõ äîííèõ áåçõðåáåòíèõ
äîì³íàíòàìè óãðóïîâàíü âèÿâèëèñü ëèøå 11 òàêñîí³â, êð³ì çàçíà÷åíèõ
âèùå öå ùå äâîñòóëêîâèé ìîëþñê ÷óæîð³äíî¿ ôàóíè Corbicula fluminea
(O. F. Muller) òà ÷åðåâîíîãèé ìîëþñê Viviparus viviparus (Linnaeus).

²ñíóâàííÿ îäíîéìåííèõ óãðóïîâàíü â ð³çíèõ âîäíèõ îá’ºêòàõ, à òà-
êîæ íàÿâí³ñòü ñï³ëüíèõ õàðàêòåðèñòèê (á³îòîï àáî äîì³íàíòè) â óãðóïî-
âàííÿõ ç ð³çíèìè íàçâàìè (äèâ. òàáë. 1) ïðèïóñêàþòü ìîæëèâ³ñòü ìî-
çà¿÷íî¿ îðãàí³çàö³¿ á³îòè÷íèõ ñï³ëüíîò äåëüòè, êîëè ñóì³ñíî ³ñíóþ÷³ âèäè
ìîæóòü ïðîæèâàòè â á³îòîïàõ, ðîçòàøîâàíèõ â ð³çíèõ ¿¿ ÷àñòèíàõ. Äëÿ
ï³äòâåðäæåííÿ òåçè ùîäî äèñêðåòíîãî ðîçòàøóâàííÿ óãðóïîâàííÿ íàìè
áóëî ïðîâåäåíî îö³íêó ïîä³áíîñò³ âèäîâîãî ñêëàäó áåçõðåáåòíèõ ïåðâèí-
íèõ óãðóïîâàíü òà âèä³ëåííÿ êëàñòåð³â ³ç çíà÷óùîþ ñõîæ³ñòþ ¿õíüîãî
äîííîãî íàñåëåííÿ (ðèñ. 4).

Íà ð³âí³ >50,0 % ïîä³áíîñò³ âèäîâîãî ñêëàäó ïåðâèíí³ óãðóïîâàííÿ
îá’ºäíóþòüñÿ â 10 ãðóï (êëàñòåð³â) (äèâ. ðèñ. 4). Ïåðøà (êëàñòåð ²) óòâîðå-
íà ïåðâèííèìè óãðóïîâàííÿìè çàìóëåíèõ ï³ñê³â òà ñ³ðèõ ìóë³â çàòîêè
Øàáîø Êóò ³ ïðèìîðñüêî¿ ÷àñòèíè çàòîêè Ñîëîíèé Êóò. Äðóãó (êëàñòåð
²²) ôîðìóþòü ïåðâèíí³ óãðóïîâàííÿ çàìóëåíèõ ï³ñê³â òà ñ³ðèõ ìóë³â çàòî-
êè Áàä³êà Êóò. Òðåòÿ ãðóïà ñôîðìîâàíà íà ìåçîãàëèííîìó óçìîð’¿ íà ÷èñ-
òèõ ï³ñêàõ ïðèìîðñüêî¿ ÷àñòèíè ö³º¿ çàòîêè óãðóïîâàííÿìè ç äîì³íóâàí-
íÿì ðàêîïîä³áíèõ (êëàñòåð ²²²).

Â ðóêàâàõ äåëüòè âèä³ëåíî òðè ãðóïè: óãðóïîâàííÿ (êëàñòåð VI), ùî
ìàþòü ñï³ëüí³ äîì³íàíòè òà á³îòîïè; óãðóïîâàííÿ ç ð³çíèìè äîì³íàíòàìè
òà á³îòîïàìè (êëàñòåð IV); à òàêîæ ãðóïà ïåðâèííèõ óãðóïîâàíü ðóêàâ³â
òà óãðóïîâàííÿ çàòîêè Áèñòðèé Êóò (êëàñòåð VII), ÿê³ â³äð³çíÿþòüñÿ â³ä
³íøèõ ÿê çà äîì³íàíòàìè, òàê ³ çà á³îòîïîì.

Ùå îäíó ãðóïó óòâîðþþòü óãðóïîâàííÿ ìóë³â â ïð³ñíîâîäíèõ çàòîêàõ
Ïîòàï³â Êóò, Äåëþê³â Êóò òà Àíàíüê³í Êóò (êëàñòåð V) ç äîì³íóâàííÿì
ìàëîùåòèíêîâèõ ÷åðâ³â ð. Limnodrilus çà ÷èñåëüí³ñòþ òà ïåðåâàæíî çà
á³îìàñîþ.
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Îêðåì³ êëàñòåðè ôîðìóþòü ïåðâèíí³ óãðóïîâàííÿ Corophium voluta-
tor íà ñ³ðèõ ìóëàõ îë³ãî-ìåçîãàëèííèõ âîä çàòîêè Ñîëîíèé Êóò (êëàñòåð
VIII), Euxinia maeotica íà ÷èñòèõ ï³ñêàõ ã³ïî-ìåçîãàëèííèõ âîä óçìîð’ÿ
(êëàñòåð IX) òà Limnodrilus sp. + Esperiana esperi íà çàìóëåíèõ ï³ñêàõ
ã³ïî-îë³ãîãàëèííèõ âîä ðóêàâà Áèñòðèé (êëàñòåð X), ïîä³áí³ñòü âèäîâîãî
ñêëàäó ÿêèõ íå âèÿâèëà çâ’ÿçê³â >50,0 %.

Âèñîêà ïîä³áí³ñòü (>50,0 %) âèäîâîãî ñêëàäó óãðóïîâàíü, ùî ôîðìó-
þòü êëàñòåðè (²—VII), äîçâîëÿº ââàæàòè ïåðâèíí³ óãðóïîâàííÿ ÷àñòèíà-
ìè ºäèíèõ çà âèäîâèì ñêëàäîì óãðóïîâàíü âèùîãî ð³âíÿ, ÿê³ ìàþòü äèñê-
ðåòíå ðîçïîâñþäæåííÿ òà ïîøèðåííÿ â äåëüò³, ¿õí³ îñíîâí³ õàðàêòåðè-
ñòèêè íàâåäåí³ â òàáëèö³ 2. Çàóâàæèìî, ùî â îäíîìó âèïàäêó ïîä³áí³ñòü
ì³æ ïåðâèííèìè óãðóïîâàííÿìè âèçíà÷åíà íà ð³âí³ 47,0 % (V).

Ç ³íøîãî áîêó, ç òî÷êè çîðó àíàë³çó íå ïîä³áíîñò³, à, íàâïàêè, ð³çíèö³
ì³æ ïåðâèííèìè ³ îá’ºäíàíèìè óãðóïîâàííÿìè (äèâ. òàáë. 1, 2 òà ðèñ. 4),
ìè áà÷èìî ¿õí³é ðîçïîä³ë íà äâà âåëèê³ êëàñòåðè, ùî ôîðìóþòüñÿ çàëåæ-
íî â³ä ïåðåâàæàþ÷î¿ ñîëîíîñò³ âîä, à â íèõ — äåê³ëüêà ãðóï, ùî îáóìîâ-
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Ðèñ. 4. Êëàñòåðíà äåíäðîãðàìà ïîä³áíîñò³ âèäîâîãî ñêëàäó ïåðâèííèõ óãðóïîâàíü
äîííèõ áåçõðåáåòíèõ: ì³ðà â³äñòàí³ Áðåÿ-Êåðò³ñà çà ìåòîäîì ñåðåäíüîãî çâ’ÿçêó: âåð-
òèêàëüíà øòðèõ ïóíêòèðíà ë³í³ÿ îáìåæóº ð³âåíü ïîä³áíîñò³ óãðóïîâàíü â 50,0 %;
øòðèõ ïóíêòèðí³ êîëà îáìåæóþòü êëàñòåðè ïåðâèííèõ óãðóïîâàíü íà ð³âí³ ïî-
ä³áíîñò³ >50,0 %; àðàáñüêèìè öèôðàìè — ïåðâèíí³ óãðóïîâàííÿ çã³äíî òàáë. 1,
ðèìñüêèìè öèôðàìè — îá’ºäíàí³ ïåðâèíí³ óãðóïîâàííÿ; áëîêè ç ïîäâ³éíîþ ë³í³ºþ
— ãðóïè ïð³ñíîâîäíèõ òà ñîëîíóâàòîâîäíèõ óãðóïîâàíü
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ëåí³ ð³çíèìè òèïàìè ´ðóíò³â (à ñàìå: íàÿâí³ñòü àáî â³äñóòí³ñòü ìóëèñòî¿
ôðàêö³¿) òà òèïîì âîäíèõ îá’ºêò³â. Çîêðåìà, äîíí³ áåçõðåáåòí³ âñ³õ ïð³ñ-
íîâîäíèõ çàòîê òà ðóêàâ³â óòâîðþþòü âåëèêèé êëàñòåð ç îäíèì äîì³íà-
íòîì çà ÷èñåëüí³ñòþ — Oligochaeta ð. Limnodrilus, äåòðèòîôàãàìè-êîâòà-
÷àìè, ÿê³ ìåøêàþòü ó âåðõíüîìó øàð³ ð³çíîòèïíèõ ´ðóíò³â, æèâëÿòüñÿ
ïåðåâàæíî îðãàí³êîþ, ùî ðîçêëàäàºòüñÿ, ðåøòêàìè ðîñëèííîãî òà òâà-
ðèííîãî ïîõîäæåííÿ, òà çàãàëîì âèòðèìóþòü äîâîë³ øèðîêèé ä³àïàçîí
ñîëîíîñò³. Âèíÿòêîì º îäíå óãðóïîâàííÿ (IX, 25 Euxinia maeotica ÷èñòèõ
ï³ñê³â ã³ïî-ìåçîãàëèííèõ âîä ïåðåäãèðëîâîãî óçìîð’ÿ) ç äîì³íàíòîì,
ñïðîìîæíèì ðîçâèâàòèñÿ òà óòâîðþâàòè ÷èñëåíí³ ïîïóëÿö³¿ â øèðîêîìó
ä³àïàçîí³ ñîëîíîñò³ âîä. Äðóãèé âåëèêèé êëàñòåð ñôîðìîâàíèé äîííèìè
áåçõðåáåòíèìè ñîëîíóâàòèõ âîä çàòîê Æåáðèÿíñüêî¿ áóõòè òà ïåðåäãèð-
ëîâîãî óçìîð’ÿ ç ïåðåâàæíèì äîì³íóâàííÿì ðàêîïîä³áíèõ. Çàãàëîì ñîëî-
íóâàòîâîäí³ óãðóïîâàííÿ äåëüòè â³äìåæîâóþòüñÿ â³ä ïð³ñíîâîäíèõ íà
ð³âí³ 22,6 % ïîä³áíîñò³ òàêñîíîì³÷íîãî ñêëàäó çà ³íäåêñîì Áðåÿ-Êåðò³ñà
(äèâ. ðèñ. 4).

Ïîð³âíÿëüíà õàðàêòåðèñòèêà óãðóïîâàíü äîííèõ áåçõðåáåòíèõ ñîëî-
íóâàòèõ òà ïð³ñíèõ âîä íàâåäåíà â òàáëèö³ 3. Çàãàëîì íàìè çàðåºñòðîâàíî
109 òàêñîí³â â ñîëîíóâàòèõ âîäàõ òà 188 â ïð³ñíèõ. Â ïð³ñíîâîäíèõ óãðó-
ïîâàííÿõ á³ëüøå âèä³â Mollusca, Oligochaeta, Hirudinea, Isopoda òà ïðåä-
ñòàâíèê³â âñ³õ â³ää³ë³â Insecta. Ñîëîíóâàòîâîäí³ óãðóïîâàííÿ õàðàêòåðè-
çóþòüñÿ á³ëüøèì âèäîâèì áàãàòñòâîì Crustacea òà Polychaeta (äèâ. òàáë.
3). Âèêëþ÷íî ó ñêëàä³ ïð³ñíîâîäíèõ óãðóïîâàíü çàðåºñòðîâàíî 110 âèä³â
áåçõðåáåòíèõ, ñåðåä ÿêèõ á³ëüø³ñòü Mollusca, Oligochaeta òà Insecta ³ âñ³
âèäè Porifera. Ò³ëüêè ñîëîíóâàòîâîäíèì óãðóïîâàííÿì ïðèòàìàíí³ á³ëü-
øå ïîëîâèíè çíàéäåíèõ âèä³â Polychaeta, Cumacea òà Isopoda, à òàêîæ De-
ñapoda ³ Cirripedia.

Â òîé æå ÷àñ ö³ äâà óãðóïîâàííÿ ìàþòü ³ áàãàòî ñï³ëüíèõ âèä³â — 78,
ùî ñòàíîâèòü 41,5 % çàãàëüíîãî âèäîâîãî áàãàòñòâà ïð³ñíîâîäíèõ òà
71,6 % — ñîëîíóâàòîâîäíèõ óãðóïîâàíü. Íàéá³ëüøà ê³ëüê³ñòü ñï³ëüíèõ
âèä³â ó òàêñîíàõ ç âèñîêèì âèäîâèì áàãàòñòâîì — Oligochaeta, Amphipo-
da òà Chironomidae.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Íà ñüîãîäí³ â ïîíèçç³ òà äåëüò³ Äóíàþ íàðàõîâóþòü 840 òàêñîí³â íèæ-
íüîãî ðàíãó [18], â öüîìó äîñë³äæåíí³ íàìè çàðåºñòðîâàíî 252 òàêñîíè,
ÿê³ ôîðìóþòü 25 ïåðâèííèõ óãðóïîâàíü äîííèõ áåçõðåáåòíèõ. Ö³ óãðóïî-
âàííÿ, íà íàøó äóìêó, º íàéá³ëüø ðîçïîâñþäæåíèìè, ëîêàë³çîâàíèìè â
íàéïîøèðåí³øèõ á³îòîïàõ, âèçíà÷åíèõ çà äîì³íóþ÷èìè òèïàìè ´ðóíò³â
òà ñîëîí³ñòþ âîä ð³çíîòèïíèõ âîäíèõ îá’ºêò³â óêðà¿íñüêî¿ ÷àñòèíè Ê³ë³é-
ñüêî¿ äåëüòè Äóíàþ. Çàóâàæèìî, ùî äîñë³äæåí³ á³îòîïè ðîçòàøîâàí³ ïå-
ðåâàæíî ìîçà¿÷íî, òîáòî íå çàâæäè ìàþòü ñï³ëüí³ ãðàíèö³, àëå êîíòàêòè
ì³æ íèìè ìîæóòü çä³éñíþâàòèñü ÿê âíàñë³äîê ã³äðîëîã³÷íî¿ ºäíîñò³ äåëü-
òè, òàê ³ çàâäÿêè åêîëîã³÷íèì îñîáëèâîñòÿì ã³äðîá³îíò³â (àìô³á³îíòí³ñòü,
äðèôò, àíòèäðèôò òîùî). Ìè ðîçãëÿäàºìî óãðóïîâàííÿ ÿê íàñåëåííÿ
ïåâíîãî á³îòîïó ÷è íèçêè á³îòîï³â, ñôîðìîâàíèõ àá³îòè÷íèìè (â ö³é ðî-
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áîò³ öå â ïåðøó ÷åðãó òèï ´ðóíòó òà ñîëîí³ñòü âîä) ôàêòîðàìè ñåðåäîâèùà

(àáî á³îòè÷íèìè, çîêðåìà âèäàìè-åäèô³êàòîðàìè), ùî ìàº â³äíîñíî ñòà-

á³ëüíó ó ÷àñ³ òà ïðîñòîð³ ñòðóêòóðó, çîêðåìà òàêñîíîì³÷íèé ñêëàä. Ìè íà-

çèâàºìî óãðóïîâàííÿ çà äîì³íóþ÷èìè âèäàìè òà âèçíàºìî ³ºðàðõ³÷í³ñòü
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Òàáëèöÿ 3
Ïîð³âíÿëüíà õàðàêòåðèñòèêà óãðóïîâàíü ñîëîíóâàòèõ òà ïð³ñíèõ âîä

Òàêñîíîì³÷í
èé ñêëàä

Çàãàëüíèé âèäîâèé ñêëàä Îñîáëèâîñò³ âèäîâîãî ñêëàäó

ïð³ñíî-
âîäí³ óãðó-

ïîâàííÿ

ñîëîíóâàòî-
âîäí³ óãðó-

ïîâàííÿ

ñï³ëüí³
òàêñîíè

òàêñîíè, ùî çóñòð³÷àþòüñÿ
ëèøå â

ïð³ñíîâîä-
íèõ óãðóïî-

âàííÿõ

ñîëîíóâàòî-
âîäíèõ óãðó-

ïîâàííÿõ

Porifera 2 — — 2 —

Bryozoa 2 1 — 2 1

Òurbellaria 1 — — 1 —

Gastropoda 19 4 2 17 2

Bivalvia 9 5 1 8 4

Polychaeta 4 8 3 1 5

Oligochaeta 29 21 17 12 4

Hirudinea 9 1 1 8 —

Deñapoda — 1 — — 1

Mysida 5 5 2 3 3

Amphipoda 20 18 15 5 3

Cumacea 3 7 3 — 4

Isopoda 2 4 1 1 3

Cirripedia — 1 — — 1

Odonata 5 — — 5 —

Ephemeroptera 5 1 1 4 —

Hemiptera 8 3 3 5 —

Coleoptera 4 1 1 3 —

Trichoptera 6 2 2 4 —

Lepidoptera 2 1 1 1 —

Chironomidae 44 22 22 22 —

²íø³ Diptera 8 2 2 6 —

Nematoda 1 1 1 — —

Çàãàëîì 188 109 78 110 31



¿õíüî¿ îðãàí³çàö³¿, òîáòî ³ñíóâàííÿ ïåðâèííèõ óãðóïîâàíü äîííèõ áåçõðå-
áåòíèõ ð³çíèõ ´ðóíò³â ó ð³çíèõ âîäíèõ îá’ºêòàõ ÷è ¿õí³õ ÷àñòèíàõ, âîäî-
éìàõ ³ âîäîòîêàõ ïåâíèõ òèï³â (ñîëîíóâàòîâîäí³, ïð³ñíîâîäí³, ëîòè÷í³,
ëåíòè÷í³ òîùî), à òàêîæ óñ³º¿ äåëüòè. Â ö³é ðîáîò³ ìè ðîçãëÿíóëè ïåðå-
âàæíî íèæí³ ð³âí³ îðãàí³çàö³¿ äîííèõ óãðóïîâàíü óêðà¿íñüêî¿ ÷àñòèíè äå-
ëüòè Äóíàþ.

Âèäîâèé ñêëàä óãðóïîâàííÿ çàëåæèòü â³ä îñîáëèâîñòåé á³îòîïó, îáó-
ìîâëþºòüñÿ ñåðåäîâèùåì ³ñíóâàííÿ, íå º àáñîëþòíî ñòàëèì ³, áåçóìîâíî,
ìîæå âàð³þâàòè çàëåæíî â³ä ñóá’ºêòèâíèõ (ìåòîäè÷í³ ï³äõîäè òà ìåòîäè
çáîðó ³ îáðîáêè ìàòåð³àë³â, óìîâè ³ îñîáëèâîñò³ â³äáîðó ïðîá) òà îá’ºê-
òèâíèõ (ù³ëüí³ñòü òà ïðåäñòàâëåí³ñòü îêðåìèõ âèä³â, ñåçîíí³ òà áàãà-
òîð³÷í³ çì³íè) ÷èííèê³â, àëå âèçíà÷àºòüñÿ îáðàíèì ð³âíåì ñõîæîñò³. Çâà-
æàþ÷è íà çàãàëîì äîâîë³ âèñîê³ ïîêàçíèêè ïîä³áíîñò³ âèäîâîãî ñêëàäó òà
íàÿâí³ñòü ñï³ëüíèõ äîì³íàíò³â âèçíà÷åíèõ ïåðâèííèõ óãðóïîâàíü, ìè
ââàæàëè çà ìîæëèâå òà äîö³ëüíå ¿õíº îá’ºäíàííÿ. Â ïîäàëüøîìó õàðàêòå-
ðèñòèêè òà îñîáëèâîñò³ îá’ºäíàíèõ óãðóïóâàíü (ðèñ. 4, òàáë. 3), ÿê óãðóïî-
âàíü íàñòóïíîãî (äðóãîãî) ³ºðàðõ³÷íîãî ð³âíÿ îðãàí³çàö³¿, ðîçãëÿäàþòüñÿ
ÿê ñóìà îçíàê ïåðâèííèõ óãðóïîâàíü, ÿê³ ¿õ ñêëàäàþòü.

Çà ðåçóëüòàòàìè êëàñòåðíîãî àíàë³çó íàìè âèçíà÷åíî ñ³ì îá’ºäíàíèõ
óãðóïîâàíü, à òàêîæ òðè ïåðâèííèõ, ÿê³ íå ìàëè ñõîæîñò³ âèäîâîãî ñêëàäó
îáðàíîãî ð³âíÿ (>50,0 %). Â ïåðâèííèõ óãðóïîâàííÿõ ïð³ñíîâîäíèõ îá’ºê-
ò³â (äèâ. òàáë. 2) ïåðåâàæàëè ìàëîùåòèíêîâ³ ÷åðâè ð. Limnodrilus òà ìî-
ëþñêè, ñîëîíóâàòîâîäíèõ — ðàêîïîä³áí³ (çäåá³ëüøîãî C. volutator) òà áà-
ãàòîùåòèíêîâ³ ÷åðâè (H. diversicolor). Ïåðåë³ê äîì³íàíò³â âèÿâèâñÿ äî-
âîë³ îáìåæåíèì âæå íà ð³âí³ ïåðâèííèõ óãðóïîâàíü — 11 òàêñîí³â. Îäíå
îá’ºäíàíå óãðóïîâàííÿ ìîãëî îñâîþâàòè äåê³ëüêà ñóáñòðàò³â, çáåð³ãàþ÷è
ñòàë³ñòü òàêñîíîì³÷íî¿ ñòðóêòóðè (â çàâäàíèõ ìåæàõ ïîä³áíîñò³) òà, ðàçîì
ç òèì, ìàòè âàð³àö³¿ ñòðóêòóðè îêðåìèõ éîãî ñêëàäîâèõ (äèâ. òàáë. 3).

Ìåíøèé âïëèâ íà ôîðìóâàííÿ òàêñîíîì³÷íîãî ñêëàäó ÿê îêðåìèõ
ïåðâèííèõ óãðóïîâàíü, òàê ³ îá’ºäíàíèõ óãðóïîâàíü ìàëè ñóêóïí³ óìîâè
îêðåìèõ âîäíèõ îá’ºêò³â, ùî äëÿ äåëüòè âåëèêî¿ ïîòóæíî¿ ð³êè çäàºòüñÿ
ö³ëêîì çðîçóì³ëèì. Äåëüòà ìàº çàãàëüíó ã³äðîëîã³÷íó ñèñòåìó, âñ³ âîäí³
îá’ºêòè ìàþòü ïåâíèé çâ’ÿçîê: â ñîëîíóâàòîâîäí³ çàòîêè òà íà óçìîð’ÿ
íàäõîäÿòü ïð³ñí³ âîäè ðóêàâ³â, ïðèíîñÿ÷è ³ç ñîáîþ ðåîô³ëüí³ îðãàí³çìè, à
ó íàâ³òü íàéá³ëüø â³äîêðåìëåí³ âíóòð³øíüîäåëüòîâ³ îçåðà ïåð³îäè÷íî
ïîòðàïëÿþòü ñîëîí³ ìîðñüê³ âîäè. Äî òîãî æ äèñêðåòíîñò³ åêîñèñòåìè äå-
ëüòè ïðîòèñòî¿òü íàÿâí³ñòü âåëèêî¿ ê³ëüêîñò³ àìô³á³îíòíèõ ã³äðîá³îíò³â,
à òàêîæ òèõ, ùî ñïðîìîæí³ çä³éñíþâàòè âèñõ³äí³ ì³ãðàö³¿. Êð³ì òîãî ó
á³ëüøîñò³ âèïàäê³â âîäí³ îá’ºêòè äåëüòè ïîë³á³îòîïí³, â íèõ ïåðåâàæíî
ïðåäñòàâëåí³ âñ³ îñíîâí³ òèïè ñóáñòðàò³â. Íàïåâíå, ùî ïåðåâàæàííÿ òîãî
÷è ³íøîãî ñóáñòðàòó ìîæå âèçíà÷èòè ïåðåâàæíå óãðóïîâàííÿ âîäíîãî
îá’ºêòó, ââàæàºìî, ùî ïîäàëüø³ ö³ëåñïðÿìîâàí³ äîñë³äæåííÿ äîçâîëÿòü
âèçíà÷èòè óãðóïîâàííÿ îêðåìèõ âîäíèõ îá’ºêò³â äåëüòè ÷è ¿õí³õ òèï³â.

Íàéá³ëüøó ê³ëüê³ñòü âèä³â äîííèõ áåçõðåáåòíèõ çàðåºñòðîâàíî â ðó-
êàâàõ, íàéìåíøó — íà óçìîð’¿. Íå â³äçíà÷åíî çàëåæíîñò³ âåëè÷èíè âèäî-
âîãî áàãàòñòâà îêðåìèõ ïåðâèííèõ óãðóïîâàíü â³ä òèïó âîäíîãî îá’ºêòó
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àáî òèïó äîííîãî ñóáñòðàòó. Â òàêñîíîì³÷í³é ñòðóêòóð³ ïåðâèííèõ óãðó-
ïîâàíü â³äçíà÷åíî â³äì³ííîñò³ ó ñêëàä³ íàéáàãàòøèõ çà âèäàìè ãðóï áåç-
õðåáåòíèõ â ð³çíèõ çà ñîëîí³ñòþ âîäàõ: â ïð³ñíîâîäíèõ òà îïð³ñíåíèõ ñî-
ëîíóâàòîâîäíèõ àêâàòîð³ÿõ ïåðåâàæàëè Oligochaeta, à â á³ëüø îñîëîíå-
íèõ — Crustacea òà Polychaeta.

Á³ëüø³ñòü ïåðâèííèõ óãðóïîâàíü â ìåæàõ âîäíèõ îá’ºêò³â îäíîãî
òèïó ìàëè îäíàêîâ³ äîì³íàíòè: òàê, â ïð³ñíîâîäíèõ âîäîéìàõ íàéá³ëüø
ðîçïîâñþäæåíå áóëî óãðóïîâàííÿ ç ïåðåâàæàííÿì Limnodrilus sp., â ñîëî-
íóâàòîâîäíèõ — Corophium volutator, à â ðóêàâàõ — Limnodrilus sp. + Li-
thoglyphus naticoides. ßê ïðàâèëî, ÿêùî ó ïåâíîìó âîäíîìó îá’ºêò³ áóëè
ïðåäñòàâëåí³ ð³çí³ äîíí³ ñóáñòðàòè, äîì³íàíòè íà íèõ òàêîæ áóëè ð³çí³,
ëèøå â ðóêàâ³ Âîñòî÷íèé ÿê íà ñ³ðèõ ìóëàõ, òàê ³ íà çàìóëåíèõ ï³ñêàõ
çàðåºñòðîâàíî äîì³íóâàííÿ Limnodrilus sp. + Lithoglyphus naticoides.

Ç òî÷êè çîðó åêîëîã³÷íî¿ ñòðóêòóðè âàæëèâèì º òàêîæ ðîçïîä³ë ðåî-
ô³ëüíèõ òà ë³ìíîô³ëüíèõ âèä³â, ÿê³, íà íàøó äóìêó, ìàëè á ôîðìóâàòè
ô³ç³îíîì³êó ëîòè÷íèõ ³ ëåíòè÷íèõ ã³äðîåêîñèñòåì äåëüòè — ðóêàâ³â òà çà-
òîê ³ âíóòð³øíüîäåëüòîâèõ îçåð. Îäíàê çàçíà÷èìî, ùî îòðèìàí³ ìàòå-
ð³àëè íå âèÿâèëè ñóòòºâèõ â³äì³ííîñòåé ó âèäîâîìó ñêëàä³ ì³æ ïåâíèìè
âîäíèìè îá’ºêòàìè. Ìîæëèâî öå çóìîâëåíî âèñîêîþ ã³äðîëîã³÷íîþ àê-
òèâí³ñòþ äåëüòè, ñôîðìîâàíî¿ ïåðåïëåò³ííÿì ñòîÿ÷èõ ³ òåêó÷èõ âîä, ùî
ñïðèÿº ïåðåì³øóâàííþ ð³çíèõ ãðóï ã³äðîá³îíò³â [19, 20] òà óñêëàäíþº
â³äá³ð ìàòåð³àëó â³äïîâ³äíî äî ïîñòàâëåíî¿ çàäà÷³.

Çàãàëîì ô³ç³îíîì³êó óãðóïîâàíü äîííèõ áåçõðåáåòíèõ òà ³ºðàðõ³þ
¿õíüî¿ îðãàí³çàö³¿ â Ê³ë³éñüê³é äåëüò³ Äóíàþ ïåðåâàæíî ôîðìóº ôàêòîð
ñîëîíîñò³ âîä, óòâîðþþ÷è á³îòîïè îá’ºäíàíèõ óãðóïîâàíü, â ìåíøîìó
ñòóïåí³ — òèïè ´ðóíò³â òà âîäíèõ îá’ºêò³â, ÿê³ ôîðìóþòü ¿õí³ ñêëàäîâ³
(ïåðâèíí³ óãðóïîâàííÿ). Âñÿ äåëüòà àáî ¿¿ ÷àñòèíè (ëîòè÷í³ àáî ëåíòè÷í³
âîäí³ îá’ºêòè) óòâîðþþòü á³îòîïè óãðóïîâàíü âèùèõ ð³âí³â, ÿê³ õàðàêòå-
ðèçóþòüñÿ âèçíà÷åíèìè ïîêàçíèêàìè, ñòàëèìè ó ÷àñ³ òà ïðîñòîð³.

Âèñíîâêè

Ðîçãëÿíóòî ïðîñòîðîâó òà ³ºðàðõ³÷íó îðãàí³çàö³þ óãðóïîâàíü äîííèõ
áåçõðåáåòíèõ óêðà¿íñüêî¿ ÷àñòèíè äåëüòè Äóíàþ, âèçíà÷åíèõ çà ïîä³á-
í³ñòþ òàêñîíîì³÷íîãî ñêëàäó ³ á³îòîï³÷íîþ ïðèóðî÷åí³ñòþ, òà âñòàíîâëå-
íî, ùî ó äîâîë³ ñòðîêàòîìó áàãàòñòâ³ ç 25 ïåðâèííèõ óãðóïîâàíü çà ïîä³á-
í³ñòþ âèäîâîãî ñêëàäó âèä³ëÿºòüñÿ ñ³ì îá’ºäíàíèõ, íàéá³ëüø ïîøèðåíèõ
òà ðîçïîâñþäæåíèõ óãðóïîâàíü íàñòóïíîãî ð³âíÿ, à òàêîæ çàðåºñòðîâàíî
òðè ïåðâèííèõ óãðóïîâàííÿ, ùî õàðàêòåðèçóþòüñÿ ñâîºð³äí³ñòþ âèäîâî-
ãî ñêëàäó, íå ñõîæîãî ç ³íøèìè. Îá’ºäíàí³ óãðóïîâàííÿ ìîæóòü çàñåëÿòè
äåê³ëüêà ð³çíèõ òèï³â ñóáñòðàò³â, ñôîðìîâàíèõ â ìåæàõ ïåâíî¿ ñîëîíîñò³
âîä. Âîíè, â ñâîþ ÷åðãó, óòâîðþþòü íàñòóïíèé ð³âåíü ³ºðàðõ³¿ äîííèõ áåç-
õðåáåòíèõ — óãðóïîâàííÿ ïð³ñíèõ òà óãðóïîâàííÿ ñîëîíóâàòèõ âîä, à
íàéâèùèìè ð³âíÿìè ìè ââàæàºìî óãðóïîâàííÿ Ê³ë³éñüêîãî ðóêàâà òà äå-
ëüòè Äóíàþ çàãàëîì [19]. Íàéâèù³ ð³âí³ — öå íàñåëåííÿ óñ³õ á³îòîï³â ç
óñ³ìà òèïàìè ñóáñòðàò³â â øèðîêîìó ãðàä³ºíò³ ñîëîíîñò³ âîä, ñåðåäí³ —
íàñåëåííÿ ð³çíèõ òèï³â ´ðóíò³â â ïð³ñíèõ òà ñîëîíóâàòèõ âîäíèõ îá’ºêòàõ,
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¿õíº ðîçìåæóâàííÿ âèçíà÷àºòüñÿ ðîçïîâñþäæåííÿì âèä³â ç ð³çíèì â³äíî-

øåííÿì äî ñîëîíîñò³ âîä, ¿õí³ì ïðîíèêíåííÿì ó âîäí³ îá’ºêòè ç ð³çíîþ

ñîëîí³ñòþ òà ñï³ââ³äíîøåííÿì âèä³â ð³çíî¿ åêîëîã³÷íî¿ ñòðóêòóðè, â ïåð-

øó ÷åðãó — ïð³ñíîâîäíèõ òà ñîëîíóâàòîâîäíèõ âèä³â, ÿê³ âèçíà÷àþòü äè-

ñêðåòí³ñòü óãðóïîâàíü, òîä³ ÿê ñï³ëüí³ âèäè (35,8 % â³ä çàãàëüíîãî âèäîâî-

ãî ñêëàäó), íàâïàêè, çàáåçïå÷óþòü êîíòèíóàëüí³ñòü äîííèõ óãðóïîâàíü â

äåëüò³. ² îñòàíí³é, íàéíèæ÷èé ð³âåíü — ïåðâèíí³ óãðóïîâàííÿ, ìîçà¿÷íî

ðîçòàøîâàí³ â ð³çíîòèïíèõ âîäíèõ îá’ºêòàõ íà ð³çíèõ òèïàõ ´ðóíò³â, ÿê³

çóìîâëþþòü ¿õíº ôîðìóâàííÿ ó âîäàõ ç ð³çíîþ ñîëîí³ñòþ.
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THE COMMUNITIES OF BENTHIC INVERTEBRATES OF THE KILIIA
DANUBE DELTA

Based on the similarity of species composition, the benthic invertebrates communiti-
es of various biotopes of reservoirs, watercourses, and the seashore of Kiliia Danube Delta
are described. It is shown that their physiognomy and the hierarchy of organization mainly
form a factor of water salinity, which forms united communities biotopes, and to a lesser
extent — types of soils and water bodies, which form their components. The levels of the hi-
erarchical organization are considered: the lower level is a primary communities that mo-
saic located in various water bodies on different types of soil. The next is united communi-
ties of different substrates within salty and fresh water, and the highest is the communities
of the Kiliia arm. It is shown that the discreteness and continuity of the communities in
Delta provide freshwater and salty water invertebrate species.

Keywords: benthic invertebrates, communities, dominant species, type of soil, salinity,
water bodies of the Kiliia Danube Delta.
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ÒÐÀÍÑÊÎÐÄÎÍÍÈÕ ÂÎÄÍÈÕ ÐÅÑÓÐÑ²Â1

Îñòàíí³ì ÷àñîì âèêîðèñòàííÿ òðàíñêîðäîííèõ âîäíèõ ðåñóðñ³â ïðèâåðòàº âñå
á³ëüøå óâàãè. Íåçâàæàþ÷è íà òå, ùî ïðèáåðåæí³ êðà¿íè âèçíàþòü ïåðåâàãè òðàíñ-
êîðäîííèõ ð³÷îê ³ äîìîâëÿþòüñÿ ç ³íøèìè êðà¿íàìè áàñåéíó ð³÷êè ÷åðåç óêëàäàííÿ
óãîä, äîãîâîð³â, óçãîäæåííÿ ïðàâèë, àëå ³íîä³ ¿õ ä³ÿëüí³ñòü, ñïðÿìîâàíà íà çá³ëüøåííÿ
âëàñíèõ âèãîä, ìîæå ïðèçâåñòè äî ïîðóøåííÿ ð³âíîâàãè ó áàñåéí³ òà íàâ³òü çàãðîæó-
âàòè ìèðíîìó ñï³â³ñíóâàííþ. ×èíí³ ì³æíàðîäí³ äîãîâîðè òà äâîñòîðîíí³ ³ áàãàòî-
ñòîðîíí³ óãîäè íàðàç³ íå º äîñòàòíüî ïîâíîâàæíèìè, ùîá çîáîâ’ÿçàòè êðà¿íè ñóâîðî
äîòðèìóâàòèñü çàêîíîäàâ÷èõ ïðàâèë òà ïðèíöèï³â ñïðàâåäëèâîãî, ñòàëîãî ³ ñêîîð-
äèíîâàíîãî âèêîðèñòàííÿ âîä. Êð³ì òîãî, íàðàç³ ³ñíóþòü êîíôë³êòí³ ñèòóàö³¿ ì³æ
êðà¿íàìè, ðîçòàøîâàíèìè ó âåðõí³õ ³ íèæí³õ ÷àñòèíàõ ð³÷êîâèõ áàñåéí³â, ñòîñîâíî
âèêîðèñòàííÿ òðàíñêîðäîííèõ âîäîòîê³â ÷åðåç íåäîñêîíàë³ñòü ñàíêö³é çà ïîðóøåí-
íÿ. Ïîñòàëà íåîáõ³äí³ñòü îðãàí³çàö³¿ ñïåö³àë³çîâàíîãî ì³æíàðîäíîãî îðãàíó ç íàéâè-
ùèìè ïîâíîâàæåííÿìè â³ä óñ³õ êðà¿í äëÿ ðåãóëÿö³¿ àíòðîïîãåííî¿ ä³ÿëüíîñò³ ó
òðàíñêîðäîííèõ âîäîòîêàõ äëÿ ïðîâàäæåííÿ ¿õ ñïðàâåäëèâîãî ³ ñòàëîãî óïðàâë³ííÿ ³
ðîçâèòêó. Êð³ì òîãî, ñó÷àñí³ þðèäè÷í³ ïðèíöèïè ìàþòü áóòè ïåðåãëÿíóò³ ç ìåòîþ
çàïîâíåííÿ ïðîãàëèí ³ ñóïåðå÷íîñòåé äëÿ óíèêíåííÿ ïîòåíö³éíèõ êîíôë³êò³â ì³æ
êðà¿íàìè âåðõí³õ ³ íèæí³õ ÷àñòèí ð³÷êîâèõ áàñåéí³â.

Êëþ÷îâ³ ñëîâà: òðàíñêîðäîíí³ âîäîòîêè, âòîðèííèé àíàë³ç, ïðèáåðåæí³
êðà¿íè, ì³æíàðîäí³ êîíôë³êòè, þðèäè÷í³ ïðèíöèïè.
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It is undeniable that water plays a crucial role in the existence of all species
on the Earth, and it is considered as an indispensable component of the ecosys-
tem, which really necessitates the life of all beings. Together with the ever-inc-
reasing number of the world population, the greater demand to exploit exhaus-
tively natural resources in general and water in particular has posed a burning
problem for all States to address the collaborative equity of how to protect and
use transboundary watercourses. Many reports [11, 15, 25] have given alar-
ming warnings of the depletion of freshwater resources due to mostly human
interventions of the excessive, unplanned exploitations of transboundary wa-
tercourses. This severe process has made the world’s freshwater resources inc-
reasingly scarce and depleted, which possibly results in widespread crises, thre-
atening all species, directly human beings. In fact, most of the world’s freshwa-
ter resources are mutually shared by at least two or more countries; consequen-
tly, the States’ executive policies and people’s attitudes towards the protection
and use of freshwater resources are decisive in utilizing and preserving this va-
luable resource via appropriate international legal rules, treaties, and conventi-
ons. According to the definition terms of the clause 1, Article 1, it clearly states
that «Transboundary waters» means any surface or ground waters which mark,
cross or are located on boundaries between two or more States; wherever trans-
boundary waters flow directly into the sea, these transboundary waters end at a
straight line across their respective mouths between points on the low-water
line of their banks» [28, p. 2]. However, the scope of this paper only deals with
the analysis of international principles of protection and use of transboundary
freshwater resources management and water-related agreements with lower ri-
ver basins, typically hydrological conditions in the lower Mekong riparian ba-
sins as a case study.

The physical realities of transboundary watercourses have great impacts
on the lives of people from different countries and regions for the sustainable
development, equitable share, and reasonable use of the transboundary water-
courses. In recent years, the collaborative management in relation to internati-
onally shared watercourses has confronted many challenges for riparian States,
remarkably the flow of transboundary watercourses by hydroelectric dams
[15]. Since the 1997 UN Watercourses Convention [29] the transboundary wa-
ter cooperation among countries concerned have been increasingly emphasi-
zed to revise and renew existing, emerging rules and institutions to minimize
negative consequences as the result of legal management flaws. Despite the vi-
tal role of International Water Law and transboundary water policy areas,
many legal and policy frameworks for transboundary water management have
been unable to be incorporated by agreements among the riparian States, and
those legal documents are not totally bound to have joint institutional structu-
res liable to their joint management and cooperation, which leads to the chao-
tic exploitation of transboundary water resources [2]. According to the com-
pendium of good practices by the CADRI Partnership 2020, more than half of
the world’s 276 transboundary river basins have faced the improper cooperati-
ve management framework. Remarkably, even though there are some forms of
the presence of joint water institutions, the increasing demands on the exploi-
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tation of water resources, together with the negative impacts of climate change
has accelerated the challenges in performing international legislative water ag-
reements and making progress in transboundary watercourses cooperation
[3]. The present occurrence calls for more strengthened governance frame-
works to formulate the required capacity in order to sustainably manage all the
activities of the implementation of the legal joint-resources exploitation of
transboundary watercourses [26].

It is extremely important to promote transboundary watercourse coopera-
tion relating to its physical significance for the sake of many reasons such as po-
verty alleviation, peace and security, clean energy, ecosystem protection, and
climate change. Ensuring sustainable management of transboundary water co-
operation in regard to the mutual use and protection of the shared rivers chal-
lenges countries concerned in terms of managing transboundary rivers effici-
ently to maintain the tangible benefits from the integrated transboundary wa-
tercourses activities [33, 34]. In simple words, governing transboundary water
basins in a cooperative, equitable, and sustainable ways play a vital role in kee-
ping sustainable development, conflict prevention, peace and climate change
resilience [35]. There have been many growing concerns about lacking or weak
cooperative manners among riparian countries to address current water-rela-
ted challenges [35]. These heated controversies have fiercely urged the need to
strengthen further transboundary water cooperation to obtain great shared be-
nefits from its close collaborative actions. Consequently, it is crucial to formu-
late initiative transboundary water resources cooperation between riparian co-
untries to address a multitude of issues emerging from increasing human po-
pulations and growing demand due to the expanding economies. As a conse-
quence of on-going population growth, the need to satisfy human living condi-
tions has intensified the excessive exploitation of natural resources, especially
fossil fuels for mostly energy consumption [14]. Accordingly, fossil fuels have
become exhausted due to the excessive exploitation, so people have turned the-
ir focal exploitation to rivers for mostly hydroelectric power plants, which has a
great negative impact on natural habitats as well as climate changes [3, 9]. In re-
ality, the Water Convention [28] entails specific commitments emphasizing
transboundary riparian basins, encompassing the basis of agreements and ar-
rangements, along with joint bodies; nonetheless, the strict compliance among
shared-river countries, which have already entered the legally international
binding agreements, has not been totally observed [33].

The improper exploitation of shared rivers among upper riparian countri-
es has directly influenced badly lower riparian neighbours in respect of food
production, sustainable ecology, and industrial and domestic water use [14].
For the purpose of utilizing a non-fossil energy resource, shared-upstream ri-
parian countries keep altering the river water currents by building multi-hyd-
roelectric power plants, and pay a scarce attention to the rights of equity and
sustainable use of transboundary water resources in the lower riparian countri-
es [16]. In addition, legal documentation to impose sanctions on upstream co-
untries in the high likelihood of contaminating river water has been promulga-
ted, but this law enforcement does not act as much of a deterrent for upper ri-
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parian countries to protect water resources and respect lower riparian’s rights
[2]. To highlight the necessity of preserving ecosystem integrity while balan-
cing mutual benefits between upper and lower riparian countries regarding the
adoption and implementation of certain principles for basin agreements, this
study aims to review the influential impacts of international treaties and water
conventions governing transboundary water resources management, inclu-
ding global, multilateral treaties in the field of international water law and in-
ternational environmental law concerning the protection of transborder water
resources as well as bilateral or regional treaties and agreements on transboun-
dary water cooperations. Besides, the research also studies the rulings of the ju-
risdictions in resolving disputes related to the protection and exploitation of
transboundary watercourse resources. Basing on this investigation from the
analysis of secondary sources of primary qualitative datasets following Long-
Sutehall et al.’s model [13], the study suggests improved policies and initiative
practices for the equitable and sustainable development for lower riparian co-
untries to maintain social, economic, environmental and political inter-depen-
dencies at national, regional, and international scales. The scope of this paper
synthesizes, analyses, and evaluates the transboundary watercourses manage-
ment among lower and upper riparian countries, typically a case study of ASE-
AN-Mekong Basin Development Cooperation [20].

Current situations relating to rivers and legacies to legal normative
enforcements

With the steady population growth, the devastating scale of transboundary
water exploitation has occurred more excessively, which requires substantial
efforts between the share of rivers among countries to establish agreed mecha-
nism and processes of joint-transboundary water management. The most re-
markable documentation turns to the existence of the UN Watercourses Con-
vention [6], which stipulates a comprehensive legal framework to govern the
equitable and sustainable management of the shared rivers on account of rein-
forcing cooperation between shared water resources countries to respect key
principles of international law to avoid potential conflicts. In other words, in-
ternational treaty [6, 27] specifies legal structures empowering countries to uti-
lize water resources efficiently to maximize joint socio-economic and environ-
mental benefits. On mentioning the instrument to regulate the common use of
transboundary water, it is normally referable to the international treaties, bila-
teral and multilateral basin agreements, and principles. These normative docu-
ments state specifically the principal legal frameworks on governing shared ri-
vers, basic water administrative principles, and determining the relevant mec-
hanisms for collaborative water exploitation and dispute settlement. Currently,
the governance of transboundary waters has greatly been based on three uni-
versal legal frameworks, namely Helsinki rules, UN watercourses convention,
and UNECE water convention [6, 29, 35]. These key international legal instru-
ments have triggered more international treaties to address the great exploitati-
on of the water resources to meet the demand of the continued growth of the
world’s population.
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Although there have been many national, regional leveled conventions on
the use of transboundary waters, the excessive and endangered exploitation of
shared river resources have become burning debates among riparian countries,
especially between upstream and downstream shared-river countries regar-
ding the non-compliance of international treaties on governing transboundary
watercourses. Historically, due to the untreated release of toxic and hazardous
substances disposed into riverine systems, the alarming rate of water contami-
nation has caused increasing global concerns. This situation also stems from
long-term legacies, which requires more actions to diminish the deteriorations
of water quality. For example, the mining and ore processing of large-scale gold
and silver exploitation leads to the accumulation of mercury mine contamina-
ting severely the water dumping directly into riverine systems. For the sake of
socio-economic development, each national sanction imposed on environ-
mental polluted restriction has been likely to put under the control loosely in
the past time [4, 22]. According to [28], clause 1, Article 21 it clearly defines
that «Pollution of an international watercourse» means any detrimental altera-
tion in the composition or quality of the waters of an international watercourse
which results directly or indirectly from human conduct». It can be noted that
the aforementioned article accuses human activities of any violated action to
alter the current riverine systems to a worsened condition. In [12] the authors
assert that water pollution has negative influences on human health problems,
poisoned wildlife, and long-term ecosystem damage. In addition, the World
Bank [9] illustrates the severely negative impacts of water pollution (Fig. 1) ori-
ginating from water pollutants which are produced by human actions. In refe-
rence to clause 6, Article 1 [28] hazardous substances are defined as «Substan-
ces which are toxic, carcinogenic, mutagenic, teratogenic or bio-accumulative,
especially when they are persistent». Similarly, water pollutants are classified as
«organic pollutants, inorganic pollutants, pathogens, suspended solids, nutri-
ents and agriculture pollutants, thermal, radioactive, and other pollutants».
[36, p. 245]. As a matter of fact, although environmental law in most countries
stipulates specifically how to treat water pollutants, the costs to process them
are expensive; consequently, these pollutants are not strictly treated or unpro-
cessed before dumping into riverine systems. The main causes of water polluti-
on could be blamed for industrial activities, population growth, religious and
social practices, agricultural runoff, and accidental incidents. As such, the con-
sequences of water pollution have disastrous impacts on the ecosystem as well
as living organisms where the contamination of water pollution covers. In fact,
water quality is heavily affected by wastewater discharges, which requires pro-
per planning and management activities at national, regional scales to diminish
negative consequences of contaminated water bodies. As mentioned in previo-
us studies [5, 14, 24, 31], countries in relation to shared river resources have
currently tried their best to act in good faith to reduce the water pollution situa-
tion, but their efforts have not come up to their expectations. This explains the
reason why their ordinances are either obsolete or not legally enforceable eno-
ugh to deter the actions of anyone who contaminates the water resources. Besi-
des, water protection activities have not widely conducted to raise people’s
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awareness of their crucial roles in using, managing, and reserving water resour-

ces for their own sake and future generations [7, p. 325].
Another biggest temporary global concern is subject to the controversial

human alternation of flow regimes, which traces back to some basic sources
such as the construction of (a) dams, (b) water diversion, (c) urbanization, sea-
ling, drainage, (d) levees and channelization, and (e) groundwater pumping. Of
these burning matters, this section concentrates mainly the negative burdens of
the ever-emerging giant hydrologic power stations along the shared-river co-

25

Äåÿê³ çàêîíîäàâ÷³ ñóïåðå÷íîñò³

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2023. 59(4)

Fig. 1. The impacts of water pollution [9]



untries, especially the lower river basins. It cannot deny the benefits of dam
construction along the shared river watercourses. Specially, Zeiringer et al. [38]
enumerate some positive aspects of the presence of dams in the transboundary
river basins such as «low and high flows for flood control, electrical power ge-
neration, irrigation and municipal water needs, maintenance of recreational
reservoir levels, and navigation» [38, p. 72]. However, many published studies
[3, 14, 15] have claimed that flow regime alterations result in negative ecologi-
cal changes and other endangered consequences relative to sustainable deve-
lopment and peace. The principal cause of the flow alteration criticizes for the
continual building of large-scale dams along the shared river watercourses. It is
assumable to concede that the primitive convention concerning the develop-
ment of hydraulic power in transboundary watercourses possibly dates back to
the convention in Geneva 1923 [10], which incorporates 22 articles pivoting
the exploration and the yield of the hydraulic power. Unfortunately, when exa-
mining the detailed provisions of the convention carefully, it is clear to remark
that none of the articles entails the side effects of hydraulic power in relation to
transboundary river basins. In fact, the convention mostly stipulates the mana-
gerial rights of each State towards the exploitation of any operations for the de-
velopment of hydraulic power within its own territory in compliance with the
limits of international law. The successive, notable convention — the Helsinki
Rules [6] mainly addresses the uses of the waters of international rivers. In its
essence, the Helsinki Rules consist of 37 articles concerning deeply the gover-
nance of international rivers and international drainage basins. Similar to the
1923 convention, the Helsinki Rules do not impose any restriction on the cons-
truction of hydraulic power stations along the transboundary watercourses.
Another remarkable convention in the early 1990s done at Helsinki [28] cent-
ralizes the protection and use of transboundary watercourses and international
lakes. In particular, the clause 1, Article 3 thereof specifies 12 points (a-l) defi-
ning the prevention, control and reduction of transboundary impact. Nonethe-
less, by researching carefully the aforementioned article, together with other 27
ones, none of them refers to the governance and impact of dam construction
along the riparian basins. Remarkably, a convention on the law of the non-na-
vigational uses of international watercourses [29] takes place in 1997. This con-
vention encompasses 37 articles dealing with problems affecting many interna-
tional watercourses resulting from increasing demands and pollution. Compa-
red with previous conventions mentioned earlier, this convention constrains
factors relevant to equitable and reasonable utilization of watercourse States
(see Article 5 & 6). It is certain to state that the Convention, which was conduc-
ted in Helsinki in 1992 and became officially in effect in 1996, is considered as a
unique legally binding instrument in which the principal cores of the Conven-
tion is to promote four major aspects, namely the sustainable management of
shared water resources, the implementation of the Sustainable Development
Goals, and the prevention of conflicts, and the promotion of peace and regional
integration. Following the Convention, at its eighth session (Astana, 10—12
October 2018), the Meeting of the Parties to the Convention on the Protection
and Use of transboundary watercourses and International Lakes (Water Con-
vention) [28] promulgated the strategy for the implementation of the Conven-
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tion at the global level, and its liabilities should be regularly reviewed by the
Meeting of the Parties and its subsidiary bodies, particularly the Bureau and the
Working Group on Integrated Water Resources Management in terms of regu-
lating the riverine activities in transboundary water basins. In the same vein, at
the ninth session of the Convention (Geneva, 29 September — 1 October
2021), the focal theme of the Meeting of the Parties to the Convention on the
Protection and Use of transboundary watercourses and International Lakes
(Water Convention) [32] is to strengthen the implementation of the Conventi-
on and its principles in regard to transboundary water cooperation and sustai-
nable management of shared water resources. Nonetheless, there is still absen-
ce of the controversial hydraulic power stations along the transboundary rive-
rine systems.

Regarding the Convention on the protection and use of transboundary wa-
tercourses and international lakes, it is worth examining two official docu-
ments concerned. Firstly, Policy Guidance Note on the Benefits of Transboun-
dary Water Cooperation: Identification, Assessment and Communication [30]
consists of five chapters, which is supposed to be a resourceful guideline for ga-
ining numerous achievements of joint action deriving from experiences in
transboundary basins at a global scale. Furthermore, this Policy Guidance Note
is also expected to avail the diversified frameworks for the benefits of collabora-
tion among riparian States, where neighborly relations have mutual struggles
in solving shared-river potential benefits of cooperation. In reality, the Policy
Guidance Note places great emphasis on resolving the stagnant bottleneck of
shared-river collaborative utilization, especially a burning problem of the ne-
gative consequences resulting from the construction of dense hydroelectric po-
wer plants in the upper river basins, which poses directly negative impacts for
the lower riverine States, but this documentation hardly ever refers to the go-
vernance of building dams along the shared-river basins for the good of peace-
ful and beneficial transboundary watercourses cooperation. The second legal
enforceable documentation turns to the Principles for Effective Joint Bodies for
Transboundary Water Cooperation [31] The Principles entail the operational
aspects of bilateral or multilateral joint bodies for transboundary water coope-
ration to foster an effective and fruitful collaboration over the precious shared
water resources. Accordingly, the rationalized presence of the Principles is to
reconcile the operational diversity between the existing joint commissions and
other bodies for transboundary water cooperation to their practices in specific
hydraulic, political, economic, ecological/environmental, and social contexts.
As glimpsed from Table 1 below, it is noteworthy to recognize that the side ef-
fects of continued dam construction in the upper shared river watercourses
have not seriously been put into consideration therein.

Recognizing the importance of transboundary water cooperation, global
shared-river countries have recently done their best efforts to improve their le-
gal provisions and implement renovative sanctions to ensure that their envi-
ronmental law has to be pursuant to international law. Nonetheless, there still
exists some unsolvable problems regarding the circumstance that different Sta-
tes have applied different approaches to identify the benefits of transboundary
water cooperation which are supposed to vary either from basin to basin accor-
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ding to their economic, social, environmental and geopolitical characteristics
or the different stages of the transboundary riverine cooperation. To overcome
these obstacles, it is advisable for the shared-river countries collaboratively to
determine and select the most relevant and vital benefits of transboundary wa-
ter cooperation, which serves on the grounds that riparian States find it neces-
sary to consider their potential magnitude and other policy-relevant criteria to
jointly promulgate the best initiative policies for the purpose of equitable and
sustainable share of transboundary water resources. Table 2 UNECE [30]
exemplifies the importance of the benefits of transboundary water cooperation
as follows.

A case study relating to the fundamental flaw of Principles of
Transboundary Water Resources Management and Water-related

Agreements in Mekong riparian Cooperation

The Mekong River is reported to be one of the world’s largest rivers run-
ning through six countries — namely China, Myanmar, Thailand, Lao PDR,
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Table 1
Overview of the Principles [31, p. 19]

Establishment of structure
and function

Operation

Broad competence Procedural considerations Accountability mechanisms

Clear definition of the wa-
ters

Mechanisms for cooperati-
on and implementation

Clearly defined tasks and
powers

Clearly defined lines and
mechanisms

Adequate organizational
structure

Public participation and
stakeholder involvement

Adequate representation of
natural authorities

Neutral facilitators and ex-
ternal expertise

Coordination with other jo-
int bodies

Exchange of information
and data

Flexible agreement Selected technical aspects Ensuring the consideration
of groundwater issues

Availability of support Facilitation of impact mo-
nitoring and assessment

Regularity Capability to adapt to chan-
ge

Availability of information Early warning mechanisms

Mandate to identify and as-
sess benefits

Financial and human reso-
urces

Adequate financial and hu-
man resources

Financial sustainability



Cambodia, and through southern Vietnam into the South China Sea with the

length of approximately 4,900 km. Over the last few decades, the negative im-

pacts of human excessive activities due to the rapid population growth of rive-

rine countries concerned have posed serious challenges to the management

and development of the Mekong’s water resources. As the matter of fact, the

flow alteration stemming from intensified investments in water infrastructure
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Table 2
Typology of the potential benefits of transboundary water cooperation [30]

Origin of benefits
Benefits for economic acti-

vities
Benefits beyond economic

activities

Improved water manage-
ment

Economic benefits

• Expanded activity and
productivity in economic
sectors (aquaculture, irriga-
ted agriculture, mining,
energy generation, industri-
al production, nature-based
tourism)

• Reduced cost of carrying
out productive activities

• Reduced economic im-
pacts of water related ha-
zards (floods, droughts)

• Increased value of proper-
ty

Social and environmental
benefits

• Health impacts from imp-
roved water quality and re-
duced risk of water-related
disasters.

• Employment and reduced
poverty impacts of the eco-
nomic benefits

• Improved access to servi-
ces (such as electricity and
water supply)

• Improved satisfaction due
to preservation of cultural
resources or access to recre-
ational opportunities.

• Increased ecological integ-
rity and reduced habitat de-
gradation and biodiversity
loss

• Strengthened scientific
knowledge on water status

Enhanced trust Regional economic coopera-
tion benefits

• Development of regional
markets for goods, services
and labor

• Increase in cross-border
investments

• Development of transnati-
onal infrastructure ne-
tworks

Peace and security benefits

Strengthening of internatio-
nal law

• Increased geopolitical sta-
bility and strengthened dip-
lomatic relations

• New opportunities from
increased trust (joint initia-
tives and investments)

• Reduced risk and avoided
cost of conflict and savings
from reduced military spen-
ding

• Creation of a shared basin
identity



leads to severe natural disasters, more severely the lower riparian countries.
Confronting the significant threats of over-excessive exploitation of the Me-
kong shared-river current, especially the ongoing dam construction in the
upper riparian States, four countries of the lower Mekong basin including Tha-
iland, Lao PDR, Cambodia, and Vietnam altogether signed an agreement for
transboundary water cooperation, and formulated the Mekong River Commis-
sion (MRC) to jointly manage the shared-river water resources in a more susta-
inable and equitable manner. In other words, the 1995 Mekong Agreement
[17] ratified by the MRC enables these countries collaboratively to ensure bet-
ter development and management of the use of transboundary watercourses
for the sake of economic benefits while protecting the environment, which cha-
racterizes the central mission and goals of the MRC (see Table 3). To achieve
the strategic objectives of cooperation, the MRC organizes and delegates three
bodies, namely the Council, the Joint Committee, and the Secretariat to under-
take their respective roles and responsibilities to maximize the use of water and
well-balanced development of the riparian basin, and assist the achievements
of the Mekong’s full potential thanks to the formulation of a basin development
plan. Over the years of cooperation, the MRC has kept renovating its legal regi-
me by adopting additional protocols and arrangements to enhance more effec-
tiveness of the Agreement. It is somehow to affirm that the Mekong Agreement
is thought to function as one of the most efficient multilateral cooperative fra-
meworks for water resources management until now.

Consequently, to promote enhanced transboundary water resources ma-
nagement, the MRC has developed five sets of procedural rules and associated
technical guidelines on data sharing, water use monitoring, water use coopera-
tion, flow maintenance, and water quality. It is possibly classified that the first
three establish the process of water cooperation, while the rest set the criteria to
assess water conditions. These rules, known as the MRC Procedures, provide a
systematic and unified instrument for the implementation of the Mekong Ag-
reement. The Five sets of procedural rules could be chronologically summari-
zed in MRC Procedural Rules [19] as follows:

1. Procedures for Data and Information Exchange and Sharing (PDIES),
approved in 2001 to operationalize data and information exchange of vital wa-
ter-related indicators among the four Mekong countries;

2. Procedures for Water Use Monitoring (PWUM), approved in 2003 to
establish an effective monitoring system of water use of the Mekong and tribu-
taries by various sectors, including domestic supply, irrigation and hydropo-
wer;

3. Procedures for Notification, Prior Consultation and Agreement
(PNPCA), approved in 2003 to facilitate the cooperation on water use and de-
velopment with a set of three specific processes for proposed water infrastruc-
ture projects;

4. Procedures for the Maintenance of Flows on the Mainstream (PMFM),
approved in 2006 to set out assessment criteria and a process to monitor and
maintain adequate water flow in the Mekong and Tonle Sap rivers;
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Table 3
The 1995 Mekong Agreement [17]

Legal
Framework

Details Additional information

Scope Mekong River Basin (Art. 5). The
parties agree «To cooperate in all
fields of sustainable development,
utilization, management and con-
servation of the water and related
resources of the Mekong River Ba-
sin including, but not limited to ir-
rigation, hydro-power, navigation,
flood control, fisheries, timber flo-
ating, recreation and tourism, in a
manner to optimize the multip-
le-use and mutual benefits of all ri-
parian and to minimize the harm-
ful effects that might result from
natural occurrences and man-ma-
de activities»

It would be more accurate if the
term ‘lower Mekong Basin’ was
used, as the upper riparian States
to the Mekong — China and My-
anmar — are not parties to the ag-
reement. Thus, in the absence of a
basin-wide agreement including
all Mekong watercourse States, the
rules of customary international
law apply to the upper reaches.

Substantive
rules

The Parties agree to use ‘the waters
of the Mekong Rivers system in a
reasonable and equitable manner’
(Art. 5) subject to additional rules
to be agreed under Art. 26

The rules in Article 5 are modified
by the prescriptions in Article 6
which require the maintenance of
a minimum flow level on the ma-
instream and those in Article 7,
which provides:“[The Parties ag-
ree:] To make every effort to avoid,
minimize and mitigate harmful ef-
fects that might occur to the envi-
ronment, especially the water qu-
antity and quality, the aquatic
(ecosystem) conditions, and ecolo-
gical balance of the river system,
from the development and use of
the Mekong River Basin water re-
sources or discharge of wastes and
return flows.

Procedural
rules

Specific body of rules on notificati-
on, consultation and data exchan-
ge, elaborated in subsequent Pro-
tocols

The general rule of equitable and
reasonable utilization under the
Mekong Agreement is linked di-
rectly to a body of specific proce-
dural rules (such as notification
and consultation) that apply to in-
tra-basin and inter-basin uses of
the system. All uses of the tributa-
ries of the Mekong, including
TonlJ Sap, require notification to
the Joint Committee.

Institutional
mechanisms

The council of Ministers is the hig-
hest decision-making body for the
Mekong River Commission

The MRC is central to the imple-
mentation of the Agreement; com-
prised of 3 permanent bodies —



5. Procedures for Water Quality (PWQ), approved in 2011 to strengthen a
cooperative framework to monitor and safeguard water quality of the Mekong
and Bassac rivers with agreed sets of assessment criteria (p. 6).

Recent studies [21, 26, 37, 38] have shown that the alarming state takes pla-
ce in the upper part of the Mekong basin originating from increasing storage
for hydro-electricity generation; that is, there is a significant alteration of flows
that reports have recorded the imbalance of unusual climate occurrence when
dry season flows tend to last longer whereas flood season flows are reported
shorter for the past few years. Accordingly, rapid river level fluctuations resul-
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Legal
Framework

Details Additional information

(MRC), the oversight of the com-
mission is the responsibility of the
Joint Committee and the national
level implementation is by the Na-
tional Mekong Committee in each
contracting State. Technical and
administrative functions fall under
an operational arm, the MRC Sec-
retariat.

the Council (one member from
each participating riparian State at
the Ministerial and Cabinet level,
empowered to make policy decisi-
ons on behalf of his/her govern-
ment); the Joint Committee (one
member from each participating
riparian State at no less than Head
of Department level); and, the Sec-
retariat.

Dispute set-
tlement

MRC responsible for dispute set-
tlement (Art. 18). Disputes not re-
solved by MRC are to be referred
to governments (Art. 34; 35)

One of the functions of the Coun-
cil is «to entertain, address and re-
solve issues, differences and dispu-
tes referred to it by any Council
member, the Joint Committee, or
any member State on matters ari-
sing» under the Agreement. The
Joint Committee is also required
to «address and make every effort
to resolve issues and differences
that may arise between regular ses-
sions of the Council, referred to it
by any Joint Committee member
or member State on matters ari-
sing» under the Agreement, and
«when necessary to refer the mat-
ter to the Council». Disputes not
resolved by MRC are referred to
the Governments for negotiation,
possible mediation or eventual set-
tlement «according to the princip-
les of international law». The Ag-
reement contains no reference
tony form of compulsory third
party dispute settlement procedu-
re.

Table 3 (continued)



ting from climatic variability have become focal controversial concerns at the
regional and international scale. In reality, the human activities such as const-
ruction and uncoordinated operation of hydropower facilities have resulted in
the change of the flow environments, directly affecting water quality and natu-
ral habitat for aquatic organisms. Thus, the ecosystem services are posed under
a serious threat. To tackle the problems of climate change and related water se-
curity challenges, MRC initiates Basin Development Strategy for the Mekong
River Basin 2021—2030 & MRC Strategic Plan 2021—2025 [19] with five stra-
tegic priorities as follows:

Strategic Priority 1: Maintain the ecological function of the Mekong River
Basin

Strategic Priority 2: Enable inclusive access and utilization of the basin’s
water and related resources

Strategic Priority 3: Enhance optimal and sustainable development of wa-
ter and related sectors

Strategic Priority 4: Strengthen resilience against climate risks, extreme
floods and droughts

Strategic Priority 5: Strengthen cooperation among all basin countries and
stakeholders

Overviewing the outlook of the previous strategic plan, it is easily noted
that the proposal plan might be effective only within the territory of shared-ri-
ver basin which belongs to the sovereignty of those countries altogether signing
the transboundary watercourses convention. This plan is, however, unable to
compel Myanmar or China to comply with any sanctions, especially the 1995
Mekong Agreement as these countries are dialogue partners of the MRC, but
they have heavily influenced the Mekong watercourses because of their upstre-
am geographical location. As glimpsed from Fig. 2, dams in operation and
planned projects along the upper basin are densely constructed, which is certa-
in to cause the climate change and reduced floodwater storage capacity in the
Mekong Delta. This insoluble situation occurs not only in the Mekong River
but in other global shared rivers. Many studies [1, 18, 23, 26] and UN water
conventions have claimed the urgent actions to compensate for hydro-political
and administrative gap concerning the equitable and sustainable management
and cooperation of transboundary water resources in the world. Unfortunate-
ly, the stagnation is still facing the ineffective legal provisions of international
water law to tackle the unsolvable ongoing situation.

Briefly, there is still lack of multi-lateral cooperation of all shared-riverine
countries to be constrained by a single convention in terms of equitable and
sustainable coordination and development in the Mekong River.

Conclusion

Reports have shown that water resources have become increasingly scarce
over the past decades. Provided that water crisis takes place, it might lead to cli-
mate, health, agricultural, economic, and political crises. The construction of
legal regimes at many levels, from bilateral, multilateral or from regional to glo-
bal scales is to regulate the activities of countries with respect to transboundary
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water resources, it also demonstrates the efforts of countries in building general
rules and principles to effectively protect transboundary watercourses from its
quantitative, qualitative and ecological damages from excessive human im-
pacts, especially upper riparian States. Human activities towards shared rivers
possibly results in riverbank erosion due to construction on the opposite river-
bank of the contiguous source country, greatly increase in sedimentation due
to deforestation upstream, interfering with the flow regime, and the extinction
of a number of species. The aforementioned facts demonstrate that the impor-
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Fig. 2. Sub-basins, major rivers and evaluation of the Upper Mekong River Basin in China
[8]



tance of establishing legal frameworks is to regulate the behaviour of countries
to ensure the sustainable, reasonable and equitable exploitation and use of
transboundary water resources to protect the survival of each country as well as
of all mankind. It is necessary to use international legal principles and norms to
govern riparian countries to prevent, limit and respond to negative impacts on
the quantity, quality and ecology of transboundary water resources. Thus, in-
ternational water law is a legal instrument to ensure that all shared-river count-
ries, especially downstream countries, have the opportunity to enjoy the bene-
fits from international water sources on an equitable and sustainable basis,
which protects these countries against the acts of «monopoly on water resour-
ces» of upstream countries, and simultaneously ensures the use of transboun-
dary water resources of a country not to harm its interests and other countries,
and the needs of future use; thereby, it contributes to ensuring the peaceful and
friendly relationship between riparian countries.

On the basis of the provisions of the UNWC Convention [29], the UNECE
Convention [32] regional and bilateral treaties on transboundary watercour-
ses, a legal framework for the protection of shared-river water resources has
been formed; however, this legal framework is also revealing certain limitati-
ons. As a global multilateral treaty, the UNWC Convention still has the nature
of a framework treaty, establishing fundamental issues, and the basis for activi-
ties to protect transboundary water sources. Although the UNECE Convention
is more binding and specific than the UNWC Convention, providing for mem-
bership expansion since 2003, there is no country being a member of UNECE
participating in UNECE Convention because one of the main reasons is that
the UNECE Convention is a legal document of developed countries, so other
countries, especially developing countries, have to consider carefully when ac-
ceding to this Convention. Although there are many bilateral or regional treati-
es, they have only limited scope or content. Therefore, from the basic provisi-
ons of the UNWC Convention, it is necessary to develop more global legal tools
to serve as the basis for the establishment of more detailed legal frameworks in
the protection and use of transboundary watercourses. In other words, current
legal rules and principles encompass four weaknesses; that is, (1) the legislative
gap between water law’s aspiration to ensure all riparian States enjoy a sustai-
nable and equitable share of transboundary watercourses and enforceable con-
straints for powerful and wealthy States to restrict their unilateral actions thre-
atening the well-being of the downstream countries; (2) the legislative gap bet-
ween practical research into global climate change stemming from water flow
alteration, which requires flexible management regimes, and the legal, long-
standing objectives of promoting all riparian States to jointly negotiate com-
mon entitlement treaties to secure the stability necessary for infrastructure in-
vestment; (3) the conservation of aquatic ecosystems is somehow affected by
inconsistent and consumptive principles and norms despite recent, conside-
rable efforts to renovate the preservative regulations on the aquatic ecosystems
of transboundary water resources; and (4) the repetitive construction of lar-
ge-scale dams, popularly in the upstream, results in the flow alteration, negati-
ve climate change, and aquatic ecosystems, especially the adverse endurance of
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the lower riparian countries. To improve the effectiveness of the protection and
use of transboundary water sources, it is necessary to perfect the legislative wa-
ter sanctions and a single international management apparatus to regulate all
shared-river alteration activities and ensure the implementation of the interna-
tional water law for the purpose of sustainable and equitable management and
share among the riparian States.
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SOME LEGAL CONTROVERSIES ON EQUITABLE AND SUSTAINABLE
UTILIZATION OF TRANSBOUNDARY WATER RESOURCES IN PRACTICE (ON

THE EXAMPLE OF THE MEKONG RIVER)

The use of transboundary water resources has gained internationally special attention
for the past time. Although riparian countries recognize the benefits of cross-border rivers
and enter into an agreement with countries sharing the transboundary rivers by legal rules,
treaties and principles, they have done excessively riverine exploitation activities to maxi-
mize their socio-economic benefits causing the imbalance of the ecosystems and peace. In-
ternational treaties, bilateral and multilateral basin, and principles are currently not enfor-
ceable enough to compel riparian countries strictly to comply with these legal rules and
principles on the equitable and sustainable water coordination and development. Besides,
there still exists internal conflicts among the upper and lower riparian countries on the use
of transboundary river watercourses due to defective sanctions of transboundary water
use. There is an urgent need to establish a specialized international water management
commission designated by all nations with the utmost power to regulate human related ac-
tivities concerning transboundary watercourses to govern equitable and sustainable mana-
gement and development. Besides, current international law principles have to be revised
to bridge the gap of disagreement and potential conflicts between the lower and upper ripa-
rian States.

Keywords: transboundary watercourses, secondary analysis, riparian countries, inter-
nal conflicts, principles.
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ÂÏËÈÂ ÏÐÈÐÎÄÍÎÃÎ ØÊ²ÄÍÈÊÀ ÍÀ ÐÎÇÂÈÒÎÊ
²ÍÂÀÇ²ÉÍÎÃÎ ÂÈÄÓ PISTIA STRATIOTES L. Ó

ÂÎÄÎÉÌÀÕ ÎÊÎËÈÖÜ ÊÈªÂÀ

Ó 2020 ð. ó âîäîéìàõ ë³âîáåðåæíî¿ çàïëàâè Äí³ïðà íèæ÷å Êèºâà áóâ çàðåºñòðîâà-
íèé ìàñîâèé ðîçâèòîê ³íâàç³éíîãî âèäó Pistia stratiotes, á³îìàñà ÿêîãî ñÿãàëà 10 êã/ì2.
Ó 2021 ð. íà öèõ æå âîäîéìàõ ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó ï³ñò³¿ áóëè çíà÷íî ìåíøè-
ìè ³ ñêëàäàëè 6—15 % â³ä ìèíóëîð³÷íèõ, ïðè öüîìó á³ëüø³ñòü îñîáèí áóëè óðàæåí³ ëà-
òàòòºâîþ ïîïåëèöåþ Rhophalosiphum nymphaea ³ ìàëè ïðèãí³÷åíèé âèãëÿä òà ïî-
æîâêëå ëèñòÿ. ²íòåíñèâí³ñòü óðàæåííÿ ï³ñò³¿ ïîïåëèöåþ ñÿãàëà ê³ëüêîõ ñîòåíü åêç.
íà 1 åêç. ï³ñò³¿. Åêñòåíñèâí³ñòü óðàæåííÿ ïîïåëèöåþ áóëà íåð³âíîì³ðíà: â³ä 100 %
ðîñëèí äî 20 % â íàéìåíø ïîñòðàæäàëèõ ñêóï÷åííÿõ. Çàãàëîì, ÷àñòèíà ðîñëèí, óðà-
æåíèõ ïîïåëèöåþ, ñêëàäàëà áëèçüêî 70 % â³ä çàãàëüíî¿ ê³ëüêîñò³. Ëàòàòòºâà ïîïåëè-
öÿ º ïîøèðåíèì â Óêðà¿í³ âèäîì, òîæ ï³ñò³ÿ ìàº òóò ïðèðîäíîãî âîðîãà, ÿêèé ìîæå
âèÿâèòèñü åôåêòèâíèì çàñîáîì êîíòðîëþ ¿¿ ïîøèðåííÿ.

Êëþ÷îâ³ ñëîâà: ³íâàç³éíèé âèä, á³îëîã³÷íèé êîíòðîëü, Pistia stratiotes, Rhophalo-
siphum nymphaea.

Ï³ñò³ÿ ò³ëîð³çîâèäíà (Pistia stratiotes L.), â³äîìà òàêîæ ï³ä íàçâîþ «âî-
äÿíèé ñàëàò» — òðîï³÷íà âîäÿíà ðîñëèíà, ùî ïëàâàº íà ïîâåðõí³ âîäè.
Âîíà øèðîêî ðîçïîâñþäæåíà ó òðîï³÷í³é òà ñóáòðîï³÷í³é çîíàõ òà ì³ñöÿ-
ìè äîñÿãàº ìàñîâîãî ðîçâèòêó, óòâîðþþ÷è íà ïîâåðõí³ âîäîéì ñóö³ëüíèé
êèëèì. Â ìåæàõ òðàäèö³éíîãî àðåàëó ìàñîâèé ðîçâèòîê ï³ñò³¿ ñòðèìóºòü-
ñÿ ¿¿ ïðèðîäíèìè âîðîãàìè. Àëå, ç³ çì³íîþ êë³ìàòó, ï³ñò³ÿ ïî÷àëà ïîøè-
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ÇÀÃÀËÜÍÀ Ã²ÄÐÎÁ²ÎËÎÃ²ß

1 Ðîáîòó âèêîíàíî çà ðàõóíîê áþäæåòíî¿ ïðîãðàìè «Ï³äòðèìêà ðîçâèòêó ïð³îðè-
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ðþâàòèñü òàêîæ ³ â êðà¿íàõ ïîì³ðíîãî ïîÿñó, äå ïðèðîäíèõ âîðîã³â ó íå¿
ìàéæå íåìà. Â òàêèõ ì³ñöÿõ ìàñîâèé ðîçâèòîê ï³ñò³¿ ìîæå ñòàòè íåêîíò-
ðîëüîâàíèì, ùî ïðèçâîäèòü äî çíà÷íèõ åêîíîì³÷íèõ çáèòê³â òà äî äåãðà-
äàö³¿ ì³ñöåâèõ âîäíèõ åêîñèñòåì.

Ìàñîâå ïîøèðåííÿ ï³ñò³¿ ïîâ’ÿçàíå ç ¿¿ ïîïóëÿðí³ñòþ ó àêâàð³óì³ñò³â
òà ëàíäøàôòíèõ äèçàéíåð³â. ², õî÷à çàçâè÷àé òàê³ åêçåìïëÿðè íå ïåðåæè-
âàþòü çèìó òà íå ñòâîðþþòü ñòàá³ëüíî¿ ïîïóëÿö³¿, ñèòóàö³ÿ ìîæå çì³íè-
òèñÿ.

Ó âîäîéìàõ ªâðîïè ï³ñò³ÿ ç’ÿâèëàñÿ ó äðóã³é ïîëîâèí³ ÕÕ ñò. Âïåðøå
âîíà áóëà çàðåºñòðîâàíà ó êàíàëàõ Í³äåðëàíä³â â 1973 ð. [18]. Ó 1998 ð.
çàô³êñîâàíèé ìàñîâèé ðîçâèòîê ï³ñò³¿ ó âîäîéìàõ ï³âíî÷³ ²òàë³¿ [11], íèí³
âîíà ïîøèðåíà ïðàêòè÷íî ïî âñ³é ²òàë³¿ [10]. Â öåíòðàëüí³é ªâðîï³ ï³ñò³ÿ
çíàéäåíà ó ×åõ³¿ [22], Ôðàíö³¿ [13, 19], Ñåðá³¿ [24] òà â äåÿêèõ ³íøèõ
êðà¿íàõ. Îñòàíí³ìè ðîêàìè ï³ñò³ÿ íåð³äêî çóñòð³÷àºòüñÿ â ðàéîí³ Âåëèêèõ
Îçåð (ÑØÀ) [6].

Äëÿ áîðîòüáè ç ï³ñò³ºþ âèêîðèñòîâóþòüñÿ õ³ì³÷í³ (ãåðá³öèäè), ìå-
õàí³÷í³ (ïðèáèðàííÿ ç âîäîéì) òà á³îëîã³÷í³ (ðîçâåäåííÿ òà ³íòðîäóêö³ÿ
ïðèðîäíèõ âîðîã³â) ìåòîäè. Àëå õ³ì³÷í³ ìåòîäè º íàäòî øê³äëèâèìè äëÿ
âîäíèõ åêîñèñòåì, ìåõàí³÷í³ — äîðîã³ òà ìàëîåôåêòèâí³, à á³îëîã³÷í³ îá-
ìåæåí³ íèçüêîþ ê³ëüê³ñòþ ïðèäàòíèõ äëÿ öüîãî âèä³â. Çîêðåìà, äëÿ á³î-
ëîã³÷íî¿ áîðîòüáè ç ï³ñò³ºþ íàé÷àñò³øå âèêîðèñòîâóþòü òðîï³÷íîãî ï³â-
äåííîàìåðèêàíñüêîãî äîâãîíîñèêà Neohydronomus affinis Hustache [15,
17, 23]. ²íøèì åôåêòèâíèì ìåòîäîì º ³íòðîäóêö³ÿ òà¿ëàíäñüêî¿ ï³ñò³ºâî¿
ëèñòîêðóòêè Spodoptera pectinicornis (Lepidoptera : Noctuidae) [8, 14]. Íà
æàëü, ö³ ïðèðîäí³ øê³äíèêè òàêîæ º òðîï³÷íèìè âèäàìè, òîæ ìîæëè-
âîñò³ âèêîðèñòàííÿ ¿õ â óìîâàõ ïîì³ðíîãî êë³ìàòó äóæå îáìåæåí³.

Â Óêðà¿í³ ïåðø³ çíàõ³äêè ï³ñò³¿ áóëè çàðåºñòðîâàí³ ï³ä Êèºâîì ó 2005
ð. Â³äòîä³ âîíà íåîäíîðàçîâî òðàïëÿëàñÿ òóò ó ïðèðîäíèõ âîäîéìàõ, àëå
ìàñîâîãî ðîçâèòêó íå äîñÿãàëà [4, 7]. Ó 2013—2014 ðð. ìàñîâèé ñïàëàõ
ï³ñò³¿ áóâ çàðåºñòðîâàíèé íà ð. Ñ³âåðñüêèé Äîíåöü â îêîëèöÿõ Õàðêîâà [1,
3]. Öåé ñïàëàõ ñòàâ ïðè÷èíîþ åêîíîì³÷íèõ òà ñîö³àëüíèõ ïðîáëåì (îáìå-
æåííÿ ñóäíîïëàâñòâà, ðåêðåàö³¿ òà ðèáîëîâë³), íà áîðîòüáó ç ï³ñò³ºþ ëèøå
ç îáëàñíîãî áþäæåòà áóëî âèä³ëåíî á³ëüøå 6 ìëí. ãðèâåíü.

Ñë³ä â³äçíà÷èòè, ùî çà äàíèìè À.Ã. Âàñåíêî òà Ã.Ù. Êàçàð³íîâî¿,
íàéá³ëüø ìàñîâèì ðîçâèòîê ï³ñò³¿ ó Ñ³âåðñüêîìó Äîíö³ áóâ ó 2013 ð., ó
2014 ð. á³îìàñà òà çàéíÿò³ ïëîù³ áóëè ïîì³òíî ìåíøèìè, à â 2015 ð. ï³ñò³ÿ
çóñòð³÷àëàñü íà öèõ âîäîéìàõ ëèøå ó âèãëÿä³ îêðåìèõ íåâåëèêèõ ñêóï-
÷åíü.

Ó öüîìó êîíòåêñò³ àêòóàëüíîþ º ³íôîðìàö³ÿ ïðî ì³ñöåâ³ âèäè êîìàõ,
ÿê³ ìîæóòü âðàæàòè ï³ñò³þ, îáìåæóþ÷è ¿¿ ðîçâèòîê. Çîêðåìà òàêîþ º ëà-
òàòòºâà ïîïåëèöÿ Rhophalosiphum nymphaeae (Linnaeus, 1761) — äâîäîì-
íèé ãîëîöèêë³÷íèé âèä. Ïåðâèííîþ êîðìîâîþ ðîñëèíîþ äëÿ íüîãî º
ð³çíîìàí³òí³ âèäè ð. Prunus, íà íèõ ³ç çèìóþ÷èõ ÿºöü íàâåñí³ âèëóïëþþ-
òüñÿ ëè÷èíêè, ç ÿêèõ âèðîñòàþòü ñàìêè-çàñíîâíèö³, ÿê³ â³äðîäæóþòü ïî-
êîë³ííÿ ïàðòåíîãåíåòè÷íèõ ñàìîê. Â ê³íö³ òðàâíÿ ïîïåëèö³ ì³ãðóþòü íà
ð³çíîìàí³òí³ íàâêîëîâîäí³ ðîñëèíè (âèäè ðîä³â Alisma, Butomus, Callitri-

41

Âïëèâ ïðèðîäíîãî øê³äíèêà íà ðîçâèòîê ³íâàç³éíîãî âèäó Pistia stratiotes L.

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2023. 59(4)



che, Echinodorus, Euryale, Juncus, Lemna, Nelumbo, Nuphar, Nymphaea, Pota-
mogeton, Sagittaria, Sparganium, Spirodela, Triglochin, Typha òîùî) [9]. Íà
íèõ óòâîðþþòü ù³ëüí³ êîëîí³¿ íà âåðõíüîìó áîö³ ëèñòê³â. Ïðè öüîìó êî-
ìàõè ìîæóòü âèæèâàòè ïðè êîðîòêî÷àñíîìó ïåðåáóâàíí³ ï³ä âîäîþ.
Ïðîòÿãîì ñåçîíó ðîçâèâàºòüñÿ äî âîñüìè ïîêîë³íü. Á³îëîã³ÿ òà ô³òîïàòî-
ëîã³÷íå çíà÷åííÿ R. nymphaeae äîñèòü äîáðå âèâ÷åí³ òà îïèñàí³ â ë³òåðà-
òóð³ [5, 9, 12].

²ñíóº äîñâ³ä âèêîðèñòàííÿ R. nymphaeae äëÿ á³îëîã³÷íî¿ áîðîòüáè ç
âîäíèì áóð’ÿíîì (Heteranthera limosa (Swartz) Willdenow), ÿêèé øêîäèòü
ïîñ³âàì ðèñà â Êàë³ôîðí³¿. Åêñïåðèìåíòàëüíî äîâåäåíî, ùî âèêîðèñòàí-
íÿ ïîïåëèö³ çíèæóâàëî á³îìàñó H. limosa íà 58 ³ 87 % çà äâà ðîêè [20].

Ó 2020 ð. ìàñîâèé ðîçâèòîê ï³ñò³¿ áóâ çàðåºñòðîâàíèé íà çàïëàâíèõ
âîäîéìàõ ë³âîáåðåææÿ Äí³ïðà íèæ÷å Êèºâà, äå ï³ä ÷àñ íàéá³ëüø ìàñîâî¿
âåãåòàö³¿ â ê³íö³ ë³òà äî 80 % âîäíî¿ ïîâåðõí³ áóëî âêðèòî ñêóï÷åííÿìè
ðîñëèí, á³îìàñà ÿêèõ ñÿãàëà 10 êã/ì2 [16, 21]. Ó 2021 ð. íà öèõ æå âîäîéìàõ
âîäÿíèé ñàëàò çàéìàâ íå á³ëüøå 5 % ïîâåðõí³, õî÷à êë³ìàòè÷í³ óìîâè
ñóòòºâî íå çì³íèëèñÿ. Ïðè öüîìó âñÿ ïîïóëÿö³ÿ ï³ñò³¿ áóëà óðàæåíà R.
nymphaeae, ùî ìîãëî áóòè îäíèì ç ÷èííèê³â òàêî¿ çíà÷íî¿ äåãðàäàö³¿
ï³ñò³¿, òà ùî ñâ³ä÷èòü ïðî íàÿâí³ñòü ó íå¿ ïðèðîäíèõ âîðîã³â â äàí³é êë³ìà-
òè÷í³é çîí³.

Ïðåäìåòîì äàíî¿ ñòàòò³ ñòàëî äîñë³äæåííÿ ïîïóëÿö³¿ ï³ñò³¿ òà ¿¿ ïðè-
ðîäíèõ âîðîã³â ó ò³é ñàì³é ñèñòåì³ âîäîéì.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ê³ëüê³ñíèé ðîçâèòîê òà ô³ç³îëîã³÷íèé ñòàí ïîïóëÿö³é P. stratiotes
äîñë³äæóâàëè ó 2020—2021 ðð. íà âîäîéìàõ ë³âîáåðåæíî¿ çàïëàâè Äí³ïðà
íèæ÷å Êèºâà. Îö³íþâàëè ðîçì³ðè ðîñëèí, ¿õ ñèðó ìàñó, ù³ëüí³ñòü íà ì2 òà
ïèòîìó á³îìàñó. Ïëîùó, çàéíÿòó çàðîñòÿìè ï³ñò³¿ ó 2020 ð., ðîçðàõîâóâàëè
íà îñíîâ³ ñóïóòíèêîâèõ äàíèõ [2], à ó 2021 ð. øëÿõîì àíàë³çó íàòóðíèõ
ôîòîãðàô³é (îáðàõîâóâàëè ÷àñòêó ïîâåðõí³ âîäíîãî äçåðêàëà, çàéíÿòó
ðîñëèíàìè P. stratiotes). Óðàæåííÿ ï³ñò³¿ ïîïåëèöåþ ðåºñòðóâàëè ôîòî-
ô³êñàö³ºþ, çðàçêè óðàæåíèõ ðîñëèí çáèðàëè âðó÷íó òà ô³êñóâàëè åòèëî-
âèì ñïèðòîì äëÿ ïîäàëüøîãî âèçíà÷åííÿ ïîïåëèöü.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ï³ñëÿ ìàñîâîãî ðîçâèòêó ï³ñò³¿ ó 2020 ð. ìè çä³éñíþâàëè ïîñò³éíèé
ìîí³òîðèíã âîäîéì, äå öåé ðîçâèòîê áóâ çàðåºñòðîâàíèé. Êëþ÷îâ³ ñòàíö³¿
ñïîñòåðåæåíü âêàçàí³ íà ðèñóíêó 1.

Ïðîòÿãîì çèìè 2020—2021 ð. âåãåòóþ÷èõ îñîáèí ï³ñò³¿ íà àêâàòîð³¿,
ùî äîñë³äæóâàëàñÿ, âèÿâëåíî íå áóëî, â ò.÷. ³ â íåçàìåðçàþ÷îìó êàíàë³
Áîðòíèöüêî¿ ñòàíö³¿ àåðàö³¿. Ó 2021 ð. ïåðø³ îñîáèíè ï³ñò³¿ áóëè çàðåºñò-
ðîâàí³ â ëèïí³, íàéá³ëüø ìàñîâîãî ðîçâèòêó ïîïóëÿö³ÿ ï³ñò³¿ äîñÿãëà ó âå-
ðåñí³, àëå ¿¿ ê³ëüê³ñí³ õàðàêòåðèñòèêè áóëè çíà÷íî ìåíøèìè, í³æ ó 2020 ð.
Çîêðåìà, â³äñîòîê àêâàòîð³¿ âîäîéìè, âêðèòèé ï³ñò³ºþ, ñêëàäàâ ó âåðåñí³
2021 ð. 5 % ïðîòè 80 % ó âåðåñí³ 2020 ð., à ìàêñèìàëüíà ñèðà á³îìàñà ó
ñêóï÷åííÿõ ñÿãàëà, â³äïîâ³äíî, 1,5 êã/ì2 ïðîòè 10 êã/ì2 (ðèñ. 2, à, á).
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Òàêîæ âñòàíîâëåíî, ùî çíà÷íà ÷àñòèíà ðîñëèí áóëà óðàæåíà ïîïåëè-

öåþ R. nymphaeae, ³íòåíñèâí³ñòü óðàæåííÿ ñÿãàëà ê³ëüêîõ ñîòåíü åêç. ïî-

ïåëèö³ íà 1 åêç. ï³ñò³¿. Ðîñëèíè, óðàæåí³ ïîïåëèöåþ, ÷àñòî ìàëè ïðèãí³÷å-

íèé âèãëÿä, çîêðåìà, íå äîñÿãàëè ìàêñèìàëüíî ìîæëèâîãî ðîçì³ðó (ó
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Ðèñ. 1. Ðîçòàøóâàííÿ ñòàíö³é ñïîñòåðåæåíü â îç. Çîëî÷å òà ïðèëåãëèõ âîäîéìàõ

Ðèñ. 2. Îçåðî Çîëî÷å: à — âåðåñåíü 2020 ð.; á — âåðåñåíü 2021 ð.



2020 ð. ðîçì³ðè îêðåìèõ ðîñëèí ñÿãàëè 40 ñì. ó ä³àìåòð³) òà ìàëè ïîæîâê-
ëå ëèñòÿ (ðèñ. 3). Åêñòåíñèâí³ñòü óðàæåííÿ ïîïåëèöåþ áóëà íåð³âíî-
ì³ðíà: â³ä 100 % ðîñëèí (ÿê íà ðèñ. 2) äî 20 % â íàéìåíø ïîñòðàæäàëèõ
ñêóï÷åííÿõ. Çàãàëîì, çà íàøîþ îö³íêîþ, ÷àñòèíà ðîñëèí, óðàæåíèõ ïîïå-
ëèöåþ, ñêëàäàëà áëèçüêî 70 % çàãàëüíî¿ ê³ëüêîñò³ ðîñëèí.

Òàêèì ÷èíîì, ìàñîâèé ðîçâèòîê R. nymphaeae íà ï³ñò³¿ ìîæå áóòè îä-
íèì ç ÷èííèê³â êîíòðîëþ çà íàäì³ðíîþ âåãåòàö³ºþ öüîãî ³íâàç³éíîãî
âèäó.
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Ðèñ. 3. Ðîñëèíè ï³ñò³¿, óðàæåí³ ïîïåëèöåþ



Ìàñîâå óðàæåííÿ ï³ñò³¿ ïîïåëèöåþ R. nymphaeae íà òåðèòîð³¿ Óê-
ðà¿íè áóëî çàô³êñîâàíå âïåðøå. Ï³ä ÷àñ ïîïåðåäí³õ ñïàëàõ³â ðîçâèòêó
ï³ñò³¿ â Óêðà¿í³ ñïîñòåðåæåííÿ çà ¿¿ øê³äíèêàìè íå ïðîâîäèëîñü. Ïðè
öüîìó ìàñîâèé ðîçâèòîê ï³ñò³¿, çîêðåìà, íà ð. Ñ³âåðñüêèé Äîíåöü, òðè-
ìàâñÿ ìàêñèìóì ð³ê — äâà, ï³ñëÿ ÷îãî ïîïóëÿö³ÿ ð³çêî ñêîðî÷óâàëàñü àáî
çîâñ³ì çíèêàëà. Íå âèêëþ÷åíî, ùî îäíèì ç ÷èííèê³â ñêîðî÷åííÿ ïîïó-
ëÿö³é ï³ñò³¿ â Óêðà¿í³ áóëî óðàæåííÿ ¿¿ ïîïåëèöåþ R. nymphaeae, ÿêà â
Óêðà¿í³ º äîñèòü ïîøèðåíèì âèäîì. Ï³ä ÷àñ ñïàëàõó ï³ñò³¿ ï³ä Êèºâîì ó
2020 ð. ìàñîâîãî óðàæåííÿ ðîñëèí ïîïåëèöåþ â³äì³÷åíî íå áóëî. Ó 2021 ð.
íà òèõ æå âîäîéìàõ ðîçâèòîê ï³ñò³¿ áóâ çíà÷íî ñëàáøèì. Îäíàê, ìè íå ìî-
æåìî ñòâåðäæóâàòè, ùî ñàìå âïëèâ ïîïåëèö³ ïðèçâ³â ó 2021 ð. äî çíà÷íî
ñëàáøîãî ðîçâèòêó ï³ñò³¿, í³æ ó 2020 ð., àäæå â ïðèðîäíèõ óìîâàõ éîãî íå-
ìîæëèâî â³ää³ëèòè â³ä ä³¿ ³íøèõ ÷èííèê³â. Àëå î÷åâèäíî, ùî ëàòàòòºâà
ïîïåëèöÿ çäàòíà ìàñîâî ðîçìíîæóâàòèñü íà ï³ñò³¿ â íàøèõ êë³ìàòè÷íèõ
óìîâàõ ³ çàâäàâàòè ¿é ïîì³òíî¿ øêîäè.

Îòæå, ñë³ä çàçíà÷èòè, ùî â óìîâàõ Óêðà¿íè Pistia stratiotes ìàº ïðè-
ðîäíîãî øê³äíèêà, ÿêèé çäàòåí çàâäàâàòè ¿é ïîì³òíî¿ øêîäè. Â óìîâàõ íå-
òèïîâî¿ äëÿ ñåáå êë³ìàòè÷íî¿ çîíè, ïîïóëÿö³¿ Pistia stratiotes º íåñò³éêèìè,
òîæ íàâ³òü â³äíîñíî íåâåëèêèé íåãàòèâíèé âïëèâ ìîæå âèÿâèòèñü äëÿ
íèõ êðèòè÷íèì. Ñë³ä çàóâàæèòè, ùî âèêîðèñòàííÿ ì³ñöåâîãî âèäó-øê³ä-
íèêà â ÿêîñò³ ìåòîäà á³îëîã³÷íî¿ áîðîòüáè ç ³íâàç³éíèì âèäîì-ïðèáóëü-
öåì º á³ëüø áåçïå÷íèì ç åêîëîã³÷íî¿ òî÷êè çîðó, í³æ âèêîðèñòàííÿ äëÿ
ö³º¿ ìåòè ³íòðîäóêîâàíèõ âèä³â-øê³äíèê³â, íàñë³äêè çàñòîñóâàííÿ ÿêèõ
ìîæóòü áóòè íåïåðåäáà÷óâàíèìè.

Âèñíîâêè

Â öåíòðàëüí³é Óêðà¿í³, çîêðåìà, ó âîäîéìàõ Êèºâà ³ îêîëèöü äåäàë³
÷àñò³øå ñïîñòåð³ãàþòüñÿ ñïàëàõè ìàñîâîãî ðîçâèòêó ³íâàç³éíîãî âèäó Pis-
tia stratiotes L., ÿê³ çàâäàþòü ÷èìàëî¿ øêîäè ïðèðîäíèì åêîñèñòåìàì. Ïðè
öüîìó íàéá³ëüø ìàñîâèé ðîçâèòîê, çàçâè÷àé, ñïîñòåð³ãàºòüñÿ ïðîòÿãîì
ïåðøîãî ðîêó, à ó íàñòóïí³ ðîêè ïîïóëÿö³ÿ P. stratiotes ñóòòºâî ñêîðî-
÷óºòüñÿ.

Íà íàñòóïíèé ð³ê ï³ñëÿ ìàñîâîãî ñïàëàõó ïîïóëÿö³ÿ P. stratiotes ó
äîñë³äæåíèõ âîäîéìàõ áóëà ìàñîâî óðàæåíà ëàòàòòºâîþ ïîïåëèöåþ Rho-
phalosiphum nymphaeae (L.) ³ ìàëà çíà÷íî ìåíø³ õàðàêòåðèñòèêè ðîçâèò-
êó, ¿¿ ê³ëüê³ñí³ ïîêàçíèêè ñêëàäàëè 6—15 % â³ä ìèíóëîð³÷íèõ, ðîñëèíè,
ùî çàçíàëè íàéá³ëüø ìàñîâîãî óðàæåííÿ ïîïåëèöåþ, âèãëÿäàëè ïðèã-
í³÷åíî, ¿õ ñåðåäí³é ðîçì³ð áóâ çíà÷íî ìåíøèì çà òîé, ùî ñïîñòåð³ãàâñÿ â
ö³é æå ëîêàö³¿ ðîêîì ðàí³øå.

²íòåíñèâí³ñòü óðàæåííÿ ï³ñò³¿ ïîïåëèöåþ ñÿãàëà ê³ëüêîõ ñîòåíü åêç.
íà 1 åêç. ï³ñò³¿. Ðîñëèíè, óðàæåí³ ïîïåëèöåþ, ÷àñòî ìàëè ïðèãí³÷åíèé âèã-
ëÿä òà ìàëè ïîæîâêëå ëèñòÿ. Åêñòåíñèâí³ñòü óðàæåííÿ ïîïåëèöåþ áóëà
íåð³âíîì³ðíà: â³ä 100 % ðîñëèí äî 20 % â íàéìåíø ïîñòðàæäàëèõ ñêóï-
÷åííÿõ. Çàãàëîì, ÷àñòèíà ðîñëèí, óðàæåíèõ ïîïåëèöåþ, ñêëàäàëà áëèçüêî
70 % â³ä çàãàëüíî¿ ê³ëüêîñò³.
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Ìàñîâå óðàæåííÿ ï³ñò³¿ ëàòàòòºâîþ ïîïåëèöåþ ñâ³ä÷èòü ïðî íàÿâ-
í³ñòü ó öüîãî ³íâàç³éíîãî âèäó ïðèðîäíèõ âîðîã³â â íàøèõ óìîâàõ, ùî
ìîæå âèÿâèòèñü åôåêòèâíèì çàñîáîì êîíòðîëþ éîãî ïîøèðåííÿ.
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THE INFLUENCE OF A NATURAL PEST ON THE DEVELOPMENT OF THE
INVASIVE SPECIES PISTIA STRATIOTES L. IN VATER BODIES NEAR KYIV

In 2020, the mass development of the invasive species Pistia stratiotes, the biomass of
which reached 10 kg/m2, was registered in the water bodies of the left-bank floodplain of
the Dnieper below Kyiv. In 2021, in the same water bodies, the quantitative indicators of
pistia development were significantly lower and amounted to 6—15 % of last year’s, while
most individuals were affected by the water lily aphid Rhophalosiphum nymphaea and loo-
ked depressed. The intensity of the impression of the pistia by the aphid reached several
hundred specimens for 1 specimen of pistia Plants affected by aphids often had a depressed
look and yellowed leaves. The extent of aphid damage was uneven: from 100 % of plants to
20 % in the least affected clusters. In general, the part of plants affected by aphids was about
70 % of the total number.

Water lily aphid is a widespread species in Ukraine, so pistia has a natural enemy here,
which can prove to be an effective means of controlling its spread.

Keywords: invasive species, biological control, Pistia stratiotes, Rhophalosiphum nym-
phaea.
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ÑÓ×ÀÑÍÈÉ ÑÒÀÍ ÏÎÏÓËßÖ²¯ ÒÀ ÏÐÎÌÈÑÅË
ÒÐÀÂ’ßÍÎ¯ ÊÐÅÂÅÒÊÈ PALAEMON ADSPERSUS
RATHKE, 1837 (DECAPODA, PALAEMONIDAE) Ó

Ï²ÂÍ²×ÍÎ-ÇÀÕ²ÄÍ²É ×ÀÑÒÈÍ² ×ÎÐÍÎÃÎ ÌÎÐß

Íà îñíîâ³ àíàë³çó ïðîá ç 35 óëîâ³â êðåâåòêîâèõ ÿòåð³â â ï³âí³÷íî-çàõ³äí³é ÷àñ-
òèí³ ×îðíîãî ìîðÿ â ïåð³îä ç 2017 ïî 2020 ð. áóëè îòðèìàí³ äàí³ ïðî ñòàòåâó òà
ðîçì³ðíî-ìàñîâó ñòðóêòóðó ïîïóëÿö³¿ òðàâ’ÿíî¿ êðåâåòêè Palaemon adspersus Rath-
ke, 1837. Âñüîãî áóëî ïðîàíàë³çîâàíî 4293 åêç. Êðåâåòêà â óëîâàõ áóëà ïðåäñòàâëåíà
îñîáèíàìè äîâæèíîþ 20—65 ìì. Ïåðåâàæàëè îñîáèíè äîâæèíîþ 40—50 ìì, ¿õíÿ ÷à-
ñòêà ñêëàäàëà 52 %. Âèêîðèñòîâóþ÷è ìîäåëü LBB, âäàëîñü âñòàíîâèòè, ùî âïðîäîâæ
2017—2020 ðð. â³äáóëîñü çá³ëüøåííÿ ð³âíÿ â³äíîñíî¿ ïðîìèñëîâî¿ ñìåðòíîñò³ ç 0,7 äî
1,2. Â òîé æå ÷àñ â³äíîøåííÿ ïîòî÷íî¿ á³îìàñè äî á³îìàñè, ð³âåíü ÿêî¿ çàáåçïå÷óº ìàê-
ñèìàëüíî ñò³éêèé âèëîâ (B/BMSY), ó 2020 ð. äîð³âíþâàëî 1,0, ùî â³äïîâ³äàº îïòèìàëü-
íîìó ð³âíþ åêñïëóàòàö³¿ ðåñóðñó òðàâ’ÿíî¿ êðåâåòêè â óêðà¿íñüêèõ âîäàõ. Ì³í³ìàëü-
íî äîïóñòèìà äîâæèíà êðåâåòîê äëÿ ïðîìèñëó, çã³äíî ðîçðàõóíê³â ìîäåë³, ñêëàëà
35 ìì. Àíàë³ç óëîâ³â êðåâåòêîâèõ ÿòåð³â âèÿâèâ âåëèêó ê³ëüê³ñòü ïðèëîâó ìîëîä³ ïðî-
ìèñëîâèõ ðèá òà ð³äê³ñíèõ âèä³â, ÿê³ çàíåñåí³ äî ×åðâîíî¿ êíèãè Óêðà¿íè. Ó òîìó ÷èñë³
íåð³äêî â³äì³÷àëîñü ïîòðàïëÿííÿ â ÿòåð³ ìîëîä³ áè÷êîâèõ òà êàìáàëîâèõ ðèá. Ïî-
òî÷íèé ð³âåíü ïðîìèñëó íå ìîæå ïðèçâåñòè äî ïåðåëîâó êðåâåòîê â óêðà¿íñüêèõ âî-
äàõ. Îäíàê, â ö³ëÿõ çíèæåííÿ íåãàòèâíîãî âïëèâó ïðîìèñëó êðåâåòîê íà ìîëîäü ðèá
òà ³íøèõ ã³äðîá³îíò³â, íåîáõ³äíà ðåãóëÿö³ÿ öüîãî ëîâó øëÿõîì îáìåæåííÿ ê³ëüêîñò³
çíàðÿäü ëîâó òà îïòèì³çàö³¿ ¿õíüî¿ êîíñòðóêö³¿. Âèçíà÷åíî, ùî â óêðà¿íñüêèõ âîäàõ
äîö³ëüíî îáìåæèòè ê³ëüê³ñòü êðåâåòêîâèõ ÿòåð³â íà ð³âí³ áëèçüêî 800 îäèíèöü.

Êëþ÷îâ³ ñëîâà: êðåâåòêà, Palaemon adspersus, ñòðóêòóðà ïîïóëÿö³¿, îï-
òèì³çàö³ÿ ïðîìèñëó, ïðèëîâè.

Òðàâ’ÿíà êðåâåòêà Palaemon adspersus Rathke, 1837 øèðîêî ïîøèðåíà
á³ëÿ ï³âí³÷íî-ñõ³äíîãî óçáåðåææÿ Àòëàíòè÷íîãî îêåàíó. Âîíà çóñòð³-
÷àºòüñÿ â Ï³âí³÷íîìó, Áàëò³éñüêîìó, Ñåðåäçåìíîìó, ×îðíîìó òà Àçîâñü-
êîìó ìîðÿõ. Â 1930-õ ðð. P. adspersus áóëî âèïàäêîâî çàíåñåíî â Êàñ-
ï³éñüêå ìîðå ïðè àêë³ìàòèçàö³¿ â íüîìó ÷îðíîìîðñüêèõ êåôàëåé. Ó
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1954—1956 ðð. ç ò³º¿ æ ïðè÷èíè öåé âèä ïîòðàïèâ ³ â Àðàëüñüêå ìîðå [10].
Â îáîõ ìîðÿõ öåé âèä óñï³øíî íàòóðàë³çóâàâñÿ òà äîñèòü øâèäêî äîñÿã
âèñîêî¿ ÷èñåëüíîñò³ [6, 8]. Îêð³ì öüîãî, ó 2011 ð. òðàâ’ÿíà êðåâåòêà ç áàëà-
ñòíèìè âîäàìè ïðîíèêëà íà ñõ³ä Ï³âí³÷íî¿ Àìåðèêè òà ïîøèðèëàñü â çà-
ëèâ³ Ñâ. Ëàâðåíò³ÿ, âçäîâæ óçáåðåææÿ Íüþôàóíäëåíäà [25]. Ñàìå øèðî-
êà òîëåðàíòí³ñòü äî óìîâ ñåðåäîâèùà äîçâîëèëà öüîìó âèäó òàê ðîçøè-
ðèòè ñâ³é àðåàë. Òðàâ’ÿíà êðåâåòêà ìîæå æèòè òà ðîçìíîæóâàòèñü ïðè
òåìïåðàòóð³ âîäè 2—25 oC òà ñîëîíîñò³ 2—35‰ [7, 17].

Çà òèïîì æèâëåííÿ Ð. adspersus â³äíîñÿòü äî áåíòîôàã³â-åâðèôàã³â.
Äîðîñë³ îñîáèíè öüîãî âèäó æèâëÿòüñÿ äð³áíèìè îðãàí³çìàìè áåíòîñó,
òàêèìè ÿê ïîë³õåòè ³ äð³áí³ ðàêîïîä³áí³, à òàêîæ ìåðòâèìè ìîðñüêèìè
òâàðèíàìè òà äåòðèòîì, íåçíà÷íó ÷àñòêó ðàö³îíó ñêëàäàº çîîïëàíêòîí
[3]. Â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ òðàâ’ÿíà êðåâåòêà çóñò-
ð³÷àºòüñÿ â óñ³é ïðèáåðåæí³é çîí³. Îñîáëèâî âèñîêî¿ ÷èñåëüíîñò³ âîíà
äîñÿãàº â ì³ëêîâîäíèõ çàòîêàõ, ÿê³ äîáðå ïðîãð³âàþòüñÿ ó âåñ³ííüî-ë³òí³é
ïåð³îä. Ï³ä ÷àñ âåñíÿíèõ íåðåñòîâèõ ì³ãðàö³é, îñîáëèâî â Äæàðèëãàöüê³é,
Êàðê³í³òñüê³é òà Òåíäð³âñüê³é çàòîêàõ òðàâ’ÿíà êðåâåòêà óòâîðþº ñêóï-
÷åííÿ äî ê³ëüêîõ òèñÿ÷ îñîáèí íà 1 ì2. Òàêîæ öåé âèä º ìàñîâèì ó áàãàòü-
îõ ëèìàíàõ Ï³âí³÷íî-Çàõ³äíîãî Ïðè÷îðíîìîð’ÿ: Õàäæèáåéñüêîìó, Ñóõî-
ìó, Ãðèãîð³âñüêîìó, Òèë³ãóëüñüêîìó, Áåðåçàíñüêîìó, Äîô³í³âñüêîìó,
Øàáîëàòñüêîìó òà â ãðóï³ Òóçë³âñüêèõ ëèìàí³â [1, 9, 19]. Ïðîöåñ ïàðóâàí-
íÿ ó öüîãî âèäó ïî÷èíàºòüñÿ íàïðèê³íö³ áåðåçíÿ — íà ïî÷àòêó êâ³òíÿ,
ïðè ïðîãð³â³ âîäè äî òåìïåðàòóðè 7—9 oÑ. Ï³ñëÿ çàïë³äíåííÿ ñàìêè âèíî-
øóþòü ³êðó íà ïëåîïîäàõ âïðîäîâæ óñüîãî ïåð³îäó åìáð³îíàëüíîãî ðîç-
âèòêó â³ä îäíîãî äî äâîõ ì³ñÿö³â çàëåæíî â³ä òåìïåðàòóðè âîäè [1, 10, 18].

Äëÿ òðàâ’ÿíî¿ êðåâåòêè õàðàêòåðí³ äîáîâ³ òà ñåçîíí³ ì³ãðàö³¿. Ïåðø³
ïîâ’ÿçàí³ ïåðø çà âñå ç æèâëåííÿì, à äðóã³ — ³ç çèì³âëåþ, íàãóëîì òà ðîç-
ìíîæåííÿì. Ó âåñíÿíèé ïåð³îä êðåâåòêè ïåðåì³ùóþòüñÿ ç ãëèáîêèõ ä³ëÿ-
íîê ìîðÿ íà á³ëüø òåïë³ òà áàãàò³ êîðìîì ìîðñüê³ ì³ëêîâîääÿ, äå ïðîõî-
äèòü âèêëüîâ ëè÷èíîê. Ï³ä ÷àñ ì³ãðàö³é ñêóï÷åííÿ êðåâåòîê ðóõàþòüñÿ
âçäîâæ áåðåã³â íà íåâåëèê³é â³äñòàí³ â³ä óð³çó âîäè. Áóëè â³äì³÷åí³ ðåãó-
ëÿðí³ ñåçîíí³ ì³ãðàö³¿ â ãèðëàõ âñ³õ ïðè÷îðíîìîðñüêèõ ëèìàí³â. Ó ãëèáî-
êèõ ëèìàíàõ, òàêèõ ÿê Òèë³ãóëüñüêèé òà Ñóõèé, êðåâåòêè ìîæóòü çàëèøà-
òèñÿ ïðîòÿãîì ö³ëîãî ðîêó, ïðîòå âîñåíè á³ëüøà ¿õíÿ ÷àñòèíà, âñå îäíî,
âèõîäèòü ó á³ëüø òåïëå ìîðå [19].

Â ÷îðíîìîðñüêîìó áàñåéí³ Ð. adspersus ìàº ëîêàëüíå ïðîìèñëîâå çíà-
÷åííÿ, ¿¿ âèäîáóòîê çä³éñíþºòüñÿ ó âîäàõ Óêðà¿íè òà Áîëãàð³¿ [21]. Îñ-
ê³ëüêè ó âîäàõ ï³ä þðèñäèêö³ºþ Óêðà¿íè çíàõîäèòüñÿ íàéá³ëüøà àêâà-
òîð³ÿ øåëüôó òà âåëèêà ê³ëüê³ñòü ì³ëêîâîäíèõ çàòîê, â íàø³é êðà¿í³ º
óí³êàëüíà ìîæëèâ³ñòü äëÿ ðîçâèòêó ïðîìèñëó êðåâåòîê. Â îñòàíí³ 20
ðîê³â, â óìîâàõ âèñíàæåííÿ çàïàñ³â áàãàòüîõ ïðîìèñëîâèõ ðèá, óêðà¿í-
ñüê³ âèäîáóâí³ ï³äïðèºìñòâà, îñîáëèâî íåâåëèê³ çà ÷èñåëüí³ñòþ ïðàö³â-
íèê³â, ñòàëè àêòèâíî ðîçâèâàòè ïðîìèñåë êðåâåòîê [19].

Â íèí³øí³é ÷àñ óÿâëåííÿ ïðî ðåñóðñè ÷îðíîìîðñüêèõ êðåâåòîê â
óêðà¿íñüêèõ âîäàõ ×îðíîãî ìîðÿ çàëèøàþòüñÿ äàëåêî íå ïîâíèìè. Îö³í-
êè ¿õíüî¿ ÷èñåëüíîñò³ îòðèìóâàëè ëèøå íà îêðåìèõ ä³ëÿíêàõ, ïåðåâàæíî
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íà îñíîâ³ â³çóàëüíèõ îö³íîê ï³ä ÷àñ ïðîìèñëó. Äàí³ ùîäî ðîçì³ðíîãî, ìà-
ñîâîãî òà ñòàòåâîãî ñêëàäó öèõ áåçõðåáåòíèõ â óêðà¿íñüêèõ âîäàõ ×îðíîãî
ìîðÿ íà äàíèé ÷àñ óðèâ÷àñò³ ³ íåäîñòàòíüî îõîïëþþòü âñ³ ðàéîíè ðîáîòè
âèäîáóâíèõ ï³äïðèºìñòâ. Ïîñèëåííÿ ³íòåíñèâíîñò³ âèäîáóòêó òðàâ’ÿíî¿
êðåâåòêè â îñòàíí³ äåñÿòèë³òòÿ ïîòðåáóº ìîí³òîðèíãó ñòðóêòóðè ïîïó-
ëÿö³¿ öüîãî âèäó ç ìåòîþ ðåãóëÿö³¿ ¿¿ ïðîìèñëó íà îïòèìàëüíîìó ð³âí³.
Äëÿ ñòâîðåííÿ ïåðåäóìîâ ùîäî ìîæëèâîñò³ ïîäàëüøîãî ìîäåëþâàííÿ
ñòàíó ïîïóëÿö³¿ òà îö³íêè çàïàñó òðàâ’ÿíî¿ êðåâåòêè â õîä³ äàíî¿ ðîáîòè
âèð³øóâàëè òàê³ çàâäàííÿ:

— âèâ÷èòè ðîçì³ðíî-ìàñîâó ³ ñòàòåâó ñòðóêòóðó ïîïóëÿö³¿ òðàâ’ÿíî¿
êðåâåòêè;

— îö³íèòè ñó÷àñíèé ñòàí ïîïóëÿö³¿ òðàâ’ÿíî¿ êðåâåòêè;
— äîñë³äèòè ñó÷àñíèé ñòàí ïðîìèñëó òà éîãî âïëèâ íà ðåñóðñ òðàâ’ÿ-

íî¿ êðåâåòêè â óêðà¿íñüêèõ âîäàõ;
— îö³íèòè âïëèâ ïðîìèñëó êðåâåòîê íà ³íø³ âèäè ã³äðîá³îíò³â.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ìàòåð³àëè äëÿ äîñë³äæåíü áóëè îòðèìàí³ ç ïðîìèñëîâèõ óëîâ³â ðèáî-
ãîñïîäàðñüêèõ ï³äïðèºìñòâ â ïåð³îä ç áåðåçíÿ ïî ëèñòîïàä âïðîäîâæ
2017—2020 ðð. Ïðîáè â³äáèðàëè ïåðø çà âñå â îñíîâíèõ ðàéîíàõ âèäîáóò-
êó êðåâåòîê â Óêðà¿í³: Êàðê³í³òñüê³é çàòîö³ á³ëÿ ñ. Ëàçóðíå, ñ. Çàë³çíèé
ïîðò ³ ä³ëÿíêàõ, ðîçòàøîâàíèõ íà ïî÷àòêó òà ê³íö³ êîñè Òåíäðà. Òàêîæ
áóëè â³ä³áðàí³ ïðîáè ó ãèðë³ Áåðåçàíñüêîãî ëèìàíó â ðàéîí³ ñ. ×îðíîìîð-
êà. Â³äá³ð ïðîá äëÿ äîñë³äæåííÿ ïîïóëÿö³éíî¿ ñòðóêòóðè êðåâåòîê çä³é-
ñíþâàëè ç óëîâ³â äð³áíîâ³÷êîâèõ ÿòåð³â, ç â³÷êîì ó áî÷ö³ 8 ìì. Çíàðÿääÿ
âèñòàâëÿëè ó ïðèáåðåæí³é çîí³ ìîðÿ íà ãëèáèíàõ äî 1,2 ì.

Äëÿ á³îëîã³÷íîãî àíàë³çó ç óëîâó âèïàäêîâèì ÷èíîì â³äáèðàëè 100—
150 åêç. äàíîãî âèäó. Äîâæèíó êðåâåòîê âèì³ðþâàëè â³ä ñåðåäèíè îêà äî
ê³íöÿ òåëüñîíó. Âèì³ðè ïðîâîäèëè øòàíãåíöèðêóëåì ç òî÷í³ñòþ äî
0,1 ìì, ìàñó âèçíà÷àëè íà åëåêòðîííèõ âàãàõ ç òî÷í³ñòþ äî 0,1 ã. Âèçíà-
÷åííÿ ñòàò³ êðåâåòîê ïðîâîäèëè çà íàÿâíîñò³ (ó ñàìö³â) àáî â³äñóòíîñò³ (ó
ñàìîê) íà ïåðø³é ïàð³ ïëåîïîä³â äðóãîãî ïðèäàòêó (appendix masculine)
[20]. Âñüîãî áóëî ïðîàíàë³çîâàíî 4293 åêç. êðåâåòîê ³ç 35 ïðîá (òàáë. 1.).

Ñòàòèñòè÷íó îáðîáêó îòðèìàíèõ äàíèõ ïðîâîäèëè çà çàãàëüíîïðèé-
íÿòèìè ìåòîäèêàìè ç âèêîðèñòàííÿì ïðîãðàì Microsoft Exñel 2016 òà Sta-
tistica 2010.

Äëÿ îö³íêè ñòàíó ïîïóëÿö³é òà ð³âíÿ ïðîìèñëîâî¿ åêñïëóàòàö³¿ äîñ-
ë³äæóâàíîãî âèäó âèêîðèñòîâóâàëè ìàòåìàòè÷íó ìîäåëü LBB (Length-ba-
sed Bayesian biomass estimator). Öå â³äíîñíî íîâèé ìåòîä ìîäåëþâàííÿ
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Òàáëèöÿ 1
Îáñÿã ìàòåð³àëó, ÿêèé áóâ ïðîàíàë³çîâàíèé ï³ä ÷àñ äîñë³äæåíü ó 2017—2020 ðð.

Äàí³ äëÿ àíàë³çó 2017 ð. 2018 ð. 2019 ð. 2020 ð. Âñ³ ðîêè

Ê³ëüê³ñòü ïðîá ç óëîâ³â, îä. 19 7 4 5 35

Ïðîì³ðè äîâæèíè òà ìàñè, åêç. 2387 783 589 534 4293



ïðîìèñëîâî¿ ïîïóëÿö³¿, àëå â³í âæå øèðîêî âèêîðèñòîâóºòüñÿ äëÿ óïðàâ-
ë³ííÿ ðèáàëüñòâîì [26]. Àíàë³ç ñòàíó ïîïóëÿö³¿ ö³ºþ ìîäåëëþ çä³é-
ñíþºòüñÿ íà îñíîâ³ äàíèõ ùîäî ðîçì³ðíîãî ñêëàäó ³ íå ïîòðåáóº ³íøî¿ äî-
äàòêîâî¿ ³íôîðìàö³¿. Íà â³äì³íó â³ä ³íøèõ ìåòîä³â ìîäåëþâàííÿ, â ÿêîñò³
êðèòåð³¿â îö³íêè âèêîðèñòîâóþòüñÿ íå àáñîëþòí³ çíà÷åííÿ òåìï³â ðîñòó
òà ñìåðòíîñò³, à â³äíîñí³ êîåô³ö³ºíòè: ïðîìèñëîâî¿ ñìåðòíîñò³ ïî â³äíî-
øåííþ äî ïðèðîäíî¿ (F/M) òà ïîòî÷íî¿ á³îìàñè â³äíîñíî ìàêñèìàëüíî
ìîæëèâî¿ â óìîâàõ â³äñóòíîñò³ ïðîìèñëó (B/B0). Çà äîïîìîãîþ ìîäåë³
LBB ìîæíà âèçíà÷èòè àñèìïòîòè÷íó äîâæèíó ò³ëà (ìàêñèìàëüíî ìîæëè-
âó â äîñë³äæóâàí³é ïîïóëÿö³¿) — Linf òà ³íø³ ïàðàìåòðè, ÿê³ ìîæóòü áóòè
êîðèñíèìè äëÿ ðåãóëþâàííÿ ïðîìèñëó. Ñåðåä íèõ íàéá³ëüøèé ³íòåðåñ
äëÿ íàñ ïðåäñòàâëÿº ì³í³ìàëüíî äîïóñòèìà äîâæèíà äëÿ âèëîâó (Lopt) òà
ðîçì³ðíà êîãîðòà, ç ÿêî¿ 50 % îñîáèí ïîòðàïëÿþòü â óëîâ ïðîìèñëîâèõ
çíàðÿäü (Lc), [22]. Äëÿ àíàë³çó áàãàòîð³÷íî¿ òà ñåçîííî¿ äèíàì³êè ïðîìèñ-
ëó êðåâåòîê áóëè çàëó÷åí³ äàí³ ì³ñÿ÷íî¿ òà ð³÷íî¿ ñòàòèñòè÷íî¿ çâ³òíîñò³
îðãàí³â Äåðæðèáàãåíòñòâà [5, 6].

Â³äîìîñò³ ïðî îñîáëèâîñò³ çàñòîñóâàííÿ çíàðÿäü ëîâó êðåâåòîê ð³ç-
íèõ êîíñòðóêö³é áóëè îòðèìàí³ àâòîðîì â õîä³ íàóêîâî-äîñë³äíèõ ðîá³ò
çà ïðîãðàìàìè «ÄÏ Îäåñüêèé öåíòð Ï³âäåíÍ²ÐÎ» â áðèãàäàõ êîíòðîëü-
íî-ñïîñòåðåæíèõ ïóíêò³â, ðîçòàøîâàíèõ â ðàéîíàõ Îäåñè, Ïðèìîðñüêî-
ãî, Î÷àêîâà, Ñêàäîâñüêà, Ê³íáóðíñüêî¿ òà Òåíäð³âñüêî¿ ê³ñ.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Âïëèâ ïðîìèñëó íà ïîïóëÿö³þ Ð. adspersus. Íàéá³ëüø î÷åâèäí³ êðè-
òåð³¿ äëÿ îö³íêè ñó÷àñíîãî ñòàíó ðåñóðñó òðàâ’ÿíî¿ êðåâåòêè áóëè âèÿâ-
ëåí³ ïðè âèâ÷åíí³ ðîçì³ðíî-ìàñîâî¿ òà ñòàòåâî¿ ñòðóêòóðè ïîïóëÿö³¿. ßê ³
ïîïåðåäí³ äîñë³äíèêè öüîãî âèäó â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî
ìîðÿ [2, 17], ìè â³äì³÷àëè àáñîëþòíå ïåðåâàæàííÿ ñàìîê ïðîòÿãîì âñüîãî
ïåð³îäó ñïîñòåðåæåíü (ðèñ. 1). ¯õíÿ ÷àñòêà êîëèâàëàñü â³ä 95 äî 100 % ³ â
ñåðåäíüîìó ñêëàäàëà 98 %. Âî÷åâèäü, íàñò³ëüêè íèçüêà ÷àñòêà ñàìö³â ó
ïðîáàõ ïîÿñíþºòüñÿ â ïåðøó ÷åðãó ñåëåêòèâí³ñòþ êðåâåòêîâèõ ÿòåð³â.
Â³äîìî, ùî ñàìö³ òðàâ’ÿíî¿ êðåâåòêè â³äð³çíÿþòüñÿ çíèæåíèì òåìïîì ðî-
ñòó ïîð³âíÿíî ç ñàìêàìè ³ çàçâè÷àé ïðåäñòàâëåí³ â ïîïóëÿö³¿ îñîáèíàìè
ìåíøèõ ðîçì³ð³â [20]. Äåëü ç ðîçì³ðîì â³÷êà 8 ìì, ÿêà çàñòîñîâóºòüñÿ â
áî÷êàõ êðåâåòêîâîãî ÿòåðÿ, äàº ìîæëèâ³ñòü öèì á³ëüø äð³áíèì ñàìöÿì â
á³ëüø³é ì³ð³ ïîêèäàòè çíàðÿääÿ ëîâó.

Â ïåð³îä ñïîñòåðåæåíü â óëîâàõ â³äì³÷àëèñü ñóòòºâ³ çì³íè ðîçì³ðíîãî
ñêëàäó êðåâåòîê. Ó 2017 ð. ðîçì³ðíèé ðÿä êðåâåòêè áóâ äîñèòü íåîä-
íîð³äíèì. Áëèçüêî 50 % ó ïðîáàõ ñêëàäàëè îñîáèíè äîâæèíîþ 30—40 ìì
(ðèñ. 2).

Ó 2018 ð. ðîçì³ðíèé ðÿä öèõ ðàêîïîä³áíèõ çì³íèâñÿ. Â ïðîáàõ çðîñëà
ê³ëüê³ñòü ìîëîä³ äîâæèíîþ 20—30 ìì. Îñíîâíà ÷àñòêà — 47 % — ïðèïà-
äàëà íà îñîáèí äîâæèíîþ 40—50 ìì. Áóëî â³äì³÷åíî ñêîðî÷åííÿ ê³ëü-
êîñò³ îñîáèí äîâæèíîþ á³ëüøå 50 ìì, ¿õíÿ ÷àñòêà áóëà âäâ³÷³ ìåíøîþ í³æ
ó 2017 ð. ³ ñêëàäàëà ò³ëüêè 11 %. Ó 2019 ð. â óëîâàõ ÿòåð³â ïðàêòè÷íî íå
çóñòð³÷àëàñü ìîëîäü êðåâåòêè äîâæèíîþ äî 40 ìì. Îñíîâíó ÷àñòèíó ïî-
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ïóëÿö³¿ ôîðìóâàëè ñòàðø³ çà â³êîì îñîáèíè äîâæèíîþ 40—50 ìì — ¿õíÿ
÷àñòêà ñòàíîâèëà 87 %. Çíèçèëàñü ³ ê³ëüê³ñòü íàéá³ëüøèõ êðåâåòîê äîâæè-
íîþ á³ëüøå 50 ìì. Îäíàê ó 2020 ð. ä³àïàçîí ì³íëèâîñò³ çà äîâæèíîþ ò³ëà
çíîâó ðîçøèðèâñÿ. Â óëîâàõ áóëè ïðèñóòí³ îñîáèíè äîâæèíîþ â³ä 25 äî
65 ìì. Áóëî â³äçíà÷åíî çíà÷íå çá³ëüøåííÿ ê³ëüêîñò³ ìîëîäèõ îñîáèí äî-
âæèíîþ äî 40 ìì — ¿õíÿ ÷àñòêà ñêëàëà 33,5 %. ×àñòêà âåëèêèõ îñîáèí äî-
âæèíîþ á³ëüøå 50 ìì çðîñëà äî 12 %. Â ö³ëîìó, â ïåð³îä äîñë³äæåíü äî-
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Ðèñ. 1. Ñòàòåâà ñòðóêòóðà êðåâåòêè ç ïðîìèñëîâèõ óëîâ³â ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³
×îðíîãî ìîðÿ ó 2017—2020 ðð.: 1 — ñàìö³; 2 — ñàìêè

Ðèñ. 2. Ðîçì³ðíà ñòðóêòóðà êðåâåòêè ç ïðîìèñëîâèõ óëîâ³â ó ï³âí³÷íî-çàõ³äí³é ÷àñ-
òèí³ ×îðíîãî ìîðÿ ó 2017—2020 ðð.



âæèíà ò³ëà êðåâåòîê çíàõîäèëàñü â ìåæàõ 20—65 ìì, ïðè öüîìó ÷àñòêà
ðîçì³ðíî¿ ãðóïè 40—50 ìì, ÿêà äîì³íóâàëà â óëîâàõ, ñêëàäàëà 52 %.

Îñê³ëüêè ³íòåíñèâí³ñòü ïðîìèñëó (ê³ëüê³ñòü çíàðÿäü) âïðîäîâæ ïå-
ð³îäó íàøèõ ñïîñòåðåæåíü çì³íþâàëàñü â íåâåëèêèõ ìåæàõ, ìîæíà ââà-
æàòè, ùî ñïîñòåðåæóâàíà ð³÷íà äèíàì³êà ðîçì³ðíîãî ñêëàäó êðåâåòêè
ìàëî çàëåæèòü â³ä âèëó÷åííÿ öèõ ðàêîïîä³áíèõ ðèáàëêàìè ³ çóìîâëåíà
íàñàìïåðåä ïîòóæí³ñòþ ïîêîë³íü, ÿê³ ùîð³÷íî ïîïîâíþþòü ïðîìèñëîâó
ïîïóëÿö³þ. Î÷åâèäíî, íà ÷èñåëüí³ñòü ìîëîä³ êðåâåòêè ïåðø çà âñå âïëè-
âàþòü ôàêòîðè çîâí³øíüîãî ñåðåäîâèùà, òàê³ ÿê ïðîãð³â âîäè íà íåðåñòî-
âèùàõ òà íàÿâí³ñòü êîðìó [4]. Á³ëüø äåòàëüí³ îö³íêè âïëèâó çîâí³øí³õ
ôàêòîð³â íà ÷èñåëüí³ñòü ïîêîë³íü êðåâåòêè ìîæóòü áóòè îòðèìàí³ ò³ëüêè
ï³ñëÿ äîäàòêîâèõ äîñë³äæåíü.

Ìîäåëþâàííÿ ñòàíó ïîïóëÿö³¿ ï³ä âïëèâîì ïðîìèñëó çä³éñíþâàëè íà
îñíîâ³ ìàòåð³àë³â ïðî ðîçì³ðíèé ñêëàä P. adspersus, îòðèìàíèõ ó 2018—
2020 ðð. Ïðè öüîìó âðàõîâóâàëè, ùî äëÿ êîðåêòíî¿ ðîáîòè îáðàíî¿ íàìè
ìîäåë³ LBB âàæëèâèì ôàêòîðîì º òèï ðîñòó âèäó, ÿêèé äîñë³äæóºòüñÿ.
Çàñòîñóâàííÿ öüîãî ìåòîäó ìîæëèâå ëèøå â òîìó âèïàäêó, ÿêùî ð³ñò
äîñë³äæóâàíîãî âèäó ïðîäîâæóºòüñÿ ïðîòÿãîì âñüîãî éîãî æèòòÿ [22].
Îñê³ëüêè â îðãàí³çì³ êðåâåòîê â³äñóòí³ áóäü-ÿê³ ñòðóêòóðè, çà ÿêèìè ìîæ-
íà âèçíà÷èòè â³ê, îö³íèòè õàðàêòåð ë³í³éíîãî ðîñòó öèõ ðàêîïîä³áíèõ äî-
ñèòü ñêëàäíî. Òîìó äëÿ ïåðåâ³ðêè ìîæëèâîñò³ çàñòîñóâàííÿ ìîäåë³ LBB
íàìè áóëà âèâ÷åíà çàëåæí³ñòü ì³æ äîâæèíîþ òà âàãîþ êðåâåòîê. ßê âèÿ-
âèëîñü, çá³ëüøåííÿ ìàñè ò³ëà P. adspersus ïðîäîâæóâàëîñü áåçïåðåðâíî ç
ðîñòîì äîâæèíè — êîåô³ö³ºíò äåòåðì³íàö³¿ R2 ìàâ çíà÷åííÿ 0,99 (ðèñ. 3).
Öå âêàçóº íà áåçïåðåðâíèé ð³ñò êðåâåòîê ïðîòÿãîì æèòòÿ òà ï³äòâåðäæóº
ìîæëèâ³ñòü âèêîðèñòàííÿ çàçíà÷åíî¿ ìîäåë³ äëÿ îö³íêè ñòàíó ïîïóëÿö³¿
öèõ ðàêîïîä³áíèõ.

Âèêîðèñòîâóþ÷è ìîäåëü LBB, íàì âäàëîñü âèçíà÷èòè ì³í³ìàëüíó äî-
âæèíó (Lopt), ïðè ÿê³é êðåâåòêà ìîæå âèäîáóâàòèñü äîâãèé ÷àñ áåç øêîäè
äëÿ ïîïóëÿö³¿. Âîíà ñêëàëà 35 ìì. Â òîé æå ÷àñ ðåàëüíà çàðåºñòðîâàíà â
íàøèõ ïðîáàõ ñåðåäíÿ äîâæèíà êðåâåòêè âèÿâèëàñü á³ëüøîþ — 45 ìì
(ðèñ. 4). Öå òàêîæ âêàçóº íà òå, ùî ñó÷àñíèé ïðîìèñåë íå çàâäàº øêîäè çà-
ïàñó öüîãî âèäó â ×îðíîìó ìîð³. Çàñòîñîâàíà ìîäåëü äîçâîëèëà îö³íèòè ³
ñåëåêòèâí³ñòü ëîâó ïðîìèñëîâèìè ÿòåðÿìè ïî â³äíîøåííþ äî ð³çíèõ
ðîçì³ðíèõ ãðóï êðåâåòêè. Ðîçðàõóíêè ïîêàçàëè, ùî â êðåâåòêîâîìó ÿòåð³
ç ðîçì³ðîì â³÷êà â áî÷ö³ 8 ìì óòðèìóºòüñÿ ëèøå 50 % îñîáèí êðåâåòîê ç
äîâæèíîþ ò³ëà ìåíøå 41,3 ìì. Ïîâíå óòðèìàííÿ çíàðÿääÿì áóëî â³ä-
ì³÷åíå ëèøå äëÿ êðåâåòîê ç äîâæèíîþ ò³ëà á³ëüøå 49,8 ìì. Ìîæíà ñòâåð-
äæóâàòè, ùî âèêîðèñòàííÿ ÿòåð³â ç ì³í³ìàëüíèì â³÷êîì 8 ìì, ùî äîçâî-
ëåí³ ä³éñíèì Ðåæèìîì ðèáàëüñòâà, º îïòèìàëüíèì òà äîïóñòèìèì íà äà-
íîìó ïðîìèñë³ [16]. Á³ëüøà ÷àñòêà ìîëîä³ êðåâåòîê ìîæå â³ëüíî ïîêèäàòè
ÿòåð³, ³ âïëèâ òàêîãî ïðîìèñëó íà â³äòâîðåííÿ ïîïóëÿö³¿ çàëèøàºòüñÿ íå-
âèñîêèì. Òîé ôàêò, ùî âïëèâ ïðîìèñëó íà ïîïóëÿö³þ òðàâ’ÿíî¿ êðåâåòêè
íå ïåðåâèùóº äîïóñòèìèõ ìåæ ³ îìîëîäæåííÿ ¿¿ ñêëàäó íå ñïîñòåð³-
ãàºòüñÿ, ï³äòâåðäæóºòüñÿ ³ ³íøèìè ïîêàçíèêàìè. Ðîçðàõîâàíà çà äîïîìî-
ãîþ ìîäåë³ àñèìïòîòè÷íà äîâæèíà êðåâåòîê â 2017 ð. ñêëàëà 65,56 ìì. Ó
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2020 ð. çíà÷åííÿ öüîãî ïîêàçíèêà çàëèøàëîñü ïðàêòè÷íî íà òîìó æ ð³âí³
— 65,53 ìì. Îñê³ëüêè ïðîìèñëîì ç ïîïóëÿö³¿ âèëó÷àþòüñÿ ïåðåâàæíî
íàéêðóïí³ø³ îñîáèíè, ñë³ä ââàæàòè, ùî íåçíà÷í³ ÷àñîâ³ çì³íè àñèìïòî-
òè÷íî¿ äîâæèíè êðåâåòîê äîäàòêîâî ñâ³ä÷àòü ïðî òå, ùî ðèáàëêè âèêîðè-
ñòîâóþòü ëèøå íåâåëèêó ÷àñòèíó öüîãî ðåñóðñó [22].

Â òîé æå ÷àñ àíàë³ç ð³âíÿ ïðîìèñëîâîãî íàâàíòàæåííÿ íà ðåñóðñ êðå-
âåòêè çà ðåçóëüòàòàìè ìîäåë³ LBB âïðîäîâæ 2017—2020 ðð. âèÿâèâ çðîñ-
òàííÿ ¿¿ ïðîìèñëîâî¿ ñìåðòíîñò³ â³äíîñíî ïðèðîäíî¿ F/M ç 0,7 äî 1,2. Çíà-
÷åííÿ êîåô³ö³ºíòó â³äíîñíî¿ á³îìàñè B/B0 â öåé ïåð³îä çìåíøèëèñü â³ä
0,52 äî 0,41. Ïðîòå ðîçðàõîâàíå äëÿ 2020 ð. â³äíîøåííÿ ïîòî÷íî¿ á³îìàñè
äî á³îìàñè, ð³âåíü ÿêî¿ çàáåçïå÷óº ñò³éêèé äîâãîñòðîêîâèé âèëîâ áåç âè-
÷åðïàííÿ çàïàñó (B/BMSY), ñêëàëî 1,0±0,3, ùî çàãàëîì â³äïîâ³äàº îïòèìà-
ëüíîìó ð³âíþ ïðîìèñëîâî¿ åêñïëóàòàö³¿ [23]. Áàçóþ÷èñü íà öèõ êðèòå-
ð³ÿõ, ìîæíà ïðèïóñòèòè, ùî â ïåð³îä 2015—2018 ðð. ðåñóðñ êðåâåòîê áóâ
íåäîñòàòíüî åêñïëóàòîâàíèì ³ ò³ëüêè â íàñòóïí³ äâà ðîêè ð³âåíü âèäîáóò-
êó êðåâåòîê íàáëèçèâñÿ äî îïòèìàëüíèõ âåëè÷èí. Îòðèìàí³ ðåçóëüòàòè
ìîäåëþâàííÿ âêàçóþòü íà ìîæëèâ³ñòü çä³éñíåííÿ ïðîìèñëó íà äîñÿãíó-
òîìó ð³âí³ òà íåîáõ³äí³ñòü óíèêàòè ïîäàëüøîãî ð³çêîãî çá³ëüøåííÿ óëî-
â³â.

Îñîáëèâîñò³ ïðîìèñëó çàëåæíî â³ä êîíñòðóêö³¿ çíàðÿäü, ñåçîíó òà
ðàéîíó ëîâó. Â õîä³ ðîá³ò â ð³çíèõ ðàéîíàõ ìîðÿ òà ëèìàíàõ íàìè áóëè
äîñë³äæåí³ îñîáëèâîñò³ çàñòîñóâàííÿ äëÿ ëîâó êðåâåòîê çíàðÿäü, ÿê³ â³ä-
ð³çíÿëèñü çà êîíñòðóêö³ºþ. Â³äîìî, ùî â îñòàíí³ ðîêè, ç ìåòîþ çàáåçïå-
÷åííÿ çðîñòàííÿ âèëîâó êðåâåòîê, ðèáîãîñïîäàðñüê³ ï³äïðèºìñòâà ïîñ-
ò³éíî óäîñêîíàëþâàëè ñâîþ ìàòåð³àëüíó áàçó. ßê â³äì³÷àâ Î. Ê. ×àùèí
[19], ñïî÷àòêó äëÿ âèäîáóòêó öèõ áåçõðåáåòíèõ âèêîðèñòîâóâàëèñü ò³ëüêè
âîëîêóø³, à íåâäîâç³ ïðàêòè÷íî âñÿ êðåâåòêà â Óêðà¿í³ ñòàëà äîáóâàòèñü
ñïåö³àëüíèìè äð³áíîâ³÷êîâèìè ÿòåðÿìè. Íàìè òàêîæ íå â³äì³÷àëîñü âè-
ïàäê³â âèêîðèñòàííÿ âîëîêóø òà ðó÷íèõ ñà÷ê³â. Ãîëîâíà ïåðåâàãà ÿòåð³â
ïåðåä âîëîêóøàìè ïîëÿãàº â òîìó, ùî íàÿâí³ñòü ù³ëüíèõ êîíöåíòðàö³é
ðàêîïîä³áíèõ íå º îáîâ’ÿçêîâîþ óìîâîþ äëÿ óñï³øíî¿ ðîáîòè öèõ íîâèõ
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Ðèñ. 3. Çàëåæí³ñòü ìàñè â³ä äîâæèíè òðàâ’ÿíî¿ êðåâåòêè ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³
×îðíîãî ìîðÿ â 2017—2020 ðð.



çíàðÿäü. Ïðè âñòàíîâëåí³ íà äåê³ëüêà ãîäèí (çàçâè÷àé íà îäíó í³÷) âîíè
äîáðå óëîâëþþòü îá’ºêòè, ÿê³ ì³ãðóþòü â ïðèáåðåæí³é çîí³. Ïðè öüîìó
äëÿ ï³äâèùåííÿ óëîâ³â â öèõ çíàðÿääÿõ ëîâó ðèáàëêè ÷àñòî âèêîðèñòîâó-
þòü äæåðåëî ñâ³òëà, ÿêå âñòàíîâëþþòü á³ëÿ âõîäó â êðåâåòêîâèé ÿòåð. Çà
íàøèìè ñïîñòåðåæåííÿìè, íà ñâ³òëî ë³õòàðÿ, â ïåðøó ÷åðãó, ïðèâàáëþþ-
òüñÿ îðãàí³çìè ïëàíêòîíó òà ò³ ïðåäñòàâíèêè áåíòîñó, äëÿ ÿêèõ õàðàê-
òåðí³ äîáîâ³ âåðòèêàëüí³ ì³ãðàö³¿ (Mysidae, Cumacea, Polychaeta). Êðåâåò-
êè ïðè öüîìó ñêóï÷óþòüñÿ ï³çí³øå òà àêòèâíî ëîâëÿòü ö³ êîðìîâ³ îð-
ãàí³çìè. Ìîæíà ïðèïóñòèòè, ùî êðåâåòîê ïðèâàáëþº íå ñò³ëüêè ñâ³òëî,
ñê³ëüêè ñêóï÷åííÿ îá’ºêò³â ¿õíüîãî æèâëåííÿ íà îñâ³òëåíèõ ë³õòàðÿìè
ä³ëÿíêàõ.

×àñòî êðåâåòêè ðåºñòðóâàëèñü â óëîâàõ íåâåëèêèõ ñòàâíèõ íåâîä³â
(êàðàâîê). Îäíàê ñë³ä âðàõîâóâàòè, ùî ñòàâí³ íåâîäè âèêîðèñòîâóþòüñÿ
íàñàìïåðåä äëÿ ïðîìèñëó äð³áíèõ ìàñîâèõ âèä³â ðèá ³ íå ìîæóòü ñëóãóâà-
òè äëÿ ñïåö³àë³çîâàíîãî ïðîìèñëó êðåâåòîê, ÿê³ ôîðìóþòü íå á³ëüøå 15 %
çàãàëüíîãî óëîâó öèõ çíàðÿäü.

Ïî÷àòîê ïðîìèñëó êðåâåòîê çàçâè÷àé çá³ãàâñÿ ç ¿õí³ìè íåðåñòîâèìè
ì³ãðàö³ÿìè â êâ³òí³ — òðàâí³ ³ çàê³í÷óâàâñÿ â æîâòí³ — ëèñòîïàä³. Â
îêðåì³ ðîêè, ÿê³ õàðàêòåðèçóâàëèñü âèñîêèìè òåìïåðàòóðàìè ìîðñüêî¿
âîäè, ïðîìèñåë òðèâàâ äî ãðóäíÿ. Ñåðåäí³é äîáîâèé óëîâ íà îäèí ÿòåð,
ðîçðàõîâàíèé çà âñ³ ðîêè äîñë³äæåíü, ñêëàâ áëèçüêî 10 êã. Îäíàê ïðîòÿ-
ãîì ðîêó ñïîñòåð³ãàëèñü ð³çê³ çì³íè âåëè÷èíè äîáîâîãî óëîâó íà îäíå çíà-
ðÿääÿ. Òàê, ï³ä ÷àñ íàéá³ëüø ³íòåíñèâíèõ âåñíÿíèõ ì³ãðàö³é íàïðèê³íö³
òðàâíÿ — íà ïî÷àòêó ÷åðâíÿ, êîëè ñêóï÷åííÿ êðåâåòêè ïîñò³éíî ðóõàëèñü
âçäîâæ áåðåãà, óëîâè ìîãëè äîñÿãàòè 100 êã íà ÿò³ð. Âë³òêó, ï³ä ÷àñ íàãóëó
êðåâåòîê, ¿õí³ óëîâè çíèæóâàëèñü. Â æîâòí³ — ëèñòîïàä³, ïðè îõîëîäæåí³
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Ðèñ. 4. Çì³íè â ðîçì³ðíîìó ñêëàä³ òðàâ’ÿíî¿ êðåâåòêè ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³
×îðíîãî ìîðÿ ï³ä âïëèâîì ïðîìèñëó â 2017—2020 ðð.: Length/Linf — â³äíîøåííÿ
ñïîñòåðåæóâàíî¿ äîâæèíè äî àñèìïòîòè÷íî¿; Lopt — ì³í³ìàëüíà îïòèìàëüíà äîâæè-
íà äëÿ âèëó÷åííÿ



ïðèáåðåæíèõ âîä, ïî÷èíàëèñü îñ³íí³ ì³ãðàö³¿ êðåâåòîê, ùî çíîâó ïðèçâî-
äèëî äî çá³ëüøåííÿ óëîâ³â, ïðîòå âîíè çàâæäè áóëè çíà÷íî ìåíøèìè í³æ
âåñíîþ. Ñàìå â ì³ãðàö³éí³ ïåð³îäè, ÿê³ ñóìàðíî òðèâàëè áëèçüêî îäíîãî
ì³ñÿöÿ íà ð³ê, ðèáàëêè âèäîáóâàëè îñíîâíó ÷àñòèíó ð³÷íîãî óëîâó.

Ñë³ä â³äì³òèòè, ùî ïðîìèñåë êðåâåòêè çä³éñíþºòüñÿ äàëåêî íå íà âñ³õ
ä³ëÿíêàõ óêðà¿íñüêîãî óçáåðåææÿ â ×îðíîìó ìîð³. Â ñåðåäíüîìó 85 %
ð³÷íîãî óëîâó ïðèïàäàº íà Õåðñîíñüêó îáë. Îñíîâíèé âèëîâ êðåâåòîê òóò
â³äáóâàºòüñÿ â Êàðê³í³òñüê³é ³ Äæàðèëãàöüê³é çàòîêàõ òà â ðàéîí³ Òåíä-
ð³âñüêî¿ êîñè. Â Ìèêîëà¿âñüê³é îáë. ïðîìèñåë êðåâåòîê çîñåðåäæåíèé ïå-
ðåâàæíî â ðàéîí³ Ê³íáóðíñüêî¿ êîñè, à òàêîæ â Áåðåçàíñüêîìó ëèìàí³. Íà
³íøèõ ä³ëÿíêàõ óçáåðåææÿ ÷èñåëüí³ñòü êðåâåòîê çíà÷íî ìåíøà. Â Îäåñü-
ê³é îáë. ñïåö³àë³çîâàíèé ïðîìèñåë öèõ áåçõðåáåòíèõ ÿòåðÿìè çàáîðîíå-
íèé ç ïðè÷èíè âèñîêî¿ ê³ëüêîñò³ â óëîâàõ ìîëîä³ ðèá ïðè â³äíîñíî íèçü-
êèõ óëîâàõ êðåâåòîê. Òóò ö³ ðàêîïîä³áí³ âèäîáóâàþòüñÿ â íåâåëèê³é ê³ëü-
êîñò³, ïåðåâàæíî ó âèãëÿä³ ïðèëîâó ïðè âèäîáóòêó ³íøèõ îá’ºêò³â ìàëèìè
ñòàâíèìè íåâîäàìè (ðèñ. 5). Îäíàê òàêà ñèòóàö³ÿ áóëà íå çàâæäè. Äî ñåðå-
äèíè 80-õ ðîê³â ìèíóëîãî ñòîë³òòÿ ó Õàäæèáåéñüêîìó ëèìàí³ ïîáëèçó
Îäåñè çä³éñíþâàâñÿ ö³ëüîâèé ïðîìèñåë êðåâåòîê, â õîä³ ÿêîãî ùîð³÷íî
äîáóâàëè äî 300 ò öüîãî ðåñóðñó. Êðåâåòêà, ùî áóëà âèëîâëåíà â öüîìó ëè-
ìàí³, âèêîðèñòîâóâàëàñü íà êîðìîâ³ ïîòðåáè ïòàõîôàáðèê, îñê³ëüêè â³ä-
ð³çíÿëàñü äð³áíèì ðîçì³ðîì. Â ïîäàëüøîìó, ÷åðåç çì³íè ñîëîíîñò³ ó Õàä-
æèáåéñüêîìó ëèìàí³, â³äáóëîñü ñêîðî÷åííÿ çàïàñó êðåâåòîê, ùî ïðèçâå-
ëî äî ë³êâ³äàö³¿ öüîãî ïðîìèñëó [9, 19].

Âïëèâ ïðîìèñëó êðåâåòîê íà ³íøèõ ã³äðîá³îíò³â. Ï³ä ÷àñ íàøèõ äîñ-
ë³äæåíü âèÿâèëîñü, ùî ïðîìèñåë êðåâåòîê â³äð³çíÿºòüñÿ äîâîë³ ñåðéîç-
íèì âïëèâîì íà ïîïóëÿö³¿ ³íøèõ ã³äðîá³îíò³â. Öå áóëî çóìîâëåíî òèì, ùî
êðåâåòêîâ³ ÿòåð³ âñòàíîâëþþòüñÿ ó âóçüê³é ïðèáåðåæí³é ñìóç³ íà íå-
çíà÷í³é â³äñòàí³ â³ä óð³çó âîäè, ³ òèì ñàìèì âîíè ïåðåêðèâàþòü çîíè
ì³ãðàö³é áàãàòüîõ ìîðñüêèõ îðãàí³çì³â. Îñê³ëüêè ó áî÷ö³ öèõ çíàðÿäü âè-
êîðèñòîâóºòüñÿ ñ³òêîâå ïîëîòíî ç ì³í³ìàëüíèì â³÷êîì 8 ìì, âîíè äîáðå
óëîâëþþòü ìîëîäü ðèá òà áåçõðåáåòíèõ, ÿê³ ìåøêàþòü íà ì³ëêîâîääÿõ. Â
ïåâí³ ì³ñÿö³ ðîêó ê³ëüê³ñòü íåö³ëüîâèõ äëÿ ïðîìèñëó ðèá òà áåçõðåáåòíèõ
ó êðåâåòêîâèõ ÿòåðÿõ äîñÿãàëà âåëèêèõ çíà÷åíü. Íàéá³ëüø çíà÷íèìè áó-
ëè ïðèëîâè ìîëîä³ áè÷êîâèõ ðèá äîâæèíîþ 4—8 ñì, îñîáëèâî âîñåíè,
êîëè ¿õí³ öüîãîë³òêè àêòèâíî íàãóëþâàëèñü íà ïðèáåðåæíèõ ì³ëêîâîä-
äÿõ. Çà îäíó âèá³ðêó óëîâó ç ÿòåðÿ ïðèëîâ áè÷êîâèõ ðèá ì³ã äîñÿãàòè âå-
ëè÷èíè áëèçüêî 1500 åêç., ùî ³íîä³ ïåðåâèùóâàëî óëîâ ñàìèõ êðåâåòîê. Â
Êàðê³í³òñüê³é çàòîö³ ñåðåä áè÷êîâèõ ðèá â óëîâàõ äîì³íóâàëà ìîëîäü áè÷-
êà êðóãëÿêà Neogobius melanostomus (Pallas, 1814), ï³ñî÷íèêà Neogobius flu-
viatilis (Pallas, 1814), òðàâ’ÿíèêà Zosterisessor ophiocephalus (Pallas, 1814).
Òàêîæ çóñòð³÷àëèñü åêçåìïëÿðè áè÷ê³â ÷îðíîãî Gobius niger Linnaeus,
1758, ñóðìàíà Ponticola syrman (Nordmann, 1840), ðèæèêà Ponticola eury-
cephalus (Kessler, 1874), öóöèêà Proterorhinus marmoratus (Pallas, 1814), ëè-
ñóíà Pomatoschistus marmoratus (Risso, 1810). Íà îïð³ñíåí³é àêâàòîð³¿ ãèð-
ëà Áåðåçàíñüêîãî ëèìàíó ïåðåâàæàâ áè÷îê ãîíåöü Babka gymnotrachelus
(Kessler, 1857), ÷àñòêà ÿêîãî ñêëàäàëà äî 30 % â³ä âñ³õ áè÷êîâèõ ðèá. Òàêîæ
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â öèõ çíàðÿääÿõ áóëà ïðèñóòíÿ ìîëîäü ö³ííèõ êàìáàëîâèõ ðèá (Pleuro-
nectidae, Scophthalmidae). Â Êàðê³í³òñüê³é çàòîö³ òà ðàéîí³ êîñè Òåíäðà
íàìè áóëî çàô³êñîâàíî ïðèëîâ ìîëîä³ êàëêàíà Scophthalmus maximus
(Linnaeus, 1758) äîâæèíîþ 5—11 ñì òà ãëîñè Platichthys flesus (Linnaeus,
1758) äîâæèíîþ 4—7 ñì â ê³ëüêîñò³ äî 5 åêç. íà îäèí ÿò³ð íà äîáó. Ïðèëîâ
÷îðíîìîðñüêîãî êàëêàíà çàçâè÷àé çá³ëüøóâàâñÿ â ñåðïí³-âåðåñí³, êîëè
öüîãîë³òêè öüîãî âèäó ïåðåõîäÿòü äî äåìåðñàëüíîãî ñïîñîáó æèòòÿ òà íà-
ãóëþþòüñÿ íà ì³ëêîâîääÿõ ó ïðèáåðåæí³é çîí³. Ìàêñèìàëüí³ âåëè÷èíè
ïðèëîâó ìîëîä³ ãëîñè áóëè çàô³êñîâàí³ â ãèðë³ Áåðåçàíñüêîãî ëèìàíó. Â
öüîìó ðàéîí³, â óëîâ³ ³ç ðîçðàõóíêó íà îäèí ÿò³ð, çà äîáó â³äì³÷àëîñü äî
17 åêç. ìîëîä³ öüîãî âèäó äîâæèíîþ 3—5 ñì. Öå ïîÿñíþºòüñÿ òèì, ùî íå-
ðåñò ãëîñè â³äáóâàºòüñÿ ïåðåâàæíî íà îïð³ñíåíèõ ä³ëÿíêàõ ìîðÿ òà ó ëè-
ìàíàõ, äå â ïîäàëüøîìó ³ â³äáóâàºòüñÿ íàãóë ¿¿ ìîëîä³. Çíà÷íèé ïðèëîâ
íåñòàòåâîçð³ëî¿ ìîëîä³ ðèá âèÿâèâñÿ îñíîâíîþ íåãàòèâíîþ ðèñîþ öüîãî
âèäó ïðîìèñëó.

Â óëîâàõ êðåâåòêîâèõ ÿòåð³â ÷àñòî çóñòð³÷àëèñü ³ ïåëàã³÷í³ ðèáè, òàê³
ÿê õàìñà Engraulis encrasicolus (Linnaeus, 1758) òà ñòàâðèäà Trachurus medi-
terraneus (Steindachner, 1868). Çàçâè÷àé óëîâè öèõ ìàñîâèõ ïðîìèñëîâèõ
âèä³â áóëè âèùèìè âåñíîþ òà âîñåíè, ï³ä ÷àñ ¿õí³õ îñíîâíèõ ì³ãðàö³é, ³
ìîãëè äîñÿãàòè äî 2—5 êã íà ÿò³ð çà äîáó. Âïðîäîâæ óñüîãî ðîêó â óëîâàõ
áóëà ïðèñóòíÿ àòåðèíà ï³ùàíà Atherina boyeri (Risso, 1810), ïðèëîâ ÿêî¿ â
ÿòåð³ âë³òêó ÷àñòî ïåðåâèùóâàâ óëîâè êðåâåòîê. Ðåñóðñè öèõ ïðîìèñëî-
âèõ âèä³â ó áàñåéí³ äîñèòü âåëèê³ ³, áåçóìîâíî, íå ìîæóòü ïîñòðàæäàòè â³ä
âèëîâó ðàçîì ç êðåâåòêîþ. Â ìåíøèõ ê³ëüêîñòÿõ, àëå äîñòàòíüî ðåãóëÿðíî
â óëîâàõ çóñòð³÷àëèñü òàê³ çâè÷àéí³ äëÿ ×îðíîãî ìîðÿ âèäè ðèá, ÿê: ñàð-
ãàí Belone belone (Linnaeus, 1760), çåëåíóøêè Symphodus cinereus (Bonna-
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terre, 1788) òà Symphodus ocellatus (Forssk�l, 1775), ìîðñüêà ³ãëèöÿ òðóáêî-
ðîò Syngnathus typhle (Linnaeus, 1758), ìîëîäü êåôàëåâèõ ðèá (Mugilidae),
ìîðñüêèé ÿçèê Pegusa lascaris (Risso, 1810), ñîáà÷êà äîâãîùóïàëüöåâèé
Parablennius tentacularis (Br�nnich, 1768) òà áàðàáóëÿ Mullus barbatus pon-
ticus (Essipov, 1927).

Â óñ³ ðîêè äîñë³äæåíü ó ïðîáàõ, îêð³ì êðåâåòîê, áóëà ïðèñóòíÿ çíà÷íà
ê³ëüê³ñòü ³íøèõ âèä³â áåçõðåáåòíèõ. Íàìè áóëî çàô³êñîâàíî ÷îòèðè âèäè
êðàá³â: êðàá âîëîõàòèé Pilumnus hirtellus (Linnaeus, 1761), ï³ùàíèé Xantho
poressa (Olivi, 1792), ïëàâóíåöü Liocarcinus vernalis (Risso, 1827), òà òðàâ’ÿ-
íèé Carcinus aestuarii (Nardo, 1847). ²íîä³ â óëîâàõ ÿòåð³â â íåçíà÷í³é
ê³ëüêîñò³ áóëè ïðèñóòí³ ³íø³ âèäè êðåâåòîê — êàì’ÿíà êðåâåòêà Palaemon
elegans Rathke, 1837 òà êðàíãîí Crangon crangon (Linnaeus, 1758). Êðàíãîí
çàçâè÷àé çóñòð³÷àâñÿ ïîáëèçó íàéìåíø îïð³ñíåíèõ ä³ëÿíîê óçáåðåææÿ,
ïðèëåãëèõ äî â³äêðèòîãî ìîðÿ. Öåé âèä êðåâåòîê ç’ÿâëÿâñÿ â óëîâàõ ÿòå-
ð³â ïðè ð³çêèõ çíèæåííÿõ òåìïåðàòóðè âîäè âíàñë³äîê âèíîñó äî áåðåãà
õîëîäíèõ âîä. Íà íàøó äóìêó, çàñíîâàíó íà ïîëüîâèõ ñïîñòåðåæåííÿõ,
ïåð³îäè÷íà ïîÿâà êðàíãîíà â óëîâàõ ïîÿñíþºòüñÿ òèì, ùî ó âèïàäêó
ð³çêîãî çíèæåííÿ òåìïåðàòóðè âîäè ö³ êðåâåòêè ïîêèäàþòü ñâî¿ óêðèòòÿ
â ï³ùàíîìó ´ðóíò³ òà ïî÷èíàþòü çä³éñíþâàòè àêòèâí³ ïåðåì³ùåííÿ, ÿê³ ³
ïðèçâîäÿòü äî ¿õíüîãî ïîòðàïëÿííÿ â ÿòåð³. Çàçâè÷àé ÷àñòêà öèõ äâîõ
âèä³â â óëîâàõ íå ïåðåâèùóâàëà 0,01 %, ³ âîíè îáë³êîâóâàëèñü ó çàãàëüíî-
ìó óëîâ³ ðàçîì ç òðàâ’ÿíîþ êðåâåòêîþ, îñê³ëüêè ÿê ïåðåðîáíèêè, òàê ³
ê³íöåâ³ ñïîæèâà÷³ ïðîäóêö³¿ íå â³äð³çíÿþòü ¿õ â³ä îñíîâíîãî ïðîìèñëîâî-
ãî âèäó.

²íîä³ â êðåâåòêîâ³ ÿòåð³ ïîòðàïëÿëè ïðåäñòàâíèêè ð³äê³ñíèõ âèä³â,
ÿê³ çàíåñåí³ äî ×åðâîíî¿ êíèãè Óêðà¿íè. Ó ëèïí³ 2017 ð. á³ëÿ ñ. Ëàçóðíå
íàìè áóëî çàô³êñîâàíî ôàêò ïðèëîâó ó êðåâåòêîâèé ÿòåð ÷îðíîìîðñüêî-
ãî ëîñîñÿ Salmo labrax (Pallas, 1814) äîâæèíîþ 25 ñì. Íåð³äêî â óëîâàõ
ÿòåð³â áóëè ïðèñóòí³ ³ ìîðñüê³ êîíèêè Hippocampus guttulatus (Cuvier,
1829).

Î÷åâèäíî, ùî êðåâåòêîâ³ ÿòåð³, íåçâàæàþ÷è íà ñâîþ åôåêòèâí³ñòü
ïðè ïðîìèñë³ ö³ëüîâîãî îá’ºêòó, âèÿâèëèñü ìàëî ñåëåêòèâíèìè çíàðÿä-
äÿìè ïî â³äíîøåííþ äî ðÿäó ³íøèõ ã³äðîá³îíò³â. Â îêðåìèõ âèïàäêàõ
âîíè ìîæóòü ïðåäñòàâëÿòè çàãðîçó äëÿ çáåðåæåííÿ á³îð³çíîìàí³òòÿ â
ìîðñüê³é åêîñèñòåì³. Äëÿ îïòèì³çàö³¿ êîíñòðóêö³¿ ÿòåð³â ç ìåòîþ çíèæåí-
íÿ ïðèëîâó íåö³ëüîâèõ âèä³â ÄÏ «ÎäÖ Ï³âäåíÍ²ÐÎ» áóëè ïðîâåäåí³ åêñ-
ïåðèìåíòàëüí³ ëîâè ç âèêîðèñòàííÿì ð³çíèõ ìîäèô³êàö³é öèõ çíàðÿäü.
Ï³ñëÿ ïðîâåäåííÿ ñïåö³àëüíèõ ïîëüîâèõ âèïðîáóâàíü áóëè ðîçðîáëåí³ ³
âïðîâàäæåí³ â ïðàêòèêó ðåãóëþâàííÿ ïðîìèñëó äîäàòêîâ³ îáìåæåííÿ ïà-
ðàìåòð³â çíàðÿäü ëîâó êðåâåòîê [11—16]. Àâòîðó, ÿê ó÷àñíèêó öèõ åêñïå-
ðèìåíòàëüíèõ ðîá³ò, âäàëîñü îö³íèòè åôåêòèâí³ñòü çàõîä³â, ñïðÿìîâàíèõ
íà çíèæåííÿ íåáàæàíîãî ïðèëîâó. Áóëî âñòàíîâëåíî, ùî âèêîðèñòàííÿ â
êðåâåòêîâîìó ÿòåð³ çá³ëüøåíîãî â äîâæèíó êóòêà ðîçì³ðîì á³ëüøå í³æ 1
ì äîçâîëÿº âèïóñêàòè çíà÷íó ÷àñòêó ìîëîä³ ïðîìèñëîâèõ ðèá, íå âèéìà-
þ÷è çíàðÿääÿ ç âîäè. Òàêîæ áóëî âèÿâëåíî, ùî ïðèëîâ ìîëîä³ êàëêàíà ³
êðàá³â ñóòòºâî çíèæóâàâñÿ â òèõ ÿòåðÿõ, ãèðëî ÿêèõ ìàëî ïåðåãîðîäêó ç
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äåë³ â³÷êîì 24—28 ìì [5]. Âèêîðèñòàííÿ ñ³òêîâî¿ ïåðåãîðîäêè çíèæóâàëî
ïðèëîâ íåö³ëüîâèõ âèä³â, àëå íå ïåðåøêîäæàëî çàõîäó êðåâåòîê ó ÿò³ð. Ö³
îñîáëèâîñò³ êîíñòðóêö³¿ ÿòåð³â áóëè âêëþ÷åí³ â ïîñò³éíèé ïåðåë³ê îáî-
â’ÿçêîâèõ íîðì Ðåæèìó ðèáàëüñòâà. Ïðè÷îìó â òðàâí³ òà ñåðïí³ ðèáàëêè
ïîâèíí³ áóëè çàñòîñîâóâàòè ÿòåð³ ç ïåðåãîðîäêàìè, à â ïåð³îä ç 1 ÷åðâíÿ
ïî 31 ëèïíÿ ïðîìèñåë âçàãàë³ çàáîðîíèëè. Ïðî äîö³ëüí³ñòü âèêîðèñòàííÿ
ïåðåãîðîäêè â ãèðë³ ÿòåðÿ ñâ³ä÷èòü ³ òå, ùî äåÿê³ âèäîáóâí³ ï³äïðèºìñòâà
âèêîðèñòîâóâàëè ¿¿ ïðîòÿãîì âñüîãî ïðîìèñëîâîãî ñåçîíó, à íå ò³ëüêè â
ïðîïèñàíèé Ðåæèìîì ðèáàëüñòâà ïåð³îä. Ðèáàëêè áóëè çàö³êàâëåí³ ó
çìåíøåíí³ ïðèëîâó êðàá³â, ìîëîä³ ðèá òà ïîòðàïëÿííÿ â ÿòåð³ ìåäóç,
îñê³ëüêè öå ñóòòºâî ïðèñêîðþâàëî ïåðåáîðêó óëîâó òà ïîêðàùóâàëî çàãà-
ëüíó ÿê³ñòü ïðîäóêö³¿.

Îïòèìàëüíå ðåãóëþâàííÿ ïðîìèñëó. Àíàë³ç áàãàòîð³÷íî¿ ñòàòèñòèêè
óëîâ³â ïîêàçàâ, ùî ÷åðåç çìåíøåííÿ çàïàñ³â îñíîâíèõ ïðîìèñëîâèõ ðèá â
ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ ðèáîäîáóâí³ ï³äïðèºìñòâà ñòàëè
çâåðòàòè âñå á³ëüøå óâàãè íà ïðîìèñåë áåçõðåáåòíèõ. Â îñòàíí³ äåñÿ-
òèë³òòÿ â³äì³÷àëîñü çðîñòàííÿ îáñÿã³â âèäîáóòêó êðåâåòîê â óêðà¿íñüêèõ
âîäàõ. ßêùî â ïåð³îä 2000—2010 ðð. âèëîâ ëåäâå äîñÿãàâ ê³ëüêà äåñÿòê³â
òîí, òî â íàñòóïíå äåñÿòèë³òòÿ â³í ïî÷àâ çðîñòàòè ³ â 2016 ð. ïåðåâèùèâ
500 ò (òàáë. 2).

Ó 2017 ð. âèëîâ êðåâåòîê äîñÿã 789 ò, õî÷à ó 2018 ð. ¿õí³é óëîâ çíèçèâñÿ
äî 507 ò. Îñòàííº ïîÿñíþºòüñÿ íå ïîã³ðøåííÿì ñòàíó ñèðîâèííî¿ áàçè, à
ò³ëüêè àäì³í³ñòðàòèâíèì ð³øåííÿì ùîäî âñòàíîâëåííÿ ë³ì³òîâàíîãî îá-
ìåæåííÿ íà äîïóñòèìèé îáñÿã âèëîâó. Ðåàëüíèõ ï³äñòàâ äëÿ òàêîãî «æîð-
ñòêîãî» ðåãóëþâàííÿ íå áóëî — óëîâè íà ïðîìèñëîâå çóñèëëÿ íå çíèæó-
âàëèñü (ðèñ. 6.).
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Òàáëèöÿ 2
Óëîâè òðàâ’ÿíî¿ êðåâåòêè â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ òà

ïðèëåãëèõ ëèìàíàõ

Ðîêè Âèëîâ, ò Ðîêè Âèëîâ, ò

2000 0,6 2011 33

2001 0,16 2012 62

2002 1,1 2013 116

2003 1,7 2014 93

2004 2 2015 226

2005 0 2016 534

2006 15 2017 789

2007 10 2018 507

2008 16 2019 700

2009 16 2020 659

2010 21 2021 646



ßê áóëî ïîêàçàíî âèùå, äîñÿãíóòèé äî òåïåð³øíüîãî ÷àñó ð³âåíü åêñ-
ïëóàòàö³¿ ðåñóðñó º îïòèìàëüíî äîïóñòèìèì, îäíàê º íåîáõ³äí³ñòü ñòðè-
ìóâàòè ïîäàëüøå çðîñòàííÿ âèäîáóòêó. Â á³ëüø³é ì³ð³ öå ïîâ’ÿçàíî òàêîæ
³ ç òèì íåãàòèâíèì âïëèâîì, ÿêèé ïðîìèñåë êðåâåòîê çàâäàº ñóïóòí³ì âè-
äàì, â òîìó ÷èñë³ çàíåñåíèì äî ×åðâîíî¿ êíèãè Óêðà¿íè. Îäíàê âñòàíîâ-
ëåííÿ ë³ì³òó îáñÿãó âèäîáóòêó íà íàñòóïíèé ð³ê äëÿ êðåâåòêè ââàæàºìî
íåäîö³ëüíèì. Íàñàìïåðåä öå çóìîâëåíî â³äñóòí³ñòþ áóäü-ÿêèõ íàóêîâî
îá´ðóíòîâàíèõ ï³äõîä³â äî ïðîãíîçóâàííÿ ð³âíÿ ÷èñåëüíîñò³ öüîãî êî-
ðîòêîöèêë³÷íîãî âèäó ³ç çàâ÷àñí³ñòþ íà 12 ì³ñÿö³â. Çàâäàííÿ óñêëàä-
íþºòüñÿ òèì, ùî îñíîâíó ÷àñòêó ïîïóëÿö³¿ ñêëàäàþòü öüîãîë³òêè òà îä-
íîð³÷êè, ÷èñåëüí³ñòü ÿêèõ íà äðóãîìó ðîö³ æèòòÿ ñèëüíî ñêîðî÷óºòüñÿ
âíàñë³äîê âèñîêîãî ð³âíÿ ïðèðîäíî¿ ñìåðòíîñò³ [24]. Ã³äðîìåòåîðîëî-
ã³÷í³ óìîâè òà ³íø³ ôàêòîðè, ÿê³ ìîæóòü ñèëüíî âïëèâàòè ÿê íà ð³âåíü
ñìåðòíîñò³, òàê ³ íà â³äòâîðåííÿ ïîïóëÿö³¿ êðåâåòîê â íàñòóïíîìó ðîö³
òèì ïà÷å íå ìîæóòü áóòè ñïðîãíîçîâàí³.

Êð³ì çàçíà÷åíèõ ïðè÷èí, âñòàíîâëåííþ ë³ì³ò³â âèëîâó ïåðåøêîäæàº
íåäîñêîíàëà ñèñòåìà îáë³êó ðåàëüíèõ óëîâ³â. Â õîä³ íàøîãî ïåðåáóâàííÿ
â áðèãàäàõ ðèáàëîê âèÿâèëîñü, ùî ñòàòèñòèêà âèëîâó äàëåêî íå ïîâí³ñòþ
â³äîáðàæàº ðåàëüí³ îáñÿãè âèäîáóòêó. Çà íàøèìè îö³íêàìè, ÿê³ çàñíîâàí³
íà äàíèõ ïðî ÷èñåëüí³ñòü ðèáàëîê íà óçáåðåææ³ Êàðê³í³òñüêî¿ çàòîêè, äå
â³äáóâàºòüñÿ íàéá³ëüø ìàñøòàáíèé ïðîìèñåë ÿòåðÿìè, çàãàëüíå ð³÷íå
âèëó÷åííÿ êðåâåòîê â îêðåì³ ðîêè ìîæå äîñÿãàòè 1000 ò, ùî ñóòòºâî âèùå
çà ñòàòèñòè÷í³ äàí³ (òàáë. 2.). Îñíîâíà ïðè÷èíà òàêîãî ñòàíó ñïðàâ
êðèºòüñÿ â ïðîáëåìàõ, ç ÿêèìè ðèáàëêè ñòèêàþòüñÿ ïðè çäàâàíí³ óëîâó
êðåâåòîê íà ðèáîïðèéìàëüíèé ïóíêò. Ñïðàâà â òîìó, ùî äëÿ â³äïðàâêè
êðåâåòîê ñïîæèâà÷àì ¿õ íåîáõ³äíî â³äðàçó ï³ñëÿ âèëîâó ï³ääàòè âàð³ííþ
ó ñîëîí³é âîä³ òà íàñòóïíîìó øâèäêîìó çàìîðîæóâàííþ. Äëÿ îôîðìëåí-
íÿ âèëîâó çã³äíî âñòàíîâëåíèõ äåðæàâîþ íîðìàòèâ³â âñ³ ö³ òåõíîëîã³÷í³
ïðîöåñè ìîæóòü çä³éñíþâàòèñÿ ò³ëüêè íà ñïåö³àëüíî îáëàäíàíîìó òà ñåð-
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Ðèñ. 6. Ñåðåäí³é äîáîâèé óëîâ êðåâåòêè íà îäèí ÿò³ð íà äîáó ó ï³âí³÷íî-çàõ³äí³é ÷àñ-
òèí³ ×îðíîãî ìîðÿ â 2017—2020 ðð.



òèô³êîâàíîìó ï³äïðèºìñòâ³. Íà æàëü, ê³ëüê³ñòü òàêèõ â³äïîâ³äíèì ÷èíîì
îáëàäíàíèõ ïðèéìàëüíî-ïåðåðîáíèõ öåõ³â äàëåêî â³äñòàº â³ä ïîòðåá ïðî-
ìèñëó. Â³äïîâ³äíî, ðèáàëêè íå ìàþòü ìîæëèâîñò³ ïîâí³ñòþ ëåãàë³çóâàòè
âèëîâ òà çáóò êðåâåòîê. Äëÿ ñêîðî÷åííÿ íåçàðåºñòðîâàíîãî âèëîâó âî-
äíèõ á³îðåñóðñ³â íåîáõ³äíî â ö³ëîìó ïîêðàùèòè ñèñòåìó îáë³êó óëîâ³â
ðèáîäîáóâíèõ ï³äïðèºìñòâ.

Â äàí³é ñèòóàö³¿ ºäèíèì åôåêòèâíèì ìåòîäîì ðåãóëþâàííÿ ïðîìèñëó
º âñòàíîâëåííÿ îáìåæåííÿ ê³ëüêîñò³ çíàðÿäü ëîâó ³ áðèãàä ðèáàëîê íà óç-
áåðåææ³. Â îñòàíí³ ðîêè ó Ðåæèì³ ðèáàëüñòâà, ÿêèé ùîð³÷íî ïðèéìàºòüñÿ
óðÿäîì Óêðà¿íè, âêàçóþòüñÿ îáìåæåííÿ çà ê³ëüê³ñòþ ÿòåð³â òà ¿õíÿ ì³í³-
ìàëüíà ê³ëüê³ñòü íà ðèáàëüñüêó áðèãàäó. Çàãàëüíà ê³ëüê³ñòü çíàðÿäü ç
2020 ð. âñòàíîâëþâàëàñü â ìåæàõ äî 830 îä., ïðè öüîìó 65—70 % âñ³õ çíà-
ðÿäü âèä³ëÿºòüñÿ ï³äïðèºìñòâàì Õåðñîíñüêî¿ îáë. [16]. ßê ïîêàçàëà ïðàê-
òèêà ïðîìèñëó îñòàíí³õ ðîê³â, òàêà ê³ëüê³ñòü çíàðÿäü ö³ëêîì çàáåçïå÷óº
âèäîáóòîê íà îïòèìàëüíî-äîïóñòèìîìó äëÿ ïîïóëÿö³¿ ð³âí³. Îðãàíè ðè-
áîîõîðîíè, ÿê³ âèäàþòü äîçâîëè öèì áðèãàäàì òà êîíòðîëþþòü ¿õíþ ðî-
áîòó íà ì³ñöÿõ ïðîìèñëó, ìàþòü ïîâíó ìîæëèâ³ñòü ïðîñòåæèòè çà äîòðè-
ìàííÿì öèõ âèìîã.

Ñë³ä âðàõîâóâàòè, ùî ïîïóëÿö³ÿ òðàâ’ÿíî¿ êðåâåòêè â óêðà¿íñüêèõ âî-
äàõ äîñòóïíà äëÿ ïðîìèñëó ëèøå íà äåÿêèõ àêâàòîð³ÿõ, ÿê³ îõîïëþþòü
ò³ëüêè ÷àñòèíó ¿¿ àðåàëó. Âåëèêà ïëîùà àêâàòîð³é ìîðÿ, éîãî çàòîê òà ëè-
ìàí³â, äå ìåøêàþòü êðåâåòêè, çíàõîäèòüñÿ â ìåæàõ çàáîðîíåíèõ äëÿ ðè-
áàëüñòâà ä³ëÿíîê ïðèðîäíî-çàïîâ³äíîãî ôîíäó. Íàéá³ëüø âàæëèâ³ äëÿ
íàãóëó òà ðîçìíîæåííÿ êðåâåòîê çàïîâ³äí³ àêâàòîð³¿ ðîçòàøîâàí³ â Òåíä-
ð³âñüê³é òà ßãîðëèöüê³é çàòîêàõ, âçäîâæ Ê³íáóðíñüêî¿ êîñè òà ïîáëèçó
î-âà Äæàðèëãà÷, à òàêîæ â Òóçëîâñüê³é ãðóï³ ëèìàí³â. Êðåâåòêè, ùî ì³ã-
ðóþòü çâ³äñè, ðåãóëÿðíî ïîïîâíþþòü ïðîìèñëîâèé çàïàñ, ÿêèé ìîæå
áóòè îñâîºíèé ðèáàëêàìè íà äîçâîëåíèõ äëÿ ëîâó ä³ëÿíêàõ. Öå íàäàº
á³îëîã³÷íîìó ðåñóðñó äîäàòêîâî¿ ñò³éêîñò³ äî íàäì³ðíîãî âïëèâó ïðîìèñ-
ëó.

Âèñíîâêè

Íåçâàæàþ÷è íà ³íòåíñèô³êàö³þ ïðîìèñëó âïðîäîâæ îñòàíí³õ ðîê³â, â
ñòðóêòóð³ ïîïóëÿö³¿ òðàâ’ÿíî¿ êðåâåòêè íå â³äáóâàëîñü ñåðéîçíèõ çì³í,
ÿê³ á âêàçóâàëè íà íàäì³ðíó åêñïëóàòàö³þ öüîãî ðåñóðñó. Ðîçì³ðíî-ìàñîâ³
õàðàêòåðèñòèêè êðåâåòîê çàëèøàëèñü ïðàêòè÷íî íåçì³ííèìè â ïåð³îä
äîñë³äæåíü, ùî ñâ³ä÷èòü ïðî ñòàá³ëüí³ñòü óìîâ íàãóëó öèõ ðàêîïîä³áíèõ.
Â ïðîáàõ ç ïðîìèñëîâèõ óëîâ³â àáñîëþòíî äîì³íóâàëè ñàìêè, ùî ïîÿñ-
íþºòüñÿ ñåëåêòèâí³ñòþ çíàðÿäü ëîâó. Äëÿ á³ëüø äåòàëüíîãî äîñë³äæåííÿ
ïîïóëÿö³éíî¿ ñòðóêòóðè êðåâåòîê íåîáõ³äíî ïðîâîäèòè äîäàòêîâ³ äîñ-
ë³äæåííÿ ç âèêîðèñòàííÿì àêòèâíèõ çíàðÿäü ëîâó ç³ çìåíøåíèì â³÷êîì
— 4—6 ìì.

Îö³íêà ñòàíó ïîïóëÿö³¿ çà äîïîìîãîþ ìîäåë³ LBB òàêîæ íå âèÿâèëà
çàãðîçè çìåíøåííÿ çàïàñó öüîãî ðåñóðñó ïðè ñó÷àñíîìó ð³âí³ åêñïëóà-
òàö³¿. Ðîçðàõîâàíà àñèìïòîòè÷íà äîâæèíà êðåâåòîê â ïåð³îä 2017—
2020 ðð. çìåíøèëàñü ìåíøå í³æ íà 1 %. Ïðîìèñëîâà ñìåðòí³ñòü äåùî ïå-
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ðåâèùóâàëà ïðèðîäíó, ïðîòå êîåô³ö³ºíò ïðîìèñëîâî¿ åêñïëóàòàö³¿
(B/BMSY) ñêëàâ 1,0, ùî âêàçóº íà òå, ùî ñó÷àñíå ïðîìèñëîâå âèëó÷åííÿ
êîìïåíñóºòüñÿ âèñîêîþ â³äòâîðþâàëüíîþ çäàòí³ñòþ ïîïóëÿö³¿. Îäíàê
íàðîùóâàííÿ ³íòåíñèâíîñò³ ïðîìèñëó ìîæå ïîã³ðøèòè ñèòóàö³þ.

Â óëîâàõ êðåâåòêîâèõ ÿòåð³â áóâ âèÿâëåíèé çíà÷íèé ïðèëîâ ìîëîä³
ïðîìèñëîâèõ âèä³â ðèá òà ð³äê³ñíèõ âèä³â, ùî çàíåñåí³ äî ×åðâîíî¿ êíèãè
Óêðà¿íè. Íàéá³ëüø íåáàæàíèì º çíà÷íèé ïðèëîâ â ÿòåð³ ìîëîä³ áè÷êîâèõ
òà êàìáàëîâèõ ðèá. Â ö³ëÿõ çíèæåííÿ íåãàòèâíîãî âïëèâó ïðîìèñëó êðå-
âåòîê íà ìîëîäü ðèá òà ³íøèõ ã³äðîá³îíò³â íåîáõ³äíà ðåãóëÿö³ÿ ëîâó øëÿ-
õîì îáìåæåííÿ ê³ëüêîñò³ êðåâåòêîâèõ ÿòåð³â òà ðåãëàìåíòàö³¿ ¿õíüî¿ êîí-
ñòðóêö³¿.

Ïîòî÷íèé ð³âåíü âèäîáóòêó â çíà÷í³é ì³ð³ çàëèøàºòüñÿ íà äîïóñòè-
ìîìó ð³âí³ ç ïðè÷èíè òîãî, ùî ïëîùà ä³ëÿíîê ìîðÿ, íà ÿêèõ äîçâîëåíî
ðèáàëüñòâî, ñêëàäàº íåâåëèêó ÷àñòèíó â³ä àðåàëó êðåâåòîê. Íà êîðèñòü
òîãî, ùî ïîïóëÿö³ÿ òðàâ’ÿíî¿ êðåâåòêè çíàõîäèòüñÿ â çàäîâ³ëüíîìó ñòàí³,
ãîâîðèòü ³ òîé ôàêò, ùî ³íòåíñèô³êàö³ÿ ïðîìèñëó ëèøå íåçíà÷íî â³äîáðà-
æàºòüñÿ íà ðîçì³ðíîìó ñêëàä³ òà ìàñîâèõ õàðàêòåðèñòèêàõ îñîáèí öèõ
áåçõðåáåòíèõ.

Ïðè çáåðåæåíí³ ³ñíóþ÷èõ îáìåæåíü çà ê³ëüê³ñòþ çíàðÿäü òà ùîäî
ðàéîí³â ëîâó âïëèâ ïðîìèñëó íå ìîæå ïðèçâåñòè äî ñêîðî÷åííÿ çàïàñó
êðåâåòîê, ³ âñòàíîâëåííÿ ë³ì³òó íà ¿õíº âèëó÷åííÿ íå º äîö³ëüíèì. Îñ-
òàííº íå ìîæå áóòè ïðèéíÿòî ÿê ì³ðà ðåãóëþâàííÿ ïðîìèñëó òàêîæ ç
ïðè÷èíè â³äñóòíîñò³ äëÿ öèõ êîðîòêîöèêë³÷íèõ âèä³â íàä³éíîãî ïðîãíî-
çó ð³âíÿ çàïàñó òà éîãî ïîïîâíåííÿ ìîëîääþ íà íàñòóïíèé ð³ê.
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CURRENT STATE OF THE POPULATION AND FISHERY OF THE BALTIC PRAWN
PALAEMON ADSPERSUS RATHKE, 1837 (DECAPODA, PALAEMONIDAE) IN THE

NORTHWESTERN PART OF THE BLACK SEA

Data on the sex and size-mass composition of the Baltic prawn Palaemon adspersus
Rathke, 1837 population were obtained basing on the analysis of samples from 35 fyke net
catches in the northwestern part of the Black Sea, in 2017—2020. A total of 4293 individu-
als were analyzed. Baltic prawn in the catches was represented by individuals of 20—65 mm
length, and the bulk of them were individuals with a length of 40—50 mm. Their share was
52 % of the population. According to LBB model there was an increase in the level of relati-
ve fishing mortality from 0.7 to 1.2 during 2017—2020. Although the ratio of the current
biomass to the biomass with the level ensuring the maximum sustainable yield (B/BMSY)
was equal to 1.0 in 2020. This corresponds to the optimal level of exploitation of the Baltic
prawn resource in Ukrainian waters. The minimal allowed length of shrimp for fishing ac-
cording to the model calculations should be 35 mm. Analysis of fyke nets catches revealed a
large number of undersized commercial fish individuals in the bycatch and some species
listed in the Red Book of Ukraine. The most negative feature of this fishery is the presence
of undersized gobies, turbot and flounder in fyke nets catches. The current level of fishery
cannot lead to overfishing of P. adspersus in Ukrainian waters. In order to reduce the nega-
tive impact of shrimp fishery on non-target species, it is necessary to regulate this fishing by
the number of fishing gears limitation and their designs optimization. It was determined
that it is advisable to limit the number of shrimps fyke nets at the level of about 800 units in
Ukrainian waters.

Key words: shrimp, Palaemon adspersus, population structure, fishing optimization,
bycatch.
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ÁÀÊÒÅÐ²ÎÏËÀÍÊÒÎÍ ÒÀ ÁÀÊÒÅÐ²ÎÁÅÍÒÎÑ ßÊ
²ÍÄÈÊÀÒÎÐÈ ÅÊÎËÎÃÎ-ÑÀÍ²ÒÀÐÍÎÃÎ ÑÒÀÍÓ

ÂÎÄÎÉÌ ÒÀ ÁÅÇÏÅ×ÍÎÑÒ² ÂÎÄÎÊÎÐÈÑÒÓÂÀÍÍß1

Áàêòåð³îïëàíêòîí òà áàêòåð³îáåíòîñ ñåðåäíüî¿ òà ïðèãðåáëåâî¿ ä³ëÿíîê Êè¿â-
ñüêîãî âîäîñõîâèùà, âåðõíüî¿ ä³ëÿíêè Êàí³âñüêîãî âîäîñõîâèùà ð. Äí³ïðî, äîñë³äæå-
íèé â ëèïí³ 2021 ð. â óìîâàõ àíîìàëüíî âèñîêèõ òåìïåðàòóð âîäè òà ïîâ³òðÿ, õàðàê-
òåðèçóâàâñÿ âèñîêèìè ïîêàçíèêàìè ê³ëüê³ñíîãî ðîçâèòêó òà ëîêàëüíèìè â³äì³ííîñ-
òÿìè. Ñåðåäí³ ïîêàçíèêè ÷èñåëüíîñò³ áàêòåð³îïëàíêòîíó áóëè ïîä³áíèìè (Êè¿âñüêå
âîäîñõîâèùå — 14,4±6,2 ìëí. êë/ñì3, Êàí³âñüêå âîäîñõîâèùå — 17,6±1,4 ìëí. êë/ñì3),
ïðè á³ëüøîìó ä³àïàçîí³ âàð³þâàííÿ â Êè¿âñüêîìó âîäîñõîâèù³. ×èñåëüí³ñòü áàêòå-
ð³îáåíòîñó áóëà çíà÷íî âèùîþ íà âåðõí³é ä³ëÿíö³ Êàí³âñüêîãî âîäîñõîâèùà (26,5±
6,2 ìëðä. êë/ã), í³æ ó Êè¿âñüêîìó âîäîñõîâèù³ (8,8±5,6 ìëðä. êë/ã), ïðè ïîä³áíîìó ä³àïà-
çîí³ âàð³þâàííÿ. ²ñòîòí³ â³äì³ííîñò³ âèÿâëåíî ó ÷èñåëüíîñò³ ð³çíèõ åêîëîãî-òðî-
ô³÷íèõ ãðóï áàêòåð³é: åâòðîôí³ òà îë³ãîòðîôí³ áàêòåð³¿ ó âîä³ òà äîííèõ â³äêëàäàõ
áóëè á³ëüø ÷èñëåííèìè ó Êàí³âñüêîìó âîäîñõîâèù³ ïîð³âíÿíî ç Êè¿âñüêèì. ¯õíº ñï³â-
â³äíîøåííÿ (ÅÁ/ÎÁ) áóëî <1 ó Êè¿âñüêîìó âîäîñõîâèù³ òà >1 — ó Êàí³âñüêîìó. Öå
îïîñåðåäêîâàíî ñâ³ä÷èòü ïðî ïåðåâàæàííÿ ëåãêîäîñòóïíî¿ îðãàí³÷íî¿ ðå÷îâèíè íà
âåðõí³é ä³ëÿíö³ Êàí³âñüêîãî âîäîñõîâèùà â óìîâàõ òî÷êîâèõ çàáðóäíåíü ð³÷êîâî¿
ä³ëÿíêè, ÿêà çíàõîäèòüñÿ â ìåæàõ âåëèêîãî ì³ñòà (ì. Êè¿â). Âñòàíîâëåíî äîñòîâ³ðíó
ïðÿìó ïîçèòèâíó çàëåæí³ñòü (p<0,01) ì³æ ÷èñåëüí³ñòþ åâòðîôíèõ áàêòåð³é ó ïëàí-
êòîí³ òà áåíòîñ³ ³ âì³ñòîì îðãàí³÷íî¿ ðå÷îâèíè (çà ÏÎ). Çã³äíî ç åêîëîã³÷íîþ êëà-
ñèô³êàö³ºþ ÿêîñò³ ïîâåðõíåâèõ âîä, çà ïîêàçíèêîì ÷èñåëüíîñò³ ïëàíêòîííèõ åâò-
ðîôíèõ áàêòåð³é ñåðåäíÿ ä³ëÿíêà Êè¿âñüêîãî âîäîñõîâèùà â³äíîñèëàñü äî êàòåãîð³é
âîä «äóæå äîáð³» — «çàäîâ³ëüí³», II, III êëàñ³â ÿêîñò³, ïðèãðåáëåâà ä³ëÿíêà — «ïîãàí³»
— «äóæå ïîãàí³», IV òà V êëàñ³â ÿêîñò³. Äîñë³äæåí³ ä³ëÿíêè Êàí³âñüêîãî âîäîñõîâèùà
â³äïîâ³äàëè êàòåãîð³¿ âîä «äóæå ïîãàí³», V êëàñó ÿêîñò³. Âì³ñò ïîòåíö³éíî ïàòîãåí-

Ö è ò ó â à í í ÿ: Ñòàðîñèëà ª.Â., Þðèøèíåöü Â.². Áàêòåð³îïëàíêòîí òà áàêòåð³îáåíòîñ
ÿê ³íäèêàòîðè åêîëîãî-ñàí³òàðíîãî ñòàíó âîäîéì òà áåçïå÷íîñò³ âîäîêîðèñòóâàííÿ.
Ã³äðîá³îë. æóðí. 2023. Ò. 59. ¹ 4. Ñ. 65—80.
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1 Ðîáîòó âèêîíàíî çà ðàõóíîê áþäæåòíî¿ ïðîãðàìè «Ï³äòðèìêà ðîçâèòêó ïð³îðè-
òåòíèõ íàïðÿì³â íàóêîâèõ äîñë³äæåíü (ÊÏÊÂÊ 6541230)».



íèõ ì³êðîîðãàí³çì³â áóâ íàéâèùèì ó ïðèãðåáëåâ³é ä³ëÿíö³ Êè¿âñüêîãî âîäîñõîâèùà
(îñíîâí³ ñêëàäîâ³ — Escherichia coli ³ êîë³ôîðìí³ áàêòåð³¿, òà áàêòåð³¿ ð. Staphylococ-
cus) òà ó çàòîö³ Îáîëîíü Êàí³âñüêîãî âîäîñõîâèùà (áàêòåð³¿ ð. Enterococcus).

Êëþ÷îâ³ ñëîâà: áàêòåð³îïëàíêòîí, áàêòåð³îáåíòîñ, ñàí³òàðíî-ïîêàçîâ³ ì³êðî-
îðãàí³çìè, á³îëîã³÷íà ³íäèêàö³ÿ, âîäîñõîâèùà.

Ïðîâ³äíå á³îãåîõ³ì³÷íå çíà÷åííÿ áàêòåð³é ó ïð³ñíîâîäíèõ åêîñèñòå-
ìàõ ïîëÿãàº ó âèçíà÷àëüí³é ðîë³ öèõ ì³êðîîðãàí³çì³â ó ðåãåíåðàö³¿ òà
ìîá³ë³çàö³¿ á³îãåííèõ åëåìåíò³â ó õàð÷îâèõ ìåðåæàõ, ó÷àñò³ âîäíèõ áàê-
òåð³é ó ïåðåòâîðåííÿõ á³ëüøîñò³ á³îëîã³÷íî àêòèâíèõ ðå÷îâèí ó öèõ ñèñ-
òåìàõ [24]. Êëþ÷îâà ïîçèö³ÿ áàêòåð³é íå ïðîñòî âèïëèâàº ç ¿õíüî¿ ðîë³ ó
äåãðàäàö³¿ òà ì³íåðàë³çàö³¿ îðãàí³÷íèõ ðå÷îâèí äî íåîðãàí³÷íèõ ñêëàäî-
âèõ, àëå º ðåçóëüòàòîì ïðîäóêóâàííÿ íèìè á³îìàñè òà òðîô³÷íîãî çâ’ÿçêó
ç åóêàð³îòíèìè õèæàêàìè, àäæå áàêòåð³¿ º âàæëèâèì êîìïîíåíòîì êîð-
ìîâî¿ áàçè ð³çíîìàí³òíèõ ãðóï áåçõðåáåòíèõ òâàðèí [17, 18, 21, 28]. Ùå
îäíà âàæëèâà ðîëü âîäíèõ áàêòåð³é ïîëÿãàº ó òîìó, ùî ñåðåä íèõ º ö³ëèé
ðÿä âèä³â, ÿê³ çäàòí³ âèêëèêàòè çàõâîðþâàííÿ ã³äðîá³îíò³â, íàâêîëîâîä-
íèõ òâàðèí òà ëþäèíè [7, 30].

Ó çâ’ÿçêó ç ïðîâ³äíîþ ðîëëþ áàêòåð³é â ã³äðîåêîñèñòåìàõ òà çäàò-
í³ñòþ ïðîêàð³îò øâèäêî ðåàãóâàòè íà çì³íè ïðîâ³äíèõ àá³îòè÷íèõ ³ á³î-
òè÷íèõ ÷èííèê³â, àíòðîïîãåííå çàáðóäíåííÿ, ïðîïîíóºòüñÿ âèêîðèñòî-
âóâàòè ð³çí³ ê³ëüê³ñí³ òà ÿê³ñí³ ïîêàçíèêè áàêòåð³îïëàíêòîíó òà áàêòåð³î-
áåíòîñó ÿê ³íäèêàòîðí³ äëÿ âñòàíîâëåííÿ åêîëîãî-ñàí³òàðíîãî ñòàíó âî-
äíèõ îá’ºêò³â ð³çíîãî òèïó [27]. Ïîêàçíèêè ÷èñåëüíîñò³ ïîòåíö³éíî ïàòî-
ãåííèõ òà ïàòîãåííèõ ì³êðîîðãàí³çì³â ñâ³ä÷àòü ïðî çàãðîçó áåçïå÷íîñò³
êîìïëåêñíîãî âîäîêîðèñòóâàííÿ ³ óíîðìîâàí³ íàö³îíàëüíèì òà ì³æíà-
ðîäíèì çàêîíîäàâñòâîì (https://zakon.rada.gov.ua/laws/show/z0379-
96#Text, http://www.cawater-info.net/bk/improvement-irrigated-agricultu-
re/files/sanpin-4630-88.pdf, https://eur-lex.europa.eu/legal-content/en/TXT/
?uri=CELEX:32006L0007) [6, 16, 19, 30].

Ñó÷àñíà ð. Äí³ïðî íà çíà÷íîìó ïðîòÿç³ ñâîº¿ òå÷³¿ º êàñêàäîì âîäî-
ñõîâèù, ÿê³ áóëè óòâîðåí³ â ð³çíèé ÷àñ òà º ñèëüíî òðàíñôîðìîâàíèìè âî-
äíèì îá’ºêòàìè, ùî âçàºìîä³þòü ì³æ ñîáîþ ³ õàðàêòåðèçóþòüñÿ ð³çíèì
ñòóïåíåì ïðîòî÷íîñò³, ð³âíåâèì ðåæèìîì, âîäîîáì³íîì. Ñòâîðåííÿ âî-
äîñõîâèù çì³íèëî ëàíäøàôò äîëèíè ð³÷êè, à ðåãóëþâàííÿ íèìè âîäíîãî
ñòîêó çì³íèëî ïðèðîäíèé ã³äðîëîã³÷íèé òà ã³äðîõ³ì³÷íèé ðåæèì Äí³ïðà
[1, 10, 14, 29].

Ï³ñëÿ âñåá³÷íèõ äîñë³äæåíü íà åòàï³ ôîðìóâàííÿ òà ñòàíîâëåííÿ åêî-
ñèñòåì, ç 2010-õ ðîê³â ì³êðîá³îëîã³÷í³ äîñë³äæåííÿ âîäîñõîâèù ìàëè
ôðàãìåíòàðíèé õàðàêòåð [2, 4, 5, 9, 12, 15].

Áåðó÷è äî óâàãè âèçíà÷àëüíó ðîëü Äí³ïðà òà éîãî âîäîñõîâèù ó çà-
áåçïå÷åíí³ ïîòðåá Óêðà¿íè ó ïð³ñí³é âîä³, ðîçóì³ííÿ ïðîâ³äíî¿ á³îòè÷íî¿
ðîë³ ì³êðîîðãàí³çì³â ó ôîðìóâàíí³ ÿêîñò³ âîäè òà óìîâ ³ñíóâàííÿ ã³äðî-
á³îíò³â, äîñë³äæåííÿ ñó÷àñíîãî ñòàíó óãðóïîâàíü âîäíèõ áàêòåð³é â óìî-
âàõ çàðåãóëüîâàíîãî ñòîêó òà êîìïëåêñíîãî âîäîêîðèñòóâàííÿ º íåîá-
õ³äíèì òà àêòóàëüíèì.
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Ìåòîþ ðîáîòè ñòàëî âñòàíîâëåííÿ ê³ëüê³ñíèõ òà ÿê³ñíèõ õàðàêòåðè-
ñòèê óãðóïîâàíü áàêòåð³îïëàíêòîíó ³ áàêòåð³îáåíòîñó äåÿêèõ ä³ëÿíîê
Êè¿âñüêîãî òà Êàí³âñüêîãî âîäîñõîâèù ð. Äí³ïðî, âèÿâëåííÿ îñîáëèâî-
ñòåé äèíàì³êè ³íäèêàòîðíèõ ïîêàçíèê³â, ÿê³ õàðàêòåðèçóþòü âîäí³ îá’ºê-
òè, ó âçàºìîçâ’ÿçêó ç åêîëîãî-ñàí³òàðíèìè óìîâàìè òà ëîêàëüíèìè îñîá-
ëèâîñòÿìè.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ, ïðîâåäåíîãî ó ëèïí³ 2021 ð. íà ñå-
ðåäí³é òà ïðèãðåáëåâ³é ä³ëÿíêàõ Êè¿âñüêîãî âîäîñõîâèùà, âåðõí³é ä³ëÿí-
ö³ Êàí³âñüêîãî âîäîñõîâèùà, éîãî çàòîê, ùî ðîçòàøîâàí³ â ìåæàõ
ì. Êèºâà.

Ó ìåæàõ Êè¿âñüêî¿ òà ×åðí³ã³âñüêî¿ îáëàñòåé Óêðà¿íè çíàõîäèòüñÿ
âåðõíº çà ðîçòàøóâàííÿì ó êàñêàä³ òà óòâîðåíå ãðåáëåþ Êè¿âñüêî¿ ÃÅÑ
Êè¿âñüêå âîäîñõîâèùå. Îêð³ì Äí³ïðà ó âîäîñõîâèùå âïàäàþòü ð³÷êè
Ïðèï’ÿòü, Òåòåð³â, ²ðï³íü [1, 14]. Â³äçíà÷àºòüñÿ âàãîìà ðîëü ïîâåðõíåâîãî
ñòîêó ó ôîðìóâàíí³ éîãî ã³äðîõ³ì³÷íîãî ðåæèìó, à ñàìå: ðîçïîä³ë ïðèòîêó
âîäè ç âåðõíüîãî Äí³ïðà, Ïðèï’ÿò³ ³, ó ìåíøîìó ñòóïåí³, Òåòåðåâà ìàº ïå-
ðåâàæíî ïðèðîäíèé õàðàêòåð [9, 12].

Ìàòåð³àëîì äîñë³äæåíü áóëè â³ä³áðàí³ ç ïîâåðõíåâèõ øàð³â ïðîáè
âîäè òà äîííèõ â³äêëàä³â íà ä³ëÿíêàõ á³ëÿ: ñ. Ñòðàõîë³ññÿ (ïðèêîðäîííèé
ïóíêò), ñ. Ñóõîëó÷÷ÿ (óðî÷èùå Àêàö³ÿ), ñ³ë Ãë³á³âêà ³ Êîçàðîâè÷³ (ðèñ. 1).
Òåìïåðàòóðà âîäè ó ïåð³îä äîñë³äæåíü êîëèâàëàñü ó ìåæàõ 27,8—29,9 °Ñ,
âì³ñò îðãàí³÷íî¿ ðå÷îâèíè çà ïåðìàíãàíàòíîþ îêèñíþâàí³ñòþ (ÏÎ) —
16,5—17,8 ìã Î/äì3.

Ó ìåæàõ Êè¿âñüêî¿ ³ ×åðêàñüêî¿ îáëàñòåé Óêðà¿íè ðîçòàøîâàíî äðóãå
çà òå÷³ºþ íà Äí³ïð³ òà íàéìîëîäøå ó êàñêàä³ âîäîñõîâèù, ùî ñòâîðåí³ íà
íüîìó, — Êàí³âñüêå âîäîñõîâèùå. Íàéá³ëüøîþ ïðèòîêîþ Äí³ïðà, ùî
âïàäàº ó Êàí³âñüêå âîäîñõîâèùå, º ð. Äåñíà, çíà÷íî ìåíø³ ð³÷êè: ë³âà ïðè-
òîêà — Òðóá³æ òà ïðàâà — Ñòóãíà [1, 12]. Ã³äðîõ³ì³÷íèé ðåæèì âåðõíüî¿
ä³ëÿíêè îáóìîâëþºòüñÿ ñòîêîì Êè¿âñüêîãî âîäîñõîâèùà òà ð. Äåñíè, òà-
êîæ âàãîìå çíà÷åííÿ àíòðîïîãåííîãî ÷èííèêà ÷åðåç âíåñåííÿ ñò³÷íèõ
âîä ïðîìèñëîâèõ ³ êîìóíàëüíèõ ï³äïðèºìñòâ ì. Êèºâà [12].

Ìàòåð³àëîì äîñë³äæåíü ñëóãóâàëè â³ä³áðàí³ ç ïîâåðõíåâèõ øàð³â ïðî-
áè âîäè òà äîííèõ â³äêëàä³â íà ä³ëÿíêàõ çàòîê Ñîáà÷å Ãèðëî ³ Îáîëîíü
(ïðàâèé áåðåã), ðóñëîâ³é ä³ëÿíö³ íèæ÷å Ï³âí³÷íîãî ìîñòó (ë³âèé áåðåã)
(äèâ. ðèñ. 1). Òåìïåðàòóðà âîäè ó ïåð³îä äîñë³äæåíü ñòàíîâèëà 28,9—
30,1 oÑ, âì³ñò îðãàí³÷íî¿ ðå÷îâèíè çà ÏÎ — 18,0—20,1 ìã Î/äì3.

Äîíí³ â³äêëàäè íà äîñë³äæåíèõ ä³ëÿíêàõ ð³çíèëèñü: íà ä³ëÿíêàõ Êè¿â-
ñüêîãî âîäîñõîâèùà âîíè áóëè ïðåäñòàâëåí³ ÷îðíèìè ìóëàìè, ó çàòîêàõ
Ñîáà÷å Ãèðëî òà Îáîëîíü âåðõíüî¿ ÷àñòèíè Êàí³âñüêîãî âîäîñõîâèùà —
â³äïîâ³äíî ÷îðíèìè ìóëàìè òà ÷îðíèìè ìóëàìè ç ðåøòêàìè ìîëþñê³â, íà
ðóñëîâ³é ä³ëÿíö³ — ï³ñêîì.

Âîäí³ îá’ºêòè õàðàêòåðèçóþòüñÿ ð³çíèì ã³äðîëîã³÷íèì ðåæèìîì, ã³ä-
ðîìîðôîëîã³ºþ òà õàðàêòåðîì áåðåãîâî¿ ë³í³¿, íàÿâí³ñòþ íàñåëåíèõ ïóíê-
ò³â, ô³çèêî-õ³ì³÷íèìè ïàðàìåòðàìè âîäè òà äîííèõ â³äêëàä³â òà çàçíàþòü
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ð³çíîôàêòîðíîãî àíòðîïîãåííîãî òèñêó, âêëþ÷íî ç òî÷êîâèì ³ äèôóçíèì
çàáðóäíåííÿì òà ðåêðåàö³éíèì íàâàíòàæåííÿì [2, 9, 12].

Äëÿ âèâ÷åííÿ ñòðóêòóðíèõ ïàðàìåòð³â óãðóïîâàííÿ áàêòåð³é òà ìåòà-
áîë³÷íî¿ àêòèâíîñò³ êë³òèí (ö³ë³ñíîñò³ öèòîïëàçìàòè÷íî¿ ìåìáðàíè) ãî-
òóâàëè ïðåïàðàòè íà ÷îðíèõ ïîë³êàðáîíàòíèõ ìåìáðàííèõ ô³ëüòðàõ Mil-
lipor ç ä³àìåòðîì ïîð 0,22 ìêì. ×èñåëüí³ñòü áàêòåð³îïëàíêòîíó (×ÁÏ),
áàêòåð³îáåíòîñó (×ÁÁ) òà êë³òèí ç óøêîäæåíîþ öèòîïëàçìàòè÷íîþ ìåì-
áðàíîþ âèçíà÷àëè ìåòîäîì ïðÿìîãî ï³äðàõóíêó, ôàðáóþ÷è ïðåïàðàòè
â³äïîâ³äíî ôëóîðîõðîìàìè DAPI ³ ïðîï³ä³óì éîäèä [23]. Äîñë³äæåííÿ
ïðîâîäèëè ç âèêîðèñòàííÿì åï³ôëóîðåñöåíòíîãî ì³êðîñêîïà Axio Ima-
ger A1 ô³ðìè Zeise (îá’ºêòèâ õ100, îêóëÿð õ10) íà áàç³ öåíòðó êîëåêòèâíî-
ãî êîðèñòóâàííÿ ïðèëàäàìè ²íñòèòóòó ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè.

Ê³ëüê³ñòü åâòðîôíèõ (ñàïðîòðîôíèõ, ÅÁ) òà îë³ãîòðîôíèõ áàêòåð³é
(ÎÁ) ó âîä³ ³ äîííèõ â³äêëàäàõ âèçíà÷àëè øëÿõîì êóëüòèâóâàííÿ ïðîá
â³äïîâ³äíî íà ðèáî-ïåïòîííîìó àãàð³ òà ãîëîäíîìó àãàð³, ùî ì³ñòèòü
25 ìã/ì3 æèâèëüíîãî àãàðó Ä³ôêî [8].
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Ðèñ. 1. Êàðòà-ñõåìà ðåã³îíó äîñë³äæåíü ç³ ñòàíö³ÿìè â³äáîðó ïðîá òà ðîçïîä³ë ñà-
í³òàðíî-ïîêàçîâèõ áàêòåð³é: 1 — â³ä 1 äî 2; 2 — â³ä 15 äî 30; 3 — â³ä 40 äî 50; 4 — â³ä
180 äî 200 òèñ. ÊÓÎ/100 ñì3



Äëÿ äîñë³äæåíü ñàí³òàðíî-áàêòåð³îëîã³÷íîãî çàáðóäíåííÿ âîäè ïî-
ñ³âè â³ä³áðàíîãî ìàòåð³àëó çä³éñíþâàëè íà íàáîðè ï³äëîæîê ñóõîãî æèâè-
ëüíîãî ñåðåäîâèùà Dry FilterÒÌ (ô³ðìè Himedia). Â ¿õíþ îñíîâó ïîêëàäå-
íî âèêîðèñòàííÿ õðîìîãåííèõ ñóáñòðàò³â çàäëÿ øâèäêî¿ ³äåíòèô³êàö³¿
õàðàêòåðíèõ áàêòåð³àëüíèõ åíçèì³â çà ðàõóíîê â³äïîâ³äíîãî çàáàðâëåííÿ
êîëîí³é. Ïðîáè âîäè ô³ëüòðóâàëè ÷åðåç ñòåðèëüí³ á³ë³ ìåìáðàíí³ ô³ëüòðè
Millipore ç ä³àìåòðîì ïîð 0,45 ìêì. ²íêóáóâàëè ÷àøêè Ïåòð³ ç³ çðàçêàìè â
óìîâàõ, âêàçàíèõ ó òåõí³÷í³é äîêóìåíòàö³¿ äî íàáîð³â (https://www.hime-
dialabs.com/intl/en/products/Microbiology/Ready-prepared-Media-DriFil-
ter%E2%84%A2-Membrane-Nutrient-Pad-Media/100000179). ²íòåðïðåòà-
ö³þ ðåçóëüòàò³â çä³éñíþâàëè øëÿõîì ïðÿìîãî ï³äðàõóíêó ê³ëüêîñò³ êî-
ëîí³é óòâîðþþ÷èõ îäèíèöü ó ïåðåðàõóíêó íà îá’ºì ïðîô³ëüòðîâàíî¿ ïðî-
áè (ÊÓÎ/100 ñì3).

Äëÿ âèÿâëåííÿ, âèä³ëåííÿ òà ï³äðàõóíêó ó äîñë³äæóâàí³é âîä³ ñà-
í³òàðíî-ïîêàçîâèõ ì³êðîîðãàí³çì³â âèêîðèñòîâóâàëè: äëÿ êèøêîâî¿ ïà-
ëè÷êè òà ³íøèõ êîë³ôîðìíèõ áàêòåð³é — àãàð Ì-Åíäî (íàá³ð MF 010); äëÿ
äåÿêèõ Ãð-ïîçèòèâíèõ òà Ãð-íåãàòèâíèõ áàêòåð³é — óí³âåðñàëüíå õðîìî-
ãåííå ñåðåäîâèùå (íàá³ð MF 018); äëÿ ñàëüìîíåë — õðîìîãåííå ñåðåäîâè-
ùå (íàá³ð MF 020); äëÿ áàêòåð³é, ùî ôåðìåíòóþòü ëàêòîçó â êèøê³âíèêó
— ñåðåäîâèùå ç òèïîëåì (íàá³ð MF 015); äëÿ êèøêîâèõ åíòåðîêîê³â —
æîâ÷íî-åñêóë³íîâèé àãàð ç àçèäîì íàòð³þ òà ñåðåäîâèùå Ñëàíåöü—
Áàðòë³ (íàáîðè MF 004 òà 022); äëÿ ñòàô³ëîêîê³â — ñåðåäîâèùå ×àïìå-
íà—Ñòîóíà (íàá³ð MF 008); äëÿ ïñåâäîìîíàä — ñåðåäîâèùå ç öåòðèì³äîì
(íàá³ð MF 007).

Äëÿ îòðèìàííÿ óÿâëåííÿ ïðî òðîô³÷íó ñòðóêòóðó ì³êðîáîöåíîçó âè-
ðàõîâóâàëè ñï³ââ³äíîøåííÿ ì³æ ê³ëüê³ñòþ áàêòåð³é, ùî ðîñòóòü íà ïî-
æèâíèõ ñåðåäîâèùàõ ç ð³çíîþ êîíöåíòðàö³ºþ òà ÿê³ñíèì ñêëàäîì îð-
ãàí³÷íî¿ ðå÷îâèíè (ÅÁ/ÎÁ). Òàêîæ äëÿ îö³íêè åêîëîãî-ñàí³òàðíîãî ñòàíó
âèçíà÷àëè â³äñîòêîâó ÷àñòêó åâòðîôíèõ áàêòåð³é ó âîä³ òà äîííèõ â³ä-
êëàäàõ ó çàãàëüí³é ÷èñåëüíîñò³ áàêòåð³îïëàíêòîíó òà áàêòåð³îáåíòîñó,
â³äïîâ³äíî (ÅÁ/×ÁÏ ³ ÅÁ/×ÁÁ). Äëÿ õàðàêòåðèñòèêè ôåêàëüíîãî çàáðóä-
íåííÿ âîäè âèçíà÷àëè êîë³-³íäåêñ (âì³ñò Escherichia coli ó ïåðåðàõóíêó íà
1 äì3) [8, 13, 20, 25].

Ñàí³òàðíèé ñòàí äîñë³äæåíèõ ä³ëÿíîê âîäîñõîâèùà áóâ îõàðàêòåðè-
çîâàíèé íà îñíîâ³ âèêîðèñòàííÿ ê³ëüê³ñíèõ ïîêàçíèê³â âì³ñòó ó âîä³
ñàí³òàðíî-ïîêàçîâèõ ì³êðîîðãàí³çì³â çà êàòåãîð³ºþ âîäîêîðèñòóâàííÿ —
ì³ñöÿ äëÿ êóïàííÿ, ñïîðòó òà â³äïî÷èíêó íàñåëåííÿ, à òàêîæ âîäîéìè â
ìåæ³ íàñåëåíèõ ïóíêò³â, ùî ðåãëàìåíòîâàí³ ó Äåðæàâíèõ ñàí³òàðíèõ ïðà-
âèëàõ ³ íîðìàõ (ÑàíÏ³Í ¹ 4630-88, ÌÎÇ Óêðà¿íè ¹ 173 â³ä 19.06.1996)
(https://zakon.rada.gov.ua/laws/show/z0379-96#Text, http://www.cawater-
info.net/bk/improvement-irrigated-agriculture/files/sanpin-4630-88.pdf) òà
â³äïîâ³äíî äî Äèðåêòèâè 2006/7/ÅÑ ùîäî ÿêîñò³ âîäè äëÿ êóïàííÿ â³ä
15.02.2006 ð. (Directive 2006/7/EC of the European Parliament and of the Co-
uncil of 15 February 2006 concerning the management of bathing water quality
and repealing Directive 76/160/EEC) (https://eur-lex.europa.eu/legal-content/
en/TXT/?uri=CELEX:32006L0007).
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Ñòàòèñòè÷íó îáðîáêó òà â³çóàë³çàö³þ äàíèõ âèêîíàíî ³ç çàñòîñóâàí-
íÿì òàáëè÷íîãî ïðîöåñîðó MS Excel 2016 òà ïàêåòó ïðîãðàì PAST 4.03
(Paleontological Statistics Software system) [22].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Êè¿âñüêå âîäîñõîâèùå. Áàêòåð³îïëàíêòîí. ×èñåëüí³ñòü áàêòåð³îïëàí-
êòîíó ó âîäîñõîâèù³ êîëèâàëàñü ó ìåæàõ â³ä 10,8 äî 23,8 ìëí. êë/ñì3 (â ñå-
ðåäíüîìó 14,5±6,2) (ðèñ. 2, à). Íà 75 % äîñë³äæåíèõ ä³ëÿíîê âåëè÷èíè
×ÁÏ áóëè ïîä³áíèìè ³ ñòàíîâèëè â ñåðåäíüîìó 11,3±0,7 ìëí. êë/ñì3, îêð³ì
ä³ëÿíêè á³ëÿ ñ. Ñóõîëó÷÷ÿ, î÷åâèäíî ÷åðåç âïëèâ âîä ð. Òåòåð³â. Ï³äâèùå-
íó ÷èñåëüí³ñòü áàêòåð³îïëàíêòîíó ó Òåòåð³âñüê³é çàòîö³ ñïîñòåð³ãàëè ³
ðàí³øå [2, 9]. ×èñåëüí³ñòü áàêòåð³é ç óøêîäæåíîþ öèòîïëàçìàòè÷íîþ
ìåìáðàíîþ (ìåðòâ³ ì³êðîîðãàí³çìè) ó âîä³ ä³ëÿíîê Êè¿âñüêîãî âîäîñõî-
âèùà ñòàíîâèëà 0,9—1,5 ìëí. êë/ñì3, ùî ñêëàäàëî â³ä 6,4 äî 11,6 % (â ñå-
ðåäíüîìó 8,9±2,2 %) ÷èñåëüíîñò³ áàêòåð³îïëàíêòîíó (äèâ. ðèñ. 2, à). Ïî-
ä³áíî ×ÁÏ, âèíÿòêîì áóëà ä³ëÿíêà âîäîñõîâèùà á³ëÿ ñ. Ñóõîëó÷÷ÿ, äå
ôóíêö³îíóâàííÿ ì³êðîîðãàí³çì³â ðåãóëþâàâ âïëèâ âîä ð. Òåòåð³â.

Ê³ëüê³ñòü åâòðîôíèõ áàêòåð³é ó âîä³ äîñë³äæåíèõ ä³ëÿíîê âàð³þâàëà
â³ä 2,4 äî 115,6 òèñ. êë/ñì3 (ðèñ. 3, à). Ê³ëüê³ñòü îë³ãîòðîôíèõ áàêòåð³é ñòà-
íîâèëà â³ä 4,2 äî 71,6 òèñ. êë/ñì3. Â³äì³÷åíî òåíäåíö³þ äî çá³ëüøåííÿ
ê³ëüêîñò³ ÅÁ òà ÎÁ â³ä ñåðåäíüî¿ äî ïðèãðåáëåâî¿ ä³ëÿíîê âîäîñõîâèùà.

Â³äîìî, ùî ó âîäîéìàõ ç³ çðîñòàííÿì âì³ñòó äîñòóïíî¿ îðãàí³÷íî¿ ðå-
÷îâèíè ÷èñåëüí³ñòü åâòðîôíèõ áàêòåð³é ìîæå ð³çêî çá³ëüøóâàòèñü, ùî º
íåïðÿìèì ïîêàçíèêîì çàáðóäíåííÿ òà åâòðîôóâàííÿ ïðèðîäíèõ âîä.
Çá³ëüøåííÿ ê³ëüêîñò³ îë³ãîòðîôíèõ áàêòåð³é ó âîä³ îïîñåðåäêîâàíî ñâ³ä-
÷èòü ïðî çðîñòàííÿ âì³ñòó á³îõ³ì³÷íî ñò³éêèõ îðãàí³÷íèõ ñïîëóê, çîêðåìà
³ âíàñë³äîê ïîñòóïîâî¿ ì³íåðàë³çàö³¿ ðå÷îâèí ô³òîãåííîãî ïîõîäæåííÿ [3,
4, 9, 15, 21, 25, 26].

Äîëÿ åâòðîôíèõ áàêòåð³é ó ñêëàä³ áàêòåð³îïëàíêòîíó êîëèâàëàñü ó
ìåæàõ 0,02—1,04 % (â ñåðåäíüîìó 0,41 %). Çà óìîâíîþ êëàñèô³êàö³ºþ [9,
13] òàê³ âåëè÷èíè ñï³ââ³äíîøåííÿ ÅÁ/×ÁÏ õàðàêòåðèçóþòü ñòàí âîäè ñå-
ðåäíüî¿ ä³ëÿíêè âîäîñõîâèùà ÿê «÷èñòà», ïðèãðåáëåâî¿ — «áðóäíà».

Â³äíîøåííÿ ÅÁ/ÎÁ, ÿêå îïîñåðåäêîâàíî âèçíà÷àºòüñÿ ÿê³ñòþ îðãà-
í³÷íî¿ ðå÷îâèíè òà õàðàêòåðèçóº òðîôí³ñòü âîäîéì [3, 8, 25, 26], ó âîäî-
ñõîâèù³ çì³íþâàëîñü â³ä 0,2 äî 1,6 (â ñåðåäíüîìó 0,8) (ðèñ. 4). Á³ëüø³ñòü
äîñë³äæåíèõ ä³ëÿíîê âîäîñõîâèùà õàðàêòåðèçóâàëèñü ïåðåâàæàííÿì
îë³ãîòðîôíèõ áàêòåð³é (ÅÁ/ÎÁ<1,0). Ëèøå íà ïðèãðåáëåâ³é ä³ëÿíö³ (á³ëÿ
ñ. Êîçàðîâè÷³) åâòðîôí³ áàêòåð³¿ ïåðåâàæàëè íàä îë³ãîòðîôíèìè
(ÅÁ/ÎÁ>1,0), ùî ñâ³ä÷èòü ïðî íàÿâí³ñòü ó âîä³ çíà÷íî¿ ê³ëüêîñò³ ëåãêî-
îêèñíþâàíî¿ îðãàí³÷íî¿ ðå÷îâèíè. Îêð³ì íàêîïè÷åííÿ îðãàí³÷íî¿ ðå÷î-
âèíè ó âîä³ âîäîñõîâèùà â³ä ñåðåäíüî¿ äî ïðèãðåáëåâî¿ ä³ëÿíîê, ìîæíà
ïðèïóñòèòè òàêîæ âèëèâ ñòîêó ð. ²ðï³íü.

Çà âåëè÷èíàìè ÷èñåëüíîñò³ åâòðîôíèõ áàêòåð³é, â³äïîâ³äíî äî ñèñòå-
ìè êîìïëåêñíî¿ îö³íêè ÿêîñò³ ïîâåðõíåâèõ âîä [11], íà ñåðåäí³é ä³ëÿíö³
âîäîñõîâèùà çà ñòàíîì âîä ðåºñòðóâàëè ²² êëàñ, 2-ãó êàòåãîð³þ — «äóæå
äîáð³» òà ²²² êëàñ, 4-òó êàòåãîð³þ — «çàäîâ³ëüí³». Íà ïðèãðåáëåâ³é ä³ëÿíö³
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ô³êñóâàëè IV êëàñ, 6-òó êàòåãîð³þ ñòàíó âîä — «ïîãàí³» òà V êëàñ, 7-ìó êà-
òåãîð³þ — «äóæå ïîãàí³». Çà ñòóïåíåì ÷èñòîòè (çàáðóäíåíîñò³) ñåðåäíÿ
ä³ëÿíêà â³äïîâ³äàëà êàòåãîð³ÿì «÷èñò³» — «ñëàáêî çàáðóäíåí³», ïðèãðåá-
ëåâà ä³ëÿíêà — «áðóäí³» — «äóæå áðóäí³».

Àíòðîïîãåííèé âïëèâ íà âîäíèé îá’ºêò âíàñë³äîê íàäõîäæåííÿ òå-
ðèãåííîãî ñòîêó, êàíàë³çàö³éíèõ òà ñò³÷íèõ âîä çì³íþº ÿê³ñòü ïîâåðõíå-
âèõ âîä íå ëèøå ÷åðåç çàáðóäíåííÿ òà åâòðîôóâàííÿ, âîäà òàêîæ ìîæå
ñòàòè äæåðåëîì íàäõîäæåííÿ äî îðãàí³çìó ëþäèíè óìîâíî-ïàòîãåííèõ
òà ïàòîãåííèõ áàêòåð³é, ÿê³ çäàòí³ âèêëèêàòè çàõâîðþâàííÿ ð³çíî¿ åòèìî-
ëîã³¿. Ê³ëüê³ñòü ñàí³òàðíî-ïîêàçîâèõ áàêòåð³é ó âîä³ âîäîñõîâèùà êîëèâà-
ëàñÿ â³ä 1,1 äî 180,3 òèñ. ÊÓÎ/100 ñì3 (äèâ. ðèñ. 1). Ó âñ³õ äîñë³äæåíèõ
çðàçêàõ âîäè áóëè â³äñóòí³ Pseudomonas aeruginosa òà Proteus mirabilis.
Íàéá³ëüøå ð³çíîìàí³òòÿ ïðåäñòàâíèê³â ïîòåíö³éíî ïàòîãåííèõ ì³êðîîð-
ãàí³çì³â òà ¿õíþ ê³ëüê³ñòü ñïîñòåð³ãàëè íà ä³ëÿíö³ á³ëÿ ñ. Êîçàðîâè÷³ (ðèñ.
5). Ïî âñ³é àêâàòîð³¿ âîäîñõîâèùà ê³ëüê³ñòü êîë³ôîðìíèõ áàêòåð³é ó ñêëà-
ä³ ñàí³òàðíî-ïîêàçîâèõ ì³êðîîðãàí³çì³â ñòàíîâèëà â³ä 1,1 äî 12,9 òèñ.
ÊÓÎ/100 ñì3. Íå ô³êñóâàëè ïåðåâèùåíü çà ñàí³òàðíî-ì³êðîá³îëîã³÷íèìè
íîðìàìè ÷èñåëüíîñò³ E. coli íà ä³ëÿíêàõ âîäîñõîâèùà á³ëÿ ñ³ë Ñòðàõîë³ññÿ
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Ðèñ. 2. ×èñåëüí³ñòü áàêòåð³îïëàíêòîíó (à) òà áàêòåð³îáåíòîñó (á), à òàêîæ áàêòåð³é ç
óøêîäæåíîþ öèòîïëàçìàòè÷íîþ ìåìáðàíîþ (1) äîñë³äæåíèõ ä³ëÿíîê Êè¿âñüêîãî òà
Êàí³âñüêîãî âîäîñõîâèù



òà Ãë³á³âêà. Íà ä³ëÿíêàõ á³ëÿ ñ³ë Ñóõîëó÷÷ÿ òà Êîçàðîâè÷³, äå êîë³-³íäåêñè
ñòàíîâèëè â³äïîâ³äíî 9000 òà 59 500, ê³ëüê³ñòü êèøêîâî¿ ïàëè÷êè ïåðåâè-
ùóâàëà óìîâíó íîðìó â³äïîâ³äíî ó 1,8 òà 11,9 ðàç³â. Òàêîæ íà öèõ ä³ëÿíêàõ
â³äçíà÷àëè çíà÷íó ê³ëüê³ñòü ñòàô³ëîêîê³â. Âì³ñò ö³º¿ ãðóïè áàêòåð³é ó âîä³
õî÷ ³ íå íîðìóºòüñÿ çàêîíîäàâñòâîì, àëå âîíà âêëþ÷àº ïàòîãåííèõ òà
óìîâíî-ïàòîãåííèõ ïðåäñòàâíèê³â, ÿê³ ñóïðîâîäæóþòü õàð÷îâå îòðóºí-
íÿ, ³íôåêö³¿ øê³ðè ³ ñëèçîâèõ îáîëîíîê, ³íø³ çàõâîðþâàííÿ ëþäåé [7]. Âè-
ÿâëåíà ê³ëüê³ñòü ôåêàëüíèõ åíòåðîêîê³â, ÿê³ òàêîæ ³íäóêóþòü íåùîäàâíº
íàäõîäæåííÿ ôåêàë³é â îòî÷óþ÷å ñåðåäîâèùå, íà âñ³õ ä³ëÿíêàõ áóëà â ìå-
æàõ íîðìè, íå ïåðåâèùóþ÷è 400 ÊÓÎ â 100 ñì3 (â³äïîâ³äíî äî íîðì ªâðî-
ïåéñüêîãî Ñîþçó — Äèðåêòèâà 2006/7/ÅÑ).

Áàêòåð³îáåíòîñ. Íà äîñë³äæåíèõ ä³ëÿíêàõ âîäîñõîâèùà ÷èñåëüí³ñòü
áàêòåð³îáåíòîñó çì³íþâàëàñü ó ìåæàõ â³ä 3,2 äî 16,4 ìëðä. êë/ã (â ñåðåä-
íüîìó 8,8±5,6) (äèâ. ðèñ. 2, á). Ê³ëüê³ñòü ìåðòâèõ áàêòåð³é ó äîííèõ â³ä-
êëàäàõ âîäîñõîâèùà ñòàíîâèëà 0,2—2,7 ìëðä.êë/ã, ùî ñêëàäàëî â³ä 2,8 äî
16,5 % (â ñåðåäíüîìó 9,2±5,9 %) ÷èñåëüíîñò³ áàêòåð³îáåíòîñó. Íàéâèùó
àáñîëþòíó ÷èñåëüí³ñòü òà â³äíîñíó ÷àñòêó ìåðòâèõ êë³òèí â³äì³÷åíî äëÿ
ïðèãðåáëåâî¿ ä³ëÿíêè (á³ëÿ ñ. Êîçàðîâè÷³).

Ê³ëüê³ñòü ÅÁ ó äîííèõ â³äêëàäàõ äîñë³äæåíèõ ä³ëÿíîê âàð³þâàëà â³ä
35,6 äî 348,0 òèñ. êë/ã, à ÎÁ — â³ä 5,4 äî 333,0 òèñ. êë/ã (äèâ. ðèñ. 3, á). ×è-
ñåëüí³ñòü åâòðîôíèõ áàêòåð³é çðîñòàëà â³ä ñåðåäíüî¿ äî ïðèãðåáëåâî¿
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Ðèñ. 3. ×èñåëüí³ñòü åâòðîôíèõ (1) ³ îë³ãîòðîôíèõ áàêòåð³é (2) ó âîä³ (à) òà äîííèõ
â³äêëàäàõ (á) äîñë³äæåíèõ ä³ëÿíîê âîäîñõîâèù (âçäîâæ òå÷³¿ ç ï³âíî÷³ íà ï³âäåíü)



ä³ëÿíêè âîäîñõîâèùà. Íàéá³ëüøó ê³ëüê³ñòü îë³ãîòðîôíèõ áàêòåð³é òàêîæ
ñïîñòåð³ãàëè íà ä³ëÿíö³, ùî çíàõîäèòüñÿ íàéáëèæ÷å äî ãðåáë³ Êè¿âñüêî¿
ÃÅÑ (ä³ëÿíêà á³ëÿ ñ. Êîçàðîâè÷³).

Ñï³ââ³äíîøåííÿ ÅÁ/ÎÁ ó äîííèõ â³äêëàäàõ çì³íþâàëîñü â³ä 1,0 äî
18,7 (â ñåðåäíüîìó 7,1), ùî âêàçóº ïðî ïåðåâàæàííÿ ó áàêòåð³îáåíòîñ³ âî-
äîñõîâèùà åâòðîôíèõ áàêòåð³é, à îòæå — ëåãêîîêèñíþâàíî¿ îðãàí³÷íî¿
ðå÷îâèíè (äèâ. ðèñ. 4).

Â³äñîòêîâå â³äíîøåííÿ ÷èñåëüíîñò³ åâòðîôíèõ áàêòåð³é äî ÷èñåëü-
íîñò³ áàêòåð³îáåíòîñó áóëî ó ìåæàõ 0,0004—0,0046 % (â ñåðåäíüîìó
0,0021 %). Çà óìîâíîþ êëàñèô³êàö³ºþ [20] ³íäåêñ ÅÁ/×ÁÁ õàðàêòåðèçóº
ñòàí âîäîñõîâèùà ÿê «íîðìà».

Êàí³âñüêå âîäîñõîâèùå. Áàêòåð³îïëàíêòîí. Íà äîñë³äæåíèõ ä³ëÿíêàõ
âîäîñõîâèùà ×ÁÏ çì³íþâàëàñü ó ìåæàõ â³ä 16,0 äî 18,7 ìëí. êë/ñì3 (äèâ.
ðèñ. 2, à). Òîáòî, âåëè÷èíè ÷èñåëüíîñò³ áàêòåð³é ó âîä³ ð³çíèõ ä³ëÿíîê âåð-
õíüî¿ ÷àñòèíè âîäîñõîâèùà áóëè ïîä³áíèìè ³ ñòàíîâèëè â ñåðåäíüîìó
17,6±1,4 ìëí. êë/ñì3. Ê³ëüê³ñòü áàêòåð³é ç óøêîäæåíîþ öèòîïëàçìàòè÷-
íîþ ìåìáðàíîþ ó âîä³ ñêëàäàëà 1,1—3,0 ìëí. êë/ñì3, ùî ñòàíîâèëî â³ä 6,9
äî 16,5 % (â ñåðåäíüîìó 12,6±5,0 %) ÷èñåëüíîñò³ áàêòåð³îïëàíêòîíó.

×èñåëüí³ñòü åâòðîôíèõ áàêòåð³é ó âîä³ äîñë³äæåíèõ ä³ëÿíîê âàð³þâà-
ëà â³ä 244,8 äî 302,4 òèñ. êë/ñì3 (äèâ. ðèñ. 3, à). Ê³ëüê³ñòü îë³ãîòðîôíèõ
áàêòåð³é ñòàíîâèëà â³ä 107,6 äî 148,0 òèñ. êë/ñì3. Ïî àêâàòîð³¿ âåðõíüî¿ ÷à-
ñòèíè âîäîñõîâèùà ó öåé ñïåêîòíèé ïåð³îä ç âèñîêèìè òåìïåðàòóðàìè
ïîâ³òðÿ òà âîäè ñïîñòåð³ãàëè âèñîê³ âåëè÷èíè ÷èñåëüíîñò³ ïðåäñòàâíèê³â
ÿê åâòðîôíèõ, òàê ³ îë³ãîòðîôíèõ áàêòåð³é ïðè íåçíà÷íîìó âàð³þâàíí³
âì³ñòó öèõ ãðóï íà ð³çíèõ ä³ëÿíêàõ, â ñåðåäíüîìó â³äïîâ³äíî 270,1±29,4 òà
132,4±21,7 òèñ. êë/ñì3.
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Ðèñ. 4. Â³äíîøåííÿ ÷èñåëüíîñò³ åâòðîôíèõ äî îë³ãîòðîôíèõ áàêòåð³é ó âîä³ (1) òà
äîííèõ â³äêëàäàõ (2) äîñë³äæåíèõ âîäîñõîâèù (ë³òî, 2021 ð.)



Äîëÿ ÅÁ ó ñêëàä³ áàêòåð³îïëàíêòîíó ñêëàäàëà 1,41—1,66 % (â ñåðåä-
íüîìó 1,53 %) , ùî õàðàêòåðèçóº ñòàí âîäè çà öèì ïîêàçíèêîì ÿê «áðóä-
íà».

Âíàñë³äîê ³ñòîòíîãî ïåðåâàæàííÿ ó áàêòåð³îïëàíêòîí³ âåðõíüî¿ ÷àñ-
òèíè Êàí³âñüêîãî âîäîñõîâèùà åâòðîôíèõ áàêòåð³é, ñï³ââ³äíîøåííÿ
ÅÁ/ÎÁ ñêëàäàëî â³ä 1,7 äî 2,8 (â ñåðåäíüîìó 2,1) (äèâ. ðèñ. 4), ùî ñâ³ä÷èòü
ïðî ïðîöåñè åâòðîôóâàííÿ òà íàêîïè÷åííÿ îðãàí³÷íî¿ ðå÷îâèíè ó âî-
äîéì³, ÿêà çíàõîäèòüñÿ â ìåæàõ âåëèêîãî ì³ñòà.

Çà ñèñòåìîþ êîìïëåêñíî¿ îö³íêè ÿêîñò³ ïîâåðõíåâèõ âîä [11], íà âñ³õ
äîñë³äæåíèõ ä³ëÿíêàõ Êàí³âñüêîãî âîäîñõîâèùà ó öåé ïåð³îä çà ïîêàçíè-
êàìè ÷èñåëüíîñò³ åâòðîôíèõ áàêòåð³é ñïîñòåð³ãàëè ñòàí âîä, ùî â³äïî-
â³äàâ V êëàñó 7-¿ êàòåãîð³¿ — «äóæå ïîãàí³», çà ñòóïåíåì ÷èñòîòè âîä —
«äóæå áðóäí³».

Âì³ñò ñàí³òàðíî-ïîêàçîâèõ áàêòåð³é ó âîä³ äîñë³äæåíèõ ä³ëÿíîê âî-
äîñõîâèùà ñêëàäàâ â³ä 18,3 äî 46,8 òèñ. ÊÓÎ/100 ñì3 (äèâ. ðèñ. 1). Íàé-
á³ëüøó ê³ëüê³ñòü óìîâíî-ïàòîãåííèõ áàêòåð³é íà âåðõí³é ä³ëÿíö³ Êàí³â-
ñüêîãî âîäîñõîâèùà â³äì³÷åíî äëÿ çàòîêè Îáîëîíü (äèâ. ðèñ. 5). Íà âñ³õ
ä³ëÿíêàõ âîäîñõîâèùà ô³êñóâàëè ïåðåâèùåííÿ ÷èñåëüíîñò³ êèøêîâî¿ ïà-
ëè÷êè çà ñàí³òàðíî-ì³êðîá³îëîã³÷íèìè íîðìàìè ó 1,0—16,0 ðàç³â, à êîë³-
³íäåêñ ñêëàäàâ â³ä 5000 äî 80 000. Òàêîæ ïî àêâàòîð³¿ âîäîñõîâèùà ðåºñò-
ðóâàëè çíà÷íó (2,4—24,7 òèñ. ÊÓÎ/100 ñì3) ê³ëüê³ñòü êîë³ôîðìíèõ áàê-
òåð³é, ÿê³ ìîæóòü âêàçóâàòè íà íåùîäàâíº ôåêàëüíå çàáðóäíåííÿ âîäè.
Ê³ëüê³ñòü Enterococcus faecalis ó âîä³ âîäîñõîâèùà ïåðåâèùóâàëà íîðìó ó
1,5—111,0 ðàç³â (â ñåðåäíüîìó ó 46,0). Íàéâèù³ âåëè÷èíè öüîãî ïîêàçíè-
êà â³äì³÷àëè òàêîæ ó çàòîö³ Îáîëîíü.
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Ðèñ. 5. Ðîçïîä³ë ñàí³òàðíî-ïîêàçîâèõ áàêòåð³é ó âîäí³é òîâù³ Êè¿âñüêîãî òà Êà-
í³âñüêîãî âîäîñõîâèù âë³òêó 2021 ð.: 1— Enterococcus faecalis; 2 — Pseudomonas aeru-
ginosa; 3 — Staphylococcus aureus; St. åpidermides; 4 — Salmonella spp.; 5 — E. coli ³
êîë³ôîðìí³ áàêòåð³¿



Áàêòåð³îáåíòîñ. Íà äîñë³äæåíèõ ä³ëÿíêàõ âîäîñõîâèùà ×ÁÁ âàð³þâà-
ëà â³ä 22,3 äî 33,6 ìëðä. êë/ã (â ñåðåäíüîìó 26,5±6,2) (äèâ. ðèñ. 2, á). Íàé-
âèù³ ïîêàçíèêè ðåºñòðóâàëè ó äåòðèòíèõ ìóëàõ çàòîêè Ñîáà÷å Ãèðëî.
Ê³ëüê³ñòü ìåðòâèõ áàêòåð³é ó äîííèõ â³äêëàäàõ ä³ëÿíîê âîäîñõîâèùà ñòà-
íîâèëà 1,7—3,4 ìëðä. êë/ã, ùî ñêëàäàëî â³ä 7,4 äî 11,5 % (â ñåðåäíüîìó
9,6±2,1 %) ÷èñåëüíîñò³ áàêòåð³îáåíòîñó.

×èñåëüí³ñòü åâòðîôíèõ áàêòåð³é ó äîííèõ â³äêëàäàõ äîñë³äæåíèõ ä³-
ëÿíîê ñêëàäàëà â³ä 1771,0 äî 3292,0 òèñ. êë/ã, îë³ãîòðîôíèõ áàêòåð³é — â³ä
440,0 äî 838,0 òèñ. êë/ã (äèâ. ðèñ. 3, á). Ïðîñòîðîâèé ðîçïîä³ë âåëè÷èí ÅÁ
òà ÎÁ áóâ ïîä³áíèì, ùî ìîæå ñâ³ä÷èòè ïðî óçãîäæåíó çàëåæí³ñòü ðîçâèò-
êó ì³êðîîðãàí³çì³â åêîëîãî-òðîô³÷íèõ ãðóï â³ä ÿêîñò³ àâòîõòîííî¿ òà
àëîõòîííî¿ îðãàí³÷íî¿ ðå÷îâèíè ó äîííèõ â³äêëàäàõ.

Ñï³ââ³äíîøåííÿ ÅÁ/ÎÁ ó äîííèõ â³äêëàäàõ áóëî 3,6—4,0 (â ñåðåäíüî-
ìó 3,8), ùî ñâ³ä÷èòü ïðî äîì³íóâàííÿ ó áàêòåð³îáåíòîñ³ âîäîñõîâèùà åâò-
ðîôíèõ áàêòåð³é (äèâ. ðèñ. 4). Àáñîëþòí³ òà â³äíîñí³ ïîêàçíèêè ÷èñåëü-
íîñò³ ÅÁ âêàçóþòü íà çíà÷íó ê³ëüê³ñòü äåïîíîâàíî¿ ëåãêîäîñòóïíî¿ îð-
ãàí³÷íî¿ ðå÷îâèíè ó äîííèõ â³äêëàäàõ, ïðè÷èíîþ ÷îãî ìîæå áóòè ñóòòºâå
àíòðîïîãåííå åâòðîôóâàííÿ ïîâåðõíåâèõ âîä â ìåæàõ ì. Êèºâà.

Åêîëîã³÷íà ñèòóàö³ÿ íà âåðõí³é ä³ëÿíö³ âîäîñõîâèùà, îö³íåíà çà ³í-
äåêñîì ÅÁ/×ÁÁ [20], äåìîíñòðóº «íîðìó» íà âñ³õ ä³ëÿíêàõ, îêð³ì çàòîêè
Îáîëîíü, ùî îïèíèëàñü â êàòåãîð³¿ «ñòàí ðèçèêó».

Ïîð³âíÿííÿ äîñë³äæåíèõ ì³êðîá³îëîã³÷íèõ õàðàêòåðèñòèê äâîõ âî-
äîñõîâèù ïîêàçàëî ³ñòîòíå ïåðåâàæàííÿ ïîêàçíèê³â ê³ëüê³ñíîãî ðîçâèò-
êó åâòðîôíèõ òà îë³ãîòðîôíèõ ãðóï áàêòåð³é ó âîä³ âåðõíüî¿ ä³ëÿíêè
Êàí³âñüêîãî âîäîñõîâèùà íà òë³ áëèçüêèõ ñï³âì³ðíèõ ïîêàçíèê³â ÷èñåëü-
íîñò³ áàêòåð³îïëàíêòîíó âîäîñõîâèù. Âèâ÷åí³ ê³ëüê³ñí³ ïîêàçíèêè ðîç-
âèòêó áàêòåð³îáåíòîñó áóëè çíà÷íî âèùèìè íà âåðõí³é ä³ëÿíö³ Êàí³â-
ñüêîãî âîäîñõîâèùà ïîð³âíÿíî ç Êè¿âñüêèì. Îñîáëèâî ³ñòîòíèì áóëî ïå-
ðåâàæàííÿ ÷èñåëüíîñò³ åâòðîôíèõ òà îë³ãîòðîôíèõ áàêòåð³é (á³ëüøå í³æ
â 10 òà 6 ðàç³â, â³äïîâ³äíî). Ðîçïîä³ë ïåâíèõ ãðóï óìîâíî ïàòîãåííèõ áàê-
òåð³é íîñèâ ëîêàëüíèé õàðàêòåð, ç íàéâèùèìè ñóêóïíèìè ïîêàçíèêàìè
÷èñåëüíîñò³ íà ä³ëÿíö³ á³ëÿ ñ. Êîçàðîâè÷³ (ïðèãðåáëåâà ä³ëÿíêà Êè¿âñüêî-
ãî âîäîñõîâèùà) òà ó çàòîö³ Îáîëîíü (âåðõíÿ ä³ëÿíêà Êàí³âñüêîãî âîäî-
ñõîâèùà). ²íäèêàòîðí³ ñï³ââ³äíîøåííÿ çàñâ³ä÷óþòü óìîâíî êðàùó åêî-
ëîã³÷íó ñèòóàö³þ íà ñåðåäí³é ä³ëÿíö³ Êè¿âñüêîãî âîäîñõîâèùà ïîð³âíÿíî
ç ïðèãðåáëåâîþ ä³ëÿíêîþ òà âåðõíüîþ ä³ëÿíêîþ Êàí³âñüêîãî âîäîñõîâè-
ùà â ìåæàõ ì. Êèºâà.

Óñ³ äîñë³äæåí³ àá³îòè÷í³ ïàðàìåòðè (ïðîçîð³ñòü, ðÍ, òåìïåðàòóðà âî-
äè, âì³ñò êèñíþ ó âîä³, àçîòó àìîí³éíîãî, í³òðèòíîãî, í³òðàòíîãî, ôîñôî-
ðó ôîñôàò³â, ïåðìàíãàíàòíà îêèñíþâàí³ñòü (ÏÎ), äèõðîìàòíà îêèñíþ-
âàí³ñòü (ÄÎ), ñï³ââ³äíîøåííÿ ÏÎ/ÁÎ) [12] ñï³ëüíî ç ì³êðîá³îëîã³÷íèìè
ïîêàçíèêàìè, ÿê³ îïèñàíî âèùå, áóëè ïðîàíàë³çîâàí³ ìåòîäîì êîðåëÿ-
ö³éíîãî àíàë³çó çà Ñï³ðìåíîì. Âèÿâëåíà äîñòîâ³ðíà êîðåëÿö³ÿ äîçâîëÿº
âñòàíîâèòè çàêîíîì³ðíîñò³ òà òåíäåíö³¿ âçàºìîçàëåæíîñò³ ïðîâ³äíèõ
àá³îòè÷íèõ ÷èííèê³â òà ïîêàçíèê³â, ùî õàðàêòåðèçóþòü ïðîêàð³îòè÷íó
ì³êðîá³îòó.
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Âñòàíîâëåíî äîñòîâ³ðíó ïîçèòèâíó êîðåëÿö³þ ì³æ êîíöåíòðàö³ºþ
îðãàí³÷íî¿ ðå÷îâèíè, âèçíà÷åíîþ çà ïîêàçíèêîì ïåðìàíãàíàòíî¿ îêèñ-
íþâàíîñò³, òà ê³ëüê³ñòþ åâòðîôíèõ áàêòåð³é â ïëàíêòîí³ (rs = 0,95, p<0,01)
(ðèñ. 6, à) òà áåíòîñ³ (rs = 0,91, p<0,01) (ðèñ. 6, á). Òîáòî, ïîïðè ³ñòîòí³ âåëè-
÷èíè âì³ñòó îðãàí³÷íî¿ ðå÷îâèíè ó âîä³ (16—20 ìã Î/äì3), ñïîñòåð³ãàëîñü
óçãîäæåíå âàð³þâàííÿ ê³ëüêîñò³ åâòðîôíèõ áàêòåð³é òà âåëè÷èíè ÏÎ.
Ò³ñí³ çâ’ÿçêè ï³äòâåðäæóþòü ã³ïîòåçó ïðî çàáðóäíåííÿ âîäîñõîâèù íåî-
÷èùåíèìè àáî ÷àñòêîâî î÷èùåíèìè ïîáóòîâèìè òà ñò³÷íèìè âîäàìè, òå-
ðèãåííèì ñòîêîì ç áåðåã³â (âèïàñ õóäîáè, ñ³ëüñüêîãîñïîäàðñüêà ä³ÿëü-
í³ñòü, ðåêðåàö³ÿ íàñåëåííÿ òîùî) òà óðáàí³çîâàíèõ òåðèòîð³é.

Òàêîæ âèÿâëåíî çâ’ÿçîê ì³æ âì³ñòîì àìîí³éíîãî àçîòó òà ÷èñåëü-
í³ñòþ äåÿêèõ ãðóï ïîòåíö³éíî ïàòîãåííèõ áàêòåð³é. Ïîïðè òå, ùî çàçâè-
÷àé çðîñòàííÿ âì³ñòó àìîí³éíîãî àçîòó ñâ³ä÷èòü ïðî íàäõîäæåííÿ äî âî-
äîéìè íåäîñòàòíüî î÷èùåíèõ ñòîê³â ç âèñîêèì âì³ñòîì ñå÷îâèíè, ê³ëü-
ê³ñòü E. coli òà Klebsiella spð. äîñòîâ³ðíî çíèæóâàëàñü (ðèñ. 7).

Äîñë³äæåí³ íàìè âîäîñõîâèùà ç ð³çíîþ ³íòåíñèâí³ñòþ âèâ÷àëèñü
ì³êðîá³îëîãàìè ïðîòÿãîì ìàéæå âñüîãî ïåð³îäó ¿õíüîãî ³ñíóâàííÿ. Ïî-
ð³âíÿííÿ ñó÷àñíèõ âåëè÷èí ê³ëüê³ñíèõ ïîêàçíèê³â ðîçâèòêó áàêòåð³î-
ïëàíêòîíó ç äàíèìè ìèíóëèõ ïåð³îä³â ïîêàçàëî ³ñòîòíå çðîñòàííÿ ÷èñå-
ëüíîñò³ áàêòåð³é ïðîòÿãîì îñòàíí³õ 20 ðîê³â [4, 5, 9, 12, 15]. ×èñåëüí³ñòü
áàêòåð³é ó âîä³ ñï³âì³ðíà ç ïîêàçíèêàìè ïðèðîäíèõ óãðóïîâàíü áàê-
òåð³îïëàíêòîíó äî çàðåãóëþâàííÿ ð. Äí³ïðî [2].

Àíîìàëüíî âèñîêà òåìïåðàòóðà âîäè äîñë³äæåíèõ ä³ëÿíîê (28—
30 °Ñ) ñóêóïíî ç âèñîêîþ òåìïåðàòóðîþ àòìîñôåðíîãî ïîâ³òðÿ (31—
37 °Ñ) ñòâîðèëè ñïðèÿòëèâ³ óìîâè äëÿ ÷èñåëüíîãî ðîçâèòêó åâòðîôíèõ
áàêòåð³é, ê³ëüê³ñòü ÿêèõ â äåñÿòêè ðàç³â ïåðåâèùóâàëà âåëè÷èíè, ÿê³
ðåºñòðóâàëè â ë³òí³ ïåð³îäè çà íèæ÷èõ òåìïåðàòóð [12, 15]. Öüîìó òàêîæ
ñïðèÿëî ³ñòîòíå ïîã³ðøåííÿ ÿêîñò³ âîäè â öåé ïåð³îä, çàñâ³ä÷åíå Äåðæâî-
äàãåíòñòâîì Óêðà¿íè (Ì³æðåã³îíàëüíèì îô³ñîì çàõèñíèõ ìàñèâ³â äí³ï-
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Ðèñ. 6. Çàëåæí³ñòü ê³ëüêîñò³ åâòðîôíèõ áàêòåð³é â ïëàíêòîí³ (à) òà áåíòîñ³ (á) â³ä
âì³ñòó îðãàí³÷íî¿ ðå÷îâèíè ó âîä³ (çà ÏÎ, ìã Î/äì3) äîñë³äæåíèõ ä³ëÿíîê âîäîñõî-
âèù



ðîâñüêèõ âîäîñõîâèù) (https://mozmdv.gov.ua/wp-content/uploads/2022/
02/7.06.2021-07.2021-SAJT.pdf).

Òàêèì ÷èíîì, â³äì³ííîñò³ ó ê³ëüê³ñíèõ ïîêàçíèêàõ ðîçâèòêó óãðóïî-
âàíü áàêòåð³îïëàíêòîíó òà áàêòåð³îáåíòîñó çàñâ³ä÷óþòü íåñõîæ³ñòü óìîâ
³ñíóâàííÿ öèõ óãðóïîâàíü òà ³íøèõ ãðóï ã³äðîá³îíò³â, ÿê³ ôîðìóþòüñÿ ó
ñèñòåì³ äâîõ ã³äðîëîã³÷íî âçàºìîä³þ÷èõ âîäîñõîâèù íà âåëèê³é ð³âíèí-
í³é ð³÷ö³. Ðåàêö³ÿ óãðóïîâàíü áàêòåð³é ó âîä³ òà äîííèõ â³äêëàäàõ, ùî ïî-
ëÿãàëà ó â³äïîâ³äíîìó çðîñòàíí³ ÷èñåëüíîñò³ ïåâíèõ ñòðóêòóðíèõ ñêëàäî-
âèõ, â³äîáðàæàº ï³äâèùåííÿ ³íòåíñèâíîñò³ ôóíêö³îíóâàííÿ ó â³äïîâ³äü
íà îðãàí³÷íå çàáðóäíåííÿ ð³çíî¿ ïðèðîäè òà ñêëàäó.

Íàÿâí³ñòü ó äîñë³äæåíèõ çðàçêàõ ³íäèêàòîðíèõ ãðóï óìîâíî-ïàòîãåí-
íèõ òà ïàòîãåííèõ ì³êðîîðãàí³çì³â çàñâ³ä÷óº ïîòåíö³éíó íåáåçïåêó êîìï-
ëåêñíîãî âèêîðèñòàííÿ âîäîéì íà äåÿêèõ ä³ëÿíêàõ âîäîñõîâèù (ïðè-
ãðåáëåâà ä³ëÿíêà Êè¿âñüêîãî âîäîñõîâèùà, çàòîêà Îáîëîíü Êàí³âñüêîãî
âîäîñõîâèùà).

Âèñíîâêè

Áàêòåð³îïëàíêòîí òà áàêòåð³îáåíòîñ ñåðåäíüî¿ òà ïðèãðåáëåâî¿ ä³ëÿ-
íîê Êè¿âñüêîãî âîäîñõîâèùà, âåðõíüî¿ ä³ëÿíêè Êàí³âñüêîãî âîäîñõîâè-
ùà ð. Äí³ïðî, äîñë³äæåíèé ó ëèïí³ 2021 ð. â óìîâàõ àíîìàëüíî âèñîêèõ
òåìïåðàòóð âîäè òà ïîâ³òðÿ, õàðàêòåðèçóâàâñÿ âèñîêèìè ïîêàçíèêàìè
ê³ëüê³ñíîãî ðîçâèòêó òà ëîêàëüíèìè â³äì³ííîñòÿìè. Ñåðåäí³ ïîêàçíèêè
÷èñåëüíîñò³ áàêòåð³îïëàíêòîíó áóëè ïîä³áíèìè (Êè¿âñüêå âîäîñõîâèùå
— 14,4±6,2 ìëí. êë/ ñì3, Êàí³âñüêå âîäîñõîâèùå — 17,6±1,4 ìëí. êë/ñì3),
ïðè á³ëüøîìó ä³àïàçîí³ âàð³þâàííÿ â Êè¿âñüêîìó âîäîñõîâèù³. ×èñåëü-
í³ñòü áàêòåð³îáåíòîñó áóëà çíà÷íî âèùîþ íà âåðõí³é ä³ëÿíö³ Êàí³âñüêîãî
âîäîñõîâèùà (â ñåðåäíüîìó 26,5±6,2 ìëðä. êë/ã), ïîð³âíÿíî ç Êè¿âñüêèì
âîäîñõîâèùåì (â ñåðåäíüîìó 8,8±5,6 ìëðä. êë/ã), ïðè ïîä³áíîìó ä³àïàçîí³
âàð³þâàíü.

²ñòîòí³ â³äì³ííîñò³ âèÿâëåí³ ó ÷èñåëüíîñò³ ð³çíèõ åêîëîãî-òðîô³÷íèõ
ãðóï áàêòåð³é âîäè òà äîííèõ â³äêëàä³â: åâòðîôí³ òà îë³ãîòðîôí³ áàêòåð³¿
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Ðèñ. 7. Çàëåæí³ñòü ê³ëüêîñò³ áàêòåð³é E. coli (à) òà Klebsiella spð. (á) â³ä âì³ñòó àìî-
í³éíîãî àçîòó (ìã N/äì3) ó âîä³ äîñë³äæåíèõ ä³ëÿíîê âîäîñõîâèù



áóëè á³ëüø ÷èñåëüíèìè ó Êàí³âñüêîìó âîäîñõîâèù³, í³æ ó Êè¿âñüêîìó.
¯õíº ñï³ââ³äíîøåííÿ áóëî >1 ó Êàí³âñüêîìó ïîð³âíÿíî ç Êè¿âñüêèì âîäî-
ñõîâèùåì (ÅÁ/ÎÁ<1). Öå îïîñåðåäêîâàíî ñâ³ä÷èòü ïðî ïåðåâàæàííÿ ëåã-
êîäîñòóïíî¿ îðãàí³÷íî¿ ðå÷îâèíè íà âåðõí³é ä³ëÿíö³ Êàí³âñüêîãî âîäî-
ñõîâèùà â óìîâàõ òî÷êîâèõ çàáðóäíåíü ð³÷êîâî¿ ä³ëÿíêè, ÿêà çíàõîäèòü-
ñÿ â ìåæàõ âåëèêîãî ì³ñòà (ì. Êè¿â).

Âñòàíîâëåíî äîñòîâ³ðíó ïðÿìó ïîçèòèâíó çàëåæí³ñòü (p<0,01) ì³æ
÷èñåëüí³ñòþ åâòðîôíèõ áàêòåð³é ó âîä³ òà äîííèõ â³äêëàäàõ ³ âì³ñòîì îð-
ãàí³÷íî¿ ðå÷îâèíè (çà ÏÎ).

Çã³äíî ç åêîëîã³÷íîþ êëàñèô³êàö³ºþ ÿêîñò³ ïîâåðõíåâèõ âîä, çà ïî-
êàçíèêîì ÷èñåëüíîñò³ ïëàíêòîííèõ åâòðîôíèõ áàêòåð³é ñåðåäíÿ ä³ëÿíêà
Êè¿âñüêîãî âîäîñõîâèùà â³äíîñèëàñü äî êàòåãîð³é «äóæå äîáð³» — «çà-
äîâ³ëüí³», II, III êëàñ³â ÿêîñò³; ïðèãðåáëåâà ä³ëÿíêà — «ïîãàí³» — «äóæå
ïîãàí³», IV òà V êëàñ³â ÿêîñò³. Äîñë³äæåí³ ä³ëÿíêè Êàí³âñüêîãî âîäîñõî-
âèùà â³äïîâ³äàëè êàòåãîð³¿ «äóæå ïîãàí³», V êëàñó ÿêîñò³.

Âì³ñò ïîòåíö³éíî ïàòîãåííî¿ ì³êðîôëîðè áóâ íàéá³ëüøèì ó ïðèãðåá-
ëåâ³é ä³ëÿíö³ Êè¿âñüêîãî âîäîñõîâèùà (îñíîâí³ ñêëàäîâ³ — E. coli ³ êî-
ë³ôîðìí³ áàêòåð³¿ òà áàêòåð³é ð. Staphylococcus) òà ó çàòîö³ Îáîëîíü Êà-
í³âñüêîãî âîäîñõîâèùà (áàêòåð³¿ ð. Enterococcus).
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BACTERIOPLANKTON AND BACTERIOBENTHOS AS ECOLOGICAL
INDICATORS OF THE RESERVOIRS’ ECOLOGY-SANITARY STATE AND THE

SAFETY OF WATER USE

Bacterioplankton and bacteriobenthos of the middle and lower sections of the Kyiv
Reservoir, the upper section of the Kaniv Reservoir of the Dnipro River, studied in July
2021 under conditions of abnormally high water and air temperatures, were characterized
by high values of indicators of quantitative development and local differences. The average
numbers of bacterioplankton were similar (Kyiv Reservoir — 14.4±6.2·106 cells/cm3, Kaniv
Reservoir — 17.6±1.4·106 cells/cm3), with a greater range of variation in the Kyiv Reservoir.
The number of bacteriobenthos was significantly higher in the upper section of the Kaniv
Reservoir (Kyiv Reservoir — 8.8±5.6·109 cells/g, Kaniv Reservoir — 26.5±6.2·109 cells/g).
Significant differences were found in the number of different trophic groups of bacteria:
eutrophic and oligotrophic bacteria were more numerous in the Kaniv Reservoir; their ra-
tio (EB/OB) was <1 in the Kyiv Reservoir and >1 in the Kaniv Reservoir. This indirectly in-
dicates the predominance of easily available organic matter in the upper section of the Ka-
niv Reservoir in conditions of hot-spot pollution of the river section, which is located wit-
hin the boundaries of a large city (Kyiv). The significant direct positive correlation (p<0.01)
was established between the number of eutrophic bacteria in plankton and benthos and the
content of organic matter (according to PO). According to the ecological classification of
the quality of surface water based on the number of planktonic eutrophic bacteria, the mid-
dle section of the Kyiv Reservoir belonged to the categories «very good» — «satisfactory»,
II, III quality classes, the raking section — «bad» — «very bad», IV and V quality classes.
The investigated areas of the Kaniv Reservoir corresponded to the «very bad» category,
class V. The content of opportunistic microflora was the highest in the lower section of the
Kyiv Reservoir (the main components were Escherichia coli & coliform and Staphylococcus
spp.) and in the Obolon Bay of the Kaniv Reservoir (Enterococcus spp.).

Keywords: bacterioplankton, bacteriobenthos, sanitary indicator microorganisms, bio-
logical indication, reservoirs.
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ÂÌ²ÑÒ ÔÅÍÎËÊÀÐÁÎÍÎÂÈÕ ÊÈÑËÎÒ Ó ÂÎÄ² ÑÅÐÅÄ
ÇÀÐÎÑÒÅÉ ÂÈÙÈÕ ÂÎÄÍÈÕ ÐÎÑËÈÍ Ð²ÇÍÈÕ

ÅÊÎËÎÃ²×ÍÈÕ ÃÐÓÏ

Äîñë³äæåíî ÿê³ñíèé òà ê³ëüê³ñíèé ñêëàä ôåíîëêàðáîíîâèõ êèñëîò ó âîäîéìàõ ñå-
ðåä çàðîñòåé âèùèõ âîäíèõ ðîñëèí ð³çíèõ åêîëîã³÷íèõ ãðóï: ïîâ³òðÿíî-âîäíèõ (Typha
angustifolia L., Scirpus lacustris L., Phragmites australis (Ñav.) Trin. ex Steud.), çàíóðåíèõ
(Ceratophyllum demersum L., Myriophyllum spicatum L.) òà ç ïëàâàþ÷èì ëèñòÿì (Tra-
pa natans L., Nuphar lutea L.). Ó âîä³, äå âåãåòóâàëè çàçíà÷åí³ ìàêðîô³òè, âèÿâëåí³
òàê³ êèñëîòè, ÿê áåíçîéíà, áóçêîâà, âàí³ë³íîâà, ãàëîâà, n-îêñèáåíçîéíà, ïðîòîêàòå-
õîâà, α-ðåçîðöèëîâà, β-ðåçîðöèëîâà, ñàë³öèëîâà, ôåðóëîâà, êàâîâà, êîðè÷íà, êóìàðîâà
òà ñèíàïîâà. ¯õíÿ çàãàëüíà êîíöåíòðàö³ÿ ñêëàäàëà: äëÿ T. angustifolia —
114,7 ìêã/äì3, Sc. lacustris — 24,71, Tr. natans — 56,14, N. lutea — 19,3, C. demersum —
25,42—38,66 ³ äëÿ M. spicatum — 1,42—2,83 ìêã/äì3. Àíàë³ç âì³ñòó äîñë³äæóâàíèõ ñïî-
ëóê ó âîä³, â³ä³áðàí³é ñåðåä çàðîñòåé Ph. australis ïðîòÿãîì âåñíÿíî-îñ³ííüîãî ïåð³îäó,
âèÿâèâ ñóòòºâ³ â³äì³ííîñò³ ÿê ó ñï³ââ³äíîøåíí³ îêðåìèõ êèñëîò, òàê ³ ó ¿õ ðîçïîä³ë³
ïî ãðóïàõ. Ìàêñèìàëüíà êîíöåíòðàö³ÿ áåíçîéíî¿ òà ñàë³öèëîâî¿ êèñëîò ó âîä³ çà-
ðåºñòðîâàíà íà ïî÷àòêó âåãåòàö³¿ Ph. àustralis, à âàí³ë³íîâî¿ ³ ãàëîâî¿ êèñëîò — â
ïåð³îä éîãî àêòèâíî¿ âåãåòàö³¿. Âì³ñò êîðè÷íî¿ òà ôåðóëîâî¿ êèñëîò áóâ íàéìåíøèì
íà ïî÷àòêó âåãåòàö³éíîãî ïåð³îäó. Êëàñòåðíèé àíàë³ç âì³ñòó ôåíîëêàðáîíîâèõ êèñ-
ëîò ó âîä³ ñåðåä çàðîñòåé C. demersum òà M. spicatum íà äâîõ ñòàíö³ÿõ ñïîñòåðåæåíü
(çàòîêè Ñîáà÷å Ãèðëî ³ Âåðáëþä Êàí³âñüêîãî âîäîñõîâèùà) çàñâ³ä÷èâ íàÿâí³ñòü äâîõ
ãðóï äîñë³äæóâàíèõ ñïîëóê. Äî ïåðøî¿ ãðóïè óâ³éøëè áåíçîéíà òà ãàëîâà êèñëîòè, à
äî äðóãî¿ — ³íø³ âèÿâëåí³ êèñëîòè. Âèêîðèñòàííÿ ìåòîäó ãîëîâíèõ êîìïîíåíò
(PCA) âèÿâèëî ò³ñíèé âçàºìîçâ’ÿçîê ì³æ ÿê³ñíèìè ³ ê³ëüê³ñíèìè ïîêàçíèêàìè âì³ñòó
ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ â ì³ñöÿõ âåãåòàö³¿ òà âèäîì âèùèõ âîäíèõ ðîñëèí. Öå
ìîæå áóòè ñâ³ä÷åííÿì âàæëèâî¿ ðîë³ âèùèõ âîäíèõ ðîñëèí ó ôîðìóâàíí³ ïóëó öèõ ðå-
÷îâèí ó âîä³.

Ö è ò ó â à í í ÿ: Óñåíêî Î.Ì., Êîíîâåöü ².Ì. Âì³ñò ôåíîëêàðáîíîâèõ êèñëîò ó âîä³
ñåðåä çàðîñòåé âèùèõ âîäíèõ ðîñëèí ð³çíèõ åêîëîã³÷íèõ ãðóï. Ã³äðîá³îë. æóðí. 2023.
Ò. 59. ¹ 4. Ñ. 81—93.
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Êëþ÷îâ³ ñëîâà: ôåíîëêàðáîíîâ³ êèñëîòè, âèù³ âîäí³ ðîñëèíè, ñåçîííà äèíàì³êà,
êëàñòåðíèé àíàë³ç.

Àëåëîïàòè÷íà âçàºìîä³ÿ ã³äðîá³îíò³â º øèðîêî ðîçïîâñþäæåíèì
ÿâèùåì, ùî ñïîñòåð³ãàºòüñÿ ì³æ ïðåäñòàâíèêàìè ð³çíèõ òðîô³÷íèõ ð³â-
í³â [6, 15]. Öå, ïåðø çà âñå, ôîðìà îáì³íó ðå÷îâèí ³ ³íôîðìàö³¿ çà ðàõóíîê
âèä³ëåííÿ ìåòàáîë³ò³â, ÿê³ ïðÿìî ÷è îïîñåðåäêîâàíî âïëèâàþòü íà ð³ñò ³
ðîçâèòîê ã³äðîá³îíò³â [1, 35]. Âçàºìîä³ÿ îêðåìèõ êîìïîíåíò³â ó ã³äðî-
á³îöåíîçàõ ìàº ð³çíîñïðÿìîâàíå ðåãóëþâàííÿ ³íòåíñèâíîñò³ ðîçâèòêó
ïðåäñòàâíèê³â àâòîòðîôíî¿ ëàíêè [5, 9, 30]. Ðîç÷èíåí³ ó âîä³ îðãàí³÷í³
ñïîëóêè, âíàñë³äîê ïðèòàìàííî¿ áàãàòüîì âîäîðîñòÿì ôîòîãåòåðîòðîô³¿
òà àêòèâíèõ ìåõàí³çì³â òðàíñïîðòó, ìîæóòü ïîñèëþâàòè ¿õí³é ðîçâèòîê ó
ïðèðîäíèõ âîäàõ [4, 13, 14, 19].

Âèù³ âîäí³ ðîñëèíè (ÂÂÐ) â³äçíà÷àþòüñÿ âèñîêèì àëåëîïàòè÷íèì
ïîòåíö³àëîì, ÿêèé ïðîÿâëÿºòüñÿ íàâ³òü âñåðåäèí³ ö³º¿ ãðóïè ã³äðîá³îíò³â.
Òàê, ïîêàçàíî, ùî ¿õíÿ ïðîäóêö³ÿ ïðè ñï³ëüíîìó çðîñòàíí³ çà âïëèâó ìå-
òàáîë³ò³â ³íøèõ âèä³â â³äð³çíÿºòüñÿ â³ä òàêî¿ â îäíîâèäîâèõ ïîïóëÿö³ÿõ.
Çîêðåìà, âñòàíîâëåíî, ùî Myriophillum spicatum ïðèãí³÷óº ³íø³ ìàêðî-
ô³òè, íàïðèêëàä Najas marina [11]. Â ë³òåðàòóð³ íàÿâí³ â³äîìîñò³ ³ ïðî òå,
ùî âîäí³ âèòÿæêè ç ìîëîäèõ ëèñòê³â ³ êîðåíåâèù Stratiotes aloides, Hippu-
ris vulgaris, Hydrocharis morsus ³íã³áóþòü ðóõ õëîðîïëàñò³â ëèñòêà åëîäå¿,
õî÷à ç íàáëèæåííÿì îñåí³ öåé âïëèâ ñëàáøàº [19].

Âñòàíîâëåíî, ùî âèä³ëåííÿ åêçîìåòàáîë³ò³â ÂÂÐ çàëåæèòü â³ä á³îòè÷-
íèõ òà àá³îòè÷íèõ ÷èííèê³â. Çàãàëüíîþ òåíäåíö³ºþ º òå, ùî íàéá³ëüøå
ð³çíîìàí³òòÿ åêçîãåííèõ ìåòàáîë³ò³â ñïîñòåð³ãàºòüñÿ ó ïåð³îä àêòèâíî¿
âåãåòàö³¿ ðîñëèí, ï³ñëÿ ÿêîãî ê³ëüê³ñí³ ³ ÿê³ñí³ ïîêàçíèêè âì³ñòó öèõ ðå÷î-
âèí çíèæóþòüñÿ [28]. Ê³ëüê³ñòü ³ ñêëàä åêçîìåòàáîë³ò³â çàëåæàòü â³ä óìîâ
ì³íåðàëüíîãî æèâëåííÿ ³ ôàçè ðîñòó ÂÂÐ. Òàê, íàïðèêëàä, âèñîêèé âì³ñò
í³òðàòíîãî àçîòó ïîñèëþº ³íòåíñèâí³ñòü åêñêðåö³¿ ìàêðîô³òàìè ìåòàáî-
ë³ò³â ó çîâí³øíº ñåðåäîâèùå [29], à âèä³ëåííÿ îðãàí³÷íèõ êèñëîò ðîñëèí-
íèìè êë³òèíàìè çàëåæèòü â³ä ³íòåíñèâíîñò³ ôîòîñèíòåçó, òåìï³â ðîçìíî-
æåííÿ ³ íàêîïè÷åííÿ á³îìàñè, à òàêîæ ³íòåíñèâíîñò³ îñâ³òëåííÿ [24, 28].

Åêçîãåíí³ îðãàí³÷í³ êèñëîòè ÂÂÐ âïëèâàþòü íà ð³ñò, êë³òèííèé ïîä³ë,
³íòåíñèâí³ñòü òà ñïðÿìîâàí³ñòü ïðîöåñ³â ìåòàáîë³çìó, ôîðìóâàííÿ õ³ì³÷-
íîãî ñêëàäó, ÿê³ñíèé ñêëàä òà ê³ëüê³ñòü åêçîìåòàáîë³ò³â âîäîðîñòåé.

Ôóíêö³îíàëüíèé âïëèâ îðãàí³÷íèõ êèñëîò íà ìåòàáîë³çì êë³òèí ïî-
â’ÿçàíèé íå ò³ëüêè ç ¿õ âíóòð³øíüîêë³òèííîþ òðàíñôîðìàö³ºþ, àëå é ç ðå-
ãóëÿö³ºþ ðÍ ó êë³òèíàõ òà ó íàâêîëèøíüîìó âîäíîìó ñåðåäîâèù³, ùî çó-
ìîâëþº, çîêðåìà, ¿õíþ àíòèáàêòåð³àëüíó àêòèâí³ñòü [7, 26].

Ôåíîëêàðáîíîâ³ êèñëîòè (ÔÊÊ), ÿê³ âèä³ëÿþòü ó âîäó ÂÂÐ [12, 28, 31],
â ïåâí³é êîíöåíòðàö³¿ ìîæóòü ãàëüìóâàòè ô³ç³îëîã³÷íó àêòèâí³ñòü ö³àíî-
áàêòåð³é, ïðîòå íå ïðèãí³÷óâàòè, àáî íàâ³òü ñòèìóëþâàòè, ð³ñò çåëåíèõ,
ä³àòîìîâèõ òà ³íøèõ ïëàíêòîííèõ âîäîðîñòåé [9, 31]. Íàéá³ëüø³ êîíöåí-
òðàö³¿ ÔÊÊ çàðåºñòðîâàíî íà ä³ëÿíêàõ âîäîéìèù, çàðîñëèõ âèùèìè âî-
äíèìè ðîñëèíàìè. Âèÿâëåíî çâîðîòí³é çâ’ÿçîê ì³æ âì³ñòîì ÔÊÊ ó âîä³ òà
ðîçâèòêîì ö³àíîáàêòåð³é [3, 30], ÿê³ âèêëèêàþòü «öâ³ò³ííÿ» âîäè ³ ìîæóòü
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ñèíòåçóâàòè ñèëüíîä³þ÷³ òîêñè÷í³ ñïîëóêè (àëüãîòîêñèíè), ùî ñòàíîâ-
ëÿòü ïîòåíö³éíó çàãðîçó äëÿ æèâèõ îðãàí³çì³â òà ëþäèíè [17, 18, 27].

Àíàë³ç ÷èñëåííèõ ìàòåð³àë³â ñâ³ä÷èòü ïðî òå, ùî ðîç÷èíåí³ ó âîä³ ìå-
òàáîë³òè ÂÂÐ º ïîòóæíèì ÷èííèêîì, ÿêèé âïëèâàº íà ³íòåíñèâí³ñòü ðîç-
ìíîæåííÿ òà îáì³í ðå÷îâèí ó âîäîðîñòåé, à òàêîæ íà ôîðìóâàííÿ ³
ôóíêö³îíóâàííÿ ð³çíèõ ëàíîê ã³äðîá³îöåíîç³â â ö³ëîìó [1, 32, 34]

Îñê³ëüêè âèù³ âîäí³ ðîñëèíè ó âîäîéìàõ º îäíèìè ç îñíîâíèõ ïðîäó-
öåíò³â ÔÊÊ, äëÿ ç’ÿñóâàííÿ ¿õíüîãî âíåñêó ó ôîðìóâàííÿ ïóëó çàçíà÷åíèõ
ðå÷îâèí, ïåðø çà âñå, íåîáõ³äíî âñòàíîâèòè îñîáëèâîñò³ íàêîïè÷åííÿ
öèõ ñïîëóê ó ì³ñöÿõ çðîñòàííÿ òèõ ÷è ³íøèõ ìàêðîô³ò³â, ÿê³ ìîæóòü áðàòè
àêòèâíó ó÷àñòü ó ðåãóëÿö³¿ ÷èñåëüíîñò³ òà ôóíêö³îíóâàííÿ ïðåäñòàâíèê³â
àëüãîôëîðè.

Ìåòîþ ðîáîòè áóëî âèçíà÷åííÿ ÿê³ñíîãî òà ê³ëüê³ñíîãî ñêëàäó ôå-
íîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çàðîñòåé ÂÂÐ, ùî íàëåæàòü äî ð³çíèõ
åêîëîã³÷íèõ ãðóï.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Âèçíà÷åííÿ âì³ñòó ÔÊÊ ïðîâîäèëè ó âîä³, â³ä³áðàí³é ó çàðîñòÿõ âè-
ùèõ âîäíèõ ðîñëèí: ïîâ³òðÿíî-âîäíèõ — ðîãîçó âóçüêîëèñòîãî (Typha
angustifolia L.) ³ êîìèøó îçåðíîãî (Scirpus lacustris L.), çàíóðåíèõ — êóøè-
ðó çàíóðåíîãî (Ceratophyllum demersum L.) ³ âîäîïåðèö³ êîëîñèñòî¿ (My-
riophyllum spicatum L.) òà ðîñëèí ç ïëàâàþ÷èìè ëèñòÿì — âîäÿíîãî ãîð³õà
(Trapa natans L.) ³ ãëå÷èê³â æîâòèõ (Nuphar lutea L.). Çàçíà÷åí³ ìàêðîô³òè
º òèïîâèìè ïðåäñòàâíèêàìè âîäíî¿ ðîñëèííîñò³ âîäîñõîâèù Äí³ïðà òà
âîäîéì éîãî áàñåéíó [16, 20—23]. Ïðîáè áóëè â³ä³áðàí³ â ïåð³îä àêòèâíî¿
âåãåòàö³¿ ÂÂÐ ó çàòîêàõ Ñîáà÷å Ãèðëî òà Âåðáëþä (âåðõíÿ ÷àñòèíà Êàí³â-
ñüêîãî âîäîñõîâèùà).

Äëÿ äîñë³äæåííÿ ñåçîííî¿ äèíàì³êè ÿê³ñíîãî ñêëàäó ÔÊÊ ïðîáè âîäè
â³äáèðàëè ó çàðîñòÿõ î÷åðåòó çâè÷àéíîãî (Phragmites ausrtralis (Ñav.) Trin.
ex Steud.) â ïðèáåðåæí³é ÷àñòèí³ îç. Öåíòðàëüíîãî (ì. Êè¿â) íà ïî÷àòêó
(òðàâåíü) òà ï³ä ÷àñ éîãî àêòèâíî¿ âåãåòàö³¿ (ñåðïåíü), à òàêîæ íàïðèê³íö³
âåãåòàö³éíîãî ñåçîíó (æîâòåíü).

Â³äá³ð ïðîá âîäè ïðîâîäèëè ó ì³ñöÿõ, äå çàðîñò³ ôîðìóâàëèñü âèê-
ëþ÷íî àáî ïåðåâàæíî îäíèì âèäîì ÂÂÐ íà ä³ëÿíêàõ ç íèçüêèì âîäî-
îáì³íîì òà â³äñóòí³ñòþ çíà÷íîãî ïåðåì³øóâàííÿ âîäíèõ ìàñ.

Âèä³ëåííÿ ÔÊÊ ç âîäè ïðîâîäèëè çà äîïîìîãîþ ³îíîîáì³ííèõ ñìîë
ÊÓ-2 òà ÝÄÝ-10Ï [2]. Ñêëàä òà ê³ëüê³ñíèé âì³ñò ÔÊÊ âèçíà÷àëè íà ð³äèí-
íîìó õðîìàòîãðàô³ Agilent 1200 ç ìàñ-äåòåêòóâàííÿì íà Quadrupole 6130
â Öåíòð³ êîëåêòèâíîãî êîðèñòóâàííÿ ïðèëàäàìè ²íñòèòóòó ã³äðîá³îëîã³¿
ÍÀÍ Óêðà¿íè. Õðîìàòîãðàô³÷íå ðîçä³ëåííÿ ïðîâîäèëè íà êîëîíö³ Zor-
bax Eclipse XDB-C18 Narrow-Bore 2,1×150 ìì ó ñèñòåì³ ðîç÷èííèê³â âîäà:
àöåòîí³òðèë ç äîäàâàííÿì 0,1% ìóðàøèíî¿ êèñëîòè ïðè øâèäêîñò³ ïîòî-
êó ðóõîìî¿ ôàçè 1 ñì3/õâ, ³í’ºêö³ÿ ñêëàäàëà 100 ìì3, äæåðåëî ³îí³çàö³¿ —
ESI (+), ðåæèì äåòåêòóâàííÿ ³îí³â — SIM. Äëÿ ³äåíòèô³êàö³¿ òà ê³ëüê³ñíî-
ãî âèçíà÷åííÿ ôåíîëêàðáîíîâèõ êèñëîò âèêîðèñòîâóâàëè ñòàíäàðòè ô³ð-
ìè Sigma-Aldrich (Í³ìå÷÷èíà).
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Êëàñòåðíèé àíàë³ç [10] ïðîâîäèëè çà àáñîëþòíèìè çíà÷åííÿìè êîí-
öåíòðàö³¿ ÔÊÊ ó âîä³ ñåðåä çàðîñòåé äâîõ âèä³â ÂÂÐ (C. demersum òà
M. spicatum) íà äâîõ ð³çíèõ ä³ëÿíêàõ (çàòîêè Ñîáà÷å Ãèðëî òà Âåðáëþä).
Àíàë³ç äèñïåðñ³¿ äàíèõ ùîäî âì³ñòó ÔÊÊ ïðîâîäèëè çà äîïîìîãîþ ìåòî-
äó ãîëîâíèõ êîìïîíåíò (ÐÑÀ — Principal Ñomponent Ànalysis) [25].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Âñòàíîâëåíî, ùî çàãàëüíèé âì³ñò ÔÊÊ ó âîä³ â ì³ñöÿõ âåãåòàö³¿ ðîñ-
ëèí ð³çíèõ åêîëîã³÷íèõ ãðóï êîëèâàºòüñÿ ó øèðîêîìó ä³àïàçîí³ (òàáë. 1).
Òàê, ó âîä³, äå çðîñòàëè ïîâ³òðÿíî-âîäí³ ðîñëèíè, êîíöåíòðàö³ÿ ÔÊÊ ñòà-
íîâèëà: äëÿ T. angustiifolia — 114,7 ìêã/äì3, äëÿ Sc. lacustris —
24,71 ìêã/äì3; ó âîä³ ñåðåä çàðîñòåé ðîñëèí ç ïëàâàþ÷èì ëèñòÿì: äëÿ
Tr. natans — 56,14 ìêã/äì3, äëÿ N. lutea — 19,3 ìêã/äì3; ó âîä³ ñåðåä çàðîñ-
òåé çàíóðåíèõ ðîñëèí: äëÿ C. demersum — 25,42 ìêã/äì3 ³ äëÿ M. spicatum
— 1,42 ìêã/äì3 ó çàòîö³ Ñîáà÷å Ãèðëî òà â³äïîâ³äíî 38,66 ìêã/äì3 ³
2,83 ìêã/äì3 — ó çàòîö³ Âåðáëþä.

Íàéá³ëüøèé âì³ñò áåíçîéíî¿ (94,10 ìêã/äì3), âàí³ë³íîâî¿
(9,03 ìêã/äì3) òà ñàë³öèëîâî¿ (5,44 ìêã/äì3) êèñëîò áóâ çàðåºñòðîâàíèé ó
âîä³, â³ä³áðàí³é ñåðåä çàðîñòåé T. angustiifolia; α-ðåçîðöèëîâî¿
(0,31 ìêã/äì3 ³ 0,35 ìêã/äì3) — â³äïîâ³äíî N. lutea òà C. demersum, ïðîòî-
êàòåõîâî¿ (0,10 ìêã/äì3) — N. lutea, n-îêñèáåíçîéíî¿ (5,44 ìêã/äì3), êî-
ðè÷íî¿ (2,65 ìêã/äì3), êóìàðîâî¿ (0,24 ìêã/äì3), ôåðóëîâî¿ (0,44 ìêã/äì3),
ñèíàïîâî¿ (0,18 ìêã/äì3) — Tr. natans, êàâîâî¿ (0,15 ìêã/äì3) — M. spica-
tum, áóçêîâî¿ (1,58 ìêã/äì3 òà 1,82 ìêã/äì3) — â³äïîâ³äíî Tr. natans òà
C. demersum, β-ðåçîðöèëîâî¿ (0,64 ìêã/äì3) — Sc. lacustris ³ ãàëîâî¿

(5,52 ìêã/äì3 ³ 12,18 ìêã/äì) — â³äïîâ³äíî C. demersum çàòîê Ñîáà÷å Ãèð-
ëî òà Âåðáëþä.

Àíàë³ç âì³ñòó ÔÊÊ ó âîä³, â³ä³áðàí³é ñåðåä çàðîñòåé ïîâ³òðÿíî-âî-
äíèõ ðîñëèí T. angustifolia òà Sc. lacustris äîçâîëèâ âèÿâèòè òàê³ îñîáëè-
âîñò³: äëÿ îáîõ âèä³â õàðàêòåðíà íàÿâí³ñòü áåíçîéíî¿, âàí³ë³íîâî¿, ãàëî-
âî¿, ï-îêñèáåíçîéíî¿, α-ðåçîðöèëîâî¿, ñàë³öèëîâî¿ òà êîðè÷íî¿ êèñëîò; ó
âîä³ ñåðåä çàðîñòåé T. angustifolia áóëè â³äñóòí³ áóçêîâà, ïðîòîêàòåõîâà,
β-ðåçîðöèëîâà, êóìàðîâà, êàâîâà ³ ñèíàïîâà êèñëîòè; ó âîä³ ñåðåä çàðîñ-

òåé Sc. lacustris íå âèÿâëåí³ ôåðóëîâà ³ êàâîâà êèñëîòè (äèâ. òàáë. 1).
Ùîäî çàðîñòåé ðîñëèí ç ïëàâàþ÷èì ëèñòÿì, òî ñï³ëüíèìè äëÿ íèõ âè-

ÿâèëèñü òàê³ êèñëîòè, ÿê áåíçîéíà, áóçêîâà, n-îêñèáåíçîéíà, α-ðåçîðöè-
ëîâà òà ôåðóëîâà (äèâ. òàáë. 1).

Çðàçêè âîäè, â³ä³áðàí³ â çàðîñòÿõ çàíóðåíèõ ðîñëèí õàðàêòåðèçóâà-
ëèñü íàéá³ëüøèì ð³çíîìàí³òòÿì ÔÊÊ, îäíàê ³ òóò ñïîñòåð³ãàëèñü ïåâí³
â³äì³ííîñò³ ì³æ äâîìà äîñë³äæóâàíèìè âèäàìè ìàêðîô³ò³â. Òàê, çîêðåìà,
ó âîä³, äå çðîñòàëà M. spicatum, íå âèÿâëåí³β-ðåçîðöèëîâà, êîðè÷íà, êóìà-

ðîâà òà ñèíàïîâà êèñëîòè (äèâ. òàáë. 1).
Àíàë³ç çðàçê³â âîäè, â³ä³áðàíèõ ó ì³ñöÿõ âåãåòàö³¿ ìàêðîô³ò³â ç ïëàâà-

þ÷èì ëèñòÿì, ñâ³ä÷èòü ïðî òå, ùî ñêëàä åêçîãåííèõ ÔÊÊ ëèøå ó çàãàëü-
íèõ ðèñàõ â³äïîâ³äàº âíóòð³øíüîêë³òèííîìó ïóëó öèõ ðå÷îâèí. Òàê, íà
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â³äì³íó â³ä ¿õíüîãî âì³ñòó ó ô³òîìàñ³ [33], ïåðåâàæíà á³ëüø³ñòü åêçîãåí-
íèõ ÔÊÊ ó âîä³ ñåðåä çàðîñòåé Tr. natans ³ N. lutea íàëåæèòü äî ãðóïè îê-
ñèáåíçîéíèõ êèñëîò. Êð³ì òîãî, ó âîä³ íå çíàéäåíî ê³ëüêîõ (â³ä 4 äî 7)
ÔÊÊ, ÿê³ âèÿâëåí³ ó ô³òîìàñ³ ðîñëèí. Öå äîçâîëÿº âèñëîâèòè ïðèïóùåí-
íÿ, ùî ïåðåõ³ä ÔÊÊ ó âîäíå ñåðåäîâèùå ìîæå áóòè íå ñò³ëüêè íàñë³äêîì
ïðîöåñó ïàñèâíî¿ äèôóç³¿, ñê³ëüêè â³äáóâàòèñü çàâäÿêè àêòèâíîìó òðàíñ-
ïîðòó öèõ ðå÷îâèí. Î÷åâèäíî, ö³ îñîáëèâîñò³ ìîæóòü â³ä³ãðàâàòè ïåâíó
ðîëü ó çàáåçïå÷åíí³ ðîçøèðåííÿ àðåàëó âîäíèõ ðîñëèí.

Ó âîä³ â ì³ñöÿõ âåãåòàö³¿ C. demersum ïîì³òíîþ áóëà ê³ëüê³ñòü áåíçîé-
íî¿, ãàëîâî¿, ñàë³öèëîâî¿, n-îêñèáåíçîéíî¿ ³ âàí³ë³íîâî¿ êèñëîò, ÿê³ º íàé-
á³ëüø àëåëîïàòè÷íî àêòèâíèìè. Ðåøòà ÔÊÊ ì³ñòèëàñü ó íåâåëèê³é ê³ëü-
êîñò³.

Ó âîä³ ñåðåä çàðîñòåé äîñë³äæåíèõ ìàêðîô³ò³â ó íàéá³ëüø³é ê³ëüêîñò³
âèÿâëåíà áåíçîéíà êèñëîòà, ùî â³äïîâ³äàº îñîáëèâîñòÿì âíóòð³øíüî-
êë³òèííîãî ïóëó ÔÊÊ [33]. Çàãàëîì âì³ñò îêñèáåíçîéíèõ êèñëîò ñêëàäàº ó
ñåðåäíüîìó 97% â³ä ñóìè óñ³õ âèÿâëåíèõ êèñëîò. Çâåðòàº òàêîæ íà ñåáå
óâàãó çíà÷íèé âì³ñò âàí³ë³íîâî¿ òà, â ìåíø³é ì³ð³, ãàëîâî¿ òà ñàë³öèëîâî¿
êèñëîò ó çðàçêàõ âîäè â ì³ñöÿõ âåãåòàö³¿ á³ëüøîñò³ äîñë³äæåíèõ ÂÂÐ. Ñå-
ðåä îêñèáåíçîéíèõ ÔÊÊ, ÿê³ ïðèñóòí³ ó âîä³ â íèçüêèõ ê³ëüêîñòÿõ, âàðòî
çàçíà÷èòè α- òà β-ðåçîðöèëîâó êèñëîòè, à òàêîæ ôåðóëîâó. Ñåðåä îêñèêî-
ðè÷íèõ êèñëîò ñèíàïîâà áóëà çíàéäåíà ëèøå ó âîä³ çàðîñòåé Sc. lacustris,
Tr. natans ³ C. demersum. Êàâîâà êèñëîòà áóëà âèÿâëåíà ëèøå ó çàðîñòÿõ
M. spicatum òà, â íåâåëèê³é ê³ëüêîñò³, — ó çàðîñòÿõ C. demersum â çàòîö³
Âåðáëþä. Ñåðåä äîñë³äæåíèõ ÂÂÐ ð³çíèõ åêîëîã³÷íèõ ãðóï íàéøèðøèé
ñïåêòð ÔÊÊ âèÿâëåíî ó âîä³ â ì³ñöÿõ âåãåòàö³¿ Sc. lacustris, Tr. natans ³
C. demersum (ðèñ. 1).

Íåçâàæàþ÷è íà òå, ùî åêçîìåòàáîë³òè âèùèõ âîäíèõ ðîñëèí â³äçíà-
÷àþòüñÿ ìåíøîþ ê³ëüê³ñòþ òà ð³çíîìàí³òòÿì ïîð³âíÿíî ç âíóòð³øíüî-
êë³òèííèìè [33], äåÿê³ ïðåäñòàâíèêè ìàêðîô³ò³â ôîðìóþòü äîñèòü çíà÷-
íèé ïóë öèõ ðå÷îâèí ó âîäíîìó ñåðåäîâèù³. Òàê, ó ì³ñöÿõ âåãåòàö³¿ ðîñ-
ëèí ç ïëàâàþ÷èì ëèñòÿì N. lutea ³ Tr. natans çàãàëüíèé âì³ñò ÔÊÊ â³ä-
ð³çíÿâñÿ ìàéæå âòðè÷³, ó âîä³ ñåðåä çàðîñòåé ïîâ³òðÿíî-âîäíèõ ìàêðî-
ô³ò³â T. angustifolia òà Sc. lacustris — á³ëüø í³æ ó 4 ðàçè, à çàíóðåíèõ ðîñëèí
C. demersum ³ M. spicatum — ìàéæå ó 18 òà 14 ðàç³â, â³äïîâ³äíî ó çàòîêàõ
Ñîáà÷å Ãèðëî òà Âåðáëþä.

Îñê³ëüêè ÿê³ñíèé òà ê³ëüê³ñíèé ñêëàä ôåíîëüíèõ ñïîëóê çíà÷íîþ
ì³ðîþ çàëåæèòü â³ä âïëèâó ð³çíèõ ÷èííèê³â, çîêðåìà òåìïåðàòóðè ³ ñòàä³¿
ðîçâèòêó ðîñëèííèõ îðãàí³çì³â, ïåâíèé ³íòåðåñ ñòàíîâèòü ç’ÿñóâàííÿ
îñîáëèâîñòåé ñåçîííî¿ äèíàì³êè öèõ ðå÷îâèí ó âîä³ ñåðåä çàðîñòåé âî-
äíèõ ðîñëèí. Àíàë³ç ïðîá âîäè, â³ä³áðàíî¿ ó ì³ñöÿõ âåãåòàö³¿ Ph. australis
ïðîòÿãîì âåñíÿíî-îñ³ííüîãî ïåð³îäó, äîçâîëèâ ³äåíòèô³êóâàòè íèçêó
ÔÊÊ, à ñàìå: áåíçîéíó, ñàë³öèëîâó, ï-îêñèáåíçîéíó, âàí³ë³íîâó, ãàëîâó,
êàâîâó, êîðè÷íó òà ôåðóëîâó (ðèñ. 2). Ïðè öüîìó áóëè çàô³êñîâàí³ ñóòòºâ³
â³äì³ííîñò³ ÿê ó ñï³ââ³äíîøåíí³ îêðåìèõ êèñëîò, òàê ³ ó ¿õíüîìó ðîçïîä³ë³
ïî ãðóïàõ. Òàê, ÷àñòêà îêñèáåíçîéíèõ êèñëîò (ãàëîâà, ï-îêñèáåíçîéíà,
âàí³ë³íîâà, áåíçîéíà ³ ñàë³öèëîâà) ñêëàäàëà 82,3—95,1%. Â³äíîñíèé âì³ñò
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îêñèêîðè÷íèõ êèñëîò (êàâîâà, ôåðóëîâà, êîðè÷íà) áóâ çíà÷íî íèæ÷èì ³
íàéïîì³òí³øå çì³íþâàâñÿ ï³ä ÷àñ àêòèâíî¿ âåãåòàö³¿ Ph. australis òà íà-
ïðèê³íö³ âåãåòàö³éíîãî ïåð³îäó.
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Ðèñ. 1. Õðîìàòîãðàìà êîìïëåêñó ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çàðîñòåé
Sc. lacustris (à), Tr. natans (á) ³ C. demersum (â): 1 — ãàëîâà; 2 — ïðîòîêàòåõîâà; 3 —
n-îêñèáåíçîéíà; 4 — âàí³ë³íîâà; 5 — áóçêîâà; 6 — áåíçîéíà; 7 — ñàë³öèëîâà; 8 — êî-
ðè÷íà



Ùîäî çì³í âì³ñòó îêðåìèõ êèñëîò, òî âàðòî çâåðíóòè óâàãó íà òîé
ôàêò, ùî äëÿ áåíçîéíî¿ êèñëîòè â³í áóâ íàéá³ëüøèì íà ïî÷àòêó ðîçâèòêó
Ph. australis, ç ïîäàëüøèì çíèæåííÿì äî çàâåðøåííÿ âåãåòàö³éíîãî ïå-
ð³îäó. Ïîä³áíà äèíàì³êà â³äì³÷åíà ³ äëÿ âì³ñòó ñàë³öèëîâî¿ êèñëîòè (äèâ.
ðèñ. 2).

²íøà êàðòèíà ñïîñòåð³ãàëàñü ïðè àíàë³ç³ äèíàì³êè âì³ñòó âàí³ë³íîâî¿
òà ãàëîâî¿ êèñëîò. Òàê, ¿õíÿ ìàêñèìàëüíà ê³ëüê³ñòü çàô³êñîâàíà ó âîä³ â
ïåð³îä àêòèâíî¿ âåãåòàö³¿ Ph. àustralis, à ï-îêñèáåíçîéíà êèñëîòà ðåºñòðó-
âàëàñü ò³ëüêè â ê³íö³ âåãåòàö³éíîãî ïåð³îäó. Íà ïðîòèâàãó îêñèáåíçîé-
íèì, âì³ñò ÔÊÊ ³ç ãðóïè îêñèêîðè÷íèõ (êîðè÷íà òà ôåðóëîâà) áóâ íàé-
ìåíøèì íà ïî÷àòêó âåãåòàö³éíîãî ïåð³îäó.

Òàêà äèíàì³êà íàêîïè÷åííÿ ÔÊÊ äîçâîëÿº ïðèïóñòèòè, ùî îêñèêî-
ðè÷í³ êèñëîòè ìîæóòü â³ä³ãðàâàòè á³ëüø âàæëèâó ðîëü â àëåëîïàòè÷íèõ
âçàºìîâ³äíîñèíàõ ðîñëèí, í³æ îêñèáåíçîéí³, ÿê³, øâèäøå çà âñå, º àêòèâ-
íèìè «àëåëîõåì³êàìè» çà á³ëüø âèñîêîãî âì³ñòó ó âîä³. Ïðîòå öå ïðèïó-
ùåííÿ ïîòðåáóº ïîãëèáëåíîãî äîñë³äæåííÿ â ïîäàëüøîìó.

Ïîð³âíÿííÿ îñîáëèâîñòåé íàêîïè÷åííÿ ÔÊÊ ó âîä³ ó ì³ñöÿõ âåãåòàö³¿
C. demersum òà M. spicatum â çàòîêàõ Ñîáà÷å Ãèðëî òà Âåðáëþä ïîêàçàëî,
ùî â îñòàííüîìó âèïàäêó ñïîñòåð³ãàâñÿ äåùî á³ëüøèé âì³ñò çàçíà÷åíèõ
ñïîëóê (äèâ. òàáë. 1), ùî ìîæå áóòè ïîâ’ÿçàíî ç ã³äðîëîã³÷íèìè îñîáëèâî-
ñòÿìè äîñë³äæóâàíèõ ä³ëÿíîê Êàí³âñüêîãî âîäîñõîâèùà. Àíàë³ç àáñîëþò-
íèõ çíà÷åíü êîíöåíòðàö³¿ ÔÊÊ âèÿâèâ äâà âåëèê³ êëàñòåðè, îäèí ç ÿêèõ
ñêëàäàºòüñÿ ç äâîõ äîñèòü ïîì³òíèõ ï³äêëàñòåð³â (ðèñ. 3).

Â ãðóïó ÔÊÊ, ùî õàðàêòåðèçóþòüñÿ íàéá³ëüøèìè êîíöåíòðàö³ÿìè ó
âîä³ ñåðåä çàðîñòåé C. demersum òà M. spicatum, óâ³éøëè áåíçîéíà òà ãàëî-
âà êèñëîòè, ÿê³ º àëåëîïàòè÷íî àêòèâíèìè ³ íàëåæàòü äî îêñèáåíçîéíèõ
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Ðèñ. 2. Â³äíîñíèé âì³ñò (%) ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çàðîñòåé Ph. aust-
ralis: 1 — íà ïî÷àòêó âåãåòàö³¿ (òðàâåíü); 2 — ï³ä ÷àñ àêòèâíî¿ âåãåòàö³¿ (ñåðïåíü); 3 —
íàïðèê³íö³ âåãåòàö³éíîãî ñåçîíó (æîâòåíü)



êèñëîò. Ó äðóãó çà âåëè÷èíàìè êîíöåíòðàö³é ãðóïó óâ³éøëè ï’ÿòü ÔÊÊ ç
ò³ñíèìè çâ’ÿçêàìè ì³æ n-îêñèáåíçîéíîþ òà ñàë³öèëîâîþ êèñëîòàìè, à òà-
êîæ âàí³ë³íîâîþ, êîðè÷íîþ ³ áóçêîâîþ êèñëîòàìè. Ñë³ä çàçíà÷èòè, ùî
³íøà ÷àñòèíà ÔÊÊ, ÿê³ íàëåæàòü äî ð³çíèõ ãðóï ³ âèÿâëåí³ ó çíà÷íî ìåí-
øèõ êîíöåíòðàö³ÿõ, ù³ëüíî êëàñòåðèçîâàíà. Âîíè ðîçä³ëåí³ íà äâà ï³ä-
êëàñòåðè (ïåðøèé — α-ðåçîðöèëîâà, α-ðåçîðöèëîâà òà ôåðóëîâà; äðóãèé
— êàâîâà, ïðîòîêàòåõîâà, êóìàðîâà òà ñèíàïîâà êèñëîòè). Äî ïåðøîãî
ï³äêëàñòåðó âõîäèòü äâ³ îêñèáåíçîéí³ êèñëîòè òà îäíà îêñèêîðè÷íà, à äî
äðóãîãî — òðè îêñèêîðè÷í³ òà îäíà îêñèáåíçîéíà.

Àíàë³ç äàíèõ ùîäî âì³ñòó ÔÊÊ ó âîä³ ñåðåä çàðîñòåé C. demersum òà
M. spicatum äîñë³äæóâàíèõ âîäíèõ îá’ºêò³â âèÿâèâ ò³ñíèé âçàºìîçâ’ÿçîê
ì³æ ÿê³ñíèìè ³ ê³ëüê³ñíèìè ïîêàçíèêàìè öèõ ðå÷îâèí ó âîä³ òà âèäîì
ÂÂÐ, ÿêèé ôîðìóº òàê³ çàðîñò³, íà ïðîòèâàãó ïðîñòîðîâ³é ïðèíàëåæíîñò³
òî÷îê ñïîñòåðåæåííÿ. Öå ìîæå ñâ³ä÷èòè ïðî âàæëèâó ðîëü âèùèõ âîäíèõ
ðîñëèí ó ôîðìóâàíí³ ïóëó ÔÊÊ ó âîä³ (ðèñ. 4).

Íàÿâí³ñòü ñåðåä âèÿâëåíèõ ÔÊÊ àëåëîïàòè÷íî àêòèâíèõ ñïîëóê äàº
ìîæëèâ³ñòü äîñë³äæóâàíèì ðîñëèíàì àêòèâíî êîíêóðóâàòè ç ³íøèìè âè-
äàìè ïðè îñâîºíí³ íîâèõ àðåàë³â. Îäí³ºþ ç ïåðåäóìîâ ôîðìóâàííÿ óãðó-
ïîâàíü ÂÂÐ º ñïîð³äíåí³ñòü ó ôóíêö³îíóâàíí³ êàòàë³òè÷íèõ ñèñòåì òà íà-
ÿâí³ñòü ºäèíèõ ïîë³ôóíêö³îíàëüíèõ ïðîì³æíèõ ìåòàáîë³ò³â, ùî ñòâîðþº
ñïðèÿòëèâ³ óìîâè äëÿ êîîðäèíîâàíî¿ âçàºìîä³¿ ì³æ âèäàìè. Àêòèâàö³ÿ
â³äíîñíî íåâåëèêî¿ ê³ëüêîñò³ íåñïåöèô³÷íèõ ñèãíàëüíèõ ñèñòåì äîçâîëÿº
¿ì äîì³íóâàòè íà îêðåìèõ ä³ëÿíêàõ âîäîéì [8].

Îòæå, ïðîâåäåí³ äîñë³äæåííÿ åêçîãåííèõ ÔÊÊ â ì³ñöÿõ âåãåòàö³¿ ÂÂÐ
ó ïð³ñíîâîäíèõ âîäîéìàõ ïîêàçàëè, ùî ê³ëüê³ñòü ³ ñï³ââ³äíîøåííÿ öèõ
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Ðèñ. 3. Êëàñòåðíèé àíàë³ç ÔÊÊ çà àáñîëþòíèìè çíà÷åííÿìè ¿õíüî¿ êîíöåíòðàö³¿ ó
âîä³: 1 — áåíçîéíà; 2 — n-îêñèáåíçîéíà; 3 — ñàë³öèëîâà; 4 — êîðè÷íà; 5 —ïðîòîêà-
òåõîâà; 6 — α-ðåçîðöèëîâà; 7 — α-ðåçîðöèëîâà; 8 — êóìàðîâà; 9 — âàí³ë³íîâà; 10 —
ãàëîâà; 11 — êàâîâà; 12 — ôåðóëîâà; 13 — áóçêîâà; 14 — ñèíàïîâà



ñïîëóê çàëåæàòü â³ä âèäó ðîñëèíè, ñåçîíó ðîêó, à òàêîæ ïðîñòîðîâîãî
ðîçì³ùåííÿ çàðîñòåé.

Âèñíîâêè

Â ðåçóëüòàò³ ïðîâåäåíèõ äîñë³äæåíü âîäè, â³ä³áðàíî¿ ñåðåä çàðîñòåé
øåñòè âèä³â âèùèõ âîäíèõ ðîñëèí ð³çíèõ åêîëîã³÷íèõ ãðóï (T. angustifo-
lia, Sc. lacustris, Tr. natans, N. lutea, C. demersum òà M. spicatum) âèÿâëåíî 14
ÔÊÊ, à ñàìå: áåíçîéíó, áóçêîâó, âàí³ë³íîâó, ãàëîâó, n-îêñèáåíçîéíó, ïðî-
òîêàòåõîâó, α- òà β-ðåçîðöèëîâó, ñàë³öèëîâó, ôåðóëîâó, êàâîâó, êîðè÷íó,
êóìàðîâó òà ñèíàïîâó.

Ó âîä³ ñåðåä çàðîñòåé T. angustifolia ñóìàðíà êîíöåíòðàö³ÿ ÔÊÊ ñòà-
íîâèëà 114,7 ìêã/äì3, Sc. lacustris — 24,71, Tr. natans — 56,14, N. lutea —
19,3, C. demersum — 25,42 ³ 38,66 ³ M. spicatum — 1,42 ³ 2,83 ìêã/äì3. Íàé-
ïîì³òí³øîþ áóëà ð³çíèöÿ äëÿ âèä³â, ÿê³ íàëåæàòü äî ãðóï çàíóðåíèõ òà
ïîâ³òðÿíî-âîäíèõ ðîñëèí.

Âñòàíîâëåíî, ùî âì³ñò ðîç÷èíåíèõ ÔÊÊ ó ì³ñöÿõ âåãåòàö³¿ Ph. austra-
lis ñóòòºâî çì³íþºòüñÿ ïðîòÿãîì âåãåòàö³éíîãî ïåð³îäó. Ñåðåä âèÿâëåíèõ
ñïîëóê ê³ëüê³ñíó ïåðåâàãó (â³ä 82,3 äî 95,1%) ìàëè êèñëîòè, ÿê³ íàëåæàòü
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Ðèñ. 4. Àíàë³ç äèñïåðñ³¿ äàíèõ ùîäî âì³ñòó ôåíîëêàðáîíîâèõ êèñëîò ó âîä³ ñåðåä çà-
ðîñòåé C. demersum òà M. spicatum çà äîïîìîãîþ ìåòîäó ãîëîâíèõ êîìïîíåíò



äî ãðóïè îêñèáåíçîéíèõ (áåíçîéíà, ï-îêñèáåíçîéíà, âàí³ë³íîâà, ãàëîâà,
ñàë³öèëîâà). Â³äíîñíèé âì³ñò îêñèêîðè÷íèõ êèñëîò (êàâîâà, ôåðóëîâà,
êîðè÷íà) çíà÷íî íèæ÷èé ³ ïîì³òíî çì³íþâàâñÿ ÿê ï³ä ÷àñ àêòèâíî¿ âåãå-
òàö³¿ Ph. australis, òàê ³ íàïðèê³íö³ âåãåòàö³éíîãî ïåð³îäó.

Çà ðåçóëüòàòàìè êëàñòåðíîãî àíàë³çó âèÿâëåíî ãðóïó ÔÊÊ, ùî õàðàê-
òåðèçóºòüñÿ íàéá³ëüøèìè êîíöåíòðàö³ÿìè ó âîä³ ñåðåä çàðîñòåé C. de-

mersum òà M. spicatum íà äâîõ ñòàíö³ÿõ â³äáîðó ïðîá âîäè — çàòîêè Ñîáà-
÷å Ãèðëî ³ Âåðáëþä. Äî ïåðøî¿ ãðóïè óâ³éøëè áåíçîéíà òà ãàëîâà êèñëî-
òè, ÿê³ íàëåæàòü äî îêñèáåíçîéíèõ êèñëîò. Äðóãà ãðóïà ïðåäñòàâëåíà
³íøèìè êèñëîòàìè ç ò³ñíèìè çâ’ÿçêàìè ì³æ n-îêñèáåíçîéíîþ òà ñàë³öè-
ëîâîþ, à òàêîæ âàí³ë³íîâîþ, êîðè÷íîþ ³ áóçêîâîþ êèñëîòàìè.

Àíàë³ç îòðèìàíèõ äàíèõ çà äîïîìîãîþ ìåòîäó ãîëîâíèõ êîìïîíåíò
âèÿâèâ ò³ñíèé âçàºìîçâ’ÿçîê ì³æ ÿê³ñíèìè ³ ê³ëüê³ñíèìè ïîêàçíèêàìè
âì³ñòó ÔÊÊ ó âîä³ ñåðåä çàðîñòåé òà äîì³íàíòíèì âèäîì ÂÂÐ. Öå ìîæå
áóòè ñâ³ä÷åííÿì ïðîâ³äíî¿ ðîë³ âèùèõ âîäíèõ ðîñëèí ó ôîðìóâàíí³ ïóëó
öèõ ðå÷îâèí ó âîä³.

Âèÿâëåí³ îñîáëèâîñò³ âì³ñòó ÔÊÊ ó âîä³, î÷åâèäíî, ïîâ’ÿçàí³ ÿê ç ìå-
òàáîë³÷íèìè îñîáëèâîñòÿìè ¿õí³õ ïðîäóöåíò³â, òàê ³ ç ïðîöåñàìè õ³ì³÷íî¿
òà ì³êðîá³îëîã³÷íî¿ òðàíñôîðìàö³¿ îðãàí³÷íèõ ðå÷îâèí ó âîäíîìó ñåðå-
äîâèù³, ùî ïîòðåáóº ïîäàëüøîãî äåòàëüíîãî âèâ÷åííÿ.
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CONTENT OF PHENOL CARBOXYLIC ACIDS IN THE WATER OF THICKETS OF
AQUATIC VASCULAR PLANTS OF VARIOUS ECOLOGICAL GROUPS

The qualitative and quantitative composition of phenol carboxylic acids in the water
of thickets of aquatic vascular plants of different ecological groups was studied: aerial-aqu-
atic plants (Typha angustifolia L., Scirpus lacustris L., Phragmites australis (Sav.) Trin. ex
Steud.), submerged plants (Ceratophyllum demersum L., Myriophyllum spicatum L.) and
floating-leaf plants (Nuphar lutea L., Trapa natans L.). Benzoic, p-oxybenzoic, salicylic,
cinnamic, α-resorcylic, β-resorcylic, protocatechuic, coumaric, vanillic, gallic, caffeic, sy-
ringic, ferulic and sinapic acids were found in the water where the mentioned macrophytes
were growing. The total content of carboxylic acids in the water of the thickets of the studi-
ed plants was: for T. angustifolia — 114.7 µg/dm3, Sc. lacustris — 24.71 µg/dm3, T. natans —
56.14 µg/dm3, N. lutea — 19.3 µg/dm3, C. demersum — 25.42—38.66 µg/dm3, and M. spica-
tum — 1.42—2.83 µg/dm3.

Analysis of the content of carboxylic acids in the water of Ph. australis thickets during
the spring-autumn period revealed significant differences in the ratio of individual acids
and in their distribution by groups. The maximal content of benzoic and salicylic acids in
the water of thickets was recorded at the beginning of plant development, with its subsequ-
ent decrease until the end of the growing season. The maximal content of vanillic and gallic
acids was recorded during active vegetation. The content of carboxylic acids from the oxy-
cinnamic (cinnamic and ferulic) group was the lowest at the beginning of the growing sea-
son.

Cluster analysis of carboxylic acids content in the thickets of C. demersum and M. spi-
catum at two sampling points (Sobache Girlo and Verblud bays, the upper part of the Ka-
nev reservoir) reveals two groups; the first group combines benzoic and gallic acids, the se-
cond group unites other acids. Principal component analysis (PCA) reveals a high correla-
tion between the qualitative and quantitative indicators of the of carboxylic acids content
in the water of thickets and the dominant species of vascular plant. This may indicate the le-
ading role of higher aquatic plants in the formation of these substances pool in water.

Keywords: phenolic carboxylic acids, aquatic vascular plants, seasonal dynamics, clus-
ter analysis.
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ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÅ ÌÎÄÅËÞÂÀÍÍß ÂÏËÈÂÓ
ÒÅÌÏÅÐÀÒÓÐÈ ÍÀ Ì²ÃÐÀÖ²Þ Õ²Ì²×ÍÈÕ ÐÅ×ÎÂÈÍ

Ç ÄÎÍÍÈÕ Â²ÄÊËÀÄ²Â

Ó ñòàòò³ ðîçãëÿíóòî ðåçóëüòàòè åêñïåðèìåíòàëüíèõ äîñë³äæåíü âïëèâó òåì-
ïåðàòóðè âîäè íà ì³ãðàö³þ á³îãåííèõ ñïîëóê, îðãàí³÷íèõ ðå÷îâèí ³ ìåòàë³â ç äîííèõ
â³äêëàä³â äî âîäíîãî ñåðåäîâèùà. Âñòàíîâëåíî, ùî çðîñòàííÿ òåìïåðàòóðè âîäè â³ä
5 oÑ äî 15 oÑ ïðèçâîäèòü äî çá³ëüøåííÿ êîíöåíòðàö³¿ íåîðãàí³÷íîãî àçîòó, íåîð-
ãàí³÷íîãî ³ çàãàëüíîãî ôîñôîðó òà ðîç÷èíåíîãî ñèë³ö³þ â³äïîâ³äíî â 1,6, 1,1, 1,2 ³ 1,4
ðàçè. ßêùî òåìïåðàòóðà âîäè çðîñòàëà â³ä 5 oÑ äî 25 oÑ, òî âì³ñò öèõ á³îãåííèõ ñïî-
ëóê çá³ëüøóâàâñÿ â 1,8, 5,8, 1,9 ³ 2,5 ðàçè. Çðîñòàííÿ òåìïåðàòóðè âîäè òàêîæ ïîçíà-
÷èëîñü íà ÷àñòö³ ñïîëóê àçîòó ó çàãàëüíîìó áàëàíñ³ íåîðãàí³÷íîãî àçîòó. Â³äíîñíèé
âì³ñò àìîí³éíîãî àçîòó çíèæóâàâñÿ, à íàòîì³ñòü ÷àñòêà í³òðèò- ³ í³òðàò-éîí³â
çðîñòàëà çà ðàõóíîê í³òðèô³êàö³¿. Êîíöåíòðàö³ÿ ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ðå-
÷îâèí ³ çàãàëüíèé âì³ñò îðãàí³÷íèõ ðå÷îâèí òàêîæ çá³ëüøèëèñü ïðèáëèçíî â 1,6 ðàçà
ïðè çðîñòàíí³ òåìïåðàòóðè âîäè â³ä 5 oÑ äî 25 oÑ. Çà òàêèõ óìîâ êîíöåíòðàö³ÿ
àëþì³í³þ, ìàíãàíó ³ õðîìó çá³ëüøóâàëàñü â 1,9, 3,2 ³ 2 ðàçè, àëå âì³ñò ôåðóìó ³ êóïðóìó
íå çàçíàâàâ ³ñòîòíèõ çì³í ÷åðåç ¿õíº çíàõîäæåííÿ ó íåäîñòóïíèõ ôðàêö³ÿõ äîííèõ
â³äêëàä³â. Øòó÷íà àåðàö³ÿ, ÿêà âèêîðèñòîâóâàëàñü çà òåìïåðàòóðè 25 oÑ, äåùî çíè-
æóâàëà êîíöåíòðàö³þ íåîðãàí³÷íîãî àçîòó, íåîðãàí³÷íîãî ³ çàãàëüíîãî ôîñôîðó, ðîç-
÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí, à òàêîæ ðîç÷èíåíèõ àëþì³í³þ, ìàíãàíó ³ õðîìó ïîð³âíÿ-
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íî ç òèì, êîëè ¿¿ íå çàñòîñîâóâàëè. Âñòàíîâëåíî, ùî çðîñòàííÿ òåìïåðàòóðè âîäè
ïðèçâîäèòü äî ì³ãðàö³¿ äîñë³äæóâàíèõ õ³ì³÷íèõ ñïîëóê ç äîííèõ â³äêëàä³â, àëå íå
íàñò³ëüêè ³íòåíñèâíî, ÿê, íàïðèêëàä, çà äåô³öèòó ðîç÷èíåíîãî êèñíþ òà çíèæåííÿ
ðÍ ³ îêèñíî-â³äíîâíîãî ïîòåíö³àëó âîäè ó ïðèäîííîìó ãîðèçîíò³.

Êëþ÷îâ³ ñëîâà: òåìïåðàòóðà âîäè, á³îãåíí³ ðå÷îâèíè, ðîç÷èíåí³ îðãàí³÷í³ ðå÷î-
âèíè, ìåòàëè, äîíí³ â³äêëàäè, ì³ãðàö³ÿ.

Òåìïåðàòóðà âîäè ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ — îäíà ç ¿¿ âàæëè-
âèõ ô³çè÷íèõ âëàñòèâîñòåé, ÿêà ³ñòîòíèì ÷èíîì âïëèâàº íà ñòàí ïð³ñíî-
âîäíèõ åêîñèñòåì. ×àñòî ¿¿ âïëèâ ìàº ïðÿìèé òà îïîñåðåäêîâàíèé õàðàê-
òåð [20]. Çì³íè òåìïåðàòóðè âîäè çíà÷íîþ ì³ðîþ â³äáèâàþòüñÿ íà áàãàòü-
îõ ô³çè÷íèõ, õ³ì³÷íèõ ³ á³îëîã³÷íèõ õàðàêòåðèñòèêàõ âîäè, âêëþ÷àþ÷è
ðîç÷èíí³ñòü êèñíþ ³ ³íøèõ ãàç³â, øâèäê³ñòü õ³ì³÷íèõ ðåàêö³é, ³íòåíñèâ-
í³ñòü ðîçâèòêó ã³äðîá³îíò³â, òîêñè÷í³ñòü ñåðåäîâèùà, ì³êðîá³îëîã³÷íó àê-
òèâí³ñòü [13, 43, 46]. Ç³ çðîñòàííÿì òåìïåðàòóðè çá³ëüøóºòüñÿ øâèäê³ñòü
õ³ì³÷íèõ ðåàêö³é, òîêñè÷í³ñòü ðå÷îâèí, íàïðèêëàä âàæêèõ ìåòàë³â, îð-
ãàí³÷íèõ êñåíîá³îòèê³â, à çàðàçîì ³ âðàçëèâ³ñòü âîäíèõ îðãàí³çì³â äî öèõ
òîêñèêàíò³â [13]. Çã³äíî ïðàâèëà Âàíò-Ãîôôà, çá³ëüøåííÿ òåìïåðàòóðè
íà 10 o çóìîâëþº çðîñòàííÿ øâèäêîñò³ õ³ì³÷íî¿ ðåàêö³¿ â 2—4 ðàçè. Øâèä-
ê³ñòü äèôóç³¿ ðå÷îâèí çà òàêèõ óìîâ çá³ëüøóºòüñÿ ïðèáëèçíî â 1,2 ðàçà.

Ïåðåë³÷åí³ âèùå õàðàêòåðèñòèêè ³ñòîòíèì ÷èíîì âèçíà÷àþòü õ³ì³÷-
íèé ñêëàä âîäè, ñòàí êèñíåâîãî ðåæèìó, á³îïðîäóêòèâí³ñòü ³ ñàìîî÷è-
ùåííÿ âîäíèõ îá’ºêò³â òîùî.

Òåìïåðàòóðà âîäè çàëåæèòü â³ä íèçêè ïðîöåñ³â, ÿê³ â³äáóâàþòüñÿ îä-
íî÷àñíî. Íàéâàæëèâ³ø³ ñåðåä íèõ: ñîíÿ÷íà ðàä³àö³ÿ, âèïàðîâóâàííÿ, òóð-
áóëåíòíèé òåïëîîáì³í ç àòìîñôåðîþ, ïåðåíåñåííÿ òåïëà òå÷³ÿìè, òóðáó-
ëåíòíå ïåðåì³øóâàííÿ âîäíèõ ìàñ òîùî [8]. Ö³ ïðèðîäí³ ïðîöåñè â³äáó-
âàþòüñÿ íåçàëåæíî â³ä ä³ÿëüíîñò³ ëþäèíè. Àëå íå ñë³ä âèêëþ÷àòè ³ àíòðî-
ïîãåííîãî âïëèâó íà òåìïåðàòóðó âîäè ïîâåðõíåâèõ âîäíèõ îá’ºêò³â, çîê-
ðåìà ñêèäó òà íàäõîäæåííÿ ï³ä³ãð³òèõ ñò³÷íèõ âîä. Òåìïåðàòóðà âîäè âî-
äîéì ³ âîäîòîê³â çì³íþºòüñÿ ïðîòÿãîì äîáè òà ïîñåçîííî, âîíà ìîæå òà-
êîæ ³ñòîòíî â³äð³çíÿòèñü ç ãëèáèíîþ.

Ó ñó÷àñíèõ óìîâàõ òåìïåðàòóðà âîäè ïîâåðõíåâèõ âîäíèõ îá’ºêò³â çà-
çíàº ³ñòîòíèõ çì³í ó çâ’ÿçêó ç ïîòåïë³ííÿì, ÿêå ïðîÿâëÿºòüñÿ ÿê íà ãëîáà-
ëüíîìó, òàê ³ íà ðåã³îíàëüíîìó ð³âí³. Ó çâ’ÿçêó ç ïîòåïë³ííÿì êë³ìàòó ó âî-
äíèõ åêîñèñòåìàõ ñïîñòåð³ãàºòüñÿ çìåíøåííÿ òðèâàëîñò³ ëüîäîñòàâó, à
ïåð³îä ë³òíüî¿ ñòðàòèô³êàö³¿, íàâïàêè, íàñòàº ðàí³øå ³ òðèâàº äîâøå [15].
×àñòî öå ñóïðîâîäæóºòüñÿ íèçêîþ åêîëîã³÷íèõ íàñë³äê³â, çîêðåìà ï³äâè-
ùåííÿì òåìïåðàòóðè âîäè âë³òêó, çì³íàìè ó çì³øóâàíí³ ð³çíèõ øàð³â âî-
äíî¿ ìàñè òà ð³âíÿõ âîäè, çíèæåííÿì êîíöåíòðàö³¿ ðîç÷èíåíîãî êèñíþ,
ï³äâèùåííÿì â³ðîã³äíîñò³ «öâ³ò³ííÿ» âîäè çà ðàõóíîê ö³àíîáàêòåð³é òî-
ùî [15, 28].

Ó ãëèáîêîâîäíèõ îçåðàõ ³ âîäîñõîâèùàõ ï³äâèùåííÿ òåìïåðàòóðè
âîäè, ñïðè÷èíåíå çì³íîþ êë³ìàòó, âïëèâàº íà òðèâàë³ñòü òåìïåðàòóðíî¿
ñòðàòèô³êàö³¿ òà ôîðìóâàííÿ òåðìîêëèíó íà á³ëüø³é ãëèáèí³, ùî ïîçíà-
÷àºòüñÿ íà ã³äðîäèíàì³ö³ âîäíèõ îá’ºêò³â [12, 26, 48]. Âñòàíîâëåíî, ùî â
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ñó÷àñíèõ óìîâàõ òðèâàë³ñòü ñòðàòèô³êàö³¿ çá³ëüøèëàñü íà 20 äí³â, à â äåÿ-
êèõ îçåðàõ ªâðîïè òà Ï³âí³÷íî¿ Àìåðèêè âîíà ïîäîâæèëàñü íà 2—3
òèæí³ ïîð³âíÿíî ç 60-ìè ðîêàìè ÕÕ ñò. [14].

Òåìïåðàòóðíà ñòðàòèô³êàö³ÿ â îçåðàõ ³ âîäîñõîâèùàõ çíà÷íîþ ì³ðîþ
âèçíà÷àº ³íòåíñèâí³ñòü ïåðåá³ãó á³ëüøîñò³ ô³çè÷íèõ, õ³ì³÷íèõ ³ á³îëîã³÷-
íèõ ïðîöåñ³â, âêëþ÷àþ÷è öèðêóëÿö³þ âîäíèõ ìàñ, êèñíåâèé ðåæèì, ïðî-
äóêóâàííÿ ïåðâèííî¿ ïðîäóêö³¿, âåðòèêàëüíèé ðîçïîä³ë îðãàí³çì³â ³ äî-
ñòóïí³ñòü ïîæèâíèõ ðå÷îâèí òîùî [40]. Òåìïåðàòóðíà ñòðàòèô³êàö³ÿ ÷àñ-
òî ñóïðîâîäæóºòüñÿ êèñíåâîþ ñòðàòèô³êàö³ºþ, â ðåçóëüòàò³ ÿêî¿ ó ã³ïî-
ë³ìí³îí³ îçåð ³ âîäîñõîâèù äîì³íóº äåô³öèò ðîç÷èíåíîãî êèñíþ ç ôîðìó-
âàííÿì àíàåðîáíèõ çîí [28]. Â óìîâàõ êë³ìàòè÷íèõ çì³í òðèâàë³ñòü äå-
ô³öèòó Î2, çàçâè÷àé, çðîñòàº. Ïðè÷îìó íàäõîäæåííÿ êèñíþ äî ïðèäîííî-
ãî ãîðèçîíòó âîäè çíà÷íî ñïîâ³ëüíþºòüñÿ àáî é çîâñ³ì ïðèçóïèíÿºòüñÿ.
Çà òàêèõ óìîâ ïîì³òíîþ ñòàº ì³ãðàö³ÿ õ³ì³÷íèõ ðå÷îâèí ç äîííèõ â³ä-
êëàä³â, òîáòî â³äáóâàºòüñÿ âòîðèííå çàáðóäíåííÿ âîäíîãî ñåðåäîâèùà.
Ïåðåäóñ³ì öå ñòîñóºòüñÿ á³îãåííèõ ³ îðãàí³÷íèõ ðå÷îâèí, ñïîëóê ìåòàë³â
òà äåÿêèõ ³íøèõ ðå÷îâèí ç âèðàæåíèìè òîêñè÷íèìè âëàñòèâîñòÿìè, ùî
ñòàº íåáåçïå÷íèì äëÿ ôóíêö³îíóâàííÿ âîäíèõ åêîñèñòåì. Çðîñòàííÿ æ
òåìïåðàòóðè âîäè íèæ÷å òåðìîêëèíó ïðèøâèäøóº ì³íåðàë³çàö³þ îðãà-
í³÷íèõ ðå÷îâèí, ùî ñïðèÿº íàêîïè÷åííþ á³îãåííèõ ðå÷îâèí ó ã³ïîë³ì-
í³îí³ [42]. Â ðåçóëüòàò³ ³ñòîòíî çðîñòàº âíóòð³øíº íàâàíòàæåííÿ öèìè
ïîæèâíèìè ðå÷îâèíàìè íà åêîñèñòåìó âîäîéì, à öå íåìèíó÷å ïðèñêî-
ðþº ïðîöåñ åâòðîôóâàííÿ, ç â³äïîâ³äíèìè íåãàòèâíèìè íàñë³äêàìè.

Âïëèâ òåïëî¿ ïîãîäè íà ì³ëêîâîäí³ îçåðà îñîáëèâî ñèëüíèé, êîëè
âîíà ñï³âïàäàº ç íèçüêèì ð³âíåì âîäè. Çà òàêèõ óìîâ â³äáóâàºòüñÿ ³íòåí-
ñèô³êàö³ÿ íàäõîäæåííÿ ôîñôîðó ç äîííèõ â³äêëàä³â, ùî áóëî âñòàíîâëå-
íî çà ðåçóëüòàòàìè äîñë³äæåíü, âèêëàäåíèìè â [19]. Âîäíî÷àñ, íàäõîä-
æåííÿ ñïîëóê àçîòó áóëî á³ëüøèì ï³ä ÷àñ âèñîêîãî ð³âíÿ âîäè. Ïðî öå
ñâ³ä÷èòü ³ â³äíîøåííÿ Nçàã:Pçàã, ÿêå ó ïåð³îä âèñîêîãî ð³âíÿ âîäè ñòàíîâè-
ëî 21, à ï³ä ÷àñ íèçüêîãî ð³âíÿ âîäè — ëèøå 14.

Íàÿâí³ òàêîæ äàí³ ñòîñîâíî âïëèâó êë³ìàòè÷íèõ çì³í, à çàðàçîì ³ çì³í
òåìïåðàòóðè, íà ì³ãðàö³þ ³ òðàíñôîðìàö³þ îðãàí³÷íèõ ðå÷îâèí ³ ìåòàë³â
ó ð³çíèõ ôðàêö³ÿõ äîííèõ â³äêëàä³â ïîâåðõíåâèõ âîäíèõ îá’ºêò³â. Òàê,
ï³äâèùåííÿ òåìïåðàòóðè âîäè ñïðèÿº á³îëîã³÷í³é òà ì³êðîáí³é àêòèâ-
íîñò³ áåíòîñó, âíàñë³äîê ÷îãî ïîñèëþºòüñÿ äåãðàäàö³ÿ îðãàí³÷íèõ ðå÷î-
âèí ³ ðîç÷èíåííÿ êîëî¿äíèõ ÷àñòèíîê ôåðóìó ³ ìàíãàíó [38]. ²íø³ ìåòàëè,
àñîö³éîâàí³ ç öèìè ÷àñòèíêàìè, ñòàþòü ëàá³ëüíèìè ³ íàäõîäÿòü ó âîäíó
òîâùó. Ç³ çðîñòàííÿì òåìïåðàòóðè âîäè â³äáóâàºòüñÿ òðàíñôîðìàö³ÿ ñòà-
á³ëüíèõ ôðàêö³é ìåòàë³â ó äîííèõ â³äêëàäàõ â ëàá³ëüí³, à öå, â ñâîþ ÷åðãó,
ñïðèÿº ¿õí³é á³îäîñòóïíîñò³ äëÿ âîäíèõ îðãàí³çì³â [33].

Îòæå, ï³äñóìîâóþ÷è âèêëàäåíå âèùå, ìîæíà êîíñòàòóâàòè, ùî òåì-
ïåðàòóðíèé ÷èííèê ³ñòîòíèì ÷èíîì âïëèâàº íà ô³çè÷í³, õ³ì³÷í³ òà á³î-
ëîã³÷í³ ïîêàçíèêè ñòàíó ïîâåðõíåâèõ âîäíèõ îá’ºêò³â. Òîìó äîñë³äæåííÿ
öèõ çì³í íàáóâàº âñå á³ëüøî¿ àêòóàëüíîñò³ â óìîâàõ ñüîãîäåííÿ.
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Ìåòîþ íàøî¿ ðîáîòè ñòàëî åêñïåðèìåíòàëüíå âèâ÷åííÿ îñîáëèâî-
ñòåé âïëèâó òåìïåðàòóðè íà ì³ãðàö³þ ðå÷îâèí ç äîííèõ â³äêëàä³â, óçàãà-
ëüíåííÿ îòðèìàíèõ ðåçóëüòàò³â ³ ¿õíº âèñâ³òëåííÿ ó öüîìó ïîâ³äîìëåíí³.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äëÿ âñòàíîâëåííÿ âïëèâó òåìïåðàòóðè íà ì³ãðàö³þ ðå÷îâèí ç äîííèõ
â³äêëàä³â áóëî ïðîâåäåíî åêñïåðèìåíò, ÿêèé òðèâàâ 21 äîáó äî íàñòàííÿ
ð³âíîâàãè. Ó ïåðø³é åêñïåðèìåíòàëüí³é ñèñòåì³ (ÅÑ) òåìïåðàòóðà âîäè
ñòàíîâèëà 5 oÑ, ó äðóã³é ÅÑ — 15 oÑ, à â òðåò³é ³ ÷åòâåðò³é ÅÑ — 25 oÑ. Ó 4-é
ÅÑ âîäó äîäàòêîâî íàñè÷óâàëè êèñíåì çà äîïîìîãîþ àêâàð³óìíîãî àåðà-
òîðà MAGI 200 ç³ øâèäê³ñòþ ïîäà÷³ ïîâ³òðÿ 20—30 ìë/õâ. Øòó÷íà àåðà-
ö³ÿ ïðîâîäèëàñü ç ìåòîþ çàïîá³ãàííÿ ìîæëèâîãî ôîðìóâàííÿ äåô³öèòó
êèñíþ. Îòðèìàí³ ðåçóëüòàòè äîñë³äæåíü ç 4-î¿ ÅÑ äîçâîëÿòü çà íåîáõ³ä-
íîñò³ â³äîêðåìèòè îäíî÷àñíèé âïëèâ çá³ëüøåííÿ òåìïåðàòóðè âîäè ³
äåô³öèòó ðîç÷èíåíîãî êèñíþ íà ì³ãðàö³þ ðå÷îâèí ç äîííèõ â³äêëàä³â.
Òåìïåðàòóðó âîäè â 1-é ³ 2-é ÅÑ ï³äòðèìóâàëè çà äîïîìîãîþ õîëîäèëü-
íèê³â, à â 3-é ³ 4-é ÅÑ — çà äîïîìîãîþ àêâàð³óìíèõ òåðìîðåãóëÿòîð³â ïî-
òóæí³ñòþ 100 Âò. Ïðîòÿãîì åêñïåðèìåíòó êîíòðîëþâàëè òåìïåðàòóðó
âîäè, âåëè÷èíó ðÍ ³ âì³ñò ðîç÷èíåíîãî êèñíþ, à òàêîæ âèçíà÷àëè êîí-
öåíòðàö³þ àìîí³éíîãî àçîòó, í³òðèò- ³ í³òðàò-éîí³â, íåîðãàí³÷íîãî àçîòó,
íåîðãàí³÷íîãî ³ çàãàëüíîãî ôîñôîðó òà ðîç÷èíåíîãî ñèë³ö³þ, ðîç÷èíåíèõ
îðãàí³÷íèõ ðå÷îâèí (ÐÎÐ) çà ïîêàçíèêàìè ÕÑÊ (ÕÑÊMn ³ ÕÑÊCr), ðîç÷è-
íåíèõ àëþì³í³þ, ìàíãàíó, ôåðóìó, õðîìó ³ êóïðóìó.

Âèì³ðþâàííÿ êîíöåíòðàö³¿ çàçíà÷åíèõ ïîêàçíèê³â ïðîâîäèëè ó
ô³ëüòðàò³ âîäè áåçïîñåðåäíüî ïåðåä ïî÷àòêîì åêñïåðèìåíòó, à òàêîæ ó
ô³ëüòðàòàõ âîäè ç êîæíî¿ ÅÑ íà ïåðøó, äðóãó, ñüîìó, 14-òó ³ 21-øó äîáè.
Äëÿ öüîãî ç êîæíî¿ ÅÑ â³äáèðàëè ïî 300 ñì3 âîäè, ÿêó ô³ëüòðóâàëè ÷åðåç
ìåìáðàííèé ô³ëüòð Fioroni (ÊÍÐ) ç ä³àìåòðîì ïîð 0,45 ìêì. Ï³ñëÿ â³äáî-
ðó ïðîá âîäè äî êîæíî¿ ç ÅÑ âíîñèëè ñâ³æèé ô³ëüòðàò âîäè îá’ºìîì
300 ñì3. Äëÿ åêñïåðèìåíòó âèêîðèñòîâóâàëè ìóëèñò³ äîíí³ â³äêëàäè ³
ô³ëüòðàò âîäè ç ïîâåðõíåâîãî øàðó îç. Àíäð³¿âñüêîãî (ñèñòåìà îçåð Îïå-
÷åíü, ì. Êè¿â). Ñï³ââ³äíîøåííÿ äîííèõ â³äêëàä³â äî âîäè ó ÅÑ ñòàíîâèëî
1:10, à îá’ºì êîæíî¿ ÅÑ äîñÿãàâ 5 äì3.

Êîíöåíòðàö³þ ðîç÷èíåíîãî êèñíþ âñòàíîâëþâàëè ìåòîäîì Â³íêëåðà
[1], âåëè÷èíó ðÍ âèì³ðþâàëè çà äîïîìîãîþ ïîðòàòèâíîãî ðÍ-ìåòðà (Ezo-
do 7200, Òàéâàíü).

Êîíöåíòðàö³þ íåîðãàí³÷íèõ ôîðì àçîòó ³ ôîñôîðó ó âîä³ âèçíà÷àëè ç
âèêîðèñòàííÿì çàãàëüíîâæèâàíèõ ôîòîìåòðè÷íèõ ìåòîäèê. Äëÿ âèçíà-
÷åííÿ àìîí³éíîãî àçîòó çàñòîñîâóâàëè ñåãíåòîâó ñ³ëü ç ðåàêòèâîì Íåñ-
ñëåðà, í³òðèò³â — ðåàêòèâ Ãð³ññà, í³òðàò³â — ñàë³öèëàò íàòð³þ, íåîð-
ãàí³÷íîãî ôîñôîðó — àìîí³é ìîë³áäàò ç àñêîðá³íîâîþ êèñëîòîþ, ðîç÷è-
íåíîãî ñèë³ö³þ — àìîí³é ìîë³áäàò ³ ìåòîë-ñóëüô³òíó ñóì³ø [1]. Êîíöåíò-
ðàö³þ çàãàëüíîãî ôîñôîðó âèçíà÷àëè ó ô³ëüòðàòàõ âîäè ï³ñëÿ ôîòîõ³ì³÷-
íîãî îêèñíåííÿ ïðîá âîäè ó êèñëîìó ñåðåäîâèù³ [1]. Äî çàãàëüíîãî ôîñ-
ôîðó íàëåæàòü óñ³ ñïîëóêè ôîñôîðó, ÿê³ çíàõîäÿòüñÿ ó âîä³ â ðîç÷èíåíî-
ìó ñòàí³. Öå ñïîëóêè íåîðãàí³÷íîãî, îðãàí³÷íîãî ôîñôîðó ³ ïîë³ôîñôàòè.

97

Åêñïåðèìåíòàëüíå ìîäåëþâàííÿ âïëèâó òåìïåðàòóðè

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2023. 59(4)



Õ³ì³÷íå ñïîæèâàííÿ êèñíþ (ÕÑÊ) ÿê îïîñåðåäêîâàíèé ïîêàçíèê
âì³ñòó ÐÎÐ âèçíà÷àëè ç âèêîðèñòàííÿì ð³çíèõ îêèñíþâà÷³â (KMnO4 òà
K2Cr2O7) çà çàãàëüíîâ³äîìèìè ìåòîäèêàìè [1]. Ïåðøèé ç ïîêàçíèê³â
(ïåðìàíãàíàòíà îêèñíþâàí³ñòü, àáî ÕÑÊMn) îïîñåðåäêîâàíî âêàçóº íà
âì³ñò ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ðå÷îâèí, à äðóãèé (äèõðîìàòíà
îêèñíþâàí³ñòü, àáî ÕÑÊCr) — íà çàãàëüíó êîíöåíòðàö³þ ÐÎÐ. Âì³ñò ðîç-
÷èíåíîãî êàðáîíó îðãàí³÷íèõ ñïîëóê (Ñîðã) ðîçðàõîâóâàëè çà ôîðìóëîþ
Ñîðã = 0,375×ÕÑÊCr [1].

Êîíöåíòðàö³þ àëþì³í³þ ³ ôåðóìó âèçíà÷àëè ôîòîìåòðè÷íèì ìåòî-
äîì ç âèêîðèñòàííÿì â³äïîâ³äíî õðîìàçóðîëó S ³ î-ôåíàíòðîë³íó [1, 7],
ìàíãàíó, õðîìó ³ êóïðóìó — õåì³ëþì³íåñöåíòíèì ìåòîäîì [5, 29, 30].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Á³îãåíí³ ðå÷îâèíè. Ñåðåä êîìïîíåíò³â õ³ì³÷íîãî ñêëàäó ïîâåðõíåâèõ
âîä âàæëèâå ì³ñöå çàéìàþòü á³îãåíí³ ðå÷îâèíè, ÿê³ ³ñòîòíèì ÷èíîì âïëè-
âàþòü íà ð³âåíü åâòðîôóâàííÿ îçåð ³ âîäîñõîâèù, ó òîìó ÷èñë³ íåãëèáî-
êèõ ³ íåâåëèêèõ çà ñâî¿ìè ðîçì³ðàìè, à òàêîæ ïðèáåðåæíèõ âîäíèõ ñèñ-
òåì çàâäÿêè ï³äâèùåíîìó âì³ñòó â íèõ ñïîëóê àçîòó é ôîñôîðó [16, 35,
39]. Äæåðåëàìè íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí äî ïîâåðõíåâèõ âîäíèõ
îá’ºêò³â íàé÷àñò³øå º ïðîìèñëîâ³, ñ³ëüñüêîãîñïîäàðñüê³ ³ êîìóíàëüíî-ïî-
áóòîâ³ ñò³÷í³ âîäè [32, 47]. Çàçíà÷åí³ äæåðåëà ôîðìóþòü çîâí³øíº íàâàí-
òàæåííÿ íà âîäîéìè ³ ð³÷êè. Íàêîïè÷åííÿ á³îãåííèõ ðå÷îâèí â³äáó-
âàºòüñÿ ãîëîâíèì ÷èíîì ó äîííèõ â³äêëàäàõ âîäîéì, òîìó âîíè âèâîäÿ-
òüñÿ íà ïåâíèé ïåð³îä ç êðóãîîá³ãó, ùî ðîçö³íþºòüñÿ ÿê ïîçèòèâíå ÿâèùå.
Âîäíî÷àñ, öåé ïðîöåñ íå ñë³ä ðîçãëÿäàòè ÿê íåçâîðîòíèé, îñê³ëüêè çà ïåâ-
íèõ óìîâ â³äáóâàºòüñÿ âèâ³ëüíåííÿ á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â
òà âòîðèííå çàáðóäíåííÿ âîäíîãî ñåðåäîâèùà [3, 21]. Ó öüîìó âèïàäêó
âèíèêàº äîäàòêîâå âíóòð³øíº íàâàíòàæåííÿ íà âîäí³ åêîñèñòåìè [31, 34,
42]. Â îêðåìèõ âèïàäêàõ âîíî ìîæå íàâ³òü ïåðåâèùóâàòè çîâí³øíº íà-
âàíòàæåííÿ.

Âòîðèííå çàáðóäíåííÿ âîäíîãî ñåðåäîâèùà çà ðàõóíîê íàäõîäæåííÿ
á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â äóæå ÷àñòî ñóïðîâîäæóºòüñÿ ïî-
ã³ðøåííÿì ÿêîñò³ âîäè, çðîñòàííÿì ð³âíÿ åâòðîôóâàííÿ âîäîéì, ïîñèëå-
íèì ðîçâèòêîì ó íèõ ô³òîïëàíêòîíó àæ äî âèíèêíåííÿ ÿâèùà «öâ³ò³ííÿ»
âîäè [36, 50].

Ïåðåä òèì, ÿê ðîçãëÿíóòè ðåçóëüòàòè ïðîâåäåíèõ íàìè äîñë³äæåíü
ñòîñîâíî ì³ãðàö³¿ á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â çàëåæíî â³ä
âïëèâó òåìïåðàòóðíîãî ÷èííèêà, ñë³ä çóïèíèòèñü íà ñòàí³ êèñíåâîãî ðå-
æèìó òà ðÍ âîäè â åêñïåðèìåíòàëüíèõ ñèñòåìàõ. Âèÿâèëîñü, ùî êîíöåíò-
ðàö³ÿ ðîç÷èíåíîãî êèñíþ ïðîòÿãîì åêñïåðèìåíòó â ïåðø³é, äðóã³é ³ òðå-
ò³é ÅÑ çì³íþâàëàñü â ìåæàõ â³äïîâ³äíî 8,8—9,3, 7,4—8,4 ³ 6,1—7,1 ìã/äì3,
à íàñè÷åííÿ âîäè êèñíåì ñòàíîâèëî 69,5—74,3, 71,2—80,4 ³ 75,6—89,0 %.
Îòæå, äåô³öèòó Î2 íå ñïîñòåð³ãàëîñü. Ó ÷åòâåðò³é ÅÑ êîíöåíòðàö³ÿ ðîç÷è-
íåíîãî êèñíþ çíàõîäèëàñü ó ìåæàõ 8,3—11,4 ìã/äì3, à íàñè÷åííÿ íèì
âîäè äîñÿãàëî 104,4—147,7 %. Òàêèì ÷èíîì, äîäàòêîâà àåðàö³ÿ âîäè ïðè-
çâåëà íàâ³òü äî ¿¿ ïåðåíàñè÷åííÿ êèñíåì. Âì³ñò ðîç÷èíåíîãî êèñíþ ïåâ-
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íîþ ì³ðîþ âïëèíóâ íà ³íòåðâàë âåëè÷èí ðÍ ó âîä³ ÅÑ. Ó âîä³ ïåðøî¿ ÅÑ
âåëè÷èíà ðÍ ñòàíîâèëà 7,76—8,08, äðóãî¿ — 7,90—8,23, òðåòüî¿ — 8,14—
8,33 ³ ÷åòâåðòî¿ — 8,10—8,62.

Âñòàíîâëåíî, ùî ïðîòÿãîì åêñïåðèìåíòó ìàêñèìàëüíèé âì³ñò íåîð-
ãàí³÷íîãî àçîòó, íåîðãàí³÷íîãî ³ çàãàëüíîãî ôîñôîðó ó âîä³ ÅÑ ñïîñ-
òåð³ãàâñÿ íà 14-òó, à ðîç÷èíåíîãî ñèë³ö³þ — íà 21-øó äîáó åêñïåðèìåíòó.
Â óñ³õ âèïàäêàõ êîíöåíòðàö³ÿ çàçíà÷åíèõ ñïîëóê áóëà íàéâèùîþ çà òåì-
ïåðàòóðè 25 oÑ (ðèñ. 1)

Çà öèõ óìîâ âì³ñò íåîðãàí³÷íîãî àçîòó ó âîä³ äðóãî¿, òðåòüî¿ ³ ÷åòâåð-
òî¿ ÅÑ çá³ëüøèâñÿ â³äïîâ³äíî â 1,6, 1,8 ³ 1,6 ðàçè ïîð³âíÿíî ç ïåðøîþ ÅÑ.
Êîíöåíòðàö³ÿ íåîðãàí³÷íîãî ôîñôîðó â öèõ æå ÅÑ òàêîæ áóëà âèùîþ â
1,1, 5,8 ³ 1,4 ðàçè, à çàãàëüíîãî ôîñôîðó — â³äïîâ³äíî â 1,2, 1,9 ³ 1,2 ðàçè.
Âàðòî çàçíà÷èòè, ùî êîíöåíòðàö³¿ íåîðãàí³÷íèõ àçîòó ³ ôîñôîðó ó ïðè-
äîííîìó ãîðèçîíò³ âîäè îçåð ñèñòåìè Îïå÷åíü ó ïðèðîäíèõ óìîâàõ ìî-
æóòü áóòè íàáàãàòî âèùèìè çà óìîâ òðèâàëî¿ òåìïåðàòóðíî¿ ³ êèñíåâî¿
ñòðàòèô³êàö³¿ [52]. Àëå æ òóò âïëèâàþòü ïåðåâàæíî àíàåðîáí³ óìîâè íà
¿õíþ ì³ãðàö³þ ç äîííèõ â³äêëàä³â, òîáòî äîì³íóº â³äíîâëþâàëüíà îáñòà-
íîâêà. Ìè æ äîñë³äæóâàëè åêñïåðèìåíòàëüíèì øëÿõîì ëèøå âïëèâ òåì-
ïåðàòóðíîãî ÷èííèêà, ³ ïðè öüîìó ïåðåâàæàëè àåðîáí³ óìîâè. Òèì íå
ìåíø, îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî òåìïåðàòóðà âïëèâàº
(ïðÿìî àáî îïîñåðåäêîâàíî) íà ì³ãðàö³þ ñïîëóê àçîòó ³ ôîñôîðó ç äîííèõ
â³äêëàä³â.

Âïëèâ òåìïåðàòóðè íà ì³ãðàö³þ á³îãåííèõ ðå÷îâèí ç äîííèõ â³ä-
êëàä³â äîñë³äæóâàâñÿ é ³íøèìè àâòîðàìè ÿê â ïðèðîäíèõ óìîâàõ, òàê ³ åê-
ñïåðèìåíòàëüíèì øëÿõîì [24, 41, 49]. Òàê, íà ïðèêëàä³ âèñîêî ïðîäóê-
òèâíîãî îçåðà Äàë (²íä³ÿ) áóëî âñòàíîâëåíî, ùî ç³ çðîñòàííÿì òåìïåðàòó-
ðè âîäè ç 6,5 äî 28 îÑ íàäõîäæåííÿ àìîí³éíîãî àçîòó (NH4

+ ) ç äîííèõ
â³äêëàä³â çá³ëüøèëîñü ìàéæå âòðè÷³ [41]. Âèâ³ëüíåííÿ ôîñôîðó ç äîííèõ
â³äêëàä³â çà ð³çíèõ ïîêàçíèê³â òåìïåðàòóðè (10, 20 ³ 30 îÑ) äîñë³äæåíî åê-
ñïåðèìåíòàëüíèì øëÿõîì. Â ðåçóëüòàò³ áóëî âèÿâëåíî, ùî éîãî êîíöåíò-
ðàö³ÿ çðîñëà ç 0,024 äî 0,084 ìã/äì3 â³äïîâ³äíî ïðè 10 ³ 30 îÑ, òîáòî â 3,5
ðàçè [49]. Â ðîáîò³ [24] åêñïåðèìåíòàëüíå äîñë³äæåííÿ âèâ³ëüíåííÿ ôîñ-
ôîðó ç äîííèõ â³äêëàä³â ïðîâîäèëîñü çà ïîêàçíèê³â òåìïåðàòóðè âîäè 5,
11, 18 ³ 25 îÑ, ùî â³äïîâ³äàëè çèìîâèì, âåñíÿíèì òà ë³òí³ì óìîâàì. Ìàê-
ñèìàëüí³ ïîêàçíèêè âèâ³ëüíåííÿ ôîñôîðó áóëè â ë³òíþ ïîðó, òîáòî çà
òåìïåðàòóðè 18 ³ 25 îÑ, àëå âîíè ³ñòîòíî â³äð³çíÿëèñü â àåðîáíèõ ³ àíà-
åðîáíèõ óìîâàõ. Äèôóç³éí³ ïîòîêè ôîñôîðó ç äîííèõ â³äêëàä³â â àåðîá-
íèõ óìîâàõ çà òåìïåðàòóðè 5 ³ 25 îÑ ñòàíîâèëè â³äïîâ³äíî 0,05 ³
0,36 ìã/ì2·äîáà, à â àíàåðîáíèõ óìîâàõ — 0,77 ³ 16,78 ìã/ì2·äîáà. Îòæå, çà
òåìïåðàòóðè 25 îÑ íàäõîäæåííÿ ôîñôîðó ç äîííèõ â³äêëàä³â â àåðîáíèõ
óìîâàõ áóëî á³ëüøèì ó 7,2 ðàçà, à â àíàåðîáíèõ – â 21,8 ðàçà ïîð³âíÿíî ç
òàêèì çà òåìïåðàòóðè 5 îÑ.

Äëÿ ñèë³ö³þ, íà â³äì³íó â³ä Níåîðã, Ðíåîðã ³ Ðçàã, çðîñòàííÿ éîãî âì³ñòó
ñïîñòåð³ãàëîñü íå ëèøå ç³ çá³ëüøåííÿì òåìïåðàòóðè âîäè, à òàêîæ ³ â ò³é
ñèñòåì³, äå âèêîðèñòîâóâàëàñü øòó÷íà àåðàö³ÿ. Éîãî êîíöåíòðàö³ÿ ó âîä³
äðóãî¿, òðåòüî¿ ³ ÷åòâåðòî¿ ÅÑ áóëà âèùîþ â³äïîâ³äíî â 1,4, 2,5 ³ 2,8 ðàçè
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ïîð³âíÿíî ç ïåðøîþ ÅÑ. Çà ðåçóëüòàòàìè ðàí³øå ïðîâåäåíèõ åêñïåðè-
ìåíòàëüíèõ äîñë³äæåíü ñòîñîâíî âïëèâó äåô³öèòó ðîç÷èíåíîãî êèñíþ ³
çàêèñëåííÿ âîäè íà ì³ãðàö³þ õ³ì³÷íèõ åëåìåíò³â ç äîííèõ â³äêëàä³â äî âî-
äíîãî ñåðåäîâèùà áóëî âñòàíîâëåíî [4], ùî ïðè çíèæåíí³ ðÍ âîäè äî 6,0
çàãàëüíà êîíöåíòðàö³ÿ ñèë³ö³þ çðîñòàëà â 3 ðàçè ïîð³âíÿíî ç ïîêàçíèêà-
ìè éîãî âì³ñòó çà íåéòðàëüíîãî çíà÷åííÿ ðÍ ³ àåðîáíèõ óìîâ. Âîäíî÷àñ,
äåô³öèò ðîç÷èíåíîãî êèñíþ íå çá³ëüøóâàâ éîãî ì³ãðàö³þ ç äîííèõ
â³äêëàä³â. Îòæå, îñíîâíó ðîëü â íàäõîäæåíí³ ñèë³ö³þ ç äîííèõ â³äêëàä³â
â³ä³ãðàâàëà êèñëîòí³ñòü ñåðåäîâèùà.
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Ðèñ. 1. Ìàêñèìàëüí³ êîíöåíòðàö³¿ íåîðãàí³÷íîãî àçîòó (à), íåîðãàí³÷íîãî ³ çàãàëüíî-
ãî ôîñôîðó (á, â) ó âîä³ åêñïåðèìåíòàëüíèõ ñèñòåì (ÅÑ) íà 14-òó äîáó ³ ðîç÷èíåíîãî
ñèë³ö³þ (ã) — íà 21-øó äîáó åêñïåðèìåíòó. Òóò ³ íà ðèñ. 3, 4 — òåìïåðàòóðà âîäè â ÅÑ:
1 — 5 oÑ; 2 — 15 oÑ; 3 — 25 oÑ; 4 — 25 oÑ + øòó÷íà àåðàö³ÿ



Ïðîòÿãîì åêñïåðèìåíòó ó âîä³ ÅÑ çì³íþâàëàñü íå ëèøå êîíöåíòðàö³ÿ
íåîðãàí³÷íîãî àçîòó, àëå é ñï³ââ³äíîøåííÿ éîãî ð³çíèõ ôîðì (ðèñ. 2).

ßêùî â ïåðø³é ÅÑ ïðîòÿãîì óñüîãî åêñïåðèìåíòó äîì³íóâàëà àìî-
í³éíà ôîðìà àçîòó, òî â óñ³õ ³íøèõ ÅÑ ñïîñòåð³ãàëîñü çíèæåííÿ ÷àñòêè
àìîí³éíîãî àçîòó ³ çðîñòàííÿ ÷àñòêè í³òðèò- ³ í³òðàò-éîí³â íà 7-ìó ³ 14-òó
äîáó (äèâ. ðèñ. 2). ×àñòêà àìîí³éíîãî àçîòó ó âîä³ ïåðøî¿ ÅÑ çì³íþâàëàñü
â ìåæàõ 83,5—95,3 %, à í³òðèò- ³ í³òðàò-éîí³â — íå ïåðåâèùóâàëà â³ä-
ïîâ³äíî 4,0 ³ 12,5 % Níåîðã. Öå ãîâîðèòü ïðî òå, ùî çà íèçüêèõ ïîêàçíèê³â
òåìïåðàòóðè òðàíñôîðìàö³ÿ íåîðãàí³÷íèõ ôîðì àçîòó ïðàêòè÷íî íå â³ä-
áóâàºòüñÿ. Ó äðóã³é, òðåò³é ³ ÷åòâåðò³é ÅÑ ÷àñòêà NH4

+ íà ïî÷àòêó åêñïåðè-
ìåíòó òàêîæ áóëà âèñîêîþ — 89,7—97,7%, àëå âæå íà 14-òó äîáó åêñïåðè-
ìåíòó ó âîä³ äðóãî¿ ³ òðåòüî¿ ÅÑ âîíà çíèçèëàñü ³ ñòàíîâèëà â³äïîâ³äíî 66,2
³ 3,4 % Níåîðã. Ó ÷åòâåðò³é ÅÑ, äå âèêîðèñòîâóâàëàñü øòó÷íà àåðàö³ÿ, â³ä-
íîñíèé âì³ñò àìîí³éíîãî àçîòó ð³çêî çíèçèâñÿ âæå íà 7-ìó äîáó åêñïåðè-
ìåíòó ³ ñòàíîâèâ 2,4 % Níåîðã. Çàçíà÷åíèé ôàêò ïîâ’ÿçàíèé ç ôîðìóâàííÿì
ó âîä³ ö³º¿ ÅÑ ñïðèÿòëèâ³øèõ óìîâ äëÿ í³òðèô³êàö³¿, ùî çóìîâëåíî äîäàò-
êîâèì íàäõîäæåííÿ ðîç÷èíåíîãî êèñíþ.

Òàêèì ÷èíîì, çðîñòàííÿ òåìïåðàòóðè âîäè ç 5 oÑ äî 25 oÑ ïðèçâîäèòü
äî çá³ëüøåííÿ ì³ãðàö³¿ äîñë³äæóâàíèõ á³îãåííèõ ðå÷îâèí ç äîííèõ â³ä-
êëàä³â ó äåê³ëüêà ðàç³â. Âîäíî÷àñ, øòó÷íà àåðàö³ÿ äåùî ïåðåøêîäæàº
ì³ãðàö³¿ ñïîëóê íåîðãàí³÷íîãî àçîòó, íåîðãàí³÷íîãî ôîñôîðó ³ çàãàëüíîãî
ôîñôîðó, àëå íåçíà÷íîþ ì³ðîþ ñïðèÿº ì³ãðàö³¿ ðîç÷èíåíîãî ñèë³ö³þ.

Ö³ëêîì î÷åâèäíî, ùî âïëèâ òåìïåðàòóðè íà ³íòåíñèâí³ñòü ì³ãðàö³¿
á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â ñàì ïî ñîá³ ìîæå áóòè íå íàñò³ëüêè
³ñòîòíèì, ÿê âïëèâ ³íøèõ ÷èííèê³â (íàïðèêëàä, äåô³öèò ðîç÷èíåíîãî
êèñíþ ó âîä³ ïðèäîííîãî ãîðèçîíòó, çíèæåííÿ îêèñíî-â³äíîâíîãî ïî-
òåíö³àëó, çðîñòàííÿ ì³íåðàë³çàö³¿ âîäè òîùî).

Îðãàí³÷í³ ðå÷îâèíè. Âïëèâ òåìïåðàòóðè íà ïîâåä³íêó, ì³ãðàö³þ ³
òðàíñôîðìàö³þ îðãàí³÷íèõ ðå÷îâèí ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ ñë³ä
ðîçö³íþâàòè ÿê íåîäíîçíà÷íèé. Ç îäíîãî áîêó, çðîñòàííÿ òåìïåðàòóðè
âîäè, çàçâè÷àé, ñïðèÿº ¿õí³é äåñòðóêö³¿. Ïåðåäóñ³ì öå ñòîñóºòüñÿ ëåãêî-
îêèñíþâàíèõ îðãàí³÷íèõ ðå÷îâèí àâòîõòîííîãî ïîõîäæåííÿ, çîêðåìà
ñïîëóê á³ëêîâî¿ ïðèðîäè ³ âóãëåâîä³â [6, 18, 45]. Îðãàí³÷í³ ðå÷îâèíè àëîõ-
òîííîãî ïîõîäæåííÿ, çäåá³ëüøîãî, íàáàãàòî ñò³éê³ø³ äî äåñòðóêö³¿ [17].
Äî òàêèõ íàëåæàòü, ïåðåäóñ³ì, ãóìóñîâ³ ðå÷îâèíè. Ç ³íøîãî áîêó, ï³äâè-
ùåííÿ òåìïåðàòóðè àêòèâ³çóº ðîçâèòîê á³îòè, çîêðåìà ì³êðîîðãàí³çì³â,
ÿê³ çäàòí³ ðîçùåïëþâàòè ñêëàäí³ îðãàí³÷í³ ðå÷îâèíè, ïðèñêîðþº ³íòåí-
ñèâí³ñòü á³îõ³ì³÷íèõ ïðîöåñ³â, ùî ñë³ä ðîçãëÿäàòè ÿê íåïðÿìèé ¿¿ âïëèâ
íà ñòàá³ëüí³ñòü îðãàí³÷íèõ ñïîëóê. Íàïåâíî, âïëèâ òåìïåðàòóðè ïðîÿâ-
ëÿºòüñÿ ïåâíèì ÷èíîì ³ íà âèâ³ëüíåíí³ îðãàí³÷íèõ ðå÷îâèí ç äîííèõ
â³äêëàä³â. Õî÷à êîíêðåòíèõ ê³ëüê³ñíèõ ïîêàçíèê³â, ÿê³ á ï³äòâåðäèëè öå,
ìè íàðàç³ íå ìàºìî. Âîäíî÷àñ, ó ìîíîãðàô³¿ àâòîð³â [3] çàçíà÷àºòüñÿ, ùî ç
îðãàí³÷íèõ ñïîëóê ëèøå ïîâåðõíåâî-àêòèâí³ ðå÷îâèíè ïîãëèíàþòüñÿ
äîííèìè â³äêëàäàìè, ³íø³ æ ñïîëóêè (á³ëêè, àì³íîêèñëîòè, ãóìóñîâ³ ðå-
÷îâèíè òîùî) â îñíîâíîìó ì³ãðóþòü ç äîííèõ â³äêëàä³â ó âîäíó òîâùó.
Òîìó öå äàº ï³äñòàâè ñòâåðäæóâàòè ïðî ïîòåíö³éíèé âïëèâ çðîñòàííÿ
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òåìïåðàòóðè íà ³íòåíñèâí³ñòü ¿õíüî¿ ì³ãðàö³¿. Íå âèêëþ÷åíî òàêîæ, ùî
äåñòðóêö³ÿ âèñîêîìîëåêóëÿðíèõ îðãàí³÷íèõ ðå÷îâèí ïðèçâîäèòü äî óò-
âîðåííÿ ñïîëóê ç ìåíøîþ ìîëåêóëÿðíîþ ìàñîþ, øâèäê³ñòü äèôóç³¿ ÿêèõ,
à îòæå, ³ íàäõîäæåííÿ äî ïîðîâî¿ âîäè çðîñòàº.

ßê ñâ³ä÷àòü ðåçóëüòàòè ïðîâåäåíèõ íàìè äîñë³äæåíü (ðèñ. 3), âì³ñò
ÐÎÐ ó äîñë³äæóâàí³é âîä³ çà ³íòåãðàëüíèìè ïîêàçíèêàìè ÕÑÊMn òà ÕÑÊCr

çàëåæàâ â³ä òåìïåðàòóðíèõ óìîâ ³ çì³íþâàâñÿ âïðîäîâæ åêñïåðèìåíòó.
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Ðèñ. 2. Çì³íà ÷àñòêè àìîí³éíîãî àçîòó (²), í³òðèò- (²²) ³ í³òðàò-éîí³â (²²²) ó âîä³ åêñïå-
ðèìåíòàëüíèõ ñèñòåì: à — ïåðøà ÅÑ (5 oÑ); á — äðóãà ÅÑ (15 oÑ); â — òðåòÿ ÅÑ (25 oÑ);
ã — ÷åòâåðòà ÅÑ (25 oÑ + øòó÷íà àåðàö³ÿ)



Ìàêñèìàëüí³ âåëè÷èíè êîíöåíòðàö³¿ ëåãêîîêèñíþâàíèõ ÎÐ (çà
ÕÑÊMn, à) òà çàãàëüíîãî âì³ñòó ÐÎÐ (çà ÕÑÊCr, á) ñïîñòåð³ãàëèñü íà ñüîìó
äîáó åêñïåðèìåíòó çà òåìïåðàòóðè âîäè 25 oC (â³äïîâ³äíî 14,4 ³ 57,6 ìã
Î/äì3). Ì³í³ìàëüí³ êîíöåíòðàö³¿ çàçíà÷åíèõ îðãàí³÷íèõ ðå÷îâèí âèçíà-
÷àëèñü çà òåìïåðàòóðè 5 oC ïðîòÿãîì óñüîãî åêñïåðèìåíòó. Âñòàíîâëåíî,
ùî êîíöåíòðàö³ÿ îðãàí³÷íèõ ñïîëóê ó âîä³ çà òåìïåðàòóðè 25 oC çðîñëà
ïðèáëèçíî â 1,6 ðàçà ïîð³âíÿíî ç êîíòðîëåì. Öå ñòîñóºòüñÿ ÿê ëåãêîîêèñ-
íþâàíèõ ÎÐ (äèâ. ðèñ. 3, à), òàê ³ çàãàëüíîãî âì³ñòó ÐÎÐ (äèâ. ðèñ. 3, á). Äî-
äàòêîâà àåðàö³ÿ âîäè çà òåìïåðàòóðè 25 oC çóìîâëþâàëà çíèæåííÿ ïîêàç-
íèê³â ÕÑÊMn ³ ÕÑÊCr ïîð³âíÿíî ç âàð³àíòîì áåç àåðàö³¿. Öå ìîæå ñâ³ä÷èòè
ïðî ïðèñêîðåííÿ ðîçïàäó îðãàí³÷íèõ ðå÷îâèí âíàñë³äîê ¿õíüîãî îêèñ-
íåííÿ òà ñëóãóº ï³äòâåðäæåííÿì äîö³ëüíîñò³ çàñòîñîâóâàííÿ ìåòîäó
àåðàö³¿ äëÿ çáàãà÷åííÿ âîäè êèñíåì ³ àêòèâ³çàö³¿ îêèñíþâàëüíèõ ïðîöåñ³â
ó âîäîéìàõ.

×àñòêà ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ðå÷îâèí (ÎÐËÎ) çì³íþºòüñÿ â³ä
21,7 äî 29,5 % â³ä çàãàëüíîãî âì³ñòó ÐÎÐ ó ïåðåðàõóíêó íà Ñîðã. Íàéíèæ-
÷îþ âîíà âèÿâèëàñü çà òåìïåðàòóðè 15 îÑ, à íàéâèùîþ — çà òåìïåðàòóðè
25 oÑ ç äîäàòêîâîþ àåðàö³ºþ âîäè. Ïîì³òíå çá³ëüøåííÿ ÷àñòêè ÎÐËÎ ó çà-
ãàëüíîìó áàëàíñ³ ÐÎÐ çóìîâëåíî, íàéâ³ðîã³äí³øå, äåñòðóêö³ºþ ïåâíî¿ ÷à-
ñòèíè âàæêîîêèñíþâàíèõ îðãàí³÷íèõ ñïîëóê, ó òîìó ÷èñë³ áàêòåð³àëüíîþ
çà ó÷àñò³ ì³êðîîðãàí³çì³â.

Ìåòàëè. ²íòåíñèâí³ñòü ì³ãðàö³¿ ìåòàë³â ç äîííèõ â³äêëàä³â ïîâåðõíå-
âèõ âîäíèõ îá’ºêò³â çàëåæèòü â³ä ïðîÿâó íèçêè ÷èííèê³â. Ñåðåä íèõ âàæ-
ëèâå ì³ñöå çàéìàþòü ñòóï³íü êèñíåâîãî íàñè÷åííÿ ïðèäîííî¿ âîäè, âåëè-
÷èíè ðÍ ³ îêèñíî-â³äíîâíîãî ïîòåíö³àëó (Eh), íàÿâí³ñòü îðãàí³÷íèõ ðå-
÷îâèí, çîêðåìà òèõ, ùî âèÿâëÿþòü êîìïëåêñîóòâîðþâàëüí³ âëàñòèâîñò³
ñòîñîâíî éîí³â ìåòàë³â, íàïðèêëàä ãóìóñîâèõ ðå÷îâèí, òîùî [3, 9, 11]. Íå-
îáõ³äíî çàçíà÷èòè, ùî ì³ãðàö³éíà çäàòí³ñòü ìåòàë³â ó äîííèõ â³äêëàäàõ
çíà÷íîþ ì³ðîþ çàëåæèòü ³ â³ä òîãî, ÿê âîíè ðîçïîä³ëÿþòüñÿ ì³æ ð³çíèìè
ôðàêö³ÿìè òâåðäî¿ ôàçè, à îòæå, ÿê ì³öíî çâ’ÿçàí³ â íèõ [10, 37]. Íàé-
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Ðèñ. 3. Ìàêñèìàëüí³ êîíöåíòðàö³¿ îðãàí³÷íèõ ðå÷îâèí çà ðåçóëüòàòàìè âèçíà÷åííÿ
ÕÑÊMn (à) ³ ÕÑÊCr (á) ó âîä³ åêñïåðèìåíòàëüíèõ ñèñòåì íà ñüîìó äîáó åêñïåðèìåíòó
çàëåæíî â³ä òåìïåðàòóðà âîäè â ÅÑ òà ÷àñòêà ëåãêîîêèñíþâàíèõ ÎÐ (ÎÐËÎ, â) ó çàãà-
ëüíîìó áàëàíñ³ ÐÎÐ. Ê — êîíòðîëü (ô³ëüòðàò ïðèðîäíî¿ âîäè)



÷àñò³øå âèä³ëÿþòü îáì³ííó, êàðáîíàòíó, îêñèäíó, îðãàí³÷íó òà çàëèøêî-
âó ôðàêö³¿. Ìîá³ëüí³ñòü ìåòàë³â ó ïåðøèõ òðüîõ ôðàêö³ÿõ íåçð³âíÿííî
á³ëüøà, ³ ñàìå òîìó âîíè ïðåäñòàâëÿþòü ïåâíó íåáåçïåêó ôóíêö³îíóâàí-
íþ æèâèõ îðãàí³çì³â ó âîäíîìó ñåðåäîâèù³, îñê³ëüêè ñòàþòü á³îäîñòóï-
íèìè äëÿ íèõ, à òàêîæ äëÿ ëþäñüêîãî îðãàí³çìó ïðè âèêîðèñòàíí³ âîäè
äëÿ ïèòíèõ ö³ëåé [23, 44]. Íàäõîäæåííÿ ìåòàë³â ³ç çàçíà÷åíèõ ôðàêö³é
â³äáóâàºòüñÿ ç³ çá³ëüøåííÿì ì³íåðàë³çàö³¿ âîäè, çíèæåííÿì êîíöåíòðàö³¿
ðîç÷èíåíîãî êèñíþ ó âîä³ ïðèäîííîãî ãîðèçîíòó, ðÍ ³ Eh âîäíîãî ñåðåäî-
âèùà, òîáòî çà íàñòàííÿ â³äíîâëþâàëüíèõ óìîâ ó ïîâåðõíåâîìó øàð³ äîí-
íèõ â³äêëàä³â.

ßê ïîêàçóþòü ðåçóëüòàòè äîñë³äæåíü, çà ï³äâèùåííÿ òåìïåðàòóðè
âîäè, ùî êîíòàêòóº ç ÄÂ, âèâ³ëüíåííÿ ìåòàë³â ç³ ñêëàäó îñòàíí³õ ³ñòîòíî
çðîñòàº [27]. Îäíàê íàÿâí³ äàí³ ïðî òå, ùî âïëèâ òåìïåðàòóðè íà âèâ³ëü-
íåííÿ ìåòàë³â ç ÄÂ ìîæå áóòè íåçíà÷íèì, à øâèäøå çà âñå â³í ìàº îïîñå-
ðåäêîâàíèé õàðàêòåð [22]. Çóìîâëåíî öå òèì, ùî òåìïåðàòóðà âïëèâàº íà
áàêòåð³àëüíó àêòèâí³ñòü, êîíöåíòðàö³þ ðîç÷èíåíîãî êèñíþ, øâèäê³ñòü
îêèñíî-â³äíîâíèõ ðåàêö³é òà øâèäê³ñòü äèôóç³¿ ìîëåêóë, â³äïîâ³äíî çì³-
íà öèõ ïàðàìåòð³â ìîæå âïëèâàòè íà âèâ³ëüíåííÿ ìåòàë³â ç ÄÂ. Îòæå,
âïëèâ òåìïåðàòóðè íà âèâ³ëüíåííÿ âàæêèõ ìåòàë³â íåîäíîçíà÷íèé,
ñêëàäíèé ³ íåâèçíà÷åíèé.

Îòðèìàí³ ðåçóëüòàòè íàøîãî äîñë³äæåííÿ ñâ³ä÷àòü ïðî çðîñòàííÿ
ì³ãðàö³¿ ðîç÷èíåíèõ àëþì³í³þ, ìàíãàíó ³ õðîìó ç äîííèõ â³äêëàä³â äî âî-
äíîãî ñåðåäîâèùà â 1,9, 3,2 ³ 2 ðàçè ïðè çá³ëüøåíí³ òåìïåðàòóðè âîäè ç
5 oÑ äî 25 oÑ (ðèñ. 4). Âîäíî÷àñ êîíöåíòðàö³ÿ ðîç÷èíåíîãî ôåðóìó ïðàê-
òè÷íî íå çàçíàëà çì³í çàëåæíî â³ä âïëèâó òåìïåðàòóðíîãî ÷èííèêà, ùî
ìîæå áóòè çóìîâëåíî ôîðìàìè éîãî çíàõîäæåííÿ ó ñêëàä³ äîííèõ â³ä-
êëàä³â, ÿê³ áóëî âèêîðèñòàíî äëÿ åêñïåðèìåíòàëüíîãî ìîäåëþâàííÿ. Íà-
ïðèêëàä, ó äîííèõ â³äêëàäàõ âîäîñõîâèù Äí³ïðîâñüêîãî êàñêàäó ïåðå-
âàæíà ÷àñòèíà ôåðóìó çîñåðåäæåíà â îêñèäí³é, îðãàí³÷í³é ³ çàëèøêîâ³é
ôðàêö³ÿõ (ó ñåðåäíüîìó â³äïîâ³äíî 36,5, 45,4 ³ 13,8 % Feçàã). Ó äîííèõ
â³äêëàäàõ Êè¿âñüêîãî âîäîñõîâèùà ôåðóì òàêîæ ì³ñòèòüñÿ ïåðåâàæíî ó
çàçíà÷åíèõ âèùå ôðàêö³ÿõ (îêñèäíà — 27,1 %, îðãàí³÷íà — 14,2 % ³ çàëèø-
êîâà — 56,6 %). Òîìó âïëèâ òåìïåðàòóðíîãî ÷èííèêà íà ì³ãðàö³þ ôåðóìó
ç äîííèõ â³äêëàä³â, ïî ñóò³, í³âåëþºòüñÿ.

Íàâåäåí³ íà ðèñóíêó 4 êîíöåíòðàö³¿ çàçíà÷åíèõ ìåòàë³â â åêñïåðè-
ìåíòàëüíèõ ñèñòåìàõ ïîð³âíÿíî íåâèñîê³. Âîíè ìîæóòü áóòè íàáàãàòî
á³ëüøèìè çà óìîâè ä³¿ ³íøèõ ÷èííèê³â ñåðåäîâèùà, îñê³ëüêè ì³ãðàö³éíà
çäàòí³ñòü ìåòàë³â ³ñòîòíî çðîñòàº. Òàê, øëÿõîì åêñïåðèìåíòàëüíîãî ìî-
äåëþâàííÿ, ïðîâåäåíîãî íàìè ðàí³øå [4], áóëî âñòàíîâëåíî, ùî ïðè çíè-
æåíí³ ðÍ âîäè äî 6,0 ³ äåô³öèò³ ðîç÷èíåíîãî êèñíþ çàãàëüíà êîíöåíò-
ðàö³ÿ Al, Fe ³ Mn â åêñïåðèìåíòàëüíèõ ñèñòåìàõ çðîñòàëà â³äïîâ³äíî â
10,3, 8,6 ³ 4,8 ðàç³â ïîð³âíÿíî ç ¿õíüîþ êîíöåíòðàö³ºþ ó âîä³ çà íåéòðàëü-
íèõ çíà÷åíü ðÍ ³ àåðîáíèõ óìîâ. Äåô³öèò ðîç÷èíåíîãî êèñíþ çá³ëüøóâàâ
íàäõîäæåííÿ Fe ³ Mn ç äîííèõ â³äêëàä³â â 1,3 ³ 2,6 ðàçè ç óðàõóâàííÿì
¿õíüîãî çàãàëüíîãî âì³ñòó. Âîäíî÷àñ, àíàåðîáí³ óìîâè íå ñïðèÿëè íàäõîä-
æåííþ àëþì³í³þ ç äîííèõ â³äêëàä³â. Ì³ãðàö³éíà çäàòí³ñòü öüîãî ìåòàëó
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çàëåæèòü ïåðåâàæíî â³ä êèñëîòíîñò³ ñåðåäîâèùà òà íàÿâíîñò³ ó âîä³ ãó-
ìóñîâèõ ðå÷îâèí ÿê ïîòåíö³éíèõ êîìïëåêñîóòâîðþâà÷³â.

Õàðàêòåðíî, ùî òåìïåðàòóðíèé ÷èííèê ïðàêòè÷íî ìàëî âïëèâàº òà-
êîæ íà ì³ãðàö³þ êóïðóìó ç äîííèõ â³äêëàä³â (ðèñ. 5).

Çíîâó æ òàêè, öå çàëåæèòü â³ä ôîðì çíàõîäæåííÿ çàçíà÷åíîãî ìåòàëó
ó äîííèõ â³äêëàäàõ. Íàé÷àñò³øå êóïðóì ó äîííèõ â³äêëàäàõ ç ð³çíèõ âî-
äíèõ îá’ºêò³â çíàõîäèòüñÿ ïåðåâàæíî â îðãàí³÷í³é ³ çàëèøêîâ³é ôðàêö³ÿõ
[2, 25, 51]. Çà ðåçóëüòàòàìè íàøèõ äîñë³äæåíü, ó äîííèõ â³äêëàäàõ îç. Âåð-
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Ðèñ. 4. Ìàêñèìàëüí³ êîíöåíòðàö³¿ ðîç÷èíåíèõ àëþì³í³þ (à), ìàíãàíó (á) ó âîä³ åêñïå-
ðèìåíòàëüíèõ ñèñòåì (ÅÑ) íà 14-òó äîáó òà ðîç÷èíåíèõ õðîìó (â) ³ ôåðóìó (ã) íà
21-øó äîáó åêñïåðèìåíòó



áíîãî, ùî çíàõîäèòüñÿ íåïîäàë³ê â³ä îçåð ñèñòåìè Îïå÷åíü, á³ëüøó ÷àñòè-
íó êóïðóìó òàêîæ âèÿâëåíî ó ñêëàä³ îðãàí³÷íî¿ (46 % Cuçàã) ³ çàëèøêîâî¿
(ìàéæå 20 % Cuçàã) ôðàêö³é. Äëÿ âèâ³ëüíåííÿ çàçíà÷åíîãî ìåòàëó ç ¿õíüî-
ãî ñêëàäó íåîáõ³äí³ íàáàãàòî æîðñòê³ø³ óìîâè, í³æ çì³íà òåìïåðàòóðè.
Òîìó ³ ââàæàºòüñÿ, ùî êóïðóì íàëåæèòü äî íèçêè ìåòàë³â, âèâ³ëüíåííÿ
ÿêèõ ç äîííèõ â³äêëàä³â ïðàêòè÷íî íå â³äáóâàºòüñÿ.

Ó ñâîþ ÷åðãó, âèêîðèñòàííÿ øòó÷íî¿ àåðàö³¿ ïðèçâîäèòü äî çíèæåííÿ
êîíöåíòðàö³¿ äîñë³äæóâàíèõ ìåòàë³â, çîêðåìà ìàíãàíó ³ õðîìó. Çóìîâëå-
íî öå òèì, ùî â àåðîáíèõ óìîâàõ â³äáóâàºòüñÿ îêèñíåííÿ Mn(II) äî
Mn(IV) ç óòâîðåííÿì òîíêîäèñïåðñíîãî îêñèäó, íà ïîâåðõí³ ÿêîãî ñîðáó-
þòüñÿ ³íø³ ìåòàëè, çîêðåìà õðîì. Òîìó âèêîðèñòàííÿ øòó÷íî¿ àåðàö³¿
ñë³ä ðîçãëÿäàòè ÿê ä³ºâèé çàõ³ä äëÿ çíèæåííÿ ³íòåíñèâíîñò³ íàäõîäæåííÿ
ìåòàë³â ç äîííèõ â³äêëàä³â ³ ïîêðàùåííÿ ÿêîñò³ âîäè ³ ñàìîî÷èñíî¿ çäàò-
íîñò³ âîäîéì óðáàí³çîâàíî¿ òåðèòîð³¿.

Âèñíîâêè

Òåìïåðàòóðà âîäè íàëåæèòü äî íàéâàæëèâ³øèõ àá³îòè÷íèõ ÷èííè-
ê³â, â³ä ÿêèõ çàëåæèòü ôîðìóâàííÿ óìîâ ôóíêö³îíóâàííÿ âîäíèõ åêîñè-
ñòåì. Âîíà ïðÿìî àáî îïîñåðåäêîâàíî âïëèâàº íà á³ëüø³ñòü ô³çè÷íèõ,
õ³ì³÷íèõ ³ á³îëîã³÷íèõ ïðîöåñ³â, ÿê³ â³äáóâàþòüñÿ ó ïîâåðõíåâèõ âîäíèõ
îá’ºêòàõ. Øâèäê³ñòü õ³ì³÷íèõ, á³îõ³ì³÷íèõ ðåàêö³é ³ äèôóç³¿ ìàº ò³ñíèé
çâ’ÿçîê ç òåìïåðàòóðîþ âîäè, ïðè ¿¿ çðîñòàíí³ ¿õíÿ øâèäê³ñòü òàêîæ
çá³ëüøóºòüñÿ. Â³ä òåìïåðàòóðè âîäè çàëåæèòü êîíöåíòðàö³ÿ êèñíþ, ÿêèé
çäàòíèé ðîç÷èíèòèñÿ ó âîä³. Éîãî âì³ñò çíèæóºòüñÿ ïðè çðîñòàíí³ òåìïå-
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Ðèñ. 5. Çì³íà êîíöåíòðàö³¿ Cu(II) â åêñïåðèìåíòàëüíèõ ñèñòåìàõ (ïîçíà÷åíî ðèìñü-
êèìè öèôðàìè) çàëåæíî â³ä âïëèâó òåìïåðàòóðè: I — 5 oC; II — 15 oC; III — 25 oC; IV
— 25 oC + øòó÷íà àåðàö³ÿ



ðàòóðè. Ó ñâîþ ÷åðãó, ðîç÷èíåíèé êèñåíü âïëèâàº íà ïåðåá³ã îêèñíî-â³ä-
íîâíèõ ðåàêö³é, ôîðìè çíàõîäæåííÿ á³îãåííèõ ðå÷îâèí, ìåòàë³â ç ð³çíèì
ñòóïåíåì îêèñíåííÿ. Òåìïåðàòóðà âîäè îïîñåðåäêîâàíî, à ðîç÷èíåíèé
êèñåíü áåçïîñåðåäíüî âïëèâàþòü íà ñàìîî÷èñíó çäàòí³ñòü ïîâåðõíåâèõ
âîä. Ñïðèÿòëèâèé êèñíåâèé ðåæèì ïîçèòèâíî ïîçíà÷àºòüñÿ íå ëèøå íà
ïðîöåñàõ ñàìîî÷èùåííÿ, àëå ³ íà âèäîâîìó ð³çíîìàí³òò³ ã³äðîá³îíò³â. Â³ä
òåìïåðàòóðè âîäè çàëåæàòü ñåçîíí³ îñîáëèâîñò³ ðîçâèòêó ïðåäñòàâíèê³â
òîãî ÷è ³íøîãî â³ää³ëó âîäîðîñòåé, ùî, â ñâîþ ÷åðãó, ïîçíà÷àºòüñÿ íà êîí-
öåíòðàö³¿ ðîç÷èíåíîãî êèñíþ, âåëè÷èíàõ ðÍ ³ Eh-ïîòåíö³àëó, âì³ñò³ á³î-
ãåííèõ ðå÷îâèí.

Òåìïåðàòóðíà ñòðàòèô³êàö³ÿ, ÿêà ôîðìóºòüñÿ ó ãëèáîêîâîäíèõ âîäî-
éìàõ âë³òêó òà âçèìêó, ïðèçâîäèòü äî «ã³äðîõ³ì³÷íî¿» ñòðàòèô³êàö³¿ âî-
äíîãî ñåðåäîâèùà. Ó ïðèäîííîìó ãîðèçîíò³ âîäè ôîðìóþòüñÿ äåô³öèò
ðîç÷èíåíîãî êèñíþ òà â³äíîâëþâàëüí³ óìîâè, âíàñë³äîê ÷îãî õàðàêòåð-
íèìè ñòàþòü âèñîê³ êîíöåíòðàö³¿ á³îãåííèõ ñïîëóê, ìåòàë³â ³ îðãàí³÷íèõ
ðå÷îâèí, ÿê³ íàäõîäÿòü ç äîííèõ â³äêëàä³â. Âë³òêó ó ïîâåðõíåâîìó øàð³
âîäè, íàâïàêè, ìîæå ñïîñòåð³ãàòèñÿ ïåðåíàñè÷åííÿ âîäè êèñíåì çà ðàõó-
íîê ôîòîñèíòåçó âîäîðîñòåé ³ âèùî¿ âîäíî¿ ðîñëèííîñò³, à òàêîæ çíèæåí-
íÿ êîíöåíòðàö³¿ á³îãåííèõ ðå÷îâèí ³ äåÿêèõ ìåòàë³â ÷åðåç ¿õíº ñïîæèâàí-
íÿ. Òåìïåðàòóðà âîäè, êð³ì ñåçîííèõ çì³í, çàçíàº äîáîâèõ êîëèâàíü, ùî
ïðèçâîäèòü äî êîíâåêòèâíîãî ïåðåì³øóâàííÿ âåðõíüîãî øàðó âîäè íàä
òåðìîêëèíîì, à íàâåñí³ òà âîñåíè ³ âñ³º¿ âîäíî¿ òîâù³. Òåìïåðàòóðà âîäè
ìîæå çàçíàâàòè ëîêàëüíèõ çì³í, çðîñòàþ÷è ïðè ñêèä³ ñò³÷íèõ âîä, à òàêîæ
íà ì³ëêîâîäíèõ ä³ëÿíêàõ âîäîéì ó òåïëó ïîðó ðîêó. Ñàìå ç öèõ ïðè÷èí
åêñïåðèìåíòàëüíå ìîäåëþâàííÿ ìîæå áóòè âàæëèâèì çàñîáîì äëÿ âñòà-
íîâëåííÿ âïëèâó òåìïåðàòóðè âîäè íà ì³ãðàö³þ á³îãåííèõ, îðãàí³÷íèõ
ðå÷îâèí ³ ìåòàë³â ç äîííèõ â³äêëàä³â äî âîäíîãî ñåðåäîâèùà.

Â óìîâàõ åêñïåðèìåíòó íàéá³ëüø³ êîíöåíòðàö³¿ á³îãåííèõ, îðãàí³÷-
íèõ ðå÷îâèí ³ ìåòàë³â ñïîñòåð³ãàëèñü ïåðåâàæíî íà 14-òó äîáó åêñïåðè-
ìåíòó çà òåìïåðàòóðè âîäè 25 oÑ. Êîíöåíòðàö³ÿ íåîðãàí³÷íîãî àçîòó, íå-
îðãàí³÷íîãî ³ çàãàëüíîãî ôîñôîðó òà ðîç÷èíåíîãî ñèë³ö³þ çá³ëüøóâàëàñü
ìàêñèìàëüíî â 1,8, 5,8, 1,9 ³ 2,5 ðàçè. Âì³ñò ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ
ðå÷îâèí ³ çàãàëüíèé âì³ñò îðãàí³÷íèõ ðå÷îâèí çá³ëüøóâàâñÿ ïðèáëèçíî â
1,6 ðàçà. Âîäíî÷àñ, êîíöåíòðàö³ÿ àëþì³í³þ, ìàíãàíó ³ õðîìó çá³ëüøóâà-
ëàñü â 1,9, 3,2 ³ 2 ðàçè. Âì³ñò ôåðóìó ³ êóïðóìó íå çàçíàâàâ ïîì³òíèõ çì³í.
Çðîñòàííÿ òåìïåðàòóðè âîäè âïëèâàº íà â³äíîñíèé âì³ñò íåîðãàí³÷íèõ
ñïîëóê àçîòó. ×àñòêà àìîí³éíîãî àçîòó çíèæóºòüñÿ, à ÷àñòêà í³òðèò- ³
í³òðàò-éîí³â, íàâïàêè, çðîñòàº, ùî, íàïåâíî, çóìîâëåíî ³íòåíñèô³êàö³ºþ
ïðîöåñ³â í³òðèô³êàö³¿ ó âîäíîìó ñåðåäîâèù³. Äîäàòêîâå âèêîðèñòàííÿ
øòó÷íî¿ àåðàö³¿ çà òåìïåðàòóðè 25 oÑ ïðèçâîäèòü äî äåÿêîãî çíèæåííÿ
êîíöåíòðàö³¿ íåîðãàí³÷íîãî àçîòó, íåîðãàí³÷íîãî ³ çàãàëüíîãî ôîñôîðó,
ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí, à òàêîæ âì³ñòó ðîç÷èíåíèõ àëþì³í³þ,
ìàíãàíó ³ õðîìó ïîð³âíÿíî ç âàð³àíòîì áåç àåðàö³¿. Ñë³ä çàçíà÷èòè, ùî
âïëèâ òåìïåðàòóðè âîäè íà ì³ãðàö³þ õ³ì³÷íèõ ðå÷îâèí ç äîííèõ â³äêëàä³â
íå íàñò³ëüêè â³ä÷óòíèé, ÿê çà äåô³öèòó ðîç÷èíåíîãî êèñíþ òà çíèæåííÿ
ðÍ ³ îêèñíî-â³äíîâíîãî ïîòåíö³àëó âîäè ó ïðèäîííîìó ãîðèçîíò³. Çà ðå-
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çóëüòàòàìè åêñïåðèìåíòàëüíèõ äîñë³äæåíü, ùî áóëè ïðîâåäåí³ ðàí³øå,
âñòàíîâëåíî çðîñòàííÿ âì³ñòó ðîç÷èíåíèõ Si, Al, Fe ³ Mn â³äïîâ³äíî â 3,
10,3, 8,6 ³ 4,8 ðàçè ïðè çíèæåíí³ ðÍ âîäè äî 6,0 ³ äåô³öèò³ ðîç÷èíåíîãî
êèñíþ ïîð³âíÿíî ç íåéòðàëüíèì çíà÷åííÿì ðÍ ³ àåðîáíèìè óìîâàìè.
Äåô³öèò ðîç÷èíåíîãî êèñíþ çóìîâëþº çá³ëüøåííÿ íàäõîäæåííÿ Fe ³ Mn ç
äîííèõ â³äêëàä³â äî âîäè â 1,3 ³ 2,6 ðàçè òà íå âïëèâàº íà ì³ãðàö³þ
àëþì³í³þ.

Îòæå, çá³ëüøåííÿ òåìïåðàòóðè âîäè çäàòíå áåçïîñåðåäíüî âïëèâàòè
íà íàäõîäæåííÿ á³îãåííèõ ³ ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí òà äåÿêèõ
ìåòàë³â ç äîííèõ â³äêëàä³â é ³ñòîòíî ïîñèëþº éîãî çà ñóêóïíî¿ ä³¿ òàêèõ
÷èííèê³â, ÿê äåô³öèò ðîç÷èíåíîãî êèñíþ òà çíèæåííÿ ðÍ ³ îêèñíî-â³ä-
íîâíîãî ïîòåíö³àëó ó ïðèäîííîìó ãîðèçîíò³. Öå äàº ï³äñòàâè ñòâåðäæó-
âàòè, ùî ïîäàëüøå ïîòåïë³ííÿ êë³ìàòó ìîæå ïîì³òíî ïîçíà÷èòèñü íà
çá³ëüøåíí³ ³íòåíñèâíîñò³ ì³ãðàö³¿ õ³ì³÷íèõ ðå÷îâèí ç äîííèõ â³äêëàä³â.
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EXPERIMENTAL SIMULATION OF THE INFLUENCE OF TEMPERATURE ON
THE MIGRATION OF CHEMICAL SUBSTANCES FROM BOTTOM SEDIMENTS

The article discusses the results of experimental studies of the influence of water tem-
perature on the migration of biogenic compounds, organic substances and metals from
bottom sediments to the aquatic environment. It was established that an increase in water
temperature from 5 °C to 15 °C leads to an increase in the concentration of inorganic nitro-
gen, inorganic and total phosphorus, and dissolved silicon by 1.6, 1.1, 1.2, and 1.4 times. If
the water temperature increased from 5 °C to 25 °C, the content of these biogenic compo-
unds increased by 1.8, 5.8, 1.9, and 2.5 times. The increase in water temperature also affec-
ted the share of nitrogen compounds in the total balance of inorganic nitrogen. The relative
content of ammonium nitrogen decreased, while the share of nitrite and nitrate ions incre-
ased due to nitrification. The concentration of easily oxidizable organic substances and the
total content of organic substances also increased approximately 1.6 times when the water
temperature increased from 5 °C to 25 °C. Under these conditions, the concentration of
aluminum, manganese, and chromium increased by 1.9, 3.2, and 2 times, but the content of
iron and copper did not undergo significant changes due to their presence in inaccessible
fractions of bottom sediments. Artificial aeration, which was used at a temperature of
25 °C, slightly reduced the concentration of inorganic nitrogen, inorganic and total phosp-
horus, dissolved organic substances, as well as dissolved aluminum, manganese, and chro-
mium compared to the time when it was not applied. It was established that an increase in
water temperature leads to the migration of the studied chemical compounds from bottom
sediments, but not as intensively as, for example, with a deficiency of dissolved oxygen and
a decrease in pH and redox potential of water in the bottom horizon.

Keywords: water temperature, biogenic substances, dissolved organic substances, me-
tals, bottom sediments, migration.
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