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ÇÀÁÐÓÄÍÅÍÍß ÂÎÄÎÉÌ

Ñòðóêòóðó óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó äîñë³äæóâàëè ó Ãîð³õîâàòñüêèõ
ñòàâêàõ Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó «Ãîëîñ³¿âñüêèé», ùî â³äð³çíÿþòüñÿ çà ñòó-
ïåíåì àíòðîïîãåííîãî çàáðóäíåííÿ. Â ðåçóëüòàò³ ïðîâåäåíîãî àíàë³çó îðèã³íàëüíèõ
òà ë³òåðàòóðíèõ äàíèõ âñòàíîâëåíî, ùî ïåðøà âîäîéìà ó êàñêàä³ Ãîð³õîâàòñüêèõ
ñòàâê³â õàðàêòåðèçóâàëàñü çíà÷íî âèùèì ñòóïåíåì êîìïëåêñíîãî àíòðîïîãåííîãî
çàáðóäíåííÿ (íåîðãàí³÷íèìè ñïîëóêàìè àçîòó, îðãàí³÷íèìè ðå÷îâèíàìè, íàôòîïðî-
äóêòàìè, àí³îííèìè ñèíòåòè÷íèìè ïîâåðõíåâî-àêòèâíèìè ðå÷îâèíàìè òà äåÿêè-
ìè âàæêèìè ìåòàëàìè) ïîð³âíÿíî ç ³íøèìè ñòàâêàìè êàñêàäó. Çíà÷íî â³äð³çíÿëèñÿ
ì³æ ñîáîþ ³ òèïè óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó (ñèíòàêñîíè), âèä³ëåí³ ó âîäî-
éìàõ ç ð³çíèì ñòóïåíåì çàáðóäíåííÿ. Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, çíàéäåí³ ó
ïåðøîìó ñòàâêó, íàëåæàòü äî àñîö³àö³¿ Gomphonemo parvuli-Naviculetum capitatora-
diatae, à óãðóïîâàííÿ ô³òîåï³ô³òîíó, çàðåºñòðîâàí³ ó òðüîõ ³íøèõ ñòàâêàõ — äî
àñîö³àö³¿ Cocconeo placentulae-Naviculetum viridulae. Âñòàíîâëåíî, ùî äîâãîòðèâàëå
çàáðóäíåííÿ âîäîéì ïðèçâîäèòü äî ñóòòºâî¿ òðàíñôîðìàö³¿ ñòðóêòóðè óãðóïîâàíü
âîäîðîñòåé åï³ô³òîíó, ÿê³ ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ, â ðåçóëüòàò³
ÿêîãî âèäè ÷óòëèâ³ äî çàáðóäíåííÿ çàì³ùóþòüñÿ á³ëüø ñò³éêèìè îðãàí³çìàìè. Ôîð-
ìóâàííÿ óãðóïîâàíü ô³òîåï³ô³òîíó, â ÿêèõ ç âèñîêîþ ÷àñòîòîþ çóñòð³÷àþòüñÿ
òàê³ âèäè ÿê Gomphonema parvulum Kütz. ³ Nitzschia palea (Kütz.) W. Sm. (íåòèïîâ³
äëÿ åï³ô³òîíó ³ ñò³éê³ äî çàáðóäíåííÿ), ³ çíà÷íå çíèæåííÿ ÷àñòîòè òðàïëÿííÿ
íàéá³ëüø ðîçïîâñþäæåíèõ âèä³â òàêèõ ÿê Cocconeis placentula Ehrenb., ÿê³ ÷àñòî
çóñòð³÷àþòüñÿ ³ äîì³íóþòü â åï³ô³òîí³ çâè÷àéíèõ âîäîéì ³ ÷óòëèâ³ äî çàáðóäíåííÿ,
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ìîæå ñâ³ä÷èòè ïðî äîâãîòðèâàëå (õðîí³÷íå) çàáðóäíåííÿ âîäîéì. Îòðèìàí³ ðåçóëü-
òàòè ìîæóòü áóòè âèêîðèñòàí³ äëÿ ñèíá³î³íäèêàö³¿ ñòàíó âîäîéì ç ð³çíèì ñòóïå-
íåì çàáðóäíåííÿ òà ïðè ïðîâåäåíí³ åêîëîã³÷íîãî ìîí³òîðèíãó.

Êëþ÷îâ³ ñëîâà: âîäîðîñò³ åï³ô³òîíó, óãðóïîâàííÿ, ìåòîä Áðàóí-Áëàíêå,
õ³ì³÷íèé ñêëàä âîäè, êîìïëåêñíå àíòðîïîãåííå çàáðóäíåííÿ, Ãîð³õîâàòñüê³ ñòàâêè,
Íàö³îíàëüíèé ïðèðîäíèé ïàðê «Ãîëîñ³¿âñüêèé».

Îäíèì ³ç íàéâàæëèâ³øèõ çàâäàíü ã³äðîåêîëîã³¿ º îö³íêà ñòàíó âîäíèõ
åêîñèñòåì òà âèÿâëåííÿ çì³í â óãðóïîâàííÿõ ã³äðîá³îíò³â çà ä³¿ àíòðîïî-
ãåííîãî çàáðóäíåííÿ âîäîéì. Ïðè öüîìó äëÿ õàðàêòåðèñòèêè ñòàíó âî-
äíèõ îá’ºêò³â òà âèÿâëåííÿ çì³í, ÿê³ â³äáóâàþòüñÿ â ¿õí³õ åêîñèñòåìàõ çà
ä³¿ çàçíà÷åíîãî çîâí³øíüîãî ÷èííèêà, äîñèòü âàæëèâèì º âèá³ð àäåêâàò-
íèõ ³ íàä³éíèõ ïîêàçíèê³â. Ñåðåä íèõ îñîáëèâå çíà÷åííÿ ìàþòü ñòðóê-
òóðí³ ³ ê³ëüê³ñí³ ïîêàçíèêè óãðóïîâàíü âîäîðîñòåé, ÿê³ º äîñèòü ÷óòëèâè-
ìè äî ä³¿ åêîëîã³÷íèõ ÷èííèê³â ³ ìàþòü á³ëüøó ö³íí³ñòü, í³æ ÷èñåëüí³ñòü
òà á³îìàñà îêðåìèõ âèä³â [21, 22]. Òðàíñôîðìàö³ÿ âèäîâîãî ñêëàäó ³ ðÿñ-
íîñò³ àëüãîóãðóïîâàíü â³ääçåðêàëþº ÿê ìîíî-, òàê ³ ìóëüòèôàêòîðíèé
âïëèâ íà âîäí³ åêîñèñòåìè ³ äîçâîëÿº íàä³éíî îõàðàêòåðèçóâàòè ñòàí âî-
äíèõ îá’ºêò³â òà âèÿâèòè çì³íè â ¿õí³õ åêîñèñòåìàõ çà ä³¿ íåñïðèÿòëèâèõ
÷èííèê³â.

Íåâ³ä’ºìíîþ ñêëàäîâîþ âîäíèõ åêîñèñòåì º âîäîðîñò³, ùî ðîçâèâàþ-
òüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ [16, 19]. Îñê³ëüêè ö³ îðãàí³çìè âåäóòü
ïðèêð³ïëåíèé ñïîñ³á ³ñíóâàííÿ, ñàìå ñòðóêòóðà ¿õí³õ óãðóïîâàíü àäåêâàò-
íî â³ääçåðêàëþº ïîòî÷íèé ñòàí âîäíîãî ñåðåäîâèùà òà ïåðåáóäîâè ó
ã³äðîåêîñèñòåìàõ â óìîâàõ êîìïëåêñíî¿ ä³¿ àíòðîïîãåííèõ ÷èííèê³â íà
âîäí³ îá’ºêòè [17, 18]. Îòæå, â ðîçð³ç³ çàçíà÷åíîãî, íà ñüîãîäí³ âêðàé âàæ-
ëèâèì çàâäàííÿì º âèä³ëåííÿ òà îïèñ óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó. Â
öüîìó â³äíîøåíí³ äîñë³äíèêàìè âæå çä³éñíåí³ ïåâí³ íàïðàöþâàííÿ. Òàê,
çàñòîñóâàííÿ ìåòîäó Áðàóí-Áëàíêå, ÿêèé øèðîêî âèêîðèñòîâóºòüñÿ ïðè
öåíîëîã³÷íèõ äîñë³äæåííÿõ, äàëî ìîæëèâ³ñòü îïèñàòè óãðóïîâàííÿ âî-
äîðîñòåé åï³ô³òîíó, ÿê³ ðîçâèâàþòüñÿ â îáðîñòàíí³ âèùèõ âîäíèõ ðîñëèí
îçåð ì. Êèºâà [25, 27], ñòàâê³â äåíäðîïàðêó «Îëåêñàíäð³ÿ» (ì. Á³ëà Öåðê-
âà) [28] òà Êàí³âñüêîãî âîäîñõîâèùà [26], à òàêîæ çåëåíèõ íèò÷àñòèõ âî-
äîðîñòåé ó âîäîñõîâèùàõ Äí³ïðîâñüêîãî êàñêàäó [23]. Ïðèêëàäîì âèêî-
ðèñòàííÿ çàçíà÷åíîãî ìåòîäó äëÿ õàðàêòåðèñòèêè óãðóïîâàíü ïåðèô³òîí-
íèõ âîäîðîñòåé ³íøèõ ñóáñòðàò³â º ðîáîòè ÿê óêðà¿íñüêèõ [24], òàê ³ çà-
êîðäîííèõ [13, 20] ôàõ³âö³â.

Ñåðåä ÷èñëåííèõ âîäíèõ îá’ºêò³â, ÿê³ çàçíàþòü ïîñèëåíîãî àíòðîïî-
ãåííîãî âïëèâó, âàðòî â³äçíà÷èòè âîäîéìè, ùî ðîçòàøîâàí³ íà òåðèòîð³¿
òàêîãî ìåãàïîë³ñó ÿê ì. Êè¿â. Â éîãî ìåæàõ çíàõîäèòüñÿ Íàö³îíàëüíèé
ïðèðîäíèé ïàðê (ÍÏÏ) «Ãîëîñ³¿âñüêèé» ç êàñêàäîì ñòàâê³â, á³ëüø³ñòü ³ç
ÿêèõ ðîçòàøîâàíà íåïîäàë³ê ð³çíèõ ³íôðàñòðóêòóðíèõ îá’ºêò³â òà çàçíàº
ïîñèëåíîãî ðåêðåàö³éíîãî íàâàíòàæåííÿ.

Ìåòîþ ðîáîòè áóëî äîñë³äæåííÿ ñòðóêòóðè óãðóïîâàíü âîäîðîñòåé
åï³ô³òîíó, ùî ðîçâèâàþòüñÿ â îáðîñòàíí³ âèùèõ âîäíèõ ðîñëèí ó âîäî-
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éìàõ ç ð³çíèì ñòóïåíåì çàáðóäíåííÿ îðãàí³÷íèìè òà íåîðãàí³÷íèìè ðå-
÷îâèíàìè, òà êëàñèô³êàö³ÿ âèä³ëåíèõ óãðóïîâàíü.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Äîñë³äæåííÿ ïðîâîäèëè ó ëèïí³ 2019, 2021 ³ 2022 ðð. íà òåðèòîð³¿
Íàö³îíàëüíîãî ïðèðîäíîãî ïàðêó (ÍÏÏ) «Ãîëîñ³¿âñüêèé» (50o22'47'' N,
30o30'21'' E) ó êàñêàä³ Ãîð³õîâàòñüêèõ ñòàâê³â, ÿê³ âêëþ÷àþòü ÷îòèðè âîäî-
éìè. ¯õíÿ çàãàëüíà ïëîùà ñòàíîâèòü 46,3 òèñ. ì2 [1]. Æèâëåííÿ âîäîéì
çä³éñíþºòüñÿ çà ðàõóíîê ð. Ãîð³õîâàòêè, äæåðåëüíî¿ âîäè òà àòìîñôåðíèõ
îïàä³â. Êàðòó-ñõåìó âîäîéì ïàðêó íàâåäåíî ó ðîáîò³ [5].

Äîñë³äæóâàí³ ñòàâêè â³äð³çíÿþòüñÿ çà ñòóïåíåì çàðîñòàííÿ ¿õíüî¿ àê-
âàòîð³¿ âèùèìè âîäíèìè ðîñëèíàìè. Òàê, õàðàêòåðíîþ îñîáëèâ³ñòþ ðîñ-
ëèííîãî ïîêðèâó ñòàâêà ¹ 1 (ïëîùà âîäíîãî äçåðêàëà — 5,90 òèñ. ì2) º íà-
ÿâí³ñòü ó éîãî âåðõí³é ÷àñòèí³ çàáîëî÷åíî¿ ä³ëÿíêè, çàðîñëî¿ âèùèìè âî-
äÿíèìè ðîñëèíàìè (ïåðåâàæíî Typha latifolia L. ç íåâåëèêèìè äîì³øêàìè
Typha angustifolia L. ³ Phragmites australis (Cav.) Trin. ex Steud.). Ïëîùà ¿¿
ñòàíîâèòü áëèçüêî 12 % â³ä óñ³º¿ àêâàòîð³¿ âîäîéìè [1]. Âçäîâæ á³ëüøî¿
÷àñòèíè ë³âîãî áåðåãà ñòàâêà ¹ 1 òà äàìáè, ùî ðîçä³ëÿº éîãî ³ç ñòàâêîì
¹ 2, òÿãíåòüñÿ ñìóæêà çàðîñòåé âèùèõ âîäÿíèõ ðîñëèí (øèðèíîþ á³ëÿ
2 ì), ñôîðìîâàíà ïåðåâàæíî T. latifolia. Á³ëÿ ë³âîãî áåðåãà ñòàâêà ñïîñ-
òåð³ãàþòüñÿ òàêîæ îêðåì³ êóðòèíè Scirpus lacustris L., Sagittaria sagittifolia
L., Butomus umbellatus L. òà Sparganium erectum L. Â ë³òí³é ïåð³îä íàäçâè-
÷àéíîãî ðîçâèòêó äîñÿãàº Trapa natans L., óãðóïîâàííÿ ÿêîãî ïîêðèâàþòü
ìàéæå 50 % àêâàòîð³¿.

Äëÿ ñòàâêà ¹ 2 (ïëîùà 7,40 òèñ. ì2) õàðàêòåðíèì º ñëàáêå çàðîñòàííÿ
âîäíîãî äçåðêàëà âèùèìè âîäÿíèìè ðîñëèíàìè (á³ëÿ 8 %). Âîíè ïðåä-
ñòàâëåí³ ïåðåâàæíî T. latifolia, çàðîñò³ ÿêîãî (ç äîì³øêàìè T. angustifolia ³
Glyceria maxima (C. Hartm.) Holmb.) ó âèãëÿä³ ñìóæêè (øèðèíîþ 2—3 ì)
íàÿâí³ âçäîâæ ë³âîãî áåðåãà âîäîéìè.

Õàðàêòåðíîþ îñîáëèâ³ñòþ ðîñëèííîãî ïîêðèâó ñòàâêà ¹ 3 (ïëîùà
9,70 òèñ. ì2) º äîì³íóâàííÿ öåíîç³â ïîâ³òðÿíî-âîäíèõ ³ ðîñëèí ç ïëàâàþ-
÷èì ëèñòÿì. Ïåðøå óãðóïîâàííÿ ìàêðîô³ò³â ïðåäñòàâëåíî T. latifolia,
T. angustifolia òà Ph. australis, à äðóãå — Nuphar lutea L. Âàðòî çàçíà÷èòè,
ùî çàðîñò³ ãåëîô³ò³â çàéìàþòü á³ëÿ 15 % àêâàòîð³¿ âîäîéìè ³ çíàõîäÿòüñÿ
ïåðåâàæíî ó âåðõí³é ÷àñòèí³ ñòàâêà òà âçäîâæ ë³âîãî (ï³âí³÷íîãî) áåðåãà ³
á³ëÿ äàìáè, òîä³ ÿê çàðîñò³ N. lutea ó âèãëÿä³ ñìóæêè øèðèíîþ 3—5 ì òÿã-
íóòüñÿ âçäîâæ ïðàâîãî (ï³âäåííîãî) áåðåãà âîäîéìè.

Äëÿ ðîñëèííîãî ïîêðèâó ñòàâêà ¹ 4 (íàéá³ëüøîãî ó êàñêàä³ ç ïëîùåþ
23,3 òèñ. ì2), õàðàêòåðíèì º äîì³íóâàííÿ âèñîêîòðàâíèõ ïîâ³òðÿíî-âî-
äíèõ ðîñëèí — T. latifolia, T. angustifolia, â ìåíø³é ì³ð³ — S. lacustris òà
Ph. australis. Çàðîñò³ öèõ ðîñëèí çàéìàþòü á³ëÿ 12 % âîäíîãî äçåðêàëà
ñòàâêà ³ çîñåðåäæåí³ ïåðåâàæíî ó éîãî âåðõí³é ÷àñòèí³ ³, çð³äêà, â ³íøèõ
ì³ñöÿõ âîäîéìè. Óêîð³íåí³ ç ïëàâàþ÷èì íà ïîâåðõí³ ëèñòÿì ã³äðîô³òè
N. lutea â³äì³÷åí³ ó íèæí³é ÷àñòèí³ âîäîéìè (á³ëÿ ïðàâîãî áåðåãà). ¯õíÿ
ðîëü ó ôîðìóâàíí³ ðîñëèííîãî ïîêðèâó ñòàâêà íåâåëèêà — á³ëÿ 2 %.
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Ïðîáè ô³òîåï³ô³òîíó â³äáèðàëè ç ïîâ³òðÿíî-âîäíèõ ðîñëèí: î÷åðåòó
çâè÷àéíîãî (Phragmites australis (Cav.) Trin. ex Steud.), ðîãîçó âóçüêîëè-
ñòîãî (Typha angustifolia L.), ðîãîçó øèðîêîëèñòîãî (Typha latifolia L.), có-
ñàêà çîíòè÷íîãî (Butomus umbellatus L.), êîìèøà îçåðíîãî (Scirpus lacust-
ris L.), ñòð³ëîëèñòà çâè÷àéíîãî (Sagittaria sagittifolia L.), ¿æà÷î¿ ãîë³âêè
ïðÿìî¿ (Sparganium erectum L.) òà ëåïåøíÿêà âåëèêîãî (Glyceria maxima
(C. Hartm.) Holmb.), âèêîðèñòîâóþ÷è çàãàëüíîïðèéíÿò³ ó ïðàêòèö³ ã³ä-
ðîá³îëîã³÷íèõ äîñë³äæåíü ìåòîäè [7, 12]. ×àñòèíó ïðîá ïðîäèâëÿëèñÿ ó
æèâîìó ñòàí³, à ³íø³ (îá’ºìîì 50 ñì3) ô³êñóâàëè 40 %-íèì ðîç÷èíîì ôîð-
ìàëüäåã³äó (³ç ê³íöåâîþ êîíöåíòðàö³ºþ 4 %). ×èñåëüí³ñòü ô³òîåï³ô³òîíó
âèçíà÷àëè íà ðàõóíêîâ³é ïëàò³âö³ ó êðàïë³ îá’ºìîì 0,1 ñì3, â³ä³áðàíî¿ çà
äîïîìîãîþ øòåìïåëü-ï³ïåòêè. ×èñåëüí³ñòü òà á³îìàñó âîäîðîñòåé åï³-
ô³òîíó ðîçðàõîâóâàëè íà 1 ã ïîâ³òðÿíî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó ³
âèðàæàëè â³äïîâ³äíî ó ìëí. êë/ã ³ â ìã/ã.

Ëàòèíñüê³ íàçâè ³ îáñÿã òàêñîí³â âîäîðîñòåé íàâåäåí³ ó â³äïîâ³äíîñò³
äî êëàñèô³êàö³éíèõ ñèñòåì [29—32]. Åêîëîã³÷í³ õàðàêòåðèñòèêè âîäîðîñ-
òåé-³íäèêàòîð³â íàâåäåí³ çã³äíî [2, 4, 15, 33].

Âèäîâèé ñêëàä âîäîðîñòåé, çíàéäåíèõ ó ð³çíèõ âîäîéìàõ, ïîð³âíþâà-
ëè ç âèêîðèñòàííÿì êîåô³ö³ºíòà ôëîðèñòè÷íî¿ ïîä³áíîñò³ (ÊÔÏ) Ñåðåí-
ñåíà [7].

Äëÿ îö³íêè ðÿñíîñò³ âèä³â âèêîðèñòîâóâàëè ìîäèô³êîâàíó øêàëó
Áðàóí-Áëàíêå, äå 1 — âèïàäêîâèé âèä (<1 % çàãàëüíî¿ ÷èñåëüíîñò³); 2 —
ñóïóòí³é âèä (1—5 %); 3 — ñóáäîì³íàíò (>5—10 %); 4 — ñîäîì³íàíò ³ 5 —
äîì³íàíò (>10 % çàãàëüíî¿ ÷èñåëüíîñò³). Òðàïëÿííÿ êîæíîãî âèäó ðîçðà-
õîâóâàëè çà ôîðìóëîþ: Ñ = n/N·100 %, äå Ñ — íàÿâí³ñòü âèäó â ïåâíîìó
áëîö³ îïèñ³â, n — ê³ëüê³ñòü ïðîá ó äàíîìó áëîö³ îïèñ³â, äå çóñòð³âñÿ âèä, N
— çàãàëüíà ê³ëüê³ñòü ïðîá ó äàíîìó áëîö³ îïèñ³â. Ïðè îö³íö³ òðàïëÿííÿ
âèä³â áóëè ïðèéíÿò³ íàñòóïí³ êëàñè ïîñò³éíîñò³: I — òðàïëÿííÿ âèäó
1—20 %, II — 21—40 %, III — 41—60 %, IV — 61—80 %, V — 81—100 %. Óã-
ðóïîâàííÿ âîäîðîñòåé êëàñèô³êóâàëè, âèêîðèñòîâóþ÷è ìåòîä Áðàóí-
Áëàíêå. Äàí³ îïðàöüîâóâàëè òðàäèö³éíèì ìåòîäîì ô³òîöåíîëîã³÷íèõ
òàáëèöü, ÿê³ âèêîðèñòîâóþòüñÿ ïðè åêîëîãî-ôëîðèñòè÷íèõ äîñë³äæåí-
íÿõ [8, 9]. Âñüîãî â îñíîâó ðîáîòè ïîêëàäåíî 30 îïèñ³â. Íàéìåíóâàííÿ
ñèíòàêñîí³â íàâåäåíî ó â³äïîâ³äíîñò³ äî «Ì³æíàðîäíîãî êîäåêñó ô³òî-
ñîö³îëîã³÷íî¿ íîìåíêëàòóðè» [34].

Êîíöåíòðàö³þ íåîðãàí³÷íèõ ñïîëóê àçîòó ³ ôîñôîðó âèçíà÷àëè êîëî-
ðèìåòðè÷íèì ìåòîäîì, õëîðèä³â — ìåòîäîì Ìîðà, ñóëüôàò³â — îá’ºì-
íèì ìåòîäîì, à ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí — çà ïåðìàíãàíàòíîþ òà
á³õðîìàòíîþ îêèñíþâàí³ñòþ (â³äïîâ³äíî ÏÎ ³ ÁÎ) [10]. Âåëè÷èíó ðÍ
âèì³ðþâàëè çà äîïîìîãîþ ïðèëàäó ðÍ-150 ÌÈ.

Ñòàòèñòè÷íå îïðàöþâàííÿ îòðèìàíèõ äàíèõ ïðîâåäåíî çà äîïîìî-
ãîþ ïðîãðàìè MS Excel 2010.

Ðåçóëüòàòè äîñë³äæåíü

Õàðàêòåðèñòèêà äîñë³äæóâàíèõ ñòàâê³â çà ã³äðîõ³ì³÷íèìè ïîêàçíè-
êàìè. Â³äîìî, ùî ñåðåä áàãàòüîõ ÷èííèê³â, ÿê³ îáóìîâëþþòü ÿê³ñòü âîäè
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ïðèðîäíèõ ³ øòó÷íèõ âîäîéì, îäíèì ³ç îñíîâíèõ º âì³ñò îðãàí³÷íèõ ³
á³îãåííèõ ðå÷îâèí. Âîíè íàêîïè÷óþòüñÿ ó âîäîéìàõ âíàñë³äîê çìèâó ç
âîäîçá³ðíî¿ ïëîù³ òà ñêëàäíèõ âíóòð³øíüîâîäîéìíèõ ïðîöåñ³â. ²ñòîòíèé
âíåñîê ó ôîðìóâàííÿ õ³ì³÷íîãî ñêëàäó âîäè ìîæóòü âíîñèòè àòìîñôåðí³
îïàäè ³ ð³çíîìàí³òí³ ñò³÷í³ âîäè.

Íàéâàæëèâ³øèìè á³îãåííèìè åëåìåíòàìè äëÿ ôóíêö³îíóâàííÿ
áóäü-ÿêî¿ âîäîéìè º àçîò ³ ôîñôîð. Îòðèìàí³ äàí³ ñâ³ä÷àòü, ùî äîñë³äæåí³
ñòàâêè ÍÏÏ «Ãîëîñ³¿âñüêèé» ñóòòºâî â³äð³çíÿëèñü çà âì³ñòîì íåîðãà-
í³÷íèõ ñïîëóê àçîòó. Òàê, ó ñòàâêó ¹ 1 ñåðåäíÿ êîíöåíòðàö³ÿ Níåîðã ñêëàäà-
ëà 0,352 ìã/äì3, à ó ñòàâêàõ ¹ 2, 3 ³ 4 — 0,178, 0,118 ³ 0,122 ìã/äì3,
â³äïîâ³äíî (òàáë. 1). Íàéá³ëüø ïîì³òíîþ áóëà ð³çíèöÿ ó ê³ëüêîñò³ éîí³â
àìîí³þ: ÿêùî ó ñòàâêó ¹ 1 ¿õíÿ êîíöåíòðàö³ÿ ñòàíîâèëà 0,290 ìã N/äì3, òî
â ³íøèõ â ñåðåäíüîìó êîëèâàëàñü â³ä 0,101 äî 0,127 ìã N/äì3.

Íà â³äì³íó â³ä íåîðãàí³÷íîãî àçîòó, íàéâèùó ñåðåäíþ êîíöåíòðàö³þ
íåîðãàí³÷íîãî ôîñôîðó áóëî çàðåºñòðîâàíî ó ñòàâêó ¹ 4, äå âîíà äîð³â-
íþâàëà 0,241 ìã/äì3 ïðîòè 0,049 ìã/äì3 ó ñòàâêó ¹ 1 (äèâ. òàáë. 1).
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Òàáëèöÿ 1
Ã³äðîõ³ì³÷íà õàðàêòåðèñòèêà Ãîð³õîâàòñüêèõ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»

Ïîêàçíèêè
Ñòàâêè

¹ 1 ¹ 2 ¹ 3 ¹ 4

NH4
+ , ìã N/äì3 0 198 0 445

0 290

, ,

,

− 0 060 0 168

0 127

, ,

,

− 0 050 0 130

0 101

, ,

,

− 0 070 0 127

0 106

, ,

,

−

NO2
− , ìã N/äì3 0 004 0 016

0 012

, ,

,

− 0 003 0 009

0 007

, ,

,

− 0 002 0 007

0 004

, ,

,

− 0 003 0 006

0 005

, ,

,

−

NO3
− , ìã N/äì3 0 025 0 075

0 050

, ,

,

− 0 025 0 069

0 044

, ,

,

− 0 010 0 020

0 013

, ,

,

− 0 009 0 010

0 010

, ,

,

−

Níåîðã, ìã/äì3 0 269 0 449

0 352

, ,

,

− 0 100 0 246

0 178

, ,

,

− 0 073 0 142

0 118

, ,

,

− 0 086 0 140

0 122

, ,

,

−

Ðíåîðã, ìã/äì3 0 016 0 066

0 049

, ,

,

− 0 038 0 097

0 074

, ,

,

− 0 116 0 200

0 165

, ,

,

− 0 202 0 295

0 241

, ,

,

−

Cl–, ìã/äì3 70 9 128 5

1032

, ,

,

− 1010 130 7

120 4

, ,

,

− 132 9 2038

175 3

, ,

,

− 169 6 234 8

207 3

, ,

,

−

SO4
2− , ìã/äì3 25 9 47 1

35 4

, ,

,

− 39 4 48 8

44 3

, ,

,

− 39 8 55 2

49 8

, ,

,

− 73 0 96 0

85 0

, ,

,

−

ÏÎ, ìã Î/äì3 10 84 10 90

10 87

, ,

,

− 9 00 9 30

9 18

, ,

,

− 8 10 9 56

8 78

, ,

,

− 7 40 10 84

8 64

, ,

,

−

ÁÎ, ìã Î/äì3 48 0 62 9

55 4

, ,

,

− 46 4 60 9

53 6

, ,

,

− 416 56 0

48 8

, ,

,

− 35 2 50 2

42 7

, ,

,

−

ðÍ 7 22 8 55

7 65

, ,

,

− 7 35 8 85

7 99

, ,

,

− 7 33 8 00

7 66

, ,

,

− 7 92 8 45

8 22

, ,

,

−

Ïðèì³òêà. Íàä ðèñêîþ — ãðàíè÷í³ âåëè÷èíè; ï³ä ðèñêîþ — ñåðåäí³ çíà÷åííÿ.



Îäíèì ³ç âàæëèâèõ ïîêàçíèê³â ÿêîñò³ âîäè º âì³ñò õëîðèä- òà ñóëü-
ôàò-³îí³â, ÿêèì õî÷à ³ íàëåæèòü ÷³ëüíå ì³ñöå ñåðåä îñíîâíèõ êîìïîíåíò³â
ñîëüîâîãî ñêëàäó âîäè, ïðîòå ¿õí³é ï³äâèùåíèé âì³ñò ìîæå ñâ³ä÷èòè ïðî
çàáðóäíåííÿ âîäîéì ãîñïîäàðñüêèìè ñò³÷íèìè âîäàìè. Ï³ä ÷àñ ïðîâåäå-
íèõ äîñë³äæåíü íàéâèùîþ ñåðåäíüîþ êîíöåíòðàö³ºþ ÿê õëîðèä³â, òàê ³
ñóëüôàò³â õàðàêòåðèçóâàâñÿ ñòàâîê ¹ 4 — 207,3 ³ 85,0 ìã/äì3, â³äïîâ³äíî.
Ùîäî ïåðøîãî ñòàâêà ó êàñêàä³ äîñë³äæóâàíèõ âîäîéì, òî ñåðåäíÿ êîí-
öåíòðàö³ÿ çàçíà÷åíèõ íåîðãàí³÷íèõ ðå÷îâèí òóò ñòàíîâèëà â³äïîâ³äíî
103,2 ³ 35,4 ìã/äì3 (äèâ. òàáë. 1).

Âèçíà÷åííÿ êîíöåíòðàö³¿ ëåãêîîêèñíþâàíèõ îðãàí³÷íèõ ñïîëóê ó âî-
ä³ äîñë³äæóâàíèõ âîäîéì, ÿêà îö³íþºòüñÿ âåëè÷èíîþ ïåðìàíãàíàòíî¿
îêèñíþâàíîñò³, çàñâ³ä÷èëî, ùî â ñåðåäíüîìó âîíà áóëà â 1,25 ðàça âèùîþ
ó ñòàâêó ¹ 1 ïîð³âíÿíî ³ç ñòàâêîì ¹ 4 (äèâ. òàáë. 1).

Àíàë³ç âåëè÷èí á³õðîìàòíî¿ îêèñíþâàíîñò³, ÿê³ õàðàêòåðèçóþòü çàãà-
ëüíèé âì³ñò ðîç÷èíåíèõ îðãàí³÷íèõ ðå÷îâèí, ïîêàçàâ, ùî âîíè áóëè
íàéá³ëüøèìè ó ñòàâêó ¹ 1 — 62,9 ìã Î/äì3, òîä³ ÿê â ³íøèõ ñòàâêàõ çíà-
÷åííÿ ÁÎ ïîì³òíî ìåíø³, çîêðåìà, ó ñòàâêó ¹ 4 âîíè çíèæóâàëèñü äî
35,2 ìã Î/äì3 (äèâ. òàáë. 1).

Õàðàêòåðèñòèêà ô³òîåï³ô³òîíó äîñë³äæóâàíèõ ñòàâê³â. Âèêîðè-
ñòàííÿ åêîëîãî-ôëîðèñòè÷íîãî ìåòîäó äàëî çìîãó âèä³ëèòè äåê³ëüêà òè-
ï³â óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó (ñèíòàêñîí³â), ùî ðîçâèâàþòüñÿ ó
âîäîéìàõ ³ç ð³çíèì ñòóïåíåì çàáðóäíåííÿ îðãàí³÷íèìè òà íåîðãàí³÷íèìè
ðå÷îâèíàìè (òàáë. 2). Íèæ÷å íàâåäåíî ¿õíþ õàðàêòåðèñòèêó. Ïðîâåäåí³
äîñë³äæåííÿ äàëè çìîãó âèä³ëèòè íîâèé ñîþç, ÿêèé âêëþ÷àº óãðóïîâàííÿ
âîäîðîñòåé åï³ô³òîíó, ùî ðîçâèâàþòüñÿ ó Ãîð³õîâàòñüêèõ ñòàâêàõ ÍÏÏ
«Ãîëîñ³¿âñüêèé», ó ñêëàä³ ÿêîãî âèä³ëåíî äâ³ àñîö³àö³¿.

Ñîþç Cymbello tumidae-Cymbellion cistulae all. nova (îïèñè 1—15,
òàáë. 3 ³ 16—30, òàáë. 5).

Åêîëîã³÷í³ óìîâè. Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ÿê³ íàëåæàòü
äî äàíîãî ñîþçó, çíàéäåí³ â óñ³õ ÷îòèðüîõ Ãîð³õîâàòñüêèõ ñòàâêàõ ÍÏÏ
«Ãîëîñ³¿âñüêèé», ùî õàðàêòåðèçóþòüñÿ á³ëüø âèñîêîþ êîíöåíòðàö³ºþ çà-
áðóäíþþ÷èõ ðå÷îâèí ïîð³âíÿíî ç ³íøèìè ñòàâêàìè ïàðêó [18]. Òàê, ñå-
ðåäíÿ êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ó öèõ âîäîéìàõ çì³íþâàëàñü â³ä
0,101 äî 0,290 ìã N/äì3, í³òðèò³â — â³ä 0,004 äî 0,012 ìã N/äì3, í³òðàò³â —
â³ä 0,010 äî 0,050 ìã N/äì3, à çàãàëüíîãî íåîðãàí³÷íîãî àçîòó — â³ä 0,118
äî 0,352 ìã N/äì3. Ñåðåäíÿ êîíöåíòðàö³ÿ íåîðãàí³÷íîãî ôîñôîðó ñòàíî-
âèëà 0,049—0,241 ìã/äì3, õëîðèä³â — 103,2—207,3 ìã/äì3 òà ñóëüôàò³â —
35,4—85,0 ìã/äì3. Êîíöåíòðàö³ÿ îðãàí³÷íèõ ðå÷îâèí òàêîæ áóëà äîñèòü
âèñîêîþ (çíà÷åííÿ ÏÎ â ñåðåäíüîìó ñòàíîâèëè 8,64—10,87 ìã Î/äì3, à
çíà÷åííÿ ÁÎ — 42,7—55,4 ìã Î/äì3). Ó âîä³ Ãîð³õîâàòñüêèõ ñòàâê³â âèÿâ-
ëåí³ ³ íàéâèù³ êîíöåíòðàö³¿ íàôòîïðîäóêò³â, àí³îííèõ ñèíòåòè÷íèõ ïî-
âåðõíåâî àêòèâíèõ ðå÷îâèí (ÑÏÀÐ) ³ äåÿêèõ âàæêèõ ìåòàë³â (Cu, Zn, Fe)
[5].

Åêîëîã³÷í³ õàðàêòåðèñòèêè ä³àãíîñòè÷íèõ òàêñîí³â. Óñ³ ä³àãíî-
ñòè÷í³ òàêñîíè äàíîãî ñîþçó º ³íäèêàòîðàìè óìîâ íàâêîëèøíüîãî ñåðå-
äîâèùà. Çà ïðèóðî÷åí³ñòþ äî ì³ñöåçðîñòàííÿ çíàéäåí³ ëèøå áåíòîñí³ îð-
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ãàí³çìè. Ñåðåä âèä³â — ³íäèêàòîð³â pH ñåðåäîâèùà íàéá³ëüøîþ ê³ëü-
ê³ñòþ ïðåäñòàâëåí³ àëêàë³ô³ëè (86 %). ×àñòêà ³íäèôåðåíòíèõ îðãàí³çì³â
ñòàíîâèëà 14 %. Ñåðåä ³íäèêàòîð³â ñîëîíîñò³ âîäè çíàéäåí³ ëèøå ³íäèôå-
ðåíòí³ îðãàí³çìè. Ñåðåä ïîêàçíèê³â òðîô³÷íîãî ð³âíÿ íàéá³ëüøèì áóâ
âíåñîê ïðåäñòàâíèê³â ìåçî-åâòðîôíèõ (43 %) ³ åâòðîôíèõ (29 %) âîä ³
çíà÷íî ìåíøèì — âíåñîê ïðåäñòàâíèê³â ìåçîòðîôíèõ (14 %) ³ îë³ãî-åâò-
ðîôíèõ (14 %) âîä. Ñåðåä âèä³â — ³íäèêàòîð³â îðãàí³÷íîãî çàáðóäíåííÿ
íàéá³ëüøîþ ê³ëüê³ñòþ ïðåäñòàâëåí³ áåòà-ìåçîñàïðîáí³ îðãàí³çìè (50 %).
Âíåñîê α-ìåçîñàïðîá³îíò³â ñòàíîâèâ 25 %, îë³ãî-ñàïðîá³îíò³â — 25 %. Ïî
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Òàáëèöÿ 2
Îãëÿäîâà òàáëèöÿ ñèíòàêñîí³â ô³òîåï³ô³òîíó Ãîð³õîâàòñüêèõ ñòàâê³â ÍÏÏ

«Ãîëîñ³¿âñüêèé»

Ñèíòàêñîíè 1 2

Ê³ëüê³ñòü îïèñ³â 15 15

Ä³àãíîñòè÷í³ òàêñîíè ñîþçó Cymbello tumidae-Cymbellion cistulae

Cymbella tumida (Br�b.) Van Heurck V5 V5

Cymbella cistula (A. Hempel in A. Hempel et Ehrenb.) Kirchn. V5 IV5

Gomphonema truncatum Ehrenb. V5 IV5

Synedra ulna (Nitzsch) Ehrenb. V5 IV5

Encyonema caespitosum Kütz. V5 IV5

Gomphonema gracile Ehrenb. IV5 III5

Planothidium lanceolata (Bréb. in Kütz.) Round et Bukht. IV5 III5

Gomphonema augur Ehrenb. II3 III3

Ä³àãíîñòè÷í³ òàêñîíè àñîö³àö³¿ Gomphonemo parvuli-Naviculetum capitatoradiatae

Gomphonema parvulum K�tz. V5 II2

Navicula capitatoradiata H. Germain ex Gasse V3 II2

Craticula cuspidata (K�tz.) D.G. Mann IV5 I1

Nitzschia palea (K�tz.) W. Sm. III5 I1

Ä³àãíîñòè÷í³ òàêñîíè àñîö³àö³¿ Cocconeo placentulae-Naviculetum viridulae

Cocconeis placentula Ehrenb. II2 V5

Navicula viridula (K�tz.) Ehrenb. — III2

Melosira varians C. Agardh — IV5

Closterium lieblenii K�tz. ex Ralfs II2 IV3

Synedra acus K�tz. — III3

Ïðèì³òêà. 1 — àñîö³àö³ÿ Gomphonemo parvuli-Naviculetum capitatoradiatae; 2 — àñî-
ö³àö³ÿ Cocconeo placentulae-Naviculetum viridulae. Ðèìñüêèìè öèôðàìè ïîçíà÷åí³
êëàñè ïîñò³éíîñò³. Íàäðÿäêîâ³ ³íäåêñè âêàçóþòü ìàêñèìàëüíèé áàë ðÿñíîñò³ âèäó.
«—» — âèä íà çíàéäåíî.



â³äíîøåííþ äî òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïî-
ëóê ó âîä³ íàéá³ëüøîþ ê³ëüê³ñòþ âèä³â ïðåäñòàâëåí³ àâòîòðîôè, ÿê³ âèò-
ðèìóþòü ëèøå íèçüê³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê
(83 %). Äðóãå ì³ñöå íàëåæàëî àâòîòðîôàì, ÿê³ âèòðèìóþòü ï³äâèùåí³
êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³ (17 %) (òàáë. 4).

Ä³àãíîñòè÷í³ òàêñîíè: Cymbella tumida (Br�b.) Van Heurck, Cymbella
cistula (A. Hempel in A. Hempel et Ehrenb.) Kirchn., Gomphonema truncatum
Ehrenb., Synedra ulna (Nitzsch) Ehrenb., Encyonema caespitosum Kütz., Gom-
phonema gracile Ehrenb., Planothidium lanceolata (Bréb. in Kütz.) Round et
Bukht., Gomphonema augur Ehrenb.

Íîìåíêëàòóðíèé òèï: îïèñ 1, òàáë. 3, Ãîð³õîâàòñüêèé ñòàâîê ¹ 1, â
îáðîñòàíí³ ñóñàêà çîíòè÷íîãî Butomus umbellatus.

Àñîö³àö³ÿ Gomphonemo parvuli-Naviculetum capitatoradiatae ass.
nova (îïèñè 1—15, òàáë. 3).

Åêîëîã³÷í³ óìîâè. Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ÿê³ íàëåæàòü
äî äàíî¿ àñîö³àö³¿, çíàéäåí³ ó Ãîð³õîâàòñüêîìó ñòàâêó ¹ 1, äå çàðåºñòðîâà-
íî çíà÷íî âèù³ êîíöåíòðàö³¿ ñïîëóê íåîðãàí³÷íîãî àçîòó, îðãàí³÷íèõ ðå-
÷îâèí, íàôòîïðîäóêò³â, àí³îííèõ ñèíòåòè÷íèõ ïîâåðõíåâî-àêòèâíèõ ðå-
÷îâèí ³ äåÿêèõ âàæêèõ ìåòàë³â ïîð³âíÿíî ç ³íøèìè ñòàâêàìè êàñêàäó.
Òàê, ñåðåäíÿ êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ó ö³é âîäîéì³ ñòàíîâèëà
0,290 ìã N/äì3, í³òðèò³â — 0,012 ìã N/äì3, í³òðàò³â — 0,050 ìã N/äì3, à çà-
ãàëüíîãî íåîðãàí³÷íîãî àçîòó — 0,352 ìã N/äì3. Êîíöåíòðàö³ÿ îðãàí³÷íèõ
ðå÷îâèí òàêîæ áóëà âèùîþ ó ïîð³âíÿíí³ ç ³íøèìè ñòàâêàìè êàñêàäó (çíà-
÷åííÿ ÏÎ â ñåðåäíüîìó ñòàíîâèëè 10,87 ìã Î/äì3, à çíà÷åííÿ ÁÎ —
55,4 ìã Î/äì3). Ó ñòàâêó ¹ 1 ñåðåäíÿ êîíöåíòðàö³ÿ íàôòîïðîäóêò³â
(0,124 ìã /äì3) áóëà ìàéæå â äâà ðàçè âèùîþ, í³æ ó ñòàâêàõ ¹ 2, 3 ³ 4. Òàêà
æ òåíäåíö³ÿ ïðîñòåæóâàëàñü ³ ùîäî ÑÏÀÐ òà âàæêèõ ìåòàë³â. Ñåðåäíÿ
êîíöåíòðàö³ÿ ÑÏÀÐ ñòàíîâèëà 0,121 ìã/äì3, Cu — 65,1 ìêã/äì3, Zn —
73,0 ìêã/äì3 ³ Fe — 91,0 ìêã/äì3 [5]. Â òîé æå ÷àñ ñåðåäí³ çíà÷åííÿ êîíöåí-
òðàö³¿ íåîðãàí³÷íîãî ôîñôîðó (0,049 ìã/äì3), õëîðèä³â (103,2 ìã/äì3) ³ ñó-
ëüôàò³â (35,4 ìã/äì3) áóëè íèæ÷èìè ïîð³âíÿíî ç ³íøèìè ñòàâêàìè êàñêà-
äó (òàáë. 1).

Ñòðóêòóðà óãðóïîâàíü. Âèäîâå áàãàòñòâî óãðóïîâàíü âîäîðîñòåé, ÿê³
â³äíîñÿòüñÿ äî äàíî¿ àñîö³àö³¿, íåâèñîêå. Çíàéäåíî 48 âèä³â âîäîðîñòåé,
ïðåäñòàâëåíèõ 50 âíóòð³øíüîâèäîâèìè òàêñîíàìè (âêëþ÷àþ÷è ò³, ùî
ì³ñòÿòü íîìåíêëàòóðíèé òèï âèäó) ç ï’ÿòè â³ää³ë³â. Íàéá³ëüø ð³çíîìà-
í³òí³ Bacillariophyta — 29 âèä³â (60,4 % çàãàëüíî¿ ê³ëüêîñò³ âèä³â) ³ Chlo-
rophyta — 13 âèä³â (27,1 %). ×àñòêà âîäîðîñòåé ç ³íøèõ â³ää³ë³â áóëà çíà÷-
íî íèæ÷îþ. Âíåñîê Euglenophyta (3 âèäè), Cyanoprokaryota (1 âèä) ³ Cha-
rophyta (2 âèäè) â ñóì³ ñòàíîâèâ 12,5%.

Ñåðåäíÿ ê³ëüê³ñòü âèä³â â îêðåìèõ óãðóïîâàííÿõ íåâèñîêà — 19.
Ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó åï³ô³òíèõ âîäîðîñòåé äàíî¿ àñîö³àö³¿

íà ïîâ³òðÿíî-âîäíèõ ðîñëèíàõ Ãîð³õîâàòñüêîãî ñòàâêó ¹ 1 íåâèñîê³: ñå-
ðåäí³ çíà÷åííÿ ÷èñåëüíîñò³ ³ á³îìàñè ñòàíîâèëè â³äïîâ³äíî 0,573 ìëí.
êë/ã ³ 0,67 ìã/ã ïîâ³òðÿíî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó. Çà ÷èñåëüí³ñòþ
ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³, ¿õí³é âíåñîê ó çàãàëüíó ÷èñåëüí³ñòü ô³-
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òîåï³ô³òîíó â ñåðåäíüîìó ñòàíîâèâ 90,3 %. Çåëåí³ âîäîðîñò³ äîì³íóâàëè
çð³äêà, ¿õíÿ ÷àñòêà â çàãàëüí³é ÷èñåëüíîñò³ â ñåðåäíüîìó ñòàíîâèëà 73,2%.
Çà á³îìàñîþ ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³ (95,8%).

Äî ñêëàäó äîì³íàíò³â âõîäèëè Gomphonema parvulum K�tz., Craticula
cuspidata (K�tz.) D.G. Mann ³ Nitzschia palea (K�tz.) W. Sm.

Åêîëîã³÷í³ õàðàêòåðèñòèêè ä³àãíîñòè÷íèõ òàêñîí³â. Óñ³ ÷îòèðè
ä³àãíîñòè÷í³ âèäè äàíî¿ àñîö³àö³¿ º ³íäèêàòîðàìè óìîâ íàâêîëèøíüîãî
ñåðåäîâèùà (äèâ. òàáë. 4). Çà ïðèóðî÷åí³ñòþ äî ì³ñöåçðîñòàííÿ âîíè íà-
ëåæàòü äî áåíòîñíèõ îðãàí³çì³â. Ö³ âèäè òàêîæ º ³íäèêàòîðàìè çàáðóä-
íåííÿ âîäè îðãàí³÷íèìè ðå÷îâèíàìè. Òàê, Navicula capitatoradiata
H. Germain ex Gasse ³ Craticula cuspidata íàëåæàòü äî α-ìåçîñàïðîá³îíò³â,
Gomphonema parvulum — äîα-ìåçî-ρ-ñàïðîá³îíò³â, à Nitzschia palea — äî
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Òàáëèöÿ 4
Åêîëîã³÷í³ õàðàêòåðèñòèêè ä³àãíîñòè÷íèõ òàêñîí³â âîäîðîñòåé åï³ô³òîíó

Ãîð³õîâàòñüêèõ ñòàâê³â ÍÏÏ «Ãîëîñ³¿âñüêèé»

Âèäè L pH Hb N S Tr

Cymbella tumida (Br�b.) Van Heurck B alf i ats ο me

Cymbella cistula (A. Hempel in A. Hem-
pel et Ehrenb.) Kirchn.

B alf ats β e

Gomphonema truncatum Ehrenb. B alf ats β me

Synedra ulna (Nitzsch) Ehrenb. B alf i β

Encyonema caespitosum K�tz. B α oe

Gomphonema gracile Ehrenb. B ind i ats ο m

Planothidium lanceolata (Br�b. in K�tz.)
Round et Bukht.

B alf i ate α e

Gomphonema augur Ehrenb. B alf i ats β me

Cocconeis placentula Ehrenb. B alf i ate β e

Navicula viridula (K�tz.) Ehrenb. B alf hl ate α e

Melosira varians C. Agardh P-B alf hl hne α e

Closterium lieblenii (K�tz.) ex Ralfs B ind α e

Synedra acus K�tz. P-B alb β

Gomphonema parvulum K�tz. B ind i hne α-ρ e

Navicula capitatoradiata H. Germain ex
Gasse

B alf i ate α e

Craticula cuspidata (K�tz.) D.G. Mann B alf i ate α e

Nitzschia palea (K�tz.) W. Sm. B ind i hce ρ he

Ïðèì³òêà. L — ì³ñöåçðîñòàííÿ, Hb — â³äíîøåííÿ äî ñîëîíîñò³ âîäè, N — â³äíîøåí-
íÿ äî êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê, S — ñàïðîáí³ñòü, Òr — òðîô-
í³ñòü [2, 4, 33].



ρ-ñàïðîá³îíò³â. Ïî â³äíîøåííþ äî pH Gomphonema parvulum ³ Nitzschia

palea º ³íäèôåðåíòíèìè îðãàí³çìàìè, à Navicula capitatoradiata ³ Craticula
cuspidata — àëêàë³ô³ëàìè. Ñåðåä ³íäèêàòîð³â ñîëîíîñò³ âîäè çíàéäåí³
ëèøå ³íäèôåðåíòí³ îðãàí³çìè. Ñåðåä ïîêàçíèê³â òðîô³÷íîãî ð³âíÿ âî-
äîéì ïåðåâàæàëè ïðåäñòàâíèêè åâòðîôíèõ âîä. Â òîé æå ÷àñ çâåðòàº íà
ñåáå óâàãó, ùî Nitzschia palea º ïðåäñòàâíèêîì ã³ïåðåâòðîôíèõ âîä. Ïî
â³äíîøåííþ äî òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïî-
ëóê ó âîä³ Navicula capitatoradiata ³ Craticula cuspidata íàëåæàòü äî àâòî-
òðîô³â, ÿê³ âèòðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷-
íèõ ñïîëóê ó âîä³. Gomphonema parvulum íàëåæèòü äî ôàêóëüòàòèâíî ãå-
òåðîòðîôíèõ îðãàí³çì³â, ÿêèì íåîáõ³äíå ïåð³îäè÷íå ï³äâèùåííÿ êîí-
öåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³, à Nitzschia palea — äî
îáë³ãàòíèõ ãåòåðîòðîô³â, ÿêèì íåîáõ³äí³ ïîñò³éíî ï³äâèùåí³ êîíöåíò-
ðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³.

Ä³àãíîñòè÷í³ òàêñîíè: Gomphonema parvulum, Navicula capitatoradi-
ata, Craticula cuspidata ³ Nitzschia palea.

Íîìåíêëàòóðíèé òèï: îïèñ 1, òàáë. 3, Ãîð³õîâàòñüêèé ñòàâîê ¹ 1, â
îáðîñòàíí³ ñóñàêà çîíòè÷íîãî Butomus umbellatus.

Àñîö³àö³ÿ Cocconeo placentulae-Naviculetum viridulae ass. nova
(îïèñè 16—30, òàáë. 5).

Åêîëîã³÷í³ óìîâè. Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ÿê³ íàëåæàòü
äî äàíî¿ àñîö³àö³¿, çíàéäåí³ ó òðüîõ Ãîð³õîâàòñüêèõ ñòàâêàõ ¹ 2, 3 ³ 4. Ó öèõ
âîäîéìàõ êîíöåíòðàö³ÿ ñïîëóê íåîðãàí³÷íîãî àçîòó, îðãàí³÷íèõ ðå÷îâèí,
íàôòîïðîäóêò³â, àí³îííèõ ñèíòåòè÷íèõ ïîâåðõíåâî-àêòèâíèõ ðå÷îâèí ³
äåÿêèõ âàæêèõ ìåòàë³â ïîð³âíÿíî ç³ ñòàâêîì ¹ 1 áóëè íèæ÷èìè. Òàê, ñå-
ðåäíÿ êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ó öèõ âîäîéìàõ ñòàíîâèëà 0,111 ìã
N/äì3, í³òðèò³â — 0,005 ìã N/äì3, í³òðàò³â — 0,022 ìã N/äì3, à çàãàëüíîãî
íåîðãàí³÷íîãî àçîòó — 0,139 ìã N/äì3. Êîíöåíòðàö³ÿ îðãàí³÷íèõ ðå÷îâèí
òàêîæ áóëà íèæ÷îþ ó ïîð³âíÿíí³ ç ïåðøèì ñòàâêîì êàñêàäó (çíà÷åííÿ
ÏÎ â ñåðåäíüîìó ñòàíîâèëè 8,87 ìã Î/äì3, à çíà÷åííÿ ÁÎ — 48,4 ìã
Î/äì3). Ó äðóãîìó, òðåòüîìó ³ ÷åòâåðòîìó ñòàâêàõ ñåðåäíÿ êîíöåíòðàö³ÿ
íàôòîïðîäóêò³â ñòàíîâèëà 0,061 ìã/äì3, ÑÏÀÐ — 0,085 ìã/äì3, Cu —
43,6 ìêã/äì3, Zn — 53,3 ìêã/äì3 ³ Fe — 55,3 ìêã/äì3 — òîáòî áóëà íèæ÷îþ
ïîð³âíÿíî ç ïåðøèì ñòàâêîì [5]. Ùî æ ñòîñóºòüñÿ ñïîëóê íåîðãàí³÷íîãî
ôîñôîðó (0,160 ìã/äì3), õëîðèä³â (167,7 ìã/äì3) òà ñóëüôàò³â (59,7 ìã/äì3),
òî ¿õíÿ ñåðåäíÿ êîíöåíòðàö³ÿ ó âîä³ ñòàâê³â ¹ 2, 3 ³ 4 íàâïàêè áóëà çíà÷íî
âèùîþ, í³æ ó ñòàâêó ¹ 1.

Ñòðóêòóðà óãðóïîâàíü. Âèäîâå áàãàòñòâî óãðóïîâàíü âîäîðîñòåé, ÿê³
â³äíîñÿòüñÿ äî äàíî¿ àñîö³àö³¿, âèùå. Çíàéäåíî 72 âèäè âîäîðîñòåé, ïðåä-
ñòàâëåíèõ 74 âíóòð³øíüîâèäîâèìè òàêñîíàìè (âêëþ÷àþ÷è ò³, ùî ì³ñòÿòü
íîìåíêëàòóðíèé òèï âèäó) ç ï’ÿòè â³ää³ë³â. Íàéá³ëüø ð³çíîìàí³òí³ Bacil-
lariophyta — 41 âèä³â (56,9 % çàãàëüíî¿ ê³ëüêîñò³ âèä³â) ³ Chlorophyta — 22
âèäè (30,5 %). Âíåñîê Euglenophyta (4 âèäè), Charophyta (3 âèäè) òà Cya-
noprokaryota (2 âèäè) áóâ çíà÷íî íèæ÷èì ³ â ñóì³ ñòàíîâèâ 12,6 %. Ñåðåä-
íÿ ê³ëüê³ñòü âèä³â â îêðåìèõ óãðóïîâàííÿõ íåâèñîêà — 22.
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Ê³ëüê³ñí³ ïîêàçíèêè ðîçâèòêó
åï³ô³òíèõ âîäîðîñòåé äàíî¿ àñî-
ö³àö³¿ íà ïîâ³òðÿíî-âîäíèõ ðîñëè-
íàõ Ãîð³õîâàòñüêèõ ñòàâê³â ¹ 2, 3.
³ 4 âèù³ ïîð³âíÿíî ³ç ïåðøèì ñòàâ-
êîì: ñåðåäí³ çíà÷åííÿ ÷èñåëüíîñò³
³ á³îìàñè ñòàíîâèëè â³äïîâ³äíî
0,889 ìëí. êë/ã ³ 1,29 ìã/ã ïîâ³òðÿ-
íî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó.
Çà ÷èñåëüí³ñòþ íàé÷àñò³øå ïåðå-
âàæàëè ä³àòîìîâ³ âîäîðîñò³, ¿õí³é
âíåñîê ó çàãàëüíó ÷èñåëüí³ñòü ô³-
òîåï³ô³òîíó â ñåðåäíüîìó ñòàíî-
âèâ 89,3 %. Çåëåí³ âîäîðîñò³ äî-
ì³íóâàëè ëèøå çð³äêà, ¿õíÿ ÷àñòêà
â çàãàëüí³é ÷èñåëüíîñò³ â ñåðåäíü-
îìó ñòàíîâèëà 73,2 %. Çà á³îìàñîþ
ïåðåâàæàëè ä³àòîìîâ³ âîäîðîñò³
(95,8 %).

Äî ñêëàäó äîì³íàíò³â âõîäèëè
Cocconeis placentula Ehrenb. ³ Melo-
sira varians C. Agardh.

Åêîëîã³÷í³ õàðàêòåðèñòèêè
ä³àãíîñòè÷íèõ òàêñîí³â. Óñ³ ä³àã-
íîñòè÷í³ âèäè äàíî¿ àñîö³àö³¿ º ³í-
äèêàòîðàìè óìîâ íàâêîëèøíüîãî
ñåðåäîâèùà (äèâ. òàáë. 4). Çà ïðèó-
ðî÷åí³ñòþ äî ì³ñöåçðîñòàííÿ âî-
íè íàëåæàòü ÿê äî áåíòîñíèõ
(60 %), òàê ³ äî ïëàíêòîííî-áåí-
òîñíèõ îðãàí³çì³â (40 %). Ö³ âèäè
òàêîæ º ³íäèêàòîðàìè çàáðóäíåí-
íÿ âîäè îðãàí³÷íèìè ðå÷îâèíàìè.
Òàê, Cocconeis placentula ³ Synedra
acus K�tz. íàëåæàòü äî β-ìåçîñàï-

ðîá³îíò³â, à Navicula viridula
(K�tz.) Ehrenb., Closterium lieblenii
(K�tz.) ex Ralfs ³ Melosira varians —
äî α-ìåçîñàïðîá³îíò³â. Ïî â³äíî-
øåííþ äî pH á³ëüø³ñòü ä³àãíî-
ñòè÷íèõ âèä³â äàíî¿ àñîö³àö³¿ º àë-
êàë³ô³ëàìè. Synedra acus íàëåæèòü
äî àëêàë³á³îíò³â, à Closterium lieb-
lenii — ³íäèôåðåíòíèé îðãàí³çì.
Ñåðåä ³íäèêàòîð³â ñîëîíîñò³ âîäè
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çíàéäåí³ ÿê ãàëîô³ëè (67 %), òàê ³ ³íäèôåðåíòí³ îðãàí³çìè (33 %). Ñåðåä
ïîêàçíèê³â òðîô³÷íîãî ð³âíÿ âîäîéì çíàéäåí³ ëèøå ïðåäñòàâíèêè åâò-
ðîôíèõ âîä. Ïî â³äíîøåííþ äî òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ
îðãàí³÷íèõ ñïîëóê ó âîä³ Cocconeis placentula ³ Navicula viridula íàëåæàòü
äî àâòîòðîô³â, ÿê³ âèòðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îð-
ãàí³÷íèõ ñïîëóê ó âîä³, a Melosira varians íàëåæèòü äî ôàêóëüòàòèâíî ãå-
òåðîòðîôíèõ îðãàí³çì³â, ÿêèì íåîáõ³äíå ïåð³îäè÷íå ï³äâèùåííÿ êîí-
öåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê ó âîä³.

Ä³àãíîñòè÷í³ òàêñîíè: Cocconeis placentula, Navicula viridula, Melosira
varians, Closterium lieblenii, Synedra acus.

Íîìåíêëàòóðíèé òèï: îïèñ 20, òàáë. 5, Ãîð³õîâàòñüêèé ñòàâîê ¹ 2, â
îáðîñòàíí³ Typha angustifolia.

Îáãîâîðåííÿ ðåçóëüòàò³â äîñë³äæåíü

Â ðåçóëüòàò³ ïðîâåäåíîãî ïîð³âíÿëüíîãî àíàë³çó âñòàíîâëåíî, ùî
ïåðøà âîäîéìà ó êàñêàä³ Ãîð³õîâàòñüêèõ ñòàâê³â õàðàêòåðèçóâàëàñü çíà÷-
íî âèùèì ñòóïåíåì êîìïëåêñíîãî àíòðîïîãåííîãî çàáðóäíåííÿ (íåîð-
ãàí³÷íèìè ñïîëóêàìè àçîòó òà îðãàí³÷íèìè ðå÷îâèíàìè) ïîð³âíÿíî ç
³íøèìè ñòàâêàìè êàñêàäó. Òàê, êîíöåíòðàö³ÿ àìîí³éíîãî àçîòó ó ïåðøî-
ìó ñòàâêó â ñåðåäíüîìó áóëà âèùîþ ó 2,6 ðàçà, í³òðèò³â — ó 2,4, í³òðàò³â —
ó 2,3, à çàãàëüíîãî íåîðãàí³÷íîãî àçîòó — ó 2,5 ðàçà. Êîíöåíòðàö³ÿ îð-
ãàí³÷íèõ ðå÷îâèí òàêîæ áóëà âèùîþ: çíà÷åííÿ ÏÎ â ñåðåäíüîìó áóëè âè-
ùèìè ó 1,2 ðàçà ³ çíà÷åííÿ ÁÎ — ó 1,2 ðàçà (äèâ. òàáë. 1).

Ñóäÿ÷è ç ë³òåðàòóðíèõ äàíèõ [5], ó ö³é âîäîéì³ çàðåºñòðîâàíà ³ íàéâè-
ùà äëÿ êàñêàäó êîíöåíòðàö³ÿ íàôòîïðîäóêò³â, àí³îííèõ ñèíòåòè÷íèõ ïî-
âåðõíåâî-àêòèâíèõ ðå÷îâèí òà äåÿêèõ âàæêèõ ìåòàë³â. Ó ïåðøîìó ñòàâêó
êîíöåíòðàö³ÿ íàôòîïðîäóêò³â â ñåðåäíüîìó ñòàíîâèëà 0,124 ìã/äì3. Ó
ðåøò³ âîäîéì Ãîð³õîâàòñüêîãî êàñêàäó ð³âåíü íàôòîâîãî çàáðóäíåííÿ áóâ
âäâ³÷³ ìåíøèì ³ çíàõîäèâñÿ ó ìåæàõ 0,058—0,064 ìã/äì3. Ìàêñèìàëüíó
êîíöåíòðàö³þ ÑÏÀÐ (0,121 ìã/äì3) òàêîæ çàðåºñòðîâàíî ó ñòàâêó ¹ 1. Ó
íèæ÷å ðîçòàøîâàíèõ ñòàâêàõ ¿õíÿ êîíöåíòðàö³ÿ áóëà â 1,4 ðàçà íèæ÷îþ.
Ó ïåðøîìó ñòàâêó çàðåºñòðîâàíî ³ íàéâèùó êîíöåíòðàö³þ òàêèõ âàæêèõ
ìåòàë³â ÿê ì³äü (65,1 ìêã/äì3), öèíê (73,0 ìêã/äì3) ³ çàë³çî (91,0 ìêã/äì3). Ó
ñòàâêàõ ¹ 2, 3 ³ 4 êîíöåíòðàö³ÿ ì³ä³ áóëà íèæ÷îþ ó 1,5 ðàçà, öèíêó — ó
1,4 ðàçà ³ çàë³çà — ó 1,6 ðàçà.

Àâòîðè [5] íàãîëîøóþòü íà äîñèòü íåòèïîâîìó õàðàêòåð³ ðîçïîä³ëó
çàáðóäíåííÿ êàñêàäó Ãîð³õîâàòñüêèõ ñòàâê³â, îñê³ëüêè éîãî íàéâèùà êîí-
öåíòðàö³ÿ áóëà âèÿâëåíà ó âîäîéì³, ðîçòàøîâàí³é íàéâèùå çà òå÷³ºþ, ó
ãëèáèí³ ë³ñîïàðêó, äå â³äñóòí³ ÿâí³ ïîòåíö³éí³ äæåðåëà íàäõîäæåííÿ çà-
áðóäíþþ÷èõ ðå÷îâèí. Òàêèé ðîçïîä³ë çàáðóäíåííÿ ó ñòàâêàõ öüîãî êàñ-
êàäó ïîÿñíþþòü íàÿâí³ñòþ àíòðîïîãåííèõ äæåðåë íàäõîäæåííÿ ïîëþ-
òàíò³â ó âåðõ³â’¿ ð³÷êè Ãîð³õîâàòêè. Â³äîìî, ùî ó ì³ñö³ âèòîêó äî íå¿ ïî-
òðàïëÿþòü âîäè ç êîëåêòîðó çëèâîâî¿ êàíàë³çàö³¿, ÿêèé ïî÷èíàºòüñÿ á³ëÿ
Âèñòàâêîâîãî öåíòðó [3], ùî, éìîâ³ðíî, çóìîâëþº ¿õ âèñîêó êîíöåíò-
ðàö³þ ó âåðõ³â’¿ êàñêàäó ç ïîäàëüøèì çíèæåííÿì ó ðåøò³ Ãîð³õîâàòñüêèõ
ñòàâê³â. Ñë³ä òàêîæ çàçíà÷èòè, ùî çàáðóäíþþ÷³ ðå÷îâèíè íàäõîäÿòü ó
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ñòàâîê ¹ 1 ïîñò³éíî (íåçàëåæíî â³ä íàÿâíîñò³ îïàä³â), ïðî ùî ñâ³ä÷àòü
ïðîâåäåí³ íàìè äîñë³äæåííÿ.

Â òîé æå ÷àñ ñåðåäíÿ êîíöåíòðàö³ÿ íåîðãàí³÷íîãî ôîñôîðó
(0,160 ìã/äì3), õëîðèä³â (167,7 ìã/äì3) ³ ñóëüôàò³â (59,7 ìã/äì3) áóëà ïî-
ì³òíî âèùîþ ó ñòàâêàõ ¹ 2, 3 ³ 4. Ïðè öüîìó ñåðåäíÿ êîíöåíòðàö³ÿ íåîð-
ãàí³÷íîãî ôîñôîðó áóëà ó 3,3 ðàçà, õëîðèä³â — ó 1,6 ðàçà ³ ñóëüôàò³â — ó 1,7
ðàçà âèùîþ ïîð³âíÿíî ³ç ñòàâêîì 1. Öåé ôàêò ñâ³ä÷èòü ïðî íàÿâí³ñòü
³íøèõ äæåðåë çàáðóäíåííÿ, ðîçòàøîâàíèõ ó ñàì³é ïàðêîâ³é çîí³.

Â³äïîâ³äíî ³ òèïè óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó (ñèíòàêñîíè),
âèä³ëåí³ ó âîäîéìàõ ³ç ð³çíèì ñòóïåíåì çàáðóäíåííÿ, çíà÷íî â³äð³çíÿëèñÿ
ì³æ ñîáîþ çà ñêëàäîì òà åêîëîã³÷íèìè õàðàêòåðèñòèêàìè ä³àãíîñòè÷íèõ
òàêñîí³â (äèâ. òàáë. 2, 3, 4, 5). Õàðàêòåðíîþ îñîáëèâ³ñòþ àñîö³àö³¿ Gom-
phonemo parvuli-Naviculetum capitatoradiatae, îïèñàíî¿ ó ïåðø³é âîäîéì³
³ç âèñîêèì ñòóïåíåì çàáðóäíåííÿ, º òå, ùî âîíà ä³àãíîñòóâàëàñÿ âèäàìè
âîäîðîñòåé ñò³éêèìè äî çàáðóäíåííÿ, ùî ï³äòâåðäæóºòüñÿ ¿õí³ìè åêîëî-
ã³÷íèìè õàðàêòåðèñòèêàìè. Òàê, ä³àãíîñòè÷í³ òàêñîíè àñîö³àö³¿ Gompho-
nemo parvuli-Naviculetum capitatoradiatae º ïðåäñòàâíèêàìè åâòðîôíèõ
òà ã³ïåðåâòðîôíèõ âîä. Â³äîìî [15], ùî ñïðèÿòëèâèìè äëÿ ðîçâèòêó Gom-
phonema parvulum ³ Nitzschia palea º äóæå âèñîê³ (s = 5) êîíöåíòðàö³¿
á³îãåííèõ åëåìåíò³â. Ä³àãíîñòè÷í³ òàêñîíè àñîö³àö³¿ â³äíîñÿòüñÿ äî α-ìå-
çîñàïðîá³îíò³â (50 %), α-ìåçî-ρ-ñàïðîá³îíò³â (25 %) òà ρ-ñàïðîá³îíò³â
(25 %), òîáòî äî ïîêàçíèê³â ³íòåíñèâíîãî çàáðóäíåííÿ âîäè îðãàí³÷íèìè
ðå÷îâèíàìè. Ïî â³äíîøåííþ äî òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ
îðãàí³÷íèõ ñïîëóê ó âîä³ ñåðåä ä³àãíîñòè÷íèõ òàêñîí³â çíàéäåí³ àâòîòðî-
ôè, ÿê³ âèòðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ
ñïîëóê (50 %), ôàêóëüòàòèâíî ãåòåðîòðîôí³ îðãàí³çìè, ÿêèì íåîáõ³äíå
ïåð³îäè÷íå ï³äâèùåííÿ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê
(25 %), òà îáë³ãàòí³ ãåòåðîòðîôè, ÿêèì íåîáõ³äí³ ïîñò³éíî ï³äâèùåí³ êîí-
öåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê (25%).

Ñåðåä ä³àãíîñòè÷íèõ òàêñîí³â àñîö³àö³¿ Cocconeo placentulae-Navicu-
letum viridulae ÷àñòêà ïðåäñòàâíèê³â åâòðîôíèõ âîä ñòàíîâèëà 100 %. Ñå-
ðåä íèõ çíàéäåí³ β-ìåçîñàïðîá³îíòè (40 %) — ³íäèêàòîðè ïîì³ðíîãî çà-
áðóäíåííÿ âîäè îðãàí³÷íèìè ðå÷îâèíàìè òàα-ìåçîñàïðîá³îíòè (60 %) —
ïîêàçíèêè ³íòåíñèâíîãî çàáðóäíåííÿ âîäè îðãàí³÷íèìè ðå÷îâèíàìè. Ïî
â³äíîøåííþ äî òèïó æèâëåííÿ òà ê³ëüêîñò³ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïî-
ëóê ó âîä³ íàéá³ëüøîþ ê³ëüê³ñòþ âèä³â ïðåäñòàâëåí³ àâòîòðîôè, ÿê³ âèò-
ðèìóþòü ï³äâèùåí³ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê (67 %).
Çíàéäåí³ òàêîæ ôàêóëüòàòèâíî ãåòåðîòðîôí³ îðãàí³çìè, ÿêèì íåîáõ³äíå
ïåð³îäè÷íå ï³äâèùåííÿ êîíöåíòðàö³¿ àçîòîâì³ñíèõ îðãàí³÷íèõ ñïîëóê
(33 %).

Ñë³ä ï³äêðåñëèòè, ùî ïîä³áíèé äî àñîö³àö³¿ Gomphonemo parvuli-Na-
viculetum capitatoradiatae ñèíòàêñîí — àñîö³àö³þ Gomphonemo parvu-
li-Nitzschietum paleae áóëî îïèñàíî ó ñòàâêó Ðóñàëêà, ðîçòàøîâàíîìó ó
Äåðæàâíîìó äåíäðîëîã³÷íîìó ïàðêó «Îëåêñàíäð³ÿ» (Óêðà¿íà) ç åêñòðå-
ìàëüíî âèñîêèì ñòóïåíåì çàáðóäíåííÿ ñïîëóêàìè íåîðãàí³÷íîãî àçîòó (â
ïåðøó ÷åðãó, àìîí³éíîãî àçîòó). Ñï³ëüíèìè ä³àãíîñòè÷íèìè òàêñîíàìè
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îáîõ ñèíòàêñîí³â áóëè Gomphonema parvulum ³ Nitzschia palea — ñò³éê³ äî
çàáðóäíåííÿ âèäè âîäîðîñòåé [28]. Â òîé æå ÷àñ ä³àãíîñòè÷í³ òàêñîíè
äðóãî¿ àñîö³àö³¿ Cocconeo placentulae-Naviculetum viridulae ÷àñòî çóñò-
ð³÷àþòüñÿ â åï³ô³òîí³ âîäîñõîâèù Äí³ïðà ³ îçåð Êèºâà [25—27], òîä³ ÿê
ä³àãíîñòè÷í³ òàêñîíè ïåðøî¿ àñîö³àö³¿ Gomphonemo parvuli-Naviculetum
capitatoradiatae íåòèïîâ³ äëÿ åï³ô³òîíó öèõ âîäîéì.

Î÷åâèäíî ï³äâèùåí³ êîíöåíòðàö³¿ íàôòîïðîäóêò³â, ÑÏÀÐ ³ òàêèõ
âàæêèõ ìåòàë³â ÿê ì³äü, öèíê ³ çàë³çî ó ïåðø³é âîäîéì³ ó êàñêàä³ Ãîð³õî-
âàòñüêèõ ñòàâê³â, ÿê³ ñòàíîâëÿòü ïîòåíö³éíó çàãðîçó äëÿ íîðìàëüíî¿ æèò-
òºä³ÿëüíîñò³ ã³äðîá³îíò³â, çîêðåìà ³ âîäíèõ ðîñëèí [5], ïðèçâåëî äî çà-
ì³ùåííÿ ÷óòëèâèõ äî çàáðóäíåííÿ âèä³â âîäîðîñòåé á³ëüø ñò³éêèìè.

Ïîçèòèâíó äîñòîâ³ðíó çàëåæí³ñòü âñòàíîâëåíî ì³æ ÷àñòîòîþ òðàï-
ëÿííÿ ä³àãíîñòè÷íèõ òàêñîí³â ïåðøî¿ àñîö³àö³¿ Gomphonemo parvuli-Na-
viculetum capitatoradiatae òà çàãàëüíîþ êîíöåíòðàö³ºþ íåîðãàí³÷íèõ ñïî-
ëóê àçîòó, íàôòîïðîäóêò³â ³ ÑÏÀÐ (çíà÷åííÿ êîåô³ö³ºíòà êîðåëÿö³¿ ñòà-
íîâèëè â³äïîâ³äíî 0,75—0,85, 0,67—0,71 ³ 0,54—0,59 ïðè n = 12, p � 0,05) ³
íåãàòèâíó äîñòîâ³ðíó çàëåæí³ñòü — ì³æ ÷àñòîòîþ òðàïëÿííÿ ä³àãíîñòè÷-
íèõ òàêñîí³â äðóãî¿ àñîö³àö³¿ Cocconeo placentulae-Naviculetum viridulae
òà âèùå çãàäàíèìè ã³äðîõ³ì³÷íèìè ïîêàçíèêàìè (çíà÷åííÿ êîåô³ö³ºíòà
êîðåëÿö³¿ äîð³âíþâàëè â³äïîâ³äíî -0,77— -0,83, -0,66— -0,75 ³ -0,51—
-0,59 ïðè n = 12, p� 0,05). Ïîì³ðíó ïîçèòèâíó êîðåëÿö³þ âñòàíîâëåíî ì³æ
÷àñòîòîþ òðàïëÿííÿ ä³àãíîñòè÷íèõ òàêñîí³â ïåðøî¿ àñîö³àö³¿ òà êîíöåíò-
ðàö³ºþ íåòîêñè÷íèõ îðãàí³÷íèõ ðå÷îâèí (çíà÷åííÿ êîåô³ö³ºíòà êîðå-
ëÿö³¿ ñòàíîâèëè 0,34—0,39 ïðè n = 12, p � 0,05) ³ ïîì³ðíó íåãàòèâíó êîðå-
ëÿö³þ ì³æ öèì ïîêàçíèêîì ³ ÷àñòîòîþ òðàïëÿííÿ ä³àãíîñòè÷íèõ òàêñîí³â
äðóãî¿ àñîö³àö³¿ (çíà÷åííÿ êîåô³ö³ºíòà êîðåëÿö³¿ ñòàíîâèëè -0,30— -0,42
ïðè n = 12, p � 0,05).

Âèä³ëåí³ àñîö³àö³¿ â³äð³çíÿëèñÿ çà âèäîâèì áàãàòñòâîì âîäîðîñòåé
åï³ô³òîíó. Òàê, ïåðøà àñîö³àö³ÿ íàë³÷óâàëà 48 âèä³â, à äðóãà ó ï³âòîðà ðàçè
á³ëüøå — 72. Ñåðåäíÿ ê³ëüê³ñòü âèä³â â îêðåìèõ óãðóïîâàííÿõ ïåðøî¿
àñîö³àö³¿ ñòàíîâèëà 19, à â óãðóïîâàííÿõ äðóãî¿ àñîö³àö³¿ — 22. Çàðåºñòðî-
âàíî â³äì³ííîñò³ ³ ó âèäîâîìó ñêëàä³ åï³ô³òîíó — êîåô³ö³ºíò ôëîðèñòè÷-
íî¿ ïîä³áíîñò³ Ñåðåíñåíà ñòàíîâèâ 56%. Á³ëüø ïîä³áíèì áóâ âèäîâèé
ñêëàä ä³àòîìîâèõ (59%) ³ ìåíø ïîä³áíèì — çåëåíèõ âîäîðîñòåé (57%).

Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ùî ðîçâèâàëèñÿ ó âîäîéìàõ ³ç
ð³çíèì ñòóïåíåì çàáðóäíåííÿ, â³äð³çíÿëèñÿ ³ çà ê³ëüê³ñíèìè ïîêàçíèêà-
ìè ðîçâèòêó âîäîðîñòåé. Ó ñèëüíî çàáðóäíåíîìó ïåðøîìó ñòàâêó ñåðåäí³
çíà÷åííÿ ÷èñåëüíîñò³ òà á³îìàñè åï³ô³òîíó ñòàíîâèëè â³äïîâ³äíî 0,573
ìëí. êë/ã ³ 0,67 ìã/ã, à ó ïîì³ðíî çàáðóäíåíèõ âîäîéìàõ (ñòàâêàõ ¹ 2, 3 ³ 4)
— 0,889 ìëí. êë/ã ³ 1,29 ìã/ã ïîâ³òðÿíî-ñóõî¿ ìàñè ðîñëèíè-ñóáñòðàòó.

Äî ñêëàäó äîì³íóþ÷îãî êîìïëåêñó âèä³ëåíèõ àñîö³àö³é âõîäèëè ð³çí³
âèäè âîäîðîñòåé. Ó ïåðøîìó á³ëüø çàáðóäíåíîìó ñòàâêó äîì³íóâàëè
Gomphonema parvulum, Craticula cuspidata ³ Nitzschia palea, à ó ìåíø çà-
áðóäíåíèõ ñòàâêàõ ¹ 2, 3 ³ 4 — Cocconeis placentula ³ Melosira varians. Çì³íè
â ñêëàä³ äîì³íóþ÷îãî êîìïëåêñó åï³ô³òîíó ÿê â³äïîâ³äü íà çàáðóäíåííÿ
ñïîñòåð³ãàëè ³ â ìàëèõ ð³÷êàõ óðáàí³çîâàíèõ òåðèòîð³é [6], à òàêîæ â îçåð³,
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ùî çàçíàëî çàáðóäíåííÿ íàôòîþ [11]. Ïðè öüîìó íà çàáðóäíåíèõ ä³ëÿí-
êàõ óñ³õ äîñë³äæåíèõ âîäíèõ îá’ºêò³â äî ñêëàäó äîì³íàíò³â âõîäèëè âèäè
ðîä³â Nitzschia ³ Gomphonema. Çì³íè ó âèäîâîìó ñêëàä³ ä³àòîìîâèõ âîäî-
ðîñòåé, âêëþ÷íî ç äîì³íóþ÷èìè âèäàìè ðîäó Nitzschia, áóëè çàðåºñòðî-
âàí³ ÿê â³äïîâ³äü ³ íà çá³ëüøåííÿ ñîëîíîñò³ âîäè [14]. Ïðèñóòí³ñòü âèä³â
ðîäó Nitzschia ó ñèëüíî çàáðóäíåíèõ ñòàâêàõ ïîÿñíþºòüñÿ òèì, ùî áàãàòî
âèä³â öüîãî ðîäó òÿæ³þòü äî ñîëîíóâàòîâîäíèõ òà/àáî çàáðóäíåíèõ îð-
ãàí³÷íèìè ðå÷îâèíàìè âîäîéì ³ç âèñîêîþ êîíöåíòðàö³ºþ á³îãåííèõ åëå-
ìåíò³â [33].

Âèñíîâêè

Â ðåçóëüòàò³ ïðîâåäåíîãî ïîð³âíÿëüíîãî àíàë³çó âñòàíîâëåíî, ùî
ïåðøà âîäîéìà ó êàñêàä³ Ãîð³õîâàòñüêèõ ñòàâê³â õàðàêòåðèçóâàëàñü çíà÷-
íî âèùèì ñòóïåíåì êîìïëåêñíîãî àíòðîïîãåííîãî çàáðóäíåííÿ (íåîð-
ãàí³÷íèìè ñïîëóêàìè àçîòó òà îðãàí³÷íèìè ðå÷îâèíàìè) ïîð³âíÿíî ç
³íøèìè ñòàâêàìè êàñêàäó. Â ö³é âîäîéì³ çàðåºñòðîâàíà ³ íàéâèùà äëÿ êà-
ñêàäó êîíöåíòðàö³ÿ íàôòîïðîäóêò³â, àí³îííèõ ñèíòåòè÷íèõ ïîâåðõíå-
âî-àêòèâíèõ ðå÷îâèí òà äåÿêèõ âàæêèõ ìåòàë³â. Çíà÷íî â³äð³çíÿëèñü ì³æ
ñîáîþ ³ òèïè óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó (ñèíòàêñîíè), âèä³ëåí³ ó
âîäîéìàõ ³ç ð³çíèì ñòóïåíåì çàáðóäíåííÿ. Óãðóïîâàííÿ âîäîðîñòåé åï³-
ô³òîíó, çíàéäåí³ ó ïåðøîìó ñòàâêó, íàëåæàòü äî àñîö³àö³¿ Gomphonemo
parvuli-Naviculetum capitatoradiatae, à óãðóïîâàííÿ ô³òîåï³ô³òîíó, çà-
ðåºñòðîâàí³ ó òðüîõ ³íøèõ ñòàâêàõ — äî àñîö³àö³¿ Cocconeo placentu-
lae-Naviculetum viridulae.

Ñèíòàêñîíîì³ÿ óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó, âèä³ëåíèõ ó Ãî-
ð³õîâàòñüêèõ ñòàâêàõ ÍÏÏ «Ãîëîñ³¿âñüêèé», ìàº íàñòóïíèé âèãëÿä:

Ñîþç Cymbello tumidae-Cymbellion cistulae all. nova
Àñ. Gomphonemo parvuli-Naviculetum capitatoradiatae as. nova
Àñ. Cocconeo placentulae-Naviculetum viridulae as. nova
Óãðóïîâàííÿ âîäîðîñòåé åï³ô³òîíó, ùî íàëåæàòü äî âèä³ëåíèõ àñî-

ö³àö³é, çíàéäåí³ ó âîäîéìàõ ç ð³çíèì ñòóïåíåì çàáðóäíåííÿ, â³äð³çíÿëèñü
ì³æ ñîáîþ çà ñêëàäîì òà åêîëîã³÷íèìè õàðàêòåðèñòèêàìè ä³àãíîñòè÷íèõ
òàêñîí³â. Õàðàêòåðíîþ îñîáëèâ³ñòþ àñîö³àö³¿, çàðåºñòðîâàíî¿ ó ñòàâêó ç
âèñîêèì ñòóïåíåì çàáðóäíåííÿ, º òå, ùî âîíà ä³àãíîñòóâàëàñÿ âèäàìè
ñò³éêèìè äî çàáðóäíåííÿ, ùî ï³äòâåðäæóºòüñÿ ¿õí³ìè åêîëîã³÷íèìè õà-
ðàêòåðèñòèêàìè. Âèä³ëåí³ àñîö³àö³¿ â³äð³çíÿëèñü çà âèäîâèì áàãàòñòâîì
âîäîðîñòåé åï³ô³òîíó, ñåðåäíüîþ ê³ëüê³ñòþ âèä³â â îêðåìèõ óãðóïîâàí-
íÿõ òà ê³ëüê³ñíèìè ïîêàçíèêàìè ðîçâèòêó âîäîðîñòåé.

Î÷åâèäíî íàÿâí³ñòü ï³äâèùåíèõ êîíöåíòðàö³é íàôòîïðîäóêò³â,
ÑÏÀÐ ³ òàêèõ âàæêèõ ìåòàë³â ÿê ì³äü, öèíê ³ çàë³çî ó ïåðøîìó ñòàâêó ó êà-
ñêàä³ Ãîð³õîâàòñüêèõ ñòàâê³â, ÿê³ ñòàíîâëÿòü ïîòåíö³éíó çàãðîçó äëÿ íîð-
ìàëüíî¿ æèòòºä³ÿëüíîñò³ ã³äðîá³îíò³â ³ ìîæóòü áóòè òîêñè÷íèìè äëÿ âî-
äíèõ îðãàí³çì³â, ³ ïðèçâåëî äî çàì³ùåííÿ ÷óòëèâèõ äî çàáðóäíåííÿ âèä³â
âîäîðîñòåé á³ëüø ñò³éêèìè.

Âñòàíîâëåíî, ùî äîâãîòðèâàëå çàáðóäíåííÿ âîäîéì ïðèçâîäèòü äî
ñóòòºâî¿ òðàíñôîðìàö³¿ ñòðóêòóðè óãðóïîâàíü âîäîðîñòåé åï³ô³òîíó, ÿê³
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ðîçâèâàþòüñÿ íà âèùèõ âîäíèõ ðîñëèíàõ, â ðåçóëüòàò³ ÿêîãî ÷óòëèâ³ äî
çàáðóäíåííÿ âèäè, çàì³ùóþòüñÿ á³ëüø ñò³éêèìè îðãàí³çìàìè. Ôîðìóâàí-
íÿ óãðóïîâàíü ô³òîåï³ô³òîíó, â ÿêèõ ç âèñîêîþ ÷àñòîòîþ çóñòð³÷àþòüñÿ

òàê³ âèäè ÿê Gomphonema parvulum ³ Nitzschia palea (íåòèïîâ³ äëÿ åï³ô³òî-
íó ³ ñò³éê³ äî çàáðóäíåííÿ), ³ çíà÷íå çíèæåííÿ ÷àñòîòè òðàïëÿííÿ íàé-

á³ëüø ðîçïîâñþäæåíèõ âèä³â òàêèõ ÿê Cocconeis placentula (÷àñòî çóñò-
ð³÷àþòüñÿ ³ äîì³íóþòü â åï³ô³òîí³ çâè÷àéíèõ âîäîéì ³ ÷óòëèâ³ äî çàáðóä-
íåííÿ) ìîæå ñâ³ä÷èòè ïðî äîâãîòðèâàëå (õðîí³÷íå) çàáðóäíåííÿ âîäîéì.
Îòðèìàí³ ðåçóëüòàòè ìîæóòü áóòè âèêîðèñòàí³ äëÿ ñèíá³î³íäèêàö³¿ ñòàíó
âîäîéì ç ð³çíèì ñòóïåíåì çàáðóäíåííÿ òà ïðè ïðîâåäåíí³ åêîëîã³÷íîãî
ìîí³òîðèíãó.
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EPIPHYTON ALGAE COMMUNITIES UNDER CONDITIONS OF COMPLEX
ANTHROPOGENIC POLLUTION OF WATER BODIES

The structure of the communities of epiphyton algae was studied in the Gorikhovatka
ponds of the «Golosiyivsky» National Nature Park differing in the level of anthropogenic
contamination. As a result of the analysis of original and literature data it has been found
that the first water body in the cascade of the Gorikhovatka ponds was characterized by es-
sentially higher level of complex anthropogenic contamination by inorganic compounds
of nitrogen, organic matter, petroleum products, anionic synthetic surfactants, and some
heavy metals compared to other ponds of the cascade. The types of algal communities (syn-
taxa) described in water bodies differing in the level of contamination also significantly dif-
fered. The algal communities found in the first pond belong to the association Gomphone-
mo parvuli-Naviculetum capitatoradiatae, while phytoepiphyton communities registered
in three other ponds — to the association Cocconeo placentulae-Naviculetum viridulae. It
has been found that long-term contamination of water bodies results in significant trans-
formations of the structure of epiphyton algae communities occurring on higher aquatic
plants. As a consequence, algal species sensitive to contamination gave way to more resis-
tant organisms. The formation of algal communites, in which Gomphonema parvulum
Kütz. and Nitzschia palea (Kütz.) W. Sm. (atypical to epiphyton and resistant to contami-
nation) frequently occur, and a decrease of the frequency of occurrence of the most distri-
buted species such as Cocconeis placentula Ehrenb., which frequently occurs an dominates
in many water bodies with a low level of contamination and sensitive to pollution, can be
indicative of long-term (chronic) contamination of water bodies. The obtained results can
be used for synbioindication of the state of water bodies differing in the level of contamina-
tion, and also in performing ecological monitoring.

Keywords: epiphyton algae, communities, the Braun-Blanquet method, chemical com-
position of the water, complex anthropogenic contamination, Gorikhovatka ponds, the «Go-
losiyivsky» National Nature Park.
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ÑÒÀÍ ÐÅÑÓÐÑÓ ØÏÐÎÒÀ SPRATTUS SPRATTUS
(LINNAEUS, 1758) Â ÓÊÐÀ¯ÍÑÜÊÈÕ ÂÎÄÀÕ Ó

Ï²ÂÍ²×ÍÎ-ÇÀÕ²ÄÍ²É ×ÀÑÒÈÍ² ×ÎÐÍÎÃÎ ÌÎÐß

Íà îñíîâ³ ìàòåð³àëó, ç³áðàíîãî âïðîäîâæ 2007—2021 ðð. íà ïðîìèñëîâèõ ñóäíàõ,
îòðèìàíî äàí³ ùîäî ðîçì³ðíî-ìàñîâîãî, â³êîâîãî òà ñòàòåâîãî ñêëàäó øïðîòà
Sprattus sprattus ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ. Âñüîãî áóëî ïðîàíàë³çîâà-
íî 27 951 îñîáèíó. Âñòàíîâëåíî, ùî çà îñòàíí³ 50 ðîê³â ïîïóëÿö³ÿ øïðîòà çàçíàëà
³ñòîòíèõ ñòðóêòóðíèõ çì³í. Ïîð³âíÿíî ç 70—80-ìè ðîêàìè ìèíóëîãî ñòîë³òòÿ â
ïîïóëÿö³¿ ñêîðîòèëàñü ÷àñòêà âåëèêèõ ðèá. Ñåðåäí³é ðîçì³ð îäí³º¿ îñîáèíè â óëîâàõ
ð³çíîãëèáèííèõ òðàë³â çìåíøèâñÿ íà 15—20 %. Ïîð³âíÿíî ç 1975 ð. àñèìïòîòè÷íà
äîâæèíà øïðîòà, ðîçðàõîâàíà çà ð³âíÿííÿì Áåðòàëàíô³, ñêîðîòèëàñü ç 13,92 äî
11,19 ñì. Òàêîæ ñïîñòåð³ãàºòüñÿ çíèæåííÿ ìàñîâèõ õàðàêòåðèñòèê öüîãî âèäó. Çíè-
æåííÿ òåìïó ðîñòó øïðîòà âèíèêëî ÷åðåç õàð÷îâó êîíêóðåíö³þ ç ðåáðîïëàâîì ìíå-
ì³îïñèñîì Mnemiopsis leidyi. Ðîçðàõîâàí³ çà äîïîìîãîþ ìîäåë³ LBB ñï³ââ³äíîøåííÿ
êîåô³ö³ºíò³â ïðèðîäíî¿ òà ïðîìèñëîâî¿ ñìåðòíîñò³ (F/M), à òàêîæ âåëè÷èí á³îìàñè
íà ðåàëüíîìó ð³âí³ òà ð³âí³ ìàêñèìàëüíî¿ ñò³éêî¿ åêñïëóàòàö³¿ (B/BMSY) â³äïîâ³äíî
ñêëàëè0,63 òà 1,6. Ñï³ââ³äíîøåííÿ ïîòî÷íî¿ á³îìàñè äî á³îìàñè, ÿêî¿ ïîïóëÿö³ÿ ìîæå
äîñÿãíóòè â ö³é ÷àñòèí³ áàñåéíó çà â³äñóòíîñò³ ïðîìèñëó (B/B0), ñêëàëî 0,58. Öå
ñâ³ä÷èòü ïðî òå, ùî çàïàñ øïðîòà åêñïëóàòóºòüñÿ íà ð³âí³ íèæ÷å îïòèìàëüíîãî ³
ñó÷àñíèé ïðîìèñåë íå ïðèçâîäèòü äî ñêîðî÷åííÿ ÷èñåëüíîñò³ éîãî ïîïóëÿö³¿. Ïðîòå
çà îñòàíí³ äâà äåñÿòèë³òòÿ á³îìàñà ïðîìèñëîâèõ ñêóï÷åíü ³ óëîâè â öüîìó ðàéîí³
ìîðÿ ñêîðîòèëèñÿ â äåñÿòêè ðàç³â. Äåïðåñ³ÿ ñèðîâèííî¿ áàçè ïðîìèñëó ñïðè÷èíèëà
çìåíøåííÿ ê³ëüêîñò³ ñòàâíèõ íåâîä³â òà ñóäåí äëÿ òðàëîâîãî ëîâó, ÿê³ âèêîðèñòîâó-
þòüñÿ ðèáîäîáóâíèìè ï³äïðèºìñòâàìè. Íåáëàãîïîëó÷íèé ñòàí øïðîòà, ÿêèé ñïîñ-
òåð³ãàºòüñÿ â îñòàíí³ ðîêè â óêðà¿íñüêèõ âîäàõ, ïîâ’ÿçàíèé ç ïîã³ðøåííÿì åêî-

Ö è ò ó â à í í ÿ: Ãóëàê Á.Ñ., Ëåîí÷èê ª.Þ., ×àùèí Î.Ê. Ñòàí ðåñóðñó øïðîòà Sprattus
sprattus (Linnaeus, 1758) â óêðà¿íñüêèõ âîäàõ ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî
ìîðÿ. Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 6. Ñ. 25—47.
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ëîã³÷íî¿ ñèòóàö³¿ â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ â óìîâàõ àíòðîïîãåííîãî âïëèâó.
Îáìåæåííÿ ïðîìèñëîâîãî âèëîâó øïðîòà íå ïîêðàùèòü ñòàí éîãî ïîïóëÿö³¿.

Êëþ÷îâ³ ñëîâà: øïðîò, ñòàí çàïàñó, â³êîâà ñòðóêòóðà, ï³âí³÷íî-çàõ³äíà ÷àñòè-
íà ×îðíîãî ìîðÿ.

Øïðîò Sprattus sprattus (Linnaeus, 1758) — øèðîêî ðîçïîâñþäæåíèé
âèä, àðåàë ÿêîãî îõîïëþº âîäè âçäîâæ ñõ³äíîãî óçáåðåææÿ Àòëàíòè÷íîãî
îêåàíó â³ä Ëîôîòåíñüêèõ îñòðîâ³â äî óçáåðåææÿ Ìàðîêêî, à òàêîæ Áàë-
ò³éñüêå, Ï³âí³÷íå, Ñåðåäçåìíå, Åãåéñüêå, Àäð³àòè÷íå, Ìàðìóðîâå òà ×îð-
íå ìîðÿ [13, 15].

Áóäó÷è çà ïîõîäæåííÿì âèäîì àòëàíòè÷íî-áîðåàëüíîãî êîìïëåêñó,
øïðîò º õîëîäîëþáíîþ ðèáîþ. Â³äïîâ³äíî, ³ íåðåñò ó íüîãî â³äáóâàºòüñÿ
â õîëîäíó ïîðó ðîêó — ç ê³íöÿ æîâòíÿ ïî òðàâåíü. Íàéá³ëüø ³íòåíñèâíå
³êðîìåòàííÿ ñïîñòåð³ãàºòüñÿ â ãðóäí³ — ëþòîìó çà òåìïåðàòóðè âîäè
7—10 oÑ. Òàêèé ðîçòÿãíóòèé ó ÷àñ³ íåðåñò øïðîòà º ìåõàí³çìîì ïðèñòîñó-
âàííÿ äî íåñòàá³ëüíèõ óìîâ ³íêóáàö³¿ ³êðè òà ëè÷èíîê â ïåëàã³àë³ ìîðÿ â
çèìîâèé ïåð³îä ³ äîçâîëÿº éîãî ïîïóëÿö³¿ ï³äòðèìóâàòè âåëèêó ÷èñåëü-
í³ñòü [11].

Ó ×îðíîìó ìîð³ øïðîò ìàº øèðîêå ðîçïîâñþäæåííÿ ³ º îäí³ºþ ç íàé-
÷èñåëüí³øèõ ðèá. Öåé âèä º îäíèì ç ãîëîâíèõ ñïîæèâà÷³â ïðîäóêö³¿ çîî-
ïëàíêòîíó â áàñåéí³, ³ âîäíî÷àñ â³í ôîðìóº çíà÷íó êîðìîâó áàçó äëÿ âåëè-
êèõ ïåëàã³÷íèõ õèæàê³â [7, 13, 17]. Øïðîò º âàæëèâèì îá’ºêòîì ðèáàëüñò-
âà â êðà¿íàõ ÷îðíîìîðñüêîãî ðåã³îíó. Çà ð³çíèìè îö³íêàìè, ó ìèíóëîìó
ñòîë³òò³ çàãàëüíèé çàïàñ öüîãî âèäó â ×îðíîìó ìîð³ êîëèâàâñÿ â ìåæàõ
200—1600 òèñ. ò [17, 24]. Ïðè öüîìó, çã³äíî ç ðåçóëüòàòàìè îáë³êîâèõ çéî-
ìîê Ï³âäåíÍ²ÐÎ, çàçâè÷àé äî 70—80 % ðåñóðñó öüîãî îá’ºêòà ðîçïîä³ëÿ-
ëîñÿ â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ [20]. Áåçñóìí³âíî, öüîìó
ñïðèÿº âèñîêà á³îëîã³÷íà ïðîäóêòèâí³ñòü äàíîãî ðàéîíó, ÿêà çóìîâëåíà
íàéá³ëüøèì íàäõîäæåííÿì ïð³ñíîãî ñòîêó â øåëüôîâó çîíó ìîðÿ, äå
ñòâîðþþòüñÿ ñïðèÿòëèâ³ óìîâè äëÿ íàãóëó òà íåðåñòó áàãàòüîõ âèä³â ðèá
[14]. Îäíàê çà îñòàíí³ ï³âñòîë³òòÿ â åêîñèñòåì³ ×îðíîãî ìîðÿ, ³ îñîáëèâî
â éîãî ï³âí³÷íî-çàõ³äí³é ÷àñòèí³, â³äáóëèñü ñóòòºâ³ çì³íè, âèêëèêàí³ àíò-
ðîïîãåííèì âïëèâîì. Çá³ëüøåííÿ ñïîæèâàííÿ ïð³ñíî¿ âîäè íà âîäî-
çá³ðí³é ïëîù³ áàñåéíó, ìàñîâå íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí ³ òîêñè-
êàíò³â ç ïðîìèñëîâèìè òà ñ³ëüñüêîãîñïîäàðñüêèìè ñòîêàìè, à òàêîæ âñå-
ëåííÿ ðÿäó ÷óæîð³äíèõ âèä³â ñïðè÷èíèëè ïîã³ðøåííÿ óìîâ ïðîæèâàííÿ
³ ñêîðî÷åííÿ ÷èñåëüíîñò³ á³ëüøîñò³ ã³äðîá³îíò³â, ñåðåä íèõ ³ ïðîìèñëîâèõ
ðèá [5, 16, 18, 55].

Áàãàòîð³÷íà äèíàì³êà óëîâ³â øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìî-
ðÿ òàêîæ ñâ³ä÷èòü ïðî ñåðéîçíó êðèçó íà ïðîìèñë³ öüîãî âèäó ðèá [34,
52]. Î÷åâèäíî, ùî äëÿ îðãàí³çàö³¿ ïîäàëüøîãî ðàö³îíàëüíîãî âèêîðè-
ñòàííÿ çàïàñó íåîáõ³äíî ç’ÿñóâàòè ïðè÷èíè òàêîãî ïàä³ííÿ âèëîâó ³ âèç-
íà÷èòè ãðàíè÷í³ ïàðàìåòðè äîïóñòèìî¿ åêñïëóàòàö³¿ øïðîòà â íàøèõ âî-
äàõ. Ñë³ä çàçíà÷èòè, ùî äîñë³äíèêè ïðè÷îðíîìîðñüêèõ êðà¿í ³ ì³æíà-
ðîäí³ îðãàí³çàö³¿ (GFCM, STECF) òðàäèö³éíî ïðèä³ëÿþòü âåëèêó óâàãó
âèâ÷åííþ ÷îðíîìîðñüêîãî øïðîòà â ïëàí³ îö³íêè éîãî ïðîìèñëîâîãî ðå-

26

Ãóëàê Á.Ñ., Ëåîí÷èê ª.Þ., ×àùèí Î.Ê.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(6)



ñóðñó òà îòðèìàííÿ äàíèõ äëÿ ðåãóëþâàííÿ ðèáàëüñòâà [30, 33, 36, 43, 45,
49, 52]. Ïðîòå ùîäî ñòàíó öüîãî îá’ºêòà â íàéâàæëèâ³øîìó ðàéîí³ éîãî
ïðîæèâàííÿ ³ ïðîìèñëó, ÿêèì º øåëüôîâà çîíà ï³âí³÷íî-çàõ³äíî¿ ÷àñòè-
íè ×îðíîãî ìîðÿ, â îñòàíí³ äâà äåñÿòèë³òòÿ â³äîìîñò³ íàäõîäèëè â äóæå
îáìåæåíîìó îáñÿç³. Íàñàìïåðåä öå áóëî çóìîâëåíî ïîâíèì ïðèïèíåí-
íÿì ñïåö³àëüíèõ îáë³êîâèõ çéîìîê, ÿê ã³äðîàêóñòè÷íèõ, òàê ³ òðàëîâèõ,
ÿê³ ðàí³øå ïðîâîäèëèñü Ï³âäåíÍ²ÐÎ íà ìîðñüêèõ åêñïåäèö³éíèõ ñóäíàõ.
Ïîÿâà ³ øèðîêå ïîøèðåííÿ ìåòîä³â ìàòåìàòè÷íîãî ìîäåëþâàííÿ ïðî-
ìèñëîâèõ ïîïóëÿö³é äàº çìîãó çíàéòè àëüòåðíàòèâíèé ï³äõ³ä äî îö³íêè
ðåñóðñó. Ïðè öüîìó ö³ëó íèçêó á³îëîãî-ïðîìèñëîâèõ ïîêàçíèê³â øïðîòà
ìîæíà ç³ñòàâèòè ç ìàòåð³àëàìè, îòðèìàíèìè â ðîçãëÿäóâàíîìó ðàéîí³
ìîðÿ ùå ó 50—70-õ ðîêàõ ìèíóëîãî ñòîë³òòÿ, íà ïî÷àòêîâîìó åòàï³ îñ-
âîºííÿ éîãî çàïàñ³â [26, 27]. Òàêèé ï³äõ³ä, ÿê ìè ââàæàºìî, ìîæå äîçâîëè-
òè íå ò³ëüêè îá’ºêòèâíî îö³íèòè ñòàí ïðîìèñëîâî¿ ïîïóëÿö³¿, àëå ³ âèÿâè-
òè îñíîâí³ ïðè÷èíè ñêîðî÷åííÿ óëîâ³â íà óêðà¿íñüêîìó øåëüô³ â ï³â-
í³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ. Òîìó ç ìåòîþ îö³íêè ñó÷àñíîãî ñòà-
íó öüîãî âèäó âîäíèõ á³îðåñóðñ³â áóëî çä³éñíåíî àíàë³ç ðîçì³ðíî-ìàñîâî¿
òà â³êîâî¿ ñòðóêòóðè ïîïóëÿö³¿, âèâ÷åíî äèíàì³êó á³îëîã³÷íèõ õàðàêòåðè-
ñòèê çà îñòàíí³ äåñÿòèë³òòÿ, îö³íåíî òåìïè ðîñòó, ïðèðîäíó ñìåðòí³ñòü ³
ð³âåíü ïðîìèñëîâî¿ åêñïëóàòàö³¿.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ðîáîòè ç âèâ÷åííÿ ñòàíó ðåñóðñó øïðîòà ïðîâîäèëè ç 2007 ïî 2021 ð.
â õîä³ ðåàë³çàö³¿ íàóêîâî-äîñë³äíèöüêèõ ïðîãðàì ÄÏ Îäåñüêèé öåíòð
Ï³âäåííîãî íàóêîâî-äîñë³äíîãî ³íñòèòóòó ìîðñüêîãî ðèáíîãî ãîñïîäàð-
ñòâà òà îêåàíîãðàô³¿ ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ. Â³äá³ð
ïðîá øïðîòà çä³éñíþâàëè ùîì³ñÿöÿ ç òðàâíÿ ïî æîâòåíü ï³ä ÷àñ ïðîìèñ-
ëîâèõ ðåéñ³â íà ñóäíàõ òðàëîâîãî ëîâó. Êð³ì òîãî, ïðîòÿãîì 5—7 ä³á ó
ïåðø³é ³ â äðóã³é ïîëîâèí³ ïðîìèñëîâîãî ñåçîíó ïðîâîäèëè åõîëîòí³
çéîìêè ä³ëÿíîê øåëüôó, äå â³äì³÷àëèñÿ íàéá³ëüø çíà÷í³ êîñÿêè ðèáè.
Ïðîìèñëîâ³ ñóäíà òèïó Ñ×Ñ ³ ÏÒÐ, íà ÿêèõ çä³éñíþâàëè âèõîäè â ìîðå,
áóëè áëèçüêèìè çà äîâæèíîþ êîðïóñó òà ïîòóæí³ñòþ îñíîâíîãî äâèãóíà:
â³äïîâ³äíî 24—26 ì òà 300—400 ê. ñ. Íà âñ³õ ñóäíàõ äëÿ ëîâó øïðîòà âèêî-
ðèñòîâóâàëè áëèçüê³ çà êîíñòðóêö³ºþ ð³çíîãëèáèíí³ òðàëè ç äîâæèíîþ
ï³äáîðè â ìåæàõ 28—32 ì òà ðîçì³ðîì â³÷êà ó êóòö³ 8 ìì. Òðàëåííÿ âèêî-
íóâàëè âèêëþ÷íî â ñâ³òëó ïîðó äîáè, îñê³ëüêè â öåé ÷àñ êîñÿêè øïðîòà
çíàõîäÿòüñÿ ó íàéá³ëüø ù³ëüíîìó ñòàí³ â ïðèäîííîìó ãîðèçîíò³ ³ äî-
ñòóïí³ äëÿ îáëîâó òðàëàìè. Ëîâè ïðîâîäèëè íà àêâàòîð³¿ øåëüôó, ÿêó îá-
ìåæåíî íà ï³âäí³ ìîðñüêèì êîðäîíîì Óêðà¿íè òà Ðóìóí³¿, à íà ï³âí³÷íîìó
ñõîä³ — îñíîâîþ êîñè Òåíäðà (íà çàõ³ä â³ä ìåðèä³àíó 32.00 o ñõ. ä.). Ãëèáè-
íà â ì³ñöÿõ òðàëåíü ñòàíîâèëà 18—40 ì. Ó ïîëüîâèõ óìîâàõ ðåºñòðóâàëè
êîîðäèíàòè, ÷àñ ïî÷àòêó òà çàê³í÷åííÿ êîæíîãî òðàëåííÿ, âàãó óëîâó. Ï³ä
÷àñ ùîäåííîãî ïîøóêó êîíöåíòðàö³é ðèáè ³ ïåð³îäè÷íèõ ã³äðîàêóñòè÷-
íèõ çéîìîê çà äîïîìîãîþ åõîëîò³â ïðîâîäèëè îêîíòóðþâàííÿ íà êàðò³
íàéá³ëüø ³ñòîòíèõ ñêóï÷åíü øïðîòà. Ïðè öüîìó â³äçíà÷àëè ¿õíþ âèñîòó ³
ïðîòÿæí³ñòü êîñÿê³â.

27

Ñòàí ðåñóðñó øïðîòà Sprattus sprattus (Linnaeus, 1758)

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(6)



Ç ìåòîþ ïðîâåäåííÿ á³îëîã³÷íîãî àíàë³çó ç óëîâ³â âèïàäêîâèì ÷èíîì
â³äáèðàëè 100—150 åêç. øïðîòà. Äîâæèíó ðèá âèì³ðþâàëè çà Ñì³òîì —
â³ä ê³í÷èêà ðèëà äî ê³íöÿ ñåðåäí³õ ïðîìåí³â õâîñòîâîãî ïëàâöÿ, ç òî÷-
í³ñòþ äî 1 ìì. Ìàñó âèçíà÷àëè íà åëåêòðîííèõ âàãàõ ç òî÷í³ñòþ äî 0,1 ã.
Ïðè ðîçòèí³ ðèáè âèçíà÷àëè ¿¿ ñòàòü òà â³äáèðàëè îòîë³òè, çà ÿêèìè ïîò³ì
â ëàáîðàòîðíèõ óìîâàõ âñòàíîâëþâàëè â³ê. Çàãàëîì ó ïåð³îä 2007—
2021 ðð. ç ìåòîþ äîñë³äæåííÿ ðîçì³ðíî-ìàñîâîãî ñêëàäó áóëî âèêîðèñòà-
íî 27 951 åêç. øïðîòà. Äëÿ âèçíà÷åííÿ â³êîâîãî òà ñòàòåâîãî ñêëàäó äàíî-
ãî âèäó áóëî ïðîàíàë³çîâàíî 3201 åêç., ÿê³ áóëè â³ä³áðàí³ ç ïðîá ó 2017—
2021 ðð.

Îòðèìàí³ ï³ä ÷àñ ïîëüîâèõ äîñë³äæåíü äàí³ ùîäî ñêëàäó óëîâ³â ï³ääà-
âàëè ñòàòèñòè÷í³é îáðîáö³ â³äïîâ³äíî äî ñòàíäàðòíèõ ìåòîäèê çà äîïî-
ìîãîþ ïðîãðàì Microsoft Excel 2016 òà Statistica 2010. Äëÿ ç³ñòàâëåííÿ
âèá³ðîê ðîçì³ðíîãî òà â³êîâîãî ñêëàäó øïðîòà çàñòîñîâóâàëè ìåòîäèêó
ïîáóäîâè ðîçì³ðíî-â³êîâèõ êëþ÷³â [28].

Ç ìåòîþ ïðîâåäåííÿ îö³íêè ñòàíó ðåñóðñó øïðîòà â óêðà¿íñüêèõ âî-
äàõ âèêîðèñòîâóâàëè ìîäåëü LBB (Length-based Bayesian Biomass) [35]. Öÿ
ìîäåëü º â³äíîñíî íîâèì ìåòîäîì ìîäåëþâàííÿ ïðîìèñëîâèõ ïîïóëÿö³é,
àëå âîíà âñå ÷àñò³øå çàñòîñîâóºòüñÿ äëÿ óïðàâë³ííÿ ðèáàëüñòâîì [37].
Îö³íêà ñòàíó ïîïóëÿö³¿ çà äîïîìîãîþ ö³º¿ ìîäåë³ áàçóºòüñÿ íà äàíèõ ïðî
ðîçì³ðíèé ñêëàä. Íà â³äì³íó â³ä ³íøèõ ìåòîä³â ìîäåëþâàííÿ, äå êðèòåð³¿
îö³íêè áàçóþòüñÿ íà àáñîëþòíèõ çíà÷åííÿõ òåìï³â ðîñòó òà ñìåðòíîñò³, ó
ìîäåë³ LBB âèêîðèñòîâóþòüñÿ â³äíîñí³ êîåô³ö³ºíòè: ïðîìèñëîâà ñìåðò-
í³ñòü â³äíîñíî ïðèðîäíî¿ (F/M) òà ïîòî÷íà á³îìàñà â³äíîñíî ìàêñèìàëü-
íî ìîæëèâî¿ â óìîâàõ â³äñóòíîñò³ ïðîìèñëó (B/B0). Öÿ ìîäåëü òàêîæ äî-
çâîëÿº âèçíà÷èòè àñèìïòîòè÷íó äîâæèíó ò³ëà (ìàêñèìàëüíî ìîæëèâó â
äîñë³äæóâàí³é ïîïóëÿö³¿) — Linf òà ³íø³ ïàðàìåòðè, ÿê³ ìîæóòü áóòè çàñòî-
ñîâàí³ äëÿ ðåãóëþâàííÿ ïðîìèñëó. Íàéá³ëüø êîðèñíèìè â öüîìó ìîæóòü
ñòàòè ì³í³ìàëüíî äîïóñòèìà äëÿ âèëîâó äîâæèíà ïðîìèñëîâîãî îá’ºêòà
(Lopt) òà äîâæèíà, ïðè äîñÿãíåíí³ ÿêî¿ ðèáà ïî÷èíàº äîáðå óëîâëþâàòèñü
çíàðÿääÿì (á³ëüøå 50 % îñîáèí) — Lc [35].

Äëÿ íàëàøòóâàííÿ ðîáîòè ìîäåë³ âèêîðèñòîâóâàëè êîåô³ö³ºíòè òåì-
ï³â ðîñòó òà ïðèðîäíî¿ ñìåðòíîñò³ øïðîòà. Îö³íêó òåìï³â ðîñòó ïðîâîäè-
ëè çà äîïîìîãîþ êîåô³ö³ºíò³â Ãåêñë³ òà ð³âíÿííÿ Áåðòàëàíô³, ðîçðàõóíêè
ÿêèõ áàçóâàëèñü íà îòðèìàíèõ íàìè äàíèõ ùîäî ðîçì³ðíî-â³êîâî¿ ñòðóê-
òóðè ïîïóëÿö³¿ äàíîãî âèäó ³ âèêîíóâàëèñü ç äîïîìîãîþ R-ñêðèïòà [42].
Ïðèðîäíó ñìåðòí³ñòü îá÷èñëþâàëè çà ìåòîäîì Ã³ñëàñîíà [38].

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ñêëàä ïîïóëÿö³¿ òà éîãî çì³íè. Äîñë³äæåííÿ ñòàòåâîãî ñêëàäó øïðîòà
â íàøèõ âîäàõ ïîêàçàëî, ùî ÷àñòêà ñàìîê â ïîïóëÿö³¿ ñòàíîâèòü 62,0±
1,5 %. Ö³ ðåçóëüòàòè âèÿâèëèñü áëèçüêèìè äî äàíèõ ïîïåðåäí³õ äîñ-
ë³äæåíü öüîãî âèäó, çã³äíî ç ÿêèìè ÷àñòêà ñàìîê ó ÷îðíîìîðñüêîãî øïðî-
òà êîëèâàºòüñÿ â ìåæàõ 56—70 % [26, 29, 44]. Â³êîâèé ñêëàä øïðîòà â îá-
ñòåæåíèõ óëîâàõ ïðîòÿãîì 2017—2021 ðð. õàðàêòåðèçóâàâñÿ ñòàá³ëüí³ñ-
òþ. Óëîâè áóëè ñôîðìîâàí³ îñîáèíàìè ç øåñòè â³êîâèõ ãðóï, ñåðåä ÿêèõ
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äîì³íóâàëè ðèáè â³êîì îäèí-äâà ðîêè (1—2+), ÷àñòêà ÿêèõ â ñåðåäíüîìó
ñòàíîâèëà 70 % (ðèñ. 1). Àíàëîã³÷íèé â³êîâèé ñêëàä öüîãî âèäó â òðàëîâèõ
óëîâàõ ñïîñòåð³ãàâñÿ äîñë³äíèêàìè òàêîæ ó âîäàõ Ðóìóí³¿, Áîëãàð³¿ òà Òó-
ðå÷÷èíè [29, 44, 46].

Âîäíî÷àñ, ïîð³âíÿâøè íàø³ ðåçóëüòàòè ç äàíèìè ïîïåðåäí³õ ðîá³ò,
ìè âèÿâèëè, ùî ïðîòÿãîì îñòàíí³õ 50 ðîê³â øïðîò â ïðîìèñëîâèõ óëîâàõ
ñóòòºâî ïîäð³áí³øàâ (ðèñ. 2). Òàê, ó 1975 ð. ñåðåäíÿ äîâæèíà îäí³º¿ îñîáè-
íè öüîãî âèäó â òðàëîâèõ óëîâàõ ñòàíîâèëà 101,8 ìì, à ïåðåâàæàþ÷à
á³ëüø³ñòü ðèá (88 %) áóëà ïðåäñòàâëåíà îñîáèíàìè äîâæèíîþ 90—110 ìì
[26]. Òîä³ ÿê ï³ä ÷àñ íàøîãî çáîðó ìàòåð³àë³â ó 2007—2021 ðð. ñåðåäíÿ äî-
âæèíà îäí³º¿ îñîáèíè ñòàíîâèëà ëèøå 82,2±7,9 ìì. Ïðè÷îìó íàñò³ëüêè
íèçüê³ çíà÷åííÿ ñåðåäíüî¿ äîâæèíè ò³ëà ðèáè ñïîñòåð³ãàëèñÿ íàìè ïðî-
òÿãîì òðèâàëîãî ÷àñó (ðèñ. 3). Îñíîâó óëîâ³â íèí³ ôîðìóþòü çíà÷íî
äð³áí³ø³ îñîáèíè äîâæèíîþ 70—95 ìì, íà ÷àñòêó ÿêèõ ïðèïàäàº 89 % â³ä
óñ³º¿ âèá³ðêè. Ç ðîçì³ðíîãî ðÿäó øïðîòà ïîâí³ñòþ çíèêëè îñîáèíè ç äî-
âæèíîþ ò³ëà 115—135 ìì, õî÷à â 50—70-õ ðîêàõ ìèíóëîãî ñòîë³òòÿ âîíè
ñêëàäàëè ïîì³òíó ÷àñòèíó ïðîìèñëîâèõ óëîâ³â [25].

ßê ³ ñë³ä áóëî î÷³êóâàòè, çìåíøåííÿ äîâæèíè ò³ëà øïðîòà â ñó÷àñíèé
ïåð³îä ïðèçâåëî ³ äî çíà÷íîãî çíèæåííÿ éîãî âàãîâèõ ïîêàçíèê³â (ðèñ. 4).
ßêùî 50 ðîê³â òîìó ìàñà ò³ëà îäí³º¿ îñîáèíè çíàõîäèëàñÿ â ìåæàõ 6—10 ã,
òî â íàøèõ ïðîáàõ öåé ïàðàìåòð äîð³âíþâàâ 4,49±1,24 ã.

Âàæëèâèì ïðè öüîìó º òîé ôàêò, ùî íåçâàæàþ÷è íà ³íòåíñèô³êàö³þ
ïðîìèñëó øïðîòà, ÿêà ïî÷àëàñÿ ç ñåðåäèíè 1970-õ ðîê³â ï³ñëÿ âïðîâàä-
æåííÿ íà áàñåéí³ òðàëîâîãî ïðîìèñëó, ðîçì³ðíî-âàãîâèé ñêëàä óëîâ³â çà-
ëèøàâñÿ â³äíîñíî ñòàá³ëüíèì àæ äî 1995 ð. Ñóòòºâå ïîã³ðøåííÿ ðîç-
ì³ðíèõ õàðàêòåðèñòèê öüîãî âèäó â çàõ³äí³é ÷àñòèí³ ìîðÿ ñòàëî â³äì³÷à-
òèñÿ ò³ëüêè íà ïî÷àòêó ÕÕ² ñò., âæå ï³ñëÿ çíà÷íîãî ñêîðî÷åííÿ ÷èñåëü-
íîñò³ ðèáîëîâíîãî ôëîòó. Î÷åâèäíî, ùî íàâ³òü íàéâèù³ îáñÿãè ïðîìèñ-
ëîâîãî âèëó÷åííÿ øïðîòà ðàí³øå í³êîëè íå ïîçíà÷àëèñÿ íåãàòèâíî íà
ðîçì³ðíîìó ñêëàä³ ïðîìèñëîâî¿ ïîïóëÿö³¿.
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Ðèñ. 1. Â³êîâèé ñêëàä øïðîòà ç òðàëîâèõ óëîâ³â ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî
ìîðÿ â ïåð³îä 2017—2021 ðð.



Íàìè òàêîæ áóëî âèÿâëåíî, ùî áëèæ÷å äî ê³íöÿ êîæíîãî ïðîìèñëî-
âîãî ñåçîíó ðîçì³ðíèé ñêëàä óëîâ³â ñòàâàâ ã³ðøèì ïîð³âíÿíî ç ïåðøèìè
ì³ñÿöÿìè ïðîìèñëó. Ó 2017—2021 ðð. ç òðàâíÿ ïî ÷åðâåíü ñåðåäíÿ äîâæè-
íà ò³ëà øïðîòà ñêëàëà 82,01±8,34 ìì, à ç ëèïíÿ ïî æîâòåíü — 79,98±
8,13 ìì. Öÿ â³äì³íí³ñòü áóëà äîñòîâ³ðíîþ — t = 16.06, df=11738,09, p =
0,0001. Ó ìèíóëîìó ñòîë³òò³ òàêå ÿâèùå íå â³äì³÷àëîñü (ðèñ. 5).

Ðîçðàõóíêè ïàðàìåòð³â ð³âíÿííÿ Áåðòàëàíô³ òà êîåô³ö³ºíò³â ð³âíÿí-
íÿ çàëåæíîñò³ äîâæèíà — ìàñà (a, b) çà äàíèìè, ç³áðàíèìè íàìè, à òàêîæ
çà îïóáë³êîâàíèìè ðàí³øå Ñ.Ã. Þðüºâèì [26] ï³äòâåðäèëè çíèæåííÿ ðîñ-
òîâèõ õàðàêòåðèñòèê øïðîòà íà ï³âí³÷íîìó çàõîä³ ìîðÿ çà îñòàíí³ ï’ÿòäå-
ñÿò ðîê³â (òàáë. 1). Â³äïîâ³äí³ êðèâ³, ïîáóäîâàí³ çà äîïîìîãîþ öüîãî
ð³âíÿííÿ, äåìîíñòðóþòü ñï³ëüíèé äëÿ âñ³õ â³êîâèõ ãðóï íåãàòèâíèé õà-
ðàêòåð çì³í (ðèñ. 6). Ñï³âñòàâëåííÿ íàøèõ ðåçóëüòàò³â ç äàíèìè áîëãàðñü-
êèõ, òóðåöüêèõ òà ðóìóíñüêèõ äîñë³äíèê³â âêàçóº íà òå, ùî â ñó÷àñíèé
ïåð³îä øïðîò íà ï³âí³÷íî-çàõ³äíîìó øåëüô³ â³äð³çíÿºòüñÿ íàéíèæ÷èì
òåìïîì ðîñòó (òàáë. 1).

Îòðèìàí³ çà äîïîìîãîþ ð³âíÿííÿ Áåðòàëàíô³ ïîêàçíèêè áóëè âèêî-
ðèñòàí³ ³ äëÿ ðîçðàõóíêó êîåô³ö³ºíòà ïðèðîäíî¿ ñìåðòíîñò³ (M). Âèÿâè-
ëîñü, ùî ïîð³âíÿíî ç ìèíóëèì ñòîë³òòÿì ïðèðîäíà ñìåðòí³ñòü øïðîòà
ñòàëà âèùîþ (òàáë. 2). Ïðè öüîìó ñó÷àñíèé ð³âåíü ïðèðîäíî¿ ñìåðòíîñò³
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Ðèñ. 2. Áàãàòîð³÷íà äèíàì³êà ðîçì³ðíîãî ñêëàäó øïðîòà íà ï³âí³÷íîìó çàõîä³ ×îðíî-
ãî ìîðÿ: a — 1969—1975 ðð. [26]; á — 1976—1980 ðð. [25]; â — 1990—1994 ðð. [25]; ã —
2017—2021 ðð. (îðèã³íàëüí³ äàí³)
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Ðèñ. 3. Çíà÷åííÿ ñåðåäíüî¿ äîâæèíè øïðîòà â òðàëîâèõ óëîâàõ â ï³âí³÷íî-çàõ³äí³é
÷àñòèí³ ×îðíîãî ìîðÿ â ïåð³îä ç ëèïíÿ ïî æîâòåíü 2007—2021 ðð.: 1 — ñåðåäíº çíà-
÷åííÿ; 2 — äîâ³ð÷èé ³íòåðâàë 95 %; 3 — ì³í. — ìàêñ.

Ðèñ. 4. Ñåðåäí³ çíà÷åííÿ ìàñè øïðîòà çà ðîçì³ðíèìè ãðóïàìè: 1 — äàí³ çà ïåð³îä
2017—2021 ðð., 2 — äàí³ çà 1975 ð. [26]



øïðîòà â íàøèõ âîäàõ ìàëî â³äð³çíÿºòüñÿ â³ä çíà÷åíü öüîãî ïîêàçíèêà,
ÿê³ íèí³ íàâîäÿòüñÿ äëÿ öüîãî ïðîìèñëîâîãî îá’ºêòà ó âîäàõ Ðóìóí³¿, Áîë-
ãàð³¿ òà Òóðå÷÷èíè [40, 53].

Íàñò³ëüêè ÿâíå çìåíøåííÿ òåìï³â ë³í³éíîãî ³ âàãîâîãî ðîñòó ó ÷îðíî-
ìîðñüêîãî øïðîòà, áåçñóìí³âíî, ïîâ’ÿçàíî ç ïîã³ðøåííÿì óìîâ éîãî íà-
ãóëó. Îñê³ëüêè îñíîâó êîðìîâî¿ áàçè øïðîòà ñêëàäàº çîîïëàíêòîí, âî÷å-
âèäü, ñë³ä çâåðíóòè óâàãó íà òîé ôàêò, ùî âïðîäîâæ îñòàíí³õ 35 ðîê³â â
Àçîâî-×îðíîìîðñüêîìó áàñåéí³ äîñë³äíèêè [2, 8] â³äì³÷àþòü ³ñòîòíå
çìåíøåííÿ á³îìàñè êîðìîâîãî çîîïëàíêòîíó, ÿêå ðîçïî÷àëîñü ï³ñëÿ âè-
ïàäêîâî¿ ³íòðîäóêö³¿ àòëàíòè÷íîãî ðåáðîïëàâà ìíåì³îïñèñà Mnemiopsis
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Ðèñ. 5. Äèíàì³êà ðîçì³ðíîãî ñêëàäó øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî
ìîðÿ ïðîòÿãîì ïðîìèñëîâîãî ñåçîíó: 1 — òðàâåíü — ÷åðâåíü 2017 — 2021; 2 — ëè-
ïåíü — æîâòåíü 2017 — 2021; 3 — òðàâåíü — ÷åðâåíü 1975; 4 — ëèïåíü — æîâòåíü
1975. Äàí³ çà 1975 ð. — çà [26]

Òàáëèöÿ 1
Ïàðàìåòðè ð³âíÿííÿ ðîñòó Áåðòàëàíô³ òà êîåô³ö³ºíòè ð³âíÿííÿ çàëåæíîñò³

äîâæèíà-ìàñà (a, B) äëÿ øïðîòà â ð³çíèõ ðàéîíàõ ×îðíîãî ìîðÿ

Ïåð³îäè Ðàéîíè ìîðÿ
Ïîêàçíèêè Äæå-

ðåëà
L� k t0 A B

1975 ð. Ï³âí³÷íî-çàõ³äíà
÷àñòèíà (Óêðà¿íà)

13,92 0,47 -0,412 0,0141 2,737 [26]

2017—
2021 ðð.

Ï³âí³÷íî-çàõ³äíà
÷àñòèíà (Óêðà¿íà)

11,19 0,44 -0,768 0,0179 2,610 Íàø³
äàí³

2016 ð. Ï³âí³÷íî-çàõ³äíà
÷àñòèíà (Ðóìóí³ÿ)

11,578 0,257 -3,22 — — [53]

2010—
2012 ðð.

Ï³âäåííà ÷àñòèíà
(Áîëãàð³ÿ)

12,89 0,14 -0,62 0,0039 3,070 [54]

2008—
2011 ðð.

Ï³âäåííà ÷àñòèíà
(Òóðå÷÷èíà)

13,80 0,25 -1,36 0,0064 2,921 [40]



leidyi (A. Agassiz 1865). Âñòàíîâëåíî, ùî öåé îðãàí³çì-âñåëåíåöü ñòàâ
îñíîâíèì õàð÷îâèì êîíêóðåíòîì äëÿ ö³ëî¿ íèçêè ðèá-ïëàíêòîôàã³â, ùî
ïðèçâåëî äî ïàä³ííÿ ¿õí³õ çàïàñ³â ³ îáñÿã³â âèëîâó [21, 31]. Ñêîðî÷åííÿ
êîðìîâîãî ðàö³îíó áóëî â³äì³÷åíî ³ äëÿ øïðîòà [6, 7]. Ï³äâèùåíà êîíêó-
ðåíö³ÿ çà ¿æó ç ìíåì³îïñèñîì íàâåñí³ ³ íà ïî÷àòêó ë³òà ö³ëêîì ïîÿñíþº ³
íàâåäåíèé âèùå ôàêò çíèæåííÿ äîâæèíè ò³ëà ðèáè â äðóã³é ïîëîâèí³
ïðîìèñëîâîãî ñåçîíó. Î÷åâèäíî, îñîáèíè ãðóïè ïîïîâíåííÿ (öüîãîë³òêè
³ îäíîë³òêè), ÿê³ â ñåðåäèí³ ë³òà ïåðåõîäÿòü â³ä ìåøêàííÿ íà ïîâåðõí³
ìîðÿ äî ïðèäîííîãî ñïîñîáó æèòòÿ, â ñó÷àñíèé ïåð³îä âæå íå äîñÿãàþòü
çâè÷àéíèõ ïîêàçíèê³â ë³í³éíîãî ðîñòó.

Îö³íêà ñòàíó ðåñóðñó øïðîòà ìåòîäàìè ìàòåìàòè÷íîãî ìîäåëþ-
âàííÿ. Ìîäåëþâàííÿ ìåòîäîì LBB äîçâîëèëî íàì îòðèìàòè îö³íêó ñòàíó
ïðîìèñëîâîãî ðåñóðñó øïðîòà ó âîäàõ ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ìîðÿ íà
îñíîâ³ äàíèõ ïðî éîãî ðîçì³ðíèé ñêëàä. Íàëàøòóâàííÿ ìîäåë³ çä³éñíþâà-
ëè, âèêîðèñòîâóþ÷è õàðàêòåðèñòèêè ë³í³éíîãî ðîñòó òà ïðèðîäíî¿ ñìåðò-
íîñò³ äàíîãî âèäó (òàáë. 1). Âèçíà÷åíå çà äîïîìîãîþ ìîäåë³ LBB ì³í³ìàëü-
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Ðèñ. 6. Êðèâ³ ðîñòó øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ, ïîáóäîâàí³ çà ð³âíÿí-
íÿì Áåðòàëàíô³: 1 — 1975 ð.; 2 — 2017—2021 ðð. Ðîçðàõóíêè äëÿ 1975 ð. — çà äàíèìè
[26]

Òàáëèöÿ 2
Êîåô³ö³ºíòè ïðèðîäíî¿ ñìåðòíîñò³ øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³

×îðíîãî ìîðÿ

Ïåð³îäè
Â³ê

0+ 1+ 2+ 3+ 4+ 5+ óñ³ â³êîâ³ ãðóïè

1975 ð. 1,88 1,03 0,77 0,66 0,60 0,57 0,91

2017—2021 ðð. 1,98 1,36 0,89 0,71 0,62 0,58 1,02



íå çíà÷åííÿ ñåðåäíüî¿ äîâæèíè îñîáèí â óëîâàõ (Lopt), ïðè ÿê³é øïðîò
ìîæå âèäîáóâàòèñü äîâãèé ÷àñ áåç øêîäè äëÿ ïîïóëÿö³¿, ñêëàëî 62 ìì. Â
òîé æå ÷àñ ôàêòè÷íà ñåðåäíÿ äîâæèíà ðèá â íàøèõ óëîâàõ âèÿâèëàñü
ñóòòºâî á³ëüøîþ — 82,3±7,8 ìì. Ïðîâåäåíà îö³íêà ñåëåêòèâíîñò³ ëîâó ïî
â³äíîøåííþ äî ð³çíèõ ðîçì³ðíèõ ãðóï øïðîòà ïîêàçàëà, ùî â êóòö³ ð³ç-
íîãëèáèííîãî òðàëà ç ðîçì³ðîì â³÷êà 8 ìì óòðèìóºòüñÿ ëèøå 50 % ðèá äî-
âæèíîþ 72 ìì (ðèñ. 7). Â³äïîâ³äíî, ÷àñòêà ðèá ìåíøî¿ äîâæèíè â óëîâàõ
òàêèõ òðàë³â áóäå ùå íèæ÷îþ. Ïîâíå óòðèìàííÿ òðàëîì ìîæå ìàòè ì³ñöå
ëèøå äëÿ ðèá äîâæèíîþ á³ëüøå 82 ìì, ÿê³ â³äíîñÿòüñÿ äî â³êîâèõ ãðóï
1—2+. Ôàêòè÷íî, ñàìå òàê³ îñîáèíè íàéá³ëüø ìàñîâî ïðåäñòàâëåí³ â óëî-
âàõ (äèâ. ðèñ. 1).

Ðîçðàõîâàíà ìîäåëëþ LBB òåîðåòè÷íà àñèìïòîòè÷íà äîâæèíà â ïî-
ïóëÿö³¿ øïðîòà, ïðè çáåðåæåíí³ ð³âíÿ ÿêî¿ çàáåçïå÷óºòüñÿ ñò³éêå â³äòâî-
ðåííÿ éîãî ïîïóëÿö³¿ (Linf prior), ñêëàëà 112 ìì. Öåé ðåçóëüòàò áëèçüêî
â³äïîâ³äàº çíà÷åííþ öüîãî ïîêàçíèêà, îòðèìàíîãî íàìè íà åìï³ðè÷íèõ
äàíèõ çà äîïîìîãîþ ð³âíÿííÿ Áåðòàëàíô³ (äèâ. òàáë. 1). Âîäíî÷àñ ó õîä³
ìîäåëþâàííÿ áóëî âèÿâëåíî ïîçèòèâíó äèíàì³êó àñèìïòîòè÷íî¿ äîâæè-
íè øïðîòà íà â³äð³çêó ÷àñó â³ä 2015 ð. äî 2021 ð. — öåé ïîêàçíèê âèð³ñ â³ä
11,5 ñì äî 11,8 ñì. Îòæå, ðåçóëüòàòè ìîäåëþâàííÿ ùîäî ïîêàçíèê³â ðîñòó
ðèáè âêàçóþòü íà òå, ùî ñó÷àñíèé ïðîìèñåë ó ï³âí³÷íî-çàõ³äí³é ÷àñòèí³
ìîðÿ ñàì ïî ñîá³ íå ìîæíà ââàæàòè ïðè÷èíîþ íåãàòèâíèõ ïðîöåñ³â ó ïî-
ïóëÿö³¿. Öå áóëî ï³äòâåðäæåíî òàêîæ îö³íêàìè ñìåðòíîñò³ òà á³îìàñè.
Âïðîäîâæ 2015—2021 ðð. ñï³ââ³äíîøåííÿ êîåô³ö³ºíò³â ïðîìèñëîâî¿ ³
ïðèðîäíî¿ ñìåðòíîñò³ øïðîòà (F/M) çìåíøèëîñü ç 1,74 äî 0,63. Ïàðàëåëü-
íî ç öèì, ç 0,26 äî 0,58 âèðîñëî çíà÷åííÿ êîåô³ö³ºíòà â³äíîñíî¿ á³îìàñè
(â³äíîøåííÿ ïîòî÷íî¿ á³îìàñè äî á³îìàñè, ÿêî¿ ïîïóëÿö³ÿ ìîæå äîñÿãíó-
òè â ö³é ÷àñòèí³ áàñåéíó çà â³äñóòíîñò³ ïðîìèñëó, B/B0) (ðèñ. 8). Ïðè öüîìó
áóëî ïåðåâèùåíî îïòèìàëüíå çíà÷åííÿ öüîãî ïîêàçíèêà, ÿêå â íàøîìó
âèïàäêó äîð³âíþº 0,35.

Â³äíîøåííÿ ïîòî÷íî¿ á³îìàñè äî á³îìàñè, ð³âåíü ÿêî¿ çàáåçïå÷óº
ñò³éêèé äîâãîñòðîêîâèé âèëîâ áåç âè÷åðïàííÿ çàïàñó (B/BMSY), ñòàíîì íà
2021 ð. ñêëàëî 1,6. Óñå öå ñâ³ä÷èòü ïðî òå, ùî åêñïëóàòàö³ÿ ðåñóðñó øïðîòà
óêðà¿íñüêèìè ðèáîäîáóâíèìè ï³äïðèºìñòâàìè çä³éñíþºòüñÿ íà ð³âí³,
ÿêèé çíà÷íî íèæ÷å çà ãðàíè÷íî äîïóñòèì³ îáñÿãè.

Ïðî íåçíà÷íèé âïëèâ ïðîìèñëó íà ÷èñåëüí³ñòü ïîïóëÿö³¿ øïðîòà â
ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ ñâ³ä÷àòü ³ îö³íêè, îòðèìàí³ íàìè ðàí³øå
çà äîïîìîãîþ ìîäåë³ SS3 [9]. Ìîäåëþâàííÿ, ïðîâåäåíå öèì ìåòîäîì äëÿ
ïåð³îäó 2005—2021 ðð., âêëþ÷àëî á³ëüø øèðîêèé, í³æ äëÿ ìîäåë³ LBB,
íàá³ð âõ³äíèõ ïàðàìåòð³â, çîêðåìà äàí³ ïðî ð³÷í³ óëîâè, óëîâè íà çóñèëëÿ,
ðîçì³ðíî-ìàñîâèé òà â³êîâèé ñêëàä ïðîìèñëîâèõ óëîâ³â. Çà ðåçóëüòàòàìè
öèõ ðîçðàõóíê³â âèÿâèëîñü, ùî íåðåñòîâà á³îìàñà øïðîòà â ï³âí³÷íî-
çàõ³äí³é ÷àñòèí³ ìîðÿ ó 2021 ð. ñêëàëà 10,4 òèñ. ò. Çíà÷åííÿ ìàêñèìàëüíî
äîïóñòèìîãî âèëîâó, ÿêèé íå ñïðè÷èíèòü íàäì³ðíî¿ åêñïëóàòàö³¿ öüîãî
ðåñóðñó, ñòàíîâèëî 3,8 òèñ. ò. Ñåðåäíº çíà÷åííÿ ìèòòºâîãî êîåô³ö³ºíòó
ïðîìèñëîâî¿ ñìåðòíîñò³ F äëÿ ïåðåâàæàþ÷èõ â óëîâàõ â³êîâèõ ãðóï
(1—3+) â öüîìó ðîö³ ñêëàëî — 0,50, ùî íèæ÷å êðèòåð³ÿ FMSY. Ð³âåíü ïðî-
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ìèñëîâî¿ åêñïëóàòàö³¿ (E) âèÿâèâñÿ íèæ÷å í³æ ðåêîìåíäîâàíå çíà÷åííÿ
äëÿ êîðîòêîöèêë³÷íèõ ïåëàã³÷íèõ âèä³â ðèá (0,4) ³ ñòàíîâèâ 0,37. Îá÷èñ-
ëåíèé ìîäåëëþ SS3 ïîêàçíèê ³íäåêñó SPR (Spawning Potential Ratio) çà
âåñü äîñë³äæóâàíèé ïåð³îä ïåðåâèùóâàâ 0,75, ùî òàêîæ â³äïîâ³äàº íèçü-
êîìó ð³âíþ åêñïëóàòàö³¿ çàïàñó [9].

Â³äñóòí³ñòü íàäì³ðíîãî ïðîìèñëîâîãî âèëó÷åííÿ äëÿ öüîãî îá’ºêòà
çàãàëîì ïî ÷îðíîìîðñüêîìó áàñåéíó áóëî ïîêàçàíî ³ çà ï³äñóìêàìè ìàòå-
ìàòè÷íîãî ìîäåëþâàííÿ, âèêîíàíîãî Ðîáî÷îþ ãðóïîþ ç îö³íêè çàïàñ³â â
×îðíîìó ìîð³ (WGBS) Ãåíåðàëüíî¿ Êîì³ñ³¿ ç ðèáàëüñòâà â Ñåðåäçåìíîìó
ìîð³ (GFCM), çà ó÷àñòþ àâòîð³â äàíî¿ ðîáîòè. Â õîä³ ö³º¿ îö³íêè âèêîðè-
ñòîâóâàëèñÿ äàí³, íàäàí³ âñ³ìà ïðè÷îðíîìîðñüêèìè êðà¿íàìè. Íåðåñòîâà
á³îìàñà âñüîãî ðåñóðñó ó 2020 ð. ñêëàëà 191 òèñ. ò. Êîåô³ö³ºíò ïðîìèñëîâî¿
ñìåðòíîñò³ (F) äëÿ âñüîãî çàïàñó â ×îðíîìó ìîð³ ñêëàâ 0,53, ùî âèÿâèëîñü
íèæ÷å çà ð³âåíü FMSY 0,64, ÿêèé â³äïîâ³äàº ìàêñèìàëüíî ñò³éêîìó óëîâó
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Ðèñ. 7. Ïîêàçíèêè ðîçì³ðíî¿ ñòðóêòóðè øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ â
2015 (à) ³ 2021 (á) ðð. Ïî îñ³ Y — â³äíîñíà ÷àñòîòà çóñòð³÷àëüíîñò³ îêðåìèõ ðîçì³ðíèõ
ãðóï. Ïî îñ³ X: Length/Linf — â³äíîøåííÿ ñïîñòåðåæóâàíî¿ äîâæèíè äî àñèìïòîòè÷-
íî¿; Lopt — ì³í³ìàëüíà îïòèìàëüíà äîâæèíà äëÿ âèëó÷åííÿ

Ðèñ. 8. Àíàë³ç ñï³ââ³äíîøåííÿ ïðîìèñëîâî¿ ñìåðòíîñò³ äî ïðèðîäíî¿ —F/M (à) òà
â³äíîñíî¿ á³îìàñè — B/B0 (á) øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ â
2015—2021 ðð.



[36]. Êîåô³ö³ºíò ïðîìèñëîâî¿ åêñïëóàòàö³¿ (E) íå äîñÿãàâ äîïóñòèìîãî
ð³âíÿ ³ ñòàíîâèâ 0,36. Òàêèì ÷èíîì, ñòàí çàãàëüíîãî çàïàñó øïðîòà â ×îð-
íîìó ìîð³ áóâ âèçíà÷åíèé ÿê ïîì³ðíî åêñïëóàòîâàíèé.

Äèíàì³êà çàïàñó øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ ³ ôàêòî-
ðè, ÿê³ ¿¿ âèçíà÷àþòü. Íàâåäåí³ âèùå îö³íêè çàïàñó øïðîòà ÿê äëÿ âñüîãî
×îðíîãî ìîðÿ, òàê ³ äëÿ éîãî ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè âèÿâèëèñü ñóò-
òºâî íèæ÷èìè çà ò³, ÿê³ áóëè îòðèìàí³ â ìèíóëîìó ñòîë³òò³ ïðè àêóñòè÷-
íèõ ³ òðàëîâèõ çéîìêàõ. Òàê íàïðèêëàä, ï³ä ÷àñ íàéìàñøòàáí³øî¿ çéîìêè
Ï³âäåíÍ²ÐÎ ç åõî³íòåãðàòîðîì ó 1980—1981 ðð. á³îìàñà ñêóï÷åíü ó ï³â-
í³÷í³é ïîëîâèí³ ìîðÿ òà â ðàéîí³ êàâêàçüêîãî óçáåðåææÿ â ñóì³ áóëà
îö³íåíà â ìåæàõ 800—900 òèñ. ò [3, 4]. Ïðè÷îìó ò³ëüêè â ï³âí³÷íî-çàõ³äí³é
÷àñòèí³ áàñåéíó áóëî îáðàõîâàíî 683 òèñ. ò. Îòðèìàí³ â ò³ ðîêè îö³íêè äå-
ìîíñòðóâàëè, ùî ÷îðíîìîðñüêèé øïðîò çàéìàº ïðîâ³äíó ïîçèö³þ çà ÷è-
ñåëüí³ñòþ ñåðåä óñ³õ âèä³â ðèá ó áàñåéí³. Âèñîêèé ð³âåíü á³îìàñè øïðîòà
— äî 700 òèñ. ò ðåºñòðóâàâñÿ â çîí³ Óêðà¿íè àæ äî ê³íöÿ ìèíóëîãî ñòîë³òòÿ
[24].

ßê ³ ñë³ä áóëî î÷³êóâàòè, çì³íè â çàïàñ³ öüîãî îá’ºêòà çàâæäè ñåðéîçíî
âïëèâàëè íà ì³æð³÷íó äèíàì³êó óëîâ³â (òàáë. 3).

Ó ïåðø³é ïîëîâèí³ ÕÕ ñò. ëîâ øïðîòà â ×îðíîìó ìîð³ â³äáóâàâñÿ ïå-
ðåâàæíî â éîãî ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ñòàö³îíàðíèìè çíàðÿääÿìè
ïðèáåðåæíîãî ëîâó — ñòàâíèìè íåâîäàìè. Äî 1975 ð. ð³÷í³ óëîâè òóò áóëè
íàéá³ëüøèìè ïîð³âíÿíî ç ³íøèìè ðàéîíàìè ìîðÿ ³ â îêðåì³ ðîêè ïåðåâè-
ùóâàëè 4 òèñ. ò. (ñóìàðíèé âèëîâ ÑÐÑÐ òà Ðóìóí³¿). Ó ïåðø³ æ ðîêè çàñòî-
ñóâàííÿ òðàëîâîãî ëîâó îáñÿã âèëîâó øïðîòà ÷îðíîìîðñüêèìè êðà¿íàìè
çð³ñ á³ëüø í³æ âäåñÿòåðî, ñêëàâøè 84,5 òèñ. ò. ó 1980 ð. (äèâ. òàáë. 3). Íå-
çâàæàþ÷è íà ð³ñò ð³âíÿ åêñïëóàòàö³¿, óëîâè öüîãî âèäó çàëèøàëèñü ñòà-
á³ëüíî âèñîêèìè ³ â 1989 ð. äîñÿãíóëè 105,3 òèñ. ò.

ßê ïîêàçàëè ã³äðîàêóñòè÷í³ çéîìêè, óñï³øíîìó ðîçâèòêó ïðîìèñëó â
ò³ ðîêè ñïðèÿëà òà îáñòàâèíà, ùî ó òåïëó ïîðó ðîêó êîñÿêè øïðîòà
çóñòð³÷àëèñÿ íà ï³âí³÷íî-çàõ³äíîìó øåëüô³ íà ïëîù³, ÿêà ïåðåâèùóâàëà
äâ³ òèñÿ÷³ êâàäðàòíèõ ìèëü. Íàâåñí³ òà âîñåíè ñêóï÷åííÿ òðèìàëèñÿ
áëèæ÷å äî ï³âäåííîãî çâàëó øåëüôó, à â ñåðåäèí³ ë³òà çäåá³ëüøîãî ïå-
ðåì³ùàëèñÿ íà ãëèáèíè 18—30 ì. Âèñîòà êîñÿê³â øïðîòà íåð³äêî ñÿãàëà
20—25 ìåòð³â, à ¿õíÿ ïðîòÿæí³ñòü ñòàíîâèëà ê³ëüêà ñîòåíü ìåòð³â. Âèëîâ
øïðîòà, õî÷à ³ â ìåíøèõ ìàñøòàáàõ, çä³éñíþâàâñÿ ³ â õîëîäíó ïîðó ðîêó:
âîñåíè — çàçâè÷àé äî ñåðåäèíè ãðóäíÿ ³ íàâåñí³ — ïî÷èíàþ÷è ç áåðåçíÿ.

Ñë³ä çàçíà÷èòè, ùî ó 70—80-ò³ ðîêè ìèíóëîãî ñòîë³òòÿ âåëè÷åçíî¿ ÷è-
ñåëüíîñò³ äîñÿãàëà íå ò³ëüêè ïîïóëÿö³ÿ øïðîòà. Íà âèñîêîìó ð³âí³ áóëè ³
ðåñóðñè ³íøèõ äð³áíèõ ïðîìèñëîâèõ ðèá, îñîáëèâî àí÷îóñà (õàìñè) Eng-
raulis encrasicolus (Linnaeus, 1758) ³ äð³áíî¿ ôîðìè ñòàâðèäè Trachurus me-
diterraneus (Steindachner, 1868). Ìîæíà ïðèïóñêàòè, ùî çðîñòàííþ ¿õíüî¿
÷èñåëüíîñò³ ñïðèÿëî çíèêíåííÿ â ï³âí³÷í³é ïîëîâèí³ ìîðÿ òàêèõ õè-
æàê³â, ÿê ïåëàì³äà Sarda sarda (Bloch, 1793) òà ñêóìáð³ÿ Scomber scombrus
(Linnaeus, 1758). Çíèêëà ³ âåëèêà ôîðìà ñòàâðèäè [20]. Òàêà òðàíñôîð-
ìàö³ÿ ìîðñüêîãî ³õò³îöåíîçó â òîé ïåð³îä â³äáóëàñÿ âíàñë³äîê ñóòòºâîãî
çá³ëüøåííÿ ãîñïîäàðñüêî¿ ä³ÿëüíîñò³ ëþäèíè íà ïðèëåãëèõ äî ìîðÿ ä³-
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Òàáëèöÿ 3
Óëîâè øïðîòà ïðè÷îðíîìîðñüêèìè êðà¿íàìè â 1950—2022 ðð. [34]

Ðîêè Áîëãàð³ÿ
Ðîñ³éñüêà
Ôåäåðàö³ÿ

Ðóìóí³ÿ ÑÐÑÐ Òóðå÷÷èíà Óêðà¿íà

1950 — — — 1,2 — —

1951 — — — 1,7 — —

1952 — — — 0,7 — —

1953 — — — 0,7 — —

1954 — — — 4,4 — —

1955 — — — 0,8 — —

1956 — — — 4,3 — —

1957 — — — 3,2 — —

1958 — — — 2,1 — —

1959 — — — 2,6 — —

1960 — — — 1,2 — —

1961 — — — 0,3 — —

1962 — — — 1,8 — —

1963 — — — 1,0 — —

1964 0,9 — — 3,7 — —

1965 1,1 — — 4,0 — —

1966 0,2 — — 2,0 — —

1967 0,7 — — 1,3 — —

1968 1,2 — 1,7 1,7 — —

1969 1,1 — 0,9 0,6 — —

1970 1,4 — 2,7 0,4 — —

1971 2,5 — 2,5 0,8 — —

1972 3,0 — 2,3 0,9 — —

1973 3,4 — 2,2 0,9 — —

1974 4,5 — 1,2 0,5 — —

1975 5,6 — 0,7 0,8 — —

1976 7,2 — 1,6 1,6 — —

1977 8,8 — 1,5 6,7 — —

1978 10,6 — 1,5 22,8 — —

1979 13,5 — 2,3 57,9 — —

1980 16,6 — 1,0 66,9 — —
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Ðîêè Áîëãàð³ÿ
Ðîñ³éñüêà
Ôåäåðàö³ÿ

Ðóìóí³ÿ ÑÐÑÐ Òóðå÷÷èíà Óêðà¿íà

1981 18,9 — 2,3 75,1 — —

1982 16,5 — 3,0 56,3 — —

1983 12,0 — 3,4 25,5 — —

1984 13,9 — 4,5 24,1 — —

1985 15,9 — 6,8 28,8 — —

1986 11,7 — 9,0 43,1 — —

1987 11,0 — 9,5 45,3 — —

1988 6,2 — 6,5 54,2 — —

1989 7,4 — 8,9 89,0 — —

1990 2,7 — 3,2 48,0 — —

1991 2,7 — 0,7 15,0 — —

1992 2,4 3,2 2,1 — — 11,5

1993 2,2 0,7 2,4 — — 9,2

1994 2,2 1,0 2,2 — — 12,6

1995 2,9 1,3 2,0 — — 15,2

1996 3,5 1,5 2,0 — — 20,7

1997 3,6 0,7 3,3 — — 20,2

1998 3,3 1,2 3,3 — — 30,3

1999 3,6 4,5 1,9 — — 29,2

2000 1,7 5,5 1,8 — — 32,7

2001 0,7 11,1 1,8 — 1,0 49,0

2002 11,6 11,2 1,6 — 2,1 45,5

2003 9,2 21,0 1,2 — 6,0 31,4

2004 2,9 14,3 1,4 — 5,4 30,9

2005 2,6 13,9 1,5 — 5,5 35,7

2006 2,7 10,6 0,5 — 7,3 21,3

2007 3,0 6,8 0,2 — 11,9 18,0

2008 4,3 7,8 0,2 — 39,3 21,1

2009 4,6 8,7 0,1 — 53,4 24,6

2010 4,0 5,9 0,0 — 57,0 24,7

2011 4,0 5,1 0,1 — 87,1 24,4

Ïðîäîâæåííÿ òàáë. 3



ëÿíêàõ ñóø³. Çðîñòàííÿ ñïîæèâàííÿ ïð³ñíî¿ âîäè íà âîäîçá³ðí³é ïëîù³
áàñåéíó ÷åðåç ñòâîðåííÿ âîäîñõîâèù ïðèçâåëî íå ò³ëüêè äî çìåíøåííÿ
îáñÿã³â, à é äî ñåçîííîãî ïåðåðîçïîä³ëó ð³÷êîâîãî ñòîêó. Öå ñïðè÷èíèëî
ïî÷àñò³øàííÿ âèíèêíåííÿ çàìîðíèõ ÿâèù [1, 18, 19]. Ïàðàëåëüíî â ìîðå
ïîòðàïëÿëè âåëè÷åçí³ îáñÿãè ì³íåðàëüíèõ äîáðèâ ç ïîë³â òà øèðîêèé
ñïåêòð òîêñè÷íèõ ñïîëóê ðàçîì ³ç ñòîêàìè ïðîìèñëîâèõ ï³äïðèºìñòâ
[55]. Íàéñèëüí³øå öå ïîçíà÷èëîñü ñàìå íà ÷óòëèâèõ äî ÿêîñò³ âîäíîãî ñå-
ðåäîâèùà âåëèêèõ ïåëàã³÷íèõ õèæàêàõ, ÿê³ óíèêàëè çàáðóäíåíèõ âîä. ¯õí³
àðåàëè ñêîðîòèëèñÿ — âîíè çàëèøèëèñÿ ïåðåâàæíî ò³ëüêè ó ï³âäåíí³é
÷àñòèí³ ìîðÿ. Öå é ñïðèÿëî çðîñòàííþ á³îìàñè äð³áíèõ êîðîòêîöèê-
ë³÷íèõ ðèá â òîé ïåð³îä.

Âò³ì, â ïîäàëüøîìó æîðñòêà õàð÷îâà êîíêóðåíö³ÿ, ÿêà âèíèêëà ï³ñëÿ
ðîçïîâñþäæåííÿ ðåáðîïëàâà ìíåì³îïñèñà â ïåëàã³÷íîìó óãðóïóâàíí³,
ïðèçâåëà äî çàãàëüíîãî ïîã³ðøåííÿ óìîâ ïðîæèâàííÿ äëÿ ìîðñüêèõ ã³ä-
ðîá³îíò³â. Áóëî çàðåºñòðîâàíî êàòàñòðîô³÷í³ çì³íè ó ìîðñüê³é åêîñèñòåì³
íà âñ³õ òðîô³÷íèõ ëàíêàõ — â³ä ô³òî- ³ çîîïëàíêòîíó äî ðèá òà äåëüô³í³â
[22, 47, 48]. Ïîñòðàæäàëè ³ ïðîìèñëîâ³ ðåñóðñè. Ñïî÷àòêó áóëî â³äì³÷åíî
ñêîðî÷åííÿ çàïàñ³â òàêèõ âàæëèâèõ äëÿ ïðîìèñëîâîãî ðèáàëüñòâà îá’ºê-
ò³â, ÿê àí÷îóñ, ñòàâðèäà òà òþëüêà Clupeonella cultriventris (Nordmann,
1840), ùî ïîÿñíþºòüñÿ çá³ãîì ÷àñó ë³òíüîãî íàãóëó öèõ ðèá ç ïåð³îäîì
ìàêñèìàëüíîãî çðîñòàííÿ á³îìàñè ìíåì³îïñèñà [20, 21, 22, 23, 32]. Ðèáî-
äîáóâí³ òà ïåðåðîáí³ ï³äïðèºìñòâà â óìîâàõ ïðàêòè÷íî ïîâíî¿ â³äñóò-
íîñò³ öèõ íàéâàæëèâ³øèõ äæåðåë ñèðîâèíè îïèíèëèñü ó ñòàí³ êîëàïñó.
Ïàðàëåëüíî ç öèì, âíàñë³äîê ðîçïàäó ÑÐÑÐ, ïî÷àëàñü åêîíîì³÷íà êðèçà ó
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Ðîêè Áîëãàð³ÿ
Ðîñ³éñüêà
Ôåäåðàö³ÿ

Ðóìóí³ÿ ÑÐÑÐ Òóðå÷÷èíà Óêðà¿íà

2012 2,8 3,9 0,1 — 12,1 15,8

2013 3,8 3,1 0,1 — 9,8 12,9

2014 2,3 10,3 0,1 — 41,6 2,1

2015 3,3 26,4 0,1 — 77,0 2,2

2016 2,3 24,5 0,0 — 50,2 1,7

2017 3,2 14,8 0,0 — 34,0 2,2

2018 3,2 13,7 0,0 — 20,1 1,6

2019 4,6 17,9 0,0 — 38,1 1,4

2020 1,6 18,3 0,0 — 26,8 2,0

2021 3,5 21,1 0,0 — 28,0 1,7

2022 1,6 9,9 0,1 — 11,2 0,0

Ïðèì³òêà. «—» — äàí³ â³äñóòí³.

Ïðîäîâæåííÿ òàáë. 3



êðà¿íàõ, ÿê³ ðàí³øå â íüîãî âõîäèëè, ùî ïðèçâåëî äî ñòð³ìêî¿ äåãðàäàö³¿
ðèáîëîâíî¿ ãàëóç³ ³ ïîäàëüøîãî ñêîðî÷åííÿ ïðîìèñëîâîãî ôëîòó. Îñ-
òàííº âèêëèêàëî çíèæåííÿ âèëîâó øïðîòà â ×îðíîìó ìîð³, õî÷à éîãî çà-
ïàñè ó òîé ïåð³îä íå òàê ñåðéîçíî ñòðàæäàëè â³ä âïëèâó ìíåì³îïñèñà.
Ñïî÷àòêó ðåáðîïëàâ-âñåëåíåöü íå â³äì³÷àâñÿ ó âîäàõ ç³ çíèæåíîþ òåìïå-
ðàòóðîþ, ÿêèì â³ääàº ïåðåâàãó øïðîò. Óëîâè íà çóñèëëÿ çàëèøàëèñü
ñòàá³ëüíèìè [22]. Äî ñåðåäèíè 1990-õ ðîê³â, ïîñòóïîâî îãîâòóþ÷èñü â³ä
ðàïòîâîãî åêîíîì³÷íîãî çàíåïàäó, óêðà¿íñüêà ðèáíà ïðîìèñëîâ³ñòü ïî÷à-
ëà â³äíîâëþâàòèñü, à ðàçîì ç öèì ñòàâ çðîñòàòè ³ âèëîâ øïðîòà â íàøèõ
âîäàõ (äèâ. òàáë. 3).

Ñòàëèé ñòàí çàïàñó øïðîòà, â óìîâàõ ïàä³ííÿ çàïàñ³â ³íøèõ ìàñîâèõ
âèä³â ðèá, çóìîâèâ ³íòåðåñ äî éîãî îñâîºííÿ òàêîæ ó êðà¿í³ ç íàéá³ëüø
ðîçâèíåíîþ ðèáíîþ ïðîìèñëîâ³ñòþ — Òóðå÷÷èí³. Íà ïî÷àòêó 2000-õ
ðîê³â Òóðå÷÷èíà ïî÷àëà ðîçâèâàòè ëîâ øïðîòà áëèçíþêîâèìè ïåëàã³÷-
íèìè òðàëàìè, ç ðîçêðèòòÿì ãèðëà, ÿêå äîñÿãàº ê³ëüêîõ äåñÿòê³â ìåòð³â.
Öå äîçâîëèëî òóðåöüêîìó ôëîòó â õîëîäíó ïîðó ðîêó îáëîâëþâàòè ðîç-
ñ³ÿí³ ñêóï÷åííÿ øïðîòà â ï³âäåíí³é ãëèáîêîâîäí³é ÷àñòèí³ ×îðíîãî ìî-
ðÿ. Ó 2011 ð. çàâäÿêè ðîçâèòêó ïðîìèñëó â Òóðå÷÷èí³ âèëîâ ö³º¿ ðèáè â
ö³ëîìó ïî áàñåéíó äîñÿãíóâ ñâîãî ³ñòîðè÷íîãî ìàêñèìóìó — 120,7 òèñ. ò.

Ïîÿâà â 1997 ð. ó áàñåéí³ ³íøîãî âñåëåíöÿ — ðåáðîïëàâà áåðîå Beroe
ovata (Brugui�re, 1789) [41], ÿêèé º õèæàêîì ïî â³äíîøåííþ äî ìíåì³îï-
ñèñà, ïåâíîþ ì³ðîþ ïîêðàùèëà óìîâè íàãóëó äëÿ ë³òíüî-íåðåñòóþ÷èõ
ðèá — àí÷îóñà, ñòàâðèäè, áàðàáóë³ Mullus barbatus (Linnaeus, 1758), êåôà-
ëåé Mugilidae òà ³í. ¯õí³ ëè÷èíêè òà ìàëüêè ç’ÿâëÿþòüñÿ â ñåðåäèí³ ë³òà,
êîëè áåðîå âæå ïî÷èíàº àêòèâíî ñïîæèâàòè ìíåì³îïñèñà ³ ñèòóàö³ÿ ç êîð-
ìîâîþ áàçîþ ñòàº êðàùîþ. Îäíàê îñíîâíèé íàãóë ìàëüê³â ³ äîðîñëèõ îñî-
áèí øïðîòà ïðèïàäàº íà á³ëüø ðàíí³ ì³ñÿö³, êîëè áåðîå ùå â³äñóòí³é â ïå-
ëàã³àë³ ï³âí³÷íî¿ ïîëîâèíè ìîðÿ. Ç ö³º¿ ïðè÷èíè ç ïî÷àòêó âåñíè ³ äî ñåðå-
äèíè ÷åðâíÿ ìíåì³îïñèñ ìîæå ñòàíîâèòè ñåðéîçíó õàð÷îâó êîíêóðåíö³þ
øïðîòó. Íå ìîæíà âèêëþ÷àòè íàâ³òü àäàïòàö³þ ìíåì³îïñèñà äî ïðîæè-
âàííÿ â óìîâàõ âïëèâó õèæàêà, ÿêà â³äáóëàñü â îñòàíí³ ðîêè. Â³ðîã³äíî,
ìíåì³îïñèñ âèÿâèâñÿ çäàòíèì øâèäêî íàðîùóâàòè ñâîþ ÷èñåëüí³ñòü ³
íàéá³ëüøîþ ì³ðîþ ñïîæèâàòè çîîïëàíêòîí ó ïåð³îä âåñíÿíîãî ï³äéîìó
éîãî á³îìàñè. Ñàìå öåé ïåð³îä ðîêó º íàéâàæëèâ³øèì äëÿ íàêîïè÷åííÿ
æèðîâèõ çàïàñ³â ó ò³ë³ øïðîòà, ÿê³ â íîðì³ ïîâèíí³ äîñÿãàòè ìàêñèìóìó
äî ëèïíÿ [51]. Ñêîðî÷åííÿ âì³ñòó æèðó â ò³ë³ øïðîòà íå ìîæå íå ïîçíà÷à-
òèñÿ íà â³äòâîðþâàëüí³é çäàòíîñò³ ïîïóëÿö³¿. Äî òîãî æ, íèçüêèé ð³âåíü
æèðîíàêîïè÷åííÿ, ÿê ïðàâèëî, ïåðåøêîäæàº íîðìàëüíîìó ïåðåá³ãó ïðî-
öåñ³â ôîðìóâàííÿ ù³ëüíèõ êîñÿê³â, îñê³ëüêè âèñíàæåíà ðèáà òðèâàë³øèé
÷àñ òðèìàºòüñÿ ðîçð³äæåíî ³ ïðîäîâæóº ïîøóê ¿æ³ â òîâù³ âîäè [21, 50].

Áåçóìîâíî, â ïîòî÷íîìó ñòîë³òò³ íà óëîâàõ øïðîòà â³äîáðàæàëèñü ³
ôëóêòóàö³¿ óðîæàéíîñò³ éîãî îêðåìèõ ïîêîë³íü. Îäíàê ï³ñëÿ 2016 ð. äëÿ
âñ³õ êðà¿í áàñåéíó ñïîñòåð³ãàºòüñÿ ñò³éêå ïàä³ííÿ óëîâ³â. Ïðîòå îö³íêè
âïëèâó ïðîìèñëó íà çàãàëüíèé çàïàñ â ×îðíîìó ìîð³, ÿê³ áóëè ïðîâåäåí³
GFCM, íå âèÿâèëè ôàêòó íàäì³ðíî¿ åêñïëóàòàö³¿ ðåñóðñó.
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Â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îðíîãî ìîðÿ ó ïîòî÷íîìó ñòîë³òò³ â³ä-
áóâàëîñÿ îñîáëèâî ñåðéîçíå ïîã³ðøåííÿ ñòàíó öüîãî ðåñóðñó. Íàéá³ëüø
ïîêàçîâèì â öüîìó ïëàí³ ñòàâ áåðåãîâèé ëîâ øïðîòà ñòàâíèìè íåâîäàìè.
ßê â³äîìî, äî ïî÷àòêó àêòèâíîãî çàñòîñóâàííÿ òðàë³â, öåé ïðîìèñåë â
ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ çàáåçïå÷óâàâ áëèçüêî 90 % çàãàëüíîãî âè-
ëîâó øïðîòà âñ³ìà êðà¿íàìè ðåã³îíó. Â 1965—1975 ðð. â çîí³ ÑÐÑÐ òóò
ïðàöþâàëî â³ä 50 äî 186 ñòàâíèõ íåâîä³â. Ð³÷íèé óëîâ îäíîãî òàêîãî çíà-
ðÿääÿ â öåé ÷àñ ñòàíîâèâ áëèçüêî 20 ò [26]. Â³äïîâ³äíî, çàãàëüíèé âèëîâ
öèìè ïàñèâíèìè çíàðÿääÿìè äîñÿãàâ ê³ëüêîõ òèñÿ÷ òîí íà ð³ê. Ï³ñëÿ
2015 ð. ð³÷íèé óëîâ âñ³õ ñòàâíèõ íåâîä³â â öüîìó ðàéîí³ âïàâ äî ð³âíÿ
ìåíøå 70 ò. ×åðåç íèçüêó ðåíòàáåëüí³ñòü äàíîãî âèäó ïðîìèñëó óêðà¿í-
ñüê³ ðèáîäîáóâí³ ï³äïðèºìñòâà ñêîðîòèëè ê³ëüê³ñòü ñòàâíèõ íåâîä³â íà
óçáåðåææ³ á³ëüøå í³æ ó 20 ðàç³â — äî 5—7 îäèíèöü.

Ñïîñòåðåæåííÿ, ÿê³ â îñòàííº äåñÿòèë³òòÿ ïðîâîäèëèñü íàìè íà ñóä-
íàõ äëÿ òðàëîâîãî ëîâó øïðîòà, òàêîæ ñâ³ä÷àòü ïðî íåáëàãîïîëó÷íó ñèòó-
àö³þ ÿê ç³ ñòàíîì çàïàñó, òàê ³ ç ïðîìèñëîâîþ îáñòàíîâêîþ. Íàñàìïåðåä,
çíà÷íî ñêîðîòèëèñü ïëîù³ ïðèäîííèõ ñêóï÷åíü öüîãî âèäó, ÿê³ ïðèäàòí³
äëÿ ëîâó òðàëàìè. Ïðîìèñëîâ³ ñóäíà ïî÷àëè âèòðà÷àòè çíà÷íî á³ëüøó
ê³ëüê³ñòü ÷àñó äëÿ ïîøóêó êîñÿê³â ðèáè. Ó íàéá³ëüø ñïðèÿòëèâó äëÿ òðà-
ëîâîãî ïðîìèñëó ë³òíþ ïîðó ïðîòÿæí³ñòü ïðèäîííèõ êîñÿê³â â îñòàíí³
ðîêè íå ïåðåâèùóâàëà 50—100 ì ïðè âèñîò³ äî 2 ì. Íà âåëèêîìó ì³ëêî-
âîäíîìó øåëüô³ ïîáëèçó î. Çì³¿íèé, äå ñîðîê ðîê³â òîìó â³äì³÷àëèñÿ
íàéù³ëüí³ø³ ñêóï÷åííÿ øïðîòà á³îìàñîþ äî 92 òèñ. ò [3, 4], íèí³ ïðîìèñ-
ëîâ³ ñóäíà ïåðåñòàëè âåñòè ëîâ ÷åðåç â³äñóòí³ñòü ðèáè. Ñåçîí ïðîìèñëó
òðàëàìè ñêîðîòèâñÿ á³ëüø í³æ óäâ³÷³ ÷åðåç òå, ùî ñêóï÷åííÿ øïðîòà
çîâñ³ì ïåðåñòàëè â³äì³÷àòèñÿ â õîëîäíó ïîðó ðîêó. Â³äíîñíî åôåêòèâíèé
ëîâ çáåð³ãñÿ ò³ëüêè â ïåð³îä íàéá³ëüøîãî ïðîãð³âàííÿ âîäè — ç ÷åðâíÿ äî
ñåðåäèíè æîâòíÿ. Ò³ëüêè â ö³ ì³ñÿö³ íå÷èñëåííà ðèáà óòâîðþº â ïðèäîí-
íèõ øàðàõ âîäè ïðèäàòí³ äëÿ îáëîâó êîíöåíòðàö³¿.

Ñêóï÷åííÿ øïðîòà, ùî ñïîñòåð³ãàëèñü îñòàíí³ìè ðîêàìè â ðàéîíàõ
ðîáîòè ïðîìèñëîâèõ ñóäåí íà ä³ëÿíö³ øåëüôó, ðîçòàøîâàí³é íà ï³âí³÷ â³ä
ïàðàëåë³, ùî ïðîõîäèòü ÷åðåç ãèðëî Äí³ñòðîâñüêîãî ëèìàíó, ³ íà çàõ³ä â³ä
Êàðê³í³òñüêî¿ çàòîêè, áóëè åêñïåðòíî îö³íåí³ íà îñíîâ³ äàíèõ ïðî ù³ëü-
í³ñòü êîñÿê³â øïðîòà, îòðèìàíèõ íàìè ó ìèíóëèõ çéîìêàõ Ï³âäåíÍ²ÐÎ.
Äëÿ ö³º¿ ïðèáëèçíî¿ îö³íêè âèêîðèñòîâóâàëè ïðîì³ðè âèñîòè øàðó ðèáè ³
ïëîù³ ñêóï÷åíü, ÿê³ ïðîâîäèëè çà äîïîìîãîþ ðèáîïîøóêîâèõ åõîëîò³â. Ç
îãëÿäó íà òå, ùî íàé÷àñò³øå êîñÿêè øïðîòà ìàþòü ù³ëüí³ñòü ó ìåæàõ
15—30 åêç/ì3, âèçíà÷èëè, ùî íàâ³òü ó íàéñïðèÿòëèâ³ø³ äëÿ ëîâó äí³ á³î-
ìàñà ðèáè íà öüîìó øåëüô³ íå ïåðåâèùóº 3500—5000 ò. Íàñò³ëüêè íèçüêà
ïîð³âíÿíî ç ïåð³îäîì 1980—1990-õ ðîê³â îö³íêà äîäàòêîâî ñâ³ä÷èòü ïðî
ñåðéîçíó äåãðàäàö³þ ðåñóðñó øïðîòà. Ñóòòºâå ñêîðî÷åííÿ á³îìàñè øïðî-
òà â îñíîâíîìó ðàéîí³ ëîâó æîäíèì ÷èíîì íå ìîãëî ñòàòèñÿ âíàñë³äîê
íàäì³ðíî¿ åêñïëóàòàö³¿ çàïàñó, îñê³ëüêè â îñòàíí³ äâà äåñÿòèë³òòÿ ÷è-
ñåëüí³ñòü ðèáîäîáóâíèõ ñóäåí â Óêðà¿í³ ïîñò³éíî çìåíøóâàëàñü ³ ó 2019—
2021 ðð. íå ïåðåâèùóâàëà 7—8 îäèíèöü, ÿê³ áóëè ïðåäñòàâëåí³ ìàëîòîí-
íàæíèìè òðàóëåðàìè çàñòàð³ëî¿ êîíñòðóêö³¿.
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Òàêèì ÷èíîì, âñÿ ³ñòîð³ÿ ðîçâèòêó ³ ïîäàëüøî¿ äåãðàäàö³¿ ïðîìèñëó
øïðîòà â ï³âí³÷íî-çàõ³äíî¿ ÷àñòèíè ìîðÿ ïîâ’ÿçàíà ç ðÿäîì çì³í ñèðî-
âèííîãî ðåñóðñó, ÿê³ çóìîâëåí³ àíòðîïîãåííèìè ÷èííèêàìè, íå ïîâ’ÿçà-
íèìè ç ðèáàëüñòâîì. Äîñë³äæåííÿ îñòàíí³õ ðîê³â ïîêàçóþòü, ùî ìíå-
ì³îïñèñ ñòàâ ïðîíèêàòè íà âåëèê³ ãëèáèíè ³ çàâäàâàòè ñåðéîçíî¿ øêîäè
êîðìîâ³é áàç³ äîðîñëèõ îñîáèí øïðîòà, ÿêà ôîðìóºòüñÿ âåëèêèìè õîëî-
äîëþáíèìè êîïåïîäàìè [6, 7]. Â îêðåì³ ðîêè âèñîê³ ïîêàçíèêè á³îìàñè
ìíåì³îïñèñà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ ñòàëè ðåºñòðóâàòèñÿ ³ â õî-
ëîäíó ïîðó ðîêó [39]. Ñàìå â öåé ñåçîí øïðîò ðîçïîä³ëÿºòüñÿ áëèæ÷å äî
ïîâåðõí³ ìîðÿ. Íàì òàêîæ äîâîäèëîñÿ ñïîñòåð³ãàòè, ï³ñëÿ â³äíîñíî òåï-
ëèõ çèì, ïîÿâó âåëèêèõ îñîáèí ìíåì³îïñèñà â ïðèáåðåæí³é çîí³ ìîðÿ
âæå ó êâ³òí³-òðàâí³, ùî çá³ãàºòüñÿ ç ïåð³îäîì ³íòåíñèâíîãî íàãóëó øïðî-
òà. Ïðè öüîìó õèæàê, ùî ñïîæèâàº ìíåì³îïñèñà, — ðåáðîïëàâ áåðîå
ðåºñòðóâàâñÿ íå ðàí³øå ïî÷àòêó ëèïíÿ. Äîâîë³ â³ðîã³äíî, ùî ³íøèé âñåëå-
íåöü — ðàïàíà Rapana venosa (Valenciennes, 1846) òàêîæ îïîñåðåäêîâàíî
íåãàòèâíî âïëèíóâ íà äèíàì³êó ïîïóëÿö³¿ øïðîòà. Ð³çêå çá³ëüøåííÿ ÷è-
ñåëüíîñò³ öüîãî ìîëþñêà ï³ñëÿ 2010 ð. â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ìîðÿ
ïðèçâåëî äî ñóòòºâîãî ñêîðî÷åííÿ á³îìàñè ìîëþñê³â-ô³ëüòðàòîð³â. Íàé-
á³ëüø ñèëüíî ïðè öüîìó ïîñòðàæäàëè ïîñåëåííÿ ì³ä³é Mytilus gallopro-
vincialis (Lamarck, 1819), ÷èñåëüí³ñòü ÿêèõ âæå ³ òàê áóëà ï³ä³ðâàíà ðåãó-
ëÿðíèì ðîçâèòêîì çàìîðíèõ ÿâèù [18]. Âè¿äàííÿ öèõ äâîñòóëêîâèõ ìî-
ëþñê³â ðàïàíîþ ïðàêòè÷íî çíèùèëî ¿õí³ ïîñåëåííÿ â áàãàòüîõ ðàéîíàõ
ìîðÿ. Çà ðåçóëüòàòàìè îñòàíí³õ çéîìîê, á³îìàñà ðàïàíè â ï³âí³÷íî-çà-
õ³äí³é ÷àñòèí³ ìîðÿ äîñÿãëà âåëüìè âèñîêîãî ð³âíÿ — 72 òèñ. ò, ùî ñâ³ä-
÷èòü ïðî êîëîñàëüíó ê³ëüê³ñòü êîðìîâèõ îá’ºêò³â, ÿêà íåþ ñïîæèâàºòüñÿ
[10]. Çíèæåííÿ ô³ëüòðàö³éíîãî ïîòåíö³àëó ìîðÿ, â ñâîþ ÷åðãó, ïðèçâåëî
äî ïîðóøåííÿ ïðîöåñ³â ñåäèìåíòàö³¿ ³ äåñòðóêö³¿ îðãàí³÷íèõ ðå÷îâèí â
øåëüôîâ³é çîí³. Ùîð³÷íèé áóðõëèâèé ðîçâèòîê ç íàñòóïíèì çà íèì â³ä-
ìèðàííÿì äîííèõ âîäîðîñòåé ìàêðîô³ò³â ó âåñíÿíî-ë³òíþ ïîðó, ÿêèé
â³äì³÷àºòüñÿ â îñòàíí³ äâà äåñÿòèë³òòÿ, — ùå îäíå ÿâèùå, âíàñë³äîê ÿêîãî
â³äáóâàºòüñÿ çá³ëüøåííÿ ê³ëüêîñò³ ðîç÷èíåíî¿ ó âîä³ îðãàí³êè ³ äåòðèòó
[12]. Ö³ ÷èííèêè ñïðè÷èíÿþòü çðîñòàííÿ ð³âíÿ âòîðèííî¿ åâòðîô³êàö³¿ ³
çàìîðí³ ÿâèùà â ë³òíþ ïîðó ðîêó. Âåëèê³ çîíè ç îçíàêàìè ñ³ðêîâîäíåâîãî
çàðàæåííÿ òà çàãèáëèìè äîííèìè îðãàí³çìàìè áóëè â³äì³÷åí³ íàìè íà
ãëèáèíàõ 20—35 ì â õîä³ òðàëîâèõ çéîìîê ó 2020—2021 ðð.

Ïîã³ðøåííÿ ÿêîñò³ ìîðñüêîãî ñåðåäîâèùà íåãàòèâíî ïîçíà÷àºòüñÿ
íà óìîâàõ ìåøêàííÿ ã³äðîá³îíò³â, çîêðåìà íà íàãóë³ ³ íåðåñò³ áàãàòüîõ
âèä³â ðèá, âêëþ÷íî ç³ øïðîòîì. Â³ðîã³äíî, ùî â íàø ÷àñ ï³âí³÷íî-çàõ³äíà
÷àñòèíà ×îðíîãî ìîðÿ ñòàëà â³ä³ãðàâàòè çíà÷íî ìåíøó ðîëü ó ôîðìóâàíí³
çàïàñ³â ïðîìèñëîâèõ ðèá, ñåðåä íèõ ³ øïðîòà. Ç îãëÿäó íà òå, ùî óëîâè
öüîãî âèäó óêðà¿íñüêèìè äîáóâíèìè ï³äïðèºìñòâàìè â îñòàíí³ ðîêè ñòà-
íîâëÿòü ìåíøå 4 % â³ä çàãàëüíîãî âèëîâó â ×îðíîìó ìîð³, ìîæíà çðîáèòè
âèñíîâîê, ùî í³ÿê³ îáìåæåííÿ ïðîìèñëó â íàøèõ âîäàõ íå äîçâîëÿòü çà-
ïàñó â³äíîâèòèñü. Òîìó âèäîáóòîê øïðîòà ó âîäàõ Óêðà¿íè ñë³ä çä³éñíþ-
âàòè áåç âñòàíîâëåííÿ ë³ì³òó íà âèëîâ.
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Âèñíîâêè

Âèçíà÷åíî, ùî ïîð³âíÿíî ç ìèíóëèì ñòîë³òòÿì â óëîâàõ øïðîòà ñóò-
òºâî çíèçèëàñü ÷àñòêà âåëèêèõ ðèá. Ìîäàëüíèé ðîçì³ð çìåíøèâñÿ íà
20 ìì. Íèí³ 89 % ðèá â óëîâàõ ïðåäñòàâëåí³ îñîáèíàìè äîâæèíîþ 75—
90 ìì. Öå âèÿâèëîñü íàñë³äêîì ñóòòºâîãî çíèæåííÿ òåìïó ðîñòó ó äàíîãî
âèäó çà îñòàíí³ 50 ðîê³â. Çðîñòàííÿ êîåô³ö³ºíòà ïðèðîäíî¿ ñìåðòíîñò³ â³ä
0,91 äî 1,02, â óìîâàõ íèçüêî¿ ÷èñåëüíîñò³ õèæàê³â, ñâ³ä÷èòü ïðî ïîã³ð-
øåííÿ óìîâ ìåøêàííÿ øïðîòà.

Îö³íêè ñòàíó ïîïóëÿö³¿ øïðîòà çà äîïîìîãîþ ìîäåë³ LBB âêàçóþòü
íà òå, ùî ïðîìèñëîâå âèëó÷åííÿ â ñó÷àñíèé ïåð³îä íå ïåðåâèùóº äîïóñ-
òèìîãî ð³âíÿ åêñïëóàòàö³¿. Ñï³ââ³äíîøåííÿ êîåô³ö³ºíò³â ïðîìèñëîâî¿ ³
ïðèðîäíî¿ ñìåðòíîñò³ øïðîòà (F/M) â 2021 ð. ñêëàëî 0,63, à â³äíîøåííÿ
ïîòî÷íî¿ á³îìàñè äî á³îìàñè, ÿêî¿ ïîïóëÿö³ÿ ìîæå äîñÿãíóòè â ö³é ÷àñ-
òèí³ áàñåéíó çà â³äñóòíîñò³ ïðîìèñëó (B/B0), äîð³âíþâàëî 0,58, ùî òàêîæ
ñâ³ä÷èòü ïðî â³äñóòí³ñòü çàãðîçè ïåðåëîâó.

Ïîã³ðøåííÿ ñòàíó ðåñóðñó øïðîòà â ï³âí³÷íî-çàõ³äí³é ÷àñòèí³ ×îð-
íîãî ìîðÿ â³äáóëîñü, íàñàìïåðåä, âíàñë³äîê ìàñøòàáíèõ çì³í â ìîðñüê³é
åêîñèñòåì³, ÿê³ âèêëèêàí³ ãîñïîäàðñüêîþ ä³ÿëüí³ñòþ ëþäèíè. Íàéá³ëüø
íåãàòèâíî íà ÷èñåëüíîñò³ ïîïóëÿö³¿ øïðîòà ïîçíà÷èëàñü âèïàäêîâà ³í-
òðîäóêö³ÿ ç áàëàñòíèìè âîäàìè â ×îðíå ìîðå ïëàíêòîôàãà ðåáðîïëàâà
ìíåì³îïñèñà. Íåãàòèâíèé âïëèâ íà çàïàñè øïðîòà õàð÷îâî¿ êîíêóðåíö³¿ ç
öèì ïðåäñòàâíèêîì æåëåò³ëîãî ïëàíêòîíó ïðîÿâèâñÿ ëèøå ÷åðåç ïåâíèé
÷àñ ï³ñëÿ éîãî âñåëåííÿ. Ðÿä ³íøèõ ÷èííèê³â, òàêèõ ÿê çíèæåííÿ ô³ëüòðà-
ö³éíîãî ïîòåíö³àëó ìîðÿ ï³ñëÿ ðîçïîâñþäæåííÿ ³íøîãî âñåëåíöÿ — ðà-
ïàíè òà ìàñîâèé ðîçâèòîê ³ ïîäàëüøå çà íèì â³äìèðàííÿ ìàêðîô³ò³â,
ï³äñèëþþòü åâòðîô³êàö³þ ³ çàìîðí³ ÿâèùà. Öå òàêîæ ìîæå íåãàòèâíî ïî-
çíà÷àòèñü íà ñòàí³ ðåñóðñó öüîãî âèäó.

Ñó÷àñíèé ð³âåíü âèäîáóòêó øïðîòà Óêðà¿íîþ ñòàíîâèòü ëèøå íå-
çíà÷íó ÷àñòèíó â³ä çàãàëüíîãî óëîâó ÷îðíîìîðñüêèõ êðà¿í. Îáìåæåííÿ
ïðîìèñëîâîãî íàâàíòàæåííÿ ùîäî öüîãî îá’ºêòà íå áóäå ÿâëÿòèñü åôåê-
òèâíîþ ì³ðîþ äëÿ â³äíîâëåííÿ éîãî çàïàñ³â. Âèëîâ øïðîòà â óêðà¿íñüêèõ
âîäàõ ïîâèíåí çä³éñíþâàòèñÿ áåç îáìåæåíü çà ð³âíåì âèëó÷åííÿ.

Çà îñòàíí³ 40 ðîê³â á³îìàñà ñêóï÷åíü øïðîòà íà øåëüô³ ï³âí³÷íî-çà-
õ³äíî¿ ÷àñòèíè ìîðÿ ñêîðîòèëàñÿ â äåñÿòêè ðàç³â ³ íèí³ íå ïåðåâèùóº
5 òèñ. ò. Òðèâàë³ñòü ïðîìèñëîâîãî ñåçîíó, ïðîòÿãîì ÿêîãî øïðîò ïåðåáó-
âàº â ù³ëüíèõ êîñÿêàõ, ïðèäàòíèõ äëÿ îáëîâó, òàêîæ ñêîðîòèëàñÿ äî
äâîõ-òðüîõ ç ïîëîâèíîþ ì³ñÿö³â. Ö³ îáñòàâèíè ñåðéîçíî ïåðåøêîäæàþòü
ðîçâèòêó óêðà¿íñüêîãî ïðîìèñëó.
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THE STATE OF THE SPRAT SPRATTUS SPRATTUS (LINNAEUS, 1758) STOCK IN
UKRAINIAN WATERS IN THE NORTHWESTERN PART OF THE BLACK SEA

The data on the size, weight, age and sex composition of the sprat Sprattus sprattus in
the northwestern part of the Black Sea were obtained on the basis of material collected on
commercial vessels during 2007—2021. 27 951 individuals were analyzed in total. It was
determined that the sprat population has undergone significant structural changes over the
past 50 years. The proportion of large fish in the population has decreased compared to the
70s and 80s of the last century. The average size of one individual in the catches of midwater
trawls decreased by 15—20 %. Compared to 1975, the asymptotic length of sprat, calcula-
ted using the Bertalanffy equation, decreased from 13.92 to 11.19 cm. There is also a decre-
ase in the mass characteristics of this species. The decline in the growth rate of sprat has
been caused by food competition with ctenophore Mnemiopsis leidyi. The ratios of natural
and fishing mortality rates (F/M) and biomass at the actual level and at the level of maxi-
mum sustainable yield (B/BMSY) calculated using the LBB model were 0.63 and 1.6 respecti-
vely. The ratio of the current biomass to the biomass that sprat population could reach in
this part of the basin in the absence of fishing (B/B0) was 0.58. This indicates that the sprat
stock is exploited at a level below the optimum and current fishing does not lead to a decli-
ne in the population. However, the biomass of commercial aggregations and catches in this
area of the sea have decreased tenfold over the past two decades. The depression of the
stock has led to a decrease in the number of pound nets and trawl vessels in fishing compa-
nies. The observed bad condition of this fish resource is related to the negative environ-
mental changes in Ukrainian waters in the northwestern part of the Black Sea due to anth-
ropogenic impact in recent years. Restrictions on commercial fishing will not improve the
state of sprat population.

Key words: sprat, state of stock, age structure, northwestern part of the Black Sea.
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(ÌÄÀ) â òêàíèíàõ. Ð³âåíü ôóíêö³îíóâàííÿ ôåðìåíòàòèâíèõ çàõèñíèõ ìåõàí³çì³â ó
êë³òèíàõ îö³íþâàëè çà àêòèâí³ñòþ ãëóòàò³îí-S-òðàíñôåðàçè (GST). Ã³ñòîïàòî-
ëîã³÷í³ íàñë³äêè ä³¿ ì³ä³ âèÿâëÿëè â çÿáðàõ ³ ïå÷³íö³ ðèá. Õðîí³÷íà ä³ÿ ì³ä³ ³íäóêóâàëà
çá³ëüøåííÿ âì³ñòó ïðîäóêò³â ïåðåêèñíîãî îêèñëåííÿ ë³ï³ä³â ó çÿáðàõ, ïå÷³íö³ ³ ì’ÿçàõ,
ùî âêàçóº íà ïîðóøåííÿ îêèñëþâàëüíî-â³äíîâëþâàëüíîãî áàëàíñó â òêàíèíàõ. Ðîçâè-
òîê îêèñëþâàëüíîãî ñòðåñó â³äáóâàâñÿ íà ôîí³ çíèæåííÿ àêòèâíîñò³ GST â çÿáðàõ ³
ïå÷³íö³, ùî ñâ³ä÷èòü ïðî âèñíàæåííÿ àíòèîêñèäàíòíîãî çàõèñòó òà àêòèâàö³¿ ôåð-
ìåíòó â ì’ÿçàõ ðèá. Íàñë³äêàìè îêñèäàòèâíîãî ñòðåñó â ïå÷³íö³ ðèá áóëè îáøèðíèé
ãåïàòîç, ñòàç êðîâ³ â êàï³ëÿðàõ, ï³êíîç ³ ðîçâèòîê àïîïòîçíèõ îçíàê ó ãåïàòîöèòàõ.
Ó çÿáðàõ ðèá ñïîñòåð³ãàëàñü ïîâíà àáî ÷àñòêîâà äåãåíåðàö³ÿ ëàìåë, âèêðèâëåííÿ ¿õí³õ
ê³íöåâèõ ä³ëÿíîê, ã³ïåðïëàç³ÿ åï³òåë³þ ³ ïîøêîäæåííÿ êðîâîíîñíèõ êàï³ëÿð³â ó ëàìå-
ëàõ. Âèÿâëåí³ íàñë³äêè õðîí³÷íîãî âïëèâó ì³ä³ íà îðãàíè òðàâíî¿ ³ äèõàëüíî¿ ñèñòåì
ðèá ñâ³ä÷àòü ïðî äåñòðóêòèâí³ çì³íè â ñòàí³ çäîðîâ’ÿ, ùî ìîæå ñòàòè ïîòåíö³éíîþ
çàãðîçîþ ñòàíó ïîïóëÿö³é ðèá ó ïðèðîäíèõ óìîâàõ. Îòðèìàí³ ðåçóëüòàòè âêàçóþòü
íà íåîáõ³äí³ñòü ïðîâåäåííÿ ïîäàëüøèõ äîñë³äæåíü âïëèâó ôîíîâèõ êîíöåíòðàö³é
ì³ä³ òà ³íøèõ âàæêèõ ìåòàë³â íà ³õò³îôàóíó ïîñòì³ë³òàðèçîâàíèõ âîäîéì.

Êëþ÷îâ³ ñëîâà: ì³äü, ôîíîâà êîíöåíòðàö³ÿ, ðèáè, îêñèäàòèâíèé ñòðåñ, ã³ñòî-
ïàòîëîã³ÿ.

Ì³äü (Cu) º ïîñò³éíèì êîìïîíåíòîì ïðèðîäíîãî âîäíîãî ñåðåäîâè-
ùà ³ ÿê åññåíö³àëüíèé ì³êðîåëåìåíò íåîáõ³äíà äëÿ íîðìàëüíîãî ðîñòó ³
îáì³íó ðå÷îâèí ó æèâèõ îðãàí³çìàõ. Àëå â íàäëèøêîâ³é ê³ëüêîñò³ ì³äü ïå-
ðåõîäèòü â êàòåãîð³þ âàæêèõ ìåòàë³â ³ ïðîÿâëÿº òîêñè÷íó ä³þ íà ã³äðî-
á³îíò³â [22].

Çàáðóäíåííÿ âîäîéì ì³ääþ òà ³íøèìè âàæêèìè ìåòàëàìè º ðîçïîâ-
ñþäæåíèì ÿâèùåì, îñê³ëüêè âîíè ì³ñòÿòüñÿ â ñò³÷íèõ âîäàõ áàãàòüîõ
ïðîìèñëîâèõ ³ ñ³ëüñüêîãîñïîäàðñüêèõ ï³äïðèºìñòâ [24]. Ï³äòðèìàííÿ
âèñîêèõ êîíöåíòðàö³é ì³ä³ ó âîä³ çàáåçïå÷óºòüñÿ òàêîæ ¿¿ êñåíîá³îòè÷íè-
ìè âëàñòèâîñòÿìè. Ì³äü çäàòíà íàêîïè÷óâàòèñÿ ³ ïåðåðîçïîä³ëÿòèñÿ â
æèâèõ ³ íåæèâèõ êîìïîíåíòàõ åêîñèñòåìè, ÿê³ ñòàþòü äæåðåëàìè âòî-
ðèííîãî çàáðóäíåííÿ âîäè [20].

Â Óêðà¿í³ ïðîáëåìà çàáðóäíåííÿ ñåðåäîâèùà ì³ääþ òà ³íøèìè âàæ-
êèìè ìåòàëàìè çàãîñòðèëàñü ç ïî÷àòêîì ìàñøòàáíèõ áîéîâèõ ä³é [5, 9].
Âåäåííÿ ñó÷àñíèõ çáðîéíèõ êîíôë³êò³â ïðèçâîäèòü äî òîêñè÷íîãî çà-
áðóäíåííÿ àêâàòîð³é íåáåçïå÷íèìè õ³ì³÷íèìè ñïîëóêàìè [36]. Ì³äü íå º
âèáóõîâîþ ðå÷îâèíîþ, àëå âèêîðèñòîâóºòüñÿ ÿê êîìïîíåíò ó âèðîáíèö-
òâ³ âèáóõîâèõ ðå÷îâèí, à òàêîæ ó äåÿêèõ òèïàõ â³éñüêîâîãî îáëàäíàííÿ
[6]. Ìîí³òîðèíãîâ³ äîñë³äæåííÿ ñâ³ä÷àòü, ùî â Çàïîð³çüêîìó (Äí³ïðî-
âñüêîìó) âîäîñõîâèù³ êîíöåíòðàö³ÿ ì³ä³ ó âîä³ çà äâà ðîêè â³éíè çá³ëü-
øèëàñü ç 0,011±0,001 ìã/äì3 [7] äî 0,021 ìã/äì3 [3], òîáòî ïåðåâèùóº ðèáî-
ãîñïîäàðñüê³ ÃÄÊ á³ëüøå í³æ ó 20 ðàç³â.

Òîêñè÷íèé âïëèâ ì³ä³ íà ðèá òà ³íøèõ âîäíèõ ìåøêàíö³â â³äîáðàæå-
íèé ó ÷èñëåííèõ íàóêîâèõ ðîáîòàõ. Âñòàíîâëåíî [29], ùî íà ð³âí³ ìîëåêó-
ëÿðíèõ åôåêò³â âïëèâ ì³ä³ ³íäóêóº óòâîðåííÿ àêòèâíèõ ôîðì êèñíþ
(ÀÔÊ), ÿê³ àêòèâóþòü ïðîöåñè ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â (ÏÎË) ³
ñòâîðþþòü çàãðîçó îêèñëþâàëüíîãî ñòðåñó. Àíòèîêñèäàíòí³ ñèñòåìè êë³-
òèí (ôåðìåíòàòèâí³ ³ íåôåðìåíòàòèâí³) â³äïîâ³äàþòü çà íåéòðàë³çàö³þ
ÀÔÊ ³ çàïîá³ãàííÿ îêèñëåííþ êë³òèííèõ êîìïîíåíò³â. Çîêðåìà, äåÿê³ ³çî-
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ôîðìè ãëóòàò³îí-S-òðàíñôåðàçè (GST) çàáåçïå÷óþòü êîí’þãàö³þ ïðîäóê-
ò³â ðîçïàäó ïåðîêñèä³â ë³ï³ä³â, âèêîðèñòîâóþ÷è GSH ÿê ñóáñòðàò [29].
Òîìó ãëóòàò³îí-S-òðàíñôåðàçà ñëóãóº á³îìàðêåðîì çàáðóäíåííÿ ñåðåäî-
âèùà, ÿêèé ìîæå âêàçóâàòè ÿê íà õðîí³÷íèé âïëèâ êîìïëåêñó çàáðóäíþ-
þ÷èõ ðå÷îâèí, òàê ³ íà êîðîòêî÷àñíå íåáåçïå÷íå çàáðóäíåííÿ [13]. Ó ñèòó-
àö³ÿõ, êîëè âèðîáíèöòâî ÀÔÊ ïåðåâèùóº àíòèîêñèäàíòíó çäàòí³ñòü êë³-
òèíè, ìîëåêóëè ë³ï³ä³â ³ á³ëê³â ï³ääàþòüñÿ îêèñíåííþ [25], à ïðîäóêòè ¿õ
îêèñíåííÿ â³ä³ãðàþòü âàæëèâó ðîëü â ³íäóêö³¿ àïîïòîçó, ãåíåòè÷íî êîíò-
ðîëüîâàíî¿ òà åâîëþö³éíî çáåðåæåíî¿ ôîðìè àêòèâíî¿ ñìåðò³ êë³òèí [29].

Ã³ñòîïàòîëîã³÷í³ çì³íè â êë³òèíàõ ³ òêàíèíàõ ðèá øèðîêî âèêîðèñòî-
âóþòüñÿ ÿê á³îìàðêåðè äëÿ îö³íêè òîêñè÷íîãî âïëèâó ì³ä³ òà ³íøèõ âàæ-
êèõ ìåòàë³â [40]. ×óòëèâèì ³íäèêàòîðîì çàáðóäíåííÿ âîäè âèçíàíî êë³-
òèíè çÿáåð, îñê³ëüêè âîíè áåçïîñåðåäíüî êîíòàêòóþòü ³ç çîâí³øí³ì ñåðå-
äîâèùåì. Âïëèâ ðîç÷èí³â âàæêèõ ìåòàë³â, âêëþ÷íî ç ðîç÷èíàìè ì³ä³, íà
ìîðôîôóíêö³îíàëüí³ ïîêàçíèêè çÿáåð ðèá îïèñàíî â ð³çíèõ ðîáîòàõ [17,
41]. Ïîêàçàíî, ùî çà óìîâ âïëèâó ³îí³â ì³ä³ íà êàðàñÿ ñð³áëÿñòîãî (Carassi-
us gibelio), íàâ³òü ïðè êîðîòêîòðèâàë³é åêñïîçèö³¿ (4 äîáè) â³äáóâàºòüñÿ
àêòèâàö³ÿ ïðîöåñ³â àïîïòîçó â çÿáðàõ, à òàêîæ ïîÿâà àíîìàëüíèõ êë³òèí ç
ð³çíèìè ïîðóøåííÿìè ì³òîçó ³ çàçíà÷åíî, ùî âèêîðèñòàí³ öèòîãåíåòè÷í³
ïîêàçíèêè âèÿâèëèñü á³ëüø ÷óòëèâèìè äî âïëèâó ³îí³â ì³ä³, í³æ çì³íè íà
ð³âí³ ö³ëîãî îðãàí³çìó ðèá [2].

Âñòàíîâëåíî, ùî íàêîïè÷åííÿ ì³ä³ â³äáóâàºòüñÿ ïåðåâàæíî â ïå÷³íö³
ðèá [31]. Çà ñóáëåòàëüíèõ êîíöåíòðàö³é ì³ä³ ó í³ëüñüêî¿ òèëÿï³³ (Oreochro-
mis niloticus) ñïîñòåð³ãàëàñü ³íô³ëüòðàö³ÿ òêàíèíè ïå÷³íêè êë³òèíàìè
êðîâ³, âàêóîë³çàö³ÿ öèòîïëàçìè ãåïàòîöèò³â, ï³êíîç ÿäåð [11].

Âïëèâ ñóáëåòàëüíèõ êîíöåíòðàö³é ì³ä³ íà êàìáàëó (Solea senegalensis)
ñóïðîâîäæóâàâñÿ çá³ëüøåííÿì æèðîâèõ âàêóîëåé â ãåïàòîöèòàõ; ñèíó-
ñî¿äè ³ âåíóëè áóëè çàïîâíåí³ åðèòðîöèòàìè, ñïîñòåð³ãàâñÿ ãåïàòîöåëþ-
ëÿðíèé íåêðîç. Òàêîæ âèÿâëåíî ³íòåíñèâíó âàêóîë³çàö³þ êë³òèí ³ ï³êíîç
ÿäåð [40].

Ó êîðîïà (Cyprinus carpio) çà ñóáëåòàëüíèõ êîíöåíòðàö³é ì³ä³ â ïå-
÷³íö³ áóëè âèðàæåí³ äèñòðîô³÷í³ óðàæåííÿ ³ ã³äðîï³÷íà âàêóîëÿðíà äåãå-
íåðàö³ÿ ãåïàòîöèò³â, ðîçøèðåííÿ êàï³ëÿð³â, ã³ïåðåì³ÿ òà õîëåñòàç [38].

Çíà÷íî ìåíøå ³íôîðìàö³¿ ñòîñîâíî âïëèâó ì³ä³ íà ðåïðîäóêòèâí³ îð-
ãàíè ðèá [12]. Âñòàíîâëåíî, ùî âì³ñò ì³ä³ â ñòàòåâèõ çàëîçàõ Carassius
auratus ³ Xiphophorus helleri çðîñòàº ë³í³éíî ç³ çá³ëüøåííÿì ñóáëåòàëüíèõ
êîíöåíòðàö³é ì³ä³ ó âîä³. Îäíî÷àñíî ñïîñòåð³ãàëîñÿ çíèæåííÿ øâèäêîñò³
ðîñòó òà ðåïðîäóêòèâíî¿ çäàòíîñò³ äîñë³äæóâàíèõ ðèá. Â³äì³÷åíî òàêîæ
çìåíøåííÿ ñåðåäíüîãî ä³àìåòðó ÿéöåêë³òèí ó Carassius auratus [30]. Óò-
ðèìàííÿ ðèá çà ñóáëåòàëüíèõ êîíöåíòðàö³é ì³ä³ (0,6, 1,2 ³ 1,8 ìã/äì3) ãàëü-
ìóâàëî ðóõëèâ³ñòü ñïåðìàòîçî¿ä³â ³ çíèæóâàëî ÷àñòêó çàïë³äíåííÿ òà êîå-
ô³ö³ºíò âèëóïëåííÿ [35]. Â³äì³÷åíî íåãàòèâíèé âïëèâ ì³ä³ íà åíäîêðèííó
ñèñòåìó ðèá [33] òà àêòèâí³ñòü ãîíàäîòðîïíèõ ãîðìîí³â [14].

Äîâåäåíî, ùî ãîñòðà òîêñè÷í³ñòü ³ ô³ç³îëîã³÷íèé âïëèâ ì³ä³ íà ðèá çà-
ëåæàòü â³ä áàãàòüîõ ôàêòîð³â [26, 34], à íå ò³ëüêè â³ä êîíöåíòðàö³¿ ³ ÷àñó
åêñïîçèö³¿, ³ òîìó ö³ ïèòàííÿ ïîòðåáóþòü ïîãëèáëåíîãî âèâ÷åííÿ. Âîäíî-
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÷àñ íàä³éíèìè á³îìàðêåðàìè âïëèâó ì³ä³ íà âîäí³ åêîñèñòåìè º ã³ñòîïàòî-
ëîã³÷í³ çì³íè ó ðèá.

Íåçâàæàþ÷è íà íàêîïè÷åí³ äàí³, âèâ÷åííÿ ïðîáëåìè òîêñè÷íîãî
âïëèâó ì³ä³ íà ðèá íå âòðà÷àº ñâîº¿ àêòóàëüíîñò³. Çá³ëüøåííÿ ôîíîâèõ
êîíöåíòðàö³é ì³ä³ ó âîäîéìàõ ïîòðåáóº äîñë³äæåííÿ ¿õíüîãî õðîí³÷íîãî
âïëèâó íà ñòàí çäîðîâ’ÿ ðèá. Ñë³ä ìàòè íà óâàç³, ùî ³ñíóþ÷³ ÃÄÊ çàáðóä-
íþþ÷èõ ðå÷îâèí, çîêðåìà ì³ä³, ìàþòü óçàãàëüíåíèé õàðàêòåð ³ íå ìîæóòü
ïåðåäáà÷èòè âïëèâ òîêñèêàíò³â íà âñ³ ïðîöåñè â îðãàí³çì³ ðèá. Åôåêòèâ-
íèì øëÿõîì âèð³øåííÿ ö³º¿ ïðîáëåìè º çàñòîñóâàííÿ á³îòåñòóâàííÿ ç âè-
êîðèñòàííÿì ñó÷àñíèõ ìåòîä³â äîñë³äæåíü [1]. Ðåçóëüòàòè îçíà÷åíèõ çà-
âäàíü ñòàíîâëÿòü ³íòåðåñ íå ò³ëüêè äëÿ íàóêè, à é äëÿ ïðàêòè÷íîãî ðèá-
íèöòâà â ïëàí³ îö³íêè ñòàíó çäîðîâ’ÿ ðèá òà ïðîãíîç³â ðèáîïðîäóêòèâ-
íîñò³.

Ìåòîþ íàøî¿ ðîáîòè áóëî äîñë³äèòè â óìîâàõ õðîí³÷íîãî åêñïåðè-
ìåíòó âïëèâ ì³ä³ â êîíöåíòðàö³¿ 20 ìêã/äì3, ÿêà ô³êñóºòüñÿ â ðèáîãîñïî-
äàðñüêèõ âîäîéìàõ ì³ë³òàðèçîâàíî¿ çîíè Óêðà¿íè, íà ôåðìåíòàòèâíó àê-
òèâí³ñòü ³ ã³ñòîëîã³÷íó ñòðóêòóðó îðãàí³â äèõàëüíî¿ ³ òðàâíî¿ ñèñòåì ðèá.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Ìîäåëüíèé åêñïåðèìåíò ïðîâîäèëè íà áàç³ êàôåäðè çàãàëüíî¿ á³î-
ëîã³¿ òà âîäíèõ á³îðåñóðñ³â òà ÍÄ² á³îëîã³¿ Äí³ïðîâñüêîãî íàö³îíàëüíîãî
óí³âåðñèòåòó ³ì. Îëåñÿ Ãîí÷àðà. ßê òåñòîâèé îá’ºêò áóëè âèêîðèñòàí³
ãóïï³ (Poecilia reticulata) îäí³º¿ ãåíåðàö³¿ ó â³ö³ 5 ì³ñÿö³â, ïîä³ëåí³ íà êîíò-
ðîëüíó ³ äîñë³äíó ãðóïè, êîæíà ó äâîõ ïîâòîðåííÿõ. Ó êîæíèé àêâàð³óì
ïîì³ñòèëè ïî 20 ðèá ó ñï³ââ³äíîøåíí³ ñàìîê ³ ñàìö³â 1:1. Ïî÷àòêîâà ìàñà
ðèá ó äîñë³äíîìó àêâàð³óì³ ñòàíîâèëà 0,24±0,01 ã, ó êîíòðîëüíîìó —
0,22±0,01 ã.

Ó äîñë³äíèõ àêâàð³óìàõ ï³äòðèìóâàëè êîíöåíòðàö³þ ì³ä³ 20 ìêã/äì3

(0,3 µM) øëÿõîì ïîâíî¿ çàì³íè âîäè êîæí³ òðè äí³ ³ äîäàâàííÿ â³ä-
ïîâ³äíî¿ ê³ëüêîñò³ ðîç÷èíó CuSO4. Îïòèìàëüíó äëÿ ãóïï³ òåìïåðàòóðó
âîäè (24 îÑ) ï³äòðèìóâàëè çà äîïîìîãîþ îá³ãð³âà÷à. Ðèá ãîäóâàëè äâà
ðàçè íà äîáó ñóõèì êîðìîì «Guppy» ô³ðìè Tetra ç äîáîâîþ íîðìîþ êîð-
ìó 5 % â³ä çàãàëüíî¿ ìàñè ðèá. Õðîí³÷íèé åêñïåðèìåíò òðèâàâ 21 äåíü,
ï³ñëÿ ÷îãî äîñë³äæóâàëè ìîðôîëîã³÷í³, á³îõ³ì³÷í³, ã³ñòîëîã³÷í³ ³ öèòîìåò-
ðè÷í³ ïîêàçíèêè ðèá. Â³äïîâ³äíî äî ªâðîïåéñüêî¿ Êîíâåíö³¿ «Ïðî ãóìàí-
íå ñòàâëåííÿ äî ëàáîðàòîðíèõ òâàðèí» óñ³ ìàí³ïóëÿö³¿ ç ðèáàìè ïðîâîäè-
ëè ç äîòðèìàííÿì ïðàâèë á³îåòèêè â óìîâàõ àíåñòåç³¿ ç âèêîðèñòàííÿì
ãâîçäè÷íî¿ îë³¿.

Ìîðôîëîã³÷íèé àíàë³ç âêëþ÷àâ âèçíà÷åííÿ ³íäèâ³äóàëüíî¿ ìàñè ðèá
³ ³õò³îëîã³÷íî¿ äîâæèíè (â³ä âåðøèíè ðèëà äî ê³íöÿ ëóñêàòîãî ïîêðèâó).
Äëÿ îö³íêè âïëèâó ì³ä³ íà ð³ñò ðèá ðîçðàõîâóâàëè â³äíîñíèé ïðèð³ñò
ìàñè çà ïåð³îä åêñïåðèìåíòó. Åôåêòèâí³ñòü æèâëåííÿ ðèá âèçíà÷àëè çà
êîåô³ö³ºíòîì âãîäîâàíîñò³ çà Ôóëüòîíîì, ÿêèé ðîçðàõîâóâàëè çà ôîðìó-
ëîþ:
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äå Êâ — êîåô³ö³ºíò âãîäîâàíîñò³ (îä.), m — ³íäèâ³äóàëüíà ìàñà ðèáè, ã; l —
³õò³îëîã³÷íà äîâæèíà, ñì.

Âïëèâ ì³ä³ íà ïåðåá³ã ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â (ÏÎË) îö³íþâà-
ëè çà ð³âíåì íàêîïè÷åííÿ ìàëîíîâîãî ä³àëüäåã³äó (ÌÄÀ) ó ì’ÿçàõ, ïå÷³íö³
òà çÿáðàõ ðèá, âèêîðèñòîâóþ÷è â³äîìèé ìåòîä [32] ó ìîäèô³êàö³¿ [4].
Âì³ñò ÌÄÀ âèðàõîâóâàëè çà îïòè÷íîþ ãóñòèíîþ ðåàêö³éíî¿ ñóì³ø³ ïðè
532 íì ï³ñëÿ ðåàêö³¿ ç ò³îáàðá³òóðîâîþ êèñëîòîþ ïðè êèï’ÿò³íí³ âïðî-
äîâæ 30 õâ ³ âèðàæàëè ÿê íìîëü ÌÄÀ /ã òêàíèíè.

Ôóíêö³îíóâàííÿ ôåðìåíòàòèâíèõ çàõèñíèõ ìåõàí³çì³â ó çÿáðàõ, ïå-
÷³íö³ òà ì’ÿçàõ ðèá îö³íþâàëè çà ð³âíåì àêòèâíîñò³ ãëóòàò³îí-S-òðàíñôå-
ðàçè (GST, ÊÔ 2.5.1.18) çã³äíî ìåòîäó [19]. Àêòèâí³ñòü GST âèðàõîâóâàëè
çà çì³íîþ îïòè÷íî¿ ãóñòèíè ðåàêö³éíî¿ ñóì³ø³ ïðè 340 íì ç 2,4-äèí³òðî-
õëîðáåíçîëîì ÿê ñóáñòðàòîì ³ âèðàæàëè ó íìîëü/ñåê × ã (àáî íêàò/ã) òêà-
íèíè.

Âïëèâ ì³ä³ íà ã³ñòîëîã³÷íó ñòðóêòóðó îðãàí³â âèâ÷àëè øëÿõîì âèãî-
òîâëåííÿ ã³ñòîëîã³÷íèõ çð³ç³â ïå÷³íêè ³ çÿáåð äîñë³äíèõ ³ êîíòðîëüíèõ
ðèá. Ô³êñàö³þ ìàòåð³àëó ïðîâîäèëè â 10 %-âîìó âîäíîìó ðîç÷èí³ íåéòðà-
ëüíîãî ôîðìàë³íó âïðîäîâæ 24 ãîä. Ïåðåä çàëèâàííÿì ó ïàðàô³í ïðîìè-
òèé ìàòåð³àë çíåâîäíþâàëè ó ñïèðòàõ (åòàíîë) ç ïîñòóïîâèì çá³ëüøåí-
íÿì êîíöåíòðàö³¿, ïðîñâ³òëþâàëè â êñèëîë³ çà òåìïåðàòóðè 37 oÑ, âèòðè-
ìóþ÷è â êîæíîìó ç ðîç÷èííèê³â â³ä 2 äî 4 ãîä. Íàäàë³ ìàòåð³àë ïîì³ùàëè
â íàñè÷åíèé ðîç÷èí ïàðàô³í-êñèëîëó çà òåìïåðàòóðè 54 oÑ âïðîäîâæ
1 ãîä, ó äâîõ çì³íàõ ïàðàô³íó ïî 2 ãîä ó êîæí³é çà òàêî¿ æ òåìïåðàòóðè ³ çà-
ëèâàëè ó ïàðàô³íîâ³ áëîêè. Çð³çè òêàíèí çàâòîâøêè 10 ìêì âèãîòîâëÿëè
íà ì³êðîòîì³ ÌÑ-2 òà çàáàðâëþâàëè ãåìàòîêñèë³íîì ³ åîçèíîì.

Ôîòîãðàô³¿ ã³ñòîëîã³÷íèõ ïðåïàðàò³â ðîáèëè çà äîïîìîãîþ öèôðîâî¿
ôîòîêàìåðè SIGETA M3 CMOS 25000, ÿêó ï³äêëþ÷àëè äî ì³êðîñêîïà
Ulab XY-B2TLED. Îá÷èñëåííÿ ïðîâîäèëè çà äîïîìîãîþ ïðîãðàìè Scien-
ce LabView7. Íà ïðåïàðàòàõ äîñë³äæóâàëè ïî 40 ïîë³â çà çá³ëüøåííÿ
îá’ºêòèâó ì³êðîñêîïà 10× ³ 40×. Ñòàòèñòè÷íå îïðàöþâàííÿ îòðèìàíèõ äà-
íèõ çä³éñíþâàëè çà äîïîìîãîþ ïðîãðàìíîãî ïàêåòó STATISTICA ç âèêî-
ðèñòàííÿì êðèòåð³ÿ Ñò’þäåíòà íà 5 %-âîìó ð³âí³ çíà÷óùîñò³.

Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ïðîòÿãîì âñüîãî åêñïåðèìåíòàëüíîãî ïåð³îäó ñìåðòíîñò³ ðèá ó äîñ-
ë³äíèõ ³ êîíòðîëüíèõ àêâàð³óìàõ íå â³äì³÷àëîñü. Ðèáè áóëè àêòèâí³ â ïî-
âåä³íö³ ³ õàð÷óâàíí³. Ê³íöåâà ìàñà ðèá ó äîñë³ä³ ñòàíîâèëà 0,38±0,06 ã, ó
êîíòðîë³ — 0,42±0,17 ã. Ð³çíèöÿ ì³æ ïîêàçíèêàìè íå ìàëà â³ðîã³äíèõ
â³äì³ííîñòåé (ð�0,05). Â³äíîñíèé ïðèð³ñò ìàñè ó äîñë³äíèõ ³ êîíòðîëüíèõ
ðèá ñóòòºâî íå â³äð³çíÿâñÿ ³ ñòàíîâèâ â³äïîâ³äíî 58,3 òà 61,5 %. Êîåô³-
ö³ºíò âãîäîâàíîñò³ çà Ôóëüòîíîì äîð³âíþâàâ ó äîñë³ä³ 2,55±0,08 îä., ó
êîíòðîë³ 2,46±0,06 îä. ³ òåæ íå ìàâ â³ðîã³äíèõ â³äì³ííîñòåé (ð�0,05). Òîá-
òî, äîñë³äæóâàíà êîíöåíòðàö³ÿ ì³ä³ (20 ìêã/äì3) ïðîòÿãîì òðüîõ òèæí³â
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íå ñïðè÷èíèëà âïëèâó íà ð³ñò ðèá. Àíàëîã³÷í³ ðåçóëüòàòè áóëè îòðèìàí³
³íøèìè äîñë³äíèêàìè ïðè õðîí³÷íîìó óòðèìàíí³ Danio rerio ó ðîç÷èíàõ ç
êîíöåíòðàö³ºþ ì³ä³ 10 ³ 20 ìêã/äì3, àëå çá³ëüøåííÿ êîíöåíòðàö³¿ ì³ä³ äî
40 ìêã/äì3 ïðèçâåëî äî â³ðîã³äíîãî ãàëüìóâàííÿ ðîñòó ó ñàìö³â äàí³î [14].

Ð³âåíü íàêîïè÷åííÿ ìàëîíîâîãî ä³àëüäåã³äó ó âñ³õ òêàíèíàõ äîñë³ä-
íèõ ðèá äîñòîâ³ðíî (ð�0,05) ïåðåâèùóâàâ êîíòðîëüí³ âåëè÷èíè, ùî ñâ³ä-
÷èòü ïðî ³íòåíñèô³êàö³þ ïðîöåñ³â ÏÎË çà õðîí³÷íî¿ ä³¿ ì³ä³ íà îðãàí³çì
ðèá (òàáë. 1).

Íàéá³ëüøå çðîñòàííÿ âì³ñòó ÌÄÀ (â 2,1 ðàçà âèùå çà êîíòðîëü)
çàðåºñòðîâàíî â çÿáðàõ ãóïï³. Îòðèìàí³ ðåçóëüòàòè ùîäî òîêñè÷íîãî
âïëèâó ì³ä³ â³äïîâ³äàþòü çàãàëüíîâ³äîìèì çàêîíîì³ðíîñòÿì, çã³äíî ÿêèõ
çÿáðà º ïåðøèì îðãàíîì ðèá, ÿêèé ï³ääàºòüñÿ âïëèâó âîäíèõ çàáðóäíþ-
âà÷³â [23].

Ïîä³áíà àêòèâàö³ÿ ïåðåêèñíîãî îêèñíåííÿ ë³ï³ä³â ó çÿáðàõ ðèá çà ä³¿
ì³ä³ âèÿâëåíà ³ â ³íøèõ äîñë³äàõ, çîêðåìà, ïîêàçàíî çðîñòàííÿ âì³ñòó
ÌÄÀ â 1,4 ðàçà â çÿáðàõ êîðîïà (Cyprinus carpio var. Jian) çà âïëèâó ñóëü-
ôàòó ì³ä³ â êîíöåíòðàö³¿ 12,5 µM âïðîäîâæ ÷îòèðüîõ ä³á [26, 28].

Çíà÷íå ïîñèëåííÿ ïðîöåñ³â ÏÎË â³äáóâàëîñü òàêîæ â êë³òèíàõ
ïå÷³íêè ãóïï³ (âì³ñò ÌÄÀ â 1,5 ðàçà âèùå çà êîíòðîëü). Ðåçóëüòàòè
ñâ³ä÷àòü ïðî òîêñè÷í³ñòü ì³ä³ çà õðîí³÷íîãî âïëèâó íà ïå÷³íêó ðèá òà óç-
ãîäæóþòüñÿ ç äàíèìè [23], çã³äíî ç ÿêèìè ïå÷³íêà º ïåðøèì ì³ñöåì
â³äêëàäåííÿ òà íàêîïè÷åííÿ ì³ä³ ï³ñëÿ ïîòðàïëÿííÿ â êðîâ. Çðîñòàííÿ
ð³âíÿ ïåðîêñèä³â ë³ï³ä³â áóëî âèÿâëåíî â çÿáðàõ (íà 76 %) òà ïå÷³íö³ (íà
95-110 %) Carassius auratus âíàñë³äîê 96-ãîäèííîãî âïëèâó õëîðèäó ì³ä³
[21].

Àêòèâí³ñòü ãëóòàò³îí-S-òðàíñôåðàçè âíàñë³äîê õðîí³÷íî¿ ä³¿ ì³ä³ íà
ðèá â óñ³õ äîñë³äæåíèõ òêàíèíàõ çàçíàëà ð³çêèõ çì³í, äåìîíñòðóþ÷è ÿê
ïîì³òíå çðîñòàííÿ, òàê ³ ñóòòºâå çíèæåííÿ (òàáë. 2).

Àêòèâàö³ÿ ãëóòàò³îí-S-òðàíñôåðàçè (â 1,5 ðàçà âèùå çà êîíòðîëü) âè-
ÿâëåíî ó ì’ÿçàõ ðèá, ÿê³, íà â³äì³íó â³ä çÿáåð ³ ïå÷³íêè, íå õàðàêòåðèçóþ-
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Òàáëèöÿ 1
Çì³íè âì³ñòó ÌÄÀ ó òêàíèíàõ ðèá çà õðîí³÷íî¿ (21 äîáà) ä³¿ ì³ä³ â êîíöåíòðàö³¿

20 ìêã/äì3, M±m, n = 5

Òêàíèíè Âì³ñò ÌÄÀ, íìîëü/ã òêàíèíè Äî êîíòðîëþ, %

Ì’ÿçè (êîíòðîëü) 9,53±0,14 100

Ì’ÿçè (äîñë³ä) 9,99±0,09* 104,82

Ïå÷³íêà (êîíòðîëü) 25,84±0,23 100

Ïå÷³íêà (äîñë³ä) 38,79±0,28* 150,13

Çÿáðà (êîíòðîëü) 120,33±0,31 100

Çÿáðà (äîñë³ä) 248,35±0,72* 205,39

Ï ð è ì ³ ò ê à. Òóò ³ â òàáë. 2, 3: * â³äì³íí³ñòü ì³æ äîñë³äíèìè ³ êîíòðîëüíèìè ïîêàçíè-
êàìè â³ðîã³äíà (ð�0,05).



òüñÿ âèñîêèì ð³âíåì íàêîïè÷åííÿ ì³ä³ [23]. Ïðîòå, çà óìîâ òðèâàëî¿ åêñ-
ïîçèö³¿ âî÷åâèäü â³äáóëîñü ïðîíèêíåííÿ ³ â³äêëàäàííÿ ì³ä³ òàêîæ ó
ñòðóêòóðíèõ êîìïîíåíòàõ ì’ÿç³â ðèá, ùî ³íäóêóâàëî ïîñèëåííÿ ôåðìåí-
òàòèâíîãî àíòèîêñèäàíòíîãî çàõèñòó, çîêðåìà çðîñòàííÿ àêòèâíîñò³ ãëó-
òàò³îí S-òðàíñôåðàçè.

Ó çÿáðàõ ³ ïå÷³íö³ ðèá õðîí³÷íèé âïëèâ ì³ä³ ïðèçâ³â äî çíèæåííÿ àê-
òèâíîñò³ GST (â³äïîâ³äíî, â 1,3 òà 1,5 ðàçè íèæ÷å çà êîíòðîëü), ùî ñâ³ä-
÷èòü ïðî ñïàä åôåêòèâíîñò³ ìåõàí³çì³â ôåðìåíòàòèâíîãî çàõèñòó â öèõ
òêàíèíàõ. Ç îãëÿäó íà òå, ùî ì³äü íàêîïè÷óºòüñÿ â îñíîâíîìó â çÿáðàõ,
ïå÷³íö³ òà êèøå÷íèêó ðèáè [23], ìîæíà ïðèïóñòèòè ïåðåâàíòàæåííÿ ³
âèñíàæåííÿ ñèñòåìè àíòèîêñèäàíòíîãî çàõèñòó â öèõ òêàíèíàõ âíàñë³äîê
íàäçâè÷àéíî âèñîêîãî ð³âíÿ íàêîïè÷åííÿ ì³ä³ çà õðîí³÷íî¿ ä³¿.

Îòðèìàí³ ðåçóëüòàòè óçãîäæóþòüñÿ ç äàíèìè [16] ïðî òå, ùî ìåòàëè â
òîêñè÷íèõ êîíöåíòðàö³ÿõ âïëèâàþòü íà GST àáî øëÿõîì ïðÿìîãî ïðè-
ãí³÷åííÿ àêòèâíîñò³ ôåðìåíòó, àáî îïîñåðåäêîâàíî, øëÿõîì çíèæåííÿ
êîíöåíòðàö³¿ â³äíîâëåíîãî ãëóòàò³îíó, ùî º ñóáñòðàòîì äëÿ GST. Ïîä³áíó
âòðàòó àêòèâíîñò³ ãëóòàò³îí-S-òðàíñôåðàçè (â 1,5 ðàçà íèæ÷å çà êîíòðîëü)
âèÿâëåíî â çÿáðàõ êîðîïà (C. carpio var. Jian) çà åêñïîçèö³¿ äî ñóëüôàòó
ì³ä³ â êîíöåíòðàö³¿ 12.5 µM âïðîäîâæ ÷îòèðüîõ ä³á, ùî ñóïðîâîäæóâà-
ëîñü çíèæåííÿì âì³ñòó â³äíîâëåíîãî ãëóòàò³îíó òà àêòèâíîñò³ ³íøèõ àí-
òèîêñèäàíòíèõ ôåðìåíò³â [26]. Çíèæåííÿ àêòèâíîñò³ GST (â 1,4 ðàçà íèæ-
÷å çà êîíòðîëü) â çÿáðàõ êîðîïà (C. carpio var. Jian) â³äáóâàëîñü òàêîæ çà
óìîâ ã³ïîêñ³¿ íà ôîí³ çíèæåííÿ âì³ñòó â³äíîâëåíîãî ãëóòàò³îíó [28].

Îòðèìàí³ íàìè ðåçóëüòàòè ïîêàçàëè, ùî õðîí³÷íèé âïëèâ ì³ä³ íà ðèá
ñïðè÷èíÿº çá³ëüøåííÿ ³íòåíñèâíîñò³ ïðîöåñ³â ÏÎË ó òêàíèíàõ çÿáåð,
ïå÷³íêè ³ ì’ÿç³â, à òàêîæ âèñíàæåííÿ ôåðìåíòàòèâíîãî àíòèîêñèäàíòíî-
ãî çàõèñòó ó çÿáðàõ ³ ïå÷³íö³. Á³ëüøå òîãî, ê³íöåâèé ïðîäóêò ïåðåêèñíîãî
îêèñíåííÿ ë³ï³ä³â ÌÄÀ º õ³ì³÷íî àêòèâíèì ³ ìîæå ïðèçâîäèòè äî ïî-
øêîäæåííÿ á³îìîëåêóë [18]. Îòæå, íåçäàòí³ñòü êë³òèííèõ çàõèñíèõ ñèñ-
òåì ïðîòèñòîÿòè ðóéí³âí³é ä³¿ ÀÔÊ ñòàº îäí³ºþ ç îñíîâíèõ ïðè÷èí ïî-
øêîäæåííÿ òà çàãèáåë³ êë³òèí.
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Òàáëèöÿ 2
Çì³íè àêòèâíîñò³ GST ó òêàíèíàõ ðèá çà õðîí³÷íî¿ (21 äîáà) ä³¿ ì³ä³ â

êîíöåíòðàö³¿ 20 ìêã/äì3, M±m, n = 5

Òêàíèíè Àêòèâí³ñòü GST, íêàò/ã òêàíèíè Äî êîíòðîëþ, %

Ì’ÿçè (êîíòðîëü) 22,30±1,84 100

Ì’ÿçè (äîñë³ä) 34,34±1,32* 153,99

Ïå÷³íêà (êîíòðîëü) 358,03±0,79 100

Ïå÷³íêà (äîñë³ä) 241,97±1,06* 67,59

Çÿáðà (êîíòðîëü) 99,05±1,32 100

Çÿáðà (äîñë³ä) 78,97±1,62* 79,73



Ã³ñòîëîã³÷í³ ïîêàçíèêè îðãàí³â ðèá óçãîäæóþòüñÿ ç äàíèìè á³îõ³ì³÷-
íèõ äîñë³äæåíü. Õðîí³÷íà ä³ÿ ì³ä³ ïðèçâîäèëà äî íàäì³ðíîãî íàêîïè÷åí-
íÿ æèðó ³ ðîçâèòêó æèðîâîãî ãåïàòîçó â ïå÷³íö³ äîñë³äíèõ ðèá (ðèñ. 1).
Á³ëüø³ñòü êë³òèí (72,5±8,93 % â³ä çàãàëüíî¿ ê³ëüêîñò³) ìàëà îçíàêè æèðî-
âîãî ãåïàòîçó (òàáë. 3). Òàê³ ãåïàòîöèòè âòðàòèëè ÷³òê³ñòü êîíòóð³â, ¿õí³
ÿäðà äåôîðìóâàëèñÿ ³ çì³ñòèëèñÿ äî ïåðèôåð³¿, öèòîïëàçìà ëåäâå ïðîãëÿ-
äàºòüñÿ á³ëÿ ÿäðà àáî êë³òèííî¿ îáîëîíêè (ðèñ. 1, 5). Íàäì³ðíå íàêîïè-
÷åííÿ æèðó â ãåïàòîöèòàõ äîñë³äíèõ ðèá ïðèçâîäèëî äî â³ðîã³äíîãî
çá³ëüøåííÿ ¿õíüî¿ ïëîù³ (äèâ. òàáë. 3). Ð³çíèöÿ ç êîíòðîëüíèìè ïîêàçíè-
êàìè ñòàíîâèëà 26 %. Ó äåÿêèõ êë³òèí ÿäðà çíèêëè ³ æèðîâ³ âàêóîë³ çëè-
ëèñÿ, óòâîðþþ÷³ æèðîâ³ ê³ñòè (ðèñ. 1, 1). Â³äì³÷àºòüñÿ ñòàç êðîâ³ â êàï³ëÿ-
ðàõ (ðèñ. 1, 4).

Â³äíîñíà ê³ëüê³ñòü íåêðîòè÷íèõ ãåïàòîöèò³â íà çð³çàõ êîëèâàëàñÿ â
ìåæàõ â³ä 6 äî 17 % ³ â ñåðåäíüîìó ñòàíîâèëà 12,5±0,84 % (äèâ. òàáë. 3).
Êë³òèíè â ñòàí³ àïîïòîçó (ï³êíîç ÿäåð) ñòàíîâèëè â³ä 12 äî 26 % (ó ñå-
ðåäíüîìó 22,80±1,77 %).

Ó êîíòðîëüí³é ãðóï³ ðèá ê³ëüê³ñòü êë³òèí ç îçíàêàìè æèðîâîãî ãåïà-
òîçó áóëà â 4 ðàçè ìåíøîþ ïîð³âíÿíî ç äîñë³äíèì âàð³àíòîì ³ ñòàíîâèëà
17,50±3,11 % â³ä çàãàëüíî¿ ê³ëüêîñò³ êë³òèí. Íàêîïè÷åííÿ ïåâíî¿ ê³ëü-
êîñò³ æèðó â ïå÷³íö³ ïðèòàìàííî äëÿ ãóïï³ ïðè âèðîùóâàíí³ â øòó÷íèõ
óìîâàõ. Íà â³äì³íó â³ä äîñë³äíèõ ðèá, íåêðîçó ãåïàòîöèò³â ç ï³êíîòè÷íè-
ìè ÿäðàìè ó ðèá êîíòðîëüíîãî âàð³àíòó ìè íå ñïîñòåð³ãàëè. Ê³ëüê³ñòü
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Ðèñ. 1. Ñòðóêòóðà ïå÷³íêè äîñë³äíèõ ðèá çà óìîâ õðîí³÷íî¿ (21 äîáà) ä³¿ ì³ä³ â êîí-
öåíòðàö³¿ 20 ìêã/äì3 (çá. 40×): 1 — æèðîâ³ ê³ñòè; 2 — àïîïòîçíèé ãåïàòîöèò ç ï³êíî-
òè÷íèì ÿäðîì; 3 — íåêðîç ãåïàòîöèòà; 4 — ñòàç êðîâ³; 5 — æèðîâèé ãåïàòîç



êë³òèí ïå÷³íêè â ñòàí³ àïîïòîçó ñòàíîâèëà 6,80±0,12 %, ùî â 3,3 ðàçà ìåí-
øå ïîð³âíÿíî ç äîñë³äíèì âàð³àíòîì (ð≤0,05).

Îòæå, äîâãîòðèâàëèé âïëèâ íà ðèá ôîíîâî¿ êîíöåíòðàö³¿ ì³ä³
(20 ìêã/äì3) ïðèçâîäèâ äî ðîçâèòêó æèðîâîãî ãåïàòîçó ³ ïàòîëîã³é, ùî
éîãî ñóïðîâîäæóþòü. Àíàëîã³÷í³ çì³íè â ïå÷³íö³ ðèá ñïîñòåð³ãàëèñÿ â
äîñë³äàõ ç âèñîêèìè ñóáëåòàëüíèìè êîíöåíòðàö³ÿìè ì³ä³ ïðè êîðîòêîò-
ðèâàë³é åêñïîçèö³¿ [10, 11, 37, 38].

Íàñë³äêè õðîí³÷íîãî âïëèâó ì³ä³ íà çÿáðà äîñë³äíèõ ðèá â³äîáðàæåí³
íà ðèñóíêó 2: öå ïîâíà àáî ÷àñòêîâà äåãåíåðàö³ÿ ëàìåë (Á, 1), âèêðèâëåííÿ
ê³íöåâèõ ä³ëÿíîê ëàìåë (Á, 2), ã³ïåðïëàç³ÿ åï³òåë³þ (Á, 3), ïîøêîäæåííÿ
êðîâîíîñíèõ êàï³ëÿð³â ó ëàìåëàõ.

Ó ðèá êîíòðîëüíîãî âàð³àíòó çÿáðîâ³ ëàìåëè áóëè ïðÿì³, îäíàêîâî¿
äîâæèíè, áåç äåãåíåðàòèâíèõ ÿâèù (ðèñ. 3, à, á). ¯õíÿ äîâæèíà ìàéæå
âòðè÷³ ïåðåâèùóâàëà äîâæèíó çÿáðîâèõ ëàìåë äîñë³äíèõ ðèá (äèâ. òàáë.
3).

Õðîí³÷íèé âïëèâ ì³ä³ âèêëèêàâ ã³ïåðïëàç³þ ³ ã³ïåðòðîô³þ çÿáðîâîãî
åï³òåë³þ ó 100 % äîñë³äæåíèõ ðèá. Ó äîñë³äíèõ ðèá 30,4 % åï³òåë³îöèò³â
çÿáåð áóëè â ñòàí³ àïîïòîçó, íà â³äì³íó â³ä êîíòðîëüíîãî âàð³àíòó, äå
àïîïòîçíèõ êë³òèí áóëî âñüîãî 8,5 %. Ðîëü ì³ä³ ÿê òðèãåðà àïîïòîçíèõ
çì³í ó çÿáðàõ â³äì³÷àþòü ³ ³íø³ äîñë³äíèêè [29]. Ç àïîïòîçîì çÿáåð ï³ä
ä³ºþ ì³ä³ ïîâ’ÿçóþòü òàêîæ âèÿâëåí³ â îðãàí³ öèòîãåíåòè÷í³ çì³íè, ÿê³
ïðîÿâëÿëèñÿ â ïîðóøåíí³ ïîñë³äîâíîñò³ òðàíñêðèïö³¿ ãåí³â [26].

Âñòàíîâëåíî, ùî ïðè êîðîòêîòðèâàëîìó âïëèâ³ (10 äí³â) âèñîêèõ
êîíöåíòðàö³é ì³ä³ (LC50) óðàæàºòüñÿ çÿáðîâèé åï³òåë³é ðèá [15]. Äîâãîò-
ðèâàëèé âïëèâ âèñîêèõ êîíöåíòðàö³é ì³ä³ ïðèçâîäèâ äî äåãåíåðàö³¿ ³ ñêî-
ðî÷åííÿ çÿáðîâèõ ëàìåë [10]. Çà íàøèìè äîñë³äæåííÿìè õðîí³÷íèé
âïëèâ ôîíîâî¿ êîíöåíòðàö³¿ ì³ä³ âèêëèêàâ íå ò³ëüêè óðàæåííÿ çÿáðîâîãî
åï³òåë³þ, àëå é ìîðôîëîã³÷í³ çì³íè çÿáðîâèõ ëàìåë (â³ðîã³äíå óêîðî÷åííÿ
äîâæèíè, âèêðèâëåííÿ ³ äåãðàäàö³þ), ÿê³ ìàþòü íåçâîðîòí³é õàðàêòåð ³
ñâ³ä÷àòü ïðî ïàòîëîã³þ çÿáðîâîãî àïàðàòó.
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Òàáëèöÿ 3
Çì³íè ìîðôîìåòðè÷íèõ ïîêàçíèê³â îðãàí³â ó ðèá çà õðîí³÷íî¿ (21 äîáà) ä³¿ ì³ä³

â êîíöåíòðàö³¿ 20 ìêã/äì3, M±m, n = 100

Ïîêàçíèêè Äîñë³ä Êîíòðîëü

Æèðîâèé ãåïàòîç, % 72,50±8,93* 17,50±3,11

Íåêðîç ãåïàòîöèò³â, % 12,50±0,84 íå âèÿâëåíî

Àïîïòîç ãåïàòîöèò³â, % 22,80±1,77* 6,80±0,12

Ïëîùà ãåïàòîöèò³â, ìêì2 410,18±36,64* 302,78±16,80

Äîâæèíà çÿáðîâèõ ëàìåë, ìêì 36,95±1,23* 97,96±0,82

Àïîïòîç åï³òåë³îöèò³â çÿáðîâèõ ëàìåë, % 30,40±4,32* 8,52±0,17



Ã³ñòîëîã³÷í³ çì³íè â çÿáðîâîìó àïàðàò³ ðèá ï³ä âïëèâîì õðîí³÷íî¿
³íòîêñèêàö³¿ ì³ääþ º çàêîíîì³ðíèì íàñë³äêîì ïîðóøåííÿ îêèñëþâàëü-
íèõ ïðîöåñ³â ³ ôåðìåíòàòèâíî¿ àêòèâíîñò³ â çÿáðàõ. ×óòëèâ³ñòü çÿáåð äî
îêñèäàòèâíîãî ñòðåñó â³äì³÷àºòüñÿ ð³çíèìè àâòîðàìè [26, 28] ³ ï³äòâåðä-
æåíà íàøèìè äîñë³äæåííÿìè.

Âèñíîâêè

Ðåçóëüòàòè ìîäåëüíèõ åêñïåðèìåíò³â íà ãóïï³ ïîêàçàëè, ùî õðîí³÷íà
ä³ÿ ôîíîâî¿ êîíöåíòðàö³¿ ì³ä³ (20 ìêã/äì3), ùî ñïîñòåð³ãàºòüñÿ ó âîäî-
éìàõ ì³ë³òàðèçîâàíî¿ çîíè Óêðà¿íè, ³íäóêóâàëà ó ðèá îêèñëþâàëüíèé
ñòðåñ, ÿêèé ïðîÿâëÿâñÿ â çá³ëüøåíí³ ïåðåêèñíîãî îêèñëåííÿ ë³ï³ä³â ó
çÿáðàõ, ïå÷³íö³ ³ ì’ÿçàõ. Ïîñèëåííÿ îêèñëþâàëüíèõ ïðîöåñ³â ñóïðîâîä-
æóâàëîñü çíèæåííÿì àêòèâíîñò³ ãëóòàò³îí-S-òðàíñôåðàçè ³ âèñíàæåííÿì
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Ðèñ. 3. Ñòðóêòóðà çÿáåð ó ðèá êîíòðîëüíîãî âàð³àíòó ïðè çá³ëüøåíí³ ì³êðîñêîïó 10×
(à) òà 40× (á): ñòð³ëêàìè ïîçíà÷åíî çÿáðîâ³ ëàìåëè

Ðèñ. 2. Ñòðóêòóðà çÿáåð ó ðèá äîñë³äíîãî âàð³àíòó ïðè ð³çíîìó çá³ëüøåíí³ ì³êðîñêî-
ïó: à — çá³ëüøåííÿ 10×, êðóæêîì âèîêðåìëåíî ä³ëÿíêó çÿáåð ç ïàòîëîã³÷íèìè çì³-
íàìè; á — çá³ëüøåííÿ 40×, ñòð³ëêàìè ïîçíà÷åíî: 1 — äåãåíåðàö³ÿ ëàìåë; 2 — âèêðèâ-
ëåííÿ ëàìåë; 3 — ã³ïåðïëàç³ÿ åï³òåë³þ



àíòèîêñèäàíòíîãî çàõèñòó â çÿáðàõ ³ ïå÷³íö³ íà ôîí³ àêòèâàö³¿ ãëóòà-
ò³îí-S-òðàíñôåðàçè â ì’ÿçàõ ðèá âíàñë³äîê íàêîïè÷åííÿ ì³ä³ â öèõ òêàíè-
íàõ.

Íàñë³äêàìè îêñèäàòèâíîãî ñòðåñó â ïå÷³íö³ ðèá áóëè îáøèðíèé ãåïà-
òîç, ñòàç êðîâ³ ó êàï³ëÿðàõ, ï³êíîç ³ ðîçâèòîê àïîïòîçíèõ îçíàê ãåïàòî-
öèò³â. Ó çÿáðàõ äîñë³äæóâàíèõ ðèá ñïîñòåð³ãàëàñü ïîâíà àáî ÷àñòêîâà äå-
ãåíåðàö³ÿ ëàìåë, âèêðèâëåííÿ ¿õí³õ ê³íöåâèõ ä³ëÿíîê, ã³ïåðïëàç³ÿ åï³òå-
ë³þ ëàìåë ³ ïîøêîäæåííÿ êðîâîíîñíèõ êàï³ëÿð³â ó ëàìåëàõ.

Îòæå, âèÿâëåí³ ñòðóêòóðíî-ôóíêö³îíàëüí³ çì³íè â îðãàíàõ òðàâíî¿ ³
äèõàëüíî¿ ñèñòåì ðèá ï³ä âïëèâîì õðîí³÷íî¿ ³íòîêñèêàö³¿ ì³ääþ ìàþòü
ïàòîëîã³÷íèé õàðàêòåð ³ ñòàíîâëÿòü çàãðîçó ñòàíó çäîðîâ’ÿ òà â³äòâîðåí-
íþ ïðèðîäíèõ ïîïóëÿö³é ðèá. Çàçíà÷åíà ïðîáëåìà ïîòðåáóº äîäàòêîâèõ
äîñë³äæåíü ³ç âèçíà÷åííÿì âïëèâó ôîíîâèõ êîíöåíòðàö³é ì³ä³ ó âîäî-
éìàõ ì³ë³òàðèçîâàíèõ çîí íà ðåïðîäóêòèâíó ñèñòåìó ³ ïîòîìñòâî ðèá.
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STRUCTURAL AND FUNCTIONAL STATE OF THE LIVER, GILLS, AND MUSCLE
TISSUE OF FISH IN CONDITIONS OF CHRONIC COPPER INTOXICATION

The increase in the background copper concentration to 20 ìg/dm3 (20 MPC) in the
water bodies of the militarized zone of Ukraine requires comprehensive research of its
impact on fish and other aquatic organisms. In a model experiment, the chronic effect (21
days) of copper at a concentration of 20 ìg/dm3 (0.3 ìM) on the organs and tissues of
guppy fish (Poecilia reticulata) was studied. Oxidative stress intensity was assessed by
the accumulation of malondialdehyde (MDA) in the tissues. The enzymatic defense mec-
hanisms functioning in cells was assessed by the activity of glutathione S-transferase
(GST). Histopathological consequences of copper exposure were detected in the fish gills
and liver. The study results showed that chronic exposure to copper induced an increase
in the lipid peroxidation products content in the gills, liver, and muscles, indicating the
redox balance violation in the tissues. The development of oxidative stress occurred aga-
inst the background of a decrease in GST activity in the gills and liver, which indicated
the depletion of antioxidant defenses, and the enzyme activation in the fish muscles. The
consequences of oxidative stress in the fish liver were extensive hepatosis, blood stasis in
the capillaries, pyknosis, and the development of apoptotic signs in hepatocytes. In the
gills of fish, complete or partial degeneration of the lamellae, curvature of their end secti-
ons, epithelial hyperplasia, and damage to blood capillaries in the lamellae were obser-
ved. The identified consequences of chronic exposure to copper on the organs of the di-
gestive and respiratory systems of fish indicate destructive changes in health, which can
become a serious threat to the number of their stocks in natural conditions. The results
obtained indicate the need for further studies of the impact of background concentrations
of copper and other heavy metals on the ichthyofauna of post-militarized reservoirs.

Keywords: copper, background concentration, fish, oxidative stress, histopathology.
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ÇÂÈ×ÀÉÍÎ¯ ÒÀ ÊÀÐÀÑß ÑÐ²ÁËßÑÒÎÃÎ

Âïëèâ àíòðîïîãåííèõ ÷èííèê³â, çîêðåìà â³éñüêîâèõ ä³é, íà ÿê³ñòü âîäè òà
á³îõ³ì³÷í³ ïîêàçíèêè ðèá º àêòóàëüíîþ ïðîáëåìîþ åêîëîã³÷íîãî ìîí³òîðèíãó. Ó öüî-
ìó äîñë³äæåíí³ ïðîâåäåíî îö³íêó âïëèâó çàáðóäíåííÿ âîäè íà ð³âåíü êîðòèçîëó, òè-
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ðîêñèíó òà ãëþêîçè ó ïëàçì³ êðîâ³ äâîõ âèä³â ðèá: ïë³òêè çâè÷àéíî¿ (Rutilus rutilus L.)
òà êàðàñÿ ñð³áëÿñòîãî (Carassius gibelio Bloch). Äîñë³äæåííÿ çä³éñíþâàëè ó ð³÷êàõ Äåñ-
íà, Äóíàé ³ Ðîñü, ÿê³ çàçíàëè ð³çíîãî ð³âíÿ àíòðîïîãåííîãî íàâàíòàæåííÿ âíàñë³äîê
â³éñüêîâèõ ä³é. Â³äì³÷åíî, ùî ïðè ïîã³ðøåíí³ ÿêîñò³ âîäè ïåðåâàæíî çá³ëüøóºòüñÿ
âì³ñò êîðòèçîëó ³ òèðîêñèíó, à òàêîæ çìåíøóºòüñÿ âì³ñò ãëþêîçè ó ïëàçì³ êðîâ³
ïë³òêè òà êàðàñÿ ñð³áëÿñòîãî, ÿê ïðîÿâè ðîçâèòêó ó íèõ ñòðåñ-ðåàêö³é. Ïë³òêà çâè-
÷àéíà º á³ëüø ÷óòëèâèì á³îìàðêåðîì çàáðóäíåííÿ, òîä³ ÿê êàðàñü ñð³áëÿñòèé äåìîí-
ñòðóº âèùó òîëåðàíòí³ñòü. Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà ñóòòºâ³ çì³íè ó
ô³ç³îëîã³÷íîìó ñòàí³ ðèá, ùî ï³äòâåðäæóº äîö³ëüí³ñòü âèêîðèñòàííÿ á³îõ³ì³÷íèõ
ïîêàçíèê³â ÿê ³íäèêàòîð³â åêîëîã³÷íîãî ñòàíó âîäíîãî ñåðåäîâèùà.

Êëþ÷îâ³ ñëîâà: õ³ì³÷í³ ïîêàçíèêè âîäè, êîðòèçîë, òèðîêñèí, ãëþêîçà, ïëàçìà
êðîâ³, ïð³ñíîâîäí³ ðèáè.

Â³äîìî, ùî ô³ç³îëîã³÷í³ òà á³îõ³ì³÷í³ ðåàêö³¿ îðãàí³çìó íà çì³íè îòî-
÷óþ÷îãî ñåðåäîâèùà ìîæíà âèêîðèñòîâóâàòè äëÿ á³îëîã³÷íî¿ îö³íêè
ÿêîñò³ âîäè [26]. Á³ëüø³ñòü ³ç ðîçðîáëåíèõ ìåòîä³â ìîæëèâî âèêîðèñòî-
âóâàòè äëÿ åï³çîäè÷íèõ àáî áàçîâèõ îáñòåæåíü. Ëèøå äåÿê³ ï³äõîäÿòü äëÿ
ðóòèííîãî ìîí³òîðèíãó òà îö³íêè, îñê³ëüêè âîíè ðîçðîáëÿþòüñÿ äëÿ êîí-
êðåòíèõ âîäîéì, º äîâîë³ äîðîãèìè òà ñêëàäíèìè ó âèêîðèñòàíí³. Îñ-
òàíí³ âêëþ÷àþòü òåñòè, òàê³ ÿê âèçíà÷åííÿ ð³âíÿ ãëþêîçè, âì³ñòó ãîð-
ìîí³â ó êðîâ³ ðèá àáî âèì³ðþâàííÿ àêòèâíîñò³ ñïåöèô³÷íèõ ôåðìåíò³â ó
òêàíèíàõ âîäíèõ îðãàí³çì³â, ÿê³ º á³îìàðêåðàìè ñòðåñó.

Ðèáà º íàéá³ëüø ÷óòëèâèì äî çàáðóäíåííÿ âîäè ã³äðîá³îíòîì ïî-
ð³âíÿíî ç áåçõðåáåòíèìè, òîìó ¿¿ ðåêîìåíäóþòü ÿê ³íäèêàòîð óìîâ âîäíî-
ãî ñåðåäîâèùà [2]. Íàäõîäæåííÿ òà íàêîïè÷åííÿ ïîëþòàíò³â â îðãàí³çì³
ðèáè ìîæå âïëèíóòè íà ¿¿ îñíîâí³ ô³ç³îëîã³÷í³ ïðîöåñè [6, 17]. Ñòðåñ ó ðèá
â³äáóâàºòüñÿ çà ä³¿ ð³çíèõ ôàêòîð³â çîâí³øíüîãî ñåðåäîâèùà àáî çîâ-
í³øíüîþ ñòèìóëÿö³ºþ [12]. Îäíèì ³ç íàéêðàùèõ ïîêàçíèê³â, ÿêèé ìîæíà
âèêîðèñòîâóâàòè äëÿ âèçíà÷åííÿ ð³âíÿ ñòðåñó, º ð³âåíü ãëþêîçè â êðîâ³
[7].

Ãëþêîçà â êðîâ³ âèêîðèñòîâóºòüñÿ äëÿ çàáåçïå÷åííÿ åíåðã³ºþ ³ º
åôåêòèâíèì ïîêàçíèêîì ÿêîñò³ âîäíîãî ñåðåäîâèùà [18]. Ï³äâèùåííÿ
ð³âíÿ ãëþêîçè â êðîâ³ â³äáóâàºòüñÿ ÿê â³äïîâ³äü, êîëè ðèáà ïåðåáóâàº â
ñòàí³ ñòðåñó [15, 20]. Ïîã³ðøåííÿ ñòàíó âîäíîãî ñåðåäîâèùà ÷àñòî âèêëè-
êàº ï³äâèùåííÿ êîíöåíòðàö³¿ ãëþêîçè ó êðîâ³ ðèá.

Ñåðåä ð³çíèõ á³îìàðêåð³â ðåàêö³é íà ñòðåñ êîðòèçîë º íàä³éíèì ³íäè-
êàòîðîì ñòðåñó ïî â³äíîøåííþ äî îðãàí³÷íèõ çàáðóäíþâà÷³â ó ðèá [14,
27], ç ïðàêòè÷íèì çàñòîñóâàííÿì ó á³îìîí³òîðèíãó. Öåé ãîðìîí øèðîêî
âèêîðèñòîâóºòüñÿ äëÿ îö³íêè ñòðåñîâèõ åôåêò³â ó ðèá çà ä³¿ õ³ì³÷íèõ çà-
áðóäíþâà÷³â [10, 13, 21], òåìïåðàòóðè âîäè òà ôîòîïåð³îäó [1, 11, 19, 22,
25] òà ³íøèõ.

Òèðåî¿äí³ ãîðìîíè ó ðèá áåðóòü ó÷àñòü ó êîíòðîë³ îñìîðåãóëÿö³¿, ìå-
òàáîë³çìó, ñîìàòè÷íîãî ðîñòó, ï³ãìåíòàö³¿ øê³ðè, ðîçâèòêó, â³äòâîðåííÿ,
ïîñòíàòàëüíîãî ìåòàìîðôîçó òà ïîâåä³íêè [23].

Ïîðóøåííÿ ôóíêö³¿ ùèòîâèäíî¿ çàëîçè ìîæå ñåðéîçíî çíèçèòè ïðè-
ñòîñîâàí³ñòü òà âèæèâàííÿ ðèá [23]. Äîñë³äæåííÿ ïîêàçàëè, ùî âïëèâ
÷èñëåííèõ çàáðóäíþþ÷èõ ðå÷îâèí çì³íþº ð³âåíü ÿê òèðîêñèíó (T4), òàê ³
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òðèéîäòèðîí³íó (T3) ó ïëàçì³ ð³çíèõ âèä³â ðèá ÿê ï³ñëÿ ãîñòðîãî [24], òàê ³
âíàñë³äîê õðîí³÷íîãî âïëèâó [8, 16].

Ç îãëÿäó íà âèùåçàçíà÷åíå, ó ðîáîò³ ìè âèêîðèñòîâóâàëè ñàìå ö³ ïî-
êàçíèêè á³îõ³ì³÷íîãî ñòàíó ðèá çà âïëèâó ð³çíèõ ÷èííèê³â ñåðåäîâèùà, çà
ÿêèìè ìîæíà âñòàíîâèòè ÿê³ñòü âîäè ó âîäîéìàõ. Êð³ì òîãî, ìè âèõîäèëè
ç ïðèïóùåííÿ, ùî çà âåäåííÿ â³éñüêîâèõ ä³é ð³çíîãî õàðàêòåðó ³ñòîòíî
ïîã³ðøóºòüñÿ ÿê³ñòü âîäè ³ öå ïîâèííî ïîçíà÷àòèñÿ íà âì³ñò³ ãîðìîí³â òà
ãëþêîçè ó êðîâ³ ðèá.

Ìåòîþ ðîáîòè áóëî âñòàíîâèòè ÿê âïëèâàº ïîã³ðøåííÿ ÿêîñò³ âîäè
÷åðåç âåäåííÿ â³éñüêîâèõ ä³é íà äåÿê³ á³îõ³ì³÷í³ ïîêàçíèêè êðîâ³ ïë³òêè
çâè÷àéíî¿ òà êàðàñÿ ñð³áëÿñòîãî.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Îá’ºêò òà ðàéîí äîñë³äæåííÿ. Äîñë³äæåííÿ ïðîâîäèëè â ñåðïí³ —
âåðåñí³ 2024 ð. Îá’ºêòîì äîñë³äæåííÿ áóëè ñòàòåâîçð³ë³ îñîáèíè ïë³òêè
çâè÷àéíî¿ òà êàðàñÿ ñð³áëÿñòîãî, ÿê³ âèëîâëþâàëè ó âîäîéìàõ ãà÷êîâèì
ìåòîäîì. Ï³ñëÿ â³äëîâó ðèá â³äðàçó â³äáèðàëè ¿õíþ êðîâ ãåïàðèíîâàíèì
øïðèöîì ³ç ñåðöÿ, ïîò³ì ó ëàáîðàòîðíèõ óìîâàõ îòðèìóâàëè ïëàçìó êðî-
â³, ÿêó çáåð³ãàëè ó ìîðîçèëüí³é êàìåð³ ïðè òåìïåðàòóð³ -20 oÑ.

Ëîâ ðèáè çä³éñíþâëè ó ð. Äåñíà (ñ. Áåðåìèöüêå — ñ. Ïîë³ñüêå) íà ïî-
÷àòêó íàäõîäæåííÿ îðãàí³÷íîãî çàáðóäíåííÿ ç ð. Ñåéì ï³ñëÿ ïðîâåäåííÿ
â³éñüêîâèõ îïåðàö³é á³ëÿ íå¿. Êð³ì òîãî á³îëîã³÷íèé ìàòåð³àë îòðèìóâàëè
ó Ê³ë³éñüêîìó ãèðë³ ð. Äóíàé (ì. Âèëêîâå) ï³ä ÷àñ òà ï³ñëÿ óðàæåííÿ ïðè-
ïîðòîâèõ ñïîðóä äðîíàìè êàì³êàäçå. ßê êîíòðîëüíó âîäîéìó áóëî îáðà-
íî ð. Ðîñü (ì. Á³ëà Öåðêâà á³ëÿ äåíäðîëîã³÷íîãî ïàðêó «Îëåêñàíäð³ÿ»).

Ã³äðîõ³ì³÷í³ ìåòîäè. Êîíöåíòðàö³þ àìîí³éíîãî, í³òðèòíîãî, í³òðàò-
íîãî àçîòó òà ôîñôîðó ôîñôàò³â âñòàíîâëþâàëè çà äîïîìîãîþ ôîòîìåòðà
Exact iDip 570 òà â³äïîâ³äíèõ ðåàãåíò³â. Âì³ñò ðîç÷èíåíèõ íàôòîïðî-
äóêò³â âèçíà÷àëè ñòàíäàðòíèì ìåòîäîì çà äîïîìîãîþ àíàë³çàòîðà Ôëþî-
ðàò 02-3 Ì [5].

Á³îõ³ì³÷í³ äîñë³äæåííÿ. Ó ïëàçì³ êðîâ³ âèçíà÷àëè âì³ñò ãëþêîçè
(ììîëü/äì3) ãëþêîçîîêñèäàçíèì ìåòîäîì [4]. Ó 4 ìë ñóáñòðàòíî-áóôåð-
íîãî ðîç÷èíó, ÿêèé ì³ñòèâ 4.4 U ïåðîêñèäàçè, 36 U β, D-ãëþêîçîîêñèäàçè,
0,22 ìã 4-àì³íîôåíàçîíó, 0,38 ìã ôåíîëó òà 2 ìë 0,1 Ì ôîñôîðíîãî áóôåðó
(ðÍ 7,2—7,4), äîäàâàëè 0,04 ìã ãîìîãåíàòó (äîñë³äíà ïðîáà) àáî 0,04 ìë
äèñòèëüîâàíî¿ âîäè (õîëîñòà ïðîáà). Ïîò³ì âèòðèìóâàëè çðàçêè ïðîòÿ-
ãîì 20 õâ ïðè òåìïåðàòóð³ 25 oÑ. Ï³ñëÿ öüîãî âèì³ðþâàëè îïòè÷íó ù³ëü-
í³ñòþ ïðè 530 íì.

Âì³ñò êîðòèçîëó òà òèðîêñèíó äîñë³äæóâàëè ²ÔÀ ìåòîäîì çà äîïîìî-
ãîþ ²ÔÀ-àíàë³çàòîðà Rayto RT-2100C ³ç âèêîðèñòàííÿì íàáîð³â ðåàãåíò³â
«Êîðòèçîë-²ÔÀ» òà « Ò4-²ÔÀ» (Õåìà, Óêðà¿íà).

Ñòàòèñòè÷í³ ìåòîäè. Äàí³ îáðîáëÿëè ñòàòèñòè÷íî ç âèêîðèñòàí-
íÿì ïðîãðàì Statistica 10, ïðîãðàì Exñel ³ç ïàêåòó Microsoft Office. Äî-
ñòîâ³ðí³ñòü ì³æ äîñë³äæóâàíèìè ãðóïàìè îö³íþâàëè çà äîïîìîãîþ
U-êðèòåð³þ Ìàííà-Ó³òí³ çà ð³âíÿ éìîâ³ðíîñò³ ð<0,05.
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Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

ßê ïîêàçàëè ðåçóëüòàòè äîñë³äæåíü, íà îáðàí³é ä³ëÿíö³ ð. Äåñíè ó
âîä³ ì³ñòèëàñÿ çíà÷íà ê³ëüê³ñòü àìîí³éíîãî àçîòó òà ôîñôîðó ôîñôàò³â,
êîíöåíòðàö³¿ ÿêèõ çíà÷íî ïåðåâèùóâàëè ãðàíè÷íî äîïóñòèì³ ð³âí³. Êð³ì
òîãî, çà äàíèìè Äåðæàâíîãî àãåíòñòâà âîäíèõ ðåñóðñ³â Óêðà¿íè, ï³ä ÷àñ
ïðîâåäåííÿ äîñë³äæåíü ñïîñòåð³ãàëîñÿ ï³äâèùåííÿ ê³ëüêîñò³ çàâèñëèõ
ðå÷îâèí äî 10,0 ìã/äì3 òà ÁÑÊ5 — 3,60 ìã Î2/äì3 (òàáë. 1).

Íà äîñë³äæóâàí³é ä³ëÿíö³ Ê³ë³éñüêîãî ãèðëà (ð. Äóíàé) ï³ä ÷àñ ëîâó
ðèá ó âîä³ áóëî çàðåºñòðîâàíî ïåðåâèùåííÿ äîïóñòèìî¿ íîðìè ³îí³â àìî-
í³þ òà ðîç÷èíåíèõ íàôòîïðîäóêò³â. Öå ñâ³ä÷èòü ïðî òèì÷àñîâå çàáðóä-
íåííÿ âîäè âíàñë³äîê óðàæåííÿ ïðèëåãëèõ òåðèòîð³¿ âîðîæèìè äðîíàìè,
îñê³ëüêè ðàí³øå íàìè íå ñïîñòåð³ãàëèñÿ òàê³ ð³âí³ çàáðóäíþþ÷èõ ðå÷î-
âèí.

Íå ïîì³÷åíî ³ñòîòíîãî àíòðîïîãåííîãî âïëèâó â êîíòðîëüí³é âî-
äîéì³ (ð. Ðîñü) çà ïîêàçíèêàìè âì³ñòó á³îãåííèõ ñïîëóê òà ðîç÷èíåíèõ
íàôòîïðîäóêò³â.

Çà öèõ óìîâ ó ïë³òêè ðîçâèâàëèñÿ ñòðåñ-ðåàêö³¿, ÿê³ ïðîÿâëÿëèñÿ â
³ñòîòíîìó çðîñòàíí³ âì³ñòó êîðòèçîëó ó ïëàçì³ êðîâ³ (ðèñ. 1). Ó ðèá ç
ð. Äåñíè âì³ñò öüîãî ãîðìîíó ï³äâèùèâñÿ ó 2,0 ðàçè, à ç ð. Äóíàé — íà
23 %. Öå ñâ³ä÷èòü ïðî òå, ùî ÷åðåç ð³çíîìàí³òí³ íàñë³äêè ïðîâåäåííÿ
â³éñüêîâèõ ä³é ³ñòîòíî çì³íþºòüñÿ ô³ç³îëîã³÷íèé ñòàí ðèá, ùî º â³äîáðà-
æåííÿì ïîã³ðøåííÿ ÿêîñò³ âîäè. Îñîáëèâî öå áóëî ïîì³òíî ó ð. Äåñí³,
êîëè ïðè ïîñèëåíí³ íàäõîäæåííÿ îðãàí³÷íîãî çàáðóäíåííÿ ó âîäó òà
âíàñë³äîê ðîçâèòêó ã³ïîêñ³¿ ñïîñòåð³ãàëàñÿ ìàñîâà çàãèáåëü ðèá.

Íà â³äì³íó â³ä ïë³òêè, ó êàðàñÿ ñð³áëÿñòîãî íå ïîì³÷åíî ³ñòîòíîãî
ï³äâèùåííÿ âì³ñòó êîðòèçîëó. Öåé âèä õàðàêòåðèçóºòüñÿ çíà÷íîþ âèòðè-
âàë³ñòþ äî óìîâ ñåðåäîâèùà, çîêðåìà äî ã³ïîêñè÷íèõ óìîâ. Äåùî, àëå
íåâ³ðîã³äíî, ï³äâèùèâñÿ âì³ñò êîðòèçîëó ó êðîâ³ ðèá ç ð. Äóíàé (íà 22 %)
ïîð³âíÿíî äî êîíòðîëþ. Õàðàêòåðíèì º òå, ùî âì³ñò ãîðìîíó ó êðîâ³ êàðà-
ñÿ ì³æ ð³çíèìè îñîáèíàìè ìàº øèðîêèé ä³àïàçîí âàð³þâàííÿ, òîáòî
àäàïòàö³éí³ ìîæëèâîñò³ äî ä³¿ íåãàòèâíèõ ÷èííèê³â ó êàðàñÿ ìàþòü á³ëüø
øèðîê³ ìåæ³.
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Òàáëèöÿ 1
Õ³ì³÷í³ ïîêàçíèêè âîäè ó ð³÷êàõ ï³ä ÷àñ ïðîâåäåííÿ ëîâó ðèá

Ð³÷êè
Àìîí³éíèé

àçîò,
ìã N/äì3

Í³òðèòè,
ìã N/äì3

Í³òðàòè,
ìã N/äì3

Ôîñôàòè,
ìã P/äì3

Ðîç÷èíåí³
íàôòîïðî-

äóêòè, ìã/äì3

ð. Äåñíà 1,00—2,06* 0,03—0,05* 0,45—0,50 * 0,51—1,58 * —

ð. Äóíàé 1,73—2,08 <0,021 <0,81 <0,29 0,068—0,102

ð. Ðîñü 0,12—0,29 0,02—0,06 0,94—1,58 <0,29 <0,029

Ï ð è ì ³ ò ê à. Ï³äêðåñëåííÿ — ïåðåâèùåííÿ ÃÄÊ; * — çà äàíèìè Äåðæàâíîãî àãåíò-
ñòâà âîäíèõ ðåñóðñ³â Óêðà¿íè [9], «—» — äàí³ â³äñóòí³.



Âì³ñò òèðîêñèíó ó êðîâ³ ïë³òêè çì³íþºòüñÿ ïîä³áíèì ÷èíîì, ÿê ³ êîð-
òèçîë, çàëåæíî â³ä óìîâ ñåðåäîâèùà (ðèñ. 2, à). Çà ä³¿ øâèäêîãî òà äîâîë³
íåòðèâàëîãî íàäõîäæåííÿ îðãàí³÷íîãî çàáðóäíåííÿ òà ïîã³ðøåííÿ êèñ-
íåâèõ óìîâ ó ð. Äåñí³ âì³ñò Ò4 çá³ëüøèâñÿ ó 1,6 ðàçà. Öå ñâ³ä÷èòü ïðî àê-
òèâ³çàö³þ åíåðãåòè÷íîãî îáì³íó ó ðèá, ñïðè÷èíåíó ïîã³ðøåííÿì óìîâ
³ñíóâàííÿ òà ñïðîáîþ àäàïòàö³¿ äî ä³þ÷èõ ÷èííèê³â, ùî ïðèçâîäèòü äî
çíà÷íèõ âèòðàò åíåðãåòè÷íèõ ðåñóðñ³â. Àëå çíà÷í³ åíåðãåòè÷í³ âèòðàòè íå
ìîæóòü áóòè òðèâàëèìè, âîíè íåìèíó÷å ïðèçâîäÿòü äî çàãèáåë³ ðèá, ÿêà
ñïîñòåð³ãàëàñÿ ï³çí³øå. Â òîé æå ÷àñ ó ïë³òêè ç ð. Äóíàé ïîì³÷åíî çìåí-
øåííÿ âì³ñòó Ò4 ó êðîâ³, ðèáè ïåðåõîäÿòü íà ðåñóðñîçáåð³ãàþ÷ó àäàï-
òàö³þ äî íåãàòèâíèõ ÷èííèê³â. Ðèáè äîâîë³ óñï³øíî âèòðèìóþòü ïî-
ã³ðøåííÿ óìîâ ³ñíóâàííÿ ïðè òàêîìó ð³âí³ çàáðóäíåíîñò³ ð³÷êè.

Ó êàðàñÿ ïîã³ðøåííÿ åêîëîã³÷íèõ óìîâ âèêëèêàº òåíäåíö³þ äî çá³ëü-
øåííÿ âì³ñòó Ò4 ó ïëàçì³ êðîâ³, õî÷à â³äñóòí³ â³ðîã³äí³ â³äì³ííîñò³ ì³æ
öèìè ïîêàçíèêàìè (ðèñ. 2, á). Ó ð. Äóíàé âì³ñò ãîðìîíó çá³ëüøèâñÿ íà
33 % ïîð³âíÿíî äî êîíòðîëþ, à ó ð. Äåñí³ — íà 23 %. Âî÷åâèäü, öå ñâ³ä÷èòü
ïðî ïîñèëåííÿ åíåðãîçàáåçïå÷åííÿ ïðèñòîñóâàëüíèõ ðåàêö³é äî ä³¿ íå-
ñïðèÿòëèâèõ ÷èííèê³â.

Íà ïðîòèâàãó äîñë³äæåííÿì ³íøèõ àâòîð³â [15, 20] â íàøîìó âèïàäêó
âì³ñò ãëþêîçè ó êðîâ³ çìåíøóâàâñÿ çà óìîâ ïîã³ðøåííÿ ÿêîñò³ âîäè òà ó
â³äïîâ³äü íà ñòðåñîâ³ ÷èííèêè (ðèñ. 3). Ïðè ÷îìó çìåíøåííÿ àáî òåí-
äåíö³þ äî çíèæåííÿ âì³ñòó ãëþêîçè ó êðîâ³ â³äì³÷åíî ÿê äëÿ ïë³òêè, òàê ³
äëÿ êàðàñÿ. Íàéìåíøèé âì³ñò ãëþêîçè ñïîñòåð³ãàâñÿ ó ð. Äóíàé, äåùî âè-
ùèé — ó ð. Äåñí³, à íàéá³ëüøèé — ó ð. Ðîñü. Òàê ¿¿ âì³ñò ó ïë³òêè çíèæó-
âàâñÿ íà 15 ³ 7 % â³äïîâ³äíî ó ð. Äóíàé òà ð. Äåñí³ ïîð³âíÿíî äî êîíòðîëþ
(äàí³ íå ìàþòü ñòàòèñòè÷íî¿ â³ðîã³äíîñò³), à ó êàðàñÿ — íà 40 ³ 24 %
â³äïîâ³äíî (äàí³ ñòàòèñòè÷íî â³ðîã³äí³). Áåçóìîâíî â ïðîöåñ³ ïðèñòîñó-
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Ðèñ. 1. Âì³ñò êîðòèçîëó ó ïëàçì³ êðîâ³ ïë³òêè (à) òà êàðàñÿ ñð³áëÿñòîãî (á) çà ð³çíèõ
óìîâ ³ñíóâàííÿ ðèá, n = 10, M±m. Òóò ³ íà ðèñ. 2, 3: ç³ðî÷êîþ ïîçíà÷åíî â³ðîã³äí³ñòü
<0,05



âàííÿ ðèá äî íåñïðèÿòëèâèõ óìîâ ³ñíóâàííÿ ïîòð³áíà çíà÷íà ê³ëüê³ñòü
åíåðã³¿, ÿêà óòâîðþºòüñÿ ñàìå ³ç ãëþêîçè. Òîìó ñòóï³íü íàäõîäæåííÿ ãëþ-
êîçè ïåðåâàæíî ç ïå÷³íêè ðèá òà ñòóï³íü ¿¿ óòèë³çàö³¿ íå ìîæå ïðèçâîäèòè
äî çíà÷íîãî çðîñòàííÿ ¿¿ êîíöåíòðàö³¿ ó êðîâ³.

Âèñíîâêè

Äîñë³äæåííÿ ïîêàçàëè çíà÷íå ïåðåâèùåííÿ êîíöåíòðàö³é àìîí³éíî-
ãî àçîòó, ôîñôàò³â òà ðîç÷èíåíèõ íàôòîïðîäóêò³â ó ð³÷êàõ Äåñíà òà Äó-
íàé, ùî êîðåëþº ç ï³äâèùåíèì ð³âíåì êîðòèçîëó ó ïë³òêè. Ó êàðàñÿ
ñð³áëÿñòîãî ïîä³áíèõ çì³í íå âèÿâëåíî, ùî ñâ³ä÷èòü ïðî éîãî á³ëüøó
ñò³éê³ñòü äî çàáðóäíåííÿ.
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Ðèñ. 2. Âì³ñò òèðîêñèíó ó ïëàçì³ êðîâ³ ïë³òêè (à) òà êàðàñÿ ñð³áëÿñòîãî (á) çà ð³çíèõ
óìîâ ³ñíóâàííÿ ðèá, n = 10, M±m

Ðèñ. 3. Âì³ñò ãëþêîçè ó ïëàçì³ êðîâ³ ïë³òêè (à) òà êàðàñÿ ñð³áëÿñòîãî (á) çà ð³çíèõ
óìîâ ³ñíóâàííÿ ðèá, n = 10, M±m



Ó ïë³òêè ç ð. Äåñíè ð³âåíü êîðòèçîëó çá³ëüøèâñÿ ó 2,0 ðàçè, à â ð. Äó-
íàé — íà 23 % ïîð³âíÿíî ç êîíòðîëüíîþ âîäîéìîþ (ð. Ðîñü). Öå ñâ³ä÷èòü
ïðî âèñîêèé ð³âåíü ñòðåñó, ïîâ’ÿçàíèé ³ç ïîã³ðøåííÿì ÿêîñò³ âîäè.

Âì³ñò òèðîêñèíó (T4) ó ïë³òêè òà êàðàñÿ ñð³áëÿñòîãî òàêîæ ï³äâèùó-
âàâñÿ ó â³äïîâ³äü íà çàáðóäíåííÿ, ùî âêàçóº íà àêòèâàö³þ åíåðãåòè÷íîãî
îáì³íó. Ïðîòå ó ïë³òêè ç ð. Äóíàé ñïîñòåð³ãàëàñÿ ïðîòèëåæíà òåíäåíö³ÿ
— çíèæåííÿ ð³âíÿ òèðîêñèíó, ùî ï³äòâåðäæóº éîãî àäàïòàö³éíó ñòðà-
òåã³þ åíåðãîçáåðåæåííÿ.

Âñóïåðå÷ î÷³êóâàíîìó ï³äâèùåííþ ð³âíÿ ãëþêîçè ó êðîâ³ ó â³äïîâ³äü
íà ñòðåñ, ó ðèá ç çàáðóäíåíèõ âîäîéì ¿¿ êîíöåíòðàö³ÿ çíèæóâàëàñÿ. Öå
ìîæå áóòè ïîâ’ÿçàíî ç ³íòåíñèâíîþ ¿¿ óòèë³çàö³ºþ äëÿ ï³äòðèìêè àäàï-
òàö³éíèõ ìåõàí³çì³â.

Îòðèìàí³ äàí³ ï³äòâåðäæóþòü äîö³ëüí³ñòü âèêîðèñòàííÿ ð³âí³â êîð-
òèçîëó, òèðîêñèíó òà ãëþêîçè ó ïëàçì³ êðîâ³ ðèá ÿê ìàðêåð³â åêîëîã³÷íî-
ãî ñòàíó âîäíîãî ñåðåäîâèùà. Ïë³òêà çâè÷àéíà º á³ëüø ÷óòëèâèì á³îìàð-
êåðîì çàáðóäíåííÿ, òîä³ ÿê êàðàñü ñð³áëÿñòèé äåìîíñòðóº âèùó òîëå-
ðàíòí³ñòü.
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ASSESSMENT OF WATER QUALITY IN RIVERS BY BIOCHEMICAL INDICATORS
OF BLOOD OF ROACH AND SILVER CRUCIAN CARP

The impact of anthropogenic factors, in particular military operations, on water qua-
lity and biochemical indicators of fish is a pressing problem of environmental monitoring.
This study assessed the impact of water pollution on the levels of cortisol, thyroxine and
glucose in the blood plasma of two fish species: common rudd (Rutilus rutilus) and silver
crucian carp (Carassius gibelio). The studies were carried out in the Desna, Danube and
Ros rivers, which were subjected to different levels of anthropogenic load as a result of mili-
tary operations. It was noted that with deterioration of water quality, the content of cortisol
and thyroxine mainly increases, and the content of glucose in the blood plasma of common
rudd and silver crucian carp decreases, as manifestations of the development of stress reac-
tions in them. Common rudd is a more sensitive biomarker of pollution, while silver cruci-
an carp demonstrates higher tolerance. The results obtained indicate significant changes in
the physiological state of fish, which confirms the feasibility of using biochemical indica-
tors as indicators of the ecological state of the aquatic environment.

Keywords: water chemistry, cortisol, thyroxine, glucose, blood plasma, freshwater fish.
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ÅÂÒÐÎÔ²ÊÀÖ²ß ÏÎÂÅÐÕÍÅÂÈÕ ÂÎÄÍÈÕ ÎÁ’ªÊÒ²Â:
¯¯ ÍÀÑË²ÄÊÈ ÒÀ ÑÏÎÑÎÁÈ ÇÍÈÆÅÍÍß (ÎÃËßÄ)

Ó ñòàòò³ óçàãàëüíåíî ðåçóëüòàòè äîñë³äæåíü åâòðîô³êàö³¿ ïîâåðõíåâèõ âîä ÿê
îäíîãî ç íåãàòèâíèõ ÿâèù ôóíêö³îíóâàííÿ âîäíèõ åêîñèñòåì. Çàçíà÷åíî, ùî åâò-
ðîô³êàö³ÿ — ñêëàäíèé ïðîöåñ, çóìîâëåíèé âïëèâîì íèçêè ÷èííèê³â, ïåðåäóñ³ì ï³äâè-
ùåíèì âì³ñòîì á³îãåííèõ ðå÷îâèí, çîêðåìà ñïîëóê àçîòó ³ ôîñôîðó. Íàâåäåíî êðè-
òåð³¿ îö³íêè òðîô³÷íîãî ñòàíó âîäîéì ³ âîäîòîê³â ç âèêîðèñòàííÿì õ³ì³÷íèõ, á³î-
ëîã³÷íèõ òà ô³çè÷íèõ ïîêàçíèê³â, à òàêîæ êîìïëåêñíèõ ³íäåêñ³â òðîô³÷íîãî ñòàíó,
ÿê³ áàçóþòüñÿ íà íèõ. Ðîçãëÿíóòî çîâí³øí³ òà âíóòð³øí³ äæåðåëà íàäõîäæåííÿ
á³îãåííèõ ðå÷îâèí äî âîäíîãî ñåðåäîâèùà. Ïîêàçàíî, ùî íàäõîäæåííÿ ñïîëóê àçîòó ³
ôîñôîðó ç äîííèõ â³äêëàä³â ñë³ä ðîçãëÿäàòè ÿê ïîòóæíå âíóòð³øíº äæåðåëî åâò-
ðîô³êàö³¿. Çíà÷íó óâàãó ïðèä³ëåíî àíàë³çó ïðè÷èí âèâ³ëüíåííÿ á³îãåííèõ ðå÷îâèí ç
äîííèõ â³äêëàä³â. Ïîêàçàíî, ùî ³íòåíñèâíå «öâ³ò³ííÿ» âîäè íåãàòèâíî ïðîÿâëÿºòü-
ñÿ íà íèçö³ ¿¿ õ³ì³÷íèõ ïîêàçíèê³â, çóìîâëþº ³ñòîòíå çíèæåííÿ âì³ñòó ðîç÷èíåíîãî
êèñíþ àæ äî éîãî äåô³öèòó ³ ôîðìóâàííÿ ã³ïîêñ³¿. Ïðîäóêóâàííÿ ö³àíîòîêñèí³â â óìî-
âàõ íàäì³ðíîãî «öâ³ò³ííÿ» âîäè çá³ëüøóº òîêñè÷í³ñòü âîäíîãî ñåðåäîâèùà òà íåãà-
òèâíî âïëèâàº íà ñòàí á³îòè ³ çäîðîâ’ÿ ëþäèíè. Îáãîâîðþºòüñÿ ïîòåíö³éíèé âïëèâ
êë³ìàòè÷íèõ çì³í íà ð³âåíü åâòðîô³êàö³¿ âîäíèõ îá’ºêò³â. Íàâåäåíî äàí³ ñòîñîâíî
íàéïîøèðåí³øèõ ñïîñîá³â çíèæåííÿ ð³âíÿ åâòðîô³êàö³¿, ÿê³ ïåðåäáà÷àþòü îáìåæåí-
íÿ çîâí³øíüîãî íàäõîäæåííÿ ñïîëóê àçîòó ³ ôîñôîðó äî âîäíèõ îá’ºêò³â, à òàêîæ
ì³ãðàö³¿ îñòàíí³õ ç äîííèõ â³äêëàä³â.

Êëþ÷îâ³ ñëîâà: åâòðîô³êàö³ÿ, á³îãåíí³ ðå÷îâèíè, ñïîëóêè àçîòó ³ ôîñôîðó, âîäí³
îá’ºêòè, äîíí³ â³äêëàäè, êë³ìàòè÷í³ çì³íè, ñïîñîáè çíèæåííÿ ð³âíÿ åâòðîô³êàö³¿

Åâòðîô³êàö³ÿ ïîâåðõíåâèõ âîäíèõ îá’ºêò³â — ïðîöåñ, ÿêèé ó ïðèðîä-
íèõ óìîâàõ â³äáóâàºòüñÿ äîâîë³ ïîâ³ëüíî, çàçâè÷àé, ïðîòÿãîì äåñÿòèë³òü ³
íàâ³òü ñòîë³òü, òîä³ ÿê â ðåçóëüòàò³ ä³ÿëüíîñò³ ëþäèíè ³ñòîòíî ïðèøâèä-

Ö è ò ó â à í í ÿ: Ëèííèê Ï.Ì., Æåæåðÿ Â.À. Åâòðîô³êàö³ÿ ïîâåðõíåâèõ âîäíèõ
îá’ºêò³â: ¿¿ íàñë³äêè òà ñïîñîáè çíèæåííÿ (îãëÿä). Ã³äðîá³îë. æóðí. 2025. Ò. 61, ¹ 6.
Ñ. 71—96.
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øóºòüñÿ [12, 14, 18, 45, 49, 51, 77, 90, 96, 99, 112, 114, 125]. Âæå äî ñåðåäèíè
20-ãî ñòîë³òòÿ ñòàëî çðîçóì³ëèì, ùî ëþäñüêà àêòèâí³ñòü ñïðèÿº ïîñèëåí-
íþ åâòðîô³êàö³¿. Ïåðåäóñ³ì öå ñòîñóâàëîñü òèõ âîäíèõ îá’ºêò³â, ÿê³ çíàõî-
äèëèñü ïîáëèçó öåíòð³â àêòèâíî¿ ëþäñüêî¿ ä³ÿëüíîñò³, ïîâ’ÿçàíî¿ ç ñ³ëü-
ñüêîãîñïîäàðñüêèì ³ ïðîìèñëîâèì âèðîáíèöòâîì.

Åâòðîô³êàö³ÿ çóìîâëåíà íàäì³ðíèì âì³ñòîì ó âîä³ ïîæèâíèõ ðå÷î-
âèí, çîêðåìà ñïîëóê àçîòó ³ ôîñôîðó, ÿê³ ñïðèÿþòü ³íòåíñèâíîìó ðîçâèò-
êó ô³òîïëàíêòîíó àæ äî íàñòàííÿ «öâ³ò³ííÿ» âîäè çà îïòèìàëüíèõ óìîâ
äëÿ ïðåäñòàâíèê³â ïåâíèõ â³ää³ë³â âîäîðîñòåé. Íàäëèøîê ñïîëóê ôîñôî-
ðó ³ àçîòó çðîñòàº â á³îñôåð³ ç á³ëüøîþ øâèäê³ñòþ, í³æ î÷³êóâàëîñü, òîìó
íå âèêëþ÷åíî, ùî ö³ òåìïè çðîñòàííÿ çáåðåæóòüñÿ ³ â ïîäàëüøîìó. Ïðî-
òÿãîì îñòàíí³õ äâîõ ñòîë³òü àíòðîïîãåííå íàäõîäæåííÿ ïîæèâíèõ ðå÷î-
âèí â îá’ºêòè íàâêîëèøíüîãî ñåðåäîâèùà, âêëþ÷àþ÷è ïîâåðõíåâ³ âîäí³
îá’ºêòè, ³ñòîòíî çðîñëî [99]. Çã³äíî ïðîãíîçó Îðãàí³çàö³¿ Îá’ºäíàíèõ Íà-
ö³é, çðîñòàííÿ çàãàëüíî¿ ÷èñåëüíîñò³ íàñåëåííÿ Ñâ³òó äî 9,7 ìëðä. ÷îë., à
òàêîæ çá³ëüøåííÿ ì³ñüêîãî íàñåëåííÿ íà 2,5 ìëðä. äî 2050 ð. ³ íàäàë³ çó-
ìîâëþâàòèìå ïîäàëüøå çàáðóäíåííÿ ïîâåðõíåâèõ âîä ð³çíîìàí³òíèìè
õ³ì³÷íèìè ðå÷îâèíàìè, ó òîìó ÷èñë³ ñïîëóêàìè á³îãåííèõ åëåìåíò³â
[112]. Â îäí³é ç îãëÿäîâèõ ðîá³ò [40] çàçíà÷åíî, ùî åâòðîô³êàö³ºþ îõîïëå-
íî áàãàòî êðóïíèõ îçåð ñâ³òó. Çîêðåìà, ñòâåðäæóºòüñÿ, ùî â 50 ³ç 100 òàêèõ
îçåð íàâàíòàæåííÿ ñïîëóêàìè ôîñôîðó ³ñòîòíî çðîñëî â ïåð³îäè ì³æ
1990—1994 òà 2005—2010 ðîêàìè. Åâòðîô³êàö³ÿ ñòàëà çàãðîçëèâîþ ïðîá-
ëåìîþ çàáðóäíåííÿ áàãàòüîõ çàõ³äíîºâðîïåéñüêèõ ³ ï³âí³÷íîàìåðèêàíñü-
êèõ îçåð ³ âîäîñõîâèù ùå ç ñåðåäèíè 20-ãî ñòîë³òòÿ ³ íàáóëà øèðîêîãî ïî-
øèðåííÿ ç òîãî ÷àñó. Çàçíà÷àºòüñÿ òàêîæ, ùî ïîã³ðøåííÿ ÿêîñò³ âîäè ó
âîäîñõîâèùàõ âíàñë³äîê åâòðîô³êàö³¿ â³äáóâàºòüñÿ øâèäøå, í³æ ó ïðè-
ðîäíèõ îçåðàõ [69].

Çà äàíèìè ÞÍÅÏ (UNEP), íàâåäåíèìè â ðîáîò³ [11], ïðèáëèçíî 30—
40 % îçåð ³ âîäîñõîâèù ñâ³òó ò³ºþ ÷è ³íøîþ ì³ðîþ çàçíàþòü åâòðîô³êàö³¿.
Ó öüîìó ïåðåñâ³ä÷óþòü òàêîæ äàí³, íàâåäåí³ àâòîðàìè ðîá³ò [14, 38], â
ÿêèõ çàçíà÷åíî, ùî á³ëüøå 54 % îçåð â Àç³¿, 53 % ºâðîïåéñüêèõ îçåð, 48 %
îçåð ó Ï³âí³÷í³é Àìåðèö³ ³ 41 % îçåð ó Ï³âäåíí³é Àìåðèö³, à òàêîæ 28 %
àôðèêàíñüêèõ îçåð íàëåæàòü äî åâòðîôíèõ. Ó ÑØÀ ïîíàä 40 % îçåð ³
ð³÷îê/ïîò³÷ê³â õàðàêòåðèçóþòüñÿ íåçàäîâ³ëüíèì (ïîã³ðøåíèì) ñòàíîì
÷åðåç ï³äâèùåíèé âì³ñò ó íèõ ïîæèâíèõ ðå÷îâèí, à ïðèáëèçíî äâ³ òðåòè-
íè íàö³îíàëüíî¿ åñòóàðíî¿ çîíè ìàº ïîì³ðí³ àáî ñëàáê³ îçíàêè åâòðî-
ô³êàö³¿ [78]. Çà ³íøèìè äàíèìè [22, 83], ïðèáëèçíî 78 % êîíòèíåíòàëüíî¿
ïðèáåðåæíî¿ çîíè ÑØÀ ³ 65 % ºâðîïåéñüêîãî Àòëàíòè÷íîãî óçáåðåææÿ
ïðîÿâëÿþòü îçíàêè åâòðîô³êàö³¿. Á³ëüøó ÷àñòèíó îçåð â Äàí³¿ â³äíîñÿòü
äî âèñîêîåâòðîôíèõ ÷åðåç âèñîêå íàâàíòàæåííÿ ïîæèâíèìè ðå÷îâèíà-
ìè, ÿê³ ïîòðàïëÿþòü äî íèõ ç ïîáóòîâèìè ñò³÷íèìè âîäàìè òà âíàñë³äîê
àêòèâíî¿ ñ³ëüñüêîãîñïîäàðñüêî¿ ä³ÿëüíîñò³ [14].

Îòæå, åâòðîô³êàö³ÿ — öå ãëîáàëüíà åêîëîã³÷íà ïðîáëåìà, íåãàòèâí³
íàñë³äêè ÿêî¿ îñîáëèâî â³ä÷óòí³ â óìîâàõ ñüîãîäåííÿ, êîëè çíèæóþòüñÿ
åêîíîì³÷í³ ïîêàçíèêè ðèáíîãî ïðîìèñëó òà òóðèçìó ³ çðîñòàþòü âèòðàòè
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íà âîäîï³äãîòîâêó ç ìåòîþ çíèæåííÿ ðèçèêó ¿¿ íåãàòèâíîãî âïëèâó íà
çäîðîâ’ÿ ëþäåé [81].

ßê çàçíà÷åíî â îãëÿäîâ³é ðîáîò³ [90], åâòðîô³êàö³ÿ — öå ñêëàäíèé
ïðîöåñ, ÿêèé ÷àñòî ïîâ’ÿçàíèé íå ëèøå ç³ çì³íîþ çàãàëüíî¿ á³îìàñè âîäî-
ðîñòåé, à é ç³ çì³íîþ á³îð³çíîìàí³òòÿ. Â³í ïîëÿãàº ó íàäì³ðíîìó óäîá-
ðåíí³ âîäîéì, ÿêå ïðèçâîäèòü äî «öâ³ò³ííÿ» âîäè â íèõ òà ³ñòîòíîãî
çá³ëüøåííÿ á³îìàñè âîäîðîñòåé ³ ö³àíîáàêòåð³é, çíèæåííÿ âì³ñòó êèñíþ ³
ôîðìóâàííÿ àíàåðîáíèõ ³ ñ³ðêîâîäíåâèõ çîí ó ïðèäîííèõ ãîðèçîíòàõ,
ùî, ó ñâîþ ÷åðãó, âèêëèêàº çàãèáåëü ðîñëèí ³ òâàðèí [14, 71]. Çà òàêèõ
óìîâ â³äáóâàºòüñÿ ïîñòóïîâå çàðîñòàííÿ âîäîéì ³, ÿê íàñë³äîê, âîíè ñòà-
þòü íåïðèäàòíèìè äëÿ âèêîðèñòàííÿ â ð³çíèõ ñôåðàõ âîäîñïîæèâàííÿ ³
ðåêðåàö³¿ [44, 89]. Â ðåçóëüòàò³ ³ñòîòíî çíèæóºòüñÿ ð³âåíü åêîñèñòåìíèõ
ïîñëóã òà â³äáóâàºòüñÿ çðîñòàííÿ ô³íàíñîâèõ çàòðàò ç «îçäîðîâëåííÿ» âî-
äîéì, ÿê³ çàçíàþòü àíòðîïîãåííîãî íàâàíòàæåííÿ.

Ïðîáëåìà åâòðîô³êàö³¿ íàáóâàº îñîáëèâî¿ ãîñòðîòè äëÿ âîäíèõ îá’ºê-
ò³â óðáàí³çîâàíèõ òåðèòîð³é, îñê³ëüêè ñàìå âîíè çàçíàþòü ïîì³òíîãî àíò-
ðîïîãåííîãî çàáðóäíåííÿ ð³çíîìàí³òíèìè õ³ì³÷íèìè ðå÷îâèíàìè, ïåðå-
äóñ³ì ñïîëóêàìè á³îãåííèõ åëåìåíò³â [1, 6, 71, 98, 130].

Êðèòåð³¿ îö³íêè òðîô³÷íîãî ñòàíó ïîâåðõíåâèõ âîä

Äëÿ îö³íêè òðîô³÷íîãî ñòàòóñó ïîâåðõíåâèõ âîäíèõ îá’ºêò³â âèêîðè-
ñòîâóºòüñÿ äåê³ëüêà ïàðàìåòð³â. Íàéâàæëèâ³ø³ ç íèõ — êîíöåíòðàö³ÿ
ôîñôîðó ³ àçîòó, õëîðîô³ëó à, ðîç÷èíåíîãî êèñíþ òà ïðîçîð³ñòü âîäè
[119]. ¯õ óçàãàëüíåíî ³ íàâåäåíî íèæ÷å â òàáëèö³. Ì³æíàðîäíî ñõâàëåí³
êðèòåð³¿ äëÿ êëàñèô³êàö³¿ òðîô³÷íîãî ñòàòóñó âîäîéì, ÿê³ âðàõîâóþòü
êîíöåíòðàö³þ çàãàëüíîãî ôîñôîðó ³ õëîðîô³ëó à òà ïðîçîð³ñòü âîäè çà äè-
ñêîì Ñåêê³, ì³ñòÿòüñÿ òàêîæ ó ðîáîò³ [36]. Âîíè âêëþ÷àþòü êðèòåð³¿ Îð-
ãàí³çàö³¿ ì³æíàðîäíîãî ñï³âðîá³òíèöòâà ³ ðîçâèòêó (àíãë³éñüêîþ OECD),
êàíàäñüê³ êðèòåð³¿, ó òîìó ÷èñë³ êðèòåð³¿ ïðîâ³íö³¿ Êâåáåê, øâåäñüê³ êðè-
òåð³¿ òà äåÿê³ ³íø³.

Ó ìåòîäèö³ åêîëîã³÷íî¿ îö³íêè ÿêîñò³ ïîâåðõíåâèõ âîä, ðîçðîáëåí³é
ôàõ³âöÿìè ²íñòèòóòó ã³äðîá³îëîã³¿ ÍÀÍ Óêðà¿íè [3], áåðóòüñÿ ïîêàçíèêè
íåîðãàí³÷íèõ ôîñôîðó ³ àçîòó (Ðíåîðã ³ Níåîðã), òîä³ ÿê â íèçö³ çàðóá³æíèõ
ïóáë³êàö³é — çàãàëüí³ êîíöåíòðàö³¿ ôîñôîðó ³ àçîòó (âêëþ÷àþòü ÿê ðîç-
÷èíí³, òàê ³ çàâèñë³ ôîðìè), òîáòî Ðçàã ³ Nçàã, ìîòèâóþ÷è öå òèì, ùî çàâèñë³
ôîðìè çà ïåâíèõ óìîâ ìîæóòü òðàíñôîðìóâàòèñü ó ðîç÷èíí³ ³ ñòàâàòè äî-
ñòóïíèìè äëÿ àñèì³ëÿö³¿ ã³äðîá³îíòàìè. Âàæëèâèì êðèòåð³ºì îö³íêè âè-
ñòóïàº êîíöåíòðàö³ÿ õëîðîô³ëó à ³ ïðîäóêö³ÿ ô³òîïëàíêòîíó [38, 89]. ßê
çàçíà÷åíî â [38], á³ëüø êîðåêòíà îö³íêà òðîô³÷íîãî ñòàòóñó âîäîéì äîñÿ-
ãàºòüñÿ íå ëèøå ç óðàõóâàííÿì êîíöåíòðàö³¿ Ðçàã ³ Nçàã, àëå é õëîðîô³ëó à òà
ïðîçîðîñò³ âîäè. Íåîáõ³äíî çàçíà÷èòè, ùî äëÿ âñòàíîâëåííÿ òðîô³÷íîãî
ñòàòóñó âîäîéì âèêîðèñòîâóþòü ìîäèô³êîâàíèé ³íäåêñ òðîô³÷íîãî ñòàíó
Êàðëñîíà (TSIM) òà êîìïëåêñíèé ³íäåêñ òðîô³÷íîãî ñòàíó (TSIC), ÿê³ ðîç-
ðàõîâóþòüñÿ çà â³äïîâ³äíèìè ôîðìóëàìè ç óðàõóâàííÿì çàçíà÷åíèõ âè-
ùå êðèòåð³¿â [13, 25, 53, 70, 92, 123].
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Â³äïîâ³äíî äî ³íäåêñó òðîô³÷íîãî ñòàíó Êàðëñîíà îë³ãîòðîôíèìè,
ìåçîòðîôíèìè, åâòðîôíèìè ³ ã³ïåðåâòðîôíèìè ââàæàþòüñÿ âîäîéìè,
äëÿ ÿêèõ â³í ñòàíîâèòü 0—40, 40—50, 50—70 ³ >70 îäèíèöü [25]. Çà ïîêàç-
íèêàìè êîìïëåêñíîãî ³íäåêñó òðîô³÷íîãî ñòàíó, ÿêèé áàçóºòüñÿ íà äàíèõ
ñòîñîâíî ïðîçîðîñò³ âîäè ³ êîíöåíòðàö³¿ Ðçàã ³ Nçàã òà õëîðîô³ëó à, âîäí³
îá’ºêòè êëàñèô³êóþòüñÿ ÿê îë³ãîòðîôí³ ³ ñåðåäíüî åâòðîôí³ (0—59 îäè-
íèöü), ñåðåäíüî åâòðîôí³ ³ åâòðîôí³ (60—69 îäèíèöü) òà ã³ïåðåâòðîôí³
(70—100 îäèíèöü) [13].

Äæåðåëà íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí

Íàéïîøèðåí³ø³ ñïîëóêè àçîòó ó ïîâåðõíåâèõ âîäàõ — öå àìîí³éíèé
àçîò (NH4

+ ), í³òðèòè (NO2
− ) ³ í³òðàòè (NO3

− ), à òàêîæ àçîòîâì³ñí³ îðãàí³÷í³
ñïîëóêè — àì³íîêèñëîòè, ïðîòå¿íè, àì³íè, àì³äè òîùî [24, 82]. Ó ïðèðîä-
íîìó âîäíîìó ñåðåäîâèù³ ñïîëóêè àçîòó çàçíàþòü òðàíñôîðìàö³¿ âíàñ-
ë³äîê îêèñíî-â³äíîâíèõ ïðîöåñ³â, àçîòô³êñàö³¿, àìîí³ô³êàö³¿, í³òðèô³êà-
ö³¿ òà äåí³òðèô³êàö³¿ [82].

Ðîç÷èííèé ôîñôîð ó âîäíèõ îá’ºêòàõ çíàõîäèòüñÿ ó âèãëÿä³ íåîð-
ãàí³÷íèõ ñïîëóê — îðòîôîñôàò³â (H PO2 4

− , HPO4
2− , PO4

3− ), ï³ðîôîñôàò³â,
ïîë³ôîñôàò³â ³ ôîñôîðíî¿ êèñëîòè, à òàêîæ âõîäèòü äî ñêëàäó îðãàí³÷íèõ
ðå÷îâèí (íóêëå¿íîâ³ êèñëîòè, íóêëåîïðîòå¿äè, ôîñôîë³ï³äè, ôîñôîðèëü-
îâàí³ öóêðè òîùî). Çà âåëè÷èí ðÍ 7,0—8,5, íàéõàðàêòåðí³øèõ äëÿ ïîâåð-
õíåâèõ âîäíèõ îá’ºêò³â, íåîðãàí³÷íèé ôîñôîð (Píåîðã) ïðåäñòàâëåíèé
éîíàìè HPO4

2− . Ó çàâèñëîìó ñòàí³ ôîñôîð çíàõîäèòüñÿ ó âèãëÿä³ ôîñôî-
ðîâì³ñíèõ ì³íåðàëüíèõ ÷àñòèíîê, à òàêîæ ó ñêëàä³ ïëàíêòîííèõ îðãà-
í³çì³â, äåòðèòó òîùî [5, 82].

Äæåðåëà íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí äî ïîâåðõíåâèõ âîäíèõ
îá’ºêò³â ä³ëÿòü, çàçâè÷àé, íà äâ³ ãðóïè: çîâí³øí³ òà âíóòð³øí³.

Äî çîâí³øí³õ äæåðåë â³äíîñÿòüñÿ ïðîìèñëîâ³, ñ³ëüñüêîãîñïîäàðñüê³
òà êîìóíàëüíî-ïîáóòîâ³ ñò³÷í³ âîäè, çá³ëüøåííÿ îáñÿã³â ÿêèõ ³ñòîòíî ïî-
â’ÿçàíå ç³ çðîñòàííÿì ÷èñåëüíîñò³ íàñåëåííÿ, êîíöåíòðóâàííÿì éîãî â
ì³ñüêèõ àãëîìåðàö³ÿõ, ³íòåíñèâíèì ðîçâèòêîì ñ³ëüñüêîãî ãîñïîäàðñòâà
òà õ³ì³÷íèì âèðîáíèöòâîì ì³íåðàëüíèõ äîáðèâ, ó ñêëàä³ ÿêèõ ì³ñòÿòüñÿ
ñïîëóêè àçîòó ³ ôîñôîðó, ìèéíèõ çàñîá³â òîùî [60, 102, 121, 124]. Äèôóçí³
(íåòî÷êîâ³) äæåðåëà íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí ç âîäîçáîðó, ïåðå-
âàæíî âíàñë³äîê çìèâó ç ñ³ëüñüêîãîñïîäàðñüêèõ ïîë³â, íàáàãàòî âàæ÷å
³äåíòèô³êóâàòè òà óñóíóòè, í³æ òî÷êîâ³ äæåðåëà, àëå ñàìå âîíè ðîçãëÿäà-
þòüñÿ ÿê îñíîâí³ ïðè÷èíè åâòðîô³êàö³¿ [71]. Ââàæàºòüñÿ, ùî îäíèì ³ç
äæåðåë çîâí³øíüîãî íàäõîäæåííÿ ôîñôîðó äî âîäíèõ îá’ºêò³â ìîæóòü
áóòè òàêîæ ôåêàë³¿ âîäîïëàâíèõ ïòàõ³â, ÿê³ æèâóòü ïîáëèçó íèõ [9, 71].
Çàçâè÷àé, öå õàðàêòåðíî äëÿ òðîï³÷íèõ ì³ëêîâîäíèõ âîäîéì óðáàí³çîâà-
íèõ òåðèòîð³é. Çà óìîâè âåëèêîãî ñêóï÷åííÿ ïòàõ³â íàäõîäæåííÿ á³îãåí-
íèõ ðå÷îâèí ç ôåêàë³ÿìè ìîæå äîñÿãàòè 70 % ¿õíüîãî çàãàëüíîãî áàëàíñó
ó âîä³ íåâåëèêîãî îçåðà [9].

Ñ³ëüñüêå ãîñïîäàðñòâî çàëèøàºòüñÿ îäíèì ³ç âàãîìèõ äæåðåë çàáðóä-
íåííÿ ïîâåðõíåâèõ âîäíèõ îá’ºêò³â á³îãåííèìè ðå÷îâèíàìè ó ãëîáàëüíî-
ìó ìàñøòàá³. Ç 1900 ïî 2000 ðð. ÷àñòêà çàáðóäíåííÿ ïîâåðõíåâèõ âîä ñïî-
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ëóêàìè àçîòó çà ðàõóíîê ñ³ëüñüêîãîñïîäàðñüêîãî âèðîáíèöòâà çðîñëà ç 19
äî 51 %, à ôîñôîðó — ç 35 äî 56 % ó çàãàëüíîìó îáñÿç³ [15]. Ãëîáàëüíå çðî-
ñòàííÿ íàñåëåííÿ òà ñïîæèâàííÿ ïðîäóêò³â õàð÷óâàííÿ ïîñèëþþòü òèñê
íà ñ³ëüñüêå ãîñïîäàðñòâî, ùî íåãàòèâíî âïëèâàº íà ñòàí îá’ºêò³â äîâ-
ê³ëëÿ, âêëþ÷àþ÷è âîäí³ [124]. Øèðîêå âèêîðèñòàííÿ ì³íåðàëüíèõ äî-
áðèâ ñïðèÿº, ç îäíîãî áîêó, ¿õíüîìó íàêîïè÷åííþ ó ´ðóíòàõ, à ç ³íøîãî,
ïîì³òíîìó âèíîñó ç ïîâåðõíåâèì ñòîêîì ç ñ³ëüñüêîãîñïîäàðñüêèõ óã³äü
äî ð³÷îê, îçåð, âîäîñõîâèù ³ ñòàâê³â [102]. Åðîç³ÿ ´ðóíò³â àæ äî ïðèáåðåæ-
íèõ çîí âîäíèõ îá’ºêò³â ñòàëà ïðè÷èíîþ ïîñèëåíîãî ïîòðàïëÿííÿ äî íèõ
çàçíà÷åíîãî ïîâåðõíåâîãî ñòîêó. Ïîì³òíîãî çàáðóäíåííÿ ñïîëóêàìè àçî-
òó ³ ôîñôîðó çàçíàþòü òàêîæ ´ðóíòîâ³ âîäè ÿê âàæëèâå äæåðåëî ïèòíî¿
âîäè äëÿ áàãàòüîõ ãðîìàä, ùî òàêîæ ìàº íåãàòèâí³ íàñë³äêè äëÿ çäîðîâ’ÿ
ëþäåé, ÿê³ ïðîæèâàþòü â íèõ.

Íåîáõ³äíî çàçíà÷èòè, ùî ð³âåíü çàáðóäíåííÿ ïîâåðõíåâèõ âîä á³î-
ãåííèìè ðå÷îâèíàìè ó ðîçâèíåíèõ êðà¿íàõ ñòàº íàáàãàòî íèæ÷èì, í³æ ó
òèõ, ÿê³ ðîçâèâàþòüñÿ. Íàïðèêëàä, âîäîçá³ðí³ áàñåéíè îçåð â îñòàíí³õ õà-
ðàêòåðèçóþòüñÿ íàáàãàòî á³ëüøèì ñåðåäí³ì âèõîäîì çàãàëüíîãî ôîñôîðó
(Ðçàã), í³æ âîäîçá³ðí³ áàñåéíè ó ðîçâèíåíèõ êðà¿íàõ — 11,1 ïðîòè
0,7 êã Ðçàã/êì2

�ð³ê [40].
Äî âíóòð³øí³õ äæåðåë çáàãà÷åííÿ âîäíîãî ñåðåäîâèùà á³îãåííèìè

ðå÷îâèíàìè íàëåæàòü ïðèæèòòºâ³ òà ïîñìåðòí³ âèä³ëåííÿ ô³òîïëàíêòî-
íó ³ çîîïëàíêòîíó âíàñë³äîê ¿õíüî¿ äåñòðóêö³¿, à òàêîæ âèù³ âîäí³ ðîñëè-
íè ³ äîíí³ â³äêëàäè âîäîéì [81, 96, 116].

Áåçñóìí³âíî, äîíí³ â³äêëàäè — íåâ³ä’ºìíà ñêëàäîâà áóäü-ÿêî¿ âîäíî¿
ñèñòåìè. Âîíè çäàòí³ íàêîïè÷óâàòè ó ñâîºìó ñêëàä³ ð³çíîìàí³òí³ õ³ì³÷í³
ðå÷îâèíè, ó òîìó ÷èñë³ ñïîëóêè á³îãåííèõ åëåìåíò³â. Âèâ³ëüíåííÿ îñ-
òàíí³õ ç äîííèõ â³äêëàä³â — öå ñêëàäíèé ïðîöåñ, ÿêèé â³äáóâàºòüñÿ â ðå-
çóëüòàò³ ä³¿ íèçêè ô³çè÷íèõ ³ á³îõ³ì³÷íèõ ìåõàí³çì³â [100]. Ïîòîêè á³îãåí-
íèõ ðå÷îâèí ç äîííèõ â³äêëàä³â ïîâ’ÿçàí³ ç ð³çíèìè ïðîöåñàìè. Âîíè ìî-
æóòü â³äáóâàòèñü çà ðàõóíîê ÿê ìîëåêóëÿðíî¿, òàê ³ òóðáóëåíòíî¿ äèôóç³¿
[41, 54, 111]. Ââàæàºòüñÿ, ùî íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí ç äîííèõ
â³äêëàä³â, çóìîâëåíå òóðáóëåíòíîþ äèôóç³ºþ, íà ïîðÿäîê âåëè÷èí âèùå,
í³æ ñïðè÷èíåíå ìîëåêóëÿðíîþ äèôóç³ºþ [111]. Ó ö³é æå ðîáîò³ çàçíà÷å-
íî, ùî âèâ³ëüíåííÿ á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â òà ¿õíº íàäõîä-
æåííÿ ó âîäó çà ðàõóíîê òóðáóëåíòíî¿ äèôóç³¿ õàðàêòåðíå á³ëüøîþ ì³ðîþ
äëÿ ì³ëêîâîäíèõ îçåð, òîä³ ÿê çà ðàõóíîê ìîëåêóëÿðíî¿ äèôóç³¿ âîíî â íèõ
íåçíà÷íå.

Âíóòð³øíº íàâàíòàæåííÿ á³îãåííèìè ðå÷îâèíàìè çà ðàõóíîê äîííèõ
â³äêëàä³â ìîæå ³ñòîòíî â³äð³çíÿòèñü â ð³çíîòèïíèõ âîäîéìàõ. Òàê, íà
ïðèêëàä³ ôîñôîðó áóëî ïîêàçàíî, ùî â îäíèõ âîäîéìàõ ÷àñòêà âíóò-
ð³øíüîãî íàâàíòàæåííÿ öèì á³îåëåìåíòîì ó çàãàëüíîìó áàëàíñ³ íåçíà÷-
íà, òîä³ ÿê â ³íøèõ âîíà ìîæå áóòè ñï³âñòàâèìîþ ç éîãî íàäõîäæåííÿì çà
ðàõóíîê çîâí³øí³õ äæåðåë àáî íàâ³òü ïåðåâèùóâàòè éîãî [81]. Ïðî öå
éäåòüñÿ òàêîæ ó ðîáîò³ [41], â ÿê³é âèêëàäåíî ðåçóëüòàòè äîñë³äæåíü íàä-
õîäæåííÿ ðîç÷èíåíîãî íåîðãàí³÷íîãî àçîòó ó âèãëÿä³ éîãî àìîí³éíî¿
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ôîðìè (NH4
+ —N) òà ðåàêòèâíîãî ðîç÷èííîãî ôîñôîðó àáî íåîðãàí³÷íèõ

ñïîëóê ôîñôîðó ç äîííèõ â³äêëàä³â îç. Îê³÷îá³ (Lake Okeechobee, øòàò
Ôëîð³äà, ÑØÀ) ó âîäó, ùî êîíòàêòóº ç íèìè. Ïåðåâèùåííÿ âíóòð³øíüîãî
íàâàíòàæåííÿ àçîòîì ïîð³âíÿíî ³ç çîâí³øí³ì ìîæíà îö³íèòè ïðèáëèçíî
â 5 ðàç³â, à ôîñôîðîì — ïðèáëèçíî â 1,8 ðàçà. Ñåðåä êàíàäñüêèõ ïð³ñíî-
âîäíèõ ñòàâê³â, îçåð, âîäîñõîâèù ³ ïðèáåðåæíèõ âîäíî-áîëîòíèõ óã³äü
âíóòð³øíº íàâàíòàæåííÿ ôîñôîðîì, çàçâè÷àé, áóëî âèùèì ïðîòÿãîì ñå-
çîíó â³äêðèòî¿ âîäè òà íàéá³ëüø ïîì³òíèì ó íåâåëèêèõ îçåðàõ ïðåð³é
[81].

Ôîñôîð ââàæàºòüñÿ íàéá³ëüø âàæëèâèì ïîæèâíèì åëåìåíòîì, ÿêèé
çíà÷íîþ ì³ðîþ êîíòðîëþº ïðîöåñ åâòðîô³êàö³¿ ó ïð³ñíîâîäíèõ ñèñòåìàõ
[27, 87]. Ïðè öüîìó ââàæàºòüñÿ, ùî ôîñôîð, ÿêèé íàäõîäèòü ç äîííèõ
â³äêëàä³â, âèÿâëÿº á³ëüøèé âïëèâ íà á³îìàñó âîäîðîñòåé, í³æ òîé, ùî ïî-
òðàïëÿº äî âîäîéì çà ðàõóíîê çîâí³øí³õ äæåðåë, îñê³ëüêè á³îäîñòóï-
í³øèé äëÿ àñèì³ëÿö³¿ [21].

Ñåðåä ð³çíèõ ôîðì ôîñôîðó ó ïîâåðõíåâèõ âîäàõ (ðîç÷èíí³ íåîð-
ãàí³÷íèé ³ îðãàí³÷íèé, ó ñêëàä³ çàâèñëèõ ðå÷îâèí) ëèøå îðòîôîñôàòè äî-
ñòóïí³ äëÿ àâòîòðîôíî¿ àñèì³ëÿö³¿ [89]. Âíóòð³øí³ ìåõàí³çìè âèâ³ëüíåí-
íÿ ôîñôîðó ç³ ñêëàäó äîííèõ â³äêëàä³â ïðîÿâëÿþòüñÿ çíà÷íîþ ì³ðîþ ïðè
çíèæåíí³ êîíöåíòðàö³¿ ðîç÷èíåíîãî êèñíþ ³ îêèñíî-â³äíîâíîãî ïîòåí-
ö³àëó (Eh) ó ïðèäîíí³é âîä³, çì³í³ ðÍ ³ éîííî¿ ñèëè âîäè, çðîñòàíí³ êîí-
öåíòðàö³¿ ³íøèõ àí³îí³â, çäàòíèõ êîíêóðóâàòè çà àäñîðáö³éí³ öåíòðè çà-
âèñëèõ ÷àñòèíîê ³ äîííèõ â³äêëàä³â, òîùî [81]. Äåô³öèò ðîç÷èíåíîãî êèñ-
íþ íà ìåæ³ ðîçä³ëåííÿ äîíí³ â³äêëàäè — âîäà ñïðè÷èíþº àíàåðîáí³ óìî-
âè ³ çíèæåííÿ Eh-ïîòåíö³àëó. Çà òàêèõ îáñòàâèí â³äáóâàºòüñÿ â³äíîâëåí-
íÿ Fe(III) äî Fe(II) â îêñèäàõ ³ ã³äðîêñèäàõ ôåðóìó òà ðîç÷èíåííÿ îñòàíí³õ,
çàâäÿêè ÷îìó àäñîðáîâàíèé íà íèõ ôîñôîð âèâ³ëüíÿºòüñÿ ç ¿õíüîãî ñêëà-
äó [81, 85, 106, 107]. Ïåâíîþ ì³ðîþ öå ñòîñóºòüñÿ òàêîæ îêñèä³â ³ ã³äðîê-
ñèä³â ìàíãàíó, ÿê³ âèñòóïàþòü ñîðáåíòàìè ôîñôîðó, à òàêîæ íèçêè ì³íå-
ðàë³â, ÿê³ ì³ñòÿòü ó ñâîºìó ñêëàä³ ôåðóì ³ ìàíãàí. ²ç çðîñòàííÿì ðÍ âîäè
â³äáóâàºòüñÿ äåñîðáö³ÿ ïîâåðõíåâî-àäñîðáîâàíîãî ôîñôîðó, îñê³ëüêè
ã³äðîêñèë-éîíè (ÎÍ–), ÿê ³ äåÿê³ ³íø³ àí³îíè, êîíêóðóþòü ç ôîñôàò-éîíà-
ìè çà öåíòðè àäñîðáö³¿ íà ì³íåðàëüíèõ ïîâåðõíÿõ [52]. Ðîçêëàäàííÿ îð-
ãàí³÷íèõ ðå÷îâèí áàêòåð³ÿìè ðîçãëÿäàºòüñÿ ÿê îäèí ç îñíîâíèõ ìåõà-
í³çì³â âïëèâó íà ð³âåíü á³îãåííèõ ðå÷îâèí ó âîäîéìàõ. Íàäõîäæåííÿ
îñòàíí³õ ç äîííèõ â³äêëàä³â ó âîäó, ÿêà êîíòàêòóº ç íèìè, ñòàº îñîáëèâî
ïîì³òíèì ï³ä ÷àñ ë³òíüîãî çàñòîþ ³ â³äáóâàºòüñÿ çíà÷íîþ ì³ðîþ çà ó÷àñò³
áàêòåð³é â àíàåðîáíèõ óìîâàõ [91]. ßê çàçíà÷åíî àâòîðàìè ðîá³ò [61, 65],
ì³êðîîðãàí³çìè âèêîíóþòü, ïðèíàéìí³, òðè íàéâàæëèâ³ø³ ôóíêö³¿, ÿê³
âïëèâàþòü íà ì³ãðàö³þ ³ òðàíñôîðìàö³þ ôîñôîðó íà ìåæ³ ðîçä³ëåííÿ
äîíí³ â³äêëàäè — âîäà: 1) âèä³ëåííÿ íèìè ôîñôîã³äðîëàçè äëÿ ì³íå-
ðàë³çàö³¿ îðãàí³÷íèõ ôîñôîðîâì³ñíèõ ñïîëóê, 2) âèä³ëåííÿ îðãàí³÷íèõ
êèñëîò äëÿ ðîç÷èíåííÿ íåðîç÷èííîãî ôîñôîðó, ãîëîâíèì ÷èíîì ó ñêëàä³
ì³íåðàë³â Ca(II), 3) ô³êñàö³ÿ ôîñôîðó âíàñë³äîê éîãî àñèì³ëÿö³¿.

Ïðî îñîáëèâîñò³ ñåçîííîãî íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí ç äîííèõ
â³äêëàä³â éäåòüñÿ òàêîæ ó ðîáîò³ [103]. Íà ï³äñòàâ³ ë³òåðàòóðíèõ äàíèõ àâ-
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òîðè çàçíà÷àþòü, ùî â ì³ëêîâîäíèõ åâòðîôíèõ îçåðàõ êîíöåíòðàö³ÿ ôîñ-
ôîðó ó âîä³ âë³òêó áóëà íàáàãàòî âèùîþ, í³æ âçèìêó, îñê³ëüêè â öþ ïîðó
ðîêó éîãî íàäõîäæåííÿ ç äîííèõ â³äêëàä³â ì³í³ìàëüíå.

Ñïîëóêè àçîòó ³ ôîñôîðó, ÿê³ çíàõîäÿòüñÿ ó äîííèõ â³äêëàäàõ âîäîéì,
ìîæóòü çíîâó ïîòðàïèòè ó âîäíó òîâùó çà ïåâíèõ óìîâ, çîêðåìà çà çíè-
æåííÿ pH ³ Eh ó ïðèäîííîìó ãîðèçîíò³ âîä³, ôîðìóâàííÿ àíàåðîáíèõ
óìîâ òà ïåðåì³øóâàííÿ âåðõíüîãî øàðó äîííèõ â³äêëàä³â [31, 32, 116,
126]. Çíà÷íèé âïëèâ íà ì³ãðàö³þ á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â
âèÿâëÿº òðèâàëèé äåô³öèò êèñíþ ó ïðèäîííîìó ãîðèçîíò³, îñê³ëüêè ôîð-
ìóþòüñÿ ñïðèÿòëèâ³ óìîâè äëÿ âèíèêíåííÿ ã³ïîêñ³¿ (< 2,0 ìã Î2/äì3) ³
àíîêñ³¿ (0 ìã Î2/äì3) [31]. Çâè÷àéíî æ, âèâ³ëüíåííÿ àìîí³éíîãî àçîòó ³
ðîç÷èííîãî ðåàêòèâíîãî ôîñôîðó ç äîííèõ â³äêëàä³â äîñÿãàº ñâî¿õ ìàê-
ñèìàëüíèõ çíà÷åíü â óìîâàõ àíîêñ³¿, ùî áóëî âñòàíîâëåíî íà ïðèêëàä³ äå-
ÿêèõ îçåð ó øòàò³ Êàë³ôîðí³ÿ (ÑØÀ).

Çà ðåçóëüòàòàìè åêñïåðèìåíòàëüíèõ äîñë³äæåíü áóëî âñòàíîâëåíî,
ùî çà àíàåðîáíèõ óìîâ (êîíöåíòðàö³ÿ Î2 < 1 ìã/äì3) ³ çíèæåííÿ ðÍ äî 6,0
àìîí³éíèé àçîò (NH4

+ ) ëåãêî âèâ³ëüíÿºòüñÿ ç äîííèõ â³äêëàä³â ó âîäó, ÿêà
êîíòàêòóº ç íèìè, ïîòåíö³éíî âèêëèêàþ÷è ¿¿ «öâ³ò³ííÿ». ² íàâïàêè, â
àåðîáíèõ óìîâàõ (êîíöåíòðàö³ÿ Î2 8—10 ìã/äì3) òà çà ï³äâèùåííÿ pH äî
10,0 ç äîííèõ â³äêëàä³â âèä³ëÿºòüñÿ í³òðàòíèé àçîò (NO3

− ) [126].
Â ñòðàòèô³êîâàíèõ ãëèáîêèõ îçåðàõ äîíí³ â³äêëàäè çàëÿãàþòü äîâîë³

ãëèáîêî ³ ìàëî êîíòàêòóþòü ç åâôîòè÷íîþ çîíîþ, çàâäÿêè ÷îìó ââà-
æàºòüñÿ, ùî âíóòð³øíº íàâàíòàæåííÿ ôîñôîðîì íà åï³ë³ìí³îí íåçíà÷íå
ïîð³âíÿíî ³ç çîâí³øí³ì [40]. Äîñòóïí³ñòü ôîñôîðó äëÿ ðîñòó âîäîðîñòåé
âèùà â ì³ëêîâîäíèõ ñèñòåìàõ ÷åðåç ò³ñí³øèé êîíòàêò ì³æ äîííèìè â³ä-
êëàäàìè òà åâôîòè÷íîþ çîíîþ, à òàêîæ ð³çíîìàí³òòÿ ³íøèõ ïåðâèííèõ
ïðîäóöåíò³â, ÿê³ ðîñòóòü ó ïðÿìîìó êîíòàêò³ ç â³äêëàäàìè [96]. Ïåðåäóñ³ì
öå ñòîñóºòüñÿ âêîð³íåíèõ ìàêðîô³ò³â òà áåíòîñíèõ âîäîðîñòåé.

Íàñë³äêè åâòðîô³êàö³¿ äëÿ âîäíèõ îá’ºêò³â

Åâòðîô³êàö³ÿ ïîâåðõíåâèõ âîäíèõ îá’ºêò³â ñïðè÷èíþº íèçêó íåãà-
òèâíèõ âïëèâ³â íà ¿õí³é ñòàí òà æèòòºçäàòí³ñòü âîäíî¿ á³îòè ³ çíà÷íîþ
ì³ðîþ çàãðîæóº çäîðîâ’þ ëþäèíè. Íàéâàæëèâ³ø³ íàñë³äêè åâòðîô³êàö³¿
óçàãàëüíåíî òà íàâåäåíî íèæ÷å (ðèñ. 1).

Íàéãîñòð³ø³ ñèìïòîìè åâòðîô³êàö³¿ — öå ã³ïîêñ³ÿ ÷åðåç áðàê êèñíþ ³
øê³äëèâå «öâ³ò³ííÿ» âîäè, ÿê³ ïîðóøóþòü íîðìàëüíèé ñòàí ôóíêö³îíó-
âàííÿ âîäíèõ åêîñèñòåì ³ çóìîâëþþòü, ïåðåäóñ³ì, íåãàòèâíèé âïëèâ íà
âîäíå æèòòÿ ó ïîâåðõíåâèõ âîäíèõ îá’ºêòàõ [12, 68, 74, 95]. Ãîñòðà ã³ïî-
êñ³ÿ àáî àíîêñ³ÿ çóìîâëþºòüñÿ, çàçâè÷àé, íàäõîäæåííÿì îðãàí³÷íèõ çà-
áðóäíþâàëüíèõ ðå÷îâèí ç àëîõòîííèõ äæåðåë, à õðîí³÷íà ã³ïîêñ³ÿ ñïðè-
÷èíþºòüñÿ çà ðàõóíîê àâòîõòîííèõ ïðîöåñ³â, ÿê³ â³äáóâàþòüñÿ ó âîäî-
éìàõ. Íåçàëåæíî â³ä öüîãî, ã³ïîêñ³ÿ ïðèçâîäèòü äî çàãèáåë³ ðèáè ³ ìî-
ëþñê³â òà ³íøèõ ã³äðîá³îíò³â [18, 68].

Åâòðîô³êàö³ÿ ïðåäñòàâëÿº ñåðéîçíó íåáåçïåêó äëÿ çäîðîâ’ÿ ëþäåé ³
òâàðèí. Âèêîðèñòàííÿ åâòðîôîâàíèõ âîäîéì ÿê äæåðåë ïèòíîãî âîäîïî-
ñòà÷àííÿ îáìåæóºòüñÿ ÷åðåç òîêñè÷í³ñòü âîäè, à ¿¿ î÷èùåííÿ ñòàº ô³íà-
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íñîâî çàòðàòíèì. ßê ïîêàçàíî àâòîðàìè ðîáîòè [84], ó âèäîâîìó ñêëàä³
ãëèáîêîâîäíîãî åâòðîôíîãî îçåðà ×åäð³íî (Ñàðäèí³ÿ, ²òàë³ÿ) âë³òêó äî-
ì³íóþòü ö³àíîáàêòåð³¿, çîêðåìà Aphanizomenon flos-aquae. Õàðàêòåðíà
îñîáëèâ³ñòü ö³àíîáàêòåð³é ïîëÿãàº â òîìó, ùî âîíè äîâîë³ àêòèâíî ðîçâè-
âàþòüñÿ çà íàÿâíîñò³ âèñîêèõ òåìïåðàòóð, ³íòåíñèâíîãî ñîíÿ÷íîãî ñâ³òëà
³, çâè÷àéíî, äîñòàòíüî¿ ê³ëüêîñò³ ïîæèâíèõ ðå÷îâèí. Ñåðåä ð³çíîìàí³ò-
íèõ ïðîáëåì, ïîâ’ÿçàíèõ ç ðîçâèòêîì ö³àíîáàêòåð³é, îñîáëèâîãî çíà÷åí-
íÿ íàáóâàº ïðîäóêóâàííÿ íèìè øèðîêîãî ñïåêòðó òîêñè÷íèõ ñïîëóê, òàê
çâàíèõ àëüãîòîêñèí³â, ÿê³ çóìîâëþþòü ðèçèê äëÿ âèæèâàííÿ ã³äðîá³îí-
ò³â, íåìîæëèâ³ñòü âèêîðèñòàííÿ âîäè â ïèòíèõ ö³ëÿõ, à òàêîæ âïëèâàþòü
íà íàâêîëèøíº ñåðåäîâèùå òà âèêëèêàþòü íåáåçïåêó äëÿ çäîðîâ’ÿ ëþäè-
íè. ßê çàçíà÷åíî â íèçö³ îãëÿäîâèõ ñòàòåé [4, 80, 105], ö³àíîòîêñèíè ìî-
æóòü ãåíåðóâàòè ïóõëèíè, âèêëèêàòè óøêîäæåííÿ ïå÷³íêè, øëóíêîâî-
êèøêîâ³ ðîçëàäè, ëèõîìàíêó, ïîäðàçíåííÿ øê³ðè, âóõ, î÷åé, ãîðëà, äèõà-
ëüíèõ øëÿõ³â, àëåðã³÷í³ ðåàêö³¿. Ó âîäîéìàõ ç âèñîêèì ð³âíåì «öâ³ò³ííÿ»
âîäè íàêîïè÷åííÿ â í³é ö³àíîòîêñèí³â ó âîä³ ñòàº âêðàé íåáåçïå÷íèì äëÿ
ðîçâèòêó ³ æèòòºä³ÿëüíîñò³ ðèá [80].

Çà ³íòåíñèâíîãî ðîçâèòêó ö³àíîáàêòåð³é êîíöåíòðàö³ÿ òîêñèí³â ó âî-
ä³ ìîæå ³ñòîòíî çðîñòàòè, à öå çóìîâëþº ïîñèëåííÿ ¿¿ òîêñè÷íîñò³. Ö³àíî-
òîêñèíè õàðàêòåðèçóþòüñÿ ð³çíîþ ñò³éê³ñòþ äî äåãðàäàö³¿ ó âîäíîìó ñå-
ðåäîâèù³. Çîêðåìà ì³êðîöèñòèíè ÿê îäíà ç ãðóï ö³àíîòîêñèí³â, ÿê³ ïðî-
äóêóþòüñÿ ïð³ñíîâîäíèìè âîäîðîñòÿìè Microcystis, Anabaena, Nostoc ³
Planktothrix, ââàæàþòüñÿ õ³ì³÷íî ñò³éêèìè ñïîëóêàìè. ×åðåç ¿õíþ öèê-
ë³÷íó ñòðóêòóðó âîíè õàðàêòåðèçóþòüñÿ ïåâíîþ ñò³éê³ñòþ äî ä³¿ ô³çè÷íèõ
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³ õ³ì³÷íèõ ÷èííèê³â, çîêðåìà åêñòðåìàëüíèõ çíà÷åíü ðÍ, ï³äâèùåíî¿ òåì-
ïåðàòóðè òà ñîíÿ÷íîãî ñâ³òëà [88].

Øê³äëèâ³ íàñë³äêè âïëèâó àëüãîòîêñèí³â ïðîÿâëÿþòüñÿ ÿê çà áåçïî-
ñåðåäíüîãî êîíòàêòó ç íèìè ëþäèíè ÷è òâàðèí, òàê ³ ó ïðîöåñ³ ïðèéîìó
íåîáðîáëåíî¿ çàáðóäíåíî¿ âîäè. Â³äïîâ³äíî äî ðåêîìåíäàö³é Âñåñâ³òíüî¿
îðãàí³çàö³¿ îõîðîíè çäîðîâ’ÿ (ÂÎÎÇ) êîíöåíòðàö³ÿ ì³êðîöèñòèí³â ó ïèò-
í³é âîä³ íå ïîâèííà ïåðåâèùóâàòè 1 ìêã/äì3 (çà îñíîâó âçÿòî ì³êðîöè-
ñòèí ÌÑ-LR ÿê ïîòåíö³éíèé êàíöåðîãåí) [118].

Â íèçö³ ðîá³ò [28, 59, 93] çàçíà÷àºòüñÿ, ùî ïðîòÿãîì îñòàííüîãî ñòî-
ë³òòÿ â îçåðàõ ³ âîäîñõîâèùàõ ÷åðåç íàäì³ðíå íàâàíòàæåííÿ ïîæèâíèìè
ðå÷îâèíàìè àáî åâòðîô³êàö³þ ïî÷àñò³øàëè ÿâèùà ã³ïîêñ³¿, ÿê³ õàðàêòåðè-
çóþòüñÿ á³ëüøîþ òðèâàë³ñòþ. Ïðè öüîìó ââàæàºòüñÿ, ùî ïî÷àòîê ³ ïîñè-
ëåííÿ îçåðíî¿ ã³ïîêñ³¿ áóëè ïîâ’ÿçàí³ á³ëüøîþ ì³ðîþ ç³ çðîñòàííÿì ì³ñü-
êèõ òåðèòîð³é, í³æ ç³ çì³íàìè â ñ³ëüñüêîãîñïîäàðñüêèõ ïëîùàõ ³ çàñòîñó-
âàííÿì äîáðèâ [59]. Öå ñâ³ä÷èòü íà êîðèñòü òîãî, ùî àíòðîïîãåííî ñïðè-
÷èíåíà ã³ïîêñ³ÿ â ºâðîïåéñüêèõ îçåðàõ áóëà çóìîâëåíà ïåðåâàæíî ï³äâè-
ùåíèìè âèêèäàìè ôîñôîðó ç ì³ñüêèõ òî÷êîâèõ äæåðåë. Âèíèêíåííÿ ã³-
ïîêñ³¿ â îçåðàõ ³ âîäîñõîâèùàõ çóìîâëåíå òàêîæ ïîòåïë³ííÿì, ÿêå ñïðèÿº
ïîñèëåííþ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿ òà çíèæåííþ ÷àñòîòè ïåðåì³øó-
âàíü ð³çíèõ øàð³â âîäè [28].

Íèçüêèé ð³âåíü ðîç÷èíåíîãî êèñíþ ñïðè÷èíþº çàãèáåëü âîäíèõ òâà-
ðèí, çîêðåìà ðèá òà ìîëþñê³â, ³ âèâ³ëüíåííÿ áàãàòüîõ õ³ì³÷íèõ ðå÷îâèí,
ÿê³ çíàõîäÿòüñÿ ó ñêëàä³ äîííèõ â³äêëàä³â òà çâ’ÿçàíèõ ç íèìè. Çâè÷àéíî,
öå ñòîñóºòüñÿ ³ ð³çíèõ ôîðì ôîñôîðó â äîííèõ â³äêëàäàõ. ßê çàçíà÷àëîñü
âèùå, â àíàåðîáíèõ óìîâàõ ³ñòîòíî ïîñèëþºòüñÿ ì³ãðàö³ÿ ôîñôîðó ç äîí-
íèõ â³äêëàä³â, à öå ñïðèÿº ïîäàëüøîìó ðîçâèòêó åâòðîô³êàö³¿ [27]. Â óìî-
âàõ àíîêñ³¿ øâèäê³ñòü íàäõîäæåííÿ ôîñôîðó ç äîííèõ â³äêëàä³â åâòðîô-
íèõ âîäîéì çíà÷íî âèùà ïîð³âíÿíî ç òèìè, ÿê³ õàðàêòåðèçóþòüñÿ íèæ-
÷èì òðîô³÷íèì ñòàòóñîì.

Åâòðîô³êàö³ÿ â óìîâàõ çì³íè êë³ìàòó

Ïîòåïë³ííÿ êë³ìàòó âïëèâàº íå ëèøå íà õ³ì³÷íèé ñêëàä âîäè ïîâåðõ-
íåâèõ âîäíèõ îá’ºêò³â, àëå é íà ¿õíþ á³îòè÷íó êîìïîíåíòó, ïåðåäóñ³ì íà
âèùó âîäíó ðîñëèíí³ñòü òà ô³òîïëàíêòîí [39]. Öå ñòàº îñîáëèâî ïîì³ò-
íèì â íå ãëèáîêèõ åâòðîôíèõ îçåðíèõ ñèñòåìàõ.

ßê áóëî çàçíà÷åíî âèùå, â 50 ³ç 100 íàéá³ëüøèõ îçåð ñâ³òó ³ñòîòíå çðî-
ñòàííÿ êîíöåíòðàö³¿ ôîñôîðó â³äáóâàëîñü ì³æ 1990 ³ 1994 ðð. òà 2005—
2010 ðð. [40]. Ïåâíîþ ì³ðîþ öå ìîæå áóòè ïîâ’ÿçàíî ³ ç³ çì³íîþ êë³ìàòó,
ÿêà ñòàíîâèòü íîâó ïðîáëåìó äëÿ ïð³ñíîâîäíèõ åêîñèñòåì ó âñüîìó ñâ³ò³.
Î÷³êóºòüñÿ, çîêðåìà, ùî ïîòåïë³ííÿ êë³ìàòó ìîæå ñòàòè ïðè÷èíîþ á³ëüø
âèðàæåíî¿ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿, çìåíøåíîãî çà ÷àñòîòîþ ãëèáî-
êîãî ïåðåì³øóâàííÿ òà á³ëüøîãî ïîòåíö³àëó àíîêñ³¿ ïðèäîííèõ âîä ó ãëè-
áîêèõ, ïîì³ðíèõ îë³ãîòðîôíèõ îçåðàõ [17]. Âñòàíîâëåíî, ùî ï³äâèùåííÿ
òåìïåðàòóðè ïðèçâîäèòü äî ïîñèëåíîãî íàäõîäæåííÿ ôîñôîðó ç äîííèõ
â³äêëàä³â òà ñïðèÿº çá³ëüøåííþ òðèâàëîñò³ äîñÿãíåííÿ ð³âíîâàãè ì³æ
ôîñôîðîì, ÿêèé âèâ³ëüíÿºòüñÿ, ³ òèì, ùî çíàõîäèòüñÿ ó âîä³ [120]. Ïðî
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çðîñòàííÿ íàäõîäæåííÿ àìîí³éíîãî àçîòó ³ ôîñôàò-éîí³â ç äîííèõ â³ä-
êëàä³â åñòóàð³þ Ôëîðèäè (ÑØÀ) ç³ çá³ëüøåííÿì òåìïåðàòóðè éäåòüñÿ òà-
êîæ ó ðîáîò³ [42], â ÿê³é çàçíà÷åíî, ùî çà òåìïåðàòóðè äîííèõ â³äêëàä³â
>28 oC íàäõîäæåííÿ öèõ á³îãåííèõ ðå÷îâèí çðîñòàº â 3—10 ðàç³â. Äî òà-
êîãî æ âèñíîâêó ä³éøëè àâòîðè [53], ÿê³ ïîêàçàëè, ùî çá³ëüøåííÿ òåìïå-
ðàòóðè ç 5 äî 40 oÑ ïðèçâîäèòü äî çðîñòàííÿ íàäõîäæåííÿ NH4

+ -N ç äîí-
íèõ â³äêëàä³â ïðèáëèçíî íà ïîðÿäîê âåëè÷èí.

Ãëîáàëüíå ïîòåïë³ííÿ ³ åâòðîô³êàö³ÿ ñïðèÿþòü çíà÷íîþ ì³ðîþ ðîç-
âèòêó ñèíüîçåëåíèõ âîäîðîñòåé, ÿê³ ÷óòëèâ³ø³ äî òåìïåðàòóðíèõ çì³í
ïîð³âíÿíî ç åâêàð³îòè÷íèìè êîíêóðåíòàìè [29]. Â îçåðàõ ³ âîäîñõîâèùàõ
ïîì³ðíîãî êë³ìàòó éîãî çì³íè ìîæóòü ä³ÿòè ñèíåðã³÷íî ç ïîæèâíèìè ðå-
÷îâèíàìè, ÿê³ íàäõîäÿòü ç äîííèõ â³äêëàä³â [30]. Öå ïîñèëþº åâòðî-
ô³êàö³þ âîäíèõ îá’ºêò³â òà ïîã³ðøóº ¿õí³é ñòàí ³ â³äïîâ³äí³ åêîêîñèñòåìí³
ïîñëóãè, ÿê³ íàäàþòü âåëèê³ îçåðà, âêëþ÷àþ÷è çàáåçïå÷åííÿ ÷èñòîþ ïèò-
íîþ âîäîþ òà ìîæëèâîñò³ äëÿ â³äïî÷èíêó. Ïîºäíàííÿ ñèëüíî â³äíîâëþ-
âàëüíèõ óìîâ, çóìîâëåíèõ àíîêñ³ºþ, ³ âèñîêî¿ òåìïåðàòóðè (20 oC) â îçå-
ðàõ ³ âîäîñõîâèùàõ ïðèçâîäèòü äî çíà÷íîãî çá³ëüøåííÿ êîíöåíòðàö³¿
á³îãåííèõ ðå÷îâèí ó âîä³, ÿêà êîíòàêòóº ç äîííèìè â³äêëàäàìè. Ïåðå-
äóñ³ì öå ñòîñóºòüñÿ åâòðîôíèõ âîäîéì. Áóëî âèÿâëåíî, ùî ïîò³ê ðîç÷èí-
íîãî ðåàêö³éíî çäàòíîãî ôîñôîðó ç äîííèõ â³äêëàä³â ñòàíîâèâ 0,04 ³
0,5 ììîëü/ì2·äîáà (1,24 ³ 15,5 ìã/ì2·äîáà), à àìîí³þ (NH4

+ ) — 0,9 ³
5,6 ììîëü/ì2·äîáà (16,2 ³ 100,8 ìã/ì2·äîáà) â³äïîâ³äíî äëÿ îë³ãîòðîôíî¿ òà
åâòðîôíî¿ âîäîéìè [30].

Àâòîðàìè ðîáîòè [58] çàçíà÷àºòüñÿ, ùî çì³íà êë³ìàòó ìàòèìå ³ñòîò-
íèé âïëèâ íà åêîñèñòåìè îçåð íåçàëåæíî â³ä ¿õíüîãî ðîçì³ðó. Ï³äâèùåí-
íÿ òåìïåðàòóðè ñïðèÿòèìå:

• ôîðìóâàííþ äåô³öèòó êèñíþ ó ïðèäîíí³é âîä³ ³ ïîäàëüøîìó âè-
â³ëüíåííþ ïîæèâíèõ ðå÷îâèí, ùî ñòèìóëþº åâòðîô³êàö³þ;

• ï³äâèùåííþ ðèçèêó òèì÷àñîâî¿ àáî ïîñò³éíî¿ ñòðàòèô³êàö³¿ â ïî-
ë³ì³êòè÷íèõ îçåðàõ, íàâ³òü ó òàêèõ âåëèêèõ, ÿê îçåðî Òàéõó, ÊÍÐ;

• çì³í³ âèäîâîãî ñêëàäó ç ïðîãíîçîâàíèì ïîñèëåííÿì äîì³íóâàííÿ
ïîòåíö³éíî òîêñè÷íèõ ö³àíîáàêòåð³é àáî äèíîôëàãåëÿò;

• ðîçøèðåííþ àðåàë³â ³íâàçèâíèõ âèä³â, ùî ïðèçâîäèòü äî ðîçïîâ-
ñþäæåííÿ íîâèõ âèä³â ³ ïîñèëåííÿ ¿õíüîãî âïëèâó íà âîäí³ õàð÷îâ³
ìåðåæ³.

Çì³íà êë³ìàòó âïëèâàòèìå íà ð³âåíü åâòðîô³êàö³¿ âîäîéì ó ð³çíèõ
êë³ìàòè÷íèõ çîíàõ ïî-ð³çíîìó. Ó á³ëüø ïîñóøëèâèõ êë³ìàòè÷íèõ çîíàõ
åâòðîô³êàö³ÿ ìîæå ùå á³ëüøå ïîñèëþâàòèñÿ ÷åðåç çíèæåííÿ ð³âíÿ âîäè,
à ó âîëîãèõ ðàéîíàõ ÷åðåç çá³ëüøåííÿ çîâí³øíüîãî íàâàíòàæåííÿ ïîæèâ-
íèìè ðå÷îâèíàìè. Ó ïîì³ðíèõ çîíàõ çì³íè êë³ìàòó âïëèâàòèìóòü íà
ê³ëüê³ñòü îïàä³â, â³ä ÿêî¿ çàëåæèòü ð³âåíü íàâàíòàæåííÿ á³îãåííèìè ðå-
÷îâèíàìè â ð³÷êàõ. Âçàºìîä³ÿ ì³æ êë³ìàòîì ³ ïîæèâíèìè ðå÷îâèíàìè
ìîæå áóòè ïðè÷èíîþ ñåðéîçíèõ çì³í â òðîô³÷í³é ñòðóêòóð³ ÷åðåç ïî-
òåíö³éíå äîì³íóâàííÿ äð³áíèõ âñå¿äíèõ ðèá. Öå çá³ëüøóº â³ðîã³äí³ñòü
á³ëüøîãî õèæàöòâà íà çîîïëàíêòîí òà áåíòîñí³ îðãàí³çìè ³, ÿê íàñë³äîê,
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äî ìåíøèõ øàíñ³â êîíòðîëþâàííÿ ðîñòó øê³äëèâèõ âîäîðîñòåé. Êð³ì
òîãî, ó âåëèêèõ îçåðàõ ç ³íòåíñèâíèì ñóäíîïëàâñòâîì çì³íà êë³ìàòó ìîæå
çá³ëüøèòè ðèçèê ³íâàç³¿ âèä³â ³ ¿õíüîãî äîì³íóâàííÿ [58].

Çì³íè êë³ìàòó ó ïîºäíàíí³ ç åâòðîô³êàö³ºþ ñïðèÿþòü ïîñèëåííþ
ã³ïîêñ³¿ â áàãàòüîõ îçåðàõ ³ âîäîñõîâèùàõ, ñòèìóëþþ÷è øâèäê³ñòü äèõàí-
íÿ á³ëüøîþ ì³ðîþ, í³æ ïåðâèííó ïðîäóêö³þ. Êð³ì òîãî, çà ðàõóíîê çá³ëü-
øåííÿ ³íòåíñèâíîñò³ òåìïåðàòóðíî¿ ñòðàòèô³êàö³¿ çìåíøóºòüñÿ ÷àñòîòà
çì³øóâàííÿ ð³çíèõ øàð³â âîäè, çîêðåìà åï³ë³ìí³îíó ³ ã³ïîë³ìí³îíó, ùî,
çðåøòîþ, ïðèçâîäèòü äî ³ñòîòíîãî çíèæåííÿ îáì³íó êèñíåì ì³æ ïîâåðõ-
íåâèì ³ ïðèäîííèì ãîðèçîíòàìè åâòðîôîâàíèõ âîäîéì [10, 35]. Âèÿâ-
ëÿºòüñÿ, ùî âíàñë³äîê ïîòåïë³ííÿ êë³ìàòó ïðèñêîðþºòüñÿ ãëèáîêîâîäíà
ã³ïîêñ³ÿ â îçåðàõ ÿê ïîì³ðíîãî, òàê ³ ñóáòðîï³÷íîãî ïîÿñó [43, 57, 75, 128].
Ïðèêëàäîì ïåðøèõ ìîæå áóòè Öþð³õñüêå îçåðî â Øâåéöàð³¿, ÿêå çàçíàëî
ïîì³òíîãî çíèæåííÿ íàâàíòàæåííÿ ôîñôîðîì ó ïîïåðåäí³ ðîêè [75]. Îä-
íàê ç’ÿñóâàëîñü, ùî êîíöåíòðàö³ÿ ðîç÷èííîãî ðåàêòèâíîãî ôîñôîðó ó
ïðèäîíí³é âîä³ îçåðà ñèëüíî êîðåëþâàëà ç ð³çíèìè ïîêàçíèêàìè ã³ïîêñ³¿,
íàäàþ÷è ê³ëüê³ñí³ äîêàçè òîãî, ùî ã³ïîêñ³ÿ âïëèâàº íà âíóòð³øíº íàâàí-
òàæåííÿ ôîñôîðîì. Ïðèêëàäîì äðóãèõ ìîæíà ââàæàòè øòó÷íî ñòâîðåíå
îç. Öÿíüäàîõó (Lake Qiandaohu) â Êèòà¿, ÿêå âèêîðèñòîâóºòüñÿ äëÿ ïèòíî-
ãî âîäîïîñòà÷àííÿ. Çàçíà÷åíî, ùî ³ â öüîìó îçåð³ âæå ïðîÿâëÿþòüñÿ ÿâè-
ùà ã³ïîêñ³¿ òà åâòðîô³êàö³¿, ÿê³ ñë³ä îñîáëèâî êîíòðîëþâàòè ó çâ’ÿçêó ç ïî-
òåïë³ííÿì êë³ìàòó [128]. Ñë³ä çâåðíóòè óâàãó íà òå, ùî ñàìå ã³ïîêñ³ÿ — öå
âàæëèâèé ³íäèêàòîð «çäîðîâ’ÿ» åêîñèñòåìè, îñê³ëüêè ó ì³ðó çá³ëüøåííÿ
ñòóïåíÿ, òðèâàëîñò³ òà ÷àñòîòè ïîÿâè ã³ïîêñ³¿ â³í ³ñòîòíî ïîã³ðøóºòüñÿ
[75].

Ïîòåïë³ííÿ êë³ìàòó ñïðèÿº, ç îäíîãî áîêó, çíèæåííþ êîíöåíòðàö³¿
ðîç÷èíåíîãî êèñíþ ó ïîâåðõíåâ³é âîä³ îçåð ÷åðåç ï³äâèùåííÿ òåìïåðàòó-
ðè, à ç ³íøîãî, ¿¿ çðîñòàííþ âíàñë³äîê çá³ëüøåííÿ ïðîäóêö³¿ ô³òîïëàíêòî-
íó. Âîäíî÷àñ, â³äáóâàºòüñÿ çíèæåííÿ ïðîçîðîñò³ âîäè, ÿêå ïîçíà÷àºòüñÿ
íà çì³íàõ ô³çè÷íîãî ³ õ³ì³÷íîãî ñåðåäîâèùà îçåð [57].

Àíàë³ç, çàñíîâàíèé íà âèâ÷åíí³ 143 îçåð âçäîâæ øèðîòíî¿ òðàíñåêòè,
ÿêà òÿãíåòüñÿ â³ä ñóáàðêòè÷íî¿ ªâðîïè äî ï³âäåííî¿ ÷àñòèíè Ï³âäåííî¿
Àìåðèêè, ïîêàçàâ, ùî òåìïåðàòóðà, êîíöåíòðàö³ÿ àçîòó ³ ôîñôîðó — öå
êëþ÷îâ³ ÷èííèêè, ÿê³ âïëèâàþòü íà á³îìàñó ö³àíîáàêòåð³é [62]. Âîäíî÷àñ
çàçíà÷åíî, ùî ïîòåïë³ííÿ íå ïðèçâîäèòü äî á³ëüø âèñîêî¿ çàãàëüíî¿ á³î-
ìàñè ô³òîïëàíêòîíó. Àëå ç³ çá³ëüøåííÿì òåìïåðàòóðè ïîì³òíî çðîñòàº
â³äñîòîê éîãî çàãàëüíîãî á³îîá’ºìó, ÿêèé ìîæíà â³äíåñòè íà ðàõóíîê
ö³àíîáàêòåð³é.

Ñïîñîáè çíèæåííÿ åâòðîô³êàö³¿

Çíèæåííÿ ð³âíÿ åâòðîô³êàö³¿ ïîâåðõíåâèõ âîäíèõ îá’ºêò³â ìîæå áó-
òè äîñÿãíóòå çà óìîâè óñóíåííÿ ïåðøîïðè÷èí öüîãî ÿâèùà. Öå îçíà÷àº,
ùî íàóêîâå îá´ðóíòóâàííÿ òèõ ÷è ³íøèõ çàõîä³â, ÿê³ áóëè á åôåêòèâíèìè
ó çíèæåíí³ êîíöåíòðàö³¿ á³îãåííèõ ðå÷îâèí, ñë³ä ðîçãëÿäàòè ÿê ïåðøî-
÷åðãîâèé åòàï ó êîìïëåêñíîìó âèð³øåíí³ çàçíà÷åíî¿ ïðîáëåìè.
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ßêùî öå ñòîñóºòüñÿ çîâí³øí³õ äæåðåë íàäõîäæåííÿ á³îãåííèõ ðå÷î-
âèí äî ïîâåðõíåâèõ âîäíèõ îá’ºêò³â, òî òóò âàæëèâå ì³ñöå ïîñ³äàþòü çàõî-
äè ç îáìåæåííÿ ïîòðàïëÿííÿ ïîâåðõíåâîãî ñòîêó ç ñ³ëüñüêîãîñïîäàðñü-
êèõ óã³äü, íà ÿêèõ â³äáóâàºòüñÿ ³íòåíñèâíå âèêîðèñòàííÿ ì³íåðàëüíèõ äî-
áðèâ ç ìåòîþ ï³äâèùåííÿ óðîæàéíîñò³ ðîñëèí [2, 7, 64]. Òîìó àêòóàëüíèì
ñòàº óäîñêîíàëåííÿ ñ³ëüñüêîãîñïîäàðñüêî¿ ïðàêòèêè â ÷àñòèí³ äîòðèìàí-
íÿ íîðì ³ ñòðîê³â âíåñåííÿ äîáðèâ íà ïîëÿõ òà óìîâ ¿õíüîãî íàëåæíîãî
çáåð³ãàííÿ [2, 7]. Ñàìå öå ìîæå áóòè çàïîðóêîþ çíèæåííÿ ¿õíüîãî âèíå-
ñåííÿ àòìîñôåðíèìè îïàäàìè â ð³÷êîâ³ ñèñòåìè. Ñë³ä óíèêàòè ðîçîðþ-
âàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ çåìåëü àæ äî áåðåãîâî¿ ë³í³¿ îçåð, âîäîñõî-
âèù ³ ñòàâê³â, áî ñàìå âîíî ñïðèÿº íàäõîäæåííþ ñïîëóê àçîòó ³ ôîñôîðó ç
ïîë³â. Âàæëèâî îáìåæèòè ïîòðàïëÿííÿ çàáðóäíåíèõ ñò³÷íèõ âîä ïðî-
ìèñëîâîãî ³ ïîáóòîâîãî ïîõîäæåííÿ òà ñïðèÿòè ÿêîìîãà øèðøîìó âèêî-
ðèñòàííþ ìèéíèõ çàñîá³â, ÿê³ á íå ì³ñòèëè ó ñâîºìó ñêëàä³ ñïîëóê ôîñôî-
ðó [7, 64]. Çàñëóãîâóþòü íà óâàãó çàñîáè ç³ ñòâîðåííÿ â³äïîâ³äíèõ áàð’ºð³â
íà øëÿõó íàäõîäæåííÿ ïîâåðõíåâîãî ñòîêó äî âîäíî¿ ïîâåðõí³ âîäîéì òà
êîëåêòîð³â äëÿ íàêîïè÷åííÿ çàáðóäíåíèõ âîä, â ÿêèõ â³äáóâàëîñÿ á ïåð-
âèííå ¿õíº î÷èùåííÿ. ßê ïîêàçóº ïðàêòèêà, çàñòîñóâàííÿ ïîä³áíèõ çà-
õîä³â ñïðèÿº ïîì³òíîìó çíèæåííþ íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí äî
ïîâåðõíåâèõ âîäíèõ îá’ºêò³â [20]. Îäíàê íåîäíîðàçîâî çàçíà÷àëîñü, ùî
íàâ³òü çà òàêîãî îáìåæåííÿ ðîë³ çîâí³øí³õ äæåðåë â åâòðîô³êàö³¿ âîäíèõ
îá’ºêò³â âîíè çàëèøàþòüñÿ ùå ïåâíèé ÷àñ åâòðîôíèìè, îñê³ëüêè äîíí³
â³äêëàäè â íèõ ì³ñòÿòü ó ñâîºìó ñêëàä³ çíà÷í³ ê³ëüêîñò³ ñïîëóê àçîòó ³ ôîñ-
ôîðó, ÿê³ ìîæóòü íàäõîäèòè ó âîäíå ñåðåäîâèùå òà ñïðè÷èíÿòè åâò-
ðîô³êàö³þ [20, 81, 101]. Öå ñâ³ä÷èòü ïðî òå, ùî íåîáõ³äíî çàñòîñîâóâàòè
êîìïëåêñ ïðàêòè÷íèõ çàõîä³â ç îáìåæåííÿ íàäõîäæåííÿ á³îãåííèõ ðå÷î-
âèí ÿê çà ðàõóíîê çîâí³øí³õ, òàê ³ âíóòð³øí³õ äæåðåë [63].

Íàéâàæëèâ³ø³ ñïîñîáè çíèæåííÿ íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí ç
äîííèõ â³äêëàä³â âêëþ÷àþòü â ñåáå ô³çè÷í³, õ³ì³÷í³, ãåîõ³ì³÷í³ òà á³î-
ëîã³÷í³ ï³äõîäè [12, 18]. Çàçíà÷åí³ ñïîñîáè óçàãàëüíåíî ç óðàõóâàííÿì ðå-
çóëüòàò³â ÷èñëåííèõ äîñë³äæåíü åôåêòèâíîñò³ ¿õíüîãî çàñòîñóâàííÿ ³ íà-
âåäåíî íà ñõåì³ (ðèñ. 2), à êîðîòêó ¿õíþ õàðàêòåðèñòèêó íàâîäèìî íèæ÷å.

Ñåðåä ô³çè÷íèõ çàñëóãîâóþòü íà óâàãó ã³ïîë³ìíåòè÷íà îêñèãåíàö³ÿ/
àåðàö³ÿ, ³íòåíñèâíå ïðîìèâàííÿ îçåð ³ âîäîñõîâèù ç ìåòîþ óíèêíåííÿ â
íèõ çàñò³éíèõ ÿâèù, äíîïîãëèáëåííÿ òîùî.

Ã³ïîë³ìíåòè÷íà îêñèãåíàö³ÿ àáî àåðàö³ÿ ñïðèÿº ðîçâèòêó àåðîáíèõ
óìîâ ó ãëèáîê³é âîä³, ùî ïðèçâîäèòü äî çíà÷íîãî çíèæåííÿ ì³ãðàö³¿
á³îãåííèõ ðå÷îâèí, ïåðåäóñ³ì ñïîëóê ôîñôîðó, ç äîííèõ â³äêëàä³â [12, 16,
19, 46, 73]. Ã³ïîë³ìíåòè÷í³ ñèñòåìè àåðàö³¿ áàçóþòüñÿ íà âèêîðèñòàíí³
ñïåö³àëüíèõ ïðèñòðî¿â, ÿê³ ïîâ³ëüíî âèâ³ëüíÿþòü êèñåíü àáî ïîâ³òðÿ çà
äîïîìîãîþ íàñîñ³â, òðóá, äèôóçîð³â àáî çàíóðåíèõ êàìåð [72]. Âîíè ìî-
æóòü ïîñòà÷àòè ïîíàä 50 ìã/äì3 ðîç÷èíåíîãî êèñíþ â ã³ïîë³ìí³îí á³ëüø
ãëèáîêèõ âîäîéì ³ âèêîðèñòîâóþòüñÿ ó Ï³âí³÷í³é Àìåðèö³, ªâðîï³ òà Àâ-
ñòðàë³¿ [16, 46]. Ïðè öüîìó ã³ïîë³ìíåíè÷íà îêñèãåíàö³ÿ, äå âèêîðèñòî-
âóºòüñÿ êèñåíü, ïîêàçàëà á³ëüøó åôåêòèâí³ñòü ç ïîäîëàííÿ àíîêñ³¿ ïî-
ð³âíÿíî ç ã³ïîë³ìíåòè÷íîþ àåðàö³ºþ, õî÷à ³ á³ëüø äîðîãî âàðò³ñíà [16,
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86]. Âèêîðèñòàííÿ øòó÷íî¿ àåðàö³¿ ìîæå áóòè åôåêòèâíèì ñïîñîáîì ïî-
ë³ïøåííÿ ñòàíó ìàëèõ âîäîéì óðáàí³çîâàíî¿ òåðèòîð³¿, ÿê öå áóëî ç’ÿñîâà-
íî íà ïðèêëàä³ îçåðà Òåëüá³í ó ì. Êèºâ³ [129].

Äíîïîãëèáëåííÿ — ïîøèðåíèé ñïîñ³á äëÿ âèð³øåííÿ ïðîáëåì åâò-
ðîô³êàö³¿, îñê³ëüêè ñïðèÿº çìåíøåííþ íàêîïè÷åííÿ çàáðóäíþâàëüíèõ
ðå÷îâèí, ó òîìó ÷èñë³ ñïîëóê àçîòó ³ ôîñôîðó, øëÿõîì âèäàëåííÿ â³ä-
êëàä³â ç äíà âîäîéì [12, 26, 90]. Îäíàê äíîïîãëèáëåííÿ ìîæå ìàòè ïîçè-
òèâíèé âïëèâ íà îçåðí³ åêîñèñòåìè, ÿêùî çàñòîñîâóþòüñÿ é ³íø³ ñïîñîáè
çíèæåííÿ ì³ãðàö³¿ á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â, íàïðèêëàä,
àåðàö³ÿ. Ñàìå äíîïîãëèáëåííÿ ñòàº åôåêòèâíèì ëèøå ïðîòÿãîì äåê³ëü-
êîõ ïåðøèõ ðîê³â, à ïîò³ì íàäõîäæåííÿ ñïîëóê àçîòó ³ ôîñôîðó ìîæå
â³äíîâëþâàòèñü ó òèõ æå îáñÿãàõ, ÿê³ áóëè äî éîãî ïðîâåäåííÿ [90]. Â íå-
ñòàá³ëüíèõ ã³äðîäèíàì³÷íèõ óìîâàõ äíîïîãëèáëåííÿ íå ìîæå óñóíóòè
ïîòåíö³éíèé ðèçèê âíóòð³øíüîãî çàáðóäíåííÿ âîäíîãî ñåðåäîâèùà á³î-
ãåííèìè ðå÷îâèíàìè ó äîâãîñòðîêîâ³é ïåðñïåêòèâ³ [26].

Õ³ì³÷í³ ñïîñîáè çíèæåííÿ ð³âíÿ åâòðîô³êàö³¿ ïåðåäáà÷àþòü ³íàêòè-
âàö³þ ôîñôîðó çà äîïîìîãîþ ñïîëóê íà îñíîâ³ ìåòàë³â, òàêèõ ÿê ñóëüôàò
ôåðóìó, îêñèä êàëüö³þ, ñóëüôàò àëþì³í³þ, ÿê³ ìîæóòü âèêîðèñòîâóâà-
òèñü ÿê îñàäæóâà÷³ ôîñôîðó, ùî çóìîâëþº çíèæåííÿ éîãî êîíöåíòðàö³¿ ó
âîä³ [12, 18, 55]. Åôåêòèâíèì ìîæå áóòè âèêîðèñòàííÿ öåîë³ò³â àáî ïî-
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Ðèñ. 2. Ñïîñîáè çíèæåííÿ íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â. Ñõå-
ìó ïîáóäîâàíî ç óðàõóâàííÿì ðåçóëüòàò³â ÷èñëåííèõ äîñë³äæåíü ç åôåêòèâíîñò³ çà-
ñòîñóâàííÿ çàçíà÷åíèõ ñïîñîá³â



ë³àëþì³í³é õëîðèäó äëÿ ï³äâèùåííÿ àäñîðáö³éíî¿ ºìíîñò³ äîííèõ â³ä-
êëàä³â [64]. Ïîçèòèâí³ íàñë³äêè ìîæóòü áóòè îòðèìàí³ ç âèêîðèñòàííÿì
àêòèâîâàíîãî âóã³ëëÿ, ëàíòàíó òà öåîë³òó ÿê ïðåêóðñîð³â äëÿ ñèíòåçó äèñ-
ïåðñíîãî àäñîðáåíòó (La-CZ) ç ïîäàëüøèì éîãî âèêîðèñòàííÿì äëÿ àä-
ñîðáö³¿ ôîñôîðó. Âèêîðèñòîâóþòü òàêîæ ð³çí³ ôîðìè êàëüöèòó CaCO3

äëÿ çíèæåííÿ íàäõîäæåííÿ ôîñôîðó ç äîííèõ â³äêëàä³â, àëå íàéá³ëüøó
åôåêòèâí³ñòü ïîêàçàâ îñàäæåíèé êàëüöèò — êîìåðö³éíèé ïðîäóêò SoCal
ç Í³ìå÷÷èíè [48]. Çà éîãî íàÿâíîñò³ âèâ³ëüíåííÿ ôîñôîðó çíèçèëîñü
ìàéæå ó 100 ðàç³â — ç 66 äî 0,8 ìêìîëü Ð/ì2·äîáà (ç 2,05 äî 0,025 ìã
Ð/ì2·äîáà). Ìîæíà íàâåñòè é ³íø³ ïðèêëàäè âèêîðèñòàííÿ õ³ì³÷íèõ çà-
ñîá³â çíèæåííÿ ð³âíÿ åâòðîô³êàö³¿, àëå ÷àñòî âèíèêàº ñêåïòèöèçì ùîäî
¿õíüîãî çàñòîñóâàííÿ íà âîäíèõ îá’ºêòàõ ÷åðåç äîðîãó âàðò³ñòü òà ìîæ-
ëèâ³ñòü äîäàòêîâîãî çàáðóäíåííÿ âîäíîãî ñåðåäîâèùà, íàïðèêëàä, ñïî-
ëóêàìè àëþì³í³þ.

Ñåðåä ãåîõ³ì³÷íèõ ñïîñîá³â çàñëóãîâóº íà óâàãó çàñòîñóâàííÿ ãàëóí³â,
ãëèí, çáàãà÷åíèõ ôåðóìîì, òà äåÿêèõ ³íøèõ ìàòåð³àë³â, íàïðèêëàä äåòðè-
òó ôðàãì³ò³â, ÿê³ óíåìîæëèâëþþòü àáî çíèæóþòü äî ì³í³ìàëüíèõ ïîêàç-
íèê³â íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí, ïåðåäóñ³ì ôîñôîðó, ç äîííèõ â³ä-
êëàä³â [108]. Çàñòîñóâàííÿ ïîë³àëþì³í³é õëîðèäó ó ïîºäíàíí³ ç ìîäèô³êî-
âàíîþ ëàíòàíîì áåíòîí³òîâîþ ãëèíîþ Phoslock íà îç. Ðàóâáðàêåí (lake
Rauwbraken) Í³äåðëàíäè çíèçèëî êîíöåíòðàö³þ ôîñôîðó ó âîä³ íà 92 %,
ñïðèÿþ÷è òèì ñàìèì ïåðåõîäó îçåðà ç ã³ïåðåâòðîôíîãî â îë³ãî-ìåçîò-
ðîôíèé ñòàí [67, 113]. Îäíàê ÷åðåç 10 ðîê³â ï³ñëÿ îáðîáêè áóëî âèÿâëåíî,
ùî çàçíà÷åíå îçåðî ïîâåðòàºòüñÿ äî åâòðîôíîãî ñòàíó ÷åðåç ïîñò³éíå
çîâí³øíº íàâàíòàæåííÿ ôîñôîðîì [113].

Îáãîâîðþºòüñÿ ìîæëèâ³ñòü âèêîðèñòàííÿ á³îâóã³ëëÿ äëÿ çíèæåííÿ
íàäõîäæåííÿ àìîí³éíîãî àçîòó ç äîííèõ â³äêëàä³â ÷åðåç éîãî ïîì³òíó àä-
ñîðáö³éíó çäàòí³ñòü ùîäî éîí³â âàæêèõ ìåòàë³â, ïîë³öèêë³÷íèõ àðîìà-
òè÷íèõ âóãëåâîäí³â òà NH4

+ -éîí³â [131].
Äëÿ çíèæåííÿ íàäõîäæåííÿ ôîñôîðó ç äîííèõ â³äêëàä³â ìîæíà âè-

êîðèñòîâóâàòè äîäàâàííÿ NO3
− -éîí³â, îñê³ëüêè âîíè, ä³þ÷è ÿê àêöåïòîð

åëåêòðîí³â, ìîæóòü çàïîá³ãàòè â³äíîâëåííþ Fe3+ äî Fe2+ ³ òàêèì ÷èíîì ïî-
êðàùóâàòè çâ’ÿçóâàëüíó çäàòí³ñòü ñåäèìåíò³â ùîäî öüîãî âàæëèâîãî á³î-
åëåìåíòà òà çíèæóâàòè éîãî ì³ãðàö³éíó çäàòí³ñòü [50, 104]. Öå ìîæå áóòè
âêðàé âàæëèâèì äëÿ ñòðàòèô³êîâàíèõ âîäíèõ îá’ºêò³â ó ïåð³îä ã³ïîë³ìíå-
òè÷íî¿ ã³ïîêñ³¿, õàðàêòåðíî¿ äëÿ íèõ. Õî÷à, ç ³íøîãî áîêó, öå ñïðèÿº ï³äâè-
ùåííþ êîíöåíòðàö³¿ àçîòó ó âîä³, ùî ñë³ä ðîçãëÿäàòè ÿê íåáàæàíå ÿâèùå.
Ïîêðàùåííÿ ÿêîñò³ âîäè â åâòðîôíèõ âîäîéìàõ ìîæå áóòè äîñÿãíóòî çà
ðàõóíîê äîäàâàííÿ ïåðîêñèäó êàëüö³þ (CaO2), îñê³ëüêè çà éîãî íàÿâíîñò³
ïîë³ïøóºòüñÿ ñòàí êèñíåâîãî ðåæèìó, ï³äâèùóºòüñÿ pH ³ Eh âîäè, à öå
ñàìå ò³ ÷èííèêè, ÿê³ ³íã³áóþòü âèä³ëåííÿ á³îãåííèõ ðå÷îâèí ç äîííèõ
â³äêëàä³â [47, 117].

ßê çàçíà÷åíî àâòîðàìè [127], ô³çè÷í³ òà õ³ì³÷í³ ñïîñîáè çíèæåííÿ
ð³âí³â åâòðîô³êàö³¿ ìàþòü î÷åâèäíèé ³ øâèäêèé åôåêò äëÿ î÷èùåííÿ
âîäè â êîðîòêîñòðîêîâ³é ïåðñïåêòèâ³ ³ á³ëüøîþ ì³ðîþ ï³äõîäÿòü äëÿ íå-
âåëèêèõ âîäîéì (îçåð, âîäîñõîâèù, ñòàâê³â). ×åðåç äîâîë³ âèñîê³ ô³íà-
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íñîâ³ çàòðàòè ¿õíº âèêîðèñòàííÿ íà âåëèêèõ âîäîéìàõ, çàçâè÷àé, íå îï-
ðàâäîâóº ñåáå. Äî òîãî æ, õ³ì³÷í³ ìåòîäè ñòâîðþþòü âòîðèííå çàáðóäíåí-
íÿ, ïðî ùî âæå éøëîñÿ âèùå.

Äëÿ çíèæåííÿ ð³âí³â åâòðîô³êàö³¿ ïðîïîíóþòüñÿ òàêîæ á³îëîã³÷í³
ìåòîäè, ñóòü ÿêèõ âèêëàäåíî ó íèçö³ ïóáë³êàö³é [12, 66, 109, 127]. Çàçíà-
÷åí³ ìåòîäè ìîæóòü ïîñèëþâàòè âçàºìîä³þ ì³æ ì³êðîîðãàí³çìàìè ³ âî-
äíèìè îðãàí³çìàìè, ñòèìóëþþ÷è öèì ñàìèì ñàìîî÷èñíó çäàòí³ñòü âî-
äíèõ ñèñòåì. Á³îðåìåä³àö³ÿ ïåðåäáà÷àº âèêîðèñòàííÿ ì³êðîîðãàí³çì³â,
âîäíèõ ðîñëèí ³ òâàðèí ç ìåòîþ äåãðàäàö³¿, ïîãëèíàííÿ ³ òðàíñôîðìàö³¿
çàáðóäíþâàëüíèõ ðå÷îâèí, ó òîìó ÷èñë³ ñïîëóê àçîòó ³ ôîñôîðó. ßê áóëî
ïîêàçàíî àâòîðàìè ðîáîòè [66], ïåðèô³òîííà á³îïë³âêà ìîæå áóòè íàä³é-
íèì áàð’ºðîì â óïîâ³ëüíåíí³ ì³ãðàö³¿ ôîñôîðó ç äîííèõ â³äêëàä³â, îñ-
ê³ëüêè ÿê ïîãëèíà÷ çäàòíà çàõîïëþâàòè éîãî ç âîäè òà ïîñëàáëþâàòè
âèâ³ëüíåííÿ ç³ ñêëàäó îñòàíí³õ. Ïðèêëàäîì âèêîðèñòàííÿ á³îëîã³÷íèõ
ìåòîä³â ìîæóòü áóòè âîäíî-áîëîòí³ óã³ääÿ. Âîíè ââàæàþòüñÿ äîâîë³
åôåêòèâíèìè ó áîðîòüá³ ç åâòðîô³êàö³ºþ, îñê³ëüêè äåìîíñòðóþòü âèñîêó
åôåêòèâí³ñòü âèäàëåííÿ á³îãåííèõ, îðãàí³÷íèõ ³ çàâèñëèõ ðå÷îâèí ç âîäè
(86—98 % N-NH4

+ , 99 % N-NO2
− , 82—99 % N-NO3

− , 95—98 % Níåîðã, 71,2—
31,9 % PO4

3− , 25—55 % ÕÑÊ ³ 47—86 % çàâèñëèõ ðå÷îâèí). Äîñë³äæåíî
âïëèâ ð³çíèõ òèï³â áàêòåð³é, äîäàíèõ äî äîííèõ â³äêëàä³â çàáðóäíåíèõ
âîäíèõ îá’ºêò³â, çîêðåìà ð³÷îê, ç ìåòîþ âèäàëåííÿ àçîòó é ôîñôîðó [115].
Âèÿâèëîñü, ùî í³òðèô³êóþ÷³ áàêòåð³¿ ïîêàçàëè êðàùèé åôåêò ç âèäàëåí-
íÿ àçîòó, òîä³ ÿê Bacillus — ôîñôîðó. ßê çàçíà÷åíî àâòîðàìè ðîáîòè [127],
á³îëîã³÷í³ ìåòîäè ââàæàþòüñÿ åêîíîì³÷íî âèã³äíèìè ³ ñò³éêèìè, àëå ïî-
òðåáóþòü òðèâàëîãî ïåð³îäó äëÿ äîñÿãíåííÿ íåîáõ³äíèõ ðåçóëüòàò³â.

Âèñíîâêè

Åâòðîô³êàö³ÿ íåãàòèâíî âïëèâàº íà ñòàí ïîâåðõíåâèõ âîäíèõ îá’ºê-
ò³â, ôóíêö³îíóâàííÿ ³ æèòòºçäàòí³ñòü ã³äðîá³îíò³â òà ÿê³ñòü âîäè. Âîíà çó-
ìîâëåíà íàäì³ðíîþ êîíöåíòðàö³ºþ ñïîëóê àçîòó òà ôîñôîðó, ÿê³ íàäõî-
äÿòü ³ç çîâí³øí³õ äæåðåë òà çàáðóäíåíèõ äîííèõ â³äêëàä³â. Íåãàòèâí³
íàñë³äêè åâòðîô³êàö³¿ ïðîÿâëÿþòüñÿ, ïåðåäóñ³ì, ó «öâ³ò³íí³» âîäè ÷åðåç
³íòåíñèâíèé ðîçâèòîê âîäîðîñòåé òà íàñòàíí³ âíàñë³äîê íüîãî ã³ïîêñ³¿ ó
ïðèäîííîìó ãîðèçîíò³ ³ çðîñòàíí³ òîêñè÷íîñò³ âîäíîãî ñåðåäîâèùà çà ðà-
õóíîê ïðîäóêóâàííÿ àëüãîòîêñèí³â. Öå ïðèçâîäèòü äî çíèæåííÿ ð³âíÿ
åêîñèñòåìíèõ ïîñëóã, åêîíîì³÷íèõ âòðàò ó ðèáàëüñòâ³ ³ òóðèçì³,
çá³ëüøåííÿ ô³íàíñîâèõ âèòðàò íà î÷èùåííÿ âîäè òà çðîñòàííÿ çàãðîçè
ðîçâèòêó á³îòè ³ çäîðîâ’þ ëþäèíè.

Çìåíøåííÿ ð³âíÿ åâòðîô³êàö³¿ äîñÿãàºòüñÿ çà ðàõóíîê çàõîä³â, ñïðÿ-
ìîâàíèõ íà çíèæåííÿ íàäõîäæåííÿ á³îãåííèõ ðå÷îâèí ³ç çîâí³øí³õ äæå-
ðåë. Îäíàê çà òàêèõ óìîâ íå çàâæäè äîñÿãàºòüñÿ ïîë³ïøåííÿ òðîô³÷íîãî
ñòàíó çàáðóäíåíèõ âîäîéì ³ âîäîòîê³â ÷åðåç íàäõîäæåííÿ ñïîëóê àçîòó ³
ôîñôîðó ç äîííèõ â³äêëàä³â çà íàñòàííÿ äåô³öèòó ðîç÷èíåíîãî êèñíþ,
çíèæåííÿ ðÍ òà îêèñíî-â³äíîâíîãî ïîòåíö³àëó (Eh) ó ïðèäîííîìó ãîðè-
çîíò³.
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Ð³âåíü åâòðîô³êàö³¿ çàëåæèòü çíà÷íîþ ì³ðîþ â³ä êë³ìàòè÷íèõ çì³í,
îñê³ëüêè ïîòåïë³ííÿ ñïðèÿº ³íòåíñèâíîìó ðîçâèòêó ô³òîïëàíêòîíó, çîê-
ðåìà ñèíüîçåëåíèõ âîäîðîñòåé, íàêîïè÷åííþ á³îìàñè îñòàíí³õ ç â³äïî-
â³äíèìè íåãàòèâíèìè íàñë³äêàìè. Çðîñòàº òðèâàë³ñòü òåìïåðàòóðíî¿ òà
êèñíåâî¿ ñòðàòèô³êàö³¿ ç ôîðìóâàííÿì àíàåðîáíèõ çîí, ùî ñïðèÿº ïîñè-
ëåííþ âèâ³ëüíåííÿ á³îãåííèõ ðå÷îâèí ç äîííèõ â³äêëàä³â.

Äëÿ çíèæåííÿ ð³âíÿ åâòðîô³êàö³¿ ïîâåðõíåâèõ âîä âàæëèâî çàñòîñî-
âóâàòè êîìïëåêñ çàõîä³â, ÿê³ á îáìåæóâàëè ÿê çîâí³øíº, òàê ³ âíóòð³øíº
íàäõîäæåííÿ ñïîëóê àçîòó ³ ôîñôîðó äî âîäîéì ³ ð³÷îê.
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EUTROPHICATION OF SURFACE WATER BODIES: ITS CONSEQUENCES AND
METHODS OF REDUCTION (REVIEW)

The article summarizes the study results of surface waters’ eutrophication as one of
the negative phenomena of the functioning of aquatic ecosystems. It is noted that eutrophi-
cation is a complex process caused by the influence of a number of factors, primarily an in-
creased content of nutrients, in particular nitrogen and phosphorus compounds. The artic-
le presents criteria for assessing the trophic state of water bodies and watercourses using
chemical, biological and physical indicators, as well as complex indices of trophic state ba-
sed on them. External and internal sources of nutrient input to the aquatic environment are
considered. It is shown that the input of nitrogen and phosphorus compounds from bot-
tom sediments should be considered as a powerful internal source of eutrophication. Con-
siderable attention is paid to the analysis of the causes of nutrients’ release from bottom se-
diments. It is shown that intensive algae blooms negatively affect a number of hydrochemi-
cal indicators, causing a significant decrease in the dissolved oxygen content up to its defi-
ciency and the formation of hypoxia and anoxia. The production of cyanotoxins during ex-
cessive algae blooms increase the toxicity of the aquatic environment and negatively affects
the state of biota and human health. The potential impact of climate change on the level of
eutrophication of water bodies is discussed. The most common methods of reducing eut-
rophication are provided, which involve limiting the external input of nitrogen and phosp-
horus compounds to water bodies, as well as the migration of the latter from bottom sedi-
ments.

Keywords: eutrophication, nutrients, nitrogen and phosphorus compounds, water bo-
dies, bottom sediments, climate change, methods of reducing eutrophication.
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ÓÄÎÑÊÎÍÀËÅÍÍß ÌÅÒÎÄÓ ÂÈÄÀËÅÍÍß ÁÎÐÓ Ç
ÂÎÄÍÈÕ ÐÎÇ×ÈÍ²Â ÇÀ ÄÎÏÎÌÎÃÎÞ ÑÌÎËÈ

AMBERLITE IRA 743: ÐÎËÜ PH ÒÀ
ÀÊÒÈÂÀÖ²¯ ÑÌÎËÈ1

Çíèæåííÿ ï³äâèùåíîãî ð³âíÿ áîðó ó âîäíèõ åêîñèñòåìàõ º âàæëèâèì ÷åðåç éîãî
òîêñè÷í³ñòü äëÿ ëþäèíè òà ðîñëèí. Äîñë³äæåíî âèêîðèñòàííÿ àêòèâîâàíî¿ ñìîëè
Amberlite IRA 743 äëÿ âèäàëåííÿ áîðó ç âîäíèõ ðîç÷èí³â. Â åêñïåðèìåíòàëüíèõ óìîâàõ
âèâ÷àëè âïëèâ pH, ïî÷àòêîâî¿ êîíöåíòðàö³¿ áîðó, ÷àñó êîíòàêòó òà ³îííî¿ ñèëè íà
àäñîðáö³þ áîðó àêòèâîâàíîþ ñìîëîþ. Àêòèâàö³ÿ ç âèêîðèñòàííÿì 0.1 Ì HCl òà
0.1 Ì NaOH çíà÷íî ï³äâèùóâàëà ¿¿ àäñîðáö³éíó çäàòí³ñòü. Ïîãëèíàííÿ áîðó çá³ëüøó-
âàëîñü ç³ çðîñòàííÿì pH, äîñÿãàþ÷è ï³êó ïðè pH 8. ²çîòåðìà Ëåíãìþðà äîáðå óçãîä-
æóºòüñÿ ç îòðèìàíèìè äàíèìè, ç ìàêñèìàëüíîþ ºìí³ñòþ 6.39 ìã/ã äëÿ íåîáðîáëåíî¿
òà 9.75 ìã/ã äëÿ àêòèâîâàíî¿ ñìîëè. Ê³íåòèêà â³äïîâ³äàëà ìîäåëÿì ïñåâäî-ïåðøîãî
òà äðóãîãî ïîðÿäêó, äîñÿãàþ÷è ð³âíîâàãè ÷åðåç 12 ãîä. Äîäàâàííÿ NaCl òà KCl ìàëî íå-
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çíà÷íèé âïëèâ, òîä³ ÿê CaCl2 òà MgCl2 ñïðèÿëè âèäàëåííþ áîðà. Âèêîðèñòàííÿ àê-
òèâîâàíî¿ ñìîëè äëÿ âèäàëåííÿ áîðó ç³ ñò³÷íèõ âîä â³ä äåñóëüôóðèçàö³¿ äèìîâèõ ãàç³â
äîñÿãàëî åôåêòèâíîñò³ äî 93.2 %. Îòðèìàí³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî àêòè-
âîâàíà ñìîëà Amberlite IRA 743 º ïåðñïåêòèâíèì àäñîðáåíòîì äëÿ âèäàëåííÿ áîðó ç
çàáðóäíåíî¿ âîäè.

Êëþ÷îâ³ ñëîâà: ñìîëà Amberlite IRA 743, âèäàëåííÿ áîðó, àäñîðáö³ÿ, àêòèâàö³ÿ,
ê³íåòèêà àäñîðáö³¿.

Introduction

Water pollution represents a critical worldwide challenge that endangers
human health and ecological systems [6]. Boron and its compounds naturally
occur in aquatic ecosystems in forms such as borosilicate minerals, boric acid,
and borate salts [21, 28]. However, the predominant source of boron contami-
nation in water systems arises from industrial effluents, encompassing sectors
such as ceramics, glass manufacturing, textiles, metallurgy, nuclear energy, cle-
aning, wood preservation, agriculture, and healthcare [1, 19, 25]. Furthermore,
coal combustion byproducts from coal-fired power plants, including fly ash,
bottom ash, boiler slag, and scrubber sludge, are often stored in landfills and la-
goons [10, 34]. During coal combustion, boron oxides such as BO2, B2O2, and
B2O3 are formed. Through subsequent processes, including wet flue gas desul-
furization, these oxides are converted to boric acid (H3BO3) via hydration and
dissociation reactions [23]. A considerable proportion of boron from coal
combustion byproducts exists in soluble forms, allowing it to leach into groun-
dwater and surface waters, thus posing a significant environmental threat [22].

Boron is a crucial micronutrient for plant growth, involved in the metabo-
lism of nucleic acids, carbohydrates, nitrogen, and phenolic compounds. In ad-
dition, the role of boron in critical processes such as pollen tube formation,
photosynthesis, and enzyme interaction is well-documented, contributing to
crop and fruit yield [35]. However, excessive boron concentrations can lead to
toxicity. Notably, plant species such as lemon and blackberry exhibit heighte-
ned sensitivity to boron concentrations exceeding 0.5 mg/L [5]. Moreover, pro-
longed exposure to elevated boron levels in drinking water and food sources
can disrupt human physiological systems, impacting the cardiovascular, ner-
vous, digestive, reproductive, renal, and endocrine systems [17, 37]. The World
Health Organization (WHO) has set a recommended boron concentration li-
mit of 2.4 mg/L in drinking water, with more stringent standards of 1.0 mg/L in
regions such as the European Union, the United Kingdom, South Korea, Singa-
pore, and Japan [33]. In the United States, the allowable concentration is regu-
lated between 0.6 and 1.0 mg/L [41]. Consequently, efficient boron removal
from water sources is imperative for safeguarding public health and maintai-
ning environmental integrity.

Various techniques have been developed for boron removal from aqueous
solutions, including chemical oxo-precipitation [20], adsorption [36], nanofil-
tration [7], reverse osmosis [38], membrane filtration [16], electrocoagulation
[39], and electrodialysis [12]. Among these, ion exchange stands out due to its
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exceptional efficiency, operational flexibility, and absence of chemical bypro-
ducts [3]. Commercial chelating resins such as Amberlite IRA 743 and Diaion
CR05, which contain functional groups with hydroxyl groups in cis position
(vis-diols), are particularly effective for boron complexation [4]. These resins
exhibit a strong affinity for boron, forming stable complexes due to their high
selectivity and minimal reactivity with other elements [32]. Amberlite IRA 743,
for instance, has become widely utilized for the selective removal and recovery
of boron from aqueous systems [18]. This resin consists of a macroporous po-
lystyrene matrix crosslinked with divinylbenzene and functionalized with
N-methyl-D-glucamine (NMDG) groups containing vis-diols [24]. The boron
removal efficiency of Amberlite IRA 743 has been reported to vary substantial-
ly, with reported efficiencies ranging from 10 to 99 % [27]. This variability is in-
fluenced by several factors, including resin particle size, contact time, pH, tem-
perature, and the presence of competing ions. Among these, the pH of the bo-
ron solution has garnered particular attention due to its significant impact on
the boron adsorption efficiency of resin.

This work aims to assess the boron adsorption performance of activated
Amberlite IRA 743 resin as an adsorbent in boron removal from aqueous solu-
tion. Activated Amberlite IRA 743 resins were prepared for boron removal by
immersing acidic and alkaline solutions. Batch experiments were conducted to
evaluate the impacts of different experimental parameters, including pH, initi-
al concentration, contact time, and ionic strength with various chloride salts
such as NaCl, KCl, CaCl2, and MgCl2, on boron removal of both Amberlite IRA
743 resin and activated Amberlite IRA 743 resin. Furthermore, the potential
boron adsorption mechanism was discussed. The regeneration of adsorbents
and the boron removal capacity from wastewater of both resins were also inves-
tigated. These findings provide insights into the resin’s adsorption behavior,
which may support future investigations into its potential application in lar-
ge-scale boron removal systems, particularly for industrial wastewater treat-
ment contexts such as flue gas desulfurization effluents.

Material and Methods

Amberlite IRA 743 resin (particle size 500—700 µm, water retention capa-
city — 48—54 %) was obtained from the Dow Chemical Company, the US. So-
dium hydroxide (NaOH, purity >97 %) and hydrochloric acid (HCl, purity
>35~37 %) used for the pH adjustment, boron standard solution (1000 mg/L
for chemical analysis), and boric acid (H3BO3, purity >99.5 %) were purchased
from Kanto, Japan. All materials are commercially available and used without
further purification.

In the previous study, crosslinked gluconated chitosan particles/beads
containing vis-diol after boron adsorption were treated in 0.1M HCl solution,
then activated using a 0.1M NaOH solution for regeneration and reusability of
adsorbents [31]. Based on this concept, to improve the capacity for boron re-
moval, 4 g of Amberlite IRA 743 resin was introduced to 50 mL of Mili-Q water
for 5 h under magnetic stirring conditions. Following this, this resin was im-
mersed in i, 50 mL of 0.1 M HCl solution for 1 h with magnetic stirring, then
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was rinsed thoroughly with Mili-Q water (Amberlite IRA 743 resin-AT) or ii,
50 mL of 0.1 M HCl solution for 1 h with magnetic stirring, followed by treat-
ment in 50 mL of 0.1 M NaOH solution for 1 h with magnetic stirring, then was
washed thoroughly with Mili-Q water (Amberlite IRA 743 resin-AAT). After-
wards, both resins were dried in a clean bench for further investigation. The
preparation of Amberlite IRA 743 resin-AT and Amberlite IRA 743 resin-AAT

is shown in Fig. 1.
The study of pH impact on boron adsorption capacity was conducted by

adding 0.8 g of Amberlite IRA 743 resin or activated Amberlite IRA 743 resin to
20 mL of boric acid solution with the initial boron concentration of 400 mg/L.
The initial pH of the boron solution was adjusted to 5.6, 6.9. 7.9, 9.2, 9.9, 10.7,
and 12.2 by using 0.1 M NaOH solution. The pH value was determined by
using a pH meter (F-52, Horiba, Japan). After shaking at 25 �C for 24 h, the filt-
rate was collected by filtration using Whatman 50 filter paper (2.7 µm particle
retention).

For the study of adsorption isotherms, 8 g of Amberlite IRA 743 resin or
activated Amberlite IRA 743 resin was added to the boric acid solution with the
boron initial concentration ranging from 10 to 400 mg/L in a shaker at 25 °C for
24 h. The initial pH solution was controlled at the optimal pH value, according
to the previous experiment on the pH effect.

Langmuir, Freundlich, and Temkin models were used to describe the ex-
perimental adsorption isotherm data. The Langmuir, Freundlich, and Temkin
isotherms are given by the following equations, respectively:

q
bq C

bC
e

e

e

=
+

max

1
(1)

q K Ce F e
n= 1/ (2)

qe = Bln(ATCe) (3)

B = RT/bT (4)

where qe is the amount of boron adsorbed per gram of resin at equilibrium
(mg/g), qmax is the maximum adsorption capacity of resin (mg/g), and Ce is the
concentration of boron at equilibrium in solution (mg/L). In the Langmuir
model (Eq. 1), b is related to the energy of adsorption (L/mg resin). In the Fre-
undlich model (Eq. 2), KF and n are the Freundlich adsorption constants, indi-
cating the relative capacity and the adsorption intensity, respectively. In the
Temkin model (Eq. 3 and Eq. 4), R is the ideal gas constant (8.3145 J/mol K), T
is thermodynamic temperature (K), bT is the constant of Temkin isotherm (kJ
g/mol2), and AT is related to the equilibrium binding constant, which is associa-
ted with the maximum binding energy (L/g).
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For the adsorption kinetic experiment, 0.8 g of Amberlite IRA 743 resin or
activated Amberlite IRA 743 resin was added to the boric acid solution with the
boron initial concentration of 400 mg/L in a shaker at 25 °C for different times
from 15 min to 24 h. The initial pH solution was adjusted to the optimal pH va-
lue, following the previous pH effect experiment.

Different models, such as the pseudo-first order, pseudo-second order,
and intra-particle diffusion, were applied to simulate boron adsorption kine-
tics. All models are presented as follows:

log( ) log( )
.

q q q
k t

e t e− = − 1

2 303
(5)

t

q k q

t

qt e e

= +1

2

2
(6)

qt = Kdiff t1/2 + C (7)

where qe and qt (mg/g) are the adsorbed amount at equilibrium and at time t
(min). k1 (min-1) is the rate constant of pseudo-first order model. k2

(g mg-1 min-1) represents the rate constant of the pseudo-second order model.
Kdiff (mg g-1 min-1/2) is the diffusion rate constant, and C (mg g-1 mg/g) is int-
ra-particle diffusion constant intercept of the line.

For the study of ionic strength effect, 0.8 g of Amberlite IRA 743 resin or
activated Amberlite IRA 743 resin was added to 20 mL of the boric acid soluti-
on with an initial boron concentration of 400 mg/L in the presence of different
chloride salts, including NaCl, KCl, CaCl2, or MgCl2. The ion strengths were
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Fig. 1. Schematic diagram of the Amberlite IRA 743 resin activation experiment



adjusted to 1.0, 2.0, 3.0, and 4.0 mol/L for Na+, K+, and Ca2+, and 0.5, 1.0, 1.5,
and 2.0 mol/L for Mg2+, respectively. All samples were shaken at 25 °C for 24 h.
At the end of the experiment, filtrate was obtained through filtration for the de-
termination of boron concentrations.

For the regeneration experiment, adsorbents collected from the boron ad-
sorption process were rinsed several times with Mili-Q water. Following this,
the adsorbents were placed in a polypropylene bottle with 50 mL of a 0.1 M HCl
solution and agitated at 25 °C for 24 h. After this treatment, the adsorbents
were washed several times with Mili-Q water, then immersed in 50 mL of a
0.1 M NaOH solution and agitated at 25 °C for 12 h. Finally, the adsorbents
were dried in a clean bench for the subsequent adsorption-desorption cycle.

Blank samples were also performed for each batch test. The boron concen-
tration before and after filtration was analyzed with UV/VIS/NIR Spectropho-
tometer by Azomethine-H method at the wavelength of 415 nm. The instru-
mental limit of detection (LOD) and limit of quantification (LOQ) for this ana-
lysis is 0.02 and 0.5 ppm [30]. The removal efficiency of boron (H) and capacity
of boron adsorption (qe) were calculated using the following equations:

H
C C

C
e= − ⋅0

0

100 (8)

q
C C

M
Ve

e= − ⋅0 (9)

where C0 and Ce (mg/L) are the initial and equilibrium boron concentrations,
respectively, M (g) is the weight of resin, and V (L) is the boron solution volu-
me.

All adsorption experiments were carried out at least in triplicate.

Results and Discussion

The adsorption performance of various Amberlite IRA 743 resins was exa-
mined to explore the feasibility of these resins in diverse pretreatment proces-
ses, thereby enhancing their applicability in practice and meeting the require-
ments of the boron standard. In this experiment, 0.8 g of each resin was added
to 20 mL of boric acid solution as an initial boron concentration of 400 mg/L
with a pH value of 8.05. The boron removal efficiency and boron adsorption
capacity of various resins are presented in Fig. 2. The maximum boron adsorp-
tion capacity of Amberlite IRA 743 resin-AAT was 8.55 mg/g. In contrast, tho-
se of Amberlite IRA 743 resin and Amberlite IRA 743 resin-AT were 6.20 and
4.53 mg/g, respectively. For boron removal efficiency, Amberlite IRA 743 re-
sin-AAT reached 82.8 %, compared to 60.4 % and 43.7 % for Amberlite IRA
743 resin and Amberlite IRA 743 resin-AT. The generation of stable complexes
between boron ions and hydroxyl groups relates to the growth of a negative
charge on the resin surface. The increase in boron adsorption capacity can be
attributed to the enhancement of the negative charge on the surface areas of the
resin in the alkaline environment [11]. Consequently, the Amberlite IRA 743
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resin that was prepared in the acid condition and then in the alkaline condition

is deemed appropriate for boron removal in the aqueous media.
The influence of initial pH on the boron adsorption capacity was examined

through batch experiments at a controlled pH with initial pH values ranging

from 5.6 to 12.2. As depicted in Fig. 3, the boron adsorption capacity of Am-

berlite IRA 743 resin and Amberlite IRA 743 resin-AAT presented a significant

enhancement with the elevation of pH from 5.6 to 7.9. The peak boron adsorp-

tion capacity of Amberlite IRA 743 resin and Amberlite IRA 743 resin-AAT

was recorded at 6.16 mg/g and 8.21 mg/g at the pH of 7.9. In contrast, the boron

adsorption capacity decreased when the pH was higher than 7.9. The pH-de-

pendent behaviour of boron adsorption is based on the different forms of bo-

ron species and the formation mechanism of borate complexes, which are the

products of the interaction between boron species and the NMDG functional

groups of the resin. Boric acid [B(OH)3]0 is regarded as a weak Lewis acid and

dissociates to tetrahydroxyborate [B(OH)4]- ions by accepting hydroxyl ions

through the hydrolysis process under slightly alkaline environments [29]. It

has been previously demonstrated that the vis-diols of Amberlite IRA 743 resin

exhibit a greater affinity for [B(OH)4]– species in comparison to [B(OH)3]0 ions

[8]. The observed reduction in boron adsorption capacity at pH levels excee-

ding 7.9 may be attributed to the predominance of (OH–) ions, which are likely

to engage in competitive interactions with [B(OH)4]– for the available sorption

sites, consequently diminishing the favorability of the adsorption process for
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Fig. 2. Boron removal efficiency and boron adsorption capacity of various Amberlite IRA
743 resins: 1 — Amberlite IRA 743 resin; 2 — Amberlite IRA 743 resin-AT; 3 — Amberlite
IRA 743 resin-AAT (initial pH — 8.05, initial boron concentration — 400 mg/L, resin do-
sage — 0.8 g, solution volume — 20 mL, contact time — 24 h, temperature — 25 °C)



the [B(OH)4]– ions [26]. Furthermore, similar findings have been reported in
previous studies [15]. Therefore, pH of 8 was chosen for further experiments.

The boron adsorption isotherm was investigated at different initial con-
centrations from 10 to 400 mg/L. Isotherm model fittings for Amberlite IRA
743 resin-AAT and Amberlite IRA 743 resin are presented in Fig. 4, and fitting
parameters are detailed in Table 1. Upon comparing the fitting outcomes of the
Langmuir, Freundlich and Temkin isotherm model and the obtained correlati-
on coefficients, it was observed that the R2 values of the Langmuir isotherm
models for both Amberlite IRA 743 resin-AAT and Amberlite IRA 743 resin
surpassed those of Freundlich and Temkin isotherm models. This result stron-
gly suggests that the Langmuir isotherm model provided a more accurate de-
piction of the boron adsorption process. These findings demonstrated that the
resins exhibited monolayer adsorption surfaces with all adsorption sites po-
ssessing uniform adsorption affinity [14]. The highest adsorption capacity of
Amberlite IRA 743 resin-AAT made up 9.75 mg/g, was 1.5 times higher than
Amberlite IRA 743 resin for boron removal, which was 6.39 mg/g. This con-
firms the effectiveness of resin treatment for enhancing boron adsorption ca-
pacity. Table 2 shows the comparison of boron adsorption capacity for Amber-
lite IRA 743 resin-AAT and Amberlite IRA 743 resin with various adsorbents.
The data confirmed the efficiency and promising adsorption of Amberlite IRA
743 resin-AAT for boron removal from aqueous solution compared with other
adsorbents.

The kinetics of boron adsorption have been examined by determining the
required contact time for the adsorption process to achieve equilibrium. As il-

104

Êóºí Õ.Õ., Íãóºí Õ.Ì., Òðàí Â.×.Ì., Ëå Ô.Ö., Êóðàø³íà Ì., ßñóäçàâà Ì.

ISSN 0375-8990. Gidrobiologièeskij urnal. 2025. 61(6)

Fig. 3. Boron adsorption capacity of Amberlite IRA 743 resin and Amberlite IRA 743 re-
sin-AAT as a function of pH (initial pH — 5.6—12.2, initial boron concentration —
400 mg/L, resin dosage — 0.8 g, solution volume — 20 mL, contact time — 24 h, tempera-
ture — 25 °C)



lustrated in Fig. 5 a, the boron adsorption attained an equilibrium state after

720 min (12 h). The adsorption reaction exhibited a rapid progression during
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Table 1
Fitting parameters of Langmuir, Freundlich and Temkin isotherm models for boron

adsorption using Amberlite IRA 743 resin-AAT and Amberlite IRA 743 resin

Adsorbent

Langmuir model Freundlich model Temkin model

qmax

(mg/g)
b

(L/mg)
R2 KF n R2 B

(J/mol)
AT

(L/g)
R2

Amberlite
IRA 743 resin

6.39±
0.099

0.151 0.9996 1.813 3.923 0.9107 0.8515 8.973 0.9374

Amberlite
IRA 743 re-
sin-AAT

9.75±
0.137

0.060 0.9998 3.076 4.289 0.8521 0.9682 52.971 0.9857

Fig. 4. Langmuir, Freundlich and Temkin isotherm models fitting of boron adsorption
onto Amberlite IRA 743 resin-AAT and Amberlite IRA 743 resin (a); Linear Langmuir
model of Amberlite IRA 743 resin-AAT (b); Linear Freundlich model of Amberlite IRA
743 resin-AAT (c); Linear Temkin model of Amberlite IRA 743 resin-AAT (d) (initial pH
— 8.02, initial boron concentration — 10—400 mg/L, resin dosage — 0.8 g, solution volu-
me — 20 mL, contact time — 15 min to 24 h, and temperature — 25 °C)



the initial period, which can be attributed to the substantial availability of active
sites present on the resins. The active sites showed a propensity to saturate as
the contact time increased, ultimately resulting in the reaction achieving sorp-
tion equilibrium after 12 h.

The implementation of pseudo-first-order, pseudo-second-order, and int-
ra-particle diffusion models to the experimental data is depicted in plots Fig. 5
b—d. The value of the correlation coefficients and rate constants is exhibited in
Table 3.

The findings revealed that pseudo-first-order and pseudo-second-order
models fit the experimental data better than intra-particle diffusion model.
Thus, the adsorption kinetics can be explained by pseudo-first-order and pseu-
do-second-order. Nevertheless, pseudo-second-order is relatively better fitted
with higher correlation coefficients R2 values of 0.9981 and 0.9972 for Amberli-
te IRA 743 resin-AAT and Amberlite IRA 743 resin, respectively (Table 3).
This observation suggests that the ionic interaction between boron and various
resins is predominant, indicating that the adsorption process is governed by
the chemisorption mechanism.
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Table 2
Boron adsorption capacity of various adsorbents

Adsorbent qmax (mg/g) Experimental conditions References

Dowex (XUS 43594.00) 4.28 pH = 8.4 [40]

CM-β-CD-Fe3O4NPs 3.98 C0 = 50 mg/L, pH = 5, 1h,
dose = 0.3 g

[9]

Activated carbon 1.30 C0 = 5—100 mg/L, pH =
9.26, 22 °C, 3h, dose =
1.0 g/100 mL

[13]

Amorphous carbon 1.85

Raw pomegranate peel po-
wder

0.61 C0 = 3—20 mg/L, pH = 6,
30 °C, 130 min, dose =
1.0 g/100 mL

[2]

Raw pomegranate peel po-
wder modified with HCl

0.91

Raw pomegranate peel po-
wder modified with NaOH

0.97

Crosslinked gluconated chi-
tosan particles

4.13 C0 = 10—400 mg/L, pH =
5.45, 25 °C, 24h, dose =
0.8 g/20 mL

[31]

Crosslinked gluconated chi-
tosan nanofiber beads

6.05

Amberlite IRA 743 resin 6.39 C0 = 10—400 mg/L, pH =
8.02, 25 °C, 24h, dose =
0.8 g/20 mL

Original data

Amberlite IRA 743 re-
sin-AAT

9.75



The mechanism behind the adsorption of boron by utilizing Amberlite
IRA 743 resin and Amberlite IRA 743 resin-AAT is shown in Fig. 6. The pro-
cess of boron adsorption using Amberlite IRA 743 resin, as shown in Fig. 6, a,
involves the formation of chemical bonds between the boron species and the
hydroxyl functional groups on the adsorbent. The Amberlite IRA 743 resin,
which contains hydroxyl-functionalized sites and quaternary amine groups, is
particularly suitable for this adsorption process. The interaction between the
resin’s functional groups and the boron species involves both electrostatic for-
ces and complexity. When boron is present in the solution, it can form comple-
xes with the hydroxyl groups of the resin, leading to the formation of bo-
ron-hydroxy complexes that are efficiently adsorbed onto the resin surface.

107

Óäîñêîíàëåííÿ ìåòîäó âèäàëåííÿ áîðó ç âîäíèõ ðîç÷èí³â

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2025. 61(6)

Fig. 5. Pseudo-first order, the pseudo-second order, and intra-particle diffusion models fit-
ting of boron adsorption onto Amberlite IRA 743 resin-AAT and Amberlite IRA 743 resin
(a); Linear pseudo-first order model of Amberlite IRA 743 resin-AAT (b); Linear pseu-
do-second order model of Amberlite IRA 743 resin-AAT (c); Linear intra-particle model of
Amberlite IRA 743 resin-AAT (d) (initial pH — 8.02, initial boron concentration —
400 mg/L, resin dosage — 0.8 g, solution volume — 20 mL, contact time — 24 h, tempera-
ture — 25°C)



This adsorption is enhanced by the pre-
sence of quaternary amine groups on the
resin, which can assist in stabilizing the
complex formed between the resin and
the boron species. For Amberlite IRA 743
resin-AAT, the surface of the resin comp-
rises more negative charge after the treat-
ment process (Fig. 6, b). This increased
the interaction between boron species
and hydroxyl groups, which improved
the boron adsorption capacity. The treat-
ment of resin strongly suggested that Am-
berlite IRA 743 resin is an effective and
versatile material for boron removal from
aqueous solutions.

Inorganic salts are commonly pre-
sent in seawater and surface water, and
their existence can influence the effective-
ness of boron removal. In order to explore
the potential interference caused by salts,
the tests were conducted on boron adsor-
ption in the presence of Na+, K+, Ca2+ and
Mg2+, which are prevalent ions in water
resources. As illustrated in Fig. 7, the pre-
sence of foreign ions Na+ and K+ does not
significantly interfere with the boron sor-
pt ion capaci ty of Amberl i te IRA
743-AAT resin and Amberlite IRA 743
resin. Conversely, the introduction of
Ca2+ and Mg2+ could enhance the boron
adsorption capacity of Amberlite IRA
743-AAT resin and Amberlite IRA 743
resin. This effect is ascribed to two hydro-
xyl groups bonding to Ca2+ and Mg2+ ions,
which can react with boron to form stable
complexes in an aqueous solution. A si-
milar result was observed on boron ad-
sorption of other adsorbents containing
vis-diols. This suggests that Amberlite
IRA 743-AAT resin and Amberlite IRA
743 resin exhibit specific boron removal
in the presence of CaCl2 and MgCl2,
which are commonly found in seawater.

The recycling and regeneration of the
adsorbents is essential for practical appli-
cations. Thus, the regeneration capacity
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of Amberlite IRA 743-AAT resin and Amberlite IRA 743 resin was investiga-
ted. The influence of pH on boron adsorption for both Amberlite IRA
743-AAT resin and Amberlite IRA 743 resin was examined. The findings de-
monstrate that a reduction in adsorption capacity was observed at lower pH le-
vels, and the maximum boron adsorption was reached at pH of 8; therefore, ad-
sorbents can be easily regenerated through immersion in acidic solution and
subsequently reactivated in alkaline conditions. Amberlite IRA 743-AAT resin
and Amberlite IRA 743 resin were washed several times with Mili-Q water. Af-
ter this step, resins were dipped in 0.1 M HCl solution, rinsed several times with
Mili-Q water, and then immersed in 0.1 M NaOH solution for the regeneration
process. As shown in Fig. 8, the regeneration efficiency of Amberlite IRA
743-AAT resin and Amberlite IRA 743 resin remained 81.9 % and 71.1 % after
6 cycles, respectively. The results indicate that Amberlite IRA 743 resin-AAT
can be utilized as a recyclable adsorbent for boron removal.

For application in wastewater, a sample was obtained from wet flue gas de-
sulfurization wastewater of the local coal-fired power plant (Thanh Hoa pro-
vince, Viet Nam). To eliminate total suspended solids, the wastewater sample
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Fig. 7. Effect of the concentration of NaCl, KCl, CaCl2, and MgCl2 on boron adsorption ca-
pacity of Amberlite IRA 743 resin (a) and Amberlite IRA 743 resin-AAT (b)



underwent filtration (0.45 µm pore size). Following this, 0.8 g of Amberlite IRA

743 resin-AAT or Amberlite IRA 743 resin was introduced into 20 mL of was-

tewater. The sample was shaken at 25ºC for 24 h, and boron concentrations

were measured using ICP-AES. The parameters of FGD wastewater are presen-

ted in Table 4. After boron adsorption, the concentration of boron was reduced

from 133.29 mg/L to 9.10 mg/L and 15.96 mg/L using Amberlite IRA 743 re-
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Fig. 8. The reusability of Amberlite IRA 743 resin-AAT and Amberlite IRA 743 resin

Table 4
Properties of flue gas

desulfurization wastewater
(concentrations in mg/L)

Parameters FGD wastewater

pH 6.6

Na+ 1261.40

Ca2+ 3627.85

Mg2+ 1392.50

B3+ 133.29

Se6+ 850.38

As3+ 0.02

Cr5+ 0.04

Zn2+ 1.49

Cu2+ 0.44

Cd2+ 0.03

Ni2+ 0.15

Fig. 9. Boron removal efficiency in the wet flue gas
desulfurization wastewater of the local coal-fired po-
wer plant using Amberlite IRA 743 resin-AAT and
Amberlite IRA 743 resin



sin-AAT and Amberlite IRA 743 resin, respectively. The boron removal effici-
ency of Amberlite IRA 743 resin-AAT and Amberlite IRA 743 resin was achie-
ved at 93.2 % and 88.0 %, respectively (Fig. 9). The results suggest that Amber-
lite IRA 743 resin-AAT is an effective resin for boron removal from the waste-
water of coal-fired power plants.

Conclusion

In conclusion, this work affirms the heightened effectiveness of activated
Amberlite IRA 743 resin compared to commercial Amberlite IRA 743 resin for
boron removal. Notably, Amberlite IRA 743 resin-AAT demonstrated a re-
markable boron removal efficiency of 82.8 %, significantly outperforming the
untreated Amberlite IRA 743 resin (60.4 %) with the initial pH of 8.05. The bo-
ron removal capacity of Amberlite IRA 743 resin-AAT significantly enhances
as the pH level rises, reaching its peak at a pH of 8. The maximum boron adsor-
ption capacity of Amberlite IRA 743 resin-AAT was 9.75 mg/g, compared to
6.39 mg/g for the untreated resin. The boron removal capacity was increased in
the presence of CaCl2 and MgCl2. Furthermore, Amberlite IRA 743 resin-AAT
presents the regeneration efficiency at 81.9 % after 6 cycles and the boron re-
moval efficiency at 93.2 % for flue gas desulfurization wastewater from the local
coal-fired power plant. However, the effect of foreign ions on boron adsorption
needs to be investigated in future work to assess comprehensively the boron re-
moval efficiency of Amberlite IRA 743 resin-AAT. All findings suggest that
Amberlite IRA 743 resin-AAT is a highly effective material for boron removal,
offering a superior and more efficient solution for environmental remediation.
Future work should also include statistical analyses to confirm whether the ob-
served differences between test conditions, including resin types and ionic
strengths, are statistically significant.
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IMPROVING BORON REMOVAL FROM AQUEOUS SOLUTIONS USING
AMBERLITE IRA 743 RESIN: THE ROLE OF PH AND RESIN ACTIVATION

Reducing elevated boron levels in aquatic ecosystems is essential due to its toxicity to
humans and plants. This study investigates the use of activated Amberlite IRA 743 resin for
boron removal from aqueous solutions. Batch experiments examined the effects of pH, ini-
tial concentration, contact time, and ionic strength on adsorption. Activation with 0.1 M
HCl and 0.1 M NaOH significantly enhanced the adsorption capacity. Boron uptake incre-
ased with pH, peaking at pH 8. The Langmuir isotherm fits the data well, with maximum
capacities of 6.39 mg/g for untreated and 9.75 mg/g for activated resin. Kinetics followed
both pseudo-first- and second-order models, reaching equilibrium at 12 hours. NaCl and
KCl had a negligible impact, whereas CaCl2 and MgCl2 improved boron removal. The acti-
vated resin achieved up to 93.2 % boron removal in flue gas desulfurization wastewater.
These results confirm activated Amberlite IRA 743 resin as a promising adsorbent for bo-
ron remediation in contaminated water.

Keywords: Amberlite IRA743 resin, boron removal, adsorption, activation, adsorption
kinetic.
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