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ÏÐÎÄÓÊÒÈÂÍ²ÑÒÜ ÐÀÉÄÓÆÍÎ¯ ÔÎÐÅË²
(ONCORHYNCHUS MYKISS) ÇÀËÅÆÍÎ Â²Ä

ÑÏÎÆÈÒÎ¯ ÅÍÅÐÃ²¯ Â ÓÌÎÂÀÕ ÀÊÂÀÊÓËÜÒÓÐÈ

Ó ðîáîò³ ðîçãëÿíóòî ïèòàííÿ åôåêòèâíîñò³ âèêîðèñòàííÿ ïîâíîðàö³îííèõ
êîìá³êîðì³â ç ð³çíèì ð³âíåì îáì³ííî¿ åíåðã³¿ çà âèðîùóâàííÿ òîâàðíî¿ ðàéäóæíî¿ ôî-
ðåë³. Âñòàíîâëåíî, ùî çá³ëüøåííÿ âì³ñòó åíåðã³¿ ó êîìá³êîðì³ ç 18 äî 20 ÌÄæ/êã ïðè-
çâîäèòü äî çðîñòàííÿ ìàñè òîâàðíî¿ ðèáè íà 11,5 % (ð<0,05), ï³äâèùåííÿ ³íòåíñèâ-
íîñò³ ¿¿ ðîñòó íà 5,8—14,3 % òà çíèæåííÿ âèòðàò êîðìó íà 1 êã ïðèðîñòó ìàñè íà
5,3 %, ó òîé ÷àñ ÿê çíèæåííÿ äî 16 ÌÄæ/êã ïðèçâîäèòü äî äîñòîâ³ðíîãî (ð<0,05) çìåí-
øåííÿ ìàñè òîâàðíî¿ ðèáè íà 10,1 %, çíèæåííÿ ³íòåíñèâíîñò³ ¿¿ ðîñòó íà 6,3—12,6 %
³ çðîñòàííÿ âèòðàòè êîðìó íà îäèíèöþ ïðîäóêö³¿ íà 6,0 %.

Êëþ÷îâ³ ñëîâà: ðàéäóæíà ôîðåëü, ãîä³âëÿ ðèá, êîìá³êîðìè, îáì³ííà åíåðã³ÿ,
åôåêòèâí³ñòü.

ßê â³äîìî, åêñïåðòè ïðîãíîçóþòü íåâïèííå çá³ëüøåííÿ íàñåëåííÿ íà
íàø³é ïëàíåò³, ùî, ó ñâîþ ÷åðãó, ïðèçâåäå äî çá³ëüøåííÿ ïîïèòó íà âèñî-
êîÿê³ñí³ ïðîäóêòè õàð÷óâàííÿ. Àêâàêóëüòóðà º îäí³ºþ ç íàéá³ëüø äè-
íàì³÷íèõ ãàëóçåé òâàðèííèöòâà, çíà÷åííÿ ÿêî¿ ó çàáåçïå÷åíí³ ïðîäîâî-
ëü÷î¿ áåçïåêè ëþäñòâà ïîñò³éíî çðîñòàº [8]. Âàæëèâó ðîëü ó âèð³øåíí³
ïèòàííÿ çàáåçïå÷åííÿ íàñåëåííÿ âèñîêîÿê³ñíèì á³ëêîì íàëåæèòü ëî-
ñîñ³âíèöòâó. Ðèáè ðîäèíè ëîñîñåâèõ õàðàêòåðèçóþòüñÿ âèñîêèìè ïîêàç-
íèêàìè õàð÷îâî¿ ÿêîñò³, âîíè º äæåðåëîì á³ëêà, íåíàñè÷åíèõ ω-3 æèðíèõ
êèñëîò, â³òàì³í³â, ìàêðî- ³ ì³êðîåëåìåíò³â [11].

Ïîðÿä ç òåõíîëîã³÷íèìè ÷èííèêàìè ïðîìèñëîâîãî âèðîùóâàííÿ
ðàéäóæíî¿ ôîðåë³ (òåìïåðàòóðà, óìîâè òà ù³ëüí³ñòü óòðèìàííÿ, øâèä-
ê³ñòü âîäîçàì³ùåííÿ) [12, 20, 25, 26], ãîä³âëÿ â³ä³ãðàº ÷è íå íàéá³ëüøó
ðîëü [11, 13, 14]. Òåõíîëîã³ÿ âèãîòîâëåííÿ, ðåöåïòóðà òà âì³ñò åíåðã³¿ ó
êîìá³êîðìàõ ìàþòü çíà÷íèé âïëèâ íà ïîêàçíèêè ðîñòó ³ ÿê³ñòü ì’ÿñà ðèá
[1, 2, 9, 19]. Çáàëàíñîâàí³ñòü ðàö³îí³â çà åíåðã³ºþ òà ïîæèâíèìè ðå÷îâè-
íàìè ñóòòºâî âïëèâàº íà ïðîäóêòèâí³ñòü íà âñ³õ åòàïàõ âèðîùóâàííÿ [17,

Ö è ò ó â à í í ÿ: Êîíäðàòþê Â.Ì. Ïðîäóêòèâí³ñòü ðàéäóæíî¿ ôîðåë³ (Oncorhynchus
mykiss) çàëåæíî â³ä ñïîæèòî¿ åíåðã³¿ â óìîâàõ àêâàêóëüòóðè. Ã³äðîá³îë. æóðí. 2021.
Ò. 57. ¹ 4. Ñ. 69—78.

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2021. 57(4) 69

ÀÊÂÀÊÓËÜÒÓÐÀ



22]. Íåîáõ³äíà ê³ëüê³ñòü åíåðã³¿ ó ðàö³îíàõ ó ïîºäíàíí³ ç íàÿâí³ñòþ á³ëêà
âèñîêî¿ ÿêîñò³ º âàæëèâèì ÷èííèêîì äëÿ äîñÿãíåííÿ îïòèìàëüíèõ ïî-
êàçíèê³â ðîñòó, âèòðàò ³ ñïîæèâàííÿ êîðìó [3, 10, 15]. Ïðîòå, ÿêùî âì³ñò
á³ëêà ó êîìá³êîðìàõ çàâèñîêèé, åíåðã³ÿ ìîæå ñòàòè îáìåæóþ÷èì
÷èííèêîì, ùî ïðèçâîäèòü äî íåâ³ðíîãî âèçíà÷åííÿ ïîòðåá ó ïîæèâíèõ
ðå÷îâèíàõ [6].

Òàêèì ÷èíîì, íåçâàæàþ÷è íà ïîì³òí³ äîñÿãíåííÿ ó âèð³øåíí³ âàæëè-
âèõ ïèòàíü íîðìîâàíî¿ ãîä³âë³ ðàéäóæíî¿ ôîðåë³, íàðàç³ ³ñíóº íåîáõ³ä-
í³ñòü ïîãëèáëåííÿ òà óäîñêîíàëåííÿ òåîðåòè÷íèõ ³ ïðàêòè÷íèõ ïîëî-
æåíü ùîäî ¿¿ îïòèìàëüíèõ íîðì ó ñó÷àñíèõ ïðîìèñëîâèõ óìîâàõ õîëîä-
íîâîäíèõ ðèáíèöüêèõ ãîñïîäàðñòâ Óêðà¿íè. Òàêîæ íåäîñòàòíüî âèâ÷å-
íèì çàëèøàºòüñÿ ïèòàííÿ ïðèíöèï³â ³ êðèòåð³¿â ïîâíîö³ííîñò³ ðàö³îí³â,
ìåòîä³â óïðàâë³ííÿ ðîçâèòêîì ìîðôîôóíêö³îíàëüíèõ òà ïðîäóêòèâíèõ
îçíàê îðãàí³çìó øëÿõîì ê³ëüê³ñíî¿ ðåãóëÿö³¿ îñíîâíèõ ïàðàìåòð³â æèâ-
ëåííÿ ðèá. Ó çâ’ÿçêó ç öèì äîñë³äæåííÿ, ñïðÿìîâàí³ íà ðîçðîáêó íîâèõ
íàóêîâî îá´ðóíòîâàíèõ ï³äõîä³â äî òåõíîëîã³÷íèõ îñíîâ ï³äâèùåííÿ
åôåêòèâíîñò³ âèêîðèñòàííÿ ïîæèâíèõ ðå÷îâèí êîìá³êîðì³â ó ôîðåë³â-
íèöòâ³, ìàþòü âàæëèâå çíà÷åííÿ.

Ìåòîþ ðîáîòè áóëî âñòàíîâëåííÿ âïëèâó ð³çíèõ ð³âí³â åíåðãåòè÷íî-
ãî æèâëåííÿ òîâàðíî¿ ðàéäóæíî¿ ôîðåë³ íà ïîêàçíèêè ¿¿ ïðîäóêòèâíîñò³.

Ìàòåð³àë ³ ìåòîäèêà äîñë³äæåíü

Åêñïåðèìåíòàëüí³ äîñë³äæåííÿ ïðîâåäåí³ íà äâîë³òêàõ ðàéäóæíî¿
ôîðåë³ Oncorhynchus mykiss (Walbaum, 1792) â óìîâàõ ãîñïîäàðñòâà «Øè-
ïîò» Ïåðå÷èíñüêîãî ðàéîíó Çàêàðïàòñüêî¿ îáëàñò³.

Äëÿ öüîãî áóëî ñôîðìîâàíî ï’ÿòü åêñïåðèìåíòàëüíèõ ãðóï (òàáë. 1).
Çàãàëüíà ê³ëüê³ñòü îñîáèí ó åêñïåðèìåíòàõ ñòàíîâèëà 25 òèñ. åêç. Ðèá óò-
ðèìóâàëè ó ñòàâêàõ ïëîùåþ 100 ì2 ³ ãëèáèíîþ 1 ì çà ù³ëüíîñò³ ïîñàäêè
50 åêç/ì2. Óìîâè óòðèìàííÿ â³äïîâ³äàëè íîðìàòèâíèì âèìîãàì ëîñîñ³â-
íèöòâà.

Ó çð³âíÿëüíèé ïåð³îä äîñë³äó, ÿêèé òðèâàâ 10 ä³á, âñ³ ãðóïè ñïîæèâà-
ëè îäíàêîâèé êîìá³êîðì. Â îñíîâíèé ïåð³îä (200 ä³á) ð³âåíü îáì³ííî¿
åíåðã³¿ ó êîìá³êîðìàõ åêñïåðèìåíòàëüíèõ ãðóï ðåãóëþâàëè çà ðàõóíîê
îêðåìèõ êîìïîíåíò³â, ïåðåâàæíî åíåðãåòè÷íèõ (ð³çí³ âèäè áîðîøíà,
øðîò³â òà çåðíîâèõ êîìïîíåíò³â), çà âì³ñòîì ë³çèíó ³ ìåò³îí³íó âèð³âíþ-
âàëè ñèíòåòè÷íèìè àì³íîêèñëîòàìè. Ðîçðàõóíêè ïðîâîäèëè ç âèêîðè-
ñòàííÿì êîìá³íîâàíèõ ìàòåìàòè÷íèõ ìåòîä³â îïòèì³çàö³¿ çà äîïîìîãîþ
ïðîãðàìè AgroSoft WinOpti, ùî ðîçðàõîâóº âì³ñò îáì³ííî¿ åíåðã³¿ ó êîì-
á³êîðì³ â³äïîâ³äíî äî êîåô³ö³ºíò³â ïåðåðàõóíêó îêðåìèõ ïîæèâíèõ ðå÷î-
âèí.

Ïîæèâí³ñòü åêñïåðèìåíòàëüíèõ êîìá³êîðì³â íàâåäåíî ó òàáëèö³ 2.
Ãîä³âëþ ðàéäóæíî¿ ôîðåë³ ó ïåð³îä äîñë³äæåíü ïðîâîäèëè ÷îòèðè —
ø³ñòü ðàç íà äîáó, ó äåííèé ÷àñ ÷åðåç ð³âí³ ïðîì³æêè. Íåîáõ³äíó ê³ëüê³ñòü
êîðìó ðîçðàõîâóâàëè â³äïîâ³äíî äî ïîêàçíèê³â ³íäèâ³äóàëüíî¿ ìàñè ðèá ³
òåìïåðàòóðè ñåðåäîâèùà íà ìîìåíò ãîä³âë³. Âèêîðèñòîâóâàëè ãðàíóëüî-
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âàíèé êîìá³êîðì, ÿêèé âèãîòîâëÿëè ï³ä çàìîâëåííÿ ó ÒÎÂ «Ñâ³ò êîðì³â»,

ç ä³àìåòðîì ãðàíóë â³äïîâ³äíî äî ³íäèâ³äóàëüíî¿ ìàñè îñîáèí.
Òåìï ðîñòó ðàéäóæíî¿ ôîðåë³ âñòàíîâëþâàëè çà ðåçóëüòàòàìè êîíò-

ðîëüíèõ ëîâ³â. Íå ìåíøå 100 åêç. ³ç êîæíî¿ ãðóïè îäèí ðàç íà 10 ä³á çâà-

æóâàëè íà åëåêòðîííèõ âàãàõ ó â³äòàðîâàí³é ºìíîñò³ ç âîäîþ ç òî÷í³ñòþ

äî 0,1 ã.
Á³îìåòðè÷íå îïðàöþâàííÿ ðåçóëüòàò³â çä³éñíþâàëè ç âèçíà÷åííÿì

ñåðåäíüî¿ àðèôìåòè÷î¿ (Ì) òà ¿¿ ïîõèáêè (±m), ñåðåäíüîêâàäðàòè÷íîãî

â³äõèëåííÿ (σ), â³ðîã³äíîñò³ ð³çíèö³ (td) òà ð³âíÿ çíà÷óùîñò³ (ð). Îáðîáêó

äàíèõ çä³éñíþâàëè çà äîïîìîãîþ ïðîãðàìíîãî çàáåçïå÷åííÿ MS Excel ç

âèêîðèñòàííÿì âáóäîâàíèõ ñòàòèñòè÷íèõ ôóíêö³é (ñåðåäíÿ, ñòàíäàðòíå

â³äõèëåííÿ, t-òåñò). Äëÿ àíàë³çó çàëåæíîñòåé ì³æ äîñë³äæóâàíèìè ÷èííè-

êàìè òà ïîêàçíèêàìè âèêîðèñòîâóâàëè òàêîæ ãðàô³÷íèé ðåäàêòîð MS Ex-

cel ç ïîáóäîâîþ ë³í³é òðåíäó, âèçíà÷åííÿì ð³âíÿíü ðåãðåñ³¿ òà êîåô³ö³ºí-

òó äîñòîâ³ðíîñò³ àïðîêñèìàö³¿ (R2). Ðåçóëüòàòè äîñë³äæåíü îïðàöüîâàí³ çà

äîïîìîãîþ ïðîãðàìíîãî çàáåçïå÷åííÿ STATISTICA 7.0.
Óñ³ ïðîöåäóðè ïðîâîäèëèñÿ â³äïîâ³äíî äî ªâðîïåéñüêî¿ êîíâåíö³¿

ïðî çàõèñò õðåáåòíèõ òâàðèí, ùî âèêîðèñòîâóþòüñÿ äëÿ íàóêîâèõ åêñïå-

ðèìåíò³â àáî â ³íøèõ íàóêîâèõ ö³ëÿõ.
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Ðèñ. 1. Ð³ñò òîâàðíî¿ ôîðåë³ çà ð³çíîãî åíåðãåòè÷íîãî æèâëåííÿ



Ðåçóëüòàòè äîñë³äæåíü òà ¿õ îáãîâîðåííÿ

Ð³âí³ åíåðãåòè÷íîãî æèâëåííÿ ðèá ïåðåãëÿäàþòüñÿ âæå íå îäèí äåñÿ-

òîê ðîê³â [18]. Ó ïðîöåñ³¿ ³íòåíñèô³êàö³¿ ³ ³íäóñòð³àë³çàö³¿ ðèáíèöòâà

ãîä³âëÿ º îäíèì ç êëþ÷îâèõ ÷èííèê³â, â³ä ÿêîãî çàëåæèòü åêîíîì³÷íà

åôåêòèâí³ñòü âåäåííÿ ãàëóç³ ó ö³ëîìó. Çì³íà åíåðãåòè÷íî¿ ïîæèâíîñò³

êîìá³êîðì³â äëÿ ôîðåë³ òà ¿õ êîìïîíåíòíîãî ñêëàäó îáãîâîðþþòüñÿ ó

ð³çíèõ êðà¿íàõ ñâ³òó [4, 5, 13, 21, 24].
Îòðèìàí³ äàí³ ñâ³ä÷àòü ïðî òå, ùî ìàñà îñîáèí ôîðåë³ ð³çíèõ åêñïå-

ðèìåíòàëüíèõ ãðóï â³äð³çíÿëàñü ó âñ³ ÷àñîâ³ ïðîì³æêè îñíîâíîãî ïåð³îäó

(òàáë. 3). Çîêðåìà, íà 16-òó äåêàäó äîñë³äó ³íäèâ³äóàëüíà ìàñà îñîáèí 5-¿
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Òàáëèöÿ 1
Ñõåìà íàóêîâî-ãîñïîäàðñüêîãî äîñë³äó

Ãðóïè

Ù³ëüí³ñòü ïî-
ñàäêè íà ïî÷à-

òîê äîñë³äó,
åêç/ì2

Ñåðåäíÿ ìàñà
íà ïî÷àòîê
äîñë³äó, ã

Âì³ñò îáì³ííî¿ åíåðã³¿ â 1 êã
êîìá³êîðìó, ÌÄæ

çð³âíÿëüíèé
ïåð³îä

îñíîâíèé
ïåð³îä

1 (êîíòðîëü) 50 50,2±1,72 18,0 18,0

2 50 50,7±2,41 16,0

3 50 50,5±3,14 17,0

4 50 50,9±1,53 19,0

5 50 50,3±2,83 20,0

Òàáëèöÿ 2
ßê³ñíèé ñêëàä êîìá³êîðì³â

Ïîêàçíèêè
Ãðóïè

1 2 3 4 5

Îáì³ííà åíåðã³ÿ, ÌÄæ/êã 18,00 16,00 17,00 19,00 20,00

Ñèðèé ïðîòå¿í, % 48,00 48,00 48,00 48,00 48,00

Ñèðèé æèð, % 18,00 18,00 18,00 18,00 18,00

Ñèðà êë³òêîâèíà, % 2,50 2,72 2,40 2,56 2,44

Êàëüö³é, % 1,80 1,80 1,80 1,80 1,80

Ôîñôîð çàãàëüíèé, % 1,20 1,20 1,20 1,20 1,20

Ë³çèí, % 2,70 2,70 2,70 2,70 2,70

Ìåò³îí³í, % 0,90 0,90 0,90 0,90 0,90

Â³òàì³í À, òèñ. ÌÎ/êã 10 10 10 10 10

Â³òàì³í D3, òèñ. ÌÎ/êã 3 3 3 3 3

Â³òàì³í Å, ìã/êã 200 200 200 200 200



ãðóïè ïåðåâàæàëà êîíòðîëüíó íà 23,6 ã (10,4 %, ð<0,05). Ó òîé æå ÷àñ îñî-

áèíè 2-¿ ³ 3-¿ ãðóï ïîñòóïàëèñÿ êîíòðîëþ â³äïîâ³äíî íà 19,2 ³ 7,9 ã (8,4 ³

3,5 %), à ð³çíèöÿ ì³æ 2-þ ³ 5-þ ãðóïàìè ñòàíîâèëà 42,8 ã (20,5 %). Íà ê³íåöü

äîñë³äó (7-é ì³ñÿöü) íàéâèùî¿ ìàñè äîñÿãëè îñîáèíè 5-¿ ãðóïè, âîíà ïåðå-

âèùóâàëà ìàñó êîíòðîëüíèõ îñîáèí íà 33,4 ã (11,5 %, ð<0,05). Ìàñà îñîáè-

íè 2-¿ ãðóïè áóëà íèæ÷îþ çà êîíòðîë íà 29,2 ã (10,1 %, ð<0,01). Ð³çíèöÿ

ì³æ ìàñîþ îñîáèí 2-¿ ³ 5-¿ ãðóï íà ÷àñ çàê³í÷åííÿ äîñë³äó ñòàíîâèëà 62,6 ã

(ð<0,001).
Äèíàì³êó ðîñòó ôîðåë³, ÿêà ñïîæèâàëà êîìá³êîðì ç ð³çíîþ åíåðãå-

òè÷íîþ ö³íí³ñòþ, íàâåäåíî íà ðèñ. 1.
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Òàáëèöÿ 3
Äèíàì³êà íàðîñòàííÿ ìàñè ôîðåë³ çà ð³çíîãî åíåðãåòè÷íîãî æèâëåííÿ (ã)

Äîáè
äîñë³äó

Ãðóïè

1 2 3 4 5

1 50,2±1,7 50,7±2,4 50,5±3,1 50,9±1,5 50,3±2,8

10 55,7±2,1 56,1±3,0 55,9±3,6 56,2±1,9 55,6±3,1

20 63,1±2,9 61,4±3,2 62,3±3,7 63,0±2,5 63,4±3,6

30 70,1±3,1 67,7±3,6 69,2±2,3 70,5±3,9 71,4±4,1

40 76,3±3,5 74,2±3,0 75,4±3,8 76,8±4,2 77,8±4,2

50 82,4±3,2 79,3±3,6 80,5±4,0 83,1±4,4 84,5±3,9

60 89,0±4,0 84,7±4,3 87,1±4,8 90,2±5,2 92,4±4,8

70 96,9±4,3 90,6±4,6 94,8±4,3 98,7±5,1 101,1±5,1

80 106,6±5,2 99,8±5,7 103,8±5,0 108,9±5,5 112,7±5,9

90 117,8±5,8 110,2±5,1 114,7±5,3 121,2±5,7 126,4±6,3

100 130,8±5,4 122,1±5,4 126,9±5,6 134,7±6,0 140,7±6,6

110 143,9±6,0 134,9±6,0 140,3±5,9 148,9±6,3 156,2±6,2

120 157,2±6,3 147,8±6,4 154,2±6,2 164,2±6,5 172,5±6,8

130 173,5±6,4 161,2±6,6 169,6±6,0 181,1±6,9 189,8±7,3

140 190,3±6,8 176,5±7,0 185,3±6,2 198,6±6,1 208,3±7,0

150 209,1±6,9 193,1±6,5 203,2±6,8 218,0±6,6 230,4±7,3*

160 227,6±7,2 208,4±6,9 219,7±7,2 237,3±7,0 251,2±7,9*

170 242,9±7,5 222,6±7,2* 234,8±7,6 253,9±6,7 268,7±8,0*

180 257,1±7,6 234,8±7,0* 247,5±8,2 268,8±7,1 284,3±8,2*

190 269,6±6,7 243,9±7,0** 258,6±8,4 282,2±6,8 298,4±8,9**

200 281,1±7,9 252,7±7,4** 268,4±9,0 294,5±7,1 311,6±8,6**

210 290,3±8,1 261,1±7,3** 277,5±8,7 305,3±7,3 323,7±9,4**

*ð<0,05; **ð<0,01 ïîð³âíÿíî ç êîíòðîëåì.



Ðîçðàõîâàí³ ïîë³íîì³àëüí³ ð³âíÿííÿ âèçíà÷åííÿ ìàñè òîâàðíî¿ ðèáè

êîæíî¿ ç ï³ääîñë³äíèõ ãðóï ó ïåâíèé ïåð³îä âèðîùóâàííÿ çà âèñîêîãî

ð³âíÿ äåòåðì³íàö³¿.
ßê â³äîìî, ð³ñò æèâèõ îðãàí³çì³â íàéêðàùå îïèñóºòüñÿ ìàòåìàòè÷-

íîþ ìîäåëëþ ç íåë³í³éíîþ õàðàêòåðèñòèêîþ (ïîë³íîì³àëüíà ë³í³ÿ òðåí-

äó), ÿêà, ïîð³âíÿíî ç ë³í³éíîþ çàëåæí³ñòþ, ìàº á³ëüø âèñîêå çíà÷åííÿ äî-

ñòîâ³ðíîñò³ àïðîêñèìàö³¿ (R2). Òàê, çà çíà÷åííÿì àðãóìåíòó õ (ïåð³îä

äîñë³äó) çàëåæíî â³ä ð³âíÿ åíåðã³¿ ó êîìá³êîðì³ ìîæíà ïðîãíîçóâàòè òàêó

ìàñó òîâàðíî¿ ôîðåë³ (ôóíêö³ÿ ó):
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Òàáëèöÿ 4
Ñåðåäíüîäîáîâèé ïðèð³ñò ìàñè îñîáèí ôîðåë³ çà ð³çíîãî åíåðãåòè÷íîãî

âì³ñòó êîìá³êîðìó (ìã)

Ïåð³îäè äîñë³äó, ä³á
Ãðóïè

1 2 3 4 5

1—10 0,550 0,540 0,540 0,530 0,530

11—20 0,740 0,530 0,640 0,680 0,780

21—30 0,700 0,630 0,690 0,750 0,800

31—40 0,620 0,650 0,620 0,630 0,640

41—50 0,610 0,510 0,510 0,630 0,670

51—60 0,660 0,540 0,660 0,710 0,790

61—70 0,790 0,590 0,770 0,850 0,870

71—80 0,970 0,920 0,900 1,020 1,160

81—90 1,120 1,040 1,090 1,230 1,370

91—100 1,300 1,190 1,220 1,350 1,430

101—110 1,310 1,280 1,340 1,420 1,550

111—120 1,330 1,290 1,390 1,530 1,630

121—130 1,630 1,340 1,540 1,690 1,730

131—140 1,680 1,530 1,570 1,750 1,850

141—150 1,880 1,660 1,790 1,940 2,210

151—160 1,850 1,530 1,650 1,930 2,080

161—170 1,530 1,420 1,510 1,660 1,750

171—180 1,420 1,220 1,270 1,490 1,560

181—190 1,250 0,910 1,110 1,340 1,410

191—200 1,150 0,880 0,980 1,230 1,320

201—210 0,920 0,840 0,910 1,080 1,210

Ó ñåðåäíüîìó çà îñíîâ-
íèé ïåð³îä äîñë³äó

1,173 1,025 1,108 1,246 1,341



1-à ãðóïà (18,0 ÌÄæ ÎÅ):

y = 0,0032x2 + 0,547x + 47,974 (R2 = 0,9951);

2-à ãðóïà (16,0 ÌÄæ ÎÅ):

y = 0,0027x2 + 0,5203x + 47,654 (R2 = 0,9935);

3-à ãðóïà (17,0 ÌÄæ ÎÅ):

y = 0,0029x2 + 0,5513x + 47,456 (R2 = 0,9942);
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Òàáëèöÿ 5
Âèòðàòè êîðìó íà 1 êã ïðèðîñòó ìàñè òîâàðíî¿ ôîðåë³ (êã)

Ïåð³îäè äîñë³äó, ä³á
Ãðóïè

1 2 3 4 5

1—10 0,684 0,701 0,699 0,716 0,708

11—20 0,576 0,782 0,657 0,625 0,549

21—30 0,726 0,779 0,727 0,682 0,647

31—40 0,892 0,828 0,882 0,884 0,881

41—50 0,979 1,127 1,144 0,956 0,914

51—60 1,180 1,372 1,155 1,112 1,023

61—70 1,073 1,344 1,077 1,016 1,017

71—80 0,962 0,949 1,009 0,934 0,850

81—90 0,999 1,007 1,000 0,936 0,876

91—100 0,956 0,975 0,988 0,948 0,935

101—110 1,044 1,001 0,995 0,996 0,957

111—120 1,123 1,088 1,054 1,020 1,005

121—130 1,011 1,143 1,046 1,018 1,042

131—140 1,019 1,038 1,062 1,021 1,013

141—150 1,001 1,047 1,022 1,011 0,938

151—160 1,107 1,226 1,198 1,107 1,087

161—170 1,191 1,176 1,166 1,147 1,152

171—180 1,358 1,443 1,462 1,353 1,367

181—190 1,618 2,010 1,747 1,579 1,587

191—200 1,467 1,723 1,643 1,437 1,416

201—210 1,893 1,865 1,830 1,696 1,605

Ó ñåðåäíüîìó çà îñíîâ-
íèé ïåð³îä äîñë³äó

1,140 1,208 1,171 1,113 1,083



4-à ãðóïà (19,0 ÌÄæ ÎÅ):

y = 0,0035x2 + 0,5674x + 47,656 (R2 = 0,9953);

5-à ãðóïà (20,0 ÌÄæ ÎÅ):

y = 0,0037x2 + 0,6172x + 46,51 (R2 = 0,9952).

Îäíîôàêòîðíèé äèñïåðñ³éíèé àíàë³ç îòðèìàíèõ äàíèõ ïîêàçàâ, ùî
ð³âåíü åíåðãåòè÷íîãî æèâëåííÿ ï³ääîñë³äíî¿ ôîðåë³ ç âèñîêèì ñòóïåíåì
äîñòîâ³ðíîñò³ âïëèâàâ íà ìàñó òîâàðíî¿ ðèáè — ÷àñòêà éîãî âïëèâó ñòà-
íîâèëà 84,6 % (ð<0,001). Ïîä³áí³ äàí³ áóëè îòðèìàí³ ó äîñë³äæåííÿõ, äå
âèêîðèñòîâóâàëèñü êîìá³êîðìè ç åíåðãåòè÷íîþ ïîæèâí³ñòþ â³ä 18 äî
24 ÌÄæ [4].

Ð³çíèé ð³âåíü åíåðã³¿ ó êîìá³êîðì³ ñóòòºâî âïëèíóâ ³ íà ñåðåäíüîäî-
áîâ³ ïðèðîñòè ìàñè (òàáë. 4). Ï³ä ÷àñ äîñë³äó îñîáèíè, ùî ñïîæèâàëè
á³ëüø åíåðãåòè÷í³ êîðìè, âèïåðåäæóâàëè çà ñåðåäíüîäîáîâèìè ïðèðîñ-
òàìè òèõ, ÿêèõ ãîäóâàëè êîðìîì ç ìåíøîþ åíåðãåòè÷íîþ ö³íí³ñòþ. Çà
îñíîâíèé ïåð³îä äîñë³äó âèùèìè ñåðåäíüîäîáîâèìè ïðèðîñòàìè ìàñè
õàðàêòåðèçóâàëèñü îñîáèíè 4-¿ ³ 5-¿ ãðóï, âîíè ïåðåâàæàëè êîíòðîëüí³
â³äïîâ³äíî íà 73 òà 168 ìã, ó òîé æå ÷àñ îñîáèíè 2-¿ ³ 3-¿ ãðóï ïîñòóïàëèñü
êîíòðîëüíèì íà 148 ³ 65 ìã. Ð³çíèöÿ ì³æ ñåðåäíüîäîáîâèìè ïðèðîñòàìè
ìàñè îñîáèí 2 ³ 5-¿ ãðóï çà îñíîâíèé ïåð³îä äîñë³äó ñòàíîâèëà 316 ìã (äèâ.
òàáë. 4).

Òàêèì ÷èíîì, âñòàíîâëåíî, ùî çá³ëüøåííÿ åíåðãåòè÷íîãî ð³âíÿ ãî-
ä³âë³ ðàéäóæíî¿ ôîðåë³ ç 18 äî 20 ÌÄæ/êã ïðèçâîäèòü äî çá³ëüøåííÿ ìàñè
òîâàðíî¿ ðèáè íà 11,5 % (ð<0,05), ï³äâèùåííÿ ¿¿ ³íòåíñèâíîñò³ ðîñòó íà
5,8—14,3 %, ó òîé ÷àñ ÿê çíèæåííÿ äî 16 ÌÄæ/êã ïðèçâîäèòü äî äî-
ñòîâ³ðíîãî (ð<0,05) çìåíøåííÿ ìàñè 10,1 %, ³íòåíñèâíîñò³ ¿¿ ðîñòó — íà
6,3—12,6 %. Ñóòòºâî¿ äîñòîâ³ðíî¿ ð³çíèö³ ìàñè ïðè ãîä³âë³ êîìá³êîðìîì ç
âì³ñòîì îáì³ííî¿ åíåðã³¿ 17, 18 ³ 19 ÌÄæ íå âñòàíîâëåíî.

Âèêîðèñòàííÿ ó ãîä³âë³ äâîë³òîê ôîðåë³ êîìá³êîðìó ç âì³ñòîì îá-
ì³ííî¿ åíåðã³¿ 20 ÌÄæ ñïðèÿº çíèæåííþ âèòðàò êîðìó íà 1 êã ïðèðîñòó
ìàñè íà 5,3 %, à ç 16 ÌÄæ/êã ï³äâèùóº âèòðàòè êîðìó íà îäèíèöþ ïðî-
äóêö³¿ íà 6,0 % ïîð³âíÿíî ç ãîä³âëåþ ðèá êîðìîì ³ç âì³ñòîì åíåðã³¿
18 ÌÄæ/êã (òàáë. 5). Îòðèìàí³ äàí³ óçãîäæóþòüñÿ ç ðåçóëüòàòàìè äîñë³ä-
æåíü ³íøèõ àâòîð³â [17, 26].

Ìîæíà êîíñòàòóâàòè, ùî ñóòòºâî¿ ð³çíèö³ ì³æ ïîêàçíèêàìè âèæèâà-
íîñò³ òîâàðíî¿ ôîðåë³, ÿêà ñòàíîâèëà â³ä 93,1 äî 94,5 %, ³ âì³ñòîì åíåðã³¿ ó
êîìá³êîðì³, ùî âîíà ñïîæèâàëà ï³ä ÷àñ âèðîùóâàííÿ, íå âñòàíîâëåíî, ùî
ï³äòâåðäæóºòüñÿ ³ ó äîñë³äàõ ³íøèõ àâòîð³â [16].

Âèñíîâêè

Âñòàíîâëåíî, ùî çãîäîâóâàííÿ äâîë³òêàì ôîðåë³ êîìá³êîðì³â ç ï³ä-
âèùåíîþ åíåðãåòè÷íîþ ïîæèâí³ñòþ (20 ÌÄæ) ñóïðîâîäæóºòüñÿ çá³ëü-
øåííÿ ìàñè òîâàðíî¿ ðèáè íà 11,4 % (ð<0,05) òà ³íòåíñèâíîñò³ ðîñòó íà
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5,8—14,3 %, ïîð³âíÿíî ç êîíòðîëüíèìè îñîáèíàìè, ùî ñïîæèâàëè êîðì
³ç ïîæèâí³ñòþ 18 ÌÄæ. Ãîäóâàííÿ êîðìîì ç åíåðãåòè÷íîþ ö³íí³ñòþ
16 ÌÄæ/êã ïðèçâîäèòü äî â³ðîã³äíîãî (ð<0,05) çìåíøåííÿ ìàñè íà 10,1 %
òà ³íòåíñèâíîñò³ ðîñòó íà 6,3—12,6 %.

Ðîçðàõîâàí³ ïîë³íîì³àëüí³ ð³âíÿííÿ âèçíà÷åííÿ ìàñè ðèá íà áóäü-
ÿêîìó åòàï³ âèðîùóâàííÿ äëÿ êîæíî¿ ç äîñë³äíèõ ãðóï.

Âèòðàòè êîðìó íà 1 êã ïðèðîñòó ìàñè ðàéäóæíî¿ ôîðåë³, ÿê³ îòðèìó-
âàëè êîìá³êîðìè ³ç âì³ñòîì åíåðã³¿ íà ð³âí³ 20 ÌÄæ, áóëè ìåíøèìè íà
5,3 %, à ç 16 ÌÄæ — íà 6,0 % á³ëüøèìè, í³æ ó êîíòðîë³.

Âèêîðèñòàííÿ äëÿ ãîä³âë³ ôîðåë³ ïîâíîðàö³îííèõ êîìá³êîðì³â ³ç ð³ç-
íèìè ð³âíÿìè îáì³ííî¿ åíåðã³¿ ñóòòºâî íå ïîçíà÷èëîñü íà âèæèâàíîñò³
ðèá, ÿêà çàëèøàëàñü ó ìåæàõ 93,1—94,5 %.

Ñïèñîê âèêîðèñòàíî¿ ë³òåðàòóðè

1. Aba M., Driss B., Elkharrim K. et al. Effects of pressed and extruded foods on
growth performance and body composition of rainbow Trout (Oncorhynchus mykiss). Pa-
kistan J. Nutr. 2012. Vol. 11 N 2. Ð. 104—109.

2. Alami-Durante H., Wrutniack-Cabello C., Kaushik S.J., M�dale F. Skeletal muscle
cellularity and expression of myogenic regulatory factors and myosin heavy chains in rain-
bow trout (Oncorhynchus mykiss): effects of changes in dietary plant protein sources and
amino acid profiles. Comp. Biochem. Physiol. A. 2010. N 156. Ð. 561—568.

3. Alami-Durante Í., Cluzeaud Ì., Duval Ñ. et al. Early decrease in dietary protein :
energy ratio by fat addition and ontogenetic changes in muscle growth mechanisms of ra-
inbow trout: short- and long-term effects. British J. Nutr. 2014. N 112. Ð. 674—687.

4. Azevedo P.À., Van Milgen J., Leeson S., Bureau D.P. Comparing efficiency of meta-
bolizable energy utilization by rainbow trout (Oncorhynchus mykiss) and Atlantic salmon
(Salmo salar) using factorial and multivariate approaches. J. Anim. Sci. 2005. Vol. 83, N 4.
Ð. 842—851.

5. Barnes M.E., Brown M.L., Neiger R.G. Comparative performance of two rainbow
trout strains fed fermented soybean meal. Aquac. Internat. 2015. N 23. Ð. 1227—1238.

6. Bureau D.P., Kaushik S.J., Cho C.Y. Bioenergetics. Fish Nutrition, 3-rd ed., Ed. by
E. Halver, R.W. Hardy. San Diego, 2003. P. 1—59.

7. Crank K.M., Voorhees J.M., Barnes M.E. Predator avoidance of rainbow trout rea-
red with environmental enrichment. J. Fish. Aquac. Dev. 2019. N 3. Ð.1047—1052.

8. FAO (Food and Agriculture Organization of the United Nations). El estado mundi-
al de la pesca y la acuicultura. Contribución a la seguridad alimentaria y la nutrición para
todos. Roma, 2016. 224 p.

9. Gaylord G.T., Barrows F.T., Rawles S.D. Apparent digestibility of gross nutrients
from feedstuffs in extruded feeds for rainbow trout, Oncorhynchus mykiss. J. World Aqua-
cult. Soc. 2008. Vol. 39, N 6. Ð. 827—834.

10. Glencross B.A. comparison of the digestibility of diets and ingredients fed to rain-
bow trout (Oncorhynchus mykiss) or barramundi (Lates calcarifer) — the potential for infe-
rence of digestibility values among species. Aquac Nutr. 2011. Vol. 17, N 2. P. 207—215.

11. Glencross B.D., Booth M., Allan G.L. A feed is only as good as its ingredients — a
review of ingredient evaluation strategies for aquaculture feeds. Ibid. 2007. N 13. Ð. 17—34.

12. Huysman N., Krebs E., Voorhees J.M., Barnes M.E. Use of a large vertically-sus-
pended rod array in circular tanks during juvenile rainbow trout rearing. Int. J. Marine
Biol. Res. 2019. Vol. 4, N 1. Ð. 1—5.

13. Jobling M. Fish nutrition research: Past, present and future. Aquac. Int. 2016.
Vol. 24. P. 767—786.

14. Jones S., Karpol A., Friedman S. et al. Recent advances in single cell protein use as a
feed ingredient in aquaculture. Cur. Opin. Biot. 2020. N 61. Ð. 189—197.

77

Ïðîäóêòèâí³ñòü ðàéäóæíî¿ ôîðåë³ (Oncorhynchus mykiss)

ISSN 0375-8990. Ã³äðîá³îëîã³÷íèé æóðíàë. 2021. 57(4)



15. Karabulut H.A., Yandi I., Aras N.M. Effects of different feed and temperature con-
ditions on growth, meat yield, survival rate, feed conversion ratio and condition factor in
rainbow trout (Oncorhynchus mykiss) fingerlings. J. Anim. Veter. Advan. 2010. Vol. 9,
N 22. Ð. 2818—2823.

16. Kaushik S.J., Cravedi J.P., Lalles J.P. et al. Partial or total replacement of fish meal
by soybean protein on growth, protein utilization, potential estrogenic or antigenic effects,
cholesterolemia and flesh quality in rainbow trout, Oncorhynchus mykiss. Aquaculture.
1995. Vol. 133, N 3—4. P. 257—274.

17. Khan K., Rodrigues À., Cleber M. et al. Dietary protein quality and proper protein
to energy ratios: a bioeconomic approach in aquaculture feeding practices. Latin Am. J.
Aquat. Res. 2019. Vol. 47, N 2. Ð. 232—239.

18. NRC (National Research Council) Nutrient requirements of fish and shrimp.
Washington, 2011. 392 p.

19. Ohta Ì., Watanabe Ò. Effect of feed preparation methods on dietary energy bud-
gets in carp and rainbow trout. Fisheries Sci. 1988. Vol. 64, N 1. Ð. 99—114.

20. Parker T.M., Barnes M.E. Effects of different water velocities on the hatchery rea-
ring performance and recovery from transportation of Rainbow Trout fed two different ra-
tions. Transactions of the Am. Fisheries Soc. 2015. N 144. Ð. 882—890.

21. Pfeffer E., Kinzinger S., Rodehutscord M. Influence of the proportion of poultry
slaughter by-products and of untreated or hydrothermically treated legume seeds in diets
for rainbow trout, Oncorhynchus mykiss (Walbaum), on apparent digestibilities of their
energy and organic compounds. Aquac Nutr. 1995. Vol. 1, N 2. Ð. 111—117.

22. Van Larebeke M., Dockx G., Larondelle Y., Rollin X. Relative influence of dietary
protein and energy contents on lysine requirements and voluntary feed intake of rainbow
trout fry. Br. J. Nutr. 2018. N 119. Ð. 42—56.

23. Voorhees J. M., Barnes M. E., Chipps S. R. Effects of exercise and bioprocessed soy-
bean meal during rainbow trout rearing. Open Biol. J. 2019. N 7. Ð. 1—13.

24. Voorhees J.M., Barnes M.E., Chipps S. R., Brown M. L. Dietary bioprocessed soy-
bean meal does not affect the growth of exercised rainbow trout (Oncorhynchus mykiss).
J. Anim. Res. Nutr. 2018. Vol. 3, N 2. Ð. 1—13.

25. Walker L.M., Parker T.M., Barnes M.E. Full and partial overhead tank cover imp-
roves Rainbow Trout rearing performance. North Amer. J. Aquañ. 2016. N 78. Ð. 20—24.

26. Wdale F., Brauge C., Vallée F., Kaushik S.J. Effects of dietary protein/energy ratio,
ration size, dietary energy source and water temperature on nitrogen excretion in rainbow
trout. Wat. Scien. Techn. 1995. Vol. 31, N 10. Ð. 185—194.

Íàä³éøëà 05.02.2021

V. Kondratiuk, ÐhD (Agr.), Associate Professor,
National University of Life and Environmental Sciences of Ukraine,

19 General Rodimtsev St., Kyiv, 03041, Ukraine,

e-mail: vadkondratyk@ukr.net

ORCID 0000-0002-4246-2639

PRODUCTIVITY OF RAINBOW TROUT (ONCORHYNCHUS MYKISS) IN
AQUACULTURE DEPENDING ON LEVELS OF ENERGY CONSUMPED

The paper considers the issues of the efficiency of using complete feeds with different
levels of exchangeable energy for rainbow trout rearing. It was found that an increase in the
energy content in the compound feed from 18 to 20 MJ/kg leads to an increase in the fish
mass by 11,5 % (p<0,05), increases the intensity of its growth — by 5,8—14,3 % and contri-
butes to decrease of feed costs per 1 kg of weight gain by 5,3 %, while a decrease in energy in
compound feed to 16 MJ/kg leads to a significant (p<0,05) decrease of trout weight by
10,1 %, a decrease in the intensity of growth by 6,3—12,6 % and increases the cost of feed
per unit of production by 6,0 %.
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