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!$����*�	��, +� 
���� �%,%��% ��
���*%- 
%' (������, Rutilus rutilus (L.); �
�$����
��, 
Scardinius erythrophthalmus (L.); *	
-�*����, Alburnus alburnus (L.); ���$�%
��, Blicca bjoerkna 
(L.); &�
,��, Rhodeus am�rus (Bloch); ��
��, Cyprinus carpio L.) -�
���	
%��.�/$0 '�%�/�%1%
������%��1% 1��$%1��/��( 2*%���$�� ���*���0, +� ��*’0���� �� $-�3�$�. 4�
1% (- ����. �
�
�	$� �	
	�*�
	��0 � 1��/��* 1����/ ��'�*�5 -�
���	
�%- ��0 $*�&� *%�� �
���
�6, +�
�'�1�*�.5 
���%. � (- 1��$%1��/��6 2*%���$�� ���*���0: 2*%�2�. 5 1����/ � *%��*3	��.
4�
1�. ���� (*	
-�*����, ������), ��*��/��2�. – ��
�&�� 1����/ ��
��� �� &�
,���. 
������	 
����: ���
������ ����	
�� ��������, ����, �����, �������	 ��, ����� �	��

���*%��� �
�1%$��*�$�� �� �
�$��.,� ���
	'% � *�����$��,���� �� 	�	��
�	�	
&�( �$�����1
,�$�1 �
%�*	�% �� ��
	&��.*���0 '��/2�$�� 
�,�� $*��� [12], � ��$���% $��*��* �	
	�*�
	��
'	���, 1��%- 
�,�� [4]. 7	 $�*�
.5 $	
6���� �	
	2���% 0� ��0 �	
	$��*%- 1�&
��6 �����%��*

%', ��� � ��0 $��,�*���0 (- 1�����. 8��,�� ,�$�%�� 
%' &%�	 ��$�0 �
�-��3	��0 ,	
	� ��
'��%
)9� [11]. �
�1 ��&�, *	�%�� ���/��$�/ 1����� 
%' &%�	 ���$����� ���
���0��0 � *�����'�
%
��1��*%- $����6 [6, 7]. 

8 1	��. ��-%$�� 1����� 
%' * ���� ���
���&	���&� $���� �	�'-���� ��0*��$�/

%'���-%$�%- $��
��, +� �%�� 
	&��1	���5�/$0 ��
1��%*�%1% ����1	���1% ��� ��
�(�% [13]. 
��0 ��
	����( (- 
�'��% �� 
��
�'�% ��*%- 	4	��%*��2%- ���$�
���6 �	�'-���� 1��% *

����
0�3	��� ���� �
� ���*��/�� ������$�/ 1����� 
%'. "��*��/�� ������$�/ 
%' – 	
��1��	�$�� -�
���	
%$�%��, +� *��.,�5 * $	'	 �%���*�, 1��$%1��/�� � �
	6$	
$/�� 2*%���$��
���*���0 [10]. 7� ������%�% *%���,�.�/ ������$�/ 
%' �
��%��0�% ������1 *��%, � ����3
�
%*���$�/ (- �	
	'�*���0 �� �	,�( 
����( 2*%���$��. 7/�1� �%����. �
%$*0,	�	 ��2	
��$���3	��0. 
�������� �  ��!"# "!$��"%�&'
� �6 
�'��� *%1�
.*��% 1��$%1��/�� 2*%���$�/ ���*���0 (�'� �
%�%,�� 2*%���$�/ �	,�() – 
��%� � ��6*�3�%*�2%- ������%��* ���*��/��( ������$�� 
%' [8, 12, 15]. 

��$���% *%����*��%$/ � $�	���/��1� *%��*3	��1� ��*�
��1�, * 0��1� �� ����1�&�.
��1�% 
	&��/�*���( ����3��$�� $�*�
.*��% �	,�. [1]. 8� 1��$%1��/�� 2*%���$�/ ���*���0
�
%61��% ��,���� ��	$	��0 
%'% ������1 ,% �	
	-�� (( �� 
	3%1� �%���*�( 2*%���$��. 

9�$�	
%1	��% �
�*��%�% � 
���/�. 1�����. (	���% B–G, *�� 0+) ���/��- *%��* 
%'

��%�% ��
���*%-, � $�1	: �����% �*%,�6��( Rutilus rutilus (L.), �
�$����
�% �*%,�6��(
Scardinius erythrophthalmus (L.), *	
-�*���% �*%,�6��( Alburnus alburnus (L.), ���$�%
�%
5*
��	6$/��( Blicca bjoerkna (L.), &�
,��� 5*
��	6$/��&� Rhodeus am�rus (Bloch) �� ��
���
�*%,�6��&� Cyprinus carpio L. 
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���	
��� ��0 	�$�	
%1	���* ��
%1�*��% 
���%1% $��$�'�1%. :%,%��� �� 1��/��*
'��/2�$�� 
%' *��'%
��% �� ����1�&�. 1��/��*�&� $�,�� � �
%
���%- *���61�-: 1����/ �����%
*����*�.*��% � �
�*��-,	
*��, *	
-�*���% – � �%���-$	
��� � �
%'	
	3��6 1����*����6 ����

�$��*�( ���0��% 
. ����
�; 1����/ �
�$����
�%, &�
,��� �� ���$�%
�% *����*�.*��% � ,	
*��-
�%��� �� �
%'	
	3�%- ���0���- 
�,�% !��%, �
�*�'	
	3��( �
%���% ����
�. � ��'�
���
�%-
�1�*�- '��� *%*	�	�� �%,%��� ��
���: 2��,�� �������	�� ��
� ����'�*��% � ���
���- !	6$�. 

9�$�	
%1	��% ���6$�.*��% � 4–5 ���-���* �
��0&�1 �	
���� * 4–6 �%3��*, *��'%
�.,%
��3��&� ��$�����&� 
��� � �%- 3	 1�$0- '��/2 ���
�$�� 1����/ �� ��$0&�	��0 �	. ��*3%�%
18–30 11 (	��� F–G). 
��()�'���# "!$��"%�&' �� *+ !,-!.!��&&/
"��*��/�� ������$�/ 
%' ���	3%�/ *�� �%��% 4����
�*, $	
	� 0�%- *�3�%*� 
��/ *���&
�5 4�
1�
���� [3, 9, 12]. ����� �%,%��% ��$���3	�%- ��
���*%- 
%' 1�
4���&�,�� ��3	 $-�3� �
��,%��.�/ ��1���� �1��.*��%$0 ���/�% �
% �	
	-��� �� $����( 1��/��, ���% ��$����*�
4�
1�.�/$0 *%��$�	%4�,�� �����%, �
%��1���� ��
�$�%1 �$�'%��1 [5]. "���� �%,%��% ��
1��/�% *	
-�*���% -�
���	
%��.�/$0 ��6'��/2 �
�&��%$��. 4�
1�. ����. ���� * 
0�� *��
“�
�&��%$��(” �� “*%��*3	��(” �� «��
�&��(” 4�
1% ���� ����/ ������, �
�$����
��, ���$�%
��, 
��
�� �� &�
,��; �$�����6 � �
�	$� 
��*%���, �� 	����- E–G, ��'�*�5 ��6'��/2 ��
�&�%- 4�
1. 
���&�0�	1� 
	���/���% 	�$�	
%1	����/�%- ��$���3	�/ 2*%���$�� ���*���0 1����� 
%' * /�1�
��
0���. 

��0 1����� *	
-�*���% 
��1�
�1 5,5–17,5 11 (	���% B–F) ������%�% �
%�%,��(
2*%���$�� �	,�( $����*%�% *�� 6,7 �� 38,4 $1/$ (
%$. 1). 

�%$. 1. 8��	3��$�/ vmax(l) � *	
-�*���% Alburnus alburnus 

�%$. 2. 8��	3��$�/ vmax(l) � �����% Rutilus rutilus 
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��$���3	�� 1����/ �����% 1��� 
��1�
% *�� 6,5 �� 18,0 11 (	���% �1–G). ���$%1��/��
2*%���$�/ ���*���0 �%,%��� �� 1��/��* ���%*���$/ * 1	3�- 5,8–32,7 $1/$. (
%$. 2). 

��0 �%,%��� �� 1��/��* �
�$����
�% 
��1�
�1 *�� 5,0 �� 19,5 11 (	���% B–G) �
%�%,��
2*%���$�/ �	,�( $����*%�� *�� 4,2 �� 26,3 $1/$ (
%$. 3). 

�%$. 3. 8��	3��$�/ vmax(l) � �
�$����
�% Scardinius erythrophthalmus

�����/���$�%
�%
��1�
�1 5,0–17,0 11 (	���% B–G) ��$0&����
%�%,��(2*%���$�� 7,0–26,1 $1/$ (
%$. 4). 

�%$. 4. 8��	3��$�/ vmax(l) � ���$�%
�% Blicca bjoerkna 

�%$. 5. 8��	3��$�/ vmax(l) � ��
��� Cyprinus carpio 
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:%,%��% �� 1��/�% ��
���, ����0�� * 	�$�	
%1	���-, 1��% 
��1�
% *�� 6,0 �� 30,0 11
(	���% �1–G). ��
%1��� ���,	��0 1��$%1��/��( 2*%���$�� ���*���0 $����*%�% 4,6–31,9 $1/$. 
(
%$. 5).�����/ &�
,��� 
��1�
�1 7,5–17,5 11 (	���% D1–G) ��$0&��� 1��$%1��/��( 2*%���$��
���*���0 *�� 8,9 �� 22,6 $1/$ (
%$. 6). 

�%$. 6. 8��	3��$�/ vmax(l) � &�
,��� Rhodeus am�rus

��$���3	�� *%�% 
%' ��1���� *��
���0�%$/ 1�3 $�'�. �� ������%��1% 1��$%1��/��(
2*%���$�� ���*���0 �� 
���%- 	����- 
��*%���. ��0 �
�,��$�� ��
�*�0��0 
��1�$�%1�
���	3��$�/ vmax(l) ��0 1����� *$�- ��$���3	�%- *%��* �� ����1� &
�4��� (
%$. 7). 

�%$ 7. 8��	3��$�/ vmax(l) ��0 1����� �	0�%- *%��* ��
���*%- 
%'

8 �'’5�����&� &
�4��� *%���, +� �
% 1��%- 
��1�
�- (5–7 11) 2*%���$�/ ���*���0
�%,%��� 1��� *��
���05�/$0 1�3 *%��1% – ����( ���	3��$�� �
���%,�� $-��0�/$0 �'�
�	
	$���.�/$0 1�3 $�'�.. ��%�/�� ���,	��0 2*%���$�� ���*���0 �� ��6'��/2 
����- 	����-
����&	�	�� 1�3�� ��0$�%�% �*�1� 4����
�1%. "�-�	
2	, 4�
1� ���� 
����- �%,%��� � '�&��/�-
*%��* ��3	 $-�3�, � $���5*� *��
���0�%$/ �� 4�
1�. 1����/ ��,%��5 � �
�	$� ���
�$����0, 
���% ��$����*� 4�
1�.�/$0 �����% $-�3�$�� �� ��
�$�%- �$�'%� [5]. "�-�
�&	, �
% 1��%-

��1�
�- ���� �� �� ��0*��$�� 2%
���( ���*	*�( $�����%, 4�
1� �%,%��% 1��� *��%*�5 �� ((
&��
��%��1�,�%6 ���
 [2], ��1� 1��$%1��/�� 1�3�%*� 2*%���$�/ ���*���0 �
�'�%- �%,%��� �	

1 – A. alburnus  
2 – R. rutilus  
3 – S. erythrophthalmus
4 – B. bjoerkna
5 – C. carpio 
6 – R. amarus
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1�3	 *��
���0�%$/ $���5*�. 8 ���
�$����01 �%,%��� �� ��'���0 -�
���	
��( ��0 ��3��&� *%��
4�
1% ���� �’0*�05�/$0 ��1���� 
���%0 � (- ���*��/��6 ���%*��$��. 

:%,%��% �� 1��/�% *	
-�*���%, 0�� *%0*%�%$/ ��62*%�2%1% � ��
�*�0��� � ��2%1%
*%��1%, -�
���	
%��.�/$0 ��6'��/2 �
�&��%$��. 4�
1�. ����, +� ���*%+�5 6�&� �'��,��$�/, 
��%3�.,% &��
��%��1�,�%6 ���
 � ���*��0.,% �%,%���1 
��*%*��% '��/2� 2*%���$�/. 

��6'��/2 '�%�/��. �� 1����� *	
-�*���% �� ������%��1 �
%�%,��( 2*%���$�� *%0*%��$/
������, 4�
1� ���� 0��( ��$%�/ *%��*3	��, ��	 1	�2�. 1�
�., ��3 � *	
-�*���%. "�����%�%
���*��/��( ���%*��$�� 1����� �
�$����
�% � ���$�%
�% '��% $-�3�, +� 1�3�� ��0$�%�%
*%$���. ����'��$�. 4�
1% (- ���� �� 	����- E–G, 0�� 5 '��/2 ��
�&��. � ��
����. �
��
�*�0��� � *	
-�*����. �� ������.. �����/ ��
��� �� &�
,��� � �
�	$� 
��*%��� ��'�*�5
'��/2 ��
�&�%- 4�
1, �� 
�-���� ,�&� &��
��%��1�,�%6 ���
 (- ���� 5 ��$%�/ *%$��%1, +�
�	
	2���3�5 2*%���1� ���*���., ��1� �
%�%,�� 2*%���$�/ � �%- ��6�%3,�. 

��0 ��
�*�0��0 ���*��/��( ���%*��$�� 1����� 
%' 
���%- *%��* 1�3�� ����3
*%��
%$��*�*��% �	 �
01� ������%�% �
%�%,��( 2*%���$�� �	,�(, � *����$�� – l/c, �	 l – ��*3%��
���� [10, 14]. 8��	3��$�/ *����$��( �
%�%,��( 2*%���$�� *�� 
��1�
� ��$���3	�%- 
%'
��'
�3	�� �� 
%$. 8. 

�%$ 8. 8��	3��$�/ *����$��( �
%�%,��( 2*%���$�� *�� 
��1�
� ���� 
%' (1 – 
*	
-�*����; 2 – ������; 3 – �
�$����
��, 4 – ���$�%
��; 5 – ��
��; 6 – &�
,��) 

8 ���&
�1% *%���, +� ��6*%+� ������%�% *����$��( 2*%���$�� ���*���0 �� *$�-

��1�
�%- &
���- -�
���	
�� ��0 1����� *	
-�*���%. ��2� *%�% � ��
0��� ��%3	��0 *����$��(
2*%���$�� ���*���0 
��1�$�%�%$/ ��-
����1� * ���	3��$�� *�� 
��1�
��( &
��%. ���
%����, �
%

��1�
� 6,5 11 ��6�%3,� *����$�� 2*%���$�/ ���*���0 � �����%, �
��	 *3	 �
% 12,0 11 *���
�	
	*�3�5 ��2� *%�% �� %1 ������%��1. 8�&���1, 
%'% *$�- ��$���3	�%- *%��* 1�3��

�����%�% �� �*� &
��%: � �	
2�6 �� �'��/2	��01 ��*3%�% ���� *����$�� 2*%���$�/ �
�$��5, �
�
�&�6 – �1	�2�5�/$0. �� �	
2�( &
��% *���	$	�� *	
-�*����, ������ � �
�$����
��, �� �
�&�( – 
���$�%
��, ��
��� � &�
,���. �� �	
2�( &
��% *���	$	�� *%�%, � 0�%- �� �'��/2	��01 ��*3%�%
���� *%$��� 6�&� ���%2�5�/$0 *����$�� $����., �� �
�&�( &
��% *���	$	�� *%�%, ���� 0�%- �
�
�	$� 
��*%��� ��1���� �
�&��2�5. ��
%1��� ���	3��$�� $*��,��/ �
� �	, +� $�1	 4����

�1	�2	��0 *%��*3	��$�� ���� �'�1�*�.5 ��%3	��0 ������%�� l/c. 
�#$&!.0#
���$%1��/�� 2*%���$�/ ���*���0 – ������%� ���*��/��( ������$�� 
%', +� �1��.5�/$0
*�
���*3 ����&	�	��. ����� �%,%��% 
%' -�
���	
%��.�/$0 '�%�/�%1% ���,	��01% 2*%���$��

1 

2

3
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���*���0, ����� � �
�	$� �	
	�*�
	��0 � 1��/��* �� ��'���0 -�
���	
��( 4�
1% ����
�’0*�05�/$0 ��1���� 
���%0 � ���*��/��6 ���%*��$�� 
���%- *%��*.

���/2� 2*%���$�/ ���*���0 -�
���	
�� ��0 
%' � *%��*3	��. 4�
1�. ���� (*	
-�*����, 
������), 1����/ ��
�&��( 4�
1% (��
��, &�
,��) *����*���� -�
���	
%��5�/$0 �%3,%1%
������%��1% 2*%���$�� ���*���0. ��1� 4�
1� ���� 1�3�� 
��&�0���% 0� ��%� � �$��*�%-
&��
��%��1�,�%- 4����
�*, +� *%���,�5 ���*��/�� 1�3�%*�$�� 1����� 
%'.  

�	���/���% 
�'��% 1�3��/ 1��% �
���%,�	 ��$��$�*���0 ��0 
��
�'�	��0 ��-���* �
��-%$�� 1����� 
%' *�� ���
���0��0 � *�����'�
%, �$���/�%, �&���� � ��� ��
�(�%, �
%�%,��
2*%���$�/ �	,�( 1����� �
�1%$��*%- 
%' 
��1�
�1 *�� 12 11 ��*%��� *
�-�*�*��%$/ �
%
�
�	���*���� 
%'���-%$�%- �
%$�
�(*. 
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I. Abramiuk, S. Afanasyev, M. Primachov 
Institute of Hydrobiology NAS of Ukraine, Kyiv, Ukraine 
SWIMMING PERFORMANCE PECULIARITIES OF EARLY YOUNG CARP FISHES 
IN RELATION TO THEIR BODY SHAPE 
The paper presents the results of experimental studies to determine the critical swimming speed 
(CSS), one of the most important indicators of swimming performance of fish. The early young fishes 
(age 0+) of Cyprinidae family have been studied: roach Rutilus rutilus (L.), rudd Scardinius 
erythrophthalmus (L.), bleak Alburnus alburnus (L.), silver bream Blicca bjoerkna (L.), bitterling 
Rhodeus amarus (Bloch) and carp Cyprinus carpio L. The larvae and juveniles of most fish were 
caught in nature with a sweep net in May-August in the Dnipro and its tributary the Vita. The carp 
larvae were derived in laboratory by incubating the artificially fertilized eggs in Weiss's apparatus. 
Experiments were carried out in a special elongated aquarium, where a flow was created with the help 
of a regulated power pump. The CSS was regarded as the moment of fish being swept by flow or its 
transition to the burst speed mode. 

For the young bleak of 5.5-17.5 mm length, the CSS ranged from 6.7 to 38.4 cm/sec. For the 
young roach of 6.5-18.0 mm, the CSS fluctuated within the range of 5.8-32.7 cm/sec. For the larvae 
and juveniles of rudd sized from 5.0 to 19.5 mm, the CSS ranged from 4.2 to 26.3 cm/sec. The young 
silver bream of 5,0-17,0 mm reached the CSS of 7,0-26,1 cm/sec. The carp larvae and juveniles of 
6.0-30.0 mm length reached the CSS of 4.6-31.9 cm/sec. For the young bitterling with the length 7.5-
17.5 mm the CSS ranged from 8.9 to 22.6 cm/sec. 

The graph analysis of the results has shown that at small sizes (5-7 mm), all studied fishes are 
characterized by close values of CSS, due to the similarity of their body shape. In the process of 
transformation into juveniles, the young fishes acquire the proportions that are characteristic for the 
adults, which causes the difference in their CSS. 

The bleak, which turned out to be the fastest in comparison to other species, is characterized by 
the most elongated body shape, which increases its streamlining, reducing hydrodynamic resistance 
and allowing the larvae to achieve higher swimming speeds. The bleak was followed by the roach, the 
shape of which is quite elongated, but to a less extent compared to the bleak. Indicators of swimming 
activity of the young rudd and silver bream were close, which can be explained by high similarity of 
their body shape, which is more rounded and short compared to bleak and roach. The young carp and 
bitterling in the process of development acquire more rounded shapes, due to which the hydrodynamic 
resistance of their bodies is rather high, which prevents fast swimming, hence their critical speed was 
the lowest. 

The highest rates of relative swimming speed (body length per second, RSS) in all size groups 
were observed in bleak. Other species in order of decreasing the RSS have allocated differently 
depending on the size group. For example, the 6.5 mm size roach had the lowest RSS, but already at 
12.0 mm it prevailed other species by this indicator. All studied species were divided into two 
categories: in the first one, with an increase in the body length, the RSS also increased, in the second 
group, it decreased. The first one combined bleak, roach and rudd, the species that keep relatively 
constant body height while its length increases, the second one included silver bream, carp and 
bitterling, the species that become noticeably rounded in the development process.  

Therefore, the body shape can be considered as one of the main hydrodynamic factors that 
determines the swimming performance of fish. The results obtained may have practical application in 
protection of young fish from entering the water intakes. 
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