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�( A�. �� �?6� � $ �	 ��� � #�	" " ��R�
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cages of first generation( �� (“diving” fish-farming systems)  = �'��! 
�3 +�6�� �� ���. #6� 
� �@�e ��>��, �� 
�-6:,

) � �@�e � ��( ���Submersible cages of new generation  �� ((underwater fish-farming systems) #/')3(:  

  

 k953 �% � Z�1�( V�'� �� �>1"# ���8� .� ����8:�/�B���	���3 
�3 ���,��  

Floating cagesg Semi-submersible cages ���RB  �; ��� �	 W��  

  Submersible cages of first generation gunderwater fish-farming systems�; ��� �	 X���!���RB  



 ��� ����	 ��� ����	 ��� ����	 ��� ����	–                        ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                                                                                                                                                                                                                                                                                                                                13131313----11111111     ������ � ������ � ������ � ������ �94949494%�#	� $%�#	� $%�#	� $%�#	� $ 

61 

 

  

" V�� g�o�� X�	 ��/�	 "�.� "	" �B ���� �=� �!
�3 ���� " "�/>�� 
E�F�2/B �:, ����" �����2' ���' .X�	 �3��� 

���� " �2; �?2. �=� �! �	 #�?, 
������ A��2Pg �"�:��	 �	 #8�
�3 ���. �" �	 #��� � �3�c( )�W �	 
E�F��� ���3�� �'��! � 

���e �'�� .���� �	 
�3��� +-� : �	 �2B�?� �:, "�/>�� ����B "   

 - !"#��� ����\ �� ����� �9�3'g�   

 �:,
�3 �/���&! �� %�� X��2; V�� 
	�� 
��6� �	 L��! ��c�23" V���� � V�	��� �"��g��	 	��� �2��3 �� ���� +$ �:�� 

� 
	�-<� �-�( ���( ��	 .��?F	g �K*� i�o �-�( " #8����3 �� �	��	 "��� �� �� ��3� � ��"�' ." 
�3��" �	�� � +@&��g 

�:,
�3 �/���&! ��<��. �2��K� 
	�� L��! ��c�23" �"�?� � �-. 
�3�$ ��	�� L��! ��23" X��K��� ���2'�� .X�	 y�o��g 

�>�F" �-. ���� �:,
�3 
"W�= 
����	 ��	 �$ �.	� �3��3	 � #�
�3 �4�� � |&$ �2��	 ��-� �"�� � X�	 ��	 " #8�
�3 " 

{��� �	��	g �� �� "��� 	��! ���2$ .  

- �"2 � ���%>78 k95 ��(  

 " 
��6� �	 #8��3  %�����. 
�, �Fq6� ��� ���'�� .%�����. 
�,g 
	�� �'  �	 �����3���3 �� �	��� �' �-�( ��� �2�6�� .

" �*�*�g �[>e	 X�	 �3���3 " 7�	�' ���?@ " {��� %�����. 
�, 
�B 	�, ��	" .�c	 �; 
�3�B b>��g �� >/' 	 " #��*� 

%�����. 
�, ��� �� r�$ ����
�3 �=�o	 #R�� �� �-�( �	 ��" ��g�23" 
�/3	 
	�� ���� %��:�� �-�( �� ��_�	 �"�( ��' 

��	 � ���� ��F�B ��c�22$ +3 ��2$	 �:,���3 	 �� 1�,
�3 
"W�= ��		 ���23" �$ ���2�	�B #/' �3�B 	 " #8����3 �� 

%�����. ��6� 
�, ��� " "��� 5-3 ��c ����" �:� �22$ .  

 X�2f�3 �B	�6� #�F�� #/' � y�� ���� ����
�3 ��2' �� �3�B "	� ���( ��	g �B 
�� �$ ��,� r� b��,  ���B  "����

g�2$ ������ �c�! � %�6� �( ��' � [?� 	�= �3���3 �	 �:, ��""�c .�F� s�@
�3 ���. �� b��,�3 X�	 ���.	 	 ���3" �B �� 

����
�3 ��2' r�"�� ��' � ���� C��B �� �3�B � �� �-� ��22$�3 �� ��F��= "�� V�_ � ���'.  

- !"#��� $.�' 6��� 6%5 �� 	8�H��   

 ��	�@ �:,
�3 "�� �"�:��	 
����	 |W�P	 
	�� L��! �3�� "	�( � V�, W( ��	 ." �n��� X�	 �:,�3 
	�� X�	 ���c�3 

[��2� �"����	 .���c
�3 %��:��7�8�g
�3 %��:�� 	 `�.�B �23��� � " �n��� 
	�� L��! ����g�-�(
�3 �B��:�� ���� "�� �"�:��	 

	�, ����c .|&t� ���c���3 �2��� ���3 [>e	 `�.�B �23��� �$ " X�� ��ZP�3  i$ ��c��� �22$ .  



 ��� ����	 ��� ����	 ��� ����	 ��� ����	–                        ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                                                                                                                                                                                                                                                                                                                                13131313----11111111     ������ � ������ � ������ � ������ �94949494%�#	� $%�#	� $%�#	� $%�#	� $ 

62 

 

 �-�( ���" ��	" �:Z� ���' � �	 
�-�( "	�( 1�2�.	 ���22$ ." �n��� �:, �3�� g"	�( ��<�6�� �:��o 
	�� 
��6� �	 ���3 

��	 ���3�� . � ��:� ���3�� g 
����� ���3��r :$ ���3�� ���" ��	" �$ " ���	 �5 ��" �c��� �22$ � #��� �2�6�� �$ " �:, 

�3�� "	�( �2'��.  

 " �n��� �:,
�3  � ��:� ���3�� g
����� ���3��r :$ ���3�� �� 
�3�B +/8�6� " ��6� ��" � �� " s�K� �*�� ���� g�2� 

���'  .���� �� ���� �:,
�3 [��2�� �� 
�3���� ��6�� �3 r� �	 ���c���3 �$ �3�<�6�� ��� 	 `�.�B ��g�23" ��6� +-� ��	 

�  |W����	 " ����� �$ �:,�3 
	�� ���c
�3���. ��	�@ ��g���' �	 �p�&� � �.�B ���� "

  

 k954 Z2 .� ������ 6��"3'�  ���"(.� ����5 :

��� 5 ��>1"# �� ��( 	1�4 �� 	m�] � ��� 5 	��8 =  

�2��� �$k� 	"���� �2�63.  

  

- kE���� ��� F'�  ��OFF Shore   

 
	��#8�
�3 �" �	 #��� �� OFF Shore  �=� �! �� �.�B ��

�� 
�3 �:, 
����	 r���F�2/B 
�3 C��*�
�3 ��� � 

����c���2�	�Bg "�� �"�:��	 A,	� ���' .X�	 " #8��3 �

��<��.
�3 �" �	 #���  �:,  %	��-nB �2$ ""	��B �$��	 �	 

"	�=	  �c��� �2�	�B ���22$  
�3�/� �2��� �� %�6���B X�	 �

."	" "�.� ���e � 5�� �B	��� g	ke ����a #8� � �"�� ��:� ��2'   

 -��j2g� � ���   



 ��� ����	 ��� ����	 ��� ����	 ��� ����	–                        ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                                                                                                                                                                                                                                                                                                                                13131313----11111111     ������ � ������ � ������ � ������ �94949494%�#	� $%�#	� $%�#	� $%�#	� $ 

63 

 

 " 
�-F�� g���	 �� %�p�&� �2��	 " ��!L ���3�� ����" 

���3	 �"	" ��' ��	  ��	�@ 
�-6:, " ��/�	 X�	 r��K�

 ��' ���'�! �:, �B ��� #���� �� �$ "	" "�.� ���. ��'

 " ���3�� ��>$ �� � ���' ���" �-6:, 
���� ���� A,	�� " �

 " �2�	�B �� �-6:, X�	 . ���' ���" � ��>ZB �P�� 
�-�� $

%	�K� 
��6� �	 � �2���� 	��! 	�*��	 1( �	 �*�� �3  �>�. �	

�2'�� ���	 " "�?��"   

 ��2' 
�-6:, X���� �B �6�$ +n� �	 �2�-� �"�:��	 �6��*� "

�n��� ���<2�	 �	�B �� � �@�e 
�-6:, �

 k955������ ��1< F�&^� ��� �� i��%� Q���� ��o�(.� ����8 :  

  ����$ �:, ���	 ��=�9 �	 � ��' A�. �B �6�$ �'�c r� " ���3�� ��" ��' ���=�@ A,	�� " ��2' 
�-6:, " �$. "�$ 
��c

 � �' �3	�� �"�:��	 �:, �6�$ �	 
�� �� ��n� 
��= �	 �' �3	�� �"	" V�*��	 �B b��� ��6, �� �:, �$ ���<23 �F� �' �3	��

g ��=�@ � ����" 
�-����. X�	. ��� ��3	��g �:, ��' �?��8� � ���	 ��=�9 �� ��' X�	���2� .�'	" �23	�Z� �3�� ��F��= �� 
��J�B

 �	 S�� 7���� �K� �$ �� 
��" " ��	100  #/') "�� �3	�� 
"�R�,	 � ���3	 ���� %�' �� "	" ���=�@ �F����4(  

n�	 � r�E�F��� 
�3� = �p� �	 �	��	 %	��J�B X�2f�3  ���3��" ��� �c"���" 
���� ���� � ���3�� �>/�	 #/' ���_B g C���	 "�

�'�� �� ���$ ��2' 
�-6:, �� �?6� � �@�e 
�-6:,  k95)5.(   



 ��� ����	 ��� ����	 ��� ����	 ��� ����	–                        ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                                                                                                                                                                                                                                                                                                                                13131313----11111111     ������ � ������ � ������ � ������ �94949494%�#	� $%�#	� $%�#	� $%�#	� $ 

64 

 

 " ��" 1( �8K� %	�� �." S�	�=	 ��R� " �<�" �>�6�

 ���c�� �$ ��	 ��2' 
�-6:, " ���6��B #R= A,	�� L��! ��/�	

 �3�� gW( V�,  �3��g "	�( �3�� ��p� ���3�� ���c �	 ����

 �B b��� b@�2� �� ���6��B " �$ ���e � 
����� ���3�� g��:�

 ���3�� X�	 ��P �� �?6� ���� � ��'	�� "�.� g�2���� �� %�.�-�

 %	�J	 g �-����� ���� ��� �=�@ �	 � ���	"�! V�� )�c V�R= "

 �' S3�$  �� "�n�	 #R= X�	 " 	 ��� � ��� S�	�=	 �

 �3	�Z� "�.� %&/ � X�	 � �@�e 
�-6:, " �$ ""�c

�'	"  #/')6.( i>�Z� 
�-�$�' 
�-6:, ���� X�2f�3

 ��	�� �-�( �( r��3 �$ �3" �� �� � ����" 
�3 �:, ������

 gH�3 ���c � "���$ "�� �*K2� C��	�� �$ ��	" �?���� �

 7�	�' 	�, �����	 "�� ���� ���e � ��" 1( 
E�F ���3

 ."��� 1�Z��	 	 [��2� y�� �	��� C��	 �( �� �B ����c  

 k956 �� �E�' ����2 	<����o�(.� ����8 :

�� 	m�] ��>1"# ����3'� ['� �8�9� � ����  

  

  

  

  



 ��� ����	 ��� ����	 ��� ����	 ��� ����	–                        ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                                                                                                                                                                                                                                                                                                                                13131313----11111111     ������ � ������ � ������ � ������ �94949494%�#	� $%�#	� $%�#	� $%�#	� $ 

65 

 

8	�3���H   

 �-. �p� "�� H�3 
�3 ���c �  �� 
��" " �:, [��2� ���� X���-� �=��� �B��F�K� s�@ " ��=�c )�n�	 %��F�K� C��	 ��

 "�?��" ��/�	 g� �@�e 
�-6:, �� �?6� ��2' 
�-6:, [��ZB r6� %	�K� �� �.�B �� � ��" X�	 " ����" ���3�� L��! ����B

2' 
�-6:, �� �	 �BW�� 5���	 " �-6:, 	�*��	 )��F � �>��� b@�2� " i>�Z� 
�-�c"�F( "�.� g ��35  b@�2� " b�� X�	 ��?F	 �$ ���

 ��� ����2'�$ %����nB C��	 �� X�2f�3 � ""�c X���B �*K2� � ���� �3 �����	 C��	 �� ���� � �"�� %��:�� �� 
��" i>�Z�

 %��F�K� ��F�"  ����6�	 }��2��c ����" � ��	 ����"�  Gosniorkh V�� �	 �$ ���� ������0�2�1983  ���62�$�B #�	�� "

g��"��� "	�( �3�� � 
����� ���3�� L��! �� )	�,	   [��2� 
�3 ���� �	 1( b�� " �-�( y�:B	 +�p2B ��>��, �� � �@�e 
�-6:,

 y���	 �-6:, X�	 .�'�� �� ��" X�	 
	��Rigid structures  X���B 	 �� 
��" ���� ���3�� �'��! 
�3���� �/�E�F��� �p� �	 � �"��

 ."��� �23	��  

z�� �  

-Asche, F., Guttormsen, A.G., Nielsen, R. 2013. Future challenges for the maturing Norwegian salmon 

 aquaculture industry: An analysis of total factor productivity change from 1996 to 2008. Aquaculture 396, 

 43-50. 

-Beveridge, M. C. M. 1987. Cage culture. Fishing News Books Ltd, Farnham, UK, 352 pp. 

-Beveridge, M.C.M.B. (1996).Cage aquaculture,  2nd ,edn. Fishing News Books, Oxford, ISBN 0-85238-235-9, p. 

346. 

-Buck, B.H., 2013. Upscaling aquaculture operations in offshore environments - challenges and possibilities in 

Europe. Presentation at SUBMARINER conference,6.9.2013 Gdansk, PolandAM 

-Bugrov L. 1990. Rainbow Trout Breeding in the Submersible Cages used Offshore Oil Platforms. “The 

Rainbow Trout  International Symposium” 4-7 September 1990, Stirling, Scotland. 

-Bugrov L. 1991. FISH-FARMING CAGES AND ARTIFICIAL REEFS:COMPLEX FOR NO-WASTE 

TECHNOLOGY, Fifth International Conference on AQUATIC HABITAT ENHANCEMENTLong Beach, 

California, USA Nov 3-7, 1991 



 ��� ����	 ��� ����	 ��� ����	 ��� ����	–                        ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                    ����
� ��	�� �
��� ���� �� �����                                                                                                                                                                                                                                                                                                                                13131313----11111111     ������ � ������ � ������ � ������ �94949494%�#	� $%�#	� $%�#	� $%�#	� $ 

66 

 

 -Bugrov L. 1991. Fish-farming cages and artificial reefs: complex for non-waste technology  Abstracts of Fifth 

International Conference on Aquatic Habitat Enhancement, 3-7 November, 1991. Long Beach, California, USA. p.25.  

-Bugrov L. 2006. The ‘Sadco’ underwater fish-farming system /’Underwater Technology & Ocean World’, Scientific 

and Technical Journal about World Ocean Resources Development 1:34-45.  

-Blue Biotechnology in the Baltic Sea Region. 2012. New Strategies and Future Perspectives. Perspectives from the 

SUBMARINER Blue Biotechnology Cooperation Event. Kiel, Germany, 9–10 May 2012.  

-Carson, R.M. (1988). Engineering analysis and design of cage systems for exposed locations.In : Aquaculture 

Engineering ,Technology for future. Ing. Chem. Eng. Symposium SeriesNo.111,EFCE Publication Series No 66, 

ISBN 0 85295 226 0. Institution of Chemical Engineers,Rugby, UK, pp. 77-96. 

-Kim, I. B. 2000. Cage aquaculture in Korea. In: Liao, I.C. and Lin, C. K. (eds) Cage Aquaculture in Asia: Proceedings 

of the First International Symposium on Cage Aquaculture in Asia. AsianFisheries Society and World Aquaculture 

Society-Southheast Asian Chapter, Bangkok, pp. 59-74.  

-Marte, C. L., Cruz, P. and Flores, E. C. 2000. Recent developments in freshwater and marine cage aquaculture in the 

Philippines. In: Liao, I.C. and Lin , C.K. (eds) Cage Aquaculture In Asia. Asian Fisheries Society, and World 

Aquaculture Society-Southeast Asian Chapter, Bangkok, pp. 83-96. 

-Marine Board-ESF Position Paper 15. 2010. Marine biotechnology: a new vision and strategy for Europe. 2010. 

-Rudi, H., Aarsnes, J.V. and Dahle, L.A. (1988). Environmental forces on a floating cage system,mooring considerations. 

In: Aquaculture Engineering ,Technology for future . Ing. Chem. Eng.Symposium series No.111,EFCE Publication 

Series No. 66, ISBN 0 85295 226 0. Institution of Chemical Engineers, Rugby, UK, pp. 97-122. 

  

  

  

  


