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The purpose of the article is to determine the criterion of control redundancy and calculate its value for 
various types of vessels and navigation modes. A brief review was carried out and it was concluded that 
redundancy controls are mostly used only as a backup to improve reliability, but not as a means of optimizing 
control. The dependence of the vessel’s maneuvering capabilities on the value of this criterion and its 
importance in the classification is shown. A formula for calculating control redundancy is proposed, and 
control redundancy values are calculated for vessels with different control schemes. 
Keywords: sea transport, automatic control, redundant control, optimal control, active control means, 
control scheme. 

Introduction. 6HD� WUDQVSRUW� IRU� YDULRXV� SXUSRVHV� DQG� RSHUDWLQJ� FRQGLWLRQV� LV� FODVVLILHG�
DFFRUGLQJ�WR�WKH�IROORZLQJ�PDLQ�FKDUDFWHULVWLFV�>�@��

í WKH�ZD\�RI�PRYHPHQW��VHOI�SURSHOOHG�DQG�QRQ�VHOI�SURSHOOHG���
í WKH�PHWKRG�RI�PRYHPHQW��DERYH�ZDWHU��RQ�WKH�VXUIDFH�RI�ZDWHU�RU�XQGHU�ZDWHU���
í WKH�FRQGLWLRQ�RI�WKH�ERG\��ZLWK�D�ULJLG��HODVWLF��LQIODWDEOH�ERG\���
í WKH�PDLQ�ERG\�PDWHULDO��VWHHO��OLJKW�PHWDO�DOOR\V��SODVWLF��ZRRGHQ��UHLQIRUFHG�FRQFUHWH��

HODVWLF�PDWHULDOV��Q\ORQ��DQG�FRPSRVLWH���
í WKH�DUHD�RI�QDYLJDWLRQ��VHD��UDLGV�DQG�FRDVWDO�QDYLJDWLRQ��LQODQG�DQG�PL[HG�QDYLJDWLRQ���
í WKH�QDWXUH�RI�WKH�PDLQ�SRZHU�SODQW��ZKLFK�VHWV�WKH�YHVVHO�LQ�PRWLRQ��VWHDPERDWV��PRWRU�

VKLSV��HOHFWULF�WXUER�GLHVHO�PRWRU�VKLSV��JDV�GXFWV���
í WKH�W\SH�RI�SURSXOVLRQ��VFUHZ��ZLQJ�SURSHOOHU��ZDWHU�MHW��SDGGOH�ZKHHOV��VDLOLQJ��RDUV��

HWF����
í IRU�VSHFLDO�SXUSRVHV��FLYLOLDQ�VKLSV�DQG�VKLSV�RI�WKH�1DY\����
7KH�DERYH�OLVW�GRHV�QRW�FRQWDLQ�RQH�RI�WKH�LPSRUWDQW�SDUDJUDSK��,W�LV�FRQWURO�UHGXQGDQF\��

ZKLFK�LV�EHLQJ�GLVFXVVHG�LQ�WKLV�DUWLFOH��
9HVVHO¶V�FRQWURO�UHGXQGDQF\�LV�FXUUHQWO\�RQO\�FRQVLGHUHG�LQ�WHUPV�RI�UHOLDELOLW\��6R��LQ�WKH�

GRFXPHQW�>�@��VHFWLRQ����SDUW�;9�©$XWRPDWLRQª�IRU�G\QDPLF�SRVLWLRQLQJ�V\VWHPV��LW�LV�VDLG�WKDW�
UHGXQGDQF\� RI� D� G\QDPLF� SRVLWLRQLQJ� V\VWHP� LV� D� GXSOLFDWLRQ� RU� PXOWLSOH� UHVHUYDWLRQ� RI� LWV�
HOHPHQWV�� ZKHUH� D� FRPSOH[� FRQVLVWLQJ� RI� DQ� HOHFWULF� SRZHU� VXSSO\� V\VWHP� DQG� SURSXOVLYH�
PHFKDQLVPV�ZLWK� WKHLU� LQGLYLGXDO�FRQWURO� V\VWHPV�� LV�RSHUDWHG�XQGHU� WKH�FRQWURO�RI�D�FRPSXWHU�
V\VWHP� LQ� VXFK� D� ZD\�� WKDW� WKH� IDLOXUH� RI� LQGLYLGXDO� FRQWURO� V\VWHPV� RI� LQGLYLGXDO� SURSXOVLYH�
PHFKDQLVPV�RU� HOHFWURQLF� FRSV� RI� WKH� HOHFWULF� SRZHU� VXSSO\� V\VWHP�GRHV� QRW� DIIHFW� WKH� WDVN� RI�
KROGLQJ�WKH�YHVVHO�DERYH�WKH�SRVLWLRQLQJ�SRLQW��'HSHQGLQJ�RQ�WKH�GHJUHH�RI�UHVHUYDWLRQ��RQH�RI�WKH�
VLJQV�'<1326�±����'<1326�±���RU�'<1326�±���LV�DGGHG�WR�WKH�PDLQ�V\PERO�RI� WKH�YHVVHO�
FODVV��$W�WKH�VDPH�WLPH��'<1326�±���GHILQHV�WKH�6\VWHP�ZLWK�PLQLPDO�UHGXQGDQF\��ZKHQ�WKH�ORVV�
RI� WKH� SRVLWLRQ� RI� WKH� YHVVHO� DERYH� WKH� SRVLWLRQLQJ� SRLQW� FDQ� RFFXU� LQ� FDVH� RI� D� VLQJOH� IDLOXUH���
'<1326�±���SURYLGHV�WKDW� WKH�6\VWHP�PXVW�KDYH�D�UHGXQGDQF\�WKDW�HQVXUHV�WKH�YHVVHO� LV�NHSW�
DERYH�WKH�SRVLWLRQLQJ�SRLQW�LQ�FDVH�RI�D�VLQJOH�IDLOXUH�LQ�DQ\�DFWLYH�HOHPHQW�RI�WKH�V\VWHP��IDLOXUH�
LQ� DQ\� SDVVLYH� HOHPHQW� LV� H[FOXGHG� GXH� WR� WKH� DYDLODELOLW\� RI� DSSURSULDWH� SURWHFWLRQ����
'<1326�±���SURYLGHV�WKDW� WKH�6\VWHP�PXVW�KDYH�D�UHGXQGDQF\�WKDW�HQVXUHV�WKH�YHVVHO� LV�NHSW�
DERYH�WKH�SRVLWLRQLQJ�SRLQW�LQ�FDVH�RI�D�VLQJOH�IDLOXUH�RI�HOHPHQWV�LQ�WKH�IROORZLQJ�YDULDQWV���
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í IDLOXUH� RI� DQ\� DFWLYH� DQG� SDVVLYH� HOHPHQWV� ORFDWHG� LQ� GLIIHUHQW� ZDWHUWLJKW�
FRPSDUWPHQWV��

í IDLOXUH�RI�DFWLYH�DQG�SDVVLYH�HOHPHQWV�ORFDWHG�LQ�DQ\�RI�ZDWHUWLJKW�FRPSDUWPHQWV�DV�D�
UHVXOW�RI�IORRGLQJ�RU�ILUH���

í IDLOXUH�RI�DFWLYH�DQG�SDVVLYH�HOHPHQWV�ORFDWHG�LQ�DQ\�RI�ILUH�]RQHV�DV�D�UHVXOW�RI�ILUH�RU�
H[SORVLRQ��

$W�WKH�VDPH�WLPH��LW�KDV�DOVR�EHHQ�VKRZQ�LQ�>�±�@�WKDW�WKH�XVH�RI�FRQWURO�UHGXQGDQF\�PDNHV�
LW�SRVVLEOH�WR�LQFUHDVH�WKH�PDQHXYHUDELOLW\�RI�WKH�YHVVHO�DQG�DOVR�WR�RSWLPL]H�WKH�YHVVHO¶V�PRYHPHQW�
LQ�HQHUJ\�FRQVXPSWLRQ�XQGHU�H[WHUQDO�LQIOXHQFHV��7KLV�FDQ�RQO\�EH�DFKLHYHG�LI�DXWRPDWLF�FRQWURO�
V\VWHPV�DUH�XVHG��7KH�FRQWURO�RI�WKH�YHVVHO�ZLWK�WKH�KHOS�RI�D�FRPPDQG�RQ�WKH�EULGJH�LV�PDLQO\�
FDUULHG�RXW�LQWXLWLYHO\��ZLWKRXW�DFFXUDWH�PDWKHPDWLFDO�FDOFXODWLRQ��7KH�EHKDYLRU�RI�D�SHUVRQ�LQ�D�
WHDP�ZKHQ�ZRUNLQJ�RQ�D�EULGJH�LV�FRQVLGHUHG�LQ�PRUH�GHWDLO��IRU�H[DPSOH��LQ�DUWLFOHV�>����@��DQG�
VRPH� SV\FKRORJLFDO� DVSHFWV� RI� EHKDYLRU� LQ� DUWLFOHV� >���� ��@�� ,Q� DUWLFOHV� >��±��@� YDULRXV� DFWLYH�
FRQWURO�V\VWHPV��$&6��KDYH�EHHQ�XVHG�RQ�YHVVHOV�WR�LQFUHDVH�WKHLU�PDQHXYHUDELOLW\��+RZHYHU��LQ�
WKHVH�DQG�RWKHU�ZRUNV��PDQHXYHULQJ�FDSDELOLWLHV�KDYH�EHHQ�HYDOXDWHG�TXDOLWDWLYHO\��7KH�IDPRXV�
VFLHQWLVW�'�,��0HQGHOHHY�LQ�KLV�ZRUN�©)XQGDPHQWDOV�RI�0HWURORJ\ª�PHQWLRQHG�WKDW�VFLHQFH�EHJLQV�
ZKHUH�PHDVXUHPHQWV�DUH�EHJXQ��7KHUHIRUH��WKH�LQWURGXFWLRQ�RI��QXPHULFDO�HYDOXDWLRQ�FULWHULRQ�DQG�
DVVHVVPHQW�RI�WKH�PDQHXYHUDELOLW\�RI�YHVVHOV�E\�WKLV�FULWHULRQ�LV�DQ�XUJHQW�VFLHQWLILF�DQG�WHFKQLFDO�
WDVN���

7KH�SXUSRVH�RI�WKH�DUWLFOH�LV�WR�GHWHUPLQH�WKH�FULWHULRQ�RI�FRQWURO�UHGXQGDQF\�DQG�FDOFXODWH�
LWV�YDOXH�IRU�YDULRXV�W\SHV�RI�YHVVHOV�DQG�QDYLJDWLRQ�PRGHV���

Main research material. $V�D�FULWHULRQ�IRU�UHGXQGDQF\�LQ�VKLS¶V�FRQWURO�� WKH�GLIIHUHQFH�
EHWZHHQ�WKH�QXPEHU�RI�DYDLODEOH�FRQWUROV�DQG�WKH�QXPEHU�RI�GHJUHHV�RI�IUHHGRP�WR�EH�FRQWUROOHG�
LV�DFFHSWHG��7KLV�FULWHULRQ�FDQ�EH�XVHG�WR�DVVHVV�WKH�PDQHXYHUDELOLW\�RI�WKH�YHVVHO�DV�ZHOO�DV�WKH�
DELOLW\�WR�DGDSW�FRQWURO��7KH�GHJUHH�RI�FRQWURO�UHGXQGDQF\�LV�GHWHUPLQHG�E\�WKH�IROORZLQJ�IRUPXOD�
,8� �18�±�16��ZKHUH�18�LV�WKH�QXPEHU�RI�FRQWUROV��16�LV�WKH�QXPEHU�RI�VHSLD�RI�IUHHGRP�WR�EH�
FRQWUROOHG��7KH� YHVVHO� KDV� WKUHH� GHJUHHV� RI� IUHHGRP� ±� ORQJLWXGLQDO�� ODWHUDO�PRYHPHQW� DQG�\DZ�
DQJOH�� 7KH� QXPEHU� RI� FRQWUROV� GHSHQGV� RQ� WKH� QXPEHU� RI� FRQWURO� GHYLFHV� RQ� WKLV� VKLS��
�DIW�VWHHULQJ��ERZ�DQG�VWHUQ�WKUXVWHUV��D]LSRGV��HQJLQHV��HWF����$W�WKH�WUDQVLWLRQ�DQG�LQ�PDQHXYHULQJ�
PRGH��D�GLIIHUHQW�QXPEHU�RI�FRQWURO�GHYLFHV�LV�XVHG��6R��LQ�WKH�PDQHXYHULQJ�PRGH��ERZ�DQG�VWHUQ�
WKUXVWHUV� FDQ� EH� DGGLWLRQDOO\� XVHG�� WKH� HQJLQHV� RSHUDWLQJ� DW� GLIIHUHQW� VSHHGV� LQ� RUGHU� WR� FUHDWH�
DGGLWLRQDO�FRQWURO�PRPHQWV�DQG�LQFUHDVH�PDQHXYHUDELOLW\��7KHUHIRUH��WKH�GHJUHH�RI�UHGXQGDQF\�IRU�
FRQWURO�LQ�PDQHXYHULQJ�PRGH�LV�DOZD\V�KLJKHU�WKDQ�DW�WKH�WUDQVLWLRQ��

7KH�WDEOH���VKRZV�WKH�,8�UHGXQGDQF\�GDWD�REWDLQHG�IRU�VRPH�W\SHV�RI�YHVVHOV�RI�WKH�1DYL�
7UDLQHU������VLPXODWRU�>������@��7KH�ILUVW�,8�YDOXH�LV�FDOFXODWHG�IRU�WKH�WUDQVLWLRQ�PRGH��DQG�WKH�
VHFRQG�,8�YDOXH�LV�FDOFXODWHG�IRU�WKH�PDQHXYHULQJ�PRGH���

Results of research.�7KH�PRVW�FRPPRQ�FRQWURO�VFKHPH��ZKLFK�FRYHUV�DERXW�����RI�DOO�
YHVVHOV��LV�UHSUHVHQWHG�E\�WKH�YHVVHOV�%XON�FDUULHU����'LV������W��DQG�&UXGH�2LO�7DQNHU����JURXS���
LQ�WDEOH�����7KH�FKDUDFWHULVWLFV�RI�%XON�FDUULHU����'LV������W��DUH�JLYHQ�LQ�WDEOH����
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7DEOH���±�,8�UHGXQGDQF\�GDWD�REWDLQHG�IRU�VRPH�W\SHV�RI�YHVVHOV�
Gr. Type of vessel Type of engine Propulsi

on type 
Bow 

thruster 
Stern 

thruster 
IU 

���

%XON� FDUULHU� ��
�'LV������W��
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7DEOH���±�&KDUDFWHULVWLFV�RI�WKH�%XON�FDUULHU����'LV������W��
Bulk carrier 6 (Dis.44081t) 

(QJLQH¶V�W\SH� ORZ�VSHHG�GLHVHO�
��[������NZW�

�

3URSXOVLRQ�W\SH� )33�
%RZ�WKUXVWHU� QRW�SUHVHQW�
6WHUQ�WKUXVWHU� QRW�SUHVHQW�
'LVSODFHPHQW��W� ��������
0D[LPXP� VSHHG��
NQ��

�����

/HQJWK��P� ����
:LGWK��P� �����
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7KHVH�YHVVHOV�DUH�HTXLSSHG�ZLWK�RQH�HQJLQH��)L[HG�3LWFK�3URSHOOHU� �)33��DQG�RQH�VWHUQ�
VWHHULQJ��6LQFH�WKH�)33�LV�QRW�FRQWUROODEOH��WKH�QXPEHU�RI�FRQWUROV�LQ�WKLV�VFKHPH�LV�18� �����HQJLQH�
UHYROXWLRQV���VWHUQ�VWHHULQJ����WKH�QXPEHU�RI�GHJUHHV�RI�IUHHGRP�WR�EH�FRQWUROOHG�LV����7KH�GHJUHH�
RI�UHGXQGDQF\�LV�,8� ���±��� ������6LQFH�WKHUH�DUH�QR�RWKHU�FRQWURO�GHYLFHV�RQ�WKHVH�YHVVHOV��WKLV�
GHJUHH� RI� FRQWURO� UHGXQGDQF\� ZLOO� EH� LQ� WUDQVLWLRQ� DQG� LQ� PDQHXYHULQJ�PRGH�� 6LQFH� WKH� VWHUQ�
VWHHULQJ� LQ� WKLV�FRQWURO� VFKHPH� LV�XVHG�ERWK� WR�ZRUN�RXW� ODWHUDO�GLVSODFHPHQWV�DQG� WR�ZRUN�RXW�
DQJXODU�GHYLDWLRQV��LW�LV�LPSRVVLEOH�WR�HQVXUH�WKH�YHVVHO�PRYHV�DORQJ�D�URXWH�ZLWK�D�]HUR�GULIW�DQJOH��
ZKLFK� PHDQV� WKDW� WKHUH� ZLOO� EH� DGGLWLRQDO� UHVLVWDQFH� IURP� WKH� GULIW� DQJOH� DQG� DGGLWLRQDO� IXHO�
FRQVXPSWLRQ��L�H��WKLV�VFKHPH�FRQWURO�LV�QRW�RSWLPDO�LQ�WHUPV�RI�HQHUJ\�FRQVXPSWLRQ��

*URXS���RI�WDEOH���LV�UHSUHVHQWHG�E\�WKH�&DU�&DUULHU����'LV�������W��DQG�WKH�06&�FRQWDLQHU�
VKLS����'LV�������W���7KH�FKDUDFWHULVWLFV�RI�06&�FRQWDLQHU�VKLS����'LV�������W��DUH�JLYHQ�LQ�WDEOH�
���7KH�YHVVHOV�DUH�HTXLSSHG�ZLWK�RQH�HQJLQH��)33��VWHUQ�VWHHULQJ�DQG�ERZ�WKUXVWHU��,Q�PDQHXYHULQJ�
PRGH�� DOO� DYDLODEOH� FRQWURO� GHYLFHV� FDQ� EH� XVHG�� L�H��� WKH� QXPEHU� RI� FRQWUROV�18� � �� �HQJLQH�
UHYROXWLRQV���VWHUQ�VWHHULQJ���ERZ�WKUXVWHU���DQG�WKH�GHJUHH�RI�UHGXQGDQF\�LQ�FRQWURO�LV�,8� ���±���
 ����$W�WKH�WUDQVLWLRQ��WKH�ERZ�WKUXVWHU� LV�QRW�XVHG�� WKHUHIRUH�WKH�QXPEHU�RI�FRQWUROV� LV�18� ���
�HQJLQH� UHYROXWLRQV� �� VWHUQ� VWHHULQJ��� DQG� WKH� GHJUHH� RI� UHGXQGDQF\� LQ� FRQWURO� LV��
,8� ���±��� �����9HVVHOV�ZLWK�WKLV�FRQWURO�FLUFXLW�DW�WKH�WUDQVLWLRQ�DUH�VLPLODU�WR�WKH�YHVVHOV�RI�JURXS�
���L�H��WKH�FRQWURO�FLUFXLW�LV�QRW�RSWLPDO�LQ�WHUPV�RI�HQHUJ\�FRQVXPSWLRQ��
7DEOH���±�7KH�FKDUDFWHULVWLFV�RI�06&�FRQWDLQHU�VKLS����'LV�������W��

MSC container ship 1 (Dis. 32025t) 
(QJLQHªV�W\SH� ORZ�VSHHG�GLHVHO�

��[�������NZW�

�

3URSXOVLRQ�W\SH� )33�
%RZ�WKUXVWHU� SUHVHQW�
6WHUQ�WKUXVWHU� QRW�SUHVHQW�
'LVSODFHPHQW��W� ������
0D[LPXP�
VSHHG��NQ��

�����

/HQJWK��P� ������
:LGWK��P� �����
%RZ�6WHUQ�
GUDIW��P�

�������

,Q�PDQHXYHUDEOH�PRGH��WKH�FRQWURO�V\VWHP�RI�VXFK�YHVVHOV�FDQ�SURYLGH�PRYHPHQW�DORQJ�D�
URXWH�ZLWK�D�]HUR�GULIW�DQJOH��ZLWFK�PHHQV�OHVV�HQHUJ\�FRQVXPSWLRQ��

*URXS���RI�WKH�WDEOH���LV�UHSUHVHQWHG�E\�6KXWWOH�WDQNHU����'LV�������W���7KH�FKDUDFWHULVWLFV�
RI�WKH�YHVVHO�DUH�JLYHQ�LQ�WDEOH����
7DEOH���±�7KH�FKDUDFWHULVWLFV�RI�WKH�6KXWWOH�WDQNHU����'LV�������W��

Shuttle tanker 1 (Dis.160529t) 
(QJLQH¶V�W\SH� ORZ�VSHHG�GLHVHO�

��[�������NZW�

�

3URSXOVLRQ�W\SH� &33�
%RZ�WKUXVWHU� SUHVHQW�
6WHUQ�WKUXVWHU� QRW�SUHVHQW�
'LVSODFHPHQW��W� �������
0D[LPXP�VSHHG��NQ�� ���
/HQJWK��P� ������
:LGWK��P� ���
%RZ�6WHUQ�GUDIW��P� ����������

7KH�YHVVHO�LV�HTXLSSHG�ZLWK�RQH�HQJLQH��&RQWUROOHG�3LWFK�3URSHOOHU��&33���VWHUQ�VWHHULQJ�
DQG�ERZ�WKUXVWHU��&33�DOORZV�WR�FKDQJH�WKH�VFUHZ�IRUFH�ZLWKRXW�FKDQJLQJ�WKH�HQJLQH�UHYROXWLRQV��
EXW�FKDQJH�RI�VFUHZ�SLWFK�DQG�HQJLQH�UHYROXWLRQV�OHDG�WR�D�FKDQJH�LQ�VFUHZ�IRUFH�DQG�SDUDPHWHUV�
RI� ORQJLWXGLQDO� PRYHPHQW� DQG� FDQQRW� EH� FRQVLGHUHG� DV� WZR� LQGHSHQGHQW� FRQWUROV�� ,Q� WKH�
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PDQHXYHULQJ�PRGH��DOO�DYDLODEOH�FRQWUROV�FDQ�EH�XVHG��L�H��WKH�QXPEHU�RI�FRQWUROV�18� ����HQJLQH�
UHYROXWLRQV� DQG� &33� �� VWHUQ� VWHHULQJ� �� ERZ� WKUXVWHU��� DQG� WKH� GHJUHH� RI� UHGXQGDQF\� LV��
,8� ���±��� ����$W�WKH�WUDQVLWLRQ��WKH�ERZ�WKUXVWHU�LV�QRW�XVHG��WKHUHIRUH��WKH�QXPEHU�RI�FRQWUROV�LV�
18� ���DQG�WKH�GHJUHH�RI�UHGXQGDQF\�LV�,8� �����

*URXS���RI�WDEOH���LV�UHSUHVHQWHG�E\�&RQWDLQHU�VKLS�����'LV��������W���7KH�FKDUDFWHULVWLFV�
RI�WKH�YHVVHO�DUH�JLYHQ�LQ�WDEOH����7KH�YHVVHO�LV�HTXLSSHG�ZLWK�RQH�HQJLQH��)33��VWHUQ�VWHHULQJ��ERZ�
DQG�VWHUQ�WKUXVWHUV��,Q�WKH�PDQHXYHULQJ�PRGH��DOO�DYDLODEOH�FRQWURO�GHYLFHV�FDQ�EH�XVHG��L�H�� WKH�
QXPEHU�RI�FRQWUROV�18� ����HQJLQH�UHYROXWLRQV���VWHUQ�VWHHULQJ���ERZ�WKUXVWHU���VWHUQ�WKUXVWHU���
DQG�WKH�GHJUHH�RI�FRQWURO�UHGXQGDQF\�LV�,8� ���±��� ���� L�H�� LQ�PDQHXYHULQJ�PRGH�VXFK�FRQWURO�
VFKHPHV� FDQ� SURYLGH� RSWLPDO� FRQWURO�ZLWK� D� ]HUR� GULIW� DQJOH��$W� WKH� WUDQVLWLRQ�� ERZ� DQG� VWHUQ�
WKUXVWHUV�DUH�QRW�XVHG�� WKHUHIRUH�� WKH�QXPEHU�RI�FRQWUROV� LV�18� ����HQJLQH� UHYROXWLRQV���VWHUQ�
VWHHULQJ���DQG�WKH�GHJUHH�RI�UHGXQGDQF\�LV�,8� ���±��� �����L�H��WKH�FRQWURO�VFKHPH�LV�VLPLODU�WR�WKH�
YHVVHOV�RI�JURXS����

7DEOH���–�7KH�FKDUDFWHULVWLFV�RI�WKH�&RQWDLQHU�VKLS�����'LV��������W��
Container ship 22 (Dis. 191000t) 

(QJLQH¶V�W\SH� ORZ�VSHHG�GLHVHO�
��[�������NZW�

�

3URSXOVLRQ�W\SH� )33�
%RZ�WKUXVWHU� SUHVHQW�
6WHUQ�WKUXVWHU� SUHVHQW�
'LVSODFHPHQW��W� �������
0D[LPXP�VSHHG��

NQ�� �����

/HQJWK��P� ����
:LGWK��P� ���

%RZ�6WHUQ�GUDIW��P� ����������

*URXS� �� RI� WKH� WDEOH� �� LV� UHSUHVHQWHG� E\� WKH� YHVVHO� 5LYHU�VHD� ©6RUPRYVN\ª�� 7KH�
FKDUDFWHULVWLFV�RI�WKH�YHVVHO�DUH�JLYHQ�LQ�WDEOH����
7DEOH���±�7KH�FKDUDFWHULVWLFV�RI�5LYHU�VHD�©6RUPRYVN\ª�

River-sea “Sormovsky» 
(QJLQHªV�W\SH� ORZ�VSHHG�GLHVHO�

��[�����NZW�

�

3URSXOVLRQ�W\SH� )33�
%RZ�WKUXVWHU� SUHVHQW�
6WHUQ�WKUXVWHU� QRW�SUHVHQW�
'LVSODFHPHQW��W� �����
0D[LPXP� VSHHG��
NQ��

�����

/HQJWK��P� ������
:LGWK��P� �����
%RZ�6WHUQ�GUDIW��P� ��������

7KH� YHVVHO� LV� HTXLSSHG� ZLWK� WZR� HQJLQHV�� )33�� VWHUQ� VWHHULQJ� DQG� ERZ� WKUXVWHU�� ,Q�
PDQHXYHULQJ�PRGH��DOO�DYDLODEOH�FRQWURO�GHYLFHV�FDQ�EH�XVHG��L�H��WKH�QXPEHU�RI�FRQWUROV�LV�18� �
���HQJLQH�UHYROXWLRQV�����HQJLQH�UHYROXWLRQV�����VWHUQ�VWHHULQJ���ERZ�WKUXVWHU���DQG�WKH�GHJUHH�RI�
UHGXQGDQF\� LQ� FRQWURO� LV� ,8�  � �� ±� ��  � ��� $W� WKH� WUDQVLWLRQ�� ERWK� HQJLQHV� RSHUDWH� DW� WKH� VDPH�
UHYROXWLRQV�� DQG� WKH� ERZ� WKUXVWHU� LV� QRW� XVHG�� VR� WKH� QXPEHU� RI� FRQWUROV� LV� 18�  � �� �� HQJLQH�
UHYROXWLRQV���VWHUQ�VWHHULQJ����DQG�WKH�GHJUHH�RI�UHGXQGDQF\�,8� ���±��� �����

*URXS���RI�WDEOH���LV�UHSUHVHQWHG�E\�WKH�5R�5R�SDVVHQJHU�IHUU\��7KH�FKDUDFWHULVWLFV�RI�WKH�
YHVVHO�DUH�JLYHQ�LQ�WDEOH����

7KH� YHVVHO� LV� HTXLSSHG�ZLWK� WZR� HQJLQHV�� &33�� D� VWHUQ� VWHHULQJ� DQG� D� ERZ� WKUXVWHU�� ,Q�
PDQHXYHULQJ�PRGH��DOO�DYDLODEOH�FRQWURO�GHYLFHV�FDQ�EH�XVHG��L�H��WKH�QXPEHU�RI�FRQWUROV�18� ���
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�HQJLQH�UHYROXWLRQV���DQG�&33���HQJLQH�UHYROXWLRQV���DQG�&33���VWHUQ�VWHHULQJ���ERZ�WKUXVWHU���
DQG�WKH�GHJUHH�RI�FRQWURO�UHGXQGDQF\�LV�,8� ���±��� ����$W�WKH�WUDQVLWLRQ��ERWK�HQJLQHV�RSHUDWH�DW�
WKH�VDPH�UHYROXWLRQV��DQG�WKH�ERZ�WKUXVWHU�LV�QRW�XVHG��VR�WKH�QXPEHU�RI�FRQWUROV�LV�18� ����HQJLQH�
UHYROXWLRQV�DQG�&33���VWHUQ�VWHHULQJ����DQG�WKH�GHJUHH�RI�UHGXQGDQF\�LV�,8� ���±��� ����
7DEOH���±�7KH�FKDUDFWHULVWLFV�RI�5R�5R�SDVVHQJHU�IDUU\�

Ro-Ro passenger farry 
(QJLQH¶V�W\SH� PHGLXP�VSHHG�

GLHVHO���[������
NZW�

�

3URSXOVLRQ�W\SH� &33�
%RZ�WKUXVWHU� SUHVHQW�
6WHUQ�WKUXVWHU� QRW�SUHVHQW�
'LVSODFHPHQW��W� �������
0D[LPXP�VSHHG��

NQ��
�����

/HQJWK��P� ����
:LGWK��P� �����

%RZ�6WHUQ�GUDIW��P� ��������

*URXS���RI�WKH�WDEOH���LV�SUHVHQWHG�E\�269����'LV�����W���7KH�FKDUDFWHULVWLFV�RI�WKH�YHVVHO�
DUH�JLYHQ�LQ�WDEOH����
7DEOH���±�7KH�FKDUDFWHULVWLFV�RI�269����'LV�����W��

OSV 9 (Dis.5291t) 
(QJLQH¶V�W\SH� PHGLXP�VSHHG�

GLHVHO���[������
NZW�

�

3URSXOVLRQ�W\SH� &33�
%RZ�WKUXVWHU� SUHVHQW�
6WHUQ�WKUXVWHU� SUHVHQW�
'LVSODFHPHQW��W� �����
0D[LPXP�VSHHG��NQ�� �����
/HQJWK��P� �����
:LGWK��P� ���
%RZ�6WHUQ�GUDIW��P� ��������

7KH�YHVVHO�LV�HTXLSSHG�ZLWK�WZR�HQJLQHV��&33��VWHUQ�VWHHULQJ��ERZ�DQG�VWHUQ�WKUXVWHUV��,Q�
PDQHXYHULQJ�PRGH��DOO�DYDLODEOH�FRQWURO�GHYLFHV�FDQ�EH�XVHG��L�H��WKH�QXPEHU�RI�FRQWUROV�18� ���
�HQJLQH�UHYROXWLRQV���DQG�&33���HQJLQH�UHYROXWLRQV���DQG�&33���VWHUQ�VWHHULQJ���ERZ�WKUXVWHU���
��VWHUQ�WKUXVWHU���DQG�WKH�GHJUHH�RI�FRQWURO�UHGXQGDQF\�LV�,8� ���±��� ����$W�WKH�WUDQVLWLRQ��ERWK�
HQJLQHV�RSHUDWH�DW� WKH�VDPH�UHYROXWLRQV�� WKH�ERZ�DQG�VWHUQ�WKUXVWHUV�DUH�QRW�XVHG�� WKHUHIRUH�WKH�
QXPEHU�RI�FRQWUROV�LV�18� �����HQJLQH�UHYROXWLRQV�DQG�&33���VWHUQ�VWHHULQJ����DQG�WKH�GHJUHH�RI�
FRQWURO�UHGXQGDQF\�LV�,8� ���±��� ����

*URXS���RI�WDEOH���LV�UHSUHVHQWHG�E\�3DVVHQJHU�FUXLVH�VKLS�����7KH�FKDUDFWHULVWLFV�RI�WKH�
YHVVHO�DUH�JLYHQ�LQ�WDEOH����
� �



Науковий вісник Херсонської державної морської академії  № 1 (24), 2021�

ISSN 2313-4763 35 

7DEOH���±�7KH�FKDUDFWHULVWLFV�RI�3DVVHQJHU�FUXLVH�VKLS����
Passenger cruise ship 10 

(QJLQH¶V�W\SH� HOHFWULF�PRWRU�
��[�������NZW�

�

3URSXOVLRQ�W\SH� $]LSRG��)33�
%RZ�WKUXVWHU� SUHVHQW�
6WHUQ�WKUXVWHU� SUHVHQW�
'LVSODFHPHQW��W� ������
0D[LPXP�VSHHG��NQ�� ���
/HQJWK��P� ����
:LGWK��P� �����
%RZ�6WHUQ�GUDIW��P� ����

7KH�YHVVHO�LV�HTXLSSHG�ZLWK�WZR�D]LSRGV�ZLWK�)33��ERZ�DQG�VWHUQ�WKUXVWHUV��,Q�PDQHXYHULQJ�
PRGH��DOO�DYDLODEOH�FRQWURO�GHYLFHV�FDQ�EH�XVHG��L�H���WKH�QXPEHU�RI�FRQWUROV�LV�18� ������D]LSRGH�
GHIOHFWLRQ�DQJOHV�����HQJLQH�UHYROXWLRQV���ERZ�WKUXVWHU���VWHUQ�WKUXVWHU���DQG�WKH�GHJUHH�RI�FRQWURO�
UHGXQGDQF\�LV�,8� ���±��� ����7KH�ERZ�WKUXVWHUV�DUH�QRW�XVHG�DW�WKH�WUDQVLWLRQ��WKHUHIRUH�WKH�QXPEHU�
RI�FRQWUROV�LV�18� ������D]LSRGH�GHIOHFWLRQ�DQJOHV�����HQJLQH�UHYROXWLRQV���DQG�WKH�GHJUHH�RI�FRQWURO�
UHGXQGDQF\�LV�,8� ���±��� ����

*URXS���RI�WDEOH���LV�UHSUHVHQWHG�E\�WKH�SODWIRUPV�6HPLVXEPHUVLEOH����6HPLVXEPHUVLEOH�
�$+�� 6HPLVXEPHUVLEOH� �$+� &RPPRQ�� 6HPLVXEPHUVLEOH� �$+� 1DYLV�� 6HPLVXEPHUVLEOH� �$+�
&RPPRQ� '3�� 6HPLVXEPHUVLEOH� �$+� 1DYLV� '3�� 7KH� FKDUDFWHULVWLFV� RI� WKH� 6HPLVXEPHUVLEOH��
��SODWIRUP�DUH�JLYHQ�LQ�WDEOH�����

7DEOH����±�7KH�FKDUDFWHULVWLFV�RI�6HPLVXEPHUVLEOH���SODWIRUP�
Semisubmersible 1 platform 

(QJLQH¶V�W\SH� KLJK�VSHHG�GLHVHO�
��[������NZW�

�

3URSXOVLRQ�W\SH� VWHHULQJ�FROXPQ��)33�
%RZ�WKUXVWHU� QRW�SUHVHQW�
6WHUQ�WKUXVWHU� QRW�SUHVHQW�
'LVSODFHPHQW��W� ������
0D[LPXP�VSHHG��NP� ���
/HQJWK��P� ������
:LGWK��P� �����
%RZ�6WHUQ�GUDIW��P� ������

3ODWIRUPV�DUH�HTXLSSHG�ZLWK�IRXU�D]LSRGV�ZLWK�)33��
,Q�PDQHXYHULQJ�PRGH��DOO�DYDLODEOH�FRQWURO�GHYLFHV�FDQ�EH�XVHG��L�H��WKH�QXPEHU�RI�FRQWUROV�

LV�18� ��� ���GHIOHFWLRQ�DQJOHV�RI� VWHHULQJ�FROXPQ�����VFUHZ�IRUFH���DQG� WKH�GHJUHH�RI�FRQWURO�
UHGXQGDQF\�LV�,8� ���±��� ����7KH�WUDQVLWLRQ�XVHV�WKH�VDPH�FRQWUROV�DV�LQ�PDQHXYHULQJ�PRGH��

&RQFOXVLRQV��$V�FDQ�EH�VHHQ�IURP�WKH�REWDLQHG�UHVXOWV��PRVW�RI�WKH�YHVVHOV�KDYH�WKH�FRQWURO�
UHGXQGDQF\� ,8�  � ���� 7KLV� PHDQV� WKDW� WKH� FRQWURO� V\VWHPV� RI� VXFK� YHVVHOV� FDQQRW� HQVXUH� WKH�
VLPXOWDQHRXV�GHYHORSPHQW�RI�DOO�FRQWURO�SDUDPHWHUV��ODWHUDO�GLVSODFHPHQW�DQG�\DZ�DQJOH���,Q�WKLV�
FDVH��LW�LV�QHFHVVDU\�WR�RUJDQL]H�GRXEOH�FLUFXLW�FRQWURO��)LUVW��WKH�ODWHUDO�GHYLDWLRQ�WR�EH�ZRUNHG�RXW��
WKHQ�WKH�DQJXODU�GHYLDWLRQ��:KHQ�PRYLQJ�DORQJ�WKH�URXWH��YHVVHOV�ZLWK�VXFK�FRQWURO�VFKHPH�KDYH�
D�GULIW�DQJOH�WKDW�FDXVHV�DGGLWLRQDO�UHVLVWDQFH�WR�PRYHPHQW�DQG�DGGLWLRQDO�IXHO�FRQVXPSWLRQ��7KH�
FRQWURO� RI� VXFK� YHVVHOV� LV� QRW� RSWLPDO� LQ� WHUPV�RI� HQHUJ\� FRQVXPSWLRQ��9HVVHOV�ZLWK� D� FRQWURO�
UHGXQGDQF\�,8� ���KDYH�VXIILFLHQW�FRQWURO��7KH�FRQWURO�V\VWHPV�RI�VXFK�YHVVHOV�PDNH�LW�SRVVLEOH�
WR�NHHS� WKH�YHVVHO�RQ� URXWH�ZLWK�D�]HUR�GULIW� DQJOH�� LQFOXGLQJ�ZKHQ� LQ� WKH�SUHVHQFH�RI�H[WHUQDO�
GLVWXUEDQFHV�� &RQWURO� UHGXQGDQF\� ,8� !� �� PHDQV� WKDW� FRQWURO� V\VWHPV� RI� VXFK� YHVVHOV� PDNH� LW�
SRVVLEOH�QRW�RQO\�WR�NHHS�WKH�YHVVHO�RQ�URXWH�ZLWK�D�]HUR�GULIW�DQJOH��LQFOXGLQJ�ZKHQ�LQ�WKH�SUHVHQFH�
RI�H[WHUQDO�GLVWXUEDQFHV��EXW�DOVR�WR�RSWLPL]H�FRQWUROV�ZLWKLQ�WKH�V\VWHP�LWVHOI��
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Зінченко С. М., Носов П. С., Попович І. С.� ɇȺȾɅɂɒɄɈȼȱɋɌɖ� ɉɈ� ɍɉɊȺȼɅȱɇɇɘ� əɄ�
ɄȱɅɖɄȱɋɇȺ�ɆȱɊȺ�ɆȺɇȿȼɊȿɇɈɋɌȱ�ɋɍȾɇȺ 
Метою статті є визначення критерію надлишковості по управлінню та розрахунок його значення 
для різних типів суден і режимів плавання. Проведено короткий огляд літератури, з якого зроблено 
висновок, що надлишковість по управлінню в основному використовується тільки як резервування 
для збільшення надійності, але не як засіб оптимізації управління. Показана залежність маневрових 
можливостей судна від значення поданого критерію та його важливість у класифікації. 
Запропоновано формулу розрахунку надлишковості по управлінню, а також розраховані значення 
надлишковості по управлінню для суден з різними схемами управління і режимами плавання. 
Ключові слова: морський транспорт, автоматичне керування, надлишкове керування, оптимальне 
керування, засоби активного керування, схема керування. 

 
Зинченко С. Н., Носов П. С., Попович И. С.� ɂɁȻɕɌɈɑɇɈɋɌɖ� ɉɈ� ɍɉɊȺȼɅȿɇɂɘ� ɄȺɄ�
ɄɈɅɂɑȿɋɌȼȿɇɇȺə�ɆȿɊȺ�ɆȺɇȿȼɊȿɇɇɈɋɌɂ�ɋɍȾɇȺ 
Целью статьи является определение критерия избыточности по управлению и расчет его значения 
для различных типов судов и режимов плавания. Проведен краткий обзор литературы, из которого 
сделан вывод, что избыточность по управлению в основном используется только как резервирование 
для увеличения надежности, но не как средство оптимизации управления. Показана зависимость 
маневренных возможностей судна от значения данного критерия и его важность в классификации. 
Предложена формула расчета избыточности по управлению, а также рассчитаны значения 
избыточности по управлению для судов с разными схемами управления и режимами плавания.  
Ключевые слова: морской транспорт, автоматическое управление, избыточное управление, 
оптимальное управление, средства активного управления, схема управления. 
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