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Optimization of the electrical network by SAIDI and SAIFI reliability indicators

using the PSS®SINCAL platform

Sazykin V. G., Bagmetov A. A.

The possibility of using the PSS®SINCAL platform is considered by the example of tweaking the solutions provid-

ing an increase in the main indicators of the reliability of electrical distribution facilities to implement the main

guidelines of the concept “Digital Transformation 2030”. The available built-in automatic provisions afford ground

for automation of the calculations providing determination of the recloser location in the network according to the

main quantitative indicators of the reliability of power supply. Approximation and optimization of the results ensure

more accurate localization of the recloser, along with reduction in the time of fault finding. Using of the

PSS®SINCAL platform allows visual control of the optimal results when varying the initial data.

Keywords: PSS®SINCAL platform, digital transformation, electrical distribution network, reliability, SAIDI and SAI-

FI indicators, recloser.
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Differential protection of the thyristor voltage regulator system using the double recording method

Kulikov A. L., Sosnina E. N., Kryukov E. V., Kolesnikov A. A.

Thyristor voltage regulator (TVR) is an innovative intelligent device with a thyristor control. It is designed for op-

erative control of the voltage and power flows in 6 – 20 kV electrical distribution network. To protect TVR against

short-circuit currents, a system based on the differential principle using the method of double recording is pro-

posed. The proposed approach to processing information about the currents measured at the ends of protected ob-

jects ensure reliable operation of differential protection (DP) and elimination of the unnecessary actions in case of

damage to the current transformer. Two possible options of the protection system are considered: centralized and

distributed DP. The expediency of using the system with a centralized DP is proved.

Keywords: thyristor voltage regulator, regulating characteristics, differential protection, double recording, protection

zone, monitoring of current transformer serviceability, matrix, reliability of relay protection, graph theory, centralized

protection.



1���	'�
���66�����2��	�66
	�	�������66+�����	�66���#�

01��$�%�& .� 2������������� !������"�

1�������������""#��������������""�����������""��=��""�""�����? �������

8��������� �������� ����
���� �����
�� ���������,� ����!��
 ��-2!' 7����

��! ����������
 ���-��!> � ��������!> ��������> ����
���� �� ����>�����

����!��
' ` -�����
> ���!1��!> ������� � ������-� ����-1��
 ����!��
 ��-2!

��������
C� ��2�� ����	�! � ������! ��+��!'

�� '��� 
���C ��������� ����!�� ��-2!� ����-1�� ����!��
� �������� ���

��
���
 ����!���� ��������� ������ ���- ������� � ����!���� ���������

�����! ����������
'

:�������! ����!��
 ������!> ��-2 ���

>��
� �� 2�� 1����� ��������������

��� �2I
��
��
 �> �������������C � � �

 ���������C ��+��! �� �������� � �����

��' ��!�! �����!��C�� ��� ��������! ���

��!��
 -��1�� �����
C� � -�����
>

�!����> ������-�� ������� � �!�������

�����������!> ��� � � �
���� >�����

����� ,������� �������,������� � ��-,�>

������
> ����!1������� F.� )G'

*�
 �2�����
 ���������,� ����������

,� ����!��
 ��-2! ����! �>����,������

���� ,� ������
� ������-�! ������


� �>������
� ��������� ������-���,�

���������,� ����
���
' :��� ��-�2! ���

��!��
 ������� �� ,� ,�������� K���-�����


�-�!��� ������ � �������+��]'

:��-� �������� ��� ��������! ����!�

��
 �����,�C��
 �!����� ������
� K5�/ _

=�/ \7W] � ������-��� K5// _ ^// �%]� ���

���� ������� � �> ����-1��C K����

��,� [ - ���	�� ��-2]' 8���-1��
 ����

�����
C� ��2�� ����	�!� ������! � ����

�����! ��+��! F)� 5G'

: 	��C ������� �����
��
 ����!��� �2�

���	! ��-2 �����,�C��
 ���-����!� ������

��� � ��������������� �2��������
�' :

�����,� ���	�  �����-��
 �� ������� �����

��+�� �� ������
��� K/�= _ /�6]=� ,� = [

������ ������ ����!��
 ��-2!'

7��� ������
 ����!��
 �� ��-����CC

����>����� ��-2! ��� ,� �>������� �����

��������� ���������
 ������-�! ����!�

��
 � �����
��
 ��� � �������!> ��->�����

�!> 	�������> �� ��������  ���-� F4G

�

�
=

=
�

=

=

=

=

=

=

�

�

�

� �

� �

. .
5

)

) )
)

.

.
5

)

)
)

.

VX VX

VX VX

� K.]

,� �. � �) [ ���  �	���! �������������

��� ������������ ����!��
 � ������ ��-2!J

�. � �) [ ������-�! �� ��-����� � ���

�-���� ����>����
> ����!��
J =.� =) � =5 [

��-������ ,������! � ���-��! ������!

���������,�((����!��
'

��!�! ��������� ��� �������� ���

��
���
 ���,�� �����>��
� ���-�����

������ ����
���
 ����
���
 K�����
]

����!��
' 0�,�� � ��2�C��C��
 ��+��!�

�������
� ����-1��
 ,� ����>�����'

7�������� ���������,� ����!��
 ��-2!

������� �� ���> ����
����� �������C+�>

�� ����>����� ����!��
' g���
���
 ��

�2���-C+� ����>����� �����
C��
 ��

��������  ���-� F5� 4G

�

�

�

.
. .

..
�

�

7 �
wT� K)]

,� : � � [ ���-�� -��-,���� � ���  �	���

7-������ ����!��
J �. [ ���  �	��� ���

����,� ���1����
 ����!��
 ��-2!J wT h

h �. b�. [ ����� `9�J �. [ ���  �	���

���������� ����!��
� �����!� ��� �!����>

������-��> K�� 5// �%] ����
��
 � ����

��> c�) _ .5�^ Z
_ .

F=G � ���������� ���
� ��

��-����� �!������
J  [ ����

 ���+���

����!��
((��-2!'

7� ���-��!� ���������
� ���������

������-��� ����
��� ����!��
 �����

�
C� ��  ���-� F4� =G

�

 

)

) . )

)

)

)

.

)

.

)

)
.�

�

�

�

!

"

#

#

$

%

&

&

K ]
�

< < =

= =

=
K5]

,� <) � <. [ ��������! ������
 �� ���!�

1��
 ������-�! ���- ������� � ����!�

���((��-2!'

:��-� �������� ��� ��� ������
 ����

����C� ��� ������� ����!��
 �� ��-��

ÏÐÎÌÛØËÅÍÍÀß ÝÍÅÐÃÅÒÈÊÀ ¹ 11, 2019 21



���CC ����>����� ��-2! � ���-C+� ���

�
��H

.' `� ��-����CC ����>����� ��-2! ���

�+�C� ,������� ����
��!� ��������

��������!� ���� ��  ��� �����������

��-2! � ������� /�= _ .�/ ��'

)' \��������-C ��-2- � ���� ��,���C�

�� ������-�! ^// �%' 7�� ��,������ ����

�-> ��-��� ����� ���1��
��
' �� ������

���������
 � ��-����� ����>����� ��-�

2!' ` ��-����� � �������C� ������
 ���

�- ,����	��� ����!��
 � ��-2!'

:-�����! ����
���
� �������C+�

��� ������� ��������> ����
���� �. �

�)�((�����
C�((��>��
((��((�����((���������H

� � � �� �� � �.

)

)

)

. )) ' F�G� K4]

,� � h /�= [ ����������� ������ ���  ��

	���� 7-������ ����!��
 ��-2!J F�G [ ���

�-����� ����
��� ���������,� ����!��
 �

�����>((c/ _ .// \7�'

3���!��
 ������ ���  �	�����  ���-�

�� K4] �������� ���-C+�� ���H

� � � � �� � �.

)

)

)

. ) ' F�G' K=]

:��-� �������� ��� ����!> ��������!>

����!> � ���	�!> ��������> ��������!>

����
���
> ��
 �������!> ����� ����!���

� ����
 F4� =G'

E�,�� �-�����! ����
���
 �����>��
�

������
 ���-����!> ����
����� ��2�C���

C��
 ����-1��
 ����!��
 ��-2!'

*�
 ����������
 ��2>����� ��������

������
 �� �. � �) ��  ���-� K.]� K)] � K5]

��
 ����!��� � ����������> ��-2 ��� ���

�-C+�> ����!>H

�. h 6 � ./
_ ^
�
_ .
J �) h .)�5 � ./

_ ^
�
_ .
J 7. h

h )�) � ./
=
\7�J 7) h )�. � ./

=
\7�J �. h /�)=J

�) h /�5/J � h .5�^ � ./
_ ^
�
_ .
J  h /�4 _

/�^= ��J �. h )/ _ )= �%J �) h c/ _ .// �%J

<. h .�= _ )�/ \7�J <) h )�= _ 5�= \7�J =. h

h 4f�=c _ .4f�5^ ��J =) h =/ _ .=/ ��J =5 h

h =6 _ .=f ��J �. h /�c) `�bK� � �%]J �) h

h /�f `�bK� � �%]'

*�
 ����������� �����2���� �������

�������!� ���� � 	��C �������


����
���� � ��������� ����!��� ��-2'

D�������-C��
 ��������! ����!��
 ��-2�

�� ������ 5// _ =// �� � �������� =6 	 5�=

''' .=f 	 4�/ �� � ���+���� ����!��


/�= _ .�/ ��' `�-��� ��-2�� ���������

����������� ��,������' 7�������� ��,��

����
 �������� /�)= _ /�4/ �� �������� ��

 �� ����-C ��-2�- �������� �����������

�� .= _ )= ��' *�
 ������
 ������-�!

�� ����>����� ����!��
 ������
C��
 ���

�����!' 7�� ��2�� -�������� ��,�����


��������� ����� ������ �!��
��
 ��-���

��-2�� ��� ���	�������� ����� �!����
�

��
 �� ��������
� ��������' :���

 ���

����-�� ����>����� ���������,� ����!��


����
��
 ����������'

: 	��C ������
 ������-��!> � ���

��	�� �� ��-����� ����>����� ����!�

��� �������! ���������! ������� � 2��

���!� �������� �� ./ �� ������������

c= _ .// ��' * ����	�� ����
C��
 ���2��

���� 9:*�5� 9*�=/' 7� ������
� ���> ���

��������!> � ����	�� �������!��C��
 ���

�-��! � ��������! ����
���
' ` �� �

���
 ��  ���-��� K)]� K5] � K4] ����� ���

������ ������
 �-�����!> ����
����

����!��� ��-2'

` ��2��	 ���������! ��-�����! �-��

����!> ����
���� � ����!��
> ��-2 ���

�������� ���������> � �������������

�!> �����������'

D����� �>����,�����,� ���	��� ���-�

���
 ���������,� ����!��
 ��-2! �����

���� ��� ������� ��������,� ����
�

����,� �����
��
 
��
��
 ��������

������-���� ������ �� �����!�� ,���

����!�� -�����
��' 0���! ���������

� �������������! ����������
 � ���

22 ÏÐÎÌÛØËÅÍÍÀß ÝÍÅÐÃÅÒÈÊÀ ¹ 11, 2019

8����!

��-2�

��

0��+���

����!��
(��-2�

��

g���
����(\7� :-�����!(����
���


���� �. ���-��� �)
0��������

������
 ��(\7�

<������������!

������
 ��(\7�

(=6 	 5�= /�4) f/ )/ ^= ^c

(cf 	 4�= /�=4 c4 5) =^ ^)

(./c 	 4�/ /�=c c/ 5^ 44 =/

(.=f 	 4�= /�^4 6c 5c 4f =5



����
C+�� 2���1����� ��-��� ��������

�
C� ��2�� 2���1� ������! ��-������'

0�������� �����! >���1� ��,���-C��
 �

�������������!�� ����!�� � �����> ���

,�1����� 5 _ = d' �	��� ��,�1����� ����

����������!> ����������� ���������� �

��2�� F^G'

�����

.' 0�����-��! ����-1��
� �������C�

+� �� ����>����� ����!���� � ��������

�����
� ��  �������>�������> ��������

,���������> ������� � ��������!> ����

���� ����!��� ��-2'

)' :-�����! ����
���
 ��-2 � ���

���>��
� ����� ��������� ����!���' 0��

������� �����! >���1� ��,���-C��
 �

�������������!�� ������
�� � �����>

��,�1����� 5 _ = d'

�+	
��66�	��������

.' "#���	��� �� $� ��	��	� ��&==	,	���� ��+��+��!

����
�	 &���	�������� +�����	� �� ����	'�
�� 


��7��
�/ ��+���#�����( ���# b g' �' 92��,����

bb 7���!1����
 ���,����' [ )/./' [ u 4' [

:' 44 _ 46'

)' "#���	��� �� $� 1�+��+������
�/ 
��� ����-�!

�	7 ���	+	 	 +������� ������		 �� &�����( +�!

����	�( ���# +�	 	
+��/����		 ���
��7 ��� b

g' �' 92��,����� <' g' 9����!���� bb <��,���'

[(()/.5'(([((u ='(([((:' =4 _ =^'

5' I����� w� 4� "
+����	� =	�	'�
�	( ������ +��!

�����*��	� �#������	� ���	+	 b *' \' 8-�����

8' B' :�>�2-������ bb �2��-������ � �>����,��

��
 � �,�����,� ��������' [ )/.)' [ u ^' [

:' )^ _ 5/'

4' ���,��/�� �� %���/ 	 &���	����	� b D' 7�	�����

;' 7�1����'(([((\'H((\����-�,�
�((.ff/'(([((=6) �'

=' "#���	��� �� $� ��	��	� 2���(����
�	 +���(��!


�	 �� +���+�� ���+�������  
�����&���	������(

+�����	�( ���# b g' �' 92��,���� bb 7���!1���

��
((���,����'(([(()/.5'(([((u 4'(([((:' 55 _ 5='

^' "#���	��� �� $� ���2��	� ����-��
�	 	 ��+��!

�7 &==���	��
�	 
	�	������� +�����	� ���#� ��!

+���#������� �++�����C ���' � ����' �>�' ��-�' [

e��-�((.ff)'(([((.)6 �'

pYoY`Y[jY\

.' :r`_kXZbc @� �s� >`bZt\fdY[[_t_ Y[Y`kY^X{_ K�XlUQROTWV

kLMNO((NXjTXNNOTXj]�(()/./�(($L' 4�((kk' 44 _ 46'

)' :r`_kXZbc @� �s�� :\Z_tXdbc_ x� @� x[Y`kY^X{

KqXNOjNRTY]�(()/.5�(($L' =�((kk' =4 _ =^'

5' psg[bc ;� e�� 8_{fbrs^gX[bc p� y� lrb`sgbc_[XY X

^Y{f[bdbkXX gdt_ [Yo^Yk_nbcbkb {bZmdY{\_ KqnUTkSNXR

WXl RNZxXLVLjTNQ zLO RxN LTV WXl jWQ ZLSkVNm]� )/.)�

$L' ^�((kk' )^ _ 5/'

4' >Y^nbdg 9�� >Y\jfZ_[[ ]� xZ_d~ X YZ_dX`bc_[XY

KqXWSNV WXl NXWSNVTXj]� vLQZLM� vNRWVVUOjP� .ff/�

=6)((k'

=' :r`_kXZbc @� �s� >`bZt\fdY[[_t_ Y[Y`kY^X{_ K�XlUQROTWV

kLMNO((NXjTXNNOTXj]�(()/.5�(($L' 4�((kk' 55 _ 5='

^' :r`_kXZbc @� �s� >bct\fY[XY [_gYnf[b\^X X ^YmdbcbX

YooY{^Xc[b\^X \XdX{_^[bkb mb{`t^Xt_ ^`srt ^YmdbbrZY[[bkb

_mm_`_^_ K�SkOLiTXj RxN ONVTW�TVTRP WXl RxNOSWV

NzzTZTNXZP Lz QTVTZWRN ZLWRTXj Lz W kTkN Lz W xNWR

NmZxWXjNO]� lTQ' �NjONN Lz %WXl' �z rNZx' �ZTNX'�

wWYU�((.ff)�((.)6((k'

[_nXZ�Xr`_kXZbc�ELDH�Z_Xd�`s

Thermal destruction of the pipe silicate coating

Ibragimov N. Yu.

A thermal stress state of the pipe silicate coating is considered. Circumferential and longitudinal thermal stresses on

the surface of the coating are studied. Destruction of the pipe coating in conditions of high pressures and tempera-

tures is manifested trough formation of annular and screw cracks.

Keywords: silicate coating of a pipe, coating damage, thermal stresses of coatings, contact pressure between metal

and coating, experimental studies.
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Management of electric power supply modes at a ship-repair enterprise

Karelin A. N., Karelin E. N.

The issues of developing technical control systems to be used in regulation of the power supply modes of a large

ship repair industrial enterprise are considered. The feasibility of using modern power supply regulation systems is

shown proceeding from analysis of the trends in development of modern energy systems., The system of energy

audit implemented at a large ship-repair enterprise in Severodvinsk and conceptually developed system for manag-

ing power supply modes were developed using the results of the author’s patented developments, completed basic

design efforts and configuration of the basic software for top-level computers.

Keywords: power supply, industrial enterprise, modes, management, research.
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Assessment of the energy efficiency of a large trade network

Sizganova E. Yu., Yuzhannikov A. Yu.

Technocenological studies of the electricity consumption at the objects of a large trade network are presented., elec-

tricity consumption exceeds 2850 MW � h/year in four network formats. The efficiency of approximating the power

consumption of the objects using rank analysis is shown. The interval assessment procedure allowed us to identify

and rank the objects of the trade network with abnormal electricity consumption. A trend in time series of the rel-

ative power consumption is calculated for each object. The results of calculations using an indicator of the viability

index for electricity consumption revealed three objects that require an urgent insightful energy examination.

Keywords: technocenosis, power consumption, trade networks, rank analysis, vitality index.
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Treatise on Cenosis

Khor’kov S. A.

There is no universally accepted definition of cenosis due to a contradictory character of the cenosis concept. The

contradiction in the concept and model of cenosis arises because the value of the resource distributed in the ele-

ments is finite and additive, whereas the distribution of the elements according to the power law (hyperbole) is

multiplicative and tends to infinity. It is possible to operate with a contradictory model if you deal with a real or

ideally existing object, which would be a model and combine the opposite sides, i.e. both finite and infinite nature

simultaneously. Moreover, such a model will make it possible to give such an explanation of the meanings and

senses assigned to the model elements that it would be impossible to obtain without this model. A model that

meets the specified requirements can be designated as paraconsistent. The types of paraconsistent static and dy-

namic cenosis models which operate in practice are presented.

Keywords: cenosis, paraconsistent cenosis model.
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Prospects of developing solar power engineering in the north of Russia

Shcherbak A. P., Tishkov S. V., Karginova-Gubinova V. V.

The issues regarding the use of solar energy in the North are considered. An analysis of the current use of solar

energy in various business segments abroad and prospects of using solar energy in Russia is presented. The main

goal of the study is to assess the possibility of using solar energy in the north of Russia. Fundamentals and vari-

ous technologies of solar energy conversion are considered.

Keywords: north, renewable energy, solar energy, heat accumulator, energy saving.
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Requirements to e-learning systems in production safety

Khalin E. V.
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search and production company NIIPF TECHINTELL.
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Integration of digitalization into the electric power industry in the subject

of reports of the session of CIGRE 2020

Zhukov V. V., Minein V. F.

The preferred topics of the reports at the upcoming 48th session of CIGRE are presented. Integration of digitaliza-

tion; problems and expectations from digital substations; flexible power lines; evaluation of the reliability, vitality

and flexibility; the impact of extreme external conditions; environmental impact on cable systems are considered

topical problems.

Keywords: the 48th session of CIGRE, rotating electrical machines, transformers, AC and DC cable and overhead

lines, industrial electronics, protection and automation, renewable sources and distributed generation, intelligent sys-

tems, digital substations, testing, monitoring, diagnostics, information systems and telecommunications, markets.
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