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Abstract The safety and reliability is the soul of nuclear power plant. Until now, it is still not smart

and reasonable enough because it is assured by strict management and human experience and knowledge.

Nuclear power system is a typical complex system consisting of many dynamic factors, and the conventional

control, simulation and management technology can’t assure its operation and management. Based on

ACP approach, using the latest IT technology, “soft package of reliability planning and design of nuclear

power plants” is proposed where “top-down” plan method is combined with “bottom-up” design method

to assure the safety and reliability. Then, parallel system method is proposed. The main content includes:

The basic principal and successful application; artificial systems, computing experiments, and parallel

execution methods used in nuclear power system; PTS, PES and PMS.

Keywords nuclear power plant; safety and reliability; ACP approach; artificial systems; computing

experiments; parallel system
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���� �����!����������. !�#����" (IAEA) �$, % 2010 ��, ���
�!�
����$ 437 �, �� �
"� 371 GW(e); �� 56 �, ��"� 52GW(e); 2030 �, ��

� 807GW(e). ��, ���##��"��#!��
�	����$&. !�� 6 $
��� 13 ��%

���, 
����
�� 11 GW(e)('� 1), �

(����
�, 
�������%&�� 6700


�%&�$ 25 

� &�Æ 15 

. “�%'” �), (��%�&���*"�$'����� 
)��+&, 	�
�
��!��������	�*!������
. !���������)
�
������	. �	��'��!+�: (�
��� 23 �, %���� 57 ���� 40%, �"
��
��#��	��� �. &", (�
����!"�	��
'�'��, 	,#(
���$$���
�
�����%��	���!
�.

W 1 X#$%Y&'W ((Z[)*\)

& 1954 ��!(�����(��",
���1957 ��������(��%)
��)#, 
�

���-#.���	�, 
����-�.��	��#(�'. �(�/, (�'
��*&���
*))���&�)���; (%'
��*+'+'�)
	���$�
��, -�������
�
�*�	$�(%'; (�'
���	��/0� APl000 0�+�)1+� EPR, %(�	���!

���$$�, �,,�-���$$#,��; 2000 �)#�	�(�'
��, )!1�+)�*++
)�$$������-', .Æ
2�, 2�*&$3, +,�/��0.
-,��, 1
�!����
#�'�.

(��
������
���)����4.#.����,. ��, (�/�0�	/02( AP
1000 �+� EPR �',�(�'
���, )!-/�0���#5���. !��
�)�/.��$
6
*3�+�, & 1984 �-.�� 30 

�
���)����	7(�'$�-��

�8�3
4,)
���0�, !��
�)�1�#�$2��+� [1]. �/�)34���/4�	�����
�
��150!, 1	�
���#���
��-�55./�	 “�%'” (&6�0.!0��, “�
0#$$����!�	�
�”. 67
42'� 2010 ���..'/�	
�!��	�(&0��8
7. �� 5–10 �, (���
���
	�� 5–8 �� #98, ����
�	���3/. 2015 �, (
�
����

� 40 GW(e), � 2020 �, 9���� 100 GW(e), %$������
� 5%, 	�
�
8%.

$$�
������60, 
72):�
���/1. 94��2-83�4'��
5�&�1
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�, �5;66��
:7, ;3��4�5/;3, 
72):<
	��899
��:�94��5
7<
	��899� 1008, 8 
�;<8Æ�76, <84=:�, ==):<� 3 $>"� 31456,
850 
7�0�0��<8, 
< 15 �"� 6–8 
456, 13.4 
4?7�@�#�<8>9A<, � 15.5

&�27�8��4?7�899, 40.4 
4:=>8, �84;
�� 10 
�, ��9:9 2000 <�
B. 9�� 2010 ��9>�=;
��		
72):� 2011 �:�?4
��&�C0?�76):.
D)�:�?4
���76):0?#$@�@
:;, ��$&<�0?�
��, A���>�	=
 $&4<>�
��. �����
���	���? �!�, '
���$$60�E
40�?#
��.

=
���$$60>��$�
���(&��$��F���������60, �
�����4
��;?@��A�&�, 	��C��:�!B&�, @�������+7	')����; �&BA�
��0$$���&�, @���,.C.�7�� (	5;66�
��7<�GA�&	�&���2
@�,). ��
��$$������������+.

&��� (ACP �+) A)7@��DE<=FH���60, �@�0������, BG<=#'
A���4����0���, �!#C�FH����
B�)���A�(>���, �!#0�FH
��'B$'���-/CÆ����. �*	 ACP �+���, ��������	��C, ��)	
“
�����(&��$DD-”, 	
���0���#5���"�'B, �
��$$����$�
	
�H8���+, �
����
��H��A?.

�*BI2G"�"�	C, ( 2 �EE
��$$�-ÆGD�$'D�; ( 3 �&��J��EF
�$��EFI�.��EE
�����(&��$; ( 4 �'&��� (ACP) �+����C��$)
��GD; ( 5 �	 ACP �����GD#�!
��$$����&����+, PTS�PES�PMS �
$��2G�,@��; �<'$*��# *.

2 12]345^_6`7a89:

$$���
���'�(���. ��, 
�@K�5#��$�	8��#�+(��; [2]. 
�
��$.�<G>��9, �	F�):;9���� (GI�) ;9��H�;9�JA�;9�):$$
�$;9�GH�&):;9��",���DI�;9���<%;9�. ='�(�'
���K3'
, AP1000 [3] � EPR �/, E(��$��������+>�B�B��, �	: E(0#$$���.
C"�F����,�5�:L�����;�+(��$�+��#(, &")L����J:C�F>
,. ��$$����H��4�I$���, +>:I. "&, :L������$
4�;�+(, .*
��4��5��F, 7	5
��()�J�. 
����
��$���0������AK.

“����” � “�J�,” �@��J���D@.C, G.$H�������	�, “$H��” /
���(�@.C, 
4���MM��/�:'�'9N�A7+$). �*���
�����$��
�0��
LAK, "�	�
�I�@.C=G�).

G.����, ���� (ND�DD) ����>O�!, 
����HE
	>�&�. =��
�
�4 – ���2)��� “4” �&�, JB�==):		�"���. ���, O�)	��L��A��
FJ�C�, %��>"�KE, K)��,��H���L�	�7	0��; G���, B����!�
��#�!#, =I�*PF�O4�0�I�, �O4��$�����P����DI�MH, �O4�1
D, &�4���!��)>�NK#, �������M�#. 4&QJ�
��7$NL?�, EQO.

��$$��$��, /	 IAEA �/$$*�0!>*��: “K#4(OOL
� ‘�R�RP’ 	&,

��		� ,60�M@�#�*���4&:Q (human error)”. ==4&)D��&�.@: ��
��PD�$>�0?�; %�O�4�>$$�����; ��;?@��:PNJ��.

+'
��"&2��)M=FH4��	R�-�$$����, �*���$'D�-/: 1)�

���$KC, A)!��C�(&�!C����$
*G��+, )	�-/I+)�J)��!��
3��,� “
�����(&��$DD-”, K

������	�#$$���$H*C���J
�!; 2) �
����KC, �-��0���#5�����, A) ACP �+)	
4�&���, �!
K
���L���Q$"&2�@��, �;0�JN�J0�@4;, &�����!�#(
���
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$$���; 3) ���&�
&, BG<=4��A�&�'
�$$�QO.

3 12]@AbBCDEF

	
���0����, )�$����S���, *���)�!���!�)
�!KS
�!KN
J�������,. �@C5L3
��!>K)��,����0��#5��), ����OS.

(�GÆ�J	OJP$-, “
Q������$���, 	
���, �����”, T�AK, '�
'�4(>�L. ����)��������,(!, ����$'
Q������QO. !:���
����$, 
Q>����&!, �$% 80%, B�D% 15%, ���T% 5%[4]. ;!��1*���,
R�$, 
Q>����&!, �$% 40%, B�D% 30%, K)�D5% 20%, ��% 10%[5].

-R, ��$4U!VM��AK�N+�: “
Q��M9$!)�
M”�“	
�TG(5���S
�
Q	$!
QTG�
�S”. -�, FPHS���DE��'�'>QG, �'
Q�����DI
�	�NL?�U)�40�#	
�'�'!.

'�15
��%6�$$����/, ��$KC		R�J(&��$. �-����$�GD�
��� ), 	�K���$�����$����*G, ��$AK�$��$��, �&F�HS��,
�I=G����V. T71����(&��$!� “����” �WT, E	����(5�PDCO
J155
CW�X)�S���. E����)������/����=G@X, �(�)	C2�,
�:

E=A*D*C

�!: E-����; A-�)�; D- ���; C-/��
�; T7>$� “�)� (A)” ,���SM, .	�
��� �G�+P��)#Y� )+,.���
0�K)Æ���#, 6M�� “)9��” ��#.
“��� (D)”,� )��,�*��� ))#+
�)�15�UQC,�(5� )V�!� �G
�+P, �,K)W�S�(5�����, 6M�
� “�9��” ��#. /���*��><=��
���)��UQC,C5��>�S�C5� )
���. “�� (E)” � “��� (R)”�“DI� (M)”

)�4��)� 2 ,�. �', “�)� (A)” �
“��� (D)” "� “��� (R)” � “DI� (M)”
�Æ�, &", “�� (E)” � R�M�C �Æ�6: E:
f(R, M, C) [6].

E

A C D

R M C R M

R C M

W 2 ÆcdKeLMf�ghfNOÆ


�����(&��$�+, NF�I	C:
3.1 ijPQkl

����$KC, "�05
���*"+, �������$������+)�E. �"�), ��
��<=�QO��$�1D, +W�	#(>�5�*"�5�	��OJ����S�
��*". T
��$9��-�, T->O�UZ�Q">
���*", G�>��"U*OJ�.. ����<=+
>��$!>�S�V�"U. )E�"U, -/�
�RS�VÆ��
�OL��#�, $*	RBG�
OJ. ���GD�H�$�P>�RQ, �T$RQC	�,�M���OJ)%�@�"&�. TH,
�*C�, >�
�#�$������, �W&>�)EQ)�;9N�.��$�RM���.
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3.2 RSmTUVnoijWX
&���X�FO!���0�S�
���$�E, R���EF�$. ��)�
�[�2D, T

>2D��J5HEC��)Y5ZE"�M���. B
)�@����+R�Y�3, +0�OJ
4
���T5. 	C�3�,T�, �$0��2DBD�:,�)EBD�:,�$24, ZS�$�$[
�+K)�-. �	T5D$UN�,TBB
JA, ZSE($[TH5E, K
���2>���TG
CDWU��*:V.

NF�GA�����W�L�, �W�Y, +W,�!����. 	CT�[
�-��3, 	UBR
����, ZS�����
	"FHWHV2\, 	=7	M"��. +W, &GD�N�, 7$��.�
E
VX�. $$;9.1>�]S�$T@��, &�T@��>�NF��W.������3.

NF�$, 	��\T�
���EF�$�Y!������GD��$���, )!������
$�WT�
$��J4�*>7�L.
3.3 WXTYZ[

��
������GD�"�OE,�0�M>\T2D�>�'>���,�P&��W2�!�
\Z.	C	-#T@60,	�T-�)�M�2D,�]^��$��N"0G��K)�GI#�2D
0�W�]WT$^[.

���I
�����(&��$AK��+, 	�	�	� “
�����(&��$DD-”, E

��$H�_\�$ (CAD)�
Q�!�� (PDM) �
Q	L?��� (PLM) 
L�DD
Q. 
+, �
�&�
<, E���
<&���!�4���2G.

4 ]pqr^_`a

&���, �*OM�$!B��#���'$��$0�$\Y0�K�4���>����
�
�. �#�, �K�@9Æ��+, Æ�J)�+, &�-0���, �H��X��*"!Q$0�, C
X���H<�3�!Q$0�*�	N��&�0����^��	�V�. -'0������$)
&����T�K`, E-8�A�#��J,F0��3, B<GD)C��JN)���0�)	�, B
�, O�@�J�3V��4���OO	X]�Y��_\�V�$)��#���0�. � Fel’dbaum
��'_0�WT, H�0*"�!Q$���0�AK<, 4�����5��)�>MN, =��T�
(��*��&�4����-"=�5. �", �"J�.�����&���RQ (	� 3), �FH�
��0����H#�$$��A?�XX [7] . )��CE	��&�4����-"=�5, K)X`&
:��"��Y�����X]��], 	 �<O&Y�5�!�
���5, K4�����#FH�
��0�!BG�	Y�) [7] . $)<H0���, &����	aI�	� 4 >��Z<H0���.

W 3 bsÆccde

+

+

W 4 bsÆcNtfghuvcW

&�����RQC� ACP �+@�-/4��� (artificial systems)�$H�, (computing exper-
iments) �&�Y� (parallel execution), )������+�	aI�: =G<=���&�, A)L�@
���+�A��#�� “�O” �4���, L1�#��7	���70; �4����T-$H�,
0 “",”�C��#�����)/C�-/CÆ�C�A�(>�
B�)4�; T-%��
BZA,
'%�
)�����'��GD, ��'�!���ÆQ� “Z[” � “JI”, 
$�8��!�0��
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����; �<�)$H�,>C��(>�-Z<H�+�Y�: /CUQC, �)4���C�FH�
�
�
�(>, Y\�#��>OQ$��, >O-��#���0����, JN�J0-/CUQ	
	; -/CUQC, �)4���Z�3�#��? ��-��\F/C�$3���+, Y\/0�.�
60, � a���\F/C, ��9:.

&����-[��ETG#L1FH60	R<G�A?:

1) 	RA)7@��DE<=FH���60. "L��*">!0, Z�>05, 	O���GD�
+OO7	P]��
)�
B4�. 	R\]��FH����^Æ, �	��4�����+.

2) FH��60>%� “� _^” �L1�E. "L��
�4�A������, 60�_.�>
O���	�
!, >�GH����$>O?��C�-�, .==#'TL��>%�F0S��7@
LD�3. &", 2+ “� _^” �L1���60. ���� “>O\]�&�” ��9, �A�����
$H�,�+@�, �>O�S���L1�E�H�J�!.

3) FH��60>%��(P_C��-L, �>%�V���-L. -8, ��LD�3��-L�
T�PDGA
4, OO,�R;�PDbb�, T���#ÆQ� “:
W[”, ==�`*C� “O


7”. )[, FH��60�(>%�F��-�*�, ��\[�����-�*�OO���$= 2�
$L1�E,`��-L1�E7	cO.��T@C�,�	�)4�����#��+��&�����
+, HS,���Q$�����L1�E. ]a “d.Æ/-^” ���, ���'FH������ [8].

&����@�0������, BG<=#'A���4����0���, 8�#4����$H
�,&��&�Y�&����, �!#C�FH����
B�)���A�(>���, �!#0�F
H��'B$'���-/CÆ����, 'FH�J�L��J�����,����JP_, '-/

���$@K�FH��$)��,�-C���*=P_, ��0?�"&�40: 
4��� 2007 �
� 2012��)Z� 6�_
!B�J����ac`�b�.
4���C “L�0�����+���”,
� 2007 �#_
�	!B�J%�`. 2008 �� “0��J���J�	�^d” ')��#S7EE.
���_A 2009 �_� “�� 2050: �J���!����” �\`b!, �.�I�. 2010 � 11 >e,
!�!��J�&�0����+�cU�/��A. 2009 � 12 >� 2010 � 12 >, (��(%a$�&
�0� (��) �����a]�� [9−14]. 2011 � 8 >
�b(�a, +$&	<���b�a. �,@$
)��: 2009 � 6 >, &������^Æab�]K), ��+^,#
4^B, � 2010 � 8 >, .$

	�cc 1 <B; +	�[5C� “dd7@�����#8�,&”; � 973 �`�i\C�	�&�
bT0������ (PtMS), ��$)�!j2?�-�0����, +	�[5C� “,��#���;
7@�$�2G�����#@8,&; ,���$)OE”, [�C8<_
 2009 IEEE Outstanding ITS
Application Award � 2010 IEEE ITS Institutional Lead Award; 2010 �, +'�1�e�$$�9j=�
�2�bT�	#
4�&���. 2011�,��2��	!B�J��c�A�$$�FH	
@K�A
� ACP �+
4�`�. Ha&���AK, �"'�'��F5�J�)#�A�A��*)�@K�
�� [15−19].  @�/, &���������/.�&?��� 	�KC [20].

5 wk12]34@Ab5]pqr^_

���I������C,
	�!
��$$����&�

0������ (PMS: parallel
management system) �� (	�
5), �EE&����+�,@
$). PMS -/�#���4�
��D�2G. )!��#��
"��*��
����0��
�#5���, 4���2G;
-/4��� A�$H�, C �
&�Y� P �$�2G, C�

>�EE.

ERP EMS ERP

A

OMS MDM CIS
SCADA DMS

C

… …

P

…

…

W 5 $%YNbshuelcÆc PMS
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5.1 mnijop
	 AP1000 
����0���#5����, 	� 5 cC2>�, �#���*
��-���, "

�-/���0�!L�� (OCS)��!+��.��� (DDS)�#5�$$cN�� (PMS)�@$);
3<)�� (RTS)��*0��� (PCS)��He��� (DAS)�+)cN�� (SMS)�)d���� (IIS)
�, �0���DD&�� Common Q, #5���DD&�� Ovation.


���0��T-�0���#5���V�� “e<H” �S�, )$$����	
�RM�#
(. 
�����$[�� “e<H” 
&, d�#
�����4U�V�� “�<H” �S�, 	Q$>
O���A�HE�Æ�HE, �-q	$$�&f�H#��$��. =����
������4��
,�5:L�;����#, 
<T-4RY� “�<H” ��, %���>J. �	:

1)T�
4����HE��LFHA�&�,T-���.CR�-F0��+� “�<H”��,&
"�W		4U�QI��;

2) -���PD2+'�L��		�60���,, 	S�/CHEC2+,��,�X��60�
�L>�JN)D�;

3) -�
���'�L0��+�$3#5JE.^f�J�GD�� [21].

)��,
���$$����0������$7	L1�FH���"U�������-�60.
��0#&����+_\�#��+'),�d�, 	�!�0#
���$$����.
5.2 rsij (A)

4���"��&����-���. �	�! “NF��=” ��, &'NF
��'B�)
B�
)���=�C��	, BG<=NF'B�"���G��, T-=G��, &��	��X#�	, !C
���'
��
���L������. 	'�0���#5������,'I�4U��P����,
'�LT_�����. ���+-/'� (agent)�FHe`�eg��J�.


<, 	�	�-�#���4����\�bB. (������E�
���*"���, �*"
G����C,,@H��	��5fO. T-'�#���Jh,�	d����T>OS. (%�"�	
�4���'�#���Jh, e-/'�#�!X]�Jh, .-/'�+�!��]Jh. "+, �#�
���5!�4���, '4���,�*=�), �#��'4����� “	�”� “/4”;4���9
T-'�#���>OJh, >O87"2*"�H�, 9I�S����F#�)�C. ��, 4����
�#��T-Aai���ZA, �-\�bB, ��"�&���. 	R$!��, 4���'�#���
Jh+>HS'�#����-, ���HS*"���� “�O” 0 “
"”. fbg$, ((�A�+>
� “�$” �#���MM�3, �� “�f” �	��-��4��3, !BT “�f” �3!$[-h�
#���3.

4������CE�BG<=#4��&�. &��� “�74):” � “5;66�):” G -
��?4
72):, )�&*>��K “4�” &�. :�?4
��):�&K “f:” &, )):�"
��&�������. 
����$$�gB2j�i, =	Ch���, 
H���:7. >	, 4��
�
+<=��FH��A�FH�D$��.
5.3 Xxmy (C)

�0�&���!4�����O��#��
<, 	�&$HMM�$H�,�,(�@���T
�, &�Y\((GD4����CW���. ((X4�����$�0��F� “�,R”, �	��
��$�@�H�",, 0#�@>05= @��7	
��&��)D, �[�F+	�$��+'*
C��GD, &�K@��MM�������,, ���-'FH-����5
GD. E
0P��, �
$H�,�+!, @��$H�Y��# “$H�,R” � “",” -�, �� “	�/4” �LM	)D�
.C, ��#)D��T$ “$H�,” ��@��*C��. �!T��L, !B	�	�)$H�Y��
“$H�,” #. �)$H�,�+'4�
������@ “",”, '"FH-��������JN�
GD. 	",	
�E0�#�I�4U�K3��'	
��:,�QO�GD�g#&�I��E'I
�4U�
��D�QO�JNM	�0?���A���'���Sg���� “2@”�“:�” 0 “M
�” PDC	
�������5��	
):'h��A��gi�	�'$��E�F��FI�.

�4������, T-$H�Y�f-�+�	�h� “	�” �@
��FH-B, 
	�GDF
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H�����, ���A$H�,�����+, 	"cX7	'
�FH�����,�d7, �?#G
DFH
���������FI1D��Ch5��. T-�L)De����T_		�'�LT_
�%��60��$H�,, 	����C�'
���QO, �0���#5����LMQ>�0	�
X�60, #5����#Y�, 4�I0>���60�; 
+'�@�E��FIGD, &�Z��M�
$$#5JE.
5.4 tz{z (P)

�)$H�,*C, 	�	�-�#���4����&�Y�. ���, T-A)$H�,��L*
C, '�#����*=, 	��-����. G���, 
�#���*Cd[@e�4����!��I
/, 	��\��D2G
�����. �	)	>
�&�Y���	�->
��, �	: /M (train-
ing)�FI (evaluation)�0� (control)��� (management) 0-� (optimization) �. &���C)��
@��:

1) )�4UJh�/M� PTS (parallel training system). �T�@K!, 4���"��:)�
�
�4U�Jh�/M. T-�#���4����Q�ZA�G, �	K�44U? �gk
����@
ÆQ	�'$���, 
4������[�, CX�i5����U_��\YHE�$�5�Jh�/
M, �!7@�C��
.

2) )��,�FI� PES (parallel evaluation system). "��
FH
���A��� (HE����
4U�) ����� (Æ�����0���#5���) ���$��7@, �! @�G8�����$
����,�FI. �T�-�!, 4���"�:)���$H�,, GD#L�@>
UQC, FH��
����@$, +'>

4HE������#�4U���	
�E��L1�E��C��,(�F
I, ���	�b����0�1D��!.

3) )�0����� PMS (parallel management system). �T�@K!, 4���"�B����Y
�#��, ')����JI, &��UZ'�#�����L1�E0'���E��&��H�!. �
��, T-Di�#���4���FI�Æ�
)�>
, 
	QO@e�j, '4����FI��0
H���I/, ��%��Of, +)#GD��g�-��FI. +'
��$$������S, PMS
�	-�0�����#5��, 
+8;
���$3.5�� [22].

)	�L&����8<15��#�S, 	�4����)	��. '�
���/, �	-8+'
)�0�#52G����S, 9I��)	[2G	����!L� PTS�PES � PMS. 
<, d
`i
-��
���)E2G, �	: ���
4�. T$[��R�#�$�.
5.5 tzijm|

	 PMS ��, PMS ND���	Z\!����$�i#���, THh�N����$, 
+�!
���. PMS DD��	������, A)�� ACP �+�L��7@L1�E, #(���FB�B
)BW. PMS �$���, ��BC�$N
FB��$e`FB��$0�FB��$Y�FB+, PMS
��JB�S�
L�#5�0� ).

6 uv

�*	 ACP �+���, ��#
���$KCA)!��C�(&�!C����$
*G�&�
��, K

������	�#$$�������J�!. �j
�,(, 	��9$)��'
��
�!����������
�
!, 
��-4j����"���]��. �h	�CR, ��`V�
!�����L&���. &����+�Æ�@K�����$)���,(, �9$)��'
���
!��������
�<, �	����!)L����J�,&. *!>aI�J��C��M�, =
�����- �Bh.
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