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1 Ú ó

�E,5ÿÝk'���5g���ªE£
9�äJø
�«#g´, Ù�Ð½Â´d Kol-

mogorov u 1965 cJÑ, ¿² Lempel Ú Ziv uÐ
¤�äN�E,Ý�{ [1]. Marczyck u 2006 cJ
Ñ, E,5ÿÝ´XÚ(�z&EÝþ�½Â, ¿
ÏL��.Ã'�O��{?1E,XÚ&Eÿ
À(��Ä� [2]. E,5ÿÝnØ®²�A^u�
�O� [3]!�x�òUÄåÆ [4]!ë6�.­è
5©Û [5]!�»Æ [6] Ú��5XÚ�� [7] �, �
¯õE,y�Jø
��g�Ôn)º.

¦+E,5ÿÝnØ®k�2��A^, �¿
�A^uØ>Õ�[Å$1�ª£O. Ø>Õ�[
Å [8] Ì�´Äu�Aææ�±9��£´���
êÆ!Ôn�.?1O�üz, 3O�Åþéý¢
��Aæ$1L§?1�ý, ¿U�âö�
�¢
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CL§ÏLã/z.¡¢�/Ð«Ñ5, �Ïö�
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2 ïÄ�{

2.1 EEE,,,555ÿÿÿÝÝÝnnnØØØ999ÙÙÙAAA^̂̂

�ïÄ¥¤^���5©Û�{Ì�Äu�
´ Marczyk E,5ÿÝnØ. ·��ò HTR-PM �
[Å¯õëê¤�¤�õ�êâ8/¤XÚ(�
ã [9−11], ÿþ¤këê�m�'é5KrÝÚ&
E� [12], ?
©ÛXÚ�NE,Ý.

X Ú ( � ã 
 g � 
 @ � ã � g �, ^ u
¼ � C þ m � Ï J é X Ú � 6 ' X [13]. X Ú
(�ã´��n�| U = (V,L,C), Ù¥ V =

{v1, v2, · · · , vn} L«Cþ8Ü, ¡��!:, L :

(Vi, Vj) → Rij ´ � N � (Rij L « Vi � Vj m
¤k�
5K�¿8, Vi, Vj ∈ V ), ¡�ë��;

C : (Vi, Vj) → (λij , eij) ´�N� (λij L« Vi � Vj

m2Â�'Xê λij =
√

1 − exp (−2 × I (Vi, Vj)),

Ù¥ I (Vi, Vj) �p&E [14], eij L« Vi � Vj �¤
���mã�� eij , Vi, Vj ∈ V ), ¡�ë�:. �
â Zadeh Ø�N�n [15], E,XÚ�Ø(½5�
p, éÙ�°(£ã�(J. Ïd, �Uì�½��

Y²êò��m©�¤k���
ü�, ±Bk
�/Ä�E,XÚ¥Cþ�m��
�65K.

ÿÀ(�­è5´XÚ(�ã���­�á
5, §´XÚ(�ã�cE,Ý�E,Ýþ.ÚE
,Ýe.�¼ê. 3�.E,Ý?, ����&E
��O\Ñò��XÚ(�ã(��»�; ��C
E,Ýe., KXÚ1���C(½5XÚ. Ï~
��XÚ�E,Ý0uE,Ýþ.Úe.�m, ¥
yoä�Å5Ú(½5�1�.

d	, ��±ÏLE,ÝÚ­è5½þ�I,

òõ�Ä�XÚål�.�xG��§ÝÚCz
ª³�«Ñ5. Ù¥, ­½XÚ�E,Ý�X�m
Cz�±3��­½�Y²; �­½XÚ�E,Ý
Cz��, ��X�m�O�E,ÝÅìO�; Ø
­½XÚ�E,ÝCz��ì�, �Ã²w5Æ5;

Ñy�$�XÚE,Ý¬â,ü$.

2.2 HTR-PM ��� [[[ ÅÅÅ ��� ÄÄÄ ��� ((( ��� ÚÚÚ ÔÔÔ
nnn���...

HTR-PM �[ÅÌ�ä�±eõU: 1) n�Î
�I!o+�¥f��ÄåÆ¢��ý�.; 2) �
æ�¥fÄåÆ�.����æ�6N�ä!D

9�ä�.; 3) �÷v¢�¦)�¦��.DÕÝ

�¯��{; 4) p§íeæAk�±í!�$!
%<�0��Ô5!{åA5!D9A5êâ¥.

æ�Ôn�.æ^n��Î (r, θ, z) �Ie
�¥f��ÄåÆ�§ (Ø�Ä�þÑ�^�),

£ã�

1
Vg

∂ϕg(r, θ, z, t)
∂t

= ∇ · Dg∇ϕg(r, θ, z, t)

−ΣR
g ϕg(r, θ, z, t)

+
g−1∑
g′=1

Σg′→gϕg′(r, θ, z, t)

+(1 − β)χg

G∑
g′=1

(νΣf)g′ϕg′(r, θ, z, t)

+χg

Id∑
i=1

λiCi(r, θ, z, t), (1)

∂Ci(r, θ, z, t)
∂t

= βi

G∑
g′=1

(νΣf)g′ϕg′(r, θ, z, t)

−λiCi(r, θ, z, t), (2)

Ù¥, eI g = 1, 2, · · · , G ´U+Ò, eI i =

1, 2, · · · , Id ´�u¥fk°Ø�|IÒ, Vg ´1 g

+�¥f�Ç, ϕg (r, θ, z, t) ´ t ��1 g +�¥f
5þÇ, Ci (r, θ, z, t) ´ t ��1 i +�u¥fk°
ØßÝ, βi, λi ©O´�u¥f°�9Ùk°ØP

C~ê, � β =
ID∑
i=1

βi, ΣR
g , Σg′→g, (νΣf )g ´÷*

�¡, Dg ´*ÑXê, χg ��C¥fUÌ. �âU
?�O·��{, �é¥f5þÇ?1�mÚ�m
Cþ©l¦), ��î�).

æ��9óYå�.Ì�æ^6N�äÚD
9�ä¢y. 6N�äòn�6Äy©�!:Úë
�!:�|´, �â|´þ��6Ä�ÄþÅð�
§±9!:?��þÅð�§, ïá!:ØåÚ|
´6þ��§|. éuØå� p �!:, b�k m

�þi!:Ú n − m �ei!:, 3�mÚ� τ þ
ÛªÐm�!:�5zØå�§�

−

 m∑
i=1

Rb,i +
n−m∑
j=1

Rb,m+j +
V

τ

∂ρ

∂p


t

pt+1
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+
m∑

i=1

Rb,ipi,t+1 +
n−m∑
j=1

Rb,m+jpm+j,t+1

=
m∑

i=1

Cb,i −
n−m∑
j=1

Cb,m+j −
(

V

τ

∂ρ

∂p

)
t

pt, (3)

∂Ci(r, θ, z, t)
∂t

= βi

G∑
g′=1

(νΣf)g′ϕg′(r, θ, z, t)

−λiCi(r, θ, z, t), (4)

Ù¥, |´6þ� w, ρ �!:�Ý, V �!:NÈ,

Rb Ú Cb ©O�|´A5ëþ, f �|´�Þ{å
Xê, A �|´6Ä�¡È, g �­å\�Ý, H �
|´p�,

Rb = 1/

(
f

ρA2
|w|

)
,

Cb = −
(

f

2ρA2
|w|w + ρgH

)
/

(
f

ρA2
|w|

)
.

�6N�äaq, D9�äò�9!é6Ú9
Ë��â8oëê{?1{z, �)D9!:ÚD
9|´. éu§Ý� T �!:, ÏL n ^D9|´
� m �S!:Ú n−m �>.:�ë, �mÚ� τ

þÛªÐm (Ë��9^w«Ðm) ��UþÅð
�§�[

CpM

τ
+

n∑
i=1

(A1iλi)

]
Tt+1 −

m∑
i=1

(A1iλi)Ti,t+1

=
CpM

τ
Tt +

n∑
i=1

{KiA2i[(Ti,t + T0)4

−(Tt + T0)4]}

+
n−m∑
i=1

(A1iλiTi,t) + Qext, (5)

Ù¥, Cp �!:'9N, M �!:�þ, T0 �ýé
§Ý 273.15 ◦C, A1i, A2i, λi Ú Ki ©O��c!:
�1 i ��ë�!:½>.:�m���é6�9
¡È!��Ë��9¡È!��é6�9XêÚ
��Ë��9Xê, Qext ���S9
õÇ.

HTR-PM �[Å�O�´��Ä�L§, ¥f
ÄåÆ�9óYåÆæ^¿1O�, ��¯��{,

�±¢y�5�¢�¦), Ì�6§�ã 1.

ã 1 HTR-PM �[ÅO�6§ã

3 |^E,5ÿÝ�{�ä HTR-PM
�[Å$1��G�9­è5

|^ HTR-PM �[Å?1p§íeæ�Ä�
ÿÁ�[, ¿ÏLE,5ÿÝnØ©Ûù�L§¥.

�[L§¥�¹ 3 �;.^�: �~$1G�!
{9üÑXÚ�íý§Ýþ, (u 1134 s u))!
�£´â,�¦ (u 1567 s u)), ¿*	 12 �G
�ëê (1# æõÇ!1# æ±íØå!1# æ.�
��§Ý!1# æ�$¬Sý§Ý!1# æ9í�
+¥%9§!1# æYe9§Ý!1# æ�Y"6
þ!1# æ�uìÑ�§Ý!1# æ�AæØåN
ìºÜ§Ý!v(Y^r1+Øå!vðìÌ�

170515-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 170515

Y£Y§Ý!1# æ)äY�§Ý) ±9XÚ�N
­èÝ�Cz.

·�æ^ OntoSpace ^�éTL§êâ?1
Ä�L§E,5©Û, �mI��� 60 s, £ÄÚ
�� 1 s (zü��mI�­U 59 s), o�I�O
� 2050 ��mI�. E£Têâ¥�¹�XÚ$
1�ªÚ�ã, ©ÛXÚE,Ý!Ø(½5 (�)!
­è5Cz5Æ, ©Û$1��ãéXÚèxÝK
����'�ëê.

XÚE,Ý!�.E,Ý!o�Ú­èÝC
zL§Xã 2 ¤«, 3 A �� (1134 s) éA{9ü
ÑXÚ�íý§Ýþ,�ö�, 3 B �� (1567 s)

éA�£´â,�¦�ö�.

ã 2 E,Ý!�.E,Ý (J�)!­èÝ!o�Cz

�âXÚE,ÝÚo��ÅÄ�¹, �±w�
�3n�²wØÓ��ã, Ù�A�êâÚO�X
ã 3 ¤«.

ã 3 n��ãE,Ý!­èÝÚo�ÚO�I

n��ã�E,Ý!o�Ú­èÝ�þ�Ú
��Xê¥þ,ª³, Ù¥1n��ãþ,§Ý�
�ì�, Ó�ÅÄ��ì�. e¡©O?Øn��
ã�E,5A�.

ã 4 w«
�ã 1 XÚ��I�Cz�¹. ã
¥�±²w*	�±Ï�� 50—60 s �±Ï5Å
¸, 3Å¸?o�þ,!E,Ýþ,, ­èÝ�u
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)²wCz, `²XÚ�3Uþ�Ñ\, ù´XÚ
SÜ�XÚÍÜO���p�"Ån��^. �
ã 1 SXÚ(�­½, ���IÅÄ��, E,
Ý²þ�� 18.58, o�þ�� 84.63, ­èÝþ�
� 79%, ­èÝ3 75%� 83%«mÅÄ, `²XÚ
3�ã 1 ¥�­èÝ�Ð.

ã 4 �ã 1 �E,Ý!�.E,Ý (J�)!­èÝÚo��
Cz

ã 5 w«
�ã 2 XÚ��I�Cz�¹. ã
¥�±²w*	�XÚ²{
E,5Úo��Å
Ú,pL§. Ó�, XÚÑyo�ÚE,Ý±Ï5

Å¸�ªÇ¯�~�, l 50 s  á� 30 s �m, z
�±Ï��o�ÚE,Ýp ±Y�m�� 20 s.

�ã 2 SXÚ��IÅÄÅÚO�, E,Ý²þ
�� 19.31, o�þ�� 93.56, du��.E,Ý
�m�ålO�, Ù­èÝþ�� 81%, ­èÝ
3 76%� 88%«mÅÄ.

ã 5 �ã 2 �E,Ý!�.E,Ý (J�)!­èÝÚo��
Cz

ã 6 w«
�ã 3 XÚ��I�Cz�¹. �
�ã 1 Ú 2 ØÓ, �ã 3 ¥XÚ±Ï5��, ��±
E,�r��5ÄåÆL§ÚXÚ(�ì�Cz,
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ÙE,Ýþ��� 22.77, ��Xê� 8.41%; o�
þ� 125.16, ��Xê 15.49%; ­èÝþ� 83%, �
�Xê 8.18%, ÅÄ«m� 73%� 99%, 3á�mS
²{
­èÝ�m�ì�ÅÄ. 3?\�ã 3 �Ð
Ï, �±²w*	�XÚE,5!o�Ú­èÝâ
,eü, ,�¯�,p¿��ì�ÅÄ�L§. X
Ú3 957 s ?��­èÝ�$� 73%, ²{
 50 s

�XÚ�­èÝ¯�£,¿a,� 92%p .

L 1 éAã 6 ¥ A ��{9üÑXÚ�íý
§Ýþ,�ö�, ù��3 7 �mS, XÚ­èÝ
l 97%:ìeü� 84%, üÌ� 13%. XÚ­èÝ
:ìü$��Ï3u�.E,ÝüÌ (–16%) �L

�cXÚE,Ý�üÌ (–15%), ��XÚ%C�
.ØS�G�. du{9üÑXÚ�Cz, XÚo
��Ìeü 24%, XÚ�NØ(½5eü. ��d
u�XÚmÍÜO���p�"�^, XÚ�­è
Ý!o�ÚE,Ý2g¡E�{9üÑXÚCz
�c�G�.

L 2 éAã 6 ¥ B ���£´â,�¦��
�ICz�¹, Tö���3 32 s �mS, XÚ­
èÝl 81%:ìeü� 75%, üÌ� 7%. XÚ­
èÝ:ìü$��Ï3u�.E,ÝüÌ (–21%)

�L
�cXÚE,Ý�üÌ (–13%), ��XÚ%
C�.ØS�G�. �{9üÑXÚ�íý§Ýþ
,�Ó, du�[Å�.¥��XÚm�ÍÜO�
��p�"Ån, ��XÚ­èÝ!o�ÚE,
Ý���I�ú¡E��£´â,�¦�c�
G�.

d	, ·��©Û
�[Å$1�n��ã¥
ØÓëêéuXÚ­èÝ��z, L 3 ò�G�ë
ê3z��ã¥éXÚèxÝ��zÇ?1üS.

Ù¥, vðìÌ�Y£Y§Ý´n��ã¥ÑI�
­:iÿ�'�ëê. Ød�	, 1# æõÇÚ 1#

æYe9§ÝÓ�Ñy3�ã 1 Ú�ã 2 �'�
ëê¥; 
 1# æ�AæØåNìºÜ§ÝÓ�Ñ

y3�ã 2 Ú�ã 3 �­:ëê¥.

ã 6 �ã 3 �E,Ý!�.E,Ý (J�)!­èÝÚo��
Cz

L 1 {9üÑXÚ�íý§Ýþ,���ICz

å��mI�/s å��m/s E,Ý �.E,Ý o� ­èÝ/%

1085 1143 24.92 34.56 149.39 97

1092 1150 21.12 28.89 114.16 84

eüz©'/% –15 –16 –24 –13
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L 2 �£´â,�¦���ICz�¹

å��mI�/s å��m/s E,Ý �.E,Ý o� ­èÝ/%

1508 1567 22.78 31.78 125.17 81

1540 1599 19.93 25.26 98.70 75

eüz©'/% –13 –21 –21 –7

L 3 �G�ëêén��ãXÚèxÝ��zÇüS

ëê
éXÚèxÝ��zÇ/%

ëê
éXÚèxÝ��zÇ/%

�ã 1 �ã 2 �ã 3 �ã 1 �ã 2 �ã 3

1# æõÇ 12.59 10.67 9.36 1# æ�Y"6þ 12.37 9.94 9.66

1# æ±íØå 12.07 10.26 9.51 1# æ�uìÑ�§Ý 12.54 10.12 9.59

1# æ.���§Ý 12.76 9.88 9.30 1# æ�AæØåNìº§Ý 12.21 10.46 9.59

1# æ�$¬Sý§Ý 0.00 8.56 7.72 v(Y^r1+Øå 0.00 0.00 8.46

1# æ9í�+¥%9§ 0.00 8.58 7.76 vðìÌ�Y£Y§Ý 12.75 10.29 9.54

1# æYe9§Ý 12.96 10.84 9.32 1# æ)äY�§Ý 12.24 10.45 9.33

4 ( Ø

�©?Ø
ÄuE,5ÿÝ��Aæ�[Å
G�E£ÚèxÝ�ä��{�¢SA^. ïÄL
², ��{U
lE,!Ø(½!r'é�êâ¥

þz�ÿþXÚE,Ý�Cz, ÏL­è5�I�
äXÚ�èx§Ý, ¿E£�XÚèxÝ'X��
��G�ëê. ù
ó�L², E,5�{3p§
íeæXÚG�iÿÚ�Åý´+�äk�Ð�
A^cµ.
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Complexity-based pattern recognition and diagnosis
for engineering simulation system of HTR-PM∗
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Abstract

Complexity-based pattern recognition and diagnosis for engineering simulation system of HTR-PM are carried through analyzing

12 state parameters of the nuclear reactor. It is shown that the complexities and robustnesses of HTR-PM simulation system are

remarkably discrepant in three different operating modes (normal operation, increased ambient temperature and sudden leakage in

primary loop). The effectivenesses of coupling calculations and feedback of multi systems of the HTR-PM simulator are also embodied

in system robustness. All these results demonstrate that the method of complexity and robustness can indicate the availability of different

parameters for recognizing and diagnosing the operating conditions of the HTR-PM.

Keywords: HTR-PM, simulator, complexity, robustness
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