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1 Ú ó

:æ¥fÄåÆ�§|´��f5~�©�

§|, ùÌ�´du]u¥f�Æ·��u¥f

�Æ·�O�� 4, 5 �êþ? [1,2]. �
�Ñ:

æ¥fÄåÆ�§|�f5¯K, IS	ÆömÐ


NõïÄ, JÑ
�Ñf5��«�{, Ù¥¼

�)Û)´;mÚ)ûf5¯K��k�å»�

� [2−8]. �Ò8có, 8|:æ¥fÄåÆ�§

E,Ã{¼�)Û) [1,7]. ÓÔ©Û�{´Äuÿ

ÀÆ¥ÓÔ�ù�Ä�VgJÑ��E��5

XÚ)ÛCq)��«#�{, §��DÚ�)Û

�{, Jø
æ�ØÓ�Ä¼êL�����5¯

K)�å» [9−11], 3ØÓ�+�®��
éÐ�

�J [12,13]. �©òÓÔ©Û�{Ú\
:æ�§

|�¦), ¼�
8|¥fÄåÆ�§|�?ê)

Û), ÏL�'�~�yL², T?ê)Û)lO

��mÚ°ÝþÑU��ó§A^��¦.

2 ÓÔ©Û)

M |�u¥f�:æ¥fÄåÆ�§|�

dn(t)

dt
=

ρ − β

l
n(t) +

M
∑

i=1

λiCi(t) + q, (1)

dCi(t)

dt
=

βi

l
n(t) − λiCi(t), (i = 1, 2, · · · , M ), (2)

ª¥, n(t) �¥f�Ý, �LØ�AæõÇY²¶t

��m; ρ ��A5; β ��u¥fo°�; βi �1 i

|�u¥f°�; λi �1 i |�u¥fk°ØPC

~ê; l �]u¥f��Æ·; Ci(t) �1 i |�u¥

fk°Ø²þßÝ; q �	\¥fr; M ��

u¥fk°Ø|ê.

d:æ¥fÄåÆ�§|�±wÑ, ù´��

¹k M + 1 ��§|¤��©�§|, � M > 2

�, éJ^)Û��{¦Ñ�§�), ���U^

ê��{¦) [1].

éu)Û)�ïÄ, ~^��{��\{, Ï

Lí��±���Ñ	\¥f�8|�u¥f

�ÄåÆ�§|�)ÛL�ª [1,5]

n(t) = Aexp(ωt), (3)

Ci(t) = Aiexp(ωt), (4)

ρ = lω +

6
∑

i=1

ωβi

ω + λi

. (5)

�§ (5) ´��A��§, §L�ëê ω ��Aæ

�A5ëê ρ, l, βi Ú λi �m�¼ê'X. 8c�

Ã{¦� (5) ª�Ô�°(�, ω1, ω2, · · · , ω7, �U

¦�Cq�. �â�§ (3) � (4) ¥ n(t), Ci(t) �L

«/ª, �±ÀJÄ¼ê� {tnexp(−rt) |n > 0}, r

�¢~ê [10].

A^ÓÔ©Û�{, 9Ï�5�f L, N ��

EXe [11]
µ
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L[n(t, p)] =
∂n(t, p)

∂t
−

ρ − β

l
n(t, p), (6)

N [Ci(t, p)] =
∂Ci(t, p)

∂t
+ λiCi(t, p),

(i = 1, 2, · · · , 6), (7)

n(0, p) = n0, Ci(0, p) = Ci0 . (8)

�fäk5�

L

[

C1exp

(

ρ − β

l
t

)]

= 0, (9)

N [C2,i exp(−λit)] = 0, (i = 1, 2, · · · , 6), (10)

Ù¥, C1, C2,i(i = 1, 2, · · · , 6) �~Xê.

� E " � / C � §, � § (1) Ú (2) � =

C� [11]

(1 − p)L[n(t; p, h1, h2) − n0(t)]

= ph1

[

∂n(t; p, h1, h2)

∂t
−

[ρ − β]

l
n(t; p, h1, h2)

−

M
∑

i=1

λiCi(t; p, h1, h2) − q

]

, (11)

(1 − p)L[Ci(t, p) − Ci0(t)]

+ph2

[

∂Ci(t, p)

∂t
−

βi

l
N(t, p) + λiCi(t, p)

]

= 0, (i = 1, 2, · · · , 6), (12)

Ù¥, p ´i\ëê, h1, h2 ´�"�ÓÔëê.

ÓÔëê h1, h2 K��ª)�Âñ. �i\ë

ê p = 0 �, (11), (12) ª/C��5�©�§

L[n(t; p, h1, h2) − n0(t)] = 0, (13)

N [Ci(t; p, h1, h2) − Ci0(t)] = 0, (i = 1, 2, · · · , 6),

(14)
(13), (14) ªÑU
)Û¦).

�i\ëê p = 1 �, (11), (12) ª/C��¦

�©�§ (1) Ú (2). �¦�§�)´

n(t) = n(t; 1, h1, h2), (15)

Ci(t) = Ci(t; 1, h1, h2), (i = 1, 2, · · · , 6), (16)

n(t; 1, h1, h2), Ci(t; 1, h1, h2) � ± Ï L � V Ð m

d n(t; 0, h1, h2), Ci(t; 0, h1, h2) L«.

ò n(t; p, h1, h2), Ci(t; p, h1, h2) 3 p = 0 :^

�V?êÐm, =

n(t; p, h1, h2) =
+∞
∑

m=0

nm(t; h1, h2)p
m, (17)

Ci(t; p, h1, h2) =

+∞
∑

m=0

Cim
(t; h1, h2)p

m,

(i = 1, 2, · · · , 6), (18)

Ù¥

nm(t; h1, h2) =
1

m!

∂mn(t; p, h1, h2)

∂pm
|p=0 , (19)

Cim
(t; h1, h2) =

1

m!

∂mCi(t; p, h1, h2)

∂pm
|p=0 ,

(i = 1, 2, · · · , 6).(20)

� p = 1 �,

n(t; 1, h1, h2) = n(t) =

+∞
∑

m=0

nm(t; h1, h2), (21)

Ci(t; 1, h1, h2) = Ci(t) =

+∞
∑

m=0

Cim
(t; h1, h2),

(i = 1, 2, · · · , 6). (22)

b��AæÐ©���½, n(0) = n0, K

dn(t)

dt
|t=0 =

ρ − β

l
n0 +

6
∑

i=1

λiCi0 + q,

dCi(t)

dt
|t=0 =

βi

l
n0 − λCi0 = 0,

(23)

��
dn(t)

dt
|t=0 =

ρ

l
n0 + q,

Ci(0) = Ci0 =
βin0

λil
,

dCi(t)

dt
|t=0 = 0.

(24)

d (24) ª�òÐ©^�L«�

n0(0; h1, h2) = n0,
∂n0(0; h1, h2)

∂t
=

ρ

l
n0 + q,

Ci0(0; h1, h2)=Ci0 =
βi

λil
n0,

∂Ci0(0; h1, h2)

∂t
=0,

(i = 1, 2, · · · , 6),

nm(0; h1, h2) = Cim
(0; h1, h2) = 0,

∂nm(0; h1, h2)

∂t
=

∂Cim
(0; h1, h2)

∂t
= 0, m > 1,

(i = 1, 2, · · · , 6).

(25)
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�
¼� n0(t; h1, h2), Ci0(t; h1, h2), (ÜÐ©^

� (25), ¦)e��©�§=�µ

L[n0(t)] = 0, (26)

N [Ci0(t)] = 0, (i = 1, 2, · · · , 6). (27)

í���

n0(t) = n0 exp

(

ρ − β

l
t

)

, (28)

Ci0(t) =
βi

λil
n0 exp(−λit), (i = 1, 2, · · · , 6).

(29)

ò (17), (18) ª � \ (10), (11) ª ¿ ' � p

� m g��Xê��� m �/C�§. ��B

� h1 = −1, h2 = −1 ��

∂nm(t)

∂t
−

(ρ − β)

l
nm(t) =

6
∑

i=1

λiCim−1
(t)

+(1 − χm)

(

∂nm−1(t)

∂t
−

(ρ − β)

l
nm−1(t) − q

)

,

(30)

∂Cim
(t)

∂t
+λiCim

(t)=
βi

l
nm−1(t), (i=1, 2, · · · , 6),

(31)

χm =







0, (m 6 1),

1, (m > 2).
(32)

(ÜÐ©^� (28), (29), éá¦) (30), (31) Ú (32)

ª, �±O�Ñ nm(t),Cim
(t).

L 1 ��K�A5 ρ0 = −0.007, q = 1(mW/s) Ñ\� 1s S¥f

õÇ (mW) ��m�Cz

�m 5 �?ê) 15 �?ê) 20 �?ê) Hermite { Gear {

0.0 1.0000000 1.0000000 1.0000000 1.0000000 1.0000000

0.2 0.4824509 0.4824561 0.4824561 0.4824561 0.4824548

0.4 0.4667824 0.4668171 0.4668171 0.4668171 0.4668146

0.6 0.4534326 0.4535298 0.4535298 0.4535298 0.4535295

0.8 0.4416778 0.4418715 0.4418715 0.4418715 0.4418733

1.0 0.4310892 0.4314112 0.4314112 0.4314112 0.4314136

©Ûþã�{¼��?ê)Û), uy?ê)

Û)�?�ÚL«�Xe/ªµ

n(t) = lim
n→+∞

n
∑

m=0

nm(t)

= lim
n→+∞

6
∑

i=0

un
∑

j=0

ai,je
−bittj ,

b0 = (ρ − β)/l, bi = λi, (i = 1, 2, · · · , 6),

(33)

Ù¥, ai,j �Xê, ��ê un ���6u¤¦?ê

�ê n. ��?ê)��u©l
Cþ e−bit ��

?ê).

3 O�¢~Ú©Û

±9¥fæ�~, O�k	\¥f���

A5Ñ\�¥f�Ý n(t) ��m t �Cz (du

Ù�LØ�AæõÇY², O�¥ n(t) ¦^õ

Çü ), Ù9æëê l = 2 × 10−5s, β = 0.007,

β1 = 0.000266, β2 = 0.001491, β3 = 0.001316,

β4 = 0.002849, β5 = 0.000896, β6 = 0.000182;

λ1 = 0.0127s−1, λ2 = 0.0317s−1, λ3 = 0.115s−1,

λ4 = 0.311s−1, λ5 = 1.40s−1, λ6 = 3.87s−1. ,

	� n(0) = 1.0mW, Ci(0) = n(0)βi/l/λi. ,�^

�©¤ã�{¦?ê)Û), Ù(J� Hermite ±

9 Gear �{�ê�(J©O�uL 1 �L 3. ��

?ê)Û)�ê�)�(J�'�Xã 1 �ã 3.

�©|^ Hermite {� h = 0.0001s ¦��Cq�

�O°() [14].

L 2 ����A5 ρ0 = 0.003, q = 0 Ñ\� 1s S¥fõ

Ç (mW) ��m�Cz

�m 5 �?ê) 15 �?ê) 20 �?ê) Hermite { Gear {

0.0 1.000000 1.000000 1.000000 1.000000 1.000000

0.2 1.850614 1.851268 1.851268 1.851268 1.851274

0.4 1.942632 1.947593 1.947593 1.947593 1.947603

0.6 2.023125 2.037922 2.037922 2.037922 2.037923

0.8 2.094025 2.124831 2.124832 2.124832 2.124828

1.0 2.156744 2.209839 2.209840 2.209841 2.209832

L 3 ����A5 ρ0 > β = 0.007, q = 0 Ñ\� 1s S¥fõÇ (mW) ��m�Cz

�m 5 �?ê) 15 �?ê) 20 �?ê) Hermite { Gear {

0.0 1.000000 1.000000 1.000000 1.000000 1.000000
0.05 95.63974 95.64079 95.64079 95.64079 95.78333
0.10 1409.895 1410.422 1410.422 1410.422 1417.518
0.15 19783.52 19828.51 19828.51 19828.51 20010.35
0.20 275995.0 277962.7 277962.7 277962.7 281741.4
0.25 3.834490×10

6 3.895881×10
6 3.895881×10

6 3.895881×10
6 3.966912×10

6

0.30 5.303262×10
7 5.460344×10

7 5.460344×10
7 5.460344×10

7 5.585867×10
7
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XL 1, 2 �±wÑ, ÓÔ©Û�{3f5wÍ

��¹e, kéÐ�°Ý. ,	lL 3 ¥�wÑ, 3

����A5]u�.��¹e, �§�f5®Ø

wÍ, �äØ�®¤�Ì�gñ, ÓÔ©Û�{E

,w«
§�`�5, §��O�(JØ�é�.

Ó�, �±w�Ø+´3f5²w�´�5²w�

�¹e, ÓÔ©Û�{²w`u Gear {�~5ê

��{, 15 �?ê)Û)�°ÝK����
°(

ã 1 ��K�A5Ñ\�, 5s S?ê)Û)� Hermite

ê�)�'�

ã 2 ����A5Ñ\�, 1s S?ê)Û)� Hermite

ê�)�'�

ã 3 ���A5Ñ\�, 0.3s S?ê)Û)� Hermite

ê�)�'�

O��¦ [12].

Xã 1, 2, 3 �±wÑ, =¦ 5 �Cq�?ê)

Û)�k 3  k�êi�°Ý, �´�X�m�O

\, °Ým©eü, ù��ÏLÀJ�`� h1, h2

½öO\�ê5Jp°Ý.

4 ( Ø

?ê)Û)lO��mÚO�°Ýþw, Ñ�

±÷v¢Só�I�. ©¥é h1, h2 À�==U

XêH{�KÀ�, ¿vk?1`z, XJ`zN

! h1, h2 ��, K�±3ü$ N ��Ó��±�

{�°Ý. ÓÔ©Û�{O�L§{'�O��Ý

¯, ´�«°Ý�Ð!·^5�r�¦):æ¥f

ÄåÆ�§��{, �·¨u�Aæ¥fÄåÆ�

���O©ÛÚ�ýO�.
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Homotopy analysis solution of point reactor kinetics
equations with six-group delayed neutrons∗
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Abstract

Homotopy analysis method is a new method to form approximate analytical solution for non-linear system by using various base

functions, which is different from traditional analytical methods. So far, the analytical solution of the point reactor neutron kinetics

equations with six-group delayed neutrons has not been obtained yet. In this paper the homotopy analysis method is employed for

solving the point reactor neutron kinetics equations with six-group delayed neutrons. The series analysis solutions are obtained using

the homotopy analysis method, and the relevant algorithm is given and analyzed. The results show that the computation time and

accuracy satisfy the engineering requirements. This analysis method can be applied to the design, the analysis and the simulation of

reactor control.
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