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Á� �â<ó��5�)��PC5Æ, í�Ñ��3AÏ�¹e^Ä�A�γ��O�Ó�É

U��A�¡�úª, ¿âdúª^¹z{± 93Nb(n,2n) 92mNb�A�¡�¥f5þIOé 128Te(n,

2n)127mTe � A � ¡ ? 1 
 ÿ þ. d U þ � (14.1±0.2) Ú (14.6±0.3)MeV � ¥ f Ú u � 128Te (n,

2n)127mTe�A�¡�©O� (737±69)Ú (853±82)mb. üU¥f^T(d,n) 4He�A¼�, ÙUþ^

���¡'{ÿ½. �~�9¥f� (n, γ)�A�K�, 3ËìL§¥é�¬?1
�6?n.

'�c úª �A�¡ Á ¹z{ ¥f

1 Úó
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7!>b!Àæ!��N±9,
&ÿì�)��

�E¥. �Ák'�àCU��Ú\�ì°ÄXÚ

��á��³3r�pU¥f|¥, ¬u)�«�

A. Ïd, ÿþ14MeVU«¥fÚå�ÁÓ ��A

�¡¿Â�. �ÏXd, ®kØ�<éd?1
ÿ

þ
[1—12]

, �'u 128Te(n,2n)127mTe�A�¡�ÿþ(

J=k©z [1,2]?1
�� (©z [1]æ^�'Oêì

ÏLÿβ����{?1ÿþ, ©z [2]æ^Ge(Li)&

ÿìÏLÿγ����{?1ÿþ). d©z [13]��,
127mTe�A�γ��¥rÝ���´Eγ=57.63keV,

Iγ=0.4982%. UÏ~ÿγ����{ (=ÿ 127mTe�

A�γ��)éJÿÑT�A�. ·�5¿�: ��

^ÿγ����{ÿþT�A��©z [2]¥, ¤^A

�γ�� (Eγ=417keV)Ø´ 127mTe�A�γ��, 

´ 127gTe�A�γ��. �Ä�d�A�¡êâ�, 

�Ù�¡���!

127mTe��PÏq��, Ïd°(

ÿþÙ�¡�k�¿Â. �©�â<ó��5�

)��PC5Æ
[14—16]

, �Ñ��3AÏ�¹e^Ä

�A�γ��O�Ó�ÉU��A�¡�úª, ¿^

¹z{ÚdúªÿþO�
14MeVU«¥fÚu�

128Te(n,2n)127mTe�A�¡.
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þX(n,b)mY��A�¡. �´, 3du�«�ÏÃ{

ÿ�-u� mY�?Û�^A�γ���AÏ�¹e,

XJ-u���PÏTm1/2 ��uÄ���PÏTg1/2,
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�3v
��e%�m�Ä��A�γ���ÿ�÷

vOêÚO�¦, ��â<ó��5�)��PC5

Æ, í�Ñ|^Ä�A�γ��O�X(n,b)mY�A�

¡�úª.

b½�¬�þ�M , 1Ø�fþ�A, ´Ý�a,

�¬�ì���m� t1, ¥f²þ5þ�φ, X(n,b)mY

�A��¡�σm. ÿþ)¤���5Ä�Ø gY�A

�γ���, �¬�e%�m� t2, ÿþ�m� t3. �

â<ó��5�)��PC5Æ
[14—16]
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ÿþ�m t3 S, Ä�Ø gY�A�γ����U¸Oê

(ë�©z [17]¥ª (10)�í�¿�Ä�?é\Ü?

�ÏfFgc)�

C =
MNAaφσmXITIγgε

p
gKg

AFgsFggFgc

×

[

λg

λm(λg−λm)
SmDm−

λm

λg(λg−λm)
SgDg

]

, (1)

ª¥

Sm = 1−e−λmt1 , Sg = 1−e−λgt1 ,

Dm = e−λmt2(1−e−λmt3), Dg = e−λgt2(1−e−λgt3),

Kg =

λ2
gDm

n
∑

i=1

φi(1−e−λmti)e−λm∆ti −λ2
mDg

n
∑

i=1

φi(1−e−λgti)e−λg∆ti

φ(λ2
gSmDm−λ2

mSgDg)
,

NA �CÃ³�Û~ê, XIT � IT�©|', λm � mY

�PC~þ, λg � gY�PC~þ, Iγg � gY�A�γ

���rÝ, Fgs, Fgg ÚFgc ©O� gY�A�γ��3

�¬¥�gáÂ��Ïf!�¬AÛ��Ïf!?é

\Ü?�Ïf, εp
g � gY�A�γ��3&ÿì¥��

U¸�Ç; n´òì��m t1 ©¤�ãê, ti �1 iã

ì��m, ∆ti �1 iãì�(å�oì�(å�m�

�m, φi �1 iã²þ¥f5þ.

æ^aq�í�L§, �±í�ÑiÒ�A)¤

Ô�A�γ����U¸Oê�

C0 =
M0NAa0φσ0Iγ0ε

p
0K0S0D0

A0λ0F0sF0gF0c

, (2)

ª¥M0 �iÒ¡��þ, NA �CÃ³�Û~ê, a0

�iÒ�A�1Ø´Ý, φ�ì��m t1 S¥f�

²þ5þ, σ0 �iÒ�A��¡, Iγ �iÒ�A)

¤Ô�A�γ���rÝ, ε
p
0 �iÒ�A)¤Ô�

A�γ����U¸�Ç, A0 �iÒ�A�1Ø�

fþ, λ0 �iÒ�A)¤Ô�PC~þ; F0s, F0g Ú

F0c ©O�iÒ�A)¤Ô�A�γ��3�¬¥�

gáÂ��Ïf!�¬AÛ��ÏfÚ?é\Ü?

�Ïf; S0 = 1− e−λ0t1 , D0 = e−λ0t02 − e−λ0(t02+t03),

(t02 �iÒ¡�e%�m, t03 �iÒ¡�ÿþ�m),

K0 =
[

n
∑

i=1

φi(1−e−λ0ti)e−λ0∆ti

]

/

φS0 (n´òì��m

t1 ©¤�ãê, ti �1 iãì��m, ∆ti �1 iãì�

(å�oì�(å�m��m, φi �1 iã²þ¥f

5þ).

dª (1)Úª (2)'���

σm =
A(λg −λm)λmλgFgsFggFgcC •M0a0Iγ0ε

p
0S0D0K0

A0λ0F0sF0gF0cC0
•MaIγgεp

gKgXIT(λ2
gSmDm−λ2

mSgDg)
σ0 , (3)

ª¥�þ¿ÂÓþ. TªÒ´ÏLÿþÄ�A�γ�

�O�-u��A�¡�úª.

��5¿�´, (1) 3ã1�¹e, �k3-u�

��PÏTm1/2 ��uÄ���PÏTg1/2 �â�±^

ª (3)ÏLÿþÄ�A�γ��O�-u���A�

¡; (2) ^ª (3)O�-u���A�¡�, �¬�e

%�m t2 ��A�u7��Tg1/2, XJOêÚO#N,

e%�m���Ð.

3 ¢�L§

�¬Ëì´3=²�Æ�ZF-300-/ .r6¥f

u)ìþ?1�, ±T(d,n)4He�A�¥f, ²þ

�åUþ Ēd=135keV, å6rÝId ≈ 500µA, �–vq

þÝ�1.35mg/cm2, ¥f���3×1010—4×1010n/s,

¥f���Cz^f�C¿5iÿ, ±Bé¥f5þ

Ç�ÅÄ?1��. ± 93Nb(n,2n)92mNb�A�¡�

¥f5þIO. Á�¬æ^XÝ�99.999%�pXÁ

®Ø�¤�»�20mm!þÝ�2.16—2.62mm��

¡; ��¬æ^XÝ�99.99%!�»�20mm!þÝ

�0.28—0.36mm�U,7á�¡. z|�¬�Á¡

Y3ü��¡¥m, ¿^þÝ��1mm�6��4,

±áÂ9¥f. �¬©O�3�\��å��¤0◦,

90◦ Ú135◦ ���þ, å�–vq%�1—10cm��½

 �þ. ù
 ��¥fUþ^ 93Nb(n,2n)92mNbÚ

90Zr(n,2n)89m+gZr�A�¡'{ÿ½
[18].
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92mNbÚ 127gTe�γ��5^I�CH8403Ó¶

pX÷γÌ¤ÿþ, Ù�é�Ç�20%, é1.33MeV

γ � � � U þ © EÇ� 3keV. ÿ þ � � ¬ å & ÿ

ì � ¬ N L ¡ � 2cm (ÿ þ Á � ¬ �, e % � m

T2 ≈ 106d > 270Tg1/2). é&ÿì�γ&ÿ�Ç?

1
°(�Ý (��©z [19]), 32cm?¤½��Ç

Ø��u1.5%. ¢�¥, �A�ÔØ��PÏ!γ�

��UþÚrÝ, ±9qØ�´Ý�uL1¥, 127Te

�PCjãXã2, ù
êâÚjã�g©z [13].

L 1 Ø�A9�'Øêâ

�A� qØ´Ý(%) T1/2 Eγ/keV Iγ(%)
128Te(n,2n)127mTe 31.69 109d
128Te(n,2n)127gTe 31.69 9.35h 360.3 0.13464
93Nb(n,2n)92mNb 100 10.15d 934.44 99.07

ã 2 127Te�PCjã

4 ¢�(J9?Ø

^¤ÿêâ9�'êâ�\ª (3)O����

128Te(n,2n)127mTe�A�¡!iÒ¡�IO�¡ (^

©z [20]�µd�[Ü��)9©z��uL2¥.

3O�γ��5¹Ý�, é¥f5þÇ�ÅÄ!γ�

�3�¬¥�gáÂ!γ?ëÎÜ�A±9ÿþAÛ

�?1
��. �ó�Ø��Ì�5k: OêÚO

Ø�, IO�¡Ø�. &ÿ�Ç, �¬¡, γ��3

�¬¥�gáÂ!ÿþAÛ!γ?ëÎÜ�A±9Ñ

�¥f�K��.

lL2�±wÑ, ·��ÿþ�'©z [1, 2]��

�, �3Ø���S��. c®J9©z [1]�(J´

^�'OêìÏLÿβ����{���, ©z [2]

´^Ge(Li)&ÿìÏLÿγ�����. �¢�¥,

3ËìL§¥�¬	�k1mm�6�, ~�
9¥f

(n, γ)�A�K�; À^
HPGe&ÿì, Jp
©E

Ç; �¤æ^�Øêâ
[13, 20]

�´�C�!�°(

�, l���\��O(��A�¡.

�©¤í�Ñ�úª (3)�^uaq�¹�Ø�

A�¡�O�.

L 2 ÿþ(J9©z�

�ó� ©z�
�A�

En/MeV σ/mb En/MeV σ/mb Reference
128Te(n,2n)127mTe 14.1±0.2 737±69 13.53±0.08 885±105 [1]

14.6±0.3 853±82 14.30±0.09 936±107 [1]

15.31±0.09 937±110 [1]

14.4±0.3 949±150 [2]
93Nb(n,2n)92mNb 14.1 459.3±9.2 [20]

14.6 459.7±13.8 [20]
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A Formula Used to Calculate Cross Section of Isomerous State with

Characteristic Gamma-Ray of Ground State in a Special Case and

Its Application *

ZHOU Feng-Qun1;1) ZHAI Zi-Nan1 TUO Fei2 LUO Jun-Hua2 KONG Xiang-Zhong2

1 (Department of Physics, Pingdingshan University, Pingdingshan 467000, China)

2 (Department of Modern Physics, Lanzhou University, Lanzhou 730000, China)

Abstract According to the regulation of growing and decay of artificial radioactive nuclide, a formula used to calculate

the cross section of isomerous state with characteristic gamma-ray of ground state in a special case was deduced. And

the cross sections of 128Te(n,2n)127mTe reaction induced by neutrons around 14MeV were measured and calculated by

using the activation technique and the formula deduced above. The experimental results were (737±69) and (853±82)mb

at the neutron energies of (14.1±0.2) and (14.6±0.3)MeV, respectively. The samples wrapped in cadmium foil were

irradiated in order to avoid the effect of (n, γ) reaction induced by thermal neutron. The neutron energies in these

measurements were determined by the method of cross-section ratios between 90Zr(n,2n) 89m+gZr and 93Nb(n,2n) 92mNb

reactions, and the neutron fluencies were determined by using the monitor reaction 93Nb(n,2n) 92mNb.

Key words formula, reaction cross-section, tellurium, activation technique, neutron
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