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Á� 313.5 14.6MeV¥fU«^¹z{ÿþ
 84Sr(n, 2n)83Sr, 86Sr(n, 2n)85mSr, 86Sr(n, 2n)85Sr,
88Sr(n, 2n)87mSr, 84Sr(n, p)84Rb, 86Sr(n, p)86Rb, 88Sr(n, p)88RbÚ 88Sr(n, α)85mKr��A�¡�, ±

93Nb(n, 2n)92mNb�A�¡�¥f5þIO, ¿�òÿþ�ÚÂ8��©z��
'�.

'�c �¡ ¥f�A ¹z{ +

1 Úó

+áuw7á��, 3g,.¥±zÜÔ�/ª

�3, +Ó �¥fØ�A�¡�ÿþ�±�«¥f

ÚqØ�p�^Å�, \�éØå!Ø(��@£,

Ó�3�¸µ�¥�kI¦. 14MeVU«+�¥f�

A�¡, ®²k�
<?1LÿþÚµd, �êâ�

m�3©Ü, ,
�A��êâ�'��, Ï·�

é+�¥f¹z�A�¡?1
ÿþ.

2 ¢�

�¬Ëì´3=²�ÆZF-300-/ r6¥fu)

ìþ?1�. ±T(d, n)4He �A�¥f, ²þ�

åUþEd = 135keV, å6rÝ Id ≈ 400µA, �–v

qþ�1.35mg/cm2. ¥f���Cz^α��âf

{iÒ, ±Bé¥f5þÅÄ?1?�, ¥f��

� (3− 4)× 1010n/s. �¬©O�3�é\��lf

å�ØÓ�Ýþ. ¥fUþ´^ 93Nb(n, 2n)92mNb

Ú 90Zr(n, 2n)89m+gZr �¡'{ÿ½�
[1]

. ¥fUþ

©O�13.5, 14.1Ú14.6MeV. +�¬dXÝ99.9%�

SrCO3 ®"Ø�¤, �»20mm. �¬æ^n²£�

K{, z|�¬dü¡�Y�¡+|¤. 92mNb, 89Zr,
83Sr, 85mSr, 85Sr, 87mSr, 84Rb, 86Rb, 88RbÚ 85mKr�

γ��5¹Ý´^I�CH8403pX÷γÌ¤ÿþ, Ù

�é�Ç�20%, Uþ©EÇ�3keV(1.33MeV). &ÿ

ì�γ&ÿ�Ç®�ýé�Ý, �ÇØ��u1.5%.

�ó�¥qØ�´Ý!Ø�A�{Ø��PÏ,

γ��UþÚrÝ��g©z [2]��uL1¥.

L 1 qØ´ÝÚ�ÔØPCêâ

qØ )¤Ø γ�� γ��
Ø�A

´Ý(%) �PÏ Uþ/keV rÝ(%)
84Sr(n, 2n)83Sr 0.56 32.41h 762.6 30
86Sr(n, 2n)85mSr 9.86 67.63m 231.9 84.4
86Sr(n, 2n)85Sr 9.86 64.84d 514.0 96
88Sr(n, 2n)87mSr 82.58 2.803h 388.5 82.1
84Sr(n, p)84Rb 0.56 32.77d 881.6 69
86Sr(n, p)86Rb 9.86 18.631d 1077.0 8.64
88Sr(n, p)88Rb 82.58 17.78m 898.0 14
88Sr(n, α)85mKr 82.58 4.48h 151.2 75.5

3 ¢�(J9?Ø

�A�¡�O�úª
[3]

Xe

σx =
[εIγNKMD]m[λAFC]x
[εIγNKMD]x[λAFC]m

σm ,

Ù¥eI“x” Ú“m” ©OL«+�¬Ú�iÒ¡�

�'�, ε ��'�A�γ ���U¸�Ç; Iγ �A

�γ���rÝ; N �¤ÿØ��Ó �´Ý; M �

�¬�þ; A��¬����fþ; C �¢ÿ��U

¸¡È; λ�PC~þ; F = fs × fo × fg, �o�γ¹

Ý��Ïf, Ù¥fs, fo Úfg ©O´�¬gáÂ��

Ïf, γ��?é\Ü�A��ÏfÚAÛ��Ïf.

D = e−λt1 − e−λt2, �ÿþÂ8Ïf, t1 �lì�(å
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�ÿþm©��mm�, t2 �lì�(å�ÿþ(å

��mm�. K �¥f5þÅÄ��Ïf, ÙL�ª�

K =

[

L
∑

i=1

φi(1−e−λ∆ti)e−λTi

]

/

φS ,

Ù¥T ´o�¥fì��m; L�òì��m©¤�

ãê; ∆ti �zã��mm�; Φi �3∆ti S\���

¬þ�²þ¥fÏþ; Φ�3T �mS\���¬þ

�²þ¥fÏþ. S = 1−e−λT , L«�{Ø�)�Ï

f. �A�¡ÿþ(JXL2¤«.

L 2 �¢��A�¡ÿþ�

�¥fUþ?(MeV)�Ø�A�¡(mb)
Ø�A

En=13.5±0.3 En=14.1±0.2 En=14.6±0.3
84Sr(n, 2n)83Sr 311?13 439?17 609?25
86Sr(n, 2n)85mSr 156?10 227?8 253?8
86Sr(n, 2n)85Sr 892?53 955?57
88Sr(n, 2n)87mSr 198?13 242?13 265?16
84Sr(n, p)84Rb 94.9?9.5
86Sr(n, p)86Rb 44.6?4.0
88Sr(n, p)88Rb 19.4?1.2
88Sr(n, α)85mKr 1.1?0.1 1.3?0.1

�¢�ÿþ(J�©z'�Xã1—ã8¤«.

ã 1 84Sr(n, 2n) 83SrØ�A�¡�

ã 2 86Sr(n, 2n) 85mSrØ�A�¡�

ã 3 86Sr(n, 2n) 85SrØ�A�¡�

ã 4 88Sr(n, 2n) 87mSrØ�A�¡�

ã 5 84Sr(n, p) 84RbØ�A�¡�

ã 6 86Sr(n, p) 86RbØ�A�¡�
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ã 7 88Sr(n, p) 88RbØ�A�¡�

ã 8 88Sr(n, α) 85mKrØ�A�¡�

ã1 ¥, ·��êâ3Ø���SÚKonno
[4]

,

Holub[5], Rao[6]
� � �. Bormann[7]

¦ ^ � ´ ³ .

NaI(Tl)&ÿì, Strohal
[8]

¦^
NaI(Tl)&ÿìÚβ

Oê+, du+��¥k84Sr, 86Sr, 87Sr, 88Sr4«Ó 

��3, ØÓÓ ���A�ÔØ�U^þã&ÿì

��©m, Ïd¦��êâ�&Ý�$. Husain
[9]

¦

^�´Ge(Li)&ÿì, òÙæ^�PCëêU©z [2]

?��, Ù�¡(JJp�12%, Ú�¢��3Ø�

��S��.

ã2¥, ·��êâ3En = 14.6± 0.3MeV?3

Ø���SÚ©z [4, 5], Bormann
[10]

, Rieder
[11]

��,

3En = 14.1±0.2MeV?Ú©z[10]��.

ã3 ¥, ·��êâÚ©z [5, 11]�¢�êâ

9ADL-3
[12]

í�êâ��. JENDL-3
[13]

µdêâÚ

© z [4] � ê â ' � ó �   $, r © z [4] ¦ ^ �

T1/2 = 85d!Pγ = 0.9927�^©z [2]�PCëê?

��, Ùêâ��ó���.

ã4w«ý�õêêâ3Ø���S��, �ê

A�êâþe©Ñ.

ã5�k3|êâ, �Ï´ 84Sr�´Ýé$, �¡

ÿþJÝ�, Ï¤k¢��Ø�þ�10%, 3Ø�

��S©z [4], Qaim
[14]

Ú·��êâ��.

ã6�k6[ÿþêâÚ�|í��, �õê(

J3Ø���S��, ¿��BOSPOR-6
[15]

í��¬

Ü, =©z [8]ÚKayashima
[16]

þe l.

ã7¥ 88Sr(n, p)88Rb�A)¤Ø 88Rb��PÏ

�k17.78min, Ëì�mÚÿþ�mT�ÀJâUO

(ÿþ�¡�, ·��Ëì�mÚe%�m´20min.

ã¥w«
Kasugai
[17]

ÚGupta
[18]

ü[¢�¿80 c

� � é T � ¡ � ÿ þ ê â, � ó � Ú 1998 c ¦ ^

HPGe&ÿì�ÿþ���, ©z [18]31985c¦^

�´àIβOêì, Ù(JÚ�¢��É��. 70c

�k7[éT�¡�ÿþêâ, Ù¥�kDabek
[19]

�

�ó���, ©z [9]�êâUì©z [2]�PCëê

?��Ú�ó���. du&ÿì5U��Ú�cP

Cêâ�ØO(5, �¦Ù¦�êâ©Ü��.

3ã8¥, =�Ñ
1985c±��ÿþ�, �ó

�ÚFilatenkov
[20]

, Pepelnik
[21]

�êâ��5�Ð. ,

	, Paul
[22]

31953c!©z [8]31963c©O��


^NaI(Tl)&ÿìÚβOê+�ÿþ�, êâpÑ�

�êþ?, vkòÙw«3ã¥.

du+´õÓ ����, Ïd,
Ó ��(n,

γ)�A��Ô�(n, 2n)�A�Ô�Ó, Xµ84Sr(n,

γ)85Sr � 86Sr(n, 2n)85Sr � Ó,  86Sr(n, γ)87Sr �

88Sr(n, 2n)87Sr �Ó, du$U¥f�.��3¬

�p,
(n, 2n)�A�¡�, �¬�36Ý¥ì�

��K9¥f�.�K�. Ï 84Sr(n, γ)85SrÚ 86Sr(n,

γ)87Sr�¡é�, é(n, 2n)�¡K�Ø�, �¬ì��

vk�6.

�±wÑ, @ÏÿþêâÉ¦^&ÿì5U��

�, æ^�ØPCêâ�Ø
O(, (J'�©Ñ, �

&Ý�$. CÏ, du¦^p©E5UGe&ÿìÚP

Cëê�\O(, �¡ÿþ(JO(Ý��Jp.

�¢��¡ÿþ�Ì�Ø�5kγ&ÿ�Ç,

OêÚO, gáÂ��, IO�¡�, PCêâ�Ø�

�3(J¥w«.

�öa�=²�Ær6¥fu)ì�|¤
�Ñ

Úó�. a�©º�k)kÃ���.
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Cross Section Measurements for (n, 2n), (n, p) and (n, α)

Reactions on Strontium Isotopes at the Neutron

Energy about 14MeV

HE Guo-Zhu LUO Jun-Hua LIU Zhong-Jie KONG Xiang-Zhong1)

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

Abstract Cross-sections for 84Sr(n, 2n)83Sr, 86Sr(n, 2n)85mSr, 86Sr(n, 2n)85Sr, 88Sr(n, 2n)87mSr, 84Sr(n, p)84Rb,
86Sr(n, p)86Rb, 88Sr(n, p)88Rb and 88Sr(n, α)85mKr reactions were measured at neutron energies from 13.5 to 14.6MeV

using activation technique and γ-ray spectrometry. The neutron flux was determined using the monitor reaction 93Nb(n,

2n)92mNb and the neutron energies were measured by the method of cross section ratios for 90Zr(n, 2n)89m+gZr to
93Nb(n, 2n)92mNb reactions. The results of present work were compared with data published previously.

Key words cross-section, neutron nuclear reaction, activation technique, strontium
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