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�¥°É·μ´´Ò° ¸¶¥±É·μ³¥É· ´  ¡ §¥ ¶·μÉμ´´μ£μ É¥²¥¸±μ¶ 
¸ Ô²¥±É·μ´´μ° ±μ²²¨³ Í¨¥° ¶·μÉμ´μ¢ μÉ¤ Î¨

‚ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´±  �¡Ñ¥¤¨´¥´´μ£μ ¨´-
¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¡Ò² ¸μ§¤ ´ ´¥°É·μ´´Ò° ¸¶¥±É·μ³¥É· ´  μ¸´μ¢¥
£ §μ¢ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ¸Î¥ÉÎ¨±μ¢ ¸ ·¥£¨¸É· Í¨¥° ¶·μÉμ´μ¢ μÉ¤ Î¨. �·¨´-
Í¨¶ ¤¥°¸É¢¨Ö ¸¶¥±É·μ³¥É·  μ¸´μ¢ ´ ´  ¨§³¥·¥´¨¨ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ Ê¶·Ê£μ
· ¸¸¥Ö´´ÒÌ ´  ³ ²Ò¥ Ê£²Ò ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨¨ (n, p) ¢ ¢μ¤μ·μ¤μ¸μ¤¥·¦ Ð¥°
¸·¥¤¥. ‘¶¥±É·μ³¥É· ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ Í¨²¨´¤·¨Î¥¸±¨Ì ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ¸Î¥ÉÎ¨-
±μ¢, · §³¥Ð¥´´ÒÌ ¢ μ¡Ð¥³ £ §μ¢μ³ μ¡Ñ¥³¥ ¸ μ¡Ð¥° Í¥´É· ²Ó´μ · ¸¶μ²μ¦¥´´μ°
 ´μ¤´μ° ´¨ÉÓÕ. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ · ¤¨μ¨§μÉμ¶´μ£μ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ 252Cf,
  É ±¦¥ ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·μ´μ¢ ¨§ ·¥ ±Í¨¨ 7Li(p, n)7Be, ¶μ²ÊÎ ¥³ÒÌ ¨§
Éμ´±μ° ²¨É¨¥¢μ° ³¨Ï¥´¨ ´  ¶ÊÎ±¥ ¶·μÉμ´μ¢ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ Ê¸±μ·¨É¥²Ö
	ƒ-5, ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö Ì · ±É¥·¨¸É¨± ´¥°É·μ´´μ£μ ¸¶¥±É·μ³¥É· .
	ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ¸ ±¨´¥É¨Î¥¸±¨³¨ Ô´¥·£¨Ö³¨ ¢ ¨´É¥·¢ ²¥
μÉ 150 ±Ô‚ ¤μ 14 ŒÔ‚ ´ Ìμ¤¨É¸Ö ¢ ¤¨ ¶ §μ´¥ 10−4Ä10−6. 	´¥·£¥É¨Î¥¸±μ¥ · §-
·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É μ±μ²μ 1,5 %.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2010

Panteleyev Ts. Ts. et al. P13-2010-124
A Neutron Spectrometer on the Basis of a Proton Telescope
with Electronic Collimation of Recoil Protons

A gas recoil neutron spectrometer for measuring the energy distribution of fast
neutron 
uxes was constructed and its characteristics have been studied. It is based
on measurement of the kinetic energy of protons elastically scattered at small angles
from (n, p) reaction in the hydrogen gas media. The spectrometer is composed of
two cylindrical proportional counters with common anode wire in the centre. The
counting efˇciency for neutrons with kinetic energies in the interval from 150 keV
to 14 MeV is expected to be 10−4Ä10−6. The estimated energy resolution is about
1.5%.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2010
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�¥μ¡Ìμ¤¨³μ¸ÉÓ ¨§³¥·¥´¨Ö ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¶μ-
Ö¢¨² ¸Ó μ¤´μ¢·¥³¥´´μ ¸ ¨Ì μÉ±·ÒÉ¨¥³ ¨ ¶·μ¤μ²¦ ¥É μ¸É ¢ ÉÓ¸Ö  ±ÉÊ ²Ó´μ° ¤μ
´ ¸ÉμÖÐ¥£μ ¢·¥³¥´¨. ‚¸Ö ¸²μ¦´μ¸ÉÓ ¤ ´´μ° ¶·μ¡²¥³Ò ¸μ¸Éμ¨É ¢ μÉ¸ÊÉ¸É¢¨¨
Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤ , ÎÉμ ¶·¨¢μ¤¨É ± É·¥¡μ¢ ´¨Õ É· ´¸Ëμ·³ Í¨¨ Ô´¥·£¨¨
´¥°É·μ´  ¢ ±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ ± ±μ°-²¨¡μ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ. ‘ ³
Ë ±É ·¥£¨¸É· Í¨¨ · §¤¥²Ö¥É¸Ö ´  ¤¢¥ ¸ÊÐ¥¸É¢¥´´μ · §´ÖÐ¨¥¸Ö § ¤ Î¨:

Å ¶¥·¢ Ö Å ¤²Ö ·¥£¨¸É· Í¨¨ ³¥¤²¥´´ÒÌ É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¨¸¶μ²Ó-
§ÊÕÉ¸Ö Ö¤¥·´Ò¥ ·¥ ±Í¨¨, ¨³¥ÕÐ¨¥ £¨£ ´É¸±¨¥ ¸¥Î¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ
¸· ¢´¥´¨Õ ¸ É¨¶¨Î´μ Ö¤¥·´Ò³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö³¨;

Å ¢Éμ· Ö Å μ´ , ± ± ¶· ¢¨²μ, ¸¢Ö§ ´  ¸ ¨§³¥·¥´¨Ö³¨ Ô´¥·£¥É¨Î¥¸±¨Ì · ¸-
¶·¥¤¥²¥´¨° ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ Å ¨¸¶μ²Ó§ÊÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ´¥°É·μ´-Ö¤¥·´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨°, ¤²Ö ±μÉμ·ÒÌ ¸¥Î¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥ ¡μ²¥¥
¤¥¸ÖÉ±  ¡ ·´.

‚ μ¡² ¸É¨ ·¥§μ´ ´¸´ÒÌ Ô´¥·£¨° (μÉ 0 ¤μ ∼ 100 ±Ô‚) ¶·¨³¥´Ö¥É¸Ö ³¥-
Éμ¤ ¢·¥³¥´¨ ¶·μ²¥É , É·¥¡ÊÕÐ¨° ¨³¶Ê²Ó¸´μ£μ Ì · ±É¥·  · ¡μÉÒ ´¥°É·μ´-
´μ£μ ¨¸ÉμÎ´¨± . „·Ê£μ° ³¥Éμ¤ Å ¨§³¥·¥´¨¥ Ô´¥·£¨¨ ¶·μÉμ´μ¢ μÉ¤ Î¨ ¢ ¢μ-
¤μ·μ¤μ¸μ¤¥·¦ Ð¨Ì ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ³ É¥·¨ ² Ì ¸ ¶μ¸²¥¤ÊÕÐ¥° ¶·μÍ¥¤Ê-
·μ° ¢μ¸¸É ´μ¢²¥´¨Ö ¸¶¥±É·μ¢. — ¸É´Ò³ ¸²ÊÎ ¥³ ¶·¨³¥´¥´¨Ö ÔÉμ° ³¥Éμ¤¨±¨
Ö¢²ÖÕÉ¸Ö ¶·μÉμ´´Ò¥ É¥²¥¸±μ¶Ò, ¢ ±μÉμ·ÒÌ ¨§³¥·Ö¥É¸Ö Ô´¥·£¨Ö ¶·μÉμ´μ¢ μÉ-
¤ Î¨ ¢ £ §μ¢μ° ¸·¥¤¥. ‚ ± Î¥¸É¢¥ ¶·¨³¥·μ¢ ³μ¦´μ Ê± § ÉÓ · ´´¨¥ · §· ¡μÉ±¨
¸¶¥±É·μ³¥É·μ¢, ¶·¨¢¥¤¥´´Ò¥ ¢ · ¡μÉ Ì [1Ä3], ¨ μ¤´Ê ¨§ ¶μ¸²¥¤´¨Ì · ¡μÉ
¢ 2006 £. [4]. 	Éμ³Ê ¸¶μ¸μ¡Ê ¸¶¥±É·μ³¥É·¨¨ ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¨ ¶μ¸¢ÖÐ¥´ 
¤ ´´ Ö · ¡μÉ .

1. ��ˆ‘��ˆ… ��ˆ����

‚ ‹�” �ˆŸˆ ¡Ò² · §· ¡μÉ ´ ¨ ¨§£μÉμ¢²¥´ ´¥°É·μ´´Ò° ¸¶¥±É·μ³¥É· ´ 
¡ §¥ É¥²¥¸±μ¶  ¶·μÉμ´μ¢ μÉ¤ Î¨, ¢ ±μÉμ·μ³ ¡Ò² ¶·¨³¥´¥´ ³¥Éμ¤ ¨Ì Ô²¥±É·μ´-
´μ° ±μ²²¨³ Í¨¨

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´ μ¡Ð¨° ¢¨¤ ¶·¨¡μ· .
Šμ·¶Ê¸ (1) ¨§£μÉμ¢²¥´ ¨§ Éμ´±μ¸É¥´´μ° ´¥·¦ ¢¥ÕÐ¥° É·Ê¡Ò ¸ ¢´ÊÉ·¥´-

´¨³ ¤¨ ³¥É·μ³ 96 ³³ ¨ ¤²¨´μ° 625 ³³. �μ ¤²¨´¥ ¢¸¥° · ¡μÎ¥° Î ¸É¨ ¤¥É¥±-
Éμ·  ¶·μÉÖ´ÊÉ   ´μ¤´ Ö ´¨ÉÓ (W +Au) ¤¨ ³¥É·μ³ 50 ³±³ (2). ‚ ¸ ³μ³ ´ Î ²¥
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�¨¸. 1. �¡Ð¨° ¢¨¤ ¶·¨¡μ· 

�¨¸. 2. �²μ±-¸Ì¥³  ¸¶¥±É·μ³¥É· 

· ¡μÎ¥£μ μ¡Ñ¥³  · ¸¶μ²μ¦¥´ ¶¥·¢Ò° ± Éμ¤ (± Éμ¤ �) (3) ¢ ¢¨¤¥ É·Ê¡±¨ ¤²¨-
´μ° 175 ³³, ´  · ¸¸ÉμÖ´¨¨ 152,5 ³³ μÉ ¥£μ ±· Ö ¸³μ´É¨·μ¢ ´ ¢Éμ·μ° ± Éμ¤
(± Éμ¤ �) (4) ¤²¨´μ° 125 ³³. �¡  Ô²¥±É·μ¤  ¨§£μÉμ¢²¥´Ò ¨§ Éμ´±μ¸É¥´´μ°
É·Ê¡±¨ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ 54 ³³, μ´¨ ¶μ¤¤¥·-
¦¨¢ ÕÉ¸Ö ¨ Í¥´É·¨·ÊÕÉ¸Ö ¸ ¶μ³μÐÓÕ É¥Ë²μ´μ¢ÒÌ ±μ²¥Í (5). ‘ ³¨ ±μ²ÓÍ 
· ¸¶μ²μ¦¥´Ò ´  Ï¥¸É¨ ¸Éμ°± Ì (6). ’·¨ ¸¨£´ ²Ó´ÒÌ ¢Ò¢μ¤  (7) ¨ ¢ ±ÊÊ³´Ò°
±· ´ (8) · ¸¶μ²μ¦¥´Ò ´  § ¤´¥³ Ë² ´Í¥.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  ¡²μ±-¸Ì¥³  ¸¶¥±É·μ³¥É· .
�´μ¤´ Ö ´¨ÉÓ (2) ¢ ±μ·¶Ê¸¥ (1) ¶μ¤±²ÕÎ¥´  ± ¨¸ÉμÎ´¨±Ê ¶μ²μ¦¨É¥²Ó´μ£μ

¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö (5), ± Éμ¤ A (3) ¨ ± Éμ¤ � (4) ¶μ¤±²ÕÎ¥´Ò ± ¢Ò· ¢´¨-
¢ ÕÐ¥³Ê ¨¸ÉμÎ´¨±Ê ´ ¶·Ö¦¥´¨Ö (6). ‘¨£´ ²Ò ¸ ± Éμ¤μ¢ ¨  ´μ¤  ¶μ¤ ÕÉ¸Ö
´  ¢Ìμ¤Ò § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·¥¤Ê¸¨²¨É¥²¥° (7). ‚ÒÌμ¤Ò ¶·¥¤Ê¸¨²¨É¥-
²¥° ¶μ¤±²ÕÎ¥´Ò ±μ ¢Ìμ¤ ³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸¶¥±É·μ³¥É·¨Î¥¸±¨Ì Ê¸¨²¨É¥-
²¥° (8),   ¨Ì ¢ÒÌμ¤Ò ¶μ¤±²ÕÎ¥´Ò ±μ ¢Ìμ¤ ³  ´ ²μ£μ-Í¨Ë·μ¢ÒÌ ¶·¥μ¡· §μ-
¢ É¥²¥° (�–�) (9) , ±μÉμ·Ò¥ Î¥·¥§ ±μ´É·μ²²¥· Š�Œ�Š (10) ¶μ ¨´É¥·Ë¥°¸Ê
USB ¶μ¤±²ÕÎ¥´Ò ± ¶¥·¸μ´ ²Ó´μ³Ê ±μ³¶ÓÕÉ¥·Ê (�Š) (11).

�–�, ±μ´É·μ²²¥· Š�Œ�Š ¨ �Š μ¡· §ÊÕÉ Ô²¥±É·μ´´ÊÕ ¸¨¸É¥³Ê, ±μÉμ· Ö
μ¸ÊÐ¥¸É¢²Ö¥É ËÊ´±Í¨¨ ¤¨¸±·¨³¨´ Í¨¨, ¸μ¢¶ ¤¥´¨Ö ¸¨£´ ²μ¢  ´μ¤  ¨ ± Éμ¤μ¢
¨ § ¶¨¸Ó ³´μ£μ³¥·´μ°  ³¶²¨ÉÊ¤´μ° ¨´Ëμ·³ Í¨¨.
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�¡· ¡μÉ±  ¶μ²ÊÎ¥´´μ° ¨´Ëμ·³ Í¨¨ ¶·μ¨§¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò
Lada 2010, ±μÉμ· Ö ¡Ò²  · §· ¡μÉ ´  ¢ ‹�”.

�·¨ μ¡· ¡μÉ±¥ ³´μ£μ³¥·´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·μ£· ³³μ°
Lada 2010 ¶μ²ÊÎ ¥É¸Ö Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ´¥°É·μ´μ¢ ¢ § ¤ ´´μ° μ¡² -
¸É¨ £ §μ¢μ° ³¨Ï¥´¨ ¨ § ¤ ´´μ³ É¥²¥¸´μ³ Ê£²¥ · ¸¸¥Ö´¨Ö ¶·μÉμ´μ¢ μÉ¤ Î¨ ¢
¤¥É¥±Éμ·¥.

2. ��ˆ�–ˆ� ����’›

’¥²¥¸±μ¶ ¶μ¸É·μ¥´ ´  ¡ §¥ ¶·μ¶μ·Í¨μ´ ²Ó´μ£μ ¸Î¥ÉÎ¨±  ¸ μ¡Ð¥°  ´μ¤´μ°
´¨ÉÓÕ ¢ £¥·³¥É¨Î´μ³ ±μ·¶Ê¸¥, ´ ¶μ²´¥´´μ³ ¢μ¤μ·μ¤μ¸μ¤¥·¦ Ð¨³ £ §μ³.

�·¨³¥´¥´¨¥ ¤¢ÊÌ ¤μ¶μ²´¨É¥²Ó´ÒÌ Ô²¥±É·μ¤μ¢ ¶μ§¢μ²Ö¥É ·¥Ï¨ÉÓ ¤¢¥ ËÊ´±-
Í¨μ´ ²Ó´Ò¥ § ¤ Î¨:

Å ¸μ§¤ ´¨¥ μ¡² ¸É¨ ³¨Ï¥´¨ ¢ ¶¥·¢μ° É·Ê¡±¥ (± Éμ¤ �);
Å ±μ²²¨³ Í¨Ö ¶·μÉμ´μ¢ μÉ¤ Î¨ ¢ É¥²¥¸´μ³ Ê£²¥, ±μÉμ·Ò° μ¶·¥¤¥²Ö¥É¸Ö

¤ ²Ó´¨³ Éμ·Íμ³ ¢Éμ·μ° É·Ê¡±¨ (± Éμ¤ �).
�¸É ¢Ï Ö¸Ö μ¡² ¸ÉÓ μÉ Éμ·Í  ¢Éμ·μ° É·Ê¡±¨ ¤μ ±μ´Í  ±μ·¶Ê¸  ¤¥É¥±Éμ· 

¸μ§¤ ¥É μ¡Ñ¥³, ¢ ±μÉμ·μ³ ¶·μ¨¸Ìμ¤¨É μ¸É ´μ¢±  ¶·μÉμ´μ¢ μÉ¤ Î¨. ‚ μ¡Ñ-
¥³¥ ¤¥É¥±Éμ·  ¢Ò¤¥²ÖÕÉ¸Ö É·¨ μ¡² ¸É¨ ¸ · §²¨Î´Ò³¨ · ¤¨Ê¸ ³¨ ± Éμ¤μ¢
(É·Ê¡±¨ � ¨ � ¨ μ¸É ²Ó´ Ö Î ¸ÉÓ ¸Î¥ÉÎ¨± ), ÎÉμ ¢²¥Î¥É §  ¸μ¡μ° · §²¨Î¨¥
¢ ±μÔËË¨Í¨¥´É Ì £ §μ¢μ£μ Ê¸¨²¥´¨Ö. ‚Ò· ¢´¨¢ ´¨¥ ±μÔËË¨Í¨¥´É  £ §μ¢μ£μ
Ê¸¨²¥´¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¶μ¤ Î¨ ±μ³¶¥´¸ Í¨μ´´μ£μ ¶μÉ¥´Í¨ ² 
´  É·Ê¡±¨.

‚ É¥²¥¸±μ¶¥ ±μ²²¨³ Í¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶ÊÉ¥³ ¸μ¢¶ ¤¥´¨Ö ¨³¶Ê²Ó¸μ¢ μÉ
¶·μÉμ´μ¢ μÉ¤ Î¨ ¢ μ¡¥¨Ì É·Ê¡± Ì ¨ ¢ ¤ ²Ó´¥°Ï¥³ ¶·¨ ¶·μ£· ³³´μ° ¸μ·-
É¨·μ¢±¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ ¢Ò¡· ´´ÒÌ ¨´É¥·¢ ² Ì  ³¶²¨ÉÊ¤´ÒÌ
· ¸¶·¥¤¥²¥´¨° ¸¨£´ ²μ¢, ¸´¨³ ¥³ÒÌ ¸ ± Éμ¤μ¢ � ¨ �.

ˆ§³¥´¥´¨¥³ ¶μ·μ£  ¤¨¸±·¨³¨´ Í¨¨ ¨³¶Ê²Ó¸μ¢ ¢ ¶¥·¢μ° É·Ê¡±¥ ³μ¦´μ
¢Ò¡· ÉÓ Éμ²Ð¨´Ê £ §μ¢μ£μ ¸²μÖ, · ¸¶μ²μ¦¥´´μ£μ ¢ ´ Î ²¥ É·Ê¡±¨, ¢ ±μÉμ·μ³
³μ£ÊÉ ¶·μ¨¸Ìμ¤¨ÉÓ  ±ÉÒ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ ´  ¶·μÉμ´ Ì, É. ¥. μ¶·¥¤¥²ÖÉÓ
Éμ²Ð¨´Ê ¨ ³¥¸Éμ· ¸¶μ²μ¦¥´¨¥ £ §μ¢μ° ³¨Ï¥´¨,   É ±¦¥ ³¥´ÖÉÓ É¥²¥¸´Ò°
Ê£μ², ¢ ¶·¥¤¥² Ì ±μÉμ·μ£μ · ¡μÉ ¥É É¥²¥¸±μ¶, É¥³ ¸ ³Ò³ μ¶É¨³¨§¨·μ¢ ÉÓ ± ±
ÔËË¥±É¨¢´μ¸ÉÓ, É ± ¨ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¶·¨¡μ· .

�μ·μ£ ¤¨¸±·¨³¨´ Í¨¨ ¨³¶Ê²Ó¸μ¢ ¢μ ¢Éμ·μ° É·Ê¡±¥ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢ · °-
μ´¥ ³ ±¸¨³Ê³   ³¶²¨ÉÊ¤Ò, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É Ë ±ÉÊ ¶μ²´μ£μ ¶·μÌμ¦¤¥´¨Ö
¶·μÉμ´μ¢ μÉ¤ Î¨ Î¥·¥§ É·Ê¡±Ê

’ ± ± ± ¶μÉ¥·¨ Ô´¥·£¨¨ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¶·μ¶μ·Í¨μ´ ²Ó´Ò ¤²¨-
´ ³ É· ¥±Éμ·¨°, Ê¸É ´ ¢²¨¢ Ö ¶μ·μ£ ¤¨¸±·¨³¨´ Í¨¨, ³μ¦´μ ¢Ò¡· ÉÓ Éμ²Ð¨´Ê
£ §μ¢μ£μ ¸²μÖ ³¨Ï¥´¨.

„²Ö ¢ÒÎ¨¸²¥´¨Ö ¶·μ¡¥£μ¢ ¶·μÉμ´μ¢ ¢ ¤¥É¥±Éμ·¥ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·μ£· ³³ 
SRIM [5].
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” ±É ¸μ¢¶ ¤¥´¨Ö ¢μ ¢·¥³¥´¨ μÉμ¡· ´´ÒÌ ¨³¶Ê²Ó¸μ¢ ¸ μ¡¥¨Ì É·Ê¡μ± ¸μ-
μÉ¢¥É¸É¢Ê¥É ¶μ²´μ³Ê · ¸¶μ²μ¦¥´¨Õ É·¥±μ¢ ¢ μ¡Ñ¥³¥ É¥²¥¸±μ¶ .

	´¥·£¨Ö ¶·μÉμ´μ¢ § ¢¨¸¨É μÉ Ê£²  ¢Ò²¥É  ¶·μÉμ´  μÉ´μ¸¨É¥²Ó´μ ¶¥·¢μ-
´ Î ²Ó´μ£μ ´ ¶· ¢²¥´¨Ö ´¥°É·μ´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

Ep = En0 · cos2 θp. (1)

�¥£¨¸É·¨·ÊÖ ¶·μÉμ´Ò ¢ ³ ²μ³ É¥²¥¸´μ³ Ê£²¥, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ Ìμ·μÏ¥¥ Ô´¥·-
£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥:

dEp = En0 sin(2θp)dθp. (2)

ˆ´É¥£·¨·ÊÖ μÉ 0 ¤μ θp max, ¶μ²ÊÎ¨³

ΔEp = En0(1 − cos θp max). (3)

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ ¢¥²¨Î¨´  θp max § ¢¨¸¨É μÉ ÉμÎ±¨ ·μ¦¤¥´¨Ö É·¥± .
„²Ö Ô´¥·£¥É¨Î¥¸±μ° ± ²¨¡·μ¢±¨ ¢ μ¡² ¸É¨ ¤μ 1,0 ŒÔ‚,   É ±¦¥ ¤²Ö ¨§-

³¥·¥´¨Ö ¸μ¡¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¤¥É¥±Éμ·  ¢ ¸μ¸É ¢ £ §μ¢μ£μ ´ ¶μ²´¥´¨Ö
¢¢¥¤¥´μ ´¥¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ 3�¥.

�É²¨Î¨É¥²Ó´Ò³¨ ¶·¨§´ ± ³¨ § Ö¢²¥´´μ£μ ¸¶¥±É·μ³¥É·  Ö¢²Ö¥É¸Ö Éμ, ÎÉμ:
• ¢ ± Î¥¸É¢¥ ¶·μÉμ´´μ° ³¨Ï¥´¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸²μ° £ §  ¢ ¶¥·¢μ° É·Ê¡±¥,

Éμ²Ð¨´  ¨ ¶μ²μ¦¥´¨¥ ±μÉμ·μ£μ ¶·μ¨§¢μ²Ó´μ ¢Ò¡¨· ¥É¸Ö ¶·¨ μ¡· ¡μÉ±¥ ¨´-
Ëμ·³ Í¨¨ ¢ Ô²¥±É·μ´´μ° ¸¨¸É¥³¥, ÎÉμ ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´μ³Ê ¸´¨¦¥´¨Õ
Ô´¥·£¥É¨Î¥¸±μ£μ ¶μ·μ£  ·¥£¨¸É·¨·Ê¥³ÒÌ ¸¶¥±É·μ¢ ¨ Ê²ÊÎÏ¥´¨Õ · §·¥Ï¥´¨Ö;

• ¢Éμ· Ö É·Ê¡±  ¸²Ê¦¨É ¢ ± Î¥¸É¢¥ ±μ²²¨³ Éμ·  ¶·μÉμ´μ¢ μÉ¤ Î¨ (¶·¨
Ê¸²μ¢¨¨ ¸μ¢¶ ¤¥´¨Ö ¸¨£´ ²μ¢ ¸ μ¡¥¨Ì É·Ê¡μ±),   ¢Ò¡μ· ³¨´¨³ ²Ó´μ£μ Ê£² 
±μ²²¨³ Í¨¨ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ¸²¥ μ¡· ¡μÉ±¨ ¨´Ëμ·³ Í¨¨ ¢ Ô²¥±É·μ´-
´μ° ¸Ì¥³¥.

3. Œ�„…‹ˆ��‚��ˆ… ‘ ��Œ�™œ� ���ƒ��ŒŒ› Œ��’…-Š��‹�

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö Ì · ±É¥·¨¸É¨± ¶·μÉμ´´μ£μ É¥²¥¸±μ¶  ¡Ò²  ¢Ò¶μ²´¥´ 
¸¨³Ê²ÖÍ¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ.

�Ò¸É·Ò¥ ´¥°É·μ´Ò · ¸¸¥¨¢ ÕÉ¸Ö ´  ¢μ¤μ·μ¤μ¸μ¤¥·¦ Ð¥° £ §μ¢μ°
³¨Ï¥´¨, ¨ ¶·μÉμ´Ò μÉ¤ Î¨ ¶μ¶ ¤ ÕÉ ¢ Í¨²¨´¤·¨Î¥¸±¨° ¸Î¥ÉÎ¨± ¸ · ¤¨Ê¸μ³
Rc ¨ ¤²¨´μ° L. �¥°É·μ´Ò, ·¥£¨¸É·¨·Ê¥³Ò¥ ¸Î¥ÉÎ¨±μ³, ²¥ÉÖÉ ¶ · ²²¥²Ó´μ
μ¸¨ z. „μ¶Ê¸É¨³, ¶·μÉμ´ μÉ¤ Î¨ ¶μÖ¢¨²¸Ö ¢ ÉμÎ±¥ ¸ ±μμ·¤¨´ Éμ° z0 ¨ ´  · ¸-
¸ÉμÖ´¨¨ r μÉ μ¸¨ Í¨²¨´¤·  ¨ ¤¢¨¦¥É¸Ö ¢ ´ ¶· ¢²¥´¨¨, μ¶·¥¤¥²Ö¥³μ³ Ê£²μ³ θ
μÉ´μ¸¨É¥²Ó´μ μ¸¨ Í¨²¨´¤·  ¨ Ê£²μ³ ϕ, μÉ¸Î¨ÉÒ¢ ¥³Ò³ μÉ ¢¥·É¨± ²Ó´μ£μ ´ -
¶· ¢²¥´¨Ö (·¨¸. 3).
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�¨¸. 3. � ¸Î¥É ¸¶¥±É·  ¶·μÉμ´μ¢ μÉ¤ Î¨ ¢ Í¨²¨´¤·¨Î¥¸±μ³ ¸Î¥ÉÎ¨±¥

’μ£¤  ¶·μÉμ´ ¶¥·¥¸¥± ¥É £· ´¨ÍÊ Í¨²¨´¤·  ´  · ¸¸ÉμÖ´¨¨

r1 = −r cosϕ +
√

r2 cos2 ϕ + R2
c − r2. (4)

� ¸¸ÉμÖ´¨¥, ±μÉμ·μ¥ ¶·μÌμ¤¨É ¶·μÉμ´ ¢ Í¨²¨´¤·¥, · ¢´μ

lp =
r1

sin θ
. (5)

…¸²¨ ¶·μÉμ´ ¶μÖ¢¨²¸Ö ¢ ÉμÎ±¥ ¸ ±μμ·¤¨´ Éμ° z0, Éμ μ´ ¶¥·¥¸¥Î¥É £· ´¨ÍÊ
Í¨²¨´¤·  ¢ ÉμÎ±¥ ¸ ±μμ·¤¨´ Éμ°

z1 = z0 + lp · cos θ. (6)

Šμμ·¤¨´ É  z1 ´¥ ¤μ²¦´  ¶·¥¢ÒÏ ÉÓ ³ ±¸¨³ ²Ó´μ° ¤²¨´Ò ¸Î¥ÉÎ¨± .
�·μ£· ³³  ³μ¤¥²¨·Ê¥É É·¥±¨ ¶·μÉμ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê£²μ¢ ¢Ò²¥É  θ

¨ ϕ. � §Ò£·Ò¢ ÕÉ¸Ö ´ Î ²μ É·¥±  ±μμ·¤¨´ ÉÒ z ¨ · ¸¸ÉμÖ´¨¥ r μÉ μ¸¨ ¸¨³-
³¥É·¨¨ ¸Î¥ÉÎ¨± . „ ²¥¥ · §Ò£·Ò¢ ÕÉ¸Ö Ê£²Ò θ ¨ φ ¨ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¤²¨´ 
É·¥±  ¤μ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ¸ É·Ê¡±μ°. ‡´ Î¥´¨Ö Ê£²μ¢ ¨ ´ Î ²Ó´μ° ±μμ·¤¨-
´ ÉÒ ¢ ·Ó¨·μ¢ ²¨¸Ó ¢ ¸²¥¤ÊÕÐ¨Ì ¶·¥¤¥² Ì:

0 � r � Rc, 0 � θ � π

2
, 0 � ϕ � 2π, 0 � z � zmax.

„²Ö μÍ¥´±¨ É¥²¥¸´μ£μ Ê£²  μÉ¡¨· ÕÉ¸Ö Éμ²Ó±μ É¥ ¸μ¡ÒÉ¨Ö, ¢ ±μÉμ·ÒÌ ¶·μÉμ´Ò
¶·μÏ²¨ ¶μ²´μ¸ÉÓÕ ¢Éμ·ÊÕ É·Ê¡±Ê. ’ ±¨³ μ¡· §μ³, μÉ¡¨· ÕÉ¸Ö ¸μ¡ÒÉ¨Ö, ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨¥ É·¥± ³ ¶·μÉμ´μ¢ ¢ ³ ²μ³ É¥²¥¸´μ³ Ê£²¥ ¢¤μ²Ó μ¸¨ ¸¨³³¥É·¨¨
¤¥É¥±Éμ· , ÎÉμ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ Ô´¥·£¨Õ ´ ²¥É ÕÐ¥£μ ´¥°É·μ´  ¸ Ìμ·μ-
Ï¨³ · §·¥Ï¥´¨¥³.

� ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¤²Ö ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥°
1 ŒÔ‚, ¤²¨´  É·¥±  Å 70 ¸³, ³ ±¸¨³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥ μÉ ´ Î ²  ¶¥·¢μ°
É·Ê¡±¨ ¤μ ±μ´Í  ¢Éμ·μ° L = 45,9 ¸³. � ¤¨Ê¸ É·Ê¡±¨ Rc = 2,25 ¸³.

�Ò²¨ ¶·μ¤¥² ´Ò É·¨ ¢ ·¨ ´É  · ¸Î¥Éμ¢: 1) 0 < z < 2,5; 2) 0 < z < 5,0;
3) 0 < z < 7,5 ¸³.
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�¨¸. 4. ”μ·³Ò ¸¶¥±É·μ¢ ¶·μÉμ´μ¢ ¤²Ö · §²¨Î´ÒÌ μ¡² ¸É¥° ·μ¦¤¥´¨Ö É·¥±μ¢: a) · ¸-
Î¥É´Ò¥ Å 1) 0 < z < 2,5 ¸³; 2) 0 < z < 5,0 ¸³; 3) 0 < z < 7,5 ¸³; ¡) Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ Å ¸¶¥±É· ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì ¶μÉμ±μ¢ ´¥°É·μ´μ¢ En = 982 ±Ô‚ ¶μ²ÊÎ¥´ ´ 
Ô²¥±É·μ¸É É¨Î¥¸±μ³ £¥´¥· Éμ·¥ 	ƒ-5 ‹�” �ˆŸˆ

Š ¦¤Ò° · § · §Ò£·Ò¢ ²μ¸Ó ¶μ 107 ¸μ¡ÒÉ¨°. �¥§Ê²ÓÉ É Å ¶μ ³¥·¥ Ê¢¥²¨-
Î¥´¨Ö μ¡² ¸É¨ ·μ¦¤¥´¨Ö ¶·μÉμ´μ¢ Ê¢¥²¨Î¨¢ ¥É¸Ö Ï¨·¨´  ¶¨±μ¢ (¸³. ·¨¸. 4,  ).
„²Ö ¸· ¢´¥´¨Ö ´  ·¨¸. 4, ¡ ¶μ± § ´  Î ¸ÉÓ ¨§³¥·¥´´μ£μ ¸¶¥±É· . “¸²μ¢¨Ö ¨§-
³¥·¥´¨Ö μ¶¨¸ ´Ò ´¨¦¥.

�Í¥´±  ÔËË¥±É¨¢´μ¸É¨ ¶·μ¢μ¤¨² ¸Ó ¶μ Ëμ·³Ê²¥

ε = nHσnp
ΔΩ
2π

, (7)

±μÉμ· Ö ¢¥·´  ¤²Ö ³ ²μ° ±μ´Í¥´É· Í¨¨ £ §  ¨ ÊÎ¨ÉÒ¢ ¥É, ÎÉμ ¶·μÉμ´Ò ²¥ÉÖÉ
¢¶¥·¥¤. nH Å Î¨¸²μ Ö¤¥· ¢μ¤μ·μ¤  ´  1 ¸³2 ¢ ¤¥É¥±Éμ·¥, σnp Å ¸¥Î¥´¨¥
· ¸¸¥Ö´¨Ö.

ˆ¸¶μ²Ó§μ¢ ²¸Ö £ § CH4 ¶μ¤ ¤ ¢²¥´¨¥³ 35 ³¡ ·,

nH =
NH

S
= 2,1 · 1019 ¸³−2. (8)

ˆ¸¶μ²Ó§ÊÖ ·¥§Ê²ÓÉ É ³μ¤¥²¨·μ¢ ´¨Ö ΔΩ/2π ≈ 0,02, ¶μ²ÊÎ¨³, ÎÉμ ÔËË¥±-
É¨¢´μ¸ÉÓ É¥²¥¸±μ¶  ¶·¨ ¤ ¢²¥´¨¨ 35 ³¡ · ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ε(1 ŒÔ‚) ≈
1,6 · 10−6.

‚¥²¨Î¨´  ÔËË¥±É¨¢´μ¸É¨ É¥²¥¸±μ¶  ²¨´¥°´μ § ¢¨¸¨É μÉ ¤ ¢²¥´¨Ö · ¡μ-
Î¥£μ £ § .

4. ˆ‡Œ…�…�ˆŸ

„²Ö ¶·μ¢¥·±¨ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ ¤¥É¥±Éμ·  ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸²¥¤ÊÕÐ¨¥
Ô±¸¶¥·¨³¥´ÉÒ: ± ´ Î ²Ó´μ³Ê Éμ·ÍÊ ¶¥·¢μ° É·Ê¡±¨ ¡Ò² ¶·¨±·¥¶²¥´ α-¨¸ÉμÎ-
´¨± 241Am, ¤ ¢²¥´¨¥ ¢ μ¡Ñ¥³¥ ¤¥É¥±Éμ·  ¸μ¸É ¢²Ö²μ 1,2  É³, ÎÉμ ¨¸±²ÕÎ ²μ
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�¨¸. 5. ‘¶¥±É· ¸ ± Éμ¤  �

�¨¸. 6. ‘¶¥±É· ¸ ± Éμ¤  �

¢μ§³μ¦´μ¸ÉÓ ¶μ¶ ¤ ´¨Ö α-Î ¸É¨ÍÒ ¨§ μ¡Ñ¥³  ¶¥·¢μ° É·Ê¡±¨ (± Éμ¤ �) ¢ μ¡Ñ¥³
¢Éμ·μ° É·Ê¡±¨ (± Éμ¤ �). „¥É¥±Éμ· μ¡²ÊÎ ²¸Ö É ±¦¥ É¥¶²μ¢Ò³¨ ´¥°É·μ-
´ ³¨ ¶μ¸²¥ § ³¥¤²¨É¥²Ö μÉ 252Cf. �  ·¨¸. 5 ¨ 6 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ
¨§³¥·¥´¨°.

�  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö  ´μ¤´ÒÌ ¸¶¥±É·μ¢ μÉ ·¥ ±-
Í¨¨ 3He (n, p) T + 763,77 ±Ô‚. ‘μ¢³¥Ð¥´¨¥ ¤¢ÊÌ ¶¨±μ¢, É. ¥. ¢Ò· ¢´¨¢ ´¨¥
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�¨¸. 7. ˆ§³¥·¥´¨Ö ¸¶¥±É·μ¢ μÉ ·¥ ±Í¨¨ 3He (n, p) T + 763,77 ±Ô‚. ‘¶¥±É· � ¡¥§
±μ³¶¥´¸ Í¨μ´´μ£μ ¶μÉ¥´Í¨ ² . ‘¶¥±É· � ¸ ¶μ³μÐÓÕ ±μ³¶¥´¸ Í¨μ´´μ£μ ¶μÉ¥´Í¨ ² 
´  ¤¢ÊÌ ± Éμ¤ Ì

�¨¸. 8. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ μÉ ·¥ ±Í¨¨ 3He(n, p)T+763,77 ±Ô‚ ¸ ¶μ³μÐÓÕ
¸É ´¤ ·É´μ£μ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ 252Cf ¨ ¶μ²¨ÔÉ¨²¥´μ¢μ£μ ¡²μ± -§ ³¥¤²¨É¥²Ö

±μÔËË¨Í¨¥´Éμ¢ £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¢μ ¢¸¥³ μ¡Ñ¥³¥ ¤¥É¥±Éμ· , ¤μ¸É¨£ ¥É¸Ö ¸
¶μ³μÐÓÕ ¶μ¤ Î¨ ¶μ²μ¦¨É¥²Ó´μ£μ ¶μÉ¥´Í¨ ²  ´  ± Éμ¤´Ò¥ É·Ê¡±¨ Uk0, ¢¥²¨-
Î¨´  ±μÉμ·μ£μ μ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³ ¶μ¤¡μ·  .

„μ¡ ¢²¥´¨¥ ´¥¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  3He ¢ £ §μ¢ÊÕ ¸³¥¸Ó ¶μ§¢μ²Ö¥É Ô±¸-
¶¥·¨³¥´É ²Ó´μ ¨§³¥·¨ÉÓ ¤¢  ¨¸±²ÕÎ¨É¥²Ó´μ ¢ ¦´ÒÌ ¶ · ³¥É·  ¶·μÉμ´´μ£μ
É¥²¥¸±μ¶ :
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1. ‘ ¶μ³μÐÓÕ ¸É ´¤ ·É´μ£μ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ 252Cf ¨ ¶μ²¨ÔÉ¨²¥´μ-
¢μ£μ ¡²μ± -§ ³¥¤²¨É¥²Ö ¡Ò²μ ¨§³¥·¥´μ ¸μ¡¸É¢¥´´μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥-
´¨¥ ¤¥É¥±Éμ· , ±μÉμ·μ¥ ¸μ¸É ¢¨²μ ∼ 1,5 % (FWHM). �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 8.

2. �¨± ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö Ô´¥·£¨¨ ¶·μÉμ´μ¢ ¨ É·¨Éμ´μ¢ ¢ μ¡Ñ¥³¥ ¤¥É¥±-
Éμ·  ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ Ô´¥·£¥É¨Î¥¸±ÊÕ ± ²¨¡·μ¢±Ê ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ
¢¶²μÉÓ ¤μ 1 ŒÔ‚ Ô´¥·£¨¨ ¶·μÉμ´μ¢ μÉ¤ Î¨. ‚μ§³μ¦´μ É ±¦¥ ¨¸¶μ²Ó§μ¢ ÉÓ
¶¨±¨ ¢Ò²¥É  ¶·μÉμ´  (574 ±Ô‚) ¨ É·¨Éμ´  (190 ±Ô‚) ¤²Ö ± ²¨¡·μ¢±¨ É¥²¥-
¸±μ¶  ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ´¥°É·μ´´μ£μ ¶μÉμ± .

�  Ô²¥±É·μ¸É É¨Î¥¸±μ³ £¥´¥· Éμ·¥ 	ƒ-5 ‹�” �ˆŸˆ ¡Ò²  ¶·μ¢¥¤¥´  ¸¥-
·¨Ö ¨§³¥·¥´¨° ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì ¶μÉμ±μ¢ ´¥°É·μ´μ¢, ±μÉμ·Ò¥ ¡Ò²¨ ¶μ²Ê-
Î¥´Ò ¢ ·¥§Ê²ÓÉ É¥ ·¥ ±Í¨¨ 7Li(p, n)7Be. �  ·¨¸. 4, ¡ ¶·¨¢¥¤¥´ ¸¶¥±É· ´¥°É·μ-
´μ¢ ¸ Ô´¥·£¨¥° 982 ±Ô‚, ¶μ²ÊÎ¥´´Ò° ´  Ô²¥±É·μ¸É É¨Î¥¸±μ³ £¥´¥· Éμ·¥ 	ƒ-5
‹�” �ˆŸˆ.

5. ‚›‚�„›

� §· ¡μÉ ´ ¨ ¨§£μÉμ¢²¥´ ´¥°É·μ´´Ò° ¸¶¥±É·μ³¥É· ´  ¡ §¥ É¥²¥¸±μ¶  ¶·μ-
Éμ´μ¢ μÉ¤ Î¨, ¢ ±μÉμ·μ³ ¡Ò² ¶·¨³¥´¥´ ³¥Éμ¤ ¨Ì Ô²¥±É·μ´´μ° ±μ²²¨³ Í¨¨.

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö Ì · ±É¥·¨¸É¨± ¶·μÉμ´´μ£μ É¥²¥¸±μ¶  ¡Ò²  ¢Ò¶μ²´¥´ 
¸¨³Ê²ÖÍ¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ. �·μ¤¥² ´Ò É·¨ ¢ ·¨ ´É 
· ¸Î¥Éμ¢: 1) 0 < z < 2,5; 2) 0 < z < 5,0; 3) 0 < z < 7,5 ¸³ (¸³. ·¨¸. 4,  ).

	ËË¥±É¨¢´μ¸ÉÓ ¶μ · ¸Î¥É ³ ¸μ¸É ¢²Ö¥É 10−6 (¢ § ¢¨¸¨³μ¸É¨ μÉ ¸μ¸É ¢ 
¨ ¤ ¢²¥´¨Ö £ §μ¢μ° ¸³¥¸¨ ¢ μ¡Ñ¥³¥ É¥²¥¸±μ¶ ).

„²Ö ¶·μ¢¥·±¨ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ ¤¥É¥±Éμ·  ¡Ò²¨ ¸´ÖÉÒ ¸¶¥±É·Ò ¸  ´μ¤ ,
± Éμ¤  � ¨ ± Éμ¤  � (¸³. ·¨¸. 5Ä7).

ˆ§³¥·¥´μ ¸μ¡¸É¢¥´´μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ· , ±μÉμ·μ¥ ¸μ-
¸É ¢¨²μ ∼ 1,5% (FWHM) (¸³. ·¨¸. 8).

ˆ§³¥·¥´Ò Ô´¥·£¨¨ ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·μ´μ¢ ´  Ô²¥±É·μ¸É É¨Î¥-
¸±μ³ £¥´¥· Éμ·¥ 	ƒ-5 ‹�” �ˆŸˆ, ±μÉμ·Ò¥ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ·¥§Ê²ÓÉ É¥
·¥ ±Í¨¨ 7Li(p, n)7Be. � §·¥Ï¥´¨¥ ¶μ ¡Ò¸É·Ò³ ´¥°É·μ´ ³ ¢ ¨´É¥·¢ ²¥ Ô´¥·-
£¨¨ 155 ±Ô‚Ä1 ŒÔ‚ ¸μ¸É ¢¨²μ ∼ 9% (FWHM) (¸³. ·¨¸. 4, ¡).

‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤ÊÉ ¶·¥¤¸É ¢²¥´Ò ¶μ¤·μ¡´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ³μ-
´μÔ´¥·£¥É¨Î¥¸±¨Ì ´¥°É·μ´μ¢ ´  	ƒ-5 ¨ μ¶¨¸ ´¨¥ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö.

‹ˆ’…��’“��

1. Asai K. et al. // Nuclear Science and Technology. 2006. V. 43, No. 4. P. 320Ä324.
2. Borst H. // Nucl. Instr. Meth. 1980. V. 169. P. 69Ä75.
3. Mizuno M. // Nucl. Instr. Meth. 1969. V. 75. P. 85Ä92.
4. Mizuho M., Yamanaka T. // Nucl. Instr. Meth. 1971. V. 91. P. 57Ä60.

5. http://wwwsrimorg/#SRIM

�μ²ÊÎ¥´μ 2 ´μÖ¡·Ö 2010 £.



�¥¤ ±Éμ· Œ. ˆ. ‡ ·Ê¡¨´ 

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 27.12.2010.
”μ·³ É 60× 90/16. �Ê³ £  μË¸¥É´ Ö. �¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 0,81. “Î.-¨§¤. ². 0,95. ’¨· ¦ 310 Ô±§. ‡ ± § º 57208.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.

E-mail: publish@jinr.ru
www.jinr.ru/publish/


