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‚ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° · §· ¡μÉ ´ ¨ ¸μ§¤ ´ ¸É Í¨μ´ ·´Ò° ¤μ¸³μ-
É·μ¢Ò° ±μ³¶²¥±¸ „‚¨	-2 ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ ¢§·Ò¢Î ÉÒÌ (‚‚) ¨ ´ ·±μÉ¨Î¥¸±¨Ì ¢¥Ð¥¸É¢
(	‚). ˆ¤¥´É¨Ë¨± Í¨Ö ¸±·ÒÉÒÌ ¢¥Ð¥¸É¢ μ¸´μ¢ ´  ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ³¥Éμ¤  ³¥Î¥´ÒÌ ´¥°É·μ´μ¢
(ŒŒ	). ˆ¸ÉμÎ´¨±μ³ ¶μÉμ±  ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° 14,1 ŒÔ‚, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨¨
d + t → α + n, Ö¢²Ö¥É¸Ö ¶μ·É É¨¢´Ò° ´¥°É·μ´´Ò° £¥´¥· Éμ· ¸μ ¢¸É·μ¥´´Ò³ 9-± ´ ²Ó´Ò³ ±·¥³-
´¨¥¢Ò³ α-¤¥É¥±Éμ·μ³. ‘μ§¤ ´´ Ö Ê¸É ´μ¢±  „‚¨	-2 μ¡¥¸¶¥Î¨¢ ¥É ¨¤¥´É¨Ë¨± Í¨Õ ¸±·ÒÉÒÌ ‚‚ ¨
	‚ ³ ¸¸μ° μÉ 100 £ ¤μ 50 ±£ ¢ μ¡Ñ¥±É Ì ±μ´É·μ²Ö ¸ £ ¡ ·¨É´Ò³¨ · §³¥· ³¨ μÉ 50 ¤μ 400 ³³ ¶μ
¢¸¥³ É·¥³ ¨§³¥·¥´¨Ö³. �¥§Ê²ÓÉ ÉÒ 76 É¥¸Éμ¢ÒÌ μ¶ÒÉμ¢ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨
Ê¸É ´μ¢±¨ „‚¨	-2 ¢ ¶² ´¥ ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ ‚‚ ¨ 	‚ ¶·¨ ¤μ¸É ÉμÎ´μ ´¨§±μ° ¢¥·μÖÉ´μ¸É¨
²μ¦´ÒÌ ¸· ¡ ÉÒ¢ ´¨°: ¢¥·μÖÉ´μ¸ÉÓ ¨¤¥´É¨Ë¨± Í¨¨ ‚‚ ¨ 	‚ ¸μ¸É ¢²Ö¥É 94%,   ²μ¦´ÒÌ ¸· ¡ ÉÒ-
¢ ´¨° Å 3%. ‚·¥³Ö ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ ¢¥Ð¥¸É¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì ³ ¸¸Ò ¨ Éμ²Ð¨´Ò ¸²μÖ
Ô±· ´¨·ÊÕÐ¥£μ ³ É¥·¨ ²  ¸μ¸É ¢²Ö¥É 3Ä7 ³¨´ ¶·¨ ¸·¥¤´¥° ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´´μ£μ ¶μÉμ±  ¢
4π ≈ 2 · 107 ¸−1.

The stationary inspection complex DViN-2 for identiˇcation of the hidden explosives and drugs
was developed and created at the Joint Institute for Nuclear Research. Identiˇcation of the hidden
substances is based on the method of tagged neutrons. The source of the tagged neutrons with energy
of 14.1 MeV, produced in the binary nuclear reaction d + t → α + n, is the portable neutron generator
with built-in 9-channel silicon α detector. The complex DViN-2 provides identiˇcation of the hidden
explosives and drugs with weight from 100 g to 50 kg in objects of the control with overall dimensions
from 50 to 400 mm on all three sides. Results of 76 test experiences showed the high efˇciency of the
complex DViN-2 in the identiˇcation of hidden substances and low probability of false operations: the
probability of the explosives and drugs identiˇcation makes 94%, and false operations Å 3%. Time of
identiˇcation of the hidden substances depending on their weight and a thickness of a layer of a shielding
material makes 3Ä7 min at average intensity of a neutron source in a solid angle 4π ≈ 2 · 107 s−1.

PACS: 28.20.-v; 25.40.-h

‚‚…„…�ˆ…

‚ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ § ± §Ê ”¥²Ó¤Ñ¥£¥·¸±μ° ¸²Ê¦¡Ò
�” · §· ¡μÉ ´ ¨ ¸μ§¤ ´ ¸É Í¨μ´ ·´Ò° ¤μ¸³μÉ·μ¢Ò° ±μ³¶²¥±¸ „‚¨	-2 ¤²Ö ¨¤¥´É¨Ë¨± -
Í¨¨ ¢§·Ò¢Î ÉÒÌ ¨ ´ ·±μÉ¨Î¥¸±¨Ì ¢¥Ð¥¸É¢, ¸±·ÒÉÒÌ ¢ Ë¥²Ó¤Ñ¥£¥·¸±μ³ ¡ £ ¦¥ ¨ ¶μÎÉμ¢ÒÌ
μÉ¶· ¢²¥´¨ÖÌ.
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ˆ¤¥´É¨Ë¨± Í¨Ö ¸±·ÒÉÒÌ ¢¥Ð¥¸É¢ ¢ ±μ³¶²¥±¸¥ „‚¨	-2 μ¸´μ¢ ´  ´  ³¥Éμ¤¥ ³¥Î¥´ÒÌ
´¥°É·μ´μ¢, ±μÉμ·Ò° ¸μ¸Éμ¨É ¢ μ¡²ÊÎ¥´¨¨ ¨´¸¶¥±É¨·Ê¥³μ£μ μ¡Ñ¥±É  ¶μÉμ±μ³ ³¥Î¥´ÒÌ
´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° 14,1 ŒÔ‚, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥ ±Í¨¨ d + t → α + n. ˆ¸ÉμÎ´¨±μ³
³¥Î¥´ÒÌ ´¥°É·μ´μ¢ Ö¢²Ö¥É¸Ö ¶μ·É É¨¢´Ò° ´¥°É·μ´´Ò° £¥´¥· Éμ· ¸μ ¢¸É·μ¥´´Ò³ ³´μ£μ-
± ´ ²Ó´Ò³ α-¤¥É¥±Éμ·μ³.

�¥£¨¸É· Í¨Ö α-Î ¸É¨ÍÒ ¢ ¸μ¢¶ ¤¥´¨ÖÌ ¸ Ì · ±É¥·¨¸É¨Î¥¸±¨³ Ö¤¥·´Ò³ γ-¨§²ÊÎ¥´¨¥³,
¢μ§´¨± ÕÐ¨³ ¢ ·¥§Ê²ÓÉ É¥ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö A(n, n′γ)A ³¥Î¥´μ£μ ´¥°É·μ´  ¸ Ö¤· ³¨
¨¸¸²¥¤Ê¥³μ£μ ¢¥Ð¥¸É¢ , ¶μ§¢μ²Ö¥É ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ¢¥Ð¥¸É¢μ ¶μ ±μ³¶μ§¨Í¨μ´´μ³Ê Ô²¥-
³¥´É´μ³Ê ¸μ¸É ¢Ê. �Éμ ¤μ¸É¨£ ¥É¸Ö ¶ÊÉ¥³ ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° Ì -
· ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö.

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ Í¥²ÓÕ ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉμ£μ ¢¥Ð¥¸É¢  μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  ´¥°·μ´´ÒÌ ¸¥É¥°. ‘ÊÉÓ ¤ ´´μ£μ ³¥Éμ¤  § ±²ÕÎ ¥É¸Ö
¢ ¸· ¢´¥´¨¨ ¨§³¥·¥´´ÒÌ ¸¶¥±É·μ¢ Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
μ¶·¥¤¥²¥´´Ò³ ¢·¥³¥´´Ò³ (α-γ)-¨´É¥·¢ ² ³, ¸ ÔÉ ²μ´´Ò³¨ ¸¶¥±É· ³¨, ¶·¨´ ¤²¥¦ Ð¨³¨
®μ¶ ¸´Ò³¯ § ¶·¥Ð¥´´Ò³ ¢¥Ð¥¸É¢ ³.

�μ²¥¥ ¤¥É ²Ó´μ¥ μ¶¨¸ ´¨¥ ³¥Éμ¤  ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ ¶μ¤·μ¡´μ ¨§²μ¦¥´μ ´ ³¨ ¢
· ¡μÉ Ì [1Ä6].

1. “‘’���‚Š� „‚¨�-2

�¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨ Ê¸É ´μ¢±¨ „‚¨	-2 Ö¢²ÖÕÉ¸Ö:
1) ¶μ·É É¨¢´Ò° ´¥°É·μ´´Ò° £¥´¥· Éμ· (	ƒ) ¸μ ¢¸É·μ¥´´Ò³ α-¤¥É¥±Éμ·μ³;
2) ¤¥É¥±Éμ·Ò γ-±¢ ´Éμ¢ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ BGO;
3) Ô²¥±É·μ´¨±  ¸¡μ·  ¨  ´ ²¨§  ¸¨£´ ²μ¢, ¶μ¸ÉÊ¶ ÕÐ¨Ì ¸ α- ¨ γ-¤¥É¥±Éμ·μ¢;
4) ¡¨μ²μ£¨Î¥¸± Ö § Ð¨É  μÉ ´¥°É·μ´´μ£μ ¨§²ÊÎ¥´¨Ö, ¸μ§¤ ¢ ¥³μ£μ 	ƒ;
5) ¶·¥¤³¥É´Ò° ¸Éμ² ¸ ¶¥·¥³¥Ð ÕÐ¥°¸Ö ¶μ¤¸É ¢±μ° ¤²Ö Ê¸É ´μ¢±¨ ¨¸¸²¥¤Ê¥³μ£μ μ¡Ñ-

¥±É ;
6) ¡²μ±¨ Ô²¥±É·μ¶¨É ´¨Ö 	ƒ, α- ¨ γ-¤¥É¥±Éμ·μ¢;
7) ¨´É¥·Ë¥°¸ μ¶¥· Éμ·  ´  ¡ §¥ ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥·  ¸ ¡²μ±μ³ ¶·μ£· ³³ μ¡· -

¡μÉ±¨ ¤ ´´ÒÌ.
	  ·¨¸. 1 ¶·¨¢¥¤¥´ μ¡Ð¨° ¢¨¤ Ê¸É ´μ¢±¨ „‚¨	-2 ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ ¢¥-

Ð¥¸É¢ ¸ ¶μ³μÐÓÕ ³¥Éμ¤  ³¥Î¥´ÒÌ ´¥°É·μ´μ¢.

1.1. �¥°É·μ´´Ò° £¥´¥· Éμ·. �μ·É É¨¢´Ò° ´¥°É·μ´´Ò° £¥´¥· Éμ· ˆ	ƒ-27 (·¨¸. 2)
¸μ ¢¸É·μ¥´´Ò³ 9-Ô²¥³¥´É´Ò³ ±·¥³´¨¥¢Ò³ α-¤¥É¥±Éμ·μ³ · §· ¡μÉ ´ ¢μ ‚¸¥·μ¸¸¨°¸±μ³
´ ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±μ³ ¨´¸É¨ÉÊÉ¥  ¢Éμ³ É¨±¨ (‚	ˆˆ�, £.Œμ¸±¢ ) [7]. ‚ μÉ²¨Î¨¥ μÉ
¸μ§¤ ´´ÒÌ · ´¥¥ £¥´¥· Éμ·μ¢ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ [3Ä6, 8], Ê ±μÉμ·ÒÌ É·¨É¨¥¢ Ö ³¨Ï¥´Ó
´ Ìμ¤¨² ¸Ó ¶μ¤ ¢Ò¸μ±¨³ ¶μÉ¥´Í¨ ²μ³ (∼ 120 ±‚), ¢ ¤ ´´μ° ±μ´¸É·Ê±Í¨¨ ·¥ ²¨§μ¢ ´
¢ ·¨ ´É ¸ § §¥³²¥´´μ° ³¨Ï¥´ÓÕ. ‚ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  ¨μ´μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ¨¸ÉμÎ´¨±
É¨¶  �¥´´¨´£ .

α-¤¥É¥±Éμ· · §· ¡μÉ ´ ¨ ¸μ§¤ ´ ¢ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° [4].
Œ É·¨Í  α-¤¥É¥±Éμ·μ¢, ¸μ¸ÉμÖÐ Ö ¨§ ¤¥¢ÖÉ¨ ¶¨±¸¥²¥°, · ¸¶μ²μ¦¥´  ´  · ¸¸ÉμÖ´¨¨ 62 ³³
μÉ Í¥´É·  É·¨É¨¥¢μ° ³¨Ï¥´¨. 	 ²¨Î¨¥ 9-Ô²¥³¥´É´μ£μ α-¤¥É¥±Éμ·  ¢´ÊÉ·¨ 	ƒ ¶μ§¢μ²Ö¥É
Ëμ·³¨·μ¢ ÉÓ ¤¥¢ÖÉÓ ³¥Î¥´ÒÌ ¶ÊÎ±μ¢ ´¥°É·μ´μ¢ ¤²Ö μ¡²ÊÎ¥´¨Ö ¨´¸¶¥±É¨·Ê¥³μ£μ μ¡Ñ¥±É .
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�¨¸. 1. “¸É ´μ¢±  ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ

¢¥Ð¥¸É¢ ¸ ¶μ³μÐÓÕ ³¥Éμ¤  ³¥Î¥´ÒÌ ´¥°É·μ´μ¢

�¨¸. 2. �μ·É É¨¢´Ò° ´¥°É·μ´´Ò° £¥´¥· Éμ·

ˆ	ƒ-27

�¨¸. 3. 9-¶¨±¸¥²Ó´Ò° ±·¥³´¨¥¢Ò° α-¤¥É¥±Éμ·

‚ ¸μ¸É ¢ 9-¶¨±¸¥²Ó´μ£μ α-¤¥É¥±Éμ· , Ê¸É -
´μ¢²¥´´μ£μ ¢ ±μ·¶Ê¸¥ 	ƒ (·¨¸. 3), ¢Ìμ¤ÖÉ:
¶² ´ ·´Ò° ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ· (±·¨¸É ²²);
±¥· ³¨Î¥¸± Ö ¶¥Î É´ Ö ¶² É -¤¥·¦ É¥²Ó; ±μ·-
¶Ê¸ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨.

�² ´ ·´Ò° ±·¥³´¨¥¢Ò° ¤¥É¥±Éμ· ¸μ¸Éμ¨É
¨§ ¤¥¢ÖÉ¨ Ô²¥³¥´Éμ¢ (¶¨±¸¥²¥°), μ¡· §ÊÕÐ¨Ì
³ É·¨ÍÊ 3 × 3 ¸ · §³¥· ³¨ ÎÊ¢¸É¢¨É¥²Ó´μ°
¶²μÐ ¤¨ 30 × 30 ³³. � §³¥·Ò μ¤´μ£μ Ô²¥-
³¥´É  Å 10 × 10 × 0,3 ³³.

Šμ·¶Ê¸ α-¤¥É¥±Éμ·  ¨§£μÉμ¢²¥´ ¨§ ´¥·¦ -
¢¥ÕÐ¥° ¸É ²¨ ¨ ¶·¥¤´ §´ Î¥´ ¤²Ö ³¥Ì ´¨Î¥-
¸±μ° § Ð¨ÉÒ ¨ Ë¨±¸ Í¨¨ ¶μ²μ¦¥´¨Ö ±·¥³´¨-
¥¢μ£μ ¤¥É¥±Éμ·  μÉ´μ¸¨É¥²Ó´μ ³¨Ï¥´¨ ¨ · §-
³¥Ð¥´¨Ö Ô²¥±É·¨Î¥¸±¨Ì ¢Ò¢μ¤μ¢ μÉ ± ¦¤μ£μ

Ô²¥³¥´É  α-¤¥É¥±Éμ· . Š¥· ³¨Î¥¸± Ö ¶¥Î É´ Ö ¶² É -¤¥·¦ É¥²Ó ¶·¥¤´ §´ Î¥´  ´¥ Éμ²Ó±μ
¤²Ö ³¥Ì ´¨Î¥¸±μ° § Ð¨ÉÒ ¨ Ë¨±¸ Í¨¨ ±·¥³´¨¥¢μ£μ ¤¥É¥±Éμ· , ´μ ¨ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö
Ô²¥±É·¨Î¥¸±¨Ì ±μ´É ±Éμ¢ ¸ ¤¥¢ÖÉÓÕ Ô²¥³¥´É ³¨ α-¤¥É¥±Éμ· .

�²μ± ¤¥É¥±Éμ·´μ° Ô²¥±É·μ´¨±¨ ¸μ¸Éμ¨É ¨§ ¤¥¢ÖÉ¨ ´¥§ ¢¨¸¨³ÒÌ Ê¸¨²¨É¥²¥° ¸¨£´ ²μ¢,
¶μ¸ÉÊ¶ ÕÐ¨Ì ¸ ¤¥¢ÖÉ¨ ¶¨±¸¥²¥° α-¤¥É¥±Éμ· . �² É  ¤¥É¥±Éμ·´μ° Ô²¥±É·μ´¨±¨ ¸³μ´É¨-
·μ¢ ´  ¢´ÊÉ·¨ ³¥É ²²¨Î¥¸±μ£μ ±μ·¶Ê¸  Å Ô²¥±É·μ³ £´¨É´μ£μ Ô±· ´ . �²μ± Ô²¥±É·μ´¨±¨
±·¥¶¨É¸Ö ´  Ë² ´Í¥ ´¥°É·μ´´μ£μ £¥´¥· Éμ·  ¨ ¸μ¥¤¨´Ö¥É¸Ö ¸ ±μ´É ±É ³¨ α-¤¥É¥±Éμ· 
Î¥·¥§ ¢Ìμ¤´μ° · §Ñ¥³.

	¥°É·μ´´Ò° £¥´¥· Éμ· ¨³¥¥É ¸²¥¤ÊÕÐ¨¥ Ì · ±É¥·¨¸É¨±¨:
• ³ ±¸¨³ ²Ó´Ò° ¶μÉμ± ´¥°É·μ´μ¢ Å 5 · 107 ¸−1;
• Ô´¥·£¨Ö ´¥°É·μ´μ¢ Å 14,1 ŒÔ‚;
• ·¥¦¨³ · ¡μÉÒ Å ´¥¶·¥·Ò¢´Ò°;
• ³ ±¸¨³ ²Ó´μ¥ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ Å 120 ±‚;
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• Ô²¥±É·μ¶¨É ´¨¥ Å (200 ± 10) ‚;
• ³ ¸¸  ¡²μ±  ¨§²ÊÎ É¥²Ö ´¥°É·μ´μ¢ Å ´¥ ¡μ²¥¥ 6 ±£;
• · ¡μÎ¨° ¤¨ ¶ §μ´ É¥³¶¥· ÉÊ· Å 10−45 ◦‘;
• ¶·¥¤¥²Ó´ Ö ¶μÉ·¥¡²Ö¥³ Ö ³μÐ´μ¸ÉÓ Å 30 ‚É.
	¥°É·μ´´Ò° £¥´¥· Éμ· μ±·Ê¦¥´ ¸μ ¢¸¥Ì ¸Éμ·μ´, ±·μ³¥ ¢ÒÌμ¤´μ°  ¶¥·ÉÊ·Ò ¤¥¢ÖÉ¨

³¥Î¥´ÒÌ ¶ÊÎ±μ¢ ´¥°É·μ´μ¢, ¡¨μ²μ£¨Î¥¸±μ° § Ð¨Éμ° ¨§ ¶μ²¨ÔÉ¨²¥´ . ’μ²Ð¨´  ¡¨μ²μ£¨-
Î¥¸±μ° § Ð¨ÉÒ ¢ ¸·¥¤´¥³ ¸μ¸É ¢²Ö¥É 300 ³³.

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ´¥°É·μ´´Ò° £¥´¥· Éμ· ¶·μ· ¡μÉ ² 300 Î ¶·¨ ¨´É¥´¸¨¢´μ¸É¨
´¥°É·μ´´μ£μ ¶μÉμ±  ∼ 2 · 107 ¸−1.

1.2. „¥É¥±Éμ· γ-±¢ ´Éμ¢. �¥£¨¸É· Í¨Ö Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö, μ¡· §ÊÕÐ¥-
£μ¸Ö ¢ ·¥§Ê²ÓÉ É¥ ·¥ ±Í¨¨ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö (A(n, n′γ)A) ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ´  Ö¤· Ì
²¥£±¨Ì Ô²¥³¥´Éμ¢ (12‘, 14N ¨ 16�), ¢Ìμ¤ÖÐ¨Ì ¢ ¸μ¸É ¢ ¨¸¸²¥¤Ê¥³μ£μ μ¡Ñ¥±É , μ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö ¸ ¶μ³μÐÓÕ ¤¢ÊÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ BGO.

„¥É¥±Éμ·Ò γ-±¢ ´Éμ¢ μ¡² ¤ ÕÉ ¸²¥¤ÊÕÐ¨³¨ ¸¢μ°¸É¢ ³¨:
1) Ìμ·μÏ¨³ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° γ-±¢ ´Éμ¢ 1Ä12 ŒÔ‚

((8 ± 2,5)%), ÎÉμ ±· °´¥ ¢ ¦´μ ¤²Ö ±μ··¥±É´μ£μ μ¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´μ¸É¥° ²¨´¨°
Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö 12‘, 14N ¨ 16�;

2) ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨ γ-±¢ ´Éμ¢ ¢ Ê± § ´´μ³ Ô´¥·£¥É¨Î¥¸±μ³ ¤¨ -
¶ §μ´¥, ÎÉμ ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢²ÖÉÓ ´ ¡μ· É·¥¡Ê¥³μ° ¸É É¨¸É¨±¨ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨
¸±·ÒÉÒÌ ¢¥Ð¥¸É¢ §  ¤μ¸É ÉμÎ´μ ³ ²Ò¥ ¢·¥³¥´ ;

3) ´¨§±μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¶μ μÉ´μÏ¥´¨Õ ± ·¥£¨¸É· Í¨¨ Ëμ´μ¢μ£μ ´¥°É·μ´´μ£μ
¨§²ÊÎ¥´¨Ö.

‚·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö ¢ ¸μ-
¢¶ ¤¥´¨ÖÌ ¸ ¸¨£´ ² ³¨ μÉ α-¤¥É¥±Éμ·μ¢ ¸μ¸É ¢²Ö¥É 2,9 ´¸, ÎÉμ Ê¤μ¢²¥É¢μ·Ö¥É É·¥¡μ¢ ´¨Ö³,
¶·¥¤ÑÖ¢²Ö¥³Ò³ ± ¤ ´´μ° Ê¸É ´μ¢±¥.

γ-¤¥É¥±Éμ· ¸μ¸Éμ¨É ¨§ 8-¤¨´μ¤´μ£μ ËμÉμÊ³´μ¦¨É¥²Ö Hamamatsu R6233 ¸ ¤¨ ³¥É·μ³
ËμÉμ± Éμ¤  76 ³³ ¨ ±·¨¸É ²²  BGO (¤¨ ³¥É· 76 ³³, Éμ²Ð¨´  70 ³³). ‚·¥³Ö ¢Ò¸¢¥-
Î¨¢ ´¨Ö BGO ¸μ¸É ¢²Ö¥É 300 ´¸, ¶²μÉ´μ¸ÉÓ Å 7,13 £/¸³3,   ±μÔËË¨Í¨¥´É ¶·¥²μ³²¥´¨Ö
¸¢¥É  Å 2,15.

	  ·¨¸. 4,  , ¡ ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´Ò ¸¶¥±É·Ò Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥-
´¨Ö, ¢μ§´¨± ÕÐ¥£μ ¶·¨ μ¡²ÊÎ¥´¨¨ μ¡· §Íμ¢ ¨§ Ê£²¥·μ¤  (12‘) ¨ ³¥² ³¨´  (¨³¨É Éμ· 
¢§·Ò¢Î É±¨ Å ‘3H6N3) ¶μÉμ±μ³ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢. ’μ²Ð¨´Ò μ¡· §Íμ¢ ¨§ Ê£²¥·μ¤ 
¨ ³¥² ³¨´  ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö ¶ ¤ ÕÐ¨Ì ´¥°É·μ´μ¢ ¸μ¸É ¢²Ö²¨ 3 ¨ 10 ¸³. Š ± ¢¨¤´μ,

�¨¸. 4. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö Ê£²¥·μ¤  ( ) ¨ ³¥² ³¨´  (¡)
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· ¸¶·¥¤¥²¥´¨¥   Ì · ±É¥·¨§Ê¥É¸Ö ¤¢Ê³Ö ¶¨± ³¨ Å ¶¨±μ³ ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö Ô´¥·£¨¨
Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö Ê£²¥·μ¤  (Eγ = 4,43 ŒÔ‚) ¨ ¶¨±μ³ μ¤´μ±· É´μ° ÊÉ¥Î±¨
γ-±¢ ´É  ¸ Ô´¥·£¨¥° 0,511 ŒÔ‚ (Eγ = 3,92 ŒÔ‚),   · ¸¶·¥¤¥²¥´¨¥ ¡ Å ¶¨± ³¨ γ-
¨§²ÊÎ¥´¨Ö Ê£²¥·μ¤  ¨  §μÉ  (Eγ = 5,1 ŒÔ‚). �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ γ-¤¥É¥±Éμ·  ´ 
²¨´¨¨ Eγ = 4,43 ŒÔ‚ ¸μ¸É ¢²Ö¥É ΓE = (3,9 ± 0,1)%.

1.3. �¥£¨¸É·¨·ÊÕÐ Ö Ô²¥±É·μ´¨± . �¥£¨¸É·¨·ÊÕÐ Ö Ô²¥±É·μ´¨±  ¢Ò¶μ²´¥´  ¢ ¢¨¤¥
μ¤´μ° ¶² ÉÒ · §³¥·μ³ ¸É ´¤ ·É´μ° PCI-± ·ÉÒ ¸ ¢μ§³μ¦´μ¸ÉÓÕ Ê¸É ´μ¢±¨ ¥¥ ¢ PCI-¸²μÉ
¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥·  (�Š) ¨ · ¡μÉÒ ¶μ¤ ¥£μ Ê¶· ¢²¥´¨¥³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤²Ö
μ¡³¥´  ¨´Ëμ·³ Í¨¥° PCI-Ï¨´Ò. ‘ ¶μ³μÐÓÕ �Š ¶·μ¨§¢μ¤¨É¸Ö ¶¥·¢¨Î´ Ö μ¡· ¡μÉ± 
¨´Ëμ·³ Í¨¨, ¸Î¨É ´´μ° ¸ α- ¨ γ-¤¥É¥±Éμ·μ¢, Ëμ·³¨·μ¢ ´¨¥ Ë °²μ¢ ¤ ´´ÒÌ ¤²Ö ¶¥·¥¤ Î¨
¨Ì ¸ ¶μ³μÐÓÕ ETHERNET ¢ �Š ¸ Í¥²ÓÕ μ±μ´Î É¥²Ó´μ° μ¡· ¡μÉ±¨ ¨ ¶·¥¤¸É ¢²¥´¨Ö
·¥§Ê²ÓÉ Éμ¢.

‚ μ¸´μ¢Ê ¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ ¸¨£´ ²μ¢ ¸ α- ¨ γ-¤¥É¥±Éμ·μ¢ ¶μ²μ¦¥´ ¶·¨´Í¨¶ μÍ¨-
Ë·μ¢±¨ Ëμ·³Ò ¨³¶Ê²Ó¸μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¢ÒÎ¨¸²¥´¨¥³ ¨Ì ¢·¥³¥´´ÒÌ ¨  ³¶²¨ÉÊ¤´ÒÌ
Ì · ±É¥·¨¸É¨±. � ±¥É ¶·μ£· ³³, ¶μ¤¤¥·¦¨¢ ÕÐ¨Ì · ¡μÉÊ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±¨,
¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤· °¢¥·Ò ¤²Ö PCI-¨´É¥·Ë¥°¸ , ¶·μ£· ³³Ê ¸¥²¥±Í¨¨ ¸μ¡ÒÉ¨° ¨ ¨Ì μ¡-
· ¡μÉ±Ê, ¶·μ£· ³³Ê Ëμ·³¨·μ¢ ´¨Ö Ë °²  ¤ ´´ÒÌ,   É ±¦¥ ¶·μ£· ³³Ò, ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö
´ ¸É·μ°±¨ ·¥¦¨³μ¢ ¡²μ±  Ô²¥±É·μ´¨±¨. „²Ö μ¡¥¸¶¥Î¥´¨Ö É·¥¡Ê¥³μ° ¸±μ·μ¸É¨ ¶¥·¥¤ Î¨
¤ ´´ÒÌ ¶μ PCI-Ï¨´¥ ¨´É¥·Ë¥°¸ · ¡μÉ ¥É ¢ ·¥¦¨³¥ ± ´ ²  ¶·Ö³μ£μ ¤μ¸ÉÊ¶  ± ¶ ³ÖÉ¨.
�Éμ μ¸´μ¢´μ¥ É·¥¡μ¢ ´¨¥ ± ¤· °¢¥·Ê, ¶μ¤¤¥·¦¨¢ ÕÐ¥³Ê · ¡μÉÊ ¤ ´´μ£μ Ê¸É·μ°¸É¢ . �μ
§ ¶μ²´¥´¨¨ ¢Ò¤¥²¥´´μ£μ ¡ÊË¥·  ¤ ´´ÒÌ ¶·μ¨¸Ìμ¤¨É ¶¥·¥±²ÕÎ¥´¨¥ ± ´ ²  ¶·Ö³μ£μ ¤μ-
¸ÉÊ¶  ´  ¸¢μ¡μ¤´ÊÕ μ¡² ¸ÉÓ ¶ ³ÖÉ¨,   § ¶μ²´¥´´ Ö Î ¸ÉÓ μ¡· ¡ ÉÒ¢ ¥É¸Ö ¶·μ£· ³³μ°
¸¥²¥±Í¨¨ ¨ μ¡· ¡μÉ±¨. �·μÍ¥¸¸Ò § ¶¨¸¨ ¨ μ¡· ¡μÉ±¨ ¨¤ÊÉ ¶ · ²²¥²Ó´μ.

‚¸¥ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥, ¶μ¤¤¥·¦¨¢ ÕÐ¥¥ · ¡μÉÊ ¡²μ±  Ô²¥±É·μ´¨±¨, · ¡μÉ ¥É
¶μ¤ Ê¶· ¢²¥´¨¥³ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³Ò LINUX.

1.4. ˆ´É¥·Ë¥°¸ μ¶¥· Éμ·  ´  ¡ §¥ ¶¥·¸μ´ ²Ó´μ£μ ±μ³¶ÓÕÉ¥·  ¸ ¡²μ±μ³ ¶·μ£· ³³
μ¡· ¡μÉ±¨ ¤ ´´ÒÌ. �²μ± ¶·μ£· ³³ ¶·¨¥³  ¨ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ,   É ±¦¥ ¢¨§Ê ²¨§ Í¨¨
·¥§Ê²ÓÉ Éμ¢  ´ ²¨§  ¢·¥³¥´´ÒÌ ¨ Ô´¥·£¥É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨°, ¶μ²ÊÎ¥´´ÒÌ ¸ ¶μ³μÐÓÕ
α- ¨ γ-¤¥É¥±Éμ·μ¢, ¶·¥¤´ §´ Î¥´ ¤²Ö μÉμ¡· ¦¥´¨Ö ·¥§Ê²ÓÉ Éμ¢  ´ ²¨§  ¢ Ê¤μ¡´μ° ¤²Ö
¶μ²Ó§μ¢ É¥²Ö Ëμ·³¥. �·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ · ¡μÉ ¥É ¶μ¤ Ê¶· ¢²¥´¨¥³ μ¶¥· Í¨μ´´μ°
¸¨¸É¥³Ò LINUX ¨ ¢Ò¶μ²´Ö¥É ¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨:

Å ¶·μ¢¥¤¥´¨¥ ¶μ²´μ£μ Í¨±²  ¨§³¥·¥´¨Ö. –¨±² ¨§³¥·¥´¨Ö ¢±²ÕÎ ¥É ¢ ¸¥¡Ö: § ¶Ê¸±
£¥´¥· Éμ·  ´¥°É·μ´μ¢, ´ ±μ¶²¥´¨¥ ¨  ´ ²¨§ ¤ ´´ÒÌ, ¶·¨´ÖÉ¨¥ ·¥Ï¥´¨° ¢  ¢Éμ³ É¨Î¥¸±μ³
·¥¦¨³¥, ¢¨§Ê ²¨§ Í¨Õ ·¥§Ê²ÓÉ Éμ¢  ´ ²¨§  ¨ ¶·¨´ÖÉÒÌ ·¥Ï¥´¨°, ¢Ò±²ÕÎ¥´¨¥ £¥´¥· Éμ· 
´¥°É·μ´μ¢, ¶·μÉμ±μ²¨·μ¢ ´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö ¨  ·Ì¨¢¨·μ¢ ´¨¥ ¤ ´´ÒÌ, ´ ¡· ´-
´ÒÌ §  ¢·¥³Ö ¨§³¥·¥´¨Ö;

Å ¤¨ £´μ¸É¨±Ê ¨¸¶· ¢´μ¸É¨ ¡²μ±μ¢ ¨ ¸¨¸É¥³, ¢Ìμ¤ÖÐ¨Ì ¢ ±μ³¶²¥±¸;
Å  ·Ì¨¢¨·μ¢ ´¨¥ ¢Ò¶μ²´¥´´ÒÌ ¨§³¥·¥´¨°.
�·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¢Ò¶μ²´¥´μ ¢ ¢¨¤¥ ¶·¨±² ¤´μ° ¶·μ£· ³³Ò ¨ ´ ¡μ·  ¸²Ê¦¥¡-

´ÒÌ Ë °²μ¢ ¤²Ö Ì· ´¥´¨Ö ´ ¸É·μ¥± ¨ ¶·μÉμ±μ²μ¢. �·μ£· ³³´Ò° ±μ¤ ´ ¶¨¸ ´ ´  Ö§Ò±¥
C++ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ ±¥É  ROOT [9], ¸μ§¤ ´´μ£μ ´  μ¸´μ¢¥ ROOT-´ ¡μ·  ±² ¸¸μ¢
¤²Ö · ¡μÉÒ ¸ ´¥°·μ´´Ò³¨ ¸¥ÉÖ³¨. ‚ ± Î¥¸É¢¥ ¡ §Ò ¤ ´´ÒÌ ¤²Ö Ì· ´¥´¨Ö ¶·μÉμ±μ²μ¢ ¨¸-
¶μ²Ó§Ê¥É¸Ö ¶ ±¥É MySQL [10], ¨´É¥·Ë¥°¸ ± ±μÉμ·μ³Ê ¢¸É·μ¥´ ¢ ROOT. ‚§ ¨³μ¤¥°¸É¢¨¥
¸ £¥´¥· Éμ·μ³ ´¥°É·μ´μ¢ ¶·μ¨§¢μ¤¨É¸Ö ¶μ ¨´É¥·Ë¥°¸Ê RS 232.

1.5. � · ³¥É·Ò ³¥Î¥´ÒÌ ¶ÊÎ±μ¢ Ê¸É ´μ¢±¨ „‚¨�-2. ˆ§³¥·¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ
· ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¢ ¤¥¢ÖÉ¨ ³¥Î¥´ÒÌ ¶ÊÎ± Ì ¶·μ¢μ¤¨²¨¸Ó ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ
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�¨¸. 5. �·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±μ¢ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ ¢¤μ²Ó μ¸¥° X ¨ Y . ‘¶²μÏ´ Ö

²¨´¨Ö Å ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö

· §· ¡μÉ ´´μ£μ ¨ ¸μ§¤ ´´μ£μ ¤²Ö ÔÉ¨Ì Í¥²¥° ¤¥É¥±Éμ· -¶·μË¨²μ³¥É·  [6]. 	  ·¨¸. 5,  , ¡
¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´Ò ¶·μ¸É· ´¸É¢¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¢ ¶²μ¸±μ¸É¨
XY , ¶¥·¶¥´¤¨±Ê²Ö·´μ° ´ ¶· ¢²¥´¨Õ ¢Ò²¥É  ¶ÊÎ±μ¢ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ ¨§ ³¨Ï¥´¨ ¨
´ Ìμ¤ÖÐ¥°¸Ö ´  · ¸¸ÉμÖ´¨¨ 275 ³³ μÉ 	ƒ. � ¸¶·¥¤¥²¥´¨Ö ¶μ  ¡¸Í¨¸¸¥ X ¨ μ·¤¨´ É¥
Y ¶·¨¢¥¤¥´Ò ¤²Ö ³¥Î¥´ÒÌ ¶ÊÎ±μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Í¥´É· ²Ó´Ò³ ·Ö¤ ³ α-¶¨±¸¥²¥° ¶μ
¢¥·É¨± ²¨ (α2, α5, α8) ¨ £μ·¨§μ´É ²¨ (α4, α5, α6). ‡´ Î¥´¨Ö  ¡¸Í¨¸¸Ò X ¨ μ·¤¨´ ÉÒ
Y μÉ¸Î¨ÉÒ¢ ÕÉ¸Ö μÉ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö μ¸¨ 	ƒ, ¶·μÌμ¤ÖÐ¥° Î¥·¥§ Í¥´É· É·¨É¨¥¢μ°
³¨Ï¥´¨, ¸ ¶²μ¸±μ¸ÉÓÕ XY .

‚ ¸·¥¤´¥³ Ï¨·¨´Ò ¶¨±μ¢ ´  ¶μ²Ê¢Ò¸μÉ¥ ´  · ¸¸ÉμÖ´¨¨ 275 ³³ μÉ Í¥´É·  É·¨É¨¥-
¢μ° ³¨Ï¥´¨ ¤μ ¶²μ¸±μ¸É¨ XY ¢ ´ ¶· ¢²¥´¨ÖÌ μ¸¥° X ¨ Y ¸μ¸É ¢²ÖÕÉ (41,1 ± 1,1) ¨
(42,8 ± 1,4) ³³ ¸μμÉ¢¥É¸É¢¥´´μ.

�É³¥É¨³, ÎÉμ ¨§³¥·¥´´Ò¥ ¶·μ¸É· ´¸É¢¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ´¥°É·μ´μ¢ ¸μ¢¶ ¤ ÕÉ ¶μ
Ëμ·³¥ ¸ · ¸Î¥É´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ ¤²Ö ÉμÎ¥Î´μ£μ ¶ÊÎ±  ¤¥°É·μ´μ¢.

�·¨ ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´´μ£μ ¶μÉμ±  (In = 2 · 107 ¸−1) ¸±μ·μ¸ÉÓ ¸Î¥É  ¸μ¡ÒÉ¨°,
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ μ¤´¨³ α-¶¨±¸¥²¥³, Ê¸·¥¤´¥´´ Ö ¶μ ¢¸¥³ ¤¥¢ÖÉ¨ ¶¨±¸¥²Ö³, ¸μ¸É ¢²Ö¥É
∼ 4 · 104 ¸−1.

1.6. ‚·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·μ¢ Ê¸É ´μ¢±¨ „‚¨�-2. ‘μ¡¸É¢¥´´μ¥ ¢·¥³¥´´μ¥
· §·¥Ï¥´¨¥ (Γt) ¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ ¢ ¸μ¢¶ ¤¥´¨ÖÌ ¸ α-Î ¸É¨Í ³¨
¨§ dt-·¥ ±Í¨¨ μ¶·¥¤¥²Ö²μ¸Ó ¢ μ¶ÒÉ¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¥É¥±Éμ·  ´¥°É·μ´μ¢ ´  μ¸´μ¢¥
¶² ¸É¨Î¥¸±μ£μ ¸Í¨´É¨²²ÖÉμ· , ±μÉμ·Ò° Ê¸É ´ ¢²¨¢ ²¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ³¥Î¥´Ò° ¶ÊÎμ±
´¥°É·μ´μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Í¥´É· ²Ó´μ³Ê ¶¨±¸¥²Õ. 	  ·¨¸. 6,  , ¡ ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥-
²¥´¨Ö ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²μ¢ ³¥¦¤Ê ¸¨£´ ² ³¨ ¸ Í¥´É· ²Ó´μ£μ α-¶¨±¸¥²Ö ¨ ¸ γ-¤¥É¥±Éμ· ,
¨§³¥·¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨ μ¡· §Íμ¢ ¨§ 12‘ (10×10×3 ¸³) ¨ ³¥² ³¨´  (10×10×10 ¸³)
¶μÉμ±μ³ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ (10 × 10 × 30 ³³).

�¶¶·μ±¸¨³ Í¨Ö ¤ ´´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·μ¨§¢μ¤¨² ¸Ó ¸ ¶μ³μÐÓÕ ËÊ´±Í¨¨, ¶·¥¤¸É -
¢²ÖÕÐ¥° ¸μ¡μ° ¸Ê³³Ê ¤¢ÊÌ £ Ê¸¸¨ ´μ¢ ¨ ±μ´¸É ´ÉÒ. �¥·¢Ò° ¶¨± ¸μμÉ¢¥É¸É¢Ê¥É ·¥£¨¸É· -
Í¨¨ Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö Ê£²¥·μ¤  (Eγ = 4,43 ŒÔ‚),   ¢Éμ·μ° Å ¤¥É¥±É¨-
·μ¢ ´¨Õ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢, · ¸¸¥Ö¢Ï¨Ì¸Ö ´  μ¡· §Í¥ 12‘ ¨ ¶μ¶ ¢Ï¨Ì ¢ γ-¤¥É¥±Éμ·.
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�¨¸. 6. � ¸¶·¥¤¥²¥´¨Ö ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²μ¢ ³¥¦¤Ê ¸¨£´ ² ³¨ ¸ Í¥´É· ²Ó´μ£μ α-¶¨±¸¥²Ö ¨ γ-
¤¥É¥±Éμ· , ¨§³¥·¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨ ¶μÉμ±μ³ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ μ¡· §Íμ¢ ¨§ 12‘ ( ) ¨ ³¥² -

³¨´  (¡); ¢) · ¸¶·¥¤¥²¥´¨¥ ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²μ¢ ³¥¦¤Ê ¸¨£´ ² ³¨ ¸ Í¥´É· ²Ó´μ£μ α-¶¨±¸¥²Ö ¨

¶² ¸É¨±μ¢Ò³ ¤¥É¥±Éμ·μ³

ˆ§³¥·¥´´μ¥ §´ Î¥´¨¥ ¢·¥³¥´´μ£μ · §·¥Ï¥´¨Ö ¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ (α-n)-¸μ¢¶ ¤¥´¨°
¸μ¸É ¢¨²μ (1,6±0,1) ´¸ (·¨¸. 6, ¢). ‡´ Î¥´¨Ö ¢¥²¨Î¨´Ò Γt ¤²Ö ¸¨¸É¥³Ò ·¥£¨¸É· Í¨¨ Ì · ±-
É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö ¢ ¸μ¢¶ ¤¥´¨ÖÌ ¸ ¸μ¶ÊÉ¸É¢ÊÕÐ¨³¨ α-Î ¸É¨Í ³¨ ¢ μ¶ÒÉ Ì ¸
μ¡· §Í ³¨ ¨§ 12‘ ¨ ³¥² ³¨´  ¸μ¸É ¢¨²¨ (2,6±0,1) ´¸ ¨ (3,2±0,1) ´¸ ¸μμÉ¢¥É¸É¢¥´´μ (¸³.
·¨¸. 6,  , ¡). � §²¨Î¨¥ ¢ Ê± § ´´ÒÌ §´ Î¥´¨ÖÌ ¢¥²¨Î¨´Ò ƒ μ¡Ê¸²μ¢²¥´μ · §²¨Î¨¥³ ¢·¥³¥´
¸¢μ¡μ¤´μ£μ ¶·μ¡¥£  ³¥Î¥´μ£μ ´¥°É·μ´  ¢ ¢¥Ð¥¸É¢ Ì Ê± § ´´ÒÌ μ¡· §Íμ¢, ±μÉμ·Ò¥, ¢ ¸¢μÕ
μÎ¥·¥¤Ó, μ¶·¥¤¥²ÖÕÉ¸Ö ¶²μÉ´μ¸ÉÓÕ ¢¥Ð¥¸É¢  ¨ Éμ²Ð¨´μ° μ¡²ÊÎ ¥³μ£μ μ¡Ñ¥±É .

2. �…‡“‹œ’�’› ’…‘’ˆ��‚��ˆŸ “‘’���‚Šˆ „‚¨�-2

�¸´μ¢´μ° Í¥²ÓÕ É¥¸É¨·μ¢ ´¨Ö ¸μ§¤ ´´μ° Ê¸É ´μ¢±¨ Ö¢²Ö²μ¸Ó μ¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ-
´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ ¢§·Ò¢Î ÉÒÌ (‚‚) ¨ ´ ·±μÉ¨Î¥¸±¨Ì (	‚) ¢¥Ð¥¸É¢ ¶·¨ ´ ²¨Î¨¨
· §´μμ¡· §´ÒÌ Ô±· ´¨·ÊÕÐ¨Ì ³ É¥·¨ ²μ¢,   É ±¦¥ ¢¥·μÖÉ´μ¸ÉÓ ²μ¦´ÒÌ μ¡´ ·Ê¦¥´¨°
‚‚ ¨ 	‚.

„²Ö μ¡ÊÎ¥´¨Ö ´¥°·μ´´ÒÌ ¸¥É¥° ¶·μ¨§¢μ¤¨²μ¸Ó ¨§³¥·¥´¨¥ ·¥¶¥·´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì
· ¸¶·¥¤¥²¥´¨° Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö, ¢μ§´¨± ÕÐ¥£μ ¶·¨ μ¡²ÊÎ¥´¨¨ ¶μÉμ-
±μ³ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢ ¸²¥¤ÊÕÐ¨Ì ¢§·Ò¢Î ÉÒÌ ¨ ´ ·±μÉ¨Î¥¸±¨Ì ¢¥Ð¥¸É¢: £¥±¸μ£¥´ 
(C7H3N3O6),  ³³μ´¨É  (20 % ’	’+ 80 % H4N2O3), É·¨´¨É·μÉμ²Êμ²  (C7H3N3O6), ÉÔ´ 
(C5H8N4O12), É¥É·¨²  (C3H6N6O6), Ô² ¸É¨É  (£¥±¸μ£¥´+¶² ¸É¨Ë¨± Éμ·), �‚‚-5�
(£¥±¸μ£¥´+ ¶² ¸É¨Ë¨± Éμ·), £¥·μ¨´  (C21H23NO5), ±μ± ¨´  (C17H21NO4), ¸μ²ÊÉ ´ 
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�¨¸. 7. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨
¶μÉμ±μ³ ´¥°É·μ´μ¢ É·¨´¨É·μÉμ²Êμ² , ÉÔ´ , ³¥² ³¨´  ¨  ³³μ´¨É 

(C10H15NO+ · §²¨Î´μ£μ É¨¶  ¤μ¡ ¢±¨) ¨ ´ É·¨°-μ±¸¨¤-¡ÊÉ¨· É  (C4H8O3). ˆ§³¥·¥-
´¨¥ γ-¸¶¥±É·μ¢ ¶·μ¨§¢μ¤¨²μ¸Ó ¢ ·¥¦¨³¥ (α-γ)-¸μ¢¶ ¤¥´¨°. ‚·¥³Ö ´ ¡μ·  ¸É É¨¸É¨±¨
¤²Ö ± ¦¤μ£μ ¨§ ¶¥·¥Î¨¸²¥´´ÒÌ ¢¥Ð¥¸É¢ ¸μ¸É ¢²Ö²μ ¢ ¸·¥¤´¥³ ∼ 1 Î ¶·¨ ¨´É¥£· ²Ó´μ°
¨´É¥´¸¨¢´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ∼ 4 · 107 ¸−1. Œ ¸¸  ± ¦¤μ£μ ¨§ μ¡· §Íμ¢ ¸μ¸É ¢²Ö² 
∼ 1 ±£.

	  ·¨¸. 7 ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´Ò ¤²Ö ¸· ¢´¥´¨Ö ³¥¦¤Ê ¸μ¡μ° Ô´¥·£¥É¨Î¥¸±¨¥
¸¶¥±É·Ò Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨ É·¨´¨É·μÉμ²Êμ² ,
ÉÔ´ , ³¥² ³¨´  (¸¨³Ê²Ö´É  ‚‚ Ä C3H6N6) ¨  ³³μ´¨É  ¶μÉμ±μ³ ³¥Î¥´ÒÌ ´¥°É·μ´μ¢.

Š ± ¢¨¤´μ, ¶·¨¢¥¤¥´´Ò¥ γ-¸¶¥±É·Ò ¤ ¦¥ ¢¨§Ê ²Ó´μ · §²¨Î ÕÉ¸Ö ³¥¦¤Ê ¸μ¡μ° ¶μ
Ëμ·³¥, ÎÉμ £ · ´É¨·Ê¥É Î¥É±ÊÕ ¨¤¥´É¨Ë¨± Í¨Õ ¤ ´´ÒÌ ‚‚ ¸ ¶μ³μÐÓÕ ´¥°·μ´´ÒÌ ¸¥-
É¥°. ’ ±μ¥ · §²¨Î¨¥ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ¨´É¥´¸¨¢´μ¸ÉÖ³¨ ²¨´¨°
Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö Ö¤¥· 12‘, 14N ¨ 16� ¤²Ö ¶¥·¥Î¨¸²¥´´ÒÌ ‚‚ · §²¨Î´Ò.

‘· ¢´¥´¨¥ ¦¥ ¸¶¥±É·μ¢, ¶μ²ÊÎ¥´´ÒÌ ¤²Ö Ô² ¸É¨É  ¨ �‚‚-5�, ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ¡
¨Ì ¶· ±É¨Î¥¸±¨ ¶μ²´μ° ¸Ìμ¦¥¸É¨ ¨ ¶μÔÉμ³Ê ¤¥² ¥É ¢μ§³μ¦´Ò³ Éμ²Ó±μ μ¤´μ§´ Î´ÊÕ
¨¤¥´É¨Ë¨± Í¨Õ ¤ ´´ÒÌ ¢¥Ð¥¸É¢ ± ± ‚‚, ¡¥§ Ê± § ´¨Ö ±μ´±·¥É´μ£μ ¢§·Ò¢Î Éμ£μ ¢¥Ð¥¸É¢ 
¨§ ¶·¨¢¥¤¥´´μ£μ ´ ¡μ·  ‚‚.

	  ·¨¸. 8 ¶μ± § ´Ò Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò γ-¨§²ÊÎ¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨
³¥Î¥´Ò³¨ ´¥°É·μ´ ³¨ ´ ·±μÉ¨Î¥¸±¨Ì ¢¥Ð¥¸É¢: ¸μ²ÊÉ ´ , ´ É·¨Ö μ±¸¨¡ÊÉ¨· É , ±μ± ¨´ 
¨ £¥·μ¨´ .

�¨¸. 8. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò Ì · ±É¥·¨¸É¨Î¥¸±μ£μ γ-¨§²ÊÎ¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ μ¡²ÊÎ¥´¨¨

¶μÉμ±μ³ ´¥°É·μ´μ¢ ¸μ²ÊÉ ´ , ´ É·¨Ö μ±¸¨¡ÊÉ¨· É , ±μ± ¨´  ¨ £¥·μ¨´ 
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‚¨¤´μ, ÎÉμ ¸¶¥±É·Ò ¤²Ö £¥·μ¨´  ¨ ±μ± ¨´ ,   É ±¦¥ ¤²Ö ¸μ²ÊÉ ´  ¨ ´ É·¨Ö μ±¸¨¡ÊÉ¨-
· É  · §²¨Î´Ò ³¥¦¤Ê ¸μ¡μ° ¶μ Ëμ·³¥, ÎÉμ ¤¥² ¥É ¤μ¸Éμ¢¥·´μ° ¨Ì ¨¤¥´É¨Ë¨± Í¨Õ.

�¥§Ê²ÓÉ ÉÒ 76 É¥¸Éμ¢ÒÌ μ¶ÒÉμ¢, ¢Ò¶μ²´¥´´ÒÌ ¸μ ¢§·Ò¢Î ÉÒ³¨ ¨ ´ ·±μÉ¨Î¥¸±¨³¨ ¢¥-
Ð¥¸É¢ ³¨, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨ Ê¸É ´μ¢±¨ „‚¨	-2 ¢ ¶² ´¥ ¨¤¥´É¨-
Ë¨± Í¨¨ ¸±·ÒÉÒÌ ‚‚ ¨ 	‚ ¶·¨ ¤μ¸É ÉμÎ´μ ´¨§±μ° ¢¥·μÖÉ´μ¸É¨ ²μ¦´ÒÌ ¸· ¡ ÉÒ¢ ´¨°.
‚¥·μÖÉ´μ¸ÉÓ ¨¤¥´É¨Ë¨± Í¨¨ ‚‚ ¸μ¸É ¢¨²  94 %,   ²μ¦´ÒÌ ¸· ¡ ÉÒ¢ ´¨° 3%.

Œ¨´¨³ ²Ó´μ ¤¥É¥±É¨·Ê¥³ Ö ³ ¸¸  ‚‚ ¨ 	‚ ¶·¨ ´ ²¨Î¨¨ Ô±· ´¨·ÊÕÐ¨Ì ¢¥Ð¥¸É¢
¸μ¸É ¢¨²  ∼ 100 £.

‚¸¥ É¥¸ÉÒ ¢Ò¶μ²´Ö²¨¸Ó ¶·¨ ¸·¥¤´¥° ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´´μ£μ ¶μÉμ±  ≈ 2 ·107 ¸−1.
�·¨ ÔÉμ³ ¢·¥³Ö ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉμ£μ ¢¥Ð¥¸É¢  ¸μ¸É ¢²Ö²μ 3Ä7 ³¨´, ¢ § ¢¨¸¨³μ¸É¨
μÉ ³ ¸¸Ò ¨ Éμ²Ð¨´Ò Ô±· ´¨·ÊÕÐ¥£μ ³ É¥·¨ ² .

‡�Š‹�—…�ˆ…

	  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò.
1) ‚ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° · §· ¡μÉ ´ ¨ ¸μ§¤ ´ ¸É Í¨μ-

´ ·´Ò° ¤μ¸³μÉ·μ¢Ò° ±μ³¶²¥±¸ „‚¨	-2, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ
¢§·Ò¢Î ÉÒÌ ¨ ´ ·±μÉ¨Î¥¸±¨Ì ¢¥Ð¥¸É¢. Ÿ¤¥·´μ-Ë¨§¨Î¥¸± Ö ³¥Éμ¤¨±  (³¥Éμ¤ ³¥Î¥´ÒÌ ´¥°-
É·μ´μ¢) ²¥£²  ¢ μ¸´μ¢Ê ¸μ§¤ ´¨Ö ¤ ´´μ° Ê¸É ´μ¢±¨.

2) ‘μ§¤ ´´ Ö Ê¸É ´μ¢±  „‚¨	-2 μ¡¥¸¶¥Î¨¢ ¥É ¨¤¥´É¨Ë¨± Í¨Õ ‚‚ ¨ 	‚ ³ ¸¸μ°
μÉ 100 £ ¤μ 50 ±£ ¢ μ¡Ñ¥±É Ì ±μ´É·μ²Ö ¸ £ ¡ ·¨É´Ò³¨ · §³¥· ³¨ μÉ 50 ¤μ 400 ³³ ¶μ
¢¸¥³ É·¥³ ¨§³¥·¥´¨Ö³ ¡¥§ ¨Ì ¢¸±·ÒÉ¨Ö. �²μÐ ¤Ó §μ´Ò μ¡¸²¥¤μ¢ ´¨Ö μ¡Ñ¥±É  ±μ´É·μ²Ö,
· ¸¶μ²μ¦¥´´μ£μ ´  · ¸¸ÉμÖ´¨¨ 600 ³³ μÉ 	ƒ, ¶·¨ μ¤´μ±· É´μ³ μ¡²ÊÎ¥´¨¨ ¥£μ ¶μÉμ±μ³
³¥Î¥´ÒÌ ´¥°É·μ´μ¢ ¸μ¸É ¢²Ö¥É 300 × 300 ³³.

3) �¥§Ê²ÓÉ ÉÒ 76 É¥¸Éμ¢ÒÌ μ¶ÒÉμ¢, ¢Ò¶μ²´¥´´ÒÌ ¸μ ¢§·Ò¢Î ÉÒ³¨ ¨ ´ ·±μÉ¨Î¥¸±¨³¨
¢¥Ð¥¸É¢ ³¨, ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨ Ê¸É ´μ¢±¨ „‚¨	-2 ¢ ¶² ´¥ ¨¤¥´-
É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ ‚‚ ¨ 	‚ ¶·¨ ¤μ¸É ÉμÎ´μ ´¨§±μ° ¢¥·μÖÉ´μ¸É¨ ²μ¦´ÒÌ ¸· ¡ ÉÒ¢ ´¨°.
‚¥·μÖÉ´μ¸ÉÓ ¨¤¥´É¨Ë¨± Í¨¨ ‚‚ ¸μ¸É ¢²Ö¥É 94 %,   ²μ¦´ÒÌ ¸· ¡ ÉÒ¢ ´¨° 3%.

4) Œ¨´¨³ ²Ó´μ ¤¥É¥±É¨·Ê¥³ Ö ³ ¸¸  ‚‚ ¨ 	‚ ¶·¨ ´ ²¨Î¨¨ Ô±· ´¨·ÊÕÐ¨Ì ¢¥Ð¥¸É¢
¸μ¸É ¢²Ö¥É ∼ 100 £.

5) ‚·¥³Ö ¨¤¥´É¨Ë¨± Í¨¨ ¸±·ÒÉÒÌ ¢¥Ð¥¸É¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì ³ ¸¸Ò ¨ Éμ²Ð¨´Ò
Ô±· ´¨·ÊÕÐ¥£μ ³ É¥·¨ ²  ¸μ¸É ¢²Ö¥É 3Ä7 ³¨´ ¶·¨ ¸·¥¤´¥° ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´´μ£μ
¶μÉμ±  ≈ 2 · 107 ¸−1.

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ: ¸μÉ·Ê¤´¨± ³ ƒ”‘ �” ‚.�. �μÎ ·-
´¨±μ¢Ê, ‘. ‚.Š· ¢Î¥´±μ ¨ ‚.ˆ.ŠÊ·Î Éμ¢Ê §  ¨´¨Í¨¨·μ¢ ´¨¥ ¤ ´´μ° · ¡μÉÒ ¨ ¶μ¸Éμ-
Ö´´ÊÕ ¶μ¤¤¥·¦±Ê ¢ Ìμ¤¥ ¥¥ ¢Ò¶μ²´¥´¨Ö; ¸μÉ·Ê¤´¨± ³ ‹”‚� �ˆŸˆ �.�. „¥·£Ê´μ¢Ê ¨
ˆ.Œ.Œ¥²Ó´¨Î¥´±μ §  ¡μ²ÓÏÊÕ ¶· ±É¨Î¥¸±ÊÕ ¶μ³μÐÓ ¢ ¸μ§¤ ´¨¨ Ê¸É ´μ¢±¨
„‚¨	-2, …. ‚. ‡¥³²Ö´¨Î±¨´μ° ¨ …. �.�¥·¥¢ ²μ¢μ° §  ¶μ³μÐÓ ¶·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¤ ´´ÒÌ; ¸μÉ·Ê¤´¨± ³ ‚	ˆˆ� …. �. �μ£μ²Õ¡μ¢Ê, 
.Š.�·¥¸´Ö±μ¢Ê, ‚.ˆ. �Ò¦±μ-
¢Ê ¨ ’.�.• ¸ ¥¢Ê §  ¶²μ¤μÉ¢μ·´μ¥ ¸μÉ·Ê¤´¨Î¥¸É¢μ ´  ¢¸¥Ì ÔÉ ¶ Ì ¸μ§¤ ´¨Ö ´¥°É·μ´´μ£μ
£¥´¥· Éμ· .
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