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1 ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ���, Œμ¸±¢ 

2 Œμ¸±μ¢¸±¨° Ë¨§¨±μ-É¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ

(� Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ê´¨¢¥·¸¨É¥É), „μ²£μ¶·Ê¤´Ò°, �μ¸¸¨Ö

„²Ö μ¡¥¸¶¥Î¥´¨Ö ´ Í¨μ´ ²Ó´μ° ¡¥§μ¶ ¸´μ¸É¨ ¢ ¦¥´ ±μ´É·μ²Ó ¶¥·¥³¥Ð¥´¨Ö μ¶ ¸-
´ÒÌ ¨²¨ ¸É· É¥£¨Î¥¸±¨ ¢ ¦´ÒÌ £·Ê§μ¢, É ±¨Ì ± ± ¢§·Ò¢Î ÉÒ¥ ¢¥Ð¥¸É¢ , · ¤¨μ ±É¨¢´Ò¥
³ É¥·¨ ²Ò, ·¥¤±¨¥ ¨ ¤· £μÍ¥´´Ò¥ ³¥É ²²Ò. �·μ¢μ¤¨ÉÓ É ±μ° ±μ´É·μ²Ó ³μ¦´μ, ¸± -
´¨·ÊÖ ¸μ¤¥·¦¨³μ¥ É· ´¸¶μ·É´ÒÌ ±μ´É¥°´¥·μ¢ £ ³³ -¨§²ÊÎ¥´¨¥³. ‚ ¤ ´´μ° · ¡μÉ¥
· ¸¸³μÉ·¥´  ¸ÊÐ¥¸É¢ÊÕÐ Ö ³¥Éμ¤¨±  ¤Ê ²Ó´ÒÌ Ô´¥·£¨° ¨ ¶·¥¤²μ¦¥´  ²ÓÉ¥·´ É¨¢´Ò°
¸¶μ¸μ¡, μ¸´μ¢ ´´Ò° ´  ¨§³¥·¥´¨¨ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö £ ³³ -±¢ ´Éμ¢. „²Ö
μÍ¥´±¨ ¡Ò²μ ¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¸ ¶μ³μÐÓÕ É· ´¸¶μ·É´μ£μ ±μ¤  GEANT4.
’ ±¦¥ ¢Ò¶μ²´¥´ Ô±¸¶¥·¨³¥´É ¶μ ¨§³¥·¥´¨Õ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¤¥É¥±Éμ· 
´  μ¸´μ¢¥ ¸Í¨´É¨²²¨·ÊÕÐ¥£μ ±·¨¸É ²²  BGO ¨ ±·¥³´¨¥¢μ£μ ËμÉμÊ³´μ¦¨É¥²Ö.

It is important for national security to control the movement of dangerous or strategi-
cally important cargo such as explosives, radioactive materials, rare and precious metals.
This control can be provided by scanning transport containers by gamma rays. In this
report the existing technique for scanning (dual energy method) is considered and the
alternative method based on measuring the energy distribution of gamma rays is proposed.
For estimation of perspectives of the proposed method, the corresponding simulation was
conducted by using the GEANT4 toolkit. The example of the reconstruction algorithm of
the chemical composition of the scanned object is also considered. In addition, the exper-
iment for estimation of energy resolution of the detector based on a scintillation crystal
BGO and SiPM was carried out.
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ˆ¸¶μ²Ó§μ¢ ´¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ£μ £ ³³ -¨§²ÊÎ¥´¨Ö ¢ ¶·¨±² ¤´μ° Éμ-
³μ£· Ë¨¨ ¸¥£μ¤´Ö Ï¨·μ±μ · ¸¶·μ¸É· ´¥´μ. ‚ ÔÉμ° ¸É ÉÓ¥ ³Ò · ¸¸³μÉ·¨³ ¢μ§-
³μ¦´μ¸É¨ Ê²ÊÎÏ¥´¨Ö ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ³¥Éμ¤  ± ± ¶ÊÉ¥³ ³μ¤¥·´¨§ Í¨¨ μ¡μ·Ê-
¤μ¢ ´¨Ö, É ± ¨ ¶ÊÉ¥³ · §· ¡μÉ±¨ ³ É¥³ É¨Î¥¸±¨Ì  ²£μ·¨É³μ¢, ±μÉμ·Ò¥ ¡μ-
²¥¥ ¶μ²´μ ¨¸¶μ²Ó§ÊÕÉ ¨´Ëμ·³ Í¨Õ, ¸μ¤¥·¦ ÐÊÕ¸Ö ¢ ¨§³¥·¥´´ÒÌ §´ Î¥´¨ÖÌ.
‚ ´ Î ²¥ ³Ò · ¸¸³μÉ·¨³ ¸ÊÐ¥¸É¢ÊÕÐ¨° ³¥Éμ¤ ¤Ê ²Ó´ÒÌ Ô´¥·£¨° ¨ μ¶·¥¤¥-
²¨³ ¢μ§³μ¦´Ò¥ ´ ¶· ¢²¥´¨Ö ¤²Ö ¸μ§¤ ´¨Ö ¡μ²¥¥ ÉμÎ´μ° ³¥Éμ¤¨±¨. „ ²¥¥ ¢
· ¡μÉ¥ ¶·¨¢¥¤¥´μ μ¶¨¸ ´¨¥ ´¥¸±μ²Ó±¨Ì ³μ¤¥²¥° ¨ Î¨¸²¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢
¸ μ¡¸Ê¦¤¥´¨¥³ ·¥§Ê²ÓÉ Éμ¢. ’ ±¦¥ ¢ · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°
Ì · ±É¥·¨¸É¨± ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ±·¨¸É ²²  BGO, ±μÉμ·Ò° ³μ¦¥É ¶μ¸²Ê-
¦¨ÉÓ μ¸´μ¢μ° ¤²Ö ³μ¤¥·´¨§¨·μ¢ ´´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö.

Œ…’�„ „“�‹œ�›• ��…�ƒˆ‰

� ¸¸³μÉ·¨³, ± ± Ê³¥´ÓÏ ¥É¸Ö ¶μÉμ± £ ³³ -²ÊÎ¥°. ŠμÔËË¨Í¨¥´É ¶·μ¶Ê¸-
± ´¨Ö μ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ Ê· ¢´¥´¨¥³:

T (E0, t, Z) =

E0∫
0

S(E0, E) exp (−μ(E, Z) × t) dE)

E0∫
0

S(E0, E) dE

, (1)

£¤¥ T Å ¶·μ§· Î´μ¸ÉÓ ³ É¥·¨ ²  ¤²Ö £ ³³ -¨§²ÊÎ¥´¨Ö; S(E0, E) Å ËÊ´±Í¨Ö
μÉ±²¨±  ¤¥É¥±Éμ· ; μ(E, Z) Å ³ ¸¸μ¢Ò° ±μÔËË¨Í¨¥´É μ¸² ¡²¥´¨Ö; t Å μ¶É¨-
Î¥¸± Ö Éμ²Ð¨´  ³ É¥·¨ ² ; E0 Å ¶·¥¤¥²Ó´ Ö Ô´¥·£¨Ö Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö;
E Å Ô´¥·£¨Ö £ ³³ -¨§²ÊÎ¥´¨Ö; Z Å § ·Ö¤ Ö¤·  ¨¸¸²¥¤Ê¥³μ£μ ³ É¥·¨ ² .

�·¥¤¶μ²μ¦¨³, ÎÉμ ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  £ ³³ -²ÊÎ¥° ¨¸¶μ²Ó§Ê¥É¸Ö Éμ·-
³μ§´μ¥ ¨§²ÊÎ¥´¨¥ ¸μ ¸¶¥±É·μ³, ± ± ´  ·¨¸. 1, a, ¨ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥°
E0, § ¢¨¸ÖÐ¥° μÉ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± . ŠμÔËË¨Í¨¥´É ¶·μ§· Î´μ¸É¨
T (E0, t, Z) É ±¦¥ § ¢¨¸¨É μÉ ¸·¥¤´¥£μ ³ ¸¸μ¢μ£μ ±μÔËË¨Í¨¥´É  μ¸² ¡²¥´¨Ö
³ É¥·¨ ² . �¨¸. 1, ¡ ¶μ± §Ò¢ ¥É § ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  μ¸² ¡²¥´¨Ö μÉ
Ô´¥·£¨¨ ¤²Ö · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢. ŒÒ ³μ¦¥³ ¢Ò¤¥²¨ÉÓ É·¨ μ¡² ¸É¨: ´ -
Î ²Ó´ÊÕ, ¢ ±μÉμ·μ° ¤μ³¨´¨·Ê¥É ËμÉμÔ²¥±É·¨Î¥¸±¨° ÔËË¥±É ¨ ³μ£ÊÉ ¡ÒÉÓ
· §¤¥²¥´Ò Éμ²Ó±μ ³ É¥·¨ ²Ò ¸ ¡μ²ÓÏ¨³ § ·Ö¤μ³ Ö¤· ; ¸·¥¤´ÕÕ, ¢ ±μÉμ·μ°
¤μ³¨´¨·Ê¥É ±μ³¶Éμ´μ¢¸±μ¥ · ¸¸¥Ö´¨¥ ¨ ³ É¥·¨ ²Ò ´¥ · §²¨Î¨³Ò; ¨, ´ ±μ-
´¥Í, μ¡² ¸ÉÓ, £¤¥ μ¸´μ¢´μ¥ ¢²¨Ö´¨¥ μ± §Ò¢ ¥É ¶·μÍ¥¸¸ ·μ¦¤¥´¨Ö Ô²¥±É·μ´-
¶μ§¨É·μ´´ÒÌ ¶ · ¨ ³ É¥·¨ ²Ò ¤μ¸É ÉμÎ´μ Ìμ·μÏμ · §²¨Î¨³Ò [1Ä3]. �μ¸²¥¤-
´ÖÖ μ¡² ¸ÉÓ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¤²Ö ³¥Éμ¤  ¤Ê ²Ó´ÒÌ Ô´¥·£¨° [3].

“· ¢´¥´¨¥ (1) ´¥ ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ³ É¥·¨ ², ¥¸²¨ ´¥¨§¢¥¸É´  μ¶É¨-
Î¥¸± Ö Éμ²Ð¨´  ³ É¥·¨ ² . „²Ö ·¥Ï¥´¨Ö ÔÉμ° ¶·μ¡²¥³Ò ¢ ³¥Éμ¤¥ ¤Ê ²Ó´μ°
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�¨¸. 1.  ) ‘¶¥±É· Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö μÉ Ô²¥±É·μ´  ¸ Ô´¥·£¨¥° 10 ŒÔ‚. ¡) Œ ¸¸μ¢Ò°
±μÔËË¨Í¨¥´É μ¸² ¡²¥´¨Ö ¤²Ö · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢

Ô´¥·£¨¨ ¶·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢  Ô²¥±É·μ´´ÒÌ ¶ÊÎ±  ¸ · §²¨Î´μ° Ô´¥·-
£¨¥°. C ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ§· Î´μ¸É¨ ¤²Ö ¤¢ÊÌ ¶·¥¤¥²Ó´ÒÌ Ô´¥·£¨° £ ³³ -

²ÊÎ¥° E
(1)
0 ¨ E

(2)
0 ,   § É¥³ ³¨´¨³¨§ Í¨¨ ËÊ´±Í¨μ´ ² 

F (z) =
|t(E(1)

0 , z) − t(E(2)
0 , z)|

t(E(1)
0 , z)

→ min (2)

¸É ´μ¢¨É¸Ö ¢μ§³μ¦´Ò³ ¨¸±²ÕÎ¨ÉÓ ´¥¨§¢¥¸É´ÊÕ ´ ³ μ¶É¨Î¥¸±ÊÕ Éμ²Ð¨´Ê ¨
¢ÒÎ¨¸²¨ÉÓ ÔËË¥±É¨¢´μ¥ § ·Ö¤μ¢μ¥ Î¨¸²μ ¤²Ö ¨¸¸²¥¤Ê¥³μ£μ ³ É¥·¨ ² . „ ´´Ò°
³¥Éμ¤ ¶μ§¢μ²Ö¥É μÉ´¥¸É¨ ¸± ´¨·Ê¥³Ò° ³ É¥·¨ ² ± μ¤´μ° ¨§ Î¥ÉÒ·¥Ì £·Ê¶¶,
· §¤¥²¥´´ÒÌ ¶μ ÔËË¥±É¨¢´μ³Ê § ·Ö¤μ¢μ³Ê Î¨¸²Ê: Zeff ∼ 5, Zeff ∼ 13, Zeff ∼
26, Zeff ∼ 82.

�¤´ ±μ ³¥Éμ¤ ¤Ê ²Ó´μ° Ô´¥·£¨¨ ¨³¥¥É ´¥±μÉμ·Ò¥ ´¥¤μ¸É É±¨, ¸·¥¤¨ ±μ-
Éμ·ÒÌ ³Ò ¢Ò¤¥²¨³ ¤¢ :

• ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¢ ¤¢ÊÌ ¶ÊÎ± Ì · §²¨Î´μ° Ô´¥·£¨¨ ¢¥¤¥É ± Ê¸²μ¦´¥´¨Õ
±μ´¸É·Ê±Í¨¨ ¸± ´¥· ;

• ¤ ´´Ò° ³¥Éμ¤ ¡Ê¤¥É ¨³¥ÉÓ ³ ²ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¢ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ -
´¨Ö ³ É¥·¨ ² , ¸μ¸ÉμÖÐ¥£μ ¨§ ¸¨²Ó´μ · §²¨Î ÕÐ¨Ì¸Ö ¶μ § ·Ö¤Ê Ô²¥³¥´Éμ¢.

�μÔÉμ³Ê ³Ò ¶·¥¤² £ ¥³  ²ÓÉ¥·´ É¨¢´Ò° ¶μ¤Ìμ¤:
• ¨¸¶μ²Ó§μ¢ ÉÓ Éμ²Ó±μ μ¤¨´ Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¸ Ô´¥·£¨¥° 10 ŒÔ‚;
• ¨§³¥·ÖÉÓ ´¥ Éμ²Ó±μ ¶·μ¸É· ´¸É¢¥´´μ¥, ´μ ¨ Ô´¥·£¥É¨Î¥¸±μ¥ · ¸¶·¥¤¥-

²¥´¨¥ £ ³³ -±¢ ´Éμ¢.

Œ�„…‹ˆ��‚��ˆ…

„²Ö μÍ¥´±¨ ³Ò ¶·μ¢¥²¨ ´¥¸±μ²Ó±μ GEANT4 [2] ³μ¤¥²¨·μ¢ ´¨°, ¨¸¶μ²Ó-
§ÊÖ ¸Ì¥³Ê (·¨¸. 2): Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¸ Ô´¥·£¨¥° 10 ŒÔ‚ ¸É ²±¨¢ ¥É¸Ö ¸
¢μ²ÓË· ³μ¢Ò³ ±μ´¢¥·É¥·μ³, ¸μ§¤ ¢ Ö Éμ·³μ§´μ¥ ¨§²ÊÎ¥´¨¥, ±μÉμ·μ¥ μ¡²Ê-
Î ¥É ¸É ²Ó´μ° ¤¢ÊÌ³¥É·μ¢Ò° ±μ´É¥°´¥·, ¢´ÊÉ·¨ ±μÉμ·μ£μ ´ Ìμ¤¨É¸Ö ¸± ´¨·Ê-
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�¨¸. 2. ‘Ì¥³  ³μ¤¥²¨·μ¢ ´¨Ö

¥³Ò° μ¡Ñ¥±É, ¨ ·¥£¨¸É·¨·Ê¥É¸Ö ¤¥É¥±Éμ·μ³. � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¢μ²ÓË· ³μ¢Ò³
±μ´¢¥·É¥·μ³ ¨ ±μ´É¥°´¥·μ³ ¸μ¸É ¢²Ö¥É 2 ³, ³¥¦¤Ê ±μ´É¥°´¥·μ³ ¨ ¤¥É¥±Éμ-
·μ³ Å 10 ¸³.

�·¨¢¥¤¥³ ´¥¸±μ²Ó±μ ¶·¨³¥·μ¢ ¶·μ¢¥¤¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö.
• �  ·¨¸. 3,   ¶μ± § ´ ¶·¨³¥· μ¶ ¸´μ£μ ¸É ²Ó´μ£μ μ¡Ñ¥±É  ´¥μ¤´μ·μ¤´μ°

Éμ²Ð¨´Ò, ¸· ¢´¨³μ° ¸ Éμ²Ð¨´μ° ¸É¥´μ± ±μ´É¥°´¥· .
• �¨¸. 3, ¡ ¨ 4,   ¶μ± §Ò¢ ÕÉ ·¥§Ê²ÓÉ É ³μ¤¥²¨·μ¢ ´¨Ö Ê· ´μ¢μ£μ ±Ê¡¨± 

¸ ·¥¡·μ³ 6 ¸³ (³ ¸¸  μ±μ²μ 4 ±£), ¶μ³¥Ð¥´´μ£μ ¢ ¸¢¨´Íμ¢ÊÕ ¸Ë¥·Ê Éμ²Ð¨´μ°
1 ¸³. Š ± ¶μ± § ²μ ³μ¤¥²¨·μ¢ ´¨¥, É ±μ° ±Ê¡ ³μ¦´μ μ¡´ ·Ê¦¨ÉÓ ¸ Éμ²Ð¨´μ°
μ¡μ²μÎ±¨ ¤μ 5 ¸³.

• �¨¸. 4, ¡ ¤¥³μ´¸É·¨·Ê¥É · §´¨ÍÊ ³¥¦¤Ê ¤¢Ê³Ö μ·£ ´¨Î¥¸±¨³¨ ³ É¥·¨ -
² ³¨: ¡¥§μ¶ ¸´Ò³ Å Í¥²²Õ²μ§μ° ¨ μ¶ ¸´Ò³ Å £¥±¸μ£¥´μ³ (RDX). � §´¨Í 

�¨¸. 3.  ) �¶ ¸´Ò° ¸É ²Ó´μ° ¶·¥¤³¥É ¸ ´¥· ¢´μ³¥·´μ° Éμ²Ð¨´μ°. ¡) ŠÊ¡¨± Ê· ´ 
¢ ¸¢¨´Íμ¢μ° μ¡μ²μÎ±¥ (XY -· ¸¶·¥¤¥²¥´¨¥)
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�¨¸. 4.  ) ŠÊ¡¨± Ê· ´  ¢ ¸¢¨´Íμ¢μ° μ¡μ²μÎ±¥ (X-· ¸¶·¥¤¥²¥´¨¥). ¡) ‘· ¢´¥´¨¥ Í¥²-
²Õ²μ§Ò ¨ £¥±¸μ£¥´ 

§´ Î¨É¥²Ó´ , ÔÉμ μ§´ Î ¥É, ÎÉμ ³μ¦´μ · §· ¡μÉ ÉÓ  ²£μ·¨É³Ò ¶μ¨¸±  μ·£ ´¨-
Î¥¸±¨Ì ¢§·Ò¢Î ÉÒÌ ¢¥Ð¥¸É¢.

• �  ·¨¸. 5, a ¶μ± § ´ ·¥§Ê²ÓÉ É ¸· ¢´¥´¨Ö ¤¢ÊÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢
(¢ ± Î¥¸É¢¥ ¸· ¢´¨É¥²Ó´μ° ³¥É·¨±¨ ¢Ò¡· ´ ²μ£ ·¨Ë³ μÉ´μÏ¥´¨Ö ¨´É¥´¸¨¢-
´μ¸É¥°) ¤²Ö ¸Ë¥· ¨§  ²Õ³¨´¨Ö ¨ Ê· ´  ¤¨ ³¥É·μ³ 1 ¸³. Š ± ¢¨¤¨³, ¤ ¦¥ ¢
É ±¨Ì ³ ²ÒÌ ³ ¸ÏÉ ¡ Ì ¨ ³ ²ÒÌ (¶μ ¸· ¢´¥´¨Õ ¸ ·¥ ²Ó´Ò³ ¶ÊÎ±μ³) ¨´É¥´-
¸¨¢´μ¸ÉÖÌ ³μ¦´μ ·¥£¨¸É·¨·μ¢ ÉÓ · §²¨Î¨Ö ¢ Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É· Ì.

—Éμ¡Ò μÍ¥´¨ÉÓ ¢μ§³μ¦´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ£μ § ·Ö¤  ³ É¥·¨ ² 
¶μ Ô´¥·£¥É¨Î¥¸±μ³Ê ¸¶¥±É·Ê, ¡Ò²μ ¸³μ¤¥²¨·μ¢ ´μ ¸± ´¨·μ¢ ´¨¥ Ï¥¸É¨ ³¨Ï¥-
´¥° ¨§ · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢ (¦¥²¥§μ, ¸¢¨´¥Í,  ²Õ³¨´¨°, Í¥²²Õ²μ§ , μ²μ¢μ,
Ê· ´) ¸ μ¤¨´ ±μ¢Ò³¨ ¶μ¶¥·¥Î´Ò³¨ ¨ · §²¨Î´Ò³¨ ¶·μ¤μ²Ó´Ò³¨ · §³¥· ³¨.
�·μ¤μ²Ó´Ò° · §³¥· ¡Ò² ¢Ò¡· ´ É ±¨³ μ¡· §μ³, ÎÉμ¡Ò μ¡Ð¥¥ μ¸² ¡²¥´¨¥
¶μÉμ±  £ ³³ -¨§²ÊÎ¥´¨Ö ¡Ò²μ μ¤¨´ ±μ¢Ò³ ¤²Ö ¢¸¥Ì ³ É¥·¨ ²μ¢ ¨ ¨Ì ´¥²Ó§Ö

�¨¸. 5.  ) ‘· ¢´¥´¨¥ Ô´¥·£¥É¨Î¥¸±¨Ì ¸¶¥±É·μ¢ ¨§ Ê· ´μ¢ÒÌ ¨  ²Õ³¨´¨¥¢ÒÌ ¸Ë¥·.
¡) ‡ ¢¨¸¨³μ¸ÉÓ ³¥É·¨±¨ μÉ ÔËË¥±É¨¢´μ£μ § ·Ö¤μ¢μ£μ Î¨¸²  ³ É¥·¨ ² 
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¡Ò²μ · §²¨Î¨ÉÓ Éμ²Ó±μ ¶ÊÉ¥³  ´ ²¨§  ±μ²¨Î¥¸É¢  £ ³³ -±¢ ´Éμ¢, ¶·¨Ï¥¤Ï¨Ì
¢ ¤¥É¥±Éμ·Ò.

�´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ÔÉ¨Ì ³¨Ï¥´¥° ¶μ± § ´Ò ´  ·¨¸Ê´± Ì. Š ±
¢¨¤´μ, ¸¶¥±É·Ò ¤²Ö ¢¸¥Ì ³¨Ï¥´¥° · §²¨Î´Ò ¢ μ¡² ¸É¨ ¤μ 3 ŒÔ‚ (·¨¸. 6, a)
¨ ¢ μ¡² ¸É¨ ¶μ¸²¥ 4 ŒÔ‚ (¸³. ·¨¸. 6, ¡). ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ÔÉμ · §²¨Î¨¥
Ö¢²Ö¥É¸Ö §´ Î¨É¥²Ó´Ò³ ¤ ¦¥ ¶·¨ ³ ²ÒÌ ¨´É¥´¸¨¢´μ¸ÉÖÌ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
(108 Ô²¥±É·μ´μ¢), ÎÉμ Ê± §Ò¢ ¥É ´  ¡μ²¥¥ ¢Ò· ¦¥´´μ¥ · §²¨Î¨¥ ¢ ·¥ ²Ó´μ³
Ô²¥±É·μ´´μ³ ¶ÊÎ±¥ μÉ Ê¸±μ·¨É¥²Ö (1015 Ô²¥±É·μ´μ¢). ’ ±¨³ μ¡· §μ³, ³μ¦´μ
¸Ëμ·³Ê²¨·μ¢ ÉÓ ¶·μ¸Éμ° ±·¨É¥·¨°, μÉ²¨Î ÕÐ¨° · §²¨Î´Ò¥ ³ É¥·¨ ²Ò: ¤μ²Ö
Î¨¸²  Î ¸É¨Í ¸ Ô´¥·£¨¥° ¡μ²ÓÏ¥ 3 ŒÔ‚. ’ ±μ° ±·¨É¥·¨° ¶μ§¢μ²Ö¥É · §²¨-
Î ÉÓ ³ É¥·¨ ²Ò ¶μ Zeff (¸³. ·¨¸. 5, ¡). ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ μÏ¨¡±¨ ´  ·¨¸. 5
Ö¢²ÖÕÉ¸Ö Éμ²Ó±μ ¸É É¨¸É¨Î¥¸±¨³¨ ¨ ¶·¨ ¨´É¥´¸¨¢´μ¸ÉÖÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
·¥ ²Ó´μ³Ê Ô²¥±É·μ´´μ³Ê ¶ÊÎ±Ê, ¡Ê¤ÊÉ ´¥§´ Î¨É¥²Ó´Ò.

‘Ëμ·³Ê²¨·μ¢ ´´Ò° ±·¨É¥·¨° ¤μ¸É ÉμÎ´μ Ìμ·μÏ ¤²Ö ¶· ±É¨Î¥¸±μ£μ ¨¸-
¶μ²Ó§μ¢ ´¨Ö, μ¤´ ±μ ´¥ Ö¢²Ö¥É¸Ö μ¶É¨³ ²Ó´Ò³ ·¥Ï¥´¨¥³, ¶μ¸±μ²Ó±Ê ¶·¨ ¥£μ

�¨¸. 6.  ) �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢ (μ¡Ð¨° ¢¨¤). ¡) �´¥·£¥É¨-
Î¥¸±¨¥ ¸¶¥±É·Ò · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢ (ÊÎ ¸Éμ± ¸ Ô´¥·£¨¥° ¡μ²¥¥ 4 ŒÔ‚)
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¨¸¶μ²Ó§μ¢ ´¨¨ ¡μ²ÓÏ Ö Î ¸ÉÓ ¨´Ëμ·³ Í¨¨ μ ¸¶¥±É·¥ É¥·Ö¥É¸Ö. ‚ ¸²¥¤ÊÕÐ¥³
· §¤¥²¥ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¶·μ¸Éμ° ¶·¨³¥·, ÎÉμ¡Ò ¶μ± § ÉÓ ¶μÉ¥´Í¨ ² ¤²Ö ¸μ-
§¤ ´¨Ö É·¥Ì³¥·´μ° £ ³³ -Éμ³μ£· Ë¨¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ²´μ° ¨´Ëμ·³ Í¨¨
μ ¸¶¥±É·¥.

‚�‘‘’���‚‹…�ˆ… ’�‹™ˆ� Œ�’…�ˆ�‹�‚

� ¸¸³μÉ·¨³ μ¤´μ³¥·´Ò° ¸²ÊÎ °, ±μ£¤  £ ³³ -²ÊÎ¨ ¶·μÌμ¤ÖÉ ¸Éμ¶±Ê ¨§ ´¥-
¸±μ²Ó±¨Ì ³ É¥·¨ ²μ¢ ¸ Ë¨±¸¨·μ¢ ´´μ° μ¡Ð¥° Éμ²Ð¨´μ° ¨ ´ ³ ´Ê¦´μ ¢μ¸¸É -
´μ¢¨ÉÓ Éμ²Ð¨´Ê μÉ¤¥²Ó´ÒÌ ³ É¥·¨ ²μ¢ (·¨¸. 7). ˆ¸¶μ²Ó§Ê¥³ ¶·μ¸ÉÊÕ ³μ¤¥²Ó,
¢ ±μÉμ·μ° μ¸² ¡²¥´¨¥ ¶μÉμ±  £ ³³ -¨§²ÊÎ¥´¨Ö § ¤ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ Ê· ¢´¥-
´¨¥³:

N(E)
N0(E)

= exp

(
−

∑
i

Σmean
i (E)xi

)
, (3)

£¤¥ xi Å Éμ²Ð¨´  i-¸²μÖ; Σmean
i Å ¸·¥¤´¥¥ ³ ±·μ¸±μ¶¨Î¥¸±μ¥ ¸¥Î¥´¨¥ ¤²Ö

£·Ê¶¶Ò ³ É¥·¨ ²μ¢ ¸ ¡²¨§±¨³¨ § ·Ö¤μ¢Ò³¨ Î¨¸² ³¨; N, N0 Å ±μ²¨Î¥¸É¢μ
£ ³³ -±¢ ´Éμ¢. ‚ ÔÉμ³ ¸²ÊÎ ¥ ³Ò ´¥ ÊÎ¨ÉÒ¢ ¥³ ³´μ£μ±· É´μ¥ · ¸¸¥Ö´¨¥ ¨
´ ²¨Î¨¥  ´´¨£¨²ÖÍ¨μ´´μ° ²¨´¨¨. ŒÒ ¸Î¨É ¥³, ÎÉμ μ¡Ð Ö Éμ²Ð¨´  ¨§¢¥¸É´ ,
¨ ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö Éμ²Ð¨´Ò μÉ¤¥²Ó´ÒÌ ¸²μ¥¢ ³Ò ¨¸¶μ²Ó§Ê¥³ ³¥Éμ¤ ´ ¨-
³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢, É. ¥. ³¨´¨³¨§¨·Ê¥³ É ±ÊÕ ¸Ê³³Ê:

∑
E

(
ln

N(E)
N0(E)

+
∑

i

Σmean
i (E)xi

)2

→ min. (4)

�·¨¢¥¤¥³ ¶·¨³¥· · ¡μÉÒ  ²£μ·¨É³ . 	Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ Ô´¥·£¥É¨Î¥¸±μ¥
· §·¥Ï¥´¨¥ ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê 10%. � ¸¸³μÉ·¨³ ¸Éμ¶±Ê ¨§ É·¥Ì ¸²μ¥¢:
 ²Õ³¨´¨¥¢μ£μ, ¦¥²¥§´μ£μ ¨ ¸¢¨´Íμ¢μ£μ. �¨¸. 8,   ¶μ± §Ò¢ ¥É ¢±² ¤ ± ¦¤μ£μ
¢μ¸¸É ´μ¢²¥´´μ£μ ³ É¥·¨ ²  ¢ μ¡Ð¥¥ μ¸² ¡²¥´¨¥ ¶μÉμ±  £ ³³ -²ÊÎ¥°. ’ ¡². 1
¸μ¤¥·¦¨É ·¥§Ê²ÓÉ ÉÒ ¢μ¸¸É ´μ¢²¥´¨Ö ¤²Ö ¤ ´´μ£μ ¶·¨³¥· . Š ± ¢¨¤¨³ ¨§ É -
¡²¨ÍÒ, ·¥§Ê²ÓÉ É ¢μ¸¸É ´μ¢²¥´¨Ö ¤μ¢μ²Ó´μ ÉμÎ´Ò°. —Éμ¡Ò ¶·μÖ¸´¨ÉÓ ¢μ§³μ¦-
´μ¸É¨  ²£μ·¨É³ , ³Ò ¶·μ¢¥²¨ ´¥¸±μ²Ó±μ Î¨¸²¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢. ŒÒ É ±
¦¥, ± ± ¨ ¢ ¶·¨³¥·¥, ¨¸¶μ²Ó§μ¢ ²¨  ²Õ³¨´¨°, ¦¥²¥§μ ¨ ¸¢¨´¥Í ¨ ¢§Ö²¨ μ±μ²μ

�¨¸. 7. ‚μ¸¸É ´μ¢²¥´¨¥ Éμ²Ð¨´ ³ É¥·¨ ²μ¢ (¸Ì¥³  ³μ¤¥²¨·μ¢ ´¨Ö)
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�¨¸. 8.  ) ‚±² ¤ μÉ¤¥²Ó´ÒÌ ¸²μ¥¢ ¢ ¶μ²´μ¥ μ¸² ¡²¥´¨¥ ¶μÉμ± . ¡) � ¸¶·¥¤¥²¥´¨¥
μÏ¨¡μ± ¢μ¸¸É ´μ¢²¥´¨Ö ¤²Ö · §²¨Î´ÒÌ Î¨¸²¥´´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢

’ ¡²¨Í  1. �·¨³¥· ·¥§Ê²ÓÉ É  · ¡μÉÒ  ²£μ·¨É³  ¢μ¸¸É ´μ¢²¥´¨Ö

Œ É¥·¨ ² ˆ¸É¨´´ Ö Éμ²Ð¨´ , ¸³ ‚μ¸¸É ´μ¢²¥´´ Ö Éμ²Ð¨´ , ¸³

Al 20 19,6
Fe 40 41,6
Pb 30 28,7

200 ´ ¡μ·μ¢ ¸ · §´Ò³ ¸μμÉ´μÏ¥´¨¥³ Éμ²Ð¨´ ¸²μ¥¢, ¶·¨Î¥³ ¸Ê³³ ·´ Ö Éμ²-
Ð¨´  ²¥¦ ²  ¢ ¤¨ ¶ §μ´¥ μÉ 30 ¤μ 180 ¸³.

�¨¸. 8, ¡ ¶μ± §Ò¢ ¥É · §¡·μ¸ μÏ¨¡±¨ ¢μ¸¸É ´μ¢²¥´¨Ö ¤²Ö ¤ ´´ÒÌ ´ ¡μ-
·μ¢. Š ± ³Ò ³μ¦¥³ ¢¨¤¥ÉÓ, Éμ²Ð¨´  ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ μ¶·¥¤¥²Ö¥É¸Ö ²ÊÎÏ¥
¢¸¥£μ: ¸ ÉμÎ´μ¸ÉÓÕ ¶μ·Ö¤±  5 %,   Éμ²Ð¨´  Ô²¥³¥´Éμ¢ ¨§ £·Ê¶¶Ò ¦¥²¥§  ÌÊ¦¥
¢¸¥£μ: ¢¥²¨Î¨´  μÏ¨¡±¨ ¤μ¸É¨£ ¥É 30%. �¤´ ±μ ³Ò · ¸¸³ É·¨¢ ²¨ ¢¥¸Ó³ 
¶·μ¸ÉÊÕ ³μ¤¥²Ó ¨ ¢μ§´¨± ¥É ¢μ¶·μ¸: ± ± Ö μÉ ´¥¥ ¶μ²Ó§ ? ‚ ¤ ´´μ° ³μ-
¤¥²¨ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ Éμ²Ó±μ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¨ ¶μ ´¥³Ê ¸³μ£²¨
¶·μ¢¥¸É¨ ¢μ¸¸É ´μ¢²¥´¨¥ ¶μ¸²μ°´μ° ¸É·Ê±ÉÊ·Ò μ¡Ñ¥±É . �·¨ ¤μ¡ ¢²¥´¨¨ ¶·μ-
¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö, ³Ò ³μ¦¥³ ¶·μ¢¥¸É¨ ¤μ¶μ²´¨É¥²Ó´μ ¸¥£³¥´É¨-
·μ¢ ´¨¥ ¢¤μ²Ó ¥Ð¥ μ¤´μ° μ¸¨ ¨ ¸ ÊÎ¥Éμ³ ¢·¥³¥´´μ° ±μ³¶μ´¥´ÉÒ ¢μ¸¸É ´μ¢¨ÉÓ
É·¥Ì³¥·´ÊÕ ¸É·Ê±ÉÊ·Ê £·Ê§  ±μ´É¥°´¥·  (3D £ ³³ -Éμ³μ£· Ë¨Ö). ’ ±¨³ μ¡· -
§μ³, ´ Ï  ¶·μ¸É Ö ³μ¤¥²Ó ¶μ± §Ò¢ ¥É, ÎÉμ Ê ´ ¸ ¥¸ÉÓ ¶¥·¸¶¥±É¨¢  ¸μ§¤ ´¨Ö
¤¥°¸É¢¨É¥²Ó´μ ³μÐ´μ° ¸¨¸É¥³Ò ¤²Ö  ´ ²¨§  ¸μ¤¥·¦¨³μ£μ ±μ´É¥°´¥·μ¢.

ˆ‡Œ…�…�ˆ… ��…�ƒ…’ˆ—…‘Š�ƒ� ��‡�…˜…�ˆŸ „…’…Š’���

‚ ¤μ¶μ²´¥´¨¥ ± ³μ¤¥²¨·μ¢ ´¨Õ ¡Ò²μ ¨§³¥·¥´μ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥-
Ï¥´¨¥ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ·  £ ³³ -¨§²ÊÎ¥´¨Ö. ‚ ± Î¥¸É¢¥ ¸Í¨´É¨²-
²ÖÉμ·  ¨¸¶μ²Ó§μ¢ ²¸Ö ±·¨¸É ²² BGO · §³¥·μ³ 10 × 30 × 100 ³³ (£²Ê¡¨´ 
±·¨¸É ²²  ¶μ¤¡¨· ² ¸Ó É ±, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¶μ²´μ¥ ¶μ£²μÐ¥´¨¥ £ ³³ -
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’ ¡²¨Í  2. ˆ§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¤¥É¥±Éμ· 

ˆ¸ÉμÎ´¨± �´¥·£¨Ö, ŒÔ‚ σE/E, %
22Na 0,511 19,0
137Cs 0,662 14,7
22Na 1,275 13,0

±¢ ´Éμ¢ ¤μ 10 ŒÔ‚), ¤²Ö ·¥£¨¸É· Í¨¨ ¨§²ÊÎ¥´¨Ö ¸Í¨´É¨²²ÖÉμ·  ¨¸¶μ²Ó§μ¢ ²¸Ö
ËμÉμ¤¥É¥±Éμ· ArrayC-60035-4P. ‚ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±μ¢ ¨§²ÊÎ¥´¨Ö ¨¸¶μ²Ó§μ-
¢ ²¨¸Ó 22Na (¨³¥¥É ¤¢¥ ²¨´¨¨ 0,511 ¨ 1,275 ŒÔ‚) ¨ 137Cs (¨³¥¥É ²¨´¨Õ
0,662 ŒÔ‚). ”μÉμ¤¥É¥±Éμ· ArrayC-60035-4P ¶·¥¤¸É ¢²Ö¥É ¸o¡μ° ³ É·¨ÍÊ ¨§
Î¥ÉÒ·¥Ì ËμÉμ¤¨μ¤μ¢ · §³¥·μ³ 6 × 6 ³³, μ¸´ Ð¥´´ÊÕ ¨´¤¨¢¨¤Ê ²Ó´Ò³ ¶·¥-
¤Ê¸¨²¨É¥²¥³ ¸ ±μÔËË¨Í¨¥´Éμ³ Ê¸¨²¥´¨Ö, · ¢´Ò³ 150. ‚ ¶·μÍ¥¸¸¥ · ¡μÉÒ
¨§³¥·Ö²¸Ö ¸Ê³³ ·´Ò° ¸¨£´ ² ¸ ¤¢ÊÌ ËμÉμ¤¨μ¤μ¢ ³ É·¨ÍÒ. ‘¨£´ ² c ³ É·¨ÍÒ
¶μ¤ ¢ ²¸Ö ´  Ê¸¨²¨É¥²Ó (ORTEC 579) ¨ § É¥³ ¶μ¸ÉÊ¶ ² ´  ¢Ìμ¤´μ° ± ´ ²
�–� (CAEN DT5742) ¨ ´  ¤¨¸±·¨³¨´ Éμ· (CAEN mod. 224), ²μ£¨Î¥¸±¨°
¸¨£´ ² ±μÉμ·μ£μ ¸²Ê¦¨² É·¨££¥·μ³ ¢ ¸¨¸É¥³¥. ‚ μÉ¸ÊÉ¸É¢¨¥ ¨¸ÉμÎ´¨±  Ï± ² 
�–� ¡Ò²  ¶·μ± ²¨¡·μ¢ ´  ¢  ¡¸μ²ÕÉ´ÒÌ ¥¤¨´¨Í Ì Å Î¨¸²¥ ËμÉμÔ²¥±É·μ-
´μ¢. ‚ É ¡². 2 ¶·¥¤¸É ¢²¥´ ·¥§Ê²ÓÉ É ¨§³¥·¥´¨Ö · §·¥Ï¥´¨Ö ¤¥É¥±Éμ·  Å μÉ-
´μÏ¥´¨Ö ‘Š� ËμÉμ¶¨±  ± ¥£μ ¶μ²μ¦¥´¨Õ (σE/E). ‘¢¥Éμ¢ÒÌμ¤ ¸μ¸É ¢²Ö¥É
140 ËμÉμÔ²¥±É·μ´/ŒÔ‚,   ¶μ·μ£ ÏÊ³μ¢ Å ¢¥²¨Î¨´Ê ¶μ·Ö¤±  100 ±Ô‚.

‚›‚�„›

1. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ³ É¥·¨ ²μ¢ ¸ · §²¨Î´Ò³ ÔËË¥±É¨¢´Ò³ § ·Ö-
¤μ¢Ò³ Î¨¸²μ³ · §²¨Î ÕÉ¸Ö ¢ μ¡² ¸ÉÖÌ Ô´¥·£¨° ¤μ 3 ¨ ¶μ¸²¥ 4 ŒÔ‚. �Í¥´¥´ 
§ ¢¨¸¨³μ¸ÉÓ § ·Ö¤μ¢μ£μ Î¨¸²  μÉ ¤μ²¨ £ ³³ -±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° ¢ÒÏ¥ 3 ŒÔ‚.
„ ´´Ò° ³¥Éμ¤ ¶μ§¢μ²Ö¥É ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ¢ ±μ´É¥°´¥·¥ μÉ¤¥²Ó´Ò¥ £·Ê¶¶Ò
Ô²¥³¥´Éμ¢ ¶μ § ·Ö¤μ¢μ³Ê Î¨¸²Ê (²¥£±¨¥, ¸·¥¤´¨¥, ÉÖ¦¥²Ò¥) ¢ μ¤´μ° Ô±¸¶μ-
§¨Í¨¨ ¶·¨ μ¤´μ° Ë¨±¸¨·μ¢ ´´μ° Ô´¥·£¨¨ Ô²¥±É·μ´μ¢, μ¶É¨³ ²Ó´μ ¢¡²¨§¨
8 ŒÔ‚. �·¨ ÔÉμ³ É·¥¡Ê¥É¸Ö · §·¥Ï¥´¨¥ ´¥ ÌÊ¦¥ 15 % ¨ ÔËË¥±É¨¢´μ¸ÉÓ
·¥£¨¸É· Í¨¨ μ±μ²μ 90 %.

2. �´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¶μ·Ö¤±  10% ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ Éμ²-
Ð¨´Ê μÉ¤¥²Ó´μ£μ ¸²μÖ ¢ ³´μ£μ¸²μ°´μ° ¸É·Ê±ÉÊ·¥ ¸ ÉμÎ´μ¸ÉÓÕ 25%.

3. ˆ§³¥·¥´μ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¤¥É¥±Éμ·  ´  μ¸´μ¢¥ BGO, ¢ Í¥-
²μ³ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ £μ¢μ·ÖÉ μ ¢Ò¸μ±¨Ì Ô±¸¶²Ê É Í¨μ´´ÒÌ Ì · ±É¥·¨-
¸É¨± Ì ¨ ± Î¥¸É¢¥ ³ É¥·¨ ² . �·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´Ò³ ¤μ¸É¨¦¥´¨¥ Ì · ±-
É¥·¨¸É¨±, § Ö¢²¥´´ÒÌ ¶·μ¨§¢μ¤¨É¥²¥³ (FWHM ∼ 9% ¤²Ö 137Cs).

� §¢¨É¨¥ ¤ ´´μ° É¥³ É¨±¨ Ö¢²Ö¥É¸Ö ¶¥·¸¶¥±É¨¢´Ò³ ´ ¶· ¢²¥´¨¥³ ¤¥Ö-
É¥²Ó´μ¸É¨, ´μ É·¥¡Ê¥É Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¨, ¶·¨ ´ ²¨Î¨¨ ±μÉμ·μ° ¸É ´μ-
¢ÖÉ¸Ö ¢μ§³μ¦´Ò³¨ · §· ¡μÉ±  ¶·μ£· ³³Ò ¤²Ö ¶·μ¢¥·±¨ ¸μ¤¥·¦¨³μ£μ É· ´¸-
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¶μ·É´μ£μ ±μ´É¥°´¥·  ¶μ § Ö¢²¥´´μ³Ê ³ ´¨Ë¥¸ÉÊ ¨ ¸μ§¤ ´¨¥ ¶·μ£· ³³Ò ¤²Ö
£ ³³ -Éμ³μ£· Ë¨¨ ¸μ¤¥·¦¨³μ£μ ±μ´É¥°´¥·μ¢.

„ ´´ Ö · ¡μÉ  Î ¸É¨Î´μ ¶·μË¨´ ´¸¨·μ¢ ´  ¢ · ³± Ì £μ¸§ ¤ ´¨Ö
º3.3008.2017/�— Œ¨´¨¸É¥·¸É¢  μ¡· §μ¢ ´¨Ö ¨ ´ Ê±¨ �μ¸¸¨°¸±μ° ”¥¤¥· -
Í¨¨ ¨ Î ¸É¨Î´μ ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ ��” (£· ´É º16-12-10039).
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