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�¥¢¥´±μ �. ‚. ¨ ¤·. P7-2017-58
�¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ³μ´¨Éμ·  ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨
¤²Ö ¨§³¥·¥´¨Ö ¶·μË¨²Ö ¶ÊÎ± 

�·¨ ¨¸¸²¥¤μ¢ ´¨¨ ³μ´¨Éμ·  ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨ ¸ Í¥²ÓÕ ¨§³¥·¥´¨Ö ¶·μË¨²Ö
¶ÊÎ±  ¶·μ¢μ¤¨²μ¸Ó ¨¸¶ÒÉ ´¨¥ ¶·μË¨²μ³¥É·  ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ Ê¸±μ·¨É¥²Ö
ˆ–-100 ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  (‹Ÿ� 	ˆŸˆ). ˆ¸-
¶μ²Ó§μ¢ ²¸Ö ¶ÊÎμ± ¨μ´μ¢ 132Xe24+ ¸ Ô´¥·£¨¥° 1,2 ŒÔ‚/A. ˆ´É¥´¸¨¢´μ¸ÉÓ ¢ ·Ó-
¨·μ¢ ² ¸Ó μÉ 10 ¤μ 100 ´�. ˆ§³¥·¥´¨Ö ¶·μË¨²Ö ¶·μ¢μ¤¨²¨¸Ó ¶·¨ · §²¨Î´ÒÌ
§´ Î¥´¨ÖÌ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¸ Í¥²ÓÕ μÍ¥´¨ÉÓ ´¨¦´¨° ¶·¥¤¥² ÎÊ¢¸É¢¨É¥²Ó-
´μ¸É¨ ³μ´¨Éμ· . ‚ ·¥§Ê²ÓÉ É¥ ¨¸¶ÒÉ ´¨° ´  μ¸´μ¢¥ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ³μ¦´μ
¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ´¨¦´ÖÖ £· ´¨Í  ¨´É¥´¸¨¢´μ¸É¨ ³μ¦¥É ¡ÒÉÓ μÍ¥´¥´  ¢ ´¥-
¸±μ²Ó±μ ¸μÉÒÌ ´ ´μ ³¶¥· (∼ 0,05e ´�).

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  	ˆŸˆ.

‘μμ¡Ð¥´¨¥ 	¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2017

Revenko R.V. et al. P7-2017-58
Results of Tests of the Secondary Emission Monitor
for Measuring the Beam Proˇle

In order to investigate the secondary emission monitor for measuring the beam
proˇle, a test of the proˇler was performed on the extracted beam of the accelerator
IC-100 of the Flerov Laboratory of Nuclear Reactions (FLNR JINR). The beam of
132Xe24+ ions with an energy of 1.2 MeV/A was used. The intensity varied from
10 to 100 nA. The measurements of the proˇle were carried out at different beam
intensities in order to estimate the lower limit of the sensitivity of the monitor. As a
result of the tests, it may be concluded that the lower intensity limit can be estimated
at several hundredths of nA (∼ 0.05e nA).

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2017
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� ¸¸³ É·¨¢ ¥³Ò° ³μ´¨Éμ· ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¨§³¥·¥´¨Ö ¶μ¶¥·¥Î´μ£μ ¶·μ-
Ë¨²Ö ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° X−Y -¶·μË¨²μ³¥É· ¢Éμ·¨Î´μ°
Ô³¨¸¸¨¨ ¸ ¤¢Ê³Ö ¶²μ¸±μ¸ÉÖ³¨ ¢μ²ÓË· ³μ¢ÒÌ ¶·μ¢μ²μÎ¥± (·¨¸. 1).

�¨¸. 1. 	¡Ð¨° ¢¨¤ ¶·μË¨²μ³¥É·  ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨

Œ…•��ˆ—…‘Š�Ÿ —�‘’œ

�·μË¨²μ³¥É· (·¨¸. 2) ±μ´¸É·Ê±É¨¢´μ ¸μ¸Éμ¨É ¨§ £μ²μ¢±¨ ¤¥É¥±Éμ· , § -
±·¥¶²¥´´μ° ´  ÏÉ ´£¥ ¶´¥¢³ É¨Î¥¸±μ£μ ¶·¨¢μ¤ . „¢¥ ¶·μ¢μ²μÎ´Ò¥ · ³±¨
§ ±·¥¶²¥´Ò ¢ ¶²μ¸±μ³ · §Ñ¥³¥, Ê¸É ´μ¢²¥´´μ³ ´  Ë² ´Í¥ ÏÉ ´£¨ ¶´¥¢³ -
É¨Î¥¸±μ£μ ¶·¨¢μ¤ . ‘μ ¸Éμ·μ´Ò  É³μ¸Ë¥·Ò ± ¦¤Ò° · §Ñ¥³ ±μ´É ±É  ¸μ¥¤¨-
´¥´ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ±μ´É ±Éμ³ · §Ñ¥³  ´  ±μ³³ÊÉ Í¨μ´´μ³ ¡μ±¸¥ ¤²Ö
¶μ¤±²ÕÎ¥´¨Ö ± ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ´¨±¥. ‘μ¥¤¨´¨É¥²Ó´Ò¥ ¶·μ¢μ¤  ¶·μ-
²μ¦¥´Ò ¢´ÊÉ·¨ ÏÉ ´£¨ ¶·¨¢μ¤ . ˜É ´£  ¶´¥¢³ É¨Î¥¸±μ£μ ¶·¨¢μ¤  ¨³¥¥É
¤²¨´Ê Ìμ¤  300 ³³. Œ¥Ì ´¨Î¥¸± Ö ±μ´¸É·Ê±Í¨Ö ¶·¨¢μ¤  ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ
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�¨¸. 2. ‘Ì¥³  ¶·μË¨²μ³¥É· . „¥É¥±É¨·ÊÕÐ Ö Î ¸ÉÓ · §³¥Ð ¥É¸Ö ¢ ¨μ´μ¶·μ¢μ¤¥, ¶´¥¢-
³ É¨Î¥¸±¨° ¶·¨¢μ¤ ¨ Ê¸É·μ°¸É¢μ ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö · ¡μÉ ÕÉ ¢ ±μ³´ É´ÒÌ Ê¸²μ¢¨ÖÌ

�¨¸. 3. �·μË¨²μ³¥É·
¸ ¶μ¸ÉμÖ´´Ò³ Ï -
£μ³ ¶·μ¢μ²μÎ¥± 1 ³³
¨ · §³¥·μ³ · ¡μÎ¥°
μ¡² ¸É¨ 50 × 50 ³³

ÉμÎ´ÊÕ Õ¸É¨·μ¢±Ê ¤¥É¥±Éμ·  ¶μ μÉ´μÏ¥´¨Õ ± μ¸¨
¶ÊÎ± . ‚¸Ö ³¥Ì ´¨Î¥¸± Ö Î ¸ÉÓ ¶·μË¨²μ³¥É·  ¸μ¡· ´ 
´  ³μ´É ¦´μ³ Ë² ´Í¥ ¸É ´¤ ·É  DN160-CF.

—Ê¢¸É¢¨É¥²Ó´Ò³ Ô²¥³¥´Éμ³ ¶·μË¨²μ³¥É·  Ö¢²Ö-
ÕÉ¸Ö ¤¢¥ ¶²μ¸±μ¸É¨ ¢μ²ÓË· ³μ¢ÒÌ ¶·μ¢μ²μÎ¥±. �²μ¸-
±μ¸ÉÓ ± ¦¤μ° ¶·μ¢μ²μÎ±¨ · ¸¶ Ö´  ´  ±¥· ³¨Î¥¸±μ°
¶² ¸É¨´¥ ¸ Éμ±μ¶·μ¢μ¤ÖÐ¨³¨ ¤μ·μ¦± ³¨. �μ¢¥·Ì´μ¸ÉÓ
¶² ¸É¨´Ò ¶μ±·ÒÉ  ¤¨Ô²¥±É·¨±μ³ ¤²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö
μ¡· §μ¢ ´¨Ö Ô²¥±É·¨Î¥¸±μ£μ ±μ´É ±É  ³¥¦¤Ê ¤μ·μ¦-
± ³¨ ¢¸²¥¤¸É¢¨¥ ³¥É ²²¨Î¥¸±μ£μ μ¸ ¦¤¥´¨Ö, ¢μ§´¨± Õ-
Ð¥£μ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¶ÊÎ±  ¸ ³¨Ï¥´ÓÕ ¨ Î ¸ÉÖ³¨
¨μ´μ¶·μ¢μ¤ .

Š ¦¤ Ö ¶²μ¸±μ¸ÉÓ ¸μ¤¥·¦¨É 47 ¸¨£´ ²Ó´ÒÌ ¶·μ-
¢μ²μÎ¥± ¨ ¤¢¥ ¸μ¡¨· ÕÐ¨¥ ¶·μ¢μ²μÎ±¨. �  ¶μ¸²¥¤´¨¥
¶·μ¢μ²μÎ±¨ ¶μ¤ ¥É¸Ö ¶μ²μ¦¨É¥²Ó´Ò° ¶μÉ¥´Í¨ ² 100 ‚,
¨ μ´¨ ¸²Ê¦ É ¤²Ö ¸¡μ·  Ô²¥±É·μ´μ¢ ¢Éμ·¨Î´μ° Ô³³¨¸¨¨
¸ ¸¨£´ ²Ó´ÒÌ ¶·μ¢μ²μÎ¥±, ÎÉμ ¤ ¥É ¤μ¶μ²´¨É¥²Ó´μ¥ Ê¢¥-
²¨Î¥´¨¥ ¨§³¥·Ö¥³μ£μ ´  ´¨Ì ¢ÒÌμ¤´μ£μ ¸¨£´ ² .

„¨ ³¥É· ¨ Ï £ ¨¸¶μ²Ó§Ê¥³ÒÌ ¶·μ¢μ²μÎ¥±,   É ±¦¥
· §³¥· ¸ ³μ° · ³±¨ ³μ£ÊÉ ¡ÒÉÓ · §´Ò³¨. �·¨³¥´ÖÕÉ¸Ö
· ³±¨ ¸ Ï £μ³ 0,5 ¨ 1 ³³,   É ±¦¥ ¸ ¶¥·¥³¥´´Ò³ Ï -
£μ³ (·¨¸. 3). � §³¥· ¸ ³μ° · ³±¨ É ±¦¥ ³μ¦¥É ¢ ·Ó¨-
·μ¢ ÉÓ¸Ö. ‘ ³  · ³±  ¨³¥¥É ¡Ò¸É·μ¸Ñ¥³´μ¥ ±·¥¶²¥´¨¥
´  £μ²μ¢±¥ ¶·¨¢μ¤ , ÎÉμ ¶μ§¢μ²Ö¥É ¡Ò¸É·μ ¶·μ¨§¢μ¤¨ÉÓ
¥¥ § ³¥´Ê.
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�…ƒˆ‘’�ˆ�“�™�Ÿ 	‹…Š’���ˆŠ�

„²Ö ¶μ²ÊÎ¥´¨Ö ¶·μË¨²Ö ¶ÊÎ±  ¨§³¥·Ö¥É¸Ö ¸¨£´ ² ¸ ± ¦¤μ° ¶·μ¢μ²μÎ±¨ ¸
¶μ³μÐÓÕ ³¥Éμ¤  ¨´É¥£·¨·μ¢ ´¨Ö § ·Ö¤ . ‚Ò¡μ· · §´ÒÌ §´ Î¥´¨° ¢·¥³¥´¨ ¨´-
É¥£· Í¨¨ ¶μ§¢μ²Ö¥É ³¥´ÖÉÓ ¤¨´ ³¨Î¥¸±¨° ¤¨ ¶ §μ´ ¶·μË¨²μ³¥É·  ¢ Ï¨·μ±¨Ì
¶·¥¤¥² Ì ¨ ¢Ò¡¨· ÉÓ ´ ¨¡μ²¥¥ μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¨¸Ìμ¤Ö ¨§ ¶ · ³¥É·μ¢
¶ÊÎ± .

‚·¥³Ö ¨´É¥£· Í¨¨ ³μ¦¥É ¡ÒÉÓ Ê¸É ´μ¢²¥´μ ¢ ¤¨ ¶ §μ´¥ μÉ 1 ³¸ ¤μ ´¥-
¸±μ²Ó±¨Ì ¸¥±Ê´¤. „²Ö ¸¡μ·  § ·Ö¤  ¸ ± ¦¤μ° ¶·μ¢μ²μÎ±¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ±μ´-
¤¥´¸ Éμ·Ò ¥³±μ¸ÉÓÕ 0,2 ´” (¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ ¢μ§³μ¦´  § ³¥´  ´  ¤·Ê£¨¥
§´ Î¥´¨Ö). ‘·¥¤´¨° Éμ± ´  ¶·μ¢μ²μÎ±¥ §  ÔÉμ ¢·¥³Ö μ¶·¥¤¥²Ö¥É¸Ö §´ Î¥´¨¥³
´ ¶·Ö¦¥´¨Ö ´  ±μ´¤¥´¸ Éμ·¥ ± ±

I =
V · 0,22 ´”

t
.

�¥£¨¸É·¨·ÊÕÐ Ö Ô²¥±É·μ´¨±  ¸μ¸Éμ¨É ¨§ μ¸´μ¢´μ£μ ³μ¤Ê²Ö, ¶¨É ÕÐ¥£μ ¥£μ
¡²μ±  ¶¨É ´¨Ö DC 15 ‚ ¨ ¡²μ±  ´¨§±μ£μ ´ ¶·Ö¦¥´¨Ö 100 ‚, ¶μ¤ ¢ ¥³μ£μ ´ 
¸μ¡¨· ÕÐ¨¥ ¶·μ¢μ²μÎ±¨.

�¥£¨¸É·¨·ÊÕÐ Ö Ô²¥±É·μ´¨±  ¨³¥¥É ¤¢¥ ¸¥±Í¨¨ ¶μ 47 ± ´ ²μ¢ ¢ ± ¦¤μ°
¤²Ö ¨§³¥·¥´¨Ö ¢¥·É¨± ²Ó´μ£μ ¨ £μ·¨§μ´É ²Ó´μ£μ ¶·μË¨²¥° ¶ÊÎ± . Š ¦¤ Ö
¸¥±Í¨Ö ¨³¥¥É μ¤¨´ �–� ¨ ³Ê²ÓÉ¨¶²¥±¸μ·.

‘¢Ö§Ó ¸ ±μ³¶ÓÕÉ¥·μ³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ ¨´É¥·Ë¥°¸Ê RS232 ¸ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ¶·μÉμ±μ²  JBUS (Ö¢²Ö¥É¸Ö ¶μ¤³´μ¦¥¸É¢μ³ ¶·μÉμ±μ²  Modbus). �¥-
¸±μ²Ó±μ ³μ¤Ê²¥° ³μ£ÊÉ ¡ÒÉÓ ¸μ¥¤¨´¥´Ò ¶μ¸²¥¤μ¢ É¥²Ó´μ, ÎÉμ ¶μ§¢μ²Ö¥É ¨¸-
¶μ²Ó§μ¢ ÉÓ μ¤¨´ ± ¡¥²Ó ¸¢Ö§¨ ¸ ±μ³¶ÓÕÉ¥·μ³. Œ ±¸¨³ ²Ó´ Ö ¤¨¸É ´Í¨Ö ¸¢Ö§¨
³μ¦¥É ¤μ¸É¨£ ÉÓ ¤μ 1000 ³ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ±μ´¢¥·Éμ·  RS232ÄRS422.

ˆ´É¥·Ë¥°¸ ¶·μ£· ³³Ò ´ ¡μ·  ¤ ´´ÒÌ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¢¨§Ê ²Ó´ÊÕ ¨´-
Ëμ·³ Í¨Õ μ ¢¥·É¨± ²Ó´μ³ ¨ £μ·¨§μ´É ²Ó´μ³ ¶·μË¨²ÖÌ ¶ÊÎ± ,   É ±¦¥ §´ -
Î¥´¨Ö ¨Ì Í¥´É·  ÉÖ¦¥¸É¨ ¨ Ï¨·¨´Ò, ¸μÌ· ´ÖÉÓ ¶μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¢ · §-
²¨Î´ÒÌ Ëμ·³ É Ì (¨§μ¡· ¦¥´¨¥³, É ¡²¨Í¥° ¤ ´´ÒÌ �SCII). ’¥±ÊÐ Ö ¢¥·¸¨Ö
¶·μ£· ³³Ò ´ ¡μ·  ¤ ´´ÒÌ ·¥ ²¨§μ¢ ´  ¢ Lab View ¨ ´¥ É·¥¡Ê¥É Ê¸É ´μ¢±¨,
· ¡μÉ ¥É ¶μ¤ Ê¶· ¢²¥´¨¥³ 	‘ Windows XP ¨ 7.

ˆ‘�›’��ˆ… ���”ˆ‹�Œ…’�� �� ˆ–-100

ˆ¸¶ÒÉ ´¨Ö ¶·μË¨²μ³¥É·  ¡Ò²¨ ¶·μ¢¥¤¥´Ò ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ Ê¸±μ·¨-
É¥²Ö ˆ–-100 ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  (‹Ÿ�) 	ˆŸˆ.
ˆ¸¶μ²Ó§μ¢ ²¸Ö ¶ÊÎμ± ¨μ´μ¢ 132Xe24+ ¸ Ô´¥·£¨¥° 1,2 ŒÔ‚/A (·¨¸. 4). ˆ´É¥´-
¸¨¢´μ¸ÉÓ ¢ ·Ó¨·μ¢ ² ¸Ó μÉ 10 ¤μ 100 ´�. ˆ§³¥·¥´¨Ö ¶·μË¨²Ö ¶·μ¢μ¤¨²¨¸Ó
¶·¨ · §´ÒÌ §´ Î¥´¨ÖÌ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¸ Í¥²ÓÕ μÍ¥´¨ÉÓ ´¨¦´¨° ¶·¥¤¥²
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ³μ´¨Éμ· .
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�¨¸. 4. � §³¥Ð¥´¨¥ ¶·μË¨²μ³¥É·  ´  ± ´ ²¥ ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  Ê¸±μ·¨É¥²Ö ˆ–-100
(‹Ÿ� 	ˆŸˆ)

�¨¸. 5. ƒμ²μ¢±  ¤¥É¥±Éμ·  ¶·μË¨²μ³¥É· . „²Ö ¨¸¶ÒÉ ´¨Ö ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·μË¨²μ³¥É·
¸ ¶μ¸ÉμÖ´´Ò³ Ï £μ³ 1 ³³ ¨ ¤¨ ³¥É·μ³ ¶·μ¢μ²μÎ¥± 150 ³±³

Œμ´¨Éμ· ¡Ò² Ê¸É ´μ¢²¥´ ´  μ¤´μ³ ¨§ ¢¥·É¨± ²Ó´ÒÌ Ë² ´Í¥¢ ¤¨ £´μ¸É¨-
Î¥¸±μ£μ ¡μ±¸ . �  £μ·¨§μ´É ²Ó´μ³ Ë² ´Í¥ ¢ ÔÉμ° ¦¥ ¶μ§¨Í¨¨ ¡Ò² Ê¸É ´μ-
¢²¥´ Í¨²¨´¤· ” · ¤¥Ö, ÎÉμ ¶μ§¢μ²Ö²μ ±μ´É·μ²¨·μ¢ ÉÓ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± .
„²Ö ¸μ¢³¥¸É¨³μ¸É¨ ¶·μË¨²μ³¥É·  ¸ ¶μ¸ ¤μÎ´Ò³ Ë² ´Í¥³ ´  · ¸¸ÉμÖ´¨¨ ¤μ
μ¸¨ ¶ÊÎ±  ¨¸¶μ²Ó§μ¢ ²¸Ö ¸¶¥Í¨ ²Ó´Ò° ¶¥·¥Ìμ¤´¨± ¸ Ë² ´Í ³¨ DN160-ISO ¨
DN160-CF ¨ ¢Ò¸μÉμ° 147 ³³. „²Ö ¨¸¶ÒÉ ´¨Ö ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·μË¨²μ³¥É· ¸
¶μ¸ÉμÖ´´Ò³ Ï £μ³ 1 ³³ ¨ ¤¨ ³¥É·μ³ ¶·μ¢μ²μÎ¥± 150 ³±³ (·¨¸. 5).
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�…‡“‹œ’�’› ˆ‘�›’��ˆŸ

ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¢ ·Ó¨·μ¢ ² ¸Ó ¸ ¶μ³μÐÓÕ Éμ±  ´  Ëμ±Ê¸¨·ÊÕÐ¥°
²¨´§¥ ¢ ± ´ ²¥ ¨´¦¥±Í¨¨ Í¨±²μÉ·μ´ . —Ê¢¸É¢¨É¥²Ó´μ¸ÉÓ ¶·μË¨²μ³¥É·  ³¥-
´Ö² ¸Ó §  ¸Î¥É ¨§³¥´¥´¨Ö ¶ · ³¥É·  ¢·¥³¥´¨ ¨´É¥£· Í¨¨, §´ Î¥´¨¥ ±μÉμ·μ£μ
³¥´Ö¥É¸Ö μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´μ §´ Î¥´¨Õ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ± .

‚ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò ¨§³¥·¥´´Ò¥ ¶ · ³¥É·Ò ¶·μË¨²Ö.
–¨²¨´¤· ” · ¤¥Ö ¨³¥¥É ´¨¦´¨° ¶·¥¤¥² Éμ±  0,89 ´�. „²Ö ¨§³¥·¥´¨°

¶μ¸²¥¤´¥° ÉμÎ±¨ ´¥ Ì¢ É¨²μ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨, ¨ §´ Î¥´¨¥ Éμ±  ¡Ò²μ ¶μ²Ê-
Î¥´μ ¨§ Ô±¸É· ¶μ²ÖÍ¨¨ § ¢¨¸¨³μ¸É¨ ¨´É¥´¸¨¢´μ¸É¨ ´  Í¨²¨´¤·¥ ” · ¤¥Ö μÉ
Éμ±  ´  ²¨´§¥, ± ± ¶μ± § ´μ ´  ·¨¸. 6.

ˆ§³¥·¥´´Ò¥ ¶ · ³¥É·Ò ¶·μË¨²Ö

ˆ§³¥·¥´¨Ö, ‚·¥³Ö ˆ´É¥´¸¨¢´μ¸ÉÓ, ˆ´É¥´¸¨¢´μ¸ÉÓ ´  ’μ± ´ 
Run ¨´É¥£· Í¨¨, ³¸ ³±� Í¨²¨´¤·¥ ” · ¤¥Ö, ³±� ²¨´§¥, ´�

1 70 0,01350 . . . . . .

2 70 0,0065 0,00382 . . .

3 140 0,0029 0,0015 . . .

4 420 0,0011 0,000372 . . .

5 952 0,0005 0,00089 . . .

6 1832 . . . . . . . . .

7 71 0,0065 0,00382 . . .

8 142 0,0028 0,0015 . . .

9 423 0,0011 0,000372 . . .

10 952 0,0005 0,00089 . . .

11 1832 0,0001 . . . . . .

12 70 0,0135 0,00382 . . .

13 71 0,0125 � §³ §±  ¶ÊÎ±  ¶μ x . . .

14 71 0,0121 � §³ §±  ¶ÊÎ±  ¶μ y . . .

15 70 0,0131 „ ²¨ Ê§±¨° ¶ÊÎμ± 170,66

16 71 0,0065 0,03934 188,573

17 142 0,0028 0,01340 194,61

18 423 0,0011 0,00421 200,54

19 952 0,0005 0,00003 203,92

20 1832 0,0002 . . . 208,17

21 1832 0,00006 . . . 214,43

22 3627 0,00006 Ä0,00027 217

�μ²ÊÎ¥´μ ¸ ¶μ³μÐÓÕ Ô±¸É· ¶μ²ÖÍ¨¨ 224

5



�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ ¨´É¥´¸¨¢´μ¸É¨ ´  Í¨²¨´¤·¥ ” · ¤¥Ö μÉ Éμ±  ´  ²¨´§¥

Š ± ¢¨¤´μ ¨§ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ, ´¨¦´ÖÖ £· ´¨Í  ¨´É¥´¸¨¢´μ¸É¨ ³μ¦¥É
¡ÒÉÓ μÍ¥´¥´  ¢ ´¥¸±μ²Ó±μ ¸μÉÒÌ ´ ´μ ³¶¥· (∼ 0,05e ´�).

�  ·¨¸. 7,  Ä¦ ¶·¥¤¸É ¢²¥´Ò ¶μ²ÊÎ¥´´Ò¥ ¶·μË¨²¨ ¤²Ö ± ¦¤μ£μ ¨§³¥·¥-
´¨Ö. „²Ö ¶·μ¢¥·±¨ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ ¶·μË¨²μ³¥É·  ¶ÊÎμ± ¨μ´μ¢ ¨¸±Ê¸-
¸É¢¥´´μ ¤¥² ²¸Ö Ï¨·μ±¨³ (¤¥Ëμ±Ê¸¨·μ¢ ²¸Ö),   É ±¦¥ Ëμ±Ê¸¨·μ¢ ²¸Ö, ÎÉμ¡Ò
¶μ²ÊÎ¨ÉÓ ³¨´¨³ ²Ó´ÊÕ ¶μ · §³¥· ³ Ëμ·³Ê ¶ÊÎ±  ¢Ò¢¥¤¥´´ÒÌ ¨μ´μ¢. Š ±
¢¨¤´μ ¨§ ¶·¥¤¸É ¢²¥´´ÒÌ ¤¨ £· ³³, · §³¥·Ò ¶ÊÎ±  ³μ£ÊÉ ¡ÒÉÓ ¸Ëμ±Ê¸¨·μ-
¢ ´Ò ³¥´ÓÏ¥ Î¥³ ´  1 ¸³.

�¨¸. 7,  Ä¦. �·¨³¥·Ò ¨§³¥·¥´´ÒÌ £μ·¨§μ´É ²Ó´μ£μ ¨ ¢¥·É¨± ²Ó´μ£μ ¶·μË¨²¥° ¶ÊÎ± 

¨μ´μ¢ ±¸¥´μ´ 
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�¨¸. 7 (¶·μ¤μ²¦¥´¨¥)
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�¨¸. 7 (¶·μ¤μ²¦¥´¨¥)
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�¨¸. 7 (μ±μ´Î ´¨¥)

�² £μ¤ ·´μ¸ÉÓ. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ (13-02-
00533, 14-02-91053), £· ´É  ��” (º 17-12-01170), ¢ · ³± Ì ¶·μÉμ±μ²  μ
¸μÉ·Ê¤´¨Î¥¸É¢¥ 	ˆŸˆÄCNRS/IN2P3 (”· ´Í¨Ö) (¶μ§. 9-84), £· ´É  �Š (0093/
�–” �Š).

�μ²ÊÎ¥´μ 4  ¢£Ê¸É  2017 £.



�¥¤ ±Éμ· …. ‚. ƒ·¨£μ·Ó¥¢ 

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 06.10.2017.
”μ·³ É 60× 90/16. 
Ê³ £  μË¸¥É´ Ö.

“¸². ¶¥Î. ². 0,75. “Î.-¨§¤. ². 0,9. ’¨· ¦ 215 Ô±§. ‡ ± § º 59248.

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.
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