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�·¥¤¸É ¢²¥´Ò μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ Ô²¥±É·μ´´ÒÌ ± ´ ²μ¢ ¸¨´Ì·μÉ·μ´ 
®� Ì· ¯ ”¨§¨Î¥¸±μ£μ ¨´¸É¨ÉÊÉ  ¨³. �.�. ‹¥¡¥¤¥¢  �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê±, ±μÉμ-
·Ò¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ± ²¨¡·μ¢μ± ¤¥É¥±Éμ·μ¢ ¨ μ¡μ·Ê¤μ¢ ´¨Ö Ê¸É ´μ¢μ± SPD ¨ MPD
Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  NICA.

The main characteristics of electron beams of the ©Pakhraª synchrotron of the Lebedev
Physical Institute of the Russian Academy of Sciences, which are used for calibration of
detectors and equipment of the SPD and MPD installations of the NICA project, are
presented.

PACS: 07.77.Ka; 29.20.-c; 41.75.-i

�²¥±É·μ´´Ò° ¸¨´Ì·μÉ·μ´ ®� Ì· ¯ ”¨§¨Î¥¸±μ£μ ¨´¸É¨ÉÊÉ  ¨³. �.�. ‹¥¡¥-
¤¥¢  �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê± μÉ´μ¸¨É¸Ö ± Ê¸É ´μ¢± ³, £¥´¥·¨·ÊÕÐ¨³ ¶ÊÎ±¨
¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö · §´ÒÌ É¨¶μ¢ (ËμÉμ´´Ò¥, Ô²¥±É·μ´´Ò¥, ¶μ§¨É·μ´-
´Ò¥) [1].

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶ÊÎ±¨ ¸¨´Ì·μÉ·μ´  ®� Ì· ¯ ±· °´¥ ¢μ¸É·¥¡μ¢ ´Ò.
�Éμ μ¡ÑÖ¸´Ö¥É¸Ö ¶μ¸ÉμÖ´´μ° (¡¥§ μ¸É ´μ¢μ±) · ¡μÉμ° ¸¨´Ì·μÉ·μ´ , ¨¸±²ÕÎ Ö
¢·¥³Ö, ¸¢Ö§ ´´μ¥ ¸ Ëμ·¸-³ ¦μ·´Ò³¨ μ¡¸ÉμÖÉ¥²Ó¸É¢ ³¨ (¶ ´¤¥³¨Ö ¨ ¤·.). • -
· ±É¥·¨¸É¨±¨ ¶ÊÎ±μ¢ ¸¨´Ì·μÉ·μ´  (Ô´¥·£¨Ö, Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¨
¨´É¥´¸¨¢´μ¸ÉÓ) ¸μμÉ¢¥É¸É¢ÊÕÉ Ì · ±É¥·¨¸É¨± ³ Î ¸É¨Í, Ö¢²ÖÕÐ¨Ì¸Ö ¶·μ¤Ê±-
É ³¨ ·¥ ±Í¨° ¨¸¸²¥¤Ê¥³ÒÌ ¶·μÍ¥¸¸μ¢, ±μÉμ·Ò¥ ¶·¥¤¶μ² £ ¥É¸Ö ¨§ÊÎ ÉÓ ´ 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ¢± Ì SPD ¨ MPD. ‘¨´Ì·μÉ·μ´ ®� Ì· ¯ ´ Ìμ¤¨É¸Ö
¢ ’·μ¨Í±¥, ±μÉμ·Ò° ¢μÏ¥² ¢ £μ·μ¤¸±μ° μ±·Ê£ �μ¢ Ö Œμ¸±¢ , ¨ Ê¤ Î´μ · ¸¶μ-
²μ¦¥´ μÉ´μ¸¨É¥²Ó´μ μ¸´μ¢´ÒÌ ¶μÉ·¥¡¨É¥²¥°, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¶μÉ·¥¡¨É¥²¥°
Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  NICA ¢ „Ê¡´¥. Š ²¨¡·μ¢±¨ ¤¥É¥±Éμ·μ¢ Ê¸É ´μ¢±¨
MPD Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  NICA ´  ¶ÊÎ± Ì Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢
¸¨´Ì·μÉ·μ´  ®� Ì· ¯ ´ Î ²¨¸Ó ¢ 2019 £.

∗E-mail: baskov@x4u.lebedev.ru
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�¨¸. 1. “¸±μ·¨É¥²Ó´Ò° ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ § ²Ò ¸¨´Ì·μÉ·μ´  ®� Ì· ¯ ”¨§¨Î¥¸±μ£μ
¨´¸É¨ÉÊÉ  ¨³. �. �.‹¥¡¥¤¥¢  ���

“¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸ ¸μ¸Éμ¨É ¨§ Ê¸±μ·¨É¥²Ó´μ£μ § ² , ¢ ±μÉμ·μ³ · ¸-
¶μ²μ¦¥´ ¸¨´Ì·μÉ·μ´ ¸ ¨´¦¥±Éμ·μ³, ¨ ¤¢ÊÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ § ²μ¢, ¢ ±μ-
Éμ·Ò¥ ¶μ ³ £´¨Éμμ¶É¨Î¥¸±¨³ ± ´ ² ³ ¶μ¤ ÕÉ¸Ö ¶ÊÎ±¨ ËμÉμ´μ¢ ¨ Ô²¥±É·μ´μ¢
(·¨¸. 1). ‚ ¤ ²Ó´¥°Ï¥³ ´  μ¸´μ¢¥ ¶ÊÎ±μ¢ ËμÉμ´μ¢ ¸μ§¤ ÕÉ¸Ö ¶ÊÎ±¨ ¢Éμ·¨Î´ÒÌ
Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢.

‘¨´Ì·μÉ·μ´ ¸μ¸Éμ¨É ¨§ ±¥· ³¨Î¥¸±μ° ¢ ±ÊÊ³´μ° ± ³¥·Ò, ¢ ±μÉμ·μ° Ê¸±μ-
·ÖÕÉ¸Ö Ô²¥±É·μ´Ò, ¨ Î¥ÉÒ·¥Ì ¸¥±Í¨° Ê¸±μ·ÖÕÐ¨Ì ³ £´¨Éμ¢ ¸ ¶·Ö³μ²¨´¥°-
´Ò³¨ ¶·μ³¥¦ÊÉ± ³¨, ´  ±μÉμ·ÒÌ Ê¸±μ·¥´¨¥ ´¥ ¶·μ¨¸Ìμ¤¨É. � ¤¨Ê¸ · ¢´μ-
¢¥¸´μ° μ·¡¨ÉÒ ¢ ¢ ±ÊÊ³´μ° ± ³¥·¥ Ê¸±μ·ÖÕÐ¥£μ ³ £´¨É  · ¢¥´ R0 = 400 ¸³,
¤²¨´  ± ¦¤μ£μ ¶·Ö³μ²¨´¥°´μ£μ ¶·μ³¥¦ÊÉ±  · ¢´  L = 190 ¸³. ˆ´¦¥±Éμ·μ³
¸¨´Ì·μÉ·μ´  Ö¢²Ö¥É¸Ö ³¨±·μÉ·μ´ ¸ ¢ÒÌμ¤´μ° Ô´¥·£¨¥° 7,4 ŒÔ‚. �μ¸²¥ ¢Ò-
¢μ¤  ¨§ ³¨±·μÉ·μ´  ¶ÊÎμ± Ëμ·³¨·Ê¥É¸Ö Ô²¥±É·μ´´μ-μ¶É¨Î¥¸±¨³ É· ±Éμ³ ¨
c ¶μ³μÐÓÕ ³ £´¨É´μ£μ ¨´Ë²¥±Éμ·  ¢¢μ¤¨É¸Ö ¢ ± ³¥·Ê ¸¨´Ì·μÉ·μ´ . — ¸ÉμÉ 
¨§³¥´¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¸¨´Ì·μÉ·μ´  ¸μ¸É ¢²Ö¥É f = 50 ƒÍ. ˆ´¦¥±-
Í¨Ö Ô²¥±É·μ´μ¢ ¢ ¸¨´Ì·μÉ·μ´ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ¢¥²¨Î¨´¥ ³ £´¨É´μ£μ ¶μ²Ö,
· ¢´μ° H = 0,0060 ’². Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ ¤μ¸É¨£ ¥É¸Ö ¶·¨
³ £´¨É´μ³ ¶μ²¥ Hmax = 1 ’². �¥§μ´ Éμ· Ê¸±μ·¨É¥²Ö ¢μ§¡Ê¦¤ ¥É¸Ö ´  Î ¸ÉμÉ¥
∼ 55 ŒƒÍ.

� ¨¡μ²¥¥ ¢μ¸É·¥¡μ¢ ´´Ò³ Ö¢²Ö¥É¸Ö ± ²¨¡·μ¢μÎ´Ò° ¶ÊÎμ± ±¢ §¨³μ´μÌ·μ-
³ É¨Î¥¸±¨Ì ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢ (¶μ§¨É·μ´μ¢), · ¸¶μ²μ¦¥´´Ò° ¢μ ¢Éμ·μ³
Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥ [2] (·¨¸. 2). �²¥±É·μ´Ò, ¢μ§´¨±Ï¨¥ ¶·¨ ¢§ ¨³μ¤¥°-
¸É¢¨¨ ËμÉμ´´μ£μ ¶ÊÎ±  ¸ ±μ´¢¥·É¥·μ³ (3), μÉ±²μ´ÖÕÉ¸Ö ¢ μ¸´μ¢´μ° ¸¢¨´-
Íμ¢Ò° ±μ²²¨³ Éμ· (6) ¸ ¢Ìμ¤´Ò³ μÉ¢¥·¸É¨¥³ ¤¨ ³¥É·μ³ 10 ³³ ¨ Éμ²Ð¨´μ°
7 ¸³, · ¸¶μ²μ¦¥´´Ò° ¶μ¤ Ê£²μ³ ϕ = 36◦ μÉ´μ¸¨É¥²Ó´μ ¶¥·¢¨Î´μ° É· ¥±Éμ·¨¨
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�¨¸. 2. ‘Ì¥³  ±¢ §¨³μ´μÌ·μ³ É¨Î¥¸±μ£μ
¶ÊÎ±  ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢ ¸¨´Ì·μÉ·μ´ 
®� Ì· ¯: 1 Å ¸¢¨´Íμ¢Ò¥ ±μ²²¨³ Éμ·Ò;
2 Å μÎ¨Ð ÕÐ¨° ³ £´¨É ‘�-3; 3 Å ±μ´-
¢¥·É¥·; 4 Å ³ £´¨É ‘�-57; 5 Å ¶μ£²μÉ¨-
É¥²Ó ËμÉμ´´μ£μ ¶ÊÎ±  (®³μ£¨²Ó´¨±¯); 6 Å
±μ²²¨³ Éμ·; 7 Å ¸Í¨´É¨²²ÖÍ¨μ´´Ò° ¸Î¥É-
Î¨±  ´É¨¸μ¢¶ ¤¥´¨° (A); 8, 9 Å É·¨££¥·-
´Ò¥ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥ÉÎ¨±¨ S1 ¨ S2;
10 Å ¨¸¸²¥¤Ê¥³Ò° ¤¥É¥±Éμ·

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ Ô´¥·£¨¨ ±¢ §¨³μ´μÌ·μ-
³ É¨Î¥¸±μ£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  μÉ ¶μ²Ö
³ £´¨É  ‘�-57. ’μ²Ð¨´  ³¥¤´μ£μ ±μ´¢¥·-
É¥· : 1 Å tc = 0,1 ³³; 2 Å tc = 1,1 ³³;
3 Å tc = 3,1 ³³; 4 Å tc = 5,1 ³³

ËμÉμ´μ¢ ´  · ¸¸ÉμÖ´¨¨ 3 ³ μÉ
¶μ²Õ¸μ¢ ³ £´¨É . „²Ö Ê²ÊÎÏ¥´¨Ö
Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¢Éμ-
·¨Î´μ£μ Ô²¥±É·μ´´μ£μ (¶μ§¨É·μ´-
´μ£μ) ¶ÊÎ±  ¶¥·¥¤ μ¸´μ¢´Ò³ ±μ²²¨-
³ Éμ·μ³ (6) ¢μ§³μ¦´μ · ¸¶μ²μ¦¥-
´¨¥ ¤μ¶μ²´¨É¥²Ó´μ£μ ±μ²²¨³ Éμ· 
¸ μÉ¢¥·¸É¨¥³ ¤¨ ³¥É·μ³ μÉ 1 ¤μ
5 ³³. „²Ö ±μ´É·μ²Ö ¨´É¥´¸¨¢´μ¸É¨
Éμ·³μ§´μ£μ ¶ÊÎ±  ¸μ§¤ ´  ¸¨¸É¥³ 
³μ´¨Éμ·¨·μ¢ ´¨Ö [4]. ˆ´É¥´¸¨¢-
´μ¸ÉÓ ¢Éμ·¨Î´μ£μ ¶ÊÎ±  ¢ § ¢¨¸¨³μ-
¸É¨ μÉ Éμ²Ð¨´Ò ±μ´¢¥·É¥·  ¨ ¤¨ -
³¥É·  ±μ²²¨³ Éμ·  ³μ¦¥É ¢ ·Ó¨·μ-
¢ ÉÓ¸Ö μÉ 10 ¤μ 100 e−/¸.

’·¨££¥·´Ò° ¸¨£´ ² T Ëμ·³¨·Ê-
¥É¸Ö ¶·¨ ¸μ¢¶ ¤¥´¨¨ ¸¨£´ ²μ¢ ¸Í¨´-
É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ ¨§ ¶μ²¨-
¸É¨·μ²  S1, S2 ¨ ¸Î¥ÉÎ¨±   ´É¨-
¸μ¢¶ ¤¥´¨° A ¸ μÉ¢¥·¸É¨¥³ ¤¨ ³¥-

É·μ³ 10 ³³ (T= (S1 · S2)A). � §³¥·Ò ¸Î¥ÉÎ¨±μ¢ S1 ¨ S2 ¸μ¸É ¢²ÖÕÉ 10× 10×
5 ³³, ¸Î¥ÉÎ¨±   ´É¨¸μ¢¶ ¤¥´¨° A Å 60 × 90 × 10 ³³. � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê S1

¨ S2 · ¢´Ö¥É¸Ö 32 ¸³. ‚ ¸Î¥ÉÎ¨± Ì ¨¸¶μ²Ó§ÊÕÉ¸Ö ËμÉμÊ³´μ¦¨É¥²¨ ”�“-85.
�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ Ô´¥·£¨¨ ±¢ §¨³μ´μÌ·μ³ É¨Î¥¸±μ£μ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  μÉ ¶μ²Ö ³ £´¨É  ‘�-57 ¶·¨ · §´ÒÌ §´ Î¥´¨ÖÌ Éμ²Ð¨´Ò tc
³¥¤´μ£μ ±μ´¢¥·É¥· : 1 Å 0,1 ³³, 2 Å 1,1 ³³, 3 Å 3,1 ³³, 4 Å 5,1 ³³.
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�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ£μ Ô´¥·-
£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¢Éμ·¨Î´μ£μ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  μÉ ¤¨ ³¥É·  μÉ¢¥·¸É¨Ö
±μ²²¨³ Éμ·  d ¨ Éμ²Ð¨´Ò ±μ´¢¥·É¥·  tc

¶·¨ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  E =
280 ŒÔ‚: 1 Å tc = 1 ³³; 2 Å tc = 2 ³³;
3 Å tc = 3 ³³

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ£μ Ô´¥·-
£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¢Éμ·¨Î´μ£μ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  μÉ Ô´¥·£¨¨ ¶·¨ tc = 1 ³³
¨ d = 3 ³³

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ · §-
·¥Ï¥´¨Ö δ (δ = σ/E = ΔE/E/2,35, σ Å ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ ¸·¥¤´¥°
Ô´¥·£¨¨ ¶ÊÎ± , E Å ¸·¥¤´ÖÖ Ô´¥·£¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ΔE Å ¶μ²´ Ö Ï¨-
·¨´  Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  ¶μ²μ¢¨´¥ ¥£μ ¢Ò¸μÉÒ,
2,35 Å ±μÔËË¨Í¨¥´É ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨, μ¶·¥¤¥²ÖÕÐ¨° ¸¢Ö§Ó ¸μμÉ´μÏ¥-
´¨Ö ΔE ¨ σ (ΔE = 2σ

√
2 ln2 ≈ 2,35σ) ¢Éμ·¨Î´μ£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 

μÉ Éμ²Ð¨´Ò ±μ´¢¥·É¥·  ¨ ¤¨ ³¥É·  ±μ²²¨³ Éμ·  ¶·¨ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ
¶ÊÎ±  E = 280 ŒÔ‚. �  ·¨¸. 5 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ£μ Ô´¥·-

�¨¸. 6. ‘Ì¥³  ± ´ ²  ¢Ò¸μ±μ¨´É¥´-
¸¨¢´μ£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸¨´Ì·μ-
É·μ´  ®� Ì· ¯: ŠŒ� Å ±μ³¶¥´-
¸ Éμ· ³ £´¨É´μ£μ ¶μ²Ö; ‹1Ä‹4 Å
²¨´§Ò ³ £´¨Éμμ¶É¨Î¥¸±μ£μ ± ´ ² ;
‘�-3 Å ¶μ¢μ·μÉ´Ò° ³ £´¨É

£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ¢Éμ·¨Î´μ£μ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  μÉ Ô´¥·£¨¨ ¶·¨ tc = 1 ³³
¨ d = 3 ³³ [3].

Š ²¨¡·μ¢±  ¤¥É¥±Éμ·μ¢ SPD ¨ MPD
¶ÊÎ±μ³ ¸ ¢Ò¸μ±μ° ¨´É¥´¸¨¢´μ¸ÉÓÕ ¡Ê-
¤¥É μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ´  ± ´ ²¥, ´ Ìμ¤Ö-
Ð¥³¸Ö ¢ ¶¥·¢μ³ Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥
(·¨¸. 6). ‚Ò¢μ¤ ¢Ò¸μ±μ¨´É¥´¸¨¢´μ£μ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  ¨§ Ê¸±μ·¨É¥²Ö μ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ³¥¤²¥´´μ£μ ¢Ò-
¢μ¤  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥§μ´ ´¸  · ¤¨ ²Ó-
´ÒÌ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° Î¥É¢¥·Éμ£μ
¶μ·Ö¤±  (νx = 3/4) ¨ ·¥ ²¨§μ¢ ´ ¸ ¶μ³μ-
ÐÓÕ ¤¢ÊÌ ¶μ²Õ¸´ÒÌ μ¡³μÉμ± Ê¸±μ·¨É¥²Ö ¨
¤¢ÊÌ ¢Ò¢μ¤´ÒÌ ¸¥¶ÉÊ³-³ £´¨Éμ¢. �μ²μ¦¥-
´¨¥ μ¡μ¨Ì ¸¥¶ÉÊ³-³ £´¨Éμ¢ μÉ´μ¸¨É¥²Ó´μ
Í¥´É· ²Ó´μ° μ·¡¨ÉÒ ³μ¦´μ ³¥´ÖÉÓ ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ¶¥·¥³¥Ð¥´¨Ö ¢ ¤¨ ¶ -
§μ´¥ 0Ä5 ¸³. �²¥±É·μ´´Ò° ¶ÊÎμ± ¢Ò¢μ¤¨É¸Ö ¨§ Ê¸±μ·¨É¥²Ö ¨ ¢¢μ¤¨É¸Ö ¢ É· ±É
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³ £´¨Éμμ¶É¨Î¥¸±μ£μ ± ´ ²  (Œ�Š). Š ´ ² ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì ²¨´§ ¨ μ¤´μ£μ
¶μ¢μ·μÉ´μ£μ ³ £´¨É  ‘�-3 ¸ ¶μ²Õ¸ ³¨ · §³¥·μ³ 500 × 200 ³³ ¨ ³¥¦¶μ²Õ¸-
´Ò³ · ¸¸ÉμÖ´¨¥³ 50 ³³, · ¸¶μ²μ¦¥´´μ£μ ¢ § ²¥ Ê¸±μ·¨É¥²Ö. “£μ² ¶μ¢μ·μÉ 
¶ÊÎ±  ¸μ¸É ¢²Ö¥É 18,5◦ ¶·¨ H‘�-3 ≈ 0,6 T² ¨ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
E = 350 ŒÔ‚. �¡Ð Ö ¤²¨´  É· ±É  μÉ ¢ÒÌμ¤´μ£μ μ±´  Ê¸±μ·¨É¥²Ö ¢ Ê¸±μ-
·¨É¥²Ó´μ³ § ²¥ ¤μ 4-° ²¨´§Ò ¢ ¶¥·¢μ³ Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥ ¸μ¸É ¢²Ö¥É
∼ 25 ³. Š ²¨¡·μ¢μÎ´ Ö §μ´  ´ Ìμ¤¨É¸Ö §  ²¨´§μ° ‹4. �·¨ Ô´¥·£¨¨ Ô²¥±É·μ-
´μ¢ E = 350 ŒÔ‚ ®· §³¥·¯ ¶ÊÎ±  ´  Ë·μ´É ²Ó´μ° ¶²μ¸±μ¸É¨ ¨¸¸²¥¤Ê¥³μ£μ
¤¥É¥±Éμ·  Ëμ±Ê¸¨·Ê¥É¸Ö ²¨´§μ° ‹4 Œ�Š ¢ ±·Ê£²μ¥ ¶ÖÉ´μ ¤¨ ³¥É·μ³ ∼ 10 ³³.
ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¢ ± ²¨¡·μ¢μÎ´μ° §μ´¥ ·¥£Ê²¨·Ê¥É¸Ö ¸¢¨´Íμ¢Ò³¨ ±μ²²¨-
³ Éμ· ³¨ ¶¥·¥¤ ³ £´¨Éμ³ ‘�-3 ¢ Ê¸±μ·¨É¥²Ó´μ³ § ²¥. “¸É ´μ¢±  ¸¢¨´Íμ¢μ£μ
±μ²²¨³ Éμ·  ¸ μÉ¢¥·¸É¨¥³ ¤¨ ³¥É·μ³ 4,5 ³³ Ê³¥´ÓÏ ¥É ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ± 
¸ ∼ 1010 ¤μ ∼ 104 e−/¸. „¨ ¶ §μ´ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸μ¸É ¢²Ö¥É
200Ä500 ŒÔ‚, Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ δ ≈ 1% [4].

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¤²Ö ± Î¥¸É¢¥´´μ£μ ¨ ¢¸¥¸Éμ·μ´´¥£μ ¶·μ¢¥¤¥´¨Ö
± ²¨¡·μ¢μ± ¤¥É¥±Éμ·μ¢ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ § ² Ì ¸¨´Ì·μÉ·μ´  ¨³¥ÕÉ¸Ö ±μ-
μ·¤¨´ É´Ò¥ ¸Éμ²Ò, ¸¶μ¸μ¡´Ò¥ ¶¥·¥³¥Ð ÉÓ ± ²¨¡·Ê¥³Ò¥ ¤¥É¥±Éμ·Ò ¢ £μ·¨-
§μ´É ²Ó´μ° ¨ ¢¥·É¨± ²Ó´μ° ¶²μ¸±μ¸ÉÖÌ ¸ · ¡μÎ¥° § £·Ê§±μ° μÉ 30 ¤μ 100 ±£
¨ ÉμÎ´μ¸ÉÓÕ ¤μ ∼ 1−3 ³³.

’ ±¨³ μ¡· §μ³, ¤²Ö ± ²¨¡·μ¢μ± ¤¥É¥±Éμ·μ¢ Ê¸É ´μ¢μ± SPD ¨ MPD Ê¸±μ-
·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  NICA ´  ¸¨´Ì·μÉ·μ´¥ ®� Ì· ¯ ”¨§¨Î¥¸±μ£μ ¨´¸É¨ÉÊÉ 
¨³. �.�. ‹¥¡¥¤¥¢  �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê± ¨³¥ÕÉ¸Ö ¤¢  ¶ÊÎ±  ¸ Ï¨·μ±¨³
¤¨ ¶ §μ´μ³ Ô´¥·£¨¨, · §·¥Ï¥´¨Ö ¨ ¨´É¥´¸¨¢´μ¸É¨, ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¢Ò-
¶μ²´ÖÉÓ Ë¨§¨Î¥¸±¨¥ § ¤ Î¨ ¶·μ¥±É .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ (£· ´ÉÒ º18-02-40061 ¨ º18-
02-40079 ®Œ¥£ ¸ °¥´¸ÄNICA¯).
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