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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶·¨¸ÉÊ¶¨² ± ¸μ§¤ ´¨Õ Ê´¨± ²Ó´μ£μ
Ê¸±μ·¨É¥²Ó´μ-±μ²² °¤¥·´μ£μ ±μ³¶²¥±¸  NICA Å Nuclotron-based Ion Collider fAcility, ±μÉμ·Ò°
¶² ´¨·Ê¥É¸Ö ¢¢¥¸É¨ ¢ Ô±¸¶²Ê É Í¨Õ ¢ 2016 £. ‘¢¥É¨³μ¸ÉÓ ±μ²² °¤¥· , ±μÉμ· Ö ¤μ²¦´  ¶μ¤¤¥·¦¨-
¢ ÉÓ¸Ö ´  ·¥±μ·¤´μ ¢Ò¸μ±μ³ Ê·μ¢´¥ 1027 ¸³−2 · ¸−1, ¶μ · ¸Î¥É ³, ¡Ê¤¥É ¶μ¸É¥¶¥´´μ Ê³¥´ÓÏ ÉÓ¸Ö,
£² ¢´Ò³ μ¡· §μ³, ¨§-§  ÔËË¥±É  ¢´ÊÉ·¨¶ÊÎ±μ¢μ£μ · ¸¸¥Ö´¨Ö. �μÔÉμ³Ê ¤²Ö ¶μ¤¤¥·¦ ´¨Ö ¢Ò¸μ±μ£μ
Ê·μ¢´Ö ¸¢¥É¨³μ¸É¨ ´¥μ¡Ìμ¤¨³μ ¢±²ÕÎ¨ÉÓ ¢ ¡ §μ¢Ò° ¶·μ¥±É Ê¸±μ·¨É¥²Ö ¸¨¸É¥³Ê μÌ² ¦¤¥´¨Ö. ˆ§
¤¢ÊÌ ³¥Éμ¤μ¢ μÌ² ¦¤¥´¨Ö, ´ ¨¡μ²¥¥ Î ¸Éμ ¶·¨³¥´Ö¥³ÒÌ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö ¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ
¨μ´μ¢ Å Ô²¥±É·μ´´μ£μ ¨ ¸ÉμÌ ¸É¨Î¥¸±μ£μ, Å ´ ¨¡μ²¥¥ ¶·¨¢²¥± É¥²Ó´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¸ÉμÌ -
¸É¨Î¥¸±μ¥ μÌ² ¦¤¥´¨¥. �¤´ ±μ ¢ �μ¸¸¨¨ μÉ¸ÊÉ¸É¢Ê¥É μ¶ÒÉ · §· ¡μÉ±¨ ¨ Ô±¸¶²Ê É Í¨¨ É ±¨Ì ¸¨-
¸É¥³. �μÔÉμ³Ê ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´  Ê¸±μ·¨É¥²¥ ´Ê±²μÉ·μ´ £μÉμ¢¨É¸Ö ± ¶·μ¢¥¤¥´¨Õ Ô±¸¶¥·¨³¥´É
¶μ ¸ÉμÌ ¸É¨Î¥¸±μ³Ê μÌ² ¦¤¥´¨Õ ¤²Ö §´ ±μ³¸É¢  ¸ É¥Ì´¨±μ° ¨ ¢μ§³μ¦´μ¸ÉÖ³¨ ³¥Éμ¤ . ‚ ¸É ÉÓ¥
¶·¨¢μ¤¨É¸Ö ±· É±μ¥ μ¶¨¸ ´¨¥ ³¥Éμ¤  ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö, ³¥Éμ¤¨±  · ¸Î¥É  ¤¨´ ³¨±¨
μÌ² ¦¤¥´¨Ö ¨ μ¶¨¸ ´¨¥ ¸μ§¤ ¢ ¥³μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨.

Joint Institute for Nuclear Research (JINR) initiated the creation of a unique heavy-ion collider Å
Nuclotron-based Ion Collider Facility (NICA), which is planned to be operational in 2016. The lumi-
nosity in the colliding beams of gold ions is expected to reach 1027 cm−2 · s−1. By met estimates it
will be mainly determined by the intra-beam scattering effect. To maintain high luminosity level, it was
proposed to use the cooling of the beam. For the medium and high-energy heavy ions, such as NICA
collider, stochastic cooling will be more efˇcient, than electron cooling, so this system will be used in
the collider. But there's no experience of creation and operation of such systems in Russia. Therefore,
the experiment on stochastic cooling at accelerator Nuclotron is prepared to explore technique and pos-
sibilities of this method. In this report short description of stochastic cooling, method of calculating
cooling dynamics and description of prepared experimental setup are presented.

PACS: 29.20.-c; 29.25.-t
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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶·¨¸ÉÊ¶¨² ± ¸μ§¤ ´¨Õ Ê´¨± ²Ó´μ£μ
Ê¸±μ·¨É¥²Ó´μ-±μ²² °¤¥·´μ£μ ±μ³¶²¥±¸  NICA Å Nuclotron-based Ion Collider fAcility,
±μÉμ·Ò° ¶² ´¨·Ê¥É¸Ö ¢¢¥¸É¨ ¢ Ô±¸¶²Ê É Í¨Õ ¢ 2016 £. [1]. ‘μ§¤ ´¨¥ ±μ²² °¤¥·  ¶·¥-
¸²¥¤Ê¥É ¤¢¥ Í¥²¨. �¥·¢ Ö Å ÔÉμ ¨§ÊÎ¥´¨¥ ¸μ¸ÉμÖ´¨Ö ¸³¥Ï ´´μ° Ë §Ò ¨ Ê± § ´¨° ´ 



� ¢μ¶·μ¸ Ì ¸μ§¤ ´¨Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¶ÊÎ±μ¢ ¨μ´μ¢ 605

¸ÊÐ¥¸É¢μ¢ ´¨¥ ±·¨É¨Î¥¸±¨Ì ÉμÎ¥± ¶·¨ ¶¥·¥Ìμ¤ Ì Ö¤¥·´μ° ³ É¥·¨¨ ¨§  ¤·μ´´μ£μ ¸μ¸Éμ-
Ö´¨Ö ¢ ±¢ ·±-£²Õμ´´ÊÕ ¶² §³Ê, ¤²Ö Î¥£μ ¶² ´¨·Ê¥É¸Ö ¶·μ¢μ¤¨ÉÓ ¨¸¸²¥¤μ¢ ´¨Ö ¸¢μ°¸É¢
£μ·ÖÎ¥° ¨ ¶²μÉ´μ° ¡ ·¨μ´´μ° ³ É¥·¨¨ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢. ‚Éμ· Ö Å ¢´¥-
¸É¨ ¢±² ¤ ¢ ·¥Ï¥´¨¥ ¶·μ¡²¥³Ò ®¸¶¨´μ¢μ£μ ±·¨§¨¸ ¯ ¶ÊÉ¥³ ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·Ò ¸¶¨´ 
´Ê±²μ´μ¢ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶ÊÎ±μ¢ ²¥£±¨Ì ¨μ´μ¢.

„²Ö ¤μ¸É¨¦¥´¨Ö ¶¥·¢μ° Í¥²¨ ¸Éμ²±´μ¢¥´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ ´Ê¦´μ ¶·μ¢μ¤¨ÉÓ ¶·¨
μÎ¥´Ó ¢Ò¸μ±μ° ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢. ‘¢¥É¨³μ¸ÉÓ ±μ²² °¤¥·  ¤μ²¦´  ¶μ¤¤¥·¦¨¢ ÉÓ¸Ö
´  ·¥±μ·¤´μ ¢Ò¸μ±μ³ Ê·μ¢´¥ 1027 ¸³−2 · ¸−1, ÎÉμ ¶·¥¤ÑÖ¢²Ö¥É ¸¥·Ó¥§´Ò¥ É·¥¡μ¢ ´¨Ö ±
¥£μ ¶·μ¥±É¨·μ¢ ´¨Õ. Š ± ¶μ± §Ò¢ ÕÉ · ¸Î¥ÉÒ, ¶μ¤¤¥·¦ ´¨¥ ¸·¥¤´¥° ¸¢¥É¨³μ¸É¨ ´ 
É ±μ³ Ê·μ¢´¥ ´¥¢μ§³μ¦´μ ¡¥§ ÔËË¥±É¨¢´μ£μ μÌ² ¦¤¥´¨Ö ¶ÊÎ±μ¢ ¢ É¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É .

ˆ§ ¤¢ÊÌ ³¥Éμ¤μ¢ μÌ² ¦¤¥´¨Ö, ´ ¨¡μ²¥¥ Î ¸Éμ ¶·¨³¥´Ö¥³ÒÌ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö
¶ÊÎ±μ¢ ÉÖ¦¥²ÒÌ ¨μ´μ¢ Å Ô²¥±É·μ´´μ£μ ¨ ¸ÉμÌ ¸É¨Î¥¸±μ£μ, Å ´ ¨¡μ²¥¥ ¶·¨¢²¥± É¥²Ó-
´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¸ÉμÌ ¸É¨Î¥¸±μ¥ μÌ² ¦¤¥´¨¥. ‚ μÉ²¨Î¨¥ μÉ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö
μ´μ ´¥ ¶·¨¢μ¤¨É ± ¤μ¶μ²´¨É¥²Ó´Ò³ ¶μÉ¥·Ö³ Î ¸É¨Í (·¥±μ³¡¨´ Í¨Ö ¨μ´μ¢ ¸ μÌ² ¦¤ Õ-
Ð¨³¨ Ô²¥±É·μ´ ³¨) ¨ §´ Î¨É¥²Ó´μ ¶·μÐ¥ ¶μ É¥Ì´¨Î¥¸±μ° ·¥ ²¨§ Í¨¨. �¤´ ±μ ¢ �μ¸¸¨¨
μÉ¸ÊÉ¸É¢Ê¥É μ¶ÒÉ · §· ¡μÉ±¨ ¨ Ô±¸¶²Ê É Í¨¨ ¸¨¸É¥³ ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö,   ·Ö¤
μ¸μ¡¥´´μ¸É¥° ±μ²² °¤¥·  NICA ´¥ ¶μ§¢μ²Ö¥É ´ ¶·Ö³ÊÕ ¶·¨³¥´¨ÉÓ É¥Ì´¨Î¥¸±¨¥ ·¥Ï¥-
´¨Ö, ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ § ·Ê¡¥¦´ÒÌ ´ ÊÎ´ÒÌ Í¥´É· Ì. � ¨¡μ²ÓÏ¥° É·Ê¤´μ¸ÉÓÕ Ö¢²Ö¥É¸Ö
´¥μ¡Ìμ¤¨³μ¸ÉÓ μÌ² ¦¤ ÉÓ ¸£·Ê¶¶¨·μ¢ ´´Ò° ¶ÊÎμ± ¸ ¡μ²ÓÏμ° ¢¥²¨Î¨´μ° ¶¨±μ¢μ£μ Éμ± .
�μÔÉμ³Ê · §· ¡μÉ±  ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö ±μ²² °¤¥·  É·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö ¶·¥¤¢ ·¨É¥²Ó-
´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ ¨§ÊÎ¥´¨Õ ¶·¥¤¥²Ó´ÒÌ ¢μ§³μ¦´μ¸É¥° ³¥Éμ¤ .

‘ ÔÉμ° Í¥²ÓÕ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶μ¤£μÉμ¢²¥´μ ¶·μ¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´É  ¶μ ¸ÉμÌ ¸É¨-
Î¥¸±μ³Ê μÌ² ¦¤¥´¨Õ Ê¸±μ·¥´´μ£μ ¶ÊÎ±  ¨μ´μ¢, Í¨·±Ê²¨·ÊÕÐ¥£μ ¢ ´Ê±²μÉ·μ´¥ ´  ¶² Éμ
³ £´¨É´μ£μ ¶μ²Ö. „²Ö ¸μ±· Ð¥´¨Ö ¸·μ±μ¢ ¶μ¤£μÉμ¢±¨ ¨ ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  · ¡μÉ 
μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ É¥¸´μ³ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ¨¸¸²¥¤μ¢ É¥²Ó¸±¨³ Í¥´É·μ³ IKP FZ (£. 	²¨Ì,
ƒ¥·³ ´¨Ö), £¤¥ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö · §· ¡ ÉÒ¢ ¥É¸Ö ¸¨¸É¥³  ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö
¤²Ö ´ ±μ¶¨É¥²Ö HESR, ¸μμ·Ê¦ ¥³μ£μ ¢ · ³± Ì ¶·μ¥±É  FAIR (£. „ ·³ÏÉ ¤É, ƒ¥·³ ´¨Ö).

‘ÉμÌ ¸É¨Î¥¸±μ¥ μÌ² ¦¤¥´¨¥ Å ÔÉμ ¶·μÍ¥¸¸ Ê³¥´ÓÏ¥´¨Ö  ³¶²¨ÉÊ¤ ¡¥É É·μ´´ÒÌ ±μ²¥-
¡ ´¨° ¨²¨ Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¶ÊÎ±  Î ¸É¨Í (¸μμÉ¢¥É¸É¢¥´´μ, μÌ² ¦¤¥´¨¥ ¶μ¶¥·¥Î-
´μ° ¨ ¶·μ¤μ²Ó´μ° ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò) ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò μ¡· É´μ° ¸¢Ö§¨. �¡Ð Ö ¨¤¥Ö
³¥Éμ¤  É ±μ¢ : ¢ ´¥±μÉμ·μ° ÉμÎ±¥ ±μ²ÓÍ  Ê¸±μ·¨É¥²Ö ¨§³¥·Ö¥É¸Ö ¶μ¶¥·¥Î´ Ö ±μμ·¤¨´ É 
¨²¨ μÉ±²μ´¥´¨¥ Ô´¥·£¨¨ Î ¸É¨Í μÉ ´μ³¨´ ²Ó´μ£μ §´ Î¥´¨Ö ¸ ¶μ³μÐÓÕ ¶¨± ¶-Ô²¥±É·μ¤μ¢.
‡ É¥³ ¸¨£´ ² μ¡· ¡ ÉÒ¢ ¥É¸Ö, Ê¸¨²¨¢ ¥É¸Ö ¨ ¢μ¸¶·μ¨§¢μ¤¨É¸Ö ¨³¶Ê²Ó¸´Ò³ ±μ··¥±É¨·ÊÕ-
Ð¨³ Ê¸É·μ°¸É¢μ³ Å ±¨±¥·μ³, · ¸¶μ²μ¦¥´´Ò³ ´  ´¥±μÉμ·μ³ · ¸¸ÉμÖ´¨¨ μÉ ¶¨± ¶  ¶μ
Ìμ¤Ê ¤¢¨¦¥´¨Ö ¶ÊÎ± . ‚·¥³Ö § ¤¥·¦±¨ · ¸¶·μ¸É· ´¥´¨Ö ¸¨£´ ²  ¢ ²¨´¨¨ μ¡· É´μ° ¸¢Ö§¨
¶μ¤¡¨· ¥É¸Ö É ±¨³ μ¡· §μ³, ÎÉμ¡Ò μ´μ μ± § ²μ¸Ó · ¢´Ò³ ¢·¥³¥´¨ ¶·μ²¥É  Î ¸É¨ÍÒ ¸ ´μ-
³¨´ ²Ó´μ° Ô´¥·£¨¥° μÉ ¶¨± ¶  ¤μ ±¨±¥· . �·¨ μÌ² ¦¤¥´¨¨ ¶μ¶¥·¥Î´ÒÌ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò
¤μ¶μ²´¨É¥²Ó´μ ´ ±² ¤Ò¢ ¥É¸Ö Ê¸²μ¢¨¥ ´  ¢¥²¨Î¨´Ê ´ ¡¥£  Ë §Ò ¶μ¶¥·¥Î´ÒÌ ±μ²¥¡ ´¨°
¶·¨ ¤¢¨¦¥´¨¨ Î ¸É¨Í μÉ ¶¨± ¶  ¤μ ±¨±¥· .

�·¨ μ¶É¨³ ²Ó´μ³ ¢Ò¡μ·¥ ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò ¢·¥³Ö μÌ² ¦¤¥´¨Ö · ¸¶ÊÐ¥´´μ£μ ¶ÊÎ± 
³μ¦´μ £·Ê¡μ μÍ¥´¨ÉÓ ¶μ ¸²¥¤ÊÕÐ¥° Ëμ·³Ê²¥ [2]:
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N

(1 − M̃−2)2

M + U/Z2
, (1)

£¤¥ τ Å ÔÉμ ¢·¥³Ö μÌ² ¦¤¥´¨Ö; W Å Ï¨·¨´  ¶μ²μ¸Ò ¶·μ¶Ê¸± ´¨Ö ²¨´¨¨ μ¡· É´μ°
¸¢Ö§¨; N Å ±μ²¨Î¥¸É¢μ Î ¸É¨Í ¢ Ê¸±μ·¨É¥²¥; M Å Ë ±Éμ· ¶¥·¥³¥Ï¨¢ ´¨Ö Î ¸É¨Í ¶·¨
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¶·μ²¥É¥ μÉ ¶¨± ¶  ¤μ ±¨±¥·  ¨ M̃ Å ¶·¨ ¶·μ²¥É¥ μÉ ±¨±¥·  ¤μ ¶¨± ¶  ¸μμÉ¢¥É¸É¢¥´´μ;
U Å μÉ´μÏ¥´¨¥ ³μÐ´μ¸É¥° ÏÊ³/¸¨£´ ²; Z Å § ·Ö¤ ¨μ´ .

� · ³¥É·Ò N ¨ Z Å Ì · ±É¥·¨¸É¨±¨ ¶ÊÎ± . —¥³ ¡μ²ÓÏ¥ § ·Ö¤ ¨μ´  Z, É¥³ ¸¨²Ó´¥¥
 ³¶²¨ÉÊ¤  ¸¨£´ ² , ´ ¢¥¤¥´´μ£μ ´  Ô²¥±É·μ¤ Ì ¶¨± ¶ , ¨ É¥³ ÔËË¥±É¨¢´¥¥ μÌ² ¦¤¥´¨¥.
W Å Ì · ±É¥·¨¸É¨±  Î ¸ÉμÉ´μ£μ ¤¨ ¶ §μ´  ²¨´¨¨ μ¡· É´μ° ¸¢Ö§¨. „²Ö Ê³¥´ÓÏ¥´¨Ö
¢·¥³¥´¨ μÌ² ¦¤¥´¨Ö ¦¥² É¥²Ó´μ ¨³¥ÉÓ ¶μ²μ¸Ê ¶·μ¶Ê¸± ´¨Ö ¸¨¸É¥³Ò ± ± ³μ¦´μ Ï¨·¥,
μ¤´ ±μ ¤²Ö ± ¦¤μ° Ô´¥·£¨¨ ¶μ¤¡¨· ¥É¸Ö ¸¢μ° μ¶É¨³ ²Ó´Ò° ¤¨ ¶ §μ´ Ï¨·¨´Ò ¶μ²μ¸Ò
Î ¸ÉμÉ, ¨ μ´ ´¥ ¤μ²¦¥´ ¡ÒÉÓ ³ ±¸¨³ ²Ó´μ ¡μ²ÓÏ¨³. Š·μ³¥ μ£· ´¨Î¥´¨°, ¸¢Ö§ ´´ÒÌ ¸
É¥Ì´¨Î¥¸±¨³¨ ¢μ§³μ¦´μ¸ÉÖ³¨ ³μÐ´μ° Ô²¥±É·μ´¨±¨, Ï¨·¨´  ¶μ²μ¸Ò μ£· ´¨Î¥´  É ±¦¥
¶ · ³¥É· ³¨ Ê¸±μ·¨É¥²Ö ¨ · §¡·μ¸μ³ ¶μ ¨³¶Ê²Ó¸Ê ¢ μÌ² ¦¤ ¥³μ³ ¶ÊÎ±¥. ‚·¥³Ö ¶·μ²¥É 
Î ¸É¨ÍÒ μÉ ¶¨± ¶  ¤μ ±¨±¥·  Ê¢¥²¨Î¨¢ ¥É¸Ö (¨²¨ Ê³¥´ÓÏ ¥É¸Ö), ¥¸²¨ ¥¥ ¨³¶Ê²Ó¸ μÉ²¨-
Î ¥É¸Ö μÉ ´μ³¨´ ²Ó´μ£μ §´ Î¥´¨Ö. …¸²¨ · §´¨Í  ³¥¦¤Ê ¢·¥³¥´ ³¨ ¶·μ²¥É  Î ¸É¨ÍÒ ¨
¶·μÌμ¦¤¥´¨Ö ¸¨£´ ²  Î¥·¥§ · ¤¨μÉ¥Ì´¨Î¥¸±ÊÕ ²¨´¨Õ ¸É ´μ¢¨É¸Ö ¡μ²ÓÏ¥ ¤²¨É¥²Ó´μ¸É¨
¨³¶Ê²Ó¸ , ¶·¨²μ¦¥´´μ£μ ± ±¨±¥·Ê, μÌ² ¦¤¥´¨¥ ¶¥·¥¸É ¥É · ¡μÉ ÉÓ. • · ±É¥·´ Ö ¤²¨-
É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸ , ¶·¨²μ¦¥´´μ£μ ± ±¨±¥·Ê, μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´  Ï¨·¨´¥ ¶μ²μ¸Ò
¶·μ¶Ê¸± ´¨Ö ¸¨¸É¥³Ò W . ‘μμÉ¢¥É¸É¢¥´´μ, Ê¸²μ¢¨¥ ÔËË¥±É¨¢´μ° · ¡μÉÒ ¸¨¸É¥³Ò μÌ² -
¦¤¥´¨Ö ¶·¨´ÖÉμ Ëμ·³Ê²¨·μ¢ ÉÓ ¢ ¢¨¤¥ μ£· ´¨Î¥´¨Ö ´  Ë ±Éμ· ¶¥·¥³¥Ï¨¢ ´¨Ö Î ¸É¨Í
¶·¨ ¶·μ²¥É¥ μÉ ¶¨± ¶  ± ±¨±¥·Ê:

M ≈ WTpkη
Δp

p
> 1, (2)

£¤¥ Tpk Å ¢·¥³Ö ¶·μ²¥É  μÉ ¶¨± ¶  ¤μ ±¨±¥·  Î ¸É¨ÍÒ ¸ ´μ³¨´ ²Ó´Ò³ §´ Î¥´¨¥³ ¨³-

¶Ê²Ó¸ ; η =
1
γ2

− 1
γ2
tr

Å ¸²¨¶-Ë ±Éμ· Ê¸±μ·¨É¥²Ö.

‚Ò¡μ· ¶μ²μ¸Ò Î ¸ÉμÉ ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕ-
Ð¨³¨ ¸μμ¡· ¦¥´¨Ö³¨. �¨± ¶ ¨ ±¨±¥· Å ·¥§μ´ ´¸´Ò¥ Ê¸É·μ°¸É¢ , ¨Ì ¶·μ¥±É¨·ÊÕÉ ´ 
¸·¥¤´ÕÕ Î ¸ÉμÉÊ ¶μ²μ¸Ò ¶·μ¶Ê¸± ´¨Ö, ¶·¨ ÔÉμ³ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¸¨³³¥É·¨Î´μ ®¸¶ ¤ -
¥É¯ ¶·¨ ¡μ²ÓÏ¨Ì ¨ ³¥´ÓÏ¨Ì Î ¸ÉμÉ Ì. „²Ö μ¡¥¸¶¥Î¥´¨Ö ¶·¨¥³²¥³μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ ¢¥·Ì´ÖÖ Î ¸ÉμÉ , ± ± ¶· ¢¨²μ, ¢Ò¡¨· ¥É¸Ö ¢ ¤¢  · §  ¡μ²ÓÏ¥
´¨¦´¥°. •μ·μÏμ μ¸¢μ¥´´Ò³ ¢ ³¨·μ¢μ° ¶· ±É¨±¥ ¨ ¢ Éμ ¦¥ ¢·¥³Ö ´¥ ¶·¥¤¸É ¢²ÖÕÐ¨³
¸¥·Ó¥§´ÒÌ · ¤¨μÉ¥Ì´¨Î¥¸±¨Ì É·Ê¤´μ¸É¥° Ö¢²Ö¥É¸Ö ¤¨ ¶ §μ´ 2Ä4 ƒƒÍ, É. ¥. ¶μ²μ¸  2 ƒƒÍ.

�·¥¤¢ ·¨É¥²Ó´Ò° · ¸Î¥É ¶μ Ëμ·³Ê²¥ (1) ¤ ¥É ¤²Ö ¢·¥³¥´¨ μÌ² ¦¤¥´¨Ö §´ Î¥´¨¥ ¶μ-
·Ö¤±  8Ä9 ¸, ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ ¶ÊÎ±  (109 ¶·μÉμ´μ¢ ¸ Ô´¥·£¨¥° 1,5Ä3,5 ƒÔ‚).

1. ‚�‡Œ�†��‘’ˆ �Š‘�…�ˆŒ…�’�‚ �� �“Š‹�’���…

�Ê±²μÉ·μ´ Å ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¸¨´Ì·μÉ·μ´ ¸ ¶¥·¨³¥É·μ³ 251,5 ³ ¨ ³ £´¨É´μ° ¦¥¸É-
±μ¸ÉÓÕ ¤μ 45 ’² ·³ Å · ¡μÉ ¥É ¢ �ˆŸˆ ´ Î¨´ Ö ¸ 1993 £. [3, 4]. “¸±μ·¨É¥²Ó ¶·¥¤´ §´ Î¥´
¤²Ö Ê¸±μ·¥´¨Ö ÉÖ¦¥²ÒÌ ³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢ ¸ Ô´¥·£¨¥° ¤μ 6 ƒÔ‚/´Ê±². (¤²Ö μÉ´μÏ¥´¨Ö
§ ·Ö¤  ± ³ ¸¸¥ z/A = 1/2), ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¨ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶ÊÎ±μ¢ ¤¥°É·μ´μ¢. Œ £-
´¨É´ Ö ¸É·Ê±ÉÊ·  ¸μ¸Éμ¨É ¨§ ¢μ¸Ó³¨ ¸Ê¶¥·¶¥·¨μ¤μ¢, ± ¦¤Ò° ¸μ¤¥·¦¨É É·¨ ·¥£Ê²Ö·´ÒÌ
¶¥·¨μ¤  É¨¶  ”�„� ¨ μ¤¨´ ¶¥·¨μ¤ ¡¥§ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ (¡μ²ÓÏμ° ¶·Ö³μ²¨´¥°´Ò°
¶·μ³¥¦ÊÉμ±). �¥£Ê²Ö·´Ò° ¶¥·¨μ¤ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö Ëμ±Ê¸¨·ÊÕÐÊÕ ¨ ¤¥Ëμ±Ê¸¨·ÊÕÐÊÕ
±¢ ¤·Ê¶μ²Ó´Ò¥ ²¨´§Ò, Î¥ÉÒ·¥ ¤¨¶μ²Ó´ÒÌ ³ £´¨É  ¨ ¤¢  ³ ²ÒÌ ¸¢μ¡μ¤´ÒÌ ¶·μ³¥¦ÊÉ± ,
¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö · §³¥Ð¥´¨Ö ³Ê²ÓÉ¨¶μ²Ó´ÒÌ ±μ··¥±Éμ·μ¢ ¨ Ê¸É·μ°¸É¢ ¤¨ £´μ¸É¨±¨
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¶ÊÎ± . 
μ²ÓÏ¨¥ ¶·Ö³μ²¨´¥°´Ò¥ ¶·μ³¥¦ÊÉ±¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö · §³¥Ð¥´¨Ö Ê¸É·μ°¸É¢
¢¢μ¤  ¨ ¢Ò¢μ¤  ¶ÊÎ± , ‚—-Ê¸±μ·ÖÕÐ¨Ì ¸É ´Í¨°, Ê¸É·μ°¸É¢ ¤¨ £´μ¸É¨±¨ ¨ É. ¶.

Š¨±¥· ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¤μ²¦¥´ ´ Ìμ¤¨ÉÓ¸Ö ¶·¨ ±μ³´ É´μ° É¥³-
¶¥· ÉÊ·¥ (¢¢¨¤Ê Éμ£μ, ÎÉμ ¢ ´¥³ ¢Ò¤¥²Ö¥É¸Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ Ö É¥¶²μ¢ Ö ³μÐ´μ¸ÉÓ).
‚ ´Ê±²μÉ·μ´¥ ¨³¥¥É¸Ö ¥¤¨´¸É¢¥´´Ò° ®É¥¶²Ò°¯ ¡μ²ÓÏμ° ¶·Ö³μ²¨´¥°´Ò° ¶·μ³¥¦ÊÉμ±
(¸¥¤Ó³μ° ¶μ Ìμ¤Ê ¶ÊÎ± , ´ Î¨´ Ö ¸ ÉμÎ±¨ ¨´¦¥±Í¨¨), ¢ ±μÉμ·μ³ · ¸¶μ² £ ¥É¸Ö ¸É ´Í¨Ö

�¨¸. 1. ‘Ì¥³  ±μ²ÓÍ  ´Ê±²μÉ·μ´  ¸ ¶·¥¤² £ -

¥³Ò³ · ¸¶μ²μ¦¥´¨¥³ Ô²¥³¥´Éμ¢ ¸¨¸É¥³Ò μÌ² -
¦¤¥´¨Ö: ¶¨± ¶  ¨ ±¨±¥· 

¢´ÊÉ·¥´´¨Ì ³¨Ï¥´¥°. ‚ ÔÉμ³ ¦¥ ¶·μ³¥-
¦ÊÉ±¥ ¨³¥¥É¸Ö ¤μ¸É ÉμÎ´μ ³¥¸É  ¨ ¤²Ö · §-
³¥Ð¥´¨Ö ±¨±¥· . �·¨ ÔÉμ³ ¤²Ö · §³¥Ð¥-
´¨Ö ¶¨± ¶  μ¶É¨³ ²Ó´Ò³ Ö¢²Ö¥É¸Ö É·¥É¨°
¶·μ³¥¦ÊÉμ±, · ¸¶μ²μ¦¥´´Ò° ¤¨ ³¥É· ²Ó´μ
¶·μÉ¨¢μ¶μ²μ¦´μ ¸¥¤Ó³μ³Ê (·¨¸. 1). �ÉμÉ
¶·μ³¥¦ÊÉμ± ´ Ìμ¤¨É¸Ö ¶·¨ ±·¨μ£¥´´μ° É¥³-
¶¥· ÉÊ·¥ (μÉ 4 ¤μ 15 Š), ÎÉμ ¶μ§¢μ²Ö¥É
Ê³¥´ÓÏ¨ÉÓ ³μÐ´μ¸ÉÓ É¥¶²μ¢μ£μ ÏÊ³  ¸ ¶¨-
± ¶ .

‹μ·¥´Í-Ë ±Éμ·, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ±·¨-
É¨Î¥¸±μ° Ô´¥·£¨¨ ´Ê±²μÉ·μ´ , ¸μ¸É ¢²Ö¥É
¶·¨³¥·´μ 9,16. �¦¨¤ ¥³Ò° μÉ´μ¸¨É¥²Ó-
´Ò° · §¡·μ¸ ¶μ ¨³¶Ê²Ó¸Ê Ê¸±μ·¥´´μ£μ ¶ÊÎ± 
´¥ ¶·¥¢ÒÏ ¥É 10−3 (ÎÉμ ¶·¨³¥·´μ ¸μμÉ¢¥É-
¸É¢Ê¥É ¢¥·É¨± ²Ó´μ³Ê · §³ ÌÊ ¸¥¶ · É·¨¸Ò
¶·¨ Ê¸±μ·¥´¨¨).

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ´Ê±²μÉ·μ´  ¨ ¸¨-
¸É¥³Ò μÌ² ¦¤¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. � · ³¥É·Ò É¥¸Éμ¢μ° ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ´  ´Ê±²μÉ·μ´¥

�¥·¨³¥É· Ê¸±μ·¨É¥²Ö, ³ 251,5

�Ì² ¦¤ ¥³Ò¥ ¨μ´Ò d+, ‘6+

�´¥·£¨Ö, ƒÔ‚/´Ê±². 3,5

Œ ±¸¨³ ²Ó´μ¥ μÉ´μ¸¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥ ¶μ ¨³¶Ê²Ó¸Ê 10−3

‘²¨¶-Ë ±Éμ· ±μ²ÓÍ  η 0,0322

�μ²μ¸  ¶·μ¶Ê¸± ´¨Ö ¸¨¸É¥³Ò fmin/fmax, ƒƒÍ 2/4

ˆ´É¥´¸¨¢´μ¸ÉÓ μÌ² ¦¤ ¥³μ£μ ¶ÊÎ±  109

�¦¨¤ ¥³μ¥ ¢·¥³Ö μÌ² ¦¤¥´¨Ö, ¸ < 10

—Éμ¡Ò Ê¢¥·¥´´μ § ·¥£¨¸É·¨·μ¢ ÉÓ ÔËË¥±É μÌ² ¦¤¥´¨Ö, ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  ¤μ²¦´ 
¡ÒÉÓ ´  Ê·μ¢´¥ ´¥¸±μ²Ó±¨Ì ¥¤¨´¨Í ´  109 Î ¸É¨Í. �Éμ ¸ ¡μ²ÓÏ¨³ § ¶ ¸μ³ ³μ¦¥É ¡ÒÉÓ
μ¡¥¸¶¥Î¥´μ ´  ´Ê±²μÉ·μ´¥ ¤²Ö ¶μ²´μ¸ÉÓÕ μ¡μ¤· ´´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤  ¨²¨ ¤¥°É·μ´μ¢.
’ ±¦¥ ±· °´¥ ¢ ¦´μ ¨³¥ÉÓ ¤μ¸É ÉμÎ´μ ¢·¥³¥´¨ ¤²Ö μÌ² ¦¤¥´¨Ö. ‚·¥³Ö, ¤μ¸ÉÊ¶´μ¥ ¤²Ö
μÌ² ¦¤¥´¨Ö ¶ÊÎ± , μ¶·¥¤¥²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÖ³¨ ¸¨¸É¥³Ò Ô²¥±É·μ¶¨É ´¨Ö ³ £´¨Éμ¢ ¨
²¨´§ ´Ê±²μÉ·μ´ . ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¸É ´¤ ·É´ Ö ¤²¨É¥²Ó´μ¸ÉÓ ¶² Éμ ³ £´¨É´μ£μ ¶μ²Ö
¶·¨ · ¡μÉ¥ ´  Ô±¸¶¥·¨³¥´É ¸ ¢Ò¢¥¤¥´´Ò³ ¶ÊÎ±μ³ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 10 ¸. ‘¥°Î ¸ ´ 
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´Ê±²μÉ·μ´¥ ¶·μ¢μ¤¨É¸Ö ³μ¤¥·´¨§ Í¨Ö ¸¨¸É¥³ ¶¨É ´¨Ö ¸ É¥³, ÎÉμ¡Ò ³μ¦´μ ¡Ò²μ μ¡¥¸¶¥-
Î¨ÉÓ ¤²¨É¥²Ó´μ¸ÉÓ ¶² Éμ ¤μ 1000 ¸. ‚ É ±μ³ ¸²ÊÎ ¥ ¶·μÍ¥¸¸ ´ ¸É·μ°±¨ ¸¨¸É¥³Ò, Î ¸ÉμÉ-
´μ£μ  ´ ²¨§  ¶ÊÎ±  ¨ ¶μ¶ÒÉ±¨ ´ ¡²Õ¤¥´¨Ö ÔËË¥±É  μÌ² ¦¤¥´¨Ö ¸¨²Ó´μ Ê¶·μÐ ÕÉ¸Ö.

‘μ§¤ ¢ ¥³Ò° ´  ´Ê±²μÉ·μ´¥ ± ´ ² ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¶² ´¨·Ê¥É¸Ö ¶μ¸²¥¤μ-
¢ É¥²Ó´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö ¶·μ¢¥·±¨ · §²¨Î´ÒÌ ³¥Éμ¤μ¢ μÌ² ¦¤¥´¨Ö ¶·μ¤μ²Ó´μ° ¸É¥¶¥´¨
¸¢μ¡μ¤Ò · ¸¶ÊÐ¥´´μ£μ ¨ ¸£·Ê¶¶¨·μ¢ ´´μ£μ ¶ÊÎ± : ³¥Éμ¤  ·¥¦¥±Éμ·´ÒÌ Ë¨²ÓÉ·μ¢, ³¥Éμ¤ 
� ²Ó³¥·  ¨ ¢·¥³Ö¶·μ²¥É´μ£μ ³¥Éμ¤ . �¥ ¨¸±²ÕÎ¥´  ¨ ¢μ§³μ¦´μ¸ÉÓ μÌ² ¦¤¥´¨Ö ¶μ¶¥·¥Î-
´μ° ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò, É·Ê¤´μ¸ÉÓ ¢ μ¸ÊÐ¥¸É¢²¥´¨¨ ±μÉμ·μ£μ ¸¢Ö§ ´ , ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, ¸
´¥μ¡Ìμ¤¨³μ¸ÉÓÕ μ¡¥¸¶¥Î¥´¨Ö ´Ê¦´μ£μ ´ ¡¥£  Ë §Ò ¶μ¶¥·¥Î´ÒÌ ±μ²¥¡ ´¨° ´  ÊÎ ¸É±¥ μÉ
¶¨± ¶  ¤μ ±¨±¥· , ÎÉμ É·¥¡Ê¥É ¶¥·¥¸É·μ°±¨ · ¡μÎ¥° ÉμÎ±¨ Ê¸±μ·¨É¥²Ö.

‘É·Ê±ÉÊ·  ¸μ§¤ ¢ ¥³μ° ¸¨¸É¥³Ò μ·¨¥´É¨·μ¢ ´  ´  ·¥ ²¨§ Í¨Õ, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó,
¶·μ¤μ²Ó´μ£μ μÌ² ¦¤¥´¨Ö ¶μ ³¥Éμ¤Ê ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ· . „²Ö μÍ¥´±¨ μ¸´μ¢´ÒÌ ¶ · -
³¥É·μ¢ ¸¨¸É¥³Ò (¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, ´¥μ¡Ìμ¤¨³μ° ³μÐ´μ¸É¨ Ê¸¨²¨É¥²Ö) ¡Ò² · §· ¡μÉ ´
 ²£μ·¨É³ ¨ ¶·μ¢¥¤¥´μ Î¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ Ô¢μ²ÕÍ¨¨ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö Î -
¸É¨Í ¶ÊÉ¥³ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö ”μ±±¥· Ä�² ´± .

2. Œ�„…‹ˆ��‚��ˆ… ���–…‘‘� ‘’�•�‘’ˆ—…‘Š�ƒ� �•‹�†„…�ˆŸ ��
�“Š‹�’���… ‘ ��Œ�™œ	 “��‚�…�ˆŸ ”�ŠŠ…��Ä�‹��Š�

�·μÍ¥¸¸ μÌ² ¦¤¥´¨Ö ¶·μ¤μ²Ó´μ° ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò ³μ¦´μ ¶·μ ´ ²¨§¨·μ¢ ÉÓ ¸ ¶μ³μ-
ÐÓÕ Ê· ¢´¥´¨Ö ”μ±±¥· Ä�² ´±  [5]. �´μ μ¶¨¸Ò¢ ¥É Ô¢μ²ÕÍ¨Õ ¢μ ¢·¥³¥´¨ ËÊ´±Í¨¨
· ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¶ÊÎ±  Ψ(E, t) = dN/dE:

∂Ψ(E, t)
∂t

+
∂

∂E

(
F (E)Ψ(E, t) − D(E, t)

∂Ψ(E, t)
∂E

)
= 0. (3)

„·¥°Ëμ¢Ò° Î²¥´ F (E) = f0ΔEc, ¨²¨ ¸¨²  É·¥´¨Ö, μ¶¨¸Ò¢ ¥É μÌ² ¦¤¥´¨¥ ¶ÊÎ± ,   ¤¨Ë-
ËÊ§¨μ´´Ò° D(E, t) = 1/2f0

〈
ΔE2

ic

〉
Å ÔËË¥±ÉÒ, ¶·¨¢μ¤ÖÐ¨¥ ± ®´ £·¥¢Ê¯ ¶ÊÎ± . ‡¤¥¸Ó

ΔEc(E) Å ±μ£¥·¥´É´μ¥ ¨§³¥´¥´¨¥ Ô´¥·£¨¨ §  μ¡μ·μÉ ¨ ΔEic(E, t) Å Î ¸ÉÓ Ô´¥·£¨¨,
¸¢Ö§ ´´ Ö ¸ ´¥±μ£¥·¥´É´Ò³¨ ÏÊ³μ¢Ò³¨ ÔËË¥±É ³¨, f0 Å Î ¸ÉμÉ  μ¡· Ð¥´¨Ö.

ŠμÔËË¨Í¨¥´ÉÒ Ê· ¢´¥´¨Ö ”μ±±¥· Ä�² ´±  ¢Ò¢μ¤ÖÉ¸Ö Î¥·¥§ ¶ · ³¥É·Ò · ¤¨μÉ¥Ì´¨-
Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö, ¶·¥¤¸É ¢²¥´´μ° ´  ·¨¸. 2. ‘¨£´ ² μÉ ¶ÊÎ± ,
¸´¨³ ¥³Ò° ¸ ¶¨± ¶ , Ê¸¨²¨¢ ¥É¸Ö, Ë¨²ÓÉ·Ê¥É¸Ö ¨ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° § ¤¥·¦±μ° ¶·¨±² -
¤Ò¢ ¥É¸Ö ± ±¨±¥·Ê. ‚ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¶² ´¨·Ê¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·μ¡μ¢ ÉÓ É ±
´ §Ò¢ ¥³Ò° ³¥Éμ¤ Ë¨²ÓÉ·μ¢ (³¥Éμ¤ ’μ·´¤ ²² ). �´ § ±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³: ¢ Ô²¥±-
É·μ´´ÊÕ ¸Ì¥³Ê (·¨¸. 2), ¶¥·¥¤ ÕÐÊÕ ¸¨£´ ² μÉ ¶¨± ¶  ± ±¨±¥·Ê, ¢±²ÕÎ ¥É¸Ö · ¤¨μÉ¥Ì´¨-
Î¥¸±¨° Ë¨²ÓÉ·, ±μÉμ·Ò° ®¢Ò·¥§ ¥É¯ ¨§ μ¸´μ¢´μ£μ ¸¨£´ ²  £ ·³μ´¨±¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö

�¨¸. 2. ‘Ì¥³  ¶¥·¥¤ Î¨ ¸¨£´ ²  μÉ ¶¨± ¶  ± ±¨±¥·Ê, ¢±²ÕÎ ÕÐ Ö ¶¥·¨μ¤¨Î¥¸±¨° ·¥¦¥±Éμ·´Ò°

Ë¨²ÓÉ·, Ê¸¨²¨É¥²Ó ¨ § ¤¥·¦±Ê
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· ¢´μ¢¥¸´μ° Î ¸É¨ÍÒ ¨ ¨´¢¥·É¨·Ê¥É Ë §Ê ¸¨£´ ² . ‚ ·¥§Ê²ÓÉ É¥ ¸¨£´ ² ±μ··¥±Í¨¨ ´¥ ¢μ§-
¤¥°¸É¢Ê¥É ´  · ¢´μ¢¥¸´Ò¥ Î ¸É¨ÍÒ, ´μ ¢ Éμ ¦¥ ¢·¥³Ö ¤μÊ¸±μ·Ö¥É ³¥¤²¥´´Ò¥ Î ¸É¨ÍÒ ¨
§ ³¥¤²Ö¥É ¡Ò¸É·Ò¥, É. ¥. Ê³¥´ÓÏ ¥É · §¡·μ¸ ¶μ ¶·μ¤μ²Ó´μ° ±μ³¶μ´¥´É¥ ¨³¶Ê²Ó¸ .

Š·μ³¥ ¸¨£´ ² , ´ ¢¥¤¥´´μ£μ ´  ¶¨± ¶¥ · ¢´μ¢¥¸´μ° Î ¸É¨Í¥°, ¢ ´¥³ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¨
¸¨£´ ²Ò, ´ ¢¥¤¥´´Ò¥ ¤·Ê£¨³¨ Î ¸É¨Í ³¨ ¶ÊÎ± . �ÉμÉ ´¥±μ£¥·¥´É´Ò° ÔËË¥±É § ¢¨¸¨É μÉ
³μÐ´μ¸É¨ ¤·μ¡μ¢μ£μ ÏÊ³  ¶ÊÎ±  (ÏμÉÉ±¨-ÏÊ³ ) ¨ ¶·¨¢μ¤¨É ± ¤¨ËËÊ§¨μ´´μ³Ê Ê¢¥²¨Î¥-
´¨Õ · §¡·μ¸  ¶μ ¨³¶Ê²Ó¸Ê. �·¨Î¨´μ° ¥Ð¥ μ¤´μ£μ ¨¸ÉμÎ´¨±  ®´ £·¥¢ ¯ ¶ÊÎ± , ¸¢Ö§ ´´μ£μ
¸ · ¡μÉμ° ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö, Ö¢²ÖÕÉ¸Ö É¥¶²μ¢Ò¥ ÏÊ³Ò Ô²¥³¥´Éμ¢ · ¤¨μÉ¥Ì´¨Î¥¸±μ£μ
É· ±É , ¶·¨²μ¦¥´´Ò¥ ± ±¨±¥·Ê.

‚Ò· ¦¥´¨Ö ¤²Ö ¤·¥°Ëμ¢μ£μ ¨ ¤¨ËËÊ§¨μ´´μ£μ Î²¥´μ¢ ¢Ò¢μ¤ÖÉ¸Ö ´  μ¸´μ¢¥ ¶¥·¥¤ -
ÉμÎ´μ° ËÊ´±Í¨¨ ¸¨¸É¥³Ò, ±μÉμ· Ö ¶μ²ÊÎ ¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¶¥·¥³´μ¦¥´¨Ö ¶¥·¥¤ ÉμÎ´ÒÌ
ËÊ´±Í¨° ¥¥ μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢: ¶¨± ¶ , ±¨±¥· , Ê¸¨²¨É¥²¥°, ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ·  ¨
²¨´¨¨ § ¤¥·¦±¨: V (ω) = Skicker(ω)Tdelay(ω)Gamp(ω)Hnotch(ω)Spick-up(ω)Z0I(ω).

1) �¨± ¶. ’μ± § ·Ö¦¥´´ÒÌ Î ¸É¨Í ib ´ ¢μ¤¨É ´  Ô²¥±É·μ¤ Ì ¶¨± ¶  ¸ ¨³¶¥¤ ´¸μ³
Z0 ´ ¶·Ö¦¥´¨¥ Vp = SpZ0ib. Sp Å  ³¶²¨ÉÊ¤´μ-Î ¸ÉμÉ´ Ö Ì · ±É¥·¨¸É¨±  ¶¨± ¶  (¨²¨
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¶¨± ¶ ). „²Ö Î¥É¢¥·ÉÓ¢μ²´μ¢ÒÌ Ô²¥±É·μ¤μ¢ μ´  ¢Ò· ¦ ¥É¸Ö É ± [8, 9]:

S(x, ω) = exp
[
−i

(
θ − π

2

)]
sin θfg(x, w, h), θ =

1
2c

(
1
βs

+
1
βb

)
ωL. (4)

‡¤¥¸Ó βs Å ¸±μ·μ¸ÉÓ · ¸¶·μ¸É· ´¥´¨Ö ¸¨£´ ²  ¢ ¶² ¸É¨´¥ Ô²¥±É·μ¤ ; βb Å ¸±μ·μ¸ÉÓ
¶ÊÎ± ; L Å ¤²¨´  Ô²¥±É·μ¤ . fg Å £¥μ³¥É·¨Î¥¸±¨° Ë ±Éμ· ¶¨± ¶  (¢ Ô²¥±É·μ¸É É¨±¥ Å
ÔÉμ ¢¥²¨Î¨´  ¶μ²Ö ±μ´¥Î´μ° § ·Ö¦¥´´μ° ¶² ¸É¨´Ò) ¢Ò· ¦ ¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

fg(x, w, h) =
2
π

arctg
(

sh (πw/2h)
ch (πx/h)

)
, (5)

£¤¥ w Å Ï¨·¨´  ¶² ¸É¨´; h Å · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ´¨³¨,   x Å · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê μ·¡¨Éμ°
¶ÊÎ±  ¨ Í¥´É·μ³ ¶² ¸É¨´Ò.

„²Ö ¸¨¸É¥³Ò ¨§ np ¶¨± ¶μ¢ ¨ ± ¡¥²Ö ¸ ¨³¶¥¤ ´¸μ³ ZL ¶μ²´μ¥ ¢ÒÌμ¤´μ¥ ´ ¶·Ö¦¥´¨¥
¡Ê¤¥É

V (ω) =
√

np

√
ZLZ0

2
ib(ω)S(x, ω). (6)

�¡ÒÎ´μ ¨³¶¥¤ ´¸Ò ¶¨± ¶  ¨ ¸¨¸É¥³Ò ¢Ò¡¨· ÕÉ¸Ö μ¤¨´ ±μ¢Ò³¨ (¸É ´¤ ·É´μ Å 50 �³).
‚ ÔÉμ³ ¸²ÊÎ ¥ ´ ¶·Ö¦¥´¨¥ § ¶¨Ï¥É¸Ö ± ±

V (ω) =
√

np

2
Z0ib(ω)S(x, ω). (7)

’μ± μ¤´μ° Î ¸É¨ÍÒ ¸ § ·Ö¤μ³ Q ¨ Î ¸ÉμÉμ° μ¡· Ð¥´¨Ö f ′
0 = f0+Δf0 ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°

¸Ê³³Ê ¤¥²ÓÉ -ËÊ´±Í¨°:

ib (t) = Qe

∞∑
n=−∞

δ

(
t − n

f ′
0

)
, (8)

±μÉμ· Ö ¶·¨ · §²μ¦¥´¨¨ ¢ ·Ö¤ ”Ê·Ó¥ ¤ ¥É ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥:

ib(t) = Qe

∞∑
n=−∞

δ

(
t − n

f ′
0

)
= Qef ′

0

∞∑
n=−∞

exp (i2πnf ′
0t) ≡

∞∑
n=−∞

in(ω′), ω′ = 2πf ′
0.

(9)
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ˆ ¢ÒÌμ¤´μ¥ ´ ¶·Ö¦¥´¨¥ ¸ ¶¨± ¶  μ±μ´Î É¥²Ó´μ § ¶¨Ï¥É¸Ö ± ±

VPU(f ′
0, t) =

√
np

2
Z0

∑
Sp(x, nω′

0) in(ω′) =

= Qef ′
0

√
np

2
Z0

∑
Sp(x, nω′

0) exp (inω′
0t). (10)

2) �¥¦¥±Éμ·´Ò° Ë¨²ÓÉ·. �¥·¥¤ ÉμÎ´ Ö ËÊ´±Í¨Ö ¤²Ö ¨¤¥ ²Ó´μ£μ ¶¥·¨μ¤¨Î¥¸±μ£μ
·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ·  (´μÉÎ-Ë¨²ÓÉ· ) § ¶¨¸Ò¢ ¥É¸Ö ± ± [8, 9]:

H(ω) = |H(ω)| eiφnf (ω), (11)

¸  ³¶²¨ÉÊ¤μ°

|H(ω)| = 2gnotch

∣∣∣∣ω − nω0

ω0

∣∣∣∣ ,
(

n − 1
2

)
ω0 < f <

(
n +

1
2

)
ω0, (11 )

Ë §μ°

φnf(ω) =

⎧⎪⎪⎨
⎪⎪⎩

+
π

2
, nω0 < ω <

(
n +

1
2

)
ω0,

−π

2
,

(
n − 1

2

)
ω0 < ω < nω0,

(11¡)

n Å ´μ³¥· £ ·³μ´¨±¨ Éμ±  ¶ÊÎ± ; gnotch Å  ³¶²¨ÉÊ¤  ´μÉÎ-Ë¨²ÓÉ· .
„ ´´ÊÕ ¶¥·¥¤ ÉμÎ´ÊÕ ËÊ´±Í¨Õ Ê¤μ¡´¥¥ ¶¥·¥¶¨¸ ÉÓ, ¨¸¶μ²Ó§ÊÖ ¢Ò· ¦¥´¨Ö ¤²Ö μÉ´μ-

¸¨É¥²Ó´μ° Î ¸ÉμÉÒ ¨ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨:

Δω

ω0
= −ΔTF

TF
= ηpk

Δp

p0
,

ΔE

E0
=

1 + γ

γ

Δp

p0
. (12)

�μÔÉμ³Ê
ΔTF

TF
= κ

ΔE

E
, κ = η

γ

1 + γ
. (13)

ˆ ¤²Ö ¶¥·¥¤ ÉμÎ´μ° ËÊ´±Í¨¨ ´μÉÎ-Ë¨²ÓÉ·  μ±μ´Î É¥²Ó´μ ¶μ²ÊÎ ¥É¸Ö

H(nω′
0) = i2gnotchκ

ΔE

E0
exp

(
−inκπ

ΔE

E0

)
. (14)

3) “¸¨²¨É¥²Ó. ŠμÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ¸¨¸É¥³Ò ¤²Ö Ê¶·μÐ¥´¨Ö ³μ¤¥²¨·μ¢ ´¨Ö ³μ¦´μ
¸Î¨É ÉÓ · ¢´Ò³ ´Ê²Õ ¢´¥ ¶μ²μ¸Ò Î ¸ÉμÉ ¸¨¸É¥³Ò,   ¢ ¶μ²μ¸¥ · ¢´Ò³ G = Gamp(ω).
‡ ¤¥·¦±  ¸¨£´ ²  ¢ Ê¸¨²¨É¥²¥ (¨ ¢μ ¢¸¥° Ô²¥±É·μ´¨±¥) ÊÎ¨ÉÒ¢ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥° ²¨´¨¨
§ ¤¥·¦±¨.

4) ‡ ¤¥·¦± . ‹¨´¨Ö § ¤¥·¦±¨ ¢Ò¡¨· ¥É¸Ö É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ¢·¥³Ö ¶·μ²¥É  · ¢´μ-
¢¥¸´μ° Î ¸É¨ÍÒ μÉ ¶¨± ¶  ± ±¨±¥·Ê TF ¡Ò²μ · ¢´Ò³ ¢·¥³¥´¨ · ¸¶·μ¸É· ´¥´¨Ö ¸¨£´ ² 
¢ ± ¡¥²¥ TD. …£μ ¢Ò¡¨· ÕÉ ¶·¨¡²¨§¨É¥²Ó´μ · ¢´Ò³ ¢·¥³¥´¨ ¶·μ²¥É  · ¢´μ¢¥¸´μ° Î -
¸É¨ÍÒ: TD = TF +ΔTD, £¤¥ ΔTD Å Ê¸É ´ ¢²¨¢ ¥³ Ö § ¤¥·¦±  ¢·¥³¥´¨ · ¸¶·μ¸É· ´¥´¨Ö
¸¨£´ ² . ’ ±¨³ μ¡· §μ³, ¶¥·¥¤ ÉμÎ´ Ö ËÊ´±Í¨Ö ²¨´¨¨ § ¤¥·¦±¨ ¸¨¸É¥³Ò § ¶¨Ï¥É¸Ö ± ±

Tdelay(ω) = e−iωTD . (15)
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5) Š¨±¥·. …¸²¨ ¨¸¶μ²Ó§Ê¥É¸Ö ±¨±¥· É ±μ° ¦¥ ±μ´¸É·Ê±Í¨¨, ÎÉμ ¨ ¶¨± ¶, Éμ ¥£μ ¶¥-
·¥¤ ÉμÎ´ Ö ËÊ´±Í¨Ö ¡Ê¤¥É § ¶¨¸ ´   ´ ²μ£¨Î´μ ¶¨± ¶Ê. ˆ ¤²Ö nk ±¨±¥·μ¢ ¶¥·¥¤ ÉμÎ´ Ö
ËÊ´±Í¨Ö ¡Ê¤¥É · ¢´ 

Sk(x, ω) =
√

2nk exp
[
−i

(
θ − π

2

)]
sin θ fg(x, w, h). (16)

2.1. ‚Ò· ¦¥´¨¥ ¤·¥°Ëμ¢μ£μ Î²¥´  Î¥·¥§ ¶ · ³¥É·Ò ¸¨¸É¥³Ò. � ¶·Ö¦¥´¨¥ ´  ±¨-
±¥·¥ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¶¥·¥¤ ÉμÎ´Ò¥ ËÊ´±Í¨¨ ±μ³¶μ´¥´É ¸¨¸É¥³Ò:

Vk(t) = Qef ′
0

Z0√
2
√

np

∑
S(x, nω′

0)Gamp(nf ′
0)H(nf ′

0) exp (inω′
0(t − TD)). (17)

’μ£¤  Î ¸É¨Í , ¶·μÏ¥¤Ï Ö ¶¨± ¶ ¢ ³μ³¥´É ¢·¥³¥´¨ t = 0, ¨´¤ÊÍ¨·Ê¥É ´  ±¨±¥·¥ ´ ¶·Ö-
¦¥´¨¥

Vk(t = TF + ΔTF ) = Qef0
Z0√

2
√

np

(
1 + κ

ΔE

E

)
×

×
∑

Gamp(nf ′
0) Re [S(x, nω′

0)H(nf ′
0)] exp (i(arg(S) + arg (H)) − inξ), (18)

£¤¥

ξ = −ω′
0(TF + ΔTF ) + ω′

0TD = ω′
0(ΔTD − ΔTF ) =

= ω′
0

(
ΔTD + κpkTF

ΔE

E

)
≈ ω0TF

(
κpk

ΔE

E
+

ΔTD

TF

)
. (19)

� ¶·Ö¦¥´¨¥, ¶μ¤ ´´μ¥ ´  ±¨±¥·, ¸μ§¤ ¥É ¶·μ¤μ²Ó´μ¥ Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ ³¥¦¤Ê Ô²¥±-
É·μ¤ ³¨, ±μÉμ·μ¥ ¨§³¥´Ö¥É Ô´¥·£¨Õ Î ¸É¨Í. �Éμ ¨§³¥´¥´¨¥ Ô´¥·£¨¨ · ¢´μ

ΔEc(ω) =
Qe

A
Sk(ω)Vk(ω). (20)

�μ¤¸É ¢²ÖÖ ¢Ò· ¦¥´¨Ö ¤²Ö ¶¥·¥¤ ÉμÎ´μ° ËÊ´±Í¨¨ ±¨±¥·  ¨ ´ ¶·Ö¦¥´¨Ö ´  ´¥³, ¶μ²ÊÎ ¥³

ΔEc =
Qe

A

∑
Sk(ω)Vk(ω) = 2

(Qe)2

A
f0Gamp

(
1 + κ

ΔE

E

)
Z0

√
npnkgnotch×

×
n2∑

n=n1

Sp(x, nω′
0)H(nω′

0)Sk(x, nω′
0) ei(β−nξ) = 2

(Qe)2

A
f0Gamp

(
1 + κ

ΔE

E

)
×

× Z0
√

npnkgnotchfpfk

n2∑
n=n1

2nκ
ΔE

E

[
n sin (2θ + nξ) sin2 θ

] ∼=

∼= −4
(Qe)2

A
f0Gampκ

ΔE

E
Z0

√
npnkfpfk

n2∑
n=n1

[
n sin (2θ + nξ) sin2 θ

]
,

£¤¥

θ =
1
2c

(
1
βs

+
1
βb

)
ω′L, ω′ = nω0

(
1 + κ

ΔE

E

)
. (21)
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� ±μ´¥Í, ±μ£¥·¥´É´Ò° Î²¥´ ³μ¦´μ § ¶¨¸ ÉÓ ¢ μ±μ´Î É¥²Ó´μ° Ëμ·³¥:

F (E) = f0ΔEc
∼=

Qe

A

∑
Sk(ω)Vk(ω) ∼=

∼= −4
(Qe)2

A
f2
0 Gampκ

ΔE

E
Z0

√
npnkfpfk

n2∑
n=n1

[
n sin (2θ + nξ) sin2 θ

]
. (22)

2.2. ‚Ò· ¦¥´¨¥ ¤¨ËËÊ§¨μ´´μ£μ Î²¥´  Î¥·¥§ ¶ · ³¥É·Ò ¸¨¸É¥³Ò. �¥±μ£¥·¥´É´Ò°
Î²¥´ D(E, t) ¶·μ¶μ·Í¨μ´ ²¥´ ³μÐ´μ¸É¨ ÏÊ³ , ±μÉμ·Ò° ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ±μ³¶μ´¥´É: É¥¶-
²μ¢μ£μ ÏÊ³  Ê¸¨²¨É¥²Ö PT ¨ ÏÊ³  ¶ÊÎ±  PB (ÏμÉÉ±¨-ÏÊ³ ). ˆ¸¶μ²Ó§ÊÖ ¶¥·¥¤ ÉμÎ´ÊÕ
ËÊ´±Í¨Õ ±¨±¥·  Sk, ³μ¦´μ ¢Ò· §¨ÉÓ ´¥±μ£¥·¥´É´Ò° Î²¥´ Ê· ¢´¥´¨Ö (Ô´¥·£¨Ö ´  ´Ê±²μ´):

D(E, t) =
1
2
f0

〈
ΔE2

ic

〉
=

1
2
f0

〈(
Qe

A
SkVk

)2〉
=

1
2
f0

(
Qe

A

)2

S2
kZ0(PT + PB). (23)

1) ‚Ò· ¦¥´¨¥ ¤²Ö ³μÐ´μ¸É¨ ÏμÉÉ±¨-ÏÊ³ . „²Ö N Î ¸É¨Í ¢ ±μ²ÓÍ¥ Ê¸±μ·¨É¥²Ö,
¨¸¶μ²Ó§ÊÖ (8), Éμ± § ¶¨Ï¥³ É ±¨³ μ¡· §μ³:

I(t) = Qef0

∑
n

∑
h

δ(t − hT0n) =

=
N∑

n=1

Qef0 cos θn + 2Qef0

N∑
n=1

∞∑
h=1

cos (2πhfnt + hθn). (24)

’μ£¤  ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ §´ Î¥´¨¥ Éμ±  ´  h-° £ ·³μ´¨±¥

Ih
rms =

√
〈I2〉 =

√√√√〈(
2Qef0

∑
n

cos (hθn)
)2〉

=
√

2NQef0. (25)

‘¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨ ÏμÉÉ±¨-ÏÊ³  ´  ¢ÒÌμ¤¥ ¶¨± ¶  · ¢´ 

dPb

df
= I2

f

(√
np

2
Z0

)2

= (Qef ′
0)

2Z0npS
2
p(x, ω)

dN

df
. (26)

�É¸Õ¤  ³μÐ´μ¸ÉÓ, ¶·¨Ìμ¤ÖÐ Ö¸Ö ´  £ ·³μ´¨±Ê:

Pb = (Qef ′
0)

2f0Z0npS
2
p(x, ω)

dN

df
. (27)

ˆ¸¶μ²Ó§ÊÖ ¶¥·¥¤ ÉμÎ´Ò¥ ËÊ´±Í¨¨ ±μ³¶μ´¥´Éμ¢ ¸¨¸É¥³Ò, ¢Ò· §¨³ ³μÐ´μ¸ÉÓ ´  ±¨±¥·¥:

Pb = (Qef ′
0)

2f0Z0npS
2
p(x, ω)

dN

df
G2

amp|H(nf ′
0)|2. (28)

‘Ê³³¨·ÊÖ ³μÐ´μ¸ÉÓ ÏÊ³  ¶μ ¢¸¥³ £ ·³μ´¨± ³, ¢Ìμ¤ÖÐ¨³ ¢ ¶μ²μ¸Ê ¶·μ¶Ê¸± ´¨Ö ¸¨¸É¥³Ò,
¶μ²ÊÎ ¥³

Pb = (Qef ′
0)

2f0Z0npG
2
amp

n2∑
n=n1

|Sp(x, nω′
0)|2|H(nf ′

0)|2Ψ(nf ′
0), (29)

£¤¥ Ψ(nf ′
0) =

1
n

dN

df
=

1
n

Ψ(f).
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�¥·¥°¤¥³ ¢ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö μÉ Î ¸ÉμÉÒ ± Ô´¥·£¨¨:

Ψ(f) =
dN

dE

dE

df
=

β2E

ηf0
Ψ(E). (30)

ˆ¸¶μ²Ó§ÊÖ ËÊ´±Í¨Õ · ¸¶·¥¤¥²¥´¨Ö ¢ É ±μ³ ¢¨¤¥, ³μ¦´μ μ±μ´Î É¥²Ó´μ § ¶¨¸ ÉÓ Î ¸ÉÓ
´¥±μ£¥·¥´É´μ£μ Î²¥´ , ¸¢Ö§ ´´μ£μ ¸ ÏÊ³μ³ ¶ÊÎ± :

Db(E, t) =
1
2
f ′
0〈(ΔEb

ic)
2〉 =

1
2
f ′
0

(
Qe

A

)2

S2
kZ0Pb =

=
4(Qe)4

A2
f3
0 Z2

0npnkG2κE

(
ΔE

E

)2

Ψ(E, t)f2
p f2

k

n2∑
n=n1

n sin2 θp sin2 θk. (31)

2) ‚Ò· ¦¥´¨¥ ¤²Ö ³μÐ´μ¸É¨ É¥¶²μ¢μ£μ ÏÊ³ . �  ¢Ìμ¤¥ Ê¸¨²¨É¥²Ö ¸ É¥³¶¥· ÉÊ·μ°
ÏÊ³  Tn ¨ μ±·Ê¦ ÕÐ¥° É¥³¶¥· ÉÊ·μ° T ¸¶¥±É· ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨ É¥¶²μ¢μ£μ
ÏÊ³  ¡Ê¤¥É

dPT

df
= k(T + Tn) [‚É/ƒÍ], (32)

£¤¥ k Å ¶μ¸ÉμÖ´´ Ö 
μ²ÓÍ³ ´ . ’μ£¤  É¥¶²μ¢μ° ÏÊ³ ¢ ¶μ²μ¸¥ ˜μÉÉ±¨ ¡Ê¤¥É PT =
k(T + Tn)f0 ¨ ´  ±¨±¥·¥ ¶μ¸²¥ Ê¸¨²¨É¥²Ö ¨ ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ·  ¸μ¸É ¢¨É

PTk = k(T + Tn)f0G
2
amp

n2∑
n=n1

|H(nf ′
0)|2. (33)

�±μ´Î É¥²Ó´μ, ¨¸¶μ²Ó§ÊÖ (23) ¨ ¶¥·¥¤ ÉμÎ´ÊÕ ËÊ´±Í¨Õ ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ· , § -
¶¨Ï¥³ ´¥±μ£¥·¥´É´Ò° Î²¥´, μ¡Ê¸²μ¢²¥´´Ò° É¥¶²μ¢Ò³ ÏÊ³μ³, ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

DT (E) =
1
2
f ′
0

〈
(ΔEb

ic)
2
〉

=

= 2
(

Qe

A

)2

f2
0 Z0k(T + Tn)nkG2

ampκ2f2
k

(
ΔE

E

)2 n2∑
n=n1

n sin2 θk. (34)

2.3. �¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö. �μ¤¸É ¢¨¢ ¶μ²ÊÎ¥´´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ±μ£¥·¥´É´μ£μ
¨ ´¥±μ£¥·¥´É´μ£μ Î²¥´μ¢ ¢ Ê· ¢´¥´¨¥ ”μ±±¥· Ä�² ´±  ¨ ·¥Ï¨¢ ¥£μ, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ
§ ¢¨¸¨³μ¸ÉÓ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¨ · §¡·μ¸  ¶μ ¨³¶Ê²Ó¸ ³ μÉ ¢·¥³¥´¨.

�¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3, ¤²Ö ¶ÊÎ±  ¨μ´μ¢
Ê£²¥·μ¤  C6+

12 Å ´  ·¨¸. 4.
�·μ¢¥¤¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸  μÌ² ¦¤¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ì · ±É¥·¨¸É¨±

Ô²¥³¥´Éμ¢ ¸¨¸É¥³Ò ¶μ± §Ò¢ ¥É, ÎÉμ ÔËË¥±É μÌ² ¦¤¥´¨Ö ¡Ê¤¥É § ³¥É¥´ ¤²Ö ¶ÊÎ±  ¶·μ-
Éμ´μ¢ ¨ μÉÎ¥É²¨¢μ ¢¨¤¥´ ¢ ¸²ÊÎ ¥ ¶ÊÎ±  ¨μ´μ¢ Ê£²¥·μ¤ . � §²¨Î´Ò° ÔËË¥±É μÌ² -
¦¤¥´¨Ö ¸¢Ö§ ´ ¸ · §²¨Î¨¥³ § ·Ö¤´μ¸É¨ ¶·μÉμ´μ¢ ¨ ¨μ´μ¢ Ê£²¥·μ¤ . —¥³ ¡μ²ÓÏ¥ § ·Ö¤
¨μ´ , É¥³ ÔËË¥±É¨¢´¥¥ μÌ² ¦¤¥´¨¥, É ± ± ± ´ ¶·Ö¦¥´¨¥, ¨´¤ÊÍ¨·Ê¥³μ¥ ´  ¶¨± ¶¥, ¶·μ-
¶μ·Í¨μ´ ²Ó´μ § ·Ö¤Ê Î ¸É¨Í ¨ ¡μ²ÓÏ Ö § ·Ö¤´μ¸ÉÓ ¸¨²Ó´μ Ê²ÊÎÏ ¥É μÉ´μÏ¥´¨¥ ¸¨£-
´ ²/ÏÊ³.
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�¨¸. 3. �¢μ²ÕÍ¨¨ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö (a) ¨ ¨³¶Ê²Ó¸´μ£μ · §¡·μ¸  (¡) ¶·¨ μÌ² ¦¤¥´¨¨ ¶ÊÎ± 

¶·μÉμ´μ¢. ‚·¥³Ö μÌ² ¦¤¥´¨Ö 10 ¸

�¨¸. 4. �¢μ²ÕÍ¨¨ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö (a) ¨ ¨³¶Ê²Ó¸´μ£μ · §¡·μ¸  (¡) ¶·¨ μÌ² ¦¤¥´¨¨ ¶ÊÎ± 

¨μ´μ¢ Ê£²¥·μ¤  C6+
12 . ‚·¥³Ö μÌ² ¦¤¥´¨Ö 10 ¸

Œμ¤¥²¨·μ¢ ´¨¥ ¤ ¥É ¸²¥¤ÊÕÐ¨¥ É·¥¡μ¢ ´¨Ö ¤²Ö ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö: ¢ ¸²ÊÎ ¥ ¶·μ-
Éμ´´μ£μ · ¸¶ÊÐ¥´´μ£μ ¶ÊÎ±  ´¥μ¡Ìμ¤¨³ Ö ³μÐ´μ¸ÉÓ ¤²Ö ¢Ò¶μ²´¥´¨Ö Ô±¸¶¥·¨³¥´É  ´ -
Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì 30Ä40 ‚É ¨ Ê¸¨²¥´¨¥ ¸¨£´ ²  ¸μ¸É ¢²Ö¥É ¶·¨¡²¨§¨É¥²Ó´μ 140 ¤
.
…¸²¨ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¶ÊÎμ± ¨μ´μ¢ Ê£²¥·μ¤  (C6+), Éμ É·¥¡μ¢ ´¨Ö ± ´¥μ¡Ìμ¤¨³Ò³
³μÐ´μ¸É¨ ¨ Ê¸¨²¥´¨Õ ¶μ´¨¦ ÕÉ¸Ö ¤μ 10 ‚É ¨ 130 ¤
 ¸μμÉ¢¥É¸É¢¥´´μ.

3. ��„ƒ�’�‚Š� �Š‘�…�ˆŒ…�’�

�μ²´ Ö ¸Ì¥³  ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö ¤²Ö ´Ê±²μÉ·μ´  ¢Ò£²Ö¤¨É, ± ± ¶μ± § ´μ ´  ·¨¸. 5.
’μ± ¶ÊÎ±  ´ ¢μ¤¨É ´ ¶·Ö¦¥´¨¥ ´  Ô²¥±É·μ¤ Ì ¶¨± ¶ , Ëμ·³¨·ÊÖ ¶¥·¢μ´ Î ²Ó´Ò° ¸¨£´ ²
¢ Ô²¥±É·μÉ¥Ì´¨Î¥¸±μ° ²¨´¨¨. ‚ ± Î¥¸É¢¥ ¶¨± ¶  ¨ ±¨±¥·  (·¨¸. 6) ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ-
¢ ÉÓ ±μ²ÓÍ¥¢Ò¥ Ô²¥±É·μ¤Ò, ¨§´ Î ²Ó´μ · §· ¡μÉ ´´Ò¥ ¢ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ³ Í¥´É·¥ 	²¨Ì
± ± ¶·μÉμÉ¨¶ ¤²Ö ¡Ê¤ÊÐ¥£μ ´ ±μ¶¨É¥²Ö HESR [10]. �¨± ¶ ¨ ±¨±¥· ¡Ê¤ÊÉ ¨³¥ÉÓ ¨¤¥´É¨Î-
´Ò° ¤¨§ °´: ÔÉμ ¸¡μ·±  ¨§ 16 ±μ²¥Í ¸  ¶¥·ÉÊ·μ° 90 ³³ ¨ ¸ ¢μ¸¥³ÓÕ §μ²μÉÒ³¨ Ô²¥±É·μ¤ ³¨
´  ± ¦¤μ³.
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�¨¸. 5. ‘Ì¥³  ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¤²Ö ´Ê±²μÉ·μ´ 

�¨¸. 6. ‘É·Ê±ÉÊ·  ¶¨± ¶ /±¨±¥·  �¨¸. 7. �¤´μ ¨§ 16 ±μ²¥Í ¶¨± ¶ 

Š ¦¤μ¥ ±μ²ÓÍμ ¸É·Ê±ÉÊ·Ò ¨³¥¥É ¢μ¸¥³Ó ±μ·μÉ±μ§ ³±´ÊÉÒÌ Ô²¥±É·μ¤μ¢ (·¨¸. 7). ‘¨£-
´ ² ¸ · §´ÒÌ ±μ²¥Í ¸μ¡¨· ¥É¸Ö ¸μ¥¤¨´¨É¥²Ó´Ò³¨ ¶² É ³¨, ±μÉμ·Ò¥ ¨³¥ÕÉ ÉμÎ´μ ´ ¸É·μ-
¥´´Ò¥ § ¤¥·¦±¨ ¤²Ö · §´ÒÌ ±μ²¥Í, ÎÉμ¡Ò ¸¨£´ ² ¢ ¶² É¥ · ¸¶·μ¸É· ´Ö²¸Ö ¸¨´Ì·μ´´μ ¸
¶ÊÎ±μ³. ’ ±¨³ μ¡· §μ³, ¸É·Ê±ÉÊ·  ¨³¥¥É, ¸μμÉ¢¥É¸É¢¥´´μ, ¢μ¸¥³Ó ¢ÒÌμ¤μ¢, ±μÉμ·Ò¥ § É¥³
³μ¦´μ ¶·μ¨§¢μ²Ó´μ ±μ³¡¨´¨·μ¢ ÉÓ. Œμ¤Ê²Ó´Ò° ¤¨§ °´ É ±μ° ¸É·Ê±ÉÊ·Ò ¶μ§¢μ²Ö¥É ²¥£±μ
¨§³¥´ÖÉÓ ±μ²¨Î¥¸É¢μ ±μ²¥Í, ÎÉμ ¢³¥¸É¥ ¸ μÎ¥´Ó Ìμ·μÏ¨³ ¶μ²´Ò³ ¶·μ¤μ²Ó´Ò³ ¨³¶¥¤ ´-
¸μ³ ¸¢Ö§¨ ¤¥² ¥É ¢Ò¡μ· ÔÉμ£μ Ê¸É·μ°¸É¢  Ê¤ Î´Ò³ ´¥ Éμ²Ó±μ ¤²Ö ´Ê±²μÉ·μ´ , ´μ É ±¦¥ ¨
¤²Ö ±μ²² °¤¥·  NICA. �¨± ¶ · §³¥Ð¥´ ¢ Ìμ²μ¤´μ° ¸¥±Í¨¨ ±μ²ÓÍ  (É·¥ÉÓÖ ¶·Ö³μ²¨´¥°´ Ö
¸¥±Í¨Ö) ¢ ¸¶¥Í¨ ²Ó´μ³ · §· ¡μÉ ´´μ³ ¤²Ö ÔÉμ£μ ±·¨μ¸É É¥ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö μ¶É¨³ ²Ó´ÒÌ
Ê¸²μ¢¨° · ¡μÉÒ (¸É ¡¨²Ó´μ¸ÉÓ, ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ, Ê³¥´ÓÏ¥´¨¥ ÏÊ³ ). “Î ¸Éμ± ¢ ±ÊÊ³´μ°
± ³¥·Ò ¸ ±·¨μ¸É Éμ³ Ê¦¥ ¨§£μÉμ¢²¥´ ¨ Ê¸É ´μ¢²¥´ ´  ±μ²ÓÍμ ´Ê±²μÉ·μ´ .

‚μ¸¥³Ó ¢ÒÌμ¤´ÒÌ ¸¨£´ ²μ¢ ¸ ¸μ¥¤¨´¨É¥²Ó´ÒÌ ¶² É ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¶¥Í¨ ²Ó´μ£μ
± ¡¥²Ö ¢Ò¢μ¤ÖÉ¸Ö ¨§ ±·¨μ¸É É  Î¥·¥§ ¤¢  Ë² ´Í . Š¨±¥· ¦¥ · §³¥Ð¥´ ¢ ¸¶¥Í¨ ²Ó´μ
¸μ§¤ ´´μ³ ¢ ±ÊÊ³´μ³ ±μ´É¥°´¥·¥ ¨ · ¸¶μ²μ¦¥´ ¢ É¥¶²μ³ ÊÎ ¸É±¥ ±μ²ÓÍ  ´Ê±²μÉ·μ´ 
(¸¥¤Ó³ Ö ¶·Ö³μ²¨´¥°´ Ö ¸¥±Í¨Ö).
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‘· §Ê ¶μ¸²¥ ¢Ò¢μ¤  ¸¨£´ ²  ¨§ ±·¨μ¸É É  ´  ± ¦¤μ³ ¨§ ¢μ¸Ó³¨ ¢ÒÌμ¤μ¢ ¡Ê¤¥É Ê¸É ´μ-
¢²¥´ ¶·¥¤Ê¸¨²¨É¥²Ó. „ ²¥¥ ¸¨£´ ²Ò ³μ¦´μ ±μ³¡¨´¨·μ¢ ÉÓ ¤²Ö ¶·μ¤μ²Ó´μ£μ ¨²¨ ¶μ¶¥·¥Î-
´μ£μ μÌ² ¦¤¥´¨Ö. ‚ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¸²¥¤μ¢ ÉÓ μÌ² ¦¤¥´¨¥ ¶·μ¤μ²Ó´μ°
¸É¥¶¥´¨ ¸¢μ¡μ¤Ò ¶μ ³¥Éμ¤Ê ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ· . „²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò ¸¨£-
´ ² ¡Ò² ¶·μ¶μ·Í¨μ´ ²¥´ ¶μ²´μ³Ê Éμ±Ê. �μÔÉμ³Ê ¶μ¸²¥ ¶·¥¤Ê¸¨²¨É¥²¥° ¢μ¸¥³Ó ¸¨£´ ²μ¢
μ¡Ñ¥¤¨´ÖÕÉ¸Ö ¢ μ¤¨´ ¸ ¶μ³μÐÓÕ ‘‚—-¸Ê³³ Éμ·μ¢ ¨ £¨¡·¨¤´μ£μ ¸μ¥¤¨´¨É¥²Ö (·¨¸. 5).

„²Ö ¤¨ £´μ¸É¨±¨ · ¤¨μÉ¥Ì´¨Î¥¸±μ° ²¨´¨¨ ¨ ´ ¡²Õ¤¥´¨Ö ÔËË¥±É  μÌ² ¦¤¥´¨Ö ¢ ¸Ì¥³Ê
´  · §´ÒÌ ÊÎ ¸É± Ì ¢±²ÕÎ¥´Ò μÉ¢¥É¢¨É¥²¨, ±μÉμ·Ò¥ μÉ¤¥²ÖÕÉ μÉ μ¸´μ¢´μ£μ ¸¨£´ ²  ´¥-
¡μ²ÓÏÊÕ ¥£μ Î ¸ÉÓ ¤²Ö ¨§³¥·¥´¨° ¸ ¶μ³μÐÓÕ ¸¥É¥¢μ£μ  ´ ²¨§ Éμ· . Š ¶¥·¢μ³Ê μÉ¢¥É¢¨-
É¥²Õ ¡Ê¤¥É ¸É Í¨μ´ ·´μ ¶μ¤±²ÕÎ¥´  ´ ²¨§ Éμ· ¸¶¥±É·  ¤²Ö ´ ¡²Õ¤¥´¨Ö ¤·μ¡μ¢μ£μ ÏÊ³ 
¶ÊÎ±  (ÏμÉÉ±¨-ÏÊ³ ), ¶μ ±μÉμ·μ³Ê ¨ μÍ¥´¨¢ ¥É¸Ö ÔËË¥±É μÌ² ¦¤¥´¨Ö.

�μ¸²¥ μÉ¢¥É¢¨É¥²Ö ¸¨£´ ² ¥Ð¥ · § Ê¸¨²¨¢ ¥É¸Ö ¨ ¸ ¶μ³μÐÓÕ ¤²¨´´μ£μ Ë¨¤¥·´μ£μ
± ¡¥²Ö ¸ μÎ¥´Ó ³ ²μ° § ¤¥·¦±μ° ¨ ±μÔËË¨Í¨¥´Éμ³ ¶μÉ¥·Ó (7 ¤
/³) ´ ¶· ¢²Ö¥É¸Ö ± ¶·μ-
É¨¢μ¶μ²μ¦´μ° ÉμÎ±¥ ±μ²ÓÍ  ´Ê±²μÉ·μ´ .

„²Ö ¶·μ¤μ²Ó´μ£μ μÌ² ¦¤¥´¨Ö ³¥Éμ¤μ³ ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ·  ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò ¢
¶μ²μ¸¥ · ¡μÉÒ ¸¨¸É¥³Ò ®§ ·Ê¡±¨¯ Ë¨²ÓÉ·  (¶μ¤ ¢²¥´¨¥ μ¸´μ¢´ÒÌ £ ·³μ´¨±) ¡Ò²¨ ± ±
³μ¦´μ £²Ê¡¦¥,   ¨Ì ¸²¥¤μ¢ ´¨¥ ¡Ò²μ ± ± ³μ¦´μ ¡μ²¥¥ · ¢´μ³¥·´Ò³. �¥¦¥±Éμ·´Ò¥
Ë¨²ÓÉ·Ò ¸ ±μ ±¸¨ ²Ó´μ° ²¨´¨¥° § ¤¥·¦±¨ ¢¥¸Ó³  ¶²μÌμ ¸μμÉ¢¥É¸É¢ÊÕÉ ÔÉ¨³ É·¥¡μ¢ -
´¨Ö³. Š·¨μ¸É É¨·μ¢ ´¨¥ ¦¥ ²¨´¨¨ ¸¢Ö§ ´μ ¸ ¡μ²ÓÏ¨³¨ ¤μ¶μ²´¨É¥²Ó´Ò³¨ É·Ê¤´μ¸ÉÖ³¨
¨ § É· É ³¨. �μÔÉμ³Ê ´ ¨¡μ²¥¥ μ¶É¨³ ²Ó´Ò³ ¢Ò¡μ·μ³ Ö¢²Ö¥É¸Ö ·¥¦¥±Éμ·´Ò° Ë¨²ÓÉ· ¸
μ¶É¨Î¥¸±μ° ²¨´¨¥° § ¤¥·¦±¨ [11]. ‚ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ Í¥´É·μ³ 	²¨Ì ¡Ò²  ¢Ò· ¡μ-
É ´  ¸Ì¥³  É ±μ£μ μ¶É¨Î¥¸±μ£μ ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ·  (¶· ¢ Ö Î ¸ÉÓ ´  ·¨¸. 8). �·¨´Í¨¶
¥£μ · ¡μÉÒ ¸²¥¤ÊÕÐ¨°: ²ÊÎ ² §¥·  ³μ¤Ê²¨·Ê¥É¸Ö ¢Ìμ¤´Ò³ ‚—-¸¨£´ ²μ³ ¸ ¶¨± ¶ . ‡ É¥³
¤¥²¨É¸Ö ¶μ¶μ² ³ ¤¥²¨É¥²¥³, ¢ μ¤´μ³ ¨§ ¶²¥Î Ê¸É ´μ¢²¥´  § ¤¥·¦±  ¢ ¶μ²¶¥·¨μ¤  μ¡· Ð¥-
´¨Ö ¨ ¶·¥Í¨§¨μ´´ Ö ¶¥·¥³¥´´ Ö § ¤¥·¦±  (0Ä330 ¶¸) ¤²Ö ¡μ²¥¥ Éμ´±μ° ¶μ¤¸É·μ°±¨. „ ²¥¥
μ¶É¨Î¥¸±¨° ¸¨£´ ² ¢ ± ¦¤μ³ ¶²¥Î¥ ¶·¥μ¡· §Ê¥É¸Ö μ¡· É´μ ¢ Ô²¥±É·¨Î¥¸±¨° ¸ ¶μ³μÐÓÕ
·¥¸¨¢¥·μ¢. �μ²ÊÎ¥´´Ò¥ ¸¨£´ ²Ò ¢ÒÎ¨É ÕÉ¸Ö ¸ ¨´¢¥·¸¨¥° Ë §Ò £¨¡·¨¤´Ò³ ¸μ¥¤¨´¨É¥²¥³.

�¨¸. 8. ‘Ì¥³  μ¶É¨Î¥¸±¨Ì § ¤¥·¦±¨ ¨ ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ· 

ˆ¸¶μ²Ó§μ¢ ´¨¥ μ¶ÉμÔ²¥±É·μ´¨±¨ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ¶·μ¡μ¢ ÉÓ ·¥ ²¨§μ¢ ÉÓ ²¨´¨Õ
§ ¤¥·¦±¨ ¸¨¸É¥³Ò, μ¸´μ¢ ´´ÊÕ ´  μ¶Éμ¢μ²μ±μ´´ÒÌ ¸¡μ·± Ì. �Éμ ¨³¥¥É ·Ö¤ ¶·¥¨³Ê-
Ð¥¸É¢ ¶μ ¸· ¢´¥´¨Õ ¸ ±μ ±¸¨ ²Ó´μ° § ¤¥·¦±μ°: · §³¥·Ò ¶μ²ÊÎ ÕÉ¸Ö £μ· §¤μ ±μ³¶ ±É-
´¥¥,   ´ ¸É·μ°±  ¸É ´μ¢¨É¸Ö μÎ¥´Ó ÉμÎ´μ° ¨ ¶·μ¸Éμ°. ’ ± Ö § ¤¥·¦±  ¸μ¸Éμ¨É ¨§ ´ ¡μ· 
μ¶Éμ¢μ²μ±μ´´ÒÌ ± ¡¥²¥° · §´μ° ¤²¨´Ò, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ´¥μ¡Ìμ¤¨³ÊÕ § ¤¥·¦±Ê ¸¨£-
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´ ² . „²Ö ÉμÎ´μ° ¶μ¤¸É·μ°±¨ § ¤¥·¦±¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¥Í¨§¨μ´´ Ö § ¤¥·¦±  ¢ ¤¨ ¶ -
§μ´¥ 0Ä320 ¶¸,  ´ ²μ£¨Î´ Ö ¨¸¶μ²Ó§Ê¥³μ° ¢ ·¥¦¥±Éμ·´μ³ Ë¨²ÓÉ·¥. ‘Ì¥³  É ±μ° ²¨´¨¨
§ ¤¥·¦±¨ ¶μ± § ´  ¢ ²¥¢μ° Î ¸É¨ ·¨¸. 8.

�μ¸²¥ ·¥¦¥±Éμ·´μ£μ Ë¨²ÓÉ·  ¸¨£´ ² ¥Ð¥ · § Ê¸¨²¨¢ ¥É¸Ö. �μ¤¸É·μ°±  Ê¸¨²¥´¨Ö ¢¸¥°
¸¨¸É¥³Ò μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¤ ²¥¥ ¶¥·¥³¥´´Ò³  ÉÉ¥´Õ Éμ·μ³, ¶μ¸²¥ ±μÉμ·μ£μ
¸¨£´ ² ¶μ¶ ¤ ¥É ¢ μ¸´μ¢´μ° ³μÐ´Ò° Ê¸¨²¨É¥²Ó ´  60 ‚É. ‡ É¥³ ¸ ¶μ³μÐÓÕ £¨¡·¨¤´μ£μ
¸μ¥¤¨´¨É¥²Ö ¨ ¤¥²¨É¥²¥° ¸¨£´ ² ±μ··¥±Í¨¨ · §¤¥²Ö¥É¸Ö ´  ¢μ¸¥³Ó Î ¸É¥° ¨, ´ ±μ´¥Í, ¸μ-
§¤ ¥É ´ ¶·Ö¦¥´¨¥ ´  ¶² ¸É¨´ Ì ±¨±¥· , ±μÉμ·μ¥ ±μ··¥±É¨·Ê¥É · §¡·μ¸ ¶ÊÎ±  ¶μ ¨³¶Ê²Ó¸Ê.

‡�Š‹	—…�ˆ…

„ ´´Ò° Ô±¸¶¥·¨³¥´É ´¥μ¡Ìμ¤¨³ ¤²Ö ¶·μ¥±É¨·μ¢ ´¨Ö ¨ ¸μ§¤ ´¨Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨-
Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¤²Ö ±μ²² °¤¥·  NICA. ‚ Ìμ¤¥ Ô±¸¶¥·¨³¥´É  ¶·¥¤¸Éμ¨É ¸μ§¤ ÉÓ, μÍ¥-
´¨ÉÓ μ¡ÐÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ¸· ¢´¨ÉÓ · §´Ò¥ ³¥Éμ¤Ò ¸ÉμÌ ¸É¨Î¥-
¸±μ£μ μÌ² ¦¤¥´¨Ö ´  ´Ê±²μÉ·μ´¥. ‘Ì¥³  ¸¨¸É¥³Ò ¸μ§¤ ¢ ² ¸Ó ¸ ÊÎ ¸É¨¥³ ¸¶¥Í¨ ²¨¸Éμ¢
¨§ –…�� ¨ ´ ÊÎ´μ£μ Í¥´É·  	²¨Ì. Œμ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸  ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² -
¦¤¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥ ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ±μ³¶μ´¥´É ¸¨¸É¥³Ò ¶μ± §Ò¢ ¥É, ÎÉμ
ÔËË¥±É μÌ² ¦¤¥´¨Ö ¶ÊÎ±  ´  ´Ê±²μÉ·μ´¥ ¡Ê¤¥É ¢μ§³μ¦´μ ¢¶μ²´¥ Ê¢¥·¥´´μ ´ ¡²Õ¤ ÉÓ.
�μÔÉμ³Ê ¢ Í¥²μ³ ¢Ò· ¡μÉ ´´ Ö ¸Ì¥³  ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö ¢Ò£²Ö¤¨É · ¡μÉμ¸¶μ¸μ¡´μ°.

‘É ÉÊ¸ ¸μ§¤ ´¨Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¤²Ö ´Ê±²μÉ·μ´  ¸²¥¤ÊÕÐ¨°:
¨§£μÉμ¢²¥´Ò ¨ Ê¸É ´μ¢²¥´Ò ´  ±μ²ÓÍμ Ê¸±μ·¨É¥²Ö ÊÎ ¸É±¨ ¢ ±ÊÊ³´μ° ± ³¥·Ò ¨ ±·¨μ-
¸É É, ¶¨± ¶ ¨ ±¨±¥·, § ± § ´μ ¨ ¶μ²ÊÎ¥´μ ¶· ±É¨Î¥¸±¨ ¢¸¥ μ¡μ·Ê¤μ¢ ´¨¥, ´¥μ¡Ìμ¤¨³μ¥
¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  (Ï¨·μ±μ¶μ²μ¸´Ò¥ Ê¸¨²¨É¥²¨, ± ¡¥²Ó´Ò¥ ¸¡μ·±¨ ¸ ³ ²Ò³
±μÔËË¨Í¨¥´Éμ³ ¶μÉ¥·Ó, ¨§³¥·¨É¥²Ó´μ¥ μ¡μ·Ê¤μ¢ ´¨¥, μ¶ÉμÔ²¥±É·μ´¨±  ¨ ¶·μÎ.). 
²¨-
¦ °Ï¨° ÔÉ ¶ Å ¸¡μ·±  ¨ ´ ¸É·μ°±  μ¶É¨Î¥¸±¨Ì ´μÉÎ-Ë¨²ÓÉ·  ¨ ²¨´¨¨ § ¤¥·¦±¨ ¨
¶μ¸²¥ ¨¸¶ÒÉ ´¨° · §³¥Ð¥´¨¥ μ¸É ¢Ï¥£μ¸Ö μ¡μ·Ê¤μ¢ ´¨Ö ¢ ÉÊ´´¥²¥ ±μ²ÓÍ  Ê¸±μ·¨É¥²Ö ¸
¢μ§³μ¦´μ¸ÉÓÕ Ê¤ ²¥´´ÒÌ ¨§³¥·¥´¨° ¨ Ê¶· ¢²¥´¨Ö.
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