
�¨¸Ó³  ¢ �—�Ÿ. 2016. ’. 13, º 3(201). ‘. 567Ä574

Œ…’�„ˆŠ� ”ˆ‡ˆ—…‘Š�ƒ� �Š‘�…�ˆŒ…�’�

��„ˆ�ˆ‡‹“—…�ˆ… ˜ˆ��Šˆ• �’Œ�‘”…��›•
‹ˆ‚�…‰ ‚ „ˆ���‡��… ‘‚…�•‚›‘�Šˆ• —�‘’�’

�. „. ”¨²μ´¥´±μ1

‹Ê£ ´¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É ¨³. ‚. „ ²Ö, ‹Ê£ ´¸±, “±· ¨´ 

� °¤¥´μ, ÎÉμ ³μÐ´μ¸ÉÓ ´¥±μ£¥·¥´É´μ£μ ¨§²ÊÎ¥´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ Ô²¥±É·μ´μ¢ Ï¨·μ±μ£μ  É-
³μ¸Ë¥·´μ£μ ²¨¢´Ö ¢ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ 100Ä200 ƒƒÍ ¸μ¸É ¢²Ö¥É > 10−24 ‚É/(³2 · ƒÍ) ¤²Ö ²¨¢´Ö ¸
Ô´¥·£¨¥° ∼ 1018 Ô‚ ´  · ¸¸ÉμÖ´¨¨ 5 ±³ μÉ ¥£μ μ¸¨. �Éμ §´ Î¨É, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ Ë²Êμ·¥¸Í¥´É´ÒÌ
¤¥É¥±Éμ·μ¢ · ¤¨μÉ¥²¥¸±μ¶ ¸ ÔËË¥±É¨¢´μ° ¶²μÐ ¤ÓÕ > 300 ³2 ³μ¦¥É μÉ¸²¥¦¨¢ ÉÓ É· ¥±Éμ·¨¨ ²¨¢-
´¥° ¸ Ô´¥·£¨¥° > 1018 Ô‚ ¢ ²Õ¡μ¥ ¢·¥³Ö ¸ÊÉμ± ´¥§ ¢¨¸¨³μ μÉ ¶μ£μ¤Ò. Œ ±¸¨³Ê³ ¸¶¥±É·  ¢¡²¨§¨
Î ¸ÉμÉÒ 150 ƒƒÍ ¶·¨³¥·´μ ´  É·¨ ¶μ·Ö¤±  ¢ÒÏ¥, Î¥³ μÍ¥´¥´´Ò° Ô±¸¶¥·¨³¥´É ²Ó´μ ¢ Ì · ±É¥·´μ°
μ¡² ¸É¨ ∼ 5−10 ƒƒÍ.

We found that the power of incoherent radiation of ionization electrons of extensive air shower
in the frequency range of 100Ä200 GHz makes up > 10−24 W/(m2 ·Hz) for a shower with energy
∼ 1018 eV at a distance of 5 km from its axis. This means that, unlike 	uorescent detectors, radio
telescope with an effective area > 300 m2 can monitor the trajectory of showers with energy > 1018 eV
at all times regardless of the weather. Maximum spectrum (near the frequency of 150 GHz) is three
orders of magnitude more than the experimentally measured value of a characteristic frequency range
∼ 5−10 GHz.
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ˆ¸¸²¥¤μ¢ ´¨¥ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸¢¥·Ì¢Ò¸μ±μ° Ô´¥·£¨¨ ¶μ · ¤¨μ¨§²ÊÎ¥´¨Õ É¥·³ -
²¨§μ¢ ´´ÒÌ (¨μ´¨§ Í¨μ´´ÒÌ) Ô²¥±É·μ´μ¢ ¢ ³¨±·μ¢μ²´μ¢μ³ ¤¨ ¶ §μ´¥ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
Ö¢²Ö¥É¸Ö μ¤´μ° ¨§  ±ÉÊ ²Ó´ÒÌ ¶·μ¡²¥³ ³¥Éμ¤¨±¨ ¤¥É¥±É¨·μ¢ ´¨Ö Ï¨·μ±¨Ì  É³μ¸Ë¥·´ÒÌ
²¨¢´¥° (˜�‹). �¦¨¤ ²μ¸Ó, ÎÉμ ¨§²ÊÎ¥´¨¥ É ±¨Ì Ô²¥±É·μ´μ¢ ¢ ¤¨ ¶ §μ´¥ ¸¢¥·Ì¢Ò¸μ±¨Ì
Î ¸ÉμÉ ¤μ²¦´μ ¡ÒÉÓ ¶· ±É¨Î¥¸±¨ ¨§μÉ·μ¶´Ò³ ¨ ´¥±μ£¥·¥´É´Ò³. ‚ ¤¨ ¶ §μ´¥ £¨£ £¥·-
Íμ¢ÒÌ Î ¸ÉμÉ (2Ä10 ƒƒÍ) ¸ ¶μ³μÐÓÕ · ¤¨μÉ¥²¥¸±μ¶  ³μ¦´μ μÉ¸²¥¦¨¢ ÉÓ É· ¥±Éμ·¨Õ
± ¸± ¤´μ£μ ¤¨¸±  ¶μ¤ ²Õ¡Ò³ Ê£²μ³ ± μ¸¨ ²¨¢´Ö. ’ ± Ö ³¥Éμ¤¨± , ¶μ ³´¥´¨Õ ·Ö¤  ¨¸¸²¥-
¤μ¢ É¥²¥°, ³μ£²  ¡Ò ¸ Ê¸¶¥Ìμ³ ¤μ¶μ²´¨ÉÓ ¤ ´´Ò¥ Ë²Êμ·¥¸Í¥´É´μ£μ ¤¥É¥±Éμ· , Ê ±μÉμ·μ£μ
¢·¥³Ö ÔËË¥±É¨¢´μ° · ¡μÉÒ ¸μ¸É ¢²Ö¥É ¢ ¸·¥¤´¥³ ¢¸¥£μ ²¨ÏÓ ∼ 10% μÉ μ¡Ð¥£μ ¢·¥³¥´¨
´ ¡²Õ¤¥´¨Ö.

�¥·¢μ¥ ¸μμ¡Ð¥´¨¥ μ ¶μ¶ÒÉ±¥ ´ ¡²Õ¤¥´¨Ö · ¤¨μÔ³¨¸¸¨¨ ˜�‹ ¢ ¤¨ ¶ §μ´¥ ¸¢¥·Ì-
¢Ò¸μ±¨Ì Î ¸ÉμÉ (100Ä200 ŒƒÍ) ¡Ò²μ μ¶Ê¡²¨±μ¢ ´μ ¢ · ¡μÉ¥ [1]. ‚ É¥Î¥´¨¥ 6 ´¥¤¥²Ó
´ ¡²Õ¤¥´¨Ö ¢Ò¸μ±μÎ ¸ÉμÉ´Ò³ · ¤¨μ¶·¨¥³´¨±μ³ ´¥ ¡Ò²μ μ¡´ ·Ê¦¥´μ ´¨ μ¤´μ£μ ¸μ¡Ò-
É¨Ö. �¢Éμ·Ò ¸¤¥² ²¨ ¢Ò¢μ¤, ÎÉμ Éμ²Ð¨´  ± ¸± ¤´μ£μ ¤¨¸±  ¸· ¢´¨³  ¸ ¤²¨´μ° ¢μ²´Ò
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(λ = 2 ³), ¢¸²¥¤¸É¢¨¥ Î¥£μ ´ ·ÊÏ ¥É¸Ö ±μ£¥·¥´É´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö ¨  ³¶²¨ÉÊ¤  ¸¨£´ ² 
·¥§±μ Ê³¥´ÓÏ ¥É¸Ö. �Éμ ¢¶μ²´¥ ¶μ´ÖÉ´Ò° ¢Ò¢μ¤, ÎÉμ ¨ ¡Ò²μ ¶·¨Î¨´μ° Éμ£μ, ÎÉμ ¢ÒÏ¥
50Ä70 ŒƒÍ ¨¸¸²¥¤μ¢ ´¨Ö ¶· ±É¨Î¥¸±¨ ´¥ ¶·μ¢μ¤¨²¨¸Ó μ±μ²μ 40 ²¥É [2]. ‚ 2003Ä2004 ££.
¢ ² ¡μ· Éμ·¨ÖÌ AWA (Argonne Wakeˇeld Accelerator) ¨ SLAC (Stanford Linear Accelerator
Center) ¡Ò²μ § ·¥£¨¸É·¨·μ¢ ´μ ³¨±·μ¢μ²´μ¢μ¥ ¨§²ÊÎ¥´¨¥ μÉ ¶ÊÎ±  Î ¸É¨Í ¢ ¤¨ ¶ §μ´¥
3Ä20 ƒƒÍ [3]. �¤´ ±μ Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ¤²Ö ·¥£¨¸É· Í¨¨ ¨§²ÊÎ¥´¨Ö  É³μ-
¸Ë¥·´μ£μ ²¨¢´Ö ¢ ³¨±·μ¢μ²´μ¢μ³ ¤¨ ¶ §μ´¥ ´¥ ¤ ²  μ¶·¥¤¥²¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢. ‚ ¶μ-
¸²¥¤ÊÕÐ¨¥ £μ¤Ò ¢ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ 2Ä10 ŒƒÍ ´¥μ¤´μ±· É´μ ¶·μ¢μ¤¨²¨¸Ó ² ¡μ· Éμ·´Ò¥
¨ ¶μ²¥¢Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö, ¶·μÉ¨¢μ·¥Î¨¢Ò¥ ¢Ò¢μ¤Ò ±μÉμ·ÒÌ ¢ Í¥²μ³ ´¥ ¤ ²¨ ¤μ¸É ÉμÎ´μ
Ê¡¥¤¨É¥²Ó´μ£μ ¤μ± § É¥²Ó¸É¢  ¢μ§³μ¦´μ¸É¨ ¤¥É¥±É¨·μ¢ ´¨Ö Î ¸É¨Í ¸¢¥·Ì¢Ò¸μ±μ° Ô´¥·£¨¨
¶μ ³¨±·μ¢μ²´μ¢μ³Ê ¨§²ÊÎ¥´¨Õ  É³μ¸Ë¥·´μ£μ ²¨¢´Ö. 
μ²¥¥ ¶μ¤·μ¡´Ò° μ¡§μ· · ¡μÉ § 
ÔÉμÉ ¶¥·¨μ¤ μ¶Ê¡²¨±μ¢ ´ ¢ [4].

ˆ¸¸²¥¤μ¢ ´¨Ö, ¶·μ¢¥¤¥´´Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥, ¶μ± § ²¨, ÎÉμ ³ ±¸¨³Ê³ ¸¶¥±É· ²Ó-
´μ° ¶²μÉ´μ¸É¨ ¶μÉμ±  ¨§²ÊÎ¥´¨Ö (¢ § ¢¨¸¨³μ¸É¨ μÉ ¢Ò¸μÉÒ ²¨¢´Ö ´ ¤ ¶μ¢¥·Ì´μ¸ÉÓÕ
‡¥³²¨) ´ Ìμ¤¨É¸Ö ¢ μ¡² ¸É¨ ∼ 100−200 ƒƒÍ, ±μÉμ· Ö, ± ± ³¨´¨³Ê³, ´  ¶μ·Ö¤μ± ¢ÒÏ¥
¤¨ ¶ §μ´ , ¨¸¶μ²Ó§Ê¥³μ£μ ¢ ¨§¢¥¸É´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡μÉ Ì (∼ 5−10 ƒƒÍ). �Éμ
§´ Î¨É, ÎÉμ ¶¥·¥Ìμ¤ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ¢μ± ´  ¡μ²¥¥ ¢Ò¸μ±¨¥ Î ¸ÉμÉÒ μÉ±·Ò¢ ¥É
´μ¢Ò¥ ¢μ§³μ¦´μ¸É¨ ¤²Ö ¤¥É¥±É¨·μ¢ ´¨Ö ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¸¢¥·Ì¢Ò¸μ±μ° Ô´¥·£¨¨.

‘�…Š’��‹œ��Ÿ �‹�’��‘’œ ��’�Š� ˆ‡‹“—…�ˆŸ
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�μ¤ ¢²ÖÕÐ¥¥ ±μ²¨Î¥¸É¢μ Ô²¥±É·μ´μ¢, ¢Ò¡¨ÉÒÌ ¨§ ³μ²¥±Ê² ¢μ§¤ÊÌ  (±¨¸²μ·μ¤,  §μÉ
¨ ¶·.) Î ¸É¨Í ³¨ ²¨¢´Ö, μ¡² ¤ ¥É Ô´¥·£¨¥° ¶μ·Ö¤±  ¤¥¸ÖÉ±  Ô²¥±É·μ´¢μ²ÓÉ. ‚¸²¥¤¸É¢¨¥
¢Ò¸μ±μ° ¶²μÉ´μ¸É¨  É³μ¸Ë¥·Ò μ´¨ ¡Ò¸É·μ (∼ 10−10 c) É¥·³ ²¨§ÊÕÉ¸Ö ¤μ É¥¶²μ¢ÒÌ Ô´¥·-
£¨° ∼ 0,04 Ô‚. �¶·¥¤¥²¨³ ¤ ²¥¥ Ô´¥·£¨Õ, ¨§²ÊÎ ¥³ÊÕ É ±¨³ Ô²¥±É·μ´μ³ ¶·¨ ¸Éμ²±´μ-
¢¥´¨¨ ¸ ´¥°É· ²Ó´Ò³  Éμ³μ³. �¥Ï¥´¨¥ § ¤ Î¨, ¢ ±μÉμ·μ° Ô²¥±É·μ´ ¨³¥¥É ¡¥¸±μ´¥Î´ÊÕ
É· ¥±Éμ·¨Õ ¢ ¶μ²¥ Í¥´É· ²Ó´ÒÌ ±Ê²μ´μ¢¸±¨Ì ¸¨², ¤ ¢´μ ´ °¤¥´μ. �¤´ ±μ, ¢ μÉ²¨Î¨¥ μÉ
ÔÉμ£μ, §¤¥¸Ó μÉ·¥§μ± ¶ÊÉ¨ Ô²¥±É·μ´  μ£· ´¨Î¥´ ¢¥²¨Î¨´μ° ¸¢μ¡μ¤´μ£μ ¶·μ¡¥£ , ¨ ´ ²¨Î¨¥
ÔÉμ£μ Ë ±É  ¸ÊÐ¥¸É¢¥´´μ ¨§³¥´Ö¥É ¸¶¥±É· ²Ó´Ò° ¸μ¸É ¢ ¨§²ÊÎ¥´¨Ö. �¡² ¸ÉÓ ¢§ ¨³μ¤¥°-
¸É¢¨Ö Ô²¥±É·μ´  ¸ ´¥°É· ²Ó´μ° ³μ²¥±Ê²μ° ´ ³´μ£μ ³¥´ÓÏ¥ ¤²¨´Ò ¢μ²´Ò (∼ 2 ³³ ¤²Ö
150 ƒƒÍ), ¶μÔÉμ³Ê ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ¸Éμ²±´μ¢¥´¨¥ ¨³¥¥É ÉμÎ¥Î´Ò° Ì · ±É¥·. �¥Ï¥´¨¥
É ±μ° § ¤ Î¨ ¢ ¶μ¸É ¢²¥´´ÒÌ ¶·¥¤¶μ²μ¦¥´¨ÖÌ ¤μ¸É ÉμÎ´μ ¶·μ¸Éμ¥, ¶μÔÉμ³Ê ¨§²¨Ï´¨¥
¶μ¤·μ¡´μ¸É¨ ¡Ê¤ÊÉ ¤ ²¥¥ μ¶ÊÐ¥´Ò.

‘Î¨É ¥³ ¤²Ö Ê¶·μÐ¥´¨Ö, ÎÉμ μÉ·¥§±¨ AO = OB = L ¨ · ¢´Ò ¸·¥¤´¥° ¤²¨´¥ ¸¢μ-
¡μ¤´μ£μ ¶·μ¡¥£  (·¨¸. 1). ‚Ò· §¨³ μ¡Ñ¥³´ÊÕ ¶²μÉ´μ¸ÉÓ Éμ±  δ-ËÊ´±Í¨¥°. �μ²μ¦¨³ ¤²Ö
¶¥·¢μ£μ ÊÎ ¸É±  ¶ÊÉ¨ (AO) ¢·¥³Ö μÉ·¨Í É¥²Ó´Ò³: t < 0. „²Ö ¢Éμ·μ£μ Å t > 0. �μ¸±μ²Ó±Ê
¸·¥¤´ÖÖ ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö É¥·³ ²¨§μ¢ ´´ÒÌ Ô²¥±É·μ´μ¢ Ek

ion ¨³¥¥É ¢¥²¨Î¨´Ê, · ¢´ÊÕ
¶·¨¡²¨§¨É¥²Ó´μ 0,04 Ô‚, ±·¨É¥·¨° ±² ¸¸¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ¨§²ÊÎ¥´¨Ö Ek

ion � hν ¢Ò¶μ²-
´Ö¥É¸Ö ¢¶²μÉÓ ¤μ Î ¸ÉμÉ ¶μ·Ö¤±  1000 ƒƒÍ.

�¡Ñ¥³´ Ö ¶²μÉ´μ¸ÉÓ Éμ±  ´  ¶¥·¢μ³ ÊÎ ¸É±¥ ¶ÊÉ¨ AO ¡Ê¤¥É: j1(r′, t) = v1qδ(x′ +
v1t sin ϕ) δ(y′) δ(z′ − v1t cos ϕ). �  ¢Éμ·μ³ ÊÎ ¸É±¥ OB μ´  ´ Ìμ¤¨É¸Ö  ´ ²μ£¨Î´μ:
j2(r′, t) = v2qδ(x′−v1t sin ϕ) δ(y′) δ(z′−v1t cos ϕ), £¤¥ r′ Å · ¤¨Ê¸-¢¥±Éμ· ¶·μ¨§¢μ²Ó´μ£μ
Ô²¥³¥´É  dV ′ = dx′ dy′ dz′ ¶·μ¸É· ´¸É¢  ¨ |v1| = |v2|. ”Ê·Ó¥-¸μ¸É ¢²ÖÕÐ¨¥ Éμ±μ¢ ¸μμÉ-
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�¨¸. 1. ‘Éμ²±´μ¢¥´¨¥ ¸¢μ¡μ¤´μ£μ Ô²¥±É·μ´  ¸ ³μ²¥±Ê²μ° ¢ ÉμÎ±¥ O ¢ ¶²μ¸±μ¸É¨ ·¨¸Ê´±  (¶²μ¸-

±μ¸ÉÓ X, Z). �É·¥§±¨ AO ¨ OB ¨³¥ÕÉ ¶·¨¡²¨§¨É¥²Ó´μ μ¤¨´ ±μ¢ÊÕ ¤²¨´Ê ¨ · ¢´Ò ¸·¥¤´¥³Ê
§´ Î¥´¨Õ ¤²¨´Ò ¸¢μ¡μ¤´μ£μ ¶·μ¡¥£ . ‘¨¸É¥³  ±μμ·¤¨´ É ¢Ò¡· ´  É ±, ÎÉμ Ê£²Ò ϕ · ¢´Ò, θ Å Ê£μ²

´ ¡²Õ¤¥´¨Ö ¨ k Å ¢μ²´μ¢μ° ¢¥±Éμ·

¢¥É¸É¢¥´´μ · ¢´Ò

j1(r′, ω) = v1q

0∫
−t0

eiωtδ(z′ − v1t cos ϕ) δ(x′ + v1t sin ϕ) δ(y′) dt,

j2(r′, ω) = v2q

t0∫
0

eiωtδ(z′ − v1t cos ϕ) δ(x′ − v1t sin ϕ) δ(y′) dt.

‚¥±Éμ·´Ò° ¶μÉ¥´Í¨ ² ¶μ²Ö ¨§²ÊÎ¥´¨Ö ¢ ¤ ²Ó´¥° §μ´¥ ¢Ò· §¨³ ¢ ¢¨¤¥

A(ω, r) =
μ0 eikr

4πr

∫
V ′

(j1(ω, r′) + j2(ω, r′)) e−inkr′ dV ′ = A1(ω, r) + A2(ω, r),

£¤¥ kr′ = x′k sin θ + z′k cos θ Å ¸± ²Ö·´μ¥ ¶·μ¨§¢¥¤¥´¨¥ · ¤¨Ê¸ -¢¥±Éμ·  r′ ¶·μ¨§-
¢μ²Ó´μ£μ Ô²¥³¥´É  ¶·μ¸É· ´¸É¢  dV ′ ´  ¢μ²´μ¢μ° ¢¥±Éμ· k.

ˆ´É¥£·¨·μ¢ ´¨¥ ¶μ ¶·μ¸É· ´¸É¢Ê ¤ ¥É ¢Ò· ¦¥´¨Ö ¤²Ö ¶μÉ¥´Í¨ ²μ¢

A1(ω, r) = e1
μ0 eikr

4πr
v1q

0∫
−t0

exp [−ikv1t(cos ϕ cos θ − sin ϕ sin θ)] eiωt dt,

A2(ω, r) = e2
μ0 eikr

4πr
v1q

t0∫
0

exp [−ikv1t(cos ϕ cos θ + sin ϕ sin θ)] eiωt dt,
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£¤¥ e1, e2 Å ¥¤¨´¨Î´Ò¥ ¢¥±Éμ·Ò ¢¤μ²Ó ´ ¶· ¢²¥´¨° ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸±μ·μ¸É¥°. �μ¸²¥
¨´É¥£·¨·μ¢ ´¨Ö ¶μ ¢·¥³¥´¨ ¶μ²ÊÎ¨³

A1(ω, r) =
μ0 eikr

4πr

2β1e1q

k[1 − β1 cos (θ + ϕ)]
exp

{
−i

ω

2
t0[1 − β1 cos (θ + ϕ)]

}
×

× sin
(ω

2
t0[1 − β1 cos (θ + ϕ)]

)
,

A2(ω, r) =
μ0 eikr

4πr

2β1e2q

k[1 − β1 cos(θ − ϕ)]
exp

{
i
ω

2
t0[1 − β1 cos (θ − ϕ)]

}
×

× sin
(ω

2
t0[1 − β1 cos (θ − ϕ)]

)
.

�μ²Ö, ¸μ§¤ ¢ ¥³Ò¥ Éμ± ³¨ j1(ω, r′) ¨ j2(ω, r′), μ¶·¥¤¥²¨³ ¨§ ¢Ò· ¦¥´¨Ö B(r, ω) =
rot [A1(ω, r) + A2(ω, r)], É. ¥.

B1(ω, r) =
μ0

4π

2β1q

k[1 − β1 cos (θ + ϕ)]
exp

{
−i

ω

2
t0[1 − β1 cos (θ + ϕ)]

}
×

× sin
(ω

2
t0[1 − β1 cos (θ + ϕ)]

) [
∇eikr

r
× e1

]
,

B2(ω, r) =
μ0

4π

2β1q

k[1 − β1 cos (θ − ϕ)]
exp

{
i
ω

2
t0[1 − β1 cos (θ − ϕ)]

}
×

× sin
(ω

2
t0[1 − β1 cos (θ − ϕ)]

) [
∇eikr

r
× e2

]
.

�μ¸²¥ Ê¶·μÐ¥´¨Ö ¶μ²ÊÎ¨³

B1(ω, r) = −ey
μ0 eikr

4πr

2β1q

k[1 − β1 cos (θ + ϕ)]
(ik) exp

{
−i

ω

2
t0[1 − β1 cos (θ + ϕ)]

}
×

× sin
(ω

2
t0[1 − β1 cos (θ + ϕ)]

)
ey sin (θ + ϕ),

B2(ω, r) = −ey
μ0 eikr

4πr

2β1q

k[1 − β1 cos (θ − ϕ)]
(ik) exp

{
i
ω

2
t0[1 − β1 cos (θ − ϕ)]

}
×

× sin
(ω

2
t0[1 − β1 cos (θ − ϕ)]

)
ey sin (θ − ϕ).

�Ì² ¦¤¥´´Ò¥ Ô²¥±É·μ´Ò ¤μ É¥³¶¥· ÉÊ·Ò μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò ¨³¥ÕÉ ²μ·¥´Í-Ë ±Éμ· γ ≈
1+ 10−7, ¶μÔÉμ³Ê ¢¥²¨Î¨´  ¡¥§· §³¥·´μ° ¸±μ·μ¸É¨ β1 = v1/c ´ ³´μ£μ ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ.
’μ£¤  μ±μ´Î É¥²Ó´μ ¶μ²ÊÎ¨³

B1 + B2 = −(i)ey
μ0 eikr

4πr
2β1q sin

(ω

2
t0

)
×

×
[
sin (θ + ϕ) exp

(
−i

ω

2
t0

)
+ sin (θ − ϕ) exp

(
i
ω

2
t0

)]
.
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�´¥·£¨Ö, ¨§²ÊÎ¥´´ Ö Ô²¥±É·μ´μ³ ´  ¶²μÐ ¤Ó 1 ³2 ¢ ¥¤¨´¨Î´μ³ ¨´É¥·¢ ²¥ Î ¸ÉμÉ §  ¢¸¥
¢·¥³Ö ¤¢¨¦¥´¨Ö ´  ¶ÊÉ¨ AOB, · ¢´ 

∣∣Π1
1(r, ω)

∣∣ =
c

μ0
|B1 + B2|2 =

c

μ0

[ μ0

4πr
2β1q sin

(ω

2
t0

)]2

×

× 4
[(

sin θ cosϕ cos
ω

2
t0

)2

+
(
cos θ sin ϕ sin

ω

2
t0

)2
]

.

’¥¶¥·Ó ´Ê¦´μ ¨§²ÊÎ¥´´ÊÕ Ô´¥·£¨Õ ¶·μ¸Ê³³¨·μ¢ ÉÓ ¶μ ¢¸¥³ Ê£² ³ 0 < θ < π, ÊÎ¨ÉÒ-
¢ Ö, ÎÉμ Ô²¥³¥´É ¶²μÐ ¤¨ dS = 2πr2 sin θ dθ. ‡ É¥³ ¶μ²ÊÎ¥´´Ò¥ ¢Ò· ¦¥´¨Ö ´¥μ¡Ìμ¤¨³μ
Ê¸·¥¤´¨ÉÓ ¶μ ¢¸¥³ Ê£² ³ ϕ, ÊÎ¨ÉÒ¢ Ö, ÎÉμ · ¸¶·¥¤¥²¥´¨¥ ¶μ ÔÉ¨³ Ê£² ³ · ¢´μ¢¥·μÖÉ´μ¥.
�É  μ¶¥· Í¨Ö ¸¢¥¤¥É¸Ö ± ¨´É¥£·¨·μ¢ ´¨Õ ¶μ Ô²¥³¥´É ³ É¥²¥¸´μ£μ Ê£²  dΦ = 2π sin ϕdϕ
¢ ¶·¥¤¥² Ì 0 < ϕ < π/2 ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¤¥²¥´¨¥³ ´  2π. �±μ´Î É¥²Ó´μ ¶μ²ÊÎ¨³ ¸·¥¤-
´ÕÕ Ô´¥·£¨Õ, ±μÉμ· Ö ¶·¨Ìμ¤¨É¸Ö ´  1 ƒÍ, ¨§²ÊÎ¥´´ÊÕ §  μ¤¨´  ±É ¸Éμ²±´μ¢¥´¨Ö:

|Π1(ω)| = 2π
c

μ0
|B1 + B2|2 ∼= 22,4π

c

μ0

[ μ0

4πr
2β1q sin

(ω

2
t0

)]2

[„¦ · ³−2 · ƒÍ−1]. (1)

ˆ§ (1) ¸²¥¤Ê¥É, ÎÉμ ³ ±¸¨³Ê³ ¸¶¥±É· ²Ó´μ£μ ¸μ¸É ¢  ¨§²ÊÎ¥´¨Ö νmax ¸μμÉ¢¥É¸É¢Ê¥É · -
¢¥´¸É¢Ê ωt0/2 ≈ π/2. ’ ± ± ± ¶μ ¸³Ò¸²Ê t0 = λe/v1,   ¢¥²¨Î¨´  ¸¢μ¡μ¤´μ£μ ¶·μ¡¥£ ,
´ ¶·¨³¥·, ¤²Ö ¢Ò¸μÉÒ 5 ±³ ¸μ¸É ¢²Ö¥É λe ≈ 4,2 · 10−7 ³, Éμ νmax ≈ 150 ƒƒÍ ¨ ¢ ´¥±μÉμ-
·μ° ³¥·¥ § ¢¨¸¨É μÉ ·Ö¤  ¢Ò¡· ´´ÒÌ ¶ · ³¥É·μ¢ (É¥³¶¥· ÉÊ·Ò, ÔËË¥±É¨¢´μ£μ ¤¨ ³¥É· 
³μ²¥±Ê²Ò, ¢·¥³¥´¨ ®¶·¨²¨¶ ´¨Ö¯, ¢Ò¸μÉÒ ¨ ¶·.).

‘�…Š’��‹œ��Ÿ �‹�’��‘’œ ��’�Š� ˆ‡‹“—…�ˆŸ
�’Œ�‘”…���ƒ� ‹ˆ‚�Ÿ

‚ ±μ´¥Î´μ³ ¨Éμ£¥ ¶· ±É¨Î¥¸±¨ ¢¸Ö Ô´¥·£¨Ö ²¨¢´Ö W0 ¶μ°¤¥É ´  ¨μ´¨§ Í¨Õ ³μ²¥±Ê²
 É³μ¸Ë¥·Ò (±·μ³¥ ´¥±μÉμ·μ° ¤μ²¨ Ô´¥·£¨¨, Ê´¥¸¥´´μ° ´¥°É·¨´μ). ’ ± ± ± ¢ ¸·¥¤´¥³ ´ 
μ¡· §μ¢ ´¨¥ ¨μ´¨§ Í¨μ´´μ£μ Ô²¥±É·μ´  · ¸Ìμ¤Ê¥É¸Ö εion ≈ 30 Ô‚, Éμ μÉ´μÏ¥´¨¥ W0/εion

¶·¨¡²¨§¨É¥²Ó´μ · ¢´μ ¶μ²´μ³Ê Î¨¸²Ê ¨μ´¨§ Í¨μ´´ÒÌ Ô²¥±É·μ´μ¢, ¶·μ¨§¢¥¤¥´´ÒÌ §  ¢¸¥
¢·¥³Ö ¤¢¨¦¥´¨Ö ²¨¢´Ö. …¸É¥¸É¢¥´´μ, ÎÉμ ¶²μÉ´μ¸ÉÓ ÔÉ¨Ì Ô²¥±É·μ´μ¢ ´  ²Õ¡μ° ¸É ¤¨¨
¶·μ¶μ·Í¨μ´ ²Ó´  ± ¸± ¤´μ° ËÊ´±Í¨¨ N(χ) ´  ¤ ´´μ° £²Ê¡¨´¥:

N(χ) =
0,31 eχ[1−1,5 ln s(χ)]√

ln (W0/Wcr)
,

£¤¥ s(χ) = 3χ(2 ln (W0/Wcr)+χ)−1 Å ¢μ§· ¸É ²¨¢´Ö; χ Å £²Ê¡¨´  ¶·μ´¨±´μ¢¥´¨Ö ²¨¢´Ö
¢ ¡¥§· §³¥·´ÒÌ ² ¢¨´´ÒÌ ¥¤¨´¨Í Ì; W0 Å Ô´¥·£¨Ö ²¨¢´Ö; Wcr = 0,75 · 108 Ô‚ Å ±·¨É¨-
Î¥¸± Ö Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ ¢ ¢μ§¤ÊÌ¥. �μÔÉμ³Ê ´  1 ³ ¶ÊÉ¨ ¡Ê¤¥É ¶·μ¨§¢¥¤¥´μ AN(χ) É¥·-
³ ²¨§μ¢ ´´ÒÌ Ô²¥±É·μ´μ¢, £¤¥ A Å ±μÔËË¨Í¨¥´É ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨, ±μÉμ·Ò° ³μ¦´μ
¶μ²ÊÎ¨ÉÓ ¨§ ´μ·³¨·ÊÕÐ¥£μ · ¢¥´¸É¢ 

A

∞∫
0

N(χ)Adχ =
W0

εion
.
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�É¸Õ¤  ´ Ìμ¤¨³, ÎÉμ ¢¥²¨Î¨´  A = 2,5 · 106. „·Ê£¨³¨ ¸²μ¢ ³¨, ±μ²¨Î¥¸É¢μ ¨μ´¨§ Í¨μ´-
´ÒÌ Ô²¥±É·μ´μ¢, ¶·μ¨§¢¥¤¥´´ÒÌ ´  ¶ÊÉ¨ ¢ 1 ³, · ¢´μ N ion

1 = dN ion/dz = N(χ)Aρ(h)/χ0,
£¤¥ ρ(h) Å ¶²μÉ´μ¸ÉÓ, ±μÉμ· Ö ¤μ ¢Ò¸μÉÒ h = 30 ±³ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö ¡ ·μ³¥É·¨-
Î¥¸±μ° ËÊ´±Í¨¥° ¤²Ö ¶μ²¨É·μ¶´μ°  É³μ¸Ë¥·Ò: ρ(h) = ρ0[(T0 − γah)/T0](gμ/Rγa−1) [5],
χ0 = 370 ±£/³2 Å ¢¥²¨Î¨´  ² ¢¨´´μ° ¥¤¨´¨ÍÒ, g = 9,8 ³/¸2 Å Ê¸±μ·¥´¨¥ ¸¢μ¡μ¤-
´μ£μ ¶ ¤¥´¨Ö, ρ0 = 1,225 ±£/³3 Å ¶²μÉ´μ¸ÉÓ ¢μ§¤ÊÌ  ¶·¨ ´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ, μ =
29 ±£/±³μ²Ó Å ³ ¸¸  1 ±³μ²Ó ¢μ§¤ÊÌ , γa = 0,0065 Š/³ Å É¥³¶¥· ÉÊ·´Ò° £· ¤¨¥´É
 É³μ¸Ë¥·Ò ¨ R = 8,3 · 103 „¦/(±³μ²Ó ·K) Å £ §μ¢ Ö ¶μ¸ÉμÖ´´ Ö.

—Éμ¡Ò ´ °É¨ ¸¶¥±É· ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  · ¤¨μ¨§²ÊÎ¥´¨Ö ¢¸¥£μ ²¨¢´Ö, ´Ê¦´μ
§´ ÉÓ ¸·¥¤´¥¥ ±μ²¨Î¥¸É¢μ ¸Éμ²±´μ¢¥´¨° Ncoll ¨μ´¨§ Í¨μ´´ÒÌ Ô²¥±É·μ´μ¢ ¸ ³μ²¥±Ê² ³¨
§  1 ¸. �¤´ ±μ ´Ê¦´μ ÊÎ¥¸ÉÓ, ÎÉμ ¨μ´¨§ Í¨μ´´Ò¥ Ô²¥±É·μ´Ò ¸ÊÐ¥¸É¢ÊÕÉ μ£· ´¨Î¥´´μ¥
¢·¥³Ö, §  ±μÉμ·μ¥ ± ¸± ¤´Ò° ¤¨¸± ¶·μÌμ¤¨É ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ ³¥É·μ¢. ’μ£¤  ³μÐ-
´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö, ¶·¨Ìμ¤ÖÐ Ö¸Ö ´  ¥¤¨´¨ÍÊ Î ¸ÉμÉÒ ¢ ÉμÎ±¥ ´ ¡²Õ¤¥´¨Ö, ´ Ìμ¤¨É¸Ö
± ± ¶·μ¨§¢¥¤¥´¨¥ |Π1(r, ω)|Ncoll. ‚·¥³Ö ¶·¨²¨¶ ´¨Ö τ (É. ¥. ¢·¥³Ö ®¦¨§´¨¯) Ô²¥±É·μ-
´μ¢ ± ³μ²¥±Ê²¥ ±¨¸²μ·μ¤  ¢ ¢μ§¤ÊÌ¥ ¶·¨ ´μ·³ ²Ó´μ°  É³μ¸Ë¥·¥ · ¢´μ τ0 = 10−8 c.
…£μ ¢¥²¨Î¨´  μ¶·¥¤¥²Ö¥É¸Ö É·μ°´Ò³¨ ¸Éμ²±´μ¢¥´¨Ö³¨ [6, 7]. �μÔÉμ³Ê ¸ ·μ¸Éμ³ ¢Ò-
¸μÉÒ h ¢·¥³Ö τh(h) Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·μ¶μ·Í¨μ´ ²Ó´μ ±¢ ¤· ÉÊ μÉ´μÏ¥´¨Ö ±μ´Í¥´É· -
Í¨°: τh(h) = τ0(ρ0/ρ(h))2. ‡  ÔÉμ ¢·¥³Ö ± ¸± ¤´Ò° ¤¨¸± ¶·μ°¤¥É ¶ÊÉÓ, · ¢´Ò° Lτ

∼=
τhc, £¤¥ c = 3 · 108 ³/c Å ¸±μ·μ¸ÉÓ ²¨¢´Ö. Œμ¤Ê²Ó ¢¥±Éμ·  �μ°´É¨´£  § ¶¨Ï¥³
¢ ¢¨¤¥

Π(ω, r) = |Π1(ω)|N ion
1 Lτνeffτh(h)/τh(h) =

= |Π1(ω)|N(χ)Aρ(h)νeffτh(h)c/χ0 [‚É/(³2 · ƒÍ)], (2)

£¤¥ νeff = v̄/λe
∼= 0,97 · 104πa2

√
Th nh(h) [8], nh(h) Å ±μ´Í¥´É· Í¨Ö ´¥°É· ²Ó´ÒÌ

³μ²¥±Ê² ´  ¢Ò¸μÉ¥ h, Th Å É¥³¶¥· ÉÊ·  ¢μ§¤ÊÌ  ´  ¢Ò¸μÉ¥ h. „²Ö ¢¥²¨Î¨´: γ = 1+10−7;
h = 5 · 103 ³ Å ¢Ò¸μÉ  ³ ±¸¨³Ê³  ²¨¢´Ö; r = 5 · 103 ³ Å · ¸¸ÉμÖ´¨¥ ¤μ ³ ±¸¨³Ê³ 
²¨¢´Ö; a = 1,8 · 10−10 ³ Å ÔËË¥±É¨¢´Ò° · ¤¨Ê¸ ¢§ ¨³μ¤¥°¸É¢¨Ö; W0 = 1019 Ô‚ Å Ô´¥·-
£¨Ö ²¨¢´Ö; T0 = 300 Š Å É¥³¶¥· ÉÊ·  μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò; ρ0 = 1,23 ±£/³3 Å ¶²μÉ´μ¸ÉÓ
 É³μ¸Ë¥·Ò ¶·¨ ´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ; q = 1,6 · 10−19 Š², μ0 = 4π · 10−7 ƒ´/³ Å ³ £-
´¨É´ Ö ¶μ¸ÉμÖ´´ Ö Å § ¢¨¸¨³μ¸ÉÓ ³μÐ´μ¸É¨ ¨§²ÊÎ¥´¨Ö μÉ Î ¸ÉμÉÒ ¶μ± § ´  ´  ·¨¸. 2.

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¸¶¥±É· ²Ó´μ° ³μÐ´μ¸É¨ ¨§μÉ·μ¶´μ£μ ¨§²ÊÎ¥´¨Ö μÉ Î ¸ÉμÉÒ ¤²Ö ²¨¢´Ö ¸
Ô´¥·£¨¥° 1019 Ô‚
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�¨¸. 3. �¶·¥¤¥²¥´¨¥ ¤²¨É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸ . �·Ö³Ò¥ 1, 2 Å ´ ¶· ¢²¥´¨¥ ¤¢¨¦¥´¨Ö ²¨¢´Ö; P Å

ÉμÎ±  ´ ¡²Õ¤¥´¨Ö. ‚¸¥ · §³¥·Ò ´ ³´μ£μ ¡μ²ÓÏ¥ ¤¨ ³¥É·  ± ¸± ¤´μ£μ ¤¨¸± 

ˆ§ ÔÉμ£μ ¸²¥¤Ê¥É, ÎÉμ ¤²Ö Ê¢¥·¥´´μ° ·¥£¨¸É· Í¨¨ · ¤¨μÔ³¨¸¸¨¨ (É. ¥. ¶·¨ μÉ´μÏ¥´¨¨
¸¨£´ ²ÄÏÊ³, · ¢´μ³ 3) μÉ ²¨¢´¥° ¸ Ô´¥·£¨¥° ¡μ²¥¥ W0 = 1019 Ô‚ ¶μÉ·¥¡Ê¥É¸Ö  ´É¥´´ 
¸ ÔËË¥±É¨¢´μ° ¶²μÐ ¤ÓÕ μ±μ²μ Seff = 30 ³2 ¨ ¸ ÏÊ³μ¢μ° É¥³¶¥· ÉÊ·μ° Ê¸¨²¨É¥²Ö
∼ 20−40 Š. �·¨ ÔÉμ³ ²¨´¨Ö ´ ¡²Õ¤¥´¨Ö ³μ¦¥É ¡ÒÉÓ ¶¥·¶¥´¤¨±Ê²Ö·´  ± μ¸¨ ²¨¢´Ö.
„²Ö ¶²μÐ ¤¨  ´É¥´´Ò Seff > 300 ³2 ³μ¦´μ ´ ¡²Õ¤ ÉÓ ²¨¢´¨ ¸ Ô´¥·£¨¥° ¶μ·Ö¤±  W0 =
1018 Ô‚ ¨ ¡μ²¥¥. �Éμ ¢¶μ²´¥ É¨¶¨Î´ Ö ¶²μÐ ¤Ó ¤²Ö ¶ · ¡μ²¨Î¥¸±¨Ì  ´É¥´´.

…¸²¨ ²¨´¨Ö ´ ¡²Õ¤¥´¨Ö ¸μ¸É ¢²Ö¥É ´¥±μÉμ·Ò° Ê£μ² α ¸ μ¸ÓÕ ²¨¢´Ö, Éμ  ³¶²¨ÉÊ¤ 
¸¨£´ ²  ¸ Ê³¥´ÓÏ¥´¨¥³ Ê£²  α ¡Ê¤¥É Ê¢¥²¨Î¨¢ ÉÓ¸Ö. �Éμ ¸¢Ö§ ´μ ¸ ·¥²ÖÉ¨¢¨¸É¸±¨³ ÔË-
Ë¥±Éμ³ Ê¶²μÉ´¥´¨Ö ¶μ²Ö ¨§²ÊÎ¥´¨Ö. � ¸¸³μÉ·¨³ ÔÉμ ¶μ¤·μ¡´¥¥. �  ·¨¸. 3 Í¨Ë· ³¨ 1
¨ 2 Ê± § ´Ò ´ Î ²Ó´μ¥ ¨ ±μ´¥Î´μ¥ ¶μ²μ¦¥´¨Ö ²¨¢´Ö. ’μÎ±  1 ¸μμÉ¢¥É¸É¢Ê¥É ³μ³¥´ÉÊ,
±μ£¤  ²¨¢¥´Ó ¤μ¸É¨£ · §¢¨É¨Ö, ¶·¨ ±μÉμ·μ³ ´ ¡²Õ¤ É¥²Ó, ´ Ìμ¤ÖÐ¨°¸Ö ¢ ÉμÎ±¥ P , § ·¥-
£¨¸É·¨·μ¢ ² ´ Î ²μ ¨³¶Ê²Ó¸ . ‘²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉμ ¢ ÔÉμ³ · ¸¸³μÉ·¥´¨¨ ¨¸ÉμÎ´¨±
¨§²ÊÎ¥´¨Ö (É¥·³ ²¨§μ¢ ´´Ò¥ Ô²¥±É·μ´Ò) ´¥ ¤¢¨¦¥É¸Ö ¢³¥¸É¥ ¸ ¤¨¸±μ³,   ¶· ±É¨Î¥¸±¨
´¥¶μ¤¢¨¦¥´.

� ¸¸³μÉ·¨³ ¤²Ö ¶·¨³¥·  ¶·μ¸É¥°Ï¨° ¸²ÊÎ °, ±μ£¤  · §³¥· ³¨ ± ¸± ¤´μ£μ ¤¨¸±  ¶μ
¸· ¢´¥´¨Õ ¸ μ¸É ²Ó´μ° £¥μ³¥É·¨¥° ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. „¨¸± ¤¢¨¦¥É¸Ö ¢ É¥Î¥´¨¥ ¢·¥-
³¥´¨ t ¨ ¶·μÌμ¤¨É ¶ÊÉÓ S = vt. � °¤¥³ ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸ , ¤μ¸É¨£ ÕÐ¥£μ ´ ¡²Õ¤ -

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¤²¨É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸  Δt μÉ

Ê£²  ´ ¡²Õ¤¥´¨Ö α

É¥²Ö, ±μÉμ·Ò° ´ Ìμ¤¨É¸Ö ¢ ÉμÎ±¥ P .
� Î ²μ ¸¨£´ ²  ¸μμÉ¢¥É¸É¢Ê¥É ³μ³¥´ÉÊ
t1 = L1n/c. Šμ´¥Í ¸¨£´ ²  Å ³μ³¥´ÉÊ
t2 = t + L2n/c. �É¸Õ¤  ¤²¨É¥²Ó´μ¸ÉÓ
¸¨£´ ²  Δt = t2 − t1 = t + L2n/c −
L1n/c = t − L1 − L2

c/n
. ’ ± ± ± ¤²¨´ 

¶ÊÉ¨ L2 =
√

L2
1 + v2t2 − 2L1vt cos α, Éμ

Δt = t2 − t1 = t + L2n/c − L1n/c =

= t−L1 −
√

L2
1 + v2t2 − 2L1vt cos α

c/n
.

�  ·¨¸. 4 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ¤²¨É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸  Δt μÉ Ê£²  ´ ¡²Õ¤¥´¨Ö α.
‡¤¥¸Ó ¶·¨´ÖÉμ S = 5000 ³, γ = 30, L1 = 104, n = 1,00017. ˆ§ ÔÉ¨Ì μÍ¥´μ± ¸²¥¤Ê¥É,
ÎÉμ ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  ¶·¨ ´ ¡²Õ¤¥´¨¨ ¶μ¤ Ê£²μ³ α = 5◦ Ê³¥´ÓÏ ¥É¸Ö ¶μÎÉ¨ ´  ¤¢ 
¶μ·Ö¤± . ” ±É¨Î¥¸±¨ ÔÉμ ¸μμÉ¢¥É¸É¢Ê¥É Ê¢¥²¨Î¥´¨Õ  ³¶²¨ÉÊ¤Ò ¸¨£´ ²  ´  ¶μ·Ö¤μ±.
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�·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¸¶¥±É· ²Ó´μ° ¶²μÉ´μ¸É¨ ¶μÉμ±  · ¤¨μÔ³¨¸-
¸¨¨  É³μ¸Ë¥·´μ£μ ²¨¢´Ö ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢ μ¡² ¸É¨ Î ¸ÉμÉ 100Ä200 ƒƒÍ ¸²¥¤Ê¥É μ¦¨¤ ÉÓ
§´ Î¨É¥²Ó´μ£μ ¶μ¤Ñ¥³  ¨´É¥´¸¨¢´μ¸É¨ ¨§²ÊÎ¥´¨Ö. �Éμ §´ Î¨É, ÎÉμ ¥¸²¨ ¤²Ö ¥£μ ·¥£¨¸É· -
Í¨¨ ¶·¨³¥´¨ÉÓ ¸μ¢·¥³¥´´Ò¥ ±μ³¶²¥±¸Ò · ¤¨μ ´É¥´´, Éμ ·¥Ï¥´¨¥ § ¤ Î¨ μ ¸²¥¦¥´¨¨ § 
· §¢¨É¨¥³  É³μ¸Ë¥·´μ£μ ²¨¢´Ö ¢ · ¤¨μ¤¨ ¶ §μ´¥ ³μ¦¥É ¡ÒÉÓ §´ Î¨É¥²Ó´μ ¶·μ¤¢¨´ÊÉμ
¶¥·¥Ìμ¤μ³ ¢ μ¡² ¸ÉÓ ¸¢¥·Ì¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ · ¤¨μ¢μ²´. �Éμ μÎ¥´Ó ¢ ¦´μ, ¶μ¸±μ²Ó±Ê
¤²Ö ¶μ²ÊÎ¥´¨Ö ´ ¤¥¦´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¤¥É¥±É¨·μ¢ ´¨Ö  É³μ¸Ë¥·´ÒÌ ²¨¢´¥° ¸¢¥·Ì¢Ò¸μ-
±μ° Ô´¥·£¨¨ ´¥μ¡Ìμ¤¨³ ³¥Éμ¤, ±μÉμ·Ò° ¡Ò ´¥ Ê¸ÉÊ¶ ² Ë²Êμ·¥¸Í¥´É´μ³Ê, ´μ ÔËË¥±É¨¢´μ
· ¡μÉ ² ±·Ê£²Ò¥ ¸ÊÉ±¨. ‘²¥¤Ê¥É É ±¦¥ μÉ³¥É¨ÉÓ, ÎÉμ ¢ ÔÉμ³ ¤¨ ¶ §μ´¥ Ô´¥·£¨¨ ¨¸¸²¥¤μ-
¢ ´¨Ö ¥Ð¥ ´¥ ¶·μ¢μ¤¨²¨¸Ó ¨ ´¨± ±μ° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨´Ëμ·³ Í¨¨ ¶μ ÔÉμ³Ê ¶μ¢μ¤Ê
¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ´¥É.
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