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�±¸¶¥·¨³¥´É ²Ó´μ ¨§ÊÎ¥´  ÔËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ Î ¸É¨Í ¨§ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö ¢ ´ ±μ-
¶¨É¥²Ó-μÌ² ¤¨É¥²Ó ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ˆŸ” ‘� ���. �μ²ÊÎ¥´´Ò¥ μÍ¥´±¨ ÔËË¥±É¨¢´μ¸É¨
§ Ì¢ É  Î ¸É¨Í ¢ ´ ±μ¶¨É¥²Ó-μÌ² ¤¨É¥²Ó Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ·¥§Ê²ÓÉ É ³¨.
�·¥¤²μ¦¥´ ³¥Éμ¤ ¶μ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ § Ì¢ É , ¶μ§¢μ²ÖÕÐ¨° Ê¢¥²¨Î¨ÉÓ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ
¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ¢ 1,5Ä2 · § .

The efˇciency of the injection from the linear accelerator into the damping ring of the Budker
Institute of Nuclear Physics injection complex was experimentally studied. The resulting estimations
for the injection efˇciency are in good agreement with the measurements. A method to increase the
injection efˇciency was proposed in order to enhance the productivity of the injection complex by a
factor of 1.5Ä2.

PACS: 29.27.Ac; 29.20.db; 29.20.Ej

ˆ´¦¥±Í¨μ´´Ò° ±μ³¶²¥±¸ ‚���-5 ˆŸ” ‘� ��� [1] ¶·μ¥±É¨·μ¢ ²¸Ö ± ± ¨¸ÉμÎ´¨±
Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ¤²Ö ±μ²² °¤¥·  c−τ -Ë ¡·¨±¨ [2]. Šμ·μÉ±¨¥, ¤²¨´μ° μ±μ²μ
1 ¸³, ¶ÊÎ±¨ ¨§ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ¶·¥¤¶μ² £ ²μ¸Ó ¶·μ¤μ²Ó´μ £·Ê¶¶¨·μ¢ ÉÓ ¨
Ê¸±μ·ÖÉÓ ¤μ Ô´¥·£¨¨ Ô±¸¶¥·¨³¥´É  ¢ ²¨´¥°´μ³ Ê¸±μ·¨É¥²¥ S-¤¨ ¶ §μ´ . ‘É·μ¨É¥²Ó¸É¢μ
c−τ -Ë ¡·¨±¨ μÉ²μ¦¥´μ ´  ´¥μ¶·¥¤¥²¥´´Ò° ¸·μ±, ¶μÔÉμ³Ê ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨´¦¥±Í¨-
μ´´Ò° ±μ³¶²¥±¸ ¨¸¶μ²Ó§Ê¥É¸Ö ± ± ¨¸ÉμÎ´¨± Î ¸É¨Í ¤²Ö ¤¥°¸É¢ÊÕÐ¨Ì ¢ ˆŸ” Ô²¥±É·μ´-
¶μ§¨É·μ´´ÒÌ ±μ²² °¤¥·μ¢ ‚���-4Œ ¨ ‚���-2000 [3, 4].

‚ ¸μ¸É ¢ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ¢Ìμ¤ÖÉ ¨¸ÉμÎ´¨± Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ´ 
¡ §¥ ²¨´¥°´ÒÌ Ê¸±μ·¨É¥²¥° ¨ ´ ±μ¶¨É¥²Ó-μÌ² ¤¨É¥²Ó (·¨¸. 1, É ¡²¨Í ).

1E-mail: O.I.Meshkov@inp.nsk.su
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�¨¸. 1. ‘Ì¥³  ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  ‚���-5

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò
´ ±μ¶¨É¥²Ö-μÌ² ¤¨É¥²Ö (2016 £.)

� · ³¥É· ‡´ Î¥´¨¥

�´¥·£¨Ö, ŒÔ‚ 400
— ¸ÉμÉ  μ¡· Ð¥´¨Ö, ŒƒÍ 10,9375
� ¡μÎ Ö Î ¸ÉμÉ  ‚—, ŒƒÍ 700
’μ± ¶ÊÎ±  ³ ±¸¨³ ²Ó´Ò°, ³� 100
—¨¸²μ Î ¸É¨Í 4,2 · 1010

ˆ´¦¥±Í¨Ö Î ¸É¨Í ¢ ´ ±μ¶¨É¥²Ó-μÌ² ¤¨-
É¥²Ó (��) μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¨§ ²¨´¥°-
´μ£μ Ê¸±μ·¨É¥²Ö (‹“) ¸ Ô´¥·£¨¥° μ±μ²μ
400 ŒÔ‚ [5]. ‚ �� ¶μμÎ¥·¥¤´μ ´ ± ¶²¨¢ -
ÕÉ¸Ö ²¨¡μ ¶μ§¨É·μ´Ò, ²¨¡μ Ô²¥±É·μ´Ò, ¶·¨
ÔÉμ³ ³ ±¸¨³ ²Ó´μ¥ Î¨¸²μ Î ¸É¨Í ¢ ¶ÊÎ±¥
¤μ¸É¨£ ¥É (1−3) · 1010. � ±μ¶²¥´¨¥ É·¥¡Ê¥-
³μ£μ Î¨¸²  Î ¸É¨Í ¶·μ¨¸Ìμ¤¨É §  ´¥¸±μ²Ó±μ
¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨´¦¥±Í¨° ¨§ ‹“ ¸ Î ¸Éμ-
Éμ° ¤μ 12,5 ƒÍ. �·¨ ¤μ¸É¨¦¥´¨¨ § ¤ ´´μ£μ
Éμ±  ¶ÊÎμ± ¶¥·¥¶Ê¸± ¥É¸Ö ¶μ Ô²¥±É·μ´´μ-μ¶É¨Î¥¸±¨³ ± ´ ² ³ [6] ¢ μ¤¨´ ¨§ ±μ²² °¤¥-
·μ¢. ŠμÔËË¨Í¨¥´É ±μ´¢¥·¸¨¨ Ô²¥±É·μ´μ¢ ¢ ¶μ§¨É·μ´Ò ¢ ³¨Ï¥´¨ (¸³. ·¨¸. 1) ¸μ¸É ¢²Ö¥É
μ±μ²μ 2%,   §´ Î¨É, ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ¶μ ¶μ§¨É·μ´ ³ μ¶·¥¤¥²Ö¥É ¨ μ¡ÐÊÕ ¶·μ¨§¢μ-
¤¨É¥²Ó´μ¸ÉÓ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  [7]. „²Ö ±μ²² °¤¥·μ¢ ˆŸ” ‘� ��� ´¥μ¡Ìμ¤¨³ 
³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´ Ö § ·Ö¤μ¢ Ö ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸ , ¶μ-
ÔÉμ³Ê  ±ÉÊ ²Ó´Ò ¢¸¥ ¢μ§³μ¦´Ò¥ ³¥·Ò ¤²Ö ¥¥ Ê¢¥²¨Î¥´¨Ö. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ´¥¸μ³´¥´´Ò°
¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ¨§ÊÎ¥´¨¥ ¨ ¶μ¢ÒÏ¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ § Ì¢ É  ¶ÊÎ±  ¨§ ‹“ ¢ ��.

„²Ö · ¡μÉÒ ¸ c−τ -Ë ¡·¨±μ° μÉ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  É·¥¡Ê¥É¸Ö £¥´¥·¨·μ¢ ÉÓ
μ¤¨´μÎ´Ò¥ ±μ·μÉ±¨¥ ¸£Ê¸É±¨ Î ¸É¨Í ¤²¨´μ° μ±μ²μ σz ≈ 1 ¸³. �² ´¨·μ¢ ²μ¸Ó, ÎÉμ μ´¨
¡Ê¤ÊÉ ¶μ²ÊÎ ÉÓ¸Ö ¸¦ É¨¥³ ¶ÊÎ±  ¨§ Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ‹“ ¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸ 
¶·¨ ¶μ³μÐ¨ ±²¨¸É·μ´´μ£μ £·Ê¶¶¨·μ¢ É¥²Ö. Šμ³¶²¥±¸Ò ‚���-4Œ ¨ ‚���-2000, ´ -
¶·μÉ¨¢, ³μ£ÊÉ ¶·¨´¨³ ÉÓ ¨²¨ ´¥¸±μ²Ó±μ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ±μ·μÉ±¨Ì ¸£Ê¸É±μ¢, ¨²¨ μ¤¨´
¤²¨´´Ò°, ¤μ σz ≈ 1 ³. ’ ±¨³ μ¡· §μ³, ¤²Ö ¨´¦¥±Í¨¨ ¢ ÔÉ¨ ±μ²² °¤¥·Ò ´¥É ´¥μ¡Ìμ-
¤¨³μ¸É¨ ¢ ¶·¥¤¢ ·¨É¥²Ó´μ° £·Ê¶¶¨·μ¢±¥ ¶ÊÎ± , ´μ ¸ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ Ê³¥´ÓÏ¨ÉÓ
Î ¸ÉμÉÊ ‚—-·¥§μ´ Éμ·  ��.

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ μ¤´μ¸£Ê¸É±μ¢Ò° ·¥¦¨³ ´  ¨´¦¥±Í¨μ´´μ³ ±μ³¶²¥±¸¥ ´¥ ·¥-
 ²¨§μ¢ ´, ¶μÔÉμ³Ê ÔËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ ¤²Ö ¤ ´´μ£μ ¸²ÊÎ Ö ¨¸¸²¥¤μ¢ ´  ²¨ÏÓ ¶·¨
¶μ³μÐ¨ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö. �ËË¥±É¨¢´μ¸ÉÓ ´ ±μ¶²¥´¨Ö Î ¸É¨Í ¢ �� ¢ ³´μ£μ-
¸£Ê¸É±μ¢μ³ ·¥¦¨³¥ ¡Ò²  ¨¸¸²¥¤μ¢ ´  ¢ ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éμ¢. �·¥¦¤¥ ¢¸¥£μ, ¸ ¶μ³μÐÓÕ
¸É·¨±-± ³¥·Ò PS-1/S1 ¡Ò²  ¨§ÊÎ¥´  ¸É·Ê±ÉÊ·  ¶ÊÎ± , ¨´¦¥±É¨·Ê¥³μ£μ ¢ �� ¨§ ‹“,  
É ±¦¥ ¶·μ ´ ²¨§¨·μ¢ ´  ¶·μ¤μ²Ó´ Ö ¤¨´ ³¨±  Î ¸É¨Í ¢ ¶ÊÎ±¥ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨
¸ ³μ³¥´É  ¨´¦¥±Í¨¨ [8].

ˆ§³¥·¥´¨Ö ¶μ± § ²¨, ÎÉμ ¨´¦¥±É¨·Ê¥³Ò° ¨§ ‹“ (²¨´ ± ) ¶ÊÎμ± ¨³¥¥É ¸²μ¦´ÊÕ ¶·μ-
¤μ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê ¤²¨´μ° ¶μ μ¸´μ¢ ´¨Õ μ±μ²μ 2 ³ (·¨¸. 2,  ). ‘¶Ê¸ÉÖ ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢
μ¡μ·μÉμ¢ ¢ �� Î ¸É¨ÍÒ, ´¥ § Ì¢ Î¥´´Ò¥ ¢ ¸¥¶ · É·¨¸Ò ��, ¢Ò³¨· ÕÉ. � ±μ¶²¥´´Ò°
¢ �� ¶ÊÎμ± ¸μ¸Éμ¨É ¨§ 2Ä6 ¡ ´Î¥° ¢ ¸μ¸¥¤´¨Ì ¸¥¶ · É·¨¸ Ì. � ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ¶μ
¡ ´Î ³ ¸²ÊÎ °´μ¥. „²¨´  ¡ ´Î  ¢ μ¤´μ° ¸¥¶ · É·¨¸¥ ´  ¶μ²Ê¢Ò¸μÉ¥ · ¢´  ¶·¨¡²¨§¨É¥²Ó´μ
4 ¸³ ¶·¨ ´ ¶·Ö¦¥´¨¨ ´  ·¥§μ´ Éμ·¥ 120 ±‚ ¨ Ô´¥·£¨¨ Î ¸É¨Í 400 ŒÔ‚.
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�¨¸. 2. „ ´´Ò¥ ¸É·¨±-± ³¥·Ò PS-1/S1.  ) �·μ¤μ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í ¢ ¶ÊÎ±¥ ¨§ ²¨´ ± ,

¸μ¢¥·Ï¨¢Ï¥³ 5 μ¡μ·μÉμ¢ ¢ �� ¶μ¸²¥ ¨´¦¥±Í¨¨. ‚¨¤´  ³´μ£μ¡ ´Î¥¢ Ö ¸É·Ê±ÉÊ· , ¸μμÉ¢¥É¸É¢ÊÕÐ Ö
Ê¸±μ·ÖÕÐ¥° Î ¸ÉμÉ¥ ‹“, · ¢´μ° 2,856 ƒƒÍ. ¡) �ÊÎμ± ¢ �� ¢ Î¥ÉÒ·¥Ì ¸¥¶ · É·¨¸ Ì ¸¶Ê¸ÉÖ 100

μ¡μ·μÉμ¢ ¸ ³μ³¥´É  ¨´¦¥±Í¨¨

�Í¥´¨³ ÔËË¥±É¨¢´μ¸ÉÓ § Ì¢ É  Î ¸É¨Í ¨§ ²¨´ ±  ¢ μ¤´Ê ¸¥¶ · É·¨¸Ê ��. �Ê¸ÉÓ Ô´¥·-
£¥É¨Î¥¸±¨° · §¡·μ¸ ¶ÊÎ±  ¸μ¸É ¢²Ö¥É σ = 1 % (ÔÉμ §´ Î¥´¨¥ ¶μ²ÊÎ¥´μ Ô±¸¶¥·¨³¥´É ²Ó´μ).
�·¨ ‚—-´ ¶·Ö¦¥´¨¨ URF = 120 ±‚ ¨ Î ¸ÉμÉ¥ ‚— fRF = 700 ŒƒÍ (64-Ö £ ·³μ´¨±  Î -
¸ÉμÉÒ μ¡· Ð¥´¨Ö) · §³¥·Ò ‚—-¸¥¶ · É·¨¸Ò ¢ �� · ¢´Ò σRF = 0,82 %, LRF = 0,428 ³
(¶·¨ URF = 800 ±‚ ¨³¥¥³ σRF = 3,13 %). …¸²¨ · ¸¶·¥¤¥²¥´¨¥ ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ± 
¶μ ¶·μ¤μ²Ó´Ò³ ±μμ·¤¨´ É ³ μ¶¨¸Ò¢ ¥É¸Ö ËÊ´±Í¨¥° ρ(z, δ), Éμ ÔËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨
³μ¦´μ § ¶¨¸ ÉÓ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

k(ϕ) =
∫

ρ(z, δ) | cos (πz/σRF + ϕ)| dz dδ
∫

ρ(z, δ) dz dδ
, (1)

£¤¥ ϕ Å ÔÉμ Ë §  ‚—, ¢ ±μÉμ·ÊÕ ¶μ¶ ¤ ¥É Í¥´É· ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ± .
�¨¦¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¸²ÊÎ ¥¢ £ Ê¸¸μ¢¸±μ£μ ¨ ¶·Ö³μÊ£μ²Ó´μ£μ · ¸¶·¥¤¥-

²¥´¨° ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ±  ¶μ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ É¥. � ¸¶·¥¤¥²¥´¨¥ ¶μ Ô´¥·£¨¨ ¢
μ¡μ¨Ì ¸²ÊÎ ÖÌ £ Ê¸¸μ¢¸±μ¥.

�·¨ ¶ · ³¥É· Ì ‚— URF = 55 ±‚, fRF = 700 ŒƒÍ ¤²Ö £ Ê¸¸μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö
ÔËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ ´¥ § ¢¨¸¨É μÉ Ë §Ò ´ ¶·Ö¦¥´¨Ö ϕ ¨ · ¢´  k ≈ 40 %. „²Ö
¶·Ö³μÊ£μ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨§³¥´Ö¥É¸Ö ¢ ¶·¥¤¥² Ì k = 33−47 % ¢
§ ¢¨¸¨³μ¸É¨ μÉ Ë §Ò ´ ¶·Ö¦¥´¨Ö (·¨¸. 3,  ).

�·¨ URF = 800 ±‚, fRF = 700 ŒƒÍ ¤²Ö £ Ê¸¸μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¶μ ¶·μ-
¤μ²Ó´μ° ±μμ·¤¨´ É¥ ÔËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ ´¥ § ¢¨¸¨É μÉ Ë §Ò ´ ¶·Ö¦¥´¨Ö ¨ · ¢´ 
k = 83 %. „²Ö ¶·Ö³μÊ£μ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨§³¥´Ö¥É¸Ö ¢ ¶·¥¤¥² Ì
k = 78−96 % ¢ § ¢¨¸¨³μ¸É¨ μÉ Ë §Ò ´ ¶·Ö¦¥´¨Ö (·¨¸. 3, ¡). Š ¸μ¦ ²¥´¨Õ, ¶μ¤´ÖÉÓ
´ ¶·Ö¦¥´¨¥ ´  Ê¸±μ·ÖÕÐ¥³ ·¥§μ´ Éμ·¥ �� ¢ÒÏ¥ 200 ±‚ ´¥ Ê¤ ¥É¸Ö ¨§-§  ¢μ§´¨±´μ¢¥-
´¨Ö ³Ê²ÓÉ¨¶ ±Éμ·´μ£μ · §·Ö¤ . �±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨
¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 45 % ¶·¨ ´ ¶·Ö¦¥´¨¨ ´  Ê¸±μ·ÖÕÐ¥³ ·¥§μ´ Éμ·¥ 55 ±‚, ÎÉμ Ê¤μ-
¢²¥É¢μ·¨É¥²Ó´μ ¸μ¢¶ ¤ ¥É ¸ μÍ¥´±μ°.
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�¨¸. 3 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). �ËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ ¢ �� ¨§ ²¨´ ±  ¢ § ¢¨¸¨³μ¸É¨

μÉ Ë §Ò ´ ¶·Ö¦¥´¨Ö ´  ·¥§μ´ Éμ·¥ ‚— ¶·¨ fRF = 700 ŒƒÍ:  ) URF = 55 ±‚; ¡) URF = 800 ±‚.
‘¨´¨¥ ÉμÎ±¨ (1) Å Î ¸É¨ÍÒ ¶ÊÎ±  ¨³¥ÕÉ ¶·Ö³μÊ£μ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ ¤²¨´¥, ±· ¸´Ò¥ (2) Å

£ Ê¸¸μ¢¸±μ¥ · ¸¶·¥¤¥²¥´¨¥

�ËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ μÍ¥´¨¢ ² ¸Ó ¶μ ·¥£¨¸É· Í¨¨ ¨´É¥´¸¨¢´μ¸É¨ ¸¨´Ì·μÉ·μ´-
´μ£μ ¨§²ÊÎ¥´¨Ö I(N) ¶ÊÎ±  ¢ ¢¨¤¨³μ³ ¤¨ ¶ §μ´¥ ¨§ ¶μ¢μ·μÉ´μ£μ ³ £´¨É  �� ¸ ¶μ³μÐÓÕ
ËμÉμÔ²¥±É·μ´´μ£μ Ê³´μ¦¨É¥²Ö (·¨¸. 4). ˆ§³¥´¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ´  ¶¥·¢ÒÌ μ¡μ·μÉ Ì
¶ÊÎ±  ¢ �� ¢Ò§¢ ´Ò ¡¥É É·μ´´Ò³¨ ±μ²¥¡ ´¨Ö³¨ ¡μ²ÓÏμ°  ³¶²¨ÉÊ¤Ò. „²Ö ÔËË¥±É¨¢´μ°
· ¡μÉÒ �� ¦¥² É¥²Ó´μ Ê¢¥²¨Î¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ § Ì¢ É  ¢ ¶μ²Éμ· -¤¢  · § .

�ËË¥±É¨¢´μ¸ÉÓ § Ì¢ É  ¶ÊÎ±  ³μ¦¥É ¡ÒÉÓ ¶μ¢ÒÏ¥´  ¸ ¶μ³μÐÓÕ ³μ¤¥·´¨§ Í¨¨ Ê¸±μ-
·ÖÕÐ¥° ‚—-¸¨¸É¥³Ò ��. � ¶·¨³¥·, ³μ¦´μ ¸ÊÐ¥¸É¢¥´´μ ¶μ´¨§¨ÉÓ Î ¸ÉμÉÊ Ê¸±μ·ÖÕÐ¥£μ
´ ¶·Ö¦¥´¨Ö, ÎÉμ, ±μ´¥Î´μ, É·¥¡Ê¥É ± ± § ³¥´Ò £¥´¥· Éμ·  ‚—, É ± ¨ § ³¥´Ò ·¥§μ´ Éμ· .
�·¨ URF = 55 ±‚ ¨ fRF = 11 ŒƒÍ ¶ · ³¥É·Ò ‚—-¸¥¶ · É·¨¸Ò ¸μ¸É ¢²ÖÕÉ σRF = 6,6 %,
LRF = 27,4 ³. ’μ£¤  ¨§ (1) ¸²¥¤Ê¥É, ÎÉμ ¶·¨ URF = 55 ±‚, fRF = 11 ŒƒÍ, ´¥§ ¢¨¸¨³μ μÉ
· ¸¶·¥¤¥²¥´¨Ö, ÔËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ ³μ¦¥É ¶·¨¡²¨¦ ÉÓ¸Ö ± 100% ¶·¨ ¶¥·¥¸É·μ°±¥
Ë §Ò ´ ¶·Ö¦¥´¨Ö ¢ ¤μ¸É ÉμÎ´μ Ï¨·μ±¨Ì ¶·¥¤¥² Ì (·¨¸. 5).

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö �� ´ Î ² · ¡μÉ ÉÓ ± ± ¨¸ÉμÎ´¨± Î ¸É¨Í ¤²Ö ±μ²² °¤¥·μ¢
‚���-2000 ¨ ‚���-4Œ [9]. “¦¥ Ê¤ ²μ¸Ó ¢ ´¥¸±μ²Ó±μ · § ¶·¥¢§μ°É¨ ¢¥²¨Î¨´Ê Éμ± 
¶μ§¨É·μ´μ¢, ´ ±μ¶²¥´´ÒÌ ¢ Ê¸±μ·¨É¥²¥ ‚���-2000, ¶μ ¸· ¢´¥´¨Õ ¸ · ´¥¥ ¨¸¶μ²Ó§μ¢ ´-

�¨¸. 4. �μÉ¥·¨ ¶ÊÎ±  ¶μ¸²¥ ¨´¦¥±Í¨¨ ¨§ ‹“ ¢ ��. ’μÎ±¨ Å  ³¶²¨ÉÊ¤  ¸¨£´ ²  ¸ ËμÉμÔ²¥±É·μ´-
´μ£μ Ê³´μ¦¨É¥²Ö, ·¥£¨¸É·¨·ÊÕÐ¥£μ ¨´É¥´¸¨¢´μ¸ÉÓ ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö; ±·¨¢ Ö Å  ¶¶·μ±-

¸¨³ Í¨Ö Ô±¸¶μ´¥´Éμ°. �μ± § ´ ± ¦¤Ò° ¢Éμ·μ° μ¡μ·μÉ ¶ÊÎ±  ¢ ��



150 � ² ±¨´ ‚. ‚. ¨ ¤·.

�¨¸. 5 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). �ËË¥±É¨¢´μ¸ÉÓ ¨´¦¥±Í¨¨ ¢ �� ¨§ ²¨´ ±  ¢ § ¢¨¸¨³μ¸É¨ μÉ
Ë §Ò ´ ¶·Ö¦¥´¨Ö ´  ·¥§μ´ Éμ·¥ ‚— ¶·¨ fRF = 11 ŒƒÍ, URF = 55 ±‚. ‘¨´¨¥ ÉμÎ±¨ (±·Ê¦±¨) Å

Î ¸É¨ÍÒ ¶ÊÎ±  ¨³¥ÕÉ ¶·Ö³μÊ£μ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ ¤²¨´¥; ±· ¸´Ò¥ (±¢ ¤· ÉÒ) Å £ Ê¸¸μ¢¸±μ¥

· ¸¶·¥¤¥²¥´¨¥

´μ° ¸¨¸É¥³μ° ¨´¦¥±Í¨¨. ’¥³ ´¥ ³¥´¥¥ ¤²Ö ÔËË¥±É¨¢´μ° Ô±¸¶²Ê É Í¨¨ μ¡μ¨Ì ±μ²² °-
¤¥·μ¢ É·¥¡Ê¥É¸Ö ¤ ²Ó´¥°Ï¥¥ Ê¢¥²¨Î¥´¨¥ § ·Ö¤μ¢μ° ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ¨´¦¥±Í¨μ´´μ£μ
±μ³¶²¥±¸ . Š ± ¸²¥¤Ê¥É ¨§ ¶·¨¢¥¤¥´´ÒÌ μÍ¥´μ±, ³μ¦´μ · ¸¸Î¨ÉÒ¢ ÉÓ, ÎÉμ § ³¥´  Ê¸±μ-
·ÖÕÐ¥° ‚—-¸¨¸É¥³Ò ¶μ¢Ò¸¨É ÔËË¥±É¨¢´μ¸ÉÓ ´ ±μ¶²¥´¨Ö Î ¸É¨Í ¢ �� ¥Ð¥ ´¥ ³¥´¥¥ Î¥³
¢ 1,5Ä2 · § .

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤  (¶·μ¥±É
º14-29-00295).
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