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®FLAT-TOP¯ ‘ˆ‘’…Œ� –ˆŠ‹�’���� „–-280
ƒ. ƒ. ƒÊ²Ó¡¥±Ö´, ‚. �. �Ê§³ ±μ¢, ‚. �. ‡ ·Ê¡¨´,

ˆ. �. ˆ¢ ´¥´±μ, �.�. Š § ·¨´μ¢, ƒ. �. Š · ³ÒÏ¥¢ , ‰.”· ´±μ
�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

� ¸¸³ É·¨¢ ¥É¸Ö ®	at-top¯ ·¥§μ´ Éμ· ¢Ò¸μ±μÎ ¸ÉμÉ´μ° Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò · §· ¡ ÉÒ¢ ¥³μ£μ
¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ -
´¨° (‹Ÿ� �ˆŸˆ) Í¨±²μÉ·μ´  „–-280, ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö ¶μ²ÊÎ¥´¨Ö Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢ ¨μ´μ¢
μÉ ´¥μ´  ¤μ Ê· ´ .

‚ · ¡μÉ¥ μ¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò, ¶·¥¤²μ¦¥´  ±μ´¸É·Ê±Í¨Ö, ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´-
´μ£μ ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ®	at-top¯ ·¥§μ´ Éμ·  ¢Ò¸μ±μÎ ¸ÉμÉ´μ° Ê¸±μ·ÖÕÐ¥° ¸¨-
¸É¥³Ò Í¨±²μÉ·μ´  „–-280. �  μ¸´μ¢¥ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ´ °¤¥´  £¥μ³¥É·¨Ö ®	at-top¯ ·¥-
§μ´ Éμ· , μ¡¥¸¶¥Î¨¢ ÕÐ Ö É·¥¡Ê¥³ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ · ¤¨Ê¸  ´ ¶·Ö¦¥´¨Ö ´  Ê¸±μ·ÖÕÐ¥³ § §μ·¥.

The 	at-top cavity of the radio-frequency accelerating system designed at the Flerov Laboratory
of Nuclear Reactions, Joint Institute for Nuclear Research (FLNR, JINR), for the DC280 cyclotron
is described. The cyclotron is intended for increasing capabilities and efˇciency of experiments on
synthesis of superheavy elements and investigation of their nuclear-physical and chemical properties.
The DC-280 isochronous heavy-ion cyclotron will produce accelerated beam of ions in the range from
neon to uranium.

The parameters, design and results of the experimental and 3D computer modeling of the 	at-top
cavity of the RF accelerating system of the DC-280 cyclotron are reported.

PACS: 29.20.Dg

‚‚…„…�ˆ…

‚ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·-
´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¸μμ·Ê¦ ¥É¸Ö ´μ¢Ò° Í¨±²μÉ·μ´ „–-280 [1, 2], ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö
Ê¸±μ·¥´¨Ö ¨μ´μ¢ ¸μ ¸·¥¤´¨³ §´ Î¥´¨¥³ μÉ´μÏ¥´¨Ö ³ ¸¸Ò A ± § ·Ö¤´μ¸É¨ Z(A/Z μÉ 4
¤μ 7). ˆ§μÌ·μ´´Ò° Í¨±²μÉ·μ´ ÉÖ¦¥²ÒÌ ¨μ´μ¢ „–-280 ¤μ²¦¥´ μ¡¥¸¶¥Î¨ÉÓ ¶μ²ÊÎ¥´¨¥
Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ μÉ ´¥μ´  ¤μ Ê· ´ . ˆ´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±μ¢ ¨μ´μ¢ ¶² ´¨·Ê¥É¸Ö ¤μ¢¥¸É¨
¤μ 10 ³±� · Î ¸É¨Í.

„²Ö ¤μ¸É¨¦¥´¨Ö É·¥¡Ê¥³μ° ¨´É¥´¸¨¢´μ¸É¨ ´¥μ¡Ìμ¤¨³μ Ê¢¥²¨Î¨ÉÓ ¶μ²´ÊÕ ÔËË¥±É¨¢-
´μ¸ÉÓ ¶¥·¥¤ Î¨ ¶ÊÎ±  ¢ Í¨±²μÉ·μ´¥ (μÉ ¨¸ÉμÎ´¨±  ¨μ´μ¢ ¤μ ³¨Ï¥´¨ Ë¨§¨Î¥¸±μ° Ê¸É -
´μ¢±¨) ¤μ Ê·μ¢´Ö 60Ä70%. �Éμ ¤μ¸É¨£ ¥É¸Ö, ¢μ-¶¥·¢ÒÌ, §  ¸Î¥É ¶μ¤Ñ¥³  Ô´¥·£¨¨ ¨´¦¥±-
Í¨¨ ¢ Í¨±²μÉ·μ´ ¤μ 50Ä80 ±Ô‚ ´  ¥¤¨´¨ÍÊ § ·Ö¤  Î ¸É¨ÍÒ, ÎÉμ ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó-
´μ³Ê Ê³¥´ÓÏ¥´¨Õ ±Ê²μ´μ¢¸±μ£μ · ¸É ²±¨¢ ´¨Ö Î ¸É¨Í, ¢μ-¢Éμ·ÒÌ, §  ¸Î¥É ¸μ§¤ ´¨Ö ¶²μ¸-
±μ° ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ Ë § ¢¥·Ï¨´Ò (®	at-top¯) ÔËË¥±É¨¢´μ£μ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö-
¦¥´¨Ö [3, 4].
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�·¨´Í¨¶ ¤¥°¸É¢¨Ö ®	at-top¯ ¸¨¸É¥³Ò § ±²ÕÎ ¥É¸Ö ¢ ¤μ¡ ¢²¥´¨¨ ± μ¸´μ¢´μ³Ê ¢Ò¸μ±μ-
Î ¸ÉμÉ´μ³Ê (‚—) ´ ¶·Ö¦¥´¨Õ ¤μ¶μ²´¨É¥²Ó´μ£μ, ¸ ´¥Î¥É´μ° (3, 5, 7-°) Î ¸ÉμÉμ°, ±· É´μ°
Î ¸ÉμÉ¥ μ¸´μ¢´μ£μ ´ ¶·Ö¦¥´¨Ö. ’¥Ì´μ²μ£¨Ö ®	at-top¯ ¶μ§¢μ²¨É Ê³¥´ÓÏ¨ÉÓ ¨³¶Ê²Ó¸´Ò°
· §¡·μ¸ ¢ Ê¸±μ·¥´´μ³ ¸£Ê¸É±¥ ¨μ´μ¢ ¨ ·¥ ²¨§μ¢ ÉÓ ÔËË¥±É¨¢´Ò° μ¤´μμ¡μ·μÉ´Ò° ¢Ò¢μ¤,
ÎÉμ Ê¢¥²¨Î¨É ÔËË¥±É¨¢´μ¸ÉÓ ¶¥·¥¤ Î¨ ¶ÊÎ± . „μ¶μ²´¨É¥²Ó´μ¥ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥
³μ¦¥É ¸μ§¤ ¢ ÉÓ¸Ö ± ± ¢ § §μ·¥ μ¸´μ¢´μ£μ Ê¸±μ·ÖÕÐ¥£μ ¤Ê ´É  [3], É ± ¨ ¸ ¶μ³μÐÓÕ
¸¶¥Í¨ ²Ó´μ ¸μ§¤ ´´ÒÌ ¤Ê ´Éμ¢ [4].

‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³μÉ·¥´  ®	at-top¯ ¸¨¸É¥³  Í¨±²μÉ·μ´  „–-280, ·¥ ²¨§μ¢ ´´ Ö
¸ ¶μ³μÐÓÕ ¤¢ÊÌ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¤Ê ´Éμ¢, · ¡μÉ ÕÐ¨Ì ´  É·¥ÉÓ¥° £ ·³μ´¨±¥ μ¸´μ¢´μ£μ
Ê¸±μ·ÖÕÐ¥£μ ‚—-´ ¶·Ö¦¥´¨Ö. �¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò ¸¨¸É¥³Ò ¨ ¤μ¶Ê¸±¨ ´  ´¨Ì. �Í¥-
´¥´μ ¢²¨Ö´¨¥ ´¥¡μ²ÓÏμ£μ ´ ·ÊÏ¥´¨Ö ¨§μÌ·μ´´μ¸É¨ ¤¢¨¦¥´¨Ö Î ¸É¨Í ´  · ¡μÉÊ ®	at-top¯
¸¨¸É¥³Ò. �·¥¤²μ¦¥´  ±μ´¸É·Ê±Í¨Ö ®	at-top¯ ¤Ê ´É  ¨ ¶·μ¢¥¤¥´ ¥£μ · ¸Î¥É. �  μ¸´μ¢¥
Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ´ °¤¥´  £¥μ³¥É·¨Ö ®	at-top¯ ·¥§μ´ Éμ· , μ¡¥¸¶¥Î¨¢ ÕÐ Ö É·¥-
¡Ê¥³ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ · ¤¨Ê¸  ´ ¶·Ö¦¥´¨Ö ´  Ê¸±μ·ÖÕÐ¥³ § §μ·¥ ¢ ´¥μ¡Ìμ¤¨³μ³ ¤¨ -
¶ §μ´¥ Î ¸ÉμÉ.

1. “‘Š��Ÿ�™�Ÿ ‚—-‘ˆ‘’…Œ� –ˆŠ‹�’���� „–-280

“¸±μ·ÖÕÐ Ö ‚—-¸¨¸É¥³  ¶·¥¤´ §´ Î¥´  ¤²Ö ¶¥·¥¤ Î¨ Ô´¥·£¨¨ Ê¸±μ·ÖÕÐ¥£μ Ô²¥±É·μ-
³ £´¨É´μ£μ ¶μ²Ö Ê¸±μ·Ö¥³Ò³ Î ¸É¨Í ³. Δ-μ¡· §´Ò¥ ¤Ê ´ÉÒ ¤¢ÊÌ μ¸´μ¢´ÒÌ ‚—-·¥§μ´ -
Éμ·μ¢ Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò · ¸¶μ²μ¦¥´Ò ¢ ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ¤μ²¨´ Ì ³ £´¨É´μ° ¸É·Ê±-
ÉÊ·Ò. “£²μ¢ Ö ¶·μÉÖ¦¥´´μ¸ÉÓ ¤Ê ´Éμ¢ · ¢´  45 ◦. “¸±μ·¥´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ´  É·¥ÉÓ¥°
£ ·³μ´¨±¥ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨Í (±· É´μ¸ÉÓ h0 = 3). �¸´μ¢´μ° ·¥§μ´ Éμ· μ¡¥¸-
¶¥Î¨¢ ¥É ¶μ²ÊÎ¥´¨¥ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¢ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ 7,32−10,38 ŒƒÍ ¶·¨
 ³¶²¨ÉÊ¤¥ ´ ¶·Ö¦¥´¨Ö ¤μ 130 ±‚. ƒ¥μ³¥É·¨Ö, ¶ · ³¥É·Ò ¨ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ μ¸´μ¢-
´μ£μ ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ ·¥§μ´ Éμ·  Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò Í¨±²μÉ·μ´  „–-280 ¶μ¤·μ¡´μ
μ¶¨¸ ´Ò ¢ [5].

2. ®FLAT-TOP¯ �…‡���’��›

®Flat-top¯ ‚—-¸¨¸É¥³  ¶·¥¤´ §´ Î¥´  ¤²Ö ¸μ§¤ ´¨Ö ¶²μ¸±μ° Ëμ·³Ò ¢¥·Ï¨´Ò Ê¸±μ·Ö-
ÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö Í¨±²μÉ·μ´ , ¸Ì¥³ É¨Î¥¸±¨ ¶μ± § ´´μ° ´  ·¨¸. 1. �´  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ
¤μ¶μ²´¨É¥²Ó´ÒÌ ¤Ê ´Éμ¢, · ¡μÉ ÕÐ¨Ì ´  É·¥ÉÓ¥° £ ·³μ´¨±¥ μ¸´μ¢´μ£μ Ê¸±μ·ÖÕÐ¥£μ ´ -
¶·Ö¦¥´¨Ö (±· É´μ¸ÉÓ h = 3h0 = 9) ¢ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ 21,96−31,14 ŒƒÍ. “£²μ¢ Ö

�¨¸. 1. ‘Ê³³ ·´μ¥ ´ ¶·Ö¦¥´¨¥ Å ¸¶²μÏ´ Ö ±·¨¢ Ö, μ¸´μ¢´μ¥ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ Å ÏÉ·¨-

Ìμ¢ Ö
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¶·μÉÖ¦¥´´μ¸ÉÓ ¤Ê ´Éμ¢ ®	at-top¯ ¸¨¸É¥³Ò ¸μ¸É ¢²Ö¥É 20 ◦. �´¨ · ¸¶μ²μ¦¥´Ò ¢ · ¡μÎ¥³
¶·μ¸É· ´¸É¢¥ ¸¥±Éμ·μ¢ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò, ¸· §Ê ¶μ¸²¥ μ¸´μ¢´ÒÌ ·¥§μ´ Éμ·μ¢. Œ ±¸¨-
³ ²Ó´μ¥ ´ ¶·Ö¦¥´¨¥ ´  ®	at-top¯ ¤Ê ´É Ì Å 13 ±‚.

3. ����Ÿ†…�ˆŸ �� „“��’�•

� ¡μ· Ô´¥·£¨¨ ΔW ¢ ¤Ê ´É¥ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¶μ Ëμ·³Ê²¥

ΔW = 2
Z

A
eU cos 2πft (1)

¸ ÔËË¥±É¨¢´μ°  ³¶²¨ÉÊ¤μ° ´ ¶·Ö¦¥´¨Ö U , · ¢´μ°

U = U0 cos
(

h(δ − δ0)
2

)
, (2)

£¤¥ U0 ¨ f Å  ³¶²¨ÉÊ¤  ´ ¶·Ö¦¥´¨Ö ¨ Î ¸ÉμÉ  ‚—-¶μ²Ö ¤Ê ´É ; δ Å ¥£μ Ê£²μ¢ Ö ¶·μÉÖ-
¦¥´´μ¸ÉÓ; h Å ±· É´μ¸ÉÓ Ê¸±μ·¥´¨Ö. �ËË¥±É¨¢´ Ö  ³¶²¨ÉÊ¤  Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö
³ ±¸¨³ ²Ó´  ¶·¨ Ê£²μ¢μ° ¶·μÉÖ¦¥´´μ¸É¨ ¤Ê ´É , · ¢´μ° μ¶É¨³ ²Ó´μ³Ê §´ Î¥´¨Õ δ0:

hδ0 = π. (3)

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê²μ° (2) ¶·¨ ³ ±¸¨³ ²Ó´μ³ ´ ¶·Ö¦¥´¨¨ μ¸´μ¢´μ£μ ¤Ê ´É 
U10max = 130 ±‚ ³ ±¸¨³ ²Ó´μ¥ ÔËË¥±É¨¢´μ¥ ´ ¶·Ö¦¥´¨¥ ¸μ¸É ¢²Ö¥É URF max = 0,924
U10max = 120 ±‚. �ËË¥±É¨¢´ Ö  ³¶²¨ÉÊ¤  ´ ¶·Ö¦¥´¨Ö ®	at-top¯ ¤Ê ´É  UFT ¸μ¢¶ ¤ ¥É
¸  ³¶²¨ÉÊ¤μ° ´ ¶·Ö¦¥´¨Ö ´  ¥£μ § §μ·¥ U30.

�ËË¥±É¨¢´μ¥ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ V (ϕ) Ö¢²Ö¥É¸Ö ¸Ê¶¥·¶μ§¨Í¨¥° μ¸´μ¢´μ£μ ¨
´ ¶·Ö¦¥´¨Ö ®	at-top¯ ¸¨¸É¥³Ò:

V (ϕ) = Vmax

(
1

1 + UFT/URF
cos ϕ +

UFT/URF

1 + UFT/URF
cos 3ϕ

)
, (4)

£¤¥ φ Å Ë §  μ¸´μ¢´μ£μ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö, Vmax = URF + UFT.
�É´μÏ¥´¨¥  ³¶²¨ÉÊ¤ UFT/URF ³μ¦´μ ´ °É¨ ¨§ Ê¸²μ¢¨Ö · ¢¥´¸É¢  ¥¤¨´¨Í¥ μÉ´μÏ¥-

´¨Ö V (ϕ)/Vmax ¸ ÉμÎ´μ¸ÉÓÕ ¤μ Î²¥´μ¢ Î¥É¢¥·Éμ£μ ¶μ·Ö¤±  ¶μ Ë §¥ φ:

V (ϕ)
Vmax

= 1 + O(ϕ4). (5)

� §·¥Ï Ö ¶μ²ÊÎ¨¢Ï¥¥¸Ö Ê· ¢´¥´¨¥ μÉ´μ¸¨É¥²Ó´μ UFT/URF, ´ °¤¥³

UFT

URF
= −1/9. (6)

‘μμÉ´μÏ¥´¨¥ (6) Ö¢²Ö¥É¸Ö Î ¸É´Ò³ ¸²ÊÎ ¥³ ¡μ²¥¥ μ¡Ð¥£μ. ®Flat-top¯ ¸¨¸É¥³  ³μ¦¥É ¡ÒÉÓ
·¥ ²¨§μ¢ ´  ¸ ¶μ³μÐÓÕ ¶·μ¨§¢μ²Ó´μ° £ ·³μ´¨±¨ (¸ ´μ³¥·μ³ n) μ¸´μ¢´μ£μ ´ ¶·Ö¦¥´¨Ö.
‚ ÔÉμ³ ¸²ÊÎ ¥ μÉ´μÏ¥´¨¥  ³¶²¨ÉÊ¤ ´ ¶·Ö¦¥´¨° ¡Ê¤¥É · ¢´μ UFT/URF = −1/n2, ± ± ÔÉμ
¡Ò²μ μÉ³¥Î¥´μ ¢ [6].
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�É´μÏ¥´¨¥ ´ ¶·Ö¦¥´¨° U30/U10 ´  § §μ·¥ μ¸´μ¢´μ£μ ¨ ®	at-top¯ ¤Ê ´É  ¤μ²¦´μ
¡ÒÉÓ · ¢´μ

U30

U10
=

UFT

URF

cos
(

h0(δ1 − δ0)
2

)

cos
(

3h0(δ3 − δ30)
2

) . (7)

„²Ö ¶·μ¥±É´ÒÌ ¶ · ³¥É·μ¢ μ¸´μ¢´μ° ¨ ®	at-top¯ ‚—-¸¨¸É¥³ ¨³¥¥³

U30

U10
= 0, 1. (8)

‘μμÉ´μÏ¥´¨¥ (8) ¨ μ¶·¥¤¥²Ö¥É Ê± § ´´μ¥ ¢ÒÏ¥ ³ ±¸¨³ ²Ó´μ¥ ´ ¶·Ö¦¥´¨¥ ´  ¤Ê ´É¥
®	at-top¯ ¸¨¸É¥³Ò U30 max = 13 ±‚.

4. „��“‘Šˆ �� ����Œ…’�› ®FLAT-TOP¯ ‘ˆ‘’…Œ›

‚μ§³μ¦´Ò¥ μÏ¨¡±¨ Ë §¨·μ¢ ´¨Ö μ¸´μ¢´μ° ¨ ®	at-top¯ ¸¨¸É¥³Ò,   É ±¦¥ μÉ²¨Î¨¥
´ ¶·Ö¦¥´¨° μÉ μ¶É¨³ ²Ó´ÒÌ §´ Î¥´¨° ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¨³¶Ê²Ó¸´μ£μ · §¡·μ¸ 
Î ¸É¨Í ¨ ¸Ê¦¥´¨Õ ¤μ¶Ê¸É¨³μ° μ¡² ¸É¨ Ë § Ê¸±μ·ÖÕÐ¥£μ ‚—-¶μ²Ö.

4.1. „μ¶Ê¸± ´  Ë §Ê ®	at-top¯ ¸¨¸É¥³Ò. ” §μ¢Ò° ¸¤¢¨£ ®	at-top¯ ´ ¶·Ö¦¥´¨Ö ´  1,5 ◦

¶·¨¢μ¤¨É ± Ê¤¢μ¥´¨Õ Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¢ ¶ÊÎ±¥. �Éμ ¨²²Õ¸É·¨·Ê¥É¸Ö ·¨¸. 2, ´ 
±μÉμ·μ³ ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ¸Ê³³ ·´μ£μ ´ ¶·Ö¦¥´¨Ö ‚—-¸¨¸É¥³Ò Í¨±²μÉ·μ´  μÉ Ë §Ò
¢ μÉ¸ÊÉ¸É¢¨¥ Ë §μ¢μ£μ ¸¤¢¨£  (±·¨¢ Ö 1) ¨ ¶·¨ Ë §μ¢μ³ ¸¤¢¨£¥ 1,5 ◦ (±·¨¢ Ö 2). ˆ§ ·¨¸Ê´± 
¢¨¤´μ, ÎÉμ ¢ μ¡² ¸É¨ Ë § −20 � ϕ � 20 ◦ ¨³¶Ê²Ó¸´Ò° · §¡·μ¸ Î ¸É¨Í ¢μ ¢Éμ·μ³ ¸²ÊÎ ¥
Ê¤¢ ¨¢ ¥É¸Ö.

�¨¸. 2. ‘Ê³³ ·´μ¥ ´ ¶·Ö¦¥´¨¥ ‚—-¸¨¸É¥³Ò. 1 Å Ë §μ¢Ò° ¸¤¢¨£ μÉ¸ÊÉ¸É¢Ê¥É; 2 Å Ë §μ¢Ò°

¸¤¢¨£ 1,5 ◦

4.2. „μ¶Ê¸± ´   ³¶²¨ÉÊ¤Ò ´ ¶·Ö¦¥´¨°. �É´μÏ¥´¨¥ (UFT/URF)min, μ¶·¥¤¥²Ö¥³μ¥
Ëμ·³Ê²μ° (6), ¸μμÉ¢¥É¸É¢Ê¥É μÉ´μ¸¨É¥²Ó´μ³Ê Ô´¥·£¥É¨Î¥¸±μ³Ê · §¡·μ¸Ê ±¨´¥É¨Î¥¸±μ°
Ô´¥·£¨¨ Î ¸É¨Í ¢ ¶ÊÎ±¥ |δW/W | � 0,5 % ¢ μ¡² ¸É¨ Ë § Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö
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�¨¸. 3. �ËË¥±É¨¢´μ¥ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ ¤²Ö £· ´¨Î´ÒÌ §´ Î¥´¨° ¶ · ³¥É·  Δ

|ϕ| � ϕmin = 20 ◦. �·¨ Ê³¥´ÓÏ¥´¨¨ UFT/URF ¤μ¶Ê¸É¨³ Ö μ¡² ¸ÉÓ Ë § Ê³¥´ÓÏ -
¥É¸Ö, ÎÉμ ´¥¦¥² É¥²Ó´μ. “¢¥²¨Î¥´¨¥ μÉ´μÏ¥´¨Ö UFT/URF ¤μ §´ Î¥´¨Ö (UFT/URF)max =
1,16 (UFT/URF)min ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ Ë §μ¢μ° ¶·μÉÖ¦¥´´μ¸É¨ Ê¸±μ·Ö¥³μ£μ ¸£Ê¸É± 
|ϕ| � ϕmax = 27 ◦, ¶·¨ Éμ° ¦¥ ³ ±¸¨³ ²Ó´μ° ¢¥²¨Î¨´¥ Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  δW/W .
„ ²Ó´¥°Ï¥¥ Ê¢¥²¨Î¥´¨¥ μÉ´μÏ¥´¨Ö ´ ¶·Ö¦¥´¨° ¶μ ¸· ¢´¥´¨Õ ¸ ³ ±¸¨³ ²Ó´Ò³ §´ Î¥-
´¨¥³ (UFT/URF)max ¶·¨¢μ¤¨É ± ¶·¥¢ÒÏ¥´¨Õ Ô´¥·£¥É¨Î¥¸±¨³ · §¡·μ¸μ³ ¤μ¶Ê¸É¨³μ£μ
§´ Î¥´¨Ö δW/W = 0,5 %.

�μÔÉμ³Ê · §·¥Ï¥´´ Ö ¢¥²¨Î¨´  μÉ´μÏ¥´¨Ö UFT/URF ´ Ìμ¤¨É¸Ö ¢ ¨´É¥·¢ ²¥ §´ Î¥-
´¨°, μ¶·¥¤¥²Ö¥³ÒÌ ´¥· ¢¥´¸É¢μ³

|Δ| � 8 %, (9)

£¤¥

UFT

URF
=

(
UFT

URF

)
0

(1 + Δ),
(

UFT

URF

)
0

=
(UFT/URF)max + (UFT/URF)min

2
. (10)

�ËË¥±É¨¢´μ¥ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ V (ϕ)/Vmax ¤²Ö £· ´¨Î´ÒÌ §´ Î¥´¨° ¶ · ³¥É·  Δ
¶μ± § ´μ ´  ·¨¸. 3. �Ê´±É¨·´ Ö ²¨´¨Ö ¸μμÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Õ UFT/URF = (UFT/URF)0.
„μ¶Ê¸É¨³ Ö · ¡μÎ Ö μ¡² ¸ÉÓ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö μÉ³¥Î¥´  ÏÉ·¨Ìμ¢±μ°.

5. �…ˆ‡�•�����‘’œ „‚ˆ†…�ˆŸ —�‘’ˆ–

Šμ´¥Î´ÊÕ Ô´¥·£¨Õ ¨μ´  ¶·¨ Ê¸±μ·¥´¨¨ ´  N μ¡μ·μÉ Ì ³μ¦´μ ´ °É¨, ¶·μ¸Ê³³¨·μ¢ ¢
Ê¢¥²¨Î¥´¨¥ Ô´¥·£¨¨ Î ¸É¨ÍÒ ΔW (1) ´  ± ¦¤μ³ μ¡μ·μÉ¥:

WN = W0 +
N∑

n=1

Z

A
eV (u + ϕn). (11)

‡¤¥¸Ó W0 Å Ô´¥·£¨Ö ¨´¦¥±Í¨¨; u = ϕ−ϕn, ϕn Å Í¥´É· ²Ó´ Ö Ë §  Ê¸±μ·Ö¥³μ£μ ¸£Ê¸É± 
Î ¸É¨Í ´  n-³ μ¡μ·μÉ¥, ³¥´ÖÕÐ Ö¸Ö ¢¸²¥¤¸É¢¨¥ ´ ·ÊÏ¥´¨Ö ¨§μÌ·μ´´μ¸É¨ ¤¢¨¦¥´¨Ö Î -
¸É¨Í. � §²μ¦¨³ ¶· ¢ÊÕ Î ¸ÉÓ · ¢¥´¸É¢  (11) ¢ ·Ö¤ ¶μ ¸É¥¶¥´Ö³ ϕn ¢¶²μÉÓ ¤μ Î²¥´μ¢
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¢Éμ·μ£μ ¶μ·Ö¤±  ¨ ¶·μ¢¥¤¥³ ¸Ê³³¨·μ¢ ´¨¥ ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í
μÉ´μ¸¨É¥²Ó´μ Í¥´É·  ´¥ ³¥´Ö¥É¸Ö ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö. ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ¨³

WN

Wmax

∼=
1

Vmax

[
V (u) + V ′(u)ϕ +

1
2
V ′′(u)ϕ2

]
, (12)

£¤¥ Wmax = N
Z

A
eVmax Å Ô´¥·£¨Ö Í¥´É· ²Ó´μ° Î ¸É¨ÍÒ,   ¢¥²¨Î¨´Ò ϕ ¨ ϕ2 μ¶·¥¤¥²¥´Ò

± ±

ϕ =
1
N

N∑
n=1

ϕn, ϕ2 =
1
N

N∑
n=1

ϕ2
n. (13)

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 4 ¶μ± § ´μ ¨§³¥´¥´¨¥ Í¥´É· ²Ó´μ° Ë §Ò ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥-
´¨Ö ¨μ´μ¢ 238U42+ ¢ Í¨±²μÉ·μ´¥ „–-280.

�¨¸. 4. ” §μ¢μ¥ ¤¢¨¦¥´¨¥ ¨μ´  238U42+

‚ ¤ ´´μ³ ·¥¦¨³¥ · ¡μÉÒ ´ ¤²¥¦ Ð¨³ ¶μ¤¡μ·μ³ ´ Î ²Ó´μ° Ë §Ò Í¥´É·  ¶ÊÎ±  μ¡¥¸-
¶¥Î¥´μ ¢Ò¶μ²´¥´¨¥ · ¢¥´¸É¢  ϕ = 0. ‚ ÔÉμ³ ¸²ÊÎ ¥ ϕ2 = 4,5 · 10−3 ¨ ¢²¨Ö´¨¥ ¸³¥Ð¥-
´¨Ö Ë §Ò Í¥´É·  ¶ÊÎ±  ´  ±μ´¥Î´μ¥ · ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨¨ Î ¸É¨Í ¶ÊÎ±  ³μ¦¥É ¡ÒÉÓ
Ê¸É· ´¥´μ ´¥¡μ²ÓÏ¨³ ¨§³¥´¥´¨¥³  ³¶²¨ÉÊ¤ ´ ¶·Ö¦¥´¨° μ¸´μ¢´μ£μ URF ¨ ®	at-top¯ UFT

¤Ê ´Éμ¢:

URF =
URF0

1 − ϕ2/2
, UFT =

UFT0

1 − 9ϕ2/2
, (14)

£¤¥ ¢¥²¨Î¨´Ò URF0, UFT0 ¸μμÉ¢¥É¸É¢ÊÕÉ ¨¤¥ ²Ó´μ³Ê ¨§μÌ·μ´¨§³Ê ¤¢¨¦¥´¨Ö Î ¸É¨Í.

6. Œ�„…‹ˆ��‚��ˆ… „ˆ��ŒˆŠˆ —�‘’ˆ–
‚ –…�’��‹œ��‰ �
‹�‘’ˆ –ˆŠ‹�’���� „–-280

Šμ³¶μ´μ¢±  Í¥´É· ²Ó´μ° μ¡² ¸É¨ Í¨±²μÉ·μ´  ¶μ± § ´  ´  ·¨¸. 5.
�ËË¥±É¨¢´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ®	at-top¯ ‚—-¸¨¸É¥³Ò ¸ ¤¢Ê³Ö ¤μ¶μ²´¨É¥²Ó´Ò³¨ (´¥-

§ ¢¨¸¨³Ò³¨) ¤Ê ´É ³¨ ¶·¨ Ê¸±μ·¥´¨¨ ´  ´ Î ²Ó´ÒÌ μ¡μ·μÉ Ì ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ Í¨-
±²μÉ·μ´  ¡Ò²  ¨¸¸²¥¤μ¢ ´  ´  μ¸´μ¢¥ É¥¸Éμ¢μ£μ ·¥¦¨³  Ê¸±μ·¥´¨Ö ¶ÊÎ±  ¨μ´μ¢ ¸ A/Z =
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�¨¸. 5. �¸±¨§ Í¥´É· ²Ó´μ° μ¡² ¸É¨ Í¨±²μÉ·μ´  „–-280. DEE1, 2 Å ¤Ê ´ÉÒ μ¸´μ¢´μ° Ê¸±μ·ÖÕÐ¥°

¸¨¸É¥³Ò; FT1, 2 Å ¤Ê ´ÉÒ ®	at-top¯ ¸¨¸É¥³Ò

4 ¢ ³ £´¨É´μ³ ¶μ²¥ B0 = 0,9 T². „²Ö · ¸¸³ É·¨¢ ¥³μ£μ ·¥¦¨³  ´ ¶·Ö¦¥´¨¥ ¨´¦¥±Í¨¨
Uinj = 55 ±‚. � ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì ¶·¨´ÖÉμ · ¢´Ò³ URF = 130 ±‚.

„²Ö ¸· ¢´¥´¨Ö · ¸¸³μÉ·¥´Ò É·¨ ¢ ·¨ ´É  ¨¸¶μ²Ó§μ¢ ´¨Ö μ¸´μ¢´μ° ¨ ®	at-top¯
‚—-¸¨¸É¥³:

1. “¸±μ·¥´¨¥ ¡¥§ ®	at-top¯ ‚—-¸¨¸É¥³Ò.
2. “¸±μ·¥´¨¥ ¸ ®	at-top¯ ¸¨¸É¥³μ°, ¸μ¢³¥Ð¥´´μ° ¸ μ¸´μ¢´μ° ‚—-¸¨¸É¥³μ°, ±μ£¤  ¤μ-

¶μ²´¨É¥²Ó´ Ö É·¥ÉÓÖ £ ·³μ´¨±  Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¢μ§¡Ê¦¤ ¥É¸Ö ¢ § §μ·¥ μ¸´μ¢-
´ÒÌ ¤Ê ´Éμ¢.

3. “¸±μ·¥´¨¥ ¸ ´¥§ ¢¨¸¨³μ° ®	at-top¯ ‚—-¸¨¸É¥³μ°.
” §Ò ‚—-¶μ²Ö ¨ ¶μ²μ¦¥´¨¥ Ê¸±μ·ÖÕÐ¨Ì § §μ·μ¢ μ¸´μ¢´μ° ¨ ®	at-top¯ ‚—-¸¨¸É¥³ ¢μ

¢Éμ·μ³ ¨ É·¥ÉÓ¥³ · ¸¸³μÉ·¥´´ÒÌ ¢ ·¨ ´É Ì ¶μ± § ´Ò ´  ·¨¸. 6.

�¨¸. 6. ” §  ¨ ¶μ²μ¦¥´¨¥ Ê¸±μ·ÖÕÐ¨Ì § §μ·μ¢ μ¸´μ¢´μ° ¨ ®	at-top¯ ‚—-¸¨¸É¥³ ¢μ ¢Éμ·μ³ ( ) ¨
É·¥ÉÓ¥³ (¡) · ¸¸³μÉ·¥´´ÒÌ ¢ ·¨ ´É Ì
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�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨¨ ¨μ´μ¢ É¥¸Éμ¢μ£μ ¶ÊÎ±  ´  ¶ÖÉμ³ μ¡μ·μÉ¥ ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨
Í¨±²μÉ·μ´  ¤²Ö É·¥Ì · ¸¸³ É·¨¢ ¥³ÒÌ ¢ ·¨ ´Éμ¢

‘· ¢´¨É¥²Ó´Ò° É· ¥±Éμ·´Ò°  ´ ²¨§ · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ¶μ± § ² Ê³¥´ÓÏ¥´¨¥ Ô´¥·-
£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¢ É¥¸Éμ¢μ³ ¶ÊÎ±¥ ´  ¶ÖÉμ³ μ¡μ·μÉ¥ ¸ ≈ 12 % ¢ ¶¥·¢μ³ ¢ ·¨ ´É¥
(¡¥§ ®	at-top¯ ‚—-¸¨¸É¥³Ò) ¤μ ≈ 2 % ¢μ ¢Éμ·μ³ ¨ É·¥ÉÓ¥³ ¢ ·¨ ´É Ì (·¨¸. 7).

�·¨ ÔÉμ³ ¨¸¶μ²Ó§μ¢ ´¨¥ ®	at-top¯ ¸¨¸É¥³Ò ¶·¨¢μ¤¨É É ±¦¥ ± Ê³¥´ÓÏ¥´¨Õ · ¤¨ ²Ó-
´μ£μ · §³¥·  ¶ÊÎ± . �·¨Î¥³ ¢ É·¥ÉÓ¥³ ¢ ·¨ ´É¥ ´¥§ ¢¨¸¨³μ° ®	at-top¯ ‚—-¸¨¸É¥³Ò ÔÉμ
Ê³¥´ÓÏ¥´¨¥ ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´μ (·¨¸. 8). ‘ÊÐ¥¸É¢¥´´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ´¥§ ¢¨¸¨³μ°

�¨¸. 8. �μ¶¥·¥Î´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¨μ´μ¢ É¥¸Éμ¢μ£μ ¶ÊÎ±  ´  ¶¥·¢ÒÌ ¶ÖÉ¨ μ¡μ·μÉ Ì ¢ Í¥´É· ²Ó´μ°

μ¡² ¸É¨ Í¨±²μÉ·μ´  ¤²Ö É·¥Ì · ¸¸³ É·¨¢ ¥³ÒÌ ¢ ·¨ ´Éμ¢
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�¨¸. 9. � ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨¨ ¨μ´μ¢ É¥¸Éμ¢μ£μ ¶ÊÎ±  ´  ¶ÖÉμ³ μ¡μ·μÉ¥ ¶·¨ ¸³¥Ð¥´¨¨ Ë §Ò ³¥¦¤Ê
μ¸´μ¢´μ° ¨ ´¥§ ¢¨¸¨³μ° ®	at-top¯ ‚—-¸¨¸É¥³ ³¨

®	at-top¯ ‚—-¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö ¸´¨¦¥´¨¥  ³¶²¨ÉÊ¤Ò U30 ¸ 0,3 U10 ¢ ¸²ÊÎ ¥ ¢μ§¡Ê¦¤¥´¨Ö
®	at-top¯ ´  μ¸´μ¢´ÒÌ ¤Ê ´É Ì (7) ¤μ 0,1 U10 ¢ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ
®	at-top¯ ¤Ê ´Éμ¢. �Éμ ¶· ±É¨Î¥¸±¨ ´  ¶μ·Ö¤μ± Ê³¥´ÓÏ ¥É ³μÐ´μ¸ÉÓ £¥´¥· Éμ·  ®	at-
top¯ ¸¨¸É¥³Ò.

” §μ¢Ò° ¸¤¢¨£ ³¥¦¤Ê μ¸´μ¢´μ° ¨ ®	at-top¯ ‚—-¸¨¸É¥³ ³¨ ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ
Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¢ É¥¸Éμ¢μ³ ¶ÊÎ±¥, ± ± ÔÉμ ¶μ± § ´μ ´  ·¨¸. 9.

’ ±, ¤²Ö ¶ÖÉμ£μ μ¡μ·μÉ  Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ≈ 2 % ¢ μÉ¸ÊÉ¸É¢¨¥
Ë §μ¢μ£μ ¸³¥Ð¥´¨Ö ¤μ ≈ 6 % ¶·¨ Ë §μ¢μ³ ¸³¥Ð¥´¨¨, · ¢´μ³ 5 ◦. �ÉμÉ ·¥§Ê²ÓÉ É ´ Ìμ-
¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ μÍ¥´±μ°, ¶·¨¢¥¤¥´´μ° ¢ · §¤. 4.

’ ±¨³ μ¡· §μ³, ¨¸¶μ²Ó§μ¢ ´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ®	at-top¯ ¤Ê ´Éμ¢ μ¡² ¤ ¥É ·Ö¤μ³ ¶·¥-
¨³ÊÐ¥¸É¢ ¶μ ¸· ¢´¥´¨Õ ¸ ¢ ·¨ ´Éμ³ ¢μ§¡Ê¦¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ° É·¥ÉÓ¥° £ ·³μ´¨±¨
Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¢ § §μ·¥ μ¸´μ¢´ÒÌ ¤Ê ´Éμ¢, É ±¨Ì ± ± Ê³¥´ÓÏ¥´¨¥ ¶μ¶¥·¥Î-
´μ£μ · §³¥·  ¶ÊÎ±  ¨ ¸´¨¦¥´¨¥ ³μÐ´μ¸É¨ ‚—-£¥´¥· Éμ· .

�¥¤μ¸É É±μ³ ´¥§ ¢¨¸¨³μ° ®	at-top¯ ‚—-¸¨¸É¥³Ò Ö¢²Ö¥É¸Ö ´¥±μÉμ· Ö ¸²μ¦´μ¸ÉÓ ¸μ-
¢³¥Ð¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¤Ê ´Éμ¢ ¸ Ô²¥³¥´É ³¨ Í¥´É· ²Ó´μ° μ¡² ¸É¨.

7. ‚›
�� ‘’�“Š’“�› ®FLAT-TOP¯ �…‡���’���

„²Ö ¢Ò¸μ±μÎ ¸ÉμÉ´ÒÌ Ê¸±μ·ÖÕÐ¨Ì ¸¨¸É¥³ Í¨±²μÉ·μ´μ¢ ¶·¨³¥´ÖÕÉ¸Ö · §´Ò¥ Ëμ·³Ò
£¥μ³¥É·¨¨ ·¥§μ´ Éμ·μ¢.

—¥É¢¥·ÉÓ¢μ²´μ¢ Ö £¥μ³¥É·¨Ö ·¥§μ´ Éμ·  (·¨¸. 10) ¶·¨³¥´¥´  ¢ ¡μ²ÓÏ¨´¸É¢¥ ¤¥°¸É¢Ê-
ÕÐ¨Ì ¨ ¶·μ¥±É¨·Ê¥³ÒÌ ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ Í¨±²μÉ·μ´μ¢.

�¸´μ¢´Ò³ ´¥¤μ¸É É±μ³ ÔÉμ° £¥μ³¥É·¨¨ ·¥§μ´ Éμ·  Ö¢²Ö¥É¸Ö §´ Î¨É¥²Ó´μ¥ ¶ ¤¥´¨¥
Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ´  ¤Ê ´É¥ ¶μ · ¤¨Ê¸Ê, ÎÉμ ¤²Ö ®	at-top¯ ·¥§μ´ Éμ·  Í¨±²μ-
É·μ´  „–-280 ´  ³ ±¸¨³ ²Ó´μ° Î ¸ÉμÉ¥ ¸μ¸É ¢¨É ¢¥²¨Î¨´Ê μ±μ²μ 60%.

„²Ö Ê²ÊÎÏ¥´¨Ö · ¤¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¢ ·¥§μ´ Éμ·¥
¨¸¶μ²Ó§Ê¥É¸Ö ¶μ²Ê¢μ²´μ¢ Ö Ê¸±μ·ÖÕÐ Ö ¸É·Ê±ÉÊ·  (·¨¸. 11). ‘É·¥²± ³¨ ¶μ± § ´μ μÉ´μ-
¸¨É¥²Ó´μ¥ ´ ¶· ¢²¥´¨¥ ‚—-Éμ±μ¢ ¶μ ÏÉμ± ³.
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�¨¸. 10. ƒ¥μ³¥É·¨Ö ¸μ¥¤¨´¥´¨Ö ¤Ê ´É  ¨ ÏÉμ± 
¤²Ö Î¥É¢¥·ÉÓ¢μ²´μ¢μ£μ ·¥§μ´ Éμ· 

�¨¸. 11. ƒ¥μ³¥É·¨Ö ¸μ¥¤¨´¥´¨Ö ¤Ê ´É  ¨ ÏÉμ± 
¤²Ö ¶μ²Ê¢μ²´μ¢μ£μ ·¥§μ´ Éμ· 

Œμ¤¨Ë¨± Í¨¥° ¶μ²Ê¢μ²´μ¢μ° £¥μ³¥É·¨¨ Ö¢²Ö¥É¸Ö ·¥§μ´ Éμ· ¸ ¨§μ£´ÊÉÒ³¨ ÏÉμ± -
³¨ (·¨¸. 12) ¨²¨ · ¤¨ ²Ó´Ò³¨ ¶²μ¸±¨³¨ ¶·μ¢μ¤´¨± ³¨ (·¨¸. 13).

„¢  ¶²μ¸±¨Ì ¶·μ¢μ¤´¨±  ¡² £μ¤ ·Ö μ¤¨´ ±μ¢μ° ´ ¶· ¢²¥´´μ¸É¨ ‚—-Éμ±μ¢ ³μ¦´μ μ¡Ñ-
¥¤¨´¨ÉÓ §  ¶·¥¤¥² ³¨ ¤Ê ´É  ¢ μ¤¨´ ±μ ±¸¨ ²Ó´Ò° (·¨¸. 14).

�μ¸²¥¤´ÖÖ £¥μ³¥É·¨Ö ®	at-top¯ ·¥§μ´ Éμ·  ¨³¥¥É ³¨´¨³ ²Ó´Ò° ¢¥·É¨± ²Ó´Ò° · §³¥·
¤²Ö · §³¥Ð¥´¨Ö ³¥¦¤Ê ¸¥±Éμ· ³¨ Í¨±²μÉ·μ´  „–-280 (§ §μ· 208 ³³), μ¡² ¤ ¥É Ê²ÊÎÏ¥´-
´Ò³¨ ¸¢μ°¸É¢ ³¨ ¶μ · ¤¨ ²Ó´μ³Ê · ¸¶·¥¤¥²¥´¨Õ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¨ ¸μ¤¥·¦¨É
μ¤´Ê § ±μ· Î¨¢ ÕÐÊÕ ¶² ¸É¨´Ê ¢ ±μ ±¸¨ ²Ó´μ° Î ¸É¨ ¤²Ö ¶¥·¥¸É·μ°±¨ Î ¸ÉμÉÒ.

�É  £¥μ³¥É·¨Ö ®	at-top¯ ·¥§μ´ Éμ·  ¨ ¡Ò²  ¶·¥¤²μ¦¥´  ¤²Ö ¤ ²Ó´¥°Ï¨Ì · ¸Î¥Éμ¢.

�¨¸. 12. ƒ¥μ³¥É·¨Ö ¸μ¥¤¨´¥´¨Ö ¤Ê ´É  ¸ ¨§μ£´Ê-

ÉÒ³¨ ÏÉμ± ³¨. �μ²Ê¢μ²´μ¢μ° ·¥§μ´ Éμ·

�¨¸. 13. ƒ¥μ³¥É·¨Ö ¸μ¥¤¨´¥´¨Ö ¤Ê ´É  ¨ ÏÉμ± 

¢ ¢¨¤¥ ¶² ¸É¨´Ò. �μ²Ê¢μ²´μ¢μ° ·¥§μ´ Éμ·

�¨¸. 14. �¸±¨§ Ë¨´ ²Ó´μ° £¥μ³¥É·¨¨ ®	at-top¯ ·¥§μ´ Éμ· 
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8. ˆ‘‘‹…„�‚��ˆ… ��…„‚��ˆ’…‹œ��‰ ”ˆ‡ˆ—…‘Š�‰ Œ�„…‹ˆ
®FLAT-TOP¯ �…‡���’���

„²Ö ¶·μ¢¥·±¨ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ ¨¤¥¨ ®	at-top¯ ·¥§μ´ Éμ·  ¸ £¥μ³¥É·¨¥°, ¶·¥¤¸É -
¢²¥´´μ° ´  ·¨¸. 14, ¡Ò²  ¸μ§¤ ´  Ë¨§¨Î¥¸± Ö ³μ¤¥²Ó ¢ ³ ¸ÏÉ ¡¥ 1:3, μ¸´μ¢ ´´ Ö ´ 
¶·μ¸É¥°Ï¨Ì · ¤¨μÉ¥Ì´¨Î¥¸±¨Ì μÍ¥´± Ì ¥¥ ·¥§μ´ ´¸´ÒÌ ¸¢μ°¸É¢ (·¨¸. 15). �  ³μ¤¥²¨
¶·μ¨§¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¤¨ ¶ §μ´  ¸μ¡¸É¢¥´´ÒÌ ·¥§μ´ ´¸´ÒÌ Î ¸ÉμÉ ¢ § ¢¨¸¨³μ¸É¨ μÉ
¶μ²μ¦¥´¨Ö § ±μ· Î¨¢ ÕÐ¥° ¶² ¸É¨´Ò ¨ · ¸¶·¥¤¥²¥´¨Ö  ³¶²¨ÉÊ¤Ò ‚—-´ ¶·Ö¦¥´¨Ö ´ 
§ §μ·¥ ®	at-top¯ ¤Ê ´É  ¶μ · ¤¨Ê¸Ê.

�¨¸. 15. ‚¨¤ ³μ¤¥²¨ ®	at-top¯ ·¥§μ´ Éμ· 

„²Ö Ìμ¤  § ±μ· Î¨¢ ÕÐ¥° ¶² ¸É¨´Ò ¢ 200 ³³ ·¥§μ´ ´¸´Ò¥ Î ¸ÉμÉÒ ³μ¤¥²¨ ¢ÒÏ¥ É·¥-
¡Ê¥³ÒÌ Éμ²Ó±μ ´  10 %, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É · ¡μÉμ¸¶μ¸μ¡´μ¸ÉÓ ¸É·Ê±ÉÊ·´μ£μ ¶μ¸É·μ¥´¨Ö
·¥§μ´ ´¸´μ° ¸¨¸É¥³Ò.

ˆ¸¸²¥¤μ¢ ´¨¥ · ¸¶·¥¤¥²¥´¨Ö ´ ¶·Ö¦¥´¨Ö ´  § §μ·¥ ¤Ê ´É  ³μ¤¥²¨ ®	at-top¯ ·¥§μ-
´ Éμ·  ¶·μ¢μ¤¨²μ¸Ó ³¥Éμ¤μ³ Î ¸ÉμÉ´μ£μ ¸¤¢¨£  Δf ¶·¨ ¢´¥¸¥´¨¨ ¢ ¢¥·É¨± ²Ó´Ò° § -
§μ· ¤Ê ´ÉÄ¶² ±¨·μ¢±  ¤¨Ô²¥±É·¨Î¥¸±μ£μ ¶·μ¡´μ£μ É¥² , ¢Ò¶μ²´¥´´μ£μ ¢ ¢¨¤¥ Í¨²¨´-
¤·  ¨§ Ô¡μ´¨É  ¨²¨ ËÉμ·μ¶² ¸É . ‘¤¢¨£ Î ¸ÉμÉÒ ¶·μ¶μ·Í¨μ´ ²¥´ ±¢ ¤· ÉÊ ´ ¶·Ö¦¥´¨Ö
¢ § §μ·¥ ¤Ê ´ÉÄ¶² ±¨·μ¢± , ¨ ¤²Ö · §²¨Î´ÒÌ ÉμÎ¥± ·¥§μ´ ´¸´μ° ¸¨¸É¥³Ò ¸¶· ¢¥¤²¨¢μ
¸μμÉ´μÏ¥´¨¥

U1

U2
=

√
Δf1

Δf2
. (15)

�¥§Ê²ÓÉ ÉÒ ´¥±μÉμ·ÒÌ ¨§³¥·¥´¨° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 16, ¤²Ö · §²¨Î´ÒÌ ³ É¥·¨-
 ²μ¢ ¤¨Ô²¥±É·¨Î¥¸±¨Ì ¶·μ¡´¨±μ¢ ¨ ³μ¤¨Ë¨± Í¨° ¨Ì Ê¸É ´μ¢±¨. ˜É·¨Ìμ¢Ò³ ²¨´¨Ö³
¸μμÉ¢¥É¸É¢ÊÕÉ ¨§³¥·¥´¨Ö, μ¸ÊÐ¥¸É¢²¥´´Ò¥ ¸ Í¨²¨´¤·μ³ ¨§ Ô¡μ´¨É ,   ÏÉ·¨Ì¶Ê´±É¨·´Ò³
²¨´¨Ö³ Å ¸ Í¨²¨´¤·μ³ ¨§ ËÉμ·μ¶² ¸É . ‘ ± ¦¤Ò³ Í¨²¨´¤·μ³ ¡Ò²μ ¶·μ¨§¢¥¤¥´μ ¶μ ¤¢¥
¸¥·¨¨ ¨§³¥·¥´¨°. �¥·¢ Ö ¸¥·¨Ö ¨§³¥·¥´¨° ¸μμÉ¢¥É¸É¢μ¢ ²  ¶μ²μ¦¥´¨Õ Í¨²¨´¤·  ¸É·μ£μ
¢ μÉ¢¥·¸É¨¨ (Î¥·´Ò¥ ±·¨¢Ò¥), ¢Éμ·ÊÕ ¸¥·¨Õ ¨§³¥·¥´¨° ¶·μ¨§¢μ¤¨²¨ ¤²Ö Í¨²¨´¤·  ¢´Ê-
É·¨ ·¥§μ´ Éμ·  (¸¥·Ò¥ ±·¨¢Ò¥). ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ´¥μ¤´μ·μ¤´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö
‚—-´ ¶·Ö¦¥´¨Ö ¶μ ¤Ê ´ÉÊ ¤μÌμ¤¨É ¤μ 50 %, ÎÉμ ´¥¶·¨¥³²¥³μ.

„²Ö μ¶É¨³¨§ Í¨¨ £¥μ³¥É·¨¨ ®	at-top¯ ·¥§μ´ Éμ·  ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ ¢ ·¨ Í¨Õ
¶μ²μ¦¥´¨Ö ¸μ¥¤¨´¥´¨Ö ¤Ê ´É  ¸ ¨´¤Ê±É¨¢´μ° Î ¸ÉÓÕ, Ï¨·¨´Ò ¨´¤Ê±É¨¢´μ° Î ¸É¨, ¢Ò-
¸μÉÒ ¨´¤Ê±É¨¢´μ° Î ¸É¨, ¢Ò¸μÉÒ ¤Ê ´É  ¨ ¢¸¥£μ ·¥§μ´ Éμ· . „²Ö μ¶É¨³¨§ Í¨¨ Î ¸ÉμÉ-
´μ£μ ¤¨ ¶ §μ´  ¨ Ô´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¸²¥¤Ê¥É ¶·μ¢¥¸É¨ ¢ ·¨ Í¨Õ £¥μ³¥É·¨¨
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�¨¸. 16. ‡ ¢¨¸¨³μ¸ÉÓ ´ ¶·Ö¦¥´¨Ö ´  ¤Ê ´É¥ μÉ · ¤¨Ê¸  ¤²Ö ³μ¤¥²¨ 1:3. �¥§μ´ ´¸´ Ö Î ¸ÉμÉ 

101 ŒƒÍ

¶¥·¥¸É· ¨¢ ¥³μ° ±μ ±¸¨ ²Ó´μ° Î ¸É¨. ’ ±¨³ μ¡· §μ³, ´¥μ¡Ìμ¤¨³μ ¶·μ¢¥¸É¨ Ô²¥±É·μ¤¨-
´ ³¨Î¥¸±μ¥ 3D-³μ¤¥²¨·μ¢ ´¨¥. �·μ¢¥¤¥´´Ò¥ 3D-· ¸Î¥ÉÒ £¥μ³¥É·¨¨ Ë¨§¨Î¥¸±μ° ³μ¤¥²¨
¶μ¤É¢¥·¤¨²¨ ¸ÊÐ¥¸É¢¥´´ÊÕ ´¥μ¤´μ·μ¤´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ‚—-´ ¶·Ö¦¥´¨Ö ¶μ ®	at-top¯
¤Ê ´ÉÊ.

9. ��’ˆŒˆ‡�–ˆŸ ƒ…�Œ…’�ˆˆ ®FLAT-TOP¯ �…‡���’���

�¶É¨³¨§ Í¨Ö £¥μ³¥É·¨¨ ®	at-top¯ ·¥§μ´ Éμ·  ¶·μ¢μ¤¨² ¸Ó ´  μ¸´μ¢¥ ±μ³¶ÓÕÉ¥·´μ°
³μ¤¥²¨ (·¨¸. 17), ¸μ§¤ ´´μ° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³Ò SOLID Edge, ¢ ±μÉμ·μ° ÊÎÉ¥´Ò
·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ´  Ë¨§¨Î¥¸±μ° ³μ¤¥²¨. ‚ ±μ³¶ÓÕÉ¥·´μ° ³μ¤¥²¨ ¡ ± ·¥§μ´ Éμ· 
¨³¥¥É Í¨²¨´¤·¨Î¥¸±ÊÕ Ëμ·³Ê. �·μ¨§¢¥¤¥´Ò ¨ ¤·Ê£¨¥ ¨§³¥´¥´¨Ö £¥μ³¥É·¨¨.

‚ ·¥§Ê²ÓÉ É¥ μ¶É¨³¨§ Í¨¨ ¸¨´É¥§¨·μ¢ ´  £¥μ³¥É·¨Ö ·¥§μ´ Éμ·  ¸ ¶· ±É¨Î¥¸±¨ ¶μ¸Éμ-
Ö´´Ò³ ´ ¶·Ö¦¥´¨¥³ Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö ¢¤μ²Ó · ¤¨Ê¸  (·¨¸. 18). �³¶²¨ÉÊ¤  ´ ¶·Ö¦¥´¨Ö
´  ¤Ê ´É¥ · ¸¸Î¨ÉÒ¢ ² ¸Ó ± ± ¨´É¥£· ² ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¶μ ¢¥·É¨-
± ²Ó´μ³Ê § §μ·Ê ¶² ±¨·μ¢± Ä¤Ê ´É.

�¨¸. 17. ‚¨¤ ±μ³¶ÓÕÉ¥·´μ° ³μ¤¥²¨ ®	at-top¯ ·¥§μ´ Éμ· 
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�¨¸. 18. ‡ ¢¨¸¨³μ¸ÉÓ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ´  ¤Ê ´É¥ μÉ · ¤¨Ê¸  ¤²Ö £· ´¨Î´ÒÌ Î ¸ÉμÉ ¶·μ-

¥±É´μ£μ ¤¨ ¶ §μ´ 

’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ®	at-top¯ ·¥§μ´ Éμ· 

— ¸ÉμÉ , ŒƒÍ 32,63 21,94
�μ²μ¦¥´¨¥ § ±μ· Î¨¢ ÕÐ¥° ¶² ¸É¨´Ò, ³³ 0 415
‘Ê³³ ·´ Ö · ¸¸¥¨¢ ¥³ Ö ³μÐ´μ¸ÉÓ, ±‚É 1,4 0,9
„μ¡·μÉ´μ¸ÉÓ 2551 3208
�³¶²¨ÉÊ¤  ¶²μÉ´μ¸É¨ ¶μ¢¥·Ì´μ¸É´μ£μ Éμ± , �/¸³ 26,53 21,1

�·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¶μ§¢μ²¨²¨ μ¶·¥¤¥²¨ÉÓ ¶²μÉ´μ¸É¨ ¶μ¢¥·Ì´μ¸É´μ£μ Éμ±  ¤²Ö ±μ´-
É ±Éμ¢ § ±μ· Î¨¢ ÕÐ¥° ¶² ¸É¨´Ò ¨ ¥¥ ¶μ²μ¦¥´¨Ö, μ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ¶μ²ÊÎ¥´¨¥ ¶·μ¥±É-
´μ£μ ¤¨ ¶ §μ´  Î ¸ÉμÉ. �¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì ¨ ¶·¥¤¸É ¢²¥´´ÒÌ ´¨¦¥ · ¸Î¥Éμ¢ μ¡Ñ¥¤¨´¥´Ò
¢ É ¡². 1.

—¨¸²¥´´Ò° (3D) · ¸Î¥É ·¥§μ´ Éμ·  É ±¦¥ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸-
¶·¥¤¥²¥´¨¥ ±μ³¶μ´¥´É Ô²¥±É·μ³ £´¨É´μ£μ ¶μ²Ö, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö ¶μ¸²¥¤ÊÕÐ¥£μ ³μ¤¥²¨-
·μ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ± .

‚¥²¨Î¨´  ‚—-³μÐ´μ¸É¨, · ¸¸¥¨¢ ¥³μ° ¢ ·¥§μ´ Éμ·¥, μ¶·¥¤¥²Ö¥É ³μÐ´μ¸ÉÓ ‚—-£¥´¥· -
Éμ· . „²Ö ¶·μ¥±É¨·μ¢ ´¨Ö ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö ·¥§μ´ Éμ·  ´¥μ¡Ìμ¤¨³μ μ¶·¥¤¥²¨ÉÓ · ¸¸¥-
¨¢ ¥³Ò¥ ³μÐ´μ¸É¨ ¢ Ê§² Ì ¸ μÉ¤¥²Ó´Ò³¨ ±μ´ÉÊ· ³¨ μÌ² ¦¤¥´¨Ö. ‘ ÔÉμ° Í¥²ÓÕ · ¸Î¥É´ Ö
³μ¤¥²Ó ¡Ò²  · §¤¥²¥´  ´  Î ¸É¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´ÉÊ· ³ μÌ² ¦¤¥´¨Ö, ± ± ÔÉμ ¶μ± -
§ ´μ ´  ·¨¸. 17. �Í¥´±  · ¸¸¥¨¢ ¥³μ° ³μÐ´μ¸É¨ ¢ ·¥§μ´ Éμ·¥ ¶·μ¢μ¤¨² ¸Ó ¤²Ö É¥Ì´¨Î¥-
¸±μ° ³¥¤¨ (Ô²¥±É·μ¶·μ¢μ¤´μ¸ÉÓ 5 · 107 ‘³/³). ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ³μÐ´μ¸É¨ É¥¶²μ¢ÒÌ
¶μÉ¥·Ó ´  μÉ¤¥²Ó´ÒÌ ÊÎ ¸É± Ì ·¥§μ´ Éμ·  ¤²Ö ³ ±¸¨³ ²Ó´μ° Î ¸ÉμÉÒ f = 32,63 ŒƒÍ,
±μÉμ·Ò¥ ¨ μ¶·¥¤¥²ÖÕÉ ±μ´¸É·Ê±Í¨Õ ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö.

’ ¡²¨Í  2. � ¸¸¥¨¢ ¥³Ò¥ ³μÐ´μ¸É¨ μÉ¤¥²Ó´ÒÌ ÊÎ ¸É±μ¢ ·¥§μ´ Éμ· 

“Î ¸Éμ± ·¥§μ´ Éμ·  „²¨´  ÊÎ ¸É± , ³³ ŒμÐ´μ¸ÉÓ, ‚É

„Ê ´É 106Ä1850 172,4
˜Éμ± 1960Ä3010 62,4
‡ ±μ· Î¨¢ ÕÐ Ö ¶² ¸É¨´  2015 56,8
�μ²μ§ 608Ä1960 776,3
�² ±¨·μ¢±  99Ä1999 278,7

 ± ·¥§μ´ Éμ·  1999Ä3003 11,4

‘Ê³³ ·´μ 1357
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10. ���‹ˆ‡ �…‡“‹œ’�’�‚ ��‘—…’�

‘μ£² ¸´μ ·¥§Ê²ÓÉ É ³ · §¤. 4 ¤μ¶Ê¸É¨³Ò° · §¡·μ¸ μÉ´μÏ¥´¨Ö UFT/URF  ³¶²¨ÉÊ¤ ´ -
¶·Ö¦¥´¨° μ¸´μ¢´μ£μ ¨ ®	at-top¯ ¤Ê ´Éμ¢ ´¥ ¤μ²¦¥´ ¶·¥¢ÒÏ ÉÓ ±8 % ¢μ ¢¸¥° μ¡² ¸É¨
· ¤¨Ê¸μ¢ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í. �  ·¨¸. 19 ¶μ± § ´μ · ¸Î¥É´μ¥ [5] · ¤¨ ²Ó´μ¥ · ¸¶·¥-
¤¥²¥´¨¥ ´ ¶·Ö¦¥´¨Ö ´  μ¸´μ¢´μ³ ¤Ê ´É¥ Í¨±²μÉ·μ´  (ÉμÎ±¨), ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ Î ¸ÉμÉ¥
f0 = 10,38 ŒƒÍ. � ¸Î¥É´Ò¥ §´ Î¥´¨Ö ´ ¶·Ö¦¥´¨Ö μ¸´μ¢´μ£μ ¤Ê ´É  ¨³¥ÕÉ ¤μ¸É ÉμÎ´μ
¡μ²ÓÏμ° ¢ÒÎ¨¸²¨É¥²Ó´Ò° ÏÊ³. „²Ö μÍ¥´±¨ μÉ´μÏ¥´¨Ö  ³¶²¨ÉÊ¤ ´ ¶·Ö¦¥´¨° ¨¸¶μ²Ó§μ¢ -
²μ¸Ó ¸£² ¦¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ´ ¶·Ö¦¥´¨Ö, É ±¦¥ ¶μ± § ´´μ¥ ´  ·¨¸. 19 (¸¶²μÏ´ Ö ±·¨-
¢ Ö). ’·¥¡Ê¥³μ¥ · ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ®	at-top¯ ¤Ê ´É  ¤²Ö Î ¸ÉμÉÒ 3f0 = 31,14 ŒƒÍ
´ Ìμ¤¨²μ¸Ó ¸ ¶μ³μÐÓÕ ²¨´¥°´μ° ¨´É¥·¶μ²ÖÍ¨¨ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É , ¶·¥¤¸É ¢²¥´´ÒÌ
´  ·¨¸. 18. �μ²ÊÎ¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶·¨¢¥¤¥´μ ´  ·¨¸. 20.

�¨¸. 19. � ¸Î¥É´μ¥ ´ ¶·Ö¦¥´¨¥ μ¸´μ¢´μ£μ ¤Ê ´É  ´  Î ¸ÉμÉ¥ f0 = 10,38 ŒƒÍ

�¨¸. 20. � ¸Î¥É´μ¥ ´ ¶·Ö¦¥´¨¥ ®	at-top¯ ¤Ê ´É  ´  Î ¸ÉμÉ¥ 3f0 = 31,14 ŒƒÍ

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ Ëμ·³Ê² ³¨ (9), (10) ¢¥²¨Î¨´  Δ:

Δ =
UFT/URF − UFT/URF

UFT/URF

, (16)

£¤¥ UFT/URF Å ¸·¥¤´¥¥ §´ Î¥´¨¥ μÉ´μÏ¥´¨Ö  ³¶²¨ÉÊ¤ ´ ¶·Ö¦¥´¨° ¢μ ¢¸¥° μ¡² ¸É¨
· ¤¨Ê¸μ¢, ¤μ²¦´  ´ Ìμ¤¨ÉÓ¸Ö ¢ ¶·¥¤¥² Ì ±8 %. ˆ§³¥´¥´¨¥ Δ ¢ · ¡μÎ¥° μ¡² ¸É¨ · ¤¨Ê¸μ¢
¶μ± § ´μ ´  ·¨¸. 21.
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�¨¸. 21. ‚¥²¨Î¨´  Δ ¢ · ¡μÎ¥° μ¡² ¸É¨ · ¤¨Ê¸μ¢

’ ±¨³ μ¡· §μ³, μÉ´μÏ¥´¨¥  ³¶²¨ÉÊ¤ ´ ¶·Ö¦¥´¨° ²¥¦¨É ¢ ¤μ¶Ê¸É¨³μ³ ¤¨ ¶ §μ´¥
§´ Î¥´¨° ¤²Ö ¢¸¥° · ¡μÎ¥° μ¡² ¸É¨ · ¤¨Ê¸μ¢.

‡�Š‹�—…�ˆ…

�·¥¤²μ¦¥´  ±μ´¸É·Ê±Í¨Ö ¨ μ¶·¥¤¥²¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ·¥§μ´ Éμ·  ®	at-top¯
¸¨¸É¥³Ò Í¨±²μÉ·μ´  „–-280. ˆ¸¶μ²Ó§μ¢ ´¨¥ ´¥§ ¢¨¸¨³ÒÌ ®	at-top¯ ¤Ê ´Éμ¢ ´  ¶μ·Ö¤μ±
Ê³¥´ÓÏ ¥É ³μÐ´μ¸ÉÓ ‚—-£¥´¥· Éμ·  ¶μ ¸· ¢´¥´¨Õ ¸ ¢ ·¨ ´Éμ³ ¢μ§¡Ê¦¤¥´¨Ö ¤μ¶μ²´¨-
É¥²Ó´μ° É·¥ÉÓ¥° £ ·³μ´¨±¨ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¢ § §μ·¥ μ¸´μ¢´ÒÌ ¤Ê ´Éμ¢. �Í¥-
´¥´Ò ¤μ¶Ê¸±¨ ´  Ë §μ¢Ò° ¸¤¢¨£ μ¸´μ¢´μ° ¨ ®	at-top¯ ‚—-¸¨¸É¥³,   É ±¦¥ ´  ¢μ§³μ¦´ÊÕ
μÏ¨¡±Ê ¢ ¢¥²¨Î¨´¥  ³¶²¨ÉÊ¤ ‚—-´ ¶·Ö¦¥´¨°. �·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ Î -
¸É¨Í ¸ ÊÎ¥Éμ³ ¢μ§¤¥°¸É¢¨Ö ®	at-top¯ ¸¨¸É¥³Ò, ¶·¨¢μ¤ÖÐ¥£μ ± §´ Î¨É¥²Ó´μ³Ê Ê³¥´ÓÏ¥´¨Õ
Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¨ ¶μ¶¥·¥Î´ÒÌ · §³¥·μ¢ ¶ÊÎ± .

ˆ§³¥·¥´¨Ö μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ Ë¨§¨Î¥¸±μ° ³μ¤¥²¨ ®	at-top¯ ·¥§μ´ Éμ·  ´ Ìμ¤ÖÉ¸Ö
¢ Ìμ·μÏ¥³ ¸μμÉ¢¥É¸É¢¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ Ô²¥±É·μ¤¨´ ³¨Î¥¸±μ£μ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨-
·μ¢ ´¨Ö, ¢ Î ¸É´μ¸É¨, ¤²Ö μ¤¨´ ±μ¢ÒÌ ¶μ²μ¦¥´¨° § ±μ· Î¨¢ ÕÐ¥° ¶² ¸É¨´Ò · §²¨Î¨¥
³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨ · ¸Î¥É´μ° Î ¸ÉμÉμ° ¸μ¸É ¢²Ö¥É μ±μ²μ 1 %.

�¶É¨³¨§¨·μ¢ ´  £¥μ³¥É·¨Ö ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ ®	at-top¯ ·¥§μ´ Éμ·  Ê¸±μ·ÖÕÐ¥° ¸¨-
¸É¥³Ò Í¨±²μÉ·μ´  „–-280. �μ²ÊÎ¥´μ É·¥¡Ê¥³μ¥ · ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ´ ¶·Ö¦¥-
´¨Ö ¢ § §μ·¥ ·¥§μ´ Éμ· . � ¸Î¥É´ Ö ³μÐ´μ¸ÉÓ ‚—-£¥´¥· Éμ·  ®	at-top¯ ¸¨¸É¥³Ò ¸μ¸É -
¢²Ö¥É 1,4 ±‚É.

�É´μÏ¥´¨¥  ³¶²¨ÉÊ¤ ´ ¶·Ö¦¥´¨° μ¸´μ¢´μ£μ ¨ ®	at-top¯ ·¥§μ´ Éμ·μ¢ ²¥¦¨É ¢ ¤μ¶Ê-
¸É¨³μ³ ¤¨ ¶ §μ´¥ §´ Î¥´¨° ¤²Ö · ¡μÎ¥° μ¡² ¸É¨ · ¤¨Ê¸μ¢.
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