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Œ¥Éμ¤Ò · ¸Î¥É  ·¥¦¨³μ¢ · ¡μÉÒ ¨ ¶ · ³¥É·μ¢ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ 

‚ μ¸´μ¢¥ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ²¥¦¨É ³¥Éμ¤ ¶μ¤¡μ·  Éμ±μ¢ ¢ ±μ´-
Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  ¤²Ö Ëμ·³¨-
·μ¢ ´¨Ö É·¥¡Ê¥³μ£μ ³ £´¨É´μ£μ ¶μ²Ö ´  μ¶·¥¤¥²¥´´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨.
’· ¤¨Í¨μ´´Ò° ³¥Éμ¤ ¶μ¤¡μ·  Éμ±μ¢ μ¸´μ¢ ´ ´  ´ Ìμ¦¤¥´¨¨ ·¥Ï¥´¨Ö ¤²Ö ¢¸¥Ì ±μ´Í¥´-
É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ±μ··¥±Í¨¨ μ¤´μ¢·¥³¥´´μ. Š ± ¶· ¢¨²μ, ¶μ¸²¥ Ê¸É ´μ¢±¨ · ¸¸Î¨É ´-
´μ£μ ·¥¦¨³  · ¡μÉÒ ´¥μ¡Ìμ¤¨³μ ¶·μ¨§¢¥¸É¨ ±μ´É·μ²Ó´μ¥ ¨§³¥·¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¨
¶μ¢Éμ·¨ÉÓ · ¸Î¥É ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ. �μ¢Ò° ³¥Éμ¤ ¶μ¤¡μ·  Éμ±μ¢
μ¸´μ¢ ´ ´  ´ Ìμ¦¤¥´¨¨ ·¥Ï¥´¨Ö ¤²Ö ± ¦¤μ° μÉ¤¥²Ó´μ ¢§ÖÉμ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨
±μ··¥±Í¨¨. Šμ´Í¥´É·¨Î¥¸±¨¥ ± ÉÊÏ±¨ ±μ··¥±Í¨¨ ¡¥·ÊÉ¸Ö ¶μ μÎ¥·¥¤¨ ¢ μ¶·¥¤¥²¥´´μ³
¶μ·Ö¤±¥. Š ± ¶μ± § ² ·Ö¤ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶·μ¢μ¤±¥ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ · -
¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö ¸ Ô´¥·£¨¥° ¢Ò¢μ¤  μÉ 45 ¤μ 59 ŒÔ‚, ±μÉμ·Ò° ¡Ò² ·¥ ²¨§μ¢ ´
´  ³´μ£μÍ¥²¥¢μ³ ¨§μÌ·μ´´μ³ Í¨±²μÉ·μ´¥ AIC144 ¢ ˆŸ” ��� ¢ Š· ±μ¢¥, ¶·¨ ¨¸¶μ²Ó-
§μ¢ ´¨¨ ´μ¢μ£μ ³¥Éμ¤  ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ ´¥ ´Ê¦´μ ¶·μ¨§¢μ¤¨ÉÓ
±μ´É·μ²Ó´ÒÌ ¨§³¥·¥´¨° ³ £´¨É´ÒÌ ¶μ²¥°, ÎÉμ £μ¢μ·¨É μ ¢Ò¸μ±μ° ÉμÎ´μ¸É¨ · ¸Î¥É .
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Kiyan I. N., Taraszkiewicz R. P9-2006-40
Calculation Methods of Isochronous Cyclotron Parameters and Operation Modes

Simulation of operation modes is based on selection of trim coil currents in the multipur-
pose isochronous cyclotron for formation of the required magnetic ˇeld at a certain level of
the main coil current. The traditional current selection method is based on ˇnding a solution
for all trim coils simultaneously. After setting the calculated operation mode, it is usually
necessary to perform a control measurement of the magnetic ˇeld and to repeat the calcula-
tion of the required operation mode. The new current selection method is based on ˇnding
a solution for each particular trim coil. The trim coils are taken one by one in a certain
order. A series of experiments on proton beam formation within the range of working radii at
extraction energies from 45 to 59 MeV, which were carried out at the AIC144 multipurpose
isochronous cyclotron at INP PAS (Krakow), showed that the new method makes unnecessary
any control measurements of magnetic ˇelds for getting the desired operation mode, which
indicates a high accuracy of the calculation.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Problems,

JINR, and at the Institute of Nuclear Physics of the Polish Academy of Sciences, Krakow.

Communication of the Joint Institute for Nuclear Research. Dubna, 2006
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�¥¦¨³ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ , ¶·¥¤´ §´ Î¥´´μ£μ
¤²Ö Ê¸±μ·¥´¨Ö Î ¸É¨Í ¸ · §²¨Î´Ò³ μÉ´μÏ¥´¨¥³ A/Z, ¸μ¸Éμ¨É ¨§ ´ ¡μ·  Éμ-
±μ¢ ¢ £² ¢´μ° ± ÉÊÏ±¥ ¨ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ³ £´¨É´μ£μ
¶μ²Ö,   É ±¦¥ ¨§ · ¸¸Î¨ÉÒ¢ ¥³μ£μ §´ Î¥´¨Ö Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ·  ¨ ´ -
¶·Ö¦¥´¨Ö ´  ¤Ê ´É Ì. �¥¦¨³ · ¡μÉÒ ³μ¤¥²¨·Ê¥É¸Ö ¨¸Ìμ¤Ö ¨§ ±μ´±·¥É´μ£μ
§ ¤ ´¨Ö ´  Ê¸±μ·¥´¨¥ Î ¸É¨Í ¨ ¶μ§¢μ²Ö¥É ¸Ëμ·³¨·μ¢ ÉÓ ¸ § ¤ ´´μ° ÉμÎ´μ-
¸ÉÓÕ É·¥¡Ê¥³μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¢ μ¶·¥¤¥²¥´´μ³ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢
Ê¸±μ·¥´¨Ö μÉ ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¤μ ¸¨¸É¥³Ò Ô±¸É· ±Í¨¨ ¶ÊÎ±  ¨μ´μ¢. Š ¨¸-
Ìμ¤´Ò³ ¤ ´´Ò³ μÉ´μ¸ÖÉ¸Ö: É¨¶ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í, · ¤¨Ê¸ ¢Ò¢μ¤ , ±¨´¥É¨-
Î¥¸± Ö Ô´¥·£¨Ö Î ¸É¨Í ´  · ¤¨Ê¸¥ ¢Ò¢μ¤ , ±· É´μ¸ÉÓ Ê¸±μ·¥´¨Ö ¨ ¶¥·¨μ¤¨Î-
´μ¸ÉÓ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò. „²Ö · ¸Î¥Éμ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ´ ¡μ· ¨§³¥·¥´´ÒÌ
¨²¨ ¸³μ¤¥²¨·μ¢ ´´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥°, ¸μÌ· ´Ö¥³ÒÌ ¢ ¡ §¥ ¤ ´´ÒÌ ¨§μ-
Ì·μ´´μ£μ Í¨±²μÉ·μ´  [5]. ‚ μ¸´μ¢¥ ³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³  · ¡μÉÒ
²¥¦¨É ³¥Éμ¤ ¶μ¤¡μ·  Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ´  · ¸-
¸Î¨É ´´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨. ’· ¤¨Í¨μ´´Ò° ³¥Éμ¤ ¶μ¤¡μ·  Éμ±μ¢
μ¸´μ¢ ´ ´  ´ Ìμ¦¤¥´¨¨ ·¥Ï¥´¨Ö ¤²Ö ¢¸¥Ì ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ¥± ±μ··¥±-
Í¨¨ μ¤´μ¢·¥³¥´´μ. �μ¢Ò° ³¥Éμ¤ ¶μ¤¡μ·  Éμ±μ¢ μ¸´μ¢ ´ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ³
´ Ìμ¦¤¥´¨¨ ·¥Ï¥´¨Ö ¤²Ö ± ¦¤μ° μÉ¤¥²Ó´μ ¢§ÖÉμ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨
±μ··¥±Í¨¨.

1. �‹ƒ��ˆ’Œ Œ�„…‹ˆ��‚��ˆŸ �…†ˆŒ�‚ ����’›

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  μ¡Ð Ö ¡²μ±-¸Ì¥³   ²£μ·¨É³  ³μ¤¥²¨·μ¢ ´¨Ö ·¥-
¦¨³μ¢ · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ . �Ê´±É¨·μ³ μÉ³¥Î¥´ 
É  Î ¸ÉÓ  ²£μ·¨É³ , ±μÉμ· Ö, ± ± ¶· ¢¨²μ, ¨¸¶μ²Ó§Ê¥É¸Ö ¢³¥¸É¥ ¸ É· ¤¨Í¨μ´-
´Ò³ ³¥Éμ¤μ³ ¨ ´¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¸ ´μ¢Ò³ ³¥Éμ¤μ³ ¶μ¤¡μ·  Éμ±μ¢ ¢ ±μ´Í¥´É·¨-
Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ´  · ¸¸Î¨É ´´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨.
� ¸Î¥É ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö Ë §μ¢μ£μ ¤¢¨¦¥´¨Ö ¶·μ¨§¢μ¤¨É¸Ö ¢ ¤¨ ¶ §μ´¥
· ¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö. �  ·¨¸. 1 ¨¸¶μ²Ó§μ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ μ¡μ§´ Î¥-
´¨Ö.

1. ‚¢μ¤ ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ: É¨¶ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í, · ¤¨Ê¸ ¢Ò¢μ¤ , ±¨-
´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ´  · ¤¨Ê¸¥ ¢Ò¢μ¤ , ±· É´μ¸ÉÓ Ê¸±μ·¥´¨Ö ¨ ¶¥·¨μ¤¨Î´μ¸ÉÓ
³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò.

2. � ¸Î¥É Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö Î ¸É¨ÍÒ ¢ § ¢¨¸¨³μ¸É¨ μÉ ±¨´¥É¨Î¥¸±μ°
Ô´¥·£¨¨ ´  § ¤ ´´μ³ · ¤¨Ê¸¥ ¢Ò¢μ¤ .
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�¨¸. 1. �²μ±-¸Ì¥³  ³μ¤¥²¨·μ¢ ´¨Ö ·¥-
¦¨³μ¢ · ¡μÉÒ ¨§μÌ·μ´´μ£μ Í¨±²μ-
É·μ´ 

3. � ¸Î¥É Éμ±  £² ¢´μ° ± ÉÊÏ±¨ ¤²Ö
¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ´  § ¤ ´-
´μ³ · ¤¨Ê¸¥.

4. Š·¨É¥·¨° μÍ¥´±¨ ÉμÎ´μ¸É¨ · ¸-
Î¥É  Éμ±  £² ¢´μ° ± ÉÊÏ±¨: |ΔImc| < εI .

5. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É· ¤¨Í¨μ´-
´μ£μ ³¥Éμ¤  Å μ¤´μ¢·¥³¥´´Ò° · ¸Î¥É
´ ¡μ·  Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ-
± Ì ±μ··¥±Í¨¨ ´  · ¸¸Î¨É ´´μ³ Ê·μ¢´¥
Éμ±  £² ¢´μ° ± ÉÊÏ±¨. �·¨ ¨¸¶μ²Ó§μ¢ -
´¨¨ ´μ¢μ£μ ³¥Éμ¤  Å ¶μ¸²¥¤μ¢ É¥²Ó´Ò°
· ¸Î¥É Éμ±  ¢ ± ¦¤μ° § ¤¥°¸É¢μ¢ ´´μ°
±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ±μ··¥±Í¨¨ ´ 
· ¸¸Î¨É ´´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± -
ÉÊÏ±¨.

6. Š·¨É¥·¨° μÍ¥´±¨ ³ ±¸¨³ ²Ó-
´μ£μ §´ Î¥´¨Ö Ë §μ¢μ£μ ¤¢¨¦¥´¨Ö, § ¢¨-
¸ÖÐ¥£μ μÉ μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ
¶μ²Ö: |Δϕ| < εΔϕ.

7. � ¸Î¥É ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´ 
§ ¤ ´´μ³ · ¤¨Ê¸¥ ¢Ò¢μ¤ .

8. Š·¨É¥·¨° μÍ¥´±¨ ÉμÎ´μ¸É¨ · ¸-
Î¥É  ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ´  § ¤ ´´μ³
· ¤¨Ê¸¥ ¢Ò¢μ¤ : |ΔE| < εE .

9. Šμ··¥±Í¨Ö ±¨´¥É¨Î¥¸±μ° Ô´¥·-
£¨¨ ´  § ¤ ´´μ³ · ¤¨Ê¸¥ ¢Ò¢μ¤ .

10. “¸É ´μ¢±  · ¸¸Î¨É ´´ÒÌ Éμ-
±μ¢ ¢ ± ÉÊÏ± Ì ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ 
¸ ¶μ¸²¥¤ÊÕÐ¨³ ¨§³¥·¥´¨¥³ ³ £´¨É´μ£μ
¶μ²Ö.

11. Š·¨É¥·¨° μÍ¥´±¨ ³ ±¸¨³ ²Ó-
´μ£μ §´ Î¥´¨Ö Ë §μ¢μ£μ ¤¢¨¦¥´¨Ö, § ¢¨-
¸ÖÐ¥£μ μÉ μÏ¨¡±¨ ¸·¥¤´¥£μ ³ £´¨É´μ£μ
¶μ²Ö: |Δϕ| < εΔϕ.

12. � ¸Î¥É Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ·  ¨
Ëμ·³¨·μ¢ ´¨¥ ·¥¦¨³  · ¡μÉÒ ¨§μÌ·μ´-
´μ£μ Í¨±²μÉ·μ´ .

Š ± ¶· ¢¨²μ, ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
É· ¤¨Í¨μ´´μ£μ ³¥Éμ¤  ¶μ¸²¥ Ê¸É ´μ¢±¨
¸³μ¤¥²¨·μ¢ ´´μ£μ ·¥¦¨³  · ¡μÉÒ ´ 

Í¨±²μÉ·μ´¥ ´¥μ¡Ìμ¤¨³μ ¶·μ¨§¢¥¸É¨ ±μ´É·μ²Ó´Ò¥ ¨§³¥·¥´¨Ö ¡ §μ¢μ£μ ¨ ¶μ²-
´μ£μ ³ £´¨É´ÒÌ ¶μ²¥° ¨ ¶μ¢Éμ·¨ÉÓ · ¸Î¥É ¤²Ö Ëμ·³¨·μ¢ ´¨Ö ¨§μÌ·μ´´μ£μ
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³ £´¨É´μ£μ ¶μ²Ö ¸ É·¥¡Ê¥³μ° ÉμÎ´μ¸ÉÓÕ. Š ± ¶μ± § ² ·Ö¤ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ
¶·μ¢μ¤±¥ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö ¸ Ô´¥·-
£¨¥° ¢Ò¢μ¤  μÉ 45 ¤μ 59 ŒÔ‚, ±μÉμ·Ò° ¡Ò² ·¥ ²¨§μ¢ ´ ´  ³´μ£μÍ¥²¥¢μ³
¨§μÌ·μ´´μ³ Í¨±²μÉ·μ´¥ AIC144 ¢ ˆŸ” ��� ¢ Š· ±μ¢¥, ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
´μ¢μ£μ ³¥Éμ¤  ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ£μ ·¥¦¨³  · ¡μÉÒ ´¥ ´Ê¦´μ ¶·μ¨§¢μ-
¤¨ÉÓ ±μ´É·μ²Ó´Ò¥ ¨§³¥·¥´¨Ö ³ £´¨É´ÒÌ ¶μ²¥°.

2. Œ�’…Œ�’ˆ—…‘Šˆ… Œ�„…‹ˆ

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ± ± É· ¤¨Í¨μ´´μ£μ, É ± ¨ ´μ¢μ£μ ³¥Éμ¤  ¶μ¤¡μ· 
Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ¢¸¥ · ¸Î¥ÉÒ ¢Ò¶μ²´ÖÕÉ¸Ö ¤²Ö
· ¸¸Î¨É ´´μ£μ Ê·μ¢´Ö Éμ±  £² ¢´μ° ± ÉÊÏ±¨, ±μÉμ·Ò° μ¶·¥¤¥²Ö¥É¸Ö ¨¸Ìμ¤Ö
¨§ É·¥¡Ê¥³μ° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ Î ¸É¨Í ´  § ¤ ´´μ³ · ¤¨Ê¸¥ ¢Ò¢μ¤ .

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É· ¤¨Í¨μ´´μ£μ ³¥Éμ¤  ¶μ¤¡μ·  Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥-
¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ¡¥·¥É¸Ö · §´μ¸ÉÓ ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨
¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥:

ΔBbs,i = Bis,i − Bbs,i; i = 0 ÷ n, Imc, (1)

£¤¥ Bis,i Å ÔÉμ ¨§μÌ·μ´´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ´  i-³ · ¤¨Ê¸¥; Bbs,i Å ÔÉμ
¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ μÉ Éμ±  £² ¢´μ° ± ÉÊÏ±¨ ´  i-³ · ¤¨Ê¸¥; Imc Å
Éμ± £² ¢´μ° ± ÉÊÏ±¨,   n Å ÔÉμ ³ ±¸¨³ ²Ó´Ò° ¨´¤¥±¸ ¶μ¸²¥¤´¥£μ §´ Î¥´¨Ö
· ¤¨Ê¸ .

„²Ö ±μ³¶¥´¸ Í¨¨ Ê± § ´´μ° · §´μ¸É¨ ¸ ´¥±μÉμ·μ° ´¥¢Ö§±μ° ¡¥·¥É¸Ö ¸Ê³³ 
¸·¥¤´¨Ì ³ £´¨É´ÒÌ ¶μ²¥° ¢±² ¤μ¢ μÉ ¢¸¥Ì § ¤¥°¸É¢μ¢ ´´ÒÌ ±μ´Í¥´É·¨Î¥¸±¨Ì
± ÉÊÏ¥± ±μ··¥±Í¨¨:

ΔBi =
m∑

j=0

ΔBi,j

ΔIj
· Ij ; i = 0 ÷ n, Imc, (2)

£¤¥ ΔBi,j Å ÔÉμ ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ¢±² ¤  j-° ±μ´Í¥´É·¨Î¥¸±μ° ± -
ÉÊÏ±¨ ±μ··¥±Í¨¨ ´  i-³ · ¤¨Ê¸¥; Ij Å ÔÉμ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Éμ± j-° ± ÉÊÏ±¨.
�·¨ ÔÉμ³ ¶·¥¤¶μ² £ ¥É¸Ö ²¨´¥°´ Ö § ¢¨¸¨³μ¸ÉÓ ¢±² ¤  ±μ´Í¥´É·¨Î¥¸±μ° ± -
ÉÊÏ±¨ ±μ··¥±Í¨¨ μÉ ¥¥ Éμ±  ´  · ¸¸Î¨É ´´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨.

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ÉμÎ¥Î´μ£μ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢ ¤²Ö ³¨´¨³¨-
§ Í¨¨ ¸Ê³³Ò ±¢ ¤· Éμ¢ ´¥¢Ö§μ± ¶μ ¢¸¥³ i-³ · ¤¨Ê¸ ³ ¸μ¸É ¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨°
ËÊ´±Í¨μ´ ²:

S (I0, I1, . . . , Im) =
n∑

i=0

(
ΔBi − ΔBbs,i

)2
; Imc, (3)

£¤¥ I0, I1, . . . , Im Å ÔÉμ Éμ±¨ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨.
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ˆ¸¶μ²Ó§μ¢ ´¨¥ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢ ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¥° ´¥-
μ¤´μ·μ¤´μ° ¸¨¸É¥³¥ ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨°:

m∑
j=0

[(
n∑

i=0

(
ΔBi,j

ΔIj
· ΔBi,k

ΔIk

))
· Ij

]
=

n∑
i=0

[
ΔBbs,i ·

ΔBi,k

ΔIk

]
;

k = 0 ÷ m, Imc, (4)

£¤¥ i Å ÔÉμ ¨´¤¥±¸ · ¤¨Ê¸ ; j Å ÔÉμ ¨´¤¥±¸ ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ±μ·-
·¥±Í¨¨;   k Å ÔÉμ ¨´¤¥±¸  ²£¥¡· ¨Î¥¸±μ£μ Ê· ¢´¥´¨Ö ¢ ¸¨¸É¥³¥.

�¥Ï¥´¨¥ ´¥μ¤´μ·μ¤´μ° ¸¨¸É¥³Ò ²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ³μ-
¦¥É ¡ÒÉÓ ´ °¤¥´μ ¸ ¶μ³μÐÓÕ ¶·Ö³μ£μ ³¥Éμ¤  ƒ Ê¸¸  ¨ ¶·¥¤¸É ¢²¥´μ ¢ ¢¨¤¥

Ij ; j = 0 ÷ m, Imc, (5)

£¤¥ Ij Å ÔÉμ Éμ±¨ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨ ´  · ¸¸Î¨É ´´μ³
Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨.

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ´μ¢μ£μ ³¥Éμ¤  ¶μ¤¡μ·  Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± -
ÉÊÏ± Ì ±μ··¥±Í¨¨ ¤²Ö ± ¦¤μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¨ ±μ··¥±Í¨¨ ¡¥·¥É¸Ö
· §´μ¸ÉÓ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö. �·¨
ÔÉμ³ ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ § ¢¨¸¨É μÉ ´ ¡μ·  Éμ±μ¢ ¢μ ¢¸¥Ì ± ÉÊÏ± Ì ¨§μ-
Ì·μ´´μ£μ Í¨±²μÉ·μ´ . “± § ´´ Ö · §´μ¸ÉÓ ¡¥·¥É¸Ö μ¶·¥¤¥²¥´´μ¥ Î¨¸²μ · §,
±μÉμ·μ¥ § ¤ ¥É¸Ö É·¥¡Ê¥³Ò³ Ï £μ³ ¶μ Éμ±Ê ¢ · ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥-
¸±μ° ± ÉÊÏ±¥ ±μ··¥±Í¨¨ ¨ ¤¨ ¶ §μ´μ³ ¥£μ ¤μ¶Ê¸É¨³ÒÌ §´ Î¥´¨¨°:

ΔBmn,i (Il) = Bmn,i (Il) − Bis,i; i = 0 ÷ n, l = 0 ÷ s, Imc, (6)

£¤¥ Bis,i Å ÔÉμ ¨§μÌ·μ´´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ´  i-³ · ¤¨Ê¸¥; Bmn,i (Il) Å ÔÉμ
¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ´  i-³ · ¤¨Ê¸¥, § ¢¨¸ÖÐ¥¥ μÉ l-£μ §´ Î¥´¨Ö Éμ±  ¢
· ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ±μ··¥±Í¨¨, Imc Å ÔÉμ Éμ± £² ¢-
´μ° ± ÉÊÏ±¨,   s Å ÔÉμ ³ ±¸¨³ ²Ó´Ò° ¨´¤¥±¸ ´ ¨¡μ²ÓÏ¥£μ §´ Î¥´¨Ö Éμ±  ¢
· ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ±μ··¥±Í¨¨.

„ ²¥¥ ¸μ¸É ¢²Ö¥É¸Ö ¤¨¸±·¥É´ Ö ËÊ´±Í¨Ö Ê¸·¥¤´¥´´μ£μ ¶μ · ¤¨Ê¸Ê ±¢ -
¤· É  μÉ±²μ´¥´¨Ö ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö
¢ § ¢¨¸¨³μ¸É¨ μÉ §´ Î¥´¨Ö Éμ±  ¢ · ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥
±μ··¥±Í¨¨ ´  · ¸¸Î¨É ´´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨:

Fl (Il) =

n∑
i=0

(
ΔBmn,i (Il)

)
2

n + 1
; l = 0 ÷ s, Imc, (7)

£¤¥ i Å ÔÉμ ¨´¤¥±¸ §´ Î¥´¨Ö · ¤¨Ê¸ ,   l Å ÔÉμ ¨´¤¥±¸ §´ Î¥´¨Ö Éμ±  ¢
· ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ±μ··¥±Í¨¨.
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‘ ¶μ³μÐÓÕ ³¥Éμ¤  ±Ê¡¨Î¥¸±¨Ì ¸¶² °´μ¢ ¶·μ¨§¢μ¤¨É¸Ö ´¥μ¡Ìμ¤¨³ Ö ¨´-
É¥·¶μ²ÖÍ¨Ö §´ Î¥´¨° ¶μ²ÊÎ¥´´μ° ¤¨¸±·¥É´μ° ËÊ´±Í¨¨. �μ¸²¥ Î¥£μ ¸ ¶μ³μ-
ÐÓÕ ³¥Éμ¤  �ÓÕÉμ´  ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ ´ Ìμ¤¨É¸Ö μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥
Éμ±  ¢ · ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ±μ··¥±Í¨¨ ´  · ¸¸Î¨É ´-
´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨:

Iopt; Imc. (8)

� ¸Î¥É ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¶·μ¨§¢μ¤¨É¸Ö ¸μ£² ¸´μ ¶·μÍ¥¤Ê·¥,
¶·¥¤¸É ¢²¥´´μ° ¢ [1]. �μ¸²¥¤μ¢ É¥²Ó´Ò° · ¸Î¥É μ¶É¨³ ²Ó´ÒÌ Éμ±μ¢ ¢ ± -
¦¤μ° · ¸¸³ É·¨¢ ¥³μ° ±μ´Í¥´É·¨Î¥¸±μ° ± ÉÊÏ±¥ ±μ··¥±Í¨¨ ¤μ²¦¥´ ¶·μ¨§-
¢μ¤¨ÉÓ¸Ö ¢ ´ ¶· ¢²¥´¨¨ μÉ ±· Ö ± Í¥´É·Ê ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´´μ£μ Í¨±²μ-
É·μ´ .

3. �…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚

16 ¤¥± ¡·Ö 2004 £. ¨ 20 ¨Õ´Ö 2005 £. ´  ³´μ£μÍ¥²¥¢μ³ ¨§μÌ·μ´´μ³ Í¨-
±²μÉ·μ´¥ AIC144 ¢ ˆŸ” ��� ¢ Š· ±μ¢¥ ¡Ò²¨ μ¸ÊÐ¥¸É¢²¥´Ò Ô±¸¶¥·¨³¥´ÉÒ
¶μ ¶·μ¢μ¤±¥ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö ´ 
¸·¥¤´¨¥ ¨ ¢Ò¸μ±¨¥ Ô´¥·£¨¨ ¢Ò¢μ¤  ¸μμÉ¢¥É¸É¢¥´´μ (¸³. É ¡²¨ÍÊ). „ ²¥¥ ¶·¥¤-
¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¸¤¥² ´´ÒÌ · ¸Î¥Éμ¢.

Š ¦¤μ³Ê · ¸¸Î¨É ´´μ³Ê ·¥¦¨³Ê · ¡μÉÒ ¸μμÉ¢¥É¸É¢Ê¥É ¸¢μÖ ¨´É¥·¶μ²¨-
·μ¢ ´´ Ö ± ·É  ³ £´¨É´μ£μ ¶μ²Ö. „²Ö ¶·¨³¥·  ¤ ²¥¥ ¶μ± § ´  ´ ²¨§ ¨´É¥·-
¶μ²¨·μ¢ ´´μ° ± ·ÉÒ ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö ·¥¦¨³  · ¡μÉÒ μÉ 20.06.05 £.

�  ·¨¸. 2 ¨ 3 ¶·¥¤¸É ¢²¥´Ò ¸μμÉ¢¥É¸É¢¥´´μ ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ¨
μÏ¨¡±  ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö Ê± § ´´μ£μ ·¥¦¨³  · ¡μÉÒ [2], £¤¥ 1 Å
ÔÉμ ±·¨¢ Ö ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, · ¸¸Î¨É ´´μ£μ ¡¥§ ÊÎ¥É  Ë² ÉÉ¥· ;

�¨¸. 2. ‘·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ �¨¸. 3. �Ï¨¡±  ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö
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’¥³  �¥¦¨³ �¥¦¨³ �¥¦¨³
15.12.05 16.12.04/I 16.12.04/II 20.06.05
’¨¶ Î ¸É¨Í �·μÉμ´Ò �·μÉμ´Ò �·μÉμ´Ò
� ¤¨Ê¸ ¢Ò¢μ¤ , ¸³ 61,5 62 62
	´¥·£¨Ö ¢Ò¢μ¤ , ŒÔ‚ 45,459 46,239 59,018
— ¸ÉμÉ  ‚—-£¥´¥· Éμ· , ŒƒÍ 23,31 23,31 26,15
� ¶·Ö¦¥´¨¥ ´  ¤Ê ´É Ì, ±‚ 50 50 65
’μ± £² ¢´μ° ± ÉÊÏ±¨ (· ¸Î¥É´Ò°), A 276,640 277,940 573,04
’μ± £² ¢´μ° ± ÉÊÏ±¨, A 276,250 277,840 573,88
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N01, A +141,2 +211,0 +2,8
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N02, A Ä51,9 Ä78,3 0,0
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N03, A +34,7 +40,2 +95,0
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N04, A Ä54,3 Ä57,4 Ä5,6
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N05, A +166,2 +171,1 +93,6
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N06, A Ä46,0 Ä51,2 +82,0
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N07, A +157,0 +161,2 +75,5
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N08, A +38,2 +36,2 Ä3,5
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N09, A +35,7 +37,2 Ä98,9
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N10, A Ä21,4 Ä23,3 Ä149,2
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N11, A Ä8,1 Ä7,5 Ä213,9
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N12, A +21,0 +18,8 Ä232,6
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N13, A +39,6 +36,4 Ä138,9
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N14, A +162,6 +166,8 Ä101,0
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N15, A Ä52,7 Ä59,0 Ä338,7
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N16, A +61,8 +59,0 Ä389,8
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N17, A +47,4 +38,1 Ä54,1
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N18, A +10,8 +27,7 Ä192,9
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N19, A +97,8 +55,4 Ä165,0
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N20, A +184,7 +170,2 Ä55,0
’μ± ± ÉÊÏ±¨ ±μ··¥±Í¨¨ N21, A 0,0 0,0 0,0

2 Å ÔÉμ ±·¨¢ Ö ¨§μÌ·μ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö, · ¸¸Î¨É ´´μ£μ ¸ ÊÎ¥Éμ³ Ë² É-
É¥· ; 3 Å ÔÉμ ±·¨¢ Ö ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ 4 Å ÔÉμ ±·¨¢ Ö ¸·¥¤´¥£μ
³ £´¨É´μ£μ ¶μ²Ö μÉ Éμ±  ¢ £² ¢´μ° ± ÉÊÏ±¥.

�  ·¨¸. 4 ¨ 5 ¶·¥¤¸É ¢²¥´Ò ËÊ´±Í¨Ö Ë² ÉÉ¥·  ¨ Î ¸ÉμÉÒ ¸¢μ¡μ¤´ÒÌ ±μ-
²¥¡ ´¨° Ê± § ´´μ£μ ·¥¦¨³  · ¡μÉÒ ¸μμÉ¢¥É¸É¢¥´´μ [3, 6].

�  ·¨¸. 6 ¨ 7 ¶·¥¤¸É ¢²¥´Ò ³¥¸Éμ· ¸¶μ²μ¦¥´¨¥ ·¥§μ´ ´¸  “μ²±¨´ÏμÊ ¨
· ¸Î¥É´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Ê± § ´´μ£μ ·¥¦¨³  · ¡μÉÒ ¸μμÉ¢¥É¸É¢¥´´μ [4].

�  ·¨¸. 8 ¨ 9 ¶·¥¤¸É ¢²¥´Ò · ¸Î¥É´μ¥ Ë §μ¢μ¥ ¤¢¨¦¥´¨¥ ¨ Ô±¸¶¥·¨³¥´-
É ²Ó´μ¥ §´ Î¥´¨¥ Éμ±  ¶μ²ÊÎ¥´´μ£μ ¶ÊÎ±  ¶·μÉμ´μ¢ Ê± § ´´μ£μ ·¥¦¨³  · -
¡μÉÒ ¸μμÉ¢¥É¸É¢¥´´μ.

6



�¨¸. 4. ”Ê´±Í¨Ö Ë² ÉÉ¥·  �¨¸. 5. — ¸ÉμÉÒ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨°

�¨¸. 6. Œ¥¸Éμ· ¸¶μ²μ¦¥´¨¥ ·¥§μ´ ´¸ 
“μ²±¨´ÏμÊ

�¨¸. 7. � ¸Î¥É´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·-
£¨Ö

�¨¸. 8. ” §μ¢μ¥ ¤¢¨¦¥´¨¥ �¨¸. 9. ’μ± ¶ÊÎ±  ¶·μÉμ´μ¢
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�·¨ · ¸Î¥É Ì ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·μ£· ³³  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ,
μ¸´μ¢ ´´ Ö ´  ´μ¢μ³ ³¥Éμ¤¥ ¶μ¤¡μ·  Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì
±μ··¥±Í¨¨ ´  · ¸¸Î¨É ´´μ³ Ê·μ¢´¥ Éμ±  £² ¢´μ° ± ÉÊÏ±¨ [7].

‡�Š‹	—…�ˆ…

Š ± ¶μ± § ² ·Ö¤ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶·μ¢μ¤±¥ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ ¢ ¤¨ ¶ -
§μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° Î ¸É¨Í ´  · ¤¨Ê¸¥
¢Ò¢μ¤  μÉ 45 ¤μ 59 ŒÔ‚, ±μÉμ·Ò° ¡Ò² ·¥ ²¨§μ¢ ´ ´  ³´μ£μÍ¥²¥¢μ³ ¨§μÌ·μ´-
´μ³ Í¨±²μÉ·μ´¥ AIC144 ¢ ˆŸ” ��� ¢ Š· ±μ¢¥, ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ´μ¢μ£μ
³¥Éμ¤  ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³μ¢ · ¡μÉÒ ¤²Ö ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ£μ ·¥§Ê²ÓÉ É 
´¥ ´Ê¦´μ ¶·μ¨§¢μ¤¨ÉÓ ±μ´É·μ²Ó´ÒÌ ¨§³¥·¥´¨° ³ £´¨É´ÒÌ ¶μ²¥°. �·¨ ¨¸-
¶μ²Ó§μ¢ ´¨¨ ´μ¢μ£μ ³¥Éμ¤ , ¶μ ¸· ¢´¥´¨Õ ¸ É· ¤¨Í¨μ´´Ò³, ¢·¥³Ö ¶·μ¢μ¤±¨
¶ÊÎ±  ¨μ´μ¢ ¤μ ±μ´¥Î´μ£μ · ¤¨Ê¸  Ê¸±μ·¥´¨Ö ¶μ¸²¥ Ê¸É ´μ¢±¨ ¸³μ¤¥²¨·μ¢ ´-
´μ£μ ·¥¦¨³  · ¡μÉÒ ´  ¨§μÌ·μ´´μ³ Í¨±²μÉ·μ´¥ §´ Î¨É¥²Ó´μ ¸μ±· Ð ¥É¸Ö ¨
¸μ¸É ¢²Ö¥É ¶μ·Ö¤±  10 ³¨´, É ± ± ± ¶ÊÎμ± ¨μ´μ¢ Ê¸±μ·Ö¥É¸Ö ¡¥§ Ô³¶¨·¨Î¥-
¸±μ° ¶μ¤¸É·μ°±¨ Éμ±μ¢ ¢ ±μ´Í¥´É·¨Î¥¸±¨Ì ± ÉÊÏ± Ì ±μ··¥±Í¨¨,   É ±¦¥ ¡¥§
Ô³¶¨·¨Î¥¸±μ° ¶μ¤¸É·μ°±¨ Î ¸ÉμÉÒ ‚—-£¥´¥· Éμ· . �·¨ ÔÉμ³ §´ Î¥´¨¥ Éμ±  ¢
£² ¢´μ° ± ÉÊÏ±¥ ¶· ±É¨Î¥¸±¨ ´¥ μÉ²¨Î ¥É¸Ö μÉ · ¸Î¥É´μ£μ,   ¥£μ ´¥§´ Î¨É¥²Ó-
´ Ö ·¥£Ê²¨·μ¢±  ¸¢Ö§ ´  ²¨ÏÓ ¸ É¥³¶¥· ÉÊ·´Ò³ ¨§³¥´¥´¨¥³ ³ £´¨É´μ° ¶·μ-
´¨Í ¥³μ¸É¨ ¦¥²¥§  £² ¢´μ£μ ³ £´¨É . Š·μ³¥ Éμ£μ, ¶μÉ¥·¨ Éμ±  ¶ÊÎ±  ¨μ´μ¢
¢ ¤¨ ¶ §μ´¥ · ¡μÎ¨Ì · ¤¨Ê¸μ¢ Ê¸±μ·¥´¨Ö §´ Î¨É¥²Ó´μ ¸μ±· Ð ÕÉ¸Ö §  ¸Î¥É
¡μ²¥¥ ± Î¥¸É¢¥´´μ£μ ¶·¨¡²¨¦¥´¨Ö ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö ± ¨§μÌ·μ´´μ³Ê.
‚¸¥ ¢ÒÏ¥¸± § ´´μ¥ £μ¢μ·¨É μ ¢Ò¸μ±μ° ÉμÎ´μ¸É¨ · ¸Î¥Éμ¢, ¶·μ¨§¢μ¤¨³ÒÌ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ´μ¢μ£μ ³¥Éμ¤ , ÎÉμ ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ° Ô±μ´μ³¨¨ · -
¡μÎ¥£μ ¢·¥³¥´¨. 	Éμ μ¸μ¡¥´´μ ¢ ¦´μ ¶·¨ · ¡μÉ¥ ´  ³´μ£μÍ¥²¥¢μ° ³ Ï¨´¥,
±μ£¤  É·¥¡Ê¥É¸Ö ¶¥·¥°É¨ ´  ´μ¢Ò°, ¥Ð¥ ´¥ · ¸¸Î¨É ´´Ò° ·¥¦¨³ · ¡μÉÒ ¢
É¥Î¥´¨¥ 2Ä4 Î μÉ ³μ³¥´É  ¶μ¸É ´μ¢±¨ § ¤ Î¨ ¤μ ³μ³¥´É  ¶μ²ÊÎ¥´¨Ö ¶ÊÎ± 
¨μ´μ¢ ´  ±μ´¥Î´μ³ · ¤¨Ê¸¥ Ê¸±μ·¥´¨Ö.

Š ¶·¥¨³ÊÐ¥¸É¢ ³ ´μ¢μ£μ ³¥Éμ¤ , ¶μ ¸· ¢´¥´¨Õ ¸ É· ¤¨Í¨μ´´Ò³, ³μ¦´μ
μÉ´¥¸É¨ ¡μ²¥¥ ¶·μ¸Éμ¥ ³ É¥³ É¨Î¥¸±μ¥ μ¡μ¸´μ¢ ´¨¥, ÎÉμ, ± ± ¨§¢¥¸É´μ, ¸μμÉ-
¢¥É¸É¢Ê¥É μ¸´μ¢´μ° § ¤ Î¥ ³ É¥³ É¨±¨ ¶μ Ê¶·μÐ¥´¨Õ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ·¥Ï¥-
´¨Ö · ¸¸³ É·¨¢ ¥³μ° § ¤ Î¨. ‚ Éμ ¦¥ ¢·¥³Ö É¥Ì´μ²μ£¨Ö ¶· ±É¨Î¥¸±μ° ·¥ ²¨-
§ Í¨¨ ´μ¢μ£μ ³¥Éμ¤ , ¶μ ¸· ¢´¥´¨Õ ¸ É¥Ì´μ²μ£¨¥° ¶· ±É¨Î¥¸±μ° ·¥ ²¨§ Í¨¨
É· ¤¨Í¨μ´´μ£μ ³¥Éμ¤ , Ö¢²Ö¥É¸Ö §´ Î¨É¥²Ó´μ ¡μ²¥¥ ¸²μ¦´μ°.

‹ˆ’…��’“��

1. Gordon M. M. Calculation of Isochronous Fields for Sector-Focused Cyclotrons // Part.
Accelerators. 1983. V. 13. P. 67Ä84.

8



2. Š¨Ö´ ˆ.�., ‚μ·μ¦Íμ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¶·μ£· ³³Ò · ¸Î¥É  ¸·¥¤´¥£μ
³ £´¨É´μ£μ ¶μ²Ö ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´  ¸ ÊÎ¥Éμ³ Ë² ÉÉ¥· . ‘μμ¡Ð¥´¨¥ �ˆŸˆ
�9-2002-170. „Ê¡´ , 2002.

3. Š¨Ö´ ˆ.�., ‚μ·μ¦Íμ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¶·μ£· ³³Ò · ¸Î¥É  Î ¸ÉμÉ
¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°. ‘μμ¡Ð¥´¨¥ �ˆŸˆ �9-2002-171. „Ê¡´ , 2002.

4. Š¨Ö´ ˆ.�., ‚μ·μ¦Íμ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¶·μ£· ³³Ò · ¸Î¥É  § ³±´Ê-
ÉÒÌ · ¢´μ¢¥¸´ÒÌ μ·¡¨É ¨§μÌ·μ´´μ£μ Í¨±²μÉ·μ´ . ‘μμ¡Ð¥´¨¥ �ˆŸˆ P9-2003-109.
„Ê¡´ , 2003.

5. Š¨Ö´ ˆ.�., ‚μ·μ¦Íμ¢ ‘. �., ’ · Ï±¥¢¨Î �. �¶¨¸ ´¨¥ ¡ §Ò ¤ ´´ÒÌ ¨§μÌ·μ´´μ£μ
Í¨±²μÉ·μ´ . ‘μμ¡Ð¥´¨¥ �ˆŸˆ P9-2004-123. „Ê¡´ , 2004.

6. Š¨Ö´ ˆ.�., ’ · Ï±¥¢¨Î �. �´ ²¨§ μ¡² ¸É¨ ¶·¨³¥´¥´¨Ö  ´ ²¨É¨Î¥¸±¨Ì Ëμ·³Ê²
¤²Ö · ¸Î¥É  Î ¸ÉμÉ ¸¢μ¡μ¤´ÒÌ ±μ²¥¡ ´¨° ¢ ¨§μÌ·μ´´ÒÌ Í¨±²μÉ·μ´ Ì. ‘μμ¡Ð¥´¨¥
�ˆŸˆ P9-2005-114. „Ê¡´ , 2005.

7. Š¨Ö´ ˆ.�. �μ¢Ò° ³¥Éμ¤ ³μ¤¥²¨·μ¢ ´¨Ö ·¥¦¨³  · ¡μÉÒ ³´μ£μÍ¥²¥¢μ£μ ¨§μÌ·μ´-
´μ£μ Í¨±²μÉ·μ´  // 6-° Œ¥¦¤Ê´ ·. ¸¥³¨´ · ¶ ³ÖÉ¨ ‚. �. ‘ · ´Í¥¢ . ‘¡.  ´´μÉ.
„9-2005-123. „Ê¡´ , 2005.

�μ²ÊÎ¥´μ 29 ³ ·É  2006 £.



P¥¤ ±Éμ· …. ‚. ‘ ¡ ¥¢ 

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 14.06.2006.
”μ·³ É 60× 90/16. �Ê³ £  μË¸¥É´ Ö. �¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 0,56. “Î.-¨§¤. ². 0,69. ’¨· ¦ 270 Ô±§. ‡ ± § º 55369.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.

E-mail: publish@pds.jinr.ru
www.jinr.ru/publish/


