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Œ¥Éμ¤μ³ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¨¸¸²¥¤μ¢ ´μ ¢²¨Ö´¨¥ ¶·μ¸É· ´¸É¢¥´´μ° ¨ Ì·μ³ É¨Î¥¸±μ°
 ¡¥·· Í¨° ´  ¶ · ³¥É·Ò ¶ÊÎ± , ¢Ò¢μ¤¨³μ£μ ¨§ ·¥Í¨·±Ê²ÖÉμ·  SALO ¸ Ô´¥·£¨¥° 730 ŒÔ‚. ˆ¸¸²¥¤μ-
¢ ´μ ¢²¨Ö´¨¥ ±· ¥¢ÒÌ ¶μ²¥° ¨ ´¥μ¤´μ·μ¤´μ¸É¨ ¢¥¤ÊÐ¥£μ ¶μ²Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ´  ¶ · ³¥É·Ò
¶ÊÎ±  ¢ ÉμÎ±¥ ¢Ò¢μ¤  ¤²Ö · §²¨Î´ÒÌ ¶μ·Ö¤±μ¢ ¨ É¨¶μ¢  ¡¥·· Í¨°. �·¨¢¥¤¥´Ò μÍ¥´±¨ ¢±² ¤μ¢
· §²¨Î´ÒÌ É¨¶μ¢  ¡¥·· Í¨° ¢ Ô³¨ÉÉ ´¸ ¢Ò¢μ¤¨³μ£μ ¶ÊÎ± .

By the method of numerical simulation the in	uence of geometric and chromatic aberrations on
parameters of the beam extracted from recirculator SALO with energy 730 MeV was investigated.
The in	uence of fringing ˇelds and heterogeneities of magnetic ˇeld in bending magnets on the beam
parameters in extraction point for various orders and types of aberrations was explored. The contributions
of various types of aberrations in emittance of extracted beam were estimated.

PACS: 29.27.-a
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�¡¥·· Í¨¨ ³ £´¨Éμμ¶É¨Î¥¸±¨Ì ¸¨¸É¥³ μ¡Ê¸²μ¢²¨¢ ÕÉ¸Ö ± ± ´¥¨¤¥ ²Ó´μ¸ÉÓÕ ³ £´¨É-
´ÒÌ Ô²¥³¥´Éμ¢ (· ¸¸¥Ö´´Ò¥ ³ £´¨É´Ò¥ ¶μ²Ö ¤¨¶μ²Ó´ÒÌ ¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ³ £´¨Éμ¢, ´¥-
μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¨ É. ¶.), É ± ¨ ´¥³μ´μÌ·μ³ É¨Î´μ¸ÉÓÕ ¸ ³μ£μ ¶ÊÎ± . �¥·-
¢Ò° É¨¶  ¡¥·· Í¨° μ¡ÒÎ´μ ´ §Ò¢ ÕÉ ³μ´μÌ·μ³ É¨Î¥¸±¨³¨ ¨²¨ £¥μ³¥É·¨Î¥¸±¨³¨, ¢Éμ·μ°
É¨¶ Å Ì·μ³ É¨Î¥¸±¨³¨.

�¸μ¡¥´´μ¸ÉÓÕ ³ £´¨Éμμ¶É¨Î¥¸±μ° ¸¨¸É¥³Ò (Œ�‘) ·¥Í¨·±Ê²ÖÉμ·  SALO [1] Ö¢²Ö¥É¸Ö
´ ²¨Î¨¥ ¡μ²ÓÏμ£μ Î¨¸²  ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢, ÎÉμ ¤¥² ¥É ¥¥ ´¥μ¸¥¸¨³³¥É·¨Î´μ°. �μÔÉμ³Ê
¢ μÉ²¨Î¨¥ μÉ μ¸¥¸¨³³¥É·¨Î´μ° É ± Ö ¸¨¸É¥³  ³μ¦¥É ¨³¥ÉÓ  ¡¥·· Í¨¨ ¢Éμ·μ£μ ¶μ·Ö¤± ,
±μÉμ·Ò¥ ¸ÊÐ¥¸É¢¥´´μ ¢²¨ÖÕÉ ´  ¶ · ³¥É·Ò ¢Ò¢μ¤¨³μ£μ ¶ÊÎ± .

�μ¸±μ²Ó±Ê ´  ¶·μ¥±É¨·Ê¥³μ³ ·¥Í¨·±Ê²ÖÉμ·¥ ¶·¥¤¶μ² £ ¥É¸Ö ¨³¥ÉÓ ´¥¸±μ²Ó±μ ± ´ -
²μ¢ ¢Ò¢μ¤  ¶ÊÎ±  ¨ ± ± Î¥¸É¢Ê ¶ÊÎ±  ´  Ë¨§¨Î¥¸±¨Ì ³¨Ï¥´ÖÌ ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ¤μ¢μ²Ó´μ
¦¥¸É±¨¥ É·¥¡μ¢ ´¨Ö [2, 3], Éμ μÎ¥¢¨¤´  ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¨¸¸²¥¤μ¢ ´¨Ö ¢²¨Ö´¨Ö  ¡¥·· Í¨°
Œ�‘ ´  ¶ · ³¥É·Ò ¢Ò¢μ¤¨³μ£μ ¶ÊÎ± .

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³¥Éμ¤μ³ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò
TRANSPORT [4] ¨¸¸²¥¤μ¢ ²μ¸Ó ¢²¨Ö´¨¥  ¡¥·· Í¨° ¢Éμ·μ£μ ¨ É·¥ÉÓ¥£μ ¶μ·Ö¤±μ¢, μ¡Ê-
¸²μ¢²¥´´ÒÌ ´¥¨¤¥ ²Ó´μ¸ÉÓÕ Œ�‘, ´  Ì · ±É¥·¨¸É¨±¨ ¶ÊÎ± , ¢Ò¢μ¤¨³μ£μ ¨§ Ê¸É ´μ¢±¨ ¸
³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥°.
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�  ·¨¸. 1 ¶μ± § ´Ò ¶² ´¨·Ê¥³Ò¥ ± ´ ²Ò ¢Ò¢μ¤  ¶ÊÎ±  ¨§ ·¥Í¨·±Ê²ÖÉμ· . ‚ · ¡μÉ¥
¨¸¸²¥¤μ¢ ²¨¸Ó ¶ · ³¥É·Ò ¶ÊÎ±  ¢ ÉμÎ±¥ F ¢Ò¢μ¤  ¢ ± ´ ²Ò A, B, C.

’¨¶Ò ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢, ¶·μ¥±É¨·Ê¥³ÒÌ ¤²Ö ·¥Í¨·±Ê²ÖÉμ·  SALO, ¶μ± § ´Ò
´  ·¨¸. 2,   ¨Ì μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥.

�¨¸. 1. �¡Ð¨° ¢¨¤ ±μ³¶²¥±¸ . A, B, C, D, E Å ± ´ ²Ò ¢Ò¢μ¤  ¶ÊÎ±  ´  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥

¸É ´Í¨¨ ¤²Ö · ¡μÉ ¸ Ô²¥±É·μ´ ³¨

�¨¸. 2. �¡Ð¨° ¢¨¤ ³ £´¨Éμ¢ ¨´¦¥±Í¨μ´´μ£μ É· ±É , ¶¥·¢μ£μ ±μ²ÓÍ , ¢Éμ·μ£μ ±μ²ÓÍ 

� · ³¥É·Ò
’¨¶ ³ £´¨É 

ˆ´¦¥±Í¨μ´´Ò° �¥·¢Ò° μ¡μ·μÉ ‚Éμ·μ° μ¡μ·μÉ
‘-μ¡· §´Ò° ‘-μ¡· §´Ò° ¡·μ´¥¢μ°

‚Ò¸μÉ  § §μ· , ³³ 25 25 25

˜¨·¨´  ¶μ²Õ¸ , ³³ 110 110 110

�ËË¥±É¨¢´ Ö ¤²¨´  112,4
¶μ²Õ¸ , ³³ 1224,8 516 610

� ¶·Ö¦¥´´μ¸ÉÓ 0,3(112,4)
³ £´¨É´μ£μ ¶μ²Ö, ’² 0,34(224,8) 0,34Ä1,04 1,3

−(3,7−4,7) · 10−3l = 112,4
EPS, ε(1) −(1,8−2,3) · 10−3l = 224,8 −(8−10) · 10−4 −1,7 · 10−3

k0 FINT0 0 0 0

k1 FINT 0,45 0,45 0,45

k2 FINT2 2,8 2,8 2,8
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�  μ¸´μ¢ ´¨¨ £¥μ³¥É·¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ¡Ò²¨ μ¶·¥¤¥²¥´Ò
³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ´¥²¨´¥°´μ¸É¥°, μ¡Ê¸²μ¢²¥´´ÒÌ ±· ¥¢Ò³¨ ¶μ²Ö³¨. ‚ ± Î¥¸É¢¥
³μ¤¥²¨ · ¸¶·¥¤¥²¥´¨Ö ±· ¥¢μ£μ ¶μ²Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ¨¸¶μ²Ó§μ¢ ²μ¸Ó É ± ´ §Ò¢ ¥³μ¥
´¥μ¡μ¸É·¥´´μ¥ (unclamped) · ¸¶·¥¤¥²¥´¨¥ �μ£μ¢¸±μ£μ [4].

ŒÊ²ÓÉ¨¶μ²Ó´Ò¥ ¸μ¸É ¢²ÖÕÐ¨¥ ¢¥¤ÊÐ¥£μ ¶μ²Ö ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ É¨¶  EUTERPE
μ¶·¥¤¥²Ö²¨¸Ó ¨§ ¤ ´´ÒÌ ¨§³¥·¥´¨°, ¶·¥¤¸É ¢²¥´´ÒÌ ¢ [5], ¨ ¸ ÊÎ¥Éμ³ £¥μ³¥É·¨¨ ¶¥·¥-
¸Î¨ÉÒ¢ ²¨¸Ó ¤²Ö ³ £´¨Éμ¢ ¤·Ê£¨Ì É¨¶μ¢.

1.1. ƒ¥μ³¥É·¨Î¥¸±¨¥ (³μ´μÌ·μ³ É¨Î¥¸±¨¥)  ¡¥·· Í¨¨. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ·¥-
§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¤¥°¸É¢¨Ö ³μ´μÌ·μ³ É¨Î¥¸±μ°  ¡¥·· Í¨¨ ¢Éμ·μ£μ ¨ É·¥ÉÓ¥£μ ¶μ-

�¨¸. 3. �μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶ÊÎ±  ¸ E =

730 ŒÔ‚, ΔE = 0 ¢ ÉμÎ±¥ ¢Ò¢μ¤  F . ®‘Ë¥-

·¨Î¥¸± Ö¯  ¡¥·· Í¨Ö. 1 Å ¸¥Î¥´¨¥, · ¸¸Î¨-

É ´´μ¥ ¢ 1-³ ¶μ·Ö¤±¥ ¡¥§ ÊÎ¥É  ±· ¥¢ÒÌ ¶μ²¥°;
2 Å ¸¥Î¥´¨¥, · ¸¸Î¨É ´´μ¥ ¢ 1-³ ¶μ·Ö¤±¥ ¸

ÊÎ¥Éμ³ ±· ¥¢ÒÌ ¶μ²¥° ¨ ´¥μ¤´μ·μ¤´μ¸É¨ ¶μ²Ö
¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢; 3 Å Éμ ¦¥, · ¸¸Î¨É ´´μ¥

¢μ ¢Éμ·μ³ ¶μ·Ö¤±¥; 4 Å Éμ ¦¥, · ¸¸Î¨É ´´μ¥ ¢

É·¥ÉÓ¥³ ¶μ·Ö¤±¥

�¨¸. 4. �μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶ÊÎ±  ¸ E =

730 ŒÔ‚, ΔE = 0 ¢ ÉμÎ±¥ ¢Ò¢μ¤  F . 1, 2 Å
¸¥Î¥´¨Ö, · ¸cÎ¨É ´´Ò¥ ¢ 3-³ ¶μ·Ö¤±¥ ¶·¨ ´ -

Î ²Ó´μ³ ¸³¥Ð¥´¨¨ ¶ÊÎ±  ¶μ ¢¥·É¨± ²¨ (Y ) 0,2

¨ Ä0,2 ¸³ ¸μμÉ¢¥É¸É¢¥´´μ; 3, 4 Å ¸¥Î¥´¨Ö, · ¸-
¸Î¨É ´´Ò¥ ¢ 3-³ ¶μ·Ö¤±¥ ¶·¨ ´ Î ²Ó´μ³ ¸³¥-

Ð¥´¨¨ ¶μ £μ·¨§μ´É ²¨ (X) 0,2 ¨ Ä0,2 ¸³ ¸μμÉ-

¢¥É¸É¢¥´´μ; 5 Å ¸¥Î¥´¨¥ ¶ÊÎ±  ¡¥§ ÊÎ¥É  ±· ¥-
¢ÒÌ ¶μ²¥° ¨ ´¥μ¤´μ·μ¤´μ¸É¨ ¢¥¤ÊÐ¥£μ H-¶μ²Ö

�¨¸. 5. �μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶ÊÎ±  ¸ E =

730 ŒÔ‚, ΔE = 0 ¢ ÉμÎ±¥ ¢Ò¢μ¤  F . 1, 2 Å
¸¥Î¥´¨Ö, · ¸¸Î¨É ´´Ò¥ ¢ 3-³ ¶μ·Ö¤±¥ ¶·¨ ´ -

Î ²Ó´μ³ Ê£²¥ X ′ = 0,03 ¨ X ′ = −0,03 ³· ¤

¸μμÉ¢¥É¸É¢¥´´μ; 3, 4 Å ¸¥Î¥´¨Ö, · ¸¸Î¨É ´´Ò¥
¢ 3-³ ¶μ·Ö¤±¥ ¶·¨ ´ Î ²Ó´μ³ Ê£²¥ Y ′ = 0,03

¨ Y ′ = −0,03 ³· ¤ ¸μμÉ¢¥É¸É¢¥´´μ; 5 Å ¸¥-

Î¥´¨¥ ¶ÊÎ±  ¶·¨ X ′, Y ′ = 0, · ¸¸Î¨É ´´μ¥ ¢
3-³ ¶μ·Ö¤±¥; 6 Å ¸¥Î¥´¨¥ ¶ÊÎ± , · ¸¸Î¨É ´-

´μ¥ ¢ 1-³ ¶μ·Ö¤±¥ ¸ ÊÎ¥Éμ³ ±· ¥¢ÒÌ ¶μ²¥° ¨
´¥μ¤´μ·μ¤´μ¸É¨ ¢¥¤ÊÐ¥£μ H-¶μ²Ö
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·Ö¤±μ¢, ±μÉμ·ÊÕ ¶μ  ´ ²μ£¨¨ ¸ μ¶É¨Î¥¸±¨³¨ ¸¨¸É¥³ ³¨ ³μ¦´μ Ê¸²μ¢´μ ´ §¢ ÉÓ ¸Ë¥-
·¨Î¥¸±μ°, ´  ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ¶ÊÎ±  ¢ ÉμÎ±¥ F (¸³. ·¨¸. 1) ¤²Ö ¨¤¥ ²Ó´μ° Œ�‘
·¥Í¨·±Ê²ÖÉμ·  ¨ Œ�‘, ¶·¨¡²¨¦¥´´μ° ± ·¥ ²Ó´μ°.

�  ·¨¸. 4 ¨ 5 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¤¥°¸É¢¨Ö  ¡¥·· Í¨° É¨¶   ¸É¨£-
³ É¨§³  (·¨¸. 4) ¨ ±μ³Ò (·¨¸. 5) ¸μμÉ¢¥É¸É¢¥´´μ.

�μ¸±μ²Ó±Ê ¢ Ê± § ´´ÒÌ ¸²ÊÎ ÖÌ ¶μ²μ¦¥´¨¥ ¶ÊÎ±  Ö¢²Ö¥É¸Ö ¢´¥μ¸¥¢Ò³, Éμ ¶·¨ ³μ-
¤¥²¨·μ¢ ´¨¨ ¶·¨³¥´Ö¥É¸Ö ¤¢μ°´μ¥ · §²μ¦¥´¨¥: μÉ´μ¸¨É¥²Ó´μ · ¢´μ¢¥¸´μ° É· ¥±Éμ·¨¨
(n1) ¨ μÉ´μ¸¨É¥²Ó´μ Í¥´É·μ¨¤  (n2) [4]. �μ·Ö¤μ± · §²μ¦¥´¨Ö μÉ´μ¸¨É¥²Ó´μ Í¥´É·μ¨¤ 
¶ÊÎ±  ¤μ²¦¥´ ¡ÒÉÓ ´¥ ¢ÒÏ¥ ¶μ·Ö¤±  · §²μ¦¥´¨Ö μÉ´μ¸¨É¥²Ó´μ · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ. �·¨
³μ¤¥²¨·μ¢ ´¨¨ ÔÉ¨ ¢¥²¨Î¨´Ò · ¢´Ö²¨¸Ó, ¸μμÉ¢¥É¸É¢¥´´μ, 3 ¨ 2.

Œ ±¸¨³ ²Ó´Ò¥ μÉ±²μ´¥´¨Ö Í¥´É·μ¨¤  ¶ÊÎ±  ¶μ Ê£²Ê ¨ ±μμ·¤¨´ É¥ · ¢´Ö²¨¸Ó ¶μ²μ¢¨´¥
§´ Î¥´¨Ö ´ Î ²Ó´μ£μ · §³¥·  ¨ · ¸Ìμ¤¨³μ¸É¨ ¶ÊÎ± , ¨ ¸μ¸É ¢²Ö²¨, ¸μμÉ¢¥É¸É¢¥´´μ, 2 ³³
¨ 0,03 ³· ¤.

‚¥²¨Î¨´  k = εX0/εXF , μ¶·¥¤¥²Ö¥³ Ö ¨§ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö (£¤¥ εX0, εXF Å
¸μμÉ¢¥É¸É¢¥´´μ x-Ô³¨ÉÉ ´¸ ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ±  ¨ x-Ô³¨ÉÉ ´¸ ¶ÊÎ±  ¢ ÉμÎ±¥ F ¶·¨
Ô´¥·£¨¨ ¨´¦¥±Í¨¨ Einj = 20 ŒÔ‚ ¢ ¸²ÊÎ ¥ ®¸Ë¥·¨Î¥¸±μ°¯  ¡¥·· Í¨¨), ¸μ¸É ¢²Ö¥É
kXsph ∼ 1,6. ’  ¦¥ ¢¥²¨Î¨´  ¶·¨  ¡¥·· Í¨¨ É¨¶  ®±μ³ ¯ ¸μ¸É ¢²Ö¥É kXcom = 3,37−4,43,
  ¤²Ö  ¡¥·· Í¨¨ É¨¶  ® ¸É¨£³ É¨§³¯ ¸μ¸É ¢²Ö¥É kXast = 19,6. ‘μμÉ¢¥É¸É¢¥´´μ, kY sph =
14,85 (1-° ¶μ·Ö¤μ±), 7,84 (3-° ¶μ·Ö¤μ±), kY ast|min = 2,82 (3-° ¶μ·Ö¤μ±). 
¥§ ÊÎ¥É  ±· ¥¢ÒÌ
¶μ²¥° ¨ ´¥μ¤´μ·μ¤´μ¸É¥° ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ¢ ¶¥·¢μ³ ¶μ·Ö¤±¥ ¢ÒÎ¨¸²¥´¨° ¢¥²¨Î¨´ 
k = εX0/εXF ≈ 27.

1.2. •·μ³ É¨Î¥¸±¨¥  ¡¥·· Í¨¨. •·μ³ É¨Î¥¸±¨¥  ¡¥·· Í¨¨ ¢μ§´¨± ÕÉ ¨§-§  ¤¨¸¶¥·-
¸¨¨ ¢ Ô²¥³¥´É Ì Œ�‘. Š ÔÉ¨³  ¡¥·· Í¨Ö³ μÉ´μ¸ÖÉ¸Ö Ì·μ³ É¨§³ ¶μ²μ¦¥´¨Ö ¨²¨ ®¶·μ-
¤μ²Ó´Ò° Ì·μ³ É¨§³¯ ¨ Ì·μ³ É¨§³ Ê¢¥²¨Î¥´¨Ö.

•·μ³ É¨§³ Ê¢¥²¨Î¥´¨Ö ¶·μÖ¢²Ö¥É¸Ö ¢ § ¢¨¸¨³μ¸É¨ ¶μ¶¥·¥Î´ÒÌ · §³¥·μ¢ ¶ÊÎ±  μÉ
Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  Î ¸É¨Í ¢ ¶ÊÎ±¥. ‚ ¶¥·¢μ³ ¶μ·Ö¤±¥ ÔÉ   ¡¥·· Í¨Ö ³¨´¨³¨§¨·Ê-

�¨¸. 6. � ¸¸Î¨É ´´Ò¥ ¸¥Î¥´¨Ö ¶ÊÎ±  ¢ ÉμÎ±¥

F ¢ ¶²μ¸±μ¸É¨ XL ¶·¨ E = 730 ŒÔ‚. ‘¥-

Î¥´¨¥ 1 Å ¶¥·¢Ò° ¶μ·Ö¤μ±, ΔE/E = 0,1 %;
¸¥Î¥´¨Ö 2Ä4 Å É·¥É¨° ¶μ·Ö¤μ±, ΔE/E =

(0,1, 0,2, 0,3) %

�¨¸. 7. � ¸¸Î¨É ´´Ò¥ ¸¥Î¥´¨Ö ¶ÊÎ±  ¢ ÉμÎ±¥ F

¢ ¶²μ¸±μ¸É¨ Y L ¶·¨ E = 730 ŒÔ‚. ‘¥Î¥´¨¥

1 Å ¶¥·¢Ò° ¶μ·Ö¤μ±, ΔE/E = 0,1%; ¸¥Î¥´¨Ö
2, 3 Å É·¥É¨° ¶μ·Ö¤μ±, ΔE/E = (0,1, 0,3) %
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�¨¸. 8. � ¸¸Î¨É ´´Ò¥ ¸¥Î¥´¨Ö ¶ÊÎ±  ¢ ÉμÎ±¥ F

¢ ¶²μ¸±μ¸É¨ XY ¶·¨ E = 730 ŒÔ‚. ‘¥Î¥´¨¥

1 Å ¶¥·¢Ò° ¶μ·Ö¤μ±, ΔE/E = 0,1%; ¸¥Î¥´¨¥
2 Å É·¥É¨° ¶μ·Ö¤μ±, ΔE/E = 0,1%; ¸¥Î¥´¨¥

3 Å É·¥É¨° ¶μ·Ö¤μ±, ΔE/E = 0,3%

¥É¸Ö ¶ÊÉ¥³ ¢Ò¶μ²´¥´¨Ö ¢ § ¤ ´´μ° ÉμÎ±¥ Ê¸²μ¢¨Ö  Ì·μ³ É¨Î´μ¸É¨: R16 = R26 = 0. ‡¤¥¸Ó
R16, R26 Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ³ É·¨ÍÒ ¶¥·¥Ìμ¤  R1 [4].

•·μ³ É¨§³ ¶μ²μ¦¥´¨Ö ¶·μÖ¢²Ö¥É¸Ö ¢ ¨§³¥´¥´¨¨ ¶·μ¤μ²Ó´ÒÌ · §³¥·μ¢ ¸£Ê¸É± . ‚ ¶¥·-
¢μ³ ¶μ·Ö¤±¥ ÔÉ   ¡¥·· Í¨Ö ³¨´¨³¨§¨·Ê¥É¸Ö É·¥¡μ¢ ´¨¥³ ¨§μÌ·μ´´μ¸É¨ ³ É·¨ÍÒ ¶¥·¥Ìμ¤ 
(R51 = R52 = R56 = 0) ¢ ¤ ´´μ° ÉμÎ±¥.

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉμ Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¢Ò¢μ¤¨³ÒÌ Î ¸É¨Í ¢ ¸¨²Ó´μ° ¸É¥¶¥´¨
§ ¢¨¸¨É μÉ ¢Ò¶μ²´¥´¨Ö ´  ± ¦¤μ³ μ¡μ·μÉ¥ ·¥Í¨·±Ê²ÖÍ¨¨ Ê¸²μ¢¨Ö L = nλ, £¤¥ L Å ¤²¨´ 
μ¡μ·μÉ  ·¥Í¨·±Ê²ÖÍ¨¨, λ Å ¤²¨´  ¢μ²´Ò Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö, n Å Í¥²μ¥ Î¨¸²μ.

�  ·¨¸. 6Ä8 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö Ì·μ³ É¨Î¥¸±μ°  ¡¥·· Í¨¨
¢ ÉμÎ±¥ F .

‚›‚�„›

�¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¢²¨Ö´¨Ö  ¡¥·· Í¨°, μ¡Ê¸²μ¢²¥´´ÒÌ ´¥¨¤¥ ²Ó-
´μ¸ÉÓÕ ³ £´¨É´μ° ¸¨¸É¥³Ò ·¥Í¨·±Ê²ÖÉμ· , ´  Ì · ±É¥·¨¸É¨±¨ ¢Ò¢μ¤¨³μ£μ ¶ÊÎ±  ¢ ÉμÎ±¥
F ¶μ§¢μ²ÖÕÉ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò.

1. “Î¥É ±· ¥¢ÒÌ ¶μ²¥° ¨ ´¥μ¤´μ·μ¤´μ¸É¥° ¤ ¥É ´ ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤ ¢ ¶μ-
¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶ÊÎ±  ¢μ ¢Éμ·μ³ ¶μ·Ö¤±¥ ¢ÒÎ¨¸²¥´¨°. ‚±² ¤ ¡μ²¥¥ ¢Ò¸μ±¨Ì ¶μ·Ö¤±μ¢
¶μ ¸· ¢´¥´¨Õ ¸μ ¢Éμ·Ò³ ´¥¸ÊÐ¥¸É¢¥´ (¸³. ·¨¸. 3).

2. � ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´μ ´  ¶μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶ÊÎ±  ¢ ÉμÎ±¥ F ¢²¨Ö¥É ¥£μ ´ Î ²Ó-
´μ¥ μÉ±²μ´¥´¨¥ μÉ ¨¤¥ ²Ó´μ° μ·¡¨ÉÒ ¢ £μ·¨§μ´É ²Ó´μ° ¶²μ¸±μ¸É¨ (¸³. ·¨¸. 4).

3. “£²μ¢μ¥ μÉ±²μ´¥´¨¥ ¨´¦¥±É¨·Ê¥³μ£μ ¶ÊÎ±  μÉ ¨¤¥ ²Ó´μ° μ·¡¨ÉÒ ´¥ ¢²¨Ö¥É ¸ÊÐ¥-
¸É¢¥´´μ ´  ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ¶ÊÎ±  (¸³. ·¨¸. 5).

4. ‚ÒÎ¨¸²¥´¨Ö ¶μ¶¥·¥Î´μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ±  ¢ ÉμÎ±¥ F Ê± §Ò¢ ÕÉ ´  Éμ, ÎÉμ ´ ¨¡μ²¥¥
¸ÊÐ¥¸É¢¥´´Ò³ μ¡· §μ³ ´  ¥£μ Ê¢¥²¨Î¥´¨¥ ¢²¨Ö¥É ®¸Ë¥·¨Î¥¸± Ö¯  ¡¥·· Í¨Ö (kXsph ∼ 1,6).

5. �·μ¤μ²Ó´Ò¥ ¨ ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ¶ÊÎ±  ¢ ÉμÎ±¥ F ¢ É·¥ÉÓ¥³ ¶μ·Ö¤±¥ ¢ÒÎ¨¸²¥-
´¨° ¸ ÊÎ¥Éμ³ ±· ¥¢ÒÌ ¶μ²¥° ¨ ´¥μ¤´μ·μ¤´μ¸É¨ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ ¸² ¡μ § ¢¨¸ÖÉ μÉ
¶¥·¢μ´ Î ²Ó´μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ · §¡·μ¸  ¶·¨ ¥£μ Ê¢¥²¨Î¥´¨¨ ¢ É·¨ · §  (¸³. ·¨¸. 6Ä8).
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