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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 
Œµ¸±µ¢¸±¨° £µ¸Ê¤ ·¸É¢¥´´Ò° ¨´¸É¨ÉÊÉ · ¤¨µÉ¥Ì´¨±¨, Ô²¥±É·µ´¨±¨ ¨  ¢Éµ³ É¨±¨

(É¥Ì´¨Î¥¸±¨° Ê´¨¢¥·¸¨É¥É), Œµ¸±¢a

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ±·¨¸É ²²¨Î¥¸±¨Ì ¶ÊÎ±µ¢ ¸ ¨¸¶µ²Ó§µ¢ -
´¨¥³ ¶·µ£· ³³Ò BETACOOL. „ ´µ µ¡ÑÖ¸´¥´¨¥ ¸± Î±µµ¡· §´µ£µ Ê³¥´ÓÏ¥´¨Ö ¶·µ¤µ²Ó´µ£µ · §-
¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³, ±µÉµ·µ¥ ´ ¡²Õ¤ ¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì ¶µ µÌ² ¦¤¥´¨Õ ¨µ´µ¢ ¢ ´ ±µ¶¨É¥²ÖÌ
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í. �·¨¢¥¤¥´Ò ´µ¢Ò¥ ±·¨É¥·¨¨, µ¶¨¸Ò¢ ÕÐ¨¥ ¶¥·¥Ìµ¤ ¨µ´´µ£µ ¶ÊÎ±  ¢ Ê¶µ·Ö-
¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥. �·¥¤²µ¦¥´  ´µ¢ Ö ¸É· É¥£¨Ö ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö, ¶µ§¢µ²ÖÕÐ Ö Ê¢¥²¨Î¨ÉÓ
±µ²¨Î¥¸É¢µ ¨µ´µ¢ ¶ÊÎ±  ¢ Ê¶µ·Ö¤µÎ¥´´µ³ ¸µ¸ÉµÖ´¨¨.

The results of numerical simulations of crystalline ion beams with the use of the BETACOOL
program are presented. The explanation of the sudden reduction of the momentum spread which was
experimentally observed in storage ion rings was done. New criteria of the beam ordering are derived.
To increase the particle number in the ordered state, a new strategy of cooling process is proposed.

‚‚…„…�ˆ…

ˆ¸¶µ²Ó§µ¢ ´¨¥ ±·¨¸É ²²¨Î¥¸±¨Ì ¨µ´´ÒÌ ¶ÊÎ±µ¢ ³µ¦¥É §´ Î¨É¥²Ó´µ Ê¢¥²¨Î¨ÉÓ ¸¢¥É¨-
³µ¸ÉÓ ¢ ±µ²² °¤¥· Ì ¨ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ ³¨Ï¥´ÓÕ ¤²Ö ·¥¤±¨Ì · ¤¨µ ±É¨¢´ÒÌ ¨§µÉµ¶µ¢.
“¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥ Í¨·±Ê²¨·ÊÕÐ¨Ì ¨µ´´ÒÌ ¶ÊÎ±µ¢ ¡Ò²µ ¢¶¥·¢Ò¥ ¶µ²ÊÎ¥´µ ´ 
´ ±µ¶¨É¥²¥ ¸ Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³ ���-Œ [1] (�µ¢µ¸¨¡¨·¸±),   ¶µ§¤´¥¥ Å ¢ ESR
[2] ¨ SIS [3] („ ·³ÏÉ ¤É), CRYRING [4] (‘Éµ±£µ²Ó³), PALLAS [5] (ŒÕ´Ì¥´).

�¨¦¥ ¶·¨¢¥¤¥´Ò ´µ¢Ò¥ ±·¨É¥·¨¨ Ê¶µ·Ö¤µÎ¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¨µ´´ÒÌ ¶ÊÎ±µ¢, ±µ-
Éµ·Ò¥ ¡Ò²¨ ¶µ¤É¢¥·¦¤¥´Ò Î¨¸²¥´´Ò³¨ · ¸Î¥É ³¨. Œ¥Éµ¤ ®³µ²¥±Ê²Ö·´µ°¯ ¤¨´ ³¨±¨,
¨¸¶µ²Ó§µ¢ ´´Ò° ¢ ¶·µ£· ³³¥ BETACOOL [6] ¤²Ö Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ±·¨¸É ²-
²¨Î¥¸±¨Ì ¶ÊÎ±µ¢, ¶µ§¢µ²¨² µ¶¨¸ ÉÓ ·¥§±¨° ¸± Îµ± ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ ¨³¶Ê²Ó-
¸ ³ Î ¸É¨Í ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¨Ì Î¨¸² . �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¨³¥ÕÉ Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ ¸
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ´  ´ ±µ¶¨É¥²¥ ESR. —¨¸²¥´´Ò¥ · ¸Î¥ÉÒ
Ê¶µ·Ö¤µÎ¥´´ÒÌ ¶ÊÎ±µ¢ ¡Ò²¨ É ±¦¥ ¶·µ¢¥¤¥´Ò ¤²Ö MUSES Ion Ring [7] ¢ ±µ²² °¤¥·-
´µ° ³µ¤¥. �¥§Ê²ÓÉ Éµ³ ¤ ´´ÒÌ ¨¸¸²¥¤µ¢ ´¨° Ö¢¨²µ¸Ó ¶·¥¤²µ¦¥´¨¥ ´µ¢µ° ¸É· É¥£¨¨ ¶·µ-
Í¥¸¸  µÌ² ¦¤¥´¨Ö, ±µÉµ· Ö ³µ¦¥É ¸ÊÐ¥¸É¢¥´´µ Ê¢¥²¨Î¨ÉÓ ²¨´¥°´ÊÕ ¶²µÉ´µ¸ÉÓ Ê¶µ·Ö¤µ-
Î¥´´ÒÌ ¶ÊÎ±µ¢ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, Ê¢¥²¨Î¨ÉÓ ¸¢¥É¨³µ¸ÉÓ ¢ Ô²¥±É·µ´-¨µ´´ÒÌ ¸Éµ²±´µ¢¥-
´¨ÖÌ.

1http://lepta.jinr.ru
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1. Š�ˆ’…�ˆˆ Š�ˆ‘’�‹‹ˆ‡�–ˆˆ „‹Ÿ ˆ���›• �“—Š�‚

�¡¸µ²ÕÉ´Ò³ ±·¨É¥·¨¥³ ±·¨¸É ²²¨§ Í¨¨ Ö¢²Ö¥É¸Ö ¸µ¸ÉµÖ´¨¥ ¨µ´´µ£µ ¶ÊÎ± , ±µ£¤ 
¸·¥¤´ÖÖ É¥³¶¥· ÉÊ·  Î ¸É¨Í T ¸É ´µ¢¨É¸Ö ³¥´ÓÏ¥ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ ³¥¦Î ¸É¨Î´µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö U .

Γ =
U

T
=

Z2e2

aT
> 1, (1)

£¤¥ Ze ¥¸ÉÓ § ·Ö¤ ¨µ´ ; a Å ¸·¥¤´¥¥ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê Î ¸É¨Í ³¨ ¢ ¸¨¸É¥³¥, £¤¥ µ´¨ ¶µ±µ-
ÖÉ¸Ö ®¸¨¸É¥³  Î ¸É¨Í¯. Š·¨É¥·¨° (1) Ìµ·µÏµ µ¶¨¸Ò¢ ¥É µ¤´µ·µ¤´Ò° ±·¨¸É ²². �¤´ ±µ
¤²Ö µÌ² ¦¤¥´´ÒÌ ¨µ´´ÒÌ ¶ÊÎ±µ¢ (´ ¶·¨³¥·, ¶µ¸·¥¤¸É¢µ³ Ô²¥±É·µ´´µ£µ ¨²¨ ² §¥·´µ£µ
µÌ² ¦¤¥´¨Ö) ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö (É¥³¶¥· ÉÊ· ) ¨µ´µ¢ ¨³¥¥É ¸ÊÐ¥¸É¢¥´´µ¥ · §²¨Î¨¥
¤²Ö ¶·µ¤µ²Ó´µ° ¨ ¶µ¶¥·¥Î´µ° ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò:

T⊥ � T||. (2)

�É´µÏ¥´¨¥ ³¥¦¤Ê ¶µ¶¥·¥Î´Ò³ · §³¥·µ³ ¶ÊÎ±  σ⊥ ¨ ¤¨¸É ´Í¨¥° ³¥¦Ê Î ¸É¨Í ³¨ ¢ ¶·µ-
¤µ²Ó´µ³ ´ ¶· ¢²¥´¨¨ ¸¨²Ó´µ § ¢¨¸¨É µÉ ¸µ¸ÉµÖ´¨Ö ¶ÊÎ±  Å ¨´É¥´¸¨¢´µ¸É¨ ¨ É¥³¶¥-
· ÉÊ·Ò ¨µ´µ¢. ’ ± ¤²Ö ¶ÊÎ±  ¢ ´ ±µ¶¨É¥²¥ ¶ · ³¥É·Ò σ⊥ ¨ T⊥ ¸¢Ö§ ´Ò ³¥¦¤Ê ¸µ¡µ°
¸µµÉ´µÏ¥´¨Ö³¨

T⊥ = Mc2β2γ2

(
2πQbet

Cring
σ⊥

)2

, V⊥ = cβγ
2πQbet

Cring
σ⊥, (3)

£¤¥ M = Amp Å ³ ¸¸  ¨µ´ ; mp Å ³ ¸¸  ¶·µÉµ´ ; A Å  Éµ³´Ò° ´µ³¥·; β, γ Å
·¥²ÖÉ¨¢¨¸É¸±¨¥ Ë ±Éµ·Ò; Qbet Å ¡¥É É·µ´´Ò¥ Î¨¸² ; Cring Å ¶¥·¨³¥É· ´ ±µ¶¨É¥²Ö;
V⊥ Å ¸·¥¤´ÖÖ ¶µ¶¥·¥Î´ Ö É¥³¶¥· ÉÊ·  ¨µ´µ¢.

�·µ¤µ²Ó´ Ö É¥³¶¥· ÉÊ·  ¨ ¸·¥¤´¥¥ · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê Î ¸É¨Í ³¨ ¢ ¶·µ¤µ²Ó´µ³ ´ ¶· -
¢²¥´¨¨ (¢ ¸¨¸É¥³¥ Î ¸É¨Í) ¤²Ö · ¸¶ÊÐ¥´´µ£µ ¶ÊÎ±  ³µ£ÊÉ ¡ÒÉÓ § ¶¨¸ ´Ò ¢ ¸²¥¤ÊÕÐ¥³
¢¨¤¥:

T|| = Mic
2β2(∆p/p)2, a|| =

γCring

Ni
, (4)

£¤¥ ∆p/p ¥¸ÉÓ ¶·µ¤µ²Ó´Ò° · §¡·µ¸ ¨³¶Ê²Ó¸  ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥; Ni Å ±µ²¨Î¥¸É¢µ
¨µ´µ¢ ¢ ¶ÊÎ±¥. ‘Éµ²±´µ¢¥´¨Ö ¨µ´µ¢ ¢ µ¸´µ¢´µ³ ¶·µ¨¸Ìµ¤ÖÉ ¢ ¶µ¶¥·¥Î´µ° ¶²µ¸±µ¸É¨, ¨
¶·¨Í¥²Ó´Ò° ¶ · ³¥É· ρ ¸¢Ö§ ´ ¸ Ê£²µ³ · ¸¸¥Ö´¨Ö θ Ëµ·³Ê²µ° �¥§¥·Ëµ·¤ 

ρ =
Z2e2

2T⊥
ctg

θ

2
. (5)

’¥¶¥·Ó ³Ò ³µ¦¥³ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¶¥·¢Ò° ±·¨É¥·¨° Ê¶µ·Ö¤µÎ¥´¨Ö ¶ÊÎ±µ¢: Ê£µ² · ¸¸¥Ö-
´¨Ö ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨ ¤µ²¦¥´ ¡ÒÉÓ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨³, ÎÉµ¡Ò ¨µ´Ò ¸µÌ· ´Ö²¨
¸¢µÕ ¶µ§¨Í¨Õ (¢ ¸·¥¤´¥³) ¢ ¶·µ¤µ²Ó´µ³ ´ ¶· ¢²¥´¨¨. �Éµ µ§´ Î ¥É, ÎÉµ θminV⊥ > V||,
¨ ± ± ·¥§Ê²ÓÉ É ¶µ²ÊÎ¨³

ρmin ∼ Z2e2

T⊥

1
θmin

≈ Z2e2

MV⊥V||
. (6)

�µ¤¸É ¢²ÖÖ ÔÉµ ¢Ò· ¦¥´¨¥ ¤²Ö ρmin ¢ µÎ¥¢¨¤´µ¥ Ê¸²µ¢¨¥ ρmin < a||, ¨³¥¥³ ¶¥·¢Ò°
±·¨É¥·¨° Ê¶µ·Ö¤µÎ¥´´ÒÌ ¶ÊÎ±µ¢:

Γ1 =
Z2e2

a||
√

T||T⊥
< 1. (7)
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‚Éµ·µ° ±·¨É¥·¨° Ê¶µ·Ö¤µÎ¥´´ÒÌ ¶ÊÎ±µ¢ µ¶¨¸Ò¢ ¥É ¸µ¸ÉµÖ´¨¥, ¢ ±µÉµ·µ³ ¨µ´Ò ´¥ ³µ£ÊÉ
¶·µ¸±µÎ¨ÉÓ ³¨³µ ¤·Ê£ ¤·Ê£  ¢ ¶·µ¤µ²Ó´µ³ ´ ¶· ¢²¥´¨¨ ¡¥§ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ · ¸¸¥Ö´¨Ö
´  Ê£µ² θmin. „²Ö ÔÉµ£µ ¶¥·¨µ¤ ¶·µ¤µ²Ó´ÒÌ ±µ²¥¡ ´¨° ¤µ²¦¥´ ¶·¥¢ÒÏ ÉÓ ± ± ³¨´¨³Ê³
Î¥É¢¥·ÉÓ ¶¥·¨µ¤  ¡¥É É·µ´´ÒÌ ±µ²¥¡ ´¨°. �Éµ Ê¸²µ¢¨¥ ¤ ¥É

V|| <
2ρmin

Cring
Qbetγβ c. (8)

�µ¤¸É ¢²ÖÖ V⊥ ¨§ (3) ¢ (6) ¨ ¨¸¶µ²Ó§ÊÖ ¢Ò· ¦¥´¨¥ ¤²Ö ρmin ¢ (8), ´ Ìµ¤¨³ ¢Éµ·µ°
±·¨É¥·¨° Ê¶µ·Ö¤µÎ¥´´ÒÌ ¶ÊÎ±µ¢:

Γ2 =
Z2e2

T||σ⊥
> π. (9)

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¸ÊÐ¥¸É¢Ê¥É Î¥ÉÒ·¥ ´ ±µ¶¨É¥²Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í, £¤¥ Ô±¸¶¥·¨³¥´-
É ²Ó´µ ´ ¡²Õ¤ ²¸Ö ¶·µÍ¥¸¸ ±·¨¸É ²²¨§ Í¨¨ ¨µ´´ÒÌ ¶ÊÎ±µ¢ (¸³. É ¡². 1 [8]). �±¸¶¥·¨-
³¥´É ²Ó´µ¥ §´ Î¥´¨¥ ¶ · ³¥É·  Γ2 Ê¤µ¢²¥É¢µ·Ö¥É ±·¨É¥·¨Õ (9) ¤²Ö ¨µ´µ¢ ÉÖ¦¥²¥¥ 12C6+

¨ 20Ne10+ (É ¡². 1 [8], Ô±¸¶¥·¨³¥´ÉÒ ´  ESR). �ÉµÉ Ë ±É ¨³¥¥É Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ ¸ Ô±¸-
¶¥·¨³¥´Éµ³, ±µ£¤  ·¥§±¨° ¸± Îµ± ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³ ´¥ ´ ¡²Õ¤ ²¸Ö ¢
Ô±¸¶¥·¨³¥´É Ì ´  ESR ¤²Ö ²¥£±¨Ì ¨µ´µ¢.

2. �Š‘�…�ˆŒ…�’�‹œ��… ˆ‘‘‹…„�‚��ˆ…
Š�ˆ‘’�‹‹ˆ—…‘Šˆ• �“—Š�‚

�±¸¶¥·¨³¥´ÉÒ ¶µ ¨§ÊÎ¥´¨Õ Ê¶µ·Ö¤µÎ¥´´µ£µ ¸µ¸ÉµÖ´¨Ö µÌ² ¦¤¥´´ÒÌ ¨µ´´ÒÌ ¶ÊÎ±µ¢
¡Ò²¨ ¶·µ¢¥¤¥´Ò ´  ´ ±µ¶¨É¥²ÖÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ESR, SIS ¨ CRYRING. ‚ Ô±¸¶¥·¨-
³¥´É Ì ´  ´ ±µ¶¨É¥²¥ ESR ¸ ¶ÊÎ±µ³ ¨§µÉµ¶µ¢ Ê· ´  ´  Ô´¥·£¨¨ 360 ŒÔ‚/´Ê±²µ´, ±µÉµ·Ò°

�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ ¶·µ¤µ²Ó´µ£µ · §-
¡·µ¸  Î ¸É¨Í ¶µ ¨³¶Ê²Ó¸ ³ ¤²Ö · §²¨Î-

´µ£µ Ê·µ¢´Ö ¸É ¡¨²Ó´µ¸É¨ ¨¸ÉµÎ´¨±µ¢ ¶¨-

É ´¨Ö ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö.
�´¥·£¨Ö 360 ŒÔ‚ (•) Ö¢²Ö¥É¸Ö ¡µ²¥¥ ¸É -

¡¨²Ó´µ°, Î¥³ 50 ŒÔ‚ (�) (Ô±¸¶¥·¨³¥´É

´  ESR)

µÌ² ¦¤ ²¸Ö Ô²¥±É·µ´´Ò³ ¶ÊÎ±µ³ ¸ Éµ±µ³ 0,25 �,
±µ²¨Î¥¸É¢µ ¨µ´µ¢ Ê³¥´ÓÏ ²µ¸Ó ¸µ ¢·¥³¥´¥³
¢¸²¥¤¸É¢¨¥ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤ . �·¨ ¸´¨¦¥-
´¨¨ ±µ²¨Î¥¸É¢  Î ¸É¨Í, ¶·¨³¥·´µ ¤µ ¶µ·Ö¤± 
1000, ´ ¡²Õ¤ ²¸Ö ·¥§±¨° ¸± Îµ± ¶·µ¤µ²Ó´µ£µ
· §¡·µ¸  ¨³¶Ê²Ó¸  ¸ ∆p/p = 5 · 10−6 ¤µ 5 · 10−7,
ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¶ ¤¥´¨Õ ¶·µ¤µ²Ó´µ° É¥³¶¥· -
ÉÊ·Ò ´  ¤¢  ¶µ·Ö¤±  (·¨¸. 1) [4].

�µ¸²¥ ±·¨¸É ²²¨§ Í¨¨ ¶ÊÎ±  ¶·µ¤µ²Ó´Ò° · §-
¡·µ¸ ¨³¶Ê²Ó¸  ¤µ¸É¨£ Ê·µ¢´Ö ∆p/p ∼ 5·10−7, ÎÉµ
¸µµÉ¢¥É¸É¢Ê¥É Ê·µ¢´Õ ¶Ê²Ó¸ Í¨° Î ¸ÉµÉÒ µ¡· -
Ð¥´¨Ö, µ¶·¥¤¥²Ö¥³µ° ¸É ¡¨²Ó´µ¸ÉÓÕ ¨¸ÉµÎ´¨±µ¢
¶¨É ´¨Ö ³ £´¨Éµ¢ ´ ±µ¶¨É¥²Ö. �¥§Ê²ÓÉ ÉÒ Ô±¸-
¶¥·¨³¥´Éµ¢ ¸ ¡Ò¸É·Ò³ Ê¸·¥¤´¥´¨¥³ ¶µ ¢·¥³¥´¨
¶µ± § ²¨, ÎÉµ ¶·µ¤µ²Ó´Ò° · §¡·µ¸ ¶µ ¢·¥³¥´¨
³µ¦¥É ¤µ¸É¨£ ÉÓ ¥Ð¥ ³¥´ÓÏ¥£µ §´ Î¥´¨Ö ∆p/p ∼
2 · 10−7.

� £·¥¢ ¶ÊÎ±  ¢¸²¥¤¸É¢¨¥ ¢´ÊÉ·¨¶ÊÎ±µ¢µ£µ
· ¸¸¥Ö´¨Ö (intrabeam scattering IBS) ¨³¥¥É Ìµ·µÏµ ¨§¢¥¸É´ÊÕ § ¢¨¸¨³µ¸ÉÓ ¤²Ö ¡µ²Ó-
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Ïµ£µ ±µ²¨Î¥¸É¢  Î ¸É¨Í ¨ Ê¸É·¥³²Ö¥É¸Ö ¢ ¡¥¸±µ´¥Î´µ¸ÉÓ ¸ Ê³¥´ÓÏ¥´¨¥³ Ï¥¸É¨-
³¥·´µ£µ Ë §µ¢µ£µ µ¡Ñ¥³  ¶ÊÎ± . ‚ Ô±¸¶¥·¨³¥´É¥ ±µ²¨Î¥¸É¢µ Î ¸É¨Í ¨ ¶·µ¤µ²Ó-
´Ò° · §¡·µ¸ ¶µ ¨³¶Ê²Ó¸Ê Ê³¥´ÓÏ ÕÉ¸Ö ¸µ ¢·¥³¥´¥³ (·¨¸. 1) ¨ ¨µ´´Ò° ¶ÊÎµ±

�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ ³µÐ´µ¸É¨ µÌ² -

¦¤¥´¨Ö ¨ ´ £·¥¢  µÉ É¥³¶¥· ÉÊ·Ò ¨µ-
´µ¢. ‘¶²µÏ´ Ö ²¨´¨Ö ¸µµÉ¢¥É¸É¢Ê¥É ¢´Ê-

É·¨¶ÊÎ±µ¢µ³Ê · ¸¸¥Ö´¨Õ, ¶Ê´±É¨·´ Ö Å
§´ Î¥´¨¥ ¤²Ö Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¸

µ¡· É´Ò³ §´ ±µ³, ÉµÎ¥Î´ Ö Å ¤µ¶µ²´¨-

É¥²Ó´Ò¥ ÔËË¥±ÉÒ ´ £·¥¢ 

¶¥·¥Ìµ¤¨É ¢ Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥, ±µ£¤  Ê¤µ-
¢²¥É¢µ·ÖÕÉ¸Ö ±·¨É¥·¨¨ ±·¨¸É ²²¨§ Í¨¨ (7) ¨ (9).
�·¨ ÔÉµ³ § ¢¨¸¨³µ¸ÉÓ IBS µÉ É¥³¶¥· ÉÊ·Ò ¶·¨-
µ¡·¥É ¥É Ëµ·³Ê ±µ²µ±µ²  (·¨¸. 2) [9]. �µ¸²¥¤-
´ÖÖ ÉµÎ±  · ¢´µ¢¥¸¨Ö ³¥¦¤Ê IBS ¨ Ô²¥±É·µ´´Ò³
µÌ² ¦¤¥´¨¥³ (·¨¸. 2, ÉµÎ±  A) ¸µµÉ¢¥É¸É¢Ê¥É É¥³-
¶¥· ÉÊ·¥ ¨µ´µ¢ ¶¥·¥¤ ·¥§±¨³ ¶ ¤¥´¨¥³ ¶·µ¤µ²Ó-
´µ£µ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³ (·¨¸. 1). „ ²¥¥ É¥³-
¶¥· ÉÊ·  ¨µ´µ¢ ·¥§±µ ¶ ¤ ¥É ¤µ ÉµÎ±¨ · ¢´µ¢¥-
¸¨Ö ³¥¦¤Ê Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³ ¨ ¤·Ê£¨³¨
ÔËË¥±É ³¨ ´ £·¥¢  (·¨¸. 2, ÉµÎ±  B) É ±¨³¨, ´ -
¶·¨³¥·, ± ± ¸É ¡¨²Ó´µ¸ÉÓ ¨¸ÉµÎ´¨±µ¢ ¶¨É ´¨Ö,
· ¸¸¥Ö´¨¥ ´  µ¸É ÉµÎ´µ³ £ §¥ ¨ É. ¶.

„ ´´Ò¥ · ¸¸Ê¦¤¥´¨Ö ¶µ§¢µ²ÖÕÉ µ¶¨¸ ÉÓ Ô±¸-
¶¥·¨³¥´É, ¢ ±µÉµ·µ³ ¨§-§  ¡µ²ÓÏµ£µ ¤µ¶µ²´¨-
É¥²Ó´µ£µ ´ £·¥¢  ¸¨¸É¥³Ò ¶¨É ´¨Ö Ô²¥±É·µ´´µ£µ
µÌ² ¦¤¥´¨Ö ·¥§±¨° ¸± Îµ± ¶·µ¤µ²Ó´µ£µ · §¡·µ¸ 
¶µ ¨³¶Ê²Ó¸ ³ ´¥ ´ ¡²Õ¤ ²¸Ö. �Éµ µ§´ Î ¥É,
ÎÉµ · ¢´µ¢¥¸¨¥ ³¥¦¤Ê Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³
¨ ´ £·¥¢µ³ µÉ ¨¸ÉµÎ´¨±  ¶¨É ´¨Ö ¤µ¸É¨£ ¥É¸Ö
· ´ÓÏ¥, Î¥³ ¨¸Î¥§ ¥É · ¢´µ¢¥¸¨¥ ³¥¦¤Ê IBS ¨
Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³.

ˆÉ ±, ³Ò ¸Ëµ·³Ê²¨·µ¢ ²¨ Ê¸²µ¢¨Ö, ±µ£¤  Ô±¸¶¥·¨³¥´É ²Ó´µ ³µ¦¥É ´ ¡²Õ¤ ÉÓ¸Ö ·¥§-
±µ¥ ¶ ¤¥´¨¥ ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³:

1. �¥µ¡Ìµ¤¨³µ Ê¤µ¢²¥É¢µ·¨ÉÓ ±·¨É¥·¨Ö³ Ê¶µ·Ö¤µÎ¥´´ÒÌ ¶ÊÎ±µ¢ (´¨¦´¨° ¶·¥¤¥² ¤²Ö
±µ²¨Î¥¸É¢  Î ¸É¨Í).

2. ŒµÐ´µ¸ÉÓ ¢´ÊÉ·¨¶ÊÎ±µ¢µ£µ ´ £·¥¢  ¤µ²¦´  ¸É ÉÓ ³¥´ÓÏ¥ ³µÐ´µ¸É¨ Ô²¥±É·µ´´µ£µ
µÌ² ¦¤¥´¨Ö (´¨¦´¨° ¶·¥¤¥² ´  ±µ²¨Î¥¸É¢µ Î ¸É¨Í).

3. „µ¶µ²´¨É¥²Ó´Ò° ´ £·¥¢ Î ¸É¨Í µÉ ¤·Ê£¨Ì ÔËË¥±Éµ¢ ¤µ²¦¥´ ¡ÒÉÓ ³¥´ÓÏ¥ ´ £·¥¢  µÉ
¢´ÊÉ·¨¶ÊÎ±µ¢µ£µ · ¸¸¥Ö´¨Ö ¶¥·¥¤ ·¥§±¨³ ¸± Î±µ³ ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ
¨³¶Ê²Ó¸ ³.

Š ± ¸²¥¤Ê¥É ¨§ ·¨¸. 2, ´¥±µÉµ·Ò° £¨¸É¥·¥§¨¸ ³µ¦´µ ´ ¡²Õ¤ ÉÓ ¢ Ô±¸¶¥·¨³¥´É¥ ¸
·¥§±¨³ ¨§³¥´¥´¨¥³ ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³. ‚ Ô±¸¶¥·¨³¥´É¥ ´¥É ¢µ§³µ¦´µ-
¸É¨ Ê¢¥²¨Î¨¢ ÉÓ ±µ²¨Î¥¸É¢µ Ê¶µ·Ö¤µÎ¥´´ÒÌ Î ¸É¨Í ¢µ ¢·¥³¥´¨. �¤´ ±µ ¤ ´´Ò° Ë¥´µ³¥´
³µ¦¥É ¡ÒÉÓ ¶·µ¢¥·¥´ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶ÊÉ¥³ ¨§³¥´¥´¨Ö Éµ±  ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ
µÌ² ¦¤¥´¨Ö ¢ ¸µ¸ÉµÖ´¨¨, ±µ£¤a ¤µ¸É¨£ ¥É¸Ö ·¥§±¨° ¸± Îµ± ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ ¨³-
¶Ê²Ó¸ ³. � ¶·¨³¥·, ±µ£¤  ¡Ê¤¥É ¤µ¸É¨£´ÊÉ ¸± Îµ± ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³
Î ¸É¨Í ¤²Ö Éµ±  ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö 250 ³� (·¨¸. 2, ¶¥·¥Ìµ¤ µÉ ÉµÎ±¨ A
± B), ´¥µ¡Ìµ¤¨³µ Ê³¥´ÓÏ¨ÉÓ Éµ± Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¤µ 50 ³� (·¨¸. 2, ¶¥·¥Ìµ¤ µÉ ÉµÎ±¨
B ± C). ‚ ÔÉµ³ ¸²ÊÎ ¥ ¡Ê¤¥É ¶µ²ÊÎ¥´  ¤·Ê£ Ö ÉµÎ±  · ¢´µ¢¥¸¨Ö ¶·¨ É¥Ì ¦¥ ¶ · ³¥É· Ì
¸¨¸É¥³Ò ¢ µÉ²¨Î¨¥ µÉ ÉµÎ±¨ · ¢´µ¢¥¸¨Ö, ¶·¨ ´ Î ²Ó´µ³ Éµ±¥ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  50 ³�
(·¨¸. 2, ÉµÎ±  D).
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3. —ˆ‘‹…���… Œ�„…‹ˆ��‚��ˆE Š�ˆ‘’�‹‹ˆ—…‘Šˆ• �“—Š�‚

�¢µ²ÕÍ¨Ö ¶ · ³¥É·µ¢ ¨µ´´µ£µ ¶ÊÎ±  ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´  ¸ ¶µ³µÐÓÕ É·¥Ì³¥·´µ°
¤¨ £· ³³Ò ¸±µ·µ¸É¨ ´ £·¥¢  ¢¸²¥¤¸É¢¨¥ ¢´ÊÉ·¨¶ÊÎ±µ¢µ£µ · ¸¸¥Ö´¨Ö. ‡´ Î¥´¨Ö ¶·µ¤µ²Ó-

�¨¸. 3. �¢µ²ÕÍ¨Ö ¶ · ³¥É·µ¢ ¨µ´´µ£µ ¶ÊÎ± 

¢ ¶·µÍ¥¸¸¥ µÌ² ¦¤¥´¨Ö ¤²Ö · §²¨Î´ÒÌ ´ Î ²Ó-

´ÒÌ §´ Î¥´¨° Ô³¨ÉÉ ´¸µ¢, ¶·µ¤µ²Ó´µ£µ · §¡·µ¸ 
¨ ¸¨²Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö:  ) ESR-

¶ · ³¥É·Ò; ¡) ¶ · ³¥É·Ò ¨µ´´µ£µ ±µ²ÓÍ  ¶·µ-

¥±É  MUSES. ‘¶²µÏ´ Ö ²¨´¨Ö ¸µµÉ¢¥É¸É¢Ê¥É η =

2 · 10−2; ¸¥·Ò¥ ÉµÎ±¨ Å η = 5 · 10−3; ¶·Ö-

³ Ö ²¨´¨Ö Å ±·¨É¥·¨° Γ2 = π; ±¢ ¤·ÉÒ Å
Ô±¸¶¥·¨³¥´É ESR. 197Au79 + 360 MÔ‚/´Ê±²µ´,

N = 5 ·105 . „¢µ°´ Ö µ±·Ê¦´µ¸ÉÓ ¶µ± §Ò¢ ¥É · ¢-

´µ¢¥¸´ÊÕ ÉµÎ±Ê, ±µ£¤  Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥
´¥ ¡Ò²µ ¤µ¸É¨£´ÊÉµ

´ÒÌ ¨ ¶µ¶¥·¥Î´ÒÌ ±µ³¶µ´¥´É ¸±µ·µ¸É¨
´ £·¥¢  ¶µ¤ ¤¥°¸É¢¨¥³ IBS ± ± ËÊ´±Í¨¨
Ô³¨ÉÉ ´¸  ¶ÊÎ±  ¨ ¶·µ¤µ²Ó´µ£µ · §¡·µ¸ 
¶µ ¨³¶Ê²Ó¸ ³ ¡Ò²¨ · ¸¸Î¨É ´Ò ¢ ¸µµÉ-
¢¥É¸É¢¨¨ ¸µ ¸É ´¤ ·É´µ° ³µ¤¥²ÓÕ �¨¢¨´-
¸±¨ [10].

“¸²µ¢¨¥ Γ2 = π µ¶¨¸Ò¢ ¥É ¸µµÉ´µ-
Ï¥´¨¥ ³¥¦¤Ê Ô³¨ÉÉ ´¸µ³ ¨ ¶·µ¤µ²Ó´Ò³
· §¡·µ¸µ³: ε ∼ (∆p/p)−4. ‚ ¤¢ ¦¤Ò
²µ£ ·¨Ë³¨Î¥¸±µ° Ï± ²¥ ÔÉ  § ¢¨¸¨³µ¸ÉÓ
¶·¥¤¸É ¢²¥´  ± ± ¸¶²µÏ´ Ö ²¨´¨Ö ´ 
·¨¸. 3. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉµÎ±¨, ¶µ²Ê-
Î¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É Ì ´  ESR ¨ µ¶¨¸Ò-
¢ ÕÐ¨¥ · ¢´µ¢¥¸¨¥ ³¥¦¤Ê Ô²¥±É·µ´´Ò³
µÌ² ¦¤¥´¨¥³ ¨ IBS, ²¥¦ É ¢ÒÏ¥ ÔÉµ£µ ¶µ-
·µ£ , ¶µ±  ±µ²¨Î¥¸É¢µ Î ¸É¨Í ¡µ²ÓÏ¥ ¶µ-
·µ£µ¢µ£µ §´ Î¥´¨Ö, ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ·¥§-
±µ³Ê ¸± Î±Ê ¶·µ¤µ²Ó´µ£µ ¨³¶Ê²Ó¸ . Šµ-
²¨Î¥¸É¢µ Î ¸É¨Í Ê³¥´ÓÏ ¥É¸Ö ¸µ ¢·¥³¥-
´¥³, ¨, ±µ£¤  ¶ · ³¥É· Γ2 ¶·¥¢ÒÏ ¥É §´ -
Î¥´¨¥ π, Ô²¥±É·µ´´µ¥ µÌ² ¦¤¥´¨¥ ¶µ¤ -
¢²Ö¥É ¢´ÊÉ·¨¶ÊÎ±µ¢µ¥ · ¸¸¥Ö´¨¥, ¨µ´´Ò°
¶ÊÎµ± ¶¥·¥Ìµ¤¨É ¢ Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ-
´¨¥ (¶µ¸²¥¤´ÖÖ Ô±¸¶¥·¨³¥´É ²Ó´ Ö ÉµÎ± 
´  ·¨¸. 3,  ).

�¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö
¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³µ²¥±Ê²Ö·´µ° ¤¨´ -
³¨±¨ (·¨¸. 3) ´ Ìµ¤ÖÉ¸Ö ¢ Ìµ·µÏ¥³ ¸µ-
£² ¸¨¨ ¸ É·¥Ì³¥·´µ° ¤¨ £· ³³µ° Ô¢µ²Õ-
Í¨¨ ¶ · ³¥É·µ¢ ¨µ´´µ£µ ¶ÊÎ±  [10]. ‚¸¥
· ¸Î¥ÉÒ ¶·¨¢¥¤¥´Ò ¤²Ö µ¤´µ£µ ±µ²¨Î¥¸É¢ 
Î ¸É¨Í 5 · 105 ¨ ¤²Ö · §²¨Î´ÒÌ §´ Î¥-
´¨° ¸¨²Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¨ ´ -
Î ²Ó´ÒÌ ¶ · ³¥É·µ¢ ¶ÊÎ± . ‚ ´ Î ²¥ ¶·µ-
Í¥¸¸  µÌ² ¦¤¥´¨Ö ¢¸¥ Ë §µ¢Ò¥ É· ¥±Éµ·¨¨
¨³¥ÕÉ µ¤¨´ ±µ¢Ò° Ê£µ² ´ ±²µ´ , ±µÉµ·Ò°
µ¶·¥¤¥²Ö¥É¸Ö ¸µµÉ´µÏ¥´¨¥³ ³¥¦¤Ê ±µ³-
¶µ´¥´É ³¨ ¸±µ·µ¸É¨ µÌ² ¦¤¥´¨Ö ¢ ¶µ¶¥-
·¥Î´µ³ ¨ ¶·µ¤µ²Ó´µ³ ´ ¶· ¢²¥´¨ÖÌ. �Éµ
µ§´ Î ¥É, ÎÉµ ¤²Ö ¡µ²ÓÏµ£µ §´ Î¥´¨Ö Ë -
§µ¢µ£µ Ô³¨ÉÉ ´¸  ¢´ÊÉ·¨¶ÊÎ±µ¢µ¥ · ¸¸¥Ö-
´¨¥ ¸² ¡µ ¢²¨Ö¥É ´  ¶·µÍ¥¸¸ µÌ² ¦¤¥´¨Ö.
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‡´ Î¥´¨Ö ¸±µ·µ¸É¨ ´ £·¥¢  µÉ IBS, ¢ÒÎ¨¸²¥´´Ò¥ ¨¸Ìµ¤Ö ¨§ É¥µ·¥É¨Î¥¸±µ° ³µ¤¥²¨ �¨-
¢¨´¸±¨ [10], ´ Ìµ¤ÖÉ¸Ö ¢ Ìµ·µÏ¥³ ¸µ£² ¸¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö
¢ µ¡² ¸É¨ ¶¥·¥Ìµ¤  ¢ Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥. �¤´ ±µ Î¨¸²¥´´Ò¥ · ¸Î¥ÉÒ ¶µ± §Ò¢ ÕÉ,
ÎÉµ ¢ Ê¶µ·Ö¤µÎ¥´´µ³ ¸µ¸ÉµÖ´¨¨ ¸±µ·µ¸É¨ ´ £·¥¢  µÉ IBS §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ ¶·¥¤-
¸± § ´µ É¥µ·¨¥°. ‚ ÔÉµ³ ¸²ÊÎ ¥ Ô³¨ÉÉ ´¸ ¶ÊÎ±  ¨ ¶·µ¤µ²Ó´Ò° · §¡·µ¸ ¶µ ¨³¶Ê²Ó¸ ³
¶·µ¤µ²¦ ÕÉ Ê³¥´ÓÏ ÉÓ¸Ö ¤µ µÎ¥´Ó ³ ²¥´Ó±¨Ì §´ Î¥´¨°.

4. ���…Š’ ��Š��ˆ’…‹œ��ƒ� Š�‹œ–� MUSES

–¥²ÓÕ ¶·µ¥±É  Ô²¥±É·µ´-¨µ´´µ£µ ±µ²² °¤¥·  MUSES [7] Ö¢²Ö¥É¸Ö µ¶·¥¤¥²¥´¨¥ · ¸-
¶·¥¤¥²¥´¨Ö § ·Ö¤  ¢ ´¥°É·µ´- ¨ ¶·µÉµ´-¨§¡ÒÉµÎ´ÒÌ · ¤¨µ ±É¨¢´ÒÌ Ö¤· Ì, ¤²Ö ±µÉµ·ÒÌ
¶·¥¤¸± §Ò¢ ¥É¸Ö ¸ÊÐ¥¸É¢µ¢ ´¨¥ É ±¨Ì Ô±§µÉ¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·, ± ± ´¥°É·µ´´µ¥ £ ²µ ¨
¸±¨´. �·¥¨³ÊÐ¥¸É¢  ¨ ´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ É ±µ£µ ±µ²² °¤¥·  ¸¢Ö§ ´Ò ¸ ¥£µ ¢Ò¸µ±µ°
¸¢¥É¨³µ¸ÉÓÕ ¨ ¡µ²ÓÏ¨³  ±¸¥¶É ´¸µ³,   É ±¦¥ ¸ ¢Ò¸µ±µ° · §·¥Ï¨³µ¸ÉÓÕ Ô²¥±É·µ´´µ£µ
¸¶¥±É·µ³¥É· .

�ÊÎµ± ¸ Ê¶µ·Ö¤µÎ¥´´µ° ¸É·Ê±ÉÊ·µ° ³µ£ ¡Ò ¶µ¢Ò¸¨ÉÓ ¸¢¥É¨³µ¸ÉÓ ¢ Ô±¸¶¥·¨³¥´É Ì
´  ¢¸É·¥Î´ÒÌ ¶ÊÎ± Ì ´  ´¥¸±µ²Ó±µ ¶µ·Ö¤±µ¢ ¢¥²¨Î¨´Ò [11]. �µ± , ± ¸µ¦ ²¥´¨Õ, ¨§
·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥ ESR, ³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤Ò, ÎÉµ ¤²Ö ¸ÊÐ¥¸É¢Ê-
ÕÐ¨Ì ¸¨¸É¥³ µÌ² ¦¤¥´¨Ö Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥ ¶ÊÎ±  ³µ¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ Éµ²Ó±µ
¤²Ö ´¥¡µ²ÓÏµ£µ Î¨¸²  Î ¸É¨Í ∼103. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¶ÊÎµ± ¢ Ê¶µ·Ö¤µÎ¥´´µ³ ¸µ¸ÉµÖ´¨¨
¸ ´¥¡µ²ÓÏ¨³ · §¡·µ¸µ³ ¶µ ¨³¶Ê²Ó¸ ³ ¨ ³ ²¥´Ó±¨³ ¶µ¶¥·¥Î´Ò³ · §³¥·µ³ ´¥ ¨³¥¥É § -
³¥É´µ£µ ¶·¥¨³ÊÐ¥¸É¢  ¢ ¸· ¢´¥´¨¨ ¸ µ¡ÒÎ´Ò³ ¶ÊÎ±µ³, ¢ ±µÉµ·µ³ ¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ
Î ¸É¨Í. „²Ö ·¥Ï¥´¨Ö ÔÉµ° ¶·µ¡²¥³Ò ¶·¥¤² £ ¥É¸Ö ´µ¢ Ö ¸É· É¥£¨Ö ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö,
¶µ§¢µ²ÖÕÐ Ö ¤µ¸É¨ÎÓ Ê¶µ·Ö¤µÎ¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¤²Ö ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  Î ¸É¨Í, ¢¶²µÉÓ
¤µ 106.

�É  ¨¤¥Ö ¶·µ¢¥·¥´  ¸ ¶µ³µÐÓÕ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ ´ ±µ¶¨-
É¥²Ó´µ³ ±µ²ÓÍ¥ ¶·µ¥±É  MUSES. ‚ µÉ²¨Î¨¥ µÉ Ô±¸¶¥·¨³¥´É  ´  ESR, ±µ´¥Î´µ¥ ¸µ¸ÉµÖ´¨¥
¶ · ³¥É·µ¢ ¶ÊÎ±  § ¢¨¸¨É µÉ ´ Î ²Ó´ÒÌ §´ Î¥´¨° Ô³¨ÉÉ ´¸  ¨ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³.
�·¨ ¡µ²ÓÏµ³ ´ Î ²Ó´µ³ Ô³¨ÉÉ ´¸¥ ¨ ´¥¡µ²ÓÏµ³ §´ Î¥´¨¨ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³ ¨µ´-
´Ò° ¶ÊÎµ± ³µ¦¥É ¶·¨°É¨ ¢ Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥ ¶·¨ ³¥´ÓÏ¥° ¸¨²¥ µÌ² ¦¤¥´¨Ö
(·¨¸. 3, ¡, η = 5 · 10−3). �µ¨¸± ±·¨É¥·¨Ö ¢Ò¡µ·  µ¶É¨³ ²Ó´µ° ¸É·Ê±ÉÊ·Ò ´ ±µ¶¨É¥²Ö
Ö¢²Ö¥É¸Ö µ¸´µ¢´µ° § ¤ Î¥° ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤µ¢ ´¨°.

„²Ö ¤µ¸É¨¦¥´¨Ö Ê¶µ·Ö¤µÎ¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¶ÊÎ±  ¸ ¡µ²ÓÏ¨³ Î¨¸²µ³ Î ¸É¨Í ¨ ¸ ·¥ ²Ó-
´µ° ¸¨²µ° µÌ² ¦¤¥´¨Ö ´¥µ¡Ìµ¤¨³  · §· ¡µÉ±  µ¸µ¡µ° ¸É· É¥£¨¨ ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö.
Šµ£¤  ¨µ´´Ò° ¶ÊÎµ± ´ Ìµ¤¨É¸Ö ¢ ¸µ¸ÉµÖ´¨¨ · ¢´µ¢¥¸¨Ö ³¥¦¤Ê ¢´ÊÉ·¨¶ÊÎ±µ¢Ò³ · ¸¸¥Ö-
´¨¥³ ¨ µÌ² ¦¤¥´¨¥³, ³µ¦´µ ¶·¨³¥´¨ÉÓ ¤µ¶µ²´¨É¥²Ó´Ò° ´ £·¥¢ ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥-
´¨¨. � ¶·¨³¥·, ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´ ´ £·¥¢ ¸ ¶µ³µÐÓÕ ‚—-±¨±¥· . �µ´ Î ²Ê · §¡·µ¸
¶µ ¨³¶Ê²Ó¸ ³ ¨ Ô³¨ÉÉ ´¸Ò ¡Ê¤ÊÉ µ¤´µ¢·¥³¥´´µ · ¸É¨. ‚ ³µ³¥´É, ±µ£¤  ¶ · ³¥É·Ò ¶ÊÎ± 
¤µ¸É¨£´ÊÉ ³ ±¸¨³Ê³  ¶·µ¤µ²Ó´µ° ±µ³¶µ´¥´ÉÒ ¢´ÊÉ·¨¶ÊÎ±µ¢µ£µ · ¸¸¥Ö´¨Ö, · §¡·µ¸ ¶µ
¨³¶Ê²Ó¸ ³ ¢´µ¢Ó Ê³¥´ÓÏ¨É¸Ö. �µ¸²¥ ÔÉµ£µ ³µ¦´µ µÉ±²ÕÎ¨ÉÓ ¤µ¶µ²´¨É¥²Ó´Ò° ´ £·¥¢,
¨µ´´Ò° ¶ÊÎµ± ¶·µ¤µ²¦¨É µÌ² ¦¤ ÉÓ¸Ö ¨ ³µ¦¥É ¤µ¸É¨ÎÓ Ê¶µ·Ö¤µÎ¥´´µ£µ ¸µ¸ÉµÖ´¨Ö.

„ ´´ÊÕ ¨¤¥Õ ³µ¦´µ ¶·µ¢¥·¨ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ, ¥¸²¨ ¡Ê¤¥É ¶µ¤µ¡· ´  µ¶É¨Î¥¸± Ö
¸É·Ê±ÉÊ·  ´ ±µ¶¨É¥²Ö, ¢ ±µÉµ·µ° ±µ´¥Î´µ¥ ¸µ¸ÉµÖ´¨¥ µÌ² ¦¤¥´´µ£µ ¨µ´´µ£µ ¶ÊÎ±  § -
¢¨¸¨É µÉ ´ Î ²Ó´ÒÌ §´ Î¥´¨° · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³ ¨ Ô³¨ÉÉ ´¸µ¢. �µ¤É¢¥·¦¤¥´´ Ö
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Ô±¸¶¥·¨³¥´É ²Ó´µ, ´µ¢ Ö ¸É· É¥£¨Ö ¤²Ö ¤µ¸É¨¦¥´¨Ö Ê¶µ·Ö¤µÎ¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¶ÊÎ±  ¸
¡µ²ÓÏµ° ¶²µÉ´µ¸ÉÓÕ µÉ±·Ò¢ ¥É ´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö Ê¸±µ·¨É¥²Ó´µ° Ë¨§¨±¨.

‡�Š‹�—…�ˆ…

�µ²ÊÎ¥´Ò ´µ¢Ò¥ ±·¨É¥·¨¨ Ê¶µ·Ö¤µÎ¥´´µ£µ ¸µ¸ÉµÖ´¨Ö ¨µ´´µ£µ ¶ÊÎ± . �µ± § ´µ, ÎÉµ
ÔÉ¨ ±·¨É¥·¨¨ ´ Ìµ¤ÖÉ¸Ö ¢ Ìµ·µÏ¥³ ¸µ£² ¸¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ³µ¤¥²¨·µ¢ ´¨Ö ¸ ¨¸¶µ²Ó-
§µ¢ ´¨¥³ É¥Ì´¨±¨ ³µ²¥±Ê²Ö·´µ° ¤¨´ ³¨±¨. � · ³¥É·Ò ¨µ´´µ£µ ¶ÊÎ±  ¤µ Éµ£µ ³µ³¥´É ,
±µ£¤  ´ ¡²Õ¤ ¥É¸Ö ·¥§±¨° ¸± Îµ± ¶·µ¤µ²Ó´µ£µ · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸ ³, µ¶·¥¤¥²ÖÕÉ¸Ö · ¢-
´µ¢¥¸¨¥³ ³¥¦¤Ê Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³ ¨ ¢´ÊÉ·¨¶ÊÎ±µ¢Ò³ · ¸¸¥Ö´¨¥³. Šµ£¤  ¸¨² 
µÌ² ¦¤¥´¨Ö ¶·¥¢ÒÏ ¥É ³ ±¸¨³Ê³ ¢´ÊÉ·¨¶ÊÎ±µ¢µ£µ · ¸¸¥Ö´¨Ö, ¨µ´´Ò° ¶ÊÎµ± ³µ¦¥É ¶¥-
·¥°É¨ ¢ Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥. „²Ö É¨¶¨Î´ÒÌ ¶ · ³¥É·µ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ´ ±µ¶¨É¥²Ó-
´ÒÌ ±µ²¥Í ¨ ·¥ ²Ó´ÒÌ ¸¨¸É¥³ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ³ ±¸¨³ ²Ó´µ¥ Î¨¸²µ Î ¸É¨Í,
¶·¨ ±µÉµ·µ³ ³µ¦¥É ¡ÒÉÓ ¤µ¸É¨£´ÊÉµ Ê¶µ·Ö¤µÎ¥´´µ¥ ¸µ¸ÉµÖ´¨¥, ¸µ¸É ¢²Ö¥É 103−104 Î -
¸É¨Í. �·¥¤² £ ¥É¸Ö ´µ¢ Ö ¸É· É¥£¨Ö, ±µÉµ· Ö ³µ¦¥É ¶µ§¢µ²¨ÉÓ ¶µ¢Ò¸¨ÉÓ Î¨¸²µ Î ¸É¨Í ¢
Ê¶µ·Ö¤µÎ¥´´µ³ ¨µ´´µ³ ¶ÊÎ±¥ ¤µ Ê·µ¢´Ö 106 Î ¸É¨Í.

� ¡µÉ  ¶µ¤¤¥·¦ ´  �””ˆ (£· ´É º 02-02-16911).
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