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�·ÉÕÌ �. ƒ. ¨ ¤·. P7-2009-147
”· £³¥´É-¸¥¶ · Éμ· Š�Œ��‘

	·μ¢¥¤¥´  ´ ²¨§ μ¸´μ¢´ÒÌ ¨μ´´μ-μ¶É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± Ë· £³¥´É-¸¥¶ · Éμ· 
Š�Œ��‘. ‚ ¶¥·¥¤´¥Ê£²μ¢ÒÌ ¨§³¥·¥´¨ÖÌ ´  Ë· £³¥´É-¸¥¶ · Éμ·¥ Š�Œ��‘ ¨§ÊÎ¥´Ò
¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· 6�¥, 8�¥ ¨ 9Li, ¶μ²ÊÎ¥´´Ò¥ ¢ ·¥ ±Í¨¨
11B(33 A · ŒÔ‚) + 9Be(332,6 ³£/¸³2). ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶ÊÎ±μ¢ 6�¥, 8�¥ ¨ 9Li ¡Ò²¨
¨§³¥·¥´Ò ¢¥²¨Î¨´Ò ¨³¶Ê²Ó¸´μ£μ ¨ Ê£²μ¢μ£μ (¶μ £μ·¨§μ´É ²¨)  ±¸¥¶É ´¸μ¢ ¸¥¶ · Éμ· 
Š�Œ��‘. “¸É ´μ¢²¥´μ, ÎÉμ ¨§μ¡· ¦¥´¨¥ ¶ÊÎ±μ¢ Ö¤¥· 6�¥, 8�¥ ¨ 9Li ¢ ¢ÒÌμ¤´μ³  Ì·μ-
³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ ¸¥¶ · Éμ·  Fa ¶·¨¡²¨§¨É¥²Ó´μ ¢ ¤¢  · §  ¶·¥¢ÒÏ ¥É · §³¥· ¶ÊÎ±  ´ 
¶·μ¨§¢μ¤ÖÐ¥° ³¨Ï¥´¨ (¢Ìμ¤´μ° Ëμ±Ê¸ F0), ´  ±μÉμ·ÊÕ ¶¥·¢¨Î´Ò° ¶ÊÎμ± ¤¨ Ë· £³¨·μ-
¢ ²¸Ö ¤¨ ³¥É·μ³ 6 ³³. 	·¨ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  11‚ ¢ 1 pμ� (1 pμ = 5 eμ�)
¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥·: 6�¥ (6,9 · 105 ¸−1),
8�¥ (2 · 104 ¸−1) ¨ 9Li (4,7 · 105 ¸−1). 	μ²ÊÎ¥´´Ò¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±μ¢ £ ²μ¶μ¤μ¡´ÒÌ
Ö¤¥· 6�¥, 8�¥ ¨ 9Li Ö¢²ÖÕÉ¸Ö ¤μ¸É ÉμÎ´Ò³¨ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¨Ì ¢ ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì
¨¸¸²¥¤μ¢ ´¨ÖÌ. 	·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢·¥³Ö¶·μ²¥É´Ò°  ´ ²¨§ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨° ´  ¢ÒÌμ¤¥ ¸¥¶ · Éμ·  Š�Œ��‘, ±μÉμ·Ò° μ¡¥¸¶¥Î¨É ´¥ Éμ²Ó±μ ¨§³¥·¥´¨¥ Ô´¥·-
£¨¨ É· ´¸¶μ·É¨·Ê¥³ÒÌ Î ¸É¨Í ¢μ ¢¸¥³ · ¡μÎ¥³ ¤¨ ¶ §μ´¥ ¨³¶Ê²Ó¸´μ£μ § Ì¢ É , ´μ ¨
¨¤¥´É¨Ë¨± Í¨Õ ¶μ A, Z ÔÉ¨Ì Î ¸É¨Í ¡¥§ ¨Ì ¶μÉ¥·¨.


 ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ.�. ”²¥·μ¢  �ˆŸˆ.

	·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Artukh A. G. et al. P7-2009-147
Fragment-Separator COMBAS

The analysis of the basic ionic-optical characteristics of the fragment-separator COMBAS
is carried out. In forward-angle measurements on fragment-separator COMBAS momentum
distributions of radioactive 6He, 8He and 9Li nuclei, obtained in the reaction 11B(33 A·ŒeV)+
9Be(332.6 mg/cm2), are studied. Values of momentum and angular (horizontal) acceptances
of the separator COMBAS are measured using 6He, 8He, and 9Li beams. It is found that the
image of 6He, 8He, and 9Li nuclei beams in the ˇnal achromatic focus of the separator Fa

approximately twice exceeds the size of the beam on the producing target (input focus F0), on
which primary beam had the size in diameter 6 mm. With intensity of a 11‚ primary beam
of 1 pμ� (1 pμ = 5 eμ�), the following beam intensities of radioactive nuclei are obtained:
6He (6.9 ·105 s−1), 8He (2 ·104 s−1) and 9Li (4.7 ·105 s−1). The obtained beam intensities of
6He, 8He and 9Li halo-like nuclei are sufˇcient for using in spectroscopic researches. Time-
of-�ight analysis of the reaction products in ˇnal achromatic focus of the COMBAS separator
is proposed. This permits one to measure the energies of transported particles in the total
working range of momentum acceptance and to identify also the particles in the A, Z without
losing them.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2009
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˜¨·μ±μ ¶¥·ÉÊ·´Ò° Ë· £³¥´É-¸¥¶ · Éμ· Š�Œ��‘ (Š�Œ¶²¥±¸ �Ò¸É·μ-
¤¥°¸É¢ÊÕÐ¥£μ �´ ²¨§ Éμ· -‘¶¥±É·μ³¥É· ) ¶·μ¥±É¨·μ¢ ²¸Ö ¨ ¡Ò² ¸μ§-
¤ ´ [1Ä5] ¤²Ö ¸¥¶ · Í¨¨ ¨ Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ±μ¢ ´¥¸É ¡¨²Ó´ÒÌ (´¥°É·μ´μ-
¨ ¶·μÉμ´μ¨§¡ÒÉμÎ´ÒÌ) Ö¤¥·, ¶μ²ÊÎ ¥³ÒÌ ¢ ·¥ ±Í¨ÖÌ ¸ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨
´¨§±¨Ì ¨ ¸·¥¤´¨Ì Ô´¥·£¨° (¶μ·Ö¤±  100 ŒÔ‚/´Ê±²μ´). „²Ö ³ ±¸¨³ ²Ó´μ£μ
¸¡μ·  ±μ·μÉ±μ¦¨¢ÊÐ¨Ì Ö¤¥· (³¨²²¨¸¥±Ê´¤Ò ¨ ¢ÒÏ¥), ¶μ²ÊÎ ¥³ÒÌ ¢ ·¥ ±Í¨ÖÌ
Ë· £³¥´É Í¨¨ ¸ ³ ²Ò³¨ ¸¥Î¥´¨Ö³¨, μ¸´μ¢´Ò³¨ É·¥¡μ¢ ´¨Ö³¨ ± ®in-�ight¯-
¸¥¶ · Éμ· ³, · ¡μÉ ÕÐ¨³ ®¢ ¶ÊÎ±¥¯ ÉÖ¦¥²ÒÌ ¨μ´μ¢, Ö¢²Ö¥É¸Ö ¤μ¸É¨¦¥´¨¥
³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´ÒÌ ¨³¶Ê²Ó¸´μ£μ ¨ Ê£²μ¢μ£μ  ±¸¥¶É ´¸μ¢ ¸ ·¥ ²¨§ Í¨¥°
³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´μ° · §·¥Ï ÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ ¶μ Ô´¥·£¨¨. ‚ ¸¥¶ · Éμ·¥
Š�Œ��‘ ¸Éμ²Ó ¶·μÉ¨¢μ·¥Î¨¢Ò¥ É·¥¡μ¢ ´¨Ö ¡Ò²¨ · §·¥Ï¥´Ò ¸ ¶μ³μÐÓÕ
³ £´¨Éμ¢ ¸ ´¥μ¤´μ·μ¤´Ò³¨ ¶μ²Ö³¨, ¢ ±μÉμ·ÒÌ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ¶μ¢μ·μÉ´Ò¥
³ £´¨ÉÒ ³¥Éμ¤μ³ ¶·μË¨²¨·μ¢ ´¨Ö ¨Ì ¶μ²Õ¸´ÒÌ ´ ±μ´¥Î´¨±μ¢ ¡Ò²¨ ¢¢¥¤¥´Ò
´Ê¦´μ° ¢¥²¨Î¨´Ò ³Ê²ÓÉ¨¶μ²Ó´Ò¥ £ ·³μ´¨±¨ ¤²Ö ±μ³¶¥´¸ Í¨¨  ¡¥·· Í¨° ¢Ò-
¸μ±¨Ì ¶μ·Ö¤±μ¢. �Éμ ¶μ§¢μ²¨²μ ¸μ§¤ ÉÓ ±μ³¶ ±É´Ò° ¸¥¶ · Éμ· ¸ ¶ · ³¥É· ³¨
¶μ ¨³¶Ê²Ó¸´μ³Ê § Ì¢ ÉÊ, Ê£²μ¢μ³Ê § Ì¢ ÉÊ ¨ · §·¥Ï ÕÐ¥° ¸¶μ¸μ¡´μ¸É¨, ¢ É·¨-
¶ÖÉÓ · § ¶·¥¢μ¸Ìμ¤ÖÐ¨³¨ ¶ · ³¥É·Ò  ´ ²μ£¨Î´ÒÌ ¸¥¶ · Éμ·μ¢, ¸ÊÐ¥¸É¢ÊÕ-
Ð¨Ì ¢ ¤·Ê£¨Ì ´ ÊÎ´ÒÌ Í¥´É· Ì [6Ä9] (É ¡². 1). „²Ö Éμ£μ ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ
¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¸¡μ·  Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥·, ¶μ²ÊÎ ¥³ÒÌ ¢ ·¥ ±Í¨ÖÌ ¸

’ ¡²¨Í  1. ‘· ¢´¥´¨¥ ¶ · ³¥É·μ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì Ë· £³¥´É-¸¥¶ · Éμ·μ¢. ‚ ¶¥·¢μ°
±μ²μ´±¥ ¤ ´Ò ¸¸Ò²±¨ ´  ²¨É¥· ÉÊ·´Ò¥ ¨¸ÉμÎ´¨±¨

“¸É ´μ¢±  Ω, ³¸· Δp/p, %
	·¥¤¥²Ó´ Ö
¦¥¸É±μ¸ÉÓ,
’² · ³


 §·¥Ï ÕÐ Ö
¸¶μ¸μ¡´μ¸ÉÓ,
μÉ´. ¥¤.

LISE [6] 1,0 5,0 3,2 800
A1200 [7] 0,8Ä4,3 3,0 5,4 700Ä1500
RIPS [8] 5,0 6,0 5,76 1500
FRS [9] 0,7Ä2,5 2,0 9Ä18 240Ä1500
COMBAS [1] 6,4 20 4,5 4300
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ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ´¨§±¨Ì ¨ ¸·¥¤´¨Ì Ô´¥·£¨°, ¶·¥¤¥²Ó´ Ö ³ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ
¸¥¶ · Éμ·  Š�Œ��‘ ¡Ò²  ¢Ò¶μ²´¥´  · ¢´μ° 4,5 ’². �É  ¦¥¸É±μ¸ÉÓ ´  50 %
¶·¥¢μ¸Ìμ¤¨É ¶·¥¤¥²Ó´ÊÕ ¦¥¸É±μ¸ÉÓ ´ ¨¡μ²¥¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ¶ÊÎ±μ¢
Í¨±²μÉ·μ´  “-400Œ. ˆ§¡ÒÉμÎ´ Ö ¦¥¸É±μ¸ÉÓ ¸¥¶ · Éμ·  ±· °´¥ ´¥μ¡Ìμ¤¨³ 
¤²Ö Éμ£μ, ÎÉμ¡Ò ¡¥§ ¶μÉ¥·Ó ³μ¦´μ ¡Ò²μ ¸¥¶ ·¨·μ¢ ÉÓ Ö¤·  ¢¡²¨§¨ £· ´¨ÍÒ
Ö¤¥·´μ° ¸É ¡¨²Ó´μ¸É¨, ±μÉμ·Ò¥ μ¡· §ÊÕÉ¸Ö ¸ ¦¥¸É±μ¸ÉÖ³¨, ¤μ 50 % ¶·¥¢μ¸-
Ìμ¤ÖÐ¨³¨ ¦¥¸É±μ¸ÉÓ ¶¥·¢¨Î´μ£μ ¶ÊÎ± . �ÉμÉ Ë¨§¨Î¥¸±¨° Ë ±É μ£· ´¨Î¨¢ ¥É
¶·¨³¥´¥´¨¥ ¸É ´¤ ·É´ÒÌ ³ £´¨Éμ¢ É· ´¸¶μ·É¨·μ¢±¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¢ ± -
Î¥¸É¢¥  ´ ²¨§¨·ÊÕÐ¨Ì ³ £´¨Éμ¢ ¤²Ö ¸É·μ¨É¥²Ó¸É¢  Ë· £³¥´É-¸¥¶ · Éμ·μ¢. ‚
´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶μ ¸¢μ¨³ ¶ · ³¥É· ³ Ë· £³¥´É-¸¥¶ · Éμ· Š�Œ��‘ Ö¢²Ö-
¥É¸Ö ¥¤¨´¸É¢¥´´Ò³ ¸¥¶ ·¨·ÊÕÐ¨³ ± ´ ²μ³ ¢ ‹Ÿ
, ±μÉμ·Ò° ¢ ¸μ¸ÉμÖ´¨¨ ¨¸-
¶μ²Ó§μ¢ ÉÓ ¢¥¸Ó ¤¨ ¶ §μ´ Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í ´  Í¨±²μÉ·μ´¥ “-400Œ.

–¥²Ó ¤ ´´μ° · ¡μÉÒ Å ¨§ÊÎ¨ÉÓ · ¡μÎ¨¥ ¤¨ ¶ §μ´Ò μ¸´μ¢´ÒÌ ¨μ´´μ-
μ¶É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¸¥¶ · Éμ·  Š�Œ��‘ ´  · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ± Ì
6He, 8He ¨ 9Li, ¶μ²ÊÎ ¥³ÒÌ ¢ ·¥ ±Í¨¨ 11B(33 AŒÔ‚) + 9Be, ¨ ¨§³¥·¨ÉÓ
¢ÒÌμ¤Ò 6He, 8He ¨ 9Li ¸ ¶¥·¸¶¥±É¨¢μ° Ëμ·³¨·μ¢ ´¨Ö ¨§ ´¨Ì ¶ÊÎ±μ¢ · ¤¨μ-
 ±É¨¢´ÒÌ Ö¤¥· ¤²Ö ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°.

1. ‚›��� ˆ ��’ˆŒˆ‡�–ˆŸ ˆ����-��’ˆ—…‘Š�‰ ‘•…Œ›
‘…����’��� Š�Œ��‘

� ¨¡μ²¥¥ ¢ ¦´Ò³¨ Ì · ±É¥·¨¸É¨± ³¨ Ë· £³¥´É-¸¥¶ · Éμ·μ¢ Ö¢²ÖÕÉ¸Ö:

R Å · §·¥Ï ÕÐ Ö ¸¶μ¸μ¡´μ¸ÉÓ;

Bρ Å ¶·¥¤¥²Ó´ Ö ³ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ ¸¥¶ ·¨·Ê¥³ÒÌ Î ¸É¨Í;

Δpmax

/
p Å ¶·¥¤¥²Ó´Ò° ¨³¶Ê²Ó¸´Ò° · §¡·μ¸ Î ¸É¨Í (¨³¶Ê²Ó¸´Ò°  ±¸¥¶-

É ´¸), ¶·μ¶Ê¸± ¥³Ò° ³ £´¨É´Ò³ ± ´ ²μ³;

ϕ Å Ê£²μ¢μ° § Ì¢ É Î ¸É¨Í ¢ · ¤¨ ²Ó´μ° ¶²μ¸±μ¸É¨;

θ Å Ê£²μ¢μ° § Ì¢ É Î ¸É¨Í ¢ ¢¥·É¨± ²Ó´μ° ¶²μ¸±μ¸É¨;
ˆ¸¶μ²Ó§ÊÖ ³ É·¨Î´Ò°  ´ ²¨§, ±μÔËË¨Í¨¥´ÉÒ ³ É·¨ÍÒ (T ) ¶·¥μ¡· §μ¢ ´¨Ö
±μμ·¤¨´ É (X, X ′, Y, Y ′, Δl, Δpmax

/
p) ³μ¦´μ § ¶¨¸ ÉÓ ¢ ¢¨¤¥ ¸μμÉ¢¥É¸É¢Ê-

ÕÐ¥£μ μ¡μ§´ Î¥´¨Ö ¢ ¢ÒÎ¨¸²¨É¥²Ó´μ° ¶·μ£· ³³¥ TRANSPORT:

T =

⎛
⎜⎜⎜⎜⎜⎜⎝

R11 R12 0 0 0 R16

R21 R22 0 0 0 R26

0 0 R33 R34 0 0
0 0 R43 R44 0 0

R51 R52 0 0 1 R56

0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎠

. (1)
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1.1. � §·¥Ï ÕÐ Ö ¸¨² . 	μ μ¶·¥¤¥²¥´¨Õ · §·¥Ï ÕÐ Ö ¸¨²   ´ ²¨§¨-
·ÊÕÐ¥£μ ¶·¨¡μ·  ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

R =
D

ΔXD
=

D

R11 · ΔX1
=

R16

R11 · ΔX1
; (2)

D Å ¤¨¸¶¥·¸¨Ö, ±μÉμ· Ö ¶·¥¤¸É ¢²Ö¥É ¶·μ¸É· ´¸É¢¥´´Ò° · §¡·μ¸ ¶ÊÎ±  Î -
¸É¨Í (¢ ¸³) ¢ ¶²μ¸±μ¸É¨ ¸¥¶ · Í¨¨ Î ¸É¨Í ´  1 % ¨³¶Ê²Ó¸´μ£μ · §¡·μ¸ ;
ΔXD Å Ï¨·¨´  · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ¢ ¶²μ¸±μ¸É¨ ¸¥¶ · Í¨¨ (Ëμ± ²Ó´ Ö
¶²μ¸±μ¸ÉÓ F1); ΔX1 Å · §³¥· ¨¸ÉμÎ´¨±  ´  ¢Ìμ¤¥. �¡ÒÎ´μ ¶·¨´ÖÉμ ¤¥² ÉÓ
´μ·³¨·μ¢±Ê ´  ¢¥²¨Î¨´Ê ΔX1 = 1 ³³. �Éμ ¶μ§¢μ²Ö¥É ¸· ¢´¨ÉÓ · §²¨Î´Ò¥
Ê¸É·μ°¸É¢ ; R11 Å ±μÔËË¨Í¨¥´É ²¨´¥°´μ£μ Ê¢¥²¨Î¥´¨Ö ¨¸ÉμÎ´¨±  ¢ Ëμ± ²Ó-
´μ° ¶²μ¸±μ¸É¨ F1 ¶μ ±μμ·¤¨´ É¥ X .

	μ²μ¦¥´¨¥ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ F1 μ¶·¥¤¥²Ö¥É¸Ö ¨§ Ê¸²μ¢¨Ö, ÎÉμ
R12 = 0. ’μ ¥¸ÉÓ · §³¥· ¶ÊÎ±  ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ ´¥ § ¢¨¸¨É μÉ Ê£²μ¢μ°
· ¸Ìμ¤¨³μ¸É¨ ¶ÊÎ± . 	·¨´ÖÉμ £μ¢μ·¨ÉÓ μ Ëμ±Ê¸¨·μ¢±¥ ¨§ ÉμÎ±¨ ¢ ÉμÎ±Ê.

‚μ¸¶μ²Ó§Ê¥³¸Ö ¨´¢ ·¨ ´É´Ò³¨ ¸μμÉ´μÏ¥´¨Ö³¨, ¸¢Ö§Ò¢ ÕÐ¨³¨ ¶·μ¤μ²Ó-
´μ¥ ¤¢¨¦¥´¨¥ ¸ ¶μ¶¥·¥Î´Ò³:

R16 = R11 · R52 − R12 · R51,

R26 = R21 · R52 − R22 · R51.
(3)

	·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö R12 = 0 ¢¥²¨Î¨´  ¤¨¸¶¥·¸¨¨ R26 = R11 · R52,
¶μ¤¸É ¢²ÖÖ ÔÉμ §´ Î¥´¨¥ ¢ (2), ¶μ²ÊÎ¨³

R =
R11 · R52

R11 · ΔX1
=

R52

ΔX1
. (4)

‘ ¤·Ê£μ° ¸Éμ·μ´Ò,

R52 =

s∫
0

R12(s)
ρ

ds. (5)

ˆ´É¥£· ² (5) ¨³¥¥É ¸³Ò¸² Éμ²Ó±μ ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì (ρ Å · ¤¨Ê¸ ¶μ¢μ-
·μÉ  μ¸¥¢μ° É· ¥±Éμ·¨¨) ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶²μÐ ¤Ó, μ¶¨¸Ò¢ ¥³ÊÕ ¸¨´Ê¸-
´μ° É· ¥±Éμ·¨¥° R12(s).

1.2. Œ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ ¸¥¶ ·¨·Ê¥³ÒÌ Î ¸É¨Í. 	·¥¤¥²Ó´Ò¥ ¢¥²¨Î¨´Ò
¶μ²¥°, μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥³ÒÌ ´  ¶μ²Õ¸´ÒÌ ´ ±μ´¥Î´¨± Ì ³ £´¨Éμ¢, ¸μ¸É -
¢²ÖÕÉ 1,7Ä1,9 ’² (¨³¥ÕÉ¸Ö ¢ ¢¨¤Ê ¶μ²Ö, Ëμ·³¨·Ê¥³Ò¥ ¢ ´¥¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì
±μ´¸É·Ê±Í¨ÖÌ). ‘ Ê¢¥²¨Î¥´¨¥³ ³ £´¨É´μ° ¦¥¸É±μ¸É¨ Î ¸É¨Í (¨§-§  μ£· ´¨-
Î¥´¨Ö ´  ¢¥²¨Î¨´Ê ¶μ²Ö) Ëμ±Ê¸¨·ÊÕÐ¨¥ ¸¢μ°¸É¢  Ô²¥³¥´Éμ¢ Ê³¥´ÓÏ ÕÉ¸Ö.
�Éμ ¶·¨¢μ¤¨É É ±¦¥, ¢μ-¶¥·¢ÒÌ, ± Ê¢¥²¨Î¥´¨Õ £¥μ³¥É·¨Î¥¸±μ° ¶·μÉÖ¦¥´´μ-

¸É¨ ± ´ ² , ¢μ-¢Éμ·ÒÌ, ± Ê¢¥²¨Î¥´¨Õ ¢¥¸μ¢ÒÌ Ì · ±É¥·¨¸É¨± ¢

(
Bρ2

Bρ1

)3

¨ ±

Ê¢¥²¨Î¥´¨Õ ¶μÉ·¥¡²Ö¥³μ° ³μÐ´μ¸É¨ ¢

(
Bρ2

Δρ1

)2−2,5

· §.
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1.3. �·¥¤¥²Ó´Ò° ¨³¶Ê²Ó¸´Ò° · §¡·μ¸ Î ¸É¨Í. — ¸É¨ÍÒ ¸ · §´Ò³ ¨³-
¶Ê²Ó¸μ³ ¸μ¢¥·Ï ÕÉ ¤¢¨¦¥´¨¥ ¶μ ¸¢μ¨³ É· ¥±Éμ·¨Ö³, ¶μ²μ¦¥´¨¥ ±μÉμ·ÒÌ
μÉ´μ¸¨É¥²Ó´μ μ¸¥¢μ° É· ¥±Éμ·¨¨ μ¶·¥¤¥²Ö¥É¸Ö Î¥·¥§ ¢¥²¨Î¨´Ê ¤¨¸¶¥·¸¨¨:

ΔX = R16(s) ·
Δpm

p0
.

—¥³ ¡μ²ÓÏ¥ ¢¥²¨Î¨´ 
Δpm

p
, É¥³ ¡μ²ÓÏÊÕ · ¡μÎÊÕ · ¤¨ ²Ó´ÊÕ ¤μ·μ¦±Ê

± ´ ²  ³Ò ¤μ²¦´Ò ¶·¥¤Ê¸³μÉ·¥ÉÓ. ŠμÔËË¨Í¨¥´É R16 ¢Ìμ¤¨É ¢ ¢Ò· ¦¥-
´¨¥ (2), μ¶¨¸Ò¢ ÕÐ¥¥ · §·¥Ï ÕÐÊÕ ¸¨²Ê Ê¸É·μ°¸É¢ . —¥³ ¡μ²ÓÏ¥ · §·¥-
Ï ÕÐ Ö ¸¨²  R , É¥³ ¡μ²ÓÏ¥ ¤μ²¦´μ ¡ÒÉÓ §´ Î¥´¨¥ R16. ’ ±¨³ μ¡· §μ³,
¸É·¥³²¥´¨¥ ¶·μ¶Ê¸É¨ÉÓ Î¥·¥§ ± ´ ² μ¤´μ¢·¥³¥´´μ Î ¸É¨ÍÒ ¸ ¡μ²ÓÏ¨³ ¨³-
¶Ê²Ó¸´Ò³ · §¡·μ¸μ³ ¨ ¨³¥ÉÓ ¢Ò¸μ±μ¥ · §·¥Ï¥´¨¥ ´ É ²±¨¢ ¥É¸Ö μ¶ÖÉÓ ´ 
´¥μ¡Ìμ¤¨³μ¸ÉÓ Ê¢¥²¨Î¨ÉÓ · ¤¨ ²Ó´ÊÕ ¤μ·μ¦±Ê, ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ± ¢μ§· -

¸É ´¨Õ ¢¥¸μ£ ¡ ·¨É´ÒÌ ¶ · ³¥É·μ¢. Š·μ³¥ Éμ£μ, ·¥§±μ Å

(
Δpm

p

)3

· R3 Å

¢μ§· ¸É ÕÉ Ì·μ³ É¨Î¥¸±¨¥  ¡¥·· Í¨¨. ‘²¥¤μ¢ É¥²Ó´μ, ´¥μ¡Ìμ¤¨³μ ¶·¥¤Ê¸³μ-
É·¥ÉÓ É ±μ° ¢Ò¡μ· ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò, ±μÉμ·Ò° ¡Ò ¶μ§¢μ²Ö² ¢μ§³μ¦´ÊÕ
±μ³¶¥´¸ Í¨Õ Ì·μ³ É¨Î¥¸±¨Ì  ¡¥·· Í¨°.

�¤¨´ ¨§ ¶·¨¥³μ¢, ±μÉμ·Ò° ¶μ§¢μ²Ö¥É Ê¢¥²¨Î¨ÉÓ ¶·μ¶Ê¸± ¥³Ò° ¨³¶Ê²Ó¸-
´Ò° ¸¶¥±É· ¡¥§ §´ Î¨É¥²Ó´μ£μ Ê¢¥²¨Î¥´¨Ö · ¤¨ ²Ó´μ° ¤μ·μ¦±¨, ¸μ¸Éμ¨É ¢
Ëμ·³¨·μ¢ ´¨¨ ´¨§±μ¤¨¸¶¥·¸¨μ´´ÒÌ μ¶É¨Î¥¸±¨Ì ¸Ì¥³. ‚Ò¸μ± Ö · §·¥Ï Õ-
Ð Ö ¸¨²  ¶·¨¡μ·  ³μ¦¥É ¡ÒÉÓ ¤μ¸É¨£´ÊÉ  ¶·¨ ´¨§±μ³ §´ Î¥´¨¨ ¤¨¸¶¥·¸¨¨ § 
¸Î¥É ³ ²μ° ¢¥²¨Î¨´Ò ±μÔËË¨Í¨¥´É  ²¨´¥°´μ£μ Ê¢¥²¨Î¥´¨Ö |R11| < 1 (2).

1.4. “£²μ¢μ° § Ì¢ É Î ¸É¨Í ¢ · ¤¨ ²Ó´μ° ¶²μ¸±μ¸É¨ ϕ. ‚¥²¨Î¨´  Ê£²μ-
¢μ£μ  ±¸¥¶É ´¸  μ£· ´¨Î¨¢ ¥É ¸¢¥Éμ¸¨²Ê ± ´ ²  ¨ μ¶·¥¤¥²Ö¥É¸Ö, ¢ μ¸´μ¢´μ³,
¶·¥¤¥²Ó´Ò³¨  ¶¥·ÉÊ· ³¨ Ô²¥±É·μ³ £´¨É´μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¨ ´μ³¨´ ²Ó´Ò³
§´ Î¥´¨¥³ ¢¥²¨Î¨´Ò ¶μ²Ö ´  ¶μ²Õ¸´ÒÌ ´ ±μ´¥Î´¨± Ì.


 §³¥· ³μ´μÔ´¥·£¥É¨Î¥¸±μ£μ ¶ÊÎ±  ¢ ¸¶¥±É·μ³¥É· Ì ¢Ò· ¦ ¥É¸Ö Î¥·¥§
¸¨´Ê¸´ÊÕ É· ¥±Éμ·¨Õ:

X̃(s) = R12(s) · ϕ. (6)

‘ ¤·Ê£μ° ¸Éμ·μ´Ò (¸³. ¢Ò· ¦¥´¨¥ (5)), · §·¥Ï ÕÐ Ö ¸¨²  É ±¦¥ ¸¢Ö§ ´ 
Î¥·¥§ R12(s). „²Ö ¶μ²ÊÎ¥´¨Ö Ìμ·μÏ¥£μ · §·¥Ï¥´¨Ö ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ ¡μ²Ó-
ÏÊÕ ¢¥²¨Î¨´Ê R12(s), ÎÉμ ¶·¨¢μ¤¨É, ¸μ£² ¸´μ (6), ± Ê¢¥²¨Î¥´¨Õ · ¤¨ ²Ó´μ°
¤μ·μ¦±¨ ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì. ‚¥¸ ³ £´¨É  · ¸É¥É ± ± ±¢ ¤· É Ï¨·¨´Ò
· ¡μÎ¥° ¤μ·μ¦±¨.

�¥μ¡Ìμ¤¨³μ É ±¦¥ μÉ³¥É¨ÉÓ ¢²¨Ö´¨¥ ¸Ë¥·¨Î¥¸±¨Ì  ¡¥·· Í¨°. 	·¨
ϕ > 20 ³· ¤ ¸É ´μ¢¨É¸Ö μ¡Ö§ É¥²Ó´Ò³ ÊÎ¥É ¨ ±μ³¶¥´¸ Í¨Ö ´¥²¨´¥°´ÒÌ ÔË-
Ë¥±Éμ¢ É·¥ÉÓ¥£μ ¶μ·Ö¤± .

1.5. “£²μ¢μ° § Ì¢ É Î ¸É¨Í ¢ ¢¥·É¨± ²Ó´μ° ¶²μ¸±μ¸É¨ θ. 
 §·¥Ï ÕÐ Ö
¸¨²  ± ´ ²  ¢ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ ´¥ § ¢¨¸¨É μÉ ¢¥·É¨± ²Ó´μ£μ Ô³¨ÉÉ ´¸ 
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¶ÊÎ± . ‚ ¡μ²¥¥ ¢Ò¸μ±μ³ ¶·¨¡²¨¦¥´¨¨ ¥£μ ¢²¨Ö´¨¥ ¸É ´μ¢¨É¸Ö § ³¥É´Ò³, ´μ
¶·¨ · §Ê³´μ³ ¢Ò¡μ·¥ μ¶É¨Î¥¸±μ° ¸Ì¥³Ò ¨ ¸¨¸É¥³Ò ±μ··¥±Í¨¨ ÔÉ¨ ÔËË¥±ÉÒ
³μ£ÊÉ ¡ÒÉÓ ¸±μ³¶¥´¸¨·μ¢ ´Ò.

�¡ÒÎ´μ ¶·¨ ¶μ¸É·μ¥´¨¨ μ¶É¨Î¥¸±μ° ¸Ì¥³Ò ¸É·¥³ÖÉ¸Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £-
´¨É Ì ¶μ²ÊÎ¨ÉÓ ¢¥·É¨± ²Ó´Ò° · §³¥· ¶ÊÎ±  ³¨´¨³ ²Ó´μ° ¢¥²¨Î¨´Ò. �Éμ
¶μ´ÖÉ´μ, É ± ± ± ³μÐ´μ¸ÉÓ ¸¨¸É¥³Ò ¶¨É ´¨Ö ³ £´¨Éμ¢ · ¸É¥É ± ± ±¢ ¤· É
¢Ò¸μÉÒ § §μ· . �μ ¤²Ö Éμ£μ, ÎÉμ¡Ò ÔÉμ ¸¤¥² ÉÓ, ¢¢μ¤ÖÉ ¤μ¶μ²´¨É¥²Ó´μ¥ Î¨¸²μ
±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§, ¨ § ³¥É´μ£μ ¢Ò¨£·ÒÏ  ´¥ ¶·μ¨¸Ìμ¤¨É.

	·¨ ¶μ¸É·μ¥´¨¨ ±μ³¶μ´μ¢μÎ´μ° ¸Ì¥³Ò Š�Œ��‘ ¡Ò²μ ¶·¨´ÖÉμ ·¥Ï¥-
´¨¥ ¨¸¶μ²Ó§μ¢ ÉÓ ¶μ¢μ·μÉ´Ò¥ ³ £´¨ÉÒ ¸μ §´ ±μ¶¥·¥³¥´´μ° ¢¥²¨Î¨´μ° ¶μ-
± § É¥²Ö ¸¶ ¤  ¶μ²Ö. �Éμ ¶μ§¢μ²¨²μ, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¸μ±· É¨ÉÓ ¤²¨´Ê ± -
´ ² , ¸ ¤·Ê£μ°, Ê³¥´ÓÏ¨ÉÓ ±μ²¨Î¥¸É¢μ ³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢, É ± ± ± ËÊ´±Í¨¨
Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ± , ¢Ò¶μ²´Ö¥³Ò¥ μ¡ÒÎ´μ ±¢ ¤·Ê¶μ²Ó´Ò³¨ ²¨´§ ³¨, É¥¶¥·Ó
¢μ§² £ ÕÉ¸Ö ´  ³ £´¨ÉÒ.

	·¨ μ¶É¨³¨§ Í¨¨ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ¢ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ Í¥²¥-
¸μμ¡· §´μ ¢μ¸¶μ²Ó§μ¢ ÉÓ¸Ö ¸²¥¤ÊÕÐ¨³¨ Ê¸²μ¢¨Ö³¨ ´  ¶¥·¢μ° Î ¸É¨ ± ´ ² 
(¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ F1):

R52 = const 1 Å ±μÔËË¨Í¨¥´É μ¶·¥¤¥²Ö¥É · §·¥Ï ÕÐÊÕ ¸¨²Ê ¶·¨¡μ· ;
R12 = 0 Å Ê¸²μ¢¨¥ Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ±  ¨§ ÉμÎ±¨ ¢ ÉμÎ±Ê;
R11 = const 2 Å Ê¸²μ¢¨¥, ¢Ò¶μ²´¥´¨¥ ±μÉμ·μ£μ ¶μ§¢μ²Ö¥É ³¨´¨³¨§¨·μ-

¢ ÉÓ ¤¨¸¶¥·¸¨Õ R16 ¶·¨ § ¤ ´´μ³ §´ Î¥´¨¨ · §·¥Ï ÕÐ¥° ¸¨²Ò R52;
R26 = 0 Å Ê¸²μ¢¨¥, ¢Ò¶μ²´¥´¨¥ ±μÉμ·μ£μ ¶μ§¢μ²Ö¥É ¢Éμ·ÊÕ ¶μ²μ¢¨´Ê

± ´ ²  ¸¤¥² ÉÓ §¥·± ²Ó´Ò³ μÉ· ¦¥´¨¥³ ¶¥·¢μ°;
R34 = 0 Å Ê¸²μ¢¨¥ Ëμ±Ê¸¨·μ¢±¨ ¶ÊÎ±  ¨§ ÉμÎ±¨ ¢ ÉμÎ±Ê ¢ ¢¥·É¨± ²Ó´μ°

¶²μ¸±μ¸É¨; ÔÉμ Ê¸²μ¢¨¥ ³μ¦¥É μ± § ÉÓ¸Ö ´¥¤μ¸É ÉμÎ´Ò³ ¶·¨ ¡μ²ÓÏμ° ¢Ò¸μÉ¥
¨¸ÉμÎ´¨± , ¢ ¡μ²¥¥ μ¡Ð¥³ ¸²ÊÎ ¥ ´Ê¦´μ ¸É·¥³¨ÉÓ¸Ö ± Z̃ ′ = 0 (±·μ¸¸μ¢¥·
¶ÊÎ± ).

—¨¸²¥´´ Ö μ¶É¨³¨§ Í¨Ö · §²¨Î´ÒÌ μ¶É¨Î¥¸±¨Ì ¸Ì¥³ ¢ ²¨´¥°´μ³ ¶·¨¡²¨-
¦¥´¨¨ ¢Ò¶μ²´Ö² ¸Ó ¸ ¶μ³μÐÓÕ ¢ÒÎ¨¸²¨É¥²Ó´μ° ¶·μ£· ³³Ò BETRAMF [10].
	·¨ ÔÉμ³ ± ¦¤Ò° ¨§ ¶μ²ÊÎ¥´´ÒÌ ¢ ·¨ ´Éμ¢  ´ ²¨§¨·μ¢ ²¸Ö ± ± ¸ ÉμÎ±¨ §·¥-
´¨Ö Ê¤μ¢²¥É¢μ·¥´¨Ö μ¸´μ¢´Ò³ É·¥¡μ¢ ´¨Ö³, É ± ¨ ¸ ÊÎ¥Éμ³ ¢μ§³μ¦´μ° ±μ³-
¶¥´¸ Í¨¨ ´¥²¨´¥°´ÒÌ ÔËË¥±Éμ¢.


¥ ²¨§μ¢ ´´ Ö ³ £´¨Éμμ¶É¨Î¥¸± Ö ¸Ì¥³  Ë· £³¥´É-¸¥¶ · Éμ· , ±μÉμ· Ö
´ ¨¡μ²¥¥ ¶μ²´μ μÉ¢¥Î ¥É ¶μ¸É ¢²¥´´μ° § ¤ Î¥, ¶μ± § ´  ´  ·¨¸. 1.

	¥·¢ Ö ¶μ²μ¢¨´  ± ´ ²  Œ1ÄŒ4 Å  ´ ²¨§¨·ÊÕÐ Ö ¸¥±Í¨Ö, ¸μ¸ÉμÖÐ Ö ¨§
¤¢ÊÌ μ¸´μ¢´ÒÌ ¶μ¢μ·μÉ´ÒÌ ³ £´¨Éμ¢ Œ1 ¨ Œ2 ¨ ¤¢ÊÌ ±μ··¥±É¨·ÊÕÐ¨Ì Œ3
¨ Œ4, ±μÉμ· Ö μ¡¥¸¶¥Î¨¢ ¥É ¸¡μ· Î ¸É¨Í ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ É¥²¥¸´μ³ Ê£²¥,
μÉ±²μ´¥´¨¥ ¶ÊÎ±  ´  ¸Ê³³ ·´Ò° Ê£μ² 50◦(2 × 25◦) ¨ ¶·μ¸É· ´¸É¢¥´´μ¥ · §-
¤¥²¥´¨¥ ¨μ´μ¢-¶·μ¤Ê±Éμ¢ ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ Fd (¸·¥¤´ÖÖ ²¨´¨Ö).

�¶É¨Î¥¸±¨¥ ¸¢μ°¸É¢  ¢ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨ ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²ÖÕÉ¸Ö
³ £´¨É ³¨ Œ1 ¨ Œ2. —Éμ¡Ò ·¥ ²¨§μ¢ ÉÓ ´Ê¦´Ò¥ Ëμ±Ê¸¨·ÊÕÐ¨¥ ¸¢μ°¸É¢  ¨
³¨´¨³¨§ Í¨Õ  ¡¥·· Í¨μ´´ÒÌ ÔËË¥±Éμ¢ ¢Ò¸μ±¨Ì ¶μ·Ö¤±μ¢ ¢ ± ´ ²¥ ¸É·Ê±-
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¨¸. 1. Œ £´¨Éμμ¶É¨Î¥¸± Ö ¸Ì¥³  ¸¥¶ ·¨·ÊÕÐ¥£μ ± ´ ²  Š�Œ��‘. ‚ ¢¥·Ì´¥° Î ¸É¨
·¨¸Ê´±  ¶·¥¤¸É ¢²¥´  ³ £´¨É´ Ö ¸É·Ê±ÉÊ·  Ë· £³¥´É-¸¥¶ · Éμ· . ‚ ¨μ´´μ-μ¶É¨Î¥¸±μ°
Î ¸É¨ ·¨¸Ê´±  (±μμ·¤¨´ É´ Ö ¸¥É± ) ¶μ± § ´Ò μ£¨¡ ÕÐ¨¥ ¶ÊÎ±  Î ¸É¨Í ¢ ³¥¤¨ ´´μ°
¶²μ¸±μ¸É¨ X³ ¶·¨ É·¥Ì ¨³¶Ê²Ó¸´ÒÌ § Ì¢ É Ì: ¸¶²μÏ´ Ö ²¨´¨Ö X³ Å μ£¨¡ ÕÐ Ö
¶ÊÎ±  Î ¸É¨Í ¸ ´Ê²¥¢Ò³ · §¡·μ¸μ³ ¶μ ¨³¶Ê²Ó¸Ê (³μ´μÌ·μ³ É¨Î¥¸±¨° ¶ÊÎμ±); ¶·¥·Ò-
¢¨¸Éμ° ²¨´¨¥° X³ +D ·0,1 ¶μ± § ´  μ£¨¡ ÕÐ Ö ±10 % ¨³¶Ê²Ó¸´μ£μ § Ì¢ É  Î ¸É¨Í ¨
X³ +D ·0,06 Å μ£¨¡ ÕÐ Ö ±6% ¨³¶Ê²Ó¸´μ£μ § Ì¢ É  Î ¸É¨Í. �  ¶· ¢μ° μ·¤¨´ É´μ°
μ¸¨ Ê± § ´  Ï± ²  ¤¨¸¶¥·¸¨μ´´μ° ËÊ´±Í¨¨ D (¸¶²μÏ´ Ö ²¨´¨Ö). �Ê²¥¢ Ö ¶·μ¨§-
¢μ¤´ Ö ¤¨¸¶¥·¸¨μ´´μ° ËÊ´±Í¨¨ ¢ ¸·¥¤´¥° Î ¸É¨ ¸¥¶ · Éμ·  (¢ ¶μ§¨Í¨¨ Ëμ±Ê¸  Fd)
Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³ ¤²Ö ·¥ ²¨§ Í¨¨ §¥·± ²Ó´μ° ¸¨³³¥É·¨¨ ¢Éμ·μ° ¸¥±Í¨¨
¸¥¶ · Éμ·  μÉ´μ¸¨É¥²Ó´μ ¶¥·¢μ° ¤¨¸¶¥·¸¨μ´´μ° ¸¥±Í¨¨ ¸ ¸μÌ· ´¥´¨¥³  Ì·μ³ É¨Î´μ-
¸É¨ ¢ ¢ÒÌμ¤´μ³ Ëμ±Ê¸¥. ‚ ´¨¦´¥° Î ¸É¨ ±μμ·¤¨´ É´μ£μ ·¨¸Ê´±  ¶μ± § ´  μ£¨¡ ÕÐ Ö
¶ÊÎ±  Î ¸É¨Í ¢ ¢¥·É¨± ²Ó´μ° ¶²μ¸±μ¸É¨ ¤¢¨¦¥´¨Ö
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ÉÊ·  ³ £´¨É´ÒÌ ¶μ²¥° ¢ ³ £´¨É Ì Œ1ÄŒ4 Ëμ·³¨·μ¢ ²¨¸Ó É ±¨³ μ¡· §μ³,
ÎÉμ¡Ò μ´¨ ¸μ¤¥·¦ ²¨ ´Ê¦´μ° ¸¨²Ò ¨ §´ ±  ±¢ ¤·Ê¶μ²Ó´ÊÕ, ¸¥±¸ÉÊ¶μ²Ó´ÊÕ ¨
μ±ÉÊ¶μ²Ó´ÊÕ ±μ³¶μ´¥´ÉÒ.

’¥Ì´¨Î¥¸±¨ ÔÉμ ¤μ¸É¨£ ²μ¸Ó ³¥Éμ¤μ³ ¶·μË¨²¨·μ¢ ´¨Ö ¶μ²Õ¸´ÒÌ ´ ±μ-
´¥Î´¨±μ¢ ¢ ³ £´¨É Ì Œ1ÄŒ4. 
 ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ²¥° ¢ ³¥¤¨ ´´μ°
¶²μ¸±μ¸É¨ ³ £´¨Éμ¢ ¶·¨ ÔÉμ³  ¶¶·μ±¸¨³¨·μ¢ ²μ¸Ó ¢ ¢¨¤¥ ¸²¥¤ÊÕÐ¨Ì · §²μ-
¦¥´¨°:

B = B0(1 − n1 · X/R + n2 · RX2 + n3 · RX3 + . . .),

£¤¥ X Å · ¤¨ ²Ó´μ¥ μÉ±²μ´¥´¨¥ μÉ μ¸¨ ³ £´¨É , B0 Å §´ Î¥´¨¥ ¶μ²Ö ´ 
μ¸¨,   R Å · ¤¨Ê¸ ±·¨¢¨§´Ò μ¸¥¢μ° ²¨´¨¨ ³ £´¨É . ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò
Ì · ±É¥·¨¸É¨±¨ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´ÒÌ ¶μ²¥° ³ £´¨Éμ¢ Œ1ÄŒ4.

’ ¡²¨Í  2. • · ±É¥·¨¸É¨±¨ · ¸¶·¥¤¥²¥´¨Ö ¶μ²Ö ¢ Ô²¥±É·μ³ £´¨É Ì Ê¸É ´μ¢±¨
Š�Œ��‘

’¨¶
Ô²¥±É·μ³ £´¨É 

	μ± § É¥²¨ ¶·μ¨§¢μ¤´ÒÌ ¶μ²Ö

n1 n2, ¸³−3 n3, ¸³−4

Œ1 11,056 � 7 · 10−8 � 5 · 10−8

Œ2 −6,945 � 4 · 10−7 � 2 · 10−9

Œ3 0 � 4 · 10−6 � 4 · 10−8

Œ4 0 � 4 · 10−6 � 4 · 10−8

ˆ§ É ¡². 2 ¨ ·¨¸. 1 ¸²¥¤Ê¥É, ÎÉμ ÔËË¥±É¨¢´ Ö Ëμ±Ê¸¨·μ¢±  § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¢ ¤¢ÊÌ ´ ¶· ¢²¥´¨ÖÌ X ¨ Y ¤μ¸É¨£ ¥É¸Ö Î¥·¥¤μ¢ ´¨¥³ §´ ±  ¶μ± § -
É¥²Ö ¸¶ ¤  ¶μ²Ö ¢ ³ £´¨É Ì Œ1 ¨ Œ2. ‚ ¶¥·¢μ³ ³ £´¨É¥ Œ1 ¢ · ¤¨ ²Ó´μ°
¶²μ¸±μ¸É¨ ³ £´¨É´μ¥ ¶μ²¥ ¸¶ ¤ ¥É ¸ ·μ¸Éμ³ · ¤¨Ê¸ : n1 = 11,   ¢μ ¢Éμ-
·μ³ ³ £´¨É¥ Œ2 ¢μ§· ¸É ¥É: n2 = −7. ˆ§ ·¨¸. 1 ¢¨¤´μ, ÎÉμ ³ £´¨É Œ1 ¢
¶²μ¸±μ¸É¨ X ¤¥Ëμ±Ê¸¨·Ê¥É Î ¸É¨ÍÒ,   ¢ ¶²μ¸±μ¸É¨ Y Ëμ±Ê¸¨·Ê¥É, Éμ£¤  ± ±
³ £´¨É Œ2 ¶·μ¨§¢μ¤¨É μ¡· É´μ¥ ¤¥°¸É¢¨¥.


¨¸. 1 ¶μ± §Ò¢ ¥É, ÎÉμ ¤¨¸¶¥·¸¨μ´´ Ö É· ¥±Éμ·¨Ö R16 ¶ · ²²¥²Ó´  μ¸¥¢μ°
É· ¥±Éμ·¨¨ ¢ Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨, É. ¥. R26 = 0. �Éμ Ê¸²μ¢¨¥ ± ± · § ¨ ¶μ-
§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Éμ·ÊÕ ¶μ²μ¢¨´Ê ¸¥¶ · Éμ·  §¥·± ²Ó´μ-¸¨³³¥É·¨Î´μ° ¶¥·¢μ°
¶μ²μ¢¨´¥. 	·¨ ÔÉμ³ ¢¥¸Ó ± ´ ² ¡Ê¤¥É μ¡² ¤ ÉÓ  Ì·μ³ É¨Î´Ò³¨ ¸¢μ°¸É¢ ³¨.

	μ¸É·μ¥´¨¥ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ± ´ ²  ¸ ¶μ³μÐÓÕ ¶·μ¸É· ´¸É¢¥´´μ
· §¤¥²¥´´ÒÌ ¶μ¢μ·μÉ´ÒÌ ³ £´¨Éμ¢ Œ1(Œ8) ¨ Œ2(Œ7) ¸ · §´Ò³¨ §´ ± ³¨
¸¶ ¤  ¶μ²Ö ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ÔËË¥±É¨¢´μ ¨ £¨¡±μ Ëμ·³¨·μ¢ ÉÓ ¶ÊÎμ± ´Ê¦-
´μ° Ëμ·³Ò ¨ · §³¥·  ¢ μ¡¥¨Ì ¶²μ¸±μ¸ÉÖÌ ¤¢¨¦¥´¨Ö. �ÉμÉ ¶·¨¥³ ¶μ§¢μ²Ö¥É
É ±¦¥ ¤μ¡¨¢ ÉÓ¸Ö μ¶É¨³ ²Ó´μ° ³¨´¨³¨§ Í¨¨ ¸Ë¥·¨Î¥¸±¨Ì  ¡¥·· Í¨° (¶ÊÉ¥³
¢¢¥¤¥´¨Ö ¸¥±¸ÉÊ¶μ²Ó´μ° ¨ μ±ÉÊ¶μ²Ó´μ° ±μ³¶μ´¥´É ¶μ²Ö ¢ ¶μ¢μ·μÉ´Ò¥ ³ £-
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´¨ÉÒ), μ± §Ò¢ ÕÐ¨Ì §´ Î¨É¥²Ó´μ¥ ¢²¨Ö´¨¥ ´  ¢¥²¨Î¨´Ê ¨§μ¡· ¦¥´¨Ö ¢ Ï¨-
·μ±μ ¶¥·ÉÊ·´ÒÌ ¸¨¸É¥³ Ì.

Šμ··¥±É¨·ÊÕÐ¨¥ ³ £´¨ÉÒ M3 ¨ Œ4 ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° μ¤¨´ ±μ¢Ò¥ ³ £-
´¨ÉÒ ¸ μ¤´μ·μ¤´Ò³ ¶μ²¥³ ¶·Ö³μÊ£μ²Ó´μ£μ ¨¸¶μ²´¥´¨Ö ¨ Ê£² ³¨ μÉ±²μ´¥´¨Ö
¶ÊÎ±  ´  μ¸¥¢μ° ²¨´¨¨ 7,5◦ ± ¦¤Ò°. �¤´ ±μ ¨´¤Ê±Í¨Ö ¢ ³ £´¨É Ì M3 ¨ Œ4
· ¢´  ¶μ ¢¥²¨Î¨´¥, ´μ μÉ²¨Î ¥É¸Ö ¶μ §´ ±Ê. ‘¨¸É¥³  ¨§ M3 ¨ Œ4 ¶·¥¤-
¸É ¢²Ö¥É ¸μ¡μ° ¨§¢¥¸É´ÊÕ ¸¨¸É¥³Ê ¶ · ²²¥²Ó´μ£μ ¶¥·¥´μ¸  ¶ÊÎ± . 	·¨Î¥³ ¢
¶²μ¸±μ¸É¨ ¶μ¢μ·μÉ  (· ¤¨ ²Ó´ Ö ¶²μ¸±μ¸ÉÓ) ¸Ê³³ ·´μ¥ ¢μ§¤¥°¸É¢¨¥ ³ £´¨-
Éμ¢ M3 ¨ Œ4 ´  ¶ÊÎμ± μ± §Ò¢ ¥É¸Ö · ¢´Ò³ ´Ê²Õ. � ¢ ¢¥·É¨± ²Ó´μ° ¶²μ¸-
±μ¸É¨ ÔÉ¨ ³ £´¨ÉÒ μ¡² ¤ ÕÉ Ëμ±Ê¸¨·ÊÕÐ¨³ ¢μ§¤¥°¸É¢¨¥³ §  ¸Î¥É ±· ¥¢μ°
Ëμ±Ê¸¨·μ¢±¨. 	μÔÉμ³Ê ´ §´ Î¥´¨¥ ³ £´¨Éμ¢ M3 ¨ Œ4 ¢ ²¨´¥°´μ³ ¶·¨¡²¨-
¦¥´¨¨ Å ¸¨³³¥É·¨§μ¢ ÉÓ ¤¢¨¦¥´¨¥ ¶ÊÎ±  ¢μ ¢Éμ·μ° ¶μ²μ¢¨´¥ ± ´ ² , ÎÉμ¡Ò
¨§¡¥¦ ÉÓ ¶μÉ¥·Ó Î ¸É¨Í ´  ¸É¥´± Ì ¢ ±ÊÊ³´μ° ± ³¥·Ò; ¢ ¡μ²¥¥ ¢Ò¸μ±¨Ì ¶·¨-
¡²¨¦¥´¨ÖÌ Å μ¡¥¸¶¥Î¨ÉÓ ±μ³¶¥´¸ Í¨Õ ´¥²¨´¥°´ÒÌ ÔËË¥±Éμ¢ (¢ μ¸´μ¢´μ³
Ì·μ³ É¨Î¥¸±¨Ì). �¨¦¥ § ¶¨¸ ´  ³ É·¨Í  ¶·¥μ¡· §μ¢ ´¨Ö ¶¥·¢μ° ¶μ²μ¢¨´Ò
± ´ ²  ( ´ ²¨§¨·ÊÕÐ¥° Î ¸É¨):

T1/2 =

⎛
⎜⎜⎜⎜⎜⎜⎝

−0, 34 0 0 0 0 148
−1, 5 · 10−2 −2, 904 0 0 0 0

0 0 −5, 96 39 0 0
0 0 −1, 4 · 10−2 −0, 076 0 0

−2, 23 432 0 0 1 −56, 7
0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎠

.


 §·¥Ï ÕÐ Ö ¸¨²   ´ ²¨§¨·ÊÕÐ¥° ¸¨¸É¥³Ò Œ1ÄŒ4 (¶·¨ ¶μ²´μ° Ï¨·¨´¥
¢Ìμ¤´μ° Ð¥²¨ ΔX1 = 1 ³³) · ¢´ 

R =
R52

ΔX1
=

R16

R11 · ΔX1
= 4300.

‚Ò¸μ±μ¥ §´ Î¥´¨¥ · §·¥Ï ÕÐ¥° ¸¨²Ò ¤μ¸É¨£ ¥É¸Ö §  ¸Î¥É ³ ²μ° ¢¥²¨-
Î¨´Ò ±μÔËË¨Í¨¥´É  ²¨´¥°´μ£μ Ê¢¥²¨Î¥´¨Ö R11 = −0,34 ¶·¨ ¸· ¢´¨É¥²Ó´μ
´¥¢Ò¸μ±μ³ §´ Î¥´¨¨ ¤¨¸¶¥·¸¨¨ R16 = 1,48 ³.

	μ²´ Ö ³ É·¨Í  ¶·¥μ¡· §μ¢ ´¨Ö ±μμ·¤¨´ É ¢¸¥£μ ± ´ ²  ¨³¥¥É ¢¨¤

T1 =

⎛
⎜⎜⎜⎜⎜⎜⎝

1 0 0 0 0 0
1, 03 · 10−2 1 0 0 0 0

0 0 −9 · 10−2 5, 96 0 0
0 0 0, 166 −9 · 10−2 0 0
0 0 0 0 1 −114
0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎠

.

‚ ¸¨²Ê §¥·± ²Ó´μ° ¸¨³³¥É·¨¨ ±μÔËË¨Í¨¥´É R11 · ¢¥´ ¥¤¨´¨Í¥.
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1.6. “£²μ¢μ°  ±¸¥¶É ´¸ ³ £´¨É´μ£μ ± ´ ²  Š�Œ��‘. “£²μ¢μ°  ±¸¥¶-
É ´¸ Ê¸É ´μ¢±¨ μ¶·¥¤¥²Ö¥É¸Ö ±μ´Ë¨£Ê· Í¨¥° ¶μ²Õ¸μ¢ Ô²¥±É·μ³ £´¨Éμ¢ ¨ Ëμ·-
³μ° ¢ ±ÊÊ³´μ° ± ³¥·Ò. 
 ¸Î¥É  ±¸¥¶É ´¸  ¢Ò¶μ²´¥´ ¶·¨ ¸²¥¤ÊÕÐ¨Ì ¤μ¶Ê-
Ð¥´¨ÖÌ:

• ¶ÊÎμ± ´  ¢Ìμ¤¥ ¢ ¸¨¸É¥³Ê ¨³¥¥É ÉμÎ¥Î´Ò¥ · §³¥·Ò;
• ¶·μË¨²Ó ¶μ²Õ¸μ¢ Ô²¥±É·μ³ £´¨Éμ¢ ¸μμÉ¢¥É¸É¢Ê¥É ¢Ò¡· ´´μ³Ê ¢ ²¨´¥°-

´μ³ ¶·¨¡²¨¦¥´¨¨ · ¸¶·¥¤¥²¥´¨Õ ³ £´¨É´μ£μ ¶μ²Ö;
• ¢ ±ÊÊ³´ Ö ± ³¥·  ¢μ ¢¸¥Ì Ô²¥±É·μ³ £´¨É Ì ¨³¥¥É Ô²²¨¶É¨Î¥¸±μ¥ ¸¥Î¥-

´¨¥. “· ¢´¥´¨¥ ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ± ³¥·Ò § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥(
X

Xm

)2

+
(

Y

Ym

)2

= 1 ¸ ¶μ²Êμ¸Ö³¨:

Œ £´¨É Xm, ¸³ Ym, ¸³
M1 20 5
M2 40 4
M3 30 2, 5
M4 25 2, 5


¨¸. 2. “£²μ¢μ°  ±¸¥¶É ´¸ ± ´ ²  Š�Œ��‘
¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ · §¡·μ¸  Î ¸É¨Í
¶μ ³ £´¨É´μ° ¦¥¸É±μ¸É¨: 1) ³μ´μÌ·μ³ É¨-
Î¥¸±¨° ¶ÊÎμ± Î ¸É¨Í Δ(BR)/(BR) = 0;
2) Δ(BR)/(BR) = 10%;
3) Δ(BR)/(BR) = 15%

‘Î¨É ²μ¸Ó É ±¦¥, ÎÉμ  ¶¥·ÉÊ· 
¢ ±ÊÊ³´μ° ± ³¥·Ò ¢ ¶·Ö³μ²¨´¥°-
´ÒÌ ¶·μ³¥¦ÊÉ± Ì ¤μ¸É ÉμÎ´  ¤²Ö
¶·μ¶Ê¸±  ¶ÊÎ±  ¡¥§ ¶μÉ¥·Ó Î ¸É¨Í.

¥§Ê²ÓÉ ÉÒ · ¸Î¥É  Ê£²μ¢μ£μ  ±¸¥¶-
É ´¸  ± ´ ²  Š�Œ��‘ ¶·¨ · §-
²¨Î´ÒÌ §´ Î¥´¨ÖÌ · §¡·μ¸  Î ¸É¨Í
¶μ ³ £´¨É´μ° ¦¥¸É±μ¸É¨ ¶·¨¢¥¤¥´Ò
´  ·¨¸. 2.

“£²μ¢μ° § Ì¢ É Î ¸É¨Í ¶μ £μ-
·¨§μ´É ²¨ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ
±50 ³· ¤ ¨ μ£· ´¨Î¥´ Éμ²Ó±μ Ï¨-
·¨´μ° · ¡μÎ¥° μ¡² ¸É¨ Ô²¥±É·μ³ £-
´¨Éμ¢. “£²μ¢μ° § Ì¢ É ¶μ ¢¥·É¨-
± ²¨ μ¶·¥¤¥²Ö¥É¸Ö ¢Ò¸μÉμ° ¢ ±ÊÊ³-
´μ° ± ³¥·Ò ¨ · ¢¥´ ±35 ³· ¤. �´
³μ¦¥É ¡ÒÉÓ ´¥¸±μ²Ó±μ Ê¢¥²¨Î¥´ ¤μ
±42 ³· ¤ ¤²Ö ¢ ·¨ ´É , ±μ£¤  ¶μ-
²Õ¸´Ò¥ ´ ±μ´¥Î´¨±¨ Ö¢²ÖÕÉ¸Ö μ¤-
´μ¢·¥³¥´´μ ±·ÒÏ± ³¨ ¢ ±ÊÊ³´μ°
± ³¥·Ò.

‚ É ¡². 3 ¶·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ³ £´¨Éμ¢ Ë· £³¥´É-¸¥¶ · Éμ· 
Š�Œ��‘.
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’ ¡²¨Í  3. � · ³¥É·Ò Ô²¥±É·μ³ £´¨Éμ¢ ³ £´¨É´μ£μ ± ´ ²  Š�Œ��‘

	 · ³¥É· M1; M8 M2; M7 M4; M5;
M3; M6

Œ £´¨É ¸ ´¥μ¤´μ·μ¤´Ò³
¶μ²¥³, ¶μ± § É¥²Ó ¸¶ ¤  ´ 

μ¸¨ n = (−I/Bρ) · ∂B

∂x

11 −7 0


 ¤¨Ê¸ ¶μ¢μ·μÉ  μ¸¥¢μ° É· -
¥±Éμ·¨¨ ρ, ³

4 4 3

ˆ´¤Ê±Í¨Ö ´  μ¸¥¢μ° É· ¥±Éμ-
·¨¨ B, ’²

1,125 1,125 1,5

‚Ò¸μÉ  ¢μ§¤ÊÏ´μ£μ § §μ· 
¢¤μ²Ó μ¸¥¢μ° É· ¥±Éμ·¨¨
h, ¸³ (¢ M1: hρmin = 6 ¸³;
hρmax = 18 ¸³)

12 10 6

˜¨·¨´  · ¡μÎ¥° μ¡² ¸É¨
±X ¸³ ¶·¨ ¶μ²¥ ´  μ¸¨ B =
0,875 ’²

±20 ±40 ±30

“£μ² ¶μ¢μ·μÉ  μ¸¥¢μ° É· ¥±-
Éμ·¨¨ ϕ, £· ¤

25 25 7,5

2. ‘’�“Š’“�� 	Š‘�…�ˆŒ…�’�‹œ��ƒ� Š�Œ�‹…Š‘� Š�Œ��‘

”· £³¥´É-¸¥¶ · Éμ· Š�Œ��‘ Ê¸É ´μ¢²¥´ ´  15-£· ¤Ê¸´μ³ μÉ¢μ¤¥ º2 ¢
§ ²¥ Í¨±²μÉ·μ´  “-400Œ. �´ ¶μ²´μ¸ÉÓÕ μ¡μ·Ê¤μ¢ ´ ¤¨ £´μ¸É¨±μ°, · §²¨Î-
´μ£μ É¨¶  ¤¥É¥±Éμ· ³¨ ± ± ¢ ¶·μ³¥¦ÊÉμÎ´μ³, É ± ¨ ¢ ¢ÒÌμ¤´μ³ Ëμ±Ê¸ Ì,
¢±²ÕÎ Ö ±μμ·¤¨´ É´Ò¥ ±·¥³´¨¥¢Ò¥ ¨ ² ¢¨´´Ò¥ ¸Î¥ÉÎ¨±¨. „²Ö μ¡¸²Ê¦¨¢ -
´¨Ö ¤¥É¥±Éμ·μ¢ ¨³¥¥É¸Ö ´¥μ¡Ìμ¤¨³Ò° ´ ¡μ· ³´μ£μ± ´ ²Ó´μ°  ´ ²μ£μ¢μ° ¨
Í¨Ë·μ¢μ° Ô²¥±É·μ´¨±¨.

Šμ³¶²¥±¸ Š�Œ��‘ ¸μ¸Éμ¨É ¨§ ¸²¥¤ÊÕÐ¨Ì ËÊ´±Í¨μ´ ²Ó´ÒÌ Î ¸É¥°
(·¨¸. 3):

• ¸¢¥Éμ¸¨²Ó´μ£μ ®in-�ight¯-¸¥¶ · Éμ·  Š�Œ��‘ ¤²Ö ¸¥¶ · Í¨¨ · ¤¨μ-
 ±É¨¢´ÒÌ Ö¤¥·, μÎ¨¸É±¨ ¨Ì μÉ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¨ É· ´¸¶μ·É¨·μ¢±¨ Ö¤¥· ¢
¢ÒÌμ¤´ÊÕ Ëμ± ²Ó´ÊÕ ¶²μ¸±μ¸ÉÓ Fa1;

• ¸¨¸É¥³Ò ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É  TOF ´  ¡ §¥ Fd-Fa1 ¤¢ÊÌ±μμ·¤¨-
´ É´Ò³¨ ² ¢¨´´Ò³¨ ¸Î¥ÉÎ¨± ³¨. ‚·¥³Ö ¶·μ²¥É  Î ¸É¨Í TOF ´¥μ¡Ìμ¤¨³μ ± ±
¤²Ö ¨§³¥·¥´¨Ö Ô´¥·£¨¨ Î ¸É¨Í ¢ ¨´É¥·¢ ²¥ ¨³¶Ê²Ó¸´μ£μ § Ì¢ É  ¸¥¶ · Éμ· ,
É ± ¨ ¤²Ö μÍ¥´±¨ ¢±² ¤μ¢ ¶ · §¨É´ÒÌ Î ¸É¨Í, ¶·μ²¥É ÕÐ¨Ì ¸¥¶ · Éμ· ¢ ¢¨¤¥
¨μ´μ¢ ¢ · §²¨Î´ÒÌ § ·Ö¤μ¢ÒÌ ¸μ¸ÉμÖ´¨ÖÌ. 	μ¸²¥¤´¨¥ ¤ ÕÉ §´ Î¨É¥²Ó´Ò¥
¢±² ¤Ò ¢ ¢ÒÌμ¤Ò, ¢ μ¸´μ¢´μ³, ¢ μ¡² ¸ÉÓ ´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ Ö¤¥·;
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• ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò, ¸μ¸ÉμÖÐ¥° ¨§ ¤¢ÊÌ É·¥Ì¤¥É¥±Éμ·´ÒÌ É¥²¥-
¸±μ¶μ¢ T1 ¨ T2, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¸Ëμ·³¨·μ¢ ´ ¨§ ¤¢ÊÌ ¶·μ¸É·¥²Ó´ÒÌ
32-¸É·¨¶μ¢ÒÌ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ ¤¥É¥±Éμ·  ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö.


¨¸. 3. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ±μ³¶²¥±¸  Š�Œ��‘:  ) ³ £´¨É´ Ö ¸É·Ê±ÉÊ·  ¸¥-
¶ · Éμ·  ¸ ±μ³³¥´É ·¨Ö³¨ ´ §´ Î¥´¨Ö Ô²¥³¥´Éμ¢; ¡) ¸Ì¥³  ±μ··¥²ÖÍ¨μ´´μ° ± ³¥·Ò ¸
¶μ§¨Í¨¥° ³¨Ï¥´¨ ¤²Ö ¶·¨¥³  ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¨ ±μ´Ë¨£Ê· Í¨¥°
¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò. ‚ É ¡²¨Í¥ Ê± § ´Ò μ¸´μ¢´Ò¥ ¨μ´´μ-μ¶É¨Î¥¸±¨¥ ¶ · ³¥É·Ò
¸¥¶ · Éμ·´μ° Î ¸É¨ Ê¸É ´μ¢±¨
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Š�Œ��‘ ¸μ¸Éμ¨É ¨§ ± ¸± ¤  ³Ê²ÓÉ¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ Œ1ÄŒ8 (¢μ¸¥³Ó
ÏÉÊ±), Ëμ·³¨·ÊÕÐ¨Ì Ï¨·μ±μ ¶¥·ÉÊ·´Ò° ¸¥¶ · Éμ· ¸ É·μ°´μ° Ëμ±Ê¸¨·μ¢±μ°
Î ¸É¨Í ¢ ¢ÒÌμ¤´μ³ Ëμ±Ê¸¥ Fa (¶μ Ô´¥·£¨¨ ¶μ £μ·¨§μ´É ²¨ ¨ ¢¥·É¨± ²¨). Šμ´-
Ë¨£Ê· Í¨Ö ¸¥¶ · Éμ·  ±μ³¶μ´Ê¥É¸Ö ¢ ¢¨¤¥ ¤¢ÊÌ ¨¤¥´É¨Î´ÒÌ ¸¥±Í¨° Œ1ÄŒ4
¨ Œ5ÄŒ8 ¸ ¶²μ¸±μ¸ÉÓÕ ¸¨³³¥É·¨¨ ¢ ¸·¥¤´¥° Î ¸É¨ (¤¨¸¶¥·¸¨μ´´Ò° Ëμ-
±Ê¸ Fd). 	¥·¢ Ö  ´ ²¨§¨·ÊÕÐ Ö ¸¥±Í¨Ö Œ1ÄŒ4 ¢Ò¶μ²´Ö¥É ËÊ´±Í¨¨ Ë¨²ÓÉ· 
¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì Î ¸É¨Í ¶μ ¨³¶Ê²Ó¸Ê ¸ ·¥¦¥±Í¨¥° ¶¥·¢¨Î´μ£μ ¶ÊÎ± ,
  ¢Éμ· Ö ¸¥±Í¨Ö Œ5ÄŒ8 ±μ³¶¥´¸¨·Ê¥É ¤¨¸¶¥·¸¨Õ ¶¥·¢μ° ¸¥±Í¨¨ ¨ ³¨´¨-
³¨§¨·Ê¥É ÔËË¥±ÉÒ  ¡¥·· Í¨° ¢ ¢ÒÌμ¤´μ³  Ì·μ³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ Fa. „²Ö
¶μ²ÊÎ¥´¨Ö ³μ´μ¨§μÉμ¶´ÒÌ ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¢ ¸¥¶ · Éμ·¥ ¨³¥¥É¸Ö
¢μ§³μ¦´μ¸ÉÓ Ê¸É ´ ¢²¨¢ ÉÓ ¤¥£· ¤¥· ¢ ¶μ§¨Í¨¨ ¶·μ³¥¦ÊÉμÎ´μ£μ Ëμ±Ê¸  Fd.
‚±²ÕÎ¥´¨¥ ¶·μ¸É·¥²Ó´μ° Ëμ²Ó£¨ (¤¥£· ¤¥· ) · ¤¨± ²Ó´μ Ê²ÊÎÏ ¥É ¨§μÉμ¶-
´ÊÕ ¸¥¶ · Í¨Õ ¢Éμ·μ° ¸¥±Í¨¥° ¢¸²¥¤¸É¢¨¥ · §²¨Î´ÒÌ ¢¥²¨Î¨´ ¨μ´¨§ Í¨μ´-
´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ ¢ Ëμ²Ó£¥ ¤²Ö ¸¥¶ ·¨·Ê¥³ÒÌ ¨ Ëμ´μ¢ÒÌ Î ¸É¨Í. � § 
¶·μ²¥É  ¢Éμ·μ° ¸¥±Í¨¨, ¢ ±μÉμ·μ° μÉ¸ÊÉ¸É¢Ê¥É ¨´É¥´¸¨¢´Ò° ¶ÊÎμ± ¶¥·¢¨Î-
´ÒÌ Î ¸É¨Í, ³μ¦¥É ¡ÒÉÓ ÔËË¥±É¨¢´μ ¨¸¶μ²Ó§μ¢ ´  ¤²Ö ¢·¥³Ö¶·μ²¥É´ÒÌ ¨§-
³¥·¥´¨°, ±μÉμ·Ò¥ ´¥μ¡Ìμ¤¨³Ò ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ¨§μÉμ¶μ¢ ¶μ ³ ¸¸μ¢μ³Ê
Î¨¸²Ê ¢ ¸¶μ·´ÒÌ ¸²ÊÎ ÖÌ. ‚ ¢Ò¶μ²´¥´´μ° É ±¨³ μ¡· §μ³ ±μ´Ë¨£Ê· Í¨¨ ®in-
�ight¯-¸¥¶ · Éμ· Š�Œ��‘ ¢Ò¶μ²´Ö¥É μ¤´μ¢·¥³¥´´μ Ë¨²ÓÉ· Í¨Õ Î ¸É¨Í ¶μ
¨³¶Ê²Ó¸Ê P , Ê¤¥²Ó´Ò³ ¨μ´¨§ Í¨μ´´Ò³ ¶μÉ¥·Ö³ ΔE/ΔX (¤¥£· ¤¥·μ³) ¨ ¢·¥-
³¥´¨ ¶·μ²¥É  ’�F. �Éμ ¶μ§¢μ²Ö¥É ¤μ¸É¨£ ÉÓ É·¥¡Ê¥³μ° ¸É¥¶¥´¨ ¸¥¶ · Í¨¨
´Ê±²¨¤μ¢ ¨ ´ ¤¥¦´μ° ¨¤¥´É¨Ë¨± Í¨¨ ¨Ì ¶μ ³ ¸¸μ¢μ³Ê Î¨¸²Ê A ¨  Éμ³´μ³Ê
´μ³¥·Ê Z ¶·¨ ¶·¨¥³²¥³μ³ ¨¸±²ÕÎ¥´¨¨ ®Ëμ´ ¯ ± ± μÉ Î ¸É¨Í ¶¥·¢¨Î´μ£μ
¶ÊÎ± , É ± ¨ μÉ ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì ¨§μÉμ¶μ¢ · §²¨Î´ÒÌ Ô²¥³¥´Éμ¢ ¨²¨ ¨μ´μ¢ ¢
· §²¨Î´ÒÌ § ·Ö¤μ¢ÒÌ ¸μ¸ÉμÖ´¨ÖÌ.

Š ¦¤Ò° É¥²¥¸±μ¶ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ΔE1 (¸ 32 £μ-
·¨§μ´É ²Ó´Ò³¨ X-¸É·¨¶ ³¨), ΔE2 (¸ 32 ¢¥·É¨± ²Ó´Ò³¨ Y -¸É·¨¶ ³¨) ¶·μ-
¸É·¥²Ó´ÒÌ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢ ¨ ¸É¥´±¨ ¨§ ¤¥¢ÖÉ¨ E-¤¥É¥±Éμ·μ¢ ¶μ²´μ£μ
¶μ£²μÐ¥´¨Ö ´  ¡ §¥ CsI-±·¨¸É ²²μ¢. 
¥ ²¨§μ¢ ´´ Ö £· ´Ê²Ö·´μ¸ÉÓ ¤¥É¥±Éμ·μ¢
É¥²¥¸±μ¶  Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´μ° ¤²Ö ¶² ´¨·Ê¥³ÒÌ ¨§³¥·¥´¨° ³´μ£μÎ ¸É¨Î´ÒÌ
· §¢ ²μ¢ ¸² ¡μ¸¢Ö§ ´´ÒÌ Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥·. „¥É¥±É¨·ÊÕÐ Ö ¸¨¸É¥³  μ¡-
¸²Ê¦¨¢ ¥É¸Ö ³´μ£μ± ´ ²Ó´μ° ¡Ò¸É·μ° ¨ ¸¶¥±É·μ³¥É·¨Î¥¸±μ° Ô²¥±É·μ´¨±μ°,
±μÉμ· Ö μ¡¥¸¶¥Î¨¢ ¥É ¢·¥³¥´´μ° ¨  ³¶²¨ÉÊ¤´Ò°  ´ ²¨§ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨° ®¢ ¶²μ¸±μ¸É¨¯ ¨ ®¢´¥ ¶²μ¸±μ¸É¨¯ ·¥ ±Í¨¨.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ë· £³¥´É-¸¥¶ · Éμ· Š�Œ��‘ ¸ ¤¥É¥±É¨·ÊÕÐ¥° ¸¨-
¸É¥³μ° ¨¸¶μ²Ó§Ê¥É¸Ö:

1) ¢ ¨§³¥·¥´¨ÖÌ ¶¥·¥¤´¥Ê£²μ¢ÒÌ ¸±μ·μ¸É´ÒÌ, ¨§μÉμ¶´ÒÌ ¨ Ô²¥³¥´É´ÒÌ
· ¸¶·¥¤¥²¥´¨° ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°. Šμ´Ë¨£Ê· Í¨Õ ¤¥É¥±É¨·ÊÕÐ¥°
¸¨¸É¥³Ò ¢ ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ¤μ¸É ÉμÎ´μ ¸Ëμ·³¨·μ¢ ÉÓ ¨§ μ¤´μ£μ É¥²¥-
¸±μ¶  ’1 (¨²¨ ’2), ±μÉμ·Ò° Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢ ¶μ§¨Í¨¨ Fa1. 	·¨ ÔÉμ³ ¤¥£· -
¤¥· Ê¡¨· ¥É¸Ö ¨§ É· ¸¸Ò ¸¥¶ · Í¨¨ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°;
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2) ¢ ¨§³¥·¥´¨ÖÌ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ± ±
³μ´μÌ·μ³ Éμ· ¶¥·¢¨Î´μ£μ ¶ÊÎ± . 9‚¥- ¨²¨ 197�u-³¨Ï¥´¨ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¢
¶μ§¨Í¨¨ Fa1,   ¤¢  ¨¤¥´É¨Î´ÒÌ É¥²¥¸±μ¶  ’1 ¨ ’2 Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ´  ¨´¤¨-
¢¨¤Ê ²Ó´ÒÌ ¤¨¸± Ì ¸ μ¸ÓÕ ¢· Ð¥´¨Ö, ¸μ¢¶ ¤ ÕÐ¥° ¸ ¶μ§¨Í¨¥° Fa1. �¤¨´ ¨§
É¥²¥¸±μ¶μ¢ (´ ¶·¨³¥·, ’2) Ë¨±¸¨·Ê¥É¸Ö ¢ μ¶·¥¤¥²¥´´μ³ Ê£²μ¢μ³ ¨´É¥·¢ ²¥,
μÉ¸Î¥ÉÒ ±μÉμ·μ£μ §  É¥³ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ´μ·³¨·μ¢±¨ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö
μ¸´μ¢´μ£μ ¨§³¥·¨É¥²Ó´μ£μ É¥²¥¸±μ¶  ’1. ˆ¸¶μ²Ó§μ¢ ´¨¥ ³Ê²ÓÉ¨¸É·¨¶μ¢ÒÌ
ΔE-¤¥É¥±Éμ·μ¢ ¶μ§¢μ²Ö¥É μ¡¥¸¶¥Î¨ÉÓ ¢Ò¸μ±ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ ¨ ÉμÎ´μ¸ÉÓ Ê£²μ-
¢ÒÌ ¨§³¥·¥´¨°, ¶μ¸±μ²Ó±Ê ¨³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¢ μ¤´μ° Ô±¸¶μ§¨Í¨¨ ¨§³¥·ÖÉÓ
μ¤´μ¢·¥³¥´´μ ¶·μ¤Ê±ÉÒ ¢ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ Ê£²μ¢. ‚ ¶² ´¨·Ê¥³ÒÌ Ô±¸¶¥-
·¨³¥´É Ì ± ¦¤Ò° 32-¸É·¨¶μ¢Ò° ΔE-¤¥É¥±Éμ· μÌ¢ ÉÒ¢ ¥É 6◦ (¶μ £μ·¨§μ´É ²¨
¨ ¢¥·É¨± ²¨) ¨ μ¡¥¸¶¥Î¨¢ ¥É 0,2◦ ÉμÎ´μ¸ÉÓ Ê£²μ¢ÒÌ ¨§³¥·¥´¨°, μ¶·¥¤¥²Ö¥³ÊÕ
μ¤´¨³ ¸É·¨¶μ³.

3) ¢ ¨§³¥·¥´¨ÖÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¨ Ê£²μ¢ÒÌ ±μ··¥²ÖÍ¨° ¶·μ¤Ê±Éμ¢ · §¢ ² 
· ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ®¢ ¶²μ¸±μ¸É¨¯ ¨ ®¢´¥ ¶²μ¸±μ¸É¨¯ ·¥ ±Í¨¨, ÎÉμ ¶μ§¢μ-
²Ö¥É Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§ÊÎ ÉÓ ´¥ Éμ²Ó±μ ¸¶¥±É· ²Ó´ÊÕ ËÊ´±Í¨Õ ·¥§μ´ ´¸μ¢
· §¢ ²¨¢ ÕÐ¥£μ¸Ö Ö¤· , ´μ ¨ μ¶·¥¤¥²ÖÉÓ ¸¶¨´Ò ÔÉ¨Ì ·¥§μ´ ´¸μ¢ ¡¥§ ¨¸¶μ²Ó-
§μ¢ ´¨Ö ³μ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨°.

3. ˆ‡Œ…�…�ˆŸ ����—ˆ• „ˆ���‡���‚ �‘��‚�›•
ˆ����-��’ˆ—…‘Šˆ• •���Š’…�ˆ‘’ˆŠ ‘…����’���

�� ���„“Š’�Œ 6He, 8He ˆ 9Li, ��‹“—�…Œ›• ‚ �…�Š–ˆˆ
11B(33 AŒÔ‚) + 9Be

3.1. ˆ³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤Ê±Éμ¢ Ë· £³¥´É Í¨¨ 6He, 8He ¨ 9Li.
‚ Ô±¸¶¥·¨³¥´É Ì ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¨μ´´μ-μ¶É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± Ë· £-
³¥´É-¸¥¶ · Éμ·  Š�Œ��‘ ¨¸¶μ²Ó§μ¢ ²¨¸Ó Ê¸±μ·¥´´Ò¥ Í¨±²μÉ·μ´μ³ “-400Œ
‹Ÿ
 �ˆŸˆ ¨μ´Ò 11B ¸ Ô´¥·£¨¥° 33 A ŒÔ‚. ‚μ ¢Ìμ¤´μ³ Ëμ±Ê¸¥ ¸¥¶ · Éμ· 
(¢ ¶μ§¨Í¨¨ F0) Ê¸É ´ ¢²¨¢ ² ¸Ó μÉ´μ¸¨É¥²Ó´μ Éμ²¸É Ö ¡¥·¨²²¨¥¢ Ö ³¨Ï¥´Ó
(332,6 ³£/¸³2), · §³¥· ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ´  ±μÉμ·μ° ¤¨ Ë· £³¨·μ¢ ²¸Ö ±μ²-
²¨³ Éμ·μ³ ¤¨ ³¥É·μ³ 6 ³³. Œ¨Ï¥´Ó μ¤´μ¢·¥³¥´´μ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¨ ¤²Ö
¨§³¥·¥´¨Ö § ·Ö¤  (¢ ± Î¥¸É¢¥ Í¨²¨´¤·  ” · ¤¥Ö), μ¸É ¢²Ö¥³μ£μ ¢ ³¨Ï¥´¨
¶·μ²¥É ÕÐ¨³ ¶ÊÎ±μ³ 11B. ˆ§³¥·¥´¨Ö Éμ±  ¨§ ³¨Ï¥´¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó § -
É¥³ ¤²Ö ´μ·³¨·μ¢±¨ ¢ÒÌμ¤μ¢ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥
¨§³¥·Ö¥³ÒÌ ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° μÉ¤¥²Ó´ÒÌ ¨§μÉμ¶μ¢. 	·μÍ¥¤Ê·  ´ -
¸É·μ°±¨ ¸¥¶ · Éμ·  ¸μ¸ÉμÖ²  ¨§ ¤¢ÊÌ ÔÉ ¶μ¢. 	¥·¢¨Î´Ò° ¶ÊÎμ± 11‚ ¸´ Î ² 
É· ¸¸¨·μ¢ ²¸Ö ¶μ μ¸¥¢μ° ²¨´¨¨ ¢¤μ²Ó ¢¸¥£μ ¸¥¶ · Éμ·  F0-Fa. �¸¥¢ Ö ²¨´¨Ö
¸¥¶ · Éμ·  Ë¨±¸¨·μ¢ ² ¸Ó ´ ¡μ·μ³ Ð¥²¥° ¶μ¸²¥ ± ¦¤μ£μ ³ £´¨É . „¥É¥±É¨-
·μ¢ ´¨¥ ¨´É¥´¸¨¢´μ£μ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  11‚ ¢¤μ²Ó μ¸¥¢μ° ²¨´¨¨ μ¸ÊÐ¥¸É¢²Ö-
²μ¸Ó ´ ¡μ·μ³ ²Õ³¨´μËμ·μ¢, ¸¢¥Éμ¨§²ÊÎ¥´¨¥ ¨§ ±μÉμ·ÒÌ ·¥£¨¸É·¨·μ¢ ²μ¸Ó ¢¨-
¤¥μ± ³¥· ³¨. ˆ´Ëμ·³ Í¨Ö μ¡ ¨§³¥·¥´´μ° ¶μ§¨Í¨¨ μ¸¥¢μ° ²¨´¨¨ § ´μ¸¨² ¸Ó
¢ ±μ³¶ÓÕÉ¥·. ‚¨§Ê ²¨§ Í¨Ö μ¸¥¢μ° ²¨´¨¨ ¢¤μ²Ó É· ¸¸Ò ¸¥¶ · Éμ·  ´¥ Éμ²Ó±μ
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¸²Ê¦¨²  ¤²Ö μ¶·¥¤¥²¥´¨Ö μ¸¥¢μ° ²¨´¨¨ ¸¥¶ · Éμ· , ´μ ¨ ¤ ¢ ²  μÎ¥´Ó ¢ ¦´ÊÕ
¶·¥¤¢ ·¨É¥²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ μ Ëμ·³¥ ¨ · §³¥·¥ ¶ÊÎ±  ¢¤μ²Ó ¢¸¥° μ¸¥¢μ°
²¨´¨¨, ¢±²ÕÎ Ö ¨ ¢ ¶μ§¨Í¨ÖÌ ± ± ¶·μ³¥¦ÊÉμÎ´μ£μ Ëμ±Ê¸  Fd, É ± ¨ ¢ÒÌμ¤-
´μ£μ  Ì·μ³ É¨Î¥¸±μ£μ Ëμ±Ê¸  Fa. Œ £´¨É´ Ö ¦¥¸É±μ¸ÉÓ Bρbeam ¶¥·¢¨Î´μ£μ
¶ÊÎ±  11‚, É· ¸¸¨·Ê¥³μ£μ ¢¤μ²Ó μ¸¥¢μ° ²¨´¨¨, ¨¸¶μ²Ó§μ¢ ² ¸Ó § É¥³ ¢ ± Î¥-
¸É¢¥ ÔÉ ²μ´´μ° ¢ ¨§³¥·¥´¨ÖÌ ¨³¶Ê²Ó¸´ÒÌ · ¸¶·¥¤¥²¥´¨° ¨§μÉμ¶μ¢-¶·μ¤Ê±Éμ¢
Ö¤¥·´ÒÌ ·¥ ±Í¨°. ˆ³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ± ¦¤μ£μ ¨§μÉμ¶  μ¶·¥¤¥²Ö²¨¸Ó
¸± ´¨·μ¢ ´¨¥³ ³ £´¨É´μ£μ ¶μ²Ö ¸¥¶ · Éμ·  ¢ ´Ê¦´μ³ ¤¨ ¶ §μ´¥ ³ £´¨É´ÒÌ
¦¥¸É±μ¸É¥°. ‘±μ·μ¸É¨ ¸Î¥É  ¢ÒÌμ¤μ¢ μÉ¤¥²Ó´ÒÌ ¨§μÉμ¶μ¢ ·¥£¨¸É·¨·μ¢ ²¨¸Ó
É·¥Ì¤¥É¥±Éμ·´Ò³ É¥²¥¸±μ¶μ³ ΔE1, ΔE2, E, ±μÉμ·Ò° · §³¥Ð ²¸Ö ¢ ¶μ§¨-
Í¨¨ ¢ÒÌμ¤´μ£μ  Ì·μ³ É¨Î¥¸±μ£μ Ëμ±Ê¸  Fa (·¨¸. 3). 
 ¸¶·¥¤¥²¥´¨¥ ¨´É¥´-
¸¨¢´μ¸É¨ ·¥£¨¸É·¨·Ê¥³ÒÌ ¨§μÉμ¶μ¢ ¢ Ëμ±Ê¸¥ Fa ¶μ £μ·¨§μ´É ²¨ X ¨ ¢¥·É¨-
± ²¨ Y ¨§³¥·Ö²μ¸Ó £· ´Ê²¨·μ¢ ´´Ò³¨ ¶¥·¢Ò³¨ ¶·μ¸É·¥²Ó´Ò³¨ ¤¥É¥±Éμ· ³¨
ΔE1 ¨ ΔE2, ¢ ± Î¥¸É¢¥ ±μÉμ·ÒÌ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ±·¥³´¨¥¢Ò¥ ¸É·¨¶μ-
¢Ò¥ ¤¥É¥±Éμ·Ò ± ¦¤Ò° Éμ²Ð¨´μ° 1 ³³ ¨ ¶²μÐ ¤ÓÕ ¶·Ö³μÊ£μ²Ó´¨±  · §³¥-
·μ³ 67 × 67 ³³. „¥É¥±Éμ· ΔE1 (X-±μμ·¤¨´ É  ¸ Ï £μ³ 2 ³³) ¸μ¸ÉμÖ² ¨§
32 ¢¥·É¨± ²Ó´ÒÌ ¸É·¨¶μ¢,   ¤¥É¥±Éμ· ΔE2 (Y -±μμ·¤¨´ É  ¸ Ï £μ³ 2 ³³) ¨§
32 £μ·¨§μ´É ²Ó´ÒÌ ¸É·¨¶μ¢. ‘ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö Î¨¸²  ·¥£¨¸É·¨·Ê¥³ÒÌ ¶ -
· ³¥É·μ¢ ¢ ¤ ´´ÒÌ ¨§³¥·¥´¨ÖÌ ¢ ± ¦¤μ³ ¤¥É¥±Éμ·¥ ΔE1 ¨ ΔE2 ¸É·¨¶Ò ¡Ò²¨
μ¡Ñ¥¤¨´¥´Ò ¶ · ³¨. 	·¨ ÔÉμ³ ±μμ·¤¨´ É´μ¥ · §·¥Ï¥´¨¥ ¤μ¸É¨£ ²μ 3,8 ³³,
ÉμÎ´μ¸ÉÓ ±μÉμ·μ£μ ¡Ò²  ¤μ¸É ÉμÎ´μ° ¤²Ö ¨§³¥·¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸-
¶·¥¤¥²¥´¨Ö Ëμ·³Ò ¨§μ¡· ¦¥´¨Ö ¢  Ì·μ³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ Fa. ’·¥É¨° E-
¤¥É¥±Éμ· ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö ¢ É¥²¥¸±μ¶¥ ´¥μ¡Ìμ¤¨³ ¡Ò² ¤²Ö ¨¤¥´É¨Ë¨± -
Í¨¨ ¤²¨´´μ¶·μ¡¥¦´ÒÌ He- ¨ Li-¨§μÉμ¶μ¢, ±μÉμ·Ò¥ ¶·μ¸É·¥²¨¢ ²¨ μ¡  Éμ´±¨Ì
ΔE1- ¨ ΔE2-¤¥É¥±Éμ·  ¸ ³¨´¨³ ²Ó´μ° ¶μÉ¥·¥° ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢ ´¨Ì.
E-¤¥É¥±Éμ· ¶μ²´μ£μ ¶μ£²μÐ¥´¨Ö ¸μ¸ÉμÖ² ¨§ Î¥ÉÒ·¥Ì CsI-±·¨¸É ²²μ¢ · §³¥-
· ³¨ 20×20×20 ³³3, ±μÉμ·Ò¥ μÌ¢ ÉÒ¢ ²¨ ¶μ²´ÊÕ  ¶¥·ÉÊ·Ê ΔE1 ¨ ΔE2 Si-
¤¥É¥±Éμ·μ¢.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 4 ¶μ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö ¸μ¡ÒÉ¨° ´  ¨¤¥´-
É¨Ë¨± Í¨μ´´μ° ¤¢Ê³¥·´μ° ³ É·¨Í¥ [ΔE1, ΔE2], § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¤¥É¥±-
Éμ· ³¨ ΔE1 (¢¥·É¨± ²Ó´ Ö Ï± ² ) ¨ ΔE2 (£μ·¨§μ´É ²Ó´ Ö Ï± ² ) ¶·¨ ¨³-
¶Ê²Ó¸´μ³ § Ì¢ É¥ ±6,67 % (¶μ²´Ò° § Ì¢ É Å 13,3 %) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´¥¶·μ-
Ë¨²¨·μ¢ ´´μ£μ ¤¥£· ¤¥·  ¢ ¤¨¸¶¥·¸¨μ´´μ° ¶²μ¸±μ¸É¨ Fd Éμ²Ð¨´μ° 0,4 ³³.
‚ ±¢ ¤· É¥ ¢ ¸·¥¤´¥° Î ¸É¨ ¶μ± § ´Ò ¸μ¡ÒÉ¨Ö Éμ²Ó±μ 8He.

�  ·¨¸. 5 ¶μ± § ´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢ÒÌμ¤μ¢ 6He, 9Li
¨ 8He ¢ ¢ÒÌμ¤´μ³ Ëμ±Ê¸¥ ¢ § ¢¨¸¨³μ¸É¨ μÉ ³ £´¨É´μ° ¦¥¸É±μ¸É¨ (¢ μÉ´μ¸¨-
É¥²Ó´ÒÌ ¥¤¨´¨Í Ì). ˆ§³¥·¥´¨Ö ¢ÒÌμ¤μ¢ �¥- ¨ Li-¨§μÉμ¶μ¢ ¶·μ¢μ¤¨²¨¸Ó ¶·¨
±μ²²¨³ Í¨¨  ¶¥·ÉÊ·Ò ¢ ¶·μ³¥¦ÊÉμÎ´μ³ Ëμ±Ê¸¥ Fd, μÌ¢ ÉÒ¢ ÕÐ¥° 4% ¶μ
¨³¶Ê²Ó¸Ê.

�  Ï± ²¥ μ·¤¨´ É Ê± § ´Ò ¨§³¥·¥´´Ò¥ ¢ÒÌμ¤Ò 6He, 9Li ¨ 8He Î ¸É¨Í ¢
¸¥±Ê´¤Ê (pps) ¢  Ì·μ³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ ¶·¨ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ± 
¶ÖÉ¨§ ·Ö¤´μ£μ 11‚ ¢ pμ� (1 pμ� = 5 eμ�).
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¨¸. 4. 
 ¸¶·¥¤¥²¥´¨¥ ´  ¨¤¥´É¨Ë¨± Í¨μ´´μ° ¤¢Ê³¥·´μ° ³ É·¨Í¥ [ΔE1, ΔE2] ¸μ¡Ò-
É¨°, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¤¥É¥±Éμ· ³¨ ΔE1 (¢¥·É¨± ²Ó´ Ö Ï± ² ) ¨ ΔE2 (£μ·¨§μ´-
É ²Ó´ Ö Ï± ² ) ¶·¨ ¨³¶Ê²Ó¸´μ³ § Ì¢ É¥ ±6,67% (¶μ²´Ò° § Ì¢ É Å 13,3%) ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ´¥¶·μË¨²¨·μ¢ ´´μ£μ ¤¥£· ¤¥·  ¢ ¤¨¸¶¥·¸¨μ´´μ° ¶²μ¸±μ¸É¨ Fd Éμ²Ð¨´μ°
0,4 ³³. ‚ ±¢ ¤· É¥ ¢ ¸·¥¤´¥° Î ¸É¨ ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ ¸μ¡ÒÉ¨° Éμ²Ó±μ 8He


¨¸. 5. 
 ¸¶·¥¤¥²¥´¨¥ ¢ÒÌμ¤μ¢ 6He, 8He ¨ 9Li ¢ § ¢¨¸¨³μ¸É¨ μÉ ¦¥¸É±μ¸É¨ ³ £´¨É´μ£μ
¶μ²Ö ¸¥¶ · Éμ· . 	μ μ¸¨ μ·¤¨´ É Ê± § ´Ò ¨§³¥·¥´´Ò¥ ¢ÒÌμ¤Ò 6He, 8He ¨ 9Li ¢  Ì·μ-
³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ ¶·¨ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¶ÖÉ¨§ ·Ö¤´μ£μ 11‚ ¢ pμ�
(1 pμ� = 5 eμ�)
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ˆ§ ·¨¸. 5 ¢¨¤´μ, ÎÉμ ¸±μ·μ¸É¨ μ¡· §μ¢ ´¨Ö ¢ ³ ±¸¨³Ê³¥ · ¸¶·¥¤¥²¥´¨Ö
6He, 9Li ¨ 8He ¤μ¸É¨£ ÕÉ ¸μμÉ¢¥É¸É¢¥´´μ 1,5 ·105, 1,35 ·105 ¨ 7,5 ·103 ¸−1 ¶·¨
Éμ±¥ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  5 ³±� Ô²¥±É·¨Î¥¸±¨Ì. Œ £´¨É´Ò¥ ¦¥¸É±μ¸É¨ Î ¸É¨Í ¢
³ ±¸¨³Ê³¥ ¸¨²Ó´μ μÉ²¨Î ÕÉ¸Ö μÉ ³ £´¨É´μ° ¦¥¸É±μ¸É¨ ¶¥·¢¨Î´μ° Î ¸É¨ÍÒ,
´ ¶·¨³¥·, ¤²Ö Î ¸É¨Í 6He ¨ 9Li Å ¶·¥¢ÒÏ¥´¨¥ ¢ 1,6 · § , Éμ£¤  ± ± ¤²Ö Ö¤· 
8He ¶·¥¢ÒÏ¥´¨¥ ¢ 2,05 · § . ˜¨·¨´Ò · ¸¶·¥¤¥²¥´¨° ´  ¶μ²μ¢¨´¥ ¢Ò¸μÉÒ
¶·¨¡²¨§¨É¥²Ó´μ ¤μ¸É¨£ ÕÉ ¢¥²¨Î¨´ 6He (19 %), 9Li (16 %) ¨ 8He (16 %).

ˆ§  ´ ²¨§  ¤ ´´ÒÌ, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 5, ¸²¥¤Ê¥É, ÎÉμ ¤²Ö ÔËË¥±É¨¢-
´μ£μ ¸¡μ·  ¨ ¸¥¶ · Í¨¨ Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥· ´¥μ¡Ìμ¤¨³Ò Ë· £³¥´É-¸¥¶ · Éμ·Ò:
 ) μ¡² ¤ ÕÐ¨¥ ³ £´¨É´Ò³¨ ¦¥¸±μ¸ÉÖ³¨, ¢ 2Ä3 · §  ¶·¥¢ÒÏ ÕÐ¨³¨ ¦¥¸É±μ-
¸É¨ ¡μ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í, ¨ ¡) ¸  ±¸¥¶É ´¸μ³ ¶μ ¨³¶Ê²Ó¸Ê, ¤μ¸É¨£ ÕÐ¨³
¤¥¸ÖÉ±μ¢ ¶·μÍ¥´Éμ¢. ‚¨¤´μ É ±¦¥, ÎÉμ ¤²Ö Ê¢¥²¨Î¥´¨Ö ¶μÉμ±  Ô±§μÉ¨Î¥¸±¨Ì
Ö¤¥· ´¥μ¡Ìμ¤¨³Ò ¡μ²¥¥ ¸¨²Ó´μÉμÎ´Ò¥ Ê¸±μ·¨É¥²¨ ¶¥·¢¨Î´ÒÌ Î ¸É¨Í (¤μ ´¥-
¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ eμ�) ¨ ¡μ²¥¥ Éμ²¸ÉÒ¥ ¶·μ¨§¢μ¤ÖÐ¨¥ ³¨Ï¥´¨, ¨¸¶μ²Ó§μ¢ -
´¨¥ ±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ÔËË¥±É¨¢´Ò³ ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¡μ³¡ ·-
¤¨·ÊÕÐ¨Ì Î ¸É¨Í.

3.2. ˆ§ÊÎ¥´¨¥ · ¡μÎ¥£μ ¤¨ ¶ §μ´  ¨³¶Ê²Ó¸´μ£μ  ±¸¥¶É ´¸  ¸¥¶ · Éμ· .
�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´ ¨§³¥·¥´´Ò° ¢ÒÌμ¤ ¨§μÉμ¶μ¢ 8He ¢ § ¢¨¸¨³μ¸É¨ μÉ

Ï¨·¨´Ò ¨³¶Ê²Ó¸´μ£μ § Ì¢ É , ¢¥²¨Î¨´  ±μÉμ·μ£μ ·¥£Ê²¨·μ¢ ² ¸Ó Ð¥²ÓÕ ±μ²-
²¨³ Éμ·  ¢ ¤¨¸¶¥·¸¨μ´´μ° ¶²μ¸±μ¸É¨ Fd. ˆ§ ·¨¸Ê´±  ¢¨¤¥´ ²¨´¥°´Ò° ·μ¸É
¢ÒÌμ¤  8He ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò ¨³¶Ê²Ó¸´μ£μ § Ì¢ É  ¢¶²μÉÓ ¤μ ±5%


¨¸. 6. ˆ§³¥·¥´´Ò° ¢ÒÌμ¤ 8He ¢ ¸¥±Ê´¤Ê (¶·¨ Éμ±¥ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¢ 1 pμ�) ¢
§ ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò ¨³¶Ê²Ó¸´μ£μ § Ì¢ É  Δp/p ¢ %. ‘´¨³ ²¨ ¶·¨ Bρ

/
Bρbeam =

2,22
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(¶μ²´Ò° § Ì¢ É Å 10 %) ¸ § ³¥¤²¥´¨¥³ ·μ¸É  ¢ · °μ´¥ ±6% (¶μ²´Ò°
§ Ì¢ É Å 12 %). ‡´ ±¨ ± μ§´ Î ÕÉ μ¤´μ¢·¥³¥´´μ¥ · ¸Ï¨·¥´¨¥ Ð¥²¨ ¢ μ¡¥
¸Éμ·μ´Ò μÉ´μ¸¨É¥²Ó´μ μ¸¥¢μ° ²¨´¨¨ ¸¥¶ · Éμ· . ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ Ê¢¥-
²¨Î¥´¨¥  ±¸¥¶É ´¸  ¸¥¶ · Éμ·  μÉ ±1% (¸É ´¤ ·É´Ò°  ±¸¥¶É ´¸ ¸ÊÐ¥¸É¢Ê-
ÕÐ¨Ì ¸¥¶ · Éμ·μ¢) ¤μ ±6% ¶·¨¢μ¤¨É ± ·μ¸ÉÊ ¸¡μ·  Ö¤¥· 8He ¸¥¶ · Éμ·μ³
¶·¨³¥·´μ ¢ Ï¥¸ÉÓ · §. �Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¸²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê ¶·¨ ¶·μ¥±É¨-
·μ¢ ´¨¨ ¨ ¸μ§¤ ´¨¨ ´μ¢ÒÌ Ë· £³¥´É-¸¥¶ · Éμ·μ¢. � ¡²Õ¤ ¥³μ¥ § ³¥¤²¥´¨¥
¢ÒÌμ¤  ¢ÒÏ¥ 12 % ³μ¦¥É ¡ÒÉÓ μ¡Ê¸²μ¢²¥´μ Î ¸É¨Î´μ° ¶μÉ¥·¥° É· ¸¸¨·Ê¥-
³μ£μ ¶ÊÎ±  Î ¸É¨Í ´  ¸É¥´± Ì ¢ ±ÊÊ³´ÒÌ ± ³¥·, ¶μ ¶¥·¨Ë¥·¨¨ ±μÉμ·ÒÌ ¡Ò²¨
· §³¥Ð¥´Ò ²μ¢ÊÏ±¨ ¤²Ö ¶μ¤ ¢²¥´¨Ö Ëμ´  μÉ ¶ · §¨É´ÒÌ · ¸¸¥Ö´´ÒÌ ¶ÊÎ±μ¢.

3.3. ‡ ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤  · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· μÉ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·-
¢¨Î´μ£μ ¶ÊÎ± . �  ·¨¸. 7 ¶μ± § ´  Ô±¸¶¥·¨³¥´É ²Ó´μ Ê¸É ´μ¢²¥´´ Ö Ô¢μ²Õ-
Í¨Ö ¢ÒÌμ¤  8He ¸ ·μ¸Éμ³ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  11B. ˆ´É¥·¢ ²
¨§³¥´¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  11B ¸¢¥·ÌÊ ¡Ò² μ£· ´¨Î¥´ 1 eμ�, ¶μ¸±μ²Ó±Ê
§ £·Ê§±¨ ¤¥É¥±Éμ·  ¸Ê³³ ·´Ò³ ¶μÉμ±μ³ Î ¸É¨Í ¢ÒÏ¥ 103 ¸−1 ¶·¨¢μ¤¨²¨ ±
§´ Î¨É¥²Ó´μ³Ê ·μ¸ÉÊ ¶·μ¸Î¥Éμ¢ ¨§-§  ³¥·É¢μ£μ ¢·¥³¥´¨ ¸¨¸É¥³Ò ¤¥É¥±Éμ· +
·¥£¨¸É·¨·ÊÕÐ Ö  ¶¶ · ÉÊ· .


¨¸. 7. ˆ§³¥·¥´´Ò° ¢ÒÌμ¤ ¨§μÉμ¶  8He ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ
¶ÊÎ± . ‘´¨³ ²¨ ¶·¨ Bρ

/
Bρbeam = 2,22 ¨ Δp/p = ±1%

3.4. ‚ÒÌμ¤ Ö¤¥· 8He ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò Ê£²μ¢μ£μ  ±¸¥¶É ´¸ 
¸¥¶ · Éμ· . ˆ¸¸²¥¤μ¢ ´¨Ö ¢²¨Ö´¨Ö ¢¥²¨Î¨´Ò Ê£²μ¢μ£μ  ±¸¥¶É ´¸  ´  ¸¡μ·
· ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¸¥¶ · Éμ·μ³ ¡Ò²¨ ¢Ò¶μ²´¥´Ò Éμ²Ó±μ ¢ ·¨ Í¨¥° £μ·¨-
§μ´É ²Ó´μ£μ Ê£²  § Ì¢ É  (¶μ É¥Ì´¨Î¥¸±¨³ ¶·¨Î¨´ ³). �  ·¨¸. 8 ¶μ± § ´  Ô¢μ-
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¨¸. 8. ‚ÒÌμ¤ 8He-Ö¤¥· ¢ § ¢¨¸¨³μ¸É¨ μÉ £μ·¨§μ´É ²Ó´μ£μ Ê£²  § Ì¢ É . � 8He, Δp/p =
±4%

²ÕÍ¨Ö ¢ÒÌμ¤  8He-Ö¤¥· ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò £μ·¨§μ´É ²Ó´μ£μ Ê£²  § -
Ì¢ É . ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ £μ·¨§μ´É ²Ó´Ò° Ê£μ² § Ì¢ É  ¸¥¶ · Éμ· , μ¡¥¸-
¶¥Î¨¢ ÕÐ¨° ¢μ§· ¸É ÕÐ¨° ¸¡μ· 8He-Ö¤¥·, ´¥ ¶·¥¢ÒÏ ¥É ±30 ³· ¤ (¶·¨-
¡²¨§¨É¥²Ó´μ ±2◦). ‚¨¤´μ É ±¦¥, ÎÉμ Ê¢¥²¨Î¥´¨¥ Ê£²  ¸¡μ·  ¢ ¨´É¥·¢ ²¥
μÉ ±10 ¤μ ±30 ³· ¤ ¶·¨¢μ¤¨É ± ¢μ§· ¸É ´¨Õ ÔËË¥±É¨¢´μ¸É¨ ¸¡μ·  Ö¤¥·
¢ ¤¢  · § . ‚ ¶¥·¸¶¥±É¨¢¥ ÔËË¥±É¨¢´μ¸ÉÓ Ê£²μ¢μ£μ ¸¡μ·  Ö¤¥· ¸¥¶ · Éμ·μ³
³μ¦´μ ¸ÊÐ¥¸É¢¥´´μ Ê¢¥²¨Î¨ÉÓ, ¥¸²¨ Ê¸É ´μ¢¨ÉÓ ±¢ ¤·Ê¶μ²Ó´Ò° ¤Ê¡²¥É ³¥¦¤Ê
¶·μ¨§¢μ¤ÖÐ¥° ³¨Ï¥´ÓÕ ¨ ¶¥·¢Ò³ ³ £´¨Éμ³, ±μÉμ·Ò° ¡Ò ¶μ§¢μ²¨² ¸μ¡¨· ÉÓ
Ö¤·  ¶· ±É¨Î¥¸±¨ ¸μ ¢¸¥° ¶¥·¥¤´¥° ¶μ²Ê¸Ë¥·Ò ¨ Ëμ·³¨·μ¢ ÉÓ ¨Ì ¢ ´Ê¦-
´μ³ É¥²¥¸´μ³ Ê£²¥ ¸¥¶ · Éμ· . �Í¥´±¨ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¢ É ±μ° ±μ³¶μ´μ¢±¥
¸¡μ· · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¸¥¶ · Éμ·μ³ ¤μ¶μ²´¨É¥²Ó´μ ³μ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´
¢ 2Ä3 · § .

3.5. � §³¥· ¨ Ëμ·³  ¨§μ¡· ¦¥´¨Ö ¶ÊÎ±  Ö¤¥· 8He ¢ ¢ÒÌμ¤´μ³  Ì·μ-
³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ Fa-¸¥¶ · Éμ· . „²Ö μ¶·¥¤¥²¥´¨Ö Ëμ·³Ò ¨§μ¡· ¦¥´¨Ö
¶μ X (£μ·¨§μ´É ²¨) ¨ Y (¢¥·É¨± ²¨) ¨¸¶μ²Ó§μ¢ ²¨¸Ó X, Y -±μμ·¤¨´ É´Ò¥ (16-
¸É·¨¶μ¢Ò¥) ±·¥³´¨¥¢Ò¥ ΔE1-, ΔE2-¤¥É¥±Éμ·Ò ¸ Ï¨·¨´μ° ÎÊ¢¸É¢¨É¥²Ó´μ°
§μ´Ò ¸É·¨¶  3,8 ³³. �  ·¨¸. 9 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥-
´¨Ö ¸μ¡ÒÉ¨° 8He ¶μ X-±μμ·¤¨´ É¥ (·¨¸. 9,  ) ¨ ¶μ Y -±μμ·¤¨´ É¥ (·¨¸. 9, ¡),
¨§³¥·¥´´Ò¥ ¶·¨ Ï¨·μ±μ³ ¨³¶Ê²Ó¸´μ³  ±¸¥¶É ´¸¥ Δp/p = ±6,6 %. ˆ§ ·¨-
¸Ê´±  ¢¨¤´μ, ÎÉμ Ï¨·¨´  · ¸¶·¥¤¥²¥´¨Ö ¶μ X ´  ¶μ²μ¢¨´¥ ¢Ò¸μÉÒ ¤μ¸É¨-
£ ¥É 14Ä15 ³³, ¢ Éμ ¢·¥³Ö ± ± ¶μ Y Ï¨·¨´  ¤μ¸É¨£ ¥É 11Ä12 ³³. “Ï¨·¥´¨¥
· §³¥·  8He-¶ÊÎ±  ¶μ X-±μμ·¤¨´ É¥ ¶μ ¸· ¢´¥´¨Õ ¸ Y -±μμ·¤¨´ Éμ° ¶·¨
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¸Éμ²Ó ¡μ²ÓÏμ³ ¨³¶Ê²Ó¸´μ³  ±¸¥¶É ´¸¥ (26,4 %-° § Ì¢ É ¶μ Ô´¥·£¨¨) μ¡Ê¸²μ-
¢²¥´´μ · §¡·μ¸μ³ 8He ¶μ Ô´¥·£¨¨ ¢ Éμ²¸Éμ³ ´¥¶·μË¨²¨·μ¢ ´´μ³ ¤¥£· ¤¥·¥
(400 ³±³ Al). ‘· ¢´¥´¨¥ · §³¥·  ¨§μ¡· ¦¥´¨Ö ¢  Ì·μ³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ Fa

¨ · §³¥·  ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ´  ³¨Ï¥´¨ (6 ³³ ¢ ¤¨ ³¥É·¥), ¶μ²ÊÎ¥´´ÒÌ ¢ Ô±¸-
É·¥³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ Ï¨·μ±μ£μ ¨³¶Ê²Ó¸´μ£μ § Ì¢ É  ¨ ´¥ ¶·μË¨²¨·μ¢ ´´μ£μ
¸μμÉ¢¥É¸É¢ÊÕÐ¨³ μ¡· §μ³ ¤¥£· ¤¥· , ¶μ± §Ò¢ ¥É, ÎÉμ ¸¥¶ · Éμ· ¤μ¸É ¢²Ö¥É
¶ÊÎμ± 8He ¢ Fa ¸ ±μÔËË¨Í¨¥´Éμ³ Ê¢¥²¨Î¥´¨Ö ¶μ £μ·¨§μ´É ²¨ X ´¥¸±μ²Ó±μ
¡μ²ÓÏ¥ ¤¢μ°±¨, ¢ Éμ ¢·¥³Ö ± ± ¶μ ¢¥·É¨± ²¨ Y ¢ ¶·¥¤¥² Ì ¤¢μ°±¨. �¥¸³μÉ·Ö
´  ´¥μ¶É¨³ ²Ó´Ò¥ Ê¸²μ¢¨Ö É· ´¸³¨¸¸¨¨ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ¢μ ¢Éμ·μ° ¶μ-
²μ¢¨´¥ ¸¥¶ · Éμ·  ¨§-§  ¤¥£· ¤¥· , ¶ÊÎ±¨ É ±¨Ì · §³¥·μ¢ ¢  Ì·μ³ É¨Î¥¸±μ³
Ëμ±Ê¸¥ Fa ¢¶μ²´¥ ¶·¨¥³²¥³Ò ¢ ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ¸É·Ê±ÉÊ·Ò
¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤¥·.


¨¸. 9. ”μ·³  · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  Ö¤¥· 8He ¢ ¢ÒÌμ¤´μ³  Ì·μ³ É¨Î¥¸±μ³ Ëμ-
±Ê¸¥ Fa ¸¥¶ · Éμ·  Š�Œ��‘, ¨§³¥·¥´´ Ö ¶·¨ ¨³¶Ê²Ó¸´μ³ § Ì¢ É¥ Δp/p = ±6,6%
(¨²¨ 26,4% ¶μ Ô´¥·£¨¨) ¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ´¥¶·μË¨²¨·μ¢ ´´μ£μ Éμ²¸Éμ£μ ¤¥£· ¤¥· 
¨§ Al 400 ³±³ ¢ ¤¨¸¶¥·¸¨μ´´μ° ¶²μ¸±μ¸É¨ Fd:  ) · ¸¶·¥¤¥²¥´¨¥ ¶μ £μ·¨§μ´É ²¨ X;
¡) · ¸¶·¥¤¥²¥´¨¥ ¶μ ¢¥·É¨± ²¨ Y

4. ‚›‚�„›

‚ ¶¥·¥¤´¥Ê£²μ¢ÒÌ ¨§³¥·¥´¨ÖÌ ´  Ë· £³¥´É-¸¥¶ · Éμ·¥ Š�Œ��‘ ¢ ·¥ ±-
Í¨¨ 11‚(33 AŒÔ‚) + 9‚¥(332,6 ³£/¸³2) ·¥ ²¨§μ¢ ´μ ¸²¥¤ÊÕÐ¥¥:

1) ¨§ÊÎ¥´Ò ¨³¶Ê²Ó¸´Ò¥ · ¸¶·¥¤¥²¥´¨Ö · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· 6He,
8He ¨ 9Li;

2) Ê¸É ´μ¢²¥´ · ¡μÎ¨° ¤¨ ¶ §μ´ ¨³¶Ê²Ó¸´μ£μ  ±¸¥¶É ´¸  (¶·¥¢ÒÏ ÕÐ¨°
±6,0 %);

3) Ê¸É ´μ¢²¥´ · ¡μÎ¨° ¤¨ ¶ §μ´ Ê£²μ¢μ£μ  ±¸¥¶É ´¸  ¸¥¶ · Éμ·  (¶·¥¢Ò-
Ï ÕÐ¨° ±30 ³· ¤ ¨²¨ ¶·¨¡²¨§¨É¥²Ó´μ ±2◦);
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4) ¶μ± § ´μ, ÎÉμ ¨§μ¡· ¦¥´¨¥ ¶ÊÎ±μ¢ Ö¤¥· 6He, 8He ¨ 9Li ¢ ¢ÒÌμ¤´μ³
Ëμ±Ê¸¥ ¸¥¶ · Éμ·  Fa ¶·¨¡²¨§¨É¥²Ó´μ ¢ ¤¢  · §  ¶·¥¢ÒÏ ¥É · §³¥· ¶ÊÎ± 
´  ¶·μ¨§¢μ¤ÖÐ¥° ³¨Ï¥´¨ (¢Ìμ¤´μ° Ëμ±Ê¸ F0), ´  ±μÉμ·ÊÕ ¶¥·¢¨Î´Ò° ¶ÊÎμ±
¤¨ Ë· £³¨·μ¢ ²¸Ö ¤¨ ³¥É·μ³ 6 ³³;

5) Ê¸É ´μ¢²¥´μ, ÎÉμ · §³¥· ¨§μ¡· ¦¥´¨Ö ¢ ¢ÒÌμ¤´μ³ Ëμ±Ê¸¥ ¸¥¶ · Éμ· 
¸μÌ· ´Ö¥É¸Ö ¶· ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´´Ò³ ¢μ ¢¸¥³ ¨§ÊÎ¥´´μ³ ¤¨ ¶ §μ´¥ ¨³¶Ê²Ó¸-
´μ£μ § Ì¢ É  ¸¥¶ · Éμ·  μÉ Δp/p = ±0,5 ¤μ ±6,6 %. �ÉμÉ Ë ±Éμ· Ô±¸¶¥·¨-
³¥´É ²Ó´μ ¶μ¤É¢¥·¦¤ ¥É  Ì·μ³ É¨Î´μ¸ÉÓ ¢¸¥£μ ± ´ ²  ¸¥¶ · Éμ· 
Š�Œ��‘. Š·μ³¥ Éμ£μ, μÉ¸ÊÉ¸É¢¨¥ Ê¢¥²¨Î¥´¨Ö · §³¥·  ¨§μ¡· ¦¥´¨Ö ¸ ·μ¸Éμ³
¨³¶Ê²Ó¸´μ£μ  ±¸¥¶É ´¸  ¸¥¶ · Éμ·  ¶μ± §Ò¢ ¥É ¢Ò¸μ±ÊÕ ¸É¥¶¥´Ó ³¨´¨³¨§ -
Í¨¨ ´¥²¨´¥°´ÒÌ ÔËË¥±Éμ¢, ±μÉμ·Ò¥ ¨³¥ÕÉ É¥´¤¥´Í¨Õ ¢μ§· ¸É ÕÐ¥£μ ¢±² ¤ 
¢ Fa-¨§μ¡· ¦¥´¨¥ ¸ ·μ¸Éμ³  ±¸¥¶É ´¸  ¸¥¶ · Éμ· .

ˆ§ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§ÊÎ¥´¨Õ μ¸´μ¢´ÒÌ ¨μ´´μ-μ¶É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢
®in-�ight¯ ¸¥¶ · Éμ·  Š�Œ��‘ ¸²¥¤Ê¥É, ÎÉμ ¨§³¥·¥´´Ò¥ ¢¥²¨Î¨´Ò ¨Ì ´ Ìμ-
¤ÖÉ¸Ö ¢ ¤μ¶Ê¸É¨³ÒÌ ¶·¥¤¥² Ì ¶·μ¥±É´ÒÌ §´ Î¥´¨°.

‚ É ¡². 4 ¶·¨¢μ¤ÖÉ¸Ö §´ Î¥´¨Ö ¨§³¥·¥´´ÒÌ ¶ · ³¥É·μ¢ Š�Œ��‘ ´  ¶ÊÎ-
± Ì 8H¥, 6H¥ ¨ 9Li ¨ ¤ ´μ ¸· ¢´¥´¨¥ ¨Ì ¸ ¶ · ³¥É· ³¨ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¢ ‹Ÿ

¸¥¶ · Éμ·  �Š“‹ˆ�� ¨ ¶ · ³¥É· ³¨ ¶·¥¤² £ ¥³μ£μ ´μ¢μ£μ ¶·μ¥±É .

ˆ§ É ¡²¨ÍÒ ¸²¥¤Ê¥É, ÎÉμ ¶·¨ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  11‚ ¢ 1 pμ�
(1 pμ� = 5 eμ�) ¢ Ô±¸¶¥·¨³¥´É¥ ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ¨´É¥´¸¨¢´μ¸É¨ · ¤¨μ-
 ±É¨¢´ÒÌ Ö¤¥·: 6He (6,9 · 105 ¸−1), 8He (2 · 104 ¸−1) ¨ 9Li (4,3 · 105 ¸−1).

’ ¡²¨Í  4. � · ³¥É·Ò ¨ ¨´É¥´¸¨¢´μ¸É¨ ¢Éμ·¨Î´ÒÌ ¶ÊÎ±μ¢ Ö¤¥· 6He, 8He ¨ 9Li


 ¤¨μ ±É¨¢´Ò¥
¶ÊÎ±¨

I(1/1 pμA)/FWHM X · Y ³³2

�±¸¶¥·¨³¥´É 	·μ¥±É
Š�Œ��‘
¶² ¸É¨´ 
Al 0,4 ³³

�Š“‹ˆ��
±²¨´ Å 1 ³³

�Š“‹ˆ��-2
±²¨´ Å 1 ³³

8He 2 · 104/13 · 10 5 · 103/18 · 15 2 · 104/6 · 20
6He 6,9 · 105/17 · 11 1 · 105/18 · 15 2,5 · 106/6 · 20
9Li 4,3 · 105/26 · 11 1 · 105/18 · 15 4 · 105/6 · 20

	μ²ÊÎ¥´´Ò¥ ¨´É¥´¸¨¢´μ¸É¨ ¢ÒÌμ¤μ¢ £ ²μ¶μ¤μ¡´ÒÌ Ö¤¥· 6He, 8He ¨ 9Li
³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ± ± ¢Éμ·¨Î´Ò¥ ¶ÊÎ±¨ Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥· ¢ ·¥ ±Í¨ÖÌ
¶¥·¥¤ Î¨ ´Ê±²μ´μ¢ ¨ Ë· £³¥´É Í¨¨,   É ±¦¥ ¢ ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì ¨¸¸²¥¤μ-
¢ ´¨ÖÌ ¸É·Ê±ÉÊ·Ò ¸² ¡μ¸¢Ö§ ´´ÒÌ Ö¤¥·.
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5. �…�‘�…Š’ˆ‚› ��‡‚ˆ’ˆŸ

„²Ö ·¥ ²¨§ Í¨¨ ¢μ§³μ¦´μ¸É¥° ¸¥¶ · Éμ·  Š�Œ��‘ ¢ ¸¶¥±É·μ¸±μ¶¨Î¥-
¸±¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ¨ ¢ ·¥ ±Í¨ÖÌ ¸μ ¢Éμ·¨Î´Ò³¨ ¶ÊÎ± ³¨ Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥· ,
  ¨³¥´´μ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¶μ²´μ£μ ¨³¶Ê²Ó¸´μ£μ ¨ Ê£²μ¢μ£μ § Ì¢ Éμ¢ ¤²Ö ¶μ-
¢ÒÏ¥´¨Ö ¸¢¥Éμ¸¨²Ò Ô±¸¶¥·¨³¥´É , É·¥¡Ê¥É¸Ö ¤μÊ±μ³¶²¥±Éμ¢ ´¨¥ ¥£μ ¸¥±Í¨¥°
±¢ ¤·Ê¶μ²Ó´μ£μ ¤Ê¡²¥É  2Q ´  ¢Ìμ¤¥ ¸¥¶ · Éμ·  ¨ ¸¥±Í¨¥° ±¢ ¤·Ê¶μ²Ó´μ£μ
É·¨¶²¥É  3Q ´  ¢ÒÌμ¤¥ ¸¥¶ · Éμ·  ¤²Ö ¶¥·¥´μ¸   Ì·μ³ É¨Î¥¸±μ£μ Ëμ±Ê¸  Fa1

¡¥§ ¶μÉ¥·Ó ¨´É¥´¸¨¢´μ¸É¨ Î ¸É¨Í ¢ ¶μ§¨Í¨Õ Fa2 (·¨¸. 10).


¨¸. 10. ‘Ì¥³ É¨Î¥¸±¨° ¢¨¤ · ¸Ï¨·¥´´μ° ¢¥·¸¨¨ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ±μ³¶²¥±¸ 
Š�Œ��‘ ¶μ ¶μ²ÊÎ¥´¨Õ ¶ÊÎ±μ¢ Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥· ¨ ¨¸¸²¥¤μ¢ ´¨Õ ¨Ì ¸É·Ê±-
ÉÊ·Ò. ‚ ¢¥·Ì´¥° Î ¸É¨ ¶μ± § ´  ³ £´¨É´ Ö ¸É·Ê±ÉÊ·  ¸¥¶ ·¨·ÊÕÐ¥£μ ± ´ ² 
F02QM1M2M3M4FdM5M6M7M8Fa13QFa2. “Î ¸Éμ± (Fa1, Fa2) ¶·¥¤¸É ¢²Ö¥É ± ´ ²
Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ±μ¢ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¸ ¤ ÉÎ¨± ³¨ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É 
(TOF1, TOF2), ¤¥É¥±Éμ· ³¨ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ (ΔE1, ΔE2) ¨ ±μμ·-
¤¨´ É´Ò³¨ ¤¥É¥±Éμ· ³¨ ¨§³¥·¥´¨Ö É· ¥±Éμ·¨¨ Î ¸É¨Í (X1Y1, X2Y2). ‚ ´¨¦´¥° Î ¸É¨
¸ Ê¢¥²¨Î¥´¨¥³ ¶μ± § ´  ±μ··¥²ÖÍ¨μ´´ Ö ± ³¥·  ¸ ³´μ£μ¤¥É¥±Éμ·´μ° ¸¨¸É¥³μ° ¤²Ö ¨§-
³¥·¥´¨Ö ¸μ¢¶ ¤¥´¨° ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° (¨²¨ · §¢ ²  Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥·)
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‘¥±Í¨Ö 2Q ³¥¦¤Ê ³¨Ï¥´ÓÕ ¨ ¢Ìμ¤μ³ ¢ ¶¥·¢Ò° ³ £´¨É Œ1 ¶μ§¢μ²¨É ¸μ¡¨· ÉÓ
· ¤¨μ ±É¨¢´Ò¥ Ö¤·  ¸ ¡μ²ÓÏ¥° Î ¸É¨ ¶¥·¥¤´¥° ¶μ²Ê¸Ë¥·Ò ¨ Ëμ±Ê¸¨·μ¢ ÉÓ ¨Ì
¢ · ¡μÎ¨° É¥²¥¸´Ò° Ê£μ² ¸¥¶ · Éμ· .

Š ´ ² 3Q ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ±·μ³¥ Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ±μ¢ · ¤¨μ ±É¨¢-
´ÒÌ Ö¤¥· ¶·¥¤μ¸É ¢¨É ¢μ§³μ¦´μ¸ÉÓ:

1) ¨§³¥·ÖÉÓ Ô´¥·£¨Õ Î ¸É¨Í (¶μ ¶ · ³¥É·Ê TOF) ¢ · ¡μÎ¥³ ¤¨ ¶ §μ´¥
¨³¶Ê²Ó¸´μ£μ § Ì¢ É  ¸¥¶ · Éμ· ;

2) ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ ®´  ²¥ÉÊ¯ ¨§μÉμ¶´Ò° ¸μ¸É ¢ · ¤¨μ ±É¨¢´μ£μ ¶ÊÎ± 
³¥Éμ¤μ³ [ΔE, TOF];

3) ³μ´¨Éμ·¨·μ¢ ÉÓ Ëμ·³Ê ¨ Ê£²μ¢ÊÕ · ¸Ìμ¤¨³μ¸ÉÓ Î ¸É¨Í ´  ³¨Ï¥´¨ ¸
¶μ³μÐÓÕ Ê¸É ´μ¢²¥´´ÒÌ ´  É· ¸¸¥ ± ´ ²  ¤¢ÊÌ±μμ·¤¨´ É´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó-
´ÒÌ ± ³¥·;

	μ¸²¥¤´¥¥ ±· °´¥ ´¥μ¡Ìμ¤¨³μ ¤²Ö ±μ··¥±É´μ° ·¥±μ´¸É·Ê±Í¨¨ ±¨´¥³ -
É¨±¨ ·¥ ±Í¨¨ ¨²¨ · §¢ ²  · ¤¨μ ±É¨¢´μ£μ Ö¤· .

„²Ö ÔÉ¨Ì Í¥²¥° ± ´ ² 3Q ¶² ´¨·Ê¥É¸Ö μ¡μ·Ê¤μ¢ ÉÓ ¸²¥¤ÊÕÐ¨³¨
¤ ÉÎ¨± ³¨:

 ) Éμ´±¨³¨ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¤¥É¥±Éμ· ³¨, ¶μ§¢μ²ÖÕÐ¨³¨ ¨§³¥·ÖÉÓ
± ± ¢·¥³Ö ¶·μ²¥É  ´  ¡ §¥ [Fa1, Fa2] (¶μ·Ö¤±  50Ä100 ´¸), É ± ¨ ¤¨ËË¥·¥´-
Í¨ ²Ó´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨ (ΔE1, ΔE2) ¢ ÔÉ¨Ì ¤¥É¥±Éμ· Ì;

¡) ³´μ£μ¶·μ¢μ²μÎ´Ò³¨ ¶·μ¶μ·Í¨μ´ ²Ó´Ò³¨ ± ³¥· ³¨ ¤²Ö X, Y -±μμ·-
¤¨´ É´ÒÌ ¨§³¥·¥´¨° É· ¸¸¨·Ê¥³ÒÌ Î ¸É¨Í.

‚ ¢Ò¶μ²´¥´´μ° É ±¨³ μ¡· §μ³ ´μ¢μ° ±μ´Ë¨£Ê· Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ Ö
Ê¸É ´μ¢±  ¶μ§¢μ²¨É ´ ¤¥¦´μ  ´ ²¨§¨·μ¢ ÉÓ É· ´¸¶μ·É¨·Ê¥³Ò¥ Î ¸É¨ÍÒ ¶μ
¸²¥¤ÊÕÐ¨³ ¶ · ³¥É· ³: ³ £´¨É´μ° ¦¥¸É±μ¸É¨ Bρ = AV/Z, Ê¤¥²Ó´Ò³ ¨μ-
´¨§ Í¨μ´´Ò³ ¶μÉ¥·Ö³ ΔE/ΔX = AZ2/E, ¢·¥³¥´¨ ¶·μ²¥É  ΔT = L/V ,  
É ±¦¥ ¢μ¸¸É ´ ¢²¨¢ ÉÓ ±¨´¥³ É¨±Ê ·¥ ±Í¨¨.

	·μ¡²¥³Ò ¸´¨¦¥´¨Ö § £·Ê§μ± ¤¥É¥±Éμ·μ¢ ¢ ¶¥·¥¤´¥Ê£²μ¢ÒÌ ¨§³¥·¥´¨ÖÌ ¨
¸ÊÐ¥¸É¢¥´´μ£μ Ê²ÊÎÏ¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö, ´¥μ¡Ìμ¤¨³μ£μ ¢ ¨¸-
¸²¥¤μ¢ ´¨ÖÌ ¸¶¥±É· ²Ó´μ° ËÊ´±Í¨¨ Ê§±¨Ì ·¥§μ´ ´¸μ¢ (´ ¶·¨³¥· ±² ¸É¥·´ÒÌ
¸μ¸ÉμÖ´¨°), ³μ¦´μ ·¥Ï¨ÉÓ Ê¸É ´μ¢±μ° ³ £´¨É´μ£μ ¸¶¥±É·μ³¥É·  ¶μ¸²¥ ¢Éμ-
·μ° ³¨Ï¥´¨, ±μÉμ· Ö ¶μ§¨Í¨μ´¨·Ê¥É¸Ö ¢ Fa2. ˆ§¢¥¸É´μ, ÎÉμ ¸μ¢·¥³¥´´Ò¥
³ £´¨É´Ò¥ ¸¶¥±É·μ³¥É·Ò μ¡¥¸¶¥Î¨¢ ÕÉ · §·¥Ï¥´¨¥ ¶μ Ô´¥·£¨¨ ´  ¤¢ -É·¨
¶μ·Ö¤±  ²ÊÎÏ¥, Î¥³ ±·¥³´¨¥¢Ò¥ ¨²¨ ¸Í¨´É¨²²ÖÍ¨μ´Ò¥ ¤¥É¥±Éμ·Ò, ±μÉμ·Ò¥
É· ¤¨Í¨μ´´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ. �μ²¥¥ Éμ£μ,
¢Ò¸μ±μ· §·¥Ï ÕÐ¨° ³ £´¨É´Ò° ¸¶¥±É·μ³¥É· ¸ ¡μ²ÓÏ¨³ ¨³¶Ê²Ó¸´Ò³  ±¸¥¶-
É ´¸μ³ ¶μ§¢μ²¨É ·¥£¨¸É·¨·μ¢ ÉÓ ¢ ¸¢μ¥° Ëμ± ²Ó´μ° ¶²μ¸±μ¸É¨ μ¤´μ¢·¥³¥´´μ
´¥¸±μ²Ó±μ ±μ··¥²¨·μ¢ ´´ÒÌ ¶·μ¤Ê±Éμ¢ · §¢ ²  Ô±§μÉ¨Î¥¸±¨Ì Ö¤¥· [11].

‚ Ô±¸¶¥·¨³¥´É Ì ¸ · ¤¨μ ±É¨¢´Ò³¨ ¶ÊÎ± ³¨, μ¸μ¡¥´´μ ¸ ¶ÊÎ± ³¨ £ -
²μ¶μ¤μ¡´ÒÌ ´¥°É·μ´μ¨§¡ÒÉμÎ´ÒÌ Ö¤¥·, ±· °´¥ ¨´Ëμ·³ É¨¢´Ò³¨ Ö¢²ÖÕÉ¸Ö
¨§³¥·¥´¨Ö ´¥°É·μ´μ¢ ¢ ±μ··¥²ÖÍ¨¨ ¸ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³ Å ¶·μ¤Ê±É ³¨
· §¢ ²  Ô±§μÉ¨Î¥¸±μ£μ Ö¤· . ‚ ´ ¸ÉμÖÐ¨Ì Ê¸²μ¢¨ÖÌ ¨¸¶μ²Ó§μ¢ ´¨¥ ¤¥É¥±Éμ·μ¢
´¥°É·μ´μ¢ (¨²¨ ´¥°É·μ´´ÒÌ ¸É¥´μ±) ¢ ±μ³¶²¥±¸¥ ¸ ¤¥É¥±Éμ· ³¨ § ·Ö¦¥´´ÒÌ
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¨¸. 11. ‘Ì¥³  · §³¥Ð¥´¨Ö ³μ¤¥·´¨§¨·μ¢ ´´μ£μ Ë· £³¥´É-¸¥¶ · Éμ·  Š�Œ��‘ ¢
Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥ Í¨±²μÉ·μ´  “-400Œ ¸ ± ¸± ¤μ³ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¤²Ö
É· ´¸¶μ·É¨·μ¢±¨ · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢ ¢ ³ £´¨É´Ò° ¸¶¥±É·μ³¥É·
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Î ¸É¨Í Ö¢²Ö¥É¸Ö ¶·μ¡²¥³ É¨Î´Ò³, ¶μ¸±μ²Ó±Ê Ë· £³¥´É-¸¥¶ · Éμ· Š�Œ��‘
¢³¥¸É¥ ¸ ¤¥É¥±É¨·ÊÕÐ¥° ¨ ·¥£¨¸É·¨·ÊÕÐ¥° ¸¨¸É¥³ ³¨ ´ Ìμ¤¨É¸Ö ¢ Ô±¸¶¥-
·¨³¥´É ²Ó´μ³ § ²¥, ¢ ±μÉμ·μ³ ¢μ ¢·¥³Ö Ô±¸¶¥·¨³¥´É  ¨³¥¥É¸Ö ³μÐ´Ò° ¶μ-
Éμ± ´¥°É·μ´μ¢ μÉ Í¨±²μÉ·μ´  “-400Œ ¨ ± ´ ²μ¢ É· ´¸¶μ·É¨·μ¢±¨ ¶¥·¢¨Î-
´μ£μ ¶ÊÎ± . �  ·¨¸. 11 ¶μ± § ´  ¶·¥¤² £ ¥³ Ö ¸Ì¥³  · §³¥Ð¥´¨Ö Ë· £³¥´É-
¸¥¶ · Éμ·  Š�Œ��‘ ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ³ § ²¥ Ê¸±μ·¨É¥²Ö “-400Œ.
ˆ§ ·¨¸. 11 ¢¨¤´μ, ÎÉμ ¢Éμ·¨Î´Ò¥ ¶ÊÎ±¨ · ¤¨μ ±É¨¢´ÒÌ Ö¤¥· ³μ¦´μ ¡¥§ ¶μ-
É¥·¨ ¨´É¥´¸¨¢´μ¸É¨ ¢Ò¢¥¸É¨ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ § ²  ¢ ± ¡¨´Ê ¸ · ¤¨-
 Í¨μ´´μ° § Ð¨Éμ°, ¨¸¶μ²Ó§ÊÖ ± ¸± ¤ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§. �Éμ ¶μ§¢μ²¨É ´ 
μÉ´μ¸¨É¥²Ó´μ ´¨§±¨Ì ¨´É¥´¸¨¢´μ¸ÉÖÌ · ¤¨μ ±É¨¢´ÒÌ ¶ÊÎ±μ¢ (´¥ ¶·¥¢ÒÏ Õ-
Ð¨Ì 105Ä106 ¸−1) ¶·μ¢μ¤¨ÉÓ Ï¨·μ±¨° ±² ¸¸ Ô±¸¶¥·¨³¥´Éμ¢ ¢ ¡¥¸Ëμ´μ¢ÒÌ
Ê¸²μ¢¨ÖÌ.

‚ § ±²ÕÎ¥´¨¥ ¶·¨¢μ¤¨³ É ±¦¥ Ô±¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ¨§³¥·¥´¨Õ
¨μ´´μ-μ¶É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ Ë· £³¥´É-¸¥¶ · Éμ·  Š�Œ��‘ ´  ¶ÊÎ± Ì £ -
²μ¶μ¤μ¡´ÒÌ Ö¤¥· 6He (	·¨²μ¦¥´¨¥ �) ¨ 9Li (	·¨²μ¦¥´¨¥ �).

�¢Éμ·Ò ¡² £μ¤ ·´Ò �.‘. ”μ³¨Î¥¢Ê ¨ ‘.�. Š·Ê¶±μ §  ¶μ³μÐÓ ¢ ¨§³¥·¨-
É¥²Ó´μ°  ¶¶ · ÉÊ·¥ ¨ ¢ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éμ¢. ŒÒ ¡² £μ¤ ·¨³ ƒ. ƒ. ƒÊ²Ó-
¡¥±Ö´ , �. �. ƒ¨± ²  ¨ ±μ²²¥±É¨¢ Ê¸±μ·¨É¥²Ö “-400Œ §  μ¡¥¸¶¥Î¥´¨¥ ¶ÊÎ±μ³.

 ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  
””ˆ-“±· ¨´  º08-02-90406 Ê±·  .

��ˆ‹�†…�ˆ… �. ˆ‡Œ…�…�ˆŸ ˆ����-��’ˆ—…‘Šˆ•
•���Š’…�ˆ‘’ˆŠ ‘…����’��� Š�Œ��‘ �� ���„“Š’�Œ 6He


¨¸. 12. 
 ¸¶·¥¤¥²¥´¨¥ ¢ÒÌμ¤μ¢ 6He ¨ 9Li ¢ § ¢¨¸¨³μ¸É¨ μÉ ¦¥¸É±μ¸É¨ ³ £´¨É´μ£μ
¶μ²Ö ¸¥¶ · Éμ· . 	μ μ¸¨ μ·¤¨´ É Ê± § ´Ò ¸±μ·μ¸É¨ μ¡· §μ¢ ´¨Ö 6He ¨ 9Li Î ¸É¨Í
¢ ¸¥±Ê´¤Ê ¶·¨ ¨´É¥´¸¨¢´μ¸É¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¶ÖÉ¨§ ·Ö¤´μ£μ 11‚ ¢ pμ� (1 pμ� =
5 eμ�)
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¨¸. 13. 
 ¸¶·¥¤¥²¥´¨¥ ´  ¨¤¥´É¨Ë¨± Í¨μ´´μ° ¤¢Ê³¥·´μ° ³ É·¨Í¥ [ΔE1, E] ¸μ¡ÒÉ¨°
6He (±¢ ¤· É ¢ ¸¥·¥¤¨´¥ ·¨¸Ê´± ), § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¤¥É¥±Éμ· ³¨ ΔE1 (¢¥·É¨± ²Ó-
´ Ö Ï± ² ) ¨ ΔE2 (£μ·¨§μ´É ²Ó´ Ö Ï± ² ) ¶·¨ ¨³¶Ê²Ó¸´μ³ § Ì¢ É¥ ±6,67 % (¶μ²´Ò°
§ Ì¢ É Å 13,3%) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´¥¶·μË¨²¨·μ¢ ´´μ£μ ¤¥£· ¤¥·  ¢ ¤¨¸¶¥·¸¨μ´-
´μ° ¶²μ¸±μ¸É¨ Fd Éμ²Ð¨´μ° 0,4 ³³. ‚ ±¢ ¤· É¥ ¢ ¸·¥¤´¥° Î ¸É¨ ¶μ± § ´Ò ¸μ¡ÒÉ¨Ö
Éμ²Ó±μ 6He


¨¸. 14. ‚ÒÌμ¤ 6He Ö¤¥· ¢ § ¢¨¸¨³μ¸É¨ μÉ £μ·¨§μ´É ²Ó´μ£μ Ê£²  § Ì¢ É  ¶·¨ ¨³¶Ê²Ó¸-
´μ³ § Ì¢ É¥ Δp/p = ±1%
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¨¸. 15. ‚ÒÌμ¤ Ö¤¥· 6He ¢ § ¢¨¸¨³μ¸É¨ μÉ £μ·¨§μ´É ²Ó´μ£μ Ê£²  § Ì¢ É  ¶·¨ ¨³¶Ê²Ó¸-
´μ³ § Ì¢ É¥ Δp/p = ±4%


¨¸. 16. ”μ·³  · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  Ö¤¥· 6He ¢ ¢ÒÌμ¤´μ³  Ì·μ³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ Fa

¸¥¶ · Éμ·  Š�Œ��‘, ¨§³¥·¥´´ Ö ¶·¨ ¨³¶Ê²Ó¸´μ³ § Ì¢ É¥ Δp/p = ±6,6% (¨²¨
26,4% ¶μ Ô´¥·£¨¨) ¨ ´¥¶·μË¨²¨·μ¢ ´´μ³ Éμ²¸Éμ³ ¤¥£· ¤¥·¥ ¨§ Al 400 ³±³ ¢ ¤¨¸¶¥-
·¸¨μ´´μ° ¶²μ¸±μ¸É¨ Fd:  ) · ¸¶·¥¤¥²¥´¨¥ ¶μ £μ·¨§μ´É ²¨ X; ¡) · ¸¶·¥¤¥²¥´¨¥ ¶μ
¢¥·É¨± ²¨ Y
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��ˆ‹�†…�ˆ… �. ˆ‡Œ…�…�ˆŸ ˆ����-��’ˆ—…‘Šˆ•
•���Š’…�ˆ‘’ˆŠ ‘…����’��� Š�Œ��‘ �� ���„“Š’�Œ 9Li


¨¸. 17. 
 ¸¶·¥¤¥²¥´¨¥ ´  ¨¤¥´É¨Ë¨± Í¨μ´´μ° ¤¢Ê³¥·´μ° ³ É·¨Í¥ [ΔE1, ΔE2] ¸μ-
¡ÒÉ¨° 9Li, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¤¥É¥±Éμ· ³¨ ΔE1 (¢¥·É¨± ²Ó´ Ö Ï± ² ) ¨ ΔE2 (£μ-
·¨§μ´É ²Ó´ Ö Ï± ² ) ¶·¨ ¨³¶Ê²Ó¸´μ³ § Ì¢ É¥ ±6,67 % (¶μ²´Ò° § Ì¢ É Å 13,3%) ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ´¥¶·μË¨²¨·μ¢ ´´μ£μ ¤¥£· ¤¥·  ¢ ¤¨¸¶¥·¸¨μ´´μ° ¶²μ¸±μ¸É¨ Fd Éμ²-
Ð¨´μ° 0,4 ³³. ‚ ±¢ ¤· É¥ ¶μ± § ´Ò ¸μ¡ÒÉ¨Ö Éμ²Ó±μ 9Li


¨¸. 18. ”μ·³  · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  Ö¤¥· 9Li ¢ ¢ÒÌμ¤´μ³  Ì·μ³ É¨Î¥¸±μ³ Ëμ±Ê¸¥ Fa

¸¥¶ · Éμ·  Š�Œ��‘, ¨§³¥·¥´´ Ö ¶·¨ ¨³¶Ê²Ó¸´μ³ § Ì¢ É¥ Δp/p = ±6,6% (¨²¨
26,4% ¶μ Ô´¥·£¨¨) ¨ ´¥¶·μË¨²¨·μ¢ ´´μ³ Éμ²¸Éμ³ ¤¥£· ¤¥·¥ ¨§ Al 400 ³±³ ¢ ¤¨¸-
¶¥·¸¨μ´´μ° ¶²μ¸±μ¸É¨ Fd:  ) · ¸¶·¥¤¥²¥´¨¥ ¶μ £μ·¨§μ´É ²¨ X; ¡) · ¸¶·¥¤¥²¥´¨¥ ¶μ
¢¥·É¨± ²¨ Y
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¨¸. 19. ‚ÒÌμ¤ 9Li-Ö¤¥· ¢ § ¢¨¸¨³μ¸É¨ μÉ £μ·¨§μ´É ²Ó´μ£μ Ê£²  § Ì¢ É  ¶·¨ ¨³¶Ê²Ó¸-
´μ³ § Ì¢ É¥ Δp/p = ±4%

‹ˆ’…��’“��

1. Artukh A. G., Gridnev G. F., Gruszecki M., Koscielniak F., Semchenkov A. G., Sem-
chenkova O. V., Sereda Yu.M., Shchepunov V. A., Szmider J., Teterev Yu.G., Bon-
darenko P. G., Rubinskaya L. A., Severgin Yu. P., Myasnikov Yu. A., Rozhdestven-
ski B. V., Konstantinov A. Yu., Koreniuk V. V., Sandrev I., Genchev S., Vishnevsky I. N.
Wide Aperture Kinematic Separator COMBAS Realized on the Strong Focusing Prin-
ciple // Nucl. Instr. Meth. A. 1999. V. 426. P. 605.

2. Artukh A.G., Semchenkov A. G., Gridnev G. F., Semchenkova O. V., Shchepunov V. A.,
Sereda Yu.M., Teterev Yu.G., Vishnevsky I. N., Gruszecki M., Koscielniak F.,
Szmider J., Vasiljev V. L., Koreniuk V. V., Konstantinov A. Yu., Kukhtin V. P.,
Lamzin E. A., Myasnikov Yu. A., Nagaenko M.G., Rozhdestvensky B. V., Sever-
gin Yu. P., Sytchevsky S. E., Shilkin N.F. Wide Aperture Multipole Magnets of Sep-
arator COMBAS // Proc. International Symposium on Exotic Nuclei ®EXON-2001¯,
Baikal Lake, 24Ä28 July 2001, World Scientiˇc. P. 665Ä681.

3. Artukh A. G., Semchenkov A. G., Gridnev G. F., Gruszecki M., Koscielniak F., Sem-
chenkova O. V., Sereda Yu.M., Shchepunov V. A., Szmider J., Teterev Yu.G., Sever-
gin Yu. P., Rozhdestvensky B. V., Myasnikov Yu. A., Shilkin N. F., Lamzin E. A., Na-
gaenko M. G., Sytchevsky S. E., Vishnevsky I. N. 3D Magnetic Measurements of the
Combined Function Magnets in Separator COMBAS // Nucl. Instr. Meth. A. 2002.
V. 479. P. 467Ä486.

4. Artukh A.G., Budzanowski A., Koscielniak F., Kozik E., Kukhtin V. P.,
Lamzin E. V., Semchenkov A.G., Semchenkova O. V., Sereda Yu.M., Shchepunov V. A.,

28



Sytchevsky S. E., Szmider J., Teterev Yu.G. Reconstruction of 3-Dimensional Mag-
netic Fields of the Strong Focusing Separator COMBAS // Nukleonika. 2003. V. 48
(Supplement 2). P. S49ÄS53.

5. Belov A. V., Belyakova T. F., Filatov O.G., Kukhtin V. P., Lamzin E. A., Shatil N. A.,
Sytchevsky S. E., Gridnev K. A., Semchenkov A. G., Semchenkova O. V., Artukh A. G.,
Sereda Yu.M., Teterev Yu.G., Budzanowski A, Koscielniak O. V., Szmider J. Program
Package for the Accurate Three Dimensional (3D) Reconstruction of Magnetic Fields
from the Boundary Measurements // Nucl. Instr. Meth. A. 2003. V. 513. P. 448Ä464.

6. Anne R., Bazin D., Mueller A. C., Jacmart J. C., Langevin M. The Achromatic Spec-
trometer LISE at GANIL // Nucl. Instr. Meth. A. 1987. V. 257. P. 215Ä232.

7. Sherrill B. M., Morrissey D. J., Nolen J. A., Winger J. A. The A1200 Projectile Frag-
ment Separator // Nucl. Instr. Meth. B. 1991. V. 56/57. P. 1106Ä1110.

8. Kubo T., Ishihara M., Inabe N., Kumagai H., Tanihata I., Yoshida K., Nakamura T.,
Okuno H., Shimoura S., Asahi K. The RIKEN Radioactive Beam Facility // Nucl.
Instr. Meth. B. 1992. V. 70. P. 309Ä319.

9. Geissel H., Armbruster P., Wollnik H., Munzenberg G., Dufour J. P., Sherrill B. et
al. The GSI Projectile Fragment Separator (FRS): a Versatile Magnetic System for
Relativistic Heavy Ions // Nucl. Instr. Meth. B. 1992. V. 70. P. 286Ä297.

10. � £ ¥´±μ Œ. ƒ. BETRAMF Å ¶·μ£· ³³  ¤²Ö · ¸Î¥É  ¨ μ¶É¨³¨§ Í¨¨ ´  �‚Œ
³ £´¨Éμμ¶É¨Î¥¸±¨Ì ¸¨¸É¥³ ¢ ²¨´¥°´μ³ ¶·¨¡²¨¦¥´¨¨. 	·¥¶·¨´É �ˆˆ�”� �-
0598. ‹. 1983.

11. �·ÉÕÌ �. ƒ., „¥´¨±¨´ �. „., ‘¥·¥¤  �. Œ., Š ³¨´¸±¨ ƒ., Šμ´μ´¥´±μ ƒ. �., Š²Ò-
£¨´ ‘. �., ‚μ·μ´Íμ¢ �. �., �·¤¥³Î¨³¥£ �., ’¥É¥·¥¢ �. ƒ., ˜¥¢Î¨± …. �. 
¥±μ´-
¸É·Ê±Í¨Ö ¶ · ³¥É·μ¢ ±² ¸É¥·´μ£μ · §¢ ²  Ö¤¥· ²¥£±¨Ì Ô²¥³¥´Éμ¢ // 	’�. 2008.
º6. ‘. 1Ä13.

	μ²ÊÎ¥´μ 1 μ±ÉÖ¡·Ö 2009 £.




¥¤ ±Éμ· Œ. ˆ. ‡ ·Ê¡¨´ 

	μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 12.01.2010.
”μ·³ É 60× 90/16. �Ê³ £  μË¸¥É´ Ö. 	¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 2,0. “Î.-¨§¤. ². 2,34. ’¨· ¦ 310 Ô±§. ‡ ± § º 56852.

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@jinr.ru
www.jinr.ru/publish/


