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‚ · ¡µÉ¥ ¸µ¤¥·¦¨É¸Ö µÍ¥´±  ¸¶¨´§ ¢¨¸ÖÐ¥° Î ¸É¨  ³¶²¨ÉÊ¤Ò np → pn · ¸¸¥Ö-
´¨Ö ¸ ¶¥·¥§ ·Ö¤±µ° ´  µ¸´µ¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ·¥ ±Í¨¨ dp → (pp)n,
¶µ²ÊÎ¥´´ÒÌ ¢ Ê¸²µ¢¨ÖÌ 4π-£¥µ³¥É·¨¨ ´  ¢µ¤µ·µ¤´µ° ¶Ê§Ò·Ó±µ¢µ° ± ³¥·¥. @µ± § ´µ,
ÎÉµ ¶·¨ ¨³¶Ê²Ó¸¥ 1,67 ƒÔ‚/c ´  ´Ê±²µ´  ³¶²¨ÉÊ¤  np → pn ¶¥·¥§ ·Ö¤±¨ Ö¢²Ö¥É¸Ö
¶µ²´µ¸ÉÓÕ ¸¶¨´§ ¢¨¸ÖÐ¥°, ÎÉµ µÉ±·Ò¢ ¥É ´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ¢
¶ÊÎ± Ì ¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ´µ¢ ´  ¶µ²Ö·¨§µ¢ ´´µ° ¢µ¤µ·µ¤´µ° ³¨Ï¥´¨.

G ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° IˆŸˆ.

Estimate of the Spin-Flip Contribution to the np → pn Process
from the Charge Exchange Reaction on the Deuteron

V.V.Glagolev et al.

An estimate of the spin dependent part of the np → pn exchange amplitude has been
made on the basis of the dp → (pp)n data, taken by the 1m hydrogen bubble chamber
in a full solid angle arrangement. At the momentum of 1.67 GeV/c per nucleon, as it has
been shown, the np → pn amplitude is entirely spin dependent. This result opens up
new possibilities for the experiments in polarized deuteron beams and polarized proton
target.

The investigation has been performed at the Laboratory of High Energies, JINR.

1. ‚‚…„…�ˆ…

‡ ¤ Î  ¶µ¸Épµ¥´¨Ö É¥µp¨¨ ´Ê±²µ´-´Ê±²µ´´µ£µ p ¸¸¥Ö´¨Ö, µ¸µ¡¥´´µ ¢ µ¡² ¸É¨ ¢ÒÏ¥
1 ƒÔ‚, ¶µ-¶p¥¦´¥³Ê µ¸É ¥É¸Ö  ±ÉÊ ²Ó´µ°. „²Ö ¶µ²ÊÎ¥´¨Ö ¶µ²´µ£µ ´ ¡µp  ¤ ´´ÒÌ ¤²Ö ¶pµ-
¢¥¤¥´¨Ö, ´ ¶p¨³¥p, Ë §µ¢µ£µ  ´ ²¨§  ´¥µ¡Ìµ¤¨³Ò Ô±¸¶¥p¨³¥´ÉÒ ¶µ ¤¢µ°´µ³Ê ¨ Épµ°´µ³Ê
p ¸¸¥Ö´¨Õ.

1’¥Ì´¨Î¥¸±¨° Ê´¨¢¥p¸¨É¥É, ŠµÏ¨Í¥, ‘²µ¢ ±¨Ö
2“´¨¢¥·¸¨É¥É @.‰.˜ Ë ·¨± , ŠµÏ¨Í¥, ‘²µ¢ ±¨Ö
3ˆ´¸É¨ÉÊÉ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¨ ‘Cy, ŠµÏ¨Í¥, ‘²µ¢ ±¨Ö
4ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¶·µ¡²¥³, ‚ ·Ï ¢ 
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I¤´ ±µ ¢ ´¥±µÉµ·ÒÌ ¸²ÊÎ ÖÌ, ± ± ´ ¶·¨³¥·, ¢ µ¡¸Ê¦¤ ¥³µ° ¶µ¶ÒÉ±¥ ¨§¢²¥Î¥´¨Ö
¨´Ëµ·³ Í¨¨ µ ¶µ¢µ·µÉ¥ ¸¶¨´  ¢ ¶·µÍ¥¸¸¥ np → pn ¶¥·¥§ ·Ö¤±¨, ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ
¤¥°É·µ´ ± ± µ¡Ñ¥±É, ¸µ¤¥·¦ Ð¨° ´¥°É·µ´ ¢ µ¶·¥¤¥²¥´´µ³ ¸¶¨´-µ·¡¨É ²Ó´µ³ ¸µ¸ÉµÖ´¨¨.

@·¨ · §¢ ²¥ ¤¥°É·µ´  ¢ ¶·µÍ¥¸¸¥ ¶¥·¥§ ·Ö¤±¨ (·¥ ±Í¨Ö dp → (pp)n) ³µ¦´µ ¢Ò¡· ÉÓ
Ê¸²µ¢¨Ö, ±µ£¤  ¤¢  ¶·µÉµ´  µ¸É ÕÉ¸Ö ¢ ¸¨³³¥É·¨Î´µ³ ¶·µ¸É· ´¸É¢¥´´µ³ ¸µ¸ÉµÖ´¨¨, ÎÉµ
¢ ¸¨²Ê ¶·¨´Í¨¶  @ Ê²¨ ¶·¨¢µ¤¨É ± ¶¥·¥¢µ·µÉÊ ¸¶¨´  µ¤´µ£µ ¨§ ¶·µÉµ´µ¢. ‚ ÔÉµ³ ¸²ÊÎ ¥
§ ¢¨¸¨³µ¸ÉÓ  ³¶²¨ÉÊ¤Ò Ô²¥³¥´É ·´µ° np → pn ¶¥·¥§ ·Ö¤±¨ µÉ ¸¶¨´  ¡Ê¤¥É ¸¢Ö§ ´  ¸
¤¨ËË¥·¥´Í¨ ²Ó´Ò³ ¸¥Î¥´¨¥³ ¶·¨ t = 0.

‚ ÔÉµ³ ¸²ÊÎ ¥ · ¡µÉ  ¢ ¶ÊÎ±¥ ´¥¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ´µ¢ § ³¥´Ö¥É µ¶ÒÉ ¶µ É·µ°-
´µ³Ê · ¸¸¥Ö´¨Õ, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ¶µ¢ÒÏ ¥É ÔËË¥±É¨¢´µ¸ÉÓ Ô±¸¶¥·¨³¥´É .

@·¨±² ¤´µ¥ §´ Î¥´¨¥ ³¥Éµ¤  § ±²ÕÎ ¥É¸Ö ¢ ¨¸¶µ²Ó§µ¢ ´¨¨ ·¥ ±Í¨¨ ¶¥·¥§ ·Ö¤±¨ ¢
¶ÊÎ± Ì ¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ´µ¢ ¤²Ö ³¥Î¥´¨Ö ¶·µÉµ´µ¢ ¸ ¢Ò¸É·µ¥´´Ò³¨ ¸¶¨´µ¢Ò³¨
¸µ¸ÉµÖ´¨Ö³¨, ÎÉµ ´¥µ¡Ìµ¤¨³µ ¤²Ö ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éµ¢ ¡µ²¥¥ ¢Ò¸µ±µ£µ Ê·µ¢´Ö ´ 
¶µ²Ö·¨§µ¢ ´´µ° ¶·µÉµ´´µ° ³¨Ï¥´¨.

2. EŠ‘j…kˆŒ…�’

‚ ¸¢µ¥ ¢·¥³Ö ´  100-¸³ ¢µ¤µ·µ¤´µ° ¶Ê§Ò·Ó±µ¢µ° ± ³¥·¥ ¡Ò²¨ ´ ±µ¶²¥´Ò Ô±¸¶¥-
·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ ¤¥°É·µ´-¶·µÉµ´´Ò³ ¢§ ¨³µ¤¥°¸É¢¨Ö³ ¢ Ê¸²µ¢¨ÖÌ ¶µ²´µ° (4π)
£¥µ³¥É·¨¨ ¶·¨ 3,35 ƒÔ‚/¸.

G¨¸. 1. G ¸¶·¥¤¥²¥´¨¥ ¸µ¡ÒÉ¨° ·¥ ±Í¨¨ dp →
ppn ¶µ ±¢ ¤· ÉÊ Î¥ÉÒ·¥Ì³¥·´µ£µ ¶¥·¥¤ ´´µ£µ
¨³¶Ê²Ó¸  µÉ ¶·µÉµ´  ³¨Ï¥´¨ ± ´¥°É·µ´Ê

‚ Éµ³ Î¨¸²¥ ¨§ÊÎ ² ¸Ó ·¥ ±Í¨Ö dp →
ppn. vÉ  ·¥ ±Í¨Ö ³µ¦¥É ¡ÒÉÓ ¥¸É¥¸É¢¥´´Ò³
µ¡· §µ³ · §¤¥²¥´  ´  ¤¢  ¶µ¤± ´ ² : a) ¸µ-
¡ÒÉ¨Ö, ¢ ±µÉµ·ÒÌ ¸ ³µ° ¡Ò¸É·µ° ¢Éµ·¨Î´µ°
Î ¸É¨Í¥° ¢ ¸¨¸É¥³¥ ¶µ±µÖ ¤¥°É·µ´  Ö¢²Ö¥É¸Ö
¶·µÉµ´ (¶·Ö³µ° · §¢ ² ¤¥°É·µ´ ) ¨ ¡) ¸µ¡Ò-
É¨Ö, ¢ ±µÉµ·ÒÌ ¸ ³µ° ¡Ò¸É·µ° Î ¸É¨Í¥° ¢
Éµ° ¦¥ ¸¨¸É¥³¥ Ö¢²Ö¥É¸Ö ´¥°É·µ´ (· §¢ ² ¸
¶¥·¥§ ·Ö¤±µ°).

Š ± · §¤¥²ÖÕÉ¸Ö ÔÉ¨ ¤¢  ¶µ¤± ´ ² ,
³µ¦´µ ¢¨¤¥ÉÓ ´  ·¨¸. 1, £¤¥ ¶·¨¢µ¤¨É¸Ö · ¸-
¶·¥¤¥²¥´¨¥ ¶µ ±¢ ¤· ÉÊ 4-³¥·´µ£µ ¶¥·¥¤ ´-
´µ£µ ¨³¶Ê²Ó¸  t µÉ ¶·µÉµ´  ³¨Ï¥´¨ ± ´¥°-
É·µ´Ê. ’ ±µ¥ µ¶·¥¤¥²¥´¨¥ t ´¥ § ¢¨¸¨É µÉ
§´ ´¨Ö, ± ±µ° ¨§ ¶·µÉµ´µ¢ Ö¢²Ö¥É¸Ö ¶·µ-
¤Ê±Éµ³ ¢§ ¨³µ¤¥°¸É¢¨Ö (´¥ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ
± ¨´É¥·Ë¥·¥´Í¨¨).

y  ¸É ¤¨¨ · §¢¨É¨Ö Ô±¸¶¥·¨³¥´É , ±µ£¤ 
¸É É¨¸É¨±  µ¡· ¡µÉ ´´ÒÌ ¸µ¡ÒÉ¨° ¡Ò²  µÉ-
´µ¸¨É¥²Ó´µ ´¥¢¥²¨± , ¶·¥¤¶·¨´ÖÉ  ¶µ¶ÒÉ± 
µÍ¥´±¨ ¸¶¨´§ ¢¨¸ÖÐ¥° Î ¸É¨  ³¶²¨ÉÊ¤Ò Ô²¥-
³¥´É ·´µ° np → pn ¶¥·¥§ ·Ö¤±¨ [1], µ¸´µ-

¢ ´´ Ö ´  µ¶¨¸ ´¨¨ ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ dp → (pp)n Î¥·¥§
¨§¢¥¸É´Ò¥ ± Éµ³Ê ¢·¥³¥´¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ pp ¨ np-· ¸¸¥Ö´¨Õ. I¤´ ±µ É¥
¤ ´´Ò¥ ¡Ò²¨ ¡¥¤´Ò ¨ ´¥µ¤´µ§´ Î´Ò. ‘µµÉ¢¥É¸É¢¥´´µ, ¨ ¶µ²ÊÎ¥´´ Ö µÍ¥´±  ¡Ò²  É ±¦¥
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´¥µ¤´µ§´ Î´ , ÌµÉÖ ¨ Ê± §Ò¢ ²  ´  ¸ÊÐ¥¸É¢¥´´ÊÕ ·µ²Ó  ³¶²¨ÉÊ¤Ò ¸ ¶µ¢µ·µÉµ³ ¸¶¨´  ¢
np → pn ¶¥·¥§ ·Ö¤±¥.

@µ µ±µ´Î ´¨¨ µ¡· ¡µÉ±¨ ¤ ´´ÒÌ, ¢ ¶·µÍ¥¸¸¥ ±µÉµ·µ° Î¨¸²µ ¸µ¡ÒÉ¨° ·¥ ±Í¨¨ dp →
ppn ¶·¥¢Ò¸¨²µ 105, ³Ò ·¥Ï¨²¨ ¢¥·´ÊÉÓ¸Ö ± ÔÉµ° § ¤ Î¥ ¶µ ¤¢Ê³ ¶·¨Î¨´ ³:

1) ÎÉµ¡Ò ¶µ¶ÒÉ ÉÓ¸Ö ¸¤¥² ÉÓ ¶·Ö³ÊÕ µÍ¥´±Ê ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨
dp → (pp)n ¶·¨ t = 0 ´  µ¸´µ¢¥ Ëµ·³ ²¨§³  · ¡µÉÒ „¨´  [2];

2) ÎÉµ¡Ò ¶·¥¤¸± § ÉÓ ¢µ§³µ¦´µ¸É¨ ¶µ¤£µÉ ¢²¨¢ ¥³µ£µ ¸Î¥ÉÎ¨±µ¢µ£µ Ô±¸¶¥·¨³¥´É  [3].

3. Jy‘“†„…�ˆ…

y  ¢µ§³µ¦´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´¨Ö ·¥ ±Í¨¨ ¶¥·¥§ ·Ö¤±¨ ´  ´¥¶µ²Ö·¨§µ¢ ´´µ³ ¤¥°É·µ´¥
¤²Ö ¨§¢²¥Î¥´¨Ö ¸¶¨´§ ¢¨¸ÖÐ¥° Î ¸É¨ np → pn ¶¥·¥§ ·Ö¤±¨ ¢¶¥·¢Ò¥ ¡Ò²µ Ê± § ´µ ¢
· ¡µÉ Ì Œ¨£¤ ²  [4] ¨ @µ³¥· ´ÎÊ±  [5]. Š Î¥¸É¢¥´´µ ÔÉ  ¢µ§³µ¦´µ¸ÉÓ µ¡ÑÖ¸´Ö¥É¸Ö ¸²¥-
¤ÊÕÐ¨³ µ¡· §µ³. „¢  ´Ê±²µ´ , ¸¢Ö§ ´´Ò¥ ¢ ¤¥°É·µ´¥, ³µ£ÊÉ ´ Ìµ¤¨É¸Ö ¢ ¸µ¸ÉµÖ´¨ÖÌ
3S1 ¨ 3D1 (T = 0), ¸¨³³¥É·¨Î´ÒÌ ¶µ ¶·µ¸É· ´¸É¢¥´´Ò³ ¨ ¸¶¨´µ¢Ò³ ¶¥·¥³¥´´Ò³, ´µ
µ¤´µ¢·¥³¥´´µ  ´É¨¸¨³³¥É·¨Î´ÒÌ ¶µ § ·Ö¤µ¢µ° ¶¥·¥³¥´´µ°. ‚ ¶·µÍ¥¸¸¥ ¶¥·¥§ ·Ö¤±¨ ´ 
¤¥°É·µ´¥, ±µ£¤  µ¡· §Ê¥É¸Ö ¸¨³³¥É·¨Î´ Ö ¶µ § ·Ö¤Ê ¸¨¸É¥³  ¨§ ¤¢ÊÌ ¶·µÉµ´µ¢, ¢ ¸¨²Ê
¶·¨´Í¨¶  @ Ê²¨ ¶·¨ ¸µÌ· ´¥´¨¨ ¶·µ¸É· ´¸É¢¥´´µ° ¸¨³³¥É·¨¨,  ¸¨³³¥É·¨Ö ¶µ²´µ° ¢µ²-
´µ¢µ° ËÊ´±Í¨¨ ¡Ê¤¥É µ¡¥¸¶¥Î¥´  ¶¥·¥¢µ·µÉµ³ ¸¶¨´  · ¸¸¥Ö´´µ£µ ´Ê±²µ´  (¸µ¸ÉµÖ´¨Ö
1S0 ¨²¨ 1D2 ¤²Ö ¶ ·Ò ¶·µÉµ´µ¢). ’ ±¨³ µ¡· §µ³, ¸¶¨´§ ¢¨¸ÖÐ Ö Î ¸ÉÓ Ô²¥³¥´É ·´µ°
np-¶¥·¥§ ·Ö¤±¨ ¡Ê¤¥É ¶·µÖ¢²ÖÉÓ¸Ö Î¥·¥§ ¢¥·µÖÉ´µ¸ÉÓ ·¥ ±Í¨¨ ¶¥·¥§ ·Ö¤±¨ ´  ¤¥°É·µ´¥.

Œ É¥³ É¨Î¥¸±¨° Ëµ·³ ²¨§³ ÔÉµ£µ ¶µ¤Ìµ¤  ¢ · ³± Ì ¨³¶Ê²Ó¸´µ£µ ¶·¨¡²¨¦¥´¨Ö ¡Ò²
· §¢¨É ¢ · ¡µÉ Ì „¨´  [2] ¨ ¤·Ê£¨Ì.

I¡Ð Ö Ëµ·³Ê²  ¤²Ö ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ dp → (pp)n ¢Ò£²Ö¤¨É ± ±(
dσ

dt

)
(pd → n(pp)) = [1 − Fd]

(
dσnf

dt

)
+ [1 − 1

3
Fd]
(
dσf

dt

)
, (1)

£¤¥ Fd µ¡µ§´ Î ¥É Ëµp³Ë ±Éµp ¤¥°Épµ´ , dσnf

dt ¨ dσf

dt Å Î ¸ÉÓ ¡¥§ ¶¥p¥¢µpµÉ  ¸¶¨´  ¨
¸ ¶¥p¥¢µpµÉµ³ ¸¶¨´  ¸µµÉ¢¥É¸É¢¥´´µ ¢ ¤¨ËË¥·¥´Í¨ ²Ó´µ³ ¶µ¶¥·¥Î´µ³ ¸¥Î¥´¨¨ np →
pn ·¥ ±Í¨¨. @·¨ ´Ê²¥¢µ° ¶¥·¥¤ Î¥ ¨³¶Ê²Ó¸  (|t| ∼ 0), ±µ£¤  Fd = 1, ÔÉµ ¢Ò· ¦¥´¨¥
¶¥·¥Ìµ¤¨É ¢

dσ

dt
(pd → n(pp)) =

2
3
dσf

dt
(np → pn). (2)

„²Ö Éµ£µ, ÎÉµ¡Ò ¨³ ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö, ³Ò ¤µ²¦´Ò Ê¤µ¢²¥É¢µ·¨ÉÓ ¶µ ±· °´¥° ³¥·¥ ¤¢Ê³
Ê¸²µ¢¨Ö³:

 ) · ¡µÉ ÉÓ ¢ µ¡² ¸É¨ ³ ²ÒÌ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸µ¢ ±¢ §¨Ê¶·Ê£µ£µ np-· ¸¸¥Ö´¨Ö;
¡) · ¡µÉ ÉÓ ¢ µ¡² ¸É¨ ³ ²ÒÌ q-¨³¶Ê²Ó¸µ¢ ´Ê±²µ´µ¢ ¢ ¤¥°É·µ´¥.
‚Éµ·µ¥ ¨§ ÔÉ¨Ì Ê¸²µ¢¨° µ§´ Î ²µ ¡Ò ¶·¥µ¡² ¤ ´¨¥ S-¢µ²´Ò ¢ ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¤¥°-

É·µ´ . vÉµ ¢¨¤´µ, ´ ¶·¨³¥·, ´  ·¨¸.2, £¤¥ ¶µ± § ´  ¢¥·µÖÉ´µ¸ÉÓ S-¢µ²´Ò ¢ § ¢¨¸¨³µ¸É¨
µÉ ¨³¶Ê²Ó¸  ¢´ÊÉ·¥´´¥£µ ¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ ¢ ¤¥°É·µ´¥. ‚ µ¡² ¸É¨ ¤µ p = 0, 07 ƒÔ‚/¸
ÔÉ  ¢¥·µÖÉ´µ¸ÉÓ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ ¨³¶Ê²Ó¸  ¢´ÊÉ·¥´´¥£µ ¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ ¢
¤¥°É·µ´¥.

I¡µ¨³ ¢ÒÏ¥Ê± § ´´Ò³ Ê¸²µ¢¨Ö³ ³µ¦´µ µ¤´µ¢·¥³¥´´µ Ê¤µ¢²¥É¢µ·¨ÉÓ, µÉ¡¨· Ö ¸µ-
¡ÒÉ¨Ö, ¢ ±µÉµ·ÒÌ ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥ ±µµ·¤¨´ É (¡Ò¸É·Ò° ¤¥°É·µ´ ¶ ¤ ¥É ´  ¶µ±µÖ-
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G¨¸. 2. ‚¥·µÖÉ´µ¸ÉÓ S-¢µ²´Ò ¢ § ¢¨¸¨³µ¸É¨
µÉ Ë¥·³¨-¨³¶Ê²Ó¸  ´Ê±²µ´µ¢. ‘¶²µÏ´ Ö ²¨-
´¨Ö Å ¢µ²´µ¢ Ö ËÊ´±Í¨Ö @ ·¨¦, ÏÉ·¨Ìµ-
¢ Ö Å zµ´´ C, ¶Ê´±É¨·´ Ö Å zµ´´ ‚, ÏÉ·¨Ì-
¶Ê´±É¨·´ Ö Å zµ´´ ‘

ÐÊÕ¸Ö ¶·µÉµ´´ÊÕ ³¨Ï¥´Ó) ¤¢  ¡Ò¸É·ÒÌ ¶·µ-
Éµ´  ¨§ ·¥ ±Í¨¨ ¶¥·¥§ ·Ö¤±¨ dp → (pp)n ¢Ò-
²¥É ÕÉ ¶µ¤ ³ ²Ò³¨ Ê£² ³¨ ¶µ µÉ´µÏ¥´¨Õ ±
¶ ¤ ÕÐ¥³Ê ¤¥°É·µ´Ê ¨ ¸ ¨³¶Ê²Ó¸ ³¨, ¡²¨§-
±¨³¨ ± ¶µ²µ¢¨´¥ ¨³¶Ê²Ó¸  ¤¥°É·µ´ .

@µ¤Î¥·±´¥³ §¤¥¸Ó, ÎÉµ ¶µ¸É ¢²¥´´ Ö § -
¤ Î  ³µ¦¥É ¡ÒÉÓ ¢Ò¶µ²´¥´  Ô±¸¶¥·¨³¥´-
É ²Ó´µ Éµ²Ó±µ ¶·¨ ´ ²¨Î¨¨ Ê¸±µ·¥´´ÒÌ ¤¥°-
É·µ´µ¢. ‚ ¸²ÊÎ ¥ ¤¥°É·µ´´µ° ³¨Ï¥´¨ ¢Éµ-
·¨Î´Ò¥ ¶·µÉµ´Ò ¨§ É ±µ° ·¥ ±Í¨¨ ¡Ê¤ÊÉ
¸²¨Ï±µ³ ³¥¤²¥´´Ò³¨, ÎÉµ¡Ò ¡ÒÉÓ § ·¥£¨-
¸É·¨·µ¢ ´´Ò³¨,   ¸ ³  ·¥ ±Í¨Ö ´¥ ³µ¦¥É
¡ÒÉÓ ¨¤¥´É¨Ë¨Í¨·µ¢ ´ .

Š·µ³¥ ¢ÒÏ¥¸± § ´´µ£µ, ± ± ¸²¥¤Ê¥É ¨§
Ëµ·³Ê²Ò (2), ¤²Ö µÉ¢¥É  ´  ¨´É¥·¥¸ÊÕÐ¨°
´ ¸ ¢µ¶·µ¸ µ ¢±² ¤¥ ¸¶¨´§ ¢¨¸ÖÐ¥° Î ¸É¨
 ³¶²¨ÉÊ¤Ò np → pn ¶·µÍ¥¸¸ , ´¥µ¡Ìµ¤¨³µ
¶·¨¢²¥ÎÓ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§³¥-
·¥´¨Õ ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö np → pn
¶¥·¥§ ·Ö¤±¨ ¶·¨ t = 0.

’ ±¨¥ ¤ ´´Ò¥ ¢ ²¨É¥· ÉÊ·¥ ¨³¥ÕÉ¸Ö [6].
I´¨ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢ z·Ê±Ì¥°¢¥´¥ ¥Ð¥ ¢
60-¥ £µ¤Ò ¢ µ¡² ¸É¨ 1Ä8 ƒÔ‚ ¨ ´¥¶²µÌµ  ¶-

¶·µ±¸¨³¨·µ¢ ´Ò § ¢¨¸¨³µ¸ÉÓÕ 1/p2, £¤¥ p Å ¨³¶Ê²Ó¸ ¶ ¤ ÕÐ¥£µ ´¥°É·µ´ . ‚ Î ¸É´µ¸É¨,
¤²Ö ¨³¶Ê²Ó¸  1,67 ƒÔ‚/¸ dσ

dt (0) = (36, 9 ± 3, 0) (ƒÔ‚/¸)2.

G¨¸. 3. G ¸¶·¥¤¥²¥´¨¥ ¶µ |t| ¸µ¡ÒÉ¨° ¶¥·¥§ -
·Ö¤±¨, ±µ£¤  µ¡  ¶·µÉµ´  ¢Ò²¥É ÕÉ ¢ ¨´É¥·-
¢ ²¥ Ê£²µ¢ 2, 3, 4 ¨ 5◦ ¸µµÉ¢¥É¸É¢¥´´µ

‡ ¤ Î  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò ¸µ¶µ¸É ¢¨ÉÓ
¶µ²ÊÎ¥´´µ¥ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ·¥ ±-
Í¨¨ ¶¥·¥§ ·Ö¤±¨ ´  ¤¥°É·µ´¥ ¨§ ´ Ï¥£µ Ô±¸-
¶¥·¨³¥´É  ¶·¨ t = 0 ¸  ´ ²µ£¨Î´µ° ¢¥²¨Î¨-
´µ° ¤²Ö ·¥ ±Í¨¨ np → pn ¶·¨ Éµ° ¦¥ Ô´¥·£¨¨
¶ÊÎ± .

—Éµ¡Ò ¸¤¥² ÉÓ · §Ê³´ÊÕ Ô±¸É· ¶µ²ÖÍ¨Õ
dσ/dt ± §´ Î¥´¨Õ t = 0, ´¥µ¡Ìµ¤¨³µ ¢Ò¡· ÉÓ
¤¨ ¶ §µ´ Ê£²µ¢ ¢Ò²¥É  ¶·µÉµ´µ¢, ¨¸±²ÕÎ Õ-
Ð¨° ¢²¨Ö´¨¥ ¢Ò¸µ±µ¨³¶Ê²Ó¸´µ° ±µ³¶µ´¥´ÉÒ
¢´ÊÉ·¨Ö¤¥·´µ£µ ¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢,   É ±¦¥
É¥Ì µ¡² ¸É¥° ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸µ¢, ¢ ±µ-
Éµ·ÒÌ ´ Î¨´ ÕÉ ¸± §Ò¢ ÉÓ¸Ö ¡µ²¥¥ ¸²µ¦´Ò¥,
Î¥³ ±¢ §¨Ê¶·Ê£µ¥ · ¸¸¥Ö´¨¥, ÔËË¥±ÉÒ. ˆ§³¥-
´¥´¨¥ Ì p ±É¥p  ¶µ¢¥¤¥´¨Ö ¤¨ËË¥p¥´Í¨ ²Ó-
´µ£µ ¸¥Î¥´¨Ö ¶p¨ Ê¢¥²¨Î¥´¨¨ Ê£²  µÉ¡µp  ¤¢ÊÌ
¶pµÉµ´µ¢ ¶µ± § ´µ ´  p¨¸. 3.

ˆ§ ÔÉµ£µ ·¨¸Ê´±  ¢¨¤´µ, ÎÉµ ¶·¨ Ê¢¥²¨-
Î¥´¨¨ Ê£²  µÉ¡µ·  ¶ · ¶·µÉµ´µ¢ ¸µÌ· ´Ö¥É¸Ö
¶µ¢¥¤¥´¨¥ · ¸¶·¥¤¥²¥´¨° ¶·¨ ³ ²ÒÌ |t|, ¢ Éµ

¢·¥³Ö ± ± ¸¨¸É¥³ É¨Î¥¸±¨ · ¸É¥É ¢±² ¤ ¡µ²ÓÏ¨Ì |t|.
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G¨¸. 4. ˆ³¶Ê²Ó¸´Ò¥ p ¸¶p¥¤¥²¥´¨Ö ¸¶¥±É -
Éµp  (¸¶²µÏ´ Ö ²¨´¨Ö) ¨ p ¸¸¥Ö´´µ£µ ¶pµ-
Éµ´  ¢ d-¸¨¸É¥³¥

• · ±É¥·´µ° ¢¥²¨Î¨´µ° Ê£² , ¸µµÉ¢¥É-
¸É¢ÊÕÐ¥° ³ ±¸¨³Ê³Ê Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
¨ É¥µ·¥É¨Î¥¸±µ£µ ¨³¶Ê²Ó¸´µ£µ · ¸¶·¥¤¥²¥-
´¨Ö Ë¥·³¨-¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ ¢ ¤¥°É·µ´¥
(pf = 50 ŒÔ‚/c) ¤²Ö ¶·µ¤µ²Ó´µ£µ ¨³-
¶Ê²Ó¸  ´  ´Ê±²µ´ ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥
(p0 = 1, 67 ƒÔ‚/¸) Ö¢²Ö¥É¸Ö Ê£µ² Θ =
= arctg(pf/p0) = 1, 6 ◦. vÉµ ¶·¨¢µ-
¤¨É ± ¢¢¥¤¥´¨Õ µ¶É¨³ ²Ó´µ£µ £· ´¨Î´µ£µ
Ê£²  · ¸É¢µ·  ±µ´Ê¸ , É.¥. Ê£² , ¢ ¶·¥¤¥² Ì
±µÉµ·µ£µ ¢Ò²¥É ÕÉ µ¡  ¶·µÉµ´ , ¶·¨³¥·´µ
· ¢´µ£µ 3◦.

y ¶µ³´¨³ ¶p¨³¥´Ö¥³Ò¥ ¤ ²¥¥ µ¶p¥¤¥²¥-
´¨Ö: ¸¶¥±É Éµpµ³ ´ §Ò¢ ¥³ ¶pµÉµ´, ±µÉµpÒ°
Ö¢²Ö¥É¸Ö ¸ ³Ò³ ³¥¤²¥´´Ò³ ¨§ ¢Éµp¨Î´ÒÌ ´Ê-
±²µ´µ¢ ¢ ¸¨¸É¥³¥ ¶µ±µÖ ¤¥°Épµ´ ; ¢Éµpµ°
¶pµÉµ´ ´ §Ò¢ ¥³ p ¸¸¥Ö´´Ò³. …¸²¨ ´¥ ¢¢µ-
¤¨ÉÓ µ£p ´¨Î¥´¨° ´  Ê£²Ò ¢Ò²¥É , ¨³¶Ê²Ó¸´Ò¥

p ¸¶p¥¤¥²¥´¨Ö ÔÉ¨Ì ¶pµÉµ´µ¢, ± ± ¢¨¤´µ ¨§ p¨¸. 4, ¸ÊÐ¥¸É¢¥´´µ p §²¨Î ÕÉ¸Ö.
„²Ö ¶pµÉµ´µ¢-¸¶¥±É Éµpµ¢ (¸¶²µÏ´ Ö ²¨´¨Ö) ¢¨¤ p ¸¶p¥¤¥²¥´¨Ö Ö¢²Ö¥É¸Ö Ì p ±É¥p-

´Ò³ ¤²Ö Ë¥p³¨-¤¢¨¦¥´¨Ö ´Ê±²µ´µ¢ ¢ ¤¥°Épµ´¥. @p¨ µ£p ´¨Î¥´¨¨ Ê£²µ³ ¢ 3◦ p ¸¶p¥¤¥²¥-

G¨¸. 5. ˆ³¶Ê²Ó¸´Ò¥ p ¸¶p¥¤¥²¥´¨Ö ¸¶¥±É -
Éµp  (¸¶²µÏ´ Ö ²¨´¨Ö) ¨ p ¸¸¥Ö´´µ£µ ¶pµ-
Éµ´  ¢ d-¸¨¸É¥³¥. “£²Ò µ¡µ¨Ì ¶pµÉµ´µ¢ ¢ ² -
¡µp Éµp´µ° ¸¨¸É¥³¥ ±µµp¤¨´ É ³¥´ÓÏ¥ 3◦

G¨¸. 6. “£²µ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¶·µÉµ´ -
¸¶¥±É Éµ·  (¸¶²µÏ´ Ö ²¨´¨Ö) ¨ · ¸¸¥Ö´´µ£µ
¶·µÉµ´ , ¢Ò²¥É ÕÐ¨Ì ¢ ¨´É¥·¢ ²¥ 0Ä3◦

´¨Ö ¸¶¥±É Éµp  ¨ p ¸¸¥Ö´´µ£µ ¶pµÉµ´ , ± ± ¢¨¤´µ ¨§ p¨¸. 5, ¸¨²Ó´µ ¶¥p¥±pÒ¢ ÕÉ¸Ö. ˆÌ
Ê£²µ¢Ò¥ p ¸¶p¥¤¥²¥´¨Ö ¶µ± § ´Ò ´  p¨¸. 6. yµ, ± ± Ê¦¥ ¡Ò²µ µÉ³¥Î¥´µ, ¢Ò¡µp µ¶p¥¤¥-
²¥´¨Ö ¢¥²¨Î¨´Ò t (µÉ ³¨Ï¥´¨ ± ´¥°Épµ´Ê) ´¥ ÎÊ¢¸É¢¨É¥²¥´ ± ¨´É¥pË¥p¥´Í¨¨ ¶pµÉµ´µ¢.
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G¨¸. 7. „¨ËË¥p¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ¶¥·¥§ ·Ö¤±¨ ¤²Ö µ¡² ¸É¨ ³ ²ÒÌ |t|. I¡  ¶pµÉµ´  ¢
¤¨ ¶ §µ´¥ 0Ä3◦

„¨ËË¥p¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ¤²Ö µ¡² ¸É¨ ³ ²ÒÌ §´ Î¥´¨° |t| ¶p¨¢¥¤¥´µ ´  p¨¸.7. ’ ³
¦¥ ¶µ± § ´µ µ¶¨¸ ´¨¥ £¨¸Éµ£p ³³Ò Ô±¸¶µ´¥´Í¨ ²Ó´µ° ËÊ´±Í¨¥° dσ

dt = aebt.

G¨¸. 8. „¨ËË¥p¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ ¶p¨ t = 0
¤²Ö ¶ p ¶pµÉµ´µ¢, ¢Ò²¥É ÕÐ¨Ì ¢ ±µ´Ê¸¥ ¸
Ê£²µ³ p ¸É¢µp  Θ

”¨É¨pµ¢ ´¨¥ ¤ ¥É §´ Î¥´¨¥ a = 19, 0±
± 1, 1 (χ2/ND = 4, 3/8) ¤²Ö ¨´É¥p¢ ²  ¶µ

|t| = {0, 0−0, 02} ¨ a = 23, 1
+3,6

−3,1 (χ2/ND =
= 1, 0/2) ¤²Ö ¨´É¥p¢ ²  ¶µ |t|={0, 0−0, 004}

y  p¨¸. 8 ¶µ± § ´  § ¢¨¸¨³µ¸ÉÓ ¤¨Ë-
Ë¥p¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö ¶p¨ t = 0 ¢ § ¢¨¸¨-
³µ¸É¨ µÉ Ê£²  µÉ¡µp  ¤¢ÊÌ ¶pµÉµ´µ¢. ‚¨¤´µ,
ÎÉµ ¢ p °µ´¥ θ = 30 dσ

dt (0) ¢ÒÌµ¤¨É ¶·¨-
¡²¨§¨É¥²Ó´µ ´  Êpµ¢¥´Ó 2

3 µÉ dσ
dt (0) ¤²Ö Ô²¥-

³¥´É p´µ£µ np → pn ¶pµÍ¥¸¸ .
‚ Î ¸É´µ¸É¨, ¤²Ö θ=30 ¶µ²ÊÎ ¥³ µÍ¥´±Ê

¢±² ¤  ¸¶¨´§ ¢¨¸ÖÐ¥° Î ¸É¨ ¢  ³¶²¨ÉÊ¤Ê
np → pn ¶¥p¥§ pÖ¤±¨ 0, 94 ± 0, 15.

@µ²ÊÎ¥´´µ¥ §´ Î¥´¨¥ ¢¥·µÖÉ´µ¸É¨ § ¢¨-
¸¨É, ±µ´¥Î´µ, µÉ ´¥¨§¢¥¸É´ÒÌ ¸¨¸É¥³ É¨Î¥-
¸±¨Ì µÏ¨¡µ± ¢ ¨§³¥·¥´¨¨ ¤¨ËË¥·¥´Í¨ ²Ó-
´µ£µ ¸¥Î¥´¨Ö Ô²¥³¥´É ·´µ° np → pn ¶¥·¥§ -

·Ö¤±¨. yµ, ¢ ²Õ¡µ³ ¸²ÊÎ ¥, ÔÉ  ¢¥·µÖÉ´µ¸ÉÓ ¢¥²¨±  ¨ ´¥ ¨¸±²ÕÎ ¥É ¶µ²´µ£µ ¶µ¢µ·µÉ 
¸¶¨´  ¢ np → pn ¶·µÍ¥¸¸¥.

‚ ÔÉµ³ ¸²ÊÎ ¥ ¶·¨ · ¡µÉ¥ ¢ ¶ÊÎ±¥ ¢¥±Éµ·´µ-¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ´µ¢ ¢µ§´¨± ÕÉ
¤µ¶µ²´¨É¥²Ó´Ò¥ ¢µ§³µ¦´µ¸É¨ ¶µ ¨¸¶µ²Ó§µ¢ ´¨Õ ¨¸¸²¥¤µ¢ ´´µ° ·¥ ±Í¨¨ ¤²Ö ¡µ²¥¥ Éµ´-
±¨Ì Ô±¸¶¥·¨³¥´Éµ¢, ´ ¶·¨³¥·, ¤²Ö ¶µ´¨³ ´¨Ö ³¥Ì ´¨§³  ¨´É¥·Ë¥·¥´Í¨¨ ¢ ¸¨¸É¥³¥ ¨§
¤¢ÊÌ ¶·µÉµ´µ¢.
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‘¶¥±É Éµ· ¨ · ¸¸¥Ö´´Ò° ¶·µÉµ´ ¡Ê¤ÊÉ ¶µ³¥Î¥´Ò É¥³, ÎÉµ ¶¥·¢Ò° ¨§ ´¨Ì ¸µÌ· ´¨É
¶µ²Ö·¨§ Í¨Õ ¶ÊÎ±  ¤¥°É·µ´ ,   ¢Éµ·µ° (· ¸¸¥Ö´´Ò°) Å ¶µ²ÊÎ¨É ¶µ²Ö·¨§ Í¨Õ ¶·µÉ¨¢µ-
¶µ²µ¦´µ£µ §´ ± .

4. ‡^Š‹s—…�ˆ…

@·¨ ¨§ÊÎ¥´¨¨ ·¥ ±Í¨¨ dp → (pp)n ¢ Ê¸²µ¢¨ÖÌ 4π-£¥µ³¥É·¨¨ ¶µ± § ´µ, ÎÉµ  ³¶²¨ÉÊ¤ 
Ô²¥³¥´É ·´µ£µ ¶·µÍ¥¸¸  np → pn ¶¥·¥§ ·Ö¤±¨ Ö¢²Ö¥É¸Ö ¶µ²´µ¸ÉÓÕ ¸¶¨´§ ¢¨¸ÖÐ¥°.

@µ²ÊÎ¥´´Ò° ·¥§Ê²ÓÉ É µÉ±·Ò¢ ¥É ´µ¢Ò¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö ¶·µ¢¥¤¥´¨Ö ¨¸¸²¥¤µ¢ ´¨°
¢ ¶ÊÎ± Ì ¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ´µ¢ ´  ¶µ²Ö·¨§µ¢ ´´µ° ¶·µÉµ´´µ° ³¨Ï¥´¨.
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