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‚Ò¤¥²¥´¨¥ ± ´ ²μ¢ ·¥ ±Í¨¨ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ Î ¸É¨Í
¸ ¶μ³μÐÓÕ ±¨´¥³ É¨Î¥¸±μ£μ Ë¨É¨·μ¢ ´¨Ö

�·¨ ¨§ÊÎ¥´¨¨ ¢§ ¨³μ¤¥°¸É¢¨Ö Î ¸É¨Í ´¥·¥¤±μ μÉ¸ÊÉ¸É¢Ê¥É ¨¤¥´É¨Ë¨± Í¨Ö
¢Éμ·¨Î´ÒÌ Î ¸É¨Í, Éμ£¤  ¢μ§´¨± ¥É § ¤ Î  μ¶·¥¤¥²¥´¨Ö ±μ´±·¥É´μ£μ ± ´ ²  ·¥-
 ±Í¨¨.

�¤´¨³ ¨§ ¤¥°¸É¢¥´´ÒÌ Î¨¸²¥´´ÒÌ ¨´¸É·Ê³¥´Éμ¢, ±μÉμ·Ò° ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö
μ¶·¥¤¥²¥´¨Ö ± ´ ²  ·¥ ±Í¨¨, Ö¢²Ö¥É¸Ö ¶·μÍ¥¤Ê·  ±¨´¥³ É¨Î¥¸±μ£μ Ë¨É¨·μ¢ ´¨Ö,
±μÉμ· Ö ± ¦¤μ° ¨§ ¨¸¶ÒÉÒ¢ ¥³ÒÌ ±μ³¡¨´ Í¨° ¸É ¢¨É ¢ ¸μμÉ¢¥É¸É¢¨¥ §´ Î¥´¨¥
ËÊ´±Í¨μ´ ²  χ2(� 0).

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¥¤² £ ¥É¸Ö ¶μ ¶μ²ÊÎ¥´´Ò³ ¢¥²¨Î¨´ ³ χ2 μ¶·¥¤¥²¥´-
´Ò³ μ¡· §μ³ ¶·¨¶¨¸Ò¢ ÉÓ ±μ³¡¨´ Í¨Ö³ ´¥±μÉμ·Ò° ¢¥¸. ’ ±¨³ μ¡· §μ³, ¶μ
¶·¥¤² £ ¥³μ° ³¥Éμ¤¨±¥ ¢ Ëμ·³¨·μ¢ ´¨¨ ± ´ ²μ¢ ·¥ ±Í¨¨ ÊÎ ¸É¢ÊÕÉ (¸ ¢¥¸μ³)
¢¸¥ ±μ³¡¨´ Í¨¨, ¶·μÏ¥¤Ï¨¥ ¶·μÍ¥¤Ê·Ê Ë¨É¨·μ¢ ´¨Ö.

Š·¨É¥·¨° Šμ²³μ£μ·μ¢ , ¶·¨³¥´¥´´Ò° ± · ¸¶·¥¤¥²¥´¨Ö³ χ2, ¶μ²ÊÎ¥´´Ò³ ¶μ
¤¢Ê³ ³¥Éμ¤¨± ³, ¶μ± §Ò¢ ¥É ²ÊÎÏ¥¥ ¸μ£² ¸¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°
¸ É¥μ·¥É¨Î¥¸±¨³¨ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³¥Éμ¤  Ê¸É ´μ¢±¨ ¢¥¸μ¢.
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Extraction of Channels in Particle Interactions Using Kinematical Fitting

At studying particle interactions we often have no particle identiˇcation. In this
case the task of deˇning the true channel arises.

One of the important numerical instruments which is used to determine the true
channel of a reaction is the procedure of ©kinematical ˇttingª, which for each of the
tested combinations calculates the value of the functional χ2(� 0).

In this work it is proposed to use the obtained χ2-values to attribute a speciˇc
weight to every combination. Thus, in the proposed method all combinations (with
their weight) which were successfully ˇtted take part in the forming of channels of
a reaction.

The Kolmogorov criterion that has been applied to χ2-distributions, obtained
with two described methods, gives a better agreement between the experimental
distributions and theoretical ones when the weight method is used.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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Divide et impera
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Œ¥Éμ¤¨±  · §¤¥²¥´¨Ö ± ´ ²μ¢ ·¥ ±Í¨¨ μÉ· ¡ ÉÒ¢ ² ¸Ó ¢ μ¸´μ¢´μ³ ´  ¤ ´-
´ÒÌ np-¢§ ¨³μ¤¥°¸É¢¨Ö, ¶μ²ÊÎ ¥³ÒÌ ´  ´¥°É·μ´´μ³ ± ´ ²¥ [1Ä5], ¢Ò¢¥¤¥´´μ³
¢ μ¤´μ³¥É·μ¢ÊÕ H2-¶Ê§Ò·Ó±μ¢ÊÕ ± ³¥·Ê [6] (np-Ô±¸¶¥·¨³¥´É). �¥°É·μ´´Ò°
± ´ ² ¤¥°¸É¢μ¢ ² ¸ 1971 £., ·¥£¨¸É· Í¨Ö ¨ ´ ±μ¶²¥´¨¥ ¨§³¥·¥´¨° ¢Ò¶μ²´Ö-
²¨¸Ó ¢¶²μÉÓ ¤μ 2005 £. ‡  ÔÉμ ¢·¥³Ö ¡Ò² ¨§³¥·¥´ §´ Î¨É¥²Ó´Ò° ³ ¸¸¨¢ 1-,
3-, 5- ¨ 7-²ÊÎ¥¢ÒÌ ¸μ¡ÒÉ¨° ¸ ¨³¶Ê²Ó¸μ³ ´ ²¥É ÕÐ¥£μ ´¥°É·μ´  μÉ 1,25
¤μ 5,20 ƒÔ‚/¸. �¥¶μ²´Ò° ¸¶¨¸μ± · ¡μÉ, ¶μ¸¢ÖÐ¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨Ö³ ¢ ´¥°-
É·μ´´μ³ ± ´ ²¥, ¶·¥¤¸É ¢²¥´ ¢ [7Ä15].

�  ·¨¸. 1 ¶·¨¢¥¤¥³ ËμÉμ¸´¨³μ± (± ¤· 810, ¶²¥´±  71) μ¤´μ° ¨§ ¸É¥·¥μ-
¶·μ¥±Í¨° ¢´ÊÉ·¥´´μ¸É¨ μ¤´μ³¥É·μ¢μ° ¶Ê§Ò·Ó±μ¢μ° ± ³¥·Ò ‹‚
 (·¨¸. 2) ¢
³μ³¥´É ¢§ ¨³μ¤¥°¸É¢¨Ö. ‡¤¥¸Ó ³μ¦´μ μ¶μ§´ ÉÓ ´¥¸±μ²Ó±μ 1-, 3-²ÊÎ¥¢ÒÌ ¸μ-
¡ÒÉ¨° ¨ μ¤´μ 7-²ÊÎ¥¢μ¥ ¸μ¡ÒÉ¨¥.

�¡· ¡μÉ±  ¸μ¡ÒÉ¨° ¢ §´ Î¨É¥²Ó´μ° ³¥·¥ μ¸´μ¢Ò¢ ² ¸Ó ´  ¶·μÍ¥¤Ê·¥
±¨´¥³ É¨Î¥¸±μ£μ Ë¨É¨·μ¢ ´¨Ö [16]. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ μ¶¨¸Ò¢ ÕÉ¸Ö ´¥-
±μÉμ·Ò¥ ¶·¨³¥´¥´´Ò¥ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¸¶μ¸μ¡Ò μ¡· ¡μÉ±¨ ·¥§Ê²ÓÉ Éμ¢
¨§³¥·¥´¨°.

	 §¤¥²¥´¨¥ ¸μ¡ÒÉ¨° ¶μ ± ´ ² ³ ·¥ ±Í¨¨ ´ Î¨´ ¥É¸Ö ¶μ¸²¥ ¨Ì ¨§³¥·¥´¨Ö
¨ ¶μ¸²¥¤ÊÕÐ¥° £¥μ³¥É·¨Î¥¸±μ° ·¥±μ´¸É·Ê±Í¨¨ [17, 18]. ‚ ¨§ÊÎ ¥³ÒÌ ·¥ ±-

	¨¸. 1. �¤´  ¨§ ¸É¥·¥μ¶·μ¥±Í¨° μ¡Ñ¥³  μ¤´μ³¥É·μ¢μ° H2-¶Ê§Ò·Ó±μ¢μ° ± ³¥·Ò ¸ ´¥-
¸±μ²Ó±¨³¨ np-¢§ ¨³μ¤¥°¸É¢¨Ö³¨
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	¨¸. 2. �¤´μ³¥É·μ¢ Ö H2-¶Ê§Ò·Ó±μ¢ Ö ± ³¥·  ‹‚
 ¢ 2013 £. ¶¥·¥¤ Ê¸É ´μ¢±μ° ¢ ± Î¥-
¸É¢¥ ³¥³μ·¨ ²Ó´μ£μ μ¡Ñ¥±É 

Í¨ÖÌ · ¸¸³ É·¨¢ ¥É¸Ö ´¥ ¡μ²¥¥ μ¤´μ° ´¥§ ·¥£¨¸É·¨·μ¢ ´´μ° (´¥°É· ²Ó´μ°)
Î ¸É¨ÍÒ. ‚ ± Î¥¸É¢¥ ¢ÒÌμ¤´ÒÌ ¤ ´´ÒÌ ¶·μÍ¥¤Ê·  £¥μ³¥É·¨Î¥¸±μ° ·¥±μ´-
¸É·Ê±Í¨¨ ¶·¥¤² £ ¥É ´  ± ¦¤μ¥ n-²ÊÎ¥¢μ¥ ¸μ¡ÒÉ¨¥ n ¨§³¥·¥´´ÒÌ ¨ ·¥±μ´-
¸É·Ê¨·μ¢ ´´ÒÌ ¢ ¶·μ¸É· ´¸É¢μ ¶Ê§Ò·Ó±μ¢μ° ± ³¥·Ò É·¥±μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¢Éμ·¨Î´Ò³ § ·Ö¦¥´´Ò³ Î ¸É¨Í ³. ˆ¤¥´É¨Ë¨± Í¨Ö É·¥±μ¢ ¢ · ¸¸³ É·¨¢ ¥³μ³
np-Ô±¸¶¥·¨³¥´É¥ μÉ¸ÊÉ¸É¢Ê¥É, ¶μÔÉμ³Ê ± ¦¤μ³Ê É·¥±Ê, ¶μ³¨³μ ´ °¤¥´´μ£μ
¨ ¶·¨¶¨¸ ´´μ£μ § ·Ö¤ , ¤ ¥É¸Ö ´¥¸±μ²Ó±μ £¨¶μÉ¥§ Î ¸É¨Í, ¶·¨ ±μÉμ·ÒÌ Ê¤ -
²μ¸Ó ·¥ ²¨§μ¢ ÉÓ ¶·μÍ¥¤Ê·Ê £¥μ³¥É·¨Î¥¸±μ° ·¥±μ´¸É·Ê±Í¨¨. ƒ¨¶μÉ¥§Ò Î ¸É¨Í
¸μ¤¥·¦ É ±¨´¥³ É¨Î¥¸±¨¥ ¶ · ³¥É·Ò: ¢¥²¨Î¨´Ò ¨§³¥·¥´´ÒÌ ¨³¶Ê²Ó¸μ¢ p ¨
Ê£²μ¢ · §²¥É  tg α ¨ β ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ §´ Î¥´¨Ö³¨ μÏ¨¡μ±. �·¨ ÔÉμ³ § -
±μ´Ò ¸μÌ· ´¥´¨Ö ¤²Ö ¸μ¢μ±Ê¶´μ¸É¨ É·¥±μ¢ μ¤´μ£μ ¸μ¡ÒÉ¨Ö Å ¢¢¨¤Ê μÏ¨¡μ±
¶·¨ ¨§³¥·¥´¨¨ Å ¢ ¡μ²ÓÏ¥° ¨²¨ ³¥´ÓÏ¥° ¸É¥¶¥´¨ ´¥ ¸μ¡²Õ¤ ÕÉ¸Ö.

�μ¸±μ²Ó±Ê ± ¦¤μ³Ê É·¥±Ê ³μ¦¥É ¡ÒÉÓ ¶·¨¶¨¸ ´μ ´¥¸±μ²Ó±μ £¨¶μÉ¥§ Î -
¸É¨Í, μ± §Ò¢ ¥É¸Ö, ÎÉμ · §´Ò¥ ±μ³¡¨´ Í¨¨ É ±¨Ì £¨¶μÉ¥§ ³μ£ÊÉ ¸μμÉ¢¥É-
¸É¢μ¢ ÉÓ ¤μ¶Ê¸É¨³Ò³ ± ´ ² ³ ·¥ ±Í¨¨. ‚ ·¥§Ê²ÓÉ É¥ ³¨´¨³¨§¨·ÊÕÐ¨¥  ²-
£μ·¨É³Ò [16, 19] ³μ£ÊÉ ¶·¨¶¨¸ ÉÓ ¤ ´´μ³Ê ¸μ¡ÒÉ¨Õ ´¥¸±μ²Ó±μ ±μ³¡¨´ Í¨°
(± ¦¤ Ö Å ¸ ±μ´±·¥É´Ò³ §´ Î¥´¨¥³ ·¥§Ê²ÓÉ¨·ÊÕÐ¥° ¢¥²¨Î¨´Ò ËÊ´±Í¨μ-
´ ²  χ2), ¢ ±μÉμ·ÒÌ ¶·μÍ¥¸¸ ³¨´¨³¨§ Í¨¨ ¸μÏ¥²¸Ö. �μ ÔÉ¨  ²£μ·¨É³Ò ¤ ÕÉ
Éμ²Ó±μ ¢¥·μÖÉ´μ¸É´Ò° μÉ¢¥É ´  ¢μ¶·μ¸, ± ±μ° ¨³¥´´μ ± ´ ² ·¥ ²¨§μ¢ ²¸Ö ¢
¤ ´´μ³ ¸μ¡ÒÉ¨¨.
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�  · ´´¨Ì ÔÉ ¶ Ì μ¡· ¡μÉ±¨ ¤ ´´ÒÌ np-Ô±¸¶¥·¨³¥´É  · §¤¥²¥´¨¥ ± ´ -
²μ¢ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¶μ ¶· ¢¨² ³ ¶·¥¤¶μÎÉ¥´¨Ö. Š·μ³¥ Éμ£μ, ¢ ¸¢Ö§¨ ¸ É¥³,
ÎÉμ ¡μ²ÓÏ Ö Î ¸ÉÓ ± ´ ²μ¢ ·¥ ±Í¨¨ np ¢ ± Î¥¸É¢¥ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ¸μ¤¥·-
¦¨É Éμ²Ó±μ ´Ê±²μ´Ò ¨ ¶¨μ´Ò, ¢Ò¡μ·±  £¨¶μÉ¥§ ¶μ É·¥± ³ ¶·¥¤¸É ¢²Ö² ¸Ó
¤²Ö ¶μ²μ¦¨É¥²Ó´μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨§ ¤¢ÊÌ ¢μ§³μ¦´ÒÌ: p, π+; ¤²Ö μÉ·¨-
Í É¥²Ó´μ § ·Ö¦¥´´ÒÌ Å ¨§ μ¤´μ°: π−,   ¢ ± Î¥¸É¢¥ ´¥°É· ²Ó´μ° Î ¸É¨ÍÒ
· ¸¸³ É·¨¢ ²¨¸Ó Éμ²Ó±μ π0 ¨²¨ n.

�Ê¸ÉÓ, ´ ¶·¨³¥·, ¢ ·¥ ±Í¨¨ np → . . . ¨³¶Ê²Ó¸ ´ ¡¥£ ÕÐ¥£μ ´¥°É·μ´ 
pn = 5,2 ƒÔ‚/¸. �£· ´¨Î¨³¸Ö ¸μ¡ÒÉ¨Ö³¨ ¸ ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ ´¥ ¡μ²¥¥ 7.
’μ£¤  ¢μ§³μ¦´Ò³¨ ± ´ ² ³¨ ·¥ ±Í¨¨ ¸μ ¢Éμ·¨Î´Ò³¨ ´Ê±²μ´ ³¨ ¨ ¶¨μ´ ³¨
μ± ¦ÊÉ¸Ö ± ´ ²Ò, ¶·¥¤¸É ¢²¥´´Ò¥ ¢ É ¡². 1. �·¨ ÔÉμ³ (´  ¶·¨³¥·¥ 3-²ÊÎ¥¢ÒÌ
¸μ¡ÒÉ¨°) ¶μ²ÊÎ ¥É¸Ö ´¥¸±μ²Ó±μ ¤μ¶Ê¸É¨³ÒÌ ±μ³¡¨´ Í¨° (É ¡². 2).

�É³¥É¨³, ÎÉμ ¶·¥¤¸É ¢²¥´´Ò¥ ¢ É ¡². 1 ± ´ ²Ò ·¥ ±Í¨¨ ¤¥²ÖÉ¸Ö ´  ¤¢¥
¶μ¤£·Ê¶¶Ò. ‚ ¶¥·¢ÊÕ ¢Ìμ¤ÖÉ ± ´ ²Ò, ¸μ¤¥·¦ Ð¨¥ Éμ²Ó±μ § ·Ö¦¥´´Ò¥ Î -

’ ¡²¨Í  1. np-± ´ ²Ò ¸ ´Ê±²μ´ ³¨ ¨ ¶¨μ´ ³¨ ¤²Ö pn = 5,2 ƒÔ‚/¸

º ± ´ ²  ‚Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ
1-²ÊÎ¥¢Ò¥

1 p n

3-²ÊÎ¥¢Ò¥

1 p p π−

2 p p π− π0

3 p π+ π− n

5-²ÊÎ¥¢Ò¥

1 p p π+ π− π−

2 p p π+ π− π− π0

3 p π+ π+ π− π− n

7-²ÊÎ¥¢Ò¥

1 p p π+ π+ π− π− π−

2 p p π+ π+ π− π− π− π0

3 p π+ π+ π+ π− π− π− n

’ ¡²¨Í  2. „μ¶Ê¸É¨³Ò¥ ±μ³¡¨´ Í¨¨ ¤²Ö 3-²ÊÎ¥¢ÒÌ np-± ´ ²μ¢ ¸ ´Ê±²μ´ ³¨ ¨ ¶¨μ-
´ ³¨ ¤²Ö pn = 5,2 ƒÔ‚/¸

Š ´ ²
’·¥± º �¥°É· ²Ó´ Ö

Î ¸É¨Í 1 2 3

0 → p p π−

π0 → p p π− π0

n → p π+ π− n
n′ → π+ p π− n
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¸É¨ÍÒ, ¢μ ¢Éμ·ÊÕ Å ¤μ¶μ²´¨É¥²Ó´μ μ¤´Ê ´¥°É· ²Ó´ÊÕ. �·μÍ¥¸¸ ³¨´¨³¨§ Í¨¨
¢ ÔÉ¨Ì ¶μ¤£·Ê¶¶ Ì · §²¨Î ¥É¸Ö ±μ²¨Î¥¸É¢μ³ ´ ±² ¤Ò¢ ¥³ÒÌ ´  ±¨´¥³ É¨Î¥-
¸±¨¥ ¶ · ³¥É·Ò Î ¸É¨Í μ£· ´¨Î¥´¨° (constraint) ¨²¨, ÎÉμ Éμ ¦¥ ¸ ³μ¥, Î¨¸²μ³
Ê· ¢´¥´¨° ¸¢Ö§¨. ‚ ¶¥·¢μ° ¶μ¤£·Ê¶¶¥ ¨³¥¥É¸Ö 4 Ê· ¢´¥´¨Ö ¸¢Ö§¨ (¢Ò· ¦ Õ-
Ð¨Ì § ±μ´Ò ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨ ¨ É·¥Ì ±μ³¶μ´¥´É ¨³¶Ê²Ó¸ ). 	 ¸¶·¥¤¥²¥´¨¥
¢¥²¨Î¨´ χ2 ¢ ÔÉμ³ ¸²ÊÎ ¥ ¨³¥¥É 4 ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò; É ±¨¥ ±μ³¡¨´ Í¨¨ ¸μ-
±· Ð¥´´μ ´ §Ò¢ ¥³ ±μ³¡¨´ Í¨Ö³¨ É¨¶  4C-Ë¨É. ‚ ±μ³¡¨´ Í¨ÖÌ ¢Éμ·μ°
¶μ¤£·Ê¶¶Ò Å Éμ²Ó±μ μ¤´μ Ê· ¢´¥´¨¥ ¸¢Ö§¨ (¢Ò· ¦ ÕÐ¥¥ § ±μ´ ¸μÌ· ´¥´¨Ö
Ô´¥·£¨¨). 	 ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´ χ2 ¢ ÔÉμ³ ¸²ÊÎ ¥ ¨³¥¥É 1 ¸É¥¶¥´Ó ¸¢μ¡μ¤Ò;
É ±¨¥ ±μ³¡¨´ Í¨¨ ¸μ±· Ð¥´´μ ´ §Ò¢ ¥³ ±μ³¡¨´ Í¨Ö³¨ É¨¶  1C-Ë¨É.

�¥·¥¤±μ μ± §Ò¢ ²μ¸Ó, ÎÉμ ¶·¨ μ¡· ¡μÉ±¥ ±μ´±·¥É´μ£μ ¸μ¡ÒÉ¨Ö ¶·μÍ¥¸¸
³¨´¨³¨§ Í¨¨ ¸Ìμ¤¨²¸Ö (± ¦¤Ò° Å ¸μ ¸¢μ¨³ §´ Î¥´¨¥³ ·¥§Ê²ÓÉ¨·ÊÕÐ¥° ¢¥-
²¨Î¨´Ò ËÊ´±Í¨μ´ ²  χ2) ¤²Ö ´¥¸±μ²Ó±¨Ì ±μ³¡¨´ Í¨° (É ¡². 2) ¨²¨ ¤ ¦¥ ¤²Ö
¢¸¥Ì ¸· §Ê. �μ ¶· ¢¨² ³ ¶·¥¤¶μÎÉ¥´¨Ö [19] ¨§ É ±¨Ì ±μ³¡¨´ Í¨° μÉ¡¨· ² ¸Ó
μ¤´ . �· ¢¨²  ¶·¥¤¶μÎÉ¥´¨Ö É ±μ¢Ò:

1) ±μ³¡¨´ Í¨Ö É¨¶  4C-Ë¨É ¶·¥¤¶μÎ¨É ¥É¸Ö ±μ³¡¨´ Í¨¨ É¨¶  1C-Ë¨É;
2) ±μ³¡¨´ Í¨Ö É¨¶  1C-Ë¨É ¸ ³¨´¨³ ²Ó´Ò³ §´ Î¥´¨¥³ χ2 ¶·¥¤¶μÎ¨É -

² ¸Ó ¢¸¥³ ¶·μÎ¨³; ¶·¨ ¡²¨§±¨Ì §´ Î¥´¨ÖÌ χ2 ¢Ò¡¨· ²μ¸Ó ¸μ¸ÉμÖ´¨¥ ¸ π0 ¢
±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨.

’ ±, ¤²Ö ¶·¥¤Ï¥¸É¢ÊÕÐ¥£μ ¶·¨³¥·  ¡Ò²  ¡Ò ¶·¥¦¤¥ ¢¸¥£μ μÉμ¡· ´  ±μ³-
¡¨´ Í¨Ö: ppπ− (¢ ±μÉμ·μ° μÉ¸ÊÉ¸É¢ÊÕÉ ´¥°É· ²Ó´Ò¥ Î ¸É¨ÍÒ). ‚ ¸²ÊÎ ¥
μÉ¸ÊÉ¸É¢¨Ö ¸·¥¤¨ ³¨´¨³¨§¨·μ¢ ´´ÒÌ É ±μ° ±μ³¡¨´ Í¨¨ ¨§ μ¸É ¢Ï¨Ì¸Ö ¡Ò² 
¡Ò ¢Ò¡· ´  ±μ³¡¨´ Í¨Ö ¸ ´ ¨³¥´ÓÏ¨³ χ2 ¨²¨ ¸ π0 ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨.

–¥²¥¸μμ¡· §´μ¸ÉÓ ¶·¨³¥´¥´¨Ö Ê± § ´´ÒÌ ¢ÒÏ¥ ¶· ¢¨² ¶·¥¤¶μÎÉ¥´¨Ö ¢Ò-
§Ò¢ ² , ¢¶·μÎ¥³, ¸μ³´¥´¨¥ ¢ ¸²ÊÎ ÖÌ:

1) (χ2)4C � (χ2)1C ;

2) (χ2
i )

rC ≈ (χ2
j)

rC (r Å Î¨¸²μ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò ³¨´¨³¨§¨·Ê¥³μ£μ ËÊ´-
±Í¨μ´ ² ).

2. Š���‹› �…�Š–ˆˆ

‘ · §¢¨É¨¥³ np-Ô±¸¶¥·¨³¥´É  ¶μ³¨³μ ± ´ ²μ¢ ¸ ´Ê±²μ´ ³¨ ¨ ¶¨μ´ ³¨
¸É ²¨ ¨§ÊÎ ÉÓ¸Ö ± ´ ²Ò ¸ ¤¥°É·μ´ ³¨ [7] ¨ ¸μ ¸É· ´´Ò³¨ Î ¸É¨Í ³¨ [11]. 
Éμ
¶·¨¢¥²μ ± §´ Î¨É¥²Ó´μ° ³μ¤¨Ë¨± Í¨¨ ¶·¨´Í¨¶  · §¤¥²¥´¨Ö ± ´ ²μ¢ ·¥ ±Í¨¨.

�£· ´¨Î¨³¸Ö · ¸¸³μÉ·¥´¨¥³ ·¥ ±Í¨°, ¢ ±μÉμ·ÒÌ ÊÎ ¸É¢ÊÕÉ Éμ²Ó±μ
 ¤·μ´Ò. ˆ¸±²ÕÎ¨³ ¨§ · ¸¸³μÉ·¥´¨Ö ÉÖ¦¥²Ò¥ ¡ ·¨μ´Ò Ω−, Ξ0,  ´É¨¡ -
·¨μ´Ò p̃, ñ (¨ É. ¶.), ±μÉμ·Ò¥ ¶·¨ · ¸¸³ É·¨¢ ¥³ÒÌ ´ ³¨ §´ Î¥´¨ÖÌ Ô´¥·£¨¨
´¥ ·μ¦¤ ÕÉ¸Ö. „μ¡ ¢¨³ ¤¥°É·μ´.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢Ò¡μ·±  É·¥±μ¢ÒÌ £¨¶μÉ¥§ ¸É ²  ¶·¥¤¸É ¢²ÖÉÓ¸Ö ¤²Ö ¶μ-
²μ¦¨É¥²Ó´μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨§ ¶ÖÉ¨ ¢μ§³μ¦´ÒÌ: p, d, π+, K+, Σ+; ¤²Ö
μÉ·¨Í É¥²Ó´μ § ·Ö¦¥´´ÒÌ Å ¨§ Î¥ÉÒ·¥Ì: π−, K−, Σ−, Ξ−. ‚ ± Î¥¸É¢¥ ´¥°-
É· ²Ó´ÒÌ Î ¸É¨Í ¸É ²¨ · ¸¸³ É·¨¢ ÉÓ¸Ö π0, K0, n, Λ, Σ0.
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‚ · ¸¸³ É·¨¢ ¥³ÒÌ ·¥ ±Í¨ÖÌ ¡Ê¤¥³ ¶μ-¶·¥¦´¥³Ê ¤μ¶Ê¸± ÉÓ ´¥ ¡μ²¥¥ μ¤-
´μ° ´¥§ ·¥£¨¸É·¨·μ¢ ´´μ° (´¥°É· ²Ó´μ°) Î ¸É¨ÍÒ. 	 ¸¸³μÉ·¨³ ¢¸¥ ±μ³¡¨´ -
Í¨¨ ¢Éμ·¨Î´ÒÌ Î ¸É¨Í, ¢±²ÕÎ Ö μ¤´Ê ´¥°É· ²Ó´ÊÕ. ‘μ¡²Õ¤ Ö § ±μ´Ò ¸μÌ· -
´¥´¨Ö § ·Ö¤  Q, ¡ ·¨μ´´μ£μ § ·Ö¤  B ¨ ¸É· ´´μ¸É¨ S,   É ±¦¥ ÊÎ¨ÉÒ¢ Ö, ÎÉμ
¸Ê³³ ·´ Ö ³ ¸¸ 

∑
i

mi ¢Éμ·¨Î´ÒÌ Î ¸É¨Í ´¥ ³μ¦¥É ¶·¥¢μ¸Ìμ¤¨ÉÓ Ô´¥·£¨Õ
√

s

¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸:

∑
i

mi �
√

s = mn + mT + 2mT

√
p2

n + m2
n,

(1)∑
i

Qi = Qn + QT = 1,
∑

i

Bi = Bn + BT = 2,
∑

i

Si = Sn + ST = 0

(£¤¥ ¨´¤¥±¸ n μÉ´μ¸¨É¸Ö ± ´ ²¥É ÕÐ¥³Ê ´¥°É·μ´Ê,   ¨´¤¥±¸ T Å ± ¶·μÉμ´Ê
³¨Ï¥´¨), μ¶·¥¤¥²¨³ ¢¸¥ ¶μÉ¥´Í¨ ²Ó´μ ¢μ§³μ¦´Ò¥ ± ´ ²Ò ·¥ ±Í¨¨.

�Ê¸ÉÓ ¢ ·¥ ±Í¨¨ np → . . . ¨³¶Ê²Ó¸ ´ ¡¥£ ÕÐ¥£μ ´¥°É·μ´  pn=5,20 ƒÔ‚/¸.
�·¨ ÔÉμ³ Ô´¥·£¨Ö ¸¨¸É¥³Ò Î ¸É¨Í ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸

√
s = 3,417 ƒÔ‚.

�£· ´¨Î¨³¸Ö ¸μ¡ÒÉ¨Ö³¨ ¸ ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ ´¥ ¡μ²¥¥ 7. ’μ£¤  ¶μÉ¥´Í¨ ²Ó´μ
¢μ§³μ¦´Ò³¨ ± ´ ² ³¨ ·¥ ±Í¨¨ μ± ¦ÊÉ¸Ö ± ´ ²Ò, ¶·¥¤¸É ¢²¥´´Ò¥ ¢ É ¡². 3.

’ ¡²¨Í  3. ‘¶¨¸μ± ¶μÉ¥´Í¨ ²Ó´μ ¢μ§³μ¦´ÒÌ ± ´ ²μ¢ np-¢§ ¨³μ¤¥°¸É¢¨Ö ¤²Ö pn =
5,20 ƒÔ‚/¸

º ± ´ ²  ‚Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ
‘Ê³³ ·´ Ö

³ ¸¸ , ƒÔ‚/¸2

1-²ÊÎ¥¢Ò¥
1 p n 1,878
2 d π0 2,011

3-²ÊÎ¥¢Ò¥
1 p p π− 2,016
2 p p π− π0 2,151
3 p p K− K0 2,868
4 p π+ π− n 2,157
5 p π+ Σ− K0 2,773
6 p K+ π− Λ 2,687
7 p K+ π− Σ0 2,764
8 p K+ K− n 2,865
9 p K+ Σ− 2,629
10 p K+ Σ− π0 2,764
11 p K+ Ξ− K0 3,251
12 p Σ+ π− K0 2,765
13 d π+ π− 2,155
14 d π+ π− π0 2,290
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�·μ¤μ²¦¥´¨¥ É ¡². 3

º ± ´ ²  ‚Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ
‘Ê³³ ·´ Ö

³ ¸¸ , ƒÔ‚/¸2

3-²ÊÎ¥¢Ò¥

15 d π+ K− K0 3,007
16 d K+ K− 2,863
17 d K+ K− π0 2,998
18 π+ K+ Σ− n 2,770
19 K+ K+ Σ− Λ 3,301
20 K+ K+ Σ− Σ0 3,378
21 K+ K+ Ξ− n 3,248
22 K+ Σ+ π− n 2,762
23 K+ Σ+ Σ− K0 3,378

5-²ÊÎ¥¢Ò¥
1 p p π+ π− π− 2,295
2 p p π+ π− π− π0 2,430
3 p p π+ π− K− K0 3,147
4 p p K+ π− K− 3,004
5 p p K+ π− K− π0 3,139
6 p π+ π+ π− π− n 2,436
7 p π+ π+ π− Σ− K0 3,052
8 p π+ K+ π− π− Λ 2,966
9 p π+ K+ π− π− Σ0 3,043
10 p π+ K+ π− K− n 3,145
11 p π+ K+ π− Σ− 2,909
12 p π+ K+ π− Σ− π0 3,044
13 p π+ Σ+ π− π− K0 3,044
14 p K+ K+ π− Ξ− 3,387
15 p K+ Σ+ π− π− 2,901
16 p K+ Σ+ π− π− π0 3,036
17 d π+ π+ π− π− 2,434
18 d π+ π+ π− π− π0 2,569
19 d π+ π+ π− K− K0 3,286
20 d π+ K+ π− K− 3,142
21 d π+ K+ π− K− π0 3,277
22 π+ π+ K+ π− Σ− n 3,050
23 π+ K+ Σ+ π− π− n 3,042

7-²ÊÎ¥¢Ò¥

1 p p π+ π+ π− π− π− 2,574
2 p p π+ π+ π− π− π− π0 2,709
3 p p π+ K+ π− π− K− 3,283
4 p π+ π+ π+ π− π− π− n 2,715
5 p π+ π+ π+ π− π− Σ− K0 3,331
6 p π+ π+ K+ π− π− π− Λ 3,246
7 p π+ π+ K+ π− π− π− Σ0 3,323
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�±μ´Î ´¨¥ É ¡². 3

º ± ´ ² 
‚Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ ‘Ê³³ ·´ Ö

³ ¸¸ , ƒÔ‚/¸
7-²ÊÎ¥¢Ò¥

8 p π+ π+ K+ π− π− Σ− 3,188
9 p π+ π+ K+ π− π− Σ− π0 3,323
10 p π+ π+ Σ+ π− π− π− K0 3,323
11 p π+ K+ Σ+ π− π− π− 3,180
12 p π+ K+ Σ+ π− π− π− π0 3,315
13 d π+ π+ π+ π− π− π− 2,713
14 d π+ π+ π+ π− π− π− π0 2,848
15 π+ π+ π+ K+ π− π− Σ− n 3,329
16 π+ π+ K+ Σ+ π− π− π− n 3,321

‚ ¤ ²Ó´¥°Ï¥³ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ · §¤¥²¥´¨¥ ± ´ ²μ¢ ·¥ ±Í¨¨ ¢ μ¸´μ¢-
´μ³ ´  ¶·¨³¥·¥ ¨§¡· ´´μ£μ ±μ²¨Î¥¸É¢  3-²ÊÎ¥¢ÒÌ ¸μ¡ÒÉ¨°, ¸Ê³³ ·´ Ö ¸É É¨-
¸É¨±  ±μÉμ·ÒÌ ¸μ¸É ¢²Ö¥É N = 71 023 ¸μ¡ÒÉ¨°.

3. ’�…Š�‚›… ƒˆ��’…‡›

�¥·¥¡¨· Ö ¶μ É·¥± ³ £¨¶μÉ¥§Ò Î ¸É¨Í, ¶μ²ÊÎ ¥³ ¨Ì ±μ³¡¨´ Í¨¨, ¸μμÉ-
¢¥É¸É¢ÊÕÐ¨¥ £¨¶μÉ¥§ ³ ± ´ ²  ·¥ ±Í¨°. �μ²´μ¥ Î¨¸²μ ±μ³¡¨´ Í¨° ¨§ § -
·Ö¦¥´´ÒÌ Î ¸É¨Í ´  ¸μ¡ÒÉ¨¥ ¢ 3-²ÊÎ¥¢μ³ ¸²ÊÎ ¥, ±μ£¤  ¨³¥¥É¸Ö ¤¢  ¶μ²μ-
¦¨É¥²Ó´μ § ·Ö¦¥´´ÒÌ ¨ μ¤¨´ μÉ·¨Í É¥²Ó´μ § · ¦¥´´Ò° É·¥±, μ± §Ò¢ ¥É¸Ö
· ¢´Ò³ 5 · 5 · 4 = 100. Œμ¦´μ ¶μ²ÊÎ¨ÉÓ, ÎÉμ Î¨¸²μ ±μ³¡¨´ Í¨° É·¥Ì § -
·Ö¦¥´´ÒÌ É·¥±μ¢ ¸ ¢μ§³μ¦´Ò³ ¤μ¡ ¢²¥´¨¥³ μ¤´μ° ´¥°É· ²Ó´μ° Î ¸É¨ÍÒ ¨
Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì Ê¸²μ¢¨Ö³ (1) μ± ¦¥É¸Ö · ¢´Ò³ μmax = 40. �μ¸±μ²Ó±Ê ´¥
¢¸¥ É·¥±μ¢Ò¥ £¨¶μÉ¥§Ò ·¥ ²¨§ÊÕÉ¸Ö ¢ [17], ± ¦¤μ¥ μ¡· ¡ ÉÒ¢ ¥³μ¥ ¸μ¡ÒÉ¨¥
μ± §Ò¢ ¥É¸Ö ¢μ§³μ¦´Ò³ ¨¸¸²¥¤μ¢ ÉÓ ¶μ ´¥±μÉμ·μ³Ê Î¨¸²Ê μ � μmax ±μ³¡¨-
´ Í¨° É·¥±μ¢ÒÌ £¨¶μÉ¥§, É. ¥. ¶μ ´¥±μÉμ·Ò³ ¨§ ¢μ§³μ¦´ÒÌ ± ´ ²μ¢ ·¥ ±Í¨¨.

�·¨³¥· 1. ‚μ§Ó³¥³ ±μ´±·¥É´μ¥ ¸μ¡ÒÉ¨¥ (Ô±¸¶¥·¨³¥´É 36, ¶²¥´±  32,
± ¤· 637). ‚ ´¥³ É·¥± ³, ¨§ ±μÉμ·ÒÌ ¶¥·¢Ò° (¶μ ¶μ·Ö¤±Ê ¨§³¥·¥´¨Ö) ¨³¥¥É
μÉ·¨Í É¥²Ó´Ò° § ·Ö¤, ¢ ·¥§Ê²ÓÉ É¥ £¥μ³¥É·¨Î¥¸±μ° ·¥±μ´¸É·Ê±Í¨¨ ¶·¨¶¨¸ ´Ò
£¨¶μÉ¥§Ò Î ¸É¨Í:

�μ³¥·
É·¥± 

ƒ¨¶μÉ¥§Ò Î ¸É¨Í

1 π− K− Σ− Ξ−

2 π+ K+ p Σ+ d
3 π+ K+

ˆ§ ÔÉ¨Ì £¨¶μÉ¥§ (ÊÎ¨ÉÒ¢ ¥É¸Ö, ÎÉμ ¸ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ³μ¦¥É ±μ³-
¡¨´¨·μ¢ ÉÓ¸Ö μ¤´  ´¥°É· ²Ó´ Ö) Ëμ·³¨·Ê¥É¸Ö μ = 20 ±μ³¡¨´ Í¨°, ¤μ¶Ê¸É¨-
³ÒÌ ¶μ Ê¸²μ¢¨Ö³ (1) (É ¡². 4).
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’ ¡²¨Í  4. Šμ³¡¨´ Í¨¨ £¨¶μÉ¥§, ¤μ¶Ê¸É¨³ÒÌ ¤²Ö ¶·¨³¥·  1

�μ³¥·
±μ³¡¨´ Í¨¨

�μ³¥· É·¥±  �¥°É· ²Ó´ Ö
Î ¸É¨Í 1 2 3

1 π− p π+ n
2 π− p K+ Λ
3 π− p K+ Σ0

4 π− Σ+ K+ n
5 π− d π+

6 π− d π+ π0

7 K− p K+ n
8 K− d π+ K0

9 K− d K+

10 K− d K+ π0

11 Σ− π+ K+ n
12 Σ− K+ π+ n
13 Σ− K+ K+ Λ
14 Σ− K+ K+ Σ0

15 Σ− p π+ K0

16 Σ− p K+

17 Σ− p K+ π0

18 Σ− Σ+ K+ K0

19 Ξ− K+ K+ n
20 Ξ− p K+ K0

�¥±μÉμ·Ò¥ ¨§ ¶μ²ÊÎ¥´´ÒÌ ±μ³¡¨´ Í¨° (´ ¶·¨³¥·, 11-Ö ¨ 12-Ö) ¸μμÉ¢¥É-
¸É¢ÊÕÉ μ¤´μ³Ê ¨ Éμ³Ê ¦¥ ± ´ ²Ê ·¥ ±Í¨¨.

4. “„�‹…�ˆ… Œ�‹�‚…��Ÿ’�›• Š�Œ�ˆ��–ˆ‰

‚ Í¥²μ³ ¨§ 71 023 ¸μ¡ÒÉ¨° ¡Ò²μ ¶μ²ÊÎ¥´μ
∑

μ = 1 287 148 ±μ³¡¨´ Í¨°,
Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì Ê¸²μ¢¨Ö³ (1).

�·¨ μÉ¸ÊÉ¸É¢¨¨ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¶·¨¢²¥± ÕÉ¸Ö ¤μ¶μ²´¨É¥²Ó´Ò¥
Ë¨§¨Î¥¸±¨¥ ¨ ¸É É¨¸É¨Î¥¸±¨¥ ¤ ´´Ò¥, ÎÉμ¡Ò μÉ¡·μ¸¨ÉÓ ³ ²μ¢¥·μÖÉ´Ò¥ ±μ³-
¡¨´ Í¨¨ (´ ¶·¨³¥·, ¥¸²¨ Ê ± ±¨Ì-²¨¡μ ¨§³¥·¥´´ÒÌ ±¨´¥³ É¨Î¥¸±¨Ì ¶ · ³¥-
É·μ¢ ¸²¨Ï±μ³ ¡μ²ÓÏ Ö μÏ¨¡± ). ‡´ Î¨É¥²Ó´μ¥ Î¨¸²μ ±μ³¡¨´ Í¨° μÉ¡· ¸Ò-
¢ ¥É ¶·μÍ¥¤Ê·  ³¨´¨³¨§ Í¨¨ (´ ¶·¨³¥·, ¶μ ¶·¥¢ÒÏ¥´¨Õ Î¨¸²  ¨É¥· Í¨°).
‚ ·¥§Ê²ÓÉ É¥ ¢ ¶·¨³¥·¥ 1 ¡Ò²μ μ¸É ¢²¥´μ ¤²Ö ¤ ²Ó´¥°Ï¥° μ¡· ¡μÉ±¨ ¢¸¥£μ
m = 3 ±μ³¡¨´ Í¨¨:

�μ³¥·
±μ³¡¨´ Í¨¨

�μ³¥· É·¥±  �¥°É· ²Ó´ Ö
Î ¸É¨Í 1 2 3

7 K− p K+ n
15 Σ− p π+ K0

16 Σ− p K+
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‚ Í¥²μ³ ¶μ ¢¸¥³Ê ³ ¸¸¨¢Ê ¨§ 71 023 ¸μ¡ÒÉ¨° ¤²Ö ¤ ²Ó´¥°Ï¥£μ · ¸¸³μÉ·¥-
´¨Ö ¡Ò²μ μ¸É ¢²¥´μ

∑
m = 140 477 ±μ³¡¨´ Í¨°. �·¨ ÔÉμ³ Î¨¸²μ ¸μ¡ÒÉ¨°, ¢

±μÉμ·μ³ ¡Ò²  μ¶·¥¤¥²¥´  ÌμÉÖ ¡Ò μ¤´  É ± Ö ±μ³¡¨´ Í¨Ö, ¸μ¸É ¢¨²μ 60 141.

5. ‚…‘ Š�Œ�ˆ��–ˆˆ

‚ μÉ²¨Î¨¥ μÉ ³¥Éμ¤¨±¨ ¸ ¶· ¢¨² ³¨ ¶·¥¤¶μÎÉ¥´¨Ö ´¨¦¥ ¨§² £ ¥É¸Ö ¶·μ-
¸É Ö ¢¥·μÖÉ´μ¸É´ Ö ³¥Éμ¤¨±  ÊÎ¥É  ¢¸¥Ì ±μ³¡¨´ Í¨°, Ê¸¶¥Ï´μ ¶·μÏ¥¤Ï¨Ì
¶·μÍ¥¤Ê·Ê ³¨´¨³¨§ Í¨¨. „²Ö ÔÉμ£μ ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ-
²ÊÎ¥´´ÒÌ §´ Î¥´¨° ËÊ´±Í¨μ´ ²  χ2 Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¢¥¸  ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
±μ³¡¨´ Í¨°.

�Ê¸ÉÓ ¢ ¤ ´´μ³ ¸μ¡ÒÉ¨¨ ¨§ μ μÉμ¡· ´´ÒÌ ±μ³¡¨´ Í¨° ¶·μÍ¥¸¸ ³¨´¨³¨-
§ Í¨¨ Ê¸¶¥Ï´μ § ¢¥·Ï¨²¸Ö ¤²Ö m � μ ±μ³¡¨´ Í¨°. �Ê¸ÉÓ ¤²Ö j-° ±μ³¡¨-
´ Í¨¨ (j = 1, m) ¨³¥¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ §´ Î¥´¨¥ ËÊ´±Í¨μ´ ²  χ2

j . ’μ£¤ 
¤μ¢¥·¨É¥²Ó´ Ö ¢¥·μÖÉ´μ¸ÉÓ, ¶·¨¶¨¸Ò¢ ¥³ Ö j-° ±μ³¡¨´ Í¨¨, ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ
Ëμ·³Ê²¥

Hj(χ2
j , r) =

∞∫

χ2
j

p(r, z) dz (j = 1, m),

£¤¥

p(r, χ2) =
(χ2)r/2−1 · e−χ2/2

2r/2 · Γ(r/2)
(2)

¥¸ÉÓ ¶²μÉ´μ¸ÉÓ ¢¥·μÖÉ´μ¸É¨ ¸²ÊÎ °´μ° ¢¥²¨Î¨´Ò, ¶μ¤Î¨´ÖÕÐ¥°¸Ö · ¸¶·¥¤¥-
²¥´¨Õ χ2 (¨²¨ ¸É É¨¸É¨±¥ �¨·¸μ´ ) ¸ r ¸É¥¶¥´Ö³¨ ¸¢μ¡μ¤Ò.

‚¥¸ ±μ³¡¨´ Í¨¨, ¸μμÉ¢¥É¸É¢¥´´μ, μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

wj =
Hj

m∑
i=1

Hi

(j = 1, m). (3)

‘³Ò¸² ¢¥¸ , ¢¢¥¤¥´´μ£μ É ±¨³ μ¡· §μ³, μ§´ Î ¥É ¸É¥¶¥´Ó ¢¥·μÖÉ´μ¸É´μ£μ
¤μ¢¥·¨Ö ± j-° ±μ³¡¨´ Í¨¨ (  É ±¦¥ Å ¤μ²Õ ¸μ¡ÒÉ¨Ö, ¶·¨Ìμ¤ÖÐÊÕ¸Ö ´  ±μ³-
¡¨´ Í¨Õ). ��μ²ÓÏ¨¥ ¢¥¸  ¸μμÉ¢¥É¸É¢ÊÕÉ ±μ³¡¨´ Í¨Ö³, ¢ ±μÉμ·ÒÌ ¨§³¥·¥´´Ò¥
¨ Ë¨É¨·μ¢ ´´Ò¥ ¶ · ³¥É·Ò ¡²¨¦¥ ¤·Ê£ ± ¤·Ê£Ê. 	 ¸¶·¥¤¥²¥´¨¥ Î¨¸²  ±μ³-
¡¨´ Í¨° ´  μ¤´μ ¸μ¡ÒÉ¨¥ (¶μ ¢¸¥³Ê ³ ¸¸¨¢Ê ¨§ 140 477 ±μ³¡¨´ Í¨°), ¢§ÖÉÒÌ
¡¥§ ¢¥¸  ¨ ¸ ¢¥¸μ³, ¶·¥¤¸É ¢²¥´μ ´  £¨¸Éμ£· ³³ Ì ·¨¸. 3.

�·μÍ¥¤Ê·  ±¨´¥³ É¨Î¥¸±μ£μ Ë¨É¨·μ¢ ´¨Ö ¨´¢ ·¨ ´É´  ¶μ μÉ´μÏ¥´¨Õ ±
±μ³¡¨´ Í¨Ö³. �μÔÉμ³Ê ¢ Ê¸²μ¢¨ÖÌ ¡¥§ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í (É·¥±μ¢) ¨¸É¨´-
´μ° ³μ¦¥É μ± § ÉÓ¸Ö ²Õ¡ Ö ±μ³¡¨´ Í¨Ö, ¢ Éμ³ Î¨¸²¥ ¸ ¡�μ²ÓÏ¨³, Î¥³ ¢ ¤·Ê£¨Ì
±μ³¡¨´ Í¨ÖÌ, §´ Î¥´¨¥³ χ2. ‘É¥¶¥´Ó ¶μ²´μ£μ ¤μ¢¥·¨Ö (¢¥¸, · ¢´Ò° 1) ³μ¦¥É
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	¨¸. 3. 	 ¸¶·¥¤¥²¥´¨¥ Î¨¸²  ±μ³¡¨´ Í¨° ´  ¸μ¡ÒÉ¨¥ Å ¡¥§ ¢¥¸  ¨ ¸ ¢¥¸μ³

μ± § ÉÓ¸Ö Ê ±μ³¡¨´ Í¨¨ Éμ²Ó±μ ¶·¨ m = 1, ¤ ¦¥ ¥¸²¨ ÔÉ  ±μ³¡¨´ Í¨Ö ¨³¥¥É
μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏμ¥ §´ Î¥´¨¥ ³¨´¨³¨§¨·μ¢ ´´μ° χ2. �·¨ m > 1 ¤ ¦¥ Ê
±μ³¡¨´ Í¨¨ ¸μ §´ Î¥´¨¥³ χ2 = 0 ¢¥¸ μ± ¦¥É¸Ö ³¥´ÓÏ¥ 1; ÔÉμ μ§´ Î ¥É, ÎÉμ
¨ μ¸É ¢Ï¨³¸Ö ±μ³¡¨´ Í¨Ö³ ¡Ê¤¥É Ê¤¥²¥´μ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¤μ¢¥·¨¥.

�·¨³¥· 2. �Ê¸ÉÓ ¤²Ö ¸²ÊÎ Ö r = 1 ¢ ´¥±μÉμ·μ³ ¸μ¡ÒÉ¨¨ ¶·¨´ÖÉμ ¤¢¥
±μ³¡¨´ Í¨¨ (m = 2). �Ê¸ÉÓ χ2

1 = 0, χ2
2 = 1. �μ²ÊÎ¨³ ¤μ¢¥·¨É¥²Ó´Ò¥

¢¥·μÖÉ´μ¸É¨: H1(0, 1) = 1 ¨ H2(1, 1) = 1/2. �É¸Õ¤  ¨³¥¥³ ¢¥¸ : w1 = 2/3,
w2 = 1/3.

‚¥¸  ±μ³¡¨´ Í¨° ¢ÒÎ¨¸²ÖÕÉ¸Ö ¶μ¸²¥ μÉ¡· ¸Ò¢ ´¨Ö ¢¸¥Ì ³ ²μ¢¥·μÖÉ´ÒÌ
±μ³¡¨´ Í¨°, ¶μÔÉμ³Ê ¢ ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢§¢¥-
Ï¥´´ÒÌ ±μ³¡¨´ Í¨° ´¨± ±¨¥ · ¸¶·¥¤¥²¥´¨Ö ´¥ ¤μ²¦´Ò ¶μ¤¢¥·£ ÉÓ¸Ö μ¡·¥§±¥
¶μ ± ±¨³-²¨¡μ ¶ · ³¥É· ³, ÎÉμ ³μ£²μ ¡Ò ¨¸± §¨ÉÓ ¢¥¸  ¨§ÊÎ ¥³ÒÌ · ¸¶·¥-
¤¥²¥´¨°.

‘´μ¢  · ¸¸³μÉ·¨³ ±μ³¡¨´ Í¨¨ ¶·¨³¥·  1 (É ¡². 4). ’μ²Ó±μ É·¨ ±μ³¡¨´ -
Í¨¨ Ê¸¶¥Ï´μ ¶·μÏ²¨ ¶·μÍ¥¤Ê·Ê ³¨´¨³¨§ Í¨¨ ¨ ¡Ò²¨ ¶·¨´ÖÉÒ ± ¤ ²Ó´¥°Ï¥°
μ¡· ¡μÉ±¥ (¨³¥¥³ m = 3). ‚ É ¡². 5 ¤²Ö ÔÉ¨Ì ±μ³¡¨´ Í¨° (Î ¸É¨ÍÒ ±μÉμ-

’ ¡²¨Í  5. Šμ³¡¨´ Í¨¨, ¶·μÏ¥¤Ï¨¥ Ë¨É¨·μ¢ ´¨¥

º ±μ³¡¨-
´ Í¨¨

(É ¡². 4)
‚Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ r χ2 H(χ2, r) ‚¥¸

º ± ´ ² 
(É ¡². 3)

7 p K+ K− n 1 2,45 0,118 0,080 8
15 p π+ Σ− K0 1 0,05 0,821 0,555 5
16 p K+ Σ− 4 3,11 0,540 0,365 9
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	¨¸. 4. ‚ÒÎ¨¸²¥´¨¥ ¤μ¢¥·¨É¥²Ó´ÒÌ ¢¥·μÖÉ´μ¸É¥° ¤²Ö ±μ³¡¨´ Í¨° 7, 15 ¨ 16 (¢ ¸²ÊÎ ¥
±μ³¡¨´ Í¨¨ 16 ³ ¸ÏÉ ¡ Å ¤²Ö ´ £²Ö¤´μ¸É¨ Å ¨§³¥´¥´)

·ÒÌ § ¶¨¸ ´Ò Ê¦¥ ¢ ¶μ·Ö¤±¥, Ê¸É ´μ¢²¥´´μ³ ¢ É ¡². 3) Ê± § ´Ò Î¨¸²μ ¸É¥¶¥-
´¥° ¸¢μ¡μ¤Ò r, ¶μ²ÊÎ¥´´μ¥ §´ Î¥´¨¥ χ2, ¤μ¢¥·¨É¥²Ó´ Ö ¢¥·μÖÉ´μ¸ÉÓ H(χ2, r)
(¥¥ ¢ÒÎ¨¸²¥´¨¥ ¨²²Õ¸É·¨·Ê¥É¸Ö ´  ·¨¸. 4), ¢ÒÎ¨¸²¥´´Ò° ¢¥¸ w ±μ³¡¨´ Í¨¨ ¨
´μ³¥· ¢Ò¤¥²¥´´μ£μ ± ´ ²  ·¥ ±Í¨¨ (¸³. É ¡². 3).

�Î¥¢¨¤´μ, ÎÉμ ¢ ± ¦¤μ³ ¸μ¡ÒÉ¨¨
n∑

j=1

wj = 1 (n Å Î¨¸²μ ±μ³¡¨´ Í¨°

¸μ¡ÒÉ¨Ö, Ê¸¶¥Ï´μ ¶·μÏ¥¤Ï¨Ì ³¨´¨³¨§ Í¨Õ). �μ¤Î¥·±´¥³, ÎÉμ ¢¥¸ wj ¶·¨-
¶¨¸Ò¢ ¥É¸Ö ±μ³¡¨´ Í¨¨: ÔÉμ μ§´ Î ¥É, ÎÉμ Éμ²Ó±μ Î ¸ÉÓ ¸μ¡ÒÉ¨Ö, · ¢´ Ö ¢¥¸Ê,
¸¢Ö§Ò¢ ¥É¸Ö ¸ j-° ±μ³¡¨´ Í¨¥°.

6. Œ��ˆ�“‹Ÿ–ˆˆ ‘ ‚…‘�Œ

‚Ò¡¨· Ö ¸μ¡ÒÉ¨Ö, ¢ ±μÉμ·ÒÌ μ¡´ ·Ê¦¥´Ò ±μ³¡¨´ Í¨¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥
¨§ÊÎ ¥³μ³Ê ± ´ ²Ê, ¨ ¸Ê³³¨·ÊÖ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥¸ , ¶μ²ÊÎ ¥³ ÔËË¥±É¨¢´μ¥
Î¨¸²μ ¸μ¡ÒÉ¨° ¤ ´´μ£μ ± ´ ² . �±·Ê£²¥´´μ¥, ÔÉμ Î¨¸²μ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
μ¡ÒÎ´ÊÕ ¸É É¨¸É¨Î¥¸±ÊÕ ¢Ò¡μ·±Ê.
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1. ‡ ¶μ²´¥´¨¥ £¨¸Éμ£· ³³. �Ê¸ÉÓ ¢ ´¥±μÉμ·μ³ ¢Ò¡· ´´μ³ ± ´ ²¥ ¨§Ê-
Î ¥É¸Ö ¸²ÊÎ °´ Ö ¶¥·¥³¥´´ Ö x. 
Éμ ³μ¦¥É ¡ÒÉÓ, ´ ¶·¨³¥·, §´ Î¥´¨¥ χ2,
±¢ ¤· É ´¥¤μ¸É ÕÐ¥° ³ ¸¸Ò m2

miss ¨ É. ¶. ’μ£¤  ¤²Ö i-° ±μ³¡¨´ Í¨¨ ¢Ò¡· ´-
´μ£μ ± ´ ²  ± ·³ ´Ò (®¡¨´Ò¯) £¨¸Éμ£· ³³Ò HIST § ¶μ²´ÖÕÉ¸Ö ¶μ ¶·¨³¥·-
´μ° ¸Ì¥³¥:

1) ¢ÒÎ¨¸²¥´¨¥ ´μ³¥·  ¡¨´ : nbin ∼ xi;
2) ¶μ¶μ²´¥´¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¡¨´ : HIST(nbin) ← HIST(nbin) + wi.
2. �¨¸μ¢ ´¨¥ £¨¸Éμ£· ³³ ¶·¨ ¶μ³μÐ¨ ¨´¸É·Ê³¥´É ²Ó´μ£μ ¸·¥¤¸É¢ 

ROOT. �Ê¸ÉÓ ³Ò Ê¦¥ · ¸¶μ² £ ¥³ § ¶μ²´¥´´Ò³ nTuple-³ ¸¸¨¢μ³ ¸¨¸É¥³Ò
ROOT [20]. �Ê¸ÉÓ ¢ ± ¦¤μ° § ¶¨¸¨ ÔÉμ£μ ³ ¸¸¨¢  (§ ¶¨¸Ó μÉ´μ¸¨É¸Ö ± ±μ³-
¡¨´ Í¨¨) ¨³¥ÕÉ¸Ö, ± ¶·¨³¥·Ê, É ±¨¥ NT-¶¥·¥³¥´´Ò¥:

mm2 ±¢ ¤· É ´¥¤μ¸É ÕÐ¥° ³ ¸¸Ò (μ¶·¥¤¥²Ö¥³μ° ´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ
¤ ´´Ò³ ¨§³¥·¥´¨Ö);

chNo ´μ³¥· ± ´ ²  (É ¡². 3);
w ¢¥¸;
mnKp ÔËË¥±É¨¢´ Ö ³ ¸¸  ¸¨¸É¥³Ò ¤¢ÊÌ Î ¸É¨Í Å ¢Éμ·μ° ¨§ § ·Ö¦¥´´ÒÌ

¨ ´¥°É· ²Ó´μ° (¤²Ö ± ´ ²  º8 ÔÉμ ¡Ê¤¥É ³ ¸¸  ¸¨¸É¥³Ò nK+).

�  ·¨¸. 5 ¨ 6 ¶·¨¢μ¤ÖÉ¸Ö ¶·¨³¥·Ò ¨¸¶μ²Ó§μ¢ ´¨Ö ROOT-ËÊ´±Í¨° ¤²Ö ¶μ-
¸É·μ¥´¨Ö ´¥±μÉμ·ÒÌ £¨¸Éμ£· ³³ (μ·¤¨´ ÉÒ ±μÉμ·ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´Ò ¸μμÉ-
¢¥É¸É¢ÊÕÐ¥° ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¨).

�¥·¥³¥´´ Ö g ¢ ¶μ¸²¥¤´¥° ROOT-ËÊ´±Í¨¨ (·¨¸. 6) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°
¢¥Ð¥¸É¢¥´´μ¥ Î¨¸²μ (0 < g < 1), Ê· ¢´¨¢ ÕÐ¥¥ ¶²μÐ ¤¨ ¶μ¤ ¤¢Ê³Ö ¸μ¢³¥-
Ð¥´´Ò³¨ £¨¸Éμ£· ³³ ³¨. ‡ ³¥É´μ, ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢¥¸μ¢ (¶·¨ ¸· ¢-

	¨¸. 5. 	 ¸¶·¥¤¥²¥´¨¥ ±¢ ¤· É  ´¥¤μ¸É ÕÐ¥° ³ ¸¸Ò m2
miss ¢ ± ´ ²¥ np → pπ+π−n.

‡¤¥¸Ó NT->Draw ("mm2","(chNo = = 4)*w")
NT->Draw ("mm2","(chNo = = 4)*same")
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	¨¸. 6. 	 ¸¶·¥¤¥²¥´¨¥ ±¢ ¤· É  ´¥¤μ¸É ÕÐ¥° ³ ¸¸Ò mnK+ ¢ ± ´ ²¥ np → pK+K−n.
‡¤¥¸Ó NT->Draw ("mnKp","(chNo = = 8)*w")

NT->Draw ("mm2","(chNo = = 8)*g","same")

´¨É¥²Ó´μ ´¥¡μ²ÓÏμ° ¢Ò¡μ·±¥) ¢ · ¸¶·¥¤¥²¥´¨¨ nK+ ´ Î¨´ ÕÉ ¶·μÖ¢²ÖÉÓ¸Ö
± ´¤¨¤ ÉÒ ´  ¶¨±¨.

7. ��ˆŒ…�…�ˆ… Š�ˆ’…�ˆŸ Š�‹Œ�ƒ���‚�

Š Î¥¸É¢μ ³¨´¨³¨§ Í¨¨ ¨ ¶μ¸²¥¤ÊÕÐ¥£μ · §¤¥²¥´¨Ö ± ´ ²μ¢ μ¶·¥¤¥²Ö¥É¸Ö
¢ ± ¦¤μ³ ± ´ ²¥ ¡²¨§μ¸ÉÓÕ · ¸¶·¥¤¥²¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ° ¸²ÊÎ °´μ° ¢¥-
²¨Î¨´Ò χ2 ± ¸É ´¤ ·É´μ³Ê · ¸¶·¥¤¥²¥´¨Õ (2). „²Ö ÔÉμ° Í¥²¨ Ô±¸¶¥·¨³¥´-
É ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ χ2 ¶μ¤¢¥·£ ¥É¸Ö É¥¸É¨·μ¢ ´¨Õ ¶μ ±·¨É¥·¨Õ ¸μ£² ¸¨Ö
Šμ²³μ£μ·μ¢ .

‚¢¨¤Ê μÉ¸ÊÉ¸É¢¨Ö ¢ μ¶¨¸Ò¢ ¥³μ³ np-Ô±¸¶¥·¨³¥´É¥ ¶·μÍ¥¤Ê·Ò ¨¤¥´É¨Ë¨-
± Í¨¨ É·¥±μ¢, ¶μ²´μÍ¥´´Ò¥ É·¥¡μ¢ ´¨Ö ±·¨É¥·¨Ö Šμ²³μ£μ·μ¢  μ± §Ò¢ ÕÉ¸Ö
¸²¨Ï±μ³ ¦¥¸É±¨³¨ ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°. �·¨Ìμ¤¨É¸Ö μ£· -
´¨Î¨¢ ÉÓ¸Ö ¸· ¢´¨É¥²Ó´Ò³ · ¸¸³μÉ·¥´¨¥³ §´ Î¥´¨°  ·£Ê³¥´É  λ (¤²Ö ËÊ´±-
Í¨¨ Šμ²³μ£μ·μ¢ ):

λ =
√

Ω · max
0<χ2<χ2

lim

|Φ̃(χ2) − Φ(χ2)|,

£¤¥ Ω μ¡μ§´ Î ¥É ¢¥²¨Î¨´Ê ¢Ò¡μ·±¨,   Φ̃ ¨ Φ Å ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö, ¢
´ Ï¥³ ¸²ÊÎ ¥ Ö¢²ÖÕÐ¨¥¸Ö ¶¥·¢μμ¡· §´Ò³¨ (¨´É¥£· ² ³¨) ± Ô±¸¶¥·¨³¥´É ²Ó-
´μ³Ê ¨ ¸É ´¤ ·É´μ³Ê (É¥μ·¥É¨Î¥¸±μ³Ê) · ¸¶·¥¤¥²¥´¨Ö³ (2):

Φ(χ2) =

χ2∫
−∞

p(r, z) dz =

χ2∫

0

p(r, z) dz.
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	¨¸. 7. ‚¨¤ ËÊ´±Í¨¨ Šμ²³μ£μ·μ¢  K(λ) =
∞∑

k=−∞
(−1)ke−2k2λ2

�·£Ê³¥´É λ ³μ¦´μ · ¸¸³ É·¨¢ ÉÓ ¢ ± Î¥¸É¢¥ ¶·¨¢¥¤¥´´μ£μ ³ ±¸¨³ ²Ó´μ£μ
· ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ËÊ´±Í¨Ö³¨ Φ̃ ¨ Φ.

„²Ö np-Ô±¸¶¥·¨³¥´É  ¶μ²ÊÎ ¥³Ò¥ §´ Î¥´¨Ö  ·£Ê³¥´É  λ ´  £· Ë¨±¥ ËÊ´±-
Í¨¨ Šμ²³μ£μ·μ¢  (·¨¸. 7), ± ± ¶· ¢¨²μ, ´ Ìμ¤ÖÉ¸Ö ¸¶· ¢  μÉ ®±·¨É¨Î¥¸±¨Ì
§´ Î¥´¨°¯, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸É ´¤ ·É´Ò³ ®±·¨É¨Î¥¸±¨³ Ê·μ¢´Ö³¯ ¤μ¢¥·¨-
É¥²Ó´μ° ¢¥·μÖÉ´μ¸É¨, μ¡μ§´ Î¥´´Ò³ α1, α2, α3. Ÿ¸´μ, μ¤´ ±μ, ÎÉμ Î¥³ ³¥´ÓÏ¥
¢ÒÎ¨¸²¥´´μ¥ §´ Î¥´¨¥  ·£Ê³¥´É  λ, É¥³ ²ÊÎÏ¥ ¢Ò¶μ²´Ö¥É¸Ö ±·¨É¥·¨° ¸μ£² -
¸¨Ö Šμ²³μ£μ·μ¢ .

8. ‘��‚�…�ˆ… Œ…’�„ˆŠ

�  ·¨¸. 8, 9 ¶μ± § ´Ò ¸· ¢´¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨Ö  ·£Ê³¥´É 
ËÊ´±Í¨¨ Šμ²³μ£μ·μ¢  ¤²Ö ´ ¨¡μ²¥¥ ¸É É¨¸É¨Î¥¸±¨ §´ Î¨³ÒÌ ± ´ ²μ¢. �μ-
¸±μ²Ó±Ê £· Ë¨Î¥¸±μ¥ ¸μ¢³¥¸É´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¸μ¡¸É¢¥´´μ ËÊ´±Í¨° · ¸-
¶·¥¤¥²¥´¨Ö Φ̃ ¨ Φ ´¥ ¤ ¥É ´ £²Ö¤´μ£μ ¶·¥¤¸É ¢²¥´¨Ö μ ¶μ¢¥¤¥´¨¨ ¨¸¸²¥-
¤Ê¥³ÒÌ · ¸¶·¥¤¥²¥´¨° χ2, ¤μ¶μ²´¨É¥²Ó´μ ¶·¨¢μ¤ÖÉ¸Ö ¸μ¢³¥¸É´Ò¥ · ¸¶·¥-
¤¥²¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¨ ¸É ´¤ ·É´μ£μ (É¥μ·¥É¨Î¥¸±μ£μ) · ¸¶·¥¤¥²¥-
´¨° χ2 (2). ˆ§ ´¨Ì ¤μ¸É ÉμÎ´μ° ´ £²Ö¤´μ¸ÉÓÕ μ¡² ¤ ÕÉ Éμ²Ó±μ £· Ë¨±¨
· ¸¶·¥¤¥²¥´¨° É¨¶  4C-Ë¨É. �μÔÉμ³Ê ¤μ¶μ²´¨É¥²Ó´μ ¤ ¥É¸Ö ¸μ¢³¥¸É´μ¥ £· -
Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ · ¸¶·¥¤¥²¥´¨° Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨ É¥μ·¥É¨Î¥¸±μ°
¸²ÊÎ °´ÒÌ ¢¥²¨Î¨´

u(r, χ2) =

+∞∫

χ2

p(r, z) dz,
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±μÉμ·Ò¥ ¤μ²¦´Ò ¡ÒÉÓ · ¸¶·¥¤¥²¥´Ò · ¢´μ³¥·´μ ´  ¨´É¥·¢ ²¥ (0, 1] ¤²Ö ²Õ-
¡μ£μ Î¨¸²  ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò r. ƒ· Ë¨±¨ · ¸¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´ u(r, χ2)
μ¡² ¤ ÕÉ ´ £²Ö¤´μ¸ÉÓÕ ´¥§ ¢¨¸¨³μ μÉ r.

�  ·¨¸. 8 ¤ ÕÉ¸Ö £· Ë¨±¨ · ¸¶·¥¤¥²¥´¨°, ¶μ²ÊÎ¥´´ÒÌ ¶μ ¶· ¢¨² ³ ¶·¥¤-
¶μÎÉ¥´¨Ö (· §¤. 1), ´  ·¨¸. 9 Å ¸ ¢ÒÎ¨¸²¥´¨¥³ ¢¥¸  (· §¤. 5). �μ¤Î¥·±´¥³,
ÎÉμ ¢ ± ¦¤μ³ ¡¨´¥ £¨¸Éμ£· ³³, ¨§μ¡· ¦ ÕÐ¨Ì Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥-
¤¥²¥´¨Ö ¶²μÉ´μ¸É¥° ¢¥·μÖÉ´μ¸É¥° p̃(r, χ2) ¨ p̃u(u(r, χ2)), ¸Ê³³¨·ÊÕÉ¸Ö ¢¥¸ .
‚ ¸²ÊÎ ¥ ¶· ¢¨² ¶·¥¤¶μÎÉ¥´¨Ö ¢¥¸  ¶μ² £ ÕÉ¸Ö · ¢´Ò³¨ ¥¤¨´¨Í¥.

Š ± ¢¨¤´μ, ¶·¨³¥´¥´¨¥ ³¥Éμ¤¨±¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢¥¸μ¢ (¸μ¢³¥¸É´μ ¸ Ë¨-
É¨·μ¢ ´¨¥³ ¶ÊÎ±μ¢μ° Î ¸É¨ÍÒ) ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ ¥É ¢¥²¨Î¨´Ê ¢ÒÎ¨¸²Ö¥-
³μ£μ  ·£Ê³¥´É  λ ËÊ´±Í¨¨ Šμ²³μ£μ·μ¢ , ÎÉμ §´ Î¨É¥²Ó´μ ¸¡²¨¦ ¥É Ô±¸¶¥-
·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö χ2 ¸ É·¥¡Ê¥³Ò³¨ ¸É ´¤ ·É´Ò³¨. 
Éμ, ¢ ¸¢μÕ
μÎ¥·¥¤Ó, μ§´ Î ¥É ¸ÊÐ¥¸É¢¥´´μ¥ Ê³¥´ÓÏ¥´¨¥ ¸¨¸É¥³ É¨Î¥¸±¨Ì μÏ¨¡μ±, ¨¸± -
¦ ÕÐ¨Ì ·¥§Ê²ÓÉ ÉÒ μ¡· ¡μÉ±¨ ¨§³¥·¥´¨°.

9. ‘‚�„Š� �…‡“‹œ’�’�‚

‘¢μ¤±  ·¥§Ê²ÓÉ Éμ¢ · §¤¥²¥´¨Ö ± ´ ²μ¢ ¸ ¶μ³μÐÓÕ Ë¨É¨·μ¢ ´¨Ö ¨ ¶·¨-
³¥´¥´¨Ö ¢¥¸  ¤ ¥É¸Ö ¢ É ¡². 6Ä8.

„²Ö μ¡¸Ê¦¤ ¢Ï¨Ì¸Ö ¢ÒÏ¥ N = 71 023 3-²ÊÎ¥¢ÒÌ ¸μ¡ÒÉ¨° ¸¢μ¤±  ¶·¥¤¸É -
¢²¥´  ¢ É ¡². 6. ˆ§ ÔÉμ£μ ¶μ²´μ£μ ±μ²¨Î¥¸É¢  ¸μ¡ÒÉ¨° ¶μ · §´Ò³ ¶·¨Î¨´ ³
¢ K = 10 882 ¸μ¡ÒÉ¨ÖÌ ´¥ ¶·μÏ²  ¶·μÍ¥¸¸ ³¨´¨³¨§ Í¨¨ ´¨ μ¤´  ±μ³¡¨´ -
Í¨Ö (´ ¶·¨³¥·, ¨§-§  Éμ£μ, ÎÉμ ¢ ¸μ¡ÒÉ¨¨ ·¥ ²Ó´μ ¶·¨¸ÊÉ¸É¢μ¢ ²μ ¡μ²¥¥ μ¤-
´μ° ´¥°É· ²Ó´μ° Î ¸É¨ÍÒ). �¸É ¢Ï¨¥¸Ö ¸μ¡ÒÉ¨Ö (M = 60 141) ¤ ÕÉ ¸¢μ¤±Ê
μÍ¥´±¨ · ¸¶·¥¤¥²¥´¨Ö ·¥ ±Í¨¨ np ¶μ ± ´ ² ³. Šμ²μ´±  ®ÔËË¥±É¨¢´μ¥ Î¨-
¸²μ ¸μ¡ÒÉ¨°¯ Ω ¤ ¥É ¤²Ö ¤ ´´μ£μ ± ´ ²  ¸Ê³³Ò ¢¥¸μ¢ ± ± ¤μ²¥° ¸μ¡ÒÉ¨Ö.
‘Ê³³ ·´μ¥ ÔËË¥±É¨¢´μ¥ Î¨¸²μ ¸μ¡ÒÉ¨° Ω = 60 140,97 ¶·¨ μ±·Ê£²¥´¨¨ ¸μ-
¢¶ ¤ ¥É ¸ ¨Éμ£μ¢μ° ¸É É¨¸É¨±μ° M ¸μ¡ÒÉ¨°, ¢ ±μÉμ·ÒÌ ¶·μÍ¥¸¸ ³¨´¨³¨§ Í¨¨
Ê¸¶¥Ï´μ § ¢¥·Ï¥´ ÌμÉÖ ¡Ò ¤²Ö μ¤´μ° ±μ³¡¨´ Í¨¨.

‚ É ¡². 7 ¨ 8 ¤ ÕÉ¸Ö ¸μμÉ¢¥É¸É¢¥´´μ ·¥§Ê²ÓÉ ÉÒ · §¤¥²¥´¨Ö ± ´ ²μ¢ 1-
²ÊÎ¥¢ÒÌ ¸μ¡ÒÉ¨° (¤²Ö É·¥Ì · §´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨) ¨ ¤²Ö 7-²ÊÎ¥¢ÒÌ ¸μ-
¡ÒÉ¨°.

‘μ¤¥·¦¨³μ¥ É ¡². 6Ä8 μÉ¸μ·É¨·μ¢ ´μ ¶μ ¢μ§· ¸É ´¨Õ ÔËË¥±É¨¢´μ£μ Î¨-
¸²  Ω ¸μ¡ÒÉ¨°, ¶·¨´ ¤²¥¦ Ð¨Ì ±μ´±·¥É´μ³Ê ± ´ ²Ê ·¥ ±Í¨¨. “± § ´´Ò°
¶·μÍ¥´É μÉ μ¡Ð¥£μ Î¨¸²  ¸μ¡ÒÉ¨° ¤ ¥É ¶·¥¤¸É ¢²¥´¨¥ μ ¸· ¢´¨É¥²Ó´μ³ ¸¥Î¥-
´¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ± ´ ²  ·¥ ±Í¨¨.

�·¨ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ¢Ò¡μ·±¥ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸É·μ± Ì É ¡²¨Í
¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö  ·£Ê³¥´Éμ¢ λ ËÊ´±Í¨¨ Šμ²³μ£μ·μ¢ . � ¶μ³´¨³, μ¤´ ±μ,
ÎÉμ ¢μ ¢·¥³Ö ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨° Î ¸É¨ÍÒ ´¨± ± ´¥ ¨¤¥´É¨Ë¨Í¨·μ¢ ²¨¸Ó.
�μÔÉμ³Ê ¶·¨¢¥¤¥´´Ò¥ ¤ ´´Ò¥ ¸²¥¤Ê¥É ¸Î¨É ÉÓ ¶·¥¤¢ ·¨É¥²Ó´Ò³¨, ¶μ¸±μ²Ó±Ê
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¢ ¤ ´´ÒÌ Ê¸²μ¢¨ÖÌ ¤²Ö ´¥±μÉμ·ÒÌ ± ´ ²μ¢ §´ Î¥´¨¥  ·£Ê³¥´É  λ ËÊ´±Í¨¨
Šμ²³μ£μ·μ¢  μ± § ²μ¸Ó ´¥³ ²Ò³.

’ ¡²¨Í  6. 3-²ÊÎ¥¢Ò¥ ¸μ¡ÒÉ¨Ö

Š ´ ²


ËË¥±-
É¨¢´μ¥
Î¨¸²μ Ω
¸μ¡ÒÉ¨°,
· ¢´μ¥
Σ(w)

�·£Ê³¥´É λ
¶μ ±·¨É¥·¨Õ
Šμ²³μ£μ·μ¢ 

„μ²Ö ± ´ ²  ¢ ·¥ ±Í¨¨, %

„ ´´ Ö
· ¡μÉ 

[7]

pn = 5,20 ƒÔ‚/¸,
√

s = 3,417 ƒÔ‚

K+ Σ+ Σ− K0 0,00

�¥ ¢ÒÎ¨-
¸²Ö²¸Ö ¢¢¨¤Ê

³ ²μ°
¸É É¨¸É¨±¨

< 1,0

„ ´´Ò¥
μÉ¸ÊÉ¸É¢ÊÕÉ

K+ K+ Σ− Σ0 0,00 < 1,0

K+ K+ Σ− Λ 0,25 < 1,0

p K+ Ξ− K0 0,68 < 1,0

K+ K+ Ξ− n 1,48 < 1,0

p K+ Σ− 17,15 < 1,0

p Σ+ π− K0 29,17 < 1,0

p K+ Σ− π0 29,53 < 1,0

p π+ Σ− K0 49,44 < 1,0

d K+ K− 58,88 < 1,0

K+ Σ+ π− n 64,24 < 1,0

π+ K+ Σ− n 75,15 < 1,0

d π+ π− 215,82 < 1,0

d K+ K− π0 512,91 < 1,0

p p K− K0 522,15 < 1,0

d π+ K− K0 1036,84 1,6 1,5± 0,1

p K+ K− n 2271,32 5,4 3,2± 0,1

d π+ π− π0 3186,41 1,7 4,5± 0,1

p K+ π− Σ0 3697,29 6,5 5,2± 0,1

p K+ π− Λ 4739,72 9,0 6,7± 0,1

p p π− π0 6018,38 4,5 8,5± 0,1 13,0± 0,8

p p π− 7018,73 2,3 9,9± 0,1 13,4± 0,8

p π+ π− n 30 595,43 4,9 43,1± 0,2 39,4± 2,0

Σ(Σ(w)) 60 140,97 84,7± 0,3

‘μ¡ÒÉ¨° ¸ Ë¨É ³¨ (M) 60 141 84,7

‘μ¡ÒÉ¨° ¡¥§ Ë¨Éμ¢ (K) 10 882 15,3

‚¸¥£μ ¸μ¡ÒÉ¨° (N) 71 023 100,0 100,0
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„²Ö ´¥±μÉμ·ÒÌ ± ´ ²μ¢ μ± § ²μ¸Ó ¢μ§³μ¦´Ò³ ¶·¨¢¥¸É¨  ´ ²μ£¨Î´Ò¥ ¤ ´-
´Ò¥ ¶μ ¤μ²¥ ± ´ ²  ¢ ·¥ ±Í¨¨, ¢§ÖÉÒ¥ ¨§ [7].

’ ¡²¨Í  7. 1-²ÊÎ¥¢Ò¥ ¸μ¡ÒÉ¨Ö

Š ´ ²


ËË¥±-
É¨¢´μ¥
Î¨¸²μ Ω
¸μ¡ÒÉ¨°,
· ¢´μ¥
Σ(w)

�·£Ê³¥´É λ
¶μ ±·¨É¥·¨Õ
Šμ²³μ£μ·μ¢ 

„μ²Ö ± ´ ²  ¢ ·¥ ±Í¨¨, %

„ ´´ Ö
· ¡μÉ 

[7]

pn = 5,20 ƒÔ‚/¸,
√

s = 3,417 ƒÔ‚

d π0 311,77
�¥ ¢ÒÎ¨-
¸²Ö²¸Ö

2,9± 0,2

p n 4465,24 1,9 42,2± 0,6 59,2± 3,6

Σ(Σ(w)) 4777,00 45,1± 0,7

‘μ¡ÒÉ¨° ¸ Ë¨É ³¨ (M) 4777 45,1

‘μ¡ÒÉ¨° ¡¥§ Ë¨Éμ¢ (K) 5812 54,9

‚¸¥£μ ¸μ¡ÒÉ¨° (N) 10 589 100,0 100,0

pn = 2,23 ƒÔ‚/¸,
√

s = 2,311 ƒÔ‚

d π0 443,48
�¥ ¢ÒÎ¨-
¸²Ö²¸Ö

3,8± 0,2

p n 5476,57 2,4 47,3± 0,6 70,3± 3,0

Σ(Σ(w)) 5920,00 51,1± 0,7

‘μ¡ÒÉ¨° ¸ Ë¨É ³¨ (M) 5920 51,1

‘μ¡ÒÉ¨° ¡¥§ Ë¨Éμ¢ (K) 5665 48,9

‚¸¥£μ ¸μ¡ÒÉ¨° (N) 11 585 100,0 100,0

pn = 1,43 ƒÔ‚/¸,
√

s = 2,230 ƒÔ‚

d π0 411,72
�¥ ¢ÒÎ¨-
¸²Ö²¸Ö

6,7± 0,3

p n 3995,28 1,5 64,6± 1,0

„ ´´Ò¥
μÉ¸ÊÉ¸É¢ÊÕÉ

Σ(Σ(w)) 4407,00 71,3± 1,1

‘μ¡ÒÉ¨° ¸ Ë¨É ³¨ (M) 4407 71,3

‘μ¡ÒÉ¨° ¡¥§ Ë¨Éμ¢ (K) 1775 28,7

‚¸¥£μ ¸μ¡ÒÉ¨° (N) 6128 100,0
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’ ¡²¨Í  8. 7-²ÊÎ¥¢Ò¥ ¸μ¡ÒÉ¨Ö

Š ´ ²


ËË¥±-
É¨¢´μ¥
Î¨¸²μ Ω
¸μ¡ÒÉ¨°,
· ¢´μ¥
Σ(w)

�·£Ê³¥´É λ
¶μ ±·¨É¥·¨Õ
Šμ²³μ£μ·μ¢ 

„μ²Ö ± ´ ²  ¢ ·¥ ±Í¨¨, %

„ ´´ Ö
· ¡μÉ 

[7]

pn = 5,20 ƒÔ‚/¸,
√

s = 3,417 ƒÔ‚

d π+ π+ π+ π− π− π− π0 2,55
�¥

¢ÒÎ¨¸²Ö²¸Ö
¢¢¨¤Ê ³ ²μ°
¸É É¨¸É¨±¨

< 0,1

„ ´´Ò¥
μÉ¸ÊÉ¸É¢ÊÕÉ

d π+ π+ π+ π− π− π− 7,07 2,0± 0,8

p π+ π+ π+ π− π− π− n 40,17 11,401,8

p p π+ π+ π− π− π− π0 48,44 13,7± 2,0

p p π+ π+ π− π− π− 189,78 53,8± 3,9

Σ(Σ(w)) 288,00 81,6± 4,8

‘μ¡ÒÉ¨° ¸ Ë¨É ³¨ (M) 288 81,6

‘μ¡ÒÉ¨° ¡¥§ Ë¨Éμ¢ (K) 65 18,4

‚¸¥£μ ¸μ¡ÒÉ¨° (N) 353 100,0 100,0

‡�Š‹	—…�ˆ…

I. �·¥¤²μ¦¥´μ ¤²Ö · §¤¥²¥´¨Ö ± ´ ²μ¢ ·¥ ±Í¨¨ ¢³¥¸Éμ ¶· ¢¨² ¶·¥¤¶μ-
ÎÉ¥´¨Ö (· §¤. 1) ¸²¥¤ÊÕÐ¥¥:

1) · ¸¸³ É·¨¢ ÉÓ ¢¸¥ ¢μ§³μ¦´Ò¥ ¶·¨ ¤ ´´μ° Ô´¥·£¨¨ ± ´ ²Ò ·¥ ±Í¨¨;
2) ¤²Ö ± ¦¤μ° ¤μ¶Ê¸É¨³μ° É·¥±μ¢μ° ±μ³¡¨´ Í¨¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·μÍ¥¤Ê·Ê

±¨´¥³ É¨Î¥¸±μ£μ Ë¨É¨·μ¢ ´¨Ö (¶·¨ ÔÉμ³ É·¥¡Ê¥É¸Ö, ÎÉμ¡Ò ¤ ´´Ò¥ ¨§³¥·¥´¨°
¡Ò²¨ μ¡¥¸¶¥Î¥´Ò ´μ·³ ²Ó´Ò³¨ £ Ê¸¸μ¢Ò³¨ μÏ¨¡± ³¨);

3) ±μ³¡¨´ Í¨Ö³ ¸μ¡ÒÉ¨Ö, Ê¸¶¥Ï´μ ¶·μÏ¥¤Ï¨³ Ë¨É¨·μ¢ ´¨¥, ¶·¨¸¢ ¨-
¢ ÉÓ ¢¥¸ (3) ± ± ¤μ²Õ ¸μ¡ÒÉ¨Ö, ±μÉμ·ÊÕ ¸²¥¤Ê¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¶·¨ ¶μ¸É·μ¥´¨¨
£¨¸Éμ£· ³³ ¨ ¤ ²Ó´¥°Ï¥° μ¡· ¡μÉ±¥ Ë¨§¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨°;

4) ¨¸¶μ²Ó§μ¢ ÉÓ ±·¨É¥·¨° ¸μ£² ¸¨Ö Šμ²³μ£μ·μ¢  ¤²Ö μÍ¥´±¨ ± Î¥¸É¢  ¨§-
³¥·¥´¨°, Ë¨É¨·μ¢ ´¨Ö ¨ · §¤¥²¥´¨Ö ± ´ ²μ¢.

II. �μ± § ´μ, ÎÉμ ¸ ¢¥¸μ³ (3) Ê¤ ²μ¸Ó ¶·¨¢¥¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸-
¶·¥¤¥²¥´¨Ö χ2 ± Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ³Ê ¸μ£² ¸¨Õ ¸ É¥μ·¥É¨Î¥¸±¨³¨.

III. �μ²ÊÎ¥´  μÍ¥´±  ¤μ²¨ ´¥±μÉμ·ÒÌ ± ´ ²μ¢ ¢ ·¥ ±Í¨¨ np, ´  μ¸´μ¢ -
´¨¨ Î¥£μ ³μ¦´μ ÊÉμÎ´ÖÉÓ ¸¥Î¥´¨Ö ¤ ´´ÒÌ ± ´ ²μ¢.

IV. �É³¥Î¥´μ, ÎÉμ μ¤´μ° ¶·μÍ¥¤Ê·Ò ±¨´¥³ É¨Î¥¸±μ£μ Ë¨É¨·μ¢ ´¨Ö ³μ-
¦¥É μ± § ÉÓ¸Ö ´¥¤μ¸É ÉμÎ´μ ¤²Ö Ê¢¥·¥´´μ£μ · §¤¥²¥´¨Ö ± ´ ²μ¢ ·¥ ±Í¨¨.
‚ ÔÉμ³ ¸³Ò¸²¥ ¢¥¸Ó³  ¦¥² É¥²Ó´  ¨¤¥´É¨Ë¨± Í¨Ö Î ¸É¨Í (É·¥±μ¢), ÌμÉÖ ¡Ò
Î ¸É¨Î´ Ö.
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�² £μ¤ ·´μ¸É¨. 	 ¡μÉ  ¶μ¸¢ÖÐ¥´  ¶ ³ÖÉ¨ ‚.ˆ.Œμ·μ§ , Ö¢²Ö¢Ï¥£μ¸Ö ¨´¨-
Í¨ Éμ·μ³ ¸μ§¤ ´¨Ö ´¥°É·μ´´μ£μ ± ´ ²  ´  ¸¨´Ì·μË §μÉ·μ´¥ �ˆŸˆ, ¨
�. �.’·μÖ´ , ¢¥¤ÊÐ¥£μ Ë¨§¨±  np-Ô±¸¶¥·¨³¥´É .

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ±μ²²¥£ ³ ƒ.�£ ±¨Ï¨¥¢Ê, ‘. ƒ. �· ±¥²Ö´,
�.�. � ²¤¨´Ê ¨ ‚. ‘. 	¨Ì¢¨Í±μ³Ê §  ¶·μÖ¢²¥´´Ò° ¨´É¥·¥¸ ± · ¡μÉ¥ ¨ ³´μ£μ-
Î¨¸²¥´´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¥¥  ¸¶¥±Éμ¢.
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