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‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´  ´ ²¨§ ¸É·Ê±ÉÊ·Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¸¥³Ö´ ¶μ Î¨¸²Ê
 ¡¥·· ´É´ÒÌ (�Š) ¨ ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì (�Š) ±²¥Éμ± ¢ ³¥·¨¸É¥³ Ì ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¸¥³Ö´
· ¸É¥´¨°. �¶¶·μ±¸¨³ Í¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¶μ Î¨¸²Ê �Š
¶μ± § ² , ÎÉμ ¶μÖ¢²¥´¨¥ �Š ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´μ ³μ¤¥²ÓÕ ¨§ ¤¢ÊÌ · ¸¶·¥¤¥²¥´¨°: ¶Ê ¸¸μ´μ¢¸±μ£μ
¨ £¥μ³¥É·¨Î¥¸±μ£μ (P+ G). Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ £¥μ³¥É·¨Î¥¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ μÉ· ¦ ¥É
 ¤ ¶É Í¨Õ ¶μ ³¥Ì ´¨§³Ê ³¥¦±²¥ÉμÎ´ÒÌ ±μ³³Ê´¨± Í¨°. �¶¶·μ±¸¨³ Í¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸-
¶·¥¤¥²¥´¨° ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¶μ Î¨¸²Ê �Š ¶μ± § ² , ÎÉμ ¶μÖ¢²¥´¨¥ �Š ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´μ
³μ¤¥²ÓÕ ¨§ É·¥Ì ²μ£´μ·³ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°. Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ É ±μ¥ ±μ³¶²¥±¸´μ¥
· ¸¶·¥¤¥²¥´¨¥ Ö¢²Ö¥É¸Ö μÉ· ¦¥´¨¥³ £¥É¥·μ£¥´´μ¸É¨ ³¥·¨¸É¥³Ò.

In the paper the analysis of the structure of experimental distributions of seeds depending on the
number of cells with chromosome abnormalities (�C) and proliferated cells (PC) in sprout rootlets
of seeds is presented. Approximation of experimental distributions of sprouts' rootlet on the �C
number has shown that �C occurrence can be described by a model of two distributions: Poisson and
geometrical ones (P + G). It is possible to assume that geometrical distribution re	ects an adaptation
through intercellular communicative mechanisms. Approximation of experimental distributions on PC
has shown that PC occurrence can be described by a model of three lognormal distributions. It is
possible to assume that it is a display of rootlets' heterogeneity.

PACS: 577.34:576.3
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�¤´μ° ¨§ ¶·μ¡²¥³ ¸μ¢·¥³¥´´μ° · ¤¨μ¡¨μ²μ£¨¨ Ö¢²Ö¥É¸Ö μÍ¥´±  ¶μ¸²¥¤¸É¢¨° ³ ²ÒÌ
· ¤¨ Í¨μ´´ÒÌ ¢μ§¤¥°¸É¢¨°. “¸·¥¤´¥´´Ò¥ ¶μ± § É¥²¨, ´  ±μÉμ·Ò¥ μ·¨¥´É¨·ÊÕÉ¸Ö ¨¸¸²¥-
¤μ¢ É¥²¨, ´¥ ¶μ§¢μ²ÖÕÉ ¢ÒÖ¢¨ÉÓ ±μ³¶²¥±¸ ³¥Ì ´¨§³μ¢, μ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ·¥ ±Í¨Õ μ·£ -
´¨§³μ¢ ´  ¸É·¥¸¸. „²Ö ¨§ÊÎ¥´¨Ö ·¥£Ê²ÖÉμ·´ÒÌ ÔËË¥±Éμ¢, ¢Ò§¢ ´´ÒÌ ¸É·¥¸¸μ¢Ò³¨ ¢μ§-
¤¥°¸É¢¨Ö³¨, ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ  ´ ²¨§ ¸É·Ê±ÉÊ·Ò Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°,
±μÉμ·Ò° · ´¥¥ ¡Ò² · §¢¨É ¢ Ô±μ²μ£¨¨ [1] ¨ ¶μ§¦¥ ¡Ò² ¶·¥¤²μ¦¥´ ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¢
Í¨Éμ£¥´¥É¨±¥ [2].

„²Ö  ´ ²¨§  ³¥Ì ´¨§³μ¢  ¤ ¶É Í¨¨ ¡Ò² ¢Ò¡· ´ ¶¥·¨μ¤ ¶·μ· ¸É ´¨Ö ¸¥³¥´¨ · ¸É¥´¨Ö,
¶·μÍ¥¸¸ ¶μ¸É¥¶¥´´μ£μ ¢¸ÉÊ¶²¥´¨Ö ¢ ³¨Éμ§ ±²¥Éμ±  ¶¨± ²Ó´μ° ³¥·¨¸É¥³Ò ±μ·¥Ï±  ¶·μ-
·μ¸É± . ‚ ·¥§Ê²ÓÉ É¥ ¢ ³¥·¨¸É¥³¥ ¶μ¸É¥¶¥´´μ ¤μ¸É¨£ ¥É¸Ö Ë §  ¶¥·¢ÒÌ ³¨Éμ§μ¢ (·¨¸. 1) ¨
¸É Í¨μ´ ·´Ò° Ê·μ¢¥´Ó ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ± (�Š), ¸·¥¤¨ ±μÉμ·ÒÌ ³μ£ÊÉ ¶μÖ¢¨ÉÓ¸Ö
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�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ Î¨¸²  ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ± ¢ ³¥·¨¸É¥³¥ ±μ·¥Ï±  ¶·μ·μ¸É±  μÉ ¥£μ ¤²¨´Ò

³ÊÉ ´É´Ò¥. Šμ²¨Î¥¸É¢μ ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ¨ ³ÊÉ ´É´ÒÌ ±²¥Éμ± ¢ ³¥·¨¸É¥³¥ ¢ Ë §¥ ¶¥·-
¢ÒÌ ³¨Éμ§μ¢ ¸²ÊÎ °´μ ¨ § ¢¨¸¨É μÉ Ô±§μ£¥´´ÒÌ ¨ Ô´¤μ£¥´´ÒÌ Ë ±Éμ·μ¢. � Ï¥° § ¤ Î¥°
Ö¢²Ö²μ¸Ó ¨¸¸²¥¤μ¢ ´¨¥ ¸É·Ê±ÉÊ·Ò · ¸¶·¥¤¥²¥´¨° ¸¥³Ö´ ¶μ Î¨¸²Ê ³ÊÉ ´É´ÒÌ ( ¡¥·· ´É-
´ÒÌ) ¨ ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ± ¢ ³¥·¨¸É¥³ Ì ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¢ Ë §¥ ¶¥·¢ÒÌ
³¨Éμ§μ¢, ¨¸¶ÒÉÒ¢ ÕÐ¨Ì ³ ²Ò¥ · ¤¨ Í¨μ´´Ò¥ ¢μ§¤¥°¸É¢¨Ö.

1. ƒˆ��’…‡› ˆ Œ…’�„›

1.1. ƒ¨¶μÉ¥§Ò ¶μÖ¢²¥´¨Ö  ¡¥·· ´É´ÒÌ ±²¥Éμ±. �·¥¤¶μ²μ¦¨³, ÎÉμ Î¨¸²μ m  ¡¥·· ´É-
´ÒÌ ±²¥Éμ± (�Š) ¢ ³¥·¨¸É¥³¥ · ¸É¥´¨Ö μ¶¨¸Ò¢ ¥É¸Ö · ¸¶·¥¤¥²¥´¨¥³ �Ê ¸¸μ´ 

Pm =
λm

m!
e−λ.

�Ê¸ÉÓ · ¸É¥´¨Ö ¢ ¶μ¶Ê²ÖÍ¨¨ μÉ²¨Î ÕÉ¸Ö ´ ¡μ·μ³ ¶·¨§´ ±μ¢, μ¡μ§´ Î ¥³Ò³ μ¤´μ° ¢¥±-
Éμ·´μ° ¶¥·¥³¥´´μ° u. � · ³¥É·Ò u, ¨´¤¨¢¨¤Ê ²Ó´Ò¥ ¤²Ö ± ¦¤μ£μ · ¸É¥´¨Ö, ³μ£ÊÉ ¨§-
³¥´ÖÉÓ ¶ · ³¥É· λ. � °¤¥³ ¢¥·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ ¢ ¶μ¶Ê²ÖÍ¨¨ ¸¥³Ö´ ¡Ê¤¥³ ´ ¡²Õ¤ ÉÓ
¸¥³¥´  ¸ m  ¡¥·· ´É´Ò³¨ ±²¥É± ³¨. �Ê¸ÉÓ ¤μ²Ö · ¸É¥´¨° ¸ · §²¨Î´Ò³¨ ¶ · ³¥É· ³¨ u
¨ μ¤¨´ ±μ¢Ò³¨ λ · ¢´  p(λ). ‚¥·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ ¸¥³Ö ¶·¨´ ¤²¥¦¨É ± Î ¸É¨ ¶μ¶Ê²Ö-
Í¨¨, ¢ ±μÉμ·μ° · ¸¶·¥¤¥²¥´¨¥ �Š μ¶¨¸Ò¢ ¥É¸Ö · ¸¶·¥¤¥²¥´¨¥³ �Ê ¸¸μ´  ¸ ¶ · ³¥É·μ³ ¢
¨´É¥·¢ ²¥ (λ, λ+dλ), · ¢´  p(λ)dλ. ’μ£¤  ¢¥·μÖÉ´μ¸ÉÓ ´ ¡²Õ¤¥´¨Ö ¢ ÔÉμ° ¸Ê¡¶μ¶Ê²ÖÍ¨¨

· ¸É¥´¨° ³¥·¨¸É¥³Ò ¸ Î¨¸²μ³ m �Š ¡Ê¤¥É dPm =
λm

m!
e−λp(λ)dλ. ‚¥·μÖÉ´μ¸ÉÓ ´ ¡²Õ-

¤¥´¨Ö ¢μ ¢¸¥° ¶μ¶Ê²ÖÍ¨¨ · ¸É¥´¨° ³¥·¨¸É¥³ ¸ Î¨¸²μ³ m �Š μ¶¨¸Ò¢ ¥É¸Ö Ëμ·³Ê²μ°
Œ ´¤¥²Ö:

Pm =

∞∫
0

dPm =

∞∫
0

λm

m!
e−λp(λ)dλ.
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� §· ¡μÉ ´  É¥μ·¨Ö μ¡· É´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö Œ ´¤¥²Ö, É. ¥. ¨§¢¥¸É´μ, ± ± ¶μ § ¤ ´´μ³Ê
· ¸¶·¥¤¥²¥´¨Õ Pm ³μ¦´μ ¢μ¸¸É ´μ¢¨ÉÓ p(λ) [3]. „²Ö ÔÉμ ´ ¤μ ¶μ¸É·μ¨ÉÓ ËÊ´±Í¨Õ

Q(x) =
∞∑

m=0

(1 − x)mPm =

∞∫
0

e−xλp(λ)dλ.

’μ£¤  ËÊ´±Í¨Ö R(x) = Q(ix) =

∞∫
0

e−ixλp(λ)dλ, É. ¥. Ö¢²Ö¥É¸Ö Ì · ±É¥·¨¸É¨Î¥¸±μ° ËÊ´±-

Í¨¥° · ¸¶·¥¤¥²¥´¨Ö p(λ) [4]. „²Ö É ±μ° ËÊ´±Í¨¨ ¢Ò¶μ²´Ö¥É¸Ö ·Ö¤ ¸¢μ°¸É¢. „²Ö ´ ¸

�¨¸. 2. X · ±É¥·¨¸É¨Î¥¸± Ö
ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö R(x)

¢ ¦´μ μ¤´μ ¨§ ´¨Ì:

|R(x)| � R(0). (1)

�Éμ ¸¢μ°¸É¢μ ¶μ§¢μ²Ö¥É ¶·μ¢¥·¨ÉÓ ¸¶· ¢¥¤²¨¢μ¸ÉÓ £¨¶μ-
É¥§Ò μ¡ μ¤¨´ ±μ¢μ¸É¨ ·¥ ±Í¨° ±²¥Éμ± ´  · ¤¨ Í¨μ´´μ¥
¢μ§¤¥°¸É¢¨¥. ‡´ Ö · ¸¶·¥¤¥²¥´¨¥ Pm · ¸É¥´¨° ¶μ Î¨¸²Ê
�Š, ³μ¦´μ ¸μ¸É ¢¨ÉÓ ËÊ´±Í¨Õ R(x) ¨ ¶·μ¢¥·¨ÉÓ ¢Ò¶μ²-
´¥´¨¥ ´¥· ¢¥´¸É¢  (1). �·μ¢¥·±  ¤²Ö ¶μ²ÊÎ¥´´ÒÌ ´ ³¨
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¸¥³Ö´ ¶μ Î¨¸²Ê �Š
(É ¡². 1, 2) ¶μ± § ² , ÎÉμ ¢μ ¢¸¥Ì ¸²ÊÎ ÖÌ ´¥· ¢¥´¸É¢μ (1)
´¥ ¢Ò¶μ²´Ö¥É¸Ö. ’¨¶¨Î´Ò° £· Ë¨± ¤²Ö R(x) ¶·¥¤¸É ¢²¥´
´  ·¨¸. 2. ˆ§ ´e£μ ¸²¥¤Ê¥É, ÎÉμ £¨¶μÉ¥§Ê μ ´¥§ ¢¨¸¨³μ° ¨
μ¤¨´ ±μ¢μ° ·¥ ±Í¨¨ ±²¥Éμ± ´  · ¤¨ Í¨μ´´μ¥ ¢μ§¤¥°¸É¢¨¥
¸²¥¤Ê¥É μÉ¢¥·£´ÊÉÓ.

ŒÒ · ¸¸³μÉ·¥²¨ ¤·Ê£ÊÕ £¨¶μÉ¥§Ê, ¸μ£² ¸´μ ±μÉμ·μ° ´¥É
´¥§ ¢¨¸¨³μ¸É¨ ¢ ·¥ ±Í¨¨ ±²¥Éμ± ´  μ¡²ÊÎ¥´¨¥ (¢ ·¥§Ê²Ó-
É É¥ ³¥¦±²¥ÉμÎ´ÒÌ ±μ³³Ê´¨± Í¨°). �Éμ · §·ÊÏ ¥É § ±μ´ �Ê ¸¸μ´  ¶μÖ¢²¥´¨Ö �Š ¢
³¥·¨¸É¥³¥ ¨ ¶·¨¢μ¤¨É ± ¤·Ê£¨³ · ¸¶·¥¤¥²¥´¨Ö³. ˆ¸¶μ²Ó§ÊÖ ¨§¢¥¸É´Ò¥ ¡¨μ²μ£¨Î¥¸±¨¥
¶μ´ÖÉ¨Ö, ³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¶·¥¤¶μ²μ¦¥´¨Ö:

• �¥·¢¨Î´Ò¥ ¶μ¢·¥¦¤¥´¨Ö ±²¥Éμ± μ¶¨¸Ò¢ ÕÉ¸Ö ¸É É¨¸É¨±μ° �Ê ¸¸μ´  ± ± ¸É É¨¸É¨-
±μ° ·¥¤±¨Ì ¨ ´¥§ ¢¨¸¨³ÒÌ ¸μ¡ÒÉ¨°

Pn =
an

n!
e−a,

£¤¥ Pn Å ¢¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö n �Š; a Å ¶ · ³¥É· ¶Ê ¸¸μ´μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö
¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨°.

• ‚ ´¥±μÉμ·μ° ¸Ê¡¶μ¶Ê²ÖÍ¨¨ ±²¥Éμ± ³¥·¨¸É¥³Ò ³μ£ÊÉ ¨¤É¨ ³¥¦±²¥ÉμÎ´Ò¥ ±μ³³Ê-
´¨± É¨¢´Ò¥ ¶·μÍ¥¸¸Ò, ¢¥¤ÊÐ¨¥ ± ¶μÖ¢²¥´¨Õ ´μ¢ÒÌ �Š. �Éμ μ¡Ê¸²μ¢²¨¢ ¥É ¨§³¥´¥´¨¥
¶ · ³¥É·  ¶Ê ¸¸μ´μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö a. „²Ö ³ ²ÒÌ ¢μ§¤¥°¸É¢¨° ³Ò ¶·¥¤¶μ²μ¦¨²¨,
ÎÉμ ¶ · ³¥É· a ¨§³¥´Ö¥É¸Ö ¢μ ¢·¥³¥´¨ ¶μ ²¨´¥°´μ³Ê § ±μ´Ê a(t) = λt + a, ¨ ¶μ²ÊÎ¨²¨
Ëμ·³Ê²Ê

Pn(t) =
(λt + a)n

n!
e−(λt+a),

£¤¥ Pn(t) Å ¢¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö n �Š ± ³μ³¥´ÉÊ ¢·¥³¥´¨ t; λ Å ¸±μ·μ¸ÉÓ ¤·¥°Ë ;
a(t) = λt + a Å ¶ · ³¥É· ¶Ê ¸¸μ´μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ¢ ³μ³¥´É ¢·¥³¥´¨ t.
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’ ¡²¨Í  1. � ¸¶·¥¤¥²¥´¨Ö ¸¥³Ö´ ¶μ Î¨¸²Ê  ¡¥·· ´É´ÒÌ ±²¥Éμ± ¢ ³¥·¨¸É¥³¥ ±μ·¥Ï±μ¢ ¶·μ·μ¸É-
±μ¢ ¸¥³Ö´ ¶μ¤μ·μ¦´¨± 

�μ- —¨¸²μ —¨¸²μ —¨¸²μ · ¸É¥´¨° ¸ Î¨¸²μ³ �Š �Í¥´±  ³μ¤¥²¨
¶Ê²Ö- ¶·μ-  ´ - ¶μ ±·¨É¥·¨Ö³

Í¨Ö ·μ¸É±μ¢ É¥²μË § 0 1 2 3 4 5 6 7 R2
adj, AIC, BIC

1998 £.

�1 97 726 71 19 6 0 0 1 G, G + P
�2 84 942 72 12 1 P, G
�4 109 518 92 16 1 P, G
�7 97 763 80 15 2 1 P, G
�8 68 1047 52 14 2 1 P, G
�9 33 528 24 8 1 P, G
�10 77 231 54 17 3 1 P, G
�11 47 342 30 13 3 1 P+ G, P
�12 121 1805 98 21 2 P, G

1999 £.

�2 125 2228 73 31 15 2 2 2 1 P+ G, G
�3 334 3827 105 110 67 25 21 2 4 1 P+ G, P
�4 72 1035 21 25 17 5 3 1 P, P+ G
�5 152 2209 60 47 32 8 4 1 P+ G, P
�6 122 2385 46 43 24 7 1 4 P, P+ G
�11 216 2220 110 71 25 9 1 P+ G, P
�12 104 832 64 29 7 2 1 0 1 P, P+ G

’ ¡²¨Í  2. � ¸¶·¥¤¥²¥´¨Ö ¸¥³Ö´ ¶μ Î¨¸²Ê  ¡¥·· ´É´ÒÌ ±²¥Éμ± ¢ ³¥·¨¸É¥³¥ ±μ·¥Ï±μ¢ ¶·μ·μ¸É-
±μ¢ ¸¥³Ö´ £μ·μÌ 

ŒμÐ´μ¸ÉÓ —¨¸²μ —¨¸²μ —¨¸²μ · ¸É¥´¨° ¸ Î¨¸²μ³ �Š �Í¥´±  ³μ¤¥²¨
¤μ§Ò, ¶·μ-  ´ -É¥- ¶μ ±·¨É¥·¨Ö³

¸ƒ·/Î ·μ¸É±μ¢ ²μË § 0Ä2 3Ä5 6Ä8 9Ä11 12Ä14 15Ä17 18Ä20 21< R2
adj, AIC, BIC

1-Ö ¸¥·¨Ö

0 50 2202 16 17 7 5 2 2 0 1 G, G+ P
0,3 50 2294 14 22 7 1 2 G +P, P
1,2 56 2774 22 14 10 5 1 G, G + P
19,1 58 2144 20 12 4 0 2 1 1 1 G +P, G

2-Ö ¸¥·¨Ö

0 37 3367 15 9 3 2 G, G+ P
0,3 25 2560 11 16 10 7 2 2 G +P, G
1,2 14 1235 23 9 8 8 3 G +P, G
19,1 20 1088 22 7 2 P, G +P

�·¨³¥Î ´¨¥. ƒ¨¸Éμ£· ³³¨·μ¢ ´¨¥ ¤ ´´ÒÌ ¶·μ¢¥¤¥´μ ¶μ ¨´É¥·¢ ² ³ · ¢´μ° ¤²¨´Ò. —¨¸²μ

¨´É¥·¢ ²μ¢ M = [log2(N)] + 1, £¤¥ N Å ±μ²¨Î¥¸É¢μ ¤ ´´ÒÌ ¢ ¢Ò¡μ·±¥.
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• �μÖ¢²¥´¨¥ ´μ¢ÒÌ �Š Ê¢¥²¨Î¨¢ ¥É ³ É¥·¨ ² ¤²Ö ¥¸É¥¸É¢¥´´μ£μ μÉ¡μ· . ŒÒ μ¶¨-
¸Ò¢ ¥³ ¥¸É¥¸É¢¥´´Ò° μÉ¡μ· ³ ·±μ¢¸±¨³ ¶·μÍ¥¸¸μ³ ¢ ¶·¥¤¶μ²μ¦¥´¨¨ ¥£μ ¸É Í¨μ´ ·-
´μ¸É¨ [5], ¶·μ¨¸Ìμ¤ÖÐ¨³ ¢ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥ ¶ · ³¥É·μ¢ ³¥·¨¸É¥³Ò. “¸²μ¢¨Ö ¢´¥Ï-
´¥° ¸·¥¤Ò ¢Ò¤¥²ÖÕÉ ¢ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥ μ¡² ¸ÉÓ, ¶μ¶ ¤ ´¨¥ ¢ ±μÉμ·ÊÕ μ§´ Î ¥É  ¤ -
¶É Í¨Õ ³¥·¨¸É¥³Ò ¨ μ¸É ´μ¢±Ê ¶·μÍ¥¸¸μ¢ ¶μÖ¢²¥´¨Ö ¨ μÉ¡μ·  �Š. ˆ§ μ¡Ð¨Ì É¥μ·¥³
μ ³ ·±μ¢¸±¨Ì ¶·μÍ¥¸¸ Ì [5] ¸²¥¤Ê¥É, ÎÉμ ¢¥·μÖÉ´μ¸ÉÓ  ¤ ¶É Í¨¨ ³¥·¨¸É¥³Ò ¢ ³μ³¥´É
¢·¥³¥´¨ t ¢Ò· ¦ ¥É¸Ö Ëμ·³Ê²μ°

G(t) = 1 −
∑
i=1

αi e−μit,

£¤¥ αI > 0 ¨ μI > 0 Å ´ ¡μ·Ò ¶ · ³¥É·μ¢, § ¢¨¸ÖÐ¨¥ μÉ Ì · ±É¥·¨¸É¨± ¶·μÍ¥¸¸μ¢
¶μÖ¢²¥´¨Ö �Š ¨ μÉ¡μ·  ¶·μ·μ¸É± . ‘ ¶μ³μÐÓÕ ¸²¥¤ÊÕÐ¨Ì ¶·¥μ¡· §μ¢ ´¨° ³μ¦´μ μ¶·¥-
¤¥²¨ÉÓ ¢¥·μÖÉ´μ¸ÉÓ Qn ´ ¡²Õ¤ ÉÓ ¢  ¤ ¶É¨·μ¢ ´´μ° ³¥·¨¸É¥³¥ n �Š. �·μ¨§¢μ¤ÖÐ¨¥
ËÊ´±Í¨¨ ¶Ê ¸¸μ´μ¢¸±μ£μ ¶·μÍ¥¸¸  P (t) ¨ ¢¥·μÖÉ´μ¸É¥° Qn μ¶·¥¤¥²ÖÕÉ¸Ö Ëμ·³Ê² ³¨

P (t) =
∑
i=0

Pi(t)zi = e(λt+a)(z−1),

Q =
∑
i=0

Qiz
i =

∞∫
0

P (t)dG(t) =

∞∫
0

e(λt+a)(z−1)

(∑
i=0

αiμi e−μit dt

)
=

= ea(z−1)
∑
i=0

αiμi

∞∫
0

e(λ(z−1)−μi)tdt = ea(z−1)
∑
i=0

αiμi
1

μi − λ(z − 1)
=

= ea(z−1)
∑
i=0

αiμi
1

(μi + λ) − λz
=

∑
i=0

αi
μi

μi + λ

ea(z−1)

1 − λ

μi + λ
z

.

�·μ¨§¢μ¤ÖÐ Ö ËÊ´±Í¨Ö Q Ö¢²Ö¥É¸Ö ¸Ê³³μ° ¶·μ¨§¢¥¤¥´¨° ¶·μ¨§¢μ¤ÖÐ¨Ì ËÊ´±Í¨° ¶Ê ¸-

¸μ´μ¢¸±μ£μ ea(z−1) ¨ £¥μ³¥É·¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨°
μi

μi + λ

1

1 − λ

μi + λ
z

. …¸²¨ ¸·¥¤´¥¥

Î¨¸²μ ¶¥·¢¨Î´ÒÌ ±²¥Éμ± ¸ ¶μ¢·¥¦¤¥´¨Ö³¨ ¸Ê¡¶μ¶Ê²ÖÍ¨¨ ³ ²  (a ≈ 0), Éμ ea(z−1) ≈ 1
¨ Qn μ¶¨¸Ò¢ ¥É¸Ö ¸Ê³³μ° £¥μ³¥É·¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨°. �·¨ αk � αI ¨ i �= k Qn

μ¶¨¸Ò¢ ¥É¸Ö £¥μ³¥É·¨Î¥¸±¨³ · ¸¶·¥¤¥²¥´¨¥³. � · ³¥É·
λ

λ + μ
=

1
1 + μ/λ

£¥μ³¥É·¨Î¥-

¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö § ¢¨¸¨É μÉ ¸μμÉ´μÏ¥´¨Ö ¸±μ·μ¸É¥° ±μ³³Ê´¨± É¨¢´ÒÌ ¶·μÍ¥¸¸μ¢ ¨
¶·μÍ¥¸¸  μÉ¡μ·  μ/λ. �Éμ ¸μμÉ´μÏ¥´¨¥ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¶μ Ê£²Ê ´ ±²μ´  £¥μ³¥É·¨Î¥-
¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö, ¶μ¸É·μ¥´´μ£μ ¢ ¶μ²Ê²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥. —¥³ ¡μ²ÓÏ¥ Ê£μ²
´ ±²μ´ , É¥³ ¨´É¥´¸¨¢´¥° (¢ ¸· ¢´¥´¨¨ ¸ ³¥¦±²¥ÉμÎ´Ò³¨ ±μ³³Ê´¨± Í¨Ö³¨) ¶·μ¨¸Ìμ¤¨É
μÉ¡μ·.

‚ ¸Ê¡¶μ¶Ê²ÖÍ¨¨ ±²¥Éμ± ³¥·¨¸É¥³Ò, £¤¥ ´¥ ¨¤ÊÉ ±μ³³Ê´¨± É¨¢´Ò¥ ¶·μÍ¥¸¸Ò, · ¸-
¶·¥¤¥²¥´¨¥ ¶μ Î¨¸²Ê �Š Ö¢²Ö¥É¸Ö ¶Ê ¸¸μ´μ¢¸±¨³. ’ ±¨³ μ¡· §μ³, · ¸¶·¥¤¥²¥´¨¥ ¸¥³Ö´
¶μ Î¨¸²Ê �Š ¢ ³¥·¨¸É¥³¥ ³μ¦´μ μ¶¨¸ ÉÓ ¸Ê³³μ° £¥μ³¥É·¨Î¥¸±μ£μ ¨ ¶Ê ¸¸μ´μ¢¸±μ£μ
· ¸¶·¥¤¥²¥´¨° (G + P). �²ÓÉ¥·´ É¨¢´Ò³¨ £¨¶μÉ¥§ ³¨ Ö¢²Ö²¨¸Ó μ¤´μ±μ³¶μ´¥´É´Ò¥ ¶Ê ¸-
¸μ´μ¢¸±μ¥ (P) ¨ £¥μ³¥É·¨Î¥¸±μ¥ (G) · ¸¶·¥¤¥²¥´¨Ö.
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1.2. ƒ¨¶μÉ¥§Ò ¶μÖ¢²¥´¨Ö ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ±. —¨¸²μ ±²¥Éμ± Nk ¢ ¸É Í¨μ´ ·-
´μ° Ë §¥ ·μ¸É  (¢ ¸É ¤¨¨ ¶¥·¢ÒÌ ³¨Éμ§μ¢) μ¶¨¸Ò¢ ¥É¸Ö ¸É Í¨μ´ ·´Ò³ ¸²ÊÎ °´Ò³ ¢¥É¢Ö-
Ð¨³¸Ö ¶·μÍ¥¸¸μ³ [6], £¤¥ k Å ´μ³¥· ¶μ±μ²¥´¨Ö ±²¥Éμ±. ‚ ÔÉμ³ ¸²ÊÎ ¥ Kk = Nk+1/Nk Å
´¥§ ¢¨¸¨³Ò¥ μ¤¨´ ±μ¢μ · ¸¶·¥¤¥²¥´´Ò¥ ¸²ÊÎ °´Ò¥ ¢¥²¨Î¨´Ò. �Î¥¢¨¤´μ, ÎÉμ Nn = KN1,
£¤¥ K = K1 × · · · × Kn. �μÔÉμ³Ê lg K = lg K1 + . . . + lg Kn. –¥´É· ²Ó´ Ö ¶·¥¤¥²Ó´ Ö
É¥μ·¥³  £² ¸¨É: ®…¸²¨ X1, . . . , Xn Å ´¥§ ¢¨¸¨³Ò¥ μ¤¨´ ±μ¢μ · ¸¶·¥¤¥²¥´´Ò¥ ¸²ÊÎ °´Ò¥
¢¥²¨Î¨´Ò, ¨³¥ÕÐ¨¥ ³ É¥³ É¨Î¥¸±μ¥ μ¦¨¤ ´¨¥ ¨ ¤¨¸¶¥·¸¨Õ, Éμ ¶·¨ n → ∞ § ±μ´ · ¸-

¶·¥¤¥²¥´¨Ö ¸Ê³³Ò
∑

i

Xi ´¥μ£· ´¨Î¥´´μ ¶·¨¡²¨¦ ¥É¸Ö ± ´μ·³ ²Ó´μ³Ê¯. ‚ ´ Ï¥³ ¸²ÊÎ ¥

Xi = lg Ki. �μÔÉμ³Ê ¢¥²¨Î¨´  lg K ¡Ê¤¥É · ¸¶·¥¤¥²¥´  ¶μ ´μ·³ ²Ó´μ³Ê § ±μ´Ê,   ÔÉμ
μ§´ Î ¥É, ÎÉμ ¢¥²¨Î¨´  K ,   ¸²¥¤μ¢ É¥²Ó´μ ¨ Nn, ¡Ê¤ÊÉ · ¸¶·¥¤¥²¥´Ò ¶μ ²μ£´μ·³ ²Ó´μ³Ê
§ ±μ´Ê [7].

Œ¥·¨¸É¥³  £¥É¥·μ£¥´´ , ¨ ¶Ê² ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ± ¸μ¸Éμ¨É, ¶μ ±· °´¥° ³¥·¥,
¨§ ¤¢ÊÌ ¸Ê¡¶μ¶Ê²ÖÍ¨°. Œ ²Ò¥ ¤μ§Ò · ¤¨ Í¨¨ ¤μ¶μ²´¨É¥²Ó´μ ¸É¨³Ê²¨·ÊÕÉ ± ¶·μ²¨Ë¥-
· Í¨¨ ¶μ±μÖÐ¨¥¸Ö ±²¥É±¨ [8]. �μÔÉμ³Ê £¨¶μÉ¥É¨Î¥¸±ÊÕ ³μ¤¥²Ó ¶μÖ¢²¥´¨Ö �Š ³μ¦´μ
¶·¥¤¸É ¢¨ÉÓ É ±¨³ μ¡· §μ³:

• ‚ ¸É Í¨μ´ ·´μ° Ë §¥ ·μ¸É  ±μ·¥Ï±  · ¸¶·¥¤¥²¥´¨¥ ¶·μ·μ¸É±μ¢ ¸¥³Ö´ ¶μ Î¨¸²Ê �Š
Ö¢²Ö¥É¸Ö ²μ£´μ·³ ²Ó´Ò³.

• �μÖ¢²¥´¨¥ �Š ³μ¦¥É ¶·μ¨¸Ìμ¤¨ÉÓ ¢ É·¥Ì ´¥§ ¢¨¸¨³ÒÌ ¸Ê¡¶μ¶Ê²ÖÍ¨ÖÌ: ¤¢ÊÌ, μÉ· -
¦ ÕÐ¨Ì £¥É¥·μ£¥´´μ¸ÉÓ ¶·μ²¨Ë¥· É¨¢´μ£μ ¶Ê² , ¨ É·¥ÉÓ¥°, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¸É¨³Ê²¨-
·μ¢ ´´Ò³ ± ¶·μ²¨Ë¥· Í¨¨ ¶μ±μÖÐ¨³¸Ö ±²¥É± ³.

Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ Î¨¸²μ �Š ¢ ³¥·¨¸É¥³¥ μ¶¨¸Ò¢ ¥É¸Ö ¸Ê³³μ°
²μ£´μ·³ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°:

�Šn =
∑

i=1,k

Ai√
2πwix

exp

(
−

(
ln

x

ai

)2

2w2
i

)
,

£¤¥ �Šn Å Î¨¸²μ ¸¥³Ö´ ¸ n ¶·μ²¨Ë¥·¨pÊÕÐ¨³¨ ±²¥É± ³¨ ¢ ³¥·¨¸É¥³¥ · ¸É¥´¨Ö;
Ai Å ¢¥²¨Î¨´  i-° ¸Ê¡¶μ¶Ê²ÖÍ¨¨; ai, wi Å ¶ · ³¥É·Ò ²μ£´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö;
k = 1, 2, 3. �²ÓÉ¥·´ É¨¢´Ò³¨ £¨¶μÉ¥§ ³¨ Ö¢²Ö²¨¸Ó μ¤´μ±μ³¶μ´¥´É´μ¥ ²μ£´μ·³ ²Ó´μ¥
· ¸¶·¥¤¥²¥´¨¥ (LN) ¨ ¸³¥¸Ó ¨§ ¤¢ÊÌ ²μ£´μ·³ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° (2LN).

1.3. Œ¥Éμ¤Ò. „²Ö  ¶¶·μ±¸¨³ Í¨¨ · ¸¶·¥¤¥²¥´¨° ¨ ¸É É¨¸É¨Î¥¸±μ° μÍ¥´±¨ ± Î¥¸É¢ 
·¥£·¥¸¸¨¨ ¶·¨³¥´Ö²¨ ³¥Éμ¤ ³ ±¸¨³ ²Ó´μ£μ ¶· ¢¤μ¶μ¤μ¡¨Ö. „²Ö μÍ¥´±¨ ·¥£·¥¸¸¨¨ ¨¸-
¶μ²Ó§μ¢ ²¨ ¸²¥¤ÊÕÐ¨¥ ±·¨É¥·¨¨:

• R2
adj Å ±μÔËË¨Í¨¥´É ¤¥É¥·³¨´ Í¨¨, ¸±μ··¥±É¨·μ¢ ´´Ò° ´  Î¨¸²μ ¸É¥¶¥´¥° ¸¢μ-

¡μ¤Ò [9] (Ô±¢¨¢ ²¥´É´Ò° ¨§¢¥¸É´μ³Ê ¢ · ¤¨μ¡¨μ²μ£¨¨ ’-±·¨É¥·¨Õ [10]);
• ±·¨É¥·¨° AIC (±·¨É¥·¨° �± ¨±¥) [11];
• ±·¨É¥·¨° BIC (¢Ò¡μ· ´ ¨¡μ²¥¥ ¢¥·μÖÉ´μ° ¨§  ´¸ ³¡²Ö ³μ¤¥²¥° ¶·¨ Ê¸²μ¢¨¨  ¶·¨-

μ·´μ° · ¢´μ¢¥·μÖÉ´μ¸É¨ ²Õ¡μ° ¨§ ´¨Ì) [12].
�·¥¤¶μÎÉ¥´¨¥ μÉ¤ ¢ ²¨ £¨¶μÉ¥§¥, ²ÊÎÏ¥° ¶μ ¡μ²ÓÏ¨´¸É¢Ê ±·¨É¥·¨¥¢. �·¨ ¡²¨§±¨Ì

§´ Î¥´¨ÖÌ ±·¨É¥·¨¥¢ ¢Ò¡¨· ²¨ ¡μ²¥¥ ®¶·μ¸ÉÊÕ¯ £¨¶μÉ¥§Ê. „²Ö ¤ ´´μ£μ ±μ²¨Î¥¸É¢  Ô±¸-
¶¥·¨³¥´É ²Ó´ÒÌ ÉμÎ¥± Î¨¸²μ ¶ · ³¥É·μ¢ ³μ¤¥²¨, ± ± ¶· ¢¨²μ, ¡μ²ÓÏ¥ ¶μ ¸· ¢´¥´¨Õ
¸ μ¶É¨³ ²Ó´Ò³ [13], ¶μÔÉμ³Ê ¡Ò²  ¢Ò¶μ²´¥´  ¶·μ¢¥·±  Ê¸Éμ°Î¨¢μ¸É¨ · ¸¶·¥¤¥²¥´¨°.
�·μ¢¥·±  § ±²ÕÎ ² ¸Ó ¢ ¢ ·Ó¨·μ¢ ´¨¨ ¤²¨´Ò ¨´É¥·¢ ²  · §¡¨¥´¨° ¶·¨ ¶μ¸É·μ¥´¨¨ £¨¸Éμ-

£· ³³. ‡  μ¸´μ¢Ê ¡Ò²  ¶·¨´ÖÉ  ¤²¨´  ¨´É¥·¢ ²  Δ =
Dmax − Dmin

M
, £¤¥ (Dmin, Dmax) Å
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¨´É¥·¢ ² ¨§³¥´¥´¨Ö ¤ ´´ÒÌ; M = [log 2(N)] + 1 Å Î¨¸²μ ¨´É¥·¢ ²μ¢ · §¡¨¥´¨Ö; N Å
Î¨¸²μ ¤ ´´ÒÌ. �·μ¢¥·±  ¶μ± § ²  Ê¸Éμ°Î¨¢μ¸ÉÓ ¶μ²ÊÎ ¥³ÒÌ · ¸¶·¥¤¥²¥´¨°.

‚ · ¡μÉ¥ ¨¸¶μ²Ó§μ¢ ²¨ ¶·μ£· ³³Ê MATRIXER [14]. �μ¨¸± μ¶É¨³ ²Ó´ÒÌ §´ Î¥´¨°
¶ · ³¥É·μ¢ ³μ¤¥²¨ ¶·μ¢μ¤¨²¨ ¢ ¤¢  ÔÉ ¶ . ‘´ Î ²  ´ Ìμ¤¨²¨ ´ Î ²Ó´μ¥ ¶·¨¡²¨¦¥´¨¥
¤²Ö ¶ · ³¥É·μ¢ ³μ¤¥²¨ ³¥Éμ¤μ³ ¸²ÊÎ °´μ£μ ¶μ¨¸±  [15] ¨²¨ ³¥Éμ¤μ³ ®¨³¨É Í¨¨ μÉ¦¨£ ¯
(simulated annealing) [16]. ‡ É¥³ ´ °¤¥´´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ÊÉμÎ´Ö²¨ ¸ ¶μ³μÐÓÕ
·¥£Ê²Ö·´ÒÌ ¶·μÍ¥¤Ê· Å BFGS [17] ¨²¨ �ÓÕÉμ´  [15]. �¶É¨³¨§ Í¨¨ ¶μ¤¢¥·£ ²¨¸Ó É·¨
¶ · ³¥É· .

„²Ö ¶μ¸É·μ¥´¨Ö · ¸¶·¥¤¥²¥´¨° ¨¸¶μ²Ó§μ¢ ´Ò ·¥§Ê²ÓÉ ÉÒ μ¶ÒÉμ¢ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¸¥-
³Ö´ ¶·¨·μ¤´ÒÌ ¶μ¶Ê²ÖÍ¨° ¶μ¤μ·μ¦´¨±  Plantago major, ¶·μ¨§· ¸É ÕÐ¨Ì ¢¡²¨§¨ ¨¸ÉμÎ-
´¨±μ¢ · ¤¨ Í¨¨ (
 ² ±μ¢¸±μ°  Éμ³´μ° ¸É ´Í¨¨ ¨ ¢ Œμ¸±μ¢¸±μ° μ¡² ¸É¨, 1998Ä1999 ££.)
[18, 19], ¨ Î¨¸Éμ° ²¨´¨¨ £μ·μÌ  Pisum arvense, ¶μ²ÊÎ¥´´μ° ¢μ ‚¸¥·μ¸¸¨°¸±μ³ �ˆˆ ¸¥²Ó-
¸±μ£μ Ìμ§Ö°¸É¢  ¨ ¸¥²¥±Í¨¨ (Œμ¸±¢ ) [18, 20]. ‚ μ¶ÒÉ Ì ¡Ò²¨ μ¶·¥¤¥²¥´Ò Î¨¸²   ¡¥·-
· ´É´ÒÌ (�Š) ¨ ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ± (�Š). ‚ ·¨ ¡¥²Ó´μ¸ÉÓ ¶μ Î¨¸²Ê �Š ¨ �Š
μ¡Ê¸²μ¢²¨¢ ¥É ¢ ·¨ ¡¥²Ó´μ¸ÉÓ Î¨¸²  ±μ·¥Ï±μ¢ ¶·μ·μ¸Ï¨Ì ¸¥³Ö´ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
· ¸¶·¥¤¥²¥´¨ÖÌ.

2. �…‡“‹œ’�’› ˆ ��‘“†„…�ˆŸ

2.1. � ¸¶·¥¤¥²¥´¨Ö ¸¥³Ö´ ¶μ Î¨¸²Ê  ¡¥·· ´É´ÒÌ ±²¥Éμ±. ‚ É ¡². 1, 2 ¶μ± § ´Ò ·¥-
§Ê²ÓÉ ÉÒ ¸É É¨¸É¨Î¥¸±μ° μÍ¥´±¨ ³μ¤¥²¥° · ¸¶·¥¤¥²¥´¨Ö ¸¥³Ö´ ¶μ Î¨¸²Ê �Š ¢ ³¥·¨¸É¥³¥.
�·¥¤¸É ¢²¥´ μ¡Ñ¥³ ¢Ò¡μ·μ±: Î¨¸²μ ¨§ÊÎ¥´´ÒÌ ±²¥Éμ± ( ´ -É¥²μË §) ¢ ¸É ¤¨¨ ¶¥·¢ÒÌ ³¨-
Éμ§μ¢ ³¥·¨¸É¥³Ò ¨ Î¨¸²μ ±μ·¥Ï±μ¢ ¸ É ±¨³¨ ³¥·¨¸É¥³ ³¨. �·¨¢¥¤¥´ ¶¥·¢¨Î´Ò° ³ É¥-
·¨ ² ¶μ ¸É É¨¸É¨±¥ ¶μÖ¢²¥´¨Ö �Š: Î¨¸²μ ¶·μ·μ¸É±μ¢ ¸ Î¨¸²μ³ �Š ¢ ³¥·¨¸É¥³¥. �μ± § ´ 
´ ¨²ÊÎÏ Ö ³μ¤¥²Ó, μÍ¥´¥´´ Ö ¶μ ´¥¸±μ²Ó±¨³ ±·¨É¥·¨Ö³ (´  ¶¥·¢μ³ ³¥¸É¥ ¸Éμ¨É ´ ¨²ÊÎ-
Ï Ö). ‚ É ¡². 3, 4 ¶·¨¢¥¤¥´Ò μÍ¥´±  ¢Ò¡· ´´μ° ³μ¤¥²¨ (R2

adj) ¨ ¶ · ³¥É·Ò · ¸¶·¥¤¥²¥-
´¨°: ¢Ò¡μ·μÎ´Ò¥ ¸·¥¤´¨¥ §´ Î¥´¨Ö aP, aG ¨ μÉ´μ¸¨É¥²Ó´ Ö ¢¥²¨Î¨´  · ¸¶·¥¤¥²¥´¨° G, P
(¶μ¤μ·μ¦´¨±, £μ·μÌ); ¢Ò¡μ·μÎ´Ò¥ ¸·¥¤´¨¥ §´ Î¥´¨Ö a1, a2, a3 ¨ μÉ´μ¸¨É¥²Ó´ Ö ¢¥²¨Î¨´ 
· ¸¶·¥¤¥²¥´¨° LN1, LN2, LN3 (¶μ¤μ·μ¦´¨±). ˆ§ É ¡². 1 ¸²¥¤Ê¥É, ÎÉμ · ¸¶·¥¤¥²¥´¨Ö ¸¥-
³Ö´ ¶μ¤μ·μ¦´¨±  ¶μ Î¨¸²Ê �Š ¸²¥¤ÊÕÉ ³μ¤¥²¨ ®�¯ ¢ 1998 £. ¨ ®G+ P¯ ¢ 1999 £. �Éμ
³μ¦¥É ¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ μ Éμ³, ÎÉμ ³¥Ì ´¨§³Ò  ¤ ¶É Í¨¨ ¢ ÔÉ¨ £μ¤Ò ¡Ò²¨ · §²¨Î´Ò³¨:
¢ 1998 £. ¨§³¥´Î¨¢μ¸ÉÓ ±²¥Éμ± ¨ · ¸É¥´¨° ¡Ò²  μ¡Ê¸²μ¢²¥´  ¶¥·¢¨Î´Ò³¨ ¶μ¢·¥¦¤¥´¨-
Ö³¨ ±²¥Éμ±,   ¢ 1999 £. ¶·μÍ¥¸¸  ¤ ¶É Í¨¨ μ¡¥¸¶¥Î¨¢ ²¸Ö ³¥Ì ´¨§³μ³ ³¥¦±²¥ÉμÎ´μ°
±μ³³Ê´¨± Í¨¨. ‘É É¨¸É¨Î¥¸±¨°  ´ ²¨§ · ¸¶·¥¤¥²¥´¨° ¸¥³Ö´ £μ·μÌ  ¶μ± §Ò¢ ¥É ¶·¥¨³Ê-
Ð¥¸É¢μ ³μ¤¥²¨ ®G + P¯ ¨ ®G¯ ¶·¨ ³ ²ÒÌ · ¤¨ Í¨μ´´ÒÌ ¢μ§¤¥°¸É¢¨ÖÌ (É ¡². 2). Œμ¦´μ
¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ ³¥·¨¸É¥³ Ì ¶·μ·μ¸É±μ¢ ¨§ÊÎ¥´´ÒÌ £·Ê¶¶ ¸¥³Ö´ ¨³¥ÕÉ ³¥¸Éμ ±μ³-
³Ê´¨± É¨¢´Ò¥ ¶·μÍ¥¸¸Ò, ±·μ³¥ ¸²ÊÎ Ö μ¡²ÊÎ¥´¨Ö ¸¥³Ö´ ¶·¨ ³μÐ´μ¸É¨ ¤μ§Ò 19,1 ¸ƒ·/Î
(2-Ö ¸¥·¨Ö μ¶ÒÉμ¢), ±μ£¤   ¤ ¶É Í¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨°
±²¥Éμ± ³¥·¨¸É¥³Ò.

� ´¥¥ ¤²Ö  ¶¶·μ±¸¨³ Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¸¥³Ö´ ¶μ Î¨¸²Ê �Š ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò
1) ³¥Éμ¤ ¶¥·¥¡μ·  ¢¸¥Ì ¶ · ³¥É·μ¢ ¸ ³ ²¥´Ó±¨³ Ï £μ³ ¨ ¢Ò¡μ· μ¶É¨³ ²Ó´μ£μ ¨Ì §´ Î¥´¨Ö
¢ ¸³Ò¸²¥ ±·¨É¥·¨Ö χ2 [18] ¨ 2) ³¥Éμ¤ ¸²ÊÎ °´μ£μ ¶μ¨¸±  μ¶É¨³ ²Ó´μ£μ ´ ¡μ·  Î¥ÉÒ·¥Ì
¶ · ³¥É·μ¢ ¸ ¶μ¸²¥¤ÊÕÐ¥° ¶·μÍ¥¤Ê·μ° Fumili [19, 20]. ‚ MATRIXER μ¶É¨³¨§ Í¨¨
¶μ¤¢¥·£ ²¨¸Ó É·¨ ¶ · ³¥É· . �¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3 ¤²Ö ¢¸¥Ì ÉμÎ¥± (1999 £.).
‚¨¤´μ, ÎÉμ MATRIXER ®¨£´μ·¨·Ê¥É¯ Ì¢μ¸ÉÒ · ¸¶·¥¤¥²¥´¨°, ¶·¥¢· Ð Ö ¡μ²ÓÏ¨´¸É¢μ
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’ ¡²¨Í  3. Š·¨É¥·¨° μÍ¥´±¨ ³μ¤¥²¨·μ¢ ´¨Ö R2
adj ¨ ¶ · ³¥É·Ò · ¸¶·¥¤¥²¥´¨° · ¸É¥´¨° ¶μ¤μ-

·μ¦´¨±  ¶μ Î¨¸²Ê  ¡¥·· ´É´ÒÌ ¨ ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ±

�μ¶Ê- P+ G LN1 +LN2+ LN3
²ÖÍ¨Ö R2

adj aP aG P G R2
adj a1 a2 a3 LN1 LN2 LN3

1998 £.

�1 99,9 0,55 8,9 1
�2 100 0,27 1 99,4 5,6 1
�4 100 0,28 1 98,7 6,1 1
�7 100 0,36 1 98,2 11,0 1
�8 100 0,46 1 95,3 7,5 1
�9 100 0,44 1 96,2 6,7 1
�10 100 0,51 1 87,2 9,6 1
�11 99,9 0,77 0,14 0,81 0,19 96,7 8,1 1
�12 100 0,32 1 84,8 10,0 21,5 11,8 0,2 0,42 0,35

1999 £.

�2 99,5 1,53 0,49 0,48 0,52 97,3 8,1 21,8 8,4 0,26 0,61 0,13
�3 98,4 1,65 0,54 0,92 0,08 98,4 18,6 31,0 5,9 0,74 0,21 0,05
�4 98,7 1,45 1 98,7 13 28,7 0,82 0,18
�5 98,4 1,44 0,54 0,80 0,20 97,8 9,7 19,4 8,8 0,18 0,58 0,24
�6 98,7 1,26 1 94,9 16,2 19,75 0,83 0,17
�11 99,9 0,91 1,06 0,80 0,20 99,9 10,0 18,0 11,1 0,26 0,17 0,57
�12 99,9 0,78 1 98,2 7,8 1

’ ¡²¨Í  4. Š·¨É¥·¨° μÍ¥´±¨ ³μ¤¥²¨·μ¢ ´¨Ö R2
adj ¨ ¶ · ³¥É·Ò · ¸¶·¥¤¥²¥´¨° · ¸É¥´¨° ¸¥³Ö´

¶μ Î¨¸²Ê  ¡¥·· ´É´ÒÌ ±²¥Éμ±

ŒμÐ´μ¸ÉÓ P ¸¶·¥¤¥²¥´¨Ö
¤μ§Ò, ¸ƒ·/Î R2

adj aP aG P G

1-Ö £·Ê¶¶ 

Šμ´É·μ²Ó 98,1 Å 7,9 Å 1
0,3 96,8 5,0 2,5 0,82 0,18
1,2 93,5 Å 5,3 Å 1
19,1 99,9 3,4 10,3 0,63 0,37

2-Ö £·Ê¶¶ 

Šμ´É·μ²Ó 96,6 Å 4,9 Å 1
0,3 71,1 4,21 1,96 0,76 0,24
1,2 97,9 6,3 2,8 0,46 0,54
19,1 78,7 2,17 Å 1 Å

· ¸¶·¥¤¥²¥´¨° ¨§ £¥μ³¥É·¨Î¥¸±¨Ì (¶μ ¶·¥¤Ò¤ÊÐ¨³  ¶¶·μ±¸¨³ Í¨Ö³) ¢ ¶Ê ¸¸μ´μ¢¸±¨¥.
‚¸¥ ³¥Éμ¤Ò μ¶¨¸Ò¢ ÕÉ μ¤´¨ ¨ É¥ ¦¥ § ±μ´μ³¥·´μ¸É¨, ¸ ¶μ¶· ¢±μ° ´  Ì¢μ¸ÉÒ.
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�¨¸. 3. ‘· ¢´¥´¨¥ ¶ · ³¥É·μ¢ · ¸¶·¥¤¥²¥´¨° ¸¥³Ö´ ¶μ Î¨¸²Ê  ¡¥·· ´É´ÒÌ ±²¥Éμ±, ¶μ²ÊÎ¥´´ÒÌ

· §²¨Î´Ò³¨ ¶·μ£· ³³ ³¨: 1 Å MATRIXER (μ¶É¨³¨§ Í¨Ö É·¥Ì ¶ · ³¥É·μ¢); 2 Å ³¥Éμ¤ ¸²ÊÎ °´μ£μ
¶μ¨¸±  ¨ ÊÉμÎ´¥´¨¥ ¸ ¶μ³μÐÓÕ ¶·μÍ¥¤Ê·Ò FUMILI (μ¶É¨³¨§ Í¨Ö Î¥ÉÒ·¥Ì ¶ · ³¥É·μ¢); 3 Å ³¥Éμ¤

¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¶¥·¥¡μ·  (μ¶É¨³¨§ Í¨Ö Î¥ÉÒ·¥Ì ¶ · ³¥É·μ¢). ‚Ò¡μ·μÎ´μ¥ ¸·¥¤´¥¥ §´ Î¥´¨¥
· ¸¶·¥¤¥²¥´¨Ö ®G¯ (a), ®P¯ (¡); Î¨¸²μ ±μ·¥Ï±μ¢ ¢ · ¸¶·¥¤¥²¥´¨¨ ®G¯ (¢), ®P¯ (£)

2.2. � ¸¶·¥¤¥²¥´¨Ö ¸¥³Ö´ ¶μ Î¨¸²Ê ¶·μ²¨Ë¥·¨·ÊÕÐ¨Ì ±²¥Éμ±. �¥§Ê²ÓÉ ÉÒ  ´ ²¨§ 
· ¸¶·¥¤¥²¥´¨° ¶μ Î¨¸²Ê �Š ¢ ³¥·¨¸É¥³ Ì ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¸¥³Ö´ ¶·¥¤¸É ¢²¥´Ò ¢
É ¡². 5.

‚ ¶μ¶Ê²ÖÍ¨ÖÌ 1998 £. ¶·¥μ¡² ¤ ¥É μ¤´μ±μ³¶μ´¥´É´μ¥ · ¸¶·¥¤¥²¥´¨¥ LN, §  ¨¸±²ÕÎ¥-
´¨¥³ ¶μ¶Ê²ÖÍ¨¨ �12. ‚ 1999 £. · ¸¶·¥¤¥²¥´¨Ö Ö¢²ÖÕÉ¸Ö ¤¢ÊÌ- ¨²¨ É·¥Ì±μ³¶μ´¥´É´Ò³¨.
�Éμ ³μ¦¥É ¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ μ ±μ³¶²¥±¸´μ³ ³¥Ì ´¨§³¥ ¶μÖ¢²¥´¨Ö �Š, £¥É¥·μ£¥´´μ¸É¨
³¥·¨¸É¥³Ò ¨ ¸ÊÐ¥¸É¢¥´´μ° ·μ²¨ ¸É¨³Ê²ÖÍ¨¨ ¶·μ²¨Ë¥· Í¨¨ ¶μ±μÖÐ¨Ì¸Ö ±²¥Éμ± ¢ 1999 £.
Œμ¦´μ § ³¥É¨ÉÓ, ÎÉμ ®Ê¸²μ¦´¥´¨¥¯ ¸É·Ê±ÉÊ·Ò · ¸¶·¥¤¥²¥´¨° ¶μ Î¨¸²Ê �Š ¨ Î¨¸²Ê �Š
¶·μ¨¸Ìμ¤¨É μ¤´μ¢·¥³¥´´μ (É ¡². 1, 5).

�¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ¸É·Ê±ÉÊ·  · ¸¶·¥¤¥²¥´¨Ö ¶μ Î¨¸²Ê �Š ¢ ¶μ¶Ê²ÖÍ¨¨ �12
(1998 £., ¸³. ·¨¸. 4). �´   ´ ²μ£¨Î´  ¸É·Ê±ÉÊ·¥ · ¸¶·¥¤¥²¥´¨° ¢ ¶μ¶Ê²ÖÍ¨ÖÌ 30-±³ §μ´Ò
��‘ �2Ä�6 (1999 £.). �μ¶Ê²ÖÍ¨Ö �12 ¶·μ¨§· ¸É ¥É ¢ 150 ³ μÉ · ¡μÉ ÕÐ¥£μ Ê¸±μ-
·¨É¥²Ö (Œμ¸±μ¢¸± Ö μ¡².), Ö¢²ÖÕÐ¥£μ¸Ö ¨¸ÉμÎ´¨±μ³ ´¥°É·μ´μ¢. 
Ò²¨ ¸¤¥² ´Ò · ¸Î¥ÉÒ
¤μ§ ¨ ³μÐ´μ¸É¥° ¤μ§ ´¥°É·μ´´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö ¶μ¶Ê²ÖÍ¨¨ �12. � ¸Î¥ÉÒ ¶μ ¶·μ£· ³³¥
MCNP 4B [21] ¶μ± § ²¨, ÎÉμ §  ¶¥·¨μ¤ ¢¥£¥É Í¨¨ ¸¥³¥´  �12 ¶μ²ÊÎ¨²¨ ¤μ§Ê ´¥°É·μ´´μ£μ
¨§²ÊÎ¥´¨Ö 0,4Ä0,5 ³‡¢ (Î¥ÉÒ·¥Ì±· É´μ¥ ¶·¥¢ÒÏ¥´¨¥ £μ¤μ¢μ£μ Ëμ´ ). �·μÖ¢²¥´¨¥ μ¤´¨Ì ¨
É¥Ì ¦¥ § ±μ´μ³¥·´μ¸É¥° ¢¡²¨§¨ Ê¸±μ·¨É¥²Ö ¨ ¢ 30-±³ §μ´¥ ��‘ ¶μ§¢μ²Ö¥É ¶·¥¤¶μ²μ¦¨ÉÓ,
ÎÉμ ¢ ¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ É ±¦¥ ¨³¥¥É ³¥¸Éμ · ¤¨ Í¨μ´´μ¥ ¢μ§¤¥°¸É¢¨¥.
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�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ±μ·¥Ï±μ¢ ¶μ Î¨¸²Ê �Š ¢ ¶μ¶Ê²ÖÍ¨¨ �12 (1998 £.)

‘μ¢³¥¸É´Ò°  ´ ²¨§ · ¸¶·¥¤¥²¥´¨° ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¶μ¤μ·μ¦´¨±  ¶μ Î¨¸²Ê �Š
¨ �Š ¶μ± §Ò¢ ¥É ¨Ì ±μ··¥²ÖÍ¨μ´´ÊÕ ¸¢Ö§Ó. �·μ¸²¥¦¨¢ ¥É¸Ö ±μ··¥²ÖÍ¨Ö ³¥¦¤Ê ¶ · ³¥-
É· ³¨ · ¸¶·¥¤¥²¥´¨° ³μ¤¥²¥° ¶μÖ¢²¥´¨Ö �Š (LN1, LN2, LN3) ¨ �Š (P, G). �μ± § ´ 
¤μ¸Éμ¢¥·´ Ö ±μ··¥²ÖÍ¨Ö ³¥¦¤Ê ¢¥²¨Î¨´ ³¨ ¸Ê¡¶μ¶Ê²ÖÍ¨° P ¨ LN1 (r = 0,83, p < 0,01,
df = 6); G ¨ LN2 (r = 0,94, p < 0,001, df = 7), £¤¥ r Å ¢Ò¡μ·μÎ´Ò° ±μÔËË¨-
Í¨¥´É ±μ··¥²ÖÍ¨¨; p Å ¤¢Ê¸Éμ·μ´´¨¥ ¤μ¢¥·¨É¥²Ó´Ò¥ £· ´¨ÍÒ; df Å Î¨¸²μ ¸É¥¶¥´¥°
¸¢μ¡μ¤Ò [22].

‚›‚�„›

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¶μ Î¨¸²Ê �Š ¶μ-
± § ², ÎÉμ ¢ ·¥§Ê²ÓÉ É¥ ³ ²ÒÌ ¢μ§¤¥°¸É¢¨° · ¤¨ Í¨¨ ³μ£ÊÉ ¢μ§´¨± ÉÓ · ¸¶·¥¤¥²¥´¨Ö G,
G + P (£μ·μÌ, ¶μ¤μ·μ¦´¨±). Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ μ´¨ μÉ· ¦ ÕÉ ¶·μÍ¥¸¸  ¤ ¶É Í¨¨
· ¸É¥´¨°, ¢±²ÕÎ ÕÐ¨° ³¥Ì ´¨§³Ò ±μ³³Ê´¨± É¨¢´μ£μ ¶μÖ¢²¥´¨Ö �Š ¨ ¥¸É¥¸É¢¥´´μ£μ
μÉ¡μ·  ±²¥Éμ± ¨ ¶·μ·μ¸É±μ¢.

�´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ±μ·¥Ï±μ¢ ¶·μ·μ¸É±μ¢ ¶μ Î¨¸²Ê �Š ¶μ-
± § ², ÎÉμ ¢ 1998 £. ¶μÖ¢²¥´¨¥ �Š μ¶¨¸Ò¢ ¥É¸Ö μ¤´μ±μ³¶μ´¥´É´μ° ³μ¤¥²ÓÕ LN,   ¢
1999 £. ¸Ê³³μ° É·¥Ì ²μ£´μ·³ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°. Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ Ê¸²μ¦-
´¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¨¸Ìμ¤¨É ¢ ·¥§Ê²ÓÉ É¥ £¥É¥·μ£¥´´μ¸É¨ ³¥·¨¸É¥³Ò ¨ ¸É¨³Ê²ÖÍ¨¨
¶·μ²¨Ë¥· Í¨¨ ¶μ±μÖÐ¨Ì¸Ö ±²¥Éμ±.

�·μ¸²¥¦¨¢ ¥É¸Ö ±μ··¥²ÖÍ¨Ö ³¥¦¤Ê ¶ · ³¥É· ³¨ · ¸¶·¥¤¥²¥´¨° ³μ¤¥²¥° ¶μÖ¢²¥´¨Ö
�Š (G, P) ¨ �Š (LN1, LN2, LN3).

’ ±¨³ μ¡· §μ³,  ´ ²¨§ ¸É·Ê±ÉÊ·Ò · ¸¶·¥¤¥²¥´¨° ¸¥³Ö´ ¶μ �Š ¨ �Š ³μ¦¥É ¸²Ê¦¨ÉÓ
¨´¤¨± Éμ·μ³ ¢μ§¤¥°¸É¢¨Ö Ë ±Éμ·μ¢ ¸·¥¤Ò.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ ƒ. �.�¸μ¸±μ¢  ¨ ‚. 
.�·¨¥§¦¥¢  §  ¶²μ¤μÉ¢μ·´Ò¥ μ¡¸Ê¦¤¥´¨Ö.
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