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� §· ¡μÉ ´´Ò° · ´¥¥ ³¥Éμ¤ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸  Ëμ·³¨·μ¢ -
´¨Ö ¶μ²Ö·μ´´ÒÌ ¸μ¸ÉμÖ´¨° ¢ ±μ´¤¥´¸¨·μ¢ ´´ÒÌ ¸·¥¤ Ì ³μ¤¨Ë¨Í¨·μ¢ ´ ¸ ¶·¨-
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�·μ£· ³³´ Ö ·¥ ²¨§ Í¨Ö ¢Ò¶μ²´¥´  ´  μ¸´μ¢¥ É¥Ì´μ²μ£¨¨ ¶ · ²²¥²Ó´μ£μ ¶·μ-
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Ð¨Ì ¤¨´ ³¨Î¥¸±ÊÕ ³μ¤¥²Ó ¶μ²Ö·μ´ .
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Previously developed method for the numerical simulation of the polaron states
formation in condensed matter has been modiˇed using the partitions algorithm
that provides a signiˇcant speedup in the parallel calculations on multiprocessor
systems. Software implementation is based on the MPI technology. Methodical
calculations are carried out on a multiprocessor cluster CICC LIT JINR (Dubna) with
a different processors number and a different choice of computational parameters.
The calculations conˇrm the effectiveness of the developed approach for numerical
solution of the system of nonlinear differential equations describing the polaron
dynamical model.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2015



‚‚…„…�ˆ…

‘μ²Ó¢ É¨·μ¢ ´´Ò¥ (£¨¤· É¨·μ¢ ´´Ò¥) ¸μ¸ÉμÖ´¨Ö Ô²¥±É·μ´μ¢ μ¡· §ÊÕÉ¸Ö,
¸μ£² ¸´μ ¸μ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³, ¢ ·¥§Ê²ÓÉ É¥ · ¤¨μ²¨§  ±μ´¤¥´¸¨·μ-
¢ ´´ÒÌ ¸·¥¤. �·¨ μ¡· §μ¢ ´¨¨ É ±μ£μ ¸μ¸ÉμÖ´¨Ö ¶·μ¨¸Ìμ¤¨É § Ì¢ É ¨§¡ÒÉμÎ-
´μ£μ ¸¢μ¡μ¤´μ£μ Ô²¥±É·μ´  ¶μ²Ö·¨§ Í¨μ´´μ° ¶μÉ¥´Í¨ ²Ó´μ° Ö³μ°, μ¡· §μ-
¢ ´´μ° ¨´¤ÊÍ¨·μ¢ ´´μ° ¨³ ¶μ²Ö·¨§ Í¨¥° μ±·Ê¦ ÕÐ¨Ì ¥£μ ³μ²¥±Ê² ¸·¥¤Ò.
’ ±¨³ μ¡· §μ³, ¶μ¤ ¤¥°¸É¢¨¥³ μ¡²ÊÎ¥´¨Ö ¢μ¤  (¨²¨ ¨´ Ö ¸·¥¤ ) ¶¥·¥Ìμ¤¨É
¢ μ¸μ¡μ¥ ¸μ¸ÉμÖ´¨¥, Ì · ±É¥·¨§Ê¥³μ¥ ¸¶¥Í¨ ²Ó´Ò³¨ Ë¨§¨Î¥¸±¨³¨ ¨ Ì¨³¨Î¥-
¸±¨³¨ ¸¢μ°¸É¢ ³¨. ˆ§ÊÎ¥´¨¥ ÔÉ¨Ì ¸¢μ°¸É¢ ¨³¥¥É μ£·μ³´μ¥ É¥μ·¥É¨Î¥¸±μ¥ ¨
¶·¨±² ¤´μ¥ §´ Î¥´¨¥. ‚ ¦´ÊÕ ¨´Ëμ·³ Í¨Õ μ £¨¤· É¨·μ¢ ´´μ³ Ô²¥±É·μ´¥ ¨
±¨´¥É¨±¥ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° ¸ ¥£μ ÊÎ ¸É¨¥³ ¤ ¥É ¤¨´ ³¨±  ¸¶¥±É·μ¢ ¶μ-
£²μÐ¥´¨Ö ¶·¨ ¥£μ μ¡· §μ¢ ´¨¨ ¢ μ¡²ÊÎ¥´´μ° ¢μ¤¥, ¶μ²ÊÎ ¥³ÒÌ ´  μ¸´μ¢¥
¸μ¢·¥³¥´´ÒÌ Ë¥³Éμ¸¥±Ê´¤´ÒÌ ¸¶¥±É·μ¸±μ¶¨Î¥¸±¨Ì ³¥Éμ¤μ¢. ‚ · ¡μÉ¥ [1]
¶·¥¤²μ¦¥´  ¶μ²Ö·μ´´ Ö ³μ¤¥²Ó £¨¤· É¨·μ¢ ´´μ£μ Ô²¥±É·μ´  ¨ ¶μ± § ´μ, ÎÉμ
É¥μ·¥É¨Î¥¸±¨¥ μÍ¥´±¨ ¤¨´ ³¨±¨ ¶μ£²μÐ¥´¨Ö ² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö ¢ Ê²ÓÉ· -
Ë¨μ²¥Éμ¢μ³ ¤¨ ¶ §μ´¥ ± Î¥¸É¢¥´´μ ¸μ£² ¸ÊÕÉ¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´-
´Ò³¨ ¨§ [2].

‚ · ¡μÉ Ì [3Ä5] · §· ¡μÉ ´ ³¥Éμ¤ ¨ ±μ³¶²¥±¸ ¶·μ£· ³³ ¤²Ö Î¨¸²¥´´μ£μ
·¥Ï¥´¨Ö ¸¨¸É¥³Ò ´¥²¨´¥°´ÒÌ Ê· ¢´¥´¨°, μ¶¨¸Ò¢ ÕÐ¥° ¤¨´ ³¨Î¥¸±ÊÕ ³μ-
¤¥²Ó ¶μ²Ö·μ´ . �·μ¢¥¤¥´´μ¥ ´  ÔÉμ° μ¸´μ¢¥ Î¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μ-
Í¥¸¸  μ¡· §μ¢ ´¨Ö £¨¤· É¨·μ¢ ´´μ£μ Ô²¥±É·μ´  ¶μ¤É¢¥·¤¨²μ, ÎÉμ ¨¸¶μ²Ó§Ê¥-
³Ò° ¶μ¤Ìμ¤ μ¡¥¸¶¥Î¨¢ ¥É ¸μ£² ¸¨¥ ± ± ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶μ-
£²μÐ¥´¨Ö ¸¢¥É  ¶μ²Ö·¨§μ¢ ´´μ° ¢μ¤μ°, É ± ¨ ¸ É¥μ·¥É¨Î¥¸±¨³¨ μÍ¥´± ³¨
Ô´¥·£¨¨ ¸¢Ö§¨ ¨ ¸·¥¤´¥£μ · ¤¨Ê¸  £¨¤· É¨·μ¢ ´´μ£μ Ô²¥±É·μ´ . ‘ ¢ÒÎ¨¸²¨-
É¥²Ó´μ° ÉμÎ±¨ §·¥´¨Ö · ¸Î¥ÉÒ ¸¢μ¤ÖÉ¸Ö ± ³´μ£μ±· É´μ³Ê Î¨¸²¥´´μ³Ê ·¥Ï¥-
´¨Õ Ê¶μ³Ö´ÊÉμ° ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¸ · §²¨Î´Ò³¨ ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨ ¸
É¥³, ÎÉμ¡Ò ´ °É¨ ´ Î ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥, μ¡¥¸¶¥Î¨¢ ÕÐ¥¥ ¸μ£² ¸ÊÕÐÊÕ¸Ö ¸ É¥-
μ·¨¥° ¨ Ô±¸¶¥·¨³¥´Éμ³ ¤¨´ ³¨±Ê ¢ÒÎ¨¸²Ö¥³ÒÌ ´  ± ¦¤μ³ Ï £¥ ¶μ ¢·¥³¥´¨
Ë¨§¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±. �·¥¤¸É ¢²¥´´Ò° ¢ · ¡μÉ¥ [4] ±μ³¶²¥±¸ ¶·μ£· ³³
μ¶É¨³¨§¨·μ¢ ´ ¤²Ö ¤¢ÊÌ¶·μÍ¥¸¸μ·´μ° ¸¨¸É¥³Ò, ÎÉμ ¶μ§¢μ²Ö¥É ¶μÎÉ¨ ¢ ¤¢ 
· §  Ê¸±μ·¨ÉÓ · ¸Î¥ÉÒ ¶μ ¸· ¢´¥´¨Õ ¸ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ μ¤´μ¶·μÍ¥¸¸μ·´Ò³
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·¥¦¨³μ³. �¤´ ±μ ¨ ¢ ¤¢ÊÌ¶·μÍ¥¸¸μ·´μ³ ·¥¦¨³¥ ± ¦¤Ò° · ¸Î¥É ¸ § ¤ ´´Ò³
´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³ § ´¨³ ¥É ¶·¨³¥·´μ 2 Î. �μ¸±μ²Ó±Ê, ± ± Ê¦¥ ¸± § ´μ,
¤²Ö ¶μ²´μ£μ Î¨¸²¥´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μÍ¥¸¸μ¢ Ëμ·³¨·μ¢ ´¨Ö ¸μ²Ó¢ É¨·μ-
¢ ´´ÒÌ Ô²¥±É·μ´μ¢ ¢ ±μ´¤¥´¸¨·μ¢ ´´ÒÌ ¸·¥¤ Ì É·¥¡ÊÕÉ¸Ö ³ ¸¸μ¢Ò¥ · ¸Î¥ÉÒ
¸ · §´Ò³¨ ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨, § ¤ Î  ÔËË¥±É¨¢´μ° ¶ · ²²¥²Ó´μ° μ¶É¨-
³¨§ Í¨¨ μ¸É ¥É¸Ö  ±ÉÊ ²Ó´μ°.

‚ · ¡μÉ¥ μ¶¨¸ ´  ¶ · ²²¥²Ó´ Ö ¢ÒÎ¨¸²¨É¥²Ó´ Ö ¸Ì¥³  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
´  ± ¦¤μ³ ¢·¥³¥´´	μ³ ¸²μ¥  ²£μ·¨É³  · §¡¨¥´¨° [8] ¨ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²Ó-
É ÉÒ ³¥Éμ¤¨Î¥¸±¨Ì · ¸Î¥Éμ¢ ¤²Ö · §²¨Î´μ£μ ±μ²¨Î¥¸É¢  ¶ · ²²¥²Ó´ÒÌ ¶·μ-
Í¥¸¸μ·μ¢ ¨ Ê§²μ¢ ¤¨¸±·¥É´μ° ¸¥É±¨ ¶μ ¶·μ¸É· ´¸É¢¥´´μ° ¨ ¢·¥³¥´´	μ° ±μμ·-
¤¨´ É ³, ¶μ¤É¢¥·¦¤ ÕÐ¨¥ ÔËË¥±É¨¢´μ¸ÉÓ · §· ¡μÉ ´´μ£μ ¶ · ²²¥²Ó´μ£μ  ²-
£μ·¨É³ . ‚ · §¤. 1 ¤ ´  ³ É¥³ É¨Î¥¸± Ö ¶μ¸É ´μ¢±  § ¤ Î¨ ¤²Ö ¸¨¸É¥³Ò ´¥²¨-
´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°, μ¶¨¸Ò¢ ÕÐ¥° ¤¨´ ³¨±Ê ¶μ²Ö·μ´´ÒÌ
¸μ¸ÉμÖ´¨°. ‚ · §¤. 2 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö ¸¨¸É¥³Ò Ê· ¢´¥-
´¨° ¶μ²Ö·μ´ . � §¤. 3 ¶μ¸¢ÖÐ¥´  ²£μ·¨É³Ê · §¡¨¥´¨°. ‚ · §¤. 4 μ¡¸Ê¦¤ ÕÉ¸Ö
¶μ²ÊÎ¥´´Ò¥ Î¨¸²¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ.

1. ‘ˆ‘’…Œ� “��‚�…�ˆ‰ ��‹Ÿ����

�  μ¸´μ¢¥ ËÊ´±Í¨μ´ ²  ¶μ²´μ° Ô´¥·£¨¨ μ¶É¨Î¥¸±μ£μ ¶μ²Ö·μ´  �¥± · 
¢ · ¡μÉ¥ [1] ¸Ëμ·³Ê²¨·μ¢ ´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö, μ¶¨-
¸Ò¢ ÕÐ¨¥ ¤¨´ ³¨±Ê ¢μ²´μ¢μ° ËÊ´±Í¨¨ ¶μ²Ö·μ´ , ¶²μÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö
¶μ²Ö·¨§ Í¨μ´´μ£μ § ·Ö¤ , ¨´¤ÊÍ¨·μ¢ ´´μ£μ Ô²¥±É·μ´μ³, ¨ ¶μÉ¥´Í¨ ²  ¶μ-
²Ö·¨§ Í¨¨ ¸ ÊÎ¥Éμ³ ·¥² ±¸ Í¨¨. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §²μ¦¥´¨Ö Ê± § ´´ÒÌ
Ì · ±É¥·¨¸É¨± ¶μ ¸Ë¥·¨Î¥¸±¨³ £ ·³μ´¨± ³, ¶¥·¥Ìμ¤Ö ± ¡¥§· §³¥·´Ò³ ¢¥²¨-
Î¨´ ³ ¨ μ£· ´¨Î¨¢ Ö¸Ó · ¸¸³μÉ·¥´¨¥³ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´μ£μ ¸²ÊÎ Ö, ³Ò
¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê ¶·μ¸É· ´¸É¢¥´´μ-μ¤´μ³¥·´ÒÌ ´¥²¨´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó-
´ÒÌ Ê· ¢´¥´¨° ¢ Î ¸É´ÒÌ ¶·μ¨§¢μ¤´ÒÌ, μ¶¨¸Ò¢ ÕÐ¨Ì Ô¢μ²ÕÍ¨Õ § ¤ ´´μ£μ ¢
´ Î ²Ó´Ò° ³μ³¥´É ¢·¥³¥´¨ ¶μ²Ö·μ´´μ£μ ¸μ¸ÉμÖ´¨Ö.

„¨´ ³¨Î¥¸± Ö ³μ¤¥²Ó ¶μ²Ö·μ´  ¶μ¤·μ¡´μ μ¶¨¸ ´  ¢ [5]. ‡¤¥¸Ó ³Ò ¶·¨-
¢μ¤¨³ Éμ²Ó±μ μ±μ´Î É¥²Ó´ÊÕ Ëμ·³Ê Ê· ¢´¥´¨°, μ¶¨¸Ò¢ ÕÐ¨Ì Ô¢μ²ÕÍ¨Õ § -
¤ ´´μ£μ ¢ ´Ê²¥¢μ° ³μ³¥´É ¢·¥³¥´¨ ¶μ²Ö·μ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¢ ¸Ë¥·¨Î¥¸±¨-
¸¨³³¥É·¨Î´μ³ ¶·¨¡²¨¦¥´¨¨:

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

[
i2m̄

∂

∂t
+

∂2

∂x2
+ 2m̄

r00

ε̃

φ(x, t)
x

]
ψ(x, t) = 0,

∂2

∂x2
φ(x, t) = Θ(x, t),[

∂2

∂t2
+ γ

∂

∂t
+ ω2

]
Θ(x, t) = −ω2 |ψ(x, t)|2

x
.

(1)

2



ƒ· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ¨³¥ÕÉ ¢¨¤

φ(0, t) = φ′(∞, t) = 0, ψ(0, t) = ψ(∞, t) = 0, Θ(0, t) = Θ(∞, t) = 0. (2)

‡¤¥¸Ó ψ(x, t) Å ¡¥§· §³¥·´ Ö · ¤¨ ²Ó´ Ö ¸μ¸É ¢²ÖÕÐ Ö ¢μ²´μ¢μ° ËÊ´±Í¨¨
Ô²¥±É·μ´ ; φ(x, t) Å ¡¥§· §³¥·´ Ö · ¤¨ ²Ó´ Ö Î ¸ÉÓ ¶μÉ¥´Í¨ ²  ¶μ²Ö·¨§ -
Í¨¨, ¨´¤ÊÍ¨·Ê¥³μ£μ Ô²¥±É·μ´μ³; ¡¥§· §³¥·´ Ö ËÊ´±Í¨Ö Θ(x, t) ¨³¥¥É Ë¨§¨Î¥-
¸±¨° ¸³Ò¸² · ¤¨ ²Ó´μ° Î ¸É¨ ¶²μÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¶μ²Ö·¨§ Í¨μ´´μ£μ § -
·Ö¤ ; ε̃ = 1,81 Å ±μÔËË¨Í¨¥´É ¤¨Ô²¥±É·¨Î¥¸±μ° ¶·μ´¨Í ¥³μ¸É¨; m̄ = 2,692,
γ = 2,145, ω = 1 Å μ¡¥§· §³¥·¥´´Ò¥ ¶ · ³¥É·Ò ÔËË¥±É¨¢´μ° ³ ¸¸Ò £¨¤· -
É¨·μ¢ ´´μ£μ Ô²¥±É·μ´ , ·¥² ±¸ Í¨¨ (É·¥´¨Ö) ¨ Î ¸ÉμÉÒ; r00 Å ³ ¸ÏÉ ¡¨·ÊÕ-
Ð¨° ³´μ¦¨É¥²Ó, ¢¢¥¤¥´´Ò° ¤²Ö Éμ£μ, ÎÉμ¡Ò ®Ê· ¢´μ¢¥¸¨ÉÓ¯ μÉ²¨Î ÕÐ¨¥¸Ö
¡μ²¥¥ Î¥³ ´  10 ¶μ·Ö¤±μ¢ ¨¸Ìμ¤´Ò¥ §´ Î¥´¨Ö Ë¨§¨Î¥¸±¨Ì ¶ · ³¥É·μ¢.

2. Š��…—��-��‡��‘’��Ÿ ‘•…Œ�

„²Ö Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö ¸¨¸É¥³  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° (1) § -
³¥´Ö¥É¸Ö ¸¨¸É¥³μ° · §´μ¸É´ÒÌ Ê· ¢´¥´¨° ´  · ¢´μ³¥·´μ° ¤¨¸±·¥É´μ° ¸¥É±¥
¸ Ê§² ³¨ xm = mhx ¨ tn = nht, £¤¥ hx ¨ ht Å Ï £¨ ¶μ ¶·μ¸É· ´¸É¢¥´-
´μ° ¨ ¢·¥³¥´´	μ° ¶¥·¥³¥´´Ò³. ‚ ·¥§Ê²ÓÉ É¥ ¶μ¤¸É ´μ¢μ± ¨§¢¥¸É´ÒÌ ±μ´¥Î´μ-
· §´μ¸É´ÒÌ Ëμ·³Ê² [6] ³Ò ¶μ²ÊÎ ¥³ ¸¨¸É¥³Ê ¸¥ÉμÎ´ÒÌ Ê· ¢´¥´¨° μÉ´μ¸¨-
É¥²Ó´μ §´ Î¥´¨° ËÊ´±Í¨° ψn

m = ψ(xm, tn), φn
m = φ(xm, tn), Θn

m = Θ(xm, tn)
¢ Ê§² Ì ¤¨¸±·¥É´μ° ¸¥É±¨:
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‚ · ¡μÉ¥ [7] ¡Ò²  ¶·¥¤²μ¦¥´  ¸Ì¥³  Î¨¸²¥´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¤¨´ ³¨-
Î¥¸±μ° ³μ¤¥²¨ ¶μ²Ö·μ´ , ¶μ¸É·μ¥´´ Ö É ±, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ¢μ§³μ¦´μ¸ÉÓ ´ 
± ¦¤μ³ n-³ ¢·¥³¥´´	μ³ ¸²μ¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¢ÒÎ¨¸²ÖÉÓ §´ Î¥´¨Ö Θn+1, ϕn+1

¨ ψn+1, ¨§¡¥£ Ö É¥³ ¸ ³Ò³ Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö ¤²Ö ± ¦¤μ£μ n ¸¨¸É¥³Ò É·¥Ì
´¥²¨´¥°´ÒÌ Ê· ¢´¥´¨°. Šμ··¥±É´μ¸ÉÓ ¸Ì¥³Ò ¶·¨³¥´¨É¥²Ó´μ ± Î¨¸²¥´´μ³Ê
·¥Ï¥´¨Õ § ¤ Î¨ (3) ¶·μ¢¥·¥´  ¶ÊÉ¥³ É¥¸Éμ¢ÒÌ · ¸Î¥Éμ¢ ¢ [3]. ˆÉ ±, ´  ± ¦-
¤μ³ ¸²μ¥ c ´μ³¥·μ³ n ¢Ò¶μ²´Ö¥É¸Ö ¸²¥¤ÊÕÐ Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¤¥°¸É¢¨°.

�  ¶¥·¢μ³ Ï £¥ ¨§ É·¥ÉÓ¥£μ Ê· ¢´¥´¨Ö ¸¨¸É¥³Ò (3) ¶·¨ ¨§¢¥¸É´ÒÌ ψn

Ö¢´μ ¢ÒÎ¨¸²Ö¥³ Θn+1 ¤²Ö ¢¸¥Ì m ¶μ Ëμ·³Ê²¥

Θn+1
m =

[
−−2Θn

m + Θn−1
m

h2
t

− γ
−Θn

m

ht
− ω2 |ψn

m|2

mhx

]
·
[

1
h2

t

+
γ

ht
+ ω2

]−1

. (4)

�  ¢Éμ·μ³ Ï £¥ ´ °¤¥´´Ò¥ Θn+1
m ¶μ¤¸É ¢²ÖÕÉ¸Ö ¢μ ¢Éμ·μ¥ Ê· ¢´¥´¨¥.

�μ²ÊÎ¥´´ Ö ¸¨¸É¥³  N = l − 1  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨°

ÂX = D; Â =

⎡
⎢⎢⎢⎢⎣

b1 c1 0 . . . 0
a2 b2 c2 . . . 0
0 a3 b3 . . . 0

. . . . . . . . . . . . . . .
0 0 0 . . . bN

⎤
⎥⎥⎥⎥⎦ ; D =

⎡
⎢⎢⎢⎢⎣

d1

d2

d3

. . .
dN

⎤
⎥⎥⎥⎥⎦ ; X =

⎡
⎢⎢⎢⎢⎣

x1

x2

x3

. . .
xN

⎤
⎥⎥⎥⎥⎦
(5)

¸ ±μÔËË¨Í¨¥´É ³¨

am = 1, bm = −2, cm = 1, dm = Θmh2
x, m = 2, . . . , N − 1;

a1 = 0, b1 = 1, c1 = 0, d1 = 0,
aN = −1, bN = 1, cN = 0, dN = 0

(6)

·¥Ï ¥É¸Ö É¥³ ¨²¨ ¨´Ò³ ³¥Éμ¤μ³ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ϕn+1
m .

� ±μ´¥Í, ´  É·¥ÉÓ¥³ Ï £¥ ¶μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ϕn+1
m ¶μ¤¸É ¢²ÖÕÉ¸Ö

¢ ¶¥·¢μ¥ Ê· ¢´¥´¨¥ ¸¨¸É¥³Ò (3). ‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥É¸Ö  ²£¥¡· ¨Î¥¸± Ö
¸¨¸É¥³  ¢¨¤  (5) ¸ ±μÔËË¨Í¨¥´É ³¨ (¤²Ö m = 2, . . . , N − 1)

am =
iσ

2m̄h2
x

, cm =
iσ

2m̄h2
x

, bm =
1
ht

+
iσ

(
2 − 2hx

m̄r00ϕ
n+1
m

ε̃m

)
2m̄h2

x

,

dm =
ψn

m

ht
+

i(1 − σ)
(

2hx
m̄r00ϕ

n
mψn

m

ε̃m
+ ψn

m+1 − 2ψn
m + ψn

m−1

)
2m̄h2

x

,

a1 = 0, b1 = 1, c1 = 0, d1 = 0, aN = 0, bN = 1, cN = 0, dN = 0.
(7)
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É  ¸¨¸É¥³  ·¥Ï ¥É¸Ö μÉ´μ¸¨É¥²Ó´μ ψn+1
m , ¶μ¸²¥ Î¥£μ ¶·μÍ¥¤Ê·  ¶μ¢Éμ·Ö¥É¸Ö

¤²Ö ¸²¥¤ÊÕÐ¥£μ §´ Î¥´¨Ö n.
„²Ö ´ Î ²  · ¸Î¥Éμ¢ ´¥μ¡Ìμ¤¨³μ § ¤ ÉÓ §´ Î¥´¨Ö ϕ0

m. ‚ · ¡μÉ Ì [3Ä5]
´ Î ²Ó´μ¥ Ê¸²μ¢¨¥ ¢ ·Ó¨·μ¢ ²μ¸Ó ¸ É¥³, ÎÉμ¡Ò ¢μ¸¶·μ¨§¢¥¸É¨ É¥μ·¥É¨Î¥¸±¨
¶·¥¤¸± § ´´μ¥ ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ¥ ¶μ¢¥¤¥´¨¥ Ë¨§¨Î¥¸±¨Ì Ì · ±-
É¥·¨¸É¨± £¨¤· É¨·μ¢ ´´μ£μ Ô²¥±É·μ´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨. Š·μ³¥ Éμ£μ,
· ¸Î¥ÉÒ ¢ ³¥Éμ¤¨Î¥¸±¨Ì Í¥²ÖÌ ¶·μ¢μ¤¨²¨¸Ó É ±¦¥ ¸ ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨ ¢
Ëμ·³¥ ¸É Í¨μ´ ·´ÒÌ ·¥Ï¥´¨° § ¤ Î¨ (1).

—¨¸²¥´´μ¥ ·¥Ï¥´¨¥ É·¥Ì¤¨ £μ´ ²Ó´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì ¸¨¸É¥³ Ê· ¢´¥-
´¨° (5) ´  ¢Éμ·μ³ ¨ É·¥ÉÓ¥³ Ï £ Ì ¢ÒÏ¥μ¶¨¸ ´´μ£μ  ²£μ·¨É³  ³μ¦¥É μ¸Ê-
Ð¥¸É¢²ÖÉÓ¸Ö · §´Ò³¨ ¸¶μ¸μ¡ ³¨. ‚ ´ Î ²Ó´μ³ ¢ ·¨ ´É¥ ±μ³¶ÓÕÉ¥·´μ° ·¥ -
²¨§ Í¨¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ±² ¸¸¨Î¥¸±¨° ³¥Éμ¤ ¶·μ£μ´±¨. �·¨³¥´¥´¨¥ ³¥Éμ¤ 
¢¸É·¥Î´ÒÌ ¶·μ£μ´μ± μ¡¥¸¶¥Î¨¢ ¥É ¢μ§³μ¦´μ¸ÉÓ ¤¢ÊÌ±· É´μ£μ Ê¸±μ·¥´¨Ö · ¸-
Î¥Éμ¢ ¶ÊÉ¥³ · ¸¶·¥¤¥²¥´¨Ö ¢ÒÎ¨¸²¥´¨° ´  ¤¢  ¶ · ²²¥²Ó´μ · ¡μÉ ÕÐ¨Ì ¶·μ-
Í¥¸¸μ· . ‚ ´ ¸ÉμÖÐ¥° ·¥ ²¨§ Í¨¨ ¤²Ö ·¥Ï¥´¨Ö  ²£¥¡· ¨Î¥¸±¨Ì ¸¨¸É¥³ ´  2-³
¨ 3-³ Ï £ Ì ´ Ï¥£μ  ²£μ·¨É³  ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ · §¡¨¥´¨°, ¶μ§¢μ²ÖÕÐ¨°
· ¸¶·¥¤¥²¨ÉÓ ¢ÒÎ¨¸²¥´¨Ö ¢ ¶·¨´Í¨¶¥ ´  ¶·μ¨§¢μ²Ó´μ¥ Î¨¸²μ ¶·μÍ¥¸¸μ·μ¢ [8].
�μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥  ²£μ·¨É³  · §¡¨¥´¨° ¤ ´μ ¢ ¸²¥¤ÊÕÐ¥³ · §¤¥²¥. …¸É¥-
¸É¢¥´´μ, · ¸Î¥ÉÒ ´  ¶¥·¢μ³ Ï £¥  ²£μ·¨É³  ¶μ Ëμ·³Ê²¥ (4) É ±¦¥ · ¸¶ · ²-
²¥²¨¢ ÕÉ¸Ö ¶μ ¶·μ¸É· ´¸É¢¥´´μ° ±μμ·¤¨´ É¥ ³¥¦¤Ê § ¤¥°¸É¢μ¢ ´´Ò³¨ ¶ · ²-
²¥²Ó´Ò³¨ ¶·μÍ¥¸¸μ· ³¨.

3. Œ…’�„ ��‡�ˆ…�ˆ‰

ˆ¤¥Ö ³¥Éμ¤  ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³. ˆ¸Ìμ¤´ Ö ¸¨¸É¥³  (5) N ²¨´¥°´ÒÌ
 ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¸ É·¥Ì¤¨ £μ´ ²Ó´μ° ¸É·Ê±ÉÊ·μ° ³ É·¨ÍÒ Â · §-
¡¨¢ ¥É¸Ö ´  £·Ê¶¶Ò ¶μ Î¨¸²Ê § ¤¥°¸É¢μ¢ ´´ÒÌ ¶ · ²²¥²Ó´ÒÌ ¶·μÍ¥¸¸μ·μ¢
(MPI-¶·μÍ¥¸¸μ¢). �Ê¸ÉÓ P Å Î¨¸²μ ¶ · ²²¥²Ó´ÒÌ MPI-¶·μÍ¥¸¸μ¢, ¨³¥ÕÐ¨Ì
´μ³¥·  p = 0, 1, . . . , P − 1. —¨¸²μ N ´¥ μ¡Ö§ ´μ ¤¥²¨ÉÓ¸Ö ´  P ´ Í¥²μ. �Ê¸ÉÓ
Δ = �N/P �. Š ¦¤μ³Ê ¶·μÍ¥¸¸μ·Ê ¸ ´μ³¥·μ³ p < (N mod P ) ´ §´ Î ¥É¸Ö
¤²Ö ¤ ²Ó´¥°Ï¥° μ¡· ¡μÉ±¨ £·Ê¶¶  ¸É·μ± ¸ ´μ³¥· ³¨ μÉ imin = p(Δ + 1) + 1
¤μ imax = (p + 1)(Δ + 1), ± ¦¤μ³Ê ¶·μÍ¥¸¸μ·Ê ¸ ´μ³¥·μ³ p � (N mod P )
´ §´ Î ¥É¸Ö £·Ê¶¶  ¸É·μ± ¸ ´μ³¥· ³¨ μÉ imin = pΔ + (N mod P ) + 1 ¤μ
imax = (N mod P )+ (p+1)Δ. ‚ ± ¦¤μ° £·Ê¶¶¥ ´¥´Ê²¥¢Ò¥ Ô²¥³¥´ÉÒ ¸μ¸·¥-
¤μÉμÎ¥´Ò ¢ ¡²μ±¥ · §³¥·μ³ Δ × Δ ²¨¡μ (Δ + 1) × (Δ + 1), · ¸¶μ²μ¦¥´´μ³
¢ μ¡² ¸É¨ £² ¢´μ° ¤¨ £μ´ ²¨ ¨¸Ìμ¤´μ° ³ É·¨ÍÒ Â.

� ¤ Ê· ¢´¥´¨Ö³¨ ¢´ÊÉ·¨ ± ¦¤μ° £·Ê¶¶Ò ¶·μ¢μ¤ÖÉ¸Ö ¶·¥μ¡· §μ¢ ´¨Ö, ¢
·¥§Ê²ÓÉ É¥ ±μÉμ·ÒÌ ´¥´Ê²¥¢Ò³¨ μ± §Ò¢ ÕÉ¸Ö Éμ²Ó±μ Ô²¥³¥´ÉÒ, · ¸¶μ²μ¦¥´-
´Ò¥ ´  £² ¢´μ° ¤¨ £μ´ ²¨ ¡²μ±  ¨ ¢ ¢¥·É¨± ²Ó´ÒÌ ¸Éμ²¡Í Ì ´  ²¥¢μ° ¨ ¶· ¢μ°
£· ´¨Í Ì ¡²μ± . ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥  ·¨Ë³¥É¨Î¥¸±¨¥ μ¶¥· Í¨¨ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö
¨ ´ ¤ Ô²¥³¥´É ³¨ ¢¥±Éμ·  ¶· ¢μ° Î ¸É¨ D. �μ¸²¥ ¶·¥μ¡· §μ¢ ´¨° ³ É·¨Í  Â
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¢ ¸²ÊÎ ¥ Δ = 5 ¶·¨´¨³ ¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

b′1 0 0 0 c′1 0 0 0 0 0 . . .

a′
2 b′2 0 0 c′2 0 0 0 0 0 . . .

a′
3 0 b′3 0 c′3 0 0 0 0 0 . . .

a′
4 0 0 b′4 c′4 0 0 0 0 0 . . .

a′
5 0 0 0 b′5 c′5 0 0 0 0 . . .

0 0 0 0 a′
6 b′6 0 0 0 c′6 . . .

0 0 0 0 0 a′
7 b′7 0 0 c′7 . . .

0 0 0 0 0 a′
8 0 b′8 0 c′8 . . .

0 0 0 0 0 a′
9 0 0 b′9 c′9 . . .

0 0 0 0 0 a′
10 0 0 0 b′10 . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (8)

„ ²¥¥ ¨§ ¶¥·¢μ° ¨ ¶μ¸²¥¤´¥° ¸É·μ± ± ¦¤μ° £·Ê¶¶Ò Ëμ·³¨·Ê¥É¸Ö ¢¸¶μ³μ-
£ É¥²Ó´ Ö ³ É·¨Í  ³ ²μ° · §³¥·´μ¸É¨, ±μÉμ· Ö É ±¦¥ ¨³¥¥É É·¥Ì¤¨ £μ´ ²Ó-
´ÊÕ ¸É·Ê±ÉÊ·Ê. ‘ ¶μ³μÐÓÕ ³¥Éμ¤  ¶·μ£μ´±¨ ¢ÒÎ¨¸²ÖÕÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¨¥ Ô²¥³¥´ÉÒ xi (i = imin ¨ i = imax ¤²Ö ± ¦¤μ° £·Ê¶¶Ò), ´  μ¸´μ¢¥
±μÉμ·ÒÌ ·¥±Ê·¸¨¢´μ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö μ¸É ²Ó´Ò¥ Ô²¥³¥´ÉÒ ¢¥±Éμ·  X ¢´Ê-
É·¨ ± ¦¤μ° £·Ê¶¶Ò. ‚¸¥ · ¸Î¥ÉÒ ¶μ ¶·¥μ¡· §μ¢ ´¨Õ ³ É·¨ÍÒ ¨ ¶μ²ÊÎ¥´¨Õ
·¥Ï¥´¨° ¢´ÊÉ·¨ ± ¦¤μ° £·Ê¶¶Ò μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ´ §´ Î¥´´Ò³ ¥° ¶·μÍ¥¸¸μ-
·μ³ (MPI-¶·μÍ¥¸¸μ³) ¢ ¶ · ²²¥²Ó´μ³ ·¥¦¨³¥. �¥· ¸¶ · ²²¥²¨¢ ¥³ Ö Î ¸ÉÓ
 ²£μ·¨É³  ¢±²ÕÎ ¥É · ¸Î¥ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ Ëμ·³¨·μ¢ ´¨¥³ ¢¸¶μ³μ£ É¥²Ó´μ°
³ É·¨ÍÒ ¨ ¢ÒÎ¨¸²¥´¨¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¥° ·¥Ï¥´¨°. 
É¨ ¢ÒÎ¨¸²¥´¨Ö ¶·μ-
¢μ¤ÖÉ¸Ö ´  ¶·μÍ¥¸¸μ·¥ ¸ ´μ³¥·μ³ p = 0. ‚§ ¨³μ¤¥°¸É¢¨¥ ³¥¦¤Ê ¶·μÍ¥¸¸ ³¨
´¥μ¡Ìμ¤¨³μ ´  ÔÉ ¶¥ ¸¡μ·±¨ ¢¸¶μ³μ£ É¥²Ó´μ° ³ É·¨ÍÒ ¨ ´  ÔÉ ¶¥ · ¸¸Ò²±¨
¶μ²ÊÎ¥´´ÒÌ ·¥Ï¥´¨°. ˆ¸¶μ²Ó§ÊÕÉ¸Ö ¶·μÍ¥¤Ê·Ò MPI: Gather, Scatter, Reduce,
Send, Recv.

„²Ö ·¥ ²¨§ Í¨¨  ²£μ·¨É³  · §¡¨¥´¨° Ê¤μ¡´μ § ¶¨¸ ÉÓ É·¨ ¤¨ £μ´ ²¨ ³ -
É·¨ÍÒ (5) ¨ ¢¥±Éμ· ¶· ¢μ° Î ¸É¨ ¢ ¢¨¤¥ Î¥ÉÒ·¥Ì ¸Éμ²¡Íμ¢ Å a, b, c ¨ d.
�·¥μ¡· §μ¢ ´¨¥ ³ É·¨ÍÒ Â ¢ Ëμ·³Ê Â′ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ®´  ³¥¸É¥¯, É. ¥. ´μ-
¢Ò¥ §´ Î¥´¨Ö § ³¥Ð ÕÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¸É ·Ò¥,   É¥ Ô²¥³¥´ÉÒ, ¤²Ö ±μÉμ·ÒÌ
§ ³¥Ð¥´¨¥ ´¥ Ê± § ´μ, ¸μÌ· ´ÖÕÉ ¶·¥¦´¨¥ §´ Î¥´¨Ö. �·¥μ¡· §μ¢ ´¨¥ μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ´¥§ ¢¨¸¨³μ ± ¦¤Ò³ ¢ÒÎ¨¸²¨É¥²Ó´Ò³ Ê§²μ³ ¢ ¤¢  ÔÉ ¶ .

�  ¶¥·¢μ³ ÔÉ ¶¥ ¶·¥μ¡· §μ¢ ´¨¥ ¤¢ÊÌ ¸³¥¦´ÒÌ Ê· ¢´¥´¨° ¸ ´μ³¥· ³¨ i
¨ i + 1 ¢ ± ¦¤μ³ Ë· £³¥´É¥ ¶·μ¨¸Ìμ¤¨É ¶μ Ëμ·³Ê² ³

anew
i = ai/bi, cnew

i = ci/bi, dnew
i = di/bi, (9)

bnew
i+1 = bi+1 − ciai+1, dnew

i+1 = di+1 − diai+1, anew
i+1 = −aiai+1, (10)

£¤¥ i ¶μ¸²¥¤μ¢ É¥²Ó´μ ¶·¨´¨³ ¥É §´ Î¥´¨Ö μÉ imin + 1 ¤μ imax − 1.
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�  ¢Éμ·μ³ ÔÉ ¶¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¥μ¡· §μ¢ ´¨¥ ¸É·μ± ¢ μ¡· É´μ³
¶μ·Ö¤±¥:

anew
i = ai − ai+1ci, dnew

i = di − di+1ci, cnew
i = −ci+1ci. (11)

‡¤¥¸Ó i ¶μ¸²¥¤μ¢ É¥²Ó´μ ®¶·μ¡¥£ ¥É¯ §´ Î¥´¨Ö μÉ imax − 2 ¤μ imin + 1.
‚ÒÎ¨¸²¥´¨¥ ±μÔËË¨Í¨¥´Éμ¢ ¶¥·¢μ£μ Ê· ¢´¥´¨Ö ¢ ± ¦¤μ³ Ë· £³¥´É¥

¶·μ¨§¢μ¤¨É¸Ö ¶μ Ëμ·³Ê² ³ (§¤¥¸Ó i = imin)

bnew
i = bi − ai+1ci, dnew

i = di − di+1ci, cnew
i = −ci+1ci. (12)

�·μÍ¥¸¸μ·Ê ¸ ´μ³¥·μ³ p = 0 ¶¥·¥¤ ÕÉ¸Ö ¶¥·¢Ò¥ ¨ ¶μ¸²¥¤´¨¥ (i = imin

¨ i = imax) ¸É·μ±¨ ± ¦¤μ£μ ¡²μ±  ¶·¥μ¡· §μ¢ ´´μ° ¸¨¸É¥³Ò (8). �μ²ÊÎ ¥-
³ Ö ¢ ·¥§Ê²ÓÉ É¥ ¢¸¶μ³μ£ É¥²Ó´ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° · §³¥·´μ¸É¨ 2P ¨³¥¥É
É·¥Ì¤¨ £μ´ ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê. „²Ö Δ = 5 μ´  ¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:⎡

⎢⎢⎢⎢⎢⎢⎢⎢⎣

b′1 c′1 0 0 0 . . . 0 0 0
a′
5 b′5 c′5 0 0 . . . 0 0 0
0 a′

6 b′6 c′6 0 . . . 0 0 0
0 0 a′

10 b′10 c′10 . . . 0 0 0
. . . . . . . . . . . . . . . . . . . . . . . . . . .
0 0 0 0 . . . . . . a′

N−4 b′N−4 c′N−4

0 0 0 0 . . . . . . 0 b′N c′N

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦
·

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

x1

x5

x6

x10

. . .
xN−4

xN

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

d′1
d′5
d′6
d′10
. . .

d′N−4

d′N

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(13)
�¥Ï¥´¨¥ ¸¨¸É¥³Ò (13) μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ³¥Éμ¤μ³ ¶·μ£μ´±¨. ‚ÒÎ¨¸²¥´´Ò¥ §´ -
Î¥´¨Ö ¢¥±Éμ·  X 0-° ¶·μÍ¥¸¸μ· · ¸¸Ò² ¥É μ¸É ²Ó´Ò³ ¢ÒÎ¨¸²¨É¥²Ó´Ò³ Ê§-
² ³. ˆ¸¶μ²Ó§ÊÖ ¶μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö, ¢¸¥ ¶·μÍ¥¸¸μ·Ò ·¥±Ê·¸¨¢´μ ¢ÒÎ¨¸²ÖÕÉ
μ¸É ²Ó´Ò¥ §´ Î¥´¨Ö ¢¥±Éμ·  X ¢ ´ §´ Î¥´´ÒÌ ¨³ ¡²μ± Ì.

4. �…‡“‹œ’�’› ��‘—…’�‚

�·μ£· ³³´ Ö ·¥ ²¨§ Í¨Ö ¶·¥¤¸É ¢²¥´´μ° ¢ÒÎ¨¸²¨É¥²Ó´μ° ¸Ì¥³Ò ¢Ò¶μ²-
´¥´  ´  Ö§Ò±¥ ‘++ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É¥Ì´μ²μ£¨¨ ¶ · ²²¥²Ó´μ£μ ¶·μ£· ³³¨-
·μ¢ ´¨Ö MPI. ‡ É· ÉÒ ¢·¥³¥´¨ ¢ ³¥Éμ¤¥ · §¡¨¥´¨° ¶·¨ ·¥Ï¥´¨¨ ¸¨¸É¥³Ò l
 ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° (5) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ P ¶ · ²²¥²Ó´ÒÌ MPI-¶·μ-
Í¥¸¸μ¢ ³μ¦´μ ¶·¨¡²¨¦¥´´μ μÍ¥´¨ÉÓ, ± ±

T (N, P ) ∼ AΔN/P + B0P + Ct(P, N). (14)

�¥·¢μ¥ ¸² £ ¥³μ¥ μÉ· ¦ ¥É § É· ÉÒ ± ¦¤μ£μ MPI-¶·μÍ¥¸¸  ´  μ¡· ¡μÉ±Ê ´ 
± ¦¤μ³ Ï £¥ ´ §´ Î¥´´μ£μ ¥³Ê Ë· £³¥´É  ´  ¶¥·¢μ³ ¨ § ±²ÕÎ¨É¥²Ó´μ³ ÔÉ -
¶ Ì ³¥Éμ¤  · §¡¨¥´¨°. ‚Éμ·μ¥ ¸² £ ¥³μ¥ μÉ· ¦ ¥É § É· ÉÒ ´  ·¥Ï¥´¨¥ ¶·μ-
Í¥¸¸μ³ p = 0 ³ ²μ° ¸¨¸É¥³Ò (13) · §³¥·  2P , ±μÉμ·Ò¥ · ¸ÉÊÉ ¶·μ¶μ·Í¨μ-
´ ²Ó´μ P ,   É ±¦¥ ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ P § É· ÉÒ ´  ³¥¦¶·μÍ¥¸¸μ·´Ò° μ¡³¥´,
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μ¡Ñ¥³ ±μÉμ·μ£μ ¢ ¤ ´´μ³  ²£μ·¨É³¥ ¨³¥¥É ¤²Ö ± ¦¤μ£μ ¶·μÍ¥¸¸  Ë¨±¸¨·μ-
¢ ´´Ò° · §³¥·. �·¨ ¡μ²ÓÏ¨Ì N ¨ μÉ´μ¸¨É¥²Ó´μ ´¥¡μ²ÓÏ¨Ì P ³μ¦´μ μ¦¨-
¤ ÉÓ Ê³¥´ÓÏ¥´¨Ö ¢·¥³¥´¨ ¸Î¥É  ¶·μ¶μ·Í¨μ´ ²Ó´μ 1/P . ’·¥ÉÓ¥ ¸² £ ¥³μ¥ ¢
μÍ¥´±¥ (14) ®μÉ¢¥Î ¥É¯ §  ´¥²¨´¥°´ÊÕ Î ¸ÉÓ ¢·¥³¥´´	ÒÌ § É· É ´  ³¥¦¶·μ-
Í¥¸¸μ·´Ò° μ¡³¥´, § ¢¨¸ÖÐ¨°, ¢μμ¡Ð¥ £μ¢μ·Ö, μÉ  ·Ì¨É¥±ÉÊ·Ò ±μ´±·¥É´μ°
¢ÒÎ¨¸²¨É¥²Ó´μ° ¸¨¸É¥³Ò. �·¥¤¸É ¢²¥´´Ò¥ ¢ ±μ´Í¥ ÔÉμ£μ · §¤¥²  · ¸Î¥ÉÒ
¶μ¤É¢¥·¦¤ ÕÉ ¸μμÉ¢¥É¸É¢¨¥ ·¥ ²Ó´ÒÌ ¢·¥³¥´´	ÒÌ § É· É μÍ¥´±¥ (14) ¨ ´¥§´ -
Î¨É¥²Ó´Ò° ¢±² ¤ É·¥ÉÓ¥£μ ¸² £ ¥³μ£μ ¶·¨ P � 12.

‚ Ìμ¤¥ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ´  ³´μ£μ¶·μÍ¥¸¸μ·´μ³ ±² ¸É¥·¥
–ˆ‚Š (‹ˆ’ �ˆŸˆ, „Ê¡´ ) ¢ÒÖ¢²¥´Ò § ±μ´μ³¥·´μ¸É¨ § ¢¨¸¨³μ¸É¥° ¢·¥³¥´¨
¸Î¥É  μÉ ±μ²¨Î¥¸É¢  ¶ · ²²¥²Ó´ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Ê§²μ¢ ¶·¨ · §²¨Î´μ³ ¢Ò-
¡μ·¥ ¶ · ³¥É·μ¢ ±μ´¥Î´μ-· §´μ¸É´μ° ¸Ì¥³Ò.

�·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ ¸ Î¨¸²μ³ ¶·μÍ¥¸¸μ·μ¢ μÉ 1 ¤μ 40 ¶·¨ · §²¨Î´ÒÌ
§´ Î¥´¨ÖÌ l (Î¨¸²μ Ê§²μ¢ ¤¨¸±·¥É´μ° ¸¥É±¨ ¶μ x) ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 1.
Šμ²¨Î¥¸É¢μ Ï £μ¢ ¶μ t §¤¥¸Ó · ¢´μ n = 2 000 000.

�·¨ ¨§³¥´¥´¨¨ ±μ²¨Î¥¸É¢  ¶·μÍ¥¸¸μ·μ¢ μÉ 1 ¤μ 12 ¨³¥¥É ³¥¸Éμ Ê³¥´Ó-
Ï¥´¨¥ ¢·¥³¥´¨ ¸Î¥É  ¸ ·μ¸Éμ³ Î¨¸²  ¶ · ²²¥²Ó´ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Ê§²μ¢
¶μ £¨¶¥·¡μ²¨Î¥¸±μ³Ê § ±μ´Ê (·¨¸. 1,  ). „ ²¥¥ Ê³¥´ÓÏ¥´¨¥ ¢·¥³¥´¨ ¸Î¥É  § -
³¥¤²Ö¥É¸Ö,   ¶·¨ P = 13 ¨ P = 24 ´ ¡²Õ¤ ¥É¸Ö ¸± Î±μμ¡· §´μ¥ Ê¢¥²¨Î¥´¨¥
¢·¥³¥´¨ ¸Î¥É  ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¶² ¢´Ò³ ¸´¨¦¥´¨¥³. 
É  § ±μ´μ³¥·´μ¸ÉÓ ¶·μ-
¸²¥¦¨¢ ¥É¸Ö ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ l. �·¨ ÔÉμ³ ¤²Ö l = 5000 ³¨´¨³ ²Ó´μ¥
¢·¥³Ö ¸Î¥É  ¤μ¸É¨£ ¥É¸Ö ´  12 ¶·μÍ¥¸¸μ· Ì, ¢ Éμ ¢·¥³Ö ± ± ¤²Ö ¡	μ²ÓÏ¥£μ l
³¨´¨³Ê³ ¢·¥³¥´´	ÒÌ § É· É ¶·μ¨¸Ìμ¤¨É ¶·¨ P = 23.

�¨¸. 1.  ) ‡ ¢¨¸¨³μ¸ÉÓ ¤²¨É¥²Ó´μ¸É¨ ¢ÒÎ¨¸²¥´¨° μÉ ±μ²¨Î¥¸É¢  ¶ · ²²¥²Ó´ÒÌ ¶·μ-
Í¥¸¸μ·μ¢ (MPI-¶·μÍ¥¸¸μ¢) ¶·¨ · §²¨Î´μ³ Î¨¸²¥ Ê§²μ¢ ¤¨¸±·¥É´μ° ¸¥É±¨ ¶μ ¶·μ¸É· ´-
¸É¢¥´´μ° ±μμ·¤¨´ É¥ x. ¡) “¸±μ·¥´¨¥ ¢ÒÎ¨¸²¥´¨° ¶·¨ Ê¢¥²¨Î¥´¨¨ Î¨¸²  ¶·μÍ¥¸¸μ·μ¢
¶·¨ · §²¨Î´μ³ ±μ²¨Î¥¸É¢¥ Ê§²μ¢ ¤¨¸±·¥É´μ° ¸¥É±¨ ¶μ x. Šμ²¨Î¥¸É¢μ Ï £μ¢ ¶μ ¢·¥-
³¥´´	μ° ±μμ·¤¨´ É¥ t · ¢´μ 2 000 000
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�´ ²μ£¨Î´Ò¥ ¸± Î±¨, ¶μ-¢¨¤¨³μ³Ê, ¸¢Ö§ ´´Ò¥ ¸ μ¸μ¡¥´´μ¸ÉÖ³¨  ·Ì¨É¥±-
ÉÊ·Ò ¨¸¶μ²Ó§Ê¥³μ£μ ³´μ£μ¶·μÍ¥¸¸μ·´μ£μ ±² ¸É¥· , ¢¨¤´Ò ¶·¨ Ê± § ´´ÒÌ §´ -
Î¥´¨ÖÌ P ¨ ´  £· Ë¨±¥ Ê¸±μ·¥´¨Ö ¢ÒÎ¨¸²¥´¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ²¨Î¥¸É¢ 
¶ · ²²¥²Ó´ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Ê§²μ¢ (·¨¸. 1,  ). �  ÔÉμ³ ¦¥ ·¨¸Ê´±¥ ¶μ± -
§ ´μ, ÎÉμ ³ ±¸¨³ ²Ó´μ¥ Ê¸±μ·¥´¨¥ ¢ÒÎ¨¸²¥´¨° ¶μ ¸· ¢´¥´¨Õ ¸ · ¸Î¥É ³¨ ¢
μ¤´μ¶·μÍ¥¸¸μ·´μ³ ·¥¦¨³¥ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 10.

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸ l = 5000 ( ) ¨ l = 20 000 (¡)
¤²Ö · §²¨Î´μ£μ Î¨¸²  Ï £μ¢ ¶μ t ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ²¨Î¥¸É¢  ¶ · ²²¥²Ó´ÒÌ
¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Ê§²μ¢ P (μÉ 1 ¤μ 25). ‚ ¸²ÊÎ ¥ l = 5000 ¨ n = 2 000 000

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¤²¨É¥²Ó´μ¸É¨ ¢ÒÎ¨¸²¥´¨° μÉ Î¨¸²  ¶·μÍ¥¸¸μ·μ¢ ¶·¨ · §²¨Î´μ³
±μ²¨Î¥¸É¢¥ Ï £μ¢ ¶μ ¢·¥³¥´´	μ° ±μμ·¤¨´ É¥ t. Šμ²¨Î¥¸É¢μ Ï £μ¢ ¶μ ¶·μ¸É· ´¸É¢¥´´μ°
±μμ·¤¨´ É¥ l = 5000 ( ) ¨ l = 20 000 (¡)

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¤²¨É¥²Ó´μ¸É¨ ¢ÒÎ¨¸²¥´¨° μÉ ±μ²¨Î¥¸É¢  Ï £μ¢ ¶μ t ¶·¨ · §´ÒÌ
§´ Î¥´¨ÖÌ l ( ) ¨ μÉ ±μ²¨Î¥¸É¢  Ê§²μ¢ ¤¨¸±·¥É´μ° ¸¥É±¨ ¶μ x ¶·¨ · §´ÒÌ n (¡). � ¸Î¥ÉÒ
¶·μ¢¥¤¥´Ò ¤²Ö Ë¨±¸¨·μ¢ ´´μ£μ Î¨¸²  ¶ · ²²¥²Ó´ÒÌ ¶·μÍ¥¸¸μ·μ¢ P = 23

9



³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¸Î¥É  ¤μ¸É¨£ ¥É¸Ö ¶·¨ P = 12. C Ê³¥´ÓÏ¥-
´¨¥³ n ¤μ 500 000 ´ ¡²Õ¤ ¥É¸Ö ¸³¥Ð¥´¨¥ ³¨´¨³Ê³  ± P = 11. �·¨ l = 20 000
´ ¡²Õ¤ ¥É¸Ö ¤¢  ³¨´¨³Ê³ : ´  12 ¨ 23 ¶·μÍ¥¸¸μ· Ì, £²Ê¡¨´  ±μÉμ·ÒÌ ´¥§´ -
Î¨É¥²Ó´μ ¢ ·Ó¨·Ê¥É¸Ö ¶·¨ ¨§³¥´¥´¨¨ n.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¢·¥³¥´¨ ¸Î¥É  μÉ n ¤²Ö · §²¨Î´ÒÌ
§´ Î¥´¨° l ¨ § ¢¨¸¨³μ¸ÉÓ ¢·¥³¥´¨ ¸Î¥É  μÉ l ¤²Ö · §²¨Î´ÒÌ n ¶·¨ Ë¨±¸¨·μ-
¢ ´´μ³ §´ Î¥´¨¨ P = 23. ‚¨¤´μ, ÎÉμ ¶·¨ Ê¢¥²¨Î¥´¨¨ ±μ²¨Î¥¸É¢  Ï £μ¢ ¶μ t
¢·¥³Ö · ¸Î¥É  · ¸É¥É ¡Ò¸É·¥¥ ¸ ¢μ§· ¸É ´¨¥³ ±μ²¨Î¥¸É¢  Ê§²μ¢ ¶μ x, ¶·¨Î¥³
·μ¸É ¢·¥³¥´´	ÒÌ § É· É ¡μ²¥¥ ¨´É¥´¸¨¢´Ò° ¶·¨ l = 20 000. �·¨ ¡	μ²ÓÏ¨Ì l
¢·¥³¥´´	Ò¥ § É· ÉÒ · ¸ÉÊÉ ¡Ò¸É·¥¥ ¸ Ê¢¥²¨Î¥´¨¥³ n.

�μ¤£μ´±  ¶ · ³¥É·μ¢ AΔ ¨ B0 ¢ Ëμ·³Ê²¥ (5) ¢ ¶·¥¤¶μ²μ¦¥´¨¨ Ct(P, l) =
0 (l = N +1) ¶μ ¸μ¢μ±Ê¶´μ¸É¨ Tl,P ·¥§Ê²ÓÉ Éμ¢ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´-
Éμ¢ ¶·¨ n = 2 000 000 ¨ P � 12 ¶ÊÉ¥³ ³¨´¨³¨§ Í¨¨ ¶μ AΔ ¨ B0 ¢¥²¨Î¨´Ò χ2

χ2 =
∑ (Tl,P − T (l, P ))2

Tl,P
(15)

¤ ²  §´ Î¥´¨Ö AΔ = 0,4331 ¨ B0 = 3,9995 ¶·¨ ¤μ¢¥·¨É¥²Ó´μ° ¢¥·μÖÉ´μ¸É¨
CL = 0,999.

‡�Š‹	—…�ˆ…

Œμ¦´μ ±μ´¸É É¨·μ¢ ÉÓ, ÎÉμ ¶·¨³¥´¥´¨¥ ³¥Éμ¤  · §¡¨¥´¨° ¢ · ¸¸³μÉ·¥´-
´μ° §¤¥¸Ó § ¤ Î¥ μ± § ²μ¸Ó ¢¶μ²´¥ ÔËË¥±É¨¢´Ò³. �·¨ ÔÉμ³ · §· ¡μÉ ´´ Ö
· ´¥¥ ¨ Ìμ·μÏμ ¸¥¡Ö § ·¥±μ³¥´¤μ¢ ¢Ï Ö ¢ÒÎ¨¸²¨É¥²Ó´ Ö ¸Ì¥³ , μ¶¨¸ ´´ Ö
¢ · §¤. 3, μ¸É ² ¸Ó ´¥¨§³¥´´μ°. „μ¸É¨£´ÊÉμ¥ Ê¸±μ·¥´¨¥ ¢ Í¥²μ³ ¸μμÉ¢¥É¸É¢Ê¥É
·¥§Ê²ÓÉ É ³, μ¡ÒÎ´μ ¶μ²ÊÎ ¥³Ò³ ¶·¨ ¶ · ²²¥²Ó´μ° ·¥ ²¨§ Í¨¨ É¨¶μ¢ÒÌ · §-
´μ¸É´ÒÌ ³¥Éμ¤μ¢ ¤²Ö ¶·μ¸É· ´¸É¢¥´´μ-μ¤´μ³¥·´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢-
´¥´¨° ¢ Î ¸É´ÒÌ ¶·μ¨§¢μ¤´ÒÌ (¸³., ´ ¶·¨³¥·, [9, 10]). „²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥-
¤¥³ É ±¦¥ · ¡μÉÊ [11], £¤¥ ³¥Éμ¤ · §¡¨¥´¨° ·¥ ²¨§μ¢ ´ ¢ · ³± Ì Î¨¸²¥´´μ£μ
¨¸¸²¥¤μ¢ ´¨Ö ¨§¢¥¸É´μ° ¢  ¸É·μË¨§¨±¥ ¸¨¸É¥³Ò Ê· ¢´¥´¨° Ÿ´£ ÄŒ¨²²¸  ¸
¤¨² Éμ´´Ò³ ¶μ²¥³. ‘ ÉμÎ±¨ §·¥´¨Ö ³ É¥³ É¨Î¥¸±μ° ¶μ¸É ´μ¢±¨ § ¤ Î  ¶·¥¤-
¸É ¢²Ö¥É ¸μ¡μ° ¸¨¸É¥³Ê ¤¢ÊÌ ´¥²¨´¥°´ÒÌ ¶·μ¸É· ´¸É¢¥´´μ-μ¤´μ³¥·´ÒÌ ¢μ²-
´μ¢ÒÌ Ê· ¢´¥´¨° ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ £· ´¨Î´Ò³¨ ¨ ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨
¨ ·¥Ï ¥É¸Ö ´  μ¸´μ¢¥ ±μ´¸¥·¢ É¨¢´μ° ±μ´¥Î´μ-· §´μ¸É´μ° ¸Ì¥³Ò ¸ ¶·¨³¥-
´¥´¨¥³ ¨É¥· Í¨μ´´μ£μ ³¥Éμ¤  ´  ± ¦¤μ³ ¢·¥³¥´´	μ³ ¸²μ¥. �¥Ï¥´¨¥ ¸¨¸É¥³Ò
²¨´¥°´ÒÌ  ²£¥¡· ¨Î¥¸±¨Ì Ê· ¢´¥´¨° ´  ± ¦¤μ° ¨É¥· Í¨¨ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸
¨¸¶μ²Ó§μ¢ ´¨¥³  ²£μ·¨É³ ,  ´ ²μ£¨Î´μ£μ μ¶¨¸ ´´μ³Ê ¢ · §¤. 4. �·¨ · ¸Î¥-
É Ì ´  ±² ¸É¥·¥ –ˆ‚Š ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ 7 MPI-¶·μÍ¥¸¸μ¢ ¢ Ê¶μ³Ö´ÊÉμ°
· ¡μÉ¥ [11] ¤μ¸É¨£ ²μ¸Ó ¶·¨¡²¨§¨É¥²Ó´μ Î¥ÉÒ·¥Ì±· É´μ¥ Ê¸±μ·¥´¨¥. ‚ ´ Ï¨Ì
· ¸Î¥É Ì ¢ ÔÉμ³ ¦¥ ¸²ÊÎ ¥ Ê¸±μ·¥´¨¥ ¸μ¸É ¢²Ö¥É 6,7 · §.
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‚ÒÎ¨¸²¥´¨Ö ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨ ±μ²¨Î¥¸É¢¥ Ê§²μ¢ ¤¨¸±·¥É´μ° ¸¥É±¨
¶μ ¶·μ¸É· ´¸É¢¥´´μ° ±μμ·¤¨´ É¥ l � 5000 ¨ l > 5000 ³¨´¨³ ²Ó´μ¥ ¢·¥³Ö
¸Î¥É  ¤μ¸É¨£ ¥É¸Ö ¸μμÉ¢¥É¸É¢¥´´μ ¶·¨ P = 12 ¨ P = 23. �·¨ ÔÉμ³, ¶μ-
¸±μ²Ó±Ê · §´¨Í  ³¥¦¤Ê ¢·¥³¥´ ³¨ ¸Î¥É  ¤²Ö ÔÉ¨Ì ¸²ÊÎ ¥¢ ´¥¢¥²¨± , μ¶É¨-
³ ²Ó´Ò³ ¤²Ö ¤ ´´μ° § ¤ Î¨ ³μ¦´μ ¸Î¨É ÉÓ ¨¸¶μ²Ó§μ¢ ´¨¥ 12 ¶·μÍ¥¸¸μ·μ¢.
�μ ·¥§Ê²ÓÉ É ³ ¶·¥¤¸É ¢²¥´´ÒÌ · ¸Î¥Éμ¢ ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¨¸¶μ²Ó-
§μ¢ ´¨¥  ²£μ·¨É³  · §¡¨¥´¨° ¤²Ö ¶ · ²²¥²Ó´μ° μ¶É¨³¨§ Í¨¨ ³¥Éμ¤  Î¨¸²¥´-
´μ£μ ·¥Ï¥´¨Ö ¸¨¸É¥³Ò ´¥²¨´¥°´ÒÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨° ¢ Î ¸É´ÒÌ
¶·μ¨§¢μ¤´ÒÌ, μ¶¨¸Ò¢ ÕÐ¥° ¤¨´ ³¨Î¥¸±ÊÕ ³μ¤¥²Ó ¶μ²Ö·μ´ , ¶μ§¢μ²Ö¥É Ë ±-
É¨Î¥¸±¨ ´  ¶μ·Ö¤μ± ¸μ±· É¨ÉÓ § É· ÉÒ ±μ³¶ÓÕÉ¥·´μ£μ ¢·¥³¥´¨ ¨ É¥³ ¸ ³Ò³
¶μ¢Ò¸¨ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¤ ²Ó´¥°Ï¥£μ Î¨¸²¥´´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ³¥Ì ´¨§³μ¢
Ëμ·³¨·μ¢ ´¨Ö ¸μ²Ó¢ É¨·μ¢ ´´ÒÌ Ô²¥±É·μ´μ¢ ¢ · §²¨Î´ÒÌ ±μ´¤¥´¸¨·μ¢ ´-
´ÒÌ ¸·¥¤ Ì.

�¢Éμ·Ò ¶·¨§´ É¥²Ó´Ò �.ˆ. ‘É·¥²ÓÍμ¢μ° ¨ Œ.ˆ. ‡Ê¥¢Ê §  ¶·¥¤μ¸É ¢²¥´-
´Ò¥ ³ É¥·¨ ²Ò ¶μ  ²£μ·¨É³Ê · §¡¨¥´¨°. �¢Éμ·Ò ¡² £μ¤ ·ÖÉ ˆ. ‚.�Ê§Ò´¨´ 
¨ ’.�.�Ê§Ò´¨´Ê §  ¢´¨³ ´¨¥ ± · ¡μÉ¥ ¨ ¶μ²¥§´Ò¥ § ³¥Î ´¨Ö. � ¡μÉ  ¢Ò¶μ²-
´¥´  ¶·¨ Î ¸É¨Î´μ° Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É 13-01-00060 ).
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