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Œμ¸±μ¢¸±¨° ¨´¦¥´¥·´μ-Ë¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ (£μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É), Œμ¸±¢ 

�´ ²¨§¨·μ¢ ²¨¸Ó ·Ö¤Ò ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨§³¥·¥´¨° ±¨´¥³ É¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ ¤²Ö ·¥-
 ±Í¨° ¤¨Ë· ±Í¨μ´´μ£μ ·μ¦¤¥´¨Ö ¶¨μ´μ¢ ¶¨μ´ ³¨ ¶·¨ ´ Î ²Ó´ÒÌ ¨³¶Ê²Ó¸ Ì μ±μ²μ 4 ƒÔ‚/c:
πp+ + p → p + 2πp+ + πp− ¨ πp− + p → p + 2πp− + πp+. �´ ²¨§ ³¥Éμ¤μ³ •¥·¸É  ¶μ± -
§ ² ´ ²¨Î¨¥ ÔËË¥±É  ¶ ³ÖÉ¨ ¤²Ö μ¡μ¨Ì ³ ¸¸¨¢μ¢ ¤ ´´ÒÌ. �± § ²μ¸Ó, ÎÉμ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨
¶¥·¥Ìμ¤´μ° ¢¥·μÖÉ´μ¸É¨ ¸É·¥³ÖÉ¸Ö ± · ¢´μ¢¥¸´μ³Ê ¢¨¤Ê, Ì · ±É¥·´μ³Ê ¤²Ö Ë· ±É ²Ó´μ£μ ¡·μÊ´μ¢-
¸±μ£μ ¤¢¨¦¥´¨Ö (”	„). �·μÍ¥¸¸ ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´ Ê· ¢´¥´¨¥³ ¸¶¥Í¨ ²Ó´μ° ¤¨ËËÊ§¨¨ ¢¨¤ 
Ê· ¢´¥´¨Ö ”μ±±¥· Ä�² ´±  (“”�). �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ¶μ± § É¥²Ö •¥·¸É  0,5 < H < 1, ¢Ìμ-
¤ÖÐ¥£μ ¢ “”� ¢ ± Î¥¸É¢¥ ¶ · ³¥É· , μ§´ Î ÕÉ, ÎÉμ ¨¸¸²¥¤μ¢ ´´Ò¥ ¶·μÍ¥¸¸Ò μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¢μ
Ë· ±É ²Ó´μ³ μ¡μ¡Ð¥´´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥ ¸ ¤·μ¡´μ° · §³¥·´μ¸ÉÓÕ.

The rows of consistent measurements of kinematic variables for diffraction pi-meson by pi-meson
birth reactions with an initial momentum about 4 GeV/c were analyzed: πp+ + p → p + 2πp+ + πp−

and πp− + p → p + 2πp− + πp+. The Hursts method analysis discovered the presence of the memory
effect for both data arrays. It appeared that the distributions of the transitional probability density limit
to some equilibrium shape, characteristic for the fractal Brownian motion (FBM). The process can be
deˇned by the special diffusion FokkerÄPlanck equation (FPE). The obtained values of Hursts coefˇcient
0.5 < H < 1, which is a parameter of FPE, mean the processes explored are realized in fractal phase
space with fractional dimension.
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‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö  ±É¨¢´μ μ¡¸Ê¦¤ ¥É¸Ö ¢μ¶·μ¸ μ ¶·¨´Í¨¶¨ ²Ó´μ ¸ÉμÌ ¸É¨Î¥¸±μ³
Ì · ±É¥·¥ ¤¨´ ³¨±¨ ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¢§ ¨³μ¤¥°¸É¢¨°. �μÖ¢²ÖÕÉ¸Ö ´μ¢Ò¥ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ¨ É¥μ·¥É¨Î¥¸±¨¥ ¤ ´´Ò¥, Ê± §Ò¢ ÕÐ¨¥ ´  É ±ÊÕ ¢μ§³μ¦´μ¸ÉÓ. ‚ Î ¸É´μ¸É¨,
¢ ¦´Ò³ ¸¢¨¤¥É¥²Ó¸É¢μ³ ¢ ÔÉμ³ μÉ´μÏ¥´¨¨ Ö¢²ÖÕÉ¸Ö Ë· ±É ²Ó´Ò¥ ¸É·Ê±ÉÊ·Ò, μ¡´ ·Ê¦¨-
¢ ¥³Ò¥ ¢ μ¡μ¡Ð¥´´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥ ±μ´±·¥É´ÒÌ ¶·μÍ¥¸¸μ¢ [1Ä4]. ‚ ¤ ´´μ°
· ¡μÉ¥ ¶μ²ÊÎ¥´Ò ´μ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ, μÉ´μ¸ÖÐ¨¥¸Ö ± μ¡² ¸É¨ ¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°
¶·μ³¥¦ÊÉμÎ´ÒÌ Ô´¥·£¨°.

� ´¥¥ ´ ³¨ [5Ä7] ¡Ò²μ μ¡´ ·Ê¦¥´μ, ÎÉμ ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·Ö¤ Ì ¨§³¥·¥´¨° ±¨-
´¥³ É¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ ´¥±μÉμ·ÒÌ  ¤·μ´- ¤·μ´´ÒÌ ¨  ¤·μ´-Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶·¨-
¸ÊÉ¸É¢ÊÕÉ ±μ··¥²ÖÍ¨¨ ¶μ¸²¥¤ÊÕÐ¨Ì ¨§³¥·¥´¨° ¸ ¶·¥¤Ò¤ÊÐ¨³¨. �μ¸²¥¤ÊÕÐ¨¥ ¶·μ¢¥·±¨
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¨ ÊÉμÎ´¥´¨Ö ´  · ¸Ï¨·¥´´μ³ ¸É É¨¸É¨Î¥¸±μ³ ³ É¥·¨ ²¥ ¶μ¤É¢¥·¤¨²¨ ¶·¥¤¢ ·¨É¥²Ó´Ò¥
¢Ò¢μ¤Ò.

�¨¦¥ ¶·¨¢μ¤ÖÉ¸Ö ¤ ´´Ò¥ ¨¸¸²¥¤μ¢ ´¨° ·¥ ±Í¨° ¤¨Ë· ±Í¨μ´´μ£μ ´¥Ê¶·Ê£μ£μ · ¸¸¥Ö-
´¨Ö π±-³¥§μ´μ¢ ´  ¶·μÉμ´ Ì ¶·¨ ¶·μ³¥¦ÊÉμÎ´ÒÌ Ô´¥·£¨ÖÌ:

π+ + p → p + 2π+ + π− (1)

¨
π− + p → p + 2π− + π+. (2)

�±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ² ¡Ò² ¶μ²ÊÎ¥´ ´  ¶Ê§Ò·Ó±μ¢ÒÌ ± ³¥· Ì ˆ’�” ¨ –…��, Ô±¸-
¶μ´¨·μ¢ ´´ÒÌ ¢ ¶ÊÎ± Ì π+- ¨ π−-³¥§μ´μ¢ ¸ ¨³¶Ê²Ó¸ ³¨ 4,2 ¨ 3,91 ƒÔ‚/c ¸μμÉ¢¥É¸É¢¥´´μ.

‚ ± Î¥¸É¢¥ Ì · ±É¥·¨¸É¨±¨ ± ¦¤μ£μ ¸μ¡ÒÉ¨Ö (ËÊ´±Í¨¨ ¥£μ ¶μ·Ö¤±μ¢μ£μ ´μ³¥· ) ¡Ò²¨
¢Ò¡· ´Ò ¸²¥¤ÊÕÐ¨¥ ¢¥²¨Î¨´Ò, ±μÉμ·Ò¥, ± ± ¶·¥¤¸É ¢²Ö¥É¸Ö, ´ ¨²ÊÎÏ¨³ μ¡· §μ³ μÉ· -
¦ ÕÉ ¤¨´ ³¨±Ê ¶·μÍ¥¸¸ :

1. � §´μ¸ÉÓ ´ ¨¡μ²ÓÏ¥£μ ¨ ´ ¨³¥´ÓÏ¥£μ §´ Î¥´¨° ±Ê³Ê²ÖÉ¨¢´μ£μ Î¨¸²  ¤²Ö Î ¸É¨Í

μ¶·¥¤¥²¥´´μ£μ ¸μ·É  ¢ ¸μ¡ÒÉ¨¨ Δα = αmax −αmin; ¢ ¤ ´´μ³ ¸²ÊÎ ¥ α =
E − p||

mp
, £¤¥ E,

p|| Å Ô´¥·£¨Ö, ¶·μ¤μ²Ó´Ò° ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ; mp Å ³ ¸¸  ¶·μÉμ´ .
2. Œ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ¤²Ö Î ¸É¨Í ¤ ´´μ£μ ¸μ·É  ¢ ¸μ¡ÒÉ¨¨

Pmax
t .

3. Š¢ ¤· É · §´μ¸É¨ ´ ¨¡μ²ÓÏ¥£μ ¨ ´ ¨³¥´ÓÏ¥£μ §´ Î¥´¨° Î¥ÉÒ·¥Ì³¥·´ÒÌ ¸±μ·μ¸É¥°
U = P/m Î ¸É¨Í ¢ ¸μ¡ÒÉ¨¨ bmax

min = − (Umax − Umin)2.
4. � §´μ¸ÉÓ ´ ¨¡μ²ÓÏ¥£μ ¨ ´ ¨³¥´ÓÏ¥£μ §´ Î¥´¨° ¡Ò¸É·μÉ ¤²Ö Î ¸É¨Í μ¶·¥¤¥²¥´´μ£μ

¸μ·É  ¢ ¸μ¡ÒÉ¨¨: Δy = ymax − ymin, y =
1
2

ln
(

E + p||
E − p||

)
.

‘É É¨¸É¨±  ¶μ¸²¥¤μ¢ É¥²Ó´μ ´Ê³¥·μ¢ ² ¸Ó ¨ ¶μ²ÊÎ¥´´Ò¥ Î¨¸²μ¢Ò¥ ·Ö¤Ò ¨¸¸²¥¤μ¢ -
²¨¸Ó ³¥Éμ¤μ³ ´μ·³¨·μ¢ ´´μ£μ · §³ Ì  [8], ¶·μ¢μ¤¨²¸Ö · ¸Î¥É ¶μ¸ÉμÖ´´μ° •¥·¸É  H .
‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ.

’ ¡²¨Í  1. ‡´ Î¥´¨Ö ¶μ¸ÉμÖ´´ÒÌ •¥·¸É  H , 2H ,   É ±¦¥ · §³¥·´μ¸É¥° Œ¨´±μ¢¸±μ£μ D ¨
±μÔËË¨Í¨¥´Éμ¢  ¢Éμ±μ··¥²ÖÍ¨¨ ¤²Ö μ·¨£¨´ ²Ó´μ° (C) ¨ ¶¥·¥³¥Ï ´´μ° (C′) ¸É É¨¸É¨±¨ ¤²Ö
·¥ ±Í¨¨ (1) Å 13412 ¸μ¡ÒÉ¨Ö ¨ (2) Å 35972 ¸μ¡ÒÉ¨Ö

�¥ ±Í¨Ö ‚¥²¨Î¨´  Δα Pmax
t bmax

min Δy

(1) H ± ΔH 0,580± 0,002 0,575± 0,001 0,585± 0,002 0,600± 0,003
(2) H ± ΔH 0,657± 0,007 0,708± 0,009 0,621± 0,003 0,670± 0,007

(1) D ± ΔD 1,41± 0,04 1,42± 0,05 1,42± 0,05 1,40± 0,04
(2) D ± ΔD 1,29± 0,05 1,27± 0,05 1,35± 0,04 1,37± 0,05

(1) 2 − H 1,420± 0,002 1,425± 0,001 1,415± 0,002 1,400± 0,003
(2) 2 − H 1,343± 0,007 1,292± 0,009 1,379± 0,003 1,330± 0,007

(1) C ± ΔC 0,010± 0,002 0,011± 0,003 0,012± 0,004 0,012± 0,003
(2) C ± ΔC 0,011± 0,003 0,018± 0,005 0,015± 0,004 0,011± 0,003

(1) C′ ± ΔC′ 0,004± 0,002 0,001± 0,002 0,002± 0,003 0,005± 0,003
(2) C′ ± ΔC′ 0,003± 0,002 0,006± 0,004 0,005± 0,003 0,003± 0,002
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‡´ Î¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥ H μÉ 0,5 ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ´ ²¨Î¨¨ ±μ··¥²ÖÍ¨°, ÔËË¥±É 
¶ ³ÖÉ¨ ¢ ¨¸¸²¥¤Ê¥³μ° ¸É É¨¸É¨±¥ [8, 9]. �Éμ ¶μ¤É¢¥·¦¤ ¥É¸Ö · ¸¸Î¨É ´´Ò³¨ §´ Î¥´¨Ö³¨
Ë· ±É ²Ó´μ° · §³¥·´μ¸É¨ Œ¨´±μ¢¸±μ£μ D ¤²Ö £· Ë¨±μ¢ ´ ±μ¶²¥´´μ£μ μÉ±²μ´¥´¨Ö Å ¢μ
¢¸¥Ì ¸²ÊÎ ÖÌ μ´  μ± §Ò¢ ¥É¸Ö ³¥´ÓÏ¥ Î¥³ 1,5 ¨ ¢ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¥° D = 2 − H .
Š·μ³¥ Éμ£μ, · ¸Î¥É ¸É ´¤ ·É´μ£μ ±μÔËË¨Í¨¥´É   ¢Éμ±μ··¥²ÖÍ¨¨ C (³¥¦¤Ê μ·¨£¨´ ²Ó-
´Ò³ ·Ö¤μ³ ¨ ¸³¥Ð¥´´Ò³ ´  μ¤´Ê ¶μ§¨Í¨Õ) ¶μ¤É¢¥·¦¤ ¥É ´ ²¨Î¨¥ ±μ··¥²ÖÍ¨¨ ¢ ¸É É¨-
¸É¨±¥. …¸²¨ ¤ ´´Ò¥ ¶¥·¥³¥Ï ÉÓ ¸²ÊÎ °´Ò³ μ¡· §μ³, Éμ μ´ (C′ ) μ± §Ò¢ ¥É¸Ö §´ Î¨É¥²Ó´μ
³¥´ÓÏ¥.

‚ ¦´Ò³ Ï £μ³ ´  ¶ÊÉ¨ ¶μ¨¸±  ¸¶μ¸μ¡  É¥μ·¥É¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö μ¡´ ·Ê¦¥´´μ£μ ÔË-
Ë¥±É  μÎ¥¢¨¤´μ ³μ¦¥É ¶μ¸²Ê¦¨ÉÓ μ¶·¥¤¥²¥´¨¥ ¢¨¤  ¸ÉμÌ ¸É¨Î¥¸±¨Ì ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
Ê· ¢´¥´¨° ¤²Ö · ¸¶·¥¤¥²¥´¨° ¢¥·μÖÉ´μ¸É¨ ρ, μ¶¨¸Ò¢ ÕÐ¨Ì ¨¸¸²¥¤Ê¥³Ò¥ ¶·μÍ¥¸¸Ò. „²Ö
¶·μ¨§¢μ²Ó´μ£μ ®¨¸É¨´´μ£μ¯ ρ ¥¸É¥¸É¢¥´´Ò³ ¸¶μ¸μ¡μ³ ·¥Ï¥´¨Ö ÔÉμ° § ¤ Î¨ ³μ¦¥É ¶μ-
¸²Ê¦¨ÉÓ μ¡· Ð¥´¨¥ ± μ¡μ¡Ð¥´´μ° Í¥´É· ²Ó´μ° ¶·¥¤¥²Ó´μ° É¥μ·¥³¥. ‘μ£² ¸´μ ¥° [8],
· ¸¶·¥¤¥²¥´¨¥ ¸Ê³³Ò ´¥§ ¢¨¸¨³ÒÌ, ´μ ±μ··¥²¨·μ¢ ´´ÒÌ ¸²ÊÎ °´ÒÌ ¢¥²¨Î¨´ ¸μ ¢·¥³¥-
´¥³ ¶·¨¡²¨¦ ¥É¸Ö ± · ¸¶·¥¤¥²¥´¨Õ ¤²Ö Ë· ±É ²Ó´μ£μ ¡·μÊ´μ¢¸±μ£μ ¤¢¨¦¥´¨Ö (”	„).

Š ± ¨§¢¥¸É´μ, ¢ ¸²ÊÎ ¥ μ¤´μ³¥·´μ£μ ”	„ ¥¤¨´¨Î´Ò¥ ¶·¨· Ð¥´¨Ö μ¡μ¡Ð¥´´μ° ±μμ·-
¤¨´ ÉÒ Î ¸É¨ÍÒ (Δxi) · ¸¶·¥¤¥²¥´Ò ¶μ ƒ Ê¸¸Ê. ’μ£¤  ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¶·¨· -
Ð¥´¨Ö ±μμ·¤¨´ ÉÒ (X = Δx1 + · · · + ΔxN ) §  ¶·μ³¥¦ÊÉμ± ¢·¥³¥´¨ (t − t0) ¨³¥¥É ¢¨¤
´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¸ ¤¨¸¶¥·¸¨¥° D = σ2(t− t0)2H , £¤¥ ¶ · ³¥É· H ¸μ¢¶ ¤ ¥É ¸
¶μ¸ÉμÖ´´μ° •¥·¸É , Ì · ±É¥·¨§ÊÕÐ¥° ¸É¥¶¥´Ó ±μ··¥²ÖÍ¨°,   σ Å ¶μ¸ÉμÖ´´ Ö.

‡ ¤ Î , · ¸¸³ É·¨¢ ¥³ Ö ¢ ¤ ´´μ° · ¡μÉ¥, ¶μ ¸ÊÐ¥¸É¢Ê μÉ´μ¸¨É¸Ö ± ¸É É¨¸É¨Î¥¸±¨³
§ ¤ Î ³ É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¶·μÍ¥¸¸μ¢. �μ μ¶·¥¤¥²¥´¨Õ Å ÔÉμ · §¤¥² ³ É¥³ É¨Î¥¸±μ° ¸É -
É¨¸É¨±¨, ¶μ§¢μ²ÖÕÐ¨° ¨§¢²¥± ÉÓ ¢¥·μÖÉ´μ¸É´Ò¥, ¸É É¨¸É¨Î¥¸±¨¥ ¢Ò¢μ¤Ò ¨§ ´ ¡²Õ¤¥´¨°,
¶·¥¤¸É ¢²¥´´ÒÌ ¢ ¢¨¤¥ ¸²ÊÎ °´μ£μ ¶·μÍ¥¸¸ . ’ ±¨³ μ¡· §μ³, ¨¸¶μ²Ó§Ê¥³Ò° ¢ ´ Ï¥° · -
¡μÉ¥ ¶μ¤Ìμ¤ ± ·Ö¤Ê ·¥§Ê²ÓÉ Éμ¢ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨§³¥·¥´¨°, ± ± ± ¸²ÊÎ °´μ³Ê ¶·μÍ¥¸¸Ê,
Ö¢²Ö¥É¸Ö ¢¶μ²´¥ ±μ··¥±É´Ò³ ¸ ³ É¥³ É¨Î¥¸±μ° ÉμÎ±¨ §·¥´¨Ö.

�·¥¤¸É ¢²Ö¥É¸Ö, ÎÉμ É ±μ° ¶μ¤Ìμ¤ ¨³¥¥É ¶· ¢μ ´  ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¨ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨
³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ´ ·Ö¤Ê ¸ ®¶·¨¢ÒÎ´Ò³  ´ ²¨§μ³¯ ´  μ¸´μ¢¥ Ë¨§¨Î¥¸±¨Ì
É¥μ·¨°, ¨¤ÊÐ¨Ì μÉ Ë¨§¨Î¥¸±μ£μ ³¥Ì ´¨§³  Ö¢²¥´¨Ö, ¨ ¤ ¦¥ ¨³¥¥É ¢¸¥μ¡Ð¨° Ì · ±É¥·
[10]. ˆ ¢μμ¡Ð¥, ± ± ÔÉμ Ö¢²Ö¥É¸Ö μ¡ÒÎ´Ò³ ¢ Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ, ¡Ê¤¥³ ¸Î¨É ÉÓ
¢¸¥ É·¥¡μ¢ ´¨Ö ³ É¥³ É¨Î¥¸±μ° ¸É·μ£μ¸É¨ ¢Ò¶μ²´¥´´Ò³¨.

�…‡“‹œ’�’›

‚ ÔÉμ³ · §¤¥²¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¸Ìμ¤¨³μ¸É¨ ·Ö¤μ¢ ¤ ´´ÒÌ ¤²Ö
·¥ ±Í¨° (1) ¨ (2) (¤²Ö ±μÉμ·ÒÌ · ´¥¥ μ¶·¥¤¥²¥´´Ò¥ ¶μ¸ÉμÖ´´Ò¥ H μ± § ²¨¸Ó ¢ÒÏ¥ 0,5)
± Ë· ±É ²Ó´μ³Ê ¡·μÊ´μ¢¸±μ³Ê ¤¢¨¦¥´¨Õ (”	„). � ¸¸³μÉ·¥´  ¤¨´ ³¨±  · ¸¶·¥¤¥²¥´¨Ö
¸Ê³³ ¶¥·¥³¥´´ÒÌ Δα, Pmax

t , bmax
min , Δy [5] ¤²Ö N ¸²¥¤ÊÕÐ¨Ì ¤·Ê£ §  ¤·Ê£μ³ ´¥§ ¢¨¸¨³ÒÌ

¸μ¡ÒÉ¨°, ´ ¶·¨³¥· Pmax
t1 + Pmax

t2 + . . . + Pmax
tN . �Î¥¢¨¤´μ, ÎÉμ N ¶·μ¶μ·Í¨μ´ ²Ó´μ ¢·¥-

³¥´¨, ¶·μÏ¥¤Ï¥³Ê ¸ ´ Î ²  ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É . ’ ±¨³ μ¡· §μ³, ± ¦¤μ¥ μÉ¤¥²Ó´μ¥
§´ Î¥´¨¥ ± ¦¤μ° ¨¸¸²¥¤Ê¥³μ° ¶¥·¥³¥´´μ° ³Ò ¶·¥¤¸É ¢²Ö¥³ ± ± ¶·¨· Ð¥´¨¥ ´¥±μÉμ·μ°
μ¡μ¡Ð¥´´μ° ±μμ·¤¨´ ÉÒ.

‚ ¶·¨¢¥¤¥´´ÒÌ ´¨¦¥ É ¡²¨Í Ì ¤ ´Ò §´ Î¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ ¤μ¸Éμ¢¥·-
´μ¸É¨ (χ2/n) ¤²Ö ¶·μ¢¥·±¨ ¸μμÉ¢¥É¸É¢¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¸ N μÉ 2 ¤μ
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16 ´μ·³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨Ö³, μ¡² ¤ ÕÐ¨³ ¤¨¸¶¥·¸¨¥° ¨ ³ É¥³ É¨Î¥¸±¨³ μ¦¨¤ ´¨¥³,
· ¢´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³,   É ±¦¥ ³ É¥³ É¨Î¥¸±¨¥ μ¦¨¤ ´¨Ö · ¸¶·¥¤¥²¥´¨° M .

’ ¡²¨Í  2. �¥ ±Í¨Ö (1). χ2/n Å §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ¤μ¸Éμ¢¥·´μ¸É¨ ¤²Ö ¶·μ¢¥·±¨ ¸μ-
μÉ¢¥É¸É¢¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ´μ·³ ²Ó´μ³Ê, M Å ¢¥²¨Î¨´  ³ É¥³ É¨Î¥¸±¨x
μ¦¨¤ ´¨°

N ‚¥²¨Î¨´  Δα Pmax
t bmax

min Δy

2
χ2/n 22± 2 10± 1 38± 3 8,0± 0,8
M 0,28 0,87 320 2,8

4
χ2/n 5,2± 0,8 2,0± 0,5 5,3± 0,7 2,1± 0,4
M 0,57 1,7 640 5,7

8
χ2/n 2,8± 0,7 1,7± 0,3 2,1± 0,6 1,5± 0,5
M 1,1 3,5 1280 11,4

16
χ2/n 1,6± 0,4 1,4± 0,5 1,4± 0,5 1,0± 0,4
M 2,3 7,0 2560 23

�·¥¤¸É ¢²¥´¨¥ μ ¤¨´ ³¨±¥ · ¸¶·¥¤¥²¥´¨Ö ¸Ê³³ ¶¥·¥³¥´´ÒÌ Δα, Pmax
t , bmax

min , Δy
³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ ·¨¸. 1, 2.

’ ¡²¨Í  3. �¥ ±Í¨Ö (2). χ2/n Å §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ¤μ¸Éμ¢¥·´μ¸É¨ ¤²Ö ¶·μ¢¥·±¨ ¸μ-
μÉ¢¥É¸É¢¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ´μ·³ ²Ó´μ³Ê, M Å ¢¥²¨Î¨´  ³ É¥³ É¨Î¥¸±¨x
μ¦¨¤ ´¨°

N ‚¥²¨Î¨´  Δα Pmax
t bmax

min Δy

2
χ2/n 63± 7 13± 1 113± 12 26± 2
M 0,27 0,90 251 2,6

4
χ2/n 17± 2 3,0± 0,6 19± 2 6,0± 1,0
M 0,54 1,8 50 5,1

8
χ2/n 3,6± 0,5 1,5± 0,5 4,3± 0,8 2,3± 0,5
M 1,1 3,6 100 10,3

16
χ2/n 1,3± 0,5 2,0± 0,5 1,7± 0,4 1,7± 0,3
M 2,1 7,1 2005 20,6

�·¥¤¸É ¢²¥´¨¥ μ ¤¨´ ³¨±¥ · ¸¶·¥¤¥²¥´¨Ö ¸Ê³³ ¶¥·¥³¥´´ÒÌ Δα, Pmax
t , bmax

min , Δy
³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨§ ·¨¸. 3, 4.

ˆ§ ¶·¨¢¥¤¥´´ÒÌ É ¡²¨Í ¨ ·¨¸Ê´±μ¢ Ìμ·μÏμ ¢¨¤´  ¸Ìμ¤¨³μ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
· ¸¶·¥¤¥²¥´¨° ± · ¸¶·¥¤¥²¥´¨Õ ƒ Ê¸¸ , ¸·¥¤´¥¥ ±μÉμ·μ£μ ¸¤¢¨£ ¥É¸Ö (®¸´μ¸¨É¸Ö¯) ¸ ·μ-
¸Éμ³ ¢·¥³¥´¨.

ˆ¸¸²¥¤μ¢ ² ¸Ó É ±¦¥ § ¢¨¸¨³μ¸ÉÓ ¤¨¸¶¥·¸¨¨ ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°
μÉ ¢·¥³¥´¨. …¥ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ¸· ¢´¨¢ ²μ¸Ó ¸ ¶μ³μÐÓÕ ³¥Éμ¤  ´ ¨³¥´ÓÏ¨Ì
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±¢ ¤· Éμ¢ ¸ ¤¨¸¶¥·¸¨¥° ¤²Ö Ë· ±É ²Ó´μ£μ ¡·μÊ´μ¢¸±μ£μ ¤¢¨¦¥´¨Ö, ±μÉμ· Ö μ¶·¥¤¥²Ö¥É¸Ö
¸²¥¤ÊÕÐ¥° Ëμ·³Ê²μ°:

D = σ2(t − t0)2H ,

¨ ¸μμÉ¢¥É¸É¢¥´´μ
ln (D) = a + b ln (t − t0),

£¤¥ a = 2 ln (σ) ¨ b = 2H . �¨¦¥ ¢ É ¡². 4 ¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ a ¨ b,
¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ ²¨´¥°´μ£μ Œ�Š, ¶·¨³¥´¥´´μ£μ ± ²μ£ ·¨Ë³ ³ ¤¨¸¶¥·¸¨° ¨¸¸²¥-

�¨¸. 1. ƒ¨¸Éμ£· ³³Ò ¤²Ö ¸Ê³³ ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê É ¡². 2. N = 2

�¨¸. 2. ƒ¨¸Éμ£· ³³Ò ¤²Ö ¸Ê³³ ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê É ¡². 2. N = 16
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�¨¸. 3. ƒ¨¸Éμ£· ³³Ò ¤²Ö ¸Ê³³ ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê É ¡². 3. N = 2

�¨¸. 4. ƒ¨¸Éμ£· ³³Ò ¤²Ö ¸Ê³³ ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê É ¡². 3. N = 16

¤Ê¥³ÒÌ ·Ö¤μ¢ ¸Ê³³, ¸μ¤¥·¦ Ð¨Ì n = 1 ÷ N , N = 1000, ¸² £ ¥³ÒÌ. —Éμ¡Ò §´ Î¥´¨Ö
b ³μ¦´μ ¡Ò²μ ¸· §Ê ¸· ¢´¨ÉÓ ¸μ §´ Î¥´¨Ö³¨ 2H , ¶μ¸²¥¤´¨¥ ¶·¨¢¥¤¥´Ò ¢ Éμ° ¦¥ É -

¡²¨Í¥. �Í¥´±  ¤¨¸¶¥·¸¨° ¶·μ¢μ¤¨² ¸Ó ¶μ ¸É ´¤ ·É´Ò³ Ëμ·³Ê² ³: D =
1
m

m∑
i=1

(ξi − M)2,

M =
1
m

m∑
i=1

ξi, £¤¥ {ξ1 · · · ξm} Å ·Ö¤ ¸Ê³³, ¤²¨´  ±μÉμ·μ£μ m μ¶·¥¤¥²Ö¥É¸Ö μÉ´μÏ¥´¨¥³

¶μ²´μ£μ μ¡Ñ¥³  ¨¸¸²¥¤Ê¥³μ° ¸É É¨¸É¨±¨ ± Î¨¸²Ê ¸² £ ¥³ÒÌ ¢ μ¤´μ° ¸Ê³³¥ n, ±μÉμ·μ¥,
μÎ¥¢¨¤´μ, ¶·μ¶μ·Í¨μ´ ²Ó´μ ¢·¥³¥´¨.
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’ ¡²¨Í  4. ‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ a ¨ b. �¥ ±Í¨¨ (1) ¨ (2)

�¥ ±Í¨Ö ‚¥²¨Î¨´  Δα Pmax
t bmax

min Δy

a Ä4,8± 0,2 Ä3,4± 0,1 9,7± 0,1 Ä0,8± 0,2

(1) b 1,17± 0,03 1,12± 0,02 1,20± 0,03 1,24± 0,04

2H 1,16± 0,01 1,5± 0,01 1,7± 0,01 1,20± 0,01

a Ä4,5± 0,2 Ä3,6± 0,1 9,85± 0,05 Ä0,14± 0,03
(2) b 1,35± 0,05 0,50± 0,10 1,28± 0,06 1,31± 0,04

2H 1,31± 0,01 1,42± 0,02 1,24± 0,01 1,34± 0,01

�¨¸. 5. ‹μ£ ·¨Ë³¨Î¥¸±¨¥ £· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ¤¨¸¶¥·¸¨¨ μÉ ¢·¥³¥´¨ ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê

É ¡². 4. �¥ ±Í¨Ö (1). N = 100

‘´μ¸ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·¥¤¸É ¢²¥´ § ¢¨¸¨³μ¸ÉÓÕ ³ É¥³ É¨Î¥¸±μ£μ
μ¦¨¤ ´¨Ö M Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° μÉ ¢·¥³¥´¨ (É ¡². 5, ·¨¸. 7 ¨ 8).

’ ¡²¨Í  5. ‘³¥Ð¥´¨¥ · ¸¶·¥¤¥²¥´¨° §  ¥¤¨´¨ÍÊ ¢·¥³¥´¨ (N = 1). �¥ ±Í¨¨ (1) ¨ (2)

�¥ ±Í¨Ö ‚¥²¨Î¨´  Δα Pmax
t bmax

min Δy

(1) M 0,14 0,43 160 1,4

(2) M 0,13 0,45 125 1,3
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�¨¸. 6. ‹μ£ ·¨Ë³¨Î¥¸±¨¥ £· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ¤¨¸¶¥·¸¨¨ μÉ ¢·¥³¥´¨ ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê

É ¡². 4. �¥ ±Í¨Ö (2). N = 1000

�¨¸. 7. ƒ· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ³ É¥³ É¨Î¥¸±μ£μ μ¦¨¤ ´¨Ö μÉ ¢·¥³¥´¨ ¤²Ö ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê

É ¡². 4. �¥ ±Í¨Ö (1)
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�¨¸. 8. ƒ· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ³ É¥³ É¨Î¥¸±μ£μ μ¦¨¤ ´¨Ö μÉ ¢·¥³¥´¨ ¤²Ö ¶¥·¥³¥´´ÒÌ ¶μ ¶μ·Ö¤±Ê

É ¡². 4. �¥ ±Í¨Ö (2)

‡�Š‹�—…�ˆ…

‚ Ìμ¤¥ ¶·μ¢¥¤¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ:
„²Ö ¤¨Ë· ±Í¨μ´´μ-¶μ¤μ¡´ÒÌ ·¥ ±Í¨° (1) ¨ (2) ¢ ·Ö¤ Ì ¨§³¥·¥´´ÒÌ ¶¥·¥³¥´´ÒÌ Δα,

Pmax
t , bmax

min , Δy (¸³. É¥±¸É) Ê¸É ´μ¢²¥´ Ë ±É ´ ²¨Î¨Ö ±μ··¥²ÖÍ¨° ¶μ¸²¥¤ÊÕÐ¨Ì ¨§³¥-
·¥´¨° ¸ ¶·¥¤Ò¤ÊÐ¨³¨, μ Î¥³ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ §´ Î¥´¨Ö ¶μ± § É¥²Ö •¥·¸É  H , § ³¥É´μ
¡μ²ÓÏ¨¥ ¢¥²¨Î¨´Ò 0,5 (¸³. É ¡². 1).

“¸É ´μ¢²¥´μ, ÎÉμ ¸ ·μ¸Éμ³ ¢·¥³¥´¨, É. ¥. ¶μ ³¥·¥ Ê¢¥²¨Î¥´¨Ö Î¨¸²  ¸² £ ¥³ÒÌ ¢ ¸Ê³-
³ Ì ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ Î²¥´μ¢ ¢·¥³¥´´ÒÌ ·Ö¤μ¢ ¨¸¸²¥¤Ê¥³μ° ¸É É¨¸É¨±¨, · ¸¶·¥¤¥²¥-
´¨Ö ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¨ ÔÉ¨Ì ¸Ê³³ ¶·¨¡²¨¦ ÕÉ¸Ö ± μ¶·¥¤¥²¥´´μ°  ¸¨³¶ÉμÉ¨Î¥¸±μ°
Ëμ·³¥, ±μÉμ·ÊÕ ³μ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ ± ± · ¢´μ¢¥¸´ÊÕ.

�¸¨³¶ÉμÉ¨Î¥¸± Ö (· ¢´μ¢¥¸´ Ö) Ëμ·³  · ¸¶·¥¤¥²¥´¨° ¸μ£² ¸Ê¥É¸Ö ¸ Ëμ·³μ°, μ¶¨¸Ò-
¢ ÕÐ¥° μ¡μ¡Ð¥´´μ¥ Ë· ±É ²Ó´μ¥ ¡·μÊ´μ¢¸±μ¥ ¤¢¨¦¥´¨¥ (”	„) [9]:

ρ(x0, x, t − t0) =
1√

2πσ(t − t0)H
exp

(
− (x − x0 − M)2

2σ2(t − t0)2H

)
.

„¥°¸É¢¨É¥²Ó´μ, ¤²Ö ¤¨¸¶¥·¸¨° Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ± ± ËÊ´±Í¨° μÉ
¢·¥³¥´¨ ¸¶· ¢¥¤²¨¢μ ¸μμÉ´μÏ¥´¨¥ ln (D) = a + b ln (t − t0). �μ£·¥Ï´μ¸ÉÓ Œ�Š ±μÔË-
Ë¨Í¨¥´Éμ¢ a ¨ b μÎ¥´Ó ³ ²  (∼ 1%).

ˆ¸¶μ²Ó§ÊÖ ¤ ´´Ò¥ É ¡²¨ÍÒ, £¤¥ ¶·¨¢¥¤¥´Ò · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ b, ¨
¸· ¢´¨¢ Ö ¨Ì ¸ ¶μ²ÊÎ¥´´Ò³¨ ´ ³¨ §´ Î¥´¨Ö³¨ ±μÔËË¨Í¨¥´É  •¥·¸É  H , ³μ¦´μ ¢¨¤¥ÉÓ,
ÎÉμ ¢ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¥° ¢Ò¶μ²´Ö¥É¸Ö · ¢¥´¸É¢μ b = 2H . ’ ±¨³ μ¡· §μ³, ¨³¥¥É
³¥¸Éμ Ëμ·³Ê²  D = σ2(t − t0)2H . 	μ²¥¥ Éμ£μ, ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸²¥¤Ê¥É,
ÎÉμ ¤ ´´μ¥ ¸μμÉ´μÏ¥´¨¥ ¡Ê¤¥É ¢Ò¶μ²´ÖÉÓ¸Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ n, Ô±¢¨¢ ²¥´É´μ£μ
(t − t0), É. ¥. ¤μ¶μ²´¨É¥²Ó´μ ´¥ § ¢¨¸¨É μÉ ¢·¥³¥´¨.
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“¸É ´μ¢²¥´ Ë ±É ¸¤¢¨£  ¸·¥¤´¥£μ M μÉ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¨, ±μÉμ-
·Ò° μ± § ²¸Ö ¶·Ö³μ ¶·μ¶μ·Í¨μ´ ²¥´ Ï¨·¨´¥ ¢·¥³¥´´μ£μ ¨´É¥·¢ ² .

ˆ§ ¶·¨¢¥¤¥´´ÒÌ Ë ±Éμ¢ ³μ¦¥É ¡ÒÉÓ ¸¤¥² ´ ¢Ò¢μ¤, ÎÉμ ·Ö¤Ò ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨§³¥-
·¥´¨° ¢Ò¡· ´´ÒÌ ¶¥·¥³¥´´ÒÌ ¤²Ö ·¥ ±Í¨° (1) ¨ (2) ³μ£ÊÉ · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ¸²ÊÎ °´Ò°
¶·μÍ¥¸¸ ¢ μ¡μ¡Ð¥´´μ³ ¶·μ¸É· ´¸É¢¥ ÔÉ¨Ì ¶¥·¥³¥´´ÒÌ. ‚ ÔÉμ³ ¶·μÍ¥¸¸¥ μ¤´μ¢·¥³¥´´μ
¶·μ¨¸Ìμ¤ÖÉ ¤¨ËËÊ§¨Ö ¨ ¤¢¨¦¥´¨¥ (¶μÉμ±) ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¨ ± ± ¥¤¨´μ£μ Í¥²μ£μ
(¸´μ¸).

Š ± ¨§¢¥¸É´μ, É ±¨¥ ¸¶¥Í¨ ²Ó´Ò¥ ¢¨¤Ò ¤¨ËËÊ§¨¨ μ¶¨¸Ò¢ ÕÉ¸Ö Ê· ¢´¥´¨¥³ ”μ±±¥· Ä
�² ´±  [11].

‚ ³ É¥³ É¨Î¥¸±μ° É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¶·μÍ¥¸¸μ¢ μ´μ ¢μ§´¨± ¥É ± ± ¶·Ö³μ¥ Ê· ¢´¥-
´¨¥ Šμ²³μ£μ·μ¢  ¤²Ö · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¶¥·¥Ìμ¤´μ° ¢¥·μÖÉ´μ¸É¨. …£μ ·¥Ï¥´¨¥
¸μ¤¥·¦¨É É ± ´ §Ò¢ ¥³Ò° ®ÔËË¥±É ¶ ³ÖÉ¨¯, É. ¥. ±μ··¥²ÖÍ¨Õ ¶μ¸²¥¤ÊÕÐ¨Ì ¸μ¸ÉμÖ´¨°
¶·μÍ¥¸¸  ¸ ¶·¥¤Ò¤ÊÐ¨³¨.

‚ ´ Ï¥³ ¸²ÊÎ ¥ μ´μ ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´μ ¢ ¢¨¤¥

∂ρ

∂t
= σ2H(t − t0)2H−1 ∂2ρ

∂x2
− M

∂ρ

∂x
,

£¤¥ M Å ±μÔËË¨Í¨¥´É ¸´μ¸ , ¶·¨¢¥¤¥´´Ò° ¤²Ö ·¥ ±Í¨° (1) ¨ (2) ¢ É ¡². 5,  
σ2H(t−t0)2H−1 ¨³¥¥É ¸³Ò¸² ±μÔËË¨Í¨¥´É  ¤¨ËËÊ§¨¨ ¶μ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¶¥·¥³¥´´μ°.
�·Ö³μ° ¶μ¤¸É ´μ¢±μ° ³μ¦´μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ ¤¥°¸É¢¨É¥²Ó´μ ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ-
´μ¸É¨ ¶¥·¥Ìμ¤´μ° ¢¥·μÖÉ´μ¸É¨ μ¤´μ³¥·´μ£μ ”	„ Ö¢²Ö¥É¸Ö ·¥Ï¥´¨¥³ ÔÉμ£μ Ê· ¢´¥´¨Ö.

‚ § ±²ÕÎ¥´¨¥ μÉ³¥É¨³, ÎÉμ, ± ± ¶·¥¤¸É ¢²Ö¥É¸Ö, μ¡Ð¨° ¢Ò¢μ¤ ¨§ ¶·μ¤¥² ´´μ° · ¡μÉÒ
¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³:

�μ± § ´  ¢μ§³μ¦´μ¸ÉÓ · ¸¸³μÉ·¥´¨Ö ¨¸¸²¥¤μ¢ ´´ÒÌ ¸ÉμÌ ¸É¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¢ ± -
Î¥¸É¢¥ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¢ μ¡μ¡Ð¥´´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥. �Éμ ¸¢μ°¸É¢μ ¶·μ-
Ö¢²Ö¥É¸Ö, ¥¸²¨ · ¸¸³ É·¨¢ ÉÓ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¨§³¥·¥´´ÒÌ ¶¥·¥³¥´´ÒÌ ± ± ¢·¥³¥´´μ°
·Ö¤, Ö¢²ÖÕÐ¨°¸Ö Î¨¸²μ¢Ò³ μÉμ¡· ¦¥´¨¥³ ´¥±μÉμ·μ£μ Ë¨±É¨¢´μ£μ ¸²ÊÎ °´μ£μ ¶·μÍ¥¸¸ .
‘²¥¤Ê¥É μ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  Éμ, ÎÉμ ·¥ ²Ó´Ò° ¶·μÍ¥¸¸ ¨§³¥´¥´¨Ö ¸μ¸ÉμÖ´¨° ¸μÌ· ´Ö-
ÕÐ¥°¸Ö ¢μ ¢·¥³¥´¨ ¸¨¸É¥³Ò ¢ ´ Ï¥³ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢Ê¥É.

� °¤¥´  ¸¨³¶ÉμÉ¨Î¥¸±¨° ¢¨¤ Ê· ¢´¥´¨Ö, μ¶¨¸Ò¢ ÕÐ¥£μ ¶·¨£μÉμ¢²¥´´Ò° ¸²ÊÎ °´Ò°
¶·μÍ¥¸¸, ±μÉμ·Ò° ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´ ± ± μ¸μ¡Ò° ¢¨¤ ¤¨ËËÊ§¨¨ ¢ ¸·¥¤¥ ¸ ¤¢¨¦Ê-
Ð¨³¸Ö ¶μÉμ±μ³. �·μÍ¥¸¸ ¨³¥¥É Ë· ±É ²Ó´Ò° Ì · ±É¥·.

“· ¢´¥´¨¥, ±·μ³¥ Éμ£μ, ÎÉμ μ¶¨¸Ò¢ ¥É Ë· ±É ²Ó´Ò° Ì · ±É¥· ¶·μÍ¥¸¸ , ·¥ ²¨§Ê¥É
´μ¢Ò°, ¸É É¨¸É¨Î¥¸±¨°, ¶μ¤Ìμ¤ ± μ¶¨¸ ´¨Õ ¤¨´ ³¨±¨ ¶·μÍ¥¸¸μ¢ ¢ ³¨±·μ¸±μ¶¨Î¥¸±μ°
Ë¨§¨±¥ [10]. �μ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ¶μ± § É¥²Ö •¥·¸É  0,5< H <1, ¢Ìμ¤ÖÐ¥£μ ¢ “”�
¢ ± Î¥¸É¢¥ ¶ · ³¥É· , μ§´ Î ÕÉ, ÎÉμ ¨¸¸²¥¤μ¢ ´´Ò¥ ¶·μÍ¥¸¸Ò μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¢μ Ë· ±-
É ²Ó´μ³ μ¡μ¡Ð¥´´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥ ¸ ¤·μ¡´μ° · §³¥·´μ¸ÉÓÕ. � §¢¨É¨¥ ÔÉμ£μ
Ë ±É  ³μ¦¥É ¶μ§¢μ²¨ÉÓ ¶μ¸É·μ¨ÉÓ ¸ÉμÌ ¸É¨Î¥¸±ÊÕ ¤¨´ ³¨±Ê ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ¢§ ¨³μ-
¤¥°¸É¢¨° ¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¢¢¥¸É¨ ´¥μ¡· É¨³μ¸ÉÓ ¢ ¨Ì μ¶¨¸ ´¨¥ [12Ä14].
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