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ˆ´¸É¨ÉÊÉ ³¥Ì ´¨±¨ 	μ²£ ·¸±μ°  ± ¤¥³¨¨ ´ Ê±, ‘μË¨Ö

�·¥¤¸É ¢²¥´ μ¡§μ· ´¥±μÉμ·ÒÌ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ ¨§ÊÎ¥´¨¨  £·¥£ Í¨¨
¨ Ë· £³¥´É Í¨¨ ±² ¸É¥·μ¢ Î ¸É¨Í, ¶μ¤Î¨´ÖÕÐ¨Ì¸Ö ¸ÉμÌ ¸É¨Î¥¸±μ° ¤¨¸±·¥É´μ° ¶μ
¢·¥³¥´¨ ¨ ¶·μ¸É· ´¸É¢Ê ¤¨´ ³¨±¥ μ¡μ¡Ð¥´´μ£μ ¶μ²´μ¸ÉÓÕ  ¸¨³³¥É·¨Î¥¸±μ£μ ¶·μ-
Í¥¸¸  ¸ ¶·μ¸ÉÒ³ ¨¸±²ÕÎ¥´¨¥³ (μ����ˆ Å gTASEP) ¸ μÉ±·ÒÉÒ³¨ £· ´¨Î´Ò³¨
Ê¸²μ¢¨Ö³¨. Œμ¤¥²Ó ¶μ ¸ÊÉ¨ Ö¢²Ö¥É¸Ö μ¡ÒÎ´Ò³ ����ˆ (TASEP) ¸ Ê¶μ·Ö¤μÎ¥´´Ò³
´ § ¤ (μ¡· É´Ò³) ¶μ¸²¥¤μ¢ É¥²Ó´Ò³  ²£μ·¨É³μ³ μ¡´μ¢²¥´¨Ö, ´μ ¸ ¤μ¡ ¢²¥´´Ò³ ¸¶¥-
Í¨ ²Ó´Ò³ ±¨´¥³ É¨Î¥¸±¨³ ¢§ ¨³μ¤¥°¸É¢¨¥³,   ¨³¥´´μ ¤μ¶μ²´¨É¥²Ó´μ° ¢¥·μÖÉ´μ¸ÉÓÕ
¶·Ò¦±  ¢¶· ¢μ pm ¤²Ö Î ¸É¨Í ±² ¸É¥·  ¶μ³¨³μ μ¡ÒÎ´μ° ¢¥·μÖÉ´μ¸É¨ ¶·Ò¦±  p. �É-
¤¥²Ó´μ · ¸¸³μÉ·¥´Ò ¤¢  ¸²ÊÎ Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨ÉÖ¦¥´¨Ö: 1) ¶·¥¤¥²Ó´Ò° ¸²ÊÎ °
´¥μ¡· É¨³μ°  £·¥£ Í¨¨ (pm = 1) ¨ 2) μ¡Ð¨° ¸²ÊÎ ° ¶·¨ÉÖ¦¥´¨Ö, ±μ£¤  p < pm < 1
(¢μ§³μ¦´   £·¥£ Í¨Ö ¨ Ë· £³¥´É Í¨Ö ±² ¸É¥·μ¢). ‘μ¸·¥¤μÉμÎ¨³ ´ Ï¥ ¢´¨³ ´¨¥ ´ 
¨¸¶μ²Ó§μ¢ ´¨¨ É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¶·¨ ¨§ÊÎ¥´¨¨ μ����ˆ. �´a ¶·¨³¥´Ö-
¥É¸Ö ¤²Ö ¨§ÊÎ¥´¨Ö ¢·¥³¥´´μ° Ô¢μ²ÕÍ¨¨ ³¥¦±² ¸É¥·´ÒÌ ¨´É¥·¢ ²μ¢, ¶μ¸·¥¤¸É¢μ³ ±μÉμ-
·μ° ¶·μ ´ ²¨§¨·μ¢ ´Ò ¸¢μ°¸É¢  ´¥· ¢´μ¢¥¸´ÒÌ ¸É Í¨μ´ ·´ÒÌ Ë § ¸¨¸É¥³Ò,   É ±¦¥
Ë §μ¢Ò¥ ¶¥·¥Ìμ¤Ò ³¥¦¤Ê ´¨³¨. ’¥μ·¥É¨Î¥¸±¨¥ ¢Ò¢μ¤Ò ¶μ¤É¢¥·¦¤¥´Ò ·¥§Ê²ÓÉ É ³¨
Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö.

This paper provides summary of some of our results, concerning a model of ag-
gregation and fragmentation of clusters of particles obeying the stochastic discrete-time
discrete-space kinetics of the generalized Totally Asymmetric Simple Exclusion Process
(gTASEP) with open boundaries. The model in essence is the ordinary TASEP with
backward ordered sequential update with special kinematic interaction added, i.e., it has
a second modiˇed hopping probability pm for particles in a cluster in addition to the
standard hopping probability p. We consider separately the two cases of attraction interac-
tion: 1) the limiting case of irreversible aggregation (pm = 1) and 2) the generic case of
attraction, when p < pm < 1 (then aggregation and fragmentation of clusters is allowed).
We put special emphasis on the use of random walk theory in the study of gTASEP. It is
applied to study the inter-cluster gaps time evolution, which helps to assess the properties
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of the non-equilibrium stationary phases of the system and the phase transitions between
them. Theoretical conclusions are in agreement with the Monte Carlo simulations.

PACS: 02.50.Ey; 05.40.-a; 05.70.Ln

�¢Éμ·Ò ¢Ò· ¦ ÕÉ £²Ê¡μ±ÊÕ ¶·¨§´ É¥²Ó´μ¸ÉÓ ¢Ò¤ ÕÐ¥³Ê¸Ö
ÊÎ¥´μ³Ê, ¢¸¥³¨·´μ ¨§¢¥¸É´μ³Ê Ë¨§¨±Ê-É¥μ·¥É¨±Ê ‚ÖÎ¥¸² ¢Ê
�μ·¨¸μ¢¨ÎÊ �·¨¥§¦¥¢Ê §  £μ¤Ò ¶²μ¤μÉ¢μ·´μ£μ ´ ÊÎ´μ£μ ¸μ-
É·Ê¤´¨Î¥¸É¢  ¨ É¥¶²ÒÌ ¤·Ê¦¥¸±¨Ì μÉ´μÏ¥´¨°. �¥§Ê²ÓÉ ÉÒ,
¶·¥¤¸É ¢²¥´´Ò¥ ¢ ¤ ´´μ° ¸É ÉÓ¥, ¶μ²ÊÎ¥´Ò ¢μ ³´μ£μ³ ¡² -
£μ¤ ·Ö ¨¤¥Ö³ ¨ ¸μ¢¥É ³ ‚ÖÎ¥¸² ¢  �μ·¨¸μ¢¨Î .

‚‚…„…�ˆ…

�·μÍ¥¸¸Ò  £·¥£ Í¨¨ ¨ Ë· £³¥´É Í¨¨ ±² ¸É¥·μ¢ ¶·μ¨§¢μ²Ó´μ£μ · §³¥· ,
¸μ¸ÉμÖÐ¨Ì ¨§ μ¡Ñ¥±Éμ¢ · §²¨Î´μ° ¶·¨·μ¤Ò, ¢μ§´¨± ÕÉ ¢μ ³´μ£¨Ì Ë¨§¨±μ-
Ì¨³¨Î¥¸±¨Ì ¶·μÍ¥¸¸ Ì ¢ ¶·¨·μ¤¥ ¨ ¶·¥¤¸É ¢²ÖÕÉ ¨´É¥·¥¸ ¸ · §´ÒÌ ÉμÎ¥±
§·¥´¨Ö. �É¨ Ö¢²¥´¨Ö ´ ¡²Õ¤ ÕÉ¸Ö ¢ Ë¨§¨±¥  Ô·μ§μ²¥° [1], ·μ¸É¥ ¶μ²¨³¥-
·μ¢ [2],  £·¥£ Í¨¨ É·μ³¡μÍ¨Éμ¢ ¢ ±·μ¢¨ [3],  £·¥£ Í¨¨ ¡¥²±  [4] ¨ ¤ ¦¥ ¢
 ¸É·μË¨§¨±¥ [5].

� ¶·¨³¥·, ¢ ³¥¤¨Í¨´¥ ¸¶μ¸μ¡´μ¸ÉÓ ±μ´É·μ²¨·μ¢ ÉÓ  £·¥£ Í¨Õ ¡¥²±  ¨³¥-
¥É ¡μ²ÓÏμ¥ §´ Î¥´¨¥ ¶·¨ · §· ¡μÉ±¥ ´μ¢ÒÌ ²¥± ·¸É¢. Š ± ¨§¢¥¸É´μ, ¢ ¡¨μ-
Ì¨³¨¨ ¢ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ ´¥μ¡· É¨³ Ö  £·¥£ Í¨Ö ³μ¦¥É ¨³¥ÉÓ · §·ÊÏ¨-
É¥²Ó´Ò¥ ¶μ¸²¥¤¸É¢¨Ö. �¥±μÉμ·Ò¥ ´¥°·μ¤¥£¥´¥· É¨¢´Ò¥ § ¡μ²¥¢ ´¨Ö, É ±¨¥
± ± ¡μ²¥§´Ó �²ÓÍ£¥°³¥· , ¡μ²¥§´Ó � ·±¨´¸μ´  ¨²¨ ¶·¨μ´´Ò¥ § ¡μ²¥¢ ´¨Ö,
Ì · ±É¥·¨§ÊÕÉ¸Ö ¢´ÊÉ·¨±²¥ÉμÎ´μ°  £·¥£ Í¨¥° ¨ μÉ²μ¦¥´¨¥³ ¶ Éμ£¥´´ÒÌ ¡¥²-
±μ¢ [6]. �´ ²μ£¨Î´μ  ´μ³ ²Ó´ Ö ´¥μ¡· É¨³ Ö  £·¥£ Í¨Ö ·¨¡μ¸μ³ ¶·¨¢μ¤¨É
± ´¥¶μ¶· ¢¨³μ³Ê ´ ·ÊÏ¥´¨Õ ¸¨´É¥§  ¡¥²±  ¨ ± £¨¡¥²¨ ´¥°·μ´μ¢ ¶μ¸²¥ μÎ -
£μ¢μ° ¨Ï¥³¨¨ £μ²μ¢´μ£μ ³μ§£ . ‘ ¤·Ê£μ° ¸Éμ·μ´Ò,  £·¥£ Í¨Ö É·μ³¡μÍ¨Éμ¢
¢ ±·μ¢¨ Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ § Ð¨É´Ò³ ³¥Ì ´¨§³μ³ μ·£ ´¨§³  [3]. �  ¶¥·¢μ³
ÔÉ ¶¥  £·¥£ Í¨Ö É·μ³¡μÍ¨Éμ¢ μ¡· É¨³ , ´μ ¶μ§¦¥ ¶·μÍ¥¸¸ ³μ¦¥É ¸É ÉÓ ´¥-
μ¡· É¨³Ò³ ¨ ¢μ ³´μ£¨Ì ¸²ÊÎ ÖÌ ¤ ¦¥ ¢·¥¤´Ò³. �¥¸²μ¦´μ ¶·¨¢¥¸É¨ ³´μ£μ
¤·Ê£¨Ì ¶·¨³¥·μ¢.

�Ê¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¨§ÊÎ ¥³ Ö ³μ¤¥²Ó Ö¢²Ö¥É¸Ö ¤μ¢μ²Ó´μ Ê¶·μÐ¥´´μ°
¨ ¢ ´¥° ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¢¸Ö ¸²μ¦´μ¸ÉÓ ·¥ ²Ó´ÒÌ ¸¨¸É¥³, ´μ ³Ò ¸Î¨É ¥³,
ÎÉμ ¶μ¤μ¡´Ò¥ ¨¤¥ ²¨§¨·μ¢ ´´Ò¥ ¨ Ê¶·μÐ¥´´Ò¥ ³μ¤¥²¨ Ö¢²ÖÕÉ¸Ö ¶μ²¥§´Ò³
¨´¸É·Ê³¥´Éμ³ ¤²Ö ¨§ÊÎ¥´¨Ö ¨ ¶μ´¨³ ´¨Ö ¡μ²¥¥ ¸²μ¦´ÒÌ ¸¨¸É¥³, ¸ÊÐ¥¸É¢ÊÕ-
Ð¨Ì ¢ ·¥ ²Ó´μ³ ³¨·¥, ¢ Î ¸É´μ¸É¨ ¢ ¡¨μË¨§¨±¥ ¨ ¶·¨ ¨§ÊÎ¥´¨¨ É· ´¸¶μ·É´ÒÌ
¶μÉμ±μ¢.

�¤´  ¨§ μ¸´μ¢´ÒÌ ¶·¨Î¨´  ±É¨¢´μ£μ ¨§ÊÎ¥´¨Ö ³μ¤¥²¥°, ¶μ¤μ¡´ÒÌ  ¸¨³-
³¥É·¨Î¥¸±μ³Ê ¶·μÍ¥¸¸Ê ¸ ¶·μ¸ÉÒ³ ¨¸±²ÕÎ¥´¨¥³ (ASEP/���ˆ), ¸¢Ö§ ´  ¸
É¥³, ÎÉμ ´  ¤ ´´Ò° ³μ³¥´É μ´ Ö¢²Ö¥É¸Ö ¸¢μ¥£μ ·μ¤  ¶ · ¤¨£³μ° (¶μ¤μ¡´μ ³μ-
¤¥²¨ ˆ§¨´£  ¢ ¸²ÊÎ ¥ · ¢´μ¢¥¸¨Ö), ¶μ³μ£ ÕÐ¥° ´ ³ ¢ ¨¸¸²¥¤μ¢ ´¨¨ ¸¢μ°¸É¢
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´¥· ¢´μ¢¥¸´ÒÌ ¸¨¸É¥³. �¥±μÉμ·Ò¥ ¨§ ÔÉ¨Ì ¸¢μ°¸É¢ ´¥ ¨³¥ÕÉ  ´ ²μ£  ¢ · ¢´μ-
¢¥¸´μ³ ¸²ÊÎ ¥ (¸³. [7]). ‚ ¶μ²´μ¸ÉÓÕ  ¸¨³³¥É·¨Î¥¸±μ³ ¸²ÊÎ ¥, ±μ£¤  Î ¸É¨-
Í ³ · §·¥Ï¥´μ ¶¥·¥³¥Ð ÉÓ¸Ö Éμ²Ó±μ ¢ μ¤´μ³ ´ ¶· ¢²¥´¨¨, ASEP ¸¢μ¤¨É¸Ö ±
¸¢μ¥° ´ ¶· ¢²¥´´μ° ¢¥·¸¨¨ Å ¶μ²´μ¸ÉÓÕ  ¸¨³³¥É·¨Î¥¸±μ³Ê ¶·μÍ¥¸¸Ê ¸ ¶·μ-
¸ÉÒ³ ¨¸±²ÕÎ¥´¨¥³ (TASEP/����ˆ). �É  ³μ¤¥²Ó Ö¢²Ö¥É¸Ö ·¥¤±¨³ ¶·¨³¥·μ³
ÉμÎ´μ ·¥Ï ¥³ÒÌ ³μ¤¥²¥°, ¤ ²¥±¨Ì μÉ · ¢´μ¢¥¸¨Ö (¸³. ¢ [8] μ¡§μ· ¸¢μ°¸É¢ ÔÉ¨Ì
³μ¤¥²¥°).

‚ ¦´μ¸ÉÓ ¨§ÊÎ¥´¨Ö ¶μ¤μ¡´ÒÌ Ê¶·μÐ¥´´ÒÌ ³μ¤¥²¥° ¢ÒÉ¥± ¥É ¨§ Éμ£μ
Ë ±É , ÎÉμ ¢ μ±·Ê¦ ÕÐ¥³ ³¨·¥ ³Ò ·¥¤±μ ¸É ²±¨¢ ¥³¸Ö ¸ ´ ¸ÉμÖÐ¨³¨ · ¢´μ-
¢¥¸´Ò³¨ ¶·μÍ¥¸¸ ³¨. ‚μ ³´μ£¨Ì ¸²ÊÎ ÖÌ μ´¨, ¸±μ·¥¥, Ö¢²ÖÕÉ¸Ö ¨¤¥ ²¨§ Í¨¥°
·¥ ²Ó´ÒÌ ¶·μÍ¥¸¸μ¢. 	μ²ÓÏ¨´¸É¢μ ·¥ ²Ó´ÒÌ ¸¨¸É¥³, ¢ Éμ³ Î¨¸²¥ ¦¨¢Ò¥ ¸¨-
¸É¥³Ò, μ¡³¥´¨¢ ÕÉ¸Ö ¢¥Ð¥¸É¢μ³ ¨/¨²¨ Ô´¥·£¨¥° ¸ μ±·Ê¦ ÕÐ¥° ¸·¥¤μ°, ¶μ¤-
¤¥·¦¨¢ Ö ´¥É·¨¢¨ ²Ó´Ò¥ ¶μÉμ±¨. �¤´ ±μ ¸¥£μ¤´ÖÏ´¥¥ ¶μ´¨³ ´¨¥ ´¥· ¢´μ-
¢¥¸´ÒÌ ¸¨¸É¥³ μÉ¸É ¥É μÉ ´ Ï¨Ì §´ ´¨° μ · ¢´μ¢¥¸´ÒÌ ¸¨¸É¥³ Ì. ‚ ¦´μ¸ÉÓ
· §· ¡μÉ±¨ ËÊ´¤ ³¥´É ²Ó´μ° ¨ ¢¸¥μ¡Ñ¥³²ÕÐ¥° É¥μ·¨¨ ¸¨¸É¥³, ¤ ²¥±¨Ì μÉ
· ¢´μ¢¥¸¨Ö, ¡Ò²  ¶·¨§´ ´  ¤μ¢μ²Ó´μ ¤ ¢´μ [9, 10], ¨ ¸ É¥Ì ¶μ· ¢¥¤ÊÉ¸Ö μÎ¥´Ó
 ±É¨¢´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö. ‚ ·¥§Ê²ÓÉ É¥ ASEP ¨ ¥£μ · §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ ´ -
Ìμ¤ÖÉ Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ¢ ³μ¤¥²¨·μ¢ ´¨¨ ¤¢¨¦¥´¨Ö É· ´¸¶μ·É´ÒÌ ¶μÉμ-
±μ¢ [8, 11, 12], ¡¨μ²μ£¨Î¥¸±μ£μ É· ´¸¶μ·É  [13, 14], ¢Ò´Ê¦¤¥´´μ£μ ¤¢¨¦¥´¨Ö
±μ²²μ¨¤μ¢ ¢ Ê§±¨Ì ± ´ ² Ì [15Ä17], ·μ¸É  ¶μ¢¥·Ì´μ¸É¥° [18], ¶¥·¥´μ¸  ¶ ±¥-
Éμ¢ ¤ ´´ÒÌ ¢ ¨´É¥·´¥É¥ ¨ É. ¤.

‘Éμ¨É Ê¶μ³Ö´ÊÉÓ, ÎÉμ TASEP ¶·¨³¥´Ö¥É¸Ö ¸μ ¢·¥³¥´¨ ¶μÖ¢²¥´¨Ö · -
¡μÉÒ McDonald ¨ ¤·. [19], μ¶Ê¡²¨±μ¢ ´´μ° ¢ 1968 £., ¢ ±μÉμ·μ° μ´ ¨¸-
¶μ²Ó§μ¢ ²¸Ö ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ±¨´¥É¨±¨ ¸¨´É¥§  ¡¥²± . ‚ 1970 £. μ´ ¡Ò²
¶·¨§´ ´ ³ ·±μ¢¸±¨³ ¶·μÍ¥¸¸μ³ ¸ ¢§ ¨³μ¤¥°¸É¢¨¥³ [20]. „²Ö TASEP ¸ ´¥-
¶·¥·Ò¢´μ° ¢·¥³¥´´μ° ¤¨´ ³¨±μ° (·¥ ²¨§μ¢ ´´μ° ¢ ŒŠ-³μ¤¥²¨·μ¢ ´¨ÖÌ ± ±
¸²ÊÎ °´μ¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¥ μ¡´μ¢²¥´¨¥ (RSU)) Derrida ¨ ¤·. [21] ¶μ¸É·μ-
¨²¨ ÉμÎ´μ¥ ¸É Í¨μ´ ·´μ¥ ¸μ¸ÉμÖ´¨¥ ¤²Ö ¸¶¥Í¨ ²Ó´ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢
¸ ¶μ³μÐÓÕ ·¥±Ê··¥´É´ÒÌ ¸μμÉ´μÏ¥´¨°,   ¢ ¡μ²¥¥ ¶μ§¤´¥° · ¡μÉ¥ Schéutz ¨
Domany [22] Å ¢ μ¡Ð¥³ ¸²ÊÎ ¥. � ¸ÉμÖÐ¨³ ¶·μ·Ò¢μ³ ¢ ³¥Éμ¤ Ì ·¥Ï¥´¨Ö
TASEP ¸ μÉ±·ÒÉÒ³¨ £· ´¨Í ³¨ ¸É ²μ ¶·¥¤²μ¦¥´´μ¥ Derrida ¨ ¤·. ¢ [23]
³ É·¨Î´μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶·μ¨§¢¥¤¥´¨Ö ¸É Í¨μ´ ·´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¢¥·μ-
ÖÉ´μ¸É¥°. �μ§¤´¥¥ ÔÉμÉ ¶μ¤Ìμ¤ (Matrix Product Ansatz) ¡Ò² ¤μ· ¡μÉ ´ ¤²Ö
¨§ÊÎ¥´¨Ö ¸É Í¨μ´ ·´ÒÌ ¸μ¸ÉμÖ´¨° ASEP ¨ TASEP ¤²Ö · §²¨Î´ÒÌ  ²£μ·¨É-
³μ¢ μ¡´μ¢²¥´¨Ö, É ±¨Ì ± ± TASEP ¸ ¶μ¤·¥Ï¥ÉμÎ´μ-¶ · ²²¥²Ó´Ò³ μ¡´μ¢²¥-
´¨¥³ [24, 25], TASEP ¸ ¶μ²´μ¸ÉÓÕ ¶ · ²²¥²Ó´Ò³ μ¡´μ¢²¥´¨¥³ (PU) [26, 27]
¨ TASEP ¸ Ê¶μ·Ö¤μÎ¥´´Ò³¨ ¢¶¥·¥¤ ¨ Ê¶μ·Ö¤μÎ¥´´Ò³ ´ § ¤ ¶μ¸²¥¤μ¢ É¥²Ó-
´Ò³¨ μ¡´μ¢²¥´¨Ö³¨ [28, 29]. ‘· ¢´¥´¨¥ ¶·μÍ¥¤Ê· μ¡´μ¢²¥´¨Ö ¢ ASEP ¨ ¸¢Ö§Ó
³¥¦¤Ê · §²¨Î´Ò³¨ Ë¨§¨Î¥¸±¨³¨ ¢¥²¨Î¨´ ³¨ ¢ ASEP ¸ · §´Ò³¨  ²£μ·¨É³ ³¨
μ¡´μ¢²¥´¨° ¡Ò²¨ ¶·¥¤¸É ¢²¥´Ò ¢ · ¡μÉ¥ [30].

‘¢μ°¸É¢  ³μ¤¥²¥° TASEP ¸¨²Ó´μ § ¢¨¸ÖÉ μÉ ¢Ò¡μ·  £· ´¨Î´ÒÌ Ê¸²μ-
¢¨° [7, 8]. ‚ É¥·³μ¤¨´ ³¨Î¥¸±μ³ ¶·¥¤¥²¥ μÉ±·ÒÉ Ö ¸¨¸É¥³  ¤¥³μ´¸É·¨·Ê¥É
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É·¨ Ë §Ò ¢ ¶²μ¸±μ¸É¨ ¸±μ·μ¸É¥° ¢¢μ¤ -¢Ò¢μ¤  Î ¸É¨Í. �·¨ ¶¥·¥¸¥Î¥´¨¨ £· -
´¨Í ÔÉ¨Ì Ë § μ¡Ñ¥³´ Ö ¶²μÉ´μ¸ÉÓ ³¥´Ö¥É¸Ö ´¥¶·¥·Ò¢´μ ¨²¨ ¸± Î±μ³ [30].
�É±·ÒÉÒ¥ £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ³μ¦´μ · ¸¸³μÉ·¥ÉÓ ¢ É¥·³¨´ Ì  ¢Éμ³μ¡¨²Ó-
´μ£μ É· Ë¨± . Œμ¦´μ ¨´É¥·¶·¥É¨·μ¢ ÉÓ ±μ´¥Î´Ò¥ ÉμÎ±¨ · ¸¸³ É·¨¢ ¥³μ£μ
¸¥£³¥´É  ¤μ·μ£¨ ¸ μ¤´μ° ¶μ²μ¸μ° ¤¢¨¦¥´¨Ö ± ± ÉμÎ±¨ μ¶² ÉÒ §  ¶·μ¥§¤,
· ¡μÉ ÕÐ¨¥ ´¥§ ¢¨¸¨³μ ¸ · §´μ° ÔËË¥±É¨¢´μ¸ÉÓÕ, ¶·μ¶μ·Í¨μ´ ²Ó´μ° ¸μμÉ-
¢¥É¸É¢¥´´μ α ´  ¢Ìμ¤¥ ¨ β ´  ¢ÒÌμ¤¥.

‚ ´ Ï¨Ì · ¡μÉ Ì [31Ä34] ¶·¥¤²μ¦¥´  ¨ ¨§ÊÎ¥´  μ¤´μ³¥·´ Ö ³μ¤¥²Ó  £·¥-
£ Í¨¨ ¨ Ë· £³¥´É Í¨¨ ±² ¸É¥·μ¢ ¢ É¥·³¨´ Ì ¸ÉμÌ ¸É¨Î¥¸±μ° ¤¨¸±·¥É´μ° (¶μ
¢·¥³¥´¨ ¨ ¶·μ¸É· ´¸É¢Ê) ¤¨´ ³¨±¨ Î ¸É¨Í ¸ ¨¸±²ÕÎ¥´´Ò³ μ¡Ñ¥³μ³ ´  μÉ-
±·ÒÉÒÌ Í¥¶ÖÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ μ¡μ¡Ð¥´´μ£μ ����ˆ (gTASEP) [35]. �É 
³μ¤¥²Ó ¢¶¥·¢Ò¥ ¡Ò²  ¨§ÊÎ¥´  ¢ [36Ä40] ± ± ¨´É¥£·¨·Ê¥³μ¥ μ¡μ¡Ð¥´¨¥ TASEP
¸ ¶¥·¨μ¤¨Î¥¸±¨³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨. �É  μ¡μ¡Ð¥´´ Ö ¢¥·¸¨Ö TASEP
¡ §¨·Ê¥É¸Ö ´  ¤¨´ ³¨±¥ μ¡ÒÎ´μ£μ TASEP ¸ Ê¶μ·Ö¤μÎ¥´´Ò³ ´ § ¤ ¶μ¸²¥¤μ-
¢ É¥²Ó´Ò³ μ¡´μ¢²¥´¨¥³ (BOSU), μ¸´ Ð¥´´μ£μ ¤¢Ê³Ö ¢¥·μÖÉ´μ¸ÉÖ³¨ ¶·Ò¦± :
p ¨ pm. ŒÒ ¨¸¶μ²Ó§μ¢ ²¨ TASEP ¸ Ê¶μ·Ö¤μÎ¥´´Ò³ ´ § ¤ ¶μ¸²¥¤μ¢ É¥²Ó-
´Ò³ μ¡´μ¢²¥´¨¥³, ¶μ¸±μ²Ó±Ê ÔÉμ ¥¤¨´¸É¢¥´´ Ö ¤¨´ ³¨± , ±μÉμ· Ö ¶μ§¢μ²Ö¥É
±² ¸É¥· ³ Î ¸É¨Í ¤¢¨£ ÉÓ¸Ö ¢¶¥·¥¤ ± ± ¥¤¨´μ¥ Í¥²μ¥. ‚Éμ· Ö ³μ¤¨Ë¨Í¨·μ¢ ´-
´ Ö ¢¥·μÖÉ´μ¸ÉÓ, pm, ³μ¤¥²¨·Ê¥É ¸¶¥Í¨Ë¨Î¥¸±μ¥ ±¨´¥³ É¨Î¥¸±μ¥ ¢§ ¨³μ¤¥°-
¸É¢¨¥ ³¥¦¤Ê Î ¸É¨Í ³¨ ±² ¸É¥·  ¢ ¤μ¶μ²´¥´¨¥ ± ¶·μ¸Éμ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ
¸ ¨¸±²ÕÎ¥´´Ò³ μ¡Ñ¥³μ³. ‡´ Î¥´¨¥ ¢Éμ·μ° ¢¥·μÖÉ´μ¸É¨ ¶·Ò¦±  pm μ¶·¥¤¥-
²Ö¥É É¨¶ ±¨´¥³ É¨Î¥¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê É· ´¸¶μ·É´Ò³¨ ¸·¥¤¸É¢ ³¨.
‘²ÊÎ ° pm < p ¸μμÉ¢¥É¸É¢Ê¥É μÉÉ ²±¨¢ ´¨Õ,   pm > p Å ¶·¨ÉÖ¦¥´¨Õ. �·¥-
¤¥²Ó´Ò° ¸²ÊÎ ° pm = 1 Ö¢²Ö¥É¸Ö ¸²ÊÎ ¥³ ´¥μ¡· É¨³μ°  £·¥£ Í¨¨ (IA), ±μ£¤ 
±² ¸É¥·Ò, μ¤´ ¦¤Ò ¢μ§´¨±Ï¨¥ ¢ μ¡Ñ¥³¥ ¸¨¸É¥³Ò, ´¥ ³μ£ÊÉ · ¸¶ ¤ ÉÓ¸Ö ´ 
Î ¸É¨. ‘²ÊÎ ° ¶·¨ÉÖ¦¥´¨Ö (¢±²ÕÎ Ö ¶·¥¤¥²Ó´Ò° ¸²ÊÎ ° ´¥μ¡· É¨³μ°  £·¥-
£ Í¨¨) μÉ· ¦ ¥É ¥¸É¥¸É¢¥´´ÊÕ É¥´¤¥´Í¨Õ ¡μ²ÓÏ¨´¸É¢  ¢μ¤¨É¥²¥° ¤μ£´ ÉÓ ¨
¸²¥¤μ¢ ÉÓ ¶²μÉ´μ §   ¢Éμ³μ¡¨²¥³ ¢¶¥·¥¤¨. ’ ±¨³ μ¡· §μ³, ¶μÖ¢²ÖÕÉ¸Ö ¸±μ¶-
²¥´¨Ö μ¤´μ¢·¥³¥´´μ ¤¢¨¦ÊÐ¨Ì¸Ö  ¢Éμ³μ¡¨²¥°, ±μÉμ·Ò¥ ÉμÎ´μ ¸²¥¤ÊÕÉ § 
¤¢¨¦¥´¨¥³ ¢¥¤ÊÐ¥£μ É· ´¸¶μ·É´μ£μ ¸·¥¤¸É¢ . �ÉμÉ É¨¶ ±μ²²¥±É¨¢´μ£μ ¤¢¨¦¥-
´¨Ö ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¶μÉμ±  ¢ ¸¨¸É¥³¥. ‚ÒÏ¥μ¶¨¸ ´´ Ö ³μ¤¨Ë¨± Í¨Ö
TASEP ¸Î¨É ¥É¸Ö ¡μ²¥¥ μ¡Ð¥° ¢¥·¸¨¥° TASEP, ¶μ¸±μ²Ó±Ê μ´  ¢±²ÕÎ ¥É ¢
¸¥¡Ö TASEP ¸ ¶ · ²²¥²Ó´Ò³ μ¡´μ¢²¥´¨¥³ (PU) ¨ TASEP ¸ BOSU ¤²Ö ±μ´-
±·¥É´ÒÌ §´ Î¥´¨° ¢Éμ·μ° ¢¥·μÖÉ´μ¸É¨ ¶·Ò¦±  pm.

‚ ¤ ´´μ° · ¡μÉ¥ ¸μ¤¥·¦¨É¸Ö ±· É±μ¥ ¨§²μ¦¥´¨¥ ´¥±μÉμ·ÒÌ ´ Ï¨Ì ·¥§Ê²Ó-
É Éμ¢, ± ¸ ÕÐ¨Ì¸Ö gTASEP ¸ μÉ±·ÒÉÒ³¨ £· ´¨Í ³¨, ¶·¨ p < pm. �´ 
μ·£ ´¨§μ¢ ´  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‚ · §¤. 1 ¶·¥¤¸É ¢²¥´  ¶μ¤·μ¡´μ · ¸¸³ -
É·¨¢ ¥³ Ö ³μ¤¥²Ó, ¢ · §¤. 2 ±· É±μ ¶¥·¥Î¨¸²¥´Ò ¨§¢¥¸É´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö
¸É ´¤ ·É´μ£μ TASEP. ‚ · §¤. 3 ¸´ Î ²  ¶·¨¢¥¤¥´ ±· É±¨° μ¡§μ· ¶μ²ÊÎ¥´´ÒÌ
·¥§Ê²ÓÉ Éμ¢ ¢ ¸²ÊÎ ¥ ´¥μ¡· É¨³μ°  £·¥£ Í¨¨, ±μ£¤  pm = 1 [31Ä33], § É¥³ ¢
· ³± Ì É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° · ¸¸³μÉ·¥´  ¢·¥³¥´´ Ö Ô¢μ²ÕÍ¨Ö ³¥¦-
±² ¸É¥·´ÒÌ ¨´É¥·¢ ²μ¢ ¶·¨ · §²¨Î´ÒÌ £· ´¨Î´ÒÌ Ê¸²μ¢¨ÖÌ. � §¤. 4 ´ Î¨´ -
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¥É¸Ö ¸ μ¡§μ·  μ¸´μ¢´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¤²Ö gTASEP ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¶·¨ÉÖ¦¥´¨Ö,
±μ£¤  p < pm < 1 [34, 41]. ‡ É¥³ ¶·¥¤¸É ¢²¥´Ò ´ Ï¨ ·¥§Ê²ÓÉ ÉÒ ¢·¥³¥´´μ°
Ô¢μ²ÕÍ¨¨ ³¥¦±² ¸É¥·´ÒÌ ¨´É¥·¢ ²μ¢, ¶μ²ÊÎ¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É¥μ·¨¨
¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨°. �¸´μ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨ ´¥±μÉμ·Ò¥ ¶¥·¸¶¥±É¨¢Ò ¤ ²Ó-
´¥°Ï¨Ì ¨¸¸²¥¤μ¢ ´¨° ¶·¨¢¥¤¥´Ò ¢ § ±²ÕÎ¥´¨¨.

1. Œ�„…‹œ

� ¸¸³ É·¨¢ ¥³ Ö ³μ¤¥²Ó Ö¢²Ö¥É¸Ö μ¡μ¡Ð¥´´Ò³ TASEP, ±μÉμ·Ò° ¢¶¥·¢Ò¥
¡Ò² ¶·¥¤¸É ¢²¥´ Wμ̈lki ¢ 2005 £. ± ± ÉμÎ´μ ·¥Ï ¥³μ¥ μ¡μ¡Ð¥´¨¥ TASEP ´ 
±μ²ÓÍ¥ [35]. Œμ¤¥²Ó μ¸´μ¢Ò¢ ¥É¸Ö ´  ¸É ´¤ ·É´μ³ TASEP ¸ BOSU, ¸´ ¡-
¦¥´´Ò³ ¢Éμ·μ° ³μ¤¨Ë¨Í¨·μ¢ ´´μ° ¢¥·μÖÉ´μ¸ÉÓÕ ¶·Ò¦±  pm ¢ ¤μ¶μ²´¥´¨¥
± ¸É ´¤ ·É´μ° ¢¥·μÖÉ´μ¸É¨ p. ŒÒ ¨§ÊÎ ¥³ gTASEP ´  μÉ±·ÒÉÒÌ Í¥¶ÖÌ
(¸³. ·¨¸. 1, £¤¥ ¶·¨¢¥¤¥´  ¸Ì¥³  ³μ¤¥²¨). �É  ³μ¤¥²Ó μ¶¨¸Ò¢ ¥É¸Ö ¸²¥¤ÊÕ-
Ð¨³ μ¡· §μ³. � ¸¸³μÉ·¨³ μÉ±·ÒÉÊÕ Í¥¶μÎ±Ê ¨§ L Ê§²μ¢, ¶·μ´Ê³¥·μ¢ ´´ÒÌ
¸²¥¢  ´ ¶· ¢μ: i = 1, 2, . . . , L. Šμ´Ë¨£Ê· Í¨Ö ¸¨¸É¥³Ò μ¶·¥¤¥²Ö¥É¸Ö ´ ¡μ·μ³
L ¡¨´ ·´ÒÌ ¶¥·¥³¥´´ÒÌ τi, £¤¥ τi = 0 μ§´ Î ¥É, ÎÉμ Ê§¥² ¶Ê¸É,   τi = 1, ÎÉμ
μ´ § ´ÖÉ Éμ²Ó±μ μ¤´μ° Î ¸É¨Í¥°. Š ¦¤μ¥ μ¡´μ¢²¥´¨¥ ±μ´Ë¨£Ê· Í¨¨ ¸¨¸É¥³Ò
´ Î¨´ ¥É¸Ö ¸ μ¡´μ¢²¥´¨Ö ¶μ¸²¥¤´¥£μ Ê§²  Í¥¶¨ L. …¸²¨ Ê§¥² i = L § ´ÖÉ, Éμ
Î ¸É¨Í  ¢ ´¥³ ¶μ±¨¤ ¥É ¸¨¸É¥³Ê ¸ ¢¥·μÖÉ´μ¸ÉÓÕ β ¨²¨ μ¸É ¥É¸Ö ´  ³¥¸É¥ ¸
¢¥·μÖÉ´μ¸ÉÓÕ 1 − β. ‡ É¥³ ±μ´Ë¨£Ê· Í¨Ö ¸¨¸É¥³Ò μ¡´μ¢²Ö¥É¸Ö ¶μ¸·¥¤¸É¢μ³

�¨¸. 1 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ μ¡μ¡Ð¥´´μ£μ
TASEP ¸ μÉ±·ÒÉÒ³¨ £· ´¨Í ³¨ ¨ ¤μ¶μ²´¨É¥²Ó´Ò³ ±¨´¥³ É¨Î¥¸±¨³ ¢§ ¨³μ¤¥°¸É¢¨¥³
(É. ¥. ¢Éμ·μ° ³μ¤¨Ë¨Í¨·μ¢ ´´μ° ¢¥·μÖÉ´μ¸ÉÓÕ ¶·Ò¦±  pm) ³¥¦¤Ê Î ¸É¨Í ³¨ ¢ ±² ¸-
É¥·¥. �· ¢¨²  μ¡´μ¢²¥´¨Ö ¤²Ö ¢·¥³¥´´μ° Ô¢μ²ÕÍ¨¨ ¸¨¸É¥³Ò ¶·μ¨²²Õ¸É·¨·μ¢ ´Ò ¤¥-
³μ´¸É· Í¨¥° ¨§³¥´¥´¨Ö ±μ´Ë¨£Ê· Í¨¨ ¸¨¸É¥³Ò §  É·¨ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¢·¥³¥´´ÒÌ
Ï £  ¢ ¸²ÊÎ ¥, ±μ£¤  p < pm < 1 (¸²ÊÎ ° ¶·¨ÉÖ£¨¢ ÕÐ¥£μ ¢§ ¨³μ¤¥°¸É¢¨Ö, ±μ£¤  ¢ ¸¨-
¸É¥³¥ · §·¥Ï¥´  Ë· £³¥´É Í¨Ö ±² ¸É¥·μ¢). �±· Ï¥´´Ò¥ ¢ ±· ¸´Ò° Í¢¥É Î ¸É¨ÍÒ Å
ÔÉμ Î ¸É¨ÍÒ, ¤²Ö ±μÉμ·ÒÌ ¶· ¢¨²  μ¡´μ¢²¥´¨Ö μÉ²¨Î ÕÉ¸Ö μÉ ¶· ¢¨², ¤¥°¸É¢ÊÕÐ¨Ì ¢
¸É ´¤ ·É´μ³ TASEP ¸ BOSU
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¢Ò¶μ²´¥´¨Ö L− 1 ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ μ¡´μ¢²¥´¨° ¢¸¥Ì ¶ · ¡²¨¦ °Ï¨Ì ¸μ¸¥¤-
´¨Ì Ê§²μ¢ ¢ μ¡· É´μ³ ¶μ·Ö¤±¥ (L − 1, L), . . . , (i, i + 1), . . . , (1, 2). �·¨ ÔÉμ³
¢¥·μÖÉ´μ¸ÉÓ ¶·Ò¦±  ¢¤μ²Ó Í¥¶μÎ±¨ (i, i+1) § ¢¨¸¨É μÉ Éμ£μ, ¶¥·¥¶·Ò£´Ê²  ²¨
Î ¸É¨Í  ¸ Ê§²  i+1 ¢ Ê§¥² i+2 ¶·¨ μ¡´μ¢²¥´¨¨ (i+1, i+2) ¢ ÉμÉ ¦¥ ³μ³¥´É
¢·¥³¥´¨ ¨²¨ ´¥É. ˆ§μ²¨·μ¢ ´´Ò¥ Î ¸É¨ÍÒ,   É ±¦¥ ¶¥·¢ Ö (£μ²μ¢´ Ö) Î ¸É¨Í 
±² ¸É¥·  ¸¶· ¢  ³μ£ÊÉ ¶¥·¥³¥¸É¨ÉÓ¸Ö ´  μ¤¨´ Ê§¥² ¢¶· ¢μ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ p
¨²¨ μ¸É ÉÓ¸Ö ´  ³¥¸É¥ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ 1 − p.

— ¸É¨ÍÒ, ¶·¨´ ¤²¥¦ Ð¨¥ ±² ¸É¥·Ê, §  ¨¸±²ÕÎ¥´¨¥³ £μ²μ¢´μ° Î ¸É¨ÍÒ,
³μ£ÊÉ ¶¥·¥³¥¸É¨ÉÓ¸Ö ´  μ¤¨´ Ê§¥² ¢¶· ¢μ ¶·¨ Ê¸²μ¢¨¨, ÎÉμ Î ¸É¨Í  ¶¥·¥¤
´¨³¨ Éμ¦¥ ¶¥·¥³¥¸É¨É¸Ö ¢ ÉμÉ ¦¥ ³μ³¥´É ¢·¥³¥´¨ ¸ ³μ¤¨Ë¨Í¨·μ¢ ´´μ° ¢¥-
·μÖÉ´μ¸ÉÓÕ pm, ¨²¨ ¦¥ μ¸É ´¥É¸Ö ´  ³¥¸É¥ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ 1 − pm.

„²Ö Éμ£μ ÎÉμ¡Ò Ê¤μ¢²¥É¢μ·¨ÉÓ μÉ±·ÒÉÒ³ £· ´¨Î´Ò³ Ê¸²μ¢¨Ö³, ±μÉμ·Ò¥
¤μ²¦´Ò ¸μ£² ¸μ¢Ò¢ ÉÓ¸Ö ¸ ¶· ¢¨² ³¨ μ¡´μ¢²¥´¨Ö ¢ μ¡Ñ¥³¥ ¸¨¸É¥³Ò, ´¥μ¡Ìμ-
¤¨³μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ μ¡· §μ³ ¨§³¥´¨ÉÓ ²¥¢μ¥ £· ´¨Î´μ¥ Ê¸²μ¢¨¥ (³μ¤¨Ë¨-
± Í¨Ö ¡Ò²  ¢¶¥·¢Ò¥ ¶·¥¤²μ¦¥´  Hrabák [39, 40],   É ±¦¥ ´¥§ ¢¨¸¨³μ ´ ³¨
¢ [31]). ’ ±, ¥¸²¨ Ê§¥² i = 1 ¶Ê¸É ¢ ´ Î ²¥ É¥±ÊÐ¥£μ μ¡´μ¢²¥´¨Ö, Éμ Î -
¸É¨Í  ¢Ìμ¤¨É ¢ ¸¨¸É¥³Ê ¸ ¢¥·μÖÉ´μ¸ÉÓÕ α ¨²¨ Ê§¥² i = 1 μ¸É ¥É¸Ö ¶Ê¸ÉÒ³
¸ ¢¥·μÖÉ´μ¸ÉÓÕ 1 − α. …¸²¨ ¦¥ Ê§¥² i = 1 § ´ÖÉ ¢ ´ Î ²¥ ¤ ´´μ£μ ³μ³¥´É 
¢·¥³¥´¨, ´μ μ¶Ê¸É¥² ¶·¨ É¥±ÊÐ¥³ μ¡´μ¢²¥´¨¨, Éμ α̃ = min {αpm/p, 1}. �Éμ
£· ´¨Î´μ¥ Ê¸²μ¢¨¥ É ±¦¥ μ¡¥¸¶¥Î¨¢ ¥É ¶² ¢´Ò° ¶¥·¥Ìμ¤ ± · ´¥¥ ¨§¢¥¸É´Ò³
¢¥·¸¨Ö³ TASEP,   ¨³¥´´μ, ¶·¨ §´ Î¥´¨¨ pm = 0 ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö TASEP ¸
¶ · ²²¥²Ó´Ò³ μ¡´μ¢²¥´¨¥³ (PU),   ¶·¨ pm = p gTASEP ¸¢μ¤¨É¸Ö ± μ¡ÒÎ´μ³Ê
TASEP ¸ BOSU.

— ¸É´Ò° ¸²ÊÎ ° ¶·¨ pm = 1 (®´¥μ¡· É¨³ Ö  £·¥£ Í¨Ö¯) ¶μ¤· §Ê³¥¢ ¥É,
ÎÉμ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ±² ¸É¥·Ò ¶μ¶ ¢Ï¨Ì ¢ ¶·μ¡±Ê É· ´¸¶μ·É´ÒÌ ¸·¥¤¸É¢ ´¥
· ¸¶ ¤ ÕÉ¸Ö ´  Î ¸É¨, ¨ ¢¸Ö±¨° · §, ±μ£¤  ¢¥¤ÊÐ¥¥ É· ´¸¶μ·É´μ¥ ¸·¥¤¸É¢μ
±² ¸É¥·  ¶¥·¥Ìμ¤¨É ¸ ¢¥·μÖÉ´μ¸ÉÓÕ p ¢ ¶Ê¸Éμ° Ê§¥² ¸¶· ¢ , ¢¥¸Ó ±² ¸É¥· ¸²¥-
¤Ê¥É §  ´¨³ ± ± ¥¤¨´μ¥ Í¥²μ¥. �·¨ pm > p (¶·¨ÉÖ£¨¢ ÕÐ¥¥ ¢§ ¨³μ¤¥°¸É¢¨¥)
Î ¸É¨ÍÒ ¨³¥ÕÉ ¡μ²ÓÏÊÕ ¢¥·μÖÉ´μ¸ÉÓ μ¸É ÉÓ¸Ö ¢ ±² ¸É¥·¥, Î¥³ Ë· £³¥´É¨-
·μ¢ ÉÓ.

2. ‘’��„��’�›‰ TASEP ‘ BOSU Å ˆ‡‚…‘’�›… �…‡“‹œ’�’›

‘É Í¨μ´ ·´Ò¥ ¸¢μ°¸É¢  ¸É ´¤ ·É´μ£μ TASEP ¸ · §²¨Î´Ò³¨ É¨¶ ³¨ μ¡´μ¢-
²¥´¨° ±μ´Ë¨£Ê· Í¨¨ ¸¨¸É¥³Ò Ï¨·μ±μ ¨§ÊÎ¥´Ò ¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ìμ·μÏμ
¨§¢¥¸É´Ò. ‡¤¥¸Ó ³Ò ²¨ÏÓ ±· É±μ Ê¶μ³Ö´¥³ ´¥±μÉμ·Ò¥ ¨§ ´¨Ì. �  ·¨¸. 2,  
¶·¨¢¥¤¥´  Ë §μ¢ Ö ¤¨ £· ³³  ¤²Ö μ¡Ò±´μ¢¥´´μ£μ TASEP ¸ BOSU ¢ ¶²μ¸±μ¸É¨
¢¥·μÖÉ´μ¸É¨ ¢¢μ¤ -¢Ò¢μ¤ . �´  ¸μ¸Éμ¨É ¨§ É·¥Ì Ë §: Ë §Ò ´¨§±μ° ¶²μÉ´μ¸É¨
(LD) (LD = AI∪AII), Ë §Ò ¢Ò¸μ±μ° ¶²μÉ´μ¸É¨ (HD) (HD = BI∪BII) ¨ Ë §Ò
³ ±¸¨³ ²Ó´μ£μ Éμ±  (MC).

� §¢ ´¨Ö Ë § ¸¢Ö§ ´Ò ¸ ¢¥²¨Î¨´μ° μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨. ‘μμÉ¢¥É¸É¢¥´´μ,
¢ Ë §¥ LD μ´  ´¨§± Ö,   ¢ Ë §¥ HD Å ¢Ò¸μ± Ö, ¸³. ·¨¸. 2, ¡, £¤¥ ¶μ± § ´Ò
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�¨¸. 2 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). a) ” §μ¢ Ö ¤¨ £· ³³  ¸É ´¤ ·É´μ£μ TASEP ¸
BOSU ¢ ¶²μ¸±μ¸É¨ ¢¥·μÖÉ´μ¸É¥° ¢¢μ¤ -¢Ò¢μ¤  Î ¸É¨Í, É. ¥. ¢ (α, β)-¶²μ¸±μ¸É¨. Š·¨-
É¨Î¥¸±¨¥ §´ Î¥´¨Ö ¢¢μ¤ -¢Ò¢μ¤ : αc = βc = 1 −

√
1 − p. �·¨ p = 0,6 ÔÉμ ¤ ¥É

αc = βc = 0,367544. ” §μ¢ Ö ¤¨ £· ³³  ¸μ¤¥·¦¨É É·¨ Ë §Ò: Ë §Ê ´¨§±μ° ¶²μÉ´μ-
¸É¨ (LD), ¸μ¸ÉμÖÐÊÕ ¨§ ¤¢ÊÌ ¶μ¤μ¡² ¸É¥° (AI ¨ AII), Ë §Ê ¢Ò¸μ±μ° ¶²μÉ´μ¸É¨ (HD),
¸μ¸ÉμÖÐÊÕ É ±¦¥ ¨§ ¤¢ÊÌ ¶μ¤μ¡² ¸É¥° (BI ¨ BII), ¨ Ë §Ê ³ ±¸¨³ ²Ó´μ£μ Éμ±  (MC)
(§ ÏÉ·¨Ìμ¢ ´´ Ö ¸¥· Ö μ¡² ¸ÉÓ). ‘¶²μÏ´ Ö ²¨´¨Ö, · §¤¥²ÖÕÐ Ö ¶μ¤μ¡² ¸É¨ AI ¨ BI,
Ö¢²Ö¥É¸Ö ²¨´¨¥° ¸μ¸ÊÐ¥¸É¢μ¢ ´¨Ö (CL) ³¥¦¤Ê Ë § ³¨ LD ¨ HD. ¡) �·μË¨²¨ ¶²μÉ´μ-
¸É¨ (²μ± ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ρ(x) ± ± ËÊ´±Í¨Ö ¶·μ¸É· ´¸É¢¥´´μ° ¶¥·¥³¥´´μ° x = i/L),
Ì · ±É¥·´Ò¥ ¤²Ö TASEP ¸ BOSU (pm = 0,6) ¤²Ö Í¥¶μÎ±¨ ¨§ L = 400 Ê§²μ¢. �·μ-
Ë¨²¨ ¶μ± § ´Ò ¢ Ì · ±É¥·´ÒÌ ÉμÎ± Ì Ë §μ¢μ° ¤¨ £· ³³Ò: ¤²Ö Ë §Ò LD Å α = 0,2,
β = 0,6 (AII) (¸¨´¨¥ ¶μ¢¥·´ÊÉÒ¥ ¢´¨§ É·¥Ê£μ²Ó´¨±¨); α = 0,1, β = 0,2 (AI) (É¥³´μ-
£μ²Ê¡Ò¥ ¶μ¢¥·´ÊÉÒ¥ ¢´¨§ É·¥Ê£μ²Ó´¨±¨); CL Å α = 0,2, β = 0,2 (£μ²Ê¡Ò¥ ±·Ê¦±¨);
¤²Ö MC-Ë §Ò α = 0,6, β = 0,8 (§¥²¥´Ò¥ ·μ³¡Ò), ¤²Ö HD-Ë §Ò α = 0,2, β = 0,1 (BI)
(±· ¸´Ò¥ ¶μ¢¥·´ÊÉÒ¥ ¢´¨§ É·¥Ê£μ²Ó´¨±¨), α = 0,6, β = 0,2 (BII) (·μ§μ¢Ò¥ ¶μ¢¥·´ÊÉÒ¥
¢²¥¢μ É·¥Ê£μ²Ó´¨±¨)

É¨¶¨Î´Ò¥ ¶·μË¨²¨ ¶²μÉ´μ¸É¨ (²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ρ(x) ± ± ËÊ´±Í¨¨ ¶·μ-
¸É· ´¸É¢¥´´μ° ¶¥·¥³¥´´μ° x = i/L) ¢ Ì · ±É¥·´ÒÌ ÉμÎ± Ì ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
Ë §. ‚ Ë §¥ MC ¶μÉμ± ³ ±¸¨³ ²¥´,   ¶·μË¨²Ó ¶²μÉ´μ¸É¨ ¨³¥¥É Ì · ±É¥·´ÊÕ
¶μ¢¥·´ÊÉÊÕ S-Ëμ·³Ê, ¶μ± § ´´ÊÕ §¥²¥´μ° ²¨´¨¥° ´  ·¨¸. 2, ¡.

‘μμÉ¢¥É¸É¢¥´´μ, ¨³¥ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ´¥· ¢´μ¢¥¸´Ò¥ Ë §μ¢Ò¥ ¶¥·¥Ìμ¤Ò,
¶·μ¨¸Ìμ¤ÖÐ¨¥ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ £· ´¨Í ³¥¦¤Ê ÔÉ¨³¨ Ë § ³¨ (¸³. ·¨¸. 2,  ):
³¥¦¤Ê Ë § ³¨ LD ¨ MC,   É ±¦¥ ³¥¦¤Ê Ë § ³¨ HD ¨ MC Ë §μ¢Ò¥ ¶¥·¥Ìμ¤Ò
Ö¢²ÖÕÉ¸Ö ´¥¶·¥·Ò¢´Ò³¨, ¢ Éμ ¢·¥³Ö ± ± ¶¥·¥Ìμ¤ ³¥¦¤Ê Ë § ³¨ LD ¨ HD
¶¥·¢μ£μ ·μ¤  ¸μ¶·μ¢μ¦¤ ¥É¸Ö ±μ´¥Î´Ò³ ¸± Î±μ³ μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ ρb ´ 
²¨´¨¨ ¸μ¸ÊÐ¥¸É¢μ¢ ´¨Ö (CL). �μ¤μ¡² ¸É¨ AI (BI) ¨ AII (BII) · §²¨Î ÕÉ¸Ö
Ëμ·³μ° ¶·μË¨²¥° ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ (¸³. É ±¦¥ ·¨¸. 2, ¡). ’μÎ´Ò¥ ±·¨É¨-
Î¥¸±¨¥ §´ Î¥´¨Ö ¸±μ·μ¸É¥° ¢¢μ¤ -¢Ò¢μ¤  ¤²Ö TASEP ¶·¨ p = 0,6 ¸μ¸É ¢²ÖÕÉ
αc = βc = 0,367544.
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3. gTASEP ��ˆ pm = 1 Å �…����’ˆŒ�Ÿ �ƒ�…ƒ�–ˆŸ

3.1. Š· É±¨° μ¡§μ· μ¸´μ¢´ÒÌ ·¥§Ê²ÓÉ Éμ¢. ‘μμÉ´μÏ¥´¨¥ §´ Î¥´¨° ¢¢μ¤ 
¨ ¢Ò¢μ¤  Î ¸É¨Í ¢ gTASEP μ¶·¥¤¥²Ö¥É ´¥· ¢´μ¢¥¸´Ò¥ ¸É Í¨μ´ ·´Ò¥ Ë §Ò,

�¨¸. 3. ” §μ¢ Ö ¤¨ £· ³³ 

gTASEP ¶·¨ pm = 1 ¢ ¶²μ¸±μ-

¸É¨ (α, β). �´  ¸μ¤¥·¦¨É É·¨
Ë §Ò: ³´μ£μÎ ¸É¨Î´ÊÕ (MP)

Ë §Ê, ¸μ¸ÉμÖÐÊÕ ¨§ ¤¢ÊÌ ¶μ¤-
μ¡² ¸É¥° (MPI ¨ MPII), ¶μ²-

´μ¸ÉÓÕ § ¶μ²´¥´´ÊÕ (CF) Ë §Ê

¨ ¸³¥Ï ´´ÊÕ Ë §Ê MP +CF.
Š·¨É¨Î¥¸± Ö ¸±μ·μ¸ÉÓ ¢¢μ¤ 

αc = p. �É³¥É¨³, ÎÉμ Éμ¶μ-

²μ£¨Ö ¨ ¶·¨·μ¤  Ë § μÉ²¨Î -
ÕÉ¸Ö μÉ É ±μ¢ÒÌ ¢ ¸É ´¤ ·É´μ³

TASEP (¸³. ·¨¸. 2,  )

¶μÖ¢²ÖÕÐ¨¥¸Ö ¶·¨ pm = 1. �ÊÉ¥³ ¨´É¥´-
¸¨¢´μ£μ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ³¥Éμ-
¤μ³ Œμ´É¥-Š ·²μ (ŒŠ-³¥Éμ¤) ³Ò Ê¸É ´μ¢¨²¨,
ÎÉμ Ë §μ¢ Ö ¤¨ £· ³³  ¨³¥¥É ´μ¢ÊÕ Éμ¶μ²μ-
£¨Õ. �´  ¸μ¸Éμ¨É ¨§ É·¥Ì ¸É Í¨μ´ ·´ÒÌ Ë § ¢
¶²μ¸±μ¸É¨ ¢¥·μÖÉ´μ¸É¥° ¢¢μ¤ -¢Ò¢μ¤  (·¨¸. 3),
  ¨³¥´´μ: ³´μ£μÎ ¸É¨Î´μ° Ë §Ò MP (Many
Particle), ±μÉμ· Ö ¸μ¤¥·¦¨É ³´μ¦¥¸É¢μ Î ¸É¨Í
¨²¨ ±² ¸É¥·μ¢ ¸ μ¡Ñ¥³´μ° ¶²μÉ´μ¸ÉÓÕ ρb =
α/p, Ë §Ò CF (Completely Filled), ¶μ²´μ¸ÉÓÕ
§ ¶μ²´¥´´μ° Î ¸É¨Í ³¨, ¨ ¸³¥Ï ´´μ° Ë §Ò
MP+ CF. ” §  MP ¸μ¸Éμ¨É ¨§ ¶μ¤μ¡² ¸É¥°
MPI (α < p ¨ β > p) ¨ MPII (α < p ¨ β > α).

” §  MP · ¸¶μ²μ¦¥´  ¢ Éμ³ ³¥¸É¥ Ë §μ-
¢μ° ¤¨ £· ³³Ò, £¤¥ ¢ ¸É ´¤ ·É´μ³ TASEP ´ -
Ìμ¤¨É¸Ö Ë §  LD. ‚ μÉ²¨Î¨¥ μÉ ¸É ´¤ ·É´μ£μ
TASEP ¢ MP μ¡Ñ¥³´ Ö ¶²μÉ´μ¸ÉÓ ³μ¦¥É ¶·¨-
´¨³ ÉÓ ²Õ¡μ¥ §´ Î¥´¨¥ μÉ ´Ê²Ö ¤μ ¥¤¨´¨ÍÒ.
�·μË¨²¨ ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨, ´ Î¨´ Ö ¸ ¶¥·-
¢μ£μ Ê§² , ¶²μ¸±¨¥, ρ1 = α/p ≡ α̃, ´μ · §²¨Î -
ÕÉ¸Ö Ëμ·³μ° ´  ±μ´Í Ì Í¥¶μÎ±¨, £¤¥ ³Ò Ê¸É -
´μ¢¨²¨, ÎÉμ ρL = α/β (¢ MPII ¶·μË¨²Ó ¨§μ-
£´ÊÉ ´  ±μ´Í¥ ¢¢¥·Ì, ¢ Éμ ¢·¥³Ö ± ± ¢ MPI Å
¢´¨§ (¸³. ¶·μË¨²¨ ¶²μÉ´μ¸É¨, ¶μ± § ´´Ò¥ ´ 
·¨¸. 4,   ¨ ¡)).

�·μË¨²¨ ¶²μÉ´μ¸É¨ ´  £· ´¨Î´μ° ²¨´¨¨ β = p (¸³. ·¨¸. 4, ¡) ³¥¦¤Ê ¶μ¤-
μ¡² ¸ÉÖ³¨ MPI ¨ MPII ¶μ²´μ¸ÉÓÕ ¶²μ¸±¨¥: ρi = α/p ≡ α̃, i = 1, . . . , L, ¤²Ö
¢¸¥Ì α � p. �μ²ÊÎ¥´´ Ö Ë §μ¢ Ö ¤¨ £· ³³  ¨ Ë §μ¢Ò¥ ¶¥·¥Ìμ¤Ò ¶μ¤É¢¥·-
¦¤ ÕÉ¸Ö ·¥§Ê²ÓÉ É ³¨ ³μ¤¥²¨·μ¢ ´¨Ö ¶μ ³¥Éμ¤Ê Œμ´É¥-Š ·²μ. �¥±μÉμ·Ò¥ ¨§
ÔÉ¨Ì ·¥§Ê²ÓÉ Éμ¢ É ±¦¥ ¶μ± § ´Ò ´  ·¨¸. 5,   ¨ ¡).

” §  CF (α ∈ [p, 1]) ¸μ¸Éμ¨É ¨§ Í¥¶μÎ¥±, ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´´ÒÌ Î -
¸É¨Í ³¨, ρi = 1, i = 1, . . . , L. �Éμ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ ·¥§Ê²ÓÉ É  ²¥¢μ£μ
£· ´¨Î´μ£μ Ê¸²μ¢¨Ö α̃ ≡ 1 (¶μ μ¶·¥¤¥²¥´¨Õ), ¶·¨ α � p. ‘É Í¨μ´ ·´Ò°
¶μÉμ± Î ¸É¨Í ¢ CF-Ë §¥ · ¢¥´ J = β, ÎÉμ ¶μ¤É¢¥·¦¤ ¥É¸Ö ·¥§Ê²ÓÉ É ³¨ ³μ-
¤¥²¨·μ¢ ´¨Ö ¶μ ³¥Éμ¤Ê Œμ´É¥-Š ·²μ.

” §  MP+ CF (β < α < p) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸³¥¸Ó ³´μ£μÎ ¸É¨Î´μ°
±μ´Ë¨£Ê· Í¨¨ ¨ ´¥´Ê²¥¢μ° ¢¥·μÖÉ´μ¸É¨ P (1) ¶μ²´μ£μ § ¶μ²´¥´¨Ö Í¥¶¨ ¶·¨
¸É·¥³²¥´¨¨ ± ¡¥¸±μ´¥Î´μ³Ê · §³¥·Ê. ‚ ÔÉμ° Ë §¥ Í¥¶Ó ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´ 
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�¨¸. 4 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). �·μË¨²¨ ¶²μÉ´μ¸É¨ (²μ± ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ρ(x)
± ± ËÊ´±Í¨Ö ¶·μ¸É· ´¸É¢¥´´μ° ¶¥·¥³¥´´μ° x = i/L): a) gTASEP ¶·¨ p = 0,6 ¨ pm =
1 (IA) ¤²Ö Í¥¶μÎ±¨ ¨§ L = 400 Ê§²μ¢ ¢ Ì · ±É¥·´ÒÌ ÉμÎ± Ì Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ :
MPII ¶·¨ α = 0,1, β = 0,3 (¸¨´¨¥ É·¥Ê£μ²Ó´¨±¨ ¢´¨§) ¨ ¶·¨ α = 0,2, β = 0,3
(¶Ê·¶Ê·´Ò¥ É·¥Ê£μ²Ó´¨±¨ ¢´¨§); ²¨´¨Ö ¸μ¸ÊÐ¥¸É¢μ¢ ´¨Ö Ë § MPII ¨ MP+CF (¦¥²ÉÒ¥
·μ³¡Ò), Ë §  MP+CF ¶·¨ α = 0,4, β = 0,3 (Ë¨μ²¥Éμ¢Ò¥ ±·Ê¦±¨), ¶·¨ α = 0,5,
β = 0,3 (±· ¸´Ò¥ §¢¥§¤Ò). �·μË¨²Ó ¶²μÉ´μ¸É¨ Ë §Ò MPI ¶μ± § ´ ¶·¨ α = 0,2,
β = 0,8 (£μ²Ê¡Ò¥ ·μ³¡Ò). ¡) gTASEP ¶·¨ p = 0,6 ¨ pm = 1 (IA) ¤²Ö Í¥¶μÎ±¨ ¨§
L = 200 Ê§²μ¢ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ α = 0,3 ¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ β. �μ± § ´μ,
± ± ³¥´ÖÕÉ¸Ö ¶·μË¨²¨ ¶²μÉ´μ¸É¨ ¶·¨ ¶μ¶ ¤ ´¨¨ ¢ · §´Ò¥ Ë §Ò ¸ ¨§³¥´¥´¨¥³ β ¶·¨
Ë¨±¸¨·μ¢ ´´μ³ α. �·¨ β = p = 0,6 (´  ²¨´¨¨, · §¤¥²ÖÕÐ¥° ¶μ¤μ¡² ¸É¨ MPI ¨
MPII) ¶·μË¨²Ó ¶²μÉ´μ¸É¨ ¶²μ¸±¨°, ρi = ρ1 = α/p , i = 1, . . . , L, ¨ · ¢¥´ ²μ± ²Ó´μ°
¶²μÉ´μ¸É¨ ¢ ¶¥·¢μ³ Ê§²¥ ·¥Ï¥É±¨

¢ μ¡Ñ¥³¥ ¤μ ¶μ¸²¥¤´¥£μ Ê§² , ρb = ρi = 1. �¤´ ±μ ¢μ§²¥ ²¥¢μ° £· ´¨ÍÒ § -
¶μ²´¥´¨¥ ´¥¶μ²´μ¥, É ± ± ± ²μ± ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ρ1 ²¨´¥°´μ Ê¡Ò¢ ¥É ¢³¥¸É¥
¸ β ¤μ α/p ¶·¨ β = α (¸³. ·¨¸. 4, ¡). �μÉμ± Î ¸É¨Í μ¶ÖÉÓ · ¢¥´ J = β, ± ± ¨
¢ Î¨¸Éμ° Ë §¥ CF.
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�¨¸. 5 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨).  ) �μ¢¥¤¥´¨¥ ¶μÉμ±  J ¨ μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨
ρb(ρb ≈ ρ1/2) ¶·¨ p = 0,6 ± ± ËÊ´±Í¨¨ ¢¥·μÖÉ´μ¸É¨ ¢¢μ¤  α ¶·¨ Ë¨±¸¨·μ¢ ´´μ³
§´ Î¥´¨¨ ¢¥·μÖÉ´μ¸É¨ ¢Ò¢μ¤  β = 0,8. �¥§Ê²ÓÉ ÉÒ ¶μ± § ´Ò ¤²Ö É·¥Ì §´ Î¥´¨° ³μ¤¨-
Ë¨Í¨·μ¢ ´´μ° ¢¥·μÖÉ´μ¸É¨ pm = 0,6, 0,8 ¨ 1,0 ¤²Ö Í¥¶μÎ±¨ ¤²¨´μ° L = 200 Ê§²μ¢.
•μ·μÏμ ¢¨¤´Ò ¸± Î±¨ ´¥ Éμ²Ó±μ μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ ρb (±· ¸´Ò¥ ·μ³¡Ò), ´μ ¨ Éμ± 
J (±· ¸´Ò¥ ±·Ê¦±¨), ¶μÖ¢²ÖÕÐ¨¥¸Ö ¶·¨ pm = 1. ¡) ‡ ¢¨¸¨³μ¸ÉÓ ¢¥·μÖÉ´μ¸É¨ P (1)
¶μ²´μ£μ § ¶μ²´¥´¨Ö ·¥Ï¥É±¨ ¢ ¸³¥Ï ´´μ° Ë §¥ MF +CF gTASEP ¶·¨ p = 0,6 ¨
pm = 1 ± ± ËÊ´±Í¨¨ ¢¥·μÖÉ´μ¸É¨ ¢¢μ¤  α (¤²Ö É·¥Ì §´ Î¥´¨° β = 0,2, 0,3, 0,4).
�μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ ¤²Ö ¸¨¸É¥³Ò L = 400 Ê§²μ¢. P (1) Éμ¦¤¥¸É¢¥´´μ · ¢´  ´Ê²Õ ¢
μ¡Ñ¥³¥ Ë §Ò MPII, ´μ Ô±¸¶μ´¥´Í¨ ²Ó´μ ¡Ò¸É·μ ´ · ¸É ¥É ¶·¨ ¶·¨¡²¨¦¥´¨¨ ¨ ´¥-
¶μ¸·¥¤¸É¢¥´´μ μ±μ²μ Ë §Ò CF, ±μÉμ· Ö ´ Ìμ¤¨É¸Ö ¸¶· ¢  μÉ ¢¥·É¨± ²Ó´μ° (Î¥·´μ°)
ÏÉ·¨Ì¶Ê´±É¨·´μ° ²¨´¨¨ ¶·¨ α = p ¨ £¤¥ P (1) · ¢´  1

�¥·¥Ìμ¤Ò ³¥¦¤Ê ÔÉ¨³¨ Ë § ³¨ ¢Ò£²Ö¤ÖÉ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ŒÒ ´ ¡²Õ-
¤ ¥³ ´¥μ¡ÒÎ´Ò° ¶¥·¥Ìμ¤ ³¥¦¤Ê Ë §μ° MP ¨ CF ¸μ ¸± Î±μ³ ± ± μ¡Ñ¥³´μ°
¶²μÉ´μ¸É¨, É ± ¨ Éμ±  (¸³. ·¨¸. 5,  , £¤¥ ¶μ± § ´Ò ¸± Î±¨, ¶·μ¨¸Ìμ¤ÖÐ¨¥ ¢
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J(α) ¨ ρb(α) ¶·¨ ¶¥·¥¸¥Î¥´¨¨ ²¨´¨¨ α = p, É. ¥. ¶·¨ ¶¥·¥Ìμ¤¥ μÉ Ë §Ò MPI ±
Ë §¥ CF). �¡´ ·Ê¦¥´ ´¥¶·¥·Ò¢´Ò° ¶¥·¥Ìμ¤ ±² ¸É¥·´μ£μ É¨¶  μÉ Ë §Ò MP ±
CF, ±μÉμ·Ò° ¶·μ¨¸Ìμ¤¨É ´  ¶·μÉÖ¦¥´¨¨ ¢¸¥° Ë §Ò MP+ CF, ³¥¦¤Ê Ë § ³¨
MP ¨ CF (¸³. ·¨¸. 5, ¡).

ŒÒ É ±¦¥ Ê¸É ´μ¢¨²¨, ÎÉμ ¶·¨ ¶¥·¥Ìμ¤¥ μÉ Ë §Ò MP + CF ± Ë §¥ MP
¸ Ê¢¥²¨Î¥´¨¥³ β ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ α < p ´  £· ´¨Í¥ β = α ¶·μ¨¸Ìμ¤¨É
®¸± Îμ±¯ μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ μÉ §´ Î¥´¨Ö ρb = 1 ¢´¨§ ± ρb = α/p, ¢³¥¸É¥ ¸
· §·Ò¢μ³ ¢ ¶¥·¢μ° ¶·μ¨§¢μ¤´μ° Éμ±  J(β). �Éμ ¸¨£´ ² μ ¶μÖ¢²¥´¨¨ ´¥· ¢´μ-
¢¥¸´μ£μ Ë §μ¢μ£μ ¶¥·¥Ìμ¤  ¶¥·¢μ£μ ·μ¤  ¢ ¶·¥¤¥²¥ ¡¥¸±μ´¥Î´μ° Í¥¶¨ ³¥¦¤Ê
Ë § ³¨ MP + CF ¨ MP.

‘ ¶μ³μÐÓÕ ³¥Éμ¤  ®Data Collapse¯ (³¥Éμ¤  ¸¢¥·ÉÒ¢ ´¨Ö ¤ ´´ÒÌ) ³Ò
Ê¸É ´μ¢¨²¨, ÎÉμ § ±μ´Ò ±μ´¥Î´μ· §³¥·´μ£μ ¸±¥°²¨´£  (FFS) ¢Ò¶μ²´ÖÕÉ¸Ö ¤²Ö
μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ ρb ¨ Éμ±  J ¢¡²¨§¨ ÉμÎ±¨ Ë §μ¢μ£μ ¶¥·¥Ìμ¤  ¶·¨ α = p.
‘μμÉ¢¥É¸É¢ÊÕÐ Ö ¶¥·¥³¥´´ Ö FSS (x = L(p − α)) ¶·¥¤² £ ¥É ¤²Ö ¶μÉμ± 
¨ μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ μ¶·¥¤¥²¥´¨¥ · ¸Ìμ¤ÖÐ¥°¸Ö ±μ··¥²ÖÍ¨μ´´μ° ¤²¨´Ò ¢
¤ ´´μ³ Ë §μ¢μ³ ¶¥·¥Ìμ¤¥ (μÉ MPI ± Ë §¥ CF) ¨ ¥¥ ¨´É¥·¶·¥É Í¨Õ ± ± · §³¥· 
¸ ³μ£μ ¡μ²ÓÏμ£μ ±² ¸É¥·  ¢ ¶·¥¤¥²¥ ¡¥¸±μ´¥Î´μ° Í¥¶¨ L → ∞.

3.2. ’¥μ·¨Ö ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° (pm = 1). —Éμ¡Ò ¶·¨³¥´¨ÉÓ ÔÉÊ É¥-
μ·¨Õ, ³Ò μ¡· É¨²¨¸Ó ± ¤Ê ²Ó´μ³Ê ¶·¥¤¸É ¢²¥´¨Õ ±μ´Ë¨£Ê· Í¨° ¸¨¸É¥³Ò,
É. ¥. ¸μ¸·¥¤μÉμÎ¨²¨¸Ó ´  · ¸¸³μÉ·¥´¨¨ ¶μ§¨Í¨° ¶Ê¸ÉÒÌ Ê§²μ¢ ¢³¥¸Éμ Ê§²μ¢,
§ ´ÖÉÒÌ Î ¸É¨Í ³¨. ’ ±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶μ§¢μ²Ö¥É ´ ¡²Õ¤ ÉÓ ¢¥¸Ó³  ¸¶¥-
Í¨Ë¨Î¥¸±ÊÕ ¤¨´ ³¨±Ê ³¥¦±² ¸É¥·´ÒÌ ¨´É¥·¢ ²μ¢, É ± ± ± ´ £²Ö¤´μ ¤¥³μ´-
¸É·¨·Ê¥É, ± ± Ï¨·¨´  ± ¦¤μ£μ ¶·μ³¥¦ÊÉ±  ¢Ò¶μ²´Ö¥É ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥
(·¨¸. 6,  ).

�·¨ ´¥μ¡· É¨³μ°  £·¥£ Í¨¨, É. ¥ ¶·¨ pm = 1, ¥¸ÉÓ ´¥¸±μ²Ó±μ ¢ ¦´ÒÌ
´ ¡²Õ¤¥´¨°. ‚μ-¶¥·¢ÒÌ, ¨´É¥·¢ ²Ò ³μ£ÊÉ ¶μÖ¢²ÖÉÓ¸Ö Éμ²Ó±μ ¢ ¶¥·¢μ³ Ê§²¥
Í¥¶μÎ±¨, ¶μ¸±μ²Ó±Ê Ê¦¥ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ±² ¸É¥·Ò ´¥ ³μ£ÊÉ · ¸¶ ¤ ÉÓ¸Ö. ‚μ-
¢Éμ·ÒÌ, ¨´É¥·¢ ²Ò ³μ£ÊÉ ¨¸Î¥§ ÉÓ, ±μ£¤  ¤¢  ¸μ¸¥¤´¨Ì ±² ¸É¥·  ¸²¨¢ ÕÉ¸Ö
¨²¨ ±μ£¤  ¸ ³Ò° ¶· ¢Ò° ±² ¸É¥· ¶μ±¨¤ ¥É ¸¨¸É¥³Ê,   ¸²¥¤ÊÕÐ¨° §  ´¨³
¤μ¸É¨£ ¥É ¶μ¸²¥¤´¥£μ Ê§²  Í¥¶¨. �Î¥´Ó ¢ ¦´μ° Ì · ±É¥·¨¸É¨±μ° ¤¨´ ³¨±¨
¨´É¥·¢ ²μ¢ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶μ±  ¸ÊÐ¥¸É¢ÊÕÉ ¤¢  ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨´É¥·-
¢ ² , · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ´¨³¨ μ¸É ¥É¸Ö ¶μ¸ÉμÖ´´Ò³, ¶μ¸±μ²Ó±Ê Î¨¸²μ Î ¸É¨Í ¢
±² ¸É¥·¥ ³¥¦¤Ê ¤¢Ê³Ö ¨´É¥·¢ ² ³¨ μ¸É ¥É¸Ö Ë¨±¸¨·μ¢ ´´Ò³. ’ ±¨³ μ¡· §μ³,
¸μ¸¥¤´¨¥ £· ´¨ÍÒ ¤¢ÊÌ ¸μ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨´É¥·¢ ²μ¢ ¤μ²¦´Ò ¤¢¨£ ÉÓ¸Ö ¶ · ²-
²¥²Ó´μ, ¨ ¨´É¥·¢ ²Ò ³μ£ÊÉ ´¥ ¶¥·¥¸¥ÎÓ¸Ö ¨²¨ ¸²¨ÉÓ¸Ö. ‚ ·¥§Ê²ÓÉ É¥ Ï¨·¨´ 
± ¦¤μ£μ ¨´É¥·¢ ²  ¢Ò¶μ²´Ö¥É ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥ ¸ ´ Î ²Ó´Ò³ ¸μ¸ÉμÖ´¨¥³,
¢±²ÕÎ ÕÐ¨³ μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ¸μ¸¥¤´¨Ì ¶Ê¸ÉÒÌ Ê§²μ¢, ¨ § ± ´Î¨¢ ¥É¸Ö,
±μ£¤  ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥ ¤μ¸É¨£ ¥É ¢ÒÌμ¤ . …¸²¨ ±μ´Ë¨£Ê· Í¨Ö ¨³¥¥É ¤¢ 
¨²¨ ¡μ²¥¥ ¨´É¥·¢ ² , Éμ ¸²ÊÎ °´Ò¥ ¡²Ê¦¤ ´¨Ö, ¢Ò¶μ²´Ö¥³Ò¥ ¨Ì £· ´¨Í ³¨,
´¥ Ö¢²ÖÕÉ¸Ö ´¥§ ¢¨¸¨³Ò³¨.

‚ μ¡Ð¥³ ¸²ÊÎ ¥ (¶·¨ β �= p) ¸ ³Ò° ¶· ¢Ò° ¨´É¥·¢ ² ¢Ò¶μ²´Ö¥É  ¸¨³³¥-
É·¨Î´μ¥ ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥, ¢ Éμ ¢·¥³Ö ± ± ¢¸¥ ¨´É¥·¢ ²Ò ¸²¥¢  μÉ ´¥£μ
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�¨¸. 6. a) �¢μ²ÕÍ¨Ö ¢μ ¢·¥³¥´¨ Ï¨·¨´Ò ¨´É¥·¢ ²  Wg ¢ μ£· ´¨Î¥´´μ³ ¶·μ³¥¦ÊÉ±¥
¢·¥³¥´¨ ¤²Ö ¸¨¸É¥³Ò ¸ L = 400 Ê§² ³¨ ¨ p = 0,6, pm = 1 ¶·¨ α = 0,599 ¨ β = 0,6
¤²Ö μ¤´μ° ±μ´±·¥É´μ° ·¥ ²¨§ Í¨¨ ¶·μÍ¥¸¸  ³μ¤¥²¨·μ¢ ´¨Ö. ¡, ¢) �·μ¸É· ´¸É¢¥´´μ-
¢·¥³¥´´μ° £· Ë¨± (¢·¥³Ö ´ ¶· ¢²¥´μ ¢¥·É¨± ²Ó´μ ¢´¨§,   ¶·μ¸É· ´¸É¢¥´´ Ö ¶¥·¥³¥´-
´ Ö ¨§³¥´Ö¥É¸Ö ¢ £μ·¨§μ´É ²Ó´μ³ ´ ¶· ¢²¥´¨¨); ¤²Ö gTASEP ¶·¨ p = 0,6, pm = 1
¶μ± §Ò¢ ÕÐ¨° ¶μÖ¢²¥´¨¥ ±·¨É¨Î¥¸±μ£μ ¨´É¥·¢ ²  ¶·¨ α = 0,59, β = 0,6 ¤²Ö ¸¨¸É¥³Ò
¢ L = 200 Ê§²μ¢ (¡); ¤²Ö gTASEP ¶·¨ p = 0,6 ¨ pm = 1 ¶μ± §Ò¢ ÕÐ¨° ¶μÖ¢²¥´¨¥
Ê¢¥²¨Î¨¢ ÕÐ¥£μ¸Ö ¨´É¥·¢ ²  ¶·¨ α = 0,5995, β = 0,9 ¤²Ö ¸¨¸É¥³Ò ¢ L = 400 Ê§-
²μ¢ (¢)

¢Ò¶μ²´ÖÕÉ ¸¨³³¥É·¨Î´Ò¥ ¸²ÊÎ °´Ò¥ ¡²Ê¦¤ ´¨Ö. �Éμ ¶·μ¨¸Ìμ¤¨É ¨§-§  Éμ£μ,
ÎÉμ ¥£μ ¶· ¢ Ö £· ´¨Í  ¤¢¨¦¥É¸Ö ¢¶· ¢μ ¸ ¤·Ê£μ° ¢¥·μÖÉ´μ¸ÉÓÕ, ¢ μÉ²¨Î¨¥
μÉ ¢¸¥Ì £· ´¨Í ¨´É¥·¢ ²μ¢ ¸²¥¢ . �· ¢ Ö £· ´¨Í  ¸ ³μ£μ ¶· ¢μ£μ ¨´É¥·¢ ² 
¶·¨´ ¤²¥¦¨É ±² ¸É¥·Ê, ±μÉμ·Ò° ¸³¥Ð ¥É¸Ö ¢¶· ¢μ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ ¢Ò¢μ¤ 
¨§ ¸¨¸É¥³Ò β,   ¥£μ ²¥¢ Ö £· ´¨Í  ¶·¨´ ¤²¥¦¨É ¶·¥¤Ò¤ÊÐ¥³Ê ±² ¸É¥·Ê ¨,
¸²¥¤μ¢ É¥²Ó´μ, ¸³¥Ð ¥É¸Ö ¢¶· ¢μ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ p. �μÔÉμ³Ê ¶μ¸²¥ ± ¦¤μ£μ
μ¡´μ¢²¥´¨Ö Ï¨·¨´  ¨´É¥·¢ ²  Ê¢¥²¨Î¨¢ ¥É¸Ö ´  μ¤¨´ Ê§¥² ¸ ¢¥·μÖÉ´μ¸ÉÓÕ:

pg = β(1 − p),
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Ê³¥´ÓÏ ¥É¸Ö ´  μ¤¨´ Ê§¥² ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

qg = p(1 − β)

¨ μ¸É ¥É¸Ö É ±μ° ¦¥ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

r = 1 − qg − pg = 1 − β − p + 2βp.

‚ Éμ ¦¥ ¢·¥³Ö μ¡¥ £· ´¨ÍÒ ¨´É¥·¢ ²μ¢ ¸²¥¢  ¢Ò¶μ²´ÖÕÉ ´ ¶· ¢²¥´´μ¥ ¸²Ê-
Î °´μ¥ ¡²Ê¦¤ ´¨¥ ¸ · ¢´μ° ¢¥·μÖÉ´μ¸ÉÓÕ ¶·Ò¦±  p. ‘²¥¤μ¢ É¥²Ó´μ, ¢¸¥
¨´É¥·¢ ²Ò ¸²¥¢  μÉ ¸ ³μ£μ ¶· ¢μ£μ ¢Ò¶μ²´ÖÕÉ ¸¨³³¥É·¨Î´μ¥ ¸²ÊÎ °´μ¥ ¡²Ê-
¦¤ ´¨¥. „²Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Ï¨·¨´Ò ¨´É¥·¢ ²  ¢Ò¶μ²´Ö¥É¸Ö

pg = qg = p(1 − p), r = 1 − 2p(1 − p).

‚ ·¥§Ê²ÓÉ É¥ ¶μ²ÊÎ ¥³ ´ ¡μ· ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨°, § 
¨¸±²ÕÎ¥´¨¥³ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¢´¥Ï´¨Ì £· ´¨Í (±μÉμ·Ò¥ ´¥§ ¢¨¸¨³Ò)
¶¥·¢μ£μ ¨ ¶μ¸²¥¤´¥£μ ¨´É¥·¢ ²μ¢, É. ¥. ¶· ¢μ° £· ´¨ÍÒ ¸ ³μ£μ ¶· ¢μ£μ ¨´É¥·-
¢ ²  ¨ ²¥¢μ° £· ´¨ÍÒ ¸ ³μ£μ ²¥¢μ£μ ¨´É¥·¢ ² .

�  μ¸´μ¢ ´¨¨ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ ·¥§Ê²ÓÉ Éμ¢ ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ
¢·¥³¥´´ Ö Ô¢μ²ÕÍ¨Ö ¸ ³μ£μ ¶· ¢μ£μ ¨´É¥·¢ ²  ¢ Ë §¥ MP ¢²¨Ö¥É ´  ¶μ¢¥¤¥´¨¥
¶·μË¨²Ö ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ¢¡²¨§¨ ±μ´Í  Í¥¶μÎ±¨. ’ ±¨³ μ¡· §μ³, ±μ£¤ 
β > p (β < p), Ï¨·¨´  [32] ÔÉμ£μ ¨´É¥·¢ ²  Ê¢¥²¨Î¨¢ ¥É¸Ö (Ê³¥´ÓÏ ¥É¸Ö),
¸É Í¨μ´ ·´Ò° ¶·μË¨²Ó ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ¨§£¨¡ ¥É¸Ö ¢´¨§ (¢¢¥·Ì) ¢¡²¨§¨
±μ´Í  Í¥¶μÎ±¨ (¸³. ·¨¸. 4, ¡).

Š ·É¨´  Ê¶·μÐ ¥É¸Ö ¶·¨ β = p. ‚ ÔÉμ³ ¸²ÊÎ ¥ Ï¨·¨´Ò ¢¸¥Ì ¸ÊÐ¥¸É¢ÊÕ-
Ð¨Ì ¨´É¥·¢ ²μ¢ ¢Ò¶μ²´ÖÕÉ ¸¨³³¥É·¨Î´Ò¥ ¸²ÊÎ °´Ò¥ ¡²Ê¦¤ ´¨Ö,   ¶·μË¨²Ó
²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ¶μ²´μ¸ÉÓÕ ¶²μ¸±¨° (¸³. ·¨¸. 4, ¡). �μ ¸ÊÐ¥¸É¢Ê, · ¸-
¶·¥¤¥²¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¢·¥³¥´¨ ¦¨§´¨ ¤²Ö ¢¸¥Ì ¶·μ³¥¦ÊÉ±μ¢ ³μ¦¥É ¡ÒÉÓ
¢ÒÎ¨¸²¥´μ ¶·¨ Ê¸²μ¢¨¨, ÎÉμ § ¤ ´Ò ´ Î ²Ó´Ò¥ Ê¸²μ¢¨Ö. �μ ¶·μ¡²¥³  ¢Ò-
Î¨¸²¥´¨Ö ¸É Í¨μ´ ·´μ° ¢¥·μÖÉ´μ¸É¨ ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´´μ° ±μ´Ë¨£Ê· Í¨¨
P (1) ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö ¶μ ¢·¥³¥´¨ Ô¢μ²ÕÍ¨¨ ¸¨¸É¥³Ò ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
μ¸É ¥É¸Ö ´¥¤μ¸É¨¦¨³μ°.

� ¡²Õ¤ ÕÉ¸Ö É·¨ ·¥¦¨³  Ô¢μ²ÕÍ¨¨ Ï¨·¨´Ò ¨´É¥·¢ ²μ¢. �¥·¢Ò° Å Ê¢¥-
²¨Î¨¢ ÕÐ¨°¸Ö ¸ ³Ò° ¶· ¢Ò° ¨´É¥·¢ ² (¶μ± § ´ ´  ·¨¸. 6, ¢). “¢¥²¨Î¥´¨¥ ¶·μ-
¨¸Ìμ¤¨É ¢ μ¡² ¸É¨ MPI, ¶·¨ β > p, ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¤²Ö ¸ ³μ£μ ¶· ¢μ£μ
¨´É¥·¢ ²  pg > qg . ‚¸¥ ¨´É¥·¢ ²Ò ¸²¥¢  μÉ ´¥£μ ¢Ò¶μ²´ÖÕÉ ¸¨³³¥É·¨Î-
´Ò¥ ¸²ÊÎ °´Ò¥ ¡²Ê¦¤ ´¨Ö, É ± ± ± μ¡¥ £· ´¨ÍÒ ± ¦¤μ£μ ¨§ ÔÉ¨Ì ¨´É¥·¢ ²μ¢
¢Ò¶μ²´ÖÕÉ ´ ¶· ¢²¥´´μ¥ ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ ¶·Ò¦±  p.

‚Éμ·μ° Å ·¥¦¨³ ±· É±μ¦¨¢ÊÐ¥£μ ¶· ¢μ£μ ¨´É¥·¢ ² . �´ ´ ¡²Õ¤ ¥É¸Ö ¢
μ¡² ¸É¨ MPII, £¤¥ β < p. ‘²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥ ¸ ³μ£μ ¶· ¢μ£μ ¨´É¥·¢ ² 
¢Ò¶μ²´Ö¥É¸Ö ¸ pg < qg, ¨ ¢ ·¥§Ê²ÓÉ É¥ ¸ ³Ò° ¶· ¢Ò° ¨´É¥·¢ ² ®¸Ì²μ¶Ò¢ ¥É-
¸Ö¯, ¢ Éμ ¢·¥³Ö ± ± ¢¸¥ ¨´É¥·¢ ²Ò ¸²¥¢  μÉ ´¥£μ ¢Ò¶μ²´ÖÕÉ ¸¨³³¥É·¨Î´Ò¥
¸²ÊÎ °´Ò¥ ¡²Ê¦¤ ´¨Ö.



338 	š�‡���‚� �.†., �…˜…‚� �.•.

Š·¨É¨Î¥¸±¨° ·¥¦¨³ ¨´É¥·¢ ²μ¢ ´ ¡²Õ¤ ¥É¸Ö ¶·¨ β = p, Éμ£¤  Ï¨·¨´Ò
¢¸¥Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨´É¥·¢ ²μ¢ ¢Ò¶μ²´ÖÕÉ ¸¨³³¥É·¨Î´Ò¥ ¸²ÊÎ °´Ò¥ ¡²Ê-
¦¤ ´¨Ö, ´ Î¨´ Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ´ Î ²Ó´ÒÌ Ê¸²μ¢¨°. �·μË¨²Ó ²μ± ²Ó´μ°
¶²μÉ´μ¸É¨ ¶μ²´μ¸ÉÓÕ ¶²μ¸±¨°.

‚ MP+ CF (β < α < p) (¸³. ·¨¸. 4,   ¨ ¡) ¶ÊÉÓ ¶μ²´μ¸ÉÓÕ ¶¥·¥±·ÒÉ,
´ Î¨´ Ö ¸ μ¡Ñ¥³  ¨ ¢¶²μÉÓ ¤μ ¶μ¸²¥¤´¥£μ ÊÎ ¸É± , ρb = ρL = 1. �Éμ ´¥ É ±
¤²Ö ²¥¢μ£μ ±μ´Í  Í¥¶μÎ±¨. „²Ö ¶²μÉ´μ¸É¨ ¢ ¶¥·¢μ³ Ê§²¥ ¢ · ¡μÉ¥ [32] ´ ³¨
¤μ± § ´ ·¥§Ê²ÓÉ É:

ρMP+CF
1 = 1 −

(
1
α
− 1

p

)
β.

�É²¨Î¨É¥²Ó´μ° μ¸μ¡¥´´μ¸ÉÓÕ £· ´¨Î´μ ¢μ§³ÊÐ¥´´μ° Ë §Ò MP+CF Ö¢²Ö¥É¸Ö
¶μÖ¢²¥´¨¥ ³¥¦±² ¸É¥·´ÒÌ ¨´É¥·¢ ²μ¢ Éμ²Ó±μ ´  ±μ´¥Î´μ³ · ¸¸ÉμÖ´¨¨ μÉ ²¥-
¢μ£μ ±μ´Í  Í¥¶μÎ±¨ (¸³. ·¨¸. 11, §).

�¢μ²ÕÍ¨Ö ±μ´Ë¨£Ê· Í¨° ¢ ¸²ÊÎ ¥ μ¤¨´μÎ´μ£μ ¨´É¥·¢ ² . � Î´¥³ ¸ ¨§ÊÎ¥-
´¨Ö ¢·¥³¥´´μ° Ô¢μ²ÕÍ¨¨ μ¤¨´μÎ´ÒÌ ¨´É¥·¢ ²μ¢ ¢ · §´ÒÌ μ¡² ¸ÉÖÌ CF-Ë §Ò,
±μÉμ· Ö ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Í¥¶Ó, ¤μ ±μ´Í  § ¶μ²´¥´´ÊÕ Î ¸É¨Í ³¨ ¸μ ¸É -
Í¨μ´ ·´Ò³ ¶μÉμ±μ³ J = β. �Éμ μ§´ Î ¥É, ÎÉμ ³Ò · ¸¸³ É·¨¢ ¥³ Ô¢μ²ÕÍ¨Õ
±μ´Ë¨£Ê· Í¨° ¸ μ¤´¨³ ¨´É¥·¢ ²μ³ ¨  ´ ²¨É¨Î¥¸±¨ μÍ¥´¨¢ ¥³ ¢¥·μÖÉ´μ¸ÉÓ
P (1) ¶μÖ¢²¥´¨Ö ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´´μ° ±μ´Ë¨£Ê· Í¨¨ ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ¶μ-
Ö¢²¥´¨¥ ¨´É¥·¢ ²  ¢ ¶¥·¢μ³ Ê§²¥ ±μ´Ë¨£Ê· Í¨¨ CF ¶·μ¨¸Ìμ¤¨É Î·¥§¢ÒÎ °´μ
·¥¤±μ. �Éμ ¸μ¡ÒÉ¨¥ ¶·μ¨¸Ìμ¤¨É, ±μ£¤  Î ¸É¨Í  Í¥²¨±μ³ § ¶μ²´ÖÕÐ¥£μ Í¥-
¶μÎ±Ê ±² ¸É¥·  ¶μ±¨¤ ¥É ¸¨¸É¥³Ê ¢ ¶· ¢μ³ ±μ´Í¥ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ β, ÎÉμ ¶·¨-
¢μ¤¨É ± ¤¥É¥·³¨´¨·μ¢ ´´μ³Ê ¸¤¢¨£Ê ¢¸¥Ì μ¸É ¢Ï¨Ì¸Ö Î ¸É¨Í L − 1 ´  μ¤¨´
Ê§¥² ¢¶· ¢μ. ’μ£¤  μ¡· §μ¢ ¢Ï Ö¸Ö ¢ ± ´¸¨Ö ¢ ¶¥·¢μ³ Ê§²¥ ´¥ ¸· §Ê § ¶μ²´Ö-
¥É¸Ö Î ¸É¨Í¥° ¨§ ²¥¢μ£μ ¨¸ÉμÎ´¨± . �Éμ ¸μ¡ÒÉ¨¥ ¶·μ¨¸Ìμ¤¨É ¸ ¢¥·μÖÉ´μ¸ÉÓÕ
(1− α̃) � 1. ‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö ¶μÖ¢²¥´¨Ö ¢ ± ´¸¨¨ ¢ ¶¥·¢μ³ Ê§²¥ ¤μ ±μ´Í 
§ ¶μ²´¥´´μ° Í¥¶μÎ±¨ ´¥μ¡Ìμ¤¨³μ ¢ ¸·¥¤´¥³ N̄ μ¡´μ¢²¥´¨°, £¤¥

N̄ = [(1 − α̃)β]−1 	 1.

‡  ¥¤¨´¨ÍÊ ¢·¥³¥´¨ ¨§ μ¤´μ° ¢ ± ´¸¨¨ ³μ£ÊÉ μ¡· §μ¢ ÉÓ¸Ö ¨´É¥·¢ ²Ò · §³¥-
·μ³ ¢ μ¤¨´ ¨²¨ ´¥¸±μ²Ó±μ ¶Ê¸ÉÒÌ Ê§²μ¢, ±μÉμ·Ò¥ ´ Ìμ¤ÖÉ¸Ö ³¥¦¤Ê ±² ¸É¥· ³¨
§ ¶μ²´¥´´ÒÌ Ê§²μ¢. …¸²¨ n̄ Å ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ¨´É¥·¢ ²  (§  Î¨¸²μ μ¡-
´μ¢²¥´¨°) ¢ · §²¨Î´ÒÌ  ¸¨³¶ÉμÉ¨Î¥¸±¨Ì ·¥¦¨³ Ì ¨ n̄ < N̄ , Éμ ¢¥·μÖÉ´μ¸ÉÓ
P (1) μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μÏ¥´¨¥³

P (1) 
 N̄ − n̄

N̄
.

‚ ·¥¦¨³¥ Ê¢¥²¨Î¨¢ ÕÐ¥£μ¸Ö ¨´É¥·¢ ²  ± £· ´¨Í¥ α = p ¸ Ë §μ° CF ³Ò ¶·¨-
¡²¨¦ ¥³¸Ö μÉ μ¡² ¸É¨ MPI, £¤¥ β > p. ‚ ÔÉμ³ ¸²ÊÎ ¥ pg > qg ¨ ¨´É¥·¢ ²
 ¸¨³¶ÉμÉ¨Î¥¸±¨ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ Î¨¸²μ³ n μ¡´μ¢²¥´¨°. �´ ¡Ê¤¥É ¸ÊÐ¥¸É¢μ-
¢ ÉÓ ¤μ É¥Ì ¶μ·, ¶μ±  ¥£μ £· ´¨ÍÒ ´¥ ¤μ¸É¨£´ÊÉ ±μ´Í  Í¥¶¨, É. ¥. n̄∼L. ’ ±μ°
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¤²¨´´Ò° ¨´É¥·¢ ², · ¸¶·μ¸É· ´ÖÕÐ¨°¸Ö ¶μ ¢¸¥° Í¥¶¨, ¶μÖ¢²Ö¥É¸Ö ¢ ¸·¥¤´¥³
¶μ¸²¥ N̄ μ¡´μ¢²¥´¨°, £¤¥

N̄ ∼ [β(p − α)]−1.

‚ ¦´Ò³ ¤μ¶ÊÐ¥´¨¥³ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ n̄ � N̄ ¨ ÎÉμ ¢ É¥Î¥´¨¥ · ¸¸³ É·¨-
¢ ¥³μ£μ ¶·μ³¥¦ÊÉ±  ¢·¥³¥´¨ ´¥É ¤·Ê£¨Ì ¤μ²£μ¦¨¢ÊÐ¨Ì ¨´É¥·¢ ²μ¢. ‚ É ±μ³
¸²ÊÎ ¥ ³Ò ¶μ²ÊÎ ¥³

P (1) 
 1 − a1L(p − α),

£¤¥ ±μÔËË¨Í¨¥´É a1 ¢Ò· ¦ ¥É¸Ö Î¥·¥§ p ¨ β ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

a1 =
β − p

p2(1 − p)
.

‡¤¥¸Ó L(p−α) Å ±μ´¥Î´μ· §³¥·´ Ö ¸±¥°²¨´£μ¢ Ö ¶¥·¥³¥´´ Ö, ¶μÖ¢²¥´¨¥ ±μ-
Éμ·μ° Ö¢²Ö¥É¸Ö ¢ ¦´Ò³ ·¥§Ê²ÓÉ Éμ³. �Éμ ¶μ¤É¢¥·¦¤ ¥É¸Ö Î¨¸²¥´´μ ³¥Éμ¤μ³
¸¢¥·ÉÒ¢ ´¨Ö ¤ ´´ÒÌ (Data Collapse), ¶·¨³¥´¥´´Ò³ ± ´ Ï¨³ ·¥§Ê²ÓÉ É ³ ±μ³-
¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö Í¥¶¥° · §²¨Î´μ° ¤²¨´Ò L ³μ¤¥²¨ ¸¨¸É¥³Ò.
ŒÒ Ê¸É ´μ¢¨²¨, ÎÉμ ·¥¦¨³ ±· É±μ¦¨¢ÊÐ¥£μ ¨´É¥·¢ ²  ¶μÖ¢²Ö¥É¸Ö ¶·¨ ¶·¨-
¡²¨¦¥´¨¨ ± £· ´¨Í¥ Ë §Ò CF μÉ £· ´¨ÍÒ ¢μ§³ÊÐ¥´´μ° Ë §Ò MP+ CF, É. ¥.
¶·¨ β < p. ’μ£¤  pg < qg ¨ ¨´É¥·¢ ² ³¥¦¤Ê ¢´μ¢Ó · ¸ÉÊÐ¨³ ±² ¸É¥·μ³
¨ ±² ¸É¥·μ³, ¶μ±¨¤ ÕÐ¨³ ¸¨¸É¥³Ê ¨§ ¥£μ ¶· ¢μ° £· ´¨ÍÒ, · §·ÊÏ ¥É¸Ö § 
±μ´¥Î´μ¥ Î¨¸²μ ¢·¥³¥´´ÒÌ Ï £μ¢. ‚¥·Ì´ÖÖ μÍ¥´±  ³μ¦¥É ¡ÒÉÓ ·¥§Ê²ÓÉ Éμ³
¸²ÊÎ °´μ£μ ¡²Ê¦¤ ´¨Ö ¶μ ¡¥¸±μ´¥Î´μ° Í¥¶μÎ±¥ ¸ ´ Î ²Ó´Ò³ ¸μ¸ÉμÖ´¨¥³ ¢
ÉμÎ±¥ i = 1 ¨ μ¤´¨³ ¶μ£²μÐ ÕÐ¨³ ¸μ¸ÉμÖ´¨¥³ ¢ ´ Î ²¥ ±μμ·¤¨´ É i = 0:

n̄ < (qg − pg)−1 = (p − β)−1.

’ ±¨³ μ¡· §μ³,

P (1) ≈ 1 − n̄/N̄ → 1, ±μ£¤  α → p ¶·¨ β < p.

Š·¨É¨Î¥¸±¨° ·¥¦¨³ ¨´É¥·¢ ²  ¢μ§´¨± ¥É ¶·¨ ¶·¨¡²¨¦¥´¨¨ £· ´¨ÍÒ α = p
Ë §Ò CF ¢¤μ²Ó ²¨´¨¨ β = p. ‡¤¥¸Ó Ï¨·¨´  ¨´É¥·¢ ²  ¢Ò¶μ²´Ö¥É ¸¨³³¥É·¨Î-
´μ¥ ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥ ¸ pg = qg = p(1−p) ¨ r = 1−2p(1−p). ‚ÒÎ¨¸²¥´¨¥
n̄ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¸É ´μ¢¨É¸Ö ¸²μ¦´Ò³, É ± ± ± ¸·¥¤´ÖÖ ¤²¨´  ¸¨³³¥É·¨Î´μ£μ
¸²ÊÎ °´μ£μ ¡²Ê¦¤ ´¨Ö ¶μ ¡¥¸±μ´¥Î´μ° Í¥¶μÎ±¥ ¸ ´ Î ²Ó´Ò³ ¸μ¸ÉμÖ´¨¥³ ¶·¨
i = 1 ¨ μ¤´¨³ ¶μ£²μÐ ÕÐ¨³ ¸μ¸ÉμÖ´¨¥³ ¶·¨ i = 0 · ¸Ìμ¤¨É¸Ö.

‚·¥³Ö ¦¨§´¨ ¸¨³³¥É·¨Î´μ£μ ¸²ÊÎ °´μ£μ ¡²Ê¦¤ ´¨Ö ´  ±μ´¥Î´μ° Í¥¶μÎ±¥
¢ ¸·¥¤´¥³ μ£· ´¨Î¥´μ L/p. �¶·¥¤¥²¨³ ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ n̄M ¨´É¥·¢ ² 

¶·¨ M μ¡´μ¢²¥´¨ÖÌ, n̄M =
M∑

m=1
mf

(m)
1,0 , £¤¥ f

(m)
1,0 Å ¢¥·μÖÉ´μ¸ÉÓ Éμ£μ, ÎÉμ
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´ Î ²Ó´Ò° ¨´É¥·¢ ² ¸ Ï¨·¨´μ° ¥¤¨´¨Í  ¨¸Î¥§´¥É ¶·¨ μ¡´μ¢²¥´¨¨ m. ˆ¸-

¶μ²Ó§ÊÖ ¨§¢¥¸É´ÊÕ ¶·μ¨§¢μ¤ÖÐÊÕ ËÊ´±Í¨Õ f
(m)
1,0 , ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ÉμÎ´μ¥

¢Ò· ¦¥´¨¥:

n̄M =
p(1 − p)

r

M/2−1∑
n=0

(
p(1 − p)

r

)2n (
2n + 1

n

) M∑
k =2n+1

rk

(
k

2n + 1

)
.

—Éμ¡Ò ¶μ²ÊÎ¨ÉÓ ¡μ²¥¥ ¶·μ¸Éμ¥ ¢Ò· ¦¥´¨¥ ¤²Ö M 	 1, ³Ò ¶·¨³¥´¨²¨  ¶-
¶·μ±¸¨³¨·ÊÕÐÊÕ Í¥¶μÎ±Ê, ±μÉμ· Ö ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¥° μÍ¥´±¥:

n̄M
∼=

1
2
√

π p(1 − p)

M/2∫
0

dx√
x

=
√

M√
2π p(1 − p)

.

‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö M = L/p ¶μ²ÊÎ ¥³ ·¥§Ê²ÓÉ É ±μ´¥Î´μ· §³¥·´μ£μ ¸±¥°-
²¨´£ , ¶μ¤É¢¥·¦¤¥´´Ò° ´ Ï¨³ ±μ³¶ÓÕÉ¥·´Ò³ ³μ¤¥²¨·μ¢ ´¨¥³:

P (1) 
 1 − b1L
1/2(p − α),

£¤¥ x = L1/2(p − α) Å ÔÉμ ±·¨É¨Î¥¸± Ö ±μ´¥Î´μ· §³¥·´ Ö ¸±¥°²¨´£μ¢ Ö ¶¥-
·¥³¥´´ Ö,   b1 Å ±μ´¸É ´É  ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨.

4. gTASEP ‘ ��ˆ’Ÿƒˆ‚�	™ˆŒ ‚‡�ˆŒ�„…‰‘’‚ˆ…Œ p < pm < 1,
Š�ƒ„� ‚�‡Œ�†�� ”��ƒŒ…�’�–ˆŸ Š‹�‘’…��‚

4.1. Š· É±¨° μ¡§μ· £² ¢´ÒÌ ·¥§Ê²ÓÉ Éμ¢. � Î´¥³ ÔÉμÉ · §¤¥² ¸ ¨²²Õ¸É· -
Í¨¨ ¢²¨Ö´¨Ö ¢¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö pm ¢ TASEP ¸ Ë¨±-
¸¨·μ¢ ´´Ò³ p = 0,6 ´  ´¥±μÉμ·Ò¥ ¸¢μ°¸É¢  ¸¨¸É¥³Ò ¢ μ¤´μ° ÉμÎ±¥ (α = 0,5,
β = 0,5) Ë §μ¢μ° ¤¨ £· ³³Ò. ‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê
Î ¸É¨Í ³¨ ¢ ¸¨¸É¥³¥ μ¶·¥¤¥²ÖÕÉ Éμ, ± ± Î ¸É¨ÍÒ ¢²¨ÖÕÉ ´  ¤¢¨¦¥´¨¥ ¤·Ê£
¤·Ê£  [27]. ‘²ÊÎ °, ±μ£¤  pm > p, ³Ò ´ §Ò¢ ¥³ ¢§ ¨³μ¤¥°¸É¢¨¥³ ®¶·¨ÉÖ-
¦¥´¨Ö¯, É ± ± ± Î ¸É¨ÍÒ ¨³¥ÕÉ ¡μ²ÓÏ¥ Ï ´¸μ¢ μ¸É ÉÓ¸Ö ¢³¥¸É¥ ¢ ±² ¸É¥·¥,
Î¥³ · ¸¶ ¸ÉÓ¸Ö, É ± ± ± Ê ´¨Ì ¢¥·μÖÉ´μ¸ÉÓ ¶¥·¥³¥Ð¥´¨Ö (pm) ¡μ²ÓÏ¥, Î¥³
¢¥·μÖÉ´μ¸ÉÓ ¶¥·¥³¥Ð¥´¨Ö (p) £μ²μ¢´μ° Î ¸É¨ÍÒ ±² ¸É¥· .

‚²¨Ö´¨¥ ¤μ¶μ²´¨É¥²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê Î ¸É¨Í ³¨ ´  ¸¢μ°¸É¢ 
¸¨¸É¥³Ò ¶μ± § ´μ ´  ·¨¸. 7, 8. �  ·¨¸. 7 ¨§μ¡· ¦¥´μ, ± ± ¶·μË¨²¨ ¶²μÉ´μ¸É¨
ρ(x) (x = i/L, x ∈ [0, 1]) (¨ ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ±μ··¥²ÖÍ¨Ö Fcor ¤²Ö ¡²¨¦ °-
Ï¨Ì ¸μ¸¥¤¥°) ¢ μ¤´μ° ÉμÎ±¥ Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢  (α = 0,5, β = 0,5) ¢
gTASEP ³¥´ÖÕÉ¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ ¶ · ³¥É·  pm μÉ 0 ¤μ 1. �·¨ pm = 0
´ ¡²Õ¤ ¥É¸Ö ¶·μË¨²Ó ¶²μÉ´μ¸É¨ ¸É ´¤ ·É´μ£μ TASEP ¸ PU (Î¥·´Ò¥ ¶Ê¸ÉÒ¥
¸¨³¢μ²Ò), ¶·¨ pm = 0,6 Å ¶·μË¨²Ó ¸É ´¤ ·É´μ£μ TASEP ¸ BOSU (¶μ± § ´
§¥²¥´Ò³¨ ¸¨³¢μ² ³¨).
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�¨¸. 7 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). a) ˆ§³¥´¥´¨¥ ¶·μË¨²Ö ¶²μÉ´μ¸É¨ ρ(x),
x = i/L, ¤²Ö gTASEP ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ p = 0,6 ¶·¨ ¨§³¥´¥´¨¨ ¢Éμ·μ° ³μ¤¨-
Ë¨Í¨·μ¢ ´´μ° ¢¥·μÖÉ´μ¸É¨ ¸± Î±  pm ¢ ¨´É¥·¢ ²¥ [0, 1]. �·μË¨²¨ ¶²μÉ´μ¸É¨ (¶μ²Ê-
Î¥´´Ò¥ ¸ ¶μ³μÐÓÕ ³μ¤¥²¨·μ¢ ´¨Ö ŒŠ-³¥Éμ¤μ³) ¶μ± § ´Ò ¢ Ë §μ¢μ° ÉμÎ±¥ α = 0,5,
β = 0,5. ¡) ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ··¥²ÖÍ¨¨ Fcor ³¥¦¤Ê ¡²¨¦ °Ï¨³¨ ¸μ¸¥¤Ö³¨ ± ±
ËÊ´±Í¨¨ ¶·μ¸É· ´¸É¢¥´´μ° ¶¥·¥³¥´´μ° x = i/L ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° ¤μ¶μ²´¨-
É¥²Ó´μ° ¢¥·μÖÉ´μ¸É¨ ¸± Î±  pm

�É¨ ¶·μË¨²¨ ¶²μÉ´μ¸É¨ Ì · ±É¥·´Ò ¤²Ö Ë §Ò MC. �·μË¨²¨ ¶²μÉ´μ¸É¨
¶·¨ pm > p Å ÔÉμ ¶·μË¨²¨ ¤²Ö gTASEP ¸ ¶·¨ÉÖ£¨¢ ÕÐ¨³ ¢§ ¨³μ¤¥°¸É¢¨¥³.
�·μË¨²Ó ¶²μÉ´μ¸É¨ ´¥¶·¥·Ò¢´μ ¨§³¥´Ö¥É¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ pm ¤μ ¶·μË¨²Ö
¶²μÉ´μ¸É¨, ´ °¤¥´´μ£μ ¶·¨ pm = 0,99, ±μÉμ·Ò° Ö¢²Ö¥É¸Ö ¶·μË¨²¥³ ¶²μÉ´μ-
¸É¨ Ë ±É¨Î¥¸±¨ ¢ É·μ°´μ° ÉμÎ±¥ gTASEP ¸ pm = 0,99, ¶μ¸±μ²Ó±Ê ¤²Ö ´¥£μ
(¸³. Ë §μ¢ÊÕ ¤¨ £· ³³Ê, ¶μ± § ´´ÊÕ ´  ·¨¸. 9, ¡)) ´ Ìμ¤¨³ αc = βc = 0,502.
�·¨ pm = 0,99 ´ ¡²Õ¤ ¥É¸Ö ¶¥·¥Ìμ¤ ± É¨¶¨Î´μ³Ê ¶·μË¨²Õ ¶²μÉ´μ¸É¨, Ì · ±-
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�¨¸. 8 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). a) �μÉμ± J ¨ μ¡Ñ¥³´ Ö ¶²μÉ´μ¸ÉÓ ρb ¢ gTASEP
(¶·¨ Ë¨±¸¨·μ¢ ´´μ³ p = 0,6) ¶·¨ α = 0,5, β = 0,5 ± ± ËÊ´±Í¨¨ ³μ¤¨Ë¨Í¨·μ¢ ´-
´μ° ¢¥·μÖÉ´μ¸É¨ ¸± Î±μ¢ pm. ¡) ”Ê´¤ ³¥´É ²Ó´ Ö ¤¨ £· ³³  (¶μÉμ± J ¨ μ¡Ñ¥³´ Ö
¶²μÉ´μ¸ÉÓ ρb, £¤¥ ρb ≈ ρ1/2) ¤²Ö gTASEP (¸ Ë¨±¸¨·μ¢ ´´Ò³ p = 0,6) ¶·¨ · §-
²¨Î´ÒÌ §´ Î¥´¨ÖÌ pm: pm = 0,6 (TASEP ¸ BOSU) (¸¶²μÏ´ Ö ²¨´¨Ö ¨§ §¥²¥´ÒÌ
¸¨³¢μ²μ¢); gTASEP ¸ pm = 0,99 (¸¶²μÏ´ Ö ²¨´¨Ö ¨§ £μ²Ê¡ÒÌ ¸¨³¢μ²μ¢) ¨ gTASEP ¸
pm = 1,0 (IA) (¸¶²μÏ´ Ö ²¨´¨Ö ¨§ ·μ§μ¢ÒÌ ¸¨³¢μ²μ¢). ‘¶²μÏ´ Ö ²¨´¨Ö ¨§ ±· ¸´ÒÌ
§¢¥§¤μÎ¥± ¶μ± §Ò¢ ¥É ·¥§Ê²ÓÉ É ¤²Ö J(ρ1/2) ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ pm, ¶μ²ÊÎ¥´´ÒÌ
¢ Ë §μ¢μ° ÉμÎ±¥ α = 0,5, β = 0,5

É¥·´μ³Ê ¤²Ö gTASEP ¶·¨ pm = 1, Å ¸²ÊÎ °, ±μ£¤  ¶·μ¨¸Ìμ¤¨É IA ±² ¸É¥·μ¢
¨ Î ¸É¨Í. �·μË¨²Ó ¶²μÉ´μ¸É¨ ¶·¨ pm = 1 Å ÔÉμ ¶·μË¨²Ó ´  ²¨´¨¨ ¸μ¸ÊÐ¥-
¸É¢μ¢ ´¨Ö ³¥¦¤Ê Ë § ³¨ MPII ¨ MP + CF ´  Ë §μ¢μ° ¤¨ £· ³³¥ ¢ ¶·¥¤¥²Ó´μ³
¸²ÊÎ ¥ gTASEP ¸ IA (¸³. ·¨¸. 2, a).



�ƒ�…ƒ�–ˆŸ ˆ ”��ƒŒ…�’�–ˆŸ Š‹�‘’…��‚ ‚ ��ŒŠ�• gTASEP 343

‘²ÊÎ ° pm > p (¢ É¥·³¨´ Ì ·¥ ²Ó´μ£μ  ¢Éμ³μ¡¨²Ó´μ£μ É· Ë¨± ) ¶·¥¤-
´ §´ Î¥´ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö ´ ¡²Õ¤ ¥³μ° ¢ ·¥ ²Ó´μ³ ¤¢¨¦¥´¨¨ É¥´¤¥´Í¨¨
¢μ¤¨É¥²Ö ¸²¥¤μ¢ ÉÓ §   ¢Éμ³μ¡¨²¥³ ¢¶¥·¥¤¨ ´¥£μ (É ± ´ §Ò¢ ¥³Ò¥ ³μ¤¥²¨ ¸²¥-
¤μ¢ ´¨Ö §   ¢Éμ³μ¡¨²¥³, ¸³., ´ ¶·¨³¥·, · ¡μÉÊ [30] ¨ ¸¸Ò²±¨ ¢ ´¥°). ’ ±¨³
μ¡· §μ³, ¸ ¡μ²ÓÏ¥° ¢¥·μÖÉ´μ¸ÉÓÕ ¶μÖ¢²ÖÕÉ¸Ö ±² ¸É¥·Ò ¸¨´Ì·μ´´μ ¤¢¨¦Ê-
Ð¨Ì¸Ö Î ¸É¨Í, ÎÉμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶·¨¢μ¤¨É ± ¡μ²¥¥ ¢Ò¸μ±μ° ¶·μ¶Ê¸±´μ°
¸¶μ¸μ¡´μ¸É¨ (¶μÉμ±Ê) ¢ ¸¨¸É¥³¥ ¶·¨ ²Õ¡μ° ¶²μÉ´μ¸É¨. �Éμ Ìμ·μÏμ ¢¨¤´μ ´ 
·¨¸. 8. �  ·¨¸. 8,   ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¶μÉμ±  ¨ μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ ¢
¸¨¸É¥³¥ (¶·¨ α = 0,5, β = 0,5) μÉ pm,   ´  ·¨¸. 8, ¡ ¶μ± § ´  ËÊ´¤ ³¥´É ²Ó´ Ö
¤¨ £· ³³  (¶μÉμ± μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ ¢ gTASEP ¸ Ë¨±¸¨·μ¢ ´´Ò³ p = 0,6)
¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° pm.

�²μÉ´μ¸ÉÓ ¢ ¸¥·¥¤¨´¥ Í¥¶μÎ±¨, ρ1/2, ¶·¨ x = 1/2 (£¤¥ x = i/L) Ö¢²Ö-
¥É¸Ö μÎ¥´Ó Ìμ·μÏ¥°  ¶¶·μ±¸¨³ Í¨¥° ± μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ ρb ¸¨¸É¥³Ò, ¨
³Ò ¨¸¶μ²Ó§Ê¥³ ¥¥ ¢³¥¸Éμ ρ. ”Ê´¤ ³¥´É ²Ó´ Ö ¤¨ £· ³³  ¡Ò²  ¢¶¥·¢Ò¥ ¶μ-
²ÊÎ¥´  Hrabák (¸³. ·¨¸. 6.2 ¢ · ¡μÉ¥ [39], £¤¥ γ = pm/p) ¤²Ö gTASEP ¸ ¶¥-
·¨μ¤¨Î¥¸±¨³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨. �¥§Ê²ÓÉ ÉÒ ´ Ï¥£μ ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö
gTASEP ¸ μÉ±·ÒÉÒ³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨ (¶·¨ Ë¨±¸¨·μ¢ ´´μ³ p = 0,6)
¤²Ö ¸¨¸É¥³Ò ¸ L = 200 Ê§² ³¨ ¶μ± § ´Ò ´  ·¨¸. 8, ¡. ‚¨¤´μ, ÎÉμ ¶·¨ Ë¨±¸¨-
·μ¢ ´´μ³ ρ ¶μÉμ± J · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ pm. Œ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ Jmax

Éμ±  ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ pm (¶μ± § ´´μ¥ ±· ¸´Ò³¨ §¢¥§¤μÎ± ³¨) ¸¤¢¨£ ¥É¸Ö
¢³¥¸É¥ ¸ pm ¢ ¸Éμ·μ´Ê ¡μ²¥¥ ¢Ò¸μ±¨Ì §´ Î¥´¨° ¶²μÉ´μ¸É¨ Å μÎ¥´Ó ¶μ²¥§´μ¥
¨ ¦¥² É¥²Ó´μ¥ ¸¢μ°¸É¢μ ¤²Ö ·¥ ²Ó´μ£μ É· Ë¨± . �·¨ pm = 1 ¶μÉμ± ¡μ²¥¥ Î¥³
¢¤¢μ¥ ¶·¥¢ÒÏ ¥É ¸¢μ¥ §´ Î¥´¨¥ ¶·¨ pm = 0,6 ¨ μ¡Ñ¥³´ Ö ¶²μÉ´μ¸ÉÓ ¡μ²ÓÏ¥
Î¥³ ρb � 0,9. �  ·¨¸. 8, ¡ É ±¦¥ ³μ¦´μ Ê¢¨¤¥ÉÓ, ÎÉμ Éμ²Ó±μ ¤²Ö TASEP ¸
PU ËÊ´¤ ³¥´É ²Ó´ Ö ¤¨ £· ³³  ¸¨³³¥É·¨Î´  ¶μ μÉ´μÏ¥´¨Õ ± ¶μ²μ¢¨´´μ°
¶²μÉ´μ¸É¨ ρ = 0,5. “¦¥ ¶·¨ pm = p = 0,6 (TASEP ¸ BOSU) § ³¥É¥´ ¸ÊÐ¥-
¸É¢¥´´Ò° ¸¤¢¨£ ¶μ²μ¦¥´¨Ö ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö ¶μÉμ±  Jmax ¢ ¸Éμ·μ´Ê
¡μ²ÓÏ¨Ì ¶²μÉ´μ¸É¥°, É. ¥. ¨³¥¥³ Jmax = 0,2267 ¶·¨ ρ = 0,6146 (¤²Ö L = 200),
¨ ¢ ¶·¥¤¥²¥ pm → 1 Ëμ·³  ¤¨ £· ³³Ò ¶·¨´¨³ ¥É Ëμ·³Ê ¶μÎÉ¨ ¶·Ö³μÊ£μ²Ó-
´μ£μ É·¥Ê£μ²Ó´¨±  (¸ § ±·Ê£²¥´´μ° ¢¥·Ï¨´μ°, ±μÉμ· Ö ¸É ´μ¢¨É¸Ö μ¸É·¥¥ ¸
·μ¸Éμ³ L) ¸ Jmax ≈ 0,5.

„¥É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ μ¡μ¡Ð¥´´μ£μ TASEP ¢ ·¥¦¨³¥ ¶·¨ÉÖ¦¥´¨Ö
(pm > p) ³¥¦¤Ê ¶¥·¥¸± ±¨¢ ÕÐ¨³¨ ¡²¨¦ °Ï¨³¨ ¸μ¸¥¤´¨³¨ Î ¸É¨Í ³¨, ¶·μ-
¢¥¤¥´´μ¥ ¸ ¶μ³μÐÓÕ ¨´É¥´¸¨¢´μ£μ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö, ¶·¥¤²μ-
¦¨²μ Éμ¶μ²μ£¨Õ ³μ¤¨Ë¨Í¨·μ¢ ´´μ° Ë §μ¢μ° ¤¨ £· ³³Ò ¸μ ¸¤¢¨£μ³ É·μ°´μ°
ÉμÎ±¨ [αc(p, pm), βc(p, pm)] ¶·¨ ¨§³¥´¥´¨¨ pm ∈ [p, 1] ¸ Ë¨±¸¨·μ¢ ´´Ò³ p,
  É ±¦¥ ¶·¨·μ¤Ê Ë §μ¢ÒÌ ¶¥·¥Ìμ¤μ¢ ³¥¦¤Ê ¸É Í¨μ´ ·´Ò³¨ ´¥· ¢´μ¢¥¸´Ò³¨
Ë § ³¨. ’μÎ´¥¥, ³Ò μ¡´ ·Ê¦¨²¨, ÎÉμ Éμ¶μ²μ£¨Ö Ë §μ¢μ° ¤¨ £· ³³Ò ¢ ¸²Ê-
Î ¥ IA, ¢μ§´¨± ÕÐ Ö ¶·¨ pm = 1 (¸³. ·¨¸. 3), ·¥§±μ ³¥´Ö¥É¸Ö ´  Éμ¶μ²μ£¨Õ
Ë §μ¢μ° ¤¨ £· ³³Ò, Ì · ±É¥·´μ° ¤²Ö μ¡ÒÎ´μ£μ TASEP ¸ BOSU, ± ± Éμ²Ó±μ
³μ¤¨Ë¨Í¨·μ¢ ´´ Ö ¢¥·μÖÉ´μ¸ÉÓ pm ¸É ´μ¢¨É¸Ö ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ ¨ ¢μ§´¨± ¥É
 £·¥£ Í¨Ö-Ë· £³¥´É Í¨Ö ±² ¸É¥·μ¢. �´  ¨³¥¥É É¨¶¨Î´ÊÕ ¸É·Ê±ÉÊ·Ê, ¶μ± § ´-
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�¨¸. 9 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). a) �·¥¤¶μ² £ ¥³ Ö Ë §μ¢ Ö ¤¨ £· ³³  gTASEP
¶·¨ p = 0,6 ¨ pm = 0,99 (Ë¨μ²¥Éμ¢Ò¥ ²¨´¨¨) ¸ μÉ±·ÒÉÒ³¨ £· ´¨Í ³¨. �´  ¨³¥¥É
ÉÊ ¦¥ Éμ¶μ²μ£¨Õ, ÎÉμ ¨ ¢ ¸²ÊÎ ¥ ¸É ´¤ ·É´μ£μ TASEP ¸ μ¡· É´Ò³ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³
μ¡´μ¢²¥´¨¥³ (¶μ± § ´μ ´  ·¨¸. 1, a), ´μ ¸ ¤·Ê£¨³¨ ±·¨É¨Î¥¸±¨³¨ §´ Î¥´¨Ö³¨ ¸±μ·μ¸É¨
¢¢μ¤ -¢Ò¢μ¤ , § ¢¨¸ÖÐ¨³¨ μÉ pm, ¶μ ´ Ï¨³ μÍ¥´± ³, αc(0,6; 0,99) = βc(0,6; 0,99) =
0,502. ¡) �·μË¨²¨ ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ gTASEP ¶·¨ p = 0,6 ¨ pm = 0,99 ¢ · §´ÒÌ
ÉμÎ± Ì Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ . ’μÎ±  (α = 0,25, β = 0,25) ²¥¦¨É ´  CL (²¨´¨¨
¸μ¸ÊÐ¥¸É¢μ¢ ´¨Ö) ³¥¦¤Ê Ë §μ° LD, ¶·¥¤¸É ¢²¥´´μ° ÉμÎ± ³¨ α = 0,25, β = 0,40 ¨
α = 0,25, β = 0,75, ¨ Ë §μ° HD, ¶·¥¤¸É ¢²¥´´μ° ÉμÎ± ³¨ α = 0,40, β = 0,25,
α = 0,75, β = 0,25 ¨ α = 0,75, β = 0,50. ‡´ Î¥´¨¥ ¶μÉμ±  J Ê± § ´μ ·Ö¤μ³ ¸
± ¦¤Ò³ ¶·μË¨²¥³ ¶²μÉ´μ¸É¨

´ÊÕ ´  ·¨¸. 9,  , ¸´μ¢  ¸μ¸ÉμÖÐÊÕ ¨§ É·¥Ì Ë § Å LD, HD ¨ MC, μ¤´ ±μ ¸
· §²¨Î´Ò³¨ ±·¨É¨Î¥¸±¨³¨ §´ Î¥´¨Ö³¨ ¢¥·μÖÉ´μ¸É¥° ¢¢μ¤ -¢Ò¢μ¤ . �ÉμÉ ¢Ò-
¢μ¤ μ¸´μ¢Ò¢ ¥É¸Ö ´  ¶μ¢¥¤¥´¨¨ · §²¨Î´ÒÌ Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´, É ±¨Ì ± ±
¶μÉμ± J ¨ μ¡Ñ¥³´ Ö ¶²μÉ´μ¸ÉÓ ρb ± ± ËÊ´±Í¨° ¢¥·μÖÉ´μ¸É¥° ¢¢μ¤  α ¨ ¢Ò-
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�¨¸. 10.  ) ‡ ¢¨¸¨³μ¸ÉÓ ±·¨É¨Î¥¸±μ° ¸±μ·μ¸É¨ ¢¢μ¤  αc(p, pm) μÉ pm ¤²Ö gTASEP ¶·¨
Ë¨±¸¨·μ¢ ´´μ³ p = 0,6. �¡· Ð ¥³ ¢´¨³ ´¨¥, ÎÉμ αc(p, pm) = βc(p, pm) ¤²Ö gTASEP
¸ pm < 1. �·¨ pm = 1 αc(p, 1) = p ¨ Ë §μ¢ Ö ¤¨ £· ³³  ¨³¥¥É ¤·Ê£ÊÕ Éμ¶μ²μ£¨Õ.
¡) �±¸¶μ´¥´Í¨ ²Ó´μ¥ Ê³¥´ÓÏ¥´¨¥ ¢¥·μÖÉ´μ¸É¨ ¶μ²´μ£μ § ¶μ²´¥´¨Ö ±² ¸É¥·  P (1) ¶·¨
α = 0,6 ¨ β = 0,25 ¶·¨ ´¥μ£· ´¨Î¥´´μ³ Ê¢¥²¨Î¥´¨¨ ¤²¨´Ò Í¥¶¨ L ¢ gTASEP ¶·¨
p = 0,6 ¨ pm = 0,99, 0,995

¢μ¤  β, Ëμ·³Ò ¶·μË¨²¥° ¶²μÉ´μ¸É¨ ¢ · §²¨Î´ÒÌ ¶·¥¤¸É ¢¨É¥²Ó´ÒÌ ÉμÎ± Ì
Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢  (¸³. ·¨¸. 9, ¡), £¤¥ ¶μ± § ´Ò ¶·μË¨²¨ ¶²μÉ´μ¸É¨ ¤²Ö
gTASEP ¸ p = 0,6 ¨ pm = 0,99.

‘ ¶μ³μÐÓÕ ¨´É¥´¸¨¢´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ³¥Éμ¤μ³ MŠ μÍ¥´¥´μ ±·¨É¨-
Î¥¸±μ¥ §´ Î¥´¨¥ βc(0,6, 0,99) = 0,502 ± 0,001 ¨  ´ ²μ£¨Î´μ αc(0,6, 0,99) =
0,503 ¤²Ö gTASEP ¸ pm = 0,99. ’ ±¨³ ¦¥ μ¡· §μ³ ¡Ò²  ¶·μ¢¥¤¥´  μÍ¥´± 
αc(0,6; 0,9) = βc(0,6; 0,9) = 0,41 ¨ É. ¤. � ¶μ³´¨³, ÎÉμ ¤²Ö ¸É ´¤ ·É´μ£μ
TASEP ¸ BOSU ³Ò ¨³¥¥³ αc(0,6, 0,6) = βc(0,6; 0,6) = 0,3675. ’ ±¨³
μ¡· §μ³, μ± §Ò¢ ¥É¸Ö, ÎÉμ É·μ°´ Ö ÉμÎ±  [αc, βc] ¤²Ö gTASEP § ¢¨¸¨É μÉ
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¢¥·μÖÉ´μ¸É¥° ¸± Î± , É. ¥. [αc(p, pm), βc(p, pm)]. � Ï¨ ·¥§Ê²ÓÉ ÉÒ ¤²Ö § -
¢¨¸¨³μ¸É¨ ±·¨É¨Î¥¸±μ° ¸±μ·μ¸É¨ ¢¢μ¤  αc(p, pm) (μ¡· Ð ¥³ ¢´¨³ ´¨¥, ÎÉμ
[αc(p, pm) = βc(p, pm)] ¤²Ö pm < 1) Ë §μ¢μ° ¤¨ £· ³³Ò ¤²Ö gTASEP ¶·¨
Ë¨±¸¨·μ¢ ´´μ³ p = 0,6 ¶·¨ ¨§³¥´¥´¨¨ pm ∈ [p, 1] ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 10,  .
�μ¸²¥¤´ÖÖ ÉμÎ±  (αc = p ¶·¨ pm = 1) μÉ³¥Î¥´  ¤·Ê£¨³ ¸¨³¢μ²μ³ ¨ Í¢¥Éμ³,
É ± ± ± Ê ´¥¥ Ë §μ¢ Ö ¤¨ £· ³³  ¨³¥¥É ¤·Ê£ÊÕ ¶·¨·μ¤Ê (μÉ¸ÊÉ¸É¢Ê¥É βc ¶·¨
pm = 1).

ˆ´É¥·¥¸´Ò³ ·¥§Ê²ÓÉ Éμ³ Ö¢²Ö¥É¸Ö Ô±¸¶μ´¥´Í¨ ²Ó´Ò° ¸¶ ¤ ¤μ ´Ê²Ö ¢¥·μ-
ÖÉ´μ¸É¨ ¶μÖ¢²¥´¨Ö ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´´μ£μ ±² ¸É¥·  P (1) (¸³. ·¨¸. 10, ¡) ¸
Ê¢¥²¨Î¥´¨¥³ ¤²¨´Ò Í¥¶¨ L ¢ Ë §¥ HDII (Ë § , ±μÉμ· Ö ¢μ§´¨± ¥É ¢ ´¨¦´¥°
μ¡² ¸É¨ Ë §Ò CF ¢ gTASEP ¶·¨ pm = 1), ± ± Éμ²Ó±μ pm ¸É ´μ¢¨É¸Ö ³¥´ÓÏ¥
¥¤¨´¨ÍÒ.

‡¤¥¸Ó ¸Éμ¨É Ê¶μ³Ö´ÊÉÓ, ÎÉμ ³Ò μ¡´ ·Ê¦¨²¨ ¤μ¢μ²Ó´μ ´¥μ¦¨¤ ´´μ¥ ¸¢μ°-
¸É¢μ gTASEP ¶·¨ p < pm,   ¨³¥´´μ Éμ, ÎÉμ ¶μÉμ±¨ ¢ Ë § Ì LD ¨ HD,
¢ÒÎ¨¸²¥´´Ò¥ ¢ ¸¨³³¥É·¨Î´ÒÌ ÉμÎ± Ì (α, β) ¨ (β, α) Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ ,
· ¢´Ò: JLD(α = 0,25, β = 0,75) = JHD(α = 0,75, β = 0,25) = 0,2477. �ÉμÉ
·¥§Ê²ÓÉ É Ö¢²Ö¥É¸Ö ¤μ¢μ²Ó´μ ®´¥μ¦¨¤ ´´Ò³¯, ¶μ¸±μ²Ó±Ê gTASEP ´¥ Ê¤μ¢²¥-
É¢μ·Ö¥É ¸¨³³¥É·¨¨ Î ¸É¨Í Ä¤Ò·± , ¶·¨¸ÊÉ¸É¢ÊÕÐ¥° ¢ ¸É ´¤ ·É´ÒÌ ¢¥·¸¨ÖÌ
TASEP. � ¶·¨³¥·, ËÊ´¤ ³¥´É ²Ó´ Ö ¤¨ £· ³³  μ¡Ð¥° ³μ¤¥²¨, ¶μ± § ´´ Ö
´  ·¨¸. 8, ¡, ´¥ ¡Ê¤¥É ¸¨³³¥É·¨Î´μ° ¶·¨ § ³¥´¥ ρ ↔ 1− ρ. Š·μ³¥ Éμ£μ, ¤¨´ -
³¨±  £²Ê¡μ±μ ¢ μ¡Ñ¥³¥ ¶·¨ p < pm ´¥ μ¡² ¤ ¥É ¸¨³³¥É·¨¥° Î ¸É¨Í Ä¤Ò·± .
� É ±¦¥ ¢ ¸²ÊÎ ¥ μÉ±·ÒÉÒÌ £· ´¨Í ²¥¢μ¥ £· ´¨Î´μ¥ Ê¸²μ¢¨¥, Ê· ¢´¥´¨¥ (1),
´¥ ¶μ¤Ìμ¤¨É ¶·¨ ¢¢¥¤¥´¨¨ ¤Ò·μ± ¸ ¶· ¢μ£μ ±μ´Í  Í¥¶¨.

4.2. ’¥μ·¨Ö ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¶·¨ÉÖ¦¥´¨Ö. Š ±
Ê¦¥ Ê¶μ³¨´ ²μ¸Ó, ¢ ÔÉμ³ ¸²ÊÎ ¥, É. ¥. ±μ£¤  p < pm < 1, ¢ ¸¨¸É¥³¥ · §·¥-
Ï¥´Ò ± ±  £·¥£ Í¨Ö, É ± ¨ Ë· £³¥´É Í¨Ö ±² ¸É¥·μ¢, ÎÉμ μ¸²μ¦´Ö¥É ·¥Ï¥´¨¥
¶·μ¡²¥³Ò.

� Î´¥³ ¸ ¢ÒÖ¸´¥´¨Ö ¢¥·μÖÉ´μ¸É¨ ¶μÖ¢²¥´¨Ö ¥¤¨´¸É¢¥´´μ£μ ¨´É¥·¢ ²  ¶·¨
£· ´¨Î´ÒÌ Ê¸²μ¢¨ÖÌ, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ë §¥ CF (¸ ³Ò° ¶·μ¸Éμ° ¸²ÊÎ ° ¤²Ö
´ Î ² ), ¨ · ¸¸³μÉ·¨³ ¶¥·¢Ò° Ï £ ¢μ ¢·¥³¥´´μ° Ô¢μ²ÕÍ¨¨ Ï¨·¨´Ò ¨´É¥·-
¢ ² . �·μ¡²¥³  ¸μ¢¸¥³ ´¥É·¨¢¨ ²Ó´ , ¶μ¸±μ²Ó±Ê ¢¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö ¨´-
É¥·¢ ²  ¶μ§¨Í¨μ´´μ § ¢¨¸¨³ , ¢ μÉ²¨Î¨¥ μÉ ¸²ÊÎ Ö pm = 1. ’ ±¨³ μ¡· §μ³,
±μ£¤  β �= p, Ï¨·¨´  ¨´É¥·¢ ²  ¢Ò¶μ²´Ö¥É ¸¶¥Í¨ ²Ó´μ¥, § ¢¨¸ÖÐ¥¥ μÉ ¶μ§¨-
Í¨¨ ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥.

„²Ö ¶·μ¸ÉμÉÒ ¨¸±²ÕÎ ¥³ ¶μÖ¢²¥´¨¥ ¢Éμ·μ£μ ¨´É¥·¢ ²  ¢ ´ Ï¨Ì · ¸-
¸³μÉ·¥´¨ÖÌ. ’μ£¤ , ¥¸²¨ μ¡μ§´ Î¨ÉÓ Pi(ppm) ¢¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö ¥¤¨´-
¸É¢¥´´μ£μ ¨´É¥·¢ ²  ¢ ±μ´Ë¨£Ê· Í¨¨ CF ¶·¨ τ1= τ2 = . . . τL = 1, ±μ£¤ 
0 < 1 − pm � 1, Éμ ³Ò ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕÐ¨¥ ¢Ò· ¦¥´¨Ö:

PL−k(p, pm) = (1 − pm)pk
m β, k = 0, 1, 2, . . . , L − 2,

P1(p, pm) = (1 − α̃)pL−1
m β.
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‡¤¥¸Ó ¨´É¥·¢ ²Ò ¶μÖ¢²ÖÕÉ¸Ö ¢ Ê§² Ì 2 � i � L ± ± ·¥§Ê²ÓÉ É ²¥¢μ£μ £· ´¨Î-
´μ£μ Ê¸²μ¢¨Ö (É ± ± ± μ´μ ¤ ¥É α̃ = 1 ¤²Ö ¢¸¥Ì p < α � 1, ÎÉμ ¶·¨¢μ¤¨É
± P1(p, pm) = 0 ¢ ´ Î ²¥ ± ¦¤μ£μ μ¡´μ¢²¥´¨Ö). �· ¢ Ö £· ´¨Í  ¨´É¥·¢ ² ,
· ¸¶μ²μ¦¥´´ Ö ¢ Ê§²¥ i + 1 < L, ³μ¦¥É ¶¥·¥³¥¸É¨ÉÓ¸Ö ´  μ¤¨´ Ê§¥² ¢¶· ¢μ
¶·¨ Ê¸²μ¢¨¨, ÎÉμ ÔÉμÉ Ê§¥² ¶Ê¸É. �Éμ ¶·μ¨§μ°¤¥É, Éμ²Ó±μ ¥¸²¨ Î ¸É¨Í  ¢ Ê§²¥
i = L ¶μ±¨´¥É ¸¨¸É¥³Ê ¸ ¢¥·μÖÉ´μ¸ÉÓÕ β,   μ¸É ¢Ï¨°¸Ö ±² ¸É¥·, ¸μ¸ÉμÖÐ¨°
¨§ L − i − 1 Î ¸É¨Í ¢ Ê§² Ì i + 1, . . . , L − 1, ¸¤¢¨´¥É¸Ö ´  μ¤¨´ Ê§¥² ¢¶· ¢μ
¸ ¢¥·μÖÉ´μ¸ÉÓÕ pL−i−1

m β. ˆ¸Ìμ¤Ö ¨§ ÔÉ¨Ì ¸μμ¡· ¦¥´¨° ³μ¦´μ μÍ¥´¨ÉÓ, ÎÉμ
Ï¨·¨´  ¨´É¥·¢ ²  Ê¢¥²¨Î¨É¸Ö ´  μ¤¨´ Ê§¥² ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

pg(i) = (1 − p)pL−i−1
m β,

Ê³¥´ÓÏ¨É¸Ö ´  μ¤¨´ Ê§¥² ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

qg(i) = [(1 − β) + (1 − pL−i−1
m )β] p = (1 − pL−i−1

m β)p

¨ μ¸É ´¥É¸Ö É ±μ° ¦¥ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

rg(i) = 1 − p + pL−i−1
m β(2p − 1).

Š ± ¨ ¸²¥¤μ¢ ²μ μ¦¨¤ ÉÓ, ¶·¨ pm = 1 ÔÉ¨ ¢Ò· ¦¥´¨Ö ¸¢μ¤ÖÉ¸Ö ± · ¢¥´-
¸É¢ ³ (4), ¶μ²ÊÎ¥´´Ò³ · ´¥¥ ¢ · ¡μÉ¥ [32]. �É³¥É¨³, ÎÉμ ¢  ²ÓÉ¥·´ É¨¢´μ³
¸²ÊÎ ¥ ´¥¸±μ²Ó±¨Ì ¸μ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨´É¥·¢ ²μ¢ Ê± § ´´Ò¥ ¢ÒÏ¥ ¢¥·μÖÉ´μ¸É¨
¶·¨³¥´¨³Ò ¨³¥´´μ ± ±· °´¥³Ê ¶· ¢μ³Ê ¨´É¥·¢ ²Ê. “¸·¥¤´Ö¥³ ¨§³¥´¥´¨¥
Ï¨·¨´Ò ¨´É¥·¢ ²  ¶μ ´μ·³¨·μ¢ ´´Ò³ ´ Î ²Ó´Ò³ ¢¥·μÖÉ´μ¸ÉÖ³ Pi(p, pm),  
§ É¥³ μÉ¸²¥¦¨¢ ¥³ ¨§³¥´¥´¨Ö Ï¨·¨´Ò ¨´É¥·¢ ²  ´  ¶¥·¢μ³ ¢·¥³¥´´μ³ Ï £¥
¥£μ Ô¢μ²ÕÍ¨¨. �¥ ¢¤ ¢ Ö¸Ó ¢ ¶μ¤·μ¡´μ¸É¨, ¶μ²ÊÎ ¥³, ÎÉμ Ï¨·¨´  § §μ·  Ê¢¥-
²¨Î¨¢ ¥É¸Ö ¢ ¸·¥¤´¥³ ´  μ¤¨´ Ê§¥² ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

p̄g =
(1 − p)(1 + pL−1

m )β
pm(1 + pm)

,

Ê³¥´ÓÏ ¥É¸Ö ´  μ¤¨´ Ê§¥² ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

q̄g = p − p(1 + pL−1
m )β

pm(1 + pm)

¨ μ¸É ¥É¸Ö ¡¥§ ¨§³¥´¥´¨° ¸ ¢¥·μÖÉ´μ¸ÉÓÕ

r̄g = 1 − p +
(2p − 1)β(1 + pL−1

m )
pm(1 + pm)

.

�·¨ pm = 1 ÔÉ¨ ¢Ò· ¦¥´¨Ö É ±¦¥ ¸¢μ¤ÖÉ¸Ö ± · ¢¥´¸É¢ ³ (4) ¢ · ¡μÉ¥ [32].
‘· ¢´¨¢ Ö ¢Ò· ¦¥´¨Ö ¤²Ö p̄g ¨ q̄g , ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢ ¸·¥¤´¥³ μ¤´μ-
Ê§¥²Ó´Ò° · §·Ò¢ ¡Ê¤¥É · ¸É¨ ¶μ¸²¥ ¶¥·¢μ£μ ¢·¥³¥´´μ£μ Ï £  ¥£μ Ô¢μ²ÕÍ¨¨,
±μ£¤ 

β > p
pm(1 + pm)
(1 + pL−1

m )
.
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�¨¸. 11. �·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´Ò¥ £· Ë¨±¨ (STP) (¢·¥³Ö É¥Î¥É ¢´¨§ ¢ ¢¥·É¨± ²Ó´μ³
´ ¶· ¢²¥´¨¨, ¶·μ¸É· ´¸É¢¥´´ Ö ¶¥·¥³¥´´ Ö i ¨§³¥´Ö¥É¸Ö ¢ £μ·¨§μ´É ²Ó´μ³ ´ ¶· ¢²¥-
´¨¨) ¤²Ö gTASEP/μ����ˆ (¸ Ë¨±¸¨·μ¢ ´´μ° ¢¥·μÖÉ´μ¸ÉÓÕ ¸± Î±  p = 0,6). � §³¥·
¸¨¸É¥³Ò L = 400 Ê§²μ¢. �¢μ²ÕÍ¨Ö ¨´É¥·¢ ²μ¢ ¶μ± § ´  ¢ É·¥Ì ¶·¥¤¸É ¢¨É¥²Ó´ÒÌ
ÉμÎ± Ì Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ : ¢ ²¥¢μ° ±μ²μ´±¥ α = 0,2, β = 0,7, ¢ Í¥´É· ²Ó´μ°
α = 0,31, β = 0,3 ¨ ¢ ¶· ¢μ° α = 0,7, β = 0,7. STP ¶μ± § ´Ò ¤²Ö É·¥Ì §´ Î¥´¨° ³μ-
¤¨Ë¨Í¨·μ¢ ´´μ° ¢¥·μÖÉ´μ¸É¨ pm. �·¨ pm = p = 0,6:  ) ¶·¨ α = 0,2, β = 0,7 (LDI);
¡) ¶·¨ α = 0,31, β = 0,3 (HDI), ¢) α = 0,7, β = 0,7 (MC); ±μ£¤  pm = 0,99: £) ¶·¨
α = 0,2, β = 0,7 (LDI); ¤) ¶·¨ α = 0,31, β = 0,3 (HDI), ¥) ¶·¨ α = 0,7, β = 0,7
(MC);   É ±¦¥ ±μ£¤  pm = 1 (IA): ¦) ¶·¨ α = 0,2, β = 0,7 (MPI); §) ¶·¨ α = 0,31,
β = 0,3 (MPII); ¨) ¶·¨ α = 0,7, β = 0,7 (CF)
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Šμ£¤  pm → 1 ¨ L § Ë¨±¸¨·μ¢ ´Ò ¨²¨ ±μ£¤  L → ∞ É ±, ÎÉμ pL
m → 1,

ÔÉμ Ê¸²μ¢¨¥ Ê¶·μÐ ¥É¸Ö ¤μ β > p. �¤´ ±μ ¤²Ö Ë¨±¸¨·μ¢ ´´ÒÌ §´ Î¥´¨°
pm, ¡²¨§±¨Ì ± 1, pL

m ¡Ê¤¥É Ê³¥´ÓÏ ÉÓ¸Ö ¤μ ´Ê²Ö ¶·¨ L → ∞. �  μ¸´μ-
¢ ´¨¨ ´ Ï¥° É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¨ ±μ³¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö
§ ±²ÕÎ ¥³, ÎÉμ ¸¶· ¢¥¤²¨¢Ò ¸²¥¤ÊÕÐ¨¥ ¶·μ¸ÉÒ¥ ±·¨É¥·¨¨,   ¨³¥´´μ: β > p
¤²Ö Ê¢¥²¨Î¨¢ ÕÐ¨Ì¸Ö ¨´É¥·¢ ²μ¢ ¨ β < p ¤²Ö Ê³¥´ÓÏ ÕÐ¨Ì¸Ö.

’ ±¨³ μ¡· §μ³, ¶·¨´¨³ Ö ¢μ ¢´¨³ ´¨¥ ¶·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ·¥§Ê²ÓÉ ÉÒ,
³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢ ¢¥·Ì´¥° μ¡² ¸É¨ (p < α � 1] × (p < β � 1]
Ë §Ò CF ¶μÖ¢¨É¸Ö Ë §  ³ ±¸¨³ ²Ó´μ£μ ¶μÉμ± . �·μË¨²Ó ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨
Ê¤μ¢²¥É¢μ·Ö¥É ´¥· ¢¥´¸É¢ ³ ρ1 = 1 > ρ1/2 > ρL, ÎÉμ ¸²¥¤Ê¥É ¨§ Ê¸²μ¢¨Ö
α̃ = 1, ¨ ¡μ²ÓÏ¥° ¢¥·μÖÉ´μ¸É¨ μ¡· §μ¢ ´¨Ö ¨´É¥·¢ ²  μ±μ²μ ±μ´Í  Í¥¶μÎ±¨.
‚ ´¨¦´¥° μ¡² ¸É¨ (p < α � 1]×(0 < β < p] CF-Ë §Ò ¨´É¥·¢ ²Ò ´¥³´μ£μÎ¨¸-
²¥´´Ò, ³ ²Ò ¨ ´¥¤μ²£μ¢¥Î´Ò, ÎÉμ Ì · ±É¥·´μ ¤²Ö Ë §Ò ¢Ò¸μ±μ° ¶²μÉ´μ¸É¨.
‹¥¢ Ö Î ¸ÉÓ ¶·μË¨²Ö ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ¨§£¨¡ ¥É¸Ö ¢¢¥·Ì ¤μ ρ1 = 1. �É¨
¢Ò¢μ¤Ò ¶μ¤É¢¥·¦¤ ÕÉ¸Ö ·¥§Ê²ÓÉ É ³¨ ´ Ï¥£μ ³μ¤¥²¨·μ¢ ´¨Ö ŒŠ-³¥Éμ¤μ³,
¶·¨¢¥¤Ï¥³ ± Ë §μ¢μ° ¤¨ £· ³³¥ (¸³. ·¨¸. 9, a), ¶·¥¤¸É ¢²¥´´μ° ¢ ¶. 4.1.

„²Ö ¨²²Õ¸É· Í¨¨ ¨ Ê¶·μÐ¥´¨Ö ¸· ¢´¥´¨Ö · §²¨Î´ÒÌ ·¥¦¨³μ¢ Ô¢μ²ÕÍ¨¨
¨´É¥·¢ ²μ¢, ¢μ§´¨± ÕÐ¨Ì ¢ gTASEP ¶·¨ p = 0,6, ¶·¥¤¸É ¢²¥´Ò ¶·μ¸É· ´-
¸É¢¥´´μ-¢·¥³¥´´Ò¥ £· Ë¨±¨, ¸μ§¤ ´´Ò¥ ¸ ¶μ³μÐÓÕ ³μ¤¥²¨·μ¢ ´¨Ö ŒŠ-³¥Éμ-
¤μ³ ¤²Ö TASEP ¶·¨ pm = 0,6, ¤²Ö gTASEP ¶·¨ pm = 0,99 (¶μ± § ´μ ´ 
·¨¸. 11) ¨ ¤²Ö gTASEP ¶·¨ pm = 1 (IA) (¶μ± § ´μ ´  ·¨¸. 11), ¢ μ¤´¨Ì ¨ É¥Ì
¦¥ ÉμÎ± Ì Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ ,   ¨³¥´´μ ¶·¨ α = 0,2, β = 0,7; α = 0,31,
β = 0,3 ¨ ¶·¨ α = 0,7, β = 0,7. �·¨ ¨§³¥´¥´¨¨ pm ÔÉ¨ ÉμÎ±¨ ¶·¨´ ¤²¥¦ É
· §´Ò³ Ë § ³ gTASEP/μ����ˆ. �É¨ · §²¨Î´Ò¥ Ë §Ò Ê± § ´Ò ¶μ¤ ± ¦¤Ò³
¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´Ò³ £· Ë¨±μ³.

Œμ¦´μ ´ ¡²Õ¤ ÉÓ · §²¨Î´Ò¥ ·¥¦¨³Ò Ô¢μ²ÕÍ¨¨ ¨´É¥·¢ ²μ¢ ¢ μ¡² ¸ÉÖÌ
LDI (¶μ± § ´Ò ´  ·¨¸. 11, a ¨ £) ¨ HDI (·¨¸. 11, ¡ ¨ ¤). ‚ μ¡μ¨Ì ¸²ÊÎ ÖÌ
α < p, ÎÉμ μ§´ Î ¥É α̃ < 1, ¨ ¨´É¥·¢ ²Ò ³μ£ÊÉ ¶μÖ¢²ÖÉÓ¸Ö ¢ ¶¥·¢μ³ Ê§²¥ i = 1
¨ · §¢¨¢ ÉÓ¸Ö ¶μ ¢¸¥° Í¥¶μÎ±¥. ‚ Ë §¥ LDI (·¨¸. 11, £) ¨´É¥·¢ ²Ò ¡μ²ÓÏ¨¥ ¨
¤μ²£μ¸ÊÐ¥¸É¢ÊÕÐ¨¥, ¢ Éμ ¢·¥³Ö ± ± ¢ Ë §¥ HDI (·¨¸. 11, ¤) μ´¨ ³ ²¥´Ó±¨¥,
·¥¤±¨¥ ¨ μÎ¥´Ó ´¥¤μ²£μ¢¥Î´Ò¥. ’ ±μ¥ ¶μ¢¥¤¥´¨¥ ¨´É¥·¢ ²μ¢ ¸μ£² ¸Ê¥É¸Ö ¸
´ ¡²Õ¤ ¥³μ° ¡μ²ÓÏμ° · §´¨Í¥° ¢ ¶²μÉ´μ¸ÉÖÌ Î ¸É¨Í ¢ Ë § Ì ¸ ´¨§±μ° ¨
¢Ò¸μ±μ° ¶²μÉ´μ¸ÉÓÕ.

‡�Š‹	—…�ˆ…

�·¥¤¸É ¢²¥´ μ¡§μ· ´¥±μÉμ·ÒÌ ´ Ï¨Ì ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¶·¨
¨¸¸²¥¤μ¢ ´¨¨ ¸É Í¨μ´ ·´ÒÌ ´¥· ¢´μ¢¥¸´ÒÌ ¸μ¸ÉμÖ´¨° μ¡μ¡Ð¥´´μ£μ TASEP
´  ±μ´¥Î´ÒÌ μÉ±·ÒÉÒÌ Í¥¶μÎ± Ì ¢ ¸²ÊÎ ¥ ¶·¨ÉÖ£¨¢ ÕÐ¥£μ ¢§ ¨³μ¤¥°¸É¢¨Ö
(p < pm) [31Ä34, 41]. ‡ É·μ´ÊÉÒ Î ¸É´Ò° ¸²ÊÎ ° ´¥μ¡· É¨³μ°  £·¥£ Í¨¨
(pm = 1) ¨ μ¡Ð¨° ¸²ÊÎ ° ¶·¨ÉÖ¦¥´¨Ö (p < pm < 1), ¶·¨ ±μÉμ·μ³ ¶·μ¨¸-
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Ìμ¤ÖÉ ± ±  £·¥£ Í¨Ö, É ± ¨ Ë· £³¥´É Í¨Ö ±² ¸É¥·μ¢ Î ¸É¨Í. �¸μ¡Ò°  ±Í¥´É
¸¤¥² ´ ´  ¶·¨³¥´¥´¨¨ ´¥¶μ²´μ° É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¤²Ö μ¡μ¨Ì
¸²ÊÎ ¥¢.

�μ²ÊÎ¥´  Ë §μ¢ Ö ¤¨ £· ³³  ¸ ´μ¢μ° Éμ¶μ²μ£¨¥° ¤²Ö gTASEP ¢ ¶·¥¤¥²Ó-
´μ³ ¸²ÊÎ ¥ IA [31Ä33] ¶ÊÉ¥³ μÍ¥´±¨ ·Ö¤  Ë¨§¨Î¥¸±¨Ì ¢¥²¨Î¨´, ´ ¶·¨³¥·
¶·μË¨²¥° ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨, ¶μÉμ±  ¨ ¢¥·μÖÉ´μ¸É¨ ¶μ²´μ£μ § ¶μ²´¥´¨Ö
·¥Ï¥É±¨, ¤²Ö · §´ÒÌ §´ Î¥´¨° ¶ · ³¥É·μ¢ ³μ¤¥²¨ (É. ¥. ¢ · §´ÒÌ ÉμÎ± Ì Ë -
§μ¢μ£μ ¶·μ¸É· ´¸É¢ ). �¡´ ·Ê¦¥´  ¶μ²´μ¸ÉÓÕ  £·¥£¨·μ¢ ´´ Ö Ë §  CF, ±μ-
Éμ· Ö § ´¨³ ¥É ±μ´¥Î´ÊÕ μ¡² ¸ÉÓ α � p ¢ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥,   É ±¦¥
¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ¤¢¥ ¤·Ê£¨¥ ´¥· ¢´μ¢¥¸´Ò¥ ¸É Í¨μ´ ·´Ò¥ Ë §Ò: ³´μ£μÎ -
¸É¨Î´ Ö MP ¨ ¸³¥Ï ´´ Ö Ë §  MP+ CF. “¸É ´μ¢²¥´μ, ÎÉμ ¸¢μ°¸É¢  ¤¢ÊÌ Ë §,
CF ¨ MP+ CF, μÉ²¨Î ÕÉ¸Ö μÉ É¨¶¨Î´ÒÌ Ë § μ¡ÒÎ´μ£μ TASEP.

Š·μ³¥ Éμ£μ, ¡Ò² μ¡´ ·Ê¦¥´ ´¥μ¡ÒÎ´Ò° ¶·¥·Ò¢¨¸ÉÒ° Ë §μ¢Ò° ¶¥·¥Ìμ¤
³¥¦¤Ê MP ¨ CF, Ì · ±É¥·¨§ÊÕÐ¨°¸Ö ¸± Î±μ³ ± ± μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ Î ¸É¨Í
ρb(α), É ± ¨ ¶μÉμ±  Î ¸É¨Í J(α) ´  £· ´¨Í¥ ³¥¦¤Ê ¤¢Ê³Ö Ë § ³¨ α = p. ŒÒ
´ §¢ ²¨ ¥£μ Ë §μ¢Ò³ ¶¥·¥Ìμ¤μ³ ®´Ê²¥¢μ£μ ·μ¤ ¯. � ¸±μ²Ó±μ ´ ³ ¨§¢¥¸É´μ, μ
É ±μ³ ¶¥·¥Ìμ¤¥ · ´¥¥ ´¥ ¸μμ¡Ð ²μ¸Ó. ŒÒ μ¡ÑÖ¸´¨²¨ ¥£μ ¶μÖ¢²¥´¨¥ ¡Ò¸É·Ò³
Ê¢¥²¨Î¥´¨¥³ ¢±² ¤  P (1) ± ± ¢ ²μ± ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ ρL, É ± ¨ ¢ ¶μÉμ± J .
‡´ Î¥´¨Ö ¸± Î±μ¢ ¶μÉμ±  ¨ μ¡Ñ¥³´μ° ¶²μÉ´μ¸É¨ ¡Ò²¨ μÍ¥´¥´Ò ¢ É¥·³μ¤¨´ -
³¨Î¥¸±μ³ ¶·¥¤¥²¥ ¶·¨ ¶¥·¥¸¥Î¥´¨¨ £· ´¨ÍÒ α = p ³¥¦¤Ê Ë § ³¨ MPI ¨ CF.

Š·μ³¥ Éμ£μ, ´  ²¨´¨¨ 0 < α = β < p ´ ¡²Õ¤ ²¸Ö μ¡ÒÎ´Ò° Ë §μ¢Ò° ¶¥·¥-
Ìμ¤ ¶¥·¢μ£μ ·μ¤  ³¥¦¤Ê Ë § ³¨ MP + CF ¨ MP. 	Ò²μ μÍ¥´¥´μ ¨ ¶·¥¤¸É ¢²¥´μ
É¨¶¨Î´μ¥ ¶μ¢¥¤¥´¨¥ ¶·μË¨²¥° ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ¨ ¶μÉμ±  ´  ÔÉ¨Ì ¶¥·¥-
Ìμ¤ Ì. …Ð¥ μ¤¨´ ´¥¶·¥·Ò¢´Ò° ¶μ μÉ´μÏ¥´¨Õ ± ¢¥·μÖÉ´μ¸É¨ P (1) ¶μ²´μ£μ
§ ¶μ²´¥´¨Ö ·¥Ï¥É±¨ ¶¥·¥Ìμ¤ É¨¶  ±² ¸É¥·¨§ Í¨¨ ´ ¡²Õ¤ ²¸Ö ³¥¦¤Ê Ë § ³¨
MP ¨ CF ´  ¶·μÉÖ¦¥´¨¨ ¢¸¥° Ë §Ò MP+ CF. �ÉμÉ ¨´É¥·¥¸´Ò° ·¥§Ê²ÓÉ É
´ Ìμ¤¨É ¸¢μ¥ ¢Ò· ¦¥´¨¥ ¢ § ¢¨¸¨³μ¸É¨ ¢¥·μÖÉ´μ¸É¨ P (1) ¶μ²´μ£μ § ¶μ²´¥-
´¨Ö ·¥Ï¥É±¨ (¨´É¥·¶·¥É¨·Ê¥³μ° ± ± ¶ · ³¥É· ¶μ·Ö¤± ) ¢ Ë §¥ MP+ CF μÉ
¢¥·μÖÉ´μ¸É¨ ¢¢μ¤  α. �¤´ ±μ ¤²Ö ¶μ´¨³ ´¨Ö ³¨±·μ¸±μ¶¨Î¥¸±μ£μ ³¥Ì ´¨§³ 
¶μÖ¢²¥´¨Ö ¨ ¶μ¢¥¤¥´¨Ö P (1) ¢ Ë §¥ MP+ CF ´¥μ¡Ìμ¤¨³Ò ¤ ²Ó´¥°Ï¨¥ ¡μ²¥¥
¶μ¤·μ¡´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö.

‚ · ³± Ì É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¶·μ ´ ²¨§¨·μ¢ ´  Ô¢μ²ÕÍ¨Ö
¥¤¨´¸É¢¥´´μ£μ ¨´É¥·¢ ²  ³¥¦¤Ê ¤¢Ê³Ö ¡μ²ÓÏ¨³¨ ¸±μ¶²¥´¨Ö³¨ Î ¸É¨Í. �·¨
¶·¨¡²¨¦¥´¨¨ ¸±μ·μ¸É¨ ¢¢μ¤  ¸²¥¢  ± £· ´¨Í¥ α = p ¸ CF-Ë §μ° ¡Ò²¨ Ê¸É ´μ¢-
²¥´Ò É·¨ ± Î¥¸É¢¥´´μ · §²¨Î´ÒÌ ·¥¦¨³ : 1) ¢ MP-Ë §¥ ¢·¥³Ö ¦¨§´¨ ¸ ³μ£μ
±· °´¥£μ ¶· ¢μ£μ ¨´É¥·¢ ²  ¢ ±μ´Ë¨£Ê· Í¨¨ ¸ § Éμ·μ³ ¨³¥¥É · §³¥· O(L);
2) ¢ Ë §¥ MP+ CF ³ ±·μ¸±μ¶¨Î¥¸±¨¥ § Éμ·Ò, · §¤¥²¥´´Ò¥ ±μ·μÉ±μ¦¨¢ÊÐ¨³¨
¨´É¥·¢ ² ³¨ ¤²¨´μ° O(1); ¨ 3) ±·¨É¨Î¥¸±¨° ·¥¦¨³, ±μ£¤  ³ ±·μ¸±μ¶¨Î¥¸±¨¥
§ Éμ·Ò · §¤¥²ÖÕÉ¸Ö ¨´É¥·¢ ² ³¨, ¸ ¢·¥³¥´¥³ ¦¨§´¨ ¶μ·Ö¤±  O(L1/2) ¶·¨
¶·¨¡²¨¦¥´¨¨ ± É·μ°´μ° ÉμÎ±¥ α = β = p. �É¨ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¨¸¶μ²Ó§μ-
¢ ´Ò ¤²Ö μ¡ÑÖ¸´¥´¨Ö ¶·¨·μ¤Ò ´¥μ¡ÒÎ´μ£μ Ë §μ¢μ£μ ¶¥·¥Ìμ¤ , ¶·μ¨¸Ìμ¤ÖÐ¥£μ
³¥¦¤Ê Ë § ³¨ MP ¨ CF.
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’ ±¦¥ ¨¸¸²¥¤μ¢ ´ gTASEP ¢ ·¥¦¨³¥ ¶·¨ÉÖ¦¥´¨Ö Î ¸É¨Í p < pm < 1,
±μ£¤  ¢ ¸¨¸É¥³¥ ¶·μ¨¸Ìμ¤ÖÉ ± ±  £·¥£ Í¨Ö, É ± ¨ Ë· £³¥´É Í¨Ö ±² ¸É¥·μ¢.
�  μ¸´μ¢ ´¨¨ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö ŒŠ-³¥Éμ¤μ³ ´¥¶μ²´μ° É¥μ·¨¨ ¸²Ê-
Î °´ÒÌ ¡²Ê¦¤ ´¨° ¶μ¸É·μ¥´  Ë §μ¢ Ö ¤¨ £· ³³ , É¨¶¨Î´ Ö ¤²Ö ¸É ´¤ ·É´μ£μ
TASEP ¸ É·¥³Ö Ë § ³¨ LD, HD ¨ MC. �ËË¥±É ¶μÖ¢²ÖÕÐ¥£μ¸Ö ¢ gTASEP
¤μ¶μ²´¨É¥²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ μ¡Ñ¥³´μ° ¶²μÉ-
´μ¸É¨ ¨ ¶μÉμ±  ¸ Ê¢¥²¨Î¥´¨¥³ pm,   É ±¦¥ ± ³μ¤¨Ë¨Í¨·μ¢ ´´μ° (¸¨²Ó´μ
 ¸¨³³¥É·¨Î´μ°) ËÊ´¤ ³¥´É ²Ó´μ° ¤¨ £· ³³¥. …¥  ¸¨³³¥É·¨Î´ Ö Ëμ·³  Ö¸´μ
¶μ± §Ò¢ ¥É Ê¢¥²¨Î¥´¨¥ ¶μÉμ±  (¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì §´ Î¥´¨ÖÌ pm), ¶·μÉ¥-
± ÕÐ¥£μ ¢ ¸¨¸É¥³¥ ¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì ¶²μÉ´μ¸ÉÖÌ Î ¸É¨Í ¢ ¸· ¢´¥´¨¨ ¸μ
¸É ´¤ ·É´Ò³ TASEP ¸ BOSU. �¸´μ¢´Ò³ ÔËË¥±Éμ³ Ê¢¥²¨Î¥´¨Ö ³μ¤¨Ë¨Í¨-
·μ¢ ´´μ° ¢¥·μÖÉ´μ¸É¨ ¸± Î±  pm, ¶μ-¢¨¤¨³μ³Ê, Ö¢²Ö¥É¸Ö Ê¢¥²¨Î¥´¨¥ μ¡Ñ¥³-
´μ° ¶²μÉ´μ¸É¨ ¨ ¶μÉμ± ,   É ±¦¥ §´ Î¥´¨° ±μμ·¤¨´ É ±·¨É¨Î¥¸±¨Ì ÉμÎ¥±
αc(p, pm) = βc(p, pm).

‘ ¶μ³μÐÓÕ É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨°  ´ ²¨É¨Î¥¸±¨ · ¸¸³μÉ·¥´ ¢μ-
¶·μ¸, ± ± ¶μ²´μ¸ÉÓÕ § ¶μ²´¥´´ Ö Ë §  (CF) ¶·¨ pm = 1 ± ·¤¨´ ²Ó´μ ³¥-
´Ö¥É¸Ö ¨ É· ´¸Ëμ·³¨·Ê¥É¸Ö ¢ ´μ¢Ò¥ Ë §Ò, Ì · ±É¥·´Ò¥ ¤²Ö ¸É ´¤ ·É´μ-
£μ TASEP, ± ± Éμ²Ó±μ pm ¸É ´μ¢¨É¸Ö ³¥´ÓÏ¥ ¥¤¨´¨ÍÒ. ŒÒ ¶·¥¤¸É ¢¨²¨
¶μ¤·μ¡´Ò¥ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´Ò¥ £· Ë¨±¨, ¶μ²ÊÎ¥´´Ò¥ ³μ¤¥²¨·μ¢ -
´¨¥³ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¢ μ±·¥¸É´μ¸É¨ É·μ°´μ° ÉμÎ±¨ (Ë §μ¢μ° ¤¨ -
£· ³³Ò), ±μÉμ·Ò¥ ¨²²Õ¸É·¨·ÊÕÉ ¶·¨³¥´¨³μ¸ÉÓ É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ -
´¨°. ‚¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö ¨´É¥·¢ ²  § ¢¨¸¨É μÉ ¶μ²μ¦¥´¨Ö, ¢ μÉ²¨Î¨¥ μÉ
¸²ÊÎ Ö ´¥μ¡· É¨³μ°  £·¥£ Í¨¨, ÎÉμ, ¸μμÉ¢¥É¸É¢¥´´μ, ¤¥² ¥É ¶·μ¡²¥³Ê ¡μ²¥¥
¸²μ¦´μ°.

�¸´μ¢Ò¢ Ö¸Ó ´  ´ Ï¥° É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¨ ·¥§Ê²ÓÉ É Ì ±μ³-
¶ÓÕÉ¥·´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö, ³Ò Ê¡¥¤¨²¨¸Ó, ÎÉμ ¸¶· ¢¥¤²¨¢Ò ¶·μ¸ÉÒ¥ ±·¨É¥-
·¨¨: β > p ¤²Ö Ê¢¥²¨Î¨¢ ÕÐ¨Ì¸Ö ¨´É¥·¢ ²μ¢ ¨ β < p ¤²Ö Ê³¥´ÓÏ ÕÐ¨Ì¸Ö
¨´É¥·¢ ²μ¢. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ± § ²¨, ÎÉμ ´ Ï¥ μ¦¨¤ ´¨¥, ¶μ¤É¢¥·-
¦¤¥´´μ¥ ±μ³¶ÓÕÉ¥·´Ò³ ³μ¤¥²¨·μ¢ ´¨¥³, ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ¢ ¢¥·Ì´¥° μ¡² -
¸É¨ Ë §Ò CF (p < α � 1] × (p < β � 1]) ¶μÖ¢¨É¸Ö Ë §  MC.

‚ ¨¸¸²¥¤μ¢ ´¨¨ gTASEP ¢¸¥ ¥Ð¥ μ¸É ¥É¸Ö ³´μ£μ μÉ±·ÒÉÒÌ ¶·μ¡²¥³, É -
±¨Ì ± ± ¨¸¶μ²Ó§μ¢ ´¨¥ É¥μ·¨¨ ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ¤²Ö ¶μ²ÊÎ¥´¨Ö ± ± ± -
Î¥¸É¢¥´´ÒÌ, É ± ¨ ±μ²¨Î¥¸É¢¥´´ÒÌ ¶·μ£´μ§μ¢,  ´ ²¨É¨Î¥¸±¨° ¢Ò¢μ¤ Ëμ·³Ê²
²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ´  ±μ´Í Ì Í¥¶μÎ±¨ ¨ §´ Î¥´¨Ö ¶μÉμ±  ¢ · §²¨Î´ÒÌ
¸É Í¨μ´ ·´ÒÌ Ë § Ì, ¨ ÔÉμ ²¨ÏÓ ´¥±μÉμ·Ò¥ ¨§ ´¨Ì. „²Ö ²ÊÎÏ¥£μ ¶μ´¨³ -
´¨Ö ÔËË¥±É  ¤μ¶μ²´¨É¥²Ó´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ³¥¦¤Ê Î ¸É¨Í ³¨ ´¥μ¡Ìμ¤¨³Ò
¤ ²Ó´¥°Ï¨¥ ¨¸¸²¥¤μ¢ ´¨Ö, ´ ¶·¨³¥·, ±² ¸É¥·´ÒÌ · ¸¶·¥¤¥²¥´¨°, ±μ··¥²ÖÍ¨¨
Î ¸É¨Í ¢ ¸¨¸É¥³¥, Ë²Ê±ÉÊ Í¨μ´´ÒÌ ¸¢μ°¸É¢ ¨ É. ¤.

�¥¸³μÉ·Ö ´  Éμ, ÎÉμ gTASEP ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤μ¢μ²Ó´μ Ê¶·μÐ¥´´ÊÕ
³μ¤¥²Ó  £·¥£ Í¨¨ ¨ Ë· £³¥´É Í¨¨ ±² ¸É¥·μ¢ ¢ μ¤´μ³¥·´μ³ ¶·μ¸É· ´¸É¢¥, ¥¥
¨§ÊÎ¥´¨¥ ³μ¦¥É ¡ÒÉÓ ¶μ²¥§´Ò³ ¨ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ±μ´±·¥É´ÒÌ ¶·μÍ¥¸¸μ¢ ¢
·¥ ²Ó´ÒÌ Ö¢²¥´¨ÖÌ  £·¥£ Í¨¨. …¥ ¸¢μ°¸É¢  ³μ£ÊÉ ¸²Ê¦¨ÉÓ ·Ê±μ¢μ¤¸É¢μ³ ¤²Ö



352 	š�‡���‚� �.†., �…˜…‚� �.•.

¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° μ¤´μ³¥·´μ°  £·¥£ Í¨¨ Î ¸É¨Í ¢
¸É Í¨μ´ ·´μ³ ¶μÉμ±¥, ·¥£Ê²¨·Ê¥³μ³ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨.

ˆ§ÊÎ¥´¨¥ ¶·μ¸ÉÒÌ ³μ¤¥²¥° ¶μ± § ²μ ¸¥¡Ö μÎ¥´Ó ÔËË¥±É¨¢´Ò³ ³¥Éμ¤μ³
¢ · ¢´μ¢¥¸´μ° ¸É É¨¸É¨Î¥¸±μ° ³¥Ì ´¨±¥. �μÔÉμ³Ê ¨§ÊÎ¥´¨¥ Ê¶·μÐ¥´´ÒÌ ³μ-
¤¥²¥°, É ±¨Ì ± ± TASEP ¨ ¥£μ ¢ ·¨ ´Éμ¢, ´¥μ¡Ìμ¤¨³μ ¨ ¢ ´¥· ¢´μ¢¥¸´μ³
¸²ÊÎ ¥. ‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¶·μ¤μ²¦ ÕÉ¸Ö ¨´É¥´¸¨¢´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö, Í¥²Ó ±μ-
Éμ·ÒÌ ¢Ò°É¨ §  · ³±¨ ¶·μ¸É¥°Ï¨Ì ´¥· ¢´μ¢¥¸´ÒÌ ³μ¤¥²¥°, ´ ¶·¨³¥·, ¶ÊÉ¥³
¨§ÊÎ¥´¨Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ TASEP ¨ TASEP-¶μ¤μ¡´ÒÌ ³μ¤¥²¥° ¸ · §-
´Ò³¨ ¢¨¤ ³¨ ´¥μ¤´μ·μ¤´μ¸É¥° (¸ ³¥¤²¥´´Ò³¨ ¸¢Ö§Ö³¨ [42, 43], ¡¥¸¶μ·Ö¤±μ³
Ê§²μ¢ [44Ä46], ¤¨´ ³¨Î¥¸±¨³¨ ¤¥Ë¥±É ³¨ [47], ¸ ´ ²¨Î¨¥³ ÉμÎ¥± ¢¥É¢²¥´¨Ö ¨
¸²¨Ö´¨Ö, ¸¥É¥° [48Ä50], gTASEP ¸ ¤μ¶μ²´¨É¥²Ó´Ò³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö³¨ [35])
  É ±¦¥ [51, 52] ¨ ¤·Ê£¨¥ ¡μ²¥¥ ¸²μ¦´Ò¥ ¢ ·¨ ´ÉÒ TASEP, ±μÉμ·Ò¥ ´ Í¥-
²¥´Ò ´  ÊÎ¥É · §²¨Î´ÒÌ ´μ¢ÒÌ ¸¢μ°¸É¢, ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¢ ¡μ²¥¥ ·¥ ²¨¸É¨Î´ÒÌ
¸¨¸É¥³ Ì. ˆ§ÊÎ¥´¨¥ ÔÉ¨Ì ¶·μ¸ÉÒÌ ³μ¤¥²¥° ¶·¨¢μ¤¨É ± ²ÊÎÏ¥³Ê ¨ ´μ¢μ³Ê ¶μ-
´¨³ ´¨Õ μÎ¥´Ó ¡μ£ Éμ£μ ³¨·  ¸É Í¨μ´ ·´ÒÌ ´¥· ¢´μ¢¥¸´ÒÌ Ë § ¨ ¶¥·¥Ìμ¤μ¢
³¥¦¤Ê ´¨³¨.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ §  ¸μ¢³¥¸É´ÊÕ · ¡μÉÊ
¨ ¶²μ¤μÉ¢μ·´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¸¢μ¨³ · ´μ ÊÏ¥¤Ï¨³ ±μ²²¥£ ³ ¨ ¸μ ¢Éμ· ³ Å
¶·μË.‚. 	.�·¨¥§¦¥¢Ê ¨ ¶·μË.‰. ƒ. 	· ´±μ¢Ê. Œ´μ£¨¥ ¨§ ¶·¥¤¸É ¢²¥´´ÒÌ
§¤¥¸Ó ·¥§Ê²ÓÉ Éμ¢ ¶μ²ÊÎ¥´Ò ¢ ¸μÉ·Ê¤´¨Î¥¸É¢¥ ¸ ´¨³¨. ‘É ÉÓÖ μ¸´μ¢Ò¢ ¥É¸Ö
´  ¶·¥§¥´É Í¨¨, ¶·¥¤¸É ¢²¥´´μ° ´  ¸¥³¨´ ·¥ ®‚ ¶μ¨¸± Ì ±· ¸μÉÒ: μÉ ±μ´-
¤¥´¸¨·μ¢ ´´ÒÌ ¸·¥¤ ± ¨´É¥£·¨·Ê¥³Ò³ ¸¨¸É¥³ ³¯, ¶μ¸¢ÖÐ¥´´μ³ ‚ÖÎ¥¸² ¢Ê
�·¨¥§¦¥¢Ê. �¢Éμ·Ò μÎ¥´Ó ¶·¨§´ É¥²Ó´Ò §  ¶·¨£² Ï¥´¨¥ ¨ ¶μ¤¤¥·¦±Ê ¸μ
¸Éμ·μ´Ò μ·£±μ³¨É¥É  ¸¥³¨´ · . — ¸É¨Î´ Ö Ë¨´ ´¸μ¢ Ö ¶μ¤¤¥·¦±  μ± § ´ 
Œ�� 	μ²£ ·¨¨ ¶μ¸·¥¤¸É¢μ³ £· ´É  ºD01-221/03.12.2018 ¤²Ö �–‚�� Å
μ¡Ñ¥±É  ��Š�ˆ,   É ±¦¥ ¶μ²´μ³μÎ´Ò³ ¶·¥¤¸É ¢¨É¥²¥³ ¶· ¢¨É¥²Ó¸É¢  	μ²-
£ ·¨¨ ¢ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° („Ê¡´ ), £· ´É
º01-3-1137-2019/2023.
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