
 

åéãÖäìãüêçÄü ÅàéãéÉàü, 2003, ÚÓÏ 37, ‹ 4, Ò. 674–687

 

674

 

*

 

àÁ‚ÂÒÚÌÓ, ˜ÚÓ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl ‡Á-
ÎË˜Ì˚ı ÒÂÏÂÈÒÚ‚ ·ÂÎÍÓ‚ ËÁ Ó‰ÌËı Ë ÚÂı ÊÂ Ó„‡-
ÌËÁÏÓ‚ ˜‡ÒÚÓ ÌÂ ÒÓ‚Ô‡‰‡˛Ú ‰Û„ Ò ‰Û„ÓÏ, ‡ Ú‡ÍÊÂ
Ò ËÁ‚ÂÒÚÌ˚ÏË ËÁ ˝‚ÓÎ˛ˆËÓÌÌÓÈ ·ËÓÎÓ„ËË ‰ÂÂ‚¸-
flÏË ˝‚ÓÎ˛ˆËË ‚Ë‰Ó‚ (Ó„‡ÌËÁÏÓ‚), ÒÓ‰ÂÊ‡˘Ëı
˝ÚË ·ÂÎÍË. èË˜ËÌÓÈ ˝ÚÓ„Ó ÏÓ„ÛÚ ·˚Ú¸ Í‡Í ÌÂ-
ÚÓ˜ÌÓÒÚË ‚ ÔÓÒÚÓÂÌËË ‰ÂÂ‚¸Â‚ ˝‚ÓÎ˛ˆËË ·ÂÎ-
ÍÓ‚ („ÂÌÓ‚), ‚˚Á‚‡ÌÌ˚Â, Ì‡ÔËÏÂ, ‡ÁÎË˜ËflÏË ‚
ÒÍÓÓÒÚË ̋ ‚ÓÎ˛ˆËË Ó‰ÌÓ„Ó „ÂÌ‡ ‚ ‡ÁÌ˚ı ÙËÎÂÚË-
˜ÂÒÍËı ÎËÌËflı, Ú‡Í Ë ÚÓÚ ÔËÌˆËÔË‡Î¸Ì˚È Ù‡ÍÚ,
˜ÚÓ ‰ÂÂ‚¸fl „ÂÌÓ‚ ÏÓ„ÛÚ ÓÚÎË˜‡Ú¸Òfl ÓÚ ‰ÂÂ‚‡ ‚Ë-
‰Ó‚ ËÁ-Á‡ ÒÓ·˚ÚËÈ, ÔÓËÒıÓ‰Ë‚¯Ëı Ì‡ ÏÓÎÂÍÛÎfl-
ÌÓÏ ÛÓ‚ÌÂ ‚ ËÒÚÓËË „ÂÌÓÏÓ‚ Ë ÌÂ Ò‚flÁ‡ÌÌ˚ı Ò
‰Ë‚Â„ÂÌˆËÂÈ ‚Ë‰Ó‚. ä Ú‡ÍËÏ ÒÓ·˚ÚËflÏ ÓÚÌÓÒflÚ-
Òfl, ‚ ˜‡ÒÚÌÓÒÚË, ‰ÛÔÎËÍ‡ˆËË Ë ÔÓÚÂË „ÂÌÓ‚, ‡ Ú‡Í-
ÊÂ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ „ÂÌÓ‚. èÓ‰Ó·ÌÂÂ ‰Â-
Â‚¸fl ˝‚ÓÎ˛ˆËË ·ÂÎÍÓ‚, „ÂÌÓ‚, ‚Ë‰Ó‚ Ë ÒÓ·˚ÚËfl
‰ÛÔÎËÍ‡ˆËË Ë ÔÓÚÂË „ÂÌÓ‚ Ó·ÒÛÊ‰‡˛ÚÒfl, Ì‡ÔË-
ÏÂ, ‚ Ì‡¯Ëı ‡·ÓÚ‡ı [1, 2]. 

ç‡¯ÂÈ ˆÂÎ¸˛ fl‚ÎflÂÚÒfl ‡Á‡·ÓÚÍ‡ ÏÂÚÓ‰Ó‚
ÔÓÎÛ˜ÂÌËfl ËÌÙÓÏ‡ˆËË Ó Ú‡ÍËı ˝‚ÓÎ˛ˆËÓÌÌ˚ı
ÒÓ·˚ÚËflı Ì‡ ÓÒÌÓ‚Â ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËı ‰‡ÌÌ˚ı.
Ç

 

 

 

˝ÚÓÈ ‡·ÓÚÂ Ï˚ ÔÂ‰Î‡„‡ÂÏ ÌÓ‚˚È ÔÓ‰ıÓ‰ ‰Îfl
ÓÚ·Ó‡ „ÂÌÓ‚, ÔÓ‰ÓÁÂ‚‡ÂÏ˚ı Û˜‡ÒÚÌËÍÓ‚ „ÓË-
ÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡, ‚ ıÓ‰Â Ëı ˝‚ÓÎ˛ˆËÓÌÌÓÈ
ËÒÚÓËË, Ì‡ ÓÒÌÓ‚Â ‚˚Á˚‚‡ÂÏÓÈ ËÏË ‡ÒÒÓ„Î‡ÒÓ-
‚‡ÌÌÓÒÚË ÏÂÊ‰Û ‰ÂÂ‚¸flÏË „ÛÔÔ „ÂÌÓ‚ Ë ‚Ë‰Ó‚.

ÉÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ ÏÂÊ‰Û „ÂÌÓÏ‡ÏË
·‡ÍÚÂËÈ ÔÓËÒıÓ‰ËÚ ÒËÒÚÂÏ‡ÚË˜ÂÒÍË. Å‡ÍÚÂËfl
ÏÓÊÂÚ ÔÓÎÛ˜ËÚ¸ „ÂÌ ‚ Ò‚Ó˛ ıÓÏÓÒÓÏÛ ÌÂÔÓÒÂ‰-
ÒÚ‚ÂÌÌÓ ËÁ ÓÍÛÊ‡˛˘ÂÈ ÒÂ‰˚, ‚ ÂÁÛÎ¸Ú‡ÚÂ Ù‡-
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„Ó‚ÓÈ ËÌÙÂÍˆËË, ÓÚ ‰Û„ÓÈ ·‡ÍÚÂËË ÔÓÒÂ‰ÒÚ‚ÓÏ
ÔÎ‡ÁÏË‰ [3–5]. ÑÎfl ÏÂ‰ËˆËÌ˚ ‚‡ÊÌÓÂ ÁÌ‡˜ÂÌËÂ
„ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ ÓÔÂ‰ÂÎflÂÚÒfl ÚÂÏ, ˜ÚÓ
ÏÌÓ„ËÂ ÔÎ‡ÁÏË‰˚ ÔÂÂÌÓÒflÚ „ÂÌ˚ ÛÒÚÓÈ˜Ë‚ÓÒÚË Í
‡ÌÚË·ËÓÚËÍ‡Ï ËÎË ÒÓ‰ÂÊ‡Ú ÓÒÚÓ‚ÍË ‚ËÛÎÂÌÚ-
ÌÓÒÚË, ‚ÍÎ˛˜‡˛˘ËÂ „ÂÌ˚ ÚÓÍÒËÌÓ‚, ·ÂÎÍÓ‚ ËÌ‚‡-
ÁËË Ë ‰Û„ËÂ Ù‡ÍÚÓ˚ Ô‡ÚÓ„ÂÌÌÓÒÚË. çÂÍÓÚÓ˚Â
‡‚ÚÓ˚ Ò˜ËÚ‡˛Ú, ̃ ÚÓ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ „Â-
ÌÓ‚ fl‚ÎflÂÚÒfl Ó‰ÌËÏ ËÁ ÓÒÌÓ‚Ì˚ı Ù‡ÍÚÓÓ‚ ˝‚Ó-
Î˛ˆËË ÏËÍÓÓ„‡ÌËÁÏÓ‚ [6–9]. ÉÂÌÓÏ 

 

Escherichia
coli

 

 ÒÓ‰ÂÊËÚ ‰Ó 18% „ÓËÁÓÌÚ‡Î¸ÌÓ ÔÂÂÌÂÒÂÌ-
Ì˚ı „ÂÌÓ‚ [10]. Ç „ÂÌÓÏÂ 

 

Thermotoga maritima

 

 25%
„ÂÌÓ‚ ·ÓÎÂÂ Ó‰ÒÚ‚ÂÌÌ˚ „ÂÌ‡Ï ‡ıÂ·‡ÍÚÂËÈ, ˜ÂÏ
·‡ÍÚÂËÈ, Ë ÔÂ‰ÔÓÎ‡„‡˛Ú, ̃ ÚÓ ÓÌË ÔÓÔ‡ÎË ‚ ̋ ÚÓÚ „Â-
ÌÓÏ ‚ ÂÁÛÎ¸Ú‡ÚÂ „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ [3, 11].
Ö˘Â ‡Ì¸¯Â ‡Ì‡ÎÓ„Ë˜Ì˚Â ÂÁÛÎ¸Ú‡Ú˚ ·˚ÎË ÔÓÎÛ-
˜ÂÌ˚ ÔË ËÒÒÎÂ‰Ó‚‡ÌËË „ÂÌÓÏ‡ ‰Û„ÓÈ ·‡ÍÚÂËË,

 

Aquifex aeolicus

 

 [12]. 

èÓÒÚ‡ÌÓ‚Í‡ Á‡‰‡˜Ë ÍÓÏÔ¸˛ÚÂÌÓ„Ó ÔÓËÒÍ‡ „Ó-
ËÁÓÌÚ‡Î¸ÌÓ ÔÂÂÌÂÒÂÌÌ˚ı „ÂÌÓ‚ Ì‡ ÓÒÌÓ‚Â ÙË-
ÎÓ„ÂÌÂÚË˜ÂÒÍËı ‰‡ÌÌ˚ı ‡ÒÒÏ‡ÚË‚‡Î‡Ò¸ ‡ÌÂÂ
[13, 14]. é‰Ì‡ÍÓ ‚ ˝ÚËı ‡·ÓÚ‡ı ÌÂ ·˚ÎË ÔÂ‰ÎÓ-
ÊÂÌ˚ Í‡ÍËÂ-ÎË·Ó ÏÂÚÓ‰˚ ÂÂ Â¯ÂÌËfl. Ç Ì‡¯ÂÈ
‡·ÓÚÂ ÔÂ‰Î‡„‡ÂÚÒfl ÏÂÚÓ‰ ÓÚ·Ó‡ „ÂÌÓ‚ – Í‡Ì‰Ë-
‰‡ÚÓ‚ Ì‡ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ. ëÓÓÚ‚ÂÚÒÚ‚Û-
˛˘‡fl ÍÓÏÔ¸˛ÚÂÌ‡fl ÔÓ„‡ÏÏ‡ ÒÓÒÚ‡‚ÎflÂÚ ÒÔËÒ-
ÍË „ÂÌÓ‚, ÔÓÒÎÛÊË‚¯Ëı ÔË˜ËÌÓÈ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ
‡ÒÒÓ„Î‡ÒÓ‚‡ÌÌÓÒÚË ‰ÂÂ‚¸Â‚ ˝‚ÓÎ˛ˆËË „ÛÔÔ ÒÓ-
ÓÚ‚ÂÚÒÚ‚Û˛˘Ëı „ÂÌÓ‚ Ë ‚Ë‰Ó‚. äÓÌÂ˜ÌÓ, ‰‡Î¸ÌÂÈ-
¯ËÈ ÓÚ·Ó ‰ÓÎÊÂÌ ÔÓËÁ‚Ó‰ËÚ¸Òfl ˝ÍÒÔÂÚÌ˚Ï
ÔÛÚÂÏ Ì‡ ÓÒÌÓ‚Â ‡Ì‡ÎËÁ‡ ÙÛÌÍˆËÈ ÓÚÓ·‡ÌÌ˚ı „Â-
ÌÓ‚, ‡ Ú‡ÍÊÂ Ëı ÒıÓ‰ÒÚ‚‡ Ò ‰Û„ËÏË „ÂÌ‡ÏË Ó„‡-
ÌËÁÏ‡, ‚ ÍÓÚÓÓÏ ÓÌË ÒÂÈ˜‡Ò Ì‡ıÓ‰flÚÒfl, Ë Ó„‡ÌËÁ-
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îÂ‰Â‡Î¸ÌÓÂ „ÓÒÛ‰‡ÒÚ‚ÂÌÌÓÂ ÛÌËÚ‡ÌÓÂ ÔÂ‰ÔËflÚËÂ “ÉÓÒçàà„ÂÌÂÚËÍ‡”, åÓÒÍ‚‡, 113545 

 

èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ 29.10.2002 „. 

 

èÂ‰Î‡„‡ÂÚÒfl ÒÔÓÒÓ· ‰Îfl ÔÓËÒÍ‡ „ÂÌÓ‚, ‚ ËÒÚÓËË ÍÓÚÓ˚ı ËÏÂÎ ÏÂÒÚÓ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ. í‡-
ÍÓÈ ÔÓËÒÍ ÓÒÌÓ‚‡Ì Ì‡ Û˜ÂÚÂ ‡ÁÎË˜Ëfl ‚ ÚÓÔÓÎÓ„Ëflı ÏÂÊ‰Û ‰ÂÂ‚¸flÏË ̋ ‚ÓÎ˛ˆËË „ÛÔÔ „ÂÌÓ‚ (·ÂÎÍÓ‚)
Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ËÏ ‚Ë‰Ó‚. ùÚ‡ ‡ÒÒÓ„Î‡ÒÓ‚‡ÌÌÓÒÚ¸ ËÁÏÂflÂÚÒfl Ò ÔÓÏÓ˘¸˛ ‚‚Â‰ÂÌÌ˚ı ‚ ‡·ÓÚÂ
˜ËÒÎÂÌÌ˚ı ı‡‡ÍÚÂËÒÚËÍ. èÂ‰Î‡„‡ÂÏ‡fl ÏÂÚÓ‰ËÍ‡ ÔËÏÂÌflÎ‡Ò¸ Í „ÂÌ‡Ï ËÁ 40 „ÂÌÓÏÓ‚ ÔÓÍ‡ËÓÚ,
Ó·˙Â‰ËÌÂÌÌ˚Ï ‚ 132 ÍÎ‡ÒÚÂ‡ ÓÚÓÎÓ„Ó‚. Ç ÂÁÛÎ¸Ú‡ÚÂ ‚˚‰ÂÎÂÌ ÒÔËÒÓÍ „ÂÌÓ‚, ÓÚÌÓÒËÚÂÎ¸ÌÓ ÍÓÚÓ-
˚ı „ËÔÓÚÂÁ‡ Ó ÒÓ·˚ÚËflı „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ ‚ ıÓ‰Â Ëı ˝‚ÓÎ˛ˆËÓÌÌÓÈ ËÒÚÓËË ÔÂ‰ÒÚ‡‚Îfl-
ÂÚÒfl Ô‡‚‰ÓÔÓ‰Ó·ÌÓÈ. 

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ „ÂÌÓ‚, ˝‚ÓÎ˛ˆËÓÌÌÓÂ ÒÓ·˚ÚËÂ, ÒÚ‡ÚËÒÚËÍ‡ ÔÓËÒÍ‡ ˝‚Ó-
Î˛ˆËÓÌÌ˚ı ÒÓ·˚ÚËÈ, ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓÂ ‰ÂÂ‚Ó ‚Ë‰Ó‚, ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓÂ ‰ÂÂ‚Ó ·ÂÎÍÓ‚, ÒÓ„Î‡ÒÓ-
‚‡ÌËÂ ‰ÂÂ‚¸Â‚, Í‚‡‰‡ÚË˜Ì‡fl ÒÎÓÊÌÓÒÚ¸. 

 

ìÑä 577.2.08:681.31:575.852
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Ï‡, ÓÚÍÛ‰‡ ‚ Ò‚ÓÂ ‚ÂÏfl, Í‡Í ÏÓÊÌÓ ÔÂ‰ÔÓÎÓ-
ÊËÚ¸, ÓÒÛ˘ÂÒÚ‚ËÎÒfl „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ.

äÓ„‰‡ ˝Ú‡ ÒÚ‡Ú¸fl ÛÊÂ ÔÓ¯Î‡ ÓÍÓÌ˜‡ÚÂÎ¸ÌÓÂ
ÂˆÂÌÁËÓ‚‡ÌËÂ, ÔÓfl‚ËÎ‡Ò¸ ÔÛ·ÎËÍ‡ˆËfl [19], Í ÍÓ-
ÚÓÓÈ Ï˚ ‰‡ÂÏ ÒÎÂ‰Û˛˘ËÈ Í‡ÚÍËÈ ÍÓÏÏÂÌÚ‡ËÈ.
Ç ‡·ÓÚÂ [19] ÔÂ‰Î‡„‡ÂÚÒfl ‡Î„ÓËÚÏ ‰Îfl Ì‡Ë·Ó-
ÎÂÂ ˝ÍÓÌÓÏË˜ÌÓ„Ó ‚ÎÓÊÂÌËfl ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó
Ô‡ÚÚÂÌ‡ (ÏÌÓÊÂÒÚ‚‡ „ÂÌÓÏÓ‚, ÒÓ‰ÂÊ‡˘Ëı ‰‡Ì-
Ì˚È „ÂÌ) ‚ ‰ÂÂ‚Ó ‚Ë‰Ó‚. Ç Í‡˜ÂÒÚ‚Â ˝ÎÂÏÂÌÚ‡-
Ì˚ı ÓÔÂ‡ˆËÈ ‚ ÌÂÈ ‡ÒÒÏ‡ÚË‚‡˛ÚÒfl Ú‡ÍÊÂ ÔÓÚÂ-
Ë „ÂÌ‡, ‰ÛÔÎËÍ‡ˆËË Ë „ÓËÁÓÌÚ‡Î¸Ì˚Â ÔÂÂÌÓÒ˚
„ÂÌ‡. èÓÍ‡Á‡ÌÓ, ˜ÚÓ ˜‡ÒÚÓÚ‡ „ÓËÁÓÌÚ‡Î¸Ì˚ı ÔÂ-
ÂÌÓÒÓ‚ ‚ ıÓ‰Â ·‡ÍÚÂË‡Î¸ÌÓÈ ˝‚ÓÎ˛ˆËË Ò‡‚ÌË-
Ï‡ Ò ˜‡ÒÚÓÚÓÈ ÔÓÚÂ¸ „ÂÌÓ‚. èË ˝ÚÓÏ ÌÂ ‡ÒÒÏ‡Ú-
Ë‚‡˛ÚÒfl ÔÂÂÒÚÓÈÍË ‰ÂÂ‚‡ „ÂÌÓ‚ ‚ÒÎÂ‰ÒÚ‚ËÂ
„ÓËÁÓÌÚ‡Î¸Ì˚ı ÔÂÂÌÓÒÓ‚, Ú‡Í Í‡Í ÓÒÌÓ‚Ì‡fl Á‡-
‰‡˜‡ ̋ ÚÓÈ ‡·ÓÚ˚ – ̋ ÚÓ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ Ì‡·Ó‡ „Â-
ÌÓ‚ ÔÓÒÎÂ‰ÌÂ„Ó Ó·˘Â„Ó ÔÂ‰Í‡ ‡ÒÒÏ‡ÚË‚‡ÂÏ˚ı
„ÂÌÓÏÓ‚. íÂÏ Ò‡Ï˚Ï, ÔÓ‰ıÓ‰ ‡·ÓÚ˚ [19], ‚ ÓÔÂ-
‰ÂÎÂÌÌÓÏ ÒÏ˚ÒÎÂ, ‰ÓÔÓÎÌËÚÂÎÂÌ Í Ì‡¯ÂÏÛ. 

 

àëïéÑçõÖ ÑÄççõÖ

 

èÂ‰Î‡„‡ÂÏ˚È ÏÂÚÓ‰ ÔËÏÂÌfl˛Ú Í ÒÔËÒÍÛ (ÍÓ-
ÚÓ˚È ·Û‰ÂÏ Ó·ÓÁÌ‡˜‡Ú¸ î), ÒÓÒÚÓfl˘ÂÏÛ ËÁ 40 ÏË-
ÍÓÓ„‡ÌËÁÏÓ‚ ËÁ 13 „ÛÔÔ Ó„‡ÌËÁÏÓ‚. 

 

ÄıÂË

 

: (

 

Afu

 

) 

 

Archaeoglobus fulgidus

 

; (

 

Hbs

 

) 

 

Halo-
bacterium

 

 sp. NRC-1; (

 

Mja

 

) 

 

Methanococcus jann-
aschii

 

; (

 

Mth

 

) 

 

Methanobacterium thermoautotrophi-

cum

 

; (

 

Tac

 

) 

 

Thermoplasma acidophilum

 

; (

 

Tvo

 

) 

 

Ther-
moplasma volcanium

 

; (

 

Pho

 

) 

 

Pyrococcus horikoshii

 

;
(

 

Pab

 

) 

 

Pyrococcus abyssi

 

; (

 

Ape

 

) 

 

Aeropyrum pernix

 

;
(

 

Sso

 

) 

 

Sulfolobus solfataricus

 

.

 

É‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËË

 

: (

 

Eco

 

) 

 

Escherichia coli

 

;
(

 

Buc

 

) 

 

Buchnera

 

 sp.; (

 

Pae

 

) 

 

Pseudomonas aeruginosa

 

;
(

 

Vch

 

) 

 

Vibrio cholerae

 

; (

 

Hin

 

) 

 

Haemophilus influenzae

 

;
(

 

Pmu

 

) 

 

Pasteurella

 

 

 

multocida

 

; (

 

Xfa

 

) 

 

Xylella fastidiosa

 

. 

 

ÅÂÚ‡-ÔÓÚÂÓ·‡ÍÚÂËË

 

: (

 

Nme

 

) 

 

Neisseria menin-
gitidis

 

 MC58. 

 

ÄÎ¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË

 

: (

 

Mlo

 

) 

 

Mesorhizobium
loti

 

; (

 

Ccr

 

) 

 

Caulobacter crescentus

 

; 

 

(Rpr

 

) 

 

Rickettsia
prowazekii

 

. 

 

ùÔÒËÎÓÌ-ÔÓÚÂÓ·‡ÍÚÂËË

 

: (

 

Hpy

 

) 

 

Helicobacter
pylori

 

; (

 

Cje

 

) 

 

Campylobacter jejuni

 

. 

 

É‡ÏÔÓÎÓÊËÚÂÎ¸Ì˚Â ·‡ÍÚÂËË

 

 (Firmicutes Ë
Mollicutes): (

 

Spy

 

) 

 

Streptococcus pyogenes

 

; (

 

Bsu

 

) 

 

Ba-
cillus

 

 

 

subtilis

 

; (

 

Bha

 

) 

 

Bacillus

 

 

 

halodurans

 

; (

 

Lla

 

) 

 

Lacto-
coccus

 

 

 

lactis

 

; (

 

Sau

 

) 

 

Staphylococcus

 

 

 

aureus

 

; (

 

Uur

 

) 

 

Ure-
aplasma

 

 

 

urealyticum

 

; (

 

Mpn

 

) 

 

Mycoplasma

 

 

 

pneumoni-
ae

 

; (

 

Mge

 

) 

 

Mycoplasma genitalium

 

. 

 

ïÎ‡ÏË‰ËË

 

: (

 

Ctr

 

) 

 

Chlamydia trachomatis

 

; (

 

Cpn

 

)

 

Chlamydia pneumoniae

 

. 

 

ëÔËÓıÂÚ˚

 

: (

 

Tpa

 

) 

 

Treponema pallidum

 

; (

 

Bbu

 

)

 

Borrelia burgdorferi

 

. 

 

ÉÛÔÔ‡ DMS

 

: (

 

Dra

 

) 

 

Deinococcus radiodurans

 

;
(

 

Mtu

 

) 

 

Mycobacterium tuberculosis

 

; (

 

Syn

 

) 

 

Synechocystis

 

. 

 

Eco

Buc

Pmu

Hin

Vch

Pae
Xfa Nme

Mlo
Ccr

Rpr Tac Tvo Hbs
Afu

Mja

Pab

Pho
Sso

Ape
Aae
Tma

Cje
Hpy

Mge

Mpn
Uur

Bha

Bsu

SauSpy

Lia

Ctr
CpnTpa

Bbu

Dra

Mtu
Syn

Mth

 

êËÒ. 1. ÑÂÂ‚Ó S* ˝‚ÓÎ˛ˆËË 40 ÏËÍÓÓ„‡ÌËÁÏÓ‚ ËÁ ‚˚·ÓÍË î.

8*
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Ç¸˛„ËÌ Ë ‰.

íÂÏÓÚÓ„‡ Ë ‡Í‚ËÙÂÍÒ: (Aae) Aquifex aeolicus;
(Tma) Thermotoga maritima.

ê‡Ò˜ÂÚ˚ ÔÓ‚Ó‰ËÎË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ ·‡Á˚
COG, ÒÓ‰ÂÊ‡˘ÂÈ ÍÎ‡ÒÚÂ˚ ÓÚÓÎÓ„Ë˜Ì˚ı „ÂÌÓ‚
(http://www.ncbi.nlm.nih.gov / COG/). ä‡Ê‰˚È ÍÎ‡-
ÒÚÂ (ÒÓÍ‡˘ÂÌÌÓ äéÉ) ÒÓ‰ÂÊËÚ „ÛÔÔÛ „ÂÌÓ‚ Ë
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ËÏ ·ÂÎÍÓ‚, ËÏÂ˛˘Ëı Ó·˘ÂÂ
ÔÓËÒıÓÊ‰ÂÌËÂ Ë ÓÚ‚ÂÚÒÚ‚ÂÌÌ˚ı Á‡ Â‰ËÌÛ˛ ÙÛÌÍ-
ˆË˛. ä‡Ê‰ÓÏÛ äéÉÛ Ú‡ÍÊÂ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÏÌÓ-
ÊÂÒÚ‚ÂÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ Â„Ó ·ÂÎÍÓ‚˚ı ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ÔÓ ÍÓÚÓÓÏÛ ‡ÁÌ˚ÏË ÏÂÚÓ‰‡ÏË
ÏÓÊÌÓ ÔÓÒÚÓËÚ¸ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓÂ ‰ÂÂ‚Ó „Â-
ÌÓ‚ (·ÂÎÍÓ‚) ˝ÚÓ„Ó ÍÎ‡ÒÚÂ‡. ùÚË ‚˚‡‚ÌË‚‡ÌËfl Ë
‰ÂÂ‚¸fl Î˛·ÂÁÌÓ ÔÂ‰ÓÒÚ‡‚ÎÂÌ˚ û. ÇÛÎ¸ÙÓÏ Ë Ö.
äÛÌËÌ˚Ï (ç‡ˆËÓÌ‡Î¸Ì˚È ˆÂÌÚ ·ËÓÚÂıÌÓÎÓ„Ë˜ÂÒ-
ÍÓÈ ËÌÙÓÏ‡ˆËË ëòÄ). ÑÂÂ‚¸fl ÔÓÒÚÓÂÌ˚ Ò ÔÓÏÓ-
˘¸˛ ÍÓÏ·ËÌ‡ˆËË ‰ËÒÚ‡ÌˆËÓÌÌÓ„Ó ÏÂÚÓ‰‡ Ë ÏÂÚÓ‰‡
Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó Ô‡‚‰ÓÔÓ‰Ó·Ëfl, ‚ ÂÁÛÎ¸Ú‡ÚÂ ˜Â„Ó
ÒÚÓËÎÓÒ¸ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓÂ ‰ÂÂ‚Ó „ÂÌÓ‚, ÒÓÒÚ‡‚-
Îfl˛˘Ëı ˝ÚÓÚ äéÉ, Ú‡ÍËÏ Ó·‡ÁÓÏ, ˜ÚÓ ‡ÒÒÚÓflÌËfl
ÔÓ ‰ÂÂ‚Û ÓÚ‡Ê‡ÎË ÒÚÂÔÂÌ¸ ÒıÓ‰ÒÚ‚‡ ·ÂÎÍÓ‚ [15]. 

ä‡Ê‰ÓÂ ËÁ 132 ÔÓÎÛ˜ÂÌÌ˚ı Ú‡ÍËÏ Ó·‡ÁÓÏ ‰ÂÂ-
‚¸Â‚ ËÏÂÂÚ Ì‡ Í‡Ê‰ÓÏ Ò‚ÓÂÏ Â·Â ˜ËÒÎÓ, ÓÚ‡Ê‡˛-
˘ÂÂ ÔÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓÂ ˝‚ÓÎ˛ˆËÓÌÌÓÂ ‚ÂÏfl ÏÂÊ-
‰Û ÒÓ·˚ÚËflÏË, ÔËÔËÒ‡ÌÌ˚ÏË ÍÓÌˆ‡Ï ˝ÚÓ„Ó Â·‡. 

ÑÂÂ‚Ó ‚Ë‰Ó‚ S ÒÚÓËÎÓÒ¸ Ì‡ÏË Ò ÔÓÏÓ˘¸˛ Ì‡-
¯Â„Ó ‡Î„ÓËÚÏ‡ ÒÓ„Î‡ÒÓ‚‡ÌËfl ‰ÂÂ‚¸Â‚ „ÂÌÓ‚ [2]
Í‡Í ‰ÂÂ‚Ó, Ì‡Ë·ÓÎÂÂ ·ÎËÁÍÓÂ Í ˝ÚËÏ 132 ‰ÂÂ‚¸-
flÏ „ÂÌÓ‚ Gi („‰Â i ÏÂÌflÂÚÒfl ÓÚ 1 ‰Ó 132; ‚ ÒÓÓÚ‚ÂÚ-
ÒÚ‚ËË Ò ÓÔËÒ‡ÌËÂÏ Á‡‰‡˜Ë 1 ÌËÊÂ). í‡Í ÔÓÎÛ˜ÂÌ-
ÌÓÂ ‰ÂÂ‚Ó ‚Ë‰Ó‚ S* (ËÒ. 1) Ô‡ÍÚË˜ÂÒÍË ÒÓ‚Ô‡‰‡ÂÚ Ò
‰ÂÂ‚ÓÏ ‚Ë‰Ó‚, ÍÓÚÓÓÂ ÒÚÓËÚÒfl Ì‡ ÓÒÌÓ‚Â ÔflÚÓ„Ó
ÏÂÚÓ‰‡ ËÁ ‡·ÓÚ˚ ÇÛÎ¸Ù‡ Ë ‰. [16]. éÌÓ Ú‡ÍÊÂ Î˛-
·ÂÁÌÓ ÔÂÂ‰‡ÌÓ Ì‡Ï ‡‚ÚÓ‡ÏË ÔÓÒÎÂ‰ÌÂÈ ‡·ÓÚ˚;
ËÏÂÌÌÓ ‰ÂÂ‚Ó ‚Ë‰Ó‚ S* ËÒÔÓÎ¸ÁÓ‚‡ÎÓÒ¸ Ì‡ÏË ‰Îfl ÔÓ-
ÎÛ˜ÂÌËfl ÂÁÛÎ¸Ú‡ÚÓ‚ ÔÓ Ë‰ÂÌÚËÙËÍ‡ˆËË „ÓËÁÓÌ-
Ú‡Î¸Ì˚ı ÔÂÂÌÓÒÓ‚, ÍÓÚÓ˚Â ‰‡ÎÂÂ ÔË‚Ó‰flÚÒfl. 

É‡ÙË˜ÂÒÍËÂ ËÁÓ·‡ÊÂÌËfl ‰ÂÂ‚‡ ‚Ë‰Ó‚ S*, ‡
Ú‡ÍÊÂ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËı ‰ÂÂ‚¸Â‚ „ÂÌÓ‚ ‰Îfl ÚÂı
äéÉÓ‚, ÍÓÚÓ˚Â ÒÔÂˆË‡Î¸ÌÓ Ó·ÒÛÊ‰‡˛ÚÒfl ‚ ‡Á‰ÂÎÂ
“êÂÁÛÎ¸Ú‡Ú˚”, ÔË‚Â‰ÂÌ˚ ÌËÊÂ. Ç Ú‡·ÎËˆÂ ÒÓ‰Â-
Ê‡ÚÒfl ‚ÒÂ „ÂÌ˚, ÓÚÓ·‡ÌÌ˚Â Ì‡¯ËÏ ÏÂÚÓ‰ÓÏ Í‡Í ÔÓ-
‰ÓÁÂ‚‡ÂÏ˚Â Û˜‡ÒÚÌËÍË „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡.

åÖíéÑõ

îËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl Ë Ëı ‚ÎÓÊÂÌËfl 

ê‡ÒÒÏ‡ÚË‚‡˛ÚÒfl ‰ÂÂ‚¸fl G, G1, …, Gn, S, Í‡Ê-
‰ÓÂ Ò Í‡ÍËÏ-ÚÓ Ò‚ÓËÏ ̃ ËÒÎÓÏ m ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ.
ÑÂÂ‚¸fl, Ó·ÓÁÌ‡˜‡ÂÏ˚Â G (Ò ËÌ‰ÂÍÒÓÏ ËÎË ·ÂÁ),
ÔÓÌËÏ‡˛ÚÒfl Í‡Í ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl ·ÂÎ-
ÍÓ‚ („ÂÌÓ‚), ‡ Ó·ÓÁÌ‡˜‡ÂÏ˚Â S (Ò ËÌ‰ÂÍÒÓÏ ËÎË
·ÂÁ), – Í‡Í ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl ‚Ë‰Ó‚ (ÍÎ‡-
ÒÚÂÓ‚, Ó„‡ÌËÁÏÓ‚). ëÛ˘ÂÒÚ‚Û˛Ú ‡ÁÌ˚Â ÂÒÚÂÒÚ-
‚ÂÌÌ˚Â ÒÔÓÒÓ·˚ ËÁÏÂÂÌËfl ÒÚÂÔÂÌË (ˆÂÌ˚) ÓÚÎË-
˜Ëfl Í‡ÍËı-ÚÓ ‰‚Ûı ‰ÂÂ‚¸Â‚ G Ë S; ˆÂÌ‡ ÓÚÎË˜Ëfl

‰‚Ûı ‰ÂÂ‚¸Â‚ (ÒËÌÓÌËÏ: ˆÂÌ‡ ‚ÎÓÊÂÌËfl G ‚ S)
Ó·ÓÁÌ‡˜‡ÂÚÒfl c(G, S). éÚÎË˜ËÂ Í‡ÍÓ„Ó-ÚÓ Ì‡·Ó‡
‰ÂÂ‚¸Â‚ G1, …, Gn ÓÚ Í‡ÍÓ„Ó-ÚÓ ‰ÂÂ‚‡ S ÚÓ„‰‡ ÂÒ-
ÚÂÒÚ‚ÂÌÌÓ ËÁÏÂflÂÚÒfl Í‡Í 

îÛÌÍˆËÓÌ‡Î, ÔÓ‰Ó·Ì˚È Ú‡ÍÓÏÛ F, ·Û‰ÂÏ Ì‡Á˚‚‡Ú¸
ˆÂÌÓÈ ÓÚÎË˜Ëfl (ÒËÌÓÌËÏ: Í‡˜ÂÒÚ‚Ó ÒÓ„Î‡ÒÓ‚‡-
ÌËfl) ‰‡ÌÌÓ„Ó Ì‡·Ó‡ ‰ÂÂ‚¸Â‚ G1, …, Gn. ÑÂÂ‚Ó S,
ÏËÌËÏËÁËÛ˛˘ÂÂ ˝ÚÓÚ ÙÛÌÍˆËÓÌ‡Î, Ì‡Á˚‚‡ÂÚÒfl
ÂÁÛÎ¸Ú‡ÚÓÏ ÒÓ„Î‡ÒÓ‚‡ÌËfl ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó Ì‡-
·Ó‡ ‰ÂÂ‚¸Â‚ (ÒËÌÓÌËÏ: Ëı ÍÓÌÒÂÌÒÛÒÓÏ). 

èËÏÂ ÓÔÂ‰ÂÎÂÌËfl ˆÂÌ˚ ÓÚÎË˜Ëfl c(G, S)
‰‚Ûı ‰ÂÂ‚¸Â‚ G Ë S Ú‡ÍÓ‚. éÔÂ‰ÂÎflÂÚÒfl ‚ÎÓÊÂ-
ÌËÂ α: G  S Í‡Í ÚÓÊ‰ÂÒÚ‚ÂÌÌÓÂ Ì‡ ÍÓÌˆÂ‚˚ı
‚Â¯ËÌ‡ı Ë ‡‚ÌÓÂ

„‰Â ÁÌ‡Í ∪ Ó·ÓÁÌ‡˜‡ÂÚ ÒÛÔÂÏÛÏ (Ì‡ËÏÂÌ¸¯Û˛
ÚÓ˜ÌÛ˛ ‚ÂıÌ˛˛ „‡Ì¸ ÏÌÓÊÂÒÚ‚‡ {α(x), α(y)}, Ú.Â.
ÏÌÓÊÂÒÚ‚‡ ËÁ ‰‚Ûı ÒÎ‡„‡ÂÏ˚ı ‚ Ô‡‚ÓÈ ˜‡ÒÚË ‡-
‚ÂÌÒÚ‚‡). çÛÊÌÓ ‡ÁÎË˜‡Ú¸ ÔÓÌflÚËfl “ÓÚÂˆ” Ë “ÒÛÔ-
ÂÏÛÏ”, ˜ÚÓ ÔÓflÒÌflÂÚÒfl Ì‡ ÒÎÂ‰Û˛˘ÂÏ ÔËÏÂÂ
(ÔËÏÂÂ 1): 

á‰ÂÒ¸ A – ÓÚÂˆ B, E, ÌÓ ÒÛÔÂÏÛÏ A, B, C, D, E; B –
ÓÚÂˆ C Ë D, ÌÓ ÒÛÔÂÏÛÏ B, C, D.

íÓ˜ÌÂÂ, ÚÂÏËÌ “ÚÓÊ‰ÂÒÚ‚ÂÌÌÓÂ” ÓÁÌ‡˜‡ÂÚ
Á‰ÂÒ¸ ÒÎÂ‰Û˛˘ÂÂ. ÖÒÎË ‚ Í‡Ê‰ÓÏ Ó„‡ÌËÁÏÂ ·Â-
ÂÚÒfl ÔÓ Ó‰ÌÓÏÛ „ÂÌÛ, ÚÓ α ‰ÂÈÒÚ‚ËÚÂÎ¸ÌÓ ÚÓÊ‰Â-
ÒÚ‚ÂÌÌÓÂ ÓÚÓ·‡ÊÂÌËÂ, Ú.Â. ÓÚÓ·‡Ê‡˛˘ÂÂ Í‡Ê-
‰˚È „ÂÌ ‚ Â„Ó Ó„‡ÌËÁÏ. Ç Ó·˘ÂÏ ÒÎÛ˜‡Â ‚ÒÂ „ÂÌ˚,
‚ÁflÚ˚Â ËÁ Ó‰ÌÓ„Ó Ó„‡ÌËÁÏ‡, ÓÚÓ·‡Ê‡˛ÚÒfl ‚ ÌÂ-
„Ó; ÂÒÎË ËÁ Í‡ÍÓ„Ó-ÚÓ Ó„‡ÌËÁÏ‡ ÌÂ ·˚ÎË ‚ÁflÚ˚ „Â-
Ì˚, ÚÓ ÌË Ó‰Ì‡ ËÁ ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ G ÌÂ ÓÚÓ·‡-
Ê‡ÂÚÒfl ‚ ÌÂ„Ó. 

ÇÓÁÏÓÊÌ˚ Ë ‰Û„ËÂ ÓÔÂ‰ÂÎÂÌËfl Ú‡ÍÓ„Ó ÚËÔ‡
‚ÎÓÊÂÌËfl, Û˜ËÚ˚‚‡˛˘ËÂ ·ÓÎÂÂ ÚÓÌÍËÂ ÔÂ‰ÒÚ‡‚-
ÎÂÌËfl Ó· ˝‚ÓÎ˛ˆËË. á‡ÏÂÚËÏ, ˜ÚÓ ‰Îfl ˝ÚÓÈ ÚÂÏ‡-
ÚËÍË ÒÛ˘ÂÒÚ‚ÂÌÌ‡ ‡Á‡·ÓÚÍ‡ ‰‡ÊÂ Ó˜ÂÌ¸ „ËÔÓÚÂ-
ÚË˜ÂÒÍËı ÔÂ‰ÒÚ‡‚ÎÂÌËÈ Ó· ˝‚ÓÎ˛ˆËË, ‡ ÓÚÒ˛‰‡ –
Ë Ó„‡ÌË˜ÂÌËÈ Ì‡ ‚Ë‰ ÏÓ‰ÂÎË, ÔÓÎÓÊÂÌÌÓÈ ‚ ÓÒÌÓ-
‚Û ‚˚˜ËÒÎÂÌËÈ. 

á‡ÚÂÏ c(G, S) ÓÔÂ‰ÂÎflÂÚÒfl Í‡Í ÒÛÏÏ‡ ¯Ú‡-
ÙÓ‚ Á‡ Í‡Ê‰ÓÂ Ì‡Û¯ÂÌËÂ ËÌ˙ÂÍÚË‚ÌÓÒÚË (ÒÍÎÂÈ-
ÍÛ ‰‚Ûı ‡„ÛÏÂÌÚÓ‚ ‚ Ó‰ÌÓ ÁÌ‡˜ÂÌËÂ, Ú.Â. Á‡ Í‡Ê-
‰Û˛ Ô‡Û x, y, ‰Îfl ÍÓÚÓÓÈ α(x) = α(y)) Ë Í‡Ê‰ÓÂ
Ì‡Û¯ÂÌËÂ Ò˛˙ÂÍÚË‚ÌÓÒÚË (ÁÌ‡˜ÂÌËÂ z, ‚ ÍÓÚÓ-

F G1 … Gn S, , ,( ) c Gi S,( ).
i 1=

n

∑=

α x y∪( ) α x( ) α y( ),∪=

A

E

B

C D
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ÓÂ ÌËÍÚÓ ÌÂ ÓÚÓ·‡Ê‡ÂÚÒfl, Ú.Â. Á‡ Í‡Ê‰ÓÂ z, ‰Îfl
ÍÓÚÓÓ„Ó ÌÂ ‚˚ÔÓÎÌflÂÚÒfl z = α(x) ÌË ÔË Í‡ÍÓÏ x).
àÌ˚ÏË ÒÎÓ‚‡ÏË, – Á‡ Í‡Ê‰Û˛ ‰ÛÔÎËÍ‡ˆË˛ (‰‚Ûı-
ÒÚÓÓÌÌ˛˛ ËÎË ÚÓÎ¸ÍÓ Á‡ Ó‰ÌÓÒÚÓÓÌÌ˛˛) Ë Á‡
Í‡Ê‰Û˛ ÔÓÏÂÊÛÚÓ˜ÌÛ˛ ‚Â¯ËÌÛ (ÔÓÔÛÒÍ).
á‰ÂÒ¸ ÏÓÊÂÚ ·˚Ú¸ ÏÌÓ„Ó ‚‡Ë‡ÌÚÓ‚ Ò ‡ÁÌ˚ÏË ÍÓ-
˝ÙÙËˆËÂÌÚ‡ÏË Ë Ô‡‡ÏÂÚ‡ÏË, ÓÚ‡Ê‡˛˘ËÏË ÚÓ
ËÎË ËÌÓÂ ÔÂ‰ÒÚ‡‚ÎÂÌËÂ Ó· ˝‚ÓÎ˛ˆËË.

Ç˚˜ËÒÎÂÌËÂ ˆÂÌ˚ ÓÚÎË˜Ëfl ‰‚Ûı 
ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËı ‰ÂÂ‚¸Â‚

Ç ‡Ò˜ÂÚ‡ı, ÔÓ‚Â‰ÂÌÌ˚ı ‰Îfl ˝ÚÓÈ ‡·ÓÚ˚, ‚Â-
ÎË˜ËÌÛ c(G, S) ‚˚˜ËÒÎflÎË ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ.
è‡‡ (g, s), „‰Â α(g) = s, Ì‡Á˚‚‡ÂÚÒfl Ó‰ÌÓÒÚÓÓÌ-
ÌÂÈ ‰ÛÔÎËÍ‡ˆËÂÈ, ÂÒÎË ‚˚ÔÓÎÌflÂÚÒfl Ó‰ÌÓ Ë ÚÓÎ¸-
ÍÓ Ó‰ÌÓ ËÁ ÛÒÎÓ‚ËÈ α(g) = α(cg) ËÎË α(g) = α(c'g),
„‰Â cg – ÎÂ‚˚È Ò˚Ì ‚Â¯ËÌ˚ g, ‡ c'g – Ô‡‚˚È Ò˚Ì
‚Â¯ËÌ˚ g. (ÖÒÎË ‚˚ÔÓÎÌÂÌ˚ Ó·‡ ˝ÚËı ÛÒÎÓ‚Ëfl,
ÚÓ Ô‡‡ (g, s) Ì‡Á˚‚‡ÂÚÒfl ‰‚ÛÒÚÓÓÌÌÂÈ ‰ÛÔÎËÍ‡-
ˆËÂÈ.) åÌÓÊÂÒÚ‚Ó ‚ÒÂı Ó‰ÌÓÒÚÓÓÌÌËı ‰ÛÔÎËÍ‡-
ˆËÈ Ó·ÓÁÌ‡˜ËÏ O(G, S). ÇÂ¯ËÌ‡ s ËÁ S Ì‡Á˚‚‡ÂÚÒfl
g-ÔÓÏÂÊÛÚÓ˜ÌÓÈ, ÂÒÎË ÓÌ‡ ‡ÒÔÓÎÓÊÂÌ‡ ÒÚÓ„Ó
ÏÂÊ‰Û α(g) Ë α(pg), „‰Â pg – ÓÚÂˆ ‚Â¯ËÌ˚ g.
åÌÓÊÂÒÚ‚Ó ‚ÒÂı g-ÔÓÏÂÊÛÚÓ˜Ì˚ı ‚Â¯ËÌ Ó·Ó-
ÁÌ‡˜ËÏ Ig, ‡ Ó·˙Â‰ËÌÂÌËÂ ÏÌÓÊÂÒÚ‚ Ig ÔÓ ‚ÒÂÏ g
Ó·ÓÁÌ‡˜ËÏ M(S, G). 

ÄÎ„ÓËÚÏ˚ ÔÓÒÚÓÂÌËfl ÙËÎÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó
‰ÂÂ‚‡ G ·ÂÎÍÓ‚ („ÂÌÓ‚) ËÌÓ„‰‡ ÔÓÁ‚ÓÎfl˛Ú ÔËÔË-
Ò˚‚‡Ú¸ ‰ÎËÌ˚ Â·‡Ï ˝ÚÓ„Ó ‰ÂÂ‚‡, ˝ÚË ‰ÎËÌ˚ ·Û-
‰ÂÏ Ó·ÓÁÌ‡˜‡Ú¸ c(g, g'), „‰Â g Ë g' – ÒÓÒÂ‰ÌËÂ ‚Â¯Ë-
Ì˚ ‚ ‰ÂÂ‚Â G. Ç ÌÂÍÓÚÓ˚ı ÒÎÛ˜‡flı Ú‡ÍËÂ ‰ÎËÌ˚
ÏÓ„ÛÚ ËÌÚÂÔÂÚËÓ‚‡Ú¸Òfl Í‡Í ‚ÂÏfl, ÔÓ¯Â‰¯ÂÂ
ÏÂÊ‰Û ‰‚ÛÏfl ÒÓ·˚ÚËflÏË g Ë g' ‚ ‰ÂÂ‚Â „ÂÌÓ‚ G, ‚
ÔÂ‰ÔÓÎÓÊÂÌËË, ˜ÚÓ ÒÍÓÓÒÚ¸ ˝‚ÓÎ˛ˆËË ‡ÒÒÏ‡Ú-
Ë‚‡ÂÏ˚ı „ÂÌÓ‚ ÔÓÒÚÓflÌÌ‡. í‡ÍËÂ ‰ÎËÌ˚ ‚˚˜ËÒ-
ÎflÎËÒ¸ Ì‡ÏË ÎË·Ó ËÁ ÔÓÍ‡Á‡ÚÂÎfl ÒıÓ‰ÒÚ‚‡ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ÔËÔËÒ‡ÌÌ˚ı ‡Î„ÓËÚÏÓÏ (ÔÓÒÚ-
ÓÂÌËfl ‰ÂÂ‚‡ G) ‚Â¯ËÌ‡Ï g Ë g', ÎË·Ó ËÁ
·ÛÚÒÚÂÔ‡ ÔÓ‰‰ÂÊÍË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÍÎ‡Ò-
ÚÂ‡ (˜‡ÒÚË ‰ÂÂ‚‡ G ÔÓ‰ Â·ÓÏ gg'). èË‚Ó‰Ë-
Ï˚Â ÌËÊÂ ‡Ò˜ÂÚ˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ËÏÂÌÌÓ ÔÓÍ‡Á‡-
ÚÂÎ¸ ÒıÓ‰ÒÚ‚‡. àÚ‡Í, ‚ ̋ ÚËı ‡Ò˜ÂÚ‡ı ÔËÌËÏ‡ÎÓÒ¸ 

ÖÒÎË Í‡ÍÓÂ-ÚÓ ÒÎ‡„‡ÂÏÓÂ Á‰ÂÒ¸ ÌÂ ÓÔÂ‰ÂÎÂÌÓ, ÚÓ
ÓÌÓ ÔÓÎ‡„‡ÎÓÒ¸ ‡‚Ì˚Ï ÌÛÎ˛. 

èÂ‚˚È ˜ÎÂÌ ˝ÚÓÈ ÒÛÏÏ˚ ı‡‡ÍÚÂËÁÛÂÚ ÔÓÚÂ-
Ë ÓÚ Ó‰ÌÓÒÚÓÓÌÌËı ‰ÛÔÎËÍ‡ˆËÈ, ‡ ‚ÚÓÓÈ – ÓÚ
ÔÓÔÛ˘ÂÌÌ˚ı ‚Â¯ËÌ. åÛÎ¸ÚËÔÎËÍ‡ÚË‚Ì˚È Ô‡-
‡ÏÂÚ γ Â„ÛÎËÛÂÚ ÒÓÓÚÌÓ¯ÂÌËÂ ÁÌ‡˜ËÏÓÒÚË

c G S,( ) c g pg,( ) +
g α g( ),( ) O G S,( )∈

∑=

+ γ c g pg,( ) Ig .
g α g( ),( ) M G S,( )∈

∑

‰ÛÔÎËÍ‡ˆËÈ Ë ÔÓÔÛÒÍÓ‚ ‚ ıÓ‰Â ̋ ‚ÓÎ˛ˆËË. ÇÓ ‚ÒÂı
ÔË‚Â‰ÂÌÌ˚ı Á‰ÂÒ¸ ‡Ò˜ÂÚ‡ı ÔËÌËÏ‡ÎË γ = 0.1. 

ç‡ÏË ÔÓ‚Ó‰ËÎËÒ¸ ‚˚˜ËÒÎÂÌËfl Ë ‚ ÒÎÛ˜‡Â, ÍÓ„-
‰‡ Í ‰‚ÛÏ ÔÂ‰˚‰Û˘ËÏ ÒÛÏÏ‡Ï ‰Ó·‡‚ÎflÎÓÒ¸ Â˘Â
ÚÂÚ¸Â ÒÎ‡„‡ÂÏÓÂ, ı‡‡ÍÚÂËÁÛ˛˘ÂÂ Í‡˜ÂÒÚ‚Ó ‰Â-
Â‚‡ „ÂÌÓ‚ G (Ì‡ÔËÏÂ, Í‡˜ÂÒÚ‚Ó äéÉ‡, ÔÓ ÍÓÚÓ-
ÓÏÛ ÒÚÓËÚÒfl ˝ÚÓ ‰ÂÂ‚Ó, – Ï˚ Ì‡Á˚‚‡ÂÏ Â„Ó ‡Ò-
ÒÂflÌÌÓÒÚ¸˛ äéÉ‡ Ë Ó·ÓÁÌ‡˜‡ÂÏ RG). ëÂÈ˜‡Ò ÔË-
‚Ó‰flÚÒfl ÂÁÛÎ¸Ú‡Ú˚ ‚˚˜ËÒÎÂÌËÈ ·ÂÁ ˝ÚÓ„Ó
ÚÂÚ¸Â„Ó ÒÎ‡„‡ÂÏÓ„Ó. 

èË Í‡Ê‰ÓÏ ‚˚˜ËÒÎÂÌËË ÙÛÌÍˆËÓÌ‡Î‡ F Ë ‚Â-
ÎË˜ËÌ˚ c (ËÎË ‡Ì‡ÎÓ„Ë˜Ì˚ı ËÏ) ‰Îfl Î˛·Ó„Ó ‰ÂÂ-
‚‡ „ÂÌÓ‚ G ÔÂÂ‰ ‚˚˜ËÒÎÂÌËÂÏ F ÔËÏÂÌflÎË ÌÓ-
Ï‡ÎËÁ‡ˆË˛ ‰ÎËÌ Â·Â ‰ÂÂ‚‡ G Ò ˆÂÎ¸˛ ÔÓÔÓ-
ˆËÓÌ‡Î¸ÌÓ„Ó ÒÓÍ‡˘ÂÌËfl ÒÎË¯ÍÓÏ ‰ÎËÌÌ˚ı (ÔÓ
Ò‡‚ÌÂÌË˛ ÒÓ ÒÂ‰ÌÂÈ ‰ÎËÌÓÈ) Â·Â ÍÓÌˆÂ‚˚ı
‚Â¯ËÌ. ÑÎfl ˝ÚÓ„Ó ‚˚˜ËÒÎflÎË ÒÂ‰Ì˛˛ ‰ÎËÌÛ
lÒ(G) ‚ÒÂı Â·Â ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ ‚ ‰ÂÂ‚Â G. à
Á‡ÚÂÏ ‰ÎËÌ˚ ‚ÒÂı Â·Â ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ, Û ÍÓÚÓ-
˚ı l(g) > lÒ, ËÁÏÂÌflÎË ÔÓ ÙÓÏÛÎÂ

„‰Â ‚ ÎÂ‚ÓÈ ˜‡ÒÚË Ì‡ıÓ‰ËÚÒfl ÌÓ‚‡fl ‰ÎËÌ‡ l(g) Ú‡ÍÓ-
„Ó Â·‡, ‡ ‚ Ô‡‚ÓÈ ˜‡ÒÚË – ÒÚ‡‡fl ‰ÎËÌ‡ l(g) ÚÓ„Ó
ÊÂ Â·‡. ÇÓ ‚ÒÂı ÔË‚Â‰ÂÌÌ˚ı Á‰ÂÒ¸ ‡Ò˜ÂÚ‡ı
ÔËÌËÏ‡ÎÓÒ¸ μ = 0.7. ëÏ˚ÒÎ Ú‡ÍÓÈ ÌÓÏ‡ÎËÁ‡ˆËË
‚ ÚÓÏ, ̃ ÚÓ ÓÌ‡, ÛÏÂÌ¸¯‡fl ‚ÍÎ‡‰ Ì‡Ë·ÓÎÂÂ ‰ÎËÌÌ˚ı
Â·Â ‚ ‚ÂÎË˜ËÌÛ ÙÛÌÍˆËÓÌ‡Î‡ ÔÓÚÂ¸ F, ÛÏÂÌ¸-
¯‡ÂÚ ‚ÎËflÌËÂ Ú‡ÍËı ÌÂÊÂÎ‡ÚÂÎ¸Ì˚ı Á‰ÂÒ¸ ÔË˜ËÌ
‡ÒÒÓ„Î‡ÒÓ‚‡ÌËfl ‰ÂÂ‚¸Â‚, Í‡Í ‡ÁÎË˜Ëfl ‚ ÒÍÓÓ-
ÒÚË ˝‚ÓÎ˛ˆËË „ÂÌÓ‚ Ó‰ÌÓ„Ó ÒÂÏÂÈÒÚ‚‡ ‚ ‡ÁÌ˚ı
ÙËÎÂÚË˜ÂÒÍËı ÎËÌËflı. 

èÓÒÚ‡ÌÓ‚Í‡ ‰‚Ûı Á‡‰‡˜

á‡ÏÂÚËÏ, ˜ÚÓ, Ú‡ÍËÏ Ó·‡ÁÓÏ, ÙÛÌÍˆËÓÌ‡Î F
ËÏÂÂÚ ‚Ë‰ Fγ, μ, Ë Ì‡ÏË ‡ÒÒÏ‡ÚË‚‡Î‡Ò¸ Ú‡ÍÊÂ Á‡-
‰‡˜‡ ÔÓ‰·Ó‡ Ú‡ÍËı ÁÌ‡˜ÂÌËÈ Ô‡‡ÏÂÚÓ‚ ‚ ÙÛÌÍ-
ˆËÓÌ‡Î Fγ, μ, ÔË ÍÓÚÓ˚ı ‚ ÔÂ‚ÓÈ Á‡‰‡˜Â (ÒÏ. ÌË-
ÊÂ) ÔÓÎÛ˜‡ÂÚÒfl ‰ÂÂ‚Ó ‚Ë‰Ó‚ S, Ì‡Ë·ÓÎÂÂ ·ÎËÁÍÓÂ
Í ·ËÓÎÓ„Ë˜ÂÒÍË ÔËÁÌ‡ÌÌÓÏÛ (‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â) ‰Â-
Â‚Û ‚Ë‰Ó‚ S* (Ï˚ ÔÓ·Ó‚‡ÎË ‚‚Ó‰ËÚ¸ Ë ‰Û„ËÂ Ô‡‡-
ÏÂÚ˚, ÓÚ‡Ê‡˛˘ËÂ ÔÂ‰ÒÚ‡‚ÎÂÌËfl Ó· ˝‚ÓÎ˛ˆËË,
ËÎË ‚‡¸ËÓ‚‡Ú¸ F ‚ ÔÓÒÚ‡ÌÒÚ‚Â ÙÛÌÍˆËÈ). í‡Í‡fl
ÔÓÒÚ‡ÌÓ‚Í‡ ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ Ò‡ÏÓÒÚÓflÚÂÎ¸ÌÛ˛
Á‡‰‡˜Û, ÍÓÚÓ‡fl ÌÂ ·Û‰ÂÚ Á‰ÂÒ¸ Ó·ÒÛÊ‰‡Ú¸Òfl. 

àÚ‡Í, ‚ÓÁÌËÍ‡˛Ú ‰‚Â Á‡‰‡˜Ë. 

èÂ‚‡fl Á‡‰‡˜‡. Ñ‡Ì Ì‡·Ó ‰ÂÂ‚¸Â‚ ·ÂÎÍÓ‚ G1,
…, Gn Ë Ë˘ÂÚÒfl ‰ÂÂ‚Ó ‚Ë‰Ó‚ S, Ì‡ËÏÂÌÂÂ ÓÚÎË˜‡-
˛˘ÂÂÒfl ÓÚ ÌËı (Ú.Â. Ú‡ÍÓÂ, ÔË ÍÓÚÓÓÏ ˆÂÌ‡ ÓÚ-
ÎË˜Ëfl F Ì‡ ˝ÚÓÏ S ÔËÌËÏ‡ÂÚ Ì‡ËÏÂÌ¸¯ÂÂ ‚ÓÁ-
ÏÓÊÌÓÂ ÁÌ‡˜ÂÌËÂ, ÎÓÍ‡Î¸ÌÓÂ ËÎË „ÎÓ·‡Î¸ÌÓÂ). 

ÇÚÓ‡fl Á‡‰‡˜‡. Ñ‡Ì˚ ‰ÂÂ‚Ó ·ÂÎÍÓ‚ G Ë ‰ÂÂ‚Ó
‚Ë‰Ó‚ S, ˆÂÌ‡ ‡ÁÎË˜Ëfl c(G, S) ÏÂÊ‰Û ÍÓÚÓ˚ÏË
‚ÂÎËÍ‡. ç‡ÈÚË ÍÓÌˆÂ‚Û˛ ‚Â¯ËÌÛ ‚ G (Ú.Â. ·ÂÎÓÍ
ËÎË „ÂÌ) ËÎË „ÛÔÔÛ Ú‡ÍËı ‚Â¯ËÌ, Á‡ Ò˜ÂÚ ÍÓÚÓ-

l g( ) l g( ) lcp–( ) 1 μ+( )
l g( )/lcp( )–

lcp,+=
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Ç¸˛„ËÌ Ë ‰.

ÓÈ (ÍÓÚÓ˚ı) ‚ÓÁÌËÍ‡ÂÚ ˝ÚÓ ‡ÁÎË˜ËÂ, Ú.Â. Ú‡ÍËı,
˜ÚÓ ÔÓÒÎÂ Û‰‡ÎÂÌËfl ˝ÚÓÈ ‚Â¯ËÌ˚ (ËÎË ˝ÚËı ‚Â-
¯ËÌ) ˆÂÌ‡ ‡ÁÎË˜Ëfl c(G', S') ÓÒÚ‡‚¯ËıÒfl (ÔÓÒÎÂ
Û‰‡ÎÂÌËfl) ‰ÂÂ‚¸Â‚ G' Ë S' ·Û‰ÂÚ Ï‡Î‡. 

í‡ÍËÏ Ó·‡ÁÓÏ, Ï˚ ıÓÚËÏ, ‚ ˜‡ÒÚÌÓÒÚË, ÔÂ‰-
ÒÍ‡Á˚‚‡Ú¸ „ÂÌ˚ ÔÓ‰ÓÁÂ‚‡ÂÏ˚ı Û˜‡ÒÚÌËÍÓ‚ „ÓË-
ÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ ‚ ıÓ‰Â Ëı ˝‚ÓÎ˛ˆËÓÌÌÓÈ
ËÒÚÓËË. ëÛ˘ÂÒÚ‚ÂÌÌÓ Ú‡ÍÊÂ ÛÏÂÚ¸ ÓˆÂÌË‚‡Ú¸ Í‡-
˜ÂÒÚ‚Ó äéÉÓ‚ (ÒÏ. [2]). 

Ç ˝ÚÓÈ ÔÛ·ÎËÍ‡ˆËË ‰‡ÎÂÂ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl
ÚÓÎ¸ÍÓ ‚ÚÓ‡fl Á‡‰‡˜‡. 

ÉÂÌ g (ÍÓÌˆÂ‚‡fl ‚Â¯ËÌ‡ ‚ ‰ÂÂ‚Â „ÂÌÓ‚ G), Í‡Ì-
‰Ë‰‡Ú Ì‡ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ, ÓÔÂ‰ÂÎflÂÚÒfl Ì‡-
ÏË ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ. Ç ‰ÂÂ‚Â ‚Ë‰Ó‚ Ó·˚˜ÌÓ
ÙËÍÒËÛÂÚÒfl Ú‡ÍÒÓÌÓÏËfl, Ú.Â. ÒÚÛÍÚÛ‡ „ÛÔÔ Ó‰-
ÒÚ‚ÂÌÌ˚ı ‚Ë‰Ó‚. ùÚ‡ ÒÚÛÍÚÛ‡ ÏÓÊÂÚ ·˚Ú¸ Ó‰ÌÓ-
ÛÓ‚ÌÂ‚ÓÈ ËÎË ÏÌÓ„ÓÛÓ‚ÌÂ‚ÓÈ (‡ÁÌÓ„Ó ÚËÔ‡), Ú.Â. ‚
Ò‚Ó˛ Ó˜ÂÂ‰¸ ÓÔÂ‰ÂÎflÂÚÒfl ÌÂÍÓÚÓ˚Ï „‡ÙÓÏ,
‚Â¯ËÌ‡Ï ÍÓÚÓÓ„Ó ÔËÔËÒ‡Ì˚ „ÛÔÔ˚ ‚Ë‰Ó‚. 

éÍÂÒÚÌÓÒÚ¸ ‡‰ËÛÒ‡ r Ò ˆÂÌÚÓÏ ‚ ÍÓÌˆÂ‚ÓÈ
‚Â¯ËÌÂ g ÔÓ ÓÔÂ‰ÂÎÂÌË˛ ÒÓÒÚÓËÚ ËÁ ‚ÒÂı ÍÓÌˆÂ-
‚˚ı ‚Â¯ËÌ g' ‚ ‰ÂÂ‚Â G, ‡ÒÒÚÓflÌËÂ ‰Ó ÍÓÚÓ˚ı
ÓÚ g ÏÂÌ¸¯Â ËÎË ‡‚ÌÓ r; ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û ‰‚ÛÏfl
‚Â¯ËÌ‡ÏË ‚ G ÓÔÂ‰ÂÎflÂÚÒfl Í‡Í ˜ËÒÎÓ Â·Â ‚
Í‡Ú˜‡È¯ÂÏ ÔÛÚË ÏÂÊ‰Û ÌËÏË ‚ G. éÍÂÒÚÌÓÒÚ¸
‡‰ËÛÒ‡ r Ò ˆÂÌÚÓÏ ‚ g (‚ ‰ÂÂ‚Â „ÂÌÓ‚ G, ÒÓÒÚÓfl-
˘Û˛ ËÁ Â„Ó ÚÓÎ¸ÍÓ ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ) ·ÂÁ Ò‡ÏÓ„Ó
ˆÂÌÚ‡ g Ì‡ÁÓ‚ÂÏ ‚˚ÍÓÎÓÚÓÈ. ÖÒÎË ÔË ÓÚÓ·‡-
ÊÂÌËË α Ó·‡Á ‚˚ÍÓÎÓÚÓÈ ÓÍÂÒÚÌÓÒÚË ÒÓ‰ÂÊËÚ-
Òfl ‚ Ó‰ÌÓÈ ËÎË ÌÂÒÍÓÎ¸ÍËı ÒÓÒÂ‰ÌËı „ÛÔÔ‡ı ‚Ë-
‰Ó‚, ‡ Ò‡Ï ˆÂÌÚ g ÔÂÂıÓ‰ËÚ ‚ ‰‡ÎÂÍËÈ ÓÚ ˝ÚËı
„ÛÔÔ ‚Ë‰ (‡ÒÒÚÓflÌËÂ ·ÂÂÚÒfl ÔÓ ‰ÂÂ‚Û S ‚Ë‰Ó‚),
ÚÓ g Ò˜ËÚ‡ÂÚÒfl ÔÓ‰ÓÁÂ‚‡ÂÏ˚Ï ‚ Û˜‡ÒÚËË ‚ „ÓË-
ÁÓÌÚ‡Î¸ÌÓÏ ÔÂÂÌÓÒÂ (ÔÓ ‰‡ÌÌÓÏÛ ÍËÚÂË˛).
ÑÎfl ÔÓËÒÍ‡ Ú‡ÍËı „ÂÌÓ‚ ‚˚˜ËÒÎfl˛ÚÒfl Ë Ò‡‚ÌË‚‡-
˛ÚÒfl ÌÂÒÍÓÎ¸ÍÓ ‚ÂÎË˜ËÌ (ÒÚ‡ÚËÒÚËÍ ‡ÒÒÓ„Î‡-
ÒÓ‚‡ÌËfl), ÓÚ‡Ê‡˛˘Ëı Ë‰Â˛ ˝ÚÓ„Ó ÓÔÂ‰ÂÎÂÌËfl. 

èÂÂ˜ËÒÎÂÌÌ˚Â ‚˚¯Â ‚ ‡Á‰ÂÎÂ “‰‡ÌÌ˚Â”
„ÛÔÔ˚ Ó„‡ÌËÁÏÓ‚ ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸ Ì‡ÏË Í‡Í
Ó‰ÌÓÛÓ‚ÌÂ‚‡fl Ú‡ÍÒÓÌÓÏËfl ‚ S*. 

ÑÎfl Î˛·ÓÈ Ú‡ÍÓÈ „ÛÔÔ˚ ËÎË ÏÌÓÊÂÒÚ‚‡ „ÛÔÔ
‚ ‰ÂÂ‚Â ‚Ë‰Ó‚ (Ó„‡ÌËÁÏÓ‚) S* ËÏÂÂÚÒfl Ó‚ÌÓ Ó‰-
Ì‡ ‚Â¯ËÌ‡, ÔÓ‰‰ÂÂ‚Ó (ÍÎ‡ÒÚÂ) ÍÓÚÓÓÈ ‚ÍÎ˛-
˜‡ÂÚ Ó·˙Â‰ËÌÂÌËÂ ˝ÚËı „ÛÔÔ, Ë ˝ÚÓ ÔÓ‰‰ÂÂ‚Ó –
Ì‡ËÏÂÌ¸¯ÂÂ (ÔÓ ‚ÍÎ˛˜ÂÌË˛) ÒÂ‰Ë ‚ÒÂı Ú‡ÍËı
ÔÓ‰‰ÂÂ‚¸Â‚. ùÚÓ ÔÓ‰‰ÂÂ‚Ó Ì‡ÁÓ‚ÂÏ ‡·ÒÚ‡ÍÚ-
ÌÓÈ „ÛÔÔÓÈ (‚Ë‰Ó‚, Ó„‡ÌËÁÏÓ‚) ‚ S*, ‡ ÒÓÓÚ‚ÂÚÒÚ-
‚Û˛˘Û˛ ÂÏÛ ‚Â¯ËÌÛ Ì‡ÁÓ‚ÂÏ ÍÓÌÂÏ ˝ÚÓÈ „ÛÔ-
Ô˚. Ä·ÒÚ‡ÍÚÌ‡fl „ÛÔÔ‡, Ó·‡ÁÓ‚‡ÌÌ‡fl ÔÓ Ó‰ÌÓÈ
ËÒıÓ‰ÌÓÈ „ÛÔÔÂ ˝ÚÓÈ Ú‡ÍÒÓÌÓÏËË, ÍÓÌÂ˜ÌÓ, ÒÓ‚-
Ô‡‰‡ÂÚ Ò ÌÂÈ. ê‡ÁÏÂ ‡·ÒÚ‡ÍÚÌÓÈ „ÛÔÔ˚ ÓÔÂ‰Â-
ÎËÏ Í‡Í Ì‡Ë·ÓÎ¸¯ÂÂ (ËÎË ËÌÓ„‰‡ – Í‡Í ÒÚ‡ÚËÒÚË-
˜ÂÒÍË ÁÌ‡˜ËÏÓÂ) ‡ÒÒÚÓflÌËÂ ÓÚ ÂÂ ÍÓÌfl ‰Ó Í‡ÍÓÈ-
ÚÓ ‚ıÓ‰fl˘ÂÈ ‚ ÌÂÂ ÍÓÌˆÂ‚ÓÈ ‚Â¯ËÌ˚. èÓ Î˛·ÓÈ
‡·ÒÚ‡ÍÚÌÓÈ „ÛÔÔÂ Ë Î˛·ÓÈ ‚Â¯ËÌÂ ‚ ‰ÂÂ‚Â S*
ÓÔÂ‰ÂÎËÏ ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û ÌËÏË Í‡Í ˜ËÒÎÓ Â-

·Â Í‡Ú˜‡È¯Â„Ó ÔÛÚË ÏÂÊ‰Û ÍÓÌÂÏ „ÛÔÔ˚ Ë
˝ÚÓÈ ‚Â¯ËÌÓÈ; ‡ÒÒÚÓflÌËÂ ·ÂÂÚÒfl ÒÓ ÁÌ‡ÍÓÏ
ÔÎ˛Ò, ÂÒÎË Ò‡Ï‡ ‚Â¯ËÌ‡ ÌÂ ‚ıÓ‰ËÚ ‚ „ÛÔÔÛ, Ë ÒÓ
ÁÌ‡ÍÓÏ ÏËÌÛÒ – ‚ ËÌÓÏ ÒÎÛ˜‡Â. 

àÚ‡Í, ÓÔÂ‰ÂÎÂÌËÂ „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡,
ÔË‚Â‰ÂÌÌÓÂ ‚˚¯Â, „Ó‚ÓËÚ, ˜ÚÓ Ó·‡Á ‚˚ÍÓÎÓ-
ÚÓÈ ÓÍÂÒÚÌÓÒÚË „ÂÌ‡ g ‰ÓÎÊÂÌ Ó·‡ÁÓ‚‡Ú¸ ‡·ÒÚ-
‡ÍÚÌÛ˛ „ÛÔÔÛ Ï‡ÎÂÌ¸ÍÓ„Ó ‡ÁÏÂ‡, Û ÍÓÚÓÓÈ
‡ÒÒÚÓflÌËÂ ‰Ó Ó·‡Á‡ Ò‡ÏÓ„Ó „ÂÌ‡ g ·ÓÎ¸¯ÓÂ. 

ç‡ÏË ‡ÒÒÏ‡ÚË‚‡Î‡Ò¸ Ë ·ÓÎÂÂ ÒÎÓÊÌ‡fl, ˜ÂÏ
ÔË‚Â‰ÂÌÌ‡fl ‚˚¯Â, ÏÌÓ„ÓÛÓ‚ÌÂ‚‡fl Ú‡ÍÒÓÌÓÏËfl ‚
‰ÂÂ‚Â S*, ̃ ÚÓ ·Û‰ÂÚ ÓÚ‡ÊÂÌÓ ‚ ‰Û„ÓÈ ÔÛ·ÎËÍ‡ˆËË. 

ëÚ‡ÚËÒÚËÍË ‰Îfl Ë‰ÂÌÚËÙËÍ‡ˆËË
„ÂÌÓ‚, ÔÓ‰ÓÁÂ‚‡ÂÏ˚ı Û˜‡ÒÚÌËÍÓ‚

„ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡

íÂÔÂ¸ ÓÔÂ‰ÂÎËÏ ÒÚ‡ÚËÒÚËÍË ‰Îfl ‚ÚÓÓÈ ËÁ ÔÂ-
Â˜ËÒÎÂÌÌ˚ı ‚˚¯Â Á‡‰‡˜, ‡ Á‡ÚÂÏ ÔË‚Â‰ÂÏ (ÌËÊÂ ‚
Ú‡·ÎËˆÂ) ÂÁÛÎ¸Ú‡Ú˚ Ëı ‚˚˜ËÒÎÂÌËfl ‰Îfl ÌÂÍÓÚÓ˚ı
„ÂÌÓ‚ ËÁ ‚˚·ÓÍË î. èÓÎÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ ‚˚˜ËÒÎÂ-
ÌËÈ ‰Îfl ‚ÒÂı „ÂÌÓ‚ ËÁ ˝ÚÓÈ ‚˚·ÓÍË Ì‡ıÓ‰flÚÒfl ÔÓ
˝ÎÂÍÚÓÌÌÓÏÛ ‡‰ÂÒÛ http://www.iitp.ru/lyubetsky. Ç
Ú‡·ÎËˆÂ ÒÚ‡ÚËÒÚËÍË ‡ÒÔÓÎÓÊÂÌ˚ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË ÒÓ
ÒÚÓÎ·ˆ‡ÏË ˝ÚÓÈ Ú‡·ÎËˆ˚, ÔÓ˝ÚÓÏÛ ÓÔÂ‰ÂÎÂÌËfl ÒÚ‡-
ÚËÒÚËÍ ÔË‚Ó‰flÚÒfl Ì‡ÏË ‚ ÚÓÏ ÊÂ ÔÓfl‰ÍÂ. 

ë‡Ï˚È ÎÂ‚˚È ÒÚÓÎ·Âˆ ÌÛÏÂÛÂÚ ÒÚÓÍË Ú‡·ÎË-
ˆ˚. Ç ÒÎÂ‰Û˛˘ÂÏ, ÔÂ‚ÓÏ ÒÚÓÎ·ˆÂ ÔË‚Ó‰flÚÒfl ÌÓ-
ÏÂ äéÉ‡, Á‡ÚÂÏ ÒÓÍ‡˘ÂÌÌÓÂ Ì‡Á‚‡ÌËÂ Ó„‡ÌËÁ-
Ï‡ Ë ËÏfl „ÂÌ‡ (ÔÂÂ‰ ̋ ÚËÏ ÛÍ‡Á˚‚‡ÂÚÒfl ÌÓÏÂ ‰‡Ì-
ÌÓ„Ó „ÂÌ‡ ‚ ‰‡ÌÌÓÏ äéÉÂ). 

àÚ‡Í, ‰Îfl ‰‡ÌÌ˚ı ‰ÂÂ‚¸Â‚ G Ë S ‚˚˜ËÒÎflÎË
ÓÚÌÓÒËÚÂÎ¸ÌÓÂ ÔË‡˘ÂÌËÂ ˆÂÌ˚ ‚ÎÓÊÂÌËfl (ÒÓ-
Í‡˘ÂÌÌÓ: ÓÔˆ‚) Fg ‰Îfl „ÂÌ‡ g (‚ÚÓÓÈ ÒÚÓÎ·Âˆ), ‡
ËÏÂÌÌÓ, ‚ ˝ÚÓÏ ÒÚÓÎ·ˆÂ ÔË‚Ó‰ËÚÒfl ÂÁÛÎ¸Ú‡Ú ‚˚-
˜ËÒÎÂÌËfl (‚ ÔÓˆÂÌÚ‡ı) ‚ÂÎË˜ËÌ˚

„‰Â c – ˆÂÌ‡ ‚ÎÓÊÂÌËfl G ‚ S, ‡ cg – ˆÂÌ‡ ‚ÎÓÊÂÌËfl
Gg ‚ S. á‰ÂÒ¸ Gg ÔÓÎÛ˜‡ÂÚÒfl ËÁ G Û‰‡ÎÂÌËÂÏ ÍÓÌˆÂ-
‚ÓÈ ‚Â¯ËÌ˚ g. èË Û‰‡ÎÂÌËË ÍÓÌˆÂ‚ÓÈ ‚Â¯ËÌ˚
‚ÓÁÌËÍ‡˛Ú ÌÓ‚˚Â Â·‡, ‰ÎËÌ˚ ÍÓÚÓ˚ı ÓÔÂ‰Â-
Îfl˛ÚÒfl Í‡Í ÒÛÏÏ˚ ‰ÎËÌ Â·Â Ì‡ “ËÒ˜ÂÁÌÛ‚¯ÂÏ”
ÔÛÚË. á‡ÚÂÏ ‚ ÒÍÓ·Í‡ı ÛÍ‡Á˚‚‡ÂÚÒfl -ÁÌ‡˜ÂÌËÂ,
‚˚˜ËÒÎflÂÏÓÂ ÔÓ ÙÓÏÛÎÂ:

á‰ÂÒ¸ card(X) Ó·ÓÁÌ‡˜‡ÂÚ ˜ËÒÎÓ ˝ÎÂÏÂÌÚÓ‚ ‚ ÏÌÓ-
ÊÂÒÚ‚Â X, ‡ m – ˜ËÒÎÓ ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ („ÂÌÓ‚) ‚
‰ÂÂ‚Â G. Ç ÔÓ„‡ÏÏÂ ÔÂ‰ÛÒÏÓÚÂÌ ÓÚ·Ó Ë ÔÂ-
˜‡Ú¸ „ÂÌÓ‚ ‚ G, ‰Îfl ÍÓÚÓ˚ı ‚˚ÔÓÎÌflÂÚÒfl ÛÒÎÓ-
‚ËÂ: ÁÌ‡˜ÂÌËÂ Fg ‰ÓÒÚ‡ÚÓ˜ÌÓ Ï‡ÎÓ ‚ ÒÏ˚ÒÎÂ ÔÓÓ-
„‡ P0 Ë p(g) ≤ p0, „‰Â p0 – Î˛·ÓÈ Á‡‰‡ÌÌ˚È (ÔÓ‰ıÓ-
‰fl˘ËÈ) ÔÓÓ„. 

Fg cg c–( )/c( ) 100,×=

p g( ) card g': Fg' Fg≤{ }( )/m.=
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êÂÁÛÎ¸Ú‡Ú ÔÓËÒÍ‡ „ÂÌÓ‚ ‚ Ó„‡ÌËÁÏ‡ı, ÔÂ‰ÒÚ‡‚ÎÂÌÌ˚ı ‚ ‚˚·ÓÍÂ î, ÔÓ‰ÓÁÂ‚‡ÂÏ˚ı Û˜‡ÒÚÌËÍÓ‚ „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó
ÔÂÂÌÓÒ‡ ‚ ıÓ‰Â Ëı ˝‚ÓÎ˛ˆËÓÌÌÓ„Ó ‡Á‚ËÚËfl (ÔÓ‰Ó·Ì˚Â ÓÔËÒ‡ÌËfl ÒÚÓÎ·ˆÓ‚ ÒÏ. ‚ ÚÂÍÒÚÂ)

N 1 2 3 4 5 6 7

1 38. COG0012[Syn] –3.78% 2.67 –1.37 (3/8 3/8) 1.3 

sll0245 (0.1) (0.1) –

2 41. COG0012[Buc] –10.74% 3.14 –3.73 ıÎ‡ÏË‰ËË (3/12 3/12 4/10 4/10) 1.59

BU191 (0.02) (0.03)

3 38. COG0018[Syn] –7.07% 2.64 –1.74 ıÎ‡ÏË‰ËË (3/8 3/8 4/11 4/10) 1.07

sll0502 (0.07) (0.1)

4 40. COG0018[Mtu] –10.74% 2.9 –2.62 (2/10 4/10 4/9) 1.38

Rv1292 (0.02) (0.05)

5 35. COG0061[Xfa] –9.29% 1.89 –2.75 ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË (2/6 3/6 4/5) 0.93

XF2090 (0.03) (0.15)

6 40. COG0072[Mtu] –11.45% 2.16 –3.49 ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË (3/9 4/9 4/10 4/10 4/3) 1.52

Rv1650_2 (0.03) (0.03)

7 41. COG0080[Bha] –6.91% 2.17 –2.77 ÒÔËÓıÂÚ˚ (4/10 4/10 4/6) 1.85

BH0409 (0.02) (0.02)

8 38. COG0085[Aae] –15.91% 2.33 –3.77 ˝ÔÒËÎÓÌ-ÔÓÚÂÓ·‡ÍÚÂËË (3/7 3/7) 1.76

aq_1939 (0.03) (0.08)

9 40. COG0102[Dra] –12.29% 2.8 –4.43 „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËË (2/9 4/11 4/8) 1.73

DR0174 (0.03) (0.03)

10 37. COG0126[Aae] –11.59% 2.0 –2.87 (3/7 3/7 4/7 4/7) 1.34

aq_118 (0.03) (0.05)

11 40. COG0143[Mtu] –8.95% 3.8 –2.32 ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË (2/10 3/9) 1.12

Rv1007c (0.05) (0.05)

12 41. COG0143[Mlo] –12.92% 4.6 –3.45 (2/11 3/12) 1.53

mlr5926 (0.02) (0.02)

13 42. COG0162[Pae] –8.12% 2.22 –3.05 (2/7 3/7 4/6) 1.47

PA4138 (0.02) (0.05)

14 30. COG0173[Mtu] –17.47% 2.37 –2.89 ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË (3/9 4/8 4/10 4/10 4/8) 1.5

Rv2572c (0.03) (0.03)

15 33. COG0178[Hbs] –8.38% 2.6 –2.18 DMS (2/8 4/9 4/9) 1.47

VNG2636G (0.03) (0.03)

16 30. COG0193[Dra] –16.18% 2.67 –2.41 „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËË (2/7 4/9) 1.26

DR2372 (0.03) (0.03)

17 40. COG0198[Bbu] –15.81% 2.63 –4.23 „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËË (3/7 4/12 4/10 4/12 4/9) 1.75

BB0489 (0.03) (0.03)

18 38. COG0200[Bbu] –6.64% 2.36 –2.75 (3/8 4/9 4/9) 1.55

BB0497 (0.05) (0.08)

19 30. COG0203[Mtu] –11.92% 2.67 –2.73 (3/8 3/8) 1.53

Rv3456c (0.03) (0.03)

20 38. COG0215[Xfa] –13.86% 1.89 –2.5 ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË (2/6 3/6 4/5) 1.27

XF0995 (0.05) (0.05)

21 39. COG0215[Hbs] –20.64% 2.5 –3.78 DMS (2/8 4/9 4/9 4/9) 1.52

VNG1097G (0.03) (0.03)

22 29. COG0221[Mlo] –9.12% 3.29 –2.24 (3/10 4/13) 1.67

mlr8562 (0.03) (0.1)
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Ç¸˛„ËÌ Ë ‰.

àÚ‡Í, Á‰ÂÒ¸ ÔË ‰ÓÒÚ‡ÚÓ˜ÌÓ Ï‡ÎÓÏ ÁÌ‡˜ÂÌËË p0

ÓÚ·Ë‡ÎËÒ¸ ‚ÒÂ ÒÎÛ˜‡Ë ˝ÍÒÚÂÏ‡Î¸ÌÓ„Ó ÔÓÎÓÊÂ-
ÌËfl „ÂÌ‡ g ‚ ‰ÂÂ‚Â „ÂÌÓ‚, Ú.Â. ÓÚ·Ë‡ÎËÒ¸ ‚ÒÂ „ÂÌ˚
g, ‰Îfl ÍÓÚÓ˚ı ‚ÂÎË˜ËÌ‡ Fg ˝ÍÒÚÂÏ‡Î¸ÌÓ Ï‡Î‡
ÔÓ Ò‡‚ÌÂÌË˛ Ò ·ÓÎ¸¯ËÌÒÚ‚ÓÏ ‰Û„Ëı ÁÌ‡˜ÂÌËÈ
Fg'. ÑÎfl Ú‡·ÎËˆ˚ Ï˚, Í‡Í Ô‡‚ËÎÓ, ·‡ÎË P0 = –7 Ë
p0 = 0.1. 

èËÏÂ 2A.

2

3

1

1 2 1 32

1

í‡·ÎËˆ‡.  éÍÓÌ˜‡ÌËÂ

N 1 2 3 4 5 6 7

23 30. COG0222[Dra] –10.31% 3.4 –2.23 ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË (2/9 3/8) 1.74

DR2043 (0.03) (0.03)

24 35. COG0242[Syn] –10.14% 3.2 –2.64 ÒÔËÓıÂÚ˚ (2/8 3/8) 1.47

slr1549 (0.03) (0.03)

25 40. COG0250[Aae] –9.29% 2.2 –3.55 (3/7 3/7 4/8) 1.73

aq_1931 (0.02) (0.09)

26 27. COG0272[Rpr] –8.8% 1.67 –1.16 (3/5 3/5) 1.4

RP720 (0.1) (0.16)

27 31. COG0272[Eco] –29.13% 4.8 –4.22 ÒÔËÓıÂÚ˚ (2/12 3/12) 1.64

yicF (0.03) (0.03)

28 30.COG0292[Tma] –20.24% 2.8 –3.04 DMS (2/7 3/7) 1.76

TM1592 (0.03) (0.03)

29 35. COG0294[Ccr] –7.61% 3.22 –1.6 DMS (3/10 3/10 3/9) 0.89

CC3224 (0.06) (0.06)

30 30. COG0335[Dra] –6.19% 3.6 –1.7 Chlamidiae (2/9 3/9) 1.77

DR0755 (0.07) (0.03) –

31 36. COG0343[Afu] –8.58% 3.33 –2.2 ıÎ‡ÏË‰ËË (3/10 3/10) 1.6

AF1485 (0.06) (0.03)

32 30. COG0359[Aae] –13.19% 2.8 –2.64 DMS (2/7 3/7) 1.39

aq_2042 (0.03) (0.03)

33 40. COG0441[Ape] –14.09% 3.0 –3.25 DMS (2/8 3/7) 1.79

APE0809 (0.02) (0.07)

34 29. COG0452[Bbu] –8.69% 2.33 –2.34 (2/7 4/7) 1.35

BB0812 (0.03) (0.03)

35 37. COG0504[Tpa] –21.5% 3.2 –3.95 DMS (2/8 3/8) 1.64

TP0305 (0.03) (0.05)

36 40. COG0525[Rpr] –16.16% 3.67 –3.99 (3/12 3/12 3/9) 1.62

RP687 (0.03) (0.03)

37 33. COG0547[Cje] –12.66% 3.6 –2.6 (2/9 3/9) 1.28

Cj0346_2 (0.03) (0.09)

38 39. COG0552[Dra] –13.72% 2.27 –3.14 ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË (3/8 4/9 4/9 4/8) 1.52

DR2260 (0.03) (0.05)

39 29. COG0556[Hbs] –9.23% 2.33 –1.93 DMS (3/9 3/8 3/4) 1.53

VNG2390G (0.03) (0.03) –

40 28. COG0571[Syn] –19.72% 2.67 –2.43 ıÎ‡ÏË‰ËË (3/8 3/8 3/8) 1.56

slr0346 (0.07) (0.1)

41 35. COG0587[Bsu] –10.28% 3.11 –2.5 (3/10 3/10 3/8) 1.6

BS_yorL (0.03) (0.03)
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á‰ÂÒ¸ ÒÎÂ‚‡ ‰ÂÂ‚Ó „ÂÌÓ‚ G (‚ ÌÂÏ Â·Ó Í „ÂÌÛ
2 ÚÓÊÂ ‰ÎËÌ˚ 1), ‡ ÒÔ‡‚‡ ‰ÂÂ‚Ó ‚Ë‰Ó‚ S. ëÚÓË-
ÏÓÒÚ¸ ‚ÎÓÊÂÌËfl G ‚ S ÔÓÒÎÂ ÌÓÏ‡ÎËÁ‡ˆËË G ‡‚-
Ì‡ c = 1.16 (Á‰ÂÒ¸ ‚ÂÁ‰Â γ = 0.1, μ = 0.7).

ÇÓÁÌËÍ‡ÂÚ ÛÔÓfl‰Ó˜ÂÌËÂ „ÂÌÓ‚ ‰ÂÂ‚‡ G, ÔË ÍÓ-
ÚÓÓÏ „ÂÌ 1 Ì‡Ë·ÓÎÂÂ ÔÓ‰ÓÁËÚÂÎ¸Ì˚È, ‡ „ÂÌ˚ 2 Ë
3 Ó‰ËÌ‡ÍÓ‚˚ ‚ ˝ÚÓÏ ÓÚÌÓ¯ÂÌËË. 

èËÏÂ 2B.

á‰ÂÒ¸ ÒÎÂ‚‡ ‰ÂÂ‚Ó „ÂÌÓ‚ G (‚ ÌÂÏ ‰ÎËÌ˚ ‚ÒÂı
Â·Â ‡‚Ì˚ 1) Ë ÒÔ‡‚‡ ‰ÂÂ‚Ó ‚Ë‰Ó‚ S. ëÚÓË-
ÏÓÒÚ¸ ‚ÎÓÊÂÌËfl G ‚ S ÔÓÒÎÂ ÌÓÏ‡ÎËÁ‡ˆËË G ‡‚-
Ì‡ c = 1.3 (‚ÂÁ‰Â γ = 0.1, μ = 0.7).

ÇÓÁÌËÍ‡ÂÚ ÛÔÓfl‰Ó˜ÂÌËÂ „ÂÌÓ‚ ‰ÂÂ‚‡ G, ÔË ÍÓ-
ÚÓÓÏ „ÂÌ 2 ·ÓÎÂÂ ÔÓ‰ÓÁËÚÂÎÂÌ, ˜ÂÏ „ÂÌ 1 (ÍÓÌÂˆ
ÔËÏÂ‡). 

Ç ÚÂÚ¸ÂÏ ÒÚÓÎ·ˆÂ ‚˚˜ËÒÎflÂÚÒfl Ó·‡ÚÌÓÂ ÓÚ-
ÌÓ¯ÂÌËÂ ÒÂ‰ÌÂ„Ó ‡ÒÒÚÓflÌËfl ÓÚ ‰‡ÌÌÓ„Ó g ‰Ó
‚ÒÂı Â„Ó ÒÓÒÂ‰ÂÈ g' ËÁ ÓÍÂÒÚÌÓÒÚË ‡‰ËÛÒ‡ r Ì‡ ‰Â-
Â‚Â „ÂÌÓ‚ Í ÒÂ‰ÌÂÏÛ ‡ÒÒÚÓflÌË˛ ÏÂÊ‰Û α(g) Ë
α(g') Ì‡ ‰ÂÂ‚Â ‚Ë‰Ó‚ (‚ Ú‡·ÎËˆ‡ı ‡‰ËÛÒ ÓÍÂÒÚ-
ÌÓÒÚË r ‡‚ÂÌ 4). ùÚÓ ÓÚÌÓ¯ÂÌËÂ Ó·ÓÁÌ‡˜ËÏ Rg Ë
Ì‡ÁÓ‚ÂÏ ‡ÒÒÂflÌÌÓÒÚ¸˛ „ÂÌ‡ g. Ä ËÏÂÌÌÓ, 

„‰Â mg – ˜ËÒÎÓ ˝ÎÂÏÂÌÚÓ‚ ‚ ˝ÚÓÈ ÓÍÂÒÚÌÓÒÚË, ‡

 – ˜ËÒÎÓ ˝ÎÂÏÂÌÚÓ‚ ‚ Ó·‡ÁÂ ˝ÚÓÈ ÓÍÂÒÚÌÓÒÚË.

ç‡ÔÓÏÌËÏ, ˜ÚÓ ‡ÒÒÚÓflÌËÂ ρ ÏÂÊ‰Û g Ë g' ‚˚˜ËÒ-
ÎflÂÚÒfl Í‡Í ˜ËÒÎÓ Â·Â ‚ Í‡Ú˜‡È¯ÂÏ ÔÛÚË ÏÂÊ‰Û
g Ë g' ‚ G (ËÎË ÏÂÊ‰Û α(g) Ë α(g') ‚ S). 

á‡ÚÂÏ, Í‡Í ‚ ÒÚÓÎ·ˆÂ 2, ‚˚˜ËÒÎflÂÚÒfl Ë ÛÍ‡Á˚-
‚‡ÂÚÒfl ‚ ÒÍÓ·Í‡ı p-ÁÌ‡˜ÂÌËÂ:

G 1 2 3

Fg (·ÂÁ ÌÓÏ‡Î.) –100% –83.3% –83.3%

Fg (Ò ÌÓÏ‡Î.) –100% –82.8% –82.8%

1

4

1

1 2 1 323

1 1

4

G 1 2 3 4

Fg (·ÂÁ ÌÓÏ‡Î.) 0% –92.3% 7.7% 23.1%

Fg (Ò ÌÓÏ‡Î.) –2.85% –92.3% 4.85% 14.5%

Rg

ρ α g( ) α g'( ),( )
g'

∑⎝ ⎠
⎜ ⎟
⎛ ⎞

/ mg' 1–( )

ρ g g',( )
g'

∑⎝ ⎠
⎜ ⎟
⎛ ⎞

/ mg 1–( )

------------------------------------------------------------------------,=

mg'

p g( ) card g': Rg' Rg≥{ }( )/m.=

á‰ÂÒ¸ ‚ Í‡˜ÂÒÚ‚Â Í‡Ì‰Ë‰‡ÚÓ‚ Ì‡ „ÓËÁÓÌÚ‡Î¸-
Ì˚È ÔÂÂÌÓÒ ÓÚ·Ë‡ÎËÒ¸ ‚ÒÂ „ÂÌ˚ g Ò ˝ÍÒÚÂÏ‡Î¸-
ÌÓ ·ÓÎ¸¯ËÏ ÁÌ‡˜ÂÌËÂÏ Rg ÔÓ Ò‡‚ÌÂÌË˛ Ò ·ÓÎ¸-
¯ËÌÒÚ‚ÓÏ ‰Û„Ëı ÁÌ‡˜ÂÌËÈ ÒÚ‡ÚËÒÚËÍË Rg, ‰Îfl ÍÓ-
ÚÓ˚ı, ÍÓÏÂ ÚÓ„Ó, ‚˚ÔÓÎÌflÎÓÒ¸ ÒÎÂ‰Û˛˘ÂÂ
ÒÓÓ·‡ÊÂÌËÂ. 

ÖÒÎË ÙËÎÓ„ÂÌÂÚË˜ÂÒÍË ·ÎËÁÍËÂ ÒÓÒÂ‰Ë (‚ ‰ÂÂ-
‚Â „ÂÌÓ‚) ÌÂÍÓÚÓÓ„Ó „ÂÌ‡ g Ì‡ıÓ‰flÚÒfl ‚ „ÂÌÓÏ‡ı
Ó„‡ÌËÁÏÓ‚ (‚ ‰ÂÂ‚Â ‚Ë‰Ó‚), ‰‡ÎÂÍÓ ÓÚÒÚÓfl˘Ëı ÓÚ
Ó„‡ÌËÁÏ‡ – ÌÓÒËÚÂÎfl „ÂÌ‡ g, ÚÓ Ï˚ Ò˜ËÚ‡ÂÏ, ˜ÚÓ
g ÏÓ„ ·˚Ú¸ ÔË‚ÌÂÒÂÌ ‚ ÔÂ‰ÓÍ Ó„‡ÌËÁÏ‡ α(g) ËÁ
ÔÂ‰ÍÓ‚ ‰Û„Ëı Ó„‡ÌËÁÏÓ‚. ÖÒÎË, Í ÚÓÏÛ ÊÂ, Ó„‡-
ÌËÁÏ˚, ÒÓ‰ÂÊ‡˘ËÂ „ÂÌ˚ ËÁ ‚˚ÍÓÎÓÚÓÈ ÓÍÂÒÚÌÓ-
ÒÚË „ÂÌ‡ g, ÒÓ‰ÂÊ‡ÚÒfl ‚ Â‰ËÌÓÈ Ú‡ÍÒÓÌÓÏË˜ÂÒÍÓÈ
„ÛÔÔÂ, ÚÓ ˝ÚÓ ÔÓ‰Ú‚ÂÊ‰‡ÂÚ Ú‡ÍÛ˛ ‚ÓÁÏÓÊÌÓÒÚ¸.
íÓ„‰‡ ˝ÚÓÚ „ÂÌ ÓÚ·Ë‡ÂÚÒfl Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘‡fl
Ú‡ÍÒÓÌÓÏË˜ÂÒÍ‡fl „ÛÔÔ‡ ÛÍ‡Á˚‚‡ÂÚÒfl ‚ 5-ÓÏ
ÒÚÓÎ·ˆÂ Ú‡·ÎËˆ˚ (Í‡Í ‚ÓÁÏÓÊÌ˚È ËÒÚÓ˜ÌËÍ „Ó-
ËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ „ÂÌ‡ g). 

àÚ‡Í, ÔÓ ˝ÚÓÈ ÒÚ‡ÚËÒÚËÍÂ ÓÚ·Ë‡ÎËÒ¸ „ÂÌ˚ g, ‰Îfl
ÍÓÚÓ˚ı Rg ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚ÂÎËÍÓ, ‚ ÒÏ˚ÒÎÂ ÔÓÓ„‡ P0,
Ë p(g) ‰ÓÒÚ‡ÚÓ˜ÌÓ Ï‡ÎÓ, ‚ ÒÏ˚ÒÎÂ ÔÓÓ„‡ p0 (‚ ˝ÚËı
‡Ò˜ÂÚ‡ı, Í‡Í Ô‡‚ËÎÓ, ‚˚·Ë‡ÎÓÒ¸ P0 = 2 Ë p0 = 0.1),
Ë ‚˚ÔÓÎÌflÎÓÒ¸ ÛÒÎÓ‚ËÂ ËÁ ÔÂ‰˚‰Û˘Â„Ó ‡·Á‡ˆ‡. àÌ-
ÚÂÂÒÌÓ, ̃ ÚÓ ̋ ÏÔËË˜ÂÒÍÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÒÚ‡ÚËÒÚË-
ÍË Rg ·ÎËÁÍÓ Í Ó‰ÌÓÏÛ Ë ÚÓÏÛ ÊÂ ÒÚ‡Ì‰‡ÚÌÓÏÛ ‡Ò-
ÔÂ‰ÂÎÂÌË˛ ‰Îfl ‚ÒÂı ‡ÒÒÏÓÚÂÌÌ˚ı äéÉÓ‚. 

èËÏÂ 3. ÑÎfl ‰‡ÌÌ˚ı ËÁ ÔËÏÂ‡ 2Ç Ë r = 3.

ìÔÓfl‰Ó˜ÂÌËÂ „ÂÌÓ‚: „ÂÌ˚ 1 Ë 2 Ó‰ËÌ‡ÍÓ‚Ó Ë ÚÓÚ,
Ë ‰Û„ÓÈ “ÔÓ‰ÓÁËÚÂÎ¸Ì˚Â” Ë ·ÓÎÂÂ “ÔÓ‰ÓÁË-
ÚÂÎ¸Ì˚Â”, ˜ÂÏ „ÂÌ˚ 3 Ë 4 (ÍÓÌÂˆ ÔËÏÂ‡). 

Ç ˜ÂÚ‚ÂÚÓÏ ÒÚÓÎ·ˆÂ Ì‡ıÓ‰ËÚÒfl ÓÚÍÎÓÌÂÌËÂ
var(g) (‚ Â‰ËÌËˆ‡ı ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜ÌÓ„Ó ÓÚÍÎÓÌÂ-
ÌËfl), Ú.Â. “ÓÚÌÓÒËÚÂÎ¸ÌÓÂ ÔË‡˘ÂÌËÂ ̂ ÂÌ˚ ‚ÎÓÊÂ-

ÌËfl Fg ‰Îfl ‰‡ÌÌÓ„Ó g” ÏËÌÛÒ “ÒÂ‰ÌÂÂ ( ) ÁÌ‡˜ÂÌËÂ

˝ÚÓÈ ‚ÂÎË˜ËÌ˚ Fg' ÔÓ ‚ÒÂÏ ÍÓÌˆÂ‚˚Ï ‚Â¯ËÌ‡Ï g'
‰‡ÌÌÓ„Ó ‰ÂÂ‚‡ „ÂÌÓ‚ G”, ‰ÂÎÂÌÌÓÂ Ì‡ “ÒË„Ï‡”. á‰ÂÒ¸
σ ‡ÒÒ˜ËÚ˚‚‡ÂÚÒfl ÔÓ Ó·˚˜ÌÓÈ ÙÓÏÛÎÂ, ‚ ÍÓÚÓÓÈ
m – ˜ËÒÎÓ ÎËÒÚ¸Â‚ ‚ ‰‡ÌÌÓÏ äéÉÂ G. àÚ‡Í,

éÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ˝ÏÔËË˜ÂÒÍÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÒÚ‡-
ÚËÒÚËÍË Fg (‰Îfl ‚˚·ÓÍË î) ·ÎËÁÍÓ Í ÌÓÏ‡Î¸ÌÓ-
ÏÛ. èÓ˝ÚÓÏÛ Á‰ÂÒ¸ ÔËÏÂÌflÂÚÒfl ÒÚ‡ÚËÒÚË˜ÂÒÍË
Ó·ÓÒÌÓ‚‡ÌÌ‡fl ÔÓˆÂ‰Û‡: ÓÚ·Ë‡˛ÚÒfl „ÂÌ˚ g, ‰Îfl
ÍÓÚÓ˚ı ÛÍÎÓÌÂÌËÂ var(g) ·ÓÎ¸¯Â 2 ÔÓ ‡·ÒÓÎ˛Ú-
ÌÓÈ ‚ÂÎË˜ËÌÂ. ÇÂÓflÚÌÓÒÚ¸ Ú‡ÍÓ„Ó ÒÓ·˚ÚËfl ‡‚Ì‡
0.05, ÔÓ˝ÚÓÏÛ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ „ÂÌ˚ ÏÓ„ÛÚ ‡Ò-
ÒÏ‡ÚË‚‡Ú¸Òfl Í‡Í ˝ÍÒÚÂÏ‡Î¸ÌÓ ‡ÒÔÓÎÓÊÂÌÌ˚Â.

G 1 2 3 4

Rg 2 2 1.5 1.5

Fg'
–

var g( ) = 
Fg Fg'

–( )–
σ

-----------------------,

σ = 1/m 1–( ) Fg Fg'
–( )–( )

2

g

∑ .
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Ç¸˛„ËÌ Ë ‰.

Ç ˜ÂÚ‚ÂÚÓÏ ÒÚÓÎ·ˆÂ ÁÌ‡ÍÓÏ “–” ÓÚÏÂ˜‡ÎË Ì‡Û-
¯ÂÌËÂ ˝ÚÓ„Ó ÛÒÎÓ‚Ëfl |var(g)| ≥ 2. 

ëÚ‡ÚËÒÚËÍË ËÁ 2-„Ó Ë 4-„Ó ÒÚÓÎ·ˆÓ‚ ‰‡˛Ú ÔË-
·ÎËÁËÚÂÎ¸ÌÓ Ó‰ËÌ‡ÍÓ‚˚Â ÂÁÛÎ¸Ú‡Ú˚ ÓÚ·Ó‡ „Â-
ÌÓ‚ ‚ ÒÎÛ˜‡Â ÌÓÏ‡Î¸ÌÓ„Ó ‡ÒÔÂ‰ÂÎÂÌËfl ÒÚ‡ÚËÒÚË-
ÍË Fg. ëÚ‡ÚËÒÚËÍ‡ ËÁ 2-„Ó ÒÚÓÎ·ˆ‡ – ·ÓÎÂÂ ÛÌË‚Â-
Ò‡Î¸Ì‡fl, Ú‡Í Í‡Í ÌÂ Á‡‚ËÒËÚ ÓÚ ÚËÔ‡ ‡ÒÔÂ‰ÂÎÂÌËfl
Fg, ‡ ÒÚ‡ÚËÒÚËÍ‡ ËÁ 4-„Ó ÒÚÓÎ·ˆ‡ ËÏÂÂÚ ÎÛ˜¯ÂÂ
ÒÚ‡ÚËÒÚË˜ÂÒÍÓÂ Ó·ÓÒÌÓ‚‡ÌËÂ.

èËÏÂ 4. ÑÎfl ÔËÏÂ‡ 2Ç. á‰ÂÒ¸ ÔÓÎÛ˜‡ÂÚÒfl

( ) = –18.95, σ = 49.4.

ìÔÓfl‰Ó˜ÂÌËÂ „ÂÌÓ‚: ÚÓÎ¸ÍÓ „ÂÌ 2 ÔÓ‰ÓÁËÚÂÎÂÌ
(ÍÓÌÂˆ ÔËÏÂ‡). 

Ç ÔflÚÓÏ ÒÚÓÎ·ˆÂ Ì‡ıÓ‰ËÚÒfl „ÛÔÔ‡ Ó„‡ÌËÁÏÓ‚,
‚ÓÁÏÓÊÌ˚ı ËÒÚÓ˜ÌËÍÓ‚ „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡
„ÂÌ‡ g (Á‰ÂÒ¸ ·ÂÂÚÒfl r = 4, ÏÓÊÌÓ ÔÓ·Ó‚‡Ú¸ Ë ‰Û„ËÂ
ÁÌ‡˜ÂÌËfl r, ‚ ÚÓÏ ˜ËÒÎÂ ÒÚÓÎ¸ ·ÓÎ¸¯ËÂ, ˜ÚÓ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘‡fl ÓÍÂÒÚÌÓÒÚ¸ Óı‚‡Ú˚‚‡ÂÚ ÏÌÓÊÂÒÚ‚Ó ‚ÒÂı
ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ; ÍÓÌÂ˜ÌÓ, ËÒÔÓÎ¸ÁÛÂÚÒfl Ó·‡Á ‚˚-
ÍÓÎÓÚÓÈ ÓÍÂÒÚÌÓÒÚË ‡‰ËÛÒ‡ r Ò ˆÂÌÚÓÏ ‚ ÚÓ˜ÍÂ g).
Ç Í‡˜ÂÒÚ‚Â Ú‡ÍÓ„Ó ËÒÚÓ˜ÌËÍ‡, ÂÒÚÂÒÚ‚ÂÌÌÓ, ·ÂÂÚÒfl
Ú‡ Ú‡ÍÒÓÌÓÏË˜ÂÒÍ‡fl „ÛÔÔ‡ ËÎË ‡·ÒÚ‡ÍÚÌ‡fl „ÛÔÔ‡
Ó„‡ÌËÁÏÓ‚, ÍÓÚÓ‡fl ÓÔÂ‰ÂÎflÂÚÒfl Ó·‡ÁÓÏ ̋ ÚÓÈ ‚˚-
ÍÓÎÓÚÓÈ ÓÍÂÒÚÌÓÒÚË. á‡ÚÂÏ ÛÍ‡Á˚‚‡ÂÚÒfl ‡ÁÏÂ
˝ÚÓÈ „ÛÔÔ˚ Ë ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û Â˛ Ë Ó·‡ÁÓÏ g. 

Ç ¯ÂÒÚÓÏ ÒÚÓÎ·ˆÂ Ì‡ıÓ‰ËÚÒfl ÒÔËÒÓÍ ÓÚÌÓÒË-
ÚÂÎ¸Ì˚ı ÔË‡˘ÂÌËÈ ˆÂÌ ‚ÎÓÊÂÌËÈ Fg' Û ÒÓÒÂ‰ÂÈ
g' „ÂÌ‡ g, ÔÂ‰ÒÚ‡‚ÎflÂÏ˚ı ‚ ÙÓÏÂ: ‚ ˜ËÒÎËÚÂÎÂ –
‡ÒÒÚÓflÌËÂ ÓÚ g ‰Ó Í‡ÍÓ„Ó-ÚÓ ÒÓÒÂ‰‡ g' ‚ ‰ÂÂ‚Â „Â-
ÌÓ‚ G, ‚ ÁÌ‡ÏÂÌ‡ÚÂÎÂ – ‡ÒÒÚÓflÌËÂ ÓÚ α(g) ‰Ó α(g')
‚ ‰ÂÂ‚Â ‚Ë‰Ó‚ S, Ú.Â. ‚ ÙÓÏÂ 

Ç ÔËÏÂÂ 5 ÔË‚Â‰ÂÌÓ Ú‡ÍÊÂ ÓÔˆ‚ Fg' ‚ ÒËÚÛ‡ˆËË,
ÍÓ„‰‡ „ÂÌ g' Û‰‡ÎflÂÚÒfl, ‡ „ÂÌ g ÓÒÚ‡ÂÚÒfl. Ç Ú‡·ÎËˆÂ
Ï˚ ÌÂ ÔË‚Ó‰ËÏ ˝ÚÛ ‚ÂÎË˜ËÌÛ Fg' , Ú‡Í Í‡Í ‚Òfl ˝Ú‡
ËÌÙÓÏ‡ˆËfl fl‚ÎflÂÚÒfl Á‰ÂÒ¸ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÈ Í
‚˚˜ËÒÎÂÌËflÏ ‚ ‰Û„Ëı ÒÚÓÎ·ˆ‡ı.

èËÏÂ 5. Ñ‡ÌÌ˚Â ËÁ ÔËÏÂ‡ 2Ç Ë r = 3.

Ç ÒÂ‰¸ÏÓÏ ÒÚÓÎ·ˆÂ ˝ÚÓÈ Ú‡·ÎËˆ˚ ‚˚˜ËÒÎflÂÚÒfl
ÓÚÌÓ¯ÂÌËÂ ‰ÎËÌ˚ Â·‡ ÍÓÌˆÂ‚ÓÈ ‚Â¯ËÌ˚ („Â-
Ì‡) g (ÔÓÒÎÂ ÂÂ ÌÓÏ‡ÎËÁ‡ˆËË, ÒÏ. ÔËÏÂ 2) Í
ÒÂ‰ÌÂÈ ‰ÎËÌÂ Â·‡ ÍÓÌˆÂ‚ÓÈ ‚Â¯ËÌ˚ („ÂÌ‡) g'
ÔÓ ‚ÒÂÏ „ÂÌ‡Ï g' ‰‡ÌÌÓ„Ó ‰ÂÂ‚‡ „ÂÌÓ‚ G, Ú.Â. ‚˚-
˜ËÒÎflÂÚÒfl l(g)/lcp(G). ùÚÓ ÓÚÌÓ¯ÂÌËÂ ‚ Í‡ÍÓÈ-ÚÓ
ÏÂÂ ı‡‡ÍÚÂËÁÛÂÚ ÓÚÒÛÚÒÚ‚ËÂ ‰ÎËÌÌ˚ı ‚ÂÚ‚ÂÈ
‰Îfl ‰‡ÌÌ˚ı ‰ÂÂ‚‡ „ÂÌÓ‚ Ë ‚ÒÂı Â„Ó „ÂÌÓ‚ – Â„Ó
ÍÓÌˆÂ‚˚ı ‚Â¯ËÌ. 

G 1 2 3 4

Var(g) 2/4 : F2 =
= –92.3

2/4 : F1 =
= –2.85

2/3 : F4 =
= 14.5

2/3 : F3 =
= 4.85

(äÓÌÂˆ ÔËÏÂ‡.) 

Fg'
–

G 1 2 3 4

Var(g) +0.33 –1.485 0.48 0.68

ρ g g',( )/ρ α g( ) α g'( ),( ).

àÚ‡Í, ‡Î„ÓËÚÏ ÛÍ‡Á˚‚‡ÂÚ ‚ Í‡˜ÂÒÚ‚Â ÔÓ‰ÓÁÂ-
‚‡ÂÏ˚ı Û˜‡ÒÚÌËÍÓ‚ „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ Ì‡
ÚÂ „ÂÌ˚, ÍÓÚÓ˚Â ÓÚ·Ë‡˛ÚÒfl ÔÓ ÛÍ‡Á‡ÌÌ˚Ï ‚˚¯Â
Ô‡‚ËÎ‡Ï, ËÒÔÓÎ¸ÁÛ˛˘ËÏ ÔÂ‚˚Â ˜ÂÚ˚Â ÒÚÓÎ·ˆ‡
Ú‡·ÎËˆ˚ Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÒÚ‡ÚËÒÚËÍË; ÒÚÓÎ·ˆ˚
5-È Ë 6-È ÒÓ‰ÂÊ‡Ú ‚ÒÔÓÏÓ„‡ÚÂÎ¸ÌÛ˛ ËÌÙÓÏ‡ˆË˛,
ÍÓÚÓ‡fl ÏÓÊÂÚ ·˚Ú¸ ÔÓÎÂÁÌ‡ ˝ÍÒÔÂÚÛ. 

äÓÌÂ˜ÌÓ, ÓÚ·Ó ÛÍ‡Á‡ÌÌ˚ı ‚˚¯Â ÔÓÓ„Ó‚ Ë, ‚
ˆÂÎÓÏ, ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÔË‚Â‰ÂÌÌÓÈ ‚ Ú‡·ÎËˆÂ ËÌ-
ÙÓÏ‡ˆËË ÌÂÎ¸Áfl ÔËÁÌ‡Ú¸ ÒÓ‚Â¯ÂÌÌÓ ÙÓÏ‡Î¸-
ÌÓÈ, ÍÓÏÔ¸˛ÚÂÌÓÈ ÔÓˆÂ‰ÛÓÈ. çÓ Ì‡ ‰‡ÌÌÓÏ
˝Ú‡ÔÂ ËÒÒÎÂ‰Ó‚‡ÌËÈ ˝ÚÓ„Ó ‚ÓÔÓÒ‡ ‚fl‰ ÎË ÏÓÊÌÓ
ÔÂ‰ÒÚ‡‚ËÚ¸ ÒÂ·Â ÔÓfl‚ÎÂÌËÂ ÒÚÓ„Ó ÙÓÏ‡Î¸Ì˚ı
ÔÓˆÂ‰Û ÓÚ·Ó‡ „ÓËÁÓÌÚ‡Î¸ÌÓ ÔÂÂÌÂÒÂÌÌ˚ı
„ÂÌÓ‚. ëÍÓÂÂ Ï˚ Â¯‡ÎË Á‡‰‡˜Û ÓÚ·Ó‡ ı‡‡ÍÚÂ-
ËÒÚËÍ, ‚ Ì‡¯ÂÏ ÒÎÛ˜‡Â ÒÚ‡ÚËÒÚËÍ, ÍÓÚÓ˚Â ÏÓ„ÎË
·˚ Û˜‡ÒÚ‚Ó‚‡Ú¸ ‚ ·Û‰Û˘ÂÈ ·ÓÎÂÂ ÙÓÏ‡Î¸ÌÓÈ
ÔÓˆÂ‰ÛÂ. 

ç‡ÍÓÌÂˆ, ‚ Ú‡·ÎËˆÂ äéÉË ‡ÒÔÓÎ‡„‡˛ÚÒfl ‚ ÔÓ-
fl‰ÍÂ ‚ÓÁ‡ÒÚ‡ÌËfl ÌÓÏÂ‡ äéÉ‡, ‡ ÔË Ó‰ËÌ‡ÍÓ-
‚ÓÏ ÌÓÏÂÂ äéÉ‡ ÓÚÓ·‡ÌÌ˚Â ËÁ ÌÂ„Ó „ÂÌ˚ ‚˚-
ÔËÒ˚‚‡˛ÚÒfl ‚ ÚÓÏ ÔÓfl‰ÍÂ, Í‡Í ÓÌË Ë‰ÛÚ ‚ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ÂÏ ‰ÂÂ‚Â „ÂÌÓ‚ G ÒÎÂ‚‡ Ì‡Ô‡‚Ó
(ÍÓÌÂˆ ÓÔËÒ‡ÌËfl ÒÚÓÎ·ˆÓ‚ Ú‡·ÎËˆ˚). 

á‡ÏÂÚËÏ, ˜ÚÓ ‰Îfl ·ËÓÎÓ„Ë˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ ·˚-
‚‡ÂÚ ÔÓÎÂÁÌÓ ÔÂÂÛÔÓfl‰Ó˜ËÚ¸ Ú‡·ÎËˆÛ ÔÓ „ÂÌÓ-
Ï‡Ï (Ú.Â. ÔÓ Ó„‡ÌËÁÏ‡Ï), ‚ ÍÓÚÓ˚Â ÔÓËÁÓ¯ÂÎ
ÔÂ‰ÔÓÎ‡„‡ÂÏ˚È ÔÂÂÌÓÒ, ‡ ËÌÓ„‰‡ – ÔÓ Ú‡ÍÒÓÌÓ-
ÏË˜ÂÒÍËÏ „ÛÔÔ‡Ï Ó„‡ÌËÁÏÓ‚, ËÁ ÍÓÚÓ˚ı ÔÓ-
ËÁÓ¯ÂÎ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂÌÓÒ „ÂÌ‡. ÄÌ‡ÎÓ„Ë˜-
Ì‡fl ·ÓÎÂÂ ÔÓÎÌ‡fl Ú‡·ÎËˆ‡ ÛÊÂ ‰Îfl ‚ÒÂı „ÂÌÓ‚ ËÁ
‚˚·ÓÍË î ÔË‚Â‰ÂÌ‡ Ì‡ Ò‡ÈÚÂ http://www.iitp.ru/
lyubetsky.

êÖáìãúíÄíõ

íÂÔÂ¸ ‡ÒÒÏÓÚËÏ ÔÓ‰Ó·ÌÂÂ ÌÂÒÍÓÎ¸ÍÓ ÓÚ-
‰ÂÎ¸Ì˚ı ÔÓÛ˜ËÚÂÎ¸Ì˚ı ÒÎÛ˜‡Â‚ (ËÒ. 2).

Ñ‚‡ „ÂÌ‡-Í‡Ì‰Ë‰‡Ú‡ Ì‡ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂ-
ÌÓÒ Û‚ÂÂÌÌÓ ‚˚‰ÂÎfl˛ÚÒfl Ì‡¯ËÏ ÏÂÚÓ‰ÓÏ ‚
COG0012 („ËÔÓÚÂÚË˜ÂÒÍËÂ GTP‡Á˚) (ËÒ. 2‡).
Buchnera aphidicola, ˝Ì‰ÓÒËÏ·ËÓÌÚ ÚÎË, fl‚ÎflÂÚÒfl
„‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËÂÈ, ·ÎËÊ‡È¯ËÏ Ó‰ÒÚ‚ÂÌ-
ÌËÍÓÏ ÍË¯Â˜ÌÓÈ Ô‡ÎÓ˜ÍË, Ó‰Ì‡ÍÓ ÂÂ „ÂÌ BU191
ÍÎ‡ÒÚÂËÁÛÂÚÒfl Ì‡ ‰ÂÂ‚Â Ò „ÂÌ‡ÏË ıÎ‡ÏË‰ËÈ – ÓÌË
Ë fl‚Îfl˛ÚÒfl ÔÂ‰ÔÓÎ‡„‡ÂÏ˚Ï ËÒÚÓ˜ÌËÍÓÏ „ÓË-
ÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡. ÄÌ‡ÎÓ„Ë˜ÌÓ, „ÂÌ sll0245,
ÔÓ-‚Ë‰ËÏÓÏÛ, ·˚Î ÔÂÂÌÂÒÂÌ ‚ „ÂÌÓÏ ˆË‡ÌÓ·‡ÍÚÂ-
ËË Synechocystis sp. ËÁ ÒÔËÓıÂÚ.

Ç COG0215 (ˆËÒÚÂËÌËÎ-Úêçä–ÒËÌÚÂÚ‡Á˚) „ÂÌ
VNG1095G ËÁ „‡ÎÓÙËÎ¸ÌÓÈ ‡ıÂ·‡ÍÚÂËË Halo-
bacterium sp. (ËÒ. 2·) – ˝Û·‡ÍÚÂË‡Î¸ÌÓ„Ó ÔÓËÒ-
ıÓÊ‰ÂÌËfl. àÒÚÓ˜ÌËÍÓÏ, ‚ÓÁÏÓÊÌÓ, ÔÓÒÎÛÊËÎ „Â-
ÌÓÏ, Ó‰ÒÚ‚ÂÌÌ˚È Deinococcus radiodurans. Ç ̋ ÚÓÏ
ÊÂ ÍÎ‡ÒÚÂÂ ÌÂ ËÒÍÎ˛˜ÂÌ „ÓËÁÓÌÚ‡Î¸Ì˚È ÔÂÂ-
ÌÓÒ „ÂÌ‡ XF0995 ËÁ ‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË, Ó‰ÒÚ-
‚ÂÌÌÓÈ Caulobacter crescentus, ‚ „ÂÌÓÏ „‡ÏÏ‡-ÔÓ-
ÚÂÓ·‡ÍÚÂËË Xylella fastidiosa. èÂÂÌÓÒ ‚ ÔÓÚË‚Ó-
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êËÒ. 2. èËÏÂ˚ „ÓËÁÓÌÚ‡Î¸Ì˚ı ÔÂÂÌÓÒÓ‚. ‡ – COG0012 („ËÔÓÚÂÚË˜ÂÒÍËÂ GTP‡Á˚); · – COG0215 (ˆËÒÚÂËÌËÎ-Úêçä–
ÒËÌÚÂÚ‡Á˚), „ÂÌ VNG1095G ËÁ „‡ÎÓÙËÎ¸ÌÓÈ ‡ıÂ·‡ÍÚÂËË Halobacterium sp.; ‚ – COG0143 (ÏÂÚËÓÌËÎ-Úêçä-ÒËÌÚÂÚ‡Á˚),
„ÂÌ mlr5926.; „ – COG0102, ÒÎÛ˜‡È „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡ „ÂÌÓ‚ Ë·ÓÒÓÏÌ˚ı ·ÂÎÍÓ‚, „ÂÌ DR0174 ËÁ „ÂÌÓÏ‡ Deino-
coccus radiodurans. ‰ – COG0198, „ÂÌ BB0489 ËÁ ÒÔËÓıÂÚ˚ Borrelia burgdorferi; Â – COG0272, „ÂÌ ÍË¯Â˜ÌÓÈ Ô‡ÎÓ˜ÍË
yicF, ÍÓ‰ËÛ˛˘ËÈ NAD-Á‡‚ËÒËÏÛ˛ Ñçä-ÎË„‡ÁÛ; Ê – COG0343, „ÂÌ Í¸˛ÓËÌ/‡ıÂÓÁËÌ-Úêçä–Ë·ÓÁËÎÚ‡ÌÒÙÂ‡Á˚
AF1485 ËÁ „ÂÌÓÏ‡ Archaeoglobus fulgidus.
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êËÒ. 2. èÓ‰ÓÎÊÂÌËÂ.
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Ç¸˛„ËÌ Ë ‰.

ÔÓÎÓÊÌÓÏ Ì‡Ô‡‚ÎÂÌËË – ÓÚ ‡ıÂ·‡ÍÚÂËÈ Í
˝Û·‡ÍÚÂËflÏ – Ì‡·Î˛‰‡ÂÚÒfl ‚ COG0143 (ÏÂÚËÓ-
ÌËÎ-Úêçä–ÒËÌÚÂÚ‡Á˚) (ËÒ. 2‚), „‰Â „ÂÌ mlr5926 ËÁ
‡Î¸Ù‡-ÔÓÚÂÓ·‡ÍÚÂËË Mesorhizobium loti, ÔÓËÒ-
ıÓ‰fl˘ËÈ ËÁ „ÂÌÓÏ‡ ÏÂÚ‡ÌÓ„ÂÌÌÓÈ ‡ıÂ·‡ÍÚÂËË,
‚ÓÁÏÓÊÌÓ, ·˚Î ÔÂÂÌÂÒÂÌ ÓÚ ‡ıÂ·‡ÍÚÂËÈ Í ˝Û-
·‡ÍÚÂËflÏ. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ˝ÚÓ ÔË‚ÂÎÓ Í
ÔÓfl‚ÎÂÌË˛ ‚ „ÂÌÓÏÂ M. loti Ô‡‡ÎÓ„Ë˜Ì˚ı „ÂÌÓ‚,
ÔÓÒÍÓÎ¸ÍÛ ‚ ˝ÚÓÏ „ÂÌÓÏÂ ÒÓı‡ÌËÎÒfl Ë ÔÂ‚ÓÌ‡-
˜‡Î¸Ì˚È „ÂÌ mll0419. ÇÓÓ·˘Â, ‚ÓÔÂÍË ÔÂ‚ÓÌ‡-
˜‡Î¸Ì˚Ï ÔÂ‰ÒÚ‡‚ÎÂÌËflÏ, „ÂÌ˚ ‡ÏËÌÓ‡ˆËÎ-
Úêçä–ÒËÌÚÂÚ‡Á ˜‡ÒÚÓ ËÏÂ˛Ú ÒÎÓÊÌÛ˛ ˝‚ÓÎ˛ˆË-
ÓÌÌÛ˛ ËÒÚÓË˛, ‚ÍÎ˛˜‡˛˘Û˛ ‰ÛÔÎËÍ‡ˆËË Ë „Ó-
ËÁÓÌÚ‡Î¸Ì˚Â ÔÂÂÌÓÒ˚ [12].

Ç ‰‚Ûı ÒÎÛ˜‡flı Ì‡·Î˛‰‡ÂÚÒfl „ÓËÁÓÌÚ‡Î¸Ì˚È
ÔÂÂÌÓÒ „ÂÌÓ‚ Ë·ÓÒÓÏÌ˚ı ·ÂÎÍÓ‚ (ËÒ. 2„). ÉÂÌ
DR0174 ËÁ „ÂÌÓÏ‡ Deinococcus radiodurans, ÍÓ‰Ë-
Û˛˘ËÈ ·ÂÎÓÍ L13, ÔÓËÒıÓ‰ËÚ ËÁ „‡ÏÏ‡-ÔÓÚÂÓ-
·‡ÍÚÂËÈ, ‡ „ÂÌ ÇÇ0489 (ËÒ. 2‰), ÍÓ‰ËÛ˛˘ËÈ Ë-
·ÓÒÓÏÌ˚È ·ÂÎÓÍ L24, „ÓËÁÓÌÚ‡Î¸ÌÓ ÔÂÂÌÂÒÂÌ ËÁ
·ÂÚ‡- ËÎË „‡ÏÏ‡-ÔÓÚÂÓ·‡ÍÚÂËÈ. ëÛ˘ÂÒÚ‚Ó‚‡ÌËÂ
‰ÛÔÎËÍ‡ˆËÈ Ë „ÓËÁÓÌÚ‡Î¸Ì˚ı ÔÂÂÌÓÒÓ‚ ‚ ËÒÚÓËË
Ë·ÓÒÓÏÌ˚ı ·ÂÎÍÓ‚ ÔÓÍ‡Á‡ÌÓ Ú‡ÍÊÂ ‡ÌÂÂ [17].

à Ì‡ÍÓÌÂˆ, „ÂÌ ÍË¯Â˜ÌÓÈ Ô‡ÎÓ˜ÍË yicF, ÍÓ‰ËÛ-
˛˘ËÈ NAD-Á‡‚ËÒËÏÛ˛ Ñçä-ÎË„‡ÁÛ (COG0271),
ÔÂÂÌÂÒÂÌ ËÁ „ÂÌÓÏ‡ Í‡ÍÓÈ-ÚÓ ÒÔËÓıÂÚ˚; ÔË
˝ÚÓÏ ‚ „ÂÌÓÏÂ E. coli ÒÓ‰ÂÊËÚÒfl Ë “Ó‰ÌÓÈ” „ÂÌ lig
(ËÒ. 2Â). ÉÂÌ Í¸˛ÓËÌ/‡ıÂÓÁËÌ-Úêçä–Ë·ÓÁËÎ-
Ú‡ÌÒÙÂ‡Á˚ AF1485 ËÁ „ÂÌÓÏ‡ Archaeoglobus
fulgidus (COG0343), ÔÓ-‚Ë‰ËÏÓÏÛ, ËÏÂÂÚ ˝Û·‡ÍÚÂ-
Ë‡Î¸ÌÓÂ ÔÓËÒıÓÊ‰ÂÌËÂ (ËÒ. 2Ê).

ùÍÒÔÂÚÌ˚Â ÓˆÂÌÍË ˜‡ÒÚÓ ÒÓ‚Ô‡‰‡˛Ú Ò ÂÁÛÎ¸-
Ú‡Ú‡ÏË, ÍÓÚÓ˚Â ÔÓÎÛ˜‡˛ÚÒfl ÔË Ì‡¯ÂÏ ÍÓÏÔ¸˛-

ÚÂÌÓÏ ‡Ì‡ÎËÁÂ. é‰Ì‡ÍÓ ˝ÍÒÔÂÚÌ˚È ÔÓÒÏÓÚ
ÏÌÓ„Ëı ÒÓÚÂÌ ˝‚ÓÎ˛ˆËÓÌÌ˚ı ‰ÂÂ‚¸Â‚ ÌÂ‚ÓÁÏÓ-
ÊÂÌ, ÔÓ˝ÚÓÏÛ Ó‰ÌÓ ËÁ ÓÒÌÓ‚Ì˚ı ÔËÏÂÌÂÌËÈ ÔÂ‰-
Î‡„‡ÂÏÓ„Ó Ì‡ÏË ÏÂÚÓ‰‡, ÔÓ-‚Ë‰ËÏÓÏÛ, ÏÓÊÂÚ ÒÓ-
ÒÚÓflÚ¸ ‚ Ï‡ÒÒÓ‚ÓÏ ‡Ì‡ÎËÁÂ ·ÂÎÍÓ‚˚ı ÒÂÏÂÈÒÚ‚ Ë
‚˚‰ÂÎÂÌËË ÒÎÛ˜‡Â‚, „‰Â ËÏÂ˛ÚÒfl ÓÒÌÓ‚‡ÌËfl ÔÓ‰Ó-
ÁÂ‚‡Ú¸ Ì‡ÎË˜ËÂ „ÓËÁÓÌÚ‡Î¸ÌÓ„Ó ÔÂÂÌÓÒ‡, ‰Îfl
‰‡Î¸ÌÂÈ¯Â„Ó ·ÓÎÂÂ ÔÓ‰Ó·ÌÓ„Ó ‡Ì‡ÎËÁ‡. 

ïÓÚfl ÂÁÛÎ¸Ú‡Ú˚ ÔË‚Â‰ÂÌÌ˚ı Á‰ÂÒ¸ ‡Ò˜ÂÚÓ‚
ÌÓÒflÚ ‚ ËÁ‚ÂÒÚÌÓÈ ÏÂÂ ÔÂ‰‚‡ËÚÂÎ¸Ì˚È ı‡‡Í-
ÚÂ, ÛÊÂ ÓÌË ÔÓÁ‚ÓÎfl˛Ú Ò‰ÂÎ‡Ú¸ ÌÂÚË‚Ë‡Î¸Ì˚Â
‚˚‚Ó‰˚. ÇÓ-ÔÂ‚˚ı, ÒÂ‰Ë ÍÎ‡ÒÚÂÓ‚ ÓÚÓÎÓ„Ó‚,
‚ ÍÓÚÓ˚ı Ì‡·Î˛‰‡˛ÚÒfl „ÓËÁÓÌÚ‡Î¸Ì˚Â ÔÂÂÌÓ-
Ò˚, ·ÓÎ¸¯ËÌÒÚ‚Ó Ú‡ÍËı, ·ÂÎÍË ÍÓÚÓ˚ı Û˜‡ÒÚ‚Û-
˛Ú ‚ ÓÒÌÓ‚Ì˚ı ËÌÙÓÏ‡ˆËÓÌÌ˚ı ÔÓˆÂÒÒ‡ı; ‚ ÓÒ-
ÌÓ‚ÌÓÏ, – ‚ Ú‡ÌÒÎflˆËË. èÓ-‚Ë‰ËÏÓÏÛ, ˝ÚÓ Ó·˙flÒ-
ÌflÂÚÒfl ÌÂ ÚÂÏ, ˜ÚÓ Ú‡ÍËÂ „ÂÌ˚ ÒÔÂˆËÙË˜ÂÒÍË
ÔÓ‰‚ÂÊÂÌ˚ „ÓËÁÓÌÚ‡Î¸ÌÓÏÛ ÔÂÂÌÓÒÛ, ‡ ÚÂÏ,
˜ÚÓ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ÙËÎÓ„ÂÌÂÚË˜ÂÒÍËÂ ‰ÂÂ‚¸fl
ËÏÂ˛Ú flÒÌÛ˛ Ë ıÓÓ¯Ó ‡ÁÂ¯‡ÂÏÛ˛ ÒÚÛÍÚÛÛ,
˜ÚÓ ÔÓÁ‚ÓÎflÂÚ Û‚ÂÂÌÌÓ Ë‰ÂÌÚËÙËˆËÓ‚‡Ú¸ „ÓË-
ÁÓÌÚ‡Î¸Ì˚Â ÔÂÂÌÓÒ˚. Ç˚‰ÂÎÂÌËÂ „ÓËÁÓÌÚ‡Î¸-
Ì˚ı ÔÂÂÌÓÒÓ‚ ‚ ÒÂÏÂÈÒÚ‚‡ı Ú‡ÌÒÔÓÚÂÓ‚ ËÎË
Â„ÛÎflÚÓÓ‚ Ú‡ÌÒÍËÔˆËË ÚÂ·ÛÂÚ ·ÓÎÂÂ ÍÓ-
ÔÓÚÎË‚Ó„Ó ‡Ì‡ÎËÁ‡.

ÇÓ-‚ÚÓ˚ı, ˜‡ÒÚÓ Ì‡·Î˛‰‡ÂÚÒfl „ÓËÁÓÌÚ‡Î¸-
Ì˚È ÔÂÂÌÓÒ ·ÂÁ ‚˚ÚÂÒÌÂÌËfl ÔÂ‚ÓÌ‡˜‡Î¸ÌÓ„Ó „Â-
Ì‡. ùÚÓ ÏÓÊÌÓ Ô˚Ú‡Ú¸Òfl Ó·˙flÒÌËÚ¸ ‰‚ÛÏfl ÒÔÓÒÓ-
·‡ÏË. ãË·Ó Ï˚ Ì‡·Î˛‰‡ÂÏ ÌÂÍÓÚÓÓÂ ÔÓÏÂÊÛ-
ÚÓ˜ÌÓÂ ÒÓÒÚÓflÌËÂ, ÍÓ„‰‡ Â˘Â ÌÂ Á‡ÙËÍÒËÓ‚‡ÎÒfl
‚˚·Ó ÏÂÊ‰Û ‰‚ÛÏfl „ÂÌ‡ÏË, ‚˚ÔÓÎÌfl˛˘ËÏË Ó‰ÌÛ
ÙÛÌÍˆË˛, ÎË·Ó ÙÛÌÍˆËË ‰‚Ûı ·ÂÎÍÓ‚ ÌÂÒÍÓÎ¸ÍÓ
‡ÁÎË˜Ì˚. ùÚÓ ÔÓ‰‰‡ÂÚÒfl ˝ÍÒÔÂËÏÂÌÚ‡Î¸ÌÓÈ
ÔÓ‚ÂÍÂ – Í‡Í ÔÛÚÂÏ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÈ ËÌ‡ÍÚË-
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‚‡ˆËË ‰‚Ûı ‚‡Ë‡ÌÚÓ‚, Ú‡Í Ë ÔÛÚÂÏ ËÏËÚ‡ˆËË „ÓË-
ÁÓÌÚ‡Î¸Ì˚ı ÔÂÂÌÓÒÓ‚ – ‚ÌÂÒÂÌËfl (ÔÂÂÌÂÒÂÌÌÓ-
„Ó) ‚‡Ë‡ÌÚ‡ ‚ „ÂÌÓÏ, Ò ËÎË ·ÂÁ ËÌ‡ÍÚË‚‡ˆËË ÓË-
„ËÌ‡Î¸ÌÓ„Ó „ÂÌ‡.

ç‡ÒÚÓfl˘‡fl ‡·ÓÚ‡ ÓÒÌÓ‚‡Ì‡ Ì‡ ÔÂ‰‚‡ËÚÂÎ¸-
Ì˚ı ÔÛ·ÎËÍ‡ˆËflı [1, 2, 18].

Ä‚ÚÓ˚ ·Î‡„Ó‰‡flÚ û. ÇÛÎ¸Ù‡, ÔÂ‰ÓÒÚ‡‚Ë‚-
¯Â„Ó ËÒıÓ‰ÌÛ˛ ‚˚·ÓÍÛ ‰Îfl Ò˜ÂÚ‡, Ë Ö. äÛÌËÌ‡ Á‡
ÔÓÎÂÁÌÓÂ Ó·ÒÛÊ‰ÂÌËÂ, ÔÓÏÓ˘¸ Ë ÒÓÚÛ‰ÌË˜ÂÒÚ‚Ó,
‡ Ú‡ÍÊÂ ÂˆÂÌÁÂÌÚ‡ Á‡ ËÌÚÂÂÒÌ˚Â Ë ÔÓÎÂÁÌ˚Â
‰Îfl Ì‡Ò Á‡ÏÂ˜‡ÌËfl.

ê‡·ÓÚ‡ ÔÓÎÛ˜ËÎ‡ ÙËÌ‡ÌÒÓ‚Û˛ ÔÓ‰‰ÂÊÍÛ „‡Ì-
ÚÓ‚ åÂ‰ËˆËÌÒÍÓ„Ó àÌÒÚËÚÛÚ‡ ÉÓ‚‡‰‡ ï¸˛Á‡ (HH-
MI, 55000309) Ë àÌÒÚËÚÛÚ‡ ËÒÒÎÂ‰Ó‚‡ÌËfl ‡Í‡ ã˛-
‰‚Ë„‡ (LICR, CRDF RBO-1268). 
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Identification of Horizontal Gene Transfer from Phylogenetic Gene Trees
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We suggest a new procedure to search for the genes with horizontal transfer events in their evolutionary history.
The search is based on analysis of topology difference between the phylogenetic trees of gene (protein) groups
and the corresponding phylogenetic species trees. Numeric values are introduced to measure the discrepancy
between the trees. This approach was applied to analyze 40 prokaryotic genomes classified into 132 classes of
orthologs. This resulted in a list of the candidate genes for which the hypothesis of horizontal transfer in evo-
lution looks true.


