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ëÓ‚ÂÏÂÌÌ˚Â ˛Í‡„Ë˚ – ÔÓÚÓÏÍË ‰Â‚ÌÂ„Ó
ÏÓÌ„ÓÎÓË‰ÌÓ„Ó Ì‡ÒÂÎÂÌËfl, Ò‚flÁ‡ÌÌÓ„Ó „ÂÌÂÚË˜Â-
ÒÍÓÈ ÌÂÔÂ˚‚ÌÓÒÚ¸˛ Ë ÍÛÎ¸ÚÛÌÓÈ ÔÂÂÏÒÚ‚ÂÌ-
ÌÓÒÚ¸˛ Ò ÔÂ‚Ó·˚ÚÌ˚ÏË ÓıÓÚÌËÍ‡ÏË Ì‡ ÓÎÂÌfl Ë
ÎÓÒfl ëÂ‚ÂÌÓÈ Ö‚‡ÁËË [1]. ëÓ„Î‡ÒÌÓ ‡ıÂÓÎÓ„Ë-
˜ÂÒÍËÏ ‰‡ÌÌ˚Ï, Ëı ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌ˚Â ÔÂ‰ÍË
(Ô‡˛Í‡„Ë˚) Ì‡ÒÂÎflÎË ÁÓÌÛ ÚÛÌ‰˚ Ë ÒÂ‚ÂÌÓ„Ó
ÎÂÒ‡ ÓÚ ÖÌËÒÂfl ‰Ó ‚ÂıÓ‚¸Â‚ ÄÌ‡‰˚fl Ì‡ ÔÓÚfl-
ÊÂÌËË Ú˚Òfl˜ÂÎÂÚËÈ [2, 3]. èÂ‚˚Â ËÒÚÓË˜ÂÒÍËÂ
‰ÓÍÛÏÂÌÚ˚, ‰‡ÚËÛÂÏ˚Â ÒÂÂ‰ËÌÓÈ 

 

XVII

 

 ‚., ÛÍ‡-
Á˚‚‡˛Ú, ˜ÚÓ ˛Í‡„Ë˚ Ì‡Ò˜ËÚ˚‚‡ÎË ÓÍÓÎÓ 5 Ú˚Ò.
[4] Ë ‚Òfl ÔÓÔÛÎflˆËfl ·˚Î‡ ÔÓ‰‡Á‰ÂÎÂÌ‡ Ì‡ 12–
13 ÔÎÂÏÂÌ (ËÒ. 1). èÓÒÎÂ ÔËÒÓÂ‰ËÌÂÌËfl ˛Í‡„Ë-

ÒÍËı ÁÂÏÂÎ¸ Í êÛÒÒÍÓÏÛ „ÓÒÛ‰‡ÒÚ‚Û ˜ËÒÎÂÌÌÓÒÚ¸
˛Í‡„ËÓ‚ ÒÚ‡Î‡ ÒÓÍ‡˘‡Ú¸Òfl, ÔÂÊ‰Â ‚ÒÂ„Ó ËÁ-Á‡
ÓÔÛÒÚÓ¯ËÚÂÎ¸Ì˚ı ˝ÔË‰ÂÏËÈ ÓÒÔ˚ Ë ÍÓË. ä Ì‡˜‡-
ÎÛ 

 

XX

 

 ÒÚÓÎÂÚËfl ÓÚ ˛Í‡„ËÒÍÓ„Ó ˝ÚÌË˜ÂÒÍÓ„Ó ÔÎ‡-
ÒÚ‡ ÓÒÚ‡ÎËÒ¸ ÎË¯¸ ÌÂÒÍÓÎ¸ÍÓ ÚÂËÚÓË‡Î¸Ì˚ı
„ÛÔÔ – ‚ ÏÂÊ‰ÛÂ˜¸Â üÌ˚ Ë çËÊÌÂÈ àÌ‰Ë„ËÍË,
Ì‡ ÄÎ‡ÁÂÂ, çËÊÌÂÈ Ë ÇÂıÌÂÈ äÓÎ˚ÏÂ. àı Ó·˘‡fl
˜ËÒÎÂÌÌÓÒÚ¸, ‚ÍÎ˛˜‡fl ˛Í‡„ËÓ‚-˜Û‚‡ÌˆÂ‚ ÄÌ‡-
‰˚fl, ÌÂ ÔÂ‚˚¯‡Î‡ Ó‰ÌÓÈ Ú˚Òfl˜Ë ˜ÂÎÓ‚ÂÍ [5–7].
èÓ ÏÂÒÚÛ Ò‚ÓÂ„Ó Ó·ËÚ‡ÌËfl ˛Í‡„Ë˚ ÔÓ‰‡Á‰ÂÎfl-
ÎËÒ¸ Ì‡ ÚÛÌ‰Ó‚˚ı ÓıÓÚÌËÍÓ‚ Ì‡ ‰ËÍÓ„Ó ÒÂ‚ÂÌÓ-
„Ó ÓÎÂÌfl Ë Ú‡ÂÊÌ˚ı ÓıÓÚÌËÍÓ‚ Ì‡ ÎÓÒfl. ä Ì‡ÒÚÓfl-
˘ÂÏÛ ‚ÂÏÂÌË ˛Í‡„Ë˚ ÔÓ˜ÚË ÔÓÎÌÓÒÚ¸˛ ÒÏÂ¯‡-
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àÒıÓ‰fl ËÁ ‰‡ÌÌ˚ı ÔÓ ËÁÏÂÌ˜Ë‚ÓÒÚË ÔÂ‚Ó„Ó „ËÔÂ‚‡Ë‡·ÂÎ¸ÌÓ„Ó ÒÂ„ÏÂÌÚ‡ ÏÚÑçä, ‚˚ÔÓÎÌÂÌ ÒÚ‡ÚË-
ÒÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ „ÂÌÌÓ„Ó ‡ÁÌÓÓ·‡ÁËfl ˛Í‡„ËÓ‚ ‚ Ò‡‚ÌÂÌËË Ò ‰Û„ËÏË ÔÓÔÛÎflˆËflÏË ÍÓÂÌÌ˚ı
ÊËÚÂÎÂÈ ëË·ËË. ìÓ‚ÂÌ¸ „ÂÌÌÓ„Ó ‡ÁÌÓÓ·‡ÁËfl (

 

GD

 

) ÏÚÑçä ˛Í‡„ËÓ‚ ÒÓÒÚ‡‚ÎflÂÚ 0.920, Ï‡ÎÓ ÓÚ-
ÎË˜‡flÒ¸ ÓÚ ‡Ì‡ÎÓ„Ë˜ÌÓÈ ÓˆÂÌÍË, ı‡‡ÍÚÂÌÓÈ ‰Îfl ‰Û„Ëı ÔÓÔÛÎflˆËÈ ëË·ËË. èË‚Â‰ÂÌ˚ ËÌÚÂ„‡Î¸-
Ì˚Â ÓˆÂÌÍË „ÂÌÂÚË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚ ÒË·ËÒÍËı ÔÓÔÛÎflˆËÈ (

 

k

 

, 

 

S

 

, 

 

θ

 

S

 

, 

 

π

 

). îËÎÓ„ÂÌÂÚË˜ÂÒÍËÈ ‡Ì‡ÎËÁ,
‚˚ÔÓÎÌÂÌÌ˚È ÏÂÚÓ‰ÓÏ “·ÎËÊ‡È¯Ëı ÒÓÒÂ‰ÂÈ”, ÛÍ‡Á˚‚‡ÂÚ, ̃ ÚÓ ÒË·ËÒÍËÂ ÔÓÔÛÎflˆËË ÍÎ‡ÒÚÂËÁÛ˛ÚÒfl
ÌÂÁ‡‚ËÒËÏÓ ÓÚ flÁ˚ÍÓ‚ÓÈ ÔËÌ‡‰ÎÂÊÌÓÒÚË. éÚËˆ‡ÚÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl 

 

F

 

S

 

, Ì‡È‰ÂÌÌ˚Â Û ̨ Í‡„ËÓ‚, ÛÍ‡-
Á˚‚‡˛Ú ‚ ÔÓÎ¸ÁÛ ‚ÓÁÏÓÊÌÓ„Ó ‚ÎËflÌËfl ‡‰‡ÔÚË‚ÌÓ„Ó ÓÚ·Ó‡.

 

ìÑä 575.1:599.9
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êËÒ. 1.

 

 í‡‰ËˆËÓÌÌ‡fl ÚÂËÚÓËfl Ó·ËÚ‡ÌËfl ˛Í‡„ËÒÍËı ÔÎÂÏÂÌ ‚ 

 

XVII

 

 ‚. [4]. óÂÌ˚ÏË ÍÛÊÓ˜Í‡ÏË Ó·ÓÁÌ‡˜ÂÌ˚ ÒÓ-
‚ÂÏÂÌÌ˚Â ÔÓÒÂÎÍË, ‚ ÍÓÚÓ˚ı ÔÓ‚Ó‰ËÎË ˝ÍÒÔÂ‰ËˆËÓÌÌ˚Â Ò·Ó˚ ÔÓ· ÍÓ‚Ë ‰Îfl ‡Ì‡ÎËÁ‡ ÏÚÑçä (‰ÓÔÓÎÌËÚÂÎ¸Ì‡fl
ËÌÙÓÏ‡ˆËfl ÔË‚Â‰ÂÌ‡ ‚ [9]). 
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ÎËÒ¸ Ò ÛÒÒÍËÏË, flÍÛÚ‡ÏË, ˝‚ÂÌ‡ÏË Ë ˜ÛÍ˜‡ÏË [8].
èÓ˝ÚÓÏÛ ÔÓ·˚ ÍÓ‚Ë ‰Îfl ÔÓÎÛ˜ÂÌËfl ÏÚÑçä
(ÏËÚÓıÓÌ‰Ë‡Î¸Ì‡fl Ñçä) ·‡ÎË ÚÓÎ¸ÍÓ Û ÎËˆ, Ó-
‰ÓÒÎÓ‚Ì˚Â ÍÓÚÓ˚ı ÒÓ‰ÂÊ‡ÎË Ò‚Â‰ÂÌËfl Ó· Ëı
ÔËÌ‡‰ÎÂÊÌÓÒÚË Í ˛Í‡„ËÒÍÓÏÛ Ó‰Û-ÔÎÂÏÂÌË ÔÓ
ÎËÌËË Ï‡ÚÂË [9].

ÑÓ Ò‡ÏÓ„Ó ÌÂ‰‡‚ÌÂ„Ó ‚ÂÏÂÌË ÏËÚÓıÓÌ‰Ë‡Î¸-
Ì˚È „ÂÌÓÙÓÌ‰ ˛Í‡„ËÓ‚ ÓÒÚ‡‚‡ÎÒfl Ï‡ÎÓËÁÛ˜ÂÌ-
Ì˚Ï. ä‡ÚÍËÂ Ò‚Â‰ÂÌËfl, ÓÔÛ·ÎËÍÓ‚‡ÌÌ˚Â 

 

Torroni
et

 

 

 

al

 

. [10] Ë 

 

Pakendorf

 

 

 

et

 

 

 

al

 

. [11], ‚ ÒËÎÛ Ï‡ÎÓÈ ‚˚-
·ÓÍË Ë “ÌËÁÍÓ‡ÁÂ¯‡˛˘Ëı” ÏÂÚÓ‰Ó‚ ‡Ì‡ÎËÁ‡
ËÁÏÂÌ˜Ë‚ÓÒÚË ÏÚÑçä ÓÍ‡Á‡ÎËÒ¸ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ
ËÌÙÓÏ‡ÚË‚Ì˚ÏË ‰Îfl ÙËÎÓ„ÂÓ„‡ÙË˜ÂÒÍËı Â-
ÍÓÌÒÚÛÍˆËÈ. àÒ˜ÂÔ˚‚‡˛˘ËÂ ÂÁÛÎ¸Ú‡Ú˚ ÔÓ ËÁ-
ÏÂÌ˜Ë‚ÓÒÚË Ë ˝‚ÓÎ˛ˆËË ÏÚÑçä-„ÂÌÓÏ‡ Û ˛Í‡„Ë-
Ó‚ àÌ‰Ë„ËÍË, ÄÎ‡ÁÂË, äÓÎ˚Ï˚ Ë ÄÌ‡‰˚fl ÔÓ-
ÎÛ˜ÂÌ˚ ÇÓÎÓ‰¸ÍÓ Ë ÒÓ‡‚Ú. [9]. Ç Ì‡ÒÚÓfl˘ÂÏ
ÒÓÓ·˘ÂÌËË ÔË‚Â‰ÂÌ˚ ËÌÚÂ„‡Î¸Ì˚Â ÓˆÂÌÍË „Â-
ÌÂÚË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚ ÒË·ËÒÍËı ÔÓÔÛÎflˆËÈ,
ÔÂÊ‰Â ‚ÒÂ„Ó – ˛Í‡„ËÓ‚, Ò ÍÓÌÂ˜ÌÓÈ ˆÂÎ¸˛ ‚˚-
fl‚ËÚ¸ ‚ÓÁÏÓÊÌÓÂ ÓÚÍÎÓÌÂÌËÂ ÓÚ ÒÚ‡Ì‰‡ÚÌÓÈ ÏÓ-
‰ÂÎË ÌÂÈÚ‡Î¸ÌÓÈ ˝‚ÓÎ˛ˆËË.

 

åÄíÖêàÄãõ à åÖíéÑõ

 

ÉÂÌÌÓÂ ‡ÁÌÓÓ·‡ÁËÂ (

 

GD

 

) [12], ̃ ËÒÎÓ „‡ÔÎÓÚË-
ÔÓ‚ (

 

k

 

) Ë ÒÂ„Â„‡ˆËÓÌÌ˚ı Ò‡ÈÚÓ‚ (

 

S

 

), ÓˆÂÌÍÛ ˝Ù-
ÙÂÍÚË‚ÌÓ„Ó ‡ÁÏÂ‡ ÔÓÔÛÎflˆËË (

 

θ

 

S

 

), ÒÂ‰ÌÂÂ ˜ËÒÎÓ
ÔÓÔ‡Ì˚ı ÌÛÍÎÂÓÚË‰Ì˚ı ‡ÁÎË˜ËÈ (

 

π

 

), ÒÚ‡ÚËÒÚË˜Â-
ÒÍËÂ ÚÂÒÚ˚ ‰Îfl ÔÓ‚ÂÍË „ËÔÓÚÂÁ˚ ÌÂÈÚ‡Î¸ÌÓÈ
˝‚ÓÎ˛ˆËË (

 

D

 

 í‡‰ÊËÏ˚ Ë 

 

F

 

S

 

 îÛ) [13, 14] Ë ÒÚ‡ÚË-
ÒÚË˜ÂÒÍÛ˛ ‰ÓÒÚÓ‚ÂÌÓÒÚ¸ ˝ÚËı ‚ÂÎË˜ËÌ ‚˚˜ËÒÎfl-
ÎË, ËÒÔÓÎ¸ÁÛfl ÔÓ„‡ÏÏÛ 

 

Arlequin

 

 2.000 [15]. ÉÂÌÂ-
ÚË˜ÂÒÍËÂ ‡ÒÒÚÓflÌËfl (

 

D

 

A

 

) ‚˚˜ËÒÎflÎË ÒÓ„Î‡ÒÌÓ
[16]. ç‡ ÓÒÌÓ‚Â ÔÓÎÛ˜ÂÌÌ˚ı ‡ÒÒÚÓflÌËÈ ÏÂÚÓ‰ÓÏ
“·ÎËÊ‡È¯Ëı ÒÓÒÂ‰ÂÈ” [17] ‚˚ÔÓÎÌflÎË ÍÎ‡ÒÚÂ-
Ì˚È ‡Ì‡ÎËÁ, ËÒÔÓÎ¸ÁÛfl ÔÓ„‡ÏÏÛ 

 

NJBAFD

 

 [18]. 
ÑÎfl ÏÂÊÔÓÔÛÎflˆËÓÌÌÓ„Ó ‡Ì‡ÎËÁ‡ ËÒÔÓÎ¸ÁÓ‚‡-

ÎË ˜‡ÒÚÓÚ˚ ÒÛ·„‡ÔÎÓ„ÛÔÔ, ı‡‡ÍÚÂËÁÛ˛˘ËÂ ÍÓ-
ÂÌÌ˚ı ÊËÚÂÎÂÈ ëË·ËË (22 ÔÓÔÛÎflˆËË). ëÚÂÔÂÌ¸
„ÂÌÌÓ„Ó ‡ÁÌÓÓ·‡ÁËfl ËÁÛ˜‡ÎË ÔÓ ÔÓÎËÏÓÙËÁÏÛ
ÌÛÍÎÂÓÚË‰Ì˚ı Ò‡ÈÚÓ‚ ‚ ÔÂ‚ÓÏ „ËÔÂ‚‡Ë‡·ÂÎ¸-
ÌÓÏ ÒÂ„ÏÂÌÚÂ ÏÚÑçä (16017–16390 ÔÌ).

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

àÌÚÂ„‡Î¸Ì˚Â ÓˆÂÌÍË „ÂÌÂÚË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚

 

Ç Ú‡·ÎËˆÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÓˆÂÌÍË „ÂÌÌÓ„Ó ‡Á-
ÌÓÓ·‡ÁËfl (

 

GD

 

), ‚˚fl‚ÎÂÌÌ˚Â Û ˛Í‡„ËÓ‚ ‚ Ò‡‚-
ÌÂÌËË Ò ‰Û„ËÏË ÔÓÔÛÎflˆËflÏË ÍÓÂÌÌ˚ı ÊËÚÂÎÂÈ
ëË·ËË. éÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ÚÛÌ‰Ó‚˚Â ˛Í‡„Ë˚ ÓÚ-
ÎË˜‡˛ÚÒfl Ò‡‚ÌËÚÂÎ¸ÌÓ ÌËÁÍËÏ ‡ÁÌÓÓ·‡ÁËÂÏ
(0.873), ‚˚Á‚‡ÌÌ˚Ï ÌÂ‡‚ÌÓÏÂÌ˚Ï ‡ÒÔÂ‰ÂÎÂ-
ÌËÂÏ ÏÚÑçä „‡ÔÎÓÚËÔÓ‚. ïÓÚfl ‚Òfl ÔÓÔÛÎflˆËfl ÒÓ-
‰ÂÊËÚ 23 „‡ÔÎÓÚËÔ‡, ÚÓÎ¸ÍÓ Ó‰ËÌ ËÁ ÌËı (ë2‡)
Ó·Ì‡ÛÊÂÌ Ò ÌÂ·˚‚‡ÎÓ ‚˚ÒÓÍÓÈ ˜‡ÒÚÓÚÓÈ (41.5%)
[9]. èÂ‰ÔÓÎÓÊËÚÂÎ¸ÌÓ ÔÂ‚ÓÔË˜ËÌÓÈ Ó˜Â‚Ë‰-
ÌÓ„Ó ‰ÂÈÙ‡ „ÂÌÓ‚ ÔÓÒÎÛÊËÎË ÂÁÍÓÂ ÒÓÍ‡˘ÂÌËÂ

˜ËÒÎÂÌÌÓÒÚË ˛Í‡„ËÓ‚ ËÁ-Á‡ ˝ÔË‰ÂÏËÈ, ÓÒÓ·ÂÌÌÓ
˜‡ÒÚ˚ı Ì‡ ÔÓÚflÊÂÌËË 

 

XIX

 

 ÒÚÓÎÂÚËfl, Ë ÔÓÒÎÂ‰Û˛-
˘‡fl „ÂÓ„‡ÙË˜ÂÒÍ‡fl ËÁÓÎflˆËfl ÚÛÌ‰Ó‚˚ı ˛Í‡„Ë-
Ó‚ çËÊÌÂÈ àÌ‰Ë„ËÍË, äÓÎ˚Ï˚ Ë ÄÎ‡ÁÂË [6].
åËÌËÏ‡Î¸Ì˚Ï „ÂÌÌÓÂ ‡ÁÌÓÓ·‡ÁËÂ ÓÍ‡Á‡ÎÓÒ¸ Û
Û‰˝„ÂÈˆÂ‚ Ë ÌË‚ıÓ‚ (0.860 Ë 0.849 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ), Ï‡ÍÒËÏ‡Î¸Ì˚Ï – Û Ï‡ÌÒË, ÚÛ‚ËÌˆÂ‚ Ë flÍÛÚÓ‚
(0.972, 0.972 Ë 0.964). èË˜ËÌ‡ ‚˚fl‚ÎÂÌÌ˚ı ‡ÁÎË-
˜ËÈ ÍÓÂÚÒfl, ÔÓ-‚Ë‰ËÏÓÏÛ, ‚ Ëı ‡ÁÌÓÈ ‰ÂÏÓ„‡-
ÙË˜ÂÒÍÓÈ ËÒÚÓËË, ‚ ˜‡ÒÚÌÓÒÚË ‚ ÔÓÚÓÍÂ „ÂÌÓ‚
ÏÂÊ‰Û ÒÓÒÂ‰ÌËÏË ‰ÂÏ‡ÏË [19]. éÚÌÓÒËÚÂÎ¸ÌÓ ‚Â-
ÎË˜ËÌ˚ 

 

θ

 

S 

 

ÏËÌËÏ‡Î¸Ì˚Â ÁÌ‡˜ÂÌËfl Ì‡È‰ÂÌ˚ ‚ ÔÓ-
ÔÛÎflˆËflı Ì„‡Ì‡Ò‡Ì, ÚÓÙ‡Î‡, Û‰˝„ÂÈˆÂ‚, ÌË‚ıÓ‚,
˜‡ÛÌÒÍËı ˜ÛÍ˜ÂÈ, ‡ Ï‡ÍÒËÏ‡Î¸Ì˚Â – Û ÚÛ‚ËÌˆÂ‚ Ë
flÍÛÚÓ‚, ÚÓ„‰‡ Í‡Í ‰Îfl ˛Í‡„ËÓ‚ ı‡‡ÍÚÂÌ˚ ÔÓ-
ÏÂÊÛÚÓ˜Ì˚Â ÁÌ‡˜ÂÌËfl. ëÚÓËÚ ÓÚÏÂÚËÚ¸, ̃ ÚÓ ÔÓÍ‡-
Á‡ÚÂÎ¸ 

 

θ

 

S

 

 Á‡‚ËÒËÚ ÓÚ ÒÓ‚ÓÍÛÔÌÓ„Ó ‚ÎËflÌËfl ÏÌÓ„Ëı
Ù‡ÍÚÓÓ‚, ‚ ÚÓÏ ̃ ËÒÎÂ ̋ ÙÙÂÍÚË‚ÌÓ„Ó ‡ÁÏÂ‡ ÔÓ-
ÔÛÎflˆËË, ‰ÂÈÙ‡, ÓÚ·Ó‡ Ë ‡ÁÏÂ‡ ‚˚·ÓÍË [20]. 

åÂÊÔÓÔÛÎflˆËÓÌÌÓÂ Ò‡‚ÌÂÌËÂ ÒÂ‰ÌÂ„Ó ˜ËÒÎ‡
ÔÓÔ‡Ì˚ı ÌÛÍÎÂÓÚË‰Ì˚ı ‡ÁÎË˜ËÈ ÔÓÍ‡Á‡ÎÓ, ˜ÚÓ
ÚÓÙ‡Î‡˚ ‚˚‰ÂÎfl˛ÚÒfl ËÁ Ó·˘Â„Ó fl‰‡ Ò‡‚ÌË-
ÚÂÎ¸ÌÓ ‚˚ÒÓÍÓÈ ÓˆÂÌÍÓÈ (

 

π 

 

= 6.598). èÓ-‚Ë‰ËÏÓ-
ÏÛ, Á‡ Ò˜ÂÚ ‚˚ÒÓÍÓÈ ˜‡ÒÚÓÚ˚ Ó‰ÌÓ„Ó ËÁ 11 „‡ÔÎÓ-
ÚËÔÓ‚ (21%), ÚÓ„‰‡ Í‡Í ÓÒÚ‡Î¸Ì˚Â 10 ‚‡¸ËÛ˛Ú ‚
ÔÂ‰ÂÎ‡ı ÓÚ 4.5 ‰Ó 15% [19].

 

éˆÂÌÍ‡ ÒÚÂÔÂÌË ÒıÓ‰ÒÚ‚‡ Ë ‡ÁÎË˜ËÈ 

 

ÑÎfl ÓˆÂÌÍË ÒÚÂÔÂÌË ‰ËÙÙÂÂÌˆË‡ˆËË ÒË·Ë-
ÒÍËı ÔÓÔÛÎflˆËÈ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÏÂÚÓ‰ “·ÎËÊ‡È¯Ëı
ÒÓÒÂ‰ÂÈ” [12]. àÁ ËÒ. 2 ‚Ë‰ÌÓ, ˜ÚÓ ÒË·ËÒÍËÂ ÔÓ-
ÔÛÎflˆËË ÍÎ‡ÒÚÂËÁÛ˛ÚÒfl ÌÂÁ‡‚ËÒËÏÓ ÓÚ flÁ˚ÍÓ‚ÓÈ
ÔËÌ‡‰ÎÂÊÌÓÒÚË. èÓ Í‡ÈÌÂÈ ÏÂÂ, Ó‰ËÌ ËÁ ‰‚Ûı
ÍÎ‡ÒÚÂÓ‚ Ò„ÛÔÔËÓ‚‡Ì ËÁ ÔÓÔÛÎflˆËÈ, ÔËÌ‡‰ÎÂ-
Ê‡˘Ëı Í ‡ÎÚ‡ÈÒÍÓÈ ËÎË Û‡Î¸ÒÍÓÈ flÁ˚ÍÓ‚ÓÈ ÒÂ-
Ï¸Â. ä‡Í Ë ÒÎÂ‰Ó‚‡ÎÓ ÓÊË‰‡Ú¸ ËÁ ÒÓ·˚ÚËÈ ÌÂ‰‡‚-
ÌÂÈ ËÒÚÓËË, ÎÂÒÌ˚Â Ë ÚÛÌ‰Ó‚˚Â ˛Í‡„Ë˚ „ÛÔ-
ÔËÛ˛ÚÒfl Ò Ì„‡Ì‡Ò‡Ì‡ÏË Ë ˝‚ÂÌÍ‡ÏË. Ç ÔÂ‰ÂÎ‡ı
‚ÚÓÓ„Ó ÍÎ‡ÒÚÂ‡ Ó·‡˘‡ÂÚ Ì‡ ÒÂ·fl ‚ÌËÏ‡ÌËÂ ÔÓ-
Ô‡ÌÓÂ ÒıÓ‰ÒÚ‚Ó „ÂÓ„‡ÙË˜ÂÒÍË ·ÎËÁÍËı ÒÓÒÂ‰ÂÈ:
ÍÓflÍÓ‚ Ë ËÚÂÎ¸ÏÂÌÓ‚, ˜Û‚‡ÌˆÂ‚ Ë ˜‡ÛÌÒÍËı ˜ÛÍ-
˜ÂÈ, ÛÎ¸˜ÂÈ Ë ÌË‚ıÓ‚.

 

êÓÎ¸ ÂÒÚÂÒÚ‚ÂÌÌÓ„Ó ÓÚ·Ó‡ ‚ Á‡ÒÂÎÂÌËË ‡ÈÓÌÓ‚ 
ÄÍÚËÍË Ë ëÛ·‡ÍÚËÍË ˜ÂÎÓ‚ÂÍÓÏ 

 

ë ÌÂ‰‡‚ÌÂ„Ó ‚ÂÏÂÌË ‚ ÎËÚÂ‡ÚÛÂ ‚ÒÂ ˜‡˘Â
Ó·ÒÛÊ‰‡ÂÚÒfl ‚ÂÓflÚÌ‡fl ÓÎ¸ ‡‰‡ÔÚË‚ÌÓ„Ó ÓÚ·Ó‡
ÔË ÙÓÏËÓ‚‡ÌËË ÏÚÑçä-„ÂÌÓÙÓÌ‰‡ ÔÓÔÛÎfl-
ˆËÈ ˜ÂÎÓ‚ÂÍ‡ ÒÓ‚ÂÏÂÌÌÓ„Ó ‚Ë‰‡ ÔÓ ÏÂÂ Ëı ÔÓ-
‰‚ËÊÂÌËfl ‚ ÒÂ‚ÂÌ˚Â ¯ËÓÚ˚ [21–26]. èÂ‰ÔÓÎÓ-
ÊËÚÂÎ¸ÌÓ ÌÂÍÓÚÓ˚Â ÏÛÚ‡ˆËË ‚ ÏÓÎÂÍÛÎÂ ÏÚÑçä
ÒÔÓÒÓ·ÒÚ‚Û˛Ú ‡ÁÓ·˘ÂÌË˛ ÓÍËÒÎËÚÂÎ¸ÌÓ„Ó ÙÓÒ-
ÙÓËÎËÓ‚‡ÌËfl Ë ÚÂÏ Ò‡Ï˚Ï Û‚ÂÎË˜Ë‚‡˛Ú ‚˚‡-
·ÓÚÍÛ ÚÂÔÎ‡, ÔË‰‡‚‡fl ÒÂÎÂÍÚË‚ÌÓÂ ÔÂËÏÛ˘Â-
ÒÚ‚Ó Ó‰ÌËÏ „‡ÔÎÓÚËÔ‡Ï Á‡ Ò˜ÂÚ ‰Û„Ëı. Ç ÍÓÌÂ˜-
ÌÓÏ Ò˜ÂÚÂ ÌÓÒËÚÂÎË ÌÂ·ÓÎ¸¯Ó„Ó ˜ËÒÎ‡ ÏÚÑçä-
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ÇÓÎÓ‰¸ÍÓ 

 

Ë ‰

 

.

 

éˆÂÌÍË ‡ÁÌÓÓ·‡ÁËfl ÏÚÑçä ˛Í‡„ËÓ‚ Ë ‰Û„Ëı ÍÓÂÌÌ˚ı ÊËÚÂÎÂÈ ëË·ËË

èÓÔÛÎflˆËfl

 

n

 

GD

 

 (

 

SD

 

)

 

k S

 

θ

 

S

 

 (

 

SD

 

)

 

π

 

 (

 

SD

 

)

 

D

 

 í‡‰ÊËÏ˚

 

F

 

S

 

 îÛ

ûÍ‡„Ë˚: 155 0.920 (0.015) 37 43 7.646 (2.043) 5.180 (2.791) –0.969 –12.993*

ÚÛÌ‰Ó‚˚Â 82 0.873 (0.027) 23 32 6.413 (1.933) 4.147 (2.309) –1.106 –6.513*

ÎÂÒÌ˚Â 18 0.936 (0.032) 11 25 7.153 (2.776) 5.918 (3.303) –0.676 –1.341

˜Û‚‡Ìˆ˚ 32 0.915 (0.026) 14 22 5.463 (1.983) 5.694 (3.116) 0.147 –1.588

˛Í‡„Ë˚/˝‚ÂÌ˚ 23 0.913 (0.039) 13 28 7.498 (2.756) 6.246 (3.426) –0.626 –1.711

ç„‡Ì‡Ò‡Ì˚: 39 0.891 (0.023) 12 22 5.204 (1.838) 4.534 (2.532) –0.432 –0.545

‚‡‰ÂÂ‚ÒÍËÂ 17 0.853 (0.047) 6 12 3.550 (1.567) 3.912 (2.309) 0.383 1.339

‡‚‡ÏÒÍËÂ 22 0.887 (0.043) 10 20 5.486 (2.139) 4.810 (2.724) –0.459 –0.662

å‡ÌÒË 98 0.972 (0.006) 44 59 11.441 (3.110) 6.261 (3.320) –1.457 –24.028**

íÛ·‡Î‡˚ 72 0.942 (0.011) 25 54 11.141 (3.195) 6.081 (3.246) –1.504 –5.317

íÛ‚ËÌˆ˚ 96 0.972 (0.008) 51 64 12.266 (3.320) 5.871 (3.134) –1.698* –25.231**

íÓÙ‡Î‡˚ 46 0.899 (0.020) 11 30 6.826 (2.246) 6.598 (3.524) –0.112 2.277

üÍÛÚ˚ 178 0.964 (0.006) 65 67 11.640 (2.883) 6.329 (3.337) –1.398 –24.859**

ÅÛflÚ˚ 25 0.940 (0.026) 14 33 8.740 (3.131) 5.727 (3.162) –1.298 –2.747

ìÎ¸˜Ë 87 0.920 (0.023) 36 38 7.544 (2.202) 5.801 (3.104) –0.730 –16.351**

ù‚ÂÌ˚ 64 0.952 (0.013) 28 37 7.825 (2.388) 6.138 (3.279) –0.706 –9.159*

ù‚ÂÌÍË 71 0.948 (0.011) 29 37 7.656 (2.304) 4.963 (2.708) –1.137 –12.262**

çÂ„Ë‰‡Î¸ˆ˚ 33 0.898 (0.030) 13 26 6.406 (2.258) 6.371 (3.445) –0.019 –0.329

ì‰˝„ÂÈˆ˚ 46 0.860 (0.032) 12 22 5.006 (1.730) 3.991 (2.257) –0.662 –0.638

àÚÂÎ¸ÏÂÌ˚ 46 0.921 (0.022) 17 22 5.006 (1.730) 4.338 (2.426) –0.436 –3.812*

äÓflÍË 147 0.922 (0.011) 36 39 7.009 (1.914) 5.587 (2.987) –0.608 –11.094*

ó‡ÛÌÒÍËÂ ˜ÛÍ˜Ë 40 0.937 (0.017) 17 21 4.937 (1.752) 5.903 (3.197) 0.650 –2.600

çË‚ıË 56 0.849 (0.028) 14 20 4.354 (1.496) 4.455 (2.472) 0.072 –0.868

äÂÚ˚ 38 0.882 (0.029) 13 31 7.378 (2.486) 6.694 (3.587) –0.323 0.363

 

èËÏÂ˜‡ÌËÂ. 

 

n

 

 – ˜ËÒÎÓ ËÌ‰Ë‚Ë‰Ó‚; 

 

GD

 

 – „ÂÌÌÓÂ ‡ÁÌÓÓ·‡ÁËÂ; 

 

k 

 

– ˜ËÒÎÓ „‡ÔÎÓÚËÔÓ‚; 

 

S

 

 – ˜ËÒÎÓ ÒÂ„Â„ËÛ˛˘Ëı Ò‡ÈÚÓ‚; 

 

θ

 

S

 

 – ÓˆÂÌÍ‡

 

θ

 

, ÓÒÌÓ‚‡ÌÌ‡fl Ì‡ ˜ËÒÎÂ ÒÂ„Â„ËÛ˛˘Ëı Ò‡ÈÚÓ‚; 

 

π

 

 – ÒÂ‰ÌÂÂ ˜ËÒÎÓ ÔÓÔ‡Ì˚ı ÌÛÍÎÂÓÚË‰Ì˚ı ‡ÁÎË˜ËÈ. ÑÎfl Ò‡‚ÌËÚÂÎ¸ÌÓ„Ó ‡Ì‡ÎËÁ‡
ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÌÛÍÎÂÓÚË‰Ó‚ ÉÇë

 

I

 

 (16017–16390 ÔÌ) ÔÓÔÛÎflˆËÈ, ËÁÛ˜ÂÌÌ˚ı Í‡Í ‚ Ì‡¯ÂÈ Î‡·Ó‡ÚÓËË, Ú‡Í Ë ‰Û-
„ËÏË ËÒÒÎÂ‰Ó‚‡ÚÂÎflÏË (˛Í‡„Ë˚/˝‚ÂÌ˚ – å‡ÁÛÌËÌ Ë ‰., ÌÂÓÔÛ·ÎËÍÓ‚‡ÌÌ˚Â ‰‡ÌÌ˚Â; ‡‚‡ÏÒÍËÂ Ì„‡Ì‡Ò‡Ì˚ [9, 27]; Ï‡ÌÒË [28]; ÍÂÚ˚
[27]; ÚÛ·‡Î‡˚, ÚÛ‚ËÌˆ˚, ÚÓÙ‡Î‡˚, ·ÛflÚ˚, ÛÎ¸˜Ë, ˝‚ÂÌÍË, ÌÂ„Ë‰‡Î¸ˆ˚, Û‰˝„ÂÈˆ˚, ÌË‚ıË [19]; ˜‡ÛÌÒÍËÂ ˜ÛÍ˜Ë [9]; ˝‚ÂÌ˚ [29];
ËÚÂÎ¸ÏÂÌ˚, ÍÓflÍË [30]; flÍÛÚ˚ [11]). * 

 

P

 

 < 0.05, ** 

 

P

 

 < 0.01.
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‚‡Ë‡ÌÚÓ‚ ÔËÓ·ÂÚ‡˛Ú ‚‡ÊÌÛ˛ ÓÎ¸ ‚ ‡‰‡ÔÚ‡-
ˆËË ˜ÂÎÓ‚ÂÍ‡ Í ıÓÎÓ‰Ó‚ÓÏÛ ÒÚÂÒÒÛ Ë ÔÓÒÎÂ‰Û˛-
˘ÂÈ ˝ÍÒÔ‡ÌÒËË.

ÑÎfl ÓˆÂÌÍË ‚ÎËflÌËfl ÓÚ·Ó‡ ‚ ÔÓˆÂÒÒÂ ÙÓÏË-
Ó‚‡ÌËfl ÏËÚÓıÓÌ‰Ë‡Î¸ÌÓ„Ó „ÂÌÓÙÓÌ‰‡ ˛Í‡„Ë-
Ó‚ Ï˚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÚÂÒÚ˚ í‡‰ÊËÏ˚ Ë îÛ (Ú‡·-
ÎËˆ‡). éÍ‡Á‡ÎÓÒ¸, ˜ÚÓ ÁÌ‡˜ÂÌËfl 

 

D

 

, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û-
˛˘ËÂ ‚ ÔÓÎ¸ÁÛ ‚ÎËflÌËfl ÓÚËˆ‡ÚÂÎ¸ÌÓ„Ó ÓÚ·Ó‡,
ı‡‡ÍÚÂÌ˚ ‰Îfl ·ÓÎ¸¯ËÌÒÚ‚‡ ÔÓÔÛÎflˆËÈ. é‰Ì‡ÍÓ
ÒÚ‡ÚËÒÚË˜ÂÒÍË ‰ÓÒÚÓ‚ÂÌ˚Â ÓˆÂÌÍË 

 

D

 

 ÔÓÎÛ˜ÂÌ˚
ÚÓÎ¸ÍÓ ‰Îfl ÚÛ‚ËÌˆÂ‚, ÚÓ„‰‡ Í‡Í ÔË ÔËÏÂÌÂÌËË

 

F

 

S

 

-ÒÚ‡ÚËÒÚËÍË ÓÚËˆ‡ÚÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl ÔÓÎÛ˜Â-
Ì˚ ‰Îfl ·ÓÎ¸¯ËÌÒÚ‚‡ ÔÓÔÛÎflˆËÈ, Á‡ ËÒÍÎ˛˜ÂÌËÂÏ
ÍÂÚÓ‚ Ë ÚÓÙ‡Î‡. èË ˝ÚÓÏ Ï‡ÍÒËÏ‡Î¸Ì˚Â ÁÌ‡˜Â-
ÌËfl 

 

F

 

S

 

 Ì‡È‰ÂÌ˚ Û ÚÛ‚ËÌˆÂ‚ Ë flÍÛÚÓ‚, ÏËÌËÏ‡Î¸-
Ì˚Â – Û Ì„‡Ì‡Ò‡Ì.

ç‡È‰ÂÌÌ˚Â Û ˛Í‡„ËÓ‚ ‰ÓÒÚÓ‚ÂÌÓ ÓÚËˆ‡-
ÚÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl 

 

F

 

S

 

 ÛÍ‡Á˚‚‡˛Ú ‚ ÔÓÎ¸ÁÛ ‚ÎËflÌËfl
ÓÚ·Ó‡. é‰Ì‡ÍÓ ÒÎÂ‰ÛÂÚ ËÏÂÚ¸ ‚ ‚Ë‰Û, ˜ÚÓ ÓÚËˆ‡-
ÚÂÎ¸Ì˚Â ÁÌ‡˜ÂÌËfl 

 

F

 

S

 

 ÏÓ„ÛÚ ÓÚ‡Ê‡Ú¸ Ë ÌÂ‰‡‚ÌËÈ
ÓÒÚ ˜ËÒÎÂÌÌÓÒÚË ÔÓÔÛÎflˆËË. èÓÒÎÂ‰ÌÂÂ ÒÓ·˚ÚËÂ
ÓÒÚ‡ÂÚÒfl „ËÔÓÚÂÚË˜ÂÒÍËÏ, ÔÓÒÍÓÎ¸ÍÛ ÔÓÔÛÎflˆËfl
˛Í‡„ËÓ‚ ÌÂ ÚÓÎ¸ÍÓ ÌÂ Û‚ÂÎË˜Ë‚‡Î‡Ò¸ ‚ ‡ÁÏÂÂ,
‡, Ì‡ÔÓÚË‚, ÁÌ‡˜ËÚÂÎ¸ÌÓ ÛÏÂÌ¸¯ËÎ‡Ò¸ [4].

èÓÒÍÓÎ¸ÍÛ ÒÚ‡ÚËÒÚË˜ÂÒÍËÂ ÚÂÒÚ˚ ÌÂÈÚ‡Î¸ÌÓ-
ÒÚË ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÏÂÂ Á‡‚ËÒflÚ ÓÚ ÔÓÔÛÎflˆËÓÌ-
ÌÓÈ ‰ËÌ‡ÏËÍË, ‰Îfl ‚˚flÒÌÂÌËfl ÓÎË ÂÒÚÂÒÚ‚ÂÌÌÓ„Ó

ÓÚ·Ó‡ ‚ ÙÓÏËÓ‚‡ÌËË ÏËÚÓıÓÌ‰Ë‡Î¸ÌÓ„Ó „Â-
ÌÓÙÓÌ‰‡ ÔÓÔÛÎflˆËÈ ÍÓÂÌÌ˚ı ÊËÚÂÎÂÈ ÔÓÎflÌÓÈ
ëË·ËË ·ÓÎÂÂ ‡ÍÚÛ‡Î¸Ì˚ÏË ÏÓ„ÛÚ ÓÍ‡Á‡Ú¸Òfl ÏÂ-
ÚÓ‰˚, ÓÒÌÓ‚‡ÌÌ˚Â Ì‡ Ò‡‚ÌÂÌËË ‚‡Ë‡·ÂÎ¸ÌÓÒÚË
ÌÂÒËÌÓÌËÏË˜Ì˚ı Ë ÒËÌÓÌËÏË˜Ì˚ı Ò‡ÈÚÓ‚ ‚ ÔÓÎ-
Ì˚ı ÏÚÑçä-„ÂÌÓÏ‡ı [25, 26]. 

ç‡ÒÚÓfl˘ÂÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ‚˚ÔÓÎÌÂÌÓ ÔË ÙËÌ‡Ì-
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Analysis of the Mitochondrial DNA Diversity in Yukaghirs 

in the Evolutionary Context

N. V. Volodko, N. P. Eltsov, E. B. Starikovskaya, and R. I. Sukernik
Institute of Cytology and Genetics, Russian Academy of Sciences, Siberian Division, Novosibirsk, 630090 Russia

e-mail: sukernik@bionet.nsc.ru

Based on the mtDNA first hypervariable segment sequence variation data, statistical analysis of the diversity
in Yukaghirs in comparison with the other indigenous populations of Siberia, was carried out. The level of the
Yukaghir mtDNA gene diversity (GD) constituted 0.920, which was only slightly different from the corre-
sponding estimate for the other Siberian populations. Integral estimates of the genetic structure of Siberian pop-
ulations (k, S, θS, and π) are presented. Phylogenetic analysis, performed using the neighbor-joining method,
showed that the Siberian populations clustered irrespectively to their language affiliation. Negative FS values
found in Yukaghirs pointed to the possible influence of adaptive selection.
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