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àÌÚÂÌÒË‚ÌÓÂ ‚ÌÂ‰ÂÌËÂ ÏÓÎÂÍÛÎflÌÓ-ˆËÚÓ„Â-
ÌÂÚË˜ÂÒÍËı ÚÂıÌÓÎÓ„ËÈ ‚ ËÁÛ˜ÂÌËÂ ÔÓ·ÎÂÏ „ÂÌÂ-
ÚËÍË ̋ Ï·ËÓÌ‡Î¸ÌÓ„Ó ‡Á‚ËÚËfl ̃ ÂÎÓ‚ÂÍ‡, ‡ Ú‡ÍÊÂ
‡Á‚ËÚËÂ ÔÂËÏÔÎ‡ÌÚ‡ˆËÓÌÌÓÈ „ÂÌÂÚË˜ÂÒÍÓÈ ‰Ë‡-
„ÌÓÒÚËÍË ‡ÍˆÂÌÚËÛ˛Ú ‚ÌËÏ‡ÌËÂ Ì‡ ÒÛ˘ÂÒÚ‚ÂÌ-
ÌÓÈ ÓÎË ÌÂÒÚ‡·ËÎ¸ÌÓÒÚË ̋ Ï·ËÓÌ‡Î¸ÌÓ„Ó „ÂÌÓÏ‡
‚ Ô‡ÚÓÎÓ„ËË ‚ÌÛÚËÛÚÓ·ÌÓ„Ó ÔÂËÓ‰‡ ‡Á‚ËÚËfl Ë
ÌÂ‚˚Ì‡¯Ë‚‡ÌËË ·ÂÂÏÂÌÌÓÒÚË. é‰ÌÓÈ ËÁ ÙÓÏ
„ÂÌÓÏÌÓÈ ÌÂÒÚ‡·ËÎ¸ÌÓÒÚË fl‚ÎflÂÚÒfl ıÓÏÓÒÓÏÌ˚È
ÏÓÁ‡ËˆËÁÏ, ÔË ÍÓÚÓÓÏ ‚ Ó„‡ÌËÁÏÂ, ‚ÓÁÌËÍ¯ÂÏ
ËÁ Ó‰ÌÓÈ ÓÔÎÓ‰ÓÚ‚ÓÂÌÌÓÈ flÈˆÂÍÎÂÚÍË, ËÏÂ˛ÚÒfl
‰‚Â ËÎË ·ÓÎÂÂ ÍÎÂÚÓ˜Ì˚Â ÎËÌËË Ò ‡ÁÎË˜ÌÓÈ ıÓ-
ÏÓÒÓÏÌÓÈ ÍÓÌÒÚËÚÛˆËÂÈ. àÒÒÎÂ‰Ó‚‡ÌËfl Í‡ËÓÚË-
Ô‡ ÓÚ‰ÂÎ¸Ì˚ı ·Î‡ÒÚÓÏÂÓ‚, ÔÓ‚Â‰ÂÌÌ˚Â ‚ ‡Ï-
Í‡ı ÔÓˆÂ‰Û ÔÂËÏÔÎ‡ÌÚ‡ˆËÓÌÌÓÈ ˆËÚÓ„ÂÌÂÚË-
˜ÂÒÍÓÈ ‰Ë‡„ÌÓÒÚËÍË, ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÓÚ 15 ‰Ó 85%
˝Ï·ËÓÌÓ‚, ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÏÓÙÓÎÓ„Ë˜ÂÒÍËı
ı‡‡ÍÚÂËÒÚËÍ (ÌÓÏ‡Î¸Ì˚Â ·Î‡ÒÚÓˆËÒÚ˚ ËÎË ·Î‡-
ÒÚÓˆËÒÚ˚, ÓÒÚ‡ÌÓ‚Ë‚¯ËÂÒfl ‚ ‡Á‚ËÚËË), ËÏÂ˛Ú
˜ËÒÎÓ‚˚Â ‡ÌÓÏ‡ÎËË ıÓÏÓÒÓÏ, ÔË˜ÂÏ ÒÛ˘ÂÒÚ‚ÂÌ-
Ì‡fl Ëı ˜‡ÒÚ¸ Ì‡ıÓ‰ËÚÒfl ‚ ÏÓÁ‡Ë˜ÌÓÏ ÒÓÒÚÓflÌËË
[1,

 

 

 

2]. ó‡ÒÚÓÚ‡ ıÓÏÓÒÓÏÌÓ„Ó ÏÓÁ‡ËˆËÁÏ‡ ‚ÓÁ‡Ò-
Ú‡ÂÚ ‚ ÔÂËÓ‰ ‰Ó·ÎÂÌËfl ·Î‡ÒÚÓÏÂÓ‚ ÓÚ 15% Ì‡
ÒÚ‡‰ËË 2–4 ÍÎÂÚÓÍ ‰Ó 50–60% Ì‡ ÒÚ‡‰ËË 5–8-ÍÎÂ-
ÚÓ˜ÌÓÈ ÏÓÛÎ˚ [3, 4], ‡ ÓÚ 8 ‰Ó 17% ·Î‡ÒÚÓˆËÒÚ Ó·-
Î‡‰‡˛Ú ı‡ÓÚË˜Ì˚Ï Í‡ËÓÚËÔÓÏ, Ú.Â. ËÏÂ˛Ú ÍÎÂÚ-
ÍË Ò ‡ÁÎË˜Ì˚ÏË ÍÓÏ·ËÌ‡ˆËflÏË ıÓÏÓÒÓÏÌ˚ı Ì‡-
Û¯ÂÌËÈ [5, 6]. ç‡ ·ÓÎÂÂ ÔÓÁ‰ÌËı ˝Ú‡Ô‡ı
‚ÌÛÚËÛÚÓ·ÌÓ„Ó ‡Á‚ËÚËfl (ÔÂ‚˚È ÚËÏÂÒÚ ·Â-
ÂÏÂÌÌÓÒÚË) ˜‡ÒÚÓÚ‡ ÏÓÁ‡Ë˜Ì˚ı ‚‡Ë‡ÌÚÓ‚ ‡ÌÂ-

ÛÔÎÓË‰ËÈ Û ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ ÒÓÒÚ‡‚ÎflÂÚ 20–
25% [7–9].

åÂı‡ÌËÁÏ˚, Ì‡Û¯‡˛˘ËÂ ÒÂ„Â„‡ˆË˛ ıÓÏÓ-
ÒÓÏ ‚ ıÓ‰Â ÍÎÂÚÓ˜ÌÓ„Ó ‰ÂÎÂÌËfl Ë ÔË‚Ó‰fl˘ËÂ Í
‡ÌÂÛÔÎÓË‰ËË Ë ÔÓÎËÔÎÓË‰ËË, ‚ ÔÓÒÎÂ‰ÌËÂ „Ó‰˚
‡ÍÚË‚ÌÓ Ó·ÒÛÊ‰‡˛ÚÒfl ‚ ÔÂ˜‡ÚË. ÉÎ‡‚Ì˚Ï Ó·‡ÁÓÏ
ÓÌË ËÒÒÎÂ‰Û˛ÚÒfl ‚ Ò‚flÁË Ò ‡Á‚ËÚËÂÏ ÁÎÓÍ‡˜Â-
ÒÚ‚ÂÌÌ˚ı ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌËÈ, ÔÓÒÍÓÎ¸ÍÛ ÍÎÂÚÍË
ÏÌÓ„Ëı ÒÓÎË‰Ì˚ı ÓÔÛıÓÎÂÈ ËÏÂ˛Ú ‡ÌÂÛÔÎÓË‰Ì˚È
Í‡ËÓÚËÔ, ‡ ‡ÁÎË˜Ì˚Â ÓÔÛıÓÎÂ‚˚Â ÍÎÂÚÓ˜Ì˚Â
ÎËÌËË ı‡‡ÍÚÂËÁÛ˛ÚÒfl ıÓÏÓÒÓÏÌÓÈ ÌÂÒÚ‡·ËÎ¸-
ÌÓÒÚ¸˛ [10]. çÂ ËÒÍÎ˛˜ÂÌÓ, ˜ÚÓ ÏÓÎÂÍÛÎflÌ˚Â
ÏÂı‡ÌËÁÏ˚, ÔË‚Ó‰fl˘ËÂ Í Ì‡Û¯ÂÌË˛ ÒÚ‡·ËÎ¸-
ÌÓÒÚË „ÂÌÓÏ‡ Í‡Í ÔË ÓÌÍÓÎÓ„Ë˜ÂÒÍËı ÔÓˆÂÒÒ‡ı,
Ú‡Í Ë ‚ ‡ÌÌÂÏ ˝Ï·ËÓ„ÂÌÂÁÂ, ÏÓ„ÛÚ ·˚Ú¸ Ó·˘Ë-
ÏË. é‰ÌËÏ ËÁ Ú‡ÍËı ÏÂı‡ÌËÁÏÓ‚ ÏÓ„ÛÚ fl‚ÎflÚ¸Òfl
˝ÔË„ÂÌÂÚË˜ÂÒÍËÂ ÂÓ„‡ÌËÁ‡ˆËË ıÓÏ‡ÚËÌ‡,
‚ÍÎ˛˜‡˛˘ËÂ ÏÂÚËÎËÓ‚‡ÌËÂ ˆËÚÓÁËÌÓ‚˚ı ÓÒÌÓ-
‚‡ÌËÈ Ñçä Ë ÍÓ‚‡ÎÂÌÚÌ˚Â ÏÓ‰ËÙËÍ‡ˆËË „ËÒÚÓ-
ÌÓ‚. àÁ‚ÂÒÚÌÓ, ˜ÚÓ Ó‰ÌËÏ ËÁ ‚‡ÊÌ˚ı Ù‡ÍÚÓÓ‚,
ÔË‚Ó‰fl˘Ëı Í Ì‡Û¯ÂÌËflÏ Â„ÛÎflˆËË ÍÎÂÚÓ˜ÌÓÈ
ÔÓÎËÙÂ‡ˆËË Ë ÒÚ‡·ËÎ¸ÌÓÒÚË „ÂÌÓÏ‡ ‚ ÔÓˆÂÒÒÂ
ÁÎÓÍ‡˜ÂÒÚ‚ÂÌÌÓ„Ó ÓÒÚ‡, fl‚ÎflÂÚÒfl „ËÔÂÏÂÚËÎË-
Ó‚‡ÌËÂ ÔÓÏÓÚÓÌ˚ı Â„ËÓÌÓ‚ „ÂÌÓ‚ ÍÓÌÚÓÎfl
ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡, Ó·ÛÒÎÓ‚ÎË‚‡˛˘ÂÂ Ëı ËÌ‡ÍÚË-
‚‡ˆË˛ [11]. èÂ‚˚Â ‰ÂÎÂÌËfl ‰Ó·ÎÂÌËfl ·Î‡ÒÚÓÏÂ-
Ó‚ Ú‡ÍÊÂ ı‡‡ÍÚÂËÁÛ˛ÚÒfl ÒÛÔÂÒÒËÂÈ ÍÓÌ-
ÚÓÎ¸Ì˚ı ÚÓ˜ÂÍ ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ [12]. äÓÏÂ
ÚÓ„Ó, ‚ ˝ÚÓÚ ÊÂ ÔÂËÓ‰ Ì‡˜ËÌ‡ÂÚÒfl ˝ÔË„ÂÌÂÚË˜Â-
ÒÍÓÂ ÂÔÓ„‡ÏÏËÓ‚‡ÌËÂ „ÂÌÓÏ‡, ÔË ÍÓÚÓÓÏ
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 ‚ ÔÎ‡ˆÂÌÚ‡Ì˚ı ÚÍ‡Ìflı ÒÔÓÌ-
Ú‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ ˜ÂÎÓ‚ÂÍ‡ ÔÂ‚Ó„Ó ÚËÏÂÒÚ‡ ·ÂÂÏÂÌÌÓÒÚË Ò ÏÓÁ‡Ë˜Ì˚ÏË ‚‡Ë‡ÌÚ‡ÏË ˜ËÒÎÓ‚˚ı
Ì‡Û¯ÂÌËÈ ıÓÏÓÒÓÏ, ‚ÂËÙËˆËÓ‚‡ÌÌ˚ÏË Ò ÔÓÏÓ˘¸˛ ÏÓÎÂÍÛÎflÌÓ-ˆËÚÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó ËÒÒÎÂ‰Ó-
‚‡ÌËfl. ÇÔÂ‚˚Â ‚˚fl‚ÎÂÌÓ ‡·Â‡ÌÚÌÓÂ ÏÂÚËÎËÓ‚‡ÌËÂ ÔÓÏÓÚÓÌÓ„Ó Â„ËÓÌ‡ „ÂÌ‡ Û 20% ‚ÌÛÚË-
ÛÚÓ·ÌÓ ÔÓ„Ë·¯Ëı ̋ Ï·ËÓÌÓ‚ Ò ıÓÏÓÒÓÏÌ˚Ï ÏÓÁ‡ËˆËÁÏÓÏ. å‡ÍÒËÏ‡Î¸Ì‡fl ̃ ‡ÒÚÓÚ‡ ̋ ÔËÏÛÚ‡ˆËÈ Á‡-
Â„ËÒÚËÓ‚‡Ì‡ ‚ „ÛÔÔÂ Á‡Ó‰˚¯ÂÈ Ò ÌËÁÍËÏ ÛÓ‚ÌÂÏ ‡ÌÓÏ‡Î¸Ì˚ı ÍÎÂÚÓÍ, ‰Îfl ÍÓÚÓ˚ı Ì‡Ë·ÓÎÂÂ
‚ÂÓflÚÌ˚ ÏËÚÓÚË˜ÂÒÍËÂ Ó¯Ë·ÍË ÔË ‚ÓÁÌËÍÌÓ‚ÂÌËË ÏÓÁ‡Ë˜ÌÓÈ ‡ÌÂÛÔÎÓË‰ËË ‚ ÔÂ‚Ë˜ÌÓ ˝ÛÔÎÓË‰-
Ì˚ı ÁË„ÓÚ‡ı. Ç˚‰‚ËÌÛÚÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ, ˜ÚÓ ‡·Â‡ÌÚÌ˚Â ˝ÔË„ÂÌÂÚË˜ÂÒÍËÂ ÏÓ‰ËÙËÍ‡ˆËË „ÂÌÓÏ‡ ‚
ıÓ‰Â ‡ÌÌËı ˝Ú‡ÔÓ‚ ˝Ï·ËÓÌ‡Î¸ÌÓ„Ó ‡Á‚ËÚËfl ˜ÂÎÓ‚ÂÍ‡ ÏÓ„ÛÚ fl‚ÎflÚ¸Òfl Ó‰ÌËÏ ËÁ ÔÛÒÍÓ‚˚ı ÏÂı‡ÌËÁ-
ÏÓ‚ „ÂÌÓÏÌÓÈ ÌÂÒÚ‡·ËÎ¸ÌÓÒÚË, Â‡ÎËÁÛÂÏÓÈ ‚ ÙÓÏÂ ÏÓÁ‡Ë˜Ì˚ı Ì‡Û¯ÂÌËÈ Í‡ËÓÚËÔ‡, ÌÂÒÓ‚ÏÂÒÚË-
Ï˚ı Ò ÌÓÏ‡Î¸Ì˚Ï ÚÂ˜ÂÌËÂÏ ˝Ï·ËÓ„ÂÌÂÁ‡.
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Ì‡ ÔÂ‚ÓÏ ˝Ú‡ÔÂ ÔÓËÒıÓ‰ËÚ ÚÓÚ‡Î¸ÌÓÂ ‰ÂÏÂÚËÎË-
Ó‚‡ÌËÂ „ÂÌÓÏ‡, ËÒÍÎ˛˜‡fl ËÏÔËÌÚËÓ‚‡ÌÌ˚Â
ÎÓÍÛÒ˚, ‡ Á‡ÚÂÏ ‚ ÔÓˆÂÒÒÂ Ó·ÓÒÓ·ÎÂÌËfl Á‡Ó‰˚-
¯Â‚˚ı Ë ˝ÍÒÚ‡˝Ï·ËÓÌ‡Î¸Ì˚ı ÎËÒÚÍÓ‚ Á‡ÔÛÒÍ‡-
ÂÚÒfl ÔÓˆÂÒÒ ÛÒÚ‡ÌÓ‚ÎÂÌËfl ÚÍ‡ÌÂÒÔÂˆËÙË˜Ì˚ı
ÔÓÙËÎÂÈ ÏÂÚËÎËÓ‚‡ÌËfl ‚ ‰ËÙÙÂÂÌˆËÛ˛˘Ëı-
Òfl ÍÎÂÚÍ‡ı [13]. ç‡Û¯ÂÌËfl ˝ÔË„ÂÌÂÚË˜ÂÒÍÓ„Ó Â-
ÔÓ„‡ÏÏËÓ‚‡ÌËfl – ÓÚÒÛÚÒÚ‚ËÂ ‰ÂÏÂÚËÎËÓ‚‡-
ÌËfl ÓÔÂ‰ÂÎÂÌÌ˚ı ÎÓÍÛÒÓ‚ ËÎË ‡·Â‡ÌÚÌÓÂ „Ë-
ÔÂÏÂÚËÎËÓ‚‡ÌËÂ ÔÓÏÓÚÓÌ˚ı Â„ËÓÌÓ‚ „ÂÌÓ‚,
ÍÓÚÓ˚Â ‚ ÌÓÏÂ ÌÂ ‰ÓÎÊÌ˚ ÔÓ‰‚Â„‡Ú¸Òfl ÏÂÚË-
ÎËÓ‚‡ÌË˛, ÏÓ„ÛÚ ÔÓ‚ÎÂ˜¸ Á‡ ÒÓ·ÓÈ ÌÂ„‡ÚË‚Ì˚Â
ÔÓÒÎÂ‰ÒÚ‚Ëfl, ÓÒÓ·ÂÌÌÓ ÍÓ„‰‡ ÓÌË Í‡Ò‡˛ÚÒfl „ÂÌÓ‚,
Ó·ÂÒÔÂ˜Ë‚‡˛˘Ëı ÍÓÌÚÓÎ¸ ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ Ë
ÂÔ‡‡ˆËË Ñçä. èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ‡·Â‡ÌÚ-
Ì˚Â ˝ÔË„ÂÌÂÚË˜ÂÒÍËÂ ÏÓ‰ËÙËÍ‡ˆËË (ËÎË ˝ÔËÏÛ-
Ú‡ˆËË) ÏÓ„ÛÚ ‚ÒÚÂ˜‡Ú¸Òfl Ò ˜‡ÒÚÓÚÓÈ, Ì‡ ÌÂÒÍÓÎ¸-
ÍÓ ÔÓfl‰ÍÓ‚ ÔÂ‚˚¯‡˛˘ÂÈ ̃ ‡ÒÚÓÚÛ „ÂÌÌ˚ı ÏÛÚ‡-
ˆËÈ [14]. áÌ‡˜ËÏÓÒÚ¸ ÔÓ‚ÂÊ‰ÂÌËÈ „ÂÌÓ‚
ÍÓÌÚÓÎfl ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ ‚ ˝ÚËÓÎÓ„ËË ıÓÏÓ-
ÒÓÏÌÓ„Ó ÌÂ‡ÒıÓÊ‰ÂÌËfl Ì‡˜ËÌ‡ÂÚ ‡ÍÚË‚ÌÓ ‰ËÒÍÛ-
ÚËÓ‚‡Ú¸Òfl ‚ ÒÓ‚ÂÏÂÌÌÓÈ ÎËÚÂ‡ÚÛÂ [15], Ó‰Ì‡-
ÍÓ ˜‡ÒÚÓÚ‡ Ë ÓÎ¸ Ëı ˝ÔË„ÂÌÂÚË˜ÂÒÍÓÈ ËÌ‡ÍÚË‚‡-
ˆËË Ì‡ ‡ÌÌËı ˝Ú‡Ô‡ı ˝Ï·ËÓÌ‡Î¸ÌÓ„Ó ‡Á‚ËÚËfl
ÓÒÚ‡˛ÚÒfl Ô‡ÍÚË˜ÂÒÍË ÌÂËÁÛ˜ÂÌÌ˚ÏË. ñÂÎ¸ Ì‡-
ÒÚÓfl˘Â„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl – ÓÔÂ‰ÂÎÂÌËÂ Ò‚flÁË ÏÂÊ-
‰Û ÏËÚÓÚË˜ÂÒÍÓÈ ÌÂÒÚ‡·ËÎ¸ÌÓÒÚ¸˛ ˝Ï·ËÓÌ‡Î¸-
ÌÓ„Ó „ÂÌÓÏ‡, ÔÓfl‚Îfl˛˘ÂÈÒfl ‚ ÙÓÏÂ ÏÓÁ‡Ë˜Ì˚ı
‚‡Ë‡ÌÚÓ‚ ˜ËÒÎÓ‚˚ı Ì‡Û¯ÂÌËÈ ıÓÏÓÒÓÏ, Ë
‡·Â‡ÌÚÌ˚Ï „ËÔÂÏÂÚËÎËÓ‚‡ÌËÂÏ ÔÓÏÓÚÓ-
ÌÓ„Ó Â„ËÓÌ‡ „ÂÌ‡ 
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, ÔÓ‰ÛÍÚ ÍÓÚÓÓ„Ó fl‚ÎflÂÚ-
Òfl Ó‰ÌËÏ ËÁ ÍÎ˛˜Â‚˚ı ̋ ÎÂÏÂÌÚÓ‚ Â„ÛÎflˆËË “ÚÓ˜-
ÍË ÂÒÚËÍˆËË” Ë ‚ÒÚÛÔÎÂÌËfl ÍÎÂÚÍË ‚ ÏËÚÓÁ [16]. 

 

åÄíÖêàÄãõ à åÖíéÑõ

 

èÓ‚Â‰ÂÌËÂ Ì‡ÒÚÓfl˘Â„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl ·˚ÎÓ
Ó‰Ó·ÂÌÓ äÓÏËÚÂÚÓÏ ÔÓ ·ËÓÏÂ‰ËˆËÌÒÍÓÈ ˝ÚËÍÂ
Éì çàà ÏÂ‰ËˆËÌÒÍÓÈ „ÂÌÂÚËÍË íçñ ëé êÄåç.
é·ÒÎÂ‰Ó‚‡Ì˚ ÌÂÍÛÎ¸ÚË‚ËÓ‚‡ÌÌ˚Â ÔÎ‡ˆÂÌÚ‡-
Ì˚Â ÚÍ‡ÌË – ˆËÚÓÚÓÙÓ·Î‡ÒÚ ıÓËÓÌ‡ (

 

ñï

 

) Ë ˝ÍÒ-
Ú‡˝Ï·ËÓÌ‡Î¸Ì‡fl ÏÂÁÓ‰ÂÏ‡ (

 

ùå

 

) 45 ÒÔÓÌÚ‡Ì-
Ì˚ı ‡·ÓÚÛÒÓ‚ Ò ÏÓÁ‡ËˆËÁÏÓÏ ÔÓ ‡ÌÂÛÔÎÓË‰ËflÏ
‡ÁÎË˜Ì˚ı ıÓÏÓÒÓÏ. ëÓÍ ·ÂÂÏÂÌÌÓÒÚË, ‰Ó ÍÓ-
ÚÓÓ„Ó ÔÓ‰ÓÎÊ‡ÎÓÒ¸ ‡Á‚ËÚËÂ ˝Ï·ËÓÌÓ‚, ÛÒÚ‡-
ÌÓ‚ÎÂÌÌ˚È ‚ ıÓ‰Â ‰ËÌ‡ÏË˜ÂÒÍÓ„Ó ÛÎ¸Ú‡Á‚ÛÍÓ‚Ó-
„Ó Ó·ÒÎÂ‰Ó‚‡ÌËfl ·ÂÂÏÂÌÌ˚ı ÊÂÌ˘ËÌ, ‚‡¸ËÓ-
‚‡Î ÓÚ 5 ‰Ó 12 ÌÂ‰. Ë ÒÓÒÚ‡‚ËÎ ‚ ÒÂ‰ÌÂÏ 7.7 ÌÂ‰.
ëÂ‰ÌËÈ ‚ÓÁ‡ÒÚ Ï‡ÚÂÂÈ ÒÓÒÚ‡‚ËÎ 29 ÎÂÚ. Ç Í‡˜Â-
ÒÚ‚Â ÍÓÌÚÓÎ¸ÌÓÈ „ÛÔÔ˚ Ó·ÒÎÂ‰Ó‚‡Ì˚ ‚ÌÂÁ‡Ó-
‰˚¯Â‚˚Â ÚÍ‡ÌË 20 ÏÂ‰ËˆËÌÒÍËı ‡·ÓÚÛÒÓ‚, ÔÓÎÛ-
˜ÂÌÌ˚ı ÓÚ Á‰ÓÓ‚˚ı ÊÂÌ˘ËÌ (ÒÂ‰ÌËÈ ‚ÓÁ‡ÒÚ
26 ÎÂÚ) Ì‡ 6–12 ÌÂ‰. ·ÂÂÏÂÌÌÓÒÚË (ÒÂ‰ÌËÈ ÒÓÍ
9

 

 

 

ÌÂ‰.), ÌÂ ÔÓÊÂÎ‡‚¯Ëı ÒÓı‡ÌËÚ¸ ÌÓÏ‡Î¸ÌÓ ÔÓ-
ÚÂÍ‡‚¯Û˛ ·ÂÂÏÂÌÌÓÒÚ¸ ÔÓ ÒÓˆË‡Î¸Ì˚Ï ÔÓÍ‡Á‡-
ÌËflÏ. äÓÏÂ ÚÓ„Ó, ·˚ÎË ËÁÛ˜ÂÌ˚ ˝ÍÒÚ‡˝Ï·ËÓ-
Ì‡Î¸Ì˚Â ÚÍ‡ÌË 20 ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ Ò ÌÓ-
Ï‡Î¸Ì˚Ï Í‡ËÓÚËÔÓÏ 5–11 ÌÂ‰. ‡Á‚ËÚËfl (ÒÂ‰ÌËÈ
ÒÓÍ 7.5 ÌÂ‰ÂÎ¸). ëÂ‰ÌËÈ ‚ÓÁ‡ÒÚ Ï‡ÚÂÂÈ ‚ ˝ÚÓÈ

„ÛÔÔÂ ÒÓÒÚ‡‚ËÎ 27 ÎÂÚ. ùÏ·ËÓÌ‡Î¸Ì˚È Ï‡ÚÂË‡Î
·˚Î ÒÓ·‡Ì Á‡ ÔÂËÓ‰ Ò 1997 ÔÓ 2006 „. ‚ Éì çàà
ÏÂ‰ËˆËÌÒÍÓÈ „ÂÌÂÚËÍË íçñ ëé êÄåç „. íÓÏÒÍ‡
Ë ı‡ÌËÎÒfl ‚ ·‡ÌÍÂ ÚÍ‡ÌÂÈ ÔË –70°ë.

ì 36 ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚, ‚ÍÎ˛˜ÂÌÌ˚ı ‚ Ì‡-
ÒÚÓfl˘ÂÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ, Ò ÔÓÏÓ˘¸˛ ÒÚ‡Ì‰‡ÚÌÓ„Ó
ˆËÚÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡ ÍÛÎ¸ÚË‚ËÓ‚‡ÌÌ˚ı
˝Ï·ËÓÌ‡Î¸Ì˚ı ÙË·Ó·Î‡ÒÚÓ‚ ÔÂ‰‚‡ËÚÂÎ¸ÌÓ
·˚ÎË ‚˚fl‚ÎÂÌ˚ ÚËÒÓÏËË ÔÓ ‡ÁÎË˜Ì˚Ï ‡ÛÚÓÒÓ-
Ï‡Ï. èÓÚÓÍÓÎ ÔÓ‚Â‰ÂÌËfl ˆËÚÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó
ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓ‰Ó·ÌÓ ·˚Î ÓÔËÒ‡Ì Ì‡ÏË ‡ÌÂÂ
[17]. Ç ‰Â‚flÚË ÒÎÛ˜‡flı ÍÎÂÚÍË ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛ-
ÒÓ‚ Ó·Î‡‰‡ÎË ÌËÁÍÓÈ ÔÓÎËÙÂ‡ÚË‚ÌÓÈ ‡ÍÚË‚ÌÓ-
ÒÚ¸˛, ÔÓ˝ÚÓÏÛ Ëı Í‡ËÓÚËÔËÓ‚‡ÌËÂ ·˚ÎÓ ‚˚ÔÓÎ-
ÌÂÌÓ Ò ÔËÏÂÌÂÌËÂÏ ÙÎÛÓÂÒˆÂÌÚÌÓÈ 

 

in situ

 

 „Ë-
·Ë‰ËÁ‡ˆËË (FISH) Ì‡ ËÌÚÂÙ‡ÁÌ˚ı fl‰‡ı
ÌÂÍÛÎ¸ÚË‚ËÓ‚‡ÌÌ˚ı ÍÎÂÚÓÍ ˝ÍÒÚ‡˝Ï·ËÓÌ‡Î¸-
Ì˚ı ÚÍ‡ÌÂÈ [9].

ë ˆÂÎ¸˛ ËÁÛ˜ÂÌËfl ÛÓ‚Ìfl Ë ÏÂÊÚÍ‡ÌÂ‚Ó„Ó ‡Ò-
ÔÂ‰ÂÎÂÌËfl ÍÎÂÚÓÍ Ò ˜ËÒÎÓ‚˚ÏË Ì‡Û¯ÂÌËflÏË
ıÓÏÓÒÓÏ Ò ÔÓÏÓ˘¸˛ ËÌÚÂÙ‡ÁÌÓ„Ó FISH-‡Ì‡ÎË-
Á‡ ·˚ÎË ÂÚÓÒÔÂÍÚË‚ÌÓ Ó·ÒÎÂ‰Ó‚‡Ì˚ ÌÂÍÛÎ¸ÚË-
‚ËÓ‚‡ÌÌ˚Â ÔÎ‡ˆÂÌÚ‡Ì˚Â ÚÍ‡ÌË ÒÔÓÌÚ‡ÌÌ˚ı
‡·ÓÚÛÒÓ‚ Ò ˆËÚÓ„ÂÌÂÚË˜ÂÒÍË ÛÒÚ‡ÌÓ‚ÎÂÌÌÓÈ ‡ÌÂ-
ÛÔÎÓË‰ËÂÈ. ëÛÒÔÂÌÁËË ËÌÚÂÙ‡ÁÌ˚ı fl‰Â ·˚ÎË
ÔÓÎÛ˜ÂÌ˚ ÔÛÚÂÏ ÙÂÏÂÌÚ‡ÚË‚ÌÓÈ ‰ÂÁ‡„Â„‡ˆËË
ùå ÍÓÎÎ‡„ÂÌ‡ÁÓÈ I ÚËÔ‡ (“Sigma”, ëòÄ) Ë Ï‡ˆÂ-
‡ˆËË ‚ÓÒËÌ ıÓËÓÌ‡ ‚ 60%-ÌÓÈ ÛÍÒÛÒÌÓÈ ÍËÒÎÓ-
ÚÂ [9]. FISH-‡Ì‡ÎËÁ ·˚Î ÔÓ‚Â‰ÂÌ Ò ˆÂÌÚÓÏÂÓ-
ÒÔÂˆËÙË˜Ì˚ÏË Ñçä-ÁÓÌ‰‡ÏË, ÏÂ˜ÂÌÌ˚ÏË ÂÔÓ-
ÚÂÌ˚ÏË ÏÓÎÂÍÛÎ‡ÏË: ‰Ë„ÓÍÒË„ÂÌËÌ-11-
‰ÂÁÓÍÒËÛË‰ËÌÚËÙÓÒÙ‡ÚÓÏ ÎË·Ó ·ËÓÚËÌ-11-‰ÂÁ-
ÓÍÒËÛË‰ËÌÚËÙÓÒÙ‡ÚÓÏ. ÑÎfl ÒËÌÚÂÁ‡ Ñçä-ÁÓÌ-
‰Ó‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË ÍÎÓÌ˚ 

 

E. coli

 

, ÌÂÒÛ˘ËÂ ÔÎ‡ÁÏË‰-
ÌÛ˛ Ñçä ÒÓ ‚ÒÚ‡‚Í‡ÏË ˆÂÌÚÓÏÂÓÒÔÂˆËÙË˜Ì˚ı

 

α

 

-Ò‡ÚÂÎÎËÚÌ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ıÓÏÓÒÓÏ
˜ÂÎÓ‚ÂÍ‡ 2, 7, 8, 9, 10, 15, 16, 20, 21, 22 Ë Y. Ñ‡ÌÌ˚Â
ÍÎÓÌ˚ ·˚ÎË Î˛·ÂÁÌÓ ÔÂ‰ÓÒÚ‡‚ÎÂÌ˚ ÔÓÙÂÒÒÓ-
ÓÏ å. êÓ˜˜Ë (Resources for Molecular Cytogenetics,
àÌÒÚËÚÛÚ „ÂÌÂÚËÍË „. Å‡Ë, àÚ‡ÎËfl). Ç˚‰ÂÎÂÌËÂ
ÔÎ‡ÁÏË‰ÌÓÈ Ñçä, ÒËÌÚÂÁ Ñçä-ÁÓÌ‰Ó‚, ‡ Ú‡ÍÊÂ
ËÌÚÂÙ‡ÁÌ˚È FISH-‡Ì‡ÎËÁ ·˚ÎË ÔÓ‚Â‰ÂÌ˚ ÔÓ
ÒÚ‡Ì‰‡ÚÌÓÈ ÏÂÚÓ‰ËÍÂ [18].

ÑÎfl ‡Ì‡ÎËÁ‡ ÒÚ‡ÚÛÒ‡ ÏÂÚËÎËÓ‚‡ÌËfl „ÂÌ‡

 

 RB1

 

„ÂÌÓÏÌ‡fl Ñçä ·˚Î‡ ‚˚‰ÂÎÂÌ‡ ËÁ Ì‡ÚË‚Ì˚ı (ÌÂ-
ÍÛÎ¸ÚË‚ËÓ‚‡ÌÌ˚ı) ÚÍ‡ÌÂÈ ÒÔÓÌÚ‡ÌÌ˚ı Ë ÏÂ‰Ë-
ˆËÌÒÍËı ‡·ÓÚÛÒÓ‚ ÔÓÒÎÂ ÒÚ‡Ì‰‡ÚÌÓÈ Ó·‡·ÓÚÍË
ÔÓÚÂËÌ‡ÁÓÈ ä ‚ ÚÂ˜ÂÌËÂ ÌÓ˜Ë ÔË 37°ë Ë ˝ÍÒ-
Ú‡ÍˆËË ÙÂÌÓÎ/ıÎÓÓÙÓÏÓÏ. ÅËÒÛÎ¸ÙËÚÌÛ˛
ÏÓ‰ËÙËÍ‡ˆË˛ Ñçä ÔÓ‚Ó‰ËÎË ‚ ÚÂ˜ÂÌËÂ Ó‰ÌÓ„Ó
˜‡Ò‡ ÔË 95°ë [19]. åÓ‰ËÙËˆËÓ‚‡ÌÌÛ˛ Ñçä Ó˜Ë-
˘‡ÎË Ò ÔÓÏÓ˘¸˛ Ì‡·Ó‡ Wizard

 

®

 

 DNA Clean-up
System (“Promega”, ëòÄ) ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËË Ò ÂÍÓ-
ÏÂÌ‰‡ˆËflÏË ÔÓËÁ‚Ó‰ËÚÂÎfl. åÂÚËÎÒÔÂˆËÙË˜Â-
ÒÍÛ˛ èñê ÔÓ‚Ó‰ËÎË Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ Ô‡ÈÏÂ-
Ó‚ Ì‡ ÔÓÏÓÚÓÌ˚È Â„ËÓÌ „ÂÌ‡ 

 

RB1

 

 [20]. ç‡-
˜‡Î¸ÌÛ˛ ‰ÂÌ‡ÚÛ‡ˆË˛ ‚˚ÔÓÎÌflÎË ÔË 96°ë ‚
ÚÂ˜ÂÌËÂ 5 ÏËÌ, Ò ÔÓÒÎÂ‰Û˛˘ËÏË 30 ˆËÍÎ‡ÏË: 94°ë –
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RB1

 

1463

 

1 ÏËÌ, 55°ë – 30 Ò, 72°ë – 30 Ò, ÍÓÌÂ˜Ì‡fl ˝ÎÓÌ„‡ˆËfl
72°ë – 5 ÏËÌ. î‡„ÏÂÌÚ˚ Ñçä Ù‡ÍˆËÓÌËÓ‚‡ÎË
Ò ÔÓÏÓ˘¸˛ „ÂÎ¸-˝ÎÂÍÚÓÙÓÂÁ‡ ‚ 2.5%-ÌÓÏ ‡„‡-
ÓÁÌÓÏ „ÂÎÂ Ë ‚ËÁÛ‡ÎËÁËÓ‚‡ÎË ‚ ÔÓıÓ‰fl˘ÂÏ
Ò‚ÂÚÂ Ì‡ ÛÒÚ‡ÌÓ‚ÍÂ GelDoc (“Bio-Rad”, ëòÄ). ó‡-
ÒÚÓÚÛ ˝ÔËÏÛÚ‡ˆËÈ ‡ÒÒ˜ËÚ˚‚‡ÎË Í‡Í ÓÚÌÓ¯ÂÌËÂ
˜ËÒÎ‡ ÏÂÚËÎËÓ‚‡ÌÌ˚ı ‡ÎÎÂÎÂÈ Í Ó·˘ÂÏÛ ˜ËÒÎÛ
ÔÓ‡Ì‡ÎËÁËÓ‚‡ÌÌ˚ı ‡ÎÎÂÎÂÈ ÎÓÍÛÒ‡ 

 

RB1

 

.

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

Ç Ì‡ÒÚÓfl˘ÂÂ ËÒÒÎÂ‰Ó‚‡ÌËÂ ·˚ÎË ‚ÍÎ˛˜ÂÌ˚
45 ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ ÔÂ‚Ó„Ó ÚËÏÂÒÚ‡ ·Â-
ÂÏÂÌÌÓÒÚË Ò ÏÓÁ‡Ë˜Ì˚ÏË ‚‡Ë‡ÌÚ‡ÏË ‡ÌÂÛÔÎÓË-
‰ËÈ ÔÓ ıÓÏÓÒÓÏ‡Ï 2, 7, 8, 9, 10, 15, 16, 20, 21, 22 Ë
Y (Ú‡·Î. 1). Ç ·ÓÎ¸¯ËÌÒÚ‚Â ÒÎÛ˜‡Â‚ ÔÓÒÎÂ ËÌÚÂ-
Ù‡ÁÌÓ„Ó FISH-‡Ì‡ÎËÁ‡ ‚ Ó·ÒÎÂ‰Ó‚‡ÌÌ˚ı ˝ÍÒÚ‡-
˝Ï·ËÓÌ‡Î¸Ì˚ı ÚÍ‡Ìflı ·˚ÎË ‚˚fl‚ÎÂÌ˚ ‰‚‡ ÍÎÂ-
ÚÓ˜Ì˚ı ÍÎÓÌ‡: Ò ÌÓÏ‡Î¸ÌÓÈ ıÓÏÓÒÓÏÌÓÈ ÍÓÌ-
ÒÚËÚÛˆËÂÈ Ë Ò ‡ÛÚÓÒÓÏÌÓÈ ÚËÒÓÏËÂÈ. ì Ó‰ÌÓ„Ó
Á‡Ó‰˚¯‡ (‹ 7) ·˚Î Á‡Â„ËÒÚËÓ‚‡Ì ÏÓÁ‡Ë˜Ì˚È
‚‡Ë‡ÌÚ ÏÓÌÓÒÓÏËË ÔÓ ıÓÏÓÒÓÏÂ 15, Ó„‡ÌË˜ÂÌ-
ÌÓÈ ËÒÍÎ˛˜ËÚÂÎ¸ÌÓ ÚÍ‡ÌflÏË ˆËÚÓÚÓÙÓ·Î‡ÒÚ‡.
Ö˘Â Û Ó‰ÌÓ„Ó ÒÔÓÌÚ‡ÌÌÓ„Ó ‡·ÓÚÛÒ‡ (‹ 5) ‚ ÍÎÂÚ-
Í‡ı ùå ·˚Î ‚˚fl‚ÎÂÌ Í‡ËÓÚËÔ 47,XYY, ÚÓ„‰‡ Í‡Í
‚ ñï ÔËÒÛÚÒÚ‚Ó‚‡Î ‰ÓÔÓÎÌËÚÂÎ¸Ì˚È ÍÎÂÚÓ˜Ì˚È
ÍÎÓÌ Ò ÌÓÏ‡Î¸Ì˚Ï Í‡ËÓÚËÔÓÏ.

Ç ÂÁÛÎ¸Ú‡ÚÂ ‡Ì‡ÎËÁ‡ ÒÚ‡ÚÛÒ‡ ÏÂÚËÎËÓ‚‡ÌËfl
ÔÓÏÓÚÓÌÓ„Ó Â„ËÓÌ‡ „ÂÌ‡ 

 

RB1

 

 ‡·Â‡ÌÚÌÓÂ ÏÂ-
ÚËÎËÓ‚‡ÌËÂ ·˚ÎÓ ‚˚fl‚ÎÂÌÓ Û ‰Â‚flÚË ËÁ 45 ÒÔÓÌ-
Ú‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ (20%). åÂÚËÎËÓ‚‡ÌÌ˚Â ‡ÎÎÂ-
ÎË Ó·Ì‡ÛÊË‚‡ÎËÒ¸ ÎË·Ó ‚ Ó·ÂËı Ó·ÒÎÂ‰Ó‚‡ÌÌ˚ı
˝ÍÒÚ‡˝Ï·ËÓÌ‡Î¸Ì˚ı ÚÍ‡Ìflı (˝Ï·ËÓÌ˚ ‹ 1, 3,
4, 8 ‚ Ú‡·Î. 1), ÎË·Ó ‚ Ó‰ÌÓÈ ËÁ ÌËı, ÔË˜ÂÏ ‚ ‰‚Ûı
ÒÎÛ˜‡flı (‹ 3, 8) ‚ ùå Ó·‡ ‡ÎÎÂÎfl „ÂÌ‡ 

 

RB1

 

 ·˚ÎË
ÏÂÚËÎËÓ‚‡Ì˚ (Ú‡·Î. 1, ËÒÛÌÓÍ). àÁ ‰Â‚flÚË ‚˚fl‚-
ÎÂÌÌ˚ı ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ Ò ÏÂÚËÎËÓ‚‡Ì-
Ì˚Ï ÔÓÏÓÚÓÓÏ „ÂÌ‡ 

 

RB1

 

 ÒÂÏ¸ ˝Ï·ËÓÌÓ‚ ËÏÂÎË
ÏÓÁ‡Ë˜Ì˚È ÚËÒÓÏÌ˚È Í‡ËÓÚËÔ, Ó‰ËÌ ·˚Î ÏÓÁ‡-
ËÍÓÏ ÔÓ Í‡ËÓÚËÔÛ 47,XYY, Â˘Â Û Ó‰ÌÓ„Ó Á‡Ó‰˚-
¯‡ ·˚Î‡ Á‡Â„ËÒÚËÓ‚‡Ì‡ ÏÓÁ‡Ë˜Ì‡fl ÏÓÌÓÒÓÏËfl
ıÓÏÓÒÓÏ˚ 15, Ó„‡ÌË˜ÂÌÌ‡fl ÍÎÂÚÍ‡ÏË ˆËÚÓÚÓ-
ÙÓ·Î‡ÒÚ‡. èË ‡Ì‡ÎËÁÂ ÎÓÍÛÒ‡ 

 

RB1

 

 Û ÏÂ‰ËˆËÌÒÍËı
‡·ÓÚÛÒÓ‚ Ë ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ Ò ÌÓÏ‡Î¸Ì˚Ï
Í‡ËÓÚËÔÓÏ ÌË Ó‰ÌÓ„Ó ÒÎÛ˜‡fl ‡·Â‡ÌÚÌÓ„Ó ÏÂÚË-
ÎËÓ‚‡ÌËfl ‚˚fl‚ÎÂÌÓ ÌÂ ·˚ÎÓ.

àÒÒÎÂ‰Ó‚‡ÌËÂ ÒÚ‡ÚÛÒ‡ ÏÂÚËÎËÓ‚‡ÌËfl ÔÓ‚Ó-
‰ËÎË ‚ ‰‚Ûı ‡ÁÌ˚ı ÔÎ‡ˆÂÌÚ‡Ì˚ı ÚÍ‡Ìflı – ˆËÚÓ-
ÚÓÙÓ·Î‡ÒÚÂ ıÓËÓÌ‡ Ë ˝ÍÒÚ‡˝Ï·ËÓÌ‡Î¸ÌÓÈ
ÏÂÁÓ‰ÂÏÂ, ‡ÁÎË˜‡˛˘ËıÒfl ÔÓ ı‡‡ÍÚÂÛ ˝ÔË„Â-
ÌÂÚË˜ÂÒÍÓ„Ó ÂÔÓ„‡ÏÏËÓ‚‡ÌËfl „ÂÌÓÏ‡. ñËÚÓ-
ÚÓÙÓ·Î‡ÒÚ fl‚ÎflÂÚÒfl ÔÓËÁ‚Ó‰Ì˚Ï ÚÓÙ˝ÍÚÓ‰Â-
Ï˚ Ë ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ÒÚ‚ÓÎÓ‚Û˛ ÎËÌË˛ ÔÎ‡-
ˆÂÌÚ˚, ÒÛ˘ÂÒÚ‚Ûfl Ì‡ ÔÓÚflÊÂÌËË ‚ÒÂ„Ó ÔÂËÓ‰‡
‚ÌÛÚËÛÚÓ·ÌÓ„Ó ‡Á‚ËÚËfl. ùÍÒÚ‡˝Ï·ËÓÌ‡Î¸-
Ì‡fl ÏÂÁÓ‰ÂÏ‡ ÙÓÏËÛÂÚÒfl Ì‡ 13–15-È ‰ÌË ‡Á‚Ë-
ÚËfl Ë fl‚ÎflÂÚÒfl Ó‰ÌÓÈ ËÁ ÔÓËÁ‚Ó‰Ì˚ı ˝ÔË·Î‡ÒÚ‡,
‰ËÙÙÂÂÌˆËÛ˛˘Â„ÓÒfl Í‡Í ‚ ÒÓ·ÒÚ‚ÂÌÌÓ ̋ Ï·ËÓ-
Ì‡Î¸Ì˚Â ÒÚÛÍÚÛ˚, Ú‡Í Ë ‚ ÌÂÍÓÚÓ˚Â ‚ÌÂÁ‡Ó-

‰˚¯Â‚˚Â ÚÍ‡ÌË. Ç ÔÂËÓ‰ ËÏÔÎ‡ÌÚ‡ˆËË, ÍÓ„‰‡ Á‡-
ÔÛÒÍ‡ÂÚÒfl ÔÓˆÂÒÒ ÚÍ‡ÌÂÒÔÂˆËÙË˜ÌÓ„Ó ÏÂÚËÎËÓ-
‚‡ÌËfl „ÂÌÓÏ‡, ÛÓ‚ÂÌ¸ ÏÂÚËÎËÓ‚‡ÌËfl Ñçä ‚
ÍÎÂÚÍ‡ı ÚÓÙÓ·Î‡ÒÚ‡ ‚ÓÁ‡ÒÚ‡ÂÚ ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓ,
‚ ÚÓ ‚ÂÏfl Í‡Í „ÂÌÓÏ ÍÎÂÚÓÍ, ‰‡˛˘Ëı Ì‡˜‡ÎÓ ˝Ï-
·ËÓÌ‡Î¸Ì˚Ï ÒÚÛÍÚÛ‡Ï, ÔÓ‰‚Â„‡ÂÚÒfl ÒÛ˘Â-
ÒÚ‚ÂÌÌÓÏÛ ÏÂÚËÎËÓ‚‡ÌË˛ [13]. èÓ˝ÚÓÏÛ ÏÓÊÌÓ
ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ˝ÔËÏÛÚ‡ˆËË ·Û‰ÛÚ ·ÓÎÂÂ ı‡-
‡ÍÚÂÌ˚ ‰Îfl ÍÎÂÚÓÍ ùå, „‰Â ÔÓˆÂÒÒ˚ ÏÂÚËÎË-
Ó‚‡ÌËfl Ë‰ÛÚ ·ÓÎÂÂ ËÌÚÂÌÒË‚ÌÓ Ë ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
‚ÂÓflÚÌÓÒÚ¸ Ó¯Ë·ÓÍ ‚˚¯Â. é‰Ì‡ÍÓ ‚ Ì‡ÒÚÓfl˘ÂÏ
ËÒÒÎÂ‰Ó‚‡ÌËË ÌÂ ·˚ÎÓ ‚˚fl‚ÎÂÌÓ ÒÚ‡ÚËÒÚË˜ÂÒÍË
ÁÌ‡˜ËÏ˚ı ÓÚÎË˜ËÈ ÔÓ ˜‡ÒÚÓÚÂ ‡·Â‡ÌÚÌÓ„Ó ÏÂ-
ÚËÎËÓ‚‡ÌËfl ‡ÎÎÂÎÂÈ 

 

RB1

 

 ‚ ñï (7.14 

 

× 

 

10

 

–2

 

) Ë ùå
(12.16 

 

×

 

 10

 

–2

 

) ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ Ò ıÓÏÓÒÓÏ-
Ì˚Ï ÏÓÁ‡ËˆËÁÏÓÏ (

 



 

 = 0.21). ÇÂÓflÚÌÓ, ˜ÚÓ Û ˝Ï-
·ËÓÌÓ‚ Ò ‡·Â‡ÌÚÌ˚Ï ÏÂÚËÎËÓ‚‡ÌËÂÏ 

 

RB1

 

 ‚
Ó·ÂËı ÚÍ‡Ìflı (‹ 1, 3, 4, 8) ˝ÔËÏÛÚ‡ˆËË ‚ÓÁÌËÍ‡ÎË
Ì‡ ‡ÌÌËı ÔÂËÏÔÎ‡ÌÚ‡ˆËÓÌÌ˚ı ˝Ú‡Ô‡ı ‡Á‚ËÚËfl
Â˘Â ‰Ó Ó·ÓÒÓ·ÎÂÌËfl ÚÓÙ˝ÍÚÓ‰ÂÏ˚ Ë ‚ÌÛÚÂÌ-
ÌÂÈ ÍÎÂÚÓ˜ÌÓÈ Ï‡ÒÒ˚ Ë ‚ÓÁÏÓÊÌÓ ·˚ÎË Ò‚flÁ‡Ì˚ Ò
Ì‡Û¯ÂÌËflÏË ÔÓˆÂÒÒ‡ ‰ÂÏÂÚËÎËÓ‚‡ÌËfl Ó‰Ë-
ÚÂÎ¸ÒÍËı „ÂÌÓÏÓ‚.

ÄÌÂÛÔÎÓË‰Ëfl ‚ ̋ Ï·ËÓÌ‡Î¸Ì˚ı ÍÎÂÚÍ‡ı ÏÓÊÂÚ
·˚Ú¸ ÒÎÂ‰ÒÚ‚ËÂÏ ÌÂ‡ÒıÓÊ‰ÂÌËfl „ÓÏÓÎÓ„Ë˜Ì˚ı
ıÓÏÓÒÓÏ ‚ „‡ÏÂÚÓ„ÂÌÂÁÂ Û Ó‰ËÚÂÎÂÈ ÎË·Ó ‚ÓÁÌË-
Í‡Ú¸ ÔË ÏËÚÓÚË˜ÂÒÍÓÏ ‰ÂÎÂÌËË ÒÓÏ‡ÚË˜ÂÒÍËı
˝Ï·ËÓÌ‡Î¸Ì˚ı ÍÎÂÚÓÍ. é‰Ì‡ÍÓ ÔÓfl‚ÎÂÌËÂ ÏÓÁ‡-
Ë˜ÌÓ„Ó ‚‡Ë‡ÌÚ‡ Í‡ËÓÚËÔ‡ ‚ÒÂ„‰‡ ÂÁÛÎ¸Ú‡Ú ÏË-
ÚÓÚË˜ÂÒÍËı Ó¯Ë·ÓÍ, ÔÓËÒıÓ‰fl˘Ëı Ì‡ ‡ÌÌËı ̋ Ú‡-
Ô‡ı ˝Ï·ËÓ„ÂÌÂÁ‡. èË ˝ÚÓÏ ÂÒÎË ÁË„ÓÚ‡ ˝ÛÔÎÓË‰Ì‡,
ÚÓ ÏËÚÓÚË˜ÂÒÍÓÂ ÌÂ‡ÒıÓÊ‰ÂÌËÂ „ÓÏÓÎÓ„Ë˜Ì˚ı ıÓ-
ÏÓÒÓÏ ·Û‰ÂÚ ÔÓ‰ÛˆËÓ‚‡Ú¸ ‰‚‡ ÍÎÓÌ‡ ÍÎÂÚÓÍ – Ò ÚË-
ÒÓÏËÂÈ Ë ÏÓÌÓÒÓÏËÂÈ ıÓÏÓÒÓÏ. èÓÒÍÓÎ¸ÍÛ ÍÎÂÚÍË Ò
ÏÓÌÓÒÓÏËÂÈ ‡ÛÚÓÒÓÏ Ó·˚˜ÌÓ ÌÂÊËÁÌÂÒÔÓÒÓ·Ì˚, ‚
‰‡Î¸ÌÂÈ¯ÂÏ ‚ ‡Á‚Ë‚‡˛˘ÂÏÒfl Ó„‡ÌËÁÏÂ ·Û‰ÛÚ
ÔËÒÛÚÒÚ‚Ó‚‡Ú¸ ÚÓÎ¸ÍÓ ‰‚‡ ÚËÔ‡ ÍÎÂÚÓÍ – Ò ÌÓ-
Ï‡Î¸Ì˚Ï ıÓÏÓÒÓÏÌ˚Ï Ì‡·ÓÓÏ Ë Ò ÚËÒÓÏËÂÈ.
å‡ÍÂÓÏ ÏËÚÓÚË˜ÂÒÍÓ„Ó ÌÂ‡ÒıÓÊ‰ÂÌËfl ‚ ˝ÚÓÏ
ÒÎÛ˜‡Â ·Û‰ÂÚ fl‚ÎflÚ¸Òfl ÌÂ‚˚ÒÓÍ‡fl ˜‡ÒÚÓÚ‡ ‡ÌÂÛÔ-
ÎÓË‰ÌÓ„Ó ÍÎÂÚÓ˜ÌÓ„Ó ÍÎÓÌ‡, ÓÒÓ·ÂÌÌÓ Ó„‡ÌË˜ÂÌ-
ÌÓ„Ó Í‡ÍËÏ-ÌË·Û‰¸ Ó‰ÌËÏ ÚËÔÓÏ ÚÍ‡ÌË. ÄÎ¸ÚÂ-
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172 ÔÌ

 

ùÎÂÍÚÓÙÓÂ„‡ÏÏ‡ ÔÓÒÎÂ ÏÂÚËÎÒÔÂˆËÙË˜ÂÒÍÓÈ
èñê ÔÓÏÓÚÓÌÓ„Ó ‡ÈÓÌ‡ „ÂÌ‡ 
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. ÑÓÓÊÍË 

 

1–6

 

 –
ÒÔÓÌÚ‡ÌÌ˚Â ‡·ÓÚÛÒ˚; 

 

7

 

, 

 

8

 

 – ÔÓÎÓÊËÚÂÎ¸Ì˚È ÍÓÌ-
ÚÓÎ¸ (M – ÏÂÚËÎËÓ‚‡ÌÌ˚È ‡ÎÎÂÎ¸, U – ÌÂÏÂÚËÎËÓ-
‚‡ÌÌ˚È ‡ÎÎÂÎ¸); 

 

9

 

 – Ï‡ÍÂ ÏÓÎÂÍÛÎflÌÓÈ Ï‡ÒÒ˚
pUC19/Msp I.
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Ë ‰

 

.

 

Ì‡ÚË‚Ì˚Ï ÏÂı‡ÌËÁÏÓÏ ‚ÓÁÌËÍÌÓ‚ÂÌËfl ÏÓÁ‡ËˆËÁ-
Ï‡ ‚ ˝ÛÔÎÓË‰ÌÓÈ ÁË„ÓÚÂ ÏÓÊÂÚ ·˚Ú¸ ‡Ì‡Ù‡ÁÌÓÂ
ÓÚÒÚ‡‚‡ÌËÂ ıÓÏÓÒÓÏ, ÍÓÚÓÓÂ ÔË‚Â‰ÂÚ Í ÔÓfl‚-
ÎÂÌË˛ ÏÓÌÓÒÓÏÌ˚ı ÍÎÂÚÓÍ, ˜ÚÓ Ë ·˚ÎÓ Ó·Ì‡Û-
ÊÂÌÓ ‚ Ó‰ÌÓÏ ËÁ Ó·ÒÎÂ‰Ó‚‡ÌÌ˚ı Ì‡ÏË ÒÎÛ˜‡Â‚ (‹ 7).

ÖÒÎË ÁË„ÓÚ‡ ÚËÒÓÏÌ‡, ÚÓ ÏÓÁ‡ËˆËÁÏ ÏÓÊÂÚ
·˚Ú¸ ÂÁÛÎ¸Ú‡ÚÓÏ ‡Ì‡Ù‡ÁÌÓ„Ó ÓÚÒÚ‡‚‡ÌËfl ‰ÓÔÓÎ-
ÌËÚÂÎ¸ÌÓÈ ıÓÏÓÒÓÏ˚ Ì‡ ˝Ú‡Ô‡ı ÔÓÒÚÁË„ÓÚË˜Â-
ÒÍÓ„Ó ‡Á‚ËÚËfl. ùÚÓÚ ÏÂı‡ÌËÁÏ, ÔÓÎÛ˜Ë‚¯ËÈ Ì‡-
Á‚‡ÌËÂ “ÍÓÂÍˆËfl ÚËÒÓÏÌÓÈ ÁË„ÓÚ˚” [21], Ú‡Í-

 

í‡·ÎËˆ‡ 1

 

.  ëÚ‡ÚÛÒ ÏÂÚËÎËÓ‚‡ÌËfl ÔÓÏÓÚÓÌÓ„Ó Â„ËÓÌ‡ „ÂÌ‡ 

 

RB1 

 

‚ ˝ÍÒÚ‡˝Ï·ËÓÌ‡Î¸Ì˚ı ÚÍ‡Ìflı ÒÔÓÌÚ‡ÌÌ˚ı
‡·ÓÚÛÒÓ‚ Ò ıÓÏÓÒÓÏÌ˚Ï ÏÓÁ‡ËˆËÁÏÓÏ

‹
ñËÚÓÚÓÙÓ·Î‡ÒÚ ùÍÒÚ‡˝Ï·ËÓÌ‡Î¸Ì‡fl ÏÂÁÓ‰ÂÏ‡ ÇÓÁÏÓÊÌÓÂ 

ÔÓËÒıÓÊ‰ÂÌËÂ 
‡ÌÂÛÔÎÓË‰ËËä‡ËÓÚËÔ CÚ‡ÚÛÒ 

ÏÂÚËÎËÓ‚‡ÌËfl ä‡ËÓÚËÔ CÚ‡ÚÛÒ 
ÏÂÚËÎËÓ‚‡ÌËfl

1 47,XX,+16/46,XX (52:48) +/– 47,XX,+16/46,XX (65:35) +/– ÏÂÈÓÚË˜ÂÒÍÓÂ
2 47,XX,+9/46,XX (72:28) –/– 47,XX,+9/46,XX (60:40) +/– ÏÂÈÓÚË˜ÂÒÍÓÂ
3 47,XY,+7/46,XY (3:97) +/– 46,XY +/+ ÏËÚÓÚË˜ÂÒÍÓÂ
4 47,XX,+8/46,XX (3:97) +/– 46,XX +/– ÏËÚÓÚË˜ÂÒÍÓÂ
5 47,XYY/46,XY (68:32) +/– 47,XYY –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
6 47,XY,+16/46,XY (24:76) –/– 47,XY,+16/46,XY (5:95) +/– ÏÂÈÓÚ/ÏËÚ
7 45,XY,–15/46,XY (18:82) +/– 46,XY Ì/Ó ÏËÚÓÚË˜ÂÒÍÓÂ
8 47,XX,+10/46,XX (18:82) +/– 47,XX,+10/46,XX (30:70) +/+ ÏÂÈÓÚ/ÏËÚ
9 47,XX,+16/46,XX (74:26) Ì/Ó 47,XX,+16/46,XX (81:19) +/– ÏÂÈÓÚË˜ÂÒÍÓÂ

10 47,XY,+16/46,XY (67:33) –/– 47,XY,+16/46,XY (82:18) Ì/Ó ÏÂÈÓÚË˜ÂÒÍÓÂ
11 47,XY,+21/46,XY (74:26) –/– 47,XY,+21/46,XY (80:20) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
12 47,XY,+16/46,XY (66:34) –/– 47,XY,+16/46,XY (65:35) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
13 47,XY,+16/46,XY (61:39) –/– 47,XY,+16* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
14 47,XX,+16/46,XX (81:19) –/– 47,XX,+16* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
15 Ì/Ó –/– 47,XY,+16/46,XY (92:8) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
16 47,XX,+21/46,XX (36:64) –/– 47,XX,+21/46,XX (49:51) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
17 47,XX,+16/46,XX (90:10) –/– 47,XX,+16/46,XX* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
18 47,XX,+16/46,XX (62:38) –/– 47,XX,+16* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
19 47,XY,+16/46,XY (22:78) Ì/Ó 47,XY,+16/46,XY* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
20 Ì/Ó –/– 47,XY, + 9/46,XY (90:10) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
21 47,XY,+21/46,XY (55:45) –/– 47,XY,+21/46,XY (30:70) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
22 47,XY,+16/46,XY (82:18) –/– 47,XY,+16* Ì/Ó ÏÂÈÓÚË˜ÂÒÍÓÂ
23 47,XY,+21/46,XY (27:73) –/– 47,XY,+21* Ì/Ó ÏÂÈÓÚË˜ÂÒÍÓÂ
24 47,XY, + 16/46,XY (92:8) –/– 47,XY,+16* Ì/Ó ÏÂÈÓÚË˜ÂÒÍÓÂ
25 47,XY,+16/46,XY (55:45) –/– 47,XY,+16/46,XY (84:16) Ì/Ó ÏÂÈÓÚË˜ÂÒÍÓÂ
26 47,XY,+22/47,XY (58:42) –/– 47,XY,+22* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
27 47,XX,+9/46,XX (90:10) –/– 47,XX,+9/46,XX (92:8) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
28 47,XX,+2/46,XX (87:13) –/– 47,XX,+2* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
29 47,XY + 8/46,XY (87:13) –/– 47,XY,+8* Ì/Ó ÏÂÈÓÚË˜ÂÒÍÓÂ
30 Ì/Ó –/– 47,XX,+13/46,XX (4:96) Ì/Ó ÏÂÈÓÚ/ÏËÚ
31 47,XY,+2/46,XY (32:68) –/– 47,XY,+2* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
32 47,XY,+16/46,XY (14:86) Ì/Ó 47,XY,+16/46,XY(66:34) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
33 47,XY,+20/46,XY (92:8) –/– 47,XY,+20/46,XY (92:8) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
34 47,XX,+20/46,XX (85:15) –/– 47,XY,+20* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
35 47,XX,+11/46,XX (89:11) –/– 47,XX,+11/46,XX (93:7) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
36 Ì/Ó –/– 47,XY,+20/46,XY (80:20) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
37 47,XX,+15/46,XX (64:36) –/– 47,XX,+15* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
38 47,XX,+15/46,XX (22:78) –/– 47,XX,+15/46,XX* –/– ÏÂÈÓÚ/ÏËÚ
39 47,XY,+7/46,XY (98:2) –/– 47,XY,+7* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
40 47,XY,+21/46,XY (38:62) –/– 47,XY,+21* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
41 47,XX,+7/46,XX (99:1) –/– 47,XX,+7/46,XX* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
42 47,XY,+7/46,XY (96:4) –/– 47,XX,+7* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
43 47,XX,+2/46,XX (98:2) –/– 47,XX,+2/46,XX (96:4) –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
44 47,XX,+16/46,XX (93:7) –/– 47,XX,+16* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ
45 47,XX,+2/46,XX (84:16) –/– 47,XX,+2* –/– ÏÂÈÓÚË˜ÂÒÍÓÂ

 

èËÏÂ˜‡ÌËÂ. * – ÂÁÛÎ¸Ú‡Ú ˆËÚÓ„ÂÌÂÚË˜ÂÒÍÓ„Ó ‡Ì‡ÎËÁ‡; “

 

+/+”

 

 – Ì‡ÎË˜ËÂ ÚÓÎ¸ÍÓ ÏÂÚËÎËÓ‚‡ÌÌÓ„Ó ‡ÎÎÂÎfl; “

 

+/–”

 

 – Ì‡ÎË˜ËÂ ÏÂÚËÎË-
Ó‚‡ÌÌÓ„Ó Ë ÌÂÏÂÚËÎËÓ‚‡ÌÌÓ„Ó ‡ÎÎÂÎfl; “

 

–/–”

 

 – Ì‡ÎË˜ËÂ ÚÓÎ¸ÍÓ ÌÂÏÂÚËÎËÓ‚‡ÌÌ˚ı ‡ÎÎÂÎÂÈ; Ì/Ó – ÌÂ Ó·ÒÎÂ‰Ó‚‡ÌÓ.
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ÊÂ ÔË‚Ó‰ËÚ Í ÙÓÏËÓ‚‡ÌË˛ ‰‚Ûı ÍÎÂÚÓ˜Ì˚ı
ÍÎÓÌÓ‚ – ÚËÒÓÏÌÓ„Ó Ë Ò ÌÓÏ‡Î¸ÌÓÈ ıÓÏÓÒÓÏ-
ÌÓÈ ÍÓÌÒÚËÚÛˆËÂÈ. çÂ‡ÒıÓÊ‰ÂÌËÂ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â
‰‡ÒÚ ÌÓÏ‡Î¸Ì˚È ÍÎÂÚÓ˜Ì˚È ÍÎÓÌ Ë ÚÂÚ‡ÒÓÏË˛,
ÍÓÚÓ‡fl ‚ÒÚÂ˜‡ÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ Â‰ÍÓ. ê‡ÒÔÂ‰Â-
ÎÂÌËÂ ÍÎÂÚÓÍ Ò ıÓÏÓÒÓÏÌÓÈ ‡ÌÓÏ‡ÎËÂÈ ‚ ‡ÁÎË˜-
Ì˚ı ÚÍ‡Ìflı ˝Ï·ËÓÌ‡ ÔË ÍÓÂÍˆËË ÚËÒÓÏËË
ÓÔÂ‰ÂÎflÂÚÒfl ÏÌÓÊÂÒÚ‚ÓÏ Ù‡ÍÚÓÓ‚ Ë Á‡‚ËÒËÚ, ‚
ÚÓÏ ˜ËÒÎÂ, ÓÚ ˝Ú‡Ô‡ ‡Á‚ËÚËfl, Ì‡ ÍÓÚÓÓÏ ÔÓËÒ-
ıÓ‰ËÚ ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËÂ ‰ËÒÓÏÌÓ„Ó Í‡ËÓÚËÔ‡, ÓÚ
ÒÓÓÚÌÓ¯ÂÌËfl ÔÓÎËÙÂ‡ÚË‚ÌÓÈ Ë ÏË„‡ˆËÓÌÌÓÈ
‡ÍÚË‚ÌÓÒÚË ÍÎÂÚÓÍ Ò ÌÓÏ‡Î¸Ì˚Ï Ë ‡ÌÂÛÔÎÓË‰-
Ì˚Ï ıÓÏÓÒÓÏÌ˚Ï Ì‡·ÓÓÏ, ‡ Ú‡ÍÊÂ fl‚ÎflÂÚÒfl ‚
ÌÂÍÓÚÓ˚ı ÒÎÛ˜‡flı ıÓÏÓÒÓÏÓÒÔÂˆËÙË˜Ì˚Ï [22,
23]. ó‡˘Â ‚ÒÂ„Ó Ï‡ÍÂÓÏ ÍÓÂÍˆËË ÚËÒÓÏËË
‚˚ÒÚÛÔ‡ÂÚ ÌÂ·ÓÎ¸¯ÓÈ ÔÓˆÂÌÚ ˝ÛÔÎÓË‰Ì˚ı ÍÎÂ-
ÚÓÍ, ÔËÒÛÚÒÚ‚Û˛˘Ëı ‚ Ó‰ÌÓÏ ËÎË ‚ ÌÂÒÍÓÎ¸ÍËı ÚË-
Ô‡ı ÚÍ‡ÌÂÈ. í‡ÍËÏ Ó·‡ÁÓÏ, ˜‡ÒÚÓÚ‡ Ë ÏÂÊÚÍ‡ÌÂ‚ÓÂ
‡ÒÔÂ‰ÂÎÂÌËÂ ÍÎÂÚÓÍ Ò ˜ËÒÎÓ‚˚ÏË Ì‡Û¯ÂÌËflÏË
ıÓÏÓÒÓÏ ‚ ÔÎ‡ˆÂÌÚ‡Ì˚ı ÚÍ‡Ìflı ˝Ï·ËÓÌÓ‚ ˜ÂÎÓ-
‚ÂÍ‡ ÏÓ„ÛÚ ·˚Ú¸ ËÌ‰ËÍ‡ÚÓ‡ÏË ‡ÁÎË˜Ì˚ı ÏÂı‡ÌËÁ-
ÏÓ‚ ÙÓÏËÓ‚‡ÌËfl ıÓÏÓÒÓÏÌÓ„Ó ÏÓÁ‡ËˆËÁÏ‡ ‚
˝ÛÔÎÓË‰Ì˚ı Ë ‡ÌÂÛÔÎÓË‰Ì˚ı ÁË„ÓÚ‡ı [23].

Ç Ó·ÒÎÂ‰Ó‚‡ÌÌ˚ı ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ˝ÍÒÚ‡-
˝Ï·ËÓÌ‡Î¸Ì˚ı ÚÍ‡Ìflı ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ ̃ ‡-
ÒÚÓÚ‡ ‡ÌÂÛÔÎÓË‰Ì˚ı ÍÎÂÚÓÍ ‚‡¸ËÓ‚‡Î‡ ÓÚ 3 ‰Ó
99%. ÑÎfl ‡Ì‡ÎËÁ‡ ‚ÓÁÏÓÊÌ˚ı ÏÂı‡ÌËÁÏÓ‚ ‚ÓÁ-
ÌËÍÌÓ‚ÂÌËfl ÏÓÁ‡Ë˜ÌÓÈ ‡ÌÂÛÔÎÓË‰ËË ËÒÒÎÂ‰Ó‚‡Ì-
Ì‡fl ‚˚·ÓÍ‡ ·˚Î‡ ‰ËÙÙÂÂÌˆËÓ‚‡Ì‡ Ì‡ ÚË
„ÛÔÔ˚ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ˜‡ÒÚÓÚ˚ ‡ÌÂÛÔÎÓË‰ÌÓ„Ó
ÍÎÂÚÓ˜ÌÓ„Ó ÍÎÓÌ‡ (Ú‡·Î. 2). ä‡Í ·˚ÎÓ ÓÚÏÂ˜ÂÌÓ
‚˚¯Â, Û ˝Ï·ËÓÌÓ‚ Ò ÏÓÁ‡ËˆËÁÏÓÏ ÌËÁÍÓ„Ó ÛÓ‚-
Ìfl („ÛÔÔ‡ I) Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌ˚Ï ÏÂı‡ÌËÁÏÓÏ
ÙÓÏËÓ‚‡ÌËfl ÏÓÁ‡ËˆËÁÏ‡ fl‚ÎflÂÚÒfl ÏËÚÓÚË˜Â-
ÒÍÓÂ ÌÂ‡ÒıÓÊ‰ÂÌËÂ ‚ ̃ ‡ÒÚË ÍÎÂÚÓÍ ÔÂ‚Ë˜ÌÓ ̋ ÛÔ-
ÎÓË‰ÌÓÈ ÁË„ÓÚ˚. àÏÂÌÌÓ ̋ Ú‡ „ÛÔÔ‡ ÔÂ‰ÒÚ‡‚ÎflÂÚ
Ì‡Ë·ÓÎ¸¯ËÈ ËÌÚÂÂÒ ‚ ÔÎ‡ÌÂ ËÁÛ˜ÂÌËfl ÓÎË ˝ÔË-
ÏÛÚ‡ˆËÈ „ÂÌÓ‚ ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ ‚ ˝ÚËÓÎÓ„ËË
ıÓÏÓÒÓÏÌÓ„Ó ÌÂ‡ÒıÓÊ‰ÂÌËfl Û ˝Ï·ËÓÌÓ‚, ‡Á-
‚Ë‚‡˛˘ËıÒfl ËÁ ˝ÛÔÎÓË‰Ì˚ı ÁË„ÓÚ. ÇÓ ‚ÚÓÓÈ
„ÛÔÔÂ ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ ‚ÓÁÏÓÊÌÓ Í‡Í ÏË-
ÚÓÚË˜ÂÒÍÓÂ, Ú‡Í Ë ÏÂÈÓÚË˜ÂÒÍÓÂ ÔÓËÒıÓÊ‰ÂÌËÂ
‡ÌÂÛÔÎÓË‰ËË. à, Ì‡ÍÓÌÂˆ, ÚÂÚ¸fl „ÛÔÔ‡ ˝Ï·ËÓ-
ÌÓ‚ ·˚Î‡ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ÒÔÓÌÚ‡ÌÌ˚ÏË ‡·ÓÚÛÒ‡ÏË
Ò ‚˚ÒÓÍËÏ ÛÓ‚ÌÂÏ ÏÓÁ‡Ë˜ÌÓÈ ‡ÌÂÛÔÎÓË‰ËË, ‚ÓÁ-
ÌËÍ‡˛˘ÂÈ ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ ‚ÒÎÂ‰ÒÚ‚ËÂ ÍÓÂÍ-
ˆËË ÚËÒÓÏËË. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚ ÔÓÒÎÂ‰-

Ì˛˛ „ÛÔÔÛ ·˚ÎÓ ÓÚÌÂÒÂÌÓ ÔÓ˜ÚË 50% ‚ÒÂı Ó·-
ÒÎÂ‰Ó‚‡ÌÌ˚ı ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚. 

ó‡ÒÚÓÚ‡ ˝ÔËÏÛÚ‡ˆËÈ „ÂÌ‡ 

 

RB1

 

 ‚ ÚÂı „ÛÔÔ‡ı
ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ Á‡ÏÂÚÌÓ ‡ÁÎË˜‡Î‡Ò¸
(Ú‡·Î. 2). í‡Í, Ì‡Ë·ÓÎÂÂ ‚˚ÒÓÍ‡fl ˜‡ÒÚÓÚ‡ ‡·Â-
‡ÌÚÌÓ„Ó ÏÂÚËÎËÓ‚‡ÌËfl ·˚Î‡ Á‡Â„ËÒÚËÓ‚‡Ì‡
Û ˝Ï·ËÓÌÓ‚ Ò ÌËÁÍËÏ ÛÓ‚ÌÂÏ ‡ÌÓÏ‡Î¸ÌÓ„Ó ÍÎÓ-
Ì‡, ‰Îfl ÍÓÚÓ˚ı Ì‡Ë·ÓÎÂÂ ‚ÂÓflÚÌ˚ ÏËÚÓÚË˜Â-
ÒÍËÂ Ó¯Ë·ÍË ÔË ‚ÓÁÌËÍÌÓ‚ÂÌËË ‡ÌÂÛÔÎÓË‰ËË.
ÑÓÎfl ˝Ï·ËÓÌÓ‚ Ò ÏÂÚËÎËÓ‚‡ÌÌ˚Ï ÔÓÏÓÚÓÓÏ

 

RB1

 

 ‚ ˝ÚÓÈ „ÛÔÔÂ ‰ÓÒÚÓ‚ÂÌÓ ÓÚÎË˜‡Î‡Ò¸ ÓÚ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Â„Ó ÔÓÍ‡Á‡ÚÂÎfl ‚ „ÛÔÔÂ Á‡Ó‰˚¯ÂÈ Ò
‚˚ÒÓÍËÏ ÛÓ‚ÌÂÏ ‡ÌÂÛÔÎÓË‰Ì˚ı ÍÎÂÚÓÍ (

 



 

 = 0.01).
åÂÊ‰Û „ÛÔÔ‡ÏË I Ë II, II Ë III ‰ÓÒÚÓ‚ÂÌ˚ı ‡ÁÎË-
˜ËÈ ÔÓ ˜‡ÒÚÓÚÂ ˝ÔËÏÛÚ‡ˆËÈ ‚˚fl‚ÎÂÌÓ ÌÂ ·˚ÎÓ
(

 



 

 = 0.14 Ë

 

 

 

 = 0.37, ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ). í‡ÍËÏ Ó·‡-
ÁÓÏ, ‡·Â‡ÌÚÌÓÂ ÏÂÚËÎËÓ‚‡ÌËÂ „ÂÌ‡ 

 

RB1

 

 ˜‡˘Â
Ì‡·Î˛‰‡ÂÚÒfl Û ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ Ò ÏÓÁ‡ËˆËÁ-
ÏÓÏ ÌËÁÍÓ„Ó ÛÓ‚Ìfl, ÙÓÏËÛ˛˘ËÏÒfl ‚ÒÎÂ‰ÒÚ‚ËÂ
ÏËÚÓÚË˜ÂÒÍËı Ó¯Ë·ÓÍ ‚ ˝Ï·ËÓÌ‡Î¸Ì˚ı ÍÎÂÚÍ‡ı
ËÁÌ‡˜‡Î¸ÌÓ ˝ÛÔÎÓË‰ÌÓÈ ÁË„ÓÚ˚. å˚ ÔÂ‰ÔÓÎ‡„‡-
ÂÏ, ˜ÚÓ ËÌ‡ÍÚË‚‡ˆËfl ˝ÍÒÔÂÒÒËË „ÂÌ‡ 

 

RB1

 

, ‚ ÚÓÏ
˜ËÒÎÂ Ë ‚ÒÎÂ‰ÒÚ‚ËÂ ˝ÔË„ÂÌÂÚË˜ÂÒÍËı Ì‡Û¯ÂÌËÈ,
ËÎË ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓÂ ÍÓÎË˜ÂÒÚ‚Ó ·ÂÎÍÓ‚Ó„Ó ÔÓ-
‰ÛÍÚ‡ ‚ ÍÎÂÚÍÂ ÏÓÊÂÚ ËÌËˆËËÓ‚‡Ú¸ ‚ÓÁ‡ÒÚ‡ÌËÂ
ÏËÚÓÚË˜ÂÒÍÓÈ ÌÂÒÚ‡·ËÎ¸ÌÓÒÚË Ë ‚ÓÁÌËÍÌÓ‚ÂÌËÂ
ıÓÏÓÒÓÏÌÓ„Ó ÏÓÁ‡ËˆËÁÏ‡. ä‡ÍËÏ Ó·‡ÁÓÏ ÏÓ„ÛÚ
·˚Ú¸ Â‡ÎËÁÓ‚‡Ì˚ ˝ÚË ÔÓˆÂÒÒ˚?

ÅÂÎÓÍ ÂÚËÌÓ·Î‡ÒÚÓÏ‡ (pRB) – fl‰ÂÌ˚È ÙÓÒ-
ÙÓÔÓÚÂËÌ, fl‚Îfl˛˘ËÈÒfl ÌÂ„‡ÚË‚Ì˚Ï Â„ÛÎflÚÓ-
ÓÏ ÍÎÂÚÓ˜ÌÓÈ ÔÓÎËÙÂ‡ˆËË. ÄÍÚË‚‡ˆËfl ·ÂÎÍ‡
Á‡‚ËÒËÚ ÓÚ ÒÚÂÔÂÌË Â„Ó ÙÓÒÙÓËÎËÓ‚‡ÌËfl Ë ÌÓ-
ÒËÚ ‚ ÍÎÂÚÍÂ ˆËÍÎË˜ÂÒÍËÈ ı‡‡ÍÚÂ. éÒÌÓ‚Ì‡fl
ÙÛÌÍˆËfl pRB Á‡ÍÎ˛˜‡ÂÚÒfl ‚ Ò‚flÁ˚‚‡ÌËË ‚ „ËÔÓ-
ÙÓÒÙÓËÎËÓ‚‡ÌÌÓÏ ÒÓÒÚÓflÌËË E2F-ÒÂÏÂÈÒÚ‚‡
Ù‡ÍÚÓÓ‚ Ú‡ÌÒÍËÔˆËË, ÍÓÚÓ˚Â fl‚Îfl˛ÚÒfl ˆÂÌ-
Ú‡Î¸Ì˚Ï Â„ÛÎflÚÓÓÏ ˝ÍÒÔÂÒÒËË „ÂÌÓ‚ ÍÓÌÚÓ-
Îfl ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ Ë ÔflÏÓ ÏÓ‰ÛÎËÛ˛Ú ˝ÍÒ-
ÔÂÒÒË˛ „ÂÌÓ‚, ‚Ó‚ÎÂ˜ÂÌÌ˚ı ‚ ÂÔÎËÍ‡ˆË˛ Ë Â-
Ô‡‡ˆË˛ Ñçä, ‡ Ú‡ÍÊÂ ‚ ÔÓıÓÊ‰ÂÌËÂ G1/S Ë
G2/M-Ò‚ÂÓ˜Ì˚ı ÚÓ˜ÂÍ ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡. èË
ÙÓÒÙÓËÎËÓ‚‡ÌËË pRB ÔÓËÒıÓ‰ËÚ ‚˚Ò‚Ó·ÓÊ-
‰ÂÌËÂ Ò‚flÁ‡ÌÌ˚ı Ò ÌËÏ Ù‡ÍÚÓÓ‚ Ú‡ÌÒÍËÔˆËË
E2F, ˜ÚÓ Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ÔÓıÓÊ‰ÂÌËÂ ÍÎÂÚÍÓÈ Ú‡Í
Ì‡Á˚‚‡ÂÏÓÈ “ÚÓ˜ÍË ÂÒÚËÍˆËË” Ë ÌÂÓ·‡ÚËÏÓÂ
‚ÒÚÛÔÎÂÌËÂ ‚ ÏËÚÓÁ. èÓÚÂfl ·ÂÎÍÓ‚Ó„Ó ÔÓ‰ÛÍÚ‡
pRB ÏÓÊÂÚ ËÌËˆËËÓ‚‡Ú¸ ÔÓıÓÊ‰ÂÌËÂ ÌÂÁ‡ÔÎ‡-
ÌËÓ‚‡ÌÌ˚ı ˆËÍÎÓ‚ ÂÔÎËÍ‡ˆËË ·ÂÁ ÂÔ‡‡ˆËË

 

í‡·ÎËˆ‡ 2

 

.  ó‡ÒÚÓÚ‡ ̋ ÔËÏÛÚ‡ˆËÈ „ÂÌ‡ 

 

RB1

 

 ‚ „ÛÔÔ‡ı ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ Ò ‡ÁÌ˚Ï ÛÓ‚ÌÂÏ ‡ÌÂÛÔÎÓË‰Ì˚ı ÍÎÂÚÓÍ
‚ ˝ÍÒÚ‡˝Ï·ËÓÌ‡Î¸Ì˚ı ÚÍ‡Ìflı

ÉÛÔÔ‡ ó‡ÒÚÓÚ‡ ‡ÌÂÛÔÎÓË‰Ì˚ı 
ÍÎÂÚÓÍ

óËÒÎÓ ÒÔÓÌÚ‡ÌÌ˚ı 
‡·ÓÚÛÒÓ‚ ‚ „ÛÔÔÂ

óËÒÎÓ ÒÔÓÌÚ‡ÌÌ˚ı ‡·ÓÚÛÒÓ‚ 
Ò ÏÂÚËÎËÓ‚‡ÌÌ˚Ï 

 

RB1

 

ó‡ÒÚÓÚ‡ ˝ÔËÏÛÚ‡ˆËÈ 

 

RB1

 

I çËÁÍ‡fl (3–35%) 10 5 31.25 

 

×

 

 10

 

–2

 

II ëÂ‰Ìflfl (36–68%) 11 2 7.14 

 

×

 

 10

 

–2

 

III Ç˚ÒÓÍ‡fl (69–99%) 24 2 2.38 

 

×

 

 10

 

–2
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íÓÎÏ‡˜Â‚‡ 

 

Ë ‰

 

.

 

ÔÓ‚ÂÊ‰ÂÌËÈ Ñçä Ë, Í‡Í ÒÎÂ‰ÒÚ‚ËÂ, Ì‡ÍÓÔÎÂÌËÂ
„ÂÌÓÏÌÓÈ ÌÂÒÚ‡·ËÎ¸ÌÓÒÚË. Ç ‰ÓÔÓÎÌÂÌËÂ Í Ì‡Û-
¯ÂÌËflÏ ‚ G1/S-Ù‡ÁÂ ÔÓÚÂfl pRB ‚Â‰ÂÚ Í ËÁÏÂÌÂ-
ÌËflÏ ‚ ˝ÍÒÔÂÒÒËË ˆËÍÎËÌ‡ Ö Ë Ò‚flÁ‡ÌÌÓÏÛ Ò ˝ÚËÏ
‚ÓÁÌËÍÌÓ‚ÂÌË˛ ‡ÌÂÛ- Ë ÔÓÎËÔÎÓË‰ËË [24].

Ç Ò‚ÂÓ˜ÌÓÈ ÚÓ˜ÍÂ G2/M ˝ÙÙÂÍÚ˚ ËÌ‡ÍÚË‚‡-
ˆËË 

 

RB1

 

 ÏÓ„ÛÚ ÔÓfl‚ËÚ¸Òfl ˜ÂÂÁ ËÁÏÂÌÂÌËÂ ÛÓ‚-
Ìfl Ú‡ÍËı ÍËÚË˜ÂÒÍËı ‰Îfl ̋ ÚÓÈ ÒÚ‡‰ËË ÍÎÂÚÓ˜ÌÓ„Ó
ˆËÍÎ‡ Â„ÛÎflÚÓÌ˚ı Ù‡ÍÚÓÓ‚, Í‡Í ˆËÍÎËÌ-Á‡‚Ë-
ÒËÏ‡fl ÍËÌ‡Á‡ ëDK1, ˆËÍÎËÌ B, CDC20 Ë MAD2,
ÍÓÌÚÓÎËÛÂÏ˚ı RB/E2F-ÍÓÏÔÎÂÍÒÓÏ [16]. í‡Í,
ËÌ‡ÍÚË‚‡ˆËfl „ÂÌ‡ 

 

RB1

 

 ÔË‚Ó‰ËÚ Í ÔÓ‚˚¯ÂÌË˛
ÛÓ‚Ìfl E2F, ˜ÚÓ ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸ ‚˚Á˚‚‡ÂÚ ‚ÓÁ‡Ò-
Ú‡ÌËÂ ˝ÍÒÔÂÒÒËË MAD2 [25]. ÅÂÎÓÍ MAD2 fl‚Îfl-
ÂÚÒfl Ó‰ÌËÏ ËÁ Â„ÛÎflÚÓÓ‚ Ò‚ÂÓ˜ÌÓÈ ÚÓ˜ÍË ‚ÂÂ-
ÚÂÌ‡ ‰ÂÎÂÌËfl, ·ÎÓÍËÛÂÚ ‡ÍÚË‚‡ˆË˛ ÒÂÔ‡‡Á˚ Ë
fl‚ÎflÂÚÒfl ÏË¯ÂÌ¸˛ ‰Îfl ÍÓÏÔÎÂÍÒ‡ ‡ÍÚË‚‡ˆËË ‡Ì‡-
Ù‡Á˚ – Äêë. ë‚Âı˝ÍÒÔÂÒÒËfl MAD2 ÔË‚Ó‰ËÚ Í
Á‡‰ÂÊÍÂ ÏËÚÓÁ‡, Û‚ÂÎË˜ÂÌË˛ ˜‡ÒÚÓÚ˚ ‡Á˚‚Ó‚
‚ ıÓÏÓÒÓÏ‡ı, ÔÓfl‚ÎÂÌË˛ ‡Ì‡Ù‡ÁÌ˚ı ÏÓÒÚÓ‚,
‡ÌÂÛ- Ë ÔÓÎËÔÎÓË‰ËË. ÅÓÎÂÂ ÚÓ„Ó, ‰Îfl ËÌËˆË‡ˆËË
˝ÚËı ÔÓˆÂÒÒÓ‚ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÎË¯¸ Í‡ÚÍÓ‚ÂÏÂÌ-
ÌÓ„Ó ÔÓ‚˚¯ÂÌËfl ÛÓ‚Ìfl MAD2 ‚ ÍÎÂÚÍÂ [26]. èÓ
‚ÒÂÈ ‚Ë‰ËÏÓÒÚË, ‚ÍÎ‡‰ Ì‡Û¯ÂÌËÈ ̋ ÍÒÔÂÒÒËË ‰Û-
„Ëı pRB-Á‡‚ËÒËÏ˚ı „ÂÌÓ‚ ‚ ËÌ‰ÛÍˆË˛ ‡ÌÂÛÔÎÓË-
‰ËË Ú‡ÍÊÂ ÏÓÊÂÚ ·˚Ú¸ Â‡ÎËÁÓ‚‡Ì ˜ÂÂÁ ‡Á˚‚
ÚÂÒÌÓÈ ÍÓÓ‰ËÌ‡ˆËË ÏÂÊ‰Û Á‡‚Â¯ÂÌËÂÏ ÏËÚÓÁ‡
Ë ËÌËˆË‡ˆËÂÈ ÂÔÎËÍ‡ˆËË Ñçä. 

ëÎÂ‰Û˛˘ËÈ ‚ÓÁÏÓÊÌ˚È ÏÂı‡ÌËÁÏ – Ì‡Û¯Â-
ÌËÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ ÏÂÊ‰Û ÂÚËÌÓ·Î‡ÒÚÓÏÌ˚Ï
·ÂÎÍÓÏ Ë ıÓÏ‡ÚËÌ-ÂÏÓ‰ÂÎËÛ˛˘ËÏË Ù‡ÍÚÓ‡-
ÏË. ëÚÛÍÚÛ‡ ıÓÏ‡ÚËÌ‡ Ë„‡ÂÚ ÍÎ˛˜Â‚Û˛ ÓÎ¸
‚ ÍÓÌÚÓÎÂ Ú‡ÌÒÍËÔˆËË „ÂÌÓ‚, ÔË ˝ÚÓÏ ÏÂÚË-
ÎËÓ‚‡ÌËÂ ˆËÚÓÁËÌÓ‚˚ı ÓÒÌÓ‚‡ÌËÈ Ñçä Ë ÍÓ‚‡-
ÎÂÌÚÌ˚Â ÏÓ‰ËÙËÍ‡ˆËË „ËÒÚÓÌÓ‚ fl‚Îfl˛ÚÒfl ÓÒ-
ÌÓ‚Ì˚ÏË Ù‡ÍÚÓ‡ÏË ˝ÔË„ÂÌÂÚË˜ÂÒÍÓÈ Â„ÛÎfl-
ˆËË. êÂÚËÌÓ·Î‡ÒÚÓÏÌ˚È ·ÂÎÓÍ ÒÔÓÒÓ·ÂÌ
‚Á‡ËÏÓ‰ÂÈÒÚ‚Ó‚‡Ú¸ Ò fl‰ÓÏ ÙÂÏÂÌÚÓ‚, ÍÓÚÓ-
˚Â ÍÓÌÚÓÎËÛ˛Ú ÒÚÛÍÚÛÛ ıÓÏ‡ÚËÌ‡ ˜ÂÂÁ
„ËÒÚÓÌÓ‚˚Â ÏÓ‰ËÙËÍ‡ˆËË, Ó·ÂÒÔÂ˜Ë‚‡˛Ú ÔÓ‰-
‰ÂÊ‡ÌËÂ ‰ÎËÌ˚ ÚÂÎÓÏÂ ËÎË Â„ÛÎËÛ˛Ú
ÙÛÌÍˆËË ˆÂÌÚÓÏÂÌ˚ı Â„ËÓÌÓ‚ ıÓÏÓÒÓÏ
[27]. ëÂ‰Ë Ú‡ÍËı ÙÂÏÂÌÚÓ‚ ÏÓÊÌÓ ÓÚÏÂÚËÚ¸ „Ë-
ÒÚÓÌÓ‚˚Â ‰Â‡ˆÂÚËÎ‡Á˚ (HDAC1, HDAC2, HDAC3)
Ë ÏÂÚËÎÚ‡ÌÒÙÂ‡Á˚ (H3-K9 Ë H4-K20). äÓÏÂ
ÚÓ„Ó, pRB ‚Á‡ËÏÓ‰ÂÈÒÚ‚ÛÂÚ Ò ıÓÏ‡ÚËÌ-ÂÏÓ‰ÂÎË-
Û˛˘ËÏË Äíî-Á‡‚ËÒËÏ˚ÏË „ÂÎËÍ‡Á‡ÏË BRG1 Ë
BRM, ‡ Ú‡ÍÊÂ Ò Ñçä-ÏÂÚËÎÚ‡ÌÒÙÂ‡Á‡ÏË. èÓ-
Í‡Á‡ÌÓ, ˜ÚÓ ‰ÂÙËˆËÚ ÂÚËÌÓ·Î‡ÒÚÓÏÌÓ„Ó ·ÂÎÍ‡ ‚
ÍÎÂÚÍÂ ÏÓÊÂÚ ‚˚Á˚‚‡Ú¸ ‰ÂÙÂÍÚ˚ ‚ ÒÚÛÍÚÛÂ
ˆÂÌÚÓÏÂÌÓ„Ó „ÂÚÂÓıÓÏ‡ÚËÌ‡, ÔË‚Ó‰ËÚ¸ Í
ÒÎËflÌË˛ ˆÂÌÚÓÏÂ, ıÓÏÓÒÓÏÌÓÏÛ ÌÂ‡ÒıÓÊ‰Â-
ÌË˛ Ë ‚ÓÁ‡ÒÚ‡ÌË˛ „ÂÌÓÏÌÓÈ ÌÂÒÚ‡·ËÎ¸ÌÓÒÚË
[28]. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, Ì‡Û¯ÂÌËfl Â„ÛÎflˆËË ÒÚÛÍ-
ÚÛ˚ „ÂÚÂÓıÓÏ‡ÚËÌ‡ ‚ Ò‚flÁË Ò ÔÓÚÂÂÈ pRB ÏÓ-
„ÛÚ Á‡Ú‡„Ë‚‡Ú¸ Ë Ú‡ÍËÂ ÔÓˆÂÒÒ˚, ÍÓÚÓ˚Â ÌÂÔÓ-
ÒÂ‰ÒÚ‚ÂÌÌÓ ÌÂÁ‡‚ËÒËÏ˚ ÓÚ ËÁÏÂÌÂÌËÈ ‚ G1/S-Ù‡-
ÁÂ ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡.

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ıÓ‰Â Ì‡ÒÚÓfl˘Â„Ó ËÒÒÎÂ‰Ó‚‡-
ÌËfl ‚ÔÂ‚˚Â ÓÔËÒ‡ÌÓ ‡·Â‡ÌÚÌÓÂ ÏÂÚËÎËÓ‚‡-
ÌËÂ ÔÓÏÓÚÓÌÓ„Ó Â„ËÓÌ‡ „ÂÌ‡ 

 

RB1

 

 Û ÒÔÓÌÚ‡Ì-
Ì˚ı ‡·ÓÚÛÒÓ‚ Ò ıÓÏÓÒÓÏÌ˚Ï ÏÓÁ‡ËˆËÁÏÓÏ. èÓ-
Í‡Á‡ÌÓ, ˜ÚÓ ˝ÔËÏÛÚ‡ˆËË 

 

RB1

 

 ‡ÒÒÓˆËËÓ‚‡Ì˚ Ò
ÌËÁÍËÏ ÛÓ‚ÌÂÏ ‡ÌÂÛÔÎÓË‰Ì˚ı ÍÎÂÚÓÍ Û ÏÓÁ‡Ë˜-
Ì˚ı Á‡Ó‰˚¯ÂÈ, Ë ‚˚‰‚ËÌÛÚÓ ÔÂ‰ÔÓÎÓÊÂÌËÂ,
˜ÚÓ ‡·Â‡ÌÚÌÓÂ ÏÂÚËÎËÓ‚‡ÌËÂ ÔÓÏÓÚÓÌÓÈ
Ó·Î‡ÒÚË „ÂÌ‡ ÍÓÌÚÓÎfl ÍÎÂÚÓ˜ÌÓ„Ó ˆËÍÎ‡ ÏÓÊÂÚ
fl‚ÎflÚ¸Òfl Ó‰ÌËÏ ËÁ ÔÛÒÍÓ‚˚ı ÏÂı‡ÌËÁÏÓ‚ ‚ÓÁÌËÍ-
ÌÓ‚ÂÌËfl ‡ÌÂÛÔÎÓË‰ËË ‚ ÒÓÏ‡ÚË˜ÂÒÍËı ÍÎÂÚÍ‡ı
‡Á‚Ë‚‡˛˘Â„ÓÒfl Á‡Ó‰˚¯‡. ÇÓÔÓÒ Ó ÚÓÏ, Ì‡ Í‡-
ÍÓÏ ˝Ú‡ÔÂ ˝Ï·ËÓ„ÂÌÂÁ‡ ÏÓ„ÛÚ ÔÓËÁÓÈÚË ÔÓ‰Ó·-
Ì˚Â ˝ÔËÏÛÚ‡ˆËË, ÓÒÚ‡ÂÚÒfl ÓÚÍ˚Ú˚Ï Ë ÚÂ·ÛÂÚ
‰‡Î¸ÌÂÈ¯Ëı ËÒÒÎÂ‰Ó‚‡ÌËÈ. 

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
êîîà („‡ÌÚ ‹ 05-04-48129).
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Epigenetic Inactivation of the RB1 Gene as a Factor of Genomic Instability:

A Possible Contribution to Etiology of Chromosomal Mosaicism

during Human Embryo Development

E. N. Tolmacheva, A. A. Kashevarova, N. N. Sukhanova, 
E. A. Sazhenova, and I. N. Lebedev

Research Institute of Medical Genetics, Tomsk Research Center, Russian Academy of Medical Sciences, 
Tomsk, 634050 Russia;

e-mail: kate.tolmacheva@medgenetics.ru

The methylation status of the cell cycle control gene RB1 has been studied in placental tissues of spontaneous
abortions of the first trimester of pregnancy with mosaic variants of numerical chromosomal abnormalities ver-
ified by a molecular genetic examination. Aberrant methylation of the gene promoter region has been revealed
for the first time in 20% of embryos with chromosomal mosaicism that died in utero. A maximum frequency
of epimutations was recorded in a group of embryos with a low level of abnormal cells for which mitotic errors
are most likely to determine the formation of mosaic aneuploidy in primary euploid zygotes. It has been sug-
gested that aberrant epigenetic genomic modifications at early stages of human embryonic development can be
one of the mechanisms promoting genomic instability realized in the form of mosaic abnormalities of the kary-
otype that are incompatible with the normal course of embryogenesis.
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