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 èÓ˜Í‡ ÌÂÁÂÎÓÓÊ‰‡˛˘Ëı ÏÎÂÍÓÔËÚ‡˛˘Ëı,
Ú‡ÍËı Í‡Í Ï˚¯Ë Ë Í˚Ò˚, ‚ ‡ÌÌËÈ ÔÓÒÚÌ‡Ú‡Î¸-
Ì˚È ÔÂËÓ‰ ÌÂ˜Û‚ÒÚ‚ËÚÂÎ¸Ì‡ Í ‚‡ÁÓÔÂÒÒËÌÛ
(Nash, Edelman, 1973; Dlouha, 1976; Elinder, 1980).
êÂ„ÛÎflˆËfl Â‡·ÒÓ·ˆËË ‚Ó‰˚ ‚ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı
ÚÛ·Í‡ı Ì‡˜ËÌ‡ÂÚ ÔÓfl‚ÎflÚ¸Òfl ‚ ÔÂËÓ‰ ÔÂÂıÓ‰‡
ÊË‚ÓÚÌÓ„Ó Ì‡ Ò‡ÏÓÒÚÓflÚÂÎ¸ÌÓÂ ÔËÚ‡ÌËÂ. ê‡Á‚Ë-
ÚËÂ Â‡ÍˆËË ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË Ì‡ ‚‡-
ÁÓÔÂÒÒËÌ Ò‚flÁ˚‚‡˛Ú Ò ÔÓÒÚÂÔÂÌÌ˚Ï ÙÓÏËÓ‚‡-
ÌËÂÏ Ë ÒÓÔflÊÂÌËÂÏ ‚ „Î‡‚Ì˚ı ÍÎÂÚÍ‡ı ˝ÔËÚÂÎËfl
ÏÓÎÂÍÛÎflÌ˚ı ÏÂı‡ÌËÁÏÓ‚ Ú‡ÌÒ‰ÛÍˆËË ÒË„Ì‡Î‡
„ÓÏÓÌ‡. í‡Í, Û Í˚Ò ÔÓËÒıÓ‰ËÚ ÓÒÚ ÍÓÎË˜ÂÒÚ‚‡
ÂˆÂÔÚÓÓ‚ ‚‡ÁÓÔÂÒÒËÌ‡ V
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 Ë ‡ÍÚË‚ÌÓÒÚË ‡‰ÂÌË-
Î‡ÚˆËÍÎ‡Á˚ (ëÓÎÂÌÓ‚, à‚‡ÌÓ‚‡, 1985, 1997; Imbert-
Teboul et al., 1984; Siga, Horster, 1991; Ammar et al.,
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1992; Tiansheng et al., 1997). Ç ˝ÚÓÚ ÊÂ ÔÂËÓ‰ ÔÓ-
fl‚ÎflÂÚÒfl Û‚ÂÎË˜ÂÌËÂ Éíî‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË
G-·ÂÎÍÓ‚ Ë Ëı ÒÓÔflÊÂÌËÂ Ò ÂˆÂÔÚÓÓÏ ‚‡ÁÓ-
ÔÂÒÒËÌ‡ (áÂÎÂÌËÌ‡ Ë ‰., 1994). èÓËÒıÓ‰ËÚ ÒÏÂ-
Ì‡ ̂ ËÚÓÁÓÎ¸ÌÓÈ ËÁÓÙÓÏ˚ RI Â„ÛÎflÚÓÌÓÈ ÒÛ·˙-
Â‰ËÌËˆ˚ ÔÓÚÂËÌÍËÌ‡Á˚ A Ì‡ ËÁÓÙÓÏÛ RII (ëÓ-
ÎÂÌÓ‚, à‚‡ÌÓ‚‡, 1985). ì Í˚Ò Ë Ï˚¯ÂÈ ‚ ÚÂ˜ÂÌËÂ
ÔÓÒÚÌ‡Ú‡Î¸ÌÓ„Ó ÓÌÚÓ„ÂÌÂÁ‡ ‚ ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ
ÏÂÏ·‡ÌÂ ÔÓÒÚÂÔÂÌÌÓ Û‚ÂÎË˜Ë‚‡ÂÚÒfl ÒÓ‰ÂÊ‡ÌËÂ
‡Í‚‡ÔÓËÌÓ‚, ÙÓÏËÛ˛˘Ëı ‚Ó‰Ì˚Â Í‡Ì‡Î˚
(Bonilla-Felix, Jiang, 1997; Yamamoto et al., 1997;
Yao et al., 2004). Ç ÍÓÌÂ˜ÌÓÏ Ò˜ÂÚÂ ÔÓˆÂÒÒ˚, ÔÓ-
ÚÂÍ‡˛˘ËÂ ‚ ÔÓ˜ÍÂ ‚ ÔÓÒÚÌ‡Ú‡Î¸ÌÓÏ ÓÌÚÓ„ÂÌÂÁÂ,
ÔË‚Ó‰flÚ Í ÔÓ‚˚¯ÂÌË˛ ˝ÙÙÂÍÚË‚ÌÓÒÚË ÙÛÌÍˆËË
ÓÒÏÓÚË˜ÂÒÍÓ„Ó ÍÓÌˆÂÌÚËÓ‚‡ÌËfl Ë Í ÔÓfl‚ÎÂÌË˛
Â‡ÍˆËË ˝ÔËÚÂÎËfl ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ Ì‡ ‚‡ÁÓ-
ÔÂÒÒËÌ (ëÓÎÂÌÓ‚ Ë ‰., 2001; Siga, Horster, 1991). 

Ç ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ‚ÌËÏ‡ÌËÂ
Û‰ÂÎflÂÚÒfl ËÒÒÎÂ‰Ó‚‡ÌË˛ ÏÂı‡ÌËÁÏÓ‚ Â„ÛÎflˆËË
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ç‡ ËÁÓÎËÓ‚‡ÌÌ˚ı Ù‡„ÏÂÌÚ‡ı ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË Ï˚¯Ë ÎËÌËË C57BL/6J ÚÂı ‚ÓÁ‡ÒÚ-
Ì˚ı „ÛÔÔ (9, 18 Ë 60–90 ÒÛÚ) ËÒÒÎÂ‰Ó‚‡ÎË ‚Ó‰ÌÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ ÍÎÂÚÓÍ ˝ÔËÚÂÎËfl ÒÓ·Ë‡ÚÂÎ¸Ì˚ı
ÚÛ·ÓÍ Ë Â‡ÍˆË˛ Ì‡ ‚‡ÁÓÔÂÒÒËÌ. äÓ˝ÙÙËˆËÂÌÚ ÓÒÏÓÚË˜ÂÒÍÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË 
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 ÓˆÂÌË‚‡ÎË
ÔÓ ÒÍÓÓÒÚË Ì‡·Ûı‡ÌËfl ÍÎÂÚÓÍ ÔÓÒÎÂ ÒÏÂÌ˚ ÓÒÏÓÎflÌÓÒÚË ÒÂ‰˚ Ò 300 ‰Ó 200 ÏéÒÏ/Î. ìÒÚ‡ÌÓ‚ÎÂÌÓ,
˜ÚÓ ‚ÂÎË˜ËÌ‡ 
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f

 

 Û Ï˚¯ÂÈ ‚ ‚ÓÁ‡ÒÚÂ 9 ÒÛÚ ‰ÓÒÚÓ‚ÂÌÓ ÌËÊÂ, ˜ÂÏ Û Ï˚¯ÂÈ ‚ ‚ÓÁ‡ÒÚÂ 18 ÒÛÚ, Ú.Â. ÔË
ÓÍÓÌ˜‡ÌËË ÔÂÂıÓ‰‡ Ì‡ ÒÏÂ¯‡ÌÌÓÂ ÔËÚ‡ÌËÂ, ÌÓ 
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 Û 18-ÒÛÚÓ˜Ì˚ı Ï˚¯ÂÈ Â˘Â ÌÂ ‰ÓÒÚË„‡ÂÚ Ú‡ÍËı ÁÌ‡-
˜ÂÌËÈ, Í‡Í Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı (
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 = 58.6 
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 7.7, 94.5 

 

±

 

 8.8 Ë 168.4 
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 11.8 ÏÍÏ/Ò ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ). Ä„Ó-
ÌËÒÚ V
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-ÂˆÂÔÚÓÓ‚ ‚‡ÁÓÔÂÒÒËÌ‡ ‰ÂÒÏÓÔÂÒÒËÌ ‚ ÍÓÌˆÂÌÚ‡ˆËË 1 Ìå ‰ÓÒÚÓ‚ÂÌÓ ÔÓ‚˚¯‡Î 

 

P

 

f

 

 Í‡Í Û
18-ÒÛÚÓ˜Ì˚ı, Ú‡Í Ë Û ‚ÁÓÒÎ˚ı Ï˚¯ÂÈ Ë ÌÂ ‚˚Á˚‚‡Î ËÁÏÂÌÂÌËÈ Û 9-ÒÛÚÓ˜Ì˚ı ÊË‚ÓÚÌ˚ı. àÌ„Ë·ËÚÓ
ÔÓÚÂËÌÍËÌ‡Á˚ C Ro-31-8220 ‚ ÍÓÌˆÂÌÚ‡ˆËË 100 ÌM ÔÓ‰‡‚ÎflÎ ‚ÎËflÌËÂ ‰ÂÒÏÓÔÂÒÒËÌ‡ Ì‡ 
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f

 

 Ï˚¯ÂÈ
‚ ‚ÓÁ‡ÒÚÂ 18 ÒÛÚ Ë Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı, ÌÓ ÌÂ ÔË‚Ó‰ËÎ Í ÔÓ‰‡‚ÎÂÌË˛ ˝ÙÙÂÍÚ‡ ‡Ì‡ÎÓ„‡ ‚ÚÓË˜-
ÌÓ„Ó ÔÓÒÂ‰ÌËÍ‡ ‚‡ÁÓÔÂÒÒËÌ‡ ˆÄåî – N

 

6

 

,O

 

2

 

-‰Ë·ÛÚËËÎ ‡‰ÂÌÓÁËÌ-3',5'ˆËÍÎÓÏÓÌÓÙÓÒÙ‡Ú‡, ÔÓÌË-
Í‡˛˘Â„Ó ‚ ÍÎÂÚÍË, Ì‡ 

 

P

 

f

 

 ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ. 
í‡ÍËÏ Ó·‡ÁÓÏ, Û Ï˚¯ÂÈ Â‡ÍˆËfl ̋ ÔËÚÂÎËfl ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ Ì‡ ‚‡ÁÓÔÂÒÒËÌ ÔÓfl‚ÎflÂÚÒfl ‚ ÍÓÌ-
ˆÂ ‚ËÌËÌ„‡ Ë ÍÓÂÎËÛÂÚ Ò ÓÒÚÓÏ ÌÂÒÚËÏÛÎËÓ‚‡ÌÌÓÈ ÓÒÏÓÚË˜ÂÒÍÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ÔÎ‡Á-
Ï‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ. èÂ‰ÔÓÎ‡„‡ÂÚÒfl, ˜ÚÓ ‰Îfl Ú‡ÌÒ‰ÛÍˆËË ÒË„Ì‡-
Î‡ ‚‡ÁÓÔÂÒÒËÌ‡ ̃ ÂÂÁ V

 

2

 

-ÂˆÂÔÚÓ˚ ÍÓÏÂ ÏÂı‡ÌËÁÏ‡, ÓÔÓÒÂ‰Ó‚‡ÌÌÓ„Ó ̂ Äåî, ÌÂÓ·ıÓ‰ËÏÓ ÙÛÌÍ-
ˆËÓÌËÓ‚‡ÌËÂ ÔÓÚÂËÌÍËÌ‡Á˚ ë Ë Í‡Î¸ˆËÈÁ‡‚ËÒËÏ˚ı ÒËÒÚÂÏ ‚ÌÛÚËÍÎÂÚÓ˜Ì˚ı ÔÓÒÂ‰ÌËÍÓ‚. 

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: ÔÓ˜Í‡, ÔÓÒÚÌ‡Ú‡Î¸Ì˚È ÓÌÚÓ„ÂÌÂÁ, ‚‡ÁÓÔÂÒÒËÌ, ‚Ó‰Ì‡fl ÔÓÌËˆ‡ÂÏÓÒÚ¸. 
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Ú‡ÌÒÔÓÚ‡ ‚Ó‰˚ ˜ÂÂÁ ˝ÔËÚÂÎËÈ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı
ÚÛ·ÓÍ, ÓÔÓÒÂ‰Ó‚‡ÌÌ˚ı, ÔÓÏËÏÓ ˆÄåî, ‰Û„Ë-
ÏË ‚ÌÛÚËÍÎÂÚÓ˜Ì˚ÏË ÔÓÒÂ‰ÌËÍ‡ÏË. àÁ‚ÂÒÚÌÓ,
˜ÚÓ ‚ ıÓ‰Â ÔÓÒÚÌ‡Ú‡Î¸ÌÓ„Ó ÓÌÚÓ„ÂÌÂÁ‡ ÏÂÌflÂÚÒfl ̋ ÍÒ-
ÔÂÒÒËfl ËÁÓÙÓÏ ÔÓÚÂËÌÍËÌ‡Á˚ ë, Ë ÂÂ ËÌ„Ë·ËÓ-
‚‡ÌËÂ ÔË‚Ó‰ËÚ Í Ì‡Û¯ÂÌË˛ ÌÂÙÓ„ÂÌÂÁ‡ (Saxena
et al., 1994; Serlachius et al., 1997; Redling et al., 2004).
çÓ ÓÎ¸ ˝ÚÓ„Ó ÙÂÏÂÌÚ‡ ‚ ÒÓÁÂ‚‡ÌËË ÓÒÏÓÂ„Û-
ÎËÛ˛˘Â„Ó ‰ÂÈÒÚ‚Ëfl ‚‡ÁÓÔÂÒÒËÌ‡ ÌÂ ÓÔÂ‰ÂÎÂÌ‡.
ç‡ÒÚÓfl˘‡fl ‡·ÓÚ‡ ÔÓÒ‚fl˘ÂÌ‡ ËÒÒÎÂ‰Ó‚‡ÌË˛ ‡Á-
‚ËÚËfl Â„ÛÎflˆËË ‚‡ÁÓÔÂÒÒËÌÓÏ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡Â-
ÏÓÒÚË ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË Ï˚¯Ë
‚ ÔÓÒÚÌ‡Ú‡Î¸ÌÓÏ ÓÌÚÓ„ÂÌÂÁÂ Ë ‚˚flÒÌÂÌË˛ ÓÎË
ÔÓÚÂËÌÍËÌ‡Á˚ ë ‚ ˝ÚÓÏ ÔÓˆÂÒÒÂ. 

 

åÄíÖêàÄã à åÖíéÑàäÄ

 

ÜË‚ÓÚÌ˚Â.

 

 Ç ˝ÍÒÔÂËÏÂÌÚ‡ı ËÒÔÓÎ¸ÁÓ‚‡ÎË
Ï˚¯ÂÈ ÎËÌËË C57BL/6J ÚÂı ‚ÓÁ‡ÒÚÌ˚ı „ÛÔÔ:
9–12 ÒÛÚ (ÔÂËÓ‰ ‡Â‡ÍÚË‚ÌÓÒÚË Í ‚‡ÁÓÔÂÒÒËÌÛ),
17–19 ÒÛÚ (ÔÂÂıÓ‰ Ì‡ Ò‡ÏÓÒÚÓflÚÂÎ¸ÌÓÂ ÔËÚ‡ÌËÂ Ë
ÔÓfl‚ÎÂÌËÂ Â‡ÍˆËË Ì‡ ‚‡ÁÓÔÂÒÒËÌ) Ë ‚ÁÓÒÎ˚ı
ÊË‚ÓÚÌ˚ı ‚ ‚ÓÁ‡ÒÚÂ 60–90 ÒÛÚ. å˚¯ÂÈ ÔÓÎÛ˜‡ÎË
ËÁ Î‡·Ó‡ÚÓËË ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ÊË‚ÓÚÌ˚ı
àñËÉ ëé êÄç, çÓ‚ÓÒË·ËÒÍ.

ÑÎfl ÒÌËÊÂÌËfl ÛÓ‚Ìfl ˝Ì‰Ó„ÂÌÌÓ„Ó ‚‡ÁÓÔÂÒÒË-
Ì‡ ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı ÔÓ‰‚Â„‡ÎË ÔÓ‚˚¯ÂÌÌÓÈ
„Ë‰‡Ú‡ˆËË. ÑÎfl ˝ÚÓ„Ó Á‡ 48 ˜ ‰Ó ˝ÍÒÔÂËÏÂÌÚ‡ Ëı
ÎË¯‡ÎË ÍÓÏ‡ Ë Ó·ÂÒÔÂ˜Ë‚‡ÎË ÌÂÓ„‡ÌË˜ÂÌÌ˚È
‰ÓÒÚÛÔ Í 5%-ÌÓÏÛ ‚Ó‰ÌÓÏÛ ‡ÒÚ‚ÓÛ Ò‡ı‡ÓÁ˚. 

 

èÓÎÛ˜ÂÌËÂ Ù‡„ÏÂÌÚÓ‚ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ-
·ÓÍ.

 

 ÑÎfl ÔÓÎÛ˜ÂÌËfl ÒÛÒÔÂÌÁËË Ù‡„ÏÂÌÚÓ‚ ÒÓ·Ë-
‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÏÓÁ„Ó‚Ó„Ó ‚Â˘ÂÒÚ‚‡ ÔÓ˜ÍË ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎË ÏÂÚÓ‰ËÍÛ, ÓÔËÒ‡ÌÌÛ˛ ‡ÌÂÂ (ëÓÎÂÌÓ‚
Ë ‰., 2001).

 

èÓÚÓÍÓÎ˚ ˝ÍÒÔÂËÏÂÌÚÓ‚.

 

 àÌÍÛ·‡ˆË˛ Ò
‡ÁÎË˜Ì˚ÏË ‡„ÂÌÚ‡ÏË ÔÓ‚Ó‰ËÎË ‚ ÒÂ‰Â MEM Ò
15 ÏM ·ÛÙÂ‡ HEPES (“Sigma”, ëòÄ) ÔË 37°ë ‚
‡ÚÏÓÒÙÂÂ 5%-ÌÓ„Ó CO
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 Ë 95%-ÌÓ„Ó ‚ÓÁ‰Ûı‡. Å˚-
ÎË ÔÓ‚Â‰ÂÌ˚ ÒÎÂ‰Û˛˘ËÂ ÒÂËË ˝ÍÒÔÂËÏÂÌÚÓ‚. 

1. éˆÂÌÍ‡ ˝ÙÙÂÍÚ‡ ÒÂÎÂÍÚË‚ÌÓ„Ó ‡„ÓÌËÒÚ‡
V

 

2

 

-ÂˆÂÔÚÓÓ‚ ‰ÂÒÏÓÔÂÒÒËÌ‡ Ì‡ ‚Ó‰ÌÛ˛ ÔÓÌË-
ˆ‡ÂÏÓÒÚ¸ ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ ÒÓ-
·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ. èÓÒÎÂ ËÁÏÂÂÌËfl ÍÓ˝ÙÙË-
ˆËÂÌÚ‡ ÓÒÏÓÚË˜ÂÒÍÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË 

 

P

 

f

 

,
ÍÓÚÓÓÂ ÔËÌËÏ‡ÎË Á‡ ÍÓÌÚÓÎ¸, ËÁÓÎËÓ‚‡ÌÌ˚È
Ù‡„ÏÂÌÚ Í‡Ì‡Î¸ˆ‡ ËÌÍÛ·ËÓ‚‡ÎË Ò ‰ÂÒÏÓÔÂÒÒË-
ÌÓÏ (1 ÌM, “Sigma”, ëòÄ) 15 ÏËÌ ÔË 37°ë Ë ‰‡-
ÎÂÂ ÔÓ‚Ó‰ËÎË ËÁÏÂÂÌËÂ 

 

P

 

f

 

. 

2. éˆÂÌÍ‡ ˝ÙÙÂÍÚ‡ ÔÓÌËÍ‡˛˘Â„Ó ‡Ì‡ÎÓ„‡
ˆÄåî N

 

6

 

,O

 

2

 

-‰Ë·ÛÚËËÎ ‡‰ÂÌÓÁËÌ-3',5' ˆËÍÎÓÏÓ-
ÌÓÙÓÒÙ‡Ú‡ (‰Ë·ÛÚËËÎ-ˆÄåî). èÓÒÎÂ ÍÓÌÚÓÎ¸-
ÌÓ„Ó ËÁÏÂÂÌËfl 

 

P

 

f

 

 Í‡Ì‡ÎÂˆ ËÌÍÛ·ËÓ‚‡ÎË Ò 100 ÏÍM
‰Ë·ÛÚËËÎ-ˆÄåî (“Sigma”, ëòÄ) 20 ÏËÌ ÔË 37°ë

Ò ÔÓÒÎÂ‰Û˛˘ËÏ ËÁÏÂÂÌËÂÏ ÓÒÏÓÚË˜ÂÒÍÓÈ ‚Ó‰ÌÓÈ
ÔÓÌËˆ‡ÂÏÓÒÚË. 

3. Ç˚fl‚ÎÂÌËÂ ‰ÂÈÒÚ‚Ëfl ËÌ„Ë·ËÚÓ‡ ÔÓÚÂËÌÍË-
Ì‡Á˚ C Ì‡ ˝ÙÙÂÍÚ ‰ÂÒÏÓÔÂÒÒËÌ‡ Ë ‰Ë·ÛÚËËÎ-
ˆÄåî. î‡„ÏÂÌÚ˚ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ËÌÍÛ-
·ËÓ‚‡ÎË Ò ËÌ„Ë·ËÚÓÓÏ ÔÓÚÂËÌÍËÌ‡Á˚ C Ro-31-
8220 (0.1 ÏÍM, “CalbioChem”, ëòÄ) 10 ÏËÌ, ‰‡ÎÂÂ
ËÁÏÂflÎË 

 

P

 

f

 

, ˝ÙÙÂÍÚ ‰ÂÒÏÓÔÂÒÒËÌ‡ Ë ‰Ë·ÛÚËËÎ-
ˆÄåî ÓˆÂÌË‚‡ÎË ÒÓ„Î‡ÒÌÓ ÔÓÚÓÍÓÎ‡Ï 1 Ë 2. 

 

àÁÏÂÂÌËÂ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË.

 

 åÂÚÓ‰ ËÁ-
ÏÂÂÌËfl ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË 

 

P

 

f

 

ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ Ì‡ ÓÚÍ˚ÚÓÏ
ÍÓÌˆÂ ÔÓ˜Â˜ÌÓ„Ó Í‡Ì‡Î¸ˆ‡ ËÒÔÓÎ¸ÁÛÂÚ Ò‚ÂÚÓ‚Û˛
ÏËÍÓÒÍÓÔË˛ ‚ ÚÂÏÌÓÏ ÔÓÎÂ Ë ˆËÙÓ‚Û˛ Á‡ÔËÒ¸
ËÁÓ·‡ÊÂÌËfl Ò ÔÓÒÎÂ‰Û˛˘ËÏ ÂÂ ‡‚ÚÓÏ‡ÚË˜ÂÒÍËÏ
‡Ì‡ÎËÁÓÏ. éˆÂÌÍÛ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ÔÎ‡ÁÏ‡-
ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ-
·ÓÍ ÔÓ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ ÏÂÚÓ‰‡, ÓÔÛ·ÎËÍÓ‚‡Ì-
ÌÓ„Ó ‡ÌÂÂ, Ò ÌÂÍÓÚÓ˚ÏË ÏÓ‰ËÙËÍ‡ˆËflÏË, Á‡-
ÍÎ˛˜‡˛˘ËÏËÒfl ‚ ÙÓÏËÓ‚‡ÌËË ËÁÓ·‡ÊÂÌËfl c
ÔÓÏÓ˘¸˛ ÏËÍÓÒÍÓÔËË ‚ ÚÂÏÌÓÏ ÔÓÎÂ Ë ‡‚ÚÓÏ‡-
ÚË˜ÂÒÍÓÈ ÏÓÙÓÏÂÚËË (ëÓÎÂÌÓ‚, à‚‡ÌÓ‚‡, 1999;
ëÓÎÂÌÓ‚ Ë ‰., 2001). 

ëÛÒÔÂÌÁË˛ Í‡Ì‡Î¸ˆÂ‚ Ó·˙ÂÏÓÏ 100–200 ÏÍÎ
Ì‡ÌÓÒËÎË Ì‡ ÒÚÂÍÎÓ, ÔÓÍ˚ÚÓÂ ÔÓÎËÎËÁËÌÓÏ, Ë ÔÓÏÂ-
˘‡ÎË ‚ ÔÂÙÛÁËÓÌÌÛ˛ Í‡ÏÂÛ, ÛÍÂÔÎÂÌÌÛ˛ Ì‡ Ó·˙-
ÂÍÚË‚Â ÏËÍÓÒÍÓÔ‡ ãéåé åËÍÏÂ‰-2 (‚Ó‰ÓËÏÏÂÒË-
ÓÌÌ˚È Ó·. ı40, ÚÂÏÌÓÔÓÎ¸Ì˚È ÍÓÌ‰ÂÌÒÓ äéç-7í).
Ç Í‡ÏÂÂ ÔÓËÁ‚Ó‰ËÎË ·˚ÒÚÛ˛ ÒÏÂÌÛ ‡ÒÚ‚ÓÓ‚
PBS (~70 ÏÒ) – Ò ËÁÓÓÒÏÓÚË˜ÂÒÍÓ„Ó (–300 ÏéÒÏ) Ì‡ „Ë-
ÔÓÓÒÏÓÚË˜ÂÒÍËÈ (–200 ÏéÒÏ). äËÌÂÚËÍÛ ËÁÏÂÌÂÌËfl
Ó·˙ÂÏ‡ ÍÎÂÚÓÍ Á‡ÔËÒ˚‚‡ÎË Ò ÔÓÏÓ˘¸˛ ˜ÂÌÓ-·ÂÎÓÈ
ˆËÙÓ‚ÓÈ ‚Ë‰ÂÓÍ‡ÏÂ˚ FUM-930H (“Fuho Technolo-
gy”, äÓÂfl) Ò ÒÓı‡ÌÂÌËÂÏ Á‡ÔËÒË ‚ ÔÂÒÓÌ‡Î¸ÌÓÏ
ÍÓÏÔ¸˛ÚÂÂ. àÁÏÂÂÌËÂ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ÔÓ-
‚Ó‰ËÎË ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ. 

 

ÄÌ‡ÎËÁ ËÁÓ·‡ÊÂÌËfl

 

. àÁÓ·‡ÊÂÌËÂ ÒÓ·Ë‡-
ÚÂÎ¸ÌÓÈ ÚÛ·ÍË ‚ ÚÂÏÌÓÏ ÔÓÎÂ ÏÓÊÌÓ ÔÂ‰ÒÚ‡-
‚ËÚ¸ ‚ ‚Ë‰Â ‰‚ÛÏÂÌÓÈ Ï‡ÚËˆ˚, ˝ÎÂÏÂÌÚÓÏ ÍÓÚÓ-
ÓÈ fl‚ÎflÂÚÒfl ‚ÂÎË˜ËÌ‡ flÍÓÒÚË ÔËÍÒÂÎÂÈ ËÁÓ·‡-
ÊÂÌËfl. ÑË‡Ô‡ÁÓÌ flÍÓÒÚË ‚ Ì‡¯ÂÈ ÒËÒÚÂÏÂ
ÒÓÒÚ‡‚ÎflÎ ÓÚ 0 ‰Ó 255. èËÌËÏ‡ÂÚÒfl, ˜ÚÓ „‡ÌËˆ˚
Í‡Ì‡Î¸ˆ‡ ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ Í‡Í „ÛÔÔÛ ÔËÍÒÂÎÂÈ,
flÍÓÒÚ¸ ÍÓÚÓ˚ı ÔÂ‚˚¯‡ÂÚ ÓÔÂ‰ÂÎÂÌÌ˚È ÔÓ-
Ó„ (ËÒ 1, 

 

‡

 

). èÓ‰Ó·‡ÌÌ˚È ÓÔ˚ÚÌ˚Ï ÔÛÚÂÏ ÔÓ-
Ó„ flÍÓÒÚË, ÍÓÚÓ˚È ı‡‡ÍÚÂËÁÛÂÚ „‡ÌËˆ˚ Í‡-
Ì‡Î¸ˆ‡, ÎÂÊËÚ ‚ ‰Ë‡Ô‡ÁÓÌÂ ÓÚ 40 ‰Ó 60 (ËÒ. 1, 

 

·

 

).
ç‡ Ó‰ÌÓÏ ËÁ Í‡‰Ó‚ ‚Ë‰ÂÓÁ‡ÔËÒË ‚˚‰ÂÎflÎË ÓÔÂ-
‰ÂÎÂÌÌ˚È Ù‡„ÏÂÌÚ Í‡Ì‡Î¸ˆ‡, Ì‡ ÌÂÏ Ò˜ËÚ‡ÎË
˜ËÒÎÓ ÔËÍÒÂÎÂÈ 

 

S

 

 ‚˚¯Â ÓÔÂ‰ÂÎÂÌÌÓ„Ó ÔÓÓ„‡ fl-
ÍÓÒÚË ‚ Í‡Ê‰ÓÏ Í‡‰Â ‚Ë‰ÂÓÁ‡ÔËÒË. èÓÎÛ˜ÂÌÌ˚Â
‰‡ÌÌ˚Â ÔÎÓ˘‡‰Ë 

 

S

 

 ‰‡ÎÂÂ ËÒÔÓÎ¸ÁÓ‚‡ÎË ‚ ‡Ò˜ÂÚÂ
ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË. 
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ê‡Ò˜ÂÚ ÍÓ˝ÙÙËˆËÂÌÚ‡ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓ-
ÒÚË ÚÓÚ‡Î¸ÌÓÈ ÍÎÂÚÓ˜ÌÓÈ ÔÓ‚ÂıÌÓÒÚË.

 

 äÓ˝Ù-
ÙËˆËÂÌÚ ÓÒÏÓÚË˜ÂÒÍÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË 

 

P

 

f

 

‡ÒÒ˜ËÚ˚‚‡ÎË ÔÓ ÙÓÏÛÎÂ 

 

P

 

f

 

 = 

 

K

 

r

 

/

 

nS

 

0

 

V

 

w

 

∆

 

C

 

,

„‰Â 

 

K

 

r

 

 – ÍÓ˝ÙÙËˆËÂÌÚ ÎËÌÂÈÌÓÈ Â„ÂÒÒËË ËÌ‰ÂÍ-
Ò‡ Ó·˙ÂÏ‡ 

 

S

 

3/2

 

, 

 

n

 

 = 4 – ÔÓÔ‡‚Ó˜Ì˚È ÍÓ˝ÙÙËˆËÂÌÚ,

 

S

 

0

 

 – Ì‡˜‡Î¸Ì‡fl ÔÎÓ˘‡‰¸, 

 

V

 

w

 

 – ÏÓÎflÌ˚È Ó·˙ÂÏ ‚Ó-
‰˚, 

 

∆

 

C

 

 – ‡ÁÌÓÒÚ¸ ÓÒÏÓÚË˜ÂÒÍËı ÍÓÌˆÂÌÚ‡ˆËÈ.
èÓ‰Ó·Ì˚È ‚˚‚Ó‰ ÙÓÏÛÎ˚ ·˚Î ÓÔËÒ‡Ì ‡ÌÂÂ
(ëÓÎÂÌÓ‚ Ë ‰., 2001). 

 

ëÚ‡ÚËÒÚËÍ‡.

 

 ÑÎfl ÓˆÂÌÍË ‰ÓÒÚÓ‚ÂÌÓÒÚË ‡Á-
ÎË˜ËÈ ‚ ËÁÛ˜‡ÂÏ˚ı „ÛÔÔ‡ı ÔËÏÂÌflÎË 

 

t

 

-ÍËÚÂ-
ËÈ ëÚ¸˛‰ÂÌÚ‡ ‰Îfl Ô‡Ì˚ı Ò‡‚ÌÂÌËÈ. ê‡ÁÎË˜Ëfl
ÔËÁÌ‡‚‡ÎË ‰ÓÒÚÓ‚ÂÌ˚ÏË ÔË 

 

p

 

 < 0.05. ÑÎfl Ò‡‚-
ÌÂÌËfl ÌÂÁ‡‚ËÒËÏ˚ı ‚˚·ÓÓÍ ‡Ì‡ÎËÁ ‰ÓÒÚÓ‚ÂÌÓ-
ÒÚË ‡ÁÎË˜ËÈ ÔÓ‚Ó‰ËÎË Ò ÔÓÏÓ˘¸˛ Ó‰ÌÓÙ‡ÍÚÓ-
ÌÓ„Ó ‰ËÒÔÂÒËÓÌÌÓ„Ó ‡Ì‡ÎËÁ‡. ê‡ÁÎË˜Ëfl ÔËÁÌ‡-
‚‡ÎË ‰ÓÒÚÓ‚ÂÌ˚ÏË ÔË 

 

p

 

 < 0.05.

 

êÖáìãúíÄíõ

 

êÂÁÛÎ¸Ú‡Ú˚ ËÁÏÂÂÌËfl ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ÒÓ-
·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË ‰Ó Ë ÔÓÒÎÂ ‚ÓÁ‰ÂÈÒÚ‚Ëfl
‰ÂÒÏÓÔÂÒÒËÌÓÏ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ì‡ ËÒÛÌÍÂ 2, 

 

‡

 

. ì Ï˚-
¯ÂÈ ‚ ‚ÓÁ‡ÒÚÂ 9–12 ÒÛÚ ‚ÂÎË˜ËÌ‡ 

 

P

 

f

 

 ÔÓ˜ÚË ‚ ÚË ‡Á‡
ÌËÊÂ, ̃ ÂÏ Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı. ùÚÓÚ Ô‡‡ÏÂÚ ‰Ó-
ÒÚÓ‚ÂÌÓ ÔÓ‚˚¯‡ÂÚÒfl Í ‚ÓÁ‡ÒÚÛ 17–19 ÒÛÚ, ÌÓ Â„Ó
ÁÌ‡˜ÂÌËÂ Â˘Â ÓÒÚ‡ÂÚÒfl Ì‡ ·ÓÎÂÂ ÌËÁÍÓÏ ÛÓ‚ÌÂ ÔÓ
Ò‡‚ÌÂÌË˛ ÒÓ ‚ÁÓÒÎ˚ÏË ÊË‚ÓÚÌ˚ÏË. ÑÂÈÒÚ‚ËÂ

‰ÂÒÏÓÔÂÒÒËÌ‡ Ì‡ ‚Ó‰ÌÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ ÍÎÂÚÓÍ
Ì‡ ÓÚÍ˚ÚÓÏ ÍÓÌˆÂ ËÁÓÎËÓ‚‡ÌÌ˚ı Ù‡„ÏÂÌÚÓ‚
ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÌÂ ÔÓfl‚ÎflÂÚÒfl Û 9–12-ÒÛ-
ÚÓ˜Ì˚ı Ï˚¯‡Ú, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó· ÓÚÒÛÚ-
ÒÚ‚ËË „ÓÏÓÌ‡Î¸ÌÓÈ ÍÓÏÔÂÚÂÌÚÌÓÒÚË ÒÓ·Ë‡ÚÂÎ¸-
Ì˚ı ÚÛ·ÓÍ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ‚‡ÁÓÔÂÒÒËÌÛ. ä ‚ÓÁ-
‡ÒÚÛ 17–19 ÒÛÚ ‰ÂÈÒÚ‚ËÂ ‰ÂÒÏÓÔÂÒÒËÌ‡
ÔÓfl‚ÎflÂÚÒfl ‚ ÔÓÎÌÓÈ ÏÂÂ: ‰ÂÒÏÓÔÂÒÒËÌ Ú‡Í ÊÂ,
Í‡Í Ë Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı, ÏÓÊÂÚ ‚˚Á˚‚‡Ú¸ ÔÓ-
ÎÛÚÓ‡Í‡ÚÌÓÂ Û‚ÂÎË˜ÂÌËÂ 

 

P

 

f

 

 Ó·˘ÂÈ ÔÓ‚ÂıÌÓÒÚË
ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ. èË ˝ÚÓÏ ‚ÂÎË˜Ë-
Ì‡ 

 

P

 

f

 

 ‰ÓÒÚË„‡ÂÚ ÛÓ‚Ìfl ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ËÌ-
Ú‡ÍÚÌ˚ı ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ‚ÁÓÒÎ˚ı „Ë‰‡-
ÚËÓ‚‡ÌÌ˚ı ÊË‚ÓÚÌ˚ı. 

ÑÎfl ÓˆÂÌÍË ‚ÎËflÌËfl ÙÛÌÍˆËÓÌ‡Î¸ÌÓÈ ‡ÍÚË‚-
ÌÓÒÚË ÔÓÚÂËÌÍËÌ‡Á˚ C Ì‡ Â„ÛÎflˆË˛ ‚Ó‰ÌÓÈ
ÔÓÌËˆ‡ÂÏÓÒÚË ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ËÒ-
ÒÎÂ‰Ó‚‡ÎË ‰ÂÈÒÚ‚ËÂ ËÌ„Ë·ËÚÓ‡ ÔÓÚÂËÌÍËÌ‡Á˚ C
Ro-31-8220 Ì‡ ˝ÙÙÂÍÚ ‰ÂÒÏÓÔÂÒÒËÌ‡. ç‡ 

 

P

 

f

 

 ÍÎÂ-
ÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ 9-ÒÛÚÓ˜Ì˚ı Ï˚¯ÂÈ ÌË
‚‡ÁÓÔÂÒÒËÌ, ÌË ËÌ„Ë·ËÚÓ ÌÂ ÓÍ‡Á˚‚‡ÎË ‚ÓÁ‰ÂÈ-
ÒÚ‚Ëfl (ËÒ. 2, 

 

·

 

). èÂ‰‚‡ËÚÂÎ¸Ì‡fl ËÌÍÛ·‡ˆËfl
Ù‡„ÏÂÌÚÓ‚ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ Ò Ro-31-8220
ÔË‚Ó‰ËÎ‡ Í ÔÓ‰‡‚ÎÂÌË˛ ˝ÙÙÂÍÚ‡ ‰ÂÒÏÓÔÂÒÒËÌ‡
Ì‡ ‚Ó‰ÌÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ Ó·˘ÂÈ ÔÓ‚ÂıÌÓÒÚË
ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ 17–19-ÒÛÚÓ˜Ì˚ı
Ï˚¯ÂÈ. àÌ„Ë·ËÚÓ ÔÓÚÂËÌÍËÌ‡Á˚ ë Ro-31-8220
Ú‡ÍÊÂ ÔÓ‰‡‚ÎflÎ ‰ÂÈÒÚ‚ËÂ ‰ÂÒÏÓÔÂÒÒËÌ‡ Ì‡ ‚Ó‰-
ÌÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ‚ÁÓÒ-
Î˚ı Ï˚¯ÂÈ.

 

·
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êËÒ. 1.

 

 ÇË‰ ÓÚÍ˚ÚÓ„Ó ÍÓÌˆ‡ Ù‡„ÏÂÌÚ‡ ÒÓ·Ë‡ÚÂÎ¸ÌÓÈ ÚÛ·ÍË ÔÓ˜ÍË Ï˚¯Ë (ÚÂÏÌÓÔÓÎ¸Ì‡fl ÏËÍÓÒÍÓÔËfl): 

 

‡

 

 – ÔÓÍ‡Á‡Ì
ÔÓÓ„Ó‚˚È ÛÓ‚ÂÌ¸ flÍÓÒÚË, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ ÍÓÌÚÛÛ ËÁÓ·‡ÊÂÌËfl Í‡Ì‡Î¸ˆ‡; 

 

·

 

 – ÔÓÙËÎ¸ flÍÓÒÚË, ÒÓÓÚ‚ÂÚÒÚ‚Û˛-
˘ËÈ ÎËÌËË AB Ì‡ 

 

‡

 

; ÚÓ˜ÍË A, B, A', B' ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÚÓ˜Í‡Ï Ì‡ 

 

‡

 

. 
èÓ ÓÒË ‡·ÒˆËÒÒ – ‡ÒÒÚÓflÌËÂ, 

 

×

 

0.1 ÏÍÏ; ÔÓ ÓÒË Ó‰ËÌ‡Ú – ËÌÚÂÌÒË‚ÌÓÒÚ¸ Ò‚ÂÚ‡, ÛÒÎ. Â‰.
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ïÓ‰ÛÒ 

 

Ë ‰

 

.

 

Ç „Î‡‚Ì˚ı ÍÎÂÚÍ‡ı ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË
‚‡ÁÓÔÂÒÒËÌ ˜ÂÂÁ V

 

2

 

-ÂˆÂÔÚÓ˚ ‚˚Á˚‚‡ÂÚ Û‚ÂÎË-
˜ÂÌËÂ ÍÓÌˆÂÌÚ‡ˆËË ‚ÚÓË˜ÌÓ„Ó ÔÓÒÂ‰ÌËÍ‡ –
ˆÄåî. å˚ ÔÓ‚ÂÎË ËÒÒÎÂ‰Ó‚‡ÌËÂ ‚ÎËflÌËfl ÔÓÌË-
Í‡˛˘Â„Ó ‡Ì‡ÎÓ„‡ ˆÄåî (‰Ë·ÛÚËËÎ-ˆÄåî) Ë ËÌ-
„Ë·ËÚÓ‡ ÔÓÚÂËÌÍËÌ‡Á˚ C Ro-31-8220 Ì‡ ‚Ó‰ÌÛ˛
ÔÓÌËˆ‡ÂÏÓÒÚ¸ ÍÎÂÚÓÍ Ì‡ ÓÚÍ˚ÚÓÏ ÍÓÌˆÂ ÒÓ·Ë‡-
ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË (Ú‡·ÎËˆ‡). í‡Í ÊÂ, Í‡Í Ë ‰Â-
ÒÏÓÔÂÒÒËÌ, ‰Ë·ÛÚËËÎ-ˆÄåî ÔË‚Ó‰ËÎ Í Û‚ÂÎË˜Â-
ÌË˛ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË Ó·˘ÂÈ ÔÓ‚ÂıÌÓÒÚË
ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ Û 17-19-ÒÛÚÓ˜Ì˚ı Ë
‚ÁÓÒÎ˚ı Ï˚¯ÂÈ. èÂ‰‚‡ËÚÂÎ¸Ì‡fl ËÌÍÛ·‡ˆËfl
Ù‡„ÏÂÌÚÓ‚ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ Ò ËÌ„Ë·ËÚÓ-
ÓÏ Ro-31-8220 ÌÂ ÔË‚Ó‰ËÎ‡ Í ÔÓ‰‡‚ÎÂÌË˛ ‰ÂÈ-
ÒÚ‚Ëfl ‰Ë·ÛÚËËÎ-ˆÄåî Ì‡ 

 

P

 

f

 

 ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸-
Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı. Ç ˝ÍÒÔÂ-
ËÏÂÌÚ‡ı, ÔÓ‚Ó‰ËÏ˚ı Ì‡ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı
ÚÛ·Í‡ı ÔÓ˜ÍË 17–19-ÒÛÚÓ˜Ì˚ı Ï˚¯ÂÈ, ËÌ„Ë·Ë-
ÚÓ ÔÓÚÂËÌÍËÌ‡Á˚ C Ú‡ÍÊÂ ÌÂ ÓÍ‡Á˚‚‡Î ÁÌ‡˜Ë-
Ï˚ı ˝ÙÙÂÍÚÓ‚ Ì‡ ‰ÂÈÒÚ‚ËÂ ‰Ë·ÛÚËËÎ-ˆÄåî
(Ú‡·ÎËˆ‡). 

 

éÅëìÜÑÖçàÖ

 

èÓ˜Í‡ ÌÂÁÂÎÓÓÊ‰‡˛˘Ëı ÏÎÂÍÓÔËÚ‡˛˘Ëı, Ú‡-
ÍËı Í‡Í Í˚Ò˚ Ë Ï˚¯Ë, ‚ ‡ÌÌËÈ ÔÓÒÚÌ‡Ú‡Î¸Ì˚È
ÔÂËÓ‰ (ÔÂ‚˚Â 7–14 ÒÛÚ) ÌÂ ÒÔÓÒÓ·Ì‡ Â‡„ËÓ‚‡Ú¸
Ì‡ ‚‡ÁÓÔÂÒÒËÌ. Ç Ì‡¯Ëı ˝ÍÒÔÂËÏÂÌÚ‡ı ÒÂÎÂÍÚË‚-
Ì˚È ‡„ÓÌËÒÚ V

 

2

 

-ÂˆÂÔÚÓÓ‚ ‚‡ÁÓÔÂÒÒËÌ‡ ‰ÂÒÏÓ-
ÔÂÒÒËÌ ÌÂ ‚˚Á˚‚‡Î ÓÒÚ‡ ÓÒÏÓÚË˜ÂÒÍÓÈ ‚Ó‰ÌÓÈ
ÔÓÌËˆ‡ÂÏÓÒÚË Û 9–12-ÒÛÚÓ˜Ì˚ı Ï˚¯‡Ú, ˜ÚÓ ÒÓ„Î‡-
ÒÛÂÚÒfl Ò ‰‡ÌÌ˚ÏË, ÔÓÎÛ˜ÂÌÌ˚ÏË ‡ÌÂÂ Ì‡ Í˚Ò‡ı
(ëÓÎÂÌÓ‚ Ë ‰., 2001; Siga, Horster, 1991). ÇÂÓflÚÌÓ, ‚
ÓÒÌÓ‚Â ÌÂ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚË ÔÓ˜ÍË Í ‚‡ÁÓÔÂÒÒËÌÛ ‚
‡ÌÌÂÏ ÔÓÒÚÌ‡Ú‡Î¸ÌÓÏ ÓÌÚÓ„ÂÌÂÁÂ ÎÂÊËÚ ÌÂÁÂ-
ÎÓÒÚ¸ ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı Ò‚flÁÂÈ ÏÂÊ‰Û ÓÚ‰ÂÎ¸Ì˚ÏË
Á‚ÂÌ¸flÏË ÒËÒÚÂÏ˚ Ú‡ÌÒ‰ÛÍˆËË ÒË„Ì‡Î‡ ‚‡ÁÓÔÂÒÒË-
Ì‡, ÔÓÒÍÓÎ¸ÍÛ ÓÒÌÓ‚Ì˚Â ˝ÎÂÏÂÌÚ˚, Û˜‡ÒÚ‚Û˛˘ËÂ ‚
ÔÂÂ‰‡˜Â „ÓÏÓÌ‡Î¸ÌÓ„Ó ÒË„Ì‡Î‡, Ì‡ ÏÓÏÂÌÚ ÓÊ‰Â-
ÌËfl ÛÊÂ ˝ÍÒÔÂÒÒËÛ˛ÚÒfl ‚ ÍÎÂÚÍÂ (ëÓÎÂÌÓ‚, à‚‡ÌÓ-
‚‡, 1985, 1997; Imbert-Teboul et al., 1984; Ammar et al.,
1992; Tiansheng et al., 1997). 

é‰ÌËÏ ËÁ Ù‡ÍÚÓÓ‚, ÓÔÂ‰ÂÎfl˛˘Ëı ˜Û‚ÒÚ‚Ë-
ÚÂÎ¸ÌÓÒÚ¸ ˝ÔËÚÂÎËfl ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ Í ‚‡ÁÓ-
ÔÂÒÒËÌÛ ‚ ‡ÌÌÂÏ ‚ÓÁ‡ÒÚÂ, ÏÓÊÂÚ ·˚Ú¸ ‚˚ÒÓÍ‡fl
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êËÒ. 2.

 

 êÂ„ÛÎflˆËfl ‚‡ÁÓÔÂÒÒËÌÓÏ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ
ÔÓ˜ÍË Ï˚¯ÂÈ ‚ ÔÓÒÚÌ‡Ú‡Î¸ÌÓÏ ‡Á‚ËÚËË; ÔÓ‰‡‚ÎÂÌËÂ ˝ÙÙÂÍÚ‡ ‰ÂÒÏÓÔÂÒÒËÌ‡ ËÌ„Ë·ËÚÓÓÏ ÔÓÚÂËÌÍËÌ‡Á˚ C Ro-31-
8220 (100 ÌM):

 

‡

 

 – ÍÓÌÚÓÎ¸; 

 

·

 

 – ÔÂ‰˚ÌÍÛ·‡ˆËfl Ò ËÌ„Ë·ËÚÓÓÏ ÔÓÚÂËÌÍËÌ‡Á˚ C.
èÓ ÓÒË ‡·ÒˆËÒÒ – ‚ÓÁ‡ÒÚ ÊË‚ÓÚÌ˚ı, ÒÛÚ; ÔÓ ÓÒË Ó‰ËÌ‡Ú – ÍÓ˝ÙÙËˆËÂÌÚ ÓÒÏÓÚË˜ÂÒÍÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË 

 

P

 

f

 

,
ÏÍÏ/Ò. (

 

�

 

) – ÌÂÒÚËÏÛÎËÓ‚‡ÌÌ‡fl ‚Ó‰Ì‡fl ÔÓÌËˆ‡ÂÏÓÒÚ¸, ( ) – ‰ÂÈÒÚ‚ËÂ ‰ÂÒÏÓÔÂÒÒËÌ‡; ‰ÓÒÚÓ‚ÂÌÓÒÚ¸ ‡ÁÎË˜ËÈ ‚ÂÎË-
˜ËÌ 

 

P

 

f

 

 ÌÂÒÚËÏÛÎËÓ‚‡ÌÌÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ‡ÁÌ˚ı ‚ÓÁ‡ÒÚÌ˚ı „ÛÔÔ: 

 

### 

 

p

 

 < 0.001, 

 

# 

 

p 

 

< 0.05, *** 

 

p

 

 < 0.001, ‰ÓÒÚÓ‚Â-
ÌÓÒÚ¸ ‡ÁÎË˜ËÈ ‚ÂÎË˜ËÌ 

 

P

 

f

 

 ÔË ‰ÂÈÒÚ‚ËË ‰ÂÒÏÓÔÂÒÒËÌ‡: * 

 

p

 

 < 0.05. 

 

‡

·
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‡ÍÚË‚ÌÓÒÚ¸ ÙÓÙÒÙÓ‰Ë˝ÒÚÂ‡Á˚, ÔÂ‚‡˘‡˛˘ÂÈ
ˆÄåî ‚ ÌÂ‡ÍÚË‚Ì˚È Äåî. Å˚ÎÓ Ó·Ì‡ÛÊÂÌÓ, ˜ÚÓ
Û ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÍÓÎËÍÓ‚ ‡ÍÚË‚ÌÓÒÚ¸ ÙÓÒÙÓ‰Ë˝Ò-
ÚÂ‡Á˚ ÔÂ‚˚¯‡ÂÚ ÛÓ‚ÂÌ¸, ı‡‡ÍÚÂÌ˚È ‰Îfl
‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı, Ë ‚ ÔÓˆÂÒÒÂ ‡Á‚ËÚËfl ‡ÍÚË‚-
ÌÓÒÚ¸ ˝ÚÓ„Ó ÙÂÏÂÌÚ‡ Ô‡‰‡ÂÚ. Ç‡ÁÓÔÂÒÒËÌ Ì‡ ÙÓÌÂ
ËÌ„Ë·ËÚÓÓ‚ ÙÓÒÙÓ‰Ë˝ÒÚÂ‡Á˚ (ËÁÓ·ÛÚËÎ-ÏÂÚËÎ-
ÍÒ‡ÌÚËÌ‡ (IBMX), ÓÎËÔ‡Ï‡) ÔË‚Ó‰ËÚ Í Û‚ÂÎË˜Â-
ÌË˛ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ˝ÔËÚÂÎËfl ÒÓ·Ë‡ÚÂÎ¸-
Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË, ÒÓËÁÏÂËÏÓÏÛ Ò ÓÚ‚ÂÚÓÏ Ì‡ ˝ÚÓÚ
„ÓÏÓÌ Û ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı (Quigley et al., 2004).
Ä‚ÚÓ˚ ÔÓÎ‡„‡˛Ú, ˜ÚÓ ‚ ÓÒÌÓ‚ÌÓÏ ËÏÂÌÌÓ ÔÓ‚˚-
¯ÂÌÌ‡fl ‡ÍÚË‚ÌÓÒÚ¸ ÙÓÒÙÓ‰Ë˝ÒÚÂ‡Á˚ ÔË‚Ó‰ËÚ Í
‡Â‡ÍÚË‚ÌÓÒÚË ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ Í ‚‡ÁÓÔÂÒ-
ÒËÌÛ Û ÌÓ‚ÓÓÊ‰ÂÌÌ˚ı ÍÓÎËÍÓ‚. çÓ Í Ì‡ÒÚÓfl˘ÂÏÛ
‚ÂÏÂÌË ÔÓÍ‡ ÌÂÚ ‰‡ÌÌ˚ı, ÔÓ‰Ú‚ÂÊ‰‡˛˘Ëı ÔËÏÂ-
ÌËÏÓÒÚ¸ ˝ÚÓÈ „ËÔÓÚÂÁ˚ Í ÓÒÌÓ‚Ì˚Ï ÏÓ‰ÂÎ¸Ì˚Ï
Ó·˙ÂÍÚ‡Ï, ËÒÔÓÎ¸ÁÛÂÏ˚Ï ‰Îfl ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÒÚÌ‡-
Ú‡Î¸ÌÓ„Ó ÓÌÚÓ„ÂÌÂÁ‡ ÔÓ˜ÍË, – Í˚ÒÂ Ë Ï˚¯Ë. 

ì Í˚Ò ˝ÙÙÂÍÚ ‚‡ÁÓÔÂÒÒËÌ‡ Ì‡ ‚Ó‰ÌÛ˛ ÔÓ-
ÌËˆ‡ÂÏÓÒÚ¸ ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ‰ÓÒÚÓ-
‚ÂÌÓ ÔÓfl‚ÎflÂÚÒfl ‚ ÍÓÌˆÂ ÔÂËÓ‰‡ ÔÂÂıÓ‰‡ Ì‡
Ò‡ÏÓÒÚÓflÚÂÎ¸ÌÓÂ ÔËÚ‡ÌËÂ (Ì‡ 22–25-Â ÒÛÚ). Ç ˝ÚÓÚ
ÔÂËÓ‰ ÔÓËÒıÓ‰ËÚ ÔÓÒÚÂÔÂÌÌ˚È ÓÒÚ ÍÓÎË˜ÂÒÚ‚‡
ÂˆÂÔÚÓÓ‚ ‚‡ÁÓÔÂÒÒËÌ‡ V2 Ë ‚ÓÁ‡ÒÚ‡ÂÚ Éíî‡Á-
Ì‡fl ‡ÍÚË‚ÌÓÒÚ¸ G- ·ÂÎÍÓ‚, ‡ Ú‡ÍÊÂ Ëı ÒÓÔflÊÂÌËÂ
Ò ÂˆÂÔÚÓÓÏ ‚‡ÁÓÔÂÒÒËÌ‡ (áÂÎÂÌËÌ‡ Ë ‰., 1994;
ëÓÎÂÌÓ‚, à‚‡ÌÓ‚‡, 1997; Ammar et al., 1992). ì
Í˚Ò ‡ÍÚË‚ÌÓÒÚ¸ ‡‰ÂÌËÎ‡ÚˆËÍÎ‡Á˚ ‚ ÓÚ‚ÂÚ Ì‡ ‚‡-
ÁÓÔÂÒÒËÌ Û‚ÂÎË˜Ë‚‡ÂÚÒfl Ò 3-ı ÔÓ 7-Â ÒÛÚ ÔÓÒÎÂ
ÓÊ‰ÂÌËfl, Ë ÔÓÒÎÂ‰Û˛˘ÂÂ ÔÓ‚˚¯ÂÌËÂ ‡ÍÚË‚ÌÓ-

ÒÚË Ì‡·Î˛‰‡ÂÚÒfl Ò 21-ı ÔÓ 35-Â ÒÛÚ ÊËÁÌË (Imbert-
Teboul et al., 1984; Tiansheng et al., 1997). Ç ˝ÚÓ ÊÂ
‚ÂÏfl ÔÓËÒıÓ‰ËÚ ÒÏÂÌ‡ ËÁÓÙÓÏ˚ ˆËÚÓÁÓÎ¸ÌÓÈ
ÂˆÂÔÚÓÌÓÈ ÒÛ·˙Â‰ËÌËˆ˚ RI ÔÓÚÂËÌÍËÌ‡Á˚ A
Ì‡ RII (ëÓÎÂÌÓ‚, à‚‡ÌÓ‚‡, 1985). å˚ ÔÓÍ‡Á‡ÎË,
˜ÚÓ Û Ï˚¯ÂÈ ‚ ‚ÓÁ‡ÒÚÂ 17–19 ÒÛÚ ‰ÂÒÏÓÔÂÒÒËÌ
Ú‡Í ÊÂ, Í‡Í Ë Û ‚ÁÓÒÎ˚ı ÓÒÓ·ÂÈ, Û‚ÂÎË˜Ë‚‡ÂÚ ÓÒ-
ÏÓÚË˜ÂÒÍÛ˛ ‚Ó‰ÌÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ ÔÎ‡ÁÏ‡ÚË˜Â-
ÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ.
ùÚÓ ÒÓ„Î‡ÒÛÂÚÒfl Ò ÚÂÏ, ˜ÚÓ Í 15-Ï ÒÛÚ ÔÓÒÚÌ‡Ú‡Î¸-
ÌÓ„Ó ‡Á‚ËÚËfl Û Ï˚¯ÂÈ Á‡‚Â¯‡ÂÚÒfl ÔÓˆÂÒÒ ÌÂÙ-
Ó„ÂÌÂÁ‡ (Vrljicak et al., 2004). ì ˝ÚËı ÊË‚ÓÚÌ˚ı
ÔÓfl‚ÎÂÌËÂ Â‡ÍˆËË ÔÓ˜ÍË Ì‡ ‚‡ÁÓÔÂÒÒËÌ ÔÓËÒ-
ıÓ‰ËÚ ‚ ·ÓÎÂÂ ‡ÌÌËÂ ÔÓ Ò‡‚ÌÂÌË˛ Ò Í˚Ò‡ÏË
ÒÓÍË, ̃ ÚÓ, ‚ÂÓflÚÌÓ, Ú‡ÍÊÂ Ó·ÛÒÎÓ‚ÎÂÌÓ ÙÛÌÍˆË-
ÓÌ‡Î¸Ì˚ÏË ÓÒÓ·ÂÌÌÓÒÚflÏË Á‚ÂÌ¸Â‚ ˆÂÔË Ú‡ÌÒ-
‰ÛÍˆËË „ÓÏÓÌ‡Î¸ÌÓ„Ó ÒË„Ì‡Î‡ ‚‡ÁÓÔÂÒÒËÌ‡ – ÓÚ
ÂˆÂÔÚÓ‡ ‰Ó ‚Ó‰Ì˚ı Í‡Ì‡ÎÓ‚. 

ÇÏÂÒÚÂ Ò ÔÓÒÚÂÔÂÌÌ˚Ï ‡Á‚ËÚËÂÏ Â‡ÍˆËË
ÔÓ˜ÍË Ì‡ ‚‡ÁÓÔÂÒÒËÌ ‚ ÔÂËÓ‰ ÔÂÂıÓ‰‡ Ì‡ Ò‡ÏÓ-
ÒÚÓflÚÂÎ¸ÌÓÂ ÔËÚ‡ÌËÂ Û Ï˚¯ÂÈ ÏÓÊÂÚ ÏÂÌflÚ¸Òfl
‚ÂÎË˜ËÌ‡ ·‡Á‡Î¸ÌÓ„Ó ÛÓ‚Ìfl ÌÂÒÚËÏÛÎËÓ‚‡ÌÌÓÈ
‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË Ó·˘ÂÈ ÔÓ‚ÂıÌÓÒÚË ÍÎÂ-
ÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ (ëÓÎÂÌÓ‚ Ë ‰., 2001;
Siga, Horster, 1991). Ç Ì‡¯Ëı ˝ÍÒÔÂËÏÂÌÚ‡ı Û
‚ÁÓÒÎ˚ı Ï˚¯ÂÈ Ï˚ Ì‡·Î˛‰‡ÎË ÚÓÂÍ‡ÚÌÛ˛
‡ÁÌËˆÛ Pf ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ ËÌ-
Ú‡ÍÚÌ˚ı ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË Ï˚¯Ë ÔÓ
Ò‡‚ÌÂÌË˛ Ò 9–12-ÒÛÚÓ˜Ì˚ÏË ÊË‚ÓÚÌ˚ÏË. çÂ-
ÒÍÓÎ¸ÍÓ „ÛÔÔ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ ÔÓÍ‡Á‡ÎË Û‚ÂÎË˜ÂÌËÂ
ÒÓ‰ÂÊ‡ÌËfl Ïêçä Ë ·ÂÎÍÓ‚ ‚Ó‰Ì˚ı Í‡Ì‡ÎÓ‚ AQP2

ÇÎËflÌËÂ ‰Ë·ÛÚËËÎ-ˆÄåî Ì‡ ÓÒÏÓÚË˜ÂÒÍÛ˛ ‚Ó‰ÌÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ (Pf, ÏÍÏ/Ò) ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ ÍÎÂÚÓÍ
ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË Ï˚¯ÂÈ ‡ÁÌÓ„Ó ‚ÓÁ‡ÒÚ‡ (M ± m)

ÇÓÁ‡ÒÚ
ÊË‚ÓÚÌ˚ı äÓÌÚÓÎ¸ ÑË·ÛÚËËÎ-ˆÄåî,  100 ÏÍM Ro-31-8220,  100 ÌM ëÓ‚ÏÂÒÚÌÓ Ro-31-8220 + 

+ ‰Ë·ÛÚËËÎ-ˆÄåî

17–19 ÒÛÚ 98.2 ± 15.2 147.2 ± 18.4  (n = 9)* 126.9 ± 20.2 182.3 ± 32.3 (n = 9)*

ÇÁÓÒÎ˚Â 199.3 ± 11.7### 239.4 ± 15.5 ** (n = 16) 222.1 ± 13.2## 271.5 ± 17.2  (n = 13)*

èËÏÂ˜‡ÌËfl. n – ̃ ËÒÎÓ Í‡Ì‡Î¸ˆÂ‚; ‰ÓÒÚÓ‚ÂÌÓÒÚ¸ ̋ ÙÙÂÍÚ‡ ‰Ë·ÛÚËËÎ-ˆÄåî: * p < 0.05, ** p < 0.01; ‰ÓÒÚÓ‚ÂÌÓÒÚ¸ ‡ÁÎË˜ËÈ ‚ÂÎË˜ËÌ
Pf ÌÂÒÚËÏÛÎËÓ‚‡ÌÌÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË ‚ÁÓÒÎ˚ı Ï˚¯ÂÈ ÔÓ Ò‡‚ÌÂÌË˛ Ò 17–19-ÒÛÚÓ˜Ì˚ÏË: ### p < 0.001, ## p < 0.01.
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ïÓ‰ÛÒ Ë ‰.

Ë AQP3 ‚ ÔÓ˜ÍÂ Í˚Ò˚ Ë Ï˚¯Ë ‚ ÚÂ˜ÂÌËÂ ÔÓÒÚÌ‡-
Ú‡Î¸ÌÓ„Ó ‡Á‚ËÚËfl (Ammar et al., 1992; Yasui et al.,
1996; Yamamoto et al., 1997); Ï˚ Ò‚flÁ˚‚‡ÂÏ ÓÒÚ ÌÂ-
ÒÚËÏÛÎËÓ‚‡ÌÌÓ„Ó „ÓÏÓÌÓÏ Pf ËÏÂÌÌÓ Ò ËÁÏÂÌÂÌË-
ÂÏ ÍÓÎË˜ÂÒÚ‚‡ ‚Ó‰Ì˚ı Í‡Ì‡ÎÓ‚ ‚ ÏÂÏ·‡ÌÂ „Î‡‚Ì˚ı
ÍÎÂÚÓÍ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ. 

Ç ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ÁÌ‡˜ËÚÂÎ¸ÌÓÂ ‚ÌËÏ‡ÌËÂ
Û‰ÂÎflÂÚÒfl ËÒÒÎÂ‰Ó‚‡ÌË˛ ÏÂı‡ÌËÁÏÓ‚ Â„ÛÎflˆËË
Ú‡ÌÒÔÓÚ‡ ‚Ó‰˚ ˜ÂÂÁ ˝ÔËÚÂÎËÈ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı
ÚÛ·ÓÍ, ÓÔÓÒÂ‰Ó‚‡ÌÌ˚ı ÍÓÏÂ ˆÄåî ‰Û„ËÏË
‚ÌÛÚËÍÎÂÚÓ˜Ì˚ÏË ÔÓÒÂ‰ÌËÍ‡ÏË. Ç ıÓ‰Â ÔÓÒÚÌ‡-
Ú‡Î¸ÌÓ„Ó ÓÌÚÓ„ÂÌÂÁ‡ ‚ ÔÓ˜ÍÂ ÍÓÏÂ ·ÂÎÍÓ‚,
Û˜‡ÒÚ‚Û˛˘Ëı ‚ Ú‡ÌÒ‰ÛÍˆËË ÒË„Ì‡Î‡ ‚‡ÁÓÔÂÒÒË-
Ì‡ Ë ÓÔÂ‰ÂÎfl˛˘Ëı ‡ÍÚË‚ÌÓÒÚ¸ ‡‰ÂÌËÎ‡ÚˆËÍÎ‡Á-
ÌÓÈ ÒËÒÚÂÏ˚, ÏÂÌflÂÚÒfl ˝ÍÒÔÂÒÒËfl ËÁÓÙÓÏ ÔÓ-
ÚÂËÌÍËÌ‡Á˚ ë (Saxena et al., 1994; Serlachius et al.,
1997; Redling et al., 2004). ÑÎËÚÂÎ¸ÌÓÂ ËÌ„Ë·ËÓ‚‡-
ÌËÂ ÔÓÚÂËÌÍËÌ‡Á˚ ë ÔË‚Ó‰ËÚ Í ÒÚËÏÛÎflˆËË
‡ÔÓÔÚÓÁ‡ ÍÎÂÚÓÍ ÌÂÙÓÌ‡, ˜ÚÓ ‚˚Á˚‚‡ÂÚ Ì‡Û¯Â-
ÌËÂ ÌÂÙÓ„ÂÌÂÁ‡ (Serlachius et al., 1997). êÓÎ¸ ˝ÚÓ-
„Ó ÙÂÏÂÌÚ‡ ‚ ÙÓÏËÓ‚‡ÌËË ÓÒÏÓÂ„ÛÎËÛ˛˘Â-
„Ó ‰ÂÈÒÚ‚Ëfl ‚‡ÁÓÔÂÒÒËÌ‡ ÔÓÍ‡ ÌÂ ÓÔÂ‰ÂÎÂÌ‡. ê‡ÌÂÂ
Ì‡ ‚ÁÓÒÎ˚ı ÊË‚ÓÚÌ˚ı ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ ÒÌËÊÂÌËÂ
ÍÓÌˆÂÌÚËÛ˛˘ÂÈ ÒÔÓÒÓ·ÌÓÒÚË ÔÓ˜ÂÍ Û Ï˚¯ÂÈ, ÌÓ-
Í‡ÛÚÌ˚ı ÔÓ „ÂÌÛ, ÍÓ‰ËÛ˛˘ÂÏÛ ÔÓÚÂËÌÍËÌ‡ÁÛ Cα
(Yao et al., 2004), ̃ ÚÓ ÔÓÁ‚ÓÎflÂÚ ÔÂ‰ÔÓÎÓÊËÚ¸ ‚ÂÓ-
flÚÌÓÂ Û˜‡ÒÚËÂ ÔÓÚÂËÌÍËÌ‡Á˚ C ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚
Ú‡ÌÒ‰ÛÍˆËË ÒË„Ì‡Î‡ ‚‡ÁÓÔÂÒÒËÌ‡. Ç Ì‡¯Ëı ˝ÍÒÔÂ-
ËÏÂÌÚ‡ı ËÌ„Ë·ËÓ‚‡ÌËÂ ÔÓÚÂËÌÍËÌ‡Á˚ ë ÔË‚Ó-
‰ËÚ Í ÔÓ‰‡‚ÎÂÌË˛ ‰ÂÈÒÚ‚Ëfl ‰ÂÒÏÓÔÂÒÒËÌ‡ Í‡Í Û
‚ÁÓÒÎ˚ı, Ú‡Í Ë Û 17–19-ÒÛÚÓ˜Ì˚ı Ï˚¯ÂÈ. ùÚË ‰‡Ì-
Ì˚Â ÛÍ‡Á˚‚‡˛Ú Ì‡ ÚÓ, ˜ÚÓ ÙÛÌÍˆËÓÌ‡Î¸ÌÓ ‡ÍÚË‚-
Ì˚Â ÙÓÏ˚ ÔÓÚÂËÌÍËÌ‡Á˚ C Û˜‡ÒÚ‚Û˛Ú ‚ Ú‡ÌÒ-
‰ÛÍˆËË ÒË„Ì‡Î‡ ‚‡ÁÓÔÂÒÒËÌ‡ Ë Â‡ÎËÁ‡ˆËË Â„Ó
˝ÙÙÂÍÚ‡. 

å˚ ÛÒÚ‡ÌÓ‚ËÎË, ˜ÚÓ ÔË ËÌÍÛ·‡ˆËË Ù‡„ÏÂÌ-
ÚÓ‚ ÒÓ·Ë‡ÚÂÎ¸Ì˚ı ÚÛ·ÓÍ ÔÓ˜ÍË Ò ÔÓÌËÍ‡˛˘ËÏ
‡Ì‡ÎÓ„ÓÏ ˆÄåî (‰Ë·ÛÚËËÎ-ˆÄåî), Ú‡Í ÊÂ Í‡Í
Ë Ò ‰ÂÒÏÓÔÂÒÒËÌÓÏ, ÔÓËÒıÓ‰ËÚ ÓÒÚ ÓÒÏÓÚË˜Â-
ÒÍÓÈ ‚Ó‰ÌÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË Û Ï˚¯ÂÈ ‚ÁÓÒÎ˚ı Ë
‚ ‚ÓÁ‡ÒÚÂ 17–19 ÒÛÚ. Ç ÚÓ ÊÂ ‚ÂÏfl Ï˚ ÌÂ Ì‡·Î˛-
‰‡ÎË ÔÓ‰‡‚ÎÂÌËfl ˝ÚÓ„Ó ˝ÙÙÂÍÚ‡ ËÌ„Ë·ËÚÓÓÏ
ÔÓÚÂËÌÍËÌ‡Á˚ ë, ËÒıÓ‰fl ËÁ ˜Â„Ó ÏÓÊÌÓ ÔÂ‰ÔÓ-
ÎÓÊËÚ¸, ˜ÚÓ ÔÓÚÂËÌÍËÌ‡Á‡ C Û˜‡ÒÚ‚ÛÂÚ ‚ Ú‡ÌÒ-
‰ÛÍˆËË ÒË„Ì‡Î‡ ‚‡ÁÓÔÂÒÒËÌ‡ Ì‡ ˝Ú‡ÔÂ, ÔÂ‰¯Â-
ÒÚ‚Û˛˘ÂÏ Ó·‡ÁÓ‚‡ÌË˛ ˆÄåî. é˜Â‚Ë‰ÌÓ, ˜ÚÓ
ÔÓÚÂËÌÍËÌ‡Á‡ C Í ÓÍÓÌ˜‡ÌË˛ ÙÛÌÍˆËÓÌ‡Î¸ÌÓ„Ó
ÒÓÁÂ‚‡ÌËfl ÔÓ˜ÍË ‚ ÔÓÒÚÌ‡Ú‡Î¸ÌÓÏ ÓÌÚÓ„ÂÌÂÁÂ
ÛÊÂ ‚ÍÎ˛˜ÂÌ‡ ‚ ÏÂı‡ÌËÁÏ ‡ÌÚË‰ËÛÂÚË˜ÂÒÍÓ„Ó
‰ÂÈÒÚ‚Ëfl ‚‡ÁÓÔÂÒÒËÌ‡. ç‡ Í‡ÍÓÏ ˝Ú‡ÔÂ Ú‡ÌÒ‰ÛÍ-
ˆËË ÒË„Ì‡Î‡ ‚‡ÁÓÔÂÒÒËÌ‡ ÌÂÓ·ıÓ‰ËÏÓ Û˜‡ÒÚËÂ
ÔÓÚÂËÌÍËÌ‡Á˚ ë, ÔÓÍ‡ ÌÂËÁ‚ÂÒÚÌÓ; ‰Îfl ‚˚flÒÌÂ-
ÌËfl ˝ÚÓ„Ó ‚ÓÔÓÒ‡ ÚÂ·Û˛ÚÒfl ‰‡Î¸ÌÂÈ¯ËÂ ËÒÒÎÂ-
‰Ó‚‡ÌËfl. 
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Regulation of Water Permeability of Collecting Ducts 

in Mouse Kidney during Postnatal Development

          G. R. Khodusa, E. I. Solenova, b, and L. N. Ivanovaa, b

      a Institute of Cytology and Genetics, Siberian Branch, Russian Academy of Sciences, 
pr Akademika Lavrent’eva 10, Novosibirsk 630090, Russia

      b Novosibirsk State University, ul. Pirogova 2, Novosibirsk, 630090 Russia
      e-mail: eugsol@bionet.nsc.ru

Abstract—Water permeability of epithelial cells and response to vasopressin was studied on isolated frag-
ments of collecting ducts in the kidney of C57BL/6J mice of three age groups (9, 18, and 60–90 days). The
coefficient of osmotic water permeability Pf was evaluated from the rate of cell swelling after medium osmo-
lality was changed from 300 to 200 mOsm/l. The Pf value proved to be significantly lower in mice at the age
of 9 days than at the age of 18 days, i.e., after the transition to mixed feeding; although Pf at the age of 18 days
does not reach the level of adult animals (58.6 ± 7.7, 94.5 ± 8.8, and 168.4 ± 11.8 µM/s, respectively). The an-
tagonist of vasopressin V2 receptors desmopressin at 1 nM significantly increased Pf in both 18-day-old and
adult mice but induced no changes in 9-day-old animals. The inhibitor of protein kinase C Ro-31-8220 in the
concentration of 100 nM inhibited the desmopressin effect on Pf in 18 day-old and adult mice but did not inhibit
the effect of the analog of the vasopressin secondary messenger cAMP, N6O2-dibutyryl cyclic monophosphate,
on Pf of the plasma membrane in collecting duct cells. Thus, the response of collecting duct cells to vasopressin
appears at the end of wining and correlates with the increase in unstimulated osmotic water permeability of the
plasma membrane in collecting duct cells. The vasopressin signal transduction via V2 receptors is proposed to
require the activity of protein kinase C and calcium-dependent systems of intercellular mediators apart from
the cAMP-mediated mechanism.

Key words: kidney, post-metal ontogeny, vasopressin, water permeability.
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