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íË‡ÏËÌÚËÙÓÒÙ‡Ú (ííê) fl‚ÎflÂÚÒfl ÍÓÏÔÓÌÂÌ-
ÚÓÏ ÍÎÂÚÓÍ ‡ÁÎË˜Ì˚ı ÚËÔÓ‚ Ë Ó·Ì‡ÛÊÂÌ Û ‚ÒÂı
ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı Ó„‡ÌËÁÏÓ‚, Ó‰Ì‡ÍÓ Â„Ó ·ËÓÎÓ„Ë˜Â-
ÒÍ‡fl ÙÛÌÍˆËfl ÓÒÚ‡ÂÚÒfl ÌÂËÁ‚ÂÒÚÌÓÈ [1]. ì ÏÎÂÍÓ-
ÔËÚ‡˛˘Ëı Â„ÛÎflˆËfl ‚ÌÛÚËÍÎÂÚÓ˜ÌÓÈ ÍÓÌˆÂÌÚ-
‡ˆËË ííê ÓÒÛ˘ÂÒÚ‚ÎflÂÚÒfl ‡ÒÚ‚ÓËÏÓÈ ÚË‡ÏËÌÚ-
ËÙÓÒÙ‡Ú‡ÁÓÈ (ííê-‡Á‡, äî 3.6.1.28), ÍÓÚÓ‡fl
¯ËÓÍÓ ˝ÍÒÔÂÒÒËÓ‚‡Ì‡ ‚ Ó„‡Ì‡ı Ë ÚÍ‡Ìflı, ÔÓ-
fl‚ÎflÂÚ ‡·ÒÓÎ˛ÚÌÛ˛ ÒÔÂˆËÙË˜ÌÓÒÚ¸ Ë ‚˚ÒÓÍÓÂ
ÒÓ‰ÒÚ‚Ó Í ÒÛ·ÒÚ‡ÚÛ [2, 3]. ç‡fl‰Û Ò ˝ÚËÏ ÙÂÏÂÌ-
ÚÓÏ ‚ ÍÎÂÚÍ‡ı ÏÎÂÍÓÔËÚ‡˛˘Ëı Ë, ‚ÂÓflÚÌÓ, ‰Û„Ëı
ÍÎ‡ÒÒÓ‚ ÊË‚ÓÚÌ˚ı ÔËÒÛÚÒÚ‚ÛÂÚ ííê-‡ÁÌ‡fl ‡ÍÚË‚-
ÌÓÒÚ¸, ‡ÒÒÓˆËËÓ‚‡ÌÌ‡fl Ò ÏÂÏ·‡Ì‡ÏË, ÒÔÂˆËÙË˜-
ÌÓÒÚ¸ ÍÓÚÓÓÈ Ë ÓÚÌÓ¯ÂÌËÂ Í „Ë‰ÓÎËÁÛ ííê ‚
ÍÎÂÚÍÂ ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ ıÓÓ¯Ó ËÁÛ˜ÂÌ˚. ë‚ÓÈÒÚ‚‡
ËÌÚÂ„‡Î¸ÌÓ„Ó ÙÂÏÂÌÚ‡ ËÒÒÎÂ‰Ó‚‡ÎËÒ¸ ‚ ÏÂÏ·-
‡ÌÌ˚ı ÔÂÔ‡‡Ú‡ı, ‚˚‰ÂÎÂÌÌ˚ı ËÁ ÏÓÁ„‡ Í˚Ò˚
[4], Ï˚¯ˆ Í˚Ò˚ [5] Ë ̋ ÎÂÍÚË˜ÂÒÍÓ„Ó Ó„‡Ì‡ 

 

Elec-
trophorus electricus 

 

[6]. ä‡Í ÓÍ‡Á‡ÎÓÒ¸, Ó·˘ËÏ ‰Îfl
ííê-‡Á ÏÓÁ„‡ Ë Ï˚¯ˆ fl‚ÎflÂÚÒfl ‡·ÒÓÎ˛ÚÌ‡fl Á‡‚ËÒË-
ÏÓÒÚ¸ ÓÚ ËÓÌÓ‚ ‰‚Ûı‚‡ÎÂÌÚÌ˚ı ÏÂÚ‡ÎÎÓ‚ Ë ç-ÓÔ-
ÚËÏÛÏ ‚ ÌÂÈÚ‡Î¸ÌÓÈ ËÎË ÒÎ‡·ÓÍËÒÎÓÈ ÒÂ‰Â. èÓ
ÌÂÍÓÚÓ˚Ï ÔËÁÌ‡Í‡Ï ‰‡ÌÌ˚Â ÙÂÏÂÌÚ˚, Ó‰Ì‡ÍÓ,
ÒËÎ¸ÌÓ ‡ÁÎË˜‡ÎËÒ¸. í‡Í, Matsuda Ò ÒÓ‡‚Ú. [5] ÛÒÚ‡-
ÌÓ‚ËÎË, ˜ÚÓ ÏÂÏ·‡ÌÌÓ-Ò‚flÁ‡ÌÌ‡fl ííê-‡ÁÌ‡fl ‡Í-
ÚË‚ÌÓÒÚ¸ Ï˚¯ˆ Á‡ÏÂÚÌÓ ÒÚËÏÛÎËÛÂÚÒfl ‡ÌËÓÌ‡ÏË
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 ‚ ÓÚÎË˜ËÂ ÓÚ ÙÂÏÂÌÚ‡ ËÁ
ÏÂÏ·‡Ì ÏÓÁ„‡, ‰Îfl ÍÓÚÓÓ„Ó Ì‡·Î˛‰‡ÎÒfl ËÌ„Ë·Ë-
Û˛˘ËÈ ˝ÙÙÂÍÚ. èÓÒÍÓÎ¸ÍÛ N  ËÌ„Ë·ËÓ‚‡Î

O3
–

O3
–

 

Ú‡ÍÊÂ Ë Äíê-‡ÁÌÛ˛ ‡ÍÚË‚ÌÓÒÚ¸, ·˚ÎÓ Ò‰ÂÎ‡ÌÓ Á‡-
ÍÎ˛˜ÂÌËÂ Ó ÒÔÂˆËÙË˜ÌÓÒÚË ÏÂÏ·‡ÌÌÓÈ ííê-‡Á˚
‚ Ï˚¯ˆ‡ı Í˚Ò˚. Ç ‡·ÓÚÂ [4] ‰ËÙÙÂÂÌˆËÓ‚‡ÎË
ííê-‡ÁÌÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ÏÂÏ·‡Ì ÏÓÁ„‡ Í˚Ò˚ ÓÚ
Mg

 

2+

 

-Á‡‚ËÒËÏÓÈ Äíê-‡Á˚ (NTP-‡Á˚), ËÒÔÓÎ¸ÁÛfl 

 

β

 

-

 

γ

 

-ÏÂÚËÎÂÌÙÓÒÙ‡ÚÌ˚È ‡Ì‡ÎÓ„ ííê, ÍÓÚÓ˚È ÒÌË-
Ê‡Î ÒÍÓÓÒÚ¸ ííê-‡ÁÌÓÈ Â‡ÍˆËË, ÌÓ ÌÂ ÓÍ‡Á˚‚‡Î
‚ÎËflÌËfl Ì‡ „Ë‰ÓÎËÁ ÌÛÍÎÂÓÁË‰ÚËÙÓÒÙ‡ÚÓ‚. äÓ-
ÏÂ ÚÓ„Ó, ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ̃ ÚÓ Äíê Ë ÄDP ËÌ„Ë·ËÛ-
˛Ú ‡ÍÚË‚ÌÓÒÚ¸ ííê-‡Á˚ Ò 

 

K

 

I

 

 20 Ë 75 ÏÍå ÒÓÓÚ‚ÂÚÒÚ-
‚ÂÌÌÓ [7]. èÓ‰Ó·ÌÓ ÙÂÏÂÌÚÛ ËÁ Ï˚¯ˆ ííê-‡Á‡
ÏÂÏ·‡Ì ˝ÎÂÍÚË˜ÂÒÍÓ„Ó Ó„‡Ì‡ ‡ÍÚË‚ËÓ‚‡Î‡Ò¸ ‚
ÔËÒÛÚÒÚ‚ËË ÏÓÌÓ‚‡ÎÂÌÚÌ˚ı ‡ÌËÓÌÓ‚ Ë ËÌ„Ë·ËÓ‚‡-
Î‡Ò¸ ÒÓÂ‰ËÌÂÌËflÏË, ÚÓÏÓÁfl˘ËÏË Ú‡ÌÒÔÓÚ ‡ÌËÓ-
ÌÓ‚ (4.4'-‰ËËÁÓÚËÓˆË‡ÌÓ–2.2' ‰ËÒÛÎ¸ÙÓÌÓ‚‡fl ÍËÒÎÓ-
Ú‡, 4-‡ˆÂÚ‡ÏË‰Ó–4'-ËÁÓÚËÓˆË‡ÌÓÒÚËÎ¸·ÂÌ–2.2'- ‰Ë-
ÒÛÎ¸ÙÓÌÓ‚‡fl ÍËÒÎÓÚ‡ Ë ‰. [8]). çÂÛ‰Ë‚ËÚÂÎ¸ÌÓ, ˜ÚÓ
Ó·‡ ·ÂÎÍ‡ ÔÓfl‚ÎflÎË ÒıÓ‰Ì˚Â ÍËÌÂÚË˜ÂÒÍËÂ Ò‚ÓÈÒÚ-
‚‡, ÔÓÒÍÓÎ¸ÍÛ ËÁ‚ÂÒÚÌÓ, ˜ÚÓ ‚ ÓÌÚÓ„ÂÌÂÁÂ ˝ÎÂÍÚË-
˜ÂÒÍËÈ Ó„‡Ì ‡Á‚Ë‚‡ÂÚÒfl ËÁ Ï˚¯Â˜ÌÓÈ ÚÍ‡ÌË [9].

èÂ‰ÒÚ‡‚ÎÂÌÌ˚Â ‚˚¯Â ‰ÓÍ‡Á‡ÚÂÎ¸ÒÚ‚‡ ÒÔÂˆË-
ÙË˜ÌÓÒÚË ËÌÚÂ„‡Î¸ÌÓÈ ííê-‡Á˚ ÌÂ ÏÓ„ÛÚ ‡ÒÒÏ‡-
ÚË‚‡Ú¸Òfl ‚ Í‡˜ÂÒÚ‚Â ‰ÓÒÚ‡ÚÓ˜ÌÓ ÒÚÓ„Ëı, Ú‡Í Í‡Í
ÌË ‚ Ó‰ÌÓÏ ËÁ ÒÎÛ˜‡Â‚ ÙÂÏÂÌÚ ÌÂ ‚˚‰ÂÎÂÌ ËÁ ÏÂÏ-
·‡Ì, ‡ ‚ ÏÂÏ·‡Ì‡ı, Í‡Í ËÁ‚ÂÒÚÌÓ, ÎÓÍ‡ÎËÁÓ‚‡Ì
¯ËÓÍËÈ ÒÔÂÍÚ ÙÓÒÙ‡Ú‡Á, ÒÔÓÒÓ·Ì˚ı Í‡Ú‡ÎËÁË-
Ó‚‡Ú¸ „Ë‰ÓÎËÁ ÙÓÒÙÓÌ˚ı ˝ÙËÓ‚ ‡ÁÎË˜Ì˚ı
ÒÓÂ‰ËÌÂÌËÈ. éÒÌÓ‚Ì‡fl ÚÛ‰ÌÓÒÚ¸ ÔË Ë‰ÂÌÚËÙËÍ‡-
ˆËË ÏÂÏ·‡ÌÌÓ-Ò‚flÁ‡ÌÌÓ„Ó ·ÂÎÍ‡ Ò ííê-‡ÁÌÓÈ ‡Í-
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ç 5.0, ‡ÍÚË‚ËÛÂÚÒfl ËÓÌ‡ÏË Mg

 

2+

 

, Ca

 

2+

 

, Mn

 

2+

 

 Ë ÔÓ‰˜ËÌflÂÚÒfl ÍËÌÂÚËÍÂ åËı‡˝ÎËÒ‡-åÂÌÚÂÌ ‚ ‰Ë‡Ô‡-
ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ ÒÛ·ÒÚ‡Ú‡ 20–200 ÏÍå; 

 

K

 

Ï

 

 ‰Îfl ííê ‡‚Ì‡ 131.9 

 

±

 

 8.1 ÏÍå. îÛÌÍˆËÓÌ‡Î¸ÌÓ ‡ÍÚË‚-
Ì˚È ÙÂÏÂÌÚ ÏÓÊÂÚ ·˚Ú¸ ÒÓÎ˛·ËÎËÁËÓ‚‡Ì ÔË ÔÓÏÓ˘Ë ‡ÁÎË˜Ì˚ı ‰ÂÚÂ„ÂÌÚÓ‚, Ì‡Ë·ÓÎÂÂ ̋ ÙÙÂÍ-
ÚË‚Ì˚Ï ËÁ ÍÓÚÓ˚ı fl‚ÎflÂÚÒfl ÚËÚÓÌ ï-100. é·‡·ÓÚÍ‡ 1%-Ì˚Ï ÚËÚÓÌÓÏ ï-100 ÔË ÒÓÓÚÌÓ¯ÂÌËË
[‰ÂÚÂ„ÂÌÚ]/[·ÂÎÓÍ] = 3:1 ÔË‚Ó‰ËÎ‡ Í ˝ÍÒÚ‡ÍˆËË 49% ÓÚ Ó·˘ÂÈ ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË ÏÂÏ·‡ÌÌÓ-
„Ó ÔÂÔ‡‡Ú‡; cÓÎ˛·ËÎËÁËÓ‚‡ÌÌ˚È ÙÂÏÂÌÚ ÒÓı‡ÌflÎ Í‡Ú‡ÎËÚË˜ÂÒÍÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ‚ ÚÂ˜ÂÌËÂ ÌÂ-
ÒÍÓÎ¸ÍËı ÒÛÚÓÍ (

 

k

 

ËÌ‡ÍÚ

 

 = 0.0156 ˜

 

–1

 

). ùÍÒÚ‡ÍˆËfl ííê-‡Á˚ ËÁ ÏÂÏ·‡Ì ÔË‚Ó‰ËÎ‡ Í ÌÂÍÓÚÓ˚Ï ËÁÏÂ-
ÌÂÌËflÏ ÂÂ ÍËÌÂÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚: ç-ÓÔÚËÏÛÏ Ì‡·Î˛‰‡ÎÒfl ÔË ç 5.5, ÁÌ‡˜ÂÌËÂ 

 

K

 

Ï

 

 ‰Îfl ííê ÒÌËÊ‡-
ÎÓÒ¸ ‰Ó 54.7 

 

±

 

 3.6 ÏÍå. í‡Í ÊÂ Í‡Í Ë ííê-‡ÁÌ‡fl, ÏÂÏ·‡ÌÌÓ-Ò‚flÁ‡ÌÌ‡fl 

 

n

 

-ÌËÚÓÙÂÌËÎÙÓÒÙ‡Ú‡ÁÌ‡fl
‡ÍÚË‚ÌÓÒÚ¸ ·˚Î‡ Ï‡ÍÒËÏ‡Î¸Ì‡ ÔË ç 5.5 Ë ÒÓÎ˛·ËÎËÁËÓ‚‡Î‡Ò¸ ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ ÚËÚÓÌ‡ ï-100.
î‡ÍˆËÓÌËÓ‚‡ÌËÂ ˝ÍÒÚ‡„ËÓ‚‡ÌÌ˚ı ·ÂÎÍÓ‚ ÔÓ ‡ÁÏÂÛ ÏÓÎÂÍÛÎ Ì‡ ÍÓÎÓÌÍÂ Ò ÒÂÙ‡ÓÁÓÈ CL-2B
ÔË‚Ó‰ËÎÓ Í ‡Á‰ÂÎÂÌË˛ ˝ÚËı ‡ÍÚË‚ÌÓÒÚÂÈ, ÔË˜ÂÏ Ó·˙ÂÏ ˝Î˛ˆËË ííê-‡Á˚ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Î ÙÂ-
ÏÂÌÚÛ Ò ·ÓÎÂÂ ‚˚ÒÓÍÓÈ ÏÓÎÂÍÛÎflÌÓÈ Ï‡ÒÒÓÈ. ùÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ‡ÁÎË˜ÌÓÈ ÔËÓ‰Â ÏÂÏ·‡Ì-
ÌÓ-Ò‚flÁ‡ÌÌ˚ı ííê-‡Á˚ Ë ÍËÒÎÓÈ ÙÓÒÙ‡Ú‡Á˚ ‚ ÔÓ˜Í‡ı ·˚Í‡.

 

ìÑä 577.152.3
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ÚË‚ÌÓÒÚ¸˛ Á‡ÍÎ˛˜‡ÂÚÒfl ‚ Â„Ó ËÌ‡ÍÚË‚‡ˆËË ‚ ÔÓ-
ˆÂÒÒÂ ‚˚‰ÂÎÂÌËfl Ë ÌËÁÍÓÈ ÒÚ‡·ËÎ¸ÌÓÒÚË ‡ÒÚ‚ÓË-
ÏÓ„Ó ÔÂÔ‡‡Ú‡ [4, 10]. Ç Ò‚flÁË Ò ˝ÚËÏ ˆÂÎ¸
Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ ÒÓÒÚÓflÎ‡ ‚ ÒÓÎ˛·ËÎËÁ‡ˆËË ÏÂÏ-
·‡ÌÌÓÈ ííê-‡Á˚ ÔÓ‚ÂıÌÓÒÚÌÓ-‡ÍÚË‚Ì˚ÏË ‚Â˘Â-
ÒÚ‚‡ÏË (èÄÇ), ËÒÒÎÂ‰Ó‚‡ÌËË ÂÂ ÒÚ‡·ËÎ¸ÌÓÒÚË ‚
‡ÒÚ‚ÓÂ Ë ‚ÎËflÌËfl ÔÓˆÂÒÒ‡ ÒÓÎ˛·ËÎËÁ‡ˆËË Ì‡
ÍËÌÂÚË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡. Ç Í‡˜ÂÒÚ‚Â Ó·˙ÂÍÚ‡ Ï˚ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÎË ÔÓ˜ÍË ·˚Í‡, ËÒıÓ‰fl ËÁ ‚˚ÒÓÍÓÈ ííê-
‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË ‚Ó Ù‡ÍˆËË ÏÂÏ·‡Ì, ‚˚‰ÂÎÂÌ-
Ì˚ı ËÁ ÔÓ˜Â˜ÌÓÈ ÚÍ‡ÌË [4]. äÓÏÂ ÚÓ„Ó, ÔÂ‰ÒÚ‡‚-
ÎflÎÓÒ¸ ËÌÚÂÂÒÌ˚Ï Ò‡‚ÌËÚ¸ ı‡‡ÍÚÂËÒÚËÍË ˝ÚÓ-
„Ó ÙÂÏÂÌÚ‡ Ò ‰‡ÌÌ˚ÏË ÎËÚÂ‡ÚÛ˚ ‰Îfl ·ÂÎÍÓ‚ ËÁ
‰Û„Ëı ËÒÚÓ˜ÌËÍÓ‚ Ë Â„Ó ÓÚÌÓ¯ÂÌËÂ Í ‡ÍÚË‚ÌÓÒÚË
ÍËÒÎÓÈ ÙÓÒÙ‡Ú‡Á˚, Ú‡Í Í‡Í ‚ ‡ÌÂÂ ÔÓ‚Ó‰ËÏ˚ı
ËÒÒÎÂ‰Ó‚‡ÌËflı ‚Á‡ËÏÓÓÚÌÓ¯ÂÌËfl ÏÂÏ·‡ÌÌÓ-Ò‚fl-
Á‡ÌÌ˚ı 

 

n

 

-ÌËÚÓÙÂÌËÎÙÓÒÙ‡Ú‡ÁÌÓÈ Ë ííê-‡ÁÌÓÈ
‡ÍÚË‚ÌÓÒÚÂÈ ÌÂ ËÁÛ˜‡ÎËÒ¸.

 

ùäëèÖêàåÖçíÄãúçÄü óÄëíú 

 

Ç ‡·ÓÚÂ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÚËÚÓÌ ï-100, Ú‚ËÌ-40
(“Ferak”, ÉÂÏ‡ÌËfl), ‰Ó‰ÂˆËÎÒÛÎ¸Ù‡Ú Na (SDS)
(“Fluka”, ô‚ÂÈˆ‡Ëfl), ÙÂÌËÎÏÂÚËÎÒÛÎ¸ÙÓÌËÎÙÚÓ-
Ë‰ (îåëî), ÚË‡ÏËÌ‰ËÙÓÒÙ‡Ú (TDP), ÍÛÏ‡ÒÒË
·ËÎÎË‡ÌÚÓ‚˚È „ÓÎÛ·ÓÈ G-250 (“Serva”, îêÉ), Ô-
ÌËÚÓÙÂÌËÎÙÓÒÙ‡Ú (“Sigma”, ëòÄ), ‡Î¸·ÛÏËÌ ËÁ
Ò˚‚ÓÓÚÍË ̃ ÂÎÓ‚ÂÍ‡ (óëÄ), ‡ÎÍÓ„ÓÎ¸‰Â„Ë‰Ó„ÂÌ‡-
Á‡, NADç (“Reanal”, ÇÂÌ„Ëfl), ÒÂÙ‡ÍËÎ S-200, ÒÂ-
Ù‡ÓÁ‡ CL-2B (“Pharmacia”, ò‚ÂˆËfl), ÓÒÚ‡Î¸Ì˚Â
Â‡ÍÚË‚˚ ÔÓËÁ‚Ó‰ÒÚ‚‡ “êÂ‡ıËÏ” (êÓÒÒËfl). ïËÏË-
˜ÂÒÍËÈ ÒËÌÚÂÁ Ë Ó˜ËÒÚÍÛ ííê ÓÒÛ˘ÂÒÚ‚ÎflÎË ÔÓ ÏÂ-
ÚÓ‰Û [11].

ëÚ‡Ì‰‡ÚÌ‡fl Â‡ÍˆËÓÌÌ‡fl ÒÏÂÒ¸ ‰Îfl ÓÔÂ‰ÂÎÂ-
ÌËfl ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË ÒÓ‰ÂÊ‡Î‡ 20 Ïå ‡ˆÂ-
Ú‡ÚÌ˚È ·ÛÙÂ, ç 5.5, 0.05 Ïå ííî, 0.1 Ï„ / ÏÎ
óëÄ, 50 Ïå MgSO

 

4

 

 Ë 10–20 ÏÍ„ ·ÂÎÍ‡ ‚ Ó·˙ÂÏÂ 0.5
ÏÎ. êÂ‡ÍˆË˛ ÓÒÛ˘ÂÒÚ‚ÎflÎË 30 ÏËÌ ÔË 37?ë Ë ÓÒÚ‡-
Ì‡‚ÎË‚‡ÎË ‰Ó·‡‚ÎÂÌËÂÏ 2 ÏÎ 0.5 å ÙÓÒÙ‡ÚÌÓ„Ó ·Û-
ÙÂ‡, ç 6.8. äÓÎË˜ÂÒÚ‚Ó Ó·‡ÁÛ˛˘Â„ÓÒfl TDP ÓÔ-
Â‰ÂÎflÎË ÙÂÏÂÌÚ‡ÚË‚Ì˚Ï ÏÂÚÓ‰ÓÏ [12]. 

ÄÍÚË‚ÌÓÒÚ¸ ÍËÒÎÓÈ ÙÓÒÙ‡Ú‡Á˚ (äî 3.1.3.2) ËÁ-
ÏÂflÎË ‚ ‡Ì‡ÎÓ„Ë˜Ì˚ı ÛÒÎÓ‚Ëflı ÔÓ ÒÍÓÓÒÚË „Ë‰-
ÓÎËÁ‡ 1 Ïå Ô-ÌËÚÓÙÂÌËÎÙÓÒÙ‡Ú‡. êÂ‡ÍˆË˛ ÓÒÚ‡-
Ì‡‚ÎË‚‡ÎË ‰Ó·‡‚ÎÂÌËÂÏ 5 ÏÎ 0.2 Ì NaOH, ËÁÏÂflÎË
ÓÔÚË˜ÂÒÍÛ˛ ÔÎÓÚÌÓÒÚ¸ ÔË 405 ÌÏ Ë ‡ÒÒ˜ËÚ˚‚‡ÎË
ÍÓÌˆÂÌÚ‡ˆË˛ Ó·‡ÁÓ‚‡‚¯Â„ÓÒfl Ô-ÌËÚÓÙÂÌÓÎ‡,
ËÒıÓ‰fl ËÁ ÍÓ˝ÙÙËˆËÂÌÚ‡ ÏÓÎflÌÓ„Ó ÔÓ„ÎÓ˘ÂÌËfl 

 

ε

 

 =
= 18500.

á‡ Â‰ËÌËˆÛ ‡ÍÚË‚ÌÓÒÚË (Ö‰) ÔËÌËÏ‡ÎË ÍÓÎË˜Â-
ÒÚ‚Ó ÙÂÏÂÌÚ‡, Í‡Ú‡ÎËÁËÛ˛˘ÂÂ Ó·‡ÁÓ‚‡ÌËÂ 1
ÏÍÏÓÎ¸ ÔÓ‰ÛÍÚ‡ Á‡ 1 ÏËÌ ‚ ÛÒÎÓ‚Ëflı ËÒÔ˚Ú‡ÌËfl.

ÑÎfl ÔÓÎÛ˜ÂÌËfl ÏÂÏ·‡ÌÌÓ„Ó ÔÂÔ‡‡Ú‡ Ó·‡Á-
ˆ˚ ÔÓ˜ÂÍ ËÁÏÂÎ¸˜‡ÎË, ‰Ó·‡‚ÎflÎË 3 Ó·˙ÂÏ‡ ÓıÎ‡Ê-
‰ÂÌÌÓ„Ó ‰Ó 4 °ë 50 Ïå ÚËÒ-HCl-·ÛÙÂ‡, ç 7.3, ÒÓ-
‰ÂÊ‡˘Â„Ó 0.15 å KCl, 0.2 Ïå EDTA, „ÓÏÓ„ÂÌËÁË-
Ó‚‡ÎË ‚ „ÓÏÓ„ÂÌËÁ‡ÚÓ Ò ÚÂÙÎÓÌÓ‚˚Ï ÔÂÒÚËÍÓÏ
(2000 Ó· ÏËÌ

 

–1

 

, 10 ˆËÍÎÓ‚) Ë ˆÂÌÚËÙÛ„ËÓ‚‡ÎË 60

ÏËÌ ÔË 30000 g. éÒ‡‰ÍË ÏÂÏ·‡Ì ı‡ÌËÎË ÔË –20
°ë ‰Ó ËÒÔÓÎ¸ÁÓ‚‡ÌËfl.

ÇÒÂ ÓÔÂ‡ˆËË ÔÓ ÒÓÎ˛·ËÎËÁ‡ˆËË ííê-‡Á˚ ‚˚-
ÔÓÎÌflÎËÒ¸ ÔË 4°ë. åÂÏ·‡Ì˚ ‡ÁÏÓ‡ÊË‚‡ÎË Ë
„ÓÏÓ„ÂÌËÁËÓ‚‡ÎË ‚ ÒÚÂÍÎflÌÌÓÏ „ÓÏÓ„ÂÌËÁ‡ÚÓÂ ‚
50 Ïå ÚËÒ-HCl-·ÛÙÂÂ, ç 7.5, ÒÓ‰ÂÊ‡˘ÂÏ 0.1
Ïå îåëî, 1 Ï„/ÏÎ ËÓ‰‡ˆÂÚ‡ÏË‰ Ë 1% ‰ÂÚÂ„ÂÌÚ.
èÓÒÎÂ ËÌÍÛ·‡ˆËË ‚ ÚÂ˜ÂÌËÂ 30 ÏËÌ „ÓÏÓ„ÂÌ‡Ú ˆÂÌ-
ÚËÙÛ„ËÓ‚‡ÎË 60 ÏËÌ ÔË 105000g. ëÚÂÔÂÌ¸ ÒÓ-
Î˛·ËÎËÁ‡ˆËË ÓÔÂ‰ÂÎflÎË Í‡Í ÓÚÌÓ¯ÂÌËÂ ÍÓÎË˜Â-
ÒÚ‚‡ ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË ‚ ÒÛÔÂÌ‡Ú‡ÌÚÂ Í Ó·-
˘ÂÈ ‡ÍÚË‚ÌÓÒÚË „ÓÏÓ„ÂÌ‡Ú‡.

äÓÌˆÂÌÚ‡ˆË˛ ·ÂÎÍ‡ ÓÔÂ‰ÂÎflÎË ÔÓ ÏÂÚÓ‰Û
ÅÂ‰ÙÓ‰‡ [13], ËÒÔÓÎ¸ÁÛfl ‚ Í‡˜ÂÒÚ‚Â ÒÚ‡Ì‰‡Ú‡
óëÄ.

 

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

 

ç-Á‡‚ËÒËÏÓÒÚ¸ Ì‡˜‡Î¸ÌÓÈ ÒÍÓÓÒÚË ííê-‡ÁÌÓÈ
Â‡ÍˆËË, Í‡Ú‡ÎËÁËÛÂÏÓÈ ÏÂÏ·‡ÌÌ˚Ï ÔÂÔ‡‡-
ÚÓÏ, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÔËÒÛÚÒÚ‚ËË ‚ ÔÓ˜Í‡ı ÏÂÏ-
·‡ÌÌÓ-Ò‚flÁ‡ÌÌÓ„Ó ÙÂÏÂÌÚ‡, Ó·Î‡‰‡˛˘Â„Ó Ï‡Í-
ÒËÏ‡Î¸ÌÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛ ‚ ÍËÒÎÓÈ Ó·Î‡ÒÚË ç. Ç
ÓÚÎË˜ËÂ ÓÚ ííê-‡Á ÏÓÁ„‡, ÒÍÂÎÂÚÌÓÈ Ï˚¯ˆ˚ Í˚-
Ò˚ Ë ˝ÎÂÍÚË˜ÂÒÍÓ„Ó Ó„‡Ì‡ 

 

Electrophorus electri-
cus

 

, ç-ÓÔÚËÏÛÏ˚ ÍÓÚÓ˚ı ÒÓÒÚ‡‚ÎflÎË ÒÓÓÚ‚ÂÚÒÚ-
‚ÂÌÌÓ 6.5 [4], 7.0 [5] Ë 6.8 [6], ÏÂÏ·‡ÌÌ˚È ÙÂÏÂÌÚ
ÔÓ˜ÂÍ ·˚Í‡ ı‡‡ÍÚÂËÁÓ‚‡ÎÒfl ·ÓÎÂÂ ÌËÁÍËÏ ÁÌ‡˜Â-
ÌËÂÏ ç-ÓÔÚËÏÛÏ‡, ÔÓfl‚Îflfl Ï‡ÍÒËÏ‡Î¸ÌÛ˛ ‡ÍÚË‚-
ÌÓÒÚ¸ ÔË ç 5.0 (ËÒ. 1

 

‡

 

). èÓ‰Ó·ÌÓ ííê-‡Á‡Ï ËÁ
‰Û„Ëı ÚÍ‡ÌÂÈ ÊË‚ÓÚÌ˚ı, ííê-‡Á‡ ÔÓ˜ÂÍ ‡ÍÚË‚ËÓ-
‚‡Î‡Ò¸ ËÓÌ‡ÏË Mg

 

2+

 

, Ca

 

2+

 

 Ë Mn

 

2+

 

, Ó‰Ì‡ÍÓ ‰‡ÌÌ˚È
ÙÂÏÂÌÚ Ó·Î‡‰‡Î ‡ÍÚË‚ÌÓÒÚ¸˛ Ë ‚ ÓÚÒÛÚÒÚ‚ËÂ ‰‚Ûı-
‚‡ÎÂÌÚÌ˚ı Í‡ÚËÓÌÓ‚ (ËÒ. 1

 

·

 

). êÂ‡ÍˆËfl „Ë‰ÓÎËÁ‡
ííê ÔÓ‰˜ËÌflÎ‡Ò¸ ÍËÌÂÚËÍÂ åËı‡˝ÎËÒ‡–åÂÌÚÂÌ ‚
‰Ë‡Ô‡ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ ÒÛ·ÒÚ‡Ú‡ 20–200 ÏÍå; 

 

K

 

Ï

 

‰Îfl ííê, ‡ÒÒ˜ËÚ‡ÌÌ‡fl ÔÓ „‡ÙËÍÛ ‚ ÍÓÓ‰ËÌ‡Ú‡ı
ïÂÈÌÒ‡, ÒÓÒÚ‡‚ÎflÎ‡ 131.9 

 

±

 

 8.1 ÏÍå (

 

n

 

 = 5, ËÒ. 1‚),
˜ÚÓ Ì‡ ÔÓfl‰ÓÍ ÌËÊÂ ÁÌ‡˜ÂÌËÈ 

 

K

 

Ï

 

 ííê-‡Á, ‡ÒÒÓˆËË-
Ó‚‡ÌÌ˚ı Ò ÏÂÏ·‡Ì‡ÏË ÏÓÁ„‡ Í˚Ò˚ Ë ̋ ÎÂÍÚË˜Â-
ÒÍÓ„Ó Ó„‡Ì‡ Û„fl (1.5 Ë 1.8 Ïå ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ [4,
6]).

Ç Ú‡·ÎËˆÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÂÁÛÎ¸Ú‡Ú˚ ÔÓ ‰ÂÁËÌ-
ÚÂ„‡ˆËË ííê-‡Á˚ ËÁ ÏÂÏ·‡Ì ÔÓ˜ÂÍ ·˚Í‡ Ò ÔÓÏÓ-
˘¸˛ ¯ËÓÍÓ ÔËÏÂÌflÂÏ˚ı ‰Îfl ÒÓÎ˛·ËÎËÁ‡ˆËË
·ËÓÎÓ„Ë˜ÂÒÍËı ÏÂÏ·‡Ì ‡ÌËÓÌÌ˚ı ‰ÂÚÂ„ÂÌÚÓ‚ –
‰ÂÁÓÍÒËıÓÎ‡Ú‡ Ì‡ÚËfl (Ñéï) Ë SDS, ‡ Ú‡ÍÊÂ ÌÂË-
ÓÌÌÓ„Ó ‰ÂÚÂ„ÂÌÚ‡ – ÚËÚÓÌ‡ ï-100. äÓÏÂ ÚÓ„Ó,
ËÒÒÎÂ‰Ó‚‡ÌÓ ˝ÍÒÚ‡„ËÛ˛˘ÂÂ ‰ÂÈÒÚ‚ËÂ ‰‚Ûı ‰Û„Ëı
ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ÔÓÎËÓÍÒË˝ÚËÎÂÌÓ‚Ó„Ó fl‰‡ – ÚËÚÓ-
Ì‡ ï-305 Ë Ú‚ËÌ‡ 40. ç‡Ë·ÓÎÂÂ ˝ÙÙÂÍÚË‚Ì˚ÏË ‰Îfl
‰‡ÌÌÓÈ ˆÂÎË ÓÍ‡Á‡ÎËÒ¸ ÚËÚÓÌ ï-100 Ë Ñéï, ‚ ÒÎÛ-
˜‡Â ÍÓÚÓ˚ı ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ 48.7 Ë 41.3% ‡ÍÚË‚ÌÓÒ-
ÚË ÔÂÂıÓ‰ËÎÓ ‚ ‡ÒÚ‚ÓËÏÛ˛ Ù‡ÍˆË˛. éÒÚ‡Î¸-
Ì˚Â ÒÓÂ‰ËÌÂÌËfl ÔÓfl‚ÎflÎË ÒÎ‡·Û˛ ÒÔÓÒÓ·ÌÓÒÚ¸ Í
˝ÍÒÚ‡ÍˆËË ÙÂÏÂÌÚ‡. ÑÓ‚ÓÎ¸ÌÓ ˜‡ÒÚÓ ÔÂÂıÓ‰ ‚
ÍÓÎÎÓË‰ÌÓ-‰ËÒÔÂÒÌÛ˛ Ù‡ÁÛ ÒÓÔflÊÂÌ Ò Á‡ÏÂÚÌ˚-
ÏË ËÁÏÂÌÂÌËflÏË Í‡Ú‡ÎËÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÏÂÏ·-
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‡ÌÌÓ-‡ÒÒÓˆËËÓ‚‡ÌÌ˚ı ÙÂÏÂÌÚÓ‚. ÑÎfl Û˜ÂÚ‡
˝ÚÓ„Ó Ó·ÒÚÓflÚÂÎ¸ÒÚ‚‡ Ë ‡‰ÂÍ‚‡ÚÌÓÈ ÓˆÂÌÍË ̋ ÙÙÂÍ-
ÚË‚ÌÓÒÚË ÒÓÎ˛·ËÎËÁ‡ˆËË ííê-‡Á˚ Ó·˘‡fl ‡ÍÚË‚-
ÌÓÒÚ¸ ÏÂÏ·‡ÌÌÓ„Ó ÔÂÔ‡‡Ú‡ ÓÔÂ‰ÂÎflÎ‡Ò¸ ‚ ÔË-
ÒÛÚÒÚ‚ËË ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ‰ÂÚÂ„ÂÌÚÓ‚. ä‡Í ‚Ë‰-
ÌÓ ËÁ Ú‡·ÎËˆ˚, ‰ÂÚÂ„ÂÌÚ˚ ÓÍ‡Á˚‚‡ÎË ‡ÁÎË˜ÌÓÂ
‰ÂÈÒÚ‚ËÂ Ì‡ ‡ÍÚË‚ÌÓÒÚ¸ ÙÂÏÂÌÚ‡. í‡Í, ‚ ÔËÒÛÚÒÚ-

‚ËË ÚËÚÓÌ‡ ï-100 Ó·˘‡fl ‡ÍÚË‚ÌÓÒÚ¸ „ÓÏÓ„ÂÌ‡Ú‡
ÏÂÏ·‡Ì ÔÓ˜ÂÍ ‚ ÒÂ‰ÌÂÏ ‚ÓÁ‡ÒÚ‡Î‡ Ì‡ 18%, Ñéï
‡ÍÚË‚ËÓ‚‡Î ÙÂÏÂÌÚ Ì‡ 25%, ÚËÚÓÌ ï-305 – Ì‡
8%. é·˚˜ÌÓ ÔÓ‰Ó·Ì˚È ‡ÍÚË‚ËÛ˛˘ËÈ ˝ÙÙÂÍÚ
Ó·˙flÒÌflÂÚÒfl ÒËÎ¸Ì˚Ï ‚ÎËflÌËÂÏ ÎËÔË‰ÌÓ„Ó ÏËÍÓ-
ÓÍÛÊÂÌËfl [14]. èÓÚË‚ÓÔÓÎÓÊÌ‡fl Í‡ÚËÌ‡, ‚˚‡-
Ê‡˛˘‡flÒfl ‚ ËÌ„Ë·ËÓ‚‡ÌËË ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒ-
ÚË Ì‡ 57%, ËÏÂÎ‡ ÏÂÒÚÓ ÔË Ó·‡·ÓÚÍÂ ÏÂÏ·‡Ì
SDS, ˜ÚÓ, ‚ÂÓflÚÌÓ, Ó·ÛÒÎÓ‚ÎÂÌÓ ËÌ‡ÍÚË‚‡ˆËÂÈ
ÙÂÏÂÌÚ‡ ‚ÒÎÂ‰ÒÚ‚ËÂ „ÎÛ·ÓÍËı ÍÓÌÙÓÏ‡ˆËÓÌÌ˚ı
ËÁÏÂÌÂÌËÈ, ÔÓÒÍÓÎ¸ÍÛ SDS Ó·Î‡‰‡ÂÚ ‚˚ÒÓÍÓÈ ÒÔÓ-
ÒÓ·ÌÓÒÚ¸˛ Ò‚flÁ˚‚‡Ú¸Òfl Ò ·ÂÎÍÓ‚˚ÏË ÏÓÎÂÍÛÎ‡ÏË,
‚˚Á˚‚‡fl Ëı ‰ÂÌ‡ÚÛ‡ˆË˛. í‚ËÌ 40 ÌÂ ËÁÏÂÌflÎ ÒÍÓ-
ÓÒÚË „Ë‰ÓÎËÁ‡ ííê ÏÂÏ·‡ÌÌ˚Ï ÔÂÔ‡‡ÚÓÏ Ë,
Í‡Í ÏÓÊÌÓ ·˚ÎÓ ÓÊË‰‡Ú¸, ÔÓ‰Ó·ÌÓ ÚËÚÓÌÛ ï-305,
Ô‡ÍÚË˜ÂÒÍË ÌÂ Ó·Î‡‰‡Î ÒÓÎ˛·ËÎËÁËÛ˛˘ËÏ ‰ÂÈ-
ÒÚ‚ËÂÏ. Ç ÒËÒÚÂÏÌÓÏ ËÒÒÎÂ‰Ó‚‡ÌËË Ò‚ÓÈÒÚ‚ ‡ÁÎË˜-
Ì˚ı ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ÔÓÎËÓÍÒË˝ÚËÎÂÌÓ‚Ó„Ó fl‰‡
èÄÇ ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ „Î‡‚Ì˚Ï Ô‡‡ÏÂÚÓÏ ‰Â-
ÚÂ„ÂÌÚ‡, ÓÔÂ‰ÂÎfl˛˘ËÏ Â„Ó ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ ˝ÍÒ-
Ú‡„ËÓ‚‡Ú¸ ·ÂÎÍË ÏËÚÓıÓÌ‰Ë‡Î¸Ì˚ı ÏÂÏ·‡Ì,
fl‚ÎflÂÚÒfl „Ë‰ÓÙËÎ¸ÌÓ-ÎËÔÓÙËÎ¸Ì˚È ·‡Î‡ÌÒ, ÁÌ‡-
˜ÂÌËÂ ÍÓÚÓÓ„Ó ‰ÓÎÊÌÓ ‚ Ë‰Â‡ÎÂ Ì‡ıÓ‰ËÚ¸Òfl ‚ ÔÂ-
‰ÂÎ‡ı 12.5–13.5, ÔË˜ÂÏ ËÒÔÓÎ¸ÁÛÂÏ‡fl ÍÓÌˆÂÌÚ‡-
ˆËfl ‰ÂÚÂ„ÂÌÚ‡ ‰ÓÎÊÌ‡ ÁÌ‡˜ËÚÂÎ¸ÌÓ ÔÂ‚˚¯‡Ú¸
ÍËÚË˜ÂÒÍÛ˛ ÍÓÌˆÂÌÚ‡ˆË˛ ÏËˆÂÎÎÓÓ·‡ÁÓ‚‡ÌËfl
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êËÒ. 1.

 

 äËÌÂÚË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ËÌÚÂ„ËÓ‚‡ÌÌÓÈ ‚ ÏÂÏ-
·‡Ì˚ ÚË‡ÏËÌÚËÙÓÒÙ‡Ú‡Á˚ ÔÓ˜ÂÍ ·˚Í‡. 

 

‡

 

 – Á‡‚ËÒË-
ÏÓÒÚ¸ ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË ÓÚ ç; 

 

·

 

 – ‚ÎËflÌËÂ ‰‚Ûı-
‚‡ÎÂÌÚÌ˚ı Í‡ÚËÓÌÓ‚ Ì‡ Ì‡˜‡Î¸ÌÛ˛ ÒÍÓÓÒÚ¸ Â‡ÍˆËË
„Ë‰ÓÎËÁ‡ ííê; 

 

‚

 

 – Á‡‚ËÒËÏÓÒÚ¸ Ì‡˜‡Î¸ÌÓÈ ÒÍÓÓÒÚË
ííê-‡ÁÌÓÈ Â‡ÍˆËË ÓÚ ÍÓÌˆÂÌÚ‡ˆËË ÒÛ·ÒÚ‡Ú‡ ‚ ÍÓÓ-
‰ËÌ‡Ú‡ı ïÂÈÌÒ‡.
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·

 

êËÒ. 2.

 

 

 

‡

 

 – ‚ÎËflÌËÂ ÍÓÌˆÂÌÚ‡ˆËË ÚËÚÓÌ‡ ï-100 Ì‡ ÒÚÂ-
ÔÂÌ¸ ÒÓÎ˛·ËÎËÁ‡ˆËË ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË ËÁ ÏÂÏ·-
‡Ì ÔÓ˜ÂÍ ·˚Í‡. ëÓÓÚÌÓ¯ÂÌËÂ [‰ÂÚÂ„ÂÌÚ]/[·ÂÎÓÍ]=3;

 

n

 

 = 3. 

 

·

 

 – Á‡‚ËÒËÏÓÒÚ¸ ÒÚÂÔÂÌË ÒÓÎ˛·ËÎËÁ‡ˆËË ííê-‡Á-
ÌÓÈ ‡ÍÚË‚ÌÓÒÚË 1%-Ì˚Ï ÚËÚÓÌÓÏ ï-100 ÓÚ ÒÓÓÚÌÓ¯Â-
ÌËfl [‰ÂÚÂ„ÂÌÚ]/[·ÂÎÓÍ]; 

 

n

 

 = 3.
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„ÛÎflÈ, Ï‡Í‡˜ËÍÓ‚

 

[15]. áÌ‡˜ÂÌËfl „Ë‰ÓÙËÎ¸ÌÓ-ÎËÔÓÙËÎ¸ÌÓ„Ó ·‡Î‡Ì-
Ò‡ Ú‚ËÌ‡ 40 Ë ÚËÚÓÌ‡ ï-305 Á‡ÏÂÚÌÓ ÓÚÎË˜‡˛ÚÒfl
ÓÚ ˝ÚÓÈ ÓÔÚËÏ‡Î¸ÌÓÈ ‚ÂÎË˜ËÌ˚ (ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
15.6 Ë 17.3 [16]). ùÚÓ, ÔÓ-‚Ë‰ËÏÓÏÛ, Ë fl‚ÎflÂÚÒfl ÔË-
˜ËÌÓÈ Ëı Í‡ÈÌÂ ÌËÁÍÓÈ ̋ ÙÙÂÍÚË‚ÌÓÒÚË ÔË ÒÓÎ˛-
·ËÎËÁ‡ˆËË ííê-‡Á˚. àÒıÓ‰fl ËÁ ÔÓÎÛ˜ÂÌÌ˚ı Â-
ÁÛÎ¸Ú‡ÚÓ‚, ÏÓÊÌÓ ÔÓÎ‡„‡Ú¸, ˜ÚÓ ÚËÚÓÌ ï-100
ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ Ì‡Ë·ÓÎÂÂ ÔËÂÏÎÂÏ˚È ‰ÂÚÂ-
„ÂÌÚ ‰Îfl ‚˚‰ÂÎÂÌËfl ííê-‡Á˚ ËÁ ÏÂÏ·‡Ì ÔÓ˜ÂÍ
·˚Í‡ Ò ˆÂÎ¸˛ ÂÂ ‰‡Î¸ÌÂÈ¯ÂÈ Ó˜ËÒÚÍË Ë Ë‰ÂÌÚËÙË-
Í‡ˆËË. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚ Ì‡ÒÚÓfl˘ÂÂ ‚ÂÏfl
ÔÓËÁ‚Ó‰ËÚÒfl ¯ËÓÍËÈ ‡ÒÒÓÚËÏÂÌÚ Ò‡Ï˚ı ‡ÁÌÓ-
Ó·‡ÁÌ˚ı ‰ÂÚÂ„ÂÌÚÓ‚. åÌÓ„ËÂ ËÁ ˝ÚËı ÒÓÂ‰ËÌÂ-
ÌËÈ, ‚ÂÓflÚÌÓ, ÏÓ„ÎË ·˚ ·˚Ú¸ ÌÂ ÏÂÌÂÂ ˝ÙÙÂÍÚË‚-
Ì˚ÏË, Ó‰Ì‡ÍÓ Ì‡fl‰Û ÒÓ ‚ÒÂÏË ÔÓ˜ËÏË Ó·ÒÚÓfl-
ÚÂÎ¸ÒÚ‚‡ÏË ‚ÒÂ„‰‡ ÔËıÓ‰ËÚÒfl Û˜ËÚ˚‚‡Ú¸ Ë
ÍÓÏÏÂ˜ÂÒÍËÈ ‡ÒÔÂÍÚ [17].

àÁ‚ÂÒÚÌÓ, ˜ÚÓ ˝ÙÙÂÍÚË‚ÌÓÒÚ¸ ÒÓÎ˛·ËÎËÁ‡ˆËË
ÏÂÏ·‡ÌÌ˚ı ·ÂÎÍÓ‚ Ë ÒÚ‡·ËÎ¸ÌÓÒÚ¸ ‡ÒÚ‚ÓËÏ˚ı
ÔÂÔ‡‡ÚÓ‚ Á‡‚ËÒflÚ ÓÚ ÒÓ˜ÂÚ‡ÌËfl ÌÂÒÍÓÎ¸ÍËı Ù‡Í-
ÚÓÓ‚, ÒÂ‰Ë ÍÓÚÓ˚ı Ì‡Ë·ÓÎÂÂ ‚‡ÊÌ˚ÏË fl‚Îfl˛Ú-
Òfl ÍÓÌˆÂÌÚ‡ˆËfl ‰ÂÚÂ„ÂÌÚ‡ Ë ÒÓÓÚÌÓ¯ÂÌËÂ [‰Â-
ÚÂ„ÂÌÚ]/[·ÂÎÓÍ] [17]. å˚ ËÒÒÎÂ‰Ó‚‡ÎË ‰ÂÈÒÚ‚ËÂ
Ì‡Á‚‡ÌÌ˚ı Ù‡ÍÚÓÓ‚, ÔÓ‰·Ë‡fl ÓÔÚËÏ‡Î¸Ì˚Â ÛÒ-
ÎÓ‚Ëfl ˝ÍÒÚ‡ÍˆËË ííê-‡Á˚. ä‡Í ÔÓÍ‡Á‡ÌÓ Ì‡ ËÒ.
2‡, ÔË ÒÓÓÚÌÓ¯ÂÌËË [‰ÂÚÂ„ÂÌÚ]/[·ÂÎÓÍ] =3 ÒÚÂ-
ÔÂÌ¸ ÒÓÎ˛·ËÎËÁ‡ˆËË ‰ÓÒÚË„‡Î‡ Ï‡ÍÒËÏ‡Î¸ÌÓÈ ‚Â-
ÎË˜ËÌ˚ ‚ 1% ‡ÒÚ‚ÓÂ ÚËÚÓÌ‡ ï-100. ì‚ÂÎË˜ÂÌËÂ
ÍÓÌˆÂÌÚ‡ˆËË ‰ÂÚÂ„ÂÌÚ‡ ‰Ó 2% ÔË‚Ó‰ËÎÓ Í ÌÂÍÓ-
ÚÓÓÏÛ ËÌ„Ë·ËÓ‚‡ÌË˛ ííê-‡Á˚. èË Ó·‡·ÓÚÍÂ
ÏÂÏ·‡Ì 1%-Ì˚Ï ÚËÚÓÌÓÏ ï-100 ‚‡¸ËÓ‚‡ÌËÂ
ÒÓÓÚÌÓ¯ÂÌËfl [‰ÂÚÂ„ÂÌÚ]/[·ÂÎÓÍ] ‚ ‰Ë‡Ô‡ÁÓÌÂ 1.5–
6 Í 1 ÒÛ˘ÂÒÚ‚ÂÌÌÓ ÌÂ ÒÍ‡Á˚‚‡ÎÓÒ¸ Ì‡ ÒÚÂÔÂÌË ÒÓÎ˛-
·ËÎËÁ‡ˆËË ÙÂÏÂÌÚ‡ÚË‚ÌÓÈ ‡ÍÚË‚ÌÓÒÚË. àÒÒÎÂ‰ÛÂ-
Ï‡fl Á‡‚ËÒËÏÓÒÚ¸ ‰ÓÒÚË„‡Î‡ Ï‡ÍÒËÏÛÏ‡, ‚˚ıÓ‰fl Ì‡
ÔÎ‡ÚÓ, ÔË ÒÓÓÚÌÓ¯ÂÌËË 3:1 (ËÒ. 2

 

·

 

). ÑÂÁËÌÚÂ„Ë-
Ó‚‡ÌÌ˚È ËÁ ÏÂÏ·‡Ì ÙÂÏÂÌÚ ÒÓı‡ÌflÎ Í‡Ú‡ÎËÚË-

˜ÂÒÍÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ‚ 1% ‡ÒÚ‚ÓÂ ÚËÚÓÌ‡ ï-100
ÔË 4°ë ‚ ÚÂ˜ÂÌËÂ ÌÂÒÍÓÎ¸ÍËı ÒÛÚÓÍ (

 

k

 

ËÌ‡ÍÚ

 

 =
= 0.0156 ˜

 

–1

 

. ÑË‡ÎËÁ ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸˛ 50 ̃  ÔÓ-
ÚË‚ 20 Ïå ÚËÒ-çël-·ÛÙÂ‡, ç 7.5 ÌÂ ‚˚Á˚‚‡Î Í‡-
ÍËı-ÎË·Ó ËÁÏÂÌÂÌËÈ ‡ÍÚË‚ÌÓÒÚË ííê-‡Á˚ ÔÓ Ò‡‚-
ÌÂÌË˛ Ò ÒÓÎ˛·ËÎËÁ‡ÚÓÏ, ı‡ÌË‚¯ËÏÒfl ÔË 4°ë ‚ ÚÂ-
˜ÂÌËÂ ‡Ì‡ÎÓ„Ë˜ÌÓ„Ó ÒÓÍ‡.

ùÍÒÚ‡ÍˆËfl ÙÂÏÂÌÚ‡ ËÁ ÏÂÏ·‡Ì ÔË‚Ó‰ËÎ‡ Í
ÌÂÍÓÚÓ˚Ï ËÁÏÂÌÂÌËflÏ Â„Ó ÍËÌÂÚË˜ÂÒÍËı Ò‚ÓÈÒÚ‚.
í‡Í, Ï‡ÍÒËÏ‡Î¸Ì‡fl ‡ÍÚË‚ÌÓÒÚ¸ ÒÓÎ˛·ËÎËÁËÓ‚‡Ì-
ÌÓÈ ííê-‡Á˚ Ì‡·Î˛‰‡Î‡Ò¸ ÔË ç 5.5 (ËÒ. 3

 

‡

 

), ‡
ÁÌ‡˜ÂÌËÂ 

 

K

 

Ï

 

 ‰Îfl ííê ÒÌËÊ‡ÎÓÒ¸ ‰Ó 54.7 

 

±

 

 3.6 ÏÍå
(

 

n

 

 = 3, ËÒ. 3

 

·

 

). ç‡ Ì‡¯ ‚Á„Îfl‰, ‰‡ÌÌ˚È ˝ÙÙÂÍÚ ÏÓ-
ÊÂÚ Ó·˙flÒÌflÚ¸Òfl ÌÂÒÍÓÎ¸ÍËÏË ÔË˜ËÌ‡ÏË. Ç ÔÂ-
‚Û˛ Ó˜ÂÂ‰¸, ÌÂÓ·ıÓ‰ËÏÓ ÒÍ‡Á‡Ú¸, ˜ÚÓ ‚ Ó·˘ÂÈ
ÏÂÏ·‡ÌÌÓÈ Ù‡ÍˆËË ÔËÒÛÚÒÚ‚ÛÂÚ ·ÓÎ¸¯ÓÂ ÍÓÎË-
˜ÂÒÚ‚Ó ÙÓÒÙ‡Ú‡Á Ò ¯ËÓÍÓÈ ÒÛ·ÒÚ‡ÚÌÓÈ ÒÔÂˆË-
ÙË˜ÌÓÒÚ¸˛, ÍÓÚÓ˚Â ËÏÂ˛Ú ÓÔÂ‰ÂÎÂÌÌ˚Â ÏÂÒÚ‡
ÎÓÍ‡ÎËÁ‡ˆËË ‚ ÏÂÏ·‡ÌÌ˚ı ÒÚÛÍÚÛ‡ı ÍÎÂÚÍË
[18–20]. åÌÓ„ËÂ ËÁ ˝ÚËı ÙÂÏÂÌÚÓ‚ Ì‡‚ÂÌflÍ‡ ÔÓ-
ÚÂÌˆË‡Î¸ÌÓ ÒÔÓÒÓ·Ì˚ Í‡Ú‡ÎËÁËÓ‚‡Ú¸ „Ë‰ÓÎËÁ
ííê 

 

in vitro

 

, Í‡Í, Ì‡ÔËÏÂ, ÌÛÍÎÂÓÁË‰ÚËÙÓÒÙ‡Ú‡-
Á‡ (äî 3.6.1.15) ÔÎ‡ÁÏ‡ÚË˜ÂÒÍÓÈ ÏÂÏ·‡Ì˚ 

 

in vit-
ro

 

[21]. èË ˝ÚÓÏ ÒÍÓÓÒÚË ËÌ‰Ë‚Ë‰Û‡Î¸Ì˚ı Â‡Í-
ˆËÈ, ‡ Ú‡ÍÊÂ Ë ÒÓ‰ÒÚ‚Ó Í ÒÛ·ÒÚ‡ÚÛ ÏÓ„ÛÚ Á‡ÏÂÚÌÓ
‡ÁÎË˜‡Ú¸Òfl. àÒÒÎÂ‰Ó‚‡ÌËfl ÎÓÍ‡ÎËÁ‡ˆËË ÏÂÏ·‡Ì-
ÌÓ-Ò‚flÁ‡ÌÌÓÈ ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚË ‚˚fl‚ËÎË ÂÂ
Ô‡ÍÚË˜ÂÒÍË ‡‚ÌÓÏÂÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ‚ ÒÛ·-
ÍÎÂÚÓ˜Ì˚ı Ù‡ÍˆËflı, ‚˚‰ÂÎÂÌÌ˚ı ËÁ ÏÓÁ„‡ Í˚Ò˚
ÏÂÚÓ‰ÓÏ ‰ËÙÙÂÂÌˆË‡Î¸ÌÓ„Ó ˆÂÌÚËÙÛ„ËÓ‚‡ÌËfl
[4». ùÚÓÚ Ù‡ÍÚ ÛÊÂ Ò‡Ï ÔÓ ÒÂ·Â ÏÓÊÂÚ ‡ÒÒÏ‡ÚË-
‚‡Ú¸Òfl Í‡Í Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Ó ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ÌÂÒÍÓÎ¸-
ÍËı ËÌÚÂ„ËÓ‚‡ÌÌ˚ı ‚ ÏÂÏ·‡Ì˚ ÙÓÒÙ‡Ú‡Á, ÒÔÓ-
ÒÓ·Ì˚ı Í‡Ú‡ÎËÁËÓ‚‡Ú¸ „Ë‰ÓÎËÁ ííê ‚ ÚÍ‡Ìflı
ÏÎÂÍÓÔËÚ‡˛˘Ëı, ÔÓÒÍÓÎ¸ÍÛ ÚÂÔÂ¸ ÛÊÂ ÌÂ ‚˚Á˚-
‚‡ÂÚ ÒÓÏÌÂÌËÈ ÒÔ‡‚Â‰ÎË‚ÓÒÚ¸ „ËÔÓÚÂÁ˚ Ó Â‰ËÌÒÚ-
‚ÂÌÌÓÏ ÏÂÒÚÂ ÎÓÍ‡ÎËÁ‡ˆËË ÙÂÏÂÌÚ‡ ‚ ÍÎÂÚÍÂ [22].

 

ëÓÎ˛·ËÎËÁ‡ˆËfl ííê-Ù‡Á˚ ËÁ ÏÂÏ·‡Ì ÔÓ˜ÂÍ ·˚Í‡ 1% ‡ÒÚ‚Ó‡ÏË ‰ÂÚÂ„ÂÌÚÓ‚ (ÍÓÎË˜ÂÒÚ‚Ó ÌÂÁ‡‚ËÒËÏ˚ı ˝ÍÒÔÂ-
ËÏÂÌÚÓ‚ 

 

n

 

 = 3)

ÑÂÚÂ„ÂÌÚ î‡ÍˆËfl é·˙ÂÏ, 
ÏÎ ÄÍÚË‚ÌÓÒÚ¸, ÏÖ‰ 

 

·

 

 ÏÎ

 

–1

 

é·˘‡fl ‡ÍÚË‚ÌÓÒÚ¸, ÏÖ‰ ëÚÂÔÂÌ¸ 
ÒÓÎ˛·ËÎËÁ‡ˆËË, %

ÅÂÁ ‰ÂÚÂ„ÂÌÚ‡ ÉÓÏÓ„ÂÌ‡Ú 8 43.50 

 

±

 

 2.30 348.02 –

ëÛÔÂÌ‡Ú‡ÌÚ 7 1.48 

 

±

 

 0.39 10.39 2.98

íËÚÓÌ ï-100 ÉÓÏÓ„ÂÌ‡Ú 8 51.33 

 

±

 

 3.89 410.62 –

ëÛÔÂÌ‡Ú‡ÌÚ 7 28.59 

 

±

 

 4.12 200.13 48.74

Ñéï ÉÓÏÓ„ÂÌ‡Ú 8 54.15 

 

±

 

 2.97 433.23 –

ëÛÔÂÌ‡Ú‡ÌÚ 7 25.61 

 

±

 

 0.87 179.30 41.39

SDS ÉÓÏÓ„ÂÌ‡Ú 8 18.62 

 

±

 

 5.49 148.96 –

ëÛÔÂÌ‡Ú‡ÌÚ 7 3.59 

 

±

 

 1.02 25.13 16.87

íËÚÓÌ ï-305 ÉÓÏÓ„ÂÌ‡Ú 8 46.91 

 

±

 

 4.05 375.28 –

ëÛÔÂÌ‡Ú‡ÌÚ 7 4.41 

 

±

 

 1.07 30.87 8.21

í‚ËÌ 40 ÉÓÏÓ„ÂÌ‡Ú 8 42.62 

 

±

 

 5.03 340.97 –

ëÛÔÂÌ‡Ú‡ÌÚ 7 2.33 

 

±

 

 0.81 16.34 4.79
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Ç˚¯Â ·˚ÎÓ ÔÓÍ‡Á‡ÌÓ (Ú‡·ÎËˆ‡), ˜ÚÓ Ó·‡·ÓÚÍ‡
ÏÂÏ·‡ÌÌÓ„Ó ÔÂÔ‡‡Ú‡ ÚËÚÓÌÓÏ ï-100 ÔË‚Ó‰ËÚ
Í ‚˚Ò‚Ó·ÓÊ‰ÂÌË˛ ÔË·ÎËÁËÚÂÎ¸ÌÓ ÎË¯¸ 49% ‡Í-
ÚË‚ÌÓÒÚË, ÔÓ˝ÚÓÏÛ ÌÂÎ¸Áfl ËÒÍÎ˛˜ËÚ¸ ÒËÚÛ‡ˆË˛,
ÔË ÍÓÚÓÓÈ ‰ÂÚÂ„ÂÌÚ ÒÂÎÂÍÚË‚ÌÓ ˝ÍÒÚ‡„ËÛÂÚ
ÓÔÂ‰ÂÎÂÌÌ˚Â ÙÓÒÙ‡Ú‡Á˚, ÚÓ„‰‡ Í‡Í ‰Û„ËÂ ÓÒÚ‡-
˛ÚÒfl ËÌÚÂ„ËÓ‚‡ÌÌ˚ÏË Ë Û‰‡Îfl˛ÚÒfl ‚ÏÂÒÚÂ Ò ÌÂ-
ÒÓÎ˛·ËÎËÓ‚‡ÌÌ˚Ï Ï‡ÚÂË‡ÎÓÏ ‚ ÔÓˆÂÒÒÂ ˆÂÌÚ-
ËÙÛ„ËÓ‚‡ÌËfl. äÓÏÂ ÚÓ„Ó, ‚ÓÁÏÓÊÌ˚ ÒÛ˘ÂÒÚ-
‚ÂÌÌ˚Â ÍÓÌÙÓÏ‡ˆËÓÌÌ˚Â ËÁÏÂÌÂÌËfl, ˜‡ÒÚÓ
ÒÓÔÓ‚ÓÊ‰‡˛˘ËÂ ‰ÂÁËÌÚÂ„‡ˆË˛ ·ÂÎÍÓ‚˚ı ÏÓÎÂ-
ÍÛÎ ËÁ ÎËÔË‰ÌÓ„Ó ·ËÒÎÓfl, ‡ Ú‡ÍÊÂ ˝ÙÙÂÍÚ˚, Ó·ÛÒ-
ÎÓ‚ÎÂÌÌ˚Â ÒÓ·ÒÚ‚ÂÌÌÓ ‡ÍÚË‚ËÛ˛˘ËÏ ËÎË ËÌ„Ë-
·ËÛ˛˘ËÏ ‰ÂÈÒÚ‚ËÂÏ ‰ÂÚÂ„ÂÌÚ‡ [17]. 

Ç ÔÂ‰˚‰Û˘Ëı ËÒÒÎÂ‰Ó‚‡ÌËflı, Í‡Ò‡‚¯ËıÒfl ÒÔÂ-
ˆËÙË˜ÌÓÒÚË ÏÂÏ·‡ÌÌÓ-‡ÒÒÓˆËËÓ‚‡ÌÌÓÈ ííê-
‡Á˚ ÚÍ‡ÌÂÈ ÏÎÂÍÓÔËÚ‡˛˘Ëı, ‡ÒÒÏ‡ÚË‚‡ÎËÒ¸ ÂÂ
‚Á‡ËÏÓÓÚÌÓ¯ÂÌËfl Ò ‡ÍÚË‚ÌÓÒÚ¸˛ ÌÛÍÎÂÓÁË‰ÚË-
ÙÓÒÙ‡Ú‡Á (äî 3.6.1.15) [4, 5], ÍÓÚÓ˚Â, Í‡Í ÛÊÂ ÓÚ-
ÏÂ˜‡ÎÓÒ¸, ÔÓÚÂÌˆË‡Î¸ÌÓ ÒÔÓÒÓ·Ì˚ Í ‰ÂÙÓÒÙÓË-
ÎËÓ‚‡ÌË˛ ííê [21]. ç‡fl‰Û Ò NTP-‡Á‡ÏË ‚ ÏÂÏ·-
‡ÌÌ˚ı ÒÚÛÍÚÛ‡ı ÍÎÂÚÍË ÔËÒÛÚÒÚ‚ÛÂÚ ÍËÒÎ‡fl
ÙÓÒÙ‡Ú‡Á‡ (äî 3.2.3.1), ÔË˜ÂÏ ‡ÒÔÂ‰ÂÎÂÌËÂ
‰‡ÌÌÓ„Ó ÙÂÏÂÌÚ‡, Í‡Í Ë ‚ ÒÎÛ˜‡Â ííê-‡Á˚, ÌÂ Ó„-
‡ÌË˜ÂÌÓ Í‡ÍËÏ-ÎË·Ó ÓÔÂ‰ÂÎÂÌÌ˚Ï ÏÂÒÚÓÏ ÎÓÍ‡-
ÎËÁ‡ˆËË [23]. èÓ˝ÚÓÏÛ ÌÂÎ¸Áfl ·˚ÎÓ ËÒÍÎ˛˜ËÚ¸,
˜ÚÓ ííê-‡ÁÌ‡fl ‡ÍÚË‚ÌÓÒÚ¸ ÏÂÏ·‡ÌÌÓ„Ó ÔÂÔ‡‡Ú‡
ÓÔÂ‰ÂÎflÂÚÒfl ÍËÒÎÓÈ ÙÓÒÙ‡Ú‡ÁÓÈ. ÑÂÈÒÚ‚ËÚÂÎ¸ÌÓ,
‚˚ÔÓÎÌÂÌÌ˚Â Ì‡ÏË ˝ÍÒÔÂËÏÂÌÚ˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ
‰Îfl Â‡ÍˆËË „Ë‰ÓÎËÁ‡ Ô-ÌËÚÓÙÂÌËÎÙÓÒÙ‡Ú‡
ÏÂÏ·‡Ì‡ÏË ËÁ ÔÓ˜ÂÍ ·˚Í‡ Ì‡·Î˛‰‡ÂÚÒfl ç-ÔÓ-
ÙËÎ¸, ‡Ì‡ÎÓ„Ë˜Ì˚È ËÁÓ·‡ÊÂÌÌÓÏÛ Ì‡ ËÒ. 1 (‰‡Ì-
Ì˚Â ÌÂ ÔÂ‰ÒÚ‡‚ÎÂÌ˚). é·‡·ÓÚÍ‡ ÏÂÏ·‡Ì ÚËÚÓ-
ÌÓÏ ï-100 ÔË‚Ó‰ËÎ‡ Í Ó‰ÌÓ‚ÂÏÂÌÌÓÏÛ ÔÓfl‚ÎÂ-
ÌË˛ ‚ ‡ÒÚ‚ÓÂ Ô-ÌËÚÓÙÂÌËÎÙÓÒÙ‡Ú‡ÁÌÓÈ Ë ííê-
‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚÂÈ, ÔË ˝ÚÓÏ Ó·Â ‡ÍÚË‚ÌÓÒÚË ˝Î˛Ë-
Ó‚‡ÎËÒ¸ ‚ Ò‚Ó·Ó‰ÌÓÏ Ó·˙ÂÏÂ, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÏ
·ÂÎÍ‡Ï Ò M > 300 ÍÑ‡, ‚ ÔÓˆÂÒÒÂ „ÂÎ¸-ÙËÎ¸Ú‡ˆËË
ÒÓÎ˛·ËÎËÁ‡Ú‡ Ì‡ ÍÓÎÓÌÍÂ Ò ÒÂÙ‡ÍËÎÓÏ S–200 (‰‡Ì-
Ì˚Â ÌÂ ÔÓÍ‡Á‡Ì˚). é‰Ì‡ÍÓ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ‰Û„Ó„Ó
ÌÓÒËÚÂÎfl – ÒÂÙ‡ÓÁ˚ CL-2B (ÔÂ‰ÂÎ ˝ÍÒÍÎ˛ÁËË
40000 ÍÑ‡), – ÔÓÁ‚ÓÎËÎÓ ‡Á‰ÂÎËÚ¸ ËÁÛ˜‡ÂÏ˚Â ‡Í-
ÚË‚ÌÓÒÚË. ÑÎfl ÔÓ‰„ÓÚÓ‚ÍË Ó·‡Áˆ‡ Í ıÓÏ‡ÚÓ„‡-
ÙËË ˝ÍÒÚ‡ÍÚ ‚˚Ò‡ÎË‚‡ÎË ÒÛÎ¸Ù‡ÚÓÏ ‡ÏÏÓÌËfl ÔË
ÒÚÂÔÂÌË Ì‡Ò˚˘ÂÌËfl 35–60%, ÓÒ‡‰ÓÍ ÒÓ·Ë‡ÎË ˆÂÌÚ-
ËÙÛ„ËÓ‚‡ÌËÂÏ Ë ‡ÒÚ‚ÓflÎË ‚ 20 Ïå ÚËÒ-çël-
·ÛÙÂÂ, ç 7.5, ÒÓ‰ÂÊ‡˘ÂÏ 50 Ïå NaCl, 0.2 Ïå
EDTA Ë 20% Ò‡ı‡ÓÁÛ. é·‡ÁÂˆ ıÓÏ‡ÚÓ„‡ÙËÓ‚‡-
ÎË Ì‡ ÍÓÎÓÌÍÂ (‰Ë‡ÏÂÚ 2.8 

 

×

 

 52 ÒÏ) ‚ ÚÓÏ ÊÂ ·ÛÙÂÂ
·ÂÁ Ò‡ı‡ÓÁ˚ ÒÓ ÒÍÓÓÒÚ¸˛ ÔÓÚÓÍ‡ 3 ÒÏ/˜, ÒÓ·Ë‡fl
Ù‡ÍˆËË ÔÓ 8 ÏÎ. ç‡ ËÒ. 4 ÔÂ‰ÒÚ‡‚ÎÂÌ‡ ıÓÏ‡ÚÓ-
„‡ÏÏ‡, Ì‡ ÍÓÚÓÓÈ ‚Ë‰ÌÓ, ˜ÚÓ ÙÂÏÂÌÚ Ò ííê-‡Á-
ÌÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛ ËÏÂÂÚ ·ÓÎÂÂ ‚˚ÒÓÍÛ˛ ÏÓÎÂÍÛ-
ÎflÌÛ˛ Ï‡ÒÒÛ ÔÓ Ò‡‚ÌÂÌË˛ Ò Ô-ÌËÚÓÙÂÌËÎÙÓÒ-
Ù‡Ú‡ÁÓÈ. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ Ú‡Í‡fl Í‡ÚËÌ‡
ÏÓÊÂÚ ·˚Ú¸ Ú‡ÍÊÂ Ó·ÛÒÎÓ‚ÎÂÌ‡ Ì‡ÎÓÊÂÌËÂÏ ÔÓ-
ÙËÎÂÈ ˝Î˛ˆËË ÌÂÒÍÓÎ¸ÍËı ÙÂÏÂÌÚÓ‚, Í‡Ê‰˚È ËÁ
ÍÓÚÓ˚ı ÒÔÓÒÓ·ÂÌ Í‡Ú‡ÎËÁËÓ‚‡Ú¸ „Ë‰ÓÎËÁ Ó·ÓËı
ÒÛ·ÒÚ‡ÚÓ‚. çÓ ‚ Î˛·ÓÏ ÒÎÛ˜‡Â ıÓÚfl ·˚ ˜‡ÒÚË˜ÌÓ

‡ÍÚË‚ÌÓÒÚ¸ ÓÔÂ‰ÂÎflÂÚÒfl ÔËÒÛÚÒÚ‚ËÂÏ ‚ ÏÂÏ·‡Ì-
ÌÓÏ ÔÂÔ‡‡ÚÂ ‡ÁÎË˜Ì˚ı ÙÓÒÙ‡Ú‡Á. 

èÓ‰‚Ó‰fl ËÚÓ„ Ì‡¯ËÏ ËÒÒÎÂ‰Ó‚‡ÌËflÏ, ÏÓÊÌÓ
ÍÓÌÒÚ‡ÚËÓ‚‡Ú¸, ˜ÚÓ ÙÂÏÂÌÚ ËÁ ÔÓ˜ÂÍ ·˚Í‡ ÔÓ-
fl‚ÎflÂÚ ÌÂÒÍÓÎ¸ÍÓ ËÌ˚Â Ò‚ÓÈÒÚ‚‡ ÔÓ Ò‡‚ÌÂÌË˛ Ò
ÓÔËÒ‡ÌÌ˚ÏË ‡ÌÂÂ ‚ ÎËÚÂ‡ÚÛÂ ÏÂÏ·‡ÌÌÓ-‡ÒÒÓ-
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 äËÌÂÚË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ÒÓÎ˛·ËÎËÁËÓ‚‡ÌÌÓÈ
ííê-‡Á˚. ‡ – ç-Á‡‚ËÒËÏÓÒÚ¸ ííê-‡ÁÌÓÈ Â‡ÍˆËË; · –
Á‡‚ËÒËÏÓÒÚ¸ Ì‡˜‡Î¸ÌÓÈ ÒÍÓÓÒÚË ííê-‡ÁÌÓÈ Â‡ÍˆËË
ÓÚ ÍÓÌˆÂÌÚ‡ˆËË ÒÛ·ÒÚ‡Ú‡ ‚ ÍÓÓ‰ËÌ‡Ú‡ı ïÂÈÌÒ‡.
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 ïÓÏ‡ÚÓ„‡ÙËfl ˝ÍÒÚ‡ÍÚ‡ ËÁ ÏÂÏ·‡Ì ÔÓ˜ÂÍ
·˚Í‡, Ù‡ÍˆËÓÌËÓ‚‡ÌÌÓ„Ó ÒÛÎ¸Ù‡ÚÓÏ ‡ÏÏÓÌËfl ‚ ‰Ë‡-
Ô‡ÁÓÌÂ 35–60% ÒÚÂÔÂÌË Ì‡Ò˚˘ÂÌËfl, Ì‡ ÍÓÎÓÌÍÂ Ò ÒÂÙ‡-
ÓÁÓÈ CL-2B: 

 

1

 

 – ÓÔÚË˜ÂÒÍ‡fl ÔÎÓÚÌÓÒÚ¸ ÔË 280 ÌÏ; 

 

2 

 

–
Ô-ÌËÚÓÙÂÌËÎÙÓÒÙ‡Ú‡ÁÌ‡fl ‡ÍÚË‚ÌÓÒÚ¸; 

 

3

 

 – ííê-‡ÁÌ‡fl
‡ÍÚË‚ÌÓÒÚ¸.
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„ÛÎflÈ, Ï‡Í‡˜ËÍÓ‚

 

ˆËËÓ‚‡ÌÌ˚ÏË ·ÂÎÍ‡ÏË Ò ííê-‡ÁÌÓÈ ‡ÍÚË‚ÌÓÒÚ¸˛
ËÁ ÏÓÁ„‡ Ë Ï˚¯ˆ Í˚Ò˚, ‡ Ú‡ÍÊÂ ˝ÎÂÍÚË˜ÂÒÍÓ„Ó
Ó„‡Ì‡ E. electricus [4–6]. ëÍÎ‡‰˚‚‡ÂÚÒfl ‚ÔÂ˜‡ÚÎÂ-
ÌËÂ, ˜ÚÓ ‚ ÔÓÚË‚ÓÔÓÎÓÊÌÓÒÚ¸ ¯ËÓÍÓÏÛ ‡ÒÔÓ-
ÒÚ‡ÌÂÌË˛ ÒÔÂˆËÙË˜ÌÓÈ ‡ÒÚ‚ÓËÏÓÈ ííê-‡Á˚ ‚
Ó„‡Ì‡ı ÏÎÂÍÓÔËÚ‡˛˘Ëı [1], „Ë‰ÓÎËÁ ííê 

 

in vitro

 

‚ ÏÂÏ·‡ÌÌ˚ı ÔÂÔ‡‡Ú‡ı ËÁ ‡ÁÎË˜Ì˚ı ÚËÔÓ‚
ÚÍ‡ÌÂÈ Í‡Ú‡ÎËÁËÛÂÚÒfl ‡ÁÌ˚ÏË ÙÂÏÂÌÚ‡ÏË.
èÂ‰ÒÚ‡‚ÎÂÌÌ˚Â ‚ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÂÁÛÎ¸Ú‡Ú˚
ÔÓÁ‚ÓÎfl˛Ú ‰ËÙÙÂÂÌˆËÓ‚‡Ú¸ ííê-‡ÁÌÛ˛ Ë Ô-ÌË-
ÚÓÙÂÌËÎÙÓÒÙ‡Ú‡ÁÌÛ˛ ‡ÍÚË‚ÌÓÒÚË, ÎÓÍ‡ÎËÁÓ‚‡Ì-
Ì˚Â ‚ ÏÂÏ·‡ÌÓÈ Ù‡ÍˆËË ËÁ ÔÓ˜ÂÍ ·˚Í‡. é‰Ì‡ÍÓ
‚ÓÔÓÒ Ó ÚÓÏ, fl‚ÎflÂÚÒfl ÎË ÏÂÏ·‡ÌÌ‡fl ííê-‡Á‡ ÔÓ-
˜ÂÍ ÒÔÂˆËÙË˜ÂÒÍËÏ ·ÂÎÍÓÏ ËÎË ÙÓÒÙ‡Ú‡ÁÓÈ ¯Ë-
ÓÍÓ„Ó ÒÔÂÍÚ‡ ‰ÂÈÒÚ‚Ëfl, ÓÒÚ‡ÂÚÒfl ÓÚÍ˚Ú˚Ï Ë
ÚÂ·ÛÂÚ ‰‡Î¸ÌÂÈ¯Â„Ó ËÁÛ˜ÂÌËfl.
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Thiamine Triphosphatase Act in vitroivity in Membranes From Bovine Kidney 
and its Relation to Acid Phosphatase

   I. E. Gulyai, A. F. Makarchikov

Institute of Biochemistry, National Academy of Sciences of Belarus, Grodno, Belarus

It was found that bovine kidney membrane-associated thiamine triphosphatase (ThTPase) has a pH-optimum
of 5.5, is activated with divalent cations, such as Mg2+, Ca2+ or Mn2+, and obeys Michaelis–Menten kinetics in the
range of substrate concentration of 20–200 µM. The apparent Km for ThTP was estimated to be 131.9 ± 8.1 µM. The
enzyme can be solubilized with different detergents, Triton X-100 being the most effective among tested. The treat-
ment of membranes with Triton X22-100 at 1% concentration and [detergent]/[protein] ratio of 3 : 1 resulted
in approximately 49% extraction of total ThTPase activity. The soluble enzyme retained its activity for several
days with inactivation constant of 0.0156 h–1. After solubilization, some changes in kinetic properties were ob-
served: the pH-optimum was shifted to 5.5 and the Km value became as low as 54.7 ± 3.6 µM. Like ThTPase,
membrane bound p-nitrophenyl phosphatase acivity was maximal at pH 5.0 and was extracted with Triton X-100.
The two activities were separated by gel filtration on a Sepharose CL-2B column, the ThTPase peak being elut-
ed in the volume corresponding to higher molecular weight. This indicates the different nature of membrane-
bound ThTPase and acid phosphatase in bovine kidney.


