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 ÇÇÖÑÖçàÖ

 

îËÁËÍÓ-ıËÏË˜ÂÒÍËÂ ÏÂı‡ÌËÁÏ˚ Â‡ÎËÁ‡ˆËË ÔÓ-
ÚÂÓÎËÚË˜ÂÒÍËı Â‡ÍˆËÈ Ë Ëı Â„ÛÎflˆËfl Ì‡ ÏÓÎÂÍÛ-
ÎflÌÓÏ Ë ÍÎÂÚÓ˜ÌÓÏ ÛÓ‚ÌÂ ‚ÒÂ Â˘Â ‰‡ÎÂÍË ÓÚ
ÔÓÎÌÓÈ flÒÌÓÒÚË.

í‡Í, ÌÂflÒÌ‡ ÓÎ¸ ËÓÌÓ‚ ÌÂÓ„‡ÌË˜ÂÒÍÓ„Ó ÙÓÒ-
Ù‡Ú‡ ‚ Â„ÛÎflˆËË ÔÓÚÂÓÎËÁ‡; ÌÂÒÏÓÚfl Ì‡ Í‡ÊÛ-
˘Û˛Òfl ÚË‚Ë‡Î¸ÌÓÒÚ¸ ‚ÓÔÓÒ‡, ‰‡ÌÌ˚Â ÎËÚÂ‡ÚÛ-
˚ Ù‡„ÏÂÌÚ‡Ì˚. ê‡ÌÂÂ ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ ÏËÚÓıÓÌ-
‰Ë‡Î¸Ì‡fl Ù‡ÍˆËfl „ÓÎÓ‚ÌÓ„Ó ÏÓÁ„‡ Ë ÔÂ˜ÂÌË
Ï˚¯ÂÈ ÌÂ ‡Ò˘ÂÔÎflÎ‡ ÙË·ËÌ. îË·ËÌÓÎËÁ ÔÓ-
fl‚ÎflÎÒfl ‚ ÔËÒÛÚÒÚ‚ËË 

 

P

 

i

 

 [1–3]. ÑÓ·‡‚ÍË ÄDê ÚÓ-
ÊÂ ‚ÂÎË Í ÔÓfl‚ÎÂÌË˛ ÙË·ËÌÓÎËÚË˜ÂÒÍÓÈ ‡Í-
ÚË‚ÌÓÒÚË, ‡ ‚ ÔËÒÛÚÒÚ‚ËË ÄDP + 

 

P

 

i

 

 Ì‡·Î˛‰‡ÎÒfl
˝ÙÙÂÍÚ ÌÂÔÓÎÌÓÈ ‡‰‰ËÚË‚ÌÓÒÚË. ä‡Á‡ÎÓÒ¸ ·˚,
˝ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÒÚËÏÛÎflˆËË ÔÓÚÂÓÎËÁ‡

 

 ëÓÍ‡˘ÂÌËfl: 

 

P

 

i

 

 – ÌÂÓ„‡ÌË˜ÂÒÍËÈ ÓÚÓÙÓÒÙ‡Ú; 

 

PP

 

i

 

 – ÌÂÓ-
„‡ÌË˜ÂÒÍËÈ ÔËÓÙÓÒÙ‡Ú; BSA – ·˚˜ËÈ Ò˚‚ÓÓÚÓ˜Ì˚È ‡Î¸-
·ÛÏËÌ.

 

#

 

Ä‚ÚÓ ‰Îfl Ò‚flÁË (ÚÂÎ.: +375 (17) 2841759; ˝Î. ÔÓ˜Ú‡: nikan-
drov@fizio.bas-net.by).

 

‚ÒÎÂ‰ÒÚ‚ËÂ ÂÒËÌÚÂÁ‡ Äíê. é‰Ì‡ÍÓ ÙË·ËÌÓÎË-
ÚË˜ÂÒÍ‡fl ‡ÍÚË‚ÌÓÒÚ¸ ÔÓfl‚ÎflÎ‡Ò¸ Ë ‚ ÔËÒÛÚÒÚ‚ËË
‡ÁÓ·˘‡˛˘Â„Ó ‡„ÂÌÚ‡ – 2,4-‰ËÌËÚÓÙÂÌÓÎ‡, ÌÂ
ÒÌËÏ‡Î‡Ò¸ ˆË‡ÌË‰ÓÏ [2, 3]. ç‡ ÓÚ‰ÂÎ¸Ì˚ı ÍÎÂÚÓ˜-
Ì˚ı ÎËÌËflı ÎËÏÙÓ·Î‡ÒÚÓ‚ Ú‡ÍÊÂ ÔÓ‰ÂÏÓÌÒÚË-
Ó‚‡ÌÓ Û‚ÂÎË˜ÂÌËÂ ÔÓÚÂÓÎËÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË
‚ ÔËÒÛÚÒÚ‚ËË 

 

P

 

i

 

 [4]. èË˜ÂÏ, ÒÛ‰fl ÔÓ ‰‡ÌÌ˚Ï ËÌ„Ë-
·ËÚÓÌÓ„Ó ‡Ì‡ÎËÁ‡, ‚ fl‰Â ÒÎÛ˜‡Â‚ ˝ÚÓÚ ˝ÙÙÂÍÚ ÌÂ
Ò‚flÁ‡Ì Ò ÂÒËÌÚÂÁÓÏ Äíê. ÇÒÂ ˝ÚÓ Ì‡‚Ó‰ËÚ Ì‡
Ï˚ÒÎ¸, ˜ÚÓ ÒÛ˘ÂÒÚ‚ÛÂÚ ÌÂÁ‡‚ËÒËÏ˚È ÓÚ ÂÒËÌÚÂÁ‡
Äíê ÔÛÚ¸ ÒÚËÏÛÎflˆËË ÔÓÚÂÓÎËÁ‡ 

 

P

 

i

 

 – “ÙÓÒÙ‡Ú-
Ì˚È ˝ÙÙÂÍÚ”. ëÛ˘ÌÓÒÚ¸ Ë ‡ÒÔÓÒÚ‡ÌÂÌÌÓÒÚ¸
“ÙÓÒÙ‡ÚÌÓ„Ó ˝ÙÙÂÍÚ‡” ÓÒÚ‡˛ÚÒfl Ô‡ÍÚË˜ÂÒÍË
ÌÂËÁÛ˜ÂÌÌ˚ÏË.

Ç 1987 „. ÓÔËÒ‡ÌÓ ÒÔÂˆËÙË˜ÂÒÍÓÂ ÔÓ‰‡‚ÎÂÌËÂ
ÔÎ‡ÁÏËÌÓ„ÂÌ‡ÍÚË‚‡ÚÓÌÓÈ ÙÛÌÍˆËË ÒÚÂÔÚÓÍË-
Ì‡Á˚ Äíê, ‡ Ú‡ÍÊÂ 3',5'-Äåê: ÔÓˆÂÒÒ Û„ÌÂÚ‡ÎÒfl
Ì‡ 50% ÔË ÍÓÌˆÂÌÚ‡ˆËË ÌÛÍÎÂÓÚË‰Ó‚, ÔË·ÎË-
Ê‡˛˘ÂÈÒfl Í 0.1 å [5]. ÑÛ„ËÂ ÌÛÍÎÂÓÚË‰˚ – ÄDê,
Äåê, 2',3'-Äåê, Gíê, Uíê, ëíê ˝ÙÙÂÍÚ‡ ÌÂ ‰‡-
ÎË. èÓÔ˚ÚÍË Ò‚flÁ‡Ú¸ ˝ÚÓ Ò‚ÓÈÒÚ‚Ó Ò ‚ÓÁÏÓÊÌÓ-
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èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ 10.07.2007 „. èËÌflÚ‡ Í ÔÂ˜‡ÚË 19.07.2007 „.

 

åÂÚÓ‰ÓÏ ÎËÁËÒ‡ ÙË·ËÌÓ‚˚ı ÔÎ‡ÒÚËÌ Ë ÔflÚË ·ÂÎÍÓ‚ ÒÛ·ÒÚ‡ÚÓ‚ ‚ ÚÓÌÍÓÏ ÒÎÓÂ ‡„‡Ó‚Ó„Ó „ÂÎfl ÔÓÍ‡-
Á‡ÌÓ, ˜ÚÓ ÌÂÓ„‡ÌË˜ÂÒÍËÈ ÓÚÓÙÓÒÙ‡Ú (0.001–0.06 å) ÛÒËÎË‚‡Î Ì‡ 50–250% ‡ÍÚË‚‡ÚÓÌÛ˛ ÙÛÌÍˆË˛
ÒÚÂÔÚÓÍËÌ‡Á˚, ÛÓÍËÌ‡Á˚, ÚÍ‡ÌÂ‚Ó„Ó ‡ÍÚË‚‡ÚÓ‡ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ Ë, ‚ ˆÂÎÓÏ, – ‚ 1.2–12.0 ‡Á ÛÒËÎË-
‚‡Î ÎËÁËÒ fl‰‡ ·ÂÎÍÓ‚ ÚËÔÒËÌÓÏ, 

 

α

 

-ıËÏÓÚËÔÒËÌÓÏ, ÒÛ·ÚËÎËÁËÌÓÏ, Ô‡Ô‡ËÌÓÏ, ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ
·‡ˆËÎÎ, ‡ ÔË ÍÓÌˆÂÌÚ‡ˆËË <4 Ïå – Ë ÔÂÔÒËÌÓÏ. Ç ·ÓÎ¸¯ÂÈ ÍÓÌˆÂÌÚ‡ˆËË ÙÓÒÙ‡Ú ÂÁÍÓ Û„ÌÂÚ‡Î
‡ÍÚË‚ÌÓÒÚ¸ ÔÂÔÒËÌ‡ Ë ÔÓ‰‡‚ÎflÎ Ì‡ 40–50% ÎËÁËÒ ÊÂÎ‡ÚËÌ‡ Ô‡Ô‡ËÌÓÏ, ÊÂÎ‡ÚËÌ‡ (‚ Ï‡ÍÒËÏ‡Î¸ÌÓÈ
ÍÓÌˆÂÌÚ‡ˆËË) Ë Í‡ÁÂËÌ‡ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ. àÓÌ˚ ÌÂÓ„‡ÌË˜ÂÒÍÓ„Ó ÔËÓÙÓÒÙ‡Ú‡ (10

 

–8

 

–10

 

–1

 

 å)
ÛÒËÎË‚‡ÎË Ì‡ 20–400% ‡Ò˘ÂÔÎÂÌËÂ fl‰‡ ·ÂÎÍÓ‚ ÒÂËÌÓ‚˚ÏË ÔÓÚÂËÌ‡Á‡ÏË, ‡ ‚ ÍÓÌˆÂÌÚ‡ˆËË 10

 

–5

 

–
10

 

–3

 

 å – Ë ‡ÍÚË‚ÌÓÒÚ¸ ÔÂÔÒËÌ‡, ÙÛÌÍˆË˛ ÚÍ‡ÌÂ‚Ó„Ó ‡ÍÚË‚‡ÚÓ‡ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ Ë ÒÚÂÔÚÓÍËÌ‡Á˚ Ì‡
100 Ë 40%. èËÓÙÓÒÙ‡Ú ÔË ÍÓÌˆÂÌÚ‡ˆËË >10

 

–3

 

 å Ë >10

 

–4

 

 å Û„ÌÂÚ‡Î ÎËÁËÒ Ô‡ÍÚË˜ÂÒÍË ‚ÒÂı ·ÂÎÍÓ‚
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ÔÂÔÒËÌÓÏ Ë ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ. Äíê ‚ ÍÓÌˆÂÌÚ‡ˆËË 

 

≤

 

10

 

–3

 

 å Ì‡ 20–60% ÛÒËÎË‚‡Î
ÎËÁËÒ Í‡ÁÂËÌ‡ ÒÂËÌÓ‚˚ÏË ÔÓÚÂËÌ‡Á‡ÏË, ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ, ÔÂÔÒËÌÓÏ (Ú‡ÍÊÂ Ë ÔË 10

 

–2

 

 å Ì‡
30–260%). èË ÍÓÌˆÂÌÚ‡ˆËË 10

 

–2

 

 å ÓÌ Û„ÌÂÚ‡Î Ì‡ 20–100% ‡Ò˘ÂÔÎÂÌËÂ fl‰‡ ·ÂÎÍÓ‚ ÚËÔÒËÌÓÏ,
ıËÏÓÚËÔÒËÌÓÏ, Ô‡Ô‡ËÌÓÏ, ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ, ‡ ‚ ÍÓÌˆÂÌÚ‡ˆËË 10

 

–3

 

 å – ÎËÁËÒ ‡Î¸·ÛÏËÌ‡ ÔÂÔÒË-
ÌÓÏ Ë ·ÂÎÍÓ‚ (ÍÓÏÂ ÙË·ËÌÓ„ÂÌ‡) ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ. èË ÍÓÌˆÂÌÚ‡ˆËË Gíê 10

 

–7

 

–10

 

–2

 

 å Ì‡ 20–
90% ÔÓ‚˚¯‡ÎÓÒ¸ ‡Ò˘ÂÔÎÂÌËÂ fl‰‡ ·ÂÎÍÓ‚ ÒÂËÌÓ‚˚ÏË ÔÓÚÂËÌ‡Á‡ÏË, Ô‡Ô‡ËÌÓÏ Ë ÎËÁËÒ ÊÂÎ‡ÚËÌ‡
ÔÂÔÒËÌÓÏ, ‡ ÎËÁËÒ ‡Î¸·ÛÏËÌ‡ ˝ÚËÏË ˝ÌÁËÏ‡ÏË Û„ÌÂÚ‡ÎÒfl Ì‡ 40–70%. èË [Gíê] 10

 

–6

 

–10

 

–5

 

 å ÒÎ‡·Ó
ÓÒÎÓ ‡Ò˘ÂÔÎÂÌËÂ „ÂÏÓ„ÎÓ·ËÌ‡ Ë Í‡ÁÂËÌ‡ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ ·‡ˆËÎÎ, ÔË 

 

≥

 

10

 

–3

 

 å ÂÂ ‡ÍÚË‚ÌÓÒÚ¸
ÔÓ‰‡‚ÎflÎ‡Ò¸ Ì‡ 20–50%. ADP ÛÒËÎË‚‡Î Ì‡ 80–130% ÎËÁËÒ ÊÂÎ‡ÚËÌ‡ ÚËÔÒËÌÓÏ, Í‡ÁÂËÌ‡ ÔÂÔÒËÌÓÏ Ë
Ô‡Ô‡ËÌÓÏ, ÔÓ‰‡‚ÎflÎ ‡ÍÚË‚ÌÓÒÚ¸ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡Á˚ Ì‡ 20–100% (ÔË 

 

≥

 

10

 

–3

 

 å). Ç˚fl‚ÎÂÌ˚ ÓÒÓ·ÂÌ-
ÌÓÒÚË ‚ÓÁ‰ÂÈÒÚ‚Ëfl AMP, GD(å)P Ì‡ ÎËÁËÒ ÊÂÎ‡ÚËÌ‡.

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡: ÓÚÓÙÓÒÙ‡Ú; ÔËÓÙÓÒÙ‡Ú; ÌÛÍÎÂÓÁË‰ÙÓÒÙ‡Ú˚; ‡ÍÚË‚ÌÓÒÚ¸ ÔÓÚÂËÌ‡Á; ‡Í-
ÚË‚‡ÚÓÌ‡fl ÙÛÌÍˆËfl ÛÓÍËÌ‡Á˚, ÒÚÂÔÚÓÍËÌ‡Á˚, ÚÍ‡ÌÂ‚Ó„Ó ‡ÍÚË‚‡ÚÓ‡.
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ÒÚ¸˛ ÔÂÂı‚‡Ú‡ ÌÛÍÎÂÓÚË‰‡ÏË ÒÛÔÂÓÍÒË‰ÌÓ„Ó
‡‰ËÍ‡Î‡, Û˜ËÚ˚‚‡fl ˜ÂÚÍÓ ÔÓÍ‡Á‡ÌÌÓÂ Û˜‡ÒÚËÂ
Â„Ó ‚ ‡ÍÚË‚‡ˆËË ÔÎ‡ÁÏËÌÓ„ÂÌ‡ ÒÚÂÔÚÓÍËÌ‡ÁÓÈ
[6], ·˚ÎË ·ÂÁÛÒÔÂ¯Ì˚. éÍ‡Á‡ÎÓÒ¸, Ì‡ÔËÏÂ, ˜ÚÓ
Äíê Ë Gíê ÒÓÔÓÒÚ‡‚ËÏ˚ ÔÓ ̋ ÙÙÂÍÚË‚ÌÓÒÚË ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚Ëfl Ò ÒÛÔÂÓÍÒË‰Ì˚Ï ‡‰ËÍ‡ÎÓÏ ‚ ÏÓ-
‰ÂÎ¸ÌÓÈ ÒËÒÚÂÏÂ [7], ÌÓ ÚÓÎ¸ÍÓ Äíê ÔÓ‰‡‚ÎflÂÚ ‡Í-
ÚË‚‡ÚÓÌÛ˛ ÙÛÌÍˆË˛ ÒÚÂÔÚÓÍËÌ‡Á˚. îË·ËÌÓÎË-
ÚË˜ÂÒÍ‡fl ÔÓÚÂËÌ‡Á‡ „Ë·‡ 

 

Arthrobothrys

 

 

 

longa

 

 –
“ÎÓÌ„ÓÎËÚËÌ”, Ì‡ 75% Û„ÌÂÚ‡Î‡Ò¸ ‚ ÔËÒÛÚÒÚ‚ËË
0.01 å Äíê [8]. ùÚÓ Ú‡ÍÊÂ ‰ÓÒÚ‡ÚÓ˜ÌÓ ‚˚ÒÓÍ‡fl ÍÓÌ-
ˆÂÌÚ‡ˆËfl Äíê, ÌÓ ‰‡Î¸ÌÂÈ¯ËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÎ‡Á-
ÏËÌÓ„ÂÌ‡ÍÚË‚‡ÚÓÌÓÈ ÒÔÓÒÓ·ÌÓÒÚË 

 

β

 

- Ë 

 

γ

 

-ÒÛ·˙Â‰Ë-
ÌËˆ Ù‡ÍÚÓ‡ ÓÒÚ‡ ÌÂ‚Ó‚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ ˝ÙÙÂÍ-
ÚË‚Ì‡fl ÍÓÌˆÂÌÚ‡ˆËfl ÌÛÍÎÂÓÚË‰‡ Ì‡ıÓ‰ËÚÒfl ‚
ÔÂ‰ÂÎ‡ı 0.1 Ïå [3, 9]. èË˜ÂÏ, 

 

β

 

-ÒÛ·˙Â‰ËÌËˆ‡
˜Û‚ÒÚ‚ËÚÂÎ¸ÌÂÂ 

 

γ

 

-ÒÛ·˙Â‰ËÌËˆ˚. é‰Ì‡ÍÓ ‡ÒÔÓ-
ÒÚ‡ÌÂÌËÂ, ÏÂı‡ÌËÁÏ Ë ÓÎ¸ ‰‡ÌÌÓ„Ó ÙÂÌÓÏÂÌ‡
Ú‡ÍÊÂ ÌÂflÒÌ˚.

ñÂÎ¸ Ì‡ÒÚÓfl˘Â„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl – ‡ÒÍ˚Ú¸
ÓÒÓ·ÂÌÌÓÒÚË ‰ÂÈÒÚ‚Ëfl ÓÚÓ(ÔËÓ)ÙÓÒÙ‡Ú‡ Ë ÌÛÍ-
ÎÂÓÁË‰ÙÓÒÙ‡ÚÓ‚ Ì‡ ‡Ò˘ÂÔÎÂÌËÂ ·ÂÎÍÓ‚ ‡ÁÎË˜-
Ì˚ÏË ÔÓÚÂËÌ‡Á‡ÏË Ë ÔÎ‡ÁÏËÌÓ„ÂÌ‡ÍÚË‚‡ÚÓÌÛ˛
‡ÍÚË‚ÌÓÒÚ¸ ‡ÍÚË‚‡ÚÓÓ‚ ÔÎ‡ÁÏËÌÓ„ÂÌ‡.

 

êÖáìãúíÄíõ à éÅëìÜÑÖçàÖ

 

é·‡Áˆ˚ ÔÓÚÂËÌ‡Á ‡Ò˘ÂÔÎflÎË ËÁ·‡ÌÌ˚Â ‰Îfl
˝ÍÒÔÂËÏÂÌÚÓ‚ ·ÂÎÍË-ÒÛ·ÒÚ‡Ú˚ Ë ‚ ÓÚÒÛÚÒÚ‚ËÂ ‰Ó-
·‡‚ÓÍ 

 

P

 

i

 

, 

 

PP

 

i

 

 ËÎË ÌÛÍÎÂÓÁË‰ÙÓÒÙ‡ÚÓ‚ (ÍÓÌÚÓÎ¸-
Ì˚Â „ÛÔÔ˚). ÅÓÎ¸¯ËÌÒÚ‚Ó ÔÓÚÂËÌ‡Á ËÌÚÂÌÒË‚-
ÌÂÂ ‡Ò˘ÂÔÎflÎË ÊÂÎ‡ÚËÌ Ë Í‡ÁÂËÌ (Ú‡·Î. 1). ÄÍÚË-
‚‡ÚÓ˚ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ ‚ ÓÚÒÛÚÒÚ‚ËÂ ÔÂÂ˜ËÒÎÂÌÌ˚ı
˝ÙÙÂÍÚÓÓ‚ ËÌËˆËËÓ‚‡ÎË ÎËÁËÒ ÙË·ËÌÓ‚Ó„Ó „Â-
Îfl ÒÓ ÒÎÂ‰Û˛˘ÂÈ ËÌÚÂÌÒË‚ÌÓÒÚ¸˛: ÒÚÂÔÚÓÍËÌ‡Á‡ –
290 

 

±

 

 15 ÏÏ

 

2

 

, ÛÓÍËÌ‡Á‡ – 506 

 

±

 

 23 ÏÏ

 

2

 

, ÚÍ‡ÌÂ‚˚È
‡ÍÚË‚‡ÚÓ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ – 180 

 

±

 

 7 ÏÏ

 

2

 

.

 

çÂÓ„‡ÌË˜ÂÒÍËÈ ÓÚÓÙÓÒÙ‡Ú

 

 ‚˚Á‚‡Î Û‚ÂÎË˜Â-
ÌËÂ ‡Ò˘ÂÔÎÂÌËfl „ÂÏÓ„ÎÓ·ËÌ‡ Ì‡ 36–1100%* ÚÂÏfl

 

* á‰ÂÒ¸ Ë ‰‡ÎÂÂ ÔÓ ÚÂÍÒÚÛ ÔË‚Â‰ÂÌ˚ ÚÓÎ¸ÍÓ ÒÚ‡ÚËÒÚË˜ÂÒÍË
‰ÓÒÚÓ‚ÂÌ˚Â ËÁÏÂÌÂÌËfl (

 

P

 

 

 

≤

 

 

 

0.05).

 

ÒÂËÌÓ‚˚ÏË ÔÓÚÂËÌ‡Á‡ÏË, ÓÒÓ·ÂÌÌÓ ÒÛ·ÚËÎËÁË-
ÌÓÏ, ‡ Ú‡ÍÊÂ Ì‡ 33–358% ÎËÁËÒ‡ ÊÂÎ‡ÚËÌ‡ ÚËÔÒË-
ÌÓÏ, 

 

α

 

-ıËÏÓÚËÔÒËÌÓÏ Ë Ì‡ 20–92% ‡Ò˘ÂÔÎÂÌËfl
BSA ÒÛ·ÚËÎËÁËÌÓÏ (ËÒ. 1). ÑÂÈÒÚ‚ËÂ 

 

P

 

i

 

 Ì‡ ‡Ò-
˘ÂÔÎÂÌËÂ ÓÒÚ‡Î¸Ì˚ı ·ÂÎÍÓ‚ ˝ÚËÏË ÔÓÚÂËÌ‡Á‡ÏË
·˚ÎÓ ÏÂÌÂÂ ÒËÎ¸Ì˚Ï, ‡ ‚ ÒÎÛ˜‡Â Í‡ÁÂËÌ‡ Ë ÙË·Ë-
ÌÓ„ÂÌ‡ – ‚Ó‚ÒÂ ÓÚÒÛÚÒÚ‚Ó‚‡ÎÓ. çÂÓ„‡ÌË˜ÂÒÍËÈ
ÓÚÓÙÓÒÙ‡Ú ÛÒËÎË‚‡Î Ì‡ 22–76% ‡Ò˘ÂÔÎÂÌËÂ „Â-
ÏÓ„ÎÓ·ËÌ‡, Í‡ÁÂËÌ‡ Ë BSA (ÌÓ ÌÂ ÙË·ËÌÓ„ÂÌ‡)
Ô‡Ô‡ËÌÓÏ, ‡ ÎËÁËÒ ÊÂÎ‡ÚËÌ‡, Í‡Í Ô‡‚ËÎÓ, Û„ÌÂÚ‡Î.
ä‡Ú‡ÎËÁËÛÂÏ˚È ÔÂÔÒËÌÓÏ ÔÓÚÂÓÎËÁ ÛÒËÎË‚‡ÎÒfl
Ì‡ 45–200% ‚ ÔËÒÛÚÒÚ‚ËË 

 

P

 

i

 

 ÎË¯¸ ÔË ÌËÁÍÓÈ Â„Ó
ÍÓÌˆÂÌÚ‡ˆËË. ë Û‚ÂÎË˜ÂÌËÂÏ ÍÓÌˆÂÌÚ‡ˆËË ˝Ù-
ÙÂÍÚÓ‡ ‡ÍÚË‚ÌÓÒÚ¸ ÔÂÔÒËÌ‡ Á‡ÏÂÚÌÓ Û„ÌÂÚ‡Î‡Ò¸,
‚ÔÎÓÚ¸ ‰Ó ÔÓÎÌÓ„Ó ÔÓ‰‡‚ÎÂÌËfl (ÔÓ BSA Ë Í‡ÁÂËÌÛ).

ç‡Ë·ÓÎÂÂ Á‡ÏÂÚÌÓÂ Û‚ÂÎË˜ÂÌËÂ ‡ÍÚË‚ÌÓÒÚË ÏÂ-
Ú‡ÎÎÓÔÓÚÂËÌ‡Á˚ ·‡ˆËÎÎ ‚ ÔËÒÛÚÒÚ‚ËË 

 

P

 

i

 

 (Ò Ï‡Í-
ÒËÏÛÏÓÏ ÔË Â„Ó ÍÓÌˆÂÌÚ‡ˆËË 0.03 å) Ì‡·Î˛‰‡ÎË
ÔË ‡Ò˘ÂÔÎÂÌËË „ÂÏÓ„ÎÓ·ËÌ‡ (Ì‡ 44–240%) Ë ‚
ÏÂÌ¸¯ÂÈ ÒÚÂÔÂÌË – ÊÂÎ‡ÚËÌ‡ Ë BSA. èË˜ÂÏ ÔË
Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË 

 

P

 

i

 

 ‡Ò˘ÂÔÎÂÌËÂ ÊÂÎ‡-
ÚËÌ‡ ÔÓ‰‡‚ÎflÎÓÒ¸ Ì‡ 44%. îÓÒÙ‡Ú Û„ÌÂÚ‡Î ‡Ò˘ÂÔ-
ÎÂÌËÂ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ Í‡ÁÂËÌ‡ Ì‡ 22–47%. 

Ç ÔËÒÛÚÒÚ‚ËË ÌÂÓ„‡ÌË˜ÂÒÍÓ„Ó ÙÓÒÙ‡Ú‡ ‚ÓÁ-
‡ÒÚ‡Î‡ Ì‡ 20–230% ÔÎ‡ÁÏËÌÓ„ÂÌ‡ÍÚË‚‡ÚÓÌ‡fl ÒÔÓ-
ÒÓ·ÌÓÒÚ¸ ‚ÒÂı ‡ÍÚË‚‡ÚÓÓ‚ ÔÎ‡ÁÏËÌÓ„ÂÌ‡, ÌÓ ÓÒÓ-
·ÂÌÌÓ ÒËÎ¸ÌÓ – ÚÍ‡ÌÂ‚Ó„Ó ‡ÍÚË‚‡ÚÓ‡ ËÁ ÒÂ‰ˆ‡
Ò‚ËÌ¸Ë (ËÒ. 2).

èÓÒÍÓÎ¸ÍÛ ‰Ó·‡‚ÍË ÙÓÒÙ‡ÚÓ‚ ËÁÏÂÌfl˛Ú ËÓÌ-
ÌÛ˛ ÒËÎÛ ‡ÒÚ‚Ó‡, ËÁÛ˜ÂÌÓ ‚ÎËflÌËÂ ıÎÓË‰‡ Ì‡-
ÚËfl ‚ ‡ÁÎË˜ÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË Ì‡ ‡Ò˘ÂÔÎÂÌËÂ
ÊÂÎ‡ÚËÌ‡ ÔÓÚÂËÌ‡Á‡ÏË [2].

ãË¯¸ Û ÚËÔÒËÌ‡ ÂÒÚ¸ ‡Ì‡ÎÓ„Ëfl ‚ ‰ÂÈÒÚ‚ËË ıÎÓ-
Ë‰‡ Ì‡ÚËfl Ë ÙÓÒÙ‡ÚÓ‚ ‚ Ë‰ÂÌÚË˜ÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ
ËÁÏÂÌÂÌËfl ËÓÌÌÓÈ ÒËÎ˚. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ËÁÏÂÌÂ-
ÌËfl ‡ÍÚË‚ÌÓÒÚË ıËÏÓÚËÔÒËÌ‡, ÒÛ·ÚËÎËÁËÌ‡, Ô‡-
Ô‡ËÌ‡, ÔÂÔÒËÌ‡ ‚ ÔËÒÛÚÒÚ‚ËË 

 

P

 

i

 

 ÌÂ ÒÓÔflÊÂÌ˚ Ò
ËÁÏÂÌÂÌËflÏË ËÓÌÌÓÈ ÒËÎ˚ ‡ÒÚ‚Ó‡ Ë, ÔÓ ‚ÒÂÈ ‚Ë-
‰ËÏÓÒÚË, ÌÓÒflÚ ÒÔÂˆËÙË˜ÂÒÍËÈ ı‡‡ÍÚÂ [2].

 

çÂÓ„‡ÌË˜ÂÒÍËÈ ÔËÓÙÓÒÙ‡Ú.

 

 Ç ÔËÒÛÚÒÚ‚ËË

 

PP

 

i

 

 Ì‡ 20–400% ‚ÓÁÓÒÎÓ ‡Ò˘ÂÔÎÂÌËÂ fl‰‡ ·ÂÎ-
ÍÓ‚ ÒÂËÌÓ‚˚ÏË ÔÓÚÂËÌ‡Á‡ÏË (ËÒ. 3). í‡Í, ÎËÁËÒ

 

í‡·ÎËˆ‡ 1.

 

  ê‡Ò˘ÂÔÎÂÌËÂ ·ÂÎÍÓ‚-ÒÛ·ÒÚ‡ÚÓ‚ ‡ÁÎË˜Ì˚ÏË ÔÓÚÂËÌ‡Á‡ÏË ‚ ÚÓÌÍÓÏ ÒÎÓÂ ‡„‡Ó‚Ó„Ó „ÂÎfl (ÏÏ

 

2

 

 ÁÓÌ ÎËÁËÒ‡)

ëÛ·ÒÚ‡Ú íËÔÒËÌ ïËÏÓÚ-
ËÔÒËÌ ëÛ·ÚËÎËÁËÌ è‡Ô‡ËÌ èÂÔÒËÌ

åÂÚ‡ÎÎÓÔÓ-
ÚÂËÌ‡Á‡

 

B

 

. 

 

megaterium

 

îË·ËÌÓ„ÂÌ 156 

 

±

 

 10 122 

 

±

 

 7 274 

 

±

 

 18 76 

 

±

 

 6 122 

 

±

 

 8 118 

 

±

 

 7

ä‡ÁÂËÌ 347 

 

±

 

 19 415 

 

±

 

 24 512 

 

±

 

 33 289 

 

±

 

 18 193 

 

±

 

 12 388 

 

±

 

 14

ÉÂÏÓ„ÎÓ·ËÌ 140 

 

±

 

 5 161 

 

±

 

 9 198 

 

±

 

 8 83 

 

±

 

 11 151 

 

±

 

 7 172 

 

±

 

 10

ÜÂÎ‡ÚËÌ 462 

 

±

 

 9 309 

 

±

 

 13 514 

 

±

 

 21 154 

 

±

 

 9 120 

 

±

 

 11 588 

 

±

 

 22

ë˚‚ÓÓÚÓ˜Ì˚È ‡Î¸·ÛÏËÌ 212 

 

±

 

 10 302 

 

±

 

 11 215 

 

±

 

 8 146 

 

±

 

 6 286 

 

±

 

 6 20 

 

±

 

 3

 

ìÒÎÓ‚Ëfl ˝ÍÒÔÂËÏÂÌÚ‡: ÍÓÌˆÂÌÚ‡ˆËfl ·ÂÎÍÓ‚ ‚ ‡„‡Ó‚ÓÏ „ÂÎÂ – 10 „/Î, ÍÓÌˆÂÌÚ‡ˆËfl ÔÓÚÂËÌ‡Á – 0.3 „/Î, Ó·˙ÂÏ Ì‡ÌÓÒËÏÓ„Ó
Ó·‡Áˆ‡ – 10 ÏÍÎ; ‡ÒÚ‚ÓËÚÂÎ¸ ‰Îfl ÔÂÔÒËÌ‡ 0.2 å ‡ˆÂÚ‡ÚÌ˚È ·ÛÙÂ pH 1.47, ‰Îfl ÓÒÚ‡Î¸Ì˚ı ÔÓÚÂËÌ‡Á – 0.05 å íËÒ-HCl-·ÛÙÂ
pH 7.4; 37°ë, 20 ˜, 

 

n

 

 = 5.
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è˚ÊÓ‚‡, çËÍ‡Ì‰Ó‚

 

„ÂÏÓ„ÎÓ·ËÌ‡, ÊÂÎ‡ÚËÌ‡ ıËÏÓÚËÔÒËÌÓÏ, ÒÛ·ÚËÎË-
ÁËÌÓÏ ‚ÓÁ‡ÒÚ‡Î Ì‡ 28–226%. éÌË ÊÂ Ì‡ 55–250%
ËÌÚÂÌÒË‚ÌÂÂ ‡Ò˘ÂÔÎflÎËÒ¸ Ô‡Ô‡ËÌÓÏ ÔË ÍÓÌˆÂÌ-
Ú‡ˆËË 

 

PP

 

i

 

 

 

≥

 

 10

 

–2

 

 å. ê‡Ò˘ÂÔÎÂÌËÂ Í‡ÁÂËÌ‡ Ë „ÂÏÓ-
„ÎÓ·ËÌ‡ ÔÂÔÒËÌÓÏ Ë ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ ÛÒËÎË‚‡-
ÎÓÒ¸ Ì‡ 31–75% ÔË ÍÓÌˆÂÌÚ‡ˆËË 

 

PP

 

i

 

 10

 

–6

 

–10

 

–4

 

 å,
‡ ÙË·ËÌÓ„ÂÌ‡ ÔÂÔÒËÌÓÏ – Ì‡ 44–83%. ÇÏÂÒÚÂ Ò
ÚÂÏ ÔËÓÙÓÒÙ‡Ú Û„ÌÂÚ‡Î Ì‡ 55% ÎËÁËÒ Í‡ÁÂËÌ‡
ÒÛ·ÚËÎËÁËÌÓÏ (‚ ÍÓÌˆÂÌÚ‡ˆËË 10

 

–1

 

 å), BSA Ô‡Ô‡-
ËÌÓÏ (10

 

–4

 

–10

 

–1

 

 å), ‚ÒÂı ·ÂÎÍÓ‚ – ÔÂÔÒËÌÓÏ Ë ÏÂ-
Ú‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ ·‡ˆËÎÎ (10

 

–4

 

 å). Ç ÍÓÌˆÂÌÚ‡-
ˆËË 

 

PP

 

i

 

 10

 

–5

 

–10

 

–3

 

 å Á‡ÏÂÚÌÓ ÓÒÎÓ ‡Ò˘ÂÔÎÂÌËÂ

ÊÂÎ‡ÚËÌ‡, ÙË·ËÌÓ„ÂÌ‡ Ë „ÂÏÓ„ÎÓ·ËÌ‡ ÔÂÔÒËÌÓÏ.
é·Ì‡ÛÊÂÌÌ˚Â ˝ÙÙÂÍÚ˚ 

 

PPi ÌÂ ‚˚Á‚‡Ì˚ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Û˛˘ËÏË ËÁÏÂÌÂÌËflÏË ËÓÌÌÓÈ ÒËÎ˚ ‡ÒÚ‚Ó‡. 

çÂÓ„‡ÌË˜ÂÒÍËÈ ÔËÓÙÓÒÙ‡Ú Û‚ÂÎË˜Ë‚‡Î ÔÎ‡Á-
ÏËÌÓ„ÂÌ‡ÍÚË‚‡ÚÓÌÛ˛ ÒÔÓÒÓ·ÌÓÒÚ¸ ÚÍ‡ÌÂ‚Ó„Ó ‡Í-
ÚË‚‡ÚÓ‡ Ë ÒÚÂÔÚÓÍËÌ‡Á˚ (ÌÓ ÌÂ ÛÓÍËÌ‡Á˚) Ì‡
20–95% ÔË ÍÓÌˆÂÌÚ‡ˆËË 10–4–10–3 Ë Ì‡ 25–30%
ÔË ÍÓÌˆÂÌÚ‡ˆËË 10–5–10–4 å (ËÒ. 2). èÎ‡ÁÏËÌÓ-
„ÂÌ‡ÍÚË‚‡ÚÓÌ‡fl ÒÔÓÒÓ·ÌÓÒÚ¸ ÛÓÍËÌ‡Á˚ Û„ÌÂÚ‡-
Î‡Ò¸ 10–1 å ÔËÓÙÓÒÙ‡ÚÓÏ Ì‡ 40%.

Ä‰ÂÌÓÁËÌÙÓÒÙ‡Ú˚. ÑÓ·‡‚ÍË Äíê ‚ ÍÓÌˆÂÌÚ‡-
ˆËflı ≥10–3 å ‡ÍÚË‚ËÓ‚‡ÎË ÎËÁËÒ Í‡ÁÂËÌ‡ ÚËÔÒË-

1
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0

êËÒ. 1. àÁÏÂÌÂÌËfl ‡Ò˘ÂÔÎÂÌËfl (% Í ÍÓÌÚÓÎ˛) ·ÂÎÍÓ‚-ÒÛ·ÒÚ‡ÚÓ‚: ÙË·ËÌÓ„ÂÌ‡ (1), Í‡ÁÂËÌ‡ (2), „ÂÏÓ„ÎÓ·ËÌ‡ (3), ÊÂ-
Î‡ÚËÌ‡ (4), Ò˚‚ÓÓÚÓ˜ÌÓ„Ó ‡Î¸·ÛÏËÌ‡ (5), ‚ ÚÓÌÍÓÏ ÒÎÓÂ ‡„‡Ó‚Ó„Ó „ÂÎfl ÚËÔÒËÌÓÏ (‡), α-ıËÏÓÚËÔÒËÌÓÏ (·), ÒÛ·ÚËÎË-
ÁËÌÓÏ (‚), Ô‡Ô‡ËÌÓÏ („), ÔÂÔÒËÌÓÏ (‰) Ë ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ ·‡ˆËÎÎ (Â) ÔË ‰Ó·‡‚ÎÂÌËË ÌÂÓ„‡ÌË˜ÂÒÍÓ„Ó ÓÚÓÙÓÒÙ‡-
Ú‡; n = 5.
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ÌÓÏ Ì‡ 40–57, ıËÏÓÚËÔÒËÌÓÏ Ì‡ 21–40, ÒÛ·ÚËÎËÁË-
ÌÓÏ Ì‡ 23–55%, ÛÒËÎË‚‡ÎË ÎËÁËÒ fl‰‡ ·ÂÎÍÓ‚ ÔÂÔÒË-
ÌÓÏ: Í‡ÁÂËÌ – ‚Ó ‚ÒÂÏ ‰Ë‡Ô‡ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ – Ì‡
28–108%; ÙË·ËÌÓ„ÂÌ, „ÂÏÓ„ÎÓ·ËÌ Ë BSA ÎË¯¸
10–2 å ATP Ì‡ 258, 122 Ë 35% ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ÊÂ-
Î‡ÚËÌ – 10–4–10–2 å ATP – Ì‡ 34–152%, ‡ Ú‡ÍÊÂ ÎË-
ÁËÒ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ ·‡ˆËÎÎ Í‡ÁÂËÌ‡ (Ì‡
36−52% ÔË ÍÓÌˆÂÌÚ‡ˆËË ATP 10–7–10–5 å) Ë
BSA (Ì‡ 42% ÔË 10–6 å) (ËÒ. 4). ÇÏÂÒÚÂ Ò ÚÂÏ
ÌÛÍÎÂÓÁË‰ÚËÙÓÒÙ‡Ú ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–2 å ËÌ-
„Ë·ËÓ‚‡Î ÔÓÚÂÓÎËÁ ÒÛ·ÒÚ‡ÚÓ‚ ÚËÔÒËÌÓÏ (Ì‡
20–56%, ÍÓÏÂ ÙË·ËÌÓ„ÂÌ‡), ıËÏÓÚËÔÒËÌÓÏ Ë
Ô‡Ô‡ËÌÓÏ (Ì‡ 27–65%, ÍÓÏÂ BSA), ÏÂÚ‡ÎÎÓÔÓ-
ÚÂËÌ‡ÁÓÈ – Ì‡ 64–100%. èÓ‰‡‚ÎÂÌËÂ ‡Ò˘ÂÔÎÂÌËfl
ÔÂÔÒËÌÓÏ BSA ÓÚÏÂ˜ÂÌÓ ÔË ÍÓÌˆÂÌÚ‡ˆËË ATP
10–3 å. Ç ˝ÚÓÈ ÊÂ ÍÓÌˆÂÌÚ‡ˆËË Äíê Û„ÌÂÚ‡Î ÎË-
ÁËÒ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡ÁÓÈ ‚ÒÂı ·ÂÎÍÓ‚ Ì‡ 25–77%.

ÄDê, ‚ ˆÂÎÓÏ, ÓÍ‡Á‡Î ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÎ‡·ÓÂ
‚ÎËflÌËÂ Ì‡ ‡Ò˘ÂÔÎÂÌËÂ ÊÂÎ‡ÚËÌ‡ ÔÓÚÂËÌ‡Á‡ÏË
(Ú‡·Î. 2). Ç ‰Ë‡Ô‡ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ 10–3–10–8 å
ËÁÏÂÌÂÌËfl ‡ÍÚË‚ÌÓÒÚË ̋ ÚËı ÔÓÚÂËÌ‡Á, Í‡Í Ô‡‚Ë-
ÎÓ, ÌÂ ÔÂ‚˚¯‡ÎË 20%. é‰Ì‡ÍÓ ÔË ÍÓÌˆÂÌÚ‡ˆËË
ÌÛÍÎÂÓÚË‰‡ 10–2 å ÛÒËÎË‚‡ÎÓÒ¸ ‡Ò˘ÂÔÎÂÌËÂ ÊÂ-
Î‡ÚËÌ‡ ÚËÔÒËÌÓÏ Ì‡ 82, Ô‡Ô‡ËÌÓÏ – Ì‡ 45%. 

ê‡Ò˘ÂÔÎÂÌËÂ ÊÂÎ‡ÚËÌ‡ ÔË ‰Ó·‡‚Í‡ı Äåê
ÓÒÎÓ ÎË¯¸ Ì‡ 23–25% ‰Îfl ÚËÔÒËÌ‡ (10–2 å ÌÛÍ-
ÎÂÓÚË‰‡) Ë Ô‡Ô‡ËÌ‡ (10–3 å). éÌÓ ÔÓ‰‡‚ÎflÎÓÒ¸ Ì‡
23–30% ‚ ÒÎÛ˜‡Â ÒÛ·ÚËÎËÁËÌ‡ (10–5–10–4 å) Ë Ì‡
21–32% ‚ ÒÎÛ˜‡Â ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡Á˚ (10–5–10–3 å).
Äåê ‚ ÍÓÌˆÂÌÚ‡ˆËflı 10–5–10–2 å Û„ÌÂÚ‡Î ÎËÁËÒ
ÊÂÎ‡ÚËÌ‡ ÔÂÔÒËÌÓÏ Ì‡ 20–56%. 

ÉÛ‡ÌÓÁËÌÙÓÒÙ‡Ú˚. ÑÂÈÒÚ‚ËÂ GTP Ì‡ ÔÓÚÂÓ-
ÎËÚË˜ÂÒÍÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ÚËÔÒËÌ‡ ÔÓfl‚ÎflÎÓÒ¸,
„Î‡‚Ì˚Ï Ó·‡ÁÓÏ, ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–2 å Í‡Í ÛÒË-
ÎÂÌËÂ ‡Ò˘ÂÔÎÂÌËfl ·ÂÎÍÓ‚ Ì‡ 25–82%. àÒÍÎ˛˜Â-
ÌËÂ ÒÓÒÚ‡‚ÎflÎ BSA, ‰ÂÒÚÛÍˆËfl ÍÓÚÓÓ„Ó Û„ÌÂÚ‡-
Î‡Ò¸ Ì‡ 50% (ËÒ. 5). èË ˝ÚÓÈ ÊÂ ÍÓÌˆÂÌÚ‡ˆËË
GTP ‡Ò˘ÂÔÎÂÌËÂ ÙË·ËÌÓ„ÂÌ‡ Ë Í‡ÁÂËÌ‡ ıËÏÓÚ-
ËÔÒËÌÓÏ ‚ÓÁ‡ÒÚ‡ÎÓ Ì‡ 22–31%. ç‡·Î˛‰‡ÎÓÒ¸
Û‚ÂÎË˜ÂÌËÂ ÊÂÎ‡ÚËÌÓÎËÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ıË-
ÏÓÚËÔÒËÌ‡ ÔË ÍÓÌˆÂÌÚ‡ˆËË ÌÛÍÎÂÓÚË‰‡ 10–7–
10–6 Ë 10–4 å Ì‡ 32–39%. Ç ·ÓÎÂÂ ‚˚ÒÓÍÓÈ ÍÓÌˆÂÌ-
Ú‡ˆËË (10–2 å) GTP ‚˚Á‚‡Î Û„ÌÂÚÂÌËÂ „Ë‰ÓÎËÁ‡
ıËÏÓÚËÔÒËÌÓÏ „ÂÏÓ„ÎÓ·ËÌ‡ Ë BSA Ì‡ 22 Ë 44%
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ.

GTP ÔÓ‰‡‚ÎflÎ ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–2 å ‡Ò˘ÂÔÎÂ-
ÌËÂ ÒÛ·ÚËÎËÁËÌÓÏ „ÂÏÓ„ÎÓ·ËÌ‡ Ë BSA Ì‡ 43 Ë 66%
ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ‡ ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–4–10–3 å – ÎË-
ÁËÒ Í‡ÁÂËÌ‡ Ì‡ 22–23%. îË·ËÌÓ„ÂÌÓÎËÚË˜ÂÒÍ‡fl
‡ÍÚË‚ÌÓÒÚ¸ Ô‡Ô‡ËÌ‡ ÔË Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÍÓÌˆÂÌ-
Ú‡ˆËË ÌÛÍÎÂÓÚË‰‡ ‚ÓÁ‡ÒÚ‡Î‡ Ì‡ 44%, ‡ ËÁÏÂÌÂ-
ÌËfl BSA-ÎËÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÌÓÒËÎË ÒÎÓÊÌ˚È
ı‡‡ÍÚÂ: ÓÚ Û‚ÂÎË˜ÂÌËfl Ì‡ 21–29% (10–5–10–6 å
GTP) ‰Ó ÔÓ‰‡‚ÎÂÌËfl Ì‡ 43% (10–2 å GTP). GTP Ì‡
34–37% ÒÚËÏÛÎËÓ‚‡Î ‡Ò˘ÂÔÎÂÌËÂ ÔÂÔÒËÌÓÏ ÊÂ-
Î‡ÚËÌ‡ ‚ ‰Ë‡Ô‡ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ 10–6–10–4 å, ‡
‡Ò˘ÂÔÎÂÌËÂ BSA – ÎË¯¸ ÔË Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÍÓÌ-
ˆÂÌÚ‡ˆËË (Ì‡ 87%), ÚÓ„‰‡ Í‡Í ‚ ‰Ë‡Ô‡ÁÓÌÂ ÍÓÌ-

ˆÂÌÚ‡ˆËÈ 10–4–10–3 å Ì‡·Î˛‰‡ÎÓÒ¸ Û„ÌÂÚÂÌËÂ
ÎËÁËÒ‡ ˝ÚÓ„Ó ·ÂÎÍ‡ Ì‡ 35–40%. GTP ‚ ÍÓÌˆÂÌÚ‡-
ˆËË 10–3–10–2 å ÔÓ‰‡‚ÎflÎ Ì‡ 24–26% ‡Ò˘ÂÔÎÂÌËÂ
ÔÂÔÒËÌÓÏ „ÂÏÓ„ÎÓ·ËÌ‡. èÓÚÂÓÎËÚË˜ÂÒÍ‡fl ‡ÍÚË‚-
ÌÓÒÚ¸ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡Á˚ ·‡ˆËÎÎ Ì‡ 22–63% ÔÓ-
‰‡‚ÎflÎ‡Ò¸ GTP ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–3–10–2 å. 

ê‡Ò˘ÂÔÎÂÌËÂ ÊÂÎ‡ÚËÌ‡ ÚËÔÒËÌÓÏ ‚ ÔËÒÛÚ-
ÒÚ‚ËË GDP (10–3–10–2 M) ‚ÓÁ‡ÒÚ‡ÎÓ Ì‡ 32–56%, ‡
GMP ÎË¯¸ ÔË Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË ÛÒË-
ÎË‚‡Î ÎËÁËÒ ·ÂÎÍ‡ Ì‡ 80% (Ú‡·Î. 2). ÜÂÎ‡ÚËÌÓÎË-
ÚË˜ÂÒÍ‡fl ‡ÍÚË‚ÌÓÒÚ¸ ıËÏÓÚËÔÒËÌ‡ ÔÓ‰ ‰ÂÈÒÚ‚Ë-
ÂÏ GDP ÓÒÎ‡ ‚Ó ‚ÒÂÏ ‰Ë‡Ô‡ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ Ì‡
25–60%, ÚÓ„‰‡ Í‡Í GMP ‚˚Á˚‚‡Î ÂÂ Û‚ÂÎË˜ÂÌËÂ Ì‡
40% ÎË¯¸ ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–5 å. GDP (ÌÓ ÌÂ GMP)
‚ Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË ‚˚Á‚‡Î Û„ÌÂÚÂÌËÂ
ÊÂÎ‡ÚËÌÓÎËÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÒÛ·ÚËÎËÁËÌ‡ Ì‡
22%. GDP ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–3 å (GMP – Ì‡ ÔÓfl-
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êËÒ. 2. ÇÎËflÌËÂ ÌÂÓ„‡ÌË˜ÂÒÍÓ„Ó ÓÚÓÙÓÒÙ‡Ú‡ (‡)
ËÎË ÌÂÓ„‡ÌË˜ÂÒÍÓ„Ó ÔËÓÙÓÒÙ‡Ú‡ (·) Ì‡ ÔÎ‡ÁÏËÌÓ-
„ÂÌ‡ÍÚË‚‡ÚÓÌÛ˛ ÙÛÌÍˆË˛ ÚÍ‡ÌÂ‚Ó„Ó ‡ÍÚË‚‡ÚÓ‡
ÔÎ‡ÁÏËÌÓ„ÂÌ‡ (1), ÒÚÂÔÚÓÍËÌ‡Á˚ (2) ËÎË ÛÓÍËÌ‡Á˚
(3) (ÔÓ ÎËÁËÒÛ ÙË·ËÌÓ‚˚ı ÔÎ‡ÒÚËÌ, % Í ÍÓÌÚÓÎ˛;
n = 4).
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êËÒ. 3. ÇÎËflÌËÂ ÌÂÓ„‡ÌË˜ÂÒÍÓ„Ó ÔËÓÙÓÒÙ‡Ú‡ Ì‡ ‡Ò˘ÂÔÎÂÌËÂ (% Í ÍÓÌÚÓÎ˛) ·ÂÎÍÓ‚-ÒÛ·ÒÚ‡ÚÓ‚; n = 5. é·ÓÁÌ‡˜Â-
ÌËfl ÍË‚˚ı 1–5 ‰Îfl ·ÂÎÍÓ‚ Ë ËÒÛÌÍÓ‚ ‡–Â ‰Îfl ÔÓÚÂËÌ‡Á ÚÂ ÊÂ, ˜ÚÓ Ì‡ ËÒ. 1.

‰ÓÍ ‚˚¯Â) ÒÚËÏÛÎËÓ‚‡Î ÊÂÎ‡ÚËÌÓÎËÚË˜ÂÒÍÛ˛
‡ÍÚË‚ÌÓÒÚ¸ Ô‡Ô‡ËÌ‡ Ì‡ 24–25%. ÇÏÂÒÚÂ Ò ÚÂÏ
ËÏÂÌÌÓ GMP, ÌÓ ÌÂ GDP, ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–2 å
Ì‡ 60% ÔÓ‰‡‚ÎflÎ ‡Ò˘ÂÔÎÂÌËÂ ·ÂÎÍ‡ ÔÂÔÒËÌÓÏ,
ÚÓ„‰‡ Í‡Í ‡ÍÚË‚ÌÓÒÚ¸ ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡Á˚ ÂÁÍÓ
(Ì‡ 74%) Û„ÌÂÚ‡Î‡Ò¸ GDP ‚ Ï‡ÍÒËÏ‡Î¸ÌÓÈ ÍÓÌˆÂÌ-
Ú‡ˆËË.

ëÓ‚ÓÍÛÔÌÓÒÚ¸ ÔÓÎÛ˜ÂÌÌ˚ı ‰‡ÌÌ˚ı ‡ÒÍ˚‚‡ÂÚ
ÌÓ‚˚Â ‡ÒÔÂÍÚ˚ Â„ÛÎflˆËË ÔÓÚÂÓÎËÁ‡ Ì‡ ÏÓÎÂÍÛ-
ÎflÌÓÏ ÛÓ‚ÌÂ. í‡Í, ËÓÌ˚ Pi ÒÔÓÒÓ·Ì˚ ÒÛ˘ÂÒÚ‚ÂÌ-
ÌÓ ËÁÏÂÌflÚ¸ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ‡Ò˘ÂÔÎÂÌËfl ·ÂÎÍÓ‚
ÔÓÚÂËÌ‡Á‡ÏË ‡ÁÎË˜Ì˚ı „ÛÔÔ (ÒÂËÌÓ‚˚ÏË, ˆË-

ÒÚÂËÌÓ‚˚ÏË, ‡ÒÔ‡ÚËÎ¸Ì˚ÏË, ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡-
Á‡ÏË), ‡ Ú‡ÍÊÂ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ÍÚË‚‡ÚÓÌÛ˛ ÒÔÓ-
ÒÓ·ÌÓÒÚ¸ ÒÚÂÔÚÓÍËÌ‡Á˚, ÛÓÍËÌ‡Á˚ Ë ÚÍ‡ÌÂ‚Ó„Ó
‡ÍÚË‚‡ÚÓ‡ ËÁ ÒÂ‰ˆ‡ Ò‚ËÌ¸Ë. ùÙÙÂÍÚ Á‡‚ËÒËÚ ÌÂ
ÚÓÎ¸ÍÓ ÓÚ ÔËÓ‰˚ Í‡Ú‡ÎËÁ‡ÚÓ‡ ËÎË ÍÓÌˆÂÌÚ‡-
ˆËË ËÓÌ‡. éÌ ‚ ÁÌ‡˜ËÚÂÎ¸ÌÓÈ ÏÂÂ ÓÔÂ‰ÂÎflÂÚÒfl Ë
ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚Ï ·ÂÎÍÓÏ-ÒÛ·ÒÚ‡ÚÓÏ. ùÚÓÚ ÏÓ-
ÏÂÌÚ ËÏÂÂÚ ÏÂÚÓ‰Ë˜ÂÒÍÓÂ ÁÌ‡˜ÂÌËÂ. åÂÊ‰Û ÚÂÏ,
‚ÌËÏ‡ÌËfl Í ‰‡ÌÌÓÏÛ ‚ÓÔÓÒÛ ‚ ÎËÚÂ‡ÚÛÂ Û‰ÂÎflÂÚ-
Òfl ÌÂ‰ÓÒÚ‡ÚÓ˜ÌÓ. èÓÎÛ˜ÂÌÌ˚Â ÂÁÛÎ¸Ú‡Ú˚ Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚Û˛Ú Ó ÒÚËÏÛÎflˆËË ‡Ò˘ÂÔÎÂÌËfl ÔÓÚÂËÌ‡-
Á‡ÏË fl‰‡ ·ÂÎÍÓ‚ ‚ ÔËÒÛÚÒÚ‚ËË ËÓÌÓ‚ Pi ‚ ÓÔÂ‰Â-
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êËÒ. 4. àÁÏÂÌÂÌËfl ‡Ò˘ÂÔÎÂÌËfl (% Í ÍÓÌÚÓÎ˛) ·ÂÎÍÓ‚-ÒÛ·ÒÚ‡ÚÓ‚ ÔÓÚÂËÌ‡Á‡ÏË ‚ ÔËÒÛÚÒÚ‚ËË ATP; n = 4. é·ÓÁÌ‡-
˜ÂÌËfl ÚÂ ÊÂ, ˜ÚÓ Ì‡ ËÒ. 1.

ÎÂÌÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÓÔËÒ‡ÌÌ˚È
‡ÌÂÂ “ÙÓÒÙ‡ÚÌ˚È ˝ÙÙÂÍÚ” ‚ ÔÓÚÂÓÎËÁÂ ÏÓÊÂÚ
Â‡ÎËÁÓ‚‡Ú¸Òfl ÛÊÂ Ì‡ ÛÓ‚ÌÂ ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl ˝Ì-
ÁËÏ–ÒÛ·ÒÚ‡Ú, ÌÓ ÏÂı‡ÌËÁÏ Â‡ÎËÁ‡ˆËË ÔÓÍ‡ ÌÂ-
flÒÂÌ. åÂÊ‰Û ÚÂÏ, ËÓÌ˚ Pi fl‚Îfl˛ÚÒfl Ó‰ÌËÏË ËÁ ÓÒ-
ÌÓ‚Ì˚ı ‚ ÊË‚˚ı Ó„‡ÌËÁÏ‡ı Ë Ó·‡ÁÛ˛Ú Ó‰ÌÛ ËÁ
·ÛÙÂÌ˚ı ÒËÒÚÂÏ ÚÍ‡ÌÂÈ Ë ÍÎÂÚÓÍ. Ç˚flÒÌÂÌËÂ
ÏÂı‡ÌËÁÏ‡ “ÙÓÒÙ‡ÚÌÓ„Ó ˝ÙÙÂÍÚ‡” ÚÂ·ÛÂÚ ‚ ÔÂ-
ÒÔÂÍÚË‚Â ÒÔÂˆË‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚Á‡ËÏÓ‰ÂÈ-
ÒÚ‚Ëfl ËÓÌÓ‚ ÙÓÒÙ‡Ú‡ Ò Ò‡ÈÚ‡ÏË ÏÓÎÂÍÛÎ˚ ÔÓÚÂ-
ËÌ‡Á˚ ËÎË ‡ÍÚË‚‡ÚÓ‡ ÔÎ‡ÁÏËÌÓ„ÂÌ‡, ‡ Ú‡ÍÊÂ Ò
Ï‡ÍÓÏÓÎÂÍÛÎÓÈ ·ÂÎÍ‡-ÒÛ·ÒÚ‡Ú‡. ùÚÓ Ó·˙ÂÏÌ‡fl
Á‡‰‡˜‡, ÍÓÚÓ‡fl ‚ÌÂ¯ÌÂ ‚˚„Îfl‰ËÚ ‚ÔÓÎÌÂ ÒÚ‡Ì-
‰‡ÚÌÓÈ, ÌÓ ‚ Â‡Î¸ÌÓÒÚË ÓÌ‡ ÏÓÊÂÚ ·˚Ú¸ ÒÓÔfl-
ÊÂÌ‡ Ò ˆÂÎ˚Ï fl‰ÓÏ ÌÂÓÊË‰‡ÌÌ˚ı ÏÓÏÂÌÚÓ‚.

ëËÎ¸ÌÓÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ Ì‡ ‡Ò˘ÂÔÎÂÌËÂ ·ÂÎÍÓ‚
ÔÓÚÂËÌ‡Á‡ÏË Ë ‡ÍÚË‚‡ˆË˛ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ ÓÍ‡Á‡-
ÎË Ë ËÓÌ˚ PPi. é‰Ì‡ÍÓ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â Û„ÌÂÚÂÌËÂ
‡Ò˘ÂÔÎÂÌËfl ÓÚ‰ÂÎ¸Ì˚ı ·ÂÎÍÓ‚ ÔÓÚÂËÌ‡Á‡ÏË ‚
‰Ë‡Ô‡ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ PPi 10–5–10–1 M ·˚ÎÓ ·Ó-
ÎÂÂ ‚˚‡ÊÂÌÓ. Ç ÚÓ ÊÂ ‚ÂÏfl ÓÚÓÙÓÒÙ‡Ú Pi Ì‡Ë-
·ÓÎÂÂ ÒËÎ¸ÌÓ ÔÓfl‚ËÎ ËÌ„Ë·ËÛ˛˘ÂÂ ‰ÂÈÒÚ‚ËÂ Ì‡
ÔÓÚÂÓÎËÚË˜ÂÒÍÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ÔÂÔÒËÌ‡ ‚ ÍÓÌˆÂÌ-
Ú‡ˆËË >0.005 å, ÚÓ„‰‡ Í‡Í ‚ ÏËÌËÏ‡Î¸ÌÓÈ ÍÓÌ-
ˆÂÌÚ‡ˆËË ÓÌ ÒÔÓÒÓ·ÒÚ‚Ó‚‡Î ÂÁÍÓÏÛ Û‚ÂÎË˜ÂÌË˛
˝ÚÓÈ ‡ÍÚË‚ÌÓÒÚË.

èÓ‰ÂÏÓÌÒÚËÓ‚‡Ì‡ ‚ ‡ÁÌÓÈ ÏÂÂ, ÌÓ ÔÓÓÈ
‚ÂÒ¸Ï‡ ÒÛ˘ÂÒÚ‚ÂÌÌ‡fl ‡ÍÚË‚‡ˆËfl Äíê ‡Ò˘ÂÔÎÂ-
ÌËfl ·ÂÎÍÓ‚-ÒÛ·ÒÚ‡ÚÓ‚ ‚ÒÂÏË ËÒÔÓÎ¸ÁÓ‚‡ÌÌ˚ÏË
ÔÓÚÂËÌ‡Á‡ÏË. ëÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ, ÙÂÌÓÏÂÌ Äíê-‡Í-

7*
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í‡·ÎËˆ‡ 2.  ÇÎËflÌËÂ ÌÛÍÎÂÓÁË‰ÙÓÒÙ‡ÚÓ‚ Ì‡ ‡Ò˘ÂÔÎÂÌËÂ ÊÂÎ‡ÚËÌ‡ ‡ÁÎË˜Ì˚ÏË ÔÓÚÂËÌ‡Á‡ÏË ‚ ÚÓÌÍÓÏ ÒÎÓÂ
‡„‡Ó‚Ó„Ó „ÂÎfl (ÏÏ2 ÁÓÌ ÎËÁËÒ‡), n = 5

çÛÍÎÂÓÁË‰ÙÓÒÙ‡Ú, 
ÏÓÎflÌÓÒÚ¸ íËÔÒËÌ ïËÏÓÚËÔÒËÌ ëÛ·ÚËÎËÁËÌ è‡Ô‡ËÌ èÂÔÒËÌ

åÂÚ‡ÎÎÓÔÓ-
ÚÂËÌ‡Á‡

B. megaterium

ADP, 0 (ÍÓÌÚÓÎ¸) 374 ± 9 300 ± 11 521 ± 16 149 ± 8 207 ± 22 474 ± 46

10–2 681 ± 12* 235 ± 8* 474 ± 26 212 ± 15* 198 ± 21 92 ± 28*

10–3 400 ± 6 260 ± 27 498 ± 14 148 ± 9 199 ± 35 154 ± 11*

10–4 376 ± 6 309 ± 10 499 ± 21 140 ± 10 220 ± 25 440 ± 22

10–5 371 ± 6 287 ± 26 428 ± 3 146 ± 20 204 ± 31 399 ± 13

10–6 384 ± 21 287 ± 13 465 ± 22 154 ± 22 221 ± 19 413 ± 22

10–7 377 ± 7 290 ± 21 463 ± 15 142 ± 27 198 ± 21 434 ± 27

10–8 355 ± 4 279 ± 35 433 ± 20 128 ± 20 187 ± 18 409 ± 25

AMP, 0 (ÍÓÌÚÓÎ¸) 425 ± 15 356 ± 5 689 ± 0 93 ± 2 116 ± 0 961 ± 31

10–2 523 ± 6* 298 ± 9 650 ± 15 108 ± 6 51 ± 2* 827 ± 29

10–3 400 ± 10 319 ± 4 570 ± 5* 116 ± 0* 83 ± 2* 743 ± 27*

10–4 425 ± 15 320 ± 15 529 ± 12* 90 ± 5 88 ± 2* 763 ± 7*

10–5 452 ± 11 324 ± 11 487 ± 11* 70 ± 10 93 ± 2* 656 ± 19*

10–6 406 ± 6 311 ± 13 676 ± 13 95 ± 0 105 ± 5 969 ± 8

10–7 441 ± 12 361 ± 10 625 ± 20 113 ± 3* 118 ± 5 961 ± 16

10–8 425 ± 5 352 ± 0 625 ± 25 105 ± 5 121 ± 4 1114 ± 25

GDP, 0 (ÍÓÌÚÓÎ¸) 506 ± 11 310 ± 3 619 ± 19 100 ± 5 98 ± 8 870 ± 29

10–2 790 ± 7* 456 ± 5* 484 ± 0* 98 ± 3 93 ± 2 228 ± 11*

10–3 669 ± 7* 473 ± 0* 638 ± 25 124 ± 6* 110 ± 1 848 ± 7

10–4 541 ± 12 390 ± 10* 716 ± 26 113 ± 3 90 ± 1 946 ± 0

10–5 570 ± 6 425 ± 5* 625 ± 13 110 ± 5 93 ± 2 915 ± 0

10–6 612 ± 1* 490 ± 16* 512 ± 17 93 ± 7 98 ± 3 878 ± 22

10–7 518 ± 11 425 ± 5* 518 ± 20 102 ± 3 83 ± 2 777 ± 21

10–8 541 ± 3 441 ± 0* 582 ± 11 103 ± 3 79 ± 2 736 ± 7

GMP, 0 (ÍÓÌÚÓÎ¸) 425 ± 16 356 ± 5 689 ± 10 93 ± 5 115 ± 0 961 ± 30

10–2 763 ± 7* 293 ± 13 625 ± 20 116 ± 6 47 ± 2* 1000 ± 8

10–3 375 ± 5 298 ± 13 676 ± 0 105 ± 4 105 ± 3 1000 ± 8

10–4 451 ± 11 415 ± 5 637 ± 13 102 ± 2 105 ± 3 994 ± 4

10–5 489 ± 16 501 ± 17* 600 ± 12 95 ± 0 90 ± 0* 877 ± 22

10–6 478 ± 8 410 ± 10 625 ± 25 95 ± 0 93 ± 6 885 ± 14

10–7 483 ± 9 400 ± 18 638 ± 25 97 ± 3 100 ± 10 893 ± 8

10–8 425 ± 5 385 ± 8 702 ± 13 103 ± 3 97 ± 7 1000 ± 8

* ê ≤ 0.05.

ÚË‚ËÓ‚‡ÌÌÓ„Ó Ë ÌÂÓÔÓÒÂ‰Ó‚‡ÌÌÓ„Ó Û·ËÍ‚ËÚËÌÓÏ
ÔÓÚÂÓÎËÁ‡ ËÏÂÂÚ ·ÓÎÂÂ ¯ËÓÍÓÂ ‡ÒÔÓÒÚ‡ÌÂ-
ÌËÂ, ˜ÂÏ ÔËÌflÚÓ Ò˜ËÚ‡Ú¸. î‡ÍÚË˜ÂÒÍË ‰Ó Ì‡¯Ëı
ËÒÒÎÂ‰Ó‚‡ÌËÈ ‡ÍÚË‚‡ˆËfl ÔÓÚÂÓÎËÁ‡ Äíê ‚ ÔÓ‰Ó·-
ÌÓÈ ÒËÚÛ‡ˆËË ·˚Î‡ ÔÓÍ‡Á‡Ì‡ ÚÓÎ¸ÍÓ ‚ ÓÚÌÓ¯ÂÌËË
Ô‡Ô‡ËÌ‡ [10]. åÂı‡ÌËÁÏ Ú‡ÍÓÈ ÒÚËÏÛÎflˆËË Ú‡ÍÊÂ
ÌÛÊ‰‡ÂÚÒfl ‚ ÔÓ‚Â‰ÂÌËË ‰‡Î¸ÌÂÈ¯Ëı ËÒÒÎÂ‰Ó‚‡-
ÌËÈ, ÚÂÏ ·ÓÎÂÂ ˜ÚÓ ‚ ÎËÚÂ‡ÚÛÂ ÌÂÚ ÒÓÓ·˘ÂÌËÈ Ó

‚ÓÁÏÓÊÌÓÒÚË ‡ÛÚÓÙÓÒÙÓËÎËÓ‚‡ÌËfl ÏÓÎÂÍÛÎ ËÒ-
ÔÓÎ¸ÁÓ‚‡ÌÌ˚ı Ì‡ÏË ÔÓÚÂËÌ‡Á.

ÇÏÂÒÚÂ Ò ÚÂÏ ‚ fl‰Â ÒÎÛ˜‡Â‚ ÔÓfl‚ÎflÎÓÒ¸ ËÌ„Ë-
·ËÓ‚‡ÌËÂ Äíê ‚ ÍÓÌˆÂÌÚ‡ˆËË 10–3 å ÔÓÚÂÓÎË-
ÚË˜ÂÒÍÓÈ ‡ÍÚË‚ÌÓÒÚË ÔÂÔÒËÌ‡, ÏÂÚ‡ÎÎÓÔÓÚÂËÌ‡-
Á˚, ‡ ‚ ·ÓÎÂÂ ‚˚ÒÓÍÓÈ ÍÓÌˆÂÌÚ‡ˆËË – ‡ÍÚË‚ÌÓÒÚË
ÚËÔÒËÌ‡, ıËÏÓÚËÔÒËÌ‡, ÔÂÔÒËÌ‡. ç‡Ô‡‚ÎÂÌ-
ÌÓÒÚ¸ Ë ÒËÎ‡ ˝ÙÙÂÍÚ‡ ÒÛ˘ÂÒÚ‚ÂÌÌÓ Á‡‚ËÒÂÎË ÓÚ
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·ÂÎÍ‡-ÒÛ·ÒÚ‡Ú‡. Ç ˝ÚÓÏ ÓÚÌÓ¯ÂÌËË ‚ÔÓÎÌÂ Ó·˙-
flÒÌËÏÓ ÌÂÒÓ‚Ô‡‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚, ÔÓÎÛ˜ÂÌÌ˚ı
‡ÁÌ˚ÏË „ÛÔÔ‡ÏË ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ. í‡Í, ‡„ÂÌ-
ÚËÌÒÍ‡fl „ÛÔÔ‡ ÒÓÓ·˘ËÎ‡ Ó ÔÓ‰‡‚ÎÂÌËË Äíê ÔÓ-
ÚÂÓÎËÚË˜ÂÒÍÓ„Ó ‰ÂÈÒÚ‚Ëfl ËÌÒÛÎËÁËÌ‡ [11]. èÓ‚Â-
‰ÂÌÌ˚Â ÊÂ ÔÓÁ‰ÌÂÂ ‚ Ó‰ÌÓÏ ËÁ ˆÂÌÚÓ‚ ëòÄ ËÒ-
ÒÎÂ‰Ó‚‡ÌËfl ‰‡ÎË ÔÓÚË‚ÓÔÓÎÓÊÌ˚È ÂÁÛÎ¸Ú‡Ú
[12]. åÂÊ‰Û ÚÂÏ ‚ ˝ÚËı ‡·ÓÚ‡ı ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÌÂ-
Ë‰ÂÌÚË˜Ì˚Â Ë ÒÛ·ÒÚ‡Ú˚, Ë Ó·‡Áˆ˚ ÔÓÚÂËÌ‡Á˚.

ùÚÓ ‡Ò¯ËflÂÚ ÔÂ‰ÒÚ‡‚ÎÂÌËfl Ó ÙÂÌÓÏÂÌÂ
Äíê-ËÌ„Ë·ËÛÂÏ˚ı Â‡ÍˆËÈ ÔÓÚÂÓÎËÁ‡, ÌÓ Â„Ó
ÔËÓ‰‡ ÔÓÍ‡ ÓÒÚ‡ÂÚÒfl ÌÂ‡ÒÍ˚ÚÓÈ. å˚ ÔÓÎ‡„‡-

ÎË, ˜ÚÓ ‰ÂÈÒÚ‚ËÂ ÌÛÍÎÂÓÚË‰Ó‚ ÏÓÊÂÚ ·˚Ú¸ Ó·Û-
ÒÎÓ‚ÎÂÌÓ Ì‡ÎË˜ËÂÏ ‚ ÏÓÎÂÍÛÎ‡ı ÔÓÚÂËÌ‡Á ÒÔÂˆË-
ÙË˜ÂÒÍËı ÔÛËÌÒ‚flÁ˚‚‡˛˘Ëı Ò‡ÈÚÓ‚ [13]. é‰Ì‡-
ÍÓ ‡ÌÂÂ ÔÓÎÛ˜ÂÌÌ˚Â Ù‡ÍÚ˚ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛Ú Ó
ÌÂ˜Û‚ÒÚ‚ËÚÂÎ¸ÌÓÒÚË, Ì‡ÔËÏÂ, ‡ÍÚË‚‡ÚÓÌÓÈ ÙÛÌÍ-
ˆËË ÒÚÂÔÚÓÍËÌ‡Á˚ Í ËÌ˚Ï ÌÛÍÎÂÓÚË‰‡Ï, ÍÓÏÂ ATP
[5], ‡ ËÁÎÓÊÂÌÌ˚Â ‚˚¯Â Ï‡ÚÂË‡Î˚ – Ó ‡ÁÎË˜ÌÓÈ
˝ÙÙÂÍÚË‚ÌÓÒÚË, Ì‡ÔËÏÂ, ATP, ADP Ë AMP Ì‡ ÎË-
ÁËÒ ÊÂÎ‡ÚËÌ‡ ÔÓÚÂËÌ‡Á‡ÏË. åÓÊÌÓ ·˚ÎÓ ·˚ ‰Û-
Ï‡Ú¸, ˜ÚÓ Û„ÌÂÚÂÌËÂ ‡ÍÚË‚ÌÓÒÚË ÔÓÚÂËÌ‡Á ATP ‚
ÍÓÌˆÂÌÚ‡ˆËflı ·ÓÎÂÂ 10–3 å ‚˚Á‚‡ÌÓ ÛÒËÎÂÌËÂÏ
‡ÛÚÓÎËÁ‡ ÔÓÚÂËÌ‡Á, Û˜ËÚ˚‚‡fl ‰ÓÒÚ‡ÚÓ˜ÌÓ ‰ÎË-
ÚÂÎ¸Ì˚È ÔÂËÓ‰ ÍÓÌÚ‡ÍÚ‡ ˝ÙÙÂÍÚÓ‡ Ò ˝ÌÁËÏ‡ÏË
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è˚ÊÓ‚‡, çËÍ‡Ì‰Ó‚

(ÒÏ. “ùÍÒÔÂËÏÂÌÚ. ̃ ‡ÒÚ¸”). çÓ ̋ ÚÓ ÌÂ ÒÓ„Î‡ÒÛÂÚÒfl
Ò ÚÂÏ, ˜ÚÓ ˝ÙÙÂÍÚ ËÌ„Ë·ËÓ‚‡ÌËfl ATP ÔÓfl‚ÎflÎ-
Òfl ‰‡ÎÂÍÓ ÌÂ Ì‡ ‚ÒÂı ÒÛ·ÒÚ‡Ú‡ı.

èÓÎÛ˜ÂÌÌ˚Â Ì‡ÏË ÂÁÛÎ¸Ú‡Ú˚ Ú‡ÍÊÂ Ò‚Ë‰Â-
ÚÂÎ¸ÒÚ‚Û˛Ú Ó ‚ÎËflÌËË Ì‡ ÓÚ‰ÂÎ¸Ì˚Â ÔÓÚÂÓÎËÚË-
˜ÂÒÍËÂ Â‡ÍˆËË ‰Û„Ëı ‡‰ÂÌËÎÓ‚˚ı Ë „Û‡ÌËÎÓ‚˚ı
ÌÛÍÎÂÓÚË‰Ó‚. éÌÓ ÔÓfl‚ÎflÎÓÒ¸ ÔË ÍÓÌˆÂÌÚ‡ˆËË
˝ÙÙÂÍÚÓ‡ 10–8–10–5 å.

ÇÒÂ ˝ÚË Ï‡ÚÂË‡Î˚ ‚˚‰‚Ë„‡˛Ú ÔÓ·ÎÂÏÛ ‚Á‡Ë-
ÏÓ‰ÂÈÒÚ‚Ëfl ÌÛÍÎÂÓÁË‰ÙÓÒÙ‡ÚÓ‚ Ò ÔÓÚÂËÌ‡Á‡ÏË,
˜ÚÓ Ú‡ÍÊÂ ‚˚ÎË‚‡ÂÚÒfl ‚ ÏÌÓ„ÓÔÎ‡ÌÓ‚˚Â ËÒÒÎÂ‰Ó-
‚‡ÌËfl. éÚÏÂÚËÏ, ˜ÚÓ ‚ ˆÂÎÓÏ fl‰Â ÒÎÛ˜‡Â‚ ÔÓÚÂË-
Ì‡Á˚ Ô‡ÚÓ„ÂÌÌ˚ı ÏËÍÓÓ„‡ÌËÁÏÓ‚ ÏÓ„ÛÚ ‚˚ÒÚÛ-
Ô‡Ú¸ ‚ Í‡˜ÂÒÚ‚Â Ù‡ÍÚÓ‡ ËÎË ÍÓÙ‡ÍÚÓ‡ Ô‡ÚÓ„ÂÌ-
ÌÓÒÚË. çÓ ˝ÚÓÚ ‚ÓÔÓÒ ÓÒÚ‡ÂÚÒfl ÌÂÔÓ‡·ÓÚ‡ÌÌ˚Ï.
èÓÎÛ˜ÂÌÌ˚Â Ì‡ÏË Ï‡ÚÂË‡Î˚ ÔÓÁ‚ÓÎËÎË ÔÓ‰Â-
ÏÓÌÒÚËÓ‚‡Ú¸ ˆÂÎÂÒÓÓ·‡ÁÌÓÒÚ¸ Ë ÔÓÎÂÁÌÓÒÚ¸
ËÒÔÓÎ¸ÁÓ‚‡ÌËfl ËÓÌÓ‚ Pi ËÎË Äíê ‚ Í‡˜ÂÒÚ‚Â Ò‚ÓÂ-
„Ó Ó‰‡ “ÁÓÌ‰Ó‚” ‰Îfl ·ÓÎÂÂ ÚÓÌÍÓÈ ‰ËÙÙÂÂÌˆË‡-
ˆËË ÓÒÓ·ÂÌÌÓÒÚÂÈ Ú‡ÍËı ¯Ú‡ÏÏÓ‚ [14].

ùäëèÖêàåÖçíÄãúçÄü óÄëíú

Ç ‡·ÓÚÂ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ Ó·‡Áˆ˚ ÚËÔÒËÌ‡
(äî 3.4.21.4), α-ıËÏÓÚËÔÒËÌ‡ (äî 3.4.21.1), ÔÂÔ-
ÒËÌ‡ (äî 3.4.23.1) ÙËÏ˚ “Sigma” (ëòÄ), Ô‡Ô‡ËÌ‡
(äî 3.4.22.2), äÛÏ‡ÒÒË „ÓÎÛ·ÓÈ G-250, ATP, ADP,
AMP, GTP, GDP, GMP ÙËÏ˚ “Fluka” ò‚ÂÈˆ‡Ëfl,
ÛÓÍËÌ‡Á˚ (äî 3.4.21.73) (J.C.R., üÔÓÌËfl), ÒÚÂÔ-
ÚÓÍËÌ‡Á˚ (éÄé ÅÂÎÏÂ‰ÔÂÔ‡‡Ú˚, ÅÂÎ‡ÛÒ¸),
ÒÛ·ÚËÎËÁËÌ‡ Bacillus subtilis (äî 3.4.21.62), ÏÂÚ‡Î-
ÎÓÔÓÚÂËÌ‡Á˚ Bacillus megaterium (äî 3.4.24.4)
ÙËÏ˚ “ÑË‡„ÌÓÒÚËÍÛÏ”, åÓÒÍ‚‡, ·‡ÍÚÓ‡„‡ ÚËÔ‡
“Difco” (Ferak, ÉÂÏ‡ÌËfl); ÊÂÎ‡ÚËÌ (Serva, ÉÂÏ‡-
ÌËfl). 

íÍ‡ÌÂ‚˚È ‡ÍÚË‚‡ÚÓ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ ‚˚‰ÂÎflÎË
ËÁ ÚÍ‡ÌË Ò‚ÂÊÂ„Ó ÒÂ‰ˆ‡ Ò‚ËÌ¸Ë Í‡Í ÓÔËÒ‡ÌÓ ‚
ÔÂ‰˚‰Û˘ÂÈ ÒÚ‡Ú¸Â [15]. îË·ËÌÓ„ÂÌ ˜ÂÎÓ‚ÂÍ‡ Ë
ÚÓÏ·ËÌ ·˚ÎË ÔÓËÁ‚Ó‰ÒÚ‚‡ ç‡Û˜ÌÓ-Ô‡ÍÚË˜ÂÒÍÓ-
„Ó ˆÂÌÚ‡ „ÂÏ‡ÚÓÎÓ„ËË Ë Ú‡ÌÒÙÛÁËÓÎÓ„ËË åËÌ-
Á‰‡‚‡ êÂÒÔÛ·ÎËÍË ÅÂÎ‡ÛÒ¸; „ÂÏÓ„ÎÓ·ËÌ ·˚Í‡,
Í‡ÁÂËÌ ÔÓ É‡ÏÏÂÒÚÂÌÛ, Ò˚‚ÓÓÚÓ˜Ì˚È ‡Î¸·ÛÏËÌ
·˚Í‡ Ë ‰Û„ËÂ Â‡ÍÚË‚˚ Í‚‡ÎËÙËÍ‡ˆËË “ı. ˜.” ËÎË
“˜. ‰. ‡.” ·˚ÎË ÔÓËÁ‚Ó‰ÒÚ‚‡ ÒÚ‡Ì ëçÉ, Ëı ËÒÔÓÎ¸-
ÁÓ‚‡ÎË ÔÓÒÎÂ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÈ
Ó˜ËÒÚÍË. 

èÎ‡ÁÏËÌÓ„ÂÌ‡ÍÚË‚‡ÚÓÌÛ˛ ÒÔÓÒÓ·ÌÓÒÚ¸ ‡ÍÚË-
‚‡ÚÓÓ‚ ÔÎ‡ÁÏËÌÓ„ÂÌ‡ ÓÔÂ‰ÂÎflÎË ÏÂÚÓ‰ÓÏ ÎËÁË-
Ò‡ ÔÎ‡ÁÏËÌÓ„ÂÌÒÓ‰ÂÊ‡˘Ëı ÙË·ËÌÓ‚˚ı ÔÎ‡ÒÚËÌ
Í‡Í ÓÔËÒ‡ÌÓ ‚ ÔÂ‰˚‰Û˘ÂÈ ÒÚ‡Ú¸Â [15]. 

èÓÚÂÓÎËÚË˜ÂÒÍÛ˛ ‡ÍÚË‚ÌÓÒÚ¸ ÓÔÂ‰ÂÎflÎË ÔÓ
ÎËÁËÒÛ ÙË·ËÌÓ„ÂÌ‡, Í‡ÁÂËÌ‡, ‡Î¸·ÛÏËÌ‡, „ÂÏÓ-
„ÎÓ·ËÌ‡ ËÎË ÊÂÎ‡ÚËÌ‡ ‚ ÚÓÌÍÓÏ ÒÎÓÂ ‡„‡-‡„‡‡
Í‡Í ÔÓ‰Ó·ÌÓ ÓÔËÒ‡ÌÓ ‡ÌÂÂ [16]. äÓÌˆÂÌÚ‡ˆËfl
·ÂÎÍÓ‚ ÒÓÒÚ‡‚ÎflÎ‡ 10 „/Î, ‡„‡-‡„‡‡ – 10 „/Î. Ç Í‡˜Â-
ÒÚ‚Â ‡ÒÚ‚ÓËÚÂÎfl ‰Îfl ÔË„ÓÚÓ‚ÎÂÌËfl ·ÂÎÍÓ‚Ó-‡„‡-
Ó‚˚ı ÔÎ‡ÒÚËÌ ËÒÔÓÎ¸ÁÓ‚‡ÎË ‰ÂËÓÌËÁËÓ‚‡ÌÌÛ˛
‚Ó‰Û, ‚ ÍÓÚÓÛ˛ ‰Ó·‡‚ÎflÎË ‡ÎËÍ‚ÓÚ˚ Na2HPO4 +

+ KH2PO4 ËÎË Na4P2O7, 0.05 å íËÒ-HCl-·ÛÙÂ ç
7.4 Ò ‰Ó·‡‚ÍÓÈ ÌÛÍÎÂÓÚË‰Ó‚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ
ÍÓÌˆÂÌÚ‡ˆËË. Ç Í‡˜ÂÒÚ‚Â ‡ÒÚ‚ÓËÚÂÎfl ÔË ‡-
·ÓÚÂ Ò ÔÂÔÒËÌÓÏ ËÒÔÓÎ¸ÁÓ‚‡ÎË 0.2 å ‡ˆÂÚ‡ÚÌ˚È
·ÛÙÂ ç 1.47, ÔË ‡·ÓÚÂ Ò ÓÒÚ‡Î¸Ì˚ÏË ÔÓÚÂËÌ‡-
Á‡ÏË Ë ‡ÍÚË‚‡ÚÓ‡ÏË – 0.05 å íËÒ-HCl-·ÛÙÂ ç
7.4. èÎ‡ÒÚËÌ˚ Ò Ì‡ÌÂÒÂÌÌ˚ÏË ÔÓ·‡ÏË (10 ÏÍÎ) ËÌ-
ÍÛ·ËÓ‚‡ÎË ÔË 37°ë ‚ ÚÂ˜ÂÌËÂ 20 ˜. áÓÌ˚ ÎËÁËÒ‡
‚ËÁÛ‡ÎËÁËÓ‚‡ÎË Ó·‡·ÓÚÍÓÈ ·ÂÎÓÍ-‡„‡Ó‚˚ı ÔÎ‡-
ÒÚËÌ 1 å ÚËıÎÓÛÍÒÛÒÌÓÈ ÍËÒÎÓÚÓÈ.

ëÓ‰ÂÊ‡ÌËÂ ·ÂÎÍ‡ ‚ ‡ÒÚ‚Ó‡ı ÓˆÂÌË‚‡ÎË ÔÓ ÓÔ-
ÚË˜ÂÒÍÓÏÛ ÔÓ„ÎÓ˘ÂÌË˛ ÔË 280 ÌÏ, ËÒÔÓÎ¸ÁÛfl ÒÓÓÚ-

‚ÂÚÒÚ‚Û˛˘ËÂ ÁÌ‡˜ÂÌËfl , ÔË‚Â‰ÂÌÌ˚Â ‚ ÔÂ‰˚-
‰Û˘ÂÈ ÒÚ‡Ú¸Â [15], ‡ Ú‡ÍÊÂ ÍÓÎÓËÏÂÚË˜ÂÒÍËÏ
ÏÂÚÓ‰ÓÏ Ò äÛÏ‡ÒÒË G-250 [17].

ÇÒÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ‚˚ÔÓÎÌÂÌ˚ ÌÂ ÏÂÌÂÂ ˜ÂÏ ˜Â-
Ú˚ÂıÍ‡ÚÌÓ, ÂÁÛÎ¸Ú‡Ú˚ Ó·‡·ÓÚ‡Ì˚ ÒÚ‡ÚËÒÚË-
˜ÂÒÍË Ò ‚˚˜ËÒÎÂÌËÂÏ t-ÍËÚÂËfl ëÚ¸˛‰ÂÌÚ‡.
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The Effects of Biogenic Phosphates on Protease-Induced Protein Cleavage 

and Functioning of Plasminogen Activator

N. S. Pyzhovaa and V. N. Nikandrovb,#

#Phone: +375 (17) 284-1759; e-mail: nikandrov@fizio.bas-net.by
a Research Institute of Epidemiology and Microbiology, Ministry of Health of Belarus, Minsk, Belarus

b Institute of Physiology, National Academy of Sciences of Belarus, ul. Akademicheskaya 28, Minsk, 220072 Belarus

We showed, using the method of lysis of fibrin plates and five substrate proteins in a thin layer of agar gel, that
inorganic orthophosphate (0.001–0.06 M) enhances by 50–250% the activatory functions of streptokinase,
urokinase, and tissue plasminogen activator and, in general, by 1.2–12.0 times enhances protein lysis by
trypsin, α-chymotrypsin, subtilisin, papain, bacterial metalloprotease, and even pepsin at a concentration
< 4 mM. At higher concentrations, phosphate sharply inhibited pepsin activity and inhibited by 40–50% gelatin
lysis by papain and gelatin (at a peak concentration) and casein lysis by metalloprotease. Inorganic pyrophos-
phate ions at concentrations of 10–8–10–1 M enhanced the cleavage of a number of proteins by serine proteases
and, at concentrations of 10–5–10–3 M, the activities of pepsin, plasminogen tissue activator, and streptokinase
by 100 and 40%, respectively. The pyrophosphate concentrations of >10–3 and >10–4 M inhibited pepsin- and
metalloprotease-induced lysis of virtually all proteins. ATP increased casein lysis by serine proteases, metallo-
protease, and pepsin by 20–60% at concentration of 10–3 M and by 30–260% at 10–2 M concentration. At con-
centrations of 10–2 M, it inhibited the cleavage of some proteins by trypsin, chymotrypsin, papain, and metal-
loprotease by 20–100%, and, at concentrations of 10–3 M, lysis of albumin with pepsin and other proteins (ex-
cept for fibrinogen) by metalloprotease. A GTP concentration of 10–7–10–2 M increased protein degradation by
serine proteases, papain, and gelatin lysis by pepsin by 20–90%, whereas albumin lysis was inhibited by
40−70%. The presence of 10–6–10–5 M GTP led to a slightly increased degradation of hemoglobin and casein
by bacterial metalloprotease, while 10–3 M GTP induced a drop in the activity of the metalloprotease by
20−50%. ADP could enhance gelatin lysis by trypsin, casein lysis by pepsin and papain, and inhibited metal-
loprotease activity by 20–100% (at 10–3 M). Peculiarities of the effects of AMP and GD(M)P on gelatin lysis
were found. The English version of the paper: Russian Journal of Bioorganic Chemistry, 2008, vol. 34, no. 3;
see also http://www.maik.ru

Key words: activatory function of streptokinase, urokinase, and tissue plasminogen activator; nucleoside phos-
phates; orthophosphate; protease activity; pyrophosphate
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