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ÑÎfl ·ÓÎ¸¯ËÌÒÚ‚‡ ˚· Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı ÓÌÚÓ-
„ÂÌÂÁ‡ ‰ÓÒÚÛÔÌÓÈ ÔÓ ‡ÁÏÂ‡Ï ÔË˘ÂÈ ÒÎÛÊËÚ ÁÓÓ-
ÔÎ‡ÌÍÚÓÌ, Ï‡ÍÒËÏ‡Î¸Ì˚È ‡ÁÏÂ ÍÓÚÓÓ„Ó ~0.3
‰ÎËÌ˚ Ò‡ÏÓ„Ó ıË˘ÌËÍ‡ [41]. ç‡ÎË˜ËÂ ‰ÓÒÚÛÔÌÓ„Ó
ÍÓÏ‡ ‚ ‡ÌÌÂÏ ÓÌÚÓ„ÂÌÂÁÂ ÓÍ‡Á˚‚‡ÂÚ ÒÛ˘ÂÒÚ‚ÂÌ-
ÌÓÂ ‚ÎËflÌËÂ Ì‡ ‚˚ÊË‚‡ÂÏÓÒÚ¸ ÎË˜ËÌÓÍ ˚·, ˝ÚÓ
Ó‰ËÌ ËÁ Ù‡ÍÚÓÓ‚, ÓÔÂ‰ÂÎfl˛˘Ëı ‰ËÌ‡ÏËÍÛ ˜ËÒ-
ÎÂÌÌÓÒÚË ÏÌÓ„Ëı ‚Ë‰Ó‚ ˚· [10, 27].

éÒÌÓ‚Û ÔÓÏ˚ÒÎÓ‚˚ı ÛÎÓ‚Ó‚ ‚ äÛ¯ÒÍÓÏ Á‡-
ÎË‚Â ÒÓÒÚ‡‚ÎflÂÚ ÎÂ˘ (Abramis brama L.). Ö„Ó ‰Ó-
·˚˜‡ ‰ÓÒÚË„‡ÂÚ 1–2 Ú˚Ò. Ú ‚ „Ó‰, ËÎË ~30% Ó·˘Â„Ó
‚˚ÎÓ‚‡ ˚·˚ ‚ ‚Ó‰ÓÂÏÂ [9]. ì˜ËÚ˚‚‡fl ÁÌ‡˜ÂÌËÂ
ÎÂ˘‡ ‚ ÔÓÏ˚ÒÎÂ, ‡ÍÚÛ‡Î¸ÌÓ ‚˚fl‚ËÚ¸ Ù‡ÍÚÓ˚,
ÓÍ‡Á˚‚‡˛˘ËÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ Ì‡ ‰ËÌ‡ÏËÍÛ Â„Ó ˜ËÒ-
ÎÂÌÌÓÒÚË. Ç ÚÓ ÊÂ ‚ÂÏfl ‰Îfl ÓˆÂÌÍË ËÒÔÓÎ¸ÁÓ‚‡-
ÌËfl ÍÓÏÓ‚ÓÈ ·‡Á˚ ÏÓÎÓ‰¸˛ ˚· ÌÂÓ·ıÓ‰ËÏ˚
Ò‚Â‰ÂÌËfl Ó ÒÔÂÍÚ‡ı ÔËÚ‡ÌËfl Ë ËÌÚÂÌÒË‚ÌÓÒÚË ÔÓ-
ÚÂ·ÎÂÌËfl Â˛ ÁÓÓÔÎ‡ÌÍÚÓÌ‡.

èËÚ‡ÌËÂ ‚ÁÓÒÎÓ„Ó ÎÂ˘‡ äÛ¯ÒÍÓ„Ó Á‡ÎË‚‡
ËÁÛ˜ÂÌÓ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÔÓ‰Ó·ÌÓ. éÔÂ‰ÂÎÂÌ˚ ÒÔÂÍ-
Ú˚ ÔËÚ‡ÌËfl, Â„Ó ÒÛÚÓ˜Ì˚È ËÚÏ [17, 29, 30, 32,
42], ÒÛÚÓ˜Ì˚È Ë „Ó‰Ó‚ÓÈ ‡ˆËÓÌ˚ [29, 30, 33], ÔË-
˘Â‚‡fl ÌË¯‡ ÎÂ˘‡ ÒÂ‰Ë ˚· Â„Ó ÚÓÙË˜ÂÒÍÓ„Ó
ÛÓ‚Ìfl [16]. Ç ‡·ÓÚ‡ı Ï‡ÎÓ ‰‡ÌÌ˚ı ÔÓ ÔËÚ‡ÌË˛
ÎË˜ËÌÓÍ ÎÂ˘‡ Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı ÓÌÚÓ„ÂÌÂÁ‡ [4, 5,
28, 31]. Ç ÓÒÌÓ‚ÌÓÏ ËÒÒÎÂ‰Ó‚‡ÌÓ ÔËÚ‡ÌËÂ ÎË˜ËÌÓÍ
ÎÂ˘‡ ‚ ‡ÈÓÌÂ ·ÓÎ¸¯Ëı ÌÂÂÒÚËÎË˘, Ì‡ıÓ‰fl˘Ëı-
Òfl ‚ ÂÍ‡ı, ËÎË ÎË˜ËÌÓÍ, ÒÍ‡ÚË‚¯ËÂÒfl ‚ ÔÂ‰ÛÒÚ¸Â-
‚˚Â ÔÓÒÚ‡ÌÒÚ‚‡. ë‚Â‰ÂÌËfl ÔÓ ÔËÚ‡ÌË˛ ÎË˜ËÌÓÍ
ÎÂ˘‡, ÌÂÂÒÚfl˘Â„ÓÒfl ‚ ÔË·ÂÊÌÓÈ ˜‡ÒÚË Á‡ÎË‚‡,
ÓÚÒÛÚÒÚ‚Û˛Ú, ıÓÚfl ‚ Â„Ó ‚ÓÒÔÓËÁ‚Ó‰ÒÚ‚Â ˝ÚË ÌÂ-
ÂÒÚËÎË˘‡ Ë„‡˛Ú ÌÂÏ‡ÎÓ‚‡ÊÌÛ˛ ÓÎ¸ [29]. 

ñÂÎ¸ ‡·ÓÚ˚ – ËÁÛ˜ÂÌËÂ ËÌÚÂÌÒË‚ÌÓÒÚË ÔËÚ‡-
ÌËfl ÎÂ˘‡ ÂÒÚÂÒÚ‚ÂÌÌ˚Ï ÍÓÏÓÏ Ì‡ ‡ÌÌËı ÒÚ‡‰Ë-
flı ÓÌÚÓ„ÂÌÂÁ‡. Ç ÛÒÎÓ‚Ëflı ˝ÍÒÔÂËÏÂÌÚ‡ ËÒÒÎÂ‰Ó-
‚‡ÎË ÓÒÓ·ÂÈ, ‚˚ÎÓ‚ÎÂÌÌ˚ı ‚ ÔË·ÂÊÌÓÈ ˜‡ÒÚË
äÛ¯ÒÍÓ„Ó Á‡ÎË‚‡. 

á‡‰‡˜Ë ËÒÒÎÂ‰Ó‚‡ÌËÈ – ÓÔÂ‰ÂÎÂÌËÂ ‡ˆËÓÌ‡,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó Ú‡Ú‡Ï Ì‡ Ó·ÏÂÌ (“ÔÓ‰‰ÂÊË-
‚‡˛˘ËÈ” ‡ˆËÓÌ), ÛÒÚ‡ÌÓ‚ÎÂÌËÂ “ÔÓÓ„Ó‚ÓÈ”
ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚, ÔË ÍÓÚÓ-
ÓÈ ÒÛÚÓ˜Ì˚È ‡ˆËÓÌ ÎË˜ËÌÓÍ ‡‚ÂÌ “ÔÓ‰‰ÂÊË-
‚‡˛˘ÂÏÛ” ‡ˆËÓÌÛ, ‡ Ú‡ÍÊÂ ÍÓÌˆÂÌÚ‡ˆËË ÍÓ-
ÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚, ÔË ÍÓÚÓÓÈ ÎË˜ËÌÍË ÌÂ ÔËÚ‡-
˛ÚÒfl; ‚˚fl‚ÎÂÌËÂ Á‡‚ËÒËÏÓÒÚË ‚ÂÎË˜ËÌ˚ ‡ˆËÓÌ‡
ÎË˜ËÌÓÍ ÓÚ Ëı Ï‡ÒÒ˚, ÒÚ‡‰ËË ‡Á‚ËÚËfl Ë ÍÓÌˆÂÌ-
Ú‡ˆËË ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚.

å‡ÚÂË‡Î Ë ÏÂÚÓ‰˚ ËÒÒÎÂ‰Ó‚‡ÌËfl

ùÍÒÔÂËÏÂÌÚ˚ ÔÓ ËÌÚÂÌÒË‚ÌÓÒÚË ÔËÚ‡ÌËfl ÎË-
˜ËÌÓÍ ÎÂ˘‡ ÔÓ‚Ó‰ËÎË ‚ Ï‡Â–Ë˛ÌÂ ‚ ÚÂ˜ÂÌËÂ
ÚÂı ÎÂÚ. ãË˜ËÌÓÍ ÓÚÎ‡‚ÎË‚‡ÎË ‚ ÔË·ÂÊÌÓÈ ˜‡-
ÒÚË äÛ¯ÒÍÓ„Ó Á‡ÎË‚‡ Ò‡˜ÍÓÏ. á‰ÂÒ¸ ÊÂ ÓÚ·Ë‡ÎË
ÔÓ·˚ ÁÓÓÔÎ‡ÌÍÚÓÌ‡. èÂÂ‰ ÓÔ˚ÚÓÏ ÁÓÓÔÎ‡ÌÍ-
ÚÓÌ ÔÓˆÂÊË‚‡ÎË ˜ÂÂÁ „‡Á (‡ÁÏÂ fl˜ÂË 0.71 ÏÏ)
‰Îfl ÚÓ„Ó, ˜ÚÓ·˚ Û‰‡ÎËÚ¸ Ò‡ÏÓÍ ‡ÍÓÓ·‡ÁÌ˚ı,
ËÏÂ‚¯Ëı flÈˆ‡, ‡ Ú‡ÍÊÂ ÍÛÔÌ˚ı ıË˘ÌËÍÓ‚, ÍÓÚÓ-
˚Â ÏÓ„ÎË ÔÓÚÂ·ÎflÚ¸ ÏÂÎÍËÈ ÁÓÓÔÎ‡ÌÍÚÓÌ. Ç Â-
ÁÛÎ¸Ú‡ÚÂ ‚ ÔÎ‡ÌÍÚÓÌÂ ÔËÒÛÚÒÚ‚Ó‚‡ÎË Ó„‡ÌËÁÏ˚
Ò ‡ÁÏÂ‡ÏË ≤1 ÏÏ. ÇË‰Ó‚‡fl ÒÚÛÍÚÛ‡ ÁÓÓÔÎ‡ÌÍ-
ÚÓÌ‡ ‡ÁÏÂÓÏ ‰Ó 1 ÏÏ ‚ ˝ÍÒÔÂËÏÂÌÚÂ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Ó‚‡Î‡ Ú‡ÍÓ‚ÓÈ ‚ ‚Ó‰ÓÂÏÂ.

áÓÓÔÎ‡ÌÍÚÓÌ Ï‡Î˚ÏË ÔÓˆËflÏË (ÔËÏÂÌÓ ÔÓ
5 ÏÎ) ‚ÌÓÒËÎË ‚ ̋ ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚Â ÒÓÒÛ‰˚ (ÔflÚË-
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Ç ÛÒÎÓ‚Ëflı ˝ÍÒÔÂËÏÂÌÚ‡ ËÒÒÎÂ‰Ó‚‡ÎË ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔËÚ‡ÌËfl ÎË˜ËÌÓÍ ÎÂ˘‡ Abramis brama L., ‚˚-
ÎÓ‚ÎÂÌÌ˚ı Ì‡ ÌÂÂÒÚËÎË˘Â ‚ ÔË·ÂÊÌÓÈ ˜‡ÒÚË äÛ¯ÒÍÓ„Ó Á‡ÎË‚‡ Å‡ÎÚËÈÒÍÓ„Ó ÏÓfl. ãË˜ËÌÓÍ
ÍÓÏËÎË ÁÓÓÔÎ‡ÌÍÚÓÌÓÏ, ÒÓ·‡ÌÌ˚Ï ‚ ÏÂÒÚ‡ı ÎÓ‚‡ ÎË˜ËÌÓÍ. ùÍÒÔÂËÏÂÌÚ‡Î¸ÌÓ ÛÒÚ‡ÌÓ‚ÎÂÌÓ, ˜ÚÓ
ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡ <30 ˝ÍÁ./Î (0.4 Ï„/Î) ÒÎÛÊ‡Ú „‡ÌËˆÂÈ, ÌËÊÂ ÍÓÚÓÓÈ ÔËÚ‡-
ÌËÂ ÎË˜ËÌÓÍ ÎÂ˘‡ ÁÓÓÔÎ‡ÌÍÚÓÌÓÏ ÔÂÍ‡˘‡ÂÚÒfl. ê‡ˆËÓÌ, ÒÓÒÚ‡‚Îfl˛˘ËÈ <12–15% Ï‡ÒÒ˚ ÚÂÎ‡, ÌÂ
ÔÓÍ˚‚‡Î Ú‡Ú˚ Ì‡ Ó·ÏÂÌ. ê‡ˆËÓÌ, ·ÎËÁÍËÈ Í ‚ÂÎË˜ËÌ‡Ï, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÏ Ú‡Ú‡Ï Ì‡ Ó·ÏÂÌ, ÓÚÏÂ-
˜ÂÌ ÔË ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡ 2–4 Ú˚Ò.˝ÍÁ./Î (‰Ó 38 Ï„/Î). èÓÎÛ˜ÂÌ‡ ÒÂËfl Û‡‚ÌÂ-
ÌËÈ Â„ÂÒÒËË, ÓÔËÒ˚‚‡˛˘Ëı Á‡‚ËÒËÏÓÒÚ¸ ËÌÚÂÌÒË‚ÌÓÒÚË ÔËÚ‡ÌËfl ÏÓÎÓ‰Ë ÎÂ˘‡ ÓÚ ÍÓÌˆÂÌÚ‡ˆËË
ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ Ë Ï‡ÒÒ˚ ÚÂÎ‡, ÍÓÚÓ˚Â ÏÓ„ÛÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ÔË ÓˆÂÌÍÂ Ó·ÂÒÔÂ˜ÂÌÌÓÒÚË
ÔË˘ÂÈ ÎÂ˘‡ Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı ‡Á‚ËÚËfl.
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ÎËÚÓ‚˚Â ÒÍÎflÌÍË Ò ¯ËÓÍËÏ ‰ÌÓÏ). í‡ÍËÏ Ó·‡-
ÁÓÏ ‰ÓÒÚË„‡Î‡Ò¸ Ó‰ËÌ‡ÍÓ‚‡fl ÍÓÌˆÂÌÚ‡ˆËfl ÁÓÓ-
ÔÎ‡ÌÍÚÓÌ‡. ä‡Í Ô‡‚ËÎÓ, Ó¯Ë·Í‡ ÓÔÂ‰ÂÎÂÌËfl
ÍÓÌˆÂÌÚ‡ˆËË ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ‡ÁÌ˚ı ÒÓÒÛ‰‡ı ≤2–
5%. èÎÓÚÌÓÒÚ¸ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ Á‡‰‡‚‡ÎË ‚ ‡ÁÌ˚ı
ÒÂËflı ÓÔ˚ÚÓ‚ ÔÓËÁ‚ÓÎ¸ÌÓ – ÓÚ 0.8 (·ËÓÏ‡ÒÒ‡
ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡, ‰ÓÒÚÛÔÌÓ„Ó ÎË˜ËÌÍ‡Ï
ÔÓ ‡ÁÏÂ‡Ï, ‚ ‚Ó‰ÓÂÏÂ ‚ ‰‡ÌÌ˚È ÔÂËÓ‰) ‰Ó 560 Ï„/Î
(˜ÚÓ ÁÌ‡˜ËÚÂÎ¸ÌÓ ÔÂ‚˚¯‡ÎÓ ÂÒÚÂÒÚ‚ÂÌÌÛ˛ ÍÓÌ-
ˆÂÌÚ‡ˆË˛ ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚). é·˙ÂÏ ‚Ó‰˚ ‚
ÒÓÒÛ‰‡ı, ÔÓÙËÎ¸ÚÓ‚‡ÌÌÓÈ ˜ÂÂÁ ÏÂÎ¸ÌË˜Ì˚È
„‡Á Ò fl˜ÂÂÈ 0.015 ÏÏ, ‰Ó‚Ó‰ËÎË ‰Ó 1 Î. 

ä‡Ê‰˚È ÓÔ˚Ú ÔÓ‚Ó‰ËÎË ‚ ÚÂı ÔÓ‚ÚÓÌÓÒÚflı
Ò ÍÓÌÚÓÎÂÏ. Ç ÍÓÌÚÓÎ¸Ì˚Â ÒÍÎflÌÍË ÎË˜ËÌÓÍ ÌÂ
‚˚Ò‡ÊË‚‡ÎË, ‡ ÁÓÓÔÎ‡ÌÍÚÓÌ Ò‡ÁÛ ÙËÍÒËÓ‚‡ÎË
4%-Ì˚Ï ÙÓÏ‡ÎËÌÓÏ. èÓ ‰‡ÌÌ˚Ï å.Å. à‚‡ÌÓ‚ÓÈ
[15], ÒÂ‰Ìflfl Û‰ÂÎ¸Ì‡fl ÒÍÓÓÒÚ¸ ÔÓ‰ÛˆËÓ‚‡ÌËfl
ÔÎ‡ÌÍÚÓÌÌ˚ı ‡ÍÓÓ·‡ÁÌ˚ı ÛÏÂÂÌÌÓÈ ÁÓÌ˚ ÒÓ-
ÒÚ‡‚ÎflÂÚ ‰Îfl Cladocera 0.15 cÛÚ–1, ÒÏÂÚÌÓÒÚ¸ –
0.16 ÒÛÚ–1, ‰Îfl Copepoda – 0.08 Ë 0.07 ÒÓÓÚ‚ÂÚÒÚ‚ÂÌ-
ÌÓ. àÒıÓ‰fl ËÁ ̋ ÚÓ„Ó, cÏÂÚÌÓÒÚ¸˛ Ë ÒÛÚÓ˜ÌÓÈ ÔÓ-
‰ÛÍˆËÂÈ ÔÎ‡ÌÍÚÓÌÌ˚ı ·ÂÒÔÓÁ‚ÓÌÓ˜Ì˚ı ÔÂÌÂ·Â-
„‡ÎË. ÇÒÂ„Ó ‚˚ÔÓÎÌÂÌÓ 12 ÒÂËÈ ˝ÍÒÔÂËÏÂÌÚÓ‚,
‚ÍÎ˛˜‡‚¯Ëı 36 ÓÔ˚ÚÓ‚ (108 ÓÔ˚ÚÌ˚ı Ë 36 ÍÓÌ-
ÚÓÎ¸Ì˚ı ÔÓÒÚ‡ÌÓ‚ÓÍ). íÂÏÔÂ‡ÚÛ‡ ‚ ÚÂ˜ÂÌËÂ
˝ÍÒÔÂËÏÂÌÚ‡ Ë ÏÂÊ‰Û ÒÂËflÏË ÍÓÎÂ·‡Î‡Ò¸ ÓÚ 19
‰Ó 21°ë. èË ÌÂÓ·ıÓ‰ËÏÓÒÚË ‚ÌÓÒËÎË ÚÂÏÔÂ‡-
ÚÛÌ˚Â ÔÓÔ‡‚ÍË Ì‡ Ó·ÏÂÌ Q10 = 2.25 [7].

ãË˜ËÌÓÍ ÔÂÂ‰ ˝ÍÒÔÂËÏÂÌÚÓÏ ‚˚‰ÂÊË‚‡ÎË ‚
‡Í‚‡ËÛÏ‡ı ‚ ÚÂ˜ÂÌËÂ 1–2 ˜. äÓÎË˜ÂÒÚ‚Ó ÎË˜ËÌÓÍ
‰Îfl ÔÓÒ‡‰ÍË ‚ ÒÓÒÛ‰˚ ÔÓ‰·Ë‡ÎË Ú‡Í, ˜ÚÓ·˚ ÒÌË-
ÊÂÌËÂ ·ËÓÏ‡ÒÒ˚ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ÂÁÛÎ¸Ú‡ÚÂ Â„Ó
‚˚Â‰‡ÌËfl ÎË˜ËÌÍ‡ÏË ÒÓÒÚ‡‚ËÎÓ ≥30–50% ÍÓÌÚÓ-
Îfl. ä‡Í Ô‡‚ËÎÓ, Ì‡ ÒÚ‡‰Ëflı C1–D2 ‚˚Ò‡ÊË‚‡ÎË
20 ÎË˜ËÌÓÍ, Ì‡ ·ÓÎÂÂ ÔÓÁ‰ÌËı ÒÚ‡‰Ëflı – 5–10. óÂ-
ÂÁ 24 ˜ ‚ ÒÓÒÛ‰˚ ‰Ó·‡‚ÎflÎË ÙÓÏ‡ÎËÌ ‰Ó 4%-ÌÓÈ
ÍÓÌˆÂÌÚ‡ˆËË. ãË˜ËÌÓÍ ÔÓÏÂflÎË Ë ‚Á‚Â¯Ë‚‡ÎË

ÒÓ„Î‡ÒÌÓ Ó·˘ÂÔËÌflÚ˚Ï ÏÂÚÓ‰ËÍ‡Ï [11, 24, 25].
èË˘Â‚‡ËÚÂÎ¸Ì˚È Ú‡ÍÚ ÎË˜ËÌÓÍ ÔÓÒÏ‡ÚË‚‡ÎË
ÔÓ‰ ÏËÍÓÒÍÓÔÓÏ, ˜ÚÓ·˚ ‚˚fl‚ËÚ¸ ÌÂÔËÚ‡˛˘ËıÒfl
ÓÒÓ·ÂÈ. ëÚ‡‰Ë˛ ‡Á‚ËÚËfl ÎË˜ËÌÓÍ ÓÔÂ‰ÂÎflÎË ÔÓ
Ç‡ÒÌÂˆÓ‚Û [3]. ê‡ÁÌÓÒÚ¸ ÏÂÊ‰Û ÍÓÌˆÂÌÚ‡ˆËflÏË
ÁÓÓÔÎ‡ÌÍÚÓÌ‡, ÔÓÚÂ·ÎÂÌÌÓ„Ó ÎË˜ËÌÍ‡ÏË ÎÂ˘‡, ‚
ÍÓÌÚÓÎÂ Ë ÓÔ˚ÚÂ ÔËÌËÏ‡ÎË Á‡ ‡ˆËÓÌ, Ú.Â. ÍÓÎË-
˜ÂÒÚ‚Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡, Ò˙Â‰ÂÌÌÓ„Ó ÎË˜ËÌÍ‡ÏË ‚
ÚÂ˜ÂÌËÂ ÒÛÚÓÍ.

óËÒÎÂÌÌÓÒÚ¸ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ÓÔÂ‰ÂÎflÎË Ò˜ÂÚ-
Ì˚Ï ÏÂÚÓ‰ÓÏ ÉÂÌÁÂÌ‡ [2, 39], ·ËÓÏ‡ÒÒÛ ‡ÒÒ˜ËÚ˚-
‚‡ÎË ÔÓ Á‡‚ËÒËÏÓÒÚflÏ Ï‡ÒÒ˚ ÓÚ ‰ÎËÌ˚ ÚÂÎ‡ [1, 39].

ÑÎfl ÓˆÂÌÍË ÒÚÂÔÂÌË Û‰Ó‚ÎÂÚ‚ÓÂÌËfl ÔË˘Â‚˚ı
ÔÓÚÂ·ÌÓÒÚÂÈ ÎË˜ËÌÓÍ ÎÂ˘‡ ‡ÒÒ˜ËÚ‡Ì˚ “ÔÓ‰‰Â-
ÊË‚‡˛˘ËÂ” ‡ˆËÓÌ˚ ÏÂÚÓ‰ÓÏ ·‡Î‡ÌÒÓ‚Ó„Ó ‡-
‚ÂÌÒÚ‚‡, ÒÓ„Î‡ÒÌÓ ÍÓÚÓÓÏÛ “ÔÓ‰‰ÂÊË‚‡˛˘ËÈ”
‡ˆËÓÌ ‡‚ÂÌ Ú‡Ú‡Ï Ì‡ Ó·ÏÂÌ. í‡Ú˚ Ì‡ Ó·ÏÂÌ
ÎË˜ËÌÓÍ ÎÂ˘‡ ‡ÒÒ˜ËÚ˚‚‡ÎË Ó·˘ÂÔËÌflÚ˚ÏË ÏÂ-
ÚÓ‰‡ÏË ÔÓ ÒÍÓÓÒÚË ÔÓÚÂ·ÎÂÌËfl ÍËÒÎÓÓ‰‡. ëÓ-
ÓÚÌÓ¯ÂÌËÂ ÒÂ‰ÌÂÈ ÒÍÓÓÒÚË Ó·ÏÂÌ‡ ‚ ÔËÓ‰-
Ì˚ı ÛÒÎÓ‚Ëflı Ë ÒÚ‡Ì‰‡ÚÌÓ„Ó ÔËÌËÏ‡ÎÓÒ¸ ‡‚-
Ì˚Ï 1.5 [20, 25].

ä‡ÎÓËÈÌÓÒÚ¸ ÚÂÎ‡ ÎË˜ËÌÓÍ (Cc) ÔËÌËÏ‡ÎË
‡‚ÌÓÈ 0.7 ÍÍ‡Î Ì‡ 1 „ Ò˚ÓÈ Ï‡ÒÒ˚ [23], ÁÓÓÔÎ‡ÌÍ-
ÚÓÌ‡ – 0.5 ÍÍ‡Î Ì‡ 1 „ Ò˚ÓÈ Ï‡ÒÒ˚ [39]. éÚÌÓÒË-
ÚÂÎ¸Ì˚È ‡ˆËÓÌ ‡ÒÒ˜ËÚ‡Ì Í‡Í ÓÚÌÓ¯ÂÌËÂ ‡ˆËÓÌ‡
Í Ï‡ÒÒÂ ÚÂÎ‡ ÎË˜ËÌÍË ‚ ˝ÌÂ„ÂÚË˜ÂÒÍËı Â‰ËÌËˆ‡ı
(ÔË‚Ó‰ËÚÒfl ‚ ÔÓˆÂÌÚ‡ı). ëÂ‰ÌÂÍ‚‡‰‡ÚË˜ÂÒÍÓÂ
ÓÚÍÎÓÌÂÌËÂ (σ), ÚÓ˜ÌÓÒÚ¸ ÓÔ˚Ú‡ (PÚ, %) Ë Ó¯Ë·Íy
ÔÓÍ‡Á‡ÚÂÎfl ÚÓ˜ÌÓÒÚË ÓÔ˚Ú‡ (mp) ÓˆÂÌË‚‡ÎË Ó·˘Â-
ÔËÌflÚ˚ÏË ÒÚ‡ÚËÒÚË˜ÂÒÍËÏË ÏÂÚÓ‰‡ÏË [14].

êÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl

Ç ÔÂËÓ‰ ÔÓ‚Â‰ÂÌËfl ˝ÍÒÔÂËÏÂÌÚÓ‚ ÁÓÓ-
ÔÎ‡ÌÍÚÓÌ ‚ ‚Ó‰ÓÂÏÂ ÒÓÒÚÓflÎ ËÁ ‰ÓÏËÌËÓ‚‡‚¯Ëı ‚
˝ÚÓ ‚ÂÏfl ÍÓÎÓ‚‡ÚÓÍ Ë ‡ÍÓÓ·‡ÁÌ˚ı (Ú‡·Î. 1 Ë 2).

í‡·ÎËˆ‡ 1.  CÓÒÚ‡‚ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ˝ÍÒÔÂËÏÂÌÚÂ Ò ‡ÌÌËÏË ÎË˜ËÌÍ‡ÏË ÎÂ˘‡ ‚ ÒÂËflı XII, IV, II Ë III, % ÒÛÏÏ‡ÌÓÈ
·ËÓÏ‡ÒÒ˚ ÁÓÓÔÎ‡ÌÍÚÓÌ‡

é„‡ÌËÁÏ˚

XII IV II III

äÓÌ-
ÚÓÎ¸

éÔ˚Ú,
ÎË˜ËÌÍË

C1

KÓÌ-
ÚÓÎ¸

éÔ˚Ú,
ÎË˜ËÌÍË

C1–C2

KÓÌ-
ÚÓÎ¸

éÔ˚Ú,
ÎË˜ËÌÍË

C2

KÓÌ-
ÚÓÎ¸

éÔ˚Ú,
ÎË˜ËÌÍË

C2

Rotatoria 0.7 0.7 0.1 0 0.1 0.02 0.03 0.001

Bosmina longirostris (O.F. Müller) 0 0 0.1 0.04 33.0 23.9 0 0

B. coregoni Baird 0 0 0.3 0.01 0 0 0 0

Chydorus sphaericus (O.F. Müller) 0 0 0.1 0.03 2.5 1.0 0 0

Daphnia longispina (O.F. Müller) 0 0 0.8 0.1 4.2 0.8 6.5 0.7

Sida crystallina (O.F. Müller) 0 0 1.9 1.2 0 0 0 0

Nauplii ëopepoda 0 0 0.2 0.01 0.04 0.01 0.04 0.003

Diacyclops bicuspidatus (Claus) 0 0 2.5 2.0 9.7 6.1 0.2 0.1

Mesocyclops leuckarti (Claus) 99.3 99.3 94.0 96.7 50.1 68.1 93.2 99.2

Harpacticoida 0 0 0.1 0.04 0.3 0 0 0
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ãË˜ËÌÍË ÎÂ˘‡ ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÓÒÓ·flÏË Ï‡ÒÒÓÈ ÓÚ
1.5 ‰Ó 60 Ï„, Ì‡ıÓ‰Ë‚¯ËÏËÒfl Ì‡ ÒÚ‡‰Ëflı ‡Á‚ËÚËfl
C1–G. ùÍÒÔÂËÏÂÌÚ˚ ÔÓ‚Ó‰ËÎË ‚ ÚÂ˜ÂÌËÂ ÚÂı
ÎÂÚ, ÛÒÎÓ‚Ëfl Ì‡„ÛÎ‡ ÎË˜ËÌÓÍ ‚ Á‡ÎË‚Â ·˚ÎË ÌÂÓ‰Ë-
Ì‡ÍÓ‚˚. ùÚÓ ÓÔÂ‰ÂÎËÎÓ ‡ÁÎË˜Ëfl ‚ ÒÍÓÓÒÚË ÎË-
ÌÂÈÌÓ„Ó ÓÒÚ‡ ÎË˜ËÌÓÍ Ë Ëı Ï‡ÒÒ˚. Ç ıÓ‰Â ˝ÍÒÔÂ-
ËÏÂÌÚ‡ ‡ÁÏÂ˚ ÊÂÚ‚ ÌÂ ÔÂ‚˚¯‡ÎË 0.8–1.0 ÏÏ,
Ú.Â. ‚ÒÂ ÍÓÏÓ‚˚Â Ó„‡ÌËÁÏ˚ ·˚ÎË ‰ÓÒÚÛÔÌ˚ ÎË-
˜ËÌÍ‡Ï ‰Îfl ÔÓÚÂ·ÎÂÌËfl. èÂ‰ÔÓ˜ËÚ‡ÂÏÓÈ ÎË˜ËÌ-
Í‡ÏË ÔË˘ÂÈ ·˚ÎË ‚ÂÚ‚ËÒÚÓÛÒ˚Â ‡ÍÓÓ·‡ÁÌ˚Â,
ÍÓÚÓ˚Â ‚˚Â‰‡ÎËÒ¸ ‚ ·ÓÎ¸¯ÂÈ ÏÂÂ, ˜ÂÏ ‚ÂÒÎÓÌÓ-
„ËÂ ‡ÍÓÓ·‡ÁÌ˚Â Ë ÍÓÎÓ‚‡ÚÍË (Ú‡·Î. 1 Ë 2). 

ÇÂÎË˜ËÌ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ‡ˆËÓÌ‡ ‚ ÓÔ˚Ú‡ı
ÍÓÎÂ·‡Î‡Ò¸ ‚ ¯ËÓÍËı ÔÂ‰ÂÎ‡ı, ÓÚ 1 ‰Ó 108%
Ï‡ÒÒ˚ ÚÂÎ‡ ÎË˜ËÌÓÍ (Ú‡·Î. 3). ç‡Ë·ÓÎ¸¯ËÏ ÓÌ
·˚Î Û ‡ÌÌËı ÎË˜ËÌÓÍ (˝Ú‡Ô˚ C1–C2) ÔÓÒÎÂ ÔÂÂ-
ıÓ‰‡ Ì‡ ‚ÌÂ¯ÌÂÂ ÔËÚ‡ÌËÂ (ÒÂËË V Ë XII). èÓ ÏÂÂ
ÓÒÚ‡ ÎË˜ËÌÓÍ Ëı ÓÚÌÓÒËÚÂÎ¸Ì˚È ‡ˆËÓÌ Á‡ÍÓÌÓ-
ÏÂÌÓ ÒÌËÊ‡ÎÒfl, ‡ ‡·ÒÓÎ˛ÚÌ˚È – ‚ÓÁ‡ÒÚ‡Î (ÒÂ-
Ëfl II). ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÌË ‚ Ó‰ÌÓÈ ÒÂËË
ÓÔ˚ÚÓ‚ ‡ˆËÓÌ Ì‡Ò˚˘ÂÌËfl ÌÂ ·˚Î ‰ÓÒÚË„ÌÛÚ Ë
‚ÓÁ‡ÒÚ‡Î ÔË Û‚ÂÎË˜ÂÌËË ÍÓÌˆÂÌÚ‡ˆËË ÊÂÚ‚. 

ÑÎfl ÓˆÂÌÍË Ó·ÂÒÔÂ˜ÂÌÌÓÒÚË ÔË˘ÂÈ ÏÓÎÓ‰Ë
˚· ‚‡ÊÌ˚ÏË ÔÂ‰ÒÚ‡‚Îfl˛ÚÒfl ÓÔÂ‰ÂÎÂÌËÂ ÏË-
ÌËÏ‡Î¸ÌÓÈ, ËÎË “ÔÓÓ„Ó‚ÓÈ”, ÍÓÌˆÂÌÚ‡ˆËË
ÊÂÚ‚, ÔË ÍÓÚÓÓÈ ÔÂÍ‡˘‡ÂÚÒfl ÔËÚ‡ÌËÂ ÎË˜Ë-
ÌÓÍ Ë ÛÒÚ‡ÌÓ‚ÎÂÌËÂ ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚˚ı Ó-
„‡ÌËÁÏÓ‚, ÔË ÍÓÚÓ˚ı ‡ˆËÓÌ ÎË˜ËÌÓÍ ‰ÓÒÚË„‡ÂÚ
‚ÂÎË˜ËÌ “ÔÓ‰‰ÂÊË‚‡˛˘Â„Ó” ‡ˆËÓÌ‡. Ç Ò‚flÁË Ò
˝ÚËÏ ÔÂ‰ÒÚ‡‚Îfl˛Ú ËÌÚÂÂÒ ÒÂËË ˝ÍÒÔÂËÏÂÌÚÓ‚
III Ë IV (Ú‡·Î. 3).

Ç ÒÂËË III ÔÎÓÚÌÓÒÚ¸ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ÒÓÓÚ‚ÂÚ-
ÒÚ‚Ó‚‡Î‡ Â„Ó ÍÓÌˆÂÌÚ‡ˆËË ‚ ‰‡ÌÌ˚È ÔÂËÓ‰ ‚ ‚Ó-
‰ÓÂÏÂ. ÑÎfl ÎË˜ËÌÓÍ ÒÓ ÒÂ‰ÌÂÈ Ï‡ÒÒÓÈ 2.5 Ï„, Ì‡-
ıÓ‰Ë‚¯ËıÒfl Ì‡ ˝Ú‡ÔÂ C2, ·ËÓÏ‡ÒÒ‡ ‰ÓÒÚÛÔÌÓ„Ó
ÍÓÏ‡ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Î‡ 0.86 Ï„/Î (63 ˝ÍÁ./Î). Ç
ÓÔ˚Ú‡ı 2 Ë 3 ˝ÚÓÈ ÒÂËË ÎË˜ËÌÍË Ì‡ıÓ‰ËÎËÒ¸ Ì‡
·ÓÎÂÂ ÔÓÁ‰ÌËı ˝Ú‡Ô‡ı ‡Á‚ËÚËfl (D1 Ë D2–E), Ëı
ÒÂ‰Ìflfl Ï‡ÒÒ‡ ÒÓÒÚ‡‚ËÎ‡ 10.7 Ë 24.1 Ï„. ÅËÓÏ‡ÒÒ‡
‰ÓÒÚÛÔÌ˚ı ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ ‰ÓÒÚË„‡Î‡ 6.4 Ï„/Î
(288 ˝ÍÁ./Î). ê‡ˆËÓÌ ÎÂ˘‡ ÒÓ ÒÂ‰ÌÂÈ Ï‡ÒÒÓÈ 2.5 Ï„
Ì‡ ˝Ú‡ÔÂ C2 ÒÓÒÚ‡‚ËÎ 0.02 Í‡Î/ÒÛÚ, ‚ ÚÓ ‚ÂÏfl Í‡Í
Ú‡Ú˚ Ì‡ Ó·ÏÂÌ ‰ÓÒÚË„‡ÎË 0.15 Í‡Î/ÒÛÚ Ë ÁÌ‡˜Ë-
ÚÂÎ¸ÌÓ ÔÂ‚˚¯‡ÎË ‡ˆËÓÌ ÎË˜ËÌÓÍ ‚ ˝ÍÒÔÂË-
ÏÂÌÚÂ. ãË˜ËÌÍË ÔË Ú‡ÍÓÈ ÔÎÓÚÌÓÒÚË ÍÓÏÓ‚˚ı
Ó„‡ÌËÁÏÓ‚ ÌÂ ÏÓ„ÎË Û‰Ó‚ÎÂÚ‚ÓËÚ¸ Ò‚ÓË ÔË˘Â-
‚˚Â ÔÓÚÂ·ÌÓÒÚË Ë Ëı ‡ˆËÓÌ ·˚Î ÁÌ‡˜ËÚÂÎ¸ÌÓ
ÏÂÌ¸¯Â “ÔÓ‰‰ÂÊË‚‡˛˘Â„Ó” ‡ˆËÓÌ‡. Ç Ëı ÔË˘Â-
‚‡ËÚÂÎ¸ÌÓÏ Ú‡ÍÚÂ ÔËÒÛÚÒÚ‚Ó‚‡ÎÓ ·ÓÎ¸¯ÓÂ ÍÓ-
ÎË˜ÂÒÚ‚Ó ÙËÚÓÔÎ‡ÌÍÚÓÌ‡, Á‡ Ò˜ÂÚ ÔÓÚÂ·ÎÂÌËfl
ÍÓÚÓÓ„Ó ÓÌË ̃ ‡ÒÚË˜ÌÓ ÔÓÍ˚‚‡ÎË Ò‚ÓË ̋ ÌÂ„ÂÚË-
˜ÂÒÍËÂ Ú‡Ú˚. éÚÌÓÒËÚÂÎ¸Ì˚È ‡ˆËÓÌ ÎË˜ËÌÓÍ ‚
˝ÚÓÏ ÓÔ˚ÚÂ ÒÓÒÚ‡‚ËÎ 1.2% Ï‡ÒÒ˚ ÚÂÎ‡. Ç ÓÔ˚Ú‡ı 2
Ë 3 ˝ÚÓÈ ÒÂËË ‡ˆËÓÌ ÎË˜ËÌÓÍ, Ì‡ıÓ‰Ë‚¯ËıÒfl Ì‡
·ÓÎÂÂ ÔÓÁ‰ÌËı ˝Ú‡Ô‡ı ‡Á‚ËÚËfl, Ú‡ÍÊÂ ·˚Î ÏËÌË-
Ï‡Î¸Ì˚Ï (≤3.0–3.4% Ï‡ÒÒ˚ ÚÂÎ‡). èË Ú‡ÍËı ÍÓÌ-
ˆÂÌÚ‡ˆËflı ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‡ˆËÓÌ ÎË˜ËÌÓÍ Ú‡ÍÊÂ
ÌÂ ÏÓ„ ‰ÓÒÚË„ÌÛÚ¸ ‚ÂÎË˜ËÌ˚ “ÔÓ‰‰ÂÊË‚‡˛˘Â-
„Ó”. äÓÌˆÂÌÚ‡ˆËË ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ÍÓÌˆÂ ˝ÚËı
ÓÔ˚ÚÓ‚ ÒÓÒÚ‡‚ÎflÎË ‚ ÒÂ‰ÌÂÏ 33 ˝ÍÁ./Î (0.44 Ï„/Î)
Û ÎË˜ËÌÓÍ Ì‡ ˝Ú‡ÔÂ C2, 186 ˝ÍÁ./Î (4.2 Ï„/Î) Û ÎË˜Ë-
ÌÓÍ Ì‡ ˝Ú‡ÔÂ D1 Ë 42 ˝ÍÁ./Î (0.9 Ï„/Î) Û ÎË˜ËÌÓÍ Ì‡
˝Ú‡Ô‡ı D2 Ë D2–E. ê‡ÒÒÏ‡ÚË‚‡fl ÓÒÚ‡ÚÓ˜ÌÛ˛ ÔÎÓÚ-

í‡·ÎËˆ‡ 2.  CÓÒÚ‡‚ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ˝ÍÒÔÂËÏÂÌÚÂ Ò ÔÓÁ‰ÌËÏË ÎË˜ËÌÍ‡ÏË ÎÂ˘‡ ‚ ÒÂËflı VII, VI, X Ë IX, % Ó·˘ÂÈ
·ËÓÏ‡ÒÒ˚

é„‡ÌËÁÏ˚

VII VI ï IX

KÓÌ-
ÚÓÎ¸

éÔ˚Ú, 
ÎË˜ËÌÍË

D2–E

KÓÌ-
ÚÓÎ¸

éÔ˚Ú, 
ÎË˜ËÌÍË

E–F

KÓÌ-
ÚÓÎ¸

éÔ˚Ú, 
ÎË˜ËÌÍË

E–F

KÓÌ-
ÚÓÎ¸

éÔ˚Ú, ÎË˜ËÌÍË

E E–F G

Rotatoria 0.2 0.3 0.04 0.003 0.1 0.4 0.6 0.03 0.5 0

Bosmina coregoni Baird 25.4 4.7 31.4 23.3 0 0 0 0 0 0

Chydorus sphaericus
(O.F. Müller)

2.2 2.3 2.6 2.3 9.5 1.5 0 0 0 0

Daphnia longispina
(O.F. Müller)

10.2 0 2.4 1.4 0 0 0 0 0 0

Sida crystallina
(O.F. Müller)

5.3 9.0 0.5 0.1 0 0 45.3 0 0 0

Nauplii ëopepoda 0.6 0.3 0.01 0.001 0.1 0 1.0 0.3 2.4 0.7

Diacyclops bicuspidatus 
(Claus) 

6.5 6.8 14.9 7.6 0 0 0 0 0 0

Mesocyclops leuckarti 
(Claus) 

40.4 55.6 42.3 61.7 84.0 95.0 53.1 99.7 97.1 99.3

Eudiaptomus gracil-
oides Lilljeborg 

7.9 17.9 5.9 3.8 3.7 3.0 0 0 0 0

ãË˜ËÌÍË ÏÓÎÎ˛ÒÍÓ‚ 1.4 3.0 0 0 2.5 0 0 0 0 0

5*
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Ì‡ÛÏÂÌÍÓ

ÌÓÒÚ¸ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ÒÎÛ˜‡flı, ÍÓ„‰‡ ‡ˆËÓÌ ÎË-
˜ËÌÓÍ ÌÂ ‰ÓÒÚË„‡Î “ÔÓ‰‰ÂÊË‚‡˛˘Â„Ó” (ÒÂËË III,
IV, VIII), ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸ Á‡ÍÎ˛˜ÂÌËÂ, ˜ÚÓ ÔË
ÍÓÌˆÂÌÚ‡ˆËflı ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ ~30 ˝ÍÁ./Î
ÓÌË Ù‡ÍÚË˜ÂÒÍË ÌÂ‰ÓÒÚÛÔÌ˚ ‰Îfl ÎË˜ËÌÓÍ.

Ç ÒÂËË ˝ÍÒÔÂËÏÂÌÚ‡ IV Ï‡ÒÒ‡ ÎË˜ËÌÓÍ Ë ˝Ú‡Ô
Ëı ‡Á‚ËÚËfl ÒıÓ‰Ì˚ Ò Ú‡ÍÓ‚˚ÏË ÔÂ‚Ó„Ó ÓÔ˚Ú‡ ÒÂ-
ËË III, ÌÓ ÍÓÌˆÂÌÚ‡ˆËfl ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓ-
Ì‡ ÁÌ‡˜ËÚÂÎ¸ÌÓ ‚‡¸ËÓ‚‡Î‡ (Ú‡·Î. 3). èË ÔÎÓÚ-
ÌÓÒÚË ÁÓÓÔÎ‡ÌÍÚÓÌ‡ 430–620 ˝ÍÁ./Î (2.4–5.2 Ï„/Î)
ÍÓÎË˜ÂÒÚ‚Ó ˝ÌÂ„ËË, ÔÓÎÛ˜ÂÌÌÓÈ ÎË˜ËÌÍ‡ÏË ÎÂ˘‡
Ò ÔË˘ÂÈ, Ú‡ÍÊÂ ÌÂ ÔÓÍ˚‚‡ÎÓ Ëı Ú‡Ú˚ Ì‡ Ó·ÏÂÌ.
éÚÌÓÒËÚÂÎ¸Ì˚È ‡ˆËÓÌ ÒÓÒÚ‡‚ËÎ 2.7–4.5% Ï‡ÒÒ˚
ÚÂÎ‡ ÎË˜ËÌÓÍ. Ç ÓÔ˚ÚÂ 3 ̋ ÚÓÈ ÒÂËË, ÍÓ„‰‡ ÍÓÌˆÂÌ-
Ú‡ˆËfl ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‰ÓÒÚË„‡Î‡ 1.7 Ú˚Ò. ˝ÍÁ./Î
(10.2 Ï„/Î), ‡ˆËÓÌ ÎË˜ËÌÓÍ ‡‚ÌflÎÒfl “ÔÓ‰‰ÂÊË‚‡-
˛˘ÂÏÛ” (13.5% Ï‡ÒÒ˚ ÚÂÎ‡).

í‡ÍËÏ Ó·‡ÁÓÏ, ÍÓÌˆÂÌÚ‡ˆËfl ÍÓÏÓ‚Ó„Ó ÁÓÓ-
ÔÎ‡ÌÍÚÓÌ‡ ~30 ˝ÍÁ./Î (0.4 Ï„/Î) – ÔÂ‰ÂÎ, ÌËÊÂ ÍÓ-
ÚÓÓ„Ó ÎË˜ËÌÍË ÌÂ ÔËÚ‡˛ÚÒfl. äÓÌˆÂÌÚ‡ˆËË ÁÓÓ-
ÔÎ‡ÌÍÚÓÌ‡, ÔË ÍÓÚÓ˚ı ÒÛÚÓ˜Ì˚Â ‡ˆËÓÌ˚ ÎË˜Ë-
ÌÓÍ ˚· ‡ÁÌ˚ı ‚ÓÁ‡ÒÚÓ‚ ÌÂ ÔÂ‚˚¯‡ÎË 10%
Ï‡ÒÒ˚ Ëı ÚÂÎ‡, ÌÂ ÔÓÁ‚ÓÎflÎË ËÏ ÔÓÍ˚Ú¸ Ú‡Ú˚ Ì‡
Ó·ÏÂÌ Ë Û‰Ó‚ÎÂÚ‚ÓËÚ¸ ÔË˘Â‚˚Â ÔÓÚÂ·ÌÓÒÚË.
“èÓ‰‰ÂÊË‚‡˛˘ËÈ” ‡ˆËÓÌ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Î ÓÚ-
ÌÓÒËÚÂÎ¸ÌÓÏÛ ‡ˆËÓÌÛ, ‡‚ÌÓÏÛ 12–15% Ï‡ÒÒ˚
ÚÂÎ‡ ÎË˜ËÌÓÍ. í‡ÍËÂ ‚ÂÎË˜ËÌ˚ ‡ˆËÓÌ‡ Ì‡·Î˛‰‡-
ÎË Û ‡ÌÌËı ÎË˜ËÌÓÍ (˝Ú‡Ô C1–C2) ÔË ÍÓÌˆÂÌÚ‡-
ˆËË ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ~2 Ú˚Ò. ˝ÍÁ./Î
(10 Ï„/Î). ÅÓÎÂÂ ÒÚ‡¯ËÏ ÎË˜ËÌÍ‡Ï ‰Îfl ‰ÓÒÚËÊÂ-
ÌËfl “ÔÓ‰‰ÂÊË‚‡˛˘Â„Ó” ‡ˆËÓÌ‡ ÌÂÓ·ıÓ‰ËÏ‡
ÍÓÌˆÂÌÚ‡ˆËfl ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ÓÚ 2 ‰Ó 4 Ú˚Ò. ˝ÍÁ./Î
(8–38 Ï„/Î). ì˜ËÚ˚‚‡fl, ˜ÚÓ ÒÂ‰ÌËÂ ÍÓÌˆÂÌÚ‡ˆËË
ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ äÛ¯ÒÍÓÏ Á‡ÎË‚Â ÁÌ‡˜ËÚÂÎ¸ÌÓ
ÌËÊÂ [26], ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ÁÓÓÔÎ‡ÌÍ-
ÚÓÌ Ó·‡ÁÛÂÚ ‡„Â„‡ˆËË, ‚ ÍÓÚÓ˚ı ÔËÚ‡˛ÚÒfl ÎË-

í‡·ÎËˆ‡ 3.  àÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓÚÂ·ÎÂÌËfl ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ÎË˜ËÌÍ‡ÏË ÎÂ˘‡ ‚ ˝ÍÒÔÂËÏÂÌÚÂ

CÚ‡‰Ëfl
‡Á‚ËÚËfl
ÎË˜ËÌÓÍ

å‡ÒÒ‡
ÎË˜ËÌÓÍ,

Ï„ ± σ

äÓÌˆÂÌÚ‡ˆËfl ÁÓÓÔÎ‡ÌÍÚÓÌ‡
ê‡ˆËÓÌ

ÎË˜ËÌÓÍ, 
Í‡Î/ÒÛÚ ± σ

í
‡

Ú˚
 Ì

‡ 
Ó·

-
Ï

ÂÌ
 Î

Ë˜
ËÌ

ÓÍ
,

Í‡
Î/

cÛ
Ú

é
ÚÌ

ÓÒ
Ë-

ÚÂ
Î¸

Ì˚
È

‡
ˆË

ÓÌ
, %

çÓÏÂ

‚ ÍÓÌÚÓÎÂ ‚ ÍÓÌˆÂ ÓÔ˚Ú‡

ÒÂ
Ë

Ë

ÓÔ
˚

Ú‡

˝ÍÁ./Î ± σ Ï„/Î ± σ ˝ÍÁ./Î ± σ Ï„/Î ± σ

C1 1.2 ± 0.1 82500 ± 8583.3 273.3 ± 51.9 72287 ± 6420.0 124.3 ± 24.8 0.76 ± 0.10 0.1 96.0 ïII 1

C2 2.5 ± 0.1 63 ± 0.6 0.86 ± 0.01 33 ± 3.8 0.44 ± 0.05 0.02 ± 0.002 0.15 1.2 III* 1

C2 2.8 ± 0.3 525 ± 37.4 3.8 ± 0.30 196 ± 13.3 2.2 ± 0.15 0.06 ± 0.01 0.21 3.6 IV 1–2

C2 2.8 ± 0.2 1715 ± 78.9 10.2 ± 0.47 573 ± 20.6 5.9 ± 0.21 0.25 ± 0.01 0.21 13.5 IV 3

C2 3.2 ± 0.4 6445 ± 75.8 76.8 ± 0.31 4167 ± 158.3 53.4 ± 2.1 1.17 ± 2.1 0.25 55.4 II 1

C2 4.0 ± 0.2 9013 ± 360.5 115.8 ± 4.63 6077 ± 158.0 81.1 ± 2.11 1.53 ± 0.08 0.3 58.0 V 1

C2 4.1 ± 0.2 21193 ± 211.9 267.7 ± 2.68 16733 ± 435.1 230.7 ± 6.00 2.03 ± 0.24 0.3 75.0 V 2

C2 4.2 ± 0.2 41477 ± 3442.6 556.1 ± 44.5 36807 ± 625.7 501.2 ± 8.52 3.00 ± 0.25 0.3 108.2 V 3

C2–D1 7.5 ± 1.0 2670 ± 41.6 19.6 ± 0.40 1725 ± 48.8 13.2 ± 0.34 0.26 ± 0.006 0.54 5.2 ïI 1–2

D1 9.0 ± 0.7 2550 ± 17.4 13.2 ± 0.1 582 ± 66.4 7.0 ± 0.8 0.56 ± 0.05 0.65 8.9 I 1–2

D1 9.3 ± 0.1 4335 ± 13.0 40.1 ± 0.09 1415 ± 183.4 15.8 ± 2.0 0.69 ± 0.12 0.65 11.2 I 3

D1 10.7 ± 0.05 288 ± 2.9 6.4 ± 0.06 186 ± 3.7 4.2 ± 0.08 0.21 ± 0.008 0.76 3.0 III* 2

D1–D2 15.3 ± 1.6 4950 ± 262.4 54.7 ± 2.74 2326 ± 187.4 32.4 ± 2.70 3.0 ± 0.36 2.13 28.0 VII 1–2

D1–D2 12.9 ± 0.8 1500 ± 180.0 8.0 ± 0.22 100 ± 2.8 0.6 ± 0.02 0.18 ± 0.005 0.91 2.1 VIII 1

D1–D2 15.2 ± 1.3 1500 ± 58.4 8.5 ± 0.3 320 ± 89.1 0.8 ± 0.28 0.19 ± 0.07 1.05 1.9 VIII 2

D2–E 24.1 ± 0.9 288 ± 2.9 6.4 ± 0.06 42 ± 6.3 0.9 ± 0.01 0.54 ± 0.01 1.62 3.4 III* 3

D2–E 24.6 ± 4.5 2635 ± 73.8 23.3 ± 0.65 787 ± 97.6 7.3 ± 0.88 2.68 ± 0.15 1.62 16.5 VII 3

E 34.6 ± 1.4 6443 ± 25.8 76.8 ± 0.31 2506 ± 87.7 35.8 ± 1.4 2.05 ± 0.06 1.02 21.3 II 2

E 35.9 ± 3.0 8200 ± 845.18 142.0 ± 15.3 2200 ± 220.2 32.5 ± 3.51 6.13 ± 0.66 2.35 25.9 IX 1

E–F 38.0 ± 5.7 6520 ± 73.5 53.4 ± 1.60 880 ± 26.1 8.4 ± 0.25 2.82 ± 0.08 2.48 11.2 IX 2

E–F 43.1 ± 1.1 14870 ± 371.8 203.4 ± 5.08 6697 ± 221.0 118.4 ± 3.91 14.17 ± 9.65 2.78 49.8 VI 1

F 45.2 ± 5.1 29270 ± 3512.4 224.9 ± 27.0 13970 ± 168.2 157.8 ± 1.9 6.2 ± 0.75 2.96 20.8 X 1

F–G 58.6 ± 3.4 5062 ± 69.2 76.8 ± 0.98 2223 ± 128.6 35.4 ± 3.93 7.2 ± 0.42 3.7 18.8 VI 2–3

G 58.0 ± 9.7 3960 ± 237.2 38.9 ± 2.33 550 ± 33.0 7.0 ± 0.42 2.00 ± 0.12 3.67 5.2 IX 1

* éÔ˚Ú˚, ‚ ÍÓÚÓ˚ı ÍÓÌˆÂÌÚ‡ˆËfl ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡Î‡ Ú‡ÍÓ‚ÓÈ ‚ ‚Ó‰ÓÂÏÂ.
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˜ËÌÍË ˚·, Ë, ‚ÓÁÏÓÊÌÓ, Û ÎË˜ËÌÓÍ ˚· ËÏÂ˛ÚÒfl
Ë ‡Î¸ÚÂÌ‡ÚË‚Ì˚Â ËÒÚÓ˜ÌËÍË ÔË˘Ë (Ì‡ÔËÏÂ,
ÔÎ‡ÌÍÚÓÌÌ˚Â ‚Ó‰ÓÓÒÎË).

ä‡Í ÛÍ‡Á‡ÌÓ ‚˚¯Â, ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔËÚ‡ÌËfl ÎË-
˜ËÌÓÍ ÎÂ˘‡ ‚ ̋ ÍÒÔÂËÏÂÌÚÂ ‚ÓÁ‡ÒÚ‡Î‡ Ò Û‚ÂÎË˜Â-
ÌËÂÏ ÍÓÌˆÂÌÚ‡ˆËË ÁÓÓÔÎ‡ÌÍÚÓÌ‡, ‚ ÚÓ ÊÂ ‚ÂÏfl
‡ˆËÓÌ Ì‡Ò˚˘ÂÌËfl ÌÂ ·˚Î ‰ÓÒÚË„ÌÛÚ. ÇËÁÛ‡Î¸ÌÓ
‚ ÔË˘Â‚‡ËÚÂÎ¸Ì˚ı Ú‡ÍÚ‡ı ÎË˜ËÌÓÍ ÌÂ Ó·Ì‡Û-
ÊÂÌÓ ÌÂÔÂÂ‚‡ÂÌÌ˚ı Ó„‡ÌËÁÏÓ‚, Ú.Â. ÔË˘‡ ÔÓ‰-
‚Â„‡Î‡Ò¸ ÙÂÏÂÌÚ‡ˆËË, ‡ ÌÂ ÔÓÒÚÓ Á‡„Î‡Ú˚‚‡-
Î‡Ò¸ Ë ÔÓıÓ‰ËÎ‡ ÔÓ ÔË˘Â‚‡ËÚÂÎ¸ÌÓÏÛ Ú‡ÍÚÛ. 

ÑÎfl ‚˚flÒÌÂÌËfl ‚ÓÁ‰ÂÈÒÚ‚Ëfl ˚· Ì‡ ÍÓÏÓ‚Û˛
·‡ÁÛ ÔÓ‚Â‰ÂÌ ‡Ò˜ÂÚ Ô‡‡ÏÂÚÓ‚ Û‡‚ÌÂÌËÈ
“ÙÛÌÍˆËÓÌ‡Î¸ÌÓ„Ó ÓÚÍÎËÍ‡”. Ç Í‡˜ÂÒÚ‚Â ÌÂÁ‡‚Ë-
ÒËÏÓÈ ÔÂÂÏÂÌÌÓÈ ËÒÔÓÎ¸ÁÓ‚‡ÎË ·ËÓÏ‡ÒÒÛ ÍÓÏÓ-
‚˚ı Ó„‡ÌËÁÏÓ‚ ‚ ÍÓÌˆÂ ÓÔ˚Ú‡. Ç Ò‚flÁË Ò ÚÂÏ, ˜ÚÓ
ÔÓ ÏÂÂ ÓÒÚ‡ ÎË˜ËÌÓÍ ˚· ÔÓËÒıÓ‰ËÚ ÒÏÂÌ‡
Ó·˙ÂÍÚÓ‚ ÔËÚ‡ÌËfl Ë ÛÓ‚Ìfl Ó·ÏÂÌ‡ [22], ‰‡ÌÌ˚Â Ó
‡ˆËÓÌ‡ı ‡ÌÊËÓ‚‡ÎË ÔÓ Ï‡ÒÒÂ Ë ˝Ú‡ÔÛ ‡Á‚ËÚËfl
ÎË˜ËÌÓÍ. á‡‚ËÒËÏÓÒÚ¸ ‡ÔÔÓÍÒËÏËÓ‚‡Î‡Ò¸ ÎË-
ÌÂÈÌÓÈ ÙÛÌÍˆËÂÈ. è‡‡ÏÂÚ˚ Û‡‚ÌÂÌËÈ ÔË‚Â-
‰ÂÌ˚ ‚ Ú‡·Î. 4. Ç˚ÒÓÍËÈ ÍÓ˝ÙÙËˆËÂÌÚ ÍÓÂÎfl-
ˆËË (r) Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó· Û‰Ó‚ÎÂÚ‚ÓËÚÂÎ¸ÌÓÈ
‡ÔÔÓÍÒËÏ‡ˆËË ÂÁÛÎ¸Ú‡ÚÓ‚.

Ä·ÒÓÎ˛ÚÌ˚È ‡ˆËÓÌ ÎË˜ËÌÓÍ ÎÂ˘‡ ‚ ˝ÍÒÔÂË-
ÏÂÌÚ‡ı ‚ÓÁ‡ÒÚ‡Î ÔÓ ÏÂÂ Û‚ÂÎË˜ÂÌËfl Ï‡ÒÒ˚ Ëı
ÚÂÎ‡ (ÒÂËfl II, ÓÔ˚Ú 3; cÂËfl VII, ÓÔ˚Ú˚ 2 Ë 3). á‡-
‚ËÒËÏÓÒÚ¸ ËÌÚÂÌÒË‚ÌÓÒÚË ÔËÚ‡ÌËfl ÎË˜ËÌÓÍ ÎÂ˘‡
ÓÚ Ï‡ÒÒ˚ Ëı ÚÂÎ‡ ËÒÒÎÂ‰Ó‚‡ÎË Ò ÔÓÏÓ˘¸˛ Â„ÂÒ-
ÒËÓÌÌÓ„Ó ‡Ì‡ÎËÁ‡. í‡Í Í‡Í ·ËÓÏ‡ÒÒ‡ ÁÓÓÔÎ‡ÌÍÚÓ-
Ì‡ ‚ Ì‡˜‡ÎÂ ÓÔ˚ÚÓ‚ (ÍÓÌÚÓÎÂ) ‚‡¸ËÓ‚‡Î‡ ‚ ‰Ó-
‚ÓÎ¸ÌÓ ¯ËÓÍËı ÔÂ‰ÂÎ‡ı (ÓÚ 0.86 ‰Ó 556 Ï„/Î),

‰‡ÌÌ˚Â Ó ‡ˆËÓÌ‡ı ‡ÌÊËÓ‚‡ÎË ÔÓ ·ËÓÏ‡ÒÒÂ
ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚. íÂÏ Ò‡Ï˚Ï ÒÌËÊ‡ÎÓÒ¸
‚ÓÁ‰ÂÈÒÚ‚ËÂ ÔÂÂÏÂÌÌÓÈ ÍÓÌˆÂÌÚ‡ˆËË ÔË˘Ë. á‡-
‚ËÒËÏÓÒÚ¸ ‡ÔÔÓÍÒËÏËÓ‚‡Î‡Ò¸ ÒÚÂÔÂÌÌÓÈ ÙÛÌÍ-
ˆËÂÈ [6]. çÂÁ‡‚ËÒËÏÓÈ ÔÂÂÏÂÌÌÓÈ ÒÎÛÊËÎ‡ Ï‡ÒÒ‡
ÚÂÎ‡ ÎË˜ËÌÓÍ (X1, Ï„), Á‡‚ËÒËÏÓÈ – ‡ˆËÓÌ (Y1, Ï„).
è‡‡ÏÂÚ˚ Û‡‚ÌÂÌËÈ ÔË‚Â‰ÂÌ˚ ‚ Ú‡·Î. 5. ë Û‚Â-
ÎË˜ÂÌËÂÏ ·ËÓÏ‡ÒÒ˚ ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ Û„ÎÓ-
‚˚Â ÍÓ˝ÙÙËˆËÂÌÚ˚ (a) Á‡ÍÓÌÓÏÂÌÓ Û‚ÂÎË˜Ë‚‡-
˛ÚÒfl, ‚ ÚÓ ‚ÂÏfl Í‡Í ‚ÂÎË˜ËÌ‡ ÔÓÍ‡Á‡ÚÂÎfl ÒÚÂÔÂ-
ÌË ÍÓÎÂ·ÎÂÚÒfl (~0.8).

á‡‚ËÒËÏÓÒÚ¸ ‡ˆËÓÌ‡ (Y) Ï‡ÒÒ˚ ÎË˜ËÌÍË (X) Ë
·ËÓÏ‡ÒÒ˚ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ÍÓÌˆÂ ÓÔ˚Ú‡ (BÍ) ÓÔÂ-
‰ÂÎflÂÚÒfl Û‡‚ÌÂÌËÂÏ ÏÌÓÊÂÒÚ‚ÂÌÌÓÈ Â„ÂÒÒËË:

Y = (0.191 ± 0.023)X + (0.089 ± 0.025)BÍ – 1.300.

ì‡‚ÌÂÌËÂ ÓÔÂ‰ÂÎÂÌÓ ‰Îfl ÎË˜ËÌÓÍ Ï‡ÒÒÓÈ ÓÚ
2.4 ‰Ó 64.3 Ï„, ·ËÓÏ‡ÒÒ˚ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ÓÚ 0.4 ‰Ó
39.0 Ï„/Î. äËÚÂËÈ îË¯Â‡ 56.05, ÒÚÂÔÂÌ¸ ‡Ô-
ÔÓÍÒËÏ‡ˆËË 2.66, ÍÓ˝ÙÙËˆËÂÌÚ ‰ÂÚÂÏËÌ‡ˆËË
R2 = 0.28 ± 0.04, Ó·ÂÒÔÂ˜ÂÌÌÓÒÚ¸ 90% (P = 0.95). 

á‡‚ËÒËÏÓÒÚ¸ ÏÓÊÂÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì‡ ‰Îfl
ÓˆÂÌÍË ‡ˆËÓÌ‡ ÎË˜ËÌÓÍ ÎÂ˘‡ Ë ÒÚÂÔÂÌË Ó·ÂÒÔÂ-
˜ÂÌÌÓÒÚË ÔË˘ÂÈ ‚ äÛ¯ÒÍÓÏ Á‡ÎË‚Â.

é·ÒÛÊ‰ÂÌËÂ ÂÁÛÎ¸Ú‡ÚÓ‚

ëÓ„Î‡ÒÌÓ ÔÓ‚Â‰ÂÌÌ˚Ï ˝ÍÒÔÂËÏÂÌÚ‡Ï, ÎË-
˜ËÌÍË ÎÂ˘‡ äÛ¯ÒÍÓ„Ó Á‡ÎË‚‡ ÔÂ‰ÔÓ˜ËÚ‡˛Ú
ÏÂÎÍËı ‚ÂÚ‚ËÒÚÓÛÒ˚ı ‡ÍÓÓ·‡ÁÌ˚ı (Ú‡·Î. 1 Ë 2).
Ç˚ÒÓÍÛ˛ ˝ÎÂÍÚË‚ÌÓÒÚ¸ Û ÎË˜ËÌÓÍ ‡ÁÌ˚ı ‚Ë‰Ó‚

í‡·ÎËˆ‡ 4.  è‡‡ÏÂÚ˚ Û‡‚ÌÂÌËÈ Â„ÂÒÒËË, Ò‚flÁ˚‚‡˛˘Ëı ‡ˆËÓÌ ÎË˜ËÌÓÍ (Y, Ï„) Ë ÍÓÌÂ˜ÌÛ˛ ÍÓÌˆÂÌÚ‡ˆË˛
ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ (X, Ï„/Î ) (Y = ax + b)

å‡ÒÒ‡ ÎË-
˜ËÌÓÍ, Ï„ n a b X σx Y σy r ± σ

1.5–5.0 29 0.010 0.638 136 164.66 1.97 2.00 0.78 ± 0.05

6.0–20.0 28 0.142 10.53 16.40 13.20 2.37 2.48 0.74 ± 0.06

25.0–35.0 7 0.298 1.664 10.05 10.64 4.66 3.36 0.81 ± 0.09

36.0–60.0 10 0.170 7.069 60.0 40.33 17.88 9.32 0.66 ± 0.13

èËÏÂ˜‡ÌËÂ. á‰ÂÒ¸ Ë ‚ Ú‡·Î. 5: n – ÍÓÎË˜ÂÒÚ‚Ó ‰‡ÌÌ˚ı, ÍÓÚÓ˚Â ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‚ ‡Ì‡ÎËÁÂ, r – ÍÓ˝ÙÙËˆËÂÌÚ ÍÓÂÎflˆËË.

í‡·ÎËˆ‡ 5.  è‡‡ÏÂÚ˚ Û‡‚ÌÂÌËÈ Â„ÂÒÒËË, Ò‚flÁ˚‚‡˛˘Ëı Ï‡ÒÒÛ ÎË˜ËÌÓÍ ÎÂ˘‡ (X1, Ï„) Ë Ëı ‡ˆËÓÌ (Y1, Ï„)

(Y1 = a )

ÅËÓÏ‡ÒÒ‡
ÁÓÓÔÎ‡ÌÍÚÓÌ‡
‚ ÍÓÌÚÓÎÂ, 

Ï„/Î 

n a B X1 σx1 Y1 σy1

<10 22 0.052 0.869 8.36 7.16 0.37 0.31

11–100 35 0.291 0.860 22.90 19.32 5.14 5.24

101–200 8 0.936 0.836 26.65 19.04 14.84 11.92

>200 13 1.933 0.788 9.38 16.02 3.95 2.18

X1
b
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˚· ‚ ÓÚÌÓ¯ÂÌËË ÍÎ‡‰ÓˆÂ ÓÚÏÂ˜‡ÎË ÏÌÓ„ËÂ ËÒ-
ÒÎÂ‰Ó‚‡ÚÂÎË [8, 13, 34, 35, 43]. 

àÁÛ˜ÂÌË˛ ‚ÎËflÌËfl ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚˚ı
Ó„‡ÌËÁÏÓ‚ Ì‡ ‚ÂÎË˜ËÌÛ ‡ˆËÓÌ‡ ÎË˜ËÌÓÍ ÎÂ˘‡
Û‰ÂÎflÎÓÒ¸ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÏÌÓ„Ó ‚ÌËÏ‡ÌËfl. ÇÒÂ ËÒÒÎÂ-
‰Ó‚‡ÚÂÎË ÓÚÏÂ˜‡ÎË Û‚ÂÎË˜ÂÌËÂ ‡ˆËÓÌÓ‚ ÎË˜Ë-
ÌÓÍ ÔÓ ÏÂÂ ‚ÓÁ‡ÒÚ‡ÌËfl ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚˚ı
Ó·˙ÂÍÚÓ‚ [12, 19, 21, 34, 35]. àÒÒÎÂ‰Ó‚‡ÌËfl ÔÓ‚Ó-
‰ËÎË ‚ ¯ËÓÍÓÏ ‰Ë‡Ô‡ÁÓÌÂ ÍÓÌˆÂÌÚ‡ˆËÈ ÍÓÏÓ-
‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ÛÒÎÓ‚Ëflı Í‡ÚÍÓÒÓ˜ÌÓ„Ó
˝ÍÒÔÂËÏÂÌÚ‡ (1–2 ˜). èË ·ËÓÏ‡ÒÒÂ ~200 Ï„/Î
Ñ.Ä. è‡ÌÓ‚ [34] ÓÚÏÂ˜‡Î ÒÌËÊÂÌËÂ ÍÓÎË˜ÂÒÚ‚‡
ÔË˘Ë ‚ ÍË¯Â˜ÌËÍ‡ı ÎË˜ËÌÓÍ, Ú.Â. ËÌÚÂÌÒË‚ÌÓÒÚ¸
ÔËÚ‡ÌËfl Ô‡‰‡Î‡. é.à. äÛ‰ËÌÒÍ‡fl [20] ÛÒÚ‡ÌÓ‚Ë-
Î‡, ˜ÚÓ ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔÓÚÂ·ÎÂÌËfl ÔË˘Ë ÎË˜ËÌ-
Í‡ÏË ÎÂ˘‡, ÔÎÓÚ‚˚, ÒÛ‰‡Í‡ Ë ÓÍÛÌfl ‚ÓÁ‡ÒÚ‡Î‡ ‰Ó
ÓÔÂ‰ÂÎÂÌÌ˚ı ÔÂ‰ÂÎÓ‚ Ë ‰‡ÎÂÂ ÌÂ Á‡‚ËÒÂÎ‡ ÓÚ
ÍÓÌˆÂÌÚ‡ˆËË ÔË˘Ë, ˜ÚÓ ÔÓÁ‚ÓÎËÎÓ é.à. äÛ‰ËÌ-
ÒÍÓÈ [20] ‡ÔÔÓÍÒËÏËÓ‚‡Ú¸ ˝ÚÛ Á‡‚ËÒËÏÓÒÚ¸
‡ÒËÏÔÚÓÚË˜ÂÒÍÓÈ ÙÛÌÍˆËÂÈ. éÚÒÛÚÒÚ‚ËÂ ‡ˆËÓÌ‡
Ì‡Ò˚˘ÂÌËfl ‚ ˝ÍÒÔÂËÏÂÌÚ‡ı ‡‚ÚÓÓ‚ ÓÔÂ‰ÂÎfl-
ÎÓÒ¸, ÔÓ-‚Ë‰ËÏÓÏÛ, ·ÓÎ¸¯ÓÈ ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓ-
ÒÚ¸˛ ÓÔ˚ÚÓ‚, ÒÓÒÚ‡‚Îfl‚¯ÂÈ 1 ÒÛÚ. ì˜ËÚ˚‚‡fl, ˜ÚÓ
ÎË˜ËÌÍË ÎÂ˘‡ ÏÓ„ÛÚ ÔËÚ‡Ú¸Òfl 24 ˜ ‚ ÒÛÚÍË, ‡ ÒÍÓ-
ÓÒÚ¸ ÔÂÂ‚‡Ë‚‡ÌËfl ÔË ÚÂÏÔÂ‡ÚÛÂ 18–20°ë
ÒÓÒÚ‡‚ÎflÂÚ ~2 ˜ [36], ‚ ˝ÍÒÔÂËÏÂÌÚÂ ‡‚ÚÓÓ‚ ÓÌË
ËÏÂÎË ‚ÓÁÏÓÊÌÓÒÚ¸ ÌÂÔÂ˚‚ÌÓ ÔËÚ‡Ú¸Òfl ‚ ÛÒÎÓ-
‚Ëflı ‚˚ÒÓÍÓÈ ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚˚ı Ó„‡ÌËÁ-
ÏÓ‚. ì‚ÂÎË˜ÂÌËÂ ‡ˆËÓÌ‡ ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÔÓ-
‰ÓÎÊËÚÂÎ¸ÌÓÒÚË ÍÓÏÎÂÌËfl ÓÚÏÂ˜‡Î‡ å.Ç. ÜÂÎ-
ÚÂÌÍÓ‚‡ [12]. èÓ-‚Ë‰ËÏÓÏÛ, ‚ ‰‡ÌÌÓÏ ÒÎÛ˜‡Â
“ÙÛÌÍˆËÓÌ‡Î¸Ì˚È ÓÚÍÎËÍ”, Ú.Â. Á‡‚ËÒËÏÓÒÚ¸, ÓÚ-
‡Ê‡˛˘‡fl ‚ÓÁ‡ÒÚ‡ÌËÂ ËÌÚÂÌÒË‚ÌÓÒÚË ÔËÚ‡ÌËfl
ÓÚ ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏ‡, ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÔÂ‚ÓÏÛ
ÚËÔÛ ÔÓ ïÓÎÎËÌ„Û [44] Ë ÏÓÊÂÚ ·˚Ú¸ ‡ÔÔÓÍÒËÏË-
Ó‚‡Ì‡ ÎËÌÂÈÌÓÈ ÙÛÌÍˆËÂÈ. 

ÇÂÎË˜ËÌ‡ ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ‡ˆËÓÌ‡ ÎË˜ËÌÓÍ ÎÂ-
˘‡ ‚ ˝ÍÒÔÂËÏÂÌÚÂ ÒÌËÊ‡Î‡Ò¸ ÔÓ ÏÂÂ Û‚ÂÎË˜ÂÌËfl
Ëı Ï‡ÒÒ˚ Ë ̋ Ú‡Ô‡ ‡Á‚ËÚËfl Ë ËÁÏÂÌflÎ‡Ò¸ ‚ ̄ ËÓÍËı
ÔÂ‰ÂÎ‡ı. Ç˚ÒÓÍËÂ ÁÌ‡˜ÂÌËfl ÓÚÌÓÒËÚÂÎ¸ÌÓ„Ó ÒÛ-
ÚÓ˜ÌÓ„Ó ‡ˆËÓÌ‡ Ë Â„Ó ÒÌËÊÂÌËÂ Ò ‚ÓÁ‡ÒÚÓÏ ÎË˜Ë-
ÌÓÍ ÓÚÏÂ˜‡ÎË û.à. ëÓÓÍËÌ Ë Ñ.Ä. è‡ÌÓ‚ [40]. èÓ
Ëı ‰‡ÌÌ˚Ï, Ì‡ ˝Ú‡ÔÂ D2 ÎË˜ËÌÍË ÎÂ˘‡ ËÏÂÎË ‡ˆË-
ÓÌ, ÒÓÓÚ‚ÂÚÒÚ‚Ó‚‡‚¯ËÈ ~60% Ï‡ÒÒ˚ ÚÂÎ‡ ‚ ÒÛÚÍË,
‚ ÚÓ ‚ÂÏfl Í‡Í Ì‡ ˝Ú‡Ô‡ı E–Q ~40%. 

“èÓÓ„Ó‚˚Â” ÍÓÌˆÂÌÚ‡ˆËË ÔË˘Ë ÌÂ Ó·ÂÒÔÂ˜Ë-
‚‡˛Ú ‡ˆËÓÌ, ‡‚Ì˚È Ú‡Ú‡Ï Ì‡ Ó·ÏÂÌ (“ÔÓ‰‰ÂÊË-
‚‡˛˘ËÈ” ‡ˆËÓÌ). èÓ ‰‡ÌÌ˚Ï é.à. äÛ‰ËÌÒÍÓÈ
[18], Û ÎË˜ËÌÓÍ Ò‡Á‡Ì‡ “ÔÓ‰‰ÂÊË‚‡˛˘ËÈ” ‡ˆËÓÌ
ÓÚÏÂ˜ÂÌ ÔË ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏ‡ ~5 Ú˚Ò. ˝ÍÁ./Î,
ËÎË ·ËÓÏ‡ÒÒÂ ~600 Ï„/Î. é‰Ì‡ÍÓ Ú‡ÍËÂ ÍÓÌˆÂÌÚ‡-
ˆËË ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚ ÂÒÚÂÒÚ‚ÂÌÌ˚ı ÛÒÎÓ‚Ëflı ÌÂÂ-
‡Î¸Ì˚. Ñ.Ä. è‡ÌÓ‚ Ë û.à. ëÓÓÍËÌ [38] “ÔÓ‰‰Â-
ÊË‚‡˛˘ËÈ” ‡ˆËÓÌ ÎË˜ËÌÓÍ ÎÂ˘‡ Â„ËÒÚËÓ‚‡-
ÎË ÔË ÁÌ‡˜ËÚÂÎ¸ÌÓ ·ÓÎÂÂ ÌËÁÍËı ÍÓÌˆÂÌÚ‡ˆËflı
ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡ – 45–60 ˝ÍÁ./Î. Ç ‰‡ÌÌÓÏ
ÒÎÛ˜‡Â ‡‚ÚÓ˚ Û˜ËÚ˚‚‡ÎË ÛÒ‚ÓflÂÏÓÒÚ¸ ÔË˘Ë. éÔ-
ÚËÏ‡Î¸Ì˚Â ÛÒÎÓ‚Ëfl ÒÍÎ‡‰˚‚‡˛ÚÒfl, ÍÓ„‰‡ ÍÓÌˆÂÌ-

Ú‡ˆËfl ÍÓÏ‡ ÒÓÒÚ‡‚ÎflÂÚ 1 Ú˚Ò. ˝ÍÁ./Î [37]. èÓ
‰‡ÌÌ˚Ï å.Ç. ÜÂÎÚÂÌÍÓ‚ÓÈ [12], ÏÓÎÓ‰¸ ÎÂ˘‡ ‚
˝ÍÒÔÂËÏÂÌÚÂ ÔÂÍ‡˘‡Î‡ ÔËÚ‡ÌËÂ ÔË ÍÓÌˆÂÌ-
Ú‡ˆËË 430 ˝ÍÁ./Î, ‡ ÔË ÔÎÓÚÌÓÒÚË ÍÓÏ‡
4.3 Ú˚Ò. ˝ÍÁ./Î ËÌÚÂÌÒË‚ÌÓÒÚ¸ ÔËÚ‡ÌËfl ·˚Î‡ ÓÔÚË-
Ï‡Î¸ÌÓÈ. Ç˚ÒÓÍËÂ ‚ÂÎË˜ËÌ˚ ÍÓÌˆÂÌÚ‡ˆËÈ ÍÓ-
ÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ ÓÌ‡ Ó·˙flÒÌflÂÚ ÚÂÏ, ˜ÚÓ ‚ ÛÒÎÓ-
‚Ëflı ˝ÍÒÔÂËÏÂÌÚ‡ ˚·‡Ï ÚÂ·ÛÂÚÒfl ·óÎ¸¯‡fl
ÔÎÓÚÌÓÒÚ¸ ÍÓÏ‡. ëÓ„Î‡ÒÌÓ ‰‡ÌÌ˚Ï Ç.Ä. è‡Ì‡-
ÒÂÌÍÓ [28], ÍÓÌˆÂÌÚ‡ˆËfl ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚,
ÔË ÍÓÚÓÓÈ ÎË˜ËÌÍË ÎÂ˘‡ Â˘Â ÌÂ ÔËÚ‡˛ÚÒfl, ÒÓ-
ÓÚ‚ÂÚÒÚ‚ÛÂÚ ~45–60 ˝ÍÁ./Î. èË ÍÓÌˆÂÌÚ‡ˆËË Ó-
„‡ÌËÁÏÓ‚ >600 ˝ÍÁ./Î ‚ÒÂ ÎË˜ËÌÍË ÔËÚ‡ÎËÒ¸. ùÚË
‰‡ÌÌ˚Â ÒÓ„Î‡ÒÛ˛ÚÒfl Ò ÔÓÎÛ˜ÂÌÌ˚ÏË ‡‚ÚÓ‡ÏË,
ıÓÚfl Ñ.Ä. è‡ÌÓ‚ [34] ÛÍ‡Á˚‚‡ÂÚ, ˜ÚÓ ÎË˜ËÌÍË Ì‡
˝Ú‡ÔÂ C1 ÔÂÍ‡˘‡˛Ú ÔËÚ‡ÌËÂ ÔË ÍÓÌˆÂÌÚ‡ˆËË
ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ 10 ˝ÍÁ./Î, Ì‡ ˝Ú‡ÔÂ D2 – ÔË
ÍÓÌˆÂÌÚ‡ˆËË 5–6 ˝ÍÁ./Î. ì˜ËÚ˚‚‡fl, ˜ÚÓ ˝ÚË ‰‡Ì-
Ì˚Â ÔÓÎÛ˜ÂÌ˚ ‡‰ËÓÛ„ÎÂÓ‰Ì˚Ï ÏÂÚÓ‰ÓÏ, ËÏÂ˛-
˘ËÏ ·ÓÎ¸¯Û˛ ÚÓ˜ÌÓÒÚ¸, ˝ÚË ÁÌ‡˜ÂÌËfl ÔÎÓÚÌÓÒÚË
ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ ÒÎÂ‰ÛÂÚ ÔËÌflÚ¸ Á‡ „‡ÌË-
ˆÛ, ÌËÊÂ ÍÓÚÓÓÈ ÎË˜ËÌÍË ÌÂ ÔËÚ‡˛ÚÒfl. 

Ç ÚÓ ÊÂ ‚ÂÏfl ÒÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ̃ ÚÓ ÌË Ó‰Ì‡ ËÁ
ÔË‚Â‰ÂÌÌ˚ı ‚˚¯Â ‚ÂÎË˜ËÌ ÔÎÓÚÌÓÒÚÂÈ ÁÓÓ-
ÔÎ‡ÌÍÚÓÌ‡ ‚ ÛÒÎÓ‚Ëflı ˝ÍÒÔÂËÏÂÌÚ‡ ‚ äÛ¯ÒÍÓÏ
Á‡ÎË‚Â ÌÂ ÓÚÏÂ˜‡ÂÚÒfl [26, 45]. ëÂ‰ÌËÂ ÏÌÓ„ÓÎÂÚ-
ÌËÂ ˜ËÒÎÂÌÌÓÒÚ¸ Ë ·ËÓÏ‡ÒÒ‡ ÁÓÓÔÎ‡ÌÍÚÓÌ‡ ‚
äÛ¯ÒÍÓÏ Á‡ÎË‚Â ‚ Ë˛ÌÂ–Ë˛ÎÂ ‡‚Ì˚ 230 ˝ÍÁ./Î
Ë 4.7 Ï„/Î ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ. ÖÒÎË Û˜ÂÒÚ¸, ˜ÚÓ ÍÓ-
ÏÓ‚ÓÈ ÁÓÓÔÎ‡ÌÍÚÓÌ ‰Îfl ÎË˜ËÌÓÍ ÎÂ˘‡ ÒÓÒÚ‡‚ÎflÂÚ
~20% Ó·˘ÂÈ ˜ËÒÎÂÌÌÓÒÚË Ë ·ËÓÏ‡ÒÒ˚, ÚÓ, ÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓ, ÎË˜ËÌÍ‡Ï ‚ äÛ¯ÒÍÓÏ Á‡ÎË‚Â ‰ÓÒÚÛÔÌ‡
ÔË˘‡ ÔË ÍÓÌˆÂÌÚ‡ˆËË ~45 ˝ÍÁ./Î, ËÎË 0.9 Ï„/Î,
˜ÚÓ ÁÌ‡˜ËÚÂÎ¸ÌÓ ÌËÊÂ ‰ÓÔÛÒÚËÏÓÈ ‚ÂÎË˜ËÌ˚. 

Ç˚‚Ó‰˚. Ç ÛÒÎÓ‚Ëflı ˝ÍÒÔÂËÏÂÌÚ‡ ÔÓÍ‡Á‡ÌÓ,
˜ÚÓ ‰Îfl ÎË˜ËÌÓÍ ÎÂ˘‡ äÛ¯ÒÍÓ„Ó Á‡ÎË‚‡ ÍÓÌˆÂÌ-
Ú‡ˆËË ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡ <30 ˝ÍÁ./Î (ËÎË
0.4 Ï„/Î) ÒÎÛÊ‡Ú „‡ÌËˆÂÈ, ÌËÊÂ ÍÓÚÓÓÈ ÔËÚ‡ÌËÂ
ÎË˜ËÌÓÍ ÎÂ˘‡ ÁÓÓÔÎ‡ÌÍÚÓÌÓÏ ÔÂÍ‡˘‡ÂÚÒfl. ê‡-
ˆËÓÌ, ÒÓÒÚ‡‚Îfl˛˘ËÈ <12–15% Ï‡ÒÒ˚ ÚÂÎ‡ ÎË˜Ë-
ÌÓÍ, ÌÂ ÔÓÍ˚‚‡ÂÚ Ú‡Ú˚ Ì‡ Ó·ÏÂÌ. “èÓ‰‰ÂÊË‚‡-
˛˘ËÈ” ‡ˆËÓÌ ÎË˜ËÌÍË ÎÂ˘‡ ËÏÂÎË ÔË ÍÓÌˆÂÌ-
Ú‡ˆËË ÍÓÏÓ‚Ó„Ó ÁÓÓÔÎ‡ÌÍÚÓÌ‡ 2–4 Ú˚Ò. ˝ÍÁ./Î
(ËÎË ‰Ó 38 Ï „/Î). ì‡‚ÌÂÌËfl Â„ÂÒÒËË, ÓÔËÒ˚‚‡-
˛˘ËÂ Á‡‚ËÒËÏÓÒÚ¸ ËÌÚÂÌÒË‚ÌÓÒÚË ÔËÚ‡ÌËfl ÏÓÎÓ-
‰Ë ÎÂ˘‡ ÓÚ ÍÓÌˆÂÌÚ‡ˆËË ÍÓÏÓ‚˚ı Ó„‡ÌËÁÏÓ‚ Ë
Ï‡ÒÒ˚ ÚÂÎ‡, ÏÓ„ÛÚ ·˚Ú¸ ËÒÔÓÎ¸ÁÓ‚‡Ì˚ ‰Îfl ÓˆÂÌÍË
Ó·ÂÒÔÂ˜ÂÌÌÓÒÚË ÔË˘ÂÈ ÎÂ˘‡ Ì‡ ‡ÌÌËı ÒÚ‡‰Ëflı
‡Á‚ËÚËfl.
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The Feeding Activity of Abramis brama L. (Cypriniformes, Cyprinidae) 

at Early Stages of Ontogenesis under Experimental Conditions

   E. N. Naumenko
Atlantic Scientific Research Institute of Marine Fisheries and Oceanography, 

236000 Kaliningrad, Dm. Donskoy Str., 5, Russia

The feeding activity of bream larvae (Abramis brama L.) caught in the littoral spawning area of the Curonian
Estuary of the Baltic Sea was investigated under experimental conditions. Larvae were fed by zooplankton, col-
lected in the same place as larvae. The experimental study has showed that abundance of food zooplankton less
than 30 ind./l (0.4 mg/l) serves as a limit of larvae feeding by zooplankton. The ration amounting to 12–15%
larvae of the body weight didn’t cover expenses for metabolism. The ration close to the values of metabolism
eıpenses was recorded at forage zooplankton abundance equaled to 2–4 thous ind./l (up to 38 mg/l). A series
of regression equations describing the dependence of bream larvae feeding activity on the abundance of food
organisms and body weight was obtained that can be used for assessment of food supply of bream at early stages
of development.


