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ÇÇÖÑÖçàÖ

 

Å‡ÒÒÂÈÌ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡, ‚ÏÂÒÚÂ Ò ‚˚ÚÂÍ‡˛-
˘ÂÈ ËÁ ÌÂ„Ó . ä‡˚ÏÒÍÓÈ, ‚Ô‡‰‡˛˘ÂÈ ‚ äÓÌÓˆ-
ÍËÈ Á‡ÎË‚ íËıÓ„Ó ÓÍÂ‡Ì‡, Á‡ÌËÏ‡ÂÚ ̂ ÂÌÚ‡Î¸ÌÓÂ ÏÂ-
ÒÚÓ ‚ „ÂÓÒÚÛÍÚÛÂ ä‡˚ÏÒÍÓ„Ó ‚ÛÎÍ‡ÌË˜ÂÒÍÓ„Ó
ˆÂÌÚ‡ ÇÓÒÚÓ˜ÌÓÈ ä‡Ï˜‡ÚÍË Ë fl‚ÎflÂÚ ÒÓ·ÓÈ ÔËÏÂ
ÛÌËÍ‡Î¸ÌÓ„Ó ˆÂÎÓÒÚÌÓ„Ó ‚ÛÎÍ‡ÌÓ„ÂÌÌÓ„Ó „Ë‰Ó-
Î‡Ì‰¯‡ÙÚÌÓ„Ó ÍÓÏÔÎÂÍÒ‡. á‰ÂÒ¸ Ì‡·Î˛‰‡ÂÚÒfl ¯Ë-
ÓÍÓÂ ÔÓfl‚ÎÂÌËÂ ÒÂÈÒÏË˜ÂÒÍËı, ‚ÛÎÍ‡ÌË˜ÂÒÍËı,
„Ë‰ÓÚÂÏ‡Î¸Ì˚ı Ë ÏËÍÓ·ËÓÎÓ„Ë˜ÂÒÍËı ÔÓˆÂÒ-
ÒÓ‚, Ò‚flÁ‡ÌÌ˚ı Ò ‰ÂflÚÂÎ¸ÌÓÒÚ¸˛ ‰ÎËÚÂÎ¸ÌÓÊË‚Û˘Ëı
Ï‡„Ï‡ÚË˜ÂÒÍËı Ó˜‡„Ó‚ [4, 5].

èÓ‰‚Ó‰ÌÓÂ ËÁ‚ÂÊÂÌËÂ 01-02.01.1996 „. ‚ Á‡ÔÓÎ-
ÌÂÌÌÓÈ ÔÂÒÌÓ‚Ó‰Ì˚Ï ÓÁÂÓÏ Í‡Î¸‰ÂÂ ÄÍ‡‰ÂÏËË
ç‡ÛÍ ÔË‚ÂÎÓ Í ÍÛÔÌ˚Ï ÏÓÙÓÎÓ„Ë˜ÂÒÍËÏ ËÁÏÂ-
ÌÂÌËflÏ ‚ ÒÂ‚ÂÌÓÏ ÒÂÍÚÓÂ Í‡Î¸‰Â˚, Í ËÌ‚ÂÒËË
ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ Ë ÚÂÏÔÂ‡ÚÛ˚ ‚Ó‰˚ ÓÁÂ‡, ‡
Ú‡ÍÊÂ ‚˚Á‚‡ÎÓ „ÎÛ·ÓÍÛ˛ ‰ÂÔÂÒÒË˛ ‚ ‡Á‚ËÚËË
Â„Ó ·ËÓÚ˚ [14, 20, 21]. äÓÏÂ ÚÓ„Ó, Ò 1996 „. ÔÓ Ì‡-
ÒÚÓfl˘ÂÂ ‚ÂÏfl (2007 „.) ·‡ÒÒÂÈÌ ÓÁÂ‡ ËÒÔ˚Ú˚‚‡ÂÚ
Ò‚ÓÂÓ·‡ÁÌÓÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ ËÁ‚Â„‡˛˘Â„ÓÒfl ‚ÛÎÍ‡-
Ì‡ ä‡˚ÏÒÍËÈ, ÓÚÎÓÊÂÌËfl ÔÂÔÎÓ‚˚ı ‚˚·ÓÒÓ‚ ÍÓ-
ÚÓÓ„Ó Û˜‡ÒÚ‚Û˛Ú ‚ Ì‡ÍÓÔÎÂÌËË ‰ÓÌÌ˚ı ÓÒ‡‰ÍÓ‚ Ë
Ë„‡˛Ú ÓÔÂ‰ÂÎÂÌÌÛ˛ ÓÎ¸ ‚ ÙÓÏËÓ‚‡ÌËË ıËÏË-
˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ‚Ó‰ÌÓÈ Ï‡ÒÒ˚ ÓÁÂ‡.

Ç ˝ÚÓÈ Ò‚flÁË ˆÂÎ¸˛ Ì‡¯Ëı ËÒÒÎÂ‰Ó‚‡ÌËÈ ·˚ÎÓ,
„Î‡‚Ì˚Ï Ó·‡ÁÓÏ, ËÁÛ˜ÂÌËÂ ·ËÓ„Ë‰ÓıËÏË˜ÂÒÍËı
ÔÓÒÎÂ‰ÒÚ‚ËÈ ÔÓ‰‚Ó‰ÌÓ„Ó ËÁ‚ÂÊÂÌËfl Ë ‰ËÌ‡ÏËÍË

‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl ˝ÍÓÒËÒÚÂÏ˚ ·‡ÒÒÂÈÌ‡ ä‡˚ÏÒÍÓ„Ó
ÓÁÂ‡ ‚ ÔÓÒÚÍ‡Ú‡ÒÚÓÙË˜ÂÒÍËÈ ÔÂËÓ‰ Ì‡ ÙÓÌÂ ÔÓ-
‰ÓÎÊ‡˛˘Â„ÓÒfl ËÁ‚ÂÊÂÌËfl ä‡˚ÏÒÍÓ„Ó ‚ÛÎÍ‡Ì‡.

 

åÂÚÓ‰ËÍË ËÒÒÎÂ‰Ó‚‡ÌËÈ.

 

éÒÌÓ‚Ì˚Ï ÏÂÚÓ‰ÓÏ ËÒÒÎÂ‰Ó‚‡ÌËÈ ·˚Î ÍÓÏ-
ÔÎÂÍÒÌ˚È „Ë‰Ó·ËÓ„ÂÓıËÏË˜ÂÒÍËÈ ÏÓÌËÚÓËÌ„
·‡ÒÒÂÈÌ‡ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡, ÔÓ‚Ó‰Ë‚¯ËÈÒfl ÔÓ-
ÒÂÁÓÌÌÓ Ò 1996 „. éÒÓ·ÓÂ ‚ÌËÏ‡ÌËÂ Û‰ÂÎflÎÓÒ¸ ËÁÛ-
˜ÂÌË˛ „Ë‰ÓıËÏË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ ‚Ó‰ÌÓÈ
Ï‡ÒÒ˚ ÓÁÂ‡, ‡ Ú‡ÍÊÂ ‰ËÌ‡ÏËÍÂ ËÁÏÂÌÂÌËfl Â„Ó ÒÓ-
ÎÂ‚Ó„Ó Ë „‡ÁÓ‚Ó„Ó ÒÓÒÚ‡‚‡ Ë ÔÓÎÛ˜ÂÌË˛ Ï‡ÚÂË‡Î‡
‰Îfl ÔÂ‰‚‡ËÚÂÎ¸ÌÓ„Ó ÔÓ„ÌÓÁ‡ ‚ÂÏÂÌË ‚ÓÒÒÚ‡-
ÌÓ‚ÎÂÌËfl ‰Â„‡‰ËÓ‚‡ÌÌÓ„Ó ·‡ÒÒÂÈÌ‡.

ë ‡ÁÌÓÈ ÒÚÂÔÂÌ¸˛ ‰ÂÚ‡Î¸ÌÓÒÚË Á‡ 10 ÎÂÚ Ì‡·Î˛-
‰ÂÌËÈ Ó·ÒÎÂ‰Ó‚‡Ì‡ Ë ÓÔÓ·Ó‚‡Ì‡ ‚Òfl ÚÂËÚÓËfl
·‡ÒÒÂÈÌ‡ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡. éÒÓ·ÂÌÌÓ ‰ÂÚ‡Î¸ÌÓ, Ò
ÔÓÏÓ˘¸˛ Ó·ÓÛ‰Ó‚‡ÌÌÓ„Ó ÎÂ·Â‰ÍÓÈ Í‡Ú‡Ï‡‡Ì‡, Ò
2001 „. ÓÔÓ·Ó‚‡ÎËÒ¸ ‰‚Â ÒÚ‡ÌˆËË: 

 

S

 

1

 

 – ‚ ˆÂÌÚÂ Ó·-
‡ÁÓ‚‡‚¯Â„ÓÒfl ‚ 1996 „. Í‡ÚÂ‡ íÓÍ‡Â‚‡ ‚ ÒÂ‚Â-
ÌÓÏ ÒÂÍÚÓÂ ÓÁÂ‡ Ë 

 

S

 

2

 

 – ‚ ˆÂÌÚÂ ‡Í‚‡ÚÓËË ÓÁÂ‡
(ËÒ. 1), Ì‡ ÍÓÚÓ˚ı ÔÓÒÂÁÓÌÌÓ, ‰‚‡ ‡Á‡ ‚ „Ó‰ (‚ ‡Ô-
ÂÎÂ, ÒÓ Î¸‰‡; ÎÂÚÓÏ – ‚ Ë˛ÎÂ-‡‚„ÛÒÚÂ, Ò Í‡Ú‡Ï‡‡-
Ì‡), ÓÚ·Ë‡ÎËÒ¸ ·‡ÚÓÏÂÚÓÏ ˜ÂÂÁ 10 Ï (‡ ‚ ÔÓ‚Âı-
ÌÓÒÚÌÓÏ ÒÎÓÂ ‚Ó‰˚ ‚ ËÌÚÂ‚‡Î‡ı 2, 5, 7 Ï) ‰Ó ‰Ì‡
(60 Ï) ÔÓ·˚ ‚Ó‰˚ Ì‡ ÔÓÎÌ˚È „Ë‰ÓıËÏË˜ÂÒÍËÈ ‡Ì‡-
ÎËÁ, ‡Ì‡ÎËÁ ·ËÓ„ÂÌÌ˚ı ÍÓÏÔÓÌÂÌÚÓ‚ Ë ÒÓ‰ÂÊ‡ÌËÂ
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èÓÒÚÛÔËÎ‡ ‚ Â‰‡ÍˆË˛ 08.10.2007 „.

 

èÓ ÂÁÛÎ¸Ú‡Ú‡Ï ·ËÓ„Ë‰Ó„ÂÓıËÏË˜ÂÒÍÓ„Ó ÏÓÌËÚÓËÌ„‡ ‡ÒÒÏ‡ÚË‚‡ÂÚÒfl ‰ËÌ‡ÏËÍ‡ ËÁÏÂÌÂÌËfl „Ë‰Ó„ÂÓ-
ıËÏË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ ‚Ó‰ÌÓÈ Ï‡ÒÒ˚ ÓÁÂ‡ ä‡˚ÏÒÍÓÂ, ÒÓÒÚÓflÌËÂ Ë ı‡‡ÍÚÂËÒÚËÍ‡ ÁÓÌ ÔÓ‰‚Ó‰Ì˚ı
‡Á„ÛÁÓÍ ‚ Í‡ÚÂÂ íÓÍ‡Â‚‡, Ó·‡ÁÓ‚‡‚¯ÂÏÒfl ‚ 1996 „., „Ë‰Ó„ÂÓıËÏË˜ÂÒÍ‡fl ı‡‡ÍÚÂËÒÚËÍ‡ ÚÂÏ‡Î¸-
Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ Ó·‡ÏÎÂÌËfl ÓÁÂ‡ Ë ÒÛÍˆÂÒÒËË ·ËÓÚ˚ ‚ ÌÂÏ Á‡ ÔÂËÓ‰ 1996–2006 (2007) „„. é·Ì‡ÛÊÂÌ˚
ÒÚ‡ÚËÙËÍ‡ˆËfl ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ‚Ó‰ ÓÁÂ‡ ÔÓ „ÎÛ·ËÌÂ Ë Ì‡ÎË˜ËÂ ÛÒÚÓÈ˜Ë‚˚ı ÁÓÌ ÔÓ‚˚¯ÂÌÌ˚ı ÒÓ-
‰ÂÊ‡ÌËÈ ‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡. Ç˚fl‚ÎÂÌ‡ ÚÂÌ‰ÂÌˆËfl Ó˘ÂÎ‡˜Ë‚‡ÌËfl ‚Ó‰ ÓÁÂ‡ Ë ÔÓÌËÊÂÌËfl Ëı Ó·-
˘ÂÈ ÏËÌÂ‡ÎËÁ‡ˆËË. èÓ‰ÓÎÊ‡ÂÚÒfl ‰ÂflÚÂÎ¸ÌÓÒÚ¸ ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌÌ˚ı ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ Ë ÔÓ‰‚Ó‰-
Ì˚ı ‡Á„ÛÁÓÍ ÚÂÏ Ë „‡ÁÓ‚. èÓÎÛ˜ÂÌ˚ ÔÂ‚˚Â ‰‡ÌÌ˚Â ÔÓ ÒÓ‰ÂÊ‡ÌË˛ ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ ‚ ÚÂÏ‡Î¸Ì˚ı
ËÒÚÓ˜ÌËÍ‡ı ä‡˚ÏÒÍÓ„Ó ·‡ÒÒÂÈÌ‡. ÅËÓ‡ÁÌÓÓ·‡ÁËÂ ‚Ó‰ÓÓÒÎÂÈ ‚ ä‡˚ÏÒÍÓÏ ÓÁÂÂ Û‚ÂÎË˜ËÎÓÒ¸, ‚ ÓÒ-
ÌÓ‚ÌÓÏ, Á‡ Ò˜ÂÚ ‚Ë‰Ó‚Ó„Ó ‡ÁÌÓÓ·‡ÁËfl ·ÂÌÚË˜ÂÒÍËı

 

 

 

Bacillariophyta

 

.

 

 Ç ‡ÔÂÎÂ 2007 „. ‚ ÓÁÂÂ Á‡ÙËÍÒËÓ-
‚‡Ì‡ Â„ÂÌÂ‡ˆËfl ÔÎ‡ÌÍÚÓÌÌÓÈ ÙËÚÓÍÓÏÔÓÌÂÌÚ˚ ‰ÓÍ‡Ú‡ÒÚÓÙË˜ÂÒÍÓ„Ó ÔÂËÓ‰‡. 
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ä‡ÔÓ‚ 

 

Ë ‰

 

.

 

‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡, ‚˚·ÓÓ˜ÌÓ – Ì‡ „ÂÓıËÏË-
˜ÂÒÍËÈ ‡Ì‡ÎËÁ. è‡‡ÎÎÂÎ¸ÌÓ ËÁÏÂflÎËÒ¸ ÚÂÏÔÂ‡-
ÚÛ˚ ÓÔÓ·Ó‚‡ÌÌ˚ı „ÓËÁÓÌÚÓ‚. Ç ÔÂËÓ‰ 1996–
1999 „„. Ì‡ ̋ ÚËı Ë ‰Û„Ëı ÒÚ‡ÌˆËflı ÂÊËÏÌ˚Â ÔÓ·˚
ÓÚ·Ë‡ÎËÒ¸ ÚÓÎ¸ÍÓ Ò ÔÓ‚ÂıÌÓÒÚË. äÓÏÂ ÚÓ„Ó,
ÓÔÓ·Ó‚‡ÌËÂ Ò ˆÂÎ¸˛ ËÒÒÎÂ‰Ó‚‡ÌËfl ·ËÓˆÂÌÓÁÓ‚ Ë
ÒÓ‰ÂÊ‡ÌËfl ‚ ‚Ó‰Â ·ËÓ„ÂÌÌ˚ı ÍÓÏÔÓÌÂÌÚÓ‚ ÔÓ‚Ó-

‰ËÎÓÒ¸ Â„ÛÎflÌÓ ‚ ÔË·ÂÊÌÓÈ ÁÓÌÂ ÓÁÂ‡ Ë ̋ ÔËÁÓ-
‰Ë˜ÂÒÍË ‡Í‚‡Î‡Ì„ËÒÚ‡ÏË ‚ ‡ÁÌ˚ı ÒÂÍÚÓ‡ı ÓÁÂ‡ ‰Ó
„ÎÛ·ËÌ 20 Ï. Ñ‡„ËÓ‚‡ÌËÂÏ ÔÓ‰ÌËÏ‡ÎËÒ¸ ‰ÓÌÌ˚Â
ÔÓ·˚ Ò „ÎÛ·ËÌ 20–60 Ï.

ãÂÚÓÏ 2001 „. Ò ÔÓÏÓ˘¸˛ Í‡Ú‡Ï‡‡Ì‡ ·˚ÎÓ ‚˚-
ÔÓÎÌÂÌÓ „Ë‰ÓıËÏË˜ÂÒÍÓÂ ÔÓÙËÎËÓ‚‡ÌËÂ Ì‡ 10
ÒÚ‡ÌˆËflı ÔÓ Ì‡Ô‡‚ÎÂÌË˛ û-ë, ÓÚ ·ÂÂ„Ó‚ÓÈ ÁÓÌ˚
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êËÒ. 1.

 

 ëıÂÏ‡ÚË˜ÂÒÍ‡fl Í‡Ú‡ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ Ë ÏÂÒÚ ÓÚ·Ó‡ ÔÓ· ‚ 1997–2007 „„. 

 

1

 

 – ·ÂÂ„Ó‚‡fl ÎËÌËfl ÓÁ. ä‡˚ÏÒÍÓÂ
‰Ó ÙÂ‡ÚË˜ÂÒÍÓ„Ó ËÁ‚ÂÊÂÌËfl ‚ ÌÂÏ ‚ 1996 „.; 

 

2

 

 – ÒÚ‡ÌˆËË ÓÔÓ·Ó‚‡ÌËfl Ì‡ ‡Í‚‡ÚÓËË ÓÁÂ‡; 

 

3

 

 – ÂÊËÏÌ˚Â ÒÚ‡ÌˆËË ÍÓÏ-
ÔÎÂÍÒÌ˚ı ÓÔÓ·Ó‚‡ÌËÈ „Ë‰ÓıËÏË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚; 

 

4

 

 – ÂÊËÏÌ˚Â ÒÚ‚Ó˚ Ì‡ . ä‡˚ÏÒÍ‡fl; 

 

5

 

 – ÚÓ˜ÍË ËÁÛ˜ÂÌËfl ·ËÓ-
ˆÂÌÓÁÓ‚ ‚ ÔË·ÂÊÌÓÈ ÁÓÌÂ ÓÁÂ‡; 

 

6

 

 – ÏÂÒÚ‡ ‡Á‚ËÚËfl ÙËÚÓ- (‡) Ë ÁÓÓˆÂÌÓÁÓ‚ (·); 

 

7

 

 – ÔÎÓ˘‡‰Ë ‡Á„ÛÁÓÍ ÚÂÏ‡Î¸Ì˚ı
‚Ó‰ ÔÓ Á‡ÏÂ‡Ï 2000 „.;

 

 8

 

 – ÔÎÓ˘‡‰Ë ‡Á„ÛÁÓÍ „ÛÌÚÓ‚˚ı ‚Ó‰; 

 

9

 

 – „Ë‰ÓıËÏË˜ÂÒÍËÂ ÔÓÙËÎË ÒÓ ÒÚ‡ÌˆËflÏË ÍÓÏÔÎÂÍÒ-
ÌÓ„Ó ÓÔÓ·Ó‚‡ÌËfl ‚ 2000–2002 „„.; 

 

10

 

 – ÏÂÒÚ‡ ‰ÓÌÌ˚ı ‚˚ıÓ‰Ó‚ „Ë‰ÓÚÂÏ; 11 – ‰ÓÌÌ˚Â ‚˚ıÓ‰˚ „‡ÁÓ‚. ç‡ ‚ÂÁÍÂ ÔÓÍ‡-
Á‡Ì‡ Í‡Ú‡ ä‡Ï˜‡ÚÍË Ò ‡ÈÓÌÓÏ ‡·ÓÚ. 
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5

 

‡Á„ÛÊ‡˛˘ËıÒfl ‚ ÓÁÂÓ ËÒÚÓ˜ÌËÍÓ‚ ÄÍ‡‰ÂÏËË
ç‡ÛÍ, ˜ÂÂÁ Í‡ÚÂ íÓÍ‡Â‚‡ Í Û˜‡ÒÚÍÛ ‡Á„ÛÁÍË
„Ë‰ÓÚÂÏ ‚ ÔÎflÊÌÓÈ ÁÓÌÂ Í‡ÚÂ‡ (ËÒ. 1, ÔÓÙËÎ¸
ÄÇ). ÇËÁÛ‡Î¸ÌÓ Ë ËÌÒÚÛÏÂÌÚ‡Î¸ÌÓ (Ò ÔÓÏÓ˘¸  ̨ÒÔÛÚ-
ÌËÍÓ‚Ó„Ó 

 

GPS

 

-Ì‡‚Ë„‡ÚÓ‡) ÙËÍÒËÓ‚‡ÎËÒ  ̧ Û˜‡ÒÚÍË
ÚÂÏ‡Î¸ÌÓÈ ‡Á„ÛÁÍË ÔÓ ÔÂËÏÂÚÛ ÓÁÂ‡, Ó·ÒÎÂ-
‰Ó‚‡ÎËÒ¸ ‚ÒÂ ÍÛÔÌ˚Â ÚÂÏÓÔÓfl‚ÎÂÌËfl Ò ËÁÏÂÌÂÌË-
flÏË ÚÂÏÔÂ‡ÚÛ˚ Ë ÓÚ·ÓÓÏ ‚Ó‰˚, „‡ÁÓ‚ Ë ÓÒ‡‰ÍÓ‚.

èÎÓ˘‡‰ÌÓÂ Ë „ÎÛ·ËÌÌÓÂ „Ë‰ÓıËÏË˜ÂÒÍÓÂ
ÓÔÓ·Ó‚‡ÌËfl ‚Ó‰ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ ÓÒÛ˘ÂÒÚ‚Îfl-
ÎÓÒ¸ Ò ÔËÏÂÌÂÌËÂÏ ÓÔÓÍË‰˚‚‡˛˘ËıÒfl ·‡ÚÓÏÂÚ-
Ó‚ ÙËÏ˚ “

 

HYDRO

 

-

 

BIOS

 

 

 

KIEL

 

” ¯‚Â‰ÒÍÓ„Ó ÔÓ-
ËÁ‚Ó‰ÒÚ‚‡ Ò „ÎÛ·ÓÍÓ‚Ó‰Ì˚ÏË ÚÂÏÓÏÂÚ‡ÏË íÉ.
íÂÏÔÂ‡ÚÛÌ‡fl Ò˙ÂÏÍ‡ „ÎÛ·ËÌÌ˚ı ÁÓÌ ÓÁÂ‡ ‚ ÁËÏ-
ÌÂÂ ‚ÂÏfl, ÒÓ Î¸‰‡, ‚˚ÔÓÎÌflÎ‡Ò¸ Ò ËÒÔÓÎ¸ÁÓ‚‡ÌËÂÏ
“ÍÓÒ˚” Ò ÚÂÏËÒÚÓ‡ÏË 

 

GTH

 

-1160 ÙËÏ˚ “

 

Greis-
inger

 

” (Ò 

 

Ni

 

/

 

Cr

 

 ÚÂÏÓÔ‡ÓÈ), ‡ÁÏÂ˘ÂÌÌ˚ÏË Ì‡ ‡Ò-
ÒÚÓflÌËË 10 Ï ‰Û„ ÓÚ ‰Û„‡.

éÔÂ‰ÂÎÂÌËÂ ‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡ ‚
1998–2006 „„. ÔÓ‚Ó‰ËÎÓÒ¸ ÔÓ Ó·˘ÂÔËÌflÚÓÈ ‚ „Ë‰-
ÓıËÏË˜ÂÒÍÓÈ Ô‡ÍÚËÍÂ ÏÂÚÓ‰ËÍÂ [17]. ç‡ ÓÔÂ‰Â-
ÎÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl ‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡ ÔÓ·˚
‚Ó‰˚ ÓÚ·Ë‡ÎËÒ¸ Ì‡ „Ë‰ÓıËÏË˜ÂÒÍËı ÒÚ‡ÌˆËflı ‚
‚ÂÚËÍ‡Î¸ÌÓÏ ÔÓÙËÎÂ ÓÁÂ‡ ˜ÂÂÁ 5–10 Ï ‚ „ÂÏÂ-
ÚË˜Ì˚Â ÒÍÎflÌÍË Ò ÔËÚÂÚ˚ÏË ÔÓ·Í‡ÏË. ÑÓÌÌ˚Â
‚˚ıÓ‰˚ „‡ÁÓ„Ë‰ÓÚÂÏ, Ó·Ì‡ÛÊÂÌÌ˚Â ‚Ó ‚ÂÏfl ËÒ-
ÒÎÂ‰Ó‚‡ÌËÈ ‚ 1999–2005 „„., Ó·ÒÎÂ‰Ó‚‡ÎËÒ¸ ‚ËÁÛ‡Î¸-
ÌÓ, ÙÓÚÓ„‡ÙËÓ‚‡ÎËÒ¸ Ë ÓÔÓ·Ó‚‡ÎËÒ¸ (Ò ÓÚ·ÓÓÏ
ÔÓ· ‚Ó‰˚, „‡ÁÓ‚, ÓÒ‡‰ÍÓ‚ Ë ·ËÓÚ˚) Ò ÔÓÏÓ˘¸˛ ‡Í-
‚‡Î‡Ì„ËÒÚÓ‚. èÓÎÌ˚È „Ë‰ÓıËÏË˜ÂÒÍËÈ ‡Ì‡ÎËÁ
ÔÓ· ÔÓËÁ‚Ó‰ËÎÒfl ‚ ÄÌ‡ÎËÚË˜ÂÒÍÓÏ ̂ ÂÌÚÂ àÌÒÚË-
ÚÛÚ‡ ‚ÛÎÍ‡ÌÓÎÓ„ËË Ë ÒÂÈÒÏÓÎÓ„ËË ÑÇé êÄç.

éÔÂ‰ÂÎÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ ‚ ‚Ó-
‰‡ı Ë ÓÒ‡‰Í‡ı ‚˚ÔÓÎÌÂÌ˚ ÏÂÚÓ‰ÓÏ 

 

ICP

 

 ‚ ‡ÚÚÂÒÚÓ-
‚‡ÌÌÓÈ Î‡·Ó‡ÚÓËË „ÂÓÎÓ„Ë˜ÂÒÍÓ„Ó Ù‡ÍÛÎ¸ÚÂÚ‡
åÓÒÍÓ‚ÒÍÓ„Ó „ÓÒÛ‰‡ÒÚ‚ÂÌÌÓ„Ó ÛÌË‚ÂÒËÚÂÚ‡ Ì‡
ÔË·Ó‡ı 

 

ICP

 

 – 

 

MS

 

 “

 

Element

 

-2”, ÉÂÏ‡ÌËfl, 

 

ICP

 

 – 

 

MS

 

“

 

Plasma

 

 

 

Quard

 

-2” 

 

VG

 

, ÄÌ„ÎËfl Ë 

 

ICP

 

 – 

 

OES

 

 “

 

ICAP

 

-61,

 

Thermo

 

 

 

Jarrell

 

”, ëòÄ.

 

ÑËÌ‡ÏËÍ‡ ËÁÏÂÌÂÌËfl ÚÂÏÔÂ‡ÚÛ˚ 
Ë „Ë‰Ó„ÂÓıËÏË˜ÂÒÍËı 

ı‡‡ÍÚÂËÒÚËÍ ‚Ó‰ÌÓÈ Ï‡ÒÒ˚ 
ÓÁ. ä‡˚ÏÒÍÓÂ Á‡ ÔÂËÓ‰ 1996–2006 „„. 

 

àÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÍ‡Á‡ÎË, ˜ÚÓ ÔÓÒÎÂ ÔÓ‰‚Ó‰ÌÓ„Ó
ËÁ‚ÂÊÂÌËfl 1996 „. ‚Ó‰‡ ‚ ÓÁÂÂ ·˚Î‡ ÔÂÂÏÂ¯‡Ì‡
Ë ËÏÂÎ‡ ÔË·ÎËÁËÚÂÎ¸ÌÓ Ó‰ÌÓÓ‰Ì˚Â ı‡‡ÍÚÂË-
ÒÚËÍË ‚ ÓÚÌÓ¯ÂÌËË ÚÂÏÔÂ‡ÚÛ˚, 

 

pH

 

 Ë ıËÏË˜ÂÒÍÓ-
„Ó ÒÓÒÚ‡‚‡ ÔÓ ‚ÒÂÈ ÚÓÎ˘Â Í‡Í ‚ Í‡ÚÂÂ, Ú‡Í Ë Ì‡ ‡Í-
‚‡ÚÓËË [20, 21, 23]. çÓ ÛÊÂ ‚ 1998 „. ·˚Î‡ ÓÚÏÂ˜Â-
Ì‡ ‰Ó‚ÓÎ¸ÌÓ ˜ÂÚÍ‡fl ÒÚ‡ÚËÙËÍ‡ˆËfl ‚Ó‰ÌÓÈ Ï‡ÒÒ˚
ÓÁÂ‡ ÔÓ ˝ÚËÏ Ô‡‡ÏÂÚ‡Ï. èË ˝ÚÓÏ Ó·Ì‡ÛÊÂÌÓ
ÚËÔË˜ÌÓÂ ‰Îfl „ÎÛ·ÓÍÓ‚Ó‰Ì˚ı ÔÂÒÌÓ‚Ó‰Ì˚ı ‚Ó‰Ó-
ÂÏÓ‚ ‚ÂÚËÍ‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ.

ëÎÓÈ ÚÂÏÔÂ‡ÚÛÌÓ„Ó ÒÍ‡˜Í‡ (ÚÂÏÓÍÎËÌ) ‚ ‡Í‚‡-
ÚÓËË ÓÁÂ‡ Ì‡˜ËÌ‡ÂÚÒfl Ò „ÎÛ·ËÌ˚ ÓÍÓÎÓ 10–20 Ï.
çËÊÂ, Ò Û‚ÂÎË˜ÂÌËÂÏ „ÎÛ·ËÌ˚, ÚÂÏÔÂ‡ÚÛ‡ ÔÎ‡‚ÌÓ
ÒÌËÊ‡ÂÚÒfl. çËÊÂ 30–40 Ï ‚˚‰ÂÎflÂÚÒfl ÁÓÌ‡ „ËÔÓÎËÏ-
ÌËÓÌ‡, ‚ ÔÂ‰ÂÎ‡ı ÍÓÚÓÓÈ ÚÂÏÔÂ‡ÚÛ‡ ‚ ÚÂ˜ÂÌËÂ
„Ó‰‡ ‰ÂÊËÚÒfl ‚ ÔÂ‰ÂÎ‡ı 4°ë (ËÒ. 2). í‡Í‡fl Í‡ÚËÌ‡
ı‡‡ÍÚÂÌ‡ ‰Îfl ‚ÒÂÈ ‡Í‚‡ÚÓËË ÓÁÂ‡. çÓ Ì‡ ÌÂÍÓÚÓ-
˚ı Û˜‡ÒÚÍ‡ı ÙËÍÒËÛÂÚÒfl ÒÎ‡·ÓÂ ÔÓ‚˚¯ÂÌËÂ ÚÂÏ-
ÔÂ‡ÚÛ˚ ‚ ÔË‰ÓÌÌÓÏ ÒÎÓÂ [15]. Ç Í‡ÚÂÂ íÓÍ‡Â-

 

ëÚ‡ÌˆËfl - S

 

2

 

(ˆÂÌÚ ÓÁÂ‡)
ëÚ‡ÌˆËfl - S

 

1

 

(ˆÂÌÚ ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ‡ íÓÍ‡Â‚‡)
ëÚ‡ÌˆËfl - 42s

(˛ÊÌ˚È ·ÂÂ„ ÓÁÂ‡)

 

T

 

, 

 

°

 

C

É
ÎÛ

·Ë
Ì‡

, Ï

 

ρ

 

 (ÔÎÓÚÌÓÒÚ¸, „/ÒÏ

 

3

 

)

 

T

 

, 

 

°

 

C

 

T

 

, 

 

°

 

C
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0 2 4 6 8 10

 

14
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T

 

, 

 

°

 

C

 

ρ ρ ρ

 

T

 

, 

 

°

 

CpH pH

 

T

 

, 

 

°

 

C
4.24.34.4

0.9997 0.9999 1.0001

1
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1

2

3

1

2

3

 

êËÒ. 2.

 

 Ç‡Ë‡ˆËË 

 

T

 

, °

 

C

 

, 

 

pH

 

 Ë ÔÎÓÚÌÓÒÚË (

 

ρ

 

) ‚Ó‰˚ ‚ ‚ÂÚËÍ‡Î¸Ì˚ı ÔÓÙËÎflı (ÚÓ˜ÍË ÓÚ·Ó‡ ÔÓ· ‚Ó‰˚ ˜ÂÂÁ 10 Ï) Ì‡
ÓÁ. ä‡˚ÏÒÍÓÂ ÔÓ ‰‡ÌÌ˚Ï Ì‡·Î˛‰ÂÌËÈ ‚ 1996 Ë 1998 „„. ñËÙ‡ÏË ‚ ÍÛÊÍ‡ı Ó·ÓÁÌ‡˜ÂÌ˚: 1 – ˝ÔËÎËÏÌËÓÌ; 2 – ÏÂÚ‡-
ÎËÏÌËÓÌ; 3 – „ËÔÓÎËÏÌËÓÌ; ÍË‚˚ÏË ÎËÌËflÏË: ÒÔÎÓ¯ÌÓÈ – ËÁÏÂÂÌËfl 14.08.98, ÔÛÌÍÚËÌÓÈ – ËÁÏÂÂÌËfl 14.09.96, ÚÓ-
˜Â˜ÌÓÈ – ËÁÏÂÂÌËfl 30.08.1996 „.

 

T

 

, 

 

°

 

C
pH
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ä‡ÔÓ‚ 

 

Ë ‰

 

.

 

‚‡ (ËÒ. 1, ÒÚ‡ÌˆËfl 

 

S

 

1

 

) ‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚
ÔÓ „ÎÛ·ËÌÂ ÒÓ‚Â¯ÂÌÌÓ ËÌÓÂ. á‰ÂÒ¸, Ú‡ÍÊÂ Í‡Í Ë ‚
ÔË·ÂÊÌÓÏ ˛ÊÌÓÏ ÒÂÍÚÓÂ ÓÁÂ‡ (ËÒ. 1, ÚÓ˜Í‡
42

 

s

 

), „‰Â ‡Á„ÛÊ‡˛ÚÒfl ÚÂÏ‡Î¸Ì˚Â ‚Ó‰˚ ËÒÚÓ˜ÌË-
ÍÓ‚ ÄÍ‡‰ÂÏËË ç‡ÛÍ, ‚ ÎÂÚÌËÈ ÔÂËÓ‰ Ì‡ ÔÓ‚ÂıÌÓ-
ÒÚË ‰ÂÊËÚÒfl ÚÂÏÔÂ‡ÚÛ‡ ‚Ó‰˚ ‚ ÔÂ‰ÂÎ‡ı 12–14°ë.
ä „ÎÛ·ËÌÂ 40 Ï ÓÌ‡ ÔÎ‡‚ÌÓ ÔÓÌËÊ‡ÂÚÒfl ‰Ó 4.6°ë Ë ÒÓ-
ı‡ÌflÂÚÒfl Ì‡ ˝ÚÓÏ ÛÓ‚ÌÂ ‰Ó ‰Ì‡ (56 Ï). ïÓÓ¯ÂÂ ÒÓ-
„Î‡ÒÓ‚‡ÌËÂ Ò ‡ÒÔÂ‰ÂÎÂÌËÂÏ ÚÂÏÔÂ‡ÚÛ˚ ‚Ó‰˚
ËÏÂ˛Ú ‚ÂÎË˜ËÌ˚ ç Ë ÔÎÓÚÌÓÒÚË ‚Ó‰˚ (ËÒ. 2).

ìÒÚÓÈ˜Ë‚ÓÂ ÔÓ‚˚¯ÂÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ ‡ÒÚ‚Ó-
ÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡ (‰Ó 14.0 Ï„/Î) Ì‡·Î˛‰‡ÂÚÒfl ‚
ÒÎÓÂ ‚Ó‰˚ ‚ ËÌÚÂ‚‡ÎÂ „ÎÛ·ËÌ 10–25 Ï ‰Îfl ‡Í‚‡ÚÓ-
ËË ÓÁÂ‡ Ë Ò 0 ‰Ó 40 Ï ‚ Í‡ÚÂÂ íÓÍ‡Â‚‡, „‰Â ÒÓ-
‰ÂÊ‡ÌËÂ é

 

2

 

 ‚ ÎÂÚÌËÈ ÒÂÁÓÌ ‰ÓÒÚË„‡ÂÚ 14.7 Ï„/Î
(ËÒ. 3). ê‡ÒÔÂ‰ÂÎÂÌËÂ ÚÂÏÔÂ‡ÚÛ˚, 

 

pH

 

 Ë ÒÓ‰ÂÊ‡-
ÌËfl ‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡ ‚ ÚÓÎ˘Â ‚Ó‰˚ ÓÁÂ‡
ÔÂ‰ÒÚ‡‚ÎÂÌÓ Ì‡ ËÒ. 4. 

èÓ ‰‡ÌÌ˚Ï ÏÌÓ„ÓÎÂÚÌËı ÂÊËÏÌ˚ı Ì‡·Î˛‰ÂÌËÈ
ÓÚÏÂ˜‡ÂÚÒfl ÓÔÂ‰ÂÎÂÌÌ‡fl ÒÚ‡ÚËÙËÍ‡ˆËfl ıËÏË˜Â-
ÒÍÓ„Ó ÒÓÒÚ‡‚‡ ‚Ó‰˚ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ (Ú‡·Î. 1,
ËÒ. 5). èË‰ÓÌÌ‡fl ‚Ó‰‡ ‚ Í‡ÚÂÂ íÓÍ‡Â‚‡ Ë ‚ ÓÒ-
ÌÓ‚ÌÓÏ ·‡ÒÒÂÈÌÂ ËÏÂÂÚ ·ÓÎÂÂ ‚˚ÒÓÍÛ˛ Ó·˘Û˛ ÏË-
ÌÂ‡ÎËÁ‡ˆË˛. èË ˝ÚÓÏ Ë ‚ ‡Í‚‡ÚÓËË ÓÁÂ‡, Ë ‚
Í‡ÚÂÂ íÓÍ‡Â‚‡ Ò „ÎÛ·ËÌ˚ 10–20 Ï Ì‡Ë·ÓÎÂÂ ÂÁ-
ÍÓ Û‚ÂÎË˜Ë‚‡˛ÚÒfl ÍÓÌˆÂÌÚ‡ˆËË ÓÒÌÓ‚Ì˚ı Ï‡ÍÓ-
ÍÓÏÔÓÌÂÌÚÓ‚: 

 

Cl

 

–

 

,  

 

Ca

 

2+

 

. ÑÎfl 

 

Mg

 

2+

 

 Í‡ÚËÌ‡
‡ÒÔÂ‰ÂÎÂÌËfl ÍÓÌˆÂÌÚ‡ˆËË ÔÓ „ÎÛ·ËÌ‡Ï ÌÂ-

SO4
–,

 

ÒÍÓÎ¸ÍÓ ·ÓÎÂÂ ÒÎÓÊÌ‡fl, Ò Ï‡ÍÒËÏÛÏÓÏ Ì‡ „ÎÛ·ËÌ‡ı
10–30 (40) Ï Ë ‡ÁÌÓÌ‡Ô‡‚ÎÂÌÌ˚Ï ÚÂÌ‰ÓÏ (ÔÓ
‡ÁÎË˜Ì˚Ï „Ó‰‡Ï Ì‡·Î˛‰ÂÌËÈ) ‚ ÔË‰ÓÌÌÓÈ ˜‡ÒÚË
ÓÁÂ‡ (ËÒ. 5). íÂÏ ÌÂ ÏÂÌÂÂ ÒÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸ ÚÂÌ-
‰ÂÌˆË˛ Ó·Ó„‡˘ÂÌËfl ËÓÌ‡ÏË Í‡Î¸ˆËfl Ë Ï‡„ÌËfl
ËÏÂÌÌÓ ÔË‰ÓÌÌÓ„Ó ÒÎÓfl ‚Ó‰˚, ̃ ÚÓ, ‚ÓÁÏÓÊÌÓ, Ò‚fl-
Á‡ÌÓ Ò ‚˚˘ÂÎ‡˜Ë‚‡ÌËÂÏ Ëı ËÁ ÔÂÔÎÓ‚˚ı Ë ÔÓ‰ÒÚËÎ‡-
˛˘Ëı ÓÒ‡‰ÍÓ‚. äÓÌˆÂÌÚ‡ˆËfl ˘ÂÎÓ˜Ì˚ı ˝ÎÂÏÂÌ-
ÚÓ‚ 

 

Na

 

+

 

 Ë 

 

K

 

+

 

 ËÏÂÂÚ ‰Û„Û˛ Á‡ÍÓÌÓÏÂÌÓÒÚ¸ ‡ÒÔÂ-
‰ÂÎÂÌËfl. å‡ÍÒËÏ‡Î¸ÌÓ ‚˚ÒÓÍÓÂ ÒÓ‰ÂÊ‡ÌËÂ ËÓÌÓ‚
Ì‡ÚËfl (‰Ó 70–72 Ï„/Î ‚ 2000 „. Ë ·ÓÎÂÂ 80 Ï„/Î ‚
1996 „.) ÔËÛÓ˜ÂÌ˚ Í ÎËÌÁÂ ‚ ̂ ÂÌÚÂ ÓÁÂ‡ ‚ ËÌÚÂ-
‚‡Î‡ı „ÎÛ·ËÌ 20–40 Ï. ë 2000 „. ÌÂÍÓÚÓÓÂ Û‚ÂÎË˜Â-
ÌËÂ ÒÓ‰ÂÊ‡ÌËfl Ì‡ÚËfl ÓÚÏÂ˜‡ÂÚÒfl Ò „ÎÛ·ËÌ˚ 30 Ï Ë
‚ ÔË‰ÓÌÌÓÈ ÁÓÌÂ Í‡Í ‚ Í‡ÚÂÂ, Ú‡Í Ë ‚ ‡Í‚‡ÚÓËË
(ËÒ. 5). Ç Í‡ÚÂÂ íÓÍ‡Â‚‡, Ì‡ ‰ÌÂ ÒÓ‰ÂÊ‡ÌËÂ
ËÓÌ‡ Ì‡ÚËfl ‚ ‚Ó‰Â Ì‡ 5–12 Ï„/Î ‚˚¯Â, ˜ÂÏ Ì‡ ÔÓ-
‚ÂıÌÓÒÚË. çÂÁÌ‡˜ËÚÂÎ¸ÌÓÂ Û‚ÂÎË˜ÂÌËÂ ÒÓ‰ÂÊ‡-
ÌËfl ËÓÌ‡ Ì‡ÚËfl Ì‡·Î˛‰‡ÂÚÒfl ‚·ÎËÁË ÒÂ‚ÂÌÓ„Ó Ë
˛ÊÌÓ„Ó ÒÂÍÚÓÓ‚ ÓÁÂ‡, „‰Â ‡Á„ÛÊ‡˛ÚÒfl ‚Ó‰˚
ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ (Ì‡ ÒÂ‚ÂÂ – ËÁ ÔÎflÊÌÓÈ ÁÓ-
Ì˚ Í‡ÚÂ‡). ÑÎfl Í‡ÎËÈ-ËÓÌ‡ Ì‡·Î˛‰‡ÂÚÒfl Ú‡ ÊÂ
Í‡ÚËÌ‡ – ‚ ÁÓÌÂ ÒÏÂ¯ÂÌËfl Ò ÚÂÏ‡Î¸Ì˚ÏË ‚Ó‰‡ÏË
Â„Ó ÒÓ‰ÂÊ‡ÌËÂ ÔÓ‚˚¯‡ÂÚÒfl ‰Ó 8.0–8.6 Ï„/Î, ‡ ‚ ‡Í-
‚‡ÚÓËË Ô‡ÍÚË˜ÂÒÍË ÔÓ ‚ÒÂÈ „ÎÛ·ËÌÂ ÒÓÒÚ‡‚ÎflÂÚ
6.0–7.7 Ï„/Î.

é·Ì‡ÛÊÂÌÓ ‡ÌÓÏ‡Î¸ÌÓÂ ‡ÒÔÂ‰ÂÎÂÌËÂ ·Ó‡ ‚
‚Ó‰Â ÓÁÂ‡. àÁ Ú‡·Î. 1 Ë Ì‡ ËÒ. 6 ‚Ë‰ÌÓ, ˜ÚÓ ‚ Í‡ÚÂ-

 

êËÒ. 3.

 

 äÓÌˆÂÌÚ‡ˆËfl ‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡ (

 

O

 

2

 

 

 

‡ÒÚ‚.

 

) ‚ ‚ÂÚËÍ‡Î¸ÌÓÏ ÔÓÙËÎÂ ÓÁ. ä‡˚ÏÒÍÓ„Ó (ÔÓ ‰‡ÌÌ˚Ï Ì‡-
·Î˛‰ÂÌËÈ ‚ ÔÂËÓ‰ 1998–2007 „„. Ì‡ ÂÊËÏÌ˚ı ÒÚ‡ÌˆËflı: 

 

S
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S
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8 9 10 11 12 13 14 15

10

20

30

40

50

60

É
ÎÛ

·Ë
Ì‡

, Ï

äÓÌˆÂÌÚ‡ˆËfl é

 

2 ‡ÒÚ‚., ‚ Ï„/Î

1998 „.
2000 „.
2001 „.
2003 „.
2004 „.
2007 „.

8 9 10 11 12 13 14 15
0



ÇìãäÄçéãéÉàü à ëÖâëåéãéÉàü      ‹ 5      2008

ÑàçÄåàäÄ àáåÖçÖçàü ÉàÑêéÉÖéïàåàóÖëäàï ïÄêÄäíÖêàëíàä 7

60
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0

60

40

20

0

60

40

20

0
3.20*–4.63–5.01+

3.17*–4.36–5.46+

3.10*–4.29–5.36+

3.20*–4.27–5.37+

8.20–11.50+

3.61–6.04+

3.42–4.61+

4.15–3.24+

9.00*–11.70–11.51+

13.10*–11.81–13.10+

11.00*–11.52–12.31+

8.70*–10.52–10.00+

3.27*–4.6–5.47+

3.24*–4.65–5.03+

3.46*–5.67+

3.20*–4.36–5.69+

3.50*–5.74+

3.25*–4.58–5.69+

8.60–10.73+

6.41–7.24+

4.32–5.73+

4.48–4.21+

4.35–4.14+

4.31–4.62+

3.28*–4.64–5.40+

9.00*–11.88–11.30+

9.10*–13.16–12.70+

12.40*–13.76–13.14+

11.70*–12.76–11.70+

10.90*–11.50–11.31+

8.50*–11.28–11.10+

û ë
Ä

ÒÚ‡ÌˆËË: 42s 8s 9s 10s(~S1) 11s 12s 39s 13s 69,40,41s
ËÒÚÓ˜ÌËÍË ÄÍ‡‰ÂÏËË ç‡ÛÍ ËÒÚÓ˜ÌËÍË èÎflÊÌ˚Â

É
ÎÛ

·Ë
Ì‡

, Ï

‡

·

‚

B

S2 7.31*–7.64–7.59+

pH

T

O2 ‡ÒÚ‚.

9.20-9.50
4.85

4.51

4.36

4.38

94.0-98.0°ë
9.82 8.98 7.65

4.20

5.20
3.71

3.34

3.52
C

3.91
3.93

3.52

11.57 11.60 12.16

12.35
12.28

12.27

11.45

10.88

11.78

11.28

10.69

3.34

12.16

4.59 4.63 4.67

4.71

4.484.314.38

4.34

4.42 4.32

4.74

4.66
4.60

4.85

4.64

4.65

7.58 7.03 7.50 7.16 9.00 9.90

3.40 3.60

7.01
5.90

4.88

4.48

7.85

6.416.03
4.81

4.75

4.53

4.50

3.83 3.30

4.10 4.09

11.80 11.32 11.90 11.92 11.49

12.01 11.77 11.64

6.12

4.29

4.48
4.67

4.67

>4.60

<4.30

>4.60

>7.00

>4.00

>4.00

>7.00

>12.00

12.00>12.00

12.19

11.09

10.14

11.64

10.15

12.48 12.56

12.36 12.37 12.24
12.74

>13.00
12.00

86.0*–60.0–45.0+
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40

20

0

60

40

20

0

60

40
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0

<4.30

êËÒ. 4. ê‡ÒÔÂ‰ÂÎÂÌËÂ ‚ ‚ÂÚËÍ‡Î¸ÌÓÏ ÔÓÙËÎÂ Ä-Ç ÓÁÂÌÓÈ ‚Ó‰˚ ÔÓ ‰‡ÌÌ˚Ï Ì‡·Î˛‰ÂÌËÈ 1996–2004 „„.: pH (‡),
T, °C (·), é2 ‡ÒÚ‚., Ï„/Î (‚). ç‡ ÔÓÙËÎÂ ˆ‚ÂÚÓÏ Ó·ÓÁÌ‡˜ÂÌ˚ ÁÌ‡˜ÂÌËfl Ô‡‡ÏÂÚÓ‚: ·ÂÎ˚Ï – pH < 4.30, T < 4.0°C,
O2 ‡ÒÚ‚. <  12.0 Ï„/Î; ÒÂ˚Ï – pH ‚ ‰Ë‡Ô‡ÁÓÌÂ 4.30–4.60, T – 4.0–7.0°C Ë O2 ‡ÒÚ‚. – 12.0–13.0 Ï„/Î; ÚÂÏÌ˚Ï – pH > 4.60,
T > 7.0°C, O2 ‡ÒÚ‚. > 13.0 Ï„/Î. òÚËıÓÏ Ì‡ ÚÂÏÌÓÏ ÙÓÌÂ ÔÓÍ‡Á‡Ì‡ ÏÓÙÓÎÓ„Ëfl ·ÓÚÓ‚ ÓÁ. ä‡˚ÏÒÍÓÂ Ë Í‡ÚÂ‡ íÓÍ‡-
Â‚‡, ÚÓ˜Í‡ÏË – ÏÂÒÚ‡ ÓÚ·Ó‡ ‚Ó‰Ì˚ı ÔÓ· (˜ÂÂÁ 10 Ï), ˆËÙ‡ÏË – ÍÓÌˆÂÌÚ‡ˆËfl: ÒÓ Á‚ÂÁ‰Ó˜ÍÓÈ ‚‚ÂıÛ – ‚ÂÒÌÓÈ 1996 „.;
·ÂÁ Á‚ÂÁ‰Ó˜ÍË – ÎÂÚÓÏ 2001 „.; Ò ÔÎ˛ÒÓÏ – ÎÂÚÓÏ 2004 „.

Â íÓÍ‡Â‚‡ ÍÓÌˆÂÌÚ‡ˆËfl H3BO3 ‚˚¯Â, ̃ ÂÏ ‚ ‡Í‚‡-
ÚÓËË ÓÁÂ‡. Ç „ÎÛ·ËÌÌ˚ı ÔÓ·‡ı 2000 „. ÒÓ‰ÂÊ‡-
ÌËÂ H3BO3 ‚ 3 ‡Á‡ ÔÂ‚˚¯‡ÂÚ Â„Ó ÛÓ‚ÂÌ¸ ‚ ÔÓ‚Âı-
ÌÓÒÚÌÓÈ ‚Ó‰Â. Ç 2001–2003 „„. ‚ÂÚËÍ‡Î¸ÌÓÂ
‡ÒÔÂ‰ÂÎÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl H3BO3 ÓÚÌÓÒËÚÂÎ¸ÌÓ
‚˚‡‚ÌË‚‡ÂÚÒfl. é‰Ì‡ÍÓ Ò 2004 „. ‚ Í‡ÚÂÂ íÓÍ‡Â‚‡
‚ ÔË‰ÓÌÌÓÈ ÁÓÌÂ ÙËÍÒËÓ‚‡ÎÓÒ¸ ÔÓ‚˚¯ÂÌÌÓÂ ÒÓ-
‰ÂÊ‡ÌËÂ ·Ó‡. èÓ ÂÁÛÎ¸Ú‡Ú‡Ï ÓÔÂ‰ÂÎÂÌËfl ÒÓ‰Â-
Ê‡ÌËfl ·Ó‡ ‚ ‚Ó‰Â . ä‡˚ÏÒÍ‡fl ‰Ó ÒÚ‚Ó‡ I Ë ÌËÊÂ
Â„Ó, „‰Â ÔËÏÂ¯Ë‚‡ÂÚÒfl ÚÂÏ‡Î¸Ì‡fl ‚Ó‰‡ Û˜. ÉÓfl-
˜ËÈ, Ú‡ÍÊÂ ÓÚÏÂ˜‡˛ÚÒfl Â„Ó ÔÓ‚˚¯ÂÌÌ˚Â ÍÓÌˆÂÌ-

Ú‡ˆËË. èÓ-‚Ë‰ËÏÓÏÛ, ÔÂÂÏÂÌÌ˚Ï ÔÓ ÏÓ˘ÌÓÒÚË
ËÒÚÓ˜ÌËÍÓÏ ÔÓÒÚÛÔÎÂÌËfl ·Ó‡ ‚ ‚Ó‰Û ÓÁÂ‡ fl‚Îfl˛Ú-
Òfl „Ë‰ÓÚÂÏ˚, ‡Á„ÛÊ‡˛˘ËÂÒfl Ì‡ ‰ÌÂ ÓÁÂ‡. 

Ç ÚÂ˜ÂÌËÂ 10 ÎÂÚ ÔÓÒÎÂ ÔÓ‰‚Ó‰ÌÓ„Ó ËÁ‚ÂÊÂÌËfl
Ó·˘‡fl ÏËÌÂ‡ÎËÁ‡ˆËfl ‚Ó‰˚ ÓÁÂ‡ ÔÓ ‰‡ÌÌ˚Ï Ì‡-
·Î˛‰ÂÌËÈ Ì‡ ÒÚ‡ÌˆËflı S1 Ë S2 ÛÏÂÌ¸¯ËÎ‡Ò¸ ‚‰‚ÓÂ
(Ú‡·Î. 1; ËÒ. 5, 7). éÒÓ·ÂÌÌÓ Á‡ÏÂÚÌÓ ÔÓÌËÁËÎ‡Ò¸

ÍÓÌˆÂÌÚ‡ˆËfl ë‡2+ Ë  (ËÒ. 5). ç‡·Î˛‰‡ÂÚÒfl
Ú‡ÍÊÂ Á‡ÍÓÌÓÏÂÌÓÂ Û‚ÂÎË˜ÂÌËÂ ç ÓÁÂÌÓÈ ‚Ó‰˚
(ËÒ. 7). èÓÒÎÂ ËÁ‚ÂÊÂÌËfl ‚ 1996 „. ‚Ó‰‡ ‚ ÓÁÂÂ

SO4
–,
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ä‡ÔÓ‚ Ë ‰.

í‡·ÎËˆ‡ 1.  Ñ‡ÌÌ˚Â Ì‡·Î˛‰ÂÌËÈ Á‡ ÓÒÌÓ‚Ì˚Ï ÒÓÎÂ‚˚Ï ÒÓÒÚ‡‚ÓÏ (Ï„/Î) ‚ ÓÁ. ä‡˚ÏÒÍÓÏ ‚ ÎÂÚÌÂÂ ‚ÂÏfl 2000–2006 „„. 

êÂÊËÏÌ‡fl ÒÚ‡ÌˆËfl – S2 
(ˆÂÌÚ ÓÁ. ä‡˚ÏÒÍÓ„Ó)

êÂÊËÏÌ‡fl ÒÚ‡ÌˆËfl – S1 
(ˆÂÌÚ ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ‡ íÓÍ‡Â‚‡)

Na+

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 10.4 14.0 79.0 66.7 48.6 58.1 49.5 47.0 45.6 – 72.0 66.1 59.8 51.6 52.8 55.7 45.1 55.5
10 – – 71.0 65.6 50.0 57.8 49.5 48.0 47.3 49.6 60.0 68.1 63.82 52.5 52.8 56.3 47.3 57.31
20 – – 82.0 68.4 60.12 60.15 58.0 48.9 48.6 44.5 61.0 68.5 67.85 52.5 56.8 56.9 50.3 56.79
30 – – 74.0 69.3 60.8 61.8 58.4 48.9 51.2 44.5 60.0 74.6 67.0 54.0 60.4 62.3 55.9 58.37
40 – – 70.0 70.9 61.28 61.5 57.8 49.1 54.2 45.2 58.0 72.0 67.6 57.8 60.0 63.6 57.2 61.82
50 – – 82.0 75.0 61.2 61.5 58.0 51.0 54.2 45.2 60.0 72.4 67.0 58.1 60.5 64.2 56.8 –
60 – – 79.4 71.8 60.98 62.7 58.3 56.2 55.1 – 51.0 71.0 65.38 60.0 62.1 64.8 56.4 62.3

K+

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 1.6 0.84 20.0 8.0 6.0 6.5 6.4 6.5 5.6 – 10.5 7.1 4.6 8.8 6.4 6.5 5.4 5.9
10 – – 17.5 7.6 6.5 6.5 6.4 6.5 5.5 4.9 10.2 7.8 5.1 7.6 6.4 6.5 5.4 4.9
20 – – 19.8 8.5 7.6 6.8 7.0 6.6 5.7 4.6 17.0 7.3 5.4 7.9 6.9 6.5 6.3 5.1
30 – – 15.0 8.6 7.5 7.0 7.1 6.6 6.1 4.6 10.2 7.8 6.0 8.0 7.7 6.5 6.4 5.1
40 – – 16.8 8.6 7.6 7.2 7.1 6.7 6.3 4.6 10.3 7.8 6.8 8.5 7.5 6.8 6.6 5.5
50 – – 15.0 9.1 7.7 7.2 7.2 6.9 6.6 4.6 10.0 7.9 7.3 – 7.7 7.1 7.0 –
60 – – 18 9.0 7.7 7.5 7.3 7.1 6.5 – 9.8 7.7 8.0 8.8 7.8 7.1 6.7 5.1

Ca2+

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 1.6 6.0 64.0 35.3 28.1 29.7 28.1 25.6 22.4 – 66.0 36.0 30.5 30.5 28.9 26.4 21.6 21.6
10 – – 64.2 38.0 30.0 28.9 28.1 26.4 23.2 20.4 66.2 36.4 33.7 30.5 28.9 28.1 23.2 21.6
20 – – 65.0 38.0 37.7 31.3 32.0 26.4 24.0 24.1 67.0 40.4 36.9 30.5 31.0 28.1 24.8 21.6
30 – – 64.1 40.0 38.0 33.7 32.1 26.4 24.8 24.1 64.6 40.1 37.0 32.9 32.1 29.7 27.2 22.9
40 – – 64.0 42.0 37.7 33.7 32.3 26.4 25.6 23.2 65.0 39.2 37.5 34.5 32.5 29.7 28.1 24.1
50 – – 64.1 42.0 37.6 34.5 32.7 27.2 25.6 – 65.0 39.7 37.9 34.5 32.1 29.7 28.1 –
60 – – 65.0 42.0 37.7 35.3 32.9 27.22 5.62 0.8 67.0 40.1 38.5 35.3 33.0 29.7 28.1 23.3

Mg2+

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 0.5 1.6 15.1 8.5 7.3 8.8 7.8 6.8 5.8 – 14.8 10.2 8.8 8.3 7.3 7.3 6.3 4.9
10 – – 15.0 13.3 8.0 9.7 7.8 6.3 6.3 6.1 14.9 7.7 8.8 8.3 7.3 6.8 6.3 5.4
20 – – 15.1 13.3 9.7 9.7 8.4 6.3 6.8 5.4 15.0 7.7 9.7 7.3 7.8 9.7 8.3 5.4
30 – – 15.0 13.3 9.5 9.7 8.3 6.3 7.3 5.4 14.5 10.2 9.9 8.3 8.3 8.8 7.3 5.4
40 – – 15.1 12.1 9.7 9.7 8.3 6.3 7.3 5.4 14.7 9.7 10.2 9.2 8.8 8.8 7.3 4.9
50 – – 15.5 12.1 12.0 9.2 8.3 6.3 7.8 6.8 14.8 10.0 11.3 9.7 9.2 8.8 6.8 –
60 – – 17.0 12.1 22.9 9.2 8.3 6.3 7.8 – 15.2 10.2 12.2 10.2 9.0 8.3 6.8 5.8

Cl–

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 8.5 21.3 45.0 43.1 37.6 41.8 41.1 42.2 35.2 – 40.0 44.6 40.4 44.7 41.8 39.7 35.3 39.0
10 – – 44.7 45.1 – 41.8 41.1 42.2 38.3 39.1 39.14 3.9 43.3 42.6 41.8 41.1 37.6 40.4
20 – – 52.0 47.2 46.1 44.0 44.0 42.2 37.6 35.5 39.9 48.2 45.4 43.3 45.0 41.8 40.4 41.1
30 – – 41.8 49.4 – 45.4 45.4 42.5 41.4 35.5 39.3 46.1 44.1 46.1 48.2 44.7 45.4 44.0
40 – – 52.1 47.2 – 45.4 46.0 42.5 41.8 35.5 39.4 48.2 46.2 49.7 48.7 46.1 45.4 44.0
50 – – 40.2 51.8 46.8 45.4 47.1 44.0 43.3 35.5 35.5 48.9 48.6 – 49.3 46.1 44.7 –
60 – – 50.0 49.4 46.8 47.7 48.2 47.2 43.3 – 35.7 51.1 49.6 49.7 50.0 47.5 44.7 44.7



ÇìãäÄçéãéÉàü à ëÖâëåéãéÉàü      ‹ 5      2008

ÑàçÄåàäÄ àáåÖçÖçàü ÉàÑêéÉÖéïàåàóÖëäàï ïÄêÄäíÖêàëíàä 9

í‡·ÎËˆ‡ 1.  éÍÓÌ˜‡ÌËÂ 

êÂÊËÏÌ‡fl ÒÚ‡ÌˆËfl – S2 
(ˆÂÌÚ ÓÁ. ä‡˚ÏÒÍÓ„Ó)

êÂÊËÏÌ‡fl ÒÚ‡ÌˆËfl – S1 
(ˆÂÌÚ ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ‡ íÓÍ‡Â‚‡)

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 3.8 4.8 351.0 201.7 153.7 172.9 148.9 153.7 134.5 – 378.0 201.7 172.9 182.5 – 163.3 134.5 115.3
10 – – 400.0 211.3 137.0 163.3 148.9 153.7 134.5 129.6 359.0 201.7 192.1 172.9 158.5 163.3 134.5 123.0
20 – – 358.0 220.9 182.5 182.5 175.0 153.7 144.1 127.7 343.0 211.3 211.3 182.5 163.2 168.1 144.1 123.0
30 – – 350.0 230.5 202.0 201.7 177.7 153.7 158.5 127.7 340.0 230.5 215.0 192.1 187.3 168.1 163.3 123.0
40 – – 517.0 240.1 211.3 211.3 172.0 153.7 163.3 127.7 400.0 230.5 220.1 192.1 185.0 168.1 163.3 130.6
50 – 390.0 240.1 214.0 211.3 176.0 158.5 163.3 128.6 350.0 220.0 225.4 197.5 187.3 168.1 163.3 –
60 – – 391.0 240.1 220.9 211.3 187.3 163.3 163.3 – 351.0 211.3 230.5 201.7 190.0 168.1 163.3 153.7

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 35.1 22.0 0.0 0.0 1.2 2.4 0.6 0.0 2.6 – 0.0 4.3 3.0 2.4 1.2 1.0 3.8 1.2
10 – – 0.0 0.0 1.1 2.4 0.6 0.0 2.6 2.4 0.0 2.4 2.4 2.4 1.2 1.02 2.6 4.9
20 – – 0.0 0.0 1.0 2.4 0.6 0.2 2.6 6.1 0.0 2.4 1.8 2.4 1.0 1.2 3.8 –
30 – – 0.0 0.0 0.6 2.4 0.6 0.0 2.6 6.1 0.0 2.4 1.6 2.4 0.6 2.4 3.8 –
40 – – 0.0 0.0 0.6 2.4 0.6 0.2 3.8 3.7 0.0 3.7 1.5 2.4 0.7 2.4 3.8 –
50 – 0.0 0.0 0.6 2.4 0.6 0.2 3.8 – 0.0 2.6 1.0 2.4 0.6 2.4 3.8 –
60 – – 0.0 0.0 0.6 2.4 0.6 0.2 3.8 – 0.0 2.4 0.6 2.4 0.6 1.2 3.8 –

MËÌÂ‡ÎËÁ‡ˆËfl, ‚ Ï„/Î

H, Ï 1984 1993 1996 2000 2001 2002 2003 2004 2005 2006 1996 2000 2001 2002 2003 2004 2005 2006

0 109.6 140.0 985.0 501.0 424.0 463.3 519.0 481.3 370.1 – 692.0 517.1 319.3 465.3 470.0 520.7 370.3 454.2
10 – – – 510.0 471.0 443.5 520.0 481.5 379.5 363.6 – 520.0 349.2 460.9 471.8 527.7 371.3 425.5
20 – – – 560.0 512.0 473.1 524.5 482.3 392.1 369.4 – 547.8 378.4 455.5 578.0 548.5 397.8 587.3
30 – – – 564.0 539.0 500.8 535.0 503.9 423.4 360.1 – 575.0 – 499.9 603.2 553.9 439.8 603.2
40 – – – 556.0 529.0 512.3 530.0 495.5 446.8 353.7 – 565.1 – 486.4 603.8 561.0 445.8 622.9
50 – – – 570.0 547.0 515.6 1.059 486.1 448.1 342.8 – 542.3 – 492.8 604.7 561.8 464.0 –
60 – – – 578.0 592.0 513.0 594 528.3 477.2 – – 529.2 630.8 511.6 607.0 580.2 451.4 467.4

èËÏÂ˜‡ÌËÂ. ÄÌ‡ÎËÁ˚ ‚˚ÔÓÎÌÂÌ˚ ‚ „Ë‰ÓıËÏË˜ÂÒÍÓÈ „ÛÔÔÂ ñïã àÇËë ÑÇé êÄç. ÄÌ‡ÎËÚËÍ ë.Ç. ëÂ„ÂÂ‚‡. H, Ï – „ÎÛ·ËÌ‡ ‚Ó‰-
ÌÓ„Ó ÒÎÓfl; – ÌÂÚ ‰‡ÌÌ˚ı; ‰‡ÌÌ˚Â Á‡ 1984 „. ‚ÁflÚ˚ ËÁ [2], Á‡ 1993 Ë 1996 „„. ËÁ [18], Á‡ 2002 Ë 2004 „„. ÔÂ‰ÓÒÚ‡‚ÎÂÌ˚ ë.Ç. ì¯‡ÍÓ‚˚Ï.

SO4
–

HCO3
–

ËÏÂÎ‡ ç = 3.2. Ç ‡‚„ÛÒÚÂ 2004 „. ‚Ó‰ÓÓ‰Ì˚È ÔÓÍ‡-
Á‡ÚÂÎ¸ ‰ÓÒÚË„ ÁÌ‡˜ÂÌËfl 5.5, ‚ 2005 „. – 6.0, ‚ 2007 „. –
6.5–6.8 (ËÒ. 7). ç‡ ÙÓÌÂ ÔÓÒÚÂÔÂÌÌÓ„Ó ÒÌËÊÂÌËfl
Ó·˘ÂÈ ÏËÌÂ‡ÎËÁ‡ˆËË Ë ÓÔÂÒÌÂÌËfl ‚Ó‰˚ ÓÁÂ‡ Ò
1996 ÔÓ 2001 „„. ÓÚÏÂ˜‡ÂÚÒfl ÂÂ ÌÂ·ÓÎ¸¯ÓÂ Û‚ÂÎË˜Â-
ÌËÂ ‚ 2002–2003 „„. Ë ÒÚ‡·ËÎËÁ‡ˆËfl ‚ 2004 „. (ËÒ. 7),
˜ÚÓ, ÔÓ Ì‡¯ÂÏÛ ÏÌÂÌË˛, Ò‚flÁ‡ÌÓ Ò ËÁÏÂÌÂÌËÂÏ ‡Í-
ÚË‚ÌÓÒÚË ‚ÛÎÍ‡Ì‡ ä‡˚ÏÒÍËÈ [16].

èÓ Ó·˘ÂÔËÌflÚÓÈ „Ë‰ÓıËÏË˜ÂÒÍÓÈ ÍÎ‡ÒÒË-
ÙËÍ‡ˆËË ‚Ó‰‡ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ ‚ Ì‡ÒÚÓfl˘ÂÂ
‚ÂÏfl (2008 „.) ÓÚÌÓÒËÚÒfl Í ÒÛÎ¸Ù‡ÚÌÓÏÛ ÍÎ‡ÒÒÛ (Ò
Á‡ÏÂÚÌÓÈ ÔËÏÂÒ¸˛ ıÎÓ‡). ëÛÎ¸Ù‡ÚÌÓ-ıÎÓË‰-
Ì˚È, Ì‡ÚËÂ‚Ó-Í‡Î¸ˆËÂ‚˚È ÚËÔ ‚Ó‰˚ ÓÁÂ‡ ÌÂ ËÁ-
ÏÂÌËÎÒfl Á‡ 10 ÎÂÚ Ì‡·Î˛‰ÂÌËÈ ÔË ÔÓÒÚÂÔÂÌÌÓÏ
Â„Ó ÓÔÂÒÌÂÌËË1.

1 ç‡Á‚‡ÌËÂ „Ë‰ÓıËÏË˜ÂÒÍËı ÚËÔÓ‚ ‚Ó‰ ‰‡ÂÚÒfl ÔÓ Ëı ÓÒÌÓ‚-
Ì˚Ï ‡ÌËÓÌ‡Ï Ë Í‡ÚËÓÌ‡Ï ‚ ÔÓfl‰ÍÂ ÛÏÂÌ¸¯ÂÌËfl Ëı ÍÓÌ-
ˆÂÌÚ‡ˆËÈ.

ëÓÒÚÓflÌËÂ Ë ı‡‡ÍÚÂËÒÚËÍ‡ ÁÓÌ 
ÔÓ‰‚Ó‰Ì˚ı ‡Á„ÛÁÓÍ „Ë‰ÓÚÂÏ 

‚ Í‡ÚÂÂ íÓÍ‡Â‚‡

èÓÒÎÂ ÓÍÓÌ˜‡ÌËfl ÔÓ‰‚Ó‰ÌÓ„Ó ËÁ‚ÂÊÂÌËfl ‚
ä‡˚ÏÒÍÓÏ ÓÁÂÂ, ‚ ÒÂ‚ÂÌÓÈ ˜‡ÒÚË Ó·‡ÁÓ‚‡‚-
¯Â„ÓÒfl Í‡ÚÂ‡ íÓÍ‡Â‚‡, ÔÓfl‚ËÎËÒ¸ ‚˚Ò‡˜Ë‚‡-
ÌËfl „Ë‰ÓÚÂÏ [3, 19]. éÒÓ·ÂÌÌÓ ÓÚ˜ÂÚÎË‚Ó ÓÌË
ÔÓÒÎÂÊË‚‡ÎËÒ¸ ‚ ÔÎflÊÌÓÈ ÁÓÌÂ (ËÒ. 1), „‰Â ‚
ÍÓÎ¸ˆÂ‚ÓÏ ÒÂÍÚÓÂ, ÔÓÚflÊÂÌÌÓÒÚ¸˛ ÓÍÓÎÓ 250 Ï
‚ ·ÂÂ„Ó‚˚ı Á‡ÍÓÔÛ¯Í‡ı „ÎÛ·ËÌÓÈ ‰Ó 20 ÒÏ, ÔÓfl‚-
ÎflÎ‡Ò¸ ‚Ó‰‡ Ò ç 7.0–7.3 Ë ÚÂÏÔÂ‡ÚÛÓÈ ‰Ó 79°ë.

ÇÓ‰‡ ‚ ÔËÎÂ„‡˛˘ÂÈ Í ˝ÚÓÏÛ ÒÂÍÚÓÛ ÏÂÎÍÓ-
‚Ó‰ÌÓÈ ˜‡ÒÚË ÓÁÂ‡ ÔÓ„Â‚‡Î‡Ò¸ ‰Ó 50°ë. á‰ÂÒ¸,
Ì‡ ‰ÌÂ ÓÁÂ‡ ‰Ó „ÎÛ·ËÌ˚ 2–2.5 Ï, ÛÊÂ ‚ 1997 „.
ÙÓÏËÓ‚‡ÎËÒ¸ ÚÓÌÍËÂ ÔÎÂÌÍË ‡Î¸„Ó·‡ÍÚÂË‡Î¸-
Ì˚ı ÒÓÓ·˘ÂÒÚ‚ ·ÛÓ‚‡ÚÓ-ÁÂÎÂÌÓ„Ó ˆ‚ÂÚ‡. èÓ ‰‡Ì-
Ì˚Ï àÌÒÚËÚÛÚ‡ ÏËÍÓ·ËÓÎÓ„ËË êÄç ÓÌË ÓÚÌÓÒË-
ÎËÒ¸ Í ÓÒˆËÎÎ‡ÚÓËÂ‚˚Ï (Cyanoprocaryota). Ç ÔÂ-
ËÓ‰ 1996–1998 „„. ‚Ó‰‡ ÓÁÂ‡ ËÏÂÎ‡ ç ÔÓfl‰Í‡
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ä‡ÔÓ‚ Ë ‰.
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Cl–, Ï„/Î

SO4
2–, Ï„/Î

Ca2+, Ï„/Î HCO3
–, Ï„/Î

Mg2+, Ï„/Î åËÌÂ‡ÎËÁ‡ˆËfl, Ï„/Î

1 2 3 4 5 6 7 8 9

êËÒ. 5. äÓÌˆÂÌÚ‡ˆËË ÍÓÏÔÓÌÂÌÚÓ‚ ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ‚Ó‰˚ ÓÁ. ä‡˚ÏÒÍÓÂ ÔÓ ‰‡ÌÌ˚Ï ÂÊËÏÌ˚ı Ì‡·Î˛‰ÂÌËÈ Ì‡
ÒÚ‡ÌˆËflı S1 Ë S2 ‚ 1984–2006 „„.: 1 – ÒÚ. S1-ˆÂÌÚ ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ‡ íÓÍ‡Â‚‡; 2 – ÒÚ. S2 – ˆÂÌÚ ÓÁÂ‡ ä‡˚ÏÒÍÓÂ;
3 − ‰‡ÌÌ˚Â 1984 „.; 4 – (ÁËÏ‡) 1996 „.; 5 – (‚ÂÒÌ‡) 1996 „.; 6 – 2000 „.; 7 – 2004 „.; 8 – 2005 „.; 9 – 2006 „. (ÊËÌ‡fl ÎËÌËfl).

H, Ï
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3.2−3.5. Ç ̋ ÚÓ ‚ÂÏfl ‚ ÓÁÂÓ ÔÓÔ‡‰‡ÎÓ ·ÓÎ¸¯ÓÂ ÍÓÎË-
˜ÂÒÚ‚Ó ‡Ì‰ÂÁËÚÓ‚Ó„Ó ÔÂÔÎ‡ ÓÚ ËÁ‚Â„‡˛˘Â„ÓÒfl ‚ÛÎ-
Í‡Ì‡ ä‡˚ÏÒÍËÈ, Ë ‚ ÁÓÌÂ ÒÏÂ¯ÂÌËfl ÍËÒÎÓÈ ÓÁÂÌÓÈ
‚Ó‰˚ Ë ‚Ó‰˚ ·ÎËÁÌÂÈÚ‡Î¸Ì˚ı „Ë‰ÓÚÂÏ, Ì‡ „Ë‰Ó-
ıËÏË˜ÂÒÍÓÏ ·‡¸ÂÂ, Ó·‡ÁÓ‚˚‚‡ÎÒfl ÓÒ‡‰ÓÍ, Ó·Ó„‡-
˘ÂÌÌ˚È „Ë‰ÓÓÍËÒÎ‡ÏË ÊÂÎÂÁ‡ ·ÛÓ„Ó ˆ‚ÂÚ‡. ä
2002 „. ç ÓÁÂÌÓÈ ‚Ó‰˚ Û‚ÂÎË˜ËÎÒfl ‰Ó ÁÌ‡˜ÂÌËfl 5.2.
Ç ÚÂ˜ÂÌËÂ 1996–2002 „„. ÛÓ‚ÂÌ¸ ÓÁÂ‡ ÔÓÌËÊ‡ÎÒfl Ë

‚ 2003 „. ÒÚ‡·ËÎËÁËÓ‚‡ÎÒfl Ì‡ ÓÚÏÂÚÍÂ 624.0 Ï, ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ÂÈ Â„Ó ÔÓÎÓÊÂÌË˛ ‰Ó ËÁ‚ÂÊÂÌËfl 1996 „.
ëÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ, ÏË„ËÓ‚‡ÎË Û˜‡ÒÚÍË ÔË·ÂÊ-
ÌÓÈ ‡Á„ÛÁÍË „Ë‰ÓÚÂÏ, Ë ËÁÏÂÌflÎÒfl ‚Ë‰Ó‚ÓÈ ÒÓ-
ÒÚ‡‚ ‡Î¸„Ó·‡ÍÚÂË‡Î¸Ì˚ı ÒÓÓ·˘ÂÒÚ‚, Ó ˜ÂÏ ·Û‰ÂÚ
ÒÍ‡Á‡ÌÓ ÌËÊÂ.

Ç 1999 „. ÔË ‚Ó‰ÓÎ‡ÁÌÓÏ Ó·ÒÎÂ‰Ó‚‡ÌËË ‰Ì‡ Í‡-
ÚÂ‡ íÓÍ‡Â‚‡ ‚ ÒÂ‚ÂÌÓÏ, Á‡Ô‡‰ÌÓÏ Ë ˛ÊÌÓÏ Â„Ó

S2 – ˆÂÌÚ ÓÁ. ä‡˚ÏÒÍÓÂ

H3BO3, Ï„/Î S1 – ˆÂÌÚ ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ‡ íÓÍ‡Â‚‡

9
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0
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0
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0
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60 Ï

êËÒ. 6. Ç‡Ë‡ˆËË ÒÓ‰ÂÊ‡ÌËÈ H3BO3 ‚ ‚Ó‰Â ÓÁ. ä‡˚ÏÒÍÓÂ ‚ ÔÓ‚ÂıÌÓÒÚÌÓÏ (0 Ï) Ë ÔË‰ÓÌÌÓÏ (60 Ï) ÒÎÓflı ÔÓ ‰‡ÌÌ˚Ï
Ì‡·Î˛‰ÂÌËÈ 1984–2005 „„. Ì‡ ÒÚ‡ÌˆËflı S1 Ë S2.
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4

M, Ï„/Î

êËÒ. 7. ÑËÌ‡ÏËÍ‡ ËÁÏÂÌÂÌËfl pH Ë Ó·˘ÂÈ ÏËÌÂ‡ÎËÁ‡ˆËË (å, Ï„/Î) ‚ ÔÓ‚ÂıÌÓÒÚÌÓÏ ÒÎÓÂ ‚Ó‰˚ ÓÁ. ä‡˚ÏÒÍÓÂ ÔÓ ‰‡Ì-
Ì˚Ï Ì‡·Î˛‰ÂÌËÈ 1984–2007 „„. Ì‡ ÒÚ‡ÌˆËflı S1 Ë S2. 
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ä‡ÔÓ‚ Ë ‰.

ÒÂÍÚÓ‡ı, Ì‡ „ÎÛ·ËÌ‡ı 6–10 Ï, ·˚ÎË Ó·Ì‡ÛÊÂÌ˚
Û˜‡ÒÚÍË ‰ÓÌÌ˚ı ‚˚ıÓ‰Ó‚ „Ë‰ÓÚÂÏ Ò ÚÂÏÔÂ‡ÚÛÓÈ
32–64°ë Ë Ò ‚ÂÎË˜ËÌ‡ÏË ç 6.2–6.6. Ç˚ıÓ‰˚ „Ë‰Ó-
ÚÂÏ ÙËÍÒËÓ‚‡ÎËÒ¸ ‚ ÔÂ‰ÂÎ‡ı ÛÁÍËı ÍÓ˚ÚÓÓ·-
‡ÁÌ˚ı ‚Ô‡‰ËÌ, ÓËÂÌÚËÓ‚‡ÌÌ˚ı ‚ ÒÛ·ÏÂË‰ËÓ-
Ì‡Î¸ÌÓÏ Ì‡Ô‡‚ÎÂÌËË ‚ ÒÓ„Î‡ÒËË Ò ÓËÂÌÚËÓ‚ÍÓÈ
ÔÓ‚ÂıÌÓÒÚÌ˚ı ‡Á˚‚Ì˚ı Ì‡Û¯ÂÌËÈ ‚ ·ÓÚÛ
. ä‡˚ÏÒÍ‡fl, Ò‚flÁ‡ÌÌ˚ı Ò ÁÂÏÎÂÚflÒÂÌËÂÏ, ÔÂ‰‚‡-
Ë‚¯ËÏ ËÁ‚ÂÊÂÌËÂ 1996 „. [12]. ç‡ ˝ÚËı Û˜‡ÒÚÍ‡ı
ÒÙÓÏËÓ‚‡ÎËÒ¸ ÒÎÓËÒÚ˚Â Ï‡Ú˚ ÍÓÎÓÌËÈ ˆË-
‡ÌÓ·‡ÍÚÂËÈ ËÁ Ó‰‡ Phormidium ÁÂÎÂÌÓ„Ó ˆ‚ÂÚ‡,
ÏÓ˘ÌÓÒÚ¸˛ 2–3 ÏÏ. í‡Ï, „‰Â Ì‡·Î˛‰‡ÎÓÒ¸ ÒÍÓÔÎÂ-
ÌËÂ „‡ÁÓ‚, Ï‡Ú˚ ÔËÓ·ÂÚ‡ÎË Ó·ÎËÍ ıÓÎÏËÍÓ‚ Ë Í‡-
‡‚‡Â‚. èË ÔÓÚ˚Í‡ÌËË ˝ÚËı Ó·‡ÁÓ‚‡ÌËÈ ‚˚‰Â-
ÎflÎÒfl Ò‚Ó·Ó‰Ì˚È „‡Á, ‚ ÒÓÒÚ‡‚Â ÍÓÚÓÓ„Ó ÔÂÓ·Î‡-
‰‡Î ‡ÁÓÚ (‰Ó 97% Ó·. N2). 

Ç 2001 „. ˝ÚË ‚˚ıÓ‰˚ ËÒ˜ÂÁÎË, ‡ Ï‡Ú˚ ÔÓ‰‚Â„-
ÎËÒ¸ ‰ÂÒÚÛÍˆËË. Ç 2002 Ë 2003 „„. ÔÓ‰‚Ó‰Ì˚Â ‡Á-
„ÛÁÍË Ó·Ì‡ÛÊÂÌ˚ ÌÂ ·˚ÎË. Ç ÍÓÌˆÂ Ë˛Îfl 2004 „.
ÔË ‚Ó‰ÓÎ‡ÁÌÓÏ Ó·ÒÎÂ‰Ó‚‡ÌËË ·˚ÎË ÓÚÏÂ˜ÂÌ˚ 4
Û˜‡ÒÚÍ‡ ‰ÓÌÌ˚ı ‚˚ıÓ‰Ó‚ „Ë‰ÓÚÂÏ. éÌË ·˚ÎË
‡ÒÔÓÎÓÊÂÌ˚ ‚Ó ‚ÌÛÚÂÌÌÂÈ ÍÓÎ¸ˆÂ‚ÓÈ ÁÓÌÂ Í‡-
ÚÂ‡ íÓÍ‡Â‚‡, ÌÓ Ì‡ ÌÂÒÍÓÎ¸ÍÓ ÏÂÌ¸¯Ëı „ÎÛ·ËÌ‡ı
(4–7 Ï), Ô‡ÍÚË˜ÂÒÍË ‚ „‡ÌËˆ‡ı 2000 „. Ç ÓÚÎË˜ËÂ
ÓÚ ‚˚ıÓ‰Ó‚, Ó·Ì‡ÛÊÂÌÌ˚ı ‚ 1999–2000 „„., ÓÌË
ÔÂ‰ÒÚ‡‚ÎflÎË ÒÓ·ÓÈ ÏÂÎÍËÂ ‚ÓÓÌÍË, ËÁ ÍÓÚÓ˚ı ÔÓ-
ÒÚÛÔ‡Î‡ ‚Ó‰‡ Ò ÚÂÏÔÂ‡ÚÛÓÈ 30–45°ë, ç = 6.6–6.8 Ò
Ó˜ÂÌ¸ ÒÎ‡·˚Ï „‡ÁÓ‚˚‰ÂÎÂÌËÂÏ. ÑÌÓ ‚ ˝ÚËı ÏÂÒÚ‡ı
·˚ÎÓ ÔÓÍ˚ÚÓ ‚flÁÍËÏ ̃ ÂÌ˚Ï ËÎÓÏ Ò ÔflÚÌ‡ÏË Ó‡Ì-
ÊÂ‚Ó„Ó ˆ‚ÂÚ‡ (ÓÍËÒÎ˚ ÊÂÎÂÁ‡). ÇÓÍÛ„ ‚ÓÓÌÓÍ ‡Á-
‚Ë‚‡ÎËÒ¸ ÚÓÌ˜‡È¯ËÂ ÔÎÂÌÍË ‡Î¸„Ó·‡ÍÚÂË‡Î¸Ì˚ı
Ó·‡ÁÓ‚‡ÌËÈ ·ÂÎÂÒÓ„Ó Ë ·ÎÂ‰ÌÓ-ÁÂÎÂÌÓ„Ó ˆ‚ÂÚ‡.

ÉË‰Ó„ÂÓıËÏË˜ÂÒÍ‡fl 
ı‡‡ÍÚÂËÒÚËÍ‡ ÚÂÏ‡Î¸Ì˚ı 

ËÒÚÓ˜ÌËÍÓ‚ Ó·‡ÏÎÂÌËfl 
ÓÁ. ä‡˚ÏÒÍÓÂ 

é·˘ÂËÁ‚ÂÒÚÌ˚ ÏÌÓ„Ó˜ËÒÎÂÌÌ˚Â ÔÛ·ÎËÍ‡ˆËË Ó·
ËÁÏÂÌÂÌËË ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡, ÚÂÏÔÂ‡ÚÛ˚, ‰Â-
·ËÚ‡, „‡ÁÓ‚Ó„Ó ÂÊËÏ‡ ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ ‚
Ò‚flÁË Ò ÁÂÏÎÂÚflÒÂÌËflÏË [10, 22]. åÂÌ¸¯ÂÂ ˜ËÒÎÓ
ÔÛ·ÎËÍ‡ˆËÈ ÔÓÒ‚fl˘ÂÌÓ Â‡ÍˆËË ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜-
ÌËÍÓ‚ Ì‡ ËÁ‚ÂÊÂÌËfl ‚ÛÎÍ‡ÌÓ‚ [6, 24]. èÓÒÎÂ‰ÒÚ‚Ëfl
ÔÓ‰‚Ó‰ÌÓ„Ó ËÁ‚ÂÊÂÌËfl ‚ Í‡Î¸‰ÂÂ ÄÍ‡‰ÂÏËË ç‡ÛÍ
‚ 1996 „. fl‚Îfl˛ÚÒfl Û·Â‰ËÚÂÎ¸Ì˚Ï Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÓÏ
Ô‡‡„ÂÌÂÚË˜ÂÒÍÓÈ Ò‚flÁË ÔÓˆÂÒÒÓ‚ ‚ÛÎÍ‡ÌËÁÏ‡ Ë
„Ë‰ÓÚÂÏ‡Î¸ÌÓÈ ‰ÂflÚÂÎ¸ÌÓÒÚË. ä‡Í ËÁ‚ÂÒÚÌÓ, ‚
Í‡Î¸‰ÂÂ ÔÓÒÎÂ ÁÂÏÎÂÚflÒÂÌËfl Ë ÔÓÒÎÂ‰Û˛˘Â„Ó Á‡
ÌËÏ ËÁ‚ÂÊÂÌËfl ÔÓfl‚ËÎËÒ¸ ÌÓ‚˚Â ÚÂÏ‡Î¸Ì˚Â ËÒ-
ÚÓ˜ÌËÍË, ‡ ÒÛ˘ÂÒÚ‚Ó‚‡‚¯ËÂ ‡ÌÂÂ Á‡ÏÂÚÌÓ ÒÂ‡„Ë-
Ó‚‡ÎË Ì‡ ‚ÛÎÍ‡ÌÓÚÂÍÚÓÌË˜ÂÒÍËÂ ÒÓ·˚ÚËfl (Ì‡ÔË-
ÏÂ, ÔÓËÁÓ¯Î‡ ÔÂÂ„ÛÔÔËÓ‚Í‡ ‚˚ıÓ‰Ó‚ „Ë‰Ó-
ÚÂÏ ‚ „ÛÔÔÂ ËÒÚÓ˜ÌËÍÓ‚ ÄÍ‡‰ÂÏËË ç‡ÛÍ, ‚ÓÁÌËÍ
ÌÓ‚˚È „ÂÈÁÂ Ë Ú.‰.) [2, 7, 9, 15, 20].

ç‡¯Ë ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÁ‚ÓÎËÎË ÔÓÒÎÂ‰ËÚ¸ ˝‚Ó-
Î˛ˆË˛ „Ë‰Ó„ÂÓıËÏË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ „Ë‰Ó-
ÚÂÏ Í‡Î¸‰Â˚ ÄÍ‡‰ÂÏËË ç‡ÛÍ ‚ ÚÂ˜ÂÌËÂ ‰ÎËÚÂÎ¸-
ÌÓ„Ó ‚ÂÏÂÌË, ‚ÍÎ˛˜‡˛˘Â„Ó ÔÂËÓ‰ ÔÓÍÓfl, ÔÂ‰‚‡-

fl˛˘Â„Ó ÔÓ‰‚Ó‰ÌÓÂ ËÁ‚ÂÊÂÌËÂ, Ë ÁÌ‡˜ËÚÂÎ¸Ì˚È
ËÌÚÂ‚‡Î ‚ÂÏÂÌË ÔÓÒÎÂ Â„Ó Á‡‚Â¯ÂÌËfl (Ú‡·Î. 2).
èÓ ÒÓÎÂ‚ÓÏÛ ÒÓÒÚ‡‚Û „ÂÈÁÂ‡ ëÚ‡˚È ‚ „ÛÔÔÂ ËÒ-
ÚÓ˜ÌËÍÓ‚ ÄÍ‡‰ÂÏËË ç‡ÛÍ ËÏÂ˛ÚÒfl ‰‡ÌÌ˚Â Ò 1947 „.
[4]. ä‡Í ‚Ë‰ÌÓ ËÁ Ú‡·Î. 2 Ë Ì‡ ËÒ. 8, ÒÓ‰ÂÊ‡ÌËe ÓÒ-
ÌÓ‚Ì˚ı ÍÓÏÔÓÌÂÌÚÓ‚ ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ‚Ó‰˚
„ÂÈÁÂ‡ ëÚ‡˚È, ÔÓ ÍÓÚÓÓÏÛ ÂÒÚ¸ Ì‡Ë·ÓÎÂÂ ÔÂ‰-
ÒÚ‡‚ËÚÂÎ¸Ì˚È fl‰ Ì‡·Î˛‰ÂÌËÈ, ËÒÔ˚Ú˚‚‡ÂÚ ÁÌ‡˜Ë-
ÚÂÎ¸Ì˚Â ÍÓÎÂ·‡ÌËfl. èÓÒÏ‡ÚË‚‡ÂÚÒfl ÓÔÂ‰ÂÎÂÌ-
Ì‡fl Á‡ÍÓÌÓÏÂÌÓÒÚ¸, ‡ ËÏÂÌÌÓ – ÔÓÒÎÂ ËÁ‚ÂÊÂÌËfl
(‚ 1966 „. – ‚ÛÎÍ‡Ì‡ ä‡˚ÏÒÍÓ„Ó, ‚ 1996 „. – Ó‰ÌÓ‚Â-
ÏÂÌÌ˚ı ËÁ‚ÂÊÂÌËÈ ‚ÛÎÍ‡Ì‡ ä‡˚ÏÒÍËÈ Ë ÔÓ‰‚Ó‰-
ÌÓ„Ó ËÁ‚ÂÊÂÌËfl ‚ Ò‡ÏÓÈ Í‡Î¸‰ÂÂ ÄÍ‡‰ÂÏËË ç‡ÛÍ)

ÒÓ‰ÂÊ‡ÌËÂ Cl–,  Ë ÒËÌıÓÌÌÓ Ò ÌËÏË (Na + K) Ë
H3BO3, ÒÌ‡˜‡Î‡ ÔÓ‚˚¯‡ÂÚÒfl, Á‡ÚÂÏ 3–4 „Ó‰‡ ÓÒÚ‡-
ÂÚÒfl Ì‡ ÔË·ÎËÁËÚÂÎ¸ÌÓ Ó‰ÌÓÏ ÛÓ‚ÌÂ, ÔË·ÎËÊ‡flÒ¸
Í ÒÂ‰ÌÂ-Ï‡ÍÒËÏ‡Î¸Ì˚Ï ÁÌ‡˜ÂÌËflÏ, ‡ Á‡ÚÂÏ ÔÓÒÚÂ-
ÔÂÌÌÓ ÔÓÌËÊ‡ÂÚÒfl. í‡Í‡fl ÊÂ ÚÂÌ‰ÂÌˆËfl Ì‡·Î˛‰‡ÂÚ-
Òfl ÔÓÒÎÂ ËÁ‚ÂÊÂÌËfl 1996 „. Ë Û ÌÓ‚ÓÓ·‡ÁÓ‚‡ÌÌÓ„Ó
„ÂÈÁÂ‡ çÓ‚˚È (Ú‡·Î. 2). ëÌËÊÂÌËÂ Ó·˘ÂÈ ÏËÌÂ‡-
ÎËÁ‡ˆËË „Ë‰ÓÚÂÏ Í ÏÓÏÂÌÚÛ ‡ÍÚË‚ËÁ‡ˆËË ‚ÛÎÍ‡Ì‡
ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ‚ÓÁÌËÍÌÓ‚ÂÌËÂÏ ÌÓ‚˚ı ÚÂ˘ËÌ,
Ú.Â. ÌÓ‚˚ı ÔÛÚÂÈ ˆËÍÛÎflˆËË ÏÂÚÂÓÌ˚ı ‚Ó‰, Û‚ÂÎË-
˜Ë‚‡˛˘Ëı ‡Á·‡‚ÎÂÌËÂ „Ë‰ÓÚÂÏ. 

Ç ÂÁÛÎ¸Ú‡ÚÂ ËÁ‚ÂÊÂÌËfl 1996 „. Ì‡ ÌÓ‚ÓÓ·‡ÁÓ-
‚‡ÌÌÓÏ ÔÓÎÛÓÒÚÓ‚Â çÓ‚Ó„Ó‰ÌËÈ Ó·‡ÁÓ‚‡ÎËÒ¸ ÌÓ-
‚˚Â „ÛÔÔ˚ ËÒÚÓ˜ÌËÍÓ‚, ıËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚ ÍÓÚÓ-
˚ı ·˚ÒÚÓ ˝‚ÓÎ˛ˆËÓÌËÓ‚‡Î (Ú‡·Î. 2). ç‡·Î˛‰Â-
ÌËfl Ì‡ ËÒÚÓ˜ÌËÍÂ ‹ 1 Ì‡ Û˜. ÉÓfl˜ËÈ (èËÈÔÓ‚ÒÍËÂ
ËÒÚÓ˜ÌËÍË) ÔÓÍ‡Á˚‚‡˛Ú ÔÓÒÚÂÔÂÌÌÓÂ ÒÌËÊÂÌËÂ
ÍÓÌˆÂÌÚ‡ˆËË ÓÒÌÓ‚Ì˚ı ÏËÌÂ‡Î¸Ì˚ı ÍÓÏÔÓÌÂÌ-
ÚÓ‚. ÇÓ‰‡ ˝ÚÓ„Ó ËÒÚÓ˜ÌËÍ‡ ÓÚÌÓÒËÚÒfl Í ıÎÓË‰ÌÓ-
ÒÛÎ¸Ù‡ÚÌÓÏÛ, Ì‡ÚËÂ‚ÓÏÛ ÚËÔÛ ÚÂÏ. àÒÚÓ˜ÌËÍ
èÓ‚‡Î¸Ì˚È, ‚ÓÁÌËÍ¯ËÈ Ì‡ „ÎÛ·ËÌÂ ·ÓÎÂÂ 4 Ï ‚ „ÎÛ-
·ÓÍÓÏ ÔÓ‚‡ÎÂ Ì‡ Ô-‚Â çÓ‚Ó„Ó‰ÌËÈ ‚ 1997 „.,
ËÏÂÎ ‚Ó‰Û ÚËÔË˜ÌÓ„Ó ıÎÓË‰ÌÓ„Ó, Ì‡ÚËÂ‚Ó„Ó ÚËÔ‡
(Ú‡·Î. 2). óÂÂÁ „Ó‰ ÓÌ ·˚Î Á‡‚‡ÎÂÌ Ó·Û¯Ë‚¯ËÏËÒfl
ÒÚÂÌÍ‡ÏË ÔÓ‚‡Î‡ Ë ÔÂÂÒÚ‡Î ÙÛÌÍˆËÓÌËÓ‚‡Ú¸.
éÚÓ·‡ÌÌ˚È Ì‡ ÏÂÒÚÂ Â„Ó ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ‚ 2003 „.
ÍÓÌ‰ÂÌÒ‡Ú ËÏÂÎ ÛÊÂ ÒÛÎ¸Ù‡ÚÌÓ-ıÎÓË‰Ì˚È, Í‡Î¸ˆË-
Â‚Ó-Ì‡ÚËÂ‚˚È ÒÓÒÚ‡‚ (Ú‡·Î. 2), ÓÚ‡Ê‡fl ÔÓˆÂÒÒ
‚ÚÓË˜ÌÓ„Ó ‚˚˘ÂÎ‡˜Ë‚‡ÌËfl Ó·Ó„‡˘ÂÌÌ˚ı ÒÛÎ¸Ù‡-
ÚÓÏ Í‡Î¸ˆËfl [3] ‚ÏÂ˘‡˛˘Ëı ÔÓÓ‰.

ÇÓ‰‡ ‚ ÓÁÂÍÂ Ï‡‡‡ (‚ÓÓÌÍ‡ ‹ 4), Ó·‡ÁÓ‚‡‚-
¯Â„ÓÒfl ÔË ËÁ‚ÂÊÂÌËË 1996 „. Ì‡ Ô-‚Â çÓ‚Ó„Ó‰-
ÌËÈ, ÔÓÒÎÂ ËÁ‚ÂÊÂÌËfl ËÏÂÎ‡ ÚÂÏÔÂ‡ÚÛÛ 64°ë
(Ì‡ „ÎÛ·ËÌÂ 10 ÒÏ, (‚ ·ÓÚ‡ı Ï‡‡‡ ‰Ó 75°ë) Ë ÒÛÎ¸-
Ù‡ÚÌÓ-ıÎÓË‰Ì˚È, Ì‡ÚËÂ‚˚È ÒÓÒÚ‡‚ [3]. çÓ ÛÊÂ ‚
ÒÂÌÚfl·Â 1996 „. ÚÂÏÔÂ‡ÚÛ‡ ‚ ÓÁÂÍÂ ÛÔ‡Î‡ ‰Ó
21°ë, ÔÓËÁÓ¯ÎÓ Û‚ÂÎË˜ÂÌËÂ Ó·˘ÂÈ ÏËÌÂ‡ÎËÁ‡-
ˆËË „Î‡‚Ì˚Ï Ó·‡ÁÓÏ Á‡ Ò˜ÂÚ ÒÛÎ¸Ù‡ÚÌÓÈ ÍÓÏÔÓ-
ÌÂÌÚ˚. Ç ÔÓÒÎÂ‰Û˛˘ËÂ „Ó‰˚ Ì‡·Î˛‰ÂÌËÈ ÏËÌÂ‡-
ÎËÁ‡ˆËfl ‚Ó‰˚ ÓÁÂÍ‡ ÔÎ‡‚ÌÓ ÒÌËÊ‡Î‡Ò¸, ÓÚ‡Ê‡fl,
ÔÓ-‚Ë‰ËÏÓÏÛ, ÛÏÂÌ¸¯ÂÌËÂ ÚÂÏÔÓ‚ ‚˚˘ÂÎ‡˜Ë‚‡ÌËfl
(ÔÓ ÏÂÂ ËÒ˜ÂÔ‡ÌËfl ÎÂ„ÍÓ ÔÓ‰‚ËÊÌ˚ı ÍÓÏÔÓÌÂÌ-
ÚÓ‚: SO4, Cl, Ca, Na, K) ËÁ ‚ÏÂ˘‡˛˘Ëı ÔÓÓ‰. Ç ÒÂÌ-
Úfl·Â 2007 „. ÚÂÏÔÂ‡ÚÛ‡ ‚ ÓÁÂÍÂ Ï‡‡‡ ÔÓÌËÁË-

SO4
–,
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1
2

3
4

SO4
2–

120

100

80

60

45

30

H3BO3

„„.

êËÒ. 8. ùÍÒÚ‡ÔÓÎflˆËfl ËÁÏÂÌÂÌËfl ÍÓÌˆÂÌÚ‡ˆËÈ ÓÒÌÓ‚Ì˚ı ÍÓÏÔÓÌÂÌÚÓ‚ ıËÏË˜ÂÒÍÓ„Ó ÒÓÒÚ‡‚‡ ‚Ó‰˚ „ÂÈÁÂ‡ ëÚ‡˚È
(1 – Cl–, 2 –  3 – (Na + K)+, 4 – H3BO3) Á‡ ÔÂËÓ‰ Ì‡·Î˛‰ÂÌËÈ 1947–2006 „„. ëÚÂÎÍ‡ÏË ÔÓÍ‡Á‡ÌÓ ‚ÂÏfl ËÁ‚ÂÊÂÌËÈ
‚ÛÎÍ‡Ì‡ ä‡˚ÏÒÍËÈ ‚ 1966 Ë 1996 „. 

SO4
–
;

Î‡Ò¸ ‰Ó 9°ë, ‡ ÚÂÏÔÂ‡ÚÛ‡ ·ÓÍÓ‚˚ı ÔÓÓ‰ ÒÌËÁË-
Î‡Ò¸ ‰Ó 9–18°ë Ì‡ „ÎÛ·ËÌÂ 10 ÒÏ.

Ç˚Á˚‚‡ÂÚ ËÌÚÂÂÒ „ÂÓıËÏËfl ÏËÍÓ˝ÎÂÏÂÌÚÓ‚
‚ ÚÂÏ‡Î¸Ì˚ı ‚Ó‰‡ı ‡ÒÒÏÓÚÂÌÌ˚ı ËÒÚÓ˜ÌËÍÓ‚ Ë
„ÂÈÁÂÓ‚ (Ú‡·Î. 3). í‡Í, ‚ ‚Ó‰Â „ÂÈÁÂ‡ ëÚ‡˚È Ì‡-
·Î˛‰‡˛ÚÒfl ÛÒÚÓÈ˜Ë‚˚Â ÔÓ‚˚¯ÂÌÌ˚Â ÒÓ‰ÂÊ‡ÌËfl
Ú‡ÍËı ÔÎÓıÓ ÒÓ·ËÛÂÏ˚ı ˝ÎÂÏÂÌÚÓ‚ Í‡Í V, As,
Br, Mo, W, Á‡ÏÂÚÌ˚ ÒÓ‰ÂÊ‡ÌËfl Br, Zr, Ge, Mn, Zn,
Pb, Sb, Y, La, ÔËÒÛÚÒÚ‚Û˛Ú Cd, Re, Tl, ÒÎÂ‰˚ U. 

Ç ‚Ó‰Â ËÒÚÓ˜ÌËÍ‡ ä‡·ÓÌ‡ÚÌ˚È ÓÚÏÂ˜ÂÌ˚ ‰Ó-
‚ÓÎ¸ÌÓ ‚˚ÒÓÍËÂ ÒÓ‰ÂÊ‡ÌËfl P, Á‡ÏÂÚÌ˚Â ÍÓÎË˜Â-
ÒÚ‚‡ Pd, Pt, ÒÎÂ‰˚ Ag, Au. Ç ÌÂÈ Ú‡ÍÊÂ Ì‡·Î˛‰‡-
˛ÚÒfl ÔÓ‚˚¯ÂÌÌ˚Â ÍÓÌˆÂÌÚ‡ˆËË As, Br, Pb, Sb, W
Ë Tl. Ç ‚Ó‰‡ı ‰ÓÌÌ˚ı ‡Á„ÛÁÓÍ ‚ Í‡ÚÂÂ íÓÍ‡Â-
‚‡ Ë ‚ ËÒÚÓ˜ÌËÍÂ ‹ 1 ÙËÍÒËÛ˛ÚÒfl P, Pb Ë Mo.
äÓÏÂ ˝ÚÓ„Ó, ‚ ÌËı ÔËÒÛÚÒÚ‚ÛÂÚ Â‰ÍËÈ ˝ÎÂÏÂÌÚ
Re, ‡ ‚ ËÒÚÓ˜ÌËÍÂ ‹ 1, Ú‡ÍÊÂ Í‡Í Ë ‚ ä‡·ÓÌ‡ÚÌÓÏ,
ÓÚÏÂ˜ÂÌ˚ Á‡ÏÂÚÌ˚Â ÒÓ‰ÂÊ‡ÌËfl Pt Ë Pd. Ç ÚÂÏ‡Î¸-
ÌÓÈ ‚Ó‰Â ‰ÓÌÌÓÈ ‡Á„ÛÁÍË ‚ Í‡ÚÂÂ íÓÍ‡Â‚‡ Ì‡-
·Î˛‰‡˛ÚÒfl ‚˚ÒÓÍËÂ ÒÓ‰ÂÊ‡ÌËfl P, Mn, Fe, Á‡ÏÂÚ-
Ì˚Â ÍÓÎË˜ÂÒÚ‚‡ Zn, Cu, As, Ba, ÔËÒÛÚÒÚ‚Û˛Ú Y, Mo,
Sb, La, W.

ë ÔÓÁËˆËÈ ‚˚flÒÌÂÌËfl „ÂÌÂÁËÒ‡ ‡ÁÌ˚ı „Ë‰ÓıË-
ÏË˜ÂÒÍËı ÚËÔÓ‚ ÚÂÏ‡Î¸Ì˚ı ‚Ó‰, ‡Á„ÛÊ‡˛˘ËıÒfl ‚
Í‡Î¸‰ÂÂ ÄÍ‡‰ÂÏËË ç‡ÛÍ, ÔÓÍ‡Á‡ÚÂÎ¸Ì‡ ‰Ë‡„‡ÏÏ‡
ÒÏÂ¯ÂÌËfl ‚Ó‰ ·‡ÒÒÂÈÌ‡ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ ÔÓ ÓÚÌÓ-
¯ÂÌËflÏ ÒÓ‰ÂÊ‡ÌËfl ‚ ÌËı ÒÛÏÏ˚ ËÓÌÓ‚ (Na + K) Í Cl
(ËÒ. 9). ç‡·Î˛‰‡ÂÚÒfl ÔflÏ‡fl ÍÓÂÎflˆËfl ‚ÒÂı ‡Ò-

ÒÏÓÚÂÌÌ˚ı ‚˚¯Â ÚËÔÓ‚ ‚Ó‰ ‡ÈÓÌ‡ ÔÓ ˝ÚËÏ ÍÓÏÔÓ-
ÌÂÌÚ‡Ï. åÓÊÌÓ ÓÔÂ‰ÂÎÂÌÌÓ „Ó‚ÓËÚ¸ Ó ÚÓÏ, ˜ÚÓ
‡ÁÌÓÓ·‡ÁËÂ ÚËÔÓ‚ „Ë‰ÓÚÂÏ ·‡ÒÒÂÈÌ‡ ÓÁ. ä‡˚Ï-
ÒÍÓÂ ÓÔÂ‰ÂÎflÂÚÒfl ÒÏÂ¯ÂÌËÂÏ ‡ÚÏÓÒÙÂÌ˚ı ÓÒ‡‰-
ÍÓ‚ (‡ Ú‡ÍÊÂ ÔÓ‰ÛÍÚÓ‚ Ëı Â‡ÍˆËÈ Ò Ï‡ÚÂË‡ÎÓÏ
‚ÛÎÍ‡ÌË˜ÂÒÍËı ÔÂÔÎÓ‚) Ò ‚˚ÒÓÍÓÚÂÏÔÂ‡ÚÛÌ˚ÏË
‡ÒÚ‚Ó‡ÏË ıÎÓË‰ÌÓ„Ó, Ì‡ÚËÂ‚Ó„Ó ÚËÔ‡.

ëÛÍˆÂÒÒËË ·ËÓÚ˚ ‚ ÓÁ. ä‡˚ÏÒÍÓÂ 
(1996–2006 „„.) 

ÇÛÎÍ‡ÌËÁÏ Ë ÙÎ˛Ë‰Ì˚Â ÔÓÚÓÍË ‚Â˘ÂÒÚ‚‡ Ë
˝ÌÂ„ËË fl‚Îfl˛ÚÒfl ÏÓ˘Ì˚ÏË ÔÓÒÚ‡‚˘ËÍ‡ÏË Û„ÎÂ-
Ó‰‡, ‡ÁÓÚ‡, ÙÓÒÙÓ‡ Ë ÏÌÓ„Ëı ‰Û„Ëı ·ËÓÎÓ„Ë˜Â-
ÒÍË ‚‡ÊÌ˚ı ˝ÎÂÏÂÌÚÓ‚ ‚ ‡ÚÏÓÒÙÂÛ, „Ë‰ÓÒÙÂÛ
Ë ÔÂ‰ÓÒÙÂÛ áÂÏÎË. Ç ˝ÚÓÏ Á‡ÍÎ˛˜‡ÂÚÒfl ÔÓÎÓÊË-
ÚÂÎ¸Ì‡fl ÓÎ¸ ‚ÛÎÍ‡ÌËÁÏ‡. çÓ Ô‡ÓÍÒËÁÏ‡Î¸Ì˚Â,
ÓÒÓ·ÂÌÌÓ ÔÓ‰‚Ó‰Ì˚Â ËÁ‚ÂÊÂÌËfl, Ó·˚˜ÌÓ ÓÍ‡Á˚-
‚‡˛Ú „Û·ËÚÂÎ¸ÌÓÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ Ì‡ ·ËÓÚÛ.

ä‡Í ÔÓÍ‡Á‡ÎË Ì‡¯Ë ËÒÒÎÂ‰Ó‚‡ÌËfl, ÔÓ‰‚Ó‰ÌÓÂ
ËÁ‚ÂÊÂÌËÂ 1996 „. ‚ ä‡˚ÏÒÍÓÏ ÓÁÂÂ ÔË‚ÂÎÓ Í
‰ÎËÚÂÎ¸ÌÓÏÛ ‰ÂÔÂÒÒË‚ÌÓÏÛ ÒÓÒÚÓflÌË˛ ÔÓ ‰‡Ì-
Ì˚Ï 2006 „. ‚ÒÂÈ ·ËÓÚ˚ Í‡Í ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚ Ò‡-
ÏÓÈ ‚Ó‰ÌÓÈ Ï‡ÒÒÂ ÓÁÂ‡ (ÔÎÓ˘‡‰¸˛ ÓÍÓÎÓ 16 ÍÏ2),
Ú‡Í Ë ‚ ˝ÙÂÏÂÌ˚ı ‚Ó‰ÓÂÏ‡ı ‚ ÛÁÍÓÈ ÁÓÌÂ ÔËÎÂ-
„‡˛˘Â„Ó Í ÌÂÏÛ ÔÓ·ÂÂÊ¸fl [7, 8, 13, 20, 21].

ÄÎ¸„ÓÙÎÓ‡ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ ‰Ó ÔÓ‰‚Ó‰ÌÓ„Ó
ËÁ‚ÂÊÂÌËfl 01.1996 „. fl‚ÎflÎ‡Ò¸ ÚËÔË˜ÌÓÈ ‰Îfl
ÍÛÔÌ˚ı ÓÎË„ÓÚÓÙÌ˚ı, ÌËÁÍÓÏËÌÂ‡ÎËÁÓ‚‡Ì-
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ä‡ÔÓ‚ Ë ‰.

200 400 600 800 100 1200 14000

200
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1 2 3 4 5 6 7
8 9 10 11 12 13 14
15 16 17 18 19

Na + K, Ï„/Î

Cl, Ï„/Î

êËÒ. 9. ÑË‡„‡ÏÏ‡ ÒÏÂ¯ÂÌËfl ‚Ó‰ ·‡ÒÒÂÈÌ‡ ÓÁ. ä‡˚ÏÒÍÓÂ ÔÓ ÒÓÓÚÌÓ¯ÂÌË˛ ÍÓÌˆÂÌÚ‡ˆËË ËÓÌÓ‚ (Na + K)+ Ë Cl–.
1 − ÑÓÌÌ˚Â; 2 – èÓ‚‡Î¸Ì˚È; 3 – èËÈÔÓ‚ÒÍËÂ; 4 – ê‡ÁÎÓÏÌ˚È; 5 – ëÂ‰ËÚ˚È; 6 – ä‡·ÓÌ‡ÚÌ˚È; 7 – „ÂÈÁÂ çÓ‚˚È;
8 − ËÒÚ. áÂÎÂÌ˚Â; 9 – ˆÂÌÚ ÓÁ. ä‡˚ÏÒÍÓÂ (ÔÓ‚ÂıÌÓÒÚ¸); 10 – ä‡˚ÏÒÍËÂ; 11 – èÎflÊÌ˚Â; 12 – å‡‡; 13 – ÅÛÎfl˘ËÈ;
14 – åÂ‰‚ÂÊ¸Ë; 15 – ÅÂÂ„Ó‚˚Â; 16 – „ÂÈÁÂ ëÚ‡˚È; 17 – íÂ˘ËÌÌ˚È; 18 – ïÓÎÓ‰Ì˚Â; 19 – ˆÂÌÚ ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ‡
íÓÍ‡Â‚‡ (ÔÓ‚ÂıÌÓÒÚ¸).

Ì˚ı Ë ÌËÁÍÓÚÂÏÔÂ‡ÚÛÌ˚ı ÓÁÂ ä‡Ï˜‡ÚÍË Ò ÒÛ·-
ÌÂÈÚ‡Î¸Ì˚Ï ç ‚Ó‰˚ – 7 (ËÒ. 10). Ç ÔÎ‡ÌÍÚÓÌ-
ÌÓÏ ‡Î¸„ÓˆÂÌÓÁÂ ‰ÓÏËÌËÓ‚‡ÎË ÔÂ‰ÒÚ‡‚ËÚÂÎË
‰Ë‡ÚÓÏÓ‚˚ı ‚Ó‰ÓÓÒÎÂÈ (Bacillariophyta) – Aula-
coseira italica Ë Asterionella gracillima. ëÛÏÏ‡Ì‡fl
Ëı ˜ËÒÎÂÌÌÓÒÚ¸ ‰ÓÒÚË„‡Î‡ 280 Ú˚Ò. ÍÎÂÚÓÍ Ì‡
ÎËÚ. Ç ÓÒÂÌÌËÈ ÔÂËÓ‰ ÒÛ·‰ÓÏËÌËÓ‚‡ÎË 2 ‚Ë‰‡
Cyclotella (C. bodanica + C. tripartita) Ë Stephanodis-

cus cf. invisitatus. ùÚÓ ÒÔÓÒÓ·ÒÚ‚Ó‚‡ÎÓ ‡Á‚ËÚË˛
‰ÓÒÚ‡ÚÓ˜ÌÓÈ ÔÎÓÚÌÓÒÚË ÔÎ‡ÌÍÚÓÌÌ˚ı ‡ÍÓÓ·‡Á-
Ì˚ı Ë ÔË‚ÂÎÓ Í ÔÓÎÓÊËÚÂÎ¸ÌÓÏÛ Â¯ÂÌË˛ ÔÓ-
ÂÍÚ‡ ËÌÚÓ‰ÛÍˆËË ÊËÎÓÈ ÙÓÏ˚ ÍÓÍ‡ÌË – Onco-
rhynchus ËÁ äÓÌÓˆÍÓ„Ó ÓÁÂ‡, ÛÒÔÂ¯ÌÓ ËÌÚÓ‰Û-
ˆËÓ‚‡ÌÌÓÈ ‚ ÌÓ‚˚È ·ËÓÚÓÔ ‚ 1976 „. [11].

êÂÁÍÓÂ Ì‡Û¯ÂÌËÂ ‡‚ÌÓ‚ÂÒËfl ÚÂÏÓ„Ë‰ÓıË-
ÏË˜ÂÒÍÓ„Ó ÂÊËÏ‡ ÓÁÂÌÓÈ ÒËÒÚÂÏ˚ ‚ 1996 „. ÓÍ‡-
Á‡ÎÓ ÌÂ„‡ÚË‚ÌÓÂ ‚ÓÁ‰ÂÈÒÚ‚ËÂ Ì‡ „Ë‰Ó·ËÓÌÚÓ‚.
èÓ„Ë·ÎË ‚Òfl ËıÚËÓÙ‡ÛÌ‡ (~1.5 ÏÎÌ. ÓÒÓ·ÂÈ ÍÓÍ‡-
ÌË), ÏÌÓ„Ó‚ÂÍÓ‚˚Â ‡Î¸„Ó- Ë ÁÓÓˆÂÌÓÁ˚.

ãÂÚÓÏ 1996 „. ‡‚ÚÓıÚÓÌÌ˚È “ÔÂ‚Ë˜Ì˚È” ÔÂÎ‡„Ë-
˜ÂÒÍËÈ ÙËÚÓÔÎ‡ÌÍÚÓÌ (Ì‡Á‚‡ÌÌ˚È ‚˚¯Â) ÌÂ ·˚Î Ó·-
Ì‡ÛÊÂÌ, Ú‡ÍÊÂ Í‡Í Ë ÔÂ‰ÒÚ‡‚ËÚÂÎË ÏËÍÓÙ‡ÛÌ˚ Ë
ËıÚËÓÙ‡ÛÌ˚. ÄÎ¸„Ó·‡ÍÚÂË‡Î¸Ì‡fl ·ËÓÏ‡ÒÒ‡ ‚ ÔÂÎ‡-
„Ë‡ÎË ÌÂ ÔÂ‚˚¯‡Î‡ 0.1 Ï„/Î. éÒÌÓ‚ÌÓÈ ÂÂ ÒÓÒÚ‡‚Îfl-
˛˘ÂÈ ‚ ËÌÚÂ‚‡ÎÂ „ÎÛ·ËÌ 0–20 Ï ·˚ÎË ‚ÒÂÎÂÌˆ˚
ÔË·ÂÊÌÓÈ ÁÓÌ˚ – Â‰ËÌË˜Ì˚Â ÙËÁËÓÎÓ„Ë˜ÂÒÍË
ÓÒÎ‡·ÎÂÌÌ˚Â ÔÂ‰ÒÚ‡‚ËÚÂÎË ÒËÌÂÁÂÎÂÌ˚ı ‚Ó‰ÓÓÒ-
ÎÂÈ (Cyanoprocaryota) ËÁ Ó‰Ó‚ Synechocystis, Syn-
echococcus, Phormidium, Mastigocladus.

ÇÓ‰Ì‡fl ÚÓÎ˘‡ ÓÁÂÌÓÈ ‡Í‚‡ÚÓËË Ë ‚ ‚ÂÒÂÌÌÂ-
ÓÒÂÌÌËÂ ÒÂÁÓÌ˚ 1998–2006 „„. ÌÂ ÒÓ‰ÂÊ‡Î‡ ‡‚ÚÓı-
ÚÓÌÌ˚ı ÙËÚÓ- Ë ÁÓÓˆÂÌÓÁÓ‚, ı‡‡ÍÚÂÌ˚ı ‰Îfl
‚ÂÏÂÌË, ÔÂ‰¯ÂÒÚ‚Ó‚‡‚¯Â„Ó ËÁ‚ÂÊÂÌË˛ 1996 „.

èÂ‚ÓÔÓÒÂÎÂÌˆ‡ÏË ÔÎ‡ÌÍÚÓÌ‡ ‚ ÓÁÂÂ Ò ÍÓÓÚ-
ÍËÏ ÒÓÍÓÏ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ‚ ÎËÚÓ‡Î¸ÌÓÈ ÁÓÌÂ, ‚
ÔÂ‰ÂÎ‡ı ÙÓÚË˜ÂÒÍÓ„Ó ÒÎÓfl Ò ‚ÂÎË˜ËÌ‡ÏË ç = 4–5,
ÛÊÂ ‚ ÎÂÚÌËÂ ÒÂÁÓÌ˚ 1997 Ë 1998 „„. ·˚ÎË ‡ÌÂÂ ÌÂ
Ì‡·Î˛‰‡‚¯ËÂÒfl ‚ ä‡˚ÏÒÍÓÏ ÓÁÂÂ ÔÂ‰ÒÚ‡‚ËÚÂÎË
Euglenophyta Ë Ó‰ÌÓÍÎÂÚÓ˜Ì˚ı Ê„ÛÚËÍÓ‚˚ı Chloro-
phyta (ÔÓÒÎÂ‰ÌËÂ ‰ÓÏËÌËÓ‚‡ÎË Ò ÒÛÏÏ‡ÌÓÈ ˜ËÒ-
ÎÂÌÌÓÒÚ¸˛ ‰Ó 17 ÏÎÌ. ÍÎÂÚÓÍ/Î); ËÏ ÒÓÔÛÚÒÚ‚Ó‚‡ÎË
Ï‡ÎÓ˜ËÒÎÂÌÌ˚Â Ë ÙËÁËÓÎÓ„Ë˜ÂÒÍË ÓÒÎ‡·ÎÂÌÌ˚Â ‚Ë-

%
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‰Ó 1996 „. 1997–2003 „„. 2007 „.

1998 „.

11

êËÒ. 10. ÉËÒÚÓ„‡ÏÏ‡ ‡Î¸„ÓÙÎÓ˚ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡
(ÔÓ ‰‡ÌÌ˚Ï ÔÎ‡ÌÍÚÓÌÌÓ„Ó ÓÔÓ·Ó‚‡ÌËfl). Bacillario-
phyta: 1 – Aulacoseira italica, 2 – Asterionella gracillima,
3 – Cyclotella bodanica + C. tripartite, 4 – Stephanodiscus
cf. invisitatus – ‚ ÙÓÚË˜ÂÒÍÓÏ ÒÎÓÂ ÓÁÂ‡; Chlorophyta,
Euglenophyta: 5 – Chlamydomonas sp., Euglena sp.,
Choricystis chodatii; Cyanoprocaryota: 6 – Mastigocladus
laminosus, 7 – Synechocystis parvula, 8 – Synehococcus cf.
elongatus, 9 – Gloeocapsa minuta, 10 – Phormidium sp.sp. –
‚ ÔËÔÓ‚ÂıÌÓÒÚÌÓÏ ÒÎÓÂ ÔË·ÂÊÌÓÈ ÁÓÌ˚ ÓÁÂ‡;
Bacillariophyta: 11 – Aulacoseira cf. italica – ÎÓÍ‡Î¸ÌÓ ‚
ÔËÔÓ‚ÂıÌÓÒÚÌÓÏ ÒÎÓÂ ÔË·ÂÊÌÓÈ ÁÓÌ˚ ˛„Ó-‚Ó-
ÒÚÓ˜ÌÓ„Ó ÒÂÍÚÓ‡ ÓÁÂ‡; ÁÌ‡ÍÓÏ (+ +) Ó·ÓÁÌ‡˜ÂÌ˚ Â‰Ë-
ÌË˜Ì˚Â ˝ÍÁÂÏÔÎfl˚.
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‰˚ Bacillariophyta Ë Cyanoprocaryota ËÁ ·ÂÂ„Ó‚ÓÈ
ÁÓÌ˚ ÓÁÂ‡. ùÚÓ fl‚ÎÂÌËÂ ‚ ÓÁÂ‡ı ä‡Ï˜‡ÚÍË ‡ÌÂÂ
ÌÂ ÓÚÏÂ˜‡ÎÓÒ¸. 

Ç ̋ ÔËÎËÚÓÌÂ ‚ÂıÌÂÈ ÎËÚÓ‡ÎË Ò ‚ÂÒÂÌÌÂ-ÎÂÚÌÂ-
„Ó ÔÂËÓ‰‡ 1999 „. (Ì‡ 4-È „Ó‰ ÔÓÒÎÂ ËÁ‚ÂÊÂÌËfl)
‰ÓÏËÌËÛ˛˘ÂÂ ÔÓÎÓÊÂÌËÂ Á‡ÌflÎË ÌËÚ˜‡Ú˚Â ÙÓ-
Ï˚ ÁÂÎÂÌ˚ı ‚Ó‰ÓÓÒÎÂÈ – Ulothrix sp. Ò ÒÓÔÛÚÒÚ‚Û-
˛˘ËÏË Microspora tumidula, Enteromorpha intestina-

lis. ê‡ÌÂÂ ˝Ú‡ „ÛÔÔËÓ‚Í‡ ‚ ÓÁÂÂ Ú‡ÍÊÂ ÌÂ ÓÚÏÂ˜‡-
Î‡Ò¸. éÚÍ˚ÚËÂÏ fl‚ÎflÂÚÒfl Ó·Ì‡ÛÊÂÌËÂ ‚ 1999 „. Ì‡
‰ÌÂ Í‡ÚÂ‡ íÓÍ‡Â‚‡ ıÓÎÏÓÓ·‡ÁÌ˚ı ÍÓÎÓÌËÈ ÒË-
ÌÂÁÂÎÂÌ˚ı ‚Ó‰ÓÓÒÎÂÈ, ‚ ‡ÒÒÓˆË‡ˆËË Ò ÍÓÚÓ˚ÏË
ÓÔËÒ‡Ì ÌÓ‚˚È ‚Ë‰ ‡Ì‡˝Ó·Ì˚ı Í‡·ÓÍÒË‰ÓÚÓÙ-
Ì˚ı ·‡ÍÚÂËÈ, ËÒÔÓÎ¸ÁÛ˛˘Ëı ÓÍËÒ¸ Û„ÎÂÓ‰‡ ‚ÛÎ-
Í‡ÌË˜ÂÒÍÓ„Ó ÔÓËÒıÓÊ‰ÂÌËfl ‚ Í‡˜ÂÒÚ‚Â ËÒÚÓ˜ÌËÍ‡
˝ÌÂ„ËË, Ë ‚˚‰ÂÎfl˛˘Ëı ‚Ó‰ÓÓ‰ [24].

í‡·ÎËˆ‡ 3.  ëÓ‰ÂÊ‡ÌËÂ ÏËÍÓ˝ÎÂÏÂÌÚÓ‚ ‚ ÚÂÏ‡Î¸Ì˚ı ‚Ó‰‡ı ·‡ÒÒÂÈÌ‡ ÓÁ. ä‡˚ÏÒÍÓÂ, ‚ ÏÍ„/Î

ùÎÂÏÂÌÚ˚
ÉÂÈÁÂ ëÚ‡˚È ëÎË‚ „ÂÈÁÂ‡ 

ëÚ‡Ó„Ó
àÒÚÓ˜ÌËÍ 

ä‡·ÓÌ‡ÚÌ˚È
àÒÚÓ˜ÌËÍ 1

(Û˜ÂÈ ÉÓfl˜ËÈ)
ÑÓÌÌ‡fl

‡Á„ÛÁÍ‡, H = 7 Ï

äåó-12/05 äåó-16/05 äåó-21/05 äåó-27/05 äåó-4/05

Ñ‡Ú‡ 04.08.2005 04.08.2005 07.08.2005 06.08.2005 16.07.2005

í, °ë 92.0 72.0 95.0 71.8 64.0

pH 9.30 9.20 7.45 7.76 6.60

ê Ì.Ó. Ì.Ó. 228.000 287.000 301.000

V 8.400 8.200 3.500 5.600 0.600

Mn 1.900 2.200 12.600 84.100 257.000

Fe 34.100 35.400 290.000 323.000 959.000

Cu 0.850 0.900 4.800 6.900 11.800

Zn 2.300 2.200 14.100 28.800 38.100

Ge 21.400 18.900 10.800 17.000 4.400

As 990.000 929.000 577.000 28.800 83.500

Br 0.850 0.850 0.470 0.480 0.160

Sr 38.200 37.200 302.000 115.000 112.000

Ba 4.500 5.000 4.100 20.000 24.800

Pb 0.770 0.140 2.100 2.300 1.700

Li 1348.254 949.324 846.957 553.272 173.030

Rb 73.922 97.109 47.654 44.407 11.710

Y 0.020 0.013 0.013 0.033 0.490

Zr 0.616 0.532 0.334 0.078 0.220

Mo 39.530 36.100 14.096 9.454 7.990

Pd Ì.Ó. Ì.Ó. 1.006 0.960 Ì.Ó.

Ag 0.037 0.050 0.018 Ì.Ó. 0.090

Cd 0.049 0.049 0.074 0.089 0.240

Sb 31.574 28.700 13.791 0.269 1.660

Cs 106.984 96.110 62.924 5.966 1.360

La 0.014 0.020 0.043 0.635 0.220

W 15.406 12.851 4.997 3.406 1.260

Re 0.225 Ì.Ó. Ì.Ó. 0.007 0.010

Pt 0.013 0.013 1.047 1.222 0.220

Au 0.008 0.007 0.005 Ì.Ó. 0.010

Tl 0.189 0.167 0.130 0.012 0.004

U 0.003 0.005 0.060 0.011 0.020

èËÏÂ˜‡ÌËÂ. ÄÌ‡ÎËÁ˚ ‚˚ÔÓÎÌÂÌ˚ ‚ ‡Ì‡ÎËÚË˜ÂÒÍÓÈ Î‡·Ó‡ÚÓËË „ÂÓÎÓ„Ë˜ÂÒÍÓ„Ó Ù‡ÍÛÎ¸ÚÂÚ‡ åÓÒÍÓ‚ÒÍÓ„Ó „ÓÒÛ‰‡ÒÚ‚ÂÌÌÓ-
„Ó ÛÌË‚ÂÒËÚÂÚ‡ ËÏ. å.Ç. ãÓÏÓÌÓÒÓ‚‡. ÄÌ‡ÎËÚËÍ Ç.Ç. èÛıÓ‚;  Ì.Ó. – ÌÂ ÓÔÂ‰ÂÎflÎÓÒ¸.

2
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ë 2000 „. ·ËÓÚÓÔ ‡‚ÚÓıÚÓÌÌÓ„Ó ‰Ë‡ÚÓÏÓ‚Ó„Ó
ÔÎ‡ÌÍÚÓÌÌÓ„Ó ÍÓÏÔÎÂÍÒ‡, ÒÛ˘ÂÒÚ‚Ó‚‡‚¯Â„Ó ‚ ÓÁÂÂ
‰Ó ËÁ‚ÂÊÂÌËfl 1996 „., Á‡ÌflÎ ‡Á‚Ë‚‡˛˘ËÈÒfl ÎËÌÁÓ-
‚Ë‰ÌÓ (?) Choricystis chodatii. óËÒÎÂÌÌÓÒÚ¸ Â„Ó ÍÓÎÂ·‡-
Î‡Ò¸, ‰ÓÒÚË„‡fl Ï‡ÍÒËÏ‡Î¸ÌÓÈ (‰Ó 61 ÏÎÌ. ÍÎÂÚÓÍ/Î) ‚
˝ÔËÌÂÈÒÚÓÌÂ Ë „ËÔÓÌÂÈÒÚÓÌÂ ÔË·ÂÊÌÓÈ ÁÓÌÂ ÓÁÂ‡
‚ Ï‡ÚÂ 2003 „. èË Ó·ÒÎÂ‰Ó‚‡ÌËË ÓÁÂ‡ ‚ 2006 „. ̋ ÚÓÚ
ÔÎ‡ÌÍÚÓÌÂ ÌÂ ·˚Î Ó·Ì‡ÛÊÂÌ.

îËÚÓ·ÂÌÚË˜ÂÒÍËÂ ÓÁÂÌ˚Â ‡ÒÒÓˆË‡ˆËË, Ó·Ì‡-
ÛÊÂÌÌ˚Â ‚ 2000 „. Ë ÔÓ‰Ú‚ÂÊ‰ÂÌÌ˚Â Á‡ÚÂÏ ‚
2005 „. ‚ ÒÂ‚ÂÌÓÈ ˜‡ÒÚË ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ‡ íÓ-
Í‡Â‚‡ (Ì‡ „ÎÛ·ËÌ‡ı 2–20 Ï), ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ÎÓ-
Í‡Î¸Ì˚ÏË, ÌÓ “‚˚ÒÓÍÓÏ‡ÒÒÓ‚˚ÏË” Û˜‡ÒÚÍ‡ÏË ‡Á-
‚ËÚËfl ‚ÂÒ¸Ï‡ ÌÂÓ·˚˜ÌÓ„Ó ‰Îfl ÓÁÂ ‚ÒÂÎÂÌˆ‡ – Ïı‡
Pohlia filum (ÓÔÂ‰ÂÎÂÌËÂ ·ËÓÎÓ„‡ à. óÂÌfl‰¸Â‚ÓÈ,
Åàç êÄç). ç‡Á‚‡ÌÌÓÏÛ ‚Ë‰Û ÒÓÔÛÚÒÚ‚Ó‚‡ÎË Pohlia
sp., ÌËÚ˜‡Ú‡fl ÙÓÏ‡ ‚Ó‰ÓÓÒÎË Chlorophyta – Mi-
crospora stagnorum, Rhizoclonium hieroglyphicum, ‡
Ú‡ÍÊÂ ‚ÒÂÎÂÌˆ˚ ËÁ ·ÂÂ„Ó‚ÓÈ ÁÓÌ˚ ÓÁÂ‡ ‰Ë‡ÚÓÏÓ-
‚˚Â Nitzschia, Navicula Ë ‰.

èÓ ‚Ó‰ÓÎ‡ÁÌ˚Ï Ì‡·Î˛‰ÂÌËflÏ 2000–2007 „„.
Ì‡Ë·ÓÎÂÂ ÔÎÓÚÌ˚Â ÔÓÍ˚ÚËfl ÙËÚÓ·ËÓÚÓÈ ÓÚÏÂ˜‡-
˛ÚÒfl Ì‡ Û˜‡ÒÚÍ‡ı ÎËÚÓ‡ÎË Ò ÛÏÂÌ¸¯ÂÌÌ˚Ï ‚ÎËfl-
ÌËÂÏ ‚ÓÎÌÓ‚Ó„Ó ÔÂÂÏÂ¯Ë‚‡ÌËfl („ÎÛ·ËÌ˚ 9–20 Ï).
ùÚÓ Á‡ÙËÍÒËÓ‚‡ÌÓ ÌÂ ÚÓÎ¸ÍÓ ‚ ÎËÚÓ‡ÎË Í‡ÚÂ‡
íÓÍ‡Â‚‡, ÌÓ Ë ‚ ‚ÓÒÚÓ˜ÌÓÏ Ë ‚ ̨ „Ó-‚ÓÒÚÓ˜ÌÓÏ ÒÂÍ-
ÚÓ‡ı ÓÁÂÌÓÈ ‚‡ÌÌ˚ Ò‡ÏÓ„Ó ÓÁÂ‡. ÇËÁÛ‡Î¸ÌÓ ‚
ÎÂÚÌËÈ ÔÂËÓ‰ 2006 „. ÔÂ‚ÓÂ ÏÂÒÚÓ ÔÓ ·ËÓÏ‡ÒÒÂ Á‡-
ÌËÏ‡ÎË ‚ Ì‡Á‚‡ÌÌ˚ı Û˜‡ÒÚÍ‡ı ÔÂ‰ÒÚ‡‚ËÚÂÎË ÏıÓ‚
Ó‰‡ Pohlia. ëÛ·‰ÓÏËÌ‡ÌÚ‡ÏË ‚ ·ÂÌÚË˜ÂÒÍËı ·ËÓ-
ˆÂÌÓÁ‡ı (‚ ÓÒÌÓ‚ÌÓÏ ÒÓÔÛÚÒÚ‚Û˛˘ËÏË ÏıÛ) fl‚Îfl-
ÎËÒ¸ ÔÂ‰ÒÚ‡‚ËÚÂÎË ÌËÚ˜‡Ú˚ı ÙÓÏ Chlorophyta ËÁ
ÒÂÏÂÈÒÚ‚‡ ÛÎÓÚËÍÒÓ‚˚ı. é„‡ÌË˜Ë‚‡˛˘ËÏË Ù‡Í-
ÚÓ‡ÏË ‡Á‚ËÚËfl Ì‡Á‚‡ÌÌ˚ı ÔÂ‰ÒÚ‡‚ËÚÂÎÂÈ ·ÂÌ-
ÚË˜ÂÒÍÓÈ ÙËÚÓ·ËÓÚ˚ fl‚Îfl˛ÚÒfl ÔÓ‰‚ËÊÌÓÒÚ¸ „ÛÌ-
Ú‡ (ÚÂË„ÂÌÌ˚È ÒÌÓÒ, ÓÔÓÎÁÌË) Ë ËÌÚÂÌÒË‚ÌÓÒÚ¸
‚˚Ô‡‰ÂÌËfl ÚÓÌÍÓÈ ÔËÓÍÎ‡ÒÚËÍË, ÌÂÒÍÓÎ¸ÍÓ ÒÌË-
Ê‡˛˘ÂÈ ÔÓˆÂÒÒ ÙÓÚÓÒËÌÚÂÁ‡.

èÂ‰ÒÚ‡‚ËÚÂÎË ÔÓÒÚÂÈ¯Ëı – ÒÛ‚ÓÈÍ‡, Ô‡‡ÏÂ-
ˆËË (Paramaecium) ˝ÔËÁÓ‰Ë˜ÂÒÍË Ì‡·Î˛‰‡ÎËÒ¸ Ò
1998 „. Â‰ÍËÏË ˝ÍÁÂÏÔÎfl‡ÏË ‚ ÔÂÌÓÓ·‡ÁÌÓÏ ÏÂ-
Ú‡ÙËÚÓÌÂ ÔÓ ·ÂÂ„Ó‚ÓÈ ÍÓÏÍÂ ÓÁÂ‡ (¯ËËÌÓÈ ‰Ó
5 Ï) ·ÎËÁ ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ ÄÍ‡‰ÂÏËË ç‡ÛÍ.
Ç 2003 „. Â‰ËÌË˜Ì˚Â ˝ÍÁÂÏÔÎfl˚ ÒÛ‚ÓÂÍ Ë Ô‡‡ÏÂ-
ˆËÈ Ì‡·Î˛‰‡ÎËÒ¸ ‚ ÓÚÒÚÓÈÌ˚ı ÔÎ‡ÌÍÚÓÌÌ˚ı Ï‡-
ÚÓ‚ÒÍËı Ë Ë˛Î¸ÒÍËı ÔÓ·‡ı. èË ÍÛÎ¸ÚÛ‡Î¸Ì˚ı
ËÒÒÎÂ‰Ó‚‡ÌËflı flÌ‚‡ÒÍËı ÔÓ· 2002 „. Ò Charicystis
chodatii Ç.å. ÄÌ‰ÂÂ‚ÓÈ (Åàç êÄç) Ì‡·Î˛‰‡ÎÓÒ¸
Â„Ó ÔÓÂ‰‡ÌËÂ ‚˚¯Â Ì‡Á‚‡ÌÌ˚ÏË ÔÓÒÚÂÈ¯ËÏË, ˜ÚÓ
fl‚ÎflÂÚÒfl ÔËÏÂÓÏ ÌÓ‚ÓÈ ÒÛÍˆÂÒÒËË Ë ‚ÓÒÒÚ‡ÌÓ‚-
ÎÂÌËfl ËÎË ÙÓÏËÓ‚‡ÌËfl Ó‰ÌÓ„Ó ËÁ ÔÂ‚˚ı Á‚Â-
Ì¸Â‚ ÚÓÙË˜ÂÒÍÓÈ ˆÂÔË ‚ ÔÓÒÚÍ‡Ú‡ÒÚÓÙË˜ÂÒÍËÈ
ÔÂËÓ‰ ÒÛ˘ÂÒÚ‚Ó‚‡ÌËfl ÓÁÂ‡.

Ç ‡ÔÂÎ¸ÒÍËı ·ÂÌÚÓÒÌ˚ı ÔÓ·‡ı 2004 „. ËÁ ÔË-
·ÂÊÌÓÈ ÁÓÌ˚ ÒÂ‚ÂÌÓ„Ó ·ÂÂ„‡ Í‡ÚÂ‡ íÓÍ‡Â-
‚‡ ÔËÒÛÚÒÚ‚Ó‚‡ÎË ÏÂÎÍËÂ ÌÂÏ‡ÚÓ‰˚ Ë ıËÓÌ‡ÏË-
‰˚. Ç ÎÂÚÌËÈ ÒÂÁÓÌ 2005 „. ‚˚fl‚ÎÂÌ‡ ÁÌ‡˜ËÚÂÎ¸Ì‡fl
˜ËÒÎÂÌÌÓÒÚ¸ Pagastia orientalis. ç‡Ë·ÓÎÂÂ “·Ó„‡Ú˚Â”

‚ ÒËÒÚÂÏ‡ÚË˜ÂÒÍÓÏ ÓÚÌÓ¯ÂÌËË Ë ÔÓ ˜ËÒÎÂÌÌÓÒÚË
·˚ÎË ÎÓÍ‡Î¸ÌÓ ÙÓÏËÛ˛˘ËÂÒfl ·ËÓˆÂÌÓÁ˚ ‚ ÒÂ-
‚ÂÌÓÏ Ó·‡ÏÎÂÌËË Ô-‚‡ çÓ‚Ó„Ó‰ÌËÈ (‚ ËÒÚÓÍÂ
Û˜. ÉÓfl˜ËÈ), Á‰ÂÒ¸ ‚ ÏÂÎÍÓÏ ‚Ó‰ÓÂÏÂ Ò 2000 „. ‚ ‚Ó-
‰Â Ò Ô‡ÍÚË˜ÂÒÍË ÍÛ„ÎÓ„Ó‰Ë˜ÌÓÈ ÚÂÏÔÂ‡ÚÛÓÈ
23–26°ë Ë ‚ÂÎË˜ËÌÓÈ ç = 7–8 ‡Á‚Ë‚‡˛ÚÒfl ÔÂÒ-
ÌÓ‚Ó‰Ì˚Â ÍÎÂ˘Ë „. Hydrochenella, ‡ÍÛ¯ÍÓ‚˚Â
‡ÍË ÔÓ‰ÓÚfl‰‡ Ostracoda, ‚Ó‰flÌ˚Â ÍÎÓÔ˚ (Ó‰‡
„Î‡‰˚¯ – Notonecta), ÍÛ„ÎÓÂÒÌËÚ˜‡Ú˚Â ËÌÙÛÁÓ-
ËË (Vorticella).

Ç ˛ÊÌÓÏ ÒÂÍÚÓÂ ÓÁÂ‡ ‚ ‡ÈÓÌÂ ‡Á„ÛÁÍË
ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ ÄÍ‡‰ÂÏËË ç‡ÛÍ ‚ ÎÂÚÌËÈ
ÔÂËÓ‰ 2000 „. ‚ÔÂ‚˚Â ÓÚÏÂ˜ÂÌ˚ Â‰ËÌË˜Ì˚Â ˝Í-
ÁÂÏÔÎfl˚ ÎË˜ËÌÓÍ Acantocyclops vernalis. ùÚÓÚ
‚Ë‰ Ó·ËÚ‡Î ‚ ÓÁÂÂ ‰Ó ÔÓ‰‚Ó‰ÌÓ„Ó ËÁ‚ÂÊÂÌËfl
1996 „. Ç Ï‡ÚÂ 2003 „. ‚ ÔÎ‡ÌÍÚÓÌÌÓÏ ·ËÓˆÂÌÓÁÂ
ˆÂÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË ‡Í‚‡ÚÓËË ÓÁÂ‡ Ó·Ì‡ÛÊÂÌ˚
Cyclops sp. Ë Bdelloidae sp. (ÒÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ 7 Ë
884 ˝ÍÁ./Ï3), ‡ÌÂÂ ‚ ÌÂÏ ÌÂ ÓÚÏÂ˜‡‚¯ËÂÒfl. Ç ‡ÔÂÎÂ
2004 „. Ó·Ì‡ÛÊÂÌ A. vernalis Ò ÌËÁÍÓÈ ˜ËÒÎÂÌÌÓÒÚ¸˛
(7.84 ˝ÍÁ./Ï3) ‚ ‚‡ÎÓ‚˚ı ÒÂÚflÌ˚ı ÔÓ·‡ı ËÁ „ÎÛ·ÓÍÓ-
‚Ó‰Ì˚ı ÒÚ‡ÌˆËÈ ÓÁÂÌÓÈ ‚‡ÌÌ˚ Ë ÔÓ‰‚Ó‰ÌÓ„Ó Í‡ÚÂ-
‡ íÓÍ‡Â‚‡. Ç 2005 „. ÒÓÓ·˘ÂÒÚ‚Ó ‡ÍÓÓ·‡ÁÌ˚ı ÔÓ-
ÔÓÎÌËÎË Â˘Â ‰‚‡ ‚Ë‰‡: Eucyclops serrulavus Ë Diacy-
clops nanus.

ÇÔÂ‚˚Â ‰Îfl Í‡ÚÂÌ˚ı ÓÁÂ ä‡Ï˜‡ÚÍË
Ö.É. ãÛÔËÍËÌÓÈ (àÇËë ÑÇé êÄç) ÓÔËÒ‡Ì ‚Ë‰Ó‚ÓÈ
ÒÓÒÚ‡‚ ‡Î¸„ÓÙÎÓ˚ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡, ‚ÓÒÒÚ‡Ì‡‚-
ÎË‚‡˛˘Â„ÓÒfl ÔÓÒÎÂ Í‡Ú‡ÒÚÓÙË˜ÂÒÍÓ„Ó ËÁ‚ÂÊÂ-
ÌËfl. ÇÒÂ„Ó ·˚ÎÓ Ó·Ì‡ÛÊÂÌÓ (ÔÓ ÒÓÒÚÓflÌË˛ Ì‡
2003–2006 „„.) 108 ‚Ë‰Ó‚ ‚Ó‰ÓÓÒÎÂÈ, ÓÚÌÓÒfl˘ËıÒfl
Í 58 Ó‰‡Ï 32 ÒÂÏÂÈÒÚ‚, 6 ÓÚ‰ÂÎÓ‚ [13]. Ç ̂ ÂÎÓÏ, ÓÒ-
ÌÓ‚Ì˚Â ‡Î¸„ÓˆÂÌÓÁ˚ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ – ÔÎ‡ÌÍ-
ÚÓÌÌ˚È Ë ·ÂÌÚË˜ÂÒÍËÈ Ì‡ ‰ÂÒflÚÓÏ „Ó‰Û ÔÓÒÎÂ Í‡-
Ú‡ÒÚÓÙË˜ÂÒÍÓ„Ó ËÁ‚ÂÊÂÌËfl ËÏÂÎË ‡ÎÎÓıÚÓÌ-
Ì˚È ı‡‡ÍÚÂ. Ä‚ÚÓıÚÓÌÌ˚ÏË ÔÂ‰ÒÚ‡‚Îfl˛ÚÒfl
ÎË¯¸ „ÛÔÔËÓ‚ÍË ÏÂÎÍËı ‚Ó‰ÓÂÏÓ‚ (ÎÛÊ) Ì‡ ‡Ò-
¯ËË‚¯ÂÈÒfl ÔÎflÊÌÓÈ ÁÓÌÂ, Û˜¸Â‚ Ë ‚ ÁÓÌÂ ‚˚Ò‡-
˜Ë‚‡ÌËfl „Ë‰ÓÚÂÏ Ì‡ ÚÂÏ‡Î¸Ì˚ı ÔÎÓ˘‡‰Í‡ı.
èÓˆÂÌÚÌÓÂ Û˜‡ÒÚËÂ ·‡ÍÚÂË‡Î¸ÌÓÈ Ë ‡Î¸„ÓÎÓ„Ë-
˜ÂÒÍÓÈ ÍÓÏÔÓÌÂÌÚ˚ Ì‡ ÛÓ‚ÌÂ ÓÚ‰ÂÎÓ‚ ÔÓ ÒÂÍÚÓ-
‡Ï ÓÁÂ‡ Ì‡ 2006 „. ÔÂ‰ÒÚ‡‚ÎÂÌÓ Ì‡ ËÒ. 11.

ÄˆË‰ËÙËÍ‡ˆËfl ‚Ó‰ ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡, ‚˚Á‚‡Ì-
Ì‡fl ÙÂ‡ÚÓÏ‡„Ï‡ÚË˜ÂÒÍËÏ ËÁ‚ÂÊÂÌËÂÏ 1996 „. Ë
ÔÓ‰ÓÎÊ‡˛˘ËÏÒfl ÔÓÒÚÛÔÎÂÌËÂÏ ̋ Ì‰Ó„ÂÌÌÓ„Ó ÙÎ˛-
Ë‰‡, ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ÓÔÂ‰ÂÎfl˛˘ËÏ Ë Ò‰ÂÊË‚‡˛-
˘ËÏ Ù‡ÍÚÓÓÏ ‡Á‚ËÚËfl ‰Ë‡ÚÓÏÓ‚ÓÈ ÙÎÓ˚ ÔÂ‰-
Í‡Ú‡ÒÚÓÙË˜ÂÒÍÓ„Ó ÔÂËÓ‰‡. àÏÂÌÌÓ ÓÌ‡ Â‡„ËÛÂÚ
Ì‡ ÛÏÂÌ¸¯ÂÌËÂ ‚ÂÎË˜ËÌ˚ ç. Ç ˝ÚÓÏ ÓÚÌÓ¯ÂÌËË
fl‚ÎflÂÚÒfl ÔÓÍ‡Á‡ÚÂÎ¸ÌÓÈ ‚˚ÒÓÍ‡fl ˜ËÒÎÂÌÌÓÒÚ¸ ‚
ÔÎ‡ÌÍÚÓÌÂ 2000–2003 „„. Charicystis chodatii (Jaag)
Fott, ı‡‡ÍÚÂÌÓ„Ó ‰Îfl ÔÓ˜‚ÂÌÌÓ„Ó Ë ÓÁÂÌÓ„Ó ·ËÓ-
ÚÓÔÓ‚ [1] Ë ÌÂ ÓÚÏÂ˜‡‚¯Â„ÓÒfl ‚ ÓÁÂÂ ‡ÌÂÂ.

ÄÎ¸„ÓÎÓ„Ë˜ÂÒÍÓÂ ÓÔÓ·Ó‚‡ÌËÂ ‚Ó‰ÌÓÈ ÚÓÎ˘Ë
‚ ˆÂÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË ÓÁÂ‡ (ÒÚ‡ÌˆËfl S2 ÒÂÚÂ‚˚Ï
ÏÂÚÓ‰ÓÏ ‚ ‚ÂÒÂÌÌËÈ ÔÂËÓ‰ 2007 „.) ÔÓÍ‡Á‡ÎÓ ÁÌ‡-
˜ËÚÂÎ¸ÌÛ˛ ˜ËÒÎÂÌÌÓÒÚ¸ ‰Ë‡ÚÓÏÓ‚˚ı ‚Ó‰ÓÓÒÎÂÈ,
‚ ÚÓÏ ˜ËÒÎÂ, ı‡‡ÍÚÂÌ˚ı ‰Îfl ÔÎ‡ÌÍÚÓÌÌÓÈ ‡ÒÒÓ-
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ˆË‡ˆËË ÔÂ‰Í‡Ú‡ÒÚÓÙË˜ÂÒÍÓ„Ó ÔÂËÓ‰‡: Ò ‰ÓÏË-
ÌËÛ˛˘ËÏ ÔÓÎÓÊÂÌËÂÏ (ÔÓ ‰‡ÌÌ˚Ï Ò‚ÂÚÓ‚ÓÈ
ÏËÍÓÒÍÓÔËË) Aulacoseira italica (=A. subarctica?) Ë
ÒÓÔÛÚÒÚ‚Û˛˘Ëı ÂÈ ÍÓ‰ÓÏËÌ‡ÌÚÓ‚ Cyclotella boda-
nica, C. tripartita, Stephanodiscus minutulus. ëÛÏ-
Ï‡Ì‡fl ˜ËÒÎÂÌÌÓÒÚ¸ ‰Ë‡ÚÓÏÂÈ (25850 ÏÎÌ. ÍÎ./Ï3)
Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó Ì‡ÒÚÛÔÎÂÌËË ·Î‡„ÓÔËflÚÌ˚ı
„Ë‰ÓıËÏË˜ÂÒÍËı ÛÒÎÓ‚ËÈ ‰Îfl Ëı ‡Á‚ËÚËfl. 

èÓ Ì‡¯ËÏ ÔÂ‰ÒÚ‡‚ÎÂÌËflÏ Ì‡Á‚‡ÌÌ˚Â ÔÂ‰ÒÚ‡‚Ë-
ÚÂÎË ‰Ë‡ÚÓÏÓ‚ÓÈ ÙÎÓ˚ Ì‡ıÓ‰ËÎËÒ¸ ‰ÎËÚÂÎ¸ÌÓÂ
‚ÂÏfl (11 ÎÂÚ) ‚ ÒÓÒÚÓflÌËË „ÎÛ·ÓÍÓ„Ó ÔÓÍÓfl. éÔÂ‰Â-
Îfl˛˘ËÏ Ù‡ÍÚÓÓÏ ‰Îfl Ëı ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËfl fl‚ËÎÓÒ¸
ÔÓ‚˚¯ÂÌËÂ ç ‚Ó‰˚ ÓÁÂ‡, ‚ÍÎ˛˜‡fl ÂÂ ÔË‰ÓÌÌ˚Â
ÒÎÓË (‰Ó pH = 6–7). 

í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ÓÒÂÌÌÂ-ÁËÏÌËÈ ÔÂËÓ‰ 2007 „.
Ì‡ÏË ÙËÍÒËÛÂÚÒfl ÌÓ‚‡fl ÒÛÍˆÂÒÒËfl ‚ ‡Á‚ËÚËË ‰Ë‡-
ÚÓÏÓ‚ÓÈ ÙÎÓ˚, Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚Û˛˘‡fl Ó ‰ËÌ‡ÏËÍÂ
„Ë‰ÓıËÏË˜ÂÒÍÓ„Ó ÂÊËÏ‡ Ë Ó ‚ÓÒÒÚ‡ÌÓ‚ÎÂÌËË

ÛÒÎÓ‚ËÈ, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ÂÊËÏÛ ÔÂ‰Í‡Ú‡ÒÚÓ-
ÙË˜ÂÒÍÓ„Ó ÔÂËÓ‰‡ ‚ ˆÂÌÚ‡Î¸ÌÓÈ ˜‡ÒÚË ÓÁÂ‡.

áÄäãûóÖçàÖ

äÓÏÔÎÂÍÒÌ˚Â ËÒÒÎÂ‰Ó‚‡ÌËfl ‚ ÔÂËÓ‰ 1996 –
2006 „„. ÔÓÍ‡Á‡ÎË, ˜ÚÓ Á‡ 10 ÎÂÚ ÔÓÒÎÂ Í‡Ú‡ÒÚÓÙË-
˜ÂÒÍÓ„Ó ÔÓ‰‚Ó‰ÌÓ„Ó ËÁ‚ÂÊÂÌËfl ‚ ÒÂ‚ÂÌÓÏ ÒÂÍÚÓÂ
Í‡Î¸‰Â˚ ÄÍ‡‰ÂÏËË ç‡ÛÍ ˝ÍÓÒËÒÚÂÏ‡ ·‡ÒÒÂÈÌ‡ ÓÁ.
ä‡˚ÏÒÍÓ„Ó ÔÂÚÂÔÂÎ‡ ÒÛ˘ÂÒÚ‚ÂÌÌ˚Â ËÁÏÂÌÂÌËfl.
àÁÛ˜ÂÌ‡ ‰ËÌ‡ÏËÍ‡ „Ë‰ÓıËÏË˜ÂÒÍËı ı‡‡ÍÚÂËÒÚËÍ
‚Ó‰ÌÓÈ Ï‡ÒÒ˚, ÎÓÍ‡ÎËÁÓ‚‡ÌÌÓÈ ‚ ÌÓ‚ÓÓ·‡ÁÓ‚‡Ì-
ÌÓÏ Í‡ÚÂÂ íÓÍ‡Â‚‡ Ë ‚ ÓÒÌÓ‚ÌÓÈ ‡Í‚‡ÚÓËË
ÓÁ. ä‡˚ÏÒÍÓÂ. èÓÒÎÂÊÂÌÓ ËÁÏÂÌÂÌËÂ ıËÏË˜ÂÒÍÓ-
„Ó ÒÓÒÚ‡‚‡ ‚Ó‰˚ ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚ Ó·‡ÏÎÂ-
ÌËfl ä‡˚ÏÒÍÓ„Ó ÓÁÂ‡ Ë ÒÓÒÚÓflÌËÂ ÁÓÌ ÔÓ‰‚Ó‰Ì˚ı
‡Á„ÛÁÓÍ „Ë‰ÓÚÂÏ ‚ Í‡ÚÂÂ íÓÍ‡Â‚‡. ÇÔÂ‚˚Â
ÔÓÎÛ˜ÂÌ˚ ‰‡ÌÌ˚Â ÔÓ ÒÓ‰ÂÊ‡ÌË˛ ÏËÍÓ˝ÎÂÏÂÌÚÓ‚
‚ ÚÂÏ‡Î¸Ì˚ı ‚Ó‰‡ı ä‡˚ÏÒÍÓ„Ó ·‡ÒÒÂÈÌ‡. Ç˚ÔÓÎ-
ÌÂÌÌ˚Â ·ËÓÎÓ„Ë˜ÂÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÁ‚ÓÎËÎË
ÛÒÚ‡ÌÓ‚ËÚ¸ ‰ÎËÚÂÎ¸ÌÛ˛ ‰ÂÔÓÔÛÎflˆË˛ ‰Ë‡ÚÓÏÓ‚Ó„Ó
ÔÎ‡ÌÍÚÓÌ‡ ÔÂ‰Í‡Ú‡ÒÚÓÙË˜ÂÒÍÓ„Ó ÔÂËÓ‰‡ ‚ ÓÁÂ-
Â. êÂ„ÂÌÂ‡ˆËfl ÏÌÓ„Ó‚ÂÍÓ‚Ó„Ó ÍÓÏÔÎÂÍÒ‡ ÔÎ‡ÌÍ-
ÚÓÌÌÓÈ ÙËÚÓÍÓÏÔÓÌÂÌÚ˚ ‰ÓÍ‡Ú‡ÒÚÓÙË˜ÂÒÍÓ„Ó ÔÂ-
ËÓ‰‡ (‰Ó 1996 „.) Á‡ÙËÍÒËÓ‚‡Ì‡ ‚ ‡ÔÂÎÂ 2007 „., Ì‡
ÙÓÌÂ ÔÓ‚˚¯ÂÌËfl ç Ë ÛÏÂÌ¸¯ÂÌËfl Ó·˘ÂÈ ÏËÌÂ‡-
ÎËÁ‡ˆËË ‚Ó‰ÌÓÈ ÚÓÎ˘Ë ÓÁÂ‡. èÓ‰ÏÂ˜ÂÌÓ, ˜ÚÓ ‚ÎËfl-
ÌËÂ ‡ÎÎÓıÚÓÌÌÓÈ ÍÓÏÔÓÌÂÌÚ˚ Ì‡ ÙËÚÓˆÂÌÓÁ˚ ÓÁÂ-
ÌÓÈ ·ËÓÚ˚ ÌÂ Ó‰ÌÓÁÌ‡˜Ì˚ ÔÓ ÒÂÍÚÓ‡Ï ÓÁÂ‡, ÌÓ ÌÂ-
ÒÓÏÌÂÌÌÓ Ò‚flÁ‡Ì˚ Ú‡ÍÊÂ „Ë‰ÓÎÓ„Ë˜ÂÒÍËÏË Ë
ÏÂÚÂÓÓÎÓ„Ë˜ÂÒÍËÏË ÛÒÎÓ‚ËflÏË: ‚ÓÎÌÓ‚˚Ï ÔÂÂ-
ÏÂ¯Ë‚‡ÌËÂÏ, ÚÂË„ÂÌÌ˚Ï ÒÌÓÒÓÏ, ÔÓÒÚÛÔÎÂÌËÂÏ
ËÌÙËÎ¸Ú‡ˆËÓÌÌ˚ı ‚Ó‰, ÔÓ‰‚Ó‰Ì˚ÏË ÓÔÓÎÁÌflÏË.

èÓ ÂÁÛÎ¸Ú‡Ú‡Ï ÍÓÏÔÎÂÍÒÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ‚
ÔÂËÓ‰ 1996–2006 „„. ÏÓÊÌÓ Ò‰ÂÎ‡Ú¸ ÒÎÂ‰Û˛˘ËÂ
‚˚‚Ó‰˚.

1. èÓÒÎÂ ËÁ‚ÂÊÂÌËfl 1996 „. ÔÓËÒıÓ‰ËÚ ÔÓÒÚÂ-
ÔÂÌÌÓÂ ‡Á·‡‚ÎÂÌËÂ ‚Ó‰˚ ÓÁÂ‡ ä‡˚ÏÒÍÓ„Ó Ë
ÏÓÌÓÚÓÌÌÓÂ ÔÓ‚˚¯ÂÌËÂ ç.

2. Ç Í‡ÚÂÂ íÓÍ‡Â‚‡ ÛÒÚÓÈ˜Ë‚Ó, ÔÓ ‚ÒÂÏÛ ‡Á-
ÂÁÛ ‚Ó‰ÌÓÈ ÚÓÎ˘Ë, Ì‡·Î˛‰‡ÂÚÒfl ·ÓÎÂÂ ‚˚ÒÓÍ‡fl
ÚÂÏÔÂ‡ÚÛ‡ (‚ ÒÂ‰ÌÂÏ Ì‡ 1°ë) ÔÓ Ò‡‚ÌÂÌË˛ Ò
ÓÒÚ‡Î¸ÌÓÈ ‡Í‚‡ÚÓËÂÈ ÓÁÂ‡.

3. ä‡Í ‚ Í‡ÚÂÂ íÓÍ‡Â‚‡, Ú‡Í Ë ‚ ‡Í‚‡ÚÓËË
ÓÁ. ä‡˚ÏÒÍÓÂ ‚ ËÌÚÂ‚‡ÎÂ „ÎÛ·ËÌ 15–25 Ï Á‡ ‚ÂÒ¸
ÔÂËÓ‰ Ì‡·Î˛‰ÂÌËÈ ÒÓı‡Ìfl˛ÚÒfl ÔÓ‚˚¯ÂÌÌ˚Â ÒÓ-
‰ÂÊ‡ÌËfl ‡ÒÚ‚ÓÂÌÌÓ„Ó ÍËÒÎÓÓ‰‡, Ì‡ 4–5 Ï„/Î
ÔÂ‚˚¯‡˛˘ËÏË ÙÓÌÓ‚˚Â. Ç ÔË‰ÓÌÌÓÈ ÁÓÌÂ ÒÓ-
ı‡ÌflÂÚÒfl ÔÓ‚˚¯ÂÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ ·Ó‡.

4. Ç ÓÁ. ä‡˚ÏÒÍÓÂ Ò 1998 „. ÓÚÏÂ˜‡ÂÚÒfl ÒÚ‡-
ÚËÙËÍ‡ˆËfl ‚Ó‰˚ ÔÓ Ó·˘ÂÈ ÏËÌÂ‡ÎËÁ‡ˆËË. èË-
‰ÓÌÌ‡fl ‚Ó‰‡ ÓÚÎË˜‡ÂÚÒfl ·ÓÎÂÂ ‚˚ÒÓÍËÏ ÒÓ‰ÂÊ‡-
ÌËÂÏ Na, Ca, Mg, Cl, SO4. 

5. Ç ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍ‡ı èËÈÔÓ‚ÒÍËı (ËÒ-
ÚÓ˜ÌËÍ 1, Û˜ÂÈ ÉÓfl˜ËÈ) Ë ÔÎflÊÌ˚ı ‚˚ıÓ‰‡ı ÔÓ-
ÒÚÂÔÂÌÌÓ ÒÌËÊ‡ÂÚÒfl ÍÓÌˆÂÌÚ‡ˆËfl ÒÛÎ¸Ù‡Ú-ËÓÌ‡
Ë ‚ÓÁ‡ÒÚ‡ÂÚ ÒÓ‰ÂÊ‡ÌËÂ „Ë‰ÓÍ‡·ÓÌ‡Ú-ËÓÌ‡.
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êËÒ. 11. èÓˆÂÌÚÌ˚È ÒÓÒÚ‡‚ ‡Î¸„Ó·‡ÍÚÂË‡Î¸Ì˚ı
·ÂÌÚÓÒÌ˚ı „Ë‰Ó·ËÓÌÚÓ‚ ÔË·ÂÊÌÓÈ ÁÓÌ˚ ÓÁ. ä‡-
˚ÏÒÍÓÂ (2005 „.). 1 – Cyanoprocaryota; 2 – Chlorophyta;
3 – Xantophyta; 4 – Euglenophyta; 5 – Rhodophyta; 6 – Ba-
cillaryophyta; 7 – Chrysophyta. êËÏÒÍËÏË ˆËÙ‡ÏË Ó·Ó-
ÁÌ‡˜ÂÌ˚ ÒÂÍÚÓ˚ ÓÁÂ‡: I – ÒÂ‚ÂÌ˚È, II – ÒÂ‚ÂÓ-‚Ó-
ÒÚÓ˜Ì˚È, III – ˛„Ó-‚ÓÒÚÓ˜Ì˚È, IV – ˛ÊÌ˚È. 
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ä‡ÔÓ‚ Ë ‰.

6. ëÓ ‚ÂÏÂÌÂÏ Ì‡·Î˛‰‡ÂÚÒfl Á‡ÏÂÚÌÓÂ ÒÌËÊÂ-
ÌËÂ ÚÂÏÔÂ‡ÚÛ˚, ‰Â·ËÚ‡, „‡ÁÓÓÚ‰ÂÎÂÌËfl Ë ÏËÌÂ-
‡ÎËÁ‡ˆËË ÔË·ÂÊÌ˚ı ÚÂÏ‡Î¸Ì˚ı ËÒÚÓ˜ÌËÍÓ‚
(èÎflÊÌ˚ı, åÂ‰‚ÂÊ¸Ëı Ë ‰.). 

7. èÓÒÎÂ ËÁ‚ÂÊÂÌËfl 1996 „. ‚ ‚Ó‰Â ÚÂÏ‡Î¸Ì˚ı
ËÒÚÓ˜ÌËÍÓ‚ Ë ÓÒÓ·ÂÌÌÓ ‚ ‚Ó‰Â ÓÁÂ‡ ä‡˚ÏÒÍÓ„Ó
ÔÓfl‚ËÎÒfl Mg, ˜ÚÓ ÏÓÊÌÓ Ò‚flÁ‡Ú¸ Í‡Í Ò ÔÓÒÚÛÔÎÂÌË-
ÂÏ Â„Ó Ò ÔÂÔÎÓ‚ÓÈ ÍÓÏÔÓÌÂÌÚÓÈ ËÁ‚ÂÊÂÌËfl (‚ ÚÓÏ
˜ËÒÎÂ Ë ÓÚ ‚ÛÎÍ‡Ì‡ ä‡˚ÏÒÍËÈ), Ú‡Í Ë Ò ÔÓÚÓÍÓÏ
Ï‡„Ï‡ÚË˜ÂÒÍËı ÙÎ˛Ë‰Ó‚, ‡Á„ÛÊ‡˛˘ËıÒfl Ì‡ ‰ÌÂ
ÓÁÂ‡.

8. èÓ ÒÓÒÚÓflÌË˛ Ì‡ 2005 „. ·ËÓ‡ÁÌÓÓ·‡ÁËÂ
‚Ó‰ÓÓÒÎÂÈ ‚ ·‡ÒÒÂÈÌÂ ÓÁ. ä‡˚ÏÒÍÓÂ ‚ ÔÓÒÎÂ‰ÌÂÂ
‚ÂÏfl Û‚ÂÎË˜ËÎÓÒ¸ Ì‡ 18.5%, ‚ ÓÒÌÓ‚ÌÓÏ Á‡ Ò˜ÂÚ
‚Ë‰Ó‚Ó„Ó ‡ÁÌÓÓ·‡ÁËfl ·ÂÌÚË˜ÂÒÍËı Bacillario-
phyta ‡Î¸„Ó„Ë‰ÓÔÒ‡ÏÏÓÌ‡, ÛÒÚ‡ÌÓ‚ÎÂÌÌÓ„Ó ÔË
ËÁÛ˜ÂÌËË ÔÒ‡ÏÏËÚÓ‚˚ı ‡ÁÌÓÒÚÂÈ ÓÒ‡‰ÍÓ‚ Ë ÛÁÍÓ-
ÎÓÍ‡Î¸Ì˚ı ·ËÓˆÂÌÓÁÓ‚. èÓ ‡Î¸„ÓÍÓÏÔÓÌÂÌÚÂ ‚Ó‰-
ÌÓÈ ÚÓÎ˘Ë ÓÁÂ‡ Ë Â„Ó ÎËÚÓ‡Î¸ÌÓÈ ÁÓÌ˚ Á‡ÒÂÎÂ-
ÌËÂ Ë‰ÂÚ ÏÂ‰ÎÂÌÌÓ Ë ÎÓÍ‡Î¸ÌÓ.

9. Ç ÔÂËÓ‰ 2004–2005 „„. ÛÏÂÌ¸¯ËÎÓÒ¸ ‚Ë‰Ó‚ÓÂ
‡ÁÌÓÓ·‡ÁËÂ ‚ ‚Ó‰ÌÓÈ ÚÓÎ˘Â Cyanoprocaryota ‚
ÒÂ‰ÌÂÏ Ì‡ 6.67%; Chlorophyta – Ì‡ 6.42%, Ì‡ ÙÓÌÂ
Û‚ÂÎË˜ÂÌËfl Ì‡ 12% ‚Ë‰Ó‚Ó„Ó ÒÓÒÚ‡‚‡ Bacillariophyta,
Eugleophyta – Ì‡ 1% Ë Xantophyta – Ì‡ 0.7%.

10. èÓÒÚÂÔÂÌÌÓÏÛ ‡Á‚ËÚË˛ ÔÎ‡ÌÍÚÓÌÌÓÈ ÍÓÏ-
ÔÓÌÂÌÚ˚ ˝ÍÓÒËÒÚÂÏ˚ ÓÁ. ä‡˚ÏÒÍÓÂ ÒÔÓÒÓ·ÒÚ‚Ó-
‚‡ÎÓ Á‡ÏÂÚÌÓÂ ‡Ò˘ÂÎ‡˜Ë‚‡ÌËÂ Â„Ó ‚Ó‰ÌÓÈ Ï‡ÒÒ˚
Ë ÛÏÂÌ¸¯ÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl ‚ ‚Ó‰Â Fe, Mg, Al, S.
ç‡Ë·ÓÎÂÂ ‡Á‚ËÚ˚Ï ‚ 2000–2006 „„. ÚËÔÓÏ ·ÂÌÚË-
˜ÂÒÍÓ„Ó ÙËÚÓˆÂÌÓÁ‡ ÌÂÔÓÒÂ‰ÒÚ‚ÂÌÌÓ ‚ Ó·‡ÁÓ-
‚‡‚¯ÂÏÒfl ‚ ÂÁÛÎ¸Ú‡ÚÂ ËÁ‚ÂÊÂÌËfl 1996 „. Í‡ÚÂ-
Â íÓÍ‡Â‚‡ (ÒÂ‚ÂÌ˚È ÒÂÍÚÓ ÓÁ. ä‡˚ÏÒÍÓÂ)
·˚Î‡ ‡ÒÒÓˆË‡ˆËfl Microspora stagnorum (Chloro-
phyta) Ì‡ ÍÛÚËÌ‡ı ÏıÓ‚ Pohlia filum (Schimp.)
Maort. et Pohlia sp.

Ä‚ÚÓ˚ ·Î‡„Ó‰‡flÚ Á‡ ÒÓÚÛ‰ÌË˜ÂÒÚ‚Ó Ë ÏÌÓ„Ó-
ÎÂÚÌ˛˛ ÔÓÏÓ˘¸ ÔÓ ÓÔÂ‰ÂÎÂÌË˛ ·ÂÒÔÓÁ‚ÓÌÓ˜Ì˚ı
ÓÁ. ä‡˚ÏÒÍÓÂ Ì‡Û˜Ì˚ı ÒÓÚÛ‰ÌËÍÓ‚ ä‡Ï˜‡ÚÒÍÓ„Ó
Ì‡Û˜ÌÓ-ËÒÒÎÂ‰Ó‚‡ÚÂÎ¸ÒÍÓ„Ó ËÌÒÚËÚÛÚ‡ ˚·ÌÓ„Ó
ıÓÁflÈÒÚ‚‡ Ë ÓÍÂ‡ÌÓ„‡ÙËË í.Ç. ÅÓÌÍ, í.ç. í‡‚Ë-
ÌÛ, í.ã. Ç‚Â‰ÂÌÒÍÛ˛, ‡ Ú‡ÍÊÂ Á‡ ·ÓÎ¸¯Û˛ ÚÂıÌË-
˜ÂÒÍÛ˛ ÔÓÏÓ˘¸ ‚ ÔÓ‚Â‰ÂÌËË ÔÓ‰ÎÂ‰ÌÓ„Ó ·ËÓ„Ë‰-
ÓıËÏË˜ÂÒÍÓ„Ó ÓÔÓ·Ó‚‡ÌËfl ‚Ó‰ÌÓÈ ÚÓÎ˘Ë ÓÁÂ‡
ÒÓÚÛ‰ÌËÍÓ‚ àÌÒÚËÚÛÚ‡ ‚ÛÎÍ‡ÌÓÎÓ„ËË Ë ÒÂÈÒÏÓÎÓ-
„ËË ë.Ç. ì¯‡ÍÓ‚‡, Ä.É. å‡ÌÂ‚Ë˜‡, Ñ.û. äÛÁ¸ÏËÌ‡, Á‡
ÔÓ‚Â‰ÂÌËÂ ‚Ó‰ÓÎ‡ÁÌ˚ı ‡·ÓÚ ë.Ä. óËÍÓ‚‡,
Ä.Ç. äÓ¯ÂÎÂ‚‡, Ä.û. îÂ‰ÓÒÂÂ‚‡, Á‡ ÔÓ‚Â‰ÂÌËÂ ·ËÓ-
„Ë‰ÓıËÏË˜ÂÒÍÓ„Ó ÓÔÓ·Ó‚‡ÌËfl Ë Í‡ÚËÓ‚‡ÌËÂ ÚÓ-
˜ÂÍ ÓÚ·Ó‡ ‚ ÚÂ˜ÂÌËÂ ÏÌÓ„Ëı ÎÂÚ ÒÓÚÛ‰ÌËÍ‡ ä‡Ï˜‡Ú-
ÒÍÓ„Ó ìÔ‡‚ÎÂÌËfl ÉË‰ÓÏÂÚÂÓÒÎÛÊ·˚ Ç.é. å‡Û-
˘‡Í‡.

ê‡·ÓÚ‡ ‚˚ÔÓÎÌÂÌ‡ ÔË ÙËÌ‡ÌÒÓ‚ÓÈ ÔÓ‰‰ÂÊÍÂ
„‡ÌÚÓ‚ èÂÁË‰ËÛÏ‡ êÄç 06-1-è16-063 Ë êîîà
‹ 05-05-64789‡, 05-05-64791‡, 05-05-64792‡ Ë 06-
05-72550-çñçàã‡.
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The Time-Dependent Variation of Hydrogeochemical Characteristics, Thermal 

Regime, and Biocenoses in the Fresh and Thermal Waters of the Lake Karymskii 

Basin Following the Catastrophis Underwater Eruption of 1996 in the Akademii 

Nauk Caldera, Kamchatka

    G. A. Karpov1, E. G. Lipikina1, A. G. Nikolaeva1, A. Yu. Bychokov2, 
S. A. Lapitskii2, I. Yu. Nikolaeva2

1Institute of Volcanology and Seismology, Far East Division, Russian Academy of Scieces,
Petropavlovsk-Kamchatskii, 68006, Russia

2Faculty of Geology, Lomonosov State University, Moscow, 119899, Russia

Results of biohydrogeochemical monitoring are used to study time-dependent variations in the hydrogeochem-
ical characteristics of the Lake Karymskii water mass, the state and characteristic of underwater discharge zone
in the Tokarev crater appearing in 1996, a hydrogeochemical characteristic of thermal springs around the lake,
and the biota succession in the lake for the period 1996–2006 (2007). We detected a stratification in the chem-
ical composition of water over depth and the presence of persistent zones of increased dissolved oxygen zones.
We found an alkalization of lake water and a decrease in its total mineralization. The new thermal springs and
underwater discharges of thermal water and gases are found to continue. First data have been obtained on the
concentration of microelements in the thermal springs of the Karymskii basin. The biodiversity of algae in Lake
Karymskii was largely increased by the species diversity of benthis Bacillariophyta. The plankton phytocom-
ponent of the precatastrophic period was found to be regenerated in the lake in April 2007.
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