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Ca - 2, Ti – 1;
– Si - 83, K - 7, Na - 5, Mg - 3, Ca – 2;
– Ti - 55, Zn - 21, Si - 10, Ca - 6, Fe - 5, 

Al – 3;
– Si - 37, Al -19, Na - 15, Mg - 12, Fe - 9, 
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 – C - 68, Si - 28, Zn – 4. 



 21

 
. 10. .  150 .  

. . 
 
 

 (100-200 )  

 (150 . ). 

,  ( ) .  

 ( , )  

.  ( . 11).  

,  

, , . ,  

 – , .  – .   
 

 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

, . 

0

5

10

15

20

25

30

U
, p

pm

1

1.2

1.4

1.6

1.8

2

2.2

(2
34

U
/2

38
U

) 

0
20
40
60
80

100
120
140
160
180
200

, 
3

0

10

20

30

40

50

60

70

. 
, %

0.01

0.1

1

10

100

1000

, 
./

)

(234U/238U) 

.  

      
          

       1         2                  3                4        5.1           5.3                5.5        6         



 22

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

, . .

-1.2

-0.8

-0.4

0

0.4

0.8

1.2

18
O

0.8

1

1.2

1.4

W
C

, 
. 

.

0

20

40

60

80

W
C

, %

0

1

2

3

B
a

, 

0.4

0.8

1.2

1.6

2

C
l, 

B
r, 

I, 
. 

.

0
10
20
30
40
50

Si
O

2 
, %

0.4

0.8

1.2

1.6

Sr
/R

b,
 

. 
.

2

1.6

1.2

0.8

0.4

K
, T

i, 
R

b,
 N

b 

 

Ba

I

1         2                  3                  4        5.1            5.3               5.5         6

 (WC)

Sr/Rb

K, Ti, Rb, Nb 

SiO2 

18O
Martinson et al., 1987

Br

Cl

WC

 
 11. . .  

 Cl, Br, I  (WC) - ; 
Ba_  – . K, Ti, Rb, Nb  

; Sr/Rb  
a-K ) . .  

 
.  MIS 5 .  

, , . 
 MIS 2-4  D/O  

). 
 
 

 KDP-01  

 ( )  



 23

 1 .  ( . 12).  

. , ,  

-

,  

.  

, .  

 

 
. 12.  P-E ( ,  

. )  
  ( ) ,  

,  
. 

 
 

 

 ,  

,  

 ( . 13, 14).  160 .  

,  

.  

. .  

. 
                           
 



 24

 

 

 

 

 

. 13. . 1 – . ; 2 – 
. ; 3 – ; 4 

– . ; 5 – . ; 6 –  
; 7 – . 

 

 

 

 

 

 

 
 

. 14. : 1-  
. ; 2, 3 – ; 4 – . ; 5 – 

; 6, 7 – ; 
8 – . 
 

 

 « », . . 

, , 

 0,5  10    10  60 .  

, ,  

.  

 

 « ».  

,  

   



 25

. ,  

.  

.  

, 

.   , , . 

 - ,  

, , .  

 

,  4-7  

.  

 ( . 15), 

  .  

 
 

. 15. .  

 2006  2010 .  3  ( )  68 
 (2 – , 22 – , 3 – ,1 – , 7 – 

; 33 - ).  «  

» .  

 

 

 90  7  ( . 16)  

 ( . 17), . .  

Aulacoseira baicalensis (1-3), Stephanodiscus meyeri (13-14), Cyclotella baicalensis (8)  C. 

minuta (9-11),  A. islandica (4-7),  

. ,  

 « »  

,  

  . 
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. 16. ,  « ». 

 
. 17.  « ». 
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,  ( . 18).  

 
. 18.  –  

,  – ,  –  B. latissima lata, 
 –  A. grewingkii,  –  E. violaceus (  

),  –  O. albinus, ,  –  
 P. bazikalowae,  –  A. grewingkii  “ ”),  – 

 B. latissima lata  (  “ ”  
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 “ ” ),  –  P. 
bazikalowae  (  

),  –  B. parasitica,  –  
 E. violaceus,  –  O. albinus,  –  

 P. bazikalowae. 
 

,  

, 

,  

 ( . 19). ,  

, ,  

,  

,  ( . 20). 

 

. 19. , 

 

 

. 20. ( )  Verrucaria sp. (1)  (2)  
; ( )    (1)  (2);( )  

(1)  Ulothrix zonata (2). 
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,  ( )  

 ( )   

 ( . 21)   

. 

 

. 21. , 
: Paracottus knerii ), Cottocomephorus 

alexandrae ( ), Comephorus dybowski ( ).  (s)  
 (k).  Philips 525M.  

 
 

,  

 –  –  

. , . 

. 

,  

 Gmelinoides fasciatus. , 

. 

, , ,  

.  
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 ( . 22).  
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. 22.  ,  
 Baicalia  (CO1  ITS1) 

 95%- . A, B, C, D, E –  Baicalia. 
,  2,0 . . 

.  
 MIS – Marine Isotope Stage.  

 B. carinata 
  B. turriformis  B. dybowskiana . 

    

,    

.  

. ,  

,  
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 -  ( . 23).   

  .  

 
 ,  

  C. migratorius Georgi  - ,  

, .  

 

 ( . 24). , 

 

, . ,  

1-like . 

,  

, ,  
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. 24.  SAGE  

, .  
 7 . 

,  GAPDH . 
 6 . 

% - . 
 

 

   Lubomirskia baikalensis 

 - 

1 2,   

 MALDI .  25    

, , ,  

 

2. 
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. 25.   . 

 
     

 ( . 26),  Lubomirskiidae: 

Rezinkovia echinata, Swartschewskia papyracea, Baikalospongia intermedia morpha 

profundalis ( ),  

Lubomirskiidae.  24777 .  28958 . 

,  

Ephydatia muelleri  Lubomirskiidae  

.  

 tRNA-Y – 

tRNA-M,  450 .  E. muelleri  1000 .  L. baicalensis,  

,  

.  
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 . 26.  tRNA-Y –  tRNA-M.  450 
.  E. muelleri   1000 .  L. baicalensis, ,  

 
 

 30  

, . ,  

, ,  

,  4  ( . 27).  

, ,   

 1  Ser/Phe  

NS3, .  

 NS1 (Ser/Gly)    NS5 (Ala/Ser). 
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. 27.  ,   

,  
. 

 

 – 

.  , 

  Siphoviridae, Podoviridae  Myoviridae.    

 

4- ,  

  .  

  g23 4-  

4-  

 ( . 28). ,  g23 4-

, . 
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. 28.  g23 T4- . . 

 
 

 

 

 

   

,  

.  

 C. baicalensis ( . 29).  

  
4- -  

 

 

 

 

4-  
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Cyclotella baicalensis.. . 29. 1-5, 9-11 – ;  6-8 – .  
1, 2. , . 2.  

.  3, 4, 6, 7.   
,  

. (  – annulus ,  
 – )  5, 8.  

 ( ) .  
 ( ). 9, 10.  

. .  11. . . 
 10 . 

 

   ,  

. , , 

 ( . 30)  

 (SDV). ,  

 SDV, , ,  

.  

, .  



 39

 H2SO4-H2O2 ( . 31)  

,  ,  

.  

.  

       

N
O

N

NO2
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N
CH3

CH3
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O
N

NO2

N
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N

CH3

N
CH3

CH3

NBD-N2

NBD-N3

 
. 30.  

 (NBD-N2, , )  
 (NBD-N3, , )  S. acus. 
 

. 31.  S. acus  
H2SO4/H2O2 
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 4  

 ( . 32)  4  SIT S acus  

 SIT  65 kDa.  

 S acus.  

.  
 

 

. 32.  
 

 SIT  
 S. 

acus  
 

.  
. 

 
 

 
 SIT (  

)  
 

 ( )  
 

 ( ).  – 
;  – ;  – 

;  – ; 
 – : Si – 

. 
 – 0.5 . 

 

 

 

 

 

 

 

 

 

 

 

 

 SDO, ,  

,  

. 

  

,  

 S acus .  
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 S acus.  

.  46 657 bp  2 

, 24  33  ( . 33).  

  ,  

. ,  cox1 

.  

 
 

.33.  Synedra acus. -
,  — .  

 
. . ,  

, , 
. , ,  

 Synedra acus, Thalassiosira pseudonana  Phaeodactylum 
tricornutum. 
 
  BLAST- ,  

  S. acus  (1031) 
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, 

, , 

, , 

, . 

 

 (2007-2009 .)  

 - .  2007 . 

 Aulacoseira baicalensis, 

 (  1 3) , 

 « » . 2008 .  

,   Synedra acus ,   2009  .   

. ,  

2007-2009 .  1946-1990 

. ( , 1946; , 2000).   

-

 Enterococcus ,  

. . ,  

 

 ( . 34) ,  

. 

 ( ). 

,  Enterococcus  

, ,  

. Pseudomonas. ,  

,  0.6  0.3 ,  

 30 . 

,  

.  

 
 

 
 
 
 
 
 

 
 

. 34.  Enterococcus ( ). 
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,  

 2008 .  

,  

 ( , 2005). ,  

.    (Equisetum 

fluviatile L.), ,    

 Equisetum fluviatile L. .   

 

«Agilent» 1200 Series,  Zorbax SB-C18 (9,4  100 , 5 ).  

: , ,  8  

: « » ,  

.  

 (Agilent HP 1200 –  

 Agilent 6210 – (ESI))  4  

 786,563; 797,585; 802,537  1221,335 ( .35).  

.  
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. ,  

 2009 .,   mcyE.  

,  6 

.  

, ,  

, ,  .,  

.  

 

 Coregonus 

migratorius (Georgi, 1775)  (1–7 ).   30  

.  (  8  12 

)  50–60 .  15  

,  1993 . (Kucklick, 

1996) 35  (3–10 ) 80  (10–13 ). 

 ( . 36)  1–7  

 7000–22000 , .  

 15  (10000–26000  1992 ., Nakata, 1997).  

 13 , ,  

 ( ),  20  

. 

 

 10  1994 .  

 (0.8–4 ), , 

, ,  

.  
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, , , , , , , , , , ),  ( , , 
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