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.  – -

. -
, , , , ,  

 ( , 1974). -
, -

, -
. ,  

-
.  

, , , -
, ,  

 ( , 1956; , 1958; , 1962; , 1975; 
, 1986; , 1977; , 1980; , 2006; -

, 2007 .)  (Brett, 1971 ; Precht et al., 1973; Coutant, 
1975; Reynolds, 1977; Cherry, Cairns, 1982; Jobling, 1994; Beitinger et al., 2000; 
Angilletta, 2009 .). 

,  
, ,  

:  –2.0  +52° .  
 (Fry, 1974; 

, 1985; , 1989; Shulman, Love, 1999; , 2000 ; Ho-
chachka, Somero, 2003; , , 2004).  

. 1. ,  
, 
 

, 1977; , 1981). 2.  – -
 ( , 1958; 

Brett, 1971b; Fry, 1947, 1971; Coutant, 1977; Reynolds, 1977; Beitinger, Fitzpatrick, 
1979; Cherry, Cairns, 1982; , 1989). 3. -

 
 ( , 1973; , , 1984; , 

2000 ; Beitinger et al., 2000). 4. , -
-

 ( , 1982).  –  
 

, -
, -

 ( , , 1988; Ho-
chachka, Somero, 2002; , , 2004).  

 
 – , 

.  
-
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(Brett, 1971b; Jobling, 1981),  

 (Lapkin, 1985; ., 
1991, 2005; , , 2007 , ).  

.  
 –  
, -

 ( , 1982; Jobling, 1994; , 2000 ; Beitinger et al., 2000). 
 

-
. ,  

,  
, ,  ( -

., 1979, 1981; Cherry, Cairns, 1982; , 1989; Beitinger et al., 
2000). , 

, ,  1-2-  
 ( ., 1979, 1981; 

Christiansen et al., 1997; Beitinger et al., 2000).  
,  

 (Wildhaber, 
Crowder, 1990; Christiansen et al., 1997; Pavlov et al., 2000).  

-
, ,  

., 1979; , 2000 ). -
, , -

, .  
-

.  
: 

1. -
, -

. 
 2. -

. 
3. , -

,  
. 

4.  
.  

5. .  
6. ,  

. 
. -

, -
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, ) .  

 21- ,  
, -

.  
-

, . 
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, . -

: .  
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2. , -
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3. , -
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 – , -
.  

5. , -
,  

. 
. -

 
, . -

-
. -

, ,  
,  

-  
. -

-
, -

,  
.  

,  
, .  

.  17 -
 27  ( , 1985; 

, 2000, 2004, 2006, 2011; , 1988; , 1989, 2000, 2003, 
2007; , 1994, 1996, 1997, 1998, 2002, 2003, 2005, 2008, 2010, 2011; -

, , 1992; , , 1995; , 1995, 
2000, 2001, 2005, 2010; , 1999; , 1999, 2000, 2001, 2007, 
2009, 2010; , 2001; , 2001; , 2002; , 2008; 

, 2011. 
.  56 ,  

18 , 34  2 -
. 

.  250 . -
, 7  ( , , -

), -
,  264  260 , -

 24  46 .  
. .  

 (  0102420020368, 0120.0603833, 01200952653),  98-
04-48458  «  

». 
. -

, . , . , . 
, . , . . , -
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, -
.  

 
 1.  

 
, . -

, -
.  

. 
 2.  

 1974-2011 .  27 , 
 9 : Acipenseridae (  Acipenser baerii, 

 Acipenser ruthenus,  –  Huso huso ), 
Salmonidae (  Parasalmo (Oncorhynchus) mykiss), Coregonidae 

 Coregonus peled,  Coregonus albula), Esocidae 
 Esox lucius), Cyprinidae (  Abramis ballerus,  

Abramis brama,  Alburnus alburnus,  Blicca bjoerkna,  
 Carassius auratus gibelio,  Carassius 

carassius,  Cyprinus carpio,  Gobio gobio, 
 Leuciscus idus,  Phoxinus phoxinus,  Pelecus 

cultratus,  Abramis sapa,  Rutilus rutilus), Cobitidae (  
Misgurnus fossilis), Lotidae (  Lota lota), Percidae (  
Gymnocephalus cernuus,  Perca fluviatilis,  
Sander lucioperca,  Sander volgense), Odontobutidae (  
Perccottus glenii).  

-
, . -

, -
 « »  

.  7-14 , 
 (1-5º , 10-12º -

 18-22º ) .  
 ( )  ( ) -

 « » (Badenhuizen, 1967) -
 ( . 1, ) -

 0.05-0.08° . -
 1.5, 2.4, 4.2  10.0 . 

 
,  15-25° . -

. -
 10-14 .  

 
 



 
 

 

8 

 
 

 
. 1.  

-
 ( ), -

 ( ) : 1 – -
, 2 , 3 -

 ( ), 4 -
, 5 – , 6 – 

, 7 – -
, 8 – -

, 9 – -
, 10 – . 

 

 

 
-

,  
. , -

,  
, .  

 ( ) -
 ( ) -

 ( ) (Becker, Genoway, 1979; Beitinger et al., 2000). -
 ( .1, )  4-60  

 ( ).  
 3-4 . -

, -
 ( ). -

 0.04-0.08  (1-2 )  
. -

 13-30  5-0.3  
4-60 .  

 5000 .  ( . 1). -
 (1200 .)  

,  
,  Scipper 607, Hondex-301  

Simrad EY-M  74AA/AP (70 ).  

1 
4 

3 

2 

1 
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 2-3- .  
 (t)  (F), p  0.05.  

 1. . 
  . 

-
 

-
  

, , 
, , , , , -

, , 
, , , , , 
, , , , ,   

1800 

-
 

  

, , ,  
, , ,  

 

800 

 
 

  

, , ,  
, , ,   

800 

 
-

  

, , ,  
, , , 

 

400 

 
 

  

, , ,  
, , , 

 

1200 

-
-

 ( ) 

, , , , -
, , , , 

, , ,  

1200 

 3.  
 

 – -
,  

. , , , -
, -

 ( , 1978; , 1979; , 1981; -
, 1982). ,  

,  ( , 1980, 1987; -
, 2006; ., 2010).  

-
. 

-
,  

 (Fry, 1947; , , 1960). , 
-
-

 ( , , 1960). -
-

, ,  
, ).  

(De Vlaming, 1971; Reutter, Herdendorf, 1974; Coutant, 1975; Crawshaw, 1975). 
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,  
, -

.  
-

.  (2-12 )  
,  

. 
,  0.5-1 ,  

.  
, , ,  

18-20º  21-23º , -
 25-29º . -

.  
 10-14 , ,  

, , , , , , -
,  – -

 ( )  ( -
).  

, -
.  – 

»  
 (Reutter, Herdendorf, 1974). 

 
, ,  

,  1ºC (Reynolds, 
Casterlin, 1979).  « »  (Fry, 1947) -

: 1– ,  
; 2 – , -

.  
-

,  1-3-  (  > 
0.05). -

: , , , -
 (McCauley, 1977; Reynolds, Casterlin, 1977 ).  

 3-  
, -

. 
-

  – 18±2º  
,  – 15±2º ).  

 31  14°  ( . 2).  
 15º :  

 29-31º ,  – 16.5-17.0º . -
 27 º .  



 
 

 

11 

:  26º  14-
17.0º .  

- ,  
. 

, , -
, ,  

.  
, . ,  

-
, . 

,  
, .  

 Barbatulus barbatulus, ,  15.1±0.2º ,  
 Neogobius kessleri  Proterorhinus 

marmoratus – 22-23º  ( ., 2005).  Acipenser 
ruthenus  23.6±0.2º  ( -

, 2009).  (2-4 ) - 
, -

,  
, -

, 
. 
 
 

 6-9- .  
-
 

,  
. -

-
 

.  
, , -

 
,  

. -
 

-
.  

, -
 

. 
. -

, -

. 2. .  
  ,  

 ( ) 
 

  
 

 
 

 
 

 
 

  

0+, 1+ 
0+, 1+ 
0+, 1+ 
0+, 1+ 
0+ 
0+, 1+ 
0+, 1+ 
0+, 1+ 
0+, 1+ 
2+ 
3+ 

29 - 31 
28 - 29 
27 - 28 

26.5 - 28.0 
26.5 - 27.5 

26 - 27 
25.5 - 26.5 
25.5 - 27.0 

23 - 26 
20 - 21 

16.5 - 17.0 
 0+ 26.5 - 28.0 

 

 
 

0+, 1+ 
0+, 1+ 
0+, 1+ 

25.0 - 26.5 
24.0 - 25.5 

22 - 26 
 1+ 24.5 - 25.5 
 0+ 24.0 - 24.5 

 0+ 22 - 23 
 0+ 16 - 18 

 0+ 14 - 17 
 0+ 14 - 16 
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, 1971, 1980; , 1971; …, 1991; ., 

2001, 2007; , 2005; , , 2008). -
 

, . -
-

.  
 

, , -
, , -

 ( , 1971; , 1988).  
, -

.  
 (0+, 1+) , -

 ( , . , . ), -
. , -

-
, .  

 ( )  2-4 -
,  (20-23º )  (10-12º ) 

. , ,  
.  

,  
) 79/100 100/100 

79/79 , -
.  

 20  14-16 º ,  
,  2º ,  12.5º  (  

100/100  4.5º , 79/79 – 17º ).  
 

. 
 

,  
: , , 

. ,  
 (25-26º ). -

 4-5 : 23-24, 17-18  10-11º .  
,  –  

. ,  
. -

 6  22-23º  
10-11º .  

, ,  
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 ( , , 2008),  
 –  4  15-16  ( , 1967; -

, , 1997).  
, , -

, ,  
-  ( , 1971; -

, , 1984; , 1988).  
, -

 (Norris, 1963; Garside, Morrison, 1977; Hall et al.,1978; Melisky et al., 1980; 
Calhoun et al., 1982; Fangue et al., 2009). , , -

, -
.  

-
.  

(Horoszewich, 1969; , 1975; Power plants…, 1980; -
, 1988) -

. -
,  

 
.  ( -
)  (  17  

30 ) .  
. , 

 5-7 ,  
 2-10 . ,  

-
, -

-
. 

 
, -

.  
. . ) -

 ( , .),  
.  

. -
, , , ,  

.  ( , 
, , )  1992 .  

89% ( . ), 91%  73% -
.  

, -
-

.  
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  4. -
 

-
, -

 ( , 1934; , 1948; , 1949; , 1961; 
, 1974). , ,  

, 1972; , 1980; , 2001)  ( , 
1979; , 1981) .  

,  
 1958 . (Ferguson, 1958). -

 (Garside, Tait, 
1958),  (Alabaster, Downing, 
1958). -

,  ( , 1972; McCauley, Read, 
1973; Otto et al., 1976; Ulvestad, Zar, 1977). -

 
 2-4  (Barans, Tubb, 1974; Reutter, Herdendorf, 1974; Reynolds,Casterlin, 

1978b; Ehrlich et al., 1979; Medvick, Miller, 1979). , -
 2-3 , -

 
. -

, . 
. -

-
 ( , 1944; Ross et al., 

1977). , -
 ( , 1966; Reynolds, Thomson, 1974; Ross et al., 1977; Peter-

son, Metcalfee, 1979),  
. 

, , -
-

, -
.  

 10-  (  D1)  28-  
 F)  ( . 2). ,  

,  – ,  2 
 – .  

,  8-9  
,  25±0.1º , -

 30-31º . -
.  

 ( . . 2),  
.  

, , 



 
 

 

15 

, ,  8-9  
. -

 ( ) -
,  

.  

 
. 2. ,   

 11 28  ( ) –  1, (-- --) –  2. 
. -

, , 
. -

, -
.  

 
,  ( .3).  

, , 
-
-

 2-5º .   
 3-4-  

, 
. 

,  
-

, -
, 
-
-

. 3.  (° )   
 ( ). 

 
  

 
 

  
 
 25-26 24-25 

 25-26 23-24 
 20-23  10-12 9-10 

 23-24  10-11 20-23  10-11 
 

 11-13 12-14* 
 

.* –  (Sutterlin, Stevens, 1992). 

, °  

 



 
 

 

16 

.  (Ho-
kanson, 1977; , 1984) -

 
.  

-
.  

-
. , -

,  
 (Barans, Tubb, 1974; Reutter, Herden-

dorf, 1974).  10-14 -
-

 ( . 3).  
-
 

,  
-

, , 
-
-

 5-7 -
. -

-
 1-3 -

,  
.  

-
-
-
 
 

-
 

, -
 ( . 3)  

 
: 11° -

, 13° , 
17° -

, 16°  5°  
 

, 1955; -
, 1978; , 1980; …, 2002).  

0

5

10

15

20

25

30

35

H 1 3 5 7 9 11 13  

0

5

10

15

20

25

30

0 1 3 5 7 9 11 13
 

,  
. 3. -

 (1),  (2), 
 (3),  (4)  (5).  

 

, °  

2 

1 

5 

H 

3 

4 

5 

0 
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, -
, , -

.  
 2-5 ,  10° ,  

.  
 

 

 

 
 

. 4.  ( )  ( )  (  
) . : 1 – , 2 – -

, 3 – . 
 

.  

.  

500  

500  

37-185 
18.5-37 
3.7-18.5 
1.9-3.7 
> 1.9 

4.5-22.6 
2.3-4.5 
0.5-2.3 
0.2-0.5 
> 0.2 

 

 

1 
2 
3 

.  

.  
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-
 (Reutter, Herdendorf, 1974; Beitinger, 

Fitzpatrick, 1979; ., 1981; , , 1982; , -
, 1987) -

 (  2-5º , ,  
 10º ).  49 ,  

-
 (Jobling, 1981). -

 
. ,  

, , , 
. 

-
.  

 (  
) -

,  ( . 4). -
-

 – ,  
, , , .  

 – -
.  

,  1-3  
. ,  

. -
 25-28  15-20º -

. 
 5.  

. 
 – , , , , 

,  –  ( -
, 1974; Miller, 1979; , 1980).  

, -
 ( , 1971; Brett, 1971b; 

, , 1988; ., 2007).  
 ( -

, 1982; , , 1984; , 2000 ),  
-

. 
  

1971  1995 . (Medvick, Miller, 1979). -
 –  

 Micropterus 
salmoides  Micropterus dolomieui,   
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 (Reynolds, Casterlin, 1978b).  
.  

 Esox masquinongy, -
 Perca flavescens,  (Reynolds, Casterlin, 1977b, 

1979b,c)  Coregonus muksun ( , , 2002) 
 4-7º , .  

, , 
,  (16.3º )  

 2.5º . , , 
.  

 3 : , 
. 

, ,  
Oncorhynchus nerka , -

 10-15ºC (Brett, 
1971b). , -

 
,  1-7 ,  

 –  18 .  
 2-3ºC. -

.  
.  

 Salvelinus fontinalis  
 3-5º  (Sullivan, Fisher, 1953). 

, -
 Rodeus sericeus (Garside, Tait, 1958; Zahn, 1963; Lenkiewicz, 

1964).  Pleuronectes platessa (Zahn, 1963)  
 Gillichthys mirabilis (De Vlaming, 1971) -

. ,  
-

 7-20ºC (Barans, Tubb, 1973; Reutter, Herdendorf, 1974). -
,  

 5  20ºC, . 
 

 (2-12 )  
,  ( ) ,  

10-14 .  1-4º  ( ),  
 8-12º  ( ),  18-22º  ( ). 

, -
 2  30º .  

, , , 
, , , .  

, -
. 



 
 

 

20 

, -
, ,  

. ,  
, -
 (1-3º )  ( . 5).  

 13-20º ,  
 0.5-5 .  

, .  
 8-11º , , 

 18-20º . -
 13-24 º .  

,  
, ,  5-30  

 4-5º .  

 
 
 

. 5.  ( )  ( ) -
. 1 – , 2 – . 

 
. ,  

,  (1-5º ), 
 (16-22º ) ,  

 (16-24º ).  

,  

, °  

 

  

 

 

 

 

  

 
 

 

 

 

 

 

  

 

  
 

 

 
 

   

 

30 
 
20 
 
10 

30 
 
20 
 
10 

     I      II     III   IV     V    VI   VII  VIII  IX    X    XI   XII 

  
 

 

 
 

 

 

 

 

1 
2 
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 18-20º ,  
 14  25º .  8-11º . 

,  1-5º , -
. ,  

 (18-20º ), -
.  

, -
. -

, .  
 8-11º ,  

, . , -
,  ( , ), -

 ( ) .  
 

, , . 
 10-14 : -

, -
 ( . 4). , , ,  

,  
 –  
. -

-
 

-
,  

, -
, -

,  
 
 

,  
-

.  
 
 

 2  
 –  

, ,  
 

.  
-

,  
. -

: 1-10, 12-18  21-30º .  

 
. 4.  ( ) . 

- 
      

  
 

25 
6-12 

– 
9-12; 23 

26.5-28 
23-24 

26-27 
17 

  
 

1-3 
3-8 

13-24 
9-10; 19-20 

26-27 
9-10 

4-5 
7-8 

  – – 26.5-27.5  26.5-27.5 
  – – 26-28 10; 21 

 
 

 
 

27 
25-26 

27 
26-27 

28-29 
24-25 

28-29 
25 

  
 

 24-26 25 27-28 24 

  29 29-30 29-32 29-31 
  

 
1-5;16-24 

2-7 
6; 25 
19-24 

25-26.5 
10-11; 20-23 

15-21 
6-7 

  3-4; 
25-26.5 

26 25-26.5  3-4; 26-27 

  24-25 – 22-26 8-14; 16-24 
  – – 16-18 10-12; 18 

. – ;  –  (  100 
,  –  160 ),  – . 
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, , -
.  « » , -

,  
; « »  – -

. ,  
. -

,  
, , , -

.  
 2, 4, 8, 10, 14, 16, 19, 22, 25  30º  

 4 , -
: 1-  – 27.2±0.3º , 2-

 – 13.6±0.5º , 3-  – 6.3±0.4º  4-  ~1º .  1  4- ,  
, , 3-  – 

,  2-  –  ( . 6).  
 

 

 
. 6.  

. 1 – ; 2 – , 3 – 
.  – , . 

 
 – -

,  « » .  
, , , 

 2  15° , ,  –  

1 
2 
3 

30 

25 

20 

15 

10 

5 

, °  
     5    10         15      20    25         30  

35 17 6 6 21 5 8 

9 9 9 9 

26 12 

14 13 

3 

4 

21 

 21 14 10 

38 

3 

4 

13 

 39 

21 93 87 

18 

136 

 

 
 

 

 

 56 

 

, °  



 
 

 

23 

.  27  14º , 
 –  6  1º .  14º -

 1- -
, ,  2- .  

 14º ,  
.  

 
» (  

 
-

),  
 

 6º , 
  

 
 
 

-
. , -

 
 

6º , -
, -

, 
-
-
-
 
 

~1º  
-

.  
 

 14º -
 
 
 

-
 
 

(Broughton, Jones, 1978; Le Cren, 1958; Karjalainen et al., 1996). 
 

 ( . 7). 

0

5

10

15

20

25

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

0

5

10

15

20

25

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1
2
3
4

 
. 7.  ( )  ( ), -

.1 – , 2 – -
, 3 – , 4 – .  

 ,  

,°  

  0    2    4    6     8     10     12      14      16 

0  2  4   6    8   10   12    14    16 

1 
2 
3 
4 

30 
 

25 
 

20 
 

15 
 

10 
 

 5 
 

 

25 
 

20 
 

15 
 

10 
 

 5 
 

 



 
 

 

24 

 . , ,  
, 
 

 ( , 1971; Coutant, 1975; -
, 1975; , 1977; Crowder, Magnuson, 1982; Spigarelli et al., 

1982). , -
, .  

, , -
, -

-
.  

-
.  

.  
-

.  
 ( , ),  

, . , -
 

- . -
,  

. 
, : 

, , -
, ,  7-10º .  

.  
,  

.  
 6. -

 
-
 

 (Reynolds, Casterlin, 1979a; Spotila et al., 1979; 
Cherry, Cairns, 1982; Christiansen et al., 1997).  

 
 (Sullivan, 1954; , , 

1960). ,  –  
 set-point), -

 (Crawshaw, 1977).  
, , . 

,  
 

, . 



 
 

 

25 

-
.  

-
 ( , 1959; Javaid, Anderson, 

1967a,b), . 
,  

-
. -
 10-13º  (  26  

14º ).  4.8º , 
 ( . 8). , -

 1.2º . -
,  

.  
,   

 (14-16  6-8º ) ,  
 

 (25-29º ).  
.  
. 
 

 (12 )  
, -

.  
, -

, . -
,  8°C,  2-

 19-22°C. -
,  4-  

 10-13°C.  10- -
 7-11°C,  –  

 24-25°C.  10-12-  
 24-27°C. -

. 
,  

, -
 ß- , -

.  
2 ,  

.  
, , -

 10 ,  
2 , -

. -
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.  
   

.  
,  

, -
, -

. -
-
-
-

, -
-

 – 
 

.  
-

, . 
-

, , 
 

 ( , 1984). -
,  

 Perca flaves-
cens – ,  

,  
, -

-
 

12°C (Hokanson, 1977).  
,  9-13°C, 

 
,  

,  
.  

-
 

,  
-

.  
,  

 
 
 

.  

12

16

20

24

28

32

0 5 10 15 20 25 30

12

16

20

24

28

32

0 5 10 15 20 25 30

12

16

20

24

28

32

0 5 10 15 20 25 30

1
2

 
 

. 8. -
 ( ),  ( )  ( ) 

 
. 1 –  3  

, 2 – . 

, °  

 

1 
2 
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.  
, 

 Lepomis macrochirus c  
 – Aeromonas hydrophila, Escherichia coli, Staphylo-

coccus (Reynolds. et al., 1976, 1978a,b; Kluger, 1979). ,  
 

 (Kluger, 1978; -
., 1997). ,  

Aeromonas punctata  Saprolegnia sp. -
 ( . 5).      

-
.  

-
.  

 
 8-9 .  

 
 4-5 .  

-
 1.0-

3.1° .  
 

-
, -

 A.punctata,  
.  

 2-6 .  
 10  30 . -

 A.punctata  
, . 

,  
. ,  

-
 (  30-32  34-35 ), , -

,  
(Anitha et al., 2000).  

 
. ,  

, , -
 (Kavaliers, Hawkins, 1981; Crawshaw et al., 1982; Kavaliers, 1982a,b; 

, 1986). , -
,  « -

» ( ) -
. -

 5.  (° )  
. 

  
 5 - 6 8 - 9 10 - 11 

  
) 25.5-27.5 29.5-29.5 29.5-29.5 

A. punctata, 
 29.0-31.5 32.3-32.8 32.8-32.4 

A. punctata, 
 5  29.8-30.3 30.5-32.1 32.1-31.8 

Saprolegnia, 
 5  30.0-31.0 32.4-32.0 33.0-32.3 
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-
 10 ,  

– 50-100 . -
.  

,  15º ,  0.5-3  
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,  23-25º , , -
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16-17º  1.5 -
 23-25º .  

-
.  28º -

 2-3º  
. ,  15-

16º ,  1 , -
.  5º -

 9 , -
, , . -

 
. 

,  –  –  
, -

, . -
-

 5º . 
-

. -
,  

 ( , 
, 1994; 1996).  – -
, , , , , -

. ( , 1980, 1987; , 2006; ., 2010). -
, , . 

, 
. 

.  
, -

, . 
,  

. -
.  3- -

. -
, -
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. -
.  

 2-3º . -
, -

 4-6º .  4-6  
.  

, , . -
 2-3  3-5 .  

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

 ( )  ( ) 
. ,  25-32º , 

, . -
, , ,  

, .  
-

. , ,  
. -

-
, , ,  

,  2 . ,  
, , -

. , -
 2-3º , -

 4-6º .  
 – -

 8  24º .  14-16º . 
,  

 
. -

,  9-10º ,  – 20-21º , 
.  

, -
. -

, 
,  

.  10 . 
 4-

6º . , -
, :  

 24-26º ,  – 14-16º .  
. ,  

-
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. -
 17-20° .  (  8- ) 
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. 9. -
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, , , . 

, -
,  

. , , . -
 22.7° . 

,  
,  

.  
, .  

-
 ( ), , -

 ( ).  
, , -

-
.  

 7.  
 

 
-

. -
, , -

, -
.  

 30 .   
. 

,  
 

.  
,  

-
.  ( , -

, -
),  (Fry, 

1947, 1971; Brett, 1952; , 1965; , 1971; , 1973; 
Becker, Genoway, 1979; Elliott, 1981; ., 1990; Beitinger et.al., 2000) 

. -
 ( ) -

 ( )  
) (Becker, Genoway, 1979; ., 1981, 1990; Beitinger et.al., 2000).  

-
. -

 (Fry, 1947, 1971; Hoar, 1955; Spaas, 
1960; Horoszewicz, 1969, 1973; Hokanson, 1977; Beitinger et al., 2000) -
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 ( , 1965; , 1971; , 
1973). -

. 
 

 0.04º  ~1º  
 ( . 6).  

 28  41º .  – 
, ,  –  

 – , . 
-
 

-
.  

 
.  

, , 
, -

 (24-25º ),  
-

 (29-30º  
, 35.5º , ~37º  

, 38º  
). -

-
:  31º  (  

 10+), 32º  (14+) 
 (12+), 36°  

 (8+)  25-26° -
 21º -

. -
, -

 1-2 . ,  
,  

1.5-2.9°  ( . 10).   
 ( )  

, , ,  – .  
 (4-18º )  (32-56º )  7-

11° , , . 
, -

 (1-5º , 10-12º  18-22º ). 
, -

, -
.  

1 /c ,   

 6.  ( )  
. 

  ,  
 ( ) 

 
  

 
 

 
 
  

0+, 1+ 
0+, 1+ 
0+, 1+ 
0+, 1+ 

0+ 
0+, 1+ 
0+, 1+ 

3+ 

38 - 41 
38 - 39 
38 - 39 
36 - 38 

36.5 - 37.5 
36 - 38 

35.5 - 37.0 
31 - 32 

 0+, 3+ 37 - 39 
 

 
 

0+, 1+ 
0+, 1+ 
0+, 1+ 

35 - 36 
34 - 35 

34.5 - 35.5 
 1+ 35-36 
 0+ 35 -36 

 0+ 31 - 33 
 0+ 30 - 32 

 0+ 29 - 30 
 0+ 28 - 30 
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. 10.  ( ) -

;  0.04° , -
 4-50° ;  – ,  – ,  – ,  – . 

 
.  

 4  50 -
. -

, .  
 

.  
, , -

, ,  – -
. 

-
 0.2  10°  ( . 7). 

,  – 
 (  < 0.05).  

 0.2-0.4° ,   5-10° . 
 1-2° .  

,  
. 

, °    

  

, °  
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. -

 (Gibson, 1954; Hassan, Spotila, 
1976). , , , 

, , , 
. -

, -
, -

. -
, .  

 
, -

 
 

, -
-

 – , 
, -

-
 ( . 8). 

   , ,  
 

 20–24º  30º , 
 –  16º  25º . 

-
 

.  -
-
-

.  
 
 
 

 8. . 
, º  

 
 * * 

 26.6 33.3 33.5 34.3 37.2 38.3 
 25.3 32.8 32.0 33.6 36.1 37.1 

 26.8 31.7 – – – – 
 25.3 34.1 32.7 33.9 34.8 36.2 
 16.8 26.8 29.9 30.4 30.9 31.8 

. * –  30 º  (  25º ). 

. 7.   
. 

  
) 

 
, 

 
,°  ,°  

0.2 37.5 ± 0.1 38.8 ± 0.2* 
0.4 37.0 ± 0.2 38.5 ± 0.2* 
5 36.5 ± 0.2 37.5 ± 0.3 

 
) 

10 36.0 ± 0.3 37.0 ± 0.3 
   

0.4 38.3 ± 0.1 39.0 ± 0.1* 
5 37.3 ± 0.2 38.0 ± 0.2 

 
) 

10 36.8 ± 0.3 37.5 ± 0.2 
0.2 37.0 ± 0.1 39.0 ± 0.1* 
0.4 36.0 ± 0.2 38.0 ± 0.2* 
5 36.0 ± 0.2 37.0 ± 0.2* 

 
) 

10 35.3 ± 0.3 36.1 ± 0.3 
0.2 36.5 ± 0.2 38.0 ± 0.2* 
0.4 36.0 ± 0.3 37.0 ± 0.1* 
5 35.5 ± 0.2 36.0 ± 0.2 

 
) 

10 35.0 ± 0.3 35.3 ± 0.3 
* – -

, p < 0.05 
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,  5- -
. -

 31.8,  – 29.5  – 
28.1° ,  – 34.6, 31.7  29.2° . -

:  28.2, 23.7  25.7° , -
 – 31.8, 28.6  27.1° , . 

 8-10º -
 

 (34  35.7º )  (35.8  36.2º ).  
-

 (  30º )  100% .  
-

. 
, ,  

30 , -
, , -

 
, 1974, 1975).  30  38  

, -
,  

 (Anitha et al., 2000).  
 

. 
,  

. -
,  

 0.04 , -
.  

 4-
50° , , , -

. , -
 

, -
.  

, -
 

. , 
 49 -

 (Job-
ling, 1981). -

 (Jobling, 1981; , , 1984; ., 1997) -
 

.  



 
 

 

36 

 11 ,  
 ( . 9).  

 
 9. . 

, °  
    

 
 

   

 15.5-22.0 16-23 26-32 29-31 38-41 
 14-22.5 17-22 28-30 28-29 38-39 

 13-20.0 10-20 < 28 26-27 36-38 
 – – < 28 26.5-28.0 36-38 
 10-20.0 11-22 < 28 23-26 35.5-37.0 

 15-25.0 13-22 < 28 27-28 37-39 
 4-17.0 12-18 26 25-26.5 35-36 

 7.5-14.0 7-15 19-26 24-24.5 35-36 
 – – 22-24 22-26 34.5-35.5 

 9-21.0 13-17 22-25 21-23 31-33 
 1-8.0 1.5-5 5-18 16-18 30-32 

 3.0-8.0 5-10 16-17 14-17 29-30 
 0-2.0 0.3-1 0.3-1.0 14-16 28-30 

 (~  
10° ) .  

.  10-12º -
 12-15º .  

 28  
41º , . -

, , -
, -

,  – , .  
,  

,  ( . 10). 
 

, . -
 ( , 

, , ),  ( ) ,  
, .  

 3-10° ,  
.  ( )  8-17°  

, . 
-
-

,  ( ) –  
. ,  
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.  
 

 10. . 
 ,  ,  ,  ,  

 30.9 ± 0.5  41.3 ± 0.1  35.6 ± 0.1  36.5 ± 0.2  

 24.0 ± 0.3  34.4 ± 0.3  32.0 ± 0.3  32.6 ± 0.3  

 26.4 ± 0.3  33.5 ± 0.5  32.0 ± 0.1  33.2 ± 0.2  

 24.3 ± 0.3  34.0 ± 0.4  33.6 ± 0.1  35.2 ± 0.2  

. -
 (ANOVA, LSD-test), 

 < 0.05;  8-10 . 
 

 
 ( , 1973),  

 ( , 1976)  
(Magnuson et al., 1979; Cherry, Cairns, 1982). ,  

, -
 – ,  

.  
: 

1. : , , . -
 37-41 ,  – 28-30 , -

 0  41º .  
2. : , , , , , , . -

 33-37 ,  – 25-28 , -
 0  37º .  

3. : , , , , , -
.  31-35 ,  20-25 ,  

 0  33-35º .  
4. : , , , , , , -

 Barbatulus barbatulus.  25-31 ,  13-
18 ,  0  25-31º . 

, ,  ( -
), , -

,  (  
).  

, , -
.  
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. 
-
-

. , -
, ,  

 300 ,  
 ( , 1958; Fry, 1971; Jobling, 1981). , 

-
, . -

 2-3 -
.  

, -
. , -

 (~ 28-31° ) , 
,  ( ), 

,  
 ( ). , 

-
, , -

. -
, -

,  
, . -
,  2-6 ,  

-
 ( ., 1991; , 2001). -

, -
. , 

-
,  – 

. 
, -

 – ,  
. -  

.  
-
-

. -
, , 

-
. 

,  
, . -

-
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. -
 – , -

, . -
 2-10°  

.  – -
 

. -
.  

, ,  
 

-
. 

-
, ,  

 
. -

, , - -
. , -

 4 . -
 

, .  
,  

.  
 

 ( ., 2007). -
 

.  
 

 28-41º .  
, -

.  
, -

, -
.  ( , )  

.  
, -

 
. 

-
.  

 
. , ,  

,  – -
. , -
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 –  
, , -

, , , -
.  

-
.  

-
,  

,  
 

, . , -
 Clupeonella cultriventris,  

, .  
-

, . -
, -

  – , 
.  

,  ( -
), . ,  

 
.  

 – , -
,  – -

, . , -
, , , ,  

. 
 

,  –  
, , -

.  
 

. 
1.  

,  
. 

2.  
. :  « » -

, ,  
, . 

,  
, -

. -
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